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description

The TMS29LF040 and TMS29VF040 are 524288 by 8-bit (4194304-bit), low-voltage single-supply,
programmable read-only memories that can be erased electrically and reprogrammed. These devices are
organized as eight independent 64K-bylte sectors and are offered with access times between 70 ns and
150 ns.

An on-chip state machine controls the program and erase operations. The embedded-byte program and
sector/chip-erase functions are fully automatic. The command set is compatible with that of JEDEC 4M-bit
EEPROMs. A suspend/resume feature allows access to unaltered memory sectors during a sector-erase
operation. Data protection of any sector combination is accomplished using a hardware sector-protection
feature.

Device operations are selected by writing JEDEC-standard commands into the command register using
standard microprocessor-write timings. The command register acts as input to an internal state machine that
interprets the commands, controls the erase and programming operations, outputs the status of the device,
outputs data stored in the device, and outputs the device algorithm-selection code. On initial power-up
operation, the device defaults to the read mode.

The TMS29xF040 is offered in a 32-pin 8 x 14 mm thin small-outline package (DBW suffix), a 32-pin
8 x 20 mm thin small-outiine package (DD suffix), and a 32-pin plastic leaded chip carrier (FM suffix) using
1.27 mm (50-mil) lead pitch.

PRODUCTION DATA information is current as of date, Copyright © 1987, Texas Instruments incorporated
Products conform o specifications.per the larms of Texsa instruments
standard warvanty, Production processing tdoss not necessarlly Include
testing of all parameters.
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device symbol nomenclature
TMS29LF040  -10 C5 DBW L
Temperature Range Designator
L =0Cto70°C
E = -40°Ct085°C
Package Designator
DD = Thin Small-Outline Package
(B x 20 mm)
DBW = Thin Small-Outline Package
{8 x 14 mm)
Program/Erase Endurance

C5 = 100000 Cycles

Speed Designator
<70 = 70ns
-80 = 80ns
90 = 90ns
-10 = 100 ns
-12 = 120 ns
-15 = 150ns
Ve Range Designator

L= 3.3V 0.3V Vce (Low Volage)
V= 27V~ 3.6VVce (Very Low Voltage)
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block diagram
DQo--DQ7
Vecec ——»{ Ve Detector
Vss —»
y
- Timer | Input/Output Butfers
Command Register
] Erase-Voltage
w Generator
State Control < o | Program-Voltage
| > Generator

E-$ > Chip-Enable

. Output-Enable

G P Logic
v v A 4
a | Column Decoder > Column-Gating
d 84K x 8-Bit Array
d -
r » 64K x 8-Bit Array
e 64K x 8-Bit Array
8

AO-A18 s 84K x 8-Bit Array
L | PowDecode 64K x 8-Bit Array
a 84K x 8-Bit Array
t
c 54K x 8-Bit Array
h > 84K x 8-Bit Array
'y
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 772611443 3413



TMS29LF040, TMS29VF040
524288 BY 8-BIT
FLASH MEMORIES

SMJSE25C ~ SEPTEMBER 1985 - REV@ NOVEMBER 1997

memory-sector architecture

3-414

7FFFFh
64K-Byte Sector 7
70000h
6FFFFh
64K-Byte Sector 6
60000h
S5FFFFh
64K-Byte Sector 5
50000h
4FFFFh
64K-Byte Sector 4
40000h
3FFFFh
64K-Byte Sector 3
30000h
2FFFFh
64K-Byte Sector 2
20000h
1FFFFh
64K-Byte Sector 1
10000h
OFFFFh
64K-Byte Sector 0
00000h
A1B A17 A16 Address Range )
Sector 0 [} 0 0 00000h — OFFFFh
Sector 1 0 0 1 10000h ~ 1FFFFh
Sector 2 4] 1 0 20000h - 2FFFFh
Sector 3 0 1 1 30000h - 3FFFFh
Sector 4 1 0 0  40000h - 4FFFFh
Sector 5 1 0 1 50000h ~ 5FFFFh
Sector 6 1 1 0  60000h - 6FFFFh
Sector 7 1 1 1 70000h - 7FFFFh
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operation

Table 1 summarizes the operation modes.

Table 1. Operation Modes

MODE _ _ _ FUNCTIONST
E G w A0 Al AG A8 DGO ~-DQA7
Read ViL Vip ViH AC Al AG A9 Data out
Output disable Vi ViH ViH X X X X Hi-Z
Standby and write inhibit ViH X X X X X X Hi-Z
Algorithm-selection mode | Vi Vi Vin Vi ViL viL Vip Mir equivalent code 97
ViH Device equivalent code 94h
Write$ ViU ViH ViL AO At A6 A9 Data in
Sector protectd ViL Vip Vip X X X vip X
Sector protect verify$ Vi ViU ViH ViL ViH viL Vip Data out
Seotor unprotect Figi?ee 16 Figﬁ?: 18| VL X X ViH Figi:‘eem X
Sector unprotect verifyd viL ViL ViH ViL Vi ViH Vib Data out
Erase operations ViL VIH N?)teee1 N?)teee1 Nite:1 NS;;;; Niteee1 See Note 1
X can be Vy_or V.

} Sae Table 3 for valid address and data during write.
§ Operation at Voo = 3.3V and Ta, = 25°C.
NOTE 1: See Figure 6 through Figure 8.

read mode

To read the output of the TMS29xF040, a low-leve! logic signal is applied to the E and & pins. When two or more
TMS29xF040 devices are connected in parallel, the output of any one device can be read without interference.
The E pin is power control and is used for device selection. The G pin is output control and is used to gate the
data output onto the bus from the selected device.

The address-access time (tayqy) is the delay from stable address to valid output data. The chip-enable access
time (tg ) is the delay from E =Vy_and stable addresses to valid output data. The output-enable access time
{taLqv) is the delay from G = Vy_to valid output data when E = V||_and addresses are stable for at least the
duration of tayav—-teLav

standby mode

The I supply current is reduced by applying a logic-high level on E 1o enter the standby mode. In the standby
mode, the outputs are placed in the high-impedance state. Applying a CMOS logic-high level on E reduces the
current to 100 pA maximum.

If the TMS29xF040 is deselected during erasure or programming, the device continugs to draw active current
until the operation is complete.

output disable

When sither G = Vjiyor E =V}, output from the device is disabled and the output pins (DQ0~DQ7) are placed
in the high-impedance state.
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algorithm selection

The algorithm-selection mode provides access to a binary code that matches the device with its proper
programming- and erase-command operations. This mode is activated when Vip (11.5 V to 12.5 V) is placed
on address pin A9. Address pins A1 and A6 must be logic low. Two bytes of code are accessed by toggling the
address pin A0 from Vi to V. All other address pins can be logic low or logic high.

The algorithm-selection code also can be read by using the command register, which is useful when V) is not
available to be placed on address pin AS. Table 2 lists the binary algorithm-gelection codes for the
TMS29xF040.

Table 2. Algorithm-Selection Codest

ALGORITHM SELECTION A0 DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DA DQo HEX
Byte 0 0 1 0 0 1 ] 1 1 1 97h
Byte 1 1 1 0 0 1 0 1 ] 0 94h

tat=viL A=V E=v) . G=V
erasure and programming

Erasure and programming of the TMS29xF040 are accomplished by writing a sequence of commands using
standard microprocessor write timings. The commands are written to a command register and input to the
command-state machine (CSM). The CSM interprets the command entered and initiates program, erase,
suspend, and resume operations as instructed. The CSM acts as the interface between the write-state machine
(WSM) and the externai-chip operations. The WSM controls all voltage generation, pulse generation,
preconditioning, and verification of the memory contents. Program and sector/ chip-erase functions are fully
automatic. When the end of a program or erase operation is reached, the device internally resets to the read
mode. If a byte-program or chip-erase operation is in progress, additional program/erase commands are
ignored untit the operation in progress is completed.

command definitions

Device operating modes are selected by writing specific address and data sequences into the command
register. Table 3 defings the valid command sequences. Writing incorrect address and data values or writing
them in the incorrect sequence causes the device 1o reset to the read mode. The command register does not
occupy an addressable memory location. The register stores the command sequence along with the address
and data needed by the memory array. Commands are written by setting € = V_and G = Vyy and bringing W W
from Vi to V). Addresses are latched on the falling edge of W and data is fatched on the rising edge of W.
Holding W = V||_and toggling E is an alternative method. See the byte-program and chip/sector-erase sections
for a more complete description.
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command definitions (continued)

Table 3. Command Definitions?

COMMAND BUS 18T CYCLE | 2ND CYCLE | 3RD CYCLE 4TH CYCLE STHCYCLE | 6TH CYCLE
CYCLES | ADDR DATA | ADDR DATA | ADDR DATA | ADDR DATA ADDR DATA | ADDR DATA
Readt K RA RD
1 XXXXhFOh | RA R
Reset/Read? p
4 5555h AAh | 2AAAh B5h 5585h FOh RA RD
Algorithm selection 4 5555h AAh | 2AAAh 55h 5555h 90h RA RD
Byte program 4 5555h AAh | 2AAAh 55h 5555h AOh PA PD
Chip erase 6 5565h AAh | 2AAAh55h 5555h 80h 5555h AAh 2AAAR 56h 5555h 10h
Sector erase 6 5555h AAh | 2AAAh 55h 5555h 80h 5555h AAh 2AAAN 55h SA 30h
Sector-erase suspend XXXXh BOh | Erase-suspend valid during sector-erase operation
Sector-erase resume XO0h 30h | Erase-resume valid only after erase-suspend
LEGEND:
RA = Address of the location to be read
PA = Address of the location to be programmed
SA = Address of the sector to be erased
Addresses A16, A17, and A18 select one of eight sectors
AD = Datato be read at selected address location
PD = Data to be programmed at selectad address location

T Address pins A15, A16,A17, A18=Vy_or Vyyfor allbus cycle addresses except for program address (PA), sector address (SA), and read address
(RA).

¥ No command cycles are required when the device is in read mode.

§The reset command is required to retumn to the read mode when the device is in the algotithm selection mode or if DQ5 goes high.

reset/read command

The read mode is activated by writing seither of the two reset command sequences into the command register.
The device remains in this mode until another valid command sequence is input into the command register.
Memory data is available in the read mode and can be read with standard microprocessor read-cycle timing.

On power up, the device defaults to the read mode; therefore, a reset command sequence is not required and
memory data is available.

algorithm-selection command

The algorithm-selection command allows access to a binary code that matches the device with the proper
programming and erase-command operations. After writing the three-bus-cycle command sequence, the first
byte of the algorithm-selection code (97h) can be read from address XX00h. The second byte of the code (94h)
can be read from address XX01h (see Table 2). This mode remains in effect until another valid command
sequence is written to the device.

Sector-protection can be determined using the algorithm-selection command. After issuing the three bus-cycle
command sequence, the sector-protection status can be read on DQU. Set address pins A0 = V), A1 =V,
and A8 = V. The sector address pins A16, A17, and A18 select the sector to be checked. The remaining
address pins can be Vy_or V. If the sector selected is protected, DQO outputs a 1 state. If the sector selected
is not protected, DQO outputs a 0 state. This mode remains in effect until another valid command sequence is
written to the device.

byte-program command

Byte programming is a four-bus-cycle command sequence. The first three bus cycles put the device into the
program-setup state. The fourth bus cycle loads the address location and the data to be programmed into the
device. The addresses are latched on the falling edge of W and the data is latched on the rising edge of Win
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byte-program command (continued)

the fourth bus cycle. The rising edge of W starts the byte-program operation. The embedded byte-programming
function automatically provides voltage and timing to program and to verify the cell margin. Any further
commands written to the device during the program operation are ignored.

Programming can be performed at any address location in any order, resulting in logic 0s programmed into the
device. Attempting to program a fogic 1 into a bit that was previously programmed to logic 0 causes the internal
pulse counter to exceed the pulse-count limit. This sets the exceed-timing-limit indicator (DQ5) to a logic-high
state. Only an erase operation can change bits from logic 0s to logic 1s. When erased, all bits become logic 1.
Figure 3 shows a flow chart of the typical device byte-programming operation.

The status of the device during the automatic programming operation can be monitored for completion: using
the data-polling feature or the toggle-bit feature. See the operation status section for a full description.

chip-erase command

Chip erase is a six-bus-cycle command sequence. The first three bus cycles put the device into the erase-setup
state. The next two bus cycles unlock the erase mode and then the sixth bus cycle loads the chip-erase
command. This command sequence is required to ensure that the memory contents are not erased accidentally.
The rising edge of W starts the chip-erase operation. Any further commands written to the device during the
chip-erase operation are ignored.

The embedded chip-erase function automatically provides voltage and timing needed to program and to verily
all the memory cells prior to elactrical erase. Then it erases and verifies the cell margin automaticaily. The user
is not required to program the memory cells prior to erase. The status of the device during the automatic
chip-erase operation can be monitored for completion using the data-polling feature or the toggie-bit feature.
See the operation status section for a full description. Figure 6 shows a flowchart for the typical chip-erase
device operation.

sector-erase command

Sector erase is a six-bus-cycle command sequence. The first three bus cycles cause the device to go into the
erase setup state. The next two bus cycles unlock the erase mode, and the sixth bus cycle loads the
sector-erase command and the sector-address location to be erased. Any address location withir: the desired
sector may be used. The addresses are latched on the falling edge of W and the sector-erase command (30h)
is latched on the rising edge of W in the sixth bus cycle. After a delay of 80 us from the rising edge of W, the
sector-erase operation begins on the selected sector(s).

Additional sectors can be selected to be erased concurrently during the sector-erase command sequence. For
each additional sector to be selected for erase, another bus cycle is issued. The bus cycle loads the next
sector-address location and the sector-erase command. The time between the end of the previous bus cycle
and the start of the next bus cycle must be less than 80 us; otherwise, the new sector location is not loaded.
A time delay of 80 ps from the rising edge of the last W starts the sector-erase operation. If there is a failing edge
of W within the 80-us time delay, the timer is reset.

One to eight sector-address locations can be loaded in any order. The state of the delay timer can be monitored
using the sector-erase delay indicator (DQ3). If DQ3 is logic-low, the time delay has not expired. See the
“operation status” section for a description.

Any command other than erase suspend (BOh) or sector erase (30h) written to the device during the
sector-erase operation causes the device to exit the sector-erase mode and the contents of the sector(s)
selected for erase are no longer valid. To complete the sector-erase operation, re-issue the sector-erase
command sequence.

3-418
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sector-erase command (continued)

The embedded sector-erase function automatically provides needed voltage and timing to program and to verify
afl of the memory cells prior to electrical erase and then erases and verifies the cell margin automatically.
Programming the memory cells prior to erase is not required. The status of the device during the automatic
sector-erase operation can be monitored for completion by using the data-polling feature or the toggie-bit
feature. See the operation status section for a full description. Figure 8 shows a flowchart for the typical
sector-erase device operation.

erase-suspend command

The erase-suspend command (BOh) allows interruption of a sector-erase operation to read data from unaitered
sectors of the device. Erase-suspend is a one-bus-cycle command. The addresses can be Vy_or Vjyand the
erase-suspend command (BOh) is latched on the rising edge of W. Once the sector-erase operation is in
progress, the erase-suspend command requests the internal write-state machine to halt operation at
predetermined breakpoints. The erase-suspend command is valid only during the sector-erase operation and
is invalid during the byte programming and chip-erase operations. The sector-erase delay timer expires
immediately if the erase-suspend command is issued while the delay is active.

After erase-suspend is issued, the device typically takes between 0.1 us and 15 s to suspend the operation.
The toggle bit must be monitored to determine when the suspend has been executed. When the toggle bit stops
toggling, data can be read from sectors that are not selected for erase. Reading from a sector selected for erase
can result irv invalid data. See the operation status section for a full description.

Once the sector-erase operation is suspended, further writes of the erase-suspend command are ignored. The
erase-resume command (30h) causes the device to restan the suspended sector operation, and to erase
additional sectors, reissue the six-cycle sector-erase command sequence. Any other command written while
in suspend mode causes the device to reset to the read mode.

erase-resume command

The erase-resume command (30h) restarts a suspended sector-erase operation from where it was haited to
completion. Erase resume is a one-bus-cycle command. The addresses canbe Vy_orVjyandthe erase-resume
command (30h) is latched on the rising edge of W. When an erase-suspend/erase-resume command
combination is written, the internal pulse counter is reset 1o zero and the exceed-timing-limit indicator (DQ5)
is setto logic-low. The erase-resume command is valid only inthe erase-suspend state. After the erase-resume
command is executed, the device returns to the valid sector-erase state and further writes of the erase-resume
command are ignored. After the device has resumed the sector-erase operation, another erase-suspend
command can be issued to the device.

operation status

status-bit definitions

During operation of the embedded program and erase functions, the status of the device can be determined
by reading the data state of designated outputs. The data-polling bit (DQ7) and toggle-bit (DQE) require multiple
successive reads to observe a change in the state of the designated output. Table 4 defines the values of the
status flags.
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Table 4. Operation Status Flags?

Device Operationt Das DOS D04

Byte programming in progress

Byte programming exceed time fimit

Byte programming complete

Sector-/ chip-erase in progress

Sector-/chip-erase exceed time limit

Sector-/chip-erase complete

-uooUD!Uis
M

~||=fol=i4
al~lolol-]|e
~ x| xlolx]x
s x]xfolx]x
4><><o><><§

SAX XX x

t T= toggle, D= data, X=data undefined
1DQ4, DG2, DAY, DQO are reserved for future use.

data-poiling DQ7

The data-polling status function outputs the complement of the data latched into the DQ7 data register while
the write-state machine is engaged in a program or erase operation. Data bit DQ7 changing from complement
to true indicates the end of an operation. Data-polling is available only during the byte-programming, chip-erase,
sector-erase, and sector-erase timing delay. Data-polling is valid after the rising edge of W in the last bus cycle
of the command sequence loaded into the command register. Figure 10 shows a flow chart for data-polling.

During a byte-program operation, reading DQ7 outputs the complement of the DQ7 data to be programmed at
the selected address location. Upon completion, reading DQ7 outputs the true .DQ7 data loaded into the
program data register. During the erase operations, reading DQ7 outputs a 0. Upon completion, reading DQ7
outputs a 1. Also, data-polling must be performed at a sector address that is within a sector being erased;
otherwise, the status is invalid. When using data-polling, the address must remain stable throughout the
operation.

During a data-polling read, while G is fow, data bit DQ7 may change asynchronously with the other DQs.
Depending on the read timing, the system can read valid data on DQ7, while other DQ pins are stifl invalid. The
data on DQO-DQ7 is valid with a subsequent read of the device. Figure 11 shows the data-poliing timing
diagram. ‘

toggle-bit DQ6

The toggle-bit status function outputs data on DQ6 that toggles between 1 and 0 while the write-state machine
is engaged in a program or erase operation. When toggie-bit DQ6 stops toggling after two consecutive reads
to the same address, the operation is complete. The toggle-bit is only available during the byte programming,
chip erase, sector erase, and sector-erase timing delay. Toggle-bit data is valid after the rising edge of W in the
last bus cycle of the command sequence loaded into the command register. Figure 12 shows a flow chart for
the toggle-bit status read algorithm. Depending on the read timing, DQ6 can stop toggling while other DQ pins
are still invalid. The data on DQO-DQ7 is valid with a subsequent read of the device. Figure 13 shows the
toggle-bit timing diagram.

exceed-time-timit DQ5

The program and erase operations use an internal pulse counter to limit the number of puises applied. If the
pulse count limit is exceeded, DQ5 is set to a logic 1, indicating that the program or erase operation has failed.
DQ7 does not change from camplemented data to true data and DQ6 does not stop toggling when read. The
device must be reset to continue operation.

This condition occurs when attempting to program a logic 1 state into a bit that has been programmed previously
to a logic 0. Only an erase operation can change bits from 0 to 1. After reset, the device is functional and can
be erased and reprogrammed.

3-420
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sector-load-timer DQ3

The sector-load-timer status bit, DQ3, is used to determine whether the time to load additional sector addresses
has expired. After completion of a sector-erase command sequence, DQ3 remains at a logic 0 for 80 ps. This
indicates that another sector-erase command sequence can be issued. If DQ3 is at a logic 1, it indicates that
the delay has expired and attempts to issue additional sector-erase commands are ignored. See the
sector-erase command section for a description.

The data-polling bit and toggle bit are valid during the 80-us time delay and can be used to determine if a valid
sector-erase command has been issued. To ensure additional sector-erase commands have been accepted,
the status of DQ3 should be read before and after each additionai sector-erase command. If DQ3 is at a logic
low on both reads, then the additional sector-erase command was accepted.

data protection
hardware~sector protection feature

This feature disables both programming and erase operations on any combination of one to eight sectors.
Commands to program or erase a protected sector do not change the data contained in the sector. The data
poliling and toggle bits operate for 2 us to 100 us and then return to valid data. This feature is enabled using
high-voltage Vp (11:5 Vto 12.5 V) on address pin A9 and control pin G, and Vy_on controt pin E. Figure 14 shows
a flow chart for the sector-protect operation.

The device is delivered with all sectors unprotected. The sector-unprotect mode is available to unprotect
protected sectors. Figure 16 is a flow chart for the unprotect operation.

sector-protect operation

The sector-protect mode is activated when W = V|, E= V) and address pin A9 and controf pin G are forced
to Vip. The sector-select address pins A16, A17, and A18 are used to select the sector to be protected. Address
pins AQ~-A8, A10-~A15, and /O pins DQO-DQ7 must be stable and can be Vy_or Vi Once the addresses are
stable, W is pulsed low for 100 ps. The operation begins on the falling edge of W and terminates on the rising
edge of W. Figure 15 shows a timing diagram for the sector-protect operation.

sector-protect verify

Verification of sector-protection is activated when W = Vi, G =V, E = V)i, and address pin A9 = Vp. Address
pins A0 and A6 are setto Vy , and A1 is setto V. The sector-address pins A16, A17, and A18 select the sector
to be verified. The other addresses can be V. or V), . If the sector selected is protected, the DQs output 01h.
if the sector selected is not protected, the DQs output 00h.

sector-unprotect operation

Prior to sector unprotection, all sectors should be protected using the sector-protect mode. The sector-unprotect
mode is activated when W = V. and address pin A9 and control pins G and E are forced to V|p. Address pins
A8, A12, and A16 are setto Vjy. The sector select address pins A17 and A1B.can be Vy_or V. Ali eight sectors
are unprotected in paraltel. Once the inputs are stable, W is puised low for 10 ms. The unprotect operation
begins on the falling edge of W and terminates on the rising edge of W. Figure 17 shows a timing diagram for
the sector-unprotect operation.

sector-unprotect verify

Verification of the sector unprotection is activated when W = V|4, G = V., E = Vy_and address pin A9 = V|p.
The sector to be verified must be selected. Address pins A1 and A6 are setto Vi, and AQis setto V. The other
address pins can be Vi or V|_. If the sector that is selected is protected, the DQs cutput O1h. If the sector is
not protected, the DQs output 0Ch.

glitching
Pulses of less than 5 ns (typical) on G, W, or E do not issue a write cycle.
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power supply considerations

Each device should have a 0.1-uF ceramic capacitor connected between Vg and Vgg to suppress circuit noise.
Printed circuit traces to Ve should be appropriate to handle the current demand and minimize inductance.

absolute maximum ratings over ambient temperature range (unless otherwise noted)t

Voltage range with respect to ground:

Supply voltage range, Voo (see Note 2) ...................... ~-05Vto +36V
All pins except AS,E, G (seeNote 2) ........................ ~05Vto+36V
A9 E Gseenoted) ........ .. ... ... -05Vto+135V
Ambient temperature range during read/erase/program, Ta
(L) e e 0°C to 70°C
(B) e - 40°C to 85°C
Storage temperature range, Tagg ... ~65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functionai operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliabifity.

NOTES: 2. Minimum DC voltage on input or O pins is ~0.5V. During voltage transitions, input or /O pins may undershoot Vgg to -2.0 V for
periods of up to 20ns. Maximum DC voltage on input and I/O pins is +3.6V. During voitage transitions, input and /O pins may
overshaot to Vo +2.0V for periods up to 20ns.

3. Minimum DC input voltage on A9, €, and G pins is ~0.5V. During voltage transitions, A9, E, and G may undershoot Vgsto-2.0V
for periods of up to 20ns. Maximum DC input voltage on A8, E, and & pins is +12.5V, which may overshoot to +13.5V for periods
up to 20ns,

recommended operating conditions

MIN NOM MAX UNIT

Voo Supply voltage "29LF040 Vo range 3 33 3.6 v

'29VF040 Vi range 27 3 3.6
Vi High-level dc input voltage CMCs 0.7Vee Vee+03] Vv
ViL Low-level dc input voltage CMOS -05 08 \
Vip ?;lggr:‘tgtr: j;aOection and sector-protect/unprotect input voltage 1.5 125 v

L 0 70
Ta Ambient temperature during read/erase/program £ 20 P °C

NOTE 4: Operation at Vo = 3.3V and Ta = 25°C
TEXAS
INSTRUMENTS
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electrical characteristics over recommended ranges of supply voltage and ambient temperature

PARAMETER TEST CONDITIONS MIN MAX | UNIT
CMOS-input level | Voo=VooMINE g =-2.0 85-V
Voi  High-level dc oulput voltage ' pe® ce=rce Oti=-20 mA - 085:vee v
CMOS-input level | Veo=VooMIN loy=-100pA - | Voo ~04
Low-level dc output voltage .
Vo (see Note 5) CMOS-input level | Voo=VooMIN oL =4.0mA 0.45 %
I Input current (leakage) Voo=VoeMAX Vi=Vgg to Voo +1 A
o Qutput currant (leakage} Veo=VecMAX Vo=VYsg to Voo +1 pA
[ITs) High-voitage current (standby) Veco=VocMAX Ag =125V 50| uA
icc1  Vog supply current (see Note 6) E=VjL G=Vy 40 ma
lcc2 Vo supply current (see Notes 7) E=Vy, G=Vy 60| mA
lcc3 Voo supply current (standby) l CMOS-input level | Voe=Voc MAX E=Voc 103V 100 | upA
1 Ses the recommended operating conditions table. )
NOTES: 5. 5.8 mA ig also available
6. 1o current in the read mode, switching at 6 MHz, loyT =0mA
7. tog current while erase or program operation is in progress
capacitance over recommended ranges of supply voltage and ambient temperature
PARAMETER TEST CONDITIONS MIN  MAX | UNIT
Cit  Input capacitance (All inputs except A9, E, G} Vi=0V, f=1MHz 75| pF
Ciz  Input capacitance (A9, €, G) Vi=0V, f=1MHz 9| pF
Co Output capacitance Vo=0V, f=1MHz 12 oF
INSTRUMENTS
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NOTES: A.
B.

PARAMETER MEASUREMENT INFORMATION

0.1ma i ylot

150V ©
T You
Cp =30 pF
I (see Note A, Note B, and Note C)

~01mA E5V
:_I; OH

X 15V X

Cy includes probe and fixture capacitance.

The ac testing inputs are driven at 3 V for logic high and 0 V for logic low. Timing measurements are made at 1.5 V for logic high

and 1.5 V for logic low on both inputs and outputs. Each device should have a 0.1-uF ceramic capacitor connected between Voo

and Vgg as closely as possible to the device pins.
. Inputrise and fall € 5 ns.

Figure 1. AC Test Output Load Circuit and Voltage Waveforms

SMJSE25C - SEPTEMBER 1985 ~ REVISED NOVEMBER 1987
O
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read operation

tavav

Addresses Valid addresses

-~

——— tayQy ——¥

mi

=
i
) &
!
I
{ !
I |
\ | f
; ‘
|
— tgLQv —— ! |

' !

| i

| % |
}

|

J

|
I
b |

- /474
DQO-DQ7 &L Valld Data )»)___

Figure 2. AC Waveform for Read Operation

}4—— tgLav —» ‘ {
_ — .' ; ;
w ] ] } i
= | -
| | |
WHGLT — & i AXQX —ie—— §
| !
f !
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0

=D

4

Write Bus Cycle
5555H/AAH
v

Write Bus Cycle
2AAAH/55H

¥

Write Bus Cycle
5555H/ACH

write operation

Write Bus Cycle
Program Address/Program Data

y

Poll Device Status

Operation
Complete
?

Yes

No Last
L Next Address Address

Yes

Figure 3. Byte-Program Algorithm
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write operation (continued)

IH——tAVAv~—b:
l |
Addresses X 5555H X 28AAH X 5555H X PA W PA
| }
| |
- r—‘tAvwx. f

2
>
>

- r——~ tELwiL i ‘{
| | WHEH —»1 14
“ A | | \
be—»— tGHWL | ;
I | Pt — twHWL
twLwH1 —le—» ;

t

{ ]

tDYWH ————p ]
! ——— twHwH1 ——»

i
~» & twHDX :

|

DQO-DQ7 —( AAH )—-—( 55H >—]( AOH )}-—< PD >——< Da7 X pourt

NOTES: D. PA = Address of the location to be programmed
E. PD = Data to be programmed
F. DQ7 = Complement of data written to DQ7

Figure 4. AC Waveform for Byle-Program (W-Controlied) Operation
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write operation (continued)
e tavay —»
] |
Addresses 5555H 2AAAH 5556H PA )@( PA
X >{< >{< X
—»  e—tavEL |
tELEH — ;

}
| n l
i | teLAX ¥
IR

N S S SN

t tEHEL —f6—!
je—>—GHEL

/

mi

of

\

l—— teHEHT ———

|
!
I
l
i
{
!

1

tWLEL
o tEHWH

[T

—»
|
!

|
Y B R
tovsu-—r——bf
I‘ —>{ j&— tEHDX

oa0-001 ——( mn Y s YA 3 w0 Y 5w Yoo

NOTES: A. PA = Address of the location 1o be programmed
B. PD = Data to be programmed
C. DQ7 = Complement of data written 1o DQ7

Figure 5. AC Waveform for Byte Program (Alternate E-Controlied) Operation

|

I I 2

(AU S UV SOPG —
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chip-erase operation

Write Bus Cycle
5556H/AAH

Y

Write Bus Cycle
2AAAH/55H

¥

Write Bus Cycie
5555H/80H

y

Write Bus Cycle
5555H/AAH

Y

Write Bus Cycle
2AAAMH/55H

'3

Write Bus Cycle
5555H/10H

y

Polt Device Status

Operation
Complete
?

Figure 6. Chip-Erase Algorithm
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chip-erase operation {continued)

r“QAVAV"{
Addresses X 5655H X 20AAH X s6s6H X 55564 X 2AAAH X 5556H )@( VA
-+ r*uvwﬂ
f— twiax
A £ LR B L AR
"]F"‘tELWL i
. | - ""‘WHEH
& _y H | | | —

> toHwe | |
| e twHwi
1

I ! |

_ \ I | | |

|

i
!
| DVWH ! |
|
I

! le— tyywha —
1 -»l l'- twHDX ‘

DQO-DQ7 ——-J( aaH > ssh )~ 8oH > AAH )—-( 55H)—( 10H )—(DQ7—0XDOUT—FFH

M" tVCEL

e

NOTE A: VA = any valid address.

Figure 7. AC Waveform for Chip-Erase Operation
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sector-erase operation

Write Bus Cycle
5655H/AAH

¥

Write Bus Cycle
2AAAH/55H

i

Write Bus Cycle
5555H/80H

v

Write Bus Cycle
5665H/AAH

¥

Write Bus Cycle
2AAAH/55H

Write Bus Cycle
Sector Address/30H

Load
Additional
Sectors
?

Poll Device Status l‘———i

Operation
Complete
?

Yes

Figure 8. Sector-Erase Algorithm
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sector-erase operation (continued)
r_tAVA\l“*}
Addresses X5555H|X2MAH’X5555HX5555HX2AAAHXSA XX vA

|
*D' “"tAVWL I
|

k—-——»—
WM&&%%

“1 e teLwi

tWHEH —¥ '<~

[
|
. T | i
¢ ! i ! L_.__
|
|
{

|
[ *W’HWL
| |
A | —t |
WW
i | |
|
Y -{Q—J
} ovWR | e twHwH2 —
* -+ l*—twuox ‘

Dao- mn—-( aAH > 550 =~ son »=( AAH)-( 55H )—-( 30H )——(omaox DOUT=FFH
:‘—ﬁ—tvcm.

veo )Y

NOTE A: SA = Sector address to be erased.
Figure 9. AC Waveform for Sector-Erase Operation
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data-polling operation

Read DQO-DQ7
ADDR = VA

Read DQO-DQT
ADDR = VA

NOTES: A. DQ7 is checked again after DQ5 is checked, even it DQ5 = 1.
B. VA Program address for byte programming

Selected sector address for sector erase

Any valid address for chip erase

Hon o

Figure 10. Data-Polling Algorithm
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data-polling operation (continued)

Addresses XX AN X>< AIN ><X AIN
T |
|

!

|
tavay —ie—> | |
| | —»—tavQy
! - lH—foox {
—r—teLov | oy
I o
b 1
T 1 ] T
o] | |
g GLQv
| : 1 { j¢—m—taLay
f
f

|
|
|
!

N

|

{

|

5

i

|4 tgHGZ ‘
|

? ;
|
|

|

’ |

|

}
—————— lWHWH1,2, or3 ————————»

' | {
n L X Ty

NOTES: DIN = Last command data written to the device
DQ7 = Complement of data written to DQ7
DOUT = Valid data output

AIN = Valid address for byte-program, sector-erase, or chip-erase operation
The data-polling operation is valid for both W and E controlled byte-program, sector-erase, and chip-erase operations.

Figure 11. AC Waveform for Data-Poiling Operation

moow»
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toggle-bit operation
Start
Read DOO-DQ7
ADDR = VA
Read DQO~DQ7
ADDR = VA
NQTE A: DQ6 is checked again after DQS5 is checked, even if DQ5 = 1.
Figure 12. Toggle-Bit Algorithm
TEXAS
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toggle-bit operation (continued)

R R XXX
0 e e e et e et et e

A FAVAVAVAS FAVAYAVAVA

Addresses AN

———p—tg Qv

S

-
J
C

.

S

]
|
!

~ !
DQ6= DQ6= DQ6= D6 =STOP
ba oN > roeaiE >—(TOGGLE TOGGLE foaote j—K&  pour

NOTES: A. DIN = Lastcommand data written to the device
B. DQ8 = Togyle bit output
C. DOUT = Valid data output
D. AIN = Valid address for byte-program, sector-erase, or chip-erase operation
E. The toggle-bit operation is valid for both W and E controlfed byte-program, sector-erase, and chip-erase operations.

Figure 13. AC Waveform for Toggle-Bit Operation
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sector-protect operation

Select Sector Address

A18, A17, A6
v
X=1

¥

GandAg=Vip
I E =V

Apply One 100-us
Pulse

v
- G, A0, and A6 =Vj
X=Xet Wand A1 =Viy

y
Read Data

No

Data = 01H
?

A9 = Vg or Vi
Write Reset Command

Figure 14. Sector-Protect Aigorithm
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sector-protect operation (continued)

A18-A16 x Sector Address

A8

AO

X )
l
At X 1 }i/
x w;
!
N\

mi

o
La‘
]
|
|
|
|
f
F11
£ 1!
51!
Iy |
£
I— U JU——
'S

DQ 7 DOouT

NOTE A: DOUT = 0OH if selected sector is not protected,
01H if the sector is protected

Figure 15. AC Waveform for Sector-Protect Operation
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sector-unprotect operation

Protect All Sectors

X=1

¥

E G A9=Vp
AS, A12, A16 = Vi

-

Apply One
10-me Puise

s

A0 =Vy

&4,
W, A6, Al =V

v

X=X+t

Select Sector Address

A18, A17, A6

Sector-Unprotect Failed

¥

Read Data

l.___

Next Sector
ress

Af = Vyq or vy
Write Reset Command

Figure 16. Sector-Unpratect Algorithm
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sector-unprotect operation (continued)

A18-A17 X Sector Address

A0

]
|
i
A16 1/ \ Sector Address
f
A12 Z/ \
|
|
VIp — = — e —— — — o —
A9 :f, ili k———’f—tAvav
k"‘HVT'-’{I 1} |
| ; |
A6 )4 { | ‘
i | |
1 | —
” X 7
|

mi

=

[~]

|

|

|

]

|

\ |

!

]

I

|

‘1—;5,
i)
b
2
~

o
Lg
|
|
|
|
|
|
=11
fl
51
s
-
:
4=
=
3
v

J
|
\ 7
W
I«*j; tGLayv
DQ pouT
NOTE A: DOUT = OOH if selected sector is not protected,
01H if the sector is protected
Figure 17. AC Waveform for Sector-Unprotect Operation
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