TOSHIBA

TYADOOACO0BUGK

TOSHIBA MULTI-CHIP INTEGRATED CIRCUIT SILICON GATE CMOS

| TENTATIVE |

Low Power SDRAM, Nand E?PROM and Giga Byte Nand E’PROM Mixed Multi-Chip Package

DESCRIPTION

Lead-Free

The TYADOOACO0BUGK is a mixed multi-chip package containing a 1,073,741,824-bit (536,870,912-bit x 2devices)
Low Power Synchronous DRAMs and a 1,107,296,256-bit Nand E2PROM and a 1G-Byte Nand E2PROM device
which has NAND memory controller function internally (GBNand).

The TYADOOACOOBUGK is available in a 224-pin BGA package making it suitable for a variety of applications.

Features

e Power supply voltage

Low power SDRAM :1.7t01.9V
Nand E2PROM 11.7t01.95V
GBNand 12.7t03.6V
e Operating temperature of —30° to 85°C
e Package
P-FBGA224-1218-0.80BZ (Weight: g)
e Lead-Free

Low Power SDRAM Features

e Organization : 2pcs of 4M x 32 bits x 4 banks
(32 bits 1/0)
¢ Power dissipation (Each devices)

Operating : 75 mA maximum
Burst operating:  95mA maximum
Refresh : 90 mA maximum
Self refresh : 800 pA maximum

Programmable driver strength
Clock frequency: 133MHz (max.)
Row address A0 to A12
Column address : A0 to A8
4 internal banks for concurrent operation
Interface : LVCMOS
Burst lengths (BL) : 1, 2, 4, 8, full page
Burst type (BT) :
Sequential (1, 2, 4, 8, full page)
___ Interleave (1,2,4,98
cAs Latency (CL):2, 3
Precharge :
auto precharge operation for each burst access
Driver strength: normal/weak
Refresh : auto-refresh, self-refresh
Refresh cycles : 8192 refresh cycles/64ms
Average refresh period : 7.8us
Operating junction temperature range
Single pulsed RAS
Burst read/write operation and burst read/single
write operation capability
Byte control by DQM
Programmable Partial Array Self Refresh

Deep power down mode

Nand E’PROM Features

Organization
Memory cell array : 264 x 256K x 16 bits
Register : 264 x 16 bits
Page size : 264 words
Block size : (8K + 264) bytes

Power dissipation
Read operating : 30 mA maximum
Program / Erase operating : 30 mA maximum
Standby : 50 pA maximum
Access time :
Cell array register :
Serial read cycle :
Modes :
Read , Reset , Auto page program
Auto block erase , Status read
Mode control
Serial input / output , Command control
Program/Erase cycles
100,000 cycles (with external ECC control)

25 us @CL=30pF
50 ns @CL=30pF

GB Nand E’PROM Features

Host interface is based on SD card.
Host can read/write high capacity NAND flash
memory easily and efficiently without implementing
complex flash memory access procedure.
Media Format
Security Functions:
SD Security Specification Ver.1.01 Compliant
(CPRM Based)
*CPRM: Contents Protection for Recording Media
Specification
Logical Format:
SD File System Specification Ver.1.01 Compliant
(DOS-FAT Based formatted)
Interfaces:
SD Card Interface, (SD: 4 or 1bit)
SPI Mode Compatible
SD Physical Layer Specification Ver.1.01 Compliant

Auto Temperature Compensated Self Refresh by built-in temperature sensor

Burst termination by burst stop command and Precharge command

2006-06-21 1/13



TOSHIBA TYADOOACO0BUGK

PIN ASSIGNMENT (TOP VIEW)

2 3 4 5 6 7 8 9 10 11 12 13 14
O

A | Nnc NC NC NC NC NC NC NC
B | nc NC NC NC NC NC NC NC
C | nc NC Vced  DQO DQ2  DNU Vss Veen DNU DNU Al Veed NC NC
D | NC  Vss DQ1 DQ3 DQ4 DQni5 DQnl4 DQni3  DQni2 csi BA1 A2 Vss NC
E | NC Vccods DQ5 DQMO DQ6 DQn7  DQn5  DQn3 DQn1 RAS BAO A0 A3 NC
F Vss DNU DQMLI DQ7 DQnll DQnl0  DQn9 DQn8 CAS cso AL0 Veed
G Vccod  DNU DQ9 DQ8  DQné DQn4 DQn2 DQNO WEd CLK DNU DNU
H DNU DNU DNU  DNU Vss Veeg? DNU DNU DNU DNU
J Vss DQI2 DQIl DQ10 DNU TESTOUT1  TSTO DNU DNU  CKCRO
K Vced DQ15  DQl4  DQ13  DNU DNU Veegl Vss CKCRA  CKCRI
L Vss DQ16 DQ17 DQ18 DNU DNU SDCMD  Vccgl  SDCLK Vss
M Vccod DQ19  DQ20  DQ21  DNU SDDAT3  SDDATO SDDAT1 SDDAT2  Vss
N Vss DNU DQ22 DQ23 DNU DNU TST2 Vss Veegl DNU
P DNU DNU DNU DNU DNU  Vceg3 Vss DNU DNU DNU DNU Vss
R Vccod DNU  DQM2 DQ24  DNU CE WEnR WP CKE1 CKEO A1l Vss
TJNC Vss DQ26 DQM3 DQ25 DNU RE ALE DNU DNU A12 A7 A4 NC
U|NC Veca DQ30 DQ28 DQ27 DNU  RY/BY  CLE DNU A9 A8 A5 Vced  NC
V| nC NC Vss DQ31 DQ29 DNU Vss Vcen DNU DNU A6 Vss NC NC
W | NC NC NC NC NC NC NC NC
Y | nc NC NC NC NC NC NC NC
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TOSHIBA

TYADOOACOOBUGK
PIN NAMES
A0 to A12 Address inputs for Low Power SDRAM
BAO,BA1 Bank Select for Low Power SDRAM
DQO to DQ31 Data inputs / outputs for Low Power SDRAM
CLK Clock input for Low Power SDRAM
CKEO, CKE1 Clock enable for Low Power SDRAM
CS0 , Cs1 Chip select for Low Power SDRAM
RAS Row address strobe for Low Power SDRAM
CAS Column address strobe for Low Power SDRAM
WEd Write enable for Low Power SDRAM
DQMO, DQM1
Data mask enable for Low Power SDRAM
DQM2, DQM3
DQnO to DQN15 1/0O port Nand EPROM
CE Chip enable for Nand E?PROM
RE Read enable for Nand E°’PROM
WEn_ Write enable for Nand E’PROM
CLE Command latch enable for Nand E?PROM
ALE Address latch enable for Nand E°PROM
WP Write protect for Nand EZPROM
RY/BY Ready/Busy for Nand E°PROM
SDDATO to SDDAT3 Data Line for GBNand
SDCMD Command/Response for GBNand
SDCLK Clock input for GBNand
CKCRI CR Clock Oscillator for GBNand
CKCRO . . S
(Connects to the external capacitor and resisters of oscillation.)
CKCRA
TSTO, TST2 Test Mode setting for GBNand
TESTOUT1 Test Clock Output for GBNand
Veed Main power supply for Low Power SDRAM
Vccod DQ power supply for Low Power SDRAM
Vcen Power supply for Nand E’PROM
Vcegls Veeg2, Veeg3 Power supply for for GBNand
Vss Ground
DNU Do not use (Must be OPEN)
NC Not connected
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TOSHIBA

TYADOOACOOBUGK
PIN NAME CONVERSION TABLE
MCP Pin 512Mb | 512Mb 1Gb 1GB MCP Pin 512Mb | 512Mb 1Gb 1GB

Loc Name [ LPSD(1) [ LPSD(2) | Nand Nand Loc Name LPSD(1) [ LPSD(2) | Nand Nand
c3 vccd VDD VDD - - H2 DNU - - - -

ca DQO DQO DQO - - H3 DNU - - - -

c5 DQ2 DQ2 DQ2 - - H4 DNU - - - -

c6 DNU - - - - H5 DNU - - - -

c7 VSS VSS* VSS* VSS VSS H6 VSS VSS* VSS* VSS VSS
cs VCCn - - VCC - H9 VCCg2 - - - vdd2
c9 DNU - - - - H10 DNU - - - -
C10 DNU - - - - H11 DNU - - - -
c11 Al Al Al - - H12 DNU - - - -
c12 | vccd VDD VDD - - H13 DNU - - - -

D2 VSS VSS* VSS* VSS VSS J2 VSS VSS* VSS* VSS VSS
D3 DQ1 DQ1 DQ1 - - J3 DQ12 DQ12 DQ12 - -

D4 DQ3 DQ3 DQ3 - - J4 DQ11 DQ11 DQ11 - -

D5 DQ4 DQ4 DQ4 - - J5 DQ10 DQ10 DQ10 - -

D6 | DQni5 - - 11016 - J6 DNU - - - -

D7 | DOQni14 - - /015 - J9 | TESTOUTL - - - TESTOUT1
D8 | DQni3 - - 11014 - J10 TSTO - - - TSTO
D9 | DQni12 - - /013 - Ji1 DNU - - - -
D10 cs1 - cs - - J12 DNU - - - -
D11 BAL BAl BA1 - - J13 CKCRO - - - CKCRO
D12 A2 A2 A2 - - K2 vCCd VDD VDD - -
D13 VSS VSS* VSS* VSS VSS K3 DQ15 DQ15 DQ15 - -

E2 | vccQd | vDDQ | vDDQ - - K4 DQ14 DQ14 DQ14 - -

E3 DQ5 DQ5 DQ5 - - K5 DQ13 DQ13 DQ13 - -

E4 DQMO DQOMO | DQMO - - K6 DNU - - - -
E5 DQ6 DQ6 DQ6 - - K9 DNU - - - -

E6 DQn7 - - 1108 - K10 VCCgl - - - vdd1
E7 DQN5 - - 1106 - K11 VSS VSS* VSS* VSS VSS
E8 DQn3 - - 1/04 - K12 CKCRA - - - CKCRA
E9 DQN1 - - 1102 - K13 CKCRI - - - CKCRI
E10 RAS RAS RAS - - L2 VSS VSS* VSS* VSS VSS
E11 BAO BAO BAO - - L3 DQ16 DQ16 DQ16 - -
E12 A0 A0 A0 - - L4 DQ17 DQ17 DQ17 - -
E13 A3 A3 A3 - - L5 DQ18 DQ18 DQ18 - -

F2 VSS VSS* VSS* VSS VSS L6 DNU - - - -

F3 DNU - - - - L9 DNU - - - -

F4 DQM1 DQM1 | DQM1 - - L10 SDCMD - - - -
F5 DQ7 DQ7 DQ7 - - L11 VCCgl - - - vdd1
F6 DQn1l - - 11012 - L12 SDCLK - - - SDCLK
F7 DQn10 - - /011 - L13 VSS VSS* VSS* VSS VSS
F8 DQN9 - - 11010 - M2 vCcCQd VvDDQ | VDDQ - -

F9 DQn8 - - 1109 - M3 DQ19 DQ19 DQ19 - -
F10 CAS CAS CAS - - M4 DQ20 DQ20 DQ20 - -
F11 CcSo cs - - - M5 DQ21 DQ21 DQ21 - -
F12 Al0 A10 A10 - - M6 DNU - - - -
F13 | vccd VDD VDD - - M9 SDDAT3 - - - SDDAT3
G2 | vccod | vDDQ | vDDQ - - M10 SDDATO - - - SDDATO
G3 DNU - - - - M11 SDDAT1 - - - SDDAT1
G4 DQ9 DQ9 DQ9 - - M12 SDDAT2 - - - SDDAT?2
G5 DQ8 DQ8 DQ8 - - M13 VSS VSS* VSS* VSS VSS
G6 DQn6 - - 1107 - N2 VSS VSS* VSS* VSS VSS
G7 DQn4 - - 1/05 - N3 DNU - - - -

G8 DQn2 - - 1/03 - N4 DQ22 DQ22 DQ22 - -

G9 DQnO - - 1101 - N5 DQ23 DQ23 DQ23 - -
G10 WEd WE WE - - N6 DNU - - - -
G11 CLK CLK CLK - - N9 DNU - - - -
G12 DNU - - - - N10 TST2 - - - TST2
G13 DNU - - - - N11 VSS VSS* VSS* VSS VSS
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TOSHIBA

TYADOOACOOBUGK
PIN NAME CONVERSION TABLE(Continue)

MCP Pin 512Mb | 512Mb 1Gb 1GB MCP Pin 512Mb | 512Mb 1Gb 1GB
Loc Name | LPSD(1) | LPSD(2) | Nand Nand Loc Name LPSD(1) | LPSD(2) [ Nand Nand
N12 | vccgl - - - vdd1i V3 VSS VSS* VSS* VSS VSS
N13 DNU - - - - V4 DQ31 DQ31 DQ31 - -

P2 DNU - - - - V5 DQ29 DQ29 DQ29 - -
P3 DNU - - - - V6 DNU - - - -
P4 DNU - - - - V7 VSS VSS* VSS* VSS VSS
P5 DNU - - - - V8 VCCn - - VCC -
P6 DNU - - - - Vo DNU - - - -
P7 | vccg3 - - - vdd3 V10 DNU - - - -
P8 VSS VSS* VSS* VSS VSS V11 AB AB AB - -
P9 DNU - - - - V12 VSS VSS* VSS* VSS VSS
P10 DNU - - - -

P11 DNU - - - - Al-4 NC - - - -
P12 DNU - - - - All-14 NC - - - -
P13 VSS VSS* VSS* VSS VSS Bl1-4 NC - - - -
R2 | vccod | vDDQ | vDDQ - - B11-14 NC - - - -
R3 DNU - - - - C1-2 NC - - - -
R4 DQM2 DOM2 | DOQM2 - - C13-14 NC - - - -
R5 DQ24 DQ24 DQ24 - - D1 NC - - - -
R6 DNU - - - - D14 NC - - - -
R7 CE - - CE - = NC - - - -
R8 WEn - - WE - El4 NC - - - -
R9 WP - - WP - T1 NC - - - -
R10 | CKE1 - CKE - - T14 NC - - - -
R1l1 | CKEO CKE - - - U1 NC - - - -
R12 All All All - - u14 NC - - - -
R13 VSS VSS* VSS* VSS VSS V1-2 NC - - - -
T2 VSS VSS* VSS* VSS VSS V13-14 NC - - - -
T3 DQ26 DQ26 DQ26 - - W1-4 NC - - - -
T4 DQM3 DQM3 | DQM3 - - W11l-14 NC - - - -
T5 DQ25 DQ25 DQ25 - - Y1-4 NC - - - -
T6 DNU - - - - Y11-14 NC - - - -
T7 RE - - RE -

T8 ALE - - ALE _ VSS* : VSS/VSSQ

T9 DNU - - - -
T10 DNU - - - -

T11 Al12 Al2 A12 - -
T12 A7 A7 A7 - -
T13 Ad Ad Ad - -

U2 vced VDD VDD - -

U3 DQ30 DQ30 DQ30 - -

U4 DQ28 DQ28 DQ28 - -

U5 DQ27 DQ27 DQ27 - -

U6 DNU - - - -

u7 RY/BY - - RY/BY -

us CLE - - CLE -

U9 DNU - - - -

u10 A9 A9 A9 - -

U1l A8 A8 A8 - -

u12 A5 A5 A5 - -

u1s | vccd VDD VDD - _
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TOSHIBA TYADOOACO0BUGK

BLOCK DIAGRAM

Vced Vecod Vss

| 1 |

AO~A12, BAO, BA1 '\
g I / < DQMO
CS0O —— > < DQM1
RAS __| 5
CAS — > 512 Mbits /\
WEd — | > Low power SDRAM N
CLK — > (1)
CKEO — > < DQM2
< DQM3
DQO~DQ31
Vced Vecod Vss :>
cs1 > /1
R 512 Mbits N\
»| Low power SDRAM
> (2) <
CKE1 > <
Vcen Vss
CE >
WEn > DQNO~DQn15
_ N 1 Ghit < > Q Q
RE | NAND E’PROM
WP > L=
CLE > > RY/BY
ALE >
Vcegt  Vecg2 Vecgs
SDCLK > < > SDDATO
SDCMD > 1GByt < > SDDAT1
e
o NAND E’PROM | " SDDAT2
TESTOUTL (embedded controller) |~ > SDDAT3
TST20
TSTOO

]

A A A
CKCRI| CKCRA| CKCRO
Vss

CR Oscillator |

TOP View index
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R3 R2 Cle 11005 size parts x 3

R3 R2 Cl
2.2k 24k 100pF

+—* 045mm
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ELECTRICAL SPECIFICATIOS (LPSDRAM)

e All voltages are referenced to VSS (GND).
e  After power up, wait more than 200 ps and then, execute Power on sequence and two Auto Refresh before proper
device operation is achieved.

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RANGE UNIT
Vced LPSDRAM Vg Supply Voltage -0.5~2.3 \%
Veeod LPSDRAM Vccqd Supply Voltage (DQ) -0.5~2.3 Y,
Veen Nand E’PROM Vccn Supply Voltage -0.5~4.6 \%
Veeg GB Nand E’PROM Vcegi,2,3 Supply Voltage -0.3~4.6 \%

LPSDRAM -0.5~2.3 \%
VIN Input Voltage Nand E?PROM -0.5~4.6 \%
GB Nand E’PROM -0.3-Vceg + 0.3 (< 4.6) Y,
LPSDRAM -0.5~2.3 \%
Vbo Input/Output Voltage Nand E?PROM -0.5~Vcen + 0.3 (£4.6) \%
GB Nand E’PROM -0.3-Vceg + 0.3 (< 4.6) Y,
Topr Operating Temperature -30~85 °C
Pp Power Dissipation 0.6 W
Tsolder Soldering Temperature 260 °C
lIOSHORT Output Short Circuit Current(l) 50 mA
Tstg Storage Temperature -55~125 °C

Note : (1) Output shorted for no more than one second. No more than one output shorted at a time

Caution

Exposing the device to stress above those listed in Absolute Maximum Ratings could cause permanent damage.
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 Rating conditions for extended periods may affect device

reliability.
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RECOMMENDED DC OPERATING CONDITIONS (Ta =-30°~85°C)

SYMBOL PARAMETER MIN TYP. MAX UNIT
Vced LPSDRAM Vg Supply Voltage 1.7 — 1.9
Veead LPSDRAM Vccqd Supply Voltage (DQ) 1.7 — 1.9
Vcen Nand E2PROM Vcen Supply Voltage 1.7 — 1.95
Veeg GBNand E°PROM Vccgi,2,3 Supply Voltage 2.7 — 3.6

LPSDRAM 0.8 x Vceaod — Veeod + 0.3(1)
\%
ViH Input High-Level Voltage | Nand E?PROM 0.78 xVcen — Vcen + 0.3(2)
GBNand E’PROM | 0.625 x Vceg — Veeg +0.3
LPSDRAM —0.3® — 0.3
VIL Input Low-Level Voltage | Nand E2PROM —0.3%W — 0.22 x Vcen
GBNand EPROM -0.3 — 0.25 x Veeg
Note: (1) ViHmvax) = 2.3 V for pulse width <5 ns
(2) Vcen + 1V for pulse width < 2 ns
(3) ViH(MAX) = —0.5 V for pulse width <5 ns
(4) —2.0 V for pulse width < 20 ns
CAPACITANCE (LPSDRAM / Nand E’PROM) (Ta = 25°C, f = 1 MHz)
SYMBOL PARAMETER CONDITION MIN MAX UNIT
LPSDRAM — TBD pF
CIN Input Capacitance V|N = GND
Nand E2PROM — TBD pF
LPSDRAM — TBD pF
CouTt Output Capacitance VouTt=GND
Nand E2PROM — TBD pF
Note: These parameters are sampled periodically and are not tested for every device.
CAPACITANCE (GB Nand)
ITEM SYMBOL MIN MAX UNIT NOTE
. R
Pull up Resistance CMP 10 100 K Ohm
Rpat
Bus Signal Line Fpp<5MHZz
9 cL - 250 pF PP
Capacitance (21Cards)
Bus Signal Line Fpp<20MHz
9 cL - 100 pF PP
Capacitance (7Cards)
Single Card
9 . CcarD - 10 pF

Capacitance

Pull up Resistance

o R 10 20 K Ohm

inside card(DAT3) DATS
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DC CHARACTERISTICS - 1 (LPSDRAM-1 (CS0 , CKEOQ))

(Ta=-30°~85°C, Vecd / Vecod = 1.7V~1.9V, Vecp = 1.7V~1.95V , Vecg = 2.7V~3.6V )

SYMBOL PARAMETER CONDITION MIN | MAX | UNIT
@ Burst length=1 , tRC > tRC min, loyt =0 mA,
Iccisd LPSDRAM Operating current ) — 75 mA
One bank active
Iccepsd | LPSDRAM Standby current in power down | CKEO < V| max, tCK =tCK min — 0.8 mA
LPSDRAM Standby current in power down _
lcc2pssd (Input signal stable) CKEO < V) max, tCK = — 0.6 mA
I LPSDRAM Standby current in non power CKEQ 2 Vi min, tCK =tCK min, CS0> Vi min 4 mA
s _
down Input signals are changed one time during 2tCK
LPSDRAM Standby current in non power . _ .
lccanssd down (Input signal stable) CKEO > V| min, tCK = o0, Input signals are stable — 2 mA
lccapsd IaEV?IrIIDRAM Active standby Current in power CKEO < V| max, tCK = tCK min o 3 mA
LPSDRAM Active standby Current in B
lccapssd power down (Input signal stable) CKED < Vi max; tCK = o 12 mA
LPSDRAM Active standby Current in non CKEOQ 2 V| min,, tCK =tCK min, CS0 2> V| min
lccansd d ) ) ) — 10 | mA
power down Input signals are changed one time during 2tCK
LPSDRAM Active standby Current in non ’ _ .
Iccanssd power down (Input signal stable) CKEOQ > V| min , tCK = o, Input signals are stable | — 7 mA
@ tCK > tCK min CAS latency=2 — 55 mA
Iccasd LPSDRAM Burst operating current ) —
louT =0 mA, All banks active | CAS latency=3 — 95 mA
lccssd LPSDRAM Refresh current ©) tRC1 > tRC1 min — 90 mA
PASR="000" (Full) — 800 pA
CKEO 0.2V PASR="001" (2BK) — 650 pA
o PASR="010" (1BK) — 490 pA
Iccesd LPSDRAM Self refresh current
PASR="000" (Full) 300 pA
Ta <40°C
PASR="001" (2BK) 240 pA
CKEO < 0.2V
PASR="010" (1BK) 210 pA
LPSDRAM Standby current in deep power
lcc7sd | gown mode CKE0 < 0.2V — 10 pA
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DC CHARACTERISTICS - 2 (LPSDRAM-2 (CS1 , CKE1))

(Ta=-30°~85°C, Vecd / Vecod = 1.7V~1.9V, Vecp = 1.7V~1.95V , Vecg = 2.7V~3.6V )

SYMBOL PARAMETER CONDITION MIN | MAX | UNIT
@ Burst length=1 , tRC > tRC min, loyt =0 mA,
Iccisd LPSDRAM Operating current ) — 75 mA
One bank active
Icc2psd | LPSDRAM Standby current in power down | CKE1 < V| max, tCK =tCK min — 0.8 mA
LPSDRAM Standby current in power down _
lcc2pssd (Input signal stable) CKE1 < V) max, tCK = — 0.6 mA
I LPSDRAM Standby current in non power CKE1 2 Vi min, tCK =tCK min, CS1> V|4 min 4 mA
s _
down Input signals are changed one time during 2tCK
LPSDRAM Standby current in non power . _ .
lccanssd down (Input signal stable) CKE1 > V| min, tCK = o0, Input signals are stable — 2 mA
lccapsd IaEV?IrIIDRAM Active standby Current in power CKE1 < V| max, tCK = tCK min o 3 mA
LPSDRAM Active standby Current in B
lccapssd power down (Input signal stable) CKEL < Vi max, tCK = e — |2 m
LPSDRAM Active standby Current in non CKE1 2 V| min,, tCK =tCK min, CS1> V|4 min
lccansd d ) ) ) — 10 | mA
power down Input signals are changed one time during 2tCK
LPSDRAM Active standby Current in non ’ _ .
Iccanssd power down (Input signal stable) CKEL1 > V|y min , tCK = o, Input signals are stable | — 7 mA
@ tCK > tCK min CAS latency=2 — 55 mA
Iccasd LPSDRAM Burst operating current ) —
louT =0 mA, All banks active | CAS latency=3 — 95 mA
lccssd LPSDRAM Refresh current ©) tRC1 > tRC1 min — 90 mA
PASR="000" (Full) — 800 pA
CKE1<0.2V PASR="001" (2BK) — 650 pA
o PASR="010" (1BK) — 490 pA
Iccesd LPSDRAM Self refresh current
PASR="000" (Full) 300 pA
Ta <40°C
PASR="001" (2BK) 240 uA
CKE1<0.2V
PASR="010" (1BK) 210 A
LPSDRAM Standby current in deep power
lcc7sd | gown mode CKE1<0.2V — 10 pA
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DC CHARACTERISTICS -3

(Ta =—-30°~85°C, Vced / Vecod = 1.70V~1.90V, Veen = 1.7V~1.95V , Vg = 2.7V~3.6V)

SYMBOL PARAMETER CONDITION MIN | MAX [ UNIT
lccoin Nand Operating current (Serial Read) CE = VIL, louT =0 MA, teycle = 50 ns — 30 mA
lccoan Nand Operating current (Command input) lout =0 MA, teycle =50 ns — 30 mA
lccosn Nand Operating current (Data input) teycle = 50 ns — 30 mA
lccosn Nand Operating current (Address input) teycle = 50 ns — 30 mA
lccorn Nand Programming current — — 30 mA
Iccosn Nand Erasing current — — 30 mA
lccsin Nand Standby current CE = VIH, WP =0V or Vcen — 1 mA
lccson Nand Standby current CE = Veen-0.2V, WP =0V or Vcen — 50 pA
Iccog GB-Nand Operating current Fpp = 25MHz — 80 mA

Clock 25MHz — 30 mA
Iccsg GB-Nand Standby current

Clock stop, Ta = 25°C — | 0.25 | mA
Vrs GB-Nand Input voltage Setup time — — 250 ms
L Input leakage current ViN =0 V~Vcen (Vecqd) — +10 pA
loHsd LPSDRAM Output high current VoH=Vccd—0.2V 01| — mA
loLsd LPSDRAM Output low current VoL=0.2V 0.1 — mA
IOHN Nand E°PROM Output high current Von=Vcecn-0.2V -0.1 — mA
loLn Nand E2PROM Output low current VoL=0.2V 0.1 — mA
I(ORI_\?/ﬁ | gind E’PROM Output Current of RY/BY VoL =02V O | ma
loHg GB Nand E’PROM Output high current VoH =Vceg x 0.75 01| — mA
loLh GB Nand E’PROM Output low current VoL =Vccg x 0.125 0.1 — mA
ILo Output leakage current Vout =0V~ Vcen(Vecqa), IO disable — +10 pA

Note :

(1) lccisd depends on output loading and cycle rates. Specified values are obtained with the output open. In addition
to this, Iccisd IS measured on condition that addresses are changed only one time during
tCK (min.).

(2) lccasd depends on output loading and cycle rates.

addition to this, Iccossd is measured condition that addresses are changed only one time during tCK (min.)
(3) lccessd is measured on condition that addresses are changed only one time during tCK (min.).
(4) lccesd is specified when self refresh state is maintained long enough under the specified Ta condition, after a busy
sequence of read and write operations. Ta is surface temperature.
(5) Typical

Specified values are obtained with the output open. In

2006-06-21 11/13



TOSHIBA

TYADOOACO0OBUGK

PACKAGE DIMENSION

P-FBGA224-1218-0.80BZ

Unit : mm
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TOSHIBA TYADOOACO0BUGK

RESTRICTIONS ON PRODUCT USE

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

030519EBA

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 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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TOSHIBA 512M bits Low Power Synchronous DRAM

512 Mbits Low Power Synchronous Dynamic RAM
Organization : 4Mwords x 32 bits x4 banks
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TOSHIBA 512M bits Low Power Synchronous DRAM

AC Characteristics (TA =-30 to +85°C, VDD, VDDQ = 1.8V + 0.1V, VSS, VSSQ = 0V)
Test Conditions

¢ AC high level input voltage / low level input voltage: 1.6 /0.2V
e Input timing measurement reference level: 0.9V

o Transition time (Input rise and fall time): 0.5ns

e Output timing measurement reference level: 0.9V

e QOutput load: CL = 30pF

tCK

tCH __ tCL

16V
CLK 09V Sl? 7Z
0.2V -mmemmemeees  —

{setup | tHolD |

1.6V
Input 09V - 7
0.2V I/O

t

AC
tOH CL
Output
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TOSHIBA

512M bits Low Power Synchronous DRAM

Synchronous Characteristics (Reference)

Parameter Symbol min. max. Unit Note
Clock oycl tme (cK2 15 — ns

(CL=3) tCK3 7.5 — ns

,(ACCE:SZS) time from CLK tAC2 . 8 ns 1
(CL=3) tAC3 — 6 ns 1
CLK high level width tCH 2.5 — ns

CLK low level width tCL 25 — ns

Data-out hold time tOH 2.6 — ns 1
Data-out low-impedance time tLz 0 — ns

(Dé;\ﬁa:-gl),lt high-impedance time tHZ2 0 8 ns

(CL=3) tHZ3 0 6 ns

Data-in setup time tDS 1.9 — ns

Data-in hold time tDH 0.9 — ns

Address setup time tAS 1.9 — ns

Address hold time tAH 0.9 — ns

CKE setup time tCKS 1.9 — ns

CKE hold time tCKH 0.9 — ns

CKE setup time (Power down exit) tCKSP 1.9 — ns
ger&nggjgirié/RAS’ ICAS, /WE, {CMS 19 o ns
SOQTAT;‘Z%%%S; IRAS, ICAS, IWE, {CMH 0.9 . ns

Note: 1. Output load.

Asynchronous Characteristics (Reference)

Parameter Symbol min. max. Unit Notes
ACT to REF/ACT command period (operation) tRC 90 — ns

REF to REF/ACT command period (refresh) tRC1 112.5 — ns

Self refresh exit to REF/ACT command period tRC2 120 — ns

ACT to PRE command period tRAS 60 120000 ns

PRE to ACT command period tRP 225 — ns

Delay time ACT to READ/WRITE command tRCD 30 — ns

ACT (one) to ACT (another) command period tRRD 2 — CLK

Data-in to PRE command period tDPL 2 — CLK

Data-in to ACT (REF) command period

(Auto precharge) tDAL2 2CLK +22.5 — ns

(CL=2)

(CL=3) tDAL3 2CLK + 22,5 — ns

Mode register set cycle time tRSC 2 — CLK
Transition time tT 0.5 30 ns

Refresh time (8,192 refresh cycles) tREF — 64 ms
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TOSHIBA 512M bits Low Power Synchronous DRAM

Pin Function
CLK (input pin)
CLK is the master clock input. Other inputs signals are referenced to the CLK rising edge.

CKE (input pins)

CKE determine validity of the next CLK (clock). If CKE is high, the next CLK rising edge is valid; otherwise it is
invalid. If the CLK rising edge is invalid, the internal clock is not issued and the LPSDRAM suspends operation.
When the LPSDRAM is not in burst mode and CKE is negated, the device enters power down mode. During power
down mode, CKE must remain low.

/CS (input pins)
/CS low starts the command input cycle. When /CS is high, commands are ignored but operations continue.

IRAS, /ICAS, and /WE (input pins)
/RAS, /CAS and /WE have the same symbols on conventional DRAM but different functions. For details, refer to
the command table.

A0 to A12 (input pins)

Row Address is determined by A0 to A12 at the CLK (clock) rising edge in the active command cycle. It does not
depend on the bit organization.

Column Address (See “Address Pins Table”) is determined by AO to A8 at the CLK rising edge in the read or write
command cycle.

[Address Pins Table]

Address (A0 to A12)
Page size Row address Column address
2KB AXO0 to AX12 AYO to AY8

A10 defines the precharge mode. When A10 is high in the precharge command cycle, all banks are precharged;
when A10 is low, only the bank selected by BAO and BA1 is precharged.
When A10 is high in read or write command cycle, the precharge starts automatically after the burst access.

BAO and BA1 (input pin)
BAO and BA1 are bank select signal. (See Bank Select Signal Table)
[Bank Select Signal Table]

BAO BAl
Bank A L L
Bank B H L
Bank C L H
Bank D H H

Remark: H: VIH. L:VIL. x: VIHor VIL
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TOSHIBA

512M bits Low Power Synchronous DRAM

DQMO to DQM3 (input pins)

DQM controls I/0 buffers. In read mode, DQM controls the output buffers like a conventional /OE pin. DQM high
and DQM low turn the output buffers off and on, respectively. The DQM latency for the read is two clocks. In write
mode, DQM controls the word mask. Input data is written to the memory cell if DQM is low but not if DQM is

high. The DQM latency for the write is zero.

Each DQM pin corresponds to eight DQ pins, respectively (See DQM Correspondence Table).

[DQM Correspondence Table]

Organization Data mask DQs

x32 DQMO DQO to DQ7
DQM1 DQ8 to DQ15
DQM2 DQ16 to DQ23
DQM3 DQ24 to DQ31

DQO to DQ31 (input/output pins)

DQ pins have the same function as I/0 pins on a conventional DRAM.

VDD, VSS, VDDQ, VSSQ (Power supply)

VDD and VSS are power supply pins for internal circuits. VDDQ and VSSQ are power supply pins for the output

buffers.
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TOSHIBA 512M bits Low Power Synchronous DRAM

Command Operation
Extended Mode register set command (/CS, /RAS, /CAS, /WE, BAO = Low, BA1 = High)

The LPSDRAM has an extended mode register that defines low power functions. In this command, A0 through A12
are the data input pins.

After power on, the extended mode register set command must be executed to fix low power functions.

The extended mode register can be set only when all banks are in idle state.

During tRSC following this command, the LPSDRAM can not accept any other commands.

G305
RS

Extended Mode register set command

Mode register set command (/CS, /RAS, /CAS, /WE, BAO, BA1 = Low)

The LPSDRAM has a mode register that defines how the device operates. In this command, AO through A12 are
the data input pins. After power on, the mode register set command must be executed to initialize the device.
The mode register can be set only when all banks are in idle state. During tRSC following this command, the
LPSDRAM cannot accept any other commands.

Mode register set command

Activate command (/CS, /RAS = Low, /CAS, /WE = High)

The LPSDRAM has four banks, each with 8,192 rows. This command activates the bank selected by BAO and BA1
and a row address selected by A0 through A12. This command corresponds to a conventional DRAM's /RAS falling.

BAO, BAL 33 &K
A10 3
Add 2

Activate command

2006-02-17 SD-6/50 SP



TOSHIBA 512M bits Low Power Synchronous DRAM

Precharge command (/CS, /RAS, /WE = Low, /CAS = High)

This command begins precharge operation of the bank selected by BAO and BA1. When A10 is High, all banks
are precharged, regardless of BAO and BAl. When A10 is Low, only the bank selected by BAO and BA1 is
precharged. After this command, the LPSDRAM can’t accept the activate command to the precharging bank
during tRP (precharge to activate command period). This command corresponds to a conventional DRAM’s /RAS

rising.

ck [ 1
CKE “w
IcS
IRAS
ICAS
IWE
BAO, BAL 22

(Precharge select)
SSESELSELEK
Add RIS

Precharge command

Write command (/CS, /ICAS, /WE = Low, /RAS = High)
This command sets the burst start address given by the column address to begin the burst write operation. The
first write data in burst mode can input with this command with subsequent data on following clocks.

CLK | | I | |

CKE H
Ics ___/
IRAS 2257 &K

oY% %%
X
202056202

/WE
BAO, BA1
TR LRRRX
ALD X (2300%0%8

XXX N LSOO
Add X8 K

Write command

Read command (/CS, /CAS = Low, /RAS, /WE = High)

Read data is available after /CAS latency requirements have been met. This command sets the burst start address

given by the column address.

T
o222\

R
KL

XX KN
XKD

Read command

2006-02-17 SD-7/50 SP



TOSHIBA 512M bits Low Power Synchronous DRAM

Auto refresh command (/CS, /RAS, ICAS = Low, /WE, CKE = High)

This command is a request to begin the Auto refresh operation. The refresh address is generated internally.
Before executing Auto refresh, all banks must be precharged. After this cycle, all banks will be in the idle
(precharged) state and ready for a row activate command. During tRC1 period (from refresh command to refresh
or activate command), the LPSDRAM cannot accept any other command

CLK
CKE
ICS
/IRAS
ICAS

<3 RRRIRIARHIARIAKKS
207070 % %7656 % %626 %% %26 %%

CRRARIRIRHIARIAKKS
207070 % %7656 % %626 %6% %26 %%

Auto refresh command

Self refresh entry command (/CS, /RAS, /CAS, CKE = Low, /WE = High)

After the command execution, self refresh operation continues while CKE remains low. When CKE goes high, the
LPSDRAM exits the self refresh mode. During self refresh mode, refresh interval and refresh operation are
performed internally, so there is no need for external control. Before executing self refresh, all banks must be
precharged.

CLK
CKE
/ICS
/IRAS

CRRHRIAXRHLRAXIRHKKS
2020%0%09090%0% %% % %% % %%

TRRIIIIIILILTILS
RIILHIAIIICIKRS
2050267026263 2636230226 % %%

Self refresh entry command

Power down entry command (/CS, CKE = Low, /RAS, /CAS, /WE = High)

After the command execution, power down mode continues while CKE remains low. When CKE goes high, the
LPSDRAM exits the power down mode. Before executing power down, all banks must be precharged.

CLK | | I | |

CKE

ICS
IRAS
ICAS

QR IRHRIERRIICHRIIKS
R RRRRRRRARRRK,

RIILHIAIIICIKRS

2050267026263 2636230226 % %%

CRRHRIAXRHLRAXIRHKKS
2020%0%09090%0% %% % %% % %%

Power down entry command
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TOSHIBA 512M bits Low Power Synchronous DRAM

Deep power down entry command( /CS, CKE, /WE = Low, /RAS, /CAS = High)

After the command execution, deep power down mode continues while CKE remains low. When CKE goes high,
the LPSDRAM exits the deep power down mode. Before executing deep power down, all banks must be
precharged.

BAO, BAL
A10

Add

Deep power down entry command

Burst stop command (/CS = /WE = Low, /RAS, /CAS = High)
This command can stop the current burst operation.

ck [ LI 1
CKE H

ICS
IRAS

ICAS

(TR
£33

XXX

OSSR
R

bt

Burst stop command

No operation (/CS = Low, /RAS, /CAS, /WE = High)
This command is not an execution command. No operations begin or terminate by this command.

CLK | | I | |
CKE H
ICS

IRAS

/CAS

XRXKA
XS

No operation
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TOSHIBA

512M bits Low Power Synchronous DRAM

Truth Table
Command Truth Table

CKE All, A12,
Function Symbol n-1 n ICS IRAS /CAS /WE BAl1 BAO Al10 A9-A0
Device deselect DESL H x H x x x x x x x
No operation NOP H x L H H H x x X X
Burst stop BST H H L H H L X X X X
Read READ H X L H L H \% \% L \%
Read with auto precharge READA H x L H L H \% \ H \Y
Write WRIT H X L H L L \% \% L \%
Write with auto precharge WRITA H x L H L L \% \ H \Y
Bank activate ACT H X L L H H \% \Y \% \Y
Precharge select bank PRE H x L L H L \% \ L x
Precharge all banks PALL H x L L H L x X H x
Mode register set MRS H X L L L L L L L \%
Extended mode register set EMRS H X L L L L H L L \Y
Remark: H: VIH. L:VIL. x: VIHor VIL, V = Valid data
DQM Truth Table

CKE DQM

Function Symbol n-1 0 1 2 3
Data write / output enable ENB H L L L L
Data mask / output disable MASK H H H H H
DQO to DQ7 write enable/output enable ENBO H L x x x
DQ8 to DQ15 write enable/output enable ENB1 H X L X x
DQ16 to DQ23 write enable/output enable ENB2 H X X L X
DQ24 to DQ31 write enable/output enable ENB3 H x x x L
DQO to DQ7 write inhibit/output disable MASKO H H X X X
DQ8 to DQ15 write inhibit/output disable MASK 1 H X H X X
DQ16 to DQ23 write inhibit/output disable MASK 2 H x x H x
DQ24 to DQ31 write inhibit/output disable MASK 3 H X X X H

Remark: H: VIH. L:VIL. x: VIHor VIL
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TOSHIBA

512M bits Low Power Synchronous DRAM

CKE Truth Table

CKE
Current state Function Symbol n-1 n ICS IRAS ICAS /WE  Address
Activating Clock suspend mode entry H L X x x x x
Any Clock suspend mode L L x x x x x
Clock suspend Clock suspend mode exit L H x x x x x
Idle Auto refresh command REF H H L L L H X
Idle Self refresh entry SELF H L L L L H X
Idle Power down entry PD H L L H H H x
H L H X X X X
Idle Deep power down entry DPD H L L H H L x
Self refresh Self refresh exit L H L H H H X
L H H X X X X
Power down Power down exit L H L H H H X
L H H X X X x
Deep power down Deep power down exit L H x x x x x

Remark: H: VIH. L:VIL. x: VIH or VIL
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TOSHIBA

512M bits Low Power Synchronous DRAM

Function Truth Table

Current state /ICS /RAS /CAS /WE Address Command Action Notes
Idle H x x x x DESL Nop
L H H H X NOP Nop
L H H L X BST Nop
L H L H  BA CA Al0 READ/READA | |EGAL 2
L H L L BA, CA, A10 WRIT/WRITA || EGAL 2
L L H H BA, RA ACT — Row activating
L L H L BA, A10 PRE/PALL Nop
L L L H X REF Auto refresh
L L L L OC,BAl=L MRS Mode register set
L L L L OC,BAl=H EMRS Extended mode register set
Row active H x X x x DESL Nop
L H H H X NOP Nop
L H H L X BST Nop
L H L H  BA CA ,Al0 READ/READA Begin read 3
L H L L BA, CA, A10 WRIT/WRITA  Begin write 3
L L H H BA, RA ACT ILLEGAL 2
L L H L BA, A10 PRE/PALL Precharge/Precharge all banks 4
L L L H X REF ILLEGAL
L L L L OC, BA MRS/EMRS ILLEGAL
Read H X X x X DESL Continue burst to end — Row active
L H H H X NOP Continue burst to end — Row active
L H H L X BST Burst stop — Row active
L H L H BA, CA, A10 READ/READA Terminate burst, begin new read 5
L H L L BA, CA, A10 WRIT/WRITA  Terminate burst, begin write 56
L L H H BA, RA ACT ILLEGAL 2
L L H L BA, A10 PRE/PALL Terminate burst — Precharging
L L L H X REF ILLEGAL
L L L L OC, BA MRS/EMRS ILLEGAL
Write H x X x x DESL Continue burst to end — Write recovering
L H H H X NOP Continue burst to end — Write recovering
L H H L x BST Burst stop —» Row active
L H L H BA, CA, A10 READ/READA Terminate burst, start read : Determine AP 5, 6
L H L L BA, CA, A10 WRIT/WRITA  Terminate burst, new write : Determine AP 5
L L H H BA, RA ACT ILLEGAL 2
L L H L BA, A10 PRE/PALL Terminate burst - Precharging 7
L L L H X REF ILLEGAL
L L L L OC, BA MRS/EMRS ILLEGAL
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TOSHIBA

512M bits Low Power Synchronous DRAM

Current state /ICS /RAS /CAS /WE Address Command Action Notes
Read withauto  H x x x x DESL Continue burst to end — Precharging
precharge L H H H X NOP Continue burst to end — Precharging
L H H L X BST ILLEGAL
L H L H  BA CA Al0 READ/READA | |EGAL 2
L H L L BA, CA, A10 WRIT/WRITA || EGAL 2
L L H H BA, RA ACT ILLEGAL 2
L L H L BA, A10 PRE/PALL ILLEGAL 2
L L L H X REF ILLEGAL
L L L L OC, BA MRS/EMRS ILLEGAL
\é\:;i‘t; 6vl\:igt]r;3 auto H " " " " DESL Vc\ilﬁatruutg E;Jerz:\ ;or ;:d — Write recovering
L H H H N NOP VC\ZIi(:Etruuti ;)tgzth:'ge;d — Write recovering
L H H L X BST ILLEGAL
L H L H  BA CA Al0 READ/READA | |EGAL 2
L H L L BA, CA, A10 WRIT/WRITA || EGAL 2
L L H H BA, RA ACT ILLEGAL 2
L L H L BA, A10 PRE/PALL ILLEGAL 2
L L L H X REF ILLEGAL
L L L L OC, BA MRS/EMRS ILLEGAL
Precharging H x X x X DESL Nop — Enter idle after tRP
L H H H X NOP Nop — Enter idle after tRP
L H H L X BST ILLEGAL
L H L H BA, CA, A10 READ/READA ILLEGAL 2
L H L L BA, CA, A10 WRIT/WRITA  ILLEGAL 2
L L H H BA, RA ACT ILLEGAL 2
L L H L BA, A10 PRE/PALL Nop — Enter idle after tRP
L L L H X REF ILLEGAL
L L L L OC, BA MRS/EMRS ILLEGAL
Row activating H  « x x x DESL Nop — Enter bank active after tRCD
L H H H X NOP Nop — Enter bank active after tRCD
L H H L X BST ILLEGAL
L H L H BA, CA, A10 READ/READA ILLEGAL 2
L H L L BA, CA, A10 WRIT/WRITA  ILLEGAL 2
L L H H BA, RA ACT ILLEGAL 2,8
L L H L BA, A10 PRE/PALL ILLEGAL 2
L L L H X REF ILLEGAL
L L L L OC, BA MRS/EMRS ILLEGAL
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TOSHIBA

512M bits Low Power Synchronous DRAM

Current state /ICS IRAS /CAS /WE Address Command Action Notes
Write recovering  H x x x x DESL Nop — Enter row active after tDPL
L H H H X NOP Nop — Enter row active after tDPL
L H H L X BST Nop — Enter row active after tDPL
L H L H BA CA Al0 READ/READA Begin read 6
L H L L BA, CA, A10  WRIT/WRITA  Begin new write
L L H H BA, RA ACT ILLEGAL 2
L L H L BA, A10 PRE/PALL ILLEGAL 2
L L L H X REF ILLEGAL
L L L L OC, BA MRS/EMRS ILLEGAL
Write recovering  H x x x x DESL Nop — Enter precharge after tDPL
with auto L H H H X NOP Nop — Enter precharge after tDPL
precharge L H H L x BST Nop — Enter precharge after tDPL
L H L H BA, CA, A10 READ/READA ILLEGAL
L H L L BA, CA, A10 WRIT/WRITA  ILLEGAL 2,6
L L H H BA, RA ACT ILLEGAL 2
L L H L BA, A10 PRE/PALL ILLEGAL 2
L L L H X REF ILLEGAL
L L L L OC, BA MRS/EMRS ILLEGAL
Refresh H  x x N x DESL Nop — Enter idle after tRC1
L H H H X NOP Nop — Enter idle after tRC1
L H H L X BST Nop — Enter idle after tRC1
L H L H BA, CA, A10 READ/READA ILLEGAL
L H L L BA, CA, A10 WRIT/WRITA  ILLEGAL
L L H H BA, RA ACT ILLEGAL
L L H L BA, A10 PRE/PALL ILLEGAL
L L L H X REF ILLEGAL
L L L L OC, BA MRS/EMRS ILLEGAL
Mode register H x x x x DESL Nop — Enter idle after tRSC
accessing L H H H X NOP Nop — Enter idle after tRSC
L H H L x BST Nop — Enter idle after tRSC
L H L H BA, CA, A10 READ/READA ILLEGAL
L H L L BA, CA, A10 WRIT/WRITA  ILLEGAL
L L H H BA, RA ACT ILLEGAL
L L H L BA, A10 PRE/PALL ILLEGAL
L L L H X REF ILLEGAL
L L L L OC, BA MRS/EMRS ILLEGAL
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TOSHIBA

512M bits Low Power Synchronous DRAM

Current state /ICS [RAS /CAS /WE Address Command Action Notes
Extended mode H x x x x DESL Nop — Enter idle after tRSC
register L H H H X NOP Nop — Enter idle after tRSC
accessing L H H L X BST Nop — Enter idle after tRSC
L H L H BA, CA, A10 READ/READA ILLEGAL
L H L L BA, CA, A10 WRIT/WRITA  ILLEGAL
L L H H BA, RA ACT ILLEGAL
L L H L BA, A10 PRE/PALL ILLEGAL
L L L H X REF ILLEGAL
L L L L OC, BAO,BA1 MRS/EMRS ILLEGAL
Remark: H: VIH. L:VIL. x: VIH or VIL, V = Valid data
BA: Bank Address, CA: Column Address, RA: Row Address, OC: Op-Code
Notes: 1. All entries assume that CKE is active (CKE,.1=CKEp=H).
2. lllegal to bank in specified states; Function may be legal in the bank indicated by Bank Address (BA),
depending on the state of that bank.
3. lllegal if tRCD is not satisfied.
4. lllegal if tRAS is not satisfied.
5. Must satisfy burst interrupt condition.
6. Must satisfy bus contention, bus turn around, and/or write recovery requirements.
7. Must mask preceding data which don't satisfy tDPL.
8. lllegal if tRRD is not satisfied.
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512M bits Low Power Synchronous DRAM

Simplified State Diagram
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PRECHARGH %
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——» Manual input

----------- =~ Deep power down exit sequence
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TOSHIBA 512M bits Low Power Synchronous DRAM

Initialization
The synchronous DRAM is initialized in the power-on sequence according to the following.
(1) To stabilize internal circuits, when power is applied, a 200 us or longer pause must precede any signal toggling.

(2) After the pause, all banks must be precharged using the Precharge command (The Precharge all banks command is
convenient).

(3) Once the precharge is completed and the minimum tRP is satisfied, two or more Auto refresh must be performed.

(4) Both the mode register and the extended mode register must be programmed. After the mode register set cycle or
the extended mode register set cycle, tRSC (2 CLK minimum) pause must be satisfied.

Remarks:

1 The sequence of Auto refresh, mode register programming and extended mode register programming above may be
transposed.

2 CKE and DQM must be held high until the Precharge command is issued to ensure data-bus High-Z.

Programming Mode Registers

The mode register and extended mode register are programmed by the Mode register set command and Extended
mode register command, respectively using address bits A12 through A0, BAO and BA1l as data inputs. The
registers retain data until they are re-programmed, or the device enters into the deep power down or the device
loses power.

Mode register

The mode register has three fields;

Options : A12 through A7
ICAS latency : A6 through A4
Wrap type A3

Burst length  : A2 through AO

Following mode register programming, no command can be issued before at least 2 CLK have elapsed.

/ICAS Latency

/CAS latency is the most critical of the parameters being set. It tells the device how many clocks must elapse before
the data will be available. The value is determined by the frequency of the clock and the speed grade of the
device.

Burst Length

Burst Length is the number of words that will be output or input in a read or write cycle. After a read burst is
completed, the output bus will become High-Z. The burst length is programmable as 1, 2, 4, 8 or full page.

Wrap Type (Burst Sequence)

The wrap type specifies the order in which the burst data will be addressed. This order is programmable as either
“Sequential” or “Interleave”. The method chosen will depend on the type of CPU in the system.

Some microprocessor cache systems are optimized for sequential addressing and others for interleaved addressing.
“Burst Length Sequence” shows the addressing sequence for each burst length using them. Both sequences
support bursts of 1, 2, 4 and 8. Additionally, sequence supports the full page length.
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Extended Mode Register

The extended mode register has four fields;

Options

Auto Temperature Compensated Self Refresh
Driver Strength

Partial Array Self Refresh

1 A12 through A7, A4, A3
1A9

1 A6 through A5

: A2 through AO

Following extended mode register programming, no command can be issued before at least 2 CLK have elapsed.

Drive Strength

By setting specific parameter on A6 and A5, driving capability of data output drivers is selected.

Auto Temperature Compensated Self Refresh (ATCSR)

With the built-in temperature sensor, the internal self refresh frequency is controlled autonomously.

Partial Array Self Refresh

Memory array size to be refreshed during self refresh operation is programmable in order to reduce power. Data
outside the defined area will not be retained during self refresh.
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Mode Register Definition

BAO BA1 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

[o]ofoloflofo]lofo] LmobE [wr] BL Mode Register Set
Bits2-0 WT =0 WT =1
000 1 1
001 2 2
Bits6-4 | /CAS latency 010 4 4
000 R Burst length 011 8 8
001 R 100 R R
010 2 101 R R
Latency 011 3 110 R R
mode 100 R 111 Full page R
101 R
110 R 0 | Sequential
111 R Wrap type 1 | Interleave

BAO BA1 A12 A1l A0 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
o] 1] o] o olacsrl o o] bs | o] o] PASR Extended Mode Register Set

Bits2-0 | Refresh Array
000 All banks

Bit9 ATCSR 001 | Bank A & Bank B (BA1=0)
ATCSR 0 Enable 010 | Bank A (BAO=BA1=0)
1 R Partial Array 011 R
Self Refresh 100 R
101 | R
110 | R
11 | R

Bits6-5 | Strength

00 Normal
Driver Strength 01 1/2 strength
10 1/4 strength
11 1/8 strength

Remark R : Reserved
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Burst Length and Sequence

[Burst of Two]
Starting address
(Column address A0, binary)

Sequential addressing sequence
(decimal)

Interleave addressing sequence
(decimal)

0

0,1

0,1

1

1,0

1,0

[Burst of Four]

Starting address
(Column address A1-AQ, binary)

Sequential addressing sequence
(decimal)

Interleave addressing sequence
(decimal)

00 0,1,2,3 0,123
01 1,2,30 1,032
10 2,301 2,301
11 3,0,1,2 3,2,1,0

[Burst of Eight]

Full page burst is an extension of the above tables of sequential addressing, with the length being 512.

Starting address
(Column address A2-A0, binary)

Sequential addressing sequence
(decimal)

Interleave addressing sequence
(decimal)

000 0,1,2,3,4,56,7 0,1,23,4,5,6,7
001 1,2,34,56,7,0 1,0,3,2,54,7,6
010 2,3,4,56,7,0,1 2,3,0,1,6,7,4,5
011 3,4,56,7,0,1,2 3,2,1,0,7,6,5, 4
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 56,7,0,1,2,3,4 54,7,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,52,30,1
111 7,0,1,2,3,4,5,6 7,6,54,3,2,1,0

Full page burst is an extension of the above tables of sequential addressing, with the length being 1024 (x 16 bits),

512 (x 32 bits).
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Address Bits of Bank-Select and Precharge

Row | A0 | A1 A2 ] A3 | A4 As| a6 | A7 ] A8 | Ao |at0] at1]|a12]BA1]Bao] [ BAr | Ba0 | Resuit
Select Bank A
(Activate command) “Activate” command

Select Bank B

0 1 “Activate” command
1 0 Select Bank C
“Activate” command
1 9 Select Bank D
“Activate” command
[ A0 | A1 | a2 | as| a4 as| a6 | A7 | a8 | ao | ato] at1] a12] Bat]BAc]
(Precharge command) | ‘ ‘ A10 | BAt BAO | Result
0 0 0 Precharge Bank A
0 0 1 Precharge Bank B
0 1 0 Precharge Bank C
0 1 1 Precharge Bank D
1 X X Precharge All Banks
x : Don’t care
0 disables Auto-Precharge
‘ (End of Burst)
1 enables Auto-Precharge
Co. [ o] At ] a2] as] a4 as| a6 | a7 | as | o | at0] at1]at2]Bat1]Bac] (End of Burst)
(/CAS strobes)
BA1 BAO Result
0 0 enables Read/Write
commands for Bank A
0 1 enables Read/Write
commands for Bank B
1 0 enables Read/Write
commands for Bank C
1 9 enables Read/Write
commands for Bank D
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Operation
Precharge

The precharge command can be issued anytime after tRAS min. is satisfied. Soon after the precharge command is

issued, precharge operation performed and the synchronous DRAM enters the idle state after tRP is satisfied. The
parameter tRP is the time required to perform the precharge. The earliest timing in a read cycle that a precharge
command can be issued without losing any data in the burst is as follows.

» JTO |_IT1 |_IT2 |_|T3 |_|T4 |_IT5 |_IT6 |_IT7 |_IT8 |_I

/CAS latency =2

Command
R P

/CAS latency =3
Command ‘ ‘ ‘ ‘ ‘ ‘ ‘ w

o et e XIS TN il

(tras must be satisfied)

Precharge

In order to write all data to the memory cell correctly, the asynchronous parameter tDPL must be satisfied. The
tDPL (min.) specification defines the earliest time that a precharge command can be issued. Minimum number of
clocks is calculated by dividing tDPL (min.) with clock cycle time. In summary, the precharge command can be
issued relative to reference clock that indicates the last data word is valid. In the following table, minus means
clocks before the reference; plus means time after the reference.

/CAS latency Read Write
2 -1 +tDPL(min.)
3 -2 +tDPL(min.)
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Auto Precharge

During a read or write command cycle, A10 controls whether auto precharge is selected. A10 high in the Read or
Write command (Read with Auto precharge command or Write with Auto precharge command), auto precharge is
selected and begins automatically. The tRAS must be satisfied with a read with auto precharge or a write with
auto precharge operation. In addition, the next activate command to the bank being precharged cannot be
executed until the precharge cycle ends.

In read cycle, once auto precharge has started, an activate command to the bank can be issued after tRP has been
satisfied.

In write cycle, the tDAL must be satisfied to issue the next activate command to the bank being precharged.

The timing that begins the auto precharge cycle depends on whether read or write cycle.

Read with Auto Precharge
During a read cycle, the auto precharge begins one clock earlier (/CAS latency of 2) or two clocks earlier (/CAS

latency of 3) the last data word output.

Burst length = 4
TO T1 T2 T3 T4 T5 T6 T7 T8 T9

CLK

ICAS latency =2

Auto precharge starts
Command

READA B,

|
N D

DQ

ICAS latency =3

READA B

Auto precharge starts

I
I
|
I
I
I
|
Command |
I
I
]
I

DQ

QO QLBl >< QB2 >< QL33 >< QL34 > --------------- Mz

(tras must be satisfied)
Read with Auto Precharge

Remark: READA means Read with Auto precharge

Write with Auto Precharge

During a write cycle, the auto precharge starts at the timing of 2 clocks after the last data word input to the
device.

Burst length = 4

TO T1 T2 T3 T4 T5 T6 T7 T8
CLk | O L . b L L1 LI I
| | | | | | | | |
command i CRITA D i i iAuto prechjarge starts i i i
| | | | | |
| | | | | | |
| | |
| | |
| |
| |
| |
|

) O OO l

(tras must be satisfied)

Write with Auto Precharge

Remark: WRITA means Write with Auto Precharge
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Read / Write Command Interval
Read to Read Command Interval

During a read cycle, when new Read command is issued, it will be effective after /CAS latency, even if the previous
read operation does not completed. READ will be interrupted by another READ. The interval between the
commands is 1 cycle minimum. Each Read command can be issued in every clock without any restriction.

Burst length = 4, /CAS latency = 2

TO T1 T2 T3 T4 T5 T6 T7 T8 T9
CLK [ L 0 4 L 0 0 4 L4 L1 |
| | | | | | | | | l
I I | | | | | | | I
| | | | | | | | | |
I I | | | | | | | I
I I | | | | | | | I
| | | | | | | | | |
I | | | | | | I
I | | | | | | I
Command | | | | | | | |
| | | | | | | |
I I | | | | | | I
I I | | | | | | I
| | | | | | | |
I I | | | | | I
I I | | | | | | I
! ! ! ‘ ‘ ‘ ‘ ! ! .
| | | / \ | , Hi-Z
DQ s ; - QA1 >< QB1 >< QB2 >< QB3 >< QB4 .
| | N /o |
I I | | | | | | | I
| | | | | | | | | |
I I | | | | | | | I
| [ — | | | | | | |
| | lcycle | | | | | | | |
I I | | | | | | | I
| | | | | | | | | |

Read to Read Command Interval

Write to Write Command Interval

During a write cycle, when a new Write command is issued, the previous burst will terminate and the new burst
will begin with a new Write command. WRITE will be interrupted by another WRITE. The interval between the
commands is minimum 1 cycle. Each Write command can be issued in every clock without any restriction.

Burst length = 4
TO T1 T2 T3 T4 T5 T6 T7 T8

ck | [N S I

| | |
| ! !
| | |
| | |
| | |
| | |
| | |
Command : @@ : :
| ! !
| ! !
| | |
| | |
| |
| AN 1 Hi-Z
DO T < DAL >< DB1 >< DB2 >< DB3 >< DB4  D-----ect
|
|
|
|
|
|
|
|
|
|

| | | | |
| | | | |
| | | | |
| | | |
I lcycle | | |
l l l l
| | | |
| | | |

Write to Write Command Interval
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TOSHIBA

Write to Read Command Interval

Only the write data before Read command will be

The data bus must be High-Z at least one cycle prior to the first DOUT.

Write command and Read command interval is also 1 cycle.

written.

=4

Burst length

CLK

=2

ICAS latency

Command

bQ

=3

ICAS latency

Command

DQ

Write to Read Command Interval
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Read to Write Command Interval
During a read cycle, READ can be interrupted by WRITE. The Read and Write command interval is 1 cycle
minimum. There is a restriction to avoid data conflict. The Data bus must be High-Z using DQM before WRITE.

Burst length = 4
TO T1 T2 T3 T4 T5 T6 T7 T8

(=% I I I N S I I O

Command

DQM i P\

|
|
|
|
|
|
|
|
|
|
[l
|
|
|
|
"
|
|
|
|

Read to Write Command Interval 1

READ can be interrupted by WRITE. DQM must be High at least 3 clocks prior to the Write command.

Burst length = 8

T0 T1 T2 T3 T4 5 6 7 T8 T9
e __| RN S G G G
ICAS latency = 2 | j | 1 | i i i i i
Command i i i i i i i i
boM | | | e ‘ QU | |
l l 1 ! l ‘ ‘ ‘ 1 1
; ; ; 1 | | i | | |
DO L : —y Q2 Q3 Dreeeieens D1 D2 D3
e e C D ED =D D CD
| 3 | | | | necessary | | |
| | | | | | | |
ICAS latency = 3 i i i i | | i | | |
Command A -
| ‘ | | ‘ ‘ f | | |
DOM | ‘ | 4 i i N i l i
| T T T | |
N x ii
| | | | !
DO ! ! L L o1 wenepenen D1 D2 D3
e e C) D o O CD D D
| l | | } } necessary } } }

Read to Write Command Interval 2
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Burst Termination

There are two methods to terminate a burst operation other than using a Read or a Write command. One is the

burst stop command and the other is the precharge command.

Burst Termination in READ Cycle
During a read cycle, when the burst stop command is issued, the burst read data are terminated and the data bus

goes to High-Z after the /CAS latency from the burst stop command.

Burst length = X
TO T1 T2 T3 T4 T5 T6 T7

CLK

Command

/CAS latency =2
DQ

ICAS latency =3
DQ

1
|
|
|
|
|
|
|
|
|
|
|
|
|
.
|
|
|
|
|
|
|
|
|
|
|

i K

Burst Termination in READ Cycle

Remark: BST: Burst stop command

Burst Termination in WRITE Cycle

During a write cycle, when the burst stop command is issued, the burst write data are terminated and data bus
goes to High-Z at the same clock with the burst stop command.

Burst length = X

Command

| | | | | |
| | | | | |
| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

|

|

o o X 02 X 03 X 01 Dot

Burst Termination in WRITE Cycle

Remark: BST: Burst stop command
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Precharge Termination in READ Cycle

During a read cycle, the burst read operation is terminated by a precharge command. When the precharge

command is issued, the burst read operation is terminated and precharge starts. The same bank can be activated
again after tRP from the precharge command. To issue a precharge command, tRAS must be satisfied.

When /CAS latency is 2, the read data will remain valid until one clock after the precharge command.

Burst length = X, /CAS latency = 2

CLK

| |
| |
| |
Command : :
| |
| |
| |
| |
| |
| |
| |
L .
| |
| |
| |
| |
| |
| |

DQ

(tras must be satisfied)
Precharge Termination in READ Cycle (CL = 2)
When /CAS latency is 3, the read data will remain valid until two clocks after the precharge command.

Burst length = X, /CAS latency = 3
TO T1 T2 T3 T4 T5 T6 T7 T8

CLK ! | ! | ! | ! | ! | ! | ! | ! | ! | !
Command i i i i % % i
bQ L * deeeenl ot X a2 X = P

(tras must be satisfied)

Precharge Termination in READ Cycle (CL = 3)
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Precharge Termination in WRITE Cycle

During a write cycle, the burst write operation is terminated by a precharge command. When the precharge
command is issued, the burst write operation is terminated and precharge starts. The same bank can be activated
again after tRP from the precharge command. To issue a precharge command, tRAS must be satisfied.

The write data written up to two clocks prior to the precharge command will be correctly stored. However, invalid
data may be written at the same clock as the precharge command and one clock before the precharge command.
To prevent this from happening, DQM must be high and mask the invalid data.

Burst length = X, /CAS latency = 3
TO T1 T2 T3 T4 T5 T6 T7 T8

CLK N I I Y O
Command % % % % i i %
oo L/ N

| | | | A o | |

e — <D1><D2><D3><D4><D5> irHl-Z:L : :
T T el te 4

(tras must be satisfied)

Precharge Termination in WRITE Cycle
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AC Parameters for Write Timing

CLK

CKE

Ics

IRAS

ICAS

BAO

BAl

A10

ADD

DQM

DQ

T2

T3 T4 T5 T6

T7 T8

T9 T10 ‘ T11 | T12

"\

Ti3

T14

T17 | T18 | T19 T21

T15 ‘ T16

Auto Precharge
Start for Bank C

OIS
S SRIIE
RSSO

s
KK

&5

See

s
T,
RIS
S

RRIRRRRX
R
5%

35
o005l

K RRRRRKAT
R
)
IR
X

RERTEES
SSetetetetetetotet

s
S0t
QS 29388
Jefefetoletoteotetotet

BT,
SOOI
R
oS

TS oo eeeroi e oo eTeT et Ter 0T
SIS S SIS
SSRRRIRXN 3RO R RIRRRRRS

tetetetotetotets) Setefetoletotetoletototototototetotototetotetotetate

0 RRIRRIRKIREIRK
S SRIIEIIIIR
ofefutoleletatodetetotetetotetetototetetototetoteds

%%
R
SRIEILY
G
Ssosstotesstetatesats!
otetotetotetetetetetets

o20toletotetotetotetes

R I
e OIS

Aeleteeteetetete oleoletoietotetetolets

toaL
tre
trcD torL trp
tras
tre
! oot ! bt t
Activate Write with Activate Write Activate  Precharge Activate
Command Auto Precharge  Command Command Command Command Command
for Bank C Command for Bank B for Bank B for Bank C for Bank B for Bank B
for Bank C

[Burst Length = 4]
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Mode Register Set

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 Ti2 | T13 Ti4 | T15 | T16 | T17 Ti8 | T19 | T20 | T21

X XX
X %
ICAS SIS
SIS
e
RS
. Sa— VR — S —
% o s
IWE e 555 s 5 % RIS S eess
LS55 55 s e
X s 200 X
SRRRKRI R0 RERBRNL,
BAO % RS SIS S R R IS R RIS
SRy e RIS
R S R IRt RS
0 000
% R
A10 &5 QS
IS
f 5 e
L RS RIS
=z (R R R T I RTUTITILIIELS R R TS IRIRT AT, RS R IRIRIRS
R RS 22N RIS TR
SRS S 555 R S RIS SIS
SRR NGRS \ RGO RS ERSERBEEK X o X Jeleetetels

T T T

Precharge Mode Activate

All Banks Register Set Command

Command Command is valid
trp

2006-02-17 SD-33/50 SP



TOSHIBA

512M bits
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Extended Mode Register Set

X XX
ICAS KRR
R
s
IWE RIS
&
SRR H KX RS RIIIRRRI IR RRRIRRRICHHRR KRR
BAO 5550) SIS RS IIIIS SIS
XSS O e e O e T e e e T e a0 e et e T e o T e e e o e e T 0 e T a0t e e o a0 ot e Rt ta ot tato oSt tate e tatute ot e tatets
A0 / RS
Lo otetetotetetetetetetetetotets
s LIBIBBZ IS s s RIS
S RS2 RIS SIS 8 IS
oedoteoletotetetotetel otetetoleted ofeteoletoletotetototetotetoets ofetoletetotetotototetototetoletotetetotetoletetebetots XS

T T

Precharge Extended

All Banks Mode

Command Register Set
Command

tre

Power On Sequence

T

Activate
Command
is valid

e Sy e L e e
! Clock cycle is necessary | | | | | | | | | | | | | | | | | | |
; Cloc : : : : : L : : : : : L : : : : :
CKE ! High level is necessary |
— T
ICcs i '
IRAS iy
ICAS
IWE
BAO s
BAL
RETTRTILT
Al0 "".:’Zzgggi’g;:::
ADD
L ! } ; ! ; : ! j ! ! ! } ! P } } : : :
R T ) i i i
DQM ‘ ‘ | | :

High Ie\{el is necessary
Wz

DQ

Precharge Mode
All Banks Register Set
Command Command

is necessary

trp

is necessary

- -

!

Extended
Mode
Register Set
Command
is necessary

T

CBR (Auto)
Refresh
Command
is necessary

trc1

CBR (Auto)
Refresh
Command
is necessary

Activate

Command

tre1
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/CS Function
Only /CS signal needs to be issued at minimum rate

‘TO‘TI‘T2‘T3‘T4‘T5‘TG‘T7‘T8‘TQ‘TlO‘Tll‘Tl2‘Tl3‘T14‘T15‘T16‘T17‘T18‘T19‘T20‘T21‘

CLK

CKE

ICs

/IRAS

ICAS

IWE

BAO

>

A10

ADD

e < om  ><T

DQM

S S R = e e e o o A
f t ! !

Activate Read Write Precharge
Command Command Command Command
for Bank A for Bank A for Bank A for Bank A

[Burst Length = 4, /CAS Latency = 3]
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TOSHIBA 512M bits Low Power Synchronous DRAM

Clock Suspension during Burst Read

TO Tl T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T2 | T13 T4 | T15 | Ti6 | T17 T8 | T19 | T20 | T21
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Activate Read 1-CLOCK 2-CLOCK 3-CLOCK Hi-Z (turn off)
Command Command SUSPENDED SUSPENDED SUSPENDED  at the end of burst
for Bank A for Bank A

[Burst Length = 4, /CAS Latency = 3]
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DQM
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Activate Read 1-CLOCK 2-CLOCK 3-CLOCK  Hi-Z (turn off)
Command Command SUSPENDED SUSPENDED SUSPENDED at the end of burst
for Bank A for Bank A

[Burst Length = 4, /CAS Latency = 2]
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TOSHIBA 512M bits Low Power Synchronous DRAM

Clock Suspension during Burst Write
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Activate Write 1-CLOCK 2-CLOCK 3-CLOCK
Command Command SUSPENDED SUSPENDED SUSPENDED
for Bank A for Bank A

2006-02-17 SD-37/50 SP



TOSHIBA 512M bits Low Power Synchronous DRAM

Power Down Mode and Clock Mask

TO Tl T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 | T12 | T13 | T14 | T15 | T16 | T17 | T18 | T19 | T20 | T21

CLK

CKE

Ics
IRAS

ICAS

BA1

A10 ::0‘0:0,0,0,0, X0 R AN X ."o 20502s XX0XAXS 0:5’: X ,ogzo, < ,o:::o
& ¥ % %
Potstotatetetess’ o o2 oot ofetets Raetetetetotetetotetotetetetoots o2 otete Jetatetetotetete

ADD

DQM

Activate Read Precharge
Command Command Command
for Bank A for Bank A for Bank A

Power Down Power Down Clock Mask  Clock Mask Power Down Power Down
Mode Entry Mode Exit Start End Mode Entry Mode Exit

ACTIVE STANDBY PRECHARGE STANDBY

[Burst Length = 4, /CAS Latency = 3]

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 | T12 | T13 | T14 | T15 | T16 | T17 | T18 | T19 | T20 | T21

CLK

CKE

355%8
Ics (335
LS

BA1
Al10
ADD

DQM

Activate Read Precharge
Command Command Command
for Bank A for Bank A for Bank A
Power Down Power Down Clock Mask Clock Mask Power Down Power Down
Mode Entry Mode Exit Start End Mode Entry Mode Exit
ACTIVE STANDBY PRECHARGE STANDBY

[Burst Length = 4, /CAS Latency = 2]
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TOSHIBA

512M bits Low Power Synchronous DRAM

Auto Refresh
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CKE

Ics
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IWE
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Self Refresh (Entry and Exit)
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Precharge
Command
(if necessary)

trp

Self Refresh Self Refresh Self Refresh ~ Self Refresh Activate
Entry Exit Entry Exit Command
(or Activate Command)
Next Clock Next Clock
Enable Enable
trc2 tre2
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TOSHIBA 512M bits Low Power Synchronous DRAM

Deep Power Down Entry

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 Ti2 | T13 Ti4 | T15 | T16 | T17 Ti8 | T19 | T20 | T21

T T ' T ' R ITLLIXRTTIILL o Z RIS o3 R IR TILIL LRI
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Precharge Deep
All Banks Power Down
Command Entry
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Deep Power Down Exit

! Clock cycle is necessary
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R
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Wz

DQM

DQ

Deep Precharge Mode Extended CBR (Auto) CBR (Auto) Activate
Power Down All Banks Register Set Mode Refresh Refresh Command
Exit Command Command Register Set Command Command
Command is necessary s necessary Command is necessary is necessary
is necessary
200us trp tre1 tre1
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TOSHIBA 512M bits Low Power Synchronous DRAM

Random Column Read

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T12 | T13 T14 | T15 | Ti6 | T17 T18 | T19 | T20 | T21
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Ics
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J s R 5 A e
CAS RS 8% s OIS Ssseses
LRI, 00 % Q% SRR

oletels Qotutetetotolele? o20k0te olelels LR olefedotoletetetotetets

BA1

A10

ADD
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f f f ! ! ! T

Activate Read Read Read Precharge Activate Read
Command Command Command Command Command Command Command
for Bank A for Bank A for Bank A for Bank A for Bank A for Bank A for Bank A

[Burst Length = 4, /CAS Latency = 3]

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 Ti1 T12 T13 T14 T15 T16 T17 Ti8 T19 T20 T21

CLK
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Ics

IRAS

ICAS

IWE

BAO

BA1

A10

ADD

ofeteetetotetess

DQM

Activate Read Read Read Precharge Activate Read
Command Command Command Command Command Command Command
for Bank A for Bank A for Bank A for Bank A for Bank A for Bank A for Bank A

[Burst Length = 4, /ICAS Latency = 2]
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TOSHIBA 512M bits Low Power Synchronous DRAM

Random Column Write

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 Ti1 T12 T13 T14 T15 Ti6 T17 Ti8 T19 T20 T21
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e e o o7 O TOTTOTTOTTe R IAIRTY
ADD ORI 5 % 330 5 ORI SRR
o <
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Activate Write Write Write Precharge Activate Write
Command Command Command Command Command Command Command
for Bank D for Bank D for Bank D for Bank D for Bank D for Bank D for Bank D

[Burst Length = 4]
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TOSHIBA 512M bits Low Power Synchronous DRAM

Random Row Read

T0 Tl T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 Ti2 | T13 Ti4 | T15 | Ti6 | T17 T18 | T19 | T20 | T21

P e ‘
IRAS ARSI :
LRI i
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] |
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IWE SRR X X sy :
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e | 25 RBE: IR 3% |
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DQM DL

! t t f ! f ! f

Activate Read Activate Read Precharge Activate Read Precharge
Command Command Command Command Command Command Command Command
for Bank B for Bank B for Bank A for Bank A for Bank B for Bank B for Bank B for Bank A

[Burst Length = 8, /CAS Latency = 3]
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Activate Read Activate Read Activate Read
Command Command Command Command Command Command
for Bank D for Bank D for Bank B for Bank B for Bank D for Bank D

Precharge
Command
for Bank D

[Burst Length = 8, /CAS Latency = 2]
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TOSHIBA 512M bits Low Power Synchronous DRAM

Random Row Write

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T12 T13 T4 | T15 | T16 T17 T8 | T19 | T20 T21
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Activate Write Activate Write Precharge Activate Write Precharge
Command Command Command Command Command Command Command Command
for Bank A for Bank A for Bank D for Bank D for Bank A for Bank A for Bank A for Bank D

[Burst Length = 8]
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TOSHIBA 512M bits Low Power Synchronous DRAM
Read and Write

TO Tl T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 | Ti2 | T13 Ti4 | T15 | Ti6 | T17 T8 | T19 | T20 | T21
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Activate Read Write Read
Command Command Command Command
for Bank A for Bank A for Bank A for Bank A
Hi-Z at the end of wrap function ~ 0-Clock Latency 2-Clock Latency

[Burst Length = 4, /CAS Latency = 3]

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 | T12 | T13 Ti4 | T15 | T16 | T17 T8 | T19 | T20 | T21

- e Sl el s e ST
Al % oS e ta e e atetotatetetatetotototetetototoretorss [ totetetetotetotsd R RRREE RS K ools SRR
% R RIS 0 RERRRERRL Eoresssstetesstototesitel R EE:
o208 ristedodolels ST R T ol oo late oot b odotutetodotute o dodotete odatetedls KRR, o203 R 2 R R R
X T R R IR R XRRIIRRRLHRAXHXRRRAXRR R SRR XXX OO T OO TOTATOTOTOTATe TS
WE 000000 XXX RSRRLKELE SRR K LKLELIERL Ao tasatatatatatetotetotetebotetototess XK R KEELK
S R R R a S E S s ssssy s s
S po s i S
BAO SRR 2555 RN RN RS
KIRKN . 5 ERERIKEKKIKKILN RRRRRRKEEEELLN e L e e o e oo o e oo tete o totetetotoretetotesstossts
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e TR
Al10 8 ks RIS 5 SR

f t t t

Activate Read Write Read
Command Command Command Command
for Bank A for Bank A for Bank A for Bank A
Hi-Z at the end of wrap function 0-Clock Latency 2-Clock Latency

[Burst Length = 4, /ICAS Latency = 2]
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TOSHIBA 512M bits Low Power Synchronous DRAM

Interleaved Column Read Cycle
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CKE

Ics

IRAS
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IWE

BAO

BA1

Al0

ADD

DQM

CLK

CKE

Ics

IRAS

ICAS

Al0

ADD

DQM

T0 T1

T2 T3

T4

T5

T6 T7 T8

T9

T10

Ti1

T12

Ti3

T14

T15 | Ti6 | T17 Ti8 | T19 | T20 | T21

%
plototatetetotetetet

RRHRRR
B2

e
SRS
RIS

RS RNNS

Activate
Command
for Bank A

T1

Read
Command
for Bank A

Activate
Command
for Bank D

T2 T3 T4 T5

Read
Command
for Bank D

T6 T7 T8

!

Read
Command
for Bank D

T9 T10

f

Read
Command
for Bank D

Ti1

T12

t

Read
Command
for Bank A

Ti3

T14

Precharge
Command
for Bank D

Precharge
Command
for Bank A

[Burst Length = 4, /CAS Latency = 3]

T15 | Ti6 | T17 Ti8 | T19 | T20 T21
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e
5555 RIS
R
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Sotete%etotetetetet

t

f

f

t

Activate Read Read Read Read Read Read
Command Command Command Command Command Command Command
for Bank A for Bank A ! for Bank D for Bank D for Bank D for Bank A for Bank D
Activate Precharge Precharge
Command Command Command
for bank D for Bank A for Bank D

[Burst Length = 4, /ICAS Latency = 2]
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512M bits Low Power Synchronous DRAM
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T12 T13 T14 | T15 T16 T17 T18 | T19 | T20 T21

TO

CLK

Interleaved Column Write Cycle

TOSHIBA

5

2
3

o2olels

%
o

%%

s
20262

S
5
kS

Aete

£

[
“““““ I I P
@
T ]
w 2] a w o ) o Q =
2 ] < < a [94 o
) Q (14 Q 2 = = < < a a

4]

Precharge
Command
for Bank B

[Burst Length

Precharge
Command
for Bank A

Command
for Bank B
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Command
for Bank A

Command Command
for Bank B

for Bank B

Command
for Bank B

Activate
Command
for Bank B

Write
Command

for Bank A

Activate
Command
for Bank A




TOSHIBA

512M bits Low Power Synchronous DRAM

Auto Precharge after Read Burst

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 Ti2 | T13 T14 | T15 | T16 T17 Ti8 | T19 | T20 | T21
CLK
oxe : : : : : : : : : : : : : : : : : : : : : ;
/Ics
IRAS
IWE
BAO
BA1
Al0
ADD
DQM

Activate Activate J J
Command Command Read with Activate Read with
for Bank A for Bank D Auto Precharge Command Auto Precharge
i Command for Bank D Command
Read Read with for Bank A for Bank D
Command Auto Precharge
for Bank A Command Auto Precharge Auto Precharge
for Bank D Start for Bank D Start for Bank A
[Burst Length = 4, /CAS Latency = 3]
TO T1 T2 T3 T4 T5 T6 T7 T8 T9 Ti0 | T11 T12 Ti3 Ti4 | T15 | T16 | T17 Ti8 | T19 | T20 | T21
CLK
CKE
Ics
’ ’ ey A ’ ’ I
] [ s A N e sesss 1 ] 1 ] 1 e
Tz T IR
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RETTIIIITT
ORI
A0 s B
R
DQM

Read with )

Activate Activate Activate
Command Command . Command
for Bank A Read for Bank D Read with for Bank D

Command Auto Precharge Auto Precharge
for Bank A Command Command
for Bank D for Bank A

Auto Precharge
Start for Bank D

L Activate
Command
Read with for Bank A Read with

Auto Precharge
Command
for Bank D
Auto Precharge
Start for Bank A

[Burst Length = 4, /ICAS Latency = 2]

Auto Precharge
Command
for Bank A
Auto Precharge
Start for Bank D
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TOSHIBA 512M bits Low Power Synchronous DRAM

Auto Precharge after Write Burst

CLK

CKE

ICs

IRAS

ICAS

BAO

BA1

A10

ADD

DQM

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | Ti1 T12 | T13 T14 | T15 | Ti6 | T17 Ti8 | T19 | T20 | T21

o

TRt

5 LR
s 5 S ORI
R SRs X B RIS

TRRIRILITR Y, R RRIRZR
ototetotetotoreteress! B RRRRRRILLREKLLIKI \CRRRRRRKL oasesetetetels]
SN s RSN IS
SRR e RIS RIS

R IRIRIRRS IR IR ITIITISS

i rsstesnssessesssts WY coserosssnsssssnsosnsess NN Z [ s
. RISISIIIN 1 RGN s esoeios LRSI
; KBS, | JoIESIILILEIIN, | RS | LRI

REETIRIRTLZI R TRRILLLS RRTRTES
e, ROSRSIEIKIAKNL RIBEE]
 Sotorstesatotosetotetotetotores: TSatoresetatetoretetets RRRRKR

......... RN K sy

R

I

IR R RIR

RIS IR
SRR

¢ ) R ] R
RIS BRI e RS RISy SIS
LRI IR R R SRR RIS

CEOL LSOO
GRRKERRRRRA SKEAERRL < RO SREERLL IR RHIRRRRRLY RSEEERRRBLLLIRRRRRRRRRRA R SSBBLEAERR L RRRRHR KRR RRRKY RS EEERRRRLLLIRRLT RREEEIRRRRLRRKIRRRRK,
R KRR \ R SRR RRso] RSB R RIRT R R Rs] R IR
st RA K85 % sl CDa IR IR BRI RIS,
PO262020 202026702025 o2020%020 0 0202 A 20261026202020202020 0262020 60" 20262020226 1262022020262} 8202602026202 70202628 ) 2022 o020 0202

oSetoletatotetotetotets

ieotetotete oSoteotetot

Activate Activate Write with Activate /
Command Command Auto Precharge Command
for Bank A for Bank D Command for bank D Write with
" it wi for Bank A rite wi
Write Write with Auto Precharge
Command Auto Precharge Command
for Bank A Command for Bank D
for Bank D Auto Precharge Auto Precharge

Start for Bank D Start for Bank A

[Burst Length = 4]
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TOSHIBA

512M bits Low Power Synchronous DRAM

Precharge Termination

T3 | Ti4 ‘

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T15 T16 T17 Ti8 T19 T20 T21

CLK
CKE
Ics

IRAS
ICAS
IWE
BAO
DQM

t f

Activate Write Read Activate
Command Command Command Command
for Bank A for Bank A for Bank A for Bank A
Precharge Activate Precharge
Lo Command Command S Command
PRE Termination PRE Termination
for Bank A for Bank A for Bank A
of Burst of Burst
trep torL trp tras
tras
[Burst Length = 8, /CAS Latency = 3]
R R % 0 I EITATIITLIIL, 2
R, s R A 3
ORI £33 s ) 3
IRAS ' R R RN ototetetorst ' R RREIAE, STttt tots oot QS
' SIS S LR SIS SIS
| RN 0% | R aletotuteetotetetototeds?
BSOSO | R ] T ST | OO OO OO ososomee | R AT ITR:
ICAS 888 I sy I s AR 5o N sy I ]
gy B oo I o A s NI o A LR I
stsseeiste : SSreistireistrss st tisSosioteist A 5esiocis I 1092505150 NI oss20 s reas et ssssiasosnssosiscotiotnsoosy A IR 2050502l
: TRRIZIIZLRZLN, | 22 '
IWE ' ' e N ! ! S ! !
' ' s N ' 1 1 1
: : e 1 1 : 1
| | oo | | | TITITTITILTTN | !
BAO 1 1 S 1 i i e N i
' ' ' ' ' st N '
. . . . : ERRIIN| :
BAl K RIS 100,
a SIS 3
29202002 203020200020000020202020 SN
P e T - et o
Al10 355 I X SIS
SR BRI RIS
o LIS\ LIS ST T SISO
o B R R L I ETRIRLT] g R R R R R AR AT e
X ey B s o R ORISR
ADD BRII3% e e, B RS RIIIRIIS
LRI R RN R RN R RRRRARRR

1

Activate Write
Command Command
for Bank A for Bank A

f

PRE Termination
of Burst

treo

topL

Precharge
Command
for Bank A

DD D ) D
1

Read Activate
Command Command
for Bank A for Bank A
Activate Precharge
:Dummall(nd PRE Termination fComme:(nd
for Bank A of Burst for Bank A
tras

trAs

[Burst Length = 8, /CAS Latency = 2]
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TOSHIBA TC58DYGO02F2

1 Gbit NAND E2PROM
Memory cell 264 x256K x 16
Register 264 x16
Page size 264 words

Block size (8K +256) words
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TOSHIBA TC58DYGO02F2

AC CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS
(Ta=-30°to 85°C, Vcc =1.70 Vto 1.95V)

SYMBOL PARAMETER MIN MAX UNIT NOTES
tcLs CLE Setup Time 0 — ns
tcLH CLE Hold Time 10 — ns
tcs CE Setup Time 0 — ns
tcH CE Hold Time 10 — ns
twp Write Pulse Width 25 — ns
taLS ALE Setup Time 0 — ns
tALH ALE Hold Time 10 — ns
tps Data Setup Time 20 — ns
tDH Data Hold Time 10 — ns
twc Write Cycle Time 50 — ns
twH WE High Hold Time 15 — ns
tww WP Highto WE Low 100 — ns
tRR Readyto RE Falling Edge 20 — ns
trp Read Pulse Width 35 — ns
trRC Read Cycle Time 50 — ns
tREA RE Access Time (Serial Data Access, Status Read, ID Read) — 35 ns
tceA CE Access Time (Serial Data Access, Status Read, ID Read) — 45 ns
tALEA ALE Access Time (ID Read) — 45 ns
toH Data Output Hold Time 10 — ns
tRHZ RE High to Output High Impedance — 30 ns
tcHz CE High to Output High Impedance — 20 ns
tREH RE High Hold Time 15 — ns

trR Output—High—impedance—to—ﬁ Falling Edge 0 — ns
tWHC WE High to CE Low 30 — ns
tWHR WE High to RE Low 30 — ns

tr Memory Cell Array to Starting Address — 25 us
tRBT Boot Block Access — 150 us
twB WE High to Busy — 200 ns
tAR2 ALE Lowto RE Low (Read Cycle) 50 — ns
tRsT Device Reset Time (Ready//Read/Program/Erase) — 6/ g é 010 ! us
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TOSHIBA TC58DYGO2F2
AC TEST CONDITIONS
PARAMETER CONDITION
Vce 1.70V to 1.95V
Input level Vcc-0.2V,0.2V
Input pulse rise and fall time 3ns
Input comparison level 09V,09V
Output data comparison level 09V,09V
Output load See below Figure
1.8V
R1
R1=14kQ
R2 R2 =14 kQ
PROGRAMMING AND ERASING CHARACTERISTICS
(Ta=-30°to 85°C, Vcc = 1.70 V to 1.95 V)
SYMBOL PARAMETER MIN TYP. MAX UNIT NOTES
tPROG Programming Time — 200 700 us
N Number of Programming Cycles on Same o - 3 (1)
Page
tBERASE Block Erasing Time — 2 10 ms
(1): Refer to Application Note (12) toward the end of this document.
VALID BLOCKS (1)
SYMBOL PARAMETER MIN TYP. MAX UNIT
NvB Number of Valid Blocks 8032 — 8192 Blocks

(1) The device occasionally contains unusable blocks. Refer to Application Note (14) toward the end of this document.
The 1st block (block address #00) is guaranteed to be a valid block at the time of shipment.
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TOSHIBA TC58DYGO02F2

TIMING DIAGRAMS

Latch Timing Diagram for Command/Address/Data

CLE
ALE
CE
RE Setup Time Hold Time

WE /

tbs tDH

Y

A
Y
A

110

?Jj Vg or VL

Command Input Cycle Timing Diagram

CLE
tcLs tcLH

tcs tcH

.
i

twp

A
Y

5
~

tALS tALH

|

ALE

tbs tDH

i

Fjﬁ : Vi or Vi
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TOSHIBA TC58DYGO2F2
Address Input Cycle Timing Diagram
tcLs
CLE
< tcs W twe R tcH  tcs
= % Z) Z)
| twp o twH | twp | twH | twp  twH twp
e U=
WE N/ ____/ ____/
taLS tALH
ALE
tbs | tbH tps | tDH tbs | tDH tbs | tbH

?Jj Vg or VL

Data Input Cycle Timing Diagram

tcLH

CLE

((

Jortes
) 7 ) )7
~ tas twc .
((
twp o twH | twp ” _twp
. \ T\ /N /
WE /] /] /]
tps | tbH tps | tbH tbs | tbH

?ﬁ Vg or VL
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TOSHIBA

TC58DYGO02F2

Serial Read Cycle Timing Diagram

110

RY/BY

% % IW//;;/)% ) A
B tRP ~ {REH B RP ltCH\ , RP N ECHg
—
\ / \ / TN /
\_/ltOH\ \_/ltOH\ \—/, toH |
tREA TRHZ"|  [tREA T]RHZ {REA A
((
))
tRR tCEA
((
))
Status Read Cycle Timing Diagram
. tcLs N
CLE
tcs
) Y, /
twp | fcH
\ /
\_/4 twHC tceA . IcHz
D twHR R
\
\_ toH
t t t ™
< DS\( AN < R »<«—>{ IREA I<—> tRHZ
Status
70h* output

110

RY/BY

/

* 70h represents the hexadecimal number

;Ffﬁ Vg or VL
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TOSHIBA TC58DYGO2F2

Read Cycle (1) Timing Diagram

CLE
tcLs tcLH

eS| »letcH
= 1A A B B D
twe
AV AVAVAVAWY
taLs tALH tAR2
< <>
tALH
ALE
LRI TRe
__ t
RE < \Mﬂ'f\f
IDS|tpH  tps|tbH  Ds|DH  DS|DH DS |tDH _|IREA

/o ooh AO A9 Al7 A25 DouTt\ /DouTt\ /DouTt\ _ _ _
to A7 {0 Al6, t0A24, {0 A26, N N+1/ \N+2
Column address
N*

RY/BY \ /

!

* Read Operation using 00h Command N: 0 to 255

% Vg or VL

Read Cycle (1) Timing Diagram: When Interrupted by CE

les| >lietcH
=114 A 8 8 O 7
twe tcHz
E N W N\
taLs tALH tAR2
6 < A
tALH
ALE
B R RR trRC
— twis \
RE <> tRHZ
IDs|tbH IDS|tDH IDS|tDH  DS|IDH  DS|tDH _|IREA toH
110 00h A0 A9 Al7 A25 DouTt\ /DPouT\ /DouT
to A7 {0 A16 to A24, t0 A26, N N+1 N+ 2
Column address
N*
RY/BY \ ;/
*: Read operation using 00h command N: 0 to 255 s Vi or Vi
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TOSHIBA TC58DYGO02F2

Read Cycle (2) Timing Diagram

CLE
tcL,s  fcLH 55

tcs

iy Wy ys “

we X / AVAVAV 7
tALH tALS tALH tAR2
ALE W %
{(
tr trRr| trRC »
— t
RE B \L/_\L/ \ /
tps|tpH tps|toH {REA
+
A9 A17 \/ A25 \ /. >
110 50:1_% %0 A to A16 A\ to AZAX to A26/ \DOUT DOUT>'%'<DOUT
Column address 256 +N 256 +N+1 263
N* ((
& \ / ’
RY/BY
= .
*: Read operation using 50h command N: 0 to 7 ff;ﬁ"j SV or Vi
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TOSHIBA TC58DYGO02F2

Auto-Program Operation Timing Diagram

tcLs

e anl
hAB Db D bH Dh  H

el
ey
=

tcs| | |tcH
AV Ava |
UtALH U tALH
(_
taLs taLS tPROG
\ ws
ALE
\ (( o
)) ))
RE
tps|tpH tps|toH
A0to\/ A9 \/ A17 \/ A25
Vo 8;‘_%:7 toA16XtoA24XtoA26
RY/BY

e Vi or Vi @ : Do not input data while data is being output.

Auto Block Erase Timing Diagram

U s R | \Ln 4,

tcLH
tcs CLS

& X T 000 O
o\ tW ] \J

taLs tALH {BERASE
(_

<
Ly

S . Y
. 7/

tps|tbH
A9 Al7 A25 Status
Vo 60 RoA16 toA24XtoA26W % Don 7on > <output>
RY/BY / Auto Block Erase Erase Start Status Read
Setup command command command

?Jj 2Vig or Vi @ : Do not input data while data is being output.
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TOSHIBA TC58DYGO2F2

ID Read (1) Operation Timing Diagram

CLE

tcLs
tcLs
tcs tcH tcs
cE J; } % y )\

on

\_/ \_/ _ lcea

J tALH taLs R J tALH tALEA

ALE J/

A
/Q!
A

t t
DS | 'DH tREA

\
/10— 90h ) 00h 72h /
Address Makef code De\}ice code
input

% Vg or VL

ID Read (2) Operation Timing Diagram

CLE
tcLs
tcLs
tcs tcH tcs
cE J; }‘ % )\
lcH
wWE \ / \ /
WE
\_/ \_/ tCEA N
| tALH AL taLH tALEA -

A
\
A

ALE J/

tps | t
DS | DH tREA

/IO ——— 91h ) 00h

20h
—/
Add}ess F’}j Vg or VL

input

2005-11-09 N-10/29



TOSHIBA TC58DYGO02F2

PIN FUNCTIONS

The device is a serial access memory which utilizes time-sharing input of address information.

Command Latch Enable: CLE

The CLE input signal is used to control loading of the operation mode command into the internal command

register. The command is latched into the command register from the I/O port on the rising edge of the WE
signal while CLE is High.

Address Latch Enable: ALE

The ALE signal is used to control loading of either address information or input data into the internal
address/data register. Address information is latched on the rising edge of WE if ALE is High. Input data is
latched if ALE is Low.

Chip Enable: CE
The device goes into a low-power Standby mode when CE goes High during a wait state. The CE signal is

ignored when device is in Busy state (RYE_Y = L), such as during a Program or Erase or Read operation, and
will not enter Standby mode even if the CE input goes High.

Write Enable: WE
The WE signal is used to control the acquisition of data from the I/O port.

Read Enable: RE

The RE signal controls serial data output. Data is available tREA after the falling edge of RE .
The internal column address counter is also incremented (Address = Address + 1) on this falling edge.

I/O Port: /01 to 8

The I/01 to 8 pins are used as a port for transferring address, command and input/output data to and from

the device.

I/O Port: /09 to 16

The I/09 to 16 pins are used as a port for input/output data to and from the device. The I/O9 to 16 pins are
low level (VIL) when address and command are asserted.

Write Protect: WP

The WP signal is used to protect the device from accidental programming or erasing. The internal voltage

regulator is reset when WP is Low. This signal is usually used for protecting the data during the power-on/off
sequence when input signals are invalid.

Ready/Busy: RY/BY

The RY/BY output signal is used to indicate the operating condition of the device. The RY/BY signal is in
Busy state (RY/BY = L) during the Program, Erase and Read operations and will return to Ready state

(RY/BY = H) after completion of the operation. The output buffer for this signal is an open drain.
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TOSHIBA

TC58DYGO2F2

Schematic Cell Layout and Address Assignment

The Program operation works on page units while the Erase operation works on block units.

ST R } 32 pages

e 1]

262144 pages 1 block
]

8192 blocks

____________ (A

264
Figure 2. Schematic Cell Layout

Table 1. Addressing

A page consists of 264 words in which 256 words are
used for main memory storage and 8 words are for
redundancy or for other uses.

1 page = 264 words
1 block = 264 words x 32 pages = (8K + 256) words
Capacity = 264 words x 32 pages x 8192 blocks

/08 | 1/07 | 1/06 | I/O5 | 1/04 | /O3 | /02 | l/O1
First cycle A7 A6 A5 A4 A3 A2 Al AO
Second cycle Al6 | A15 | A14 | A13 | Al12 | All | A10 A9
Third cycle A24 | A23 | A22 | A21 | A20 | Al19 | A18 | Al7
Fourth cycle *L *L *L *L *L *L A26 | A25

*: A8 is automatically set to Low or High by a 00h command.

I/03-8 must be set to Low in the fourth cycle.
1/09 to 1/016 should be low when address is input.

A0 to A7: Column address

A9 to A26: Page address

Al4 to A26: Block address

[Ag to A13: NAND address in block]
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TOSHIBA TC58DYGO02F2

Operation Mode: Logic and Command Tables

The operation modes such as Program, Erase, Read and Reset are controlled by the fifteen different command
operatio_ns s}ﬂvn in_Table 4. Address input, command input and data input/output are controlled by the CLE,
ALE, CE, WE, RE, WP and PRE signals, as shown in Table 2.

Table 2. Logic table

CLE | ALE | CE WE RE wp *
Command Input H L L T4 H *
Address Input L H L K H *
Data Input L L L K H H
Serial Data Output L L L H I *
* * L H H *
During Read (Busy)
* * H * * *
During Programming (Busy) * * * * * H
During Erasing (Busy) * * * * * H
Program, Erase Inhibit * * * * * L
Standby * * H * * 0VNcce

H: Vi, L: VL, *: Vi or VL

*1: Refer to Application Note (10) toward the end of this document regarding the Wsignal when Program or Erase Inhibit

*2: The CE signal is ignored when device is in Busy state (RY/ﬁ = L), such as during a Program or Erase or Read operation,
and will not enter Standby mode even if the CE input goes High.

Table 3 shows the operation states for Read mode.

Table 3. Read mode operation states

CLE ALE CE WE RE 1/01 to 1/016 Power
Output Select L L L H L Data output Active
Output Deselect L L L H H High impedance Active

H: Vin, L V)L

2005-11-09 N-13/29



TOSHIBA

TC58DYGO2F2

Table 4. Command table (HEX)

First Cycle | Second Cycle | Acceptable while Busy
Serial Data Input 80 —
Read Mode (1) 00 —
Read Mode (2) 50 —
Reset FF — (@)
Auto Program 10 —
Auto Block Erase 60 DO
Status Read 70 — O
ID Read (1) 90 —
ID Read (2) 91 —

HEX data bit assignment
(Example)

Serial data input: 80h

a——

P
[ofofofofofofo]o]s]o]o]ofofo]o]o]
01615 14 13 12 11 10 9 8 7 6 5 4 3 2 IOl

~
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TOSHIBA TC58DYGO02F2

DEVICE OPERATION

Read Mode (1)

Read mode (1) is set when a 00h command is issued to the Command register. Refer to Figure 3 below for
timing details and the block diagram.

CLE/_\
RN W W W W,

VRV VAV
ALE / \|

A data transfer operation from the cell array to the register

| Mi - 2?3 > starts on the rising edge of WE in the fourth cycle (after the
[ address information has been latched). The device will be in
Select page N | Busy state during this transfer period.
N A J.[ Cell array After the transfer period the device returns to Ready state.
T T Serial data can be output synchronously with the RE clock

Figure 3. Read mode (1) operation from the start pointer designated in the address input cycle.
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TOSHIBA TC58DYGO02F2

Read Mode (2)

Read mode (2) has the same timing as Read modes (1) but is used to access information in the extra 8-word
redundancy area of the page. The start pointer is therefore set to a value between word 256 and word 263.

=\ 2 D D D
T\
A / |

RY/BY ‘ Busy /
o —som~ = )= ) A OO

Addresses bits AO to A3 are used to set the start pointer for

A0 to A3
256 263 the redundant memory cells, while A4 to A7 are ignored.
- Fa 3 > Once a 50h command has been issued, the pointer moves to
i the redundant cell locations and only those 8 cells can be
\ addressed, regardless of the value of the A4 to A7 address. (An
R R 00h command is necessary to move the pointer back to the 0 to
T T 255 main memory cell location.)

Figure 4. Read mode (2) operation
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TOSHIBA TC58DYGO02F2

Status Read

The device automatically implements the execution and verification of the Program and Erase operations.
The Status Read function is used to monitor the Ready/Busy status of the device, determine the result
(pass/fail) of a Program or Erase operation, and determine whether the device is in Protect mode. The device

status 1s output via the I/O port on the RE clock after a Status Read command "70h" input. The resulting
information is outlined in Table 5.

Table 5. Status output table for Status Read command "70h"

STATUS OUTPUT

/101 Pass/Fail Pass: 0 Fail: 1

1102 Not Used

1103 Not Used The Pass/Fail status on 1/01 is only

0
0
/04 Not Used 0 valid when the device is in the Ready
0
0

state. 1/09 to 1/016 are not used.

I/05 Not Used

1/106 Not Used

/107 Ready/Busy Ready: 1 Busy: 0

1/08 Write Protect Protect: 0 Not Protected: 1

An application example with multiple devices is shown in Figure 7.

CEl CE2 CE3 CEN CEN+1
b b 4 b 4
CLE
ALE Device Device Device Device Device
WE — 1 4 2 9 3 N ——d N+1
RE — 9 ——q ——q
L] 1 7 { 7
/01 \ y \ A
w ot 2% i i i -
RY/BY @ L 2 @ ®

RY/BY \ Busy
CLE / \

@ T\ J

1C

{ 70h )

slu

\4{

Status on Device 1 Status on Device N

Figure 7. Status Read timing application example

System Design Note: If the RY/BY pin signals from multiple devices are wired together as shown in the
diagram, the Status Read function can be used to determine the status of each
individual device.
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TC58DYGO2F2

Auto Page Program

The device carries out an Automatic Page Program operation when it receives a “10h” Program command
after the address and data have been input. The sequence of command, address and data input is shown below.

(Refer to the detailed timing chart.)

C100) C70) TOSass
R =2 o) >
Data input Address Data input Program Status Read Fail
command input 0to 263 command command
RY/BY \ RY/BY automatically returns to Ready after

Data input >
Program Reading & verification

\

Selected
page

Figure 8. Auto Page Program operation

Auto Block Erase

completion of the operation.

The data is transferred (programmed) from the register to the selected
page on the rising edge of WE following input of the “10h” command.
After programming, the programmed data is transferred back to the
register to be automatically verified by the device. If the programming
does not succeed, the Program/Verify operation is repeated by the
device until success is achieved or until the maximum loop number set in
the device is reached.

The Auto Block Erase operation starts on the rising edge of WE after the Erase Start command “DOh” which
follows the Erase Setup command “60h”. This two-cycle process for Erase operations acts as an ertra layer of
protection from accidental erasure of data due to external noise. The device automatically executes the Erase

and Verify operations.

Coo) 0 N Fass
60 DO 70 /0
O%—/\_/ N—
Block Address Erase Start Status Read Fail
input: 3 cycles command command
RY/BY \ Busy /
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TOSHIBA TC58DYGO02F2

Reset

The Reset mode stops all operations. For example, in the case of a Program or Erase operation the internally
generated voltage is discharged to 0 volts and the device enters Wait state.
The response to an “FFh” Reset command input during the various device operations is as follows:

When a Reset (FFh) command is input during programming

Figure 9
\___/ N \___
Internal Vpp /
RY/BY \
trsT (Max 10 ps)
When a Reset (FFh) command is input during erasing
Figure 10.
Coo) =) O_
DO FF 00
— N
Internal erase
voltage /
RY/BY \
trsT (Max 500 ps)
When a Reset (FFh) command is input during Read operation
Figure 11.
@ G-
00 FF
—(0> ) 00
RY/BY \
trsT (Max 6 ps)
When a Status Read command (70h) is input after a Reset
Figure 12.

i 1/0 status: Pass/Fail —» Pass
RY/BY —\—/ Ready/Busy —» Ready

70
W I/O status: Ready/Busy — Busy
RY/BY \ /

When two or more Reset commands are input in succession

Figure 13.
(1) ¥ (3)

5
@

RY/BY \

The second @ command is invalid, but the third

command is valid.
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TOSHIBA TC58DYGO02F2
ID Read (1)

The device has 2 types of ID read command, i.e. ID Read (1) command 90h and ID Read (2) command 91h.
ID Read (1) command 90h provides maker code and device code. The ID codes can be read out under the
following timing conditions:

CLE _/—\
e \_ 7 L
T\

ALE /—gﬁ
" N AR

tCEA

A
Y

tALEA

Y

1/0 { 90h ) { 00h ) 98h ) { 74h )
n_—_—_/ n__—_/ —/ n__—_/
ID Read command Address Maker code Device code

00h

Figure 13. ID Read timing

Table 6. ID Codes read out by ID read command 90h

1/08 /107 1/06 1/105 1/04 1103 1/102 1/01 Hex Data
Maker code 1 0 0 1 1 0 0 0 98h
Device code 0 1 1 1 0 0 1 0 72h

1/09 to 1/016 are ‘0.

ID Read (2)

ID Read (2) command 91h provides x4-block mode availability. If ID code read out by 91h is 20h, it indicates
the device has x4-block mode.

ac [\
=\ 770

e W
ALE /—%‘ >

_ Icea

X

RE \ /
REA 1>
I { 91h ) { ooh ) 20h )
o— 2 %/ 2" /
ID Read command (2) Address Extended ID code
00h

For the specifications of the access times trga, tcea and ta| ga refer to the AC Characteristics.

Figure 14. ID Read timing

Table 7. ID Codes read out by command 91h

1/08 /107 1106 1105 1104 /03 1/102 /01 Hex Data

Extended ID code 0 0 1 0 0 0 0 0 20h
I/0 9to I/0O 16 are O
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APPLICATION NOTES AND COMMENTS

(1)  Power-on/off sequence:

The WP signal is useful for protecting against data corruption at power-on/off. The following timing

sequence is necessary. L
The WP signal may be negated any time after the VcC reaches 1.5 V and CE signal is kept high in

power up sequence.

1.7 VA4 » N
15V —7 X
OV VCC (C
/ )Y \
Don't / A\ Don't
- care care
CE, WE, RE
CLE, ALE
V
PRE L
VIH
N ViL ViL
WP
- Operation ~

Figure 15. Power-on/off Sequence

In order to operate this device stably, after VCC becomes 1.5V, it should begin access after about 1ms.

(2)  Status after power-on

The following sequence is necessary when not using Power-on auto read mode (Boot Block Read).

=)
Power on FF
[Poweren |—Cee>

Reset

Figure 16.

(3)  Prohibition of unspecified commands

The operation commands are listed in Table 4. Input of a command other than those specified in Table 4 is
prohibited. Stored data may be corrupted if an unknown command is entered during the command cycle.

(4)  Restriction of command while Busy state

During Busy state, do not input any command except 70h and FFh.

(5)  Acceptable commands after Serial Input command “S80h”

Once the Serial Input command “80h” has been input, do not input any command other than the Program
Execution command “10h” or the Reset command “FFh”.

If a command other than “10h” or “FFh” is input, the Program operation is not performed.

o) C100)
% )
For this operation the “FFh” command is needed.
Command other than Programming cannot be
“10h” or “FFh” executed.
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(6)  Addressing for program operation

Within a block, the pages must be programmed consecutively from the LSB (least significant bit) page of
the block to MSB (most significant bit) page of the block. Random page address programming is prohibited.

From the LSB page to MSB page Ex.) Random page program (Prohibition)

DATA IN: Data (1) —> Data (32) DATA IN: Data (1) —> Data (32)

Data register | Data register |

vy v v v oy

Page O (1) Page 0 )

Page 1 2) Page 1 (16)

Page 2 3) Page 2 3)
Page 15 (16) Page 15 Q)

Page 31 (32) Page 31 (32)

Figure 17. page programming within a block

(7)  Status Read during a Read operation

A
Y

(Al

command @ @
&\
Ve WEWa WAl

RY/BY \ /
RE Status Read\_/ \_/_\_/_

Address N *
command input Status Read Status output

Figure 18.

The device status can be read out by inputting the Status Read command “70h” in Read mode.

Once the device has been set to Status Read mode by a “70h” command, the device will not return to Read
mode.

Therefore, a Status Read during a Read operation is prohibited.

However, when the Read command “O0h” is input during [A], Status mode is reset and the device returns
to Read mode. In this case, data output starts automatically from address N and address input is

unnecessary
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(®

Pointer control for “00h” and “50h”

The device has two Read modes which set the destination of the pointer. Table 7 shows the destination of
the pointer, and Figure 19 is a block diagram of their operations.

Table 7. Pointer Destination

0 255 256 263

Read Mode Command Pointer A B

(1) 00h 0 to 255 é <L é Ja é (L é

\ /

2) 50h 256 to 263 d\? o

(1) 00h —>

Pointer control

(2) 50h —>

Figure 19 Pointer control

The pointer is set to region A by the “O0h” command and to region B by the “50h” command.

(Example)
The “00h” command must be input to set the pointer back to region A when the pointer is pointing to
region B.

o)
@ — — QOh/ —
Add Start point Add Start point Add Start point
A area A area B area
Coor)
O == —— ==
Add Start point Add Start point Add Start point
B area B area A area

To program region B only, set the start point to region B using the 50h command.

Caorn) T
50h 80h 10h
Add DIN Programming region B only
Start point
B Area

Figure 20. Example of How to Set the Pointer
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(99  RY/BY : termination for the Ready/Busy pin (RY/BY )

A pull-up resistor needs to be used for termination because the RY/BY buffer consists of an open drain

circuit.

Vce

Ready
Vee
R
Device — Bus
RY/BY Y 55
LT
Vss Vec=1.8V
Ta=25°C
} 15ps — — 15ns
Figure 21. tf CL=30pF
tr 1.0us — 10ns 5
This data may vary from device to device. 0.5 s [ : —15ns

We recommend that you use this data as a reference | I | |
when selecting a resistor value. 0

1kQ 2 kO 3 kO 4 kQ
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(100  Note regarding the WP signal

The Erase and Program operations are automatically reset when WP goes Low. The operations are

enabled and disabled as follows:

Enable Programming

-
®

RY/BY

>
tww (100 ns min)

Disable Programming

o
@

@; - @;

RY/BY

) S g
tww (100 ns min)

Enable Erasing

.

DO

o
@

RY/BY

€
tww (100 ns min)

Disable Erasing

-
@

@; - (

RY/BY

D v
tww (100 ns min)
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(11)  When five address cycles are input
Although the device may read in a fifth address, it is ignored inside the chip.

Read operation

CLE , \

" T A
)
ALE / \

o — >—C X g

00h or 50h Address input ignored

RY/BY \

Internal read operation starts when WE goes High in the fourth cycle.

Figure 22.

Program operation

ALE / \
o ——@—O-HOHO- OO

Address input l« Data input
ignored

Figure 23.
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(12)  Several programming cycles on the same page (Partial Page Program)

A page can be divided into up to 3 segments. Each segment can be programmed individually as follows:

1st programming Data Pattern 1 Alls

2nd programming Allls Data Pattern 2 Alls

3rd programming Alls Data Pattern 3

Result Data Pattern 1 Data Pattern 2 Data Pattern 3

Figure 24.

Note: The input data for unprogrammed or previously programmed page segments must be “1”

(13)  Note regarding the RE signal

RE The internal column address counter is incremented synchronously with the RE clock in Read
mode. Therefore, once the device has been set to Read mode by a “O0h” or “50h” command, the internal
column address counter is incremented by the RE clock independently of the address input timing, If the
RE clock input pulses start before the address input, and the pointer reaches the last column address, an
internal read operation (array to register) will occur and the device will enter Busy state. (Refer to Figure
25.)

Address input

1o —( e ) A C—

e\ (AW W
~

RY/BY WK ‘_(

Figure 25.

Hence the RE clock input must start after the address input.
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(14)  Invalid blocks (bad blocks)

The device contains unusable blocks. Therefore, at the time of use, please check whether a block is bad

and do not use these bad blocks.

> BadBlock °Peration to Bad Block.

system.

At the time of shipment, all data words in a Valid Block are FFFFh. For
Bad Block, all words are not in the FFFFh state. Please don’t perform erase

Check if the device has any bad blocks after installation into the system.
Figure 27 shows the test flow for bad block detection. Bad blocks which are
detected by the test flow must be managed as unusable blocks by the

A bad block does not affect the performance of good blocks because it is
> BadBlock isolated from the Bit line by the Select gate

Figure 26.
The number of valid blocks at the time of shipment is as follows:
MIN TYP. MAX UNIT
Valid (Good) Block Number 8032 — 8192 Block
Bad Block Test Flow

( Start ) Read Check: Read column address 256 or 261
of the 1st page in the block. If the

Block No=1

Y

Fail
Read Check

column is not FFFFh, define the
block as a bad block.

Pass
Block No. = Block No. + 1

ock *1

A

Block No. = 8192

*1: No erase operation is allowed to detected bad blocks

Figure 27
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(15)  Failure phenomena for Program and Erase operations

The device may fail during a Program or Erase operation.

The following possible failure modes should be considered when implementing a highly reliable system.

FAILURE MODE

DETECTION AND COUNTERMEASURE SEQUENCE

Block Erase Failure

Status Read after Erase — Block Replacement

Programming

Page . Status Read after Program — Block Replacement
Failure
Programming
Single Bit Failure ECC
150
e ECC: Error Correction Code
e Block Replacement
Program
Error occuri\ When an error happens in Block A, try to
Buffer \ reprogram the data into another Block (Block
memory \ Block A B) by loading from an external buffer. Then,
prevent further system accesses to Block A (by
creating a bad block table or by using an
- > another appropriate scheme).
> } Block B
Figure 28.

Erase

When an error occurs in an Erase operation, prevent future accesses to this bad block
(again by creating a table within the system or by using another appropriate scheme).

(16) Do not turn off the power before write/erase operation is complete. Avoid using the device when the battery
is low. Power shortage and/or power failure before write/erase operation is complete will cause loss of data

and/or damage to data.
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Application

This document describes the specifications of the Toshiba GBNAND.
To commence the design of the host system for this device, please confirm the latest information and refer the 7.Host
Interface design notes.

1. Pr t Overview

Toshiba GBNAND is a NAND flash memory device which has NAND memory controller function internally .
Host interface (functional, electrical) is based on SD card. Host can read/write high capacity NAND flash memory easily
and efficiently without implementing complex flash memory access procedure.

2. Features

Table 1 : Features
Media Format

SD Security Specification Ver.1.01 Compliant (CPRM Based)
*CPRM: Contents Protection for Recording Media Specification
SD File System Specification Ver.1.01 Compliant
(DOS-FAT Based formatted)

Security Functions

Logical Format

Electrical
Operating Voltage: 2.7V to 3.6 V (Memory Operation)
, Interfaces: SD Card Interface, (SD: 4 or 1bit)
Electrical SPI Mode Compatible
SD Physical Layer Specification Ver.1.01 Compliant
3. C ibili

Compliant Specifications
® Host interface
SD Memory Card Specifications
. Compliant with PHYSICAL LAYER SPECIFICATION Ver.1.01. (Part1) (Except for Mechanical
Specification)
. Compliant with FILE SYSTEM SPECIFICATION Ver.1.01. (Part2)
. Compliant with SECURITY SPECIFICATION Ver.1.01. (Part3)

Supplementary Explanation are described in “ 6.0thers: Limited Conditions, SD Specification Compliance” in this
document.
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4. Electrical Interface

GBNAND THGVS1G3D1CXGI1

4.1 Pin Description
Table 2 : Pin Description

SD Mode SPI Mode
Name 10 type M Description Name 10 Type Description
CD/ Card Detect/ Chip Select
DAT3 Vo /PP Data Line [Bit3] cs ! (Negative True)
CMD PP Command/Response DI | Data In
CLK I Clock SCLK I Clock
DATO 1/0 /PP Data Line [Bit0] DO O/PP Data Out
DAT1 /0 /PP Data Line [Bit1] RSV - Reserved @
DAT?2 /O /PP Data Line [Bit2] RSV - Reserved @
Vyq1 Power Supply Voltage 1)
A S Power Supply Voltage 2®)
Vgq3 Power Supply Voltage 30
Vss Ground
CKCRI CR Clock Oscillator Pins.
CKCRO 0osC . . —_—
CKCRA Connects to the external capacitor and resisters of oscillation.
TST2 () Test Mode setting.(s)
TSTO T()
TESTOUT1 T(0) Test Clock Output

(1) S: Power Supply, I: Input, O: Output, I/O: Bi-directionally, ‘PP’ - 10 using push-pull drivers
T(I): Test Pin (Input), T(O): Test Pin (Output), OSC: CR Oscillator
(2) These signals should be pulled up by host side with 10-100k ohm resistance in the SPI Mode.
(3) All Vgg1, V4q2, and V443 have to be connected to the common power supply source (2.7V — 3.6V) externally.
(4) Typical frequency is 896KHz. (See 4.2.1)
(5) For normal operation mode, TST2 and TSTO have to be open or OV.
TST2 and TSTO are pull-downed to Vg internally.
For clock oscillation test mode, set TST2 and TSTO to “High” level.
In this case, x784/32 clock (typically 22MHz) of CR oscillation is outputted from TESTOUT1.

Voo Rcwmp, Roar (See Fig.7, Table7) GBNAND
CLK(SCLK)
CMD(DI)
Host DATO(DO0) Embedded .
Controller DAT1 Controller ::;ﬁ NAND
DAT2
CD/DAT3(CS)
) Test Pad
o —— 11 1 e o o TEsTOUT
l l l Vo3 o Rt E O TST2
ower S TSTO
Suppl

Vss m

more

01uFx2-4

than 1u F

CKCRI R3% CKCRA

R2

C1

CKCRO

Fig.1-1: Pin connection
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4.2 External connections and external parts

Fig.1-1 shows the external connections and external parts for this device

The following external parts are necessary.
For CR oscillation: One capacitance(C1) and two resisters(R2, R3)
Decoupling capacitance for power supply line
Pull-Up registers for SD bus lines (same as SD memory card)

4.2.1 External connections and external parts

This device works by CR oscillation clock.
C1, R2 and R3 decides the CR oscillation frequency.
CR oscillation frequency has to be 896 KHz + 8%, -10% (Ta=25 degree, VDD=3.3V), +14%, -16% (all Ta
range and all VDD range) for this device.
Recommended values of C1, R2, R3 are :
C1: 100pF +-5%
R2: 24KOhm £0.5% or £+1%
R3: 2.2KOhm £0.5% or +1%
(*)Each C, R should be low temperature coefficient type.
(Notice)

CR oscillation frequency and the stability may be influenced by printed circuit board layout,
printed circuit board materials, temperature, power supply voltage .

Please evaluate the CR oscillation with customer’s actual printed circuit board and check the
frequency and the stability.

If the recommended C and R values above are not seems suitable, please contact Toshiba.

Pattern layout between CKCRI , CRCRA, CKCRO, C1, R2, R3 should be as short and wide as
possible, and the patters should be connected without through-holes for stable oscillation.
Fig.1-2 and Fig.1-3 show the recommended pattern layout around the oscillation pins.

When TST2-pin and TSTO-pin are set into “High” level, x784/32 clock of CR oscillator is
outputted from TESTOUT1 pin. (Typically 22MHz. It is multiplied by an internal PLL circuit.)
(Please supply VDD only and don’t assert SD commands to the device when measuring PLL
output frequency with TESTOUT1, TSTO, TST2 pins.)

This test mode can be used for frequency evaluation and test.

It is recommended to prepare test-pads for TST2, TSTO and TESTOUT1 on the printed circuit
board to use this test mode.

Make sure that TST2 and TSTO must be open or “Low” level and TESTOUT1 must be open in
the normal operation mode.

4.2.2 Power Supply

All Vdd1, Vdd2, and Vdd3 have to be connected to the common power supply source (2.7V — 3.6V) externally.
More than 1uF capacitance and two — four 0.1uF ceramic capacitances should be implemented for power
supply decoupling.
Printed circuit board pattern for power supply and decoupling capacitances should be wide and short.
(Notice)
Suitable decoupling capacitance value may depend on power supply characteristics and power supply
control method.
Please evaluate the suitable decoupling capacitance value with your actual product.
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Fig.1-2: External Parts Layout (Recommendation)

TOP View

OééééRPNMLKJHGFééééé‘
OC0O0O0O00O0O0O0O0OOOOOOOOOO:
000000000 OOOOOLOLOOOO -
0000000000 OOOOOOOOO
O0000000O00OOOOOO
OC000000OOOOOOOOO

© o0 N o o

00000 Q0000
00000 Q0000
0000000000 OOOOOO

0000000000000 OO 10
OC0O0O00000OO0O0OOOO0OOOOOO
CO0000000OCO0O0LVOOOOOOOO
Q000000000 VOOO0OOO00O0
O00O0O0 T @@@@Om

100um width (or wider) pattert

1mm

I
R3 R2 Cl 4 ' 1005 size parts x 3

Fig.1-3: PWB Pattern Layout (Recommendation)
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4.3 Bus Topology

The device supports two alternative communication protocols: SD and SPI Bus Mode. It is as same as standard
SD memory card.

Host System can choose either one of modes. Same Data of the device can read and write by both modes.

SD Mode allows the 4-bit high performance data transfer. SPI Mode allows easy and common interface for SPI
channel.

The disadvantage of this mode is loss of performance, relatively to the SD mode.

4.3.1 SD Bus Mode Protocol

The SD bus allows the dynamic configuration of the number of data line from 1 to 4 Bi-directional data signal.
After power up by default, the Device will use only DATO. After initialization, host can change the bus width.
Multiplied SD cards connections are available to the host. Common Vg4, Vss and CLK signal connections are
available in the multiple connections. However, Command, Respond and Data lined (DAT0-DAT3) shall be
divided for each card from host.

This feature allows easy trade off between hardware cost and system performance. Communication over the
SD bus is based on command and data bit stream initiated by a start bit and terminated by stop bit.

Command:

Commands are transferred serially on the CMD line. A command is a token to starts an operation from host to
the card. Commands are sent to an addressed single card (addressed Command) or to all connected cards
(Broad cast command).

Response:

Responses are transferred serially on the CMD line.

A response is a token to answer to a previous received command. Responses are sent from an addressed
single card or from all connected cards.

Data:
Data can be transfer from the card to the host or vice versa.
Data is transferred via the data lines.

HOST
CLK
CLK Vad GB-
vdd 0 NAND
Vss AN Vss
DO-3(A) | D0-D3,CMD
CMD(A) | y
CLK I sp
T\ Vad Memory
L NN Vsl card(a)
DO-3(B) |, D0-D3,CMD
CMD(B) |
CLK | sp
://dd Memory
SS 1 card(B)
DO-3(C) s DO,CS,CMD
CMD(C) | v

Fig 4: Bus connection Diagram (SD Mode)

CLK: Host card Clock signal

CMD: Bi-directional Command/ Response Signal
DATO - DAT3: 4 Bi-directional data signal

Vad: Power supply

Vss: GND
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Table 3: SD Mode Command Set
(+: Implemented, -: Not Implemented)

CMD Abbreviation Implementa Note
Index tion

CMDO GO_IDLE_STATE +

CMD2 ALL_SEND CID +

CMD3 SEND_RELATIVE_ADDR +

CMD4 SET DSR - DSR Register is not implemented.
CMD7 SELECT/DESELECT_CARD +

CMD9 SEND_CSD +

CMD10 SEND_CID +

CMD12 STOP_TRANSMISSION +

CMD13 SEND_STATUS +

CMD15 GO_INACTIVE_STATE +

CMD16 SET BLOCKLEN +

CMD17 READ_SINGLE_BLOCK +

CMD18 READ_ MULTIPLE_BLOCK +

CMD24 WRITE_BLOCK +

CMD25 WRITE_MULTIPLE_BLOCK +

CMD27 PROGRAM_CSD +

CMD28 SET WRITE PROT - Internal Write Protection is not implemented.
CMD29 CLR WRITE_PROT - Internal Write Protection is not implemented.
CMD30 SEND WRITE_PROT - Internal Write Protection is not implemented.
CMD32 ERASE_WR_BLK_START +

CMD33 ERASE_WR_BLK_END +

CMD38 ERASE +

CMD42 LOCK_UNLOCK +

CMD55 APP_CMD +

CMD56 GEN_CMD - This command is not specified.
ACMD6 SET_BUS_WIDTH +

ACMD13 | SD_STATUS +

ACMD22 | SEND_NUM_WR_BLOCKS +

ACMD23 | SET WR_BLK _ERASE_COUNT +

ACMDA41 SD_APP_OP_COND +

ACMD42 | SET_CLR_CARD_DETECT +

ACMD51 SEND_SCR +

ACMD18 | SECURE_READ MULTI_BLOCK +

ACMD25 | SECURE_WRITE_MULTI_BLOCK +

ACMD26 | SECURE_WRITE_MKB +

ACMD38 | SECURE_ERASE +

ACMD43 | GET_MKB +

ACMD44 | GET_MID +

ACMD45 | SET_CER RN1 +

ACMD46 | SET_CER RN2 +

ACMD47 | SET_CER RES2 +

ACMD48 | SET_CER RES1 +

ACMD49 | CHANGE_SECURE_AREA +

» CMD28, 29,30 and CMD42 are Optional Commands.
»  CMD4 is not implemented because DSR register (Optional Register) is not implemented.
»  CMD56 is for vender specific command. Which is not defined in the standard card.

2006-03-29 G-7/43



TOSHIBA GBNAND THGVS1G3D1CXGI1

4.3.2 SPI Bus Mode protocol

The SPI bus allows 1 bit Data line by 2-chanel (Data In and Out).
The SPI compatible mode allows the MMC Host systems to use SD card with little change.
The SPI bus mode protocol is byte transfers.

All the data token are multiples of the bytes (8-bit) and always byte aligned to the CS signal.

The advantage of the SPI mode is reducing the host design in effort.
Especially, MMC host can be modified with little change.
The disadvantage of the SPI mode is the loss of performance versus SD mode.

Caution: Please use SD Card Specification. DO NOT use MMC Specification.

For example, initialization is achieved by ACMD41, and be careful to Register. Register definition is different,
especially CSD Register.

HOST
CS(A) CS KaB-
Vdd vdd INAND
Veu Py Vss l(SPI Mode)
Cs
e Vg SD
CS(B) Vdd IMemory
’ Vss JCard(A)
CLK, " CLK,Data In,Data Out, (SPT Mode)
Data In, > < )
Data Oug
CS IsD
L NS
CS(©) Vdd IMemory
Vss Card(B)
(SPI Mode)
jCLK Data In,Data OutAI

Fig 5: Bus connection Diagram (SPI Mode)

Cs: Card Select Signal
CLK: Host card Clock signal
Data In: Host to card data line
Data Out: Card to host data line
Vad: Power supply

Ves: GND
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Table.4: SPI Mode Command set
(+: Implemented, -: Not Implemented)

CMD ndex | Abbreviation Implementa Note
tion
CMDO GO_IDLE_STATE +
CMD1 SEND_OP_CND + NOTICE: DO NOT USE (See Fig.6 and 9.2)
CMD9 SEND_CSD +
CMD10 SEND_CID +
CMD12 STOP_TRANSMISSION +
CMD13 SEND_STATUS +
CMD16 SET_BLOCKLEN +
CMD17 READ_SINGLE_BLOCK +
CMD18 READ_MULTIPLE_BLOCK +
CMD24 WRITE_BLOCK +
CMD25 WRITE_MULTIPLE_BLOCK +
CMD27 PROGRAM_CSD +
CMD28 SET_WRITE_PROT - Internal Write Protection is not implemented.
CMD29 CLR_WRITE_PROT - Internal Write Protection is not implemented.
CMD30 SEND_WRITE_PROT - Internal Write Protection is not implemented.
CMD32 ERASE_WR_BLK_START_ADDR +
CMD33 ERASE_WR_BLK_END_ADDR +
CMD38 ERASE +
CMD42 LOCK_UNLOCK +
CMD55 APP_CMD +
CMD56 GEN_CMD - This command is not specified.
CMD58 READ_OCR +
CMD59 CRC_ON_OFF +
ACMD6 SET_BUS_WIDTH +
ACMD13 | SD_STATUS +
ACMD22 | SEND_NUM_WR_BLOCKS +
ACMD23 | SET_WR_BLK_ERASE_COUNT +
ACMDA41 SD_APP_OP_COND +
ACMD42 | SET_CLR_CARD_DETECT +
ACMD51 SEND_SCR +
ACMD18 | SECURE_READ_MULTI_BLOCK +
ACMD25 | SECURE_WRITE_MULTI_BLOCK +
ACMD26 | SECURE_WRITE_MKB +
ACMD38 | SECURE_ERASE +
ACMD43 | GET_MKB +
ACMD44 | GET_MID +
ACMD45 | SET_CER_RN1 +
ACMD46 | SET_CER_RN2 +
ACMD47 | SET_CER_RES2 +
ACMD48 | SET_CER_RES1 +
ACMD49 | CHANGE_SECURE_AREA +

» CMD28, 29,30 and CMD42 are Optional Commends.
»  CMD56 is for vender specific command. Which is not defined in the standard card.
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4.4 |nitialization

Initialization procedure for this device is as same as for standard SD card.
To initialize the device, follow the following procedure is recommended example.

1) Supply Voltage for initialization.
Host System can apply the Operating Voltage from initialization to the card.
Apply more than 74 cycles of Dummy-clock to the device.
2) Select operation mode (SD mode or SPI mode)
In case of SPI mode operation, host should drive CD/DAT3 of SD Card I/F to “Low” level. Then, issue CMDO.
In case of SD mode operation, host should drive or detect CD/DAT3 of SD Card I/F (Pull up register of 1 pin is
pull up to “High” normally).
Card maintain selected operation mode except re-issue of CMDO or power on below is SD mode initialization
procedure.
3) Send the ACMDA41 with Arg = 0 and identify the operating voltage range of the Card.
4) Apply the indicated operating voltage to the card.
Reissue ACMDA41 with apply voltage storing and repeat ACMDA41 until the busy bit is cleared.
(Bit 31 Busy = 1) If response time out occurred, host can recognize not SD Card compatible device.
Note:
In MMC-SPI Mode, CMD1 can use in this state.
However, do not use CMD1 in case of SD Mode.
5) Issue the CMD2 and get the Card ID (CID).
Issue the CMD3 and get the RCA. (RCA value is randomly changed by access, not equal zero)
6) Issue the CMD7 and move to the transfer state.
If necessary, Host may issue the ACMD42 and disabled the pull up resistor for Card detect.
7) Issue the ACMD13 and poll the Card status as SD Memory Card. Check SD_CARD_TYPE value.
If significant 8 bits are “all zero”, that means SD Card compatible device. If it is not, stop initialization.
8) Issue CMD7 and move to standby state.
Issue CMD9 and get CSD.
Issue CMD10 and get CID.
9) Back to the Transfer state with CMD7.
Issue ACMDG6 and choose the appropriate bus-width.

Then the Host can access the Data between this device as a storage device.
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Recommended Example of SD card Initialize Procedure

CMDO

!

CMDO
CS Asserted (0)

Idle State

v

ACMD41 with Ara=0

:

ACMDA41 with Arg= Operating Voltage

——
\ 4

ACMD41 without Arg.
Do NOT USE CMD1
in this state.

SPI Mode
Note:

MMC or invalid card can
be considered

if card will not respond. Other SD card
to ACMD41. (SD 10 or Others)

Note

Yes
Busy?
No
CMD2

CMD3

ACMDA42

CMD7

Fig 6. Initialize Procedure

Transfer mode

Get CID

Get RCA

Choose card with RCA

Disable the Pull-up Resister
(If necessary)

Get SD status

Idle state with RCA=0000

Get CSD

Get CID

Choose card with RCA

Choose Data Bus Width

Data Access Enabled
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4.5 Electrical Characteristics

Rpat Rcmp
CMD )|
Host DATO0-3 N .
CLK . A I +
< _iG1 iC2 ECa
- T T GBNAND

Fig7: Connection diagram

4.5.1 DC Characteristics

Table 6: DC Characteristics

Item Symbol Condition MIN. Typ. MAX. Unit Note
Vop For CMDO, 15,55,
Supply Voltage 1 (=Voor - 2.0 - 3.6 \% ACMD41 Only
=V
Supply Voltage 2 _ pp2 - 2.7 - 3.6 \% For All commands
=Vbp3)
Input | High Level ViH - Vpp x 0.625 - - V
Voltage | Low Level VL - - - Vpp x 0.25 \
High Level | V. Voo =2V |y x075 | - - Vv
Output | 9 Of | o =-100pA | PPXF
Voltage Vop =2V
Low Level VoL lo, = 100A - - Vpp x 0.125 \%
Cloci.g;/MHz i i 30
Standby Current lect™ 3.0V mA
Clock Stop - - 0.25 at25°C
3.6V/25MHz - - 80 Write
Operation Volt lec2™ A
peration Volage | lecz ™ 3 6vi25MHz - - 80 m Read
Input Volltage Setup Vrs ) ) ) 250 ms
Time
(1) Vop1 Current + Vppz Current + Vpps Current
Table 7: Signal Capacitance
ltem Symbol Min. Max. Unit Note
Pull up Resistance Revp, Roar 10 100 K Ohm
Bus Signal Line Capacitance CL - 250 pF Fpp<5MHz (21Cards)
Bus Signal Line Capacitance CL - 100 pF Fpp<20MHz (7Cards)
Single Card Capacitance CcarD - 10 pF
Pull up Resistance
inside card(DAT3) Roars 10 % | KOhm
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4.5.2 AC Characteristics

Fpp
TwL TwH
VIH
CLK
—  VIL
TTHL TTLH
Tisu TH
VIH
INPUT
VIL
VOH
OUTPUT
VOL
TobLy TobLy
(MAX) (MIN)
Fig 8: AC Timing Diagram
Table 8: AC Characteristics
Iltem Symbol Min. Max. Unit Note
Clock Frequency CL<100pF
(In any Sates) Fsty 0 25 MHz (7Cards)
Clock Frequency CL<100pF
(Data transfer Mode) Fep 01 2 MHz (7Cards)
Clock Frequency CL<250pF
(Card identification Mode) Foo 100 400 kHz (21Cards)
lock Low Ti T 1 -
Cloc 9w |me WL 0 ns CL<100pF
Clock High Time TwH 10 - ns (7Cards)
Clock Rise Time T1iH - 10 ns
Clock Fall Time TtHL - 10 ns
Clock Low Time TwiL 50 - ns
Clock High Time Twh 50 - ns CL < 250pF
Clock Rise Time T1iH - 50 ns (21Cards)
Clock Fall Time T1HL - 50 ns
. T -

Input Setup Tlme IsuU 5 ns CL < 25pF
Input Hold Time TiH 5 - ns (1Cards)
Output Delay Time Tobowy 0 14 ns
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5.1 Security Information

MKB (Media Key Block) and Media ID are Toshiba Standard Information. These information are compliance with
the CPRM.

Note: The security information is NOT Development information for evaluation.

Host System shall be compliance with the CPRM to use the security function.
This information is kept as confidential because of security reasons.

5.2 SD Card Registers

The SD card has six registers and SD Status information: OCR, CID, CSD, RCA, DSR, SCR and SD Status.
DSR IS NOT SUPPORTED in this card.

There are two types of register groups.
MMC compatible registers: OCR, CID, CSD, RCA, DSR, and SCR
SD card Specific: SD Status

Table.9: SD card Registers

Resister Bit Description
Name Width
OCR 32 Operation Conditions (VDU Voltage Profile and Busy Status Information)
CID 128 Card Identification information
CSD 128 Card specific information
RCA 16 Relative Card Address
DSR 16 Not Implemented (Programmable Card Driver): Driver Stage Register
SCR 64 SD Memory Card’s special features
SD Status 512 Status bits and Card features

2006-03-29 G-14/43



TOSHIBA

GBNAND THGVS1G3D1CXGI1

5.2.1 OCR Register

This 32-bit register describes operating voltage range and status bit in the power supply.

(Refer Appendix 2. for the detail)

Table.10: OCR register definition

OCR bhit VDD voltage window Initial value
position 1GB
31 Card power up status bit (busy) “0” =busy
“1”  =ready
30-24 reserved All‘0’
23 3.6-35 1
22 3.5-34 1
21 34-33 1
20 3.3-32 1
19 3.2-3.1 1
18 3.1-3.0 1
17 3.0-29 1
16 29-28 1
15 28-27 1
14 27-26 0
13 26-25 0
12 25-24 0
11 24-23 0
10 23-22 0
9 22-21 0
8 21-20 0
7 20-1.9 0
6 1.9-1.8 0
5 1.8-17 0
4 1.7-1.6 0
3-0 Reserved All ‘0’

bit 23-4: Describes the SD Card Voltage

bit 31 indicates the card power up status. Value “1” is set after power up and initialization procedure has been

completed.

5.2.2 CID Register

The CID (Card Identification) register is 128-bit width. It contains the card identification information.
(Refer Appendix 3. for the detail) The Value of CID Register is vender specific.

Tabel.11: CID Register

Field Width | CID-slice Initial Value
1GB
MID 8 [127:120] 02 h
OID 16 [119:104] “TM” (544D h)
PNM 40 [103:64] "SD01G "
PRV 8 [63:56] (a) Product revision
PSN 32 [65:24] (a) Product serial number
- 4 [23:20] All ‘0’
MDT 12 [19:8] (b) Manufacture date
CRC 7 [7:1] (c) CRC
- [0:0] 1

—~ -

(@),
(c) : Depends on the CID Register

b): Depends on the individual device. Controlled by Production Lot.
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* MID
8 bit binary number, Indicates the Manufacture ID allocated by the SDA.
— 02 -h (Indicates Toshiba) (Unit: -h means Hex-decimal value, here after)

*OID
16 bit binary number, Indicates the Manufacture ID allocated by the SDA.
— 544D -h = *“TM”in ASCII String (Indicates Toshiba)

* PNM
5 ASCII Characters long (40 bit), Toshiba Product Code.
— Toshiba Standard SD card indicates as below by capacity.
1GB :“SD01G” (0x5344303147)

* PRV
Product Revision of the card.
— This number may be changed without any notice by TOSHIBA.

* PSN
32 bit serial number of unsigned integer.
— Uniguely assigned integer

« MDT
The manufacturing date composed of two-hexadecimal digits.
— CID-Slice [11:8] Month Field (Exp. 1h = January)
CID-Slice [19:12] Year Field (Exp. 0h = 2000)

* CRC
Checksum of CID contents.
— CRC 7 Checksum  (See Chapter 7. of the SD PHYSICAL SPECIFICATION)
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5.2.3 CSD Register

CSD is Card-Specific Data register provides information on 128bit width.
Some field of this register can writable by PROGRAM_CSD (CMD27).

Table.12: CSD Register

Field Width Cell QSD Initial Value
Type™" slice 1GMB
CSD_STRUCTURE 2 R [127:126] 00
- 6 R [125:120] All ‘0’
TAAC 8 R [119:112] 0_0101_101(200ps)
NSAC 8 R [111:104] 00000000
TRAN_SPEED 8 R [103:96] 0_0110_010(25Mbps)
ccc 12 R [95:84] 000110110101
READ BL_LEN 4 R [83:80] 1001(512Bytes)
READ_BL_PARTIAL 1 R [79:79] 1
WRITE_BLK_MISALIGN 1 R [78:78] 0
READ_BLK_MISALIGN 1 R [77:77] 0
DSR_IMP 1 R [76:76] 0
- 2 R [75:74] All ‘0’
C_SIZE 12 R [73:62] 0xF59
VDD _R_CURR_MIN 3 R [61:59] 111(100mA)
VDD _R_CURR_MAX 3 R [58:56] 110(80mA)
VDD W_CURR_MIN 3 R [55:53] 111(100mA)
VDD W_CURR_MAX 3 R [52:50] 110(80mA)
C_SIZE_MULT 3 R [49:47] 111
ERASE_BLK_EN (Note) 1 R [46:46] 1
SECTOR_SIZE 7 R [45:39] 1111111
WP_GRP_SIZE 7 R [38:32] 0000000
WP_GRP_ENABLE 1 R [31:31] 0
- 2 R [30:29] All ‘0’
R2W_FACTOR 3 R [28:26] 101
WRITE_BL_LEN 4 R [25:22] 1001
WRITE_BL_PARTIAL 1 R [21:21] 0
- 5 R [20:16] All ‘0’
FILE_FORMAT_GRP 1 RwW® [15:15] 0
COPY 1 RwW® [14:14] 0
PERM_WRITE_PROTECT 1 RwW® [13:13] 0
TMP_WRITE_PROTECT 1 R/W [12:12] 0
FILE_ FORMAT 2 Rw" [11:10] 00
- 2 R/W [9:8] All ‘0’
CRC 7 R/W [7:1] (CRC)
- 1 - [0:0] 1
Cell Types: R: Read Only, R/W: Writable and Readable, R/W(1): One-time Writable / Readable

Note: Erase of one data block is not allowed in this card. This information is indicated by “ERASE_BLK_EN”.

Host System should refer this value before one data block size erase.
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« CSD_STRUCTURE

Version number of the related CSD structure.

Table 12-1:CSD _STRUCTURE

CSD STRUCTURE | Valid for SD PHYSICAL LAYER
CSD_STRUCTURE VERSION SPECIFICATION Version
0 CSD Version 1.0 Version 1.0
1-3 Reserved

— Version 1.0 Compliant

* TAAC
Defines the asynchronous part of the data access time.

Table 12-2: TAAC Access Time Definition

TAAC bit Code

Time Unit

2:0 0 =1ns,1=10ns,2 = 100ns,3 = 1uS,4 = 10us,5 = 100yus,
6 = 1ms,y = 10ms
Time Value
0 = Reserved,1=1.0,2=1.2,3=134=15,5=2.0,

6:3 6=2.5,
7=3.08=359=40A=45B=5.0,C=5.5,D=6.0,
E=7.0F=8.0

7 Reserved

— 200 us

* NSAC
Defines the worst case for the clock dependent factor of the data access time.
Unit is 100 clock cycle.
Total access time equal TAAC plus NSAC, calculation with actual clock frequency.
This is average delay by the first clock out put for data block.
— 0 clock Cycle
* TRAN_SPEED

The following table defines the maximum data transfer rate per one data line.

Table 12-3: Maximum Data Transfer Rate Definition

TRAN_SPEED bit Code

Transfer Rate Unit

2:0 0 = 100kbit/s,1 = 1Mbit/s,2 = 10Mbit/s,3 = 100Mbit/s,
4-7 = Reserved
Time Value

63 0 = Reserved,1=1.0,2=1.23=134=155=2.0,6 =2.5,
7=3.08=359=40A=45B=5.0,C=5.5,D=6.0,
E=7.0,F=8.0

7 Reserved

— Trans Rate is 25Mbps
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*«CCC

The Card Class Command Register (CCC) defines which command classes are supported by this card.

Table12-4: Supported Card Command Classes

CCC bit Supported Card command Class
0 Class 0
1 Class 1
11 Class 11

— Class 0,2,4,5,7,8, are supported

« READ BL_LEN

The Maximum read data block length for reading is computed as

READ_BL_LEN
27

READ_BL_LEN is always equal to WRITE_BL_LEN.

Table12-5:DATA Block Length

READ BL_LEN Block Length
0-8 Reserved
9 2° = 512Bytes
11 2" = 2048Bytes
12-15 Reserved

— 1GB =512 Bytes

« READ_BL_PARTIAL (Always = 1)

This is always data “1” in SD Memory Card so it can be read by Byte unit for Block data.

— "1":This card can partially readable by Byte unit.

* WRITE_BLK_MISALIGN

Define whether the data block to be written by one command can be spread over more than one physical
block of the Flash Memory Device.

Table 12-6:WRITE BLK MISALIGN

WRITE_BLK_MISALIGN

Across Block Boundaries Write

0

Not Allowed

1

Allowed

— "0”: Not allowed on this card
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* READ_BLK_MISALIGN

Define whether the data block to be read by one command can be spread over more than one physical block
of the Flash Memory Device.

Table 12-7: READ BLK MISALIGN

READ BLK MISALIGN Across Block Boundaries Read
0 Not Allowed
1 Allowed

— "0”: Invalid on this card

* DSR_IMP
If set, a driver stage register (DSR) is implemented (supported).

Table 12-8: DSR_IMP

DSR_IMP DSR Type
0 DSR NOT Implemented
1 DSR Implemented

— “0”: DSR NOT implemented

«C_SIZE

This parameter is used to compute the user’s data card capacity(Not include the security area) as below.

Memory Capacity = BLOCKNR x BLOCK_LEN
BLOCKNR = (C_SIZE + 1) x MULT

MULT = 2°-S2M4T2 (C_SIZE_MULT < 8)

BLOCK_LEN = 2FFAP-B-LEN (READ BL_LEN < 12)
Therefore the maximum capacity of the 64MB card is:
3784x32x512/1024/1024 = 59.125MB

— The user’s data card capacity is as below.
1GB : 982.5MB

*VDD_R_CURR_MIN,VDD_W_CURR_MIN
The maximum values for Read/Write currents at VDD: MINIMUM.

Tab 12-9: VDD R _CURR _MIN, VDD W CURR_MIN

VDD_R_CURR_MIN
VDD _W_CURR_MIN

Code for current consumption @ VDU

0=0.5mA, 1=1mA, 2 =5mA, 3 = 10mA,

2:0 4=25mA, 5=35mA, 6 = 60mA, 7 = 100mA

— 100mA@Vpp = 2.7 V (Minimum)
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* READ_BLK_MISALIGN

The maximum values for Read/Write currents at VDD : MAXIMUM.

Table 12-10: VDD R CURR MAX, VDD W CURR MAX

VDD_R_CURR_MAX
VDD W _CURR_MAX

R/W current Maximum

0=0.5mA, 1 =5mA, 2 =10mA, 3 = 25mA,

2:0 4=35mA, 5= 45mA, 6 = 80mA, 7 = 200mA

— 80mA @VDU = 3.6 V (Maximum) on this card

« C_SIZE_MULT

This parameter is used to compute the user’s data card capacity not include the security protected are refer to
C_SIZE.

Table 12-11: Multiply Factor for the Device Size
C SIZE MULT MULT
0 2°=4
2°=8
2*=16
2°=32
2° =64
2 =128
2% = 256
2°=512

N[O (WIN (=

- 1GB:2° =512

« ERASE_BLK_EN

Caution!: This is different from MMC. Please be careful.)
WRITE_BL_LEN defines whether erase of one write block(see WRITE_BL_LEN) is allowed.

Table12-12: ERASE BLK EN

ERASE_BLK_EN Description
0 Host cannot erase by WRITE_BL_LEN
1 Host can erase by WRITE_BL_LEN

— "1”: Can erase by WRITE BL LEN unit
So should be check this value, and recognize how to erase.
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* R SECTOR_SIZE

Sector defines the minimum erasable size. SECTOR_SIZE indicates the minimum erasable size as the
number of write blocks.

— 1 Sector-size = 128 Write Blocks on this card

* WP_GRP_SIZE
WP_GRP_SIZE defines the minimum number of sectors that can be set for the write protect group
(WP_Group).
A value of ‘0’ means 1WP-Group = 1 erase sector,’127 means1WP-Group = 128 sectors.

— "1”: 1\WP-Group is one sector on this card

* WP_GRP_ENABLE
A value of “0” means not implemented (supported) the WP-Group functions.

Table12-13: WP_GRP_ENABLE

WP_GRP_ENABLE Description
0 NOT Implemented
1 Implemented

— "0”: WP Group is not Implemented on this card

* R2ZW_FACTOR

That is calculated R2W_FACTOR defines a multiple number for typical write time as a multiple of the read
access time.

Table12-14: R2W_FACTOR

R2W_FACTOR Multiples of read Access Time

0 1

1 2(Write half as fast as read)
2 4

3 8

4 16

5 32
6,7 Reserved

— "5”: Typical write time = Read Access timex32 on this card
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« WRITE_BL_LEN

The maximum write block length is calculated as QWRITE_BL_LEN

Table12-15: DATA Block Length

WRITE_BL_LEN Block Length
0-8 Reserved
9 27 = 512Bytes
11 2" = 2048Bytes
12-15 Reserved

— 1GB="9": 512Bytes

* WRITE_BL_PARTIAL
WRITE_BL_LEN defines whether partial block write is available.

Table12-16: Write Data size

WRITE BL PARTIAL Block Oriented write Data size
0 Only the WRITE_BL_LEN size or 512Bytes are available
1 Partial size (Minimum 1Byte) write available

— "0”: Partial size write is not available on this card

e FILE_FORMAT_GRP/FILE_FORMAT
Indicates the selected group of file format group and file format.

Table12-17: File Format

FILE_FORMAT_GRP | FILE_FORMAT Kinds
0 0 Hard disk-like File system with partition table
0 1 DOS FAT (floppy-like) with boot sector only
(No partition table)
0 2 Universal File Format
0 3 Others/Unknown
1 0,1,2,3 Reserved

Further information is given in SD Memory Card FILE SYSTEM SPECIFICATION.

— [0.0]: Hard disk-like file system with partition table on this card
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* COPY

Defines the contents of this card is original (=0) or duplicated (1).
This bit is one time programmable.

Table12-18: COPY

COPY Description
0 Original
1 Copy

— "0”: Original on this card

* PERM_WRITE_PROTECT

Permanently protects the whole card content against write or erase.
This bit is one time programmable.

Table12-19: PERM_WRITE PROTECT

PERM WRITE_PROTECT Description
0 Not protected/Writable
1 Permanently Write protected

— "0”: Not Protected/Writable on this card

* TMP_WRITE_PROTECT

Temporarily protects the whole card content against write or erase.

Table12-20: TMP_WRITE PROTECT

TMP_WRITE_PROTECT Description
0 Not protected/Writable
1 Temporarily Write Erase protected

— "0”: Not Protected/Writable on this card

*CRC

Calculated CRC for default data is set here.
Host System is responsible to re-calculate this CRC if any CSD contents are changed.
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5.2.4 RCA Register

The writable 16bit relative card address register carries the card address in SD Card mode.

5.2.5 DSR Register

This register is not implemented on this card.

5.2.6 SCR Register

SCR (SD Card Configuration Register) provides information on SD Memory Card’s special features.
The size of SCR Register is 64 bit.

Table13: SCR Register

Field width | S SCR Value
Type Slice
SCR_STRUCTURE 4 R [63:60] 0000
SD_SPEC 4 R [59:56] 0000
DATA_STAT_AFTER_ERASE 1 R [55:55] 1

SD_SECURITY 3 R [54:52] 010
SD_BUS_WIDTHS 4 R [51:48] 0101
- 16 R [47:32] All‘0’

- 32 R [31:0] Reserved for manufacturer usage

* SCR_STRUCTURE

Version number of the related structure in the SD Card PHYSICAL LAYER SPECIFICATION.

Table13-1: SCR_STRUCTURE

SCR_STRUCTURE SCR STRUCTURE Valid for SD PHYSICAL LAYER SPECIFICATION
VERSION
0 SCR Version 1.0 Version 1.0
1-15 Reserved

— "0”: Version 1.0 Compliant on this card

«SD_SPEC
Describes the SD PHYSICAL LAYER SPECIFICATION version supported by this card.

Table13-2: SD_SPEC

SD_SPEC SD PHYSICAL LAYER SPECIFICATION Version
0 Version 1.0
1-15 Reserved

— “0” = Version1.0 Compliant on this card
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« DATA_STAT_AFTER_ERASE

This indicates the block “0” or “1” after erase operation.

— "1” on this card

* SD_SECURITY

Describe the security algorithm supported by the Card.

Table13-3: Supported Security Algorithm

SD_SECURITY Supported algorithm
0 No Security
1 Security Protocol 1.0
2 Security Protocol 2.0
3-7 Reserved

Security protocol 1.0: n Bus encryption

— "2”: Security Protocol 2.0 on this card

+ SD_BUS_WIDTHS

Indicates the DAT bus width that a supported by this card.

Table 13-4:Supported Bus Widths

SD_BUS_WIDTHS

Supported BUS width

0 bit position 1 bit(DATO)
1% bit position Reserved
2" bit position 4 bit(DATO0-3)
3" bit position Reserved

— " 0101”: 1 and 4 bit supported.
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Table14: SD Status

o . SD Status
Identifier Width Type Slice Value
DAT_BUS_WIDTH 2 SR [511:510] 00
SECURED_MODE 1 SR [509] 0
- 13 - [508:496] Al
SD_CARD_TYPE 16 SR [495:480] 0x0000
SIZE_OF_PROTECTED_AREA 32 SR [479:448] 0x28
- 136 - [447:312] All ‘0’
- 312 - [311:0] Al ‘0’
S: Status bit

R: Set based on Command Response

« DAT_BUS_WIDTH
Indicate the currently defined data bus width that was defined by SET_BUS_WIDTH command.

Table14-1:DAT_BUS WIDTH

DAT BUS WIDTH Bus Width
‘00’ 1 bit(default)
‘01 Reserved
‘10’ 4 bit width
‘11’ Reserved

« SECURED_MODE
Indicates whether card is in secure mode operation.

Table14-2:SECURED_MODE

SECURED_MODE

Secured Mode Status

‘0

NOT Secured Mode

o

Secured Mode

« SD_CARD_TYPE
SD Card type described here. (Various SD types to be defined in the future.)

Table14-3:SD_CARD_TYPE
SD_CARD_TYPE
‘0000’h

SD Card Type
SD Memory Card

« SD_CARD_TYPE

Show the size of protected area.
The actual area = (SIZE_OF_PROTECTED_AREA) x MULT x BLOCK_LEN

— Protected Area depends on the Memory Types as below.
1GB: 10240KB
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5.3 Logical Format

The device is formatted before shipping compliant to the SD Card FILE SYSTEM SPECIFICATION.

Following parameters may be changed if the host system is not compliant with the SD Card Format Specification.
The logical format parameters are described in the Table 15, 16, 17, 18.

The data of the logical format is described in Appendix 3.

5.3.1 SD card Capacities

This register is not implemented on this card.

Table 15: SD Card capacities

ltem Card Capacities
Sector KB
Whole Capacity 2,032,640 1,016,320
User Data Area Size 2,012,160 1,006,080
Protected Area Size 20,480 10,240

5.3.2 SD card System information

Table.16: SD card System information

Item Card Capacities
User Data Area Data Boundary .unlt size (KB) 64
Cluster Size(KB) 16
Data Boundary unit size (KB) 16
Protected A
rotected Area Cluster Size(KB) 16
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5.3.3 MBR, Boot Sector parameters

Table. 17: Master Boot Record a Partition Table

BP Data Length Field Name Contents

0 446 Master Boot Record All 0x00
446 16 Partition Table(partition1) Refer Table 18
462 16 Partition Table(partition2) All 0x00
478 16 Partition Table(partition3) All 0x00
494 16 Partition Table(partition4) All 0x00
510 2 Signature Word 0x55(BP510),0xAA(BP511)

Table 18: Partition Table

BP Data Length Field Name Contents

0 1 Boot Indicator 0x00

1 1 Starting Head 3

2 2 Starting Sector/Starting Cylinder 55/0

4 1 System ID 0x06

5 1 Ending Head 3

6 2 Ending Sector/Ending Cylinder 32/998

8 4 Relative Sector 243

12 4 Total Sector 2,011,917

Table.19: Extended FDC Descriptor

BP Data Length Field Name Contents

0 3 Jump Command 0xEB(BP0),0x00(BP1),0x90(BP2)

3 8 Creating System Identifier (Card Specific 8Byte-Data)
11 2 Sector Size 512

13 1 Sectors per Cluster 64

14 2 Reserved Sector Count 1

16 1 Number of FATs 2

17 2 Number of Root-directory Entries 512

19 2 Total Sectors 0

21 1 Medium Identifier OxF8

22 2 Sectors per FAT 246

24 2 Sectors per Track 63

26 2 Number of Sides 32

28 4 Number of Hidden Sectors 243

32 4 Total Sectors 2,011,917

36 1 Physical Disk Number 0x80

37 1 Reserved 0x00

38 1 Extended Boot Record Signature 0x29

39 4 Volume ID Number (Card Specific 4Byte Data)
43 11 Volume Label “NO NAME

54 8 File System Type “‘FAT16

62 448 (Reserved for system use) All 0x00
510 2 Signature Word 0x55(BP510), OxAA(BP511)

2006-03-29 G-29/43




TOSHIBA

GBNAND THGVS1G3D1CXGI1

5.3.4 FAT

FAT1 and FAT2 are consisted with the same data.

1GB: FAT16 .
Table.20: FAT
BP FAT16
0 O0xF8
1 OxFF
2 OxFF
3 OxFF
4 0x00
5 0x00
.. 0x00
End 0x00

5.3.5 Root Directory Entries

Initial values are All “0x00”.

5.3.5 User Data Area

Initial values are All “OxFF”.
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¢ 1) Non Supported Registers:

DSR Register (Optional register: PHISYCAL LAYER SPECIFICATION 5.6)

« 2) Non Supported Functions:

Programmable Card Output Driver (Optional in PHYSICAL LAYER SPECIFICATION 6.5)
Card ‘s Internal Write Protect (Optional in PHYSICAL LAYER SPECIFICATION 4.3.5.)

« 3) Non Specified Command:

CMD4 SET_DSR
CMD56 GEN_CMD
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L H

t tem Design idelin

The purpose of this guideline is a reference to help the design of the device interface of the Host system.

The description here does not make any warranty fitness for particular host.
The implementations of the host systems are different in each system.
Please design the SD Memory Card Host systems considering the each condition.

Mandate: Mandate requirement to the Host implementation
Recommendation: Recommended Implementation, Just General Example

7.

1 Error handling (Recommendation)

This section shows a reference of host’s error handling for errors generated in accessing the SD card.

7.1.1 Basic processing for error handling

7.1.1.1 Definition of error handling

(1) Retry process
Retry process refers to re-issuing a command. For example if SD card fails to receive a command due to
noise, the command is issued again.

(2) Recovery process
Recovery process refers to the process taken by the host when SD card normally receives a command
and, during the processing the command, it detects a General Error.

(3) Host’s exception handling
The exception handling refers to the process taken by the host when the SD memory card normally
receives a command, and during the command processing, it detects an error other than ERROR which is
defined in SD card specification. This problem can be resolved by neither retry process nor recovery
process.

7.1.1.2 Common error handling
7.1.1.2.1 Error against command response

(1) Time-out
Run the retry process. To avoid the infinite loop, implement a retry counter in the host so that, if the retry
counter expires, the exception handling starts in the host.

(2) ERROR
Following the procedure per command, run the recovery process.

(3) Other errors
If the unit and size of address fail to conform to the SD memory card specification, no such errors can be
resolved with command retry, requiring the exception handling by the host.

7.1.1.2.2 Process by data response
(1) Time-out
For the multiple command, send a CMD12. Response to CMD12 shall follow the procedures defined in
7.1.1.21.
(2) Error detection
Follow the same procedure as in (1) Time-out.

7.1.1.2.3 Clearing the error bit due to CMD13
Error handling shall be completed with checking SD_STATUS of CMD13 and read clear. Procedure from error
detection to CMD13 shall be closed within one error handling so that no errors remain in a response to the
next command. For issues to be noted after the time-out processing, refer to 7.2.
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7.1.1.3 Error handling in SD mode
7.1.1.3.1 Error handling for WRITE_MULTIPLE_BLOCK (CMD25)

This product uses the NAND type flash memory. If the NAND type memory fails to write on a page, due to the
configuration scheme, such failure may affect the data in other pages within the same delete block.
(Delete block refers to the minimum unit allowed to be deleted. It consists of multiple pages)
Thus, if CMD25 (WRITE_MULTIPLE_BLOCK) causes an error in writing multiple blocks, check the number of
blocks successfully written by issuing ACMD22.
If the number of blocks successfully written differs from the expected value, some blocks may contain data not
normally written. Thus, write it again. Standard flow (Figure 9), retry process flow (Figure 10), recovery
process flow (Figure 11), and host’s exception handling flow (Figure 12) including the error recovery for
CMD25 are shown below.

CMD25

Error Status

: Normal Status
Time-out

Command
Response

\4

A 4
| Data Transfer |

Retry Process

Error Status

Time-out

Normal Status

@ Continued
* In SPI mode, Stop Tran

.|
v End / Token is used instead of
| CMD12 | CMD12

Errgr Status ERROR
Time-out
Command
Response ;
v | Recovery Flag |
_Normal Status T
Retry Process | h ON
| CMD13 |

Error Status

Time-out ERROR

Command
Response

A Recovery Flag
Normal Status [
Retry Process *4

Flaa ON
Recoverv Flaa

Flaa OFF

Recovery Process |
| Procedure End

(1
(2
3
(4

Writing data across the OUT_OF_RANGE boundary may expire the data CRC response timer.

For an error taking place in writing, judge the condition if the recovery operation is required or not.

Take the recovery action after using ACMD22 to count the blocks that was written.

To the repetition process of retry and recovery operations, insert a condition for breaking the infinite loop.

~_— — ~— ~—

Figure 9 Standard flow including the CMD25 error recovery process
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| Retry Process | Identifv ILLEGAL COMMAND

+ and time-out by CMD13
| CMD13
Error Status
COM CRC ERROR Time-out
ILLEGAL COMMAND Command
Response
Means to break the
/ infinite loop of retry
End
Retrv Counter |
Continued
¥ v
Ré-issue the command . .
immediately before retry Exception Handling by Host

Figure 10 Retry process flow

ACMD22

Only failed writing (no blocks
) can be written normally)
10 decrements the counter to

break the infinite loop of
recovery process.

# of write blocks

Recovery process
counter decrement

# of blocks:
other than 0

Recovery write
retry counter

v

* Cont. Exception Handling by Host
Calculate data address
of unwritten data . . .
* Write again from the block that fails to
| CMD25 | be written

Figure 11 Recovery write flow

Exception Handling by Host

Restart from initialize, such as
another power-up

Dependent on host
processing

Error handling with no CMD 0
recovery

Access aborted as illegal SD card,
causing system error

Figure 12 Flow of exception handling by host
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7.1.1.3.2 Error handling for READ _MULTIPLE_BLOCK CMD18
Notes on CMD18 operations are listed below.

(1) Attempting to read the final block may cause OUT_OF_RANGE. In such case, ignore the
OUT_OF_RANGE.

(2) If CARD_ECC_FAILED occurs, retry reading.

(3) Retry process shall follow Figure 13.

(4) Read recovery process shall follow Figure 14.

CMD18

Error Status

Time-out Normal Status

Command
Response

CRC error |
Time-out

Retry Process

CRC calculation

+ Normal CRC

SPI mode also uses
Cont.  CMD12 in reading

CMD12 /

OUT_OF_RANGE

Receive End

V# End

Error Status
Time-out

Command
Response

Normal Status

Data Read
Read Recovery Process

LNot completed
CMD13

+ Exception Handling by Host

Error Status

Time-out OUT_OF_RANGE

Command
Response

l Normal Status

Data Read
Read Recovery Process

Procedure End

Not completed

Exception Handling by Host

Figure 13 Standard flow including CMD18 error recovery process
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Read Recovery Process

v

CMD13
Error Status
CARD_ECC_FAILED Command Time-out
Response
COM_CRC_ERROR
ILLEGAL_COMMAND
End
Retry counter >
Reissue command
immediately before retry
Retry counter >
End
4
CMD18 Exception Handling by Host

N

Figure 14 Read retry process flow of CMD18

Execute CMD18 again
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7.2

7.3

Process after Timeout in case if Read or Write (Recommendation)

If there are no-response after the timeout passed in case of read or write (Recommendation), please issue the
CMD12(Stop Transmission) and stop the data transfer to prevent the host stuck on waiting for the response.
(Reference :5.3.3. Data Token, 5.3.4.Data Error Token of SD PHYSICAL LAYER SPECIFICATION. )

In case of SPI mode, there are some restrictions regarding to access the out of range boundary.

1) Response error (*1) will be occurred when host issue CMD12 over the out of range boundary under
WRITE_MULTIPLE (CMD25, ACMD25) action.

2) This maybe occurred when SD CLK is low frequency. In case of out of range token maybe duplicated,
please check case (a) and case (b) when issue CMD12 after reading before the boundary using
READ_MULTIPLE (CMD18, ACMD18).

(a) Response error maybe occurred (*1)

(b) Response of CMD12 maybe not issued.
® Re-issue CMD12, then next command can be received
® Neglect the response of re-issue CMD12

*1: Response Error Descriptions
»  If CRC Check is On.
Com CRC Error is responded.
»  If CRC Check is Off.
In case of 1) above, R1=0x44(Parameter Error & lllegal Command)
In case of 2) above, R1=0x44(lllegal Command)

Host Time Setup (Recommendation)

The timeout value is recommended as below. (Table 21)

The memory Erase function requires the longest time before the Card Response. The erase time for Memory
Block is also included for the Timeout value in the Data erase operation in the SD Memory Card. (Table 22)

The Host system should chose the appropriate block size considering the erase time.

Table21: Recommended Time out value

Condition Recommended Value (Max.)
Waiting for the CMD Response 64cycles
Read Data output after issue the Commands 100ms
Busy Status Change 1s

Table22: Erase time reference value

1GB The Host system should chose the appropriate block size

considering the erase time.
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7.4 Efficient Data Writing to SD Memory Card (Recommendation)

To control the SD memory card with a higher speed and lower power consumption, it is recommended that
Multiple Block Write should be used as a command for writing data and the size of data written by each
command should be the FAT cluster size x n (n: integer).

7.4.1 WRITE_SINGLE_BLOCK and WRITE_MULTIPLE_BLOCK

WRITE_SINGLE_BLOCK (CMD24) is a command used to write data of 512Bytes, which is suitable for writing
comparatively small capacity of data (512byte:SingleBlock) such as updating mainly a part of File System (e.g.
FAT). *1

On the other hand, WRITE_MULTIPLE_BLOCK (CMD25) is a command for writing data to blocks that have
consecutive addresses per command, which is suitable to write a large capacity of data (e.g. data section in a
file). Using WRITE_MULTIPLE_BLOCK to write data with a cluster unit (512Bytex128Block=64KByte) in the file
system (Figure 15) is an efficient access to the flash memory, providing a higher-speed writing compared to
writing the same capacity of data with Single_Block_Write (*2). In addition, this command decreases internal
processes in the SD memory card, reducing the power consumption for writing a block. By avoiding the issuing
command per 512 bytes as in WRITE_SINGLE_BLOCK, software processes in the host device become faster.
For this operation, check that the sectors in the SD memory card and file system have compatibility as described
in Figure 16.

For writing the File System (e.g. FAT Table), it is recommended to update data of minimum amount with
collective units. Updating every time when the cluster chain changes frequently causes writings of small amount
of data, degrading the write performance.

*1: Wiriting a large amount of data per block with WRITE_SINGLE_BLOCK causes updating the
card system so to reliably store the 512Byte data in the flash memory, as a result, lowering the
write performance and increasing the power consumption

*2 1 If consecutive multiple clusters are available, efficient writing is obtained by writing 32Block
(16kB)xn (n = integer).

|

Address MBR | Sector |

i H . |

1Block 1 cluster=512byte x 128=64KByte 7 | (64KByte) |

SDA standard File System. ! ! Sector |

1Block ! !

_____________________ FAT1 1 (B4KByte) 1

""""""""" 11 1

) ! Sector |

1Block FAT2 ; :

i 1Block < L 1 (64KByte) :

i 1 Data Area ! Sector |

H | |

i L (64KByte) !

i e ! '

E 1Block ! Sector |

' By setting the heading address of a cluster to H (64KByte) |

\ 1Block H the write start address, write the data with a v L (64KByte)

I — ! unit of 32 blocks with issuing one CMD25.

s Heading address of data area should match with the
' : heading of 64Kbyte boundary of SD logical address.
i 1Block : If unmatched, the performance is lowered. The
v i 1Block : boundaries match if conforming to the SDA Format.

Figure 15 Writing multiple blocks with

. . Figure 16 Matching between logical address
Multiple_Block_Write

and file system
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7.4.2 Processing flow of WRITE_MULTIPLE_BLOCK

Figure 17 shows a flow chart of writing using WRITE_MULTIPLE_BLOCK command.

After issuing CMD25 and analyzing the response, write data of 512Bytes is output. Thereafter, while checking
that CRC status sent from a card is normal, send the subsequent block. If the final block is sent, send Stop_Tran
command (CMD12) to close the process.

v

ERROR

Error handling
Retry process

Issue CMD25

| Receive Response

Identify Response
OK ¢

Output write data of 512Bytes

v

Receive CRC Status

v

Identify CRC Status

OK
Final block?
YES

| Issue CMD12 |

Identify Response
OK

Figure 17 Write flow of WRITE_MULTIPLE_BLOCK processing

Post-processing such as
checking number of transfer
blocks with ACMD22
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7.4.3 Power control (Recommended)

This device needs the initialization time of up to 1 second *4 for power-up. (It is similar to standard SD memory
cards.) In other words, once the power is turned off, the initialization time is consumed before the next read/write
processes, lowering the performance. Thus, it is recommended that normally, power is being turned on and the
power is turned off after this device has no accesses for certain duration. If this device has no accesses, it enters
the stand-by mode for saving the power consumption. (In stand-by mode, stand-by current is consumed. )

* 4: Specified in the SD Physical Specification.

* Reactivate the device

In reactivating this device (turn off and on mainly for reducing the power consumption) from the host device,
check in advance that the power line reaches the GND level then turn it on. If the time from power-off to
power-on is too short, resetting the card may not occur normally. On the specification, power off must keep the
voltage of 0.5[V] or lower for 0.25[msec] at least.

The figure below illustrates undesired and recommended cases of power control. In developing the host
devices, check the power control to prevent the undesired case.

ON
Power Control Signal | |
OFF

(a) Undesired power control
3.3V

VDD \/4— (3)
GND \

VDD does not reach GND level

ON
Power Control Signal
OFF

AN

(b) Recommended power control
3.3V

VDD
GND

A
Y.

0.5[V} or lower 0.25{msec] or more

Turn off at (1) in Undesired Case in Figure (a) and restart (turn on) when VDD does not
reach GND level as shown in (2)(3) , and you may fail to reset normally.

Figure (b) shows the recommended power control. Turn on at the time of (4) when VDD
reaches the GND level, and you can reset device surely with a higher reliability.

Figure 18 Power control
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7.5 SPI-Mode initialization (Mandate)

The device shall be initialized by ACMD41. Do NOT use CMD1 for SPI-Mode initialization.

7.6 SPI-Mode RSV pin Pull up (Mandate)

RSV(#8,#9 in SPI Mode) shall be pulled up by 10-100k-ohm resistors.

7.7 Prohibition during Write (Mandate)

Do not turn off the power before read / write / mutual authentication operation is complete. Avoid using this
device when the battery is low. Power shortage and/or power failure before read / write / mutual authentication
operation is complete will cause malfunction of this device , loss of data and/or damage to data.

Please comment and inform this prohibition to the end users in proper way. (Manual or Instructions)

7.8 SD Command (Mandate)

1) CMDO continuously issue
Do NOT continue the CMDO with 1Pin(CD/DAT3)="Low’ just after CMDO or the SD Card initialized in SPI mode.
In case of 1 pin (CD/DAT3)="Low”, it means SPI mode so be careful to the duration of CMDO issue.
Please choose the appropriate timing interval for CMDO to prevent this problem.
The interval is related with the pull up Resister value. of the host side.

2) After the Security Read Command
Please issue the CMD13 to ensure the status change to the transmission state(for SD mode) or wait SDCLK x
n clock(n=8400 for SD 1bit mode or SPI mode, n=2100 for SD 4bit mode), after issue the ACMD18 or
ACMD43.

3) CMD12(SD mode) or ‘Stop Tran Token’(SPI mode) after Multiple Block Write Command
When the CMD12(STOP_TRANSMISSION, SD mode) or ‘Stop Tran Token’ (SPI mode) is issued after Multiple
Block Write Command (CMD25, ACMD25), please issue the CMD12 or ‘Stop Tran Token’ immediately(*) after
the last data block, to complete the data write transaction soon.
(*)It should be within 400usec after the end of BUSY status for the last data block.

4) Time Interval between successive SD commands
Time interval between the BUSY end of the SD command and the start bit of the next SD command should be
more than 15usec. If the time interval is less than 15usec, SD bus error or device operation error may occur
occasionally.

7.9 Pull Up resistors (Recommendation)

CMD and DAT [3:0] can pull up with 10-100k ohm resistors by the host side..
Pleased disable the Card-Internal pull up on CD by ACMD42 before access. (Refer Fig. 7)

7.10 Write/Erase Size management (Recommendation)

1) Erase Unit
The erase size is recommended to using Boundary unit indicated by Erase Sector size below.
The erase unit size is given as below.
Erase Sector Size = Block_length x (SECTOR_SIZE) = 512 Byte x 32-block= 16K Byte
(Block_length can calculate from WRITE_BL_LEN)
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Appendix 2-1: initial value of OCR Register

Field C‘ RSV ‘3.6 -1.6 ‘RSV

. - 33/2222222222/1111111111/000000000 0
Bit Position

10/9876543210/9876543210/9876543210
Blnary *000(0000[1T111(1111/1000/0000[0000[000 0|

Hexadecimall * | 0 | F | F | 8 0/ 0] 0

2.7V - 3.6V operation
*: depends on card status (Card power up Status Bit)

Appendix 2-2: initial value of CID Register

Field MID [8)) PNM PRV PSN RSV |MDT CRC7 1
T1T Tt 111111111111/00000000000000000000/0000000000/0000000000/0000000000/0000000000/0000000000{0000000000/0000000000(0000000000,
Bit Position [22222222[1 1111111 11/0000000000/9999990000/68888888887777777777/6666666666]55555555554444444444(33333333332222222222[1111111111[0000000000
76543210/98765432109876543210(9876543210(9876543210/98765432109876543210(9876543210(9876543210/98765432109876543210(9876543210(9876543210

Blnary 0000{0010/0101/0100[0100[1101/01071{0011/07100/0100[00711/0000/0011[000 1[0 1000 1 1 1| % * k[ sk ok %[k ok % k[ %k K[k ok ok K|k ok K K[k K HOK[H KOk K KOk Kk K K 0H0 0 0 0%k ¥ Hk ¥ x ok x ok KR ## H# # #1

Hexadecimal| 0 | 2 | 6 | 4| 4 | D | 5| 3| 4] 4/ 3]0]3]1 4 | 7 [ ok ok | ok | ok |k | ok | x| x| ok | k| 0| k| x| x| # | #

*: depends on SD card
#: depends on its value

PSN: Product Serial Number

MDT: Manufacturing date
CRC7: CRC7 checksum

Appendix 2-3: initial value of CSD Register

Field CS[RSV TAAC [NsAG TRAN SPEED [CCG READ_[R VR0 RS|GC_SIZE [vDD]VDD]VDD]VDD|G_SI{E[SECTOR SIZ WP_GRP_SIZ|WRS|R2W]WRITE|WRSV  [F[([F[T|FIL[RS|CRC7 1

111111111111111III‘III||I||II0000000000‘00000000000000000000‘0000000000000DDDDDDUﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ‘ﬂﬂﬂﬂﬂﬂﬂﬂUUUUUUUUUUUUUUUUUUUUDD
BitPosition [22222222[1111111111/0000000000[9999999999[8888888888/7777777777/666666666655555555554444444444[3333333333/2222222222[1111111111/0000000000
765432109B765432|0‘98765432|098755432|0‘98765432|098755432|0‘98765432|093765432IUQB765432I093765432I0‘98765432IUQB785432\098785432IU
Binary DDDD‘DDDDDD\D‘\WD|‘0000‘0000‘00||00|0‘000|‘|0||‘0|0|‘|00||000‘00||‘||0|‘0||0‘0||||||D‘||||‘|D||‘||||‘|||||DDD‘DDDD‘DDD|‘D||D‘D|DDDDDD‘DDDD‘DDDD‘####‘###|

Hexadecimal | 0 [ o | 2 [pJoJo| 3] 2]1|B|5]9]ls8s|a3|p|le6|7|e|F|lB|lF|IFls8lol1]6]alololo]#]|=#

#: depends on its value

Appendix 2-4: initial value of SCR Register

Field SCR_S]| SD,SPI| D|SD,S|SD,BU| RSV reserved for manufacturer usage

. e 6666(5555555555(44444444443333333333222222222211111111110000000000
Bit Position

3210987654321098765432109876543210|987654321098765432109876543210

Blnal’y 0000/0001|1010/0101/0000/0000/0000{0000/0000/0000(0000{0000/0000{0000{0000{0000

Hexadecimal | 0 1 Al 5] 0| 0| 0| 0| # | # | # | # | # | #| # | #

#: depends on its value

Appendix 2-5: initial value of SD Status

Field DA|§ RSV ‘SD,CARD,TYPE SIZE_OF PROTECTED AREA RSV \_A
55(5555555555(4444444444[4444444444(4444444444[4444444444(4444444444[4444444444444444|58chpK [000000000000000000
Bit Position [i 1loo00000000/sssssssssslsessssssssirrrrrrrrrlsocceoscsolssssssssssjaasasasasasazasg P |iii111110000000000
10/987654321098765432109876543210/9876543210/9876543210{9876543210(9876543210/987635 4 76543210/987654321 0]
Binary 0000/0000{0000(0000/0000{0000(0000{0000(0000/0000/0000(0000[0000{0000(0010|1000{0000|0000|00000DO] 0/0000{0000|000O0|{000 O
Hexadecimal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 8 0 0 0 _ 0 0 0 0
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Appendix 3 : Memory Map and Dump Data of User Data Area

Last address of this memory map indicates “actual last address + 1”.

0x0000000

0x001E600

0x001E800

0x003D400

0x005C000

0x0060000

0x3D680000

ADDRESS 00 01 02 03 04 05 06 07 08

Master Boot Record and
Partition Table
(121. 5KB)

Partition Boot Sector
(0. 5KB)

FAT1 (123KB)

FAT2 (123KB)

Root Directory (16KB)

* (A1l Oxff)
— (Partition Boot Sector)

User Data (1005696KB)

0000000 00
* (A1l 0x00)

00001b0 00
00001c0 37
00001d0 00

* (A1l 0x00)

000010 00

0000200 ff

001e600 eb

00 00 00 00 00 00 00

00 00 00 00 00 00 00
00 06 03 c3 e6 £3 00
00 00 00 00 00 00 00

00 00 00 00 00 00 00

(reserved)
ff ff ff ff ff ff ff

00 90 xx XX XX XX XX

(MBR and Partition Table)

00
00
00
00
00

ff

XX

09 0A 0B 0C

0D

OE OF

00 00 00 00
00 00 00 00
00 0d b3 le
00 00 00 00

00 00 00 00

00
00
00
00

00

00 00
00 03
00 00
00 00

55 aa

ft ff ff ff

ff

ff ff

xx xx 00 02

20

01 00

001e610 02 00 02 00 00 £f8 f6 00 3f 00 20 00 £f3 00 00 00
001e620 0d b3 1e 00 80 00 29 xx xx xx XX 4e 4f 20 4e 41

001e630 4d
001e640 00
* (A1l 0x00)

001e7£f0 00

001e800 8
001e810 00

* (A1l 0x00)

003d400 8
003d410 00

% (A1l 0x00)

005¢000 00

% (A1l 0x00)

0060000 ff

* (A1l Oxff)

45 20 20 20 20 46 41
00 00 00 00 00 00 00

00 00 00 00 00 00 00
(FAT1)

ft £f ££ 00 00 00 00

00 00 00 00 00 00 00

(FAT2)
ft £f ££ 00 00 00 00
00 00 00 00 00 00 00

(Root Directory)
00 00 00 00 00 00 00

(User Data)
ff ff ff ff ff ff ff

(Last Sector)

54
00

00

00
00

00
00

00

ff

31 36 20 20
00 00 00 00

00 00 00 00

20
00

00

00 00
00 00

55 aa

00 00 00 00
00 00 00 00

00
00

00 00
00 00

00 00 00 00
00 00 00 00

00
00

00 00
00 00

00 00 00 00

00

00 00

ft ff ff ff

ff

ff ff
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