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MSM518122

131,072-Word x 8-Bit Multiport DRAM

DESCRIPTION

The MSM518122 is an 1-Mbit CMOS multiport DRAM composed of a 131,072-word by 8-bit
dynamic RAM and a 256-word by 8-bit SAM. Its RAM and SAM operate independently and

asynchronously.

The MSM518122 supports three types of operation : 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 MSM518122 features the block write and flash write functions on the RAM port and
a split data transfer capability on the SAM port. The SAM port requires no refresh operation

because it uses static CMOS flip-flops.
FEATURES

* Single power supply: 5V £10%
e Full TTL compatibility
® Multiport organization
RAM: 128K word x 8 bits
SAM: 256 word x 8 bits
¢ Fast page mode
® Write per bit
® Masked flash write
® Masked block write
* RAS only refresh
¢ CAS before RAS refresh
e Hidden refresh
e Serial read /write
® 256 tap location
e Bidirectional data transfer
e Split transfer
® Masked write transfer
® Refresh: 512 cycles/8 ms
* Package options:
40-pin 475 mil plastic ZIP
40-pin 400 mil plastic SOJ

(Z1P40-P-475-1.27)
(50J40-P-400-1.27)

PRODUCT FAMILY

(Product : MSM518122-xxZS)
(Product : MSM518122-xx]S)
xx indicates speed rank.

Family Access Time Cycle Time Power Dissipation

RAM SAM RAM SAM Operating Standby
MSM518122-70 70 ns 25ns 140 ns 30ns 120 mA 8 mA
MSM518122-80 80 ns 25ns 150 ns 30 ns 110 mA 8 mA
MSM518122-10 100 ns 25ns 180 ns 30ns 100 mA 8 mA
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OKI Semiconductor MSM518122

PIN CONFIGURATION (TOP VIEW)

W5/105 [1] sc[1] 140 Vssi
wrno7 3 2] weri06 501 [2] O [39 sios
SE [5] % 22/5108 s102 [ 3] 38| SI07
5106 [ 7] 5] sior s103 [ 4] 137] SI06
S108 E E y SI04 E E SI05
s¢ (1] 12] SIS(S)11 DO [ 2 St
si02 [13 2] sios w1101 [7] 34] we/08
s104 [15 5] oTioE w2/102 [ 8 | 133] w7/107
w101 [17] 7] waroz W3/103 [ 9] 132] We/106
W3/103 [19) ] e W4/104 [10] 131] W5/105
W4/104 [21] 2] v Voo [11] 130] Vsso
WEBAWE [23] a % WB/WE % % DSF
A8 [25 NC [13 28| NC
Vss2 % El A0 RAS |1__4 E CAS
A5 [29) %l e NC [15] 26] QSF
NC [31] % C4 A8 [16 25] A0
AT [33] 2 Agcz A6 [17] 24 At
A2 [35] o A5 [18 23] A2
Ao [37] 5] oo M9l O 22] A3
CAS @ El oS Vee2 @ E A7
40-Pin Plastic ZIP 40-Pin Plastic SOJ
Pin Name Function Pin Name Function
A0 - A8 Address Input SC Serial Clock
W1/101 - W8/108 RAM Inputs/Outputs SE SAM Port Enable
SI01 - SI08 SAM Inputs/Outputs DSF Special Function Input
RAS Row Address Strobe QSF Special Function Output
CAS Column Address Strobe Voo Power Supply (5 V)
WB/WE Write per Bit/Write Enable Vss Ground (0 V)
DT/OE Transfer/Output Enable NC No Connection

Note: Thesame powersupply voltage mustbe provided to every Vcc pin, and the same GND
voltage level must be provided to every Vgg pin.
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings (Note: 16)
Parameter Symbol Condition Rating Unit
Input Output Voltage Vr Ta=25°C -1.0t07.0 v
Output Current log Ta=25°C 50 mA
Power Dissipation Pp Ta=25°C 1 W
Operating Temperature Topr — 0to 70 °C
Storage Temperature Tstg — -551t0 150 °C
Recommended Operating Condition (Ta = 0°C to 70°C) (Note: 17)
Parameter Symbol Min. Typ. Max. Unit
Power Supply Voltage Ve 45 5.0 55 v
Input High Voltage V4 2.4 — 6.5 V
Input Low Voltage ViL -1.0 — 0.8 v
Capacitance (Ve =5V £10%, = 1 MHz, Ta = 25°C)
Parameter Symbol Min. Max. Unit
Input Capacitance Ci — 7 pF
Input/Output Capacitance Cio — 9 pF
Output 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
Output "H" Level Voltage VoH loh=—2 mA 24 — v
Output "L" Level Voltage VoL loL=2mA — 04
0<ViN<Vee
Input Leakage Current I All other pins not -10 10
under test=0V uA
Output Leakage Current ILo 0= Vour S 55V -10 10
Output Disable
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MSM518122

DC Characteristics 2

(Vee =5V +10%, Ta = 0°C to 70°C)

-70

-80

-10

Item (RAM) SAM Symbol Unit |Note
Max. | Max. | Max.

Operating Current Standby Ice 85 75 65 1,2
(R—AS,mCycling, trc = trc min.) Active loc1a 120 | 110 | 100 1,2
Standby Current Standby Icc2 8 8 8 3

(RAS, TAS = V) Active locoa | 50 | 45 | 40 1,2
RAS Only Refresh Current Standby locs 85 75 65 1,2
(RAS Cycling, CAS = Vi, tre = trg min.) Active lccaa 120 | 110 | 100 1,2
Page Mode Current Standby loca 70 65 60 1,2
(RAS =V, CAS Cycling, tpc = tpc min.) Active locan 120 | 110 | 100 mA 1,2
CAS before RAS Refresh Current Standby lecs 85 75 65 1,2
(RAS Cycling, CAS before RAS, tre = trg min.) Active locsa 120 | 110 | 100 1,2
Data Transfer Current Standby lcce 85 75 65 1,2
(RAS, CAS Cycling, trc = trg min.) Active Iccea 120 | 110 | 100 1,2
Flash Write Current Standby Ice7 85 75 65 1,2
(RAS, CAS Cycling, trc = trg min.) Active Icc7a 120 | 110 | 100 1,2
Block Write Current Standby lccs 85 75 65 1,2
(RAS, CAS Cycling, trc = tre min.) Active Iccsa 120 | 110 | 100 1,2
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MSM518122

AC Characteristics (1/3)

(Ve =5V +10%, Ta = 0°C to 70°C) Note 4, 5, 6

-70

-80

-10

Parameter Symbol [ ; ; Unit |Note
Min. |Max.| Min. |Max.| Min. |Max.

Random Read or Write Cycle Time tre 140| — | 150 | — [ 180 | — | ns
Read Modify Write Cycle Time tRwe | 195 | — [ 195 | — | 235| — | ns
Fast Page Mode Cycle Time tpe 45 | — | 50 | — | 55 | — | ns
Fast Page Mode Read Modify Write Cycle Time tprwe | 90 | — | 90 | — | 100| — | ns
Access Time from RAS thac | — | 70 | — | 80 | — | 100 | ns |7,13
Access Time from Column Address taa — | 35| — |40 | — |5 | ns |7,13
Access Time from CAS teac | — | 20| — | 25| — | 25 | ns |7, 14
Access Time from CAS Precharge tcpa — | 40| — | 45 | — | 50 | ns |7,14
Output Buffer Turn-off Delay torr 20 20 20 | ns | 9
Transition Time (Rise and Fall) tr 35 35 35| ns | 6
RAS Precharge Time trp 60 | — | 60 | — | 70 | — | ns
RAS Pulse Width trAS 70 | 10k | 80 | 10k | 100 | 10k | ns
RAS Pulse Width (Fast Page Mode Only) trasp | 70 |[100k| 80 |100k| 100 |100k| ns
RAS Hold Time tRgy | 20 | — | 25 | — | 25 | — | ns
CAS Hold Time tecsy | 70 | — | 80 | — |100| — | ns
CAS Pulse Width toas 20 |10k | 25 | 10k | 25 | 10k | ns
RAS to CAS Delay Time thep | 20 [ 50 | 20 | 55 | 20 | 75 | ns | 13
RAS to Column Address Delay Time trRAD 15 | 35 | 15 | 40 | 20 | 50 | ns | 13
Column Address to RAS Lead Time tRAL 3% | — |40 | — |5 | — | ns
CAS to RAS Precharge Time tetRp | 10| — |10 | — | 10| — | ns
CAS Precharge Time teen | 10| — [ 10| — | 10| — | ns
CAS Precharge Time (Fast Page Mode) top 10| — | 10| — |10 | — | ns
Row Address Set-up Time tasr 0| —| 0 |—1] 0] —1|ns
Row Address Hold Time tRAH 10| — |10 | — | 10| — | ns
Column Address Set-up Time tasc 0| —| 0 |—1]0]|—1|ns
Column Address Hold Time tcan 15— 15| — |15 | — | ns
Column Address Hold Time referenced to RAS taR 5 | — |85 | — | 70 | — | ns
Read Command Set-up Time tres 0| — | 0 |— — | ns
Read Command Hold Time tReH 0 |— | 0| — — | ns | 10
Read Command Hold Time referenced to RAS tRRH — — — | ns | 10
Write Command Hold Time tweH 15— 15| — |15 | — | ns
Write Command Hold Time referenced to RAS twer 5 | — |5 | — |70 | — | ns
Write Command Pulse Width twp 15— 15| — |15 | — | ns
Write Command to RAS Lead Time tRwiL 20 | — | 20| — | 25| — | ns
Write Command to CAS Lead Time towL 20 | — | 20| — | 25| — | ns
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AC Characteristics (2/3) (Vg = 5V £10%, Ta = 0°C to 70°C) Note 4, 5, 6

-70 -80 -10 .
Parameter Symbol | ; ; Unit |Note
Min. [Max.| Min. |Max.| Min. |Max.

Data Set-up Time tps Oo|—| 0| — 10| —|ns| M
Data Hold Time tpH 15| — |15 | — |15 | — | ns | 11
Data Hold Time referenced to RAS tDHR 5 | — |5 | — | 70 | — | ns
Write Command Set-up Time twes O |—| 0| — | 0| —|ns| 12
RAS to WE Delay Time tawp | 100 | — [ 100 | — | 130 | — | ns | 12
Column Address to WE Delay Time tawp 65 | — | 65| — | 80 | — | ns | 12
CAS to WE Delay Time tewp | 45 | — | 45 | — | 55 | — | ns | 12
Data to CAS Delay Time tpzc 0| — 1] 0| —1]0/|—]ns
Data to OE Delay Time tpzo 0| —| 0| —1| 0| —1]ns
Access Time from OF togn | — | 20 | — | 20 | — | 25 | ns
Output Buffer Turn-off Delay from OE toez 0 /10| 0 | 10| O | 20 | ns | 9
OE to Data Delay Time toep | 10| — | 10| — | 20| — | ns
OE Command Hold Time toey | 10| — |10 | — | 20| — | ns
RAS Hold Time referenced to OF toh | 15| — | 15| — | 15 | — | ns
CAS Set-up Time for CAS before RAS Cycle tesR | 10| — | 10| — | 10| — | ns
CAS Hold Time for CAS before RAS Cycle tetr | 10| — | 10| — | 10| — | ns
RAS Precharge to CAS Active Time tRPC 0| — 1] 0| —1]0/|—]ns
Refresh Period tREF — | 8| — | 8| — | 8 | ms
WB Set-up Time twsr 0| — 1] 0| —1]0/|—]ns
WB Hold Time tawh | 15| — | 15| — | 15 | — | ns
DSF Set-up Time referenced to RAS trsR O |—| 0| —1]0]|—1|ns
DSF Hold Time referenced to RAS (1) tRFH 15— 15| — |15 | — | ns
DSF Hold Time referenced to RAS (2) trHR 5 | — |98 | — |70 | — | ns
DSF Set-up Time referenced to CAS trsc O |—| 0| —1]0]|—1|ns
DSF Hold Time referenced to CAS tcrH 15| — 1|15 | — |15 | — | ns
Write Per Bit Mask Data Set-up Time tvs 0O | — 1] 0| —1] 0| —1ns
Write Per Bit Mask Data Hold Time tvH 15— 15| — |15 | — | ns
DT High Set-up Time tThs 0| —| 0| —1| 0] —1]ns
DT High Hold Time tTHH 15| — |15 | — |15 | — | ns
DT Low Set-up Time tris 0| —| 0| —1| 0| —1]ns
DT Low Hold Time tTLH 15 | 10k | 15 | 10k | 15 | 10k | ns
DT Low Hold Time referenced to RAS

_ tRTH 60 | 10k | 65 | 10k | 80 | 10k | ns
(Real Time Read Transfer)
DT Low Hold Time referenced to Column Address

. tATH 25| — |30 | — |3 | — | ns
(Real Time Read Transfer)
DT Low Hold Time referenced to CAS

) teTH 20— | 25| — |25 | — | ns
(Real Time Read Transfer)
SE Set-up Time referenced to RAS tesR 0| — 1] 0| —1]0/|—]ns
SE Hold Time referenced to RAS tRew | 15| — | 15| — | 15| — | ns
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MSM518122

AC Characteristics (3/3)

(Vec =5V +10%, Ta = 0°C to 70°C) Note 4, 5, 6

-70

-80

-10

Parameter Symbol N N Unit |Note
Min. |Max.| Min. |Max.| Min. |Max.

DT to RAS Precharge Time ttRe | 60 | — | 60 | — | 70 | — | ns
DT Precharge Time trp 20| —| 20| — |3 | —|ns
RAS to First SC Delay Time (Read Transfer) trsD 70 | — | 80 | — |100| — | ns
Column Address to First SC Delay Time (Read Transfer) |  tasp 45 | — | 45 | — | 50 | — | ns
CAS to First SC Delay Time (Read Transfer) fcsp 20| — | 25| — | 25| — | ns
Last SC to DT Lead Time (Real Time Read Transfer) | trst 5 | —| 5| — |5 |—1|ns
DT to First SC Delay Time (Read Transfer) trsp 15| — |15 | — |15 | — | ns
Last SC to RAS Set-up Time (Serial Input) tsRs 25| — | 25| — |30 | — | ns
RAS to First SC Delay Time (Serial Input) tsrp 20| — | 20| — | 25| — | ns
RAS to Serial Input Delay Time tspp 40 | — | 40 | — | 50 | — | ns
Serial Output Buffer Turn-off Delay from RAS

) tspz 10 | 40 | 10 | 40 | 10 | 50 | ns | 9
(Pseudo Write Transfer)
SC Cycle Time tsoc 30| — 30| — |3 |—|ns
SC Pulse Width (SC High Time) tsc 00— (10| — | 10| — | ns
SC Precharge Time (SC Low Time) tscp 10| — |10 | — |10 | — | ns
Access Time from SC tsca — | 25| — | 25| — | 25| ns | 8
Serial Output Hold Time from SC tsoH — | 5| — 1| 5| —|ns
Serial Input Set-up Time tsps — 0| —1] 0| —]|ns
Serial Input Hold Time tspH 5| — |15 | — |15 | — | ns
Access Time from SE tsga | — | 25| — | 25| — | 25 | ns | 8
SE Pulse Width tsE 25| — | 25| — | 25| — | ns
SE Precharge Time tsgp | 25| — | 25| — | 25 | — | ns
Serial Output Buffer Turn-off Delay from SE tsez 200 0 [ 20| O | 20 | ns 9
Serial Input to SE Delay Time tsze — | 0| —1] 0| —]ns
Serial Input to First SC Delay Time tszs — | 0| — | 0| —]ns
Serial Write Enable Set-up Time tsws — | 5| — | 5 | — ] ns
Serial Write Enable Hold Time tswH 15— 15| — |15 | — | ns
Serial Write Disable Set-up Time tswis 5| — | 5| —1]5 ]| —1|ns
Serial Write Disable Hold Time tswix 15| — |15 | — |15 | — | ns
Split Transfer Set-up Time tsTs 25 | — |30 | — | 30| — | ns
Split Transfer Hold Time tsTH 25| — | 30| — |3 | — | ns
SC-QSF Delay Time tsap — 120 | — | 25| — |25 | ns
DT-QSF Delay Time ttrapm | — | 20 | — | 25 | — | 25 | ns
CAS-QSF Delay Time tcap | — | 30| — | 35| — | 35 | ns
RAS-QSF Delay Time tRap | — | 70 | — | 75 | — | 85 | ns
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Notes:

Sl

o

10.
11.

12.

13.

14.

15.

16.

17.

These parameters depend on output loading. Specified values are obtained with
the output open.

These parameters are masured at minimum cycle test.

Iccr (Max.) are mesured under the condition of TTL input level.

Vg (Min.) and Vi, (Max.) are reference levels for measuring timing of input signals.
Also, transition times are measured between Vi and Vi

An initial pause of 200 s is required after power-up followed by any 8 RAS cycles
(DT/OE “high”) and any 8 SC cycles before proper divice operation is achieved. In
the case of using an internal refresh counter, a minimum of 8 CAS before RAS
initialization cycles in stead of 8 RAS cycles are required.

AC measurements assume tt =5 ns.

RAM port outputs are mesured with a load equivalent to 1 TTL load and 100 pF.
Output reference levels are Voiy/VorL =24 V/1.0 V.

SAM port outputs are measured with a load equivalent to 1 TTL load and 30 pF.
Output reference levels are Vory/VorL =2.0V/1.0 V.

torr Max.), togz (Max.), tspz (Max.) and tsgz (Max.) difine the time at which the
outputs achieve the open circuit condition and are not reference to output voltage
levels.

Either trcy or trry must be satisfied for a read cycle.

These parameters are referenced to CAS leading edge of early write cycles and to
WB/WE leading edge in OE controlled write cycles and read modify write cycles.
twes, tRwpD, tcwp and tawp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only.

If twcs 2 twes (Min.), the cycle is an early write cycle, and the data out pin will
remain open circuit (high impedance) throughout the entire cycle : If trwp = trRwp
(Min.), tcwp 2 tcwp (Min.) and tawp = tawp (Min.) the cycle is a read-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 (at access time) is
indterminate.

Operation within the trcp (Max.) limit ensures that tgac (Max.) can be met. trcp
(Max.) is specified as areference point only : If trcp is greater than the specified trcp
(Max.) limit, then access time is controlled by tcac.

Operation within the trap (Max.) limit ensures that trac (Max.) can be met. trap
(Max.) isspecified as areference point only : If trop is greater than the specified trap
(Max.) limit, then access time is controlled by taa.

Input levels at the AC parameter measurement are 3.0 V/0 V.

Stresses greater than those listed under “Absolute Maximum Ratings” may cause
permenent damege to the device.

All voltages are referenced to Vsg.
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OKI Semiconductor MSM518122
TIMING WAVEFORM
Read Cycle
tre
tras trp
t T
- V- AR
RAS
ViL - \ 7/ \—
tosH
tcrp tReD tRsH topn
V- 3 tcas ki
CAS ViL - J \ \v / \
trAD tRAL
tasr | | tRaH tasc teaH
A0 - A8 x:': :%{ Row Address >@< Column Address W M
tRCH
TFic_g tRRH
WBWE "~ 0 <,
ViL -
trRoH
tTHS tTHH
OToE U~ % % 1
ViL -
trHR
trsr | | tRFH trsc torH
Vi - % ///
DSF
ViL - x 7/ : 7/
to70 toea
Vi - /;
r Ny - toac torr
t
W1/101 - trac AR toez
W8/108
L our ng: Open Valid Data-out ~ )————

T+ or v
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MSM518122

Write Cycle (Early Write)

trc
tras | trp
t
— V- AR }—x
RAS ViL - \ 7 \—
tosH
tcrp tReD tRSH tepn
e VIH— / tcas /
A /
CAS ViL - \ \ 7/ / \
tRaD tRAL
tasr | | tRaH tasc tcan
V _ s ! I
A0 - A8 v:f B m Row Address >@< Column Address W %
twsr | |tRwH twes tweH
— V- i . 3 twp /
WB/WE ViL - % ! W% /
twer towL
trhs | | tTHH ‘ tRWL
otioE M7 K
ViL -
trHR
trsr | | tRFH trsc terH
/) D,
DSF
ViL - S /
tvs tVH tps toH
— IN x'“ ~ %{ WM Data W %{ Valid Data-in W
IL— 4 4
W1/101 - | IDHR
W8/108
V —
L out VOH Open
oL—

"H* or 'L"

*1 WB/WE W1/101 - W8/108 Cycle
0 WM1 data Write per Bit
1 Don’t Care Normal Write
WM1 data: 0: Write Disable

1. Write Enable
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MSM518122

Write Cycle (OE Controlled Write)

tre
tras trp
RAS VIL - \ 7 \—
tosH
tcrp tReD tRsH toen
—— V- / tcas f
A
CAS ViL - J 7/ / \
trAD tRAL
tasr | | tRAH tasc tcAH
AD- A8 x:[': %{ Row Address }@{ Column Address )/ 7K
towL ‘
twsr | |tRwH tRwL
—— T %{ N )W / twp / /
B E V”_ - X 1 = % 7/
twer
tHs toEH
na—
orioe "~ )
ViL-
trHR
trsr, | |tRFH trsc _forH |
ViH- % // ///
DSF
ViL - . 4
tws | | tmH dos| |_ tou
V _ s p s !
— Ny %{ WM Data W ﬁ( Valid Data-in% //
WA1/101 - 1 IDHR
W8/108
V —
L ouT OH Open

"H" or 'L"

*1 WB/WE W1/101 - W8/108 Cycle
0 WM1 data Write per Bit
1 Don’t Care Normal Write
WM1 data: 0: Write Disable

1. Write Enable
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Read Modify Write Cycle
trRwe
tras L tRp
— V- tar %—x
RAS
V|L - \v 7 \\
tosH
tcrp trRcD tRsH topn
e VIH— 7 ! tcas / 3
CAS
ViL-_/ F \r 4 \
tRAD
tasr | | tRAH EA_EC‘ tcAH
V — s p s \
A0 - A8 V:[I _ % Row Address W Column Address W %
towL ‘
twsr | |tRwH tRes tewp tRwL
o VIH — I . p T R\ tWP
WBAE "~ @{ 1 W o \
trRwb
tTHs tTHH toEH
—_Vm- r 5
DT/OE \;, _ % / W
tFHR
trsr | | tRFH trsc terH
v/ I/
DSF
V||_ - N 1/
tpzc Iog|
tws | | twH tnz0 toeD ton
Vih- i N " Valid AW
r IN V|L—%< W1 Data %/ toea Data-in |
tcac
W1/101 -
t
Ws/108 toag <4 loez
| e VoHs Valid
out VoL— Open i Data-out /
W "H" or "L"
*1 WB/WE W1/101 - W8/108 Cycle
0 WM1 data Write per Bit
1 Don’t Care Normal Write
WM1 data: 0: Write Disable

1. Write Enable
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Fast Page Mode Read Cycle

trasp tre, |
— V- tar tre Z—J’\\
RAS
V||_ - \ 7/
tRsH
tcrp trcD tcp tcp toas tepn
= VIH— X\ L fcas / ) tcas / )
CAS ﬂ trAD / /l
Vi - tosH \ / \ 7/ L\ —
t tcaH RAL
tﬁs_ﬁ RAH tasc toan tasc tasc toan
AO - A8 V”" v Row 1 i Column 1 i Column 1 i Column 1
ViL = Address | Address 1 ] | Address 2 ] Address n ]
tRCH
tRcH tReH LR_.
tres trcs trcs tRRH
- ﬂ /i 7 7
B/WE
ViL -
tTHs tTHH
ST/ 1/
DT/0E ViL - /r / / /
t
; e trsc trsc
FSR
o\ B\ M7/ ik
DSF ViL - ‘ 41/ £ //
trHR
tpzo
v \ tcra topa }
IH—
IN / 1
ViL - t toea
r IL fcac OEA tors torF toea torF
wi01 - tan toez foac toez 10D toez
W8/108 v trac =2 tan tan
L o=
ouT VoL— Open —< Data-out 1 >—< Data-out 27>—< Data-out n >—

V) "H oL
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Fast Page Mode Write Cycle (Early Write)
trasp Irp ‘
—— V- tAR tpc H\
RA
S ViL - \ 7
tRsH
ﬁcﬁ", treo fcp tcp toas tcpn
— V- / Y tcas / ) tcas ¢ 3
CAS traD /
ViL - tosH \ / \ 7/ L\ t 1
t RAL
t CAH
tas) RAH  tasc toan tasc tSC| | o
VIH=2 1 Row | £ Col £ Col " Col
w0-8 " M S YOI e, MO ik SOOI
: twer twen twe
twsg| RWH  twes twon twes twes
L /S S/
ViL - y x 4 X / 7
towL towt towL
t‘li'_iﬁ tTHH tRwL
— V- ‘
e || ) T
IL—
trHR oy
tRFH trsc trsc trsc
Vig— i % toFH / % toFH % /
DSF ViL - : i 7 X / i
tmH toH tpH tpH
tvs tps tps tps
i~ X Bata )N ot M oo YO oaainn [
r IN ViL - % Data Data-in 1 ] Data-in 2 | Data-in n |
W1/101 - tpHR
W8/108
L Vot~ Open
ouT y, p
W ||H|| or ||L||
*1 WB/WE W1/101 - W8/108 Cycle
0 WM1 data Write per Bit
1 Don’t Care Normal Write
WM1 data: 0: Write Disable

1. Write Enable
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MSM518122

Fast Page Mode Read Modify Write Cycle

tRASP ;
tAR RP
= VH— Y tosH /H\
RAS Vi - \ )
tPRwe tRSH
G0 tep top)
VK- 3 tcas tcas tcas /_
CAS
ViL - tasc \ f, \ 1, \ r—
ASC ASC oL
tash| [RAH || | toan towL toan towL toan tRwL
VI =7 Row N/ Column | 1 ol 1 cal
wo-ns AL S N D S e M)
?—F
twsg, | | twe, twe, twp
— VIH= )\ F 3 ¥
WB/WE VlH % *q >/ tow N towp \ / towp \ /
- ! trwp
tTHS {THH
—___Vpu- %@ / X /
DTOE \, _ 7| tees | ¥y / N \L
FtFHR ‘ trsc trsc
trspr trsc ‘
It
ose ' |l ST A A
ViL- 4% I i ‘ 7
twi | tozo tos | tozo tos tbzo | tps
tms t t ty {0ep tow [T |t toH
: DZC. 0ED| | tou tozc— | O | |/tozc | 'QED,
V _ — ’— s ‘ pl s pl .
o K O e 0 M O
Vi - L int /4 L in2 OEA 4
r L ta, OFEA OFA .
W1/101 - feac_| |toez tcac | |toez Ioac_| |toez
W8a/108 y taa | taa ! tan | |
OH— <Dt-> <Dt- Data-
L out Vo — oﬁta1 ] oﬁtaZ 14 L oStan 14
o trac
W ||H|| or |IL||
*1 WB/WE W1/101 - W8/108 Cycle
0 WM1 data Write per Bit
1 Don’t Care Normal Write
WM1 data: 0: Write Disable

1. Write Enable
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RAS Only Refresh Cycle

tre
tRas | trp

RAS Vi - \v \7

topp trRre tcrp
CAS i HUH
ViL - J
tasr | | tRAH
AO - A8 x:r i %{:Row Address:W / % W
—T
B/WE Vil -
trs | | tTHH
— V- i b
DT/OE |, \ i
trsr | | IRFH
Vi —
DSF V:[' ~ % //

W1/101 - Vor-
W8/108 VoL— Open

V) H orL!
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CAS before RAS Refresh Cycle

tRe
trp trp
R VA )\ tras
RAS x:r - / trRpC \v \
| | ITcsR
tepy tcHR
==VYH-— f X / /
CAS
ViL - 4/ 4

—— Vu-
ViL—

=
i
\

DToE UM~ 7
ViL -

Vig-

DSF
ViL -

torr
W1/101 - Vox— \

Open

ws/nog Vo, -/

Note: A0 - A8 =Don't care ("H" or "L") W "H"or "L"
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MSM518122

Hidden Refresh Cycle

IR tRe
tRas trp tRAS _ trp
=re VIH- — tAR —
RAS "~ \ / \ ] |
tcrp trep tRsH touR fopu
=~ VIH— Y / \
CAS
-/ \ / \
trAD tRAL
tasr | | tRAH tasc | tcaH
|
ViH- i A Column %
AO-AS ViL - %x Row Address)@{t Address
twsR
tres tRRH tRwH
TS ATE VIH - f Wﬁ W
B/WE
ViL
tTHS tTHH tROH
——Vig- v NW % 77/
DTOEy, | k
trsR trsc tery
tRFH
tFHR
"- V)
DSF
ViL- ; \ )
toez toea tor
loFf tan il toez
W1/101 - Vou- X Vi . ]
W8/108 VoL— / Valid Data-out

W ‘H"or"L"
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MSM518122

Load Color Register Cycle

tre
tRras L trp
=+ VIH- 3 % 3
RAS
ViL - \ 4 \
tosH
lcre trcD tRsH tcen \
= ViH— tcas /
CAS ViL - \ 7/ /
tasr | | tRAH
V —_ s
AO - A8 v:H %{ Row Address W / %
towL |
twsr | |tRwH tRwL
—_Vju- 7 3 twp
BVE )
ViL - i 4
WCR
tTHS twen | |toeH
ViH- q =
DT/OE Vi - W //
trsr tRFH
Vig-
DSF W ///
ViL -
toHR
fos] L ton
IN Vit = %{ Color Data-in ><
r ViL - s 4
W1/101 - s i (Delayed Write)
W8/108 - DH
V — s
Lour %{ Color Data-in ><
oL— A

(Early Write)

"H or'L"
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Read Color Register Cycle
tre
tras trp
=+e VIH- A ! 3
RAS
ViL - . 7/] \
tesH
tcrp trRcD tRsH tcen
e ViH— / tcas 7
CAS V||. - 4/ \’ 7/ /
tasr tRaH
V — Ir 3
A0- A8 " %{ Row Address ><
IL — r
tTHS tTHH tRoH
N VT 7
DT/OE " )
ViL— . # tea
twsr tRwH tRcs tRCH
WB/WE ™ ‘ ) )
ViL-
trsr tRFH
- ‘ N
DSF
ViL -
toea torr
tcac toez
W1/101 - Vou- f . .
WB/108 Vi — { Valid Data-out )

trac

"H'or 'L"
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Flash Write Cycle

trc
tras | trp
== VIH— 3
RAS Vi N % N\
tosH
tcrp trep | tRSH \ toen
ViH- !
AS
C ViL - J 4 \
tcas
tAsr tRAH
AQ- A x'“ ) %{ Row Address W /
IL — s J
—— Vi - % twsr | | tRwH /
ViL— X 4
trLs tTLH
L/ N )
DT/OE \,, _
trsR tRFH
w0 N
DSF
ViL -
tms tme
V - s p
vl %{ WM Data W ///
r IL— J
W1/101 -
W8/108
| VoHs
out VoL— Open
m "H' or "L"
WM1 Data Cycle
0 Flash Write Disable
Flash Write Enable
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MSM518122

Block Write Cycle

tRe
tras - 1RP
e VH-— L }—X \
RAS
ViL - \ I
tosH
tcrp trcD tRsH fepn
V- 3 tcas )
CAS
Vi J \ \ / \
tRAD tRAL
tasr | | IraH EAS,(‘) tean
Vi - r 3  Column Address
AO - A8 ViL _m Row Address W (A2C - A7C) W /%

tTHS tTHH
|
BT/0E M N % 7
ViL -
trHR
y trsr | |_tRFH tF;Q tr
IH=
ost o T ) \7 W
ViL -
tms tmu tos toH
Vi - m . W . W //
— Ny 2 3 7

W1/101 - | tDHR

W8/108

V -
L our [

VoL— Open

W "H"or"L"

*1 WB/WE *2 W1/101 - W8/108 Cycle

0 WM1 data Masked Block Write

1 Don’t Care Block Write (Non Mask)
WMH1 data: 0: Write Disable

1: Write Enable

*3) COLUMN SELECT

W1/101 - Column 0 (A1C=0,A0C =0
W2/102 - Column 1 (A1C =0, AOC =1
W3/103 - Column 2 (A1C=1,A0C =0
W4/104 - Column 3 (A1C =1, A0C =1

Wn/On

)
) =0: Disable
; =1:Enable
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Fast Page Mode Block Write Cycle

trasp trp
V- taR
RAS x:t*_ \ H\
¢ tpc tpc tRSH
¢ CSH
ﬁﬁi trcD fcp tcp toas topn
mxm— / trAD ’\\ toas % ‘\ toas 4‘ 5\ ; jﬁ
IL— X 7 X 7 N 7
EFiAf‘ ; tcAH tRaL |
tasR tasg| | |LoaH A thsg Loar
Vin=  Row N\ A2C- | fA2C - fA2C -
A0- A8 |L_%<Address7>@<r A7C W % A7C W % A7C W
tTHH
ttHs| [
e 7 | T
DT/OE
ViL—
tRWH
twsr| =~
__V — s pl
Wi, W
t
o PR torH lort lor
trsr | |<BTH trse tesc ‘ trsc ‘
V|H—% f W // W / W
DSF
ViL - 7/tDHR \ /
tvH toH toH toH
W1/101 - Viy- R Y i S
wanosve - 2 WK X YO Yl

W ‘H"or "L"

*1 WB/WE *2 W1/101 - W8/108 Cycle

0 WM1 data Masked Block Write

1 Don’t Care Block Write (Non Mask)
WMH1 data: 0: Write Disable

1: Write Enable

*3) COLUMN SELECT
W1/101 - Golumn 0 (A1C = 0, AOC = 0) Wn/On
W2/102 - Column 1 (A1C = 0, AOC = 1) -0 Disable
W3/103 - Column 2 (A1C =1, AOC = 0) =1 Enable
W4/104 - Column 3 (A1C =1, AOC = 1)
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Read Transfer Cycle (Previous Transfer is Write Transfer Cycle)
tRe
tras . IRP
— Vp-— taR }—x
RAS
ViL - \ 4 L
tosH
tcrp tRcD tRsH topn |
e VH- " F tcas 4 K
A
CAS ViL - / 7/ /
trAD tRAL
tasr tRAH tasc tcaH
V _ s \ s . \
AO - A8 V:': %{ Row Address }@{ SAM Start Address W / %
A0 - A7: TAP
twsr tRwH
S—— F
WB/WE W //
ViL -
trrp |
trs tTLH trp
ooE ')y 7l %
DTIOE v, _ 7/
tasD
trsr tRFH
D /) T
DSF
V||_ - X 1/
torr tesp
trsD
W1/101 - Vou- N
we/o8 Vo,- trsp tsce
tsms tscp| | tsc, tscp
Vi - / o .
SC ViL / : Inhibit Rising Transient ‘ 7/ \ /Z_\\
SC
\
V|H - I ] ] \
IN Valid Data-in
VIL - |- V|
SI01 -
SI08 t trap tsca tsoH
| Vou- cap Vaiid ><
ouT VoL \. Data-out
traD
QSF xo”_ >< TAP MSB (A7)
oL-
Note: SE=V_ W "H' or"L"
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MSM518122

Real Time Read Transfer Cycle

tre
tras trp
__ — t
RAS x:[' - \ = A \
tosH
tcrp treD tRSH tepn |
e VH— " F tcas 7 K
A
CAS ViL - / \r /
trRAD tRaL
tasr | | tRAH tasc i tcaH
V — s s
AO-AB\ %{ Row Address }@{ SAM Start Address)() 7K
AO - A7: TAP
twsr | | tRwH !tATH }
- V|H —_ r 3
WB/WE v //
IL—
toTH tTrP |
tTLs tRTH trp
R — V|H - s ¥ /
DT/OE \;, _ % 7/
trsR tRFH
ViH- % /
DSF
ViL - p
torF
W1/101 - Vou- Wx
W8/108 VoL— /
trsp
Viu- ¢ %
SC
ViL —_\_/ ;/ Z_\_/—\ /
V —
N Open
510 ViL- tsca tsca
101 -
tSoH trap t
SI08 L1 SOH
L ouT Vou- Valid )><’ Valid >< Valid Valid AXL Valid
VoL- Data-out ¢\ Data-out Data-out Data-out /N Data-out
Previous Row Data | New Row Data
QSF JOH" >< TAP MSB (A7)
VoL-
Note: SE=Vi. [/ "H or'L"
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Split Read Transfer Cycle

tRe
tras trp
- V- tAR
RAS x'“ \ / N
IL — X
tosH
tcrp treD tRsH tcpn
—_ —_ < N ‘[ 4 L
Wy N - \_
traD traL
tasr | |tRAH  tasc tcan
V — s p r p
A0- A8 v:[l_ / %ROW Address}% Asdﬁl\r/zlafsta(rg) W
AO - A6: TAP
twsr| | tRwH
__V|H— 4 .
B/WE // W
ViL - /
tris | | tTiH

e/,
ViL - p
| tsTs tRFH tsTH

ViH- // i *W
DSF trsr
ViL -

255 n N+l n+2 125 126 127 | n+128
(127) |(n+128) (n+129) (n+130) (253)  (254)
ViH-
SC ViL - \
SI01- Vou- — 254 255 T >< N+l >< ) ><>< 125 >< 126 \/ 127
SI08 Vo - (126) (127) /\(n+128)/\(n+129)/\(n+130) (253) (254) (255)

. o

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

L Lower SAM 0 - 127

u SAM 128 - 255 o ,
> Note: SE=Vie [/} " or
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MSM518122

Pseudo Write Transfer Cycle

tRe
tras trp
___ - t I
RAS x'H \ A8 / \
L= S
tosH
tcrp trcD trsH teen
- - F b 1 7
CAS x:[* /) N Gas
trAD tRAL
tasr tRAH tasc tcaH
V _ |
A0 - A8 V:: _ % Row Address >@< SAM Start Address W %
A0 - A7: TAP
twsr tRWH
____Vn-
UL/ 7
L= 3
t1Ls tTLH
— V-
DT/OE yy, _
‘ trsR tRFH ‘ ‘
/) / 7
DSF
ViL - 4

torr |
W1/101 - Vou—-—" 3
W8/108 VoL - 4

s VM~

Vie - _7/ \

tsrs

Open

tsrD tsce

tscp| | tsc . fscp

Inhibit Rising Transient

tsc
tEsR ‘ tREH

== VIH- %
SE
ViL -

ViH-

\/

)

tspp

tspz

tsez

tsps| [tspH

IN

ViL -

SI01 -
S108

tsca

% Valid >@<
N Data-in

Vor- VT
L our Vor~ Valid Data-out X valid

. Data-out

B!

tsoH
. tRaD |

tcap

Vox-
QSF VoL—

Serial Qutput Data =——

¥

— Serial Input Data

"H" or 'L"
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Write Transfer Cycle
tre
tras trp
t
are V-] AR ()
RAS '~ \ / N
tosH

tcrp treD tRsH teen
—— V- F 3 tcas f
s/ A\ /

traD tRAL
tasr tRaH tASCi tcaH
V -
AO - A8 VIH %{ Row Address W SAM Start Address W // %
”_ - X 7 ~ i
AO - A7: TAP
twsr tRwH \
e ), /
ViL - 4
‘ trLs trLH ‘

DSF

W1/101 - Vou-
W8/108 VoL—

SC

== ViH-
ViL-

SE

Vig-
ViL -

Vih-

w-_ /1IN

i

‘ trsR tRFH

tms 1
EO_F,F tmH

<

tsrs

Open

Inhibit Rising Transient

tsrD tsce

tscp| | tsc , fscp

tesr tREH

N\ /i

tsps | | tspH
|

tcap ‘

tsps | |tspH

X vald ata-in (/)

i

% Valid ’>@<Valid
N Data-in Data-in

trap

Open

>< TAP MSB (A7)

Previous «—
Row Data

WM1 data: 0: Transfer Disable

1: Transfer Enable

— New Row Data

T "+ or
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MSM518122

Split Write Transfer Cycle

tre
tRAS trp
t
RAS V||_ B \ AR /L
tosH
HG NN
tRAD tRAL
tasr | |tRaH  tasc toan
V £ p I ~
AO- A8\~ //}<Row Address}%{ pchoss o W /
A0 - A6: TAP
twsr | |tRwH
e VIH =
oWE i 7
ViL -
tris | |t
e T
tsTs tRFH L&
|
Vg - Y
DSF /t W /
Vi - FSR t
MS
torr tmH
W1/101 - Vou— N \
W8/108 VoL - >—< WM1 Data >— Open
255 n n+1 n+2 125 126 127 n+128

(n+128)

(n+129)

(n+130)

(253) (254

SI01- V- 255 n >< N+l n+2 ><>< 125 >< 126 >< 127 ><n+128
SI08 V. - (127) /\(n+128)/\(n+129)/\(n+130 253) (254) (255) (n)
tsap ‘tson
Von— 2 AN
OSF 1 X 7> A

L Lower SAM 0 - 127

Upper SAM 128 - 255 _
Note: SE=V|_

V) H o

K
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Serial Read Cycle (SE = V})
== VIH-
RAS
ViL -
tTHS ‘ tTHH
OTIE ‘ 7
DT/OE \,, _
tscc tsce tsce tsce tscc
tsc tsc tsc tsc | tsc |
" ﬁ\ ~ L
SC
ViL - / ﬁ/ <_7(
tscp tscp tscp tscp tscp tscp
tsca tsca tsca tsca tsca
tsoH tSoH | tsoH tsoH tsoH
SI01- Vou— >< Valid X Valid /- Valid X Valid X Valid >< Valid
SI08 VoL— Data-out Data-out /. Data-out /Y Data-out /X Data-out /X Data-out
Note: SE=Vi. [/} "H'or'L"
Serial Read Cycle (SE Controlled Outputs)
== VIH -
RAS
ViL -
tTHs tTHH
___Vu- 7 =
DT/OE v:[l ~ // /
tsce tsce tsce tsce tsce
tsc tsc |.tsc tsc tsc
Vi - f f
SC
i S
tscp tscp i tscp “tscp tscp tscp
SEP
== ViH-
SE
ViL - \
tsze
V —
o il
SI01 - tsca tsea tsca tsca _
SI08 tsoH tsez | tsca tson tsoH
| Vous Valid N/ Valid Valid N/ Valid N/ Valid
out VoL- Data-out 7><( Data-out Open _<( Data-out 7><( Data-out v\ Data-out

"H*or "L"
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Serial Write Cycle (SE = V).)
5 VIH—
RAS
ViL-
tTHS | | trn
OTOE 4 \7
DT/OE \,, _
tsce tsce tsce tsce tsce
tsc tsc tsc tsc tsc
Vig- : i r %
SC
Vi - ‘\L—/ tspH / tsDH_ 7/;4\5—7/’;&5—/ tspH
"tscp tscp tscp tscp "tscp “tscp
tsps tsps tsps tsps tsps
SI01- Vig- >@< Valid >@< Valid Valid N\ Valid >@< Valid >@<
SI08 V)L -  Data-in . Data-in Data-in X/ \_Data-in //\ Data-in
Note: SE=Vi. [/} "H or'L"
Serial Write Cycle (SE Controlled Inputs)
== VIH -
RAS
ViL -
t‘THS tTHH
____Vpu-
DT/OE ;' _ /F
tsce tsce tsce tsce tsce
tsc tsc | tsc tsc tsc
Viy - tscp tscp Iscp 7 tsce tscp ¢ tscp r——
56" __\:/ / i/ /N N
tswin ! tSwiH
tsws tsep tsws tsep tsws
V= \ tswH, | Swi_ 7 [ swi | /—
SEV,L_ %7 tswis \ 7/ tswis \ 7
tse tse tse
tsps tspH tsps tspH tsps tspH
N Ve % Valid W % Valid % Valid W
f ViL - . Data-in | . Data-in . Data-in

SI01 -
S108

L

Von—
ouT VoL—

Open

V) "H oL
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PIN FUNCTION
Address Input : A0 - A8

The 17 address bits decode an 8-bit location of the 1,048,576 locations in the MSM518122
memory array. The address bits are multiplexed to 9 address input pins (A0 - A8) as standard
DRAM. 9 row address bits are latched at the falling edge of RAS. The following 8 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 RAS level is
“high”. As the standard DRAM’s RAS signal function, RASis control input that latches the row
address bits and a random access cycle begins at the falling edge of RAS.

In addition to the conventional RAS signal function, the level of the input signals, CAS, DT /OE,
WB/WE, DSFand SE at the falling edge of RAS, determines the MSM518122 operation modes.

Column Address Strobe : CAS

As the standard DRAM’s CAS signal function, CAS is the control input signal that latches the
column addressinput and the state of the special function input DSF to select, in conjunction
with the RAS control, either read / write operations or the special block write feature on the
RAM port when the DSF is held “low” at the falling edge of RAS.

CAS also acts as a RAM port output enable signal.

Data Transfer/Output Enable : DT/OE

DT/OE s also a control input signal having multiple functions. As the standard DRAM’s OE
signal function, DT /OE is used as an output enable control when DT/OE is “high” at the falling
edge of RAS.

In addition to the conventional OE signal function, a data transfer operation is started between
the RAM port and the SAM port when DT/OE is “low” at the falling edge of RAS.

Write per Bit/Write Enable : WB/WE

WB/WE is a control input signal having multiple functions. As the standard DRAM’s WE
signal function, it is used to write data into the memory on the RAM port when WB/WE is
“high” at the falling edge of RAS.

In addition to the conventional WE signal function, the WB/WE determines the write-per-bit
function when WB/WE is “low” at the falling edge of RAS, during RAM port operations. The
WB/WE also determines the direction of data transfer between the RAM and SAM.
When WB/WE is “high” at the falling edge of RAS, the data is transferred from RAM to SAM
(read transfer). When WB/WEis “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 : W1/101 - W8/108

W1/101 - W8/108 have the functions of both Input/Output and a control input signal. As the
standard DRAM’s1/O pins, input data on the W1 /101 - W8 /108 are written into the RAM port
during the write cycle. The input data is latched at the falling edge of either CAS or WB/WE,
whichever occurs later. The RAM data out buffers, which will output read data from the W1/
101 - W8/108 pins, becomes low impedance state after the specified access times from RAS,
CAS,DT/OE and column address are satisfied and the output data will remain valid as long
as CASand DT/OE are kept “low”. The outputs will return to the high impedance state at the
rising edge of either CAS or DT/OE, whichever occurs earlier.

In addition to the conventional I/O function, the W1 /101 - W8 /108 have the function to set the
mask data, which select mask input pins out of four input pins, W1/101 - W8/108, at the falling
edge of RAS. Data is written to the DRAM on data lines where the Write-mask data is a logic
“1”. The write-mask data is valid for only one cycle.

Serial Clock : SC

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

The SC also increments the 9 bits serial pointer which is used to select the SAM address. The
pointer address is incremented in a wrap-around mode to select sequential locations after the
setting location which is determined by the column address in the read transfer cycle. When the
pointer reaches the most significant address location (decimal 255), the next SC clock will place
it at the least significant address location (decimal 0).

The SC must be held data constant Vi or Vyp level during read / pseudo write/write-transfer
operations and should not be clocked while the SAM port is the standby mode to prevent the
SAM pointer from being increment.

Serial Enable : SE

The SE is a serial access enable control and serial read / write control signal. In a serial read cycle,
SEis used as an output control. In a serial write cycle, SE is used as 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 port and transfer operating modes. In addition to the conventional multiport DRAM, the

special function consisting of flash write, block write, load/read resister and read /write
transfer can be invoked.

34/45



OKI Semiconductor MSM518122

Special Function Output : QSF

QSFis an output signal which, during split resister mode, indicates which half of the split SAM
isbeing accessed. QSF “low” indicates that the lower split SAM (0 - 127) is being accessed. QSF
“high” indicates that the upper SAM (128 - 255) is being accessed.

QSFis monitored so that after it toggles and after allowing for a delay of tgrs, split read / write
transfer operation can be performed on the non-active SAM.

Serial Input/Output : SIO1 - SIO8

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 portis switched from output mode
to input mode.
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OPERATION MODES

Table-1 shows the function truth table for a listing of all available RAM ports and transfer
operation of MSM518122.

The RAM port and data transfer operations are determined by the state of CAS, DT/OE, WB/
WE, SE and DSF at the falling edge of RAS and by the level of DSF at the falling edge of CAS.

Table-1. Function Truth Table

RAS/! CAS!{ ADDRESS W/I0 Write | Register .
P—" ———— — s B — s i ——— Function
CAS| DT/OE | WB/WE | DSF| SE |DSF RAS!| CAS! RAS!| CAS| CCASWE) Mask | wM |Color
0 * * o I I — * — — — — | — | C.B.R Refresh
Load .
1 0 0 00| * |Row TAP wmi] * * WM1 Use — | Masked Write Transfer
1 0 0 01| * |Row TAP | * * * — | — | — | Pseudo Write Transfer
Load
1 0 0 1] * | * |[Row| TAP Wwwmi] — * WM1 Use | Split Write Transfer
1 0 1 0| * | * |Row| TAP | * * * — | — | — | Read Transfer
1 0 1 1] * | * |[Row TAP | * * * — | — | — | Split Read Transfer
. Load . .
1 1 0 0| * | 0 |Row|Columnwmi] — Din | WM1 Use — | Write per Bit
Column Column Load
1 1 0 0 * |1 |Row WM1 — | WM1 Use | Masked Block Write
A2c-7c Select Use
Load )
1 1 0 1 * ] * |[Row * WMmMi| — * WM1 Use Use | Masked Flash Write
1 1 1 0| * | 0 |Row|Column| * — Din — — | — | Read Write
Column Column )
1 1 1 0] * |1 Row * — — — | Use | Block Write
A2¢-7¢ Select
1 1 1 1] *|* [Row| * * | — | Color| — | — |Load| Load Color Register

If the DSF is 'high" at the falling edge of RAS, special functions such as split transfer, flash write,
and load /read color register can be invoked. If the DSF is "low" at the falling edge of RAS and
"high" at the falling edge of CAS, the block write feature can be invoked.

If the DSF is "low" at the falling edge of RAS and CAS, only the conventional multiport DRAM
operating feature can be invoked.
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RAM PORT OPERATION
Fast Page Mode

Fast page mode allows data to be transferred into or out of multiple column locations of the
same row by performing multiple CAS cycle during a signal active for a period up to 100u
seconds. For theinitial fast page mode access, the output data is valid after the specified access
times from RAS, CAS, column address and DT/OE.

For all subsequent fast page mode read operations, the output data is valid after the specified
access times from CAS, column address and DT/OE. When the write-per bit function is enable,
the mask data latched at the falling edge of RAS is maintained throughout the fast page mode
write or read or read modify write cycle.

RAS Only Refresh

The data in the DRAM requires periodic refreshing to prevent data loss. Refreshing is
accomplished by performing a memory cycle at each of the 512 rows in the DRAM array within
the specified 8ms refresh period.

Although any normal memory cycle will perform the refresh operation, this function is most
easily accomplished with “RAS-only” cycle.

CAS before RAS Refresh

The MSM518122 also offers an internal refresh function. When CASis held “low” for a specified
period (tcsr) before RAS goes “low”, an internal refresh address counter and on-chip refresh control
clock generators are enable refresh operation take place.
When the refresh operation is completed, the internal refresh address counter is automatically
incremented in preparation for the next CAS before RAS cycle. For successive CAS before RAS
refresh cycle, CAS can remain “low” while cycling RAS.

Hidden Refresh

AhiddenrefreshisaCASbefore RASrefresh performed by holding CAS “low” froma previous read
cycle. This allows for the output data from the previous memory cycle to remain valid while
performing a refresh.

Theinternal refreshaddress counter provides theaddress and therefreshisaccomplished by cycling
RAS after the specified RAS precharge period.

Write per Bit Function

The write per bit selectively controls the internal write enable circuits of the RAM port. Write per bit
enabled when WB/WE held “low at the falling edge of RAS in a random write operation. Also, at
the falling edge of RAS, the mask data on the Wi/IOi pins are latched into a write mask register. The
write mask data must be presented at the Wi/IOi pins at every falling edge of RAS. A “0” on any of
the Wi/IOi pins will disable the corresponding write circuits and new data will not be written into
the RAM. A “1” on any of Wi/IOi pins will enable the corresponding write circuits and new data will
be written into the RAM.
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Load / Read Color Register

The MSM518122 is provided with an on-chip 4 bits color register for use during the flash write
or block write operation. Each bit of the color register corresponds to one of the DRAM I/0
blocks.

The load color register cycle is initiated by holding CAS, WB/WE, DT/OE and DSF “high” at
the falling edge of RAS. The data presented on the Wi/IOi lines is subsequently latched into the
color register at the falling edge of either CAS or WB/WE whichever occurs later.

The read color register cycle is activated by holding CAS, WB/WE, DT/OE and DSF “high” at
the falling edge of RAS and by holding WB/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 Wi/
101 lines after the specified access times from RAS and DT/OE are satisfied.

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

Flash Write

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

Each bit of the color register corresponds to the DRAM I/O blocks and the flash write operation
can be selectively controlled on anI/O basis in the same manner as the write per bit operation.
A flash write cycle is performed by holding CAS “high” WB/WE “low” and DSF “high” at the
falling edge of RAS. The mask data must also be provided on the Wi/IOi lines at the falling edge
of RAS in order to enable the flash write operation for selected 1/O blocks.

Block Write

Block write allows for the data in the color register to be written into 4 consecutive column
address locations starting from a selected row. The block write operation can be selectively
controlled on an I/0O basis and a column mask capability is also available.

Block write cycle is performed by holding CAS,DT/OE “high” and DSF “low” at the falling
edge of RAS and by holding DSF “high” at the falling edge of CAS. The state of the WB/WE
input at the falling edge of RAS determines whether or not the I/ O data mask is enabled (WB/
WE must be “low” to enable the I/O data mask or “high” to disable mask). At the falling edge
of RAS, a valid row address and I /O mask data are also specified. At the falling edge of CAS,
the starting column address location and column address data mast be provided. During a
block write cycle, the 2 least significant column address locations (A0C, A1C) are internally
controlled and only the 6 most significant column addresses (A2C - A7C) are latched at the
falling edge of CAS.
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SAM PORT OPERATION
Single Register Mode

High speed serial read or write operation can be reformed through the SAM portindependent
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. If the preceding transfer
isaread transfer, the SAM port is in the output mode. If the preceding transfer is write or pseudo
write transfer, the SAM port is in the input mode. The pseudo write transfer only switches the
SAM port from output mode into mode (Data is not transferred from SAM port to RAM port).
Serial data can be read out of the SAM after a read transfer has been performed. The data is
shifted out to the SAM starting at any of the 256 bits locations.

The TAP location corresponds to the column address selected at the falling edge of CAS during
theread or write transfer cycle. The SAM registers are configured as circular dataregister. The
data is shifted out sequentially starting from the selected TAP location to the most significant
bit (255) and then wraps around to the least significant bit (0).

Split Register Mode

Insplitregister 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, write, or pseudo 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 the split SAM registers starting from any at the 128 TAP locations, excluding
thelastaddress of each split SAM, data is shifted in or out sequentially starting from the selected
TAP location to the most significant bit (127 or 255) 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
sequentially starting from this TAP location to the most significant bit (255 or 127) and finally
wraps around to the least significant bit.

TAP TAP

. I 3 1 s - N = B

>
>
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DATA TRANSFER OPERATION

The MSM518122 features two types of bidirectional data transfer capability between RAM and

SAM, as shown in Figure 1 below.

1) Conventional (non split) transfer :256 words by 8 bits of data can be loaded from RAM to
SAM (Read transfer) or from SAM to RAM (Write transfer).

2) Split transfer : 128 words by 8 bits of data can be loaded from the lower/upper half 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.

512 x 256 x 8 512x128x 8 512x128x 8
Memory Memory Memaory
Array Array Array
| 256 x 8 | 128x8 | 128x8 |
1) Conventional Transfer 2) Split Transfer
Figure 1.

The MSM518122 supports five types of transfer operation : Read transfer , Split read transfer,
Write transfer, Pseudo write transfer and Split write transfer as shown in truth table. Data
transfer are invoked by holding the DT/OE signal “low” at the falling edge of RAS. The type
of transfer operation is determined by the state of CAS, WB/WE, SE 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/Pseudo write transfer)
Whereas it remains unchanged during split transfer operation (Split read transfer or Split write
transfer).
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Read Transfer Operation

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”, DT /OE “low”, WB/WE “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 DT/OE. 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 DT/OE and this data becomes valid on the SIO lines after the specified access time tsca 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
(whichis preceded by a write transfer cycle), SC clock must be held at a constant Vi or Vg, after
the SC high time has been satisfied. A rising edge of the SC clock must not occur until after the
specified delay trgp from the rising edge of DT /OE.

In areal time read transfer cycle (whichis preceded by another read transfer cycle), the previous
row data appears on the SIO lines until the DT /OE signal goes “high” and the serial access time
tsca from the following serial clock is satisfied. This feature allows for the first bit of the new
row of data to appear on the serial output as soon as the last bit of the previous row has been
strobed without any timing loss. To make this continuous data flow possible, therising edge
of DT/OE must be synchronized with RAS, CAS and the subsequent rising edge of SC (trryy,
tcth and trsr./ttsp must be satisfied).

Write Transfer Operation

Write transfer cycle consists of loading the content of the SAM register into a selected row of the
RAM. If the SAM data to be transferred must first be loaded through the SAM, a pseudo write
transfer operation must precede the write transfer cycles. A write transfer is invoked by holding
CAS “high”, DT/OE “low”, WB/WE “low”, SE “low” at the falling edge of RAS. This write
transfer is selectively controlled per RAM 1/O block by setting the mask data on the Wi/IOi
lines 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 SIO lines are set in the input mode so that serial data
synchronized with the SC clock can be loaded. When consecutive write transfer operation are
performed, new data must not be written into the serial register until the RAS cycle of the
preceding write transfer is completed. Consequently, the SC clock must be held at a constant
V1L or Vi during the RAS cycle. A rising edge of the SC clock is only allowed after the specified
delay tsrp from rising edge of the RAS, 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, theaddress to write data must be the same
as that of the read transfer cycle or the split read transfer cycle (row address AX8).
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Pseudo Write Transfer Operation

Pseudo write transfer cycle must be performed before loading data into the serial register after
a read transfer operation has been excuted. The only purpose of a pseudo write transfer is to
change the SAM port mode from output mode to input mode (A data transfer from SAM to
RAM does not occur). After the serial register is loaded with new data, a write transfer cycle
must be performed to transfer the data from SAM to RAM. A pseudo write transfer is invoked
by holding CAS “high”, DT/OE “low”, WB/WE “low”, SE “high” and DSF “low” at the falling
edge of RAS. The timing conditions are the same as the one for the write transfer cycle except
for the state of SE at the falling edge of RAS.

Split Data Transfer and QSF

The MSM518122 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 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 half of the
register. The most significant column address location (A7C) is controlled internally to
determine which half of the serial register will be reloaded from the RAM. QSF is an output in
which indicates which half of the serial resister is in an active state. QSF changes state when the
last SC clock is applied to active split SAM.

Split Read Transfer Operation

Split read transfer consists of loading 128 words by 8 bits of data from a selected row of the split
RAM into the corresponding non-active split SAM register. Serial data can be shifted out from
of the 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 tgts, from the change of state of the QSF output, is satisfied.
Conventional (non-split) read transfer operation must precede split read transfer cycles.

Split Write Transfer Operation

Split write transfer consists of loading 128 words by 8 bits 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
other 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. A split write transfer can be performed after a delay of tgrg, from the
change of state of the QSF output, is satisfied.

A pseudo write transfer operation must precede split write transfer. The purpose of the pseudo
write transfer operation 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.

Transfer Operation Without CAS

During all transfer cycles, the CAS clock must be cycled, so that the column addresses are
latched at the falling edge of CAS, to set the SAM TAP location.
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TAP Location In Split Transfer

1) Inasplittransfer operation, column address AOC through A6C must be latched at the falling
edge of CASin order to set the TAP location in one of the split SAM registers. During a split
transfer, column address A7C is controlled internally and therefore it is ignored internally
atthe falling edge of CAS. During a split transfer, it is not permissible to set the last address
location (AOC - A6C =7F), in either the lower SAM or the Upper SAM, as the TAP location.

POWER-UP

Power must be applied to the RAS and DT/OE input signals to pull them “high” before or at
the same time as the V¢ supply is turned on. After power-up, a pause of 200 s minimum is
required with RAS and DT/OE held “high”. After the pause, a minimum of 8 RAS and SC
dummy cycles must be performed to stabilize the internal circuitry, before valid read, write or
transfer operations can begin. During the initialization period, the DT /OE signal must be held
“high”.If the internal refresh counter is used, a minimum 8 CAS before RAS cycles are required
instead of 8 RAS cycles.
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PACKAGE DIMENSIONS
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Package material Epoxy resin
Lead frame material 42 alloy

Pin treatment Solder plating
Solder plate thickness | 5 um or more
Package weight (g) 3.46 TYP.
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Package material Epoxy resin
Lead frame material 42 alloy
Pin treatment Solder plating
Solder plate thickness | 5 um or more
Package weight (g) 1.70 TYP.

Notes for Mounting the Surface Mount Type Package

The SOP, QFP, TSOP, SOJ, QFJ (PLCC), SHP and BGA are surface mount type packages, which
are very susceptible to heat in reflow mounting and humidity absorbed in storage.

Therefore, before you perform reflow mounting, contact Oki’s responsible sales person for the
product name, package name, pin number, package code and desired mounting conditions

(reflow method, temperature and times).
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