TOSHIBA TC59LM818DMGI-40

TENTATIVE TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT  SILICON MONOLITHIC

4,194,304-WORDS x 4 BANKS x 18-BITS DOUBLE DATA RATE FAST CYCLE RAM
DESCRIPTION

TC59LM818DMGI is a CMOS Double Data Rate Fast Cycle Random Access Memory (DDR-FCRAMTM)
containing 301,989,888 memory cells. TC59LM818DMGI is organized as 4,194,304-words x 4 banks x 18 bits.
TC59LM818DMGI feature a fully synchronous operation referenced to clock edge whereby all operations are
synchronized at a clock input which enables high performance and simple user interface coexistence.
TC59LM818DMGI can operate fast core cycle compared with regular DDR SDRAM.

TC59LM818DMGI is suitable for Server, Network and other applications where large memory density and low
power consumption are required. The Output Driver for FCRAMT™M is capable of high quality fast data transfer
under light loading condition. The TC59LM818DMGI guarantees —40deg°C to 85deg°C operating temperature so it
is suitable for use in wide operating temperature system.

FEATURES
PARAMETER TC59LM818DMGI
-40

CL=14 5.0 ns

tck  Clock Cycle Time (min) CL=5 4.5ns
CL=6 4.0 ns

trc Random Read/Write Cycle Time (min) 25ns

trac Random Access Time (max) 25 ns

Ipp1s Operating Current (single bank) (max) 210 mA

Ipp2p Power Down Current (max) 50 mA

Ippe  Self-Refresh Current (max) 10 mA

*  Fully Synchronous Operation
* Double Data Rate (DDR)
Data input/output are synchronized with both edges of DS/ QS.
« Differential Clock (CLK and CLK ) inputs
CS, FN and all address input signals are sampled on the positive edge of CLK.
Output data (DQs and QS) is aligned to the crossings of CLK and CLK .
» Fast clock cycle time of 4.0 ns minimum
Clock: 250 MHz maximum
Data: 500 Mbps/pin maximum
» Operating Temperature: —-40deg°C ~ 85deg°C
* Quad Independent Banks operation
» Fast cycle and Short Latency
* Selectable Data Strobe
» Distributed Auto-Refresh cycle in 1.0 ps
» Self-Refresh
* Power Down Mode
» Variable Write Length Control
« Write Latency = CAS Latency-1
« Programable CAS Latency and Burst Length
CAS Latency =4, 5, 6
Burst Length =2, 4
* Organization: 4,194,304 words x 4 banks x 18 bits
* Power Supply Voltage VpD: 2.5V +0.125V
VDbDQ: 1.8V 0.1V
* 1.8V CMOS I/0 comply with SSTL-1.8 (half strength driver)
» Package: 60Ball BGA, 1mm x 1mm Ball pitch (P-BGA60-0917-1.00AZ)

Notice: FCRAM is trademark of Fujitsu limited, Japan.
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PIN ASSIGNMENT (TOP VIEW)

PIN NAMES
PIN NAME

AO0~A14 Address Input
BAO, BAL Bank Address
DQO0~DQ17 Data Input/Output
cs Chip Select
FN Function Control
PD Power Down Control
CLK, CLK Clock Input
DS/QS Write/Read Data Strobe
VpbD Power (+2.5 V)
Vss Ground
VDO Power (+1.8 V)

(for 1/0O buffer)
Vsso Ground

(for 1/O buffer)
VREF Reference Voltage
NC Not Connected

ball pitch=1.0 x 1.0mm

OOEOEOVODDODDOO
HEEOEEEEODODDOD

HOOBOEOOEOODDOOM
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BLOCK DIAGRAM

CLK —> DLL
CLK —>{ CLOCK |—— > To each block
PD —»| BUFFER
CS —> CONTROL
COMMANDN 51 GNAL | BANK #3
N —»| PECOPER—VIceNERATOR [T  BANK® ]
3 | ] BANK #1
o> BANK #0 T
—N] MODE | & 2
/| REGISTER g ;53 _
A0~A14 ) g MEMORY L <53
< Q
ADDRESS | —/] 0 CELL ARRAY S3¢g
BUFFER 2 —J g ©
BAO, BA1 UPPER ADDRESS el E
| o
LATCH S
LOWER ADDRESS >COLUMN DECODER|
TT LATCH T TT
- <
WRITE ADDRESS READ WRITE
CREEEEE'; LATCH/ DATA { DATA
ADDRESS > BUFFER | ¥ | BUFFER
COMPARATOR
BURST I TT T
COUNTER @
. .
DS — |
0s DQ ;EER
DQO~DQ17

Note: The TC59LM818DMGI configuration is 4 Bank of 32768 x 128 x 18 of cell array with the DQ pins numbered DQ0~DQ17.
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ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT NOTES
Vbp Power Supply Voltage -0.3~ 3.3 \%
VbDQ Power Supply Voltage (for I/0 buffer) -0.3~Vpp+ 0.3 \%
VIN Input Voltage -0.3~Vpp+ 0.3 \%
VouTt Output and I/O pin Voltage -0.3~Vppg + 0.3 \%
VREF Input Reference Voltage -0.3~Vpp+ 0.3 \%
Topr Operating Temperature -40~85 °C
Tstg Storage Temperature -55~150 °C
Tsolder Soldering Temperature (10 s) 260 °C
Pp Power Dissipation 2 W
lout Short Circuit Output Current +50 mA

Caution: Conditions outside the limits listed under “ABSOLUTE MAXIMUM RATINGS” may cause permanent damage to the device.
The device is not meant to be operated under conditions outside the limits described in the operational section of this
specification.
Exposure to “ABSOLUTE MAXIMUM RATINGS" conditions for extended periods may affect device reliability.

RECOMMENDED DC, AC OPERATING CONDITIONS (Notes: 1)(Ta =-40~85°C)

SYMBOL PARAMETER MIN TYP. MAX UNIT | NOTES
Vpbp Power Supply Voltage 2.375 2.5 2.625 \%
VbDpQ Power Supply Voltage (for I/0 buffer) 1.7 1.8 1.9 \%
VREE Input Reference Voltage Vpp@/2 % 95% Vbpg/2 Vpp@/2 x 105% \% 2
Viy (DC) Input DC High Voltage VRefr + 0.125 O Vppg + 0.2 \% 5
VL (DC) Input DC Low Voltage -0.1 ] VRer — 0.125 \% 5
Vick (DC) Differential Clock DC Input Voltage -0.1 O Vppg +0.1 \Y, 10
Input Differential Voltage.
Vip (DC _— 0.4 O V| +0.2 Y, 7,10
o (B€) CLK and CLK inputs (DC) bbQ
V|4 (AC) Input AC High Voltage VRep + 0.2 ] Vppg + 0.2 \% 3,6
VL (AC) Input AC Low Voltage -0.1 ] VReg - 0.2 \% 4,6
Input Differential Voltage.
Vip (AC — . 0.55 O \Y, +0.2 \Y 7,10
Ip (AC) CLK and CLK inputs (AC) pbQ
Vx (AC) Differential AC Input Cross Point Voltage | Vppg/2 —0.125 O Vppg/2 +0.125 \% 8, 10
Viso (AC) Differential Clock AC Middle Level Vppg/2 - 0.125 O Vppg/2 +0.125 \Y 9,10
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TOSHIBA TC59LM818DMGI-40

Note:

(1) All voltages referenced to Vss, VSSQ.

(2) VREF is expected to track variations in VppQ DC level of the transmitting device.
Peak to peak AC noise on VREF may not exceed 2% VREF (DC).

(3) Overshoot limit: ViH (max) = VDDQ + 0.7 V with a pulse width <5 ns.

(4) Undershoot limit: VIL (min) =—0.7 V with a pulse width <5 ns.

(5) VIH (DC) and V|L (DC) are levels to maintain the current logic state.

(6) VIH (AC) and VIL (AC) are levels to change to the new logic state.

(7) ViID is magnitude of the difference between CLK input level and CLK input level.
(8) The value of Vx (AC) is expected to equal VDDQ/2 of the transmitting device.

(9) Viso means {Vick (CLK) + Vick ((ﬂ)} 12

(10) Refer to the figure below.

CLK i
Vi A EVD (AC)
CLK 4 :
IVICK IVICK
Vgg === ===F= ===~
[Vip (AC)|

0 V Differential

Viso

Vgg === === = == m s m e ke e =

(11) In the case of external termination, VTT (termination voltage) should be gone in the range of VRer (DC)
0.04 V.

CAPACITANCE (Vpp = 2.5V, Vppg = 1.8V, f =1 MHz, Ta = 25°C)

SYMBOL PARAMETER MIN MAX Delta UNIT
CIN Input pin Capacitance 15 25 0.25 pF
Cine Clock pin (CLK, CLK ) Capacitance 15 25 0.25 pF
Cio DQ, DS, QS Capacitance 25 3.5 0.5 pF
CNne NC pin Capacitance O 15 O pF

Note: These parameters are periodically sampled and not 100% tested.
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RECOMMENDED DC OPERATING CONDITIONS
(Vbp=2.5V £0.125V, Vppp=1.8V £ 0.1V, Ta = -40~85°C)

MAX
SYMBOL PARAMETER UNIT NOTES

Operating Current

tck = min; Irc =min,

| Read/Write command cycling,

DD1S 0V < V)N =V (AC) (max), Viy (AC) (min) < V|N £ VDppQ,
1 bank operation, Burst length = 4,

Address change up to 2 times during minimum IRc.

210 1,2

Standby Current o

tck =min, CS =V|y, PD =V,
IbD2N 0V < VN <V (AC) (max), Viy (AC) (min) < V|N £ VDpDpQ, 90 1
All banks: inactive state,

Other input signals are changed one time during 4 X tck.

Standby (power down) Current mA
tck =min, CS =V)4, PD =V,_(power down),

Ibpzp 0V <V|N<Vppo, 50 1
All banks: inactive state

Auto-Refresh Current

tck =min; IRgrc = Min, treF = min,
Ibps Auto-Refresh command cycling, 80 1
0V < VN =V (AC) (max), ViH (AC) (min) < V|N £ VDpDQ,
Address change up to 2 times during minimum IRgrc.

Self-Refresh Current
IbDe Self-Refresh mode 10
PD =0.2V,0V<V|N<VDPDQ

SYMBOL PARAMETER MIN MAX UNIT NOTES
| Input Leakage Current 5 5 LA
LI (0V<V|N<VpDpg, all other pins not under test =0 V)
Output Leakage Current _
o (Output disabled, 0 V < Vourt < VppQ) 5 5 KA
IREE VReg Current -5 5 HA
Output Source DC Current
loH (DC) = _ -5.6 O 3
Normal Vbpg =17V Vpou=1420V
Output Driver ;
loL (DC) Output_Slnk DC Currgnt 56 O 3
Vbpg =17V VoL=0.280V
Output Source DC Current
loH (DC) _ _ -9.8 O 3
Strong Output Vbpg =17V Vpoy=1420V A
Driver :
Output Sink DC Current
lo (BC) Vppo=17V Vg =0.280V 9.8 0 s
Output Source DC Current _
lor (BC) Weak Vbpg =17V Vou=1420V 28 - :
Output Driver :
oL (DC) Output_Slnk DC CurrEnt 28 O 3
Vppg =17V VoL=0.280V

Notes: 1. These parameters depend on the cycle rate and these values are measured at a cycle rate with the minimum values of
tck, trc and Irc.
2. These parameters depend on the output loading. The specified values are obtained with the output open.
3. Refer to output driver characteristics for the detail. Output Driver Strength is selected by Extended Mode Register.
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AC CHARACTERISTICS AND OPERATING CONDITIONS (Notes: 1, 2)

SYMBOL PARAMETER 0 UNIT NOTES
MIN MAX
trc Random Cycle Time 25 O 3
CL=4 5.0 7.5 3
tck Clock Cycle Time CL=5 4.5 7.5 3
CL=6 4.0 7.5 3
tRAC Random Access Time O 25 3
tcH Clock High Time 0.45 x tck ad 3
tcL Clock Low Time 0.45 x tck | 3
tckQs QS Access Time from CLK -0.5 0.5 3,8
tQsQ Data Output Skew from QS | 0.3 4
tac Data Access Time from CLK -0.6 0.6 3,8
ton Data Output Hold Time from CLK -0.6 0.6 3,8
thp CLK half period (minimum of Actual tcH, tcL) min(tcH, tcL) ad 3
tosp QS (read) Pulse Width thp— toHs O 4,8
tosov Data Output Valid Time from QS tHp— toHs a 4,8
tQHs DQ, QS Hold Skew factor O 0.055 x tck + 0.17
tposs DS (write) Low to High Setup Time 0.8 xtck 1.2 xtck ns 3
tpspre | DS (write) Preamble Pulse Width 0.4 x tck a 4
tpspres | DS First Input Setup Time 0 O 3
tpspreEH | DS First Low Input Hold Time 0.3 xtck a 3
tpsp DS High or Low Input Pulse Width 0.45 x tck 0.55 x tck 4
CL=4 1.0 O 3,4
oSS _Il?iiulanput Falling Edge to Clock Setup CL=5 10 0 3.4
C_L=6 1.0 0 3,4
tpspsT | DS (write) Postamble Pulse Width 0.45 x tck O 4
C_L=4 1.0 0 3,4
tpspsTH | DS (write) Postamble Hold Time CL=5 1.0 O 3,4
C_L=6 1.0 0 3,4
tps Data Input Setup Time from DS 0.4 0 4
tDH Data Input Hold Time from DS 0.4 O 4
tis Command/Address Input Setup Time 0.7 0 3
tiH Command/Address Input Hold Time 0.7 0 3
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AC CHARACTERISTICS AND OPERATING CONDITIONS (Notes: 1, 2) (continued)

-40
SYMBOL PARAMETER UNIT NOTES
MIN MAX
tLz Data-out Low Impedance Time from CLK -0.6 ad 3,6,8
thz Data-out High Impedance Time from CLK O 0.6 3,7,8
toppH  |Lastoutputto PD High Hold Time 0 0 ns
tPDEX Power Down EXxit Time 0.7 a 3
tT Input Transition Time 0.1 1
tFPDL PD Low Input Window for Self-Refresh Entry -0.5 xtck 5 3
tREFI Auto-Refresh Average Interval 0.4 1.0 us 5
tpause | Pause Time after Power-up 200 d
CL=4 5 O
Random Read/Write Cycle Time _
Irc (applicable to same bank) CL=5 6 u
CL=6 7 |
| RDA/WRA to LAL Command Input Delay 1 1
RCD (applicable to same bank)
CL=4 4
| LAL to RDA/WRA Command Input Delay C -5 5
RAS (applicable to same bank) L=
CL=6 6
| Random Bank Access Delay 5 0
RBD (applicable to other bank)
BL=2 2 O
| LAL following RDA to WRA Delay L
RWD (applicable to other bank)
BL=4 3 O
| LAL following WRA to RDA Delay 1 0
WRD (applicable to other bank)
cycle
CL=4 7 O
IrRsc Mode Register Set Cycle Time CL=5 7 ad
CL=6 7 O
IPD PD Low to Inactive State of Input Buffer O 2
IPDA PD High to Active State of Input Buffer 1 O
CL=4 19 O
Power down mode valid from REF —
IPDV command CL=5 23 o
CL=6 25 O
CL=4 19 O
IREFC Auto-Refresh Cycle Time CL=5 23 O
CL=6 25 O
| REF Command to Clock Input Disable at Self-Refresh
CKD Entry IREFC u
ILock DLL Lock-on Time (applicable to RDA command) 200 O
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AC TEST CONDITIONS

SYMBOL PARAMETER VALUE UNIT NOTES
VIH (min) Input High Voltage (minimum) VReg +0.2 \%
VIL (max) Input Low Voltage (maximum) VReg - 0.2 \%
VREF Input Reference Voltage Vbpo/2 \%
V1T Termination Voltage VREF \%
VswWING Input Signal Peak to Peak Swing 0.7 \%
Vr Differential Clock Input Reference Level Vx (AC) \%
Vip (AC) Input Differential Voltage 1.0 \%
SLEW Input Signal Minimum Slew Rate 2.5 V/ns
VoTR Output Timing Measurement Reference Voltage Vppg/2 \%

— VbDQ —
X

""""""" K""'“““““““'7'“““' ViH min (AC)

VswiNG VREF 250
Output o—AN—
) \ VIL max (AC)
Vss |
AT AT

SLEW = (V4 min (AC) = VIL max (AC))/AT

Note:

1)

@)

®)
(4)
©)

(6)
@)
©)
©)

Transition times are measured between VIH min (DC) and VIL max (DC).
Transition (rise and fall) of input signals have a fixed slope.

AC Test Load

If the result of nominal calculation with regard to tck contains more than one decimal place, the result is
rounded up to the nearest decimal place.
(i.e., tpsp = 0.45 x tcK, tck =4.5 ns, 0.45 x 4.5 ns =2.025 ns is rounded up to 2.1 ns.)

There parameters are measured from the differential clock (CLK and CLK) AC cross point.

These parameters are measured from signal transition point of DS crossing VREF level.

The tREFI (max) applies to equally distributed refresh method.
The tREFI (min) applies to both burst refresh method and distributed refresh method.
In such case, the average interval of eight consecutive Auto-Refresh commands has to be more than 400 ns
always. In other words, the number of Auto-Refresh cycles which can be performed within 3.2 ps (8 x 400 ns)
is to 8 times in the maximum.

Low Impedance State is specified at VDDQ/2 + 0.2 V from steady state.

High Impedance State is specified where output buffer is no longer driven.

These parameters depend on the clock jitter. These parameters are measured at stable clock.

Output timing is measured by using Normal driver strength.
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POWER UP SEQUENCE

(1) Asfor PD, being maintained by the low state (< 0.2 V) is desirable before a power-supply injection.
(2)  Apply VDD before or at the same time as VDDQ.

(3) Apply VDDQ before or at the same time as VREF.

(4) Startclock (CLK, (ﬂ) and maintain stable condition for 200 ps (min).

(5) After stable power and clock, apply DESL and take PD =H.

(6) Issue EMRS to enable DLL and to define driver strength and data strobe type. (Note: 1)

(7)  Issue MRS for set CAS latency (CL), Burst Type (BT), and Burst Length (BL). (Note: 1)

(8) Issue two or more Auto-Refresh commands (Note: 1).

(9) Ready for normal operation after 200 clocks from Extended Mode Register programming.

Notes:
(1) Sequence 6, 7 and 8 can be issued in random order.

(2) L =Logic Low, H = Logic High

N 2.5V(TYP ) ) )
VoD I T 1 1 1 1
)} 18V TYP )} ) )\ )}
VDDQ_[] l (( ( (
)L 0.9V(TYP )] ). )L )L
v _L/ 1l 1 1 1 1
REF
CLK
CLK g
tPDEX| |
__ i 200us(min) Z | 1IPDA L | ilrsc_ i _ | ilrsc | _ IREFC | | _ IREFC | |
.3 > € > <€ > <€ > <€ M > € T >
5 « L « «
)
1 200clock cycle(min)
Command DESL [RDAIMRY DESL [ JRD MRS) DESL R4REF DESL RAIREF] DESL
ob-cod‘e ob-code
2l ¥
Address V
¥ EMRS MRS
DQ
DS
wiz
Qs L) Low
(Uni-QS mode) 3 ! —
S 1
(Free Running mode) S S A P Ll T ) ]

Y Y~ —A——/
EMRS MRS Auto Refresh cycle Normal Operation
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TIMING DIAGRAMS

Input Timing

Command and Address

CLK

CLK

FN

AO~A14
BAO, BA1

Data
DS

DQn (input)

DQm (input)

Refer to the Command Truth Table.

Timing of the CLK, CLK

Y

CLK VIH
< — V4 (AC)
— VL (AC)
CLK m—m——m—————— | emmmmmmmeeeeer [ NY——— | | e - VL
tr
CLK
CLK
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Read Timing (Burst Length = 4)
Unidirectional DS/QS mode

tcH tcL tck

i 5,
<

CLK X-"\ -
CLK ! —--'\

5,

BB REREREN

)

TR
PR §
1

panp— Penp—

USiid il (after RDA)

Input ‘
(control & K) DESL
addresses)

1

1

e
i

C\!

J

DS
(Input)
xt(‘KQS ltCKQS
= t t
CAS latency =4 S GKQS (QSF\<QSF
QS [ N
(output) Low \_J \ Low
fLz
tHz
DQ Hi-Z
(output) e
tac toH
tckQs
CAS latency =5 | losH
Qs \

(output) Low \ Low
Postamble
tos

g
tQSQ ;tHE
DQ Hi-z

(output) Q2K+10Q %

€
+tAC toH

CAS latency =6
Qs
(output) Low Low
tHE
DQ Hi-Z
(output)

Note: DQO to DQ17 are aligned with QS.
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Read Timing (Burst Length = 4)
Unidirectional DS/Free Running QS mode

fcH  tcL tck

CLK \m ™7
4

CLK

Ny,

XX

1
L
— 1A

UsiiH AL (after RDA)

Input W
(control &

addresses)

DS
(Input)

CAS latency =4

Qs
(output)

DQ Hi-Z
(output)

CAS latency =5

QS \
(output) / /

DQ Hi-z
(output)

CAS latency =6

Qs
(output) / \ /

DQ Hi-Z
(output)

Note: DQO to DQ17 are aligned with QS.
QS is always asserted in Free Running QS mode.
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Write Timing (Burst Length = 4)
Unidirectional DS/QS mode, Unidirectional DS/Free Running QS mode

t t t
<CH\<CL\< AN ! 1 1 1 1 | |
MOBUSENOSESLRENESD N
A e B O e A
1 1 1 1 1 1 1
1 1 1 1 1 1 1
Usit AL (after WRA)
! ! ! ! ! I !
Input :
(control & ‘) DESL
addresses) tosPSTH
» tphss i <tD q
tbSPRES <>
- $7R% Dsk | IDsp DSk (tDSPST
CAS latency = 4 t%SPREU 7 <
DS | |
(input) i
F’reawjbk—jM tpss Postamble
IDSPRE|
! |lps | tbg ! |bs
toHlL] o Dk ] toH
b L a 2
. Q ﬁDO D1 D2 D3,
(input) -
_ tphss i
tDSS;
t
tDSPRES tDss, | DSgH
CAS latency =5 <> DSP. | tbsp | tDsP [thsPsT

tp
DS \
(input) %

o

o
“Aa

3

=X

@

Postamble
HSPRE
o |Jos ilps|; Ips
tbH tpH| | tDH
> -)i(- »HC
" TN
. DO D2
(input) 7 Z
. Dobs | i, 'bgss
tpss,
t t
. tb5PRES DSS. | (DSESTH
CAS latency =6 <> | itpsp| tpsp| tpsp [tbspsr
tDngElc
. % ) [
(input) \i N/
Preamble Dostamble
{bSPRE

DQ
(input)
Do
Qs
(Uni-QS) Low
Qs \ \ \ v
(Free Runninig) \ \ \ \ /

Note: DQO to DQ17 are sampled at both edges of DS.
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tREFI, tPAUSE, IXXXX Timing

CLK F---\/_XF---\[_\F---\ .----\/—X.----\
/ 'y Y] 7 'y
XA X X X X )
CLK 1 —— -t [ — - P

X

tREFI, tPAUSE, IxxX

A
Y

tis ity tis i tiH
Input 3 )
(control &
addresses) X \ & X
mand

C0|;'nmand Co

-

Note: “Ixxxx” means “Irc”, “Ircp’, “Iras”, etc.
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FUNCTION TRUTH TABLE (Notes: 1, 2, 3)
Command Truth Table (Notes: 4)

* The First Command

SYMBOL FUNCTION cs FN BA1~BAO Al14~A9 A8 A7 A6~A0
DESL Device Deselect H X x x x X X
RDA Read with Auto-close L H BA UA UA UA UA
WRA Write with Auto-close L L BA UA UA UA UA

» The Second Command (The next clock of RDA or WRA command)

— BA1~ Al4~ Al2~
SYMBOL FUNCTION CS FN BAO A13 All A10~A9 A8 A7 A6~A0
LAL Lower Address Latch H X X \% X X X X LA
REF Auto-Refresh L X X X X X X X X
MRS Mode Register Set L X \% L L L L \% \%

Notes: 1. L =Logic Low, H = Logic High, x = either L or H, V = Valid (specified value), BA = Bank Address, UA = Upper Address,
LA = Lower Address
2. All commands are assumed to issue at a valid state.
3. All inputs for command (excluding SELFX and PDEX) are latched on the crossing point of differential clock input where
CLK goes to High.
4. Operation mode is decided by the combination of 1st command and 2nd command. Refer to “STATE DIAGRAM” and
the command table below.

Read Command Table

COMMAND (SYMBOL) cs FN BA1~BAO | Al14~A9 A8 A7 A6~A0 NOTES
RDA (1st) L H BA UA UA UA UA
LAL (2nd) H x X x x x LA

Write Command Table

— BAl~ A10~
COMMAND(SYMBOL) Cs FN BAO Al4 A13 Al2 All Ag A8 A7 A6~A0
WRA (1st) L L BA UA UA UA UA UA UA UA UA
LAL (2nd) H X X VWO VW1 X X X X X LA

Notes: 5. Al4~ Al13 are used for Variable Write Length (VW) control at Write Operation.

VW Truth Table
Burst Length Function VWO VW1

Write All Words L X

BL=2
Write First One Word H X
Reserved L L
Write All Words H L

BL=4
Write First Two Words L H
Write First One Word H H
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FUNCTION TRUTH TABLE (continued)

TC59LM818DMGI-40

Mode Regqister Set Command Table

COMMAND (SYMBOL) cs FN BA1~BAO | Al4~A9 A8 A7 A6~A0 NOTES
RDA (1st) L H x x x x x
MRS (2nd) L x \ L L \% \% 6
Notes: 6. Refer to “MODE REGISTER TABLE".
Auto-Refresh Command Table
FUNCTION COMMAND | CURRENT PO CS | FN [BA1-BAO| A14~A9 | A8 | A7 | A6~AO | NOTES
(SYMBOL) STATE  [,_1| &
Active WRA (1st) Standby H H L L X x X X x
Auto-Refresh REF (2nd) Active H H L X X x X X x
Self-Refresh Command Table
FUNCTION COMMAND | CURRENT PD CS | FN |BA1-BAO| A14~A9 | A8 | A7 | A6~A0 |NOTES
(SYMBOL) STATE  [,_1| &
Active WRA (1st) Standby H H L L X x X X x
Self-Refresh Entry REF (2nd) Active H L L X X x X X x 7,8
Self-Refresh O Self-Refresh | L L X x x X x x X
Continue
Self-Refresh Exit SELFX Self-Refresh | L H H x x X X X X 9
Power Down Table
FUNCTION COMMAND | CURRENT PD CS | FN |BA1-BAO| A14~A9 | A8 | A7 | A6~A0 |NOTES
(SYMBOL) STATE [ _1| n
Power Down Entry PDEN Standby H L H x x x x x x 8
Power Down Continue O Power Down | L L X x x X x x X
Power Down Exit PDEX Power Down | L H H x x X x x X 9

Notes: 7.

PD has to be brought to Low within tgpp, from REF command.

8. PD should be brought to Low after DQ’s state turned high impedance.

9. When PD is brought to High from Low, this function is executed asynchronously.
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FUNCTION TRUTH TABLE (continued)

CURRENT STATE - fD , CS | FN | ADDRESS | COMMAND ACTION NOTES
H H H X X DESL NOP
H H L H BA, UA RDA Row activate for Read
dle H H L L BA, UA WRA Row activate for Write
H L H X PDEN Power Down Entry 10
H L L X ad lllegal
L X X x g Refer to Power Down State
H H H X LA LAL Begin Read
H H L X Op-code MRS/EMRS | Access to Mode Register
Row Active for Read H L H X X PDEN lllegal
H L L X X MRS/EMRS | lllegal
L X X x X | Invalid
H H H X LA LAL Begin Write
H H L X X REF Auto-Refresh
Row Active for Write H L H X X PDEN lllegal
H L L X X REF (self) [Self-Refresh Entry
L X X x X | Invalid
H H H X X DESL Continue Burst Read to End
H H L H BA, UA RDA lllegal 11
Read H H L L BA, UA WRA lllegal 11
H L H X PDEN lllegal
H L L X O lllegal
L x x X O Invalid
H H H % % DESL Data Write&Continue Burst Write to
End
H H L H BA, UA RDA lllegal 11
Write H H L L BA, UA WRA lllegal 1
H L H X X PDEN lllegal
H L L X X O lllegal
L X X X X | Invalid
H H H x X DESL NOP - Idle after Irgrc
H H L H BA, UA RDA lllegal
Auto-Refreshing H H L L BA, UA WRA lllegal
H L H X PDEN Self-Refresh Entry 12
H L L X O lllegal
L x X X X O Refer to Self-Refreshing State
H H H x x DESL NOP - Idle after Irsc
H H L H BA, UA RDA lllegal
Mode Register H H L L BA, UA WRA lllegal
Accessing H L H x PDEN lllegal
H L L X O lllegal
L X X x x 0 Invalid
H X X X 0 Invalid
L L x X O Maintain Power Down Mode
Power Down Lluln R R ppEX | EXit Power Down Mode - Idle after
tPDEX
L H L X X g lllegal
H X X x x 0 Invalid
Self-Refreshing L L X X X | Me}intain Self-Refresh
L H H X x SELFX Exit Self-Refresh - Idle after IRerc
L H L X X O lllegal

Notes: 10. lllegal if any bank is not idle.
11. lllegal to bank in specified states; Function may be legal in the bank inidicated by Bank Address (BA).
12. lllegal if trppy is not satisfied.
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MODE REGISTER TABLE

TC59LM818DMGI-40

Regular Mode Register (Notes: 1)

ADDRESS BaL® BAO L | Al4-A8 N A6~A4 A3 A2~A0
Register 0 0 0 TE CL BT BL
A7 TEST MODE (TE) A3 BURST TYPE (BT)
0 Regular (default) 0 Sequential
1 Test Mode Entry 1 Interleave
A6 A5 A4 CAS LATENCY (CL) A2 Al A0 | BURST LENGTH (BL)
*2 *2
0 0 X Reserved 0 0 0 Reserved
0 1 0 Reserved*2 0 0 1 2
0 1 1 Reserved*2 0 1 0 4
1 0 0 4 0 1 1 -
Reserved
1 0 1 5 1 x x
1 1 0 6
1 1 1 Reserved*2
Extended Mode Register (Notes: 4)
ADDRESS BAL ™ BAO Y | A14~A7 | A6-A5 A4~A3 A2~AL A0
Register 0 1 0 SS DIC (QS) DIC (DQ) DS
Qs DQ
A6 | A5 STROBE SELECT OUTPUT DRIVE IMPEDANCE CONTROL
A4 | A3 | A2 | AL (DIC)
0 0 Reserved*2 0 0 0 0 Normal Output Driver
0 1 Reserved*2 0 1 0 1 Strong Output Driver
1 0 Unidirectional DS/QS 1 0 1 0 Weak Output Driver
1 1 | Unidirectional DS/Free Running QS 1 1 1 1 Reserved
y
A0 | DLLSWITCH (DS)
0 DLL Enable
1 DLL Disable
Notes: 1. Regular Mode Register is chosen using the combination of BAO = 0 and BA1 =0.
2. “Reserved” places in Regular Mode Register should not be set.

3. A7 in Regular Mode Register must be set to “0” (low state).
Because Test Mode is specific mode for supplier.
4. Extended Mode Register is chosen using the combination of BAO =1 and BA1 = 0.
5. A0 in Extended Mode Register must be set to "0" to enable DLL for normal operation.
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TOSHIBA

STATE DIAGRAM
DOWN

PDEX

SELFX
(PD =H) (PD =H)
PD =L
(PD =L)
STANDBY
PD =H___»\ (DLE) Je.___
AUTO- \--""~ N T MODE
REFRESH A REGISTER
1 \
WRA 1 \ RDA
1 \
1 \
REF I' “ MRS
1 \
1 \
1 \
ACTIVE 1 \ ACTIVE
(RESTORE) | | \
1 \
1 \
1 \
1 \
1 \
LAL K \ LAL
1 \
1 \
\
WRITE
(BUFFER)
—> Command input
- - == Automatic return
The second command at Active state

must be issued 1 clock after RDA or

WRA command input.
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TIMING DIAGRAMS
SINGLE BANK READ TIMING (CL =4)

o
c..
o
c.
o
c..

(“&OO”ﬂO@OﬂOﬂOﬂOﬂﬁQﬁﬂOﬂOﬂOﬂO_

CLK -/}
1
1

]()()( S () O S 2 € )(

X
s X\ NI N A N, Y
X

(&)
S
<
o
@
%]
Pyl
¢}
1
U~

o )7 a7 a7 =)

Unidirectional DS/QS mode

BL=2 P4
( DS
(input)

Qs

(output) Lo / /_\ / /—\é\ / /_\_

CL=4 CLi=4 | CLi=4

DQ HisZ
\_ (output)

QojQ1 QofQ1 QO<:

BL=4
( DS
(input)

(outp?JtS) Lo /_\_/_\ / /_;\_/_\ /_\_

CLi=4 CLi=4 i CLi= 4

DQ Hiiz
\_ (output)

QONQLIQZAQ3 QUAQINQ2AQ3 Q0<:

Unidirectional DS/Free Running QS mode

BL=2 T
[ DS
(input)

AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY

DQ Hi:zZ
\_ (output)

BL=4
( DS
(input)

W AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY

CLi=4 § CL=4 § CL=4

DQ Hiiz i ) | ) @ |
\_ (output) QOEQ Q3 QO!Q Q3 QO!

QojQ1 QojQr Q0<:
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SINGLE BANK READ TIMING (CL =5)

0
CLK =~ P
m-_\—%——\ ittt
Command :XRDA> ( :
i |RQD=1E§|9 IrRAS!= Sicycles IBED:'lE Ele IrRAs = 5 gycles IBED:lE clei
wasess \ o\ N 72,0808/ 7,008/
Bank Add.:X #0 )W ( #0 )w ( #0 \W
Unidirectionzill D!S/QS ;noclje
BL=2 oo
( DS
(input)
Qs /—\\
(output) Lo /—\ / i
CL=5 X cL=5 g
DQ Hiiz oo Qoin
\_ (output) |
BL=4
( DS
(input) E—
Qs [ /’\_/’\
(output) Lg / \_/—\ / N\_J! \
cLi=5 X CLi=5 4o
DQ Hitz N\
\_ (output) QOQ :Q3 QO:Ql Q2103
Unidirectional DS/Free Running QS mode
BL=2 e e N
[ DS
(input) ;
QS'\/’\F\/’\F\F\/’\/’\F\/’\/’\/’\F\F\{\JF\/’\/‘\
T RVEVEVEVEVEVEVEVEVEVEVEVEVEVEWVEVES
CLi=5 ~ cL=5b X |
DQ HitZz o g
\_ (output) I QOXQL QO:Ql
BL=4
( DS
(input) :
str\r\r\r\r\r\r\iur\r\r\r\r\rv\i\ﬁr\
(output) \_/ \_/ \_/ \_/ \_/ \_/ \_/ | \_/ \_/ \_/ \_/ AU \_/ \_
CLi=5 ~ | CLi=5 R o
D i : NN
X (Outpu?) Hi:Z Qojenozios Qofetiozfos

2002-05-30 22/54



TOSHIBA TC59LM818DMGI-40

SINGLE BANK READ TIMING (CL = 6)

o
=
N
w
IN
al
o
~
®
©
=
o
=
[
=
N
=
w
=
i
=
ol

CLK —i=\ -\ -\ -\ i\
v ' / ' I} |
e AU 0
Pl Igc = 7 cycles o IRC =i7 cycles - P
Command :XRDAX LAL X DESL XRDAX LAL X DESL XRDAX LAL X:
E IRt,;Dil gsle IrRAS ¥ 6 ¢ycles IBQDj‘ 1 Eylde‘ IRAs = 6 cycles IBle:l 2 clei
Address:X UA X LA )W %( UA X LA )W %( UA X LA X:
T 2,07 7,07
Unidirectionzlll DIS/QS ;noclje
BL=2 [
( DS
(input) : :
Qs /—\\ /—\\
(output) Lo : :
cLi=6 4 CLEG 4
DQ HitZ " oi 0’
 (output) CA O
BL=4
( DS
(input) : ;
e va "\
(output) Lo /_\?\_/ \ | /—\_
CL=6 R CLi=#6 R
DQ Hi:Z " 0: N6 oi
 (outpu) Q:QlQ:Q Q:Ql
Unidirectional DS/Free Running QS mode
BL=2 e
[ DS
(input) : :
AN ANANANAWANA /_\{\_/_\/_\ /_\/_\/_\/_\’\J
- AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
CL=6 o CLE® R
DQ HitZ ) ’
\_ (output) QO:Ql QO:Q
BL=4
[ DS
(input)

Qs \
(output) \_/

DQ HitZ i N,
 (outpud) QoIS Qofetiex
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SINGLE BANK WRITE TIMING (CL = 4)

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

' ' ' ' '
CLK :-—\ - - - - - - :-—\ - - :—\ :—\ :—\ - - -\ 'l
ox _\’/\J_ ,’U_,’U_,’U_,’U_,"\J_,’U{_—XJ_,’UL A A A XA

| | |

| |
| |

1 1 1
¥ RC!= 5icycles lrc = 5cycles i i Irc = 5icycles
1 1 1 1

Command :X%WRA) LAL ) DESL XWRAX LAL X DESL XWRAX LAL X DESL ) WRAEX:

1
cp=licycle RAS =4 cycled  [rep=licycle RAS = 4 cycles
< ROShE

1
i Irco1 cycle Ipas = 4icycles

<
< » <

Add:xu ) LA >W %( U

Unidirectional DS/QS mode
BL = 2 1 1 1 1

¥ W W N

Qs

(output) Low

\4

\ A

WLi=3 WLi=3 i WLI=3
DQ

L (inpun ‘ o}D1. ‘ ‘ D ‘ %@0 D1
Nz

]

— o

s VAVAY, VAVA

os |

Lo

(output) " "
wi=3 | || wi=3 | | wi=3{ |
DQ
(nput DOYD1(D2YD3 DOYD2(D2YD3 DOYDL{D2YD3
\ ’

Unidirectional DS/Eree Rgnning Qs quej}
BL = 2 1 1 1 1 1 1 1 1 1

(‘ DS | | | | | | | | i i i i
(input) /_\\ ﬂ

S AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAN

WL=3 WLi=3 WLi=3

DQ

\ (input)
BL=4
[ DS

(input)
Qs

(output) _\_/

t=sl Lo wi=3f wi=3] ||

DQ 1 1
L Ginput) DOXD1XD2XD3 DOXD1XD2XD3 @@@@
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SINGLE BANK WRITE TIMING (CL =5)

0000000

CLK ="

0

<

= 6icycles

Command :XWRA)

DESL

1
i IRED

A O

IrAS

=5

cycles

IRAS 5540

ycle

UA

Address :X

LA)WEE |

Bank Add. :X

D)

Unidirectionél
BL=2

DS/QS mode

( DS
(input)

Qs

Lo

(output)

WL

WL

DQ
\ (input)

\4

BL=4

r DS
(input)

750

DOXD1,

J

vV

Qs

Lo

(output)

WL

WL

5
>

DQ
\ (input)

DOXD1XD2XD3

1
Unidirectional
BL=2

DS/Free Rﬁlnning 'QS' mclndeli i

( DS
(input)

5
>

DOXD1XD2XD3

Qs \

(output) \_/

[\

va

va

WL

\/

VAVAVAVAVA

1
R WLI= 4 .
]

DQ
\_ (input)

BL=4

s DS
(input)

Qs \

(output)

|
!

DQ
\ (input)

DOXD1XD2)XD3

k]

DOXD1XD2)XD3
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SINGLE BANK WRITE TIMING (CL = 6)

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

CLK i—\[—y—\ﬂ'-\/—y—\{—y—\{—y—\
w__%\_}‘_l\j‘_lu‘_l\j‘_l\j‘_l\j | =1
i J IHC =7 cycles Sle IRC =7 cycles N i E
Command :XWRA) LAL X DESL XWRAX LAL ) DESL XWRAX LAL X:
E IREDil c\xsle IrAS = 6 cycles IBQDdl E lcle IRAs = 6 tycles IR (EDhl dyclé
Address :X UA X A ) %l UA ( LA ) %( UA )/ LA X:

BankAdd.:XE#{ )WI T : I \#:O

Unidirectional DS/QS mogje : : i i
BL=2 | | | | | ; ; ! !
o N\ 7 N\ 7
(input) / \
Qs Lo
(output)
WL=5 N WL=5 N
. bQ DOXD1 DOXD1,
\ (input)
EERRE ERERE
L ataV/ N2
(input) /AR AR F )
(output)
WL =5 REE WL=5 o
DQ
. DOXD1XD2XD3 DOXD1XD2XD3
\_ (input)

Unidirectional DS/Free Running QS mode
BL=2 [ A

AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY

Qs \

(output) \_/

WL=5 A WLES5 R
. Do DOYD1 DOYD1
(input) : S, : e
BL - 4 1 1 1 1 1 1 1 1 1 1 1 1

[ DS i i i i i i
(input) m ﬂ

Qs
(output) _\_/

! ! ! ! 5!
Lal | | | Ll

DQ
\_ (input)

DOXD1AD2XD3 DOXD1AD2XD3,
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SINGLE BANK READ-WRITE TIMING (CL = 4)

CLK—\iI\-_\} =
m_li \_Ii \_I\_)
| | = 5icycles

Command iRDAE LAL DESL WRA A LAL [ DESL :RDA i LAL [ DESL WRAi
:XE:X:> ::::>:X:>\::: XX)\ ::::):X:

o

=

U~
Q
<
a
@
[%2]
Py
(@]
11
6]
2]
<
S
[v]
]
Py
(¢}
|
2]

";l -
; N
c..
2
.
D
.
J

COOOCO0R00000000000CK

-1

Bank Add.:Xi #OW (#o )W i #o (#o*:

BL=2 i | | i |

s N7
(input) ‘ /_\ V
Qs /_\\ |
(output) Low / i

CL=4 | WLi=3 | CL=4

DQ ! e éo}(m} @(:
BL=4 | | §

[ (inp?ns) % /’\\_/F\ ﬁ
(outp?ns) Ld %ﬂ\ /—\\_

CLE4 WLi=3 CLE4

Unidirectional DS/Free Running QS mode

BL=2 4 L P4 b

[ (inp?lts) . % /_\ ;V
AVAVAVAVAVAVAVAVAVAVAVAVAVAV

CLi=4 WL

DQ . QOin %1} QOC
AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY

J
—

Y

Y

)
.

J
C.

J

1
w
O
s
ar
I

y
4

Y
A

Hi{Z : \ :
L DQ QOXQ1, Q3 DO, D2XD3 Q0
%—J —_— '

Read data Write data
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SINGLE BANK READ-WRITE TIMING (CL = 5)

0 1 2 3 4 5 6 7

RVAVIVAVAIIVAAY

S 0 . T T

AddresS:X; U:A X L:A )W %( U:A X LjA )

Unidirectionél DS/QS fnode i P
BL=2 | | | | | i =
s DS ] /—\ y
(input) / \
Qs 1\
(output) Low / \
CL=5 Wl = 4
DQ HiZ QOXQ1 /I;O D1
\ \
BL=4 !

[ (inp?ns) % /_\\_//_\ /y
Qs g /_\_/_\ ’

(output) /
CLi=5 WL =4

Y

DQ HiZ Q0¥Q1}Q2(Q3 /I;O @ D2YD3

\

Unidirectional DS/Free Running QS mode|

BL=2 N S TR S SN TN SN S
(input)

(OUIFSIIS) _\_/—\_/

Hiiz
DQ ' Q001 DOYD1

BL=4

[ o ) /—\\_/—\\ v

J
.

B
.

]

AVAVAVAVAVAVAVAVAVAVAVAVAVAY .
\ DQ aliE >QOiQ1 Q2:Q3 ;ODZ Dh3\
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SINGLE BANK READ-WRITE TIMING (CL = 6)

CLK—%;} E
J— \
CLK-’E |

BL=2 i 1 i 0

=

Y

Q@

Y

[ DS
(input)
Qs
(output)
DQ
\

BL=4
( DS
(input)
Qs
(output)
\ bQ

Unidirectional DS/Free Running QS mode

BL=2 _ 1 1 4

00110203

[ DS

Qs

(output) _\_/

=

ol

Y

BL=4

Qojr

( DS
(input)

Qs \

(output)

DQ

\/

=

ol

fﬁ:ﬁ%ﬁ:%]ﬁ:ﬁ%_:
\

Y

\_ (output)

Q0jQ1Q2)Q3

|

Read data

Write data
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MULTIPLE BANK READ TIMING (CL = 4)

CLK

CLK

Command

BL=2
[ DS
(input)

Qs
(output)

DQ
\_ (output)
BL=4

( DS
(input)

Qs
(output)

DQ
\_ (output)

0 1

:
_X:{_\}
1

1

1

.
TRV AYE
L AR
1 1 1
1 1 1
o IRBD F

5 6 7 8 9 10 1 12 13 14 15

LJuJ

ALETAUEEIDAVIDAVITY
g QDUﬂuﬂuﬂ\ AVAVAVAVAVAY
| EREE0E0-—EEREEEERRREC

Unidirectional DS/Free Running QS mode

BL=2
s DS

(input)

Qs
(output)

DQ
\_ (output)

BL=4
s DS

(input)

Qs
(output)

DQ
\_ (output)

VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAL

AVAY

(@)
s
1]

N

CL

Hi+Z

Y

[
[
[
[
[ |
[ |
[ |
LI
\y\ II:I:III:II
a bbb alQalRaZazRbdbIbAbIcAPcIC.
::: IIIIIIIIIII
[ R |

Note: Irc to the same bank must be satisfied.
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MULTIPLE BANK READ TIMING (CL =5)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

CLK _XE’\-_\}
CLK -/

Command RDA

ey O gy

: ) : : ) : :
DGO
)

Address UA (
e 6 G &
| ’ Irc (Bark"al") =i6 cycles .
i - Irc (Bank"b: '):66 cles R
UnidirectionaIADS/QS mode i
BL=2 [
[ DS
(input) !
Qs N\ N\ /_\\ /_\\
(output) Low /oA /AR / i /
CLi=5 > |
CLi=5 R
DQ HirZz
\ (output) afRa bORb aga: bgQb
BL=4
( DS
(input) : : :
os N E
(output) __ 0% AVAVAVA /_\_/_\_/_\\f\
, RRRR
DQ | HiZ = - =
- REERRRE-———CERRRRAC
Unidirectional DS/Free Running QS mode :
BL=2 IR R
[ DS
(input)
QS"\\]’\/’\/’\/’\/'\/'\/'\/'\/'\E\_/'\/'\/'\/'\_/'\/'\/'\
Y EVRV IRV VARVEVEVEVEWEVEVEVEW
i CLi=5 o ;
| CLES R ' |
DQ ! HiZ g
| (output) agQa b0Qb aQa b0b
BL=4
[ DS
(input) '
Qs |
(output) _\\_/_\_/_\_/_\_/_\_/_\_/
; CLi=5 R
bQ Hi:rZ ’aaaablblblb alalalalblblbI
\ (output) | f A f f f f f f f f f f A I

1
Note: Irc to the same bank must be satisfied.
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MULTIPLE BANK READ TIMING (CL = 6)

0 11 12 13 14 15
CLK i’\ﬂ —\ —\ﬂ—\ﬂ—\ﬂ—\ 1=
Y I I Y I
e A UG 4550808040
= 2 cylcles R R 1= 1) cyclds IRpp: = 2 cydlesiippp = 2 cycles Irpp + es |

&
<

Neemee)
<

i IrBt
.......

. )

Command :XRDAX LAL XRDA)I LAL X DESL XRDA
Address:Xi UIA X I NN |

Bank Add. j&éﬂk>@(ﬁéqk>% IIIIII (B"%:r'llk

ya

D
B0 O
X

DEYENEYE)
N

o=z | i i |

( DS
(input)

Qs
(output)

Y

CLF6

DQ Hi-Z
\_ (output)
BL=4

( DS
(input)

s i ava

(output) /
CLi=6

CL=6

DQ | Hiz
(output) a 7

Unidirectional DS/Free Running QS mode

BL=2 i i
s DS

(input)

AVAVAVAVAVAY

v.
J
.
J
=

Y

(5]
(5
€
G
5
r

(@)
=
1
o

Y

Y

DQ Hi-Z
\_ (output)

BL=4
[ DS

(input)

AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY

DQ Hi-Z A ; A ’ A ; A T\
' agpla a(Jala.
\ (output) 4 ! 5 WA

Y
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MULTIPLE BANK WRITE TIMING (CL = 4)

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

CLK — i~y
U}
CLK - -1
Command :XWRA)

Address:X A) LA LA (UA LA X UA)
Bank Add. :XBank)@<Bank>["r Bank @ Bank Bank %Bank)
) "a" < "b" > c" \_"d"
i Ikc (Bank'al) =I5 cycles | i i
- IRc Bark"h');5(: cles R ; ; ;
Unldlrectlonal DS/QS mode i i i i i i i i i
~ B A NN NN
r DS % /ﬁ | ' | ' 1 /—\ ' 1 /—\—
(input) / \ / \ / \ / \ / ! / !
tQtS Low : :
(output) =3 N | |
wii=3 |
.DQ %a W W bQpb cQDc dQpd
\ (input) ; S
| BRRERRRREERERRRERE
B VAVAVAVAY VAVAVAVAVAVAVAY
(input) / \_/ \_/ | \ . b Lo -
Qs Low : b b b b
(output)
wi=3 | i . L . .
wi=3 | | . . . L
DQ
. agDalPaZDa3zPbQDbIOb2Db: aQDalPaPaziPbgDbIPbIPbIOcYPDcYDcADcIDADd
\ (input) %{
Unldlrectlonal DS/Free RunnlngQSmode T T B A A

BL=2

bQ \a a bQPb al il bQDb cOpc dQpd
\_ (input) .

(input)

QS_\

(output)  N_J

DQ

. adPalPaZPa3zpPbgdobyob2Db aQPDalPaPFPa3zPbGPbIPbIDbIDcPDcUYDc2DcIDADd
\ (input)

1 1 1 1 1 1 1 1 1 1 1 1 1
Note: Irc to the same bank must be satisfied.
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MULTIPLE BANK WRITE TIMING (CL = 5)

0 1 10 11 12 13 14 15
1 1 1

CLK i"\ -\ ~\ie ~\my
U U / / /
xS AL ) O]
RBD = ECkaEi i i i i i IR BD 3 2 ¢YC|<PSJBBD =2 cycle§LR|3'D =2CyC|9§|FéBD
Command :XWRA) LAL WRA) LALX DESL WRA) LAL XWRA LAL) WRAX LAL (WRAX LAL WRAX LALX:
AddreSS:X UA X LA X UA X LA W %( UA )( LA X UA X LA X UA X LA X UA X LA ) UAX LA X:
e SN 1 D DN D %
\_'a b a b c / d / ‘
Pl Irc (Bank"a") =16 cycles ~ i P i
i 3 Irc (Bank b)=6€ycles R
UnidirectionaIiDS/QS mode i P P
BL=2 Lol i . -
0\ DN\ '”'f\'f\
(input) /
Qs Low
(output)
WLi= 4 N
WLi= 4 R
. bQ %&%a bgPb agpa bgpPb cQDc
\_ (input)

i . N i N N
o 7 .NAVAVAVAY,  VAVAVAVAVAY
(inpu) | L L L

os |1, | L L L
(output)
WLi= 4 R
WLi= 4 N
.DQ adDalPaFpa3zPbgpPbIPbIDb adPalpaZ2Da3zPbgPbIPbADbFOcYPDc
\ (input)
UnldlrectlonaI'DS'/Fr'ee 'Rur'mln'g (jS r'node : i i i i i i i i i i i i i i i i i i
BL=2 i i 4 o4 b S U A U N T N T N R

s\ 1\ /‘\UF\J/_\\_/'\J/_\U/'\U/_\\_/_\JF\_/_\JF\_/—\_

(output) U \—/

wisd |
WLi= 4 ' i
L (inp?u?) % a bQpDb. agPa bQDb cQDc
| BER
( DS \
(input) %X
SN ANANWANWAWA
(output) \_/ \_/ \J \_/ \_/ \J
WL
WL = 4 o

DQ
\ (input)

adPalPazpa3ziPbgDbObIDb

Note: Irc to the same bank must be satisfied.
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MULTIPLE BANK WRITE TIMING (CL = 6)

0 1

CLK =i\l =y
i/

e

CLK =/ii— i
D:

RBE

Command :XWRA) LAL
Address:X UA X LA )
Bank Add. x Bank ’@ ank |

IRC Bar’:1k"a") =17 cycles

& y,

Irc (Bank"b") =17 cycles

Y

UnidirectionaIADS/QS mode
BL - 2 1 1 1 1

By A/ NAT\

QS Lo
(output)

]

WLi=5

WL=5

\ foput) %"" 9\

BL=4

. N\ \ N\ D\

QS

L
(output) <

\WL{=5

A 4

WL =5

\ 4

DQ

. aQPalPaZ2Da3zPbgPbyPbZPOb adPDalPazDa3ziPbqdDb
\ (input)

Unidirectional DS/Free Running QS mode
BL - 2 1 1 1 1 1 1 1
[ DS
(input)

(outp?]ts) _\_/_\_/_\_/—\_/

Uﬂuﬂ\JF\é\JﬂL[\;\JﬂUﬂ\JﬂuﬂL{_\é\JﬂL{_\é\_

DQ
\ (input)

BL=4

( DS

(input)
Qs "\

(output)

DQ

\ (input) agPalPa2Pa3zPbGOblPbZPOb

Note: Irc to the same bank must be satisfied.
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MULTIPLE BANK READ-WRITE TIMING (BL = 2)

I 1 N N N 1IN
S oAttt T O O O O O M O

Command :XWRAX LAL XRDAX LAL XDESLXWRAX LAL X RDAX LAL XDESIXWRA)

IWRD 1_¥cle [Eﬂ'D =2 cycles I\'NR|'3 i_icle' I'BW'D='2 cycles

Address]( on X N, OO0 UAg

Ban Ba'nk s /Bank\ Bank:W (Bank

o IrRC (Bank a" i Pl >
|RC (Bank"b")

L'AXUAX LA)%:(UAX:
% B%nk IB':';(\::QkéX:

5,

UnidirectionaIADS/QAS mode [

CL=4 .+ 1 ' 1 !

e W W W
QS : /_\\ /_\ :

(output) Low
|
1
Qdo\Qd a0Da.
1
1

Ay

i o WL=3 >
Hi-Z /'a \

Da \QbOAQD

N DQ

L=5ps | /al /F i A /F ; oy /—\\_

(input)

Qs /\ /

(output) Low
| WL=4

PO 08006600
CL=6 [ i [ den !

[ oo : 2\ \ % N\ 2

]
-1 9
(]
el

Y

(OUthJtS) Lo;w /_\;\ /_\;\
i WL=5 N CL=6 > i i
L DQ Hi-iZ fao z:\ Qb ;Qb /D-‘CO D:\ Qd ;Qd <
UnidirectionaIIDSIIFr:ee Burlminlg QS rInO(Iie E i E
CL=4 I T T R SR R T | H |
3 DS ] q q
(oot I\ 2 i\
v VAVAVAVAVAVAVAY
\ DQ /D-cO Dc Qd :Qd L. a0kDa
Ct=5ps ! -
(input) /_\ /F /_\\—
ouay ) AVAVAVAVAVAVAVAY
il eVe) s
\ DQ b A b DcOXDc d A d DaOXDa
s * @@ %R K QdQIQ
(nput) v A\
QS ' '
o L/_\f\u’_\uﬂu/_\i\_/ﬂuﬂuﬂuﬂu’_\}_/”\_
L DQ Hi';z @@; Qb in fp COXD:\}, Qd iQd <

Note: Irc to the same bank must be satisfied.
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TC59LM818DMG

[-40

MULTIPLE BANK READ-WRITE TIMING (BL = 4)

1.1 1.2 1.3 1.4
E IWRD 1_¥cle IRWD 3 cycles N ,'WR:L 1 Cycle < IRWD 3 cycles > IWRL 1 cycle
Adde‘SS:X UA X LA X UA X LA )W % UA X: LA X UA X LA )% %{ UA X LA X UA X LA X:
sank ade. YCRRN NG\ 77777 E%éﬂk)%(%“k)% e (Ba"k
:>:( a, % i 'IR!(Ban'!'a")' ' \a % =
P j ire (Bank'y) ! N
Unidirectional DS/QS mode i
CL=4 IR : !
([ (npun . A ﬂ\_/_\ 7 A, I /_\\Jﬂ 2 A
(outp?JtS) Losw /—\?\_/—\?\ / m
i . WL=3 > "CL=4 > i [
L DQ Hi.Z /-aO ok Qb :Qb Qb2Yab /D-c Deipe Dc-\ Qd IQd :Qd iQd
CrL =5 DS -y /_\ /_\ . | i /_\ . L
(input) / \_/ / : l/_\_/ \ / Ie-""f
(outp?JtS) Loiw y /_\\_/_\;\ /_\_/_\;\_
i . WL=4 > CL=5 ” | i
L DQ Hi:Z pag{Pa1fpazipa (Qbokabiiab :QD DcO Dc D Qd @@@
08 ~—9000
(input) /_\\_/ \ / :
(outp?JtS) LO:W /_\?\_
| g WL=5 N . i ]
L DQ HiEZ fao Da @- (obofona) IQb koo DcO Dc D:\ Qd :Qd
Unidirectional DS/Fr:ee Running QS mode | i i i i E i i i i E
CfL =4 oS [ T R N N T N i i i
(input) : b :
(outp?JtS) _\ \_/ \_/ ; ; ; i /_\_
\ DQ Qb in Qb! i b chDc Dc-\ Qd :Qd :Qd iQd
CL=5 Al e ol | e
( (IanlD.ItS) \ A I,--"f
(outp?]ts) _\ \Jm
L DQ Qb i b in in Qd iQd iQd iQd
CL=6 ) iy i
o 72222222201 \J \ 12222
sy AVAVAVAVAVAVAVAS
L DQ Qb i b in in DICODc D:} Qd iQd

Note: Irc to the same bank must be satisfied.
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4)

WRITE with VARIAVLE WRITE LENGTH (VW) CONTROL (CL

TOSHIBA

DESL

[\

1 1

[

P

P

:

X

1 1

Pl

:

W

= High

=don't care

P

|

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

X

P

: 1

1

W

=H|gh:|

= High

P
1
1
1
1
|
1
1
1
1
1
1

~ O
......... . . u\_ <] Q
E1g
......... ] | o o ol ®
o
<y . m_ 9
......... - - =" ) ¥ &
......... 2 |- o 8 8
n ©
......... i - s N
......... % |2
=
7]
©
......... ] ] I o ] 9
(o)
......... B R G e

7] SE :
......... P i == - ) R o —lTITE -1 3
0 m | N N o X
||||||||| W] — = L= | T }--- #,w . - I = l - O
[a] = ] < W P ©
8 220 o) €
......... S ST Ry REe
© < X =| =
......... ] | ____ o Qe 2 o] < c = . ;mlm
2 > © © #71 s
=165 = o - =| g

||||||||| R ek S O . e LN
.t s

o o

......... e (-0 -C e I (B - 8
=
......... ] _ I o I =
7]
% 7
||||||||| — _— = = ]

o)

AN\ RITEEE \
et [W ..... V ....................... >< [W ............. 2
z < <
o]

R N\ H%A
G um —_—\u ‘% WHH A R % WH

DOXD1
#3 #2
:
1
1
1
1
1
1
1
1
1
1
:
1 1
P
|
il
1
1
1
1
1
1
1
1
1
1
\
%ﬂ;(
1 1
o
T\
y !
il \
o
P
1 1
DOXD1
#3 #0 #1 #2
1
1
1

DESL
DESL

1

1
X

1 1

1 1

1 1

-
%
= Low
= don't care

1 1

1 1

VW1 =

. w T .
[a)] =
T o_| < 25129 | I e I
LHEANN N S EImE EE\
.......... e DL e S
<
)

4 -
S ‘©f---- N vy S
8¢

#3
All
0

WRAX LAL
[

x
S wf--- [ o S
o

DS
(input)
DQ
(input)
DS
(input)
DQ
(input)

BL

BL
Command
Address

Bank Add.
Command

Address
Bank Add.
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Note: DS input must be continued till end of burst count even if some of laster data is masked.
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TOSHIBA

4,BL = 4)

POWER DOWN TIMING (CL

Read cycle to Power Down Mode

n+3

n+2

n+l

M
ﬂu
g _ N
=1 T C T
~S~—% D
..... C
el J
N N\
AR B A ]
NN - . A~ NN N /—”A/ NN
A m ..... % %
E P .MU
S I N
__D U
|D.4‘ ﬂ
%; U
A - Y
I = / ™ m o
b= W P (S R o I S w---
|3 . O O S
S D 5]
.H/ S 8
A U A
- ﬂu
()
5 E 3
0 0 J3
o
> N
........................... o] g B
3 > «
I @ __
....................................... N B I
(o3 3 I L C T
(7o R 0 -
..................................... D---. [a)] . U
n|na (7] (7] o w [72] _S\ o
o = = = o = = =
= =
) D

Power Down Exit

Power Down Entry

Note: PD must be kept "High" level until end of Burst data output.

PD should be brought to "High" within tregj(max.) to maintain the data written into cell.
In Power Down Mode, PD "Low" and a stable clock signal must be maintained.

When PD is brought to "High", a valid executable command may be applied Ippa cycles later.
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TOSHIBA

4,BL = 4)

POWER DOWN TIMING (CL

Write cycle to Power Down Mode

S eSS il Sttt gttt Sttty Ittty S ittty N Y ittty RNCNCNCNCY i
? Sse < _H
+ [y it B S S i R It B e ety ‘oot S
: NS b
S L i B e L
o 3 % < _H .....
c o | w
7 3 B
L N I oo I I ot I S = i B
H_ [a] v ﬂ .....
Sa o J o)k ~ A U .....
-G ] _Mu .....
e . N
= ! ! L E il !
||||||| ~d ———— ANPRRORIPURph~ NP .~ U B PPN © NP N PPN N ———— ———— ————
/% N i S N % J /RA/ /%
w
o Nt ] o O s I I sy [ s IS O s I
— £
.......... d 5N
o 3 C
Ssoteee ] T ) B P Ly I SR Ao I
g1 £ ]
...................... -0 I
(8]
00 -——R-—mmmm— ] --- v ﬂ |||||
__ >
.......... o y I
~o et i, 2 Y _H .....
A
2 B
.......... A A ﬂ [T
© Syt ] - WV/ .............. % .....
A A
.......... = : - (-3 IS N S o N
7 5 C S 5
O - B x [a})) et SR a k-
8 2 )
.......... i=] M T T ] m ——
o
<+ St ] NY ﬂ oy . S SN o L____
A N Y a L o
[}
...................... 5 T
S C
(<0 R R PN ety U N BN oy i e, IS
™ 2} %)
.......... I I 20 u I _
= = = C_s
o
N L. 2 R o B Lo B
.......... B = T e g J —
g 9 g E; C
o N ———— S N Ny oty S S W N N Ny SRR
SN 7 g B
.......... D e et eSS ) L o - L
< o 3 L ﬂ
O -t o AUH & - (T oy M 1! B
........... =) 21 | e o | ]
@ 4 o g 03 ©3 03 g 03 o3 03
£ S e @ £ 5 S 9] = 5 £
IS ke = ~ o ~ = ~ ) ~
S < i) ~ S ~
O c [=
-] )

pt "High" level until WL+2 clock cycles from LAL command.
PD should be brought to "High" within trgrj(max.) to maintain the data written into cell.

In Power Down Mode, PD "Low" and a stable clock signal must be maintained.

When PD is brought to "High", a valid executable command may be applied Ippa cycles later.
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TOSHIBA

4,BL=2)

MODE REGISTER SET TIMING (CL

From Read operation to Mode Register Set operation.

13

12

1

10

7

3 w [ o
) ol -
>

o

N - -
1

p - -
n

R —_——— —_———

77

Valid
opcode;

A0="0"

A1="0

- i
B, ot Ny, P _— — ST = .- Q|||.
o o
C 8 8
IIIIIIIIIIIII - - == iy
Py I, - - ||m \n\.vwlll
— -
............. n [ - ) o
L +
[a) A €
............. - - -3 0
............. ] . - o__]
o
[ S -] ] - £ ]
© =
.............. S e B 5
............. w_ N o . E._. @
(%]
.............. ><< VAW oo O & e
< ~ — ~
............. bl <l < oD 0 __|
2 o) o a [a
=2 ---------MVA_;----._VAM---._VA._ .......... © - © -
c c
5 o o S R e o= S E Lo oo
5 53 § 2 ©3 ©3 § o3 oz a3
c & = c 5 =] = £ 5 5
£ b= S o ~ o o o ~ o o
o) < < c ~ =~ c ~ =~
O] o -] )

Note: Minimum delay from LAL following RDA to RDA of MRS operation is CL+BL/2.
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4)

4, BL

From Write operation to Mode Register Set operation.

MODE REGISTER SET TIMING (CL

TOSHIBA

/

)
. .:%(UAXL.A

12
)

~ vy - - [~~~
Co 8
— < c - i
a9--= =
1) _
I8 Al B
3o w
o P ol __ o __
g
|9 X

9
F‘ﬂ
A

Sﬂ

AVAVAVAVAVAVAVAVAVA

ﬂ\ (] = aJ "
N Y o S e ™ ——— e N o
> : :
e — o __
& - -
oL [ i ..U y... IR O N---.
] i (2] 5} (a]
m ©
o ooy IR CERERE] i SESES O —---= I
—
NN
g [%2]

nimum delay from LAL following WRA to RDA of MRS operation is WL+BL/2.

AVAVAVAVA

c
c
Im PR | e N N, | DR R ER I kT R m . -
nm _ Q- -
S
IIIIIIIIIIIIIIIIIII @II m R—— F —— [
......... 0 __ 0. -
(@] [a]
................... = -- T -
c c
(] o
g 22 gz gz £ 8z 8T g%
g o3 o 3 o3 o o3 o 2 lali=}
= £ 5 E = < 5 £
c c
-] )
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TOSHIBA

4,BL=2)

EXTENDED MODE REGISTER SET TIMING (CL

From Read operation to Extended Mode Register Set operation.

15

13

12

1

10

[

208

U

[

298

DESL

U

Rs¢ =7 cycles

()

, \
_AJ

<
L
>
<
=)

= =)
— ST = .- Qlll.
o o
C 8 8
T
o
©
O ---
IS
0
o__]
(@]
£ ]
c
(O] c
877 g
8 : g
< 3 =
(20 0 __|
(a) a
T e
c c
o o
€ 22 g2 gz £ 2= g3 g3
g 032 o3 a3 o o3 o 3 Q2
5z < 3 3 T = 3 3
[ [
-] -}

Minimum delay from LAL following RDA to RDA of EMRS operation is CL+BL/2.
When DQ strobe mode is changed by EMRS, QS output is invalid for Irsc period.

Note:

DLL switch in Extended Mode Register must be set to enable mode for normal operation.
DLL lock-on time is needed after initial EMRS operation. See Power Up Sequence.
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TOSHIBA

4,BL=4)

EXTENDED MODE REGISTER SET TIMING (CL

From Write operation to Extended Mode Register Set operation.

......... Z -] < ---W _/\
.|

||||||||||| . ||||||V.A||||||| = e ] u

......... shnte :

A R\/W T~ u
%% .MU
R C

B J

ki)

ST o RS ﬂU

P~ B _— ]

vl 8 R .
ﬂU
R C

UE\§\ >
.......... =) Gl g J
g g %% SN NN

x A
T > - — B J- ot e
......... ﬂU ST
IIIIIIIII _——— _———] bl e ——————— e ———— g
......... NN

- - (]

......... - D -
......... s RN Ry % | E C
......... S 3
......... W |2 | .
oy
T §- N
||||||||| m — m R e __] | ---—- @ -1
.......... v & - B
......... sll<l <]l _o_] - | D] _M

W =) o (a] [a)] u
.................................... T - .

s § % §8F 8% ¥ § 8% 8%
m m s S [ /W\ = 5 [ /W\
8 & 5 5

DQ

(input)

When DQ strobe mode is changed by EMRS, QS output is invalid for Irsc period.

Note:

DLL switch in Extended Mode Register must be set to enable mode for normal operation.
DLL lock-on time is needed after initial EMRS operation. See Power Up Sequence.

Minimum delay from LAL following WRA to RDA of EMRS operation is WL+BL/2.
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AUTO-REFRESH TIMING (CL =4, BL =4)

Unidirectional DS/QS mode
0 1 2 3 4 5 6 7 n-1 n n+1 n+2

1 1

CLK w’\ﬂ"\ﬂ'\ﬂ"\ﬂ"\ﬂ'\ i"\ﬂ"\ |F\ﬂp\ﬂF\ﬂF\i

/ i/ i/ / i/ i/ / i/ 7 / i/ i/ v
NS S03000808000008008000000
1 1
IREFC = 19 cycles i
' |

Command :>< RDA

or
DESL X WRAX REF X \\ DESL > or MRS or
WRA REF
/|/
Bank,
Bank, Address :>< UA
RAS =4 Cydles |

oS Lo /_\

(output)

N
Ing
>
S
%L P
P
NS
N
~—

cle

b3
AS
o
I
by
y 2
A
@D
A &Y
O
o
I
fuiy
y 2

~—

Low

CLi=4

/\
(omgg Hi-Z QO{I%CQMI}*‘* Hi-Z

Unidirectional DS/Free Running QS mode

= SOCOOOOOOCOOO0OCCOO0O000C

CLK

Command * RDA

\ 4

Ir¢ = 5cycles IREAC = 19 cycles

) S T € G b5

Bank, Address

1

Ir¢D =il cycle IRAS = 4 cycles Irép =i1 cycle i
< e N7 > .

1

:

§ CLi=4

A VAVAVAVAVAY u@uwpﬂuﬂ ava

mmiﬁ Hi-Z QO{IMGB‘!}_%: Hi-Z

Note: In case of CL = 4, IRerc must be meet 19 clock cycles.
When the Auto-Refresh operation is performed, the synthetic average interval of Auto-Refresh command
specified by trer must be satisfied.
tREF| is average interval time in 8 Refresh cycles that is sampled randomly.

< t N 2 e t3 7 e ts

&
» €

e UL UV ST

1 1 1

1 1 1

| | |
wWRA||REF| WRA WRA
P ' P

J .

1
1
\wra| R;EFl
o
1

=

T

>
|-

m

m

—

8 Refresh cycle

Total time of 8 Refresh cycle t1+tr+tg+tg+tg+ig+tz+tg
tREFI = =
8 8

tREF| is specified to avoid partly concentrated current of Refresh operation that is activated larger area
than Read / Write operation.
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SELF-REFRESH ENTRY TIMING

Unidirectional DS/QS mode

0 5 m-1 m m+1
CLK :I"\: :I"\ EI"\: 1~ : : : EI"\: ~A ;0 A I"T;'\';'f‘l"'(;" -
\ } K i ¥ ¥ ¥ ¥
CLK - /i [ \-/: | A A | 71 |\-/ \u.l \\_I \._j\ l\ l\ 1\ 1\ 7
lrcp =2 cycle i | IREFC. - !
— i\ (t >

Command : WI'?AX REFX | | DES"— \\ >W %

! tePDL (min) tFPDL (1 Pl
| (<mm>) oy (Tax) Auto Refresh //
Fb ! \ \ Self Refresh Entry \\ o
= oz ) 5
i < T PDIV T >
Qs _\\ P Hi-Z -
(output) | Low | f AN
DQ T\ Hi-Z l (
(output) : Qx ):) {r

Notes: 1. is don’t care.

2. PD must be brought to "Low" within the timing between tgpp (min) and teppy (Max) to Self
Refresh mode. When PD is brought to "Low" after Ippy, FCRAM perform Auto Refresh and enter
Power down mode. In case of PD fall between teppL(Mmax) and lppy, FCRAM will either entry
Self-Refresh mode or Power down mode after Auto-Refresh operation. It can’t be specified which
mode FCRAM operates.

3. Itis desirable that clock input is continued at least Ickp from REF command even though PD is
brought to “Low” for Self-Refresh Entry.

SELF-REFRESH EXIT TIMING

Unidirectional DS/QS mode

0
1 1
A A A
CLK 1 -4 _ i\
1

~
>
r
S ——
<
1
.
>
~
=
1
A
>
r
il ————
R
S ——
<
1
-
r”
~
o=
1
~ A
r”
S
1
xS ope
b
-
r”
il ——
1
-
r

N
w
3

I

N
3
3

SR
=
3
+
N
3

-5

= | et P | i i -

i e P e ! | Command (1st) i - i

BT e e B e e e A/ Comprand (zn)®,_|

1 1 1 1 1 * *
Command W { DESL° XWRA XREF DESL\ ( /X /XEDWDA XA’
T T | N
Ippa = 2£ycles IRCD 1 cycle i  IrRcp = 1cycle |
. ()()_i_(}() ; (’.(’ (’.(’
PD | | | |
1 1 1 1
tppEX ! i i '
< | ; ; |
Al ' lLock } R
. =Y ] L 1 1 1 1 1 1 7 L 1 I I 1
w Y 7

(output) Low
" T
1 1 1
1 1 1
DQ Hi-Z (e g 4
(Output) )()_!_()) )I) )I)

Self-Refresh Exit

Notes: 1. P is don't care.

Clock should be stable priorto PD = “High” if clock input is suspended in Self-Refresh mode.
DESL command must be asserted during IRggc after PD is brought to “High”.

Ippa is defined from the first clock rising edge after PD is brought to “High”.

It is desirable that one Auto-Refresh command is issued just after Self-Refresh Exit before any
other operation.

Any command (except Read command) can be issued after IRgrc.

7. Read command (RDA + LAL) can be issued after I ock-

o wn

o
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SELF-REFRESH ENTRY TIMING

Unidirectional DS/Free Running Qs mode

0 -1 m m+1
CLK Ry :"\ :"\: : : : : :"\ "\/_\"\/_\"\/_\"T"'\"'f""("' -
i/ i/ U U i/ i/ i/ { }! }! }!
_ A 4 N )\ \ i\ \ )\ OO (U Y
CLK -/ T s \_I: | Ji T s | Ji |\-/ - -/ -/ L L L L l:
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Notes: 1. is don’t care.

2. PD must be brought to "Low" within the timing between tgpp (min) and teppy (Max) to Self
Refresh mode. When PD is brought to "Low" after Ippy, FCRAM perform Auto Refresh and enter
Power down mode. In case of PD fall between teppL(Mmax) and lppy, FCRAM will either entry
Self-Refresh mode or Power down mode after Auto-Refresh operation. It can’t be specified which
mode FCRAM operates.

3. Itis desirable that clock input is continued at least Ickp from REF command even though PD is
brought to “Low” for Self-Refresh Entry.

SELF-REFRESH EXIT TIMING

Unidirectional DS/Free Running QS mode
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Self-Refresh Exit

Notes: 1. EEE is don't care.

2. Clock should be stable prior to PD = “High” if clock input is suspended in Self-Refresh mode.
3. DESL command must be asserted during Irgrc after PD is brought to “High”.

4. lppa is defined from the first clock rising edge after PD is brought to “High”.

5. ltis desirable that one Auto-Refresh command is issued just after Self-Refresh Exit before any
other operation.

Any command (except Read command) can be issued after IRgrc.

Read command (RDA + LAL) can be issued after I ock.

8. QS output is invalid until DLL lock from Self-Refresh exit.

No
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FUNCTIONAL DESCRIPTION

TC59LM818DMGI-40

DDR—FCRAMTNI

The DDR FCRAMTM is an acronym of Double Data Rate Fast Cycle Random Access Memory.
The DDR FCRAMTM is competent to perform fast random core access, low latency and high-speed data transfer.

PIN FUNCTIONS
CLOCK INPUTS: CLK & CLK

The CLK and CLK inputs are used as the reference for synchronous operation. CLK is master clock input. The
CS, FN and all address input signals are sampled on the crossing of the positive edge of CLK and the negative
edge of CLK. The QS and DQ output data are aligned to the crossing point of CLK and CLK. The timing
reference point for the differential clock is when the CLK and CLK signals cross during a transition.

POWER DOWN: PD

The PD input controls the entry to the Power Down or Self-Refresh modes. The PD input does not have a Clock
Suspend function like a CKE input of a standard SDRAMSs, therefore it is illegal to bring PD pin into low state if
any Read or Write operation is being performed.

CHIP SELECT & FUNCTION CONTROL: CS & FN

The CS and FN inputs are a control signal for forming the operation commands on FC&AMTM. Each operation
mode is decided by the combination of the two consecutive operation commands using the CS and FN inputs.

BANK ADDRESSES: BAO & BA1

The BAO and BAL inputs are latched at the time of assertion of the RDA or WRA command and are selected the
bank to be used for the operation. BAO and BAL1 also define which mode register is loaded during the Mode Register
Set command (MRS or EMRS).

BAO BA1
Bank #0 0 0
Bank #1 1 0
Bank #2 0 1
Bank #3 1 1

ADDRESS INPUTS: A0O~A14

Address inputs are used to access the arbitrary address of the memory cell array within each bank. The Upper
Addresses with Bank addresses are latched at the RDA or WRA command and the Lower Addresses are latched at
the LAL command. The A0 to Al4 inputs are also used for setting the data in the Regular or Extended Mode
Register set cycle.

UPPER ADDRESS

LOWER ADDRESS

TC59LM818DMGI

AO~A14

AO~AG6
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DATA INPUT/OUTPUT: DQO~DQ17

The input data of DQO to DQ17 are taken in synchronizing with the both edges of DS input signal. The output
data of DQO to DQ17 are outputted synchronizing with the both edges of QS output signal.

DATA STROBE: DS, QS

Method of data strobe is chosen by Extended mode register.
(1) Unidirectional DS/ QS mode
DS is input signal and QS is output signal. Both edges of DS are used to sample all DQs at Write
operation. Both edges of QS are used for trigger signal of all DQs at Read operation. During Write,
Auto-Refresh and NOP cycle, QS assert always “Low” level. QS is Hi-Z in Self-Refresh mode.
(2) Unidirectional DS / Free running QS mode
DS is input signal and QS is output signal. Both edge of DS are used to sample all DQs at Write
operation. Both edges of QS are used for trigger signal of all DQs at Read operation. QS assert always
toggle signal except Self-Refresh mode. This strobe type is easy to use for pin to pin connect application.

POWER SUPPLY: VDD, VDDQ, Vss, VssQ

VDD and Vss are power supply pins for memory core and peripheral circuits.
VDDQ and Vssq are power supply pins for the output buffer.

REFERENCE VOLTAGE: VREF

VREF is reference voltage for all input signals.
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COMMAND FUNCTIONS and OPERATIONS

TC59LM818DMGI are introduced the two consecutive command input method. Therefore, except for Power Down
mode, each operation mode decided by the combination of the first command and the second command from
stand-by states of the bank to be accessed.

Read Operation (1st command + 2nd command = RDA + LAL)

Issuing the RDA command with Bank Addresses and Upper Addresses to the idle bank puts the bank designated
by Bank Address in a read mode. When the LAL command with Lower Addresses is issued at the next clock of the
RDA command, the data is read out sequentially synchronizing with the both edges of QS output signal (Burst
Read Operation). The initial valid read data appears after CAS latency from the issuing of the LAL command.
The valid data is outputted for a burst length. The CAS latency, the burst length of read data and the burst type
must be set in the Mode Register beforehand. The read operated bank goes back automatically to the idle state
after Irc.

Write Operation (1st command + 2nd command = WRA + LAL)

Issuing the WRA command with Bank Addresses and Upper Addresses to the idle bank puts the bank designated
by Bank Address in a write mode. When the LAL command with Lower Addresses is issued at the next clock of the
WRA command, the input data is latched sequentially synchronizing with the both edges of DS input signal (Burst
Write Operation). The data and DS inputs have to be asserted in keeping with clock input after CAS latency-1
from the issuing of the LAL command. The DS has to be provided for a burst length. The CAS latency and the
burst type must be set in the Mode Register beforehand. The write operated bank goes back automatically to the
idle state after IRc. Write Burst Length is controlled by VW0 and VW1 inputs with LAL command. See VW truth

table.

Auto-Refresh Operation (1st command + 2nd command = WRA + REF)

TC59LM818DMGI are required to refresh like a standard SDRAM. The Auto-Refresh operation is begun with the
REF command following to the WRA command. The Auto-Refresh mode can be effective only when all banks are in
the idle state and all outputs are in Hi-Z states. In a point to notice, the write mode started with the WRA
command is canceled by the REF command having gone into the next clock of the WRA command instead of the
LAL command. The minimum period between the Auto-Refresh command and the next command is specified by
IREFC. However, about a synthetic average interval of Auto-Refresh command, it must be careful. In case of equally
distributed refresh, Auto-Refresh command has to be issued within once for every 1.0 pys by the maximum. In case
of burst refresh or random distributed refresh, the average interval of eight consecutive Auto-Refresh commands
has to be more than 400 ns always. In other words, the number of Auto-Refresh cycles that can be performed within
3.2 ps (8 x 400 ns) is to 8 times in the maximum.

Self-Refresh Operation (1st command + 2nd command = WRA + REF with PD = “L")

In case of Self-Refresh operation, refresh operation can be performed automatically by using an internal timer.
When all banks are in the idle state and all outputs are in Hi-Z states, the TC59LM818DMGI become Self-Refresh
mode by issuing the Self-Refresh command. PD has to be brought to “Low” within tFrppL from the REF command
following to the WRA command for a Self-Refresh mode entry. In order to satisfy the refresh period, the
Self-Refresh entry command should be asserted within 1.0 ps after the latest Auto-Refresh command. Once the
device enters Self-Refresh mode, the DESL command must be continued for IREFC period. In addition, it is
desirable that clock input is kept in IckD period. The device is in Self-Refresh mode as long as PD held “Low”.
During Self-Refresh mode, all input and output buffers are disabled except for PD, therefore the power dissipation
lowers. Regarding a Self-Refresh mode exit, PD has to be changed over from “Low” to “High” along with the DESL
command, and the DESL command has to be continuously issued in the number of clocks specified by IREFc. The
Self-Refresh exit function is asynchronous operation. It is required that one Auto-Refresh command is issued to

avoid the violation of the refresh period just after IREFC from Self-Refresh exit.

Power Down Mode (ﬁ =“L")

When all banks are in the idle state and DQ outputs are in Hi-Z states, the TC59LM818DMGI become Power
Down Mode by asserting PD is “Low”. When the device enters the Power Down Mode, all input and output buffers
are disabled after specified time except for PD, CLK, CLK and QS. Therefore, the power dissipation lowers. To
exit the Power Down Mode, PD has to be brought to “High” and the DESL command has to be issued for IppA
cycle after PD goes high. The Power Down exit function is asynchronous operation.
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Mode Register Set (1st command + 2nd command = RDA + MRS)

When all banks are in the idle state, issuing the MRS command following to the RDA command can program the
Mode Register. In a point to notice, the read mode started with the RDA command is canceled by the MRS
command having gone into the next clock of the RDA command instead of the LAL command. The data to be set in
the Mode Register is transferred using A0 to A14, BAO and BA1 address inputs. The TC59LM818DMGI have two
mode registers. These are Regular and Extended Mode Register. The Regular or Extended Mode Register is chosen
by BAO and BAL in the MRS command. The Regular Mode Register designates the operation mode for a read or
write cycle. The Regular Mode Register has four function fields.

The four fields are as follows:
(R-1) Burst Length field to set the length of burst data
(R-2) Burst Type field to designate the lower address access sequence in a burst cycle
(R-3) CAS Latency field to set the access time in clock cycle
(R-4) Test Mode field to use for supplier only.

The Extended Mode Register has three function fields.
The three fields are as follows:
(E-1) DLL Switch field to choose either DLL enable or DLL disable
(E-2) Output Driver Impedance Control field.
(E-3) Data Strobe Select

Once those fields in the Mode Register are set up, the register contents are maintained until the Mode Register is
set up again by another MRS command or power supply is lost. The initial value of the Regular or Extended Mode
Register after power-up is undefined, therefore the Mode Register Set command must be issued before proper
operation.

* Regular Mode Register/Extended Mode Register change bits (BAO, BA1)
These bits are used to choose either Regular MRS or Extended MRS

BA1 BAO A14~A0
0 0 Regular MRS Cycle
1 Extended MRS Cycle

1 X Reserved

Reqular Mode Reqister Fields

(R-1) Burst Length field (A2 to AO)
This field specifies the data length for column access using the A2 to AO pins and sets the Burst Length
to be 2 or 4 words.

A2 A1 A0 BURST LENGTH
0 0 0 Reserved
0 1 2 words
0 1 0 4 words
0 1 1 Reserved
1 x x Reserved

(R-2) Burst Type field (A3)
The Burst Type can be chosen Interleave mode or Sequential mode. When the A3 bit is “0”, Sequential
mode is selected. When the A3 bit is “1”, Interleave mode is selected. Both burst types support burst
length of 2 and 4 words.

A3 BURST TYPE
0 Sequential
1 Interleave
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» Addressing sequence of Sequential mode (A3)

A column access is started from the inputted lower address and is performed by incrementing the lower
address input to the device.

CAS Latency =4 (Free Running QS mode)
CLK

CLK

A A
Command
0Q

Addressing sequence for Sequential mode

TN TN

DATA ACCESS ADDRESS BURST LENGTH
Data 0 N } 2 words (address bits is LAO)
Data 1 n+1 not carried from LAO~LA1

4 words (address bits is LA1, LAQ)
Data 2 nt+2 not carried from LAT~LA2
Data 3 n+3

* Addressing sequence of Interleave mode
A column access is started from the inputted lower address and is performed by interleaving the address bits
in the sequence shown as the following.

Addressing sequence for Interleave mode

DATA ACCESS ADDRESS BURST LENGTH
Data0 |--A8 A7 A6 A5 A4 A3 A2 Al A0 }2words
Datal |--A8 A7 A6 A5 A4 A3 A2 A1 A0

Data2 |--A8 A7 A6 A5 A4 A3 A2 Al A0 4 words
Data3 |[--A8 A7 A6 A5 A4 A3 A2 Al A0

(R-3) CAS Latency field (A6 to Ad)
This field specifies the number of clock cycles from the assertion of the LAL command following the RDA
command to the first data read. The minimum value of CAS Latency depends on the frequency of CLK.
In a write mode, the place of clock that should input write data is CAS Latency cycles - 1.

A6 A5 A4 CAS LATENCY
0 0 0 Reserved
0 0 1 Reserved
0 1 0 Reserved
0 1 1 Reserved
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 Reserved

(R-4) Test Mode field (A7)
This bit is used to enter Test Mode for supplier only and must be set to “0” for normal operation.
(R-5) Reserved field in the Regular Mode Register
* Reserved bits (A8 to A14)
These bits are reserved for future operations. They must be set to “0” for normal operation.
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Extended Mode Reqister fields

(E-1) DLL Switch field (AO)
This bit is used to enable DLL. When the AO bit is set “0”, DLL is enabled. This bit must be set to “0” for

normal operation.

(E-2) Output Driver Impedance Control field (Al to A4)
This field is used to choose Output Driver Strength. Three types of Driver Strength are supported.
QS and DQ Driver Strength can be chosen separately. A2-Al specified the DQ Driver Strength. A4-A3

specified the QS Driver Strength.

QS DQ
OUTPUT DRIVER IMPEDANCE CONTROL
A4 A3 A2 A1
0 0 0 0 Normal Output Driver
0 1 0 1 Strong Output Driver
1 0 1 0 Weak Output Driver
1 1 1 1 Reserved

(E-3) Strobe Select (A6 / A5)

Two types of data strobe are supported. This field is used to choose the type of data strobe.

Q) Unidirectional DS/QS mode
Data strobe is separated DS for write strobe and QS for read strobe.

DS is used to sample write data at write operation. QS is aligned with read data at Read operation.

2) Unidirectional DS/Free running QS mode

Data strobe is separated DS for write strobe and QS for read strobe.
DS is used to sample write data at write operation. QS is aligned with read data and always

clocking.

A6 A5 STROBE SELECT
0 0 Reserved

0 1 Reserved

1 0 Unidirectional DS/QS mode

Unidirectional DS/Free running QS mode

(E-4) Reserved field (A7 to Al14)

These bits are reserved for future operations and must be set to “0” for normal operation.
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RESTRICTIONS ON PRODUCT USE

000707EBA

« TOSHIBA is continually working to improve the quality and 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 comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of
such TOSHIBA products 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 TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc..

e The TOSHIBA products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or
bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer’s own risk.

e The products described in this document are subject to the foreign exchange and foreign trade laws.

e 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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