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

Preliminary
This document is a preliminary Target Spec. and some of the contents are subject to change without notice.
PINCONFIGURATION
DESCRIPTION ONEICLRA
1. The M5M4V16169DTP/RT is a 16M-bit Cached DRAM which integrates input D\é%cl % % XZZ
registers, a 1,048,576-word by 16-bit dynamic memory array and a 1024- word DQCu [3] 58] AdS
by 16-bit static RAM array as a Cache memory (block size 8x16) onto a single ggéﬁ % % ﬁgzl
Lot . . 5
monolithic circuit. The block data transfer between the DRAM and the data WE# [6] 5] Ad10
transfer buffers (RB1/RB2/WB1/WB2) is performed in one instruction cycle, a cﬁiﬁ % % ﬁig
fundamental advantage over a conventional DRAM/SRAM cache. CMs# [o] 62) As7
The RAM is fabricated with a high performance CMOS process, and is ideal for 500 % % DOtS
2. large-capacity memory systems where high speed, low power dissipation, and Vss [1Z] [Bo] Vss
low cost are essential. The use of quadruple-layer polysilicon process combined BS; % 400 mil % 8813
with silicide and double layer aluminum wiring technology, a single-transistor ng% (15] 70Pin [56] \Igcle2
dynamic storage stacked capacitor cell, and a six-transistor static storage cache VES % TSOP % VS:
. . L . Type Il
cell provide high circuit density at reduced costs. DQ4 1 %) DQ1L
VeeQ [20] 0.65mm 1] VeeQ
DQ5 [z1] Lead 0] DQ10
DQ6 [z ; ] DQ9
FEATURES Vss [z Pitch ) Vss
DQ7 [4] [47] DQ8
MCL MCH
Type name SRAM DRAM . Power AsO % % G#
Access/cycle Access/cycle Dissipation (Typ) Asl 7] ) As5
- As2 [ @3] As4
DRAM: 530 RAGH As3
M5M4V16169TP/RT-7 5.6ns/7ns 49ns/70ns SRAM: 860 CASH# % % AZG
: DTD# 0] AdS
M5M4V16169TP/RT-8 6.4ns/8ns 56ns/80ns DRAM,’ 500 Ado % % Ad4
SRAM: 800 AdL [z 5] Ad3
DRAM: 430 Ad2 [34] [37] ADF#
M5M4V16169TP/RT-10 8.0ns/10ns 60ns/90ns SRAM: 660 Vee [3) @8] Vss
: Package code:70P3S-L
M5M4V16169TP/RT-15 8.0ns/15ns 75ns/120ns 22’2&25 fﬁg
- Vss @O @) Z| Vce
# 70-pin,400-mil TSOP (type II ) with 0.65mm e = - ooc,
lead pitch and 23.49mm package length. Ad7 5 [4] CCl#
# Multiplexed DRAM address inputs for reduced pin Ad [e8) [5] CCO#
. e . [65] [6] WE#
count and higher system densities. K ;’(\:"ﬁﬁesre‘fe'fc’tck As9 [ 7] Cs#
# Selectable output operation (transparent / fatetved / g,\sﬂi# } DRQM Clock Mask ﬁz? % % (C:mg:
registered) using set command register cycle. RAS# : Row Addr. Strobe As6 [ g K
. CASH# : Column Addr. Strobe DQ15 6] @ DQO
# Single 3.3V +/- 0.3V Power Supply. DTD# : Data Transfer Direction Vss [ [ Vss
(3.3V +/- 0.15V for -7 part) Ad : ggﬁm élddffi/'ls . Bgig 8] | 88%
CMs# : ock Mas .
# 2048 refresh cycles every 64ms (Ad0->Ad10). CCS#,CCl#i Control Clocks Ve % 47000Pri?]'| % Veeo
# Programmable burst length (1,2,4,8) and burst WE# : Write Enable D12 55 TSOP g DQ3
L. . DQC(u/ly /O Byte Control Vce 4] [7] Vss
sequence (sequential,interleave) with no latency. As - SRAM Address Type Il 004
# Synchronous design for precise control with G# : Output Enable DQ1L [5] 129 V%CQ
DO : Data /O VeeQ [ 0.65mm 120]
an external clock (K). Ve - Power Supply DQ10 [s0| Lead 21 882
# Output retention by advanced mask clock (CMs#). VeeQ : g%ﬁ:&"’e' Supply Dvcgg % Pitch % Vss
# All inputs/outputs low capacitance and LVTTL XESF# ‘Address Fetch clock DQ8 [&7] ] DQ7
compatible. This pin can be None-Connect. MCH  [z5| [25] ",_\\/IS%L
i MCL :Must Connect Low G#  [45] [26] Asl
# Separate DRAM and SRAM address inputs MCH ‘Must Connect High ﬁsi [4] 2] Azz
for fast SRAM access. A§3 % % RAS#
# Page Mode capability. Ad6é  [aT] s CAS#
o Ad5 [a0] G DTD#
# Auto Refresh capability. Ad4 [59] 32 AdO
# Self Refresh capability. Ad3 s8] 3] ﬁg;
ADF# [ [34]
Vss [38] O [35] Vce
Package code:70P3S-M
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16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

BLOCK DIAGRAM 1
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2 ! * 5
=
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e il BT EEE EEEE S o 7 (Write Enable)
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BLOCK DIAGRAM 2

Q
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1§> DRAM _ 8X16 Block
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Ad3-7 3
1of32 —pt ~
Decode &
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Q
]
DRAM Row Decoder
8X16 *Ado-ll
1 of 4096 Decode
w o
3 & ‘
s i RB1
B B
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= l ~ *
Lower Byte | Upper Byte |
DQO-7 w DQ8-15 (] g ~s02
lof8Decode
RB2
/J-_\S(f)-BZ Lower Byte | Upper Byte
o L i
Decode 16 bits
DQs
/ WB1 §
/ Lower Byte Upper Byte = 16 bits 16 bits
/
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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 g%ﬁﬁehsﬂs) DRAM Ad (DRAM address)
CODE o 5aC o ——

CS# Jcms# [ceoo# |coi# (l) |WE#| AsO-9 | cmd# | RAS#|CAS#|DTD#| AdO-11 1402 Adly A
NOP H H | X X | X | X X H | X X | X X 0
SPD x o | x| x| x|x]| x X | x | x |x X o
LBM LlH|H|H]H]|L X X | x | x |x X o
DES LlH|H|H|Xx]|x]| x X | x | x |x X 0o
SR Ll H|H|[L|H]|H[A09 ]| x [x |x|Xx X 1o
sw Ll H|H|[L|H]|L [As00 ]| x [x |x|X X 1o
BRT L lH L [H L |H[A39? x [x | x |x X 00
BWT Ll H L [H|L|L [A30@ x [x | x |X X 00
BRTR L H|L |[H|H/|H|As09 X | x | x| X X
Bwtw | L H|L |H|H|L |As09 | x [x [ x| x X
BR Llwr L L] H|H[A02P x [ x | x]|x X o
BW L H|lL |L|H]|L |A02®] X [x | x | X X 00
DPD x | 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 0o

DRT Ll x [ x [ x|x]|x]| x H H [ L | H |Comew® i 01000

pwrr | L | x| x | x| x|x ]| x H{H [ L | L | 101010
Ad3-7 ! ! !

pwTir | L X | x | x| x|x | x HIH | L | L |Copos? 10101
Ad3-7 ! ! !

DWT2 L X | x | x| x |x X H|H | L |L |cosok®i0r1:0
AT o T

DWT2R ] L X X X X X X H H L L |colBlock™™ 10 1111
Ad3-7 l 1 1

pwrs | L | x [ x | x| x |x | x H|H | L |L [cosok? 100
Ad3-7 ! ! !

pwTar | L X | x | x| x |x | x H{H | L | L |Casos? |1 101
Ad3-7 ! ! !

DWT4 L X | x | x| x| x X H |H [ L [ L [|cosok® 1110
Ad3-7 2) 14

DWT4R | L X | x | x| x|x | x H[H | L | L |Casioc” ERESE
AdO-11 ! ! !
ACT L X | x X | X | X X H [L H | H |RowaAdd) | | |
PCG Ll x [ x [ x|x]|x]| x HlL | H|L X 00
ARF Ll x [ x | x|x]|x]| x HOLL | L | H X 1o
SRF L X | x | x| x| x X H® L | L | H X o
SCR Ll x [ x | x|x]|x]| x H|L | L |L |[command! | !

NOTES
1) For the DPD function, the RAS#, CAS# and DTD# inputs are
DON'T CARE except for the L,L,H combination. (Respectively).
2) The unused addresses must be set to Low.
3) Use New: If BW or BWT or BWTW is initiated the same cycle
as DWT1 or DWT1R, new data is loaded into the buffer
and transferred to DRAM.
4) Clear 1 or 2 Transfer Mask Bits (as addressed by As0-2 and DQCUI/L).

5) Actual number of bits transfer depends on the state of the DTBW Mask and
the DQCU/DQCL inputs. Note: If DQC(U/L) is Low, the corresponding DQ(s)
is(are) disabled (Input and Output Buffer). SR,SW,BR and BW cycles
with DQCU and DQCL Low result in a Deselect SRAM operation.

6) Following a DWT1 or DWTLR cycle, the entire WB1 Transfer Mask is Set .
(i.e., data can no longer be transferred from WB1 to DRAM.)

Succeeding Buffer-Writes or Buffer Write Transfers will Clear Mask bits.
7) CMd# during current cycle must be High (see timing diagram for Auto-Refresh).
8) CMd# during current cycle must be Low (see timing diagram for Self-Refresh).
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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 Iransfer Buners ]
Write Buffers Xfer Masks Read DQ pin )
WB1 | wB2 | Buffer -
WB1 |WB2 | mask | Mask |RBL,2| Din | Dout Function
Hi-Z No Operation
ISuspend SRAM Power Down& No operation
t‘ Pend I Data retention P
Byte K
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
Clear . .
Load Mask Hi-Z | Buffer Write Xfer SRAM->WB1
Use Valid | Buffer Read Xfer & Read |RB2->SRAM->DO
Clear
Load Mask Valid | Hi-Z | Buffer Read Xfer & Read |DIN->SRAM->WB1
Use Valid | Buffer Read RB2->DO
Load ST Valid | Hi-Z Buffer Write DIN->WB1
DRAM Power Down No operation
DRAM No OPeration No operation
Load DRAM Read Xfer DRAM->RB1->RB2
Load/ ®) | Load/ ) [©)
Use 826 Use 829 DRAM Write Xferl WB1->WB2->DRAM
Load/ (6) [ Load/ . WB1->WB2 3)
Use Use Use Use Load DRAM Write Xferl& Read _>DRAM->RB1->RB2
Use Use DRAM Write Xfer2 WB2->DRAM
Use use |Load DRAM Write Xfer2& Read  [\/22>DRAM
Load/ i
Use 826, Load DRAM Write Xfer3 WB1->WB2->DRAM
) \WB1->WB2
use |52 Load |Load DRAM Write Xfer3& Read | spman -aB1oREs)
Use DRAM Write Xfer4 WB2->DRAM
Use Load DRAM Write Xfer4& Read WB2->DRAM->RB
DRAM Activate Page Call
DRAM Precharge
Auto Refresh
Self Refresh Entry
Set Command Register
Function Data Transferred (max) Function Data Transferred (max)
Din --> SRAM 8/16 bits ®) WB2 --> RB 128 bits (8X16bit-block) g%-Dgia%t
Din --> WB1 8/16bits (5) DRAM --> RB 128 bits (8X16bit-block) WB1: Write Buffer 1
SRAM --> WB1 128 hits (8X16bit-block) RB --> Dout 8/16 bits (5) WB2: Write Buffer 2
WB1 --> WB2 128 bits (8X16bit-block) RB --> SRAM 128 bits (8X16bit-block) RB: Read Buffer
WB2 --> DRAM 128 hits (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 operation 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-to-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-Adll (@
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, AdO-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.

}‘ MITSUBISHI ELECTRIC (REV 1.0) Jul. 1998 6
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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(2)

DQCI,DQCu

Input

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

As0-As9

Inputs

SRAM Addresses 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. G#=high forces the outputs to high
impedence.

DQO0-DQ15

Inputs /
Outputs

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

VceQ

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, VccQ 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.

}‘ 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.

SRAM
Power-Down

If CMs#=Low at the rising edge of K, the SRAM enters SRAM Power Down at the next rising
edge of K. During this mode, the internal SRAM K clock becomes inactive. The Output
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 useful for output impedance control (Hi-Z,Low-Z) without G#. Output
buffers are active during this cycle for registered output mode 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 1/O pins to the SRAM. Addresses As0-As9 are used to select the
location to be written. As3-As9 decode the SRAM Row (=Block), and AsO-As2 decode
(10f8) the 16-bit word to be written. DQCUu and DQCI control Upper and Lower byte writes,
respectively.

DRAM _ . 8X16Block
1MX16 -

o
Ad3-7 LT
10f32 | 2
Decode

| DRAM RowDecoder

et
AdO0-9

4 10f4096Decode

RB1

Lower Byte | Upper Byte As0-2
lof8Decode

RB2 = )

e ]|, 10010

16bits

8X16 N

As0-2
1lof8

D

8X16Block -

As0-2
lof8Decode

SRAM RowDecoder

ry

As3-9
lofl128Decode

L MITSUBISHI ELECTRIC

(REV 1.0) Jul. 1998 8




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

MODE DESCRIPTIONS (2)

Buffer Read

Data is transferred 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.

i DRAM _.8X16Block
g2 _ A
Ad3-7 iz IM X 16 -
10f32 ¥| °5 |—
Decode ]
8X16 | DRAM_RowDecoder |
< ? AdO-11
/ lof4096Decode
8X16

L
g

DQ8-15

RB1

Lower Byte _Upper Byte

5 | Lower Byte 1 Upper Byte AS0-2
Transfer k) 8X16 lof8Decode
/! — /16bits
e DQs
K \WB 1 — 16bits /
Il, | Lower Byte j Upper Byte | =~ =1 / ® 16bits
8X16Block =7~
0 T - “16bits
4_ As0-2
1osf8Decode
7Y
As3-9
lofl128Decode
Data is transferred from the SRAM to the Write-Bufferl (WB1). Addresses As3-As9 decode
the SRAM Row (=8X16 bit block) to be transferred. Addresses As0-As2 must be set low.
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).
3 DRAM _ . 8X16Block
Ad3T i 1M X 16 -
10f32 | 8§
Decode =)
N | DRAM RowDecoder |
8X16 INQ < Ad0-11
1lof4096Decode
Buffer Write
As0-2
Transfer lof8Decode

—I 16bits

- . —— DQs
e S <+ 16bits ®

;B g . /8X16 / 145@

Pt 8X16
8X16Block "7 =~ol___ 7
__________ - l6bits
N -
e
SRAM i=
3
1KX16 £ As0-2
E) lof8Decode

SRAM RowDecoder

As3-9
lofl28Decode
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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 decode the 16-bit word to be
read.
5 DRAM //‘8X1GBIock
Ad37 o 1M X 16 -
10f32 | 3
Decode
| DRAM RowDecoder |
N < AdO-11
8X16 _ f1of4096Decode
] 3 8X16
Buffer Read £
Transfer & o7 o5 e Totbecode
SRAM Read 4 8X16 =
,’I / ?g?ézl:)ecode L6bi D 9, S
B E WB 1, E= = its
: v
J v 8X16 16bits
LT 8X16
8X16Block =~ ___ o
___________ - lé6bits
] g
SRAM gz
1KX16 &% As0-2
> lof8Decode
Y
As3-9
lofl28Decode
Data is first written from the 1/0O pins to SRAM as decoded by As0-As9. Then, the SRAM
Row (=Block) decoded by As3-As9 is transferred to the Write-Bufferl (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.
P DRAM |_ . 8X16Block
Ad3T 't 1M X 16 -
10f32 ¥| °5
i Decode
Buffer Write [ DRAM RowDecoder ]
8X16 N 7. AdO-11
Transfer & A _ 10f4096Decode
SRAM Write exas
B
=[5  WB2 2| 5os. :
—
; RB2 EI 16bits
,’I ax16 As02 Lower Byte ! Upper Byte =] /
/ 10f8 DOs
. Decode ;
K = | 16bits
/ 4 /8X16 16bits
8X16Block =7 __ 8X16
___________ 16bits
_____ . -
sram B p=
1KX16 &2 As0-2
|- 1osf8Decode
é
A
As3-9
lofl28Decode
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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 (4)

Buffer Read

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

operation.

g DRAM //,BXlGBIock
Ad3T I 1M X 16 -
10f32 ¥ | *3
Decode T
| DRAM RowDecoder: |
8X16 ~ rd Ad0-11
lof4096Decode

8X16

®

==

oo o]

Qo7 anerly\e/IBUerB e DQ8-15 ﬁgfos-%ec()de
,* 8X16 EI
! —
As0-2
. / 10f8 DOs
! Decode .

B E WB1 H= b= 16b|ts/

/|2 | Cower syte | upper ye | % gy :
/! 4 /8X16 16bits
' -

s 8X16
8X16Block ==--____ "
---------- - 16bits
- -
F
SRAM 7
8
1KX16 ig AS02
E lof8Decode
‘
A
As3-9
lofl28Decode

Buffer Write

Data is written from the 1/O pins to the Write-Bufferl. Addresses AsO-A2 are used to select
(10f8) the 16-bit word to 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.

5 DRAM _ . 8X16Block
Ad3-7 e IMX16 -
10f32 ¥ | %5
Decode -
N | DRAM RowDecoder |
N < f AdO-11
8X16 lof4096Decode

- - 8X16
£ |
i WB2 :
;LowevayerUppevaxe e lof8Decode
'
/

8X16 RB2 El

Lower Byte ! Upper Byte ==y

/ As0-2
K / 10f8 DOs
’ Decode .
KR E WB 1 —a— —— 16bits
J Lower Byte ; Upper Byte —] ;
’ 4 /8X16 16bits

P 8X16
8X16Block TTTe-o. / - “16bits

[%)
D

SRAM gz

8

1KX16 &t As0-2

E] lof8Decode
A
As3-9
lofl28Decode
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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

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 Bufferl and 2 (RB1,RB2) as specified
by Addresses Ad3-Ad7. Addresses Ad8-Ad11 and AdO-Ad2 must be set to Low. 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. (Notes 1,2,4)
g DRAM _ . 8X16Block
Ad3T I 1M X 16 s
10f32 “3
Decode
| DRAM RowDecoder |
N Ad0-11
8X16 | N lof4096Decode
DRAM Read = Bxis
Transfer E i RB1
,‘ 8X16 RB2

10f8
Decode

B
g
/
S DOs
.
HE WB1 § —— 16bitS/
* |2 [ Cower Byte | upperBye | * 3

—~ /8x16 16bits O

.- 8X16
X16Block ~===-~-. s
BX18Block TTT e / _~ “16bits

SRAM RowDecoder

As3-9
lofl28Decode

16bits
I
Lower Byte [llUpper Byte

As0-2 /

As0-2
lof8Decode

H
=9
ﬁ >
-4

I pemee I

uwNoD W YYS)

& MITSUBISHI ELECTRIC (REV 1.0) Jul. 1998 12




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

MODE DESCRIPTIONS (6)

Data (8X16 Block) is transferred from WB1 through WB2 to the DRAM block specified by
Addresses Ad3-Ad7. Addresses Ad8-Adl1l 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)

3 DRAM _.8X16Block
o -~
Ad37 i 1M X 16 -
1032 | =€
Decode E)
DRAM RowDecoder
8X16 < Ad0-11
DRAM Write & 1of4096Decode
Transferl
oot | S 2N o As02
lof8Decode
8X16 —_
A RB2—E5 16bits
. Lower Byte ! Upper Byte =] / !
/ As0-2
g 1018 DQs
! \WB1I Etﬁ)de 16bits
- - s 7 Q) - 6b/I @
, v 8X16 Its
: 8X16
BxasBlock “T1oe / _ “16bits
----- . oD
SRAM ¢
1KX16 g As0-2
- 1lof8Decode
As3-9
lofl28Decode
Data (8X16 Block) is transferred from WB1 through WB2 to the DRAM block specified by
Addresses Ad3-Ad7. Addresses Ad8-All must be setto 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)
2 DRAM _ . 8X16Block
Ad3T 't 1M X 16 -
10f32 5g
Decode El
| DRAM RowDecoder |
AdO-11
. 8X16 1lof4096Decode
DRAM Write _ — 8x16
Transferl
& Read DQO-7 2| DQB-15 As0-2
*LowerBte Upper Byte 1of8Decode
8X16 — :
. =I /16b|ts
DQs
leits/ /
/8x16 ® 16bits @

P |/16bits

As0-2
lof8Decode

uwno) W Y4S|

19po2eQ

SRAM RowDecoder

As3-9
lof128Decode

& MITSUBISHI ELECTRIC (REV 1.0) Jul. 1998
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16MCDRAM:16M(1M-WORD BY 16-

MITSUBISHI LSIs

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

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-Adll must be setto Low. The WB2 Mask controls the data written to
the DRAM. With the DWT2 function, the WB2 data and WB2 transfer mask remain unchanged.
(Note 4)
3 DRAM _.8X16Block
Ad37 i 1M X 16 -
1032 | g5
Decode 3 T
| DRAM RowDecoder |
8Xx16 < AdO-11
. _ _ &x16 1of4096Decode
DRAM Write < <
Transfer2 o] ane,EV\[IEBZU — 5815 As0-2
P 8X16 . <:Lo_fBDecode
X RB2 EI 16bits
. Lower Byte ! Upper Byte =] /
DQs
16bits /
; " exis 4 ® 16bits @
8X16Block e E& _ /16bits
~~~~ TS
SRAM gz
1KX16 E As0-2
El lof8Decode
As3-9
lof128Decode
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 DWT?2 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 Bufferl and 2. (Notes 1,2,4)
DRAM | sx16Block
9= 1MX16 -7
Ad3-7 89
1of32 =»| g
Decode 3, T
| DRAM RowDecoder |
8X16 AdO-11
. 1of4096Decode
DRAM Write g 8x16 A
TranSferZ DQOXJ Loweravt\elB% or Byle D(;arls Lower Byte JllUpper Byte ?Sfoé% p
. Lower Byte JUpper Byte /
; o DQs
: WB L oo tobis 4 /
,', Lower Byte | Upper Byte /BXlG ® 16bits @
',:_- 8X16
BX16Block Tt / _ /16bits
---- 1S
SRAM 3=
1KX16 ; ASO-2
3 lof8Decode
As3-9
1lofl28Decode

}‘ MITSUBISHI ELECTRIC
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M5M4V161

MITSUBISHI LSlIs

69DTP/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 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. 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
WBM1/2 is not used in this cycle.
23 DRAM |_ . 8X16Block
ada7 |5 256K X16 -
1032 g
Decode E
| DRAM RowDecoder |
8X16 7 AdO-11
DRAM Write K : 8/)(16 1lof4096Decode
Transfer3 RB1
DQO-7 DQ8-15 Lower Byte _Upper Byte As0-2
lof8Decode
mmagn—l e
. ' DQOs
! 16bits /
/sxm / ® 16bits O
s ’ 8X16
axteplock Tre--.. VO R / _ l/l6bits
SRAM E
1KX16 g As0-2
> lof8Decode
7Yy
As3-9
lofl28Decode
Data (8X16 Block) is transferred from WB1 through 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. The block to which the data is written in
DRAM is simultaneously transferred to the Read Buffer.(Notes 1,2,4,5)
93 DRAM _ . 8X16Block
adz7 |83 256K X16 -
10f32 £
Decode 3
| DRAM RowDecoder |
8X16 T Ad0-11
. 1lof4096Decode
DRAM Write . — §x16
Transfer3 I . I I
& Read 0Qo-7 i Lowerly\éBUZ er Byte g| oee1s As0-2
Z Z . lof8Decode
? i = I
As0-2
10f8 DQS
. Decode .
L E \WB 1 £ <+ 16bits
;|2 oV e loper Byte R / )
/ v /8X16 16bits
- - - 8X16
BxtgBlock "7 e e W R / _ “1ebits
SRAM %l
1KX16 —— ¢ AS0-2
3 lof8Decode
'y
As3-9
lofl28Decode
L MITSUBISHI ELECTRIC (REV 1.0) Jul. 1998 15



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

MODE DESCRIPTIONS (9)

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 DWT4 function, the WB2 data and WB2 Mask

remain unchanged. (Note 4,5)

93 DRAM _ . 8X16Block
Ad3T 45 256K X16 -
10f32 £
Decode s
| DRAM RowDecoder |
AdO-11
. 8X16 10f4096Decode
DRAM Write E P
Transfer4 Ié . I I
— =]
Q07 iLowerB e U er Byte ; pos1s ﬁgfos-éecode
8X16 RBZ = .
==l P
DQOs
H=— 16bits/
/8X16 16bits
e /16bits
o3
ig
5 As0-2
E lof8Decode
'y
As3-9
lofl28Decode
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 transferred to the Read Buffer. (Notes 1,2,4,5)
=5 DRAM _ . 8X16Block
Ad3T 25 256K X16 -
10f32 g
Decode s
| DRAM RowDecoder |
. AdO-11
DRAM Write 8X16 10f4096Decode
Transfer4 8x16
i i RB1
& Read Qo7 | & \WB 2 >| ogs-15 Lower Byt JjUpper Byte As0-2
;LowerB leIU er Byte | = 1of8Decode
8X16 .
! LowerBEBUzerE(e /lebltS
As0-2
10f8 DQs
. Decode .
K — 16b|ts/
—> _~axe 16bits
f_:._—"'—— 8X16 \/
8X16Block T =--o._ / 16bits
------ - e
S -
SRAM
1KX16 E As0-2
El lof8Decode
As3-9
lofl128Decode
ELECTRIC (REV 1.0) Jul. 1998 16
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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

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, a 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 Auto-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 Refresh (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 AdO-Ad11 DRAM Address pins determine the
DRAM Read Transfer Latency, the Output Mode (transparent / fatehed / registered), and WB1
transfer mask mode (set-alll no change). No DRAM operation is executed in this cycle. Refer to
the SCR Truth Table for legal Address values.

Set
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 mode.)
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) Perform a precharge (PCG) operation.

3) After tRP, perform 8 auto refresh commands (ARF) with adequate interval (tRC).
4) lIssue 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 DNOP / DPD and DES / SPD or NOP command will be the stand-by command
for the above power sequence.

Vcec must be powered-on at the same time or before VccQ is on.

And Vcc must be powered-off at the same time or after VccQ is off.

L MITSUBISHI ELECTRIC (REV 1.0) Jul. 1998 17




MITSUBISHI LSlIs

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

DQC /N S DQC
G# \ AtKHA G#

tKHQZ tGLA

N\ AT |
DQO-15 Q >—“ ________ DQO-15 M .\

1GLQ <« (GHQ

i

Output appears from the falling edge of K clock.

SR DES SR

SR
K /L \

« /\_ This outputmode
« \"_. was deleted.

tKLQX <LL\L\JL ~= tGLA «-tGHQ
: : P y
DQO: o Q O DQO-15 tGLQ | [\ QM_

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

< /N /S o« /N J /S
AR oac/ N/ )

K ¥
[ tKHAR
G #\ G# (GLA —\ M tGHQ
~ tKHQZ g
tKHQX v Al {
_ _ N/ ] \
DQO0-15 A Q /N DQO-15 1GLQ _pl 1y ©
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MITSUBISHI LSlIs

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

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

t

i

'

& »
€ »
i

K,K#
CMd# tCMDS tCMDH
CS# tCSS tCSH
RASH tRS tRH
CAS# tCcs tCH
DTD# DTS tDTH
CMs# tCMSS : tCMSH
CCOo# tCoS tCOH
CCl# tC1S tC1H
WE# tws ><—><—> tWH
DQC(u /1) : I : tDQCH
ADF# tSADF tHADF
AdO-11

As0-9 tAH
DQO-15 DS tDH

}‘ MITSUBISHI ELECTRIC (REV 1.0) Jul. 1998 19



MITSUBISHI LSlIs

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

DQ5

DQ6

DQ7

DQS8

DQ9

DQ10

DQ11

DQ12

DQ13

DQ14

DQ15

yYvyvyvyvyvvyvy

Lower

Upper

Block
address

Column Block

(16 byte)

0 : mask, no write

o 1 2 3 4 5 6 7
RN

1 : unmask, write enable

}‘ MITSUBISHI ELECTRIC
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MITSUBISHI LSlIs

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
Write data / Mask data 0 DRAM row 1023
0
128 set
0 \
1 2 \ \; \ written
2 \ \‘\:‘
3 Ss -+ BB S
1 NSRS
2 \ \:zn\‘
; \ %:I‘
. NNN S
Lower ) ‘.k\{\a.‘q
8bit ' \Q\
Upper8 N
bit
SRAM WB1/WB2 %fk
255
<€ lower byte— 9 <&—upper byte >
Byte OfJrJofafajafoJofaf1f1]1]1fo]o]oO
mask bit
DQO-> ->DQ15
Write / Mask logic
DWT2
DWT1 N addition -------------------- 1
ASO-2 i DWT3/DWT4 i
DQCI : DQO0-15 |
DQCu . Load Byte Mask i
! (LBM) !

SRAM ———{ WB1 —O— wB2 Ao—bDRAM

DWT1/DWT3

DWT2/DWT4
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MITSUBISHI LSlIs

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

4
//I // II \\
A i/ \ AN
II \‘; Page boundary
/ |
DNOP DWT4 DNOP DWT4|DNOP|DWT4 | DNOP DWT4 | PCG
DES | DES | DES | LBM | DES

BWT| DES | LBM
A

A @ [
| Color data is traﬁsferred from WB2 to

DRAM column block with new byte mask.

ACT |DNOP|DWT3
DES LBM DES DES

Color data is transferred 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). The byte mask data is valid from the LBM cycle

immediately and lasts until the next LBM cycle is initiated
Page call.(ACT)
22

Color data is loaded from SRAM cache to WB1.(BWT)
(REV 1.0) Jul. 1998
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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

Burst Mode (1)

CMs# | L b bbb

ccor L |

WE# ! 1 ! A ! .| Acceptinterrupt
: i ! i i i i i | ~<=—— for inputting new

5 5 5 5 : 5 5 5 5 . | address w/o gap.
ey ST

As3-11 Xc1X\ /Xc2 I C;X: o

DQO-15

QL+l Qi+2| Q1+3 ! Q3+1 Q3+2 Q3+3

'DES!SR !SR !SR !SR| IDESI!SR ISR !SR iSR ISR ISR !SR !

SRAM address and
DRAM address can
be multiplexed
using this duration
for DRAM control
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MITSUBISHI LSlIs

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)

st \g : : A : : A
o A AV W\ /T

DQC(u/I)J V\_/ \ / EV EV EV EV EV :
AsO0-2 XClx Xcz XC3XC4X ch CGX

As3-11 Xc1X XC2X03XC4X05XCGX
S EEEEEREVNE

mwii@iﬁiinm mmmm

Ql+1 5 5 D1+2

DES SR DES SR !SPD!SPD:DES:SwW sw SR SR :SR 'SR
4

Burst address is
not incremented ADF#=Low

by DES, SPD. is equal to
non-burst

mode.

"Insert wait" is possible.

M5M4V16169D keeps compatibility setting ADF# low or setting Burst length=1 by SCR cycle.
(Ad7, Ad8 and Ad9=0)
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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

**.15 spec is the same as M56M4V16169TP/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
Vcce Supply Voltage With respect to Vss -05~ 46 \Y;
V| Input Voltage -05~ 4.6 \%
VO Output Voltage -05~ 4.6 \%
[o] 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 ) Limits Unit
Min. Typ. Max
Vce Supply Voltage 3.0 3.3 3.6 \
Vss Supply Voltage 0 0 0 \%
VeeQ Supply Voltage for Output 3.0 3.3 3.6 \%
VIH (LVTTL) High-level Input Voltage clock and add. 2.0 Vdd+0.3 \%
VIH (LVTTL) High-level Input Voltage master clock (K) 2.2 Vdd+0.3 V
VIH (LVTTL) High-level Input Voltage data pin 2.0 VddQ+0.3 \Y,
VIL (LVTTL) Low-level Input Voltage all inputs -0.3 0.8 \%

CAPACITANCE

(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 (MAX) Unit
Cl(A) Input Capacitance, Address pin VI=Vss 5 pF
CI(C) Input Capacitance, Clock pin f=1MHz 5 pF
Clio Input Capacitance, 1/0 pin V| =25mVrms 7 pF
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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

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

(Ta=0~70°C , Vdd=3.3x£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, tkK=min.
IccS DRAM=DPD output Open  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 tPC=min.
1ccD(PC) | sram=sPD 140 | 130 | 110 | 80 | mA
LVTTL standby, tk=min, DRAM=DNOP&SRAM=DES,
ICC(STND or NOP all input=stable. output open  data input=H or L 60 60 50 30 | mA
CMOS standby, tk=min, DRAM=DNOP&SRAM+DES,
Icc(STN2 . mA
( )| or NOP all input=stable.  output open  data input=H or L S0 50 40 25
lcc(PD) | CMOS Power Down current, CMd#=CMs#=L,tK=min. 5 5 5 5 mA
Icc(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)XLVTTL) | High-level Output Voltage (DC) IOH= -2mA 2.4 - \
VOL(DC)*(LVTTL) | Low-level Output Voltage (DC) IOL= 2mA - 0.4 \%
0z Off-state Output Current Q floating VO =0 ~vddQ -10 10 uA
I Input Current ViH=0 ~VddQ+0.3V -10 10 uA
* VOH(AC) and VOL(AC) are the reference levels for AC measurements.
VOH(DC) and VOL(DC) are the final levels the outputs reach. VTT
500hm
VouT O
T
AC Condition
(Access Time)
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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  (CLK pulse, input signals setup / hold time to CLK edge)

(Ta=0~70°C , Vdd=3.3%£0.3V for -8,and -10, Vdd=3.3+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=3.3+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 90 120 ns
tWC* DRAM Activate-Write Cycle Time | 70 80 90 120 ns
tPC Page Cycle Time 14 16 20 30 ns
tRAS Activate Time 49 | 10,000 56 | 10,000 60 | 10,000[ 70 | 12,000 ns
tRASP | Page mode Activate Time 49 poo,000{ 56 [100,0000 60 [100,000f 70 [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 = tRP + 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=3.3+0.3V for -8,and -10, Vdd=3.3+0.15V for -7
Vss=0V, unless otherwise noted)

Limits
Symbol Parameter - -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 | Output Active Time from K-High Edge 2 3 ns
tKHQZ | Output 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 | Output Active Time from K-High Edge 2 2 2 3 ns
tKHQZR | Output Disable Time from K-High Edge 2 7 2 8 2 10 3 ns
tGLA Access Time from G#-Low Edge 5.6 6.4 7 ns
tGLQ Output Active Time from G#-Low Edge 0 0 0 ns
tGHQ Output Disable Time from G#-High Edge | 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 )

.1.2:.3?{5 6 7 8 9 10 11 12 13 14
v o FEER
cow T emmy
v TR/ WA/ WA/ WL
WS €3 €200 CHC 00 €3 €3 S
DQO-15 @ Q2 Q6 )_ﬁ

EDESESW ESR EDESESW ;SR ;DESESW ESR ESPDESPDESPDEDESE

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

G# controlled Write & Read

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

ceo? | —
w A Y\
DQC(u/I)__/ \ / \___
o e

As3-9 Xc1Xc2X XC3XC4XC5XC6XC7X

pQo-1s —{o— 2 é ?O@/‘ ~( X Xo )——
! : : ! ! : : 1 Q3 ! : ! : !

'‘DES 'sw SR spPD SPD spD DES SR SW SR SR SR 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 )
i 2 3 4 5 6 7 8 9 10 11 12 13 14

ST A A I
et L R

cn T oy

w B e
o B WA AT T
- W W w4
| BEOEEEDEEE
- BOCOEEHSE0E

G# L

DQ8-15 - (p7) m (e

DQO-7 @ D(:

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

@y — (un 0) 0)
I:I HorL

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

CC*\/\_/
wes \/\mu\'
DQC(u/I)J \
ASO-2 me@x%xmx%x%xmxwx
As39 ;X?X?X?X?XfX?X7X?X;

| | | N | 1 | N | i

G# L. \ \ N \ N \ N \ N
[l [l [l bN [l iN [l AN ' AN
1

‘A | A AN A R}

DQO-15 —(D1——p3 X 2N _psiX Q4iX D7 fQe)y— o8 : )} —

'DES:SW :SR :SW :SR :SW : SR : SW: SR :DES :SPD :SPD :DES

Note : Output is registered. = DRAM operation can be freely performed.
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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

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

cC1# o :

wo B emamm

NI Gs €363 3 663 €3 623 3 s

As3-9 X(C1>X<01)X(C1)X(01)X<<31)X(CS)X(cs)X«:S)X(cs)X

o

ocors ——— DEDEE@@E
EDESEBRTESR iSR iSR iSR iBRTRESR iSR iSR iDES EDES EDES EDES

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

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

K

CMs#
CS# L
Cco#
CC1#

v EEED N EE A
DQC(u/I): \/ /\ \/
e I ER DO

G# LE

WB10) ot o ;e Yo

: : : : LA
DQO-15 ! ! ! ! L \D2/

DES DES BWT DES DES BwTw DES DES BWT DES DES DES DES DES

Note : Output is transparent. DRAM operation can be freely performed.
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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

cow

e S
S S
(W

e e

SCTUNEREEENE SRR
AsO-2 (C?XC?XC;XC?‘Xi iXCfSXC%XC;XCsti .

G# LE

WB1(0-7) _!Xp1iXp2iXD3:)p4 !

WB1 Mask(0-7) é\Dlé\DZé\DSé\D4

pQo15 (er Xo2 Ko ) o)< Xas X(ar Xaa)—

'BW 'BW :BW :Bw 'DES 'DES :DES 'DES 'BR 'BR :BR '!BR 'DES !DES

Note : Output is transparent. DRAM operation can be freely performed.
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16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

NO - Operation of SRAM

ows# AT T T\
CS#IJ

CCO#

CC1#

WE#

DQC(U /1)

ASO0-9

"NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP

NO-Operation Mode

CMd#

RAS#
CAS# DRAM operation can be freely performed.

DTD#
Ad0-11 |
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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 DRAM

CS#
CMd#

RAS#

CAS#

DTD#

AdO-11

NO-Operation Mode

SRAM operation can be freely performed.

CMs#
CCo#

CCl#
WE#

DQC(ull)

G#
As0-9

DQO-15

38
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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 1 12 13 14

e S R S S

RASH \/ \/

cast EEETET

LY

AdO-11 XRow X

EDPD E DPDE DPDEACT EDNOPEDNOPEDNOPEDNOPE PCGEDPD E DPDEDPD EDPD E

CMs#
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

o BB mmmm

PAYSS N N S N
+HRP e HRASE

o IF wmy . ©

SR Y s e W

AdO-11 XROWX

'DPD 'PCG ' DPD' DPD'ACT 'DNOP'DNOP 'DNOP 'DNOP' PCG'DPD * DPD'DPD

CMs#
CCOo#

CC1#
WE#
DQC(u/l)
G#

As0-9
DQO-15

SRAM operation can be freely performed.
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16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Auto Refresh

CS#

RAS#

CASH#

DTD#

AdO-11

DNOP

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

DRAM new commands except for NOP,DNOP and DPD can be set

after tRC later from ARF command input.

SRAM operation can be freely performed.

CMs#
CCO#

CC1#
WE#

DQC(ull)
G#

As0-9

DQO-15 /

41
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16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Self Refresh

5 5 5 5 ¢Inhilbit faIIilng edée.
oMd# T AL EERY/ A R
CS# E L/ \ L L
RAS# .\ L T 7 T\
cast | \LJ /A R R
DTD# . ./H\. . . . . . . ./5\.
AdO-11 j j j j j j j j j j j XR(Z)WX j
'DNOPDNOP; SRF ! Halt ' ' Halt | Halt {DNOPDNOP:DNOP:DNOP; ACT :DNOP
-
T Self Refresh Mode tRC for Recovery
SRAM Power Down Mode
Self Refresh Self Refresh
Entry SRAM Pé)vyter 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

¢) Wait tRC for recovery

d) Resume normal operation
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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

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

R S N

e

'
[
d
'
'
'
'«
<
'
'

S e A W N N S S
BT e e RO ) S
rast TN AN [ T\

‘¢—tRCD—pie—tRSH—»"

s DT CImmy /)

DTD# \/ /\

AdO-2 XROWX\/

AdO-Ad2=Low

Ad3-11 XRowX__ X=colX
I R

1 1 1 1 1 1 1 1 H 1 1 1
RB1 : : : : . Old Data! : - X ! New Data
: : : : : : : : fLatenéy X K ! : :

l ] Ll Ll Ll Ll ' ' "_h Ll l
RB2 ¢ ¢ ¢ odbaa : : N ‘ NewData

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

500-15 _<o.d XO'd; Xo.d; XO'd; X0|c§ Xom;l X0|o;| X0|c§ Xomil XNev;vXNe;WXNeVZVXNeV;V)@eW

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

o g
a & zZ
Qo 0o _VL
S0 R N N Y R ) N R I B O A O I o o 1
a @ P
[ R e I B B R I et I EEEEEE S EEEEES B Bt ©{------ @ [----z------------ =1
: I
o ol g o =
A" -------=--ft-----4 |-----4 |- b----—e F-----1 [|-----1 }------ W |||||| W ||||||||||||||||||| W.l.
) )
— g @ =
i Wt i At I A 1T 4 .................................... K--W.m ..... [ ST
— =i
_ < (@) I (@)
_~ _~ QHu W . nVu, W m <<
o TN 1T Ir——""71T"1"T1 """ R ||||||||||||||||| - T ||B.| 1T == I I I _“ ||||||||||||| w T
— =] |~ & O Q o [n'd O
REEOE g o @ ><
S B . R e | e £ A Bl Rkt B R g o}
x _—1 < S< m Wm O
= o a ><
9L U 0 S S S (N IS [ ISR () ISR PSRN SO S S SOl 1 S -
~— DnL > > m & m
A N T S S I Y T 5 IS U S O < 2
O 1 = = z - S
..Duu — ] S~ S~ > > a 8 ) o !
o>t |1 1 o ot e oo ke i | o7
~— o O a nd (@)
o o ><
LD ->~g---o--==-t-=--=d |--- at -1 t+—1 1 -1 -ttt o9
2 £ @ o
&) >
S AR CSEEE CEEEEE EEEEED -t {-----1 r----1 r----1 |1 [~~—-1t-t-—--F--- o o7
o O
oS- | NN SN (N JSE AN EVERR R NN e ISR S SRR (N S I S =1-
_M a o ><
N -~------r--------1 -----1 -----1 -1 r----1 |"---1 (—-——""1"1"-"-""""r"rr-—-—">-—"--—-—""""-"-----r o1
a o
a & O
o
GG NN (SN [ ISR SO B SRS S U N N U OO N 4\
9
% S S S
o H+ n N la) o o — o~ AMn > o)
= ) < < = k=) ke m m X o o
A4 O @) (n'd @) )] < < x x @) ) (@)

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

SRAM operation can be freely performed.
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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#

CS#

RAS#

CAS#

DTD#

AdO-2

Ad3-11

RB1

RB2

DRAM

SRAM

DQO-15

SRAM operation can be freely performed.

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

XS

e

'
[
(
'
'
i
«
<
'
'

N s
— R e mAS

\ AT S\

«+—tRCD—pe—tRSH—»

e

ey

W &
Dron)T | /

AdO-Ad2=Low

e

e

{tCBF |

— ! ! ! !
XK : : : New Data !

DeC

Old Data:

Létency X K

Old Dataé

)%( New: Data

:DPD :DPD :PCG ! DPD :DPD :DPD ! ACT :DNOP: DRT :DNOP | PCG :DPD : DPD :DPD

'BR 'BR 'BR 'BR 'BR 'BR 'BR ' BR 'BR 'BR ' BR ' BR ' BR 'BR

——0ld X old }{ 0ld X oId X Old X old X Old X old X Old X Old X Old XNew YNew )@ew

** Ad3-Ad7 are column block addresses (Ad8~Ad11=Low).
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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 9 10 1 12 13 14

'
[
d
'
'
'
»
[
'

e

A

CMd#

CS#

e was
\ TN S TN

‘¢—tRCD—pie—tRSH—»"

RAS#

CAS# ; ; /; \ ; ; ; /

v D S W WA

AdO-2

\ |/
Ado:-Ad2=L¢w
X**(:iol X

tCBF
—>

OId Data )Q( ;

XROWX

XRowX

Ad3-11

RB1 New Data

<—Latency X tK—>
Old Data X( New Data

RB2

DRAM

SRAM

DQO0-15

SRAM operation can be freely performed.

' DPD: DPD: PCG: DPDE DPDE DPD :ACT EDNOP 'DRT !DN0P5 PCGE DNOPE DPD: DPD

EBREBREBREBR BREBREBR  BR BREBREBR BREBREBR

——( old XOId XOId XOId XOId XOId X oid XOId XOId XOId XOId XOId XNew X:ew

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

CS#

RAS#

CAS#

DTD#

AdO-2

Ad3-11

RB1

RB2

DRAM

SRAM

DQO-15

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

i masp

S

tPC E tPC ! tPC ! tPC ! tPC !

:,_tRCD_y : : '«—tR'SH—»:

e \Jﬂ e

W W W s

foowx,\ /_T. —1

AdO Ad2= LOW

i XRCI)WX I X**Cl X X**CZ X : X**Cg X**C4 X**C5 X**CB X

5 tCBF 5 tCBF '{CBF | tCBF | tCBF ! tCBF:
> —> .<—><—>-<—>-<—>:

Old Data )§( cL )§( c2 H c4)§(c5)§(: C6 .

Latency Latency Latency! Latencyi

LatencyxtK LatencyxtK Xtk Xtk Xtk Xtk

—> —> PN NN —.

Oid Data E )§( c1: Xico: )§( c3)§§( C4)§( c5)§(¢g

+ DPD: ACT :DNOP DRT: DNOP: DRT : DNOP: DRTI DRTI DRTI DRT ! DNOPI PCG:

'BR 'BR !BR !BR !BR 'BR !BR !BR 'BR ! BR:! BR ' BR ' BR ! BR

Pipe-lined Page mode

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses (Ad8~Ad11l=Low).
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16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Page-Mode DRAM Read Transfer Latency set=2

cva# /1 1 0 b
o1T S S U A AR A U AN SN N NS N M SN Y

R P S S S VN S S N S S S
RASH \ /T L\

: ! : 1 tPC : tPC : ! ! ! ! ! !

«—RCD—» 1 le—RSH— |

CAS# _J \__/_\ / \ I R 2R B R
DTD# ./i\. LJLJE I W Y
Ad0-2 YRow X \ / \ ] \ L f

] AdAdeLw | I R
Ad3-11 XRow XL INEL X X**C'2 X X**¢3 Xca J(xcs X ~ce X

| i tCBF {CBF itCBFitCBFitCBFitCBFi

! ! ! -~ ! i b D | ! !
RB1 ' Old Data 5 ' C1 ! 1 C2 1C3 )i CaXiiCoXii C6 ;

| | | tCBF | tCBF !__tc'BF_,i |

RB . OdData | | Wici i Wice | | C6 |

DRAM ' DPD | ACT | DNOP! DRT !DNOP | DRT |DNOP! DRT | DRT ! DRT ! DRT !DNOP! PCG |

SRAM ' BRi1BR ! BRIBR!BR ! BR!BR!BR:!BR:! BR! BR! BR! BR! BR

DQ0-15  —0id Yo Y(oid Y oid Xoid Y @1 Y1 Q2 ¥ Q2 Yz Q2 o2 (6 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

Page-Mode DRAM Read Transfer Latency set=3

CMd#

CS#

RAS#

CAS#

DTD#

AdO-2

Ad3-11

RB1

RB2
DRAM

SRAM

DQO-15

tRASP

A

J
4%

«—+ tPC— pe— tPC—»

«1RCD—»! +—IRSH—

B D S Y S S S

AdO-Ad2=Low

DEENEDEEE D E T DS

—P >,

' ' ' : ' —> > ' '
Old Data : )}K c1 )}K c2 )Xcs)gﬁ( ' C4 .

Latency X tk Latency x tk Latency x tk
—p

Old Data )« Cl | )«(;2 >§< Cc4

' DPD ! ACT | DNOP; DRT | DNOP; DNOP! DRT ! DNOP; DNOP! DRT ! DRT ! DNOP; PCG!

'BR 'BR !BR 'BR 'BR !BR 'BR !BR :BR : BR: BR: BR: BR: BR

REGTY G2 GRY G2 €7D Cr IO €0 €1 ) CD €3

+—>

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

Page-Mode DRAM Read Transfer Latency set=4

cmdg  /

CS#

&
<

tRASP : : : : Y

RAS#

‘«—tRCD—»

CASH#

-—

tPC————»

Y/

otov B W

AdO-2 \ /

\ O\ £

D@

AdO-Ad2=Low

Ad3-11

DRI XD 3D )
: : : étCBFlé : étCBF{é étCBFé
> > el

RB

Olld Datal : )X :

' Latency X tk

o W cz X 3

Latency x tK :

Ha---

Aa---

RB Old Data

DRAM

SRAM

)Q(V ci )Q(V Cc3

'DPD !ACT !DNOP:DRT !DNOP !DNOP | DNOP! DRT !DNOP :DRT !DNOP :DNOP | PCG |

'BR i{BR !BR :BR !BR :BR :BR i BR :BR :BR :BR :BR :BR :!BR

DQO-15

—(0id Yoid ){od Y(oid Y(oid Yold Yoid Y o1 Q1 Y @t Yot Yot Y1 YQs

SRAM operation can be freely performed.

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

** 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)

NS

RC—

owa S S
QR W W Y

<«———tRP j > —tRAS j >

s e S S W

d

'

'

'

@
<

'

'

‘e tRCD—pe—tRWL—p!

s EET CmmT S

DTD# \/ /\\/\/

AdO-2 XROWXI\é/

AdO-Ad2=Low

Ad3-11 XROWX XCol X

WB2 : : : : "~ old Data. : :X_New Data[WB1(0-7)] :

WwB1 XCOXClXCZXCSXC4XC5XC6XC?XCOXC1XC2XC$X§4

DRAM : DPD : DPD | : PCG: DPD : DPD: DPD: ACT ! : DNOP:DWTi DNOP: PCG : DPD: DPD ' DPD

SRAM DES BW ! BW BW ,BW BW ,BW BW BW va ,BW BW ,BW BW

DQO-15 —( DOX D1XD2X D3X D4XD5X DGX D7XDOX DlX DZXD3X D4XE)5

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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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) detall

K

CMd#/—'_\/\

CS#

«—tRCD—»e—tRWL—:

\

RAS# i i \ |
7
\

A\
CASH :/E AR
DTD# /\\/\

Ad0_2 H H H H H : XRO:WX H \ E /

! ! ! ! ! , I AdO-Ad2=Low | ! ! !
Ad311 L fRw e
WB2 [0-7] - - - ' Old Data! - 1X New Data[from WB1(0-7)]

wBio] | Yo fo i i i
wetmasko |\ 1 [ [
wBl[l] | X1 'O
WBlmask[1] | ¢ A 1 i ¢ b b N b
WB1[2] | | i X2 X2 i
WB1mask[2] | & i N\ | /A !
wei3 | i i | Xs '€

WB1masl[3] | | i 1 N i i i i \——
wei L ¥ G
A

N~ 1 D

WBImaski4] | <+ ¢+ ¢ N { | i /1 1
weus) L s
WBImasks] | 1 1 1§ 1 N\ i /o n
wewel L L g
WB1mask[6] | 1 i 1\
weur o o Xr
weimaski7l £ b bbb b b b N

DRAM 'DPD |DPD !PCG !DPD !DPD |DPD !ACT !DNOP DWTLDNOP |PCG !DPD !DPD |DPD
SRAM \DES |BW BW iBW BW BW iBW BW BW BW BW BW iBW IBW

DQO-15 4_< o \ D1 \ D2 ¥ D3 X D4 ¥ DS X D6 XD7. XDOE XDlE XDZE XD3§ XD4§ ¥(bs
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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 Transfer (SRAM->WB1)

CMd#

CS#

RAS#

CASH#

DTD#

AdO-2

Ad3-11

WB2

WB1

DRAM

SRAM

I SR

-tRC—

[

[

(

i

'

'

@
<

I

'

NI s W R

———tRP—————s+———tRAS—————»
S A

«—tRCD—pie—tRWL—»

remmy L/

Do T | /

Ad0-Ad2=Low

SEESe

Old Data! : :X New Data[WBl(O-?)]
Old Data! f X New X Next New Data

EDPD DPD PCG DPD DPD DPD ACT DNOPDWTlDNOP PCG DPD DPD DPD

ESW sw SW sw SW svv SW SW BWT BWT SW SW SW SW

o015 (B EN BB B @B

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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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)

K

CMd#
CS#

RAS#
CASH#
DTD#
AdO-2

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
SRAM

detail

> —tRAS

+{RCD—pe—tRWL- =5

VA=A
I UA  AD

Do

AdO-Ad2=Low

) G G

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

\

A

:DPD ;DPD ;PCG :DPD ;DPD ;DPD ;ACT ;PNOP DWT1.DNOP :PCG ;DPD :DPD ;DPD
SW SW SW SW Sw SW Sw SW BWT BWT/'SW SW Sw SW

DQ0-15 ( Do) b1 02 p3Y p4) s Y e X b7 )———{ poY br Y 2} os )

)‘ 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

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

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

c» LA g fE
RASH# \/ . \/ \—J—

SO s \_m s‘i—

N . W Vv

AdO-2 XROWXI\é/I\E/I

AdO-Ad2=Low AdO-Ad2=Low

VST xRowx xx xx

WB2 : : : : . Old Data! : )(Dm[wsl(0 . )( Next Data[WBl(O 1)]
1 | | | | | 1 _______l ___________ | 1‘ 1

_________________
_______________
_______

WB1 Xco Xc1 Xcz Xcs XC4 Xcs XCG XC? Xco X01 Xcz XC3 X:4

DRAM 'DPD 'DPD !PCG !DPD !DPD {DPD !ACT :DNOP DWTZ1:DNOP DWTL DNOP.PCG |DPD

SRAM 'DES 'BW BW BW BW BW BW BW BW BW :BW BW BW BwW

S ) €Y €2 ) C3 G ) CR YN T CHE

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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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) detalil

1 2 3 4 5 6 7 8 o 10 1 22 1 u
K N\ S\ S S\ S\ NS\
evas LN LT T T A
CS# \  / \ o

| | [ tRP———+——»¢———tRASP— i i g |
RAS# _  \!/ | L e ey N\t

] i i i i «——tRCD . tRWL—»: .

| B
casr LI IO |
DTD# —\ [\

AdO-2 I ) SR N AN

| 1 i i i i i i AdO-Ad2=Low AdO-Ad2=Low
Ad3-11 XROWX X**&:ol X X**'Col X
WB2 [0-7] | | | | ouﬁ Dataé ->< N[ffmgm mx Next Data[WBl(O 1)]
LS (o O N N S T N

gy

N T
|

WBlmask(o] | N\ | i i i i b oo T
U3 A S N AN T T N N T S B €T
WBlmask[l] | | N\ i i i i & N
it
wBimask2] | | | N | i i i i TN
weual L W W
WBimasii3] © f N f ¢ 0 TN

weia L We o - G
WB1mask[4] | | T T 0T O\ ¢ i 1 T T
weus L
WBlmask[S]' A ' L
WB1[6]
WB1 mask[6]
WB1[7]
WB1 mask[7]

- ke

7

DRAM 'DPD !DPD PCG iDPD ! DpD 'DpD ACT {DNOP | DWTlDNOP DWTlDNOP PCG 'DPD
SRAM .DES BwW i BW iBw i BW.:Bw  BW . Bw  BW . Bw . BW.Bw : BW . BW

S E @) B IS C ) DN SR EN S BT
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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&Read (WB1->WB2->DRAM->RB) Latency set=1
Buffer Write (DIN->WB1)

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

K ay f
CMd# [\ / \
CS# B S L W S S S —"
L1 e tRP— ¢ L IRAS—
S S S S A A
L0 L« tRCD—se—tRWL_»
cas¢ /i N\ /i i\ /i i\
DTD# R Y Y A W ey S
L ot
AdO-2 XRowX' 1\ ! /
! ! ' Adl-Ad2=Low
Ad3-11 XROWX X**éol X
WB2 OId Data : X New Data[VVBl(O 7)]
_____________________ > A
wB1 X X X X X X X X X X X X )G
‘tcBE 11 JCBE :
RB1 Oldpam E - X New Data[VVBl(O-7)]:
: : : | {CBE i Latency x tK : : :
RB2 Old Data ! ! : : : : )§(: New Data[WBl(O—?)]:
DRAM DPD DPD PCG DPD DPD DPD ACT DNOP {DWTIR! DNOP PCG DPD DPD DPD
SRAM DES BW : BW | BW ! BW BW BW BW BW BW BW BW BW BW
DQO-15 —( X X X X X X X X X X X X >C5
New Data on RB appears as to Iatency 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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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)

Cs# \/ \ /—_
oo

' _{RP. L e | tRASP—

RASH f f\z/. ./

A—tPC—h
I«—tRCD—» <—tRWL—>I

CASH *__/\ / \ﬁ_/_\ﬁ_/ \__

oror - IR, i/i\i\?/i\ m s

Adl High I

N xRowx,\?/'\/

AdO Ad2= Low AdO, Ad2 Low

TR xRowx X**c;olx DENE

! !
1 NoChange

WB2 : l : | . Old Data: : X ga‘t’;w\/suo e

—————————
____________
——————————————
____________
_______

we1 §xxxxxxxxxxxx>@

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

DQO-15 *< o;)( 1;)( 2;)( 3;)( 4;)( 5;)( 6;)( 7;)( o;)( 1;)( 2)(3)(4)@

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

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

K M\
cmde ./ 1\ / o
s NS/ — S S S S S S S Y o
'+ —RP. e tRASP——— !
RAS# \ i/ \ S L
R N P S
11 0 «RCD— D e—RWL— |
CASH /48 T\ A S I N S I W /S B B W
DTD# AN AR W W S W S ey
I I I Ado: Adl= H:igh I I I
AdO-2 JRow} A\ /[ \: [/
! ! ! AdO Ad2= Low Ad2 Low ;
Ad3-11 XRow X X**¢°'X X**C'O'X
. . . . :NoChané;e
WB2 Old Data: : X ga‘tg[\;vm(o ol
' :__________- ----------- ’A '
WB1 X X X X X X X X X X X X >C4
- ' tCBF: !
RB1 0ld Data E E E E E E E ¢ New Data[WBl(O 7]
| | | LatencyxtK '
: : : : : : : : : n—
RB1 Old Data ; : : ! ; ; ; ; )§( NewData[VVBl(O )
DRAM DPD DPD PCG DPD DPD DPD ACT DNOP DWTl DNOP | DWT2 DNOP PCG DPD
SRAM ;DES;BW ;BW ;BW ;BW ;BW ;BW ;BW ;BW ;BW ;BW ;BW ;BW ;BW
DQO-15 —(0X1X2X3X4X5X6X7X0X1X2X3X4X:5
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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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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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#

RAS#

CAS#

DTD#

AdO-11

A ST w

(D) e

'DPD :DPD :DPD DPD :DPD :DPD ! SCR:DPD :DPD : DPD : ACT :DNOP:DNOP DNOP

*Set Command Reg.

< »
< >

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

Set Command Register(2)

Addresg Input Command

Ad11|Ad10JAd9 | Ad8 | Ad7 | Ad6 | Ad5 | Ad4 | Ad3 | Ad2 | Adl | AdO

—
—
—

No operation

Set All WB1 Xfer Masks

Default

Output ModeTransparent

-
- ||
- ||

=l

=W VIV

Output Mode Registered

Latency 1

Latency 2

Latency 3

Latency 4

Default

BL=1

BL=2

BL=4

BL=8

Sequential

Interleave
Default
Default

rr\r/rr|rjr|r|r\r|r||r|r-

rrrrr ||\ |rrjr|rr\rripFK|rr|rr|r|\r

rrrrr|r|jr.\r\r|\r|jr|\r|\r|jr|\r|r

I il et i i el i e el il el e

|

| | |
CMd# :
D D .., i e number of cock

. ! ! ! cycles required to transfer new
Buffer . Therefore, it can be
e (I | R e o the clock frequency of
the system.

(Latency) x (tK) should meet tCBF

1 . .4 .

SCR® © o
- |

Inhibit new read or write function during these 4 clocks.
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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 Address

Initial Address Sequential Interleaved
As2 | As1 |AsO o YO|YL|Y2|Y3|Ya|YS5|Ye|Y7 QR YO|YL|Y2]|VY3|VY4a]|Y5S| VY| Y7

oloO0]o O|l12]|3|4]|5]|6]|7 0Ol 1])]2|3]|4]|5|6]7
0o 1 1|12 3l4|5|6|7]|]o0of2]0]|3|2]|]5s5]||4]|]7]6
o|1lfo 213|456 7|0]l1f2|3|[0|1]|6]|7]|4]F5
0 1|1 3 14|56 |7 o1 2)3]2 11017 6 5 | 4
1 0 0 ° 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3
1101 516l 7|of|l1|2]|]3|]4)s5|4]|7|6]|1[[0]3]2
11]o0 6|70l 12]3|4|5)6 |74 ]5|2]3]0(1
1 1 1 7 0 1 2 3 4 5 6 7 6 5 4 3 2 1 0
0 0 0 0 1 2 3 0 1 2 3

- 0 1 1 2 3 0 1 0 3 2

- 11]10 ) 213101 23 |0]1

- 1 1 3 0 1 2 3 2 1 0

- - 0 0 1 0 1

2
- - 1 110 1|0

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

70P3S Package Dimension

N
\l
o
U
w
N
—
10.16+-0.1
(0.4+-0.004)

11.76+-0.2
(0.463+-0.008)

1

<
[
{

- +0.05
1 o1z -0.02

+0.02
(0.005 -0.0008 )

0.125+-0.075

A 0.5+-0.1 ;

(0.02+-0.004)
Detail A UNIT ivemy—

0.65+-0.1 Ba

0.004
(0.026+-0.004) (0.012 s )
"2 23.49+-0.1

1.9MAX
(0.0472MAX)

(0.925+-0.004)

<

E (0.004)
Note) Dimension *1, *2
do not include mold flash.
Dimension *3
does not include tie - bar
cut remain.

>
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