MITSUBISHI LSls
M5M4V16169TP-10,-12,-15

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

(REV. 2.2)

DESCRIPTION
1. The M5M4V16169TP is a 16M-bit Cached DRAM which integrates input PIN ?r%';F\I,?éjvv;\TION

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

. o vdd @ ~ [l Vss
8x16) onto a single monolithic circuit. The block data transfer between paci & kol Adg
the DRAM and the data transfer buffers (RB1/RB2/WB1/WB2) is RQ%YU 5 & Adg
performed in one instruction cycle, a fundamental advantage over the cco# [ lssl Ad11
combination of conventional DRAM and SRAM cache. ‘“C’Eﬁ i i ﬁ§;°

2. The RAM is fabricated with a high performance CMOS process, and is %’l\\ﬂﬂgg n g 2:?
ideal for large-capacity memory systems where high speed, low power K g 1] As6
ecinat . DQo [] col DQ15
dissipation, and low cost are essential. The use of quadruple-layer VSéQ 2] 5ol \SSQSQ
- . o . am _ Bl Dot
pglysmcon process cqmblned W.Ith silicide gnd double layer aIummym Baz o 400 mil o) Baris
wiring technology, a single-transistor dynamic storage stacked capacitor vdda [ 70Pin 56 vddQ
cell, and a six-transistor static storage cache cell provides high circuit D\/ng % TSOP % 3(%12
density at reduced costs. b4 [ Type I 5 bart
VddQ [a 51l VddQ
FEATURES DQ5 [ 0-65”(;”1 sol DQ10
DQ6 [ ea 4ol DQ9
SRAM DRAM Power VssQ 123 Pitch ugl VssQ
Type name Access/cycle Access/cycle Dissipation (Typ) Dﬁé m m BCQ)S
AsO [ sl G#
- 10ns/10ns 54ns/80ns DRAM: 460mW As1 [] ] As5
M5M4V16169TP-10 SRAM: 990mW Rf\\éi o = ﬁsg
129) 2] S
DRAM: 400mW CAS# [ Ll Ade
M5M4V16169TP-12 11ns/12ns 56ns/96ns SRAM: 860mW DI\B# m lal Ads
0 Ad4
M5M4V16169TP-15 |  12ns/15ns 65ns/120ns DRAM: 330mW Adt L ul AGS
SRAM: 760mW Ad2 B4 L NC
Vdd L kel Vss

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
system densities. CMd# : DRAM Clock Mask
+ Selectable output operation (transparent / latched / registered) gﬁgz : ggmﬁgcxa?:gafobe
using set command register cycle. DTD# : Data Transfer Direction
« Single 3.3V +/- 0.3V Power Supply. Ad : DRAM Address
+ 4096 refresh cycles every 64ms (Ad0 — Ad11). WE# - Write Enable
« Applicable for both direct-mapped and associative systems. DQC(u/) : /O Byte Control
» Synchronous design for precise control with an external clock (K). éi : gEtA'\Lft 'E‘r’]drflzs
» Output retention by advanced mask clock (CMs#). DQ : Datz Vo) 2
« All inputs/outputs low capacitance and LVTTL compatible. Vdd : Power Supply
- Asynchronous output enable (G#) for bus control. VddQ : DQ Power Supply
+» Separate DRAM and SRAM address inputs for fast SRAM access. xzzQ : (Dag Lénrgund

» Page Mode capability.
+ Auto Refresh capability.
+ Self Refresh capability.
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MITSUBISHI LSls
M5M4V16169TP-10,-12,-15

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

BLOCK DIAGRAM . o |
: 3 | (O RAs#
: T (Row Address strobe)
|_
' - 2 I 2CAS#
Ad1 10" Col.3-7 g, Column Block Decoder 8 olumn Address strobe)
Ad10()-1 . i 2 Qoro# o
Row0-11 T o (Data Transfer Direction)
- | ' ] a
ado O : |
i ; CMd#
DRAM Ads _ 5 E)(I):{Q:,Gb't | h,, (Mask OCIock Mask for DRAM)
Address O o B : 1024Kx16= 4
Input  Ad7 (U)-| = 2 Array 01t 5 16M DRAM
ads O-| ¢ £ O e RNRSRRN KBuffer|- QCS#
o ) T (Chip Select)
Ads O-{3 s !
< ! Timing
Ad4 O- S [ — — control O K
< Sense Amplifier and I/O control , (Master ClocK)
Ad3 O-{ 7 :
Ad2 O- ekt CMs#
Ad1 O_ T Clock Mask for SRAM)
Command (0-6) 0 1 2 =
O
Ado ( )- e T WE#
L Q : : P—: O (Write Enable)
' ! ! ontro
5 WB2 Mask Read Buffer (RB2) s CIock 1)
! Wr|te Buffer 2 (WB2) = CC1#
' WB1 Mask i ! w 1 (Control
: > Wr|te Buffer 1 (WB1) i Clock 2)
: ! ._ L . ERE [momees QCu(Enable upper)
e e A S cepa ,
SRR b (Enable lower)
a9 O —1 4 : 8;0@
As8 O_ ‘9"1*2 *7 :____________'____*__'___:__ DQO
as7 O] |As39 S/A and |/o_ 6 4— il DQ1
SRAM ase (O-| 5 - | - Din 1 () Da2
f’\dd;ess/_\35 8 % Col.Decoder —> Buffer b L. DQ3
Inpu @ ) T l L
|a T : : DQ4
ast O 8 L i ;S DS
o ! ' ] L- DQ6
As3 O g ™ ' ' Main L. DQ7
- ; = ; Amp. :
252 O{ 2 | a0 | gere | o (1< oas
2 1 1 1 [
rst O o g | 1KBit - —||(|| | DQ9
? T| | SRAM ! i ——— (2 paro
| A0 O | 5 : - pQit
: Array : i +-() DQ12
5 ! ! : +-{ ) DQ13
i aa———— - fpan
5 ! s deeeee-L) DQ15
: ' e e G#

B e (Output Enable)
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MITSUBISHI LSls
M5M4V16169TP-10,-12,-15

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

BLOCK DIAGRAM #2

DRAM . 8X16 Block
1024KX16 -

Ad3-7
10f 32
Decode

Ado-11
1 of 4096 Decode

R§1

Lower Byte Upper Byte

ASYN

WPZ

Lower Byte Upper Byte

=
>
7]
~ As0-2

1 of 8 Decode

=

P8X16 Lower Byte Upper Byte

16 bits

/
/ - :]1 of 8 Decode DQs
/ em o O
/ 16 bits 16 bits
/ 7
/ 7
8X16 Block 16 bits
S—

As0-2
1 of 8 Decode

1 of 128 Decode
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MITSUBISHI LSls
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 gm"s"s) DRAM Ad (DRAM address)
CODE | csn |'Cuen]ocod oot D9° |wex | asoo | Giis|RAS#|cASHDTDH|  Ado-11  iaceiagiago
NOP HLH [x [ x| x| x]| x H [ X [ x [ x X o
SPD X L [x [ x| x|x]| x X |x | x| x X Lo
DES Ll e e e]lx]x] x X |[x | x | x X 0o
se Ol Ll a e | |asoe | x [x [ x| x X o
sw o] | H |H L H/Eﬂ L |As0D-9 X | X X | X X E E E
BRT L] H|L|[H|L]|HI|s39 | X |X |X]|X X 4o
BWT Ll vl mlole fasse | x [x [ x|x X o
BRTRM| L | H [L | H | H |asoe | X [X | X | X X 1o
10 11 ! ! !
sl L Hfn [ H ™ L fasoe | X [ X | x| X X
BR M L | H L | LM H |as02®] X | X | x | X X o
Bw O 1 | H L[ L gL |aso2®) X | x [ x| X X 0o
DPD X | x [xX | x|X|x]| X L [ X®] xoOf xof  x 0
DNOP L X IX | x| x|x]| x H |H |H|X X o
Ad37 @ n it
DRT L X Ix | x| x| x| x Ho|H | L[ H AT 01010
DWTH Ll x [x | x|x|x]| x H|H | L |L |asr @gigig
{Col.Block) | N L
pwriR | L | x |x | x| x| x| x H {H | L | L [ABT @igigiy
(Col.Block) ! N
Ad3-7 @ 1)
DWT2 L X |x | x| x| x| x H|H [ L L | &Moo
DWT2R L X |x | x| x| x X H |H | L | L | A7 @giqiyg
{Col.Block) ! ! !
® Ado-11 4 4
ACT L X |x | x| x| x| x HO|L | H | Ho| Ao
PCG Ll x Ix|x|x|x]| x HlL [ H|L X 0o
ARF L] x [x | x|x|x]| x HlL | L | H X 1o
SRF L x [x | x|x]|x]| x HOI L | L | H X 0o
SCR L X | x x | x | x X H |L L L Commandi E E
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.
) Use New: |f 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.
) Clear 1 or 2 Transfer Mask Bits (as addressed by As0-2 and DQCU/L).
) 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.

3
4
5

)
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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MITSUBISHI LSls
M5M4V16169TP-10,-12,-15

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

FUNCTION TRUTH TABLE

Data Transfer DQ pin
Write BufSisffers Xfer Masks Fu nct|o n
WB1 wB2 | Read .
wWB1 [ wB2[ | Mask ?uszer Din |Dout
- - - - - - Hi-Z No OPeration
_ _ _ — — — Suspend SRAM nge{e?:rmgﬁ No operation
_ _ _ - _ _ Hi-Z |Deselect SRAM No operation
- - - - - - Valid | SRAM Read SRAM->DO
- - - - - |valid | Hi-Z JSRAM Write DIN->SRAM
- - - - |Use - Hi-Z | Buffer Read Xfer RB->SRAM
Clear . .
Load |~ | Mask -l - - | Hi-Z ]Buffer Write Xfer SRAM->WB1
- - - - |Use - Valid |Buffer Read Xfer & Read| RB->SRAM->DO
load | |9 | _ [|valid| Hi-Z |Buffer Write Xfer & Write| DIN->SRAM->WB1
- - - ~- |Use | _ | valid |Buffer Read RB->DO
Load Clear 1(4) _ : i : B
oa - brobis — |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/ (6) | Load/ . 3)
Use [ jge | Use Use - _ _ DRAM Write Xfer1 WEB1-5WB2-5DRAM
U Load/ | |, (6) | Load/ Load | - _ DRAM Write Xfer1 WB1->WB2->  (3)
S | Use e Use & Read DRAM->RB1->RB2
- Use - Use - - - DRAM Write Xfer2 WB2->DRAM
DRAM Write Xfer WB2->DRAM->
sl Use |Load | - B & 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 --> WBH1 128 bits (8X16bit-block) DIN: Data In
WB1 --> WB2 128 bits (8X16bit-block) WB1: Write Buffer 1
WB2 --> DRAM 128 bits (8X16bit-block) WB2: Write Buffer 2
WB2 -> RB1 128 bits (8X16bit-block) RB1: Read Buffer 1
DRAM > RB1 128 bits (8X16bit-block) RB2: Read Buffer 2
RB1 --> RB2 128 bits (8X16bit-block)
RB2 --> Dout 8/16 bits (5)
RB2 --> SRAM 128 bits (8X16bit-block)

Footnotes on previous page.
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MITSUBISHI LSls
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 /0O 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 DQCU/L are not used

to mask the I/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

W|B2

I
WB2 Lower Byte Upper Byte

Lower Byte Upper Byte

y
8X16 N 1 X1/ e
One Buffer Location )
// 8X1 ax1 rd DRT = — DRT
I

ASYW
ASVA

-

\

N Set WB2 Upper Mask
Set WB2 Lower Mask

Set WB2 Lower Mask

Set WB2 Upper Mask

As0-2 As0-2
1 of 8 Decode )g> WB1 )g> 1 of 8 Decode
@ @
= =
)§> )§> Clear Lower Mask Lower Byte IUPPe" Byte Clear Upper Mask
@] @
™~ |Lower Byte Upper Byte |~ BWT
—- |
Clear Lower Mask Clear Upper Mask ? @ ? — DQCL
£ = o =
% » - g © 2
] - ] o H Q
E s E k - 5
g 2 2 & 8 Das | &
- =) O
& DQs 3 g DRT
a SCR, AD(0)=H
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MITSUBISHI LSls
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-Ad11 (@
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 Ad0O-Ad11 (@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 LSls
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/OByte control signals. If G#=Low, DQCu/l have a control of output
impedence: DQCu controls upper DQs (DQ8-15) & DQCI controls lower DQs
(DQO-7). DQCu/I 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
WEH# pin causes either a Buffer Read, SRAM Read, Buffer Read Transfer and/or a
Buffer Read Transfer & Read to occur (depending on the state of the CCO# and
CC1# bits). A low on the WE# pin causes either a Buffer Write, SRAM Write,
Buffer Write Transfer and/or a Buffer Write Transfer & Write to occur (depending on
the state of the CCO# and CC1# inputs)

CCO#,CC1# | Inputs | The Control Clock Inputs control SRAM and Buffer operations. CCO# is Low for all
’ Buffer Writes, Reads, and Transfers, and High for all other SRAM operations. CC1#
is high for all Buffer Read Transfers and Buffer Write Transfers .

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

. Data is written from the 1/O pins to the SRAM. Addresses As0-As9 are used to select the
SRAM Write location to be written. As3-As9 decode the SRAM Row (=Block), and As0-As2 decode
(10f8) the 16-bit word to be written. DQCu and DQCI control Upper and Lower byte writes,
respectively.

DRAM _}axts Block
.
1024KX16__|

Ad3-7
1of32
Decode

T Ado-11
8X16 10f4096 Decode

As0-2
10f8 Decode

DQs

WB1

Lower Byte I Upper Byle

.
= m p=m
= f=3
]
=

16 bits

16 bits

As0-2
10f8 Decode

As3-9
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 (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

Buffer Read

Ad3-7
1of32
Decode

Transfer
low.
DRAM _|~ "ax16 Block
Ad37 1024KX16 -
10f32 B
Decode
: ?1of4l?9dsog«:code
As0-2
410_f8 Decode
6 bits
! E S 2 6 bits Sasé®
1of8-Decode
As3-9
10f128 Decode
Buffer Write Data is transferred from the SRAM to the Write-Buffer1 (WB1). Addresses As3-As9 decode
Transfer the SRAM Row (=8X16 bit block) to be transferred. Addresses As0-As2 must be set low.

The Buffer Write Transfer cycle "clears" all transfer mask bits in the WB1 Mask (allowing all
data to be transferred in a successive DRAM Write Transfer cycle).

DRAM

_}~ "axi6 Block
-
1024KX16 L

f Ado-11
10f4096 Decode

RB1
Lower Byte . Upper Byle

8X16

As0-2

- I1 of8 Decode

1of8 Decode

As3-9
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 (3)

Buffer Read

Data is transferred from the Read Buffer (RB2) to the SRAM, and simultaneously, data (16
bit word) is read from the RB to the I/O pins. Addresses As3-9 select the SRAM Row to
which the 8X16 bit block is to be written. Addresses As0-As2 decode the 16-bit word to be

Transfer &
SRAM Read
read.
DRAM 7 "ex16 Block

Ada7 1024KX16 -

1oi32 P

Decode

Ado-11
8X16 10f4096 Decode
As0-2
<‘lo_f8 Decode
16 bits
; DQs
== O=ie O
J P 6 bits
bits
) As0-2
10f8 Decode
As3-9
10f128 Decode
Buffer Write Data is first written from the 1/0 pins to SRAM as decoded by As0-As9. Then, the SRAM
Transfer & Row (=Block) decoded by As3-As9 is transferred to the Write-Buffer! (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.

DRAM b~ sx16 Block

1024KX16

-

Ad3-7
1ofz2 P
Decode

0-11
10f4096 Decode

?

As0-2
10f8 Decod
of8 Decode

DQs

16 bits

16 bits

As0-2
10f8 Decode

As3-9

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 (4)

Buffer Read 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.

DRAM _~"8x16 Block
1024KX16 -

Ad3-7
1032 ¥
Decode

? Ado-11
10f4096 Decode

As0-2
1I of8 Decode

1of8 Decode

As3-9
10f128 Decode

Buffer Write Data is written from the I/O pins to the Write-Buffer1. 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. DQGCu and DQCI control Upper and Lower byte writes (and associated tranfer mask

bits), respectively.

DRAM _b~ ex1e Brock
1024KX16 -

Ad3-7
10f32
Decode

? Ado-11
10f4096 Decode

RB1
Lower Byte | Uooer Bvte

8X16

As0-2

- I1 of8 Decode

1of8 Decode

As3-9
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 (5)

DRAM If CMd#=Low at the rising edge of K, the DRAM enters DRAM Power Down at the next rising
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-Ad11 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
the Latency timeout, old data will be present in RB2. (Notes 1,2,4)
DRAM _}~"ex1s Brock
Ad3-7 1024KX16 -
1otz »
Decode
T1 of4(?9d60;;code
RB1
As0-2
<‘Io_fB Decode
10f8 Decode
As3-9
10f128 Decode
A MITSUBISHI ELECTRIC (REV 2.2) Oct., 1997
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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
Transferi 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)
DRAM "8X16 Block
Ad3-7 1024KX16
10f32
Decode
Ado-11
. 10f4096 Decode
S e 16 bits
8X16 BIo:l: --------- 6 bits
- As0-2
1018 Decode
As3-9
10f128 Decode
DRAM Write Data (8X16 Block) is transferred from WB1 through WB2 to the DRAM block specified by
Transfer? 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 - 8X16 Block
Ad3-T 1024KX16 -~
10f32
Decode
f 1of4l;\9%03;code
8X16 8X16
RB1 ==
; LowerE‘y’\‘e’BU’pperEy\e él k As0-2
4 10f8 Decode
R - 4—
16 bits
6 bits
;50-2
10f8 Decode
As3-9
10f128 Decode
A MITSUBISHI ELECTRIC (REV 2.2) Oct., 1997
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16MCDRAM:16M(1024K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

MODE DESCRIPTIONS (7)

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

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)

DRAM ’_8X16 Block

Ad3-7 1024KX16
1of32
Decode

-

T Ado-11
10f4096 Decode

|I=RB1 E
r.Upper Byte

pper Byte|

As0-2
'1 of8 Decode

As0-2
10f8 Decode

As3-9
10f128 Decode

DRAM Write Data (8X16 Block) is transferred from WB2 to the DRAM block specified by Addresses Ad3-
Transfer? Ad7. Addresses Ad8-Ad11 must be set to 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)

DRAM | - 8X16 Block
-

Ad3-7
1of32
Decode

11
f 10f4096 Decode

8X16 8X16

RB1

z RS Uoper Byle
I% Lower B BU er Byle I k As0-2
- 10f8 Decode
<—

8X16 Block

10f8 Decode

As3-9
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 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,
the DRAM is automaticaly refreshed during this mode. A DNOP must be performed after
exiting Self Refresh mode.

Set
Command
Register

When SCR is initiated,the addresses present on the Ad0-Ad11 DRAM Address pins determine
the DRAM Read/Write Transfer Latency, the Output Mode (transparent / latched / registered),
and WB1 transfer mask mode (set-all/ ho 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) Atter 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 Ad0-Ad2 addresses are shown in the FUNCTION TRUTH TABLE..

Power-On sequence

Before starting normal operation, the following power on sequence is hecessary.

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

cc /TN S| pac  /

G# _\ G#
tKHQX » > KhQz 1GLA =1
DQO-15 —(X af = DQO-15 @_Q(
wha || tGLQ tGHQ A
tKHA .
Latched
DES SR DES
K / “ K
pac /TN | /| pac /|
Gi# _\ Gi# \ /
tKLQX tKLQZ ol JGLA
DQO-15 Q| DQO-15 ( Q >—<><
tKLA tGLQ eHa |
KHA -
-t > tKLA

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

Registered

SR SR bES SR SR SR

K Q;R_\#ﬁ\#ﬁ\_ «_ [/ \_J
N\ pac/ [\ /] \

G#\ Gi# \ /
tKHQX tKHQZ (GLA —>_te tKHQZ
4 AT -
DQO-15 Caf DQO-15 CQ
tKHAR {GHQ
> - 1GLQ —» > e
« tKHA——— | . >
KHA™ 1 KHAR
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16MCDRAM:16M(1024K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

- I .
« s : _
CMd# tCMDSX_’E‘_X tCMDH
Ccs# {CSS tCSH
RAS# tRS X—"—X tRH
CASH# tCS tCH
DTD# tDTS tDTH
CMs# tCMSS tCMSH
cco# tCoS X—»«—X tCOH
cC# tC1S><—"—>< tC1H
WE# tws X—»«—»X tWH
ADF# tBTS>:<—’i‘—>:< tBTH
DQC(u /1) tDQC X—n—x tDQCH
Ad0-11 I\
AS0-9 tAS>:<_’:‘_>:< tAH
(?SSJ:)S tDS X—"—X tDH
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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~ 46 \
VI Input Voltage -05~ 46 \
VO Output Voltage -05~ 46 \
[e) 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
Vvdd 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 Vdd+0.3 \
MH(C) High-level Input Voltage clock inputs 2.0 Vdd+0.3 v
MH(DQ) High-level Input Voltage DQ inputs 2.0 3.6 \'
ML Low-level Input Voltage all inputs —0.3 0.8 V
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
Cl(A) Input Capacitance, Address pin VI=Vss 5 pF
Cl(C) Input Capacitance, Clock pin f=1MHz 7 pF
Ciio Input Capacitance, 1/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 Vcec

(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

lccS 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, tRG=min. 140 120 100 mA
SRAM=SPD

lccD(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

lcc(STN2) [ CMOS standby, tK=min, DRAM=DNOP & SRAM=DES, | 45 40 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=c0 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 \
VOH(AC)* | High-level Output Voltage (AC) | 50Q serial termination |1/2 Vcc - \
VOL(AC)* Low-level Output Voltage (AC) | 50Q serial termination - |1/2Vee \
10z Off-state Output Gurrent Q floating VO=0 ~VddQ| -10 10 HA

I 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

11809 / 00

vout O 1 vout O _.|_ AMA—o 1.4V
8680 I S0pF 1’ S0pF
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: 0 to 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 CMsi# 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
1CSS 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

BRNRUATANAE

DNOP

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

_JTJWJWJ\JT

. DNOP | AC | DNOP

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: 0to 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 = t{RP + tRAS.
TIMING PARAMETER-CLK TABLE
Version -10 -12 -15
Freq. 100.0 50.0 83.3 41.7 66.6 33.3
(MHz) 'Min. [Max |[Min. [Max |Min. [Max |Min. [Max |Min. [Max | Min. | Max
tREF 6.40M 3.20M 5.33M 2.67M 4.27M 2.13M
tRP 3 2 3 2 3 2
tRCD | 3 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 |6667 | 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 parametertCLK) 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
tKHQX | Output Active Time from K-High Edge 2 2 3 ns
tKHQZ 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
tKHQXR | Output Active Time from K-High Edge 2 2 3 ns
tKHQZR | Output Disable Time from K-High Edge 2 8 2 8 3 8 ns
tGLA Access Time from G#-Low Edge 7 7.5 8 ns
1GLQ 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

Freg. 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 5 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* =stRCD+tCBF+tKHA
tCAC**=tCBF+tKHA

Note: Value of K can be determined by integer>(timing parametertCLK) 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 Write/SRAM Power-down )
12 3 4 5 6 7 8 9 10 11 12

13 14

CMs#

CS#

CCo#

CC1#

WE#

DQC(u /1)

As0-2

As3-9

G# |_'

DQO-15 (01— @) H{)——@){D)——m . —i—

'DES{SW SR [DESiSW [SR |DESSW SR |SPD:SPD: SPD: DES]

Note : Output is transparent. DRAM operation can be freely performed.
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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 )
1 2 3 4 5 6 7 8 9 10 11 12 13 14

cmst "1\

cs# L

CCo#

CC1#

WE#

DQC(u /1)

As0-2

As3-9

Gi#

N\
'/

{XDP4 (QSTYQSTYQ{»—%—

DQ0-15 —(p1 }—+{a2
‘ ‘ ‘ ‘ y Q8

'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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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

K
CMs#
CS#
CCo#
CC1#
WE#
DQCu
DQCI . .
As0-2 (01 )(02
As3-9 (01 )(oz
'DES 'sw SR iDESisw iSR iDES!Sw iSR iSPD!sSPDisSPD! DES!
iy () () () G/ )
orlL
Note : Output is transparent. DRAM operation can be freely performed.
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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 )
1 2 3 4 5 6 7 8 9 10 11 12 13 14

K

CMsi#

CS#

CCos#

CC1#

WE#

DQC(u /1) i . . . . . . .

As0-2 051 on XC3 X 054 Xos X 0;5 Xo7 X CES

As3-9 051 X 02 X 03 X 054\ Xos X ois‘ X 07 X ois\
A T S LR S

oo~ D@ E—
EDESESW ESR Esw ESR Esw ESR Esw ESR EDES ESPD ESPD EDESE

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

: =
CMs# "
cco# _—\_/ ./

WE#
DQC(u /I . . . . . . . .
As0-2 0?1 X oz Xoei X 04 X 0?5)( C?GX 0?7)( 08 ...
As3-9 (051))( (051))( (051))( (051))( (051))( (055))( (055))( (055))( (055)
o L A
DQO-15 (o1§ X ozé X Q3§ X o4§ X Q5§ X Q6§ X o7§\( osf\,
: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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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

K
CMs#
cs# L

CC1#

WE#

G# L
WB1(0-7) :od! (XD1: ! iXp2i i  iXD3|
DQO-15 : : : : (b2 )
'DES DES BWT DES DES BWTW DES DES BWT DES DES DES DES DES
Note : Output is transparent. DRAM operation can be freely performed.
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16MCDRAM:16M(1024K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

Buffer Write (Input —WB1)

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

CCo#

CC1#

WE#

DQC(u /1)

aso2 () (@)@

As3-9

SRS N B
WB1(0-7) ;XD1 ;X02;X03;XD4
WB1 Mask(0-7) ;\01 ;\DZ ;\DS ;\04
DQO-15 (D1\(D2YD3YD4\, (os\(oeYoﬂ(osS——

'BW !BW 'BW 'BW !DES !DES !DES !DES !BR !BR !BR !BR DES !DES

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

NO - Operation of SRAM

“NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP

- L

NO-Operation Mode

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

NO - Operation of DRAM

CMd#

RAS#

CAS#

DTD#

Ado-11

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

i o
- Lo

NO-Operation Mode

SPD operation can be freely performed.
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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

CMd#

CS#

RAS#

CAS#

DTD#

AdO-11

\DPD | DPD;} DPD{ACT | DNOPDNOP {DNOP i DNOP! PCG!DPD | DPD;DPD {DPD |

CMs# "\
cco#
CC1i#
WE#
DQC(u/l)
Gt

As0-9
DQO-15 /

SRAM operation can be freely performed.

DPD is recommended during no operation to save power.
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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
i 2 3 4 5 6 7 8 9 10 11 12 13 14

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

CMs# "\
cco#
CC1i#
WE#
DQC(u/l)
Gt

As0-9
DQO-15

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

DRAM Auto Refresh

CS#

RAS#

CAS#

DTD#

internal RAS

internal Ad

AdO-11

\DPD iDPD {ARF DNOP \DPD \DPD {DPD DPD DPD DPD {ARF DNOPDNOP DNOP

CMs#

CCo#

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 yP

G#
As0-9
DQO-15
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16MCDRAM:16M(1024K-WORD BY 16-BIT) CACHED DRAM WITH 16K (1024-WORD BY 16-BIT) SRAM

DRAM Self Refresh

' ¥Inhibit falling edge.

A

CAS#

DTD#

AdO-11

! ' Halt ! Halt 'DNOP:DNOP:DNOP:DNOP: ACT :DNOP

‘DNOP:DNOP: SRF ! Halt

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

§ gant
“@@@\W -
. @K@@m
20® "
e ¥
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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

R S S

RC

T SRRt

CMd#

CS#

RAS#

CAS#

DTD#

Ad0-2

Ad3-11

RB1 : : : : . Old Data ! : : : . New Data :
Lat'encyx'tK

RB2 ! ! ; ; . Old Data! ; D § | New Data

DRAM  iDPD DPD iPCG {DPD ;DPD iDPD {ACT {DNOPiDRT {DNOP iPCG {DPD :DPD ;DPD

SRAM iBR BR BR iBR BR BR iBR {BR BR BR iBR BR BR BR

DQO-15 —E(omi XOIdi XOIdi Xomi XOIdi Xomi Xomi XOIdi Xomi XNew XNew XNew XNew MNew

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

K , f
« RC | .
CMdi '
CS#
RAS#
«tRCD —sietRSH—_»!
CASH o\ /T
DTD#
Ado-2 .
Ad0-Ad2=Low
Ad3-11
itCBFi
: : : : : : : : > : : :
RB1 Old Data X New Datai
Later;cyxtk
. . . . . . . . — . .
RB2 5 5 5 5 . Old Data ! : 5 . W New Datal
DRAM DPDE DPDE PCGE DPDE DPDE DPDE ACTE DNOPE DRTE DNOP5 PCGE DPDE DPDE DPD
SRAM 'BR | BR BR BR BR BR BR BR BR BR BR BR BR BR

DQO-15 ——(om XOId XOId XOId XOId XOId XOId XOId XOId XOId XNew XNew XNew New

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

K . M\
e —
CMd# O\
CS# E
| tRAS >
RASH | | '
etRCD —sie—tRSH s
CAS# A
DTD#
Ad0-2 :
Ado-Ad2=Low
Ad3-11
RB1 : : : : . Old Data : : : : . New Data!
. . . . 3 Lfatencyf XK ! . .
RB2 ! ! ! i . Old Data i i i i New Data
DRAM 5 DPD: DPD: PCG: DPD: DPD: DPD: ACTlDNOPl DRT: DNOPl PCG: DPD: DPD: DPD
SRAM :BR ! BR BR BR BR BR BR BR BR BR BR BR BR BR

DQO-15 —(Old XOId XOId XOId XOId XOId XOId XOId XOId XOId XOId XNew XNew KNew

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

ows

CS#

tRP

Y b

._tRAS

A
. AR E
A

RAS#

‘etRCD —sie—tRSH s
CAS# —\ /T

DTD#

Ad0-2

AdO-Ad2=Low

Ad3-11

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

. . . . . : : u—n_Latency X tK_.. .
RB2 : 5 5 5 5 5 5 OId Data 5 : X( New Data

DRAM \DPD | EDPD EPCG EDPD EDPD EDPD EACT :DNOP:DRT EDNOPEPCG EDPD :DPD :DPD
SRAM BR BR BR BR BR BR BR BR BR BR BR BR BR BR

DQO-15 —(Old XOId XOId XOId XOId XOId XOId XOId XOId XOId XOId XOId XNew MNew

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

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

.2 3§ 4 5 &6 7 8 9 10 M1 12 13 14

CMd# L T\

CS#

tRASP

RAS#

PC i 1PC | tPC | tPC |
A «—R5

CAS#

DTD#

Ad0-2

Ad3-11

! ! , ' tCBF ' t{CBF 't1CBF 1tCBF :tCBF : {CBF !

> > R

RB1 " Olbala | Wi o1 | Wi c2 | WicaWicalics) co |

1 1 1 1 1 1 1 1 1 1 1
:Latency ! :Latency ! :Latency :Latency :Latency Latency !

X tK ' 1 x 1K ' X 1K X 1K 1xtK x tK
:d—b- :<—> :: g P P P

RB2 . OldData | C1 | c2 | cali ca)i c5)¢ Ce |

DRAM . DPD: ACT: pnop: DRT: pnor: DRT: pnop! DRT: DRT: DRT: DRT! pNop: PCG:

SRAM  iBR !BR !BR iBR {BR {BR {BR iBR {BR !BR:BR:BR !BR:BR

DQO-15 —(om XOI; Xou%j XOI; XQ1§ XQ1§ oné oné )(053 XQAi XQS% XQEé XQE:S Q6

»

‘Pipe-lined Page made

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

Page-Mode DRAM Read Transfer Latency set=2

K f

CMd# 1 1 1 1 é 1 1 1 1

CS# ' '

RAS# . :

CAS# : :

DTD# E

Ado0-2 :

Ad3-11 **CS X**C4 X**Cs X**CG
; {{CBF | {OBF i{CBF {tCBF {tCBF {CBF |
: : : — — | . .

RB1 . Old Data! ! 1 C1 1 C2 i IC3 N ICA M ICoX 1 CB !
E : ; LLatenc}yxtK ‘E‘Latenc%yxtK J E E ELatenc'yxtK E

RB2 . _OldData __: : W/ Cl i Wic2:

DRAM \DPD |ACT onop DRT ionop |DRT ionop iDRT {DRT {DRT {DRT ionop | PCG |

SRAM EBR EBR EBR EBR EBR EBR EBR EBR EBR EBR EBR EBR EBR EBR

DQO-15 ~i—(0|o%|X0|o%|X0|oiXij|X0|o%|XQ1%XQ1%X02%Xaz% Q2

<

v.

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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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

CMd#

CS#

RAS#

CAS#

DTD#

Ado0-2

Ad3-11

RB1

RB2
DRAM

SRAM

DQO0-15

tRASP

| u—l—TPC—»u—I—TPC—N
u—tRCD—v

tCBF i 1 {CBF | tCBF tCBF
: : P— : — : — : !
 OdDam | ¥iOl | Wi ice: )iKCS)ié(C4 -
: : : :‘ Lat?ncyxt:K ‘L Latiency xitK : :‘ LatencyxtK :
0|d Data' E E 5 )}{(5 C 5 ; ){(: C2

'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

—E—(om; Xom; Xom; Xom; X0|o; Xom; XQ1? X Q; )(01: on? on? X Q;

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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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#

RAS#

CAS#

DTD#

AdO0-2

Ad3-11

_ {CBF tCBF
RB1 oo L W0 Ko X )XCS

i Latency x tK ‘ ' i E Later:wyxtK:

] ] ] | 1 L 1 ] |

RB2 E O'Id Daté E E E i C1§

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

DQO-15 ——(0|d XOIdé XOIdé Xom? Xom? Xom? Xom? X Q1é XQ1? X Q1é XQ1?

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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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)

o a
[a
I - 5 8.
) ()]
[a
U O 5 & vM
g = e
B I Y o @m VQA_
o a
................................. - A B F M
“H A A W W m
o~
3 & VA
=2 T D R B BeTE - N -TY R A e m B
. d = =
......................... < D--:B:::NA-
» 9] o N~
< 2 5 > a
e 2 B P
8 |||||||||||||||||||||||||||||||| (R e N A | [ oy S g —— % -
T
(@)
.......................... v | > AWVA
A (] %
[a
| L 5 B vm
()] ()]
[a
o M VA
o N N e =
-+ [a
U O O~ 5 3 V2A
Q5 a
........................ \ S I IS - >< ---------.m.m.---.no------WA-
o) ]
[a
S a w ...... vOm
n o o
[a L
N O N o D/_,\
- 0
3k H H: 3 o - = = -
I3 2 %2 B g %3 &8 B iIi g
X © O = o a < < = 3 0 o g

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

SRAM operation can be freely performed.

Please refer to next page in detail.
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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 (DIN->WB1) detail

K

CMd#
CS#

RAS#

CAS#
DTD#
AdO-2

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

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

Ixo : : : : : : XO

WB1mask[01'\§§§§§§§§,\

WB1[1]

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

DRAM
SRAM

DQO-15

X7

:DPD :DPD :PCG :DPD :DPD :DPD !ACT ipNop DWT1ibnop {PCG (DPD :DPD :DPD
'DES 'BW BW !BW :BW BW BW !BW BW BW BW BW BW BW

__( DoXmXDzXDsXmXDSXDGXD?XDOXD1XD2XD3XD4)@5

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)

e

Y Gk

I S

CS#

b
Y s

tRP : u . _tRAS
RAS# | | |

‘—tRCD —ple—tRWL—s!
CAS# —\ T

DTD#

AdO-2

Ad3-11

wB2 : : : : ! Old Data! : :X New Data]WB1(0-7)]

wei . ¢ ¢ ¢ | Odbam

DRAM DPD DPD PCG DPD DPD DPD ACT DNOF’DWT1 {DNOP | PCG DPD DPD DPD

SRAM

DQO-15 ( D(;X D1€X D2€X D3€X D4€X D5€X D6€X D7€ )—.—.— ( DO?X D1€X D2€X D3€X:

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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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) detail

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

K

CMd#
CS#

N A N

—(RAS

RASH# ! ! ! ! !

«—IRCD —pe—tRWL—
CAS# ' : : : '
DTD#

AdO-2

Ad3-11
WB2 [0-7]
wBifo] @ i 1
WB1masklo] : & | 1 1 N\ i
LCUL R B B G €
wetmaskn T T\
WB1[2] @ : : ¢ i b i X2 X
WB1mask[2] :  : : . : i . A\
weiEl L T Xs )s
WBimasi3] © | | © 1§ < 1 N\
weial ¢ 1 1 1 X4 Ya
wetmaskidl & | | | | | | O\
weis] + 1 1 i 1 i i 1 X5 Ys
WB1maskis] | | | | | . | 1\
weie] © ¢ T b 0Tt Xe Y
WB1maskie] @ | 1 0 0 0D\
Wei[7] ;¢ - ¢ 2 ¢ 2 i X7 X7
WBtmask7] | L © 1 1 1 1 | \_j
DRAM EDPDEDPDEPCGEDPDEDPDEDPDEACTioNopbwﬂ1L PCG {DPD {DPD {DPD
SRAM 'SW SW SW SW SW SW SW SW BWT BWT SW SW SW SW

DQO-15 { Do) b1:)Y b2 X D3 Y b4 05 X D6iX D7)———( DOX D D3§X:

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

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

K
CMd# SN
CS#
tRASP 1!

RAS# .

' <—tPC—h '

Eq—tRCD—»- u—tRWL—v
CAS# : : : ' '
DTD#
AdO0-2 . .

AdO-Ad2=Low AdO-Ad2=Low

Ad3-11 _ARowx
WB2 : : : : : Old Data : XD mmm X Next Data[WB1(0 1)]

__________
______________
..............
................
......

WB1 XcoXc1 Xcz Xcs )(04 Xcs Xce XC7 Xco Xc1 Xcz Xcs )G

DRAM DPD DPD PCG DPD DPD DPD ACT DNOPDWT1 DNOP DWT1 DNOP; PCG DPD

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

DQO-15 —_( D(i)X D1iXD2iXD3iXD4iXD5iXDb%XD?iXDOiXD{XDZiXD?%XD%XI)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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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

K

CMd#
CS#

RAS#

CAS#
DTD#
AdO-2

Ad3-11
WB2 [0-7] T U Odpatal )Yerom Y (Next Data[WB1(0-1)]
WB1[0] E I
WB1 mask[0] \ R R R

WB1[1]: R

WB1I2] | . e
WB1 mask[2] ! ! \
wBiBl | ¥

s ——————————
\

WB1[41 T 1 1 & ¥4 i 1 |
WBimaskj4] @ : : i 1 N\ i i
WB1[5] @ i i i i i X5 i i
WBImask[5] : : ¢+ ¢+ O\ ¢
weie] : i ¢ ¢ ¢ X6
WBimaskle] @ : : i o N\ i
Gy R 2
WBimask7] 1 T 1T 1 D 1T A\

DRAM 'DPD :DPD :PCG :DPD :DPD :DPD :ACT pnop DWT1ipnop DWT1ipnop (PCG :DPD
SRAM 'DES 'BW 'BW 'BW BW 'BW 'BW 'BW BW BW 'BW 'BW BW BW

D<?t0-15—§~(0XXXXXXXXXXXXX:5

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 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

CMd#

CS#

RAS#

«—tRCD —p—tRWL —!

CAS#

DTD#

AdO=High

Ad0-2

Ad1-Ad2=Low

Ad3-11

WB2 R Old Datai X New Data[W|31 (0 -
| I S L A St he A I

................

WB1 )i(o X1 X2 Xs )i(4 Xs Xe X? Xo X1 Xz Xs )E

! ! ! tCBF

: : : : tCBF: : : —i! : : : :

RB1 | Old Data . _New Data[WB1(0-7)] :

; ; ; ; E E E ! ELatency ; ; ; ;

: : : : ‘{CBF | : i A . . . .

RB2 . Old Data! i i i i ! . X New Data[wB1(0-7)] :
DRAM DPD :DPD PCG DPD :DPD :DPD ACT :pNoP 'D"‘mF*DNop :PCG :DPD {DPD :DPD
SRAM DES BW BW BW BW BW BW BW BW BW BW BW BW BW

D<?t0-15—:~(0XXXXXXXXXXXX)(:S

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

SRAM operation can be freely performed. ** Ad3-Ad7 are column block addresses (Ad8-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 Write Transfer 2 (WB2->DRAM)

K
emar /N b
CS#
2 tRP. ——— tRASP———+
RAS# i i i i
.<—tPC—>. '
w—tRCD—N u—tRWL—v
CAS# .
DTD#
Ad1l=Hi_qh:
AdO0-2 —
Ad3-11
ENoChanlge
wB2 B1{07ﬂ|

WB1 EXo X1 Xz X3 X4 X5 Xe X? Xo X1 Xz X3 X£

DRAM 'DPD DPD PCG DPD DPD DPD ACT DNOP DWT1 {DNOP | DWT2 DNOP; PCG DPD

SRAM EDES 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 3)( 4:)(:5

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

CMd#

CS#

RAS#

CAS#

DTD#

AdO-2

Ad3-11

wB2

wB1

RB1

RB2

DRAM
SRAM

DQO-15

7 8 9

10

11 12 13 14

1 No Change

---------

..................

mmmmm—t=

'

' ' ' ' '

' ' ' ' '

1 1 New 1 1 1 1 1

. . Xﬁgub_/m (0-7) 1 . . .
| | |

i tCBF“ i i

Old Data

W New Data[WB1(0 7l

Latency \
x 1K : :
.‘_’ !

Old Data

; X New Data[WB1(0 7]

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

OO OOERE:

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

SRAM operation can be freely performed.

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

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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MITSUBISHI LSIs

M5M4V16169TP-10,-12,-15

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

Set Command Register

CMd#

CS#

RAS#

CAS#

DTD#

AdO-11

DPD :DPD :DPD :DPD :DPD :DPD : SCR:DPD :DPD : DPD : ACT :DNOP:DNOP DNOP

! e > !
*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
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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

Set Command Register
Detailed Truth Table for SCR

Address Input | command
AdO

* Latency 1

Output Mode
Transparent

Latched

Registered

No Operation
of Mask

Set All WB1
Xfer Masks

reserved

reserved

reserved

reserved

reserved

reserved

K
CMd# _
* Latency is the number of clock
CS# cycles required to transfer new data
RAS# from the DRAM to the Read Buffer .
Therefore, it can be adjusted to the
CASH# clock frequency of the system.
DTD# (Latency) x (tK) should meet tCBF
AdO~6 min. timing requirement.

SCR @ & @
g L

Inhibit new read or write function during these 4 clocks.
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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

70P3S Package Dimension

_HHAAAAAAARAAARAAAA HAHARAAHARAAAAAAR —— A (&

A

(0.4 £ 0.004)

1016 £ 0.1
11.76+ 0.2

*1

(0.463 + 0.008)

<

o 3 5
0.65 + 0.1 0.3 oo
(0.026 + 0.004) (0.012 +0.001)
*2

-0.05

HHHHEHHHHHERHEHH HHHHHHHHHHHHHHHH&@:

‘ ‘ 1.2MAX
P G567MAY)

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

L

/1

0.125 +0.05
-0.02

0.05
(0'005 t0.0008 )

0.125 + 0.075
{0.005  0.003)

:
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