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

TENTATIVE TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT SILICON MONOLITHIC

4,194,304-WORDS x 4BANKS x 16-BITS DOUBLE DATA RATE FAST CYCLE RAM
8,388,608-WORDS x 4BANKS x 8-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-wordsX4
banksX 16 bits, TC59LM806BFT is organized as 8,388,608 wordsX4 banksX8 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 — TC59L1\/I284‘I 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 24 ns 30ns
Ipp1s Operating Current (Single bank) (Max.) 170 mA 165 mA 150 mA
Ipp2p Power Down Current (Max.) 2mA 2mA 2mA
lppg Self - Refresh Current (Max.) 3mA 3mA 3mA

® Fully Synchronous Operation
- Double Data Rate (DDR)
Data input/output are synchronized with both edges of DQS.
- 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 DQS) is referenced to the crossings of CLK and CLK.

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

- CAS Latency = 2, 3
- Burst Length = 2, 4

® Organization TC59LM814BFT : 4,194,304 words X 4 banks X 16 bits
TC59LM806BFT : 8,388,608 words X 4 banks X 8 bits

® Power supply voltage vdd : 25V*02V
vddQ : 2.5Vi0.2V

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

000707EBA2

@ 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..

@ The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal equipment, office
equipment, measurin% 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.

@ 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)
A0 to A14 Address Input | TC59LM8B06BFT ] |
BAO, BAT Bank Address vdd vdd O ~ 66 | Vss Vs
DQO to DQ7 (x8) Data Input/Output DQ0 DQo O>2 65 DQ7 DQI5
vddQ vddq O3 64 H visQ VesQ
DQO to DQ15 (x 16) pQ1  Nc2 Oa 63 NC2 DQ14
[ Chip Select DQ2 DQI E 5 62 g DQ6 DQI13
, VssQ VssQ 6 61 vddQ VvddQ
T Function Control DQ3 NC2 E 7 60 g NC2 DQ12
PD Power Down Control DQ4 DQ2 E 8 200mil width 59 g DQ5 DQI1
— ; vddQ vddq 9 mil width 58 I1 veQ  VssQ
;l(-QKSI ((CL:)) Clock input DQ5 NC2 E 10 875mil Length 57 g NC2 DQ10
X . DQ6 DQ3 11 56 DQ4 DQ9
Write/Read Data St
UDQS/LDQs (x 16) | V"te/Read Data Strobe VssQ  VssQ E 12 55 g VddQ VvddQ
DQ7 NC2 13 6epin TSOPTI 54 NC2  DQ8
vdd Power (+2.5V) Nnet  net Oaa 0" 53 NC! NC!
Vss Ground vddQ vddQ E15 52% VssQ  VssQ
LDQS  NC2 16 51 DQS UDQS
vddQ Power (+2.5V) NCT  Nct 7 50 d NC' NC?
(for /O buffer) vdd vdd 18 49 Vrer  Vrer
VssQ Ground Nct  Net 9 48 Ves Vg
(for /O buffer) N Ne2 O20 ggsmm  47H NQ O NC
A14 A14 21 |eaq piteh 46H CIK  CIK
VReF Reference voltage A3 A13 022 45 ck  CK
NC?, NC2 No Connection FN - FN O23 44 PD  PD
cs cs O 43 NCT NO
Nct  Nct O 25 428 a2 aA12
BAO BA0 26 413 A11 ANl
BA1 BA1 O27 40 1 A9 A9
A10  A10 []28 39[] A8 A8
A0 A0 []29 380 A7 A7
Al A1l 30 3700 A6 a6
A2 A2 O3 360 A5 A5
A3 A3 []32 350 A4 A4
vdd vdd []33 30 vss Vs
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TOSHIBA

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

BLOCK DIAGRAM

CLK —>|
CLK —>

PD —>

DLL
CLOCK
BUFFER

To each block

AOtoA14

BAO,BA1

L1

| | | Bank#3
cs —>c0MMAND_I\ CONTROL | | BANK #2
DECODER _l/ SIGNAL | | BANK #1
GENERATOR -
— BANK #0 v
N| = <
N /|8 23
MODE o MEMORY { w23
—— /| REGISTER N 2 CELL O ©
ADDRESS / g ARRAY N H 3 v
BUFFER UPPER ADDRESS o« - =
LATCH s 3
| (]
LOWER ADDRESS "™>{ COLUMN DECODER
LATCH T T
WRITE ADDRESS READ WRITE
REFRESH LATCH/ DATA DATA
COUNTER ADDRESS BUFFER BUFFER
COMPARATOR
BURST
COUNTER
DQS <«—> DQ BUFFER
DQO to DQn

NOTE :

The TC59LMB806BFT configuration is 32768 x 256 x 8 of cell array with the DQ pins numbered DQO-7.

The TC59LM814BFT configuration is 32768 x 128 x 16 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
Vin: Vout Input, Output Voltage -0.3toVddQ +0.3 \Y
vdd, vddQ Power Supply Voltage -0.3t03.6 \Y
VREr Input Reference Voltage -0.31t03.6 \
Toprr Operating Temperature 0to70 °C
Tste Storage Temperature -55t0 150 °C
TsoLDER Soldering Temperature(10s) 260 °C
Po Power Dissipation 1 w
lout Short Circuit Output 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 23 25 27 \Y

vddQ | Power Supply Voltage (for I/O Buffer) 2.3 vdd vdd \%

VREF Input Reference Voltage vVddQ/2*96% | VddQ/2 |VddQ/2*104% \Y 2
V|4 (DC) [ Input DC High Voltage VRrep+0.2 - vddQ +0.2 Vv 5
V)L (DC) [Input DC Low Voltage -0.1 - VReg-0.2 Y 5
Vick (DC) | Differential Clock DC Input Voltage -0.1 - VddQ +0.1 Vv 10
Vip (DC) |Input Differential Voltage. CLK and CLK inputs (DC) 0.4 - VddQ+0.2 Vv 7,10
Vi (AC) [Input AC High Voltage VReg+0.35 - vVddQ +0.2 Y 3,6
V)L (AC) [Input AC Low Voltage -0.1 - VRer-0.35 Y 4,6
Vip (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 \% 8,10
Viso (AC) | Differential Clock AC Middle Level vddQ/2-0.2 - VddQ/2 +0.2 \% 9,10
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TOSHIBA TC59LM814/06BFT-22,-24,-30

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

2. VRer 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 Vger (DQ).

3. Overshoot limit : V| (max.) = VddQ + 0.9V with a pulse width = 5ns

4. Undershoot limit : V_L(min.) = -0.9V with a pulse width = 5ns

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

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

7. Vip 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. Viso0 means{ V,ck(CLK) + V ck(CLK) }/ 2.

10. Refer to the figure below.

l[: : : ; J:/ID(AC)

TLR coenes ‘| o | TP S

Vss ¢Vc LS E R I S S — S -

|VID(AC)|

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

PIN CAPACITANCE (Vdd,VvddQ=2.5V , f=1MHz , Ta=25°C)

SYMBOL PARAMETER MIN MAX UNIT
Cin Input Pin Capacitance 2.5 4.0 pF
Cine Clock Pin (CLK, CLK) Capacitance 2.5 4.0 pF
Cio 170 Pin(DQ, DQS) Capacitance 4.0 6.0 pF
Cne! NC'! Pin Capacitance - 1.5 pF
Cne? NC2 Pin Capacitance 4.0 6.0 pF

Note: These parameters are 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)

MAX.
ITEM SYMBOL UNIT | NOTES
-22 -24 -30

OPERATING CURRENT

tek = min, lgc=min

Read/Write command cycling

ov = VN = VIL(AC) (max.), VIH(AC) (min.) = Vin = VddQ
1 bank operation, Burst Length=4

Address change up to 2 times during minimum Igc.

Ibb1s 170 165 150 1,2

STANDBY CURRENT

tek = min , CS= ViH, ﬁ:Vm B
0V = Viy = Viagy(max.), Vinac) (min) = Viy = VddQ Ipp2n 45 40 35 1
All Banks : inactive state
Other input signals are changed one time during 4*tck. mA

STANDBY (POWER DOWN) CURRENT
tck=min , CS=V;y , PD=V, (Power Down) Iopap 2 2 2 1
0V = V) = vddQ

All Banks : inactive state

AUTO-REFRESH CURRENT

tCK= min B IREFC= min A tREF|= min
Auto-Refresh command cycling Ibps 65 60 55 1
0V = Viy = Viyag (max.), Vigac (min) = Viy = VddQ
Address change up to 2 times during minimum |rgrc.

SELF-REFRESH CURRENT
Self-Refresh mode Iob6 3 3 3
PD=0.2V, OV = Vg = vVddQ

ITEM SYMBOL MIN. MAX. UNITS | NOTES

INPUT LEAKAGE CURRENT | 5 5
(OV=V|y=VddQ, All other pins not under test=0V) L ) pA

OUTPUT LEAKAGE CURRENT

| -5 5
(Output disabled, OV=Vour=VddQ) to A
VRrer CURRENT IREF -5 5 LA
TPUT RCE D RRENT
OUTPUT SOURCE DC CU o (DT) 10 B oA | s
, Vou = VddQ - 0.4V
Output Driver
TPUT SINK D! RRENT
VoL = 0.4V

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 Igrc.
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)

?B\ED“I{I PARAMETER MIN. ZZMAX. MIN. 24MAX. MIN. 3OMAX. UNITS INOTES
tre Random Cycle Time 30 - 32 - 40 - 3
te 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
teH Clock High Time 0.45*tCK - 0.45*tCK - 0.45*tCK - 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
tqspre |DQS(Read) Preamble Pulse Width 0.9%tCK-0.2 [1.1%tCK + 0.2[0.9*tCK-0.2 [1.1*tCK + 0.2[ 0.9%tCK-0.2 [1.1*tCK + 0.2 3
tqsp DQS(Read) Pulse Width 0.4*tCK-0.2 - 0.4*tCK-0.2 - 0.4*tCK-0.2 - 4
tqsqv |Data Output Valid Time from DQS 0.4%tCK-0.4 - 0.4%tCK-0.4 - 0.4%tCK-0.4 - 4
tpqss |DQS(Write) Low to High Setup Time 0.75%tCK | 1.25%tCK | 0.75%tCK | 1.25%tCK | 0.75%CK | 1.25%tCK 3
tpspre [DQS(Write) Preamble Pulse Width 0.4%tCK - 0.4*tCK - 0.4*tCK - 4
tpspres [DQS First Input Setup Time 0 - 0 - 0 - 3
tpspren|DQS First Low Input Hold Time 0.25%tCK - 0.25%tCK - 0.25%tCK - ns 3
tosp DQS High or Low Input Pulse Width 0.45%tCK | 0.55%tCK | 0.45%tCK | 0.55*tCK | 0.45%tCK | 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 - 34
tpspst [DQS (Write) Postamble Pulse Width 0.45*tCK - 0.45*tCK - 0.45*tCK - 4

DQS (Write) Postamble Hold Time CL=2 1.5 - 1.6 - 2 - 3,4

(D5PSTH cL=3 | 15 - 15 - 16 - 3,4
tpssk  [UDQS-LDQS Skew (x16) -0.25*tCK | 0.25%tCK | -0.25%tCK | 0.25*tCK | -0.25*tCK | 0.25%tCK
tbs Data Input Setup Time from DQS 0.6 - 0.6 - 0.8 - 4
toH Data Input Hold Time from DQS 0.6 - 0.6 - 0.8 - 4
toipw |Data Input Pulse Width (for each device) 1.9 - 1.9 - 2.3 -
tis Command/Address Input Setup Time 1 - 1.2 - 1.6 - 3
tiy Command/Address Input Hold Time 1 - 1.2 - 1.6 - 3
tiow (C;czl;nrenaac:dé:/ciifer)ess Input Pulse Width 22 _ 26 _ 34 _
tLz Data-out Low Impedance Time from CLK -0.85 - -0.9 - -1 - 3,69
thz Data-out High Impedance Time from CLK - 0.85 - 0.9 - 1 3,79
tqsiz  |DQS-out Low Impedance Time from CLK -0.85 - -0.9 - -1 - 3,69
toshz |DQS-out High Impedance Time from CLK -0.85 0.85 -0.9 0.9 -1 1 3,79
tqepn |Last Output to PD High Hold Time 0 - 0 - 0 -
tppex |Power Down Exit Time 2 - 2 - 3 - 3
tr Input Transition Time 0.2 1 0.2 1 0.2 1
trppL |PD Low Input Window for Self-Refresh Entry -0.5%tck 10 -0.5%tck 10 -0.5%tck 10 3
trerr  |Auto-Refresh Average Interval 0.4 7.8 0.4 7.8 0.4 7.8 s 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 -
RC (Applicable to Same Bank) CL=3 5 - 5 - 5 -
RDA/WRA to LAL Command Input Delay
lrcD i 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
IrBD . 2 - 2 - 2 _
(Applicable to Other Bank)
LAL following RDA to WRA Delay BL=2 2 - 2 - 2 -
[rRwD ) cycle
(Applicable to Other Bank) BL=4 3 - 3 - 3 -
LAL following WRA to RDA Delay
Iwrp . 1 - 1 - 1 _
(Applicable to Other Bank)
| Mode Register Set Cycle Time CL=2 4 - 4 - 4 - 8
Rec 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 -
leko REF Command to Clock Input Disable 16 _ 16 _ 16 B
at Self-Refresh entry
| DLL Lock-on Time tek = 8ns 200 - 200 - 200 -
LOCK | (Applicable to RDA command) tec = 10.5ns | 300 - 300 - 300 -
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TOSHIBA

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

AC TEST CONDITIONS

SYMBOL PARAMETER VALUE UNITS NOTES
Vi (min) Input high voltage (minimum) Vger + 0.35 Vv
ViL(max) Input low voltage (maximum) Vgeg-0.35 \
VREF Input reference voltage vddQ/2 \Y
VT Termination voltage VRer \
VswING Input signal peak to peak swing 1.0 \Y
Vr Differential clock input reference level Vx (a0 Vv
Vip (a0 Input differential voltage 1.5 \Y
SLEW Input signal minimum slew rate 1.0 Vins
Vortr Qutput timing measurement reference voltage VddQ/2 \Y

vddQ

VT
;ﬁ =500

Measurement Point

Output Z=500

CL=30pF —

VIH min(AC)

ViL max(AC)

T

AT AT

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

AC TEST

Notes: 1. Transition times are measured between Vg min(bc) and VL max(D0)-

Transition (rise and fall) of input signals have a fixed slope.

2. 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.)

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

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

5. The treri(uax) applies to equally distributed refresh method.
The tgreri(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 3.24s (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.

K N

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.

NS ok wDN

o

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 VddQ.

Apply VddQ before or at the same time as VRgF.

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

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

CS=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.

CS=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)
Issue 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) clocks 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)
. Issue Dummy Write to Bank "2" (WRA#2 and LAL). (Note: 4)
. Issue Dummy Write to Bank "3" (WRA#83 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 [3 FN BA1 BAO A14-9 A8 A7 A6-0
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=Llogic High
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TOSHIBA TC59LM814/06BFT-22,-24,-30

TIMING DIAGRAMS

Input Timing

tipw
R
s tw | s th |
(4
T i
tipw ”
P
s tw | s th |
(4
AO0-A14
ho-As Ao " W
tpw ’
DQS \ %

tps | toy tps | tpH

DQ(Input) %/%
toipw toipw 7

Refer to the Command Truth Table.

Timing of the CLK, /CLK

tcH
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Read Timing (Burst Length=4)

tew . ta . tek

tis ity

Input
(Control &
Addresses)

CAS latency =2

(" DQS

LAL
after RDA)

tlp\f/v

tosiz
———— : :
M H T
tQseRE:

Lot : tosp it : Pt
okas asp Ly tasp ; tosHz

i High-Z':

(Output)

'y l_!§ f

DQ
\(Output)

CAS latency =3

{ DQS
(Output)

DQ
\(Output)

Pteamble Postamble
tosq
tz 2 : LH_Z
: : | :
i High-Z: L High-Z:
taC PN R
g s : : ton
P tekas tekqs
tQSLZ : S~ : <
¢ tekas Gl tqsp i | tasp tosHz
e : > >

: High-Z:

tqspre:

7

© High-Z:

Pfeamble

tasq

tosq

tiz

Note.

taci
AC

LDQS

DQO to 7

ubDQs

DQ8 to 15

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

Postamli’:le

High-Z

—+
T
N

12/40
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TOSHIBA TC59LM814/06BFT-22,-24,-30

Write Timing (Burst Length =4)

ten . ta . tek

LT
>

Input LAL -
(Control & % AW
Addresses) after.WR 4

e, Lt
' i togss i P | toss

CAS latency=2 : : : : : :
. tDsPrEs, ! : psp : psp: Tpsp i | Tpspst:

tospReH !—\
~ o L/ 7

;Preamble Postam;ble

( DQS
(Input)

| lospre :
i : tps: i tps o i
: : "1’: < lorew : : :
: : Sl Sl L fon | f ten

DQ
DO D1 D2 D3
; : : : < bss

toss < >
¢ tpspsTH
- ————|

CAS latency=3 : : : : :

: : :  ‘pspres: i tpsp P tpsp  itpse | itosesT | :
; : : [ _ > < :
(Input) / / / \ : ]/ : K 7 : \: .

Pregmble : : : Rostamble

tpsPRE

DQ
(Input)

: : — 3 :
“ - : togss e 0SS |

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

LDQS DQO to 7
ubDQs DQ8 to 15

tREFI, tPAUSE, Ixxxx Timing

CLK

Input
(Control &
Addresses)

Note. “Ixxxx" means "Igc", "lren”, "lras", etc.
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TOSHIBA TC59LM814/06BFT-22,-24,-30

Write Timing (16d )(Bu thgth 4)

CLK
U

— 1
CLK ¢

:\\_ A .\ N
| p t H B
%W%W%

CAS latency =2

[ Lbas ///////////%

Pmblé

3%%%/

: [Po tmbl

%%%W/
EW%%/

ww/%%%g
ms%%%@i

Pmblg

CAS latency=3

mm%/%%%%ﬁ

Préamble | :

W/

tmbl

S N e

Preambie

tDs

R e

Note: x16 has 2DQS (UDQS for pp byte and LDQS for lower byte).
Even, if one of the 2 bytes is not used, bth 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-BAO | A14-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)

Symbol Function [«3 FN BA1-BAO[A14-A13|A12-A11| A10-A9 A8 A7 A6-A0
LAL Lower Address Latch (x 16) H X X \ \ X X X LA
LAL Lower Address Latch (x8) H X X \Y X X LA LA
REF Auto-Refresh L X X X X X X X
MRS [Mode Register Set L X Y 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. OQOperation 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) [3 FN BA1-BAO | A14-A9 A8 A7 A6-A0 Notes
RDA (1st) L H BA UA UA UA UA
LAL (2nd) H X X X X LA LA 5

Note: 5. For x16 device, A7 is " x" (either L or H).
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TOSHIBA TC59LM814/06BFT-22,-24,-30

WRITE COMMAND TABLE

TC59LM814BFT
Command (Symbol) [« FN BA1-BAO| A14 A13 A12 A1l A10-A9 A8 A7 A6-A0
WRA (1st) L L BA UA UA UA UA UA UA UA UA
LAL (2nd) H X X LVWO LVW1 Uvwo | Uvwi X X X LA
TC59LM806BFT
Command (Symbol) cs FN BA1-BAO| A14 A13 A12 Al1l A10-A9 A8 A7 A6-A0
WRA (1st) L L BA UA UA UA UA UA UA UA UA
LAL (2nd) H X X VW0 VW1 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 DQO-DQ7.
UVWO0 and UVW1 control DQ8-DQ15.
MODE REGISTER SET COMMAND TABLE
Command (Symbol) [<3 FN BA1-BAO | A14-A9 A8 A7 A6-A0 Notes
RDA (1st) L H X X X X
MRS (2nd) L X Vv L L Y \Y 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 —
Function (Symbol) State . - cs 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

. Command Current PD —
Function (symbol) State o - Ccs FN |BA1-BAQ| A14-A9 A8 A7 A6-AQ | Notes
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 9,10
Self-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

. Command Current PD —
Function (Symbol) State . N [« FN |BA1-BAO|A14-A9( A8 A7 | A6-A0 | Notes
Power Down Entry PDEN Standby H L H X X X X X X 10
Power Down Continue - Power Down L X X X X X X X
Power Down Exit PDEX Power Down| L 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 - CS | FN |Address | Command Action Notes
ldle H H H X X DESL NOP
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 - Illegal
L X X X X — Refer to Power Down state
Row Active for H 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 Illegal
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 X PDEN Illegal
H L L X X REF (Self) |Self-Refresh entry
L X X X X — Invalid
Read H H H X X DESL Continue burst read to end
H H L H BA, UA RDA Illegal 13
H H L L BA, UA WRA Illegal 13
H L H X X PDEN Illegal
H L L X X - lllegal
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 Illegal 13
H H L L BA, UA WRA Illegal 13
H L H X X PDEN Illegal
H L L X X - Illegal
L X X X X — Invalid
Auto-Refreshing H H H X X DESL NOP-Idle after IREFC
H H L H BA, UA RDA Illegal
H H L L BA, UA WRA Illegal
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 NOP-lIdle after Irsc
Accessing H H L H BA, UA RDA Illegal
H H L L BA, UA WRA Illegal
H L H X X PDEN lllegal
H L L X X - Illegal
L X X X X — Invalid
Power Down H X X X X - Invalid
L L X X X — Maintain Power Down Mode
L H H X X PDEX Exit Power Down Mode—ldle after tppex
L H L X X lllegal
Self-Refreshing H | x X X X - Invalid
L L X X X - Maintain Self-Refresh
L H H X X SELFX | Exit Self-Refresh—lIdle after Irgrc
L H L X X Illegal

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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MODE REGISTER TABLE

Regular Mode Register (Notes: 1)

ADDRESS BA1*1 BAO *1 A14-A8 A7 *3 A6-Ad 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
Ab A5 Al CAS Latency (CL) A2 Al A0 Burst Length (BL)
0 0 X Reserved *2 0 0 0 Reserved *2
0 1 0 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 BAO *4 Al14-A2 Al A0
REGISTER 0 1 0 DIC*5 DS

A1l Output Driver Impedance Control (DIC)

0 Standard Output Driver
1 Reserved
A0 DLL Switch (DS)
0 DLL Enable
1 DLL Disable
Notes: 1. Regular Mode Register is chosen using the combination of BA0O=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.
. 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).
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STATE DIAGRAM

POWER

DOWN
SELFX

(PD=H)

STANDBY

firmg ey

: PD = H ”"" \IDLE) $s~
= - o~
7~ N\ - N A ~~< 7 N\

AUTO- \ .-~ S—-—~ T~~. MODE
REFRESH 4 k REGISTER
WRA ! \ RDA

Active
(Restore)

—— 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=2)

IRE = 4 ¢ycles: : : ? : : JRC =14 cycles

Command :X RDA X LAL X DESL X RDA X LAL X DESL X RDAX LAL X DESL

;3RCD§= 1 c;%cle IR?AS=§3cycI§es EIRCDE: 1 c;?cle IRiAS = 3 cyclies I RCD?: 1 cjcle

BL=2 :

DQS

(Output) :
Hi-Z

DQ
Output)

BL=4

DQS
(Output)

DQ EW-L
Output)

Single Bank Read Timing (CL=38)
o 2 3 4 5 6 7 8 9 10 N

IRC=5cyclés | @ i1 1t |Rc=5icycles

Command :X RDA X LAL X DESL X RDA X LAL X DESL X RDA X LAL

?IRCDE: 1 c;%cle I§RA5=§4cyc;Ies §IRCD§= 1 cgcle §IRAS§=4cyches

BL=2

F pgs __Hi-Z
(Output) :

' Hi-7

L}

ol L cLis

bQ H|Z H|Z

\(Output)

BL=4 P
[ bas Hi-Z
(Output) :

Hi-Z :

LcL=i3 L cL:3

DQ H|Z H?-Z :

\(Output)
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Single Bank Write Timing (CL=2)

IRC = 4icycles P { ! IRC=4iycles

Command :X WRAX LAL X DESL X WRAX LAL X DESL X WRAX LAL X DESL

IRCD=1cyde | IRASS3cydles |  JRCD=1cjde | IRAS3cydles | IRCDF1cycIe

—lann — ey

H%z;;éz.Mi»;;zézM

Single Bank Write Timing (CL=3)

BL=2

tDé,)ss

tDst

BL=4

(Input) % ?

WL=1

IRE=5 rfyclesé : 5 5 : 5 § 5 ‘IRC=5 cyi:les 5

Command :X WRAX LAL X DESL X WRAX LAL X DESL X WRAX LAL

inCD§=1qécIe 1RAS 4cyc|es !RCD~1cycIe ;1RAS§=4cyches 5IRCD~1cycIe

(Q) % ﬂ%

R ;vaf= SNCENSE .
(Input)
tDczss
BL 4 S
(oo A
(Input) :
L widy

Note: % means "H" or "L"
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Single Bank Read-Write Timing (CL=2)

IRC =4 cycles

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

gIRCD§=1c3%cIe IR;AS=§3cycI§es EIRCD§=1c3§cIe II%AS:%ScycIEes EIRCD§=1c3écIe

IRE = 4 éycles:

BL=2 tD@ss

Hi-Z | Hi-z

DQS

BL=4

IkC:écycIés IRfC: 5§cyclefs

Command :X RDA X LAL X DESL X WRAX LAL X DESL X RDA X LAL

IRCD=1cycle | | IRAS=4cydles ;| | IRCD=1cyde | |  IRASE4cycles :

BL=2 : : : : : : : : : : : : : : : :
r DQs EHI-Zé : : : ; : : Hi-Z EHI-Zé

pQ — %
BL=4 L :
Hi-Z :
DQ$ ——— :
: LcL=3
pQ — %
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Multiple Bank Read Timing (CL=2)

IRBD chcEes 5 IRBD=52cycies § § 5 IRBD 2cches
IRC 4cyc|es : IRC 4cycles

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

IRCD = feyclel IRAS-Scydes : |RCD-1cyde : |R¢D=1kyde§ : IRAS:gcydes i _IIRCD:= 1cycle

Bank Add. E ." "E . . wLn . . .o . : ..E . - w yn . é -.. " é .
(BAO,BAT) _ABank aX X XBank bX X XBank X X XBank c X X XBank d X XBank c X X

‘RBD 2cydes : ; g § g § § § IRBD 2cydes

BL=2 EH_£
( DQS i

(Output)

DQ
(Output)

BL=4 : :
DQS Hi —Z;
(Output) : :

DQ Hi-Z
(Output) :

IRC 5cycles § IRBD 2cycles §IRCD—1cycIe IRCD—1cycIe

Command _Y RD.Aa Y . Ala X RDAb X LALb X DESL X RDAa X LALa X RDAC X LALc x RDAd Y LALd X RDAb

-\ I\ I\

IRGD = 1cyc|e IRAS = 4cycles IRCD—1cycIe IRBD 2cycles IRBD ;chcles

Bk Add. =\
(B?AnOBA1) .Bank"a"X X XBank"b"X X XBank"a"X X XBank"c"X X XBank"d". X XBank"b"

JBD 2 cycles

BL=2 :
( DQS L f
(Output) :

ECL=§

DQ
(Output)

BL=4 : :
DQS Hi —Z;
(Output) :

1

cL

DQ Hi-Z
(Output) :

Note: "X" is don t care.
IRC to the same bank must be satisfied.
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Multiple Bank Write Timing (CL=2)

IRBD 2cches I IRBD 2cycIes I I I IRBD 2cycIes

IRC 4cycles : : : : IR‘C 4cycles

Command :X WRAa LALa XWRAbX LALb XWRAaX LALa X WRACX LALc XWRAdX LALd XWRACX LALc

IRCD;Icy;Ie § IRAS 3cyc|es § IRCD_Icyn:Ie EIRCD_IcycIe: IRAS 3cyc|es iRCD_Icy:Ie

Bank Add. T ——\— p—
(BAO,BA1) Bank a X X XBank bX XBank a X X XBank C X X XBank d' X XBank C X X

IRBD 2cycIes : : tDQSS : : : § : IRBD 2cycIes
: : E<—-—> : : : : : :

BfL =2
DQS
(Input)

@@//////@//////@@@@@@////

tDst : : tDst : H tDst

BL=4 I
(o ,%5
(Input) : : : h 4
P WL.—1 ,WL_IE WL—1

N @@@@@@@@@@@@@@@@@@@

Multiple Bank Write Timing (CL=3)
o+ 2 3 4 5 6 7 8 9 10 N

IRC 5cyc|es ; P : g IRBD 2cycIes IRCD—1cycles IRCD—1cycles

Command :X WRAa LALa XWRAbX LALb X DESL XWRAaX LALa X WRACX LALc XWRAdX LALd XWRAb

;IRCD_1cycIe IRAS 4cyc|es EIRCD—IcycIe IRBD 2cycIes IRBD 2cyc|es

Bank Add. ; - : . . . I " ; . : M : .
(BAO,BA1) Bank a X X XBank bX X XBank a X X XBank C X X XBank d' X XBank b"

P IRBD 2 cycIes § i1 tpgss :
BL=2 I R R et T R S S R N g : g : §
“\E oA e
(Input) : : : :

Poob i i i i tp@ss A N

tDQSSI EtDst5 o1 i tpgss
P Pl e

BL=4

P DQS H H H H H !
(Input) %

= @@@@@@@@%%@@@@@@@

Note: BZZAmeasns H or L
X" is don't care
IRC to the same bank must be satisfied.
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Multiple Bank Read-Write Timing (BL=2)

IRC 5cyc|es
IRWD = 2cycfes

Command :X WRAaX LALa X RDAb X LALb X DESL XWRAC X LALc X RDAdX LALd X DESL XWRACX LALc

IRCD =1 cycle IWRD =1 :cycle § : § : IRCD_ 1 cycle IWRD =1 :cycle ; § IRCD_ 1 cycle
H : : : H ‘_'_>. :

Bank Add. w_n : wpon l . . " : . " . ' . . " : -
(BAO,BA1) Bank a X X XBank bX X XBank C X X XBank d X XBank C X X

: tbass
—]

IRBD 2cyc|es |RCD—1CVC|€ |RWD ZCYC‘GS IRBD 2cycles

CL=2

¢ tpass
|
 DQS

Cwi=1
’—-ﬁ

Hi-Z PP e\
pQ ————————— {bao)Da1}

| togss :

CL=3 i 7 : : : : : :
Hl -4 H H H H :

( DQs = | _ :
e
Wiez i i e :

L PQ ——— {DaOXDm} :

Multiple Bank Read-Write Timing (BL.=4)

< IRBD 2cyc[es IR;D*1cycLe : IRWD 3cycles 5 § IRBD 2cches lRCD Lcycle

LK - : :
Command ] WRAaX LALa X RDAbX LALb X DESL XWRACX LALc X RDAd X LALd X DESL

IRCD =1 cycle ; IWRD— 1 cycle § § IRCD =1 tycle IWRD =1 cycle

Bank Add. " . i . . : . - : — : — - - :
(BAO,BA1) Ba”k a X X XBank bX X XBank ¢ X X XBank d X

I
S R R R R R

CL=2
r DQS

)

o

Hi-Z

Hi- Z

cL=3 Hi- 7
r DQS — :

DQ

Note: "X" is dcnt care
IRC to the same bank must be satisfied.
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Single Bank Write with VW (CL=3, BL=4)

m '—'Ié : : : : : : : :
: : : : : IRC 5 cycles : : N : : IRC = 5icycles :
' X WRA X LAL

x4, x8 device : -—t : :
X WRAX LAL X DESL

Command :X WRA X LAL X DESL
Address% UA XVV%/A:ZW % UA vali/A=1W % UA X LA
: : : { Lastithree datga areé masi<ed.

(Input) : : : :
S 5 Last two data are masked S

(Input)

X WRA X LAL

_x16device5§5?552555555;;;.
' XWRAXLALX DESL

Command :X WRA X LAL X DESL
ComEn s DV
: - LW=1/ ¢ Z _ . < : - : .

Address % U:A X lﬂ\\ll\tv\\//A:f W
: 5 Last three data are masked

(Input)
: : : : ? Last two data are masked ;

DQ15

npuy =

LDQS
: Last?three datfa areé masi<ed.

(Input) —fF At :
: ! Last three data are masked. P :
i S 5 P At

Notes : DQS input must be continued till end of burst count even if some of laster data is masked

DQO to
DQ7
(Input)
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Mode Register Set Timing (CL=2, BL=2)

IRC 4cyc|es 5 5 % Pl 5 IRSC =4 cydles

Command :X RDA X LAL X DESL X RDA X MRS X DESL X\?\?DF(AA Xb@%grx DESL

:]RCDf=1cche§ IRAS 3cycles IRCD_1cycIe

A14to AO : Y VaIIdE — V. VvaidioN .
NVoe :XBAUAX LA X X (OPCOde) X XBA,UAXLALIMRSX X

DQS ;Hi - Z
(Output)

S YO 0 D I I e~ A Y
©upwd) T 1 1 1 1 . CD;QO;(”; .

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

Hi -§z

IPDA_ 1 cycle
——

Comma”d_YRDAYLA;L? — :DE:SL: | Y :(Sx: :YDESLYRDAYMARIS

;) i

1RCDF 1 cycle ;t,H | tis IPDf: 1 cyfcle
" : : : ; : ; i : g

)5) T ‘t—>

L=

pq _Hi-z 1 i P i i BRI S
Oupup T AT )

Power Down Entry Power Down Exit

Note: "X" is don't care. o
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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Auto-Refresh Timing (CL=2, BL=4)

A A Al A
o p— p p—)

I:REFC§= 12<E:ycles§

A n A 1
F U U

IRC:=4 cycles

— e
Command :X RDA X LAL X DESL XWRA X REF X DESL “ x RDA x %EF%’,X DESL
: ' : p : 77 . : : : :

EIRCDE: 1 c;écle IERAS = 3 cyéles EIRCDE: 1 qécle

Y

DQs HI - Z
(Output) : :

g _MZ L ey W

{Qo X1 X2 Y03}
utput) W £\ W W VY /R R

(<)

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 trer must be satisfied.
trep is average interval time in 8 Refresh cycles that issampled randomly.

: 4 U t2 i '3 AN t8 :
W IO W IO o I R W W Wy W p Wy
:\ H M : M N N : N /
——

8 Refresh cycle

Total time of 8 Refresh cycle i+t +t3+ta+ts+tg+t7 +1g

t = =
REFI 8 8

trerr 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

r——".r TT——\- "-l——<g—
- b
: l‘ ’\ LA

IRCE)_ 1cycle P ,{ /{
Command :X WRA X REF X DESL \) X x *1 \)
H : . H : 4 77 —
P teppi(min)_ téepu(max) © IPD=1tycle 2 :
T Ly ) §
topoH : IiCKD:f 16c§c|es 5*3 ,
DQS Hi- 2 P Sg ( —_
(Output) ) P : )
DQ 5 . Hi-Z (4 (.
(Output) _Jf! : : )) )
Note: 1. "X" is don't care.,
2. IPD is defined from the first clock rising edge after PD is brought to "Low".
3. Clock input has to be continued at least 16 clock cycles from REF command even though PD is brought

o "Low" for Self-Refresh Entry.

Self-Refresh Exit Timing

o .1

Command :X X*1X DESL 3\) x WRA 5X REF 5X

IREFC IREFC

/i/

DESL \) xc‘;';;;“:gd Cg:’;;i”g’x ) x RDA*7X LAL7

IRCD =1 cxcle

IPDA-— 1cyc|e *4 'R(CD* ! C,V"e

/i

/ /
) ) )
DQs Huz G — (,é/ (/é/
(Output) )) )) ))
Self-Refresh Exit
Note : 'X" 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 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 IREFC.

Read command (RDA + LAL) can be issued after ILOCK.
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Power-up Initialization and Reset Timing

Fo i b b i R f N
1c§c|e 1cyc|e E4cy§les \1\ 5q?c|es(§min)§ \) |RCD

P R Y N R R
: RDAor 2nd x:

Command DESL X RDA X MRS X DESL QS DESL : WRA Acomnang
I - -

P g i § i i i N/ A T T N N o

BA1t0BAO (g4 ;‘,BAOX X *5/ Hxo 8 8 35 \ Key-2 *2 \S ' Valid X Valid x
R 5 5 T ¢ T

Aldto A7 A8 LorX 5X Key-1 *1 \5 x Key-2 *2 \S A Valld X Valid x
T . A S S S B B B/ o1

A6 to A0 x "5 \5 x 3 5 . VaI|d X Valid x

FHi-Z:

DQ, DQS

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
clock cycles.
2. At least one address must be flipped and maintained at least 5 clock cycles.
3. 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.
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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 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 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 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 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 CS and FN inputs are a control signal for forming the operation commands on FCRAM. 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 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 0
Bank #2 0 1
Bank #3 1 1
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FUNCTIONAL DESCRIPTION (Continued)

ADDRESS INPUTS: AQ 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
TC59LM806BFT A0 to A14 A0 to A7
TC59LM814BFT A0 to A14 A0 to A6

DATA INPUT/OUTPUT: DQO to DQ7 or DQ15

The input data of DQO to DQ15 are taken in synchronizing with the both 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 (DQO 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, 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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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
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 DQS input signal (Burst Write Operation). The data and DQS inputs have to be
asserted 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 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.

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 lRgrc. 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 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 (8 x400ns)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")

It 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
TC59LM814/06BFT become Self-Refresh mode by issuing the Self-Refresh command. PD has to be
brought to “Low” within tpppr, 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 7.8us after the latest Auto-Refresh command. Once the device enters Self-Refresh
mode, the DESL command must be continued for IgRgrc period. In addition, it is desirable that clock
input is kept in lckp 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 the DESL command has to be continuously issued in the
number of clocks specified by IRgrc. 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 (PD=“L")

When all banks are in the idle state and all outputs are in Hi-Z states, the TC59LM814/06BFT
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 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 Al4, BAO and BA1
address inputs. The TC59LM814/06BFT have two mode registers. These are Regular and Extended
Mode Register. The Regular or Extended Mode Register is chosen by BAO and BA1l 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 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.
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FUNCTIONAL DESCRIPTION (Continued)

® 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
0 1 Extended MRS Cycle
1 X Reserved

Regular Mode Register Fields

(R-1) Burst Length field (A2 to A0)

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

A2 A1l A0 Burst Length
0 0 0 Reserved
0 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 “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.

A3 Burst Type
0 Sequential
Interleave

® 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

akek XA X

Command LAL
DQS \ / \ / \ /

DQ (Data OXData 1 XData ZXData 3)

..........

.....

Addressing sequence for Sequential mode

Data Access Address Burst Length

Data 0 n 2 words (Address bits is LAO)
Data 1 n+1 } not carried from LAQ to LA1
Data 2 n+2 4 words (Address bits is LA1, LAO)
Data 3 n+3 not carried from LA1to LA2
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FUNCTIONAL DESCRIPTION (Continued)

® 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

DataQ |-A8 A7 A6 A5 A4 A3 A2 A1 A0
Data1 |-A8 A7 A6 A5 A4 A3 A2 A1 A0
Data2 |-A8 A7 A6 A5 A4 A3 A2 AT A0
Data3 |-A8 A7 A6 A5 A4 A3 A2 AT A0 f

1 2 words

4 words

(R-3) CAS Latency field (A6 to A4)

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.

A6 A5 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
® 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 DESCRIPTION (Continued)

Extended Mode Register fields

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

(E-2) Output Driver Impedance Control field (A1)
This bit is used to choose Output Driver Type for the future. Currently, Al bit must be

set to "0".
A1 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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PACKAGE DIMENSIONS (TSOPII 66 - P - 400 - 0.65)
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