OKI Semiconductor
MSM5416263

262,144-Word x 16-Bit Muitiport DRAM

DESCRIPTION

The MSM5416263 is a 4-Mbit CMCS multiport DRAM composed of a 262,144-word by 16-bit
dynamic RAM and a 512-word by 16-bit SAM. Its RAM and SAM operate independently and

asynchronously.

The MS5M5416263 supports three types of operations: random access to RAM port, high speed
serial access to SAM port and bidirectional transfer of data between any selected row in the RAM
port and the SAM port. In addition to the conventional multiport DRAM operating modes, the
MSM5416263 features the block write, flash write functions and extended page mode on the
RAM port and a split data transfer capability, programmable stops on the SAM port. The SAM
port requires no refresh operation because it uses static CMOS flip-flops.

FEATURES

* Single power supply: 5V + 10% . @only refresh

» Full TTL compatibility * CAS before RAS refresh

* Multiport organization * Hidden refresh
RAM :256K word x 16bits * Serial read / write
SAM :512 word x 16bits * 512 tap location

» Extended page mode ¢ Programmable stops

* Write per bit * Bidirectional data transfer

* Persistent write per bit * Split transfer

* Byte write ¢ Masked write transfer

* Masked flash write * Refresh: 512 cycles/8ms

* Masked block write (4 x 4 x 4) ¢ Package: 525mil 64pin SSOP

(550P64-P-525-K)
PRODUCT FAMILY
. Access Time Cycle Time Powaer Dissipation
Family RAM | SAM | RAM | 5AM | Operating Standby

MSMS5416263-50 50ns | 17ns | 110ns | 20ms 160mA 9mA
MSM5416263-60 60ns t8ng | 120ns | 22ns 150mA 9mA
MSMS5416263-70 70ns | 20ns | 140ns | 22ns 140mA 9mA
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Function Pin Name Function
Address Input SG Serial Clock
RAM Inputs/Outputs SE SAM Port Enable
SAM (nputs/Outputs DSF Special Function input
Row Address Strobe QsF Special Function Qutput
Column Address Strobe Veo Power Supply (5V)
Write Enable Lower Vss Ground (0V)
Write Enable Upper NC No Connection
Transfer/Qutput Enable
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FUNCTIONAL BLOCK DIAGRAM
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MSM541626:

DC Characteristics 2

{Veg = 5V £ 10%, Ta = 0 10 70°C)

-50

-60

-70

{TEM {RAM) SAM Symbol Max. | Max. | Max. Unit |Note
Operating Current Standby lget 125 | 115 | 105 3.4
(RAS. TAS Cycling. thc = tac min.) Active lenA | 180 | 150 | 140 |17
Standby Current Standby lece 4] 9 -] -
(RAS, TAS = Vi) Active legZA | 55 | 5D | 50 3.4
RAS Only Refresh Standby Igea 125 | 115 | 10§ 3.4
(RAS Cycting, TAS = Vi, tac = tc min.) Active lccah | 160 | 150 | 140 |17
Page Mode Current Standby lgos 95 85 75 3,4
(FAS =y, TAS Gycling. tpg = tpe min.) Active logsh | 160 | 150 | 140 § . 118
TAS Before BAS Refresh Current Standby lecs 125 | 115 | 105 13.4
(RAS Gycling, CAS Betore RAS, tg, = tremin.) Active IcesA 160 | 150 | 140 3,4
Data Transter Current Standby lece 125 | 115 | 108 3.4
{RAS, TAS Cycling, tre = trg min.) Active lcoeA 160 | 150 | 140 |17
Flash Write Gurrent Standby lecz 125 | 115 | 105 3.4
(RAS, TAS Cycling, tae = tac min.) Active lgg7A 160 | 150 | 140 3,4
Block Write Gurrent Standby fcca 125 | 118 | 105 34
(RAS, TAS Cycling, tag = tre min.) Active IccgA | 160 | 150 | 140 3,4
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

{Note: 1)
Parameter Symbot Condition Rating Unit
Input Output Voltage Vr Ta = 25°C -1.0t07.0 Vv
Qutput Current lgs Ta=25C 50 mA
Power Dissipation Pp - Ta=25°C 1 W
Operating Temperature Topr — 0to 70 °C
Storage Temperature Tatg — -55 t0 150 °C
Recommended Operating Conditions
(Ta =010 70°C) (Note: 2)
Parameter Symbol Min. Typ. Max, Unit
Power Supply Voitage Vee 4.5 5.0 5.5 v
tnput High Voltage Vin 2.4 —_ 6.5 v
Input Low Voltage Vi -1.0 — 0.8 v
Capacitance
{Vee =5V ¢ 10%, f= IMHz, Ta = 25°C)
Parameter Symbol Min. Max. Unit
Input Capacitance Ci —_ 8 pF
Input/Output Capacitance Cio — pF
Qutput Capacitance Co{QSF) — 9 pF

Note:  This parameter is periodically sampled and is not 100% tested

DC Characteristics 1
Parameter Symbol Condition Min. Max. Unit
OQutput *H' Leve! Voitage Vg lgn = —1mA 24 —_ v
Output ‘L" Level Voltage Vor loL = 2.1mA — 0.4
0<ViNs Y,

Input Leakage Current I wratercne “': — | -0 10

pA
Output Leakage Current o Ooﬁ ‘\;g%i:b?: -10 10
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AC Characteristics {1/3) ,
Parfamater Symbol Min-.sl?llax. Min-.szlax. Mi::a:. Unit Note
Random Read or Write Cycle Time tag 10| — [120| — |140] — | ns
Read Modify Write Cycle tamw (145 — | 170 — 1185 — | ns
Fast Page Mode Cycle Time tpc 35| — | 40| - {45 — | ns
Fast Page Mode Read Modify Write Cycle Time tpruw | 80 | — | 85 | — |90 | — | ns
Access Tima from RAS tac | — | 50| — | 60| — [ 70| ns |B 14
Access Time from Column Address taa — |25 — |3 | — 13| ns |814
Access Time from TAS toac | — | 15| —f18 [ — | 201 as |815
Access Time from CAS Precharge topa | — |3 | —[3 ]| — 140 | ns |815
Qutput Butter Tura-off Defay torr 0|12 015|017 |ns}]10
Transition Time {Rise and Fall) tr 3 (35| 3 |[35]3 |3Bjin]|7
RAS Precharge Time twp |4 ] — 50| —|60[—[nms
AT Puise Width taas | 50 | 90K | 60 {10K| 70 [ 10K | ns
TAS Pulse Width (Fast Page Mode Only) taage | 50 1100K| 60 |100K{ 70 |100K| ns
HAS Hold Time tagy 15| — [ 15| —]20[—]|ns
TAS Hold Time tesy | 50| — |60 ] — {70 | —[ns
TAS Pulse Width teas | 12 | 10K | 15 [10K | 20 [ 10K | ns
AT to CAS Delay Time tep | 18|35 | 20 {42 | 20 150 | ns | 14

&S to Column Address Detay Time

tap | 13| 25} 15[ 30|15 [35 | ns 14

Column Address 1o RAS Lead Time tear | 25! —130 | — 3| —jns
TAS to RAS Precharge Time tcap 5§ |—| 5| —[10}—]ns
CAS Precharge Time (Fast Page Mode) tcp B8 | — [ 10— |10 —|ns
Row Address Set-up Time tasr 0 j—]1 0| —] 0 |~—1|n
Row Address Hold Time tRaH 8 | — | 10| — |10 —[ns
Column Address Set-up Time tasc 0|—|l 0| —10]|—1lns
Column Address Hold Time tean W|{—|[10|~=]1W0]|—{ns
Column Address Hotd Time Referenced to RAS AR 0| —|5|—15]—]|ns
Read Command Set-up Time tres 0] —10]|={0]|—|ns
Read Command Hetd Time 1ReH 0 |—|O0[—] 01 —]ns]11
Read Command Hold Time Reterenced to IAS tRAH 0|—to0ofj—10]—1ln | M
TAS "H to RAS *H" Lead Time . | 0] ~]O0|—]0[— |
TAS "H to CAS "H' Lead Time tRoL 0o |—|o0ol—|0]—]ns
Data Output Hold After CAS Low 1coH 51 —15|—18|—in |19
Write Command Set-up Tirme twes 6 |—| 0| —|0]—]ns |13
Write Command Hold Time tweH 8§ |—|1W0|—[12]—|ns
Write Command Hold Time Referenced 10 RAS twern |40 | — 50 | — 55| — | ms
Write Command Pulse Width twp 8 [— |G| —[12]— ]| ns
Write Command to BAS Lead Time e | 12| — |15 —]20—~]ns

Write Command to CAS Lead Time

—
N
I
—
n
|
[
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I
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AC Characteristics (2/3)
|
-50 ) -70
Parametar Symbol Min. [Max.| Min. Max.! Min.|Max. Unit [Note
Data Set-up Time tpg Q| —| 0} —10[—1{ns] 12
Data Hold Time 1oy 0| — |10} — (12| —{ns |12
Data Hold Time Referenced to RAS s | 40 | — | 50] — |55 | — | ns
RAS to WE Delay Time trRwD M| —| 8| —|9|—fns |13
Column Address to WE Delay Time tawp | 45 | — 150 | — | 55| — | ns13
CAS to WE Delay Time tewp [ 30| — 135 | — |40} —[ns|13
Data 10 CAS Delay Time toze 0] —]JO0[—]0[—]mns
Data to TRG Delay Time tozo 0 {—jo|—]|0]—|pns
Access Time from TRG toga | — 15| — | 18] — |20 ns
Output Butter Turn-off Delay from TRG iz | 0 [12] 0 |15] 0 |17 ]ns
TRG Command Hold Time toEH 8 | —|1W0]|—~[10]—1|ns
RAS Hold Time Referenced to TRG o [ 10| — 10| — |15 —|ns
TAS Set-up Time for CAS Before RAS Cycle tesh 8 |[—fjtw|[—|[10]—|0ns
CAS Hotd Time for TAS Betore PAS Cycle v | 8 | —]w|[—]10}—|ns
RAS Precharge to TAS Active Time thec ¢ | —]0|—]0)1—1|ns
Refresh Period 1REF — | 8 {—| 8 [—~] 8 [ms
WE Set-up Time twsn | 0 | —] 0| — |0 |—|ns
WE Hold Time tRwh |10 — 10| — 10| —]ns
DSF Set-up Time Referenced to RAS trsR 0l—l 0] —10]—1{ns
DSF Hold Time Referenced to RAS (1) tig 10 = [10[~110]|—1ns
DSF Hold Time Referenced to RAS (2} i (40} — |50 — (58| — | ns
DSF Set-up Time Referenced 1o TAS trsc 0| —| 0! —10|—1]ns
DSF Hold Time Referenced to CAS fobw | 10 [~ |10 [ —=[10]—|ns
Write Per Bit Mask Data Set-up Time ms 0 |—] 0| —] 01l —1]ns
Write Per Bit Mask Data Hold Time MH MW|— |1 | —|10]|—]|ns
TRG High Set-up Time tis 0| — |9 |~|0]|~—]|ns
TRG High Hold Time tuw 10| — |10 | — | 10| —]|ns
TRG Low Set-up Time tns 0 |—]o0|—|0i—]ns
TRG Low Holg Time tw | 10 [10K ] 19 | 10K | 19 | 10K | ns
TRE Low Hold Time Referenced to RAS tary | 40 | 10K | 50 | 10K | 60 | 10K | ns
TRG Low Hold Time Referenced to Column Address | tatk [ —120| =251 — | ns
TRG Low Hold Time Referenced to CAS oy |15 ]| —i15| — |20 — | ns
TAG to FAS Precharge Time trap |40 | — 150 | — |60 | — | ns
TRG Precharge Time trp 15—~ [20|~|20]—]|ns
PAS 1o First SC Detay Time (Read Transfer) tasp [ 50 | — | 60| — | 70| — | ns
Column Address to First SC Delay Time tasp 35 | — | 40 | — | 45 | — | N8
TAS to First SC Delay Time (Read Transfer) tsp [ 208 — | 20| — 20| — | ns
Last SC to TRG Lead Time trs. 5 | —| 5| ~|5|—|ns
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AC Characteristics (3/3)
-50 -60 -70
Parameter Symbal Min. Max.,Min. |[Max.| Min. Max. Unit|Note
TRG to First SC Delay Time (Read Transfer) 150 5| —]15j—|15]— | ns
Last SC to RAS Set-up Time (Serial Input) tsgg | 20| —{ 20| — (26| — | ns
Serial Output Butfer Turn-off Delay from RAS tspz | Y0 [ 306 | 10 | 30 [ 10 | 40 | ns | 10
SC Cycle Time tsce 20|l —j2|—12;—][0ns
SC Pulse Width (SC High Time) tsc § | —| 81— 5 [—1ns
SC Precharge Time (SC Low Time) 1scp s | —| &85 | —| 5| —|mns
Access Time from SC tsea | — 17— | 8] —j20|ns! 9
Serial Output Hold Time from SC 1s0H 5| —| 51— |5 [—[ns]| 19
Access Time from SE tgea | — |17 | —| 1Bl —)20 |nst 9
SE Pulse Width tse Wl —|10|—=[10]—]ns
EE Precharge Time tep | 10| —110]|— (10— |01
Serial Output Butier Turn-off Delay trom SE tse? 0 [14} 0 i15]0 |17 |ns |10
Solit Transier Set-up Time 1s1s 25 | — | 25| — |25 | — | ns
Split Transfer Hold Time sty 125 | — (B |— |25 ]| —Dns
SC-QSF Delay Time tsop | — | 25| — | 25| — |25 | ns
TRG-QSF Delay Time tjop | — | 26{— {2 | — 25| ns
‘CAS-QSF Delay Time tean | — | 30| — |3 [—]3]ns
RAS-QSF Delay Time thap | — |70l — | 70| — 75 |ns
TAS to Seriat Input Delay Time tgpp | 30| — |30 | — |40 | — | ns
Serial Input Set-up Time 1sns o|l—|0]|=-=101]—]ns
Serial Input Hotd Time 1504 g {—|10}]—10]—=1|ns
Serial Input to 3E Delay Time tsze o |—|lo|—|0[—]ns
Serial Input to First SC Delay Time tszs o|l—]0|—=10!—]nNs
Serial Write Enable Set-up Time tsws o|—{0]|~—[0|—]|ns
Serial Write Enable Hold Time tswH g | —|10|[—I[10]—|ns
Serial Write Disable Set-up Time tawis 0 |~{0]~—[0[—1tns
Serial Write Disable Hold Time {SWiH gl —|1W0]|—110]—|ns
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Notes:

b

10.
11.
. These parameters are referenced to CAS leading edge of early write cycles and to

13

14.

- Stresses greater than those listed under "Absclute Maximum Ratings" may cause

permanent damage to the device.

. All voltage are referenced to Vgs. '

These parameters depend on cycle rate.

These parametersdepend on cutputloading. Specified values are obtained with the
output open.

An initial pause of 200us is required after power up followed by any 8 RAS cycles
(TRG = "high") and any 8 SC cycles before proper device operation is achieved.
In case of using internal refresh counter, a minimum of 8 TAS before RAS cycles
instead of 8 RAS cycles are required.

. AC measurements assume t7 = 5ns.
- Vi (Min.) and V) (Max ) are reference levels for measuring timing of inputsignals.

Also, transition times are measured between Vi and V.

- RAM port outputs are measured with a load equivalent to 1 TTL load and 50pF.

DOUT reference levels : Vo / VoL = 2.0V/0.8V.

SAM port outputs are measured with a load equivalent to 1 TTL load and 30pF.
DOUT reference levels : Vo / VoL = 2.0V/0.8V.

tofr {(Max.), topz (Max.), tgpz (Max.) and tsgz (Max.) define the time at which the
outputs achieve the open circuit condition and are not referenced to output voltage
levels. This parameter is sampled and not 100% tested.

Either tgcy or trgy must be satisfied for a read cycles.

WE leading edge in TRG controlled write cycles and read modify write cycles.
twes: tRwD. tocwp and tawp are not restrictive operating parameters.

They are included in the data sheet as electrical characteristics only.

If twes 2 tweg (Min), the cycle is an early write cycles and the data out pin will
remain open circuit throughout the entire cycles; If trwp 2trwp (Min.), tcwp Ztcwp
(Min.) and tawp 2 tawp (Min.) the cycle is a read modify write cycle and the data
out will contain data read from the selected cell: If neither of the above sets of
conditions is satisfied, the condition of the data out is indeterminate.

Operation within the trcp (Max.) limit insures that tg s (Max.) can be met.
trcp{Max.) is specified as a reference peintonly: If tgcp is greater than the specified
trep (Max.) limit, then access time is controlled by tcac.

Operation within the tgsp (Max.) limit insures that trac (Max.) can be met. tRAD
(Max }is specified asa reference point only: If tr ap is greater than the specified tg o p
(Max.) limit, then access time is controlled by ta 4.

Input levels at the AC testing are 3.0V /0V.

Address (AD - AB) may be changed two times or less while RAS = V|, .

Address (A0 - A8) may be changed once or less while CAS = V| and RAS = V| .

. This is guaranteed by design. {tson/tcon = tsca/tcac - output transition time)

This parameter is not 100% tested.
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TIMING WAVEFORM

Read Cycle (Qutputs Controlled by RAS)
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MSM5416263

Road Cycle (Outputs Controlied by CAS)
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Extended Page Mode Read Cycle
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Wirite Cycle Function Table
RAS Falling Edge CAS Faliling Edge
Code| A C D 8 E Function
DSF|WEL/U DQ DSF DQ

RWM | 0 0 Write Mask | 0 Valid Data Masked Write (New/Qld)

BWM | 0 0 Write Mask 1 Column Mask Masked Block Write {New/Old)

FWM | 1 0 Write Mask | X X Masked Flash Write {New/0ld)

RW [ 0 1 X 0 Valid Data Normal Write

BW | © 1 X 1 Column Mask Block Write

LMR | 1 1 X 0 Write Mask Data Load Mask Register

LCR | 1 1 X 1 Color Data Load Color Register

RAS Falling Edge
MODE WEL WED "DQO-7 "Das- 15

o] 0 Mask Mask

NEW MASK 0 1 Mask Mask
1 0 Mask Mask
0 0 - —

PERSISTENT MASK 0 1 — —
1 0 - —

ND MASK 1 1 — —

10 MASK DATA: Low = Mask, High = No Mask

10 WRITE MASK DATA: Low = Mask, High = No Mask

Column Mask Data

0Q0 -15 Column Mask Data
DQO Column( {A0=0, At=0)
Do Columnt (AQ=1, A1=0) Low: Mask
DQ2 Column2 (A0=0, Al=1) High: No Mask
DG3 Columnd (A0=1, Al=1)
D4 Column0 (AD=0, A1=0)
DQs Columni (AO=1, A1=0) Low: Mask
bQs Column2 {AQ=0, A1=1) High: No Mask
0Q7 Column3d {A0=1, A1=1)
0Q8 ColumnO (A0=0, A1=0)
0Q9 Column1 (AD=1, A1=0) Low: Mask
DQ10 Column2 (AQ=0, A1=1) High: No Mask
Dan Column3 (A0=1, A1=1)
DQ12 Column0 (A0=0, A1=0)
DQ13 Column1 (A0=1, A1=0) Low: Mask
Da14 Column2 (AD=0, A1=1) High: No Mask
Da1s Column3 (A0=1, A1=1}
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Early Write Cycle
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Late Write Cycle
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Read Modify Write Cycle
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Fast Page Mode Early Write Cycle
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Fast Page Mode Read Modify Write Cycle
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RAS Only Refresh Cycle
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CAS Before RAS Refresh Cycle
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Note:  The type of CBR operations are determined by the logic states of "A°, *B" and "¢

CBR Cycle Function Table

GCode

AAS Falling Edge

A B

c

Function

CBRR

X 0

1

GBR Refresh (Reset All Gptions)

.__GeRs

STOP Address 1

0

CBR Refresh (Set STOP Address)
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Hidden Refresh Cycle
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Read Transfer 1
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Note 2: There must be no rising transitions
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QSF = "H"-- Upper SAM (256 - 511) is active
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Read Transfer 2 (Real Time Read Transfer)
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Split Read Transfer
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Masked Write Transfer
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Masked Split Write Transfer
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MSM5416263
Serlal Read Cycle
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PIN FUNCTION
Address Input: A0 - A8

The 18 address bits decodes 16-bit of the 4,194,304 locations in the MSM5416263 memory array.
The address bits are multiplexed to 9 address iEELLt pins (AQ - A8) as standard DRAM. 9 row
address bits are latched at the falling edge of RAS. The following 9 column address bits are
latched at the falling edge of CAS.

Row Address Strobe: RAS

RAS is a basic RAM control signal. The RAM port is in standby mode when the EAS level is
“high". As the standard DRAM's RAS signal function, RAS is the control input that latches the
row address bits and a random access cycle begin at the falling edge of RAS.

In addition to the conventional RAS signal function, the level of the input signals, CTAS, TRG,
WEL, WEU and DSF at the falling edge of RAS, determines the MSM5416263 operation modes.

Column Address Strobe: CAS

As the standard DRAM's TAS signal function, CAS is the control input signal that latches the
column address input and the state of the special function input DSF to select, inconjunction with
the RAS control, either read / write operations or tlle_ggecial block write feature on the RAM port
when the D5F is held "low" at the falling edge of RAS.

CAS also acts as a RAM port output enable signal.

Data Transfer, Qutput Enable: TRG

TRG is also a control input signal having multifunction. As the standard DRAM's OE signal
function, TRG is used as an output enable control when TRG is "high” at the falling edge of RAS.
In addition to the conventional ﬁsignal function, a data transfer operation is started between
the RAM port and the SAM port when TRG is "low" at the falling edge of RAS.

Write Per Bit, Write Enable: WEL and WEU

WEL, WEU are control input signals having multifunction. As the standard DRAM's WE signal
function, these are used to write data into the memory on the RAM port when WEL and WEU
are both "high" at the falling edge of RAS.

In addition to the conventional WE signal function, the WEL, WEU determine the write-per-bit
function when either WEL or WEU is "low” at the falling edge of RAS, during RAM port
operations.

The WEL and WEU also determine the direction of data transfer between the RAM and SAM.
When bothWEL and WEU are "high” at the falling edge of RAS, the data is transferred from RAM
to SAM (read transfer). When either WEL or WEU is "low" at the falling edge of RAS, the data
is transferred SAM to RAM (write transfer).
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Write Mask Data, Data Input and Output: DQO - DQ15

In cenventional write-per bit mode, DQ pins function as mask data at the falling edge of RAS,
Data are written only to high DO pins. Data on low DQ pins are masked and internal data are
retained. After that, they function as input/output pins as these of a standard DRAM.

In persistent write-per-bit mode, DQ pins are don't care at the falling edge of RAS. The mask data
are determined in the mask register load cycle.

Serial Clock: SC

SC is a main serial cycle control input signal. All operations of SAM port are synchronized with
the serial clock 5C. Data is shifted in or out of the SAM registers at the rising edge of SC. In a serial
read cycle, the output data becomes valid on the SDQ pins after the maximum specified serial
access time tscp from the rising edge of SC.

Inaserial write cycle, data on SDQ pins at the rising edge of SC are fetched into the SAM register.

Serial Enable: SE

The 5E is a serial access enable control and serial read / write control signal. In a serial read cycle,
SEisused asan output control. In a serial write cycle,S_E- is used as a write enable control. When
SE is “high", serial access is disable, however, the serial address pointer location is still
incremented when SC is clocked even when SE is "high".

Special Function Input: DSF

The DSFis latched at the falling edge of RAS and CAS and allows for the selection of several RAM
portand transfer operating modes. In addition to the conventional multiport DRAM, the special
function consisting of flash write, block write, load/read color register and split read /write
transfer can be invoked.

Special Function Output: QSF

QSF is an output signal which, during split register mode, indicates which half of the split SAM
is being accessed. QSF "low" indicates that the lower split SAM (0 - 255) is being accessed. QSF
"high" indicates that the upper SAM (256 - 511} is being accessed.

Serial Input/Output SDQO - SDQ15

Serial input/output mode is determined by the most recent read, write or pseudo write transfer
cycle. When a read transfer cycle is performed, the SAM port is in the output mode. When a write
or pseudo write transfer cycle is performed, the SAM port is switched from cutput mode to input
mode.




MSM5416263

OKI Semiconductor

OPERATION MODE

The Table-1 shows the function truth table for a listing of al! available RAM port and transfer
operation of MSM5416263. o
The RAM portand data transfer operating are determined by the state of CAS, TRG, WE, and DSF
at the falling edge of RAS and by the state of DSF at the falling edge of CAS.

Table-1. Function Truth Table

RAS| iCASY Address | WO Register
Code CAS Write Pers. Function
TAS|TIG| WE |DSF|DSFIRASLICAS L [RAS WEL Mask|W.M.| WM [Color|
CBR Refresh
- 1 0 — " - - . —_ —
CORR Reset | Resat with Regisier Reset
CBR Refresh
CBRS *ito 1| —|stoP) * * ==t =1—
with Stop Register Set
CBRN R I T I T A * - * | = | = | — | — | CBRRetresh (No Reset)
ROR 1 *|l0}|—|Row| — | * | —| =] = | — | = | RAS Only Refresh
MWT 000 " |Row|TAP|WM1| “ | VYes No/ | Load — | Masked Write Transfer
Yes | Use
No/ jLoad Masked Split
‘| R TAP [WM1| * —_
MSWT elogt oW ves Yes | Use Write Transter
RT 6| 1[0} * [Row|TAP| * * | e~ | — | — | — | Read Transter
SRT 0111 * |Row | TAP| * * | — | — | — | — | Spiit Read Transfer
No/ |Load Read/Mrite
WM R 1 -
R 1] 0| 0| O |Row {Coumn/WM1pinDow| Yes ves | Use (New/01d Mask)
Column Catumn| No/ jLoad Masked Block Write
BWM Lo ot Row el ™™ | Y | ves | use | "% | (Newioi)
No/ |Load Masked Flash Write
W 1 0|1 * R e 1| —
M ow| " JWM Y65 | ves | use | | (Newroia)
R it
AW 11110/ 0 |Rowcaum| * pinood No | N0 | — | ~ (;:m;:
BwW 1lilol1 |Row Coornl -, featumal e | e Block Write
ladc - 8 Select {No Mask)
. | . |Mask Load Mask Register
LMR 1|11 ]1]0 |Row bata Set |Load (Ol Mask Set}
Color ,
LCR 1] 1} 1|1 Rowj -~ * — | — | — lload| Load Color Register
Data
Notes: 1. With CBRS, SAM operations use stop register

2. After LMR, RWM, BWM, FWM, and MSWT. use old mask which can be reset hv
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If the DSF is "high" at the falling edge of RAS, special function such as split transfer, flash write,
load mask register, load color registerE_B_RS and CBRN can be invoked.

Ifthe DSFis "low" at the falling edge of RAS and "high” at the falling edge of CAS, the block write
feature can be invoked.

RAM PORT OPERATION

Extended RAM Read Cycle: RAS falling edge --- TRG, CAS = "H", DSF = L"
CAS falling edge --- DSF = "L"

The M5M5416263 offers an accelerated page mode cycle (EXTENDED PAGE MODE) by
eliminating output disable from CAS "high", and it allows CAS precharge time (tcp) to occur
without the output data going invalid. This new data out operates (Extended data out} as any
RAM read or Page Mode Read, except data will be held valid after CAS goes "high", as long as
RAS is "low".

AAM Write Cycle: RAS falling edge --- TRG, CAS = "H", DSF = "L"
CAS falling edge --- DSF = "L¥

1) Write cycle with no mask: RAS falling edge -- WEL = WEU = "H"

At the falling edge of CAS, either WEL or WEU is set "low” after RAS goes "low”, a write cycle
is excuted. If either WEL or WEU is set "low" before the CAS falling edge, this cycle becomes an
early write cycle and all DQ pins become in high impedance.

If only one of WEL and WEL is "low" when CAS goes "low”, the write will affect only those
corresponding 8 bits, with the latched data.

I both WEL and WEU are set "low” after the CAS falling edge, this cycle becomes a delayed write
cycle and all 16 data are latched on the falling edge of WEL or WEU.

Byte write occurs if only one of WEL or WEU falls during the cycle. DQ pins don't becomes high
impedance in this cycle, so data should be entered with TRG in "high".

2) Write cycle with mask: RAS falling edge — WEL or WEU ="L"

At the falling edge of RAS, if WEL or WEU is set "low", two modes of mask write can be invoked.

#1 In new mask mode, mask data is loaded and used. Whether or not a DQ is written depends

on DQ level at the falling edge of RAS. The data is written in "high" level DQs, and the data is

masked and retained in "low" level DQs. This mask data is effective during the RAS cycle. In page

maode cycle, the mask data is retained during the page access.

#2 1f aload mask register cycle (LMR) has been performed, the mask data is not loaded from DQ

pins and the mask data stored in mask register persistently are used.

This operation is known as persistent write mask, set by LMR and reset by CBRR.

Load/Read Color Register; RAS falling edge --- CAS = TRG = WEL = WEU = DSF = "H"
TAS falling edge --- DSF = "H"

The MSM5416263 is provided with an on-chip 16bits color register for use during the flash write
or block write operation. Each bit of the color register corresponds to one of the DRAM 1/0
blocks.

The data presented on the DQi lines is subsequently latched into the color register at the falling
edge of either CAS or WE whichever occurs later. .
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The read color register cycie is activated by holding WE “high" at the falling edge of CAS and
throughout the remainder of the cycle. The data in the color register becomes valid on the DQi
lines after the specified access times from RAS ang TRG are satisfied.

During the load /read color register cycle, the memory cells on the row address latched at the
falling edge of are refreshed.

Load/Read Mask Registen RAS falling edge --- CAS = TRG = WEL = WED =DSF = "H"
CAS falling edge --- DSF = “L*

The MSM5416263 is provided with an on-chi P 16bits mask register for use during the mask write
cycle, Alash write cycle, block write cycle, masked write transfer and masked split write transfer.
Each bit of the mask register corresponds to one of the DRAM 1/0 blocks.

The data presented on the DQj lines is subsequently latched into the mask register at the falling
edge of either CAS or WE whichever occurs later.

The read mask register cycle is activated by holding WE "high” at the falling edge of CAS and
throughout the remainder of the cycle. The data in the mask register becomes valid on the DQi
lines after the specified access times from RAS and TRG are satisfied.

During the load /read mask register cycle, the memory cells on the row address latched at the
falling edge of RAS are refreshed.

Flash Write: RAS falling edge --- CAS = TRG « DSF = *H", WEL = WEU = "L"

Flash write allows for the data in the color régister to be written into all the memory locations of
a selected row.

Each bit of the color register carresponds to one of the DRAM I/0 block and the flash write
operation can be selectively controlled on an 1/0 basis in the same manner as the write per bit
operation. The mask data is as same as that of a RAM write cycle.

Block Write: RAS falling edge --- GAS = TRG = "H* DSF = "L*
CAS falling edge --- DSF = "H", WEL = WEU = "L~

Block write allows for the data in the color register to be written into 4 consecutive column
address locations starting from a selected column address in a selected row.
The block write operation can be selectively controlled on an /O basis and a column mask
capability is also available. This function is implemented as (4 columns x 4 I0s) repeated in four
quadrants. During a block write cycle, the 2 least significant column address locations (AOC,
A1C) are internally controlled and only the 7 most significant column address (A2C - ABC) are
latched at the falling edge of CAS.
1) No mask block write: WEL and WEU “high" at the falling edge of RAS

The data on 16 IX) pins are all cleared by data of color register.
2) Masked block write: WEL or WED "low” at the falling edge of KAS

The mask data is the same as that of a RAM write cycle. (new mask and persistent mask)
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SAM PORT OPE‘RATION
Single Register Mode

High speed serial read or write operation can be performed through the SAM port independent
of the RAM port operation, except during read/write transfer cycles.

The preceding transfer operation determines the direction of data flow through the SAM port.
It the preceding transfer is a read transfer, the SAM port is in the output mode. If the preceding
transfer is write transfer, the SAM port is in the input mode.

Serialdatacanberead outof theSAM after a read transfer has been performed. The datais shifted
out of the SAM starting at any of the 512 bits locations.

The TAP location corresponds to the column address selected at the falling edge of CAS during
the read or write transfer cycle. The SAM registers are configured as circular data register. The
data is shifted out sequentially starting from the selected TAP location to the most significant bit
(511} and then wraps around to the least significant bit (0).

Split Register Mode

In split register mode, data can be shifted into or out of one half of the SAM while a split read or
split write transfer is being performed on the other half of the SAM.

Conventional (non split) read, or write transfer cycle must precede any split read or split write
transfers. The split read and write transfers will not change the SAM port mode set by preceding
conventional transfer operation. In the split register mode, serial data can be shifted in or out of
one of the split SAM registers starting from any at the 256 TAP locations, excluding the last
address of each split SAM, data is shifted in or out sequentially starting from the selected TAP
location to the most significant bit (255 or 511) of the first split SAM and then the SAM pointer
moves to the TAP location selected for the second split SAM to shift data in or out sequentiaily
starting from this TAP location to the mast significant bit (511 or 255) and finally wraps around
to the least significant bit.

TAP TAP

’—-IOI1I2!----I6{——I--1---Izssl—1 ] | ol 1 o
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DATA TRANSFER OPERATION

The MSM5416263 features two types of bidirectional data transfer capability between RAM and

SAM, as shown in Figure 1 below.

1) Conventional (non split) transfer: 512 words by 16 bits of data can be loaded from RAM to
5AM (Read transfer) or from SAM to RAM (Write transfer).

2) Split transfer: 256 words by 16 bits of data can be loaded from the lower/upper haif of the
RAM to the lower/upper half of the SAM (Split read transfer) or from the lower/ upper half
of SAM to the lower/upper half of RAM (Split write transfer).

The conventional transfer and split transfer modes are controlled by the DSF input signal.

$12x512% 16 §12x256x16 | 512x256x 16
Memery Memory Memaory
Array ’ Array Array
| 512 x 16 ] [ 2s6x18  |[ 256x16 |
1) Gonventional Transfer . 2) Split Transfer
Figure 1.

The MSMS5416263 supports 4 types of transfer operation: Read transfer, Split read transfer, Write
transfer and Split write transfer as shown in truth table. Data transfer are invoked by holding the
TRG signal "low" at the falling edge of KAS. The type of transfer operation is determined by the
state of CAS, WE and DSF latched at the falling edge of RAS. During conventional transfer
operations, the SAM port is switched from input to output mode (Read transfer} or output to
input mode (Write transfer) whereas it remains unchanged during split transfer operation (Split
read transfer or Split write transfer).

Read Transfer: RAS falling edge --- CAS = WEL = WEU = "H", TRG = DSF = "L"

Read transfer consists of loading a selected row of data from the RAM into the SAM register. A
read transfer is invoked by holding CAS "high”, TRG "low", WEL and WEU "high” and DSF "low"
at the falling edge of RAS. The row address selected at the falling edge of RAS determines the
RAM row to be transferred into the SAM. The transfer cycle is completed at the rising edge of
TRG. When the transfer is completed, the SAM port is set into the output mode. In a read /real
time read transfer cycle, the transfer of a new row of data is completed at the rising edge of TRG
and this data becomes valid on the SDQ lines after the specified access time tgc 4 from the rising
edge of the subsequent SC cycles. The start address of the serial pointer of the SAM is determined
by the column address selected at the falling edge of CAS. In a read transfer cycle (which is
preceded by a write transfer cycle), SC clock must be held at a constant V| or V|, after the SC
high time has been satisfied. A rising edge of the 5C clock must not occur until after the specified
delay trgp from the rising edge of TRG.

-y
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In areal time read transfer cycle (which is preceded by another read transfer cycle), the previous
row data appears on the SQD lines until the TRG signal goes "high" and the serial access time tsc A
for the following serial clock is satisfied. This feature allows for the first bit of the new row of data
to appear on the serial cutput as soon as the last bit of the previous row has been strobed without
any timing loss. To make this continuous data flow possible, the rising edge of TRG must be
synchronized with RAS, TAS and the subsequent rising edge of SC (tg7h, toTH. and trsL/trsD
maust be satisfied).

Masked Write Transfor: RAS falling edge --- CAS = "H", TRG = DSF = "L"
WEL or WEU = "L

Write transfer cycle consist of loading the content of the SAM register into a selected row of the
RAM. This write transfer is the same as a mask write operation in RAM, so new and persistent
(old) mask mode can be supported. (Masked write transfer}

If the SAM data to be transferred must first be loaded through the SAM, a Masked write transfer
operation (all DQ pins "low" at falling edge of RAS) must precede the write transfer cycles. A
masked write transfer is invoked by holding CAS "high”, TRG "low”, WEL or WEU "low" and DSF
"Jow" at the falling edge of RAS. The row address selected at the falling edge of RAS determines
the RAM row address into which the data will be transferred. The column address selected at the
falling edge of CAS determines the start address of the serial pointer of the SAM. After the write
transfer is completed, the SDQ lines are set in the input mode so that serial data synchronized
with the 5C clock can be loaded.

When consecutive write transfer operation are performed, new data must notbe written into the
serial register until the RAS cycle of the preceding write transfer is completed. Consequently, the
SC clock must be held ata constant Vi or Vi during the RAS cycle. A rising edge of the SC clock
is only allowed after the specified delay tcsp from the falling edge of the CAS, at which time a
new row of data can be written in the serial register.

Data transferred to SAM by read transfer cycle or split read transfer cycle can be written to other
address of RAM by write transfer cycle. However, the address to write data must be the same as
that of the read transfer cycle (row address AX8).

Split Data Transfer and QSF

The MS5M5416263 features a bidirectional split data transfer capability between the RAM and
SAM. During split data transfer operation, the serial register is split into two halves which can
be controlled independently. Split read or split write transfer operation can be performed to or
from one half of the serial register while serial data can be shifted into or out of the other haif of
the serial register. The most significant column address location (ABC) is controlled internally to
determines which half of the serial register will be reloaded from the RAM. QSF is an output in
which indicates which half of the serial register is in an active state. QSF changes state when the
last SC clock is applied to active split SAM.
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Split Read Transfer: RAS falling edge --- CAS = WEL = WEU = DSF = "M", TRG = "L"

The M5M5416263 supports two types of split register operation.

#1 Normal split register operation

#2 Boundary split register operation using programmable SAM stops described later.
Normal split read transfer consists of loading 256 words by 16bits of data from a selected row of
the splitRAM into the corresponding non-activesplit SAM register. Serial data can be shifted cut
fromthe other half of the split SAM register simultaneously. During split read transfer operation,
the RAM port input clocks do not have to be synchronized with the serial clock SC, thus
eliminating timing restrictions as in the case of real time read transfers. A split read transfer can
be performed after a delay of tsrs, from the change of state of the QSF output, is satisfied.
Conventional (non-split) read transfer operation must precede split read transfer cycles.

Masked Split Write Transfer: HAS falling edge --- CAS = DSF = "H", TRG = “L"
WEL or WEU =“L"

Split write transfer cansists of loading 256 words by 16bits of data from the non-active split SAM
register into a selected row of the corresponding split RAM. Serial data can be shifted into the
ather half of the split SAM register simultaneously. During split write transfer operation, the
RAM port input clocks do not have to be synchronized with the serial clock SC, thus allowing
for real time transfer. This operation is the same as a mask write operation in RAM, so new and
persistent mode can be supported.

A split write transfer can be performed after a delay of tg7g, from the change of state of the QSF
output, is satisfied.

A masked write transfer operation must precede split write transfer, the purpose is to switch the
SAM port from output mode to input mode and to set the initial TAP location prior to split write
transfer operations.

Programmable SAM Stops in Split Transfer Cycle

The M5M5416263 has the boundary splitregister operation using programmable stops. [fa CBRS
cycle has been performed, split transfer cycle performs the boundary operation.

Figure 2 shows an example of boundary split register {4 stop points}. The stop points defines a
SAM location at which the access will change from one half of the SAM to the other half (at the
TAP address).

Lower SAM Upper SAM
TAP1 TAP3 TAF2
0 . s 255 256 i 511
CI)—D (J)—'b o Smm——
1 J |
8.T. (TAP2) S.T. HTAPS)

Figure 2. Example of Boundary Split Register
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SAM Stop Set Cycle (CBRS): RAS falling edge --- CAS = “L", WEL = WEU = "L", DSF = "H" '

SAM Stop location data (boundaries) are latched from address inputs at the falling edge of RAS.
To determine the boundary, A4 - A7 can be used and don't care AD - A3, and AS.
Once CBRS is executed, the programmable SAM stop operation continues until CBRR.

SAM Stop Boundary Table
Address .
Number of Stop Points A A5 AB A7 Size of Partition
1 1 1 1 1 256
2 1 1 1 0 128
4 1 1 Q X 64
8 1 0 X X 32
16 0 X X X 16

Register Raset Cycle (CBRR): RAS falling edge --- CAS = "L", WEL = WEU= "H*, DSF="L"

A CBRR can reset the programmable SAM stop operation and persistent mask write operation.
The CBRR will take effect immediately; it doesn’t require a split transfer cycle.

POWER UP

Powermust be applied to the RKAS and TRG inputsignals to pull them "high" before or at the same
time as the Vi supply is turned on. After power-up, a pause of 200us minimum is required with
RAS and TRG held "high". After the pause, a minimum of 8 RAS and 8 SC dummy cycles must
be performed to stabilize the internal circui_tl'%before valid read, write or transfer operations can
begin. During the initialization period, the TRG signal must be held "high". If the internal refresh
counter is used, a minimum & TAS before RAS cycles are required instead of 8 RAS cycles.




2. PACKAGE OUTLINES AND DIMENSIONS

(1) PLASTIC SOP {(cont.)

(Unit: mm)
$SOPB0-P-700-0.65-L |
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33 O
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O
K “1_ |00
AR AR ool 8Bl BE
@ .7+ 0.05 < =]
0.58TYP. 065 03+ 0.1 ° 13:0.2
.36 TYP.
Package material Epoxy resin
SEATING PLANE Lead frame material 42 alloy
Pin treatment Solder plating

Solder plate thickness | 5um or more
Package weight (g) 1.21 TYP.

$SOP64-P-525-0.80-K]
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Mirrar finish ® 0.7+ 0.05 ~ 3 Lg \
0.6TYP. 0.37 S mioeE ol E K
i g
Slots 08
0.78 TYP.
Package material Epoxy resin
Lead frame material 42 alloy
Pin treatment Solder plating

Solder plate thickness | 5um or more
Package weight (g) 1.34 TYP.
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