TOSHIBA

TC524162
TC524165

SILICON GATE CMOS target
262,144 WORDS x 16 BITS MULTIPORT DRAM

DESCRIPTION

The TC524162/165 is a 4M bit CMOS multiport memory equipped with a 262,144-words by 16-bits
dynamic random access memory (RAM) port and a 512-words by 16-bits static serial access memory (SAM)
port. The TC524162/165 supports three types of operations; Random access to and from the RAM port, high
speed serial access Lo and from the SAM port and transfer of data between any selected row in the RAM to the
SAM. To realize a high performance graphic frame buffer system the TC524162/165 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 transfer operations from the RAM to the SAM port. In addition, extended fast page mode
is available where an output data remains valid during the CAS is high (TC524165 only). The TC524162/165
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 a built-in
Vpgg generator

ITEM
*  All inputs and outputs : TTL Compatible —60 | —70
*  Organization 1 RAS Access Time
RAC
RAMPort: 262 144wordsX16bits (Max.) 60ns | 70ns
SAM Port : S12wordsX16bits ‘c CAS A T
ccess Time
+ RAM Port AC (Max,) I5ns | 20ns
Fast Page Mode (TC524160/162), Extended
Fast Page Mode (TC524165), Read - Modify - [taa | Column Address Access | 50 | o
Write, Pipelined Fast Page Mode, CAS before Time (Max.)
RAS Auto Refresh, Hidden Refresh, RAS only tre Cycle Time (Min.) 115ns | 130ns
Refresh, Write per Bit (New/Old Mask Mode), "
Masked Flash Write (New/Old Mask Mode), | € f;ﬁi ;‘M"’ CycleTime | 3505 | 40ns
Block Write, Masked Block Write (New/Old )
Mask Mode), Load Mask Register/Color tsca Serial Access Time 15n0s 20ms
Register Cycle, 512 refresh cycles / 8ms (Max.)
* SAM Port tsce Serial Cycle Time (Min.) | 18ns 23ns
Addressable TAP Capability Py
s t n Pipelined Fast
Stop Address (Binary Boundary) Capability RACP PR:‘gCel pe 85ns 90ns
Fully Static Register, Single Register/Split S—
Register Mode Capability tcact | tcac in Pipelined Fast 15ns | 20ns
+ RAM - SAM Transfer Page
Read / Real Time Read Transfer tpcp Pipelined Fast Page 30ns 30ms
Split Read Transfer Mode Cycle Time
» Package Iecy RAM Operating Current
TC524162/165SF : SSOP64-P-525 (SAM : Standby) 110mA | 100mA
TC524162/165FT: TSOP70-P-400 ;
] Iccoa | SAM Operating Current
TC524162/165TR: TSOP70-P-400A (RAM : Standby) 60mA | 60mA
Iccz | Standby Current 0mA | 10mA
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PIN NAME
A0~A8 Address inputs
RAS Row Address Strobe
CAS Column Address Strobe
DT/OE Data Transfer/Output Enable
WEL/WEU Write per Bit/Write Enable
DSF1 Special Function Control
DSF2
W1I01~W1/I016 | Write Mask/Data IN, OUT
SC Serial Clock
SE Serial Enable
SO1~S016 Serial/Output
QSF Special Flag Output
VeofVss Power(5V)/Ground
N.C. No Connection

PIN CONNECTION (TOP VIEW)

vee O 64 [JsC
BT/OE 02 63 D3t
vss O3 62 Pvss
so1 Q4 61 35016
wrol Os 60 Pwrote
so2 Qs 59 [Jso1s
wroz O7 58 [wvo1s
vee s 57 Pvee
so3 [o 56 [Jso1a
wuo3 Q1o 55 Jwvo1ta
so4 011 54 [Jso13
wyos 12 53 Jwro13
vss 13 52 Pvss
sos Q14 51 [Pso12
wrvos O1s 50 DJwyo12
sos 16 49 [PJson
wvoe 417 48 Dwro1i
vce s 47 Pvec
so7 19 46 [1s5010
wro? 20 45 LIWyo10
sos {21 44 509
wuos [}22 43 Pwrog
vss 23 42 DPvss
WEL O 24 41 [JosF1
weu s 40 [JosF2
RS 26 39 DTS
A8 27 3s PqsF
A7 (28 371 Pao
As [J29 36 [JA1
As O30 35 Daz
As O3 34 JA3
vee O 32 33 Puvss

525mil TSOP/SSOP (0.8mm pitch)
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BLOCK DIAGRAM
W1/101~W16/1016 Bo - o S01~5016
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T
= | L
BLOCK < 11
WRITE
CONTROL COLOR
REGISTER
Upper(8bit)
COLOR
CVL:IST*E* REGISTER
CONTROL Lower{Bbit) <,1:E
wWM1 <:e
N REGISTER
Upper{8bit)
WRITE WRITE-PER Wit <:]_._
CONTROL BIT REGISTER
Lower{8bit) TRANSFER
CONTROL
1 ] { .,
) | a
1
1 1
1]
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—— p—— W
I § . o
! — — 3 L34
sl = — " |5 =58
N LA et S— —— e
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e % 512 CELL
g 2 = ARRAY — § E_;
— = | w — F—o ~
HIBH= =SHN=
__ v} — — . g S 0;
- — S T
al — —1r | = — QsF {>—o qst
1T A
TR =
s 11l SERIAL ADDRESS
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| — |
COLUMN ADORESS ROW ADDRESS REFRESH I I
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ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT NOTE
Vino Your | Input Output Voltage — 1.0~7.0 v 1
Vee Power Supply Voltage —1.0~7.0 v 1
Topr Operating Temperature 0~70 °C 1
Tsra Storage Temperature — 55~150 °C 1
TsoLpER Soldering Temperature * Time 26010 °Cesec 1
Py Power Dissipation 1 W 1
Iour Short Circuit OQutput 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
Vi Input High Voltage 24 — Vee +0.3 v 2
Vi Input Low Voltage -0.5% — 0.8 v 2

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

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

C-298
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D.C. ELECTRICAL CHARACTERISTICS (V¢ = 5V £ 10%, Ta = 0~70°C)

-60 =70
ITEM (RAM PORT) SAM PORT | SYMBOL UNIT | NOTE
MIN. MAX. MIN. MAX.
OPERATING CURRENT Standby Iecy — 110 — 100 3,4,5
RAS, CAS Cycling
tRe = tRe: Min. Active Iecia — 160 150 3,4,5
STANDBY CURRENT Standby | (7o) — 10 — 10
(RAS, TAS = Vi)
Active ICCZA — 60 — 60
RAS ONLY REFRESH CURRENT Standby Ices — 110 - 100 3
RAS Cycling, CAS = Vi
(ch = IRC min. ) Active Icca — 160 — 150 3
PAGE MODE CURRENT Standby Iccs — 100 — 90 3,4,5
RAS = Vy; , CAS Cycling
tpc = tpc min. Active lccaa — 150 — 140 3,4,5
mA
CAS BEFORE RAS REFRESH CURRENT |  Standby Iccs — 110 - 100 3
RAS Cycling, CAS Before RA
tRC = tgc min. Active Iccsa — 160 — 150 3
DATA TRANSFER CURRENT Standby Icce — 130 — 120 3.4,5
RAS, CAS Cycling
tRC = trc Min. Active Iccea — 180 — 170 3,4,5
FLASH WRITE CURRENT Standby Icer — 110 — 100 3,4,5
RAS, CAS Cycling
([RC = tgc min. ) Active Iccra —_ 160 —_ 150 3,4,5
BLOCK WRITE CURRENT Standby Iccs — 120 — 110 3,4,5
RAS, CAS Cycling
tRC = IRc Min, Active Iccsa — 170 — 160 3,.4,5
ITEM SYMBOL MIN. MAX UNIT NOTE
INPUT LEAKAGE CURRENT I 10 10 A
0V < VN < 6.5V, All other pins not under test = 0V 1Ly H
OUTPUT LEAKAGE CURRENT 1 T 10 A
0V < Vour < 5.5V, Output Disable oL) b
OUTPUT “H” LEVEL VOLTAGE
oyt =(- lmA Vou 24 — \Y
OUTPUT “L” LEVEL VOLTAGE
lour = (2.1mA VoL - 04 v
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS (Ve =5V £10%, Ta = 0~70°C)(Notes: 6, 7, 8)

SYMBOL PARAMETER 0 70 UNIT | NOTE
MIN. MAX. MIN. MAX.

iRC Random Read or Write Cycle Time 115 130
tRMW Read-Modify-Write Cycle Time 140 180
tpe Fast Page Mode Cycle Time 35 40
tPRMW Fast Page Mode Read-Modify-Write CycleTime 85 85
tRAC Access Time from RAS 60 70 13
A Access Time from Column Address 30 35 13
1CAC Access Time from CAS 15 20 14
tepa Access Time from CAS Precharge 30 35 14
teLz CAS to Output in Low-Z 0 [
\OFF Output Buffer Turn-Off Delay 0 15 0 15 9,15
tr Transition Time (Rise and Fall) 3 50 3 50 8
tRp RAS Precharge Time 45 50
tRAS RAS Pulsc Width 60 100000 70 100000
tRASP RAS Pulse Width (Fast Page Mode Only) 60 100000 70 100000
(RSH RAS Hold Time 20 20
iesh TAS Hold Time 60 70
tcas TAS Pulse Width 15 10000 20 10000
RCD RAS to CAS Delay Time 20 40 20 50 13
tRAD RAS to Column Address Delay Time 15 30 15 35 13
tRAL Column Address to RAS Lead Time 30 35
crRP CAS to RAS Precharge Time 5 5
ICPN CAS Precharge Time 10 10 ™
tep CAS Precharge Time (Fast Page Mode) 10 10
(ASR 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 10 10
tRCS Read Command Set-Up Time 0 0
tRCH Read Command Hold Time 0 0 10
tRRH Read Command Hold Time referenced to RAS 0 0 10
twCH Write Command Hold Time 10 10
twp Write Command Pulse Width 10 10
twpz Write Command Pulse Width 10 10 9
‘WEZ Write Command Output Buffer Turn-Off Delay 10 15 9
tRWL Write Command to RAS Lead Time 20 20
towL Write Command to CAS Lead Time 20 20
ths Data Set-Up Time 0 0 11
tbH Data Hold Time 10 10 11
twes Write Command Set-Up Time 0 0 12
(RWD RAS to WE Delay Time &0 %0 12
tawp Column Address to WE Delay Time 50 55 12
lcwD CAS 10 WE Delay Time 40 40 12
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SYMBOL PARAMETER %0 70 UNIT | NOTE
MIN. MAX MIN. MAX.
tpze Data to CAS Delay Time
tpzo Data to OF Delay Time
1OEA Access Time from OE 15 20
1OE7, Output Buffer Tum-off Delay from OF 15 15 9
toED OE to Data Delay Time 10 10
LOEH OE Command Hold Time 10 10 ns
tops Output Disable Set up time 0 0
ROH RAS Hold Time referenced to OE, 15 15
tesR CAS Set-Up Time for CAS Before RAS Cycle 5 5
tCHR CAS Hold Time for CAS Before RAS Cycle 15 15
tRpC RAS Precharge to CAS Active Time 0 0
REF Refresh Period 8 8] ms
twsr WB Set-Up Time 0 0
RWH WB Hold Time 10 10
tFSR DSF Set-Up Time referenced to RAS 0 0
tREH DSF Hold Time referenced to RAS (1) 10 10
tgsc DSF Set-Up Time referenced to CAS 0 0
ICFH DSF Hold Time referenced to CAS 10 10
tMs ‘Write-Per-Bit Mask Data Set-Up Time 0 0
IMH Write-Per-Bit Mask Data Hold Time 10 10
ITls DT High Set-Up Time 0 0
'THH DT High Hold Time 10 10
tris DT Low Set-Up Time 0 0
(TLH DT Low Hold Time 10 10000 10 10000
tRTH DT Low Hold Time referenced to RAS 55 60
(Real Time Read Transfer) 10000 10000
TATH DT Low Hold Time referenced to Column 25 25 as
Address (Real Time Read Transfer)
terH DT Low Hold Time referenced 1o CAS 20 20
(Real Time Read Transfer)
tTRP DT to RAS Precharge Time 45 50
trp DT Precharge Time i0 5
1RSD RAS 10 First SC Delay Time (Read Transfer) 60 70
tASD Column Address to First SC Delay Time (Read Transfer) 30 35
tesp CAS 1o First SC Detay Time (Read Transfer) 20 20
gL Last SC to DT Lead Time (Real Time Read Transfer) 5 5
1sp DT to Flrst SC Delay Time (Read Transfer) 10 10
tsRS Last SC to RAS Set-Up Time (Serial Input) 18 23
tsrD RAS 10 First SC Delay Time (Serial Input) 15 20
tSDD RAS to Serial Input Delay Time 40 45
tsce SC Cycle Time 18 23
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SYMBOL PARAMETER 0 7 UNIT|{NOTE
MIN. MAX. MIN. MAX.

isc SC Pulse Width (SC High Time) 5 10

tscp SC Precharge Time (SC Low Time) 5 5

tsca Access Time from SC 15 20

1SOH Serial Output Hold Time from SC 5 5

sps Serial Input Set-Up Time

SpH Serial Input Hold Time 10 10

tSEA Access Time from SE 15 20

ISE SE Pulse Width 10 20

tSEp SE Precharge Time 10 20

tsEz Serial Output Buffer Turn-off Delay fromSE 15 15 9
tSZE Serial Input to SE Delay Time

tss Serial Input to First SC Delay Time

Isws Serial Write Enable Set-Up Time

tswH Serial Write Enable Hold Time 10 10

SWIS Serial Write Disable Set-Up Time 0 0

tSWIH Serial Write Disable Hold Time 10 10

IsTS Split Transfer Set-Up Time 18 23

ISTH Split Transfer Hold Time 18 23

QD SC-QSF Delay Time 15 20

trQp DT-QSF Delay Time 15 20

cQD CAS-QSF Delay Time 15 20! ns

1RQD RAS-QSF Delay Time 60 70

tRCDP RAS 0 CAS Delay Time (Pipeline mode) 20 35 20 40

LCSHP CAS Hold Time (Pipeline mode) 45 50

tRACP Access TIme from RAS (Pipeline mode) 85 90

teact Access Time from CAS (1) (Pipetine mode) 15 20

teacz Access Time From CAS (2) (Pipeline mode) 50 50

ICASP CAS Pulse Width (Pipeline mode) 10 10

tepp CAS Precharge Time Pipeline mode) 10 10

tpcp Fast Page Mode Cycle Time (Pipeline mode) 30 30

tCOH TAS Hold Time referenced to OE (Pipeline mode) 5 5

tRSH1 RAS Hold Time (1) (Pipeline mode) 20 20

tRSH2 RAS Hold Time (2) (Pipeline mode) 50 50

tewLp Write Command to CAS lead Time (Pipeline mode) 10 10

tewp WE to CAS Delay Time (Pipeline mode) 30 30

tOFFP Outoff Buffer Turn-off Delay from RAS (Pipeline mode) 0 15 0 15 9,15
toEp OE High width 10 10 16
teCs CAS High to OF Low (Fast Page mode) 10 10 16
tECH OE High to CAS Low (Fast Page mode) 10 10 16
ITSAA Boundary TAP SC Set-up time 0 0

tSATT SRT inhibit after Boundary SC 36 46
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A.C. MEASUREMENT CONDITION

RAM Output Reference Level 2.0vV/0.8V
SAM Output Reference Level 2.0V/0.8V
RAM Output Load ITTL and 50PF
SAM Output Load 1TTL and 50PF
Input Reference Level 2.2V/1.0V
NOTES:
1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to
the device.
2. All voltage are referenced to Vgg.
3. These parameters depend on cycle rate.
4. These parameters depend on output loading. Specified values are obtained with the output open. (I
out=@mA)
5. Address can be changed once or less while RAS=V/; . In case of Icca, it can be changed once or less

during a fast page mode cycle (tpc).

6. An initial pause of 200y1s is required after power-up followed by any 8 RAS cycles (DT/OE “high”) and
any 8 SC cycles before proper device operation is achieved. In case of using internal refresh counter, a
minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required.

7. AC measurements assume tr = 5ns. (Between Viy (min) A4 Vi na0))

8. VIH (min,) 310 Vi1 (max) are reference levels for measuring timing of input signals. Also, transition times
are measured between Vyy and Vy .

9. LOFF (max.)» LOEZ (max.)» 'OFFP (max.»tWPZ (max.)» 'WEZ (max.» a0 sz (may define the time at which the
outputs achieve the open circuit condition and are not referenced to output voltage levels.
10. Either tgey or tgpy must be satisfied for a read cycles.
11. These parameters are referenced to CAS leading edge of early write cycles and to WEU / WEL leading

edge in OE-controlled write cycle and read-modify-write cycles.

12. twcs: tRwps towp and tywyp, are not restrictive operating parameters. They are included in the data sheet
as electrical characteristics only. If tycg 2tywcs (min.y the cycle is an early write cycles and the data out
pin will remain open circuit (high impedance) throughout the entire cycle; If trwp2trwp (min.yr tewp
teWD (min) A1 tAwWDZ 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.

13. Operation within the \gcp (may ) limit insures that tg ¢ (max.) €an be met.
tRCD (max,) i specified as a reference point only : If tycy, is greater than the specified
tRCD (max.) limit, then access time is controlled by tcc.

14. Operation within the trap (maxy limit insures that tg ¢ (max.) €A be MeL. RAD (max,) is Specified as a
reference point only: If ty o, is greater than the specified tRAD (max.) limit, then access time is controlled
by taa.

15. torr toppp timing is specified from either RAS or CAS rising edge, whichever occurs last.

16. TC524165 only
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TIMING WAVEFORM
READ CYCLE
R
pa tap
ey
RS g N\ i N\
l‘tg_p’ :fé: tasH tepn 4}
i tcas
@ S . NN / \_
s s ] e
ross W TR s oo
WL, WU

DSF1

DSF2 :“

H "
N vy 1 < to8e
wW17101 1082
~W16/1016
Vou y
OUT v OPEN \ VALID DATA-OUT
oz

D THT o CL®
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WRITE CYCLE (EARLY WRITE) *Note 1, 3

e | 7y tasH L
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e Lo ey || e
- U@ |
- ||
— IN 3{[‘ :%E‘ % DATAIN /////////////////////////////////
our OPEN S
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WRITE CYCLE (OE CONTROLLED WRITE) *Note 2, 3

0SF2 !

W1/i01
~W16/1016
1 -

C-306

tras \ tap
tesu
___Rep trsH teen
f N\ o F N
trap ray
task tasc tean
|<—->
COLUMN
ADDRESS ADDRESS
tws | taws
twe
! twer

S

tms | |y 193] |2
|<__>‘
- VALID
D X700 5
- o
m T "HT or LT
*]
Mask Mod Cyel
WL wU
No Mask Mod 1 1 Don al Writ
0 0
New Mask Mod Q 1 WMI data per Bit
1 0
0 0
0ld Mask Mode (4 I Don per Bit
1 0

WM data

(): Write Disable

1: Write Enable
o 0”
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READ-MODIFY-WRITE CYCLE *Note 1, 2, 3

trmw
tras | tRP
\C
sy N
W -
s
T t
| cre tRep RSH CPN
— t x
Vin \\ Al / \_
@™ Vi —j
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o) (Gl s

s 3 DN B YO 0 Y,
D 3 —
e 2 e T

trsr R
\%
osrz %

&
g
< <

P Léq N

E.
~W16/1016 tRAC |
Von —, VALID °X
L— our Voo — OFEN ATA-OUTY

: "HT or L7

*]
Mask Mode *2 Cycle
WL WU
No Mask Mode 1 1 Don’t care Normal Write
0 0
New Mask Mode 0 1 WMI data Write per Bit
1 0
0 0
Old Mask Mode 0 1 D Write per B
1 0
WMI data 0: Write Disable
I: Write Enable
Don’t care lor‘0’
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FAST PAGE MODE READ CYCLE
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RAY

DT/OE

DSF1

DSF2

’——IN
wW1/101
~W16/1016

l—OUT

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) *Note 1,2
trasp tae
Vie — \ toc
ViL —
terp thep e
1
Vih — tRaD Cas ] N teas
Vi — Tesn N
tRal |
tas - H tasc, {1 can tasc | o
Viu ROW COL. coL.
Vi, ADD. ADD. 1 ADD. 2
tRwH WCR I ' twer
lwm_’ = ‘WCSI twew twes | WCH
Vin R 1 t
Vi 1 . we wp
trus| [IHH ! o, | o
Vin
Vi
tReW L tesc trsc Tesc | | e
Vin tesR tern [trn
Vi
Vin trsr tren
A\
t ! tun tom ton tou
Ms; s { tps B tos
\\;IN s DATA-IN DATA-IN DATA-IN
i 1 2 n
Vay ~
vor OPEN
m : "H® or "L*
*1
Mask Mode *2 Cycle
WL WU
No Mask Mode 1 1 Don’t care Normal Write
0 0
New Mask Mode 0 ! WMI data Write per Bit
1 0
0 0
Old Mask Mode 0 1 Don’t care Write per Bit
1 0
WMI1 data 0: Write Disable
1: Write Enable
Don’t care c1ort0
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AQ~A8

DSF1

DSF2
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out

FAST PAGE MODE READ-MODIFY-WRITE CYCLE *Note 2, 3
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Mask Mode *2 Cycle
WL WU
No Mask Mode ! 1 Don’t care Normal Write
0 0
New Mask Mode 0 | WM data Write per Bit
1 0
0 0
Old Mask Mode 0 1 Don’t care Write per Bit
I 0
WMI1 data 0: Write Disable
1: Write Enable
Don't care 1or ‘0’
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EXTENDED FAST PAGE MODE READ CYCLE (TC524165 only)
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EXTENDED FAST PAGE MODE WRITE CYCLE (EARLY WRITE) (TC524165 only)
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C-312
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Mask Mode *1 *2 Cycle

No Mask Mode 1 Don’t care Normal Write

New Mask Mode ] WMI data Write per Bit

Old Mask Mode 0 Don'’t care Write per Bit
WM data 0: Write Disable

Don’t care

1: Write Enable
U or 'Y
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EXTENDED FAST PAGE MODE READ-MODIFY-WRITE CYCLE (TC524165 only))

trasp
trp
Vip — tesy
termw tRoH
tacn »
Vi ™ teas % teas #
O S N N
It Ras B Rasc tow
tasg | BB Loyt [ %5S-Het 1y e 4—1:«;
Vin ROW coL. coL. cot.
A0~AB Vi ADD. x ADD. 1 ADD.2 L AD?)L.A W
t"ﬁi <> L‘
1" twe wh twe
——— T A
B/WE Vi _% 1 y :xn; \ town \ / town ’\ /
trus LSTTUIR ] !
| | |
DT/OE z::‘ ] teey
TSR, PR R tescy fesc ¢
Al ter,
DS x:r
B T
tesa tRFH
DSF2 x:{‘ _
t
T 2 1o Ito. 1.4 oz 1t
t org | toepl T T BL | o) = togl o
Vin & tozc
— o R et e N X,
Ul ul
w1/101 2| te
~WB8/108 T:LAAC e vee 2% s [esz
! Von = X N N
OUT  yy . Thac BE il SOy
—1 =i - -g—
te~ L
m : "H" or "L"
Mask Mode *] *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 0
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FLASH WRITE CYCLE

w TN “ 4
e | i et
S N _ / LN

] o
" :%TJW worss D

t R

e V. . )
S

tRFH

g
WK M)

OPEN
VoL —

<=

®
(=]
:
3
<<

<<

<<

Q
v
bl
~
<<

Z
<

q

: "H or L*

Mask Mode *1

New Mask Mode WMI1 data

0Old Mask Mode Don’t care

WMI data 0:
|
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BLOCK WRITE CYCLE (EARLY WRITE) *Note 1, 3

trc

\ tras : tap

8P tRep tRgH I teon
A3 x‘” - \ Yeas /
-
trap Ay,
[ task tRAH tcan

Vi =
Ao~ag " %now ADD, % o5 (A3C~ATC)

D i

T e Ty
A .

t Ry 2& toen |

on B T
SEww

— 2 W - N

W1/101
~W16/1016
! VA —
% ¢ "HT or TL”
*3 COLUMN SELECT
*1 Lower Byte
Mask Mode *2 W1/IO1 - Column 0 (A2C=0, A1C=0, AOC=0)
WL | WU W2/102 - Column 1 (A2C=0, A1C=0, AOC=1)
W3/103 - Column 2 (A2C=0, A1C=1, AOC=0)
No Mask . \ Don’t W4/104 - Column 3 (A2C=0, A1C=1, A0C=1)
Mode care W5/105 - Column 4 (A2C=1, A1C=0, AOC=0)
W6/106 - Column 5 (A2C=1, AIC=0, AOC=1)
ol o W7/107 - Column 6 (A2C=1, AIC=1, AOC=0)
NewMask || | | WMl WB8/I08 - Column 7 (A2C=1, AIC=1, AOC=1) Wn/IOn
Mode | 0 data Upper Byte =0 : Disable
W9/I09 - Column 0 (A2C=0, A1C=0, AOC=0) =1 : Enable
o | o W10/1010 - Column 1 (A2C=0, A1C=0. AOC=1)
Old Mask 0 | | Dent W11/1011 - Column 2 (A2C=0, A1C=1, AOC=0)
Mode Lo | care W12/1012 - Column 3 (A2C=0, A1C=1, AOC=1)
W13/I013 - Column 4 (A2C=1, A1C=0, AOC=0)

W14/1014 - Column 5 (A2C=1, A1C=0, AOC=1)
WI15/I015 - Column 6 (A2C=1, A1C=1, AOC=0)
W16/1016 - Column 7 (A2C=1, A1C=1, AOC=1)

WM data 0: Write Disable
I: Write Enable
Don’t care Qorl’
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BLOCK WRITE CYCLE (DELAYED WRITE) *Note 2, 3

re.

tras | trp
Vi = h
LoV N N
s
H&L, tReD tsH tepn
Viu = teas
@w S AN\ / Vi N
. . RITY) = tray
I R 259 H
AO~A8 3:;‘ ___%( ROW ADD coL
|
wLwy M 1

H
DSF1

g
s
o~ : frd Ié"

Vin
osFz !
k_lm__ M
Vi N
— w2 ]
Wi1/101
~W16/1016
1 s —-—
— OPEN
m : "HY or "L”
*1 *3 COLUMN SELECT
Mask Mode *2 | Lower Byte
WL | wo W1/IO1 - Column 0 (A2C=0, A1C=0, AOC=0)
W2/102 - Column 1 (A2C=0, AIC=0, AOC=1)
No Mask ] || pont W3/103 - Column 2 (A2C=0, AIC=1, AOC=0)
Mode care W4/104 - Column 3 (A2C=0, AIC=1, AOC=1)
WS5/105 - Column 4 (A2C=1, A1C=0, AOC=0)
o | o W6/106 - Column 5 (A2C=1, A1C=0, AOC=1)
New Mask 0 1 WMI1 W7/107 - Column 6 (A2C=1, A1C=1, A0C=0)
Mode X o | dam W8/108 - Column 7 (A2C=1, A1C=1, AOC=1) Wn/lOn
Upper Byte =0 : Disable
o | o W9/I09 - Column 0 (A2C=0, A1C=0, AOC=0) =1 : Enable
OldMask | | | |Dont WI10/1010 - Column 1 (A2C=0, A1C=0, AOC=1)
Mode Ll | care W11/I011 - Column 2 (A2C=0, A1C=1, AOC=0)
W12/1012 - Column 3 (A2C=0, A1C=1, AOC=1)
— W13/1013 - Column 4 (A2C=1, A1C=0, AOC=0)
WMl daa  0: Write Disable W14/1014 - Column 5 (A2C=1, AIC=0, AOC=1)
, I: Write Enable WI5/I015 - Column 6 (A2C=1, A1C=1, AOC=0)
Don’t care 20 ortl W16/1016 - Column 7 (A2C=1, A1C=1, AOC=1)

C-316 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC524162, TC524165

FAST PAGE MODE BLOCK WRITE CYCLE *Note 1, 2,3

trase trp
TS Vi “_'“'\
Vie —
t tesh tec AT e tRSH !
s tacp tep e P
T Vm — u\ teas f‘-‘%- teas x tcas
Vg — traD \ \ /‘
[tRam Llcan tean 1raL
task [ tasc | tas tasc | H
A0~A8 ViH ROW Az~ Az~ Agc ~
Vi ADD. f . Asc _A A
S '
trus
BT/OE Vm
Vi tawn
- tweg |
twse twes f o tweg

Vi | twen K
1 tep, tern
trsn | PG tesc | B e | P tesc
- e
DSF1 Vs
Vie
I
OsF2 Vi
Vi
¢ tom
Ms —b e o
W1/101 Vin . N )
~W16/1016 Vy 2 "3 3 | 3

V] : *H" o ~1L”

*] *3 COLUMN SELECT
Mask Mode *2 Lower Byte
WL | WU W1/I01 - Column 0 (A2C=0, A1C=0, AOC=0)
W2/102 - Column 1 (A2C=0, A1C=0, AOC=1)
No Mask . | Don’t W3/103 - Column 2 (A2C=0, A1C=1, AOC=0)
Mode care W4/104 - Column 3 (A2C=0, A1C=1, AOC=1)
W5/I05 - Column 4 (A2C=1, A1C=0, AOC=0)
o | o W6/106 - Column 5 (A2C=1, A1C=0, AOC=1)
NewMask | | = | WMI W7/107 - Column 6 (A2C=1, AIC=1, AOC=0)
Mode 1| o | deta W8/108 - Column 7 (A2C=1, A1C=1, AOC=1) Wn/I0n
Upper Byte =0 : Disable
ol o W9/I09 - Column 0 (A2C=0, A1C=0, AOC=0) =1 : Enable
OldMask | | ' | Don't W10/I010 - Column 1 (A2C=0, A1C=0, AOC=1)
Mode 1o | e W11/I011 - Column 2 (A2C=0, AIC=1, AOC=0)
W12/I012 - Column 3 (A2C=0, AIC=1, AOC=1)

W13/I013 - Column 4 (A2C=1, A1C=0, AOC=0)
W1i4/I014 - Column 5 (A2C=1, A1C=0, AOC=1)
WI15/1015 - Column 6 (A2C=1, A1C=1, AOC=0)
W16/1016 - Column 7 (A2C=1, A1C=1, A0C=1)

WMI1 data 0: Write Disable
1: Write Enable
Don’t care c‘0or‘l’
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RAS ONLY REFRESH CYCLE

A0~A8

WL, WU

DT/OE

DSF1

DsF2

W1/101
~W16/1016

C-318

tras tgp

i

e,

N

m

ol LT‘

>
[=]
(=]

RE!

SS

) Y

:r

A _

”/////////////////////////////////////////////////////////////

/////////////////////////////////////////////////////////////

OPEN
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HIDDEN REFRESH CYCLE
RA RA trp
VA N N /L ;\
‘RSH | —tCHR tepn
Vi — 4
= V2 l— N
tRap m ;
, o s oy
AO~A8 v:f %P{)&sss % EgLD%?s'g
Res 1
I [
WL,WO vy,

.

Joga I

H
DSF1

DSF2

3
0 | 1, CAC,
W1/101 Vo= 3
~W16/1016 Vot — }*— VALID DATA-OUT D—

7/////4 T "HT or *L”
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CBR AUTO REFRESH CYCLE

tRe
trp RP
Vin — . tras ,
Vi — / trRpC \ \
tep

g

tosk L

R | Y./ "’/

T
osrz J

torr

- v
WL, WU V:r

oTITE
L

tREH

Vin

DSFt
Vi

W1/101 Vou =
~W16/1016  vg, _

-
4

OPEN

Note : AO-A8 = Don't Care ("H* or “L") VA " or "L°
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CBR AUTO REFRESH & STOP REGISTER SET CYCLE

re
re trp
Viy ~ f b tras
RAS Vi — tapc \ | \
1

L
sk tom .

o= T V.

tasr tran

wn 2 T = Y

AWH

tese]

. N iz 7
w Dz

torr

1REH

wi1/101 Vou —
~W16/1016 VoL —

N
4

OPEN

:"H® or “L*”
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CBR AUTO REFRESH & RESET CYCLE

w

RP
Y
tapC

toon

3 = Fx__

tesn i

tcHr

\'/
A M
Vi

i

|

WU v D .

/N
i
e

" D

W1/101 Von =
~W16/1016 Vg, —

C-322

tore

-

OPEN

Note: A0-A8 = Don't Care ("H" or “L") VA - he or L0
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LOAD MASK/COLOR REGISTERCYCLE *Note 4, 5

tac

T 3
RAS v —
terp IcsH
‘ k! 4 ! tepn ,
Vih — teas
CV / 4 X
(5 ey
Vv
Ao~aB M R ks

S s

Q

w

-

%

<<

-

| |
. ,. . .
m n -
g & 3 I
-

4 n
x

pog | JeTon ]

o o . ‘ -;I :.W
= N T
(Early Write) 0 v or
. ) *) Function

1 Color data Load Color Register Cycle
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READ MASK/COLOR REGISTER CYCLE

AD~AB

DSF1

DSF2

wi/101
~W16/1016

C-324

A

—

1re
1rAS 1rp
Vin = b o
Vi — / \
Lesu
tere trep tash tepn
Vi — T e tcas | F
Vip = \ / /
tase tRak
Vi
trhs t: tRoH
Vi —
] /|
t
twsr tawn tres mu‘ml
Vin
Vie
trsR [ tesc | Jterm
Vin
oe £F
teac
Vin
Vi
) taag
xo" E *2 VALID QUTPUT
oL — !S Z !
m © "HT or “L*
*1 *2 Function
0 Mask data Load Mask Register Cycle
1 Color data Load Color Register Cycle

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC524162, TC524165

PIPELINED FAST PAGE READ CYCLE

AQ-A8

Dour

DOT/Ot

WU/WU

W1/101~
Wi16/1016

DSF1

DSF2

tesup

tReoe

teasp

H

s

tasc

Viu
iL

Vin
Vi

Viu
Viu

=
K
Iz
X

teag

taace

tesk

trsr

tren

trem

twen

tesc

twes

twes

two

e

tesc

L torm

tesc

m :"H" or “L*
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PIPELINED FAST PAGE WRITE CYCLE *Note 1, 2,3

WI/101~ vy

wi6r1016 v, 7R *

0, ’—’,

d
e
H 0 OH ton 0$ .
L N IV Ya
trus
BT/TE Vm
ViL
tren
155k £5C SC FH FSC
DSF1 VM
Vi

o v P /////////////////////////////////// 0

/4 : "R or U

*1
Mask Mode *2 Cycle
WL WU
No Mask Mode 1 1 Don’t care Normal Write
0 0
New Mask Mode 0 1 WMI data Write per Bit
1 0
0 0
Old Mask Mode 0 1 Don’t care Write per Bit
1 0
WMI1 data 0: Write Disable
1: Write Enable
Don’t care o0’
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PIPELINED FAST PAGE READ-WRITE CYCLE

== Vin T \
S vy — \
trcor deasp 1
Vi = tease
@& g N
t, ! 1, teal
asa] |tea ASC Y [gam tasc | |tcan
Vin ~ g 4 y
A0-A8 - RA | ca q_ cs
twsel | tewn  twes
e ——
WLWU ! tcact
trus toz teacz N
T toEa
— \7
OTIOE ! /e N_
0
F
tms | [t
s | |t teacs Leact _"Otl os | [ton
Wi/101~ Vi . 4 s .
WI1B/1016 v, _ 2 — % Poura Oourd | DwC
tco tooH
tesa | | taew tesc | Jtorm tescl | ten tesc| [t tesc | Jterm eS¢ | [term tesc| ltcen
Vin
DSF1 g

Vin
DsF2

*1
Mask Mode *2 Cycle
WL wu
No Mask Mode 1 1 Don’t care Normal Write
0 0
New Mask Mode 0 1 WMI data Write per Bit
1 0
0
Old Mask Mode 0 1 Don’t care Write per Bit
1 0
WM data (): Write Disable
I: Write Enable
Don’t care or
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PIPELINED FAST PAGE WRITE-READ CYCLE

Vi — \

&S Vi — h y

¢shp tegp RsH
trepe Teep
Vi = tease
& - N /N /N N N/
tasn| {tann [CAH tean tean tean
tasc AT tasc tasc
AD-AB RA }@( A B c D@( o
towe|
twsg| 1ta I Taitacs
twes| fwae |
v
WL, WU v:f " towp teac2
t tcact
THS twer [ teace
|
v 2 7 v
L
s | tm tos | jton ‘tz*S__| tomn 1bz0 tora OH l to
H -
WI/101~ Vi R i
WI16/1016 v, 2 OivA DinB DoyrC Dour
} f
s | | trew tesc | |teem tesc| ftey tsc| |t tesc | fterm tesc | jterm T
Vin 3

W R

D "HT or LT

*]
Mask Mode *2 Cycle
WL wU
No Mask Mode 1 1 Don’t care Normal Write
0 0
New Mask Mode 0 1 WMI data Write per Bit
1 0
0 0
Old Mask Mode 0 1 Don’t care Write per Bit
1 0
WM data 0: Write Disable
1: Write Enable
Don’t care 1ort0’
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PIPELINED FAST PAGE WRITE-BLOCK WRITE CYCLE

- - ese tocp.
RAS o L ] /‘
trCDP tepp tRsH
i = hetcase tagh
oS N/ N/ N /
task t’nm tasc EN tasc toan tasc tcan
Vi | =
twsr| | trwn |- t4:W'I
Vin twes| | twen tome :
WLWO vy, 1 twe o
trus | |Grun — -
BTIoE (M 4
tms !& tos :D; tolz ) E‘ tos tou
W1/101 Viy —~
tesr | | tapn trsc | ter ‘E&N Lm d
DSF1 x:l‘
7
‘_FiRJ TREH
v P 2
s v 7 izl
7/////4 : "H® or "L"
*1 *3 COLUMN SELECT
Mask Mode *2 Lower Byte
WL | WU W1/101 - Column 0 (A2C=0, A1C=0, AOC=0)
W2/102 - Column 1 (A2C=0, A1C=0, AOC=1)
No Mask Don’t W3/103 - Column 2 (A2C=0, A1C=1, AOC=0)
Mode L R W4/104 - Column 3 (A2C=0, A1C=1, AOC=1)
W5/105 - Column 4 (A2C=1, A1C=0, AOC=0)
o | o W6/106 - Column 5 (A2C=1, A1C=0, AOC=1)
New Mask 0 ) WMI W7/107 - Column 6 (A2C=1, A1C=1, AOC=0)
Mode L g | dam W8/I08 - Column 7 (A2C=1, A1C=1, AOC=1) Wn/IOn
Upper Byte =0 : Disable
o | o W9/I09 - Column 0 (A2C=0, A1C=0, AOC=0) =1: Enable
OdMask | | ' | Dont W10/1010 - Column 1 (A2C=0, A1C=0, AOC=1)
Mode 1 0 care WII/IO11 - Column 2 (A2C=0, A1C=1, AOC=0)
W12/I012 - Column 3 (A2C=0, A1C=1, AOC=1)
. WI3/1013 - Column 4 (A2C=1, A1C=0, AOC=0)
WMl data  0: Write Disable W14/1014 - Column 5 (A2C=1, A1C=0, AOC=1)
, I: Write Enable WIS/1015 - Column 6 (A2C=1, A1C=1, AOC=0)
Don'tcare  :*0"orl W16/1016 - Column 7 (A2C=1, A1C=1, AGC=1)
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READ TRANSFER CYCLE
tre
tras . tre
L VA N f N
tcre t;:;L "~ tasn | teeM i
M / A\t / Vi X
tash v 5] 1‘5‘:
|

@q SAM START ADDRESS

AO~AT : TAP

v
AO~A8 V:t‘ %ow ADDRESS
|

V
pTioE "
n
Vin
DSF1 ViL

DSF2 x:’:
:
W1/101 Vor ~
~W16/1016 Vo — g
1,

|
VIH - g 2. Py .
sC Vi — |/ }; Inhibit Rising Transien t /

a
5 —
o
P
Ja}

t 1
t Q SOt
SCA - tcq | —2CA,,

- M ALID VALID
s01=5016 -y, L‘WT DATA-OUT x

taqo
Vox — X
QSF -yl — TAP MSB (A7)

Note : SE = v,

T THT or LT
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REAL TIME READ TRANSFER CYCLE

DSF1

DsF2

W1/101
~W16/1016

sC

$01~5016

QSF

tre

tras \ e,
Vih — =\ * 3
Vi — ) N
tesh
tere lrcp __tRsH | teen .
I |
L’m - /"L \ teas / / \
L —y tRAD =
1, \?
ASR | |tran tasC, tcan
Vi ROW
vir ADORESS % SAM START ADDRESS
AO~A7 : TAP
twsr| | trwn 2
|
Vin
Vi,
™ trre
tns trrn e
Vin y
[ N
s, taen
Viu
Vi
Viy
Vi
T —
Vou )N
Vo, — P 4 4
lsc L5 trsu trso
Vin =~ y
ViL —
tsca tsca
" trop
SOH | tsom
Vou— VALID x VALID VALID VALID x VALID
VoL — DATA-OUT DATA-QUT DATA-OUT DATA-QUT N DATA-OUT
1
t

Previous Row Data

New Row Data

Vow =
Vou —

X

TAP MSB (A7)
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SPLIT READ TRANSFER CYCLE

tac
1R
Vih — 'S
RAS _—/ N
W LR
- sk
e }lcn RCD trg I teen |
CAS VM A \ teas b
ViL — \ / ﬂ
. tRa0 TRAL
ASR] 1T 1,
[ e H“—A-i ASC team
AO~AB WO SAM START %/
L ] Al f ADDRESS (n)
AO~A6 : TAP
R| | tawn

tsqo
i LLW SAM 0~ 127
Upper SAM 128 ~ 255
“H" or "L*

Note:5E = v,
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SERIAL READ CYCLE (SE = Vi)

RAS Vi T
Vi

BY/OE Vm

$CC SCC tscc SCC SCC |
tsc ¢ tsc ¢ sc
Vi —
SC
Y 'mewm
scp tsca Nscp tsca scp | _tsca "Xscp tsca  "scp tsca "Xscp
Xsoq sou & son Jso
=) e ————
501 Vou ~ VALID™ XA VALID VALl VALID x VALID VALID
~5016 VoL — DATA-OUT 3. DATA-OUT DATA-QUT DATA-OUT DATA-OUT A DATA-QUT

Note : 3E= v VA4 : “H" or "L°

SERIAL READ CYCLE (SE Controlled Outputs)

|
Vin —
RAS Vip — \ /
7m:

ty

e\ P

tscc tsce ts SCC. tsce |

1, 1 1 1s
Vi — 4 . 5
SCP SCP tggp ' Usce | SCP SCP tser
w T / 3
tsca tsea tsca tsca
| tsop, Ysez | tsca tson B

S
- Von = >< VALID VALID — VALID VALID VALID
SO1~5016 " DATAGUT X DATAGUT §_°"EN‘—§ pATA-0UT X DATA-QUT ATA-OUT

m : "H" or "L”
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PIN FUNCTION

ADDRESS INPUTS : Ay~Ag

The 18 address bits are required to decode 16 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).

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, WEU/WEL, DSF!1 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 heid “high™.

COLUMN ADDRESS STROERE : 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. 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 data transfer operation
is activated between the RAM and the SAM.
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WRITE PER BIT/WRITE ENABLE : WB/WE

The WEU/WEL 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.

WEU WEL Function
RASL H H Read/Write
L H Upper byte write per bit
H L Lower byte Write per bit
L L Word Write per bit

WRITE MASK DATA/DATA INPUT AND OUTPUT: W, /10,~W,4 /10,4

Data is written into the RAM through W/I0,~W 4 /10,4 pins during a write cycle. The input data is
latched at the falling edge of either CAS or WEU/WEL, 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 Lower and Upper 8 bits are also used as the column address mask during a block white cycle. The each 8
bits correspond to Lower/Upper byte column.

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/IO, 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 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 Vi or Vy_level during read transfer operations
and should not be clocked while the SAM is in standby mode to prevent the SAM pointer from being
incremented.

No control signal disable SC input, and in any time SC toggle cause SAM pointer drarge regardless Sout
(controlled by SE).
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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.
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

DSFT1 is latched at the falling edge of RAS and CAS to select the various TC524162/165 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 waiting
a delay of tgrg, split read transfer operation can be performed on the non-active split SAM.

SERIAL OUTPUT : SO,~SOy¢

Serial output SO;~SO are the output pin of SAM register. SAM data out is valid tgca after SC rising
edge. These SO;~SO, output is controlled by SE. SO; is going to Hi-Z state when SE goes high.

OPERATION MODE

The RAM port and data transfer operating of the TG524162/165 are determined by the state of CAS, DT/
OF, WEU/WEL, DSF! and DSF?2 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.

C-336 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC524162, TC524165

Table 1. Functional Truth Table

RAS v CAS ¥
S| 5T/oE W—U'4) / bsFi|psr2| DsFi Mnemonic Code Function
WEL
0 * * 0 * - CBR CBR Auto Refresh & Option Reset - 2)
0 * 0 1 * - CBRS CBR Auto Refresh & Stop Register Set?
0 * 1 1 * - CBRN CBR Auto Refresh
1 0 1 0 * * RT Read Transfer
1 0 1 1 * * SRT Split Read Transfer
1 1 0 0 0 0 RWM Read Write (New/Old Mask)!
1 1 0 0 0 1 BWM BlockWrite (New/Old Mask)"
1 1 0 1 * * FWM FlashWrite (New/Old Mask)"
1 1 1 0 0 0 RW Read Write (No Mask)
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)"
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 1 0 1 1 BW(P) PFP Block Write (No Mask)
1 1 1 1 * 4] LMR Load (Old) Mask Register”
1 1 1 1 * 1 LCR Load Color Register
Note : * =0 or 1, - = Not applicable

1) After LMR operation, RWM, BWM, FWM, RWM (P), BWM (P) use old mask.
Either CBR operation or LMR operation with no mask bits 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.
4) The state of WEU/WEL is defined as Logical “AND” of WEU and WEL state.
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RAM PORT OPERATION
1. READ WRITE FUNCTION : RW

The TC524162/165 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 (TC524165) and pipelined page modes are also available with the read
write cycles by performing multiple CAS cycles during a single active RAS cycle.

1.1 EXTENDED FAST PAGE MODE (T(C524165)

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 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 I/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 I/O mask data that
was stored in the write-mask register is used (Old Mask Mode) until the mode is reset by either CBR operation
or LMR operation with no mask bits. 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
— 7 ——— Write Mask Register Function
CAS | DT/OE | WB/WE [ W./IO; (i=1~16)
1 — Write Enable
0 « Write Disable (New Mask)
H H L
* 1 Write Enable
* 0 Write Disable (Old Mask)

Note:* =1or0, « = The data on WV/IOi is latched.

3. BLOCK WRITE AND MASKED BLOCK WRITE : BW &B WM

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 8 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 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 CAS falling edge. If the DSF signal is “low™ at the CAS falling edge, a
normal 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 WEU/WEL input at the falling edge of RAS determines
whether or not the 1/O mask is enabled (WEU/WEL must be “low” to enable the I/O mask, BMW mode or
“high” to disable it, BW mode). The /O mask is provided on the Wi/IOi input at the RAS falling edge. After
LMR operation, however, the old mask is used for the /O mask function. The column mask data on the W10,
input must be provided at the CAS or WEU/WEL falling edge whichever is late, while the six most significant
colunm address (A3C~AS8C) are latched at the falling edge of CAS. This latched column address determines the
start column address of consecutive block.

The block write is most effective for window clear and fill operation in frame buffer applications.

Figure 1. Block Write Operation

— Example (Shown on Lower byte. The same manner on Upper byte)
RAS _\F W10
g’A';'sm" ﬁ Vo Vl2lalelsle]7s
WM1 Register (Lower) L1 (@@ (G110
AO~AS % Row_ YP2X Column EEW Column Select(Lower bytet | 1 @ [ 1 | 1 |1 |@ [(® ] 1
: e, Color Register {Lower) 1{ojJ1{ol1i{1]o]oe
WE .‘l L A /_ Result
DT/OE wno
H
DSFI%’L_/ Column 0 :I:IS R ; ?
Column
DsFz 7\ L Column; 1] o 1 o U7,
[wno O O i X000, | s I n
Y Early Write
wio X X v Y, |
Delayed Write Column 7 1 [ 1 []
Application
» High Speed Window Cear Z

® High Speed Rectangular Fill

i 2 Mask Mode *3: COLUMN MASK

1 Don’t Care No Mask Mode Lower Byte
WI/I01 - Column 0 (A2C=0, A1C=0. A0C=0)

W2/102 - Column | (A2C=0, A1C=0, AOC=1)
W3/103 - Column 2 (A2C=0, A1C=1, AOC=0)
W4/104 - Column 3 (A2C=0. A1C=1. AOC=1)
WS5/105 - Column 4 (A2C=1, A1C=0, AOC=0)
W6/I06 - Column 5 (A2C=1, A1C=0, AOC=1)
W7/107 - Column 6 (A2C=1. A1C=1, A0C=0)
W&/108 - Column 7 (A2C=1, A1C=1, A0C=1)
Upper Byte
WY/109 - Column 0 (A2C=0, A1C=0, AOC=0)
WI0/I010 - Column | (A2C=0, A1C=0. A0C=1)
WI/IOI11 - Column 2 (A2C=0. AIC=1. AOC=0)
WI12/1012 - Column 3 (A2C=0. A1C=1. AOC=1)
WI13/I013 - Column 4 (A2C=1, A1C=0. AOC=())
WI14/I014 - Column 5 (A2C=1, AIC=0. AOC=1)
WI5/1015 - Column 6 (A2C=1. A1C=1, AOC=0)
W16/1016 - Column 7 (A2C=1, AI1C=1, AOC=1)

0 WMI New Mask Mode

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 CAS “high”, WEU/WEL “low” and DSF1 “high™ at the falling
edge of RAS. The mask data must also be provided on the W,/IO; inputs in order to enable the flash write
operation for selected /O blocks. After a LMR operation, however, the old mask in the mask register is used for
the I/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 usec.
Figure 2. Flash Write Operation
Example (Shown is lower only. The same manner in upper bite. }
T X el
H
@™~ T\ /
vo1 02
s o X007 '.-
WB/WE :; / V/////////////%
DT/OE
H 0]
DSF1
1]

wno 7K _* K7/ 000 u0m0000%. Color

Register
DSF2 : dontcare (Hor L)
Mask
Data (WM1)
* Mask Mode Application : High Speed Plan Clear

Mask Data New Mask Mode
Don't Care (Hor L) Old Mask Mode

512 Columns
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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, WEU/WEL and DSFI 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.

2) 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 TC524162/165 has an on-chip 8 bit write-mask register which provides the /O mask data during the
masked functions such as the write-per-bit (RWM), masked block write (BWM) and flash write (FWM)
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 1/0 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, WEU/
WEL 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/IOi lines are subsequently latched into the write-mask register at the falling edge of either
CAS or WEU/WEL, whichever occurs later. The old mask mode is reset to the new mask mode by either a CAS
before RAS refresh cycle (CBR) or a LMR cycle with no mask bits, all “1” on W/10, pins. During the LMR
cycle, the memory cells of the row address which is latched at the falling edge of RAS are refreshed.

Figure 3. State Diagram of Mask Mode
LMR with at least one mask bit.

/_\

( New Mask Modq L Old Mask Mode )

-_ ==

CBR or LMR with no mask bits
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7. LOAD COLOR REGISTER : LCR

The TC524162/165 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 J/O blocks. The load
color register cycle is initiated by holding CAS, WEU/WEL, DT/OE and DSF1 “high” at the falling edge of
RAS. The data presented on the W,/IO; lines is subsequently latched into the color register at the falling edge of
either CAS or WEU/WEL, 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 TC524162/165 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.

C-342 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC524162, TC524165

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 half SAM, performing the CAS
before RAS refresh operation at the same time. The CBRS cycle is initiated by CAS holding “low” and by WEU
/WEL 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 Location

Stop Register Value Binary Boundary Locations
Ag-Ag

AR I ] s
001111111 [ [ 1L ] j 127, 255, 383, 511

000111111 Ll ] l j LI I | —I 63, 127, 191, 255, 319, 383, 447, 511
cooontiir [ JITTTTTTIITTTTTTT sasaesim,ise,isn, 220,255 o0

ooooov v+ ([T ITIICCCCEIND 5% 28 5,
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

000000000
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NOTE

OE control of Extended Fast Page mode Read cycle (TC524163/165)

When OE is toggled while CAS is “Low” level in fast page mode read cycle, the same data is valid on W1/
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), tgcy (10ns min).
Please refer following Figure.

RES O\

wio —— ca —Xca

——
- CB

DATA TRANSFER OPERATION

The TC524162/165 features internal data transfer capability between the RAM and the SAM, as shown in Figure
5. During a normal transfer, 512 words by16 bits of data can be loaded from RAM to SAM (Read Transfer).
During a split transfer, 256 words by16 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). The normal transfer and split transfer modes are
controlled by the DSF1 input signal

512 columns 256 columns 256 columns

512x256x 16 | $12x256x 16
512 512x512x 16 512 [Memory Memory
rows Memory Cell Array rows | Cell Array Cell Array

0 0
| 512x16 = [ 2sex16 | 2sex1s jo  —

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

RASY )
Mnemonic
Code Transfer Mode g"::;fg; T’a];‘istfer SAM Port Mode
CAS | DT/OE | WB/WE | DFS1
H L H L RT Read Transfer RAM — SAM| 512x16 | Input - Output
H L H H SRT Split Read Transfer RAM — SAM| 256x16 | Half SAM active

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 CAS “high”, DT/OE “low” WEU/WEL “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. 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

j% } ﬂ S$O4-16
B Rihs E— 7999 —>
L SAM j Serial Read
AT /I

Ag~Ag [ >

7/]<— Selected Row

512x512x 16 bits
Memory Cell Array

Row Decoder

In a read transfer cycle, the SC clock must be held at a constant V;;_or Vyy, 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. SPLIT READ TRANSFER CYCLE : SRT

A split read transfer consists of loading 256 words by 16 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 siumltaneously, as shown in Figure 7. The most significant column address (A8C) is
controlled internaily 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 8. )

256 columns 256 columns

~ N N
/ Active SAM QSF Level
512 256 % 1§ Tower SAM o
rows
\ upper SAM “High”
I 7

E Active a[ Stand - ]

N

SIO

Figure 7. Split Read Transfer

s/fcm Split Rudgfor\ Split Read m
\ w] s\ _man

Read
Tral;
m J:An treerecw s e L. J '255&

z T~ N

‘V’

TTTT

Figure 8. Example of Consecutive Read Transfer Operations

A4
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NOTES

1) 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 atlowed.

ms T\ VA
Not
[ OO Aﬁowed
Address 722278 Row __ Y7272727777777777777777777
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.

M T\ \ eV /
o —\__/ N __
Address  —(Row 1XTap 1—(Row 2)Tap2)

lower SAM : Active -
QsF upper SAM : Non-active ey | lower SAM : Non-active
1 Last First upper SAM : Active
v ek clock

s _[1ILIL JLLT T LS
— ) = ke 89eemmme= :
¢ Muitiple Split transfer into upper SAM E Serial access of upper SAM

i Serial access of lower SAM | starting at Tap N location
.

3) Split transfer operation allowable period.
Figure 9 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 tgry + tgrs. 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 9.

Last First Last First
Clock  Clock Clock  Clock Clock  Clock
sC ", K
N B it
Yy \Ys
QSF K : j‘
TSAL SAAT
SRT |y, SRT ter |t CBRS—SRT
split swl‘srs STH | IsTS o [tors
Read/\Write
Transfer YES NO YES NO YES NO YES
allowed.

Figure 9. Split Transfer Operation Aliowable Periods

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 may be performed following split transfer operation provided that a 23ns minimum
delay is satisfied after the QSF signal toggles.

i

QSF

23ns Min.

Split Transfer.,.

mal Transfer Operation Allowed

SAM PORT OPERATION

The TC524162/165 is provided with 512 words by16 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.

11. SINGLE REGISTER SERIAL READ OPERATION

Serial data can be read out of the SAM port after a read transfer has been performed. 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.

Start address : Tap location

l——{o]1‘z| ------ |o-{->| ------------------- |509|51o|5n]—-»|

12. SPLIT REGISTER MODE

The split register mode realizes continuous serial read operation. The data can be shifted into or out of one
half of the SAM while a split read 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 transfer
operation must precede any split read transfer operation in order to set the TAP address. Also, a CAS before
RAS refresh and stop register set cycle (CBRS) can be performed to specify the binary boundaries in the SAM.
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In the split register mode, serial data can be read from one of the split registers starting from any of the
256 tap locations. The data is read 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
the data sequentially to the most significant bit (255 or 511) and finally wraps around to the least significant bit,
as illustrated in the example below.

Tap location . Tap location .
" SRT is executed " ¢-NO SRTis executed ’
r [T NESESraEE==
012 255 256 511

13. 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 cycle is performed. The serial data is read from 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 the hatf 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 10.
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@ SRT, - CBRS - SRT, - SRT3 - SRT, -
(TAPY) 1 (TAP)) (TAP3) (TAPg)

New Boundary Set

E le : CBRS is executed during this period.

—— CBRS _>:SRT1 ,——'— This is the time point that SRT2 is executed.

TAPy.; i y Bo : Old
e ; : ! Boundary
New Boundary
is set by
Transfer Cycle (SRT)
after CBRS.
By : New
Boundary

Figure 10. 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 11.
|

SRT,

By : Old
Bounda-

By CBR
Real Time Reset

O\

Figure 11. Binary Boundary Reset
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Fig. 12 shows the relation between CBR and SC on binary-boundary-reset. When Nth SC-colck 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.t

|

Old Stoo Address
Figure 12. 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 13.

RAS _\CBRS /_L /_——¥ SRT J—SS—

CAS

Ag-Ag

DT/OE

sC : ‘l nﬂ-ﬂ M-
. TAPI™ Bounda AP2

Figure 13. Binary Boundary Jump Set Sequence

There are additional timing specifications, trgsa and tss o7 to determine the period that does not allow a
split transfer, as illustrated in Figure 14.
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Figure 14. Timing Specification to allow SRT operation

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, CAS, DT/OE and WEU/WEL held “high”, the internal state of the
TC524162/165 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 setting cycle is performed after the initialization of the device
is performed (200 pseconds pause followed by a minimum of 8 CBR cycles) and before valid operations begin.

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