TOSHIBA

SILICON GATE CMOS TC528267

target spec

262,144WORDS x 8BITSMULTIPORT DRAM

DESCRIPTION

The TC528267 isa2M bit CMOS multiport memory equipped with a 262,144-words by 8-bits dynamic
random access memory (RAM) port and a 512-words by 8-bits static serial access memory (SAM) port. The
TC528267 supports three types of operations; Random access to and from the RAM port, high speed seria
access to and from the SAM port and bidirectional transfer of data between any selected row in the RAM and
the SAM. To realize a high performance graphic frame buffer system the TC528267 features various special
operations such as the write - per - bit, the pipelined page mode, the block write and flash write function on the
RAM port and the read and masked write transfer operations between the RAM and the SAM port. In addition,
the TC528267 is fabricated using Toshiba's CMOS silicon gate process as well as advanced circuit designs to
provide low power dissipation and wide operating margins.

FEATURES KEY PARAMETERS
¢ Single power supply of 5V+ 10% with abuilt-in
Vgg generator ITEM
« All inputs and outputs : TTL Compatible —70 | —80
* Organization trac | RASAccess Time
RAM Port:  262,144wordsX 8bits (Max) 70ns | 80ns
SAM Port : 512wordsX 8bits n CASA =
« RAM Port CAC (Max )ccess ime 20ns | 20ns
Extended Fast Page Mode, Read - Modify - i
Write, Pipelined Fast Page Mode, CASbefore  |taa | ColumnAddressAccess | o | 40
RASAuto Refresh, Hidden Refresh, RAS only Time (Max.)
Refresh, Write per Bit (New/Old Mask Mode), | tge Cycle Time (Min.) I130ns | 150ns
Masked Flash Write (New/Old Mask Mode), -
Block Write, Masked Block Write (New/Old | PC (P,aﬁ‘i ')V'Ode CydeTime | a6 | ons
Mask Mode), Load Mask Register/Color -
Register Cycle, 512 refresh cycles/ 8ms tsca | Serial Access Time oons | 25ns
. SAM Port (Max.)
Serial Read / Write Capability tsce Serial Cycletime (Min.) | 25ns | 30ns
Addressable TAP Capability t t in Pinelined Fast
Stop Address (Binary Boundary) Capability RACP I;RaAg% P 0Ons | 95ns
Fully Static Register, SIngle Register/Split —
Register Mode Capability tcact | tcac in Pipelined Fast oons | 20ms
« RAM - SAM Bidirectional Transfer Page
Read / Real Time Read Transfer tpep Pipelined Fast Page
) ) 30ns | 30ns
Masked Write Transfer Mode Cycle Time
Split Read / Masked Split Write Transfer ;
lcer RAM Qperailng Current 100mA | 85mA
* Package (SAM : Standby)
TC528267J : SOJ40-P-400 :
: lccoa | SAM Operating Current
TC528267FT  : TSOP44-P-400B (RAM : Standby) 60mA | 50mA
TC528267TR : TSOP44-P-400C
I cceo Standby Current I0mA | 10mA
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PIN NAME
AO~A8 Address inputs
RAS Row Address Strobe
CAS Column Address Strobe
DT/OE Data Transfer/Output Enable
WB/WE Write per Bit/Write Enable
DSF1 Specia Function Control
DSF2
W1/101~W8/108 Write Mask/Data IN OUT
sC Serial Clock
SE Serial Enable
SI01~SI08 Serial Input/Output
QSF Specia Flag Output
Vece/Vss Power (5V)/Ground
N.C. No Connection

PIN CONNECTION (TOP VIEW)

TC528267) TC528267FT TC528267TR
Vet 1 a0 [1Vss! Vel Ecl) a4 ] Vst vt [ aa ? ] Vee!
scz2 39 [)sos scz 430si08 sios [Ja3 2 [Isc
sio1f]s  3sfsi07 sior [ 3 42 Isio7 sio7 (a2 3 [sion
sio2a 37 [] 5106 sio2 [l 4 41 (]sio6 5106 (141 4 []S102
sioalls 361505 si03 s 40 []sios si05 {Jap s [Jsio3
sicalls 35 [15E sioa] 6 39 [JSE SEf39 ¢ [ sioa
OT/GEl]7  3a[Jwsesrios  5TOE[ 7 38 Jwenos wenos 38 7 [OT/0F
winior Qs 33 w707 winor[j8 37 Qwrno7 wrner [37 8 W0
w2/i02 s  32[IW6/106 w2020 9 36 Jwenos werog 36 9 [] W2n02
wisioal 1o 31 Jws/05 wanoal] 10 35 Jwsnos wsnos 035 10 [ wino
wanoall11 30 Vss2
__Vsf012 29[0sF1  wanoal] 13 32[Ivee2 Vss2 [ 32 13 ] wan
we/WE[ 13 20 [] DSF2 vga] 18 31 [JOSFI osF1 [] 31 18 vga
RasO1a 27[CAs Weme [] 15 30 [] OsF2 DsF2 [ 30 15[ W8/
asll1s 26 [1QSF RAS[] 16 29 [] CAS TS [] 29 16[1RAS
a7l1e 2s[A0 Ag [} 17 28] QsF QsF[] 28 17[]A8
asll17 220 a7 [} 18 2761\0 AOEU 18 [J A7
asflis 23f1A2 a6l 19 26 a1 a1l 26 19[1A6
Aaall1e 22[0A3 as] 20 25 ] a2 A2l 25 20[JA5
veezQ20 21 Jvsgd aall 21 24 a3 a3l]2a 21[]48
Veez [] 22 23 [Jvgg3 Vg3 23 22 ] Vee?
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BLOCK DIAGRAM
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ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT NOTE
VinyVour | Input Output Voltage —1.0~7.0 \ 1
Vee Power Supply Voltage —1.0~7.0 \% 1
Torr Operating Temperature 0~70 °C 1
Tsre Storage Temperature — 55~150 °C 1
TsoLDER Soldering Temperature » Time 260-10 °Cesec 1
Po Power Dissipation 1 w 1
louT Short Circuit Output Current 50 mA 1

RECOMMENDED D.C. OPERATING CONDITIONS (Ta=0~70°C)

SYMBOL PARAMETER MIN. TYP MAX. UNIT | NOTE
Ve Power Supply Voltage 45 5.0 55 \% 2
ViH Input High Voltage 24 — 6.5 \% 2
ViL Input Low Voltage -10 — 0.8 \Y 2

+: -1V 20ns Pulse width
CAPACITANCE (Vcc =5V, f =1MHz, Ta= 25°C)
SYMBOL PARAMETER MIN. MAX. UNIT
CI Input Capacitance — 7
C Input/Output Capacitance — 9
10 pF
Co Output Capacitance (QSF) — 9

Note: This parameter is periodically sampled and is not 100% tested.
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D.C. ELECTRICAL CHARACTERISTICS (Vcc =5V = 10%, Ta=0~70°C)

-70 -80
ITEM (RAM PORT) SAM PORT | SYMBOL UNIT | NOTE
MIN MAX. MIN. MAX.
OPERATING CURRENT Standby leer — 100 — 90 3,4,5
RAS, CAS Cycling
tre = tre Min. Active lccia — 160 140 3,4,5
STANDBY CURRENT Standby [P — 10 — 10
RAS, CAS=V,
Active locan — 65 — 55 3,4,5
RAS ONLY REFRESH CURRENT Standby lees — 100 — 90 3,4
RAS Cycling, CAS=V
(tRc =trc min. ) Active lccsa — 160 — 140 3,4,5
PAGE MODE CURRENT Standby lcca — 920 — 80 3,4,5
RAS=V, , CASCycling
tpc = tpc Min. Active lccaa — 150 — 130 3,4,5
mA
CAS BEFORE RAS REFRESH CURRENT |  Standby lees — 100 — 90 3,4,5
RAS Cycling, CAS Before RA
tre = tre Min. Active lccsa - 160 - 140 3,4,5
DATA TRANSFER CURRENT Standby lcce — 135 — 125 3,4,5
RAS, CAS Cycling
tre = tre Min. Active lcoea — 195 — 175 3,4,5
FLASH WRITE CURRENT Standby leer — 100 — 90 3,4,5
RAS, CAS Cycling
(tRc = tge min. ) Active lccra — 160 — 140 3,4,5
BLOCK WRITE CURRENT Standby lces — 110 — 100 3,4,5
RAS, CAS Cycling
tre = tre MiN. Active lccsa - 170 - 150 3,4,5
ITEM SYMBOL MIN MAX UNIT NOTE
INPUT LEAKAGE CURRENT | _10 10 A
0V <V, < 6.5V, All other pins not under test=0V (O H
OUTPUT LEAKAGE CURRENT
0V £Vgyr < 5.5V, OutputDisable low) —10 10 WA
OUTPUT “H” LEVEL VOLTAGE
oy = - 1A Vou 24 — v
OUTPUT “L" LEVEL VOLTAGE
oy = 2.1mA VoL — 04 \%
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ELECTRICAL CHARACTERISTICSAND RECOMMENDED A.C.
OPERATING CONDITIONS (V¢ =5V +10%, Ta= 0~70°C)(Notes: 6, 7, 8)

SsYmBoL PARAMETER o i UNIT | NOTE
MIN. MAX. MIN. MAX.

tre Random Read or Write Cycle Time 130 150
tRMw Read-Modify-Write Cycle Time 180 200
tec Fast Page Mode Cycle Time 35 40
trRMW Fast Page Mode Read-Modify-Write CycleTime 90 90
trac Access Time from RAS 70 80 9,15
tan Access Time from Column Address 35 40 9,15
teac Access Time from CAS 20 20 9,16
tep Access Time from CAS Precharge 35 40 9,16
terz CASto Output in Low-Z 0 0
toELZ OE to Output in Low-Z 0 0
torF Output Buffer Turn-Off Delay 0 15 0 15 11,17
tr Transition Time (Rise and Fall) 3 50 3 50 8
trp RAS Precharge Time 50 60
tras RAS Pulse Width 70 10000 80 10000
. RAS Pulse Width (Fast Page Mode Only) 70 100000 80 100000
tRsH RAS Hold Time 20 20
tesH CASHold Time 70 80
tcas TAS Pulse Width 15 10000 20 10000
trep RASto CAS Delay Time 20 50 20 60 15
tRAD RAS to Column Address Delay Time 15 35 15 40 15
trRAL Column Addressto RAS Lead Time 35 40
tcrp CASto RAS Precharge Time 5 5
tepn CAS Precharge Time 10 10 ns
tep ‘CAS Precharge Time (Fast Page Mode) 10 10
tasr Row Address Set-Up Time 0 0
tRAH Row Address Hold Time 10 10
tasc Column Address Set-Up Time 0 0
tcaH Column Address Hold Time 12 15
tres Read Command Set-Up Time 0 0
tReH Read Command Hold Time 0 0 12
tRRH Read Command Hold Time referenced to RAS 0 0 12
tweH Write Command Hold Time 10 15
twp Write Command Pulse Width 10 10
twpz Write Command Pulse Width 10 15 11
twez Write Command Output Buffer Turn-Off Delay 10 15 11
tRwL Write Command to RAS Lead Time 20 20
towL Write Command to CAS Lead Time 15 20
tbs Data Set-Up Time 0 0 13
toH Data Hold Time 12 15 13
twes Write Command Set-Up Time 0 0 14
tRwD RASto WE Delay Time 95 105 14
tawp Column Address to WE Delay Time 60 65 14
towp CASto WE Delay Time 45 45 14
fcon CASHold Time referenced to OE 5 5
trRes 'RASto SC boundary - reset Time 30 30
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SYMBOL PARAMETER 70 %0 UNIT [NOTE
MIN. MAX MIN. MAX.
tpze Datato CAS Delay Time
tpzo Datato OE Delay Time
toea Access Time from OE 20 20 9
toez Output Buffer Turn-off Delay from OE 15 15 11
toep OE to Data Delay Time 15 15
toen OE Command Hold Time 15 15 ns
tops Output Disable Set up time 0 0
troH RAS Hold Time referenced to OE 15 15
tcsr CAS Set-Up Time for CAS Before RAS Cycle 5 5
tcHR CAS Hold Time for CAS Before RAS Cycle 10 15
trec RAS Precharge to CAS Active Time 0 0
trer Refresh Period 8 8| ms
twsr WB Set-Up Time 0 0
tRWH WB Hold Time 10 15
trsr DSF Set-Up Time referenced to RAS 0 0
tREH DSF Hold Time referenced to RAS(1) 10 15
tesc DSF Set-Up Time referenced to CAS 0 0
tern DSF Hold Time referenced to CAS 12 15
tms Write-Per-Bit Mask Data Set-Up Time 0 0
tmH Write-Per-Bit Mask Data Hold Time 10 15
tTHs DT High Set-Up Time 0 0
tTHH DT High Hold Time 10 15
tris DT Low Set-Up Time 0 0
trin DT Low Hold Time 10 10000 15 10000
trrH DT Low Hold Time referenced to RAS 60 65
(Red Time Read Transfer) 10000 10000
tATH DT Low Hold Time referenced to Column 25 25 "
Address (Real Time Read Transfer)
et DT Low Hold Time referenced to CAS 20 20
(Real Time Read Transfer)
trrp DT to RAS Precharge Time 50 60
trp DT Precharge Time 15 15
trsD RAS o First SC Delay Time (Read Transfer) 70 80
tasp Column Address to First SC Delay Time 35 40
(Read Transfer)
tesp CASto First SC Delay Time (Read Transfer) 20 20
trsL Last SCto DT Lead Time (Real Time Read Transfer) 5 5
trso DT to FIrst SC Delay Time (Read Transfer) 10 15
tsrs Last SC to RAS Set-Up Time (Serial Input) 25 30
tsrp RAS to First SC Delay Time (Serial Input) 20 25
tsop RAS to Serial Input Delay Time 45 50
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SYMBOL PARAMETER 0 0 UNIT|NOTE
MIN. MAX. MIN. MAX.
tsee SC Cycle Time 25 30
tsc SC Pulse Width (SC High Time) 10 10
tscp SC Precharge Time (SC Low Time) 5 10
tsca Access Time from SC 20 25 10
tsoH Seria Output Hold Time from SC 5
tsps Serial Input Set-Up Time 0 0
tsoH Seria Input Hold Time 10 15
tsen Access Time from SE 20 25 10
tee SE Pulse Width 20 25
tsep SE Precharge Time 20 25
tsez Serial Output Buffer Turn-off Delay from SE 15 20 11
tsze Serial to SE Delay Time 0
tszs Serial Input to First SC Delay Time 0
tsws Serial Write Enable Set-Up Time 0 0
tswH Serial Write Enable Hold Time 10 15
tswis Serial Write Disable Set-Up Time 0 0
tswin Serial Write Disable Hold Time 10 10
tsrs Split Transfer Set-Up Time 25 30
tsth Split Transfer Hold Time 25 30
tsaaT Split Transfer SC Set-Up Time from RAS 45 55 ns
tsan Split Transfer SC Hold Time from RAS 0 0
tsop SC-QSF Delay Time 20 25
trop DT-QSF Delay Time 20 25
tcap CAS-QSF Delay Time 20 25
troD RAS-QSF Delay Time 70 80
treoP RAS to CAS Delay Time (Pipeline mode) 20 40 20 45
teshp CAS Hold Time (Pipeline mode) 50 55
tracp Access TIme from RAS (Pipeline mode) 90 95
teact Access Time from CAS (1) (Pipeline mode) 20 20 10
teace Access Time From CAS (2) (Pipeline mode) 50 50 10
tcasp CAS Pulse Width (Pipeline mode) 10 10
tepp CAS Precharge Time Pipeline mode) 10 10
trcp Fast Page Mode Cycle Time (Pipeline mode) 30 30
tRsH1 RASHold Time (1) (Pipeline mode) 20 20
tRsH2 RAS Hold Time (2) (Pipeline mode) 50 50
towLp Write Command to CAS lead Time (Pipeline mode) 10 10
towp WE to CAS Delay Time (Pipeline mode) 30 30
torrp Outoff Buffer Turn-off Delay from RAS (Pipeline mode) 0 15 0 15 11,17
RAM Output Reference Level 2.0v/0.8V
SAM Output Reference Level 2.0v/0.8V
RAM Output L oad 1TTL and 50PF
SAM Output Load 1TTL and 30PF
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NOTES:

1

10.

11.

12.

13.

14.

15.

16.

17.

Stresses greater than those listed under “ Absolute Maximum Ratings’ may cause permanent damage to
the device.

All voltage are referenced to Vg
These parameters depend on cycle rate.
These parameters depend on output loading. Specified values are obtained with the output open.

Address can be changed once or less while RAS=V, . In case of |c¢y4, it can be changed once or less
during afast page mode cycle (tpg).

Aninitial pause of 200 psisrequired after power-up followed by any 8 CAS before RAS initialisation
cycles before proper device operation is achieved.

AC measurements assume t1 = 5ns.

ViH (miny @d V| max,) arereferencelevelsfor measuring timing of input signals. Also, transition times
are measured between Vi and V| .

RAM port outputs are measured with aload equivalent to 1 TTL load and 50pF.
Doy referencelevels: Vo / Vo =2.0V /0.8V.

SAM port outputs are measured with aload equivalent to 1 TTL load and 30pF.
Doyt referencelevels: Vo / Vo =2.0V /0.8V.

toFF (max.)» toEZ (max.): toFFP (max.)twPz (max.) tWEZ (max)» @ tsez (max) define the time at which the
outputs achieve the open circuit condition and are not referenced to output voltage levels.

Either tgc Or trry Must be satisfied for aread cycles.

These parameters are referenced to CAS leading edge of early write cycles and to WB / WE leading
edge in OE-controlled-write cycle and read-modify-write cycles.

twes trwbs towp @nd tawp arenot restrictive operating parameters. They areincluded in the data sheet
aselectrical characteristics only. If tycs 2 twes (miny. the cycleisan early write cycles and the data out
pinwill remain open circuit (high impedance) throughout the entire cycle; If trwp 2 trwp (min): towp
2 tewp (min) ad tawp 2 tawp (min,) the cycleisaread-modify-write cycle and the data out will contain
data read from the selected cell : If neither of the above sets of conditions s satisfied, the condition of
the data out (at access time) isindeterminate.

Operation within the trep (max,) limit insures that trac (max) €an be met.
trep (max.) 1S Specified as areference point only : I trep is greater than the specified
trep (max,) limit, then access time is controlled by tcac.

Operation within the trap (max,) limit insures that trac (max,) €an be Met. trap (max,) is Specified asa
reference point only: If trap isgreater than the specified trap (max,) limit, then accesstimeis controlled

by taa-

torr: torpp timing is specified from either RAS or CAS rising edge, whichever occurs last.
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TIMING WAVEFORM
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out o - OPEN }% VALID DATA-QUT [}
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WRITE CYCLE (EARLY WRITE)

mow s N i A‘— N
pons U %Wf&@zg ﬁ%h'i“é“ém 77

tRwWL

sR | |tRFH

B

o Vi
— w2 XK B X
HJV&?%SOUT E OPEN

T “H" or “L”

Mask Mode 1 *2 Cycle
No Mask Mode 1 Don't care Normal Write
New Mask Mode 0 WM1 data Write per Bit
Old Mask Mode 0 Don't care Write per Bit
WM1 data 0: Write Disable
1: Write Enable
Don’t care ‘lor'0
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WRITE CYCLE (OE CONTROLLED WRITE)

Iras_ tgp
v 3
Ry N /! \
1csi
tcrp tﬂg: TRsH epn
Vih — teas 7
w O\ /7 N
task tasc » ::::
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IN IH
L

I
(7
T W

:
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wi/101
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L Vou —,
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V7] : "H" or LT

Mask Mode 1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write
New Mask Mode 0 WM1 data Write per Bit
Old Mask Mode 0 Don't care Write per Bit
WM1 data 0: Write Disable
1: Write Enable
Don't care lor'0
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READ-MODIFY-WRITE CYCLE
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l_ N vy,
WwW1/101 1 — toE:
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L— our 32” OPEN @(@,}’T‘}g’u D
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Mask Mode *1 *2 Cycle
No Mask Mode 1 Don't care Normal Write
New Mask Mode 0 WM1 data Write per Bit
Old Mask Mode 0 Don't care Write per Bit
WM1 data 0: Write Disable
1: Write Enable
Don't care lor'0Q
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EXTENDED FAST PAGE MODE READ CYCLE
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EXTENDED FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
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% : "H" or "L"
Mask Mode 1 *2 Cycle
No Mask Mode 1 Don't care Normal Write
New Mask Mode 0 WM1 data Write per Bit
Old Mask Mode 0 Don't care Write per Bit
WM1 data 0: Write Disable
1: Write Enable
Don't care lor'0
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EXTENDED FAST PAGE MODE READ-MODIFY-WRITE CYCLE
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Mask Mode *1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write
New Mask Mode 0 WM1 data Write per Bit
Old Mask Mode 0 Don't care Write per Bit
WM1 data 0: Write Disable
1: Write Enable
Don't care lor'o
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FLASH WRITE CYCLE
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Don't care Qor'l
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BLOCK WRITE CYCLE (EARLY WRITE)
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No Mask Mode 1 Don't care
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1: Write Enable
Don't care Qor'l

OPEN
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*3 COLUMN SELECT
W1/I01 - Column 0 (Alc=0, AOC:O
W2/102 - Column 1 (A;=0, Age=1 W”“_Og_ Disshle
W3/103 - Column 2 (A1c=1, Apc=0 _ 1 Enable
W4/104 - Column 3 (AlC:]" AOC:]‘ ’
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BLOCK WRITE CYCLE (DELAYED WRITE)

tre

! trp
——y |
_ N }|‘ NI
|<—th i —t;z: trs) | teen |

N N\t /T F iN

t e B T e

Al

éi CAH

RAH
I e
! towe

N a I

NV
r'— Vi
Ww1/101
~W8/108
L— our ¥0L i OPEN
V////A : "H" or "L"
Mask Mode 1 *2 *3 COLUMN SELECT
W1/101 - Column O (A]_CZO, AOC:O Wn/IOn
No Mask Mode 1 Don't care W2/102 - Column 1 (A;c=0, Agc=1 - D
B _ =0: Disable
W3/103 - Column 2 (Alc—l, Aoc—o =1: Enable
New Mask Mode 0 WM1 data W4/104 - Column 3 (A1c=1, Apc=1 '
Old Mask Mode 0 Don't care
WM1 data 0: Write Disable
1: Write Enable
Don't care 0or'l
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FAST PAGE MODE BLOCK WRITE CYCLE

RAS VK
A Vim
AO~A8 ViH
Vi

DT/OE Vi
ViL
WB/WE Vm
DSF1 Vin
DSF2 VM

W1/101 Vi
~W8/108 Vi

__...._!_\
tesh tec
terp
\ trep
teas

tpg
tep lep p
ﬁl_\- teas A:— teas LR
N N /)
" T
ta ASC W

tos

toH
toH
* tg
N

Mask Mode *1 *2
No Mask Mode 1 Don’'t care
New Mask Mode 0 WM1 data
Old Mask Mode 0 Don't care
WM1 data 0: Write Disable
1: Write Enable
Don’t care ‘Oor'l

:"H" or "L"

*3COLUMN SELECT
W1/101 - Column O (A]_CZO, AOC:0
W2/102 - Column. (Ayc=0, Apc=1 L™ o8 .
W3/103 - Column 2 (A]_C:l, AOC:O :1 Enable
W4/104 - Column 3 (A1c=1, Agc=1 "
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RASONLY REFRESH CYCLE

s U \ 4’— N

e e
AN i NA
s 2 T s YT ——XC
e i T
——aw
wsaw

wwe ' ...

w1/101 oH
~W8/I08 Vo — OPEN

: "H" or "L"
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HIDDEN REFRESH CYCLE

ViH
A0~

— - Vi
WB/WE

v
BT/ H

7

™
=<
=

H
DSF1

%
tesr
v ] tRFH
DSF2 gy, %
toez
< t0fE ] ta

i
N vEnos v ::} - Ta?{( VALID DATA-OUT B
oz . or oL
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CBR AUTO REFRESH CYCLE

tr

trc
P tre
Vih — h Y tras
RAS V:: _ / trpC \ 'A N

tosr' !
tepN teHR

w W T N Vi

tw: tRwH

W W \

S ”///// 77777,
osr2 Y W 7777777

wW1/101 Vou ——’«;_
~W8/1I08 Vo —___} OPEN

Note : AO-A8 = Don't Care ("H" or "L")

N
\
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CBR AUTO REFRESH & STOP REGISTER SET CYCLE

R

re
P ||
=z VH — hy 1rAS K
S Vi — / treC \ \

o W T X i
i

tepn teHR
1asr tran i

T
o G ||
i

v T

torr
w1/101 Vou —
~W8/108 VoL — i OPEN

>

DT/0E
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CBR AUTO REFRESH & RESET CYCLE

tgp tap
Vih — X tras } L
RAS Vi — / reC \ {I \

tesr !

w W N Vi

N

torr

W17101 Vou — N
~WB/I0B Vo — s OPEN

te: AD-A8 = Don't Care (“H" or “L") /4 - "H" or "L
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LOAD MASK/COLOR REGISTER CYCLE

H
DSF1 gy

Vi
DsFz
Viy
[_ Vie
W1/101 tos DH
~W8/108 =1
s aam.
ViL — z
(Early Write)
W : "H" or "L"
*1 *2 Function
0 Mask data Load Mask Register Cycle
1 Color data Load Color Register Cycle
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READ MASK/COLOR REGISTER CYCLE

tre
tras trp
Vi — J—
RAS Vi — \ / \
tosH
:‘CRP e [ tepn |
Vi — ;f‘ tcas / o
Cas ViL — \ /
1
ASR traH
Vin 8
AO~A8 Vi ROW ADDRESS
=
(Lrms 1THH
— Vi —
i e J
twse tRwH i trcs Jtace
R Vin F "
4 t tesc | | tern
| trsr RFH
Sl ‘—r
Vin
DSF1 Vi *
toea toFF
teac ! i toez |
DSF2 ‘\":'H / %/Z/Zé/ %
L
| tRAC
w1/101 Vo — =
~W8/108 Vou — H@* *2 VALID OUTPUT >_
S
loeLz

:"H" or "L"

*1 *2 Function
0 Mask data Read Mask Register Cycle
1 Color data Read Color Register Cycle

27162 TOSHIBA CORPORATION



TC528267

PIPELINED FAST PAGE READ CYCLE

twes| |twen twes| | twen twes| | twen twes| | twen
|1

w1/101
IN L
~W8/108

Vi
V

tesr | [trr tesc
%

DSF1 5:[':% , . .

...
: "H" or "L”

| tern , b
A3
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PIPELINED FAST PAGE WRITE CYCLE

wW1/101 Vi
~W8/108ViL

Hon '////////////////////

HS
DT/OE Vm
Vi

tesr
\"
DSF1 H
Vie :%.

!!!!!!

DsF2 VM
Vi %
FSR

V7] - " oor L”

Mask Mode *1 *2 Cycle
No Mask Mode 1 Don't care Normal Write
New Mask Mode 0 WM1 data Write per Bit
Old Mask Mode 0 Don’'t care Write per Bit
WM1 data 0: Write Disable
1: Write Enable
Don't care lor'0
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PIPELINED FAST PAGE READ-WRITE CYCLE

3

oV
IWE

v
DT/OE

V
DSF1 y,!

s | |tmn
W1/101 VK .
~W8/108ViL -

trsk | | tren

w T

: "H" or “L”

Mask Mode *1 *2 Cycle
No Mask Mode 1 Don't care Normal Write
New Mask Mode 0 WM1 data Write per Bit
Old Mask Mode 0 Don't care Write per Bit
WM1 data 0: Write Disable
1: Write Enable
Don't care lor'o
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PIPELINED FAST PAGE WRITE-READ CYCLE

trepp

s iy
AD-AB x:"
WB/WE M
BTIGE ¥
wi1/101 Vin
~W8/108 Vi
DSF1 x:':
DSF2 \‘j:* ~
m : "H" or "L*
Mask Mode *1 *2 Cycle
No Mask Mode 1 Don't care Normal Write
New Mask Mode 0 WM1 data Write per Bit
Old Mask Mode 0 Don't care Write per Bit
WM1 data 0: Write Disable
1: Write Enable
Don’t care ‘lor'0
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PIPELINED FAST PAGE WRITE-BLOCK WRITE CYCLE

tox
e I~
wi/101 Vi . 4 Column g Column
~W8/108ViL — . IN elec Select
£sC | |tcrn
tesr &
Vin
Vie

\

w2 T N

DSF1

: "H" or "L”

Mask Mode 1 *2 Cycle
No Mask Mode 1 Don't care Normal Write
New Mask Mode 0 WM1 data Write per Bit
Old Mask Mode 0 Don't care Write per Bit
WM1 data 0: Write Disable
1: Write Enable
Don't care lor'o
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READ TRANSFER CYCLE (Previous Transfer isWrite Transfer Cycle)

tre
tras | trp
— ViH —
RS " N fl N
. esH ¢
1 1 . <
[ tcrp RCD RSH [ PH_.!
Vin — teas
M \\ / /r‘ 7\_
tRAD tral
tasr tRaH fasg tcaH
. Vin
A0~A8 ' 77 ROW ADDRESS }@CSAMSTATWADDRESS
AD~AB : TAP
JRWH |
vV
BIWE
e
trm DT !
oo w
tasp -l
q—a"'"",
sr1 ! .
Vi =
o 42 G
trsp
W1/101 Von — N
~W8/108 VoL — £ treo tecc
1sRs Sep| |dsc tscp
- E'a F 4
sC :::‘ _ / . \ Inhibit Rising Transient %l‘ M‘_\_—
SC
tsos | |tsp Ei
Vin — VALID .
- IN v DATA-IN
S101 tigp tsca tson
~$108 tcQp
L our You~ 4 VALD ><
ouT i o 4 DATA-OUT
QsF 32?: ){ TAP MSB (A8)
Note : SE = Vy_ m T “H" or "L
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REAL TIME READ TRANSFER CYCLE

trc
tras | tre
Vin — 3
s N /} N
tesH
terp treD tRsH | tepn |
s M _/" AN toas / Vi 1\
b traD oAl
t, 1
ASR RAH Tasc tcaH
Vi —Z4 ROW
A0~a8 ' 77X ADDRESS SAM START ADDRESS| /
AO~AB : TAP
'twsn trwH | | tath
Vin —%
WEIWE ) 7
| tcTH TRP
trs tRTH i tip 1 '
||
_— — V +
o -
1rsR 1ReH

o 7. 77
DSF2 y,:[' :%/ /W//W %%

W1/101 Vo=
~W8/108

N
4

VoL — P

1. 1 t t
SC SCP TSL 15D

RN W YaW

TRV OPEN
v
L — tsca Isca
Sio1 501 g ,
SOH
~sio8 M=
Vou = VALID VALID VALID VALID VALID
OuT v DATA-OUT A DATA-OUT A\ DATA-OUT A DATA-OUT /A DATA-OUT
!
Previous Row Data : New Row Data
Vou — Xz
QsF o _ I TAP MSB (AB)
Note : SE = V) 7////,% S vH or "L
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SPLIT READ TRANSFER CYCLE

tras

tre
w 7N I\
L —
tesH
: etcap trco tasy teen
Vih — 7[‘ "\ 1 / ﬁ
CAS cAS
ViL — \
tRap TRAL
. R 1
' -AS| RAHI LASC tean

T S YO T Y

AQD~A7 : TAP

<<
Qo

l RWH

0o

=

A
=<
Fz

<<

:"H" or "L"
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MASKED WRITE TRANSFER CYCLE

tac
tras trp
oy, 7 |
RAS v — \ / \
ooy
q_t&L,. treD. TrSH H“'L’l
o N —
L =
tRAD 3
tasy Tran asg tean RaL
Vi =
AO~AB ROW ADDRESS )@{SAMSMMADDRESS
e
AO~AB : TAP
T twsr trwn
WB/WE
f
try try
Vi — TLS o | | TLH o
BT/OE "
("
¢
tesm, | |t
Vik
DSF1
L
Vin =
osF2 )
4
s 1Tl B
t
Wi/101 Vou — - S

OPEN

A

~W8/108 VoL —,

o
A

| Log | B, Leg
Vi — g ) i~
SC oy, 1\ Inhibit Rising Transient /

1t f
Loy | | 3P l tcap | L‘E}, tson
Vig = VALID VALID VALID
S0t | : thap :
~5108 = .
L— our o™ ' OPEN '
Vou = : T
QsF ol _ ' 3{ TAP MSB (AB) |
:revi%us -z—i i—-— New Row Data
ow Data ' H
Note : SE = V), m “H" or "L"
Mask Mode *1
New Mask Mode WM1 data
Old Mask Mode Don't care
WM1 data 0: Transfer Disable
1: Transfer Enable
Don't care 0or'l
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MASKED WRITE TRANSFER CYCLE (Previous Transfer isRead Transfer Cycle)

 —
IH

7Y N
CAS
AO~AB
[ — V.
WE/WE /
” i .
DT/OE M ;
<LESR
DSF1 /
DSF2 v, :
FF } :-MG
MH 1 t.
W1/101 oH— . R scc
~W8/108 oL —
R sl luo ve
—_ -+ |
sc " /| N\ inhibit Rising Transient N\ jw
I T = sps  tsop
SDZ o
" - VALID >@(
— _ . DATA-IN
SI01 H
~S108 H
= VALID VALID T,
our ¥ DATA-QUT xl_DATA-OUT( OPEN
| 1 i tcgp
|
OH !
QsFyor ){ TAP MSB (A8) |
S | Output Data --——— E—A— Serial Input Data
W : "H" or "L"
Mask Mode *1
New Mask Mode WM1 data
Old Mask Mode Don't care
WM1 data 0: Transfer Disable
1: Transfer Enable
Don't care 0or'l
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MASKED SPLIT WRITE TRANSFER CYCLE

tre

wwl_ /N m ' \

ww T :m :: R :? A1V,
Av~as (M thf?nsss : // 5}%}!‘?&‘2’: X
W/ Vil
e " “

s

wi1/01 Vou — X R
~W8/108 VoL — ,H "1 ¥ OPEN

sC

@55 |(n+256) (n%257) (ni2hE) &3 &%) | "t
Vi —
. A VAVAVAVAVANY A\VAN
I I I I K
S0 vy =
5108 v _(359) (n+zss)K +257) Aln zss)X X (509M0, X & X“("‘fs X

1sqp
QSF zg?:f—\ 7; ................................... /‘__

i L Lower SAM 0 ~ 255
(Boundaw) Note : SE = V. Upper SAM 256 ~ 511 (Boundary)
i Location

m :“H" or "L"

Mask Mode *1
New Mask Mode WM1 data
Old Mask Mode Don't care
WM1 data 0: Transfer Disable
1: Transfer Enable
Don't care 0or'l
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SERIAL READ CYCLE (SE=V,))

LIV N
o e
son, o W T KR KR, KR KR S
Note : SE= V. V7] - “H" or L

SERIAL READ CYCLE (SE Controlled Outputs)

|
— VYH —
RSy _ /

1THs tTHH

0

tscc tscc tsce tscc tscc
% % t

|5 |tsCp s, |tsC, | ss
Vin = y y y ; y
SC vy -—E/MMM
SCP SCP tscp SCP SCP tscp

tsep
- Vih— ]
E oy /‘ N

tsz2e

== |
Vih —
IN
Vi =
su: § | tsca, fsen tsca, tsca
~5108 tson tsez < tsca, | ‘ls_at tsou

Vou = VALID F—VALD 4 VALID VALID VALID
L ouT o >< DATA-QUT DATA-OUT >_°PEN —<{_pbataour x DATA-OUT D{ ATA-OUT

m 1 “H" or "L”
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SERIAL WRITE CYCLE (SE=V,,)

o
< TN SN N N ek Th
ST W S B B

Note : SE= V_

m C“H" or "L

SERIAL WRITE CYCLE (SE Controlled Inputs)

ws /S

e N T )
oo Y BR E e X
o 12

PIN FUNCTION
ADDRESSINPUTS: Ag~Ag

: "H" or "L"

The 18 address bits are required to decode 8 bits of the 2,097,152 cell |ocations within the dynamic RAM
memory array and they are multiplexed onto 9 addressinput pins (Ag~Ag). Nine row address bits are latched on
the falling edge of the row address strobe (RAS) and the following nine column address bits are |latched on the
falling edge of the column address strobe (CAS).
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ROW ADDRESS STROBE : RAS
A random access cycle or adatatransfer cycle begins at the falling edge of RAS. RAS isthe control input

that |atches the row address bits and the states of CAS, DT/OE, WB/WE, DSF1 and DSF2 to invoke the various
random access and data transfer operating modes shown in Table 1. RAS has minimum and maximum pulse
widths and a minimum precharge requirement which must be maintained for proper device operation and data

integrity. The RAM port is placed in standby mode when the RAS control is held “high”.

COLUMN ADDRESS STROBE : CAS

CASisthe control input that |atches the column address bits which are al so used for the tap address during
the transfer operations. The state of the special function input DSF1 isread at the CAS falling edge to select the
block write mode or load register functions in conjunction with the RAS control. CAS before RAS refresh
operations are selected if the signal is“low” at the RAS falling edge.

DATA TRANSFER/OUTPUT ENABLE : DT/OE

The DT/OE input is a multifunction pin. When DT/OE is “high” at the falling edge of RAS, RAM port
operations are performed and DT/OE is used as an output enable control. If it is“low”, a datatransfer operation
is activated between the RAM and the SAM.
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WRITE PER BIT/WRITE ENABLE : WB/WE

The WB/WE input isalso amultifunction pin. When the signal is“high” at thefalling edge of RAS, during
the RAM port operations, it is used to write datainto the memory array in the same manner asastandard DRAM.
If the signal is “low” at the RAS falling edge, the write-per-bit function is enabled. The WB/WE input also
determines the direction of data transfer between the RAM array and the SAM.

WRITE MASK DATA/DATA INPUT AND OUTPUT: W, /IO1~Wg/10g

Dataiswritten into the RAM through W4/IO;~Wg/I Og pins during awrite cycle. Theinput dataislatched
at thefalling edge of either CAS or WB/WE, whichever occurslate. In aread cycle dataisread out of the RAM
on the W; / 10; pins after the specified access times from RAS, CAS, DT/OE and column address. The 4 least
bits are also used as the column address mask during a block write cycle.

When the write-per-bit function is enabled, the mask data on the W;/I O; pinsislatched into the write mask
register at the falling edge of RAS. In aload mask and color register cycles, the data on the W;/10; pinsis stored
into the write mask register and the color register respectively.

SERIAL CLOCK : SC

All operations of the SAM port are synchronized with the seria clock SC. Datais shifted in or out of the
SAM registers at the rising edge of SC. The seria clock SC also increments the 9-bits serial pointer which is
used to select the SAM address. The SC pin must be held at aconstant V| or V,_ level during read and masked
write transfer operations and should not be clocked while the SAM is in standby mode to prevent the SAM
pointer from being incremented.
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SERIAL ENABLE : SE

TheSE input isused to enable serial access operation. Inaseria read cycle, SE isused as an output control.
In a serial write cycle, SE is used as a write enable control. When SE is “high”, seria access is disabled,
however, the serial address pointer is still incremented while SC is clocked.

SPECIAL FUNCTION CONTROL INPUT: DSF1, DSF2

DSF1 is latched at the falling edge of RAS and CAS to select the various TC528267 operations. If the
signal is kept “low”, the basical functions featured in conventional multi-port DRAM are enabled. To use the
block write, the flash write and the load register functions or the split transfer operations, the DSF1 signa needs
to be controlled as shown in Table 1.

When the DSF2 signal is*high” at the falling edge of RAS, pipelined page mode operations are enabled.
The pipeline mode is supported with the read, write and block write functions.

SPECIAL FUNCTION OUTPUT: QSF

QSF isan output signal which, during split register mode, indicates which haf of the split SAM is being
accessed. QSF “low” indicatesthat the lower split SAM (Bit 0~255) is being accessed and QSF “high” indicates
that the upper split SAM (Bit 256~511) is being accessed. QSF is monitored so that after it toggles and after
allowing for adelay of tgrs, split read/write transfer operation can be performed on the non-active split SAM.

SERIAL INPUT/OUTPUT : SIO4~SIOg

Serial input and serial output share common 1/O pins. Serial input or output mode is determined by the
most recent read or masked write transfer cycle. After aread cycle, the SI/Oi pinisin the output mode. When a
masked write transfer cycle is performed, the SI/Oi is switched from output mode to input mode,

OPERATION MODE

The RAM port and data transfer operating of the TG528267 are determined by the state of CAS, DT/OE,
WB/WE, DSF1 and DSF2 at the falling edge of RAS and by the state of DSF1 at the falling edge of CAS. The
Table 1 shows the functional truth table for alisting of all available RAM port and transfer operations.
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Table 1. Functional Truth Table

RAS ©_ CAS L
—— Mnemonic Code Function
CAS|DT/OE|WB/WE |DSF1|DSF2| DSF1
0 * * 0| * - CBR CBRALUto Refresh & Option Reset D2
0 * 0 1| - CBRS CBRALUto Refresh & Stop Register 2
0 * 1 1| = - CBRN CBR Auto Refresh
1 0 0 0 | * * MWT Write Transer (New/Old Mask)®
1 0 0 1| * MSWT Split Write Transfer (New/Old Mask)?
1 0 1 0 * * RT Read Transfer
1 0 1 1| = * SRT Split Read Transfer
1 1 0 0| o 0 RWM Read Write (New/Old Mask)?
1 1 0 0| o 1 BWM Block Write (New/Old Mask)?
1 1 0 1| * FWM Flash Write (New/Old Mask)V)
1 1 1 0 0 0 RW '\R/Ieggev(vl\rlict)e hxvg)Extended Fast Page
1 1 1 0 0 1 BW Block Write (No Mask)
1 1 0 0 1 0 RWM(P) | PFP® Read Write (New/Old Mask)Y
1 1 0 0 1 1 BWM(P) | PFP® Block Write (New/Old Mask)Y
1 1 1 o | 1 0 RW(P) PFPY Read Write (No Mask)
1 1 1 o | 1 1 BW(P) PFP3 Block Write (No Mask)
1 1 1 1| o+ 0 LMR Load (Old) Mask Register?
1 1 1 1 * 1 LCR Load Color Register
Note: * =0 or 1, - = Not applicable

1) After LMR operation, MWT, MSWT, RWM, BWM, FWM, RWM (P), BWM (P) use old mask.
CBR operation resets the old mask mode to new mask

mode.

2) CBRS operation determines binary boundariesin the SAM.

CBR operation resets the boundaries.

3) PFP stands for pipelined fast page mode
RAM PORT OPERATION

1. READ WRITE FUNCTION : RW

The TC528267 is equipped with the read write function which is identical to the conventional dynamic
RAM's one and supports read, early write, OE controlled write and read-modify-write cycles as shown in the
timing charts. Extended fast page and pipelined page modes are also available with the read write cycles by
performing multiple CAS cycles during asingle active RAS cycle, a page.
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1.1 EXTENDED FAST PAGE MODE

Extended fast page mode allows faster access to the memory in an actual system than the conventional fast
page mode. An output data remains valid after the CAS signal goes high to prepare the next output data. Thus,
the system has longer period to read the data from the RAM. Read, write and read-modify-write cycles are
available during the extended fast page mode.

2. WRITE-PER-BIT (MASKED WRITE) FUNCTION : RWM

The write-per-bit (masked write) function selectively controls the internal write enable circuits of the
RAM port. When WB/WE is held “low” at the falling edge of RAS, during the RWM cycle, the write mask is
enabled. At the same time, the mask data on the Wi/IOi pins is latched into the write-mask register. The 1/0
mask data maintains in a single RAS cycle, a page (New Mask Mode). When a load mask register function
(LMR) is performed, the write mask data on the Wi/IOi pinsis latched into the write-mask register. After the
LMR operation, the data at the falling edge of RAS during the RWM cycleisignored and the 1/O mask data that
was stored in the write-mask register is used (Old Mask Mode) until the mode is reset by CBR operation. The
truth table of the write-per-bit function is shown in Table 2.

Table 2. Truth table for write-per-bit function

At thefalling edge of RAS
Write Mask Register Function
CAS| DT/OE | WB/WE | W/IO; (i=1~8)
1 - Write Enable
0 - Write Disable (New Mask)
H H L
* 1 Write Enable
* 0 Write Disable (Old Mask)

Note:™ = 1 or 0, « =Thedataon Wi/lOi islatched.

3. BLOCK WRITE AND MASKED BLOCK WRITE : BW & BWM

Block writeisaspecial RAM port write operation which, in apage, allowsfor the datain the color register
to be written into 4 consecutive column address locations starting from a selected column address in a selected
row. The block write operation can be selectively disabled on an /O basis and a column mask capability isalso
available.
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A block write cycleis performed by holding CAS, DT/OE “high” and DSF1 “low” at theRASfalling edge
and by holding DSF1 “high” at the CASfalling edge. If the DSF signal is“low” at the CASfalling edge, aread
write operation will occur. Therefore, acombination of block write, read and write operations can be performed
during afast page mode cycle. The state of WB/WE input at the falling edge of RAS determines whether or not
the 1/0 mask is enabled (WB/WE must be “low” to enable the 1/0 mask, BMW mode or “high” to disable it,
BW mode). The I1/0O mask is provided on the Wi/IOi input at the RAS falling edge. After LMR operation,
however, the old mask is used for the I/0O mask function. The column mask data on the Wi/IOi input must be
provided at the CAS or WB/WE falling edge whichever islate, while the seven most significant colunm address
(A2C~A8C) are latched at the falling edge of CAS.

An example of the block write function is shown in Figure 1 with a mask on W4/103, W,/|O,4, Wg/IOg,
WSg/lOg and column 1. The block write is most effective for window clear and fill operation in frame buffer
applications.

Figure 1. Block Write Operation

s 'j /— Example
e \ W/10
(—"-'—‘ 2
wiwe XN [ coomn st |1 QLT {11 - - |-
i : 0

w
=Y
(%]
o9
~
(2]

Color Register 1

DSF1 % L__/ H Result @
oz 7 LU e e

|:wno ;2 t;:Col:mn Mask Early Write Column 0 110 V%n/ny
wic X2 X Coumn wask W, pelayed wiite Column 1 %//77//47

Column 2 1 //

Column 3 1
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4. FLASH WRITE : FWM

Flash write is also a special RAM port operation which in asingle RAS cycle, alows for the datain the
color register to be written into all the memory locations of a selected row. Each bit of the color register
corresponds to one of the DRAM 1/0 blocks and the flash write operation can be selectively controlled on an I/
O basisin the same manner as the write-per-bit operation.

A flash write cycle is performed by holding CAS “high”, WB/WE “low” and DSF1 “high” at the falling
edge of RAS. The mask data must aso be provided on the Wi/IOi inputs in order to enable the flash write
operation for selected 1/0 blocks. After aL MR operation, however, the old mask in the mask register is used for
the 1/0 block masking.

Flash write is most effective for fast plane clear operations in frame buffer applications. Selected planes
can be cleared by performing 512 flash write cycle and by specifying a different row address location during
each flash write cycle. Assuming a cycle time of 130ns, a plane clear operation can be completed in less than
66.6 psec.

Figure 2. Flash Write Operation
— Example
RAS X /- vos V07 10g

H
@ T\ /a 1
7////////////7”,,//,,”

n~a8 N R X

wowE | \_iL /

H

iH

wio /4”//////’////////////////////////////////////// Color

Register
DSFZ : don't care (H or L) Mask
Data (WM1)
* Mask Mode
Mask Data New Mask Mode

Don't Care (H or L) Old Mask Mode
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5. PIPELINED FAST PAGE MODE : RWM (P), BWM (P), RW (P), BW (P)

Pipelined fast page mode allows much faster access to the memory than the conventional page mode.
Read, write and block write cycles are available at the pipelined fast page mode timings.

A pipelined fast page mode is performed by holding DSF2 “high” at the falling edge of RAS. A pipelined
fast page read, write and block write operations can run at 30ns cycle time for 70ns version. Also, those mode

can be selected every CAS cycle by the status of DT/OE, WB/WE and DSF1 pin. There are, however, penalties
on the performance as follows :

1) Two CAS cycles are required for the read operation. The fast access, hence, takes longer than page
mode. Also, one CAScycleis needed to read out the data before the write cycle starts in the same page.

2 One dummy cycleis needed to complete the write and block write operation. The cycleis, thus, needed
between the write and the read operation and is required before the page ends.

A system designer needs to carefully estimate the system performances with the pipelined page mode and
the conventional page mode in order to decide which mode should be used.

6. LOAD (OLD) MASK REGISTER: LMR

The TC528267 has an on-chip 8 bit write-mask register which provides the 1/0 mask data during the
masked functions such as the write-per-bit (RWM), masked block write (BWM), flash write (FWM) and write
transfer (MWT, MSWT) functions. Each bit of the write-mask register corresponds to one of the DRAM 1/0
blocks. After the mask datais specified in the write-mask register by using the load mask register (LMR) cycle,
the old mask mode is invoked during the masked functions. The 1/O mask data in the write-mask register
maintains until another LMR operation is performed during the old mask mode. The LMR cycleisinitiated by
holding CAS, DT/OE, WB/WE and DSF1 “high” at the falling edge of RAS and by DSF1 “low” at the falling
edge of CAS. The data presented on the Wi/l Oi lines are subsequently latched into the write-mask register at the
falling edge of either CAS or WB/WE, whichever occurs later. The old mask mode is reset to the new mask
mode by a CAS before RAS refresh cycle (CBR). During the LMR cycle, the memory calls of the row address
which islatched at the falling edge of RAS are refreshed.

Figure 3. State Diagram of Mask Mode

LMR Cycle
//\‘
LNew Mask Mode ) ( 0ld Mask Mode )

- ==

CBR Cycle
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7. LOAD COLORREGISTER: LCR

The TC528267 is provided with an on-chip 8-bits register (color register) for use during the block write or
flash write function. Each bit of the color register corresponds to one of the DRAM 1/O blocks. The load color
register cycle isinitiated by holding CAS, WB/WE, DT/OE and DSF1 “high” at the falling edge of RAS. The
datapresented on the Wi/l Oi linesis subsequently latched into the color register at the falling edge of either CAS
or WB/WE, whichever occurs later. During the load color register cycle, the memory cells on the row address

latched at the falling edge of RAS are refreshed.

8. REFRESH

The datain the DRAM requires periodic refreshing to prevent data loss. Refreshing is accomplished by
performing a memory cycle at each of 512 rows in the DRAM array within the specified 8 ms refresh period.
The TC528267 supports the conventional dynamic RAM refresh operations such as RAS only refresh, CAS
before RAS refresh and hidden refresh.

8.1 CASbefore RAS Refresh and Option Reset : CBR

The CBR cycle reset the following functions, performing the CAS before RAS refresh operation at the
sametime.

¢ Toreset the old mask mode to the new mask mode for the masked functions.
¢ Toreset the stop register and remove the binary boundaries for the split SAM operation,

The systems which implement neither the old mask mode nor the binary boundary in the SAM is
recommended to use the CBR cycle for refresh operation.
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8.2 CASbefore RAS Refresh : CBRN

The CBRN cycle performs only the CAS before RAS refresh operation. The systems which implement
either the old mask mode or the binary boundary in the SAM usually use the CBRN cycle for refresh operation
except for at the required stop register set or option reset cycles. The CBRN cycle must not be used during the
initialization after power-up,

8.3 CASbefore RAS Refresh and Stop Register Set : CBRS

The CBRS cycle sets the stop register to place binary boundaries in each falf SAM, performing the CAS
before RAS refresh operation at the same time. The CBRS cycle isinitiated by CAS holding “low” and by WB
/WE and DSF1 “high” at the falling edge of RAS. At the same time the data on the address pins, Ag - Ag is
latched and the binary boundaries in each half SAM will be available when a split transfer operation is
performed,

Figure 4 . Stop Register and Binary Boundary L ocation

Stop Register Value Binary Boundary Locations
Ag-Ap
011111111 | —I L j Last Address of each block
255, 511 Default Case

001111111 ] | L | | 127, 255, 383, 511
000111111 63, 127, 191, 255, 319, 383, 447, 511

cocortie LLLITTLIVEETTTTTT afetmagngtaasaitstss =

ooooorse [T (TTITTTITTIOIID] 332,47, 8 78, os any nay, aas,
287, 303, 319, 335, 351, 367, 383, 399
- 415, 431, 447, 463, 479, 495, 511

000000111
000000011
These values are not allowed to be set.

000000001

0000000O00O0
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NOTE

OE control of Extended Fast Page mode Read cycle

When OE istoggled while CASis“Low” level in fast page mode read cycle, the ssme dataisvalid on WI/
O. However, the datawill not be valid when OE goes low with CAS high condition. The datawill come out in
following CAS cycle. Such a OE control have to satisfy togp (10ns min), tecg (10ns min), tecy (10ns min).
Please refer following Figure.

'E____._
wiio—— < ca_»—3 CA_) . CB

DATA TRANSFER OPERATION

The TC528267 features two types of internal bidirectiona data transfer capability between the RAM and the
SAM, as shown in Figure 5. During a normal transfer, 512 words by 8 bits of data can be loaded from RAM to
SAM (Read Transfer) or from SAM to RAM (Write Transfer), During a split transfer, 256 words by 8 bits of
data can be loaded from the lower / upper half of the RAM into the lower / upper half of the SAM (Split Read
Transfer) or from the lower/upper half of the SAM into the lower/upper half of the RAM (Split Write Transfer).
The normal transfer and split transfer modes are controlled by the DSF1 input signal

512 columns 256 columns 256 columns

512x256x8 |512x256x8
Memory Memory

512 512x512x8 512
Cell Array Cell Array

rows Memory Cell Array rows

0 0 ¢

{ 512x8 K> [ 2s6xs [ 256x8 ]_°._9H

Figure 5. (8) Normal Transfer (b) Split Transfer
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Table 3. shows the truth table of each Transfer Modes

— 77RAi} Mrg)ndznic Transfer Mode ;?:;; TraBn:fer SAM Port Mode
CAS|DT/OE|WB/WE|DFS1
H L H L RT Read Transfer RAM - SAM| 512x8 | Input — Output
H L L L WT | Write Transfer (New/Old Mask) SAM - RAM| 512x8 | Output — Input
H L H H SRT Split Read Transfer RAM - SAM| 256x8 | Not changed
H L L H SWT | Split Write Transfer (New/Old Mask) | SAM - RAM | 256x8 | Not changed

9. READ TRANSFER CYCLE : RT

A read transfer consists of loading a selected row of data from the RAM array into the SAM register. A
read transfer isinvoked by holding CAS “high”, DT/OE “low” WB/WE “high” and DSF1 “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. At the same time, the SAM port is set into the output mode. The start address of the serial pointer
of the SAM (TAP address) is determined by the column address selected at the falling edge of CAS. By doing
atight timing control between the DT/OE rising edge and SC falling edge, a real time read transfer operation
can also be performed.

Figure 6 shows the operation block diagram for read transfer operation.

Figure 6. Block Diagram for Read Transfer Operation

TAP Address ON
Nt 0 s
OFF
PITTTRE o 5979 —>
SAM P Serial Read
[TTTTTT /T

512 x 8bits
Ao~Ag 4=<— Selected Row

512x512x8 bits
Memory Cell Array

Row Decoder

In aread transfer cycle (which is preceded by a write transfer cycle), the SC clock must be held at a
constant V|, or V,, 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 and the falling edge of RAS and CAS, as shown
in READ TRANSFER CY CLE timing chart.
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10. WRITE TRANSFER CYCLE : WT

A writetransfer cycle consists of loading the content of the SAM register into a selected row of the RAM
array. The write transfer isinvoked by holding CAS *“high”, DT/OE “low”, WB/WE “low”, and DSF1 “low” 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 (TAP address). 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.

Thewritetransfer is selectively controlled per RAM 1/O block by setting the mask data on the Wi/l Qi lines
at thefalling edge of RAS (some asin the write-per-bit operation). Before the serial clock starts loading the data
into the SAM through SIO pins, the write transfer operation with all 1/0 blocks disabled must be performed in
order to change the SAM port from output. Please note that the conventional pseudo write transfer is not
available in the TC528267. The mask function is switched between the new and old mask mode by the LMR
and CBR cycle.

SAM Start Ad\dr:ss f{zﬁ*@g 51015105
ON
A8 S A8 Ti71
/ SAM
I — L
Ag~Ag % 512 x 8bits
. é ~— Selected
Row

512x 512 x 8bits
Memory Cell Array

W4 /10, W, /10, W3/103 W,3/104 Ws/10g We/10g W7 /107 Wg/10g

el
LELELE T

Mask " “ym “gn

Data - ! 0 !
Transfer operation Transfer operation
is inhibited. is inhibited.

Figure 7. Block Diagram for Write Transfer Operation

When consecutive write transfer operations 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 V| or V, during the RAS cycle. A rising edge of the SC clock is only allowed after the
specified delay tgrp from the rising edge of RAS, at which time a new row of data can be written in the serial
register.
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11. SPLIT READ TRANSFER CYCLE : SRT

A split read transfer consists of loading 256 words by 8 bits of datafrom a selected row of the half RAM
array into the corresponding half SAM in stand-by mode. Serial data can be shifted out of the other half of the
SAM in active mode simultaneously, as shown in Figure 8. The most significant column address (A8C) is
controlled internally to determine which half of the SAM will be reloaded from the RAM array. During the split
read transfer operation, the RAM port control signals do not have to be synchronized with the serial clock SC,
thus eliminating the timing restrictions asin the case of real timeread transfers. Prior to the execution of the split
read transfer operation, a (normal) transfer operation must be performed to determine the absolute tap address
location. QSF is an output that indicates which half of the SAM isin the active state.

QSF changes state when the last SC clock is applied to the active SAM, as shown in Figure 9.

256 columns 256 columns
[ Y

/ Active SAM QSF Level
512 256x8 lower SAM “Low”
rows

upper SAM “High”

B ]

SO

Figure 8. Split Read Transfer

Read
Tf:nsfem
1/

_— Split Read{ns;x Split Read m
F/““”\ ’”l‘ .5’\_{ Tap2 5255\ TAP3
W G K S| o—
N 7TAP£_,.. — ig —_— ‘ ->-E?
Figure 9. Example of Consecutive Read Transfer Operations
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12. SPLIT WRITE TRANSFER : MSWT

A split write transfer is the similar function to the split read transfer. The difference is that the transfer
direction is from the stand-by half SAM into a selected row of the corresponding half RAM array. Also, seria
data can be shifted into the other half of the SAM simultaneously, as shown in Figure 10. New and old mask
capability issupported inthe MSWT cycleasisin the write transfer operation. Prior to the execution of the split
write transfer operation, awrite transfer operation, in which all 1/0 blocks are usually disabled, must precede to
switch the SAM port from output mode to input mode and to set the initial TAP location for the seria input
operation.

256 columns 256 columns
—

512
rows

e
L, (OJ

SI0

Figure 10. Block Diagram for Split Write Transfer

Pseudo Write Transfer Split Write Transfer /S-plTWrite Transfer
— Y/ y \ Y /

w _/rer,' ...................... aswss T — smarr T L seas
QSF \ / —

AN
T

Figure 11. Example of Consecutive Write Transfer Operations
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NOTES

@

@

©)

Read/Write

allowed.

Transfer operation without CAS.
The SAM tap location is undefined if CAS is maintained at a constant “high” level during a transfer
cycle. A transfer cycle with CAS held “high” is, hence, not allowed.

RS\ /

CAS Not
. Allowed

Address  ZZZZZZZZ7K_ Row N

In the case of multiple split transfers performed into the same half SAM, the tap location specified
during the last split transfer, before QSF toggles, will prevail, as shown below.

R T\ e N o U /
N/ Y e WY

g 3

Address  —(Row 1XTap 1)—(Row 2 {Tap 2) (Row N)Tap N

lower SAM : Active .
QSF upper SAM : Non-active | lower SAM : Non-active

1L stk First upperSAM : Active

v Clock Clock
sC [ | f | f ‘-f' ] i f
_______ ‘ﬁ------- 1

1
1
' Multiple Split transfer into upper SAM | Serial access of upper SAM
. 1
i Serial access of lower SAM ) starting at Tap N location
H

Split transfer operation allowable period.

Figure 12 illustrates the relationship between the serial clock SC and the special function output QSF
during split read / write transfers and highlights the time periods where split transfers are alowed,
relative to SC and QSF. A split transfer is not allowed during to tgry + tsts. In the case that the CBRS
operation is executed and the binary boundary in each half SAM is set or updated, an additional period
isapplied, as shown in Figure 12.

lélast . Eiirstk Li“t First Last First
oc ocl Clock  Clock Clock  Clock
QsF T *7‘
KT fterulters|  SAT trn|tsrs|  CBRS—SRT T4 tsaaT
| tsTH 1513
Transfer YES NO YES NO YES NO YES

Figure 12. Split Transfer Operation Allowable Periods

The stop register and binary boundary are explained in the CBRS operation and the SAM port
operation.
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4 A normal transfer (read/write) may be performed following split transfer operation provided that atsrg
minimun delay is satisfied after the QSF signal toggles.

QsF Y

h
1]
f :I 1 Mi ;
Split Transfer— :q_.SIEL_,:.(_Normar Transfer Operation Allowed
H 1]
i !

(5) Binary-Boundary SET/RESET Cycle Timing.
When the address counter of serial-access-memory (SAM) pointed asthe last address of each boundary
address. (15, 31, 47, 63, 79, 95, 111, 127, 143, 159, 175, 191, 207, 223, 239, 255, 271, 287, 303, 319,
335, 351, 367, 383, 399, 415, 431, 447, 463, 479, 495, 511), the boundary-set or change by CBRS-cycle
or the boundary-reset by CBR-cycle may cause the unexpected operation of SAM counter or QSF
status.

If the system design with these timing is required. Please contact to our local sales office.

SAM PORT OPERATION

The TC528267 is provided with 512 words by 8 bits seria access memory (SAM) which can be operated
inthesingleregister mode or the split register mode. High speed serial read or write operations can be performed
through the SAM port independent of the RAM port operation.

13. SINGLE REGISTER SERIAL READ OPERATION

Serial data can be read out of the SAM port after a read transfer has been performed. The read transfer
operation changes the SAM port to the output mode. At every rising edge of the serial clock, the dataisread out
sequentially starting from the selected tap location to the most significant bit and then wraps around to the least
significant bit, as illustrated below. Subsequent real-time read transfer may be performed on-the-fly as many
times as desired.

Start‘address : Tap location

I_'M'Pl """ |“|"l ------------------ |509|5m|5u'—.|

14. SINGLE REGISTER SERIAL WRITE OPERATION

During the serial write operation, the dataiswritten into the SAM at every rising edge of the serial clock.
A write transfer cycle, at which all 1/0s are usually masked, must be performed to change the SAM port to the
input mode. The tap location, which is the start address of the seria write, is set by the column address at the
falling edge of CAS. After the dataisfilled in the SAM, the serial clock must stop toggling and awrite transfer
cycleis subsequently used to load the SAM data into the RAM selected by the row address at the falling edge
of RAS. Thetap addressis set during the same cycle for the next serial write opration.
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15. SPLIT REGISTER MODE

The split register mode realizes continuous seria read or write operation. The data can be shifted into or
out of one half of the SAM while asplit read or write transfer is being performed on the other half of the SAM.
Thus, the tight timing control at areal time read operation is eliminated with the split read operation. A normal
read / write transfer operation must precede any split read/write transfer operation in order to set the SAM port
into output mode or input mode, asthe split read or write transfer operationswill not change the SAM port mode.
Also, a CAS before RAS refresh and stop register set cycle (CBRS) can be performed to specify the binary
boundariesin the SAM.

Inthe split register mode, serial data can be read from or written into one of the split registers starting from
any of the 256 tap locations. The dataisread or written sequentially from the tap location to the most significant
bit (255 or 511) of thefirst split SAM and then the SAM pointer movesto the tap location selected for the second
split SAM to read or write the data sequentially to the most significant bit (255 or 511) and finally wraps around
to the least significant bit, asillustrated in the example below.

Tap location . Tap chation
E‘_ASRT is executed ’ ;_No SRT is executed *
’—+011|2| ------ PRl [T =TF— T h
255 256 511

16. SPLIT REGISTER MODE WITH BINARY BOUNDARY

After a CBRS cycle is performed, the binary boundary, which is stated in 8.3. CAS before RAS refresh
and stop register set, is set when a SRT cycleis performed. The serial datais read from or written into one half
of the SAM starting the tap location to the next binary boundary, while another SRT cycle is performed. Then,
the SAM pointer moves to the tap location in the other half SAM and the data is read from or written into the
half SAM sequentially. If any SRT operation is not performed before the next boundary, the SAM pointer does
not jump to the other half SAM, asillustrated in Figure 12.
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@ SRTy - CBRS - SRT; = SRTy = SRTgweereees
(TAP)  :  (TAPy) (TAP;) (TAPy)

New Boundary Set

,r Example : CBRS is executed during this period.

|~€—— CBRS _"'ZSRTZ F " This is the time point that SRT2 is executed.

Bo : Old

Boundary
By By
New Boundary
is set by
Transfer Cycle (SRT) .
after CBRS, /_ No SRT is executed
I SRT; I
By : New
Boundary

.Figure 12. Operation of Split Register Mode with Binary Boundary

The binary boundary is reset by a CBR cycle and the SAM operation mode returns to the normal split

register mode, as shown in Figure 13.
Fig. 14 shows the relation between CBR and SC on binary-boundary-reset. When Nth SC clock accesses
old binary addressis reset and (N + 1)th SC clock accesses old boundary address (old stop address) + 1 on the

same split SAM, not jump to TAP address.

By : Old
Boundary

By CBR
Real Time Reset

\

Figure 13. Binary Boundary Reset
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0ld Stop Address

Figure 14. CBR and SC relation of binary-boundary-reset
In an actual system which uses the binary boundary a CBRS cycle is executed to determine a type of the
boundary location. Then, anormal RT transfersarow of datainto the SAM and set theinitial tap location at the

same time. An SRT cycle follows it before the SAM pointer reaches to the boundary location. The SRT cycle
makes the binary boundary jump effective, asillustrated in Figure 15.

s s T e TV A
- R TV A T A

Figure 15. Binary Boundary Jump Set Sequence

There are additional timing specifications, trgaa and tga a1 to determine the period that does not allow a
split transfer, asillustrated in Figure 16.
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Boundar: Bound
. Location’ 15t scation’ 1t Totnary 1t
QsF i \
th D
) )
t
e o &
Period B trsaa 1 Period B 8 t i
s :smr e Tjaa [ Tsaar Period B lrn‘a N ismr R Period B
<+ |<¢ > <+« g g —
575, tyrs 1575
hid
ts7H tSTH t5TH
- <+ - [ = <+
1F’eric;d A > =Perind A o < Period A >
Period A : Split Transfer operations are not allowed.
Period B : Split Transfer operations are allowed.
Figure 16. Timing Specification to allow SRT operation

Power must be applied to the RAS and DT/OE input signalsto pull them “high” before or at the sametime
asthe V¢ supply isturned on. After power-up, a pause of 200 pseconds minimum is required with RAS and
DT/OE held “high”. After the pause, a minimum of 8 CBR 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”.

INITIAL STATE AFTER POWER-UP
When power is achieved with RAS, CAS, DT/OE and WB/WE held “high”, the internal state of the

TC528267 is automatically set asfollows.

However, the initial state can not be guaranteed for various power-up conditions and input signal levels.
Therefore, it is recommended that the initial state be set after the initialization of the device is performed (200
useconds pause followed by aminimum of 8 CBR cycles) and before valid operations begin.

State after power-up
SAM port Input Mode
QSF High-Impedance
Color Register al“0”
Write Mask Register Write Enable
TAP pointer Invalid
Stop Register Default Case

61/62

TOSHIBA CORPORATION



TC528267

62/62 TOSHIBA CORPORATION



