TOSHIBA TC59LM914/06AMB-37,-45-50

TENTATIVE TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT  SILICON MONOLITHIC

4,194,304-WORDS x 8 BANKS x 16-BITS Network FCRAMTI\/I
8,388,608-WORDS x 8 BANKS x 8-BITS Network FCRAMTNI

DESCRIPTION

Network FCRAMT™M is Double Data Rate Fast Cycle Random Access Memory. TC59LM914/06AMB is Network
FCRAM™ containing 536,870,912 memory cells. TC59LM914AMB is organized as 4,194,304-words x 8 banks x 16
bits, TC59LM906AMB is organized as 8,388,608-words x 8 banks x 8 bits. TC59LM914/06AMB 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. TC59LM914/06AMB can operate fast core cycle
compared with regular DDR SDRAM.

TC59LM914/06 AMB is suitable for Network, Server and other applications where large memory density and low
power consumption are required. The Output Driver for Network FCRAM™ s capable of high quality fast data
transfer under light loading condition.

FEATURES
PARAMETER TC59LM914/06
-37 -45 -50
CL=3 5.5ns 5.5ns 6.0 ns
tck  Clock Cycle Time (min) CL=4 4.5ns 5.0 ns 5.5ns
CL=5 3.75ns 4.5ns 5.0ns
trc Random Read/Write Cycle Time (min) 22.5ns 25 ns 27.5ns
trac Random Access Time (max) 22.0ns 22.0ns 24.0ns
Ibp1s Operating Current (single bank) (max) TBD TBD TBD
Ipp2p Power Down Current (max) TBD TBD TBD
Ippe  Self-Refresh Current (max) TBD TBD TBD

e  Fully Synchronous Operation
e Double Data Rate (DDR)
Data input/output are synchronized with both edges of DQS.
o 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 3.75 ns minimum
Clock: 266 MHz maximum
Data: 533 Mbps/pin maximum
e Fastcycle and Short Latency
e Differential Data Strobe DQS : TC59LM906AMB
e Distributed Auto-Refresh cycle in 3.9 us
e Self-Refresh
¢ Power Down Mode
e Variable Write Length Control
e Write Latency = CAS Latency-1
e Programable CAS Latency and Burst Length
CAS Latency =3, 4,5
Burst Length =2, 4
e Organization: TC59LM914AMB : 4,194,304 words x 8 banks x 16 bits
TC59LM906AMB : 8,388,608 words x 8 banks x 8 bits
e Power Supply Voltage Vpp: 25V +0.15V
VDDQ: 1.4V ~19V
e Low voltage CMOS I/O covered with SSTL-18 (Half strength driver) and HSTL.
o Package: 60Ball BGA, 1mm x 1mm Ball pitch

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

TC59LM914/06AMB-37,-45,-50

PIN ASSIGNMENT (TOP VIEW)

TC59LM906AMB
PIN NAMES
PIN NAME
AO~A13 Address Input
BAO~BA2 Bank Address
DQO~DQ7 Data Input/Output
cs Chip Select
FN Function Control
PD Power Down Control
CLK, CLK Clock Input
DQS/ DQS Write/Read Data Strobe
VbD Power (+2.5 V)
Vss Ground
Vbba Power (+1.5V / +1.8 V)
(for 1/0O buffer)
Vssa Ground
(for 1/O buffer)
VREF Reference Voltage
NC Not Connected

ball pitch=1.0 x 1.0mm
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TOSHIBA TC59LM914/06AMB-37,-45-50
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TCS59LM914AMB
PIN NAMES PIN ASSIGNMENT (TOP VIEW)
PIN NAME ball pitch=1.0 x 1.0mm
AO0~A13 Address Input X16
BAO~BA2 Bank Address 1 2 3 4 5 6
DQO~DQ15 Data Input/Output Irjdfex
cs Chip Select
FN FunctionControl | | N~ N~ et e
PD Power Down Control
CLK, CLK Clock Input
UDQS /LDQS Write/Read Data Strobe
VbD Power (+2.5 V)
Vss Ground
Vbba Power (+1.5V / +1.8 V)
(for 1/0O buffer)
Vssa Ground
(for 1/O buffer)
VREF Reference Voltage
NC Not Connected
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TOSHIBA TC59LM914/06AMB-37,-45-50

BLOCK DIAGRAM

CLK —>»{ DLL
CLK —>| CLOCK (————> To each block | ] BANK #7
! | [T  BANK#
CSs — CONTROL [ | BANK #4
COMMAND—N] "¢\ oAl | ] BANK #3
DECODER |—,/
FN —> GENERATOR | BANK #2 ]
7 | BANK #1
"> BANK #0 u (I)
—\| MODE o — | £
—/| REGISTER a =0 3
Q .2t
AO~A13 |:> @|  MEMORY N E &3
ADDRESS ! —/| ©| CELLARRAY /| dag
BUFFER = | g o
BAO~BA2 [ ) UPPER ADDRESS el | E
LATCH | o)
O
LOWER ADDRESS “>{COLUMN DECODER|
TT LATCH T TT
WRITE ADDRESS READ WRITE
ggﬁiii: LATCH/ DATA DATA
ADDRESS BUFFER | ¥ | BUFFER
COMPARATOR
BURST 1 B
COUNTER 59
DQS
=4S DQ BUFFER
DQS QfE |
DQO~DQn

Note: The TC59LM906AMB configuration is 8 Bank of 16384 x 512 x 8 of cell array with the DQ pins numbered DQ0O~DQ?7.
The TC59LM914AMB configuration is 8 Bank of 16384 x 256 x 16 of cell array with the DQ pins numbered DQO~DQ15.
TC59LM906AMB has DQS pin for Differential Data Strobe.

TC59LM914AMB has UDQS and LDQS.
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TOSHIBA

TC59LM914/06AMB-37,-45,-50

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT NOTES
VbD Power Supply Voltage -0.3~3.3 \Y
VpbQ Power Supply Voltage (for 1/0O buffer) -0.3~Vpp+ 0.3 \
VIN Input Voltage -0.3~Vpp+ 0.3 \
VouT Output and I/0 pin Voltage -0.3~Vppq + 0.3 \Y
VREF Input Reference Voltage -0.3~Vpp+ 0.3 \
Topr Operating Temperature (Ambient) 0~70 °C
Tstg Storage Temperature -55~150 °C
Tsolder Soldering Temperature (10 s) 260 °C
Pp Power Dissipation 2 w
louT Short Circuit Output Current +50 mA

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

RECOMMENDED DC, AC OPERATING CONDITIONS (Notes: 1) (Tcase = 0~85°C)

SYMBOL PARAMETER MIN TYP. MAX UNIT [ NOTES

VbD Power Supply Voltage 2.375 2.5 2.625 \

VppQ Power Supply Voltage (for I/O buffer) 1.4 — 1.9 \%

VREF Input Reference Voltage Vppa/2 x 95% Vppaq/2 Vppa/2 x 105% \% 2

Viy (DC) Input DC High Voltage VREer + 0.125 — Vppq + 0.2 \% 5

VL (DC) Input DC Low Voltage -0.1 — VRefr - 0.125 \% 5

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

Vp (D — 4 — \Y 2 \Y 7,1

o (DC) CLKand CLK inputs (DC) 0 ppQ+0 10

VIH (AC) Input AC High Voltage VRef + 0.2 — Vppq + 0.2 \Y 3,6

VL (AC) Input AC Low Voltage -0.1 — VRep - 0.2 \Y 4,6
Input Differential Voltage.

Vip (AC) CLK and CLK inputs (AC) 0.55 - Vopa +0-2 v 7,10

Vx (AC) Differential AC Input Cross Point Voltage |Vppqg/2 —0.125 — Vppa/2 +0.125 \% 8,10

Viso (AC) Differential Clock AC Middle Level Vbpa/2 - 0.125 — Vpp@/2 + 0.125 \Y 9,10
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TOSHIBA TC59LM914/06AMB-37,-45-50

Note:

(1) All voltages referenced to Vss, VssQ.

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

(3) Overshoot limit: VIH (max) = VDDQ + 0.7 V with a pulse width <5 ns.
(4) Undershoot limit: VL (min) = -0.7 V with a pulse width <5 ns.
(5) VIH (DC) and VL (DC) are levels to maintain the current logic state.
(6) VIH (AC) and V|L (AC) are levels to change to the new logic state.
(7) ViID is magnitude of the difference between CLK input level and CLK input level.
(8) The value of Vx (AC) is expected to equal VDDQ/2 of the transmitting device.
(9) Viso means {Vick (CLK) + Vick (CLK)} /2
(10) Refer to the figure below.

CLK

[ViD (AC)|

0 V Differential = = =

Viso ™~

r

Vsg == - -

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

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

SYMBOL PARAMETER MIN MAX Delta UNIT
CIN Input pin Capacitance 1.5 2.5 0.25 pF
CINe Clock pin (CLK, CLK ) Capacitance 1.5 25 0.25 pF
Ciio DQ, DQS, UDQS, LDQS, DQS Capacitance 2.5 4 0.5 pF
CNe NC pin Capacitance — 4 — pF

Note: These parameters are periodically sampled and not 100% tested.
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TOSHIBA

TC59LM914/06AMB-37,-45,-50

RECOMMENDED DC OPERATING CONDITIONS

(Vbp=2.5V £ 0.125V, Vppg=1.8V £ 0.1V, Tcasg = 0~85°C)

SYMBOL PARAMETER MAX UNIT NOTES
-37 -45 -50
Operating Current
tck = min; Irc = min,
Read/Write command cycling,
Ibb1s 0V < Vin < VoL (AC) (max), Vin (AC) (min) < ViN < VbDQ, TBD TeD TBD 1.2
1 bank operation, Burst length = 4,
Address change up to 2 times during minimum Irc.
Standby Current _
tck =min, CS =V|4, PD =V,
IDD2N 0V <V|N £ VL (AC) (max), VIH (AC) (min) < VN < VDDQ, TBD TBD TBD 1
All banks: inactive state,
Other input signals are changed one time during 4 x tck.
Standby (power down) Current mA
tck =min, CS =V|y, PD =V ower down),
IDD2P PN IL (P ) TBD TBD TBD 1
All banks: inactive state
Auto-Refresh Current
tck = min; IRgFc = min, tReF| = min,
IbD5 Auto-Refresh command cycling, TBD TBD TBD 1
0V <V|N < VL (AC) (max), VIH (AC) (min) < VN < VDDQ,
Address change up to 2 times during minimum IRgfFc.
Self-Refresh Current
IbD6 Self-Refresh mode TBD TBD TBD
PD =0.2V,0V<V|N<VDDQ
SYMBOL PARAMETER MIN MAX UNIT NOTES
| Input Leakage Current _5 5 A
L (0 V < V)N < Vppa, all other pins not under test = 0 V) H
Output Leakage Current
ILo (Output disabled, 0 V < VouT < Vppa) o ° hA
IREF VREF Current -5 5 pA
loH (DC) VoH=1420V -5.6 — 3
Normal Output Driver
loL (DC) VoL =0.280V 5.6 — 3
loH (DC) Von =1.420V -9.8 — 3
Strong Output Driver
loL (DC) Output DC Current | VoL =0.280V 9.8 — 3
VbpQ = 1.7V~1.9V mA
lon (DC) (Vopa =1.7V~1.9V) |y - 1.420 v -28 — 3
Weak Output Driver
loL (DC) VoL =0.280V 2.8 — 3
loH (DC) Von =1.420V -13.4 — 3
Full Strength Output Driver
loL (DC) VoL =0.280V 13.4 — 3
lon (DC) VoH =Vppq - 0.4V -4 — 3
Normal Output Driver @
loL (DC) VoL =0.4V 4 — 3
loH (DC) VoH =Vppq - 0.4V -8 — 3
Strong Output Driver
loL (DC) Output DC Current VoL=0.4V 8 - mA 3
loy (DC) (Vopa = 1-4V~1.6V) | Not defined — —
Weak Output Driver
loL (DC) Not defined — —
loH (DC) VoH =Vppq - 0.4V -10 — 3
Full Strength Output Driver
loL (DC) VoL= 0.4V 10 — 3
Notes: 1. These parameters depend on the cycle rate and these values are measured at a cycle rate with the minimum values of

w

tck, trc and IRc.

These parameters depend on the output loading. The specified values are obtained with the output open.
Refer to output driver characteristics for the detail. Output Driver Strength is selected by Extended Mode Register.

In case of Full Strength Output Driver, OCD calibration (Off chip Driver impedance adjustment) can be used. The
specification of Full Strength Output Driver defines the default value after power-up.
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TOSHIBA

TC59LM914/06AMB-37,-45,-50

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

(Vpp=2.5V+0.125V, VDDQ=1.8ViO.lV, Tcase=0~85°C)

-37 -45 -50
SYMBOL PARAMETER UNIT | NOTES
MIN MAX MIN MAX MIN MAX
trRC Random Cycle Time 22.5 — 25 — 27.5 — 3
CL=3 5.5 8.5 5.5 8.5 6.0 8.5 3
tck Clock Cycle Time CL=4 4.5 8.5 5.0 8.5 5.5 8.5 3
CL=5 3.75 8.5 45 8.5 5.0 8.5 3
tRAC Random Access Time — 22.0 — 22.0 — 24 3
tcH Clock High Time 0.45 x tck — 0.45 x tck — 0.45 x tck — 3
tcL Clock Low Time 0.45 x tck — 0.45 x tck — 0.45 x tck — 3
tckas DQS Access Time from CLK -0.45 0.45 -0.5 0.5 -0.6 0.6 3,8
tasa Data Output Skew from DQS — 0.25 — 0.3 — 0.35 4
tac Data Access Time from CLK -0.5 0.5 -0.6 0.6 -0.65 0.65 3,8
toH Data Output Hold Time from CLK -0.5 0.5 -0.6 0.6 -0.65 0.65 3,8
tQSPRE \?v%?h(read) Preamble Pulse 09xtok | 1.1 xtck [ 0.9 xtck | 1.1 xtck | 0.9 xtck | 1.1 x tok 3,8
t CLK half period (minimum of min(tcH, - min(tcH, - min(tcH, o 3
HP Actual tcH, tcL) tcL) tcL) tcL)
tasp DQS (read) Pulse Width tHp—tQHs — tHp—tQHs — tHp—taHs — 4,8
Data Output Valid Time fi
tasav Dan uiput Vald Time from tHP-taHs — tHp-taHs — thp-tans — 4,8
0.055 x 0.055 x 0.055 x
taHs DQ Hold Skew factor — tek +0.17 — tek +0.17 — tok +0.17
tbass %%2 (write) Low to High Setup 0.75xtok | 1.25 xtok | 0.75 x tok | 1.25 x tok | 0.75 x tok | 1.25 x tok 3
t DQS (write) Preamble Pulse 0.25 x . 0.25 x . 0.25 x . ns 4
DSPRE | width tek tek tek
tpspres | DQS First Input Setup Time 0 — 0 — 0 — 3
tosprEH | DQS First Low Input Hold Time 0.25 x tck — 0.25 x tck — 0.25 x tck — 3
tosp [ 'gh orLowInput Pulse 0.35 x tox | 0.65 xto | 0.35 x tox | 0.65 x tox | 0.35 x tok | 0.65 x tek 4
CL=3 0.75 — 0.9 — 1.0 — 3,4
DQS Input Falling
tpss Edge to Clock Setup |C| =4 0.75 — 0.9 — 1.0 — 3,4
Time
CL=5 0.75 — 0.9 — 1.0 — 3,4
DQS Input Falling Edge Hold Time
tpsH from CLK 0.55 — 0.65 — 0.75 — 3,4
tospsT \I,Dv%?h(write) Postamble Pulse 0.4 x tox - 0.4 xtox - 0.4 xtox o 4
CL=3 0.75 — 0.9 — 1.0 — 3,4
DQS (write) _
DSPSTH | postamble Hold Time | CL =4 0.75 _ 0.9 — 1.0 — 3,4
CL=5 0.75 — 0.9 — 1.0 — 3,4
tpssk UDQS - LDQS Skew (x16) -0.5xtck | 0.5xtck | —0.5xtck | 0.5xtck | —0.5xtck | 0.5x tck
tps Data Input Setup Time from DQS 0.35 — 0.4 — 0.45 — 4
tDH Data Input Hold Time from DQS 0.35 — 0.4 — 0.45 — 4
Command/Address Input Setup
tis Time 0.5 — 0.6 — 0.7 — 3
Command/Address Input Hold
tiH Time 0.5 — 0.6 — 0.7 — 3
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TOSHIBA

TC59LM914/06AMB-37,-45,-50

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

-37 -45 -50
SYMBOL PARAMETER UNIT | NOTES
MIN MAX MIN MAX MIN MAX
Data-out Low Impedance Time
tLz from CLK -0.5 — -0.6 — —-0.65 — 3,6,8
Data-out High Impedance Time
tHz from CLK — 0.5 — 0.6 — 0.65 3,7,8
DQS-out Low Impedance Time
tasLz from CLK -0.5 — -0.6 — -0.65 — 3,6,8
DQS-out High Impedance Time
tQsHz from CLK -0.5 0.5 -0.6 0.6 —-0.65 0.65 3,7,8
Last outputto PD High Hold
tQPDH | Time P 9 0 — 0 — 0 — ns
tPDEX Power Down Exit Time 0.6 — 0.7 — 0.8 — 3
tr 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 3.9 0.4 3.9 0.4 3.9 5
us
tpAUSE | Pause Time after Power-up 200 — 200 — 200 —
Random Read/Write CL=3 5 — 5 — 5 _
Cycle Time
Irc (applicable to same CL=4 5 _ 5 _ 5 _
bank) CL=5 6 — 6 — 6 —
RDA/WRA to LAL Command Input
IRcD Delay 1 1 1 1 1 1
(applicable to same bank)
LAL to RDA/WRA CL=3 4 — — _
Command Input Delay B
IRAS (applicable to same CL=4 4 — — —
bank) CL=5 5 — — _
| Random Bank Access Delay 9 - 5 o 5 o
RBD (applicable to other bank)
LAL following RDA to BL=2 2 o 2 o 2 -
IRwD YVRAI' Dillayt th
applicable to other
bank) B|_ = 4 3 —_— 3 —_— 3 —_—
| LAL following WRA to RDA Delay 1 o 1 o 1 o
WRD (applicable to other bank)
CL=3 5 — 5 — 5 — cycle
Mode Register Set
IRsc Cycle Time CL=4 — — —
CL=5 6 — 6 — 6 —
| PD Low to Inactive State of Input o 1 _ 1 _ 1
PD Buffer
PD High to Active State of Input
IPDA Buffer o 1 o 1 o 1
CL=3 15 — 15 — 15 —
Power down mode valid
IPDV from REF command CL=4 18 — 18 — 18 _
CL=5 22 — 22 — 22 _
CL=3 15 — 15 — 15 —
Auto-Refresh Cycle
IREFC | Tima y CL=4 18 — 18 — 18 —
CL=5 22 — 22 — 22 —
| REF Command to Clock Input | | |
CKD Disable at Self-Refresh Entry REFC - REFC - REFC -
DLL Lock-on Time (applicable to
lLock RDA command) 200 T 200 T 200 T
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TOSHIBA

TC59LM914/06AMB-37,-45,-50

AC TEST CONDITIONS

SYMBOL PARAMETER VALUE UNIT NOTES
VIH (min) Input High Voltage (minimum) VREfr + 0.2 \%
VIL (max) Input Low Voltage (maximum) VRer — 0.2 \%
VREF Input Reference Voltage Vppq/2 \%
V1T Termination Voltage VREF \%
VSWING Input Signal Peak to Peak Swing 0.7 \%
Vr Differential Clock Input Reference Level Vx (AC) \Y
VD (AC) Input Differential Voltage 1.0 \Y
SLEW Input Signal Minimum Slew Rate 2.5 V/ins
VoTR Output Timing Measurement Reference Voltage Vppa/2 \% 9
Vbba
A —
"""""""""""""""""" / ======* ViH min (AC)
VsSwING VREF 250
Output o—AN—
------------- X b Vil max (AC)
Y. \
Vss |
AT AT
SLEW = (VIH min (AC) — VIL max (AC))/AT AC Test Load
Note:
(1) Transition times are measured between ViH min (DC) and ViL max (DC).
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 x tck, tck =5 ns, 0.75 x 5 ns = 3.75 ns is rounded up to 3.8 ns.)
(3) There 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 VREF level.
In case of DQS enable mode, these parameters are measured from the crossing point of DQS and DQS.
(5) The trEFI (max) applies to equally distributed refresh method.
The tREFI (min) applies to both burst refresh method and distributed refresh method.
In such case, the average interval of eight consecutive Auto-Refresh commands has to be more than 400 ns
always. In other words, the number of Auto-Refresh cycles which can be performed within 3.2 ps (8 x 400 ns)
is to 8 times in the maximum.
(6) Low Impedance State is specified at VDDQ/2 + 0.2 V from steady state.
(7) High Impedance State is specified where output buffer is no longer driven.
(8) These parameters depend on the clock jitter. These parameters are measured at stable clock.
(9) Output timing is measured by using Normal driver strength.
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TOSHIBA TC59LM914/06AMB-37,-45-50

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 VpDQ.
(3)  Apply VDDQ before or at the same time as VREF.
(4) Startclock (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 with OCD calibration mode exit command
(A7~A9=0). (Note: 1, 2)
(7) Issue MRS for set CAS latency (CL), Burst Type (BT), and Burst Length (BL). (Note: 1)
(8) Issue two or more Auto-Refresh commands (Note: 1).
(9) Ready for normal operation after 200 clocks from Extended Mode Register programming.
(10)  If OCD calibration (Off Chip Driver impedance adjustment) is used, execute OCD calibration sequence.
Notes:
(1) Sequence 6, 7 and 8 can be issued in random order.
(2) Set DQS mode for TC59LM906AMB.
(3) L=Logic Low, H = Logic High
| ! = ! | ; ;
VoD 3
I ' LR ' '
Vbpa
[ ! Rt ! | ! !
VREF
CLK
CLK i
tPDEX| |
| 200us(min) i | lPDA _i Rsc_ i __iIrsc P IREFC | | . IREFC | |
= ! ] ! !
()() P 200clock cycle(min) N
Command pesL JRoAMRY DEsL ||JRoajvry [ Dest JvraReF] DESL rAREF| DESL
oi;codle o;i-/ciode
Address E:?f
EMRS MRS
DQ
Das t —— t ! t t
5o ) Hi-Z ) ) )
DQs 1 = 1 1 1 1
[\ A A

Y Y ——
EMRS MRS Auto Refresh cycle Normal Operation
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TC59LM914/06AMB-37,-45,-50

TIMING DIAGRAMS

Input Timing

Command and Address

CLK —_————
/7
tis
cs % 1
tis
FN % 1
tis
A0~A13 UA BA
BAO~BA2 ’
Data
* TC59LM906AMB DQS enable mode
DQS \\ /
D#.S & ",
DQ (input)
Data
* TC59LM906AMB DQS disable mode
e TC59LM914AMB
DQS U
DQ (input) //
¢

Refer to the Command Truth Table.

Timing of the CLK, CLK

5 tcH 9 tcL R
CLK —=======~= ~ N N bt N ViH
v NG < — Vi (AC)
RS TR — ViL(AC)
CLK ———@ | == — - — == - — e B ViL
tT) < tr

CLK

CLK

VIH
IVID (AC)

ViL
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TOSHIBA

TC59LM914/06AMB-37,-45,-50

Read Timing (Burst Length = 4)

Jon, oo, fek T
CLK ,-—-\(‘ A AT :,-—-\( e e e
U X X X
CLK 1A=t = S = ] et b Sl e Sl bt
Sieh LAL (after RDA) I
Input
(control & DESL
addresses) f T T
i | fckas  itckas
CAS latency - 3 O ¢ b »i050S [laon tosp] gz
DQS/DQS Hi-Z YNV
(output) Preamble A :'_J‘-. :\_P Postamble
tLz tasau tasq
> Pl
tasali,| tos P tagav| itz
DQ Hi-Z |
QOK-AQ 1k 4Q2K~4Q3
(output) A
gl | gt el |y,
TS
— tasLz tCL(QS' fexas
CAS latency = 4 >ie JICKAS [tagp tadp [ tasHz
tasPRE ZI ¢ | [—pie—> >
DQS/DQS Hi-Z YV :
(output) Preamble <\ I -'\_"- f Postamble
t t t
i) ilasov  Lfeso
tasqli | tas i fasav thz
DQ Hi-Z -
QOk-AQ1E-AQ2FAQ
(output)
tag! t t =
25 le | SIS o
| tckas ¢
' 7 CKQS
—_— tasLz tckas ' >
CAS latency =5 i< ) tasp tasp tasHz
tQsPRE i e >H€
DQS/DQS Hi-Z -./‘“\,.- -./—“\:-
(output) Preamble | Fod R A Postamble
tLz,
>
tasa
DQ Hi-Z
(output)
e

Note: TC59LM914AMB doesn't have DQS .
The correspondence of LDQS, UDQS to DQ. (TC59LM914AMB)

LDQS

DQO~DQ7

UDQS

DQ8~DQ15

The condition of DQS is changed from Hi-Z to “Low” at Premble and the condition of DQS is changed from

“Low” to Hi-Z at Postamble.
DQS is Hi-Zin DQS disable mode.

DQS mode is chosen by EMRS. (TC59LM906AMB)
When DQS is enable, the condtion of DQS is changed from Hi-Z to “High” at Premble and the condition
of DQS is changed from “High” to Hi-Z at Postamble.
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Write Timing (Burst Length = 4)

tcH  tcL tck
e | | | | | | | | | |
OSSN ENENENEREBED
J— N N \__ i \__ i N \__ i N A _ _
St | I I it i |
S8, 1AL ater wRa) | Lo I |
|nput | i i i | | | | | | | | I I
(control & W DESL
addresses) ’ ’ .
5 tDSPSTH
tbass :‘_"tD S
tDSPRES R
SRS ipsp  tDsp tpsp_tDsPST
CAS latency =3 tD{SPREb‘ <
DQS/DQS Fo\f E g } 3 E
(input) AN AL
Preamble tDss Postamble
|, €< ~ 1
tDSPRE i
_i|tps ! tpbs ! |IDs i
toH|1 |, L)tDH |toH E
DQ - ;
) DO D1 D2§+AD3
(input) _
tbass i | |
i tpss,
{ i o
DEPRES 0SS {pspsTH
CAS latency =4 DSPREY, tDsP | tDsP|
DQS/DQS X g 3
(input) ALk
Prgamble
tDSPRE
t
DS
tpH
>
DQ
Di D1
(input) 0
. tbass |1, tDass |1 ; |
: i tbss
tDSPRES i tpss : :
<> ! < zE';S.T H
CAS latency =5 IDSPREH tDsP| tDsp tDsP |iDSPST
DQS/DQS %-‘ VT B "ﬁ
(input) \ A L] S
Preamble Postamble
tDSPRE i
t tps|! tpg|!
PLCEgR e <
toH tpH| | toH
> > | >
DQ F
(input) DO {j@ D2k#4D3
t Pt | |
DQss , | DQ:SS | |

Note: TC59LM914AMB doesn’t have IIDR .

The correspondence of LDQS, UDQS to DQ. (TC59LM914AMB)
LDQS DQO~DQ7
ubDQS DQ8~DQ15

DQS isignoredin DQS disable mode.
DQS mode is chosen by EMRS. (TC59LM906AMB)
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tREFI._tPAUSE. IXxxX Timing

CLK >\_}\___J\_}\___JE A ‘___./\_}

A
\ 4

Input
(control & / /
addresses) X LN

Command Command

Note: “Ixxxx” means “IrRc”, “IRcD”, “IRAS”, etc.
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(DESL)

%

/
X 53,
-4 Q=0
O cfa

=500
§9
o3
©

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

TOSHIBA

16/57

2003-08-04

CAS latency

4
5

LDQS
DQO~DQ7
ubDQsS
LDQS
DQO~DQ7
ubDQsS
LDQS
DQO~DQ7
ubDQsS

DQ8~DQ15
CAS latency
DQ8~DQ15
CAS latency
DQ8~DQ15




TOSHIBA TC59LM914/06AMB-37,-45-50

FUNCTION TRUTH TABLE (Notes: 1, 2, 3)
Command Truth Table (Notes: 4)

e The First Command

SYMBOL FUNCTION [ FN BA2~BAO A13~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

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

— BA1~ A12~ | A10~A
SYMBOL FUNCTION Cs FN BAO BA2 A13 A1 9 A8 A7 AB~AQ
LAL Lower Address Latch (x16) H x x x \% \% X x LA LA
LAL Lower Address Latch (x8) H x x x \% x x LA LA LA
REF Auto-Refresh L X X X X X X X X X
MRS Mode Register Set L x Vv L L L L L \Y \Y

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 BA2~BAO | A13~A9 A8 A7 A6~A0 | NOTES
RDA (1st) L H BA UA UA UA UA
LAL (2nd) H x x x LA LA LA 5

Note 5 : For x16 device, A8 is “X” (either L or H).

Write Command Table
e TC59LM914AMB

COMMAND (SYMBOL) cs FN ?3§I0~ BA2 A13 A12 A11 A;g~ A8 A7 AB~A0
WRA (1st) L L BA BA UA UA UA UA UA UA UA
LAL (2nd) H X x LVWO | LVW1 [ UVWO | UVW1 X x LA LA

e TC59LM906AMB

COMMAND (SYMBOL) cs FN E:XON BA2 | A13 | A12 | A1 A;g A8 A7 | A6~AO
WRA (1st) L L BA BA UA UA UA | ua | ua | UA | UA
LAL (2nd) H x x VWO | VW1 x x x LA LA LA

Notes: 6. BAZ2 and A13~A11 are used for Variable Write Length (VW) control at Write Operation.
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TOSHIBA

FUNCTION TRUTH TABLE (continued)

TC59LM914/06AMB-37,-45,-50

VW Truth Table
Burst Length Function VWO VWA1
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
Note 7 : For x16 device, LVWO0 and LVW1 control DQ0O~DQ7.
UVWO0 and UVW1 control DQ8~DQ15.
Mode Register Set Command Table
COMMAND (SYMBOL) cs FN BA2~BAO | A13~A9 A8 A7 AB~A0 NOTES
RDA (1st) L H X X X x x
MRS (2nd) L x Y Y Y \% \% 8
Notes: 8. Refer to “MODE REGISTER TABLE”.
Auto-Refresh Command Table
FUNCTION COMMAND | CURRENT FD CS | FN |BA2~BAO| A13~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
FUNCTION COMMAND | CURRENT PD CS | FN |BA2~BAO| A13~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 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
FUNCTION COMMAND | CURRENT FD CS | FN |BA2~BAO| A13~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 11
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.
2003-08-04 18/57




TOSHIBA

TC59LM914/06AMB-37,-45,-50

FUNCTION TRUTH TABLE (continued)

CURRENT STATE - 1PD - CS | FN | ADDRESS | COMMAND ACTION NOTES
H H H x x DESL NOP
H H L H BA, UA RDA Row activate for Read
Idle 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 o o DESL Er?:ja Write & Continue Burst Write to
H H L H BA, UA RDA lllegal 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 IRepc
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 HlL ]| H]| x x PDEN |lllegal
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 L H H " " PDEX Exit Power Down Mode — Idle after
tPDEX
L H L X x — lllegal
H X X X X — Invalid
Self-Refreshing L L x x x — Ma.intain Self-Refresh
L H H x X SELFX Exit Self-Refresh — Idle after IREFc
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 trppL is not satisfied.

2003-08-04
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MODE REGISTER TABLE

Regular Mode Register (Notes: 1)

ADDRESS BA1 " BAO ' | BA2,A13~A8 | A7 A6~A4 A3 A2~A0
Register 0 0 0 TE CL BT BL
A7 TEST MODE (TE) A3 BURST TYPE (BT)

0 Regular (default) 0 Sequential
1 Test Mode Entry 1 Interleave
A6 A5 A4 | CAS LATENCY (CL) A2 A1 A0 |BURST LENGTH (BL)
*2 *2
0 0 x Reserved 0 0 0 Reserved
0 1 0 Reserved 2 0 0 1 2
0 1 1 3 0 1 0 4
1 0 0 4 0 1 1 2
Reserved
1 0 1 5 1 x x
*2
1 1 0 Reserved
1 1 1 Reserved*2

Extended Mode Register (Notes: 4)

ADDRESS | BA1™* | BA0™ |BA2, A13~A12| A11°® | A107 | A9~A7 | A6 | AB~A2 | A1 A0"®

Register 0 1 0 0 DQSs OoCD DIC 0 DIC DS

l \ 4 Y

. . OUTPUT DRIVE IMPEDANCE
A9 | A8 | A7 | Driver Impedance Adjustment A6 | A1 CONTROL (DIC)
0 0 0 OC?D Calibration mode 0 0 Normal Output Driver
exit

0 0 1 |Drive (1) 0 1 Strong Output Driver

0 1 0 | Drive (0) 1 0 Weak Output Driver

1 0 0 | Adjust mode 1 1 Full Strength Output Driver

1 1 1 | OCD Calibration default

£ 7 $7
A10 DQS Enable A0 DLL SWITCH (DS)

0 Disable 0 DLL Enable
1 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.
Extended Mode Register is chosen using the combination of BAO = 1 and BA1 =0.
A0 in Extended Mode Register must be set to "0" to enable DLL for normal operation.
A11 in Extended Mode Register must be set to “0”. o
TC59LM914AMB, A10 in Extended Mode Register is ignored. DQS is available only TC59LM906AMB.

No ok
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TC59LM914/06AMB-37,-45,-50
STATE DIAGRAM
POWER
DOWN
SELFX
(PD =H)
PD =L
(PD =1)
o STANDBY
PD =H ___»\ (DLE) J<e__
AuTO- \---""~ "T==~</ wmopE
REFRESH AR REGISTER
1 \
WRA o RDA
1 \
REF ! ! MRS
1 \
1 \
ACTIVE ; \
(RESTORE) | ! \ ACTIVE
1 \
1 \
1 \
1 \
1 \
LAL h \ 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

TIMING DIAGRAMS

SINGLE BANK READ TIMING (CL = 3)
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1 — wlx <
= S [o&x 3 2
! L, <)
R S --.NAA-! o < S N
L 4 v | « o J
= A1 S [ %A S ® = >=
—I ~ ~ u-.. Q IIIIIIIIIIIIIIIIIIIII Qllll
eSS 5 :
1 ¢} (¢}
Phans -~ 31 o \ A
S5 3 7 5 :
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: TC59LM914AMB doesn’t have DQS .

Note
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TOSHIBA

- 4)

SINGLE BANK READ TIMING (CL
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Note : TC59LM914AMB doesn’t have DQS .
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TOSHIBA

- 5)

SINGLE BANK READ TIMING (CL
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Note : TC59LM914AMB doesn’t have DQS .
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SINGLE BANK WRITE TIMING (CL = 3)

0 1 2 3

CLK—\E(—\} EI_
CLK -1\t

5 6 7 8 9 10 1 12 13 14 15

4
] 1) S

1
Irc =5 cycles
1 1 1 1 1

i IRC = 5'cyclles ' i i
Command :XWRAX LAL X DESL )/WRA)/ LAL X DESL XWRAX LAL X DESL XWRAX:
IrcD=1 cycle IrAs =4 cycles IrRcD=1 cycle IRAS = 4 cycles IRcD=1 cycle IRAS = 4 cycles i

o

BankAdd.:*#O) i /#0> i #OEW (# %

BL=2

DQS/DQS f,.a-’
(input)

DQ
(input)

BL=4
DQS/DQS
(input)

o w=2

o WL=2 P i WL =2

DQ
(input)

@@@@ DOXD1XD2XD3 DOXD1XD2AD3

Note : TC59LM914AMB doesn’t have DQS .
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SINGLE BANK WRITE TIMING (CL = 4)

10 1 12 13 14 15

5
_\<_\
1

0 1
CLK i-\ i-\ﬂ i i |
W/ W/ | |
e AU

Command jWRAX% LAL X — DE:SL )\WRA)

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
i IrRcD=1 cycle IrAS = 4 cycles IrRcD=1 cycle IrAS = 4 cycles IrRcD=1 cycle IrAS = 4 cycles
[ >i€ — > —— > > ——

1 1

03
€
|||||

o oo oo o
o Yo7 o/ o Y

BL=2

DQS/(ﬁ);‘I . % /—\ ﬁ ﬁ /—\{\ }V . % /—\ )}E/

T
||||| |

DQ
(input)

BL=4
DQS/DQS
(input)

WL=3

WL=3

WL=3

Ty e

Note : TC59LM914AMB doesn’t have DQS .

2003-08-04 26/57



TC59LM914/06AMB-37,-45,-50

TOSHIBA

- 5)

SINGLE BANK WRITE TIMING (CL
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Note : TC59LM914AMB doesn’t have DQS .
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SINGLE BANK READ-WRITE TIMING (CL = 3)

0 1 2 3 4 5

[ bas 2 _/_\_/_\ A
sas Hi-Z __\_/_\_/ \_/ —

CL

L

CLK _\I_ \ i[_ I_ \ 1 1 1 1 1
o A \
| Irc = 5 cycles i IRc = 5 cycles IRc,= 5 cycles
Command :)(RDAX LAL X DESL XWRAX LAL )\ DESL )\ RD/—\)\ LAL ) DESL XWRA)(:
oo XN NN NN NI
Bank Add. :)( #0 W #0 )W ( #0 )W I #0 )(:
( Hi-Z 1 | |
DQS _/ |
Das ——H2 . N\
cL=3_ | | i we=2_ | | cL=3_ | i i
Hi-Z 5 ' 5
\ DQ QOIQ'I DOXD1 @ Q1
BL=4 P P

Il
w

WL=2 | cL

Il
w

Hi-Z

DQ - aojaniazia3 DOD2 b3) aofatia

Note : TC59LM914AMB doesn’t have DQS .
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SINGLE BANK READ-WRITE TIMING (CL = 4)

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

4
CLK —~ v -\ 5
d d i/
0 0 -
CLK-, -,: 1 1 -, -I: -II 1 1 1 1 1 :
- Irc = 5 cycles R Irc = 5 cycles U Irc = 5 cycles R
Command :X RDAX LAL X DESL yWRAX LAL )/ DESL XRDA)I LAL X DESL XWRAX:
Address :X UA X LA ) [ un X LA )F % UA )/ LA )IF ( UA X:
Bank Add. ( #0 W 40 W #0 )F #0 X:
BL=2 i i i i
( Hi-Z : ' ’
DQS _/ _/—\\_
_ Hi-Z — —\ |
DQs ) \_/—
CL-4 WL=3 cL-4
Hi-Z : >< >
e ! ol DOYD1
BL=4

( DQs k2 /_\_/_\ V—\

_J _J
505 Hi-Z _\ \_/’\_/ \_/ _\

CL=4 WL=3 i cL=4

Hi-Z ; \ :
DQ Qoja1}Q2ka3 DOYD1YD2YD3 QQ

Note : TC59LM914AMB doesn’t have DQS .
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SINGLE BANK READ-WRITE TIMING (CL = 5)

0 1 2 3 4 5 6

CLK —\,-\ :,'\ﬂ,-\: Y :,'\ﬂ,-\ Y aVs
s - I AL NS AL NS AS AL A AR AN
IRc = 6 cycles | _ IRc =6 cycles AR R
Command :)(RDAX LAL X DESL XWRAX LAL )( DESL XRDAX LAL X DESL
T NN NV
Bank Add.:x #0 W ( #0 W { #0 /W
BL=2 | | |
- bas Hi-Z gy :
— Hi-Z 5
DQS \
CL=5 d WL=4 J
Hi-Z i
. Dba Qofat DOYD1
BL = 4 _ P
[ DQs iz /—\_/—\ AWA
RN ERVAY VAV
CL=5 4o WL =4 |
Hi-Z : ) 2\
L Da Qofafiaz)a3 DOYD1YD2)D3

Note : TC59LM914AMB doesn’t have DQS .
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TOSHIBA

=3)

MULTIPLE BANK READ TIMING (CL
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Note: IRc to the same bank must be satisfied.

TC59LM914AMB doesn’t have DQS .
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TOSHIBA TC59LM914/06AMB-37,-45-50
MULTIPLE BANK READ TIMING (CL = 4)

CLK _X

CLK =/

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
- - - 1 1 1 1 1 - - - - r - ‘ - - - - - - - - - -
IRBD = 2 cycles i i i i i IRBD = 2 cycles IrBp = 2 cyclesIrpp = 2 cycles IrRp = 2 cycles
: [N T A O B B S T e | e : N L
< i > <

>

o Sesvencedng
CEOECOEEOREEERE
: %4(Bgﬂk)@%{%ﬂ@(wk)@(@k) Bank

Irc (Bank"a") = 5 cycles i R

Command

r

Address

r

LJ LJ LY
=

Bank Add.

r

Irc (Bankb") = 5 cycles

BL=2
[ pas/Das Hi-Z i
(output) el
CL=4 | R
DQ Hi-Z
L (output) ala b(Qb alQa bQb cQc

BL=4

( pas/bDas Hi-Z
(output)

CL=4

DQ Hi-Z : ’ : :
(output) : a(a fRazRadRbgb fAbIb a(Qa fRaZaF bbb AbIb
\ | | | | | N\ |

Note: Irc to the same bank must be satisfied.
TC59LM914AMB doesn’t have DQS .
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TC59LM914/06AMB-37,-45,-50

TOSHIBA

= 5)

MULTIPLE BANK READ TIMING (CL

2 cycle§

IrRBD =

= 2 cyclqs

2 cycles IrRBD

IRBD =

2 cycles

IRBD

Hi-Z

Hi-Z

Hi-Z

Hi-Z

Command :X

Bank Add. :>

BL =

(DQs/Das

(output)

DQ

(output)

4

\
BL

(Das/Das

(output)

DQ

(output)

\

Note: Irc to the same bank must be satisfied.

TC59LM914AMB doesn’'t have DQS .
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TC59LM914/06AMB-37,-45,-50

TOSHIBA

- 3)

MULTIPLE BANK WRITE TIMING (CL
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Irc to the same bank must be satisfied.
TC59LM914AMB doesn’t have DQS .

Note:
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TC59LM914/06AMB-37,-45,-50

TOSHIBA

- 4)

MULTIPLE BANK WRITE TIMING (CL
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Irc to the same bank must be satisfied.
TC59LM914AMB doesn’t have DQS .

Note:
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TOSHIBA TC59LM914/06AMB-37,-45-50
MULTIPLE BANK WRITE TIMING (CL =5)

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

i1 1 1+ 1+ 1 iIrBD=2cycles IRBD=2cycleisBD=20ycles IR
: : N : e :

e e wr H T E  T T  Sic  p Pie——— i
Command :XWRAX LAL XWRAX LAL X DESL WRAX LAL XWRAX LAL XWRAX LAL XWRA)
Address:X UA ( LA X UAX LA W % UAX LA X UA X LA X UA X LA X UA)
Bank Add. Y Bank) (Bank \ : { Bank } (Bank) (Bank) ' Bank)
\a” b/ na’/ o e nd
i ’ 5 IRC (Bank“a")':G'cques' ! R i i
: 3 IRC (Bank"b")l = 6| cycles :
BL-2 b
(DQS/DQS A ﬁ
(input) A/ i
WL =4 -
WL =4 -
ba 7 bgPb bgPb
(Input) al a al a C! Cc
BL=4
( DQSDQS
(input)
DQ
\ (input)

Note: Irc to the same bank must be satisfied.
TC59LM914AMB doesn’t have DQS .
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TOSHIBA TC59LM914/06AMB-37,-45-50

MULTIPLE BANK READ-WRITE TIMING (BL = 2)

CLK —\

CLK =7/

Command :XWRAX; L,IB\LXREI)AX LALXDESLXWRAX LALXRDAX LALXDESIXWRA)( LALX;RDAX LALXDESLXWIEQA)

1 1 1 1
IwrD=1cycle: | =2cycles | =1cycle: | =2 cycles
roz el iguo=20igs Wz Tge) Igup=2erog

Address :>( U:A X; L:A X U,A X L:A )% UA X LA X U:A X L:’-\ )@( U,A X LA X UA X LA %( U,A )
7

Pank hac D(Qiﬂk%(ﬁiﬂk)w j B.?Cﬂk)@(a%nk%

WD

y,!
>

ryry a1

IFQC (I'3an'k"a"')

«
<

Irc (Bank"b")

A

CL=3

[ oas 2 a AVRY
2

J
J L

CL=3

C

Y.

WL =2

Hi-Z

e J

'
|
QdOAQd 1 al Da-1/

1
1
Qb IQb. €C0 Dc

,
W)
o
(F)-¥
</

[ DQs Hi-Z /_\

|
I
BN

)
IS
- —

>

C

29

Y

WL=3

Hi-Z

<t
<

Qb b1

/
lw)
9]
(EJ\ Y
[~ —_———
S

1

1

i

:

| ’

QdOxQd1, \Ea%éa

1
1
1
1
1

CL=5
DQS

DQs

WL=4

L DQ H"gz fa ai Qb:b1: % Qd IQd1: a0{Da

Note: IRc to the same bank must be satisfied.
TC59LM914AMB doesn’t have DQS .
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TOSHIBA TC59LM914/06AMB-37,-45-50
MULTIPLE BANK READ-WRITE TIMING (BL = 4)

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

CLK —\

CLK =7/

1(—0—0—0—)
Command :)(WRAX LAL XRDAX LALX DESL XWRAX LAL XRDAX LALX DESL XWRAX LAL XRDA LAL X:

I 1 cle | 3 cycles | 1 cycle | 3 cycles | =1 cycle
WRD(_ ¥ RWD = y > :WF\:(D_ y < RWD y > :WR:L Yy .

Address:xUIAX:LIAXU:AX L;)W!%UAXLA XU:AXELA>W;!;%(U:AXL;A> :

sark Add. YERTNZ NG (Bank N )(Bank (BankY 7y Banky
a: b :C: d: a_/fi b" /i

«—!

|RC‘ (Bank b")

A

CL=3 |
[ bos 12 AVAVENAVAY:
a va

DQS Hi-Z N\

\_/_\\_/
f\ﬁ

Y

o

WL =2

Hi-Z

,
o)
o
Y-y
O |
D

1
V
QbOkQb 1AQb2AQb \QdOkQd1 dld
1

CL=4

[ bas Hi-Z /—\_/\

DQS iy IIU

a%D;xD:ﬁ%D;} Qb i b1AQb. IQb E E Di:O D:c1 Dc: D:\ Qd i d1le %Qd
[ pes o /—\_/—\_/\_ I/ b b
bas ——LHiZ VaVasava¥ataVaVasaVa¥s

WL=3

DQ Hi-Z

,
roNy

J L

\4

WL =4

g~ /

L DQ Hi.Z n :\ Qb iomiob i b ? Do D:\

Note: IRc to the same bank must be satisfied.
TC59LM914AMB doesn’'t have DQS .
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TC59LM914/06AMB-37,-45,-50

TOSHIBA

= 4)

WRITE with VARIAVLE WRITE LENGTH (VW) CONTROL (CL

2, SEQUENTIAL MODE

BL =

DESL

o
...... S
)
@ —----= S>eT----
€ 4
L <
..nm -
...... R
° <
e &
=16
ol S
€t <
5 5o
-
n
w
[m)]
-~ >
-
<<
-
uuuuuuuuuuuuuuuu ST
<
s
o} s >
o (a2
A k3
S
i 7
3 fa)
3 AA IIIIIIIIIII
: )
: NP _
W 9 w
S>> S B <SR e g <<
- R z |e Ie) _
2 RN A 23
—— . —_yE e Iy Ty (SRS L T PR LlIII
S 2>
e l-{s]-f= - = [ 8
S o - m L=
S =] S -
e R \ :
a 7 5 93 )
& <% % -
k] = £ N
3 = S I

Command

Bank Add.

DQS/DQS

BL
Command

Address

(o} dafa a;'e masked.

Bank Add.

DQS/DQS

Y

(input

DQ

(input)

Note: DQS (DQS ) input must be continued till end of burst count even if some of laster data is masked.
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TOSHIBA TC59LM914/06AMB-37,-45-50

POWER DOWN TIMING (CL=4, BL=4)
Read cycle to Power Down Mode

CLK —\
CLK =/
Command :>
Address :)
|
i [T
PD \
\ (
Y
'QPDH i | \ o] i IPDEX
R IRC(min) > tREFI(max) 4
DQS HisZ /_\ ! ! (
(output) , P '
DQS Hi+Z _\ L . HiZ
(output) \_/ \_/ ’
DQ Hi:Z I\ ( Hi-Z
(output) (el0) (e]) (e¥) (k) )
Power Down Entry Power Down Exit

Note: PD must be kept "High" level until end of Burst data output.
PD should be brought to "High" within treFj(max.) to maintain the data written into cell.
In Power Down Mode, PD "Low" must be maintained.
When PD is brought to "High", a valid executable command may be applied Ippa cycles later.
TC59LM914AMB doesn’t have DQS .
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TC59LM914/06AMB-37,-45,-50

TOSHIBA

4,BL=4)

POWER DOWN TIMING (CL

Write cycle to Power Down Mode

.

™ < < <
[ako]:4
pa x°=z =}
T~
o~
o~
+ x
c — _._DL
0 g
¥ o ¥
c V.1|
|||||||||||||||||||||| A
LR
< 3 .
& £
~J /AN TR BN RREE N s S, ~J
3 i J 3 N
o Nk X %
-~ S
........... = .
E
O
< [ x
........... )
>
W )
@© [ ﬂ A
..................... - Ao
£y
~ A
2]
R
vy /
© .
A 17y, N R - .
= o
L e S}
7 5
0 w KTy @
= f<] S . SO .
]
Ny o
< < — A o J
™ o / )
M I
| —
N W = <
|
- 2 <
" ~—
s s
<
o - 04 <
W -]
_\/j _\/A
2 2 5 2S |93 9%
9] o a aa g a =%
1S o £ o £ £
€ S = < =
O A
O

Note: PD must be kept "High" level until WL+2 clock cycles from LAL command.

PD should be brought to "High" within trgFj(max.) to maintain the data written into cell.

In Power Down Mode, PD "Low" must be maintained.

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

TC59LM914AMB doesn’t have DQS .
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TOSHIBA TC59LM914/06AMB-37,-45-50

MODE REGISTER SET TIMING (CL =4, BL=2)
From Read operation to Mode Register Set operation.

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

BELVASIVATAVATANE

15

CLK —\

CLK =/

RDA
or ( LAL
WRA

"::) :
o
)

Command

)
-y
)

X T 1 111 ! (: T
COm e
W..

BAO~BA2 ( BA )% @Q?:Iig) BA W
A2="0)
1 1 1 CIL + IBL/:Z 1 1 -
DQS HisZ /—\
(output) __/
_ HiiZ
DQS _\\J
DQ
0AQ1
(output) A

Note: Minimum delay from LAL following RDA to RDA of MRS operation is CL+BL/2.
TC59LM914AMB doesn’t have DQS .
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TOSHIBA TC59LM914/06AMB-37,-45-50

MODE REGISTER SET TIMING (CL=4,BL=4)
From Write operation to Mode Register Set operation.

i | i | i [ [ | | | [ [ | [ | | i RE)A i |
Command :XWRAX LAL X DESL XRDAXMRSX DESL W%EA LAL
: : : Valid
o o )77 %? %07

A13~A0

I WL+BL/2

(ir?p%ts)........%;;
('ﬁ’%
ST IR,

Note: Minimum delay from LAL following WRA to RDA of MRS operation is WL+BL/2.
TC59LM914AMB doesn’t have DQS .

gﬁ?
i%ﬁ
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TOSHIBA TC59LM914/06AMB-37,-45-50

EXTENDED MODE REGISTER SET TIMING (CL=4, BL=2)
From Read operation to Extended Mode Register Set operation.

CLK —\

CLK =/

Command

)
-y
)

BAO~BA2

CL+BL/2

DQS Hi:Z /_\
(output) _/

DQS Hi:Z

(output) \_/

DQ
(output)

J

Q0AQ1

Note:  Minimum delay from LAL following RDA to RDA of EMRS operation is CL+BL/2.
DLL switch in Extended Mode Register must be set to enable mode for normal operation.
DLL lock-on time is needed after initial EMRS operation. See Power Up Sequence.
TC59LM914AMB doesn't have DQS .
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TC59LM914/06AMB-37,-45,-50

TOSHIBA

4, BL = 4)

EXTENDED MODE REGISTER SET TIMING (CL

From Write operation to Extended Mode Register Set operation.

BAO~BA2

(input)
DQS
(input)
(input)

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

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

Note:

TC59LM914AMB doesn’t have DQS .
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TOSHIBA

TC59LM914/06AMB-37,-45,-50

AUTO-REFRESH TIMING (CL =4, BL=4)

0
CLK i

CLK =/

IRc =5 cycles

Command x RDAX LAl

DESL

|
t
|
|
I

IRcD=1 cycle

>i< Bank,
Bank, Address \_UA
co

IRcD =1 cycle IRAS = 4 cycles
DQS/DQS Hi-zo ¢+ o+ v T 5, : :
(output) AU 4
CL=4
DQ  Hi-Z TN\
(output) QOAQ1 !

Q2

Note: In case of CL = 4, IRgrc must be meet 18 clock cycles.
When the Auto-Refresh operation is performed, the synthetic average interval of Auto-Refresh command

specified by trReF) must be satisfied.
tREF] is average interval time in 8 Refresh cycles that is sampled randomly.
TC59LM914AMB doesn’t have DQS .

]
]

|
WRA
1

Total time of 8 Refresh cycle

|
|

|

|

e ree] |
1l i :

|

-

8 Refresh cycle

t1+to+tz+ty+tg+tg+tz+ g

8

tREF] is specified to avoid partly concentrated current of Refresh operation that is activated larger area
than Read / Write operation.

2003-08-04 46/57



TOSHIBA

TC59LM914/06AMB-37,-45,-50

SELF-REFRESH ENTRY TIMING

CLK

CLK

Command

DQS/DQS
(output)

DQ
(output)

0 1 2 3 4 5 m-1 m m+1

P Y -\ =\ Sl vl (oulin bk e Pt folie

/ ’ / ’ / \_‘1 / \]/ s N N N (b
__}\_X__}\_} ! N /\_}‘_ /U‘_ /\ /i\ l}‘ 11‘ /i\ S

|RCD = 1 CyC|e i IREFC i N i
! ] ] ] ] ] ] 1/ > [
WRAX REF X DESL \ )W

| 1 1 1 1 1 ./

; tFPDL (min) tFPDL (max) N A I

i <> Auto Refresh /[

| \ \ \ Self Refresh Entry \\ \ {

| - 1/ )

; < |PDV S

| toPDH IckD %

1 Hi-Z

i Hi-Z !

A ¥ R

Notes: 1. = is don't care.

2. PD mustbe brﬂght to "Low" within the timing between tppp| (min) and tppp (max) to Self Refresh
mode. When PD is brought to "Low;after IpDv, TC59LM914/06AMB perform Auto Refresh and
enter Power down mode. In case of PD fall between trpp(max) and Ippy, TC59LM914/06AMB will
either entry Self-Refresh mode or Power down mode after Auto-Refresh operation. It can't be
specified which mode TC59LM914/06AMB operates. o

3. ltis desirable that clock input is continued at least Ickp from REF command even though PD is

5.

brought to “Low” for Self-Refresh Entry.
4. TC59LM914AMB doesn’t have DQS .
In case of Self-Refresh entry after Write Operation, the delay time from the LAL command following
WRA to the REF command is Write latency (WL)+3 clock cycles minimum.

SELF-REFRESH EXIT TIMING

CLK

CLK

1 1
1 1
— — — 1 — 1 —
_EI_-\}V_\I\ \/ 9 S\{_}
NNy A \

Command (1st)

L lReFc « . IREFC . > | Command (2nd) ®
Command }%( DESL > ); RA*SXREF 5X DESL\D( v : Pa : RDA Y LAL™’
IppA =1 cycles 4|RCI‘D =\'1 cy(':Ie i URCID =\'1 cyéle i
£ ‘ ~ < ‘ ~ <
& s s
tPDEX | |
__ | ' ;
DQS/DQS HiZ | i< (¢t A/ (——
(cutput) ) ) )
DQ Hl-Z (I(I (II(I (II(I
(output) Self-Refresh Exit ' '
Notes: 1. ?ﬂ is don’t care.
2. Clock should be stable prior to PD = “High” if clock inp_ut is suspended in Self-Refresh mode.
3. DESL command must be asserted during IRgrc after_PD is brought to “High”.
4. lppa is defined from the first clock rising edge after PD is brought to “High”.
5. Itis 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-
8. TC59LM914AMB doesn’t have DQS .
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TOSHIBA TC59LM914/06AMB-37,-45-50

FUNCTIONAL DESCRIPTION

Network FCRAMTNI

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

PIN FUNCTIONS
CLOCK INPUTS: CLK & CLK

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

POWER DOWN: PD

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

CHIP SELECT & FUNCTION CONTROL: CS &FN

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

BANK ADDRESSES: BAO~BA2

The BAO to BA2 inputs are latched at the time of assertion of the RDA or WRA command and are selected the
bank to be used for the operation. BAO and BAL also define which mode register is loaded during the Mode
Register Set command (MRS or EMRS).

BAO BA1 BA2
Bank #0 0 0 0
Bank #1 1 0 0
Bank #2 0 1 0
Bank #3 1 1 0
Bank #4 0 0 1
Bank #5 1 0 1
Bank #6 0 1 1
Bank #7 1 1 1

ADDRESS INPUTS: A0O~A13

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 Al3 inputs are also used for setting the data in the Regular or
Extended Mode Register set cycle.

UPPER ADDRESS LOWER ADDRESS

TC59LM906AMB A0~A13 AO~A8

TC59LM914AMB A0~A13 AO~A7
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TOSHIBA TC59LM914/06AMB-37,-45-50

DATA INPUT/OUTPUT: DQO~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, DQS

The DQS is bi-directional signal. Both edge of DQS are used as the reference of data input or output. In write
operation, the DQS used as an input signal is utilized for a latch of write data. In read operation, the DQS is an
output signal provides the read data strobe. - - _

TC59LM906AMB has differential data strobe pin (DQS). When DQS is enable mode, DQSis differential
output signal for DQS in read operation, data input are latched at the crossing point of DQS and DQS in Write
operation. When DQS is disable mode, DQS is always Hi-Z, and data input are latched at the crossing point
of DQS and VREF level. DQS mode is set at Extended Mode Register Set Cycle.

TC59LM914AMB doesn’'t have DQS pin. Data input are latched at the crossing point of L/UDQS and VREF
level in Write operation. LDQS is strobe signal for DQO0-DQ7. UDQS is strobe signal for DQ8-DQ15.

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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TOSHIBA TC59LM914/06AMB-37,-45-50

COMMAND FUNCTIONS and OPERATIONS

TC59LM914/06AMB 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/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. DQS is differential data strobe signal supported TC59LM906AMB.

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

VW1 inputs with LAL command. See VW truth table. DQS is differential data strobe signal supported
TC59LM906AMB.

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

TC59LM914/06AMB 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 3.9 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 that be
performed within 3.2 ps (8 x 400 ns) is to 8 times in the maximum.

Self-Refresh Operation (1st command + 2nd command = WRA + REF with PD= “L7)

In case of Self-Refresh operation, refresh operation can be performed automatically by using an internal timer.
When all banks are in the idle state and all outputs are in Hi-Z states, the TC59LM914/06AMB become
Self-Refresh mode by issuing the Self-Refresh command. PD has to be brought to “Low” within terppL 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 3.9 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 desirable that clock input is kept in Ickp period. The device is in Self-Refresh mode as long as PD held “Low”.
During Self-Refresh mode, all input and output buffers are disabled except for PD, therefore the power
dissipation lowers. Regarding a Self-Refresh mode exit, PD has to be changed over from “Low” to “High” along
with the DESL command, and the DESL command has to be continuously issued in the number of clocks specified
by IREFc. The Self-Refresh exit function is asynchronous operation. It is required that one Auto-Refresh
command is issued to avoid the violation of the refresh period just after IREFc from Self-Refresh exit.

Power Down Mode ( PD= “L”)

When all banks are in the idle state and DQ outputs are in Hi-Z states, the TC59LM914/06 AMB become Power
Down Mode by asserting PD is “Low”. When the device enters the Power Down Mode, all input and output
buffers are disabled after specified time except for PD . Therefore, the power dissipation lowers. To exit the
Power Down Mode, PD has to be brought to “High” and the DESL command has to be issued for two clock cycle
after PD goes high. The Power Down exit function is asynchronous operation.

2003-08-04 50/57



TOSHIBA TC59LM914/06AMB-37,-45-50

Mode Register Set (MRS) and Extended Mode Register Set (EMRS)
(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 A13, BAO to BA2 address inputs. The TC59LM914/06AMB 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 five function fields.
The five fields are as follows:
(E-1) DLL Switch field to choose either DLL enable or DLL disable
(E-2) Output Driver Impedance Control field.
(E-3) Off-Chip Driver (OCD) Impedance Adjustment for Full Strength Output Driver
(E-4) DQS enable field
(E-5) Interface mode select

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

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

BA1 BAO BA2, A13~A0
0 Regular MRS Cycle
1 Extended MRS Cycle
x Reserved

Reqular Mode Regqister Fields

(R-1) Burst Length field (A2 to A0), (BL)
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), (BT)
The Burst Type can be chosen Interleave mode or Sequential mode. When the A3 bit is “0”, Sequential
mode is selected. When the A3 bit is “1”, Interleave mode is selected. Both burst types support burst
length of 2 and 4 words.

A3 BURST TYPE
0 Sequential
1 Interleave
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e Addressing sequence of Sequential mode
A column access is started from the inputted lower address and is performed by incrementing the lower
address input to the device.

CAS Latency =4
CLK

CLK

Command

DQS/DQS

DQ

Addressing sequence for Sequential mode

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

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

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
DataO |---A8 A7 A6 A5 A4 A3 A2 Al A0 }2words
Data1 |--A8 A7 A6 A5 A4 A3 A2 A1l A0

Data2 |[--A8 A7 A6 A5 A4 A3 A2 A1l AO 4 words
Data3 |--A8 A7 A6 A5 A4 A3 A2 Al AO

(R-3) CAS Latency field (A6 to A4), (CL)
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 that should input write data is CAS Latency cycles — 1.

A6 A5 Ad CAS LATENCY
0 0 0 Reserved
0 1 Reserved
0 1 0 Reserved
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 Reserved
1 1 1 Reserved

(R-4) Test Mode field (A7), (TE)
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 A13, BA2)
These bits are reserved for future operations. They must be set to “0” for normal operation.
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Extended Mode Register fields

(E-1) DLL Switch

field (A0), (DS)

This bit is used to enable DLL. When the AO bit is set “0”, DLL is enabled. This bit must set to “0” for
normal operation.

(E-2)

Output Driver Impedance Control field (A1, A6) (DIC)

This field is used to choose Output Driver Strength. Four types of Driver Strength are supported.
Output Driver Strength can be set by field in EMRS with OCD calibration default (A7~A9 = 1 at EMRS)
or OCD calibration mode exit (A7~A9 = 0 at EMRS).

(E-3)

A6 A1 OUTPUT DRIVER IMPEDANCE CONTROL
0 0 Normal Output Driver

0 1 Strong Output Driver

1 0 Weak Output Driver

1 1 Full Strength Output Driver

Off-Chip Driver (OCD) Impedance Adjustment (A7 to A9) (OCD)

OCD calibration (Off Chip Driver impedance adjustment) is available only for Full Strength Output
Driver. When OCD calibration is performed, A1 and A6 inputs at EMRS must be “1” for Full Strength
Output Driver.

Output Driver Strength can be set by DIC field (E-2). This Driver strength is the initial driver level at

OCD Imped

ance Adjustment.

The Network FCRAMT™ supports driver calibration feature and the flow chart below is an example of
sequence. Every calibration mode command should be followed by “OCD calibration mode exit” before
any other command being issued. MRS should be set before entering OCD impedance adjustment.

<——MRS should be set before entering OCD impedance adjustment.

m | EMRS: OCD calibration mode exit I—\

i

EMRS: Drive(1)
DQ &DQS High; DQS Low

Need Calibration

A

<

=

EMRS: Drive(0)
DQ &DQS Low; DQS High

ALL OK

EMRS: OCD calibration mode exit

|

EMRS:
Enter Adjust Mode

|

BL=4 code Input to all DQs
Inc, Dec, or NOP

EMRS: OCD calibration mode exit |

Y

Test

Need Calibration

EMRS: OCD calibration mode exit

|

Enter Adjust Mode

EMRS:

|

BL=4 code Input to all DQs
Inc, Dec, or NOP

| EMRS: OCD calibration mode exit

| EMRS: OCD calibration mode exit |
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Extended Mode Register Set for OCD Impedance adjustment

OCD impedance adjustment can be done using the following EMRS mode. In drive mode all outputs are
driven out by Network FCRAM. In drive (1) mode, all DQ, DQS signals are driven high and DQS signals are
driven low. In drive (0) mode, all DQ, DQS signals are driven low and DQS signals are driven high. In adjust
mode, BL=4 of operation code data must be used

A9 A8 A7 Operation

0 0 0 OCD calibration mode exit

0 0 1 Drive (1) DQ, DQS high and DQS low
0 1 0 Drive (0) DQ, DQS low and DQS high
1 0 0 Adjust mode

1 1 1 OCD calibration default

OCD impedance adjust

To adjust output driver impedance, controllers must issue the ADJUST EMRS command along with a 4bit
burst code to Network FCRAM. For this operation, Burst Length has to be set to BL=4 via MRS command
before activating OCD and controllers must drive this burst code to all DQs at the same time. DTO means all
DQ bits at bit time 0, DT1 at bit time 1, and so forth. The driver output impedance is adjusted for all DQs
simultaneously and after OCD calibration, all DQs of a given Network FCRAM will be adjusted to the same
driver strength setting. The maximum step count for adjustment is 16 and when the limit is reached, further
increment or decrement code has no effect.

Off-Chip Driver Program

4bit burst code inputs to all DQs Operation
Do D11 D12 D13 Pull-up driver strength Pull-down driver strength
0 0 0 0 NOP (No operation) NOP (No operation)
0 0 0 1 Increase by 1 step NOP
0 0 1 0 Decrease by 1 step NOP
0 1 0 0 NOP Increase by 1 step
1 0 0 0 NOP Decrease by 1 step
0 1 0 1 Increase by 1 step Increase by 1 step
0 1 1 0 Decrease by 1 step Increase by 1 step
1 0 0 1 Increase by 1 step Decrease by 1 step
1 0 1 0 Decrease by 1 step Decrease by 1 step
Other Combinations Reserved

For proper operation of adjust mode, WL=CL-1 clocks and tps / toH should be met as the following timing
diagram. For input data pattern for adjustment, DTO~DT3 is a fixed order and “not affected by MRS
addressing mode (i.e. Sequential or interleave).

Driver strength is controlled within the following range by OCD impedance adjustment.

SYMBOL PARAMETER MIN MAX UNIT | NOTES

Output Source DC Current for VppQ = 1.7V~1.9V
loH (DC) -14.0 | -18.7
Full Strength | VDDQ =17V Von = 1.420V

Output Driver Output Sink DC Current for VppQ = 1.7V~1.9V
loL (DC) 14.0 18.7
VbpQ=1.7V VoL =0.280V

mA
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OCD adjust mode OCD calibration mode exit
Command —RDA é\_ﬁ\% (——(NoP) {NOP) {NOP) {NOP) RDA % @

CiK . .
CLK

DQS_in

tos| tow
DQ_in Dto X D11 X D12 X D13

Drive mode

Drive mode, both Drive (1) and Drive (0), is used for controllers to measure Network FCRAM Driver
impedance. In this mode, all outputs are driven out toiT after “enter drive mode” command and all output
drivers are turned-off toiT after “OCD calibration mode exit” command as the following timing diagram.

Enter Drive mode OCD calibration mode exit
CLK ===\ Pkl
CLK S
Das, DQS high & DQS low for Drive (1), DQS low & DQS high for Orive (0))
DQS
DQ DQs high for Drive (1), DQs low for Drive (0) >
_ toir o o

(E-4) DQSenable field (A10), (DQS)
This bit is used to enable Differential Data strobe.
DQS is available on TC59LM906AMB. This field of TC59LM914AMB is ignored.

A10 DQS Enable
0 Disable
1 Enable

(E-5) Interface mode select (A11)
This bit must be always set “0”.

(E-6) Reserved field (A2 to A5, A12, A13, BA2)
These bits are reserved for future operations and must be set to “0” for normal operation.
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RESTRICTIONS ON PRODUCT USE

030619EBA

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

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

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 TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced
and sold, under any law and regulations.
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