TARGET SPEC (REV. 2.1)

MITSUBISHI LSIs

M5M4V4169TP-15,-20

AMCDRAM:4M(256K-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

DESCRIPTION
1. The M5M4V4169TP is a 4M-bit Cached DRAM which integrates input PIN (CT%"’,F\',?EUV';)“T'ON
registers, a 262,144-word by 16-bit dynamic memory array and a 1024-
word by 16-bit static RAM array as a Cache memory (block size 8x16) W,
onto a single monolithic circuit. The block data transfer between the
DRAM and the data transfer buffers (RB/WB1/WB2) is performed in one
instruction cycle, a fundamental advantage over a conventional
DRAM/SRAM cache.
2. The RAM is fabricated with a high performance CMOS process, and is
ideal for 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 400 mil
wiring technology, a single-transistor dynamic storage stacked capacitor 70Pin
cell, and a six-transistor static storage cache cell provide high circuit TSOP
density at reduced costs. Type II
FEATURES 0.65mm
SRAM DRAM Power Lead
Type name Access/cycle Access/cycle Dissipation (Typ) Pitch
DRAM: 220mW
M5M4V16409TP-15] 15ns/15ns 75ns/120ns SRAM: 580mW
M5M4V16409TP-20 | 20ns/20ns 80ns/140ns A 20
« 70-pin,400-mil TSOP (typeIl ) with 0.65mm lead pitch and 23.49mm Package code:70P3S
package length. . .
* Multiplexed DRAM address inputs for reduced pin count and higher 'C<:S# g;:tesre(ﬂsz
system densities. ‘ CMd# : DRAM Clock Mask
» Selectable output operation (transparent / latched / registered) RAS# : Row Addr. Strobe
using set command register cycle. CAS# - Column Addr. Strobe
« Single 3.3V +/- 0.3V Power Supply. DTD# - Data Transfer Direction
* 1024 refresh cycles every 16ms (Ad0->Ad9). Ad . DRAM Address
CMs# : SRAM Clock Mask
* Applicable for both direct-mapped and associative systems. CCO#,CC1#: Control Clocks
*» Synchronous design for precise control with an external clock (K). WE# - SRAM Write Enable
» Output retention by advanced mask clock (CMs#). DQC(u/ly : /O Byte Control
« All inputs/outputs low capacitance and LVTTL compatible. As : SRAM Address
« Asynchronous output enable (G#) for bus control. gé ggzgl;}gnab'e
* Separate DRAM ap_d SRAM address inputs for fast SRAM access. Voo  Power Supply
+ Page Mode capability. VeeQ : DQ Power Supply
« Auto Refresh capability. Vss : Ground

» Self Refresh capability.

A MITSUBISHI ELECTRIC

(REV 2.1) Oct. 1993 1



~ MITSUBISHI LSls

DQ15

M5M4V4169TP-15,-20
4MCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM
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M5M4V4169TP-15,-20

4MCDRAM:4M(256K-WORD BY 16-BIT) CACHE DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

BLOCK DIAGRAM #2

DR AM ,8X16 Block
256KX16 P

L
Ad3-7

1032 P
Decode

* Ado-9

8X16 1 of 1024 Decode

As0-2
1 of 8 Decode
S \l\ AN
WP2
Lower Byte Upper Byte Lower Byte Upper Byte
6 bits
DQs
16 bits
/
/416 bits
As0-2
1 of 8 Decode

As3-9
1 of 128 Decode
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MITSUBISHI LSls

‘M5M4V4169TP-15,-20

4MCDRAM:4M(256K-WORD BY 16-BIT) CACHE DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

FUNCTION TRUTH TABLE

Mnemonic SRAM [;s(snrm DRAM Ad (DRAM address)
CODE | oy E’;A";#bcoaJcm L [WE# Aﬂﬂ‘;‘: RASdCASADTDY  Ado-o ,Adzmwo
NoP fH] H|Xx [ x]x]x] x H|x | x[x X i
spo [ x| cfx|xtx]|x] x x [x [ x|x X i
DES L] H|H]|H]X[X] X X |x | x|x X
SR L H|H|L|[H[H]as0os] x |x |x]|Xx X 14
swW L H]{H|L[H|[L Jasoo] X |x | x]|X X
BRT [ L ] H|L [H|L[H]|asae® x[x [x|x X i
BWT L HlL |l H|L]L [as39® X | X | X} X X
BRTR | L | H{L | H]{H |H|asog | X I X | x|X X i
wtwl L [ RiL [ Rl R L lasos ! x [ x | x[x X i
BR L HlL | L|H|HJas02® x [ x | x| x X
BW bl H]L L H L faso2® x [x [ x]x X 11
DPD X | x| x| x| x|x]| x L | x® xf xm X i
onoP | L o x| x [ x| x |x | x HlH | H]|x X
owri f L x| x| x|x|[x] x HlH |L|L fgj’ ”io 10 'o
owriRd L | x| x| x|x x| x Hofw [ [ df’: oio 2
pwT2 1 L | X | X | X|[Xx [x ] X H H Lo e Pol i =o
pDwTeRf L | X | X | x| X | x| X HIH | L |L |As7 o1t
ACT | L} x|x|[x]|x|x] X HlL |[H]|H fgg:m_,s P
pca | L | x| x| x|x]|x| x HiL |H]L X 4o
ARF L x| x| x|x|x]| x R L | H X 4oii
sRE L x| x| x{x|x]| x ™ML |L|H X i
SCR Ll X x| x|x|x] x Hf{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 ioaded into the buffer
and transferred to DRAM.

4) Clear 1 or 2 Transfer Mask Bits (as addressed by As0-2 and DQCU/L).

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

6) Following a DWT1 or DWT1R cycle, the entire WB1 Transfer Mask is Set (i.e. , data can no longer be transterred from
WB1 to DRAM. Succeeding Buffer-Writes or Buffer Write Transfers will Ciear 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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MITSUBISHI LSlis

M5M4V4169TP-15,-20

4MCDRAM:4M(256K-WORD BY 16-BIT) CACHE DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

FUNCTION TRUTH TABLE

‘ DQ pin
Write Butters| Xier Masks Function
WB1 |WB2 | Read |y
WB1 [WB2 | Mask |Mask| Buter [ D1 | DOU ‘
_ _ _ I _ Hi-Z No OPeration
SRAM Power Downé& .
- - - - - — | Suspend Dﬁ retention No operation
-] - - S - | Hi-Z | Deselect SRAM No operation
N - -1 - - ] valid | SRAM Read SRAM->DO
. - - | - jvalid| Hi-Z }SRAM Write DIN->SRAM
- - - - {Use - Hi-Z }Buffer Read Xfer RB->SRAM
c .
wad| - | vew | | - | - | H-Z |Butter write Xter SRAM>WE1
-1 - - - lUse | - | Valid |Bufter Read Xfer & Read]|RB->SRAM->DO
ad| - | v | _| - |valid | Hi-Z |Butfer Write Xfer & Write | DIN->SRAM->WB1
- - - -{Use | - I valid |Buffer Read R8->DO
toad| _ [l ®) _1 _ Ivaiid | Hi-z |Buffer Write DIN->WB1
-1 - - -1 - - - DORAM Power Down No operation
- - - -1 - - - DRAM No OPeration No operation
- - - _ |load| - - DRAM Read Xfer DRAM->RB
use 9| usd®le| _ | _ | _ |DRAM write Xfert WB1-sWB2-sDRAS
Load/ (6) koac/ j - )
Use [y | Use [y, |LOAD| - - DRAM Wn&e éfeearc} B! >Ti)2RAM->‘;g
~ | Use ~ luse] - - - DRAM Write Xfer2 WB2->DRAM
- fuse] - |use|Load| - - |PRAM Wri;eg(fe; WB2->DRAM->RB
N D T R - |DRAM Activate Page Call
S - -1 - - - DRAM Precharge
- - - -1 - - - Auto Refresh
- - - -1 - - - Self Refresh Entry
-1 - - -1 - - - Set Command Register
Function Data Transferred {(max)
Din --> SRAM 8/16 bits (5)
Din --> WB1 8/16bits (5) DO: Data Out
SRAM --> WB1 128 bits (8X16bit-biock) DIN: Data In
WB1 -> WB2 128 bits (8X16bit-biock) WB1: Write Buffer 1
WB2 —> DRAM 128 bits (8X16bit-bIock) WB2: Write Buffer 2
WB2 —> RB 128 bits (8X16bit-block) RB: Read Butfer
[ DRAM —> BB 128 bits (8X16bit-block)
RB --> Dout 816bits (5
RB —> SRAM 128 bits (8X16bit-bIOCK)
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MITSUBISHI LSIs

M5M4V4169TP-15,-20

4MCDRAM:4M(256K-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 either the rising or
falling edge of K.

CMd#

Input

DRAM Clock Mask controls the operation of the internal DRAM master clock (K).
When CMd# is 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 1024 rows), initiate a DRAM precharge cycle, perform a
DRAM Read or Write Transfer, DRAM Write Transter & 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
Transtfer & 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. |f preceded by a RAS# iow 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 Retfresh cycles.

Ad0-Ad9

Input

DRAM Address Lines are Multiplexed to reduce pin count. Ad0-Ad9 (@
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 Ad0-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.

L. MITSuBISHI ELECTRIC REV21)Oct. 1993




MITSUBISHI LSls

M5M4V4169TP-15,-20

4AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

PIN DESCRIPTIONS(2)

DQCI,DQCu

Input

DQCuf 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). DQCu 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,
Butfer Write Transfer and/or a Buffer Write Transfer & Write to occur (depending
on the state of the CCO# and CC1# inputs) :

CCOo#,CC1#

inputs

The Control Clock Inputs control SRAM and Butfer 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 .

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-As2 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. '

DQo-DQ15

Inputs /
Outputs

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

VeeQ

Supply

VecQ 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
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MITSUBISHI LSIs

M5M4V4169TP-15,-20

4MCDRAM:4M(256K-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 If CMs#=Low at the rising edge of K, the SRAM enters SRAM Power Down at the next rising
Power-Down edge of K. During this mode, the internal SRAM K clock becomes inactive. The Output

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

Deselect SRAM All transter functions and input/output operations to and from the SRAM and Buffer are
disabled. This cycle is useful for output impedence 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 /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 impudence (High-Z/Low-2Z) of the upper and lower
bytes, respectively.

Data is written from the 1/0 pins to the SRAM. Addresses As0-As9 are used to select the

SRAM Write location to be written. As3-As9 decode the SRAM Row (=Block), and As0-As2 decode
(1018) the 16-bit word to be written. DQCU and DQCL control Upper and Lower byte writes,
respectively. '

l ! 727 DRAM [ | 8x16 Block
Ad3-7 ;g é é 256KX16 ], -]
10132 § 7 7‘ \\\\\\\ ——
Decode 7z /
Z 7, DR HowBecoder
w7, T
ax1é
'z 8X16 “4, /16 bits
. Z
{7 . 7 . 7 b
'." o «'///////// ////15/9/.////
J v . 8X16
— 7
& 7/ 8X16 7
X6 Block | TTeeenl //////////// /////// é
""" * 2%
SRAMH e
1KX16 ==
%%
As3-9
10f128 Decode
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M5M4V4169TP-15,-20

AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

MODE DESCRIPTIONS (2)

Data is transferred from the Read Buffer (RB) to the SRAM. Addresses As3-9 select the

Buffer Read > ; 4 !
Transfer SRAM row to which the 8X16 bit block is to be written. Addresses As0-As2 must be set
iow.
B ? y DRAM B | . 8X16 Biock
75,
8X16 %\//
%
8X16 Blod’. ...............
Buffer Write Data is transferred from the SRAM to the Write-Buffer1 (WB1). Addresses As3-As9 decode
Transfer 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).

DRAM . 8X16 Block
256KX16 -

e

7

,////////////////?////A@/// 22 ‘\\
,// aX16 % 16 bts N

16 bits
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MITSUBISHI LSIs

M5M4V4169TP-15,-20

4AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

MODE DESCRIPTIONS (3)

Data is transterred from the Read Bufter (RB) to the SRAM, and simultaneously, data (16

Buffer Read
Transfer & bit word) is read from the RB to the I/O pins. Addresses As3-9 select the SRAM Row to
SRAM Read which the 8X16 bit block is to be written. Addresses As0-As2 decode the 16-bit word to be
read.
12 % DRAM . 8X16 Block
a7 127 256KX16 -]
Deode %7
= =
6 / 4/// 1mm40.co¢-
//, axi6 ’
e
2
Z
7
wB1
2 8X16
8X16Block T Tereen., ] _/(/{///////// /////¢ 16 bits
1018 Decode
As3-9
10f128 Decode
Butfer Write Data is first written from the I/O pins to SRAM as decoded by As0-As9. Then, the SRAM
Transfer & Row (=Block) decoded by As3-As9 is transferred to the Write-Buffer1 (WB1). The Buffer
SRAM Write 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 transter mask bits in the WB1 are cleared.

DRAM | . 8X16 Biock
256KX16 e

\\\\\\\\

ax1s/ 4////
/\ //7////////%///

/ 8X16

” Z
16 bits
» ,///////%////////////

8X16

LY.
con
........
cae
.o
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MITSUBISHI LSis

M5M4V4169TP-15,-20

AMCDRAM:4M(256K-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 (RB) to the I/0 pins. Addresses As0-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.

B 77 P’ .81
: zé 256KX 16 / IO sy
% B ?? P . S N N - -
L, ¥
7, %"y,
A

-
) -’
-
Lo
s

8X16 Block

Buffer Write

Data is written from the I/Q pins to the Write-Buffer1. Addresses As0-A2 are used to select
(1o18) 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.

7 7 .
i 771 oseots Q-
Decose LA Z 7 :
BXIS\Z/%/////; ///////// ?‘ﬂ‘lo‘:?o.cﬂ
/' 8x16 /////
Fl_wez T 2
Z
%
T 2 LD
foo ///// 1 ’/ . /
8X16 Blo;-“"""--.._-_{/./////////}x/s//////% é %sm
hi.l¥ N y /7, . !
SRAM s ;;; o ///.//
1KX16 % § A2

SRAM: Row. — 4 / B 2

As39
104128 Decode
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MITSUBISHI LSlis

M5M4V4169TP-15,-20

4MCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

MODE DESCRIPTIONS (5)

DRAM
Power-Down

If CMd#=Low at the rising edge of K, the DRAM enters DRAM Power Down at the next rising
edge of K. During this mode, the internal DRAM K clock becomes inactive. Also all input
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.

DRAM NOP

The DNOP cycle is used when no other DRAM operations are desired, holding the DRAM in
its present (precharge/activate) state.

DRAM Read
Transfer

A Block (8X16) is transferred from the DRAM to the Read Buffer (RB) as specified by
Addresses Ad3-Ad7. Addresses Ad8-Ad9 must be set to Low. After the Latency Period
(specified in the Access Latency Table) new data will be present in the Read Buffer. Prior to
the Latency timeout, old data will be present in the RB. (Notes 1,2,4)

DRAM . 8X16 Block
256KX16 -~

AW Fow Devoder ]
Ado-9
101024 Decode

DQs

/ 1of8 /

: 77 Decode 7
; ~—WB 1~k — 186 bits / “,
g ] : /////////%/////////f////@///// s, /7

y oer "’ 8X16 l// 16 bits
£ et %, 7 %

Lo 8x1s 7
8X16 Block " Teeal. ///////////,/////?/ é é’w bits

..... a

Z.
SRAM arsam b ¥ 4
1KX16N Qi s ig 2l Aso-

LSRAM Row Decodeq ¢ //

As3-9
101128 Decode

2
1018 Decode
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MITSUBISHI LSIs

M5M4V4169TP-15,-20

4MCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

MODE DESCRIPTIONS (6)

DRAM Write | Data (8X16 Block) is transferred from WB1 through WB2 to the DRAM block specified by
Transfer1 Addresses Ad3-Ad7. Addresses Ad8-Ad9 must be set to Low. The Mask present in WB1 is
also transtferred to WB2 and controls the data written to the DRAM. After data has been
transferred from WB1, the entire WB1 Mask is Set. (Notes 3,4)

Z
g
7
é

AdO-9
/// tioﬂm Decode
/(//////////////

8xXis K

1088 Decode
EE’@ES-E 44, 716 blts
Z
7 % DQs
// 16 bits ' 77,
Z //////////////// s, %
/.x,s '% 16 bits ,///
-
. S
%-Z1T Z
saam B3| 7
1KX16 R A L ecod
SRAM Row : // é
As3-9
101128 Decode
DRAM Write Data (8X16 Block) is transferred from WB1 through WB2 to the DRAM block specified by
Transfer1 Addresses Ad3-Ad7. Addresses Ad8-Ad9 must be set to Low. The transfer mask present in
& Read WBH1 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
256KX16

| . 8X16 Block

DQs
Decode / / S,
’////‘ / 16 its //
o S ~Sae ¥
70 X16 '
_/(/////////'/"//// g v 6 bits
...* Z 'I: 08
SRAM|] % ;;5; . ,,//"
1KX16N =i A2
ISRAM:»RWE é z .
Tot St
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‘M5M4V4169TP-15,-20

AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

MODE DESCRIPTIONS (7)

DRAM Write
Transfer2

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 WB2 Mask controls the data written
to the DRAM. With the DWT?2 function, the WB2 data and WB2 Mask remain unchanged.

(Note 4)

DRAM . 8X16 Block
256KX16 -

[ DRAM How Decode

/ 1101102‘?0:1:&

(///////y/
/,,

axs

WN

Y,
o /é DQs

77 ///Z //////////// / 7,
']-'z 72
“ ’% @lw bits ’///

8x16 /

7 %

///////////// Yy, é’w bits
77 %

srRAMl] EEZ {; » ,,é

1KX16[N : :
# 1018 Decode
|SRAM Row Decﬂ °

As3-9
10f128 Decode

k\\\

N\

N
3

NN

W
A\

DRAM Write
Transfer2
& Read

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 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 Buffer. (Notes 1,2,4)

5] DRAM | - 8X16 Block
AdaT §§ 256KX16 -
1032 g
Decode iy
[E-Z"DREW Fow Decoder ]
oot
8X16 101024 Decode
8X16
As0-2
_ o 1018 Decode
4 é sx1s _a “13,716 bits
Y 7 As0-2 7
% w7z 7  DQs

-
» P
-

.
.
s

LT

g 'y // 7
'."' &mﬂ/ﬁ” %////////////w/(sﬁ/‘ /,,;

8x16

\\\\

A

16 bits

’///// 8X16
/////////// 77

\\\%\\\\

_________ 2, é
seavll B
1018 Decode
Z7
Asd9
10f128 Decode
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M5M4V4169TP-15,-20

4MCDRAM :4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

MODE DESCRIPTIONS (8)

DRAM

Addresses are latched from the Ad0-Ad9 inputs by the rising edge of K. Intemally, a DRAM

Activate row is selected (Page Call) in preparation for a DRAM Read.or Write Transfer cycle. A DRAM
Precharge cycle must separate all DRAM Activate cycles.

DRAM Internally, the active DRAM Row is deselected (completing the refresh process) and

Precharge page-mode is disabled. The DRAM is precharged prior to another DRAM Activate cycle.

DRAM Internally, a DRAM row is selected and refreshed (as addressed by an internal,

Auto-Refresh

self-incrementing counter), followed by an internally generated Precharge cycle. The Auto
refresh cycle can be 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 DRAMS.

DRAM
Self Refresh

All clock buffers are suspended, and CMdi# asynchronously controls Self Refresh (CMd# rising
edge initiates exit from Self Refresh). During Self Refresh, device enters a low power mode,
with 1024 automatic refresh cycles performed in 128ms.

Set
Command
Register

When SCR is initiated,the addresses present on the Ad0-Ad9 DRAM Address pins determine
the DRAM Read/Write Transfer Latency, the Output Mode (transparent / latched / 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.

During SCR cycle and the following 3 clock cycles(totally 4 clock cycles), only NOP,DNOP
orDPD 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 Buffer. Prior to the Latency timeout, old data will be present in the RB.

3) After data has been transferred from WBH1, the entire WB1 Mask is Set.

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

Power-On sSequence ( This is added in Dec,1993 into the Spec.REV2.1)

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) 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 DNOP / DPD and DES / SPD or NOP command will be the stand-by
command for the above power sequence.

X MITSuBISHI ELECTRIC
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M5M4V4169TP-15,-20

AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

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

( SRAM Read/Desect SRAM/SRAM Write/SRAM Power-down )
1.2 3 4 S5 6 7 8 9 10 11 12 13 14

CMs#

Cs#

CCo#

CCi1#

WE#

DQC(u/l)

As0-2

As3-9

G# L

DQO-15 : 01.

jQ8 ¢ ——

iDESiSW i{SR {DESiSW iSR DES{SW iSR |SPD:SPD:SPD DES]

Note : Output is transparent. DRAM operation can be freely performed.
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M5M4V4169TP-15,-20

— 4AMCDRAM :4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

G# controlled Write & Read

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

DQC(u /1) : : J
As0-2 CA)(_c’s_xf:)
As3-9 X_‘_)( cs )(__)( <7
G#

e, osé

1Q3

‘DES “sw ‘SR ‘sSPD'SPD'SPD ‘DES‘SR ‘SW ‘SR ‘SR ‘SR 'DES

DQo-15 —(or }—{oz

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

M5M4V4169TP-15,-20

4MCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DQC controlled Write & Read

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

CMs#

CS#

- CCOo#

CC1#

WE#

DQCu

DQCI

As0-2

)( C§1 )( C§2
X c1 X cfz

As3-9

G#

DQ8-15 { 01:'\, {sz)I:‘L——: f% DES} { ?06 L—
DQO-7 E 1&!!“\=:d\

iDESiSW iSR iDESiSW iSR iDESi!SW i SR :SPD:SPD! SPD! DES!
wn  (un) D) © ()

—— HorlL

Note : Output is transparent. DRAM operation can be treely performed.
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M5M4V4169TP-15,-20

4AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Registered Output control
( SRAM Read/Desect SRAM/SRAM Write/SRAM Power-down )
i 2 3 4 5 6 7 8 9 10 11 12 13 14

T I A O/

CS#

CCo#

CCi#

WE#

DQC(u /1)

As0-2

e CaCIeTEre
ENEICICICI CICI E]

As3-9

. : : AN : \\‘ : i\.\i : \'\_5 :
G# L: ; L VR N U . G . G : : :
- . :‘ ] l“ ] "‘ [] Eé“ [ ] ,‘ . E E E
5 : » L] L : . E
DQO-15 — D13) 4 }—_

'DESiSW iSR {SW iSR isw iSR isw iSR IDES iSPD {SPD :DES |

Note : Output is registered. DRAM operation can be freely performed.
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M5M4V4169TP-15,-20

4MCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Buffer Read Transfer (RB —>SRAM
Buffer Read Transfer & SRAM Read (RB—SRAM—>Output)

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

WE#

DQC(u/l)

As0-2

As3-9

X(c::nx <<f:1)x (C:'N)x (Cfnx (F%UX (éS)x (CfS)x (éS)K(és)X:

. S S S S T S

DQO-15 : I ‘{ar Y a2 )-( as Y as Yos Yo7 Xas )

‘DES ‘BRT ‘SR ‘SR ‘SR ‘SR °'BRTR'SR 'SR 'SR 'DES 'DES 'DES 'DES

Note : Output is transparent. DRAM operation can be freely performed.
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AMCDRAM:4M(256K-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

CCo#

CCi#

WE#

DQC(u/ 1)}

As0-2

As3-9

G# L

WB1(0-7) old XDT XD2 XD3 ﬁ

pQo-15 —+—+—+—+—+{ 02 Y——dt—F—————

'DES 'DES BWT DES DES BWTWDES DES BWT DES DES DES DES DES

Note : Output is transparent. DRAM operation can be freely performed.
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4AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Buffer Write (Input—WB1)

Buffer Read (RB —Output) .
1 2 3 4 5 6 7 8 9 10 11 12 13 14

CCoO#

CC1#

WE#

DQC(u /1)

As0-2 (_cg_)(_c?_)( c:a) G

As3-9

G# L

WB1(0-7) X D1 X D2 X D3 éXD4

WB1 Mask(0-7) \01 \Dz \Da \D4

DQO-15(1S( )( )( L i+t L5 Yas Yar Yas

‘sw iew iBw isw ‘bes iDES ‘DES iDES iBR !BR BR !BR IDES ‘DES

Note : Output is transparent. DRAM operation can be freely performed.
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4AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

NO - Operation of SRAM

CCo#

CC1#

WE#

DQC(U /1)

AS0-9

' NOP'NOP ‘NOP * NOP'NOP “NOP ‘NOP ‘NOP ‘NOP * NOP'NOP ‘NOP *

-

NO-Operation Mode

CMd#
RAS#
C AS# DRAM operation can be freely performed.
DTD#

Ad0-9 _

A MITSUBISHI ELECTRIC REV21)OcL 1993 g
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'M5M4V4169TP-15,-20

4AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

NO - Operation of DRAM

CMd#

RAS#

CAS#

DTD#

Ad0-9

CMs# "\
CCo#
CCi#
WE#
DQC(u/l)
G#

As0-9

DQO-15 /

' ! NOP!NOP :NOP ! NOP:NOP ‘NOP :NOP {NOP !NOP } NOP:NOP :NOP !

_— —

NO-Operation Mode

SRAM operation can be freely performed.

A MmITSuBISHI ELECTRIC (REV 2.1) Oct. 1993
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M5M4V4169TP-15,-20

AMCDRAM:4M(256K-WORD BY 16-8IT) 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

CMd#

CS#

RAS#

CAS#

DTD#

AdO0-9

i0PD | DPD} DPDIACT {oNoP onor ionop ionop! peGiDPD | DPDIDPD iDPD |

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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M5M4V4169TP-15,-20

4AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

RAS only Refresh cycle

DRAM P%wer :la)owr; / DRSAM Activate / DRAM Precharge
1

6 7 8 9 10 11 12 13 14

CMd#

CS#

RAS#

CAS#

DTD#

AdO0-9

‘DPD ‘PCG ‘ DPD' DPD'ACT DNOP {DNOP {DNOP :DNOP! pCGiDPD * DPD'DPD

CMs# "\
CCo#
CCi#
WE#
DQC(u/l)
G#

As0-9
DQO-15 /

SRAM operation can be freely performed.
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M5M4V4169TP-15,-20

4AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Auto Refresh

CMd#

CS#

RAS#

CAS#

DTD#

AdO0-9

‘DPD :DPD :ARF {DNOP:DPD :DPD ¢ DPD :DPD ! DPD ‘DPD : ARF :DNOPDNOP:DNOP

Note: DRAM must be in Precharge state prior to Auto-Refresh cycle.
CMs# \ DRAM new commands except for NOP,DNOP and DPD can be set

after tRC later from ARF command input.
CCo#
CCi#
WE#
DQC(u/l) SRAM operation can be freely performed.
G#
As0-9
DQO-15 /
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AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Self Refresh

K L) . . . (]
: ' llnhi.bit falli'ng edé;e.
CMd# P i T
CS# ; : : ; :
RAS# A
CAS# P P
DTD#
AdO0-9
EDNOPEDNOPg SRF | Halt EHan gHah :DNOPIDNOPDNOPIDNOP; ACT iDNOP
T B Self Refresh Mode VT‘ 1RC for Recovery -
Self Refresh Self Refresh
Entry Exit
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).
a) resume K clock
b) CMd#=H
c) Wait tRC for recovery
d) Resume normal operation
SRAM operation can be freely performed.
L. MITSUBISHI ELECTRIC REV21)0ct. 1993 og
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M5M4V4169TP-15,-20

4AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Q%
N ™
\m@@{@@
. @@@@
Tos ¥
A MITSUBISHI ELECTRIC (REV 2.1) Oct. 1993
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M5M4V4169TP-15,-20

4AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Read Transfer (DRAM -> RB) Latency set=1

CMd#

CS#

RAS#

CAS#

DTD#

Ad0-2

Ad3-9

RB : : : : : Old Dataf : : H : Ne§~ Daté
DRAM DPD DPD PCG DPD DPD DPD ACT DNOF’ DRT DNOF’ PCG DPD DPD DPD

SRAM BR BR BR BR BR BR BR BR BR BR BR BR BR BR

DQO-15 —v—(O_Id'_XOId XOId XOId X Old x Old x old ' Old XNew XNew @M New

SRAM operation can be freely performed. * Ad3-Ad7 are column block addresses (Ad8=Ad9=Low).
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MSM4V4169TP-15,-20

AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Read Transfer (DRAM -> RB) Latency set=2

A SR SN S S 1'% S S S R B S
CUCC I A N S N 1V D T W

CS#

RAS#

CAS#

DTD#

AdO0-2

Ad3-9

[ * K
1 . e——————fy §
[} 3

RB ittt i+ % odbatai __: : : ¥ NewData

DRAM iDPD {DPD {PCG {DPD {DPD {DPD {ACT {PNOPiDRT {DNOP ipCG iDPD DPD iDPD

SRAM iBR iBR BR iBR iBR iBR iBR iBR IBR IBR '\BR iBR iBR iBR
DQO-15  —{ i X 0id X oid X oid X oid X oid Xoid X oid X oid X 0id Xniew Yew {ew Yew

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses (Ad8=AdS=Low).
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M5M4V4169TP-15,-20

4MCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Read Transfer (DRAM -> RB) Latency set=3

CMd#

CS#

RAS#

CAS#

DTD#

Ad0-2

Ad3-9

RB

DRAM

SRAM

' : : : { OldData: - : : : ' New Data'

EDPD :DPD :PCG :DPD :DPD :DPD :ACT =DN0P’DRT iDNOP :PCG :DPD :DPD :DPD

BR BR BR BR BR BR BR BR BR BR BR BR BR BR

DQO-15 ——(Old XOld XOId X Old X 0 Xond XOId XOld X Old X O1g XOId Kew XNew XNew

SRAM operation can be freely performed. “* Ad3-Ad7 are column block addresses (Ad8=Ad9=Low).
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— 4AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Read Transfer (DRAM -> RB) Latency set=4

CMd#

CS#

RAS#

CAS#

DTD#

Ad0-2

Ad3-9

RB R : : 1 x':New Data
DRAM §DPD éDPD EPCG EDPD éDPD iDPD {ACT {DNOP:DRT {DNOP ipCG iDPD iDPD DPD
SRAM 'BR IBR BR BR BR BR BR BR IBR IBR IBR IBR IBR IBR

DQ0-15 ——{oid {oid Xoid oid Xoid Xod Xoid Xoid Xoid Xowd Xoid Xord Xnew \new

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses (Ad8=Ad9=Low).
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4AMCDRAM:4M(256K-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#

AdO0-2

Ad3-9

RB

DRAM

SRAM

DQO-15

5 6 7 8 9 10 11 12 13 14

! {CB

:

F i 1CBF

' —ii

DPD {ACT ioNop {DRT

BR iBR iBR IBR

T

ioNoP {DRT ionop iDRT iDRT i{DRT iDRT iDNoP i PCG

iBR iBR iBR {BR IBR i{BR {BR {BR i{BR iBR

SRAM operation can be freely

—{oia X oid X oid XOId: Xo1: X ar X @ X @ X s Xo4' X s " Q6

>

‘Pipe-lined Page m{)de

performed. ** Ad3-Ad7 are column block addresses (Ad8=Ad9=Low).
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M5M4V4169TP-15,-20

AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Page-Mode DRAM Read Transfer Latency set=2

AdO-Ad2=Low

BR

lllllllllllllllllll

DNOP
BR

DRT
BR

DRT
BR

Ad0-2
Ad3-9

3
S

RB

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=AdS=Low).

SRAM operation can be freely performed.

35
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M5M4V4169TP-15,-20

AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 18K (1024-WORD BY 16-BIT) SRAM

Page-Mode DRAM Read Transfer Latency set=3

CMd#

CS#

RAS#

CAS#

- DTD#

Ad0-2

Ad3-9

RB

DRAM

SRAM

DQO-15

1 2 3 4 5 6 7

i i ___tRAS f

(3 X..°.4

3 i tCBF i b i _acBF_i i
! o T Wioe | Wi T

EDPD §ACT §DNOP EDRT EDNOP EDNOP EDRT

iBR iBR iBR IBR iBR IBR

iBR

iDNOP iDNOP i DRT iDRT iDNOP { PCG |

iBR

iBR iBR iBR iBR iBR iBR

— ouéXopXowaowﬁXowf old o1fX o1f Xo1f Xoaﬁ @ oé 2 Yau

SRAM operation can be freely performed.

G
If next DRT happens within the latency,
new data does not transterred to RB.
However this operation is not guaranteed.

** Ad3-Ad7 are column block addresses (Ad8=Ad9=Low).
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M5M4V4169TP-15,-20

AMCDRAM:4M(256K-WORD BY 16-BIT). CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Page-Mode DRAM Read Transfer Latency set=4

CMd# P\
c# I T T
tRASP ——{ . SN,
RAS# N R
tPe— e 1RSH—st
CAS# A Pl
DTD# ’

AdO0-2

Ad3-9

RB ' Old Data : : : : : : :
DRAM iDPD §ACT §DNOP§DRT iDNOP {DNOP DNOPéDRT §DNOP EDRT goNop iDNOP §PCG§
SRAM BR {BR BR BR {BR {BR i{BR i{BR i{BR iBR {BR i{BR :BR iBR

DQo-15  —{oid ok o Xou X0 Xou Xou X ot Xar Xar

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=AdS9=Low).
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4MCDRAM:4M(256K-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)

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

CMd#

CS#

RAS#

CAS#

DTD#

Ad0-2

Ad3-9

wB2 : § § OId Data § X New Data[WB1(O 7)1

WB1 Xco Xc1 j(cz Xcs XC4 )(cs XCs ;( ;(co Xc1 Xczj(ca X:"

DRAM DPD DPD PCG DPD DPD DPD ACT DNOP DWT1 ibNoP PCG DPD DPD DPD

SRAM ;DES -BW -BW -BW -BW -BW -BW -BW -BW -BW -BW -BW -BW -BW

DQO-15 ——( DOX mXDgXDS,XmXDsXDeXmXDOXm Loz X D3 X D4 XDs

Please refer to next page in detail.

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses (Ad8=Ad9=Low).

X MmiTsuBISHI ELECTRIC REV21)Oct 1993 .o



MITSUBISHI LSIs
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AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

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

CMdi#
CS#

RAS#

CAS#
DTD#
Ad0-2

Ad3-9
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]

wB17]

WB1 mask[7]

DRAM
SRAM

! IRAS

: : \ :
n—-tRCD —m—tRWL—u

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

3(0\\\\\\\\\\\\\\\\\\\\\\\\\)(0

3@\\\\\\\\\\\\\\\\\\\\\\\\\\\12 :

\ .

: ?\@\\\\\\\\\\\\\\\\\\\\\\\\\ 3
/o0 b AL
6\\\\\\/\\\\\\\\\\\\\\\\
7\(3\}\\\\\\\\\\\\\\\

DPD DPD PCG DPD DPD DPD ACT DNOPDWT1 :DNOP PCG DPD DPD DPD
DES :BW BW BW BW BW BW iBW BW BW BW BW BW BW

DQO-15 m@m D3 )R04 05 m 07, DoX D{X sz D3 X D4XI)5

SRAM operation can be freely performed ** Ad3-Ad7 are column block addresses (AdS-Ads-Low)
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M5M4V4169TP-15,-20

4AMCDRAM:4M(256K-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)

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

K L] i) | ] L] i ]
CMa 11 U
CS# oo : ;
AR Y S
RAS# P/ : P\
;—tRCD—M—tRWL—h
CAS#
DTD#
Ad0-2
Ad3-9
WB2 : N ; ! Old Data! 1 X ’New Data|[WB1(0-7)/// /"~
WB1 t ¢ i i i OdDaai sNext New Data\
DRAM DPD DPD PCG DPD DPD DPD ACT 'DNOP'DWT1‘DN0P :PCG :DPD :DPD :DPD
SRAM sw sw sw sw sw sw sw sw BWT BWT sw sw sw sw

l’ll. \\\c
l

DQO-15 ( o@X mEX oéX oiX D4EX Dé X osiX 07)————( DOE)( DiX D2EX D3EX:

Please refer to next page in detail.

SRAM operation can be freely pertormed. ** Ad3-Ad7 are column block addresses (AdB=Ad9=Low).
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M5M4V4169TP-15,-20

-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)

AMCDRAM:4M(256K

** Ad3-Ad7 are column block addresses (Ad8=Ad9=Low).

(o]
o
....... |90 OO O O O O O O =%~

N o,

" [a)
ceecsen mw .............................................. DS
ceneane 1. mm (R U | D PN | W D | R N | R RN | P IO | FO IO | I {...].2.agz2s

HIE (O]
dn lllllllllllllllllllllllllllll LRIE] Y PRRY EEPE TEEYY XL TELEE LELE TYTY [T Dl- celfopoo-
1IE o\m
4 rD o -~ N (] >/
8§ ¥ S A 3[R SR R R Sa.

< E&

B3 < Q Q N
........................... S 7. . <. ot mmw,op

, o]
{7
UG SR CIA | UN U | W N | N VO { U O | A IS | AU SO | A OO | O O | A ~
............ [
.................................................................... LA 2k

(1]

© o z|°

o QNS

H lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 5

O a =2

............. T | IR IS | AURION AU | AN SN | MR AN | MU N | MU A 2 02S

<

g z|°

.......... AN | S R | S | A A | S IO | O U | O O | OO = I 7 W

[ o 13
o=

...... SRR O { Y N | Y U | A N | N IO | AU N | IO S ...-..mmfkgu.m”“m

0 (]

............... L aEld

o ba)
4 8
NoorroaadonsghbooilE
E, 3 53Y S %o sbsbgbaboaogEg 33
N
5% <« <8 DS ESESESEZESESESE LG
X O x oog < = - - - o - - - - Q
m m o 3 m o o m
= = = = = = =
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SRAM operation can be freely performed.
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M5M4V4169TP-15,-20

4AMCDRAM:4M(256K-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)

CMd#

CSi#

RAS#

CAS#

DTD#

Ad0-2

Ad3-9

wB2

WB1

DRAM

SRAM

DQO-15

A ﬁ.,,-.:--- ------- n. 2

4. eroeronte"

Xco XC1 Hcs XC4 ;(cs Xce XC7 co S }(cz Xcs ;G.

iDPD iDPD {PCG iDPD {DPD {DPD {ACT ionop DWT1ioNoP DWTH: NOPIPCG iDPD

iDES iBW iBW iBW BW iBW iBW iBW BW BW iBW BW iBW iBW

66 6 6 6 6 6 6 6 6 6 16

Please refer to next page in detail.

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses (Ad8=Ad9=Low).
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AMCDRAM:4M(256K-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)

CMd#
CS#

RAS#

CAS#
DTD#
AdO0-2

Ad3-9
WB2 [0-7]
WB1[0]

detail

Old Data!

X_mmx;Nen Data[WB1(0-1)]

xoxo\\\\\\\\\\\\\\\

WB1 mask[0] \ A f

WB1[1] _; 7(1 X1\\\\\\\\\\\
WB1 maskm_*‘—\ N N N N N
WB1[2] P Re P b P
WB1 mask|[2] N R
WB1[3] i R R
WB1 masl[3] R
wB1[4] P Xei
WB1 mask[4] : BN
wB1[5] R
WB1 mask][5] jL :
WB1[6] ; R O
WB1 mask[6] : ; \ /
WB1[7] i A P
WB1 mask[7] . : j\__,/ o
DRAM DPD DPD tPCG DPD DPD DPD ACT {oNOP DWT 1iDNOP pwn ‘DNOP PCG DPD
SRAM DES BW BW BW BW BW BW BW {BW BW :BW BW BW BW
pao1s oY T 2 ﬂsx ) 82 AN V)
SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses (AdB=Ad9=Low).
A MITSUBISHI ELECTRIC (REV 2.1) Oct. 1993
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4AMCDRAM:4M(256K-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

CMmd#

CS#

RAS#

CAS#

DTD#

Ad0-2

Ad3-9

WB2 Old Data. ” v).( Ne:/v Data'[WB1(0 7)1l

wer T S(%' ﬂa {7 O O G O ¢ Xz Xs o
N T O T - S T O

RB Ol:d Data: Nt?w Dat:a[WB1:(0-7)]E

DRAM :DPD :DPD :PCG :DPD :DPD EDPD EACT EDNOP ED""T‘F*Eonop EPCG EDPD EDPD :DPD

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

DQO-15 —;—(oX X2X3X XsXsX Xo)( X2X3X X:S

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=AdS9=Low).
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- 4MCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Write Transfer 2 (WB2->DRAM)

CMd#

CS#

RAS#

CAS#

DTD#

AdO-2

Ad3-9

WB2 S A OId Data! § = oa:anMauw)l
1 . » » : [P a

. ....--r'"

wet T & ;2 xs ms u7 xo uz Xs XZ

DRAM DPD DPD PCG DPD DPD DPD ACT DNOP DWT1 iDNOP 'DWTz DNOP PCG DPD

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

DQO-15 —’—LoL1X 2X 3X 4X 5X x XOX1X 213X X:5

SRAM operation can be freely performed. ** Ad3-Ad7 are coiumn block addresses (Ad8=Ad9=Low).
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4AMCDRAM:4M(256K-WORD BY 16-BIiT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

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

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

CMd#

CS#

RAS#

CAS#

DTD#

Ad0-2

Ad3-9

wB2

WB1 }@% Xz Xa X4 Xs Xs X7 Xo X1 Xz X3X‘Z
: - ' tCBF P

RB ! Old Data : : ;New Data]WB1(0-7)]

DRAM :DPD :DPD :PCG :DPD :DPD :DPD :ACT :DNOP :DWT1:DNOP :DWTZ: DNOP:PCG :DPD
SRAM DES BW BW BW BW BW BW BW BW BW BW BW BW BW

DQO-15 ——( oX X 2)L3X 4X 5)(5X 7X OX X X 3X X:S

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=Ad9=Low).
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4MCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

et
@y
@o\@%@@“
. @@@
Towe
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AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Set Command Register

CMd#

CS#

RAS#

CAS#

DTD#

Ad0-9

iDPD {DPD DPD {DPD {DPD {DPD § SCRIDPD iDPD §DPD i ACT PNOPDNOPDNOP

‘—'
*Set Command Reg.

o >
< >

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

* Ad0-9 must be set according to set command truth table while Ad8=Ad9=Low
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4AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Set Command Register

Detailed Truth Table for SCR

Address Input | Command
Ad9| Ad8| Ad7 | Ad6 | Ad5

L L L * Latency 1
L L L 2
L L L
L L L
O od
L L L l"rtrzl:xts';:fareent
L L L Latched
L L L Registered
No O i
L L L L ° perztfu;/r'!as‘(
Set Al WB
L L L I H tXi‘er Malks |

K
CMd#

* Latency is the number of clock
csw cycles required to transfer new

data from the DRAM to the Read
Buffer . Therefore, it can be
adjusted to the clock frequency of
the system.

(Latency) x (tK) should meet tCBF
min. timing requirement.

Inhibit new read or write function during these 4 clocks.

L. MITSUBISHI ELECTRIC (REV 2.1) Oct. 1993
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AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Output Operations

Tran ren

DES SR SR DES SR SR

et \ G#
tKHOX [ o > ‘tKHQZ- ______
DQO-15 —Ogi al v DQO-15
wha || tGLQ tGHQ B
T IKHA
Latched
DES SR SR DES SR SR
K _f v \
oo/ TN/
G \ /
tKLQX tKLQZ , ol LA
DQO-15 Q :,::, _____ DQO-15 ..__'K Q ).0(;
tKLA 1GLQ GHa |
KHA -
-t > tKLA
T tKHA o
L MITSUBISHI ELECTRIC (REV 2.1) Oct. 1993

50



MITSUBISHI LSIs

M5M4V4169TP-15,-20

4AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Registered

SR

SR

SR

DQO-15

tKHQX

tKHAR

e tKHA —— |

SR SR SR

G# L [/
(GLA s tu- | |IKHOZ
DQO-15 Q MHX-
1GLQ 4+
T tKHA ———*1

tGHQ

A MITSUBISHI ELECTRIC
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AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

CMd#

CS#

RAS#

CAS#

DTD#

DTS ¥ { tDTH

CMs#

tCMSS tCMSH

CCo#

tcoS ) ({ tcon

CCi1#

tc1s : : tC1H

WE#

DQC(u /1)

Ad0-9
As0-9

DQO-15

X;“—X
X—“iX
X—“—X

tbQcs H tDQCH
M
o8 ——X on

(Input)

A mITSuBISHI ELECTRIC
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4MCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter. Conditions Ratings Unit
Vce Supply Voltage With respect to Vss -0.5~ 4.6 \'
Vi Input Voltage : 05~ 55 \')
VO Output Voltage -0.5~ 5.5 -V
10 Output Current 50 ' mA
Pd Power Dissipation 1000 mwW
Topr Operating Temperature 0~ 70 °C
Tstg Storage Temperature -65~ 150 °C

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

Symbol Parameter Limits Unit
Min. Typ. Max

Vee Supply Voltage 3.0 33 3.6 v

Vss Supply Voltage 0 0 0 Vv

MH(A) High-level Input Voltage address inputs 2.0 Vee+0.3 Vv

MH(C) High-level Input Voltage clock inputs 2.0 Vee+0.3 Vv

MH(DQ) High-level Input Voltage DQ inputs 2.0 VeeQ+0.3 Vv

ML Low-level Input Voltage all inputs -0.3 0.8 \';

- CAPACITANCE

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

Symbol Parameter Test Condition Limits (MAX) Unit
Cl(A) Input Capacitance, Address pin VisVss 5 pF
Ci(C) Input Capacitance, Clock pin f=1MHz 7 pF
cliio Input Capacitance, I/0 pin ViE25mVrms 7 pF

A MITSUBISHI ELECTRIC (REV 2.1) Oct. 1993
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4AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

AVERAGE SUPPLY CURRENT from Vcc
(Ta=0 ~70 , Vece=3.3+0.3V, Vss=0V, unless otherwise noted)

Symbol _ Condition Limits (MAX) Unit
-15 -20

lccS Average supply current of SRAM operating, tK=min. 220 170 mA
DRAM=DPD  outputopen  gata input=H or L

lccD Average supply current of DRAM operating, tRC=min. 85 80 mA
SRAM=SPD

lccD(PG) | Average supply current of DRAM page-mode tPC=min. 130 115 mA
SRAM=SPD

lcc(STN1) | LVTTL standby, tK=min, CMd#=CMs#=CS#=H, 55 50 mA
all input=stable. output open data input=H or L

lcc(STN2) | CMOS standby, tK=min, CMd#=CMs#=CS#=H, 30 20 mA
all input=stable. output open  data input=H or L

lcc(PD) CMOS Power Down current, CMd#=CMs#=L tK=min. 5 5 mA

Icc(SRF) | CMOS Self Refresh current, CMd#=CMs#=L tK=CO 300 300 uA

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Ta=0 ~70 , Vee=3.3+£0.3V, Vss=0V, unless otherwise noted)

Symbol Parameter Test Condition Limits Unit
Min.| Max

VOH(DC)* High-level Output Voltage (DC) IOH=-2mA 24| - v
voL(bc)* Low-level Output Voltage (DC) IOL= 2mA - 0.4 \
VOH(AC)* High-level Output Voltage (AC) CL=50pF, IOH=-2mA | 2.0 | - \
VOL(AC)* Low-level Output Voltage (AC) CL=50pF, I0L= 2mA - 0.8 \Y
10z Off-state Output Current Q floating VO=0 ~VcecQ| -10 | 10 uA

1l Input Current ViH=0 ~VccQ+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.

3.3v
1180Q
voutr O

8680 —— 50pF
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4AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

TIMING REQUIREMENTS

(Ta=0~70C, Vce=VeceQ=3.3+0.3V, Vss=0V, unless otherwise noted)

(CLK pulse, input signals setup / hold time to CLK edge)

Input Pulse Levels: 0to 3.0V
Input Timing Measurement Reference Level: 1.5V
Input Rise/Fall Time: 2ns

Limits .
Symbol Parameter -15 -20 uni

Min. | Max Min. | Max
tK Clock Cycle Time 15 20 ns
tKH . Clock High Pulse Width 5 5 ns
tKL Clock Low Pulse Width 5 5 ns
tCMDS Setup Time for CMd# 4 5 ns
tCMDH Hold Time for CMd# 2 3 ns
tRS Setup Time for RAS# 4 5 ns
tRH Hold Time for RAS# 2 3 ns
tCS * Setup Time for CAS# 4 5 ns
tCH Hold Time for CAS# 2 3 ns
tDTS Setup Time for DTD# 4 5 ns
tDTH Hold Time for DTD# 2 3 ns
tCMSS Setup Time for CMs# 4 5 ns
tCMSH Hold Time for CMs# 2 3 ns
tWS Setup Time for WE# 4 5 ns
tWH Hold Time for WE# 2 3 ns
tCoS Setup Time for CCO# 4 5 ns
tCOH Hold Time for CCO# 2 3 ns
tC1S Setup Time for CC1# 4 5 ns
tC1H Hold Time for CC1# 2 3 ns
tAS Setup Time for Address 4 5 ns
tAH Hold Time for Address 2 3 ns
tDS Setup Time for DIN 4 5 ns
tDH Hold Time for DIN 2 3 ns
{DQCS Setup Time for DQC 4 5 ns
tDQCH Hold Time for DQC 2 3 ns
tCSS Setup Time for CS# 4 5 ns
tCSH Hold Time for CS# 2 3 ns
A MITSUBISHI ELECTRIC (REV 2.1) Oct. 1993
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4MCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16- BIT) SRAM

TIMING REQUIREMENT (Read, Write, Refresh)
(Ta=0~70C, Vee=VceQ=3.3+0.3V, Vss=VssQ=0V, unless otherwise noted)
Input Pulse Levels: 0to 3.0V
Input Timing Measurement Reference Level: 1.5V
Input Rise/Fall Time: 2ns
Limits Uni
Symbol Parameter -15 -20 oot
Min. | Max | Min. Max
tREF Refresh Cycle Time 16 16 |ms
tRP Precharge Time 40 45 ns
tRCD Delay Time, Add Strb. Row to Col. 30 40 ns
tRC DRAM Activate-Read Cycle Time 120 140 ns
tWC DRAM Activate-Write Cycle Time 120 140 ns
tPC Page Cycle Time 30 40 ns
tRAS Activate Time 70 {10,000] 80 | 10,000} ns
tRASP Page mode Activate Time 70 joo,000] 80 }100,000} ns
tRWL Write to Precharge Lead Time 20 20 ns
tRSH Read to Precharge Hold Time 20 20 ns
TIMING PARAMETER-CLK TABLE
Version -15 -20
Freq. 66.6 33.3 50.0 25.0
(MHz) Min. Max Min Max Min Max Min. Max
tREF 1.06M 0.53M 0.8M 0.4M
tRP 3 2 3 2 )
tRCD 2 1 2 1
tRC 8 4 7 4
tPC 2 2 2 1
tRAS 5 666 3 333 4 500 2 250
tRASP 5 6666 3 3333 4 5000 2 250
tRWL 2 1 1
tRSH 2 1 1

Note: Value of K can be determined by integer>(timing parameterACLK) for any clock frequency.
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AMCDRAM:4M(256K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

SWITCHING CHARACTERISTICS

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

Limits
Symbol Parameter 15 -20 Unit
Min. | Max | Min. | Max
tCBF Buffer-Fill from DRAM Read Transfer 20 20 | ns
tKHA Access Time from K-High Edge 15 20 ns
tKHQX _ | Output Active Time from K-High Edge 3 3 ns
tKHQZ | Output Disable Time from K-High Edge 3 71 3 8 ns
tKLA Access Time from K-Low Edge 15 20 ns
tKLOX | Output Active Time from K-Low Edge 3 3 ns
tKLQZ |} Output Disable Time from K-Low Edge 3 7 3 8 ns
tKHAR Access Time from K-High Edge 15 20 ns
tKHQXR | Output Active Time from K-High Edge 3 3 ns
tkHQZR | Output Disable Time from K-High Edge 3 7 3 8 ns
tGLA Access Time from G#-Low Edge 15 20 ns
tGLQ Qutput Active Time from G#-Low Edge 3 3 ns
tGHQ Output Disable Time from G#-High Edge 3 71 3 8 ns
ACCESS LATENCY (Minimum)
TIMING PARAMETER-CLK TABLE
Version -15 -20
Freq. 66.6 33.3 50.0 25.0
(MHz) Min. Max Min. Max Min. Max Min. Max
tRAC* 5 3 4 3
tCAC™ 3 2 2 2
tRCD 2 1 2 1
tCBF 2 1 1 1
tKHA 1 1 1 1
tKLA 1 1 1 1
tKHAR 1 1 1 1
tGLA 1 1 1 1

tRAG* —tRCD+tCBF+tKHA
tCAC™*=tCB

Note: Value of K can be determined by integer>{timing parametertCLK) for any clock frequency.
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4AMCDRAM:4M(256K-WORD BY 16-BiT) CACHE DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

70P3S Package Dimension

J

A
@j'
NL

-

U/
" 10.16+0.1
(0.4£0.003)
11.76+0.2
{0.463%0.008)

<

apRjagujsqugugaquge a[upE RRjujEjRguage e
s]ajale]elalnlnlala slelafulnisls]slalsla ( +0.05
. H 0.125"502
B, . 401 +0.02
0.65+0.1 N I | ¢ 03 o0s < < (0.005 5 goos )

> ’ ‘ﬁ +0.004 <

0.026£0.004) (0.012% 5 ) g =

253.49+0.1 > pd

{0.925+0.004) 2

Waswrg P 5
{0.004)

Note) Dimension *1, *2

do not include mold flash.
Dimension *3
does not include tie - bar +0.1
cut remain. (0.02+0.004)
Detail A
mm
UNIT - <iNCH)
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