*HYUNDAI HY29FD40D Series
512K x 8-bit CMDS 5.0 V-Dnly, Sector Erase Flash Memory |
Preliminary

DESCRIPTION

The HY29FQ40 is a 4 Megabit, 5.0 Volts only Flash memory device organized as a 512k X 8 bits each. The
HY239FD40 is offered in an industry standard 32 pin package which is backward compalible to 1 Megabit and alsu
pin compalible to EEPROMs. The device is offered in PDIP and TSOP pachages. The davice is designed to be
programmed and erased in system with the standard system 5.0 Velt Vec supply. 12.0 Volis Vpp is not required
for program and erase operation. The device can also be reprogrammed in siandard EPROM programmers.

The HY29FD40 offers access limes betwsen 70 lo 15D ns, allowing operation of high-speed microprocessors
wilhoul wait-state. The device has separale chip enabls | CE ), write enable | WE ) and output enable | OE )
conlrols to eliminate bus conlention.

HEI lash memory technology reliably stares memaory informalion even after 100,000 erase and program cycles.
Tha HEIl proprietary cgll technology snhances the programming speeds and sliminaies over srase problems sesn
in the classical ETON'™ type of Flash cell technology and inlernal circuil design technigues give reduced inlernal
electric fields and this gives improved reliability and endurance.

The HY29F040 is entirely pin and command sel compatible o the JEDEC standard 4 Megabil EEPROM. The
commands ars written to the Command register using standard microprocessor write timings. Register contents
serve as inpul o an internal state-machine which conirols the erase and programming circuitry. Write cycles also
internally latch addresses and data needed for the programming and erase operations. Reading dala out of the
device is similar 1o reading from 12.0 V Flash or EPROM devices.

The HY29F040 is programmed by execuling the program command sequence. This will start the internal
programming algorithm that automatically times the program pulse width and also verifies the proper cell margin.
Erase is accomplished by executing the erase command sequence. This will start the internal erasing algarithm
that automatically times the erase pulse width and also verifies the proper cell margin. No preprogramming is
necessary in HEI flash technology.

The device also features a seclor erase architecture. The HY29F040 is divided inlo B sectors of 64k bytes each.
The sectors can be erased individually wilhoul aflscting the dala in other sectors or they can be erased in arandom
combination of groups. This multiple seclor erase capability or full chip erase mahkes it very flexible Io alter the
data in HY29FD40. To protect the dala from accidental program and erase the device also has sector protect or
mulliple sector protect funiction.

The device [eatures single 5 Volt power supply for read, program and erase operalion. Internally generated and
well regulated voltages are provided for the program and erase operalion. A low Vcc delector inhibites wrile
uperalions on the loss of power . The end of program or erass is detected by Data Polling of DQ7 or by the Toggle
Bit feature on DQB. Dnce the program or srase cycls has been successfully compleled, the device internally
resels to Head mode.

The HY29F040 memory elecirically erases the entire chip or all bils within a secter simullaneously via Fowlar-
Nordheim funneling. The bytes are programmed one byte at a tims using hol zlectron injection mechanism.

ETOX is a trade mark of INTEL Corp.

This documenl is a general product descriplion and is subjsct lo change wilhout nolice. Hyundai electronics does not assume any
respunsihility for use of circuils described. Na palent licences are implied.
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-XYUNDAI Preliminary HY23FD40 Series

FEATURE
50V+ 10% Wrile and Erase » [Internal Erase Algorithms
- minimizes syslem level power requiremenl - aulomalically erases lhe chip or any sector
- Compatible whh JEDEC-Standard - Iniernal Program Algorithms
Command - automatically writes and verifies data at
- uses same soflware commands as specified address
EEPRDMs
- Data Polling and Togple Bkt Fealure lor
- Compatible with JEDEC-Standard Byte- Detecilon of Program or Erase Cycle
Wide Pinouis Completion
- 32 -pin PDIP
- 32 - pin TSOP * Low Power Consumption
- 2D mA lypical active read current
Minimum 100,000 Write / Erase Cycles - 3D mA lypical write/ erase curreni

- 25 uA typical standby current
High Performance

- 70 ns maximum access lime * Low Vo Write Inhlbit< 3.2V
Sector Erase Archiecture - Seclor Proiection
- Bequal size sectors ot 54K bytes each - hardware method disables any combination
- any combination of sectors can be of seciors from write or erase operations
concurrenlly erased, also supports full chip
grase + Suspend Erase / AResume

- Suspend the erase operation lo aliow a read
data in anolher seclor within the same device

PIN CONNECTION

A1l —1 O 32 OE A1B 1 vcC
A3 e 3 Ao A1 02 WE
AB |3 a0 CE Al1s 3 A7
A13 4 29 alrig Alz ] 4 Ald
A4 s 28 Do6 A7 s A13
A7 s 27 Dos AE 6 AB
WE —]~ 26 D4 A5 Q7 AD
XCE e HY23FD40 25 Do3 A4 Al
18 .3 24 VSS A3 g BE
At6 1o STANDARD PINDUT 23 Daz a2 d 1o AT
A1s T 1 22 pa1 At A TE
A1z 1 |12 21 [ Dmo AD COJ12 paz
A7 13 20 [T AD Dao {13 Das
AE [ f14 19 Al pm 14 Dos
As [~ |15 18 Az puz 15 DO4
A4 [ J18 17 A3 vs5 15 pDod
TSOP PDIP

PIN DESCRIPTION

[

Pin Funcilon

AD - A1B Address Inputs
DQ0-DQ7 | Dala Input/ Output

TE Chip Enable

OE Dutput Enable

WE Wrilte Enable

IVss Device Ground

Vece Device Power Supply

(5.0V+ 10%or+ 5%)
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BLOCK DIAGRAM
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Table 1. Bus Dperations
Dperation TE OE WE | A0 Al A6 A9 1/D
Auto-select Manulacturer Sodst | T T H T T T Vi Tods
Auto-sslect Device Code!’) L L H H L L Vip Cods
Read™ L L H AD Al AB Ag Dout
Standby H n ] n ] | ] High Z
Dulput Disable L H H ] b b | High Z
Write L H L AD Al AB A9 Din(2)
Enable Sector Protect L Vio L b b X Vio X
Verify Sector Prolact™ L L H L H L Vi Cods

L= Vi, H= ViH, x= Don'l Care. See DC Characteristics for ‘voltage levels.

Notes:

1. Manufacturer and device codes may also be accessed via a command register wrile sequence.
Refer to Tables 2.

2. Reler to Table 4 for valid DIN during a write operation.

3. Refer 1o the section on Seclor Prolection.

4. WE can be ViL if CE is Vi, OE al ViH initiates the write operations.
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e ——

Table 2. Sector Prutection Verify Autoselecl Codes

Type A1B A17|A16( A6 | A1l | AD | Code | Du7|DQ6| DQS5| DQ4DQ3 | DQZ| DQ1 [DRO
[HEX)
Manutacturer | » | x | x | ViL | ViL | VL ADH 1 a 1 0 1 1 D 1
Code

HY29FD40 M| w [ [VL| VL | VH 40H D 1 0 0 0 ] D 0
Device Code

Sector Sector ViL | VIH | ViL D1H 1] D D 0 D 0 0 1
Protection Addresses

*Dulputs D1H at Protecied Seclor addresses

Table 3. Seclor Address Tables

A18 | A17 | Al6 Address Range
SAD D 0 D 00000h - DFFFFh
SA1 0 0 1 10000h - 1FFFFh
SAZ 0 1 0 20000h - 2FFFFh
SA3 0 1 1 30000h - 3FFFFh
SA4 1 0 D 40000h - 4FFFFh
SAS 1 0 1 50000h - 5FFFFh
SAB 1 1 ] 50000h - BFFFFh
SA7 1 1 1 70000h - 7FFFFh

READ MDDE

The HY2IFD4D has twu conlrol functions which must be satisfied in order to obtain data al the oulputs. CTE is the
power conirol and should be used for device selection. DE is \he output control and should be used lo gate dala
to the output pins if a device is selected.

Address access time | lacc ) is equal to the delay from stable addresses to valid oulput data. The chip enable
access lime | \ce ) is the delay from stable addresses and stable CTE 1o valid data at the output pins. The outpul
enable access time is the delay from thefalling edge of OE to valid data at lhe gulput pins | assuming ths addrasses
have been stable for at least tacc-toe lime ).

Standby Mode
The HY29F 040 has two slandby modss, a CMOS standby mods | CE input held at Vcc + 0.5 V), when Iha current
consumed is less than 100 pA ; and a TTL standby mods ( CE is held at ViH ) when the currenl required is reduced

to approximalely 1 mA. In lhe slandby mode the oulpuls are in a high impedance state, independent of lhe BE
input.

IFihe device is deselected during erasure or programming, the device will draw active current until the operation
is compleled.

Oulput Disable

With the OE inpul at a logic high level | ViH ), output from the device is disabled. This will cause the outpul pins
lo be in a high impedance state.

Autoselect
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-XYUNDAI

The auloselecl mode allows the reading oul of a binary code from the device and will identify ils manufacturer and
device type. This mode is intended for use by programming equipment for the purpose ol automatically matching
the device to be programmed with its corresponding programming algorithm. This mode is functional over the
entire temperature range of the device.

Preliminary HY29FD4D Series

To aclivale this mpde, the programming equipment must force Vip ( 11.5 Vo 13.0 V) on address pin AS. Two
identifier byles may \hen be sequenced from the device oulputs by loggling address A0 from ViL to ViH. All
addresses ars don't cares except A0, A1, and Ab.

The manufaclurer and device cotdes may also be read viathe command regisler, for instances when the HY23FD4D
is erased or programmed in a syslem wilhoul access to high voltage on the A9 pin. The command sequence is
illustrated in Table 4 ( refer \o Autoselect Command seclion ).

Byte D [ AD= Vi) repressnls lhe manufacturer's cods [ ADH for HEI ) and byte 1 [AD = Vin) the device identifier
code | 40H for HY29FD40 ). These two bytes are given in the Table 2. All identiliers for manufaciurer and device
will exhibit odd parity wilh lhe MSB | DQ7 ) defined as the parity bit, in order to read the proper device codes when
executing the autoselect. A1 must be ViL | see Table 2).

Table 4. Command Definitions

Bus Fourih Bus
Command Write (First Bus Second Bus Third Bus |Read/Write | Fifth Bus (Sixih Bus
Sequence Cytles| Wrile Cycle | Wrile Cycle Write Cycle | Cycle Write Cycle |Write Cycle
Read / Reset Req'd |Addr | Data | Addr Data | Addr |Data |Addr |Dala| Addr |Dala |Addr |Data
Read / Ressl 1 »xxH| FOH
Read / Ressl 4 5555H AAH | 2ZAAAH 55H [ 5555H| FOH | RA RD
Auloselect 4 5555H AAH | ZAAAH 55H | 5555H| 90H
Byte program| 4 5555H AAH | 2ZAAAH 55H | 5555H| ADH | PA Data
Chip Erass 5 5555H AAH | 2ZAAAH 55H | 5555H| BOH | 5555H [AAH |2AAAH| 55H |5555H| 10H
Seclor Erase 5 5555H AAH | 2AAAH 55H | 5555H| BOH |5555H [AAH |2AAAH| 55H | SA | 30H
Seclor Erase Suspend _Erase can be suspended during sector erase wilh Addr (don't cars). Data|BOH)
Sector Erase Resume | Erase can be resumed after suspend wilh Addr (don'l care). Data(30H)

Notes:
1, Address bits A15, A17, and A1B= x = Don't care. Write Sequences may be initiated with A15, A17, and
A18 in either slale.
2. Address bits A18, A17, and A1B = x = Don't care for all address commands except for Program
Address|PA) and Sector Address|SA).
3. Bus Operalions are defined in Table 1.
4. FA = Address of the memary location to be read.
PA = Address of the memory Iocation to be programmed. Addresses are latched on the falling edge
of the WE pulse.
SA = Address of the sector Vo be erased. The cambination of A18, A17 ,A15 will uniquely select any sector.
5. AD = Data read Irom location RA during read operation.

WRITE MODE

Device erasure and programming are accomplished via 1he command regisler. The contents of the register serve
as inpuls to the internal stale machine. Dutpuls ol |he state machine dictate the funclion of the devics.

The command register iiself does nol occupy any addressable memory locations. The register is a latch used to
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*MYUNDAI Preliminary HY29F04D Series

store the commands along with the addresses and data information needed to execule the command. The
reinmand register is written by bringing WE to Vi, while CE is at Vi_ and DE is al ViH. Addresses are lalched on
the falling edge of WE or CE, whichever happens later : while dala is latched on the rising edge ol WE or CE,
whichever happens first. Standard microprocessor wrils limings are used. Refer to AC Write Characleristics and
\he Erase / Programming Waveforms for specific timing parameters.

Command Definitions

Dsvice pperalions are selecled by writing specific address and data sequences into the Command register. Wriling
incorrect addresses and data values or writing them in the improper sequence will reset the device lo read mode.
Table 5 defines \he valid regisler command sequences. Note thal the Erase Suspend | B0 ) and Erase Resume |
30 ) commands are valid only while the Seclor Erase operation is in progress. Either of the two resel commands
will resel Ihe device | when applicable ).

Read / Reset Command

The read or resel uperation is iniliated by writing the read / reset command sequence in o the command register.
Processor read cycles retrieve the data from the memory. The device remains enable lor reads until the command
regisler contenlts are changed.

The device will automatically power-up in the read / reset mode. In this case, a command sequence is not needed
lo read the memory data. This defauli powsr-up to read mode ensures that no spurious changss of the dala can
take place during the power lransitions. Refer 1o the AC Read Characteristics and Waveforms for the specific
timing parameters.

Auto Select Command

Flash memories are intended lor use in applications where the local CPU alters memory contents. As such,
manufacture and device codes must be accessible while the device resides in the target systsm. PROM
programmers lypically access \he signalurs codes by raising A3 o a high voltage. However, multiplexing high
voliage on 1o the address lines is nol generally desired systsm design praclice.

The HY29FU4D contains a command auloselect opperation to supplement Iraditional PROM programming
methodology. The operation is inititated by writing the auloselecl command sequence into the command regisler.
Following the command wrils, aread cycle from address XX00H retrieves manufacture code of ADH. Aread cycle
Irom address XMD1H returns the device code 40H ( see Table 2 ). All manulaclurer and device codes will exhibit
odd parity with the M5B | DQ7 ) defined as the parity bit.

Scanning the seclor addresses (A16, A17, A1B ) while | A, A1, AD )= (0, 1, 0) will produce a Iogical "1" at dsvice
outpul DQD lor a prolected sector. To terminate the operalion, it is necessary lo write the read / reset command
sequence inlo the regisler.

Byte Write or Byle Program

The HY29F0440 is programmed one byle al a time. Programming is a lour bus cycle operation. There are two
"unlock” write cycles. These are followed by program set-up command and data write cycles. Addresses are
latched on the lalling edge of CE or WE, whichever happens laler and data is latched on the rising edge o! CE or
WE, whichever happens first. The rising edge of TE or WE | whichever happens firsi ) begins programming. Upon
executing the Internal Program Algorithm command sequence the system is not required to provide funther conirols
or timings. The device will automatically provide adequate internally generaled program pulses and verify the
programmed cell margin. The aulomatic programming operation is completed when the data on DQ7 is equivalent
to data written to this bit { see Wrile Dperation Stalus seclion ) at which lime the device returns to the read mode
and addresses are no longer laiched. Therelore, the device requires that a valid address o the device be supplisd
by the syslem al this particular instance of time. Hence, Data Polling must be performed at the memory localion
which is being programmed. Any commands written te the chip during this period will be ignored.

Programming is allowed in any sequence and across sector boundaries. Beware that a data "0" cannut be
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-XYUNDAI Preliminary HY23F04D Series

programmed back to a "1". Allempling to do so will probably hang up the device, or perhaps result in an apparent
success according lo lhe data polling algorilhm but a read from reset / reaad mode will show that \he data is still
"0". Dnly erase operations can convart "D"s to "1"s. Figure 1 illusirates the Internal Programming Algorithm using
typical command sirings and bus operalions.

Chip Erase

Chip erase is a six bus cycle operation. There are two "unlock” write cycles. These are followed by writing the
"set-up” command. Two more "unlochk” write cycles are then followed by the chip erase command.

Chip erase does nol require the user to program lhe device prior tp erase.

The automatic erase begins on lhe rising edge of the lasl WE pulse in lhe command sequence and terminates
when the data on DQ7 is "1" | see Write Dperation Stalus section ) at which time the device returns to read mode.
Figure 2 illustrates the Internal Erase Algorithm using typical command strings and bus operations.

Sector Erase

Sector erase is a six bus cycle operalion. There are two "unlock” write cycles followed by wriling lhe seclor erase
sel-up command. Two more "unlock” write cycles are then lollowed by the sector erase command. The sector
address | any address Iocation within the desired sector) is latched on the falling edge of WE, while the command
datais latched on lhe rising edge ol WE. A 100 uStime-oul from the rising edge of \he last sector erase command
will iniliate the sector erase commands. note : Do not atternpt to write an invalid command sequence during the
seclor erase operation. Otherwise, it will terminate the sector erase operation and the device will reset back into
the read mode.

Mulliple seclors can be erased simultansously by writing the six bus cycle operations as described above. This
sequence is followed with wriles of Ihe Sector Erase command to addresses in other sectors desired lo be
simultaneously erased. The time between writes must be less than 100 uS | £ 20% ), otherwise that command
will not be accepted. Itis recommanded thal processor interrupts be disabled during this time to guarantee this
condilion. The interrupls can be re-enabled afier the lasl Sector Erase command is written. A time-oul of 100uS
from the rising edge of the last WE will initiale the execution o! the Sector Erase commands. If another falling edge
ol lhe WE pccurs within the 100uS time-out window the timer is reset. Any command other than Sector Erase or
Erase Suspend during this period and afterwards will reset the device lo read mode ignoring the previous command
string. Reseling lhe device after it has begun execution will result in the data of the operated sectors being
undefined | messed up ). In that case, restart the erase on those sectors and allow them to complete. | Refer to
the Write Dperation Status seclion for Seclor Erase Timer operation. ) Loading ths ssctor erase buffer may be
done in any sequence and with any number of seclors [ 110 8B ).

Seclor erase does not require the user lo program the seclor before erase. When erasing a sector or multiple
sectors the data in the unsslecled seclors remains unaffecled. The system is not raquired \o provide any controls
or timings during lhese operations.

The autamatic seclor erase begins after the 100 uS time oul from the rising edge of the WE pulse for the last sectar
erase command pulse and terminates when the data on DQ7is " 1" | see Wrile Operalion Status seclion ) at which
lime the devics returns to read mode. During the execution of the Sector Erase command, only the Erase Suspsnd
and Erase Resume commands are allowed. All other commands will reset the device to read mode. Data Polling
must be performed at an address within any of the sectors being erased. Figure 2 illustrales the Iniernal Erase
Algarithm using typical command slrings and bus operations.

Erase Suspend

Erase suspend cuommand allows the user to interrupt the chip and then do data reads | not program ) from a
non-busy sector while it is in the middle of a Seclor Erase operation | which may take up to several seconds ).
This command is applicable ONLY during the Sector Erase operalion and will be ignored if written during the Chip
Erase or Programming operalion. The Erase Suspend command (B0 ) will be allowed only during ihe Sector Erase
operation that will include the seclor erase lime-out period after the Sectar Erase commands (30 ). Writing this
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command during the time-out will result in immediate 1ermination of the tims-out perind. Any subsequent writes
of the Seclor Erase command will be ignored as such, but instead will be taken as Ihe Erase Resume command.
Nole that any other commands during the time-out will reset the dsvice to the read mode. The addressas are
don't-cares in writing the Erase Suspend or Erass Resums commands.

When the Erase Suspend command is writien during a Sector Erase operation, the chip will take between 10D uS
to 3 mS 1o suspend the erase operation and go into erase suspended read mode | pssudo-read mods ), during
which the user can read from a sector thal is NOT being erased. A read from a sector being erased may resuit in
invalid data. The user muslt monitor the toggle bit to determine if the chip has entered the pseudo-read mode, at
which time the tuggle bit stops loggling. An address of a sector NOT being erased must be used to read the togglse
bit, olherwise the user may encounter information problems. Nols that the user musi keep track of what state the
chip is in since there is no external indicalion of whether the chip is in pseudo-read mode or actual read mode.
Afer the user wriles the Erase Suspend command and waites unlil the loggle bit slops toggling, data reads from
the device may then be performed. Any further writes of the Erase Suspend command at this time will be ignored.

Every time an Erase Suspend command followed by an Erase Resume command is written, the internal pulse
counlers are resel. These counlers are used Lo count the number ol high voltage pulses the memory cell requires
to program or erase. [f the count exceeds a cerain limit, then the DQS5 bit will be set ( Exceeded Time Limit flag
). This reseting of the counters is necessary since \he Erase Suspend command can polentially interrupt or disrupt
the high voltage pulses.

To resume Ihe operation ol Sector Erase, the Resume command (30 ) should be written. Any further writes of the
Resume command at lhis poinl will be ignored. Another Erase Suspsnd command can be written after the chip
has resumed.

Sector Proteclion

The HY29F040 has a hardwars sector protection. This feature will disable bolh Program and Erase operation to
the prolecled sector. There are tolal B seclors in dhis device of 64K bytes each. The sector protect feature is
enabled using programming equipment al the user’s site. The davice is shipped with all sectors unprolected.

To aclivats this mods, the user must force Vip | suggest Vio= 11V )on address pin A9 and conirol pin OE, and
TE= Vi4. The seclor addresses [ A16, A17 and A1B ) should be set to the sector to be protected. Table 3 defines
the sector address for each of the eight individual seclors. Programming of the protection circuitry starts on the
falling edge of WE pulse and is lerminaied with the rising edge of the same. Sector addresses must be held fixed
during the WE pulse.

To verify programming of the proteclion circuitry, the programming equipment must force Vip on the address pin
A3 with CE and DE al ViL and WE at Vi4. Scanning the sector addresses | A15, A17 and A18 ) while | A6, A1 and
AD)= (0, 1,0)will produce alogical "1" code at device oulput DQO for a protected seclor. Dtherwise the device
will read DOH for unprotecied sector. In this mode, the lower order addressss, excepl for AD, A1 and AB are don't
care. Address localions wilh A1 = V| are reserved for Autoselect manufacturer and device codes.

Itis alsu possible to determine if a sector is prolecled in the syslem by writing the Autoselect command. Psrforming
a read operation at the address localion YM02H, where the higher order addresses | A16, A17 and A1B ) are the
sactor address will produce a logical "1" at DQD for a protected secior. See Table 2 for Autoselect codes.

DATA FLAGS

Table 5. Hardware Sequence Flags

Stalus D7 | DQ6 | DS Da3 DG2-DR0
In Progress Auto-Programming DQ7 |Toggle | D 0

Erasing in Aulo-Erase 0 |[Topgle| O 1 (D)
Exceeded Auto-Programming DQ7 | Toggle | 1 0
Time Limits Erasing in Autp-Erase 0 [Toggle | 1 1 |D)

Notes : DQD, DA1, DQZ, DQ4 are reserve pins lor fulure use.
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DQ7 Data Polling

The HY29F040 device features Dala Polling as a method to indicale 1o the host that the Inlernal Algorithms are in
progress or completed. During \he Internal Program Algorithm an attempl to read the device will produce the
compliment of the dala lasl written to DQ7. Upon completion of the Internal Program Algorithm an attempt to read
the device will produce the true data last writien \o DQ7. During the Internal Erase Algorithm, an attempt to read
the device will praducs a "0" al the DQ7 output. Upon completion of the Internal Erase Algarithm an attsmpt o
read the device will produce a "1™ at \the DQ7 output. The flowchart for Data Polling ( DQ7 ) is shown in Figure 3.

For chip erase, the Dala Palling is valid after \he rising edge of the sixth WE pulse in the six wrile pulse sequence.
For seclor erasg, the Data Polling is valid after the last rising edge of Ihe sector erase WE pulse. Data Polling must
be performed at sector address within any of the seclars being erased and not a protected sector. Dtherwise, the
slatus may not be valid. Dnce the Internal Algorithm operation is close to being completed, the HY29F040 daia
pins ( DQ7 ) may change asynchronously while the output enable | DE) is asserted low. This means lhat the device
is driving staltus information on DQ7 at one instant of time and then that byie's valid data at the next insiant of
time. Depending on when the system samples the DQ7 outpul, it may read lhe status or valid dala. Even il the
device has completed the Internal Algorithm operation and DQ7 has a valid dala, the data outputs on DQU - DQ6
may be still invalid. The valid data on DQD - DQ7 will be read on the successive read atiempls.

The Data Polling feature is only active during the Internal Programming Algorithm, Inlernal Erase Algorithm or
sector erase time-oul | see Table 6 ).

Dae Topggle Bit

The HY29F D40 alsu features the "Toggle Bit" as amelhod to indicate lo the hosl sysiem that the Internal Algorithms
are in progress or compleled.

During an Internal Program or Erase Algorithm cycle, successive attempts to read | DE toggling ) dala from the
device will result in DQ6 toggling betwsen one and zero. Once the Internal Program or Erase Algorithm cycle is
completed, DQE will siop loggling and valid dala will be read on the next successive attempts. During program-
ming, the Toggle Bit is valid aler Ihe rising edge of the fourth WE pulse in the four wrile pulse sequence. For chip
erase, the Toggle Bit is valid after \he rising edge of the sixth WE pulse in the six wrile pulse sequence. For Sector
srase, the Toggle Bit is valid after the |ast rising edge of the sector erase WE pulse. The Toggle Bit is active during
the sector time-oul.

In programming, if the sector bsing writlen to is protected, the toggle bit will toggls for about 20 uS and then slop
toggling without the data having changed. In erase, the device will erasg all the selected sectors except for the
ones that are protecled. If all selected seclors are proiected, the chip will ioggle the loggle bit for about 3 mS and
then drop back inlo read mode, having changed none of the data. Either CE or DE toggling will cause the DQ6
o 1oggle. The Nowchart lor Toggle Bit | DQE ) is shown in Figure 4.

DQ5 Exceeded Timing Limits

DQS5 will indicate it the program or erase time has exceeded the specified limits | internal pulse count ). Under
these conditions DQ5 will produce a"1". This is a lailure condition which indicales that the program or erase cycle
was not successlully completed. Data Polling is the only operaling funciion of the device under this condition.
Thae CE circuit will partially power down ths device under lhese conditions ( to approximately 2mA). The OE and
WE pins will control the oulput disable functions as deseribed in Table 2.

If this failure condition occurs during sector erase aperalion, it specilies that a particular sector is bad and it may
not be reused, however, other sectors are still fucntional and may not be used for the program or erase pperation.
The device must be reset lo use other seclors. Write the Reset command sequence to the device, and then execule
the program or erase command sequence. This allows the system to continue to use the olher aclive seclors in
Ihe device.

If this failure condition occurs during the chip erase operation, il specifies that the enlire chip is bad or combinalion
of sectors are bad. In which case, the chip should not be reused.
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If 1his failure condition occurs during the byle programming operation, il specifies that the entire seclor containing
that byte is bad and this sector may nol be reused | other sectors are still funclional and can be reused ).

The DQS5 failure condition may also appear if a user Iries 1o program a non blank location without erasing. In this
case the device locks pul and never completes the Internal Algorithm operation. Hence, the system never reads
a valid data on DQ7 bit and DQB never stops loggling. Once the device has exceeded timing limits, the DQ5 bit
will indicate a "1". Please note thal this is not a device failure condition since Ihe device was incorrectly used.

DQ3 Sector Erase Timer

After the completion ol the initial sector erase command sequence the seclor erase time-oul will begin. DQ3 will
remain low unlil the time-out is complsle. Data Polling and Toggle Bit are valid after the initial sector erase command
sequence.

If Daia Palling or the Toggle Bit indicates the device has been writien with a valid erase command. DQ3 may be
used to delermine if the seclor erase timer window is still open. 1f DQ3 is high [ "1") the internally controlled srase
cycle has begun : Atiempls to write subsequent command lo the device will be ignored until the erase operation
is completed as indicated by Data Polling or Toggle Bil. If DQ3is low | "0"), the device will accepl additional sector
erase commands. To insure \he command has been accepted, lhe syslem softwars should chech the status of
DQ3 prior to and lollowing each subsequent seclor erase command. [ DQ3 were high on the second status check,
the command may not have been accepled. Refer tp Table 5 : Hardware Sequence Flags.

Data Protection

The HY239FD40 is designed Ib offer protection against accidental erasure or programming caused by spurious
system |evel signals that may exist during power transitions. During power up the device automatically resets tha
internal slalus machine in the Read mode. Also, with ils control register architecture, alteralion of ihs memory
contents only occurs after successful completion of specific mulki-bus cycle command sequencss. The device
also incorporates several features to prevent inadvertent wrile cycles resulling from Voo power-up and power-down
transitions or syslem noise. -

Low Vcc Write Inhibit

To avoid initiation of a wrile cycle during Vcc power-up and power-down, a write cycls is locked out for Vcc less
than 3.2 V | typically 3.7 V). If Vcc < VKo, the command register is disabled and all inlernal program / erase
circuils are disabled. Under Lhis condition the device will resst to the read mode. Subsequeni wrilss will bsignored

until the Vce level is greater than Vumo. It is the users responsibility 1o insure that the control pins are logically
correct o prevent unintenlional writes when Vcc is above 3.2 V.

Write Pulse 'Glitch" Protection

Nuise pulses of less than 5 ns | lypical ) on DE, CE or WE will not initiate a wrile cycle.

Logical Inhibit

Wriling is inhibited by holding any one of BE = Vi, CE= ViHor WE= Vi4. To initiale a write cycle CE and WE
musl be a logical zero while OE is a Ingical une.

Power -Up Write Inhiblt

Power-up of the device with WE= TE = V| and OE = Vi4 will not accept commands on the rising edge of WE.
The internal state machine is automatically resel tp the read mode on power-up.

Sector Protect
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Seclors of the HY29F040 may be hardware protected al the users faclory. The protection circuitry will disable
both program and erase funclions for the protecied sectors. Requests o program or erase a prolecled sector will
be ignored by the device.

SECTDR PRDTECTION ALGORITHMS

Secior Protectlon

The HY29FD40 fealures hardware seclor proleclion which will disable bolh program and erase operations to an
individual seclor or any group of sectors. To activate this mode, the programming equipmenlt must force Vip on
control pin OE and address pin A9. The seclor addresses should be set using higher address lines A18, A17 and
A16. The protection mechanism begins on ths falling edge of \he WE pulss and is terminated with Ihe rising edge
of Ihe same.

Il is also possible to verify if a seclor is protected during the sector protection operation. This is done by selting
A= CE= DE= ViLand WE = ViH | AB remains high at Vip ). Reading \he device at address |ocation X002H,
where the higher order addresses | A18, A17, and A15) define a particular sector, will produce 01H at data outputs
| DQD - DQ7 ) lor a protected seclor.

Sector Unprolect

The HY29F D40 also features a seclor unprotect mode, so that aprotected sector may be unprotected o incorporate
any changes in the code. All sectors should be protected prior o unprotecting any sector.

T activats this mode, lhe programming equipmeni must farce Vip on conirol pins OE, TE and address pin AS.
The address pins AB, A16 and A12 should be set to Vi4. The unproleclion mechanism begins on the falling edge
ol the WE pulse and is terminated with the rising edge of the same.

lis also possible to delarmine if a sector is unprotected in the system by writing the autoselect command and AB
is sel at ViH. Performing a read pperation at address location X00@H, where the higher order addresses | A1B,
A17 and A15) deline a particular seclor address, will produce D0H at data outpuls | DQO - DQ7) for an unprotected
sector.
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INTEANAL PROGRAMMING ALGDRITHM

Program Command Sequence | Address/Command )

55855H/AAH

2AAAH/55H

5555H/ADH

Program Address/Program Data

Figure 1. Inlernal Programming Algorithm

Table 5. Internal Programming Algorithm

Bus Dperation Command Sequence Commenis
Standby'"’

Write Program Valid Address / Data Sequence

Read Data Polling lo Veriy Programming
Standby!”’ Compare Data Oulpul to Data Expecied
Naote :

1. Device is either powered-down, erase inhibil or program inhibit.
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INTERNAL ERASE ALGORITHM

START

Wrile Erasse Command Sequence

|Ses Below)

Data Polling or Toggle Bil

Successlully Completed

v

Erasure Completed

Chip Erase Command Sequence
|Address / Command) :

5555H/AAH

2AAAH/S5H

5555H/80H

|

5555H/AAH

2AAAH/ESH

[

5555H/10H

Flgure 2. Internal

Individual Sector / Multiple Sector
Erase Command Sequence
|Address / Command) :

[ 5555H/AAH |

|

| 2AAAH/SSH |

| 5555H/BOH |

l 5585H/AAH |

' 2AAAH/SEH J

| Seclor Address /A0H |

| Seclor Address /30H
— Additional seclor

erase commands
are oplional

r Seclor Address /3DH

Erase Algorihm

Table 7. Intemnal Erase Algorithm

Bus Dperations Command Sequence Comments

Slandby

Write Erase

Read Data Polling to Verify Erasure
Standby Compare Oulpul to FFH
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DATA POLLING ALGORITHM

' START

—— VA=Byte address for programming
[DGo.0a7) =Any of the secltor addresses within the
Addr=VA sector being erased during sector erase

pperation

DQ7=Dala
?

ND

Read Byte
|DQo-DQ7)
Addr=VA

7

NO

Fail Pass

Note :
1. DQ7 is rechecked aven it DQ5 = "1" becauses DQ7 may change simultansously wilh DQS5.

Flgure 3 . Dsla Polling Algorithm
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TOGGLE BIT ALGORITHM

VA = Byte address for programming

Read Byte
{DQu-Da?) = any of the sector addresses within the
Ardr=VA seclor being erased during sector erase

operation

= XXXXH during chip erase

DRE=Toggle
?

YES

Read Byls
|DQu-Dayz)
Addr=VA

7

YES

Fail Pass

Note :
1. DQ6 is rechecked even if DQ5 = "1"because DQG may stop toggling at the same lime as DQ5 changes to "1".

Figure 4. Togple Bit Algorithm
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SECTOR PROTECTION ALGORITHM

Set Up Sector Addr.

|A18,A17.A1E)

PLSCNT = 1

DE=Vid, A3=Vid

y

Activals WE Pulss

A 4

Time Dut 100us

v

Power Down DE

Incremenl PLSCNT

WE - Vih

CE = DE - Vil

h

A1 shaud remain Vid

h
Read rom Sector
Addr=SA. A1AD=10,

AB=0

Dala=01H
?

YES

Device Failed

Remove Vid from A9
Wrile Resel Command

|

Sectar Protection Complets

Flgure 5. Sector Protection Algorithm
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SECTOR UNPROTECT ALGORITHM

| Prateci All Sectors |

l

‘ PLSCNT = 1 ‘

¥

Ssi Up Seclor

Unprotect Mode <

AG=A12=A18=VIh
¥

| Sel DE = CE = A8 = Vid ‘ L Incremen PLSCNT

l

‘ Activais WE Pulss I

[ ]

l

‘ Sel DE=CE=VIl, A9=Vid |

I

Set Up Sector Addr SAD
Set A1,A0=10, AE=1

v

4>| Read Dala lrom Device

NO

FLSCNT=1000

l Increment

‘ Remove Vid rom A9 ‘

l

‘ Sector Unprotecl Completed |

Flgure 6. Sector Unprotect Algorithm
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ABSDLUTE MAMIMUM RATINGS

Storage Temperature

Plastic Packages..................... -65°Cto + 125°C
Ambient Temperature

with Power Applied.................. -55°C1o + 125°C
Voliage with Respect lo Ground

All pins excepl AB [Note 1)......... -2.0Vlo + 7.0V

Voo (Note 1), ..o -2.0Vto + 7.0V

A3 Nole2)..............cooe -2.0Vio + 14.0V

Output Shon Circuit Current [Nole 3)...... 200 mA
Noles :

1. Minimum DC voitage on input or I/D pins is -0.5V.
During voliage lrasitions, inpuls may overshool Vss 10
-2.0V{or periods of up o 20 ns. Maximum DC vollage
on oulput and /D pins is Vcc + 0.5V. During Voliage
Iransilions, outputs may overshool to Voo + 2.0V for
periods up lo 20ns.

2. Minimum DC input vollage on A9 pin is -0.5V. During
voltage transilions, A9 may overshoot Vsslo -2.0V for
periods of up 1o 20ns. Maximum DC input voliage on
ADis + 13.5Vwhich may overshoolto 14.0Vfor periods
of up lo 20ns.

3. No more lhan one oulpul shoried at atime. Duration

ot the short circuit should not be greater than one
secaond.

DC CHARACTERISTICS

OPERATING RANGES

Commerclal [C) Devices

................................. DClo+ 70°C
Industrial |I) Devices

.............................. -40°C1o + B5°C
Extended |E) Devices

........................... -55°C1o + 125'C
Vcc Supply Voliages

........................... 45Vip + 5.5V

Dperating ranges define those limits between which the
lunctionality of the device is guaranteed.

Stresses above those listed under "Absolule Maximum
Ralings” may cause permanert damage lo ihe device.
This is a siress rating only ; lunctional operation of the
device at these or any olher conditions above lhose
indicated in lhe operational seclions of this specifica-
lion is nol implied. Exposure ol ihe device {o absolule
maximum rating conditions for expecied periods may
affect device reliability.

Symbaol Description Min. Max. Uni Test Conditions
LI Inpud Load Current +1.0 HA ViN= Vss lo Ve, Voo= VooMax
Ut A3 Inpul Load Current 50 A Vcc= VocMax, Ag= 12.5V
ILo Dutput Leakage Curren +1.0 A Vout= Vss lo Vcc, Voe= VocMax
Icct Vcc Active Current U 4D mA CE-= Vi, OE= VIH
Iccz Vcc Aclive Current %) 50 mA | CE= Vi, OF= Vi
Icca Vcc Standby Current 1.0 mA Vcc= VocMax, CE= Vi, OE= ViH
ViL Inpul Low Level -0.5 0.8 \
VIH Inpul High Level 2.0 VCC
+ D5 \'
Vip Voliage for Autoselect 115 125 \ Vo= 5.0V
and Seclor Protecl
VoL Outpul Low Voliage 0.45 \ loL= 12mA, Vce= VoocMin
VoH Dulpul High Voitage 24 Y loH= -2.5mA, Vcc= VceMin
VLMD Low Vo Lock-Dut Volage| 3.2 4.2 Vv
Notes :

1. The lcc current listed includes bolh the DC operating current and he frequency dependert component (at

6 MHz). The frequency component lypically is Iess than 2 mA/MHz with OE at V4.

2. lcc Aclive while Iniemnal Algorithm(Program or Erase) is in progress.

3. Not 100% lested.

2786
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AC CHARACTERISTICS

Read Only Dperallons

Parameter
Symbols Descriplion Test Setup 70" | -s0P | -120@ | .150@ | uni
JEDEC | Standard
lavav tRe Read Cycle Time ¥ Min.| 70 50 120 150 ns
tavav tacc | Address to Dulput TE= ViL | Max.| 7D 80 120 150 ns
Delay DE= Vi
teLav tce Chip Enabls to DE= VL | Max.| 7D g0 120 150 ns
Dulput Delay
leLav toE Dulpui Enable to Max.| 30 35 50 55 ns
Dulpui Delay
IEHDZ IcF Chip Enable to Max.[ 20 20 3o a5 ns
Dutput High Z ¥
lGHGQZ toF Oulput Enable o 20 20 30 35 ns
Dutput High Z ¥
taxax toH Oulpul Hold Time from Min. D 0 D D ns
Addresses, CFE or DE,
Whichsever Dccurs Firsl
Noles :
1. Test Conditions : 3. Dutpul driver disable tims
Dutput Load : 1TTL gate and 30 pF 4. Nol 100% leslied
Input rise and Iall times : Sns
Input pulse levels : 0.0V o 3.0V
Timing measurement reference |evel
Input : 1.5V
Output : 1.5V
2. Test Conditions :
Outpul Load : 1TTL pate and 100 pF
Input rise and fall times : 2Dns
Input pulse levels : D.45V to 2.4V
Timing measursmani referancs leve
Input : D.BV and 2.0V
Oulput : 0.BV and 2.0V
5.0V
IN3064
or Equivalent
DEVICE |
UNDER 1 '
C
TEST L 8.2KOhm
= Diodes=IN30584

NDTE: ar Equivaleni
For-70:CL=30pF including jig capacitance

For all others:CL=100pF includig jig capacitance

Figure 7. Test Condllion
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Wirite / Erase / Program Operations

Parameler Symbols | Description =70 -850 -120 | -150 | Unit
JEDEC | Standard
tavav twc Wrile Cycle Time Min.| 7D 50 12D 150 ns
tAVWL las Address Selup Time Min. 0 D 1] 0 ns
twiLAX 1AH Address Hold Time Min.| 45 45 50 50 ns
lovwH los Data Setup Time Min.[ 30 45 50 50 ns
IWLWH \DH Data Hold Time Min. 0 0 o ] ns
loES Dutpul Enable Selup Time Min. 0 0 0 D ns
toEH Outpul Enable|Read ™ Min.| © o 0 0| ns
Hold Time | Toggle and Dala Palling in.] 10 1D 10 10 ns
tGHwWL teHWL Read Recover Time Belore Write Min 0 0 0 0 ns
tELwWL tcs CE Selup Time Min. 0 0 0 D ns
tWHEH fcH CE Hold Time Min. 1] D i D | ns
twiLwH lwp Wrile Pulse Widlh Min.| 35 45 50 50 ns
WHWL lwPH Wrile Pulse Widlh High Min.| 20 2D 20 2D ns
WHWH1 IwHwH1 | Byte Programming Operalion Typ.| 16 16 16 16 us
IwHwHz | twhHwHz | Erase Dperalion [ Typ.| 15 15 15 15 | sec
Max{ 30 ao 30 30 | sec
tvcs Vcc Selup Time @ Min. 50 50 50 us
tVLHT Voliage Transilion Time 23) Min. 4 4 4 us
twpp Write Pulse Width ¥ Min, 100 100 100 us
toese | DE Setup Time 1o WE Aclive &% Min. 4 4 4 | pus
tcese | CE Setup Time o WE Active %% Min. 4 4 4 us
Notes :

1. The Erase Dperation does not need programming time.

2. These limings are for Seclor Prolect/ Unprolect Operations.
3. This timing is only for Sector Unprotect.

4. Not 100% lested.

ERASE AND PRDGRAMMING PERFORMANCE

Parameter Limils Unit Comments
Min Typ Max
Chip and Sector 1.5 30 sec Excludes DDH programming prior
Erase Time lo erasure
Byte Programming 16 1p00™ US Excludes system-level overhead
Time
Chip Programming g.5"" 50 SEC Excludes system-level overhsad
Time
Erase/Program 100,000 | 100,000 Cycles
Cycles
Notes :

1. 25C, 5V Vcc, 100,000 cycles
2. The Internal Algorithms allow for 48 ms byle program lime.
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