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 (TOP VIEW)
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 é 58] Ads
by 16-bit static RAM array as a Cache memory (block size 8x16) onto a single gg(l)z % % 2311
monolithic circuit. The block data transfer between the DRAM and the data WE# é 5] Ad10
transfer buffers (RB1/RB2/WB1/WB2) is performed in one instruction cycle, a Cﬁi’; % % ﬁzg
fundamental advantage over a conventional DRAM/SRAM cache. CMst# [g] 62) As7
The RAM is fabricated with a high performance CMOS process, and is ideal for boo B a Dous
2. large-capacity memory systems where high speed, low power dissipation, and Vss (12| Vss
low cost are essential. The use of quadruple-layer polysilicon process combined 88% % 400 mil % 88}‘3‘
with silicide and double layer aluminum wiring technology, a single-transistor ng% 55| 70Pin [56] \éclez
dynamic storage stacked capacitor cell, and a six-transistor static storage cache VSS % _;'_'SOP” % VSC
cell provide high circuit density at reduced costs. DQ4 (i3] %) DO11
veeQ [z 0.65mm B1] VeeQ
BQZ 1) Lead 150] BQ;O
FEATURES e B Pitch ) DQ
FLATUVURLED [23] [a8] Vss
DQ7 [z4] 7] DQ8
Type name SRAM DRAM ~ Power Mo o o McH
Access/cycle Access/cycle Dissipation (Typ) ﬁi% % % 2;51
DRAM: 530 RASH = 2 A
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 o 5 Ad3
DRAM: 430 Ad2  [34] [37] ADF#
M5M4V16169TP/RT-10 8.0ns/10ns 60ns/90ns SRAM: 660 vee [3) 6] Vss
R Package code:70P3S-L
M5M4V16169TP/RT-15 8.0ns/15ns 75ns/120ns gﬁﬁmf jgg
- Vss
s EO ofd v,
# 70-pin,400-mil TSOP (type I1 ) with 0.65mm Ads % % gggu
lead pitch and 23.49mm package length. Ad7 &) [a] CCl#
# Multiplexed DRAM address inputs for reduced pin T a =l oo
. S . 6
count and higher system densities. K ;"C"ﬁs“asre%gfk As9 [z 7] CS#
# Selectable output operation (transparent / tatehed / gf,:z# : DRKM Clock Mask 22? % % gmgj
registered) using set command register cycle. RAS# : ggm nﬁg%g‘:msﬁfobe 5 élsg &= g K
# Single 3.3V +/- 0.3V Power Supply. g?gi : Data Transfer Direction Vss % % \[;SQSO
(3.3V +/- 0.15V for -7 part) Ad : ggﬁm élddr;ls\lls . Bgﬁ 58] | Dg;
CMs# : ock Mas i D
# 2048 refresh cycles every 64ms (Ad0->Ad10). ccg#,ccm: Control Clocks VeeQ % 470(?Prirr]1" % VecQ
# Programmable burst length (1,2,4,8) and burst WE# : Write Enable D12 TSOP g DQ3
- . DQC(u/ly /O Byte Control vee 5 [ Vss
sequence (sequential,interleave) with no latency. As - SRAM Address Type Il DO4
i i i : Output Enabl DQ11 [52] [19]
# Synchronous design for precise control with gg ; thglilo nable Voed 5] 0.65mm 2 VeeQ
an external clock (K). Vee : Power Supply DQ10 [50] Lead 21 382
# Output retention by advanced mask clock (CMs#). VeeQ : g% S’:{‘;"er Supply D\gg % Pitch % Vss
# All inputs/outputs low capacitance and LVTTL N . Adaress Fetch clock DQ8 [] 2g DQ7
compatible. This pin can be None-Connect.  MCH  [46] l2s] MCL
. MCL :Must Connect Low G# (4] [26] Asl
# Separate DRAM and SRAM address inputs MCH ‘Must Connect High ﬁsi 4] 27 AS?
for fast SRAM access. o % % RASH
# Page Mode capability. Ade 30 CAS#
. 40
# Auto Refresh capability. Ad4 % % AdO
# Self Refresh capability. Ad3  [35] [ss) Adl
ADF#  [37] [3a) Ad2
Vss  [36] O 5] Ve
Package code:70P3S-M
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BLOCK DIAGRAM 1

Ad11 66)
Ad10 @5)
Ad9 @ _ _COI'L» Column Block Decoder
Ad8 6)- Row 0-11 — !
DRAM Ad7 (67)- o) 1M bit 5
Address o -8 DRAM .
ot Ad6 @D)- 8 Array 01l 7
Ads @O-| 5 B
Ad4 (39 - @ ;
B || :
Ad3 ' g Sense Amplifier and 1/0 control
ie]
Ad2 (32)- <§E
<
Adl (B3- T
ado G- | (COpmand(©6) jo 1 2
i | (X (o1l Read Bufferl
Read Buffer2
i —WB2 Mask Write Buffer 2
5 WB1 l
: Mask > @19
As9 -- -
(4]
As8 63)- E
As7 62-1 §|As3-9 SIA and I/0
SRAM <o | S =
0O 3
input < ol.Decoder
As5 @d)-{ = _ —
< e
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As3 " - 5 E
As2 (29)-- g 1| 1Kx16=16K
ASO_Z [0] 1KB|t ' SRAM
As1 @D-- 2| | SRAM
| As0@D-{ || Aray

Vss

VceQ

Vce

R

= RAS#
8 @ (Row Address strobe)
- =
Z GO cAsH
&) (Column Address strobe)
=
< | @DDTD#
HD: (Data Transfer Direction)
Mask| (8) CMd#
* ' (Clock Mask for DRAM)
KBuffer]--(7
o @ (%Eﬁt) Select)
Timing K
control |-
T (Master ClocK)

Y

L

SRAM CONTRO

Mask| -

cms#
© (Clock Mask for SRAM)
(& WE#

T (Write Enable)
L-(B)ccos

* (Control Clock 0)

M- CC1#
T (Control Clock 1)

-G7) ADF#

" (Address Fetch)

@ DQCu(Enable upper)
@ DQCI(Enable lower)
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BLOCK DIAGRAM 2
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FUNCTION TRUTH TABLE

Mnemonic SRAM As Ciress DRAM Ad  (DRAM address)
CODE Previous DQC Previous T
CS# |cmst# [cco# |ccis i) |WE#| AsO-9 | cmdy |RASH|CASH|DTD#|  AdO-11 192 AdLy Ad0
NOP HlH | x | x| x|[x]| x H | x | x | x X4
SPD x Lo |x [ x]|x|x| x X [ x | x |x X
LBM LlH|H|H|[H|[L]|] X X | x | x| x X
DES LlH|H|H|Xx|x] x X | x | x| x X 1o
SR L lwH|nH | L |H|[H[a09 | x [x |x]x X or
Sw L lH|[H|L|H|L|AO9 ]| x [X | X |X X 0o
BRT Ll H|L | H|L|[HIA0? x [ x | x|x X o
BWT LlH|L |H|L|L |A39@ x [ x | Xx |X X oo
BRTR L H|L |H|H]|H]|AO09 | X [X | X |X X o
BWTW | L H| L |H|H]|L |A09 | x |Xx |x|X X 1o
BR Ll H L | L ]H|[H[A02? x | x |x]|x X
BW L Hi{L |L|H|L |As02@ x |[x |Xx | X X0
DPD x | x | x [ x| x|[x | x L | x®] x® x® X 0o
DNOP | L | X [ x | x| X | x| X H [H [ H|X X 1o
DRT Ll x [ x| x]|x|x] x H H | L |H |Ebo® 000
pwrz | L | x| x [ x| x|x | x HolH L L et 010!
pwrir| L | x [ x | x| x | x| x HlH [ L L |Cofew® 000!
pwrz | L | x | x [ x| x|x | x HolH L L |Catos? 001!
pwizr| L | x | x | x| x [ x | X HolH [ Lo [Comow@iole]
owrs | L | x | x | x| x|[x] x Hle | L L [comos® 100!
pwrar| L | x | x | x| x [ x| x HolH [ UL [eten® 1 io
pwra | L | x | x | x| x | x| x HolH [ LU |atos® 101!
pwrar| L | x | x | x| x| x| x H | H | L L |fele® it 1
ACT L X | x | x| x |x X Ho{L | H | H [owad)
PCG Ll x [ x | x|x|x] x Ho[L [ H|L X 1o
ARF Ll x [ x| x]|x|x] x HOLL | L | H X o
SRF L X | x | x| x| x X HOlL | L | H X 1o
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 DWTIR, 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 DWTIR 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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FUNCTION TRUTH TABLE

Data Transfer Buffers .
Write Buffers Xfer Masks Read DQ pin A
WB1 | wB2 | Buffer -
WB1 [ WB2 | mask | Mask |RBL2| Din | Dout Function
Hi-Z No Operation
ISuspend SRAM Power Down& No operation
- pend | Data retention P
Byte .
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
{ 4 . . .
Load e 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 8:& Use 8:8 - - - DRAM Write Xferl WB1->WB2->DRAM
Load/ (6) | Load/ ) WB1->WB2 ®3)
Use | yse Use use |Load DRAM Write Xferl& Read _>DRAM->RB1->RB2
Use Use DRAM Write Xfer2 WB2->DRAM
Use use |Load DRAM Write Xfer2& Read  [WE25ORAM
Load/ i
Use 8:8 Load DRAM Write Xfer3 WB1->WB2->DRAM
) WB1->WB2
use |29 Load |Load DRAM Write Xfer3& Read | spramt oreLores)
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) Bl?\l{ DS;L""#
Din --> WB1 8/16bits (5) DRAM --> RB 128 bits (8X16bit-block) WBi: Write Buffer 1
SRAM --> WB1 128 bits (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 bits (8X16bit-block)

)‘ MITSUBISHI ELECTRIC

Downloaded from Elcodis.com electronic components distributor

(REV 1.0) Jul. 1998


http://elcodis.com/parts/6441678/M5M4V16169DTP-15.html

MITSUBISHI LSls

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

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

PIN DESCRIPTIONS(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.

CASH#

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, Ad0-Ad2 (@ RAS=high,CAS=low, K=Rising edge) specify the transfer
operation of the DRAM . Also AdO-Ad9 (@RAS=low,CAS=low, DTD=low,
K=Rising Edge) are used as the command in set command register cycle.

CS#

Input

The Chip Select controls the operation of the CDRAM. When CS#=H at the rising
edge of K and the previous CMd# or CMs# is high, the chip is in No Operation
mode.

CMs#

Input

SRAM Clock Mask controls the operation of the internal SRAM master clock (Ks).
When CMs# is asserted at a rising edge of K, the internal SRAM master clock for
the following cycle is suspended, resulting in the power down of the SRAM portion
of the circuit, including the Sense Amps. CMs# can also be used to retain output
data during SRAM power-down.
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PIN DESCRIPTIONS(2)

DQCI,DQCu

Input

DQCu/l are 1/0OByte control signals. If G#=Low, DQCu/l have a control of output
impedence: DQCu controls upper DQs (DQ8-15) & DQCI controls lower DQs (DQO0-7).
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 CCO0# and CC1# bits).
A low on the WE# pin causes either a Buffer Write, SRAM Write, Buffer Write Transfer
and/or a Buffer Write Transfer & Write to occur (depending on the state of the CCO#
and CC1# inputs)

CCO#,CC1#

Inputs

The Control Clock Inputs control SRAM and Buffer operations. CCO0# 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.

DQO-DQ15

Inputs /
Outputs

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

VeeQ

Supply

VceQ is the DQ power supply and allows the device to operate in a mixed voltage
system (e.g., 5V data bus). As specified in the Table: Recommended Operating
Conditions, 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.
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MODE DESCRIPTIONS (1)

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

SRAM addresses are inactive.

Deselect SRAM

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

Data is read from the SRAM to the I/O pins. Addresses AsO-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-

SRAM Read . . .
bit word. DQCu and DQCI control the impedence (High-Z/Low-Z) of the upper and lower
bytes, respectively.
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 As0-As2 decode
(10f8) the 16-bit word to be written. DQCUu and DQCI control Upper and Lower byte writes,
respectively.
DRAM /.SXlGBIock
Ad3-7 i 1MX16 -
1o0f32 »| £
Decode
8X16 | DRAM fowDecoder |
Ad0-9
lof4096Decode
SRAM Wiite

lof8Decode

16bits/
/8X16

* _16bits
/ D

16bits

I

8X16Block )
16bits

SRAM
1KX16

Iy

As3-9
lofl28Decode

Jeposag
uwinios WyHs|

As0-2
lof8Decode
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MODE DESCRIPTIONS (2)

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.
g DRAM - 8X16Block
Ad3-7 :§ M X 16 -~
10f32 ¥ *%
Decode T
8X16 ~ | DRAM RowDecoder |
7
- ?lofASggt-)lelcode
- — 8X16
X
Buffer Read ocer 6015
Transfer 4 8X16 S Decode
; ! 16bits
i T bos
EEEET g 0y
’:' ~ Luvie:Byte 1 Upper Byte | * == ox16 16pits
8X16Block ‘-' 8xie
_________________ / _ “ebits
SRAM 5=
1KX16 95 4_ ?STOB-%)ecode
'y
As3-9
lofl28Decode
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 As0O-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).
E DRAM _.8X16Block
Ad3T 85 1M X 16 s
1of32 | &5
Decode El
N DRAM RowDecoder
AdO-11
lof4096Decode
Buffer Write
As0-2
Transfer 10f8Decode
e P _
=I /16b|ts
DQs
16bits /
/SX16 / ® 16bits @
8X16Block T =~o__ _ /16bits
5% As0-2
E] ‘ lof8Decode
lofl28Decode
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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 1/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.
g DRAM . 8X16Block
Ad3-7 i M X 16 -l
10132 ¥ 3
Decode
| DRAM RowDecoder |
~N < N
8X16 _ N 7 ?10f4(/)\9nglelcode
— - 8X16
Buffer Read |
Transfer & el E P L Tot8becode
SRAM Read ," gx1e [Lower ByteJlUpper Byte E 16bits
,II / ?g?ézt)ecode D . S
! EE=wWB 11— 16bits
b it — % _
J > 8X16 16bits
8X16BI k.‘ 8X16
R / _ “ebits
sram @ £z
1KX16 it As0-2
E) lof8Decode
As3-9
lof128Decode
Data is first written from the 1/O pins to SRAM as decoded by As0O-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.
g DRAM /,8X1GBIock
Ad37 1M X 16 s
10f32 »| %5
Decode
Buffer Write [ DRAM RowDecoder ]
8X16 N va AdO0-11
Transfer & N 2 10f4096Decode
SRAM Write Q) e ——
DQ(:-7 D(;B-lS Lower Byte _Upper Byte As0-2
- _I lof8Decode
/ RB2——F= 16bits
’ Lower Byte ! Upper Byte = /
DQs
16bits/
/8X16 16bits
8X16Block "=~ -
16bits
35 - ?Sfoééecode
JY
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 (4)

Data is read from the Read Buffer (RB2) to the I/O 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.
5 DRAM _ . 8X16Block
Ad3-7 H 1M X 16 -~
10f32 | °3
Decode T
L DRAM RowDecoder, |
8X16 N~ 2 AdO0-11
N lof4096Decode
(X) 7 Bx16
RB1
Buffer Read DQNm oess S A ?(f%%ecode
8X16 g
) = DOs
B WB 1 = 16bits
Luvier Byte ; Upper Byte I_ /BXlS / o™=
8X16Bl k
* _ “iebits
Qg 4_ 10f8Decode
I SRAM RowDecoder I
As3-9
lofl28Decode
Data is written from the 1/O pins to the Write-Bufferl. Addresses As0-A2 are used to select
(1of8) 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.
g DRAM ’,8X16Block
Ad3-7 H IMX 16 -~
10f32 ¥ | %
Decode
N | DRAM RowDecoder |
N e f AdO-11
8X16 J lof4096Decode
® 8X16
Buffer Write o Rz -
.-t ’ 8X16
exieBlock TTTTee. / _ “lebits
_____ . i,
SRAM g=
1KX16 it As0-2
> lof8Decode
Iy
As3-9
lofl28Decode
A MITSUBISHI ELECTRIC (REV 1.0) Jul. 1998 1
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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

DQO-7

=
= WB2 2| 5ge15
2| Lower Byte _Upper Byte| &)

T

b

8X16

/
,
E=s
A % Lower Byte ; Upper Byte 2
.4
KPia 8X16
8X16Block " =s-l /

Lower Byte JlUpper Byte

/ 8X16

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-Adl1l 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)
9 DRAM /.8X1GBIock
Ad3-7 Z§ M X 16 -~
10f32 =t
Decode
| DRAM RowDecoder |
N ? AdO0-11
8X16 | N_ lof4096Decode
DRAM Read _ (X) _ &x16
® B
Transfer -

As0-2
lof8Decode

- ¥ 16bits
. - DQs

R

_ “ebits

As0-2

1

Jeposag
uwnjog Wyys|

SRAM RowDecoder

ry

As3-9
lofl28Decode

lof8Decode
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M5M4V16169DTP/RT-7,-8,-10,-15

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

MODE DESCRIPTIONS (6)

Data (8X16 Block) is transferred from WB1 through WB2 to the DRAM block specified by
Addresses Ad3-Ad7. Addresses Ad8-Ad11 must be setto 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)
2 DRAM |_ . 8X16Block
Ad3-7 gs 1M X 16 -7
1032 | &%
Decode El
DRAM RowDecoder
8X16 < AdO-11
DRAM Write _ _ &16 1of4096Decode
Transferl
DQO-7 | oW B‘){t\e/ Bupzpsr Byef ] P8 1° /fs?ézo 4
8X16 - 0 ecode
A EI 4_/16bits
10 DQs
e WER P tons ® /
l’, Levieiay'xe Upper Byte /BXle 18bits
‘:'.—""— 8X16
8X16Block ~TT=~-< o
________ R / — _~ 16bits
SRAM
1KX16 R As0-2
= lof8Decode
I SRAM RowDecoder I
As3-9
lofl28Decode
Data (8X16 Block) is transferred from WB1 through WB2 to the DRAM block specified by
Addresses Ad3-Ad7. Addresses Ad8-Al11 must be setto Low. The transfer mask present in
WBL 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)
3 DRAM /.8><1GBIock
Ad37 1M X 16 -7
10f32 g2
Decode 3
| DRAM RowDecoder’ |
? AdO0-11
A 8X16 1of4096Decode
DRAM Write — 8x16
Transferl : :
& Read ocr [ JEUVE M o AS0-2
- lof8Decode
él /lsbits
; DQs
J 16bits /
," 4 _~axe 4 ® 16bits @
__' 8X16
BxeBlock Tt N / e |/16bits
SRAM “%
1KX16 g§ /:ic?foééecode
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 (7)

Data (8X16 Block) is transferred from WB2 to the DRAM block specified by Addresses Ad3-
Ad7. Addresses Ad8-Adl11l must be set to 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)

2 DRAM |_ . 8X16Block
Ad3.7 £ 1M X 16 -
10f32 | g5
Decode EJ T
| DRAM RowDecoder ]
8Xx16 < AdO-11
_ - - E&le 10f4096Decode
DRAM Write ;
TranSfe r2 DQO-7 rower Byv\t/EBZupper Byte DQ8-15 Lower Byte | Upper Byte As0-2
8X16 lof8Decode
1 RB2 EI 16bits
K 0 Lower Byte ! Upper Byte =] /
e DQs
. Decode
K \WB 1 16bits
ErEEI 00
/ 4 8X16
/ P 8X16
8X16Block ~~==~-_._ / 7 .
ACE 16bits
""""" ~ =7 7
SRAM
1KX16 g As0-2
El lof8Decode
I SRAM RowDecoder I
As3-9
1lof128Decode
Data (8X16 Block) is transferred from WB2 to the DRAM block specified by Addresses Ad3-
Ad7. Addresses Ad8-Adll 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 Bufferl and 2. (Notes 1,2,4)
DRAM | 8x16Block
§= 1MX16 _ -
Ad3-7 89
10f32 | &5
Decode E/ T
| DRAM RowDecoder |
8X16 AdO-11
DRAM Write - - 8x16 1of4096Decode
Transfer2 i N RBT
DQO-7 | WFoWer ByieJUpper Byl °O%1° Lover Bye UPRE DV As0-2
& Read 8X16 lof8Decode
1 RB2 T 16bits
. [Lower Byte JJUpper Byte|
, AS0-2 / DQs
/ 16bits /
/ s 4 ® 16bits @
BagBlock Trroeeen ¥ _ /16bits
°c As0-2
E lof8Decode
I SRAM RowDecoder I
As3-9
1o0f128Decode
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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.

5)8; DRAM _ . 8X16Block
Ad37 & 256K X16 s
10f32 g
Decode >
| DRAM RowDecoder |
e < ?1 f439dgl-311 d
DRAM Write %6 orbRecere
Transfer3 I I i
o o ?S%ZDecode
, 8x16 I /16bits
DQs
\WB 1 16bits
T 7@
/me 16bits
_ l/lsbits
g As0-2
] lof8Decode
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
Ad37 i 256KX16 s
10f32 g
Decode >
| DRAM RowDecoder |
8X16 Ad0-11
. 1lof4096Decode
DRAM Write _ - éx16
Transfer3 I I RB1
= (= = — ower Byte er Byte -
& Read peoT ;LuweréQéBU%perByte e e ﬁ?séecode
4 :
! 810 Lower By xeRBUzev Byte 16b|tS
As0-2 /
, 10f8 DQOs
. Decode .
NEH IR = — 16bits
2 [Cower Byte JiUPper Byte 2 /
: — / ax16 16bits
a3 - 8X16
BxasBlock "7t R / _ “16bits
SRAM 4z
1KX16 e As0-2
] lof8Decode
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 (9)

DRAM Write
Transfer4

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)

DRAM
256K X16 -~

’ABXlGBIock
-

Ad3-7
10f32
Decode

Joposag
uwned Wyda

| DRAM RowDecoder |
7

AdO-11

8X16 1of4096Decode

7] 8X16
B

RB1

Lower Byte Upper Byte

As0-2
lof8Decode

DQO7 | 2 \WB 2| Z | bas-15
=

RB2 = )
Lower Byte ! Upper Byte =l / 16bits

16bits
/8X16 / ® 145

2
4 8X16

DQs

7
_~ 16bits

As0-2
lof8Decode

1apodag
uwinioy I v

SRAM RowDecoder
A

As3-9
lofl28Decode

DRAM Write
Transfer4
& 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 Mask present in Byte MaskRegister
controls the data written to the DRAM. With the DWTA4R 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 /8X1GBIock

Ad3-7 256K X16 -~
10f32
Decode

1opo2ag
uuniod Wyda
\

| DRAM RowDecoder |
? AdO-11
1lof4096Decode

8X16

] =] 8X16
B &
I I

= \WB 2| 5

DQO-7 ] pQs-15
Q07 | o JROVErs e mipversyie] 2| OO

RB1

Lower Byte JUpper Byte

As0-2
lof8Decode

16bits
- D%s
® 1643

|/16bits

RB?2

Lower ByteJllUpper Byte

leitS/
/ 8X16

4 8X16

/
L E WB1 =
@ . 7]
= | Lower Byte ; Upper Byte | ~

e

As0-2
lof8Decode

Japosag
uwnied Wyus]

SRAM RowDecoder
A

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 (10)

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

Auto-Refresh

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

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 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 Ad0-Ad11 DRAM Address pins determine the
DRAM Read Transfer Latency, the Output Mode (transparent / fatched / registered), and WB1
transfer mask mode (set-all/ no change). No DRAM operation is executed in this cycle. Refer to

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

Vcc 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.
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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# \ ;KHA G#

tKHQZ (GLA

v /\‘\ ST |
DQO-15 Q -0 DQO-15 M

tGLQ -4—tGHQ

Output appears from the falling edge of K clock.

SR SR
\_ K /L \

« /\  This outputmode .
« . was deleted.

tKLQX v B (GLA «(GHO
*L Ry )
DQO-1 —(X Q@ ) DQO-15 = Q]

\

DES SR

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

< /N /S o« /NS /S
sac/ \_ /% oac/ N\ /s o\

D e | GE—
tKHAR

G#\ G# GLA 2\ tKHQZ { {GHO

tKHQZ -
tKHQX +—Q’ AT o Q
DQO-15 —<>< -———  DQO-15 K %
Q /v Q 1GLQ gl L
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16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

tK

'

'

«*
<

'

'

K, K#
CMd# tCMDSi tCMDH
CS# tCSS tCSH
RASH tRS ; tRH
CAS# tcs i tCH
DTD# tDTSE tDTH
CMs# tCMSS ; tCMSH
CCOo# tCos ; tCOH
CCl# tc1s ; tC1H
WE# twsi itWH
DQC(u /1) tDQCH
ADF# tSADF; tHADF
AdO-11

As0-9 tAH
aﬁﬁﬁf tDS ; tDH
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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 [DQ8 |DQY PQ10PQ11[PQ12pQ13[PQ14|DQ15
Yy vyvyvyvyvyyvyy
Lower
Upper
aB(Ij(:erZss 0 1 2 3 4 5 6 7
+ * ' U S S W |
Column Block
(16 byte)
0 : mask, no write
1: unmask, write enable
20
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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

\ written

9T

Lower
8hit '
Upper8 |
bit SRAM Byte
WB1/WB2 mask

255

<& lower byte— 9> -<&—upper byte- >

Byte oJiJofafafajofof1]1f1f1fijofo]o
mask bit

DQO-> ->DQ15

Write / Mask logic

As0-2 i
DQCl DQO-15 !
DQCu Load Byte Mask
(LBM) :
SRAM ——— WB1 —O— WB2 L ( }—sDRAM
DWT1/DWT3
DWT2/DWT4
—>
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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

\
A
|

X

Page boundary

\-
-—>

[~~~

/ /
DNOP|DWT4 |DNOP|DWT4| PCG
LBM | DES

ACT DNOP DWT3DNOP DWT4 DNOP DWT4
an' DES LBM DES LBM DES DES | DES | DES | DES

A ]
A ‘
| Color data is traﬁsferred from WB2 to

DRAM column block with new byte mask.

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

Burst Mode (1)

.-t
©
.......................................... 588 |
S 50
o o=
.......................................... g8 ||| X286
— D 7]
T
.......................................... ST |d e b
<L ®
................................................................................ PN I
N > > \‘m
........................................................ ol I N -3..-&.---- e
O O
-
...................................................................... N @.--.----
AN Ly
e ol |~ ] 2..-& ................
y 5 28 <
_— > > S0 635
.................................................... B = ) e e G i PR 4
T TN ©0L53
.................................................................. N[5 STa°2
S8se3
S=>=55Kx
.................................................................................... << ESO
XX ops
\ noasL
.............................................................. o N Y I o B
> > L x
B | o - \ n
................................................................. S g

DES

DQC(u /1) _/
X
X

As3-11
DQO-15

CMs#
ADF#
CCo#
CCl#
WE#
As0-2
G#
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16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Burst Mode (2)

o DA AV WEE O\
AS0.2 me I XchchchsX%X
As3-11 XCTlX: XchchmXchceX

B A

DQO-15 ———(QD)

Q1+1 5 5 D1+2

DES SR DES SR !SPD:SPD:DES:Sw SW SR SR 'SR ! SR |

/V

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)

)‘ MITSUBISHI ELECTRIC (REV 1.0) Jul. 1998 24

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6441678/M5M4V16169DTP-15.html

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
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~ 456 \V;
V) Input Voltage -05~ 4.6 Y
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)

Limits
Symbol Parameter - Unit
Min. Typ. Max
Vce Supply Voltage 3.0 3.3 3.6 \Y,
Vss Supply Voltage 0 0 0 V
VeeQ Supply Voltage for Output 3.0 3.3 3.6 \Y,
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 20 VddQ+0.3 Vv
VIL (LVTTL) Low-level Input Voltage all inputs -0.3 0.8 V

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) |  ynit
CI(A) Input Capacitance, Address pin VI=Vss 5 pF
CI(C) Input Capacitance, Clock pin f=1MHz 5 pF
e} Input Capacitance, 1/O pin V| =25mVrms 7 pF
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M5M4V16169DTP/RT-7,-8,-10,-15

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

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

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

Vss=0V, unless otherwise noted)
Limits (MAX .
Symbol Condition ( ) Unit
-7 -8 -10 -15
Average supply current of SRAM operating, tK=min.
IccS DRAM=DPD output open  data input=H or L 260 | 240 200 140 | mA
Average supply current of DRAM operating, tRC=min.
IccD SRAM=SPD 160 150 130 100 | mA
Average supply current of DRAM page-mode tPC=min.
1ccD(PG) | "sram=SPD 140 | 130 | 110 | 80 | mA
LVTTL standby, tk=min, DRAM=DNOP&SRAM=DES,
I TN1 X
CC(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 allinput=stable.  output open  data input=H or L 50 50 40 25
Icc(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)¥LVTTL) | High-level Output Voltage (DC) IOH= -2mA 2.4 - \%
VOL(DC)*(LVTTL) | Low-level Output Voltage (DC) IOL= 2mA - 0.4 Y,
|0z Off-state Output Current Q floating VO =0 ~vddQ -10 10 uA
I Input Current V|H=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
vour 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 unt
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 20 120 ns
tPC Page Cycle Time 14 16 20 30 ns
tRAS Activate Time 49 | 10,000 56 | 10,0000 60 |10,000[ 70 | 12,000| ns
tRASP | Page mode Activate Time 49 poo,000f 56 |100,0000 60 [100,000[ 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 - -8 -10 -15 Unit
Min. [ Max | Min. | Max | Min. | Max | Min. | Max
tCBF Buffer-Fill from DRAM Read Transfer 20 20 20 20 | ns
tKHA Access Time from K-High Edge 10 15 ns
tKHQX [ 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 6.4 2 8 ns
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MITSUBISHI LSls

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

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

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

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

12

CMs#

CS#

CCo#

CC1#

\

WE#

DQC(u /1) /

A

Xc'zX Xcs' XcziX Xc'sXc'esX

X
X

As0-2

As3-9

G#

DRAM operation can be freely performed.

Note : Output is transparent.
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MITSUBISHI LSls

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

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

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

/ \
wer B /U O\ S ;
P s G 3 xxxxxx
XXX XXXXXX

N

O@ \Q5€XQ6?XQ7?>—§—

DQO-15 —(o1) P

'DES 'sw SR SPD SPD spp DES SR SW SR SR SR DES '

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

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

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

DQC controlled Write & Read
( SRAM Read/Deselect SRAM/SRAM Write/SRAM Power-down )
i1 2 3 4 5 6 7 8 9 10 11 12 13 14

N
R R —

CCo#

CC1#

WE#

[ — —
L —

DQCu

1y

\
/
DQCl \
As0-2 meczx UX
as3o B XXX : XXX

G# L

> > L ~— L

Pee15 (o) —(@ N ——(_® )
DQO-7 —{ b1 )

'DES!Sw 'SR !DES!SW SR !DES!Sw SR |SPD: SPD!SPD: DES:
Wn  (un 0] 0] G/ (V)
I:I HorlL

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

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

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

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

CCl#%\EEEEEH/L_/
wes 1J SVAANTEREVaR
DQCM)J \
ASO-2 xuxczxchuxcg,xCsxmxcsx
As29 eX?X?X?X?XfX?X?X?Xe

G# S S U GRS S GRS SN GRS S ¢
' ' A AL AL Y

DQO-15 (D1 —{ b3 @2 X psiX @4iX p7iXQey— o8 I —

Iy

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

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

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

N
.......................................... o I N I -----.%\.--.---
~ N < L
............................................................ [ 350 PN 7oyl IR S R DU
O o _n/w
>< >< <
............................................................. m,.:--ulm:u:u: .-:--%..--.-:
> > S<
............................................................ %;---.-lm--::: .----.%.--.---
> >< 4
[N I ) S 0 4ot 8-t )
>< < <
............................................................ 0% PR =yl IR S S RIS
o 3} o)
> > S<
............................................................ oS
O S} @
>< =< <
............................................................ o~ e
O o &
> > L
............................................................ m,.---.-zm-------- I I
~< >
jany
..................................................................... T]E RR R R —
>
.}
T ., \”/
) H S s H* O S o o
= (0] (@) O w o 7] %) I+ (@4
Y O $) 8] @) = a) < < ) al

DES DES DES DES
34
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BRTR SR SR

SR
DRAM operation can be freely performed.

SR

SR

DES BRT SR

Note : Output is transparent.
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MITSUBISHI LSls

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

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

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

CMs#

CS# L

CCo#

CC1# | | : ! : : ; ; : :
DQC(u/I)i \/ /\ \/
As0-2 )\/< XCZX >\/<
As3-9 XClX XCZX X“’X

G# L

GG TII) CR ) CYR) G5

5 5 5 : LA
DQO-15 5 5 5 5 P\ 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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M5M4V16169DTP/RT-7,-8,-10,-15

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

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

o T

e
S S R
-

weo OSSR
ccon | CEEET U

G# L

WB1(0-7) Xp1iXp2:XD3ifpa |

WB1 Mask(0-7) E\Dlé\Dzé\Dgé\m

pQo-15 {01 X0z Xos X ot )—————<e5 X(as X @7 X )——

'BW .BwW :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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M5M4V16169DTP/RT-7,-8,-10,-15

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

NO - Operation of SRAM

ows# Wi LT 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#
AdO0-11 |
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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#

CASH#

DTD#

AdO-11

NO-Operation Mode

SRAM operation can be freely performed.

CMs#
CCO#

CCi1#
WE#

DQC(u/l)
G#

As0-9

DQO-15 .~
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M5M4V16169DTP/RT-7,-8,-10,-15

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

DRAM Power Down / DRAM Activate / DRAM Precharge

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

Qe S B T B Y

RASH \/ \/

cast EEETET )

L Y

AdO0-11 XRow X

EDPD E DPDE DPDEACT EDNOPEDNOPEDNOPEDNOPE PCGEDPD E DPDEDPD EDPD E

CMs#
cco#

CCi#
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

A
o)
(@]
A 4

v

e tRP——pie—— LtRAS!

v LS M E

o B wm—

AdO-11 XROWX

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

CMs# ™N
Cco#

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

AsO0-9
DQO-15 ~

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

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

DRAM Auto Refresh

CS#

RAS#

CAS#

DTD#

DNOP

AdO-11

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(ul)
G#

As0-9

DQO0-15
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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 Self Refresh

r 2 3 4 .. 2 3 4 5 6

¢Inhi:bit faIIi:ng edg:je.
oMa# T AN\L_ Y/
csv . L /[Ammm mmEA
Rase T\ L ADmm mImy o\
st T\ AN EERY
= S T e ——

AdO-11 — : D G

\DNOP:DNOP; SRF | Halt : : Halt : Halt \DNOP:DNOP:DNOP;DNOP; ACT :DNOP
Self Refresh Mode tRC for Recovery
SRAM Power Down Mode
Self Refresh Self Refresh
Entry SRAM Power Down

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).

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

b) CMd#=H

c) Wait tRC for recovery

d) Resume normal operation
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M5M4V16169DTP/RT-7,-8,-10,-15

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

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

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

NS

ARC-

owas SN S

'
[
d
'
'
'
P
<
'
'

csr DIIM\ [Ammmma . . [@
<—— tRP? s tRAS— 15
S0 Y AS—— A T .

‘¢—tRCD—ple—tRSH—»"

s T Wy /)

oo LR Ay WY WA 4

Ad0-2 XROWX\/

AdO-Ad2=Low

Ad3-11 XRowX_ X+ColX

' ' I I I : : : étCBF

' ' ' ' ' ' ' ' —» ' ' '
RB1 : : : : . Old Data: : : : . New Data

I I I I I I I I ELatenéy X tKE I I
RB2 .+ ¢ ¢ . odbaa : i N}  Newbata

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

DQO0-15 _<o|d Xo|d XOId Xo|d XOId XOId XOId XOId XOId XNewXNewXNewXNew)@ew

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

=2

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

P, G DR | R D R D S -
—
oo T SSRRR RPN BUPUPUPUPIN I IR | PUPRUPRPIN () SO ) I
—
PN SRR ) A | P D D ) —
—
~ ~ — ~
H__ |||||| AT T Y S 4 ||||||||||||||||||||
_~ _— . —
oo N T T T % .................
— bt L N
3
G N — - + ........................ :
< | 2
Dnl a) ™~
S (GO I W |
~ % |~
e e I —
m — —1 IS >
O S--- hor JEY SRR ) SO I ) DEUESDENIDN B AU b A,
~
O-><---{-----f-----1  [|--- al (-1 - -
x
S, R I S A | DRI B A ) IS
PO N Yoo
_—1 _— IS _—
N m ................................
JEPTS, ~NGRR NPUPRPUPU ) NOUPRPR | N ) SRR () A
H H 3+ H
© 3+ 0 ) [a)
= )] < < =
4 ®) O ad O @)

AdO-2

=Low
1
1

Ad3-9

RB1

RB2

DPD

DRAM

SRAM

Low).

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

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

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

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

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

SN -

e

owes S

'
y
(
'
'
'
PP
<
'
'

cw DNER SENEER. . . /&
JE S S N

ras# O\ AT\ \7/

«+—tRCD—pe—tRSH—»

oo T WmEIET L/

oo EEA Ay WY WA A

AdO-2 XROWX\/

Ad0-Ad2=Low

Ad3-11 XRow X X~ColX

'tCBF |
—>

© New Data :

RB1 ; ; ; ; ; O|a Data;

Létency'x tK

<%

RB2 old Dataé )Q( New Dataé

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

DQO0-15 —0ld X old X Old X old X Old X oid X Old X oid X Old X Old X 0ld XNew YNew )@ew

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

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

RC-

owss SN

B G

'
[
h
'
'
'
»
|
'
'
'

cs# AL 6 /LD W S S S S —
L e R LRAS

RASH \/ VA \/\

'« tRCD—pie—tRSH—»!

ow EELT WERmT L/ s

AdO-2 XROWXI\é/

AdO Ad2= Low

Ad3-11 XROWX X**CO'X

.tCBF.
—>i

RB1 v ¢ ¢ v ¢ odpam i ¢ ¢ (NewDaa

, , , , , , , , <—Latency X tk—»!
RB2 . Old Data X( New Data

DRAM ' DPD: DPD: PCG: DPD: DPD: DPD:ACT iDNOP i {DRT =DN0P= PCG:DNOP: DPD: DPD

SRAM :BREBR BR BR BREBR BR BR BR BR BREBR BREBR

DQO-15 ——(om XOId XOId XOId XOId XOId XOId XOId XOId XOId XOId XOId XNew X: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

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

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

CMd#

CS#

E — tRASP
RAS# 5 C/ 5 ' 5 ! 5 5 5 5
' B ! ¢ tPC ! tPC ! tPC : tPC ! tPC !
! ! < e e e
«—tRCD—» ' : : '

oo EF N

adoz [DFEWED A /AN

AdO-Ad2=Low

PRERTIRN GET) G 2D S a2 i G ) ) G

' {CBF | tCBF  !{CBF.tCBF!tCBF:{CBF!

RB1 . Old Data ! ' Cc1 ! ' C2 ! rc3N caiicoW: c6

' ' X ' : Latency: Latency: Latency: Latency:
LatencyxtK LatvencythK XK Xtk Xtk D Xtk

—t—>

R R e R ST sy Bl s wy
RB2 . oldpata . M:c1 i Wic2 i Jica)ica)icsi:ce

DRAM | DPD: ACT iDNOP: DRT ; DNOP; DRT ; DNOP; DRT | DRT | DRT | DRT | DNOP: PCG |

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

DQO-15 ——( 0|oi| )(om; XOIO? )(ouo; X Qli X Qli X QZE X QZE X Q?; XQ4E XQSE XQGE XQGi (s

Pipe-lined Page mode

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

Latency set

Page-Mode DRAM Read Transfer

I T Y D W A ﬁ |||||||||||||||||||||||||
A
T
||||||||||||||||||||||||||||||||| (7 I, .
x
ﬁ / \ / X
©
................................................................ O
><
)
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII W.U
>
<t
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII Mnlv
><
™
................................................................ &
_— > — =><
O
........................ at-ag4-+--------- I o
(7)) + ~—
m |~ ~ L
o i e S B AN AR (S N N (R —— Q
_— IS — S
............................. o fo_f L] |&_
& T
™ = ~ 8 =<
< —
e Rt IS S S R $---I7
D\ N~ —1 < >
................................. O] I o
x
% — > >
N 0 O | e
x o
> >
SR, R [P ) R L P ) A D S E——
~
—
3 5 05 5 % 3%
+ O o ™
= ) < < = ke kel
4 ®) O o O o < <

o
8l
............. m
L Q
i
e
mH 3
g
mH 3
=)
m
mH
N
© LL
—— WL =d---F-
BH m-w
mllv‘ -+
—
o LL
- L -4---}- m
m
mH e
........ ) -
©
)]
........ =]
o
—
m
e

RB
DRAM
SRAM

—od Y oid Y od X oid Yoid Y @1 X Q1 X @2 X @2 Y2 Y02 X2 Y6 Yqs

DQO-15

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

Low).

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

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

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

Page-Mode DRAM Read Transfer Latency set=3

CMd#

CS#

RAS#

CASH#

DTD#

AdO-2

Ad3-11

RB1

RB2
DRAM

SRAM

DQO-15

:: tRASP

J
M

' w—‘—tPC—> w—‘—tPC—v
w—tRCD—» <—tRSH—>

4 o e

SH

ﬁXRéwXﬁ\i/' ﬁ\?/ﬁ n

AdO Ad2= Low

D ) S D G 22 S 65D G

;tCBF; ; tCBFI | tCBF itCBF
— : —i : —> —>

old Data ! ! c1L ! c2 c3 ¥ ' Cc4 !

Latency xtk :  Latency xtk i Latency X tk
‘_'—'_M_'—'_h I<_'—'_h

Odpata : + : Nrci: = Wco: M ca

' 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

—_(om Xomi XOIOil Xomi Xon; XOIc; XQl X QlXQl XQ2 XQZ X Q2 XQZi Y4

+—>

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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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 [/

AN
01T S N S AN SN SO S MRS NS S S A NN Y
RASH# 0\ \_ i/
: E,_tR'CD_,: 5 . : : : : <—tRSH—>

oo BT es

oo B WY WY W A A

AdO-2 :XRC%WX:\E/I \/\/

AdO-Ad2=Low

ads-11 DRI DT DT

'tCBF ! : 5 'tCBF 'tCBF !

D s <1 ' ' P, P,

RB . Old Data ' . . C1 | . C2 ' . C3

» Latency x tk Latency x tK :

1a---

Aa---

RB . __Old Data W oci: Wi c3
DRAM 'DPD !ACT !DNOP:DRT !DNOP :DNOP | DNOP:DRT !DNOP DRT !DNOP :DNOP ! PCG !

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

DQ0-15  —{Old Yoid Y(0ld }(oid Y(oid Y(oid Yold ¥ Q1 Y1 Y Q1 }a1 Y o1 )01 Q3

—>
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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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)

RC

owe SN S

'
[
h
'
'
'

»

P
'
'
'

Y G

S s s W S S S S Y o
T T U TV S S IOV S B

RAS# \/ A \/

‘e tRCD—pe—tRWL—»"

s DT Wy /] )

oo+ LI AN WA LA A

AdO-2 XROWXI\E/:

AdO Ad2= Low

Ad3-11 XROWX X**CO'X

WB2 : ! ! ! ! OId Data: ! :)( New Data[WB1(0-7)]

WB1 EXCOEXClEXCZEXCSEXC4EXCSEXC6EXC?EXCOEXc1§XC2§Xc3§XE4

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 BW,BW BW BW BW

DQO-15 —( DOX D1XD2X D3XD4XD5X D6XD7XDOX D1XD2XD3X D4XE>5

Please refer to next page in detalil.

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses (Ad8~Adl1=Low).
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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) detalil

t o2 8 4 5 6 7 8 9 10 11 1z 13 14
bl e —RC by
owr SN L
cs# TN\ / \ P i
: : ——iRP! —Pi¢ —tRAS T > : : i
RAS# \ [ NS TN
! ! ! :d—tRCD—D:d—tRWL—b: !
RS ST D g e  e—
DTD# \ |/ 7 7\ \f/.\§/.

Ado-2 [ T Yrow X\ |/
1 1 1 1 1 1 1 1 AdO-Ad2=Low 1 1 1 1

Ad3-11 XRow X X**Col X

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

WB1[0] | )(o' - Xo

WB1[2]
WB1 mask[2]
WB1[3]
WB1 masl[3]
WB1[4]
WB1 mask[4]
WB1[5]

WB1 mask[0] I N
WB1[1] X1 i
WB1 mask[1] IR

w
><
w

= >
IS
-

(63}

WB1 mask[5]
WB1[6] S R R

WB1 mask[6] o N
WB1(7] X

W81 mask[7] A A

DRAM 'DPD 'DPD !PCG !DPD !DPD !DPD !ACT !DNOP DWT1DNOP |PCG !DPD DPD !DPD
SRAM :DES BW .BW -BW .BW -BW .BW -BW .BW -BW .BW -BW .BW -BW

DQO-15 4—< DOXD1XD2XD3 XD4XD5 XD6 XD? )(DO')(Dl')(D2 XD3 XD4' )@5
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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)

S s N s W S B W o

: . tRP: . . . tRAé . |

RASH \/ SN A R N

«—tRCD—p«—tRWL—»

as DT CImImT /7

oo+ EEEA RIS WA A A

Ad0-2 XROWX\/

AdO-Ad2=Low

Ad3-11 XRow X XcolX

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

WB1 old Dataé X New X Next New Data

/\ Data
d

DRAM 'DPD :DPD :PCG :DPD ;DPD :DPD {ACT ;PNOP pWT1:DNOP \pcG :DPD :DPD :DPD

SRAM 'SW iSwW SW iSsw SW Sw :SW :Sw BWT :BWT :SW :SW SW :Sw

vanas (oo e2)m) e e oo —— ()X

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

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

K

S S B 1 St e St

CS#

*———{RP: P& tRAS——_*

ny
D
7

RAS#

—{RCD—se—tRWL
CAS# : P\ /o :
DTD# /T L/
AdO-2 XROWX

omar | SN/
.
\
/
\

' ' ' ' ' ' ' Ad(:)-Ad2=Low
Ad3-11 XROWX X**CoIX
WB2[0-7] _ . 0Old Data. Y New Datalfrom WB1(0-7)]
Lo O (.
WBlmask[o] : ¢ i i bbb N )
WB1[1] : . i 1 T b M1 Xa
weimask T\
wei | 1 T T T X Xo
WB1mask[2] | . . . 1 N\ i
e € €
WBlmasi3] © ¢ ¢ 0\
WB1[4] | ¢ i i b X4 Xy
WBlmask[4] | 1 ¢ 1 1 0 TN
weis) i i ¢ i ¢ i & i Xs X5
WBl1mask(s] @ © @ i 1 00\ W
weel i i i i . ke Xe
WB1mask[6] | i i 1 bbb\
0751 ya O N S O S B I B 2D €
WBLlmask(7] : & i i 00N

DRAM 'DPD DPD PCG |DPD ;DPD iDPD |ACT {DNOP DWTIiDNOP :PCG DPD |DPD :DPD
SRAM ISW SW SW 'SW SW SW 'SW SW BWT BWT|iSW SW Sw SW

DQO-15 { Do) p1iX D2iY D3 X D4 X D5 X D6 X D7E>—é—:—< EEEHE
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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)

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

owar S\

1 tRP! L e . tRASP—.

i
SO e e W N N O O S B O
RAS# i\i/. T \:_L

. . . . . . ‘«—tPC—»! . :
L b «tRCD—» L «—tRWL—
CAS# AR Y N Y AT N Y A

AdO-2 XrowXT T\ |/ :
. . . . . . ! ! AdO-Ad2=Low AdO0-Ad2=Low

rirss I EEREEDEDE

WB2 : : : : . Old Data! : )(Datawsl(O . )( Next Data[\NBl(O 1)]
' ' ' ' ' ' R —______1 _________ n . VA '

—————————————

——————————
———————

WB1 Xco Xc1 Xcz Xcs XC4 Xcs Xca Xc7 Xco Xc1 Xcz Xca X:4

DRAM '‘DPD 'DPD !PCG 'DPD !DPD :DPD !ACT :DNOP DWT1:DNOP DWT1! DNOP:PCG DPD

SRAM 'DES '‘BW :BW BW :BW :BwW :BW :Bw BW :BW :BW :BW :BW :BW

o015 (o0 PL(e (B o) B e e e e s

Please refer to next page in detalil.

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)

n
\

Next Data[WB1(0-1)]
3
PCG
BW
X 4

1

1

1

1
=Low

X**%:OI X
EX

Low AdO0-Ad2

New Data
from WB1(0-7
X
A
/
/
/
DWTZI,E
BW E

AdO0-Ad2
\CorX
7
1
1
:
|
1
1
i
1
i
1
1
T
1
1
:
1
:
T
1
1
1
:
1
1
1
1
1
1
1
T
i
|
1
1
:
1
|
1
1

Data
4
DPD
BW

78
L L ; \ H
ARow X
XRow X
%
\
ACT
BW
X 6

DPD
BW

2
DPD
BW
X 3

/
Y
/ H

PCG

BW

L 2 3
i
B
.
e
A

% _
—
h

DPD DPDE
DESBwi
—{ o X 15

1+ v % W S FNES S NN DR ITY bbb o B
L. 35333555 :3:e3:8 3838323 335
N
v DO0x o< <I<p>€e=e eEZEZEZTEZTE ZE LG
< — — — o — — — — &
m om m W m m om m
= = = = = = =
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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)

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

K A\ i
CMd# [\ / \_
cs \ gm0 [/
e—tRP——— pe (RAS——» |
RASH (I A -
L 11l e {RCD—se—tRWL—» |
CASH /i /i i\ i\
DTD# VA U N S
I I I I Ad0:=High I I
AdO-2 XRow X |
' ' ¢ Adl1-Ad2=Low
Ad3-11 XRowX X**(':o|X
WB2 OId Data ! X New Data[VVBl(O 7)]
WB1 X X X X X X X X X X X X >G
tcBRE 1 1 iJCBE: :
RB1 oldbaa T W NewDaawsiQ7)
' ' ' tCBFE ' Latency x tK '
RB2 Old Data : : : ! ! ! )§(: New Data[WBl(O-?)] -
DRAM EDPD DPD PCG DPD DPD DPD ACT DNOF’ DWTlR DNOF> 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 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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16MCDRAM:16M(1M-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Write Transfer 2 (WB2->DRAM)

CMd#

CS#

RAS#

CAS#

DTD#

AdO-2

Ad3-11

WB2

WB1

DRAM

SRAM

DQO-15

SRAM operation can be freely performed.

\ | AT

' tRP. L e L {RASP—.!

e

Ad1=High !

DFo T |/

AdO-Ad2=Low AdO,Ad2=Low

xRéwx N EDENE

' '
1 NoChange

Old Data 'X gata[WBl(O 7y
>A .

——————————
____________
———————————

---------
———————

XX)()()()()(X)()(X)(>C4

'DPD :DPD !PCG :DPD :DPD :DPD !ACT :DNOP:DWT1:DNOP : DWT2; DNOP:PCG :DPD

'DES :BW :BW :BW BW BW :BW BW ‘BW BW BW :BW BW BW

VN 2 ) ) 3 60 ) ) ) 20 6 D €

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

CMd#

CS#

RAS#

CAS#

DTD#

AdO-2

Ad3-11

wWB2

WB1

RB1

RB1
DRAM

SRAM

DQO-15

SRAM operation can be freely performed.

6 7 8 9 10 11 12 13 14

= =

: ; ‘_'_tRP.‘ :é: L {RASP——
p—_ 8 — AT

«—tPC—!
A—tRWL—».

=8 AN

v = m o s

Ad0,Ad1=High

DT 2\ [T

AdO Ad2= Low Ad2 Low ;

D EDEEEDEE

NoChange

T TV New
Old Data X Data[WBl(O oK

---------
_______

______________

XXXXXXXXXXXXXE

| tCBF
OId Data j New Data[WBl(O 7]
; ; Latency X tK
. : >
Old Data )§( New Data[WBl(O 7]

DPD DPD PCG DPD DPD DPD ACT DNOP DWT1DNOP DWT2 DNOP; 'PCG ! DPD

'DES \BW BW IBW BW BW BW BW BW BW BW BW BW BW

IO A ER R R OB

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

** Ad3-Ad7 are column block addresses (Ad8~Adll=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)

K [\ U
CMd# WA /
Ccs# \ /S \
RASH# \  / , \ i/
CASH# \ [ /
DTD# DY AR
Ado-l Xcmo X XRQWX; _
EDPD EDPD éDPD EDPD éDPD EDPD SCREDPD éDPD éDPDéACT éDNOPéDNOPéDNOP
7 7 7 7 7 7 *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

Ad11JAd10JAd9 | Ad8 | Ad7 | Ad6 | Ad5|Ad4 | Ad3 | Ad2 | Adl | AdO
No operation

-

Set All WB1 Xfer Masks

Default

Output ModeTransparent

-
— ||
-

-l

Sk e Gl e

Output Mode Registered

Latency 1

Latency 2

Latency 3

Latency 4

Default

BL=1

BL=2

BL=4

BL=8

Sequential

Interleave

r-r\ryr |\ |||\ | |||

Default

rr-r\rer |||\ |||\l

| I I Y Y Y s 0 Y Y Y i Y N Y i A

Default

N f-r-r-|lrjrjrjirjr|irjir|r|r

|

* Latency is the number of clock
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.

] 1 1 1
SCR e 0 ¢
-
Inhibit new read or write function during these 4 clocks.
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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[vY2|[Y3]|Y4a|Y5S|Ye|[Y7QYO]YL]|Y2|VY3]|Yda]|Y5]VY6| Y7
olof]o 0lJ1|2(|3|4|5|6|[7)0]1]|]2|3[4]|]5]|6]7
0lo|1 112345670103 (|[2|5(|4]7]F6
o]1lfo 2|1 3|4|5|6|7]0]12(3|0f1]|6]|7]|4]5
0 1 1 3| 4 5 6 | 7 0|1 21 3|2 1 0| 7 6 5| 4
110710 s 4151 6(7|0]1]2]|34|5]|6]|7]|]0]|1(|2]3
1]o0|1 56| 7|ol2]2]|3|a)s5]|4]|7]|6]|12]|0]3]|2
1]11]o0 6 |7 0Ol1|2(|3|4)|56|7|4]|]5]|]2]|3]|]0]1
11111 710|123 |4|5|6)7]6]|54[3]2]1]0
0 0 0 0 1 2 3 0 1 2 3
o] 1 1| 2(3]0o0 110 ]3 |2
1o ¢ 21 30|12 2 13101
111 3lof1]o2 312 (|1]0
0 011 0|1
2
1 1|0 11]0

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

L MITSUBISHI ELECTRIC (REV 1.0) Jul. 1998 63

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6441678/M5M4V16169DTP-15.html

MITSUBISHI LSls

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

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

70P3S Package Dimension

o

11.764-0.2
(0.463+-0.008)

N

\l

(@)

U

w

n

—
10.16+-0.1
(0.4+-0.004

*1

<
[
{

- +0.05
T 01257%

(0.005 292 )

o | o
M~ (=]
(=] (=]
3|9 }
+ | + !
Lo o
(4] o I
- |3 _—
o | .o ) i
A 0.5+-0.1 ;
O (0.02+-0.004) mm
Detail A UNIT: <ixemy
*3 0. —
0.65+0.1 03 o5 .| B
< | =
(0.026+-0.004) ©0.012 55") = |
< *2 23.49+-0.1 > - 3
(=}
(0.925+-0.004) Y
O O OO O O OO O O O O O OO oo
0.
A
Note) Dimension *1, *2
do not include mold flash.
Dimension *3
does not include tie - bar
cut remain.
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