" MICRON TECHNOLQGY_INCL'

TRIPLE PORT
DRAM

128K x 8 DRAM WITH
DUAL 256 x 8 SAMS

FEATURES

¢ Three asynchronous, independent, data access ports

¢ Fast access times —~ 80ns random, 25ns serial

¢ Operation and control compatible with 1 Meg VRAMS

¢ High performance CMOS silicon gate process

¢ Low power: 15mW standby; 450mW active, typical

* 512-cycle refresh within 8ms

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

¢ FAST PAGE MODE access cycles

* Two bidirectional Serial Access Memories (SAMs)

¢ Fully static SAMs and Mask Register, no refresh
required

¢ 2048-bit Transfer Mask Reg15ter

¢ SERIAL MASK DATA INPUT mode

SPECIAL FUNCTIONS

MASKED WRITE (Write-Per-Bit)
PERSISTENT MASKED WRITE

SPLIT READ AND WRITE TRANSFERS
BLOCK WRITE

BIT MASKED TRANSFERS

OPTIONS

¢ Timing (DRAM, SAMs)
80us, 25ns
100ns, 30ns
120ns, 35ns

e Packages
Plastic LCC (750 mil)

¢ Functionality
QSF output (indicates SAM half accessed) 43C8128
SSFE input (Split SAM special function, stop count) 43C8129

GENERAL DESCRIPTION

The MT43C8128/9 are high speed, triple port CMOS
dynamic random access memories (TPDRAM) containing
1,048,576 bits, Data may be accessed by an 8 bitwide DRAM
port or by either of two independently-clocked 256 x 8-bit
serial access memory (SAM) ports. Data may be transferred
bidirectionally between the DRAM and the SAMs.

The DRAM portion of the TPDRAM is functionally iden-
tical to the MT4C4256 (256K x 4) DRAM. Sixteen 256-bit
dataregisters make up the serial access memory portions of
the TPDRAM. Data I/O and internal data transfer are
accomplished using five separate bidirectional data paths;
the 8-bit random access I/O port, a pair of internal 2048 bit
wide paths between the DRAM and the SAMs, and the pair
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* MT43C8128/MT43C8129

of 8bit serial I/O ports for the SAMs. The rest of the
cu'autry consists of the control, timing, and address decod-
ing logic.

All three ports may be operated asynchronously and
independently of the others except when data is being
internally transferred between the DRAM and either SAM.

Each of the 2048 bits involved in an internal transfer may
be individually masked by performing a BIT MASKED
TRANSFER operation, The 256 x 8-bit, Bit Mask Data Reg-
ister can be parallel loaded from the DRAM or, either SAM,
or it may be serial loaded through the MKD serial input.

As with all DRAMs, the TPDRAM must be refreshed to

" maintain data. The refresh cycles must be timed so that all

512 combinations of RAS addresses are executed at least
every 8ms (regardless of sequence). Micron recommends
evenly spaced refresh cycles for maximum data integrity.
An internal transfer between the DRAM and either SAM
counts as arefreshcycle. TheSAM portions of the TPDRAM
are fully static and do not require any refresh.

The operation and control of the MT43C8128 /9 are com-
patible with the operation of the MT42C8128 (128K x 8
Video RAM). However, the MT43C8128/9 offer an addi-
tional SAM and special features that may be used to en-
hance system performance.

MT43Ca128/9
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PIN DESCRIPTIONS

0002692 1 EMMRN
NARY

PLCC PIN
NUMBERS

SYMBOL

TYPE

DESCRIPTION

7

SCa

Input

Serial Clock, SAMa: Clock input to the serial address counter for
the SAMa registers and strobe for SAMa control arid data Inputs.

1

Input

Serial Clock, SAMb: Clock input to the serial address counter for
the SAMD registers and strobe for SAMb control and dafa inputs.

12

Input

Transfer Enable: Enables an internal TRANSFER operation at the
falling edge of RAS, 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 impedance state.

18

" MEWE

Input

Mask Enable: If MEWE is LOW at the falling edge of BAS, a
MASKED WRITE cycle is performed, or

Wirite Enable: ME/WE is also used to select a READ (ME/WE =
H) or WRITE (ME/WE = L) cycle when accessing the DRAM. This
includes a READ TRANSFER (ME/WE = H) or WRITE TRANS-
FER (ME/WE = L).

4

SEa

Input

Serial Port Enable SAMa: SEa enables Port A serial /0 buffers
and allows a serlal READ or WRITE operation to occur; other-
wise, the output buffers are in a High-Z state. SEa is also used
during a TRANSFER operation to indicate whether a WRITE
TRANSFER or a SERIAL INPUT MODE ENABLE (PSEUDQ
WRITE TRANSFER) cycle is performed.

47

Input

Serial Port Enable, SAMb: SEb enables Port B serlal I/Q buffers
and allows a serial READ or WRITE operation to occur; other-
wise, the output buffers are in a High-Z state. SEb is also used
during a TRANSFER operation to indicate whether a WRITE
TRANSFER or a SERIAL-INPUT-MODE ENABLE (PSEUDO
WRITE TRANSFER) cycle is performed.

35

DSF1

Input

Special Function (Control) 1: DSF1 is used to indicate which
special functions are used on a particular access or transfer cycle
See the Functional Truth Table for a detailed description.

21

DSF2

Input

Special Function (Contral) 2: DSF2 is used to indicate which
speclal functions are used on a particular access or transfer cycle
See the Functional Truth Table for a detailed description.

20

Input

Row Address Strobe: RAS is used to clock in the 9 row-address
hits and as a strobe for control and data inputs.

33

Input

Column Address Strobe: TAS Is used to clock in the 8 column-
address bits, enable the DRAM output buffers (along with

| TR/GE), and as a strobe for cantrol and data inputs.
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PIN DESCRIPTIONS (Continued) .
PLCC PIN
NUMBERS SYMBOL TYPE DESCRIPTION
31, 30, 29, 28 AO - A8 Input | Address Inputs: For DRAM operation, these inputs are
25, 24,27, 22 multiplexed and clacked by BAS and CAS to select one 8-bit
23 word out of the 128K available. During TRANSFER operations,
A0 to A8 indicate the DRAM raow being accessed (when FAS
goes LOW) and A0-A7 indicate the SAM start address (when
CAS goes LOW). A7, A8 =“dan't care” for the start address when
. doing SPLIT TRANSFER.
19 STS Input | SAM Transfer Select: The state of STS at RAS time determines
which SAM Is involved in a transfer (SAMa=LOW, SAMb=HIGH).
46 MKD Input | Mask Data Input: MKD Is used during BIT MASK REGISTER
LOAD cycles to enable or disable the serial mask input mode
(SM1). If SMi is enabled (MKD=H!GH at RAS), then MKD is used
as mask data input and is clocked by SCb into the mask data
register.
6 TAM Input | Transfer Mask Select: TRM is used to select between NORMAL
TRANSFER cycles and BIT MASKED TRANSFER or BIT MASK
REGISTER LOAD cycles.
13, 14, 15, 16 DQ1t -DQs Input/ { DRAM Data I/O: Data inputs and outputs for the DRAM memaoary
37, 38, 39, 40 Output| array; inputs for the MASK and COLOR REGISTER load cycles;
address mask inputs for BLOCK WRITE cycles.
8,9,10, 11 $DQa1-SDQa8 Input/ | Serial Data I/O, SAMa: Input, Qutput, or High-Z.
42, 43,44, 45 Output 7
2,3,4,5 SD0b1-SDQhS input/ | Serial Data I/O, SAMb: Input, Output, or High-Z.
48, 49, 50, 51 Output
32 QSFa/SSFa | Outpuf| Split SAM Status, SAMa (MT43C8128): QSFa indicates which
haif of SAMa Is being accessed (Lower = LOW, Upper = HIGH).
Input | Split SAM Special Function, SAMa (MT43C8129): SSFa=HIGH
stops access to current half of SAM and will load the Tap
address of the next half into the address pointer. SSFa is
synchronized with SCa.
.34 QSFb/SSFb Output| Split SAM Status, SAMb (MT43C8128): QSFb indicates which
half of SAMb is being accessed (Lower = LOW, Upper = HIGH).
Input | Split SAM Special Function, SAMb (MT43C8129): SSFb=HIGH
stops access to current half of SAM and will load the Tap
address of the next half into the address pointer. SSFb is
synchronized with SCb.
17,26 Vee Supply| Power Supply: +5V +10%
52, 36 Vss Supply| Ground
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FUNCTIONAL DESCRIPTION

The MT43C8128/9 may be divided into four functional
blocks (see Figure 1): the DRAM and its special functions,
the Bit Mask Register (BMR), the two Serial Access Memo-
ries (SAMBs), and the DRAM/SAM/BMR transfer circuitry.
All the operations described below are also shown in the
AC Timing Diagrams section of this data sheet and are
summarized in the Functional 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 TRIOE pin will be shawn as TR)(OE).
DRAM OPERATION

This section describes the operation of the random access
port and the special functions associated with the DRAM.

DRAM REFRESH (ROR, CBR, and HR)

Like any DRAM-based memory, the MT43C8128/9
TPDRAM must be refreshed to retain data. All 512 row-
address combinations must be accessed within 8ms, The
MT43C8128/9 supports CAS-BEFORE-RAS, RAS-ONLY
and HIDDEN types of refresh cycles.

For the CAS-BEFORE-RAS REFRESH cycle, the row ad-
dresses are generated and stored in an internal address
counter, The user need not supply any address data and
simply must perform 512 CAS-BEFORE-RAS cycles within
the 8ms time period.

For RAS-ONLY REERESH cycles, the refresh address
must be generated externally and applied to the A0-A8
inputs . The DQ pins remain in a High-Z state for both the
RAS ONLY and CAS-BEFORE-RAS cycles.

HIDDEN REFRESH (HR) cycles are performed by tog-
glingRAS(whilekeeping CASLOW) afteraREAD or WRITE
cycle, This performs CAS-BEFORE-RAS cycles but does not
disturb the DQ lines,

Any DRAM READ, WRITE, or TRANSFER cycle also
refreshes the DRAM row that is being accessed. The SAM
and Bit Mask Register portions of the MT43C8128/9 are
fully static and do not require any refreshing:

DRAM READ AND WRITE CYCLES (RW)

The DRAM portion of the TPDRAM is nearly identical to
standard 128K x8 DRAMSs. However, because several of the
DRAM control pins are used for additional functions on
thisdevice, several conditions that wereundefined or “don't
care” states for the DRAM are specified for the TPDRAM,
These conditions are highlighted in the following discus-
sion. In addition, the TPDRAM has several special func-
tions that may be used when writing to the DRAM,

The 17 address bits used to select an 8-bit word from the
131,072 available are latched into the chip using the A0-AS,

RAS, and CASinputs. First, the 9 row-address bitsare setup

on the address inputs and clocked into the part when RAS
transitions from HIGH to LOW. Next, the 8 column-ad-
dress bits (A0 - A7) are setup on the address inputs and
clocked in when CAS goes from HIGH to LOW,

For single port DRAMS, theOE pinisa “don't care” when
RAS goes LOW. For the TPDRAM, (TR)/OE is used when
RAS goes LOW, ta select between DRAM and TRANSFER
cycles. (TR)/OE must be HIGH at the RAS HIGH-to-LOW
transition for all DRAM operations.

If (ME)/WE is HIGH when TAS goes LOW, a DRAM
READ operationis performed and thedata from thememory
cells selected will appear at the DQ1-DQ8 port. The
(TR)/OE input must transition from HIGH-to-LOW some-
time after RAS falls to enable the DRAM output port.

For single port DRAMs, WE is a “don't care” when RAS
goes LOW. For the TPDRAM, ME/(WE) is used, when
RAS goes LOW, to select betweena MASKED WRITE cycle
or a normal WRITE cycle, If ME/(WE) is LOW at the %
HIGH-to-LOW transition, a MASKED WRITE operation is
selected. Forany TPDRAM non-masked accesscycle (READ
or WRITE), ME/ (WE) must be HIGH at the RAS HIGH to
LOW transition. If (ME) /WEis LOW whenCASgoes LOW,
a DRAM WRITE operation is performed and the data
present on the DQ1-DQ8 data port will be written into the
selected memory cells,

The TPDRAM can perform all the normal DRAM cycles:
READ, EARLY-WRITE, LATE-WRITE, READ-MODIFY-
WRITE, FAST-PAGE-MODE READ, FAST-PAGE-MODE
WRITE, and FAST-PAGE-MODEREAD-MODIFY-WRITE.
Referto the AC timing parameters and diagrams in the data
sheet for more details on these operations.
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I*— NONPERSISTENT MASKED WRITE —>l<—— NONPERSISTENT MASKED WRITE '——>|

RAS \ / \ /
CAS \ / ! \ /
TR /N YN V)N AT
DSFt 1\ VN V)N VN Y
DSF2 \ W m W/W/A
STORED MASK INPUT STORED |STORED  MASK INFUT  STORED
DATA DATA | DATA (RE-WRITE) DATA
1] 0 -oeeee > X [1] 0] IS > 1 --> [q]
1] 1 e > 0 > [0 0] 0 - > X 0]
0] 0 e > X 0] 0] | J— > X 0]
0] 1 eeeees > 1 > 1] 0]  I— > 1 > 1]
0] 0 e > X 0] 0] T R > X 0]
1] 1 eeeee- > 0 ----> |0] 0] 1 eemaes > 1 > |1
1| 0 - > X 1] Kl i e L e a
0] 1 e > 0 ----> |0] {0 ] 0 e > X 1 0]
BEFORE AFTER |BEFORE AFTER
- ADDRESS 0 >| < ADDRESS 1 >
X = NOT EFFECTIVE (DON'T CARE) DON'T CARE
Figure 2

NONPERSISTENT MASKED WRITE EXAMPLE

NONPERSISTENT MASKED WRITE (RWNM)

The MASKED WRITE feature eliminates the need todoa
READ-MODIFY-WRITE cycle when changing only certain
bits within an 8-bit word. The MT43C8128/9 supports two
types of MASKED WRITE cycles, NONPERSISTENT
MASKED WRITE and PERSISTENT MASKED WRITE.,

1fME/(WE), DSF1 and DSF2 are LOW at the RAS HIGH-
t0-LOW transition, the data (mask data) present on the
DQ1-DQ8 inputs will be written into the mask data register.
The mask data acts as an individual write enable for each of
the eight DQ1-DQS8 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. This conven-
tion is used for all masks on the MT43C8128/9, Note that
CASisstill HIGH. WhenCASgoes LOW, thebits presenton
the DQ1-DQ8 inputs will be either 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.
When using NONPERSISTENT MASKED WRITE, the data
present on the DQ inputs is loaded into the mask data
register at every falling edge of RAS. FAST PAGE MODE
may be used in tandem with NONPERSISTENT MASKED
WRITE to write several column locations using the same
mask during one RAS cycle, An example of NONPERSIS-
TENT MASKED WRITE cycle is shown in Figure 2.
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i - Figure 3 )
PERSISTENT MASKED WRITE EXAMPLE

PERSISTENT MASKED WRITE (RWOM)

The PERSISTENT MASKED WRITE feature eliminates
the need to rewrite the mask data before each MASKED
WRITE cycle if the same mask data is being used repeat-
edly. Toinitiatea PERSISTENT MASKED WRITE, a LOAD
MASK REGISTER cycle is performed by taking ME/(WE)
and DSF1 HIGH, and DSF2LOW whenRAS goes LOW. The
maskdataisloaded into the internal register whenCAS goes
LOW, provided DSF1 is LOW (see the LOAD MASK REG-
ISTER descriptian).

Mask data may also be loaded into the mask register by
simply performing a NONPERSISTENT MASKED WRITE
before the PERSISTENT MASKED WRITE cycles,

PERSISTENT MASKED WRITE cycles may then be per-
formed by taking ME/ (WE) and DSF2LOW and DSF1 HIGH
when RAS goes LOW. The contents of the mask data regis-
ter will then be used as the mask data for the DRAM inputs.
Unlike the NONPERSISTENT MASKED WRITE cycle, the
data present at the DQ inputs is not loaded into the mask
register when RAS falls. Another PERSISTENT MASKED
WRITE cycle may be performed without reloading the
register, Figure 3 shows the LOAD MASK REGISTER and
PERSISTENT MASKED WRITE cycleoperations. TheLOAD
MASK REGISTER and PERSISTENT MASKED WRITE
cycles allow systems that cannot output data at RAS time to
petform MASKED WRITE cycles, PERSISTENT MASKED
WRITE can also operate in FAST PAGE MODE.

BLOCK WRITE (BW)

If DSF1 is HIGH when CAS goes LOW, the
MT43C8128/9 will perform a BLOCK WRITE cycle (WE =
“"don't care") instead of a normal WRITE cycle. In BLOCK
WRITE cycles, the contents of the color register (instead of
the DQ inputs) are directly written to four adjacent column
locations (see Figure 4). A total of 32 bits will be written
simultaneously, improving the normal DRAM fill rate by
four times. The color register must be loaded prior to
beginning BLOCK WRITE cycles (see LOAD COLOR
REGISTER). )

The row isaddressed as in anormal DRAM WRITE cycle.
However, when CAS goes LOW, only the A2-A7 inputs are
used. A2-A7 specify the “block” (out of the 64 possible) of
four adjacent column locations that will be accessed. When
TAS goes LOW, the DQinputs are then used to determine
which combination of the four column locations will be
changed. DQ1 acts as a write enable for column location
A0=0, A1=0; DQ2 controls column location A0=1, A1=0;
DQ3 controls A0=0, A1=1; and DQ4 controls A0=1, Al=1.
The write enable controls areactive HIGH; a logic 1 enables
and a logic 0 disables the WRITE function,

3-221
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REGISTER COLOR REGISTER
(mustba previousy loaded)
Figure 4
BLOCK WRlTE EXAMPLE

The contents of the color register will then be written to
the column locations enabled. Each DQ location of the color
register is written to the four column locations (or any of the
four that are enabled) in the corresponding DQ bit plane.
The DQ mask is not used in this mode.

Note:  When performing a BLOCK WRITE, WE isa “don’t
care". This means LATE-WRITEs in the BW mode
are not allowed.

NONPERSISTENT MASKED BLOCK WRITE (BWNM)

The MASKED WRITE functions can also be used during
BLOCK WRITE cycles. NONPERSISTENT MASKED
BLOCK WRITE operates exactly like the normal NON-
PERSISTENT MASKED WRITE except the mask is now
applied to four column locations instead of just one column
location,

Like NONPERSISTENT MASKED WRITE, the combina-
tion of ME/(WE) LOW and DSF1 LOW when RAS goes
LOW, initiates a NONPERSISTENT MASK cycle. The DSF

pin must be driven HIGH, when CAS goes LOW, to per-
form a NONPERSISTENT MASKED BLOCK WRITE. By
usingboth the column maskinputand the MASKED WRITE
function, any combination of the four bit planes may be
masked and any combination of the eight column locations
may be masked.

PERSISTENT MASKED BLOCK WRITE (BWOM)

This cycle is also performed exactly like the normal
PERSISTENT MASKED WRITE except that DSF1 is HIGH
when CAS goes LOW to indicate the BLOCK WRITE func-
tion, Both the mask data register and the color register must
be loaded with the appropriate data prior to starting a
PERSISTENT MASKED BLOCK WRITE.

DRAM REGISTER OPERATIONS

The MT43C8128/9 contains two 8-bit registers that are
used as data registers for special functions. This section
describes how to load these registers,

LOAD MASK REGISTER (LMR)

The LOAD MASK REGISTER operation and timing are
identical toanormal WRITE cycle except that DSF1is HIGH
when RAS goes LOW. As shown in the Truth Table, the
combination of TR/(OE), ME/(WE),and DSF1 being HIGH
when RAS goes LOW indicates the cycle is a REGISTER
load cycle. DSF1 is used when CAS goes LOW to select the
register to be loaded, and must be LOW fora LOAD MASK
REGISTER cycle. The data present on the DQ lines will then
be written to the mask data register.

Note:  For a normal DRAM WRITE cycle, the mask data
register is disabled but not modified. The contents of
mask data register will not be changed unless a NON-
PERSISTENT MASKED WRITE cycle or a LOAD
MASK REGISTER cycle is performed

The row address supplied will be refreshed, but it is not
necessary to provide any particular row address. The col-
umn address inputs are ignored during a LOAD MASK
REGISTER cycle.

The mask data register contents are used during PERSIS-
TENT MASKED WRITE and PERSISTENT MASKED
BLOCK WRITE cycles to selectively enable writes to the
eight DQ planes.

LOAD COLOR REGISTER (LCR)

A LOAD COLOR REGISTER cycle is identical to the
LOADMASK REGISTER cycle except DSF1is HIGH when
CAS goes LOW. The contents of the color register are
retained until changed by another LOAD COLOR REGIS-
TER cycle (or the part loses power) and are used as data
inputs during BLOCK WRITE cycles.
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TRANSFER OPERATIONS

This section describes transfer operations between the
DRAM and either SAM. The direction of the transfer is
specified with respect the DRAM portion of the device. A
write is referenced to the DRAM array and a read is refer-
enced from the array.

Note:  Thethree ports of the TPDRAM are independent and
| asynchronous to one another, Any or all of the ports
may be accessed simultaneously at the maximum
allowable frequencies. The only time the ports are
synchronized isduring transfers to or from the DRAM
and SAM portions of the device, A transfer involving
aSAM does not affectaccess from the other SAM port.
Both SAMSs may be accessed during a DRAM/BMR
transfer operation or any other DRAM access cycle

other than a SAM transfer.

TRANSFER operations are initiated when TR/(OFE) is
LOW at the falling edge of RAS, The state of STS when
RAS goes LOW indicates which SAM the TRANSFER will
address, The state of (ME)/WE whenRAS goes LOW indi-
cates the direction of the TRANSFER. At the same time,
DSF1 is used to select between normal TRANSFER cycles
and SPLIT TRANSFER cycles and DSE2 is used to select
between normal TRANSFER cycles and MASKED TRANS-
FER cycles. A TRANSFER cycle can be performed without
dropping CAS. In this case, the previously loaded Tap
address will be used.

TheMT43C8128/9 includea feature called BIT MASKED
TRANSEER, which uses a third, 2048-bit data register to
individually mask every bit involved in a TRANSFER
operation, The BIT MASKED TRANSFER may be applied
to either READ or WRITE TRANSFERS. The TRM pin is
used to select between NORMAL and BIT MASKED
TRANSFER (or BIT MASK REGISTER LOAD) cycles. The
type of transfer operation is always selected on the falling
edge of RAS.

NORMAL TRANSFERS

The MT43C8128/9 support all of the popular transfer
cycles available on the 1 Meg video RAMs. Each of these is
described in the following section.

READ TRANSFER (RT)

A READ TRANSFER cycle is selected if ME/(WE) is
HIGH, and DSF1 and TR/(OE) are LOW when RAS goes
LOW. When RAS goes LOW, the READ TRANSFER is to
SAMa if STS = LOW, or to SAMD if STS = HIGH. The row
address bits indicate the eight 256-bit DRAM rows that are
to be transferred to the eight SAM data registers. The
columnaddressbits indicate the start address (or Tap point)

of the next serial output cycle from the designated SAM
data registers, QSF indicates the SAM half being accessed:
LOW if the lower half; HIGH if the upper. Performing a
READ TRANSFER cycle sets the direction of the selected
SAMSs 1/0 buffers to the output mode.

Tocompletea REAL-TIME READ-TRANSFER, TR/ (OF)
is taken HIGH while RAS and CAS are LOW, In order to
synchronize the REAL-TIME READ-TRANSFER to the se-
rial clock, the rising edge of TR/ (OF) must occur between
the rising edges of successive clocks on the SC input (refer
to the AC timing diagrams). A "regular" READ TRANSFER
is not sychronized with the SC pin of the addressed SAM.
This type of RT'is performed when TR/ (OE) is taken HIGH
"early," without regard to the falling edge of CAS. The
transfer will be completed internally by the device. The first
serial clock must meet the tRSD, tCSD and tASD delays.
(see READ TRANSFER AC timing diagram). The 2048 bits

- of DRAMdata are then written into the SAM dataregisters,

and the selected SAM's Tap address that was stored in the
internal, 8-bit Tap address register is loaded into the ad-
dress counter. If SE for the SAM selected (SEa for SAMa) is
LOW, the first bits of the new row data will appear at the
serial outputs with the next SC clock pulse. SE enables the
serial outputs, and may be either HIGH or LOW during this
operation.

SPLIT READ TRANSEFER (SRT)

The SPLIT READ TRANSFER cycle eliminates the critical
transfer timing required to maintain a continuous serial
output data stream (the "full* READ TRANSFER cycle has
to occur immediately after the final bit of “old data,” and
before the first bit of "new data" is clocked out of the SAM
port).

When using the SPLIT TRANSFER mode, the SAM is
divided into an upper half and a lower half. While data is
being serially read from one half of the SAM, new DRAM
data may be transferred to the other half, The transfer can
occur at any time while the other half is sending data and
need not be synchronized with the SC clock.

The TR/ (OE) timing is relaxed for SRT cycles. The rising
edge of TR/(OE) is not used to complete the TRANSFER
cycle and therefore is independent of the rising edges of
RAS and CAS. The transfer timing is generated internally

for SPLIT TRANSFER cycles.

' SPLIT TRANSFERs do not change the SAM I/0O direc-
tion. A normal (nonsplit) READ TRANSFER cycle must
precede any sequence of SRT cycles to putthe SAM1/Oin
the output mode and provide the initial SAM Tap address
(which half). Thenan SRT may be initiated by taking DSF1
HIGH and selecting the desired SAM (using STS) when
RAS goes LOW during the TRANSFER cycle. Asin nonsplit
transfers, the row address is used to specify the DRAM row
to be transferred. When an SRT cycle is initiated, the half of
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the SAM not actively being accessed will be the half that
receives the transfer, When CAS falls, address pins A0-A6
determine the Tap address for the SAM-half selected; A7 =
“don'tcare.” IfCAS doesnot fall, the previously loaded Tap
address will be reused and the TRANSFER will be to the
idle half.

Figure 5 shows a typxcal SRT initiation sequence. The
normal READ TRANSFER is first performed, followed by
an SRT of the same row to the upper half of the SAM. The
purpose of the SRT from the same row is to initiate the split
SAM operating mode and load the Tap address for the
upper half of the SAM. For the MT43C8128, serial access
continues and when the SAM address counter reaches 127
(“A7"=1, AQ-A6=0), the QSF output for that SAM goes
HIGH and the Tap address for the upper half is automati-
cally loaded. Since the serial access has now switched to the
upper half of the SAM, new data may now be transferred to
thelower half. This sequence of waiting for the state of QSF
to change and then transferring new data to the SAM half
that is not being accessed may now be repeat'ed. For ex-

T-46-23-37

ample, the next step in Figure 5 would be to wait until QSF
went LOW (indicating that row-1 data is shifting out the
lowerSAM) and then t'ransferrmg the upper half of row 1 to
the upper SAM. CAS is used to load the Tap address. If
CAS does not fall, the last Tap address load for the ad-
dressed SAM will be reused.

The split SAM operation is slightly different for the
MT43C8129, Instead of having a QSF, this device hasa Split
SAM Special Function (SSF) input. With thisinput theserial
access may be switched at will from one half of the SAM to
theather. Inother words, theaddress count maybe stapped
on the currenthalf and the Tap address of the next half may
beloaded, without waiting for the maximum address count
of the current half (127; lower, 255; upper). If no SSF pulse
isapplied, the Tap address of the next half will beautomati-
cally loaded when the maximum count of the current SAM-
half is reached .QSF = 0 when the Lower SAM (bits 0-255) is
beingaccessed. QSF=1when the Upper SAM (bits 256-511)
is being accessed.

m Y/
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s X MU ]
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Ouput ROWO ROWQ
oer ! \
s i
{NORMAL) READ TRANSFER SPLIT READ TRANSFER Serial output swilches SPLIT READ TRANSFER
FROM: Row 0 FFIOM: Row 0 Mo FROM: Fow 1
TO:  Fuli SAM TO:  Upper 1) GSF goes HIGH TO:  Lower SAM
SAM VO is set lo Output Serlal qutput from 2) SSF = HIGH swilches Serfal output from
Moda and serial output Lower SAM continues half at data count *X*, Upper SAM continues
{gsmFL:ow;esr Lséxx) begine R o louod | (QSF remalns HIGH)
NOTE: 1) MTascatzg
2) MT43C8120 W/} oont care
Figure 5

TYPICAL SPLIT READ TRANSFER INITIATION SEQUENCE
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WRITE TRANSEER (WT)

Theoperation of the WRITETRANSFERisidentical tothe
READ TRANSFER described previously, except (ME)/WE
and SEmustbe LOW when RASgoes LOW. The DSF2 input
is used to select between the WT and DQMASKED WRITE
TRANSFER cycles, and must be LOW for the WT cycle. The
STSpinisalsotaken LOW or HIGH toselectSAMaorSAMb,
respectively, when RAS goes LOW. The row address indi-
cates the DRAM row to which the SAM data register will be
written, and the Tap address indicates the starting address
of the next SERIAL INPUT cycle for the SAM dataregisters.
QSF indicates the SAM half being accessed; LOW if the
lower half, HIGH if the upper. Performing a WT sets the
direction of the SAM 1/0 buffers to the input mode.

PSEUDO WRITE TRANSFER (PWT)

The PSEUDO WRITE TRANSFER cycle can be used to
change the direction of a SAM port from output to input
without disturbing the DRAM data in the selected row. A
PSEUDO WRITE TRANSFER cycleisa WRITE TRANSFER
cyclewiththeSEoftheappropriateSAM held HIGH instead
of LOW. The addressed row will be refreshed. A DQ
MASKED WRITE TRANSFER (with all bits masked) is an
alternatemethod forchanging the direction of theSAM port
without disturbing the addressed row data.

DQ MASKED WRITE TRANSFER (DMWT)

Thedatabeing transferred from either SAM to the DRAM
may be masked by performing a DQ MASKED WRITE
TRANSFER cycle. The transfer of data may be selectively
enabled for each of the eight DQ planes (see Pigure 6). The
DMWT cycle is identical to the WRITE TRANSEFER cycle
except DSF2 is HIGH and mask data must be on the DQ
inputs at the falling edge of RAS.

The complete SAM register will be transferred to the
selected row in each DQ plane if the mask data input is
HIGH, and the SAM register will not be transferred if the
mask data input for that DQ plane is LOW. DRAM data is
not disturbed in masked DQ planes.

SPLIT WRITE TRANSFER (SWT)

Thd SPLIT WRITE TRANSFER featutre makes it possible
to input and transfer uninterrupted bit streams. Figure 7
shows a typical initiation sequence for SWT cycles.

Like the SRT, the SPLIT WRITE TRANSFER cycle does
notchange the state of the SAM I/0 buffers. A normal, DQ
MASKED or PSEUDO WRITE TRANSFER cycleis required
to set.the Tap address and set the SAM I/0O direction to
input mode.

After the WT, a SWT is performed to enter the split SAM
operating mode. This sets the Tap for the next half of the
SAM. The addressed half of the SAM is immediately trans-
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SAMa or SAMb

Figure 6
DQ MASKED WRITE TRANSFER

ferred to the first destination row. This half of the SAM may
not yet contain valid data. However, another SWT to the
same row will normally occur after this is loaded, so the
initial invalid data will be overwritten, Another approach
would be to initiate an SWT addressed to any DRAM row,
but mask (disable) all eight of the DQ planes. This method

canbeused toinitiate the SWT sequence mthoutdlstm'bmg
any DRAM data.

Write mask data must be supplied to the DQ inputs
duringevery SWT cycle at RAS time. The mask data acts as
an individual write enable for each of the eight DRAM DQ
planes, For example, the DQ1 MASKED WRITE bit enables
or disables the transfer of the SAM SDQ1 register to the DQ1
plane of the DRAM row selected (see the DQ MASKED
WRITE TRANSFER description). As in all other MASKED
WRITE operations,a HIGH enables the WRITE TRANSFER
and aLOW disables the WRITE TRANSFER. As with SPLIT
READ TRANSFER, the half of the SAM not receiving data
will be the half transferred and the Tap address (A0-A6) for
theother halfisloaded when CASfalls (A7 isa"don't care").
IfCAS does not fall, the previously loaded Tap address, AQ-
A6, will be reused. The TRANSFER will be to the idle half.
When the serial clock crosses the half-5AM boundary, the
new Tap address for that half is automatically loaded.

TheQSFaand QSFboutputs (MT43C8128) indicate which

half of SAMa or SAMD, respectively, is currently accepting -

data, After QSF goes HIGH, indicating that serialinput has
now switched to the upper SAM, the contents of the lower
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half of the SAM may be transferred to any DRAM row. The
cycle of checking for a change in QSF and then transferring
the half of the SAM just filled may now be repeated. The
next step on Figure 7 is to wait for QSF to go LOW and then
SWT the contents of the upper half of the SAM to row 0. If
theterminal countof the SAM halfis reached beforean SWT
is performed for the next half, the access will be repeated
from the same half and previously loaded address (access
will not move to the next half),

When operating the MT43C8129 in the SWT mode, the
address pointer may be changed, at will, to the new Tap
address of the next half when the final desired input data is
clocked-in. When the final data is input, the SSF input is
taken HIGH at the corresponding rising edge of SC. The

the next half of the SAM. If SSF is not applied, the Tap

f—

next SC rising edge will input data into the Tap location of

T2 -A33T
address will be automatically loaded when the maximum
Tap address count is reached for the current half (127 or
255), If SSF is HIGH at SC, before an SWT is performed for
the next half, the access will jump to the old Tap address of

- the same half. Access will not preceed to the next half. If
terminal count is reached before an SWT, the access will
proceed as it does for the MT43C4257.

SERIAL INPUT and SERIAL OUTPUT

The control inputs for SERIAL INPUT and SERIAL OUT-
PUT are SCa,b and SEa,b. 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/out-
put buffers.

Serial output of the SAM contents will start at the serial
start address that was Ioaded during the DRAM-TO-SAM
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PSUEDO WRITE TRANSFER SPLIT WRITE TRANSFER Serial output switches SPLIT WRITE TRANSFER
FROM: Full SAM FROM: Upper SAM from Lower SAM 1o FROM: Lower SAM
TO:  Obiivian T0:  Row0 I BSFgoseHiGH | 10 Rowd
SAMVOs set to Input Serfal Input to Lower 2) SSF = HIGH switches Serial input to Upper
Mode and serial Input SAM continues half at data count “X" SAM continues (QSF
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(QSF goes LOW) loadsd >
NOTE: 1) MT43C8128 P powt case
2 MT43C8129 Figure 7

TYPICAL SPLIT WRITE TRANSFER INITIATION SEQUENCE
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DRAM BIT MASK
(ROW ADDRESS) REGISTER | CLEAR SAMb SAMa
Figure 8

BIT MASKED TRANSFER BLOCK DIAGRAM

TRANSFER cycle. The SC input increments the address
counter and presents the contents of thenext SAM location
to the 8-bit port. 5E 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. For the
MT43C8128, the address progresses through the SAM and
will wrap around (after count 127 or 255) to the Tap address
of the next half, for split modes. Address count will wrap
around (after count 255) to Tap address 0if in the "full" SAM
modes. For the MT43C8129, the address count will wrap as
it does for the MT43C8128 or it may be triggered, at will, to
the next half by the SSF input (split SAM modes). If S5F is
HIGH ata LOW-to-HIGH transition of SC, the Tap address
of the next half will be loaded into the address pointer. The
following LOW-to-HIGH transition of SC will clock data
from the Tap address of the new half.

SC s also used to clock-in data when the device is in the
serial input mode. As in the serial output operation, the
contents of the serial address register (loaded when the
gerial input mode was enabled) will determine the serial

address of the first 8-bit word written, SE acts as a WRITE
ENABLE for serial input data and must be LOW for valid
serial input. If SE = HIGH, the data inputsare disabled and
the SAM contents willnot be modified. The serial address
counter is incremented with every LOW-to-HIGH transi-
tion of SC, regardless of the logic level on the SE input.

BIT MASKED TRANSFERS

This section describes transfers between the DRAM and
either of the two SAMSs using the BIT MASKED TRANSFER
capability. Before performing these BIT MASKED TRANS-
FERS, the bit mask register must first be loaded with the

mask data. See the next section, BIT MASK REGISTER
OPERATIONS, for instructions on how toload the BitMask
Register (BMR).

The BMR is a 2048-bit register that individually controls
each of the 2048 transfer gates on the internal 256 x 8 transfer
bus (see Figure 8), These bus transfer gates reside between
the DRAM array and the three data registers and are set to
the “pass-thru” mode for nonmasked transfers, For BIT
MASKED TRANSFERSs, the data in the BMR is coupled to
the controlinputs of thebustransfer gates. Alogic“1”inthe
BMR will select the pass-thru (unmasked) mode for the
corresponding SAM databit, whilealogic “0” will select the
masked mode for that bit.

BIT MASKED TRANSFERs may be incorporated when
doing READ, WRITE, SPLIT READ and SPLIT WRITE
TRANSFERs. The timing and control required for any
particular BIT MASKED TRANSFER cycle is identical to
the corresponding normal TRANSFER cycle, except that
TRM and DSF2 are HIGH instead of LOW. BIT MASKED

TRANSFERs between the DRAM and either of the two.

SAM registers are possible. Figure 9 illustrates the BIT
MASKED TRANSFER functions.

BIT MASKED READ TRANSFER (BMRT)

BIT MASKED READ TRANSFER can be used to transfer
any combination of the 2048 bits contained in any DRAM
row address to either of the twoSAMs. Thelogicconditions
and timing for the BMRT function are identical to the
normal READ TRANSFER function except to select the BIT
MASKED feature, TRM and DSF2 are HIGH. If a bit in the
BMR is a logic “1”, the bus connection between the corre-
sponding DRAM bit and the selected SAM bit is enabled
and the data at the destination (one of the SAMSs for BMRT)
will be changed to the source data (the DRAM row for
BMRT).
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BIT MASK TRANSFER BLOCK DIAGRAM
BIT MASKED SPLIT READ TRANSFER (BMSRT)

The BIT MASKED SPLIT READ TRANSFER operationis
identical to the normal SPLIT READ TRANSFER except
that the bit mask (stored in the bit mask register) is applied
to the transfer data by taking TRM and DSF2 HIGH when
RAS falls. The remaining control timing is identical to the
requirements for a normal SPLIT READ TRANSFER.

BIT MASKED WRITE TRANSFER (BMWT)

Like WRITE TRANSFER, the BIT MASKED WRITE
TRANSFER function may be used to transfer data to any
DRAM row address from either of the two SAM registers.
In this case, the SAM data will be masked by the contents of
thebit mask register before the data is written to the DRAM.

BIT MASKED SPLIT WRITE TRANSFER (BMSWT)

Like the other BIT MASKED TRANSFER cycles, the
BMSWT is nearly identical to the SPLIT WRITE TRANS-
FER, except TRM and DSF2 are HIGH when RAS falls. Two

masks are applied during a BMSWT operahon Eachofthe.

individual bitsaremasked by the bitmaskregister and each
of the DQ planes are masked by the DQ inputs at RAStime.

If a DQinput is LOW at RAS time, none of the 128 SAM bits

for that DQ plane will be transferred to the DRAM row-half
selected. If a DQ input is HIGH, the 128 SAM bits for that
row-half will be masked by the corresponding 128 mask

register bits when written to the selected DRAM row-half.
The remaining control timing is identical to the require-

ments for a normal SPLIT WRITE TRANSFER.

BIT MASK REGISTER OPERATIONS

This section describes how to transfer data to or from the
Bit Mask Register (BMR) and how to clear the BMR's
contents. Datamayalsobeinverted whenbeing transferred
between the BMR and DRAM.

BMR READ TRANSFER (BMR-RT)

Any DRAM row may be transferred to the bit mask
register by using the BMR READ TRANSFER function,
When RAS falls, TR/(OE) is LOW to select a transfer cycle,
TRM is HIGH to indicate that the BMR is involved in the
TRANSEFER cycle, and DSF2 is LOW to indicate that the
datais tobe transferred to the BMR (as opposed to using the
contents of the BMR as bit mask data). Theremainder of the
timing and control required is identical to a normal READ
TRANSFER cycle. NoTap addressisloaded it thisTRANS-
FER.

Note that the SAM transfer select (STS) pin is used to
select whether non-inverted (STS=LOW) or inverted
(STS=HIGH) datais transferred to the bit maskregister, For
all transfers to or from the bit mask register, the state of the
MKD pin when RAS falls selects whether the Serial Mask
Input (SMI) feature is enabled (see the Functional Truth
Table). SMIis a special serial input mode that allows mask
information to be clocked into the BMR at the same address
location as the data clocked into SAMb (see the SMI mode
description). MKD is LOW when RAS falls to disable SMI
or HIGH to enable SMI. After the transfer is completed the
MKD pin then acts either as a mask data input to the BMR
(SMI enabled) or is “don't care” (SMI disabled), The MKD
input is tied to the 8 bit-planes, the data on the MKD pin is
written to each bit-plane simultaneously.

BMR INVERTED READ TRANSFER (BMR-IRT)

If the STS pin is HIGH at RAS time the DRAM data will
be inverted before being written to the BMR. All 2048 bits
involved in the transfer will be complemented. The func-
tionality and logic levels for the other control inputs are
identical to the BMR READ TRANSEER cycle. Note that
MKD is still used to enable or disable the SMI mode. There
isnoadded cycle time delay for either the BMR INVERTED
READ or BMR INVERTED WRITE TRANSEFER cycles,
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BMR WRITE TRANSFER (BMR-WT) i
The contents of the BMR may also be transferred to any
DRAM row by using the BMR WRITE TRANSFER cycle:
(ME)/WE and DSF2 are LOW and TRM is HIGH when
RAS falls, to select a write transfer from the BMR. The DQ
inputsare used toinputa DQbit-planemask when RASfalls.
This allows each of the four DQ planes to be write enabled
or disabled during the BMR-WT. The MKD input is used to
enable or disable the SMI mode. STS must be LOW at

RAS time to transfer non-inverted BMR data to the DRAM

row selected.

BMR INVERTED WRITE TRANSFER (BMR-IWT)

As with the BMR INVERTED READ TRANSFER, the
2048 bits involved in the transfer may be inverted while
being transferred. Taking STS HIGH at RAS time will cause
the BMR data to beinverted beforeitis stored in the selected
DRAM row. The other control and DQ (mask) mputs arethe
same as the BMR-WT.,

SAM-TO-BMR TRANSFER (SAM-BMR)

The contents of either SAM may be transferred to the
BMR in the same manner that a DRAM row is transferred.
In this case, DSF1 is HIGH to indicate that the SAM is the
source of the data instead of the DRAM. (ME)/WE is-used
to indicate the direction of the transfer and must be LOW,
when RAS falls, for a SAM-TO-BMR TRANSFER. STS is no
longer used to select between normal and inverted data, it
now indicates which SAM is involved in the transfer. Since
a SAM-TO-BMR TRANSFER "reads” data from the SAM,
the SAM will be placed into input mode by this transfer
cycle. The MKD input is still used to determine if the SMI

mode will be enabled after the transfer is completed. Since:

no DRAM access is involved, it is not necessary to provide
any particular ROW address at RAS time. However,
whichever ROW addressis presentat RAStime willbeused
as the address for a RASSONLY REFRESH. Since a SAM is
involved in the transfer, a new SAM starting Address (or
Tap) willbeloaded atCAStime. This address will beloaded
into the serial address counter of the SAM selected by STS
at RAS time. .

Note: Any SAM/BMR TMSPER will take the device out
of the split SAM mode, if it was in that mode before the

transfer.
BMR-TO-SAM TRANSEER (BMR-SAM)

The contents of the BMR may also be transferred to one of
the SAM registers, The _)/%—mput is used to indicate
the direction of the transfer and must be HIGH for a BMR-~
TO-SAM TRANSEFER. STSis LOW toselect SAMa or HIGH
to select SAMD as the destination for the BMR data. The

vl .
T=4Y96-2339
remaining inputs and functionality are identical to the
SAM-TO-BMR TRANSFER. Since a BMR-TO-SAM
TRANSFER writes new data to the selected SAM register,
the I/O for the SAM involved will be placed in the output

modeand anew Tapaddress willbeloaded when CASfalls.

CLEAR BIT MASK REGISTER (CLR-BMR)

The entire contents of the BMR can be cleared (set all bit
LOW) withinasingletransfer cycleby performinga CLEAR
BMR cycle, Unlike the ather cycles that access the BMR,
TRM is LOW at RAS time for the CLEAR BIT MASK REG-

" ISTER function. TR/ (OF) is LOW to indicate that the cycle

is a transfer cycle (although there is really no data transfer
involved)., The CLR-BMR function is selected when
ME/(WE), DSF1 and DSF2 are HIGH when RAS falls,

When the BMR s cleared, all data will be masked when
a BIT MASKED TRANSEFER cycle is performed.

The BMR INVERTED WRITE and BMR WRITE TRANS-
FERS canbe used with the CLR-BMR functiontosetor clear,
respectively, any DRAM row. The CLR-BMR function is
used to clear the BMR then the BMR TRANSFERS are
performed: to the addressed DRAM row.

The CLEAR BIT MASK REGISTER function is- useful
when using the SERIAL MASK INPUT mode. It is auto-
matically performed (when in the SMI mode) when data is
transferred from SAMb to the DRAM (see SERIAL MASK
INPUT section),

SERIAL MASK INPUT (SMI)

Wheneverthe BMR is accessed, the MKD input is sensed
and latched into the BMR control logic. If the MKD pin is
LOW af RAS time the Serial Mask Input (SMI) mode is
disabled and the BMR may only be loaded via internal
transfer cycles. If MKD is HIGH when RAS'falls, during a
BMR access, then the BMR control logic enables the SMI

made and the BMR may be serially loaded via the MKD ~

input.

When SMI is enabled, the MKD input is coupled to ail
eight of the bit mask register's DQ planes (see Figure 10).
The SCb clock input and SAMb's address counter are used
toinputdata to SAMband the BMR. SEb will enable (LOW)
or disable (HIGH) input data to SAMb and the BMR, the
address count will increment regardless of the state of SEb,

The most common application of the SMI mode is to
automatically load a transfer mask with the new data
written to SAMb. To initialize the sequence, the BMR is
cleared (CLR-BMR) with MKD=HIGH at RAS time to en-
able the SMImode. Then SAMb is prepared to accept input
data by performing PSEUDO WRITE TRANSFER. The
SAM starting address loaded will also apply to the BMR.
For every address location that to which data is written in
SAMD, the corresponding address location in the BMR will
be written to the value present on MKD (all eight planes of

the BMR will be written). After the input of data to SAMb
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DRAM Memiory
Array

| T | L0 BMEATA

Target Rows

MKD ——— \pyr

Transfer Gates (128,

il Transfer Gates (128)

LATCH

WASKDATA.-| BMA

SAMb Address
Counter

SEb - f
SDQb1 e

SDQY2 ———» npyT

SDQHY =]
DGb4 LATCH

NEVY SEFIAL.

SDOLS ~—>
SDG0E ——) e
SDQL7 ~—] )
SDOL8 ——»]
Figure 10

SERIAL-MASK-INPUT MODE BLOCK DIAGRAM

is complete, a BIT MASKED WRITE TRANSFER may be

. done and only the unmasked data from SAMb will be

transferred to the DRAM. The BMR will be cleared auto-
matically after a BIT MASKED WRITE TRANSFER from
SAMD, if the device is in the SMI mode, A BMSWT from
SAMDb will clear on half of the BMR. This allows a new mask
tobeloaded during thenext fill of SAMb, without performing
aCLR-BMR cycle. If datais to be masked during the BMWT,
then MKD is held LOW when the corresponding SAMb
data is written, If the data is to be written (unmasked) to the
DRAM during the BMWT, then MKD is held HIGH when
the corresponding SAMD location is written. The function
of the MKD pinis dependent on the1/O direction of SAMb.
MKD is an input only, if SMI is enabled and SAMD is in
inputmode, If SMl is enabled and SAMbis in output mode,
the MKDinputisa “don'tcare,” nonew datamay bewritten
to the BMR via MKD, MKD is also "don't care” if the SMI
modeis disabled. Note that the mask dataloaded via SAMb
mayalsobeapplied toaSAMaTRANSFER cycle, if the mask
hasn't been cleared by a SAMb TRANSFER or a CLR-BMR
cycle. The BMR will not be cleared after a TRANSFER
involving SAMa.

POWER UP INITIALIZATION

When Ve is initially supplied or when refresh is inter-
rupted for more than 8ms the device must be initialized.

After Vcc is at specified operating conditions, for 100ps
(minimum), eight RAS cycles must be executed to initalize
the dynamic memory array. When the device is initialized
the DRAM 1/0 pins (DQs) are in a High-Z state, regardless
of the state of (TR (—3 /OE. The DRAM array will contam
random data.

The SAM porhon of the device is completely static and
doesnot reqmre aninitialization cycle, Both SAM ports will
power up in the serial input mode (WRITE TRANSFERSs)
and the SAM I/O pins (SDQ's) are in a High-Z state,
regardlessof thestate of SEab. Also, SPLIT TRANSFER and
SMI modes are disabled. Both QSF (MT43C8128) outputs
arein the High-Z state. BothSAMsas well asbit mask, color,
and DRAM mask registers all contain random data after

power-up.
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PRELIMINARY

ABSOLUTE MAXIMUM RATINGS*
Voltage on Vec supply relative to Vs e =10V to +7.0V

*Stresses greater than those listed under “Absolute Maxi-
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 (Ceramic) -65°C to +150°C device at these or any other conditions above those indi-
Storage Tempetature (Plastic) .....cewsesreres -55°C to +150°C cated in the operational sections of this specification is not -
Power Dissipation 1w implied. Exposure to absolute maximum rating conditions - .
Short Circuit Output Current 50mA for extended periods may affect reliability. g %
C
5
RECOMMENDED DC OPERATING CONDITIONS s—
(0°C =T, s70°C) U
PARAMETER/GONDITION SYMBOL | MIN | MAX [ UNITS | NOTES o
Supply Voltage Vco 45 5.5 \ 1 El
Input High (Logic 1) Voltage, All Inputs ViH 24 | Vco+l v 1°
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 0.8 v 1 §
4
DC ELECTRICAL CHARACTERISTICS
{Notes 3, 4, 5) (0°C < TA <£70°C; Voc = 5.0V £ 10%) ) 7 .
PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES g
INPUT LEAKAGE CURRENT I -10 10 A ’
(any input (OV<ViNsVce, all other pins not under-test = OV).
OUTPUT LEAKAGE CURRENT loz -10 10 | pA
{Dout is disabled, 0V<VoursVcc).
OUTPUT LEVELS
Output High Voltage (lout = -2.5mA) Vo 2.4 4V s
Output Low Voltage (lout = 2.5mA) Vo 0.4 v 1
CAPACITANCE
(T, = 25°C; Ve = 5.0V; f = 1MHz)
b
PARAMETER SYMBOL| MIN | MAX | UNITS | NOTES 4
Input Capacitance: Ac-As, TRM, MKD Ci 5 pF 2 "
Input Capacitance: RAS, CAS, MEWE, TR/OE, SCa,b, SEab, DSF1,2,8TS | Ci2 7 pF 2 ?
SSFab ’ _
Input/Output Capacitance: DQ, SDQa,b Cuo pF 2 y
Output Capacitance: QSFa,b Co pF 2 ¥
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CURRENT DRAIN, SAMa and SAMb IN STANDBY ' ‘ yé ‘2“2‘ ”
(0°C< Tp<70°C; Voe = 5.0V & 10%) MAX S
PARAMETER/CONDITION SYMBOL| -8 | -10 [ -12 |UNITS|NOTES
OPERATING CURRENT _ lcet 100 | 90 | 80 | mA | 3,4
S (RAS and TAS = Cycling; 'RC ='RC (MIN)) »
g OPERATING CURRENT: FAST PAGE MODE lccz 20 80 | 70 | mA | 3,4 :
(RAS = Vi CAS = Cydling; 'PC ='PC (MIN)) _ .
C STANDBY CURRENT: TTL INPUT LEVELS ) lees 7 7 7 mA
5 Power supply standby current (RAS=CAS=ViH, after 8 RAS cycles min) i - :
— STANDBY CURRENT: CMOS INPUT LEVELS lcca 1 1 1 mA
O Power supply standby current (RAS=CAS=Vcc-0.2V,
o after 8 RAS cycles min). Al other inputs at Vce-0.2V or Vss+0.2V
m REFRESH CURRENT: RAS-ONLY - lccs | 100 | 90 | 80 | mA 3
__| (RAS=Cycling; CAS=Vm) p
REFRESH CURRENT: CAS-BEFORE-RAS lecs 20 80 | 70 | mA | 35 .
w (RAS and TAS=Cycling) B
g ~ TRANSFER CURRENT: SAM/DRAM DATA TRANSFER lccz | 110 [ 100 | 90 | mA 3
CURRENT DRAIN, SAMa and SAMb ACTIVE -
(Notes 3, 4) (3°C < Ta < 70°C; Vee = 5.0V + 10%)
MAX -
PARAMETER/CONDITION SYMBOL| -8 <10 | -12 |UNITS | NOTES
OPERATING CURRENT lccs | 180 | 170 | 160 | mA
(RAS and TAS = Cycling; 'RC =RC (MIN)) ) - .
OPERATING CURRENT: FAST PAGE MODE . lcca | 160 | 150 | 140 | mA
(RAS = ViL TAS = Cydling; 'PC =PC (MIN)) -3
STANDBY CURRENT: TTL INPUT LEVELS lecio 85 85 + 85 | mA -
Power supply standby current (RAS=CAS=Vw, after 8 RAS cycles min}) =
STANDBY CURRENT: CMOS INPUT LEVELS lcet1t 75 75 | 75 | mA .
Power supply standby current (RAS=CAS=Vcc-0.2V, E
after 8 RAS cycles min). All other Inputs at Vce-0.2V or Vss+0.2V =y
REFRESH CURRENT: RAS-ONLY leci2 | 180 | 170 | 160 | mA 2
(RAS=Cycling; CAS=Vix)
REFRESH CURRENT: CAS-BEFORE-RAS flccta | 170 | 160 | 150 | mA | & I
(RAS and CAS=Cycling) Kl
TRANSFER CURRENT: SAM/DRAM DATA TRANSFER lccia | 180 | 170 | 160 | mA
3-234 :
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DRAM TIMING PARAMETERS

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < Ty < +70°C; Vee = 5.0V £ 10%)

A.C. CHARACTERISTICS -8 -10 -12 :

PARAMETER SYM MIN MAX MIN MAX MiN MAX | UNITS [NOTES
Random READ or WRITE cycle time 're 150 180 210 ns
READ-MODIFY-WRITE cycle time ‘AwC | 205 235 280 ns_
FAST-PAGE-MODE READ ar WRITE ‘rc 45 55 65 ns

cycle time

FAST-PAGE-MODE READ-MODIFY- ‘pRWC | 100 110 140 ns

WRITE cycle time

Accass time from RAS 'RAC 80 100 120 | ns |14, 17
Access time from CTAS ‘cac 20 25 30 ns 15
Access time from (TR)/QE 'oE 20 25 30 ns
Access time from column address aA 40 50 60 ns
Access time from CAS precharge 'cPA 45 55 _ 65 ns

RAS pulse width 'RAS 80 10,000 100 10,000 120 10,000 | ns

‘RAS pulse width (FAST PAGE MODE) 'RASP 80 100,000] 100 1100,000] 120 |100,000! ns

FAS hold time ‘RsH | 20 25 30 ns

RAS precharge time 'RP 60 70 80 ns

‘CAS pulse width ‘cas 20 10,000 25 10,000 30 10,000 | ns )
CAS hold time 'csH | 80 100 120 ns

'GAS precharge time 'cPN 15 15 20 ns | 16
TAS precharge time (FAST PAGE MODE) ‘cp 10 10 15 - | ns

RAS to CAS delay time ‘RCD 20 60 20 75 25 a0 ns 17
TAS to HAS precharge time 'cRP 5 5 10 ns

Row address setup time 'AsR 0 0 Q ns

Row address hold time 'RAH 12 15 15 ng
RAS to column ‘RAD | 17 40 20 50 25 60 ns |- 18
address delay time )

Column address setup time asc 0 0 0 ns
Column address hold time 'CAH 15 20 25 ns
Column address hold time ‘AR 60 70 85 ns
(referenced to RAS)

Column address to 'RAL, 40 50 60 ns

RAS load time

Read command setup time ‘res 0 0 (1] ns

Read command hold time 'RCH 0 0 0 ns | 19
(referenced to CAS)

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

CAS to output in Low-Z ‘oLz 0 0 0 ns
 Output buffer turn-off delay 'oFF 0 20 0 20 0 30 ns 20
Oufput Disable 'op 0 20 0 20 0 30 ns

OQutput Disable hold time from start of write 'OEH 15 15 20 ns

Qutput Enable to BRAS delay 'oRD 0 0 0 ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7,8, 9, 10, 11, 12, 13) (0°CSTAS+70°C Vcee = 5.0V + 10%)

A.C. CHARACTERISTICS -8 -10 =12

PARAMETER SYM MIN MAX MIN MAX MIN MAX | UNITS |NOTES
Write command setup time 'wes 0 0 0 ns | 21
Write command hold time 'WCH | 15 20 25 ns

Wirite command hold time 'WCR | 60 75 85 ns
(referenced to RAS) -

Write command pulse width ‘wp 15 15 20 ns

Wirite command to RAS lead time BwL | 20 20 25 ns

Write command to CAS lead time ‘cwL | 20 20 25 ns

Data-in setup time 'ps 0 0 0 ns | 22
Data-In hold time 'DH 20 20 25 ns | 22
Data-in hold time 'DHR | 60 70 %0 ns
(referenced to RAS)

HAS to WE delay time 'RWD 110 130 160 ns 21
Column address awo | 70 80 100 ns | 21
to WE delay time

CAS to WE delay time ‘ewp | s0 60 70 ns | 21
Transition time (rise or fall) T 3 50 3 50 3 50 | ns |9,10
Refrash period (512 cycles) 'REF 8 8 8 ms

RAS to CAS precharge lime 'RPC 0 0 0 ns

TAS setup time 'csr | 10 10 10 ns | 5
(CAS-BEFORE-RAS refresh)

TCAS hold time 'CHR | 30 30 30 ns | 5
(CAS-BEFORE-RAS refrash) ) 7

ME/WE to RAS setup time 'WSR 0 [ 0 ns
TEWE to HAS hold time 'RWH | 12 15 15 ns

Mask data to FRAS setup lime 'MS 0 0 0 ns

Mask data to FFAS hold time 'MH 12 15 15 ns

A i T et B s e st b e

Sl KM

FO PR

vt e




”ﬁICRONrTEQHNQLQGY INC

RS R TT VANE I [ MOAEIIG T T T

B&E D- I:u];];].S'-l‘l 000e?1e 3 B MRN

TRANSFER AND MODE CONTROL TIMING PARAMETERS

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes 6,7,8,9,10) (0°C<Tp<+ 70°C; Vee = 5.0V + 10%)

‘ PRELIMINARY

T-‘l(o -023 3'7

A.C. CHARACTERISTICS 8 -10 -12

PARAMETER SYM MIN MAX MIN MAX MIN MAX | UNITS | NOTES
TRANSFER command to BAS setup time LS 0 0 0 . ns | 25
TRANSFER command to RAS hold time YLH 12 10,000 15 10,000 15 10,000 | ns 25
TRANSFER command to RAS hold time RTH 70 10,000 80 10,000 80 10,000} ns 25
(REAL-TIME READ TRANSFER only)

TRANSFER command to TAS told time ‘cTH 20 25 30 ns 25
(REAL-TIME READ TRANSFER only)

TRANSFER command to column address hold time TATH 25 30 35 ns 28
(For REAL-TIME READ TRANSFER only)

THANSFER command fo SC lead time s 5 5 5 ns | 25
TRANSFER command to RAS HIGH lead time AL 0 Q 0 ns 25
TRANSFER command to RAS delay time TRD 15 15 15 ns 25
TRANSFER command to CAS HIGH lead time rcL 0 0 0 ns 25
TRANSFER command to CAS delay time rco 15 15 15 ns 25
Flrst SC edge to TRANSFER command delay time rsn 10 10 10 ns 25
TAS to first SC edae delay time 'RsD_| 80 95 105 ns
TAS to first SC edae delay time 'csp 25 30 . 35 ns
Column address to first SC edge delay time 'AsD 50 60 65 ns

Serial output buffer turn-off delay from RAS 'spz 10 35. 10 40 10 45 ns

SC fo FAS setup time 'sps 30 30 40 ns

TAS to SC delay time 'srRD | 20 25 30 ns

Serial data input to SE delay time sz 0 0 0 ns

TAS to SD buffer turn-on time 'sRo | 10 15 15 ns

Serial data Input delay from RAS 'spp | 45 50 55 ns

Serial data Input to TIAS delay time 'szs 0 0 0 ns

Serlal Input Mode enable "ESR| o 0 0 ns

(SE) to RAS setup time

Serial Input Mode enable (SE) to RAS hold time ‘REH 12 15 15 ns -
NONTRANSFER command vs 0 0 0 ns | 26
to RAS setup time

‘ hol 'Yy 12 15 15 ns | 26
DSF, TRM, STS, MKD to FAS setup time EsR 0 0 0 ns

DSF, TAM, STS, MKD to RAS hold time 'RFH 12 16 15 ns

DSF to RAS hold time TR | 60 65 70 ns

DSF to CAS setup time 'Fsc 0 0 0 ns

DSF to TAS hold time 'cPH | 15 20 20 ns

SC to QSF delay time 'sap as 40 45 ns

RAS to QSF delay time 'RaD 65 85 105 | ns

CAS to QSF delay time ‘cap as 40 45 s
TR/OE to QSF delay time ‘TQD 25 30 35 | ns

SPLIT TRANSFER setup time s18 30 35 40 ns

SPLIT TRANSFER hold time ISTH 30 35 40 ns

Split SAM setup time to FAS from last SC lscr | 30 35 40 ns | 29
Sglit SAM hold time to RAS from first SC ‘rsc 30 35 40 ns 29
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SAM TIMING PARAMETERS
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes 6, 7, 8, 9, 10) (0°CSTAS+70°C Vee = 5.0V + 10%)

PRELIMINARY

A.C. CHARACTERISTICS -8 -10 12
PARAMETER SYM_| MiN | wax | e | MAX | MIN_| MAX_|UNITS|NOTES
Serial clock cycle time 'sc 25 30 a5 | ns
g Access time from SC 'sac 25 30 35 | ns | 24
C  [SCorecharge time (SC LOW time) 'sp 10 10 12 ns
r— SC pulse width (SC HIGH time) 'sAs 5 10 12 ns
=] [Accoss time from SE 'sEA 15 20 30 ns | 24
wes | 'SE pracharge time 'sep 10 15 15 ns
"U [sEpulse width SE | 10 16 15 ns
O Serial data out hold time after 'SOH 5 5 5 ns 24
) [ScHieH ,
s | Sorial output butter turn-oft 'sez [ o 12 a 15 | o 25 | ns | 24
delay from SE
U Serlal data In setup time 'Sps 0 0 0 s 24
:D Serial data in hold time 'SbH 10 15 20 ns | 24
> SERIAL INPUT (Write) Enable 'sws | 0 0 0 ns
setup time -
E SERIAL INPUT (Write) Enable 'swH [ 15 15 25 ns
hold time
SERIAL INPUT (Write) Disable 'swis | o 0 0 ns
setup time
SERIAL INPUT (Writa) Disable 'swiH | 15 15 25 ns
hold time
SSF to SC setup time 'sFs 0 0 0 ns | 29
SSF to SC hold time 'sed | 15 20 20 ns | 29
SSF LOW to SC HIGH delay 'sFD 0 0 0 ns | 29
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NOTES

1. Allvoltages referenced to Ves.

2. This parameter is sampled. Capacitance is calculated
from the equation C = JAt with AV = 3V and Vec =
5V. AV

3. Iccis dependent on cycle rates.

- 4, Iccis dependent on output loading. Specified values
are obtained with minimum cycle time and the
outputs open,

5. Enables on-chip refresh and address counters.

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. Aninitial pause of 100ys is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up should
be repeated any time the 8ms refresh requirement is
exceeded.

8. AC characteristics assume 'T = 5ns.

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

10. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vi and
Vi (or between V1L and Vi) in a monotonic manner.

11. If CAS = Vi, DRAM data outputs (DQ1-DQ8) is high
impedance.

12, If CAS = Vi, DRAM data outputs (DQ1-DQ8) may
contain data from the last valid READ cycle. =~

13, DRAM output timing measured with a load equiva-
lent to 1 TTL gate and 50pF. Output reference levels:
Vou = 2.0V; VoL = 0.8V.

14. 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.

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

16, 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 'CPN.

17. 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

speci fied 'RCD (MAX) limit, then access time is
controlled exclusively by 'CAC.

18, Operation within the 'RAD (MAX) limit ensures that
'RCD (MAX) can be met. ‘RAD (MAX) is specified as

a reference point only; if '‘RAD is-greater than the
specified 'RAD (MAX) limit, then access time is con-
trolled exclusively by ‘AA. ,

19. Either 'RCH or 'RRH 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 Vor or Vor.

21.'WCS, 'RWD, *AWD and ‘CWD are restrictive
operating parameters in LATE-WRITE, 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 an open circuit through-
out the entire cycle, regardless of TR/OE. If fWeCs<
YWCS (MIN), the cycle is a LATE-WRITE and
TR/OE must control the output buffers during the
write to avoid data contention. If RWD = '‘RWD
(MIN), AWD 2 *AWD (MIN) and ‘CWD > ‘CWD
(MIN), the cycle is a READ-WRITE and the data
output will contain data read from the selected cell. If
neither of the above conditions are met, the state of
the output buffers (at access time and until CAS goes
back to Vi) is indeterminate but the WRITE will be
valid, if *OD and ‘OEH are met. See the LATE-WRITE
AC Timing diagram.

22. These parameters are referenced to CAS leading edge
in early WRITE cycles and ME/WE leading edge in
late WRITE or READ-WRITE cycles.

23. During a READ cycle, if TR/OE is LOW then taken
HIGH, DQ goes open. The DQs will go open with OE
or CAS, whichever goes HIGH first.

24. SAM output timing is measured with a load
equivalent to 1 TTL gate and 30pF. Output reference
levels: Vou = 2.0V; VoL = 0.8V, .

25. TRANSFER command means that TR/OE is LOW
when RAS goes LOW, .

26. NON-TRANSFER command means that TR/OE is
HIGH when RAS goes LOW.

27, LATE-WRITE and READ-MODIFY-WRITE cycles
must have ‘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 previously read data i CAS'

_remains LOW and OF is taken LOW after ‘OEH is
met. If CAS goes HIGH prior to OE going back LOW,
the DQs will remain open.

28. Applies to the MT43C8128 only.

29. Applies to the MT43C8129 only,
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DRAM READ CYCLE
'R g
tras tpp 7_':
_ Yy — .
B =y | y -
tASH tRRH
C toRp tRCcD . toas
8 ww ) !
tan .
-U tRAD tRAL :
O 1o__'ASR 'RAH tasc tcAH }
H
ml noor V=777 Row KUK coMN ROW §
U twsr_|| trRwh l thcs l tRCH :
4

taa .
tRAG : -
teac toFF
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ba VB._H.. OPEN: VALID DATA ouT OPEN
tys tvH
toe . top
' |

T ) #
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R unoeriNED
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DRAM FAST PAGE MODE READ CYCLE

trase
\p
=38 glH= b 1 b
RAS ViL ! A \
tosH teo L . .
tceN

tcap tRCD toas tep tcas | tep tcas

SR || tRax tAsC toAH fasc 'cml tasc || toaH |

R/, S /), W /) G

tRCH— |<—-

== W | i

trsk |[tRFH trsc YCFH trse || torH
| |
psrt VM ] ) m
¥

s\,

o 1oy | | |
osre Vlt‘:ml ,WW/I//W/W//W//WW/////W/////W/A

taa tAA taa
RAC il fcpa fcpA
tcac tore tcac toFF cac
puii i -
toiz—~| |- toz—~| |- foz—= |+
VioH— VALD ¥ VALID % VALD %
DA vigl = QOO DATAGUT A DATAGUTH DATAGTA
tys ||t
Iﬁ. il tog || too toE ton o |, top

wee W7F YT e,

LA,

I

| LOFF

OPEN ——

T,

DON'T CARE

RRX UNDEFINED
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WRITE CYCLE FUNCTION TABLE !

LOGIC STATES?
- RAS Falling Edge CAS Falling Edge’ .
A B P 5 E F FUNCTION CODE
MEWE | DSF1 | DQ (Input) | MEWE | DSF1 | DQ (Input) )
1 0 X o/l 0 DRAM Normal DRAM WRITE RwW
0 - 0 Write o/l5 0 DRAM NONPERSISTENT (Load and Use) RWNM
Mask {Masked) | MASKED WRITE to DRAM
0 1 X o/ 0 DRAM PERSISTENT (Use Register) RWOM
(Masked) | MASKED WRITE to DRAM
1 0 X X3 1 Column | BLOCK WRITE to DRAM BW
Mask (No Data Mask) )
0 0 - Write X2 1 Column | NONPERSISTENT (Load and Use) BWNM
Mask Mask MASKED BLOCK WRITE fo DRAM
0 1 X X3 1 Column | PERSISTENT (Use Register) BWOM
Mask MASKED BLOCK WRITE to DRAM
1 1 X x4 0 Write LOAD MASK REGISTER LMR
Mask . )
1 1 X X4 1 Color LOAD COLOR REGISTER LCR
Data
NOTE: 1. Refer to this function table to determine the logic states of “A”, “B”, “C", “D", “E" and “F" for the WRITE cycle
timing diagrams on the following pages. '
2: TRM, MKD and STS are “don't care” for all WRITE cycles.
3. WEis a “don't care” for BLOCK WRITE cycles. It occurs on the falling edge of CAS.
4. Register load cycles can be sither EARLY or LATE-WRITE cycles. '
5. If ME/WE Is LOW, an EARLY-WRITE is performed; if it Is HIGH, a LATE-WRITE is performed if ME/WE falls
after CAS.
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MICRON TECHNOLOGY INC 38E D N e.m.suq 000271.5 Y -NRN |
o PRELIMINARY

DRAM EARLY-WRITE CYCLE

oY £ LV |
' ‘ _ _ ::: = 5
. CRP ' RCD . _loas lg |
ws vt f . \_ ) ; d
B T
ASR._ RAH ASC CAH o
ADDR W:m: AOW Wf COLUMN — | /&W&( ROW EI
. =)
twes tweH :U
o twsR tRWH twp : 7 >
ww WK A K © S =
DSFt v{ﬂmf B ] (- E ]
- tFsR tRFH - | :
osez V11100 Ji ///////////////////////////////)x LTI
. |.!M5;. ‘M—.l | los . toH
w VeI — N5 X
. |.1‘E.. L ‘ _
wee W) i
“ [/} ponToARe
R uNDEFINED

NOTE: The logic states of “A", “B", “C", “D", "E" and “F" determine the type of WRITE operatlon performed See the
WRITE Cycle Function Table for a detailed description. )
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o o ~ PRELIMINARY

DRAM LATE-WRITE CYCLE

- —

= o

IE teap tRcp tcas

:_.l oA VT . ' \ 1

U trAD * tRAL

% lasA tRAH Jase tcan

o] o0 W% ROW XX COLUMN X

= . e

:U twsk ||~ twn R s N 7

> e Vg K

/) S - \
1) s 1 s 11
b2 Vi l’///////////////////////////// ﬁ/////////////////////////////////////////////////////////

t tuH tps l toH

|._.._.

/) S Y/ S

fon I 1oEH
1

Y, ‘ N
DONT CARE

B unperineo

tys tyH

3t
=
=<
Fz
§

NOTE: 1. The loglic states of "A", “B", “C", "E", and “F" determine the type of WRITE operation performed. See the
Write Cycle Function Table for a detalled description. - -
2. LATE-WRITE cycles are not valid for BLOCK WRITEs. (ME)/WE = “don't care” at the falling edge of CAS.
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PRELIMINARY
e i ro T i
|
. DRAM READ-WRITE CYCLE . 1
(READ-MODIFY-WRITE CYCLE) 1
tRAS 7 o _ -
] ‘\ﬁﬁ:—_’ri . F LU
teRp : tRCD tcas —I :
s Wiz A e 1\ \ ¥ %
tAsR ::: tasc :::; 8 :
AooR  YiH A ROW h COLUMN J’W 7 ROW ~
o Bwo _low_| O
twsh || tRwH e :m :3»:1. g
o AT i z
ol R '
esrz W77/ V/ T T,
, . ;ﬁ’ L Ttz ;m 7 I.'.‘??.. o ‘ : ;‘
pa VYigHo———3 CI ) IR tv,u_mow,‘ﬁ F| ] OPEN. [
tys || tvu log loo_ JtoeH, 1%
wee W7/ X N L
DON'T CARE
R unoesneD

NOTE: The loglc states of “A”, “B", “C", and “F” determine the type of WRITE operation performed. See the Write Cycle
Function Table for a detalled description. )

ik
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DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 2

- ms Vs } : : X
E . lonp | taco :3: tcp ':\cs tep :zﬂs tepn ‘ 7
r_l" ws Ve f ' T\ . I 2N A I ,/'H v
% ' LASR_| "%HQ_- tasc toaH : ';;sc fcAH i taso :x | . :
% ADDR W:@t RO ﬁm: COLUMN ’[m; coLuMy m cownn KX row
= e e
U twsh i} tRwd twp twp twe ;:
g e W A WL __® ) L. 7//4 I/
= DSF1 ‘J;{l:ml B XU | EI ‘,Wa! ( ﬁ ’,ml [ ||E| m(l | B ‘
osr2 iz j/////////////////////////////////////////// LT,
tus _m_H_I tpg toy tpg oy i log , tH
L7/ S —/) S—— /), a——
wE W77} R
DON'T CARE
B unoerinen

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST PAGE
MODE. )
2. The logic states of “A", “B", “C", *D", “E", and “F" determine the type of WRITE operation performed. See the
Write Cycle Function Table for a detailed description.
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3CZI2¢

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

s viT T ¥ x__ :
t U :CSH t ‘Pm:’c t :HSH N g
o cRP ACD : cAs rcra ! cas ‘ cP J cAs cPN | rc- g
s Vi | - K\ A ; ) N — \_ - :_| ‘
tash '::: l s tase toan tasc|f toan | tasc || toan 8 :

ADDAR VQE:@{ ROW }%‘ COLUMN: W coumn }W&;: couwn M@ )
'Res RW[:cWL-- - tow]. |~ - .:.:m _l :
FVEB" tewH "™ ] ] 'Aw;wp—. - e B g :
- V;E:m' SRA ! / ) 'IFSG 10FH ! tFsc tCFH | tFsC tCFH i E
ol o
os VEZK B | /! ||////i I /7///”/// A HIIITIX _
osr2 VHTN HW//////////// N )
ba 3'&“:———!5 C : : ; -.\" OPEN ‘;
tys [{ tyd tog-o! l | . | r
R/ S ) Ul 5

Lty e
i T P
LA R S LT
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DON'T CARE
B unperiNeD .
NOTE: 1. READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use
the Write Function Table to determine the proper DSF1 state for the desired WRITE operation. 5
2: The logic states of “A", “B", "C", and “F" determine the type of WRITE operation perfarmed. See the Write =
Cycle Function Table for a detailed description.
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‘ ITA3EToe S

DRAM RAS-ONLY REFhESH CYCLE = . (71(0 -073 37
(ADDR = A0-A8)
R : \ .
tcap tarc
= Y . ' — -
soon TR wow ), Ao

ww T

osr Vi

osrz Y- A

e oPEN oPEN

tys LN

e e N ’ N1/

-
’ tras L e taas
s J‘ ! "SR
e losa tcHa | ) | tepN . tcsa ) ] lﬁmji

o T,

1 twsh tawr
1
oy -
wENE VW vores X T, weres N
R/

WvHa LHodLrnn

we W

va Yigti= oPEN oreN
[ tys tyd '

TROE ¥{[‘ :/W NOTE 1 W NOTE1 W

/) DON'T cARE
m UNDEFINED

NOTE: 1. The MT43C8128/9 operates with this state as “don't care”, but to allow for future functional enhancements it
is recommended that they be driven as illustrated for system upgradability.
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7= Ho-23-37
DRAM HIDDEN-REFRESH CYCLE -
{READ} (REFRESH) R

ms Vs % .3 ! J[ '
s Vs __/‘ . ’A )

|.‘£R-. {RAH . tasc | toan .
won X IH o XG s XU T

twsm || tRwH |  tACS, ~ |leeH, :
ww W i I,
o W\ 7 T

R l/////// [

taa

trac

tcac

4_1.%. . < {OFE
oa YioH= OREN VAU DQuT J- opeN —
tvs tYH toe 'oor
t '
woE Wi D f X - /

DON'T CARE
R unpeFineD

NOTE: A HIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case, MEWE
= LOW (when TAS goes LOW) and TR/OE = HIGH, In the TRANSFER case, TR/OE = LOW (when RAS goes
LOW) and the DQ pins stay High-Z during the refresh period, regardless of TR/OE.
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R " PRELIMINARY

ST gt PR

MT43Cg128/d) I

2 !7:%—;5-37

DRAM/BMR TRANSFER CYCLE FUNCTION TABLE

LOGIC STATES
BAS Falling Edgo , ~ FUNCTION CODE
- ME?WE DSBF‘I DScF2 T:M S:S M:D DQ (::put) ]
1 0 0 1 0 X! X BMR READ TRANSFER (DRAM—BMR TRANSFER) BMR-RT
g 1 0 0 1 1 X! X BMR READ TRANSFER (DRAM-Invert-BMR TRANSFER) BMR-IRT
c 0 0 0 1 0 X! MASK BMR WRITE TRANSFER (BMR—DRAM TRANSFER) BMR-WT
: 0 0 0 1 1 X MASK BMR WRITE TRANSFER (BMR—Invert~DRAM TRANSFER) BMR-IWT
% 1 1 1 0 X x X CLEAR BMR (CLR-BMR) CLIIR- BMR
O -
3 DRAM/BMR TRANSFERS
U ':is : ' _ tap ‘
m by VH:{: ¥ J: —y . ?
> tosn 1
g i teap R tcas ;
ors ‘\ﬂ[‘:__f \ Y NoTE 2 / 2
. tasn tpan l
soor V77778 Row Y, RoW
Sl =
s NS .o E E X .
o ST i(WWWWWWWWWW///
wee W
DON'T CARE ‘
B unperinen g

NOTE: 1. Serial Mask Input mode Is enabled if MKD = HIGH; disabled if MKD = LOW.
2. ltis nof necessary to drop CAS during a DRAM/BMR TRANSFER,
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PRELIMlNARY
T % -oZ3 3 7
READ TRANSFER CYCLE FUNCTION TABLE' :
LOGIC STATES? - .
RAS Falling Bdge , FUNCTION CODE :
A B C D E -
DSF1 DSF2 TRM STS MKD =
0 0 0 0/12 X READ TRANSFER (DRAM—SAM) RW _ g
1 0 0 " 0/12 X SPLIT READ TRANSFER (DRAM—SAM) SRT c
0 1 1 012 - X BIT MASKED READ TRANSFER BMRT |:'| o
1 1 1 0/12 X BIT MASKED SPLIT READ TRANSFER BMSRT —
1 0 1 0/12 0/13 BMR—~SAM TRANSFER BMR-SAM 8
3
: =
O
>

NOTE: 1. Refer to this function table to determine the logic states of “A”, “B", “C", “D” and “E” for READ TRANSFER

cycle timing diagrams on the following pages.

2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer When STS = LOW

the transfer is to SAMa; when STS = HIGH the transfer is to SAMb.
3. Serial Mask Input mode is enabled if MKD = HIGH; disabled if MKD = LOW.
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42337 -

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

JRE W Y al‘
= = =
C " [deme, e toss
e e = 7
3 e O
m ADDR ¥f:m( : ROW }@T SAM START |
; WERE W-'M 'I‘(/I///////////////// T T T T
I trsR 'RFH
§ TS Vo A.B.C,D.E XTI vy,
Ii?.“
g vo VB,_":__: OPEN OPEN
LR =77/ } A ' A
ﬁl e tsp i:::s i lsp
sonb Yo . NOTES ﬂ ’L _\___/——\_/_
tSoH gm0 __l leac ..:sw
8odeb  YiOH= vmoD: " K vaooour X vAooour )
= o fsem
Tan Vo }7/////////////////////////////////|////////////////////////@1
osFab YO NOTES K NQTES
/] oot care
NOTE: 1. SSF = “Don't Care” R unoerneo

1
2. TAS s used to load the Tap address. I CAS does not tall, the last Tap address
loaded for the addressed SAM will be reused.
3. There must be no rising edges an the SC input during this time period. ’
4. The loglc states of “A”, “B", "C", and “D" determine the type of TRANSFER operation performed. See the
Read Transfer Cycle Function Table.
5. QSF = 0 when the Lower SAM (bits 0—127) is being accessed.
QSF = 1 when the Upper SAM (bits 128-255) is being accessed.
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Wvda moau:mwl* | o

; PRELlMINARY
— 7- </lo 023 —3’7 -
REAL-TIME READ TRANSFER'*
(DRAM-TO-SAM TRANSFER)
(When part was previously in the SERIAL OUTPUT mode)
s - ~____
| ‘L(_:ﬂ?; tRep tcAs
o8 Vs 1 N s MoTEZ i
soon Vlttml vow___ K smswar KT LT T LT,
wwe W7 N
R IR
wee V777N : NI,
wo T\ L AN N\ S
sooeb YioH- ./.%'r— ~ vALDDouy K VAR Oyt vm%mou-r X vamogyr X vAio ngyy
"se_q .s:i"'_’.l temA " PREVIOUS ROW NEW ROW
o VEZ \l ///N°ﬁ=////71
osFab QU= NoTES X NOTES

DON'T CARE

NOTE: B unoerineD

1. SSF ="“Don't Care”
2. CAS'is used to load the Tap address. If CAS does not fall, the Iast Tap address

loaded for the addressed )
3. The SE pulse is shown to illustrate the serial output enable and disable timing. It is not required
4. The logic states of “A", “B", "C", and “D" determine the type of THANSFER operation performed See the
Read Transfer Cycle FUHCtIO[‘I Table
5. QSF = 0 when the Lower SAM (bits 0-127) is belng accessed

QSF = 1 when the Upper SAM (bits 128-255) is being accessed.
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SPLIT READ TRANSFER?®
(SPLIT DRAM-TO-SAM TRANSFER) 7
‘RAS i trp
[ K
CAR - kY NoTE T 7
toor Yz row KT e nonms KT
= A
(tesn, || tar |
Shaith Wi- ‘A.B.C.D SN,
) 1 || ey
e W7\ U
S L T e VIV NV o e N
o g y | |
MT43C4257 ) Llsac -38AC
§00e,b ViOH= N msuzn R Amse X:;’: X rsesy X meesy X wem X epes
T | ; P [
asFan Y= ) smusal,'ﬂuorsa X NEW MSB
MT43C4258 o feteas o] futese
s00eb YioH= 4 a;ss(tz'n £ Az X:’: X wa X wn X x X seam
T ri
—_— : /4 bonT care
NOTE: 1. CASIs used to load the Tap address. If CAS does not fall, the last Tap address ,
loaded for the addressed SAM will be reused for the idle half. B UNDEFINED

2. QSF = 0 when the Lower SAM (bits 0—127) is being accessed.
QSF = 1 when the Upper SAM (bits 128-255) is being accessed.

3. The logic states of “A”, “B", “C", and “D" determine the type of TRANSFER operatlon per[ormed See the
Read Transfer Cycle Function Table.
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WRITE TRANSFER CYCLE FUNCTION TABLE!

PRELIMINAY

LOGIC STATES .
g Falling Bdge, oo -5C FUNCTION CODE
DSFi|DSF2| DQ | TRM | STS | SE {MKD| MKD )
0 0 X 0 0/12 0 X - WRITE TRANSFER (saM~DRAM) wT
0 0 X 0 0/12 1 X - PSEUDO WRITE TRANSFER PWT
1 0 mask 0 0/12 X X - SPLIT WRITE TRANSFER (sAM—~DRAM) SWT
0 1 mask 0 0/12 X X - DQ MASKED WRITE TRANSFER (sam—~pRam) | DMWT
0 1 X 1 0/12 X X 0/1*4 | BIT MASKED WRITE TRANSFER (sAM—~DRAM) [ BMWT
1 1 mask 1 0/12 X X 0/1* | BIT MASKED SPLIT WRITE TRANSFER BMSWT
(SAM~DRAM)
1 0 X 1 0/12 X | o3 - SAM-BMR TRANSFER SAM-BMR
L4
NOTE: 1. Refer to this function table to determine the logic states of “A", “B", “C", D", "E", “F", “G”, and “H" for WRITE

el

TRANSFER cycle timing diagrams on the following pages. -
The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW
the transfer is to SAMa; when SAM = HIGH the transfer is to SAMb.

Serial Mask Input (SM1) mode is enabled if MKD = HIGH and disabled if MKD = LOW.
When In the SMI mode (see BMR transfer waveforms) MKD is the SMI data input. MKD data is clocked into
all bit planes of the bit mask register with. SCb. A logic "1” an MKD will allow data to pass through all the
mask; a logic "0" will mask the corresponding location of the SAM during a BIT MASKED TRANSFER. BIT

MASKED TRANSFERSs to or from SAMa must not take place while mask data is being senally input via SCb

and MKD.
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WRITE TRANSFER*
(When part was prewously in the SERIAL OUTPUT mode)
@ V] N R NOTE 1 /
tap tRAL
i tash tRAH .'ﬁc’ 'CAH
LI =7/ I/ TR /e
wsR_[| tawh i 7
weRE 7 V/JH
TSy WD A, O E K L
‘OFF” tus ot |
va Vi B C ¥ oPEN l oFEN
™R W:W)’:—* - T T T,
toas .I tsp tsas 1. !se
scab  VEC X NoTE2 \ : N
e e s, oot
soae.b VBT VAL Doy VALD gy Y—vwenz— TR oo YN aoow ¥
i tesn t tRen | tswis
b VEW_FI LT i) ™= NoTEd
o ¥Eml’:G S W, ),
| e
osFab  YOHZ NOTES , 4 NOTES
NOTE: 1. CASis used to load the Tap address. If CAS does not fall, the last PONT GARE
Tap address loaded for the addressed SAM will be reused. Y] unoerineo

. There must be no rising edges on the SC input during this time period.
. BE must be LOW to input new serial data, but the serial address register Is Incremented by SC regardless of
SE.

. The logic states of "A", "B", "C", "D", "E", "F", "G" and "H" determine the type of TRANSFER operation
performed. See the Write Transfer Cycle Function Table.

. QSF = 0 when the Lower SAM (bits 0-127) is being accessed.
QSF = 1 when the Upper SAM (bits 128-255) is being accessed. SSFab =

a ~ N

“don'‘t care” (MT43C8129).
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WRITE TRANSFER*
(When part was previously in the SERIAL INPUT mode)

tre

tRAg 1 tap
R
A/ % \

ths

&

2
%
L

NOTE /

‘AAD thar

il =777/ ST L

twsh || tawn
L

IR/, L T
osFLRS Vi A, B, D, E T

&

tsas | tsrp | tse
tgAs i i [
‘_.__.l sp 13AS 1 sp

scab w:_f NOTE2 ] \ ' ’Ll

tsos

Ftsos Jsos__flison
seon VRUTR_wiione KT oo W&T

tsws
tAEH tswis

777/ S Y, nore

trsa | trew 1508 l I'sw

wo VFWE KU --}-’////////////-I--

tcon
troo

osren YO NOTES X NOTES

NOTE: 1. CASis used to load the Tap address. If CAS does not fall, BONT GARE
the last Tap address loaded for the addressed SAM will be reused. B unoerineo

. SE must be LOW ta 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 period.

. The logic states of “A”, “B", “C", “D", “E", “F", “G" and “H” determine the type of TRANSFER oparation
performed. See the Write Transfer Cycle Function Table.

. QSF = 0 when the Lower SAM (bits 0~127) s being accessed.
QSF = 1 when the Upper SAM (bits 128-255) is being accessed. SSFa,b = “don't care” (MT43C8129),

o A N
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Ei

SPLIT WRITE TRANSFER?
(SPLIT SAM-TO-DRAM TRANSFER)
tRAS i tre
iR g F
CIR - HoTE V7
1 I 1/ L0 VA
W g i .
oseroses VI A B,D,E -’/////////////////////////////////////////////////
thy {
0Q v,o.__ k X OPEN OFEN

sch

T

scab YE- | ‘J( ‘—’u‘__\_,,_/ \__/ \ -'{ —_/
& W T T L, |W| MI T,
- N~
WVEMLH_)@(HI@C// XK 8 XK 6 XK o XK o
MT43C4257 ISOH, ts03 I__’ | 8 (aom)
SDGa, b v&"' &%mm Ast (As129) j@(:,”_)@( 126 (254) )@( 127 (255) )@( 8(B+128) m
osFab VQ:___) SAMMSE :,moma D NEW S8
| 17
mT43c4268 . Jsas]| Gt et
sonb Yok ls‘(:n.l XX AWL';‘I)@(I':L;;@C: XX x__ WK _sem )@C\
[AL'ﬂ” o
/) von care
NOTE: 1. CASIs used to load the Tap address. If CAS does not fall, the last 8 unermeo

Tap address loaded for the addressed SAM will be reused.
2. QSF = 0 when the Lower SAM (bits 0—127) is being accessed.

QSF = 1 when the Upper SAM (bits 128-255) is being accessed.

3. The logic states of "A", "B", "C", "D", "E", and "H" determine the type of TRANSFER opera!lon performed.
See the Write Transfer Cycle Function Table.
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LR g e -

‘SAMa or SAMb SERIAL INPUT

tSWH_ I Iswis 1SWIH ;. tews

_SEa,b W{_‘: d X

sc tsc tsc

5AS tsp tsas o tep _ lsas ol tsp | sAs
M \
SCa,b V|-~ /

=
=
=
tSDH sps tSpH lsze, 'sos il 'son 'U
S
—-I
3
>
=

e
soaas V= VAROW ¥777K o 77T e ow MK e

SAMa or SAMb SERIAL OUTPUT

SEP

= Ve
§Eab Vi N

sc

SO e I s N S WY

tsac Isac 'sac 1sac £
lsoH tsez tsEA . tsoHI tsou
S0Qa,b YO = VALID Dyyr m " VALID Doy VALID Doy VALID Dy QB vauo oy
DON'T CARE
B3 unoerNED
NOTE: SEa, SCa and SDQa are used when accessing SAMa and SEb; SCb and SDQb are used when access
in SAMb. _
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