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TOSHIBA TC59L.M814/06CFT-50,-55,-60

TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT  SILICON MONOLITHIC

4,194,304-WORDS x 4 BANKS x 16-BITS Network FCRAI\{I-'\I;IM
8,388,608-WORDS x 4 BANKS x 8-BITS Network FCRAM

DESCRIPTION

Network FCRAM™ is Double Data Rate Fast Cycle Random Access Memory. TC59LM814/06CFT are Network
FCRAM™ containing 268,435,456 memory cells. TC59LM814CFT is organized as 4,194,304-words x 4 banks sx 16
bits, TC59LM806CFT is organized as 8,388,608 words x 4 banks x 8 bits. TC59LM814/06CFT feature a fully
synchronous operation referenced to clock edge whereby all operations are synchronized at a clock input which
enables high performance and simple user interface coexistence. TC59LM814/06CFT can operate fast core cycle
using the FCRAM™ core architecture compared with regular DDR SDRAM.

TC59LM814/06CFT is suitable for Network, Server and other applications where large memory density and low
power consumption are required. The Output Driver for Network FCRAM™ ig capable of high quality fast data
transfer under light loading condition.

FEATURES
PARAMETER TC59LM814/06
-50 -55 -60
tck  Clock Cycle Time (min) cL=3 >-5ns 6ns L
CL=4 5ns 5.5ns 6 ns
trRc  Random Read/Write Cycle Time (min) 25ns 27.5ns 30 ns
trac Random Access Time (max) 22 ns 24 ns 26 ns
Ibp1s Operating Current (single bank) (max) 190 mA 180 mA 170 mA
Ipp2p Power Down Current (max) 2 mA 2 mA 2 mA
Ipps  Self-Refresh Current (max) 3mA 3mA 3mA

e  Fully Synchronous Operation
e Double Data Rate (DDR)
Data input/output are synchronized with both edges of DQS.
e 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 aligned to the crossings of CLK and CLK.
e Fast clock cycle time of 5 ns minimum
Clock: 200 MHz maximum
Data: 400 Mbps/pin maximum
¢ Quad Independent Banks operation

e Fast cycle and Short Latency
e Bidirectional Data Strobe Signal
e Distributed Auto-Refresh cycle in 7.8 us
o Self-Refresh
e Power Down Mode
e Variable Write Length Control
e Write Latency = CAS Latency-1
e Programable CAS Latency and Burst Length

CAS Latency = 3, 4

Burst Length =2, 4
TC59LM814CFT: 4,194,304 words X 4 banks x 16 bits
TC59LMS806CFT: 8,388,608 words x 4 banks x 8 bits
e Power Supply Voltage VDD: 2.5V x0.15V

VDDQ: 25V£0.15V

e 2.5V CMOS I/O comply with SSTL-2 (half strength driver)
400 x 875 mil, 66 pin TSOPII, 0.65 mm pin pitch (TSOPII66-P-400-0.65)

¢ Organization

e Package:

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

TC59LM814/06CFT-50,-55,-60

PIN ASSIGNMENT (TOP VIEW)

PIN NAMES
PIN NAME
AO~A14 Address Input
BAO, BA1 Bank Address

DQO~DQ7 (x8)

DQO~DQ15 (x16)

Data Input/Output

cs Chip Select

FN Function Control
PD Power Down Control
CLK, CLK Clock Input

DQS (x8)

UDQS/LDQS (x16)

Write/Read Data Strobe

Vpp Power (+2.5 V)
Vss Ground
v Power (+2.5 V)
D@ (for I/O buffer)
v Ground
ssQ (for /O buffer)
VREE Reference Voltage
NC1, NC2 Not Connected

TC59LM814CFT
[~ TC59LM80BCFT

Vob
DQO
Voba

Voo 01 ~ 66
DQO 02 650
Vopg 03 640

NC? 04 630
DQ1 g5 62p
Vssq 06 610

NC? g7 600
DQ2 08 590
Voog 9 400 mil width 58

NC? 010 ; 570
DQ3 011 875 mil length 56h
Vssq 012 55p0

ch 013 540

NC' 014 . 530
Vooe 015 66 pin TSOPII 500

NC? 016 510

NC' Q17 500

Vop 018 490

NC1 019 0.65 mm 480

NC' 020 Leadpitch 47p
A14 021 460
A13 022 450

EN 023 440

CS 024 430

NC' 025 420
BAO 026 410
BA1 027 400
A10 028 39p

A0 029 380
A1 030 370
A2 031 36p
A3 032 350
Voo 033 34p

_l—\

Vss
DQ15
Vssa
DQ14
DQ13
Voba
DQ12
DQ11
Vssa
DQ10
DQ9
Voba
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TOSHIBA TC59L.M814/06CFT-50,-55,-60

BLOCK DIAGRAM
CLK —> DLL
CLK —>» CLOCK |———— > To each block
PD —»| BUFFER
CS —> CONTROL
COMMANDI—N "¢ oAl | ] BANK #3
FN —» PECOPER | GENERATOR [ BANK# \
7 | ] BANK #1
* > BANK #0 6
—N| MODE | & e
/| REGISTER t[< Q I
AO~A14 |:> 9 MEMORY |/ > E 53
ADDRESS | —/| ©| CELLARRAY [\ S22
BUFFER g —J x ©
BAO, BA1 |:> UPPER ADDRESS o £
LATCH —1 S
LOWER ADDRESS COLUMN DECODER|
TT LATCH T TT
o ~
WRITE ADDRESS READ WRITE
SEEEEE'; LATCH/ DATA  ( DATA
ADDRESS > | BUFFER | Y | BUFFER
COMPARATOR
BURST 1 )
COUNTER L

DQS <—>| DQ BUFFER |

s

DQO~DQn

Note: The TC59LM806CFT configuration is 32768 x 256 x 8 of cell array with the DQ pins numbered DQ0~DQY7.
The TC59LM814CFT configuration is 32768 x 128 x 16 of cell array with the DQ pins numbered DQ0~DQ15.
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TOSHIBA

TC59LM814/06CFT-50,-55,-60

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT NOTES
Vpp Power Supply Voltage -0.3~3.3 \%
VppaQ Power Supply Voltage (for 1/0 buffer) —-0.3~Vpp+ 0.3 \%
VIN Input Voltage -0.3~Vpp+ 0.3 \%
VouT DQ pin Voltage —-0.3~Vppqg + 0.3 \%
VREF Input Reference Voltage -0.3~3.3 \%
Topr Operating Temperature 0~70 °C
Tstg Storage Temperature -55~150 °C
Tsolder Soldering Temperature (10 s) 260 °C
Pp Power Dissipation 1 w
lout Short Circuit Output Current +50 mA

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

RECOMMENDED DC, AC OPERATING CONDITIONS (Notes: 1)(Ta = 0°~70°C)

SYMBOL PARAMETER MIN TYP. MAX UNIT | NOTES

VpbD Power Supply Voltage 2.35 2.5 2.65 Vv

Vbbpa Power Supply Voltage (for I/O buffer) 2.35 Vpp Vbbb \Y

VREF Input Reference Voltage Vppa/2 x 96% Vppaq/2 Vppa/2 x 104% \% 2

V|4 (DC) Input DC High Voltage VRefr + 0.2 — Vppqg + 0.2 \% 5

VL (DC) Input DC Low Voltage -0.1 — VReg - 0.2 \% 5

Vick (DC) Differential Clock DC Input Voltage -0.1 — Vppq + 0.1 \Y, 10
Input Differential Voltage.

Vip (DC) CLK and CLK inputs (DC) 04 - Vbpa +0.2 v 7,10

V|4 (AC) Input AC High Voltage VRer + 0.35 — Vppqg + 0.2 3,6

VL (AC) Input AC Low Voltage -0.1 — VReg — 0.35 \% 4,6
Input Differential Voltage.

Vip (A — 7 — \Y 2 \Y 7,1

I (AC) CLK and CLK inputs (AC) 0 bpQ +0 10
Vx (AC) Differential AC Input Cross Point Voltage | Vppg/2 -0.2 — Vppqa/2 +0.2 \Y 8,10
Viso (AC) Differential Clock AC Middle Level Vppq/2 -0.2 — Vppa/2 + 0.2 \ 9,10
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TOSHIBA TC59L.M814/06CFT-50,-55,-60

Note:

(1) All voltages referenced to Vss, VSSQ.

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

(8)  Overshoot limit: VIH (max) = VDDQ + 0.9 V with a pulse width < 5 ns.
(4)  Undershoot limit: VIL (min) = 0.9 V with a pulse width < 5 ns.
(5)  ViH (DC) and VIL (DC) are levels to maintain the current logic state.
(6) VIH (AC) and VIL (AC) are levels to change to the new logic state.
(7)  VID is magnitude of the difference between CLK input level and CLK input level.
(8)  The value of VX (AC) is expected to equal VDD@Q/2 of the transmitting device.
(99 VIS0 means {VICK (CLK) + VICK (CLK )} /2
(10)  Refer to the figure below.

[Vip (AC)|

0 V Differential = = ==
Viso —~

ViSO (min) Viso (max)
VSS e e e

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

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

SYMBOL PARAMETER MIN MAX UNIT
CIN Input pin Capacitance 25 4.0 pF
Cinc Clock pin (CLK, CLK ) Capacitance 2.5 4.0 pF
Cyo I/0 pin (DQ, DQS) Capacitance 4.0 6.0 pF
CNC1 NC1 pin Capacitance — 15 pF
CN02 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 NC” pins have Power and Ground clamp.
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TOSHIBA TC59L.M814/06CFT-50,-55,-60

RECOMMENDED DC OPERATING CONDITIONS (Vpp,Vppq=2.5V * 0.15V, Ta = 0°~70°C)

MAX
SYMBOL PARAMETER UNIT NOTES
-50 -65 -60

Operating Current
tck = min; Irc = min,
Read/Write command cycling,
Ibp1s 0V < VN < Vit (AC) (max), Vi (AC) (min) < Vin <Vppa, | 0 180
1 bank operation, Burst length = 4,
Address change up to 2 times during minimum IRc.

170 1,2

Standby Current o

tck =min, CS =V|y, PD =V},
IDD2N 0V <V)N £V L (AC) (max), VIH (AC) (min) £ VN < VDDAQ, 40 40 35 1
All banks: inactive state,

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

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

Ipp2p 0V <V|N<VDpa 2 2 2 1
All banks: inactive state

Auto-Refresh Current

tck = min; IRgrc = min, trReF| = Min,
IbD5 Auto-Refresh command cycling, 65 65 60 1
0V <V|N V)L (AC) (max), ViH (AC) (min) £ V|N < VDDAQ,
Address change up to 2 times during minimum IRgfrc.

Self-Refresh Current
IbD6 Self-Refresh mode 3 3 3
PD =0.2V,0V<V|N<VDDQ

SYMBOL PARAMETER MIN MAX UNIT NOTES

Input Leakage Current

I (0 V <V|N £ Vppq, all other pins not under test =0 V) - 5 WA
Output Leakage Current
Lo (Output disabled, 0 V < VouT < Vbpa) -5 5 bA
IREE VREer Current -5 5 HA
Output Source DC Current
I DC -10 — 3
on®E | Normal VoH =Vopg - 04V
Output Driver Output Sink DC Current
loL (DC) VOL": oAy 10 — 3
Output Source DC Current
lon (DC) o -11 — 3
Strong Output | VOH = VDDQ - 0.4 V
Driver .
Output Sink DC Current
loL (DC) VoL = 0.4V 11 — 3
mA
Output Source DC Current
| DC -8 — 3
oHOO | eaker VoH = Vppq - 0.4V
Output Driver | 5yt Sink DC Current
loL (DC) VOLp= oAy 8 — 3
Output Source DC Current
loH (DC) -7 — 3
Weakest VoH =Vppa-04V
Output Driver | 5yt Sink DC Current
loL (DC) VOLp= iy 7 — 3

Notes: 1. These parameters depend on the cycle rate and these values are measured at a cycle rate with the minimum values of
tck, trc and Irc.
2. These parameters depend on the output loading. The specified values are obtained with the output open.
3. Refer to output driver characteristics for the detail. Output Driver Strength is selected by Extended Mode Register.
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TOSHIBA TC59L.M814/06CFT-50,-55,-60

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

-50 -55 -60
SYMBOL PARAMETER UNIT | NOTES
MIN MAX MIN MAX MIN MAX
trc Random Cycle Time 25 — 27.5 — 30 — 3
CL=3 5.5 8.5 6 12 6.5 12 3
tck Clock Cycle Time
CL=4 5 8.5 5.5 12 6 12 3
tRAC Random Access Time — 22 — 24 — 26 3
tcH Clock High Time 0.45 x tck — 0.45 x tck — 0.45 x tck — 3
tcL Clock Low Time 0.45 xtck — 0.45 xtck — 0.45 x tck — 3
tckas DQS Access Time from CLK —-0.65 0.65 -0.75 0.75 -0.85 0.85 3,8
tQsa Data Output Skew from DQS — 0.4 — 0.45 — 0.5 4
tac Data Access Time from CLK -0.65 0.65 -0.75 0.75 -0.85 0.85 3,8
toH Data Output Hold Time from CLK —-0.65 0.65 -0.75 0.75 -0.85 0.85 3,8
t DQS (read) Preamble Pulse 09xtek [ 1.1 xtck | 0.9xtek | 1.1 xtck | 0.9 xtck | 1.1 X tck 38
QSPRE | wigth -02 +0.2 -02 +0.2 -0.2 +0.2 :
t CLK half period (minimum of min(tcH, o min(tcH, . min(tcH, o 3
HP Actual tcy,  tol) tct) tct) tct)
. tHp— tHp—
tasp DQS (read) Pulse Width 055 — typ— 0.6 — 065 — 4,8
T tHp— thp—
tasaqv Data Output Valid Time from DQS 055 — typ— 0.6 — 0.65 — 4,8
tpass %ﬁi (write) Low to High Setup 0.75xtox | 125 x tox | 0.75x tok | 1.25 x tok | 0.75 x tex | 1.25 xtox 3
tpsprRE | DQS (write) Preamble Pulse Width | 0.4 x tck — 0.4 x tck — 0.4 x tck — 4
tpspres | DQS First Input Setup Time 0 — 0 — 0 — ns 3
tpspreH | DQS First Low Input Hold Time 0.25 x tck — 0.25 x tck — 0.25 x tck — 3
tpsp DQS High or Low Input Pulse Width | 0.45 x tck | 0.55 x tck | 0.45 x tck | 0.55 x tok | 0.45 x tok | 0.55 x tok 4
bss DQS Input Falling Edge CL=3 1.3 — 1.4 — 1.5 — 3.4
to Clock Setup Time CL=4 13 o 14 o 15 o 3.4
tpspsT | DQS (write) Postamble Pulse Width | 0.45 x tck — 0.45 x tck — 0.45 x tck — 4
toSPSTH DQS (write) Postamble CL=3 1.3 — 1.4 — 1.5 — 3,4
Hold Time CL=4 1.3 — 1.4 — 1.5 — 3,4
tpssk UDQS - LDQS Skew (x16) -0.5 xtck | 0.5 xtck | -0.5 xtck | 0.5 xtck | -0.5 xtck | 0.5 xtck
tps Data Input Setup Time from DQS 0.5 — 0.5 — 0.6 — 4
tDH Data Input Hold Time from DQS 0.5 — 0.5 — 0.6 — 4
Data Input Pulse Width
toIPw (for each device) 15 o 15 _ 19 o
s Cpmmand/Address Input Setup 09 o 09 o 10 o 3
Time
i C_ommand/Address Input Hold 09 . 09 . 1.0 . 3
Time
Command/Address Input Pulse
tpw Width (for each device) 2.0 o 2.0 o 22 o
Data-out Low Impedance Time
tLz from CLK —-0.65 — -0.75 — -0.85 — 3,6,8
Data-out High Impedance Time
thz from CLK — 0.65 — 0.75 — 0.85 3,7,8
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TOSHIBA TC59L.M814/06CFT-50,-55,-60

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

-50 -55 -60
SYMBOL PARAMETER UNIT | NOTES
MIN MAX MIN MAX MIN MAX
DQS-out Low Impedance Time
tQsLz from CLK -0.65 — -0.75 — -0.85 — 3,6,8
DQS-out High Impedance Time
tQsHz from CLK -0.65 0.65 -0.75 0.75 -0.85 0.85 3,7,8
Last outputto PD High Hold
tQPDH | Time P g 0 — 0 — 0 — ns
tPDEX Power Down Exit Time 2 — 2 — 2 — 3
tT Input Transition Time 0.1 1 0.1 1 0.1 1
PD Low Input Window for
tFPDL Self-Refresh Entry -0.5xtck 5 -0.5xtck 5 -0.5xtck 5 3
tREFI Auto-Refresh Average Interval 0.4 7.8 0.4 7.8 0.4 7.8 5
us
tpause | Pause Time after Power-up 200 — 200 — 200 —
Randorr_l Read/Write CL=3 5 o 5 o 5 o
| Cycle Time
RC (applicable to same
bank) CL=4 5 — 5 — 5 _
RDA/WRA to LAL Command
IRCD Input Delay 1 1 1 1 1 1
(applicable to same bank)
| Command Input Delay
RAS (applicable to same
bank) CL=4 4 — 4 — 4 —
| Random Bank Access Delay 5 . 5 . 9 .
RBD (applicable to other bank)
LAL following RDA to BL=2 2 _ 2 - 2 _
| WRA Delay
RWD (applicable to other
bank) B =4 3 — 3 — 3 —
| LAL following WRA to RDA Delay 1 o 1 o 1 o cycle
WRD (applicable to other bank)
| Mode Register Set CL=3 5 — 5 — o —
RSC Cycle Time CL=4 5 o 5 o 5 o
| PD Low to Inactive State of 1 1 1
PD Input Buffer o o o
PD High to Active State of Input
IPDA Buffer _ ! _ L o !
| Power down mode valid | CL =3 15 _ 15 _ 15 _
PDV from REF command CL=4 18 - 18 o 18 -
Auto-Refresh Cycle CL=3 15 — 15 — 15 —
IREFC | Time
CL=4 18 — 18 — 18 —
REF Command to Clock Input
lcko Disable at Self-Refresh Entry 16 o 16 o 16 o
DLL Lock-on Time (applicable to
ILock RDA command) 200 — 200 — 200 —
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TOSHIBA TC59L.M814/06CFT-50,-55,-60

AC TEST CONDITIONS

Note:

)

(2

3
4
()

(6
(7
®

SYMBOL PARAMETER VALUE UNIT NOTES
VIH (min) Input High Voltage (minimum) VRer + 0.35 \
VIL (max) Input Low Voltage (maximum) VRer — 0.35 \Y
VREF Input Reference Voltage Vppa/2 \Y
V1T Termination Voltage VREF \Y
VSWING Input Signal Peak to Peak Swing 1.0 \Y
Vr Differential Clock Input Reference Level Vx (AC) \%
VD (AC) Input Differential Voltage 1.5 \%
SLEW Input Signal Minimum Slew Rate 1.0 V/ns
VoTR Output Timing Measurement Reference Voltage Vppq/2 \%
Vbba
Y S —
ViH min (AC)
VSWING VREF Measurement point
VIL max (AC) Output O
Y
\ -
Ss Output CL=30pF VREF
AT AT l
SLEW = (VIH min (AC) — VL max (AC))/AT AC Test Load

Transition times are measured between VIH min (DC) 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., tDQSs = 0.75 x tCK, tCK = 5 ns, 0.75 x 5 ns = 3.75 ns is rounded up to 3.8 ns.)

There parameters are measured from the differential clock (CLK and CLK) AC cross point.
These parameters are measured from signal transition point of DQS crossing VREF level.

Te tREFI (max) applies to equally distributed refresh method.

The tREFI (min) applies to both burst refresh method and distribted refresh method.

In such case, the average interval of eight consecutive Auto-Refresh commands has to be more than 400 ns
always. In other words, the number of Auto-Refresh cycles which can be performed within 3.2 ps (8 x 400 ns)
is to 8 times in the maximum.

Low Impedance State is specified at VDDQ/2 + 0.2 V from steady state.
High Impedance State is specified where output buffer is no longer driven.

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

TC59LM814/06CFT-50,-55,-60

POWER UP SEQUENCE
(1)  Asfor PD, being maintained by the low state (< 0.2 V) is desirable before a power-supply injection.
(2)  Apply VDD before or at the same time as VDDQ.
(3)  Apply VDDQ before or at the same time as VREF.
(4)  Start clock (CLK, CLK) and maintain stable condition for 200 ps (min).
(5)  After stable power and clock, apply DESL and take PD =H.
(6) Issue EMRS to enable DLL and to define driver strength. (Note: 1)
(7)  Issue MRS for set CAS latency (CL), Burst Type (BT), and Burst Length (BL). (Note: 1)
(8)  Issue two or more Auto-Refresh commands (Note: 1).
(99  Ready for normal operation after 200 clocks from Extended Mode Register programming.
Note:
(1)  Sequence 6, 7 and 8 can be issued in random order.
(20 L =Logic Low, H = Logic High
)] 2.5V(TYP )] )] )]
Vo 1 1 1 1 1
i ; R ! ! ;
Vbba
) 1.25V(TYP) ) ) ) )
VREF_| _L/
CLK
CLK
tPDEX! |
__ {200 us(min) Z | IPDA _i IRsci i _i IRsci . . IREFC R . IREFC R
D g ~ _ il _ ~ _ L ~ _ ] ~
ﬁ ) i i i [
I P 200clock cycle(min) N
Command pest [rRoAvrg Dest [Jroavry [DEsL vrAREF| DESL RAREF| DESL
o;})-cod}e ogn—code
3l ¥
Address E:'?f
) EMRS MRS
DQ
Hiz
oos — —_— ; :
" ~ A ~ A
EMRS MRS Auto Refresh cycle Normal Operation
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TOSHIBA TC59L.M814/06CFT-50,-55,-60
TIMING DIAGRAMS

Input Timing
CLK Fe—-—
/
- 7/
CLK -=-=-/
tis
cs %F 1
tis
FN
tipw
tis tiH tis tiH

AO~A14 UA, BA LA ;
BAO, BA1 : :

tipw

DQsS

DQ (input) : ¢ 2 % /)(7

Refer to the Command Truth Table.

Timing of the CLK, CLK

tcH : toL R
CLK : VIH
< — VIH (AC)
— VIL(AC)
CLK —————————————— e | [ Y—m———————— | | m e m e m - m = ViL

Y.

CLK -=======-- N

CLK e e - = -
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TOSHIBA

TC59LM814/06CFT-50,-55,-60

Read Timing (Burst Length = 4)

CLK F--ﬂmp-- Z—x.----\/—x.----\/—x.----\i .----\/—x.----\[
/ / A A / y A A
XA X X X X X X
I8 AL (afteriRDA)
Input !
(control &
addresses) - tAw
_itckas _itckas
— t t Tt tQsp! | t
CAS latency = 3 QSL(;) e ckas | taspi | tfasp . lasHz
DQS Hi-Z >/ \ / \ Hi-Z
(output) X \ _/ \ I
Preamble Postamble
iz tasq
Jltasa | flosal ! |tasov [tasq itz
D Hi-Z Hi-Z
Q ' oYX a1 XX Q2 ¥ a3 '
(output) =
tac tac tac ton
_itckas _itckas
— t t Tt tasp! | t
CAS latency =4 QS% e ckas "1 | lasp | taspPi ,1lasHz
DQs Hi-Z x » 1\ [\ |
(output) X / \__/ \__/f
Preamble Postarnble
Lz tasqv
C|tasa | flasq|! |tasavi |tasaq itHz
She She e g
DQ Hi-Z Y
Qo Q1 Q2 Q3 )
(output) o
: <
itac tac tac toH
Note: The correspondence of LDQS, UDQS to DQ. (TC59LM814CFT)
LDQS DQO~DQ7
ubQsS DQ8~DQ15
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TOSHIBA TC59L.M814/06CFT-50,-55,-60

Write Timing (Burst Length = 4)

tcH fcL tck

CLK \ m ==\l e = =~ ==~ ==y RN N P .
CLK x_)\.____/I\_/\____/,\_/\___JI\_/(:XEI\_)\___Ji_/:X

A
Y
y
A
A
A

=

Js i LAL (after WRA)

Input
(control & % Kj W
addresses) AW
< > tbsPsTH
« toass S Ipss.
— DSPRES 't
CAS latency = 3 3 5tDSPREH\{tDSP 51 DSP!,, [DsSP! | IDSPsT
pas % \ [\ [\ %
(input) AN / \__} \ /
Preamble; lpss Postamble
DSPRE
tos tps tps
<L: toH ENP 4_: toH <L: toH
DQ o
. % Do Y D1 =) D2 Y D3
(input)
« tbass S t
< > DSS
tpsPRes i tbss tDSPSTH
CAS latency =4 < tBSPREH < Dsp ,, < fose , < fose.,, ‘tDSPSI
oot N/ N N2
Pregrble Postamble
tbSPRE
tps
~| foH toipyy
DQ
(input) DO:) >
. toabs i tpa

Note: the correspondence of LDQS, UDQS to DQ. (TC59LM814CFT)

LDQS DQO~DQ7

ubDQS DQ8~DQ15

tREFI, tPAUSE, IXXXX Timing

CLK | ===nl/——\lm==al——l~ ==~ SR N DU U .
CLK x_)\.____/I\_/\____/,\_/QDI\_/\___JI\_/\___JLX:X

tREFI, tPAUSE, IxxxX

tis 1ty tis ity

(control & LN : s LN

addresses) i ! i ' ! ' ' !
Command Command

Note: “Ixxxx” means “Irc”, “IrcD’; “IRAS”, €tc.

2002-08-19 13/38



TOSHIBA

TC59LM814/06CFT-50,-55,-60

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

CLK

CLK

Input
(control &
addresses)

CAS latency =3

LDQS

DQO~DQ7

ubDQsS

\ DQ8~DQ15

CAS latency =4

LDQS

DQO~DQ7

ubDQs

\ DQ8~DQ15

'
S
/ v

A}

IR —

\
1
F__-\/_\i\:)/_X\:}:/_x'
W/ \/ /
\_)\___J: A’ \.___/\
i
H

2.

P

reamhle Postamble
tns tr S
toH

(]
—
=
(2]
—
=

toH

D1 D2 D3

)

DO
[T\ A %

Preainble

Postamblé
tDg tps

/ - \
tPs
4

8 |34
T

A

9 ﬁ—'l"“
S | A4
vT
%\:
P R
§ o

tpgsk  tpssk  tpssk  tpssk
<> = e |«
TR / \
/ \ \
Preamble
Ips| | |lDs tps| | |lps
R MR RE SN

Preambl
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TOSHIBA

TC59LM814/06CFT-50,-55,-60

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

Command Truth Table (Notes: 4)

e The First Command

SYMBOL FUNCTION cs FN BA1~BAO | A14~A9 A8 A7 AB~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

e The Second Command (The next clock of RDA or WRA command)
— BA1~ A14~ A12~

SYMBOL FUNCTION Cs FN BAO A13 A1 A10~A9 A8 A7 A6~A0
LAL Lower Address Latch (x16) H X X \% \% X X X LA
LAL Lower Address Latch (x8) H X X \Y X X X LA LA
REF Auto-Refresh L X X X X X X X X
MRS Mode Register Set L X \% L L L L \% \%

Notes: 1. L =Logic Low, H = Logic High, x = either L or H, V = Valid (specified value), BA = Bank Address, UA = Upper Address,

LA = Lower Address

2. All commands are assumed to issue at a valid state.
3. All inputs for command (excluding SELFX and PDEX) are latched on the crossing point of differential clock input where

CLK goes to High.

4. Operation mode is decided by the combination of 1st command and 2nd command. Refer to “STATE DIAGRAM” and

the command table below.

Read Command Table

COMMAND (SYMBOL) cS FN BA1~BAO | A14~A9 A8 A7 AB~A0 NOTES
RDA (1st) L H BA UA UA UA UA
LAL (2nd) H X X X X LA LA 5
Notes: 5. For x16 device, A7 is "X" (either L or H).
Write Command Table
e TC59LM814CFT
— BA1~ A10~
COMMAND(SYMBOL) Cs FN BAO A14 A13 A12 A11 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 | UVWA1 X X X LA
e TC59LM806CFT
— BA1~ A10~
COMMAND(SYMBOL) Cs FN BAO A14 A13 A12 A11 A9 A8 A7 | A6~A0
WRA (1st) L L BA UA UA UA UA UA UA UA UA
LAL (2nd) H X X VWO | vwi1 X X X X LA LA
Notes: 6. A14~ A11 are used for Variable Write Length (VW) control at Write Operation.
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TOSHIBA TC59L.M814/06CFT-50,-55,-60

FUNCTION TRUTH TABLE (continued)

VW Truth Table
SYMBOL Function VWO VWA

Write All Words L X

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

BL=4
Write First Two Words L H
Write First One Word H H

Notes: 7. For x16 device, LVWO0 and LVW1 control DQ0~DQ7.
UVWO0 and UVW1 control DQ8~DQ15.

Mode Register Set Command Table

COMMAND (SYMBOL) cs FN BA1~BAO | A14~A9 A8 A7 AB~A0 NOTES
RDA (1st) L H X X X X X
MRS (2nd) L X \Y L L \Y \Y 8

Notes: 8. Refer to “MODE REGISTER TABLE".

Auto-Refresh Command Table

PD _
FUNCTION COMMAND | CURRENT CS | FN | BA1~BAO| A14~A9 | A8 | A7 | A6~A0 | NOTES

(SYMBOL) STATE n-1l n
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

PD _
FUNCTION COMMAND | CURRENT CS | FN | BA1~BAO| A14~A9 | A8 | A7 | A6~A0 | NOTES

(SYMBOL) STATE n-1l n
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 — Self-Refresh| L L X X X X X X X
Continue
Self-Refresh Exit SELFX Self-Refresh| L H H X X X X X X 11

Power Down Table

PD _
FUNCTION COMMAND | CURRENT CS | FN | BA1~BAO| A14~A9 | A8 | A7 | A6~A0 | NOTES

(SYMBOL) STATE n-1l n
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 1

Notes: 9. PD has to be brought to Low within trpp|_ 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

TC59LM814/06CFT-50,-55,-60

FUNCTION TRUTH TABLE (continued)

CURRENT STATE - :’D - CS | FN | ADDRESS | COMMAND ACTION NOTES
H H H X X DESL NOP
H H L H BA, UA RDA Row activate for Read
dle H H L L BA, UA WRA Row activate for Write
H L H X X PDEN Power Down Entry 12
H L L X X — lllegal
L X X X X — Refer to Power Down State
H H H X LA LAL Begin Read
H H L X Op-code | MRS/EMRS | Access to Mode Register
Row Active for Read H L H X X PDEN lllegal
H L L X X MRS/EMRS | lllegal
L X X X X — Invalid
H H H X LA LAL Begin Write
H H L X X REF Auto-Refresh
Row Active for Write H L H X X PDEN lllegal
H L L X X REF (self) |Self-Refresh Entry
L X X X X — Invalid
H H H X X DESL Continue Burst Read to End
H H L H BA, UA RDA lllegal 13
Read H H L L BA, UA WRA lllegal 13
H L H X X PDEN lllegal
H L L X X — lllegal
L X X X X — Invalid
H H H % % DESL Eﬁga Write&Continue Burst Write to
H H L H BA, UA RDA llegal 13
Write H H L L BA, UA WRA lllegal 13
H L H X X PDEN lllegal
H L L X X — lllegal
L X X X X — Invalid
H H H X X DESL NOP — Idle after IRgrFc
H H L H BA, UA RDA lllegal
Auto-Refreshing H H L L BA, UA WRA lllegal
H L H X X PDEN Self-Refresh Entry 14
H L L X X — lllegal
L X X X X — Refer to Self-Refreshing State
H H H X X DESL NOP — Idle after Irsc
H H L H BA, UA RDA lllegal
Mode Register H H L L BA, UA WRA lllegal
Accessing H L H | x X PDEN llegal
H L L X X — lllegal
L X X X X — Invalid
H X X X X — Invalid
L L X X X — Maintain Power Down Mode
Power Down Llulul « o ppEx | EXit Power Down Mode — Idle after
tPDEX
L H L X X — lllegal
H X X X X — Invalid
L L X X X — Maintain Self-Refresh
Self-Refreshing L H H X X SELFX Exit Self-Refresh — Idle after IRgFc
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 inidicated by Bank Address (BA).
14. lllegal if trpp| is not satisfied.
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TOSHIBA

MODE REGISTER TABLE
Regular Mode Register (Notes: 1)

TC59LM814/06CFT-50,-55,-60

ADDRESS BA1 | BAO " A14~A8 A7 AB~A4 A3 A2~A0
Register 0 0 0 TE CL BT BL
A7 TEST MODE (TE) BURST TYPE (BT)
0 Regular (default) 0 Sequential
1 Test Mode Entry 1 Interleave
A6 A5 A4 [ CAS LATENCY (CL) A2 A1 A0 |BURST LENGTH (BL)
*2 *2
0 0 X Reserved 0 0 0 Reserved
0 1 0 Reserved 0 0 1 2
0 1 1 3 0 1 0 4
1 0 0 4 0 1 1 *2
- Reserved
1 0 1 Reserved 1 X X
1 1 X Reserved*2
Extended Mode Register (Notes: 4)
*4 * *5
ADDRESS BA1 BAO A14~A7 A6 A5~A2 A1 A0
Register 0 1 0 DIC 0 DIC DS
A6 A1 OUTPUT DRIVE IMPEDANCE CONTROL (DIC)
0 0 Normal Output Driver
0 1 Strong Output Driver
1 0 Weaker Output Driver
1 1 Weakest Output Driver
y
A0 DLL SWITCH (DS)
0 DLL Enable
1 DLL Disable
Notes: 1. Regular Mode Register is chosen using the combination of BAO = 0 and BA1 =0.

2. “Reserved” places in Regular Mode Register should not be set.
3. A7 in Regular Mode Register must be set to “0” (low state).
Because Test Mode is specific mode for supplier.
4. Extended Mode Register is chosen using the combination of BAO = 1 and BA1 = 0.
5. A0 in Extended Mode Register must be set to "0" to enable DLL for normal operation.
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TOSHIBA

STATE DIAGRAM

POWER
DOWN

SELFX
(PD =H)

(PD =1)

MODE

STANDBY
€=~ -~
REGISTER

(IDLE)

AUTO- \--~"~
A
1 \
WRA /' \RDA
\

REFRESH
!
\

1 \
! \
1 \
1 \
\
\ ACTIVE

ACTIVE
1
(RESTORE) !
1 \
1 \
1 \
1 \
1 \
LAL / \ LAL
1 \
1 \
\
WRITE
(BUFFER)
—> Command input
- === Automatic return
The second command at Active state

must be issued 1 clock after RDA or

WRA command input.
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TOSHIBA

TC59LM814/06CFT-50,-55,-60

TIMING DIAGRAMS
SINGLE BANK READ TIMING (CL = 3)

0 1 2 3 4 5 6 7 8 9 10 1
CLK - - - - - - - - - - - '-'\/—
i/ W / i/ W / i/ W / i/ W /
S U808080080008008000800800808
IrRc = % cydles IrRc = 5 dycle$
Command :>< RDA LAL DESL RDA >< LAL DESL RDA LAL
BL=2 |F<CD=1 czp(le IRAS =4 cycles I};;{CDz 1 cgt;le IrAS = 4 cycles R
DQS _ Hi-Z Hiz Hiz
(output) __//_\ __//_\
CL=3 CL=3
DQ Hi-Z oY Hi-Zz aoYa1 Hi-Z
(output)
BL=4
DQS Hi-Z /N N\ Hi-Z /\ /\ (HzZ
(output) /N ./ N\
CL=3 CL=3
(output)
SINGLE BANK READ TIMING (CL = 4)
0 1 2 3 4 5 6 7 8 9 10 1
CLK -1 - - -1 - - -1 - - A - Ll
i/ U / i/ U / i/ U / i/ U \/
S 080800000808008000808080 0
) Irc = 5 dycles L IRc £ 5 dycles - i i
Command :>< RDA> LAL > DESL > RDA >< LAL > DESL > RDAX LAL
BL<2 |RlCD = 1S¥cle IrRAS = 4 cygles 1R,CD = 1S¥cle IrRAS = 4 cygles |RgD = ‘;I cy\qle
DQS  Hi-Z Hi-Z i
(output) _//_\ __/ | T
CL=4 CL=4 ;
DQ Hi-Z. aoYa1 Hi-Z QOl Qtb—
(output) i
BL=4
DQS _ Hi-Z /N N Hi-Z /‘\—/‘
(output) _/ U ——/ i
CLE4 CLE4
DQ Hi-Z 20 03 Hi-Z - : 0 @
(output) A
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TOSHIBA TC59L.M814/06CFT-50,-55,-60
SINGLE BANK WRITE TIMING (CL = 3)

0 1 2 3 4 5 6 7 8 9 10 11
CLK Lea
U
CLK =i
Command X WRA)
BL 2 i IRcD * 1 cycle IRAS = 4 cydles IRcD = 1 cycle IrRAs = 4 cygles
pas 7 /\ ﬁ M\ /ﬁ
(input o\ 7\
 tpgss |
Wh=2! wiizi
D
_ba DoXD1 DOYD1
(input) e
t I | Lo
BL=4 Dassy b Ddss 1
DQS . /‘\ %
(input) } i i
WL= 2 WLi= 2 i '

DQ
(input) DOXD1XD2XD3 DO @ D2 @

SINGLE BANK WRITE TIMING (CL =4)

0 1 2 3 4 5 6 7 8 9 10 11
CLK - A ~A Al A A A A 1| A A "\/—
W / i/ W / i/ W / i/ | W / i/
RS S0803080808000808000080
IrRc &= 5 dycles IrRci= 5 ¢ycles
Command :> WRA LAL >< DESL >< WRA LAL DESL WRA >< LAL
BL<2 |H9D =1 E’f'e IRAS = 4 cydles I1:9D =1 S,CIe IrRAs = 4 cyales IBQDz 1 cycle
pas N\ 7
(input) A/ /ﬂ\
WLI=3 WL=3
DQ
(input) %@’ - ‘ %@X@W
BL=4 [odss, BN
oas N\ avay
(input) %& //_\i\—/ \ / \_/ i i
WLi=3 WLE=3 |

I
(inpl):lf; DOXD1XD2XD3 AD0XD1XD2 @f/

Note: Ffj means Hor L

2002-08-19 21/38



TOSHIBA TC59L.M814/06CFT-50,-55,-60
SINGLE BANK READ-WRITE TIMING (CL = 3)

0 1 2 3 4 5 6 7 8 9 10 11
CLK -1 ~— - - ~ - - —A - - —A "\i
/ / / / / / / / / / / /
VS80S0 300008080808000008
) Irc E 5 dycles i Irc E 5 ¢ycles - i
Command :> RDA X LAL X DESL X WRA ) LAL X DESL X RDA X LAL
BL—2 ||§CD = 1;:<ycle IRAS = 4 cydles ;BCD = 1;p{ycle IRAs = 4 cydles )
DQS Hi-Z //_\ Hi-Z \_/ﬂ Hi-Z
CL=3 X WL=21
bQ Hi-Z Yo Hi-Z <_E) 0> <D'1\ Hi-Z
BL—4 (th SS_
bas Hi-Z ]ﬂ\_}ﬂ Hi-Z —//_\—/_\ Hi-Z
CL=3 X WL=21
bq _HZ . _HiZ Hi-Z

SINGLE BANK READ-WRITE TIMING (CL =4)

0 1 2 3 4 5 6 7 8 9 10 11
CLK ~A A - ~A A - ~A A - ~A A -l
s s 1 / s 1 / s 1 / s 1
3 080808080080808000800080 0
J IrRc = 5 dycles o Irc = 5 dycles R i
Command :> RDA >< LAL >< DESL >< WRA LAL >< DESL >< RDA >< LAL
BL—2 (lRCD =>1<cyq le | IRAs =4 cydles ><|RCD =>Lcyq le | IRAs =4 cydles R
Das Hi-Z _//_\ Hi-Z _/ﬂ
CL=4 R WLi=3
pQ —Z QoXQ1 Hiz <-|30><D-1\,
BL—4 (tDC SS_
iz NN 2 NN -
bas UNAY SRUAY.
CLi=4 . WL=3 4
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TOSHIBA TC59L.M814/06CFT-50,-55,-60

MULTIPLE BANK READ TIMING (CL = 3)

0 1 2 3 4 5 6 7 8 9 10 1
ATV Y YV YV YV Y Y YV Y Y YV Y Y Y Y
U / i/ U / i/ U / i/ U / i/
ax AP NI AL ADAPADNS AL NI NI AP N
IRc = 5 aycles IRBD = 2icycles |RC¢ =1icycle ilrcp = licycle
Command :> RDAa X LALa X RDAb X LALb DESLXRDAa LALa RDACX LALc X RDAd X LALd X RDAb
IRcp = 1 gyclel IRAS E 4 dycles IRcD E 1 gycle IrRgD = 2 cycles | IrgD = 2 cydles
Bank Add. o a ) o ap apor
(BAO, BA1) Bank a) X ><3ank b> X ><3ank a X Bank C>< X Bank d) X ><3ank b
BL=2 JrBD =2 cydles
DQS Hi-Z /7 /\ Hi-Z /\ [
(output) / \ A / | / \ A /
CL=3 CLi=3
DQ Hi-Z, Hi-Z Hi-Z Hi-Z
! a0at——r—{QbgQb1 : adQat—r—{Qco
(output)
CLi=3 CL=3
BL=4 > >
D i-
Qs Hi-Z /N /N /N /N /N [
(output) / \ / \ / \_/ |/ \/ /
CL=3 CL=3
D Hi-Z; Hi-Z
Q ! a bXbF—r——{QadQaf @@ Qco
(output) | | i | i
MULTIPLE BANK READ TIMING (CL = 4)
0 1 2 3 4 5 6 7 8 9 10 1
CLK —\F'\ﬂF\/—\'—\/—\'—\ﬂ”\/—\'—\ﬂ’\ﬂ”\/—\”\ i'-'\ﬂ'-\ Ry
W / i/ W / i/ W / i/ U / U
o AL ASAS NSNS NI AN Ur\j AL A
IrRc E 5 dycles IRBQ =2 cycles IRC: =1 cycl!e IRC:) =1 cyclle i
Command :> RDAa X LALa X RDAb LALb> DESLXRDAa) LALa) RDACX LALc XRDAd) LALd XRDAb
Irct) = Ticycle IRAs = 4 dycles IrRc = Ticycle IRED =2 cy(*;les IrRgD =2 cy(‘;les
Bank Add. VA i
(BAO, BA1) Bank a) X ><3ank b> X ><3ank a) X >Bank C>< X X?:ank d) X XBank b
) i |
BL=2 (lRED g CyC |eS; | i
DQS  [Hi-Z /\ /\ Hi- /‘\\—/
(output) A ALS /A
CL=4 CL=4 i
DQ  Hi-Z Hi-Z Hi-Z i
: QadRa——{Qboiab1 ' QadQat—
(output)
CL=4 CLi=4
BL=4 >
DQS Hi-Z:
- VAVAVAVAVENAVE
(output) | |
CL=4 CLi=4
DQ Hi-Z: Hi-Z
a0Qa Qa2XQa3kQbAQ b2XQb. a0iQa1XQa2)
(output) ! N_/N\_/" ! !

Note: “x” is don't care.
Irc to the same bank must be satisfied.
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TOSHIBA TC59L.M814/06CFT-50,-55,-60

MULTIPLE BANK WRITE TIMING (CL = 3)

0 1 2 3 4 5 6 7 8 9 10 11
CLK EF\ﬂF\F\F\ﬂF\E F\/—\'—\ﬂ'-\ﬂ'\/—\’\ EF\ﬂF\ el
U / i/ / / i/ / / i/ U / U
9 8080803000008080800800018
| IRci=5 dyclelis IRBD = 2 cycles ilrch = 1 cyclie Irch =1 cyclle i
Command * WRAaX LALa ><WRAb> LALb >< DESL><WRAa> LALa ><WRAC>< LALc XWRAd)( LALd X WRAb
| llrcp = Ticycle IRas E 4 dycleb Irch = Ticycle | Irgp =2 cydles | Irgp = 2 cydles
Bank Add. \ i i
X an
(BAO, BA1) Bank “a” X Bank “b’ X Bank “a’ Bank “c” X Bank “d” X Bank “b”
BL <2 E {IRBD =2 cyd Ies; E (th SS E tpa SS_ E E E E E
=2 NBANEZANANE
(input) / 5 AN\ Ao A P ”f
WLi=2 | WL=2 ; P
DQ
. a0xDa1x bOXDb1 a0Da1 cOXDc1
(input)
t | tod oLt Lo
BL—4 Jodss || pgss | || D@SS | o
DQs i i LA T\
(input) : ! : NS
DQ \/[
(input)

MULTIPLE BANK WRITE TIMING (CL = 4)

0 1 2 3 4 5 6 7 8 9 10 1
CLK _XF\HF\/_\F\“F\E F\ﬂF\ﬂF\ﬂF\ﬂF\ﬂF\ﬂF\ RalY
/ / / / / / / / / / / '/
S S03080808000808000000008
IRc=5 cycle§ IrRBD = 2icycles iIrch = licycle  ilrcp =1 cycllb i
Command :> WRAaX LALa XWRAb LALb X DESLXWRAa LALa XWRACX LALc WRAd) LALd X WRAb
I,RC': = J E:ycle IRAS E 4 dycles R I,RC[ :J cycle IrRgD =2 cycles\ IIRBD =2 cyéles\
Bank Add. n " R o) o v
(BAO, BA1) Bank a)( X ><3ank b X ><3ank a X XBank c>< X Bank d)( X XBank b
BL=2 ‘lRBD =2 cyd les> (tDC SS | (tDC SS |
DQS /_\ M\ F P
(inpu) IND SN\ /[\\
WLi=3 R WLi=3 i
D
. Q a0Da1 bOXDb1 a0xDa XDcQ
(input)
t | tpa b t |
BL =4 < DQ SS; i P DC?SS; i i P DQ SS; i
DQS ! ! o AN
(input) 5 ) /_\ A S\ \_/_\
WL=3 R
. bQ (DalXDa1XDa2XDa «@@
(input)

Note: % means Hor L.
“X” is don’t care
Irc to the same bank must be satisfied.
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TOSHIBA TC59L.M814/06CFT-50,-55,-60
MULTIPLE BANK READ-WRITE TIMING (BL = 2)

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

CLK - - - - - - - - - - - -
S GUS00080008000300000801

)
Irci = 1icycle ! IRc =5 cytles
IRED = 2 cydles N " lrWD =R cy¢les | IRgD = 2 cydles IRWD = R cytles

< 3 < H >y 3 &< 3

Command :> WRAa) LALa> RDAb> LALb> DESLXWRAC) LALC> RDAd)( LALd> DESL) WRAC)( LALc

N

IrcD = 1 cycle 1 lwrp =11 cycle |R:CD =1 cycle | lwrp =11 cy¢le IrcD = 1 cycle
(:ng BA:?) :> Bank “a) X ><3ank b> X XBank c> X > Bank d>< X > Bank C>< X
_tpass_ | tpgss
CL=3 < ; < >
Hi-Z [_\ Hi-Z /_\ /_\ Hi-Z /_
DQS ]
_/ 4 N ./
WLi=2 CLi=3 WLi=2 CLi=3 R
ba Hi-Z é%;} Hi-Z Gl é%c} Hi-Z g
CL4 fbass | fbass
B Hi-Z N /‘\ Hi-z /‘\ X /_\ Hi-z
DQS
\|_/ 1 N\
WL=3 wL=3
> CL=4 > CL=4
pq —HZ 2002 Hi-Z bO(Qb1 Db Hi-2

0 1 2 3 4 5 6 7 8 9 10 1
CLK ol A ~A - A ~A - - A A ey e ValY
U / / U / / U / / U W/ \/ v
) 0808000080808080000808080 0
IrRBD = 2 cycles ilrcp = ficycle ilrwp =3 cydles ilrgh=2cycles ilrch=1Ticycle | | |
Command :> WRAa) LALa X RDAb) LALb > DESL ) WRAc) LALc X RDAd) LALd X DESL
|FCD?¢41CC|G JWpDi1cy,Ie IFCD:i1ch%JWpDi1cy,Ie i
(:ZBKBA:?) :>Bank“a> X ><3ank b> X >Bank c) X ><3ank d> X
cL3 tbass togss i | ||
“oas —HZ NN aYaYENAYAY
DQS h
NI W W R WA W\ W W
WLi=2 CLi=3 ~ wih=2¢{ |+ {1 1
o 22 OREE ——EREE—H0E0—
togss tD(;SS
CL=4 < > <
Hi-z A [\ /‘\’\JF
DQs
\DAVAVENAVAVAN S
WL=3 i WL=3 i
» cLi=4 R o
pQ —Z w@mm @v (@) @l @13 Dc c

Note: “x” is don’t care
IRc to the same bank must be satisfied.
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TOSHIBA

SINGLE BANK WRITE with VARIABLE WRITE LENGTH (VW) CONTROL
(CL = 3, BL =4, Sequential mode)

0 1 2 3 4 5 6 7 8 9 10 11
CLK _X’-\ EF\ﬂF\ﬂF\ﬂF\ﬂF\ﬂF\ i"\ﬂ'-\ﬂ"\ i"\ﬂ'-\i
W/ U / i/ U / W/ U / U W
9 S0503080808000808000008
X8 3 E IrRci= 5¢cycles e E IrRc!= 5cycles E ~ E
Command :> WRAX LAL DESL WRA LAL X DESL XWRA LAL
Address 2 o YLA=#3 ua YA=#1\ /s YA
E = 1] I = E 1 1 1] E MEZ
(erte Flrst Two Words) i (Write First One Word) i i
DQS /_\_}/_\ ’ /_\ /_\ /e
(input) /i \ O N N
i Last two data are masked i Last three data are '
oA s s . W R B
DQ
(input ‘ w @ 3 o
| Address #3 #0 (#1) (#2) | #1 (#2) (#3) (#0)
e s s s s
Command :> WRAX LAL DESL WRA LAL X DESL { WRA LAL
——\|/TA =3\ A=A\ i TA=F3
Address UA X Uuvw=2 % UA X uvw=1 % UA X uvw=2
—/I\LVW= L ; =N/ N ] | \LVW=1
Upper byte Write First Two Words ! Upper byte: Write First One Word ) |
Lower byte erte First One Word i Lower byte Wnte First One Word ) |
uDQS : P % /‘\—/—\ Jz
(input) / /_\_/_\\ I\ :
i Last two data are masked i Lastthree data are
e S oA
DQ8~DQ15
(input) oo >0
Address #3 #0 (#1) (#2) | #1 (#2) (43) (H0) |
uDQS /\ /\ % /N /N %
(input) / L NS
Last three data are E " Last three data are '
A —— 1 1 i oA —
DQO0~DQ7
(input) ‘ DO ‘ , , : DO , f__,..-""
g Address #3 HOY#N@#2) | | | | ANCANCOTCO I

Note: DQS input must be continued till end of burst count even if some of laster data is masked.
Refer to "VW Truth Table".

TC59LM814/06CFT-50,-55,-60
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TOSHIBA TC59L.M814/06CFT-50,-55,-60

MODE REGISTER SET TIMING (CL =3,BL=2)

0 1 2 3 4 5 6 7 8 9 10 11
CLK —x'-\/—\'-\ﬂ'-\ﬂ"\i F\ﬂ'-\ﬂ’\/—\’\ﬂ'-\ﬂ’\/—\’\ﬂ’\/—
4 4 / AR, / ’ 4 / ’ 4 /
CLK -4 \_)‘_ J \_)\_ J \j\._ J i\. J \_)\_ J \j\._ J \_)‘_ J \_)\_ J \j\._ J \_)‘_ J \_)\_ J \j\._
IrRci=5 bycleis rsci= 5 tycles
Command :>< RDA >< LAL > DESL > RDA >< MRS >< DESL > or >
IRaD = fl cydle | IRAs =4 cydles IRGD = 11 cycle
A14~A0 BA UAY LA Valid BA UA
BAO, BA1 i x (op- X ,
DQS Hi-Z ? Hi-Z
(output) \__| ] i
CLES
DQ Hi-Z i Hi-Z
(output) QO: Q1
POWER DOWN TIMING (CL=3,BL=2)
Read cycle to Power Down Mode
0 1 2 3 4 5 6 7 n-1 n n+1 n+2
CLK _\IF\E I'_.\i I'_.‘i EI‘_.\E EI'_.\i EIF.‘E EI‘_.\E I'_ ( EIF.‘E EI‘_.\E IF\! }IF.‘{_
1 17 I\ I\ I\ 1 I\ 1 I\ 1 I\ 1 I\ 1 I\ 1 I\ \ \
CLK -/ Pe s e s RSV G RV W SV W N W VAN :_JU_J .
| I A L Hoad 1o
i : N S S A NN NS N N Loy b = >
Command :>< RDA >< LAL > DESL )( \\ X ><DESL> or
\WRA
7/
IRcp = 1f cydle i | tis | Ippi= 1 ¢ycle
PD
Q
tarDH tADEX
IRC(mip), tREFI(max) | €T
DQS Hi-Z / \ Hi-Z!
(()
(output) \__| /
CL=3
DQ  Hi-Z Hi-Z, i
(output) QOAQ1 v
Power Down Entry Power Down Exit

Note: “X” is don’t care -
Ipp is defined from the first clock rising edge after PD_ is brought to “Low”.
I@A is defined from the first clock rising edge after PD is brought to “High”.

PD must be kept "High" level until end of Burst data output.
PD should be brought to high within tReF|(max) to maintain the data written into cell.
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POWER DOWN TIMING (CL =4)

Write cycle to Power Down Mode

0 1 2 3 4 5 6 7 8 9 n-1 n n+1 n+2
CLK_X/F‘/_\/F\/—\_{:}/_\_IF \-[—\:#\'——\//—\{-—'y—\;— \-/—\:&3/—\('—'}/—\;— LA ,\"—'\):/_\,'-\/_\,'—\{—
CLK-J\_)\_J\_)\._J i\_J\_/\_JE p i\_J\_/\_JE p E\\_.I |1 E\\_.I i\_JU\_J\_)\_

s s s s T o
Command :> WRA X LAL X DESL X \\ X )( DESL> r
) NRA
tiH | tis | Ippj= 1 cycle
PD <
WL=3 2 ¢lock cycles { t
>« > : RDEX
IRC(min), tREFI(max) <>
BL=4 - A
DQS Hi-Z /N N Hi-Z B
(Input) \_/ )
D Hi-Z Hi-Z
Q ' /IZ-)0><D1 XDZXD;\ H .
(Input) A 4
BL=2
DQs Hi-Z, / \ Hi-Z: (
(Input) ’
DQ Hi-Z N\ Hi-Z )
(Input) DOXD1 ,:)
Power Down Entry Power Down Exit

Note: “x” is don’t care
@ must be kept "High" level until WL+2 clock cycles from LAL command.
PD should be brought to high within tReF|(max) to maintain the data written into cell.
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AUTO-REFRESH TIMING (CL = 3, BL=4)

o
N
N
w
N
3
o
~
]
I
N
35
35
+
N
)

<--- +
N

e AOOCOOCO00C

>
e S
\
-
>
<
C..
-
>
~ =
Y
-
CJ
<
C..
-
>
<
C..
-
CJ
~
Y
-

- J -/ -/ - J -/ i -
IRc = 5 dycles |R§EFC = 15 cycles i
< > < ; > !
; or
Command :>< RDA > LAL >< DESL >< WRAX REF > \\ DESL > or XMRS or>
7/
IRcD = 1 cycle IrRAS = 4icycles 1icycle
DQS Hi-Z: / \ Hi-Z ¢

C.

A;U_
O

PR P I - J
]

(output) __/

CL

5 ) )
Q __HiZ Qo @ a2Yaay—H~Z
(output)

Note: In case of CL = 3, IRgrc must be meet 15 clock cycles.
When the Auto-Refresh operation is performed, the synthetic average interval of Auto-Refresh
command specified by trgF) must be satisfied.
tREF) is average interval time in 8 Refresh cycles that is sampled randomly.

1]
w

Y

o
<

tq to i t3 7 tg

e AMURTANS....... TN AALL..

(wRra| RIEFl
H [

=]
12
5
ki
]
B
Pyl
&3]
L™ |

|
|
(WRra| ReF
T
1

1 1
1 1
| e
| T
1 1

8 Refresh cycle

Total time of 8 Refresh cycle ty+tto+ttg+tyg+tsg+ttg+tyr+tg
8 8

tREFI =

tREF is specified to avoid partly concentrated current of Refresh operation that is activated larger area
than Read / Write operation.
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SELF-REFRESH ENTRY TIMING (CL = 3)

0 1 2 3 4 5 m-1 m m+1
CLK EF\ﬂF\F\F\ﬂF\ﬂF\/—\F\ IF\ﬂF\/_\F\E Lyl b ey
U / / / / U / i/ | U i/ / U i/
L
. Ircor1oycle IReFc ) S Lo 5
T g [t ~ P ’
Command WRA X REF > DESL \ X ! \i
i 7/ 7
i tFPDL (min) | tFPDL (max) i
i N Auto Refresh /!
I §
, \ \ | SelfiReffesh Entn \ (
i *2 )/ h5—
: < IPD ! >
i }
! tarDH lckb = 16 cycles |
Lo < R
DQs T\ Hi-Z \\ /
(output) ! Y —
pQ "\ Hi-Z B (
(outputy _ A ¥ v

Notes: 1. “x”is don’t care.

2. PD must be brought to "Low" within the timing between tppp| (min) and tppp| (max) to Self
Refresh mode.When PD is brought to "Low" after Ippy, FCRAM " perform Auto Refresh and
enter Power down mode.

3. ltis necessary 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

0 1 2 m-1 m m+1 m+2 n-1 n n+1 p-1 p

CLK =-~xi=~ ~A -~ ~A ~A ~A ~ ~A ~A -~ ~A ~A
C Yy [
S SS08ER000000000008000080 08

| Command (glst)*:’
Command :> X

N

CGomrhand (2n j)*6

RDA*7>< LAL”?

WRA

o
m
w0
[
Y.
*
A
m
TR
a1
N
N
o
m
w0
[
L
Y.
AN
N
O~

1 /l

lppa = 1 cyicle ™ Irch = 1 cycle i IrcD =1 cydle !

- ’(I( - ” (I( - ” (I(

__ Y ) )

D a | |

| tPoEX | | |

Al | ILdck ! : R

bas iz \ \ \
(output) /:/ /:/ /:/
DQ Hi-Z \ B B
(output) Vv v v

Self-Refresh Exit

Notes: 1. “x”is don’t care. -
2. Clock should be stable prior to PD = “High” if clock input is suspended in Self-Refresh mode.

3. DESL command must be asserted during IRgrc after PD is brought to “High”.

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

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

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

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

TC59LM814/06CFT-50,-55,-60

Network FCRAM'

The FCRAM™ is an acronym of Fast Cycle Random Access Memory. The Network FCRAM™ is competent to
perform fast random core access, low latency, low consumption and high-speed data transfer.

PIN FUNCTIONS
CLOCK INPUTS: CLK & CLK

The CLK and CLK inputs are used as the reference for synchronous operation. CLK is master clock input.
The CS, FN and all address input signals are sampled on the crossing of the positive edge of CLK and the
negative edge of CLK. The 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 FCRAMTM_. 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 0
Bank #1 1 0
Bank #2 0 1
Bank #3 1 1

ADDRESS INPUTS: A0O~A14

Address inputs are used to access the arbitrary address of the memory cell array within each bank. The Upper
Addresses with Bank addresses are latched at the RDA or WRA command and the Lower Addresses are latched
at the LAL command. The AO to A14 inputs are also used for setting the data in the Regular or Extended Mode
Register set cycle.

UPPER ADDRESS LOWER ADDRESS
TC59LM806CFT AO~A14 AO~A7
TC59LM814CFT AO~A14 A0~AG
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DATA INPUT/OUTPUT: DQ0~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 (DQS8 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
DQ@QS that is an output signal provides the read data strobe.

POWER SUPPLY: VDD, VDDQ, Vss, Vssa

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

REFERENCE VOLTAGE: VREF

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

TC59LM814/06CFT 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 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)

TC59LM814/06CFT are required to refresh like a standard SDRAM. The Auto-Refresh operation is begun
with the REF command following to the WRA command. The Auto-Refresh mode can be effective only when all
banks are in the idle state and all outputs are in Hi-Z states. In a point to notice, the write mode started with
the WRA command is canceled by the REF command having gone into the next clock of the WRA command
instead of the LAL command. The minimum period between the Auto-Refresh command and the next command
is specified by IREFC. However, about a synthetic average interval of Auto-Refresh command, it must be careful.
In case of equally distributed refresh, Auto-Refresh command has to be issued within once for every 7.8 us 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 400 ns always. In other words, the number of Auto-Refresh cycles
which can be performed within 3.2 us (8 x 400 ns) is to 8 times in the maximum.

Self-Refresh Operation (1st command + 2nd command = WRA + REF withPD = “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 TC59LM814/06CFT
become Self-Refresh mode by issuing the Self-Refresh command. PD has to be brought to “Low” within tFPDL
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 7.8 us after the latest Auto-Refresh
command. Once the device enters Self-Refresh mode, the DESL command must be continued for IREFC period.
In addition, it is necessary that clock input is kept in ICKD period. The device is in Self-Refresh mode as long as
PD held “Low”. During Self-Refresh mode, all input and output buffers 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 IREFC. The Self-Refresh exit function is asynchronous operation. It is required that one
Auto-Refresh command is issued to avoid the violation of the refresh period just after IREFC from Self-Refresh
exit.

Power Down Mode (ﬁ ="“L")

When all banks are in the idle state and all outputs are in Hi-Z states, the TC59LM814/06CFT 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 Al14, BAO and BA1l address inputs. The TC59L.M814/06CFT
have two mode registers. These are Regular and Extended Mode Register. The Regular or Extended Mode
Register is chosen by BAO and BA1 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.

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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e 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 Reqister Fields

(R-1) Burst Length field (A2 to AO)
This field specifies the data length for column access using the A2 to A0 pins and sets the Burst Length

to be 2 or 4 words.

A2 A1 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 “0”, Sequential
mode is selected. When the A3 bit is “1”, Interleave mode is selected. Both burst types support burst
length of 2 and 4 words.

A3 BURST TYPE
0 Sequential
1 Interleave

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=3

CLK
CLK

Command

DQS

DQ

Addressing sequence for Sequential mode

DATA ACCESS ADDRESS BURST LENGTH
Data 0 n } 2 words (address bits is LAQ)
Data 1 N4 not carried from LAO~LA1

4 words (address bits is LA1, LAO)
Data 2 nt2 not carried from LA1~LA2
Data 3 n+3

2002-08-19 35/38



TOSHIBA TC59L.M814/06CFT-50,-55,-60

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 |--A8 A7 A6 A5 A4 A3 A2 Al A0 }2words
Datal |--A8 A7 A6 A5 A4 A3 A2 A1 AD

Data2 |--A8 A7 A6 A5 A4 A3 A2 Al A0 4 words
Data3 |--A8 A7 A6 A5 A4 A3 A2 A1 AD

(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 Reserved
0 1 1 3

1 0 0 4

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
e Reserved bits (A8 to A14)
These bits are reserved for future operations. They must be set to “0” for normal operation.

Extended Mode Reqister 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 /A6)
This bit is used to choose Output Driver Strength. Four types of Driver Strength are supported.

A6 A1 OUTPUT DRIVER IMPEDANCE CONTROL
0 0 Normal Output Driver

0 1 Strong Output Driver

1 0 Weaker Output Driver

1 1 Weakest Output Driver

(E-3) Reserved field (A2 to A5, A7 to A14)
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 Unit : mm

34

AAARARARAAARAAARAARRARAARAAAARARE | J
0O
1HHHHHHHHHHHTTHHHHHHHHHHHHHHHHHHSHB 9
0.71TYP | 0.65 H 0.24i8189@@ [—\
22.62 MAX
22,22 +0.1

1%
1.2 MAX
0.145*0.055

o

0.120.05

0.840.2

Weight: 0.51 g (typ.)
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RESTRICTIONS ON PRODUCT USE

000707EBA

e TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc..

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

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

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

e The information contained herein is subject to change without notice.
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