TOSHIBA - TC59LM814/06BFT-22,-24,-30

TENTATIVE TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT SILICON MONOLITHIC

4,194,304-WORDS X4BANKS X 16-BITS DOUBLE DATA RATE FAST CYCLE RAM
8,388,608-WORDS X4BANKSX8-BITS DOUBLE DATA RATE FAST CYCLE RAM
DESCRIPTION

TC59LM814/06BFT are a CMOS Double Data Rate Fast Cycle Random Access Memory (DDR
FCRAM) containing 268,435,456 memory cells. TC59LM814BFT is organized as 4,194,304-wordsX 4
banks X 16 bits, TC59LM806BFT is organized as 8,388,608 wordsX 4 banks X 8 bits. TC59LM814/06BFT
feature a fully synchronous operation referenced to clock edge whereby all operations are synchoronized
at a clock input which enables high performance and simple user interface coexistence.
TC59LM814/06BFT can operate fast core cycle using the FCRAM core architecture compared with
regular DDR SDRAM. TC59LM814/06BFT is suitable for Servers, Network and other applications
where large memory density and low power consumption are required. The Output Driver for FCRAM
is capable of high quality fast data transfer under light loading conditions.

FEATURES

TEM — TC59L—M2T 4/06 —

tck  Clock Cycle Time (Min.) CL=2 7.5ns 8ns 10 ns
CL=3 6.5ns 7ns 7.5ns

trce Random Read/Write Cycle Time (Min.) 30ns 32ns 40 ns
trac Random Access Time (Max.) 22.5ns 24ns 30ns
Ibp1s Operating Current (Single bank) (Max.) 170 mA 165 mA 150 mA
lppzp Power Down Current (Max.) 2mA 2mA 2 mA
lppe Self - Refresh Current (Max.) 3mA 3mA 3mA

e Fully Synchronous Operation
- Double Data Rate (DDR)
Data input/output are synchronized with both edges of DQS.
- Differential Clock (CLK and CLK) inputs
LS, FN and all address input signals are sampled on the positive edge of CLK.
Output data (DQs and DQS) is referenced to the crossings of CLK and CLK.

e Fast clock cycle time of 6.5ns minimum Clock : 154MHz maximum
Data : 308Mbps/pin maximum
¢ Quad Independent Banks operation o Fast cycle and Short latency
e Bidirectional Data Strobe Signal o Distributed Auto-Refresh cycle in 7.8s
o Self-Refresh ¢ Power Down Mode
e Variable Write Length Control e Write Latency = CAS Latency -1

¢ Programmable CAS Latency and Burst Length
- CAS Latency = 2, 3
« Burst Length = 2, 4

e Organization TC59LM814BFT : 4,194,304 words X 4 banks X 16 bits
TC59LMS806BFT : 8,388,608 words X 4 banks X 8 bits

o Power supply voltage vdd : 25V+0.2V
vddQ : 2.5VE0.2V

Notice : FCRAM is a trademark of Fujitsu Limited, Japan.

000707EBA2

@ TOSHIBA is continually working to improve the qualigl 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..

@ 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
usadge 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.

@ The products described in this document are subject to the foreign exchange and foreign trade 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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TOSHIBA TC59LM814/06BFT-22,-24,-30

PIN NAMES PIN ASSIGNMENT (TOP VIEW)
Pin Name TC59LM814BFT
A0 to A4 Address Input I—_ TC59LMBO6BFT —| l
BAO, BA1 Bank Address vdd vdd OJ1 ~ 66 1 Vss Vs
DQO to DQ7 (X8) |Data Input/Output pgo bqo G2 65 DQ7  DQ15
vddQ vddq O3 64 vesQ  VssQ
DQO to DQ15 (X16 pQ1 N2 Oa 63 N2 DQisa
[ Chip Select DQ2 DQ! E 5 62 g DQ6 DQ13
- VssQ  VssQ 6 61 VddQ vddQ
F_N- Function Control pQ3 Nc2 07 60 N2 DQ12
PD Power Down Control DQ4 DQ2 E 8 L oomil wid h- 59 g DQ5 DQl1
e . vddQ vddQ 09 mil width sg 1 vQ VesQ
;LQKS, ((:Z(Lal()) Clock input bQ5 NG E 10 875mil Length o7 g N DO10
. pes D@3 11 s6 1 pQa DQ9
UDQSLDQS (X16) Write/Read Data Strobe VssQ  VssQ E 12 55 % vddQ VvddQ
DQ7 N K13 gepin 1sopn 54H NC2 DQs
vdd Power (+2.5V) Net Nt e O s3sd NC' N
Vs Ground vddQ vddQ E15 szg VssQ  VssQ
oQs Nz K1s 51 pQs uDQs
vddQ Power (+2.5V) NCT NG 17 sod NC!' NC!
(for VO buffer) vdd vdd 18 49 Ve Veer
VesQ Ground Nt Nct B9 a8 vgs Vs
(for /O buffer) N N2 D20 gesmm  47H N2 NG
Al1d A1a B21  eaq piten 46 TIK TK
VRer Reference voltage A3 a3 g2z sl axk  cak
NC1, NC2 No Connection N N Oo2s 440 PO PD
(& cs Oaa a3 Nct NC?
Nt N s 20 a2 a2
Ba0 BA0 LJ26 ar[ld a1 An
BA1 BA1 27 afd A9 A9
A0 A10 []28 39[] A8 A8
A0 A0 []a9 38 A7 A7
At A1 O30 3700 A6 A6
A2 A2 31 36 A5 A5
A3 A3 [32 350 A4 A4
vdd vdd []33 340 Vss Vss
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TOSHIBA TC59LM814/06BFT-22,-24,-30

BLOCK DIAGRAM

ak — 5
CLK —= CLOCK To each block
o5 —=| BUFFER
! I [ T BANK #3
€5 —™COMMAND| CONTROL I l BANK 73
DECODER SIGNAL T 5w F
N —>] GENERATOR T
-——i BANK #0 '\i
——J|> & <
- -
< _—
MODE § MEMORY 1 = T2
REGISTER e < < c o
ADto Al4 !:D o CELL x
ADDRESS 3 ARRAY - L5
& L]
BAO,BA1 |:> BUFFER UPPER ADDRESS | &
LATCH — | z
| L)
LOWER ADDRES ~] coLumn pecoDER
VAN LATCH : ‘
WRITE ADDRESS READ WRITE
REFRESH LAICH! DATA DATA
COUNTER ADDRESS > BUFRER AT
COMPARATOR : :
BURST
COUNTER
DQS <« DQ BUFFER
DQOto PQn

NOTE : The TC59LMB06BFT configuration is 32768X256X8 of cell array with the DQ pins numbered DQO-7.
The TC59LMB14BFT configuration is 3276812816 of cell array with the DQ pins numbered DQO-15.
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TOSHIBA

TC59LM814/06BFT-22,-24,-30

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNITS NOTES
Vine Vout input, Output Voltage -0.3tovddQ +0.3 Y
Vdd, vddQ Power Supply Voltage -03to36 "
VREF Input Reference Voltage -0.3to36 \Y
Torr Qperating Temperature 0to70 °C
Tstg Storage Temperature -55t0 150 °C
TsOLDER Saldering Temperature(10s) 260 °C
Po Power Dissipation 1 W
lout Short Circuit Qutput Current +50 mA
Caution: Conditions outside the limits listed under "ABSOLUTE MAXIMUM RATINGS” may cause

RECOMMENDED DC, AC OPERATING CONDITIONS (Notes: 1)

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.

(Ta = 0to 70°C)

SYMBOL PARAMETER MIN TYP MAX UNIT | NOTES

Vdd Power Supply Voltage 2.3 25 2.7 \Y

vddQ | Power Supply Voltage (for /O Buffer) 23 Vdd vdd v

VREF Input Reference Voltage VddQ/2*96%{ vddQ/2 |vddQ/2*104%| V 2
Viy (DC) | Input DC High Voltage Veep+0.2 - vddQ +0.2 \ 5
v, (DC) | Input DE Low Valtage -0.1 - Vaer - 0.2 v 5
Vick (DC) | Differential Clock DC Input Voltage -0.1 - vddQ +0.1 \ 10
Vip (DC) | Input Differential Voltage. CLK and CLK inputs (DC) 04 - VddQ +0.2 v 7,10
Viy (AC) | Input AC High Vaoltage Vgep + 0,35 - vddQ +0.2 v 3,6
Vi (AQ) | Input AC Low Voltage -0.1 - VRep - 0.35 v 4,6
Vp (AC) | Input Differential Voltage. CLK and CLK inputs (AC) 0.7 — vddQ + 0.2 \ 7.10
Vx (AC) | Differential AC Input Cross Point Voltage VddQ/2-0.2 - VddQ/2 +0.2 v 8,10
Visg (AC) | Differential Clock AC Middle Level vddQ/2-0.2 - VddQ/2 +0.2 Y 9,10
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TOSHIBA TC59LM814/06BFT-22,-24,-30

Notes: 1. All voltages are referenced to Vss, VssQ.

2. Vggr is expected to track variations in VddQ DC level of the transmitting device.
Peak to peak AC noise on Vrer may not exceed 2% of Vper (DQ).

Overshoot limit : Vg (max.) = vddQ + 0.9V with a pulse width = 5ns
Undershoot limit : Vi {min.) = -0.9V with a pulse width = 5ns
ViH(DC} and V| (DC} are levels to maintain the current logic state.

ViH{AC) and V| (AC} are levels to change to the new logic state.

Moo o w oA W

V|p is magnitude of the difference between CLK input level and CLK input level.
The value of Vx{AC) is expected to equal Vdd(Q/2 of the transmitting device.

8
9. Viso means { Vick(CLK) + Vick(CLE) } /2.
0

Refer to the figure below.

EID(AC)

| V|D(AC)‘

0V Differential

Viso 4————‘“—"" ‘ —-_._

e e e A b —————_——_——— e

11. In the case of external termination, VTT(Termination Voltage) should be gone in the
range of Vrer(DC)10.04V.

PIN CAPACITANCE (vdd,vddQ=2.5V , f=1MHz , Ta=25°C)

SYMBOL PARAMETER MIN MAX UNIT
Cin Input Pin Capacitance 25 40 pF
Cine Clock Pin (CLK, CLK) Capacitance 25 4.0 pF
C o 1/0 Pin (DQ, DQS) Capacitance 40 6.0 pF
Cnc! NC! Pin Capacitance - 1.5 pF
Cne? NC2Z Pin Capacitance 4.0 6.0 pF

Note: These parametersare periodically sampled and not 100% tested.
The NC2 pins have additional capacitance for adjustment of the adjacent pin capacitance.
The NC2 pins have Power and Ground clamp.
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TOSHIBA

TC59LM814/06BFT-22,-24,-30

RECOMMENDED DC OPERATING CONDITIONS (Vdd, vddQ =2.5v+0.2V, Ta = 0~ 70°C)

ITEM

SYMBOL

MAX.

--22

—24

—30

UNIT

NOTES

OPERATING CURRENT

tck =min, lpc=min

Read/Write command cycling

0V & ViN = Vipiag (max.), Vigag (Min) = Viy = vddQ
1 bank operation, Burst Length =4

Address change up to 2 times during minimum Igc.

Ipois

170

165

150

1,2

STANDBY CURRENT

tck =min , CS=Viy, PD=V)y,

v = VIN = VIL(AC) (max.), VIH(AC) (mln) = V|N = VddQ
All Banks : inactive state

Other input signals are changed one time during 4 teg.

Ibpan

45

40

35

mA

STANDBY (POWER DOWN) CURRENT
tc=min , C5=Vyy , PD=V) (Power Down)
OV = Viy = vVddQ

All Banks : inactive state

Ipp2p

AUTO-REFRESH CURRENT

tek =min , lpgrc=min, tper=min

Auto-Refresh command cycling

VIVNS Viyao {max.), ViH{ac) {min.) = V|y = VddQ
Address change up to 2 times during minimum lgggc.

Ipps

65

60

55

SELF-REFRESH CURRENT
Self-Refresh mode
PD=0.2V , OV = Viy = VddQ

Ipps

ITEM

SYMBOL

UNITS

NOTES

INPUT LEAKAGE CURRENT
{OVZViy=vddQ, All other pins not under test=0V)

It

HA

QUTPUT LEAKAGE CURRENT
{ Qutput disabled, OVaVgyr=vddQ)

ho

HA

Vree CURRENT

Inef

HA

OUTPUT SOCURCE DC CURRENT
Von = VddQ - 0.4V

lon{DC)

mA

Qutput Driver
OUTPUT SINK DC CURRENT

VoL = 0.4V

Iot (DQ)

mA

Notes: 1. These parameters depend on the cycle rate and these values are measured at a cycle
rate with the minimum values of tck, tre 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.
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TOSHIBA

TC59LM814/06BFT-22,-24,-30

AC CHARACTERISTICS AND OPERATING CONDITIONS (Notes: 1, 2)

SB:)T PARAMETER MIN. _ZZMAX. MIN. _24MAX. MIN. _SOMAX. UNITS INOTES
tre Random Cycle Time 30 - 32 — 40 - 3
tex Clock Cycle Time CL=2 7.5 10 8 10 10 10.5 3

CL=3 6.5 10 7 10 7.5 10 3
trac |Random Access Time - 225 - 24 - 30 3
tcH Clock High Time 0.45*tCK - 0.45*tCK - 0.45*CK — 3
teL Clock Low Time 0.45*tCK - 0.45*tCK — 0.45*tCK - 3
tckgs |DQS Access Time from CLK -0.85 0.85 -0.9 0.9 -1 1 3,9
tqsq |Data Output Skew from DQS -0.52 0.52 -0.56 0.56 -0.64 0.64 4
tac Data Access Time from CLK -0.85 0.85 -0.9 0.9 -1 1 3,9
toH Data Output Hold Time from CLK -0.85 0.85 -0.9 0.9 -1 1 3,9
tospre |DQS(Read) Preamble Pulse Width 0.9*CK-0.2|1.1*CK +0.2] 0.9*tCK-0.2{1.1*tCK + 0.2 0.9*tCK-0.2|1.1*tCK +0.2 3
tgsp  |DQS(Read) Pulse Width 0.4*CK-0.2 - 0.4*tCK-0.2 - 0.4*tCK-0.2 - 4
tosqv |Data Output Valid Time from DQS 0.4*tCK-0.4 - 0.4*tCK-0.4 - 0.4*CK-0.4 - 4
tpgss |DQS(Write) Low to High Setup Time 0.75*CK | 1.25%tCK | 0.75%CK | 1.25*tCK | 0.75%CK | 1.25*tCK 3
tospre |DQS(Write) Preamble Pulse Width 0.4%tCK — 0.4*tCK - 0.4*CK - 4
tpspres |DQS First Input Setup Time 0 — 0 - 0 - 3
tpspren| PQS First Low Input Hold Time 0.25*tCK - 0.25*tCK - 0.25%CK - ns 3
tpsp  {DQS High or Low Input Pulse Width 0.45*tCK | 0.55*tCK | 0.45%tCK | 0.55*tCK | 0.45%CK | 0.55*tCK 4
toss DQS Input Falling Edge to Clock Setup Time | CL=2 1.5 — 1.6 - 2 — 3,4
CL=3 1.5 - 1.5 - 1.6 - 3.4
tpspst |DQS (Write) Postamble Pulse Width 0.45*tCK — 0.45*tCK - 0.45*tCK - 4
tospsTH DQS (Write) Postamble Hold Time CL=2 1.5 — 1.6 — 2 - 3,4
CL=3 1.5 - 1.5 - 1.6 - 3.4
tpssk  |UDQS -LDQS Skew (x16) -0.25*tCK | 0.25*tCK | -0.25*tCK | 0.25*tCK | -0.25%CK | 0.25*tCK
tps Data Input Setup Time from DQS 0.6 - 0.6 - 0.8 -
tbH Data Input Hold Time from DQS 0.6 — 0.6 — 0.8 -
toipw |Data Input Puise Width (for each device) 1.9 - 1.9 - 23 -
tis Command / Address Input Setup Time 1 - 1.2 - 1.6 — 3
tiH Command / Address Input Hold Time 1 - 1.2 - 1.6 - 3
tow (CfZTren:cT,d ‘; :I?ger)ess Input Pulse Width 22 _ 26 _ 34 _
tiz Data-out Low Impedance Time from CLK -0.85 - -0.9 — -1 - 3,6,9
thz Data-out High Impedance Time from CLK - 0.85 - 0.9 - 1 3,79
tosiz  |DQS-out Low Impedance Time from CLK -0.85 — -0.9 - -1 - 3,6,9
tosuz |DQS-out High Impedance Time from CLK -0.85 0.85 -0.9 0.9 -1 1 3,79
tqppH |Last Output to PD High Hold Time (/] - 0 - 0 -
tppex |Power Down Exit Time 2 - 2 - 3 - 3
tr Input Transition Time 0.2 1 0.2 1 0.2 1
teppr  |PD Low Input Window for Self-Refresh Entry -0.5%tck 10 -0.5%tck 10 -0.5*tck 10 3
trepr |Auto-Refresh Average Interval 0.4 7.8 0.4 7.8 0.4 7.8 us 5
tpause |Pause Time after Power-up 200 - 200 - 200 —
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TOSHIBA

TC59LM814/06BFT-22,-24,-30

AC CHARACTERISTICS AND OPERATING CONDITIONS (Notes: 1, 2) (Continued)

SYM —22 —24 —30
PARAMETER UNITS|NOTES
BOL MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
| Random Read/Write Cycle Time CL=2 4 — 4 - 4 —
Re (Applicable to Same Bank) CL=3 5 bt 5 - 5 -
RDA/WRA to LAL Command Input Delay
Irco 1 1 1 1 1 1
(Applicable to Same Bank)
| LAL to RDA/WRA Command Input Delay | CL=2 3 - 3 - 3 -
RAS (Applicable to Same Bank) CL=3 4 - 4 - 4 -
Random Bank Access Delay
Irep : 2 - 2 - 2 -
(Applicable to Other Bank)
LAL following RDA to WRA Delay BL=2 2 - 2 - 2 -
lrwp . cycle
(Applicable to Other Bank) BL=4 3 - 3 - 3 -
LAL following WRA to RDA Delay
lwrD A 1 - 1 - 1 e
(Applicable to Other Bank)
| Mode Register Set Cycle Time CL=2 4 - 4 - 4 - 8
RsC cL=3 5 - 5 - 5 - 8
Ipp PD Low to Inactive State of Input Buffer - 1 - 1 - 1
lppa |PD High to Active State of Input Buffer - 1 - 1 - 1
| Auto-Refresh Cycle Time CL=2 12 — 12 — 12 —
REFC cL=3 15 - 15 - 15 -
lexo REF Command to Clock Input Disable 16 _ 16 _ 16 _
at Self-Refresh entry
| DLL Lock-on Time tck = 8ns 200 - 200 - 200 —
Lock (Applicable to RDA command) tex = 10.5ns 300 - 300 - 300 -
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TOSHIBA

TC59LM814/06BFT-22,-24,-30

AC TEST CONDITIONS

SYMBOL PARAMETER VALUE UNITS NOTES
VIH (min) Input high voltage (minimum) Vgep+0.35 Y
ViL(max) Input low voltage (maximum) VReg - 0.35 Vv
VREF Input reference voltage vddQ/2 \'
\2s Termination voltage VREfF \'
VswiING Input signal peak to peak swing 1.0 \
Vr Differential clock input reference level VX (AQ) Y
Vip (AQ) Input differential voltage 1.5 \Y
SLEW Input signal minimum slew rate 1.0 Vins
Vorr Qutput timing measurement reference voltage VddQ/2 \'
vddQ VTT
. Rr=50Q
Vi min(AG) Measurement Point
| | =+
Output O:ﬁ@i—; * |_i>
ViL max(Ac) l
CL=30pF VREF
7

AC TEST LOAD

SLEW = (ViHmin (AC) - ViLmax (AC) )/ AT

Notes:

1.

o ©® N o

Transition times are measured between Viy min(pc) and ViL max(Dc)-
Transition (rise and fall) of input signals have a fixed slope.

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., tpQss =0.75*tck, tck =6.5ns, 0.75%6.5ns = 4.875ns is rounded up to 4.9ns.)

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

These parameters are measured from signal transition point of DQS crossing Vger level.

The treri(max,) applies to equally distributed refresh method.

The treri(viN.) 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 400ns always. In other words, the number of Auto-Refresh cycles which
can be performed within 3.2us (8 X 400ns) is to 8 times in the maximum.

Low Impedance State is specified at VddQ/2+0.2V from steady state.
High Impedance State is specified where output buffer is no longer driven.
When Power-up Sequence is performed, the Igsc should be set 5 clock cycles.

These parameters depend on the clock jitter. These parameters are measured at stable
clock.
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TOSHIBA TC59LM814/06BFT-22,-24,-30

POWER UP SEQUENCE

1.

A

®

10.
11
12.
13.

14
15
16
17

As for PD, being maintained by the low state (= 0.2V ) is desirable before a power-supply
injection.

Apply Vdd before or at the same time as Vdd@q.

Apply V4dQ before or at the same time as VREF.

Start clock (CLK, CLK) and maintain stable condition for 200us (min.).
After stable power and clock, apply DESL and take PD = H.

C8=H with either or both BA=L, and along with either A8=L or A7=H.

C8=L with BA (1-0)=A (14-8)=H, A7=L for two clock cycles (MRS command with Reset
Address).

CS=H and maintain same address input for 4 clock cycles.

C8=H and change one or more address input within BA (1-0), A (14-7) and maintain them for
4 clock cycles.

Issue EMRS to enable DLL. (Note: 1)
Tssue MRS for set CAS Latency (CL), Burst Type (BT), and Burst Length (BL). (Note: 1)
Issue two or more Auto-Refresh commands (Note: 1).

After 200 (or 300) clecks from Extended Mode Register programming, issue Dummy Write to
Bank "0" {WRA#0 and LAL). (Note: 4}

. Issue Dummy Write to Bank "1" (WRA#1 and LAL). (Note: 4)
. Tssue Dummy Write to Bank "2" (WRA#2 and LAL). (Note: 4)
. Issue Dummy Write to Bank "3" (WRA#3 and LAL). (Note: 4)

. Ready for normal operation.

Note: 1. Sequence 10,11 and 12 can be issued in random order.

2. The reset/initialization after Power-up can be also performed if the procedure from step
6 to step 13 are issued. Refer to Reset Condition below.

3. L=Logic Low, H=Llogic High

4, The order of Bank 0,1, 2 and 3 for Dummy Write Cycles can be changed.

RESET CONDITION

Clock command < FN BA1 BAQ | A14-9 AB A7 AG-0
n-13:1 DESL H X XorL | LorX X LorX|XorH X
n RDA L H X X X X X X
n+1 MRS L X H H H H L X
n+2:5 DESL H X H H H H L X
n+6 DESL H X Note: 1 X
n+7:10 DESL H X Note: 2 X

Note: 1. At least one address bit must be flipped from previous state.
2. Same address input conditions at n + 6 state must be maintained.
3. L=Llogic Low, H =Logic High
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TOSHIBA TC59LM814/06BFT-22,-24,-30

TIMING DIAGRAMS

Input Timing

T X N
Y % /// 0

tiH
(8
?:a,:i?M Y
tipw

[

YV

Refer to the Command Truth Table.
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TOSHIBA TC59LM814/06BFT-22,-24,-30

Read Timing (Burst Length=4)

Input

CAS latency=2 | i o tokost o tekost
H H H —)——: H -

Potosiz
P

- <—t H t T : ¢ i
(S_KQS < QSP':' QSP; QSHZ

i tospRe

7 DQs { High-Z:

(Output) 1 Q_i L-U

Pteamble : i tasqy i i | Postamble

High-ZE

4

‘ tgsq

ey i | i tuz

bQ ! High-2! ! High-2!

\(Output)

itou
CAS latency=3 ) P otekas | tCKgsg - :
: Pl e : i tokos (| tosei) tose | i tosuz
! High-Z! Ia ? [—_*! f | High -2
{ DQS H ; H : K : i ! :) : i : g
: s : : : : Y : : £ SN
(Output) LP P—p : ‘__.] ‘._.E :

! [tasay| i ! | Postamble

) i s ; s | tasq || tgsal Flegen |
: : H : ; : e —] : L1tgsQ
: : s : i Pt F | tosqu L

DQ | High-2i , ; ; A High - 7
L(OUtPUt) : : : H H H Qo Q1 Q2 Q3 =2 :

tac C o tac tac
B e 'S B e e

Note. The correspondence of LDQS, UDQS to DQ. (TC59LM814BFT)

LDQS DQO to 7
ubQs DQ8 to 15
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TOSHIBA

TC59LM814/06BFT-22,-24,-30

Write Timing (Burst Length=4)

tis it :

5 ! ! s !
CAS latency=2 : >
i tpsp ; :

tpspsTH:

t : :

( bas
(Input)

\

Note. The correspon

tREFI, tPAUSE, Ixxxx Timing

CLK
U

tpass

tpH

-

dence of LDQS, UDQS to DQ. (TC59LM814BFT)

LDQS

DQO to 7

uDQs

DQ8 to 15

]

ts ity
d
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TOSHIBA TC59LM814/06BFT-22,-24,-30

Write Timing (x16 device) (Burst Length=4)

CLK
/

K/

/////////

CASlatency=2 | 5 : toé tDéSK togsk  toisk

B Ereamble i |Pos mb
oY ’é 5&!///////////////////////

o DA

Preamble | Sstamble
3 t:H to ‘ tléH 5
tps tos
J ’“" ""

\W//%// /@%

acq

CAS latency =3 : : tD.';SK tDéSK tDsfsx toésx

[ was ///////////////////////////////////

<wo~v
uoos // /////P E 5 . | Pos ::nbl

mbl

: z L fon i fton
£ps| tps tos Ds

//////////////////5%@%@%@////////

Note : x16 has ZDQS {UDQs for pp r byte and LDQS for lower byte ).
Even, if one of the 2 bytes is not used, b th UDQS and LDQS must be toggled.
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TOSHIBA

TC59LM814/06BFT-22,-24,-30

FUNCTION TRUTH TABLE (Notes: 1,2, 3)

COMMAND TRUTH TABLE (Notes: 4)

* The First Command

Symbol Function [ FN BA1-BAD|[ A14-A9 AB Al AB-AD
DESL |Device Deselect X > x X X X
RDA |Read with Auto-close L H BA ua UA UA UA
WRA  [Write with Auto-close L BA UA UA UA UA

* The Second Command (The next clock

of RDA or WRA command)

Symbaol Function [« FN BA1-BAO|A14-A13{A12-A11| A10-A9 A8 A7 A6-AQ
LAL |Lower Address Latch (x16) H X X v \Y X X X LA
LAL [Lower Address Latch (x8) H X X v X X LA La
REF Auto-Refresh L X X x X X x
MRS |Mode Register Set L X \ L L L L \Y v

Notes: 1. L=Llegic Low, H = Llogic High, X =either L or H, V=Valid (Specified Value), BA =Bank
Address, UA = Upper Address, LA =Lower Address
All commands are assumed to issue at a valid state.
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 15t command and 2nd command.
Refer to "STATE DIAGRAM" and the command table below.
READ COMMAND TABLE
Command (Symbol) [<3 FN BA1-BAD| A14-A9 AB A7 AB-AD Notes
RDA (1st) H BA ua UA UA UA
LAL (2nd) H X X X X LA LA 5

Note: 5, For X16 device, A7 is " X" (gither L or H}.
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TOSHIBA TC59LM814/06BFT-22,-24,-30

WRITE COMMAND TABLE

TC59LMB14BFT
Command (Symbol) s FN [BA1-BAQ| A14 Al13 A12 A1l |A10-A9| ASB A7 | A6-AD
WRA (1s5t) L L BA ua UA UA UA UA UA uA ua
LAL (2nd) H X X LYWO | LVvW1 | Uvwo | Uvw1 X X X LA
TC59LMBO6BFT
Command (Symbeol) [« FN [BA1-BAQ| A14 A13 A12 A1l |A10-A9| A8 A7 AB-AQ
WRA (15t) L L BA uA UA UA UA UA UA UA UA
LAL (2nd) H X % VWO | vwi X X X x LA LA

Note : 6 A14 to A11 are used for Variable Write Length (VW) control at Write Operation.

VW TRUTH TABLE

Function VW0 VW1
Write All Words L X
BL=2
Write First One Word H X
Reserved L L
BL=4 Write All Words H L
Write First Two Words L H
Write First One Word H H
Note: 7 For x16 device, LVWO0 and LVW1 control DOO-DQ7.
UVW0O and UVW1 control DQB-DQ15.
MODE REGISTER SET COMMAND TABLE
Command (Symbel) [«3 FN BA1-BAD| A14-A9 A8 A7 AB-AD Notes
RDA (1st) L H X X X X X
MRS (2nd} L X i L L v v 8

Note: 8. Refer to "MODE REGISTER TABLE".
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TOSHIBA TC59LM814/06BFT-22,-24,-30

FUNCTION TRUTH TABLE (Continued)

AUTO-REFRESH COMMAND TABLE

. Command Current PD i
Function (Symbol) State y - [ FN [BA1-BAO[ A14-A9| A8 A7 |[A6-A0 | Notes
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
Functi Command | Current P s | N lBat-Baolats AB A6-AQ | N
unction {Symbol) State - - - -A9 A7 -AD | Notes
Active WRA (1st) Standby H H L L x X > X X
Self-Refresh Entry REF {2nd} Active H L L X X X X X X 9,10
Seif-Refresh Continue - Self-Refresh| L L X X X X X X X
Self-Refresh Exit SELFX Self-Refresh| L H H X X X X x X 1
POWER DOWN TABLE
Functi Command | Current i @ | N [Bat-BAD|A12.A9| AB | A7 |As-A0|N
uncticn (Symbol) State n-1 n ) B - otes
Power Down Entry PDEN Standby H L H X X x X X X 10
Power Down Continue| — 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 11

Notes: 9. PD has to be brought to Low within tgpp, from REF command.
10. PD should be brought to Low after DQ’s state turned high impedance.

11. when PD is brought to High from Low, this function is executed asynchronously.
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TOSHIBA TC59LM814/06BFT-22,-24,-30
FUNCTION TRUTH TABLE (Continued)

Current state n_1pD - G5 | FN | Address | Ccommand Action Notes
idle H H H X X DESL NQP
H H L H BA, UA RDA Row activate for Read
H H L L | BA, UA WRA Row activate for Write
H L H X X PDEN Power Down Entry 12
H L L X X — Hegal
L X X X X — Refer to Power Down state
Row Active for P H H X LA LAL Begin read
Read H H L X [Op-Code[ MRS/EMRS | Access to Mode Register
H L H X X PDEN Hlega!
H L L X X REF {Self) |lllegal
L X X X X — Invalid
Row Active for H H H X LA LAL Begin write
Write H H L X X REF Auto-Refresh
H L H X had PDEN [illegal
H L L X x REF (Self) |Self-Refresh entry
L », 4 > X — Invalid
Read H H H X X DESL Continue burst read to end
H H L H BA, UA RDA lHegal 13
H H L L BA, UA WRA lllegal 13
H L H X x PDEN lllegal
H L L X X - Illegal
L X X X X — Invalid
Write H H H X X DESL | Data write & continue burst write to end
H H L H BA, UA RDA lllegal 13
H H L L BA, UA WRA Iltegal 13
H L H X X PDEN [lHegal
H L L X X — HHlegal
L X X X X - Invalid
Auto-Refreshing H H H X X DESL NOP—lIdle after lpgpc
H H L H BA, UA RDA lllegal
H H L L BA, UA wWRA  |lllegal
H L H X X PDEN |Self-Refresh entry 14
H L L X X - Illegal
L X X X X - Refer to Self-Refreshing state
Mode Register H H H X X DESL NQOP-ldle after IRSC
Accessing H | H L H | BA UA| RDA |ilegal
H H L L BA, UA WRA Hlega!
H L H X x PDEN Illegal
H L L X X — lllegal
L X X X X — Invalid
Power Down H X X X X - Invalid
L L x X s - Maintain Power Down Mode
L H H X X PDEX |Exit Power Down Mode-»ldle after tppgx
L H L x X lllegal
Salf-Refreshing H X X X X - Invalid
L L X X x - Maintain Self-Refresh
L H H X X SELFX [Exit Self-Refresh—sldle after lpgpe
L H L X X lllegal

Notes: 12. lllegal if any bank is not idle.
13. lllegal to bank in specified states ; Function may be legal in the bank indicated by Bank Address (BA).
14. lllegal if tFPDL is not satisfied.
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TOSHIBA TC59LM814/06BFT-22,-24,-30

MODE REGISTER TABLE

Regular Mode Register (Notes: 1)

ADDRESS BAt "1 BAQ "1 A14-AB A7 *3 AG-Ad A3 AZ-AQ
REGISTER 0 0 1] TE CL BT BL
A7 Test Mode (TE) A3 Burst Type (BT)
0 Regular (Default) 0 Sequential
1 Test Mode Entry 1 Interleave
AB AS Ad CAS Latency (CL) A2 Al AD Burst Length (BL)
0 4] ¢ Reserved *2 0 0 0 Reserved *2
0 1 1] 2 0 0 1 2
0 1 1 3 0 1 0 4
1 X X Reserved *2 0 1 1 .
Reserved "2
1 X X
Extended Mode Register (Notes: 4)
ADDRESS BA1 *4 RAD *4 A14-A2 At Al
REGISTER 0 1 0 DIC*S DS
Al Output Driver Impedance Control (DIC)
0 Standard Cutput Driver
1 Reserved
Y
A0 DLL Switch {DS)
0 DLL Enable
1 DLL Disable
Notes: 1. Regular Mode Register is chosen using the combination of BAD=0 and BA1=0.

2. "Reserved” places in Regular Mode Register should notbe set.
3. A7 in Regular Mode Register must be set to "0"{Low state}.
Because Test Mode is specific mode for supplier.
. Extended Mode Register is chosen using the combination of BAO=1 and BA1=0.
5. A1l in Extended Mode Register must be set to "0" (Low state).

2001-01-10 19/40



TOSHIBA TC59LM814/06BFT-22,-24,-30

STATE DIAGRAM

STANDBY
(IDLE)

AUTO -
REFRESH

MODE
REGISTER

Active
{Restore)

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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TOSHIBA TC59LM814/06BFT-22,-24,-30

TIMING DIAGRAMS
Single Bank Read Timing (CL=2)

o , 1, 2z 3 4 5 & 7 & 9 0 U

!Rc 4 cycles I 5 5 IRC —-4 cvdes

Command] RDA X LAL X DESL X RDA X LAL X DESL X RDAX LAL X DESL

mco_uycle L IRAs= acycies 1RCD-1cycIe IRASsscycfes 1RCD—1cycIe

BL=2

DQS ]-I|-Z HI-?Z Hl-%Z

(Output)

LcL=2

DQ ?"%5555?@)@,‘5”'?2555@E?H"EZ
R T T T I =

BL=4

DQs
(Output)

pq —HiZ
Output)

H H H H ' H ' H ' i [ H i H H H i H H H '

Single Bank Read Timing (CL=3)
o 1 2 3 4 5 , 6 7 8 9 10 N

IRC 5cyc|es § 5 i E ! { IRC 5cycles

Command x RDAX LAL X DESL X RDA X LAL X DESL X RDAX LAL

JRCD-1cycle§ lRAS:kdcyelesg 1RCD-1cyc|e§ |RAS=4cyc!es

BL=2 : :
" DQS Hi-Z
{Output)

g _H:Z
\(Output)

BL=4 : :
{ DQs :Hl -z
(Output) H

ass P b b L ass

pq H:Z Wz

\(Output)
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TOSHIBA TC59LM814/06BFT-22,-24,-30

Single Bank Write Timing (CL=2)

{i’p w7 @@////// /@@ // //%// NN

BL=4

{ oo ////////////////@Q@@/////////////@@@@//////////////@@@




TOSHIBA TC59LM814/06BFT-22,-24,-30

Single Bank Read-Write Timing (CL=2)

IR€ 4cycles : e : ? IRc~4cydes

Command:x RDA X LAL X DESL X WRAX LAL X DESL X RDA X LAL X ' DESL

. iRCD=1qjde | IRAS=Bcydles | IRCD-1cycIe . IRAs= acyctes . RCD=1cycle |
BL=2 P Pl 'E‘t""ss i T

DQs g Hi-Z

Hi-Z

DQ

BL=4

DQSs

DQ

i H i : i H H i ' H ' H P H : H : H P H i

o, v 2z 3 4 s , 6 7 & 9 0 M

IRC chcles 5 5 i |I§C=5§cvc|g:§ P

Command:x RDA X LAL X DESL X WRAX LAL x DESL X RDAX LAL

4ch~1cyc|e§ IRAS=&4cy¢|es§ 1ch_1cyc|e§ : IRASE4 cycles |

BL=2 P P
pas —Hi-Z =
- jCL=3
pQ 12
BL=4
Hi-Z
DQS —
DQ ;H"Z
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TOSHIBA TC59LM814/06BFT-22,-24,-30

Multiple Bank Read Timing (CL=2)

IRBD 2cyc|es‘ - IRBD 2cyc|es § E IRBD 2cvcles
‘< IRC 4cycles: 5 : H IRC 4cydes

Command :X RDAa X LALa X RDAb X LALb X RDAa X LALa X RDAc X LALc X RDAd X LALd X RDAc X LALc

IRCD 1cyc|e IRAS 3<ycﬁes : |ch Lcyclei IRCD 1cyc|e- ? IRAS gcyc;es ,mco. 1cycle

Bank A : : : :
(BaKOB:?) Bank" "x X Bank b" X XBank" "X X XBank" "X XBank"dX X Bank" "X X

1RBB zwcles R LRBD chcles

BL=2 i zi
DQS el
{Output) :

Hi- z
DQ : F
(Output)

BL=4 : H
DQs  iHi-Zi
(Output) :

-DQ H| - z
(Output)

IRC 5cycles E : i |RBD=-2 cydes IRGD-1 cycle IRCD-1 tycle

>

Command R RDAa X LALaX RDAbX LALb X DESL X RDAa X LALa X RDAc X LALc X RDAd X LALd X RDAb

IRCD 1<ycle IRAS 4cycles § IRCI) 1cyc|e IREBD ;chcles lKBD Qcyctes

Rank : :
(:/:‘0;:?) ]Bank" "X X XBank"b" X XBank" “X X XBank" X X XBank"d" X XBank b"

J_RBD 2cyc|es ‘5

BL=2
DQS
(Output)

iHi-Zi N
DQ - -
(Output)

BL = 4 H
DQS iHi-Z}
{Output) :

icL=3

cevdensensonfhensracetsninnaontee

DQ “'2
(Output)

Note: "X" is don't care.
IRC to the same bank must be satisfied.
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TOSHIBA TC59LM814/06BFT-22,-24,-30

Multiple Bank Write Timing (CL=2)

L, o 2 3 4 5 6 7 8 9 10 n
CLK 5,———\5 Er-—-\é Er--—‘f 5:——-15 3:——-@ 3.—--\§ - E:——-\§ E.—--\§ El---\i 51——-\3 EI---\§
k. \4 ! v ! \; v \s k. \ k7 V; L/ ‘3 v A v A v
CIK -~ Ve :\\..__1- '\___u :\___u (L. Ii :\\_.__ll; A (S _,l. (R fRu—
Lo _ IABD= 2cvc|es e |RBD 2cvc|es IRBD = zgyclesE ;
E mc 4cyc|es E 5 IRc 4-cvcles i
Command :X WRAa X LALa XWRAbX LALb XWRAa X LALa X WRAcX LALc X WRAdX LALd X WRAcX LALc
IRCD 1cyde IRAS 3cyc|es JRCD 1cyde IRCD 1cycle |RAS 3cyc|es IRCD 1cyde
: : : : i b >
Bank Add. X x X X X X
(BAO.BAT) Bank aX X XBank bX X XBank ax Bank"c Bank"d X Bank"c¢ X
é‘ |RBD "2 cyc,ies 5 tDDSS H |RBD 2 cydes 5
BfL—Z o : H 5 : h : P : P i : : :
DQS

(Input) : E . .
ﬂm t@@%%@ O
ppss i i tD?)SS tohss
® oas T B ;
(Input) E : : : : : : : :
< SEHETI VR

ﬁ&%Z%Z/@@@@@@@@@@@@@@@@@@@

Multiple Bank Write Timing (CL=3)
6o 1 2 3 4 5 66 7 & 9 0 M

e e e
?::::::’) ki(“cygkbx xkx x )(k cx x xaan;dx x xkb
%%Z%%%%%j_:_zé_ 5 g: §;5§
}mé%%%%%%@é@@@@@@%%@éi@@@@

Note measns "H" or"L".
"X" is don't care
IRC to the same bank must be satisfied.
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TOSHIBA TC591L.M814/06BFT-22,-24,-30

Multiple Bank Read-Write Timing (BL=2)

5 IRC 5cvc|es

|RBD 2cyc|es |RCD icycle lRWD-—chdes = IRBD chcles P IRwD chles;

Command } WRAa X LALa X RDAb X LALb X DESL XWRAc X LALc X RDAdX LALd X DESL X WRACX LALc

IRCD =1 cycle IWRD- 1 cycle § E IRCD =1 cycle IWRD 1 cycle § IRCD =1 {ycle
4———)%—*—-—)' H ; H : : E

Bank Add. —\ N . o . E— —
(BAO,BA1) Bank aX X XBank bX X XBank X X XBank d X XBank X X

§tooss=§§§§....t'>0§5

CL=2
DQS

Hi-Z

Pwost b =2 T b hwidmt b b ek
e T e T = N B S S

DQ :': ; ’ ={Da0ADa

! togss

CL=3
DQs

L we L Tad T e
S A ey e N = = Y s U
5V JS At S SN S S j<0a%>a1>: —
R T T S S | W L

Multiple Bank Read-Write Timing (BL=4)
o 1 2 3 4 5 6 7 & 9 0 N

IRBD 2cvc|es I@Dﬂcyc'g IRWD=3cchesE i IRBD 2cycles J,RCID lcycle

Command x WRAa ' LALa X RDAbX LALb X DESL XWRAcX LALc X RDAdX LALd X DESL

IRCD-1 qycle IWR:D- 1 cycle o 5 i § IRCD-1 cycle IWRD-1 cycle

?;::::% Bank"x X XBank"b"X X XBank" "X X XBank"d" X

i tDolss tDQSS

Cl=2
DQS

DQ

CL=3 HI-Z
DQS e

DQ :}"'Z§

Note: "X" is don't care
IRC to the same bank must be satisfied.
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TOSHIBA TC59LM814/06BFT-22,-24,-30

Single Bank Write with VW (CL=3, BL=4)
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TOSHIBA TC59LM814/06BFT-22,-24,-30

Mode Register Set Timing (CL=2, BL =2}

IRC 4 cycles H 5 5 5 : 5 IRSC =4 cydles

Comma"d:x RDA X LAL X DESL X RDA X MRS X DESL RDA Y o X DEsL

4RCD-1cyc|e§ IRAS 3cches gIRCD_1cycle§

Al4to AD Vaid T O A
BAQ,BA1 :x BA UAX LA X X (Op Code) X X BAUA x LAL MR% X

Hi.§z

oas s -zj
{Output)

DG HI - Z
(Output) ¢

| Hidz

Power Down Timing (CL.=2, BL=2)

Command:x RDA X LAL X DESL X %x

IRCD_1cycIe S T T T P
-—— : o : 3

LIPD & 1 cycle

«
: : : : : H : : H : : : : : ))
pQs __Hi-Z i i i Y LI S S
Ouputy = bt 0 A R
: H : : cL =§2 3 : : : : H : : :

(Qutputy & & i i googm, . ))

tapoH|!

Power Down Entry Power Down Exit

Note: "X" is don't care,
IPD is defined from the first clock rising edge after PD is brought to "Low".
IPDA is defined from the first clock rising edge after PD is brought to "High".
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TOSHIBA TC59LM814/06BFT-22,-24,-30

Auto-Refresh Timing (CL.=2 BL=4)

: IRC dcycles IREFC-12 cycles ” !
Command x RDA X LAL X DESL XWRAX REF X DESL m { "ot Y M2 Y oest
: iRCD-1cycIe IRAS=3cycIes IRCD_1cycle AR T
pos _ Hi-Z Hi-Z L«
(Output) : D))
DQ EHi-ZE Hi-7 f(
{Output) : :

)

Note: In case of CL=3, IREFC must be meet 15 clock cycles.
When the Auto-Refresh operation is performed, the synthetic average interval of Auto-Refresh command
specified by tper) must be satisfied.
trer 1S average interval time in B Refresh cycles that issampled randomly.

t ; 12 : E] 7 ts

EERRCECE

B Refresh cyde

Total time of 8 Refresh cyde t1+tr+ty3+ts+ts+tgety+tp

t = =
REFI 8 8

trep is specified to avoid partly concentrated current of Refresh operation that is activated larger area than
Read/Write operation.
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TOSHIBA TC59LM814/06BFT-22,-24,-30

Self-Refresh Entry Timing

Y ——

IRCD = 1=:yc|e R . I

Command:XWRAXREFX DESL \) X Xﬂ j_

t;pm(mm) tn:m(max) IFD = 1xycle; 2

topow| i i i | IEKD% 16cycles (*3

Ouewy N\ ¢ - 1 1 A

Note: 1. "X" is don't care,
. IPD is defined from the first dlock rising edge after PD is brought to "Low".
3. It is desirable that clock input is continued at least 16 clock cycles from REF command even though PD is

brought to “Low" for Self-Refresh Entry.

Self-Refresh Exit Timing

* : * I ' EComr.'nand:
WRA -'X REF 5X DESL \ [ *6

rd

lEPDAj:kyfcle*:i. IM(IE IERCDa;=1c§:Ie

o iz | g
R DA R A

Self-Refresh Exit

is don't care.

Clock should be stable prior to PD="High" if clock input is suspended in Self-Refresh mode.

DESL command must be asserted during IREFC after PD is brought to "High".

IPDA isdefined from the tirst 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 cperation.
Any command (except Read command) can be issued after IREFC.

Read command (RNA + 1 Al) can be issued after [LOCK.

Note :

Nen AW
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TOSHIBA TC59LM814/06BFT-22,-24,-30

Power-up Initialization and Reset Timing

/

L
PO (High S
1q'{cle 1cy'c|e § i 4 cycles : 5 cycles {min) Y IRED
~— 1 1
: ; 4

Command DESL ! RDA X MRS X

BATtoBAO A1 or BAJ 5/ H 1

J XZ
Vallix Valid [
ValuLX Valid X:

Al4to A7 AB '-O'x X 5X Key-1 *1

A6 to AD x 5 \5 x *5

DQ, DQ5

Note: 1, BA{1-0) and A(14-8) must be High and A7 must be Low, and those value must be maintained for 4
cfock cycles.
2. At least one address must be flipped and maintained at least 5 clock cycles.
DESL condition must be maintained for 12 clock cycles when RESET is being performed.
Ready for normal operation after RESET or start MRS programming and Auto-Refresh at Power-up
Initialization.
5. "X" is don't care.

pow
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TOSHIBA TC59LM814/06BFT-22,-24,-30

FUNCTIONAL DESCRIPTION

DDR FCRAM

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

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 €8, FN and all address input signals are sampled on the crossing of the positive edge of
CLK and the negative edge of CLK. The DQS and DQ output data are referenced to the crossing point
of CLK and CLK. The timing reference point for the differential clock is when the CLK and TLK

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 SDRAMs, 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 €S and FN inputs are a contrel signal for forming the operation commands on FCRAM. Euch
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 BA1 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 BA1
Bank #0 0
Bank #1 1
Bank #2 0 1
Bank #3 1 1
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TOSHIBA TC59LM814/06BFT-22,-24,-30

FUNCTIONAL DESCRIPTION (Continued)

ADDRESS INPUTS: A0 to Al4

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 AO to Al4 inputs are also used for setting the data
in the Regular or Extended Mode Register set cycle.

Upper Address Lower Address
TCS59LMBOGBFT AD to Al4 AQ to A7
TCS9LMB14BFT AD to A4 AD to AB

DATA INPUT/QUTPUT: DQO te DQ7 or D@15

The input data of DQO to DQ15 are taken in synchronizing with the beth edges of DQS input signal.
The output data of DQO to DQ15 are outputted synchronizing with the both edges of DQS output

signal.

DATA STROBE: DQS or LDQS, UDQS

The DQS is bi-directional signal. Both edges of DQS are used as the reference of data input or
output. The LDQS is allotted for Lower Byte (DQU to DQ7) Data. The UDQS is allotted for Upper
Byte(DQ8 to DQ15) Data. In write operation, the DQS used as an input signal is utilized for a latch of

write data. In read operation, the DQS that is an output signal provides the read data strobe.

POWER SUPPLY: Vdd, Vdd@, Vss, VssQ

Vdd and Vss are power supply pina for memory core and peripheral circuits.

VddQ and Vss@ are power supply pins for the output buffer.
REFERENCE VOLTAGE: VREF

VREF i8 reference veltage for all input signals.
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FUNCTIONAL DESCRIPTION (Continued)
COMMAND FUNCTIONS and OPERATIONS

TC59LM814/06BFT 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 DQS 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
beferehand. The read operated bank goes back automatically to the idle state after lgc.

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 DQS input signal (Burst Write Operation). The data and DQS inputs have to he
asgerted in keeping with clock input after CAS latency-1 from the issuing of the LAL command. The
write data length is set by the VW in the LAL command. The DQS have to be provided for a burst
length. The CASB latency and the burst type must be set in the Mode Register beforehand. The write
operated bank goes back automatically to the idle state atter Ipc.

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

TC59LM814/06BFT 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 IRgre. However, about a synthetic
average interval of Auto-Refresh command, it must be careful. In case of equally distributed refresh,
Auto-Refresh command hae to be issued within once for every 7.8us by the maximum. In case of burst
refresh or random distributed refresh, the average interval of eight consecutive Auto-Refresh command
has to be more than 400ns always. In other words, the number of Auto-Refresh cycles which can be

performed within 3.2us(8x400ns)is to 8 times in the maximum,
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FUNCTIONAL DESCRIPTION (Continued)

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

Tt is the function of Self-Refresh operation that 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
TC591L.M814/06BFT become Self-Refresh mode by issuing the Self-Refresh command. PD has to be
brought to “Low” within tpppL 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 7.8ps after the latest Autn-Refresh command.  Once the device enters Self-Refresh
mode, the DESL command must be continued for Iggrc period. In addition, it is desirable that clock
input is kept in lggp period. The device is in Self-Refresh mode as long as PD held “Low”. During
Self-Refresh mode, all input and output buffers except for PD are disabled, 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 theé DESL command has to be continuously issued in the
number of clocks specified by Iggrc. The Self-Refresh exit function is asynchronous operation. It is
required that one Auto-Refresh command is issued to avoid the violence of the refresh period just after
1IgREFC from Self-Refresh exit.

Power Down Mode (PD=%L")

When all banks are in the idle state and all outputs are in Hi-Z states, the TC53LMB814/06BFT
become Power Down Mode by asserting PD is “Low”. When the device enters the Power Down Mode,
all input and output buffers except for PD are disabled after specified time. 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 at next CLK rising edge after PD goes high. The Power Down exit function

is asynchrunous 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 te 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 Al4, BAQ and BAl
address inputs. The TCS5YLMB14/06BFT have two mode registers, These are Regular and Extended
Mode Register. The Regular or Extended Mode Register is chosen by BAO 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 two function fields.

The two fields are as follows:
(E-1) DLL Switch field to choose either DLL enable or DLL disable
(E-2) Output Driver Impedance Control field for future use.

Once those fields in the Mode Register are sel 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.
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FUNCTIONAL DESCRIPTION (Continued)

o Regular Mode Register / Extended Mode Register change bits (BAO, BA1)
These bits are used to choose sither Regnlar MRS or Extended MRS

BA1 BAD A14-A0
0 0 Regular MRS Cycle
0 1 Extended MRS Cycle
1 X Reserved

Regular Mode Register Fields

(R-1) Burst Length field (A2 to AO)

This field specifies the data length for column access using the AZto AG pins and sets the
Burst Length to be 2 or 4 words.

A2 Al A0 Burst Length
0 [¢] 0 Reserved
0 0 1 2 words
0 1 )] 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 mede. When the A3 bit i8 “07,
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.

Al Burst Type
0 Sequential
Interleave

e 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. The address is varied by the Burst Length as the

following.

CAS Latency=2

e XX XX XX X N

Command
DQs \ / \ / \ s

DQ (DataOXData 1XData2XData3)

Addressing sequence for Sequential mode

Data Access Address Burst Length

Data 0 n 2 words {Address bits is LAQ)
Data 1 n+1 } not carried from LAD to LA1
Data 2 n+2 4 words {Address bits is LA1,LAD)
Data 3 n+3 not carried from LA1 to LA2
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FUNCTIONAL DESCRIPTICN (Continued)

e 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 |[~AB A7 A6 A5 A4 A3 A2 Al AD
Data1 |-A8 A7 A6 A5 A4 A3 A2 A1 AD
Data2 |[--ABA7 A6 A5 A4 A3 A2 A1 AD 4 words
Data3 |--AB A7 A6 A5 A4 A3 A2 Al AD

} 2 words

—

Py

(R-3) CAS Lateney 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 values of CAS Latency
depends on the frequency of CLK. In a write mode, the place of clock which should input write
data is CAS Latency cycles- 1,

AB AS A4 CAS latency

0 0 0 Reserved
0 0 1 Reserved
0 1 0 2

0 1 1 3

1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
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
s Reserved bits (A8 to Al4)
These bits are reserved for future operations. They must be set to “0” for normal operation.
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FUNCTIONAL DESCRIPTIQON (Continued)

Extended Mode Register fields

(E-1) DLL Switch field (A()
This bit is used to enable DLL., When the A0 bit is set “0”, DLL is enabled.

(E-2) Oulpul Driver Impedunce Conirol field (Al)
This bit is used to choose Output Driver Type for the future. Currently, Al bit must be

set to "0".
A Output Driver Type
0 Standard Type
1 Reserved

(E-3) Reserved field (A2 to Al4)

These bits are reserved for future operations and must be set to “0” for normal operation.
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OUTLINE_DRAWING (TSOPII 66 - P - 400 - 0.65)
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