S1IWx¥

L LT LT

Target Spec.(Rev.1.0) MITSUBISHI LSls

M5M4V16409ATP-8,-10,-12,-15
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Preliminary
This document is a preliminary Target Spec. and some of the contents are subject to change without notice.

DESCRIPTION

;. The MSMA4V16409TP is a 16M-bit Cache DRAM which integrates input PIN CONFIGURATION

' ) ) (TOP VIEW)
registers, a 4,194,304-word by 4-bit dynamic memory array and a
4096-word by 4-bit static RAM array as a Cache memory (block size vee |1 ~ 62l vss
16x4) onto a single monolithic circuit. The block data transfer between NC |2 61| Ad11
. 4 : NC |3 60| Ad10
the DRAM and the data transfer buffer(DTBx) is performed» in one pac |4 59| Ad9
instruction cycle, a fundamental advantage over a conventional DRAM/ CCi# |5 58| Ad8
SRAM cache. CCo# |8 571 Ad7
2. ‘ . : : . WE# 56{ As11
The RAM is fabricated with a high performance CMOS process, and is CS# _8/ 55| As10
ideal for large-capacity memory systems where high speed, low power CMd# | g 54| As9
dissipation, and low cost are essential. The use of quadruple-layer CMS: 1? gg st
polysilicon process combined with silicide and double layer aluminum vssQ |12 51| vssQ
wiring technology, a single-transistor dynamic storage stacked Mo/DO0 |13 50| M3/D3
capacitor cell, and a six-transistor static storage cache cell provide DQO/QO 14 400mil 491 VeeQ
: o . VecQ |15 48] Vss
high circuit density at reduced costs. vee | 18 TsOP 47| veca
veea [17 TP 46| paziae
FEATURES DQ1/Q1 |18 gg5mm 45| M2/D2
SRAM _[Fast Copy Back | Direct A 2 MIDII19 lead  44fVssQ
ast Copy Bacl irect Array ower ,

Type name Access/cycle] Access/cycle |Access/cycle| Dissipation VZSS(()) ‘;? pitch jg §:7
M5M4V16409TP-8 8ns/8ns |64ns(208ns)” | 64ns/104ans | SRAMTED As1 |20 41| Ass
M5M4V16409TP-10 | 10ns/10ns |64ns/(208ns)” | e4nsr104ns | BRAM:IED As2 |23 40| As5

- As3 | 24 39| As4
R . DRAMTBD
M5SM4V16409TP-12 | 12ns/12ns [66ns/(216ns) 66ns/108ns | SRAM-TEBD RAS# | 25 38| As3
M5M4V16409TP-15 | 15ns/15ns [69ns/(228ns)” | 6ons/114ans | QRAMIBD CASH# | 26 37| Ad6
D
* : Write back cycie after the miss write/read access can TD# 127 36| AdS
be hidden in the next hit cycle. (Fast copy back scheme) AdO f 28 351 Ad4
’ Ad1 |29 34| Ad3
. . . | _ Ad2 |30 33| NC
- 62-pin,400-mil TSOP (type II) with 0.65mm lead pitch and 20.95mm Vee | 31 32| Vss
package length.
- Multiplexed DRAM address inputs for reduced pin count and higher
system densities,
) L . K : Master Clock
. Selectable output operation (fransparent / latched / registered) and /O Cs# : Chip Select
configuration (separate D/Q / Masked Write) using command registers. CMd# : DRAM Clock Mask
. RAS# : Row Addr. Strobe
+ Single 3.3V +/- 0.3V Power Supply. CAS# : Column Addr, Strobe
- 4096 refresh cycles every 64ms (Ad0->Ad11). DTD# : Data Transfer Direction
) ) ] Ad : DRAM Address
- Synchronous design for precise control with an external clock (K). CMs# : SRAM Clock Mask
. . CCO#,CC1#: Control Clocks
Suspended input/output by advanced mask clock (CMs#). WE# - SRAM Write Enable
- All inputs/outputs low capacitance and LYTTL compatible. bDQc : /O Byte Control
A : SRAM Ad
- Asynchronous output enable (G#) for bus control. GZ : Output Eni'g;s
- Separate DRAM and SRAM address inputs for fast SRAM access. ba : Data O
D : Data Input
- Page Mode. Q : Data Output
) M : Mask Enable
Auto Refresh. Vee : Power Supply
Vss : Ground
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

BLOCK DIAGRAM

VCC VSS
; | () RASH
i 6 {Row
5 < o Address strobe)
' Col.4-9 Col lock Decod = CAS#
Ad110‘ B - - olumn Block Decoder 5 (Column
Ad100-- o ; Address strobe)
] ! ! =z DTD#
AdQO- L ) (Data Transfer
4Mbit ! Direction)
DRAM AdBO- . o DRAM , -l Mask _O CMd#
Address 7O ;L;i 3 : 4Mx4= /(Clock Mask
Input 1 9 : '
b 03 Row0-11]0 Array 01 15 16MDRAM ? i for DRAM)
ads()-1 8 ] o :
Ad5 () § - : KBuffer --OCS#
Ad4 1= Timing [-( )K
O = Sense Amplifier and I/O control Comfi' ; (Master ClocK)
Maskf--(C YCMs#
< (Clock Mask
Command(0-3) 0 1 2 i for SRAM)
! | T L O wer
. o H ! : O O(Write Enable)
: Mask Register ' ' ! e
; ‘ ' Had Data Xfer Buffer P = cco#
: : ' ' : R o (Control
~ ' : Pdta Xfer Buffer i ; g;";)
Ast1( )- : : : P < ;
O brary Buffer: % % g (Control
asto()- ' ; ; i | Clock2)
o I S e it :
ass O T s — ‘ -------- (Ooacpa control
5 -
AS7O' 5 |As4-11 S/A and /O 4 -.— MO /DO
o ; . -~ (MaskO/Datain0)
SRAM * - Mask{Din
s6(O1 o ~| — ™ |Col.Dedoder set {Butferl/1 () M1,/D1
Address ]
. z . - --— (Mask0/Dataint)
input AsSO" < : — Main O M2 /D2
AS40' 5 BT TFFpr Amp. -- " (MaskO0/Data in2)
a ' O M3gDs
ASSO' ‘ --~~ (MaskO/Datain3)
- : AKx4=16K ; O pgogao
As0-3 2| | 4kBit! SRAM s utput0)
5| | 4KBit: DQ1 /Qf
SRAM -~ (DQ1/Outputt)
: (O pozsaz
- : .- (DQ2/Qutput2)
Array; DQ3 /03
:  (DQ¥/Outputd)
- _‘7—15 --------- O(Qtnput Enable)
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4086-WORD BY4 -BIT) SRAM

FUNCTION TRUTH TABLE

M 1 (SRAM

remome SRAM ASaddress) DRAM Ad (DRAM address)

CODE | cs4 ey |CCO# [cot#| we# [Dac | AsO-11]7eesIrasy [cas# [DTO# | AdO-11:iAd2iadriAdg
NOP HE X [ x| x| x| x| x x | x | x | x x i
SPD x L | x| x| x|x] x x | x | x | x x i
DES Llr v e x| x] x x | x | x| x x iob
SR Ll H|H]|L|HIH|Aas09 ]| X [X | X |X X i b
SwW L H|[H[L{L]|™H]Aas09 ] x [ x | X |X X i b
BRT L H L H H L |@As3-7] X X X X X P g
BWT LI H L | H|LL |@as37] X [ X | X [X X i
BRTR L HlL | H|H]H|as0gl x| x | x| x X b
Bwiw | L H L H| L | H|Aasoo X | X X | X X Pt
BR Ll v {o || H]|H|easoel x| x | x]x x boi
BW Ll H | L|u]L |H|@aso2] x| x | x|x x 4o
DPD x | x | x| x| x| x| x L x | x| x x boi
pNnoP | L ] X [ X | X[ x [ x| X HH [ H]X X i
@Ad37 ‘P glg!

DRT L] x| x| x| x|x] x Ho ML R, foioio
. @AdI7T tain!

DWT1 L X X X X X X H H L L (Col.Block) | 0 H 0 . 0

pwrir] L ] X [ x | x| x|[x ]| x H|H |L|L |@dw7 {o0ioi-1
{Col Block) 1 I
@Ad3-7 . H .

DWT?2 L X X X X .X X H H L L (Col.Block) | 0 : 1 E 0

DWT2R| L X X X | X | X X H H L L @Ad37 ! gl gl g
(Col.Block) ' H
ACT L X [ x| x| x| x| X H|lL |H|H [ Ao & &
(Row Add.) . R
PCG L X | x| x| x|x]| X H|lL | H|L X b
ARF Ll x| x| x| x]|x] x H{L |L |H x i
SCR Ll x| x| x| x|x]| x H{L |[L |L |command |

"H; 1f DQC is L, data inputs and main amps. do not work. SR,SW BR and BW cycles with DQC of low

result in Deselect SRAM.
@; The unused addresses must be set to Low
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Data I ransier Buffer DQ pin
DTBwW Xfer Mask .
Tempo- T T xter |DTBR[ write : FU nction
rary DTBW raerr;po Mask Mask Din Dout
_ - - - - - - Hi-Z | No Operation
: B _ _ _ _ _ buspend SRAM Power Down&
Data suspend
_ — - - - - - Hi-Z |Deselect SRAM
- - - - - - - Valid [SRAM Read SRAM->DO
- - - - - | 5029 | valid | Hi-Z |SRAM Write DIN->SRAM
- - - - Use - - Hi-Z |Buffer Read Xfer DTBR->SRAM
Load .
Load - El‘fi‘j‘ask - - MUse - Hi-Z |Buffer Write Xfer SRAM->DTBW
- - - - Use | - - | valid |Buffer Read Xfer & ReadDTBR->_S>Fg5M
Load . . ) . N->SRAM
Load | - [Reset | - = | Toae | Valid | Hi-Z |Buffer write Xfer & Write"™>SRAM
- - - - Use - - Valid JBuffer Read DTBR->DO
Load| - [TReser] - = | %029 | valid | HI-Z |Buffer Write DIN->DTBW
- - - - - - - - DRAM Power Down
- - - — - - - - DRAM No Operation
— — - — Load - - - DRAM Read Xfer DRAM->DTBR
- ““Load
- /bc;aed “Set All /UZZ - - - - DRAM Write Xfert DTBW->DRAM
**lLoad . “*Load DRAM Write Xfer1 DTBW->DRAM
- Set All Load| - - - .
/Use /Use & Read >DTBR
- Use -~ Use -~ - - - DRAM Write Xfer2 DTBW->DRAM
DRAM Write Xfer2 DTBW->DRAM
- ) - Load - - -
Use Use a % Read ~DTBR
- - - - - - - - DRAM Activate
- - - - - - - - DRAM Precharge
- - - - - - - - Auto Refresh
- - - - - - - — Set Command Register
““Load/Use; |f BW or BWT or BWTW happens at the first K cycle of DWT1 or DWT1R, data is loaded and

transferred to DRAM.

““Reset 1 bit; Reset 1 Xfer mask bit of 16 word accumulatively.

* Set All; BW and BWT and BWTW cycle can reset all or each bit just after mask set all

& MITSUBISHI ELECTRIC
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM
PIN DESCRIPTIONS
K Input Master Clock Provides the fundamental timing and the internal

clock frequency for the CORAM. All external timing parameters
(with the exception of G#) are specified with respect to either the
rising or falling edge of K.

CMd# Input DRAM Clock Mask controls the operation of the internal DRAM
master clock (K). When CMd# is asserted at the rising edge of
K, the internal DRAM master clock (K) for the following cycle is
suspended, resulting in the power down of the DRAM portion of
the circuit.

RAS# input Row Address Strobeis used in conjunction with Master clock K
(depending on the states of CMd#, CAS#, and DTD#) to activate
the DRAM (latching the Row Address lines and accessing 1 of
1024 rows), initiate a DRAM precharge cycle, perform a DRAM
Read or Write Transfer, DRAM Write transfer & Read, set the
Command registers, start an Auto-Refresh cycle, create a DRAM
NOP cycle, or power down the DRAM.

CAS# Input Column Address Strobeis used in conjunction with the Master
Clock K to latch the Column address lines. When preceded by
RAS# in a DRAM access cycle, CAS# initiates a DRAM Write
Transfer (DTBW -> DRAM, if DTD#=L), DRAM Write Transfer &
Read (DTBW -> DRAM -> DTBR, if DTD#=L) or DRAM Read
Transfer (DRAM -> DTBR, if DTD#=H), depending on the state of
DTD# (see DTD# pin description).

DTD# Input Data Transfer Direction controls DRAM-to-DTBR/DTBW
Read/Write direction. If preceded by a RAS# low cycle, both
CAS# and DTD# low (on the rising edge of K) initiate a DRAM
Write Transfer cycle (DTBW -> DRAM) and DRAM Write Transfer
& Read(DTBW -> DRAM -> DTBR). If DTD# stays high with the
above conditions, a DRAM -> DTBR cycle results.

Also, when DTD# going low is synchronized with RAS# going
low, the DRAM goes into a precharge mode, locking out any
DRAM access operations until the precharge cycle is complete.

AdO-Ad11 | Inputs DRAM Address Lines are Multiplexed to reduce pin count.
Ad0-Ad11 (@ RAS=Low, K=Rising edge) specify the Row
Address of the DRAM and Ad4-Ad9 (@ CAS=Low, K=Rising
edge) specify the Block Address of the DRAM. In addition,
Ad0-Ad11(@RAS=Low, K=Rising Edge) specify the refresh
address (which is carried out in 4096 refresh cycles within
64ms).
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

CS#

Input

The Chip Select controls the operation of the CORAM. When
CS#=H at the rising edge of K, the chip is in No Operation mode.

CMs#

Input

SRAM Clock Mask controls the operation of the internal SRAM
master clock (Ks). When CMs is asserted at a rising edge of K,
the internal SRAM master clock for the following cycle is
suspended, resulting in the power down of the SRAM portion of
the circuit, including the Sense Amps. CMs# can also be used to
retain output data during SRAM power-down.

DQC

Inputs

DQC is a I/O Byte control signal. \f G#=Low, DQC has a control of
output impedance, and common /O Read/Write is possible.

WE#

Input

Write Enable controls SRAM and DTBR/DTBW read and write
operations. A high on the WE# pin causes either a Buffer Read,
SRAM Read, Buffer Read Transfer and/or a Buffer Read transfer &
Read to occur (depending on the state of the CCO0# and CC1#
bits). A low on the WE# pin causes either a Buffer Write, SRAM
Write, Buffer Write Transfer and/or a Buffer Write Transfer & Write
to occur (depending on the state of the CCO# and CC1# inputs)

CCO#,CC1#

Inputs

The Control Clock Inputs allow SRAM and Buffer access control.
CCO0# and CC1# determine what mode the device is in:
CCO0#=CC1#=Low : Buffer Read/Write (WE#=H/L)

CCO#=L, CC1#=H : Buffer Read/Write Transfer, Buffer Read
Transfer&Read and Buffer Write Transfer &
Write(WE#=H/L,DQC=H/L)

CCO#=H, CC1#=L : SRAM Read/Write (WE#=H/L)

CCO#=CC1#=High : Deselect SRAM (CS#=L,previous CMs#=H)

As0O-As9

Inputs

SRAM Address Lines are non-multiplexed, and access 4096 -
4-bit words ( configured as 256 Rows X 16 Columns X 4 Bits,
where the Block Size is 16 X 4) in the SRAM cache. As0-As3
Select Block Address, and As4-As11 select the SRAM row.

G#

Input

The Output Enable is the only asynchronous input. G#=high
makes the outputs high impedance.

DQO-DQ3

Inputs /
Outputs

These are the Data Lines for the CDRAM and are asynchronously
controlled by G#. Output operation is either transparent, latched,
or registered depending on the state of the command register.

A MITSUBISHI ELECTRIC 7
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Qo0-Q3 Outputs| These are Data Output lines for the CDORAM when the
separate D/Q option is selected (by command register).
Output operation is either transparent, latched, or registered,
depending on the state of the command register.

DO-D3 Inputs | These are the Data Input lines for the CDRAM when the
separate D/Q option is selected (by command register).
When in a Write Buffer or Write SRAM mode, the data on the
D pins are latched in at the rising edge of K.

MO0-M3 Inputs | The Mask Enable pins are enabled when the common D/Q
option is selected (by command register). The
corresponding DQ bits (e.g. MO -> DQO) are masked or not
masked depending on the state of MO-M3 (Low=masked) at
the rising edge of K for a SRAM Write or Buffer Write cycle.

8 S MITSUBISHI ELECTRIC
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

SRAM Power-down

CMs#

CS#

CCo#

CC1#

WE#

DQC

As0-3

As4-11

G#

MO-3

- "

DQ0-3 i e b e
' l ESRAM. Power.Down ' SR/.\M Pow.er Dow;n :

1
p— —y 1 L] ot

- -~
SRAM Read SRAM Read

Note : Output is transparent.
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

SRAM Power Down

SRAM Power If CMs#=Low at the rising edge of K, the SRAM goes into

Down Power-down mode at the next rising edge of K. During this mode,
the internal SRAM K clock becomes inactive, and the SRAM
Sense Amps are powered down. The Output Buffers remain
powered-up, enabling outputs to be driven after SRAM is
powered-down.

SRAM Read If CMs#=Low at the rising edge of K and CS#=CC1#= Low and
CCOo#=WE#=DQC=High at the rising edge of K of the following cycle,
the device enters the SRAM Read mode. Data is read from the SRAM
to the 1/O pins. Addresses As0-As11 are used to select the data.

A MITSUBISHI ELECTRIC 11
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Deselect SRAM

K : ' g : : : :
T R R R R N N R R
T A A i
CS# oo P P
H P ' P
cCo# g = P g

CC1#

WE#

DQC

AsQ-3

As4-11

G#

MO-3

' [ [ [l
T —T T T
. .

' Deselect SRAM : : ' Deselect SRAM

DQO-3

—y - -

 E > S
SRAM Read SRAM Read

Note : Output is transparent.
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Deselect SRAM

SRAM Read If CMs#=Low at the rising edge of K and CS#=CC1#=Low and
CCO#=WE#=DQC=High at the rising edge of K of the following cycle,
the device enters the SRAM Read mode. Data is read from the SRAM
to the I/O pins. Addresses AsO-As11 are used to select the data.

Deselect If CMs#=High at the rising edge of K, and CS#=Low and

SRAM CCO#=CC1#=High at the rising edge of K of the following cycle,
the SRAM is deselected. During this mode, all transfer functions
and input/output operations to and from the SRAM and Buffer are
disabled. The SRAM Sense Amps are not powered down. This
cycle is useful for change in output impedance (R->W, W->R)
without G# control.

& MITSUBISHI ELECTRIC 13
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SRAM Read

CMs#
cS# Ll

CCo#

CC1#

WE#

DQC

As0-3

As4-11

G#

MO-3

pao3  ——EXEXXEXXEXXEXXEXHX T —OaX XD

’ 'SRAM Read * ' 'SRAM Read'  Deselect SRAM '

oy
Ll ¢ ~P-

Note : Output is transparent.
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

SRAM Read

Deselect SRAM If CMs#=High at the rising edge of K, and CS#=Low and
CCO#=CC1#=High at the rising edge of K of the following cycle, the
SRAM is deselected. During this mode, all transfer functions and
input/output operations to and from the SRAM and Buffer are disabled.
The SRAM Sense Amps are not powered down. This cycle is useful
for change in output impedance (R->W, W->R) without G# control.

SRAM Read If CMs#=High at the rising edge of K and CS#=CC1#=Low and
CCO0#=WE#=DQC=High at the rising edge of K of the following
cycle, the device enters the SRAM Read mode. Data is read from
the SRAM to the I/O pins. Addresses AsC-As11 are used to select

the data.
DRAM
Array
e Transfer
: Mask
: | Temporary Read Data
Buffer Xfer Buffer
Write Data
Xfer Buffer
Temporary
Buffer
b S
RS .' .......... R ‘RW'?&'
Word Line S SRAM Array
(SRAM Activate)
RN R R R S SR I l [ I l I I J l i\@‘
IS/A & 110 CONTROL |

Column Dec.

A MITSUBISHI ELECTRIC 15
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

SRAM Write
K : :
FH S S A N N S S SN N SN SR
CMs : ; ; : o : : : : : : : :
cs# L
R
CCO# : : 5
CC1#
WE#
DQC
AsO0-3
As4-11
G#
MO-3
DQO-3 @@%Q @ @ GB @
ESRAM Read ;L SRAM Wme ;_ Defselect SfRAM N
' Dot T ' ' -
SRAM

Note : Output is transparent.

16 A MITSUBISHI ELECTRIC
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

SRAM Write

SRAM Read If CMs#=High at the rising edge of K and CS#=CC1#=Low and
CCOo#=WE#=DQC=High at the rising edge of K of the following cycle,
the device enters the SRAM Read mode. Data is read from the SRAM
to the I/O pins. Addresses As0-As11 are used to select the data.

Deselect if CMs#=High at the rising edge of K, and CS#=Low and

SRAM CCO0#=CC1#=High at the rising edge of K of the following cycle, the
SRAM is deselected. During this mode, all transfer functions and
input/output operations to and from the SRAM and Buffer are disabled.
The SRAM Sense Amps are not powered down. This cycle is useful
for change in output impedance (R->W, W->R) without G# control.

SRAM Write If CMs#=High at the rising edge of K and CC0#=DQC=High and
CS#=CC1=WE#=Low at the rising edge of K of the following
cycle, the device enters the SRAM Write mode. Write data from
the I/O pins to the SRAM. Addresses AsO-Asi1are used to select
the location to be written.

DRAM
Array
______ Transfer _....T....., l
; Mask :
i | Temporary Read Data
: Buffer Xfer Buffer
Write Data
Xfer Buffer
[
Temporary
Buffer
h
h §
S S R R KRR RN A5
' (SRVX(KIKdALItnet ) SRAM Array
ctivate
IHINENEE RRERI
IS/A & 110 EONTROL @
Column Dec.
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Buffer Read Transfer (DTBR—>SRAM)

B PR RN RS

WE#

MO-3

- : : H } : /AE\ . . : ‘ :
DQO-3 KA1 >+——HEX B Y+—O)——F——D)— —t
' H Bufter ‘ Buffer . " Buffer’ : H ’
Read Transfer H Read Transfer . Read Transfer H H
i : - i —— , T—; H
o ; F— ; | ; -
SRAM Read E E SRAM Read; : SRAM Write . SRAM Write :

f——t el e — P
Deselect ’ ‘Desslect ’ Deselect ’ ’ Deselect :
SRAM SRAM SRAM SRAM

Note : Output is transparent.
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Buffer Read Transfer

SRAM Read If CMs#=High at the rising edge of K and CS#=CC1#=Low and
CCO#=WE#=DQC=High at the rising edge of K of the following cycle, the
device enters the SRAM Read mode. Data is read from the SRAM to the
I/0 pins. Addresses AsO-As11 are used to select the data.

Buffer Read If CMs#=High at the rising edge of K and CS#=CC0#=DQC=Low and

Transfer CC1#=WE#=High at the rising edge of K of the following cycle, the
device enters the Buffer Read Transfer mode. Data is transferred
from the Read Data Transfer Buffer (DTBR) to the SRAM. Addresses
As4-As9 are used to select the 16X4 bit block to be transferred.
Addresses As0-As3 and A10-A11 must be set low.

It CMs#=High at the rising edge of K and CC0#=DQC=High and

SRAM Write CS#=CC1#=WE#=Low at the rising edge of K of the following cycle, the
device enters the SRAM Write mode. Write data from the I/O pins to the
SRAM. Addresses As0-As11 are used to select the location to be written.

DRAM
Array
_______ Transfer.____ & ____
b Mask y
+ |Temporary] Read Data
+ | Buffer Xfer Buffer
L ] BT 3
Write Data %3
Xfer Buffer §
: %
Temporary g
Buffer . %
3

3

SRAM Array

[5/A & 1O CONTROL | @
A

[ Column Dec. ]
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Targel  Spec.(eV.1.l)

MITSUBISH!I LSls

M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992

16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Buffer Write Transfer (SRAM-—+>DTBW)

wioob b : I N
S s R T R R
cs# i i I N I N N
cow LT

: ' Butfer '
' Wirite Transfer

SRAM Rea

! ! s
SRAM Read
Pt
-

Deselect SRAM

Note: Output is transparent.

fet— |

-
Deselect SRAM

" Buffer ' : " Buffer ' ! ! : :
Write Transfer Write Transfer 1 ! ! '
L ' e ' ! ! '
! ——, : H :

SRAM Write SRAM Write H H :

Deselect SRAM

el
Deselect SRAM
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Target Spee.(ReV. 71.@) MITSUBISHI LSIs

M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992

16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Buffer Write Transfer

SRAM Read

Deselect SRAM

Buffer Write
Transfer

SRAM Write

It CMs#=High at the rising edge of K and CS#=CC1#=Low and
CCO#=WE#=DQC=High at the rising edge of K of the following cycle,
the device enters the SRAM Read mode. Data is read from the SRAM
to the I/O pins. Addresses As0O-As11 are used to select the data.

It CMs#=High at the rising edge of K, and CS#=Low and
CCOo#=CC1#=High at the rising edge of K of the following cycle, the
SRAM is deselected. During this mode, all transfer functions and
input/output operations to and from the SRAM and Buffer are disabled.
The SRAM Sense Amps are not powered down. This cycle is useful
for change in output impedance (R->W, W->R) without G# control.

If CMs#=High at the rising edge of K and
CS#=CC0#=WE#=DQC=Low and CC1#=High at the rising edge of
K of the following cycle, the device enters the Buffer Write
Transfer mode. Data is transferred from the SRAM to the
Temporary Buffer. Addresses As4-As11 are use to select the
16X4 bit block to be transferred. Addresses As0-As3 and A10-A11
must be set low. The Buffer Write Transfer cycle "Resets" (=0) all
mask bits in the 16X4 bit mask register (All Data can be
transferred).

If CMs#=High at the rising edge of K and CC0#=DQC=High and
CS#=CCi1#=WE#=Low at the rising edge of K of the following cycle,
the device enters the SRAM Write mode. Write data from the I/O pins
to the SRAM. Addresses AsO-As11 are used to select the location to
be written.

DRAM
Array
_____ Transfer 4
i Mask v
i [Temporary ; Read Data
: | _Buffer ; Xfer Buffer
------- Write Data
Xfer Buffer
|
Temporary
uffer
S b
3 y
.
£
SRAM Array
TITTITTTITI0T
5/A& 10 CONTEOL | ©

l Column Dec. |
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Target SPee.(lReV.U.U) MITSUBISHI LSis
M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992
16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Buffer Read Transfer & SRAM Read (DTBR—+SRAM —Output)

1 2 3 4 5 6 7 8 9 10 11 12 13 14

DQO-3 @@6@6@)6@ 0@6@0@0 08

¢ Read Transler i Read Transfer
i & SRAM Read: Deselect SRAM ! & SRAM Read:
il o — R

SRAM Read SRAM Read SRAM Read SRAM Read

Note: QOutput is transparent.
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rarget } Spee.(Rev.1.0) MITSUBISHI LSls

M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992

16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Buffer Read Transfer and SRAM Read

SRAM Read

Buffer Read
Transfer and
SRAM Read

Deselect
SRAM

If CMs#=High at the rising edge of K and CS#=CC1#=Low and
CCOo#=WE#=DQC=High at the rising edge of K of the following cycle,
the device enters the SRAM Read mode. Data is read from the SRAM
to the /O pins. Addresses AsO-As11 are used to select the data.

If CMs#=High at the rising edge of K and CS#=CC0#=Low and
CC1#=WE#=DQC=High at the rising edge of K of the following
cycle, the device enters the Buffer Read Transfer and SRAM Read
mode. Data (16 X4 bit block) is transferred from the Read Data
Transter Buffer (DTBR) to the SRAM, and simultaneously, data (16
bit word) is read from the DTBR to the I/O pins.

If CMs#=High at the rising edge of K, and CS#=Low and
CCO#=CC1#=High at the rising edge of K of the following cycle, the
SRAM is deselected. During this mode, all transfer functions and
input/output operations to and from the SRAM and Buffer are disabled.
The SRAM Sense Amps are not powered down. This cycle is useful for
change in output impedance (R->W, W->R) without G# control.

DRAM
Array
_______ Transfer-_.___T_____,
- Mask : 4
i {Temporary : Read Data
: Buffer : Xfer Buffer
Write Data i;
Xfer Buffer
|
Temporary
Buffer

A -R.

Column Dec.
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Targeli SPpee.(lRieV. .0) MITSUBISHI LSls
M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992
16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Buffer Write Transfer & SRAM Write (input—SRAM—~DTBW)

1 2 3 4 5 6 7 8 9 10 11 12 13 14

CMs#

CS#

CCo#

CC1#

WE#

DQC

As0-3

As4-11

G#

MO-3

DQO-3
:'Write T;ansfer :I : E Wrife Transfler i E 5 :
‘s SRAM Write © ~ SRAM Read ' & SRAMWrite ' - :
- SE—— P . -
Deselect SRAM Deselect SRAM Deselect SRAM Deselect SRAM

Note: Output is transparent.
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rarget Spee.(Rev,1.0) MITSUBISHI LSls

M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992

16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Buffer Write Transfer and SRAM Write

Deselect
SRAM

SRAM Read

Buffer Write
Transfer and
SRAM Write

.......

If CMs#=High at the rising edge of K, and CS#=Low and
CCO#=CC1#=High at the rising edge of K of the following cycle, the
SRAM is deselected. During this mode, all transfer functions and
input/output operations to and from the SRAM and Buffer are disabled.
The SRAM Sense Amps are not powered down. This cycle is useful for
change in output impedance (R->W, W->R) without G# control.

If CMs#=High at the rising edge of K and CS#=CC1#=Low and
CCO#=WE#=DQC=High at the rising edge of K of the following cycle,
the device enters the SRAM Read mode. Data is read from the SRAM
to the I/O pins. Addresses AsO-As11 are used to select the data.

If CMs=High at the rising edge of K and CS#=CCO0#=WE#=Low and
CC1#=DQC=High at the rising edge of K of the following cycle, the
device enters the Buffer Write Transfer and SRAM Write mode.
Data (4-bit word) is written from the I/O pins to SRAM, and then the
16X4 bit block is transferred from SRAM to the Temporary Buffer.
This operation is completed in one cycle. This operation "Resets”
(=0) all mask bits in the 16X4 bit mask register (All Data can be
transferred).

DRAM
Array
Transfer_..__ &,
Mask : L 4
Temporary_) Read Data
Buffer Xfer Buffer
Write Data
Xfer Bufter
Temporary
_Buffer

SRAM Array
IREEEENRREATr)
[s/A & VOACONT@JJ_E_,I‘

| Column Dec. |
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rarget Spee.(ieV.l.) MITSUBISHI LSls
M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992

16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Buffer Read (DTBR— Output)

CMs#

CS#

CCo#

CCi1#

WE#

DQC

AsD-3

As4-11

G#

MO-3

DQO-3

B?ﬂer Re?d E é E Butfer Read E

' ' . . . .
ettt + g =t
i - —— e — po

SRAM Read SRAM Read Deselect SRAM

Note: Output is transparent.
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Target Spee.(Rev.1.@) MITSUBISHI LSis

M5M4V16409ATP-8,-10,-12,-15

Oct 26,1982

16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Buffer Read

SRAM Read

Buffer Read

Deselect SRAM

-

it CMs#=High at the rising edge of K and CS#=CC1#=Low and
CCO#=WE#=DQC=High at the rising edge of K of the following cycle,
the device enters the SRAM Read mode. Data is read from the SRAM
to the I/O pins. Addresses AsO-As11 are used to select the data.

If CMs#=High at the rising edge of K and CS#=CC0#=CC1#=Low
and WE#=DQC=High at the rising edge of K of the following cycle,
the device enters the Buffer Read mode.Data is read from the
Read Data Transfer Buffer (DTBR) to the I/0 pins. Addresses
As0-As3 are used to select (1 of 16) the 4-bit word to be read from
the DTBR. Addresses As4-As11 must be set low for this
operation.

If CMs#=High at the rising edge of K, and CS#=Low and
CCO#=CC1#=High at the rising edge of K of the following cycle, the
SRAM is deselected. During this mode, all transfer functions and
input/output operations to and from the SRAM and Buffer are disabled.
The SRAM Sense Amps are not powered down. This cycle is useful
for change in output impedance (R->W, W->R) without G# control.

DRAM
Array

Transfer____T....._
Mask '

v

(S

........................

: [ Temporary Read Data
: Buffer : Xfer Buffer

Write Data
Xter Buffer

S
AR

(SRAM Activate) mTrn‘rrT§lm

Temporary
Buffer
3
{ égmwmﬁ<
g
Word Line —- SRAM Arra%

S/A & /O CONEROL}

[ Column Dec. l
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rareel Spee.(lR/ieV.l.0) MITSUBISHI LSis
M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992
16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Buffer Write (Input—DTBW)

K i :
CMs# ; ;
CS# L

CCi#

WE#

DQC

As0-3

As4-11

G#

MO-3

DQO-3

Butter Wriie
>

.4__4'.___..:
' SRAM'Read '

—— e it ——

Deselect Deselect Deselect
SRAM

Note: Output is transparent.
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Target Spee.(Rev.1.0) MITSUBISHI LSls

M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992

16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Buffer Write

Deselect
SRAM

Buffer Write

SRAM Read

If CMs#=High at the rising edge of K, and CS#=Low and
CCO#=CC1#=High at the rising edge of K of the following cycle, the
SRAM is deselected. During this mode, all transfer functions and
input/output operations to and from the SRAM and Buffer are disabled.
The SRAM Sense Amps are not powered down. This cycle is useful for
change in output impedance (R->W, W->R) without G# control.

If CMs#=High at the rising edge of K and
CS#=CC0#=CC1#=WE#=Low and DQC=High at the rising edge of K
of the following cycle, the device enters the Buffer Write mode. Data
is written from the I/O pins to the Write Data Transfer Buffer (DTBW).
Addresses As0-A3 are used to select (1 of 16) the 4-bit word to be
written. Addresses As4-As11 must be set low for this operation.

If CMs#=High at the rising edge of K and CS#=CC1i#=Low and
CCO#=WE#=DQC=High at the rising edge of K of the following cycle, the
device enters the SRAM Read mode. Data is read from the SRAM to the
I/0O pins. Addresses As0-As11 are used to select the data.

DRAM
Array

Transfer

...........

Mask y

Temporary Read Data
Buffer Xfer Buffer

Write Data

Xfer Buffer

|
Temporary
Buffer

Word Line
(SRAM Activate)

I Column Dec. ]
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TFrarget Spee.(ReV.1.U) MITSUBISHI LSls
M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992
16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4036-WORD BY4 -BIT) SRAM

DRAM Power Down

1

2 3 4 5 6 7 8 9 10 11 12 13 14

RAS#

CAS#

DTD#

AdO-11

’ f T ) SR—— =T T T T —
' ] ' ' ' . . ' .

DHAM Power Dowh Mode ;

CMs#
cco#
CC1#
WE#

DQC

G#

As0-11
MO0-3
DQO-3

SRAM operation can be freely performed.

30 L. MITSUBISHI ELECTRIC



rarget Spee.(Rev.1.0) MITSUBISHI LSls

M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992
16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

DRAM Power Down

DRAM Power If CMd#=Low at the rising edge of K, the DRAM goes into power
Down down mode at the next rising edge of K. During this mode, the
internal DRAM K clock becomes inactive.
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Target Spee.(l[EGV.1.0) MITSUBISHI LSls
M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992
16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

DRAM NOP

RAS#

CAS#

DTD#

AdO-11

[?)RAM l\ijP

CMs# ™\

cco#
CC1#
WE#
DQC

G#
As0-11
MO-3
DQo-3 -~

SRAM operation can be freely performed.
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Target Spee.(Rev.l.0) MITSUBISHI LSis

M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992

16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

DRAM No-Operation (NOP)

DRAM NOP

If CMd#=High at the rising edge of K, and CS#=Low and
RAS#=CAS#=High at the rising edge of K of the following cycle, a
DRAM NOP cycle is performed. The NOP cycle is used when no
other DRAM operations are desired, allowing the DRAM to stay in
its present (precharge/activate) state.
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rargel Spee.(’eV.1.U) MITSUBISHI LSis
M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992
16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

NO - Operation

CCo#

CC1#

WE#

DQC

ASO0-11

CMd#

RAS#

CAS#

DTD#

AdO-11

NO-Operation Mode
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Target Sp26. MRENVA 71.@) MITSUBISHI LSls

M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992
16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

No-Operation (NOP)

NOP If CS#=High at rising edge of K device enters No-Operatioh mode
and all input signals are disabled .
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rargel Spee.(RieV..0) MITSUBISHI LSis
M5M4V16409ATP-8,-10,-12,-15

16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Oct 26,1992

DRAM Read Transfer

1 2 3 4 5 6 7 8 9 10 11 12 13 14

K
CMd#
CS#
! 1RAS |
RAS#
CAS#
DTD#
Ad0-3
i AdO-Ad2=Low!
Ad4-11 Xca):
: : : : : : ! *DTBR Lockout :
: H . ; H H : . : : r—— H :
DTBR | 1 1 T oooma i+ 1 XX Newoma!
: ' : : : : : : : : Invalid data :
; b . : - : - Tt '
DRAM Precharge ; !  DRAMActvale | DRAM Read DRAM Pre;:harge ;
H ) . ' H . . i Transfer . : H
CMs# ™\ . . ‘
* DTBR Lockout : Any butfer read operations during (N-1)th clock cycle of
CCo# DRT are prohibited in the case of Nth latency.
** Ad3-Ad7 are column block addresses and Ad8=Ad9=Low.
CCi1#
WE#
SRAM operation can be freely performed.
DQC
G#
As0-11
MO-3
DQO-3
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rargel

Spee.( Rev.,1.0) MITSUBISHI LSIs

M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992

16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

DRAM Read Transfer

DRAM
Precharge

DRAM
Activate

DRAM Read
Transfer

If CMd#=High at the rising edge of K, and CS#=RAS#=DTD#=Low and
CAS#=High at the rising edge of K of the following cycle, the DRAM enters
precharge mode. Internally, the active row is deselected (completing the
refresh process), page-mode is disabled, and the DRAM prepares for another
DRAM Activate cycle.

If CMd#=High at the rising edge of K, and CS#=RAS#=Low and
CAS#=DTD#=High at the rising edge of K of the following cycle, the DRAM

-enters active mode. Addresses are latched from the Ad0-Ad9 inputs by the

same rising edge of K. Internally, a DRAM row is selected. A DRAM precharge
cycle must separate all DRAM Activate cycles (when a new DRAM row is
accessed). '

If CMd#=High at the rising edge of K and RAS#=DTD#=High and
CS#=CAS#=Low and at the rising edge of K of the following cycle
(following a DRAM Activate cycle), a DRAM Read Transfer is performed.
A Block of Data is transferred from the DRAM to the DTBR as specified
by Addresses Ad4-Ad9 (Latched @ CAS#=L, K=rising edge). Addresses
AdO-Ad3 and Ad10-Ad11 must be set to Low. No other operations
involving the DTBR are allowed during the (n-1)th K-clock cycle following
the initiation of the DRAM Read Transfer (CAS#=L @ K-rising edge),
where '"'n" is the latency defined during the "Set Command Register"
cycle.

DRAM
Array

Transfer
Mask

_____________

Temporary >

Read Dat
Xfer Buffer

Buffer

Write Data
Xfer Bluffer

Temporary
Buffer

S

Word Line
(SRAM Activate)

| SRAM Array ‘

[S/A & 1/O XONTROL ]

Eolumn Dec. J
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rarget Spee.(HeV. 1.u)

16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

MITSUBISHI LSlis

M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992

DRAM Read Transfer(Page Mode)

1 3 4 6
K avaVAVAVAY
: : : :
a = P
CMd# ; |
cs# ;
RAS# i /| i
: ——
tRCD ' 1CAS 1 tCcP ! tCAS! tCP
CAS# : : : '
' Latency ¢ Latency
-,— e
DTD#
Ad0-3
Ad4-11
: : : : : : ; ! *DTBR Lockout*DTBR Lockout i :
H : . H . H : : - - H :
DTBR : ; " OldData | : ; : : )@(New Daté)@( ' New Data !
: ; : : ; : ; : Invalid data  Invalid data ¢ '
: -— 1 H j— T— ] —p H
! DRAM Precharge | ! DRAM Activate DRAMRead ~DRAMRead DRAM Precharge |
H ; ; H : V ; Transfer Transter : i E
CMs# ™\
* DTBR Lockout : Any buffer read operations during (N-1}th clock cycle of
CCo# DRT are prohibited in the case of Nth latency.
** Ad3-Ad7 are column block addresses and AdB8=Ad9=Low.
CC1#
WE#
SRAM operation can be freely performed.
DQC
G#
-As0-11
MO-3
DQO-3
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Target Smnee. (Rev,1.0) MITSUBISHI LSls
M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992
16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Detailed DRAM Read Transfer description

After row addresses are asserted by DRAM Activate command (ACT) and the selected
row is activated in time of tRCD later, column blocks are ready to be transferred from
DRAM to DTBR(Data Transfer Buffer <Read>) by DRAM Raed Transfer command (DRT).
Data is transferred synchronously to K of N cycle later where N is the page_latency.

The page_latency must be programmedin Set Command Register cycle(SCR).

The border of old data and new data in DTBR is described as below.

~C

Laiency : Lalency :

Laiency

.~ : . . ; . : — 5 —-— :
DRAM Activate | P 1st 2nd 1 3rd i st} 2nd § 3rd : { st 1 2nd | 3rd | i
DTBR : : : OidData } Eﬁ(NewDafa ofCt »(NewDat'aofczs : : @( New Data of C3
: : : E : -— : - ; : : ~— :
: ' : : DTBR Lockout + DTBR Lockout : ' :  DTBR Lockout H
WE# '
CCo# j
CC1#
DQC
AsO-11
DQO-3

The Latency means the number of the clocks where the new data canbe
transferred from DTBR to SRAM and/or DQ pins,which is similar to Access time
of DRAM.

Itis prohibited to transfer from DTBR to SRAM or DQ pins(BRT/BRTR/BR)
during (N-1)th clock cycle of DRT, where N is the Latency.
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rargelt Spee.(rieV.U.0) MITSUBISHI LSIs
M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992
16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

DRAM Write Transfer 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14

CMd#

CS#

RAS#

CAS#

DTD#

AdO0-3

Ad4-11

DTBW

DRAM Precharge DRAM Activate DRAM Write Transfert DRAM Precharge

CMs# AN
CCO#
CC1#
WE#
DQC

G#
AsO-11
MO0-3
DQ0-3 ~

* DTBW Lockout : Any buffer write operations during this cycle are prohibited

** Ad3-Ad7 are column block addresses and Ad8=Ad9=Low

SRAM operation can be freely performed.

40 & MITSUBISHI ELECTRIC



Target Spee.(Rev.1.0) MITSUBISHI LSls

M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992

16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

DRAM

DRAM
Precharge

DRAM
Activate

DRAM
Write
Transfterl

Write Transfer 1

if CMd#=High at the rising edge of K, and CS#=RAS#=DTD#=Low and
CAS#=High at the rising edge of K of the following cycle, the DRAM enters
precharge mode. Internally, the active row is deselected (completing the refresh
process), page-mode is disabled, and the DRAM prepares for another DRAM
Activate cycle.

If CMd#=High at the rising edge of K, and CS#=RAS#=Low and
CAS#=DTD#=High at the rising edge of K of the following cycle, the DRAM enters
active mode. Addresses are latched from the AdO-Ad11 inputs by the same rising
edge of K. Internally, a DRAM row is selected. A DRAM precharge cycle must
separate all DRAM Activate cycles (when a new DRAM row is accessed).

If CMd#=High at rising edge of K and CS#=CAS#=DTD#=Low and RAS#=High
at the rising edge of K of the following cycle (following a DRAM Activated
cycle), a DRAM Write Transfer1 (DWT1) is performed. A Block (16 X 4 Bits) of
Data is transferred from the Write Data Transfer Buffer (DTBW) to the DRAM
as specified by Addresses Ad4-Ad9 (Latched @ CAS#=Low, K=rising edge
time). Addresses AdO-Ad3 and Ad10-Ad11 must be set to Low. During DWT1
cycle data of Temporary Buffer are transferred to DTBW and masked data of
Temporary Buffer are loaded to the Transfer Mask and finally all the masked
data are transferred to DRAM Array in N latency. The data path are opened
during DWT1 cycle and are closed before the next cycle begins. No other
operations involving the DTBW are allowed during the single master clock
cycle in which the Write Transfer was initiated.

________ Transfer
P Mask l
Tempo@ Read Data
1] Buffer 3\ Xfer Buffer
Xfer Buffer
[&
Temporary
Buffer
Y
“+
Word Line —>| SRAM Array
(SRAM Activate) [TTTITITITTTIT0d
[S/A & 110 CONTROL} @
A

Column Dec.
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16MCDRAM:16M (4154304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

DRAM Write Transfer1/2(Page Mode)

1.2 3 4 93

6

CMd#

CS#

RAS

RAS# P/ b PN e we
H : H : : : -— )

: : i i ! ' tRCD {1CAS : 1Ccp ! tCAS!: t1cp @

L} 1} '<_'_"_>‘_-"<_h<_h' v T

CAS# : : ; :
' Latency ! E
-—
: H
DTD# :
AdO-3
Ad4-11
*DTBW Lockout *DTBW Lockout
DTBW
. y—
! DRAM Precharge ! DRAMActivale DRAMWrite DRAMWrite  pRAM Pre;:harge :
: ; ; : : ; ; Transfer1/2  Transfert/2 i H :
CMs#
cco # " DTBW Lockout : Any buffer write operations during this cycle are prohibited
** Ad3-Ad7 are column block addresses and Ad8=Ad9=Low
CC1# *** Ad0-Ad2 must be set according to the truth table
WE#
SRAM operation can be freely performed.
DQC
G#
As0-11
MO-3
DQO0-3
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Detailed DRAM Write Transfer description

As in the case of DRT cycle, after row addresses are asserted by DRAM Activate command
(ACT) and the selectedrow is activated in time of tRCD later, column blocks are ready to be
transferred from DTBW(Data Transfer Buffer <Write>) to DRAM by DRAM Write Transfer
command (DWT).

Data is transferred synchronously to K during N cycles where N is the latency.

The latency must be programmed in Set Command Register cycle(SCR).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

H Latency | E Latency |
! ' h v - > —— L > ! f ' :
DRAMActivate  } P ist 12nd ¢ 3d ! 1st ! 2nd ! 3rd ! : : 2nd ' 3rd : :
DTBW i OldData : New:Data; :OldData : : NewData | :
.1 | | {(CTE2B3BA(BTE2BIBA) | T 4(BSESBT] |
TW@H@WM@WWW§§§LL§§E
DRAM iACT | D 1 DWTZ EDwn’ ipcG |

cow N |

N "

cow ™\l i H[L p L

N N Y I

DQc : 2 i Jl

Aso-11 X &I xazxs'«xmxssxaesXBﬂ( 1

00 @G- B> E- T

SRAM BW BW BW BW BW BW BW

Each DTBW has a temporary buffer in between DT Bw and data lines to realize pipe-lined
operation and /or independent operation of DWT cycle from SRAM operation.

DWT1 opens the gate of data path and mask data between the temporary buffer and DTBw
at the first DWT1 cycle and shut it before the second cycle begins.

After the second cycle of DWT1, new data can be written into the temporary buffer for the
next DRAM Write Transfer cycle.

DWT2 does not open the gate of the data and mask. And it keeps the previous data and
mask to fill DRAM with the same data , which is useful for graphic application.

DWT has options of DWT1R and DWT2R for cashe application. New block data of DRAM
are transferred to DTBR simultaneously in those cycles.
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Buffer Write and DRAM Write Transfer cycle

[ When Buffer Write cycle is initiated, data of DQ pins is written to
one of the selected temporary buffer(as indicated @@@ @)
and mask data of the selected bitis set(as indicated ####),

DRAM
Array
Butfer
Write I
gommm-m-- Transfer -4---»
: Mask : |
i |Temporary : Data Xfer
s ‘ Buffer(Reaa
Data Xfer
Buffer(wrie)
1
Temporary
Butfer
[s/A & O cONTROL]
rCqumn Dec. j
Word Line - SRAM Array
(SRAM Activate)

| When DRAM Write Transfer cyclel is initiated, data of temporary buffer is
transferred to data Xfer Buffer<write> and mask data of temporary buffer is
transferred to maskregister atthe firstcycle of DWT1 .
Temporary masks are all set at this first cycle and new Buffer Write cycle
of SRAM part can be setfrom the second cycle of DWT1.

evji't“;“" DRAM
Arra
Transferi y
, N
o T T
: Temp““y:&%?#h : § Data ;<1er
i ?f’ﬁ?t-_--..-.._. -.-_5 § Buffer(Read)
Data Xfer
Buftfer(write)
I g
Temporary [
Buffer
*
c ©
S/A & 110 CONTROL O
Column Dec.
Word Line > SRAM Array
(SRAM Activate)

Then masked data is transferred to DRAM Array during the latency cycles.
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache  DRAM with 16k (4096-WORD BY4 -BIT) SRAM

——Mask Set and Reset ——— BwaowT1

< /NS
RAS# 1/
CAS# ./

DTD# ; , :
Ad(0-11) X Row X i L Xoot X z : ] s
P ACT | i Ado-0 i DWTT; K

Ad1=0 \ from : : :
' temp. ! !
' buffer __lo DF{A:M Array '

DTBw<0-15>

—[_<data0> P X

<maskO0>

temporary
D1Bw

[<datal>

>

reset
v

i

|

| <kmaski>

<data2>

| <kmask?2>

[<data3-14>

| <mask3-14>

"<data15> | X\{n}
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

——Mask Set and Reset —

BW&DWT1,SWT2

Ras#  \ | /

CAS#

DTD#

ot X

Ad(0-11)

Cél.

Yoo X

{ ACT |

Ad0=0}\ DWT;
Ad1=0:\ from

to DRAM Array 5

Ado=0: DWT2 !
Ad1ati H

E to DFIA‘M Array
| ————————

DTBw<0-15>

E No changél

’_‘<data0>

C

| <mask0> P\

Sset all\ :

temporary ; /

sNo change

DTBw /

[<datals>

><

| <maski1>_ 2/\

f No change

T<data2>

>

raset /;

_<maslz_2—>—

el

+ No change

<data3-14>

>

2L P

| <mask3-14>

i

> 9q

fNo change

=]
e

<datai5> \ /

SR
A

E No change

DQC

H
as@a11) X i X

DQ ;
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

DRAM Write Transfer 1 & Read

RAS#

CAS#

DTD#

Ad0-3

=Ad1=Low

Ad2

*DTBW Lo

Ad4-11

gkout

DTBW

M Precharge

RA

D

ale  DRAM Write Transfer1

M Activ

DRA

arge

DRAM Prech

&Read

* DTBW Lockout : Any buffer write operations during the occurrence of the first

of DWT1&R are prohibited .
“* DTBR Lockout : Any butfer read operations during (N-1)th clock cycle of

cycle

=AdS=Low

DWT1&R are prohibited in the case of Nth latency.
***Ad3-Ad7 are column block addresses and Ad8

SRAM operation can be freely performed.

CMs#
CCo#

CC1i#
WE

#

QcC

D
G#

As0-11

MO0-3 %
DQO-3
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

DRAM Write Transfer 1 & Read

DRAM
Precharge

DRAM
Activate

DRAM
Write
Transfer1&
Read

If CMd#=High at the rising edge of K, and CS#=RAS#=DTD#=Low and
CAS#=High at the rising edge of K of the following cycle, the DRAM enters
precharge mode. Internally, the active row is deselected (completing the refresh
process), page-mode is disabled, and the DRAM prepares for another DRAM
Activate cycle.

If CMd#=High at the rising edge of K, and CS#=RAS#=Low and
CAS#=DTD#=High at the rising edge of K of the following cycle, the DRAM enters
active mode. Addresses are latched from the Ad0O-Ad11 inputs by the same rising
edge of K. Internally, a DRAM row is selected. A DRAM precharge cycle must
separate all DRAM Activate cycles (when a new DRAM row is accessed).

If CMd#=High at rising edge of K and CS#=CAS#=DTD#=Low and RAS#=High
at the rising edge of K of the following cycle (following a DRAM Activated
cycle), a DRAM Write Transfer1&Read (DWT1&R) is performed. A Block (16 X
4 Bits) of Data is transferred from the DTBW to the DRAM as specified by
Addresses Ad4-Ad11(Latched @ CAS#=Low, K= rising edge time).
Addresses Ad1-Ad3 and Ad10-Ad11 must be set to Low while AdO=High.
During DWT1&R cycle data of Temporary Buffer are transferred to Write Data
Xfer Buffer(DTBW) and masked data of Temporary Buffer are loaded to the
Transfer Mask and finally all the masked data are transferred to DRAM Array
at the same time a hew block of data from DRAM Array is also transferred to
Read Data Transfer Buffer (DTBR). The data path are opened during
DWT1&R cycle and are closed before the next cycle begins.

DRAM

,: Read Data
8 Xfer Buffer

§

Write Data

Xfer Buffer
[+

Temporary
Buffer

h 8

Word Line F—>| SRAM Array
(SRAM Activate) T T I I LI TTTI]

s/ & I/OACONTROLIL —O)

| Column Dec. ]

& MITSUBISHI ELECTRIC | 49
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

DRAM Write Transfer1/2 & Read(Page Mode)

K
CMmd#
CS#
RP :
RAS# : 5
: C
CAS# ; g
DTD#
Ad0-3
Ad4-11
*DTBW Lockout *DTBW Lockout

DTBW :

; ' : : ; : , i **DTBR Lockout **DTBR Lockout } :

h : : : : , H ; - T : :
DTBR S ' i OidData ! : ' : : )@( New Data ¥ { New Data :

: : : ' E i ; : Invalid data  Invalid data : :

, - i ' - A -— ! :

' DRAM Precharge ; ' DRAMActivate DRAMWrite  DRAMWrite  ppapm Pre;:harge :

Transfer1/2& Transferi/2 &
Read Read
CMs# \ . . . . .
. DTBW Lockout : Any buffer write operations during the occurrence of the first cycle
CCOo# of DWT1&R are prohibited .
** DTBR Lockout : Any buffer read operations during (N-1)th clock cycle of
CC1i# DWT1&R are prohibited in the case of Nth latency.
*** Ad3-Ad7 are column block addresses and Ad8=Ad9=Low .
WE# ****Ad0-Ad2 must be set according to the truth table.
SRAM operation can be freely performed.

DQC
G#
AsO-11
MO-3
DQO-3
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

DRAM Write Transfer 1 & Read

DRAM if CMd#=High at the rising edge of K, and CS#=RAS#=DTD#=Low and

Precharge CAS#=High at the rising edge of K of the following cycle, the DRAM enters
precharge mode. Internally, the active row is deselected (completing the refresh
process), page-mode is disabled, and the DRAM prepares for another DRAM
Activate cycle.

DRAM If CMd#=High at the rising edge of K, and CS#=RAS#=Low and

Activate CAS#=DTD#=High at the rising edge of K of the following cycle, the DRAM enters
active mode. Addresses are latched from the Ad0-Ad11 inputs by the same rising
edge of K. Internally, a DRAM row is selected. A DRAM precharge cycle must
separate all DRAM Activate cycles (when a new DRAM row is accessed).

DRAM If CMd#=High at rising edge of K and CS#=CAS#=DTD#=Low and RAS#=High
Write at the rising edge of K of the following cycle (following a DRAM Activated
Transfer1& cycle), a DRAM Write Transfer1&Read (DWT1&R) is performed. A Block (16 X
Read 4 Bits) of Data is transferred from the DTBW to the DRAM as specified by

Addresses Ad4-Ad11(Latched @ CAS#=Low, K= rising edge time).
Addresses Ad1-Ad3 and Ad10-Ad11 must be set to Low while AdO=High.
During DWT1&R cycle data of Temporary Buffer are transferred to Write Data
Xfer Buffer(DTBW) and masked data of Temporary Buffer are loaded to the
Transfer Mask and finally all the masked data are transferred to DRAM Array
at the same time a new block of data from DRAM Array is also transferred to
Read Data Transfer Buffer (DTBR). The data path are opened during
DWT1&R cycle and are closed before the next cycle begins.

DRAM
Array

_______ Transter &3
Mask {:5 5
[Temporaryss Read Data
i L Buffer Y Xier Butfer
Write Bata
| Xfer Buifter
_Temporary
Buffer
y
Word Li{‘le - SRAM Array
(SRAM Activate) IEEEEEEEEERERIE
[s/a & 170 CONTROL} @

A
rColumn Dec. j
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

DRAM Write Transfer 2

1 2 3 4 5 6 7 8 9 10 11 12 13 14

K i : )’ D L}
cMd
CS#
RAS#
CAS# :

) Latency

. . H
DTD#

! Ad1!=High
AdO-3 : X X
: | Ad2=Ad0=Low
Ad4-11 '
*DTBW Lockout

‘--_»:

DTBW
DRAM Precharge DRAM Activate  DRAM Write Transfer2 DRAM Precharge
N

CMs# * DTBW Lockout : Any bufter write operations during occurrence of the first cycle of
CCO# DWT2 are prohibited.
CC1# ** Ad3-Ad7 are column block addresses (Ad8=Ad9=Low)
WE#
DQC SRAM operation can be freely performed.
G#
As0-11
MO-3
DQO-3
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

DRAM Write Transfer 2

DRAM
Precharge

DRAM
Activate

DRAM
Write
Transfer2

If CMd#=High at the rising edge of K, and CS#=RAS#=DTD#=Low and
CAS#=High at the rising edge of K of the following cycle, the DRAM enters
precharge mode. Internally, the active row is deselected (completing the refresh
process), page-mode is disabled, and the DRAM prepares for another DRAM
Activate cycle.

If CMd#=High at the rising edge of K, and CS#=RAS#=Low and
CAS#=DTD#=High at the rising edge of K of the following cycle, the DRAM enters
active mode. Addresses are latched from the Ad0-AdS inputs by the same rising
edge of K. Internally, a DRAM row is selected. A DRAM precharge cycle must
separate all DRAM Activate cycles (when a new DRAM row is accessed).

If CMd#=High at rising edge of K and CS#=CAS#=DTD#=Low and RAS#=High
at the rising edge of K of the following cycle (following a DRAM Activated
cycle), a DRAM Write Transfer2(DWT2) is performed. A Block (16 X 4 Bits) of
Data is transferred from the Write Data Transfer Buffer (DTBW) to the DRAM
as specified by Addresses Ad4-Ad9(Latched @ CAS#=Low, K=rising edge
time). Addresses Ad0O, Ad2,Ad3 and Ad10-Ad11must be set to Low while
Ad1=High. During DWT2 cycle no new data are transferred between
Temporary Buffer and DTBW so that , the old data are transferred to DRAM
Array without Mask Register set and no other operations involving the
DTBW are allowed during the single master clock cycle in which the Write
Transfer was initiated.

DRAM
Array

_______ Transfer ,
Mask : l
Temnporary : Read Data
E;uffer __________ 3;’ Xfer Buffer
Write Data
Xfer Eiuffer
Temporary
Buffer
A S
Word Liqe —>| SRAM Ariay
(SRAM Activate) [TTITTITITTITI0]
[S/A & 1/0 CONTROL} @
A
l Column Dec. l
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

DRAM Write Transfer 2 & Read

K
CcMd
CS#
RAS#
CAS#
DTD#
AdO-3
Ad2=Low

Ad4-11 XocoX
DTBW _

S R “OTBRLockout ||

. . ' : : . : . ' L H i
DTBR ; ; ; 5 : ; } OldData ! . ; )@( i NewData |

: N s : i T A

E E et : E ! i i — :

DRAM Precharge DRAM Activate  pRAM Write Transfer2 DRAM Precharge
&Read
\\
CMs# * DTBW Lockout : Any butfer write operations during the occurrence of the first
CCOo# cycle of DWT1&R are prohibited .
** DTBR Lockout : Any buffer read operations during (N-1)th clock cycle of
CC1# DWT2&R are prohibited in the case of Nth latency.
***Ad3-Ad7 are column block addresses and Ad8=Ad9=Low
WE#
SRAM operation can be freely performed.

DQC
G#
As0O-11
Mo-3
DQO-3
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

DRAM Write Transfer 2 & Read

DRAM If CMd#=High at the rising edge of K, and CS#=RAS#=DTD#=Low and

Precharge CAS#=High at the rising edge of K of the following cycle, the DRAM enters
precharge mode. Internally, the active row is deselected (completing the refresh
process), page-mode is disabled, and the DRAM prepares for another DRAM
Activate cycle.

DRAM If CMd#=High at the rising edge of K, and CS#=RAS#=Low and

Activate CAS#=DTD#=High at the rising edge of K of the following cycle, the DRAM enters
active mode. Addresses are latched from the AdO-Ad9 inputs by the same rising
edge of K. Internally, a DRAM row is selected. A DRAM precharge cycle must
separate all DRAM Activate cycles (when a new DRAM row is accessed).

DRAM If CMd#=High at rising edge of K and CS#=CAS#=DTD#=Low and RAS#=High
Write at the rising edge of K of the following cycle (following a DRAM Activated
Transfer2& cycle), a DRAM Write Transfer2 & Read(DWT2&R) is performed. A Block (16X
Read 4Bits) of Data is transferred from the Write Data Transfer Buffer (DTBW) to

the DRAM as specified by Addresses Ad4-Ad9(Latched @ CAS#=Low, K=
rising edge time). Addresses Ad0-Ad1 is set to High and Ad2,Ad3,Ad10-
Ad11 must be set to Low. During DWT2&R cycle no new data are transferred
between Temporary Buffer and DTBW so that , the old data are transferred to
DRAM Array without Mask Register set and no other operations involving
the DTBW are allowed during the single master clock cycle in which the
Write Transfer was initiated. A new block of data is also transferred to DTBR
at the same time .

DRAM

Transfer

‘:ﬂﬁv':_: .E HEBE.E- ;}!.. - v

Mask L
Temporar [Read Data
_______ BUffe'__ L N Xfer Buffer

Write Data

Xfer Eiuffpr

Temporary

Buffer

h

Word Line — SRAM Array

(SRAM Activate)
[S/A & I/’% CONTROL] @

I Column Dec. I
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Oct 26,1992

DRAM Auto Refresh

1 2 3 4 5 6 7 8 9 10 11 12 13 14

CMd#

CS#

RAS#

CAS#

DTD#

AdO-11

. ' : ; : ; ! ; ~-
DRAM Auto Refresh DRAM Auto Refresh

CMs# ™\
CcCo#
CCi#

WE#

DQC

G#

As0-11
MO-3 -
DQO-3

SRAM operation can be freely performed.
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

DRAM Auto Refresh

DRAM
Auto-Refresh

DRAM
Precharge

If CMd#=High at the rising edge of K, and CS#=RAS#=CAS#=Low
and DTD#=High at the rising edge of K of the following cycle, the
DRAM enters Auto-Refresh Mode. internally, a row is selected
and refreshed. The Auto refresh cycle must be followed by a
DRAM precharge cycle before another DRAM Activate cycle can
take place. The mode is similar to a CAS-Before-RAS (CBR) mode
in standard DRAMs.

If CMd#=High at the rising edge of K, and CS#=RAS#=DTD#=Low
and CAS#=High at the rising edge of K of the following cycle, the
DRAM enters precharge mode. Internally, the active row is deselected
(completing the refresh process), page-mode is disabled, and the
DRAM prepares for another DRAM Activate cycle.
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Set Command Register

CS#

RAS#

CAS#

DTD#

AdO-11

CMs#
CCo#
CCi#
WE#

DQC
G#
As0-11

MO-3

DQO-3

2 3 4 5 6 7 8 g 10 11 12 13 14

1

*Set Command Reg. DRAM Precharge

DRAM Precharge

* Ad0-6 must be set according to set command truth table while Ad8=Ad9=Low

SRAM operation can be freely performed.
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Set Command Register

DRAM If CMd#=High at the rising edge of K, and CS#=RAS#=DTD#=Low

Precharge and CAS#=High at the rising edge of K of the following cycle, the
DRAM enters precharge mode. Internally, the active row is deselected
(completing the refresh process), page-mode is disabled, and the
DRAM prepares for another DRAM Activate cycle.

Set Command If CMd#=High at the rising edge of K, and

Register CS#=RAS#=CAS#=DTD#=Low at the rising edge of K of the
following cycle, the DRAM enters Set Command Register mode.
The address present on the Ad0-Ad6 pins determines the DRAM
Read/Write Transfer Latency, the Output Mode (transparent /
latched / registered), and Mask Register Mode (set / no operation).
The unused addresses must be set to Low.

SET COMMAND REGISTER (SCR)
Detailed Truth Table for SCR

Operation Code * Latency Output Mode  |Reserved geetgi"gtaesrk Command
Ad9 Ad8 Ad7 | Ad5 Ad3 Ad2 Ad1 Ado

L ' L L X X L X Latency 1

L L L X X L X 2

L L L X X L X 3

L L L X X L X 4

L L L X X X Output Mode
Transparent

L L L X X X Latehed

L L L X X X Registered

L L L X X X No Operation of Mask

L L L X X X Set All Masks

* Latency is the number of the clock cycle take the
new data is transferred from DTBR to SRAM
and/or DQ pins. Therefore, it can be adjusted to
the clock frequency of the system.

CMd#

CS#

RASH
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Output Operations

DQO-3

tKHA
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16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

Latched
N/ ) _/ / \

K 1 N N K

oac\ | / oo\

G# \ G# \\ /
tKLQX tKLQZ

DQO-3 _ Q [ —  Dpao3 — Q }(Xj[——

wa l 1 1GLQ tGHQ -
o
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Targelt SPCC.(ReV.U.0) MITSUBISHI LSls
M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992
16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM
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Target Spee.(ReV.l.0) MITSUBISHI LSis
M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992
16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM
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rarget Spee.(ifieV..b) MITSUBISHI LSis
M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992
16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vce Supply Voltage With respect to Vss -0.5 ~46 \
Vi Input Voltage -05~46 v
VO Output Voltage -0.5 ~4.6 3
lo Output Current 50 mA
Pd Power Dissipation 1000 mW
Topr Operating Temperature 0~70 °C
Tstg Storage Temperature -65 ~ 150 C

RECOMMENDED OPERATING CONDITIONS
(Ta=0~70°C, unless otherwise noted)

Symbol Parameter Limits Unit
Min Typ Max

Vce Supply Voltage 3.0 3.3 3.6 Y
Vss Supply Yoltage 0 0 o] v
VIH High-level Input Voltage all inputs 2.0 Vece+0.3 N
VIL Low-level Input Voltage all inputs -0.3 0.8 v

CAPACITANCE

(Ta=0~70°C, Vcc=3.3%0.3V, Vss=0V, unless otherwise noted)

Symbol Parameter Test Condition Limits (MAX) | Unit
Ci(A) Input Capacitance, Address pin Vi=Vss 5 pF
Cic) Input Capacitance, Clock pin f=1MHz 7 pF
Ciio Input Capacitance, /0 pin Vi=25mVrms 7 pF
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Target Spee.(Rev.,1.0)

MITSUBISH!I LSis

M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992

16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

AVERAGE SUPPLY CURRENT from Vcc

(Ta=0~70°C, Vce=VccQ=3.31£0.3V, Vss=VssQ=0V, unless otherwise noted)

Symbol Condition Limits (MAX) Unit
output open -8 -10 -12 -15

lccAS Average supply current of SRAM tK=min

IccAD Average supply current of DRAM tK=min

IccSTN LVTTL standby tK=min,CMd#=CMs#=H

lccSCN CMOS standby tK=min,CMd#=CMs#-=H A ®

lceSX standby, CMdi#=CMs#=1 Q}/O)
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rargelt SpeeC.(lli@V.1.g)

MITSUBISHI LSls

M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992

16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

TIMING REQUIREMENTS -1 (CLK pulse, input signais setup / hold time to CLK edge)

(Ta=0~70°C, Vce=VccQ=3.3£0.3V, Vss=VssQ=0V, unless otherwise noted)

Input Pulse Levels: 0 to 3.0V

Input Timing Measurement Reference Level: 1.5V

Input Rise/Fall Time: 2ns

Limits
Symbol Parameter -8 -10 -12 -15 Unit
Min] Max] Min] Max] Min] Max] Min} Max
tK Clock Cycle Time 8 | 100d 10{100d 12| 1000 15| 1000 ns
tKH Clock High PulseWidth 3 4 5 6 ns
tKL Clock Low PulseWidth 3 4 5 6 ns
tCMDS | Setup Time for CMd 3 3 3 3 ns
tCMDH | Hold Time for CMd 2 2 2 2 ns
tRS Setup Time for RAS# 3 3 3 3 ns
tRH Hold Time for RAS# 2 2 2 2 ns
tCS Setup Time for CAS# 3 3 3 3 ns
tCH Hold Time for CAS# 2 2 2 2 ns
DTS Setup Time for DTD# -3 3 3 3 ns
tDTH Hold Time for DTD# 2 2 2 2 ns
tCMSS | Setup Time for CMs 3 3 3 3 ns
tCMSH | Hold Time for CMs 2 2 2 2 ns
tES Setup Time for E# 3 3 3 3 ns
tEH Hold Time for E# 2 2 2 2 ns
tWS Setup Time for WE# 3 3 3 3 ns
tWH Hold Time for WE# 2 2 2 2 ns
tC1S Setup Time for CC1 3 3 3 3 ns
tC1H Hold Time for CC1 2 2 2 2 ns
tC2S Setup Time for CC2 3 3 3 3 ns
tC2H Hold Time for CC2 2 2 2 2 ns
tAS Setup Time for Address 3 3 3 3 ns
tAH Hold Time for Address 2 2 2 2 ns
tMS Setup Time for Mask 3 3 3 3 ns
tMH Hold Time for Mask 2 2 2 2 ns
tDS Setup Time for Din 3 3 3 3 ns
tDH Hold Time for Din 2 2 2 2 ns
tCSS Setup Time for CS# 8 8 8 8 ns
tCSH Hold Time for CS# 2 2 2 3 ns
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Target Speec.(Rev.l1.0)

MITSUBISH!I LSls

M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992

16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

TIMING REQUIREMENTS -2 (Read, Write, Refresh)

(Ta=0~70°C, Vce=VecQ=3.310.3V, Vss=VssQ=0V, unless otherwise noted)

Input Pulse Levels: 0 to 3.0V
Input Timing Measurement Reference Level: 1.5V
Input Rise/Fall Time: 2ns
Limits
Symbol Parameter -8 -10 -12 -15 Unit
Min  Max|Min Max]Min  Max|Min  Max
tRAC 60 60 70 80 _ns |
tCAC 30 30 35 40 ns
tREF Refresh Cycle Time 64 64 64 64] ms
tRP Precharge Time 40 40 50 60 ns
.tRCD | Delay Time, Add Strb. Row to Col.| 20 20 25 30 ns
tCCD | Delay Time, Add Strb. Col. to Col. | 20 20 25 30 ns |
tRC Read Transfer Cycle Time 100 100 120 140 ns
twC Write Transfer Cycle Time 100 100 120 140 ns
tPC Page Cycle Time 20 20 25 30 ns
tRAS | Active Time 60 20000060 200000| 70 200000|80 200000} ns
tWRP | Write to Precharge Recovery Time] 20 20 25 30 ns
tWRR | Write to Read Recovery Time 20 20 25 30 ns
TIMING PARAMETER - CLK _ TABLE
Version -8 -10 -12 -15
Freq. 125 80 100 66.6 80 50 66.6 33.3
(MHZz) [Min Max] Min Max [Min_Max | Min Max | MinMax |Min_Max|{Min _Max Min Max
tREF 8.0M 5.1M 6.4M 426M1 5.12M 3.2M 4,26 2.1M
tRP 5 4 4 4 4 3 4 2
tRCD |3 2 2 2 2 2 2 1
tCCD |3 2 2 2 2 2 2 1
tRC 13 9 10 7 10 6 10 5
twC 13 9 10 7 10 6 10 5
tPC 3 2 2 2 2 2 2 1
tRAS |8 25000| 5 16000|6 20000| 4 13333| 616000 (4 10000|6 13333 3 6666
tWRP_ |3 2 2 2 2 2 2 1
tWRR |3 2 2 2 2 2 2 1
Number of CLK can be calculated as integee(timing parameter / tCLK) in any clock frequency.
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Tareet Spee.(irieV.y.0) MITSUBISHI LSis
M5M4V16409ATP-8,-10,-12,-15

Oct 26,1992
16MCDRAM:16M (4194304 - WORD BY 4 - BIT) Cache DRAM with 16k (4096-WORD BY4 -BIT) SRAM

SWITCHING CHARACTERISTICS
(Ta=0~70°C, Vce=VecQ=3.3£0.3V, Vss=VssQ=0V, unless otherwise noted)

Limits
Symbol Parameter -10 -12 -15 Unit
Min | Max | Min | Max | Min | Max

tRAC Access Time from /RAS 60 60 70 80 | ns
tCAC Access Time from /CAS 30 30 35 40 | ns
tKHA Access Time from CLK 'H' Edge 8 6 7 8 ns
tKHQX | Output Active from CLK 'H' Edge | 2 2 2 2 ns
tKHQZ | Output Disable from CLK 'H' Edgq 2 4 2 5 2 6 2 7 ns
tKLA Access Time from CLK 'L' Edge_ 6 8 10 12 | ns
tKLQX Qutput Active from CLK'L' Edge | 2 2 2 2 ns
tKLQZ Output Disable from CLK 'L' Edgd 2 4 2 5 2 6 2 7 ns
tKHAR | Access Time from CLK 'H' Edge 6 8 10 12 | ns
tGLQ Access Time from G# 'L’ Edge 6 8 10 12 | ns
tGHQ Qutput Disable from G# 'H' Edge| 2 4 2 5 2 6 2 7 ns

Note1: tKHZ defines the time at which the output achieves the low impedance state (lout>10uA).
2: tOFF defines the time at which the output achieves the high impedance state (lou 10uA).

Access Latency Minimum

Freq.(MHz) 125 100 80 66.6 54 50 333 27
8 1RAC 7 6 5 3 7 2 2
1CAC 4 3 2 2 2 2 1 1
-10 1RAC 6 5 4 4 3 3 2 2
1CAC 3 3 2 2 2 2 1 1
a2 tRAC 6 5 4 4 3 3 2
1CAC - 4 3 2 2 2 2 1
-15 tRAC - - 6 5 4 4 3 3
tCAC - - 3 3 2 2 2 2

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Ta=0~70°C, Vce=VceQ=3.3+0.3V, Vss=0V, unless otherwise noted)

Symbol Parameter Test Condition Limits Unit
Min | Max
VOH(DC)* High-level Output Voltage (DC) IOH=-2mA 2.4 - \%
yoLoc)* Low-level Qutput Voltage (DC) IOL= 2mA - 0.4 \'%
VOH(AC)" High-level Output Voltage (AC) CL=50pF, IOH=-2mA 2.0 - \%
VOL(AC)* Low-level Qutput Voltage (AC) CL=50pF, IOL= 2mA - 0.8 %
102 Off-state Output Current Q floating VO=0~VeccQ | -10 | 10 UA
Il Input Current VIH=0~Vcc+0.3V -10 | 10 uA
* VOH(AC) and VOL(AC) are the reference level for AC measurement.
eon %“" VOH(DC) and VOL(DC) are the final level the output reaches.
vour
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