MITSUBISHI LSls
M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Prelimina

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

DESCRIPTION

1. The M5M4V16169DTP/RT is a 16M-bit Cached DRAM which integrates input
registers, a 1,048,578-word by 16-bit dynamic memory array and a 1024- word
by 16-bit static RAM array as a Cache memory (block size 8x18) onto a single
monolithie circuit. The block data transfer between the DRAM and the data
transfer buffers (RB1/RB2/WB1/WB2) is performed in one instruction cycle, a
fundamental advantage over a conventional DRAM/SRAM cache.

The RAM is fabricated with a high performance CMOS process, and is ideal for

2. large-capacity memory systems where high speed, low power dissipation, and
low cost are essential. The use of quadruple-layer polysilicon process combined
with silicide and double layer aluminum wiring technology, a single-transistor
dynamic storage stacked capacitor cell, and a six-transistor static storage cache
cell provide high circuit density at reduced costs.

FEATURES
Type name Acciggyyde Acc%?sA/g/cle Dissigaotrc;ﬁr(Typ)
M5M4V16169TP/RT-7 5.6ns/7ns 49ns/70ns ggﬁm ggg
M5M4V16169TP/RT-8 6.4ns/8ns 56ns/80ns ggﬁm ggg
M5M4V16169TP/RT-10 8.0ns/10ns 60ns/90ns [S)Eﬁm ggg
M5M4V16169TP/RT-15 8.0ns/15ns 75ns/120ns [S)SQRAA igg

# 70-pin, 400-mil TSOP (type I } with 0.65mm

lead pitch and 23.49mm package length.
# Multiplexed DRAM address inputs for reduced pin
count and higher system densities. K - Master Clock
. CS# : Chip Select
# Selectable output operation (transparent / {atched / CMd# : DRAM Clock Mask
registered) using set command register cycle. RAS# : Row Addr. Strobe
i CAS# : Column Addr. Strobe
# Single 3.3V +/- 0.3V Power Supply. DTD# : Data Transfer Direction
(3.3V +/- 0.15V for -7 part) Ad 533?&“ éﬁf’cfmask
# 2048 refresh cycles every 64ms (Ad0->Ad10). gg;zcm #: Control Clocks
# Programmable burst length (1,2,4,8) and burst WE# : Write Enable
L. . DaC(uA) - 1/0 Byte Control
sequence (sequential,interleave) with no latency. As : SRAM Address
# Synchronous design for precise control with G# : Output Enable
DQ : Data /O
an external clock (K). Ve : Power Supply
# Output retention by advanced mask clock (CMs#). VeeQ : DQ Power Supply
. i Vss : Giround
# All inputs/outputs low capacitance and LVTTL ADF# :Address Felch clock
co mpatible. This pin can be None-Connect.
:Must Connect L
# Separate DRAM and SRAM address inputs mgh ;ME; cﬁﬁﬂed H?;ﬁ

for fast SRAM access.
# Page Mode capability.
# Auto Refresh capability.
# Self Refresh capability.
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16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

BLOCK DIAGRAM 1 _Vcc Vss VccQ
S— DOB - CERDDS- BOOSB-— :
Adii = RAS#H
@ 8 (Row Address strobe)
Ao Col.37 % - 30 CASH
Ado - — Column Block Decoder 5 (Column Address strobe)
H =
Row 0-11 —
Ads ' | < DTD#
@ ! | % @ (Data Transfer Direction)
[DRAM Ad7 62- 5 1M bit : T [Mask}® cMor
ress !
ot Ade @G| 3 [ARAM i M x 162 ! (Clock Mask for DRAWM)
= rray 01! 7 16M DRAM -
Ads @)-| 5 ] B R CEE S :
5 o : KBuffer, @ CS#
Ad4 - @ ! Timing .,(cmp Select)
o ] L : control |- K
Ad3 @' % Sense Amplifier and IO control (Master ClocK)
=]
w2 @2 Y
= Mask| @CMS#
Adl @3- [ (Clock Mask for SRAM)
Command (0-6) 0 i 2 = WE#
| Ad0 @ oo e [ pememn e~ SEE TEEELL ; |g_:) ™ (Write Enable)
: ] RB1EF{ dBﬁ!1 : ' .| @CCO#
' » ieaad butier ' Pl 8 * {Control Clock 0)
i : Fez]; Read Buffer2 ; SRR = CC1#
i —WB2 Mask 2 o] write Buffer 2 5 5 REEEE < (Control Clock 1)
' WB1 ! ! ! ! SEREE 2 ADF#
: Mask Write Buffer 1 ; SEEEE @ (Address Fetch)
; ' ' ' Lo o DQCu(Enable upper)
AsOBD-{ _| | Feeeeeeeeeeepe T Sk [EEPEEEEELE e
S 3 —3 4 f f'_‘._'._._j o DQCI(Enable lower)
As8 63 & v 1y2 *Z - 4% Do
As7 6D-1 % |As3-9 S/A and IO l— 16! i +-d9 Dat
SRAM 1 E ; ; | DQ2
Address AAs6 @ 3 - | | i Din h .
input < CO|.DeCOder : Buffer N DQS
AsS (@)-- = — — : +-(d9 DQ4
At @1 5 R EZanZEsE ] : %’ 882
] ! 1 (22)
As3 @ | | & : ' Main 3% DQ7
As2@-1 |, o, g 1 | 1Kx16=16K Amp. DQs
S ') 1KBit ! SRAM !
As1 @D~ 2| | SRAM : DQs
z : : DQ10
AsD @ 2 Array . &5 DO
; E : +-{55 DQ12
: ! ; DQ13
i Bla——"1 I a4
: ! eeeeenaas DQ15
; ' G#
e {Output Enable)
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16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

BLOCK DIAGRAM 2

8X16 Block
-~

Ad3-7
1 of 32 =fiin
Decode
8Xie 4Ad0-11
1 of 4096 Decode
o] o
] H
= = RB1
ﬁ | nw; Lower Byte ! Upper Byte
g WB2 [z '
+ 2 ! E *
Lower Byte | UpperByte AsD.2
DQo-7 1 DQ8-15 ————— al— -
Q @ 1of8Dacode
RB2
AsD-2 Lower Byte 1 Upper Byte
8X16 1o0f8 .
7 Dacode 16 bits
Y A e — DQs
/ 3 WB1 5 b e
Vd Vd
/ Lower Byte UpperByte | 16 bits 16 bits
/ e
/7 8X16 ;
8X16 Block /416 bits
oy
S
S
AsD-2
o # 1:fBDecode
ZIZZ

=“SRAM Row Decoder

!

As3-9
1 of 128 Decode
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16 BIT) SRAM

FUNCTION TRUTH TABLE

Mnemonic SRAM As a%gg?s) DRAM Ad  (DRAM address)
CODE Pravious DGC Previous ' ' '
Cs# foms# |ccos [cor# |y |WE#| As0-9 | cMds |RAS#|CASS|DTD#|  AdO-11  jA adiiaco
NOP H Hx | x| x|x X H [ x [ x| x X 0o
1
SPD X L X X X X X X X X X X P
1 1 1
) T T
LBM L H H H H L X X X X X X Vo
DES LEH|H|[H]x]|x] x x | x | x| x X o1
SR L P H|H|[L|H]|H|as0oa ] x [x [x]x X 0o
sw LPH|H|[L][H]|L [asoe ] x [x [x[|x X 0o
BRT LPH|L [H]L]|HR3® x [x [x|x X ' o
BWT LPH|L [H]L L jas3e® x [x [x |x X 0o
BRTR Ly H|L [H]|H]|H]AOS | X |X |X|X X 0o
BwTw | L [ H|L [ H|[H|[L |asos | x | x | x |x X ' o
BR LPH|L |[L]|H]H[a02® x [x [x|x X : b
BW L HiL [L]H L Jaso2@®) x | x | x| x X b
1
DPD x I x| x [ x|[x|x] x L[ x® x® x® X ' o
pnoP L | x| x [ x| x|[x]| x H|H [H]X X : o
DRT Ll x| x [ x|x|[x]| x H{H L [H |&ae® 01010
owrt | L | x| x| x|[x[x] x H H [ L L e ' 0010
owrirl L | x| x| x| x|[x]| x HIH [ L | L [Copoe® 0ol
owrz | L I x| x | x| x|x]| x H H [ LU |@ebe®iotiio
AC3-7 (@ | 1 [
DWT2R | L X X X X X X H H L L |oBiocy™ 10 1111
Ad3-7 (2) 1 1 1
DWT3 L X | x| x| x|x X H|H |[L |L [coBokt® 4100
1 1 1
E I T T
pwrsRl L | x | x | x| x| x| x H{H | L[ [ohes® 100
1 1 1
hos @i
DWT4 L X X X X | X X H H L L |eoBiocky  } 11110
pwrar ] L | x [ x | x [ x| x| x HIH | L L |fhe® 11
Ado-11 —
ACT L X[ x| x| x|x X H|L |H|H |owasy | | |
PCG LI x|x|[x|x]|x] x H{L | H]L X 0o
ARF LI x|x|[x|x]|x] x HOfL [ L | H X 0o
SRF Llx | x [ x|x]|x] x HEl L | L | +H X o1
SCR L x| x [x|x]|x] x H|L |L|L [Command! 1 1
NOTES 5} Actual number of bits transier depends on the siate of the DTBW Mask and
1} For the DPD function, the RAS#, CAS# and DTD# inputs are the DQCU/DQCL inputs.  Note: It DQC{U/L) is Low, the corresponding DQ(s)
DON'T GARE except for the L L,H combination. {Respectively). is{are) disabled {Input and Output Buffer). 5R,5W,BR and BW cycles
2} The unused addresses must be set 1o Low. with DQCU and DQCL Low resultin a Deselect SRAM operation.
3) Use New: If BW or BWT or BWTW is initiated the same cycle 6} Following 2 DWT1 or DWT 1R cycle, the entire WB1 Transier Mask is Set .
as DWT1 or DWT1R, new data is loaded into the buffer {i.e., data can no longer be transierred from WB1 1o DRAM.}
and transierred 1o DRAM. Succeeding Butfer-Writes or Butier Write Transiers will Clear Mask bits.
4} Clear 1 or 2 Transier Mask Bits (as addressed by As0-2 and DQUU/L). 7} CMd# during current cycle must be High (see timing diagram for Auto-Refresh).

8} CMa# during current cycle must be Low (see iming diagram for Seli-Reiresh).
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16 BIT) SRAM

FUNCTION TRUTH TABLE

Data Transfer Buffers
Wrile Buflers | XierMasks | Read DQ pin )
WB1 | wB2 ‘.(,}'S;k "rxfj‘ ngé Din | Dout Function
Hi-Z No Operation
Suspend SRAM Power Down& No operation
- ata retention
mask | Hi-Z | DRAM Power Down No operation
Hi-Z [ Deselect SRAM No operation
Valid | SRAM Read SRAM->DO
Valid | Hi-Z | SRAM Write DIN->SRAM
Use Hi-Z | Buffer Read Xfer RB2->SRAM
Load oo Hi-z | Buffer Write Xfer SRAM->WB1
Use Valid | Buffer Read Xfer & Read |RB2->5RAM->DO
Load hcdlaeikr Valid | Hi-Z | Buffer Read Xfer & Read |DIN->SRAM->WB1
Use Valid | Buffer Read RB2->DO
Loac A valid | Hi-Z Buffer Write DIN >WBH
DRAM Power Down No operation
DRAM No CPeraticn No operation
Load DRAM Read Xfer DRAM->RB1->RB2
use |"CY ] e | Hoed DRAM Wiite Xfer1 B WEZDRAL
use |2Y DN [ Load DRAM Write Xfer1& Read | iomant o ag e
Use Use DRAM Write Xfer2 WB2->DRAM
Use use |Load DRAM Write Xfer2s Read  [WE2 >DRAM
use |2Y Load DRAM Write Xfer3 WB1-5WB2->DRAM
use |29 Load |Load DRAM Write Xfer3a Read | omant o agy ones
Use DRAM Write Xfer4 WB2->DRAM
Use Load DRAM Write Xferd3 Read WB2->DRAM->RB
DRAM Activate Page Call
DRAM Precharge
Auto Refresh
Self Refresh Entry
Set Command Register
Function Data Transterred {max) Function Data Transferred {max)
Din --> SRAM 816 bits (5) WB2 > RB 128 bits (8X16bit-block) glili:DS;jaola‘
Din --» WB1 8/16bits 5) DRAM > RB 128 bits (8X16bit-block) WEB1: Write Buffer 1
SRAM --= WB1 128 hits (8X16bit-block) RB --> Dout 8/186 hits (5) WB2: Write Buffer 2
WB1 > WB2 128 hits (8X16hit-block) RB --» SRAM 128 bits {8X16bit-block) REB: Read Buffer
WB2 --» DRAM 128 bits (8X16bit-block)
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16 BIT) SRAM

PIN DESCRIPTIONS(1)

Input

Master Clock Provides the fundamental timing and the internal clock frequency for
the CDRAM. All external timing parameters (with the exception of G# in read cycle
and CMd# in Self refresh cycle) are specified with respect to the rising edge of K.

CMd#

Input

DRAM Clock Mask controls the cperation of the internal DRAM master clock (K).
When CMd# is Low at the rising edge of K, the internal DRAM master clock (K) for
the following cycle is ceased and input stages are powered-off, resulting in a DRAM
Power Down.

RAS#

Input

Row Address Strobe is 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 4096 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, enter a Self-Refresh cycle,create a DRAM
NOP cycle, or power down the DRAM.

CAS#

Input

Column Address Strobe is used in conjunction with the Master Clock K to latch the
Column addresses. When preceded by RAS# in a DRAM access cycle, CAS#
initiates a DRAM Write Transfer (WB1/2 -> DRAM, if DTD#=L), DRAM Write
Transfer & Read (WB1/2 -> DRAM -> RB, if DTD#=L) or DRAM Read Transfer
(DRAM -> RB, if DTD#=H), depending on the state of DTD# (see DTD# pin
description).

DTD#

Input

Data Transfer Direction controls DRAM-to-RB(read) / WB-ic-DRAM (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. If DTD# stays High with the
above conditions, a DRAM Read Transfer cycle results. DTD# can also initiate
DRAM Activate, DRAM Precharge, Auto-Refresh, Set-Command Register, and
Self Refresh cycles.

AdO-Ad11

Input

DRAM Address Lines are Multiplexed to reduce pin count. AdO-Adi1 (@
RAS=low,CAS=high,DTD=high, K=Rising edge) specify the Row Address of the
DRAM to activate and refresh the selected page and Ad3-Ad7 (@
RAS=high,CAS=low,K=Rising edge} specify the Block Address of the DRAM. In
addition, Ad0-Ad2 (@ RAS=high,CAS=low, K=Rising edge) specify the transfer
operation of the DRAM . Also AdO-Ad9 (@RAS=low,CAS=low, DTD=low,
K=Rising Edge) are used as the command in set command register cycle.

CS#

Input

The Chip Select controls the operation of the CDRAM. When CS#=H at the rising
edge of K and the previous CMd# or CMs# is high, 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.

A MITSUBISHI ELECTRIC (REV 1.0) Jul. 1998 6




MITSUBISHI LSls

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16 BIT) SRAM

PIN DESCRIPTIONS(2)

DQCI,DQCu

Input

DQCu/l are I/OByte control signals. If G#=Low, DQCu/| have a control of output
impedence: DQCu controls upper DQs (DQ8-15) & DQCI controls lower DQs (DQO-7).
DQCu/I also control both input data during SRAM Writes or Buffer Writes and transfer
mask during Buffer Writes. (WB1 iransfer Masks for each byte are written (bits are
cleared) during Buffer Writes depending on DQCu/ inputs.)

WE#

Input

Write Enable controls SRAM and Buffer 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 CCO# 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 control SRAM and Buffer operations. CCO# is Low for all
Buffer Writes, Reads, and Transfers, and High for all other SRAM operations. CC1# is
high for all Buffer Read Transfers and Buffer Write Transfers , and Deselect SRAM.

AsD-As9

Inputs

SRAM Addraesses are non-multiplexed, and access 1024 - 16-bit words { configured as
128 Rows X 8 Columns X 16 Bits, where the Block Size is 8 X 16) in the SRAM array.
As0-As3 select word address within a block, and As3-As9 select the SRAM row(block].

G#

Input

The Output Enable is an asynchronous input. Gi#=high forces the outputs to high
impedence.

DQO-DQ15

Inputs /
Outputs

Output operation is either transparent, fatehed, or registered depending on the state of
the command register. The Data Lines for the CDRAM are asynchronously controlled

by G#.

VeeQ

Supply

VceQ is the DQ power supply and allows the device to operate in a mixed voltage
system (e.g., 5V data bus). As specified in the Table: Recommended Operating
Conditions, VecQ must be greater-than or equal-to the highest voltage experienced
by the data bus. For 3.3V system operation, VccQ may be tied to Vcc.

A MITSUBISHI ELECTRIC (REV 1.0) Jul. 1998 7
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

MODE DESCRIPTIONS (1)

NOP No Operation. Outputs are high-impedance. All input buffers remain active.
If CMs#=Low at the rising edge of K, the SRAM enters SRAM Power Down at the next rising
SRAM edge of K. During this mode, the internal SRAM K clock becomes inactive. The Output

Power-Down

Buffers remain enabled and are controlled by G#. All input buffers of SRAM clocks and
SRAM addresses are inactive.

Deselect SRAM

All transfer functions and input/output operations to and from the SRAM and Buffer are
disabled. This cycle is usetul for output impedance control (Hi-Z,Low-7) without G#. Output
butfers are active during this cycle for registered output mede control.

SRAM Read

Data is read from the SRAM to the I/O pins. Addresses As0-As9 are used to select the data
to be read. As3-As9 decode the SRAM Row (=Block), and As0-As2 decode (1 of 8) the 16-
bit word. DQCu and DQCI control the impedence (High-Z/Low-Z) of the upper and lower
bytes, respectively.

SRAM Write

Data is written from the /O pins to the SRAM. Addresses AsD-As9 are used to select the
location to be written. As3-As9 decode the SRAM Row (=Block), and As0-As2 decode

(1018) the 16-bit word to be written. DQCUu and DQCI control Upper and Lower byte writes,
respectively.

.8X16Block
-

Ad3-7
10132
Decode

Ado-9
10140986 Dacode

E‘g’rs i) Daa-15 Lower Byta | Upper Byta AsD-2

8X16 1of8Dacode
16bits

DQs

16bits

;
8X16Block *

AsD-2
1ot8Decoda

As3-9
1ot128Dacoda
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

MODE DESCRIPTIONS (2)

Buffer Read

Data is fransferred from the Read Buffer (RB2) to the SRAM. Addresses As3-9 select the
SRAM row to which the 8X16 bit block is to be written. Addresses As0-As2 must be set low.

DRAM ; ',BX15BIock
Ad3T 1M X 16 ] -
Tofaz e e
Deccde

Transfer
DQs
...... S0
sX16Block *TL_._____
As3-9
1of128Dacode
Data is transferred from the SRAM to the Write-Buffer1 (WB1). Addresses As3-As9 decode
the SRAM Row (=8X16 bit block) to be transferred. Addresses As0-As2 must be set low.
The Buffer Write Transter cycle "clears" all transfer mask bits in the WB1 Mask (allowing all
data to be transferred in a successive DRAM Write Transfer cycle).
DRAM ! __BX1EBIock
1M X 16 1. -7
Ade7 ) e
Decode L :
:DRAM RowDacoder:
8X16 B Ado-11
1074096Decode
Buffer Write
DGO~ AsD-2
Transfer 1ot8Decode

S
ke

4 -
8X16Block -

______

AsD-2
1oi8Decode

As3-9
1of128Dacoda
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16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

MODE DESCRIPTIONS (3)

Data is transferred from the Read Buffer (RB2) to the SRAM, and simultaneously, data (16
bit word) is read from the RB2 to the I/O pins. Addresses As3-9 select the SRAM Row to

which the 8X16 bit block is to be written. Addresses As0-As2 decede the 16-bit word to be
read.

DRAM _|-exteBlock
Ada7 1M X 16 N
1of32
Decode

- 1 1
RAM RowDecode:

Ado-11
1of4D96Decode

Buffer Read

Transfer & ! e foteBeacods
SRAM Read RE = 16bits
=
“IA:?ELI’:)e:ade DQS
Bx155|ock-'-:‘_'_' _____
1of8Decode
-:SRAM RowDecader:
As3-9
1of128Dacode
Data is first written from the /O pins to SRAM as decoded by As0-As9. Then, the SRAM
Row (=Block) decoded by As3-As9 is transferred to the Write-Buffer1 (WB1}. The Buffer
Write Transfer cycle "clears” all transfer mask bits in the WB1 Mask (allowing all data to be
transferred in a successive DRAM Write Transfer cycle). DQCu and DQCI control Upper
and Lower byte writes respectively, however all transfer mask bits in the WB1 are cleared.
DRAM : ’_BX1BBIock
AdaT 1M X 16 o=
e T ———C
Decode T
Bufter Write DRAM RowDecodar;:::]
Transfer & = 114036Decode
SRAM Write sX18
Lower Byla _Uppev Eyle AsD-2

1ofB-Decode

ES
i B} 2 i

Lower Byia ' Upper Byla

16bits

DQs

16bits

8X16Block 2.
16bits

AsD-2

|~ — 7cisDocode

0 SRAM RowDecoder-::

As3-9
1ot128Decode
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16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

MODE DESCRIPTIONS (4)

Data is read from the Read Buffer (RB2) to the I/O pins. Addresses As0-As2 are used 1o
select (1 of 8) the 16-bit word to be read. Addresses As3-As9 must be set low for this

operation.
... 8X16Block
Ad3-7 Ll
Totaz W B i e
Decode
S |
Ado-11
y 1o0t4096Decode
! 8x16
RB1
Lower Byte § Upper Byte AsD-2
Buffer Read 1of8Dacode
- DQs
4 r
N —WB1—
M Lower Byio  Uppar Byta | .
K T 16bits
l‘ - - )
'_-'
8X16Block ™=

~=SRAM RowDecode

As3-9
1ot128Decode

Data is written from the I/O pins 1o the Write-Buffer1. Addresses AsO-A2 are used 1o select
(1018) the 16-bit word 1o be written. Addresses As3-As9 must be set low for this operation.
The transfer mask bits associated with the Upper and Lower bytes are cleared in the WB1

Mask. DQCu and DQCI control Upper and Lower byte writes (and associated tranfer mask

bits), respectively.
u" | .8X16Block

Ado-11

1014096 Decode
; i 2 RBA
Buffer Write A = Asp-2
- = ) 1of8Dacode

8X16

DQs

1of8Dacode

= SRAM RowDecode

As3-9
1of128Decode
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MITSUBISHI LSls

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

MODE DESCRIPTIONS (5)

If CMd#=Low at the rising edge of K, the DRAM enters DRAM Power Down at the next rising
DRAM edge of K. During this mode, the internal DRAM K clock becomes inactive. Also all input
Power-Down buffers of DRAM clocks and DRAM addresses are inactive. Note that the latency of DRAM
Read Transfer cycle is not counted up in this cycle.

The DNOP cycle is used when no other DRAM operations are desired, holding the DRAM in

DRAM NOP its present (precharge/activate) state.
A Block (8x16) is transferred from the DRAM to the Read Buffer1 and 2 (RB1,RB2) as specified
by Addresses Ad3-Ad7. Addresses Ad8-Ad11 and AdD-Ad2 must be set to Low. After the
Latency Period {spacified in the Access Latency Table) new data will be present in the Read
Buffer2. Prior to the Latency timeout, old data will be present in the RB2. (Notes 1,2,4)
'_BX1BBIuck
Ad3T -
10132
Decode
janasanees |
Ado-11
1014096Dacode
DRAM Read
Transfer i

1ofB-Decode
16bits

.
e

BX16Block == ==ua.____

AsD-2
1ofdDecode

As3-9
1of128Dacoda
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

MODE DESCRIPTIONS (6)

Data (8X16 Block) is transterred from WB1 through WB2 to the DRAM block specified by
Addresses Ad3-Ad7. Addresses Ad8-Ad11 must be set to Low. The Mask present in WB1 is
also transferred to WB2 and controls the data written to the DRAM. After data has been
transferred from WB1 to WB2 in the present cycle, the entire WB1 Mask is Set. (Notes 3,4)

DRAM g . 8X16Block

Ad3-7

Decode

AdD-11
1of4096Dacoda

DRAM Write
Transfer1
AsD-2
1ofeDecode
- .
16bits
DQs
Y
........ , . 40
s 16bits \%\%}Q};@
oXtsBlook T eene ; ebits
AsD-2
.......................... 1ot8Decode
[ SAAM RowDecader:
As3-9
1ot128Decode
Data (8X16 Block) is transferred from WB1 through WB2 1o the DRAM block specified by
Addresses Ad3-Ad7. Addresses Ad8-A11 must be set to Low. The transfer mask present in
WB1 is also transferred to WB2 and controls the data written to the DRAM. The block to which
the data is written in DRAM is simultaneously transferred to the Read Buffer.(Notes 2,3,4)
: DRAM : |- 8X16Block
1M X 16 1 -
Ads-7 i5 —pi
Decode ER B
Ado-11
1o0f4096Dacode
DRAM Write
Transfer1 RB1
& Read wor S e S AsD-2
1otaDacode

4 8 16 RB2

Lower Byte JLipper Byte

16bits
DQs

RN
I;I;I;Z;%ﬁ%
16bits w

16bits

_~Tebits

AsD-2
1of8Decode

As3-9
1of128Decode
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MITSUBISHI LSls

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

MODE DESCRIPTIONS (7)

Data (8X16 Block) is transferred from WB2 to the DRAM block specified by Addresses Ad3-
Ad7. Addresses Ad8-Ad11 must be set to Low. The WB2 Mask controls the data written to
the DRAM. With the DWTZ2 function, the WB2 data and WB2 transfer mask remain unchanged.
{Note 4)

DRAM : ... BX16Block
Ada7 mMxi1e || -]
tofaz = s - eiasmnan
Decode
s |
Ado-11

1of4096Dacoda

DRAM Write N E RET
Transfer2 o5 5515 Lower Byte | U pper Byte AsD-2
B 8X16 1ofeDecode
DQs
N
:g:g:v:;ﬁ%
K 16bits \W
sieBlook e  Aisbits
AsD-2
................ 1°*BDBC°dE
[ SAAM RowDecader:
As3-9
1of128Dacoda
Data (8X16 Block) is transferred from WB2 to the DRAM block specified by Addresses Ad3-
Ad7. Addresses Ad8-Ad11 must be set to Low. The WB2 transfer mask controls the data
written to the DRAM. With the DWT2 function, the WB2 data and WB2 transfer mask remain
unchanged. The block to which the data is written in DRAM is simultaneously transferred to the
Read Buffer1 and 2. {Notes 1,2,4)
i DRAM u‘ |- BX1BBlock
: 1MX16 1 -
Ad3-7
oo »fif S — 1
Decoda SEEA
Btz DRAM RowDecoder:innisy
8x16 AdD-11
DRAM Write
Transfer2
& Read

i

e

8X16Block -

1ofgDecode

- 3RAM RowDecoder::

As3-9
1ot128Decode
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MITSUBISHI LSls

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

MODE DESCRIPTIONS (8)

Data (8X16 Block) is transferred from WB1 through WB2 1o the DRAM block specified by
Addresses Ad3-Ad7. Addresses Ad8-Ad9 must be set to Low. The Mask present in Byte
MaskRegister controls the data written to the DRAM. The Byte Mask Register is set at Load Byte
Mask cycle,where corresponding byte masks are set depending on DQ data in the cycle. (Note
4.5) The data of WB1 and the mask data of WBM1 are tranferred to WB2 and WBM2, however

DRAM : - 8X16Block

Ada7 256Kx16 | [, -~

10132
Decode

DRAM Write
Transfer3
AsD-2
1ofsDecode
|’16bits
1KX16 AsD-2
- 1ofdDacede
SRAM RowDecoder
As3-9
1o01128Decode
Data (8X16 Block) is transferred from WB1 through WB2 to the DRAM block specified by
Addresses Ad3-Ad7. Addresses AdB-Ad9 must be set o Low. The Mask present in Byte
MaskRegister controls the data written to the DRAM. The block to which the data is written in
DRAM is simultaneously transferred to the Read Buffer.(Notes 1,2,4,5)
PER DRAM | .8X16Block
AdsT 256K X16
A3 7 ——
Decode
Es
BX16
DRAM Write - - &X15
Transfer3 a m——
& Read DOOF 37; mrwsz ,] s Lower Byia [P Per Eyie AsD-2
. LT g 1otaDecoda
" 8X16 | RB2 i
. Lower Eyta [J]Upper Byte
A AsD-2
S 1cta
z mey Dacodae
HA & H=!?

;
S |7 Rlower Sy Jrper siie]

W

1oi8Decode

SRAM RowDacoder|

As3-9
1of128Dacoda
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M5M4V16169DTP/RT-7,-8,-10,-15

MITSUBISHI LSls

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16 BIT) SRAM

MODE DESCRIPTIONS (9)

remain unchanged. (Note 4,5)

Data (8X16 Block) is transferred from WB2 to the DRAM block specified by Addresses Ad3-

Ad7. Addresses Ad8-Ad9 must be set to Low.
controls the data written to the DRAM. With the DWT4 function, the WB2 data and WB2 Mask

The Mask present in Byte MaskRegister

DRAM
256KX16

.8X16Block
L~

. f1 0143515 Decoda
DRAM Write
Transfer4
Lower ByteLUpper Byte AsD-2
..... 1of8Decode
N
&
16bns'}‘\§\\aﬁ$\
6bits
SRAM |
1KX16]:] AsD-2
= 1ofaDacoda
As3-9
1ot128Decode
Data (8X16 Block) is transferred from WB2 to the DRAM block specified by Addresses Ad3-
Ad7. Addresses Ad8-Ad9 must be set to Low. The Mask present in Byte MaskRegister
controls the data written to the DRAM. With the DWT4R function, the WB2 data and WB2
transfer mask remain unchanged. The block to which the data is written in DRAM is
simultaneously transterred to the Read Buffer. (Notes 1,2,4,5)
DRAM [ .. 8X16Block
A7 256KX16 T
1of32
Dacoda
Ersnns:DRAM RowDacodersiinzs]
DRAM Write 8xio 1 ot405BDecods
Transfer4 r ﬂ BX16
& Read = £ owar Oya u or Byto AsD-2

DOB-15
# anerByle u r Byta | =

8X16

AsD-2
1of8

ict8Decode

gRE2 N

ar Byte JJ|Lpper Byta

AsD-2

1o1128Decode

1ot8Decoda
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MITSUBISHI LSls

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16 BIT) SRAM

MODE DESCRIPTIONS (10)

Addresses are latched from the AdO-Ad11 inputs by the rising edge of K. Internally, a DRAM row is

DRAM selected (Page Call) in preparation for a DRAM Read or Write Transfer cycle. A DRAM Precharge
Activate cycle must separate all DRAM Activate cycles.
DRAM Internally, the active DRAM Row is deselected (completing the refresh process) and page-mode is
Precharge | disabled. The DRAM is precharged prior to another DRAM Activate cycle.
Internally, 2 DRAM row is selected and refreshed (as addressed by an internal, self-incrementing
DRAM counter), followed by an internally generated Precharge cycle. The Auto refresh cycle can be

Auto-Refresh

implemented only if the DRAM is in Precharge state (i.e., a Precharge or Autc-Refresh cycle
occurred more recently than an Acitvate cycle). DRAM Auto-Refresh is similar to a CAS-Before-
RAS (CBR) mode in standard DRAMSs.

DRAM
Self Refresh

All clock buffers are suspended, and CMd# asynchronously controls Self Retresh {CMd# rising
edge initiates exit from Self Refresh). During Self Refresh, device enters a low power mode, with
2048 automatic refresh cycles.

When SCR is initiated,the addresses present on the Ad0-Ad11 DRAM Address pins determine the
DRAM Read Transfer Latency, the Output Mode (transparent / f=shed / registered), and WB1
transfer mask mode (set-all/ no change). No DRAM cperation is executed in this cycle. Refer to

Set the SCR Truth Table for legal Address values.
Command During SCR cycle and the following 3 clock cycles(totally 4 clock cycles), only NOP,DNOP orDPD
Register are allowed in DRAM portion and only NOP,DES or SPD are done in SRAM portion. The set
commands are valid at least after the above 4 clocks later and the previous function is not
guaranteed to work if it has not been completed.(i.e. DRT ,DWT1&R,DWT2&R and SR,BR and
BRTR with registered output mede.)
Notes:

1) This function is performed in a Latency period specified in the Access Latency Table.

2) After the Latency Period (specified in the Access Latency Table) new data will be present
in the Read Buffer2. Prior to the Latency timeout, old data will be present in the RB2.

3) After data has been transferred from WB1, the entire WB1 Mask is Set.

4) Valid Ad0-Ad2 addresses are shown in the FUNCTION TRUTH TABLE.

Power-On sequence

Before starting normal operation, the following power on sequence is necessary.
1) Apply power and maintain stable power (pause) for 500us.

2

4

) Perform a precharge {PCG) operation.
3) After tRP, perform 8 auto refresh commands (ARF) with adequate interval (tRC).
)} Issue set command register (SCR) to initilize the mode register.

After this sequence, the RAM is in idle state and ready for normal operation.

Note that DNQP / DPD and DES / SPD or NOP command will be the stand-by command
for the above power sequence.

Veec must be powered-on at the same time or before VecQ is on.

And Vecec must be powered-off at the same time or after VecQ is off.
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MITSUBISHI LSls

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16 BIT) SRAM

Output Operations

Transparent Output appears from the rising edge of K clock.
DES SR SR DES SR SR

- [
e
i

DQC / DQC
G# _\ =tKHA Git
tKHQX thkHQz aA -
L\ AT y
DQO-15 (Q >* ________ DQo-15 M
tGLQ—- - tGHQ

Qutput appears from the falling edge of K clock.
SR DES SR

00 /T\ | " This outputmode\
was deleted.

tKLQX LI LAt tGLA - GHQ
DQO-1 _< >% Q \‘.'I v DQO-15 1GLO Q ------ >_

)
H*
|/‘IL
=
T
=
.

A

Reqistered Qutput appears from the rising edge of K clock.
DES  gR SR SR DES SR SR SR

DQ(E/__\ DQ 9/_%;}%5

-~ ———»

_\ - [tKHAR| \
G# G# IGLA \‘_ tKHQZ f ﬁHQ

tKHQX e
DQoO-15 Q

IGLQ
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MITSUBISHI LSls

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16 BIT) SRAM

1K

K,K#

CMd#

CS#

RASH#

CASH#

DTD#

CMs#

CCo#

CC1#

WE#

DQC(u /1)

ADF#

AdO-11
As0-9

DQO-15
(Input)
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MITSUBISHI LSls

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16 BIT) SRAM

Load Byte Mask

Byte mask allocation during DWT3 and DWT4

Byte Mask Register

Lower DQs Upper DQs
DQO |DQ1 | DQ2|DQ3 |DQ4 |DAs |DA6 |DQ7 |DAS8 | DQe PQ1ODQ11IDAQ12DAQ13PAQ14|DAQ15
YyyYyyvyvyvyveve
Lower
Upper
ke 0 1.2 3 4 5 6 7
bbb b

Column Block

(16 byte)

0 : mask, no write

1 : unmask, write enable

A MITSUBISHI ELECTRIC
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16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

MITSUBISHI LSls

M5M4V16169DTP/RT-7,-8,-10,-15

DWT3/DWT4

Write data / Mask data

128 set
0
1
2
3 N
4
5
B
7
Lower
8bit
Upper8
bit
SRAM
Byte
mask bit

Write / Mask loqic

0

DRAM
column

255

-4 |ower byte— > —uypper byte—

ol1]o]111]1]o]0o

i [117o]olo

As0-2
DQCI
DQCu

SRAM

DQO->

->DQ15

Ao e |

WB1 _O_ WB2

DWT1/DWT3

DWT2/DWT4

0---  DRAM row

1023

\ written

(LBM)

~&— DQ0-15
Load Byte Mask
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MITSUBISHI LSls

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16 BIT) SRAM

DWT3-DWT4 for Window clear(Block Write)

shadow clear / window clear

Window
/

Boundary

\s

0
¥
A

/

/

N

Page boundary

BWT DES LBM DES LBM DES

A T a
| A A

/ /% \

ACT DNOP DWT3 DNOP DWT4 DNOP DWT4

‘DNOP DWT4 DNOP DWT4 PCG ‘
DES | DES DES DES LBM DES

Color data is traﬁsferred from WB2 to
DRAM column block with new byte mask.

| Color data is transterred from WB2 to DRAM column block with byte mask.
Color data is transferred from WB1 through WB2 to DRAM column block with byte mask,

which is loaded by Load Byte Mask cycle(LBM).

immediately and lasts until the next LBM cycle is initiated.

Color data is loaded from SRAM cache to WB1.(BWT) Page call.(ACT)

The byte mask data is valid from the LBM cycle
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Burst Mode (1)

ccept interrup
for inputting new

) r &
= a o O
o < O ©

WE#

DQC(u /1)

G#

using this duration
r DRAM control
b

SRAM address and
DRAM address can
A MITSUBISHI ELECTRIC

be multiplexed
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16 BIT) SRAM

Burst Mode (2)

CMs#

ADF#

CCo#

CC1#

WE#

DQC(u/1) :

AsD-2

As3-11

G#

DQO0-15

v Yovr

C1

cz)(caxmxcs)(ce :

ci

02X03XC4XCSXCB ; :

I\\\\

"Insert wait"

is possible.

5 @5

DES SR DES SR SPD SPD DES SW SW SR SR SR SR

ADF#=Low
Is equal to

non-burst
mode.

M5M4V16169D keeps compatibility setting ADF# low or setting Burst length=1 by SCR cycle.
(Ad7, Ad8 and Ad9=0)
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

**-15 spec is the same as M5M4V16169TP/RT-15
ABSOLUTE MAXIMUM RATINGS

(Ta=0~70°C , Vdd=3.3+0.3V for -8,and -10, Vdd=3.3£0.15V for -7
Vss=0V, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vcee Supply Voltage With respect 1o Vss -05~ 486 v
V| Input Voltage -05~ 46 i
VO Output Voltage -05~ 46 Vv
IO 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 , Vdd=3.3+0.3V for -8,and -10, Vdd=3.3+0.15V for -7
Vss=0V, unless otherwise noted)

Symbol Parameter Umits Unit
Min. Typ. Max
Vce Supply Voltage 30 33 36 v
Vss Supply Voltage 0 0 0 v
VeeQ Supply Voltage for Qutput 3.0 3.3 3.6 V'
VIH (LVTTL) High-level Input Voltage clock and add. 2.0 Vdd+0.3 Vv
VIH (LVTTL) High-level Input Voltage master clock (K) 22 Vdd+0.3 v
VIH (LVTTL) High-level Input Voltage data pin 2.0 VddQ+0.3 v
VIL (LVTTL) Low-level Input Voltage all inputs -0.3 0.8 v

CAPACITANCE

(Ta=0~70°C , Vdd=3.310.3V for -8,and -10, Vdd=3.3+0.15V for -7
Vss=0V, unless otherwise noted)

Symbol Parameter Test Condition | Limits (MAX) Unit
CliA) Input Capacitance, Address pin Vi=Vss 5 pF
Cl(C) Input Capacitance, Clock pin f=1MHz 5 pF
Cl/o Input Capacitance, 1/O pin V| =25mVrms 7 pF
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

**-15 spec is the same as M5M4V16169TP/RT-15
AVERAGE SUPPLY CURRENT from Vcc

(Ta=0~70°C , Vdd=3.3+0.3V for -8,and -10, Vdd=3.3+0.15V for -7
Vss=0V, unless otherwise noted)

Limits (MAX .
Symbol Condition ( ) Unit
-7 -8 -10 -15
Average supply current of SRAM operating, tK=min.
lecS DRAM=DPD outputopen  data input=H or L 260 240 200 140 mA
Average supply current of DRAM operating, tRC=min.
lccD SRAM=SPD 160 | 150 130 100 | mA
Average supply current of DRAM page-mode {PC=min.
lccD(PG) SRAM—SPD 140 | 130 110 80 mA
LVTTL standby, tK=min, DRAM=DNOP&SRAM=DES
lcc{STN1 Y ; ;
cof )| or NOP all input=stable. outputopen datainput=HorL | &0 | ©° 50 30 | mA
CMQOS standby, tK=min, DRAM=DNOP&SRAM+DES,
lec(STN2) or NOP all input=stable.  output open  data input=H or L 50 30 40 25 mA
lcc(PD) | CMOS Power Down current, CMa#=CMs#=L,tK=min. 5 5 5 5 mA
lcc{SRF) | CMOS Self Refresh current, CMd#=CMs#=L,tK= <> 1 1 1 1 mA
AC OPERATING CONDITIONS AND CHARACTERISTICS
(Ta=0~70°C , Vdd=3.3+0.3V for -8,and -10, Vdd=3.3£0.15V for -7
Vss=0V, unless otherwise noted)
Symbol Parameter Test Condition Limits Unit
Min. Max
VOH(DC)*LVTTL) | High-level Output Voltage (DC) IOH= -2mA 24 - v
VOL(DC)*(LVTTL) | Low-level Output Voltage (DC) IOL= 2mA - 04 v
10Z Off-state Output Current Q floating VO =0 ~VddQ -10 10 uA
Il Input Current Vig=0 ~ VddQ+0.3V -10 10 uA
* VOH(AC) and VOL(AC) are the reference levels for AC measurements.
VOH(DGC) and VOL{DC) are the final levels the outputs reach. VTT
500hm
VouT O
T
AC Condition
(Access Time)
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MITSUBISHI LS|s

M5M4V16169DTP/RT-7,-8,-10,-15
16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM
**-15 spec is the same as M5M4V16169TP/RT-15
TIMING REQUIREMENTS  (CLK pulse, input signals setup / hold time to CLK edge)

(Ta=0~70°C , Vdd=3.3+0.3V for -8,and -10, Vdd=3.31£0.15V for -7
Vss=0V, unless otherwise noted)

Input Pulse Levels: VIH=3.0V VIL=0.0V (LVTTL)
Input Timing Measurement Reference Level: 1 5V (LVTTL)

Limits
Symbol Parameter -7 -8 -10 15 Unit
Min. | Max | Min. | Max | Min. | Max [ Min. | Max
tK Clock Cycle Time 7 8 10 15 ns
tKH Clock High Pulse Width 3 3 3.5 5 ns
tKL Clock Low Pulse Width 3 3 4 5 ns
tS Setup Time for Inputs 3 3 3 4 ns
tH Hold Time for Inputs 1 1 1 1 ns
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM
**-15 spec is the same as M5M4V16169TP/RT-15
TIMING REQUIREMENTS  (Read, Write, Refresh)

(Ta=0~70°C , Vdd=3.3+0.3V for -8,and -10, Vdd=3.31£0.15V for -7
Vss=0V, unless otherwise noted)

Input Pulse Levels: VIH=3.0V VIL=0.0V (LVTTL)
Input Timing Measurement Reference Level: 1.5V (LVTTL)
Limits
Symbol Parameter -7 -8 -10 -15 Unit
Min. | Max | Min. | Max | Min. | Max | Min. | Max
tREF Refresh Cycle Time 64 64 64 64 | ms
tRP Precharge Time 21 24 30 40 ns
tRCD Delay Time, Add Strb. Row to Col| 21 24 30 30 ns
tRC* DRAM Activate-Read Cycle Time| 70 80 a0 120 ns
twCc* DRAM Activate-Write Cycle Time | 70 80 a0 120 ns
tPC Page Cycle Time 14 16 20 30 ns
tRAS Activate Time 49 | 10,000 56 | 10,000 6Q | 10,000] 70 | 12,000| ns
tRASP | Page mode Activate Time 49 [oo,000[ 56 [100,000] 60 [100,000] 7Q [100,000]| ns
tRWL Write to Precharge Lead Time 14 16 20 20 ns
tRSH Read to Precharge Hold Time 14 16 20 20 ns

*Note: When tRP and tRAS = Min. values, tRC and tWC = 1RP + tRAS.
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

**-15 spec is the same as M5M4V16169TP/RT-15
SWITCHING CHARACTERISTICS

(Ta=0~70°C , Vdd=3.310.3V for -8,and -10, Vdd=3.31£0.15V for -7
Vss=0V, unless otherwise noted)

Limits
Symbol Parameter - -8 -10 -15 Unit
Min. | Max | Min. | Max | Min. [ Max | Min. | Max
tCBF Buffer-Fill from DRAM Read Transfer 20 20 20 20 | ns
tKHA Access Time from K-High Edge 10 15 ns
tKHQX | Qutput Active Time from K-High Edge 2 3 ns
tKHQZ | Qutput Disable Time from K-High Edge 2 10 3 5 ns
tKHAR | Access Time from K-High Edge 5.6 6.4 7 12 ns
tKHQXR | Cutput Active Time from K-High Edge 2 2 2 3 ns
tKHQZR | Cutput Disable Time from K-High Edge 2 7 2 8 o 10 3 ns
1GLA Access Time from G#-Low Edge 5B 6.4 7 ns
1GLQ Qutput Active Time from G#-Low Edge 0 0 0 ns
tGHQ Output Disable Time from G#-HighEdge | 2 | 5.6 2 64| 2 8 ns
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

non-G# controlled Write & Read (DES control)

( SRAM Read/Deselect SRAM/SRAM Write/SRAM Power-down )

12

11

CMs#

CS#

CCo#

CCl1#

DQC(u /1)

G#

DRAM operation can be freely performed.

Note : Qutput is transparent.

30
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

G# controlled Write & Read

( SRAM Read/Deselect SRAM/SRAM Write/SRAM Power-down )
i 2 3 4 5 B8 7 8 9 10 11 12 143 14

WE#

DQC(u /1)

As0-2 I C?‘ XC?Z X I I I I ~ C?B Xc4 X 05 XCSX 07 /

As3-9 ; 0:1 Xc:z : : : ) ca Xo4 X ch ch c7
G# R VA S 3 A 6 \
DQoO-15 . @ . ( QZi . QSXQS XQT >—'—:

'DES ' sw ' SR 'SPD'SPD'SPD'DES'SF{ ‘sw 'sp 'sR 'spr 'DES’

Note : Output is transparent. DRAM operation can be freely performed.
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DQC controlled Write & Read

( SRAM Read/Deselect SRAM/SRAM Write/SRAM Power-down )
1 2 3 4 5 6 7 8 g 10 11 12 143 14

S 0 T s e N N

oo L

ccor 1+ 1 & T i I\

CC1#

WE# ///

AsO0-2 I:c:1Xc:2 03X04 IXC:SXC:S

As3-9 ~ c1 X 052 : ca X Czit - X C§5 X cfe X

DQ8-15

S

DQo-7

'DESisw SR iDESiSW iSR :DES:sw :SR :sSPD!SPD! SPD! DES
Wil () (h (1) W
HorlL

Note : Output is transparent. DRAM operation can be freely performed.
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Registered Output control

( SRAM Read/Deselect SRAM/SRAM Write/SRAM Power-down )
1 2 3 4 5 6 7 8 9 10 11 12 13 14

e | S

VRS T N N N N —

CCo#

CC1#

WE#

pacu/l) 777 |

As0-2 XC1X02)(03XC4)(05)(C6)(07XCB

As3-9 :Cf1Xo'2XC'3Xc'4X05'XC'6XC'7Xch
SRR

N H
N, SN
.

' ' ' . b ' ' .t
i i : S0 : 1 N N

G# L. ' ' *a ' *a ' *u ' kY]
' ' ' [N ' h ' by ' W
T T 1 T 1 T T 1 1 T
1

7SN N A U R

DQO-15 {01 —{psi Y @2X_psiX_a4iX oriX as—{ cs : —

'DES!SW SR | SW iSR :SW: SR | SW: SR iDES :SPD ;SPD :DES !

Note : Output is registered.  DRAM operation can be freely performed.
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Buffer Read Transfer (RB2 -> SRAM)
Buffer Read Transfer & SRAM Read (RB2 -> SRAM -> Output)

DES DeEs DES DES

SR

BRTR 3R

SR

DES BRT SR

o

O e} 5

< < <
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| m |||||..m||||||||.|||||.n..w ——————

e e
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII nn..w IIIII-.MIIIIIIII.IIIII-% -

>< < L
T B B T R M B e e e N

- - N
............................................................ 3 R RS I R -] B

o - S
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII m, IIIII-.@IIIIIIII.IIIII-M/U._ R ———

S > e
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII n2.u, Illllu.mllllllll.lllllum -

> < -
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| C |Illlu.mllllllll.I|||I|||I|||I||

. —~— S
u ........................................ o RN NN
—

= o
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Q Q L c a 7] T e}

O o = a 4 4 o a
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SR
DRAM operation can be freely performed.

SR

Note : Output is transparent.
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Buffer Write Transfer (SRAM -> WB1)
Buffer Write Transfer & SRAM Write (Input -> SRAM -> WB1)

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

CC1#

WE# \ |

DQC(u /1)

As0-2 5 c2 ¥ ¥

As3-9 =a'E'e ey Iy

G# |_E

=

WB1(0-7) | oa:  iXDi|

X D2
L
DQO-15 T\D2/

'DES DES BWT DES DES RWTW DES DES BWT DES DES DES DES DES

Note : Output is transparent. DRAM operation can be freely performed.
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Buffer Write (Input -> WB1)
Buffer Read (RB2 -> Output)
1 2 3 4 5 6 7 8 9 10 11 12 13 14

:iiiiiiiiiii\ii

WE#

DQC(u/l) | i 7

o2 (TG0

As3-9

Gi# |_E

WB1(0-7) EXD1 EXDZEXDSEXD4

WB1 Mask(0-7)  {\ 01 [\ 02{\ 05 \0s |

pao-15 (ot X2 Xoe X )———————~& Xee X& Xas)—-

BW 'pw :BW :pw 'DES ‘DES :DES !DES 'BR :BrR :BR 'BR DES :DES

Note : Output is transparent. DRAM operation can be freely performed.
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

NO - Operation of SRAM

CS#

CCo#

CCi#

WE#

DQC(U /1

AS0-9

' NOP NOP ‘NOP ' NOP'NOP 'NOP 'NOP 'NOP ‘NOP  NOP NOP NOP '

o o

NO-Operation Mode

CMd#

RAS#
CASH# DRAM operation can be freely performed.

DTD#
AdO-11_
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16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

MITSUBISHI LSIs

M5M4V16169DTP/RT-7,-8,-10,-15

NO - Operation of DRAM

csg M

CMd#

RAS#

CASH#

DTD#

AdOo-11

CMs# N

CCo#
CC1#

WE#
DQC(u/l)

G
As0-9

DQO-15 .~

-
- IO
w
P
- (7
o
~J
®

NOP! NOP ‘NOP | NOP'NOP ‘NOP *NOP {NOP ‘NOP | NOP'NOP iNOP

-

NO-Operation Mode

SRAM operation can be freely performed.

'

,Q_ MITSUBISHI ELECTRIC
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Power Down / DRAM Activate / DRAM Precharge

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

RASH

CASH#

DTD#

Ado-11

EDPD DPDE DPDEACT EDNOPEDNOPEDNOPEDNOPE PCGEDPD DPDEDPD EDPD

CMs#t
CCo#

CC1#

WE#
DQC(u/l)

G#

As0-9
DQO-15 -

SRAM operation can be freely performed.

DPD is recommended during no operation to save power.
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

RAS only Refresh cycle

DRAM Power Down / DRAM Activate / DRAM Precharge

1 2 3 4 5 6 7 8

9 10 11 12 13

14

CMd#

CS#

RASH#

CASH#

DTD#

Ado-11

‘DPD 'PCG ' DPD' DPD'ACT ' DNOP*DNOP ‘DNOP *DNOP’ PCG'DPD * DPD'DPD

CMs#
CCO#

CC1#

WE#
DQC(u/l)

G#

As0-9
DQO0-15 -

SRAM operation can be freely performed.
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Auto Refresh

CMd#

CS#

RASH#

CAS#

DTD#

Ado-11

DPD DPD i ARF {DNOPIDPD i pPD  DPD iDPD  DPD i DPD i ARF iDNOPDNOPIDNOP

Note: DRAM must be in Precharge state prior to Auto-Refresh cycle.

~ DRAM new commands except for NOP,DNOP and DPD can be set
CMs# after tRC later from ARF command input.

CCo#
CCil#

WE#
DQC(u/)

G#

As0-9
DQO-15 -

SRAM operation can be freely performed.
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M5M4V16169DTP/RT-7,-8,-10,-1

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

5

DRAM Self Refresh

" aVaVAUAV AU AWA
: ' ¢Inhibit falling edge. ; i
cMot B/ S B R
CS# :
RAS#
CAS#
DTD#
Ado-11 :
:DNOPIDNOP: SRF ! Halt ! ! Halt ! Halt DNOP:DNOP:DNOP:DNOP: ACT !DNOP
T - Self Refresh Mode -—T- tRC for Recovery -
SRAM Power Down Mode
Self Refresh Self Refresh
Entry SRAM PEOV\_fter Down
Xi

Self Refresh Entry: (Note: DRAM must be in Precharge state prior to Self-Refresh Entry)
Previous CMd#=H, Present CMd#=L, CS#=RAS#=CAS#=L, DTD#=H
(CMd# must remain low to maintain Self Refresh).

Self Refresh Exit {in order):
a) resume K clock

b) CMd#=H

c) Wait t1RC for recovery

d) Resume normal operation

L MITSUBISHI ELECTRIC (REV 1.0) Jul. 1998
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Read Transfer (DRAM -> RB1-> RB2) Latency set=1

CMd#

CS#

RAS#

CASH

DTD#

Ado-2

Ad3-11

RB1

RB2

DRAM

SRAM

DQO-15

SRAM cperation can be freely performed.

; : i : tCBF ! : ; : ;

: : : : —pi : : : :

v Old Data: : : : i New Data

; : : : | atency x K ; : ;

: : : : — > : : : :
Old Data: ; D ¢ i New Data

: DPD : DPD: PCG: DPD : DPD: DPD: ACT : DNOP: DRT } DNOP: pCG : DPD: DPD : DPD

!BR i BRi:BR |BRI!BRBR;BR:BR:BR|BRBR:BR:BRBR

_é(ow;l XOId; XOId; Xomi XOl(? )(0|c;| XOIc;I XOIC;I XOId; XNewXNeWXNewXNeWXEew

** Ad3-Ad7 are column block addresses (Ad8~Ad11=Low).

A MITSUBISHI ELECTRIC
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

=2

DRAM Read Transfer (DRAM -> RB1-> RB2) Latency set

CMd#

CS#

RAS#

CASH#

DTD#

AdO0-2

Low

AdO-Ad2

Ad3-9

DPD
BR

B2
DRAM
SRAM

=Low).

** Ad3-Ad7 are column block addresses (Ad8~Ad11

SRAM ocperation can be freely performed.

44
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Read Transfer (DRAM -> RB1-> RB2) Latency set=3

CMd# P\
CS#
,: . TRA:‘S . =I
RAS# A
«—tRCD—sie—tRSH—»!
CAS# P/
DTD#
Ado-2 “XRow X :
i AdO:—AdZ:wa
Ad3-11 Row k- X"CaX
: HCBF !
S T T A N R S S v L AR AR
RB1 : : : : : Old Data; : ; X, : © New Data ;
Latency x tK _E '
RB2 ' ' ' ' ' old Datai ' ' ' ' M' New Datai
DRAM \DPD DPD |PCG |DPD { DPD {DPD | ACT {DNOP:DRT DNOP | PCG {DPD | DPD :DPD
SRAM ‘BR 'BR ‘BR ‘BR ‘BR ‘'BR ‘BR 'BR‘BR 'BR ' BR 'BR ' BR ' BR

DQo-15 —{oid ¥ old 0 Y o1 Y 0id Y old Y 0id Y oid Y 0id Y 0id ¥ ot YNew YNew Yew

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses (AdB~Ad11=Low).
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Read Transfer (DRAM -> RB1-> RB2) Latency set=4

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

CMd#

CS#

T

+e—tRCD—pie—tRSH—»!

RAS#

CAS#

DTD#

Ado-2

Ad3-11

'tCBF!
RB1 ! : ! ! ! : . Old Data

: New Data

1 1 1 1 1 1 1 1 :ﬂ_i_Late.nCy x t.K_b'E 1
RB2 Pt v v v % odpata ¢ K'NewData

DRAM | DPD} DPD} PCG| DPD | DPD | DPD | ACT iDNOP | DRT {DNOP | PCG | DNOP! DPD; DPD

SRAM 'BR !BR !BR !BR !BR !BR |BR !BR !BR !BR !BR |BR !BR !BR

DQO-15 —i—(om; X0|c; XOIdi X0|ci| X0|c; Xomi XOIdi Xomi Xomi XOIdi X0|di X0|ci| XNev;r XEew

SRAM operation can be freely performed. “* Ad3-Ad7 are column block addresses (Ad8~Ad11=Low).
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Page-Mode DRAM Read Transfer (Pipe-lined Page-Mode) Latency set=1

CMd# oo
cs# T
. RASP—

RAS# ; : ;

tPC 1 {PC 1 tPC PG !

CAS#

DTD#

Ado-2

3 ués XHC'4 X **65 Xués X
P ' {CBF ! tCBF  !{CBF:{CBF:i{CBF:iCBF! ! .
: : : i —>i; > ——p [—p] —>, : i
RB1 ' Old Data T Wit W o2 ¢ WeesWicalcsY ce . :

e

Ad3-11

i : ! Latency xtk Latency xtk  i-atepey;latency; Latency; Latency] i i
i : i — — i i T > i i
RB2 . OldData Wict i Wice ! Yica)calicsi:ce !

DRAM { DPD} ACT |DNOP} DRT | DNOP} DRT | DNOP} DRT | DRT | DRT | DRT : DNoP! PCG

SRAM 'BR 'BR !BR !BR !BR 'BR !'BR !BR !BR ! BR! BR! BR! BR ' BR

DQo-15 —i—(oui Xou; X0|di )(om} Xo1i XQ1§ XQZE )(023 X Q?; XQ4E XQSE XQG; Xosi X(Es

‘Pipe-lined Page méde

SRAM ocperation can be freely performed. ** Ad3-Ad7 are column block addresses (Ad8~Ad11=Low).
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM
2

Page-Mode DRAM Read Transfer Latency set

BR

- 10
3 £ N - Ay
3 w & & & iy & = = &
= &b b < = 3 ] 0 m g T e}
¥ Q Q o Q (] L L o e o 73] (]

48

Low).

However this operation is not guaranteed.
(REV 1.0) Jul. 1998

If next DRT happens within the latency,
new data does not tfransferred to RB.

** Ad3-Ad7 are column block addresses {Ad8~Ad11

SRAM operation can be freely performed.
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Page-Mode DRAM Read Transfer Latency set=3

K
CMd#
CS#
RASH
CAS#
DTD#
Ad0-2 AL/ .
Adq-AdZ_ : i '
Ad3-11 <1 X D &2
: N 2 '{CBF {  HCBF HCBF ! :
: H : — H — H — — | H :
RB1 . Old Data : T C1 . T Cc2 . ca Y T C4
i Latency xtk | Llatency xtK 1 i Latency x 1K |
RB2 | OdDaa : ! ¢ Jitci:i v Wice i
DRAM : DPD ACT ; DNOP; DRT ; DNOP; DNOP; DRT ; DNOP; DNOP; DRT; DRT : DNOP; PCG:!
SRAM ‘BR !BR !BR iBR iBR {BR :BR {BR :BR : BR: BR: BR: BR: BR

DQO-15 —E—(OIcil X0|ci| )(Oldi X0|c§ XOIcii )(0|oi| XO1§ X 01: )(013 oni )(023 X 02:

——

If next DRT happens within the latency,
new data deoes not transferred to RB.
However this operation is not guaranteed.

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses (Ad8~Ad11=Low).
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Page-Mode DRAM Read Transfer Latency set=4

CMd#

CS#

RAS#

CAS#

DTD#

Ado-2

Ad3-11

RB Old Data

RB ' Old Data

DRAM :DPD {ACT iDNOP:DRT DNOP {DNOP } DNOP:DRT DNOP :DRT DNOP iDNOP | PCG |

SRAM 'BR iBR (BR /BR :!BR :!BR :BR :BR |BR (BR !BR |BR :BR |BR

DQo-15 —(0id Yoid J{0id Yoid Yoid Yoid Yoid X a1 Yot Y af Yai ¥t ¥ar Yas

‘+—»
If next DRT happens within the latency,
new data does not transferred to RB.
However this operation is not guaranteed.

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses (Ad8~Ad11=Low).
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Write Transfer 1 (WB1->WB2->DRAM)
Buffer Write (DIN->WB1)

owee L\

CS#

L tRAS———!

T\ /

¢ tRCD—pie—tRWL—!

RAS#

CAS#

DTD#

Ado-2

Ad3-11

WB2 : : : : . Old Data: : :X New Data[WB1(0-7)] !

WB1 EXCOEXC1EXCZEXCSEX(MEXCSEXCG;XCTEXCOEXC1EXC2;X035X§4

DRAM ' DPD:DPD ! PCG! DPD DPD ! DPD ACT ! DNOP:DWT % DNOP: PCG | DPD i DPD : DPD

SRAM ' DES: BW ! BW :Bw :BW !Bw !BW :Bw :BW :BwW |BW :BW :BW :BW

DQo-15 —-—( DEJX D1:XD2:X D?:,XD4:XD5:X DE:sX D7:XDO:XD1:X D2:XD3:X DA:f)@s

Please refer to next page in detall.

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses (Ad8~Ad11=Low).
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M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Write Transfer 1 (WB1->WB2->DRAM) .
Buffer Write (DIN->WB1) detaif

K

CMd#
CS#

RASH
CASH#

DTD#
AdO0-2

s

Ad3-11
WB2 [0-7] i , i
WB1[0] _! XO
WB1 mask|[0] \
WB1[1]

WB1 mask[1]
WB1[2]

WB1 mask[2]
WB1[3]

WB1 masl[3]
WB1[4]

WB1 mask[4]
WB1[5]

WB1 mask[5]
WB1[6]

WB1 mask[6]
WB1[7]

WB1 mask[7]

e | et S 1 tutel IRl | St o x-----imii

DRAM 'DPD IDPD {PCG iDPD !DPD iDPD IACT -DNOPDWT1-DNOP-PCG iDPD iDPD !DPD
SRAM :DES 1BW .BW .BW .BW .BW .BW .BW .BW .BW .BW .BW .BW .BW

DQO-15 —i—(__Do_X D1 )(D2 \D3 XD4 XD5 XD6 )([)7 XDO' XD1' XD2' XDS' XD4' XDs

L MITSUBISHI ELECTRIC (REV 1.0) Jul. 1998 52



MITSUBISHI LSIs

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Write Transfer 1 (WB1->WB2->DRAM)
Buffer Write Transfer (SRAM->WB1)

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

< HRC——
CMd# i ; ; ; b\
cs# P
e tRAS .
RAS# P \
e {RCD—sie—tRWL—»!
CAS# RS
DTD# E
Ad0-2 .
Ad():-Ad2=L9w
Ad3-11
WB2 : : : ' 1 Old Data:
WB1 . Old Dataj
DRAM DPD DPD PCG DPD DPD DPD ACT DNOPDWT1 iDNOP | PCG DPD DPD DPD

SRAM sw sw SW sw SW sw SW sw BWT B Sw ;sw ;SW ;sw

DQO-15 ( D(:)X 013)( D2:X Dsi)( D4EX DS:X DGEX D7)—.—.—( DOEX D1:X D2§X DSEX:

Please refer to next page in detail.

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses (Ad8~Ad11=Low).
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MITSUBISHI LSIs

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Write Transfer 1 (WB1->WB2->DRAM) :
Buffer Write Transfer (SRAM->WB1) detail

K

CMd#
CS#

Me——RAS———

RAS#
CAS#
DTD#
Ado0-2

e tRCD—rie—tRWL

Ad3-11
WB2 [0-7]
WB1[0]

WB1 mask[0]
WB1[1]

WB1 mask[1]
WB1[2]

WB1 mask[2]
WB1[3]

WB1 masl[3]
WB1[4]

WB1 mask[4]
WB1[5]

WB1 mask[5]
WB1[6]

WB1 mask[6]
WB1[7]

WB1 mask[7]

DRAM :DPD ;DPD ;PCG :DPD ;DPD ;DPD ;ACT ;DNoP DWT 1:0NOP :PCG ;DPD iDPD ;DPD
SRAM 'SW ISW iSw SW Sw 'SW Sw 'SW  BWT BWT.iSW SW Sw 'SW
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MITSUBISHI LSIs

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Page-Mode DRAM Write Transfer 1 (WB1->WB2->DRAM)
Buffer Write (DIN->WB1)

K

CMd#

CS#

RASH

CAS#

DTD#

Ado0-2

Ad3-11

wB2

WBH1

DRAM

SRAM

DQO-15

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

1RP) Me—t 1 tRASP_L_—L !

\

'«—tRCD—»

a—tPC—h
'd—tFiWL—v

'Ado Ad2=Low £

\dO Ad2 Low

OId Data' : )(Dma[wmm )( Next Data[WB1(0 1)]
[ "A . VA '

___________
____________

____________
—--r"‘

Xoo )(01 Xcz Xcs XC4 Xcs XCG XC? Xco Xc1 )(02 Xcs X:4

'DPD 'DPD !PCG !DPD !DPD !DPD !ACT :DNOP DWT1:DNOP DWT1! DNOPPCG DPD

iDES :BW :BW :BwW BW Bw BW :Bw BW :BwW :BW BwW BW BW

—.—( D(:)X D1:XD2iX D:%X DA;XDE;X DE:SXD7:XDO:X D1:XD2:XD?;X Dz;)@s

Please refer to next page in detail.

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses {Ad8~Ad11=Low).
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MITSUBISHI LSIs

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Page-Mode DRAM Write Transfer 1 (WB1--WB2->DRAM)

... oz
= -] o
5 7 <5 58
O nDm ”:m
M. e mnD ol
- SR e e | it matt  milie |l bt | it ] | e et | et | ikl wis &
" s g z|”
| s Z m X
o - BRSO (s My, SN =gl ANV | VN VPR | ISUVRVEN PEVVEN | ENDRVRY SURPRVE | [N ISP | PSRRI o __F_]
— mm e WW ol
S B
—— B40,| W W
N el JC LT I ol
E :
— M;m O
>
o=
0 0
N T3 e
.................................. >< ) e Y20 )
ez
o m
% ol NV | ISR (R | EVUUEN SUVUOR | NI U | R .D.---W.M.
2z
PPl IO | VRN VPR | AORPON JUVROEN | EURPRY UV I NN U | N a |.n.D.WM.
i
...................................................... ]

DPD
BW
X 1

DES

Buffer Write (DIN->WB1)
CMd#
CS#
RAS#
CAS#
DTD#
Ado-2
Ad3-11
WB1 mask[0] '\
WB1 mask[2] i
WB1 masli[3]
WB1 mask[4]
WB1 mask[5] !
WB1 mask[6] i
WB1 mask[7] ]
DPD
(e

56
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MITSUBISHI LSIs

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Write Transfer 1&Read (WB1->WB2->DRAM->RB) Latency set=1
Buffer Write (DIN->WB1)

K
CMd#
CS#
RAS#
CAS#
DTD#
Ad0I=High
AdO0-2 :
Adi-Ad2=
Ad3-11 XCol ¥
WB2 : : : ; ' Old Data: : )( New Data[WB1(0 7) | ;
: : : ] : | ________ —_—— | - ‘ | | | : :
WB1 :Xoi)(1)( X )( )( X X Xoi)(1:X25X3:XE
e | ew |
RB1 . OdData 5 5 T i NowDaawBio7)!
A L s R T - 2 L N R R
RB2 : Old Data : : : : : i X! New Data[WB1(0-7)]:
DRAM 'DPD 'DPD -PCG iDPD iDPD iDPD {ACT {DNOP iDWTIRIDNOP | PCG : DPD | DPD {DPD
SRAM iDES | BW ; BW | BW | BW | BW |BW {BW {BW [BW [BW BW |BW iBW

000-15——(XXXXXXXXXXXX4')C5

New Data on RB appears as to latency set count. See DRT timing chart.

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses {Ad8~Ad11=Low).
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MITSUBISHI LSIs

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Write Transfer 2 (WB2->DRAM)

CMd#
CS#
{RASP—————»!

RAS# '
CAS#
DTD#

Adi=High
Ad0-2 \ /.

d0,Ad2=
Ad3-11 K+Col ¥

' ' ' ' ' ' ' ' . NoChange

WB2 : ' : ' i Old Data: ; X Da1aWBi(0 or

___________

----------
——

We1 §xxxxxxxxxxxx>c4

DRAM :DPD :DPD :PCG :DPD :DPD :DPD :ACT :DNOP:DWT1:DNOP:DWT2: DNOP:PCG :DPD

SRAM DES BW BW BW BW BW BW BW BW BW BW BW BW BW

000-15-(XXXXXXXXXXXXX§

SRAM ocperation can be freely performed. ** Ad3-Ad7 are column block addresses (Ad8~Ad11=Low).
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MITSUBISHI LSIs

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Write Transfer2 & Read (WB2--DRAM->RB1-> RB2) Latency set=1

K
CMdi#
CS#
RAS#
CASH
DTD#
AdO0-2
Ad3-11
' ' ' ' ' ' ' ' ' ' NoChan:qe '
WB2 ‘ ' ' ‘ i Old Data. i ' X Doie 107 : : ;
: ' ' : : . ;_ 1 “T" : : : : :
WB1 EXOE)(1EX2EX3:X4XSXGXTX X X X X:4
S S R S : i licBFE
: : : : : : : i : : — : '
RB1 i OldData ! I P )ﬁ@i New Data[WB1(0 7]
i i i i i i i i i | Latency x| i
' : : ' ' ' : ' : ' — : '
RB1 | OldData _: + + &+ttt W New Data[WB1(0-7)]
DRAM \DPD :DPD {PCG {DPD {DPD {DPD {ACT {DNOP {DWT1;DNOP i DWT2i DNOPIPCG {DPD
SRAM -DES ‘BW -BW :BW EBW BW -BW -BW -BW -BW -BW -BW -BW -BW

SIS I €0 €3 €3 €5 €3 €3 & O EB €3 €3 €8 €

New Data on RB appears as 1o latency set count. See DRT timing chart.

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses {Ad8~Ad11=Low).
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MITSUBISHI LSIs

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

This page is left blank, so that the Set Command Register
Timing Diagram on the next spread can be seen conveniently.
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MITSUBISHI LSIs

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Set Command Register (1)

CMd#

CS#

RASH#

CASH#

DTD#

AdO-11

:DPD iDPD :DPD :DPD :DPD DPD : SCRIDPD DPD : DPD ! ACT IDNOPDNOP DNOP

' e ' !
*Set Command Reg.

- -
- "

Inhibit new command except for DNOP,DPD
DES,SPD and NOP.
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MITSUBISHI LSIs

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M{1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Set Command Register(2)

Addressg Input Command

Ad11]JAd10J Ad9 | Ad8 | Ad7 | Ad6 | Ad5 | Ad4 | Ad3 | Ad2

-

No operation

Set All WB1 Xfer Masks

Default

-\ ||\

Output ModeTransparent

-V PO

Output Mode Registered

Latency 1

Latency 2

Latency 3

Latency 4

Default

BL=1

BL=2

BL=4

BL=8

|
r\r|ir|jr|jrr || |\r || ||| |—|—|—

|||\ ||| ||

Sequential

Interleave

Default
Default

r ||| |||\ ||\ |—|\— ||| KF

r | ||| |r§g

Q\W * Latency is the number of clock

. ! ! ' cycles required to transfer new
oo ) | R (i o7 e D s e Foao

adjusted to the clock frequency of
- Fﬂ:t?r’fétﬁnl (tK) should meet tCBF

CAS# M\W E min. timing requirement.

Ado~11 ﬁ Command w

9]
=
&
1iii
%

1
RAS#

Inhibit new read or write function during these 4 clocks.
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MITSUBISHI LSls

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Burst Mode Address

Initial Address Sequential Interleaved

As2 | As1 |AsO o YO|IY1 Y2 |Y3|Y4|VYS|Ye|Y7QYO[Y1|Y2|Y3|Y4]| Y5 ]| Y6 Y7
olo]o 01 1 213|458 70]| 2| 3|45 |67
0 0 1 1 2 3] 4 5 6 7 0 1 0 3 2|5 4 716
o| 1]o 23| 4|(s|6|7|O0[1 Q2|3 |[0o|1]|6]|7|[4]5
0 1 1 3 4 5 6 7 0 1 2 3 2 1 0 7 6 5 4
q 0 0 ° 4 5 5 7 0 1 2 3 4 5 5 7 0 1 2 3
1 ol 1 5|87 )| 0] 2| 3|45 |47 ]|86]1 03 ]2
1 110 8|17 ] 0] 1 2| 3| 4|56 |7 |4]|5|2]|3]0]|H1
1 1] 1 7101 2| 34| 5|67 |6|5|4]3]2]|1]60
0 0| o 011 2 [ 3 0] 1 2 3
- 0 1 1 2 3 0] 1 0 3 2
- 1]o ¢ 21 3] 0] 1 2 (3 [0+
- 1 1 3 0 1 2 3 ]2 1 0
- - 0 0 q 0 1

2

- - 1 1 0 1 0

Note: When SRAM command is executed more than burst length, the Address
repeats with the same sequence.

L. MITSUBISHI ELECTRIC (REV 1.0) Jul. 1998 63



MITSUBISHI LSls

M5M4V16169DTP/RT-7,-8,-10,-15

16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

70P3S Package Dimension

1 10.16-0.1
{0.44-0.004)
11.76+-0.2

(0.463++0.008)

r

+0.05
1 0.125%0%
(0.005 gm0 )
[Ty ]
.
<2
S ’ \
+ 1
[Tyl
Y N
S|s \
L
A 0.5+-0.1
O {0.02+-0.004) m
Detail A UNIT Ry
5 o =
0.65+-0.1 03 05 %
>
(0.026+-0.004) f.012 020 |2
: | 3|5
< 2 2349+-0.1 > -3
o
(0.825+-0.004) V“
Note) Dimension *1, *2
do not include mold flash.
Dimension *3
does not include tie - bar
cut remain.
64

A MITSUBISHI ELECTRIC

(REV 1.0) Jul. 1998



