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64K x4 DRAM

WITH 256 x 4 SAM

FEATURES

¢ Industry standard pinout, timitig and functions

¢ High performance CMOS silicon gate process

¢ Single +5V £10% power supply

¢ Inputs and outputs are fully TIL and CMOS
compatible o .

® Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and
HIDDEN

® 256-cycle refresh within 4ms

¢ Optional PAGE MODE access cycles

® Dual port organization: 64K x 4 DRAM port

256 x 4 SAM port

¢ Bit MASKED WRITE mode capability on DRAM port

® No refresh required for Serial Access Memory

¢ Low power: 15mW standby; 250mW active, typical

¢ Fast access times ~ 100ns parallel, 33ns serial

OPTIONS MARKING
¢ Timing (DRAM, SAM)
100ns, 33ns -10
120ns, 40ns -12
150ns, 60ns -15
¢ Packages
Plastic DIP (400 mil) None
Ceramic DIP (400 mil) C
Plastic ZIP Z
GENERAL DESCRIPTION

The MT42C4064 is a high speed, dual port CMOS dy-
namic random access memory, or video RAM (VRAM)
containing 262,144 bits. They may be accessed by a four bit
wide DRAM port or by a 256 x 4 bit serial access memory
(SAM) port. Data may be transferred bidirectionally be-
tween the DRAM and the SAM.

The DRAM portion of the VRAM is functionally identical
to the MT4067 (64K x 4) bit DRAM. Four 256-bit data
registers make up the serial access memory portion of the
VRAM. Datal/Oand internal data transfer areaccomplished
using three separate bidirectional data paths: the 4-bit
random access I/ O port, the four internal 256 bit wide paths
between the DRAM and the SAM, and the 4-bit serial I/O
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port for the SAM. The rest of the circuitry ‘consists of the
control, timing, and address-decoding logic.

Each of the ports may be operated asynchronously and
independently of the other except when data is being
transferred internally between them. As with all DRAMs,
the VRAM must be refreshed to maintain data. The refresh
cycles must be timed so that all 256 combinations of RAS
addresses are executed at least every 4ms (regardless of
sequence). Micronrecommends evenly spaced refreshcycles
for maximum data integrity. An internal transfer between
the DRAM and the SAM counts as arefresh cycle. The SAM
portion of the VRAM is fully staticand does notrequire any
refresh,
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PIN DESCRIPTIONS

DIP PIN
NUMBER(S)

ZIP PIN
NUMBER(S)

SYMBOL

TYPE

DESCRIPTION

1

7

SC

Input

Serial Clack: Clock input to the serial address counter for the
SAM registers.

4

8,9,4,5

TR/OE

Input

Transfer Enable: Enables an internal TRANSFER operation at
RAS (H—L), or

Output Enable: Enables the DRAM output buffers when taken
LOW after RAS goes LOW (CAS must also be LOW); otherwise,
the output buffers are in a High-Z.

13

MEWE

Input

Mask Enable: If ME/WE is LOW at the falling edge of RAS

a MASKED WRITE cycle is performed, or

Wiite Enable: WE Is used to select a READ (WE = H) or
WRITE (WE = L) cycle when accessing the DRAM. This
Includes a DRAM-TQ-SAM TRANSFER (WE = H) or SAM TO-
DRAM TRANSFER (WE = L.).

14

RAS

Input

Row Address Strobe: RAS is used to clock in the 8 row-address
bits and as a strobe for the MASK ENABLE and TRANSFER
functions.

9,10, 11,13,
14, 16, 16,17

23,22,21,20
17,16, 15,19

AQto A7

Input

Address Inputs: For the DRAM operation, these inputs are
multiplexed and clocked by RAS and TAS to select 4 bits

out of the 64K available. During TRANSFER operations,

A0 to A7 indicate the DRAM row being accessed (whenRAS
goes LOW) and the SAM start address (when CAS goes LOW).

18

24

Input

Column Address Strobe: CAS is used to clock in the 8 column-
address bits and enable the DRAM output buffers (TR/OE must
also be LOW),

21

Input

Serial Port Enable: SE enables the serial /O buffers and

allows a serial READ or WRITE operation to accur, otherwise the
output buffers are in a High-Z state.SE is also used during a
TRANSFER operation to indicate whether a SAM-TO-DRAM
TRANSFER or a SERIAL-INPUT-MODE ENABLE cycleis
performed.

5, 6, 19, 20

11,12,1,2

DQ1-DQ4

Input/
Output

DRAM Data 1/0: Inputs, Outputs, or High-Z, and/or
Mask Data Inputs: For MASKED WRITE cycle only.

2,3,22,23

8,9,4,5

§DQ1-8SDQ4

Input/
Output

Serial Data |/O: Input, Output, or High-Z.

12

18

Vco

Supply

Power Supply: +5V £10%

24

6

Vss

Supply

Ground
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FUNCTIONAL DESCRIPTION

The VRAM can be divided into three functional blocks
(see Figure 1); the DRAM, the transfer control circuitry, and
the serial access memory (SAM). All of the operations
described below arealso shown in the AC Timing Diagrams
section of this data sheet, and are summarized in the Truth
Table, -

Note:  For dual function pins, the function that is not
being discussed will be surrounded by parentheses.
For example, when discussing transfer operations

the TRJOE pin will be shown as TR(OE).

DRAM OPERATION

The DRAM portion of the VRAM is functionally identical
to standard 64K x 4 DRAMSs. However, because several of
the DRAM control pins are used foradditional functionson
this part, several conditions that were undefined or “don’t
care” states for the DRAM are specified for the VRAM.
These conditionsarehighlighted in the following discussion.

READ/WRITE Cycles

The 16 address bits that are used to select a 4-bit word
from the 65,536 available are latched into the chip using the
A0-A7,RAS, and CAS inputs. First, the 8 row-address bits
are set up on the address inputs and clocked into the part
when RAS transitions from HIGH to LOW. Next, the 8
column-address bits are set up on the address inputs and
clocked-in when CAS goes from HIGH to LOW.

For single port DRAMSs the OE pinisa “don’t care” when
RAS goes LOW, For the VRAM, (TR)/OE is used, when
RAS goes LOW, to select between an internal transfer
operation and a DRAM operation. (TR)/OE must be HIGH
attheRASHIGH to LOW transition foraDRAM portREAD
or WRITE operation,

If (ME)/WE is HIGH when CAS goes LOW, a DRAM
READ operationis performed and thedata from thememory
cells selected will appear at the DQ1 - DQ4 port. The (TR)/
OF input must be LOW to enable the DRAM output port.

For single port DRAMSs, WE is a “don’t care” when RAS
goes LOW, For the VRAM, (ME)/WE is used, whenRAS
goes LOW, to select between a MASKED WRITE ¢yc

cleand
anormal WRITEcycle, If(ME)/ WEisLOWat theRASHIGH
to LOW transition, a MASKED WRITE operation is se-
lected. For a normal DRAM WRITE operation, (ME)/WE
must be HIGH at the RASHIGH to LOW transition. (ME)/
WEisa“don’tcare” atthe RASHIGH to LOW transition for
a DRAM READ cycle. .

If (ME)/WE is LOW when CAS goes LOW, a DRAM
WRITE operation is performed and the data present on the
DQ1 - DQ4 port will be written into the selected memory
cells. If ME/(WE) is LOW when RAS goes LOW, the input
data will be “masked” before being stored in the DRAM.

The VRAM can perform all the normal DRAM cycles
including EARLY-WRITE, LATE-WRITE, READ-WRITE,
READ-MODIFY-WRITE, PAGE-MODE READ, PAGE-
MODEWRITE, and PAGE-MODE READ-MODIFY-WRITE.
Refer to the AC timing parameters and diagrams in this
data sheet for more details on these operations.

REFRESH

The MT42C4064 supports RAS ONLY, CAS-BEFORE-
RAS, and HIDDEN types of refresh cycles, All 256 row-
address combinations must beaccessed within 4ms. For the
‘CAS-BEFORE-RAS refresh mode, the row addresses are
generated internally and the user need not supply them as
hemustinRASONLY refresh. TR/(OE) mustbe HIGHwhen
RAS goes LOW for the RAS ONLY and CAS-BEFORE-
RAStypesofrefreshcycles. Any READ, WRITE, or TRANS-
FER operation also refreshes the DRAM row that is being
accessed.
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~ Figure 2 '
- MT42C4064 MASKED WRITE

MASKED WRITE

1fME/(WE) is LOW at the RASHIGH to LOW transition,
the data (mask data) present on the DQ1 - DQ4 inputs will
bewritteninto thebitmaskdataregister. Themask dataacts
asanindividual write enable for each of the four DQ1 -DQ4
pins. Ifa LOW (logic 0) is written to a mask data register bit,
the input port for that bit is disabled 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 bitenables theinput portand allows normal WRITE
operations to proceed. Note that CAS is still HIGH. When

TAS goes LOW, the bits present on the DQ1 - DQ4 inputs
will be written to the DRAM (if the mask data bit was
HIGH) or ignored (if the mask data bit was LOW). The
DRAM contents that correspond to the masked bits willnot
be changed during the WRITE cycle. Since the mask data
register is reset (to all 1’s) at the end of every MASKED
WRITE cycle, new mask data must be supplied at the
beginning of each MASKED WRITE cycle. An exampleof a
typical MASKED WRITE cycle is shown in Figure 2.
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TRANSFER OPERATION
DRAM-TO-SAM TRANSFER (READ TRANSFER)

A TRANSFER operation is initiated when TR/(OE) is
LOW atRAS (HIGH to LOW) time. (ME)/WE indicates the
directionof thetransferand mustbe HIGHasRASgoes LOW
for a DRAM-TO-SAM TRANSFER. In this case, the row
address bits indicate the four 256-bit DRAM rows that are
to be transferred to the four SAM data registers, and the
column addressbits indicate the start address, or Tap, ofthe
next SERIAL OUTPUT cycle from the SAM data registers.
RAS and CAS are used to strobe the address bits into the
part, To complete the TRANSFER, TR/ (OF) is taken HIGH
while RAS and CAS are still LOW. The 1024 bits of DRAM
data are then written into the SAM data registers and the
serialshift startaddressisstored inan internal 8-bitregister,
There must be no rising edges on the setial clock (SC) input
while a normal READ TRANSFER is taking place (refer to
the AC timing diagrams for READ TRANSFER), A REAL-
TIME READ-TRANSFER cycle is the only time when SC
must be synchronized with the DRAM RAS and CAS Hm-
ing (by using TR/(OE) is to fire the TRANSFER, LOW to
HIGH transition). See the REAL-TIME READ-TRANSFER
AC timing waveforms. IfSEis LOW, the first bits of the new
row data will appear at the serial outputs with the first SC
clock pulse. SE enables the serial outputs and may be either
HIGH or LOW during this operation,

SAM-TQ-DRAM TRANSFER (WRITE TRANSFER)

The SAM-TO-DRAM TRANSFER operation is identical
to the DRAM-TO-S5AM TRANSFER described above ex-
cept that (ME)/WE and SE must be LOW when RAS goes
LOW. The row address indicates the DRAM row that the
SAM data registers will be written to and the column
address indicates the Tap address of the next SERIAL
INPUT cycle for theSAM data registers. IfSEis HIGH when
RASgoes LOW, aSERIAL-INPUT-MODE ENABLE cycleis
petformed. .

T-46-23-37
SERIAL INPUT/OUTPUT MODE CONTROL

TheSAM portis automatically placed in the serial outj:)ut
mode after a DRAM-TO-SAM TRANSFER operation, Con-

versely, afteraSAM-TO-DRAM TRANSFER, the SAM port
will be in the serial input mode.

SAM OPERATION

SERIAL-INPUT-MODE ENABLE (PSEUDO WRITE
TRANSFER)

Itis possible to change the direction of the SAM portfrom
output to input without performing a SAM-TO-DRAM
TRANSFER. This operation, called aSERIAL-INPUT-MODE
ENABLE cycle, is simply a SAM-TO-DRAM TRANSFER
cycle with SE held HIGH instead of LOW. The DRAM data
will not be disturbed and the data registers will be ready to
accept input data,

The only way to put the SAM port in the serial output
mode is to do a DRAM-TO-SAM TRANSEER.

SERIAL INPUT and SERIAL OUTPUT

The control inputs for SERIAL INPUT and SERIAL
OUTPUT are SC and SE. The rising edge of SC increments
the serial address counter and provides access to the next
SAM ocation.SEenables ordisablestheserial input/output
buffers,

Serial output of the SAM data register contents will start

.atthe tap start address that was loaded during the DRAM-

TO-5AM TRANSFER cycle. The SC input increments the
address counter and presents the contents of the next SAM
location to the 4-bit port. SE is used as an output enable
during the SAM output operation. The serial address is
automatically incremented with every SC LOW to HIGH
transition, regardless of whether SE is HIGH or LOW, and
will wrap around to location 0 after reaching its maximum
count of 255.

SCis also used to clock-in data when the device is in the
serial input mode. As in the serial output operation, the
serial address register contents, which was loaded when
the serial input mode were enabled, will determine the
serial address to which the first bit will be written. 5E acts
as an enable for serial data input and must be LOW for
normal serial input. If SE is HIGH, the data inputs are dis-
abled and the SAM contents will not be modified. The serial
addressregisteris incremented with every L— Htransition
of SC, regardless of the logic level on the SE input.
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TRUTH TABLE
DRAM Opetrations (SC, 5E, and SDQ1 — SDQ4 are “don’t care™)

MEWE TR/OE Addresses DQ1
Function RAS CAS to Notes
tR* tc* tR* tc* tR* tc* DQ4
Standby H X X X X X X High-Z
READ L X H H H—L |ROW | COL | DataOut
WRITE L H L H X ROW | COL | Dataln 1
(EARLY-WRITE)
MASKED WRITE| H-L L L L H X ROW | COL | MaskDataln,
" Valid Data In
READ-WRITE L L H H—L H L-+H [ROW | COL | Valid Data Out 1
PAGE-MODE L |[Wet-#,] H | H | H |H-L|ROW| coL| valid DataOut’
READ H—L—-H
PAGE-MODE L H-L—H,} H L H X ROW | COL | Valid DataIn
WRITE H—L—H
PAGE-MODE L H-L—-H,| H H-L H L-H | ROW | COL | Valid Data Out, 1
READ-WRITE H-+L—H ’ Valid Data In
RAS-ONLY L H X na H na |[ROW !} n/a High-Z
REFRESH
HIDDEN L=H-L | L x | H [ x | L |row]| coL] valid Data Out
REFRESH
CAS-BEFORE- H—-L L X X X X X X High-Z *
RAS REFRESH
TRANSFER Operatlons (DQ1 — DQ4 are “don’t care™)
MEWE TR/OE Addresses SC | SE {sDQt
Function RAS CAS to |Notes
tR* tc* tR* tc* tR* tCc* SDQ4
DRAM-TO-SAM L L H X L L ROW | TAP** X X 2
TRANSFER
SAM-TO-DRAM L L L X L X ROW | TAP* X L 3
TRANSFER
SERIAL-INPUT- L L L X L X ROW | TAP** X H 4
MODE ENABLE
* tR = when RAS goes from HIGH to LOW Notes: 1. Any type of WRITE cycle may also be a

* TAP

tC = when CAS goes from HIGH to LOW
= Tap Address, the serial address to which the next
serial input or output cycle will start.

MASKED WRITE cycle.

. The SAM will be in a SERIAL OUTPUT mode
after a DRAM-TO- SAM TRANSFER.

. The SAM will be in a SERIAL INPUT mode
after a SAM-TO-DRAM TRANSFER.

. The SAM will be put in the SERIAL INPUT

mode but the SAM-TO-DRAM TRANSFER

will not oceur.
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TRUTH TABLE . -

Serial /0 Operations (RAS, CAS, ME/WE, TR/OE, and DQ1 - DQ4 are “don't care”)
Function sc SE s$DhQt1 —Sbo4 Notes
SERIAL OUTPUT L—H L Valid Data Out 5
SERIAL INPUT L—H L Valid Data In 6

Notes: 5. The SAM must be in the SERIAL OUTPUT made.
6. The SAM must be in the SERIAL INPUT mode.

ABSOLUTE MAXIMUM RATINGS*
Voltage on Vce supply relative to Vss ... -1.0V to +7.0V
Operating Temperature, Ta(Ambient) ........... 0°C to +70°C

Storage Temperature (Plastic) ....uummcenss -55°C to +150°C
Power Dissipation 1w
Short Circuit Output Current 50mA

RECOMMENDED DC OPERATING CONDITIONS
(0°C T, <70°C)

*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
deviceattheseorany other conditions above thoseindicated
intheoperational sections of this specificationis notimplied.
Exposure to absolute maximum rating conditions for ex-
tended periods may affect reliability.

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage ' Vce 45 5.5 v 1
Input High (Logic 1) Voltage, All Inputs ViH 24 |Vce+l v 1
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 0.8 Vv 1

DC ELECTRICAL CHARACTERISTICS
(0°Cs TA £70°C; Vee = 5.0V £ 10%)

PARAMETER/CONDITION SYMBOL [ MIN | MAX | UNITS | NOTES
INPUT LEAKAGE CURRENT L -10 10 HA

(any input (QV<VinsVcc), all other pins not under test = 0V). 7

OUTPUT LEAKAGE CURRENT loz -10 10 A

(DQ, SDQ disabled, 0V<VoursVcc).

OUTPUT LEVELS

Output High Voltage (lout = -5mA) VoH 24 \'}

Output Low Voltage (lout = 5mA) VoL 0.4 v 1
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CAPACITANCE

PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance: Ac-A7 Cn 5 pF 18
Input Capacitance: RAS, CAS, WE, O, SC, SE Ci2 7 pF 18
Output Capacitance: DQ, SDQ Co 7 pF 18
CURRENT DRAIN, SAM IN STANDBY
(Notes 2,8) (0°Cs Ty < 70°C, Vco = 5.0V 1 10%)
PARAMETER/CONDITION OF DRAM SYMBOL | MIN | MAX | UNITS | NOTES
OPERATING CURRENT (RAS and TAS = Cycling; fRC ='RC (MIN)). lcct 40 mA
OPERATING CURRENT: PAGE MODE lccz 40 mA
(RAS = Vi,CAS = Cycling; \PC =tPC (MIN)).
STANDBY CURRENT: TTL INPUT LEVELS
Power supply standby current (RAS = TAS = ViH lccs 10 mA
after 8 RAS cycles MIN).
STANDBY CURRENT: CMOS INPUT LEVELS . ‘
Powaer supply standby current (RAS = CAS = Vce-0.2V lcca 4 mA
after 8 RAS cycles MIN. All other Inputs at Vcc-70.2V or Vss + 0.2V).
REFRESH CURRENT: RAS-ONLY (RAS = Cycling; CAS = ViH). lccs 30 mA
REFRESH CURRENT: CAS-BEFORE-FAS (RAS and CAS = Cycling). lcce 30 mA 22
SAM/DRAM DATA TRANSFER Icc7 60 mA
CURRENT DRAIN, SAM ACTIVE (1SC = MIN)
(Notes 2, 3) (0°C < T, £70°C; Vee = 5.0V £ 10%)
PARAMETER/CONDITION OF DRAM SYMBOL | MIN | MAX | UNITS | NOTES
OPERATING CURRENT (RAS and CAS = Cycling; tRC =tRC (MIN)). lccs 60 mA
OPERATING CURRENT: PAGE MODE lcce 60 mA
(RAS = ViL,CAS = Cycling; 'PC = tPC (MIN)).
STANDBY CURRENT: TTL INPUT LEVELS
Power supply standby current (RAS = CAS = Vi lect1o 30 mA
after 8 HAS cycles MIN),
STANDBY CURRENT: CMOS INPUT LEVELS
Power supply standby current (RAS = CAS = Voc-0.2V lcctt 25 mA
after 8 RAS cycles MIN. All other inputs at Vcc-0.2V or Vss + 0.2V).
REFRESH CURRENT: RAS-ONLY (RAS = Cycling; CAS = ViH). lcot2 50 mA |
REFRESH CURRENT: CAS-BEFORE-RAS (RAS and TAS = Cycling). lcc13 50 mA 22
SAM/DRAM DATA TRANSFER lcci4 90 mA
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DRAM TIMING PARAMETERS
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes 3, 4, 5, 6, 10, 11, 17) (0°C < T, < + 70°C; Ve = 5.0V £ 10%)

A.C. CHARACTERISTICS -10 -12 -15

PARAMETER , SYM MIN | MAX | MiN | MAX | MIN | MAX |UNITS |NOTES
Random READ or WRITE cycle time Re 190 220 260 ns |
READ-MODIFY-WRITE ¢ycle time rwe 250 295 345 ns 20, 21
PAGE-MODE READ or WRITE pc 75 90 110 ns 6
cycle time

PAGE-MODE READ-MODIFY-WRITE | IPRWC | 125 150 175 ns 20, 21
cycle time

Access time from AAS Rac 100 120 150 ns 7,8
Access time from CAS cAC 50 60 75 ns 7,9
FAS pulse width Ras 100 | 10000 | 120 | 10000 | 150 | 10,000 [ ns

RAS pulse width (PAGE MODE) Rasp 100 [ 100,000| 120 {100,000 150 | 100,000] ns

TAS hald time RsH 50 60 75 ns

RAS precharge tinte rp 80 90 100 ns

TAS pulse width 'cAs 50 10,000 | 60 | 10,000 75 10,000 | ns

TAS hold time losH 100 120 150 ns

TAS precharge time opPn 15 20 25 ns

TAS precharge time (PAGE MODE) ‘cp 15 20 25 ns 19
FAS to CAS delay 'ReD 15 50 15 60 15 75 ns 13
CAS to RAS precharge time 'cRP 10 10 10 ns

Row address setup time ASR 0 0 0 ns

Row address hold time 'RAH 15 15 15 ns

Column address setup time tasc 0 0 0 ns

Column address hold time oAl 20 20 25 ns

Column address hold time taR 45 70 80 ns

{referenced to RAS)

READ command setup time - 'Rcs 0 0 0 ns

READ cormmand hold time 'RcH 0 0 0 ns 14
(referenced to CAS)

READ command hold time 'RRH 0 0 0 ns

(referenced to RAS)

WE command setup time wes 0 0 0 ns 16
WRITE command hold time 'wcH 20 25 30 ns

WRITE command hold time ‘wcR 70 80 20 ns

(referanced to RAS)

WRITE command pulse width we 20 25 30 ns

WRITE command to RAS lead time TRwL 25 30 35 ns

WRITE command to CAS lead time fowL 25 30 35 ns

Data-in setup time bg 0 0 0 ns 15
Data-in hold time DH 15 20 25 ns 15
Data-in hold time (referenced to RAS) ‘DHR 70 80 90 ns

TAS to WE delay o) 65 80 95 ns 16, 20
FAS to WE defay 'RwWD 120 150 185 ns 16, 20
ME/WE to HAS setup time 'wsr 0 0 0 ns

>
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7-46-23-37
DRAM TIMING PARAMETERS (Continued) . : 4
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS - . H
(Notes 3, 4, 5, 6, 10, 11, 17) (0°C < TAS +70°C; Veo = 5.0V + 10%) ] J
A.C. CHARACTERISTICS -10 -12 -15 by
PARAMETER SYM MIN | MAX | MIN | MAX | MIN MAX | UNITS |NOTES :
ME/WE to BAS Hold Time 'RWH 10 10 15 ns
Mask Data (DQ ) to RAS setup time 'Ms 0 0 ! ns g
Mask Data (DQ ) to RAS hold time e} 20 20 25 ns C
Transition time (rise or fall) T 3 -50 3 50 3 60 | ns -
Refresh period (256 cycles) ‘REF 4 4 4 ms :
RAS to CAS precharge time Rrc 0 0 0 ns —
TAS setup time 'csr 10 10 10 ns b v
(CAS-BEFORE-RAS REFRESH) o
TAS hold time 'cHR 20 25 30 ns 22
(CAS-BEFORE-RAS REFRESH) i v B
TAS to output in Low-Z ‘oLz 5 5 5 ns -
| Output buffer turn-off delay 'oFE 1] 25 0 25 0 30 ns 7,12 U
Access time from (THYOE oe 25 25 30 ns
Output Disable ob 0 25 0 25 0 30 ns 5
Output Disable hold time from ToEH 25 25 | - 30 | ns p ~ ]
start of WRITE , g
Qutput Enable to TRAS delay ‘orb 0 0 0 ns

'
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TRANSFER AND MODE CONTROL TIMING PARAMETERS

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
{(Notes 3,4, 5,6,17) (0°C < TAS +70°C; Voe = 5.0V £ 10%)

=

o1 20000
. T-46-23-37

A.C. CHARACTERISTICS -10 7 -12 -18 .
PARAMETER SYM MIN MAX MIN MAX MIN MAX |UNITS | NOTES
TRANSFER command to s 0 0 0 “ns 23
RAS setup time

TRANSFER command to 'RTH 80 90 100 ns 23
RAS hold time

TRANSFER command to tetH 30 30 35 ns 23
CAS hold time )

TRANSFER command fo SC lead time | TSL 5 5 10 ns 23
TRANSFER command to YRL 10 10 10 ns 23
RAS lead time

TRANSFER command to YRD 15 15 20 ns 23
RAS delay time

TRANSFER command to TAS time roL 10 10 10 ns 23
TRANSFER command to rep 15 15 20 ns 23
CAS delay time

First SC edge to TRANSFER rsp 10 10 20 ns 23
command delay time

TAS to first SC delay 'RsD g5 105 115 ns

RAS ta first SC delay ‘csD 25 35 45 ns
SAM-TO-DRAM (WRITE) transfer "RTHW 15 15 15 ns

command to RAS hold time

Serial output buffer turn-off 'spz 10 4 |10 50 10 60 ns

delay from BAS

S0 to HAS setup time 'srs 35 40 45 ns

TAS to SC delay time 'sRD 25 30 35 ns

Serial data input to SE delay time 'sze 0 0 ns

RAS to SD buffer turn-on time sro 0 0 ns

Serial data input delay from RAS 'sbp 50 55 60 ns

Serial data input to FIAS delay time 'szs 0 o ns

SERIAL INPUT MODE ENABLE 'esR 0 0 ns

(SE) to FAS setup time

SERIAL INPUT MODE ENABLE 'REH 15 15 15 ns

(SE) to AAS hold time

NONTRANSFER command s 0 0 0 ns 24
to AAS setup time

NONTRANSFER command tyH 15 15 20. ns 24
to RAS hold time




(Notes 3, 4, 5, 17,25) (0°C <

SAM TIMING PARAMETERS
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

+70°G, Vee = 5.0V 4 10%)

hold time

A.C. CHARACTERISTICS -10 -12 -15
PARAMETER SYM MIN | MAX MIN | MAX MIN MAX | UNITS | NOTES
Serial clock cycle time 'sc 33 50000 40 50000 60 50000 ns ]
Access time from SC tsac 33 40 60 ns 25
SC precharge time ) 'sp 10 10 20 ns
* | SC pulse width 'sas 10 10 20 ns
Access time from SE 'SEA 25 30 40 ns 25
SE precharge time 'sep 10 15 20 ns
SE pulse widih 'se 15 15 20 ns
Serial data out hold time after tSoH 10 10 10 ns 25
SC high
Serlal output buffer turn off tsez 0 15 0 25 0 30 ns 25
delay from SE
Serial data In setup time 'sbs 0 0 0 ns
Serial data in hold time tSDH 15 20 25
SERIAL INPUT (Write) Enable 'sws 0 0 0 ns
setup time .
SERIAL INPUT (Write) Enable tSwH 20 35 45 ns
hold time
SERIAL INPUT (Write) Disable swis 0 0 0 ns
setup time
SERIAL INPUT (Write) Disable ‘SwiH 20 35 45 ns

LA S
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NOTES

1. All voltages referenced to Vss.

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

3. An initial pause of 100ys is required after power-up

followed by any eight RAS cycles and 1 SC cycle,

before proper device operation is assured. The RAS
cycle wake-up should be repeated any time the 4ms
static refresh require-ment is exceeded.

AC characteristics assume *T = 5ns.

Vi (MIN) and Vi (MAX) are reference levels for

measuring titning of input signals. Transition times

are measured between Vi and Vi,

6. 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.

7. Measured with a load equivalent to 2 TTL gates and
100pF.

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

9. Assumes that 'RCD 2 'RCD (MAX).

10. If CAS = Vi, DRAM data output is high impedance.

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

12, 'OFF (MAX) defines the time at which the output
achieves the open circuit condition and is not
referenced to VoH or VoL,

13, 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 con-
trolled exclusively by ‘CAC,

14. 'RCH is referenced to the first rising edge of RAS or
CAS.

15. These parameters are referenced to CAS leading edge

in EARLY WRITE cycles and to WE leading edge in

LATE WRITE or READ-MODIFY-WRITE cycles,

'WCS, 'CWD and 'RWD are restrictive operating

parameters in READ-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 open circuit throughout the entire cycle.

If 'CWD 2 'CWD (MIN) and ‘'RWD 2 'RWD (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 are met, the state of data out (at
access time and until CAS goes back toVm) is inde-
terminate. If 'WCS < 'WCS, the cycle is a LATE

WRITE [(ME)/WE falls after CAS] ‘WCS, 'CWD and

'RWD do not-apply.

17. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vi and
Vi (or between Vi and Vix1) in a monotonic manner.

18. Capacitance calculated from the equation C = IAt

AV
with AV =3V and Vce = 5V. This parameter is
sampled.

19. If CAS is LOW at the falling edge of RAS, DQ will be
maintained from the previous cycle. To initiate a new
cycle and clear the data out buffer, CAS must be
pulsed HIGH for 'CP. Note & applies to determine
valid data out,

20. Includes the OE delay time (30ns for the -10, 40ns for
the -12, and 50ns for the -15).

21, During a READ cycle, if OF is LOW then taken HIGH
(Vi) DQ goes open. If OF is tied permanently LOW a
READ-MODIFY-WRITE operation is not possible.

22. Enables on-chip refresh and address counters,

23. TRANSFER command means that TR/ (OE) is LOW
when RAS goes LOW,

24, NONTRANSFER command means that TR/(OF) is
HIGH when RAS goes LOW,

25. Measured with a load equivalent to 2 TTL gates and
50pF.

16.
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 T-46-23-37

DRAM READ CYCLE
. ,
s _
:C:: 'RAH.
i tcap - tacD ‘»%\_s !
Wi f R / /
ash 'Ran | 'zc toan
W T ﬂt|>w r' coumn '!W////////////l{//// ROW
& T T ~
:AAZ {OFF
i ZZr \ \I
DRAM EARLY-WRITE CYCLE
vi 4: P‘ "csH fl
i torp ‘ReD ._{:%:
wo_f R
M m ROW ,m COLUMN _ ’W £| 7/ m ROW m
" . twes (x:
) I SR o | WP
Wi f ) ___ Y N\
_los pH

w7
tvs l ‘YHl

o iz

Wi 7 R N\ A
DON'T CARE

B uNDEFINED
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>
o
[=}
=)

&l

WvHa LHodirinm

TRIOE

DRAM MASKED WRITE CYCLE" -
0] .
'RAS tRp -;;"
i il , A |
tGs s
'Hs: 2
‘crRe 11, 'rcD cas
Vi 2 e / -
AR
tasR tRAH i asc IGAH
b X ROW X% couumn _ | X ./
W
TRWL '
twen
twes tweH
twsh| | thwh WP ;
i Wm[w ) VI, Vi
1 5
s || l tos 'g:n
Vi m‘( MAsKo W ‘ VAUD O KLk ws<on X7
vs YH
W F \/A

DON'T CARE

B unoerinep
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WICRON TECHNOLOGY INC 38E D BN L111549 0002492 4 EEMRN

. DRAM READ-WRITE CYCLE T-46-23-37
(READ-MODIFY-WRITE CYCLE and LATE-WRITE CYCLE) a
1 :m L ‘RP
s W o ‘PJ ) zl' R
tcsH
) I icAp 'Aco ‘J%\Hs—
s W/ Y /

tAwD | tow |
I tAcs fewo RWL
 twsp ﬂ‘l"ﬂl ‘wp
were Wt s K )
‘Rac
tcac

- ‘M'l toz-»; | ‘ 05, || loH,
oa ‘\‘&?_—C)PENAETY?S?DE:W: 2 - oeN 405 V“”[’Do'ou; Y vaUDD,, J}——— oPEN
. | \ — "
wee Vit 77 R, / ~
DON'T CARE

R unoeFiNeED

I
NOTE: |t ME/WE Is LOW, a MASKED WRITE cycle will be performed.
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| 6-23-37

DRAM PAGE-MODE READ CYCLE T-46-23

) tosH - ':

- i tcap tRco eas |, :(; tcas top .«%’ tcp i ;;_

E = # :J R \—\—}——x : " 4 \_ 1

e I_*As_n, et l".\_sc, toan I_u_sc_ o tsc, || toan ‘
% aoon Y :m ROW @{ COLUMN m COT}MN m( cormu W M_’Im oW

3 S I e P

v e W \7/4 N U

—I :CAG | lorg tcac  JoFg tcac o] Jetorr 4

g ca V> open A o) (B — oren——

I)v_s_ "Y_H.I Lo 3 log ‘o e top f

E Gl *(M///////////////{ }'/7/7/77//7/)[ }W/W)I };m/

DRAM PAGE-MODE EARLY-WRITE CYCLE

\ tRASP L [ .
] —
i ‘cap e tRCD loas b, lor ". '::P:s tcp .<%As:—— 1PN :
w W f ' R J‘—'“‘—‘ y 14 ?I‘ 1\
‘asp_||_tran tasc tcan asc_| i tcaH tasc || teaH
— i e |
aoor Y W/ ROW%L COLUMN - m COLUMN.C W‘ GOLUMN'c WW Row
twes e o [ s [ e L
Liwshf | tawh twe we | twp i
wEWE vl mj voret KN — ) | 7W
IR L 'os :xn i ‘os 1|, tod 'os I toH |
oQ ¥}E mﬁ;&%}z}mL VALID DN W VALID DiN ji@i VALID D1y ﬁ
v W T R A,
/] pon care
B unperineD

NOTE: [f MEAWE is LOW, a MASKED WRITE cycle will be performed.
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DRAM PAGE-MODE READ-WRITE CYCLE .
(READ-MODIFY-WRITE CYCLE)
1 'RASP i} ap
eI , i —
tcsH PRWO 'RSH
| terp taeo 1oAS g\ lcAs cp oA PN,

s W ] ) / J)':l\_
ADDR y
MEWE

o

VYA LHOdILTNI | |

NOTE: 1. |f MEAWE is LOW, a MASKED WRITE cycle will be performed.

RAS-ONLY REFRESH CYCLE
(ME/WE = Don't Care)
fRo
'RAS 1" Lil3
ms W . { TR
AP f
I e [
oas i = x X /
I.ﬁﬂ i 'RAH .
won 1 TN XY Xl
pa VigH~ OPEN
L tvs Yo 1
e Vi ’JMl WMW \ Y

DON'T CARE

B unperineD

e et b«
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‘Wvya tdodiini |

CAS-BEFORE-RAS REFRESH CYCLE  1-46-23-37
(A, - A, and ME/WE are Don't Care.)

{np tras tRp tras

e b ; N V j

tapC_

2
R S TR
e

L tlopn tosn 'CHR ¢ APC_ 1 tesR tcHR
— ¥
s VH.':W { A

o L T T T
LR A N

va VigH= OPEN oPEN ;

THGE vlf /A
HIDDEN REFRESH CYCLE
(READ) (REFAESH)
] 'RAS 11, e ‘rAS
-] [ —
toap tRco . 'ni.! tcHA Y
= Y ._J ) ' N

| D, e o :
el (77, ST v K o,

R taAl

W= W T ' ' ////////////////////////// LT,
::: ==t [*torF
va YO - OPEN VALID DATA F— OPEN—
tys | v ,ﬁ,l loo
toro .
wE WD i, /
DON'T CARE
B unoesineD

NOTE: A HIDDEN REFRESH may also be performed after a WRITE cycle. In this case ME/WE = LOW (when TAS
goes LOW) and TR/OE = HIGH. »
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DRAM-TO-SAM TRANSFER -

(READ TRANSFER)

(When part was previously in the SERIAL OUTPUT mode.)
s v { , y =
= =

toRp e ‘ZAS: r--l '

w W/ e Y7 0
 Jash_f | fal I_Aa_sc, o} e tom %

aoon Vit 3 I /il -
] [T o

wiw W T 1§f////////{/////////////////////////////////////////////////////////////////////////////////////// g ﬁ
N Iﬁ—i |<—'saz —=! || tsEA ) . g -

= Y /77| — = - =
O, S i 1 = =
soa Vg = /T\_'&‘E vAUDDour K VALIDDouT vapDour X VAUDDour X VAUD Dout X:
M -

) taTH treL trco )
vzl z i -
DON'T CARE 5 :

R unoerimen 4

NOTE: This SE pulse Is shown to lllustrate the SERIAL OUTPUT ENABLE and DISABLE timing. it is not required.
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DRAM-TO-SAM TRANSFER »
(READ TRANSFER)
(When part was previously in the SERIAL INPUT mode.)
:is k.i ‘AP . L
g ms yH =T 3 E
cC (g X B k A
r—-l torp tacp :AS: ]
U ws WD R\ i
8 tash |1 tman » tasc 'cAH .
= o W ek Z@g—:msw KU T,
U wsh_ |1 _tawH ‘
_ g VERE Vit 7 XU
w V- / //////////////////////////////////////////////////‘/\[ :
'sRs ! fcsn, 'sc
I - B
sbQ V&”:}; VALID Diy ' VALID DouT X VALID Doyt X VALID DQUT )
| toTH trso |
irs WIH AL trap
treL trco
™% W T
DON'T GARE .
B% unoeFiNeD - x;

~NOTE: There must be o rising edges on the SC Input during this time.
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T-46-23-37

SAM-TO-DRAM TRANSFER
(WRITE TRANSFER)
(When part was previously in the SERIAL INPUT mode.)

tRe
e 'RAs .i ‘ap
ms il ] \
L -
tesH
‘AsH
icrep N RCD toas
s Ym - 9 . /
CAS viii — / \_) )
‘AR
tasr || tran tasc tcan

aooR Vit :m row WK smisw XTI

twsi 'RWH
wE Vi :7/7//7/7%[ i

l}ﬁﬁ, _'_Ri,l _ Iswis,
= W W‘SH:W‘ Ky = oz
so Vi - ’ii_ | NOTE3 N J[‘
—+| |te0s ' ' o508, LSEﬁl 1508,
| M :@ii VALDOIN Wﬁm _M‘_\mﬁm—

B trs -—
TRoE Y :ml i,
DON'T CARE

R unpeFINED

NOTE: 1. If SE is LOW, the SAM data wiil be transferred to the DRAM.
It BE Is HIGH, the SAM data will not be transferred to the DRAM (SERIAL INPUT MODE ENABLE cycle).
2. SE must be LOW to Input new serial data, but the serial address register is incremented by SC regardless
of SE.

3. There must be no rising edges on the SC input during this time.
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3

NOTE

SAM-TO-DRAM TRANSFER

R e e

38E D W L111549 0002499 7 MEMRN

S T Mg

42¢4064:

\ T-46-23-37

(WRITE TRANSFER or PSEUDO WRITE TRANSFER)
(When part was previously in the SERIAL OUTPUT mode.)

tac
) ] 'rag .i 'Rp
vii 2 5[ = (W
tcRP 'Reb :;i:
w e R\ /
e ] " e foan -
i 7% o ‘,@EL swswer U v
v W)r—l Y, UL,
tesp| |'ney 'mi
|

S W 7/, NoTE2 ,

1 SR isro tsc

= N BTN N BT
i - / L\ NOTE3 \I \L L‘J\__

[ i S ) g | o
Vi~ VALIDDoml' ”j’if VALID DoyT J— HieHz /4 vaoon VALD DIy W

RUN[.T .
" 70 L )

DONT CARE
R unpeFiNeD

1 1. If SE Is LOW, the SAM data will be transferred to the DRAM.

It SE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL INPUT MODE ENABLE cycle).
2. 'SE must be LOW to input new serlal data, but the serial address register is incremented by SC regardless

of SE.
3. There must be no rising edges on the SC input during this time.
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wva tdodiinn j

R

SAM SERIAL INPUT
tswH n ‘ fSwis TSWIH L lsws
YiH Jf ’gll
E V“_:
s sc tsc
t5AS tsp IsAS sp tsas tsp tsAs
ViH—
sc vz £ N N N /
tspH \lsps tSDH -tsze , tsos | tsoH
1
soq ViFZT vabpy m@] VALID Dy VAo K7777X VAR Dy
SAM SERIAL OUTPUT
tsep
= YH- -
SE Vil / y
'sc tsc tsc
tsas  , lsP tsas tsp tsas ., lsp y
ViH-
s¢ Vi~ I‘[ .
tsac . 'SAC tsac tsac
IsoH lsez ‘A tson 'soﬂi
—f  —
spa ¥&H: VALID Doy | VALID Doy jp k- fvaLiD DOUT;@ VALID Doy yp VALID Dy 7

DON'T CARE

B unoerineD

: T TR SR s
PUTTIRAREE SCt

U
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b
3
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