MITSUBISHI LSIs

M5M4C500AL,VP-3,-5

491520-BIT(81920-WORD BY 6-BIT)FIELD MEMORY

DESCRIPTION ~ » PIN CONFIGURATION (TOP VIEW)
The M5M4C500A is a field memory consisting of a memory
array of 320 rows x 256 columns x 6-bits a serial input Vss(0V) 51 «—siDn SERIAL
. . SERIAL DATA
memory of 256 x B-bits, and a serial output memory of 256 iNpUT SID2— SID
. . . - «—slB3 JINPUTS
x 6-bits. An CMOS process, used with triple-layer polysilicon, SOD1 «+—| SOD2
h bled high i . high d d | SERIAL DATA S0D3 «— g SERIAL
as enable igh integration, high speed and low power OUTPUTS _.SOD4 \DATA
consumption. A variety of selection operations is possible for SOD5 «—| —.S00s QUTPUTS
data transfer between memory array and serial memory, and SEF!IALl DATA{ SiD4 —s| z «-SiDs  SERIAL DATA
specification of row and column address. The selection SID6 —» E ‘_lm/N‘NPUT
mstrucuon§ can be coded by 8 Fms and multlplexed .to the IR6 / A —» g «— RS/ A5 | INSTRUCTION/
address pins. The MB5MA4C500A is housed in a 28-pin ZIP, INSTRUCTION/ |Ra/ Aa—s|i7} 8
. N . . X ADDRESS E 4 +—1R3/ A3 [ INpUTS
TSOP package suitable for highly-integrated mounting. This INPUTS |IR2/ A2 —» r «—IR1/A1
field memory can be used for video signals of NTSC, PAL ROW_ADDRESS T &EW{&&W’E/
or SECAM systems STROBE/ INSTRICLIN T T/ Srmoee ey
' SERIAL OUTPUT —sic ek N7
SERIAL OUTPUT <—SE R
FEATURES . ENABLE vee (5V)
® M5M4C500A Family
Outline 28P5L
Serial 1/0| Serial Data Power o 2
T cycle access | transfer jconsump- IRS/CAS — 22 Z]«- A8/ A0
ype name b A ) >
time time [cycle time] tion RAS/TRE — [23 20} «— IR1/ A1
(min)(ns) | (max)(ns) | (min)(ns) | (typ)*™ (W) s|c_.[2__4‘ 19 «— IR2/ A2
M5M4C500A- 3 30 25 390 100 SoC — 25 ['8] «— IR3/ A3
M5M4C500A- 5 50 40 810 80 3IE — 28] [17] «— 1Ra/ Aa
(%% ---When Serial input and serial output both operate at the SOE — [27] [16] «— IR5/ As
minimum cycle.) vee (5v o8 Te)

o . (5v) P8 ) MSM4CS00AVP 15] e iRe/ Ao
® Memory array configuration most suitable for TV or VCR Vss (0V) ! (14 «— IR7/ A7
application:««««-ssseevreenes 320 rows x 256 columns x 6- bits SiDr—|2 13} «— sios
® Large capacity serial memory needs no data transfer during SiD2— (3 1:214— SiDs
image mode «weereeseeneanees 256 x 6- bits (common to input SiD3 — [4] 1] «— SIDa

and output sides) SOD1 «— 5] 10] — SODs
® Serial input and output are operated completely independ- $0D2 «+— [&] [8]— sobs
ently or asynchronously. 003 «— (7] N [8]— s0D«
® Instruction code system avoids complex timing require- Outline EBPZC-A
ments for data transfer or refresh.
BLOCK DIAGRAM
| SIM_ADDRESS SELECTOR J-— 24 sic
iRS/CAS (22 SE
RAS/IRE 2) SIDt
RAS/ SERIAL INPUT MEMORY g
i INSTRUCTION SIM (256 x 6) 2 e SiD2
DECODER S o .
A8/ Ao (21 CLOCK GENERATOR II <y SID3
IR1/ A1 (20) 33 (11) siDa
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@
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PiN DESCRIPTION

Pin name Name 1/0 Function
Instruction strobe/column address This clock reads the 7-bits of instruction code and the most
IRS/CAS nstruct Input significant bit of the row address at the falling edge and read
strobe the 8-bits of column address at the rising edge.
. . This clock reads the 8-bits of row address at the falling edge
RAS/IRE Row address strobe/instruction Input and ends the execution of instruction at the rising edge. This
enable clock can also be used as instruction execution enable.
ﬁ;/ /:\O The instruction code, row address and column address are
IRl/ A] ) muitiplexed. Firstly, instruction codes IR1~IR7 and the most
I;; A2 Instruction code (R) / significant bit of row address As are read in at the falling
IRa/Ae row address (A) / Input edge of IRS/CAS, then secondly. row addresses Ao~A7 are
IRA/AA column address (A) read in at the falling edge of RAS/IRE, and thirdly, column
IRZ/AZ addresses Ao~A7 are read in at the falling edge of IRS/CAS.
IR7/ A7
This clock writes serially the 6-bit data at SIDi to the serial
. input memory (SIM). The data is written at the rising edge
SiC Serial input clock Input of SIC. The SIM address advances to higher bits after the data
is written.
SIE Serial input enable Input Enable writing of the 6-bit data to serial input memory (SIM),
SID1
§ Serial data input (SIDi) Input Serial input pin for 6-bit data.
SIDs
This clock reads 6-bit data in the serial output memory (SOM)
S0C Serial output clock Input to SOD. The data is accessed at the rising edge of SOC. The
P P output data is stored until the next rising edge of SOC. The
address of SOM is advanced after the data is read.
SOE Serial output enable Input Enables reading of 6-bit data of serial output memory (SOM).
SO
§ Serial data output (SODi) QOutput | Serial output pin for 6-bit data.
SODs

® Three- multiplex system of instruction code/row address/
column address.

® External row and column addresses can be omitted by
internal address functions.

® Long data hold time: oo 20 msec (320 refresh cycles)

@ All inputs, outputs are TTL compatible and low capacitance.

® Single 5V + 10% power supply.

APPLICATION
Field memory for TV or VCR

1. Summary of operations

1-1 Serial data input

When the serial input enable signal(SIE)is Vi, the contents
of the serial data input ports (SIDi~SIDs) are read in sync
with the rising of serial input clock (SIC) and stored in the
serial input memory (SIM). The SIM address is set by WTI,
RTl and SAI instructions {Refer to 2-2)and is incremented
by each SIC input. While the above mentioned instruction
is being executed and RAS/IRE = Vi, the SIC input is ignored
but the serial output functions can operate independently.
Bidirectional data transfers between SIM and memory array
are permitted by WTI and RTI instructions.

When SIE is Vv, the serial input buffer becomes inactive.
Therefore, the contents of SIM is not changed but the SIM
address is incremented by each SIC input.

The SIM consists of a dynamic circuit and the minimum
data hold time is 1 ms.

1-2 Serial data output

When the serial output enable signai (SOE)is Vi, the contents
of serial output memory (SOM) are transfered to serial data
output ports (SOD1~S0Ds) in sync with the rising edge of
the serial output clock SOC. The SOM address is set by RTO
and SAO instructions (Refer to 2-2)and is incremented by
each SOC input. While the above mentioned instruction is
being executed and RAS/IRE = ViL, the SOC input is ignored
but the serial input functions can operate independently. Data
transfers between SOM and memory array are permitted by
RTO instructions.

When SOE is ViH, the output ports (SOD1~SODs) are in
the high-impedance state and common connections can be
made. The SOM address is incremented by each SOC input.

The SOM consistes of static memory.
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1-3 Instruction cycle
The instruction cycle is the period in which data transfer,
refresh and address setting operations are made. The
operations are selected by 8- bits instruction code which
avoids complex timing requirement for those operations. The
cycle is controlled by two timing signals of IRS/CAS and
RAS/IRE, strobing instruction code, row address and column
address. Refer to 2-1 for details on the instruction codes.
The basic instruction cycle is shown below.(Fig. 1)
(1) Bring IRS/CAS low to strobe 8-bits instruction code.
(2) Bring RAS/IRE low to strobe 8-bits row address.
(3) Bring IRS/CAS high to strobe 8-bits column address.
(4) Bring RAS/IRE high to complete the cycle.
The externally input SIC or SOC is ignored while the RAS

/TRE signal is Vi, if the instruction needs address setting
of SiM or SOM.

The row or column address input can be omitted for some
instructions. If the TRS/CAS or RAS/IRE signals are not
supplied as the specified, the instruction may not be executed
or the contents of the memory may be destroyed.

Continuous instruction cycle to execute the instruction
continuously for plural number of rows is also possible (See
Fig. 3) and is useful for writing the same data to plural rows
or for executing burst refresh. In the external row address
mode, the most significant bit RAs of the row address may
not be changed while the continuous instruction cycle is
executed because it is given as a part of the instruction code.

IRS/CAS
RAS/IRE
IRi/ Ai INSTRUCTION ROW COLUMN
CODE ADDRESS ADDRESS
Fig. 1 Basic instruction cycle
MITSUBISHI
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(Vi)

-————

(c) PROHIBITION PHASE

No instruction is executed in (a) and (b). Can be used for chip selection.

(a) NO INSTRUCTION IS EXECUTED

IRS/CAS l I ‘

RAS/IRE

IRS/CAS

(Vim)

(b) NO INSTRUCTION IS EXECUTED

P

(d) PROHIBITION PHASE

Memory may be destroyed in (c).(d) and (e).

IRS/CAS

RAS/IRE

(e) PROHIBITION PHASE

-———

Fig. 2 Precautions for timing signal of instruction cycle

IRi/ Ai

INSTRUC -
TION

ROW 1

ROW 2

——

RO
N-1

|

ROW N

COLUMN |——

Fig. 3 Continuous instruction cycle
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1-4 Refresh and power supply

The memory array consists of a dynamic circuit and the
minimum data hold time is 20 ms. If the data needs to be
stored for more than 20 ms, refresh is required. The refresh
is executed for all instruction cycles (WTI, RT), RTO, SAl, SAC
and REF). If the REF instruction is used, serial input and
output are not interrupted. To use the REF instruction cycle,
more than 320 REF instruction cycles must be repeated
within 20 ms. If all the rows required for data storage are
accessed by any data transfer instructions, such as WTI, RTI|
or RTO, the REF instruction is not needed.

The dynamic circuit is also used for circuits other than
memory array and they are refreshed by any instruction
cycles of IRS/CAS and RAS/IRE. If the instruction cycle is
not executed for more than 20 ms after the power is
supplied, eight dummy cycles by IRS/CAS and RAS/IRE are
required. Refer to 1-1 for refresh of SIM,

The substrate bias is given by the internal substrate bias
generator. A waiting time of more than 500 us is required
till the substrate bias becomes stable after the power is
supplied. The specified memory operation cannot be
guaranteed until the substrate bias becomes stable. Special
care should be taken so as not to apply rate exceeding
voltage to the device during the above- mentioned period.

2. Description of Instruction

2-1 Instruction code

The 8- bit instruction codes are expressed IR7, IRs,*IR1
starting from the most significant bit, and the least significant
bit is expressed as As. The meaning of each bit of the
instruction codes is described as below.

IR7, IRe and , IRs specify the row address functions. When
IR7 = 1, external row address mode is selected; when IR?
=0 and , IRs =1, the internal counter mode is selected; when
IR7=0 and IRe =0, 0 row mode is selected.

IRs specifies the incrementation of internal counter value
after the instruction is executed. The row address
specification is valid when WTI, RTl and RTO instructions
are executed.

IR4 specifies the column address functions. When IRa =1,
the external column address mode is selected; when IRs =
0, 0 Column mode is selected. The column address
specification is valid for all instructions except REF
instruction.

IR3, IR2 and IRt specify data transfer and refresh modes.
When IR3 =1, data transfer mode is selected and one of the
WTI, RTI and RTO instructions is selected by the combination
of IR2 and IR:. When IR3s =0, refresh mode is selected and
one of the SAIl, SAQ, or REF instructions is selected by the
combination of IR2 and IR:.

As shows the most significant bit RAs of the row address
in the external row address mode. Detailed description of data
transfer / refresh, row address and column address
specifications is shown in the following. The instruction code
table is shown in Tables 1,2 and 3.

Table 1 Data transfer/refresh specification instruction table
Instruction code Row address C:'[‘)‘;c“:”;::::s Data transfer/refresh Row ad?'ess
specification code code specification code _ mos .
Data_transfer/refresh significant_bit
specification instruction R7_ | IRe | IRs IRa Rs | R [ IR As
WTI Write Transfer from SIM r3 rz n e 1 1 1 as
RT! Read Transfer to SIM ra rz r e 1 0 1 as
RTO Read Transfer to SOM ra rz n e 1 0 0 as
SAl Set Address to SIM X X X 0 1 1 X
SAO Set Address to SOM X X X e 0 1 0 X
REF Refresh X X X X 0 0 X X
Note 1 : Instruction code symbols are shown below.
0=ViL
1 =ViH
X=VL or VIH

r3,rz2.r1 is the codes specify row address functions.
e is the code to specify the column address functions.
as is the most significant bit of the external row address.

2l Ty
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Table 2 Row address specification Iinstruction table

Table 3 Column address speclification Instruction

Note 2: When the internal counter is used, the input row address

counter (IRC) is selected for WT! and RTI! instructions and
the output row address counter (ORC) is selected for RTO
instructions automatically.

2-2 Data transfer/refresh specification instruction (See Fig.4)

)]

(i)

(i)

WT! (Write Transfer from serial input memory) instruction
This is a write transfer instruction from SIM to memory
array. The contents of SIM is transferred to the specified
row of memory array, and the next SIM start column
address is set.

RTt (Read Transfer to serial input memory) instruction
This is a read transfer instruction from memory array
to SIM. The contents of the specified row is transferred
to SIM, and the next SIM start column address is set.
For example, if a part of row data needs to be rewritten,
this RTI instruction transfers the row data to SIM, and
returns it to memory array again by WT! instruction after
the part of data is rewritten.

RTO (Read Transfer to serial Qutput memory) instruction
This is a read transfer instruction from memory array
to SOM. The contents of the specified row is transferred
to SOM, and the next SOM start column address is set.

(Note 2) table (Note 3)

Row _fa_ddtrg S5 liR7 IRs IRs|Row address ( Ri) Icat;zr:aszgur::;r Cc:u::?ﬁ:;?(:ss R4 Column address
specitication at the instruction| . . P . at the instruction
instruction 3 rz2 n instruction instruction e
External row |1 X O (External row Ri External column 1 (External column

address mode| 1 X 1 address value) Ri+1 address mode address value)

1 Ri
Internal 0 0| (nternal counter : 0 column mode 0 0
counter mode |0 1 1 value) Ri+1
0 ROW d 0 00 0 Ri Note 3: The column address of SIM is set for WTI, RTl and SAl
mode 0 0 1 Ri+1 instructions : the column address of SOM is set for RTO and
SAQ instructions.

(iv) SAI (Set Address to serial Input memory) instruction

(v

(vi)

~

This is an address setting instruction of SIM. The next
SIM start column address is set after the memory array
is refreshed. The refresh row address is specified by the
internal row address counter (RFC).

SAO (Set Address to serial Qutput memory) instruction
This is an address setting instruction of SOM. The next
SOM start column address is set after the memory array
is refreshed. The refresh row address is specified by
RFC.

REF (REFresh) instruction

This instruction refreshes the memory array. The refresh
row address is specified by RFC.
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SIM START ADDRESS

] [

MEMORY
ARRAY

— 1 [ —1

(1) WTI instruction

SIM START ADDRESS

e I

MEMORY

REFRESH—~ ApRAY

1 [ 1

(iv) SAl instruction

SiM START ADDRESS

MEMORY
ARRAY

— 1 [

(i) RTI instruction

1 [

MEMORY

REFRESH - " \rRAY

R

SOM START ADDRESS

(v) SAQ instruction

— 1 [ ]

MEMORY
ARRAY

SOM SOM

SOM START ADDRESS

(iii) RTO instruction

[ |

MEMORY

REFRESH - ARRAY

[ 1

(vi) REF instruction

Fig. 4 Operational description of data transfer/refresh
instruction

2l sy
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2-3 Row address specification instruction

There are six modes of row address specification when data
transfer instructions (WTI, RTl and RTQO) are used, including
the external row address mode, internal counter mode, O
ROW mode, and increment specification of internal counter
after each mode is executed.

The external row address mode allows reading of row
addresses of RAo to RA7 in sync with the falling edge of
the RAS/IRE signal. The most significant bit RAs is given
as the least significant bit As of the instruction code.
Therefore, set As =0 when selecting the address from row
0 to 255, and set As=1 when selecting the address from
row 256 to 319. (Do not select addresses for row 320 to
511.)

The internal counter mode allows output from the internal
320-bit row address counter, and external row address input
is ignored. When WTI or RTI instruction is used, input-side
row address counter (IRC)is automatically selected : when
RTO is used, output-side row address counter (ORC) is
automatically selected. This makes the row address control
easy.

The CROW mode outputs 0 row internally to reset the
internal counter. The external row address input is ignored.

If the executed row address is given as R, either Ri+ 1

or Ri is loaded into the internal counter (IRC or ORC) after
instruction execution. If IRs=0, Ri is loaded: if IRs=1, R+
1 is loaded. The next cycle can take over the internal counter
mode. The internal counter mode and OROW mode are
sufficient for normai application. Thus, the external row
address input can be omitted.

The row address is given from the internal refresh row
address counter (RFC) when refresh instructions such as SAI,
SAOQ and REF are used, and row address other than those
are not specified.

2-4 Column address specification instruction

SIM start column address is set by WTI, RTI and SA!
instructions : SOM start column address is set by RTO, and
SAO instructions. The column address specification has
external column address mode and 0 Column mode.

The external address mode reads the column addresses
CAo to CA7 externally in sync with the rising edge of the
IRS/CAS signal.

The O Column mode outputs the O column and the external
column address is ignored. In actual application, the start
column of SIM or SOM is O in most cases, and column
address input can be omitted.
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vce Supply voltage - 1~7 Y
Vi Input voltage With respect to Vss -1~7 \%
Vo Output voltage - 1~7 \
lo QOutput current 50 mA
P4 Maximum power consumption Ta=25°C 1000 mW
Topr Operating temperature 0~70 °C
Tstg Storage temperature - 65~150 °C
RECOMMENDED OPERATING CONDITIONS (Ta = 0~70°C, unless otherwise noted) (Note 4)
Limits .
Symbol Parameter in Typ Max Unit
Vece Supply voltage 45 5 5.5 \Y%
Vss Supply voltage 0 0 [0] \"
Vi High-level input voltage, ail inputs 24 Vect1 \'
ViL Low- level input voltage, all inputs -1 0.8 v
Note 4: All voltage are with respect to VSS.
ELECTRICAL CHARACTERISTICS (Ta=0~70°%, Vcc =5V + 10 %, Vss = 0V, unless otherwise noted) (Note 5)
Symbol Paramete Test conditions Limits Unit
ymbo r r Min Typ Max :
Von High- level output voltage lon=—1TmA 2.4 Vce \%
VoL Low-level output voltage loL =2.1mA 0 0.4 \
loz Off- state output current Qutput floating OV £Vour 2Vee | - 10 10 u A
OV £ VIN = Vce, pins not _
I Input current measured are set OV 10 10 uA
Vce average supply current MSM4C500A-3 JRS/CAS, RAS/IRE cycling 10 20
lccr (av) | in instruction cycle SIC =S0C = Vi, mA
(Note 6,7, 8) | M5M4C500A-5 tRC = minimum, outputs are open 10 20
| Vce average supply current during IRS/CAS = RAS/IRE = Vi, 2 4 A
cez stand- by SIC = SOC = Vi, outputs are open m
Vce average supply current MSM4CS00A-3 IRS/CAS = RAS/IRE = Vi, 10 20
lcca (avy | during serial input SIC cycling, SOC = Vi, mA
(Note 6,8) | MSM4C500A-5 tsce = minimum, outputs are open 8 15
Vce average supply current MSM4CS00A-3 IRS/CAS = RAS/IRE = Vin, 10 20
lcca (av) | during serial output SIC = Vi,,S0C cycling, mA
(Note 6,7, 8) | M5M4C500A-5 tscc = minimum, outputs are open 8 15
Vcc average supply current MSM4C500A-3 iRS/CAS, RAS/IRE cycling, 30 60
lccs (av) | at worst combination SIC, SOC cycling mA
(Note 6,7,8) | M5M4C500A-5 tRC, tSCC = minimum, outputs are open 26 50
Note 5. Current flowing into the IC is positive (no sign).

@™~

1/0 CAPACITANCE (Ta=25%)

. ICC1(AV), ICC3(AV), ICC4(AV) and ICCS(AV) are dependent on cycle time. The specified value is measured at the minimum cycle time.

L IcCi(av), lcca(av) and ICC5(AV) are dependent on output load. The specified value is measured when outputs are open.

. It plural number of operating modes are executed, the supply current is the sum of each supply current. The supply current becomes
most by the combination of instruction cycle, serial input and output. ICC5 = ICCt + ICC3 + |CC4.

Symbol Parameter Test conditions - Limits Urit
Min Typ Max

Cn Input_capacitance, address inputs VIN = Vss 3 5 pF

Ci2 Input capacitance, data inputs f=1MHz 4 6 pF

Ci Input capacitance, clock inputs Vi = 25mVrms 5 7 oF

Co Output capacitance, data outputs (Vout = Vss) 5 10 pF
MITSUBISHI
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TIMING REQUIREMENT (Ta = 0~70°C, Vcc = 5V + 10 %, Vss = 0V, unless otherwise noted ) (Note 9, 10)

Limits
Symbol Parameter " 3M5M4CSOOA_ g Unit
Min Max Min Max

R #1 | IRS/CAS low pulse width 240 400 ns
tiRe #2 | IRS/CAS high pulse width 150 400 ns
tIRD #3 | Delay time, IRS low to RAS low 90 150 ns
treo #4 | Delay time, RAS low to IRS high 150 250 ns
tcas  #5 | Delay time, IRS high to RAS high 90 150 ns
tRAS #6 | RAS/IRE low pulse width 240 | 2000 | 400 | 2000 ns
trRP #7 | RAS/IRE high pulse width 150 400 ns
tRC #8 | Row address cycle time 390 810 ns
tIRS #9 | Instruction code setup time before IRS low 0 0 ns
tIRH #10 | Instruction code hold time after IRS low 30 50 ns
tASR #11 | Row address setup time before RAS low 0 0 ns
takr  #12 | Row address hold time after RAS low 30 50 ns
tasc #13 | Column address setup time before high 0 0 ns
tanc  #14| Column address hold time after IRS high 30 50 ns
tsRs #15 | Serial- clock high setup time before RAS low 30 100 ns
tSRH #16 | Serial-clock low hold time after high 20 20 ns
tSCH #17 | Serial-clock high pulse width 10 20 ns
tscu #18 | Serial-clock low pulse width 10 20 ns
tsce #19 | Serial-clock cycle time 30 50 ns
th (seHy #20 | SIE high-level hold time after SIC high 10 20 ns
tsu (seL) #21 | SIE low setup time before SIC high 10 20 ns
th (sEL) #22 | SIE low hold time after SIC high 10 20 ns
tsu (sem #23 | SIE high setup time before SIC high 10 20 ns
DS #24 | Serial input data setup time before SIC high 0 0 ns
tOH #25| Serial input data hold time after SIC high 20 20 ns
tT #26 | Transition time (rising and falling time) 0 50 0 50 ns
tREF #27 | Memory cell data hold time 20 20 ms

Note 9: An initial pause of 500 us is required after power-up followed by any eight IRS/CAS and RAS/IRE cycles before proper device

operation is achieved.
Note that IRS/CAS or RAS/IRE may cycled during the initial pause.
And any 8 IRS/CAS and RAS/IRE cycles are required after prolonged period of RAS/IRE inactivity before proper device operation
is achieved.

10 : Timing requirements are assumed tT = 5ns. Timing specification level of the input signal is VIH{min)and VIL (max).

11: 17 is the transition time between ViH(min)and ViL(max).

* The SIM consists of a dynamic circuit and the minimum data hold time is ims.

SWITCHING CHARACTERISTICS (Ta=0~70°C, Vcc =5V + 10 %, Vss = 0V, unless otherwise noted)

Limits
Symbol Parameter - 3M5M4CSOOA_ 5 Unit
Min Max Min Max
tsCA #28 | SOC access time (Note 12) 25 40 ns
1SOH #29 | Output data hold time after SOC (Note 12)| 5 20 10 30 ns
tSEA #30 | Output enable time after SOE low (Note 12) 30 30 ns
tsEz #31 | Output disable time after SOE high (Note 13) 20 20 ns

Note 12: Measured with a load circuit equivalent to 1TTL load and 100pF. The timing specification level of the output signal is VoH (min)
and VoL (max).
13: tsez is defined when the output circuit enters the high-impedance state and not when it becomes VOH or VOL.
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TIMING DIAGRAM (Note 14)
Instruction cycle

tRC #8
tR | #1 tiRP # 2 ,
ViH — 3 4
IRS/CAS Vi \‘ ]Z I,
tRD # 3 tRCO # 4 tcas #5 tRP #7
tRaS # 6
V- Y Zl \
RAS/IRE Vi — XR 7 \
tiRs tiRH tA?f‘l té\?; ;A?g té\r;lii
, = QOO0 N s TRUCTION corumn RZXROCAXX AKX X XXX X XXXXXXXIXX
RZA e~ SOOBRRM e  ACORess o555 RBXXSRRXAENANBRNN
tsRH
tsrs # 15 #16
SIiIC
’ ViL —
(Note 15)
ViH =
SOC (can be operated freely)
ViL —
Vi —
SIC Vil — (can be operated freely) » tsan
tsRs # 15 #16
(Note 16)
Viy =
SOC Vi -
ViH —
SIC (can be operated freely)
Vi -
(Note 17)
sSoC Vin = (can be operated freely)
ViL -
Note 14: é:‘:“;.‘:‘:‘:‘;‘“:‘%:‘: Indicates the don’t care inputs.

15 : Indicates operation when WTI, RTl and SAIl instructions are used.
16 : Indicates operation when RTO and SAOQ instructions are used.
17 : Indicates operation when REF instructions is used.

S
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Continuous Instruction cycle

TR # 1 tRP # 2
. Vin — 3 ¥+ 3
IRS/CAS : \ [ \
ViL — ]
tiRD # 3 tRC #8 tRC # 8 tRCD # 4 tcas #5
tRAS # 6 tRAS # 6 tRAS #6 trRe #7
—_ VH~— \ Z trRp 1[ Z‘ IRPj\ Z" X
RAS/I EV|L- L Ny \ .7 \
tASR tasc
1 #13
RS | | tiRm tASR task | | taHR TAHC
#9 #10 tAaHR #12° #11| [taHr #12  #11 #12 #14

- - AAAAAVAV V.Y,
IRi/ Ai :// _ mms@g RN AoGRESs 1 }& AoBRESs 2 KR AOCRESS 3 W ADbRESS .:".:"‘:;:’:...:.:’
L | 7 AVAYAVAVAVA A

A'A AVAA

tsRs # 15 tSRH # 16

Vil —
ViL —

(Note 15)

soc ViH — (can be operated freely)

ViL —

Vii —
SiIC (can be operated freely)

V _
- tsRs # 15 tsAH # 16
(Note 16) I

ViW —
SOC Vi —

ViH—
SIC (can be operated freely)
ViL —
(Note 17)
ViH —~

SOoC (can be operated freely)
ViL —

MITSUBISHI
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Serial input cycle

ViH — | h Y
ViL — \_
535(1}7{ 3;8(1:'5 thfgszEzL) tsu (SEH) # 23 thész%*) [tsu(SEL) # 21
ViH — Y ¥
SIC ViL - 2 & [ \ ! \
tscc #19
tos toH tos toH
#_34_ #25 ﬂ #25
- Vin — INPUT INPUT LOOOOOOCOOOOOOOOOOOOONX X) INPUT
sor-soe 7 B X R, 527

Serial output cycle

ViH — i
SOE /
Vi — N
tscc # 19
tscH |, tscL
#17 #18
ViH — ]
soc Z /
ViL — 4 9
tsCA # 28 tsca # 28
1SOH 1SOH tSEZ tSEA # 30
#29 #29 #31 tsca # 28
Von — y HIGH-Z
~ OUTPUT OUTPUT ouTPUT N\ J output ouTPUT
SOD1~S0De Voo - DATA x DATA X DATA \ DATA DATA
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5. Application example

5-1 Moving picture and still picture (Fig. 5)

Moving picture mode allows data input to update the screen
as well as the data output from the memory to screen. If
the data input is stopped, the screen will display a still
picture. The memory reads the input data in sync with the
SIC signal to SIM and transfers to memory array by WTI
instruction. The data in the memory array is transferred to
SOM in sync with the SOC signal by RTO instruction. If due
care is taken that the WTIl and RTO instructions are not
selected at the same time, no complex synchronous control
of input and output is required and the system can be easily
designed.

Examples of instruction codes for the moving/still picture
mode are shown below. Note the row address is up to 255
rows and the column start address is 0. WTI instruction is
excluded when the still picture is displayed.

Table 4 Instruction code examples for the

§-2 Reduced picture(Fig. 6)
The reduced picture function displays a field of data in
reduced size for split-screen or picture -in -picture modes.

In this memory operation, input data are sampled at a
longer interval than that of moving/ still pictures, and a
reduced screen is obtained in the memory. The output
operates in the same manner as in the moving/still picture.
Care should be taken that the contents of columns other
than those used for the reduced picture are destroyed by
WTI instruction. If the previous data needs to be un-changed,
the data in the memory array should be transferred to SIM
by RTl instruction and the data of the reduced picture should
be sampled.

Examples of instructions used for reduced picture are
shown below. Note the row address is up to 255 rows and
the column start address of reduced picture is Cj. The RTO
instruction operates in the same way as in the moving/still
picture mode.

moving/still picture Table 5
i i Row | Column i i Row | Column
Ty e Ry e e | e SRy oo R A 2o | s
External row |(WTI|1 1 1 01 11 0f Rm X External row RTI{1T 101101t 0| Rm Cj
address mode |RTO|1 1 1 0 1 0 0 0| Rn X address mode |WTI{1 1 1 1 1 1 1 O] Rm_ |[Xotwe 20)
L’ggr'::; ':“(’)Vde WTIIOr T01T110 X X Lfggr'gsa; frg\gde RTI[0Or 011010 X Ci
(Note 18)/RTO[0O r 1 0 1 0 0 O X X (Note 18)/WTI[0O 1 111110 X X
Note 18 : When the row address is 0, r = 0. When the row address Note 20: The column address is set by RTI instruction after WTI

is not O, r=1.

instruction is executed.
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5-3 Common connection of serial input and output

(Fig. 7)

To make common connection of plural elements of serial
inputs SID1~SIDs, SIC signal should be given to each element
and the input timing of data should be controlled by giving

different SIC signals to each element.(Fig. 8-a)

1 the serial outputs SOD1~S0Ds are connected commonly,
SOC and SOE signals should be given differently for each
element and care should be taken to prevent confliction of
output data. That is, avoid ViL overlapping for SOE inputs
of the elements. The SOC and SOE signals can be shared
in the following structure as shown in Fig. 8-b.

: SERIAL OUTPUT
; 6-BITS

N /
SOE: o] SOEs
SOC: -—— SOC2 -— SOCs -
| | |
M5M4C500A M5M4C500A MSM4C500A
I | T
SIC — SIC2 I SIC3 S
SIEY SIE2 SIEs j
SERIAL D j j j
INPUT |
6-BITS ! /
Fig. 7 Common connection of serial 1/0
MITSUBISHI
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SID1~SIDe FNJ D2 F}s X D X D2 Fa X mJ D2 X D3 X

N \\ \ \'—&

SiC2 \

SICs ‘—1

SIET =SiE2=SIE3 = VIL

(a)

SOC:

SOCz |
SOCs |

SOty (= SOC3) | | l I |

SOE2 (= S0OC1)

|

X

SOD1~S0Ds D2 X Da X D

SOEs (

I

\
= X o Yo

(b

D2

D3 X D1

Fig. 8 Example of signals for common connection of serial I/O

R
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6. The using difference point of M5M4C500A and

M5M4C500L

(1) The elimination of WTO forward function (See Table 5)
(2) The change of serial memory data hold time (See Fig.

9)

Table 6

Data transfer/ refresh MSHACS00A | MSMACS00L

specification instruction
WT! Write Transfer from SIM O O
WTO Write Transfer from SOM X ]
RTI Read Transfer to SIM O O
RTO Read Transfer to SOM O O
SAl  Set Address to SIM O O
SAQ Set Address to SOM O @]
REF  Refresh @] O
O : PERMISSION x : PROHIBITION

M5M4C500A M5M4C500L
RS o RS <>

Serial data input

T | WTI [
s /UYL, T |

!‘ 1ms N

ul

The SIM address selector consists of static circuit
but the SIM consists of a dynamic memory which
requires more than 1 WTI instructions within 1 ms.

The SIM consists of static momory, but the SIM
address selector consists of a dynamic circuit which
requires more than 1 SIC clock pulse within 80 us.

Serial data
output

No limit

The SOM and SOM address selector>
consists of a static circuit

RS g

o UL, Tl
80ys
The SOM consists of static memory, but the SOM

address selector consists of a dynamic circuit which
requires more than 1 SOC clock pulse within 80 ps.

/S
[L

Fig. 9 Serial memory dara hold time
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