TOSHIBA TC5956416/08/04BFT/BFTL-80,-10

TENTATIVE TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT SILICON MONOLITHIC

1,048,576-WORDS x 4BANKS x 16-BITS SYNCHRONOUS DYNAMIC RAM
2,097,152-WORDS x 4BANKS x 8-BITS SYNCHRONOUS DYNAMIC RAM
4,194,304-WORDS x 4BANKS x 4-BITS SYNCHRONOUS DYNAMIC RAM

DESCRIPTION

TC59S6416BFT/BFTL is a CMOS synchronous dynamic random access memory organized as
1,048,576-words X4 banksX16 bits and TC59S6408BFT/BFTL is organized as 2,097,152 wordsX4
banksX 8 bits and the TC59S6404BFT/BFTL is organized as 4,194,304 wordsX4 banksX4 bits. Fully
synchronous operations are referenced to the positive edges of clock input and can transfer data up to
125M words per second. These devices are controlled by commands setting. Each bank are kept active
so that DRAM core sense amplifiers can be used as a cache. The refresh functions, either Auto
Refresh or Self Refresh are easy to use. By having a programmable Mode Register, the system can
choose the most suitable modes which will maximize its performance. These devices are ideal for main
memory in applications such as work-stations.

FEATURES
TC5956416/6408/6404
ITEM
-80 -10
tck  Clock Cycle Time (Min.) 8ns 10ns
tras Active to Precharge Command Period(Min.) 48ns 60ns
tac  Access Time from CLK (Max.) 6ns 7ns
trc  Ref/Active to Ref/Active Command Period (Min.) 68ns 84ns
lcci  Operation Current (Max.) (Single bank) 90mA 70mA
lcca Burst Operation Current (Max.) 140mA 110mA
lcce  Self - Refresh Current (Max.) 1TmA 1mA
® Single power supply of 3.3V+0.3V
o Up to 125MHz clock frequency
® Synchronous operations : All signals referenced to the positive edges of clock
® Architecture : Pipeline
® Organization
TC59S6416BFT/BFTL ;1,048,576 wordsX4 banks X 16bits
TC59S6408BFT/BFTL : 2,097,152 words X4 banks X 8bits
TC59S6404BFT/BFTL : 4,194,304 words X4 banksX4bits
® Programmable Mode register
® Auto Refresh and Self Refresh
® Burst Length : 1, 2, 4, 8, Full page
® CAS Latency : 2,3
® Single Write Mode
® Burst Stop Function
® Byte Data Controlled by L-DQM, U-DQM (TC5956416)
® 4K Refresh cycles /64ms
® Interface : LVTTL
® Package
TC59S6416BFT/BFTL : TSOPI 54-P-400-0.80B
TC59S6408BFT/BFTL : TSOPI 54-P-400-0.80B
TC59S6404BFT/BFTL : TSOPI 54-P-400-0.80B

961001EBA1

@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
It is the responsibility of the buyer, when utilizing TOSHIBA products, to observe standards of safety, and to avoid
situations in which a malfunction or failure of a TOSHIBA product could cause loss of human life, bodily injury or
damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.

@ The products described in this document are subject to foreign exchange and foreign trade control laws.

@ The information contained herein is presented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other rights of the third
parties which may result from its use. No license is granted by implication or otherwise under any intellectual
property or other rights of TOSHIBA CORPORATION or others.

@ The information contained herein is subject to change without notice.
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PIN ASSIGNMENT (TOP VIEW)

PIN NAMES
AO0~A11 Address

BSO, BS1 Bank Select

DQO~DQ3

(TC5956404)

DQ0~DQ7 Data Input/Output
(TC5956408)

DQO0~DQ15

(TC5956416)

[« Chip Select

RAS Row Address Strobe
CAS Column Address Strobe
WE Write Enable

DQM

(TC5956408/

6404) Output disable / Write Mask
uDQM/LDQM

(TC5956416)

CLK Clock inputs

CKE Clock enable

Vee Power (+3.3V)

Vgg Ground

VeeQ Power (+3.3V)

(for 1/0 buffer)
VssQ Ground
(for I/ 0 buffer)
NC No Connection

TC5956416BFT/BFTL
TC5956408BFT/BFTL
‘ I—TC59564O4BFT/BFTL 1
Vee Vee Vee Q1 Vss Vss Vss
DQO DQO Ne 02 NC DQ7 DQI5
VeetQ  VecQ V@ 3 VssQ  VssQ  VssQ
DQ1 NC Ne Oa NC NC DQ14
DQ2 DQ1 pQo Os DQ3 DQ6 DQI13
VssQ VssQ VssQ 6 VeeQ  VeeQ  VecQ
DQ3 NC Ne O 7 NC NC DQ12
DQ4 DQ2 ne Os NC DQ5 DQ11
VeeQ VeeQ Vec@ 09 VssQ  VssQ  VgsQ
DQ5 NC Ne O NC NC DQ10
DQ6 DQ3 pQ1 O DQ2 DQ4 DQ9
VssQ VssQ VssQ O VeeQ  VeeQ  VeeQ
DQ7 NC Nc O NC NC DQ8
Vee Vee Vee O Vss Vss Vss
LDQM NC Nc O NC NC NC
WE WE we [ DQM DQM UDQM
CAS CAS cas O CLK CLK  CLK
RAS RAS RAS [ CKE  CKE  CKE
cs cs cs O NC NC NC
BSO BSO Bso L Al1 Al1 A1
BS1 BS1 Bs1 [ A9 A9 A9
A10/AP  A10/AP  A10/AP [ A8 A8 A8
A0 A0 ao O A7 A7 A7
Al Al A1 [ A6 A6 A6
A2 A2 a2 O A5 A5 A5
A3 A3 a3 O A4 Ad Ad
Vee Vee Vee O Vss Vss Vss
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BLOCK DIAGRAM

CLK —> cLock
BUFFER
CKE J«_‘—l
& — [N | conTROL o A
o COMMAND| SIGNAL
RAS —> = [ |
o GENERATOR |
—>
CAS DECODER —'\ COLUMN DECODER COLUMN DECODER
WE —> _|/ E %
N S CELL ARRAY O CELL ARRAY
w w
o BANK #0 a BANK #1
A10 -/ J
r : s
MODE L ||
— :: > REGISTER SENSE AMPLIFIER SENSE AMPLIFIER | | |
AQ 1
s BUFFER
A9
A1
BSO Y ,\ { DQO
BS1 DATA CONTROL < DQ <:>
BUFFER
CIRCUIT |/ ban
REFRESH COLUMN T}
COUNTER COUNTER | DQM
I.' o I.'
|
COLUMN DECODER COLUMN DECODER
J\ e o
w w
)18 A8
S CELL ARRAY O CELL ARRAY
w
o BANK #2 o BANK #3
SENSE AMPLIFIER ~ SENSE AMPLIFIER | | [~
NOTE : The TC5956404BFT/BFTL configuration is 4096x1024x4 of cell array with the DQ pins numbered DQO-3.

The TC59S6408BFT/BFTL configuration is 4096x512x8 of cell array with the DQ pins numbered DQO-7.
The TC5956416BFT/BFTL configuration is 4096x256x16 of cell array with the DQ pins numbered DQO-15.

1998-01-12 3/51




TOSHIBA TC5956416/08/04BFT/BFTL-80,-10

ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING UNITS NOTES
Vine Vout Input, Output Voltage -0.3~Vcc+0.3 Vv 1
Vee, VecQ Power Supply Voltage -0.3~4.6 Y 1
TopPr Operating Temperature 0~70 °C 1
Ts1G Storage Temperature -55~150 °C 1
TsoLDER Soldering Temperature(10s) 260 °C 1
Po Power Dissipation 1 W 1
lout Short Circuit Output Current 50 mA 1

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0to 70°C)

SYMBOL PARAMETER MIN TYP MAX UNITS NOTES
Vee Power Supply Voltage 3.0 3.3 3.6 \" 2
VeeQ Power Supply Voltage (for 1/0 Buffer) 3.0 33 3.6 Vv 2
ViH Input High Voltage 2.0 - Vee+0.3 \ 2
ViL Input Low Voltage -0.3 - 0.8 Vv 2

Note: Viy(max)=Vcc/VccQ + 1.2V for pulse width = 5ns
ViL(min) =Vss /VssQ - 1.2V for pulse width = 5ns

CAPACITANCE (Vcc=3.3V, f=1MHz , Ta=25°C)

SYMBOL PARAMETER MIN MAX UNIT
Input Capacitance (A0to A11,BS0,BS1, CS, RAS, CAS, WE, DQM, CKE) - 4
< Input Capacitance (CLK) - 4
Co Input/Output capacitance - 6.5

NOTE: These parameters are periodicaly sampled and not 100% tested.
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RECOMMENDED DC OPERATING CONDITIONS (Vcc=3.3V+0.3V, Ta=0~70°C)

-80 -10
ITEM SYMBOL UNITS | NOTES
MIN. | MAX. | MIN. | MAX.

OPERATING CURRENT

tck =min , tge=min

Active Precharge command cycling
without Burst operation

STANDBY CURRENT CKE =V} leca 50 40 3
tck=min , CS=Vy
ViH /L= ViH (min)/ VIL (max)

1 bank operation lee 90 70 3

Bank : inactive state CKE =V, (Power Down mode) lccap 1 1 3
STANDBY CURRENT CKE=V | 8 8
< = cc2s

CLK=V|L 4 CS=V|H H

Vin/L=Via(min) / Vi (max) ~

Bank : inactive state CKE =VIL (Power Down mode) | lccaops 1 1 mA

NO OPERATING CURRENT CKE =V} lecs 65 50

tek = min

€ = Vi (min) CKE =V|_ (Power Down mode) | Icc3p 8 8

Bank : active state (4 banks)

BURST OPERATING CURRENT
tck =min lcca 140 110 3,4
Read / Write command cycling

AUTO REFRESH CURRENT
tck=min , tgce=min lees 140 110 3
Auto Refresh command cycling

SELF REFRESH CURRENT Standard Products (BFT) 1 1
Self Refresh mode |
CKE=0.2V ] CC6
Low Power Version (BFTL) 450 450 LA
ITEM SYMBOL| MIN. MAX. UNITS | NOTES
INPUT LEAKAGE CURRENT | 5 5 A
(OV=V|NSVce, all other pins not under test=0V) I(L) - “
OUTPUT LEAKAGE CURRENT
\ - < low -5 5 PA
(Output disable, OV=Voyr=Vceq)
LVTTL TPUT "H” LEVEL VOLTAGE
OUTPU OLTAG Von ”a B v
(lout= -2mA)
LVTTL QUTPUT “L” LEVEL VOLTAGE VoL _ 0.4 v
(loyr=2mA)
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AC CHARACTERISTICS AND OPERATING CONDITIONS
(Vcc=3.3V£0.3V, Ta=0to 70°C) (Notes : 5, 6, 7)

SYMBOL PARAMETER MIN._SOMAX. T - 1OMAX. UNITS | NOTES
tre Ref/Active to Ref/Active Command Period 68 84 9
trAS Active to Precharge Command Period 48 100000 60 100000 ns 9
treD Active to Read/Write Command Delay Time 20 24 9
tcep Read/Write(a) to Read/Write(b) Command Period 1 1 Cycle 9
trp Precharge to Active Command Period 20 24 9
tRRD Active(a) to Active(b) Command Period 20 20 9
twr Write Recovery Time CL*=2 10 12

CL*=3 8 10
tek CLK Cycle Time Cl*=2 10 1000 12 1000

CL*=3 8 1000 10 1000
ten CLK High Level Width 3 3 10
toL CLK Low Level Width 3 3 10
tac Access Time from CLK CL*=2 6 8

CL*=3 6 7

ns

ton Output Data Hold Time 3 3
thz Output Data High Impedance Time 3 8 3 10 8
t1z Output Data Low Impedance Time 0 0
tsg Power Down Mode Entry Time 0 8 0 10
tr Transition Time of CLK (Rise and Fall) 0.5 10 0.5 10
tps Data-in Set-up Time 2 25
tpH Data-in Hold Time 1 1
tas Address Set-up Time 2 25
taH Address Hold Time 1 1
teks CKE set-up Time 2 25
tekH CKE Hold Time 1 1
tevis Command Set-up Time 2 25
temH Command Hold Time 1 1
tReF Refresh Time 64 64 ms
trsc Mode Register Set Cycle Time 16 20 ns 9

* CL is CAS Latency.
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NOTES :
1. Conditions outside the limits listed under “ABSOLUTE MAXIMUM RATINGS” may cause

permanent damage to the device.

2. All voltages are referenced to Vss.

3. These parameters depend on the cycle rate and these values are measured at a cycle rate with

the minimum values of tck and trc. Input signals are changed one time during tck.
4. These parameters depend on the output loading. Specified values are obtained with the output open.
5. Power - up sequence is described in Note 11.

6. AC TEST CONDITIONS

Output Reference Level 1.4V /1.4V
Output Load See diagram B below
Input Signal Levels 2.4V / 0.4V
Transition Time (Rise and Fall) of Input Signals 2ns
Input Reference Level 1.4V

3.3v 1.4V
1.2kQ 2509
Output Output o—£)Z=500)
_|_ 50pF 870Q _|_ 50pF

7777;7 777

A.C. TEST LOAD (A) A.C. TEST LOAD (B)

7. Transition times are measured between Vig and Vir. Transition (rise and fall) of input signals

have a fixed slope.

8. tHz defines the time at which the outputs achieve the open circuit condition and is not

referenced to output voltage levels.
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9. These parameters account for the number of clock cycles and depend on the operating frequency
of the clock, as follows :

the number of clock cycles = specified value of timing/clock period

(count fractions as a whole number )

10. tcH is the pulse width of CLK measured from the positive edge to the negative edge referenced to
Vig (min.). tcp, is the pulse width of CLK measured from the negative edge to the positive edge
referenced to Vir, (max.).

11. Power-up Sequence

Power-up must be performed in the following sequence.
1) Power must be applied to Voo and VcQ (simultaneously) while all input signals are held
in the “NOP” state. The CLK signals must be started at the same time.

2) After power-up a pause of at least 200 useconds is required. It is required that DQM and
CKE signals then be held “high” (Ve levels) to ensure that the DQ output is impedance.

3) All banks must be precharged.
4) The Mode Register Set command must be asserted to initialize the Mode Register.

5) A minimum of eight Auto Refresh dummy cycles is required to stabilize the internal

circuitly of the device.

The Mode Register Set command can be invoked either before or after the Auto Refresh
dummy cycles.

12. A.C Latency Characteristics

CKE to clock disable (CKE Latency) 1
DQM to output in High-Z (Read DQM Latency) 2
DQM to input data delay (Write DQM Latency) 0
Write command to input data (Write Data Latency) 0
CS to Commadn input (CS Latency) 0
Precharge to DQ Hi-Z Lead time CL=2 2
CL=3 3 Cycle
Precharge to Last Valid data out CL=2 1
CL=3 2
Burst Stop Command to DQ Hi-Z Lead time CL=2 2
CL=3 3
Burst Stop Command to Last Valid data out CL=2 1
CL=3 2
Read with Autoprecharge Command to Active/Ref Command CL=2 BL + trp
CL=3 | BL+tgp Cycle
Write with Autoprecharge Command to Active/Ref Command CL=2 BL + trp r:-s
CL=3 BL + trp
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TIMING DIAGRAMS

Command Input Timing

ek oL g1 tcH
Vi —
A o\ Jf -
tr tr
T
tomn « temu temg
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C Temn «
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C temu
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C temH
C
WE
7
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Read Timing

[ Read CAS Latency

J /[
w7l
m%
WE %
AO0to Al1
BSO,1
tac tac thz
Uz ton , ton
DQ VALID VALID
T DATAOUT DATAOUT

Read Command I 1

N § Y

Burst Length
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Control Timing of Input Data (TC59S6408 / 6404BFT )

(Word Mask)

oK _7{_\_7(_\_7(_\_7{_\_7(_\_

TemH tems | tewn tems

DQM 7l 7l !( *

tps tps| toH tps| toH tps | toH

TpH
R — [ |
VALID VALID VALID VALID
DQOto DQ7 DATAIN DATAIN DATAIN DATAIN

(Clock Mask)

tekH teks | texu teks
<> |<—>
e gl 8,

tps| tow tps | toH tps|  toH Ips| toH
|| 1(—)
VALID VALID VALID VALID
DQOto DQ7 DATAIN DATAIN % DATAIN DATA IN

Control Timing of Output Data (TC5956408/6404BFT)

(Output Enable)

tomH tevs | tove tems

DQM 7l 7l !( JK
tac ‘ |

toH ! toH ! ton
VALID VALID
DQOto DQ7 DATAOUT DATAOUT X

(Clock Mask)

tekH teks | teku teks

CKE )( )( 7l

toH ! toH | ton | ton
VALID VALID
DQOto DQ7 DATAOUT VALID DATA OUT DATAOUT
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Control Timing of Input Data (TC59S6416BFT )

(Word Mask)

ck _7{_\_7(_\_7(_\_7{_\_7(_\_
TemH tems | tewn tems
>
. Y JK
LDQM 17 \
T
temn tems | tovn tems
ubDQM 17 LA
tps| tow tps| toH tps|  toH tps| toH
[ [ | > 1
VALID VALID VALID % VALID
DQOto DQ7%_>DATA|N % % DATAIN %_)DATAIN M
tpH tps| tow tps| toH | tps| toH

tps
| I | |
VALID VALID VALID VALID
DQ8to DQ15%_}DATAIN % DATA IN % DATAIN M

(Clock Mask)

TekH teks | ek Teks
||
CKE X i f
tps| tow | ITDS toH | it.(lzi toH tos | tow
VALID VALID VALID VALID
DQO to DC”%’DATA IN % DATAIN W % DATAIN % M
tps| tow | ItDS toH | ]tii tpH tps| tow
VALID VALID VALID % VALID
DQ8 to DQ1 S%DATA IN % DATA IN W % DATAIN D‘ATAT%
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Control Timing of Output Data (TC59S6416BFT )

(Output Enable)

cLK _il_\_i{_\_il_\_il_\_il_\_
[temm tems temH tems
|
LDQM 17 \ JR
tovy  tovH tcms
temu “CMS Wl
ubDQM 1 7 \
T
tac | tac | iz | tac | tac
ton | ton | ton | tz
VALID VALID OPEN  }
DQO to DQ7 DATA OUT DATA OUT X
tac | tac | tac | thz |
toH | ton | toH | ton
VALID VALID VALID OPEN
DQ8to DQ15 DATA OUT DATA OUT DATA OUT
(Clock Mask)
w__ £ \__7 O\
tekn teks | texn teks
[
e \ T
tac tac tac tac
on ton ton ton
4, S 1) ST ¢, S ),
tac tac tac tac
ton ton _, ton ton
DQ8to DQ15 % DXTAAngUT % VALID DATA OUT % DX?:'SUT %
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Mode Resister Set Cycle

w_ N\ [\

tems|  towvH
|| |

Y ¥ /[

tems temH

S

tems | tommu
|| |

trsc |

CAS

tICMS temu

o0

N\
.-
N NN R

tas tan
| ]
AO0to A1 Register set
BSO,1 data
next command

A0 Burst Length

A2 A1 A0 | Sequential Interleave
AT Burst Length < —— 1 55 1 1
A2 0 0 1 2 2

0 1 0 4 4
A3 | Addressing Mode 0 1 1 8 8

1 0 0
Ad 1 0 1 Reserved

1 1 0 Reserved
A5 CAS Latency T 1 1 Full Page
A6 A3 Addressing Mode

0 S tial
A7 |"0"| (Test Mode) Squent
1 Interleave

A8 |"0"|  Reserved A6 A5 A4 CAS Latency
A9 Write Mode 0 0 0 Reserved

0 0 1 Reserved
A10 | 0" 0 1 0 2

0 1 1 3
Al1 ["0" 1 0 0 Reserved

Reserved
BSO | “0” A9 Single Write Mode
o 0 Burst read and Burst write

BS1|"0 1 Burst read and Single write
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OPERATING TIMING EXAMPLE
Figure 1. Interleaved Bank Read (Burst Length=4 , CAS Latency=3)

(CLK = 100MHz)
0 1 2 3 4 5 6 7 8 9 0 11 12 13 14

15 16 17 18 19 20 21 22 23

T

tre

tre

R A T T S R N D R .

RAs% /// a7 ///,\§

tRAS

3 v

V/://:///AEI;W://A?I//:X/%EF—W/,\; DL
I T tgp :

tRras :

tras!

‘tp : : : tRAS

Iz T\

za

a7

\////%/?//lg\ir/:y/gv////d \_ ////4;\2

el G2 -

ar

A T A e %

SN NV

BS1

I\ T A L

: tRCD : : § : : :
“—) : tRCD

tRCD

tRCD

/////IM

A10 4RAaX// /A I/// //ARBb%E

I////x RAcW /7///\

Wamw 72

A1

bQM

AOLORS. W ///XCAwI// /AR%W //Xcst//////xRAcX/// // ////XcAVX////x der////// ///xcszr//'// RAiz

CKE

tac
>

DQ . : : : : —K awoXaw1Xaw2 faws

trRrRD | trRRD

H H gtAC
—< : : : : >

cyo Xcy1

Y

[ trRrD | trRrD

!

Bank #0 Active Read Precharge

Bank #1 Active Read

Bank #2
Idle
Bank #3

N i

Precharge

PrechargeI Active

Active Read
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Figure 2. Interleaved Bank Read (Burst Length=4, CAS Latency=3, Auto Precharge)
(CLK = 100MHz)
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

\_/\_l \_/ \_/_\_l\_l

étRc : tre
' g g EtRC : : : : : : : : : tre

W’A?r/kk/ﬂé\ﬁt%f/////// tY////A ///% M@W’:/A V////ItY/////\ ///f/
: : : : ZRAS : : : RP : : : RAS : RP : :
: : : : E : tRAS tRP : tRAS :

mgW/AIV/////Ap//IW/A r/ /%V/ ///,\ 1//,/ Y//

e e gt g e g e g e i e

0. [ |G, [ [T o I

BS1

cwel o L e
: : i trep! : : : ‘tRCD

W 4 \RBbW g W //4 W///xRadr// //4 WRAJ//

ADta A9, gxwm //chwaBbX'// / /// /AcsmeAc X/// //Xchx/// ///xmd W/ W/f

bQM

CKE

Poofac i bbb #ac i b b dac
e o R R v o S R M o

pQ = —f{awfaw1 Jow2 Yavrs ———{bxo X bixi X bxz X bz Yok X ¥ A &

| trRrD | trRrD | trrRD | trrD
I 1 1 1 1

Bank #0 Active Read AP* T Active T ReTad T * Active

Bank #1 Active Read AP* Active Read
Bank #2

Idle
Bank #3

* AP is internal precharge start timing.
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Figure 3.

Interleaved Bank Read (Burst Length=8, CAS Latency=3)

(CLK = 100MHz)
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Precharge Active Read

!
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Figure 4. Interleaved Bank Read (Burst Length=8, CAS Latency=3, Auto Precharge)

(CLK = 100MHz)
0 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 21 22 23
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Figure 5. Interleaved Bank Write (Burst Length=8)
(CLK = 100MHz)
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Figure 6. Interleaved Bank Write (Burst Length =8, Auto Precharge)

(CLK = 100MHz)
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Figure 7. Page Mode Read (Burst Length=4, CAS Latency=3)

(CLK = 100MHz)
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Figure 8. Page Mode Read/ Write (Burst Length=8, CAS Latency=3)
(CLK = 100MHz)
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NOTE): See Figure 17,20

1998-01-12 22/51



TOSHIBA TC5956416/08/04BFT/BFTL-80,-10

Figure 9. Auto Precharge Read (Burst Length=4, CAS Latency=3)
(CLK = 100MHz)
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Figure 10. Auto Precharge Write (Burst Length=4)
(CLK = 100MHz)
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Figure 11. Auto Refresh cycle

(CLK = 100MHz)
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Figure 12. Self Refresh Cycle

(CLK = 100MHz)
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Figure 13. Power Down Mode

(CLK = 100MHz)
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NOTE): The Power Down mode is invoked by asserting CKE “low"”.
All Input/Output buffers (except the CKE buffer) are turned off in Power Down mode.
When CKE goes high, the No-operation command input must be at next CLK rising edge.
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Figure 14. Burst Read and Single Write (Burst Length=4, CAS Latency=3)
(CLK = 100MHz)
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PIN FUNCTIONS

CLOCK INPUT: CLK

The CLK input is used as the reference for S-DRAM operations. All operations are synchronized to
the positive edges of CLK.

CLOCK ENABLE: CKE

The CKE input is used to suspend the internal CLK. When the CKE signal is asserted “low”, the
internal CLK is suspended and output data is held intact while CKE is asserted “low”. When all
banks are in the idle state, the CKE input controls the entry to the Power Down and Self Refresh
modes.

BANK SELECT: BS0, BS1

The TC5956416BFT/BFTL, TC59S56408BFT/BFTL and the TC59S6404BFT/BFTL are organized as four-
bank memory cell arrays. The BS0, BS1 inputs are latched at the time of assertion of the operation
commands and selects the bank to be used for the operation.

BSO BS1
0 0 Bank#0
1 0 Bank#1
0 1 Bank#2
1 1 Bank#3

ADDRESS INPUTS: A0~A11

The AOto All inputs are address to access the memory cell array, as following table.

Row Address Column Address
TC59S6416BFT/BFTL A0 to A11 A0 to A7
TC59S6408BFT/BFTL A0 to A11 A0 to A8
TC59S6404BFT/BFTL A0 to A11 A0 to A9

The row address bits are latched at the Bank Activate command and column address bits are latched
on the Read or Write command. Also, the A0 to A1l inputs are used to set the data in the Mode
register in a Mode Register Set cycle.
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CHIP SELECT: CS

The CS input controls the latching of the commands on the positive edges of CLK when CS is
asserted “low”. No commands are latched as long as CS is held “high”.

ROW ADDRESS STROBE: RAS

The RAS input defines the operation commands in conjunction with the CAS and WE inputs,
and is latched at the positive edges of CLK. When RAS and CS are asserted “low” and CAS is
asserted “high”, either the Bank Activate command or the Precharge command is selected by the
WE signal. When WE is asserted “high”, the Bank Activate command is selected and the bank
designated by BS0, BS1 are turned on so that it is in the active state. =When WE is asserted
“low”, the Precharge command is selected and the bank designated by BS0, BS1 are switched to

the idle state after Precharge operation.

COLUMN ADDRESS STROBE: CAS

The CAS input defines the operation commands in conjunction with the RAS and WE inputs,
and is latched at the positive edges of CLK. When RAS is held “high” and CS is asserted “low”,
column access is started by asserting CAS “low”. Then, the Read or Write command is selected by

asserting WE “low” or “high”.

WRITE ENABLE: WE

The WE input defines the operation commands in conjunction with the RAS and CAS inputs,
and is latched at the positive edges of CLK. The WE input is used to select the Bank Activate or

Precharge command and Read or Write command.

DATA INPUT/OUTPUT MASK: DQM or L-DQM and U - DQM

The DQM input enables output in a Read cycle and functions as the input data mask in a
Write cycle. When DQM is asserted “high” at the positive edges of CLK, output data is disabled
after two clock cycles during a Read cycle, and input data is masked at the same clock cycle
during a Write cycle.

In the case of the TC59S6416BFT/BFTL, the LDQM and UDQM inputs function as byte data
control. The LDQM input can control DQO-7 in a Read or Write cycle and the UDQM can control
DQ8-15 in a Read or Write cycle.

DATA INPUT/OUTPUT: DQO-15

The DQO - 15 input and output data are synchronized with the positive edges of CLK. In the
case of TC59S6408BFTI/BFTL and TC59S6404BFT/BFTL, these pins are DQO -7 and DQO - 3

respectively.
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Operation Mode

Fully synchronous operations are performed to latch the commands at the positive edges of
CLK. Table 1 shows the truth table for the operation commands.

Table 1 Truth Table (Note (1) and (2))

Command Device State |CKE,.q| CKE, |DQM®| BSO,1 | A10 |A11,A9-0/ CS RAS | CAS | WE

Bank Activate Idle ® H x x v v L L H H
Bank Precharge Any H X X \ L X L L H L
Precharge All Any H X X X H X L L H L
Write Active @ H X X v L v L H L L
Write with Aut Precharge Active ® H x x Y H Y L H L L
Read Active @ H X X \Y L \Y L H L H
Read with Auto Prechrage Active @ H X X \% H \'% L H L H
Mode Register Set Idle H X X \ \ \ L L L L
No - Operation Any H X X X X X L H H H
Burst stop Active @ H x x x X x L H H L
Device Deselect Any H X X X X X H X X X
Auto Refresh Idle H H X X X X L L L H
Self Refresh Entry Idle H L X X X X L L L H
Self Refresh Exit Idle L H X X X X H x x x
(Self Refresh) L H H x

Clock Suspend Mode Entry Active H L X X X X X X X X
Power Down Mode Enrty Idle/Active® H L X X X X H x x x
L H H X

Clock Suspend Mode Exit Active L H X X X X X X X X
Power Down Mode Exit Any L H X X X X H x x x
(Power Down) L H H X

Data write/Output Enable Active H X L X X X X X X X
Data write/Output Disable Active H X H X X X X X X X

Note (1) V=Valid x =Don’t Care L=Low level H=High level
(2) CKEj, signal is input level when commands are issued.
CKE,, .1 signal is input level one clock cycle before the commands are issued.
(3) These are state designated by the BSO, BS1 signals.
(4) Device state is Full Page Burst operation.
(5) LDQM, UDQM (TC5956416BFT/BFTL)
(6) Power Down Mode can not entry in the burst cycle.
When this command assert in the burst cycle, device state is clock suspend mode.
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1. Command Function

1-1

Bank Activate command
(RAS = “L”, CAS = “H”, WE= “H”, BS=Bank, A0 to A11=Row Address)

The Bank Activate command activates the bank designated by the BS (Bank Select)
signal. Row addresses are latched on A0 to A1l when this command is issued and the cell
data is read out of the sense amplifiers. The maximum time that each bank can be held in
the active state is specified as tRAS (max)-

Bank Precharge command
(RAS = “L”, CAS = “H”, WE= “L”, BS=Bank, A10= “L”, AOto A9, A11=Don’t care)

The Bank Precharge command precharges the bank designated by BS. The precharged
bank is switched from the active state to the idle state.

Precharge All command

(RAS = “L”, CAS = “H”, WE= “L”, BS=Don’t care, A10= “H”, A0 to A9, A11=Don’t care)
The Precharge All command precharges all banks simultaneously. All banks are then

switched to the idle state.

Write command
(RAS = “H”, CAS = “L”, WE= “L”, BS=Bank, A10= “L”, A0 to A9=Column Address)

The Write command performs a Write operation to the bank designated by BS. The
write data is latched at the positive edges of CLK. The length of the write data (Burst
Length) and column access sequence (Addressing Mode) must be in the Mode Resister at
power - up prior to the Write operation.

The A9 input is “Don’t care” on the TC59S6408BFT/BFTL and the A8 and A9 inputs are
“Don’t care” on the TC5956416BFT/BFTL.

Write with Auto Precharge command
(RAS = “H”, CAS = “L”, WE= “L”, BS=Bank, A10= “H”, A0 to A9=Column Address)
The Write with Auto Precharge command performs the Precharge operation automatically
after the Write operation. This command must not be interrupted by any other commands.
The A9 input is “Don’t care” at the TC59S6408BFT/BFTL and the A8 and A9 inputs are
“Don’t care” on the TC5956416BFT/BFTL.

Read command
(RAS = “H”, CAS = “L”, WE = “H”, BS=Bank, A10= “L”, A0 to A9=Column Address)

The Read command performs a Read operation to the bank designated by BS. The read
data is issued sequentially synchronized to the positive edges of CLK. The length of read
data (Burst Length), Addressing Mode and CAS Latency (access time from CAS command in
a clock cycle) must be programmed in the Mode Register at power-up prior to the Write
operation.

The A9 input is “Don’t care” on the TC59S6408BFT/BFTL and the A8 and A9 inputs are
“Don’t care” on the TC59S6416BFT/BFTL.
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1-7

1-9

1-11

Read with Auto Precharge command

(RAS = “H”, CAS = “L”, WE= “H”, BS=Bank, A10= “H”, A0 to A9=Column Address)
The Read with Auto Precharge command automatically performs the Precharge operation
after the Read operation. This command must not be interrupted by any other command.
The A9 input is “Don’t care” on the TC59S6408 BFT/BFTL and the A8 and A9 inputs are
“Don’t care” on the TC59S6416BFT/BFTL.

Mode Register Set command
(RAS = “L”, CAS = “L”, WE= “L”, BS, A0 to A11=Register Data)

The Mode Register Set command programs the values of CAS latency, Addressing Mode and
Burst Length in the Mode Register. The default values in the Mode Register after power - up
are undefined, therefore this command must be issued during the power - up sequence. Also,

this command can be issued while all banks are in the idle state.

No - Operation command
("R“A“S‘ — “Hn , ‘C“A“g = «H” R "W“‘E‘z “H”)

The No-Operation command simply performs no operation (same command as Device Deselect).

Burst stop command
(m - “H”, m = “H” , Wz “L”)
The Burst stop command is used to stop the burst operation. This command is valid during

a Full Page Burst operation. During other types of Burst operation, the command is illegal.

Device Deselect command
('(j—s‘ — “H”)
The Device Deselect command disables the command decoder so that the RAS, CAS, WE

and Address inputs are ignored. This command is similar to the No-Operation command.

Auto Refresh command
(RAS = “L”, CAS = “L”, WE= “H”, CKE= “H”, BS,A0to Al1=Don’t care)

The Auto Refresh command is used to refresh the row address provided by the internal
refresh counter. The Refresh operation must be performed 4096 times within 64ms. The next
command can be issued after trc from the end of the Auto Refresh command. When the Auto
Refresh command is issued, All banks must be in the idle state. The Auto Refresh operation
is equivalent to the CAS-before-RAS operation in a conventional DRAM.
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1-13

Self Refresh Entry command

(RAS = “L”, CAS = “L”, WE= “H”, CKE= “L”, BS, A0 to A11=Don’t care)

The Self Refresh Entry command is used to enter Self Refresh mode. While the device is
in Self Refresh mode, all input and output buffers (except the CKE buffer) are disabled and the
Refresh operation is automatically performed. Self Refresh mode is exited by taking CKE “
high ” (the Self Refresh Exit command)

Self Refresh Exit command
(CKE= “H”, CS = “H” or CKE= “H”, RAS = “H”, CAS= “H")
This command is used to exit from Self Refresh mode. Any subsequent commands can

be issued after tgrc from the end of this command.

Clock Suspend Mode Entry/Power Down Mode Entry command
(CKE= “L”)

The internal CLK is suspended for one cycle when this command is issued (when CKE is
asserted "low"). The device state is held intact while the CLK is suspended. On the other
hand, when the device is not operating the Burst cycle, this command performs entry into
Power Down mode. All input and output buffers (except the CKE buffer) are turned off in

Power Down mode.

Clock Suspend Mode Exit/Power Down Mode Exit command
(CKE= “H”)

When the internal CLK has been suspended, operation of the internal CLK is resumed by
providing this command (asserting CKE “high”). When the device is in Power Down mode, the
device exits this mode and all disabled buffers are turned on to the active state. Any

subsequent commands can be issued after one clock cycle from the end of this command.

Data Write/Output Enable , Data Mask / Output Disable command
(DQM= “L/H” or LDQM, UDQM=“L/H”)

During a Write cycle, the DQM or LDQM, UDQM signal functions as Data Mask and can
control every word of the input data. During a Read cycle, the DQM or LDQM, UDQM signal
functions as the control of output buffers.

The LDQM signal controls DQO to 7 and the UDQM signal controls DQ8 to 15.
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2. Read Operation

Issuing the Bank Activate command to the idle bank puts it into the active state. When the
Read command is issued after trep from the Bank Activate command, the data is read out
sequentially, synchronized to the positive edges of CLK (a Burst Read operation). The initial read
data becomes available after CAS latency from the issuing of the Read command. The CAS latency
must be set in the Mode Register at power-up. In addition, the burst length of read data and
Addressing Mode must be set. Each bank is held in the active state unless the Precharge command
is issued, so that the sence amplifiers can be used as secondary cache.

When the Read with Auto Precharge command is issued, the Prechage operation is performed
automatically after the Read cycle, then the bank is switched to the idle state. This command
cannot be interrupted by any other commands. Also, when the Burst Length is 1 and tgrgp(min), the
timing from the RAS command to the start of the Auto Precharge operation is shorter than
tras(min). In this case, tRag(min) must be satisfied by extending trcp (Figure 9, 15).

When the Precharge operation is performed on a bank during a Burst Read operation, the Burst
operation is terminated (Figure 20).

When the Burst Length is full-page, column data is repeatedly read out until the Burst Stop

command or Precharge command is issued.
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3. Write Operation

Issuing the Write command after trep from the Bank Activate command, the input data is
latched sequentially, synchronizing with the positive edges of CLK after the Write command (Burst
Write operation). The burst length of the Write data (Burst Length) and Addressing Mode must be
set in the Mode Register at power - up.

When the Write with Auto Precharge command is issued, the Precharge operation is performed
automatically after the Write cycle, then the bank is switched to the idle state. This command
cannot be interrupted by any other command for the entire burst data duration. Also, when the
Burst Length is 1 and trcp(min), the timing from the RAS command to the start of the Auto
Precharge operation is shorter than tRas(min). In this case, tRas(min) must be satisfied by extending
trep (Figure 10, 16).

When the Precharge operation is performed in a bank during a Burst Write operation, the Burst
operation is terminated (Figure 20).

When the Burst Length is full - page, the input data is repeatedly latched until the Burst Stop
command or the Precharge command is issued.

When the Burst Read and Single Write mode is selected, the write burst length is 1 regardless of
the read burst length.

4. Precharge

There are two commands which perform the Precharge operation: Bank Precharge and Precharge
All. When the Bank Precharge command is issued to the active bank, the bank is precharged and
then switched to the idle state. The Bank Precharge command can precharge one bank
independently of the other bank and hold the unprecharged bank in the active state.  The
maximum time each bank can be held in the active state is specifed as trag (max). Therefore, each
bank must be precharged within tgag(max) from the Bank Activate command.

The Precharge All command can be used to precharge all banks simultaneously. Even if banks
are not in the active state, the Precharge All command can still be issued. In this case, the
Precharge operation is performed only for the active bank and the precharged bank is then switched
to the idle state.
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5. Page Mode

The Read or Write command can be issued on any clock cycle.

Whenever a Read operation is to be interrupted by a Write command, the output data must be
masked by DQM to avoid I/O conflict. Also, when a Write operation is to be interrupted by a Read
command, only the input data before the Read command is enable and the input data after the Read

command is disabled.

6. Burst Termination

When the Precharge command is issued for a bank in a Burst cycle, the Burst operation is
terminated. When the Burst Read cycle is interrupted by the Precharge command, read operation is
disabled after clock cycle of (CAS latency-1) from the Precharge command (Figure 20). When the
Burst Write cycle is interrupted by the Precharge command, the input circuit is reset at the same
clock cycle at which the Precharge command is issued. In this case, the DQM signal must be
asserted “High” to prevent writing the invalid data to the cell array (Figure 20).

When the Burst Stop command is issued for the bank in a Full-page Burst cycle, the Burst
operation is terminated. When the Burst Stop command is issued during Full-page Burst Read cycle,
read operation is disabled after clock cycle of (CAS latency-1) from the Burst Stop command. When
the Burst Stop command is issued during a Full-page Burst Write cycle, write operation is disabled

at the same clock cycle at which the Burst Stop command is issued. (Figure 19)
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7. Mode Register Operation

The Mode register designates the operation mode for the Read or Write cycle. This register is
divided into three fields; A Burst Length field to set the length of burst data, an Addressing Mode

selected bits to designate the column access sequence in a Burst cycle, and a CAS Latency field to set

the access time in clock cycle.

The Mode Register is programmed by the Mode Register Set command when all banks are in the idle
state. The data to be set in the Mode Register is transferred using the AOto All address inputs. The
initial value of the Mode Register after power - up is undefined; therefore the Mode Register Set

command must be issued before proper operation.
® Burst Length field (A2 to AO)

This field specifies the data length for column access using the A2 to A0 pins and sets the Burst
Length to be 1, 2, 4, 8 words, or full-page.

A2 A1 AQ Burst Length
0 0 0 1 word

0 0 1 2 words

0 1 0 4 words

0 1 1 8 words

1 1 1 Full-Page

® Addressing Mode Select (A3)

The Addressing Mode can be one of two modes; Interleave mode or Sequential mode. When the
A3 bit is “07”, Sequential mode is selected. When the A3 bit is “1”, Interleave mode is selected.
Both Addressing modes support burst length of 1, 2, 4 and 8 words. Additionally, Sequential mode
supports the full-page burst.

A3 Addressing mode
0 Sequential
1 Interleave
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® Addressing sequence of Sequential mode
A column access is performed by incrementing the column address input to the device. The

address is varied by the Burst Length as shown in Table 2.

Table 2 Addressing sequence for Sequential mode

DATA Access Address Burst Length

Data 0 n A 1 2 words (Address bits is AO)

Data 1 n+1 j not carried from A0 to A1

Data 2 n+2 4 words (Address bits is A1, A0)
Data 3 n+3 not carried from A1to A2

Data 4 n+4

Data 5 n+5 ’ 8 words (Address bits is A2, A1, A0)
Data 6 n+6 J not carried from A2to A3

Data 7 n+7

® Addressing sequence of Interleave mode
A column access is started from the input column address and is performed by inverting the
address bits in the sequence shown in Table 3.

Table 3 Addressing sequence for Interleave mode

DATA ACCESS ADDRESS Burst Length
DataO0 | A8 A7 A6 A5 A4 A3 A2 A1 A0 |

— 2 words
Data 1 A8 A7 A6 A5 A4 A3 A2 A1 AD }
Data 2 A8 A7 A6 A5 A4 A3 A2 AT A0 4 words
Data 3 A8 A7 A6 A5 A4 A3 A2 A1 AD j
Data4d | A8 A7 A6 A5 A4 A3 A2 A1 AD
Data 5 A8 A7 A6 A5 A4 A3 A2 A1 AD | 8 words
Data 6 A8 A7 A6 A5 A4 A3 A2 AT A0
Data7 | A8 A7 A6 A5 A4 A3 A2 AT A0 |J
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Addressing sequence example (Burst Length =8 and input address is 13.)

DATA Interleave mode Sequential mode
A8 A7 A6 A5 A4 A3 A2 A1 A0 |ADD ADD
Data 0 0 0 0 0 0 1 1 0 1 13 13 13 .
Datai |0 0 0 ©0 0 1 1 0 0] 12 [13+1] 14 Zaz":“/'\jmd s
Data2 [0 0 0 0 0 1 1 1 1[5 [13+2] 15 |, an
Data 3 0 0 0 0 0 1 1 1 0 14 113+3 8 )
Data4 [0 0 0 0 0 1 0 0 1] 9 [13+4] 9 |not carry from
Data 5 0 0 0 0 0 1 0 0 0 8 13+5| 10 | A2 to A3 bit.
Data 6 0 0 0 0 0 1 0 1 1 11 13+6 | 11
Data7 0 0 0 0 0 1 0 1 0 10 |13+7| 12
Read Cycle CAS Latency=3
0 1 2 3 4 5 6 7 8 9 10 11

Command :

Address

po-7  ——————Q0 X ar X @z X0z X as X a5 X6 X @7 )——

Data Int-erleave- mode- 1l3 1l2 1.5 1l4 9 8 1l1 16 .

Address |  sequential mode 13 14 15 8 9 10 11 12

e CAS Latency field (A6 to A4)

This field specifies the number of clock cycles from the assertion of the Read command to the first
data read. The minimum values of CAS Latency depends on the frequency of CLK. The minimum
value which satisfies the following formula must be set in this field.

tcac (min) = CAS Latency X tck

A6 A5 A4 CAS Latency
0 1 0 2 clock
0 1 1 3 clock

® Test mode entry bit (A7)
This bit is used to enter Test mode and must be set to“0” for normal operation.

® Reserved bits (A8, A10, All, BS)
These bits are reserved for future operations. They must be set to“0” for normal operation.
® Single Write mode (A9)

This bit is used to select the write mode. When the A9 bit is “0”, Burst Read and Burst Write
mode are selected. When the A9 bit is “1”, Burst Read and Single Write mode are selected.

A9 Write Mode
0 Burst Read and Burst Write
1 Burst Read and Single Write
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8. Refresh Operation

Two types of Refresh operation can be performed on the device: Auto Refresh and Self Refresh.
Auto Refresh is similar to the CAS-before-RAS refresh of conventional DRAMs and is performed by
issuing the Auto Refresh command while all banks are in the idle state. By repeating the Auto
Refresh cycle, each bank in turn refreshed automatically. The Refresh operation must be performed
4096 times (rows) within 64ms (Figure 11). The period between the Auto Refresh command and the
next command is specified by trc.

Self Refresh mode is entered by issuing the Self Refresh command (CKE asserted “low”) while all
banks are in the idle state. The device is in Self Refresh mode for as long as CKE is held “low”.
In Self Refresh mode all input/output buffers (except the CKE buffer) are disabled, resulting in lower
power dissipation(Figure 12).

9. Power Down Mode

When the device enters the Power Down mode, all input/output buffers (except CKE buffer) are
disabled resulting in lower power dissipation in the idle state. Power Down mode is entered by
asserting CKE “low” while the device is not running a Burst cycle. Taking CKE “high” exit this
mode. When CKE goes high, a No-operation command must be input at next CLK rising edge of
CLK (Figure 13).

10.CLK suspension and Input/Output Mask

When the device is running a Burst cycle, the internal CLK is suspended by asserting CKE “low”
and is frozen from the next cycle. A Read/Write operation is held intact until the CKE signal is
taken “high”.

The Output Disable/Write Mask signal (DQM) has two functions, controlling the output data in a
Read cycle and performing word mask in a Write cycle. When the DQM is asserted “high” at the
positive edge of CLK, the output data is disabled after two clock cycles in the case of a Read
operation and the write data is masked at the same clock cycle in the case of a Write operation.
The timing relation between the CKE timing and DQM is described in Figure21(a) and 21(b).
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Figurel5.

Auto Precharge timing (Read cycle)

(1)CAS Latency = 2

(a)Burst Length = 1
Command

DQ
(b)Burst Length = 2
Command

DQ
(c¢)Burst Length = 4
Command

(d)Burst Length = 8
Command

(2)CAS Latency = 3
(a)Burst Length = 1
Command

DQ
(b)Burst Length = 2
Command

DQ
(c¢)Burst Length = 4
Command

DQ
(d)Burst Length = 8
Command

DQ

Note)

o 1 2 3 4 5 6 7 8 9 10 11 12 13
(Read) AP

pQ —————( a0 X(a1 X(q2 X(q3 )

Dq—é—g(oio XQi1 Xoiz XQ}» XQ; XQ%S Xofs

@ .........

~——

......... Wer
: tRp 5
-~

Xar)

Act

Act

......... —

{ trp

| trp

(XXX xo; X@ X8 xo})

. represents the Bank Activate command.
® When the Auto Precharge command is asseted, the period from the Bank Activate

command to the start of internal precharging must be at least tras(min).
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Figurel®6. Auto Precharge timing (Write cycle)
0 1 2 3 4 5 6 7 8 9 0 11 12 13

(1)CAS Latency = 2
(a)Burst Length = 1

(b)Burst Length = 2

Command

Act

trp

DQ D.1

(c¢)Burst Length = 4 :

Command AP A.ct

| twe i trp

DQ—(Db XD'1 XD.ZXD.?,)

(d)Burst Length = 8

Command

Act

©twe trp

DQ—(Db XD.1 XD-Z XD-3 XD.4 XD-5 XD-G XD.7 )
(2)CAS Latency = 3
(a)Burst Length = 1 : :

Command -m AP i (At

©twe { trp

(b)Burst Length = 2

Command

twr trp

DQ D1

(c)Burst Length = 4

Command COSAP Act

Ctwr §trp

DQ—(Db XD‘1 XD:Z XD:3)

(d)Burst Length = 8 : : :

Command i i i i 0 i iiar o f (Ad

¢ twe trp

DQ—(DEO XD§1 XD§2 XD§3 XD§4 XD§5 XDEG XD7)

represents the Write with Auto Precharge command.

Note)

.
e : AP represents the start of internal precharging.
.

® When the Auto Precharge command is asseted, the period from the Bank Activate

command to the start of internal precharging must be at least tgas(min).
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Figure 17. Timing chart for Read-to-Write cycle

In the case of Burst Length = 4
0 1 2 3 4 5 6 7 8 9 10 11 12 13

(1)CAS Latency = 2

(a)Command
DQ——( DOX D1X D2X D3/
(b)Command (R_eﬂ) (\L.te)

DQM
pQ { po X b1 X D2 X D3 )
(2)TAS Latency = 3 : : : :
(a)Command m
DQ|V| : H :

DQ—(Do XD1 XD2 XD3 ),
(b)Command @ -

bQM

pQ ——————{00 X 01 X 02 X 03}

Note) @ The output data must be masked by DQM to avoid /0 conflict.
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Figure 18. Timing chart for Write-to-Read cycle

In the case of Burst Length = 4

(1)CAS Latency = 2

DQM

pQ ———{ Do )————20 X1 Xz X@3)

(b)Command @rite> <Read>

DQM

DQ

Qo X Q1 X @2 X Q3 )
(Z)C—AS Latency = 3 : : H :

(2)Command

DQM

DQ { D:O\, (Q_oXQ1XQz X a3 )

(b)Command <Write> <Read>

bQM

DQ D1 {Q X a1 X @2 X Q3 )
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Figure 19. Timing chart for Burst Stop cycle (Burst stop command)
0 1 2 3 4 5 6 7 8 9 10 11 12 13

(1)Read cycle
(a)CAS Latency = 2

Command BS.T :
DQ—?%—(Q-O X Y X de o X a2 )

(b)CAS Latency = 3

Command BS.T

0q ————— (o ¥ar X @ X o)

(2)Write Cylcle

Command BST

DQ—(Djo XD:1 XD2 XD:3 XD:4)

Note) o represents the Burst stop command.

1998-01-12 46/51



TOSHIBA TC5956416/08/04BFT/BFTL-80,-10

Figure20. Timing chart for Burst Stop cycle (Precharge command)

0 1 2 3 4 5 6 7 8 9 10 11 12

In the case of Burst Length = 8 : : : 5 : 5 : : : : : :
(1)Read cycle :
(a)CAS Latency = 2

Command
°q ———— (o X(ar ez ez X(as)

(b)CAS Latency = 3

Command pRtG

DQ ————(Ca0 X a1 X"z X a3 X as)
(2)Write Cylcle : : 5 : ' : : :
(a)CAS Latency = 2 :

: P twr

bQM

Yy

pq —{ Do X o1 X 0z X 03 X 04 )
(b)TAS Latency = 3 :
Command . {PRCG

EtWR;

-
DQM i : : : / \ :
pQ — oo X o1 X 02 X 03 X 02 )

Note) @ {PRCG) represents the Precharge command.
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Figure21(a). CKE/DQM Input timing (Write cycle)

CLK cycle No. 1 2 3 4 5 6 7

I/ \

External

CLK

Internal :
DQ |:;1 X |;2 X |;3 X E X |;5 X E X II;G X

DQM MASK CKE MASK
(M

CLK cycle No. 1 2 3 4 5 6 7

External
CLK

Internal

CKE

bQ DE1XDEzXDE3)WEME%(|;5XDEGX

DQM MASK CKE MASK
(2)

CLK cycle No. 1 2 3 4 5 6 7

External
DQM /_°_\ .
DQ DE1XDEZXDEBWE%DE4XI;5XDEGX

CKE MASK
(3)

CLK
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Figure21(b). CKE, DQM Input timing (Read cycle)

CLK cycle No. 1 2 3 4 5 6 7
External _/_\_/_\_/ \ /
Internal _/_\_/_\_/ \ /

DQM /_ei’\_\

e a1 X @ X & X @& ) (e X

CLK

N
-~

CLK cycle No. 1 2 3 4 5 6 7

External _/_\_/_\_/ \ / \ / \ / \
Internal _/_\_/_\_/_\ / \ / \

bQ é1xdzxdsx'o4'>+<dex
(2)

e o SN S T

DQ c;1X<;2XEQ3EX<EJ4X‘;5XC;5X
(3)

CLK
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Figure 22. Self Refresh /Power Down Mode Exit Timing

® Asynchronous Control
Input Buffer turn on time (Power Down mode exit time) is specified by
tcks(min) + tck(min).

A) tck <tcks(min) +tcg(min)

L tex >

ke /

tCKS(mm) + tCK(mm)

Command // %X "NoP %Command@ % X

-ﬁ.
Input Buffer Enable

B) tck=teks(min) + tek(min)

: tck :
CLK / \ / \
CKE /

teks(min) + teming

Command /'/ Acé)mmand W

—_—
' Input Buffer Enable

NOTE) ® All Input Buffer (Include CLK Buffer) are turned off in the Power Down mode

and Self Refresh mode

. represents the No-Operation command.
® (Command } "epresents one command.
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OUTLINE DRAWING (TSOPII 54 - P -400-0.80B)
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