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M5M4V16169TP-10,-12,-15

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

. DESCRIPTION
The M5M4V16169TP is a 16M-bit Cached DRAM which PIN CONFIGURATION(TOP VIEW)
integrates input registers, a 1048576- word by 16- bit
dynamic memory array and a 1024-word by 16-bit static ) vee Vss
RAM array as a Cache memory (block size 8 X 16) onto %8%515/554‘%; DQCI «» |2} 169] «— Ada DRAM
a single monolithic circuit. The block data transfer between R, EELE DACY > «—Ads [ADDRESS
the DRAM and the data transfer buffers (RB1/RB2/WB1 . CONTROLfCC1# — [] 7] «— ad7 ) NPUTS
/WB2) is performed in one instruction cycle, a fundamental C"OCKS{CCO# —»|5] 6] «—Ad11
advantage over a conventional DRAM/SRAM cache. SRAM WRITE WE # — [6] 65] «— Adi0
The RAM is fabricated with a high performance CMOS CHIP SELECT ¢S # —{7] ) 64| «— Asg
process, and is ideal for large-capacity memory systems CLOCK m”‘s"l'(‘CMd#—» Ass iRD,I\DgESS
where high speed, low power dissipation, and low cost are CLOCK fﬁ'}ASMKCMs# —|9] 62] «—As7 [INPUTS
_essential. The use of quadruple- layer polysilicon process MASTER CLOCK K —s [19] 61] «— Ass DATA
combined with silicide and double layer aluminum wiring DATA NP4 Do« ] 50] «»DQ15 INPUT/
technology, a single- transistor dynamic storage stacked Vss yss OUTRPUT
capacitor cell, and a six-transistor static storage cache cell DATA |NpuTs/{DQI «»[13] 58] 00014}&1'\;{)/%_5/
provide high circuit. density at reduced costs. OUTPUTS |DQ2 +»[14] «>DQ13 JouTPUTS
00 POWERveoq [ g Voo 98,POWER
FEATURES . DATA INPUT/ DQ3<>{§ & 55] «»DQ12 DATA INPUT/
OUTPUT L - ouTPUT
SRAM DRAM . Pover. vss e vee
Type name Access/Cycle | Access/Cycle Disgjpation DATA INPUT/ § DATA INPUT/
B DRAN : 460mW ouTpuT D49 3 52| +»DQ11  QUTPUT
M5M4V16169TP-10 | % 7ns/10ns S4ns/80ns | cpn-og0nl Da PoweRVecD Bl ;gcg DO _POWER
MSMAVIGISITP-12 | % 7.5ms/12ns | S6ns/96ns | ot oiory DATAJB‘;’;’J%{&:: E :DQ;O}E\JEIU:ET/S
MBMAVIGIBQTP-15 | % 8ns/15ns | 65ns/120ns | fhny ooomw DATA INPUT/ ;css “ o ,_,és]sa D,
* Registered Output Mode NC 7 NG OUTPUT
o(ro—E  Eecs o
_ ADDRESS{ Ast — [27] 4] +—As5 ) oM
@ 70-pin, 400-mil TSOP (type II) with 0.65mm lead pitch INPUTS | pez2 — 8 %] «—Ast | ADDRESS
‘and 23:49mm package length ' ROW ADDRESS RAS # — 9 2] «—Asa | INPUTS
® Multiplexed DRAM address inputs for reduced pin count COLUR ARESS CAS # — J41] «—Ade
and higher system densities DATA TRAKSFER DTD # —» 3] 40| «—Ad5 2’3’3’,‘4533
® Selectable output operation (transparent/latched/ registered) bRam [ A |2 «Ada | INPUTS
using set command register cycle ADDRESS { Ad1 — 38] +—Ad3
® Single 3.3V +/- 0.3V Power Supply : INPUTS | pg2 — 3 NC
® 4096 refresh cycles every 64ms (Ado—Ad11) vee vss
® Applicable for both direct-mapped and associative systems
sz)r;ckk}rz;ous design for precise control with an external Outline 7OP3S-L
® Qutput retention by advanced mask clock (CMs #) )
® All inputs/outputs low capacitance and LVTTL compatible’ NC: NO CONNECTION
@ Asynchronous output enable (G #) for bus control
® Separate DRAM and SRAM address inputs for fast SRAM
access
©® Page Mode capability
@ Auto Refresh capability
® Self Refresh capability
APPLICATION
PC Main memory, Graphic buffer memory, HDD Buffer
memory
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M5M4V16169TP-10,-12,-15

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

DRAM
ADDRESS
INPUT

SRAM
ADDRESS
INPUT

BLOCK DIAGRAM 1

Ad1i

Ad10

Ad9

Ads

Ad7

Ads

Ads

Ad4

Ad3

Ad2

Adl

Col.3~7

COLUMN BLOCK DECODER

Row 0~11

Ado

Asg

As8

As7

As6

Asb

Asa

As3

As2

As1

AsO

i

DRAM ADDRESS BUFFER

ROW DECODER

M BIT
DRAM
ARRAY

—

o)

WB2 MASK

As3~9

ISRAM ADDRESS BUFFER

RB1] READ BUFFER 1 (RBI)
RB2 | READ BUFFER 2(RB2)
iTE BUFFER 2 (WB2)

ITE BUFFER 1 (WB1)

S/A AND 1/0

bmmmcmcmccmccca—ama——————
g

A |

<u

DRAM CONTROL -

B) DD #

(DATA TRANSFER
DIRECTION)

MASK

e CMd #
(CLOCK MASK FOR
DRAM)

KBUFFER

@
9

CS#

. (CHIP SELECT)
TIMING
CONTROL

|

SRAM CONTROL

K
(MASTER CLOCK)

CMs #
mask|{9) (CLOCK MASK FOR
SRAM)

® WE #
(WRITE ENABLE)

-®

CCo #
(CONTROL CLOCK 1)

-®

1

CC1 #
(CONTROL CLOCK 2)

(3) DQCu (ENABLE UPPER)

AsO~2

;

ROW DECODER

ICOL. DECODER

[EEmEEEnE

6=16K
SRAM

1KBI

SRA|
AR

23"

DATA INPUTS/
OUTPUTS

@5) G #

(OUTPUT ENABLE)
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

BLOCK DIAGRAM 2
DRAM ~8x16 BLOCK
IMx 16 P s
r'e
”
Adz-7
1 0f 32 o
DECODE
Ado-11
1 of 4096 DECODE
RB1
LOWER 'LUPPER
BYTE BYTE
z z
= > Aso-2
S LOWE!V,B%PPER o T ] 10of8 DECODE
BYTE BYTE RB2 = .
4 LOWER UST%R —— .
/ , BTE 16 BITS
) 8x16
/ DECODE
I ] we k L , DG
/ é LOWER | UPPER ;,,’: - -
/ T 16 BITS 16 BITS
/ 7
7
! < 8x16
”
L  8x16 ,
‘ 8x16 BLOCK\ - /116 BITS
~ .
“~
~
e
SRAM
1K‘X_ 16
Aso-2
1 of 8 DECODE
|
ES
As3-9
1 of 128 DECODE
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16M CDRAM 16M(1 024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

FUNCTION TRUTH TABLE
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

PIN DESCRIPTIONS(1)

Master Clock Provides the fundamental timing and the intenal clock frequency for the -
K Input ‘| CDRAM. All external timing parameters '(with the exception of G# in read cycle and CMa #
: in Self refresh cycle) are specified with respect to either the rising or faling edge of K.

'DRAM Clock Mask controls the operation of the internal DRAM master clock (K). When

CMy # Input CMa#, is Low at the rising edge of K, the intemal DRAM master clock (K) for the following
cycle is ceased and input stages are powered-off, resulting in a DRAM Power Down.

Row Address Strobe is used in conjunction with Master clock K (depending on the states of
CMa #, CAS#, and DTD #) to activate the DRAM(latching the Row Address lines and

RAS # Input 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

1 _DBR%RiSh cycle, enter a Seif-Refresh cycle, create a DRAM NOP cycle, or power down the

Column Address Strobe is used in gonjunction with the Master clock K to latch the Column
addresses. When preceded by RAS# in a DRAM access cycle, CAS # initiates a DRAM
CAS # Input Write Transfer (WB1/2—>DRAM, if DTD #=L), DRAM Write Transfer & Read (WB1/2—

RAM—RB, if DTD # =L)or DRAM Read Transfer(DRAM—RB, if DTD # = H), depending
on the state of DTD #(see DTD # pin description)

Date 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)
DTD # Input initiate a DRAM Write Transfer cyele. If DTD # stays High with the above conditions, a

RAM Read Transfer cycle results. DTD # can also initiate DRAM Activate, DRAM
Precharge, Auto-Refrech, Set-Command Register, and Self Refresh cycles.

DRAM Address Lines ara Multiplexed to reduce pin count. Ado-Adii (@RAS =low, CAS =
high, DTD = high, K = Rising edge) specify the Row Address of the DRAM to activate and
Ado~Ad11 Input refresh the selected page and Ads-Ad7 (@RAS = high, CAS = low, K = Rising edge) specify
| the Block Address of the DRAM. In addition, Ado-Adz (@ RAS = high, CAS = low, K = Rising
edge) specify the transfer operation of the DRAM. Also Ado-Ada (@RAS = low, CAS = low,
DTD =low, K = Rising Edge) are used as the command in set command register cycle.

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

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 follwing
CMs # Input. cycle is suspended, resulting in the power down of the SRAM portion of the circuit,
mcluding the Sense Amps. CMs # can also be used to retain output date during SRAM
power- down.

CS# Input

DQCu/i are 1/OByte control signals. If G # = Low, DQCu/1 have a control of output
impedence : DQCu controls upper DQs (DQs-15) & DQACI controls lower DQs (DQo-7).
DQC:, DACu Input DQCus1 also control both input data during SRAM Writes or Buffer Writes and transfer
mask during Buffer Writes. (WB1 transfer Masks for each byte are written (bits are cleared)
during Buffer Writes depending on DQCu/i inputs)

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

WE # fnput Transfer & Read to occur(depending on the state of the CCo# and CCi # bits). A low

‘ | on the WE# pin causes_either a Buffer Writs, SRAM Write, Buffer Write Transfer and/or

?# Buffer )Write Transfer & Write to occur (depending on the state of the CCo# and CCi
inputs

' The Control Clock Inputs control SRAM and Buffer operations. CCo # is Low for ail Buffer
CCo#, CC1 # Input Writes, Reads, and Transfers, and High for all other SRAM operations. CC1 # is high for ]
all Buffer Read Transfers and Buffer Write Transfers, and Deselect SRAM.

-SRAM Addresses are non-multiplexed, and access 1024-16-bit words (configured as 128
Aso~Asg Input Rows x 8 Columns x 16 Bits, where the Block Size is 8 X 16) in the SRAM array. Aso-As3
: select word address within a block, and As3-Ase select the SRAM row (block).

G# lnc;ut The Output Enable is an asynchronous input. G # = high forces the outputs to high
impedence. ‘
DQo~DQis Inputs/ Output operation is_either trangparent, latched, or registered depending on the state of the
QOutputs command register. The Data Lines for the CDRAM are asynchronously controlled by G #.

VeeQ is the DQ power supply and allows the device to operate in a mixed voltage system
(e.g. 5V data bus). As specified in the Table : Recommended Operating Conditions, VoeQ
must be greater-than or equal-to the highest voltage experienced by the data bus. For
3.3V system operation, VeeQ may be tied to Voc.

VeeQ Supply
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

MODE DESCRIPTIONS (1)

NOP No Operation. Qutputs are high-impedance. All input buffers remain active.

SRAM If CMs # =Low at the rising adge of K, the SRAM enters SRAM Power Down at the next rising edge

P of K. During this mode, the internal SRAM K clock becomes inactive. The Qutput Buffers remain enabled

ower-Down and are controlled by G #. All input buffers of SRAM clocks and SRAM addresses are inactive.

Deselect All transfer functions and input/output operations to and from the SRAM and Buffer are disabled. This

RAM cycle is useful for output impedence control (Hi-Z, Low-Z) without G#. Qutput buffers are acitive during

S this cycle for registered output mode control.

Date is read from the SRAM to the I/Q pins. Addresses Aso-Aso are used to select the data to be

SRAM Read read. As3-Aso decode the SRAM Row (= Block), and Aso-As2 decode(1 of 8) the 16-bit word. DQCu
and DQCi control the impudence (High-Z/Low-Z) of the upper and lower bytes, respectively.

SRAM Write Date is written from the 1/0 pins to the SRAM. Addresses Aso-Ass are used to select the location to
be written. As3-Ass decode the SRAM Row (= Bolck), and Aso — As2 decode(1 of 8)the 18-bit word
to be written. DQCy and DQCi control Upper and Lower byte writes, respectively.

~8X 16 Block
-
Ad3-7
1 of 32
Decode
< WEB H
4 8x16 T 1 of 8 Decode
; RB2 16 bits
Lower Byte | Upper Byte
. As0-2
s 1 of 8 Decode
',' < WB1w§g g
S 2] oner Byte Illwer Byte R
816 Bock ““eu..
As0-2
1 of 8 Decode
As3-9
1 of 128 Decode
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

MODE DESCRIPTIONS (2)
Buffer Read Date is transferred from the Read Buffer2(RB2) to the SRAM. Addresses As3-g¢ select the SRAM row
Transfer to which the 8 X 16 bit block is to be written. Addresses Aso-As2 must be set low.
~»8 % 16 Block
-~
Ad3-7
1 of 32
Decode
Lower Byte | Upper Byte
1557 % Decods
o
Lower snBBZum, Byte 16 bits -
Das
16 bits
8x 16 16 bits
16 bits
As0-2
1 of 8 Decode
As3-9
1 of 128 Decode
Buffer Write Date is transferred. from the SRAM to the Write-Buffer! (WB1). Addersses As3-Aso decode the SRAM
Transfer " | Row (=8x 16 bit block) to be transferred. Addresses Aso-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 ~8 % 16 Block
MX 16 -
Ad3-7
1 of 32
Decode
‘ Ad0-11
8x16 1 of 4096 Decode
8x16 |
T 3 RB1
g Lovar Byte | Upper Byte é Lower Brn ' Uppar Byte
4 8x16 =5 1 of 8 Decode
:" Lover Brte lli;w Brte 16 bits
. As0-2
/ 1 of 8 Decode
JE WB1 £
s JR N over tyte | upper 8o §R
:" -
8% 16 Block “~seau....

.<_AsO~2
1 of 8 Decode

As3-9
1 of 128 Decode
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

MODE DESCRIPTIONS (3)

Buffer Read
Transfer &
SRAM Read

Data is transferred from Read Buffer2 (RB2)to the SRAM, and simultaneously, data (16 bit word) is read
from the RB2 to the 1/0 pins. Addresses As3-9 select the SRAM Row to which the 8 X 16 bit block
is to be written. Addresses Aso-Asz decode the 16-bit word to be read.

DRAM ~8% 16 Block
M x 16 -
Ad3-7
] of 32
Decode
1
RB1
Lover Byte | Upper Byte
f‘sof-zs Decod
RB2 At
’: Lover Byte | Upper Byte 16 bits
. As0-2
’ 1 of 8 Decode DQs
"I.§ B i[ 16 bits
': % Lower Byte | Upper Byte |x
; —¥ 8% 16 16 bits
, -’
< T
8x 16 Block e, 16 bits
Aso-2
1 of 8 Decode

As3-9
1 of 128 Decode

Buffer Write
Transfer &
SRAM Write

Data is first written from the 1/0 pins to SRAM as decoded by Aso-Aes. Then, the SRAM Row (= Block)
decoded by As3-Aes is transferred to the Write-Bufferl (WB1). The Buffer Write Transfer cycle “clears”
all transfer mask bits in the WB1 Mask (allowing all data to be transferred in a successive DRAM Write
Transfer cycle). DQCy and DQCI control Upper and Lower byte writes respectively, however all transfer
mask bits in the WB1 are cleared.

~8x 16 Block
~

~DRAM: Row: Decoder:z-::5]

fAdo-n
1 of 4096 Decode

8x 16 Block ™

8x16
8x 16 y

4 ] RB1

3; Lover Byte | Unper Byte z‘-, Lover Byta I Usper Brte Aeo-2

A 8x 16 RBI” 1 of 8 Decode

," Lower Byte ILUpper Brte 16 bits

EE=wat
s JR Y over tvte | upeer srte

As3-9
1 of 128 Decode

As0-2
1 of 8 Decode
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

MODE DESCRIPTIONS (4)

Buffer Read

Date is read from the Read Buffer2 (RB2) to the 1/0 pins. Addresses Aso-As2 are used to select (1
of 8)the 16-bit word to be read. Addresses As3-Ass must be set low for this operation.

s J§S§WB1 §E
S L3R Lo bre | vooer e 2
P 4

8x 16 Block -

~8X 16 Block
P

RB2

Lover Byte | Uoper Brte

1 of 8 Decode,

1 of 8 Decode

As3-9
1 of 128 Decode

Buffer Write

Date is written from the I/0 pins to the Write-Bufferl. Addresses Aso-A2 are used to select(1 of 8)
the 16-bit word to be written. Addresses As3-Ass must be set low for this operation. The transfer mask
bits associated with the Upper and Lower bytes are cleared in the WB1 Mask. DQCy and DQC control
Upper and Lower byte writes (and associated tranfer mask bits), respectively:

Ad3-7
1 of 32
Decode

DRAM - ~8 % 16 Block

4 WE

H B

Q| Lower Bute | Upper Bvte
,

z
SiE B1E—_—
L1 tower Byre | Uoper Byte (X

-
. )

8% 16 Block "%

-
LA
.

..____._.*

As0-2

8x16

Lovar Byre l Lipper Byte
=
RB2 —

Lomor Byt | upser Byte 5:

As0-2
1 of 8,Decode
16 bits

1 of 8 Decode

16 bits

16 bits

As0-2 -
1 of 8 Decode

As3-9
1 of 128 Decode
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

MODE DESCRIPTIONS (5)

DRAM
Power-Down

If CMa # =Low at the rising edge of K, the DRAM enters DRAM Power Down at the next rising

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.

edge

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

DRAM Read A Block (8% 16) is transferred from the DRAM to the Read Buffer 1 and 2(RB1,RB2) as specified by

Transfer Addresses Ad3-Ad7. Addresses Ads-Adit and Ado-Adz must be set to Low. Affer the Latency Period

(specified in the Access Latency Table) new data will be present in the Read Buffer2. Prior to the Latency

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

~B8 X 16 Block
-

As0-2
1 of 8 Decode

e WB1

“" 16 bits
et 8x 16
... '
8x 16 Block e, 16 bits
AN
SRAM
1Kx 16 As0-2
1 of 8 Decode

As3-8
1 of 128 Decode
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

MODE DESCRIPTIONS (6)

Date (8 X 16 Block) is transferred from WB1 through WB2 to the DRAM block specified by Addresses

DRAM Write
Transfer1 Ad3-Ad7. Addresses Ads-Ad11 must be set to Low. The Mask present in WB1 is also transferred to WB2
and controls the data written to the DRAM. After data has been transferred from WB1 to WB2 in the
present cycle, the entire WB1 Mask is Set. (Notes 3, 4)
DRAM ~8x 16 Block
IMx 18 -
Ada-7
1 of 32
Decode -
*Ado-n'
1 of 4096 Decode
RB1
Lover Byta | Upper Byte
RBI\ 1 of. 8 Decode
Lover Byta l‘uum Byte 16 bits
8 X 16 Bloc 16 bits
As0-2
1 of 8 Decode
As3-9
1 of 128 Decode
DRAM Write "Data (8 % 16 Block) is transferred from WB1 through WB2 to the DRAM block specified by Addresses
Transferl Ad3-Ad7. Addresses Ads-Adi1 must be set to Low. The transfer mask present in WB1 is also transferred
& Read - to WB2 and controls the data written to the DRAM. The block to which the data is written in DRAM

is simultaneously transferred to the Read Buffer. (Notes 2, 3, 4)

DRAM ~8 X 16 Block

IMx 16 P

" Ad3-7
1 of 32
Decode

"DRAM: Row. Decoderieis]
*AdO-H
1 of 4096 Decode

Lower Byte ] Upper Byte

8x 16 Block

As0-2
1 of 8 Decode

As3-9
1 ot 128 Decode

B k245825 0029797 77T M
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

MODE DESCRIPTIONS (7)

Data (8 x 16 Block) is transferred from WB2 to the DRAM block specified by Addresses Ads-Ad7.
Addresses Ads-Adit must be set to Low. The WB2 Mask controls the data written to the DRAM. With

DRAM Write
Transfer2
the DWT2 function, the WB2 data and WB2 transfer mask remain uncahanged. (Note 4)
~8x 16 Block
-
Ad3-7
1 of 32
Decode
" Lower Byte | Upper Byte
As0-2
RBI 1 of 8 Decode
Lower Byte |‘fwer Byte 16 bits
As0-2
J 1 of 8 Decode )
hEis=swWB1 §[ g 16 bits
’: g Lower Byte | Upoar Byte (7’3
s = 4 16 bits
8x 16
8% 16 Block “veeal, ..
."'--...*
SRAM
1K x 16
As3-9
1 of 128 Decode
DRAM Date (8 x 16 Block) is transferred from WB2 to the DRAM block specified by Addresses Ads-Ad7.
Write Addresses Ads-Ad11 must be set to Low. The WB2 transfer mask controls the data written to the DRAM.
Transfer 2 With the DWT2 function, the WB2 data and WB2 transfer mask remain unchanged. The block to which
& Read the data is written in DRAM is simultaneously transferred to the Read Buffer 1 and 2.(Notes 1, 2, 4)
- DRAM ~8x 16 Block
IMx 16 g
Ad3-7
1 of 32
Decode :
: ) +Ad0—11
8x 16 1 of 4096 Decode
8x 16
RB1
7 - Bxyaugw s > Lover Byte | Upver Bte Aoz
$0-
4 8x16 s 1 of 8 Decode
," A towe: Byte | vpoer Byte 16 bits
/ 0-2
' 1o 8 Decode | DQs
"'EFWE” §E 16 bits
S DG o e | v o )R
S, PPl 4 8x16 16 bits
16 Bl L 8x16
B 18 Block e, 16 bits
AN
SRAM
1Kx 18 As0-2
1 of 8 Decode

As3-9
1 of 128 Decode
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16M CDRAM 16"(1 024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

MODE DESCRIPTIONS (8)

DRAM Addresses are latched from the Ado-Adit inputs by the rising edge of K. Internally, a DRAM row is
selected (Page Call) in preparation for a DRAM Read or Wtite Transfer cycle. A DRAM Precharge cycle

Activate must separate all DRAM Activate cycles. )
DRAM - | Internally, the active DRAM Row is deselected (completing the refresh process) and page-mode is
Precharge - disabled. The DRAM is precharged prior to another DRAM Activate cycle.

\

Internally, a DRAM row is selected and refreshed (as addressed by an internal, self-incrementing counter),
DRAM followed by an internally generated Precharge c¢ycle. The Auto refresh cycle can be implemented only if
Auto- Refresh the DRAM is in Precharge state (i. ., a Precharge or Auto-Refresh cycle occurred more recently than
an Acitvate cycle). DRAM Auto-Refresh is similar to a CAS-Before-RAS (CBR) mode in standard DRAMs.

DRAM All clock buffers are suspended, and CMd # asynchronously controls Self Refresh (CMda # rising edge
initiates exit from Self Refresh). During Self Refresh, device enters a low power mode, with 4096
Self Refresh automatic refresh cycles.

When SCR is initiated, the addresses present on the Ado-Adn DRAM Address pins determine the DRAM
Read Transfer Latency, the Output Mode (transparent/latched/registered), and WB1 transfer mask mode
(set-all/no change). No DRAM operation is executed in this cycle. Refer to the SCR Truth Table for

Set . legal Address values.
Command During SCR cycle and the following 3 clock cycles (totally 4 clock cycles), only NOP, DNOP or DPD
Register are allowed in DRAM portion and only NOP, DES or SPD are done in SRAM portion. The set commands

are valid at least after the above 4 clocks later and the previous function is not guaranteed to work
if it has not been completed. (i. e. DRT, DWT1 &R, DWT2 &R and SR, BR and BRTR with registered
output mode.)

Notes

1) This function is performed in a Latency period spec:ﬁed in the Access Latency Table.

2) Affte the Latency Period (specified in the Access Latency Table) new data will be present
in the Read Buffer2. Prior to the Latency timeout, old data will be present in the RB2.

3) After data has been trangferred from WB1, the entire WB1 transfer 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 500 us.

2) Perform a precharge (PCG) operation.

3) After tre, perform 8 auto refresh commands (ARF) with adequate interval (tRc)
4) Issue set command register (SCR) to initilize the mode register.

After this sequence, the RAM is in idle state and ready for normal operation.

Note that DNOP/DPD and DES/SPD or NOP command wil be the stand-by command for the above power sequence.
Vce must be powered-on at the same time or before VccQ is on.

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

M L249825 0029799 572 M
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

Output Operations
Transparent Output appears from the rising edge of K clock.

DES SR SR DES SR SR

pac / X :." “.“ DQC ’
G# _L G#

. teLa
tKHQZ
tkHaxX PR
',\‘ K N '4
DQo~15 1 Q — DQo~15 : i Q )_« ..... i
| tkHa téLa _ tGHQ
tKHA
Latched Output appears from the falling edge of K clock.

DES SR SR DES SR SR _

NS N

pac _/_ _\ pac _/_ —\ /_\
\

G# G# \ /
: tGLA
tkLox tKLOZ
BQo~15 k Q DQo~15 f Q )—«
- eeorennn X
LA toLq tGHQ
tkLA
tKHA KA
Registered Output appears from the rising edge of next K clock.
DES SR SR DES SR SR SR

: _
Y AN e /N /T

o L\ s N
tKHOX \ tKHQZ toa \ tkHQZ
- 4 .“., ........ - )
DQo~15 Q — DQo~ 15 a MY -4
: t N LA tk toLa
tKHAR oo KHAR tGHa

I L249825 0029400 014 WA
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1 624;WORD BY 16-BIT)SRAM

Input Timing

CMa #

RAS #
CAS #
DTD #
C'Msv#
CCo #
ccr# -
WE #

DQC (u/1)

Ado~11
Aso~9

DQo~15
(Input)

B 249825 0029801 T50 WM

2-68

K
tkH tkL
tcmDs X tCMOH
r
tcss tesH
A
tRS A tRH
v
tcs tcH
iDTsX7 E tDTH
tCMSS\Aé/ teMsH
tcosAV tcoH
tcis A tciH
tws yrtWH
tbacs { toacH
tAS tAH
tos ) toH
& MITSUBISHI
ELECTRIC



MITSUBISHI LSIs
M5M4V16169TP-10,-12,-15

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

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage -05~486 \'
VeeQ Qutput supply voltage - 05~6.0 \
Vi Input voltage With respect toVss ! -05~6.0 \
Vo Output voltage -05~86.0 \4
lo Output current 50 ‘mA
Pq Power dissipation Ta=25C 1000 mwW
Topr Operating temperature ) 0~70 C
Tstg Storage temperature : . —65~150

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

Limits ,
Symbol Parameter M. T Tyo. | Mox. Unit
Vee Supply voltage 30| 33 36 \
VeeQ Output supply voltage 30| 3.3 55 v
Vss Supply voltage 0 0 0 \
VIH(A) High-level input voltage address inputs 2.0 55 \
VIH(C) High-level input voltage clock inputs 20 5.5 \2
ViH(pe) | High-level input voltage DQ inputs 2.0 Vee0+0.3 \Y
ViL Low-level input voltage all inputs -0.3 0.8 \'4

CAPACITANCE (Ta =0~70%C, Vad = 3.3 £ 0.3V, Vss = OV, unless otherwise noted)

. Limits ,
Symbol Parameter Test conditions Min. T Typ. | Max. Unit
Cicay Input capacitance, address pin . Vi= Vss 5 pF
Cicoy Input capacitance, clock pin f=1MHz 7 pF
Ci/o Input capacitance, |/0 pin Vi =25mVrms 8 pF
AVERAGE SUPPLY CURRENT from Vce (Ta = 0~70°C, Vdd = 3.3 + 0.3V, Vss = OV, unless otherwise noted)
Limits
. MBM4V16169TP .
Symbc?l Parameter Test conditions 0 ] -12 | -5 Unit
: Max. | Max. | Max.
.| tk=min. DRAM = DPD output
lccS Average supply current of SRAM operating open data input = H or L 300 260 230 mA
lecD Average supply current of DRAM operating tSRIEK::Mm;néPD : 140 120 100 mA
Average supply current of DRAM tPC = min.
lccDepay page-mode | SRAM = SPD 180 150 120 mA
: tk = min, DRAM = DNOP & SRAM=
lccesTnny | LVTTL stand-by DES, or NOP, all input = stable. 75 65 55 mA
output open, data input=H or L
tk = min, DRAM = DNOP & SRAM+
leccistny | CMOS stand-by DES, or NOP, all input = stable. 45 40 35 mA
output open, data input=H or L
lccPD) CMQOS power down current CMd#=CMs # =L, tk=min. 5 5 5 mA
Icc(sRF) CMOS self refresh current . CMd#=CMs#=1L, tx=o 1 1 1 mA
M L249825 0029802 997 M
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

'AC OPERATING CONDITIONS AND CHARACTERISTICS (Ta = 0~70C, Vad = 3.3 0.3V, Vss = OV, unless otherwise noted)

! - Limits I
Symbol Parameter Test conditions i, Mo Unit
VoH(oc)* | High-level output voltage (DC) lon = — 2mA 2.4 - \"2
VoL(oc)* | Low-level output voltage (DC) loL = 2mA - 0.4 v
VoH(ac)* | High-level output voltage (AC) 50 Q Terminate 1/2Vce — v
VoL(ac)* | Low-level output voltage (AC) 50 Q Terminate - 1/2Vec v
loz Off-state output current Q floating Vo.= 0~VppQ -10 10 uA
I Input current ViH = 0~VooQ + 0.3V -10 10 pA

* VOH(AC) and VOL(AC) are the refersnce levels for AC measurements.

VoH(DC) and VOL(DC) are the final levels the outputs reach.

3.3V
1180 Q
Vour O —
868 Q %
DC Condition (Vonmin, VoLmax)
TIMING REQUIREMENTS

I

(CLK pulse, input signals setup./hold time to CLK edge)
(Ta=0~70°C, Vdd = VadQ = 3.3 £ 0.3V, Vss = OV, unless otherwise noted)

Input pulse levels -
Input timing measurement reference level
Input rise/fall time

* Measuring point
50Q

Vour OTW\~¢ 1.4V
—_|— SODF

AC Condition (Access time)

Limits

Symbol Parameter MoMAV16169TP-10 [MSM4V16169TP-12|MSMAV16169TP-15(  Unit

i : Min. | Max. | Min. | Max. [ Min. | Max.

t® Clock cycle time 10 12 ) 15 ns
tKH Clock high pulse width 4 4 4 ns
KL Clock low pulse width 4 4 4 ns
tCMDS Setup time for CMd # 4 4 4 ns
tCMDH Hold time for CMd # 2 2 2 ns
tRs Setup time for RAS # 4 4 4 ns
tRH Hold time for RAS # 2 2 2 ns
tcs Setup time for CAS # 4 4 4 ns
| tch Hold time for CAS # 2 2 2 ns
toTS Setup time for DTD # 4 4 4 ns
tDTH Hold time for DTD # 2 2 2 ns
tcMmss Setup time for CMs # 4 4 4 ns
tCMSH Hold time for CMs # 2 2 2 ns
tws Setup time for WE# 4 4 4 ns
tWH Hold time for WE # 2 2 -2 ns
tcos Setup time for CCO # 4 4 4 ns
tCOH Hold time for CCO # 2 2 2 ns
tc1s Setup time for CC1 # 4 4 4 ns
tCIH Hold time for CC1 # 2 2 2 ns
tAS Setup time for address 4 4 4 ns
taH Hold time for address 2 2 2 ns
tDs Setup -time for DIN 4 4 4 ns
tDH Hold time for DIN 2 2 2 ns
tbacs Setup time for DQC 4 4 4 ns
tpacH Hold time for DQC 2 2 2 ns
1css Setup time for CS # 4 4 4 ns
tCsSH Hold time for CS # 2 2 2 ns

B L249825 0029803 823 mm
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16M CDRAM 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 = VadQ = 3.3 £ 0.3V, Vss = V55Q = OV, unless otherwise noted)

INPUt pUlSE Jevelg -+t reerrrrmmmmiiiiniieen e

Input timing measurement reference leve!
Input rise/fall time ............................. e

Limits
Symbol Parameter M5M4V1616STP-10 [ M5MAVIST6ITP-12 | M5SM4V16169TP-15 Unit
Min. | Max. | Min. | Max. | Min. | Max.
REF 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
twe DRAM activate-write cycle time 80 96 120 ns
tec Page cycle time 20 24 . 30 ns
tRAS Activate time 50 | 100001 60 | 10000 70 | 10000 ns
tRASP Page mode activate time 50 100006 60 [100000] 70 100000 ns
tRWL Write to precharge lead time 12 12 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 M5M4V16169TP-10 M5M4V16169TP-12 M5M4V16169TP-15
Freq. 100.0 50.0 83.3 1.7 66.6 333
(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 2 1 2 1
tRC 8 5 8 5 8 4
twe 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 1 1 1 1
tRSH 1 1 1 1 1 1
Note : Value of K can be determined by integer 2 (timing parameter/tCLK) for any clock frequency.
M L249625 00294804 76T M
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16M CDRAM 16M(1024K-WORD BY.16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

SWITCHING CHARACTERISTICS (Ta = 0~70%C, Vad = VadQ = 3.3 £ 0.3V, Vss = VssQ = 0V, unless otherwise noted)

Limits
Symbol Parameter . {MSM4V16169TP-10 | MSM4V16169TP-12 | M5M4VI6169TP-15 Unit
. 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 1 12 ns
tkHOX 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
tkeA . | Access time from K-low edge : 10 11 12 ns
tKLOX Qutput active time from K-low edge . 2 2 3 ns
tKLazZ QOutput disable time from K-low edge : 2 8 2 8 3 8 ns
tKHAR Access time from K-high edge 7 75 8 ns
tkHaxr | Output active time from K-high edge 2 2 3 ns
tkHQZR Qutput disable time from K-high edge 2 8 2 8 3 8 ns
tGLA Access time from G #-low edge ] 7 75 8 ns
teLa | Output active time from G #-low edge : 2 2 3 ns
tGHQ QOutput disable time from G #-high edge 2 7 2 7 3 7 ns
ACCESS LATENCY(Minimum)
TIMING PARAMETER-CLK TABLE )

Version M5M4V16169TP-10 MBM4V16169TP-12 MBEM4V161689TP-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.
tRAC * 6 4 5 3 5 3
tCAC* * 3 2 3 2 3 2
tRCD 3 2 2 1 2 1
tosr 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
tGLA 1 1 1 1 1 1

tRAC*= tRCD + tCBF + tKHA
tcac* * = tCBF + tkHA B
Note : Value of K can be determined by integer  (timing parameter/tcLk) for any clock frequency.

M L2u49825 00294805 6TL A
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

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

non-G# controlled Write & Read(DES control)
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DRAM operation can be freely parformed.
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Note : Output is transparent.
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16M CDRAM 16M(1024K-WORD BY 16-BITYCACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM
#
#

CMs #

CS#

CCo #
1

(SRAM Read/Desect SRAM/SRAM Write/SRAM Power-down)
WE

G# controlled Write & Read
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DRAM operation can be freely performed.

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

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

DQC controlled Write & Read

w
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v 5 8 o 8 2 a a < < © o o

Note : Output is transparent.
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

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

Registered Output control

CMs #

CS#

CCo #

CC #

E#

DQC (u/1y

<X
X

X
&S
Rede!

SIS, KKK
K S X

R
9.0, 0.0,
{5KS

."'

5
X
35

&K
S
2585

5
%
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Q
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PaVa

2S5

PP G G0 E 0900

S

0990
25

X2

a8

s

Asa~o

G#
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SR

SW

DQo~15

DRAM operation can be freely performed.

Note : Output is registered.

Sy

gmnsu !
¥ W ELECT

B L249825 0029809 241 W
2-76



MITSUBISHI LSIs

M5M4V16169TP-10,-12,-15

0
0] 50 v}
3] So%e% a}
258541 Seded
................................................ beded SEEEN oe%e! Rttt SECTELRSS EEEEPTR T PEE R
2585¢] boded
bode S
258541 boded 0
bode! [ it}
55 0%
ol 30 o
2] L50] %%
................................................. boded SRR Whete! oS e R MR EEEEEEE e
2] Poded 2054
25 el o3o%,
25%5] Poded %% 0
258 ool %% o
5] 2354 %%
Pl slele! %% =}
52504 oele! <S5y
................................................. p20%e! RERREL 0%%! 0 R R Rt e L e
2%5) S %%
Pode 2000, IR 0% »
5050 1505 S
0] ] eled w
3] Yook S ~ =}
..... 2555 55 o
............................................ Podods MR 005 S0%% SN DR
2] <& 2505 @
— Sl K ° x
< 7]
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| |w1-||||| P EONUED R ||mll e mmm e
i
A< > »
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| PR B s I [EPRION S
O [<s}
o e
S - w
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| O - e
O 0y
o =
> S L
b USRI IDUPRUIORRY (NSO IV NIV VIS SE [To 2N NN DFP O RN RO (O R
<
O pS .
< e, w
..................................................................... .@....... T I B B
o o
X S, w
..................................................................... B R Bt Bttt SEELEE TAU B B e e
o S .
] S »
...................................................................... ot et
3] pt -
e 173
...................................................................... Sttt
T
IA m
n
w
[}
T 1

2-77

MITSUBISHI
ELECTRIC

DRAM operation can be freely performed.

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

Buffer Read Transfer & SRAM Read(RBz—>SFIA_M — Qutput)

Buffer Read Transfer(RB2 — SRAM)

CMs #

CS#

CCo # .

CCr #

E#

W

DQC(u/I)‘

Aso~2

As3~9

G#

DQo~15

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

16M CDRAM 16M(1024K-WORD BY 16-BITYCACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

‘Buffer Write Transfer & SRAM Write(Input -~ SRAM— WB1)

Butfer Write Transfer(SRAM —WB1)

CMs #

CS#

CCo#

CCr #

WE #

DQC(u/n

Aso~2

As3~g

G#
WB1 (0~7)
DQo~15

Note : Qutput is transparent.
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

Buffer Write(Input —WB1)
Buffer Read(RB2 — Output)
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DRAM operation can be freely performed.

Note : Output is transparent.
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

NO-QOperation of SRAM
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~Operation Mode

NO

OPD operation can be freely performded,
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16M CDRAM 16M(1024K-WORD BY 16-BIT)YCACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM"

NO-Operation of DRAM
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SPD operation can be freely performed.
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

DRAM Power Down/DRAM Activate/DRAM Precharge
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CMs #
CCo #
CCr #
WE#
DAC (w/» SRAM operation can be freely performed.
u
G#
Aso~9
DQo~15

DPD is recommended during no operation to save power.
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

DRAM Power Down/DRAM Activate/DRAM Precharge

RAS only Refresh cycle
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SRAM operation can be freely performed.

CMs #
CCo #
CCi #
WE #

DQC(u/n

G#
Aso~8
DQo~18
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BFDSRAM

DRAM Auto Refresh

CMq #

cs#

RAS #

DNOP

CAS #

DTD #

Ado~11

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

DRAM new commands except for NOP, DNOP and DPD can be set after tRC later from ARF command

input.

SRAM operation can be freely performed.

CMs #

CCo #

CCi# -

WE #

DQCu/n
G#

As0~9

DQo~15

Amnsumsm
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM
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1 ‘Self Refresh Mode I tre for Recovery
Self Refresh Self Refresh
Entry Exit

Self Refresh Entry: '

A) DRAM must be in Precharge state prior to Self-Refresh Entry.

B) Previous CMd # =H, Present CMd# =L, CS#=RAS#=CAS#=1_, DTD#=H.
C) CMd # must remain low to maintain Self Refresh.

Self Refresh Exit(in order):

a) resume K clock

b) CMa#=H

¢) Wait trc for recovery

d) Resume normal operation

SRAM operation can be freely performed.
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1 024-WORD BY 16-BIT)SRAM

DRAM Read Transfer(DRAM— RB1 — RB2)Latency set=1
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o

¥ % Ad3~Ad7 are column block addresses (Ad8~Ad11 = Low).

SRAM operation can be freely performed.
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 1’6-BIT)SRAM

=2

DRAM Read Transfer(DRAM — RB1 — RB2)Latency set
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%k Ad3~Ad7 are column block addresses (Ad8~Adi1 = Low).

SRAMoperaion can be freely performed.
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16M CDRAM 16M(1024K-WORD BY 16-BITYCACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

=3

DRAM Read Transfer(DRAM —RB1 — FIBZ)Latency set
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SRAM operation can be freely performed.

%% Ad3~Ad7 are column block addresses (Ads~Adit = Low).
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

DRAM Read Transfer(DRAM — RB1 — RB2)Latency set=4
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% % Ad3~Ad7 are column block addresses (Adg~Adii = Low).

SRAM operation can be freely performed.
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lined Page mode

Pipe~

%% Ad3~Ad7 are column block addresses (Ads~Ad11 = Low).
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16M CDRAM 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
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SRAM operation can be freely performed.
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

Page-Mode DRAM Read Transfer Latency set=2
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If next DRT happens within the latency, new

data does not transferred to RB.

However this operation is not guaranteed.

SRAM operation can be freely performed.

* % Ad3~Ad7 are column block addresses (Ad8~Adi1 = Low).
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If next DRT happens within the latency, new

data does not transferred to RB.
However this operation is not guaranteed.

MITSUBISHI

ELECTRIC

*% Ad3~Ad7 are column block addresses (Ada~Adl1 = Low).

o

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

Page-Mode DRAM Read Transfer Latency set=3
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SRAM operation can be freely performed.
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

Page-Mode DRAM Read Transfer Latency set=4
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If next DRT happens within the latency, new

data does not transferred to RB.

However this operation is not guaranteed.

%% Ad3~Ad7 are column block addresses (Ads~Ad11 = Low).

SRAM operation can be freely performed.
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16M CDRAM 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)
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(detail)
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12

10

16M CDRAM 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)
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% % Ad3~Ad7 are column block addresses (Ad8~Adi1 = Low).
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SRAM operation can be freely performed.
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16M CDRAM 16M(1024K-WORD BY 16-BITYCACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

DRAM Write Transfer 1(WB1 —WB2—>DRAM)

Buffer Write Transfer(SRAM — WB1)
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* % Ad3~Ad7 are column block addresses (Ad8~Adi1 = Low).

Please refer to next page in detail.

SRAM operation can be freely performad.
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

(detail)

DRAM Write Transfer 1(WB1 —WB2 — DRAM)
Buffer Write Transfer(SRAM — WB1)
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DQo~15

%% Ad3~Ad7 are column block addresses (AdB8—~Adi1 = Low).

SRAM operation can be freely performed.
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16M CDRAM 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)
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Please refer to next page in detail.

* % Ad3~Ad7 are column block addresses (Ads~Adi1 = Low).

SRAM operation can be freely performed.
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16M CDRAM 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)
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16M CDRAM 16M(1024K-WORD BY 16-BIT)YCACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

DRAM Write Transfer 1& Read (WB1—WB2—DRAM — RB1— RB2)Latency set=1

Buffer Write(DIN—WB1)
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New Data on RB appears as to latency set count. See DRT timing chart.

* % Ad3~Ad7 are column block addresses (Adg~Ad11 = Low).

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

H

o
=
Q

CS#

DRAM Write Transfer 2(WB2 — DRAM)

<

&

%

e

PN

RAS #

05
<>
K2
Q‘A

>
505

Y avavev eV
0gosesetetateteds
QORI

TR

Ve

NCY
2
X2

%
P
%

NG
2
0

2K
262626

e

X

&

<X
&
XS

TS
X
525

=

55

'’
e

(D

XXX
3585
S0
NN
0%

X
o
X%

&

O
NN NP NININAN NN PN P
SRR
Patababatu i

Ve

<R
2

O

X0

X

<X
Q2
X2

v

Q

%
Y
NONC
%
L

-
KD

X
%
55

>
X0

S
72

X X
XK

z
52585

%

T
s
K

Ve
*"

X

-
000:
KX

XX
X

K2
K2

9a
0%

55

X

Q
e
o4

K0
e

%
XX

K
o

>
"4

X

CAS #
DTD #

as0:

a9

55

X

Ado~2

RS
N

0“
WB1w

P4

X X X
XX
!
{

*

Ad3~11

!

Data

wa2

DPD

\es

DRAM
SRAM

WB1

DQo~15

* % Ad3~Ad7 are column block addresses (Adg~Ad11 = Low).

SRAM operation can be freely performed.
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1

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

DRAM Wrlite Transfer2 & Read(WB2 —DRAM — RB1 — RB2)Latency set
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%% Ad3~Ad7 are column block addresses (Ads~Ad11 = Low).

-

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

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

This page is left blank, so that the
Set Command Register Timing Diagram
on the next spread can be seen
conveniently.
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-B.IT)SRAM

Set c°m.mand Register (1)
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’?Set Command Reg.

, DPD, DES,

Inhibit new command except for DNOP

SPD and NOP.

= Ado = Low

* Ad0o~9 must be set according to set command truth table while Ads
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16M CDRAM 16M(1024K-WORD BY 16-BIT)CACHED DRAM WITH 16K(1024-WORD BY 16-BIT)SRAM

Set Command Register (2)

Detailed Truth Table for SCR

Address input ) Command
Adi1 Ad10 Ado Ads Ad7 Ade Ads Ada Ad3 Ad2 Adt Ado
L L L L L L L L X | x L | X | *Latency 1
L L L L L L L H X X L X ; 2
L L L L L L H L X X L X 3
L L L L L L H H X - X L | X 4
L | L Ll || x| x| x L L L x| Quteut Mods
; ransparent
L L L L L X X X L H L X Latched
L L L L L X X X H L L X Registered
Ll f v v e x| x| x| x| x| v | ¢ |No oOperaton of Mask
y : Set All WB1 Xfer
L L L L L X X ; X X X L H Masks
< Uy
1 1 1 1
owst | I
’ ] ] 1 [ % Latency is the number of clock cycles
: ! ! ! required to transfer new data from the
cS# I | | l j 0 \ I DRAM to the Read Buffer. Therefors, it
L L 1 L can be adjusted to the clock frequency
: : : : of the system.
" I T 1 T (Latency) x (i) should meet tcsr min.
RAS # , ) I | ' ! 1 ! I timing requirement.
i | i |
| | 1 1
I 1 1 B
cas# | Ly |
T T T T
I I 1 1
- I + + +
pro# | [N R i
] ] | 1
I I 1 1
Ado~6 . l I Bnmllnand | : : : I
I i
I l
I I
| 1

Inhibit new read or write function during these 4 clocks.
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