

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TC5816AFT NAND EEPROM NV16010196
Read Cycle (2)
CLE tes teLH
tcs <
g '/ N\ .
7 by L +
« FaAvAW =
tacs tws ) < tAR2
ta
ALE
22
tALH—> tre )
RE
tos|| ton j? t
-~ |<Es> ::* ‘t; Le—tREA
vo1-8 S0H WAOWWXAI%M %A‘IFWAZ() —{o0) { Dour——{Dour
column address 255+M 255+4M+1 263
M 2
R/B ¥

Sequential Read Timing

\___2 BB

Column
address
N

Pagel R
address
M
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% : Vg or Vi,

A

Page M
access

Page M+ 1
access
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Auto Program Operation Timing Chart

tes

Vi

CLE
t
S
& \

re-tcs

tesl e

e
wE \_:E tais \_'7_\_/_\_/ t \__1
. ALH
t
ALH I o
ALE / \

RE
tos || ton tos || ton
> L]

1101-8 %" 80H A0~AT7 A8~A15X/A16~:2'>-——i
AY g p

V] : Vi or Vi,

* : Do not collide data input with data output

e
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Auto Block Erase Timing

%

e . b

N e\

tBERASE

% Y /N

77

10 | ~—1
101-8 &3 2\ \ [Status\
60H A8-A-15XA16-A20 DOH X 2K 70H ) { output/
RE 5 g i”
/ N /
Auto Block Erase Erase Execution Status Read
Setup Command Command

Command

: VlH or V"_

* : Do not collide data input with data output
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Suspend/Resume on Block Erase Operation

t tas > > tan<
s CLH !
« Ty @ [,
0
"‘C: twp*' Itcs P tcH
We y y twe |7 !
s T\ D N\ :
tats t
tan ] tatH ALS tawn .
RE
tos || ton tos |{ton
|~<—> o
/Oy~g X 60H E@As-ms %lé-mo)@(omq
RB
(a i
138 s
«« 700 ) w N/ O\
n
taus

0 taLs

ALE n B
tRHW
Y /4 \ i
rtrRsTO

tos | | ton tos | | ton

l ba X
Status
110y zm——& DOH 5———————@ 70H .,H._Output)“‘

03
%
R zzW\___/ 7 : Vi or v

(a) : Continued

* . Do not collide data input with data output
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ID Read Operation

CLE \
tos

WE ‘ ’ tcr
1 taLs

tan tcs tar 1

ALE Z

" . /0y ]
tos >t e tou
34
1/01-8 L oon ) { ) 1 oen ) 1 ean )
Py A L TRy
: s ]
tReaD tReaiD
Adciress Maker Device Code
Input Code

% : Viy or A\
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Pin Function
The TC5816AFT is a serial access memory in which address and data information is multiplexed. The device pinout is shown
in Figure 1.

Command Latch Enable: CLE

The CLE input signal is used to control the acquisition of the operation mode
command into the internal command register. The command is latched into the

command register from the I/O port at the rising edge of the WE signal while CLE RE-
is high. R/B
GND
Address Latch Enable: ALE
The ALE signal is used to control the acquisition of either address information
or input data into the internal address/data register. Address information is latched 1708
at the rising edge of WE if ALE is high. Input data is latched if ALE is low. 1707
— 1106
Chip Enable: CE 1105
The device goes into a low power standby mode during a read operation Vee

when CE goes high. The CE signal is ignored when the device is in the busy state
(R/B = L) such as during a program or erase operation and will not go into
standby mode if a CE high signal is input. The CE signal must stay low during

the read mode busy state.

Figure 1. TC5816 Pinout

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 the serial data output. Data is available trea after the falling edge of RE. The internal column address
counter is also incremented (Address + 1) with this falling edge.

1/0 Port: 1/01 ~ 8

The I/O 1 ~ 8 pins are used as the port for transferring address, command and input/output data information to or from the
device.

Write Protect: WP

T@ signal is used to protect the device from inadvertent 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 the input signals are
invalid.

Ready/Busy: R/B

The R/B output signal is used to indicate the state of the device. The R/B signal indicates a busy state (R/B = L) during pro-
gram, erase, or read operations and will return to a ready state (R/B = H) after completion. The output buffer of this signal is an
open drain.

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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Schematic Cell Layout and Address Assignment

The program operation is implemented in a page unit while the erase operation is carried out in block units.

A page consists of 264 bytes in which 256 bytes are for main

memory and 8 bytes are for redundancy or other uses.

1 Page = 264 bytes;
1 Block = 264 bytes x 16 pages = (4K + 128) bytes
= 264 bytes x 16 pages x 512 blocks

=16.5M bits (2.0625M bytes)

(

AO ~ A7

The address is acquired through the 1/O port using three con-

: column address

A8 ~ A20 : page address
A12 ~ A20: block address

A8 ~ Al1

B e
< i 7 t6page = tblock 1y ice density
8192 H i
page 1 '
512 biock i ; secutive clock cycles as shown in Figure 3.
U S
t, H
-~ '
! 81/0
264
Figure 2. TC5816 Schematic Cell Layout
1/01 1102 1/03 1/04 1/05 1/06 1/07 1/08
First cycle A0 Al A2 A3 A4 A5 A6 A7
Second cycle A8 A9 A10 Al A12 A13 A4 A15
Third cycle A16 A17 A18 A19 A20 L L L

*1/0 6 ~ 8 during the third cycle must be set to low level

Figure 3. Addressing

Operation Mode: Logic and Command Tables

The operation modes such as program, erase, read, erase suspend, and reset are controlled by the ten different command

: NAND address
in block

)

operations shown in Table 2. The address, command input, and data input /output are controlled by the CLE, ALE, CE, WE, RE,

and WP signals as shown in Table 1.

D-46

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

PRELIMINARY



NV16010196 NAND EEPROM TC5816AFT

Table 1. Logic Table

CLE ALE CE WE RE Wp
Command input H L L T4 H *
Data input L L L g H *
Address input L H L Ry H *
Serial data output L L L H < I x
During programming (Busy) . . . . . H
During erasing (Busy) . . . . . H
Program, Erase inhibit . . . * * L

H=Vip, L=V, "=Vigor Vi,

Table 2. Command Table (HEX data)

ACCEPTABLE
FIRST CYCLE SECOND CYCLE COMMAND

DURING BUSY Bit assignment of HEX data
Serial data input 80 Z (Example)
Read mode (1) 00 - Serial data input : 80H
Read mode (2) 50 - )

—

peee " - ! [TeloleloToloT0]
Auto program 10 - W08 ; & s 4 3 2 VO
Auto block erase 60 DO
Suspend in erasing BO - d
Resume DO -
Status read 70 - wl
ID read 90 -

Once the device is set into the read mode by the “00H” or “50H” command, additional read commands are not needed for
sequential page read operations. Table 3 shows the operation mode for reads.

Table 3. Operation mode for reads

CLE ALE CE WE RE 1/01 ~ 1/08 POWER
Read mode L L L H L Data output Active
Output deselect L L L H H High impedance Active
Standby L L H H * High impedance Standby

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. D-47
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Device Operation

Read Mode (1)

Read mode (1) is set by issuing a “O0H” command to the command register. Refer to Figure 4 below for timing details and
block diagram.

Start address input A data transfer operation from the cell array to
M 263 the register starts at the rising edge of WE in the third
= 3 > cycle (after latching the address information). The

device will be in a busy state during this transfer
period. The CE signal must stay low after the third
address input and during the busy state.

After the transfer period the device returns to a
ready state. Serial data can be output synchronously
with the RE clock from the designated starting
pointer indicated during the address input cycle.

Select page,

FIIIIIIIIIIIIIIIIIIIIRIIIIIIIIIIIIIIIFITIIIIIIIIIIIIS

ell, array

Figure 4. Read mode (1) operation

Read Mode (2)

Read mode (2) has the same timing as read mode (1) but it is used to access information in the extra 8 byte redundancy area
of the page. The starting pointer is therefore assigned between byte 256 and 263.

ae [\

Address AO - A2 are used to set the starting pointer for
the redundant memory cell while A3 - A7 are ignored. Once
the “50H” command is set, the pointer moves to the redun-
dant cell locations and only those 8 cells can be addressed
regardless of the A3 - A7 address (The “O0H" command is
necessary to move the pointer back to the 0 - 255, main
memory cell locations.)

Figure 5. Read mode (2) operation
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Sequential Read (1)(2)
This mode allows sequential reads without additional address input.

@D~

/ S~ Data output Data output
= Address input e P — e P E—
R/B
\ Busy ’ \ Busy / ~ Busy ’
[— > ——————34—»
0 T L. sy
— :
— :
Sequential read (1) Sequential read (2)

Figure 6. Sequential read

Sequential read mode (1) outputs data from addresses O to 263 while sequential read mode (2) outputs data from the 8-byte
redundant area only. When the pointer reaches the last address, the device continues to output data from the last address with
each RE clock signal.

Status Read

The TC5816 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, determines the pass /fail result of a program or erase operation,
and determines if the device is in a suspend or protect mode. The device status is output through the /O port using the RE olock z
after a “70H” command input. The resulting information is outlined in Table 4. i

Table 4. Status output table

STATUS OUTPUT
/O 1 Pass/Fail Pass: “0” Fail: “1”
/0 2 Not used “0”
/03 Not used “0”
/0 4 Not used “0”
/105 Not used “0”
110 6 Suspend Suspended: “1” Not Suspended: “0”
1107 Ready/Busy Ready: “1” Busy: “0”
/108 Write protect Protect: “0” Not Protect: “1”

The Pass/Fail status on I/O 1 is only valid when the device is in the ready state. The device will always indicate a pass status
while in the busy state.

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. D-49
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An application example with multiple devices is shown in Figure 7.

CE Tz C—is CiN CEI 1
CLE ——
ALE Device Device Device Device Device
WE 9 4, M , 9 5 9 N 9 N+t
RE o ——0 o q O

(7o) (2
Status on Status on
Device 1 Device 1

v/ v/
1o} < 70H ,‘ { A ‘( 70H

Figure 7. Status read timing application example
SYSTEM DESIGN NOTE: If the R/B pin signals of multiple devices are common-wired as shown in the diagram, the status
read function can be used to determine the status of each individually selected device.
Auto Page Program

The TC5816 implements the automatic page program operation after receiving 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 detail timing chart.)

@ DO

Fail

Data Input Address Data Input Program Status read
Command input 0~263 command command
RB \ l R/B turns to Ready after completion

automatically.

The data is transferred (programmed) from the register to

the selected page at the rising edge of WE following the “10H”

\ command input. The programmed data is transferred back to
/ the register after programming to be automatically verified by
the device. If the program does not succeed, the above pro-

‘ﬁ:‘;‘:" W gram/verify operation is repeated by the device until success

or the maximum loop number set in the device.

Data input

Read & Verification

Program /

Figure 8. Auto Page Program
D-50 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY



NV16010196 NAND EEPROM TC5816AFT

Auto Block Erase

The block erase operation starts with the rising edge of WE after the erase execution command “DOH” (which follows the
erase setup command “60H"). This two cycle process for erase operations acts as an extra layer of protection from accidental
erasure of data due to possible external noise. The device automatically executes the erase and verify operations.

Auto Block Erase

O TN @ Pass

60 DO 70

W_/\ Y
Block address

Fail
input : 2 cycle
B : X
e Erase execution \ Busy , Status read

command command

1

Select —»@

block

1)

9
N~

)
T«

Block erase

Figure 9. Auto Block Erase Operation
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Suspend/Resume

Because a block erase operation can keep the device in a busy state for an extended period of time, the TC5816 has the abil-
ity to suspend the erase operation to allow program or read operations to be performed on the device. The block diagram and
command sequence for this operation are shown below. (Refer to the detail timing chart)

Select Input erase operation
block Suspend command input resume
—> —>

~
./
P~ A

n ~
I~ A ~

W

lsuspend the erase operation

SN

Block adress C Suspend operation

input

Figure 10. Suspend /Resume Operation

The suspend/resume cycle can be repeated up to 20 times during a block erase operation. After the
resume command input, the erase operation continues from the point at which it left off and does not have to restart.

Reset
The reset mode compulsorily stops all operations. For example, in the case of a program or erase operation, the regulated
voltage is discharged to OV and the device will go into a wait state. The address and data register are set after a reset as follows:
® Address Register : All “0”
* Data Register CAl”
e Operation Mode ~ : Wait State

The response after a “FFH” reset command input is as follows:
o |f the reset (FFH) command is input during programming: Figure 11
o) T\
(80 ) (10 ) { F'F )

Internal Vpp \
RE \ I

Register set

®

trst( = 10us)
¢ If the reset (FFH) command is input during erasing: Figure 12
| I G G~
Internal erase B
voltage _____/_\
RE __\ Register set I_

>
>

trsT (= 1ms)
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o [f the reset (FFH) command is input during the read operation: Figure 13

w ) ]

trsT( = 5us)

o |f the reset (FFH) command is input after suspend: Figure 14
o) )
DO { 80 ) FF
_O %s reset cancels suspend status.
Internal erase :
voltage ﬂ
R/B \ ' \ ’

trsT( = 548)

e |f the status read command (70H) is input after reset: Figure 15

{ FF )
v' — 1/ Ostatus : Pass/Fail = Pass

\ l \ Ready /Busy — Ready

However, the following operation is prohibited. If the following operation is executed, set up for the address and data register

cannot be guaranteed.
OO

- Ready/Busy —> Busy

R/B

o |f the reset command is input in succession: Figure 16

0 @
Co— G FF
R

REB \ I The second @ command is invalid if the other

command than ‘FFH’ is input
during this period.
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ID Read

The TC5816 contains an ID code to identify the device type and the manufacturer. The ID codes are read out using the follow-
ing timing conditions:

CLE ’ \
=) 17—
o _/
f—— tag] —P
ALE I B
RE ' \ ’
treaip —¥

D read command Address Maker code Device code
00"

Figure 17. ID read timing

Table 5. Code table
1/08 1107 1/06 1/05 1/04 1/03 1/02 1/01 HEX data
Maker code 1 0 0 1 1 0 0 0 98H
Device code 0 1 1 0 0 1 0 0 64H

Refer to AC characteristics for treap, tor: tar1 (Refer to the specification).
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Device Physics

Program Operation

Figure 18 shows the NAND memory cell and details of the programming mechanism. The program operation is used to write
“0” data into an erased memory cell (*1” data cell) using a tunneling mechanism. An example showing the operations necessary to
program ‘0’ data in TR1 and “1” data in TR2 follows:

(1) The select lines are activated so that the transistor array is connected to the bit line and disconnected from the ground line.

(2) Vpp (~20V) is applied to the selected word line and an inhibit voltage of VP! (=10V) is applied to the unselected word lines.

(3) The bit line tied to cell transistor TR1 is biased to OV and the bit line tied to TR2 is biased to the inhibit voltage of VDPI
(=10V).

(4) Vpp is applied between the control gate and the channel in TR1, as shown in Figure 18, which causes electrons to be
injected from the channel to the floating gate by a tunneling mechanism.

(6) The injected electrons are captured in the floating gate (which is surrounded by an oxide layer) and will remain, even after
power is cut off, until they are removed by an erase operation.

(6) Although 20 volts is applied to the control gate of TR2, the voltage difference between the control gate and the channel is
only 10V because the voltage of the channel is 10V. Therefore, tunneling does not take place. (i.e. electrons are not
injected into the floating gate.)

(7) Tunneling does not take place in the unselected pages because of the 10V (VPI) being applied to the unselected word lines
which again makes the voltage difference between control gate and channel only 10 volts. Thus, the floating gate of the “0”
cell is charged to “minus” and that of the “1” cell is charged to “plus”.

Vpﬂ Bit line \VfP|(= 10V) - S
pPL=
Select linet + 1
J.-J"—I 4
(=10V) VPI H H— (Word line1) E,_?_—?f?j .
VPI E:.L EH— (Word line2) l | I I [ ov
VPI /E{ H (Word line3) >—' ov
(=20v) VPP TRI‘Eﬁ T 2‘\E/EH‘ (Word lined) - m L
VPl = R SiH— (Word line5) 7J-r
VPl ::: :,uﬁ (Word line6)
VPl oH CH— (Word line? TR2 Vpp (=20V)
VPl l__;i.L [4” (Worc‘! line8)
s L L . rﬁ
VPI H H— (Word line16)
select line2 75: _,E= EEEEN VDPI (=1
ZJNDPI
Select line1 ¥ Ag
1 1 N ,,T, \

Figure 18. TC5816 Program Device Physics
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Erase Operation

Figure 19 shows the NAND memory cell and details of the erase mechanism. The erase operation is used to turn the “0” (pro-
grammed) cells back to “1” in a block. Zero volts is applied to the control gate and Vpp (~20V) is applied to the substrate so that a
20 volt potential is created and the electrons in the floating gate are pulled out through tunneling.

open open

Select line 4+ +

ooV H ov

ov [ 1l [
ov tt

oV t
16 word line % ov H lml —>open

(1 block) ov ” >____| YYvy
C \
ov T J)
K ov tt Vpp (=20V)
Select line [ [ T
. L
Vpp (=20V) Vpp (= 20V)

Figure 19. TC5816 Erase Device Physics

Read Operation

The state of the memory cell is either “0” (minus charge on the floating gate) or “1” (plus charge on the floating gate) after pro-
gramming. Each state is indicated as the “threshold voltage (Vth)” which is a characterization parameter of the MOS transistor as
shown in Figure 20. The threshold voltage of a transistor with “0” data falls within the “plus” distribution while the threshold voltage
of a transistor with “1” data falls within the “minus” distribution. The distribution band depends on transistor fluctuations.

Threshold .
value \5) Data cell
V TH
Vma) Distribution
+
0 N
- ‘1’ Data cell
V1H
Distribution

Figure 20. Vyy Distribution for “0” and “1” data cell
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Figure 21 shows the memory cell and details of the read operation:

(1) Select lines 1 and 2 in the block including the selected page are biased at a high level so that the 16 NAND memory cell
array is connected to the bit line and ground.

(2) Zero volts is applied to the control gates of the selected page and a high level voltage is applied to the control gates of the
unselected pages.

(3) In Figure 21, transistor TR2 with data “1” turns on, transistor TR1 with data “0” turns off, and all other unselected transis-
tors turn on.

(4) The precharged bit line tied to TR2 is discharged through TR2 as cell current flows to ground while the precharged bit line
tied to TR1 remains at a high level because current does not flow. The sense amplifiers tied to the bit lines thus sense the
voltage levels as “1” and “0” respectively.

Bit line

™~

N

Select line1
ON L on
—] \—l — |—|
11 ON ) L ON
LA '
:hl ON : 3 ON
G, g

5 |0
s |12
(o]
N

)L

Selected page

bols
=Ry
=
X
~N
Eo =
4

I I I ICIIXI
-
2

ON d ON
T, on T, on
C, on T, on
r r
H EHW iE:‘HON
lect Ii - A :
Select line2 -”;. o /..../ w';. -

Cell current

Figure 21. TC5816 Read Device Physics
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Application Notes and Comments

(1) Prohibition of unspecified commands

The operation commands are listed in Table 1. Data input as a command other than the specified commands in Table 1 is
prohibited. Stored data may be corrupted if an unspecified command is entered during the command cycle.

(2) Pointer control for “00H”, “50H”

The TC5816AFT has two read modes which set the destination of the pointer to either the main memory area of a page or the

redundancy area. The pointer can point to any location from O to 255 in read mode (1) and from 256 to 263 in read mode (2). Fig-
ure 22 shows the block diagram of their operations.

Q 255 256 263
A .

$41d b &4 s

OOH]? l SOH

4

1
00H -
S0H Pointer control I

Figure 22. Pointer control

The pointer is set to region “A” by the “00H" command and to region “B” by the “50H” command.

(Example)
The “00H” command needs to be input to set the pointer back to region “A” when the pointer control points to region “B”.

SOH (80H)
Q/_/ H_____/ \ A o ——— — _/\ / ——
Start point Start point Add DIN
A area B area
Start point
Son SOH OOH B area
&—/ AN — N A — W\,_J —
il Add | Add | Add DIN
Start point Start point Start point Start point
A area B area A area A area

Figure 23. Example for Pointer Set

For programming into region B only, first reset the contents of the data register to “1”s by inputting the FFH (reset) command.

{ ) { 80H )
Add DIN
Start point
B area
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(3) Acceptable commands after the serial input command “80H”

Once the serial input command (“80H") is input, do not input any command other than the program execution command
(“10H") or the reset command (“FFH") during programming.

@D, ( FF )~
L™ g T g Y !
Address :
Internal Vpp input  / \
R/B \ /
Figure 24

If a command other than “10H” or “FFH” is input, the program operation is not performed.

.—.——( 10 )
@ @ In this case, the reset command (FFH) command is

Other command
Programming can not be executed. needed.

(4) Status read during read operation

0

>
N\ 1 [A] |
Command @ \79/ H H
< \_/A i N
T [ '
] 1 e
LW A W A VY B W L/ i :
A : 1 ]
R/B \ ' [ ;
1 1
1 1 1

" ' ST

N address Status \_'v[\
read command Status Status output
input read
Figure 25

The device status can be read out by inputting the status read command “70H” during the read mode. Once the device is set
to the status read mode after a “70H” command input, the device does not return to the read mode.

Therefore, status read during the read operation is prohibited.

However, when the read command “00H” is input during [Al, the status mode is reset, and the device returns to the read
mode. In this case, the data output starts from N address without address input.
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(5) Suspend command “BOH”

The following issues need to be observed when the device is interrupted by a “BOH” command during block erasing.

{ 60 ) { DO )~ { B0 )- \70—<A
®
RIB \ \\6\9
e
" Recovery
time

Figure 26

Although the device status changes from busy to ready after “BOH” is input, the following two cases cannot be distinguished.
-After a “BOH” command input, Busy—Ready

-After an erase operation is finished with “DOH”, Busy—Ready

Therefore, the device status needs to be checked to see whether or not the “BOH” command has been accepted by issuing
a “70H” command after the device goes to ready.

The device responds as follows when a “DOH” command (Resume) is input instead of “70H”.
-“BOH” has been accepted: Erase operation is executed. (The device is busy.)
-“BOH" has not been accepted. (Erase operation has been completed): “DOH” command cannot be accepted.
_ (The device is ready.)
Each case above is confirmed by monitoring the R/B signal.

(6) Program fail

7N\ Fail rave SN
80 10 7 10 1
Ov v\_/ 0 \89/\,./ vd/
Address Data

Address Data
N input

When the programming result for the page address M is “Fail”, do not try
to program the page to address N in another block. Because the previ-

ous input data is lost, the same sequence of “80H” command, address
and data input is necessary.

M input

VL7 77207

Figure 27
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(7) Data transfer

The data in page address M cannot be automatically transferred to page address N. If the following sequence is executed,
the data will be inverted (i.e. “1” data will become “0” and “0” will become “1”).

00 (s0) —(C10) (70)
C >v So———Uv o
Address Address

Program

yzzzzyzzzzzzy Data

Inverted data will be tranferred.
7 77777 Data

Figure 28

(8) Block erase after suspend command “BOH”

—@ (00 ) (50 ) Ce0 )
Block ¥ v
address Erase execution Suspend ;

A block erase command is prohibited when the device has been suspended by inputting “BOH" during a block erase opera- |
tion. Only a program or read operation is allowed during this erase suspend interruption. .

D. Non-Volatile.

(9) Interruption of an erasing block

After a “BOH” command input, neither a program nor a read operation is allowed for the accessed block which is currently in
an erase operation.

o) o)

(60 ) Dy ‘Bo,\v__/hao)
Block . . £ bl . hibited
address The interruption of block A is prohibited.

A
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(10) R/B: Termination for the Ready/Busy pin (R/B)
A pull-up resistor needs to be used for termination because the R/B buffer consists of an open drain circuit.

Vee
Vee
R
Device o R/B . Busy co—
4 T “ e S
i
Vee=5.0V
Vss 1.5us (— Ta=25°C — 15ns

=+ Cy = 100pF

10ns tf
This data may vary by device. We

recommend that you use this data as a

X . Sns
reference when selecting a resistor value.

0 1KQ  2KQ  3KQ 4K

Figure 29

(11) Status After Power On

Although the device is set to read mode after power-up, the following sequence is needed because each input signal may not
be stable at power on.

® Operation mode : Read mode (1)
* Address register D All“0”
e Data register : Indeterminate

¢ High voltage generation circuit ~ : Off state

Power on sequence

/-\ /—\
lPower onlL { FF ) { 00 )
Reset Read mode (1)

(12) Power On/Off Sequence:
The WP signal is useful for protecting against data corruption at power on/off. The following timing is recommended:

475V _:

¢
4.5V

).
«

P Vi .
- ViL l Vie

Operation

Figure 30. TC5816 Power On/Off Sequence
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(13) Setup for WP Signal
The erase and program operations are compulsively reset when WP goes low. The WP signal must be kept at a high level

before the 80H/60H command input for the program and erase operations.
If WP goes high after the 80H/60H command input for a program/erase operation, the program and erase operations cannot

be guaranteed.

.......

1!
tww (Min. 100ns)

Figure 31. WP Setup before Programming

tww (Min. 100ns)

Figure 32. WP Setup before Erasing
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D-64

(14) In the case that 4 address cycles are input
Although the device may acquire the fourth address, it is ignored inside the chip.

Read operation:

=\

VR VAVAVRY,
/ \
o (@~ O H K ),

Address input ignored
R/B \

Internal read operation start when WE
of the third cycle goes high.

Figure 33
Program operation:

CLE_-[—\
—/\

ALE / \

S|

Al

Address input Data input
ignored
Figure 34
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(15) Divided program in the same page (Partial page program)
The device allows a page to be divided into 10 segments (typically) with each page segment programmed individually as follows:

The first programming
Data e
. XX :
The second programmmgl l pattern2 |

Data |

........................................................ [ove s 0 |
pattern 2

Result Data pattern 1 [

Figure 35

Note: The input data for unprogrammed or previously programmed page segments must be “1” (i.e. Mask all page bytes out-
side the segment to be programmed with “1” data.).

(16) RE Signal During Read
The internal column address counter is incremented synchronously with the RE clock in the read mode. Therefore, once the &
device is set into the read mode by the “00H” or “560H" command, the internal column address counter can be incremented by
the RE clock before or after the address inpu. Assuming that RE clocks before the address input and the pointer reaches the last
column address, an internal read operation (array—register) will occur and the device will be in a busy state. (See Figure 36)

Address input

— —~
170 — 00H/50H ) < >_< >_< >___

D. NonVolatle

Figure 36

Therefore, RE clocking must occur after the address input.
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(17) Invalid block (bad block)
The TC5816 device contains unusable blocks. Therefore, the following issues must be recognized:

Check if the device has any bad blocks after device installation into the
system. Do not try to access bad blocks. A bad block does not affect the
W - Bad Block performance of good blocks because it is isolated from the bit line by the
select gate. The number of valid blocks is as follows:

MIN. TYP. MAX. UNIT

727> Bad Block Valid (Good) Block Number 502 | 508 | 512 | Blocks

Figure 37 shows the bad block test flow.

(18) Error in program or erase operation (Fail at status read)

The device may fail during a program or erase operation due to exceeding write/erase cycle limits, for example. The following
system architecture will enable high system reliability if a failure occurs.

Program

Buffer

memory 3
Block A
When an error happens in Block A, try to reprogram the data

into another (Block B) by loading from an external buffer. Then,
A prevent further system accesses to Block A (by creating a “bad
blocks” table or another appropriate scheme.)

)]
TC
)

S

S Block B

Erase

When an error occurs for an erase operation, prevent future accesses to this bad block (again by creating a table within the
system or other appropriate scheme.)
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Bad Block Test Flow

Block No = 1

C: Checker board pattern

C: Checker board pattern

Blank check: 1 Block read (FFH)

The blank check operation detects

“0"s resulting from factory block testing.

Any new devices having “0”s in a block indicates
that the block is bad.

B No. = BNo. + 1!4——

No
Bad
Block B No. = 512
Yes

Figure 37. Bad Block Test Flow
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Outline Drawings

Plastic TSOP TSOP44-P-400B Unit: mm
44 35 32 23 i
HHHHEHAAAEA EEHHHRRHREﬁﬁr ] fiu
- N
g g
-~
2l =
O u
_T;BHHHT-‘THHH HEEH H—BHBH:—JL Hg\'
10 13 22
0.8057YP| | | | 0 310.05@
0.8
18.81MAX
18.4140.1 3z %]
- - \0
o~ ; £§<
© =
2]0.1] ; l )
S 0.5£0.1

Weight: 0.48g (typ.)
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16Mbit (2M x 8 BIT) CMOS NAND EEPROM

Description

The TC5816 is a 5 volt 16M bit NAND Electrically Erasable and Programma-
ble Read Only Memory (NAND EEPROM) with a spare 64k x 8 bits. This
device is organized as 264 bytes x 16 pages x 512 blocks. The device has a
264 byte static register which allows program and read data to be trans-
ferred between the register and the memory cell array in 264 byte incre-
ments. The erase operation is implemented in a single block unit (4k bytes +
128 bytes: 264 bytes x 16 pages).

The TC5816 is a serial type of memory device which utilizes the 1/O pins
for both address and data input/output as well as command inputs. The
erase and program operations are automatically executed making the
device most suitable for applications such as Solid State File Storage, Voice
Recording, Image File Memory for still cameras, and other systems which
require high density, non-volatile memory data storage.

TC5816ADC

PRELIMINARY

Actual Size

Features Pin Assignment
o Organization 1,10, 11 Vss Ground
- Memory cell array : 264 x 8K x 8 2 CLE Command Latch Enable
- Register 1264 x8
- Page size : 264 bytes 3 ,E Adt':iress Latch Enable
- Block size : (4k + 128) bytes 4 WE Write Enable
° Modes : Read, Reset, Auto page 5 WP Write Protect
program, Auto block 6-~9 104 _4 /O Port
erase, Suspend/
Resume, Status read 13-16 VOs5.5 |VOPort i
o Mode control : Serial input/output 17 NC No Connection
Command control 18 GND Ground Input
° Package 19 R/B Ready/Busy
- TC5816ADC : FDC-22 (Weight: 1.8g typ.) 20 RE Read Enable
e Power suppl! 1 Ve = 5V+109 —
PPl ce & 21 CE Chip Enable
e Access time 55 v Sumol BV
- Cell array - Register : 25us max. 12 cc Power Supply (V)
- Serial access : 80ns min.

o Operating current
- Read (80ns cycle) : 15mA typ.

Pin Connection (Top View)

TC5816ADC

- Program (ave.) 1 40mA typ. e
- Erase (ave.) : 20mA typ.
- Standby 1 100pA

e Operating temperature :0~55°C

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TC5816ADC NAND EEPROM NV16030496
Block Diagram
Vce Vss
E:L Status register |4 I I
VO 1 04— Address register 7, » Column buffer
: I/0O Control
: circui p Column decoder
: uit 77
1/0 80— —PL Command registerJ LA V| Data register
A ll ; Sense amp. aa
I | Yy Vv
d R
CE o—> e8l ol
w :
CLE O—> g al a |:
ALE O—>{  Logic Control ¢ g g Memory
WE o | control circuit b g cell array
— u :
RE O— ; 6 |
WP O—p e dli
¢ L
A A
R/B O
! __RE _|Je——— [ HV generator |
Maximum Ratings
SYMBOL PARAMETER RATING UNIT
Vee Power Supply Voltage -0.6 ~7.0
Vin Input Voltage -0.6 ~7.0 \
Vio Input/Output Voltage -0.6V ~ Vg + 0.5V (£7V)
Pp Power Dissipation 0.5 w
Tstg | Storage Temperature -20 ~ 65 oc
Topr | Operating Temperature 0~ 55
Capacitance* (Ta = 25°C, f = 1MHz)
SYMBOL PARAMETER TEST CONDITION MIN. MAX. UNIT
Cin Input Capacitance ViN=0V - 10 F
Cout | Output Capacitance Vout =0V - 10 P
*This parameter is periodically sampled and is not 100% tested.
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Valid Blocks (1)

TC5816
SYMBOL PARAMETER UNIT
MIN. TYP. MAX.
Nyg Valid block number 502 508 512 Blocks

(1) The TC5816 includes unusable blocks. Refer to notification (17) toward the end of this document.

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vee Power Supply 45 5.0 55
Viy Input High Voltage 24 - Vee+ 0.5 \
ViL Input Low Voltage -0.3* - 0.6

* -2V (pulse width < 20ns)

DC Characteristics (Ta = 0 ~ 55°C, Vg¢ = 5V+10%)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
I Input Leakage Current ViN=0V ~ Ve - - +10
Lo Output Leakage Current Vout =04V ~ Ve - - +10 nA
lcco1 | Operating Current (Serial Read) CE=V, teycle = 80ns - 15 30
lccoz | Operating Current (Serial Read) lout = 0mA toycle = 11S - - 5
lccos | Operating Current (Command Input) | toyele = 80ns - 15 30
lccoa | Operating Current (Data Input) teycle = 80NS - 50 70
lccos | Operating Current (Address Input) teycle = 80Ns - 15 30 mA
lccos | Operating Current (Register Read) teycle = 80Ns - 15 30
lcco7 | Program Current - - 40 60
lccos | Erasing Current - - 20 40
Iccs1 | Standby Current CE=VjH - - 1
lccs2 | Standby Current CE=Vgg-02V - - 100 pA
Voy | High Level Output Voltage loy = - 400pA 24 - - v
VoL Low Level Output Voltage loL =2.1mA - - 0.4
loL(R/B) | Output Current of (R/B) pin VoL = 0.4V - 10 - mA
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AC Characteristics (Ta = 0 ~ 55°C, Vg = 5V+10%) (1)
SYMBOL PARAMETER MIN. MAX. UNIT NOTES
toLs CLE Setup Time 20 - ns
toLH CLE Hold Time 40 - ns
tcs CE Setup Time 20 - ns
ten CE Hold Time 40 - ns
twp Write Pulse Width 40 - ns
taLs ALE Setup Time 20 - ns
taLH ALE Hold Time 40 - ns
tps Data Setup Time 30 - ns
toH Data Hold Time 20 - ns
twe Write Cycle Time 80 ~ ns (2)
twy | WE High Hold Time 20 - ns
tww | WP High to WE Falling Edge 100 - ns
trR Ready to RE Falling Edge 20 - ns
tre Read Cycle Time 80 - ns
trRea | RE Access Time (Serial Data Access) - 45 ns
toen gsag%l;’ ;I‘;;'ne at the Last Address in the Serial 250 _ ns @)
treap | RE Access Time (ID Read) - 90 ns
tRHZ RE High to Output High Impedance 5 20 ns
tcuz | CE High to Output High Impedance - 30 ns
tren | RE High Hold Time 20 - ns
tR Output High Impedance to RE Rising Edge 0 - ns
trsto | RE Access Time (Status Read) - 45 ns
tcsto | CE Access Time (Status Read) - 55 ns
truw | RE High to WE Low 0 - ns
twuc | WE High to CE Low (Status Read) 50 - ns
twyr | WE High to RE Low (Status Read) 50 - ns
tams GBER:Z‘g/)tO RE Low 200 _ ns
tcr gg ;‘;‘;’J)" RE Low 200 - ns
R Memory Cell Array to Starting Address - 25 us
twg | WE High to Busy - 200 ns
taRe ALE Low to RE low (read cycle) 150 - ns
N BERE
fomy E.l“rlnE cigl ct?llr?t?:g:ption by CE during Read Mode) B 100 +1r (R/B) ns ®)
tRsT I(:)Re;/:zi%?sgrt;::;zrase/aﬂer suspend) - 10/20/1500/10 us
AC Test Conditions
Input Level 2.4V/0.6V
Input Timing Comparison Level 2.2V/0.8V
Output Data Comparison Level 2.0v/0.8V
Output Load 1TTL and C_ (100 pF)
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(1) Transition time (t1) = 5ns.

(2) In the case that CLE, ALE, CE are input with clock, twe exceeds 80ns.

set - up time + hold time + twp + txx + 4t
20ns 40ns 40ns 20ns

txx
CE St 4 /
tr tr,~>] T e
we R A N2
> hold time 1
setup T setiup time

twc
(3) The CE high to Ready time depends on the pull up resistor tied to the R/B pin. (Refer to notification (10) toward the end of
this document.)
@) If CEreturnsto a high level after accessing the last address (263) in read mode (1) or (2), CE high time must keep equal to
or greater than 250ns when the delay time of CE against RE is 0 to 200ns as shown below. In the second case, the device |

will not turn to a “Busy” state when the CE delay time is less than 30ns.

tcen = 250ns

* * ¢ VIH or VIL

e TN/ T\

262 263 @ @ : 0~200ns — tcgy 2 250ns

- @ : 0~ 30ns — Busy signal is not
R/8 \Busy / output.

Programming and Erasing Characteristics (Ta = 0 ~ 55°C, Vg = 5V£10%)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
tprOG Average Programming Time 300 ~ 1000 5000 us
N Divided Number on Same Page 10 1)
tserase | Block Erasing Time 6 6 100 ms
tsp Suspend Input to Ready 1.5 ms
Nw/e Number of Write/Erase Cycles 2.5x10° cycles

(1) Refer to notification (15) toward the end of this document.
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NV16030496
Timing Charts
Latch Timing Chart for Comman d/Address/Data
CLE
RE setup time hold time
we z
/O 1~8 i )
Command Input Cycle
CLE } tas tan \
o _\ tes tew N
- ‘ twe :W'

: Vg or Vi

D-74 TOSHIBA AMERICA ELECTRONI C COMPONENTS, INC.

PRELIMINARY



——

CE l — —
ALE / k
wE \ o\ ]
: Vi or Vi



D-76

TC5816ADC

NAND EEPROM

NV16030496

Serial Read Cycle

tre
i ]
tReH
B ¥ ’__ﬁ_“g s
RE S& / X / tcHz
] ‘ >
trea tanz tRea tRe tRHZ
Ly tRHZ REA
1/01~g i 1 E E
trr
R/B 2
Status Read Cycle
J teus
CLE /
teus )
-> LH
tcs
= V i
|
tcH
twe
WE twHC tcsto tenz
twHR
|
RE {
tr
t t
5 K htnsro
Status
V018 70H \ output
R/B
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Read Cycle (1) .

ce. - ftas tcm'\

tcen
tcs teH tcs
% %

! ' twe

WE \_J [ \_12 \_J \_~A?<______>‘“ I
tacs
o BOTE tary tery
taLH
ALE 1
tws 1

tos|| tow tos||toH  tos||{ton tos|| ton

| -] B
R ~ ~A13 - out Dour Dour
1

&l

Column address
N

Read Cycle (1): Interception by CE

CLE teus taH _\
tcs tem tes
— e >
& i/ N\
! i twg
S T \ L 7 by
taLs t
ALH tar2
tALH | tenz
ALE ]
1 T
w8 tan leRC ]
RE
tos|| ton tos{| toH  tos!|ton tos|| to
<—>1 r-» - [0 fe=trea tRHZ
D, D, Y
1o1~8 00H %AO~A7%8~AIE%W—-AZ %UTHR?,U: o H ] e
1

Column address
N

% : Vi or Vy
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Read Cycle (2)

CLE teus tom

AL

tcs i<
— le—>]
Al W . 2

%
we  A\_f [\
taLs tw < tAR2
tALH ;
ALE
%
tALH—> tre
RE
tos|| ton tos || tou
B (>
| == Pt e—tREA
vo1-8 SOH WAO~A7 A8~A15XP: 6~A;(> @—j Dout
column address 255+M 255+ M+ 1 263
M %
R/B \ v

Sequential Read Timing

CLE
—/ \ 3 ® 2 e

33

G\ % M " " " n
1

A\ -t

12 33 Il 2.
AN A3 Al

22 2 22
w - 3

t
Column Page‘ R R
address address / ‘
N M N N
RB | ] \_
V7] : Vim or Vi Page M Page M+1
access access
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Auto Program Operation Timing Chart

tas

¥
CLE
el @z \__
teus
t-tcs
) A D D
-
el
4 L —
m A AT\ i
tas taLn
N = tPROG
ALH
e H t
ALE A ! ALS
RE
tos {{ton  tos||tom
| >
-

/01-8 80H A0~A7 X AB~A1 5XA15~A2<>——Z

Status
output

% Vg or Vi,

* : Do not collide data input with data output

onVolatlle “f

5

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. D-79



TC5816ADC NAND EEPROM NV16030496

Auto Block Erase Timing

tetH

tes

e . W
=N\ e\

taH tBERASE

e \ [ V.

tos ||t

<y

DH
1
o T o NN =

REB _/ \ Busy /+

Auto Block Erase Erase Execution Status Read
Setup Comman d Command

% : Viy or ViL

* : Do not collide data input with data output
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Suspend/Resume on Block Erase Operation

S Nz,

=y @ [ J,

~ LA\ N\ e U e
tas < tan tas

w1 Y e

tos
H
*
04— X 60H E@IA&-MS %IG-AN)% DOH
RB \

?
0 I

tas tALH

ALE n l
tRHw
Y/ Vi
" Et_/
r<trsTo

tos tDH, tos | | ton

[ | | |~

t T X Status
. )

RE
RB RW \___/ : Vg or V.

(a) : Continued * . Do not collide data input with data output
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TC5816ADC

NAND EEPROM

NV16030496

ID Read Operation

CLE \
tus
¢ I tey teus
CS | >} - tcs
CE
' talH
. |t
WE tcr
] taLs \JL
tawH tcs tar1
ALE | \
RE \ /[ /
tos He ton
>
vo1 -8 90H { o ) L os ) { san )
- \ / X + x +
: . -l
tReAID tReaID
Address Maker Device Code
Input Code
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Pin Function
The TC5816 is a serial access memory in which address and data information is multiplexed. The device pinout is shown in
Figure 1.

TC5816ADC

Command Latch Enable: CLE (Fig. 1, Pin 2) e N

The CLE input signal is used to control the acquisition of the operation mode
command into the internal command register. The command is latched into the

command register from the I/O port at the rising edge of the WE signal while CLE

is high. O
The ALE signal is used to control the acquisition of either address information

or input data into the internal address/data register. Address information is latched

at the rising edge of WE if ALE is high. Input data is latched if ALE is low. 7
Chip Enable: CE (Fig. 1, Pin 21) —

Address Latch Enable: ALE (Fig. 1, Pin 3)

1

The device goes into a low power standby mode during a read operation ) .
when CE goes high. The CE signal is ignored when the device is in the busy state Figure 1. TC5816 Pinout
(R/B =L) such as during a program or erase operation and will not go into
standby mode if a CE high signal is input. The CE signal must stay low during
the read mode busy state.

Write Enable: WE (Fig. 1, Pin 4)
The WE signal is used to control the acquisition of data from the 1/O port.

Read Enable: RE (Fig. 1, Pin 20)

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

1/0 Port: 1/01 ~ 8 (Fig. 1, Pin 6 ~ 9, 13 ~ 16)
The I/O 1 ~ 8 pins are used as the port for transferring address, command and input/output data information to or from the
device.

Write Protect: WP (Fig. 1, Pin 5)

T@ signal is used to protect the device from inadvertent 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 the input signals are
invalid.

Ready/Busy: R/B (Fig. 1, Pin 19)

The R/B output signal is used to indicate the state of the device. The R/B signal indicates a busy state (R/B = L) during pro-
gram, erase, or read operations and will return to a ready state (R/B = H) after completion. The output buffer of this signal is an
open drain.
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Schematic Cell Layout and Address Assignment
The program operation is implemented in a page unit while the erase operation is carried out in block units.

S A 1701
[//,’ 256 H 8 1/08
T A page consists of 264 bytes in which 256 bytes are for main
/g ’/ memory and 8 bytes are for redundancy or other uses.
! 1 Page = 264 bytes;
A T pmm-s 1 Block = 264 bytes x 16 pages = (4K + 128) bytes
e i E } 16page — Tblock Total device density = 264 bytes x 16 pages x 512 blocks
8192 - . L = 16.5M bits (2.0625M bytes)
page ; i The address is acquired through the 1/O port using three con-
512 block é E secutive clock cycles as shown in Figure 3.
B B Rt i
o ]
o i 81/0

Figure 2. TC5816 Schematic Cell Layout

AO ~ A7 :column address
1/01 1/02 1/03 1/04 1/05 1/06 1/07 1/08 A8 ~ A20 : page address
First cycle A0 Al A2 A3 A4 A5 A6 A7 ( A12 ~ A20: block address )
Second cycle A8 A9 A0 | A1 | A2 | A13 | Al4 | A15 |\AB~A1T '\‘,ﬁ'\é‘% gfdfess
|
Third cycle A16 A17 A18 A19 A20 L L *L

*1/0 6 ~ 8 during the third cycle must be set to low level
Figure 3. Addressing

Operation Mode: Logic and Command Tables

The operation modes such as program, erase, read, erase suspend, and reset are controlled by the ten different command
operations shown in Table 2. The address, command input, and data input /output are controlled by the CLE, ALE, CE, WE, RE,
and WP signals as shown in Table 1.
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Table 1. Logic Table
CLE ALE CE WE RE WP
Command input H L L 1K H *
Data input L L L 1T_f H *
Address input L H L 1_f H *
Serial data output L L L H < *
During programming (Busy) . N N . * H
During erasing (Busy) . N N « % H
Program, Erase inhibit * N N . *b L

H=Vp, L=V, "=VyorVy

Table 2. Command Table (HEX data)

ACCEPTABLE
FIRST CYCLE SECOND CYCLE COMMAND

DURING BUSY Bit assignment of HEX data
Serial data input 80 - (Example)
Read mode (1) 00 - Serial data input : 80H
Read mode (2) 50 - .
Reset FF - N em—

1yojojojojojojo

Auto program 10 - ULOJ ; ‘ . LSLA I 5 l 2170\‘
Auto block erase 60 DO
Suspend in erasing BO - R
Resume Do -
Status read 70 - R
ID read 90 -

Once the device is set into the read mode by the “00H" or “50H” command, additional read commands are not needed for
sequential page read operations. Table 3 shows the operation mode for reads.

Table 3. Operation mode for reads

CLE ALE CE WE RE 1/01 ~ 1/08 POWER
Read mode L H L Data output Active
Output deselect L L L H H High impedance Active
Standby H H * High impedance Standby
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Device Operation

Read Mode (1)

Read mode (1) is set by issuing a “00H” command to the command register. Refer to Figure 4 below for timing details and
block diagram.

A data transfer operation from the cell array to
the register starts at the rising edge of WE in the third
> cycle (after latching the address information). The
device will be in a busy state during this transfer
ell, array period. The CE signal must stay low after the third
! address input and during the busy state.

After the transfer period the device returns to a
ready state. Serial data can be output synchronously
with the RE clock from the designated starting
pointer indicated during the address input cycle.

Select page

Figure 4. Read mode (1) operation

Read Mode (2)

Read mode (2) has the same timing as read mode (1) but it is used to access information in the extra 8 byte redundancy area
of the page. The starting pointer is therefore assigned between byte 256 and 263.

ae [\

Address AO - A2 are used to set the starting pointer for
255 263 the redundant memory cell while A3 - A7 are ignored. Once
L + the “50H” command is set, the pointer moves to the redun-
dant cell locations and only those 8 cells can be addressed
regardless of the A3 - A7 address (The “00H” command is
necessary to move the pointer back to the 0 - 255, main
memory cell locations.)

Figure 5. Read mode (2) operation
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Sequential Read (1)(2)
This mode allows sequential reads without additional address input.

@D~

/ S~—— Data output Data output
= Address input —T —_—
R/B
\ Busy , 7 \ Busy ’ 7 \ Busy ’
I > ———————»
0 T a8y
— i
— :
Sequential read (1) Sequential read (2)

Figure 6. Sequential read

Sequential read mode (1) outputs data from addresses 0 to 263 while sequential read mode (2) outputs data from the 8-byte
redundant area only. When the pointer reaches the last address, the device continues to output data from the last address with
each RE clock signal.

Status Read

The TC5816 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, determines the pass /fail result of a program or erase operation, |
and determines if the device is in a suspend or protect mode. The device status is output through the I/O port using the RE clock : =
after a “70H” command input. The resulting information is outlined in Table 4. a

Table 4. Status output table

STATUS OUTPUT
/O 1 Pass/Fail Pass: “0” Fail: “1”
/02 Not used “0”
/0 3 Not used “0”
I/O 4 Not used “Q”
1105 Not used “0”
/06 Suspend Suspended: “1” Not Suspended: “0”
1107 Ready/Busy Ready: “1” Busy: “0”
/108 Write protect Protect: “0” Not Protect: “1”

The Pass/Fail status on I/O 1 is only valid when the device is in the ready state. The device will always indicate a pass status
while in the busy state.

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. D-87



TC5816ADC NAND EEPROM NV16030496

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

CEy .ﬂiz jiz CZN Cﬁl +1
CLE ————
ALE Device Device Device Device Device
WE Of 1 o 2 O 3 0} N I N+t

__J
@ T\
_/
Status on @ QStatus on

Device 1 Device 1
Figure 7. Status read timing application example

SYSTEM DESIGN NOTE: If the R/B pin signals of multiple devices are common-wired as shown in the diagram, the status
read function can be used to determine the status of each individually selected device.

Auto Page Program

/
110 —{70R)- { ; \[

The TC5816 implements the automatic page program operation after receiving 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 detail timing chart.)

% \/_/\12/ 70 @ -

Data Input Address Data Input Program Status read Fail
Command input 0~-263 command command
R/B \ / R/B turns to Ready after completion

automatically.

Data input

1 The data is transferred (programmed) from the register to

the selected page at the rising edge of WE following the “10H”

v\ command input. The programmed data is transferred back to
/ the register after programming to be automatically verified by
the device. If the program does not succeed, the above pro-

Selected gram/verify operation is repeated by the device until success
page or the maximum loop number set in the device.

Figure 8. Auto Page Program
D-88 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY

Read & Verification

Program /




NV16030496 NAND EEPROM TC5816ADC

Auto Block Erase

The block erase operation starts with the rising edge of WE after the erase execution command “DOH” (which follows the
erase setup command “60H"). This two cycle process for erase operations acts as an extra layer of protection from accidental -
erasure of data due to possible external noise. The device automatically executes the erase and verify operations.

Auto Block Erase

Pass
O—C E
.
Block address : Fail
Input : 2 cycle :
_ : -
RiB Erase execution ~ Busy ' Status read
command command
Select
block
£ 3
Block erase

Figure 9. Auto Block Erase Operation
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Suspend/Resume

Because a block erase operation can keep the device in a busy state for an extended period of time, the TC5816 has the abil-
ity to suspend the erase operation to allow program or read operations to be performed on the device. The block diagram and
command sequence for this operation are shown below. (Refer to the detail timing chart)

—— = Y —

Select Input erase operati L |

block Suspend command input resume
— —
:J {, ~ ~

pn
=~ =

W
)
1)

C

lsuspend the erase operation

6~

>

Block adress ( Suspend operation

input

Figure 10. Suspend /Resume Operation

The suspend/resume cycle can be repeated up to 20 times during a block erase operation. After the
resume command input, the erase operation continues from the point at which it left off and does not have to restart.

Reset

The reset mode compulsorily stops all operations. For example, in the case of a program or erase operation, the regulated
voltage is discharged to OV and the device will go into a wait state. The address and data register are set after a reset as follows:

e Address Register  : All “0”

¢ Data Register DAl

e Operation Mode  : Wait State

The response after a “FFH” reset command input is as follows:
e [f the reset (FFH) command is input during programming: Figure 11
o) D
(80 ) {10 ) { Ff ),
Internal Vpp \
RE \ 1

Register set

®

trsT( = 1045)
o [f the reset (FFH) command is input during erasing: Figure 12
GO GO (-
Internal erase -
voltage ________/_—_\
S | |

>

trst (= 1ms)
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o If the reset (FFH) command is input during the read operation: Figure 13

w ]

trsT ( = 5us)

o [f the reset (FFH) command is input after suspend: Figure 14
— & G
Do BO FF
This reset cancels suspend status.
Internal erase
voltage _/_-_\ :
R/B \ , \ ’

trsT( = 545)

o |f the status read command (70H) is input after reset: Figure 15

‘FF‘

{ 70 )=
v‘ — I/ Ostatus : Pass/Fail — Pass

\ ' \ Ready / Busy — Ready

However, the following operation is prohibited. If the following operation is executed, set up for the address and data register
cannot be guaranteed.

70

t———— .
1/0 status : Pass/ Fail — Pass

RE - Ready/Busy — Busy

o |f the reset command is input in succession: Figure 16

(1) (2)
C10) (Fr ) 2 FF

RB \ / The second @ command is invalid if the other

command than ‘FFH’ is input
during this period.
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ID Read

The TC5816 contains an ID code to identify the device type and the manufacturer. The ID codes are read out using the follow-
ing timing conditions:

CLE ’ \
@ [
wo /
/—-——-—14— tagy — P
ALE

R W A S

treaiD '—H

ID read command Address Maker code Device code
00"

Figure 17. ID read timing

Table 5. Code table

1/08 1/07 1/06 1/05 1/04 1/03 1/02 /01 HEX data

Maker code 1 0 0 1 1 0 0 0 98H

Device code 0 1 1 0 0 1 0 0 64H

Refer to AC characteristics for tgeap, tor: tart (Refer to the specification).
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Device Physics

Program Operation

Figure 18 shows the NAND memory cell and details of the programming mechanism. The program operation is used to write

“0” data into an erased memory cell (“1” data cell) using a tunneling mechanism. An example showing the operations necessary to
program ‘0’ data in TR1 and “1” data in TR2 follows:

(1) The select lines are activated so that the transistor array is connected to the bit line and disconnected from the ground line.

(2) Vpp (~20V) is applied to the selected word line and an inhibit voltage of VPI (=10V) is applied to the unselected word lines.

(8) The bit line tied to cell transistor TR1 is biased to OV and the bit line tied to TR2 is biased to the inhibit voltage of VDPI
(=10V).

(4) Vpp is applied between the control gate and the channel in TR1, as shown in Figure 18, which causes electrons to be
injected from the channel to the floating gate by a tunneling mechanism.

(6) The injected electrons are captured in the floating gate (which is surrounded by an oxide layer) and will remain, even after
power is cut off, until they are removed by an erase operation.

(6) Although 20 volts is applied to the control gate of TR2, the voltage difference between the control gate and the channel is
only 10V because the voltage of the channel is 10V. Therefore, tunneling does not take place. (i.e. electrons are not
injected into the floating gate.)

(7) Tunneling does not take place in the unselected pages because of the 10V (VPI) being applied to the unselected word lines
which again makes the voltage difference between control gate and channel only 10 volts. Thus, the floating gate of the “0”
cell is charged to “minus” and that of the “1” cell is charged to “plus”.

Vep (V) it line \VfPl (=10V) —
/ Vpp ( = ZOV)
Select linet + +
(=10V) VPI H H (Word line1)
VPI EH EH (Word line2) o
VPI ,E% ’é',;i (Word line3) ov
(=20Vv) VPP H H (Word lined)
VPI TR‘E:/: TR2§-}{r (Word line5) \ JT A
VPI C:H I:H (Word line6)
vl :..L-r DH— Word line?) TR2 Vep (=20V)
Vl;’l !_.H !__,','ﬁ (Word§ line8) i
Vl;l ‘EIH lEH (Word: Iine‘lﬁ).
Select line2 L ; i VDPI (= 10V)
77';' 7); Z/NDPI
Select linet ¥ <
O N \
..__I'Ij .,_J_l_‘ 77L

Figure 18. TC5816 Program Device Physics
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Erase Operation

Figure 19 shows the NAND memory cell and details of the erase mechanism. The erase operation is used to turn the “0” (pro-
grammed) cells back to “1” in a block. Zero volts is applied to the control gate and Vpp (~20V) is applied to the substrate so that a
20 volt potential is created and the electrons in the floating gate are pulled out through tunneling.

open open

Select line +

te

ooV 1 ov
ov [ t [
ov H
ov iﬁ
16 word line < ov H m —>open
(1 block) ov " >_l Yvvy Iﬁ
C {
o0 . I
\ ov # Vpp (=20V)

Select line t qj‘l
[ [

Vep (= 20V) Vpe (=20V)

Figure 19. TC5816 Erase Device Physics

Read Operation

The state of the memory cell is either “0” (minus charge on the floating gate) or “1” (plus charge on the floating gate) after pro-
gramming. Each state is indicated as the “threshold voltage (Vth)” which is a characterization parameter of the MOS transistor as
shown in Figure 20. The threshold voltage of a transistor with “0” data falls within the “plus” distribution while the threshold voltage
of a transistor with “1” data falls within the “minus” distribution. The distribution band depends on transistor fluctuations.

Threshold
value ‘0’ Data cell
\%
V TH
(Vrn) Distribution
+
0 N
- ‘1" Data cell
Vi
Distribution

Figure 20. V1 Distribution for “0” and “1” data cell
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Figure 21 shows the memory cell and details of the read operation:

(1) Select lines 1 and 2 in the block including the selected page are biased at a high level so that the 16 NAND memory cell
array is connected to the bit line and ground.

(2) Zero volts is applied to the control gates of the selected page and a high level voltage is applied to the control gates of the
unselected pages.

(3) In Figure 21, transistor TR2 with data “1” turns on, transistor TR1 with data “0” turns off, and all other unselected transis-
tors turn on.

(4) The precharged bit line tied to TR2 is discharged through TR2 as cell current flows to ground while the precharged bit line
tied to TR1 remains at a high level because current does not flow. The sense amplifiers tied to the bit lines thus sense the
voltage levels as “1” and “0” respectively.

/ Bit line \
Select linet
L ON L ON
0—-—] L—‘ [
H H ON . L"Hﬂ
H ‘::: o :;.L"“
H :J;E' o ::: N
1! '0' '1'
Selected page ; TR OFF TR2 =7 ON
L 2]
H ::: N '::s on
H :H on ::: on
H S:: o SH N
H L\u ON LHLON
:II / cll
Select line2 O +—
T}: ON /‘J 77‘7—-l ON

Cell current

Figure 21. TC5816 Read Device Physics
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Application Notes and Comments

(1) Prohibition of unspecified commands
The operation commands are listed in Table 1. Data input as a command other than the specified commands in Table 1 is
prohibited. Stored data may be corrupted if an unspecified command is entered during the command cycle.

(2) Pointer control for “00H”, “50H”

The TC5816AFT has two read modes which set the destination of the pointer to either the main memory area of a page or the
redundancy area. The pointer can point to any location from 0 to 255 in read mode (1) and from 256 to 263 in read mode (2). Fig-
ure 22 shows the block diagram of their operations.

0 255 256 263
LA | s
I & &4 !
00H ‘¥ l SOH
00H -
S0H Pointer control |

Figure 22. 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 needs to be input to set the pointer back to region “A” when the pointer control points to region “B”.

00H 80H

W ~——————\ \\,_/
Add Start point Add Start point DIN
A area B area
Start point
O B area
00H
O\._V_/ W —— —— S _)\ /\_ o~
Add | Add | Add DIN
Start pomt Start point Start point Start point
A area B area A area A area

Figure 23. Example for Pointer Set

For programming into region B only, first reset the contents of the data register to “1”s by inputting the FFH (reset) command.

G- (5oR )~ (3o < )
{ 50H ) { 80H ) 10H
Add DIN
Start point
B area
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(3) Acceptable commands after the serial input command “80H”

Once the serial input command (“80H") is input, do not input any command other than the program execution command
(*10H") or the reset command (“FFH") during programming.

we LI LIrLrr
[ —
Address

Internal Vpp input / \
R/B \ /

Figure 24

If a command other than “10H" or “FFH” is input, the program operation is not performed.

<« XX Uy

Other command

In this case, the reset command (FFH) command is
Programming can not be executed. needed.

(4) Status read during read operation

(Al

(o]
o
3
3
o
2
o
(o)
1)
(\')
=}

S

A

'
] 1
] ]
1 1
I ]
1 i
1 1
: i
1 i
5 i
I 1
1 [l
1 1
1 1
1 1
] ]
] 1
[} |
i '

RE \ /
e ' WaWa
N address Status \—!\7
read command Status Status output
input read

Figure 25

The device status can be read out by inputting the status read command “70H” during the read mode. Once the device is set
to the status read mode after a “70H” command input, the device does not return to the read mode.

Therefore, status read during the read operation is prohibited.

However, when the read command “00H” is input during [A], the status mode is reset, and the device returns to the read
mode. In this case, the data output starts from N address without address input.
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(5) Suspend command “BOH”
The following issues need to be observed when the device is interrupted by a “BOH” command during block erasing.

60 DO { BO ) 70
—
" Recovery
time

Figure 26

Although the device status changes from busy to ready after “BOH” is input, the following two cases cannot be distinguished.
-After a “BOH” command input, Busy—Ready
-After an erase operation is finished with “DOH”, Busy—Ready
Therefore, the device status needs to be checked to see whether or not the “BOH” command has been accepted by issuing
a “70H” command after the device goes to ready.
The device responds as follows when a “DOH” command (Resume) is input instead of “70H”.
-“BOH" has been accepted: Erase operation is executed. (The device is busy.)
-“BOH" has not been accepted. (Erase operation has been completed): “DOH” command cannot be accepted.

_ (The device is ready.)
Each case above is confirmed by monitoring the R/B signal.

(6) Program fail

80 10 7 /10 1
O——C> 0 G or——Co>
Address Data Address Data
M input N input

When the programming result for the page address M is “Fail”, do not try
to program the page to address N in another block. Because the previ-
ous input data is lost, the same sequence of “80H” command, address
and data input is necessary.

M YZZzzzzzzzzz2

Figure 27
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(7) Data transfer
The data in page address M cannot be automatically transferred to page address N. If the following sequence is executed,
the data will be inverted (i.e. “1” data will become “0” and “0” will become “1”).

(a0 )— C10 ) (70 )
N —— NS N/
Address
Program

Data

Inverted data will be tranferred.
Data

Figure 28

(8) Block erase after suspend command “BOH”

N TR N
——@ (00 (80 ) (60 )

Block * ‘
address Erase execution Suspend I

A block erase command is prohibited when the device has been suspended by inputting “BOH” during a block erase opera-
tion. Only a program or read operation is allowed during this erase suspend interruption.

(9) Interruption of an erasing block

After a “BOH" command input, neither a program nor a read operation is allowed for the accessed block which is currently in
an erase operation.

— GO -

CO—=C SRS ———
Block I
adc:-cess The interruption of block A is prohibited.

A
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(10) R/B: Termination for the Ready/Busy pin (R/B)
A pull-up resistor needs to be used for termination because the R/B buffer consists of an open drain circuit.

Vee
= R N i
Device —— R/B . Busy ‘5 i
C : : >
_l I ‘ tr

Vee=5.0V

Vss 1.5u5 |- Ta=25°C — 15ns
e . C_ = 100pF

. ) t, 10ns 1
This data may vary by device. We
recommend that you use this data as a 5ns

reference when selecting a resistor value.

0 1KQ  2KQ  3KQ  4KQ
R

Figure 29

(11) Status After Power On
Although the device is set to read mode after power-up, the following sequence is needed because each input signal may not

be stable at power on.
e Operation mode : Read mode (1)
* Address register Al “0”
* Data register . Indeterminate

® High voltage generation circuit ~ : Off state

Power on sequence

oo —GO—

Reset Read mode (1)

(12) Power On/Off Sequence:
The WP signal is useful for protecting against data corruption at power on/off. The following timing is recommended:

)
«

475V _:
45V L

).
«

ViH

Vi ' I Vi

Operation

Figure 30. TC5816 Power On/Off Sequence
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(13) Setup for WP Signal

The erase and program operations are compulsively reset when WP goes low. The WP signal must be kept at a high level
before the 80H/60H command input for the program and erase operations.

If WP goes high after the 80H/60H command input for a program/erase operation, the program and erase operations cannot

be guaranteed.

WE W ........ —
(_’E ceeeeenns __\-_

tww (Min. 100ns)

Figure 31. WP Setup before Programming

tww (Min. 100ns)

Figure 32. WP Setup before Erasing
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(14) In the case that 4 address cycles are input
Although the device may acquire the fourth address, it is ignored inside the chip.

Read operation:

Address input ignored

REB \
Internal read operation start when WE
of the third cycle goes high.

Figure 33
Program operation:

CLE—/____\
a1\

ALE / \

o

Address input

Data input

ignored

Figure 34
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(15) Divided program in the same page (Partial page program)
The device allows a page to be divided into 10 segments (typically) with each page segment programmed individually as follows:

The first programming Z

Data
pattern 2

The tenth programming [ .

The second programming :

Data
Result e [ 5% | [ova a0 |
pattern 2

Figure 35

Note: The input data for unprogrammed or previously programmed page segments must be “1” (i.e. Mask all page bytes out-
side the segment to be programmed with “1” data.).

(16) RE Signal During Read

The internal column address counter is incremented synchronously with the RE clock in the read mode. Therefore, once the &
device is set into the read mode by the “00H” or “60H" command, the internal column address counter can be incremented by
the RE clock before or after the address input. Assuming that RE clocks before the address input and the pointer reaches the last :
column address, an internal read operation (array—register) will occur and the device will be in a busy state. (See Figure 36) i

Address input
A

o

D. Nonolatile

/\\
X
X
T

1/0 —= 00H/50H )

Figure 36

Therefore, RE clocking must occur after the address input.
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(17) Invalid block (bad block)
The TC5816 device contains unusable blocks. Therefore, the following issues must be recognized:

Check if the device has any bad blocks after device installation into the
system. Do not try to access bad blocks. A bad block does not affect the

W-» Bad Block performance of good blocks because it is isolated from the bit line by the
select gate. The number of valid blocks is as follows:

MIN. TYP. MAX. UNIT

2%~ Bad Block Valid (Good) Block Number 502 508 512 | Blocks

Figure 37 shows the bad block test flow.

(18) Error in program or erase operation (Fail at status read)

The device may fail during a program or erase operation due to exceeding write/erase cycle limits, for example. The following
system architecture will enable high system reliability if a failure occurs.

Program

Buffer
memory Y

error occurs

Block A

When an error happens in Block A, try to reprogram the data
into another (Block B) by loading from an external buffer. Then,
L prevent further system accesses to Block A (by creating a “bad
blocks” table or another appropriate scheme.)

) I

(¢

7

S Block B

Erase

When an error occurs for an erase operation, prevent future accesses to this bad block (again by creating a table within the
system or other appropriate scheme.)
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Bad Block Test Flow

Block No = 1

C: Checker board pattern

C: Checker board pattern

Blank check: 1 Block read (FFH)

The blank check operation detects

“0"s resulting from factory block testing.

Any new devices having “0”s in a block indicates
that the block is bad.

Block No = 1

Pass

y Pass

B No. = B No. + 1}<e——

No

Bad

Pass Block B No. = 512

b Pageé
/C-PattProg

Pass

Pass

Yes

B No. =512 No

Figure 37. Bad Block Test Flow
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Outline Drawings

FDC-22 Unit: mm
37,0291
)

S
3

gl ¢

’
o> /
a
2.4 2MIN H 0.78:+ 0.08

1 7

-

B8 B
E: Write protect area 2
F: The distance between the sur- o d
face of D and all contact area is
less than 0.1mm. . ll’l-
G: Index area z
= s
“\_ | 3
i 20] 2 ||

Contact area(2: 1)
Weight: 0.48g (typ.)

Attention

(1) Avoid bending or subjecting the card to sudden impact.
(2) Avoid touching the connectors to protect against damage from static electricity.
This card should be kept in the antistatic film case when not in use.
(8) Toshiba cannot accept and hereby disclaims liability for any damage to the card including data corruption that may occur because of mishandling.
1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.
2. LIFE SUPPORT POLICY

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.

@

The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. Al information in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TOSHIBA

TC5832FT |

PRELIMINARY
32Mbit (4M x 8 BIT) CMOS NAND EEPROM (5V)

Description

The TC5832FT is a 5 volt 34M (34,603,008) bit NAND Electrically Erasable and Programmable Read Only Memory (NAND
EEPROM) organized as 528 bytes x 16 pages x 512 blocks. The device has a 528 byte static register which allows program
and read data to be transferred between the register and the memory cell array in 528 byte increments. The erase operation
is implemented in a single block unit (8k bytes + 256 bytes: 528 bytes x 16 pages).

The TC5832FT is a serial type of memory device which utilizes the I/O pins for both address and data input/output as well
as command inputs. The erase and program operations are automatically executed making the device most suitable for
applications such as Solid State File Storage, Voice Recording, Image File Memory for still cameras, and other systems which
require high density, non-volatile memory data storage.

Features Pin Names
¢ Organization I/04_.g |VO Port
- Memory cell array : 528 x 8K x 8 CE Chip Enable
- Register 1528 x 8 —— -
- Page size : 528 bytes W_E Write Enable
- Block size : (8K + 256) bytes E Read Enable
° Mode : Read, Reset, Auto page CLE Command Latch Enable
program, Auto block ALE Address Latch Enable
erase, Suspend/ WP Write Protect
Resume, Status read R/B Ready/Busy
e Mode control : gerial inp;;t/outpult oP Option Pin
ommand control
« Package :400mil TSOP Type Il Voo | Power Supply
- TC5832FT : TSOP44-P-4008 Vss | Ground
(0.48g typ.) OP: GND Input: 528 Byte/Page Operation
« Power supply ; VCO = 5.0V+0.5V Vee Input: 512 Byte/Page Operation
o Access time Pin Connection (Top View)
- Cell array - Register : 10us max. TC5832FT
- Seria| Read Cyole : 50ns max. ez T j ......... :
e Operating current : 2‘3‘ :I%%C
- Read (50ns cycle) : 15mA typ. 2 OFrE
- Program (ave.) : 40mA typ. 41 '_'le/E
) . S 40.0Qp..;
Erase (ave.) : 20mA typ. nedle 39N
- Standby : 100uA N 07 38 OIN.C.
® Operating temperature :0~70°C Nnc. Os 37 ONC
Nc. Og 36 IN.C.
Nc.O10 35 AN.C
1 34
12 33
Nc O3 32 dNC
N.C O 14 31 N.C
N.c. O 1s 30 I N.C
N.C. O 16 29 ONC
SNCE 728 NG
1701018 27d1o8
1702019 26 d1/07
1703020 25 Ji/06
1704021 24 [J1/05
ivs22 o 2PV !
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Block Diagram
Vce GND

H

Fl Status register }4—
VO 1 04— /6 Control Address register |L* » Column buffer
: r
8 Cirg:it ° KL 22270, 97 p| Column decoder
/0 80€¢—> —>| Command registeﬂ ZI7% //74? Data register
4 | o] Sense amp. |
| A A 4
CE o—> g R \%
w
CLE O— gala
ALE O——— Logic > C?ntrgl ? g g Memory
WE o——»{ control crcuit b| d cell array
J— u e
RE O—»] fl 6
WP O0—» é d
r
A A
R/B O
R/B ‘ | HV generator |
Maximum Ratings
SYMBOL ITEM RATING UNIT
Vbp Power Supply -0.6 ~7.0
Vin Input Voltage -0.6~7.0 Vv
Vio Input/Output Voltage -0.6V ~ Vg + 0.5V (£7.0V)
Pp Power Dissipation 0.5 W
TsoLper | Soldering Temperature (10s) 260
Tsta Storage Temperature -55 ~ 150 °C
Topr | Operating Temperature 0~70
Capacitance* (Ta = 25°C, f = 1MHz)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Cin Input Capacitance Vin=0V - 5 10 F
Cout | Output Capacitance Voyt =0V - 5 10 P
*This parameter is periodically sampled and is not 100% tested.
D-108 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY



=

NV32010196 NAND EEPROM TC5832FT

Valid Blocks (1)

TC5832FT
SYMBOL PARAMETER UNIT
MIN. TYP. MAX.
Nyg Valid block number 502 508 512 Blocks

(1) The TC5832FT includes unusable blocks. Refer to notification (17) toward the end of this document.

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vee Power Supply 4.5 5.0 5.5
ViH Input High Voltage 22 - Vee + 0.5 \
ViL Input Low Voltage -0.3* - 0.8

* -2V (pulse width < 20ns)

DC Characteristics (Ta = 0 ~ 70°C, V¢ = 5.0V+0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Iy Input Leakage Current Vin=0V ~ Ve - - +10
Lo Output Leakage Current Vout =0.4V ~ Ve - - +10 HA
lcco1 | Operating Current (Serial Read) %ﬁ:!'(')-m A teycle = 50ns - 15 30
lccos | Operating Current (Command Input) | tycle = 50ns - 15 30
lccoa | Operating Current (Data Input) teycle = 50ns - 40 60
lccos | Operating Current (Address Input) toycle = 50ns - 15 30 mA
lcco7 | Program Current - - 40 60
lccos | Erasing Current - - 20 40
lccst | Standby Current CE =V - - 1
lccsz | Standby Current CE=Vgg-0.2V - - 100 nA
Vou High Level Output Voltage lon = - 400pA 24 - - v
VoL Low Level Output Voltage loL=2.1mA - - 0.4
IoL(R/B) | Output Current of (R/B) pin VoL = 0.4V - 8 - mA
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AC Characteristics (Ta = 0 ~ 70°C, Vg¢ = 5.0V+0.5V) (1)
SYMBOL PARAMETER MIN. MAX. UNIT NOTES
toLs CLE Setup Time 0 - ns
toLH CLE Hold Time 10 - ns
tcs CE Setup Time 0 - ns
tcy | CE Hold Time 10 - ns
twe Write Pulse Width 25 - ns
taLs ALE Setup Time 0 - ns
taLH ALE Hold Time 10 - ns
tps Data Setup Time 20 - ns
toH Data Hold Time 10 - ns
twe Write Cycle Time 50 - ns (2
twq | WE High Hold Time 15 - ns
tww | WP High to WE Low 100 - ns
taR Ready to RE Falling Edge 20 - ns
trp Read Pulse Width 25 - ns
tre Read Cycle Time 50 - ns
tReA RE Access Time (Serial Data Access) - 35 ns
tcen CE High Time at the Last Address in the Serial Read Cycle 100 - ns (4)
treap | RE Access Time (ID Read) - 35 ns
toH Data Output Hold Time 10 - ns
tryz | RE High to Output High Impedance - 30 ns
tohz CE High to Output High Impedance - 20 ns
trey | RE High Hold Time 15 - ns
R Output High Impedance to RE Rising Edge 0 - ns
trsto | RE Access Time (Status Read) - 35 ns
tcsto | CE Access Time (Status Read) - 45 ns
tryw | RE High to WE Low 0 - ns
twnc | WE High to CE Low 30 - ns
twir | WE High to RE Low 30 - ns
taAR1 ALE Low to RE Low (ID Read) 100 - ns
tcr | CE Low to RE Low (ID Read) 100 - ns
tr Memory Cell Array to Starting Address - 10 us
twg | WE High to Busy - 200 ns
tage ALE Low to RE low (read cycle) 50 - ns
tre RE Last Clock Rising Edge to Busy (Sequential Read) - 200 ns
tcry CE High to Ready (in case of Interception by CE in Read Mode) - 600 ns 3
trsT Device Resetting Time (Read/Program/Erase/after Suspend Command) - 56(/)10% us
AC Test Conditions
Input Level 2.4V/0.6V
Input Comparison Level 2.2v/0.8V
Output Data Comparison Level 2.0v/0.8V
Output Load 1TTL and C (100 pF)
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(1) Transition time (t) = 5ns.

(2) In the case that CLE, ALE, CE are input with clock, tyg exceeds 50ns.

set - up time + hold time + twp + txx + 4t1
Ons 10ns 25ns 20ns

e X

(ex.)

txx
CE SL 4 /
tr tr=> T T e
WE 7)\ ZFT | __\,\__/_—
setup o= hold time set |up time
twe

(3) CE high to Ready time depends on the pullup resistor tied to the R/B pin. (Refer to notification (10) toward the end of this
document.).

(4) If CEreturns to a high level after accessing the last address (527) in read modes (1), (2) or (3), the CE high time must keep
equal to or greater than 100ns when the delay time of CE against RE is 0 to 200ns as shown below. In the second case,
the device will not turn to a “Busy” state when the CE delay time is less than 30ns.

tcen = 100ns N
—C-E *Viy or Vi,
.
e m®
525 526 527
509 510 511
R/B ® :0~200ns - tcey = 100ns
Busy ® :0~30ns - Busy signal is not output.
Programming and Erasing Characteristics (Ta = 0 ~ 70°C, V¢ = 5.0V+0.5V)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
tprog | Average Programming Time 300 1500 us
N Divided Number on Same Page 3 (1)
tgerase | Block Erasing Time 6 50 ms
tsr Suspend Input to Ready 0.5 ms
tev Erase verify time 6 us
Npe Number of Program/Erase Cycles 250K 1x 108

(1) Refer to notification (15) toward the end of this document.

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. D-111



TC5832FT NAND EEPROM NV32010196

Timing Charts
( %EE) Wemp time hold time W/////////
WE \ f
Vi or Vi
CLE tews te \

twp

it

Vi or Vi
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Address Input Cycle

teus
R EE——
. tcs

twe twe twp

05 || tow 05 || tow

Data Input Cycle

D. Non-Volatle

CLE

~
[a)
o
x

[a)
mj
x

ALS 4
———> WC
ALE
1

twp twn twp twp

™ A W e W

tos || ton tos

vior v OB T e N
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Serial Read Cycle

tre

CE
3
tReH
DL IR tre
‘ f - a———— B
R i;—‘h X . S'C 3 tenz
‘ toH o
trea trea toH trea
<> tRPLZ
TRHZ > tRHZ
1/O1~8 L " i .
tRR ‘
33
AL}
R/B z
Status Read Cycle
E L, teus
CLE /
tas !
"‘LH
tes
= 7 V2000000
1
tcnl testo
w= twe |
v f twhe tcHz
tWHR
h-’ toH
) c ' i l It—— trRHZ
tos H
bl L—ﬂ trsTO
Status
Yore 70H" 1 output
RB /

D-114
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Read Cycle (1)

CLE tas

ten
e
tcs ten
A A
twg
— Y\ 7 N R i \ by
" tats ! { ! h
|~ B 1 tar2 tery
ALE
tws 1 TRC
ALH | RR S S
RE
25 ton tos|ltoy 105||tow _tos|] ton
1 = T [<trea

~ 4 Pout 0 Dour

/01 3% 00H A0~A7 AI~A16 a17~a2{} N N‘i”; N+2
Column address
N

¥

v \ * O.P. =GND input : DIN 527
L——_—/ Vi or Vi, =Vce 1;23: : DINS11

Read Cycle (1): Interception by CE

CLE tous
teH

T A A i

e £ U A O
WE ‘ A \ Z \ f f R
taLs tcHz
[~ & [ tar2
ALE
tws 1 trC
ALH AR
% t
tDS ¢ 1 RHZ
DS DS ||+, tos|| t,
r—» ton lexd | 1DH el | 'OH & letrea ton
‘ i
|/O1~8%I 00H A0~A7 A9~A16%17~A2 ; 5%ur> < gclur >_< Dour
i

Column Address
N

* Read Operation by 00H Command N:0~255 \.: /

Read Operation by 01H Command N:256~511

R/B

Vg or Vi
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Sequential Read Timing

CLE \

/01-8 a17~A29)
T

aurvavaVa

column page W
address address
N M

g

D et e O a € €2t

% Vi or Vi,

-

!

page M+1
access

* O.P. =GND input : Doyr 527

=Vcc input  : Doyt 511
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Read Cycle (2)

CLE _/Es__tcTR
P A A

— Y N { y y t
LW \/ \ "
taLs twe 1 taR2
tawH
ALE ‘_—“’_]f
' taLH > | tre
tos|| ¢, tos ||t
DH DH tRR fe>] thea .
column address 256 +M 256+M+1
M
I

RB \ / ** 0.p. =GND input : Doyt 527
=Vcc input @ Doyr511
% Vig or Vy

Read Cycle (3)

CLE tas  taw )\

N A A A
we N\ J L\ N\

taLs twe < tAR2

ALE o J

! tatk tre

tos ton tos N : kﬂ/_
> l OH tRR trea P
01-8 50H m AO~A7 §A9~A16XA17~A2 ) @-—l
512+M+1

column address 512+M
M

RiB \ / ** 0.P. =GND input : Doyt 527
P Do not input V¢c

Viy or Vi

A
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Auto Program Operation Timing Chart

“« N e\

tews = tas
T

=\ A — b D D

s |<-> ten

LIRS R VAVAY s ¥ A

taLH tALH teroG

taLs ‘
v I | 2,

RE % ./
tos tos tps tos
1~ [tpH +—HetoR <> ton (<> | toH
re=| ] *
. _ N _ Din 4 Status
/01-8 80H A0~A7 XA9 AIGXAU AZHL 0 ’ K 70H output

] vis or v * OP. =GND input : DIN527

=Vcc input @ DINS11

** Do not collide data input
with data output.
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Auto Block Erase Timing

CLe J% : %////////////////4 %//
[ V)i @ %

ssssss

N

i
** Do not collide data input s
with data output.

Vig or Vi
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« L . —zZ"
[ —\L ‘w:cu 5 W tes %;
nlnSaWallVea ;s |
= !
UO1—g X 60H %WMLAN%DOH é ﬂj—%z
" \ e,

taw

(a) : Continued
** Do not collide data input with data

Status
output

4 v or W
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ID Read Operation

CLE \
tous
ten tas

fos e tcs
CE 5
TaLH
WE \ \ ] ‘e
tats

A tcs tar1
ALE ] i

=T w L S\
toH
1o1-8 X [\ F—\ —\
4 90H s { 0'0 4 4 9§H y { GB.H )
tREAID4e—>]  : tREAID je—>} :
: : : Viy or V
Address Input Maker Code Device Code ///% H L

B Neeiatie
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Pin Function
The TC5832FT is a serial access memory in which address and data information is multiplexed. The device pinout is shown in
Figure 1.

Command Latch Enable: CLE

The CLE input signal is used to control the acquisition of the operation mode CLE
command into the internal command register. The command is latched into the

. ) ALE
command register from the I/O port at the rising edge of the WE signal while CLE WE
is high. R

P

Address Latch Enable: ALE

The ALE signal is used to control the acquisition of either address information

or input data into the internal address/data register. Address information is latched 1701
at the rising edge of WE if ALE is high. Input data is latched if ALE is low. 1702
1103
Chip Enable: CE 1104
___ The device goes into a low power standby mode during a read operation when Vss

CE goes high. The CE signal is ignored when the device is in the busy state

(R/B = L) during a program or erase operation and will not go into standby mode if

a CE high signal is input. The CE signal must stay low during the read mode busy
state to ensure that the memory array data is correctly transferred to the data register.

Figure 1. TC5832FT Pinout

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 the serial data output. Data is available trea after the falling edge of RE. The internal column address
counter is also incremented (Address + 1) with this falling edge.

1/0 Port: 1/01 ~ 8

The I/O 1 ~ 8 pins are used as the port for transferring address, command and input/output data information to or from the
device.

Write Protect: WP

The_w signal is used to protect the device from inadvertent 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 the input signals are
invalid.

Ready/Busy: R/B

The R/B output signal is used to indicate the state of the device. The R/B signal indicates a busy state (R/B = L) during pro-
gram, erase, or read operations and will return to a ready state (R/B = H) after completion. The output buffer of this signal is an
open drain.

Option Pin: OP

The OP signal is used to change the page size. The device is in the 528 byte/page mode when OP = GND, and 512 byte/
page mode when OP = Ve,
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Schematic Cell Layout and Address Assignment
The program operation is implemented in a page unit while the erase operation is carried out in block units.

1 .
P S IR o /01
[~ ’512 ) ’15 1/08 A page consists of 528 bytes in which 512 bytes are
= aen: for main memory and 16 bytes are for redundancy or other
Lt uses.
il /E 4 1 Page = 528 bytes;
[P R— LSS S 1 Block = 528 bytes x 16 pages = (8K + 256) bytes
el ; ) 16page — 1block Total device density = 528 bytes x 16 pages
8192 s : : x 512 blocks
page ! ! = 34M bits (4.325M bytes)
512 block ! E The address is acquired through the I/O port using
¢ j_ ! three consecutive clock cycles as shown in Figure 3.
J S— L S
et i
4 1
s ! 81/0
528
Figure 2. TC5832 Schematic Cell Layout

vor [ voz | wos [ wos [ wos | wos [ wor | wos | 0Tl Songedess
First cycle A0 Al A2 A3 A4 A5 A6 A7 ( A13 ~ A21: block address
Second cycle A9 | A0 | AI1 | A12 | A13 | A14 | A15 | Ate |VA9~AT1Z: Nﬁ'\é‘% ?Sdf ess

i

Third cycle A17 A18 A19 A20 A21 L L *L

* A8 is initially set to “Low” or “High” by “00H” Command or “01H" Command.
*1/0 6 ~ 8 during the third cycle must be set to low level

Figure 3. Addressing

Operation Mode: Logic and Command Tables

The operation modes such as program, erase, read, erase suspend, and reset are controlied by the eleven different com-
mand operations shown in Table 2. The address, command input, and data input /output are controlled by the CLE, ALE, CE,
WE, RE, and WP signals as shown in Table 1.
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Table 1. Logic Table

CLE ALE CE WE RE wP

Command input H L L N H *
Data input L L L niy H *
Address input L H L |fx H

Serial data output L L L H < r .
During programming (Busy) * * * * " H
During erasing (Busy) * * * * " H
Program, Erase inhibit * N . . . L

H=Vi, L=V, "= Vg or Vi,

Table 2. Command Table (HEX data)

ACCEPTABLE
FIRST CYCLE SECOND CYCLE COMMAND

DURING BUSY
Serial data input 80 -
Read mode (1) 00 -
Read mode (2) 01 -
Read mode (3) 50 — Bit assignment of HEX data

{Example)
Reset FF - J
Auto program 10 - Serial data input : 80H
Auto block erase 60 DO
/_'—M

Suspend in erasing BO - \f l1l°L°l°|°|°l°l°l
Resume Do - W08 ; ¢ 5 4 3 2 VOI
Status read 70 - J
ID read 90 -

Once the device is set into the read mode by the “00H”, “01H” or “50H” command, additional read commands are not
needed for sequential page read operations. Table 3 shows the operation mode for reads.

Table 3. Operation mode for reads

CLE ALE CE WE RE 1/01 ~1/08 POWER
Read mode L L L H L Data output Active
Output deselect L L L H H High impedance Active
Standby L L H H * High impedance | Standby
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Device Operation

Read Mode (1)

Read mode (1) is set by issuing a “O0H” command to the command register. Refer to Figure 4 below for timing details and
block diagram.

ae _ [\

«\_7A 7 P

Ve Ve Vet
-

ALE / \

A data transfer operation from the cell array to
the register starts at the rising edge of WE in the third
cycle (after latching the address information). The
device will be in a busy state during this transfer
period. The CE signal must stay low after the third
ell array address input and during the busy state.

After the transfer period the device returns to a
ready state. Serial data can be output synchronously
with the RE clock from the designated starting
pointer indicated during the address input cycle.

M) 511 or 527
1

v

Select page —
N

~
~

Figure 4. Read mode (1) operation

Read Mode (2)

ALE [ \

W —\_/___\J—_\_/_m\f\r
/

R/B N \x Busy /
M =

Start address input

256 "I" S11 or 527 The operation of the device after inputting 01H is the
1 same as Read Mode (1). In case of setting the starting
pointer after column address 256 use Read Mode (2).
However in case of sequential read, the output of
the next page starts from column address O.

Select page

N Cell array

Figure 5. Read mode (2) operation
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Read Mode (3)

Read mode (3) has the same timing as read mode (1) and (2) but it is used to access information in the extra 16 byte redun-
dancy area of the page. The starting pointer is therefore assigned between byte 512 and 527.

ae [

Address AO - A3 are used to set the starting pointer for the
= I 1 redundant memory cell while A4 - A7 are ignored. Once the
e “50H" command is set, the pointer moves to the redundant cell
locations and only those 16 cells can be addressed regardless of
the A4 - A7 address (The “00H” command is necessary to move
the pointer back to the 0 - 511, main memory cell locations.)
Read mode (3) cannot be guaranteed when OP is V.

»
«
b))
2

Figure 6. Read mode (3) operation

Sequential Read (1)(2)(3)
This mode allows sequential reads without additional address input.

~— ta S~—— tn ~— ta
Address input —ouun 3 Data output —> Data output >
R/B
Busy Busy . Busy
0 527 (01H) (SOH') 512 527
NN —
B : B— @
Sequential read (1) Sequential read (2) Sequential read (3)

Sequential read mode (1) and (2) outputs addresses 0 to 527 as shown above while sequential read mode (3) outputs the

redundant address locations only. When the pointer reaches the last address, the device continues to output the last data ** with
each RE clock signal.

**OP = GND input: column address 527.
Ve input: column address 511.
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Status Read

The TC5832FT 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, determines the pass /fail result of a program or erase operation,
and determines if the device is in a suspend or protect mode. The device status is output through the I/O port using the RE clock
after a “70H” command input. The resulting information is outlined in Table 4.

Table 4. Status output table

STATUS OUTPUT
/01 Pass/Fail Pass: “0” Fail: “1”
/0 2 Not used “0”
/03 Not used “0”
I/O 4 Not used “0”
1105 Not used “0”
1106 Suspend Suspended: “1” Not Suspended: “0”
/o7 Ready/Busy Ready: “1” Busy: “0”
1/0 8 Write protect Protect: “0” Not Protect: “1”

The Pass/Fail status on I/O 1 is only valid when the device is in the ready state. The device will always indicate a pass status
while in the busy state.

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

C_j\ CE; CE; CEn CEn 4t
CLE ——
ALE Device Device Device Device Device
WE O 1 o 2 q 3 I N — 9 N+t
RE o o o e —

2727777277277 7727272227222

_/
I\
Status on D \A{Status on

Device 1 Device 1

\J
o] (7or) )
\4(

Figure 7. Status read timing application example

SYSTEM DESIGN NOTE: If the R/B pin signals of multiple devices are common-wired as shown in the diagram, the status
read function can be used to determine the status of each individually selected device.
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Auto Page Program

The TC5832FT implements the automatic page program operation after receiving a “10H” program command after the
address and data have been input. The sequence of commmand, address, and data input is shown below. (Refer to the detail tim-

ing chart.)
N\ P
@\/ \/_/\10/ 70 @ =
Program .
Data Input Address Data Input  command Status read Fail
Command Input 0~527 When O.P.=GND command
0~511  When O.P.=Vcc
RB \ |/ - .
R/B turns to Ready after completion
Data input . automatically.

Program / \ Read & Verification

The data is transferred (programmed) from the register to the
& selected page at the rising edge of WE following the “10H” com-
selected b mand input. The programmed data is transferred back to the regis-
page ter after programming to be automatically verified by the device. If

the program does not succeed, the above program/verify operation
is repeated by the device until success or the maximum loop num-
ber set in the device.

Figure 8. Auto page program

Auto Block Erase

The block erase operation starts with the rising edge of WE after the erase execution command “DOH” (which follows the
erase setup command “60H”"). This two cycle process for erase operations acts as an extra layer of protection from accidental
erasure of data due to possible external noise. The device automatically executes the erase and verify operations.

Auto Block Erase

G (o)
60 DO 70
— .
Block address T \ Fail

Input : 2 cycle

_ . .
R/B Erase execution \ Busy ’ Status read

command command

Suspend/Resume

The TC5832FT has the ability to suspend the erase operation to allow program or read operations to be performed on the
device. The block diagram and command sequence for this operation are shown below. (Refer to the detail timing chart)

I —%ﬁﬁ" 3
command
Select | % Input erase operation
block Suspend command input
- —

resume

)
))

23 ~_ ~
»./ =

)
T«
)
149
1)
C

suspend the erase operation

Block adress input <‘ Suspend operation

220

Figure 9. Suspend /Resume Operation
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The suspend/resume cycle can be repeated up to 20 times during a block erase operation. After the
resume command input, the erase operation continues from the point at which it left off and does not have to restart.

Reset
The reset mode compulsorily stops all operations. For example, in the case of a program or erase operation, the regulated

voltage is discharged to OV and the device will go into a wait state. The address and data register are set after a reset as follows:
e Address Register  : All “0”

e Data Register DAl
o Operation Mode  : Wait State

The response after a “FFH” reset command input is as follows:
e |f the reset (FFH) command is input during programming: Figure 10

Ce0 ) (o) Crr))
Internal Vpp \
w ,

Register set :

©

tRsT
(max 10us)
e |f the reset (FFH) command is input during erasing: Figure 11
Coo) G- Coo—
Internal eras :

€ :
voltage :
iRegis(er set
B \ i f<———>5/
R/B H H

+

_NonVolatile

k"

tRsT
(max 500us)

off the reset (FFH) command is input during the read operation: Figure 12

w1\ ]

T
(max 6us)

o |f the reset (FFH) command is input after suspend: Figure 13

—o— &
DO BO FF
T T
Internal erase :
voltage —_/__-—\ ;
R/B \ / \ '

P tRsT :
(max 5us)

his reset cancels suspend status.
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o|f the status read command (70H) is input after reset: Figure 14

{ FF ) { 70 )
\:/*\ 1/Ostatus : Pass/Fail = Pass

_ T = Ready/Busy — Ready
R/B \ ’

However, the following operation is prohibited. If the following operation is executed, set up for the address and data register

cannot be guaranteed.
_—®_@ .
— 1/0 status : Pass/ Fail — Pass
RE —_\——4—‘:!—/ : Ready/Busy — Busy

If the reset command is input in succession: Figure 15

(1) (2) (3)
) p ) TF

R/B \ l The second @command is invalid, but the

third@ command is valid.
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ID Read

The TC5832FT contains an ID code to identify the device type and the manufacturer. The ID codes are read out using the fol-
lowing timing conditions:

CLE ’ \
«\__ [\
T e W

ALE /_—__]‘_ far >

* S B W |

treaip —>| |4

1D read command Address Maker code Device code
“00°

Figure 16. ID read timing

Table 5. Code table
1/08 1107 1/06 1/05 1/04 1/03 1/02 1/01 HEX data
Maker code 1 0 0 1 1 0 0 0 98H
Device code 0 1 1 0 1 0 1 1 6BH

Refer to AC characteristics for treap, tcrs tar1-
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Device Physics

Program Operation

Figure 17 shows the NAND memory cell and details of the programming mechanism. The program operation is used to write

“0” data into an erased memory cell (“1” data cell) using a tunneling mechanism. An example showing the operations necessary to
program ‘0’ data in TR1 and “1” data in TR2 follows:

D-132

(1) The select lines are activated so that the transistor array is connected to the bit line and disconnected from the ground line.

(2) Vpp (~20V) is applied to the selected word line and an inhibit voltage of VPI (=10V) is applied to the unselected word lines.

(3) The bit line tied to cell transistor TR1 is biased to OV and the bit line tied to TR2 is biased to the inhibit voltage of VDPI
(=10V).

(4) Vpp is applied between the control gate and the channel in TR1, as shown in Figure 17, which causes electrons to be
injected from the channel to the floating gate by a tunneling mechanism.

(5) The injected electrons are captured in the floating gate (which is surrounded by an oxide layer) and will remain, even after
power is cut off, until they are removed by an erase operation.

(6) Although 20 volts is applied to the control gate of TR2, the voltage difference between the control gate and the channel is
only 10V because the voltage of the channel is 10V. Therefore, tunneling does not take place. (i.e. electrons are not
injected into the floating gate.)

(7) Tunneling does not take place in the unselected pages because of the 10V (VPI) being applied to the unselected word lines
which again makes the voltage difference between control gate and channel only 10 volts. Thus, the floating gate of the “0”
cell is charged to “minus” and that of the “1” cell is charged to “plus”.

ov Bit line VDPI(=10V) TRT
e \ Vep (= 20V)
Select linet T e I
‘
(=10v) VPl L‘H H— (Word line1) [(eeoe]
ov
VPl t” EH (Word line2) I | l |
Pl E’%& E:'\ (Word line3) >_" ov
(=20v) VPP H ™ H (Word lined) C N \
el TR E’;-r :E:: (Word lines) 7lr
VPI é”, :H (Word line6)
. I:” :;; (Word line7) TR2 Vpp (= 20V)
H H (Word line8)
¢ et i
: i—Ln L!II i
VPl cH et (Word line16) N VDPI (= 10V)
Select line2 } }
77‘: 7; j IS ;
Select linet *- T
- Hh — AL

Figure 17. TC5832FT Program Device Physics
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Erase Operation

Figure 18 shows the NAND memory cell and details of the erase mechanism. The erase operation is used to turn the “0” (pro-
grammed) cells back to “1” in a block. Zero volts is applied to the control gate and Vpp (~20V) is applied to the substrate so that a
20 volt potential is created and the electrons in the floating gate are pulled out through tunneling.

open open
Bit line

Select line “/ \‘

L L

[ oV H ov
ov [ f [
ov tt
ov t
16 t\)/;/ord line < ov :: [m [—>oPen
(1 block) ov " )._,++*+ L——>
C I \
oV t1
K ov 1t Vpp (=20V)

Select line T ¢ T
[ [

Vpp (= 20V) Vpp (=20V)

Figure 18. TC5832 Erase Device Physics

Read Operation

The state of the memory cell is either “0” (minus charge on the floating gate) or “1” (plus charge on the floating gate) after pro
gramming. Each state is indicated as the “threshold voltage (Vth)” which is a characterization parameter of the MOS transistor as “++
shown in Figure 19. The threshold voltage of a transistor with “0” data falls within the “plus” distribution while the threshold voltage
of a transistor with “1” data falls within the “minus”. The distribution band depends on the fluctuation of the transistor.

Threshold e
value \9 Data cell
V TH
O Distribution
+
0 N
- ‘1’ Data cell
Vi
Distribution

Figure 19. Vy Distribution for “0” and “1” data cell
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Figure 20 shows the memory cell and details of the read operation:

(1) Select lines 1 and 2 in the block including the selected page are biased at a high level so that the 16 NAND memory cell
array is connected to the bit line and ground.

(2) Zero volts is applied to the control gates of the selected page and a high level voltage is applied to the control gates of the
unselected pages.

(3) In Figure 20, transistor TR2 with data “1” turns on, transistor TR1 with data “0” turns off, and all other unselected transis-
tors turn on.

(4) The precharged bit line tied to TR2 is discharged through TR2 as cell current flows to ground while the precharged bit line
tied to TR1 remains at a high level because current does not flow. The sense ampilifiers tied to the bit lines thus sense the
voltage levels as “1” and “0” respectively.

/ Bit line \
Select line1 ¢
L oy L on
.,__J—l_.L' .,_I—\_L|
H 11 ON T H ON
LR
H C:H on E“%#’"
H :3H oN E":} —
Selected page L H 2 'E::l
y TR1 1 OFF TRz‘Eﬂgg
H ‘::'r°” d:: N
H ﬁ%: oN C:n on
; o o
Lu_l ON l_llLON
H cll :1[
Select line2 } v +—
7; ON /J -p;‘ ON

Cell current

Figure 20. TC5832FT Read Device Physics
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Application Notes and Comments

(1) Prohibition of unspecified commands
The operation commands are listed in Table 2. Data input as a command other than the specified commands in Table 2 is
prohibited. Stored data may be corrupted if an unspecified command is entered during the command cycle.

(2) Pointer control for “00H”, “01H”, “50H”
The TC5832FT has three read modes which set the destination of the pointer. Table 6 shows the destination of the pointer,

and Figure 21 shows the block diagram of their operations.

Table 6. Pointer Destination 0 255 256 511 512 527
Read mode Command Pointer L A I B I C l

(1) 00H 0-~255 9 Y S PY Y S ISP
@ 01H 256 ~ 511 I
@) 50H 512 ~ 527 }\:

00H —» l

01H — Pointer control

50H —

Figure 21. Pointer control

:

The pointer is set to region “A” by the “00H” command, to region “B” by the “01” command, and to region “C” by the “50H"

command. e
(Example) =
The “00H" command needs to be input to set the pointer back to region “A” when the pointer control points to region “C”. 'g

HE
f-\ O
(o) 80H Z
Start point Start point Add DIN
[«
A area area Start point
C area
/-\
(501 )- 00H
Add ¢ Add ¢ Add DIN
Start pomt Start point Start point Start point
A area C area A area A area
00H (01H ) {80H )
—_— A N\ I
Add Start point Add Start point Add DIN
8
A area area Start point
A area

For programming into region “C” only, set the start point to region “C” with the “50H” command. (To program into region C or
if OP = Vg, it is necessary to reset the contents of the data register to “1” by issuing the “FFH” command in advance.

FFH GG y———50R ) - —(1oH
80H
Add DIN
Start point
C area
FFH (80H ) {_10H )
Add DIN 0~511
0.P.=Vce Start point
A area

Figure 22. Example for Pointer Set
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(3) Acceptable commands after the serial input command “80H”

Once the serial input command (“80H”) is input, do not input any command other than the program execution command
(“10H") or the reset command (“FFH”) during programming.

- g B g g :

Address

internal Vpp input / \
R/B \ /

Figure 23

If a command other than “10H” or “FFH” is input, the program operation is not performed.

Other command . In this case, the reset command (FFH) command is
Programming can not be executed.

needed.
(4) Status read during read operation
/-\ ‘ [A] '.
Command <°°> \,./70

&\ |
w T\ =

e

A [
I
R/B \ i /
1
- ' T \—/_.\—/__ ......
N address Status \——!\ L ]
read command Status Status output
input read
Figure 24

The device status can be read out by inputting the status read command “70H” during the read mode. Once the device is set
to the status read mode after a “70H” command input, the device does not return to the read mode.

Therefore, status read during the read operation is prohibited.

However, when the read command “00H” is input during [A], the status mode is reset, and the device returns to the read
mode. In this case, the data output starts from N address without address input.
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(5) Suspend command “BOH”
The following issues need to be observed when the device is interrupted by a “BOH” command during block erasing.

0

A T
{ DO ) \BE’/ 70
Yo
\

D)

" Recovery
time(500.s)

Figure 25

Although the device status changes from busy to ready after “BOH” is input, the following two cases cannot be distinguished.
-After a “BOH” command input, Busy—Ready
-After an erase operation is finished with “DOH”, Busy—Ready
Therefore, the device status needs to be checked to see whether or not the “BOH” command has been accepted by issuing
a “70H” command after the device goes to readly.
The device responds as follows when a “DOH” command (Resume) is input instead of “70H”.
-“BOH” has been accepted: Erase operation is executed. (The device is busy.)
-“BOH” has not been accepted. (Erase operation has been completed): “DOH” command cannot be accepted.
(The device is ready.)

Each case above is confirmed by monitoring the R/B signal.

(6) Program fail

@v —\v) 0 O ——/—Y ;‘%’ :
Address Data Address  Data ‘; -

M input N input =

2

a

When the programming result for the page address M is “Fail”, do not try
to program the page to address N in another block. Because the previ-

ous input data is lost, the same sequence of “80H” command, address

and data input is necessary.

M 77z 7z

Figure 26
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(7) Data transfer

The data in page address M cannot be automatically transferred to page address N. If the following sequence is executed,
the data will be inverted (i.e. “1” data will become “0” and “0” will be “17).

(oo ) { 80 ) { 10 ) (70 )
~—— Nt —— N—r N’
Address Address ‘

Vzzzzzzzzzzzyzzzzzl Data

Inverted data will be tranferred.
777777777, Data

Figure 27
(8) Block erase after suspend command “BOH”
o o) e
—CO— & B C,
Block
address Erase execution Suspend I

A block erase command is prohibited when the device has been suspended by inputting “BOH” during a block erase opera-
tion. Only a program or read operation is allowed during this erase suspend interruption.

(9) Interruption of an erasing block

After a “BOH” command input, neither a program nor a read operation is allowed for the accessed block which is currently in
an erase operation.

60 \/KD_O/ { B0 ) —~_ DO
33?(?55 The interruption of block A is prohibited.

A
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(10) R/B: Termination for the Ready/Busy pin (R/B)
A pull-up resistor needs to be used for termination because the R/B buffer consists of an open drain circuit.

Vee
Vee R
Device = : Busy ‘e :
—— R/B : : 5 T
_{ 1 C : d . ‘“:c‘
r
Vee=5.0V
Vss 1.5u5 |— Ta=25°C —15ns
C_= 100PF

7JT i
----- — 10ns

. X t, 1.0ps
This data may vary by device. We i “ t¢
recommend that you use this data as a 05 s
reference when selecting a resistor value. e o
| | | |
0 1KQ  2KQ  3KQ  4KQ
R
Figure 28

(11) Status After Power On ;
Although the device is set to read mode after power-up, the following sequence is needed because each input signal may not
be stable at power on. o
| = ) o) -
Power on { FF ) { 00 ) é
Reset Read mode (1) a
Figure 29
(12) Power On/Off Sequence:
The WP signal is useful for protecting against data corruption at power on/off. The following timing is necessary:
. )
45V _:
4.2V <t «
ov 2
CE, WE, RE :
CLE, ALE Vi
_ ViL H : Vi
WP : :
<— —_—D
: Operation :
Figure 30. TC5832FT Power On/Off Sequence
D-139
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(13) Setup of WP Signal
The erase and program operations are compulsively reset when WP goes low. The following conditions must be met:
Program
we 11 |
DIN — QD;
WP i
s B
R/B Ll |
tww
100ns min
Erase

e N
DIN Iw {00
WP :
1
R/B s : |
tww
100ns min
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(14) In the case that 4 address cycles are input
Although the device may acquire the fourth address, it is ignored inside the chip.

Read operation:

CLE ’ \
CE \
=/ \J\/\A\/
ALE / \ \
o O M W )
> L/ \
00H, 01H, or 50H Address input 1\’& ignored
RB \

Internal read operation start when WE
of the third cycle goes high.

Figure 31
Program operation:

CLE / \

Al

Data input

Address input l

ignored

Figure 32
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(15) Divided program in the same page (Partial page program)

The device allows a page to be divided into 3 segments (typically) with each page segment programmed individually as fol-
lows:

The first programming

Column A Column B
n Page Data Pattern 1 |Gl

The second programming

Column C Column D

n Page : n !

The third programming

Column E Column F
n Page
Result
Column A Column B Column C ColumnD ColumnE Column F
n Page Data Pattern 1’ n Data Pattern2 [ n‘f i Data Pattern3 8 n »

Figure 33

Note: The input data for unprogrammed or previously programmed page segments must be “1”. (i.e. Mask all page bytes
outside the segment to be programmed with “1” data.)

(16) RE Signal During Read

The internal column address counter is incremented synchronously with the RE clock in the read mode. Therefore, once the
device is set into the read mode by the “00H”, 01H” or “50H” command, the internal column address counter can be incremented
by the RE clock before or after the address input. Assume that RE clocks before the address input and the pointer reaches the
last column address, an internal read operation (array—register) will occur and the device will be in a busy state. (See Figure 34)

Address input
A

110 = 00H/01H/50H ) i >..< >_< \>.__—.

Therefore, RE clocking must occur after the address input.
Figure 34
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(17) Invalid block (bad block)
The TC5832FT device contains unusable blocks. Therefore, the following issues must be recognized:

Check if the device has any bad blocks after device installation into the
system. Do not try to access bad blocks. A bad block does not affect the
8ad Block performance of good blocks because it is isolated from the bit line by the
- BadBloc select gate. The number of valid blocks is as follows:

E MIN. TYP. MAX. UNIT

// > BadBlock Valid (Good) Block Number 502 508 512 Blocks

Figure 37 shows the bad block test flow.

Figure 35

(18) Error in program or erase operation (Fail at status read)
The device may fail during a program or erase operation due to exceeding write/erase cycle limits, for example. The following
system architecture will enable high system reliability if a failure occurs.

Program I
Buffer ‘ ‘1
memory Y P
error occurs ]
s
> L‘A 5 é 3
Block A When an error happens in Block A, try to reprogram the 4‘2:‘ .
I data into another (Block B) by loading from an external buffer. @
Then, prevent further system accesses to Block A (by creating
A A a “bad blocks” table or another appropriate scheme.)
S Block B
Figure 36
Erase

When an error occurs for an erase operation, prevent future accesses to this bad block (again by creating a table within the
system or other appropriate scheme.)
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Bad Block Test Flow

Block No = 1

G: Checker board pattern

C: Checker board pattern

Blank check: 1 Block read (FFH)

The blank check operation detects

“0"s resulting from factory block testing.

Any new devices having “0”s in a block indicates
that the block is bad.

Yes
Block No = 1

16 Page Fail

C-Patt Prog

Pass

Read(00H)
l BNo. = BNo.+ 1[4———————

Pass

No
Bad
' Block B No. = 512
6 Page Fail
/C - Patt Prog Yes

Pass

Pass

No

B No. =512

Test End

Figure 37. Bad Block Test Flow
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Outline Drawings

Plastic TSOP TSOP44-P-400B Unit: mm
44 35 32 23 )
BARARAARAN  AAARAARAAE — rg
:
- N
3 3
sl =
O | \
“T;HBHHTTHHH FERIEREIIE. — o S
10 13 22
0.805TYP 0.3+0.05
} b 0.13
18.81MAX
18.410.1 g = o]
- - \f’_
— o
) =
EK g
S 0.510.1

Weight: 0.48g (typ.)
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Notes

D-146 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY



TAEC Regional
Sales Offices

NORTHWEST
San Jose, CA
TEL: (408) 456-8900
FAX: (408) 456-8910

SOUTHWEST
Irvine, CA

TEL: (714) 453-0224
FAX: (714) 453-0125

Dallas, TX
TEL: (214) 480-0470
FAX: (214) 235-4114

CENTRAL
Chicago, IL

TEL: (847) 945-1500
FAX: (847) 945-1044

NORTHEAST
Edison, NJ

TEL: (908) 248-8070
FAX: (908) 248-8030

Boston, MA
TEL: (617) 224-0074
FAX: (617) 224-1096

SOUTHEAST
Atlanta, GA

TEL: (770) 368-0203
FAX: (770) 368-0075

SR12310696

TOSHIBA



