(REV. 2.2)

MITSUBISHI LSIs

M5M4V16169TP-10,-12,-15

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

DESCRIPTION

1.

The M5M4V16169TP is a 16M-bit Cached DRAM which integrates input
registers, a 1,048,576-word by 16-bit dynamic memory array and a
1024- word by 16-bit static RAM array as a cache memory (block size

PIN CONFIGURATION

(TOP VIEW)

» Page Mode capability.
 Auto Refresh capability.
« Self Refresh capability.

. e (1] i)
8x16) onto a single monolithic circuit. The block data transfer between D‘é%d. o] leal ng
the DRAM and the data transfer buffers (RB1/RB2/WB1/WB2) is Q%Y % % nag
performed in one instruction cycle, a fundamental advantage over the cco# % % Ad11
combination of conventional DRAM and SRAM cache. Vggz B3 leal ’;‘S%O

2. The RAM is fabricated with a high performance CMOS process, and is ~GMd# % = ASS
ideal for large-capacity memory systems where high speed, low power K [ig] 6] As6
dissipation, and low cost are essential. The use of quadruple-layer VZSS % % \?Ssg

ili i i ilici i DO1 . DQ14
pglysﬂmon process cqmblned wlth silicide gnd double layer aIummgm D82 i 400 mil o D813
wiring technology, a single-transistor dynamic storage stacked capacitor vgqo [s| 70Pin s8] VddQ
cell, and a six-transistor static storage cache cell provides high circuit D\gi % TSOP % BdelZ
density at reduced costs. Type Il
DQ4 % % DQ11
vdd vdd
FEATURES DO3 5 0.65mMm & pow
DQ6 [22] Lead laa] DQY
SRAM DRAM Power VssQ (23 Pitch 48 VssQ
Type name Access/cycle Access/cycle Dissipation (Typ) DSZ: % % 588
AsO [sl las] G#
- 10ns/10ns 54ns/80ns DRAM: 460mW Asl [z a4l As5
M5M4V16169TP-10 SRAM: 990mW As2 [2g 23] As4
DRAM: 400mW Y = s
M5M4V16169TP-12 11ns/12ns 56ns/96ns SRAM: 860mW DTA%g % ﬁgi
M5M4V16169TP-15 |  12ns/15ns 65ns/120ns DRAM: 330mW Adl 3 | Ad3
SRAM: 760mW vad = 6] Vs
Package code:70P3S
* 70-pin,400-mil TSOP (type I ) with 0.65mm lead pitch and 23.49mm
package length. K : Master Clock

» Multiplexed DRAM address inputs for reduced pin count and higher CS# : Chip Select

« Selectabl tout fi ¢ t / latched / istered RAS# : Row Addr. Strobe

electable output operation (transparent / latched / registered) CASH# - Column Addr. Strobe
using set command register cycle. DTD# : Data Transfer Direction

* Single 3.3V +/- 0.3V Power Supply. é‘:ﬂ . : ggﬁm é:idffi/? .

S . ocC as
(8.3 +/-0.15V for -10 part) CCO#,CC1#: Control Clocks

* 4096 refresh cycles every 64ms (AdO —> Ad11). WE# - Write Enable

« Applicable for both direct-mapped and associative systems. DQC(u/l) :1/O Byte Control

« Synchronous design for precise control with an external clock (K). éi : gﬁﬁﬂtéﬂiﬁ?

* Output retention by advanced mask clock (CMs#). DQ - Data I/O

« All inputs/outputs low capacitance and LVTTL compatible. vdd : Power Supply

« Asynchronous output enable (G#) for bus control. xddQ : g%E:c‘j"’er Supply

» Separate DRAM and SRAM address inputs for fast SRAM access. szQ DQ Ground
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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

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

BLOCK DIAGRAM._.__.... OO
: 3 | () RAs#
E (Row Address strobe)
: ~— 2 | () cAs#
Ad11(O- Col.3-7 g Column Block Decoder 8 <PCqumn Address strobe)
Ad10()- ! = 1 OpbTD#
Row0-11 | T o (Data Transfer Direction)
Ad9 O- > : N &
i : - CMd#
DRAM ads (-] _ 5| | L1024Kbit : T, (Mask Q(Clock Mask for DRAM)
Address g 2| DRAM E 1024Kx16= [
Input  Ad7 O- 2 3 Array 01t 7 16M DRAM !
D l
2] -
ade O-| 4 e It ORI Keuflerl O CSH o
Ads O-15 o | =
< ' Timing :
Ad4 s M — ' control "OK
O <C Sense Amplifier and I/O control , (Master ClocK)
| '
ad3 O-1< o
Ad2 O- Maskl - “cMis#
Ad1 O_ T Clock Mask for SRAM)
O Command (0-6) 0 1 2 (_DI OWE#
ado (- AN DR AeRRR R -
- : ! ' : ' |D—: (Write Enable)
; 'Read Buffer (RB1) - (ZD "OCCO#
: ! ' ' ' O (Control
! WB2 Mask ;Read Buffer (RB2) s Clock 1)
; : Write Buffer 2 (WB2) ! T -(Occix
! WB1 Mask K i ! n T (Control
: > Write Buffer 1 (WB1) ! + Clock 2)
' : 3 ' REREEE O:)QCU(EnabIe upper)
A by N Y ey Wi Wiy W |
s9 O —ﬁ* + Lo DQCI(Enable lower)
As8 (O P *2 y7 AN . DO
As7 O As3-9 S/A and I/O 16 |~ h - DO1
SRAM asg ()] — 5 pin || €D bQ2
Address O 2 o CoI.Decoder| 5—» Buffer b DQ3
input  As5 O @ — —— : : D
0 L TR : - Q4
asa O 8 REESEEENE ! r\ 2 DQ5
s ! : . --{_) DQ6
As3 O =3 e ! : Main L. D87
- | 1Kx16=16K : Am "
as2 (O12 |aso2 o ’ : P : DQ8
o 2| |1kBit | | SRAM |
Ast (O S : Lk () DQY
] SRAM | ; —— () bQ1o0
| AsO O : : : +-() DQ11
i Array ; E () DQ12
5 : 5 5 +-( ) DQ13
i —] - fQoou
5 : ] R DQ15
; - eeeeiaaanas G#

(Output Enable)
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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

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

BLOCK DIAGRAM #2

U
D
>
= 8X16 Block
- DRAM )
= 1024KX16 -
Ad3-7 >
10f32 pto
Decode 3
g
DRAM Row Decoder
‘Ado-ll
8X16 1 of 4096 Decode

RE%l

Lower Byte Upper Byte

ASYW

WP:Z

Lower Byte Upper Byte

=
>
2]
~ As0-2
e 1 of 8 Decode

| <_
RI?Z 16 bits

Lower Byte Upper Byte

1 of 8 Decode
DQs

16 bits 16 bits

8X16

8X16 Block 16 bits

7
Py

AM
1KIX16

As0-2
1 of 8 Decode

Jepo:)ﬂa uwn|od NYHS

]
I SRAM I{Eow Decoder l

‘ As3-9

1 of 128 Decode
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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

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

FUNCTION TRUTH TABLE

Mnemonic SRAM As Sm’\s"s) DRAM Ad (DRAM address)
CODE | ooy |&roccod ooy o |we | aso-9 | "y | Ras#| cas|pTos|  Ado-11 iAdziAdliAdO
NOP H] w [x [ x| x][x]| x H [ X [ x | X X
SPD x L [x | x|x|x] x X |x | x |x X 1o
DES Ll H|H|[H|X]|X]| x X |x | x |x X
sRO@p LW |H | Lt H asoe | x [ x | x| x X
sw @ L L H [H | L |gf L jasoe | X [x | x| X X
BRT L] H L |[H|L]|H39 | x | x |x]|x X
BWT Ll vl [mlL L fassze | x [x [ x|x X o
BRTIRM@| L | H |L | H M H |aso9 | X | X | X | X x
s 2l Ll H L H M L fasoe | X [ X | x| X X o
BrR O L | H[L | [y® H fas02®] x [ x | x| x X
BW O L Ho(L | L g™ L |as02@] x [x | x | X X
DPD X X | X | X | X |X X L | XD x®f x® X o
DNOP L X |[X | x| x |x]| x H |[H |H|X X o0
DRT Ll x [x [ x|x|x]| x Ho|H | L |H | @oioio
DWT1 L x [x | x|x|x]| x Ho|H | L | |aer @i
pwriR | L | x |[x | x| x [ x| x Ho[H ||| a8 200
DWT2 L] x [ x| x|x|x] x Ho|H [ L |L st o
DWT2R | L X |[x | x| x |x]| x H |H | L |L '(Acdc?ljzalock)(Z)i 0111
ACT L x |x | x|x|x]| x HOLL [ W[ s b0
PCG L] x [x | x]|x|x]| x H{L | H|L X o
ARF L] x x| x|x|x]| x HOlL | L | H X 1o
SRF Ll x [x | x|x|x] x HOIL | L | H X o
SCR L X x| x| x| x X H |L L | L |Command: :
NOTES
1) For the DPD function, the RAS#, CAS# and DTD# inputs are DON'T CARE except for the L,L,H combination
(Respectively).

2) The unused addresses must be set to Low.

3) Use New: If BW or BWT or BWTW is initiated the same cycle as DWT1 or DWT1R, new data is loaded into the buffer
and transferred to DRAM.

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

5) Actual number of bits transfer depends on the state of the DTBW Mask and the DQCU/DQCL inputs.
Note: If DQC(UI/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 DWT1R 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).

9) A RAS only refresh can be accomplished by issuing an ACT followed by PCG. (tRC must be observed)

10) These functions can be used with Burst Mode.

11) When DQCU is Low, DQ 15-8 are in a high Z state. When DQCL is Low DQ 7-0 are in a high Z state. See DQCU/L Pin

Description for more detail.
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16MCDRAM:16M(1024K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

MITSUBISHI LSIs

M5M4V16169TP-10,-12,-15

FUNCTION TRUTH TABLE

Footnotes on previous page.

Data Transfer DQ pin
Write BufBtsffers Xfer Masks Function
wB2 |Read .
wet | wez| ML Vo Bufier Din |Dout
- - - - - - Hi-Z No OPeration
_ _ _ — _ _ Suspend SRAM Bg\tl\éerrelt)eor%gﬁ 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 RB->SRAM
Clear : .
Load | — | pask - - - | Hi-Z |Buffer Write Xfer SRAM->WB1
- - - - |Use - Valid |Buffer Read Xfer & Read|RB->SRAM->DO
Load | _ |Sear _ _ |valid | Hi-z |Buffer Write Xfer & Write | DIN->SRAM->wB1
- - | - - |Use | _ | valid |Buffer Read RB->DO
load | Pleart® | valid | Hi-z |Buffer Write DIN->WB1
- - - - - - - DRAM Power Down No operation
- - - - - - - DRAM No OPeration No operation
B B B _ |Load | - - DRAM Read Xfer DRAM->RB1->RB2
Load/ (6) | Load/ . ®)
Use Use | Use Use - _ _ DRAM Write Xferl WB1->WB2->DRAM
U Load/ | | ) | Load/ |} (4| — B DRAM Write Xferl wB1l->wB2-> ()
S€ | use se Use & Read DRAM->RB1->RB2
- Use - Use - - - DRAM Write Xfer2 WB2->DRAM
DRAM Write Xfer WB2->DRAM->
- | Vs | - use |Load | - - & Read RB1->RB2
_ _ _ - _ - - DRAM Activate Page Call
_ _ _ - _ - - DRAM Precharge
- - - - - - - Auto Refresh
_ - - - _ _ - Self Refresh Entry
- - - - - - - 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-block) DIN: DataIn
WB1 --> WB2 128 bits (8X16bit-block) WB1: Wr!te Buffer 1
WB?2 --> DRAM 128 bits (8X16hit-block) WB2: Write Buffer 2
WB2 -> RB1 128 bits (8X16bit-block) RB1: Read Buffer 1
DRAM - RBL 128 bits (8X16bitblock) RB2: Read Buffer 2
RB1 --> RB2 128 bits (8X16bit-block)
RB2 --> Dout 8/16 bits (5)
RB2 --> SRAM 128 bits (8X16bit-block)
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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

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

Detail of Write Buffer Transfer Masks:

Write Buffer 1 (WB1) and Write Buffer 2 (WB2) both have a transfer mask associated with them.

These masks when not set or "cleared” will allow data that has been written to WB1 to pass

to WB2, and from WB2 to the DRAM. When the mask is "set" the data in the write buffer is not allowed
to be transferred to WB2 or to the DRAM.

Write Buffer 1 mask:

The transfer mask has two masking bits associate with each of the eight words of data that can be
written to the buffer. The two bits per word are associated with DQCU and DQCL. If DQCU or DQCL
is used, to mask the 1/0 while writing to the buffer, the corresponding mask bit is set for the 8-bits

not being written and cleared for those that are being written. Otherwise if DQCUI/L are not used

to mask the 1/O during a buffer write both bits associated with the buffer write address are cleared.

The mask bits that are cleared will allow the data written to their corresponding address to pass to the
WB2 during a DRT or a DRTR. At the same time the data is transferred the contents of WB1 mask is
transferred to the WB2 mask.

The mask associated with WB1 is cleared during a buffer write (BW), buffer write transfer (BWT), or buffer
write transfer write (BWTW). In the case of the BWTW all bits are cleared except those associated with the
the buffer address. The two bits that correspond to the buffer address are set according to DQCU and DQCL.
The mask is set with a dram read transfer (DRT), dram read transfer read (DRTR), or an SCR with Ad(0) = H.

Write Buffer 2 mask:

The WB2 mask is set from the state of the WB1 mask when a DRT or a DRTR occurs. The mask data from
the WB1 is held in the WB2 mask until another DRT or DRTR occurs. If a bit is set in the WB2 mask the

data will not be transferred to the DRAM. If the bit is cleared the data will be allowed to transfer to the DRAM.

Clear := Data will transfer
Set := Data will not transfer

I V\/‘BZ
WB2

‘ Lower Byte Upper Byte

Lower Byte Upper Byte

ASYW
ASYW

™~ % & [}

3 g 5 5

z g g g

5 g < =

= 8X16 = 1X1

& & N X1

One Buffer Location )

8X1 8x1 7 DRT = = DRT
As0-2 | As0-2
1 of 8 Decode )§> WB 1 )§> 1 of 8 Decode

— (] (%]
WB 1 Clear Lower Mask ™ |Lower Byte Upper Byte |~ Clear Upper Mask

\ |
Lower Byte Upper Byte — BwWT

— | -— | < bDQCL

Clear Lower Mask * * Clear Upper Mask

BWT
Set Lower Mask
16 bits
Set Upper Mask

BW
v

Qs

16 bits

Set Lower Mask
Set Upper Mask

DRT
SCR, AD(0)=H

w)

Qs

DQCL
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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

16MCDRAM:16M(1024K-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 4096 rows), initiate a DRAM precharge cycle, perform a
DRAM Read or Write Transfer, DRAM Write Transfer & Read, set the command
registers, start an Auto-Refresh cycle, enter a Self-Refresh cycle,create a DRAM
NOP cycle, or power down the DRAM.

CAS#

Input

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

DTD#

Input

Data Transfer Direction controls DRAM-to-RB(read) / WB-to-DRAM (write)
direction. If preceded by a RAS# low cycle, both CAS# and DTD# low (on the
rising edge of K) initiate a DRAM Write Transfer cycle. If DTD# stays High with the
above conditions, a DRAM Read Transfer cycle results. DTD# can also initiate
DRAM Activate, DRAM Precharge, Auto-Refresh, Set-Command Register, and
Self Refresh cycles.

AdO-Ad11

Input

DRAM Address Lines are Multiplexed to reduce pin count. AdO-Adll (@
RAS=low,CAS=high,DTD=high, K=Rising edge) specify the Row Address of the
DRAM to activate and refresh the selected page and Ad3-Ad7 (@
RAS=high,CAS=low,K=Rising edge) specify the Block Address of the DRAM. In
addition, AdO-Ad2 (@ RAS=high,CAS=low, K=Rising edge) specify the transfer
operation of the DRAM . Also AdO-Adll (@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 CSd#=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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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

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

PIN DESCRIPTIONS(2)

DQCu,DQCI

Input

DQCu/l are I/0OByte 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/l also control both input data during SRAM Writes or Buffer Writes
and transfer mask during Buffer Writes. (WB1 transfer Mask for each byte is
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 CC0# 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 CC0O# 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 .

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#.
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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

16MCDRAM:16M(1024K-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 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 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 I/O pins. Addresses As0-As9 are used to select the data
to be read. As3-As9 decode the SRAM Row (=Block), and As0-As2 decode (1 of 8) the 16-
bit word. DQCu and DQCI control the impedence (High-Z/Low-Z) of the upper and lower
bytes, respectively.

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

location to be written. As3-As9 decode the SRAM Row (=Block), and As0-As2 decode
(10f8) the 16-bit word to be written. DQCu and DQCI control Upper and Lower byte writes,
respectively.

DRAM _}~sxa6 Block
1024KX16 Pad

Ad3-7
10f32
Decode

uwneoD Wyda

L___DRAM RowDecoder |
\ / f AdO-11
8X16 Ve 10f4096 Decode
As0-2

ﬁ
Lower Byte y Upbper Bvte
;ofs Decode

RB2 =| 16 bits
=

16 bity
/ 8X16

16 bits

16 bits

As0-2
1of8 Decode

As3-9
10f128 Decode
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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

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

MODE DESCRIPTIONS (2)

Data is transferred from the Read Buffer (RB2) to the SRAM. Addresses As3-9 select the

Buffer Read
Transfer SRAM row to which the 8X16 bit block is to be written. Addresses As0-As2 must be set
low.
T DRAM _}~"sxas Block

Ad37 i= 1024KX16 e

10f32 t

Decode =

L____DRAM RowDecoder |
/ AdO-11
8)(16\ e T:l_of4096 Decode

As0-2

8X16
ﬁ
Upper Bvte
0f8 Decode

B e e = ] Bl
16bit7 @ / O

8X16

8X16

7
_~ 16 bits

/3 [%]
i3
SRAM iz
2o
1KX16 g As0-2
- 10f8 Decode
As3-9

10128 Decode

Buffer Write Data is transferred from the SRAM to the Write-Bufferl (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 b~ "sxa6 Block
Ad3-7 : 1024KX16 s

10f32
L____DRAM RowDecoder |

Decode
\ 7/ T Ado-11
8X16 7 10f4096 Decode

8X16
ERBI ﬁ
Upper Bvte

e
U Wyda

As0-2
&ofB Decode
RB2 16 bits
Lower Byte.* Upper Byvte| —
As0-2
1of8 DQS
Tﬂme 16 bity ® ya O
4
P /8X16 16 bits
8X16
- .
.~ 16 bits
i3
3=
18
5 As0-2
- 1of8 Decode
A

10f128 Decode
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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

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

MODE DESCRIPTIONS (3)

Data is transferred from the Read Buffer (RB2) to the SRAM, and simultaneously, data (16

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.
23 DRAM |~ ‘sx16 Block

Ad37 -k 1024KX16 P

lofz2 ¥ |1:|_| |

Decode 3

L DRAM RowDecoder |
8X16\ V4 < 1of40AQdeogelcode
8X16
As0-2
<:|iffi Decode
16 bits
DQs
16 bity & O
8X16 16 bits
S 8X16
8x16Block TTTeeeaL R / e "6 bits
SRAM = :%
1KX16 = As0-2
=3 1of8 Decode
A
As3-9
10f128 Decode

Buffer 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-Bufferl (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 transfer mask bits in the WB1 are cleared.

o3 DRAM _}~sx16 Block

o= -
a7 |85 1024KX16 P
1of32 E
Decode =

L DpAM powpecoder |
\ / ? Ad0-11
8X16 7 10f4096 Decode

16 hity
.

' 8Xx16

e 8X

8x16Block  TTTTee-. | W 16 bits

As0-2
10f8 Decode

[y
=%
X>
3 4
|
winjo) | v

As3-9
10f128 Decode
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M5M4V16169TP-10,-12,-15

16MCDRAM:16M(1024K-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 AsO-As2 are used to
select (1 of 8) the 16-bit word to be read. Addresses As3-As9 must be set low for this

operation.

Buffer Read

DRAM L~ “8x16 Block
1024KX16 pois

=
uwnoo Wyda

Ad3-7
10f32
Decode

\ 7 T Ad0-11
8X16 v 10f4096 Decode
8X16

Upper Bvie

i =
- ouer Bute | Upper Byte =y

16 bi17
/ 8X16

As0-2

EofS Decode

16 bits

-
.~ 16 bits
3 %
iz
¥ 8
el As0-2
- 10f8 Decode

As3-9
10f128 Decode

Buffer Write Data is written from the 1/O pins to the Write-Bufferl. Addresses As0-A2 are used to select
(10f8) the 16-bit word to be written. Addresses As3-As9 must be set low for this operation.

The transfer mask bits associated with the Upper and Lower bytes are cleared in the WB1

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

bits), respectively.

= DRAM b~ "8x16 Block
Ad3-7 = 1024KX16 ~”
o2 > |'g
Decode =
| DRAM Row Decoder ]

\ 7/ t Ad0-11
8X16 Ve 10f4096 Decode

| RB1 |
Lower Byte § Upbper Bvte
As0-2
&ofs Decode
I RB2 E | —16 bits
As0-2 |LLower Byte - Upper Bvte

10f8 DQS

e
j ' 16 bits
P 16 bits
8X16
7’
/ _~ 16 bits

1]
uwIN|o) WYYS|

As0-2
10f8 Decode

10128 Decode
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M5M4V16169TP-10,-12,-15

16MCDRAM:16M(1024K-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

the Latency timeout, old data will be present in RB2. (Notes 1,2,4)

EBAM_Bmf.emmﬂl

As3-9
10f128 Decode

DRAM
Power-Down 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.
The DNOP cycle is used when no other DRAM operations are desired, holding the DRAM in
DRAM NOP its present (precharge/activate) state.
DRAM Read A Block (8X16) is transferred from the DRAM to the Read Buffer (RB1/RB2) as specified by
Transfer Addresses Ad3-Ad7. Addresses Ad8-Ad11l must be setto Low. After the Latency Period

(specified in the Access Latency Table) new data will be present in the Read Buffers. Prior to

23 DRAM _b~"sx16 Block
Ad3-7 = 1024KX16 prad
10132 > [*E
Decode 2
L DRAM RowDecoder ]
\ T Ado0-11
8X16 10f4096 Decode
8X16
RB1
As0-2
<]LfEi Decode
K RB% - .—16 bits
/ ooer Byie
8X16 As0-2
U
; / 1of8 DQs
=== e /
. ;
’ Lower Bvte 1 Unper Bvte
K ¥ s 16 bits
L 8X16 P
8X16Block T TTTmeeal _ ~ 16 bits
“en -
i3
SRAM HES
L3
1KX16 £ As0-2
- 10f8 Decode
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16MCDRAM:16M(1024K-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
Transferl 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, the entire WB1 Mask is Set. (Notes 3,4)

E] DRAM . 8X16 Block

2 = J-
Ad3-7 §§ 1024KX16 -~
10f32 CE
Decode =

Ll
L__DRAM RowDecoder ]
< T Ado-11
104096 Decode

4+ Upper Byte

DQs
16 bits
S QA
/8X16 ® 16 bits

.” '
e 8X16 l/
8X16Block T TTTeeal_ | / 16 bits

g4
SRAM gz
9
1KX16 < As0-2
- 10f8 Decode
As3-9

10f128 Decode

DRAM Write Data (8X16 Block) is transferred from WB1 through WB2 to the DRAM block specified by
Transferl Addresses Ad3-Ad7. Addresses Ad8-Ad11 must be set to Low. The Mask present in WB1 is
& Read also transferred to WB2 and controls the data written to the DRAM. The block to which the data
is written in the DRAM is simultaneously transfered to the Read Buffers. (Notes 2,3,4)

DRAM _t- 8X16 Block
1024KX16 -~

Jepodaq
uwned Wyd(

Ad3-7
10f32
Decode
| DRAM RowDecoder
f Ado-11
10f4096 Decode
8X16 8X16
RB1
)§> WB? % Upper Byte
ZWLower Byte  aUpper Byte ¥I As0-2
« 10f8 Decode
B +—
! As0-2 RB2 i
1of8 Upper Byte /16 bits D
Decod QS
<+ 16 bits / @ /
/ 8X16 16 bits
: 8X16 l/
8X16 Bloc| / ~ | 16 bits
]
8=
g8
—— 5 [ As02
10f8 Decode

53-
10f128 Decode
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16MCDRAM:16M(1024K-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-

DRAM Write
Transfer2 Ad7. Addresses Ad8-Ad11 must be set to Low. The WB2 Mask controls the data written to
the DRAM. With the DWT2 function, the WB2 data and WB2 Mask remain unchanged. (Note
4)
T DRAM ’_8X16 Block
adz7 i3 1024KX16 -~
10f32 <
Decode = -
L____DRAM Row Decoder |
< T Ado-11
yd 10f4096 Decode
8X16
Sl
i BlausrRue Mioar vz As0-2
4 s M Decode
DQs
16 bity /
" axe © 16 bits
e |/16 bits
E— § As0-2
- 10f8 Decode
4
As3-9
10f128 Decode
DRAM Write Data (8X16 Block) is transferred from WB2 to the DRAM block specified by Addresses Ad3-
Transfer2 Ad7. Addresses Ad8-Adl1l must be setto Low. The WB2 transfer mask controls the data
& Read 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 Buffers. (Notes 1,2,4)

é’ DRAM | - 8X16 Block

1= -

to -
Ad3-7 s
10f32 3
Decode [ . ]

f Ado-11
10f4096 Decode

8X16

8X16

RB1
Upper Bvte
As0-2
10f8 Decode
RB2 b
16 bits
As0-2 Uover Brte —
1018 DOs
I #ecode 16 bits/ ® /
/8X16 16 bits

8X16 Block

8X16
/ e '/16 bits

pE—

uwnjoy Wy

As0-2

| SRAM R E | 1of8 Decode

10f128 Decode
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16MCDRAM:16M(1024K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

MODE DESCRIPTIONS (8)

DRAM Addresses are latched from the Ad0-Ad11 inputs by the rising edge of K. Internally, 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 page-mode

Precharge 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, self-

Auto-Refresh 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). After an Auto refresh cycle the
DRAM is in left in a Precharged state. DRAM Auto-Refresh is similar to a CAS-Before-RAS

(CBR) mode in standard DRAMSs.

DRAM All clock buffers are suspended, and CMd# asynchronously controls Self Refresh (CMd# rising
Self Refresh edge initiates exit from Self Refresh). During Self Refresh, device enters a low power mode,
the DRAM is automaticaly refreshed during this mode. A DNOP must be performed after
exiting Self Refresh mode.

Set When SCR is initiated,the addresses present on the AdO-Ad11 DRAM Address pins determine
Command the DRAM Read/Write Transfer Latency, the Output Mode (transparent / latched / registered),
Register and WB1 transfer mask mode (set-all/ 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 or
DPD 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 buffers. Prior to the latency timeout, old data will be present in RB1/RB2.

3) After data has been transferred from WB1, the entire WB1 mask is set.

4) Valid AdO-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. When power is applied the DQ pins assume a
Hi-Z state and remainin this condition until an SRAM or Buffer read operation is performed.

2) Perform a precharge (PCG) operation.

3) After tRP, perform 8 auto refresh commands (ARF) with adequate interval (tRC).

4) Issue concurrent set command register (SCR) and deselect (DES) 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.
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16MCDRAM:16M(1024K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Output Operations

Transparent

DES SR SR DES

DQC / K | DQC /

G# \ G#
tGLA
tKHOX | ol 1 KHeZ > i
wHA || tGLQ tGHQ
| > |
tKHA >
Latched
DES SR DES
K K

tKLOX tKLQZ > -

l //\\ // ””” —
DQO0-15 i Q ———  DQO0-15 Q ><><

tKLA tGLQ | GHQ | |

Y

tKHA -
- > tKLA

~KHA

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

Reqistered

DES SR SR SR DES SR SR SR

ey aY ety avyavyay
ooc/T\ oac/ T\ /| \

tKHQX tKHQZ tGLA

Y

tKHQZ

DQO-15 i Q ——  DQo-15 Q

tKHAR tGHQ
tGLQ > -

v

e tKHA—————> *tKHA

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

tK

'
I

. »
<

'

CMd# tCMDS><—"4>< tCMDH
CS# tCcss ><—"4>< tCSH

RAS# tRS ><—"4>< tRH
CASH# tCS ><—"4>< tCH
DTD# tDTS ><—><—>< tDTH
CMs# tCMSS ><—’“4>< tCMSH
CCo# tCoS ><—N—>< tCOH
CCl# tC1s ><—>~—>< tC1H

WE# tws ><_,,_.>< tWH

ADF# tBTS><—"—>< tBTH

DQC(u /1) tDch><—>~—>< tDQCH
Ad0-11 >< . ><

As0-9 tAS | : | tAH
DQO-15 os ——X tor

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

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
vdd Supply Voltage With respect to Vss -05~ 4.6 V
VI Input Voltage -05~ 4.6 \%
VO Output Voltage -05~ 4.6 \%
IO Output Current 50 mA
Pd Power Dissipation 1000 mw
Topr Operating Temperature 0~ 70 °C
Tstg Storage Temperature —65 ~ 150 °C

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

Symbol Parameter Limits Unit
Min. Typ. Max
Vdd Supply Voltage 3.0 3.3 3.6 \%
Vss Supply Voltage 0 0 0 vV
MH(A) High-level Input Voltage address inputs 2.0 Vvdd+0.3 \Y
MVH(C) High-level Input Voltage clock inputs 2.0 Vvdd+0.3 \%
VIH(DQ) High-level Input Voltage DQ inputs 2.0 3.6 \'4
ML Low-level Input Voltage all inputs -0.3 0.8 \Y
CAPACITANCE

(Ta=0~70°C, Vdd=3.3£0.3V for -12 and -15, Vdd=3.3V+0.15V for -10
Vss=0V, unless otherwise noted)

Symbol Parameter Test Condition Limits (MAX) Unit
Ci(A) Input Capacitance, Address pin VI=Vss 5 pF
CI(C) Input Capacitance, Clock pin f=1MHz 7 pF
Cl/o Input Capacitance, /O pin VI=25mVrms 8 pF
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16MCDRAM:16M(1024K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

AVERAGE SUPPLY CURRENT from Vcc

(Ta=0~70°C, Vdd=3.3+£0.3V for -12 and -15, Vdd=3.3V+0.15V for -10
Vss=0V, unless otherwise noted)

Limits (MAX)

Symbol Condition Unit
-10 -12 -15
IccS Average supply current of SRAM operating, tK=min. 300 260 230 mA
DRAM=DPD output open  gata input=H or L
lccD Average supply current of DRAM operating, tRC=min. 140 120 100 |mA

SRAM=SPD

IccD(PG) | Average supply current of DRAM page-mode tPC=min.| 180 150 120 mA
SRAM=SPD

lcc(STN1) | LVTTL standby, tk=min, DRAM=DNOP & SRAM=DES,
or NOP all input=stable. output open data input=H or L

Icc(STN2) | CMOS standby, tk=min, DRAM=DNOP & SRAM=DES, | 45 20 | 35 [mA
or NOP all input=stable. output open data input=H or L

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

75 65 55 |MA

Icc(SRF) | CMOS Self Refresh current, CMd#=CMs#=L tK=¥ 1 1 1 mA

AC OPERATING CONDITIONS AND CHARACTERISTICS

(Ta=0~70°C, Vdd=3.3£0.3V for -12 and -15, Vdd=3.3V+0.15V for -10
Vss=0V, unless otherwise noted)

Symbol Parameter Test Condition Limits Unit
Min. Max

VOH(DC)* | High-level Output Voltage (DC) [OH=—-2mA 2.4 - Vv
VOL(DC)* | Low-level Output Voltage (DC) [OL= +2mA - 0.4 \Y,
VOH(AC)* | High-level Output Voltage (AC) | 50Wserial termination (1/2 Vcc - \%
VOL(AC)* Low-level Output Voltage (AC) | 50W serial termination - |1/2 Vcc \%
10z Off-state Output Current Q floating VO=0 ~VvddQ| -10 10 A

Il Input Current VIH=0 ~VddQ+0.3V -10 10 HA

* 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 measuring point

1180W / ow

voutr O 71 voutr O :L AN—o 1.4V
50pF
868W I 50pF I p
DC Condition AC Condition
(VOH min , VOL max) (Access Time)
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16MCDRAM:16M(1024K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

TIMING REQUIREMENTS

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

(Ta=0~70°C, Vdd=3.3+£0.3V for -12 and -15, Vdd=3.3V+0.15V for -10
Vss=0V, unless otherwise noted)

Input Pulse Levels: 0to 3.0V
Input Timing Measurement Reference Level: 1.5V
Input Rise/Fall Time: 2ns
Limits .
Unit
Symbol Parameter -10 -12 -15
Min. Max Min. Max Min. Max
tK Clock Cycle Time 10 12 15 ns
tKH Clock High Pulse Width 4 4 4 ns
tKL* Clock Low Pulse Width 4 4 4 ns
tCMDS Setup Time for CMd# 4 4 4 ns
tCMDH** | Hold Time for CMd# 1 1 1 ns
tRS Setup Time for RAS# 4 4 4 ns
tRH** Hold Time for RAS# 1 1 1 ns
tCS Setup Time for CAS# 4 4 4 ns
tCH** Hold Time for CAS# 1 1 1 ns
tDTS Setup Time for DTD# 4 4 4 ns
tDTH** Hold Time for DTD# 1 1 1 ns
tCMSS Setup Time for CMs# 4 4 4 ns
tCMSH** | Hold Time for CMs# 1 1 1 ns
tWS Setup Time for WE# 4 4 4 ns
tWH** Hold Time for WE# 1 1 1 ns
tC0S Setup Time for CCO# 4 4 4 ns
tCOH** Hold Time for CCO# 1 1 1 ns
tC1S Setup Time for CC1# 4 4 4 ns
tC1H** Hold Time for CC1# 1 1 1 ns
tAS Setup Time for Address 4 4 4 ns
tAH** Hold Time for Address 1 1 1 ns
tDS Setup Time for DIN 4 4 4 ns
tDH** Hold Time for DIN 1 1 1 ns
tDQCS Setup Time for DQC 4 4 4 ns
tDQCH** | Hold Time for DQC 1 1 1 ns
tCSS Setup Time for CS# 4 4 4 ns
tCSH** Hold Time for CS# 1 1 1 ns

*Note:Please refer to next page.
**Note:tH min. of 1.0ns is guaranteed at 3.0V to 3.45V. Otherwise 2.0ns. (3.0V to 3.6V)
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16MCDRAM:16M(1024K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

*Note : tKLx between previous DPD and Acitive command(ACT,DRT,DWT,PCG ARF and
SRF) is 7.0ns minimum, otherwise it is 4.0ns minimum. If this tKLx is less
than tKLx minimum, the next active command will result in NOP(no operation).

tKLx is defined as tKL(clock low pulse width)
in between previous DPD and Acitive command
(ACT,DRT,DWT,PCG ARF and SRF).

/

tKLX

FAWAURNAWAE

DNOP

If this tKLx is less than tKLx minimum,
the next active command wiill
result in NOP(no operation).

JTJWJWJ\JT

§ DNOP | . DNOP

S

To avoid tKLx restriction, use DNOP instead of DPD.
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16MCDRAM:16M(1024K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

TIMING REQUIREMENTS

(Read, Write, Refresh)

(Ta=0~70°C, Vdd=3.3£0.3V for -12 and -15, Vdd=3.3V+0.15V for -10
Vss=0V, unless otherwise noted)

Input Pulse Levels: 0 to 3.0V
Input Timing Measurement Reference Level: 1.5V
Input Rise/Fall Time: 2ns
Limits .
Symbol Parameter -10 -12 -15 unit
Min. Max Min. | Max | Min. | Max
tREF Refresh Cycle Time 64 64 64 ms
tRP Precharge Time 30 36 40 ns
tRCD Delay Time, Add Strb. Row to Col. 24 24 30 ns
tRC* DRAM Activate-Read Cycle Time 80 96 120 ns
tWC* DRAM Activate-Write Cycle Time 80 96 120 ns
tPC Page Cycle Time 20 24 30 ns
tRAS Activate Time 50 10,000 60 10,000 70 ]10,000 | NS
tRASP Page mode Activate Time 50 100,000 60 100,000 70 |100,000 | ns
tRWL Write to Precharge Lead Time 15 15 15 ns
tRSH Read to Precharge Hold Time 10 12 15 ns
*Note: When tRP and tRAS = Min. values, tRC and tWC = tRP + tRAS.
TIMING PARAMETER-CLK TABLE
Version -10 .12 -15
Freq. 100.0 50.0 83.3 41.7 66.6 33.3
(MH2) 'Min. [Max |Min. [Max |Min. [Max |Min. [Max |Min. [Max | Min. | Max
tREF 6.40M 3.20M 5.33M 2.67M 4.27TM 2.13M
tRP 3 2 3 2 3 2
tRCD 3 2 2 1 2 1
tRC 8 5 8 5 8 4
twC | 8 5 8 5 8 4
tPC 2 1 2 1 2 1
tRAS 5 1000 | 3 500 | 5 833 3 417 | 5 667 | 3 333
tRASP | 5 [10000| 3 [5000 |5 8333 | 3 4167 | 5 |e667 | 3 3333
tRWL | 2 1 2 1 1 1
tRSH | 1 1 1 1 1 1

Note: Value of K can be determined by integer? (timing parameter/tCLK) for any clock frequency.
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16MCDRAM:16M(1024K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

SWITCHING CHARACTERISTICS

(Ta=0~70°C, Vdd=3.3£0.3V for -12 and -15, Vdd=3.3V+0.15V for -10
Vss=0V, unless otherwise noted)

Limits Unit
Symbol Parameter -10 -12 -15
Min. | Max | Min. Max | Min. Max
tCBF Buffer-Fill from DRAM Read Transfer 20 20 20 |ns
tKHA Access Time from K-High Edge 10 11 12 |ns
tKHOX Output Active Time from K-High Edge 2 2 3 ns
tKkHQZ | Output Disable Time from K-High Edge 2 8 2 8 3 8 |ns
tKLA Access Time from K-Low Edge 10 11 12 ns
tKLQX Output Active Time from K-Low Edge 2 2 3 ns
tKLQZ Output Disable Time from K-Low Edge 2 8 2 8 3 8 |[ns
tKHAR Access Time from K-High Edge 7 75 8 ns
tKkHQXR | Output Active Time from K-High Edge 2 2 3 ns
tKkHQZR | Output Disable Time from K-High Edge 2 8 2 8 3 8 ns
tGLA Access Time from G#-Low Edge 7 75 8 ns
tGLQ Output Active Time from G#-Low Edge 2 2 3 ns
tGHQ Output Disable Time from G#-High Edge 2 7 2 7 3 7 ns
ACCESS LATENCY (Minimum)

TIMING PARAMETER-CLK TABLE
Version -10 -12 -15

Freq. 100.0 50.0 83.3 41.7 66.6 33.3

(MHz) Max Max Max Max Max Max

tRAC* 6 4 5 3 5 3

tCAC** 3 2 3 2 3 2

tRCD 3 2 2 1 2 1

tCBF 2 1 2 1 2 1

tKHA 1 1 1 1 1 1

tKLA 1 1 1 1 1 1

tKHAR 1 1 1 1 1 1

tGLA 1 1 1 1 1 1

tRAC* =tRCD+tCBF+tKHA
tCAC**=tCBF+tKHA
Note: Value of K can be determined by integer? (timing parameter/tCLK) for any clock frequency.
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16MCDRAM:16M(1024K-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 erte/SRAM Power- down )
10 11 13 14

\/
I S N T N R

cw T

CCl#

WE#

DQC(ull)J \_/ \_/ \
as02 ><c;1 ><czx xcs ><c4 X ><cs ><.><;

As3-9 ><c1 )(cz X XC3 ><C4 >< : )(cs ><C:6 ><

G# Li

R ol F )

DQ0-15 ——(BL——@ @D+

'DES{SW (SR DESiSW (SR !DES:SW SR :SPD:SPD: SPD: DES|

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

L MITSUBISHI ELECTRIC (REV 2.2) Oct,, 1997 g



MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

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

G# controlled Write & Read

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

R | ——

- e—
occon BT R
As0:2 me@x f f fx%x%>v%x%x%

As39 :x?x?x: DD EEN

>

N
'/

DQO-15 — (E“, {2

X0 —{0s Xos Yo )——
; Q3 ! : : : :

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

Note : Output is transparent. DRAM operation can be freely performed.
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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

16MCDRAM:16M(1024K-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

= Z T T T A O
QU N T N 5

cw T Y

CC1#

WE#

oces B = 5/5/E T
pQC _/ \;/ \ \ /
ASO-2 ><c1 )(ch Xcs )<c4 X )(cs )(cs >(E
aszo | )<C;1 )<c;zX : Xcaé )(czg )C )(c;s )(c}s ) :

=

N

*

\Q2 M)
_ B S Ve W rora Ve
DQO-7 ! \E,_/ ! \EJ\E;_/ . \E'_/\ /

'DES!SW !SR .!DES.!SW !SR !DES:SW :SR !SPD.SPD!SPD! DES!
(u/y — (un) U] 0] (u) (u)

HorL
Note : Output is transparent. DRAM operation can be freely performed.
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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

16MCDRAM:16M(1024K-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 )
i1 2 3 4 5 6 7 8 9 10 11 12 13 14

/ \_/
Wes# —\ /—_ﬁ m / \
ccon BT W
As0-2 X(:1Xc2Xc3Xc4XCSXC6XC7XCSX
s BRGNS

G# L

CC1#

“ ' S ' “ ' S

LN ' 1N ' X ' AN
T T T T T, T T, T T
A . AN AL AL DX
vl ' vy ' vy ' v ' '

DQO-15 (D1 ———{ D31} Q2 M D5 M Q4 M D7 M Q6 }——{ g8 i —

'DES!SW (SR |SW {SR iSW SR SW ISR IDES iSPD :SPD :DES |

Note : Output is registered. DRAM operation can be freely performed.
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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

16MCDRAM:16M(1024K-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

« el
CCO#_;—\E_/E L/

o R
oo B )(mxczxcgXC4XCSXC6XC7XCSX
AS3:9 me (c1)X (01)X (c1)X (c1)X (CS)X (cs)X (CS)X (CS)X

G# L E
DQO-15 ———{ o1 X 02 X_03 X 04 ¥_05 X 96 X .07 X 08
'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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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

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

Buffer Write Transfer (SRAM—=WB1)
Buffer Write Transfer & SRAM Write (Input—SRAM—>WB1)

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

CC1#

WE# \/ \/ \/
DQC(u/I)i \/ /\ \/

o2 I )0

Git L

WB107) —Tow: o oer  Yoa

DQO-15 ————— {17

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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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

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

Buffer Write (Input =WB1)

Buffer Read (RB —Output)
i1 2 3 4 5 6 7 8 9 10 11 12 13 14

CcCco#

CC1#

WE#

™~
—~

TS

N B R R

w02 (DO TG

ASSS AN A A

Git L

WB1(0-7) éXDl éXDZ X D3 éXD4

WB1 Mask(0-7) é\Dlé\DZé\D3é\D4

pQo-15 (53 Y(02 Y5 Yoyt N N N

\BW BW BW .BW .DES .DES \DES 'DES BR BR BR 'BR DES 'DES

Note : Output is transparent. DRAM operation can be freely performed.
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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

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

NO - Operation of SRAM

S T

Cs# = /

CCO#

CCl#

WE#

DQC(U /1)

ASO0-9

'NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP

-
- >

NO-Operation Mode

DPD operation can be freely performed.
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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

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

NO - Operation of DRAM

owax T

RAS#

CASH#

DTD#

AdO-11

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

- -
- >

NO-Operation Mode

SPD operation can be freely performed.
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M5M4V16169TP-10,-12,-15

16MCDRAM:16M(1024K-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

war

cs EImmA . F

s TEEIER S\

cast TETET

S e

AdO0-11 XRow X

'DPD ! DPD! DPD:!ACT {DNOP {DNOP {DNOP {DNOP ! PCG!DPD ' DPD:DPD :DPD

CMs# "\
CCO#
CCl#
WE#
DQC(u/l)
G#t

AsO0-9
DQO-15

SRAM operation can be freely performed.

DPD is recommended during no operation to save power.
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M5M4V16169TP-10,-12,-15

16MCDRAM:16M(1024K-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
i1 2 3 4 5 6 7 8 9 10 11 12 13 14

RASH \/\/\/

CASH#

_/
o B wm—

Ado-11 YRow )

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

CMs#
CCO#
CCl#
WE#
DQC(u/l)
G#t

As0-9
DQO-15

SRAM operation can be freely performed.
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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

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

DRAM Auto Refresh

p I T —tRC -

csr EEED | /B
wnsr DIED /T

case EIER\ /T

\ o/
\ :/
/ i\

DTD# /\

nemalRAS TN L L L L L L LT

internal Ad | L x  X xa1 ! ! ! ! ! P X xe2!

AdO-11

'DPD :DPD :ARF DNOP:DPD :DPD :DPD DPD :DPD DPD ARF DNOPDNOP DNOP

CMs#

CcCco#

Note: DRAM must be in Precharge state prior to Auto-Refresh cycle.
CC1# All DRAM commands except for NOP,DNOP and DPD can be set
WE# after tRC delay from the ARF command .

SRAM operation can be freely performed.
DQC(u/l) P P

G#
As0-9
DQO-15
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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

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

DRAM Self Refresh

~<-F

%
%

Iy Y ] I, S N

4 1

NG \V)
w

© $Inhibit falling ed

VL

e.

CMd#

I~

\

CS#

J

RAS#

——

L ) N )

| SRR | i —

S e

CASH#

R (S Y 7o T
IR ) R (P ———————— . )

I~
~

DTD#

Tt
A
~
’/

Ado_ll : : : : : . - T T T T XRO-WX
'DNOP!DNOP! SRF ' Halt ! ' Halt ! Halt {DNOP:DNOP!DNOP:DNOP: ACT :DNOP
- —-— >
T Self Refresh Mode T tRC 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).

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

b) CMd#=H

¢) Wait tRC for recovery

d) Resume normal operation

SRAM operation can be freely performed.
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M5M4V16169TP-10,-12,-15

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

5 gt
“@@@\W b
. @K@@m
200 "
e ?
X MITSUBISHI ELECTRIC (REV22) Oct, 1997 o



MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

16MCDRAM:16M(1024K-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#

CASH#

DTD#

AdO-2

Ad3-11

RB1

RB2

DRAM

SRAM

DQO-15

SN

e

,
;
d
,
:
1
«
;
:
:

' tRP. L s L tRAS— !

\ N S

«—tRCD —»«—tRSH—»

e

\ ey U

Dr T | /T

AdO-Ad2=Low

: XRo:WX )(*«::ol)( '

'tCBF !
—

. OldData : . . W ' ' NewbData.

Lafency X tK
: .

Old Data: : : )« . New Data

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

'BR BR 'BR 'BR 'BR BR BR 'BR !BR 'BR BR BR 'BR !BR

—%{o@Xo@Xo@Xo@XoéXo@Xo@Xo@Xm%ﬁméﬁméﬁméﬁméﬁ@w

SRAM operation can be freely performed. * Ad3-Ad7 are column block addresses (Ad8-Ad11=Low).
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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

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

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

e

R SR

.
:
i
'
'
'
P!
;
'

Cst NNy s
L tRP_ 1 e THRAS_

rase DO\ BN/ \ S

«—tRCD —»«—tRSH—»

crss NEEN WERERW L\ /Y

Ad0.2 . . . . . . XROIWX . \I / .

AdO-Ad2=Low

Ad3-11 XRow X' Xecol X

' tCBF:
-~

RB1 ' Old Data | ' New Data !

' Latency x tK
— >

RB2 .~ 7 T odpaa: _: T X' 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

DQO-15 —;—(owi Xom;l X0|d; Xomi xo@ Xomi X0|o;| Xoné xo.d; Xomil xNeV;v )(Nev;v xNev;v Yew

SRAM operation can be freely performed. * Ad3-Ad7 are column block addresses (Ad8-Ad11=Low).
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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

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

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

e

R SR

'
\
h
'
'
'
<
'
'

R v N W N B

o IR RS

«—tRCD —»«—tRSH—»

crse Y i/e RN

o /S

AdO-2 : : : : : XROWX \ /

AdO Ad2= Low

Ad3-11 XROWX X**CO'X

! tCBF

| —>

RB1 i i i i . Old Data | ! i i . New Data!

L}atenc;% X tK

1x-----

RB2 : : ! ! ' Old Data ! ! ! ! New Data!

DRAM ' DPD: DPDE PCGE DPD: DPDE DPD: ACTEDNOPE DRT: DNOPE PCGE DPD: DPD: DPD
SRAM :BR EBR {BR |BR EBR | BR EBR {BR |BR EBR | BR EBR EBR EBR

DQO-15 —(0|d XOId XOId XOId XOId XOId XOId XOId XOId XOId XOId XNew XNew MNew

SRAM operation can be freely performed. * Ad3-Ad7 are column block addresses (Ad8-Ad11=Low).
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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

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

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

e

R SR

.
:
i
'
'
'
-
b
'

cst# N Ny s
L IRP—_1 e T IRAS___+

rase DDA\ BN /0 \ S

«—tRCD —»«—tRSH_»

crs BEEN W\ /1

Ad0.2 . . . . . . XROIWX . \I / .

AdO-Ad2=Low

Ad3-11 XRow X* Xecol X

| tCBF

| —>

RB1 ! : : : . Old Data : : : . New Data.

. . . . : : . , 1 latency X tK — .
RB2 . Old Data )«fNew Data

DRAM \DPD {DPD {PCG |DPD :DPD {DPD |ACT {DNOP|DRT iDNOP {PCG {DPD {DPD :DPD
SRAM 'BR 'BR BR BR BR BR BR BR BR BR BR BR IBR BR

DQO-15 —ﬁ{o@Xo@Xo@Xo@Xo@Xo@Xo@Xo@Xo@Xo@Xo@Xm%ﬁm&ﬁ§w

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses (Ad8-Ad11=Low).
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MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

16MCDRAM:16M(1024K-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# I\ /
e s D
RAS# : : : : : : : :
l/ tPC ; tPC tPC tPC L tPC | \—L

- - —
~—tRCD—> - : : r—tRSH—»!

CASH# J \_I\ f_\ RS \—

DTD#J\J \J\_/ \\/__

wo: EBEDEN mm mR

AdO Ad2= Low

pgz1 I xRo;wx ; G 0 = D G G2 G G

5 tCBF 5 tCBF 'tCBF i tCBF : tCBF 'tCBF !

N—h'{—h!—h!—h

RB1 Olfd Dataf )X C1 );K C2 )§( c3)§( C4)§( c5)§( C6

, ,
' Latency : ' Latency : ' Latency ' Latency ' Latency Latency
X tK ' XK ' 1 X tK X tK XK X tK

' ' ' ' ' ' ' '
:1—>- :<—> .< e > > P

RB2 T OldDam | 1| c2 | ca)i ca)i cs\i Cé |

DRAM ' DPD: ACT : pnop: DRT ! pnop: DRT: pnop! DRT: DRT: DRT: DRT: pnop: PCG:!

SRAM !BR {BR {BR {BR {BR :BR |BR |BR |BR |BR |BR BR |BR |BR

DQO-15 —(OIdXOId XOI; XOI;XQlf XQlE XQZE XQZE )(QE3 XQ% XQ% )(Q% XQ% s

Pipe-lined Page mode

SRAM operation can be freely performed. * Ad3-Ad7 are column block addresses (Ad8-Ad11=Low).
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M5M4V16169TP-10,-12,-15

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

Page-Mode DRAM Read Transfer Latency set=2

CMd# / \——_
RAS# \/ :

S

;tPC ! tPC
. ewops T T D e RSHs
CAS#J \_/_\/_\ L/ TN
oo T

adoz DRI\ O\ /AR

b AdOadeslow bbb

Ad3-11 XRow Y )e ) X**C2 X X3 X(ca Xrcs X~ce X
' . tCBF | {CBF CBF {tCBF {tCBF {CBF |

RB1 ' Old Data! 'Cl 1C2 'C3 ) iC4 ) :[C5 1C6

E LatenéyxtK LatencyxtK : : : LatencyxtK :
e : >ie > . . >

RB2 iOI:dData: E E)§(c1-)§(cz- | >§(C6§

DRAM DPD ACT DNop DRT DNop DRT DNop DRT DRT DRT DRT DNOP PCG

SRAM :BR EBR :BR :BR EBR :BR EBR :BR EBR EBR :BR EBR :BR EBR

DQO-15 —(0|d Xom; Xom; XOId% Xom; XQ1 XQ1 XQZ X Q2 Xin Xin Xin XQG? &%

< >
< >

If next DRT happens within the latency,
new data does not transferred to RB2.
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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M5M4V16169TP-10,-12,-15

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

Page-Mode DRAM Read Transfer Latency set=3

s B &
SN N O O S O
weo IS

w—A—tPC—> w—n—tPC—v

u—tRCD—»

CAS# J A /

S

AIEI S ) G S A e

| AdO-Ad2=Low !

PREEEI S GET) () G0 G G2 G G G

| t{CBE . | t{CBE . '{CBF |tCBF |
N SR QR o

RB1  Odpata | Micit . Wi ica i YWicafica

: : : | Latency x tK . Latency X tK . . Lafency Xt

RE2 T odbma §>§<Cli R —

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

SRAM ;BR :BR :BR 'BR :BR :BR 'BR :BR :BR ' BR iBR :BR ' BR :BR

DQO-15 —i—(om; XOIdé Xom; Xomé Xom; Xom; XQlé X Ql XQli XQZ? XQ2§ X Q2 XQZi Yos

«—>
If next DRT happens within the latency,

new data does not transferred to RB2.
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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M5M4V16169TP-10,-12,-15

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

Page-Mode DRAM Read Transfer Latency set=4

CMd#

CS#

/
_:_\I ,
o BT

o
N @ .
v

we BT/ L ua

o — e —

Ad0-2 :XRO:WX:\;/I \/\/

AdO-Ad2=Low

PRERTIND GEI) (M G2) (R S () G2

| {CBF ! 5 ' {CBF  'tCBF!
e S N R it

RB1 ' Old Data : 1 C1 : : 1 C2 :C3

E Latency x tK E Later:u:y X tK:

RB2 . OldData I ! Cl! I ' C3

DRAM EDPD EACT EDNOPEDRT EDNOP EDNOP DNOPEDRT EDNOP EDRT EDNOP EDNOP EPCG

SRAM ‘BR BR BR 'BR BR BR BR 'BR BR :BR 'BR 'BR :BR 'BR

DQ0-15  ——(oid {oid Y{oid X oid Y(oid Xoid Xoid X o1 et X ot Xor Xt Xat )es
If next DRT happens within the latency,

new data does not transferred to RB2.
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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M5M4V16169TP-10,-12,-15

16MCDRAM:16M(1024K-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
K L\ _J / / N\ \J
emas T\
CS# 1 1 \i / 1 1 1 \ i i : i i / 1 1 1

e i e
RAS# 1 1 \E / 1 1 1 \ E / i i i \ E / 1 1 1

L e |
cast# [/ O 077+ T\ /i [\
DTD# N N N
AdO-2 YRow Y\ | /

L AdO-Ad2slow A
Ad3-11 ARow X Kcol X
WB2 § § § . | OldDatai | 'X_New Data]WB1(0-7)] ' i
WB1 . Xco Xc1 Xc2 Xc3 Xca Xcs Kes Xc7 Xco Xci Xc2 Xcs Xca
DRAM |

SRAM \DES {BW BW BW ! BW 1BW BW

DQO-15 __< D(EJX D1§XD2§XD3§‘XD4§XD5§XD%XD7€XDO§XD1§XD2§XD3€XD4§X:DS

{DNOP DWT1iDNOP {PCG !DPD :DPD !DPD

W)
U
O
>
(@]
i

DPD 'DPD !PCG DPD :DPD !

BW IBW BW BW BW

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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M5M4V16169TP-10,-12,-15

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

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

CMd#
CS#

RAS#

CASH
DTD#
AdO-2

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

vvslmasktmﬁ s T

WB1[1]

: X
WB1 mask(1] \ IR

WB1[2]
WB1 mask[2]
WB1[3]
WB1 masl[3]
WB1[4]
WB1 mask[4]
WB1[5]
WB1 mask[5]
WB1[6]
WB1 mask[6]
WB1[7]
WB1 mask[7]

DRAM
SRAM

DQO-15

o E
“———RP ——>e—(RAS———> :
\ i / L N\
! ! <—tRCD—>«<—tRWL—» !
/A VAR
\/ Y o AT
XRQWX , \AdO Ad/2 Low
XROWX ==
Old Data | Y New Datalfrom WB1(0-7)]

O ——

X7

:DPD :DPD :PCG :DPD :DPD :DPD :ACT :pnop DWT1pnop :PCG :DPD :DPD :DPD
'DES BW BW BW :BW BW BW BW :BW BW BW BW BW BW

—( DOXDlXD2XD3XD4XD5XD6XD7XDOXDlXDZXDSXD4X135

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses (Ad8-Ad11=Low).
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M5M4V16169TP-10,-12,-15

16MCDRAM:16M(1024K-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)

e

{

I

'

'

&
<

i

'

Yo LS

S s N N S S S S
L e RP____ e L RAS__

masr LN O [\

«—tRCD —pie—tRWL—»:

oo BEEE WERERE /T

P s S ) G

Ad3-11 XRow Y X~col X

WB2 : : : : . Old Data' : :X_New Data]WB1(0-7)]

Data

WB1 Old Datai X_Newx Next New Data

DRAM DPD DPD PCG DPD DPD DPD ACT DNOP DWTlDNOP PCG DPD DPD DPD

SRAM SW SW SW SW SW SW SW SW BWT BWT SW SW SW SW

DQO-15 D(;X DliX szX D3fX D45X Dst D6€X D7i )7( DOiX leX DZiX DSiX:

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(1024K-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) detall

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

K

owar S\ /T
\ !!!i
\
/
\

CS#

RAS# ' ' '

<—tRCD —»<—tRWL_>«

CAS# _/ /"
DTD# / T\ \ /_\
AdO-2 - )(Rofwx N\ /

h h AdOAdZ Low
Ad3-11 XROWX Xcol X
WB2 [0-7] old Data X New Daté[from WBl(d—?)]
WB1[0] : ¢ ¢ ¢ i i 1 1 Xo Yo |
WB1mask[o] | i b bbb b N\ )
NGO N I N N R € €
WBImask[l] | ¢ ¢ 1 ¢ b N\
WBi[2l @ ¢ ¢ ¢ i b b X2 X
WB1mask[2] © ¢ o 10\
e I € €
WBimasl[3] | . | | | i . 1 N\ i
wWB14] L 1 1 1 1 Xa Ya
WB1mask[4] | © ¢ 00 N\ )
wBis] i i i Xs Y5
WBLlmask[5] : i o i 0 b b 0\
O O C
WB1maskie] : & A\ i
wei7 o Y7 X7
wetmasl T A

E
/ '
T
Z

DRAM EDPD EDPD EPCG EDPD EDPD EDPD EACT iDNOP :DWTliDNOP EPCG EDPD EDPD EDPD
SRAM gsw gsw gsw gsw gsw gsw gsw gsw iBWT iBWT gsw gsw gsw gsw
DQO-15 ( po) p1iY p2 X paiX paiX s X p6iX b7 ——— poiY b1 Y p2i) p3iX

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses (Ad8-Ad11=Low).
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M5M4V16169TP-10,-12,-15

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

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

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

owar NG LT
i N W S S S

: : é«—i—tRP. 5 ~: 5 : tRASP—E—E—»é :
RAS# \ i/ N/
: : ! : : : ! ' PC_s ' | :

«tRCD—» | «— tRWL—»

CASH /\ / \_/_\_/ \_

S e Y /\ /—\ / \/

AdO-2 XROWXI\/ \/

AdO-Ad2=Low AdO-Ad2=Low

JPESTR xRowx T xx

WB?2 ! ! ! : . Old Data: : X gg:;lmo . Next Data[WBl(O 1)]
' | | | | | | | n l ,'A

____________
_________________
_______________
......

WB1 XcoXc1 Xcz Xc3 XC4 Xcs Xcs Xc7 Xco Xc1 )(cz Xc3 XE

DRAM DPD DPD PCG DPD DPD DPD ACT DNOP DWTlDNOP DWT1 DNOP; PCG DPD

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

DQO-15 —( D(f)X D:LfXDZfXDC%XDéleDSfXD(%XD?fXDO?XleXDZfXDs‘fXDéle:D5

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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M5M4V16169TP-10,-12,-15

16MCDRAM:16M(1024K-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) detail

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

CS#

—RAS —— i >

\
SR
/]

RAS#

<—tRCD tRWL_» .
CAS# \ [\ /T T\
DTD# / : \ / \: [\ /

AdO-2 ' )(Rawx \§ F_\_ ; /_' B

ads-i1 L XROWX ) G ) (R
WB2 [0-7] ! old Data ! X_mgg;w_x Next Data[WB1(0-1)]
WBL[0] : Yo ¢ @ i i i 1 1 Xo
we1 mask(o] ~——\ s I
w1 —
WBlmask[llﬁ IR
WB1[2] Xz : : : : : : 5
WB1 mask[2] ; ; ; NooF b T
weusl % TG

WB1 masl[3] : 5 5 \ \

owar LS\ LT
\ !!!!!!
\
/
\

il

A S S SN | GH S /

WB1[4 : i i 1 X4
weimasqn T T T T T\ | | 7
/

a
\

wBisl L 1 1 1 i ¥s
WB1mask[5] | i ¢ 00 0 N

weie i ¢ X
WB1 mask[6] | | | | | § \ /

wei7 ¢ ¢ ¢ b X7
wetmask7 LT\

DRAM :DPD :DPD :PCG :DPD :DPD :DPD :ACT pNoP DWT1:pbnop PWT1ipnop :PCG :DPD
SRAM 'DES .BW BW BW :BW BW BW BW :BW BW :BW BW BW BW

pQo-15 (o) (2 X e Y e ) e X o X 2 G

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses (Ad8-Ad11=Low).
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M5M4V16169TP-10,-12,-15

16MCDRAM:16M(1024K-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

o ke
SV T N S S I S R RN
S N N U Y

« RPL____ e LIRAS___L !

s DOEN O\ T\

Sg ot
R R~

«—tRCD —«—tRWL_—»

oo DT Wm0
S s W sy e Y S

: : : : : : : : Ado=:High
AdO0-2 XRow X \ |/

' Ad1- Ad2-Loyv

Ad3-11 XROWX | X**CO'X

WB?2 ! ! : ! ! OId Data | ! X New Data[WBl(O 7)]

___________
_____________
_____________

WB1 )i(o Xl Xz X3 X4 X5 Xe X7 Xo Xl Xz X3 )@

, , tCBF
: |tCBF ! : : : —i!

RB1 ._old Datai )Q( Ne:vv Datr%l[WBl:(O-7)]

ELatency

CBF: 1 S,

RB2 . odpatai .+ ¢+ 7 7 WU NewData[wB1(0-7)] :

DRAM 'DPD 'DPD !PCG ‘DPD :DPD :DPD :ACT ‘pnop PV/*Rpnop {PCG 'DPD ‘DPD :DPD
SRAM 'DES 'BW 'BW 'BW 'BW ‘BW 'BW 'BW '‘BW '‘BW 'BW 'BW '‘BW BW

DQO-15 —( oX 1X 2X 3X 4X 5X 6X 7X OX 1X 2X 3X 4X:5

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

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses (Ad8-Ad11=Low).
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M5M4V16169TP-10,-12,-15

16MCDRAM:16M(1024K-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

NN s
—+ IRP— ¢ 1 ' RASP——
N/ NS
! ! ! ! ! <—tPC—> ! ! !

w—tRCD—» ; w—tRWL—N

e T

. i/i\ e

Adl—ngh !

xRowx,\i/'\;/

AdO-Ad2=Low AdO0,Ad2=Low

XROWX X**%o'X X**cfolx

! !
1 No Change

Old Data : Xngilwsuo 7!

__________
_________________
_______________
_._,.-__

EXO Xl X2 X3 X4 XS X6 X? Xo Xl Xz Xs )@

EDPD DPD PCG DPD DPD DPD ACT DNop DWTl DNop DWT2 DNop PCG DPD

EDES BW BW BW BW BW BW BW BW BW BW BW BW BW

— éx 1Ix zﬁx sﬁx 4Ix ij eﬁx ix oﬁx 1Ix zix sﬁx 41[5

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses (Ad8-Ad11=Low).
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M5M4V16169TP-10,-12,-15

16MCDRAM:16M(1024K-WORD BY 16-BIT) 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

cs# NN SRR

0 e L RP_ L e L L RASPL
RAS# N N\
I e R N
A—tRCD—h . A—tRWL—h

cast DI CImImT A, o
pTo# LI\ /LT ;/5\ /—\ / \5/;

AdO Adl= H|gh

R — xRowx,\i/’\./

AdO-Ad2=Low Ad2=Low ,

R T xRowx X**éolx ) 22

' '
| No Change

WB2 : : : : : old Data; : ')(ngzg[\zvsl(o YA

_________
_________________
___________

w1 Xo xl Xz xg x4 Xs Xe x7 Xo xl Xz x3 x;

tCBF

,<—>

RB1 . Old Data i i ! ! ! ! ! 5 | New Data[WBl(O 7)]

Latency
x tK

L

RB2 " Old Data " X New Data[WB1(0-7)]

DRAM DPD DPD {PCG DPD {DPD :DPD {ACT :pNoP DWTLipnop {DWT2! pNop{PCG {DPD
SRAM \DES BW BW BW BW BW BW BW BW BW BW BW BW BW

DQO-lSHOXXXXXXXXXXXX)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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M5M4V16169TP-10,-12,-15

16MCDRAM:16M(1024K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM
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M5M4V16169TP-10,-12,-15

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

Set Command Register

wo

S Y —"

s U s )

oo DTNENTEEEE R

L ——— Y ——

w11 [ 0 I )

'DPD :DPD :DPD :DPD :DPD :DPD : SCR:DPD :DPD :DPD : ACT DNOPDNOP DNOP

*Set Command Reg.

< >

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

* AdO-11 must be set according to set command truth table while Ad8-Ad11=Low

}\MITSUBISHI ELECTRIC (REV 2.2) Oct.. 1997 g



MITSUBISHI LSls

M5M4V16169TP-10,-12,-15

16MCDRAM:16M(1024K-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
Ad11]ad10 JAd9 | Ad8 | Ad7 | Ade | Ad5 | Ad4 | Ad3 | Ad2 | Ad1 | Ado
L X 1 X X X L L L X X L X * Latency 1
L | X | X X | X L L H X X L X 2
LIX X | X[ X]|]L |H|L]IX|X]L]X 3
LY{X X [ X[ XL |H|H]|]X| X L | X 4
d
LIXIX | X[ XX | X | XL |L L | X | oeaent
LEIXIX | X[ XX | X | XL |H]|]L]X Latched
LIX]IX | X[ XX | X | X H]|L L | X Registered
LEIXIX [ X[ X | X | X [ X | X | X | L | L [NoOpeaton
L xIx [ x| x| x [ x| x x| x| L |H |
L X X L L X X X X X L X reserved
L | X X L H X X X X X L X reserved
LIX|IX]|H]|L X X X X X L X reserved
LIX | X|HI|H X X X X X L X reserved
LIX|L X X X X X X X L X reserved
L X H X X X X X X X L X reserved
XU [y Ny Oy S
o | . . . . L Latency is the number of clock
cs# | [ . . | cycles required to transfer new data
rast | I : I | from the DRAM to the Read Buffer .
. Therefore, it can be adjusted to the
cas# | | | . . | clock frequency of the system.
oTo# | | [ | (Latency) x (tK) should meet tCBF
Ad0-6 | IComImandI ' ' ' I min. timing requirement.

SCR e
-

o

Inhibit new read or write function during these 4 clocks.
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M5M4V16169TP-10,-12,-15

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

70P3S Package Dimension

A
&
_HHAARAAAHAAAAAAAA HAHHARAAAAAAHARAR A @
A A0
- i I - +0.05
HHHHHHHHHHHHHHEEY HEEHEEEHEEEEHEEEE +—— Y H 0.125 0%
@ > | lg 065:0.1 )u(*so.e "0 © % (0:005 Z5000)
(0.026 i_O;.OO4) (0012 000 % E
{< (0.2932'2%10.06(1)4) >\ J"(g
Lg (()6.1004)

0.125 + 0.075
(0.005 = 0.003)

i
g

Note: Dimensions *1, *2
do not include mold flash.
Dimension *3
does not include tie - bar cut remain. A
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