MICRON

MT42C4064

VRAM

64K x 4 DRAM
WITH 256 x 4 SAM

FEATURES

* Industry standard pinout, timing and functions

* High performance CMOS silicon gate process

¢ Single +5V +10% power supply

¢ Inputs and outputs are fully TTL and CMOS
compatible

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

® 256-cycle refresh within 4ms

e 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

e 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 accessI/O port, the four internal 256 bit wide paths
between the DRAM and the SAM, and the 4-bit serial I/O

PIN ASSIGNMENT (Top View)
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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). Micron recommendsevenly spaced refreshcycles
for maximum data integrity. An internal transfer between
the DRAM and the SAM counts as a refresh cycle. The SAM
portion of the VRAM is fully static and does not require any
refresh.
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MICRON

MT42C4064

PIN DESCRIPTIONS

DIP PIN
NUMBER(S)

ZIP PIN
NUMBER(S)

TYPE

DESCRIPTION

1

7

Input

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

4

8,9,45

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

i
3

Input

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

a MASKED WRITE cycle is performed, or

Write Enable: WE is used to select a READ (WE = H) or
WRITE (WE = L) cycle when accessing the DRAM. This
includes a DRAM-TO-SAM TRANSFER (WE = H) or SAM- TO-
DRAM TRANSFER (WE = L).

14

>
[

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,
14,15,16,17

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

A0 to A7

Input

Address Inputs: For the DRAM operation, these inputs are
multiplexed and clocked by RAS and CAS 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 I/0 buffers and

allows a serial READ or WRITE operation to occur, 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 cycle is
performed.

5,6,19,20

11,12,1,2

DQ1 - DQ4

Input/
Output

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

2,3,22,23

8,945

SDQ1 - SDQ4

Input/
Output

Serial Data I/0O: Input, Output, or High-Z.

12

18

Vce

Supply

Power Supply: +5V £10%

24

6

Vss

Supply

Ground

This Materi al
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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 mrm!e, when discussing tnm_sferﬂrerations
the TR/OE pin will be shown as TR/(OE).
DRAM OPERATION

The DRAM portion of the VRAM is functionally identical
to standard 64K x 4 DRAMs. However, because several of
the DRAM control pins are used for additional functions on
this part, several conditions that were undefined or “don’t
care” states for the DRAM are specified for the VRAM.
These conditions are highlighted 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
AQ0-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 DRAMs the OE pin isa “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 fora DRAM port READ
or WRITE operation.

If (ME)/WE is HIGH when CAS goes LOW, a DRAM
READ operationis performed and the data 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 DRAMs, WE is a “don’t care” when RAS
goes LOW. For the VRAM, (ME)/WE is used, when RAS
goes LOW, to select between a MASKED WRITE cycle and
anormal WRITEcycle.If ME)/WEisLOW at theRASHIGH
to LOW transition, a MASKED WRITE operation is se-
lected. For a normal DRAM WRITE operation, (ME)/WE
must be HIGH at the RAS HIGH to LOW transition. (ME) /
WEisa “don’t care” at theRAS HIGH 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-
MODE WRITE, 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 be accessed within 4ms. For the
CAS-BEFORE-RAS refresh mode, the row addresses are
generated internally and the user need not supply them as
hemustin RASONLY refresh. TR/(OE) must be HIGH when
RAS goes LOW for the RAS ONLY and CAS-BEFORE-
RAStypesofrefresh cycles. 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

If ME/ (WE) is LOW at the RASHIGH to LOW transition,
the data (mask data) present on the DQ1 - DQ4 inputs will
be written into the bit mask data register. The mask data acts
as an individual write enable for each of the four DQ1 - DQ4
pins. If a 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 bit enables the input port and allows normal WRITE
operations to proceed. Note that CAS is still HIGH. When

CAS 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 will not
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 example of a
typical MASKED WRITE cycle is shown in Figure 2.

This Materi al
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TRANSFER OPERATION
DRAM-TO-SAM TRANSFER (READ TRANSFER)

A TRANSFER operation is initiated when TR/(OE) is
LOW at RAS (HIGH to LOW) time. (ME)/WE indicates the
direction of the transfer and must be HIGH as RAS goes 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 address bits indicate the startaddress, or Tap, of the
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/ (OE) 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
serial shift start address is stored in an internal 8-bit register.
There must be no rising edges on the serial 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 tim-
ing (by using TR/ (OE) is to fire the TRANSFER, LOW to
HIGH transition). See the REAL-TIME READ-TRANSFER
AC timing waveforms. If SE is 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-TO-DRAM TRANSFER (WRITE TRANSFER)

The SAM-TO-DRAM TRANSFER operation is identical
to the DRAM-TO-SAM 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 the SAM data registers. If SE is HIGH when
RASgoes LOW,aSERIAL-INPUT-MODE ENABLE cycleis
performed.

SAM OPERATION
SERIAL INPUT/OUTPUT MODE CONTROL

The SAM port is automatically placed in the serial output
mode after a DRAM-TO-SAM TRANSFER operation. Con-
versely, aftera SAM-TO-DRAM TRANSFER, the SAM port
will be in the serial input mode.

SERIAL-INPUT-MODE ENABLE (PSEUDO WRITE
TRANSFER)

Itis possible to change the direction of the SAM port from
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 TRANSFER.

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 location. SE enables or disables the serial input/output
buffers.

Serial output of the SAM data register contents will start
at the tap start address that was loaded during the DRAM-
TO-SAM 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. SE 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
addressregister is incremented with every L — H transition
of SC, regardless of the logic level on the SE input.

s Materi al
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MICRON MT42C4064
TRUTH TABLE
DRAM Operations (SC, SE, 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 H L H X |ROW| coL | Dataln 1 C
(EARLY-WRITE) l—
MASKED WRITE| H—L L L L H X ROW | COL Mask Data In, :I
Valid Data In -U
READ-WRITE L L H H-L H |L—H |ROW | COL | Valid Data Out 1 O
PAGE-MODE L H—L—H, H H H H—L | ROW | COL Valid Data Out —|
READ H—L—H U
PAGE-MODE L H—L—H, H L H X ROW | COL Valid Data In m
WRITE H—L—H
PAGE-MODE L H—L—H, H H-—L H L-H | ROW | COL Valid Data Out, 1 >
READ-WRITE HoL—H Valid Data In [
RAS-ONLY L H X n/a H n‘a | 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 Operations (DQ1 — DQ4 are “don’t care”)
MEWE TR/OE Addresses SC SE |sDQ1
Function RAS CAS to |Notes
tR* tCc* tR* tCc* tR* tc* SDQ4
DRAM-TO-SAM L L H X L L ROW | TAP** X X X 2
TRANSFER
SAM-TO-DRAM L L L X L X ROW | TAP** X L X 3
TRANSFER
SERIAL-INPUT- L L L X L X ROW | TAP** X H X 4
MODE ENABLE
* tR = when RAS goes from HIGH to LOW Notes: 1. Any type of WRITE cycle may also be a
tC = when CAS goes from HIGH to LOW MASKED WRITE cycle.
** TAP = Tap Address, the serial address to which the next 2. The SAM will be in a SERIAL OUTPUT mode
serial input or output cycle will start. after a DRAM-TO- SAM TRANSFER.
3. The SAM will be in a SERIAL INPUT mode
after a SAM-TO-DRAM TRANSFER.
4. The SAM will be put in the SERIAL INPUT
mode but the SAM-TO-DRAM TRANSFER
will not occur.
3-7
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MICRON MT42C4064

TRUTH TABLE
Serial I/O Operations (RAS, CAS, ME/WE, TR/OE, and DQ1 - DQ4 are “don’t care”)
Function sC SE sSDQ1 — SDQ4 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 mode.
6. The SAM must be in the SERIAL INPUT mode.
ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under “Absolute Maxi-
Voltage on Vcc supply relative to Vss ........ -1.0V to +7.0V mum Ratings” may cause permanent damage to the device.
Operating Temperature, Ta(Ambient) . 0°C to +70°C This is a stress rating only and functional operation of the
Storage Temperature (Plastic) .-55°C to +150°C device atthese or any other conditions above thoseindicated
Power DISSIPAtiON ..v..veervenrverrveesiesieeesceeeecesseeseseess s 1W inthe operational sections of this specification is notimplied.

NVHAd LHOdILTINN I

Short Circuit Output CUrrent ...........ccooeveeervererersenenn. 50mA Exposure to absolute maximum rating conditions for ex-
tended periods may affect reliability.

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

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 4.5 55 \ 1
Input High (Logic 1) Voltage, All Inputs VIH 24 | Vcc+1 \ 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \ 1

DC ELECTRICAL CHARACTERISTICS
(0°C< TA <70°C; Vec = 5.0V + 10%)

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES

INPUT LEAKAGE CURRENT L -10 10 HA

(any input (OV<VINsVcc), all other pins not under test = 0V).

OUTPUT LEAKAGE CURRENT loz -10 10 uA

(DQ, SDQ disabled, 0V<VouT<Vcc).

OUTPUT LEVELS

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

Output Low Voltage (lout = 5mA) VoL 0.4 \ 1
3-8
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MT42C4064

CAPACITANCE
PARAMETER SYMBOL | MIN MAX | UNITS | NOTES
Input Capacitance: Ao-A7 Cn 5 pF 18
Input Capacitance: RAS, CAS, WE, OE, SC, SE Ciz 7 pF 18
Output Capacitance: DQ, SDQ Co 7 pF 18
CURRENT DRAIN, SAM IN STANDBY
(Notes 2, 3) (0°C < Tps 70°C, Vcc = 5.0V + 10%)
PARAMETER/CONDITION OF DRAM SYMBOL | MIN MAX | UNITS | NOTES
OPERATING CURRENT (RAS and CAS = Cycling; 'RC =RC (MIN)). icct 40 mA
OPERATING CURRENT: PAGE MODE lcc2 40 mA
(RAS = Vi,CAS = Cycling; IPC =PC (MIN)).
STANDBY CURRENT: TTL INPUT LEVELS
Power supply standby current (RAS = CAS = Vi1 Icc3 10 mA
after 8 RAS cycles MIN).
STANDBY CURRENT: CMOS INPUT LEVELS
Power supply standby current (RAS = CAS = Vcc-0.2V lcca 4 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). Iccs 30 mA
REFRESH CURRENT: CAS-BEFORE-RAS (RAS and CAS = Cycling). Icce 30 mA 22
SAM/DRAM DATA TRANSFER lcc7 60 mA

CURRENT DRAIN, SAM ACTIVE ('SC = MIN)
(Notes 2, 3) (0°C < T, <70°C; Ve = 5.0V + 10%)

PARAMETER/CONDITION OF DRAM SYMBOL | MIN MAX | UNITS | NOTES
OPERATING CURRENT (RAS and CAS = Cycling; 'RC ='RC (MIN)). lccs 60 mA
OPERATING CURRENT: PAGE MODE lcco 60 mA

(RAS = ViL,CAS = Cycling; 1PC = PC (MIN)).

STANDBY CURRENT: TTL INPUT LEVELS
Power supply standby current (RAS = CAS = ViH Iccio 30 mA
after 8 RAS cycles MiN).

STANDBY CURRENT: CMOS INPUT LEVELS

Power supply standby current (RAS = CAS = Vcc-0.2V lcct 25 mA
after 8 RAS cycles MIN. All other inputs at Vcc-0.2V or Vss + 0.2V).
REFRESH CURRENT: RAS-ONLY (RAS = Cycling; CTAS = ViH). Icci2 50 mA
REFRESH CURRENT: CAS-BEFORE-RAS (RAS and CAS = Cycling). lcc13 50 mA 22
SAM/DRAM DATA TRANSFER lcc14 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 < Tpo<+70°C; Vee = 5.0V £ 10%)

A.C. CHARACTERISTICS -10 -12 -156
PARAMETER SYM MIN MAX MIN MAX MIN MAX | UNITS |NOTES
Random READ or WRITE cycle time Re 190 220 260 ns
READ-MODIFY-WRITE cycle time Rwe 250 295 345 ns 20, 21
PAGE-MODE READ or WRITE Tbc 75 90 110 ns 6
cycle time
PAGE-MODE READ-MODIFY-WRITE | 'PRWC 125 150 175 ns 20, 21
cycle time
Access time from RAS RAC 100 120 150 ns 7.8
Access time from CAS Icac 50 60 75 ns 7,9
RAS pulse width RAS 100 10,000 | 120 | 10,000 150 10,000 ns
RAS pulse width (PAGE MODE) RASP 100 | 100,000 | 120 [100,000 | 150 | 100,000 | ns
RAS hold time 'RSH 50 60 75 ns
RAS precharge time ‘P 80 90 100 ns
TAS pulse width icas 50 10,000 60 10,000 75 10,000 ns
TAS hold time losH 100 120 150 ns
CAS precharge time PN 15 20 25 ns
TAS precharge time (PAGE MODE) tcp 15 20 25 ns 19
RAS 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 tASFI 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 tCAH 20 20 25 ns
Column address hold time ‘AR a5 70 80 ns
(referenced to RAS)
READ command setup time lrcs 0 0 ns
READ command hold time 'RcH 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 tweH 20 25 30 ns
WRITE command hold time wer 70 80 30 ns
(referenced to RAS)
WRITE command pulse width tWP 20 25 30 ns
WRITE command to RAS lead time TRwL 25 30 35 ns
WRITE command to CAS lead time TowL 25 30 35 ns
Data-in setup time ps 0 0 0 ns 15
Data-in hold time bH 15 20 25 ns 15
Data-in hold time (referenced to RAS) bHR 70 80 90 ns
TAS to WE delay fcwp 65 80 95 ns 16, 20
RAS to WE delay 'RWD 120 150 185 ns 16, 20
ME/WE to RAS setup time ‘wsR 0 0 0 ns
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DRAM TIMING PARAMETERS (Continued)
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes 3, 4,5,6,10,11,17) (0°C < T, <+ 70°C; Vcc = 5.0V + 10%)

This Material Copyrighted By Its Respective Manufacturer

A.C. CHARACTERISTICS -10 -12 -15
PARAMETER SYM MIN MAX MIN MAX MIN MAX | UNITS |NOTES
ME/WE to RAS Hold Time 'RwH 10 10 15 ns
Mask Data (DQ_) to RAS setup time 'Ms 0 0 0 ns
Mask Data (DQ ) to RAS hold time 'MH 20 20 25 ns
Transition time (rise or fall) T 3 50 3 50 3 50 ns
Refresh period (256 cycles) tREF 4 4 4 ms
RAS to CAS precharge time 'RPC 0 0 0 ns
TAS setup time csh 10 10 10 ns
(CAS-BEFORE-RAS REFRESH)
TAS hold time 'CHR 20 25 30 ns 22
(CAS-BEFORE-RAS REFRESH)
‘CAS to output in Low-Z ‘cLz 5 5 5 ns
Output buffer turn-off delay 'oFE 0 25 0 25 0 30 ns 7.12
Access time from (TR)/OE 'oE 25 25 30 ns
Output Disable ‘op 0 25 0 25 0 30 ns
Output Disable hold time from tOEH 25 25 30 ns
start of WRITE
Output Enable to BAS delay 'oRD 0 0 0 ns
3-11
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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 < T, < + 70°C; Voc = 5.0V + 10%)

Copyrighted By Its

Respecti ve

Manuf act ur er

A.C. CHARACTERISTICS -10 -12 -15
PARAMETER SYM MIN MAX MIN MAX MIN MAX | UNITS | NOTES
TRANSFER command to tTS 0 0 0 ns 23
RAS setup time
TRANSFER command to 'RTH 80 90 100 ns 23
RAS hold time
TRANSFER command to toTH 30 30 35 ns 23
TAS hold time
TRANSFER command to SC lead time frsL 10 ns 23
TRANSFER command to RL 10 10 10 ns 23
RAS lead time
TRANSFER command to YRD 15 15 20 ns 23
RAS delay time
TRANSFER command to CAS time reL 10 10 10 ns 23
TRANSFER command to reo 15 15 20 ns 23
CAS delay time
First SC edge to TRANSFER tTSD 10 10 20 ns 23
command delay time
TAS to first SC delay 'rRsD 95 105 115 ns
RAS to first SC delay csp 25 35 45 ns
SAM-TO-DRAM (WRITE) transfer tF'iTHW 15 15 15 ns
command to RAS hold time
Serial output buffer turn-off 'spz 10 40 10 50 10 60 ns
delay from RAS
SC to RAS setup time 'srs 35 40 45 ns
RAS to SC delay time 'sRD 25 30 35 ns
Serial data input to SE delay time 'sze 0 8] 0 ns
RAS to SD buffer turn-on time 'sro 0 0 0 ns
Serial data input delay from RAS tspp 50 55 60 ns
Serial data input to RAS delay time szs o ns
SERIAL INPUT MODE ENABLE tESR 0 ns
(SE) to RAS setup time
SERIAL INPUT MODE ENABLE 'REH 15 15 15 ns
(SE) to RAS hold time
NONTRANSFER command vs 0 0 0 ns 24
to RAS setup time
NONTRANSFER command YH 15 15 20 ns 24
to RAS hold time
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SAM TIMING PARAMETERS

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes 3, 4, 5, 17, 25) (0° C < T, <+ 70°C, Voc = 5.0V + 10%)

This Materi al

Copyrighted By Its Respective Manufacturer

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 'sac 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
BE precharge time 'Sep 10 15 20 ns
BE pulse width se 15 15 20 ns
Serial data out hold time after ‘SOH 10 10 10 ns 25
SC high
Serial output buffer turn off 'sgz 0 15 0 25 0 30 ns 25
delay from SE
Serial data in setup time 'sps 0 0 0 ns
Serial data in hold time 'SpH 15 20 25
SERIAL INPUT (Write) Enable 'sws 0 0 0 ns
setup time
SERIAL INPUT (Write) Enable 'SwH 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
hold time
3-13
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NOTES

1.
2.

WYHA LHOILTNIN l

All voltages referenced to Vss.

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

An initial pause of 100us 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.

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

measuring timing of input signals. Transition times
are measured between Vix and ViL.

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

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 'RCD
exceeds the value shown.

16.

17.

18.

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 > '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 toVH) is inde-
terminate. If "WCS < 'WCS, the cycle is a LATE
WRITE [(ME)/WE falls after CAS] ‘WCS, {CWD and
'RWD do not apply.
In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vi and
VL (or between VL and ViH) in a monotonic manner.
Capacitance calculated from the equation C = IAt
AV
with AV = 3V and Vcc = 5V. This parameter is
sampled.

9. Assumes that 'RCD > 'RCD (MAX). 19. If CAS is LOW at the falling edge of RAS, DQ will be

10. If CAS = Vin, DRAM data output is high impedance. maintained from the previous cycle. To initiate a new

11. If CAS = Vi, DRAM data output may contain data cycle and clear the data out buffer, CAS must be
from the last valid READ cycle. pulsed HIGH for 'CP. Note 8 applies to determine

12. 'OFF (MAX) defines the time at which the output valid data out.
achieves the open circuit condition and is not 20. Includes the OE delay time (30ns for the -10, 40ns for
referenced to VoH or Vor. the -12, and 50ns for the -15).

13. Operation within the 'RCD (MAX) limit ensures that 21. During a READ cycle, if OE is LOW then taken HIGH
‘RAC (MAX) can be met. 'RCD (MAX) is specified as a (Vi) DQ goes open. If OFE is tied permanently LOW a
reference fpoint only; if 'RCD is greater than the READ-MODIFY-WRITE operation is not possible.
specified 'RCD (MAX) limit, then access time is con- 22. Enables on-chip refresh and address counters.
trolled exclusively by ‘CAC. 23. TRANSFER command means that TR/ (OE) is LOW

14. 'RCH is referenced to the first rising edge of RAS or when RAS goes LOW. -
CAS. 24. NONTRANSFER command means that TR/ (OE) is

15. These parameters are referenced to CAS leading edge HIGH when RAS goes LOW.

25. Measured with a load equivalent to 2 TTL gates and
50pF.
This Material Copyrighted By Its Respective Manufacturer
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RAS

CAS

DQ

RAS

CAS

ADDR

WE UM

DRAM READ CYCLE

v Z N i
i icRp 'RCD ~Toas
we_/ Ny /7
i 77 R /) X /Y, row
I tacs ‘RCH
i T ‘

l<->

5 i T

\

DRAM EARLY-WRITE CYCLE

e
tRAS L ‘Rp
vz N zj \
tcsH
'RSH
i icrp tReD tcas
vz N /
AR
tASR 'RAH tasc tcan
v:[‘ m ROW J’m COLUMN b 9( ROW m
towL |
TRWL i
'wer
'wes tWCH
i 'wsR tRWH i twe
Vi =
wo__ f XUk /4 N,
DHR
tos 'BH
b Y VALID D Iy X 7
tyH

tys l

-]

Yy KN

DON'T CARE

B unpEFINED

3-15

This Material Copyrighted By Its Respective Manufacturer

WYHAa 1HOdILTINW I



MII:RQN MT42C4064

DRAM MASKED WRITE CYCLE

RC

- mas vt N 2If —

= =

c ] ‘crpP 'RCD tcas

E R Wi T F ‘ \ /

8 tAsR 'RAH lAZZ 'cAH

) ApDR VIH ROW : ‘L COLUMN "W/ / / ﬁ( ROW W

= Fr—

(w) o

§ IwsR| [ tRWH twp

= = ). : N Y,

pQ \\ﬂf K [L! MASK,D N ‘L VALID D jW/ //////////ﬁ( MASK DN W
| YS YH I
weE VW 77 KA N
DON'T CARE
B UNDEFINED
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RAS

ADDR

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

ba vIQH=

NOTE: if ME/WE is LOW, a MASKED WRITE cycle will be performed.

il | }‘——————\4_
| tcrP RCD icas
W F i /
fe 3 C— o T
tcs _| towp Rwt
_ z:r y /// NOTE 1 W/// t N ,/7
vish — opEN—i_l EAS_|£|DE: : ¥ OPEN 4 x'xxxx VALID Doubi VALIDID:N i—opg"
I YS YH (o1 i top, |tOEH i
I KA, i N~

DON'T CARE

R uNoEFINED

This Materia

3-17

Copyrighted By Its Respective Manufacturer

WYVHAa 1HOdILINI I



MICRON MT42C4064

DRAM PAGE-MODE READ CYCLE

- tRASP ‘Re_
— vy Ty
ms Vi K 7 L\
tcsH
tec 'RSH
\tere tRcD fcas tcp tcas tcp icas fCPN |
| |
eV, — R ¥
iH
w e f N 7 ;_J s /] \
AR
'ASR IRAH tasc caH tasc tcan ASC caH
Vi — p! Ty Y
AppR It _mz ROW COLUMN W_ COLUMN Wg coLmn K7/ 42}( ROW
- |--—'ncs — |~-—‘ncs —’l ~—1RRH
'RCs, 4 'RCH
I ACH —=] I._ tRCH — l__
MERWE UM -
wwe V1 TR S X S,
tcac loFp tcac loFp cac | J—torr
1)
RAC
VoH - ¢ VALID Y VALID Y & VALD ¥
PQ vl - OPEN L Bout —4_Dour ; { Dout F OPEN
1tys tYH toE 1 oo 10 1o toE (lob

WVHAd LHOdILTNIN I

W e . BT, .

DRAM PAGE-MODE EARLY-WRITE CYCLE

'RASP | _'RP (
— V, - P
Aas vit C N { \_
tosH tpc 1RSH
1 chP 'RCD tcas 1o_tcp icas tcp tcas 1o toPN |
N J‘ b 3
cas vyt C \ N
tAR
'ASR tRAR_, tasc tCAH 1 lasc 'CAH tasc CAH_,
v I i |
ADDR  yIH ROW [ cowmn m cowmn — W//117/) COLUMN‘% X row
towL | fowL | towt |
1 I 1
twes twen twes tweH twes tweH
wsR| | lrRwH wp twp wp
I
—— Vv
VR /K e i@ S
'weR tAwL ]
DHR '
s || tmMH Ds toH os tDH 'os oH

VlH — - == Y
oa vl 7 MASK DN VALID Dy § VALID DIy @g( VALID Dy W / // //
______
tys “ tyy
[

wee W TF KA LTI T, )
V//) bONT cARE

UNDEFINED

NOTE: It MEAWE is LOW, a MASKED WRITE cycle will be performed.

3-18

This Material Copyrighted By Its Respective Manufacturer



MT42C4064

DRAM PAGE-MODE READ-WRITE CYCLE
(READ-MODIFY-WRITE CYCLE)

tRASP 1 BP

VY
RAS V| N b
tcsH tPRWC RSH
1 lcrP 'RCD fcas . tep icas tcp icas | _tCPN_
— Vv - X
Vi \ ,?l | h \
AR
1asR tRAH tasc fcaH {ASC tcaH ‘asc cAH
ViH <
ADDR vl ROW {  column : COLUMN : COLUMN W /////9( ROW
| RWD i L o \ [
n
|<i:s——l - |- towL tcwL -] e towL
= |=tRwH - |- twp - twp - |etyp
twsR | tewo W tcwp tewp

OPEN

NOTE: 1. !f ME/WE is LOW, a MASKED WRITE cycle will be performed.

RAS-ONLY REFRESH CYCLE
(ME/WE = Don't Care)
tRe
'RAS tRp
mRs VM N h X
tcRP — tRPY
o l r—n C
cas i = i kY /
tasR 'RAH
ADDR xl[‘ :m ROW J’ ROW ﬂ
pa vigH= OPEN
vys tyH

e )
DON'T CARE

m UNDEFINED

1
IR |
TROE v f/ZéZZﬁ
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CAS-BEFORE-RAS REFRESH CYCLE
(A, - A, and ME/WE are Don't Care.)

trp tRAS tRp tRAS

___ = W f i .
g . ‘CP—NRi- tcsr ICHR | _'ﬂ. tcsR | ICHR _|
= = w7 A I
% SR
8 R A i
q nQ 3'0”: OPEN OPEN
O
§ T
g HIDDEN REFRESH CYCLE

o) J; | S
12 lcrp tReo tRSH 'CHR
s wiZ f N z(
<'ASR_[| _'RAH i tasc,_ || tcan
soon W 777K eow (%COTMN EWI/ s,
ACS, ml
e T ‘ LT
cac
oz 1 |=—torF
oa ¥8[' = OPEN VALID DATA J— oPEN—
tvs tyy ‘_'O_E‘_I top
torD
weE W S LTI /
DON'T CARE
B unoerineD

NOTE: A HIDDEN REFRESH may also be performed after a WRITE cycle. In this case ME/WE = LOW (when CAS
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.)
tRAS i trp
ms v o N s
l_‘g_nz 'RCD ::ls\:
w Wl f N 4
SR, || BAL ASC| | e toan
soor Vit 74 row ] LGl
wewE W Tk *{WWW/WWWW/WWWWWW/A
v
= W L//Agem// : : : : :
so VT B { / ls zﬁls A *ls A { ;o
— [=— tsoH - e —l ‘SOHDATA|
sbQ ¥8E K @ VALID Doyt VALID Doyt VALID Doyt fvmo DouT X VALID DouT )C
|<:::%> ‘%[;f‘ RO
i | )
DON'T CARE

R UNDEFINED

NOTE: This SE pulse is shown to illustrate the SERIAL OUTPUT ENABLE and DISABLE timing. Itis not required.
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DRAM-TO-SAM TRANSFER
(READ TRANSFER)
(When part was previously in the SERIAL INPUT mode.)

ke

- RAs i RP
E i ‘crp tRCD tas
O =W X
O lasr 'RAH - tasc tcaH
m 3 |
= eon W I@L Fow @k SAM START ?W/////////l/////////////////////////////////////i
U __i 'wsr RWH i
g e W70 K
g e “Sﬂ*, m_»l |« tsEA
® - A,
sc VM - ' N NOTE 1 T\ 1 Zt—k /—\_/v
o= I s
sbQ v:gt': [ vALDDN ] 3 ‘ ‘ VALID Doyt VALID Doyt MID DouT)

DON'T CARE

R UNDEFINED

NOTE: There must be no rising edges on the SC input during this time.
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SAM-TO-DRAM TRANSFER

(WRITE TRANSFER)
(When part was previously in the SERIAL INPUT mode.)
ms i N a1 \
i tCRP tRCD ‘Tm\;s
e 3:[' - tAR
Sl /), S st KT T T
wewe it 7777 WWWW/W/{WWW/ T,
rx;_iﬂ. tREH tswis
= W IR WWWWW% - _rore:
sc v - 1 | NOTE 3 \‘ I ,?L
_,1 |« tSDS 'sps L‘_s_t_ag tspg
sba 3},’} m VALID D|NJ) l///t////////////////////////////////////////////////»fivmo DIN : VALID DIN
HOE Vi :’////////////Ai A,
///} DON'T CARE
R UNDEFINED
NOTE: 1. Ii SE is LOW, the SAM data will be transferred to the DRAM.

3.

If 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 serial data, but the serial address register is incremented by SC regardless

of SE.

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

CAS

ADDR

MEWE

Wvya Lsodinm

sC

NOTE:

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

tRC
tRAS tRP

Vg —
Vit = N i \

tesH
'RSH

CRP tRcD tcas

Y = i L/

taR

tasr | = A tasc tcaH
W 7K row i@g s KT T v,

twsR_||_'RwH i
Yt 770\ /7////////////////////////////////////////////////////////////// T
vt v KT K | NoTE2
SRS | | :snn :sc - .
SAS i sp SAS_ | sp SAS
vm = 7 L NOTE 3 W / k ;Zi
:glz) 1sps Ls_nﬁl 's0g f1'sbH

VIOoH = 3 y s p

v Y
TS I l RTHW

= W 770 L T,

DON'T CARE

B unpeFiNeD

1. 1f 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 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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SAM SERIAL INPUT
'SWH tsSwis ISWIH L 'sws
v |
— Vig—
SE V)L - A !Kf
tsc sc tsc
'sas sp sAs tsp sAs sp IsAs
Vig— r———l z———alS F——ﬁl&
sc V- y 7 ] / /
'SDH tsps tSDH tsze  sps soH

SO SRCLT 1/, S Y/ S /Y ST

SAM SERIAL OUTPUT

sep
& VMo f
tsc tsc tsc
tsaAs . lsP tsas  ,_ sP tsas | lsp
ViH— —_‘}li z———'{
sc vz / .
tsac 'sac sac tsaC
1 ! t e
SOH SEZ sea | Lo SOH s
spa ¥8{' = VALD Doy ) VALID Doyt —{ VALD Doy m VALID Doy 1 VALID Doy
[//] bON'T CARE
B unpEFINED
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