To all our customers

Regarding the change of names mentioned in the document, such as Mitsubishi
Electric and Mitsubishi XX, to Renesas Technology Corp.

The semiconductor operations of Hitachi and Mitsubishi Electric were transferred to Renesas
Technology Corporation on April 1st 2003. These operations include microcomputer, logic, analog
and discrete devices, and memory chips other than DRAMs (flash memory, SRAMs etc.)
Accordingly, although Mitsubishi Electric, Mitsubishi Electric Corporation, Mitsubishi
Semiconductors, and other Mitsubishi brand names are mentioned in the document, these names
have in fact all been changed to Renesas Technology Corp. Thank you for your understanding.
Except for our corporate trademark, logo and corporate statement, no changes whatsoever have been
made to the contents of the document, and these changes do not constitute any alteration to the

contents of the document itself.

Note : Mitsubishi Electric will continue the business operations of high frequency & optical devices

and power devices.

Renesas Technology Corp.
Customer Support Dept.
April 1, 2003
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MITSUBISHI <DIGITAL ASSP)

M66250P/FP

5120 <8-BIT LINE MEMORY{FIFO/LIFO0)

DESCRIPTION

The MBE250P/FP is a high-speed line memory with a FIFO
{(First In First Qut) structure of 5120 -word X 8-bit configura-
tion which uses high-performance silicon gate CMOS pro-
cess technology.

The MG6250C can also be used for LIFQ {Last In First Out).
The start address of reading can be speacified.

It has separate clock, enable and resget signals for write
and read and is most suwitable as a buffer memory between
devices with different data processing throughput.

FEATURES

® Memory configuration of 5120 words X 8 bits {dynamic
memory)

® High-speed cycle oo 50ns (Min.)

® High-speed access 40ns{Max.)

® Output hold - ans (Min.)

® FIFQ/LIFO switching function

® Start address specification function {at reading)

@ ||FO operation on single chip

@ Built in pullup/pulldown resistor for the mode control pin.

® Write and read operations can be perfarmed separately,

® Variabfe-length delay bit

. 0utput ........................................................... 3-state

PIN CONFIGURATION (TOP VIEW)
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A RCK — [E] 3 ] —wok e
J Qq — E g ,2__U| =By
. Qs ~fig 0 18] w13
A Ut ] Q: 4—% % — D: [ATH HPUTE
[
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Note 1. SFIES sets the gystem reset mode.
Mala 2 | LAE can switch to & validnegs or invalidness of start
atldrass except during instruction cysies,
APPLICATION

High-speed facsimiles, digital photocopiers, laser baam

printers.,
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| e @M@.@r@?ﬁﬁ,{m_ — I _-Pq W |)._r@._ e g l
‘ l l \ \ i i
mpur BUFFER OUTPUT BUFFES —I. ey |
1 '
| | i
d ] ’A [
WHRITE ENABLE i i |
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M66250P/FP

5120 <8-BIT LINE MEMORY(FIFO/LIFO)

FUNCTION

Write is performed by taking in the content of data inputs
Dp~ Dy, in synchronous with the rise of the write clock input
WCHK, when write enable input WE is low-level, the write
address counter incrementing or decrementing simul-
taneously. When WE is high-level, write fs prohibited and
the write address counter stops. When the write reset input
WRES ig set to low-level, the write addrass counter is In-
itialized. When the read enable input RE is low-level, read
is performed by outpuiting the memory content to data out-
put Qg ~ Q7 in synchrongus with the rise of the read clock
input RCK, and the read addrass counter is incremented or
decremented at same time.

FUNCTIONAL DESCRIPTION
1. Function Setling
(1) Function setting table

) System reset selting

When RE is high-level, read is prohibited, and the read
address counter stops. The output enters the floating state
{high-fmpedance state ).

When the read reset input RRES is set to low-level, the
read address counter i3 injtialized.

When command enable input GE is low-eve!, the instruc-
fion cycle is enabled. The FIFQ/LIFO mode is set by the
serial address input SA in synchronous with the rise of the
address clock input ACK during the Instruction cycle when
the mode/address selection input M/A is high-level. The
start address is set by the serial address input SA in syn-
chronous with the rise of the address clock input ACK dur-
ing the instruction cycle when M/A is low-level.

T T
= | (SA) . -
CE ——— | RRES | ACK
| - SREE _ Funetlion
H L L | T FIFQ mode, no start address setting, read countér raset
s (8A) | ===
GE z+—= | WRES | WCHK i
SHES ; Fuction
H | L | L 1 FIFO moda, no start address setting, writa counter resel
(Z> Mode setting
CE M__E AGK SA Function
s ue| AAE) (SRES)
L H t H FIFO mode seting
L H t L LIFG mode setting
L L t ¥ | Slart address selting {13 bits)
HKilLorH
Nots - The above mede becomes efiective after the first reset.
3 Effect of start address setting
ge | A |MA) eees | Rox Functi
(gAEs)| ae | TTF
H H L L t Start addeess setting is effective
H H H 15 t Starr address aetting s not efective
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M66250P/FP

5120 X 8-BIT LINE MEMORY(FIFO/LIFO)

{2} FIFQ/LIFQ mode setting

When the mode/address selection input M/A is high-level
and the command enable input GE is iow-level, the FIFO/-
LIFC mode is selected by the serial address Input SA, in
synchronous with the address clock input ACK. When the
command enable input CE is high-level and the write resat

input WRES is low-leve!, mode setting is compisted in syn-
chronous with the rise of the write clock input WCK, also
provided that the write reset input WRES is low-level, in
synchrenous with the rise of the read clock input RCK and
the read reset input RRES is low-level. The address coun-
ter is initialized at the same time.

M/A tuas tuaam Yiaes
{LAE}
GE feies tees togns
tﬂsﬁ tGAH
i(——)d'*‘—-—-—‘#
sA /
! Y teans tzan
ACK tacw tackn
turess taess thean
RRES thecr
WRES ]
RCK
WOCK

In the FIFO mode, the write address counter moves to
address 0 in synchronous with the rise of the write clock in-
put WCK when the write reset input WRES is set to low-
level. The address of the write address counter increases
in synchronous with the rise of the write clock input WCK.
When the read reset input RRES is low-level, the read
address counter moves to address 0 if the start address is
not specified, and moves to the start address if the start
address is specified, in synchronous with the rise of the
read clock input RCK. The cycles of the read address
counter increases in synchronous with the read clock input
RCK.

In LIFO mode the write address counter moves to address
0 or 5119 in synchronous with the rise of write clock input
WCK, when the write reset input WHRES is low-level, and,
the read address counter moves to address 0 or 5119 if the
start address is not specified or to the start address m or
5119-m [T the start address is specified, in synchronous with
the rise of the read clock input RCK. When the read reset

counter goes up or down in synchronous with the rise of the
write clock input WCK.

1 Mede satting |s completed

(3) Start address setting

When the mode/address selection input M/A is low-lave|
and the command enable input CE is low-level, the
address that reading starts from is set by serial address in-
put SA in synchronous with the rise of the address clock in-
put ACK. When the command enable input CE is high-levet
and the read reset input RRES is low-level, the read
address counter moves to the specified address in syn-
chronous with the rise of the read clock invut RCK,
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— tL.AES ——
M/K Tas thaan tLaen
{LAE) t wy
CE trecce toes toem
taas tsau tsas ts.m-lI tsas tsml % tzas] tgam
SA \\ ff tsans
i teann
MSB
12 N 10 0
ACK LJ .
turess . tress thecr
i tF'!ECI'-\
RRES -
RCK
A
it
t Start address sstting is completed
{4) System reset setting
(FIFO and address counter reset setting}
When the command enable input CE is high-level and
SRES is low-level, and if the write reset input WRES and
read reset input RRES are set to low-level, then the FIFO
mode setting and the address counter are reset in synchro-
nous with the rise of WCK and RCK,
GE
t terse toenz {
tsrEss tsresH |
SA |
SRES
tHESS
ot tuesk
’-—)
WCK
RCK
WRES
RRES

{Nate) To uneffact syatem reset, SBA{BRES) ahould be ot to high-ievel during WRES and RRES are law-level,
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2. Write address and read address operation in FIFO and LIFO mode

read the write data (2) [

Wrlte address

Wy

FIFO and LIFQ | 2 Write addrass/read address In read
) ;  Start address setting Write address and read address operation : :
mode setting 1 rosetfwrite reset operation
FiFO E No
! Write address
! 0 w A 511G
L ) M o m
1
Bose s s = 2 — =% Write addrass | address counter |3 set 1o
i} R A §119 | Aead address © address counter |15 set ko
e ————————————m — —
Read address » )
LIFG No )
I} Read address ? A 5:419
5119
Write address ? hik o
Z Read addrass | R )
read the write data ) Write addrass . the set address of D or 5119
is sat mutually.
Wrlte address o W
3 Fead address | i X 611
g 2 Read addrass . the set address of § or
read the writa data &2 s eatmitbail.
i w
Write address | =
FIFO ! Yeas Vit i | ’
Tite addreas
| ' 0 W A 5119
fm——————— — —
i . ;
l Write address | address caunter is setto
i a m R A 5113 | Aead address . address countar |s set to m which is
! —_— B — =
: Read ot | b specitied by the start address
i —em e —— — e
e l e
LIFQ Yes 118-m 519
) Read address ® [ A
Wiite addreas | the set address of § or 5119
1 s st mutually.
Write address IL‘T Y
@ Read address |« R4
raad the write data (T
:
Write address K—'———'—-‘]W
Read address | address countsr is set to addrasa
R which 13 apecifled as the start
Z Fead address U o - addross

y
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5120 X8-BIT LINE MEMORY(FIFO/LIFO)

OPERATION FLOW CHART

System reset

E_E'= uLn , M;:‘A: nHu |

I ﬁ= g .ﬁ§= g

LIFO mode

SA {address)
ACK  t

ﬁz thl
SRES= “H"

Start address
fa not sffactive

Start addrass
is effactiva

Start addrass
ia not effactive

5A {Address)
t

Start address
iz effective

il N
wres="L"| [RRES="L"| [WRES="L"]| |RRES="L" ARES= “L"| |WRES="L"| |RRES="L"] |WRES="L"
wWoK 1 RCK  f WoK RCK  f RCK WCK 1 RCK 1] |wek 1
Write from Read from Write Read from Read from Write fram Read from Write from
start address address start address
address 0 address address 0 address 0 0or5119 Qor5119 g?ldgiss 0 or 5119
Start
t l address
¢
£ X — s
FIFQ mods LIFO mode

Mote | Perform write reset and read reset before setting function after power-an.
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M66250P/FP

5120 % 8-BIT LINE MEMORY(FIFO/LIFO)

ABSOLUTE MAXIMUM BATINGS ¢

Ta=--204-70C, unless otherwise noted)

Bymbol Parameter Conditions Ratings _Unit.
Vee Supply voltage —0.5~-7.0 v
Wy Input voltage —0.5~Vac+0.5 v
Vo Output voltage | —05~Veed 0.5 | ¥
Py Maximum power dissipation Te=25C . 550(Note 1) 1mw
Tstg Sterage temperature range —B5 ~—4150 [ 52

Note 1 Taz68°C are derated at —9, 7mw/C (28PW)
RECOMMENDED OPERATING CONDITIONS (T.=—20~+707)
! Limits !
Symbal Parameter : : Unit
] Min. Typ I_\_.l'laa_(_. |

Voo Supply voltage B 4.5 5 5.5 v

GND Ground 0 v

Tapr Operating amblent tempereturs range =20 70 i

ELECTRICAL CHARACTERISTICS (Ta=—20~+70C, Voe=5V-+10%, unless atherwise noted)
Limits !
Symbol Parameter Test eonditions 1 . Unlt
| Min, Typ. Max.
Vin High-lgval Input voltage 2.0 v
i Low-tevel inpul voltage ’ 0.8 W
| Vou High-leve| aulput voltage lon===4m#a \.'r":C_.O_ g v
__VD,_ Low-levsl outpul voitage fo =dma D, 55 V_
Vi=Vos | WE, WRES, WCK, RE, RRES,
I High-tevel Input current RCK, CE, DO~ D7 Liske “A
Vi=Voe | AGK, SA(SRES), M/A(LAE) Q.27 mA
Vi=GND | WE, WRES, WCK, AE, RAES, '
Iy Low-level input current RCK'EK SA(SRES), —10 A
. WM/ALLAE], DO—~D7
Vi=GND | CE —0.27| mA
lozn Off state high-lavel output current Va=Veg 5.0 A
lozl Off state low-{sval cutput current Vo=GND ! —5.0 P
V=V, VL Dutpﬂ open ;

lec Average operating supply current :

’ ok, lnc=10015 100 mA

Gl i Input capacitance ) { I=1Hz o 16 pF

co | Output capasitance when off | t=tmhz 15 pF

SWITCHING CHARACTERISTICS (Ta=—20~+70C, Voo= 5 V+10%, unless othetwise noted)
) Imit
Symboi Parametar 5 Test conditions =] i Unit
_ Min. Typ. Max. L
_t&g Access time 40 ne

ton Qutput hold time 5 e

toL Output “L* periot when reset N 5 40 ns

| _toen Output snatie time 5 40 ns
toois Output disable time 5 : 40 ns

RENESAS
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M66250P/FP

5120 X 8-BIT LINE MEMORY({(FIFO/LIFQ)

TIMING BEQUIREMENTS (Ta=—20~+70C, Voo= 5 VE10%, unless otherwlse noted)

| " | Limits ]
Symbot ] Paramelar Test conditions Unit
. Min. Typ. Max.
[aon Wi clodk (WiERT 2y so | .
b Writa clockm(.WCK) “H pulse width 25 s
hwowe | Write clock [WCK) °L” pulse width . 25 ns
thek Read clock (RCK) cycle ’ 50 na
tmown | Read clock (RCK) “H" pulse width ’ 25
tuekL Read clock (RCK} *L" pulse width 25 )
toe E_hata sef up time before WCK B .I 5 -
ton Data hold time after WCK T 5 ns
thess Reset sel up time IJefore W -K RCK I 5_ h ns
bican Reset hold fime afler WCK, RCK 5 “ns
.ml.Nm—._\-;:,- Mon-resal gat up tnme before WLK I'lCK 25 I ne
B tanean Mean- resel hDId tlmr' aﬂer WCK,.I}E_. i 5 o ¥ ns
Twis WE set up time before WK i5 ‘ns
toren | WE hold time after WCK T 5 ns
Thrwies . WE nan-selecl set up firas I:eforr: woK B 15 : : ns
trwver | WE non- seiecl.hoid time after wOK 5 ; ns
tres . HE sstup time before RCK - 15 i _ns |
__t_ﬁE_"_' ] AE hold time atter RCK ) ns
MnpEs "TE non-select set up time before RGK T T H 15 ” ;s:_ )
”t;;;EH AE non-sefect hold time aﬂul !'ICK"““ H o ns
tr. i I.n.pul pulse rise and fall fme | | 20 N _-__I;I!;
Ty Data hold time i | 20 m;
Note T 7 For t line access, the foliowing should ba satls flld:
WE "H" level petiod 5 20ms—5120-twak- WRES "L" level period
RE "H" bavel pariod = 20ms—5120-tho- RAES “L" levet period
TlMING HEQU'REMENTS [ Ta= = 20r~4700, Voo=5 V1109, unless otherwlse noted}
Symbol Parameter Test conditions Lmle Unlt
. |, M Typ-
luas MiA sat up time before ACK o o8
tann M/A hold time after AGK o N 5 | ne
toes GE sat up time beforﬁ ACK 25 i ne
toen ) CE hald time after AGK . 5 ’ B ns
| (PR SA '_me before ACK e _é_s - T ns
toan S.ﬁ\lhol !1mel aftar ACK i 3] na
._.__t_|__§_|:7_s__ o LLAE sat up time before WOK, RCK T 25 -.ru-s”
tace | LAE hold ime afier WOK, RCK 5 e
teams S H" sat i t|rne batore WK, RCK when reaet _________ 25 ns__
tombim SA “H" hold time after WCK, ACK when reset o - 57 |  hs
to ey ©F set up time before WCK, RGK when system reset 25 | i ons
-tchz B .CE hold time after WK, RCK when system reset ' 5- ns
tamemn | SRES sat up time before WOK, RGK when syster resat o i ons
taresH 7 SRES hald time after WCK, RCE when aystem reset - 5 ns
tackw | "H" pulse widtn for ACK 50 i ns
tacie, | “L" pulse width for ACK "B ns
tneen WCK, RCK racovery tims attar mode set 100 ne
| CE recovery timo alter resat T 100 i "ns )
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TEST CIRCUIT

an o—- -

Co=30pF tue. ton

e
L
o
R.=1KQ g
S
an Oo— -
~swz |

m=1KG g .L Co=5pF * toen: tomis

r T
Input pulse ampltude D O~3V tem Wil [ SWE
[nput pulsae rise and fall tima ins et Clase | Open
Reference voltage Input F1.3v : o TGl
Qutput V1.3V (However, tooisiz; s 10% of output Ols pan o5e
amplitude and toosinzy 18 3096 of | toenze) | Ctlose = _DOpen
that for decislon), Ioentzm Opsn ;. Close
Load capacity G includes float capacity of connection and input capaclty of probe.
topis. toen Test Gondition
RCK _/_\J 1.3v 1.3V
= GND
(3{1 PR PP v
=/ \
- GND
tooisiuz) i
- DEN(ZH)
_904%
an \ 7 i
J L
i
omsiee; toen:zLy
on /// X .3V
0% (___
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OPERATION TIMING
1. FIFO mode

® Write oycle (This operation timing is irrelevant to start address setting)

n cycie nt+1 cycle

n+2 cycle Disable cycle n+3 cycle n+4 cycle |
WCK { \ ( / \ /
/ / / / \_/
bywek tworn | twoi | bwen |, e

tos | lo

tawen | twes
5
WE
tos

lDH

T = =

0ED0C

ilH!! m= uL'l ar " H!i
RES= “H"

® Write raset cycle (lrrelevant to start address setting}

{The raset cycle requires a minimum of two cycles. Before the first reset cycle and atter the power is turned on WRES should ba set to high-leval for 1
cycle or more.)

](_n--H cycle n cycle Resget cycle } cycle 1 cycle 2 cycles
e \_/ N\ / \_f_\_/
twok tNHESH. thess trrsn | Tumess

WRES

tos | tog

.t | ton

o TN X

tI:lH
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® Matters that needs attetion when WCK stops

e oycle y nt1eyele n cycle Dlsable cycls
o N\ \_f W
e ! T— :
S
. — T i
o w )00

tnput data of n cycle is read at the rising edge after WCK of n cycle and writing operation starts in the WCK |ow-level period of n+1 cycle, The writing

t—p

Paried for writing data
{n} intc memory

gperation |s compiete at the falling edgs after n+1 cycle.

To stop reading write data at n cycle, enter WCK befors the rising edge after n--1 cycle.

Period for writing data
{n} into memory

WRES ="H"

When the cycle next to n gyele is a disable cycle, WCK for 8 cycle requires to e entarad after the disabla cycle as weli.
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5120 X8-BIT LINE MEMORY(FIFO/LIFO)

® Read cycle (This operation timing is Irrelavant 1o start address setting)

noycle n-+1 cycle n+2 cyele Disable cyele n+3 cycle n+4 cycle
ROK / \ / / \ / \ /_\—/
trck __}HCKH thexe | teen | tumes
]
= tag
RE
tac tac tac toois toen ta
_..__..__31 I c

2
E]

7 HIGH-Z
j///// {n) (n41) (n+2) — (n+3) (nt4) W:
KX [ [

HRES= "H" ,IAE= “L" ar e
SRES= “H"

® Read reset cycle

(The reset cycle requires two Gycles at minimum. During the lirst two cycles On is low-leval, For one cycle or mors, RRES should be set to high-level
befor the first reset cycle, and after power |s turned on.)

n—1 cycle n eycle Reset cysle I cynie 1 cyele ; 2 cycle
=/ U SO \_//_\_/
thex fhresn ; fress tresy | tumess

FRES

tac Lc ToL

I—'_-_’i ; e |
N e J@ N

lom t_t_on

>
E

RE= “L" ,[AE= "H"
SRES= “H"
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® Read reset cycle (start address is set)

{The reset cycle requires two cycles at minimum. Durlng the first two cycles, Qn is low-leval. For at least one cycle RRES should be set to high-level

bafore the firat reset cycle, and after power |2 turned on.)

n—3 n—2 n—1 m+1 m-2 m-+3

cycle  oycle | oycle  neycle Reset cycte _Mmaysle | cycle  cycle | cycle

ﬁsi! / 1 /
an// 111/ (nnaym{(n-z))()((n~1 M /Q)( (m)mm-H Wm—i—?Wnﬂ—am

'H_E= “L"
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2. LIFO mode
® Start address is not set
{The reset cycle requires two cycles at minimum. During the first two cycles, Qn is low-tevel. For at least one cycle, RRES should be set to high-level

and WRES shouid be set to high-leval befors the first reset cycle and after power is turned on.}

5118 5118 5119 51e

cycle ; cycle Rassat cycla cycle | cycle 0 cycle Reset cycle 0 eycle 1 cycle i

VAW M\,
s \

= / L,V
0 0 S 0 0, s S 0 D 0
o 00 AE0E0E A

(0 4
Nz3 REWE ="L"

=

ke,

LCAE =W
E“E' - “H”
SRES -
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® Start address is set
{The reset cycle requires two cycles at minimum, and the first two cycles Qn Is low-level. More than one cycle should be set when RRES is high-level

tefore the first reset cycle after power an.)

SM3—m+3 5i189—m+2 5119—m+1 &1189—m
, cycle | cyele cycle . cycls Reset cycle 0 cycle . M oycle Reset oycle EIIBGycleI

g ’_\,_/_\J’_\d}_\_/_\h/—\_/

5119—~m 5118
,dcycle | Zcydle : 1 cycle . Ocycle Reset cycie cygle | cycle Reset cycle m cycie

Ut o el W S S 2

trech N eycle M cycle

3

R

trecr I 3
RRES
) L = )

T CED O G 0, I ) CRS O Gy W0 8 O G Y, EaeR
CLER.0 ED.¢ D¢ GD ¢ KD NP ¢, 9 €D NP ¢ &5 ¢

WA
(LAE) ™ L7 i #f
tRecce P iL .
_E )( gl r
— T {5

SA (12 () Y

ACK ﬂ
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3. Variable length delay blts

{1)

® 1-llne (5120 bits) delay

A write input data i written to memory at the second rise edge of WCK In the oycle, and a read output data is output from memaory at the first rise edge
of RCK In the eycls, so that 1-line delay can be made sagily (A reset cycle requires at least 2 cycles. Gn goes to the “L" level during the fist 2 cycles.
However, it is nacessary to set at loast one oycle of RRES="H" and WRES="H" before the first reset cycle atter power is turned on).
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® N-blt delay 1

{Sliding Input timing of WRES and RFES at a cycle corresponding to delay langth)

(A reset cycle requires at least 2 cycles. On goes to the L level during the first 2 cycles. However, it Is necessary to set at least one cycle of RRES=
“H" and WRES="H" before the flrst reset cycls after powser is turned on},
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® N-bit delay 2

{Dizabling RE during tha peried correspanding to delay length to slde an address}

(A reset cycle requires at feast 2 cycles. Qin goes to the "L" leval during the firat 2 cycles. However, it 3 naceassary to set at least one cysle of RRES=—
“H" and WRES="H" befora the first reset cycle after power is turned on),
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{2) FIFO mode/with setting of start address

® N—m bit delay 1

{Sliding input ming ot WRES and RRES at a cycle corresponding to detay fength)
(A resst _oycle requires at leaat 2 gycles. On goes to the L taval durlng the first 2 cycles. Howsver, it is necessary to set at least one cycle of RRES=
"H" and WRES="H" befora the first rasel cycle after power I3 turned on).
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m ta an address specified as a start address. m-<n
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& N-m bit delay 2

[ Disabling RE during the period corresponding to delay length to slide an address)
{A reset oycle reguires at least 2 cycles. On goes to the L7 level during the first 2 cycles, Howeavar, it is necessary to sot at [east one cycle of RRES=

"H" and WRES="H" befora the first raset cycls atter power is turnad on},
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m is an addross specified as a start address. m<n
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{3) Inter-FIFO delay compensation by setting a start address
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(A reset cycle requires at least 2 oy I - Qn goes to the "L" level during the first 2 cycles, However, 1t Is necessary to set at least one cyale of RAES=
“H" antd WRES=="H" befare the first reset ¢ cycle after power is turned on}.
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® Shortest read of data n" written in cycle n
Cycle n—1 on read side should be started aftar end of cycle n+1 on write side

When tha start of cycle n=1 on raad side is earliar than the end of cycle n+1 on wrlte sids, output On of cycle n becomes invalid. In the figure shown
halgw, the read of cycle n=-1 Is invalid.
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® | ongest read of data “n" written in cycle n: 1-line delay
Cycle n (1™ on read slde should be started when cycle n <2 ™ on wrlte is started

Cutput Qn of n cysle 1> * can be read unti| the start of rearding side n cycle <1 * and the start of writing side n cycle (2™ overlap each other,
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