TOSHIBA

SILICON GATE CMOS TC528267

target spec

262,144WORDS x 8BITS MULTIPORT DRAM

DESCRIPTION

The TC528267 is a 2M 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 serial
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 5 Vi 10% with a built-in
Vgp generator ITEM
» Allinputs and outputs : TTL Compatible —70 | —80
* Organization trac | RAS Access Time
RAMPort:  262,144wordsX8bits (Max.) 7ons | 80ns
SAMPort:  512wordsX8bit: —
° WOrcsASolts tcac CAS Access Time
« RAM Port (Max)) 20ns 20ns
Extended Fast Page Mode, Read - Modify -
Write, Pipelined Fast Page Mode, CAS before | fAa Column Address Access | 3o | 400
RAS Auto Refresh, Hidden Refresh, RAS only Time (Max.)
Refresh, Write per Bit (New/Old Mask Mode), | tzc Cycle Time (Min.) 130ns | 150ns
Masked Flash Write (New/Old Mask Mode), . Pare Mode Cvele Time
Block Write, Masked Block Write (New/Old | 7€ (Nﬁn ) Y 35ns | 40ms
Mask Mode), Load Mask Register/Color .
Register Cycle, 512 refresh cycles / 8ms tsca S]\e/[dal Access Time 20ns | 25ns
+ SAM Port Max)
Serial Read / Write Capability tsce Serial Cycle time (Min.) | 25ns | 30ns
Addressable TAP Capability ¢ t in Pipelined Fast
Stop Address (Binary Boundary) Capability RACP l;aR;(é pe 90ns | 95ns
Fully Static Register, SIngle Register/Split —
Register Mode Capability tcaci tP(;A(é in Pipelined Fast 20ns | 20ns
* RAM - SAM Bidirectional Transfer g
Read / Real Time Read Transfer tpcp | Pipelined Fast Page
3 30ns 30ns
Masked Write Transfer Mode Cycle Time
Split Read / Masked Split Write Transfer Iec) RAM Operating Current 100mA | 85mA
* Package (SAM : Standby)
TC5282673  : SOJ40-P-400 -
: Iecaa | SAM Operating Current
TC528267FT : TSOP44-P-400B (RAM : Standby) 60mA | 50mA
TC528267TR  : TSOP44-P-400C
| e} Standby Current I0mA | 10mA
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TC528267

PIN NAME
AO~AB Address inputs
RAS Row Address Strobe
CAS Column Address Strobe
DT/OE Data Transfer/Output Enable
WB/WE Write per Bit/Write Enable
DSF1 Special Function Control
DSF2
W1/I01-W8/108 | Write Mask/Data IN OUT
sC Serial Clock
SE Serial Enable
SIO1~SI108 Serial Input/Output
QSF Special Flag Output
Vece/Vss Power (5V)/Ground
N.C. No Connection

PIN CONNECTION (TOP VIEW)

TC5282673

TC528267FT
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wanoalln 3o [Jvse
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TC528267

BLOCK DIAGRAM
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? ? " wow
?P9%¢ ?TL BEEE‘S‘A‘KF}-’ | TPYPP?T?®
| < 2992%99%¢% |
SERIAL OUTPUT SERIAL INPUT
OUTPUT BUFFER INPUT BUFFER TIMING GENERATOR el P
8| Ll
T : ] L
BLOCK L
WRITE ]
CONTROL o COLOR
REGISTER
FLASH (8bit)
WRITE o
! g‘ CONTROL
WRITE WRITE-PER K— REGISTER =t
CONTROL BIT {8biy)
TRANSFER .
CONTROL
i ! 1I L, -
1 :1 l{_ :
. !‘Ll i L1
1 1 11 L 1
m— 1| |
— s - Y
e | e LA %
Py Al fre— . - 2_
§ = $12%512x8 w3 2
8% [ cEwL - ——
H g ] ARRAY —TE 5
e NEE= — 3 3
5 o X ‘;’ ;E
- S U 4 v
RS = 'E elow
| o T T
L SERIAL ADDRESS
ROW DECODER COUNTER (Sbits)
Z= 4P 4 r
| | e — ]
COLUMN ADDRESS ROW ADDRESS REFRESH
BUFFER (3bits) BUFFER (3bits) COUNTER Vee Vs
= 37
IS Y PRY RPN
AO~AE
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TC528267

ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT NOTE
Vin: Vour | Input Output Voltage —1.0~7.0 v 1
Vee Power Supply Voltage —I1.0~7.0 v 1
Topr Operating Temperature 0-70 °C 1
Tstg Storage Temperature — 55-150 °C 1
TSoLDER Soldering Temperature « Time 26010 °Cesec 1
Pp 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
Vee Power Supply Voltage 4.5 5.0 55 v 2
Vig Input High Voltage 24 — 6.5 v 2
ViL Input Low Voltage -1.0 — 0.8 v 2

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

Note: This parameter is periodically sampled and is not 100% tested.
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TC528267

D.C. ELECTRICAL CHARACTERISTICS (V¢ =5V £ 10%, Ta = 0~70°C)

-70 -80
ITEM (RAM PORT) SAM PORT | SYMBOL UNIT | NOTE
MIN. MAX. MIN. MAX.
OPERATING CURRENT Standby Iccy — 100 — 90 3,4,5
RAS, CAS Cycling
trc = trc min. Active Iecia — 160 140 3,4,5
STANDBY CURRENT Standby Icc — 10 — 10
RAS,CAS = Vi
Active ICCZ A bnd 65 _ 55 3, 4,5
RAS ONLY REFRESH CURRENT Standby Icos - 100 — 90 3,4
RAS Cycling, TAS = Vi
(tnc = tgc Min. ) Active Iccaa — 160 — 140 3,4,5
PAGE MODE CURRENT Standby Icca — 90 —_ 80 3,4,5
RAS = v, CAS Cycling
tpe = tpc min. Active Iecan — 150 — 130 3.4,5
mA
CAS BEFORE RAS REFRESH CURRENT Standby Iccs — 100 —_ 950 3,4,5
RAS Cycling, CAS Before RA
tre = trc Min. Active Iccsa —_ 160 —_ 140 3,4,5
DATA TRANSFER CURRENT Standby Iccs — 135 — 125 3,4,5
RAS, TAS Cycling
tpe = tge Min. Active Iccsa — 195 — 175 3,4,5
FLASH WRITE CURRENT Standby Icer — 100 —_ 90 3,4,5
RAS, CAS Cycling
(!nc =trc min. ) Active Iecra — 160 — 140 3,4,5
BLOCK WRITE CURRENT Standby Iecs - 110 —_ 100 3,4,5
RAS, CAS Cycling
tpe =ty Min. Active Iccsa — 170 — 150 3.4,5
ITEM SYMBOL MIN. MAX UNIT NOTE
INPUT LEAKAGE CURRENT I —10 10 A
0V <V < 6.5V, All other pins not under test=0V 1) "
OUTPUT LEAKAGE CURRENT I —10 10 A
OV < Vgur £ 5.5V, OutputDisable o) #
OUTPUT “H” LEVEL VOLTAGE
OUTPUT “L” LEVEL VOLTAGE
Ioyp=2.1mA Vou - 04 v
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TC528267

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS (V¢ = 5V + 10%, Ta = 0~70°C)(Notes: 6, 7, 8)

SYMBOL PARAMETER 70 i uNIT | NOTE
MIN. MAX. MIN. MAX.
Re Random Read or Write Cycle Time 130 150
trmw Read-Modify-Write Cycle Time 180 200
tpc Fast Page Mode Cycle Time 35 40
tpRmw Fast Page Mode Read-Modify-Write CycleTime 90 9
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
IcPA Access Time from CAS Precharge 35 40 9,16
terz CAS to Output in Low-Z 0 0
toELZ OEF 10 Output in Low-Z 0 0
oFF Output Buffer Tum-Off Delay ] 15 0 15 11,17
tr Transition Time (Rise and Fall) 3 50 3 50 8
igp RAS Precharge Time 50 60
Iras RAS Pulse Width K] 10000 80 10000
tgasp RAS Pulse Width (Fast Page Mode Only) 70 100000 80 100000
sy RAS Hold Time 20 20
losy TAS Hold Time 70 80
tcas TAS Pulse Width 15 10000 20 10000
trep RAS 10 TAS Delay Time 20 50 20 60 15
tRAD RAS 1o Column Address Delay Time 15 35 15 40 15
tRAL Column Address to RAS Lead Time 35 40
tcrp CAS 10 RAS Precharge Time 5 5
topN 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 [
caH Column Address Hold Time 12 15
tRes Read Command Set-Up Time 0
tncu Read Command Hold Time 0 12
RRH Read Command Hold Time referenced to RAS 0 12
twcH Write Command Hold Time 10 15
twp Write Command Pulse Width 10 10
twpz Write Command Pulse Width 10 15 11
wgz Write Command Output Buffer Tum-Off Delay 10 15 i1
tRWL Write Command 1o RAS Lead Time 20 20
towL Write Command to TAS Lead Time 15 20
tps Data Set-Up Time 0 0 13
{DH Data Hold Time 12 15 13
twes Write Command Set-Up Time 0 0 14
lRWD RAS 10 WE Delay Time 95 105 14
tawD Column Address to WE Delay Time 60 65 14
lewp TAS 10 WE Delay Time 45 45 14
tcoH TAS Hold Tlme referenced to OE 5 5
trEs RAS to SC boundary - reset Time 30 30
6/62

TOSHIBA CORPORATION

M 9097248 0027910 &T0O WM




TC528267

SYMBOL PARAMETER i %0 UNIT | NOTE
MIN. MAX MIN. MAX.
thzc Data to CAS Delay Time
tpzo Data to OF Delay Time
toEA Access Time from OF 20 20 9
[ Output Buffer Tum-off Delay from OF 15 15 11
oED OF io Data Delay Time 15 15
1OEH OE Command Hold Time 15 15 ns
lops Output Disable Set up time 0 0
tROH RAS Hold Time referenced to OF 15 15
tcsr TAS Set-Up Time for CAS Before RAS Cycle 5 5
CHR CAS Hold Time for CAS Before RAS Cycle 10 15
trpC RAS Precharge to TAS Active Time 0 0
REF Refresh Period 8 8} ms
twsr WB Set-Up Time 0 0
RWH WE Hold Time 10 15
tEsR DSF Set-Up Time referenced 1o RAS 0 0
tREH DSF Hold Time referenced to RAS(1) 10 15
[ DSF Set-Up Time referenced to CAS 0 0
ICFH DSF Hold Time referenced to CAS 12 15
Ms Write-Per-Bit Mask Data Set-Up Time 0 0
IMH Write-Per-Bit Mask Data Hold Time 10 15
tThs DT High Set-Up Time 0 0
'THH DT High Hold Time 10 15
1Ls DT Low Set-Up Time 0 0
(] DT Low Hold Time 10 10000 15 10000
RTH DT Low Hold Time referenced to KAS 60 65
(Real Time Read Transfer) 10000 10000
tATH DT Low Hold Time referenced to Column 25 25 ”
Address (Real Time Read Transfer)
1o BT Low Hold Time referenced to CAS 20 20
(Real Time Read Transfer)
trrp DT to RAT Precharge Time 50 60
p DT Precharge Time 15 15
tRsD RAS to First SC Delay Time (Read Transfer) 70 80
tasp Column Address to First SC Delay Time 35 40
(Read Transfer)
tesp TAS 10 First SC Delay Time (Read Transfer) 20 20
trsp Last SC to DT Lead Time (Real Time Read Transfer) 5 5
15D DT o Flrst SC Delay Time (Read Transfer) 10 15
1sRS Last SC to RAS Set-Up Time (Serial Input) 25 30
gD RAS 10 First SC Delay Time (Serial Input) 20 25
tspp RAS 10 Serial Input Delay Time 45 50
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TC528267

SYMBOL PARAMETER 0 i UNIT |NOTE
MIN. MAX. MIN. MAX.
tsoe SC Cycle Time 25 30
tsc SC Pulse Width (SC High Time) 10 10
tscp §C Precharge Time (SC Low Time) s 10
TscA Access Time from SC 20 25 10
tsoH Seriat Output Hold Time from SC
1spg Serial Input Set-Up Time 0 0
spH Serial Input Hold Time 10 15
1gEA Access Time from SE 20 25 10
[ SE Pulse Width 20 25
1SEP SE Precharge Time 20 25
IsEz Serial Output Buffer Turn-olf Delay from SE 15 20 11
\s7E Serial to SE Delay Time 0
tszs Serial Input to First SC Delay Time 0
lsws Serial Write Enable Set-Up Time 0
lsw Serial Write Enable Hold Time 10 15
tswis Serial Write Disable Sel-Up Time 0 0
tSWIH Serial Wrile Disable Hold Time 10 10
tsTS Split Transfer Set-Up Time 25 30
STH Split Transfer Hold Time 25 30
tgaaT Split Transfer SC Set-Up Time from RAS 45 55 i
san Split Transfer SC Hold Time from RAS 0 0
tsoD SC-QSF Delay Time 20 25
T DT-QSF Delay Time 20 25
QD CAS-QSF Delay Time 20 25
RQD RAS-QSF Delay Time 70 80
tRepP RAST 1o TAS Delay Time (Pipeline mode) 20 40 20 45
oshp TAS Hold Time (Pipeline mode) 50 55
{RACP Access TIme from RAS (Pipeline mode) 90 95
cact Access Time from TAS (1) (Pipetine mode) 20 20 10
a2 Access Time From TAS (2) (Pipetine mode) 50 50 10
tcasp CAS Pulse Width (Pipeline mode) 10 10
cpp CAS Precharge Time Pipeline mode) 10 10
tpcp Fast Page Mode Cycle Time (Pipeline mode) 30 30
tRsh1 RAS Hold Time (1) (Pipeline mode) 20 20
tRsnz RAS Hold Time (2) (Pipeline mode) 50 50
tewLp Write Command to CAS lead Time (Pipeline mode) 10 10
towp WE to CAS Delay Time (Pipeline mode) 30 30
toFFP Outoff Buffer Tum-off Delay from RAS (Pipeline mode) 1] 15 0 15 11,17
RAM Output Reference Level 2.0V/08V
SAM Output Reference Level 2.0VI0.8V
RAM Output Load 1 TTL and 50PF
SAM Output Load 1 TTL and 30PF
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TC528267

NOTES:

1.

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

2. All voltage are referenced to Vg,

3 These parameters depend on cycle rate.

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

5. Address can be changed once or less while RAS=V|; . In case of I¢,, it can be changed once or less
during a fast page mode cycle (tpc).

6. An initial pause of 200 ps is required after power-up followed by any 8 CAS before RAS initialisation
cycles before proper device operation is achieved.

7. AC measurements assume t = Sns.

8. VIH (min.) 81 V11, (max ) are reference levels for measuring timing of input signals. Also, transition times
are measured between Vyyand Vyp .

9. RAM port outputs are measured with a load equivalent to 1 TTL load and 50pF.
Doy reference levels : Vo / Vo =2.0V/0.8V.

10. SAM port outputs are measured with a load equivalent to 1 TTL load and 30pF.

Doyr reference levels : Voy / Vo =2.0V/0.8V.

11. IOFF (max.) tOEZ (max.)» tOFFP (max.),(wpz (max.)» tWEZ (max.y and tSEZ (max.) define the time at which the
outputs achieve the open circuit condition and are not referenced to output voltage levels.

12. Either tpey or tgpyy must be satisfied for a read cycles.

13. 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.

14. twcs tRwp- tcwp and tawp are not restrictive operating parameters. They are included in the data sheet
as electrical characteristics only. If twcs 2 twcs (min.)» the cycle is an early write cycles and the data out
pin will remain open circuit (high impedance) throughout the entire cycle; If tawp = tawp (min.y tcwp
2 tCWD (min.) 24 tAwD 2 tAwD (min,) the cycle is a read-modify-write cycle and the data out will contain
data read from the selected cell : If neither of the above sets of conditions is satisfied, the condition of
the data out (at access time) is indeterminate.

15. Operation within the tgcp (max ) limit insures that tg o (max ) can be met.
tRCD (max.,) 18 Specified as a reference point only : If tycp is greater than the specified
tRCD (max.,) limit, then access time is controlled by tcac.

16. Operation within the tg op (max ) limit insures that tg o (max,) can be met. trap (max.) 18 specified as a
reference point only: If tg oy is greater than the specified tg Apy (max) limit, then access time is controlled
by t AA-

17. toFFs toprp timing is specified from either RAS or CAS rising edge, whichever occurs last.
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TIMING WAVEFORM
READ CYCLE
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WRITE CYCLE (EARLY WRITE)

w TN s N
el |, ;;:ﬁ ey T Len
T Zj N/ £ A\
N g gy o
Av~ag M %;(:g‘gness @( ADDRESS ’W‘///////////
sl fwm twes ||t
w Yo PN @l oy
}ﬂ 1& - Ch
- v || e
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— w2 B Y e N
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WRITE CYCLE (OE CONTROLLED WRITE)

¢
—taas \ tgp

:
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gl
N
N,
g

Lasn
Vi ROW COLUMN
AG~AS %nm % ADDRESS
I

LWl

7
%.

- Vi

s D pH
i-l—» ML
— "W = Y = Y
Lwenos
L— our ol OPEN
I "H" or "L*
Mask Mode *1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write
New Mask Mode 0 WMI data Write per Bit
Old Mask Mode 0 Don’t care ‘Write per Bit
WMI data 0: Write Disable
1: Write Enable
Don’t care ‘Tor‘®
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TC528267

READ-MODIFY-WRITE CYCLE

| toez . .
e 2 3 HTor 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
WMI1 data 0: Write Disable
1: Write Enable
Don't care lor ‘0’
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EXTENDED FAST PAGE MODE READ CYCLE
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EXTENDED FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trase tar

Vin .

R&S

F
.?_Ig
3

Vi W <
Ab~As O ADD. ADD. 1
L}
tawn
t WS ] ] twa twey )
wa/WE Vw » twe
vu‘ L} L}
trys] {iTHH
oTITE ™ j
"
tarul ] tesc tesg,

pSF1 Um Zli‘ﬁ
Vi

DSF2

Vi
ty
i “— ol > ws,, | e
Vin o ] DATA-IN DATA-IN DATA-IN
[ N Vi 2 1 2 n
W1/7101
~W8/108
L—our :&" ~ OPEN
7////% 1 "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
WMI 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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- toEr ] \2 —_ 2
72/ B
Mask Mode *1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write
New Mask Mode 0 WMI data Write per Bit
0ld Mask Mode 0 Don’t care Write per Bit
WMI1 data 0: Write Disable
1: Write Enable
Don’t care Vory
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FLASH WRITE CYCLE

EE

-

RSy, \ 2 \___
o 4 - F—_

1eas

s 2 P N
we 2 B ||
e 0T

tar

tms tmH

—nwh o M

i
|

OPEN

m : *M" or "L"

Mask Mode *1

New Mask Mode WMI data

0Old Mask Mode Don’t care

WMI data 0: Flash Write Disable
1: Flash Write Enable
Don’t care Qor‘l’
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BLOCK WRITE CYCLE (EARLY WRITE)

rc
Iras ' tEE
Jre iR ﬁ“ s tomm
A s/ ) !\
N
ROW ADD. % SO (a2c~as0)

C

om....
st

103

Vi

1
—
= Y

¥

OPEN

Mask Mode *1 *2
No Mask Mode 1 Don’t care
New Mask Mode 0 WMI1 data
Old Mask Mode 0 Don’t care
WMI data 0: Write Disable
1: Write Enable
Don’t care Qor‘l’

V4 © "H" or "L”

*3 COLUMN SELECT

W1/I01 - Column 0 (A =0, Age=0

W20102 - Column 1 (Arc=0, Agc=1 L ™'On
W3/103 - Column 2 (A, =1, Age=0 =0:

W4/104 - Column 3 (A =1, Age=1

=1 : Enable

18/62

TOSHIBA CORPORATION

N 9097248 0027922 512 MW



TC528267

BLOCK WRITE CYCLE (DELAYED WRITE)

Lp

|t
X
s

~W87/108
e our x: - OPEN
m . DRI or .L.
Mask Mode .1 " *3 COLUMN SELECT
W1/101 - Column 0 (A; =0, Ayc=0 Wn/IOn
No Mask Mode 1 Don’t care W2/102 - Column 1 (A =0, Agc=1 =0 : Disable
W3/103 - Column 2 (A =1, Ayc=0 =1 : Enable
New Mask Mode 0 WM1 data W4/104 - Column 3 (A =1, Apc=1 )
Old Mask Mode 0 Don’t care
WM1 data 0: Write Disable
1: Write Enable
Don’t care c‘Qor ‘1’
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FAST PAGE MODE BLOCK WRITE CYCLE

trase txs,
S e
Vg —
tosy | tec 1 e asn
tene tq:p tep Lp
o Ve = | tas ,_m_,yl: toas
Vi - trap \ g’
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o
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DSF2 V:
s, | 8 | 1Y tos || ton, 1 | 1%
W1/101 v . k= "
~WB/108 Vi 2 3 3 .3
2 L Y
Mask Mode *1 *2 *3 COLUMN SELECT
W1/I01 - Column 0 (A; =0, Agc=0
No Mask Mode 1 Don’t care W2/102 - Columnl (Ac=0, Agc=1 Wn/l?(;‘_ Disabl
W3/103 - Column 2 (A =1, Age=0 o1 Ens;l:
New Mask Mode 0 WMI data W4/104 - Column 3 (A =1, Age=1 e
Old Mask Mode 0 Don’t care
WMI1 data 0: Write Disable
1: Write Enable
Don’t care Qor‘l’
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RAS ONLY REFRESH CYCLE
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HIDDEN REFRESH CYCLE
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CBR AUTO REFRESH CYCLE
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CBR AUTO REFRESH & STOP REGISTER SET CYCLE

W =~: 4 N - JF:\_
o5 Y~ ____/‘ N Vi
- m
N
T

we/wE Um

DSF1

DSF2

< <
L3

W1/7101 Vou — «
~W8/108 Voo — s OPEN

Y R

24/62 TOSHIBA CORPORATION

B 9097248 0027928 T30 M



TC528267

CBR AUTO REFRESH & RESET CYCLE
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LOAD MASK/COLOR REGISTER CYCLE
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READ MASK/COLOR REGISTER CYCLE
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PIPELINED FAST PAGE READ CYCLE
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PIPELINED FAST PAGE WRITE CYCLE
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Mask Mode *1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write
New Mask Mode 0 WMI data Write per Bit
Old Mask Mode 0 Don’t care Write per Bit
WMI data 0: Write Disable
1: Write Enable
Don’t care 1Mor O’
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PIPELINED FAST PAGE READ-WRITE CYCLE
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Mask Mode *] *2 Cycle
No Mask Mode 1 Don’t care Normal Write
New Mask Mode 0 WMI data Write per Bit
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PIPELINED FAST PAGE WRITE-READ CYCLE
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PIPELINED FAST PAGE WRITE-BLOCK WRITE CYCLE
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READ TRANSFER CYCLE (Previous Transfer is Write Transfer Cycle)

1. Rl
R /{,____,
L2 M N N\
. iosn
ettt . Y (o o
Vin — eas ;
o Vit - \\ /
trap trag
| tasn tran asg toan
* AO~AB z::' 7\ FOW ADDRESS @( WSTARTADDMSSW
AO~AS : TAP
Vol
V
wEwE M
DYT/OE
DSF1
DSF2
W17101
~W8/108 L :
T30
SRS 1,
- o p E
sC z;’: _ /| . tnhibit Rising Transient \l v/ l\‘ . l/r_\—
— _J ]
teos | {tso 575
Vig — VALID
— Ny, DATA-IN
SI?108 r tsca tsoy
~5l tcap
L Vou ™ A VALD ><
OUT  yoL - . 4 DATAOUT
s Von~ ){ TAP MSB (A)
Vor =
Note : 5E = V. V74 : Hoor L
33/62

TOSHIBA CORPORATION

B 9097248 0027937 Tu3 W



TC528267

REAL TIME READ TRANSFER CYCLE
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SPLIT READ TRANSFER CYCLE
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MASKED WRITE TRANSFER CYCLE
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MASKED WRITE TRANSFER CYCLE (Previous Transfer is Read Transfer Cycle)
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MASKED SPLIT WRITE TRANSFER CYCLE

tac
y » tRAS tre
W~ X
B v - / N v N
. LT
tene o
Vi = trsH
[#-13 v'"
L= tasn trag
v [l 3&{ lasc
" ROW SAM START
AQ~AB ADDRESS ADDRESS (n
twse | {tawm AO~AY ; TAP
waswe Ym
Vo
tns | ftnu
DT/OE Y
Vi
515 ey 51t
v,
DSF1 M
V. [
\ Isaar s
Vi
osFz o
tore )
w1101 Vou — R %
~WB/I0B Vo — ,H o
1
FU Y PO TR Y P S — 3%
Vin —
¢ g /
$101 Vi = 511 n net n+2
~SI08 vy (255 (n+256)X(n:25‘7)X(n0258;X: """" X é% X (g?g)
Yoo |
Nt SO o N crenns ‘
F OH \. f
as Vo —_ . ]..... . ol )1

Location

CBWN’W Note:3E = v L

L Lower SAM 0~ 255

Upper SAM 256 ~ 511

Mask Mode *1
New Mask Mode WM1 data
Old Mask Mode Don’t care
WMI1 data 0: Transfer Disable
1: Transfer Enable
Don’t care 0or'l’

(Boundary
Location

V2

P "HT or "L

38/62

B 9097248

TOSHIBA CORPORATION

nDo27942 300 WM



TC528267

SERIAL READ CYCLE (SE = Vy;)
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SERIAL WRITE CYCLE (SE = Vy;)
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PIN FUNCTION

ADDRESS INPUTS : Ag~Ag

The 18 address bits are required to decode 8 bits of the 2,097,152 cell locations within the dynamic RAM
memory array and they are multiplexed onto 9 address input 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 a data transfer cycle begins at the falling edge of RAS. RAS is the control input
that latches the row address bits and the states of CAS, DT/OE, WB/WE, DSF! 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

CAS is the control input that latches the column address bits which are also used for the tap address during
the transfer operations. The state of the special function input DSF1 is read at the CAS falling edge to select the
block write mode or load register functions in conjunction with the RAS control. TAS 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 data transfer operation
is activated between the RAM and the SAM.
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WRITE PER BIT/WRITE ENABLE : WB/WE

The WB/WE input is also a multifunction pin. When the signal is “high” at the falling edge of RAS, during
the RAM port operations, it is used to write data into the memory array in the same manner as a standard 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, /10,~Wg/10g

Data is written into the RAM through W/10,~W/10g pins during a write cycle. The input data is latched
at the falling edge of either CAS or WB/WE, whichever occurs late. In a read cycle data is read 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;/IO, pins is latched into the write mask
register at the falling edge of RAS. In a load mask and color register cycles, the data on the W/10; pins is stored
into the write mask register and the color register respectively.

SERIAL CLOCK : SC

All operations of the SAM port are synchronized with the serial clock SC. Data is shifted in or out of the
SAM registers at the rising edge of SC. The serial clock SC also increments the 9-bits serial pointer which is
used to select the SAM address. The SC pin must be held at a constant Vy or Vy; 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

The SE input is used to enable serial access operation. In a serial read cycle, SE is used as an output control.
In a serial write cycle, SE is used as a write enable control. When SE is “high”, serial 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 signal 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 is an output signal which, during split register mode, indicates which half of the split SAM is being
accessed. QSF “low” indicates that the lower split SAM (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 a delay of tgys, split read/write transfer operation can be performed on the non-active split SAM.

SERIAL INPUT/OUTPUT : SIO,~SIOg

Serial input and serial output share common I/O pins. Serial input or output mode is determined by the
most recent read or masked write transfer cycle. After a read cycle, the SI/Oi pin is in the output mode. When a
masked write transfer cycle is performed, the SI/Qi 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, DSFI1 and DSF? 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 a listing of all available RAM port and transfer operations.
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Table 1. Functional Truth Table

RAS © CAS ©
— —— Mnemonic Code Function
CAS|DT/OE |WB/WE |DSF1|DSF2| DSFI1
0 * * 0 * - CBR CBR Auto Refresh & Option Reset 12
0 * 0 1 * - CBRS CBR Auto 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 o] o 0 RWM Read Write (New/Old Mask)"
1 1 0 0o o 1 BWM Block Write (New/Old Mask)"
1 1 0 1 * * FWM Flash Write (New/Old Mask)"
1 1 | 0 0 0 RW Il\lde:ccllev(vl;i;e IV\lvaistll:)Extended Fast Page
1 1 i 0l o 1 BW Block Write (No Mask)
1 1 0 0 1 0 RWM(P) | PFP* Read Write (New/Old Mask)"
1 1 0 0 1 1 BWM(P) | PFP¥ Block Write (New/Old Mask)?
1 1 1 0 1 0 RW(P) PFP® Read Write (No Mask)
1 1 ] 0 1 1 BW(P) PFP¥ Block Write (No Mask)
1 1 1 1 * 0 LMR Load (Old) Mask Register!?
1 1 1 1 * 1 LCR Load Color Register
Note : *=0or 1, - = Not applicable

I) 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 boundaries in 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 a single 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/lOi pins is latched into the write-mask register. The /O
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 pins is latched into the write-mask register. After the
LMR operation, the data at the falling edge of RAS during the RWM cycle is ignored and the /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 the falling edge of RAS
— Write Mask Register Function
CAS | DT/OE | WB W/10; (i=1~8)
1 « Write Enable
0 « Write Disable (New Mask)
H H L
* 1 Write Enable
* 0 Write Disable (Old Mask)

Note:" =1 0r 0, « = The data on Wi/IOi is latched.

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

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

An example of the block write function is shown in Figure 1 with a mask on W4/10;3, W,/10,, W/IOg,
W4/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

R_As—ﬂ Yo Example
a8 ‘H X r— )
i H 1121314|5|6(7i8
AQ~AB %R‘:’“’ %w“"’““‘xi{W wi reginer | 111 OI®] 1 [O] 1 1@
Wa/WE m‘l‘ Vo Coumnsetect |1 [ 1[1]-]-1-]-
. H Color Register I AR EEEREENEEE]

okt 2/ H Result G

sz P

H wWAQ
4 : 1]2)3fa]s]e

[wno 7, SBEETIITY A  E BD 1o

%, D 7
wio 77K "2 XK Coumn was WO, Detayed Wiire | e !

-~
@x®

Column 2 110 1 0
Column 3 110 1 0
*] *2 Mask Mode
*3 COLUMN SELECT
1 Don’t Care | No Mask Mode W/10; - Column 0 (A1C=0, AOC=0
W,/10, - Column 1 (A1C=0, AOC=1
0 WM1 New Mask Mode W3/103 - Column 2 (A1C=1, AOC=0
W4/10, - Column 3 (A1C=1, AOC=1
0 Don’t Care | Old Mask Mode
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4. FLASH WRITE : FWM

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

A flash write cycle is performed by holding TAS “high”, WB/WE “low” and DSF1 “high” at the falling
edge of RAS. The mask data must also be provided on the Wi/10i inputs in order to enable the flash write
operation for selected IO blocks. After a LMR operation, however, the old mask in the mask register is used for
the /O 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
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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 CAS cycle is needed to read out the data before the write cycle starts in the same page.

@) One dummy cycle is needed to complete the write and block write operation. The cycle is, 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 I/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 I/O
blocks. After the mask data is 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 /O mask data in the write-mask register
maintains until another LMR operation is performed during the old mask mode. The LMR cycle is initiated 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/IQi 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 is latched at the falling edge of RAS are refreshed.

Figure 3. State Diagram of Mask Mode

LMR Cycle
LNew Mask Mode ) ( 0Old Mask Mode )
CBR Cycle
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7. LOAD COLOR REGISTER : 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 IO blocks. The load color
register cycle is initiated by holding CAS, WB/WE, DT/OE and DSF1 “high” at the falling edge of RAS. The
data presented on the Wi/IOi lines is subsequently latched into the color register at the falling edge of cither 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 data in 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 CAS before RAS Refresh and Option Reset : CBR

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

* To reset the old mask mode to the new mask mode for the masked functions.
* To reset 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 CAS before 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 CAS before RAS Refresh and Stop Register Set : CBRS

The CBRS cycle sets the stop register to place binary boundaries in each falf SAM, performing the TAS
before RAS refresh operation at the same time. The CBRS cycle is initiated 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, Aq - 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 Location

Stop Register Value Binary Boundary Locations
Ag-Ag
011111111 l l I l Last Address of each block
255, 511 Default Case

601111111 L I "IL ] l 127, 255, 383, 511

0001111134 ] [ [ |ji l | | Iss.127.191,255,319.333.447,511
sooorv [T (TTTTITT] 3t =

0000Q 1111 ”H”HH”HH””IH HHH” 15, 31, 47, 63, 79, 95, 111, 127, 143,
= 159, 175, 191, 207, 223, 239, 255, 271,
287, 303, 319, 335, 35), 367, 383, 399,

. 415, 431, 447, 463, 479, 495, 511
00000011

0BoCG0D0011
These values are not allowed to be set.
000000001

000000000
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NOTE

OE control of Extended Fast Page mode Read cycle

When OE is toggled while CAS is “Low” level in fast page mode read cycle, the same data is valid on WI/
O. However, the data will not be valid when OE goes low with CAS high condition. The data will come out in
following CAS cycle. Such a OE control have to satisfy togp (10ns min), tgcg (10ns min), tgcyy (10ns min).
Please refer following Figure.

s\

DATA TRANSFER OPERATION

The TC528267 features two types of internal bidirectional 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

512 512x512x8 512 |Memory Memory
rows Memory Cell Array rows | Cell Array Cell Array

g g ¢
[ 512x8 > | 2s6xs || 256x8 |0

Figure 5. (a) Normal Transfer (b) Split Transfer

Ay 7
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Table 3. shows the truth table of each Transfer Modes

RAS b Mrgzmdc;nic Transfer Mode ;r::;suf::l TraBnis;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 j 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 is invoked by holding TAS “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
a tight 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
D SIOy~p
OFF
SAM v Serial Read
ST / P

512 x 8bits

Ag~ag [ >

q-— Selected Row

512x512x8 bits
Memory Cell Array

Row Decoder

In a read transfer cycle (which is preceded by a write transfer cycle), the SC clock must be held at a
constant Vyy or Vy, after the SC high time has been satisfied. A rising edge of the SC clock must not occur until
after the specified delay tygp, from the rising edge of DT/OE and the falling edge of RAS and CAS , as shown
in READ TRANSFER CYCLE timing chart.
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10. WRITE TRANSFER CYCLE : WT

A write transfer cycle consists of loading the content of the SAM register into a selected row of the RAM
array. The write transfer is invoked 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.

The write transfer is selectively controlled per RAM /O block by setting the mask data on the Wi/IOi lines
at the falling edge of RAS (some as in 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 /O 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 Address <=

\ rEZﬂ—-Dslowsno.
U]

,  SAM
N S [T
Ag~Ag .§ - 512 x 8bits
: R S e
- 512 x 512 x 8bits Row
[ Memory Cell Array

W1 /7104 W2/10, W3/10;3 Wa/iOs Ws/i0s  We/10g W /10y Wy /10g

ﬁﬁ%@@@%

Data g "2 Al
'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 Vyp or Vi during the RAS cycle. A rising edge of the SC clock is only allowed after the

specified delay tggp, 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 data from 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 as in the case of real time read 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 is in 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
TN

TN
/ Active SAM QSF Level
512 256x8 lower SAM “Low”
FOwWS
\ upper SAM “High”
SIo

Figure 8. Split Read Transfer

Read
— _1{13\?«(\ Split Read® Split Read Q;\
17/
e N 5\ TAP2 ;A

o 258 } 3! Tar3

sC
o .';'./ -‘.J
QsF 3\ Y
: == = ——
% T —Ti _,'; : ‘ES‘ e ‘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, serial
data can be shifted into the other half of the SAM simultaneously, as shown in Figure 10. New and old mask
capability is supported in the MSWT cycle as is in the write transfer operation. Prior to the execution of the split
write transfer operation, a write transfer operation, in which all I/O 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 serial input

operation.
256 columns 256 columns
N
512
rows |
\‘ ! |
[iw‘d‘b)!] £ Active 1
4
SIo
Figure 10. Block Diagram for Split Write Transfer
Pseudo Write Transfer /vaite Transfer /_Spl\\t Write Tramsfer
AT \; 7 = B 7 mn R s rs
Tam nsmss T j isimras 1 '.3"“’”’
QsF \ / T\ e
TAP ¥op - > —
Figure 11. Example of Consecutive Write Transfer Operations
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NOTES

m 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.

e \ /

.34 Not
s senee Allowed

2) 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.

BT /e W o U /

@ T/ O e W
Address  —(Row 1YTap D— (Fow DNTan 25— Eow NITaE N

lower SAM : Active

QsF __Upper SAM : Non-active o lower SAM ; Non-active
i upper SAM : Active
\ He Bk

\ ock
....... 55-..---....! LJ L_I |4 LJ

Multiple Split transfer into upper SAM
Serial access of lower SAM

|

E Serial access of upper SAM
1 starting at Tsp N location

:

3) 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 allowed,
relative to SC and QSF. A split transfer is not allowed during to tgy + tgys. In the case that the CBRS

operation is executed and the binary boundary in each half SAM is set or updated, an additional period
is applied, as shown in Figure 12.

Last First Last First Last First
Clock  Clock Clock  Cleck Clock  Cleck
e JTLALE L FLFLIML o FLFLI
N S_J—_LJ —
QsF X b
1
. ST o lrgy SRT tmlters|  CBRS—SRT 7544 ar
Split T 5T {51
Read/Write
Transfer YES NG TYES NG YES
allowed. N e

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 a tg1g
minimun delay is satisfied after the QSF signal toggles.

QsF

Split Transfer e 15 _Min.

~,

mal Transfer Operation Allowed

- e P

) Binary-Boundary SET/RESET Cycle Timing.
When the address counter of serial-access-memory (SAM) pointed as the 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 serial access memory (SAM) which can be operated

in the single register 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 data is read 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.

Stan_.ddrcss . Tap location

D e o EJEE

14. SINGLE REGISTER SERIAL WRITE OPERATION

During the serial write operation, the data is written into the SAM at every rising edge of the serial clock.
A write transfer cycle, at which all /Os 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 serial write, is set by the column address at the
falling edge of CAS, After the data s filled in the SAM, the serial clock must stop toggling and a write transfer
cycle is subsequently used to load the SAM data into the RAM selected by the row address at the falling edge
of RAS. The tap address is 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 serial read or write operation. The data can be shifted into or
out of one half of the SAM while a split read or write transfer is being performed on the other half of the SAM.
Thus, the tight timing control at a real 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, as the split read or write transfer operations will not change the SAM port mode.
Also, a TAS before RAS refresh and stop register set cycle (CBRS) can be performed to specify the binary
boundaries in the SAM.

In the 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 data is read or written sequentially from the tap location to the most significant
bit (255 or 511) of the first split SAM and then the SAM pointer moves to the tap location selected for the second
split SAM to read or write the data sequentially to the most significant bit (255 or $11) and finally wraps around
to the least significant bit, as illustrated in the example below.

Tap lomon . Tap lqcation
i ASRT is executed ; iy NOSRT is executed >
i l l ______ N I I | ______ . ]
Pﬂ 1 2 I+I 255 256 ] l-i.-i’l — 1‘

16. SPLIT REGISTER MODE WITH BINARY BOUNDARY

After a CBRS cycle is performed, the binary boundary, which is stated in 8.3. TAS before RAS refresh
and stop register set, is set when a SRT cycle is performed. The serial data is 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, as illustrated in Figure 12.
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@ SRT, ~ CBAS - SAT, - SAT, - SAY, ——
TAPY D (TAP) (TAPy (TAPY

New Boundary Set

f_E——Emplo : CBRS is executed during this period.

]«-—ms IRy, | g This i3 the time point that SATZ is executed.

T BRG] By : Oic

.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 address is 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.

<=

Figure 13. Binary Boundary Reset
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- »N

Old Stop Address

s s ann P

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, a normal RT transfers a row of data into the SAM and set the initial 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, as illustrated in Figure 15.

Figure 15. Binary Boundary Jump Set Sequence

There are additional timing specifications, tygaa and tga o1 to determine the period that does not allow a
split transfer, as illustrated in Figure 16.
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‘e Locatlon’ 141 Poundary 1 Posndary 1n
asF i %
L] W
> g o
Period B treaa teaar Period B t75aa tsanr Period 8
4> APl P>
tsny tsrs
t5rn W
[—-l:: ~»

Pariod A Split Transler operations are not allowed.
Period B :  Split Transfer operations are sifowed,

Figure 16. Timing Specification to allow SRT operation
POWER-UP

Power must be applied to the RAS and DT/OE input signals to pull them “high” before or at the same time
as the V¢ supply is turned on. After power-up, a pause of 200 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, TAS, DT/OE and WB/WE held “high”, the internal state of the
TC528267 is automatically set as follows.

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 a minimum of 8 CBR cycles) and before valid operations begin.

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