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Organization

DBJ PACKAGE

- Two 8K-Byte Parameter Blocks (TOP VIEW)
— One 96K-Byte Main Block —
— Three 128K -Byte Main Blocks Vpp (1 441 RP
- One16K-Byte Protected Boot Block wp 2 o
— Top or Bottom Boot Locations ATYS 42f A8
A7 4 41p A9
'28F400Axy Offers a User-Defined x8 (byte) A5 40p A10
or x16 (word) Organization A5 6 3gp A1
; A7 38 A12
28F00.4A).ty Offers Only the x8 (byte) asils b A13
Organization Azdg b A14
Maximum Access/Minimum Cycle Time Ald10 35f A15
— Commercial and Extended A0 11 34p Al6
5-V Voo £10% 3.3-V Vg $0.3V EQ12 33p BYTE
Vgg (13 32] Vgg
'28F400Axy60 60ns 110ns et ET1 s1f DQISA 4
'28F400Axy70 70 ns 130ns paodis a0l Da7
'28F400Axy80 80 ns 150 ns D8 18 29l D14
- Automotive (offered for only §-V Vg DG1 Q17 28 DQ6
voltage configurations) DG9 18 27 DQ13
DG2 419 26 DQS5
5V Vec £10% DQ10 420 b DQ12
'28F400Axy70 70 ns DQ3 I 21 o4 DDA
'28F400Axy80 80 ns DG [ 22 230 Vo

'28F400Axy90 90 ns
(x=5,E,F,M, or Z depending on Vo /Vpp

voltage configuration ordered) PIN NOMENCLATURE
(y = top (T) or bottom (B) boot-block AO_A17 Address Inputs
configuration ordered) BYTE Byte Enable
100000 and 10000 Program /Erase Cycle DQ0-DQ14 Data In/Out
Versions DQ15/A 1 Data In/Out (word-wide mode),
Three Temperature Ranges = (L;:]‘;V’(é;daet;:ddress (byte-wide mode)
— Commercial ... 0°C to 70°C el o P Enabl
_ _ °C to 85°C utput Enable

Ex'endec_l co. =40 R o NC No Intemal Gonnection
- Automotive ... - 40°C to 125°C T Reset/Deep Power-Down
Industry Standard Packages Offered in Vee Power Supply
— 40-Pin TSOP Vpp Power Supply for Program /Erase
- 44-Pin PSOP Vas Ground
- 48-Pin TSOP W Write Enable

WP Wiite Protect

Low Power Dissipation (Voo =5.5V) oo

— Active Write... 248 mW (Byte Write)
B Act!ve Re.ad ---330mW (Byte Rea_d) ® Write Protection for Boot Block
— Active Write...248 mW (Word Write)
- Active Read ...330 mW (Word Read) ® |Industry Standard Command-State Machine
- Block Erase ... 1656 mW (CSM)
- Standby...0.72mW (CMOS-Input - Erase Suspend/Resume

Levels) — Algorithm-Selection Identifier
Fully Automated On-Chip Erase and ® Three Different Combinations of Supply
Word /Byte Program Operations Voltages Offered

® AllInputs/Outputs TTL Compatible

Please be aware that an important notice conceming availability, standard warranty, and use in critical applications of

Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

ADVANCE INFORMATION

ADVANCE INFORMATION concerns new producis in the sampling or Copyright ®@ 1996, Texas Instruments Incorporated

preproducticn phase of development. Characierisiic daia and other
specifications are subject lo change withoul notice.
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DCD PACKAGE-40 PIN

(TOP VIEW)
Ate [ |1 40 JA17
A5 [ ]» ag] | GND
Al4 [ ]3 38 |_INC
A1 [ 4 37| _INC
A2 [ ]s ss| |A10
A1 [ e 35| 1DQ7
LY 34| 1DQS
A8 [ e 33| |DQ5
E I B 32| ]DQ4
RP [ |10 31| Voo
VP_P L n 0] _1Vee
WP [ |12 29 _INC
A8 [ |13 25 _1D13
A7 [ |14 27| 1DQ2
A [ ]1s o6 | DQA
As [ ]1s 25| 1 DQo
At [ |17 24| ]G
A3 [ |18 23| _JGND
A2 [ |19 2| |E
A1 [ ]20 21| _JA0
DCD PACKAGE-48 PIN
(TOP VIEW)
A5 ]+ 48] ] A16
Ald )2 47] ] BYTE
A13[ )3 46| ] GND
Al2[ |4 45| ] DQ15
A5 44| ] DQ7
A0 )8 43| ] DQ14
A9 |7 42] ] DQs
A8 |s 41| DQ13
NC[ ]9 40| 1 DQS5
NG [ 10 33| ] bQi2
W[ |1 38| | DQ4
RP[ |12 37| | Vee
Vpp[ | 13 ss| ] DQ11
WP |14 35[ ] DQ3
NG| 15 34| ] bQ1o
NG | 16 <] e
A7 |17 32| ] bQo
A7 |8 31| DaA
As[ |19 30[ ] bas
A5[ ] 20 29[ ] DQO
A4l |2t 2| |G
A3[ |22 27 ] GND
A2 |23 2| E
Al |24 251 JA0
N4
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description

The TMS28F400Axy is a 4194 304-bit, boot-block flash memory that can be electrically block-erased and
reprogrammed. The TMS28F400Axy is organized in a blocked architecture consisting of one 16K-byle
protected boot block, two 8K-byte parameter blocks, one 96K-byle main block, and three 128K-byte main
blocks. The device can be ordered in six different voltage configurations (see Table 1). Operation as a
512K-byte (8-bit) or a 256K-word (16-bit) organization is user-definable.

The TMS28F004Axy is offered in a 512K-byle organization only. The operation for this device is the same as
the TMS28F400Axy and is offered in the same voltage configurations. TMS28F004Axy can be substituted for
the byte-wide TMS28F400Axy with the latter being the generic name for this device family.

Embedded program and block-erase functions are fully automated by the on-chip write state machine (WSM),
simplifying these operations and relieving the system microcontroller of secondary tasks. WSM status can be
monitored by an on-chip status register 1o determine progress of program/erase tasks. The device features
user-selectable block erasure.

The TMS28F400ASy configuration has the auto-select feature that allows the user alternative read and
program/erase vollages. Memory reads can be performed using Vi = 3.3 V for optimum power consumption
or at Voo = b V for device performance. Erasing or programming the device can be accomplished with
Vpp = 5V, which eliminates having to use a 12-V source and/or in-system voltage converters. Alternatively,
12-V Vpp operation exists for systems that already have a 12-V power supply, which provides faster
programming and erasing times. This configurationis offered in two temperature ranges: 0°Cto 70°C and 40°C
to 85°C.

The TMS28F400AEy configuration offers the auto-select feature of the TMS28F400 ASy with an extended Vo
from a low 2.7-V to 3.6-V range (3-V nominal). Memory reads can be performed using a Vo =3V, allowing
for more efficient power consumption than the AS device.

The TMS28F400AMy configuration offers a 3-V or 5-V memory read with a 12-V program and erase. This
configuration is intended for low 3.3-V reads and the fast programming offered with the 12-V Vpp and 5-V V.
This configuration is offered in two temperature ranges: 0°C to 70°C and —40°C 1o 85°C.

The TMS28F400AFy configuration offers a 5-V memory read with a 5-V or 12-V program and erase. This
configuration is intended for systems using a single 5-V power supply. This configuration is offered in all three
temperature ranges: 0°C o 70°C, — 40°C 1o 85°C, — 40°C 10 125°C.

The TMS28F400AZy configuration offers a 5-V memory read with a 12-V program and erase for fast
programming and erasing times. This configuration is offered in all three temperature ranges: 0°C to 70°C,
—40°C 10 85°C, — 40°C 1o 125°C.

All configurations of the TMS28F400Axy are offered in a 44-pin plastic small-outline package (PSOP) and a
48-pinthin small-outline package (TSOP). The TMS28F004Axy is offered in a 40-pin TSOP only. Both the 40-pin
and 48-pin TSOP are offered for the 0°C fo 70°C and — 40°C 1o 85°C temperature ranges only.
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device symbol nomenclature

TMS28F400AS T 60 C DBJ L

I— Temperature Range Designator

L = 0°C to 70°C
E = -40°C to 85°C
Q = -40°C to 125°C

Package Designator
DBJ = 44 Lead PSOP

Program/Erase Endurance DCD= 40 Lead TSOP

C = 100000 Cycles
B = 10000 Cycles DCD= 48 Lead TSOP
Speed Designator
Boot-Bloeck Location Indicator 80 = 60ns
. 70 = 70 ns
T = Top Location
B = Bottom Location 80 = 80ns
- 90 = 90ns

=(3.3V+03Vor5Y+10%)Vocand (5V10% or12VY +£5%) Vpp
=(27Vto368VorSV10%)Vogand (SV£10% or12V £5%) Vpp
=(3.3V £0.3V or 5V £10%) Voo and (12V £5%) Vpp

=5V +10% Voo and (5V £10% or12V £5%) Vpp

=5V +10% Voo and 12V £ 5% Vpp

NTEZm®

Configuration
400= 256K x16 or 512K x8
004= 512K x8

Table 1. Voo /Vpp Voltage Configurations, Temperature, and Speeds Matrix

DEVICE CONFIGURATION
DEVICE READ (Veo) PROGRAM/ERASE (Vpp) TEMP (Ty) ACCESS SPEEDS - 5 V(3.3 V) Vg
G to 70°C §0(110), 70{130), 80(150) ns
TMS28F400ASy | 3.3 V£ 0.3V or 5 V£10% 5 V410% or 12 V5%
—40°C 1o 85°C 80(110), 70{130), 80(150) ns
PG to 70°C 60(110), 70{130}, 80(150) ns
TMSP8F400AFy | 2.7 t0 3.6 V or 5 V£10% 5 V£10% or 12 V5%
—40°C o 85°C 80(110), 70(130), 80(150) ns
G to 70°C 60(110), 70(130}, 80(150) ns
TMS28F400AMy | 3.3 V£ 0.3V or 5 V£10% 12 V41 0%
—40°C to 85°C 60(110), 70(130}, 80(150) ns
°C to 70°C 60, 70, 80 ns
TMS28F400AFy 5 Vi1 0% 5V+10% or 12 V5% —40°C 1o 85°C 60, 70, 80 ns
—4°C o 125°CT 70, 80, 90 ns
G to 700G 60, 70, 80 ns
TMS28F400AZy 5 V£10% 12 V£10% —40°C 1o 85°C 60, 70, 80 ns
—40°C to 125°CT 70, 80, 90 ns

T Only the 44-pin TSOP is offered in the 40°C to 125°C temperature range.
NOTE 1:  All configurations are available in the TMS28F004Axy (x8 only) and top or bottom boot.
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functional block diagram

Das-DQ15/A _4 Dao-DQr
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InputBuffer | | Buffer ] Bufrer Bufter || Butter [*
A 4N £ - o
1/0 Logle |+ BYTE
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s \T_ RegISter i : - frra
Output . __JCommand % w
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architecture

The TMS28F400Axy uses a blocked architecture to allow independent erasure of selected memory blocks. The
block to be erased is selected by using any valid address within that block.

block memory maps

The TMS28F400Axy is available with the block architecture mapped in either of two configurations: the boot
block located at the top or at the bottom of the memory array, as required by different microprocessors. The
TMS28F400AxB (bottom boot block) is mapped with the 16K-byte boot block located at the low-order address
range (00000hto 01FFFh). The TMS28F400AxT (top boot block) is inverted with respect to the TMS28F400AxB
with the boot block located at the high-order address range (3E000h to 3FFFFh). Both of these address ranges
are for word-wide mode. Figure 1 and Figure 2 show the memory maps for these configurations. The
TMS28F004AxY is mapped as the x8 configuration of the TMS28F400AxY, except that the least significant bit
{LSB) is A0 instead of A_4.
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block memory maps (continued)

Address
Range

7FFFFh

7C000h
7BFFFh

7A000h
79FFFh

78000h
77FFFh

60000h
SFFFFh

40000h
3FFFFh

20000h
1FFFFh

00000h

DQ15/A_4 I1s LSB Address

x8 Configuration

x16 Configuration

Boot Block
16K Addresses

BootBlock
8K Addresses

Parameter Block
8K Addresses

Parameter Block
4K Addresses

Parameter Block
8K Addresses

Parameter Block
4K Addresses

Main Block
96K Addresses

Main Block
48K Addresses

Main Block
128K Addresses

Main Block
64K Addresses

Main Block
128K Addresses

Main Block
64K Addresses

Main Block
128K Addresses

Main Block
64K Addresses

A0 lsLSB Address

Address
Range

3FFFFh

3E000h
3DFFFh

3D000h
3CFFFh

3C000h
3BFFFh

30000h
2FFFFh

20000h
1FFFFh

10000h
OFFFFh

00000h

NOTE A: The TMS28F004AxT is mapped the same as the x8 configuration of the TMS28F400AxT except that the LSB is A0.
Figure 1. TMS28F400Ax (Top Boot Block) Memory Map (See Note A)

Address
Range

7FFFFh

60000h
SFFFFh

40000h
3FFFFh

20000h
1FFFFh

08000h
07FFFh

06000h
0SFFFh

04000h
03FFFh

00000h

DQ15/A_4 Is LSB Address

x8 Configuration

x16 Configuration

Main Block
128K Addresses

Main Block
64K Addresses

Main Block
128K Addresses

Main Block
64K Addresses

Main Block
128K Addresses

Main Block
64K Addresses

Main Block
96K Addresses

Main Block
48K Addresses

Parameter Block
8K Addresses

Parameter Block
4K Addresses

Parameter Block
8K Addresses

Parameter Block
4K Addresses

Boot Block
16K Addresses

BootBlock
8K Addresses

ADls LSB Address

Address
Range

3FFFFh

30000h
2FFFFh

20000h
1FFFFh

10000h
OFFFFh

04000h
03FFFh

03000h
02FFFh

02000h
01FFFh

00000h

NOTE B: The TMS28F004AxB is mapped the same as the x8 configuration of the TMS28F400AxB except that the LSB is AQ.
Figure 2. TMS28F400Ax (Bottom Boot Block) Memory Map (See Note B)
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boot-block data protection

The 16K-byte boot block can be used to store key system data that is seldom changedinnormal operation. Data
in this block can be secured by using different combinations of the reset/ power-down pin (RP), the write protect
pin {(WP) and Vpp supply levels. Table 2 provides a list of these combinations.

parameter block

Two parameter blocks of 8K byles each can be used like a scraich pad to store frequently updated data.
Alternatively, the parameter blocks can be used for additional boot- or main-block data. If a parameter block is
used to store additional boot-block data, caution should be exercised because the parameter block does not
have the boot-block data-protection safety feature.

main block

Primary memory on the TMS28F400Axy is located in four main blocks. Three of the blocks have storage
capacity for 128K bytes and the fourth block has storage capacity for 96K bytes.

data protection

Data is secured or unsecured by using different combinations of the reset/power-down pin (RP), the write

protect pin (WP), and Vpp supply levels. Table 2 provides a list of these combinations.

There are two configurations to secure the entire memory against inadvertant alleration of data. The Vpp supply
pin can be held below the Vpp lock-out voltage level (Vpp| k) or the reset/deep power-down pin (RF) can be
pulled to a logic-low level. Note if RP is held low, the device resets which means it powers down and, therefore,
cannot be read. Typically this pin tied to the system reset for additional protection during system power up.

The boot block sector has an additional security feature through the WP pin (ASy, AEy, and AFy device
configurations only). When the RP pinis at a logic-high level, the WP pin controls whether the boot block sector
is protected. When WP is held at the logic-low level, the boot block is protected. When WP is held at the
logic-high level, the boot block is unprotected along with the rest of the other sectors. Alternatively, the entire
memory for all voltage configurations can be unprotected by pulling the RP pin to Vg (12 V).

Table 2. Data Protection Combinations

AS, AE, OR AF AM OR AZ
DATA PROTECTION PROVIDED Vpp RP wpt Vpp RP wpT
All blocks locked ViU X X ViL X X
All blocks locked (reset) X ViL X X VIL X
All blocks unlocked >VPPLK VHH X VHH VHH X
>VppLK ViH ViH
Only boot block locked >VPpP| K VIH Vi VHH ViH X

T Forthe TMS28F400AZy and TMS28F400AMy 12-V Vpp only products, the WP pin is disabled and can be left floating. To unlock blocks, RP must
be at VHH.

command-state machine (CSM)

Commands are issued to the CSM using standard microprocessor write timings. The CSM acts as an interface
between the external microprocessor and the internal WSM. The available commands are listed in Table 3 and
the descriptions of these commands are shown in Table 3. When a program or erase command is issued to the
CS8M, the WSM controls the internal sequences and the CSM responds only 1o status reads. After the WSM
completes its task, the WSM status bit (SB7) is set 1o a logic-high level (1), allowing the CSM to respond to the
full command set again.
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operation

Device operations are selecled by entering standard JEDEC 8-bit command codes with conventional
microprocessor timing into an on-chip CSM through /O pins DQO—-DQ7. When the device is powered up,
internal reset circuitry initializes the chip to a read-array mode of operation. Changing the mode of operation
reguires a command code to be entered into the CSM. Table 3 llists the CSM codes for all modes of operation.

The on-chip status register allows the progress of various operations to be monitored. The status register is
interrogated by enlering a read-status-register command into the CSM (cycle 1) and reading the register data
on /O pins DQO-DQ7 (cycle 2). Status-register bits SBO through SB7 correspond to DQO through DQ?7.

Table 3. CSM Codes for Device Mode Selection

COMMAND
CODE ON DEVICE MODE
pao-baz7t
00h Invalid/ Reserved
10h Altemate Program Setup
20h Block-Erase Setup
40h Program Setup
50h Clear Status Register
70h Read Status Register
90h Algorithm Selection
Boh Erase-Suspend
D0h Frase-Resume/Block-Frase Confinm
FFh Read Array

tDQo is the least significant bit. DQ8—DQ15 can be any valid 2-state
level.

command definition

Once a specific command code has been entered, the WSM executes an internal algorithm generating the
necessary timing signals to program, erase, and verify data. See Table 4 for the CSM command definitions and
data for each of the bus cycles.

Following the read-algorithm-selection-code command, two read cycles are required 1o access the
manufacturer-equivalent code and the device-equivalent code. Table 6 and Table 7 show the code.
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command definition {continued)

Table 4. Command Definitions

BUS FIRSTBUS CYCLE SECOND BUS CYCLE
COMMAND CYCLES coM SATA
REQUIRED | OPERATION |ADDRESS | o . | OPERATION |ADDRESS [ '
Read Operations
Read Amay 1 Write X FFh Read X Data Qut
Read Algorithm-Selection Code 2 White X 90h Read AD M/D
Read-Status Redister 2 White X 70h Read X SRB
Clear-Status Register 1 Write X 50h
Program Mode
Program Setup/Program 2 Write PA |40horton Write PA PD
(byte/word)
Erase Operations
Block Frase Setup/ 2 Whito BEA 20h Write BEA Doh
Block-Erase Confirm
Frase Suspend 2 Write X BOh Write X DOh
Erase Resume
Legend:

BEA Block-erase address. Any address selected within a block selects that block for erase.

M/D  Manufacturer-equivalent/device-equivalent code

PA Address to be programmed

PD Data to be programmed at PA

SRB  Status-register data byte that can be found on DQO—-DQ7

X Don't care

status register

The status register allows the user to determine whether the state of a program/erase operation is pending or
complete. The status register is monitored by writing a read-status command to the CSM and reading the
resulting status code on /O pins DQO—-DQY. This is valid for operation in either the byte- or word-wide mode.
When writing to the CSM inword-wide mode, the high order /0 pins {DQ8—-DQ15) can be setto any valid 2-state
level. When reading the status bits during a word-wide read operation, the high order I/0Os (DQ8—-DQ15) are
set 1o 00h internally, so the user needs to interpret only the low order IO pins (DD-DQ7).

After a read-status command has been given, the data appearing on DQ0O—-DQ7 remains as status register data
until a new command is issued to the CSM. To return the device to other modes of operation, a new command
must be issued to the CSM.

Register data is updated on the falling edge of G or E. The latest falling edge of either of these two signals
updates the latch within a given read cycle. Latching the data prevents errors from occurring should the register
input change during a status-register read. To ensure that the status-register output contains updated status
data, E or G must be toggled for each subsequent status read.

The status register provides the internal state of the WSM to the external microprocessor. During periods when
the WSM is active, the status register can be polled to determine the WSM status. Table & defines the status
register bits and their functions.
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status register (continued)

Table 5. Status-Register Bit Definitions and Functions

STATUS
BIT

FUNCTION

DATA

COMMENTS

SB7

White-state-machine status

= Ready

Busy

If SB7 = 0 (busy), the WSM has not completed an erase or
programming opevation. If SB7 = 1 (ready), other polling
operations can be performed. Unfil this occurs, the other status
bits are not valid_If the WSM stalus bit shows busy (0), the user
must toggle E or G periodically to determine when the WSM has
completed an operation (SB7 = 1) since SB7 is not updated
automatically at the completion of a WSM task.

SBe

Erase-suspend status (ESS)

= Erase suspended

Erase in progress or
completed

When an erase-suspend command is issued, the WSM halts
execution and sets the ESS bit high (SB6 = 1) indicating that the
erase operation has been suspended. The WSM status bit also
is set high (SB7 = 1) indicating that the erase-suspend operation
has been completed successfully. The ESS bit remains at a
logic-high level until an erase-resume command is input to the
CSM (code DOh).

SB5

Erase status (ES)

= Block erase emor

Block erase good

8BS = Olindicates that a successful block erasure has occurred.
SB5 = 1 indicates that an erase error has occurred. In this case,
the WSM has completed the maximum allowed erase pulses
determined by the internal algorithm, but this was insufficient to
erase the device completely.

SB4

Program status (PS)

Byte/word program evror
Byte/word program good

SB4 = 0 indicates successful programming has occurred at the
addressed block location. SB4 = 1 indicates that the WSM was
unable to program the addressed block location correctly.

SB3

Vpp status (Vpps)

Program abort:
Vpp range ewor
Vpp good

SB3 provides information on the slalus of Vpp during
programming. If Vppis lower than Vpp| after a program orerase
command has beenissued, SB3 is set to a 1 indicating that the
programming operation is aborted. If Vpp is between VppH and

VppL, SB3 will not be set.

SBO

SB2-

These bits should be masked out when reading the status

Reserved .
register.

byte-wide or word-wide mode selection

The memory array is divided into two parts: an upper-half that outputs data through /O pins DQ8-DQ15, and
a lower-half that outputs data through DQO—-DQ7. Device operation in either byle-wide or word-wide mode is
user-selectable and is determined by the logic state of BYTE. When BYTE is at a logic-high level, the device
is in the word-wide mode and data is written to, or read from, I/O pins DQO—-DQ15. When BYTE is at a logic-low
level, the device is in the byte-wide mode and data is written to or read from /O pins DQO—-DQ?7. In the byte-wide
mode, /O pins DQ8—DQ14 are placed in the high-impedance slate and DQ15/A_4 becomes the low-order
address pin and selects either the upper or lower half of the array. Array data from the upper half (DQ8-DQ15)
and the lower half (DQD-DQ7) are mulliplexed to appear on DQO-DQ7. Table 6 and Table 7 summarize
operations for word-wide mode and byte-wide mode, respectively.
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byte-wide or word-wide mode selection (continued)

Table 6. Operation Modes for Word-Wide Mode (BYTE = V) (see Note 2)

MODE WP E G RP w A9 AD Vpp DQO-DQ15
Read X VL VL VIH VIH X X X Data out
Manufacturer-equivalent code
X ViL ViL ViH ViH ViD ViL X 9
0083h
. . Device-equivalent code 4470h
Algorithm-selection mode y y y y y y y y (fop bootqblock)
IL IL IH IH ID IH Device-equivalent code 4471h
(bottom boot block)
Output disable X VL ViH ViH VIH X X X Hi-Z
Standby X VIH X VIH X X X X Hi-Z
Reset/deep power down X X X VL X X X X Hi-Z
) VL or VIiHor VppLor )
Wrile (see Note 3 V V V X X Datain
( ) Vi IL H | vy IL VPPH

NOTES: 2. X=don't care

3. When wriling commands lo the '28F400Axy, Vpp must be in the appropriate Vpp vollage range (as shown in the recommended
operating conditions table) for block-erase or program commands to be executed. Also, depending on the combination of RP and
WP, the boot block can be secured and, therefore, is not programmable (refer to Table 2 for the combinations).

Table 7. Operation Modes for Byte-Wide Mode (BYTE = V| ) (see Note 2)

MODE wp | E G |RP | W | A9 | A0 | vpp |D@15/A_; |DOB-DQ14 DQo -DQ7
Read lower byte X Vi I Vi | VYin | VIH X X X ViL Hi-Z Data out
Read upper byte X Vi I viL I VYiIH | VIH X X X VIH Hi-Z Data out
) Manufacturer-equivalent
X IVIL [ VIL [YIH [ VIH | VID | ViL | X X Hi-Z code 89h
Algorithm-selection Device-equivalent code
mode ] 70h (top boot block)
Xl VIL [ VIL | VIH [ VIH | VID [ VIH | X Hi-Z . .
Device-equivalent code
71h (bottom boot block)
Output disable X Vi I VIH T VIH | VIH X X X Hi-Z Hi-Z
Standby X VIH X VIH X X X X Hi-Z Hi-Z
Heset/desppower | |y | x fv | x | x | x | x Hi-Z Hi-Z
down
VIL VIH VPPL
Write (see Note 3) ar ViL | VIH or VL X X or Hi-Z Data in
ViH VHH VPPH

NOTES: 2. X =don'tcare

3. When writing commands to the "28F400Axy, Vpp must be in the appropriate Vpp voltage range (as shown in the recommended
operating condilions table) for block-erase or program commands lo be execuled. Also, depending on the combination of RP and
WP, the boot block can be secured and, therefore, is not programmable (refer to Table 2 for the combinations).
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byte-wide or word-wide mode selection {(continued)

Table 8. Operation Modes for 28F004 Axy

Algorithm-selection mode

MODE wep | E G |rp | W [ as | a0 | vpp DQO-DQ7
Read X Vi L Vi | Vin | Vil X X X Data out
X Vi VL ILYIHT ViR ViD | VIL X Manufacturer-equivalent code 83h

Device-equivalent code 78h (top boot block)
X Vi [ vic | Vii | ViH | VID | VIH X | Device-equivalent code 79h (bottom boot

block)
Output disable X ViL L VIH | VIH | VIH X X X Hi-Z
Standby X VIH X VIH X X X X Hi-Z
Reset/deep power down X X X ViL X X X X Hi-Z
ViL ViH VPPL
Wiite (see Note 3) or ViL | VIH or VL X X or Data in
VIH VHH VPPH

NOTES: 2. X =don't care

3. When writing commands to the '28F004Axy, Vpp must be in the appropriate Vpp voltage range (as shown in the recommended
operaling condilions table) for block-erase or program commands to be execuled. Also, depending on the combinalion of RP and
WP, the boot block can be secured and, therefore, is not programmable (refer to Table 2 for a list of the combinations).

command-state machine (CSM) operations

The CSM decodes instructions for read, read algorithm-selection code, read status register, clear status
register, program, erase, erase-suspend, and erase-resume. The 8-bit command code is input to the device on
DQO-DQ7 (see Table 3 for CSM codes). During a program or erase cycle, the CSM informs the WSM that a
program or erase cycle has beenrequested. During a program cycle, the WSM controls the program sequences
and the CSM responds only to status reads.

During an erase cycle, the CSM responds 1o status read and erase-suspend commands. When the WSM has
completed its task, the WSM status bit {SB7) is set to a logic-high level and the CSM responds to the full
command set. The CSM stays in the current command state until the microprocessor issues another command.

The WEM successtully initiates an erase or program operation only when Vpp is within its correct voltage range.
For data protection, it is recommended that RP be held at a logic-low level during a CPU reset.

clear status register

12

The internal circuitry can set only the Vpp status (SB3), the program status bit (SB4), and the erase status bit
(SB5) of the status register. The clear-status-register command (50h) allows the external microprocessor 1o
clear these status bits and synchronize to internal operations. When the status bits are cleared, the device
returns to the read array mode.

{'? TeExas
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443



TMS28F004Axy, TMS28F400Axy
4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

5MJS829 — AUGUST 1996

read operations

There are three read operations available: read array, read algorithm-selection code, and read status register.
® read array

The array level is read by entering the command code FFh on DQO—DQ7. Control pins Eand G mustbe ata
logic-low level (V) ) and W and RP must be at a logic-high level (V) to read data from the array. Data is
available on DQ8—-DQ15 (word-wide mode) or DQO—-DQ7 (byte-wide mode ). Any valid address within any
of the blocks selects that block and allows data to be read from the block.

® read algorithm-selection code

Algorithm-selection codes are read by entering command code 90h on DQO—-DQ7. Two bus cycles are
required for this operation: the first to enter the command code and a second to read the device-equivalent
code. Control pins E and G must be at a logic-low level (V| ) and W and RP must be at a logic-high level
{V ). Two identifier bytes are accessed by toggling AQ. The manufacturer-equivalent code is obtained on
DQO—-DQ7 with AD at a logic-low level (V) ). The device-equivalent code is obtained when AQ is set to a
logic-high level (V). Alternatively, the manufacturer- and device-equivalent codes can be read by applying
Vp (nominally 12 V) to A9 and selecting the desired code by toggling AD high or low. All other addresses are
“don’t cares” (see Table 4, Table 6, and Table 7).

® read status register

The status register is read by entering the command code 70h on DQO—-DQY. Control pins E and G must be
at alogic-low level (V) ) and W and RP must be at a logic-high level (ViH)- Two bus cycles are required for
this operation: one to enter the command code and a second to read the status register. In a given read
cycle, status register contents are updated on the falling edge of E or G, whichever occurs last within the
cycle.

programming operations

There are two CSM commands for programming: program setup and alternate program setup
{see Table 3). After the desired command code is entered, the WSM 1akes over and correctly sequences the
device to complete the program operation. During this time, the CSM responds only to status reads until the
program operation has been completed, after which all commands to the CSM become valid again. Once a
program command has been issued, the WSM normally cannot be interrupted until the program algorithm is
completed (see Figure 3 and Figure 4).

Taking RP to V) during programming aborts the program operation. During programming, Vpp must remain in
the appropriate_Vpp voltage range as shown in the recommended operating conditions table. Different
combinations of RF, WF, and Vpp pin voltage levels ensure that data in certain blocks are secure, and, therefore,
cannot be programmed (refer to Table 2 for a list of combinations). Only 0s are written and compared during
a program operation. If 1s are programmed, the memory cell contents do not change and no error occurs.

A program-setup command can be aborted by writing FFh {in byte-wide mode) or FFFFh (in word-wide mode)
during the second cycle. After writing all 1s during the second cycle, the CSM responds only to status reads.
When the WSM status bit (SB7) is set to a logic-high level, signifying the nonprogram operation is terminated,
all commands to the C8M become valid again.
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erase operations

There are two erase operations that can be performed by the TMS28F004Axy and TMS28F400Axy devices:
block erase and erase suspend/erase resume. An erase operation must be used fo initialize all bits in an array
block to 1s. After block-erase confirm is issued, the CSM responds only to status reads or erase-suspend
commands until the WSM completes its task.

® block erasure

Block erasure inside the memory array sets all bits within the addressed block to logic 1s. Erasure is
accomplished only by blocks; data at single address locations within the array cannot be erased individually.
The block to be erased is selected by using any valid address within that block. Note that different
combinations of RP, WP and Vpp pin voltage levels ensure that data in certain blocks are secure and,
therefore, cannot be erased (see Table 2 for a list of combinations). Block erasure is initiated by a command
seguence to the CSM: block-erase setup (20h) followed by block-erase confirm (DOh) (see Figure 5). A
two-command erase sequence protects against accidental erasure of memory contents.

Erase setup and confirm commands are latched on the rising edge of E or W, whichever occurs first. Block
addresses are latched during the block-erase-confirm command on the rising edge of E or W (see Figure 13
and Figure 14). When the block-erase-confirm command is complete, the WSM automatically executes a
seguence of events fo complete the block erasure. During this sequence, the block is programmed with
logic 0s, data is verified, all bits in the block are erased, and finally, verificationis performed to ensure that all
bits are correctly erased. Monitoring of the erase operation is possible through the status register (see the
subsection, “read status register”).

® crase suspend/erase resume

During the execution of an erase operation, the erase-suspend command {BOh) can be entered o direct the
WSEM to suspend the erase operation. Once the WSM has reached the suspend state, it allows the CSM to
respond only to the read-array, read-status-register, and erase-resume commands. During the
erase-suspend operation, array data should be read from a block other than the one being erased. To
resume the erase operation, an erase-resume command (DOh) must be issued to cause the C3M to clear
the suspend state previously set (see Figure 5 and Figure 6).

autom atic power-saving mode

Substantial power savings are realized during periods when the array is not being read and the device is in the
active mode. During this time, the device switches to the automatic power-saving (APS) mode. When the device
swilches to this mode, g is typically reduced from 40 mA to 1 mA (loyT = 0 mA). The low level of power is
maintained until another read operation is initiated. In this mode, the /O pins retain the data from the last
memory address read until a new address is read. This mode is entered automatically if no address or control
pins toggle within approximately a 200-ns time-out period. At least one transition on E must occur after power
up to activate this mode.

reset/deep power-down mode

Very low levels of power consumption can be attained by using a special pin, RP, to disable internal device
circuitry. When RP is at a CMOS logic-low level of 0.0V £ 0.2V, a much lower | value or power is achievable.
This is important in portable applications where extended battery life is of major concern.

A recovery time is required when exiting from deep power-down mode. For a read-array operation, a
minimum of 14(Rrp) is required before data is valid, and a minimum of teoRPHE) @Nd trec(RPHW) IN deep
power-down mode is required before data input 1o the C8M can be recognized. With RP at ground, the WSM
is reset and the status register is cleared, effectively eliminating accidental programming to the array during
system reset. After restoration of power, the device does not recognize any operation command until RP is
refurned to a V| or Vi level.
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reset/deep power-down mode (continued)

Should RP go low during a program or erase operation, the device powers down and, therefore, becomes
nonfunctional. Data being written or erased at that time becomes invalid or indeterminate, requiring that the
operation be performed again after power restoration.

power supply detection

RP must be connected to the system reset/power good signal 1o ensure that proper synchronization is
maintained between the CPU and the flash memory operating modes. The default state after power up and exit
from deep power-down mode is read array. RP also is used to indicate that the power supply is stable so that
the operating supply voltage can be established (3 V, 3.3 V or 5 V). Figure 9 shows the proper power-up
sequence. To reset the operating supply voltage, the device must be completely powered off (Voo = 0 V) before
the new supply voltage is detected.
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)

( Start
v

lssue Program-Setup

Command and Byte Address

¥

Issue Byte
Address/Data

r—

Read Status-Register
Bits

No
Yes

Full Status-Register
Check (optional)

See Note A

¥

@yte-P rogram Com pleted)

FULL STATUS-REGISTER-CHECK FLOW

Read
Status-Register Bits

)

Vpp Range Error

Byte-Program
Failed

(B yte-Program Passed )

BUS
GPERATION COMMAND COMMENTS
Write Write Data = 40hor 10h
program Addr = Address of
setup byte to be
programmed
Write Write data Data = Bytetobe
programmed
Addr = Address of
byte to be
programmed
Read Status—@gistﬁ}r data.
Toggle G or E to update
status register.
Standby Check SB7

1 = Ready, 0 = Busy

Repeat for subsequent bytes
Wiite FFh after the last byte-programming operation to
reset the device to read-array mode.

BUS
GPERATION COMMAND COMMENTS
Standby Check SB3
1 = Detlect Vpp low
(see Note B)
Check SB4
Standby 1 = Byte-program emor
(see Note G)

NOTES: C. Full status-register check can be done after each word or after a sequence of words.

16

D. SB3 must be cleared before attempling additional program /erase operations.
E. SB4is cleared only by the clear-status-register command, but it does not prevent additional program operation attempts.

Figure 3. Automated Byte-Programming Flowchart
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BUS
( Start ) OPERATION COMMAND COMMENTS
* Write Wite Data = 40h or10h
lssue Program-Setup program Addr = Address of
Command and Word setup word to be
Address programmed
* Write Write data Data = Word to be
lssue Word programmed
Address/Data Addr = Address of
word to be
# programmed
Read Status-Register Read Status-register data.
Bits Toggle G or E to update
status register.
No Standby Check SB7
1 = Ready, 0 = Busy
Repeat for subsequent words
Yes Write FFh after the last word-programming operation to
Full Status-Register reset the device to read-array mode.

i See Note A
Check (optional)

Word-Program
Completed

FULL STATUS-REGISTER-CHECK FLOW

Read Status-Register
Bits

BUS
OPERATION COMMAND COMMENTS
Vpp Range Error Standby Check SB3
1 = Detect Vpp low
(see Note B)
Standby Check SB4
1 = Word-program
Word-Program arvor
Failed
(see Note C)

(W ord-Program P assed)

NOTES: A. Full status-register check can be done after each word or after a sequence of words.
B. SB3 must be cleared before attempting additional program/ erase operations.
C. SB4is cleared only by the clear-status-register command, but it does not prevent additional program operation attempts.

Figure 4. Automated Word-Programming Flowchart
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BUS
( Start ) GPERATION COMMAND COMMENTS
* Write Write evase | Data = 20h
Issue Erase-Setup Command selup Block Addr = Address
and Block Address within
block to
* be
Issue Block-Erase-Confirm erased
Command and
Block Address Write Erase Data = DOh
Block Addr = Address
# | within
E block to
Read Status-Register Bits s rase-d be
uspen erased
Loop
Read Status-register data.

Erase Yes
Suspend

?

Toggle GorEto update
status register

Standby Check SB7
Full Statu s-R-eglster See Nots A 1 = Ready, 0 = Busy
Check (optional)
Repeat for subsequent blocks
¥ Wiite FFh after the lastblock-erase operation to reset the
(BIock-Erase Completed) device to read-array mode.

FULL STATUS-REGISTER-CHECK FLOW

Read Status-Register
Bits
BUS

OPERATION COMMAND COMMENTS
Standby Check SB3
Vpp Range Error ) 1 = Detect Vpp low
(see Note B)
Command Sequence ) Standby Check SB4 and SB5
rror 1 = Block-erase
anor
Block-Erase Failed ) Standby Check SB5
1 = Block-erase error
(see Note C)

( Block-Erase Passed )

NOTES: A. Full status-register check can be done after each word or after a sequence of words.
B. SB3 must be cleared before attempting additional program /erase operations.
C. SB5is cleared only by the clear-status-register command in cases where multiple blocks are erased before full status is checked.

Figure 5. Automated Block-Erase Flowchart
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( Start

)

v

Issue Erase-Suspend
Command

:

Read Status-Register
Bits

Yes

lssue Memory-Read
Command

Finished
Reading

Issue Erase-Resume
Command

¥

BUS
OPERATION COMMAND COMMENTS
Write Erase Data = BOh
suspend
Read Status—Egistﬂ’ data.
Toggle G or E to update
status register.
Standby Check SB7
1 = Ready
Standby Check SB6
1 = Suspended
Erase
Completed Write Read Data = FFh
memaory
Read Read data from block
other than that being
erased.
Write Frase Data = DOh
resume

( Erase Continued ) See Note A

NOTE A: Refer to block-erase flowchart for complete erasure procedure.

Figure 6. Erase-Suspend/Resume Flowchart
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vo (see Note 4) . oo e -06Vio7V
Supply voltage range, Vpp (see Note 4) ... ... -06Vio14V
Input voltage range: All inputs except A, RP .. ... i -06VioVoe+1V
RP, A9 (868 NOWE B) .ottt et e e i ~06V10135V

Output voltagerange (see Nole 6) . ... -06VioVpon +1V
Operating free-air temperature range, T, during read/erase/program: L suffix .............. 0°Cto 70°C
Esuffix ............ —40°C 1o 85°C

Qsuffix .......... —40°C o 1256°C

Storage temperature range, Tgg .. ... —-65°C 10 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are siress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absclute-maximum-vated conditions for extended periods may affect device reliability.

NOTES: 4. All voltage values are with respect to Vgg.

5. The voltage on any input can undershoot to — 2 V for periods less than 20 ns.
6. The voltage on any output can overshoot to 7 V for periods less than 20 ns.

TMS28F004ASy and TMS28F400ASy

The TMS28F004ASy and the TMS28F400ASy configurations have the auto-select feature that allows
alternative read and program/erase voltages. Memory reads can be performed using Ve = 3.3 V for optimum
power consumption or at Ve = 5 V for device performance. Erasing or programming the device can be
accomplished with Vpp =5 Vwhich eliminates having to use a 12-V source and/or in-system voltage converlers.
Alternatively, the 12-V Vpp operation exists for systems that already have a 12-V power supply which provides
faster programming and erasing times. This configurationis offered intwo temperature ranges (0°C 10 70°C and
—40rC 1o 85°C).

recommended operating conditions for TMS28F004ASy and TMS28F400A Sy

MIN NOM MAX UNIT
. . 3.3-V V¢ range 3 3.3 3.6
Voo Supply voltage During write/read/erase/erase suspend \')
5-V Vo range 4.5 5 55
During read only (Vpp|) VppL 0 6.5
Vpp Supply voltage . . 5V Vpp range 4.5 5 8.5 \')
During write/erase/erase suspend
12-V Vpp range 1.4 12 126
TTL 2 Voo + 05
3.3-V Vi range
Y High-evel dc input CMOS Voo —0.2 Vo +02 v
IH voltage TTL 2 Voo +0.3
5-V Vi range
CMOS Vo —-0.2 Vo +0.2
TTL -05 0.8
3.3-V Vi range
Vv Low-level dc input CMOS Vgg —0.2 Vgg+0.2 v
IL vollage TTL -03 0.8
5-V Vi range
CMOS Vgg—0.2 Vgg+0.2
Viko Ve lock-out voltage from write/erase 2 \')
VHH BP unlack voltage 114 12 13 \')
VppLk Vpp lock-out voltage from write/erase 0 1.5 V'
’5
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word/byte typical write and block-erase performance for TMS28F004A8y and TMS28F400ASy
(see Notes 7 and 8)

5-V Vpp RANGE 12-V Vpp RANGE
3.3-VV 5-VV 3.3-VV 5-VV
PARAMETER RANG%C RANC?S RANG%C RANgIg
TYP MAX TYP MAX | TYP MAX TYP MAX
Main block-erase time 2.4 1.9 1.3 1.1 14
Main block-byte program time 1.7 14 1.6 1.2 4.2
Main block-word program time 1.1 09 0.8 0.6 21
Parameter/boot-block erase time 0.84 0.8 0.44 0.34 7

NOTES: 7. Excludes system-level overhead (all times in seconds).
8. Typical values shown are at Ta = 25°C and nominal.
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electrical characteristics for TMS28F004ASy and TMS28F400ASy over recommended ranges of
supply voltage and operating free-air temperature using test conditions given in Table 9 (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
TTL Voo = VooMIN, IoH =—2.5 mA 24
VoH High-level output voltage £e” 60 OH \')
CMOS | Voo = VeeMIN, o =—100 pA Voo —04
VoL Low-level output voltage Voo =VoeMIN, o =5.8mA 0.45 \')
Vip A9 selection code voltage During read algorithm-selection mode 114 12.6 v
Input current {leakage), except for AS when _ _ ==
I A9 - V|p (see Nole 9) Voo = VooMAX V) =0 V to Voo MAX, RP = VHY +1 pA
D A9 selection code current A9 =V|p 500 wA
IRP RP boot-block unlock current RP - VHH 500 wA
I'e} Output current (leakage) Voo = VooMAX, Vo = 0 Vo VooMAX 110 pA
3.3-V Vo range 15
Ipps Vpp standby current (standby) Vpps Voo pA
5V Voo range 10
Vpp supply current (reset/deep — 3.3-V Ve range 5
PPL power-down mode) RP -Vgs£ 02V, VPP VGG 5V Vg range 5 kA
| v | ¢ (act d) Vo3 V 3.3-V Vo range 200 A
su| current (active rea z
PP1 PP supply PP 2 ¥YCC 5V VoG range 00 "
5-V Vpp range, 20
3.3-V Vo range
5V Vpp range,
i Wi 5V Vi range 2
Ipp2 Vpp supply current (active byte-write) Programming in progress mA
(see Notes 10 and 11) 12-V Vpp range, 55
3.3-V Vi range
12-V Vpp range, 20
5-V V¢ range
5V Vpp range, 30
3.3-V Ve range
5-V Vpp range,
) ) 25
| Vpp supply current (active word-write) P o 5-V Vo range A
PP3 (see Notes 10 and 11) rogramming in progress 12-V Vpp range, o5 m
3.3-V Vo range
12-V Vpp range, 20
5V Vi range

NOTES: 9. DQ15/A_4 is tested for output leakage only.
10. Not 100% tested; characterization data available
11.  All ac current values are RMS unless otherwise noted.
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electrical characteristics for TMS28F004ASy and TMS28F400ASy over recommended ranges of
supply voltage and operating free-air temperature using test conditions given in Table 8 (unless
otherwise noted) (continued)

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
5V Vpp range, 30
3.3-V Ve range
5V Vpp range,
V. 20
| Vpp supply current (block-erase Block-erase in rodress 5 GG range mA
PP4 (see Notes 10 and 11) prog 12-V Vpp range,
3.3-V Ve range 25
12-V Vpp range, 15
5V Ve range
5V Vpp range,
3.3-V Ve range 200
5V Vpp range,
V ly current (erase-suspend) 5V Vg range 700
PP SUpp! - )
Ipps (see Notes 10 and 11) Block-erase suspended SPXVIVE— pA
3.3-V Ve range 200
12-V Vpp range,
5V Ve range 200
_ 3.3-V Vg range 15 mA
TTL-input level %C%V%C MAX, cerang
s Ve supply current = hF=VIH 5V Ve range 2] mA
(slandby) - 3.3-V Vo range 110 A
CMOS-input level | CG=YCCMAX, ce g a
E=RP=Vgct02V 5V Vg range 130 pA
Ve supply current (reset/deep — ; G to 70°C 8
lccL power-down mode) RP =Vgg + 0.2V, Voo = VooMAX TA0°C o 85 C 8 pA
E- V)L louT=0mA, f =5 MHz, 7
G- Vi 3.3-V Ve range 30
TTL-input level — mA
E=ViL. louT=0mA, =10 MHz, 3
Ve supply G=V|H 5V Ve range 65
lect curent (active o
read) E=ViL. louT =0mA, =5 MHz, .
G Voo 3.3-V Ve range 30
CMOS-input level [=— mA
E=V|L. louT=0mA, f =10 MHz, :
G- Vo 5V Ve range 60
5-V Vpp range, 30
3.3-V Ve range
5V Vpp range, 50
| Vi supply curent (active byte wiite) | Voo = Voo MAX, 5V Vg range mA
ccz2 (see Notes 10 and 11) Programming in progress 12-V Vpp range, o5
3.83-V Vo range
12-V Vpp range, 45
5V Ve range
NOTES: 10. Not 100% tested; characterization data available
11. All ac current values are RMS unless otherwise noted.
’5
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electrical characteristics for TMS28F004ASy and TMS28F400ASy over recommended ranges of
supply voltage and operating free-air temperature using test conditions given in Table 9 (unless

otherwise noted) (continued)

PARAMETER TEST CONDITIONS MIN MAX ] UNIT
5-V Vpp range, 30
3.3-V Ve range
5-V Vpp range, 50
| Ve supply cumrent (active word-write) Vi = VooMAX, 3-V Vg range mA
CC3 (see Notes 10 and 11) Programming in progress 12-V Vpp range,
3.3-V Ve range 25
12-V Vpp range, 45
5V Vi range
5-V Vpp range, 30
3.3-V Ve range
5-V Vpp range, 35
| Voo supply current (block-erase) Voo = VooMAX, 5-V V¢ range mA
CC4 (see Notes 10 and 11) Block-erase in progress 12-V Vpp range,
3.3-V Ve range &
12-V Vpp range, 30
5-V Vi range
| Ve supply current (erase suspend) Voo = VCCMAXE =VIH, 3.3-V Ve range 8 A
CCh (see Notes 10 and 11) Block erase suspended 5-V Vo range 10 "
NOTES: 10. Not 100% tested; characterization data available
11. All ac cument values are RMS unless otherwise noted.
Output ViH VoH
vz Under VoL
Test ViL

CL
(see Note A)

NOTES: A. Cj includes probe and fixture capacitance.

VOLTAGE WAVEFORMS

B. AC test conditions are driven at V| and V)| , Timing measurements are made at Vo and V| levels on both inputs and cutputs.

Refer lo Table 8 for values based on V3¢ operaling range..

C. Each device should have a 0.1 mF ceramic capacitor connecled to Vi and Vgg as close as possible to the device pins.

Figure 7. Load Circuit and Voltage Waveforms

Table 9. AC Test Conditions

Voo RANGE loL loH sz VoL YOH Vi VIH CL tf tr
5V+10% 21 04 15 08 2.0 0.45 24 100 <10 <10
33203V 0.5 0.5 1.5 1.5 15 0.0 3.0 50 <10 <10
271036V 0.1 —0.1 1.35 1.35 1.35 0.0 2.7 50 <10 <10

t v, is the measured value used to detect high impedance.
e
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capacitance over recommended ranges of supply voltage and operating free-air temperature,
f=1MHz, V=0V

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
Ci Input capacitance 8 pF
Co Output capacitance Vo=0V 12 pF
’5
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TMS28F004AEy and TMS28F400AEy

The TMS28F004AEy and the TMS28F400AEy configurations offer the auto-select feature of the
TMS28F400ASy with an extended Vg from a low 2.7-V 1o 3.6-V range (3-V nominal). Memory reads can be
performed using a Vo = 3 V, allowing for more efficient power consumption than the AS device.

recommended operating conditions for TMS28F004AEy and TMS28F400AEY

MIN NOM MAX UNIT
. . 3-V Vg range 2.7 3 3.6
Voo Supply voltage During write/read/erase/erase suspend V')
5V Vg range 4.5 5 5.5
During read only (Vpp| ) VppL 0 6.5
Vpp Supply veltage ) ) 5V Vpp range 4.5 55 \')
During write/erase/erase suspend
12-V Vpp range 11.4 12 12.6
TTL 2 Voo +05
3-V Vi range e
Vi High-level dc input CMOS Vo 0.2 Voo +02 Y
voltage TTL 2 Voo +0.3
5-V Ve range
CMOS Vog—0.2 Voo +0.2
TTL -05 0.8
3-V V¢ range
Vv Low-level dc input CMOS Vgg—0.2 Vgg +0.2 Vv
I vollage TTL -0.3 0.8
5-V Vo range
CMOS Vgg—0.2 Vgg+0.2
VKO \EC lock-aut valtage from write/erase 2 \')
VHH RP unlock voltage 114 12 13 \')
VppLK VpPp lock-out voltage from write/erase 0 1.5 \')

word/byte typical write and block-erase performance for TMS28F004AEyYy and TMS28F400AEYy
(see Notes 7 and 8)

5-V Vpp RANGE 12-V Vpp RANGE
PARAMETER aange | nanee | waner | manee
TYP MAX TYP MAX | TYP MAX TYP MAX
Main block-erase time 2.4 1.9 1.3 1.1 14
Main block-byte program time 1.7 14 1.6 1.2 4.2
Main block-word program time 1.1 0.9 0.8 0.6 2.1
Parameter/boot-block erase time 0.84 0.8 0.44 0.34 7
NOTES: 7. Excludes system-level overhead (all times in seconds).
8. Typical values shown are at Ta = 25°C and nominal.
g
TEXAS
INSTRUMENTS

32

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443




TMS28F004Axy, TMS28F400Axy
4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

5MJS829 — AUGUST 1996

electrical characteristics for TMS28F004AEy and TMS28F400AEyY over recommended ranges of
supply voltage and operating free-air temperature using test conditions given in Table 8 (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
TTL Voo =VeeMIN, IoH =—25mA 2.4
VoH High-level output voltage Ce” 6 OH A
CMOS Voo =VoeMIN, loy =— 100 pA Vog—04
VoL Low-level cutput voltage Voo =VeeMIN, lop =5.8mA 0.45 v
Vip A9 selection code voltage During read algorithm-selection mode 1.4 12.6 \
Input current {leakage), except for A9 when _ _ == _
I A9 - V|p (see Note 9) Voo = VooMAX V) =0 Vie VoeMAX, RP = VHy +1 pA
D A9 selection code current AJ=V|p 500 pA
Ipp RP boot block unlock current RP - VHH 500 pA
lo Output current (leakage) Voo =VeoeMAX Vo = 0V to Voo MAX 10 pA
3-V Vi range 15
lpps Vpp standby current (standby) Vpp Ve pA
5-V V¢ range 10
| Vpp supply cument (reset/deep BP_V 02V Vop< V 3-V Vg range 5 A
PPL power-down mode) —Vgs* 0.2V, Vpps VGG 5V Vi range 5 "
| v I ¢ (act g v v 3-V Ve range 200 A
su current (active rea z
PP1 PP supply ( ) PPz VCC VIV p— ol *
5-V Vpp range, 30
3-V Vi range
5-V Vpp range,
i Wi 5-V Ve range 25
Ipp2 ?QZZ ;L:;)glsy 1?2:?1(1&;[:“\”3 byte-write) Programming in progress mA
12-V Vpp range,
25
3-V V¢ range
12-V Vpp range, 20
5V Vi range
5-V Vpp range, 30
3-V Ve range
5-V Vpp range,
. . 25
Vpp supply current (active word-write) N 5-V Vg range
lpp3 Noles 10 and 11) Programming in progress mA
(see Notes 10 an 12-V Vpp range,
25
3-V Vi range
12-V Vpp range, 20
5-V V¢ range
NOTES: 9. DQ15/A_4 is tested for oulput leakage only.
10. Not 100% tested; characterization data available
11. All ac current values are RMS unless otherwise noted.
’5
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electrical characteristics for TMS28F004AEyY and TMS28F400AEy over recommended ranges of
supply voltage and operating free-air temperature using test conditions given in Table 9 (unless
otherwise noted) (continued)

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
5-V Vpp range, 30
3-V Vi range
mA
5V Vpp range,
vV 20
Ipp4. Vpp supply current (block-erase) Block-evase in progress 5 CC range
(see Notes 10 and 11) 12-V Vpp range,
3-V V(o range 25
mA
12-V Vpp range, 15
5V Vg range
5V Vpp range,
3-V Vi range 200 A
5V Vpp range, "
V ly cument (erase-suspend) 5-V Vi range 700
PP SUpp - }
lpps (see Notes 10 and 11) Block-erase suspended 12V Vpp range
’ 200
3-V Vi range A
12-V Vpp range, 200 "
5-V Ve range
_ 3V Ve range
TTL-input level %C%VC\}CMAX ce rand mA
lcas Ve supply current - =VIH 5-V V¢ range 2
fstandoy) CMOS-inputlevel | 2CG=VGGMAX, 5 Y VGG range A
P E_RP-WP-V(gt02V 5V VG range 10| "
Ve supply current (reset/deep — ] 0°Cto 70°C 8
lccL power-down mode) RP =Vgg+ 0.2V, Ve = VooMAX T A0°C o850 3 HA
E- V| louT=0mA, f=5MHz, )
. R 3.3-V Vo range 30
TTL-input level — mA
E=ViL. louT =0 mA, I=10 MHz, K
Ve supply G- ViH 5V Vi range 65
leeq current (active —
read) E =V, louT =0 mA, f=5MHg, K
. G- Voo 3.3-V Vo range 30
CMOS-input level [ mA
E=V|L. louT=0mA, {=10 MHz, K
- Voo 5-V V¢ range 60

NOTES: 10. Not 100% tested; characterization data available
11. All ac current values are RMS unless otherwise noted.
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TMS28F004Axy, TMS28F400Axy
4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

5MJS829 — AUGUST 1996

electrical characteristics for TMS28F004AEy and TMS28F400AEyY over recommended ranges of
supply voltage and operating free-air temperature using test conditions given in Table 8 (unless

otherwise noted) (continued)

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
5V Vpp range, 30
3-V Ve range
5V Vpp range, 50
| Ve supply current (active byte-write) | Voo = VooMAX, 5V Ve range mA
ce2 (see Notes 10 and 11) Programming in progress 12-V Vpp range, o
3-V Ve range
12-V Vpp range, 45
5V Ve range
5V Vpp range, 30
3-V Ve range
5V Vpp range, 50
| Vi supply current (active word-write) | Vo = Voo MAX, 3-V V(e range mA
GC3 (see Notes 10 and 11) Programming in progress 12-V Vpp range, o5
3-V Ve range
12-V Vpp range, 45
5V Ve range
5V Vpp range, 30
3-V Ve range
5V Vpp range, 35
| Ve supply current (block-erase) Voo = VooMAX, 5V Vg range mA
CC4 (see Notes 10 and 11) Block-erase in progress 12-V Vpp range, o
3-V Ve range
12-V Vpp range, 30
5V Ve range
- 3-V Voo range
Ve supply current (erase-suspend) Voo = VooMAXE = Vi,
'ces (see Notes 10 and 11) Block-erase suspended 8.3V Ve range 8] mA
5V Ve range 10
NOTES: 10. Not 100% tested; characterization data available
11. All ac current values are RMS unless otherwise noted.
’5
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TMS28F004Axy, TMS28F400Axy
4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

5MJS829 - AUGUST 1996

power-up and reset switching characteristics for TMS28F004AEy and TMS28F400AEy over
recommended ranges of supply voltage (commercial and extended temperature ranges)
(see Notes 10, 11, and 12)

'28F004AEY60
'28F400AEYE0
ALT.
PARAMETER SYMBoOL 3V Vee 5V Voo UNIT
RANGE RANGE
MIN MAX MIN MAX
Setup time, RP low to Voo at4.5 V MIN (o Vo at tp| sy
'su(VCC) 2.7 v MIN or 3.6 V MAX) (see Nole 13) tpLay 0 0 ns
ta(DV) Address valid to data valid tavay 110 60 ns
tsu(Dv)  Selup time, RP high to data valid IPHQV 800 450 ns
th(RP5) Hold time, Vo at 4.5 V (MIN) to RP high tsvPH us
th(RP3) Hold time, Vo at 2.7 V (MIN) te RP high t3yPH us
'28F004AEY70 '28F004AEY 80
'28F400AEY 70 '28F400AEY 80
ALT.
PARAMETER SYMBOL 3-VVee 5-V Voo 3-V¥gg 5-V Voo UNIT
RANGE RANGE RANGE RANGE
MIN MAX MIN MAX MIN  MAX MIN  MAX
Setup time, BP low lo Vocat4bsV
MIN {to Vo at tp sy
'su(VGC) 27 v MINor 3.6 V MAX) lpLay 0 0 0 0 ns
(see Note 13)
ta(DV) Address valid to data valid tavov 150 70 150 80 ns
tsu(DV)  Seluptime, RP high to data valid tPHOV 800 450 800 450 ns
Hold time, VGG at 4.5 V (MIN) to RP
t(RP5)  pigh oo (VIR 5VPH 2 2 2 2 Ks
Hold time, Vi at 2.7 V (MIN) to RP
th(RP3) high ce (MIN) f3vPH 2 2 2 2 ns
NOTES: 10. Not 100% tested; characterization data available

11, All ac cument values are RMS unless otherwise noted.

ADVANCE INFORMATION

12. E and G are switched low after power up. _
The power supply can switch low concurrently with RP going low.

13.

36
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TMS28F004Axy, TMS28F400Axy

4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

5MJS829 — AUGUST 1996

switching characteristics for TMS28F004AEy and TMS28F400AEy over recommended ranges of
supply voltage (commercial and extended temperature ranges)

read operations

'28FO004AEY 60 '28F004AEY 70
"28F400AEY 60 '28F400AEY 70
PARAMETER SYJ:ILB.EC)L 3-VVece 5V Vge 3-VVee 5V Vge UNIT
RANGE RANGE RANGE RANGE
MIN MAX | MIN MAX| MIN MAX MIN  MAX
Access time from AO-A17
ta(A) (see Note 14) tavay 110 60 130 70 ns
ta(E) Access lime from E tELQV 110 60 130 70 ns
ta(G) Access fime from G lGLQv 65 35 80 40 ns
lg(R) Cycle time, read tAVAY 110 60 130 70 ns
Delay time, Elowto low-impedance
t4(E) output IFLox 0 0 0 0 ns
Delay time, G low to low-impedance
td(G) output tGLOxX 0 0 0 0 ns
Disable time, Cio high-impedance
tdis(E) output P IEHGZ b5b 25 70 30 ns
Disable time, G to high-impedance
tdis(G) output g P tGHQZ 45 25 55 30 ns
Hold time, DQ valid from A0—-A17, E,
thi{Dy or G, whichever occurs first tAXQX 0 0 0 0 ns
(see Note 14)
tsu(EB) Setup time, BYTE from Elow :EH;L‘ 5 5 5 5 ns
td(RP) QOutput delay time_from RP high tPHQY 800 450 800 450 ns
Disable time, BYTE low to
tgisil)  DQ8-DQ15in the high-impedance tFLoZz 110 60 130 70 ns
state
ta(BH) Access time from BYTE going high IFHOVY 110 60 130 70 ns
NOTE 14: A_{ —A17 for byte-wide
’5
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4194304-BIT (128K-WORD/256K-BYTE)
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5MJS829 - AUGUST 1996

switching characteristics for TMS28F004AEy and TMS28F400AEy over recommended ranges of
supply voltage (commercial and extended temperature ranges) (continued)

ADVANCE INFORMATION

'28F004AEy 80
"28F400AEy 80
ALT.
PARAMETER SYMBOL 3-V¥ge 5-V Voo UNIT
RANGE RANGE
MIN  MAX MIN  MAX
taiA) Access lime from A0O—A17 (see Nole 14) Iavav 150 80 ns
ta(E) Access lime from E IEL Qv 150 80 ns
ta(@) Access time from G tGLoV 90 40 ns
Lo(Ry Cycle time, read tAavAY 150 80 ns
td(E) Delay time, Elow to low-impedance output tELQX 0 0 ns
td{G) Delay time, G low to low-impedance output taLax 0 0 ns
tdis(F) Disable time, E to high-impedance output tEHQZ 80 30 ns
tdis(G) Disable time, G to high-impedance output tGHQZ 60 30 ns
¢ Hold time, DQ valid from A0O—A17, E or E, whichever accurs first ¢ 0 0
h(D) (see Note 14) AXQX ns
. —— = t

tsy(ERy  Seluplime, BYTE from E low tIIEEIL_II::II-_l 5 5 ns
td(RP) Output delay time from RP high tPHOQV 800 450 ns
tgis(ply  Disable time, BYTE low to DQ8—-DQ15in the high-impedance state tFLQZ 150 80 ns
La(BH) Access time from BYTE going high IFHOQV 150 80 ns

NOTE 14: A4 —A17 for byte-wide

38
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TMS28F004Axy, TMS28F400Axy
4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

5MJS829 — AUGUST 1996

timing requirements for TMS28F004AEy and TMS28F400AEy over recommended ranges of supply
voltage (commercial and extended temperature ranges)

write/lerase operations — W-controlled writes

'28F004AEY 60
'28F400AEY 60
SY:!LBT.OL 3-VVee 5-VVee UNIT
RANGE RANGE
MIN  MAX MIN  MAX
topw) Cycle time, write tavay 110 60 ns
to{wWHOP Cycle time, duration of programming operation hwHGQV 6 6 ps
Lo(WIERB Cycle time, erase operation (boot block) hWHQV2 0.3 0.3 ]
to{W)ERP Cycle time, erase operation (parameter block) hWHQV3 0.3 0.3 ]
te{W)ERM Cycle time, erase operation (main block) BWHOQVA 0.8 06 s
td{RPR) Delay time, boot-block relock tPHRR 200 100 ns
th{A) Hold time, AO—A17 (see Note 14) hWHAX 0 0 ns
th{Dy Hold time, DQ valid tWHDX 0 0 ns
th{E) Hold time, E tWHEH 0 0 ns
th{ VPPy Hold time, Vpp from valid status register bit tovvL 0 0 ns
th(RP) Hold time, RP at VHH from valid status register bit tovpPH 0 0 ns
th{wp) Hold time, WP from valid status register bit tWHPL 0 0 ns
tsu(WP) Setup time, WP before write operation tELPH 90 50 ns
tsu(A) Setup time, A0—-A17 (see Note 14) LAVWH 90 50 ns
tsu(D) Setup time, DQ thvwH 90 a0 ns
tsu{F) Setup time, E before wiile operation IEL WL 0 0 ns
tsu(RP) Setup time, RP at Vyy to W going high IPHHWH 200 100 ns
tsu( VPP)1 Setup time, Vpp to W going high PWH 200 100 ns
LW Pulse duration, W low BWILWH 90 50 ns
tw({WH) Pulse duration, W high hWHWL 20 10 ns
trec{RPHW) Recovery time, RP high to W going low tPHWL 800 450 ns

NOTE 14: A_{ —A17 for byle-wide

{‘? TeExAs
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TMS28F004Axy, TMS28F400Axy
4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

5MJS829 - AUGUST 1996

timing requirements for TMS28F004AEy and TMS28F400AEy over recommended ranges ofsupply
voltage (commercial and extended temperature ranges) {continued)

write/erase operations — W-controlled writes

'28F004AEY 70 '28F004AE Y80
'28F400AEyY 70 '28F400AE Y80
SY‘:ILB.I:OL 3.0-V Vgo 5-¥ Vpoo 3.0-V Vgoe 5-¥ Vego UNIT
RANGE RANGE RANGE RANGE
MIN MAX MIN MAX MIN  MAX MIN  MAX
to(w) Cycle time, write tavay 130 70 150 80 ns
Cycle time, duration of
le{W)OP programming opevation WHQVT 6 6 6 6 us
Cycle time, erase operation (boot
(W)ERB  poc) P { WHQV2? 03 0.3 03 0.3 s
Cycle time, erase operation
tc(W)ERP (parameter block) WHQV3 0.3 0.3 0.3 0.3 5
Cycle time, erase operation
tc(W)ERM (main blogk) hWHQV4 0.6 0.6 0.6 0.6 5
td{RPR) Delay time, boot-block relock tPHBR 200 100 200 100 ns
th{A) Hold time, AO—A17 (see Note 14) | twHAX 0 0 0 0 ns
th{D) Hold time, [_)Q valid BWHDX 0 0 0 0 ns
th{E} Held time, E BWHEH 0 0 0 0 ns
Hold time, Vpp from valid status
th(VPP) register bit tQuvi 0 0 0 0 ns
Hold time, RP at VHH from valid
th(RP) status register bit IQVPH 0 0 0 0 ns
Hold time, WP from valid status
th(WP) register bit WHPL 0 0 0 0 ns
Setup time, WP before write
tsu(WP) operation IELPH 105 50 120 50 ns
Setup time, AO—-A17
tsu(A) (see Note 14) tAVWH 105 50 120 50 ns
tsu(D) Selup time, DQ IDVWH 105 50 120 50 ns
Setup time, E before write
lsu(E) operation tELWL 0 0 0 0 e
Setup time, RP at VHH o W
tsu(RP) going high tPHHWH 200 100 200 100 ns
tsu( VPP)1 Selup time, Vpp lo W going high PWH 200 100 200 100 ns
tar{ W) Pulse duration, W low bWl wWH 105 50 120 50 ns
by ( WH) Pulse duration, Vlhigh b wiL 25 20 30 30 ns
Recovery time, RP high to W
trac(RPHW) going low tPHWL 800 450 800 450 ns

NOTE 14: A4 —A17 for byle-wide
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TMS28F004Axy, TMS28F400Axy
4194304-BIT (128K-WORD/256K-BYTE)
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5MJS829 — AUGUST 1996

timing requirements for TMS28F004AEy and TMS28F400AEy over recommended ranges of supply
voltage (commercial and extended temperature ranges)

write/lerase operations — E-controlled writes

'28F004AEYE60
'28F400AEY60
SY‘:!LBT.OL 3-VVee 5-VVpe UNIT
RANGE RANGE
MIN MAX MIN MAX
to(E) Cycle time, write tavay 110 60 ns
te(EyOP Cycle time, duration of programming operation tEHGVT 6 6 us
lo(E)ERB Cycle time, erase operation (boot block) IEHGV? 0.3 0.3 s
te(E)YERP Cycle time, erase operation (parameter block) tEHQVS 0.3 0.3 s
tc(E)ERM Cycle time, erase operation {(main block) IEHGVA 06 0.6 s
ld(RPRY Delay time, boot-block relock tPHBR 200 100 ns
th{A) Held time, AO—A17 (see Note 14) tEHAX 0 0 ns
th(Dy Hold time, DQ valid tEFHDX 0 0 ns
th{w) Hold time, W tEHWH 0 0 ns
th {(VPP) Hcld time, Vpp from valid status-register bit tovvL 0 0 ns
th(RP) Hold time, RP at VHH from valid status-register bit lQvpH 0 0 ns
thiwP) Hold time, WP from valid status register bit WWHPL 0 0 ns
tsu(wP) Setup time, WP before write operation tELPH 90 50 ns
tsufA) Setup time, AO—A17 (see Note 14) tAVEH 90 50 ns
Lsu(D) Setup time, DQ IDVEH a0 50 ns
tsu( W) Setup time, W before write operation YWLEL 0 0 ns
tsu{RP) Setup time, ﬁat VHH loEgoing high tPHHEH 200 100 ns
lsu(vPP)2  Selup lime, Vpp lo E going high tPEH 200 100 ns
tw(E) Pulse duration, Elow IELEH 90 50 ns
Ly{ EH) Pulse duration, E high IEHEL 20 10 ns
troc(RPHE) Recovery ime, RP high to E going low IPHEL 800 450 ns

NOTE 14: A1 —A17 for byte-wide
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TMS28F004Axy, TMS28F400Axy
4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

5MJS829 - AUGUST 1996

timing requirements for TMS28F004AEy and TMS28F400AEy over recommended ranges ofsupply
voltage (commercial and extended temperature ranges) {continued)

write/erase operations — E-controlled writes

'28F004AE Y70 '28F004AE Y80
'28F400AE Y70 '28F400AE y80
SY‘:ILB.I:OL 3-VVeoe 5-¥ Vpoo 3-¥ Voo 5-¥ Vego UNIT
RANGE RANGE RANGE RANGE
MIN MAX MIN MAX MIN  MAX MIN  MAX
to( E) Cycle time, write tavay 130 70 150 80 ns
Cycle time, duration of
le(E)OP programming opevalion IEHQVT 6 6 6 6 us
Cycle time, erase operation (boot
te{E)ERB block) P ( tEHQV2 0.3 0.3 0.3 0.3 s
Cycle time, erase operation
tc(E)ERP (parameter block) tEHOVS 0.3 0.3 0.3 0.3 5
Cycle time, erase operation (main
tc(E)ERIVI block) P ( tEHOQV4 0.6 0.6 0.6 0.6 5
td(RPR) Delay time, boot-block relock IPHRR 200 100 200 100 ns
th{A) Held time, A0—A17 (see Note 14) tEHAX 0 0 0 0 ns
th(D) Hold time, DQ valid IFHDX® 0 0 0 0 ns
th{w) Hold time, W tEHWH 0 0 0 0 ns
Hold time, Vpp from valid status-
th(vPP) register bit tQvvL 0 0 0 0 ns
Hold fime, RP at VHH from valid
th(RP) status-register bit tQvPH 0 0 0 0 ns
Hold time, WP from valid status
th(wP) register bit tWHPL 0 0 0 0 ne
Setup time, WP before wiite
tsu(WP) operalion tEL PH 105 50 120 50 ns
tsu(A) Setup time, A0—A17 {see Note 14) tavEH 105 50 120 50 ns
tsu(D) Setup time, DQ IDVEH 105 50 120 50 ns
Setup time, W before write
lsuw) operation WLEL 0 0 0 0 ns
Setup time, RPatv to F goin
SURP) g P HHIOEGOME o ien | 200 100 200 100 ns
tsu(vPP)2  Selup time, Vpp to E going high IvPEH 200 100 200 100 ns
tw(E) Pulse duration, Tlow IELEH 105 50 120 50 ns
tw( EH) Pulse duration, Eligh _ tFHEL 25 20 30 30 ns
trec(RPHE) Ili!)"evcovery time, RP high to E going tPHEL 800 450 800 450 ns

NOTE 14: A4 —A17 for byle-wide
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TMS28F004Axy, TMS28F400Axy
4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

5MJS829 — AUGUST 1996

TMS28F004AMy and TMS28F400AMy

The TMS28F004AMy and the TMS28F400AMy configurations offer a 3-V or 5-V memory read with a 12-V
program and erase. This configuration is intended for low 3.3-V reads and the fast programming offered with
the 12-VVpp =12V and 5-V Vo. This configuration is offered in two different temperature ranges: 0°Cto 70°C
and — 40°C 1o 85°C.

recommended operating conditions for TMS28F004AMy and TMS28F400AMy

MIN NOM MAX UNIT
. . 3.3-V Vo range 3 3.3 3.6
Voo Supply veltage During write/read/erase/erase suspend A
5V Vo range 4.5 5 55
During read only (Vpp| ) VPPL 0 6.5
Vpp Supply veltage - - 3
During write/erase/erase suspend 12-V Vpp range 14 12 12.6
TTL 2 Voo + 05
3.3 V V(¢ range
y High-level de CMOs Vog —0.2 Voo +0.2 y
IH input voltage TTL 2 Voo +03
5V Ve range
CMOS Voo —0.2 Voo +0.2
TTL -0.5 0.8
3.3 ¥ Vo range
v Low-level dcinput GMOS Vgg 0.2 Vgg+0.2 v
I voltage TTL -0.8 0.8
5V Ve range
CMOS Vgg—0.2 Vgg+02
ViLKO \EC lock-out voltage from write/erase 2 A
VHH RP unlock voltage 114 12 13 A
VppLK VPP lock-out voltage from write/erase 0 1.5 3

word/byte typical write and block-erase performance for TUS28F004AMy and TMS28F400AMYy
(see Notes 15 and 16)

12-¥ Vpp RANGE
PARAMETER “aanci. | manee
TYP MAX TYP MAX
Main block-erase time 1.3 1.1 14
Main block-byte program time 1.6 1.2 4.2
Main block-word program time 0.8 0.6 21
Parameter/boot-block erase time 0.44 0.34 7

NOTES: 15. Excludes system-level averhead (all times in seconds).
16. Typical values shown are at Tg = 25°C and nominal.
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TMS28F004Axy, TMS28F400Axy

4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECT BOOT-BLOCK FLASH MEMORIES

5MJS829 - AUGUST 1996

electrical characteristics for TMS28F004AMy and TMS28F400AMy over recommended ranges of
supply voltage and operating free-air temperature using test conditions given in Table 9 (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
TTL Voo = VooMIN, IoH =—2.5 mA 24
VoH High-level output voltage £e” 60 OH \')
CMOS | Voo = VeeMIN, o =—100 pA Voo —04
VoL Low-level output voltage Voo =VoeMIN, o =5.8mA 0.45 \')
Vip A9 selection code voltage During read algorithm-selection mode 114 12.6 v
Input current {leakage), except for A9 _ _ ==
I when A9 - V| (see Nole 9) Voo = YooMAX V) =0 Vo VocMAX, RP = VHH +1 pA
D A9 selection code current A9 =V|p 500 wA
IRpp RP boot block unlock current RP - VHH 500 pA
lo Output current (leakage) Voo = VoeMAX Vo = 0 Vio Vo MAX 10 pA
3.3-V Vo range 15
lpps Vpp standby cuwrent (standby) Vpps Voo pA
5-V V¢ range 10
Vpp supply current (reset/deep — 3.3V V¢ range 5
IPPL power-down mode) P-Vssx0.2V.Vpp<Vce 5-V Vg range 5 kA
| y | ¢ facti q v y 3.3-V Vi range 200 A
su current (active rea z
PP1 PP supply ( ) PPz Vce 5V Vog range >0l *
12-V Vpp range,
25
Vpp supply current (active byte-write) _— 3.3V Vg range
Ipp2 Programming in progress mA
(see Notes 10 and 11) 12-V Vpp range
' 20
5V Vo range
12-V Vpp range,
. . 25
Vpp supply curent (active word-write) S 3.3-V Vg range
lppa Programming in progress mA
(see Notes 10 and 11) 12-V Vpp range
' 20
5V Vi range
12-V Vpp range, o5
Vpp supply cumrent (block-erase) 3.3-VVg( range
IPP4 Block-erase in progress mA
(see Notes 10 and 11) 12-V Vpp range
' 15
5V Voo range
12-V Vpp range, 500
Vpp supply current (erase-suspend) 3.3-V V¢ range
lpps Block-erase suspended pA
(see Notes 10 and 11) 12-V Vpp range
! 200
5V Vi range
TTL- Voe - VeaMAX 3.3-V Vo range 15| mA
level - =VIH 5V Vo range 2 mA
lces Ve supply current (standby)
ﬁ?)/lu(?s VoG = VOOMAX, 3.3-V V¢ range 110 pA
level E-RP-Vcoct 0.2V 5V Ve range 130 pA
| Ve supply current (reset/deep RP- Vggx 02V, Voo = 0°C 1o 70°C 8 A
GCL power-down mode) VooMAX —A0°C to 85°C 8 "

NOTES: 9. DQ15/A_q is tested for output leakage only.
10. Not 100% tested; characterization data available
11. All ac current values are RMS unless otherwise noted.
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TMS28F004Axy, TMS28F400Axy
4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

5MJS829 — AUGUST 1996

electrical characteristics for TMS28F004AMy and TMS28F400AMy over recommended ranges of
supply voltage and operating free-air temperature using test conditions given in Table 8 (unless
otherwise noted) (continued)

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
éz_ \\?”L_; louT =0 mA. =5 MHe, 3.3-V Ve range 30
TTL-input lavel — mA
E=V|..loyT=0mA, =10 MHz,
Vee supply - Vi 5V Ve range 65
lect current (active —
vead) E=Vi.loyT=0mA, f=5MHz, i
3 - Voo 3.3-V Vo range 30
CMOS-input level [— mA
%:_ \\IIICL)’(;OUT ~0mA, =10 MHz, 5V Vg range 80
12-V Vpp range, o5
| Vi supply current (active byte-wiite) | Voo = VooMAX, 3.3-V VoG range mA
ce2 (see Notes 10 and 11) Programming in progress 12-V Vpp range,
45
5V Ve range
12-V Vpp range, o5
| Ve supply current (active word-write) | Voo = VooMAX, 3.3-V Vg range mA
CC3 (see Notes 10 and 11) Programming in progress 12-V Vpp range,
45
5V Vee range
12-V Vpp range,
25
| Ve supply current (block-erase) Voo = Voo MAX, 3.3V Vg range mA
cc4 (see Notes 10 and 11) Block-erase in progress 12-V Vpp range,
30
5V Ve range
| Ve supply current (erase-suspend) Voo = Voo MA)(E = V|4, 3.3-V Ve range 8 A
CCh (see Notes 10 and 11) Block-erase suspended 5-V Vi range 10
NOTES: 10. Not 100% tested; characterizalion data available
11. All ac current values are RMS unless otherwise noted.
’5
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TMS28F004AFy and TMS28F400AFy

The TMS28F004AFy and the TMS28F400AFy configurations offer a 5-V memory read with a 5-V or 12-V
program and erase. This configuration is intended for systems using a single 5-V power supply. This
configuration is offered in three temperature ranges: 0°C to 70rC, — 40°C 1o 85°C, and —40°C 1o 125°C.

recommended operating conditions for TMS28F004AFy and TMS28F400AFy

MIN NOM MAX UNIT
Veo Supply voltage During write/read/erase/erase suspend 5V Ve range 4.5 5 5.5 \
During read only {VppL ) VPpL 0 6.5
Vpp Supply voltage . . 5V Vpp range 4.5 5 b A
During write/erase/erase suspend
12-V Vpp range 11.4 12 12.6
_ . TTL 2 Voo + 03
VIH High-level dc input voltage v
CMOS Ve —0.2 Veg +0.2
) TTL -0.3 0.8
ViL Low-level dcinput voltage A
CMOS Vgg—-0.2 Vgg+0.2
VI KO \EC lock-out voltage from write/erase 2 \
VHH  RP unlock voltage 114 12 13 v
VppLK VPP lock-out voltage from write/erase 0 1.5 3

word/byte typical write and block-erase performance for TMS28F004AFy and TMS28F400AFy
(see Notes 7 and 8)

5-V Vpp AND 12-V Vpp AND
PARAMETER RANGES RANGES
TYP MAX TYP MAX
Main block-erase time 1.9 1.1 14
Main block-byte program time 14 1.2 4.2
Main block-word program time 0.9 0.6 21
Parameter/boot-block erase time 0.8 0.34 7

NOTES: 7. Excludes system-level overhead (all times in seconds).
8. Typical values shown are at Ta = 256°C and nominal.
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electrical eharacteristics for TMS328F004AFy and TMS28F400AFy over recommended ranges of
supply voltage and operating free-air temperature using test conditions given in Table 9 (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
Vou High-level output TTL Ve = VeeMIN, loH =—2.5mA 2.4 v
voltage CMOS Voo =VeoeMIN, Ioy =—100 pA Voo —04
VoL Low-level output voltage Voo =VecMIN, IpL =58 mA 0.45 \')
Vip A9 selection code voltage During read algorithm-selection mode 114 12.6 v
Input cuwent (leakage), except for A9 —
I el VI(D (aoo N)me ) P Voo = VoeMAX.V| = 0V to VogMAX, RP = Vi 11| pA
D A9 selection code current A9=V|p 500 wA
IRpp RP boot block unlock current RP - VHH 500 pA
lo Output current (leakage) Voo =VoeMAX Vo = 0 Vio VooMAX 10 pA
Ipps Vpp standby cuwent (standby) Vpps Voo 5V Ve range 10 nA
Vpp supply current (reset/deep —_—
IPPL power-down mode) RP=Vggt 0.2V, Vpps Voo 5-V V¢ range 5 WA
IPP1 Vpp supply current (active read) Vppz Voo 5-V V¢ range 200 wA
5V Vpp range, o5
i wri 5V Vo range
Ippo Vpp supply current (active byte-write) Programming in progress CC rang mA
(see Notes 10 and 11) 12-V Vpp range, 50
5V Vi range
5V Vpp range, o5
Vpp supply current (active word-write) L 5V ¥ range
Ipp3 Notes 10 and 11 Programming in progress mA
(see Notes 10 and 11) 12-V Vpp range, 20
5V Ve range
5-V Vpp range, 20
. 5V Ve range
[a]=¥] VPP ilupply1curre(;1t1(1block erase) Block-erase in progress cC mA
(see Notes 10 an ) 12-V Vpp range, 15
5V V¢ range
5-V Vpp range, 200
i, 5V Ve range
Ipps VPP ;upt)ply1(30urregt1(1erase suspend) Block-erase suspended cC pA
(see Notes 10 and 11) 12-V Vpp range, 500
5V V¢ range
Ve supply current TTL-input level —_— 5V V¢ range 2 mA
I Voo =VooMAX, E=RP=V
CeS (standby) CMOS-input level CC =Yoo IH 5V Vo range 130 pA
0°C 1o 70°C 8
Vo supply cumvent (reset/deep _— T -
lcor power-down mode) P-Vggt0.2V 40°C to 85°C 8| nA
—40°C to 125°C 10
. E:V|L, lqyT =0 mA,
TTL-input level 5V V, 65 mA
e Vi supply current P f=10MHz, G- V| CC range
(active read) E_v _
i =Vss, lgUT = 0 mA, ;
CMOS-input level f=10 MHz, G = Voo 5V Ve range 60 mA

NOTES: 9. DQ15/A 1 is tested for output leakage only.
10. Not 100% tested; characterization data available
11. All ac current values are RMS unless otherwise noted.

52

{'? TeExas
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443




TMS28F004Axy, TMS28F400Axy

4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES
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electrical characteristics for TM828F004AFy and TMS828F400AFy over recommended ranges of
supply voltage and operating free-air temperature using test conditions given in Table 8 (unless
otherwise noted) (continued)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
5V Vpp range, 50
| Ve supply current (active byte-write) Voo = VooMAX, 5-VVg( range mA
cc2 (see Notes 10 and 11) Programming in progress 12-V Vpp range, 45
5-V Ve range
5V Vpp range, 50
| Vo supply current (active word-write) Voo = VooMAX, 5V Vgc range mA
GC3 (see Notes 10 and 11) Programming in progress 12-V Vpp range
' 45
5V Ve range
5V Vpp range, 35
| Vg supply current (block-erase) ¥CC - 1\/20\???5)(\/ 5-V Vg range mA
ce4 (see Notes 10 and 11) PP = : 12-V Vpp range
Block-erase in progress PP : 30
5V Ve range
Ve supply current (erase-suspend) Voo = VC(;MAX,E = V|H, :
lces (see Notes 10 and 11) Block-erase suspended 5V Vg range 10 mA
NOTES: 10. Not 100% tested; characterization data available
11. All ac current values are RMS unless otherwise noted.
’.
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AUTO-SELECT BOOT-BLOCK
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FLASH MEMORIES

power-up and reset switching characteristics for TMS28F004AFy and TMS28F400AFy over
recommended ranges of supply voltage (commercial and extended temperature ranges)

(see Notes 10, 11, and 12)

'28F004AFy 80 | '28F004AFy70 | '28F004AFy60
'28F400AFy 80 | '28F400AFy70 | '28F400AFy&0
PARAMETER sv?nLgbL 5V Voo 5V Voo 5V Voo UNIT
RANGE RANGE RANGE
MIN MAX MIN MAX MIN MAX
Setup time, RP low to Voo at4.5 v MIN (see tpl sy
su(VCC)  Note 13) tpL3v 0 ‘ ‘ "
ta(DV) Address valiﬂo data valid tavay 80 70 60 ns
tsu(Dv)  Selup time, RP high to data valid tPHOQV 450 450 450 ns
th(RP5) Hold time, Vo at 4.5 V (MIN) to RP high tsvPH 2 2 2 us
power-up and reset switching characteristics for TMS28F004AFy and TMS28F400AFy over

recommended ranges of supply voltage (automotive temperature range) (see Notes 10, 11, 12)

'28F004AFy90 | '28F004AFy 80 |'28F004AFyY70
'28F400AFy90 | '28F400AFy80 | '28F400AFy70
PARAMETER SY:ILE.IEOL 5V Voo 5V Voo 5V Voo UNIT
RANGE RANGE RANGE
MIN MAX MIN MAX MIN MAX
Setup time, RP low to Voo at4.5 vV MIN tpl sV
fsu(VCC) (see Note 13) tpLay 0 0 0 ns
ta(DV) Address valid to data valid tavay 90 80 70 ns
tsu(DV)  Seluptime, RP high to data valid tPHQV 450 450 450 ns
th(RP5) Hold time, Vo at 4.5 V (MIN) to RP high t5vPH 2 2 2 us
NOTES: 10. Not 100% tested; characterization data available
11, All ac cument values are RMS unless otherwise noted.
12. E and G are switched low after power up. _
13. The power supply can switch low concurrently with RP going low.
’5
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switching characteristics for TMS28F004AFy and TMS28F400AFy over recommended ranges of
supply voltage (commercial and extended temperature ranges)

read operations

'28F004AFy60 | '28F004AFy70 | '28F004AFy80
'28F400AFy60 | '28F400AFy70 | '28F400AFy80
PARAMETER SY‘:"‘;'OL 5V Voo 5V Voo 5V Voo UNIT
RANGE RANGE RANGE
MIN MAX MIN MAX MIN MAX
ta(a) Access fime from A0—A17 (see Note 14) tavay 60 70 80 ns
ta(E) Access time from E tELqv 60 70 80 ns
La(@) Access lime from G igLav 35 40 40 ns
te(R) Cycle time, Eaad tAVAY 60 70 80 ns
td(E) Delay time, Elowto low-impedance output IE| Qi 0 0 ns
ta(@) Delay time, G low o low-impedance output tgLOx 0 0 ns
tdis(E) Disable time, E to high-impedance output tEHQZ 25 30 30 ns
Ldis(G) Disable time, G to high-impedance output laHQZ 25 30 30 ns
. Hold time, DQ valid from AO—~A17, F, or G, t 0 0 o
h(D) whichever occurs first (see Note 14) AXQX ns
R — = i
tsu(EB) Setup time, BYTE from E low tEIL_EII-_i 5 5 5 ns
td(RP) Output delay time from RP high tPHOY 450 450 450 ns
Disable time, BYTE low to DQ8—-DQ15in
dis(BL) high-impedance state tFLQz 60 0 80 ns
ta(BH) Access time from BYTE going high tFHQV 60 70 80 ns
NOTE 14: A_{ —A17 for byte-wide
’5
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switching characteristics for TM828F004AFy and TMS28F400AFy over recommended ranges of
supply voltage (automotive temperature range)

read operations

ADVANCE INFORMATION

'28F004AFy90 | '28F400AFy80 | '28F400AFy70
'28F400AFy 90 | '28F400AFy80 | '28F400AFy70
PARAMETER SY‘:"‘B""OL 5-V Voo 5VVee 5V Voo UNIT
RANGE RANGE RANGE
MIN MAX MIN MAX MIN MAX
ta(ay Access fime from A0—A17 (see Note 14) tavay 90 80 70 ns
ta(E) Access time from E tELQv 90 80 70 ns
ta(@) Access lime from G laLav 45 40 35 ns
te(R) Cycle time, E}ad tAVAY 90 80 70 ns
td(Ey Delay time, Elowto low-impedance output IEL QX ns
td(c) Delay time, G low lo low-impedance output laLax ns
tdis{E) Disable time, E to high-impedance output tEHGZ 35 30 25 ns
Ldis(G) Disable time, G to high-impedance output lGHQZ 35 30 25 ns
. Hold fime, DQ valid from A0—-A17, E, or G, | 0 0 0
h(D) whichever occurs first (see Note 14) AXQX ns
R — = t
tsu(EB) Setup time, BYTE from E low tEIL_IEII-_i 5 5 5 ns
td(RP) Output delay time from RP high tPHOQV 300 300 300 ns
Disable time, BYTE low to DQ8—-DQ15in
dis(BL) high-impedance state tFLQz 90 80 70 ns
ta(BH) Access time from BYTE going high tFHQV 90 80 70 ns
NOTE 14: A4 —A17 for byte-wide
%
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timing requirements for TMS28F004AFy and TMS28F400AFy overrecommended ranges of supply
voltage (commercial and extended temperature ranges)

write/lerase operations — W-controlled writes

'28F004AFy60 | '28F004AFy70 | "28F004AFy80
'28F400AFy60 | 28F400AFy70 | "28F400AFy80
SY‘:IIL;:C)L 5-¥ Vego 5-V Voo 5-¥ Voo UNIT
RANGE RANGE RANGE

MIN MAX MIN MAX MIN MAX
topw) Cycle time, write tayay 60 70 80 ns
oW 0P Sg:lr(;t:::]e, duration of programming WHQVT 6 6 6 us
tc(W)IERB Cycle time, erase operation (boot block) twHQv2 0.3 0.3 0.3 s
te(W)ERP giﬂ;nme! erase operation (parameter tWHQVS 0.3 03 0.3 s
te{W)ERM Cycle time, erase operation (main block) wHQV4 0.6 0.6 0.6 ]
ld(RPR) Delay time, boot-block relock tPHBR 100 100 100 ns
th{A) Hold time, AO—A17 (see Note 14) hWHAX 0 0 0 ns
th(D) Hold time, DQ valid hWHDX 0 0 0 ns
thiF) Hold time, E hWHEH 0 0 0 ns
th( VPP) Hold time, Vpp from valid slatus-register bit lavvL 0 0 0 ns
WA casregsrnt QuPH 0 0 0 s
th(wp) Hold time, WP from valid status-register bit hwWHPL 0 0 0 ns
tsu(WP) Setup time, WP before wiite operation tELPH 50 50 50 ns
Lsu(A) Setup time, A0—-A17 (see Note 14) tavwH 50 50 50 ns
tsu(D) Setup time, DQ tDVWH 50 50 50 ns
tsu(E) Setup time, E before write operation tELwL 0 0 0 ns
tsu(RP) Setup time, RP at VHH to W geing high tPHHWH 100 100 100 ns
tsu( VPP)1 Setup time, Vpp to W geing high WPWH 100 100 100 ns
b W) Pulse duration, W low har wH 50 50 50 ns
tw{ WH) Pulse duration, W high BHWL 10 20 30 ns
lyec{RPHW)  Recovery lime, RP high to W doing low tPHWL 450 450 450 ns

NOTE 14: A_1 —A17 for byte-wide
*3
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TMS28F004Axy, TMS28F400Axy
4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

5MJS829 - AUGUST 1996

timing requirements for TMS28F004AFy and TMS28F400AFy overrecommended ranges of supply
voltage (automotive temperature ranges)

write/erase operations — W-controlled writes {continued)

'28F004AFy 90 '28F004AFy 80 '28F004AFy 70
'28F400AFy 90 '28F400AFy 80 '28F400AFy 70
SYJ:JL;:C'L 5-¥ Vgoeo 5-VVge 5-VVee UNIT
RANGE RANGE RANGE

MIN MAX MIN MAX MIN MAX
to(w) Cycle time, write tavay 90 80 70 ns
lo(W)OP g;:lriéme, duration of programming WHQV 7 6 6 ns
to{ WIERB Cycle time, erase operation (boot block) twHaQv?2 0.4 0.3 0.3 s
te(W)ERP Sl);(:lf)tlme, erase operation (parameter bWHQVS 04 0.3 03 s
tefw)ERM  Cycle time, erase operation (main block) WHQV4 0.4 0.6 0.6 5
td{RPR) Delay time, boot-block relock tPHBR 100 100 100 ns
thiA) Hold time, AO—A17 (see Note 14) hWHAX 0 0 0 ns
th(D) Hold time, DQ valid hWHDX 0 0 0 ns
thiEy Hold time, E hWHEH 0 0 0 ns
th{ vPP) Hold time, Vpp from valid status-register bit fovvL 0 0 0 ns
WP sregstornt tQuPH 0 0 0 s
thiwp) Hold time, WP from valid status-register bit hwHPL 0 0 0 ns
tsu{WP) Setup time, WP before write operalion tELPH 50 50 50 ns
Lsu(A) Setup time, AO—A17 (see Note 14) tavwWH 50 50 50 ns
tsu(Dy Setup time, DQ tDVWH 50 50 50 ns
tsu(Ey Setup time, E before write operation tELwL 0 0 0 ns
tsu(RP) Setup time, RP at VHH to W switching high | tpHHWH 100 100 100 ns
tsu( VPP)1 Selup time, Vpp to W swiiching high WPWH 100 100 100 ns
tar{ W) Pulse duration, W low b wH 50 50 £0 ns
by WH) Pulse duration, W high BHWL 40 30 20 ns
lrac(RPHW)  Recovery lime, RP high ta W going low tPHWL 220 220 220 ns

NOTE 14: A_q{ —A17 for byle-wide
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TMS28F004Axy, TMS28F400Axy
4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

5MJS829 — AUGUST 1996

timing requirements for TMS28F004AFy and TMS28F400AFy overrecommended ranges of supply
voltage (commercial and extended temperature ranges)

write/lerase operations — E-controlled writes

'28F004AFy60 | "28F004AFy70 | "28F004AFy80
'28F400AFy60 | 28F400AFy70 | "28F400AFy80
SY‘:IIL;:C)L 5-¥ Vego 5-V Voo 5-¥ Voo UNIT
RANGE RANGE RANGE

MIN MAX MIN MAX MIN MAX
to(E) Cycle time, write tayay 60 70 80 ns
te(EyOP Cycle time, duration of programming operation | tEHQV1 6 6 6 ps
lo(E)ERB Cycle time, erase operation (boot block) IEHQV? 0.3 0.3 0.3 ]
te(E)YERP Cycle time, erase operation (parameter block) tEHOVE 0.3 0.3 0.3 ]
Ig(E)ERM  Cycle time, erase operation (main block) IEHQV4 0.6 06 0.6 s
ld(RPRY Delay time, boot-block relock tPHBR 100 100 100 ns
th{A) Held time, AO—A17 (see Note 14) tEHAX 0 0 0 ns
th(Dy Hold time, DQ valid tEHDX 0 0 0 ns
th{w) Held time, W tEHWH 0 0 0 ns
th {(VPP) Hcld time, Vpp from valid status-register bit tovvL 0 0 0 ns
th(RP) tI-)ii(t)ld time, RP at VHH from valid status-register tQvPH 0 0 0 ns
th(wp) Held time, W_from valid status-register bit hWHPL 0 0 0 ns
Lsu(WP) Setup time, WP before write operation tELPH 50 50 50 ns
tsu(A) Setup time, AO—-A17 (see Note 14) tAVEH 50 50 50 ns
tsu(D) Setup time, DQ tDVEH 50 50 50 ns
Lsu(W) Setup time, W before write operation hWILEL 0 0 0 ns
tsu(RP) Setup time, RP at VHH to E going high tPHHEH 100 100 100 ns
tsu{vPP)2  Seluptime, Vpp lo E going high hPEH 100 100 100 ns
bus(F) Pulse duration, E low tELEH 50 50 50 ns
tys{ EH) Pulse duration, E high IEHEL 10 20 30 ns
trec{RPHE) Recovery time, RP high to E going low tPHEL 450 450 450 ns

NOTE 14: A_{ —A17 for byte-wide
*3
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TMS28F004Axy, TMS28F400Axy
4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

5MJS829 - AUGUST 1996

timing requirements for TMS28F004AFy and TMS28F400AFy overrecommended ranges of supply
voltage (automotive temperature range)

write/erase operations — E-controlled writes {continued)

'28F004AFy 90 '28F004AFy 30 '28F004AFy 70
'28F400AFy 90 "28F400AFy 80 '28F400AFy 70
SYJ:JL;:C'L 5-¥ Vgoeo 5-VVge 5-VVee UNIT
RANGE RANGE RANGE

MIN MAX MIN MAX MIN MAX
to( E) Cycle time, write tavay 90 80 70 ns
lo(E)OP S;’:Lgt:::]e, duration of programming tEHQVT 7 6 6 ns
to(E)ERB Cycle time, erase operation (boot block) tEHQV2 0.4 0.3 0.3 s
te(E)ERP tC))I);(;IS time, erase operation (parameter teHQva 04 0.3 03 s
lo(F)ERM Cycle lime, erase operation (main block) IEHQVA 0.7 0.6 0.6 s
ld(RPR) Delay fime, bool-block relock IPHBR 100 100 100 ns
thiay Hold time, AO—A17 (see Note 14) tEFHAX 0 0 0 ns
th(D) Hold time, DQ valid tFHDX 0 0 0 ns
th{ W) Hold time, W tE HWH 0 0 0 ns
th (vPP) Hold time, Vpplom valid status-register bit tQvvL 0 0 0 ns
th(RP) e Ve 0 0 0 ns
th{wp) Hold time, WP from valid status-register bit hWHPL 0 0 0 ns
tsu(WP) Setup time, WP before write operation tELPH 50 50 50 ns
tsu(A) Selup ime, A0 —-A17 (see Note 14) tAVEH 50 50 80 ns
tsu(D) Setup time, DQ valid tDVEH 80 50 50 ns
tsu{W) Selup ime, W before write operation WILEL 0 0 0 ns
Lsu(RPY Selup lime, RP al Vy o E going high {PHHEH 50 100 100 ns
tsu{vPP)?  Seluplime, Vpp lo E going high PEH 50 100 100 ns
Lw(E) Pulse duration, E low tFLEH 50 50 50 ns
tw( EH) Pulse duration, E high tEHEL 40 30 20 ns
trac{RPHE) Recovery time, ﬁ high to E going low tPHEL 300 300 300 ns

NOTE 14: A4 —A17 for byle-wide
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TMS28F004Axy, TMS28F400Axy

4194304-BIT (128K-WORD/256K-BYTE)

AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

TMS28F004AZy and TMS28F400AZy

5MJS829 — AUGUST 1996

The TMS28F004AZy and the TMS28F400AZy configurations offer a 5-V memory read with a 12-V program and
a 12-V erase for fast programming and erasing times. This configuration is offered in three temperature ranges:
0°C to 70°C, — 40°C to 85°C, and — 40°C to 125°C.

recommended operating conditions for TMS28F004AZy and TMS28F400AZy

MIN NOM MAX UNIT
Veo Supply voltage During write/read/erase/erase suspend 5V Ve range 4.5 5 5.5 \
During read onl V 0 6.5
Vpp Supply voltage - d - Y PPL \'
During write/erase/erase suspend 12-V Vpp range 11.4 12 126
) . TTL 2 Voo +0.38
VIH High-level dc input voltage \'
CMOS Ve —0.2 Voo + 0.2
_ TTL -03 0.8
VL Low-level dc input valtage \
CMOS Vgg—0.2 Vgg+0.2
Viko Vo leck-out voltage from write/erase 2 \
VHH RP unlock voltage 114 12 13 A
VppLk Vpp lock-out voliage from wrile/erase 0 1.5 A
word/byte typical write and block-erase performance for TMS28F400AZy and TMS28F400AZy
(see Notes 7 and 8)
12-V Vpp AND
PARAMETER 5-V Vgc RANGES
TYP MAX
Main block-erase time 1.1 14
Main block-byte program time 1.2 4.2
Main block-word program time 0.6 2.1
Parametar/bool-block erase time 0.34 7
NOTES: 7. Excludes system-level overhead (all times in seconds)
8. Typical values shown are at Ta = 25°C and nominal.
’5
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TMS28F004Axy, TMS28F400Axy
4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

5MJS829 - AUGUST 1996

electrical echaracteristics for TMS328F004AZy and TMS28F400AZy over recommended ranges of
supply voltage and operating free-air temperature using test conditions given in Table 9 (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
Vou High-level output | TTL Voo = VoeMIN, IoH = - 2.5 mA 24 v
voltage CMOS Voo =VeoeMIN, Ioy =—100 pA Voo —04
VoL Low-level output voltage Voo =VecMIN, IpL =58 mA 0.45 \')
A Ag selection code vollage During read algorithm-selection mode 1.4 12.6 V'
1D d d d
| Input current {leakage), except for A9 Voo = VocoMAX, _ +1 A
I when A9 = V| (see Nole 9) V| =0VioVoeMAX, RP = VY "
D A9 selection code current A9=V|p 500 wA
IRpp RP boot block unlock current RP - VHH 500 pA
Voo =VoeMAX Vo =0Vio
Te) Output current (leakage) VGOMAX 10 pA
Ipps Vpp standby current (standby) Vepp< Voo 5V Voo range 10 pA
Vpp supply current (reset/deep = i
IppL powar-down mode) RP =V¥ggt 0.2V, Vpps Voo 5V Ve range 5 pA
IpP1 Vpp supply current (active read) Vpp2 Voo 5V Vi range 200 pA
Vpp supply current (active byte write) L 12-V Vpp range,
Ipp2 (see Notes 10 and 11) Programming in progress 5V VoG range 20 mA
Vpp supply current (active word write) N 12-V Vpp range,
IPP3 (see Notes 10 and 11) Programming in progress 5V Ve range 20 mA
Vpp supply current (block erase) ) 12-V Vpp range,
Ipp4 (see Notes 10 and 11) Block erase in progress 5V Veg range 15| mA
Vpp supply current (erase suspend) 12-V Vpp range,
IpPs (see Notes 10 and 11) Block erase suspended 5V VoG range 200 pA
Ve supply current TTL-input level _ — 2 mA
| - - - 5V Vo range
CCS  (standby) CMOS input level | YCC = YGCMAX,  E = RP = Vi cG rand 130 pA
0°C to 70°C 8
Ve supply current (reset/deep —_— e "
lcoL power-down mode) P-Vggt02V A0°C 10 85°C 8 rA
—40°C to 125°C 10
) E=V||_, Io_u'rz()mA,
TTL-input level 5V V 65 mA
| Ve supply current P f=10MHz, G =V|H CG range
Get (active read) =
’ E=Vss, lour = 0mA, K
CMOS-input level f—10 MHz, G - Voo 5V Ve range 60 mA
| Ve supply current (aclive byte write) Voo = YocoMAX, 12-V Vpp range, s ma
GGz (see Notes 10 and 11) Programming in progress 5V Ve range
| Ve supply current (active word write) | Voo = VooMAX, 12-V Vpp range, 45 mA
ces (see Notes 10 and 11) Programming in progress 5-V V¢ range
| Ve supply current (block evase) Voo = VooMAX, 12-V Vpp range, 30 A
cc4 (see Notes 10 and 11) Block erase in progress 5-V V¢ range m
Ve supply current (erase suspend) Voo = VC(_\,MAXE = V|H. i
lces (see Notes 10 and 11) Block erase suspended 5V Ve range 10 mA

NOTES: 9. DQ15/A_4 is tested for output leakage only.
10. Not 100% tested; characterization data available
11. All ac current values are RMS unless otherwise noted.
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TMS28F004Axy, TMS28F400Axy
4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

5MJS829 — AUGUST 1996

power-up and reset switching characteristics for TMS28F004AZy and TMS28F400AZy over
recommended ranges of supply voltage (commercial and extended temperature ranges)

(see Notes 10, 11, and 12)

'28F004AZy60 | '28F004AZy70 | '28F004AZ2y80
'28F400A2y60 | '28F400AZ2y70 | '28F400AZ2y80
PARAMETER SY‘:"‘;'OL 5V Voo 5-V Voo 5¥ Voo UNIT
RANGE RANGE RANGE
MIN MAX MIN MAX MIN MAX
Setup time, RP low to Ve at4.5 vV MIN tp| 5y
fsu(VCC) (see Note 13) tpLav 0 0 0 ns
ta(DV) Address valid to data valid tavQy 60 70 80 ns
tsu{DV) Setup time, RP high to data valid tPHOY 450 450 450 ns
th{RP5) Hold time, Vi at 4.5 V (MIN) to RP high tsvpPH 2 2 2 ps
power-up and reset switching characteristics for TMS28F400AZy and TMS28F400AZy over
recommended ranges of supply voltage (automotive temperature range)
'28F004AZy70 | '28F004AZy 80 | '2BF004AZYy90
'28F400A2y70 | '28F400AZy80 | '28F400AZy90
PARAMETER sv:nLgbL 5V Voo 5V Voo 5-V Voo UNIT
RANGE RANGE RANGE
MIN MAX MIN MAX MIN MAX
Setup time, RP low to Ve at4.5 vV MIN tp| sy
fsu(VCC) (see Note 13) tpL3y 0 0 0 ns
ta(DV) Address valid to data valid tavoy 70 80 90 ns
tsu{DV) Setup time, RP high to data valid IPHQV 450 450 450 ns
th{RP5) Hold time, Vi at 4.5 V (MIN) o RP high tsvPH 2 2 2 ps
NOTES: 10. Not 100% tested; characterization data available
11. All ac current values are RMS unless otherwise noted.
12. E and G are switched low after power-up. _
13. The power supply can switch low concurrently with RP going low.
’5
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TMS28F004Axy, TMS28F400Axy
4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

5MJS829 - AUGUST 1996

switching characteristics for TM828F004AZy and TMS28F400AZy over recommended ranges of
supply voltage (commercial and extended temperature ranges)

read operations

ADVANCE INFORMATION

'28F004AZy 60 | '28F004AZy70 | '28F004AZy 80
'28F400A2y 60 | '28F400AZ2y70 | '28F400AZy 80
PARAMETER SY‘:"‘B""OL 5-V Voo 5VVee 5V Voo UNIT
RANGE RANGE RANGE

MIN MAX MIN MAX MIN MAX
ta(ay Access fime from A0—A17 (see Note 14) tavay 60 70 80 ns
ta(E) Access time from E tELQv 60 70 80 ns
ta(@) Access time from G laLav 35 40 40 ns
te(R) Cycle time, E}ad tAVAY 60 70 80 ns
td(Ey Delay time, E low to low-impedance output IEL QX ns
td(c) Delay time, G low to low-impedance output laLax ns
tdis{E) Disable time, E to high-impedance output tEHGZ 25 30 30 ns
Ldis(G) Disable time, G to high-impedance output lGHQZ 25 30 30 ns
e i e IR : E
tsu(EB) Setup time, BYTE from E low ttEIL_IEII-_i 5 5 5 ns
td(RP) Output delay time from ﬁ high tPHOQV 450 450 450 ns
WSBL  nghimpedacesiae lFLaz 60 7 80| ms
ta(BH) Access time from BYTE going high tFHQV 60 70 80 ns

NOTE 14: A4 —A17 for byte-wide

switching characteristics for TMS28F004AZy and TMS28F400AZy over recommended ranges of
supply voltage (automotive temperature range)

read operations

'28F004A2y70 | "28F004AZy80 | '28F004AZy90
'28F400A2y70 | "28F400AZ2y80 '28F400AZy90
omsor | Tavee | T | mmee |

MIN MAX MIN MAX MIN MAX
ta(Ay Access time from A0—A17 (see Note 14) tavay 70 80 90 ns
ta(py Access time from E tEL Qv 70 80 90 ns
ta(G) Access time from G laLqQv 35 40 45 ns
te(Ry Cycle time, read tAVAY 70 80 90 ns
td(E) Delay time, E low to low-impedance output tELOX 0 0 0 ns
ld(G) Delay time, G low to low-impedance output laLax 0 0 0 ns
tdis(E) Disable time, E to high-impedance output tEHOZ 25 30 35 ns
tdis(G) Disable time, G to high-impedance output tGHGQZ 25 30 35 ns
th(D) Ho!d time, DQ valiq from AO—A17, E, or G, tAXQX 0 0 0 ns

whichever occurs first (see Note 14)
tsu(EB) Setup time, BYTE from E low :E::EI: 5 5 5 ns
NOTE 14: A1 —A17 for byte-wide
i
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TMS28F004Axy, TMS28F400Axy
4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

5MJS829 — AUGUST 1996

switching characteristics for TMS28F004AZy and TMS28F400AZy over recommended ranges of
supply voltage (automotive temperature range) {continued)

read operations

'28F004AZ2y70 | "28F004AZy80 | "28F004AZy90
'28F400A2y70 | "28F400AZy80 | "28F400A2y90
PARAMETER SY‘:"‘;'OL 5V Voo 5V Voo 5V Voo UNIT
RANGE RANGE RANGE

MIN MAX MIN MAX MIN MAX

tgRPy  Output delay time from RP high tPHQY 300 300 300 | ns
Disable time, BYTE low to DQ8—-DQ15in

dis(BL) high-impedance state FLQz 70 80 80 ns
ta(BH) Access time from BYTE going high tFHQY 70 80 90 ns

timing requirements for TMS28F004AZy and TMS28F400AZy over recommended ranges of supply
voltage (commercial and extended temperature ranges)

write/erase operations — W-controlled writes

'28F004A2y60 | "28F004AZy70 '28F004AZ2y80
'28F400A2y60 | '28F400AZy70 '28F400A2y80
SYJ:ILJIOL 5-V Voo 5-VVggo 5-V Vgogo UNIT
RANGE RANGE RANGE
MIN MAX MIN MAX MIN MAX
to(wW) Cycle time, write tAVAY 60 70 80 ns
Cycle time, duration of programming
tefwoP operation twHGQV1 6 6 6 us
to(WIERB Cycle time, erase operation (boot block) twHQv? 0.3 0.3 0.3 8
Cycle time, erase operation {parameter
tefW)ERP block) P P hWHGQV3 0.3 0.3 0.3 5
tc{W)ERM  Cycle time, evase operation (main block) twHQV4 0.6 06 0.6 s
td(RPR)Y Delay time, boot-block relock tPHBR 100 100 100 ns
thiA) Hold time, AO—A17 (see Note 14) hWHAX 0 0 0 ns
thiDy Hold time, DQ valid hWHDX 0 0 0 ns
th{E) Held time, E hWHEH 0 0 0 ns
th{ VPP) Hold time, Vpp from valid status-register bit tquvL 0 0 0 ns
Hold time, RP at VHH from valid
th(RP) status-register bit lQvPH 0 0 0 ns
th{wp) Hold time, WP from valid status-register bit hWHPL 0 0 0 ns
tsu(wp) Setup time, WP baelfore wiile operation tELPH 50 50 50 ns
tsu(A) Setup time, AO—A17 (see Note 14) tAvwH 50 50 50 ns
tsu(D) Setup time, DQ IDVvwWH 50 50 50 ns
tsu(E) Setup time, E before write operation tELwL 0 0 0 ns
fsu(RP) Setup time, RP at V4 to W going high tPHHWH 100 100 100 ns
tsu{ VEP)1 Setup time, Vpp to W going high tvPwH 100 100 100 ns
t( W) Pulse duration, W low hwLWH 50 50 50 ns
b WH) Pulse duration, W high D HWL 10 20 30 ns
trac{RPHW) Recovery time, RP high to W going low tPHWL 450 450 450 ns
NOTE 14: A_{ —A17 for byte-wide
’5
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TMS28F004Axy, TMS28F400Axy
4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

5MJS829 - AUGUST 1996

timing requirements for TMS28F004AZy and TMS28F400AZy overrecommended ranges of supply
voltage (automotive temperature ranges)

write/erase operations — W-controlled writes {continued)

'28F004AZy 60 | "28F004AZy70 | '28F004AZy80
'28F400A2y 60 | "28F400AZy70 | '28F400AZy80
SY‘:ILB.I:OL 5-V Veeo 5V Vpeo 5-VVee UNIT
RANGE RANGE RANGE

MIN MAX MIN MAX MIN MAX
to(w) Cycle time, write tavay 70 80 90 ns
lo(W)OP g;:lriéme, duration of programming BWHQVA 6 6 7 ns
to{ WIERB Cycle time, erase operation (boot block) hWwHQvV?2 0.3 0.3 4 s
te(W)ERP Sl);(:lf)tlme, erase operation (parameter tWHQVS 03 03 4q s
tefw)ERM  Cycle time, erase operation (main block) hWHQVA 0.6 0.6 7 5
td{RPR) Delay time, boot-block relock tPHBR 100 100 100 ns
thiA) Hold time, AO—A17 (see Note 14) hWHAX 0 0 0 ns
th(D) Hold time, DQ valid hWHDX 0 0 0 ns
thiEy Hold time, E WHEH 0 0 0 ns
th{ vPP) Hold time, Vpp from valid status-register bit tQyvL 0 0 0 ns
WP sregstornt tQvPH 0 0 0 s
thiwp) Hold time, WP from valid status-register bit twWHPL 0 0 0 ns
tsu{WP) Setup time, WP before write operalion tELPH 50 50 50 ns
Lsu(A) Setup time, AO—A17 (see Note 14) tavVWH 50 50 50 ns
tsu(Dy Setup time, DQ IDVWH 50 50 50 ns
tsu(Ey Setup time, E before write operation tFLwL 0 0 0 ns
tsu(RP) Setup time, RP at VHH to W geing high tPHHWH 100 100 100 ns
tsu( VPP)1 Selup time, Vpp to W going high WPWH 100 100 100 ns
tar{ W) Pulse duration, W low b wWH 50 50 50 ns
by WH) Pulse duration, W high BVHWL 20 30 40 ns
lrac(RPHW)  Recovery lime, RP high ta W going low tPHWL 220 220 220 ns

NOTE 14: A_q{ —A17 for byle-wide
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TMS28F004Axy, TMS28F400Axy
4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

5MJS829 — AUGUST 1996

timing requirements for TMS28F004AZy and TMS28F400AZy overrecommended ranges of supply
voltage (commercial and extended temperature ranges)

write/lerase operations — E-controlled writes

'28F004AZy60 | "28F004AZy70 | "28F004AZy80
'28F400A2y60 | "28F400AZy70 | "28F400A2y80
SY‘:IIL;:C)L 5-¥ Vego 5-V Voo 5-¥ Voo UNIT
RANGE RANGE RANGE

MIN MAX MIN MAX MIN MAX
to(E) Cycle time, write tayay 60 70 80 ns
te(EyOP Cycle time, duration of programming operation | tEHQV1 6 6 6 ps
lo(E)ERB Cycle time, erase operation (boot block) IEHQV? 0.3 0.3 0.3 ]
te(E)YERP Cycle time, erase operation (parameter block) tEHOVE 0.3 0.3 0.3 ]
Ig(E)ERM  Cycle time, erase operation (main block) IEHQV4 0.6 06 0.6 s
ld(RPRY Delay time, boot-block relock tPHBR 100 100 100 ns
th{A) Held time, AO—A17 (see Note 14) tEHAX 0 0 0 ns
th(Dy Hold time, DQ valid tEHDX 0 0 0 ns
th{w) Held time, W tEHWH 0 0 0 ns
th {(VPP) Hcld time, Vpp from valid status-register bit tovvL 0 0 0 ns
th(RP) tI-)ii(t)ld time, RP at VHH from valid status-register tQvPH 0 0 0 ns
th(wp) Held time, W_from valid status-register bit hWHPL 0 0 0 ns
Lsu(WP) Setup time, WP before write operation tELPH 50 50 50 ns
tsu(A) Setup time, AO—-A17 (see Note 14) tAVEH 50 50 50 ns
tsu(D) Setup time, DQ tDVEH 50 50 50 ns
Lsu(W) Setup time, W before write operation hWILEL 0 0 0 ns
tsu(RP) Setup time, RP at VHH to E going high tPHHEH 100 100 100 ns
tsu{vPP)2  Seluptime, Vpp lo E going high hPEH 100 100 100 ns
bus(F) Pulse duration, E low tELEH 50 50 50 ns
tys{ EH) Pulse duration, E high IEHEL 10 20 30 ns
trec{RPHE) Recovery time, RP high to E going low tPHEL 450 450 450 ns

NOTE 14: A_{ —A17 for byte-wide
*3
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timing requirements for TMS28F004AZy and TMS28F400AZy overrecommended ranges of supply
voltage (automotive temperature range)

write/erase operations — E-controlled writes {continued)

'28F004AZy 70 '28F004AZy 30 '28F004AZy 90
'28F400A2Zy 70 "28F400AZy 80 '28F400AZy 90
SYJ:JL;:C'L 5-¥ Vgoeo 5-VVge 5-VVee UNIT
RANGE RANGE RANGE

MIN MAX MIN MAX MIN MAX
to( E) Cycle time, write tavay 70 80 90 ns
lo(E)OP S;’:Lgt:::]e, duration of programming tEHQVT 6 6 7 ns
to(E)ERB Cycle time, erase operation (boot block) tEHQV2 0.3 0.3 04 s
te(E)ERP tC))I);(;IS time, erase operation (parameter teHQva 03 0.3 04 s
lo(F)ERM Cycle lime, erase operation (main block) IEHQVA 0.6 0.6 0.7 s
ld(RPR) Delay fime, bool-block relock IPHBR 100 100 100 ns
thiay Hold time, AO—A17 (see Note 14) tEFHAX 0 0 0 ns
th(D) Hold time, DQ valid tFHDX 0 0 0 ns
th{ W) Hold time, W tE HWH 0 0 0 ns
th (vPP) Hold time, V_pp from valid status-register bit tQvvL 0 0 0 ns
AR sasregsorot taupH 0 0 0 ns
th{wp) Hold time, WP from valid status-register bit hWHPL 0 0 0 ns
tsu(WP) Setup time, WP before write operation tELPH 50 50 50 ns
tsu(A) Selup ime, A0 —-A17 (see Note 14) tAVEH 50 50 80 ns
tsu(D) Setup time, DQ valid tDVEH 80 50 50 ns
tsu{W) Selup ime, W before write operation WILEL 0 0 0 ns
Lsu(RPY Selup lime, RP al Vy o E going high {PHHEH 100 100 100 ns
tsu{vPP)?  Seluplime, Vpp_to E going high PEH 100 100 100 ns
Lw(E) Pulse duration, E low tFLEH 50 50 50 ns
tw( EH) Pulse duration, E]igh _ tEHEL 20 30 40 ns
trac{RPHE)  Recovery time, RP high to E going low tPHEL 300 300 300 ns

NOTE 14: A4 —A17 for byle-wide
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TMS28F004Axy, TMS28F400Axy
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PARAMETER MEASUREMENT INFORMATION

[ te(R) b
A1 -217 (byte-wide) X Address Valid X
AD-A17 (word-wide)
e taa) ——»
\
; tdis(E)
< taE) P |
_ \ |
G | \ [ |
| ; - taisa) W
o v |
_ | | 1 ‘ 1
W (G ‘ ‘ |
—/ T R S
t4(E) —ﬁ—H | \ |
DQD-DAQ7 (byte-wide) . 74 .
DQO-DQ15 (word-wide) Hi-Z \((({ ))))}' Hi-Z =
\
|

Vee ‘
|‘— td(RP) —P

\
v/ \

Figure 9. Read-Cycle Timing
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PARAMETER MEASUREMENT INFORMATION

Power Up Write Write Valid Automated Write
and Program-Setup Address or Byte/Word Read Status- Read-Array
A_i-A17 Standby Command Data Programming Register Bits Command
(byte-wide) A INAIOOOOOE XA OO X X
nooar? __ K A R RN

(word-wide)

- teqw) —W \

tsu
h—HTi (A)

%

L\ NV

| | Data
| > Syl su(D) \ Valid SR
DQO-DQ7 | e m() | FFh
(byte-wide) . - i
DQD—DQ15_HIZ_‘_Q Hi-Z Hi-Z
|

(word-wide) 40h or 10h

‘ f‘—“*tsu(RP) |

trec(RPHW) |

| |
| \ ——»—th(wp)
|
WP / | | N\
\ |
‘ I‘—’F'h(VPP)

7

7’7’7""‘7" LY AV Y""‘v"‘v’v \YAVAVLY, "
LKL

AVATAYA AVAVA AVA

Y’Y ;’V’V "Y’Y ;:;07

v, v’v
LIRS

VPP VAT Y AV A Y A VAV AT AV AV ATAY AV ATy T Y AV AT A AV AV AV VA YA Y AV AVAYAYAYAYLY
LA KIKAAA AN ANK) CANRAI IR AOCK XA XX
LKLY BB

Figure 10. Write-Cycle Timing (W—Controlled Write)
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PARAMETER MEASUREMENT INFORMATION

Power Up Write Write Valid Automated Write

and Program-Setup Address Byte /Word Read Status Read-Array

A_y-A178tandby Command And Data Programming Register Bits Command
(byte-wide) X IO OO NAX OO KO
8K X RPN

(word-wide) e te(w) —pl \
“—.'—‘_ tsu(A)
| > tha)
tsu(W) *“4* |
| Hethw)

‘_7 Eop ——————— M
|

/NS Y NIVAAVAR

i ot

| I “—H—th(WP)
- S —\
|
|
|

|

\

H*lF th(VPP)
|

|
Da7 I > el tsu(D) |/ Dee | Valid SR
(byte- | | sty | ali FFh
wide) _ iz —o—Q Hi-2 Hi-2
DQO - " " e
| \'!'/
(:g:ds I 40h or 10h | }
wide) | —P»—tsu(RP)
(&P trec(RPHE) ! | > th(RP)
| / AN
—_— [ \
RP | |
| \
‘“—’I*tsu(WP) |
|

I‘—'l— tsu(VPP)2

LKLY NRLRKLLRLR
RIS IR
LRI NSRRI

A TAVAVAVAVAVA

Vpp

Figure 11. Write-Cycle Timing (E—Controlled Write)
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PARAMETER MEASUREMENT INFORMATION

Power Write Write Erase- Write
A a7 Up and Erase-Setup Confirm Au;:‘:;ed :::?s?etratBuif; Read-Array
-1-A17 gtandb Command Command Command
(byte-wide) _%( R IR R R R K I KNAH XXX KX RXRR
AD-A17 X e e et et e,
(word-wide) < to(W) » |
H—b’—'— tsu(A)
| [P thia)
E M_U/ \_/T
tau(E ;e | | |
| e | }
| | |
} | | | te(W)ERB
| | & te(W)ERP — W
tw(WH) —¢—» || te(W)ERM
v/ N/ Y | \_/
DQo - e wy | Don \
par | oy | | Valid SR
(byte- } | —ble— 1) \ ali FFh
wide) Hi-Z 7 N\ Hi-Z2 Hi-Z =
DQo- TR \ ' '
DA15 f——b- trecRPHW) | ‘
(w?rd- | H“““’r*tsu(RP) |
wide) | \ | < ¥ th(RP) v
HH
|
— / T T \ ViH
*_/ | |
Ih—.'_ tsu(WP) |
| ! 1 F———*F-m(WP)
—_— . —
we / | N\
| K—*%—m(vpp)

r___’F'%u(VPPH

YPPH

.v"‘v“‘v’v‘v‘v""‘v"‘""7
LOBBAEEAAANENY
et

LSS

?%g?@?@@?ﬁ?ﬁ@?@@@@??“

>

A’A’A’A’A‘A’A‘A‘A‘A’A’A’A’A‘A‘A‘A".

VPP A A Y Y A Y AV Y A WA YAV A VAV AYAYAY AT ALY vPPL
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Figure 12. Erase-Cycle Timing (W—Conlrolled Write)
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PARAMETER MEASUREMENT INFORMATION

Power Up Write Write Erase- Write
and Erase-Setup Confirm Auéorr::sted ::a?stsetra;uits; Read-Array
A_q1-A17 Standby Command Command g Command
(byte-wide} LA IO XK XN OO X)
pooary K X N RRRIRRREARKUEKY
(word-wide) < te(W) » |
“—H—‘— tsu(A)
| > tha)
w / \ /- \ ||/ \ S
tsu(W “plle- |
sutvn | = th(w)

_/

te(E)ERB
¢ WL(E)ERP —M

tw{EH) —f4——™ | te(E)ERM |

I twiE) | bon |

| > su(d) | | Valid SR
D@0 -DQ7 |l ) | f ali SFFh
(byte-wide) . Y . . .

Hi-2 20h Hi-Z Hi-Z w—

DQo-DQ15 | \ 4 \ /

(word-wide)

P Lee(RPHE) |
\ H—ﬂLtsu(nP) \

} \ | 4> —th(RP)
\

/ AN
3 _/ !

|
‘h—.l_tsu(WP)

|
\ | >t th(wp)
— | T
wP / I : N\
| > th(vpp)
‘H—H— tsu(VPP)2 :
Vop XKL LRSI

A)
0;0’0;0;02:.:;0;0;0’0;0;0;0‘0

OO

RIS
%X AR

a¥al

Figure 13. Erase-Cycle Timing (E—Controlled Write)
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PARAMETER MEASUREMENT INFORMATION

A_1-A17
a0-a17 SEOOEKRKY Address Valid *oleedoteteletelolnlel
(word-wide)
| |
3‘4 te(R) »l

e

/

|
M L) 4“\ \
| [
I } _—N‘ftdis(E)
_ : | ‘
G | \ } [ |
| \ | | }
| |
I } } ﬂ—’{*tdis(G)
\ |
I S
Ve N\ | | LT
|
| |
T R
\ | |
H tsu(EB) \ | \
\ | \
| .
DQo -DQ7 Hi-2 | | 1 f({ X Hi-Z m—
' | ] \\ K X '
| \ | |
| } > @) \ Byte DQO -DQ7
| | Word DQ0 -DQ7
i tagy —— M
pae-DA14 Hi-Z Hiz —

\
\
}
[
|
M— tdis(BL) —h‘

\

Word DQ8-DQ14

DQ15/A 4 Hi-2 A_q Input >— HiZ =

Word DQ15

Figure14.BYTE Timing, Changing From Word-Wide to Byte-Wide Mode

{‘? TeExAs
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 75

ADVANCE INFORMATION



ADVANCE INFORMATION

TMS28F004Axy, TMS28F400Axy
4194304-BIT (128K-WORD/256K-BYTE)
AUTO-SELECTBOOT-BLOCK FLASH MEMORIES

5MJS829 - AUGUST 1996

76

PARAMETER MEASUREMENT INFORMATION

Word DQ8-DQ14 |

Word DQ15

A_q-A17
byte-wide) XX OO X ress Vali XX OO O XX
Pho a1 XK Addrees Vale LRREKRK
(word-wide) [ |
r te(R) »|
“ ta(a) >
|
|
|
= |
E N ! /|
| |
} ‘H ta(E) 4’} I
} } I ——P—tgis(E)
| | |
| |
- \ | | ‘
G IR — /o
| | | | | |
‘ | is
B S
Ve L/ | |
R i T
\ tsy |
} \H_):_r (8 I Byte DQO -DQ7 }
| |
e w ST
DQo-DQ7 Hi-Z ; 1 1 Hi2 —
| |
| \ \ |
| | PR - |
} | | e | Word DQ0-DQ7
| ‘h P— WE) I
|
B | V4 (7 —
SRS D+
|
|
|
|
|

DQ15/A_4 A_q Input >— Hi-2 -((({ \ >>>>— Hi-2 =—

Figure 15. BYTE Timing, Changing From Byte-Wide to Word-Wide Mode
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MECHANICAL DATA
DBJ (R-PDS0O-G44) PLASTIC SMALL-OUTLINE PACKAGE

44

HHHHHHHHHHHHHHHHHHHHHH A

13,40 18,10
13,20 15,90

O
HHHHHHHHHHHHHHHHHHHHHH v 0.15 NOM
22
28,30
28,10

%MMMM{%}M%J-ML @ —

4073325/A 10/94

NOTES: D. Alllinear dimensions are in millimeters.
E. This drawing is subject to change without notice.
F. Body dimensions do not include mold flash or protrusion.
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MECHANICAL DATA

DCD (R-PDSO-G**) PLASTIC DUAL SMALL-OUTLINE PACKAGE
40 PIN SHOWN

NO. OF A
PINS™ 1 max | M
1
=Ho = 40 40 0402 | 0.385
= = (10,20} | (9.80)
= = " 0476 | 0.469
= = U ommam] 1210 | 0
A =] =
- 1
= S 0.012 (0,30)
= = 0.004 (0,10) |$| 0.008 (0,21) ®|
- 1
21
20
0.728 (18,50)
0.720 (18,30)
. 0.795 (20,20) |
<« ql

0.780 (19,80) 0.041 (1,05)

0.037 (0,95)

0.006 (0,15) 0.047 (1,20) MAX
Iy 1

L A R seatingPlane W
T gz Elvaiem] Hf *

0.010 (25,00) NOM
0.020 (0,50)

4073307/B 07/96

NOTES: A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with Tl's standard warranty. Testing and other quality control techniques are
utilized 1o the extent Tl deems necessary o support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR CTHER
CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood 1o be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate TI officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associaled with the customer's applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

TI assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright @ 1996, Texas Instruments Incorporated



