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® Organization . . . 128K x 8-Bit Flash Memory N PACKAGE
® Pin Compatible With Existing 1-Megabit (TOP VIEW)
EPROMSs
® Vcc Tolerance £10% Vepl] 1 ~ 2] Voo
® Al inputs/Outputs TTL Compatible Al18[] 2 Ipw
® Maximum Access/Minimum Cycle Time A1S5[]3  30f]NC
'28F010A-10 100 ns Al2fl4 29[l A14
'28F010A-12 120 ns A7[} s 28%/\13
'28F010A-15 150 ns A8l 6 27]] A8
'28F010A-17 170 ns A5(l 7 26]] A9
® Industry-Standard Programming Algorithm Adlls  25[] AN
® PEP4 Version Available With 168-Hour A3E 9 24]IG
Burn-In and Choice of Operating A2( 10 2aflA10
Temperature Ranges Atf] 11 21| E
® Chip Erase Before Reprogramming A0[j12  =1f}DQ7
® 10000 and 1000 Program/Erase-Cycle DQo{] 13 20[ DQG
Versions Available DQtf} 14 18]I DQ5
® Low Power Dissipation (Vcc = 5.5 V) ?/02[ 15 18f] DQ4
- Active Write . . . 55 mW ssl] 16 17[JDQ3

- Active Read . . . 165 mW
- Electrical Erase ... 82.5mW
- Standby . . . 0.55 mW
{CMOS-input Levels)
® Automotive Temperature Range

- 40°C to 125°C
description Al4
A3
The TMS28F010A is a 1048576-bit, program- A8
mable read-only memory that can be electrically A9
bulk-erased and reprogrammed. It is available in
10000 and 1000 program/erase-endurance- AN
cycle versions. :\51 .
The TMS28F010A Flash EEPROM is offered in a E
dual in-line plastic package (N suftix) designed for DQ7
insertion in mounting-hole rows on 15,2-mm
(600-mil) centers, a 32-lead plastic leaded
chip-carrier package using 1,25-mm (50-mil) lead
spacing (FM suffix), a 32-lead thin small-outline
package (DD suffix), and a reverse pinout TSOP
package (DU suffix).
The TMS28F010A is characterized for operation PIN NOMENGCLATURE
in temperature ranges of 0°G to 70°G (NL, FML, _
DDL, and DUL suffixes), - 40°C 10 85°C (NE, FME, e e ot
DDE, and DUE suffixes), and -40°C to 125°C E Chip Enable
(NQ, FMQ, DDQ, and DUQ suffixes). Ali package G Output Enable
types are offered with 168-hour burn-in (4 suffix). NC No Intemal Connection
\'eTo3 5-V Power Supply
Vpp 12-V Power Supply
Vss Ground
w Wiite Enable
PRODUCTION DATA information is curent in of lon date. Copyright © 1993, Texas Instruments incorgorated
Products cenlorm Lo apacilicationa per the terms of Taxms hwiruments .
m::m#m.@mnwmm necassarly include W TEXAS
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DD PACKAGE
(TOP VIEW)
At O » [G
A8 ]2 31 |__]A10
A8 |3 2 [JE
A13 [ |4 20 [ 1DQ7
A4 |5 .28 []1DQs
NC[]s 27 [1DQs
w17 2 DQ4
Vec ()8 25 DQ3
Vep (]9 24 | JVvss
Al6 [ 10 23 | ]1DQ2
A5 |1 22 Dpat
A2 [ |12 21 [ ]1DQ0o
A7 [ ]12 2 | JAC
A [ |14 19 [ JA1
As[]15 18] 1A2
Ad [ |16 17 _1A3
DU PACKAGE
REVERSE PINOUT
(TOP VIEW)
G v 32 [C]A
A10 (]2 3t | ]A9
E]s> 30 | ]As
DQ7 []4 29 [ 1A13
Das []5 28 [ ]A14
DQs [ |s 27 [ INC
D4 [ )7 26 | IW
DQ3 E 8 25 [ 1Vee
Vegg [ ]9 24 :]Vpp
DQ2 []10 23 []A16
DQ1 [} 1 22 A15
DQo [] 12 21 %mz
A0 (|13 20 []A7
Al [ 14 19 A6
A2 15 18 A5
A3 16 17 [ ]A4
. ______________________________________________________
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device symbol nomenciature

TMS28FO10A 12 C4 FM L

Q = -40°C © 125°C

Paciage Designator
N = Pastic Dual in-Uine Pacimge
FM = Piastic Leaded Chip Carrier
DD = Thin Small-Outiine Pacimge
DU = Thin Smali-Outiine Paciage,
Reverss Pinout

Prognm/Erase Endurance
C4 = 10000 Cycles
C3 = 1000 Cycles

Spesd Designator
10 = 100 ns
42 = 120ns
45 = 150 me
A7 = 1770ne

#
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logic symbolit

FLASH
12 |g N EEPROM
131072 x8

181071

16 |

[PWR DWN|
4 N

1,2 EN (READ)
@ 1CS (WRITE)
) r

tefee” s

PrEE2>>»
Eol m aaias3sBRRRRRERER
r“sa*aazz“°-°a=

t This symbol is in accordance with ANSINEEE St 91-1984 and IEC Publication 617-12.
Pin numbere shown are for the N package.
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functional block diagram

Vpp ———3——0—»— Erase-\bitage Switch

W ——>»| State Contol

Program/Erase
Stop Timer
Command Regilster
P
E -
— Output-Enable
a » Logic
5
™ A Column Decoder
d
: |
AD-A16 747 v s o
|.- Row Decoder : 1:,‘:'5::: -¢—
t
h
@ TeEXAS
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Table 1. Operation Modes

FUNCTION
MODE Vppt E a AD A9 W DQO-DG?
(1) (22) (24) (12) (26) (1) (13-15,17-21)
Read VPPL ViL ViL X X VIH Data Out
Qutput Disable VPPL ViL VIH X X VIH HI-Z
Read [ Standby and Write Inhibit | VppL VIR X X X X HI-Z
ViL Mtr Equivalent Code 89h
Algorithm-Selection Mode VpPL ViL ViL i Vib ViH Device Equivalent Gode B4h
Read VPPH ViL VIL X X VIH Data Out
Read/ | Output Disable Vepy VIL ViH X X VIH HI-Z
Write | stanaby and Write Inhibit |  Vppi Vi X X X X HI-Z
Wite VPPH ViL VIH X X ViL Data In

NOTE: X canbe Vj_or ViH.
t VppL £ VGG + 2 V; Vppy is the programming voltage specified for the device. For more details, refer to the recommended operating conditions.

operation

read/output disable

When the outputs of two or more TMS28F010As are connected in paraliel on the same bus, the output of any
particular device in the circuit can be read with no interference from the competing outputs of other devices. To
read the output of the TMS28F010A, a low-level signal Is applied to the E and G pins. All other devices in the
circuit should have their outputs disabled by applying a high-level signal to one of these pins.

standby and write inhibit

Active Icc current can be reduced from 30 mA to 1 mA by applying a high TTL level on E or to 100 pA with a
high CMOS level on E. In this mode, all outputs are in the high-impedance state. The TMS28F010A draws active
current when it is deselected during programming, erasure, or program/erase verification. It continues to draw
active current until the operation is terminated.

algorithm-selection mode

The algorithm-selection mode provides access to a binary code identifying the correct programming and erase
agorithms. Thie mode is activated when A9 (pin 26) is forced to V|p. Two identitier bytes are accessed bytoggling
AO. All other addresses must be heid low. A0 low selects the manufacturer equivalent code 88h, and A0 high
salects the device equivalent cods B4h, as shown in the algorithm-selection mode table below:

PINS St
1o RER AO DQ7 DQ6 DQ5 DM Das Do2 DOt DGO HEX
Manufacturer Equivalent Code ViL 1 0 0 0 1 0 0 1 89
Device Equivalent Code ViH 1 0 1 1 0 1 0 0 B4

NOTE: E=G= ViL A1-A8 =V, A9 = V|p, A10-A16 = V|, VPP = VPpL.
programming and erasure

In the erased state, all bits are at a logic 1. Before erasing the device, all memory bits must be programmed to
a logic 0. Afterwards, the entire chip is erased. At this point, the bits, now logic 1s, can be programmed
accordingly. Refer to the Fastwrite and Fasterase algorithms for further detail.

Q’ TEXAS
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command register

The command register controis the program and erase functions of the TMS28F010A. The algorithm-selection
mode can be activated using the command register in addition to the above method. When Vpp is high, the
contents of the command register and the function being performed can be changed. The command register
is written to when E is low and W is pulsed low. The address is latched on the leading edge of the pulse, while
the data is latched on the trailing edge. Accidental programming or erasure is minimized because two
commands must be executed to invoke either operation.

power supply considerations

Eachdevice should have a 0.1-F ceramic capacitor connected between Vo - and Vg 5 to suppress circuit noise.
Changes in current drain on Vpp require it to have a bypass capacitor as well. Printed-circuit traces for both
power supplies should be appropriate to handle the current demand.

Table 2. Command Definitions

REQUIRED ARST BUS CYCLE SECOND BUS CYCLE
COMMAND BUS
CYCLES OPERATIONT | ADDRESS DATA | OPERATIONT | ADDRESS | DATA
Read 1 Wite X 00h Read RA RD
Algorithm-Selection Mode 3 Wit X 90h Read o009 Sen
Set-Up-Erase/Erase 2 Write X 20h Write X 20h
Erase Verity 2 Write EA ACh Read X EVD
Set-Up-Program/Program 2 Write X 40h Wite PA PD
Program Verify 2 Write X GOh Aead X PVD
Reset 2 Write X FFh Write X FFh
T Modes of oparation are defined in Table 1.
Legend:
EA Address of memory location to be read during erase verify.
RA Address of memory location to be read. _
PA Addreas of memory location to be programmed. Address is latched on the falling edge of W. .
RD Data read from location RA during the read operation. ’
EVD Data read from location EA during erase verify.
PD Data to be programmed at location PA. Data is latched on the rising edge of W.
PVD Data read from location PA during program verity.
b TEXAS
INSTRUMENTS
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command definitions
read command

Memory contents can be accessed while Vpp is high or low. When Vpp is high, writing 00h into the command
register invokes the read aperation. When the davice is powered up, the default contents of the command
register are 00h and the read operation is enabled. The read operation remains enabled until a different valid
command is written to the command register.

algorithm-selection mode command

The algorithm-selection mode s activated by writing 90h into the command register. The manufacturer
equivalent code (89h) is identified by the value read from address location 0000h, and the device equivalent
code (B4h) is identitied by the value read from address location 0001 h.

sel-up-erase/erase commands

The erase-algorithm initiates with E = V|| , W=V ,G= V|4, Vpp = VppH, and Vo = 5 V. Toenter the erase mode,
write the set-up-erase command, 20h, into the command register. After the TMS28F010A is in the erase mode,
writing a second erase command, 20h, into the command register invokes the erase operation. The erase
operation begins on the rising edge of W and ends on the rising edge of the next W. The erase operation requires
10 ms to complete before the erase-verify command, AOh, can be loaded.

Maximum erase timing is controiled by the internal stop timer. When the stop timer terminates the erase
operation, the device enters an inactive state and remains inactive until a valid erase verify, read, or reset
command is received.

erase-verity command

All bytes must be verified following an erase operation. After the erase operation i& complete, an erased byte
can be verified by writing the erase-verity command, AOh, inta the command register. This command causes
the device to exit the erase mode on the rising edge of W. The address of the byte 10 be verified is latched on
the falling edge of W. The erase-verily operation remains enabled until a valid command is written to the
command register.

Todetermine whether or not all the bytes have been erased, the TMS28F010A applies a margin voitage to each
byte. If FFh is read from the byte, all bits in the designated byte have been erased. The erase-verify operation
continues until all of the bytes have been verified. If FFh i& not read from abyte, an additional erase operation
needs 1o be executed. Figure 2 shows the combination of commands and bus operations for electrically erasing
the TMS28F010A.

set-up-program/program commands

The programming algorithm initiates with E = V|, W = V), G = V), Vpp = Vppy, and Vo = 5 V. To enter the
programming modse, write the set-up-program command, 40h, into the command register. The programming
operation is invoked by the next write-enable pulse. Addresses are latched internally on the falling edge of W,
and data is latched intornally on the rising edge of W. The programming operation begine on the rising edge of
W and ends on the rising edge of the next W puise. The program operation requires 10 us for completion before
the program-verity command, COh, can be loaded.

Maximum program timing is controlled by the internal stop timer. When the stop timer terminates the program
operation, the device enters an inactive state and remains inactive until a valid program-verify, read, or reset
command is received.

¢ Texas
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program-verify command

The TMS28F010A can be programmed sequentially or randomly because it is programmed one byte at a time.
Each byte must be verified after it is programmed. The program-verily operation prepares the device to verify
the most recantly programmed byte. To invoke the program-verity operation, COh must be written into the
command register. The program-verify operation ends on the rising edge of W.

While veritying a byte, the TMS28F010A applies an internal margin voltage to the designated byte. if the true
data and programmed data match, programming continues to the next designated byte location; otherwise, the
byte must be reprogrammed. Figure 1 shows how commands and bus operations are combined for byte
programming.

reset command

To reset the TMS28F010A after set-up-erace command or set-up-program command operations without
changing the contents in memory, write FFh into the command register two consecutive times. After executing
the reset command, a valid command must be written into the command register to changse to a new state.

Fastwrite algorithm

The TMS28F010A is programmed using the Texas Instruments Fastwrite algorithm shown in Figure 1. This
algorithm programs in a nominal time ot two seconds.

Fasterase algorithm

The TMS28F010A is erased using the Texas Instruments Fasterase algorithm shown in Figure 2. The memory
array needs to be completely programmed (using the Fastwrite algorithm) before erasure begins. Erasure
typically occurs in one second.

parallel erasure

To reduce total erase time, several devices can be erased in paraliel. Since each Flash EEPROM can erase
atadifferentrate, every device must be verified separately after each erase pulse. After agiven device has been
successfully eraged, the erase command should not be issued to this device again. All devices that complete
erasure should be masked until the parallel erasure process is finished (see Figure 3).

Examples ot how to mask a device during parallel erase include driving the E pin high, writing the read command
(00h) to the device when the others receive a set-up-erase or erase command, or disconnecting it from all
electrical signals with relays or other types of switches.

‘!‘9 Texas
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Bus
0 " Command Comments

Initiniize
l Address = 00h F— — — & Addrass
| Voec=5VY £ 10%, Vpp= 12V 5% ] Standby Walt for Vpp to mmp 1o
— » St VPpyi (see Note A)
[ xr ] initiaiize pulss count
Write Set-Up-Progmm Command _— %
Write SetUp | Damadon
.
I Write Data ] m
Increment — %
Walt = 10 =
Md:" - = (X=Xt Write Daw | Valid addresa/data

| write Program-verity Command |

Walt = 10 s

Walt=6us

Write

Standby

Write Program- | Dat = COh; ends
Stsndby

Read

Read byte to verity
wtpmboxpochdom

I Write ReadCommend | —| — — {-

"°"'" Write Aead Data = 00h; resets reglater
for read operaiions

Apply VppL vVPPL
Standby Wait for Vpp to ramp to
Vppy (see Nots B)

(Device Paseed) (Dovics Fatied }—

NOTES: A. Refer to the recommended operating conditions for the value of Vpph
B. Reter to the recommended operating conditions for the value of Vpp| .

Figure 1. Programming Flowchart: Fastwrite Algorithm

*9 TEXAS
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Vcc=5V: 10%, Vpp =12V = 5%

e

| Xm1 )

| Write Set-Up-Erase Command j¢———

POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265
POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77251-1443

Bus
Operstion Command Comments
Entire memory must = 00h
before erasure
Use Fastwrite
programming sigorithm
initialize addressss
- — T
Setup Standby Walt for Vpp to ramp 1o
L VpPH (see Nots A)
initialize pules count
Write SetUp- Data = 20h
Emse
Write Emse Daw = 20h
Standby Walt=10me
Write Emss Addr = Byte to verify;
Verity Data = ADh; studs the eraee
operation
Standby Wait=6us
Read Read byte 10 verily erasure;
compare output 1o FFh
Write Read Data = O0h; rensts register
for read operations
Seandby Wait for Vpp o ramp o
VepL (see Note B)

¢ TEXAS
INSTRUMENTS

1



TNIS28F010A
1048576-BIT FLASH
ELECTRICALLY ERASABLE PROGRAMMABLE READ-ONLY MEMORY

SMJS012 - DECEMBER 1992 - REVISED NOVEMBER 1993

NOTES: A. Refer to the recommended operating conditions for the value of Vppy,
B. Refer to the recommended operating conditions for the vaiue of Vpp| .

Figure 2. Flash-Erase Flowchart: Fasterase Algorithm

. v
( AtDevices Pase ) ( Fintared Wit Erors )

NOTE: n = number of devices being erased.

Figure 3. Parallel-Erase Flow Diagram
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absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)!

Supply voltagerange, Vo B8O NOte 1) ...t i -06Vto7V

Supplyvoltage range, Vpp ... ...t e e -06Vto14V

Input voltage range (see Note 2): All inputs except A8 ................ceiiiiinnnn, -06VtoVec+1V

............................................... -06Vto 135V

Outpmvonqomng-(ucNoua) ............................................. -06VtoVec+1V
Operating free-air temperature range during read/erase/program, Ty

NL FML,DDL DUL ... ... i ieicineannens 0°C to 70°C

NE FME,DDE,DUE ...........cioiiiiiiiininnannn, - 40°C to 85°C

NQ, FMQ,DDQ,DUQ ... ... .. ...l ~40°* G 10 125°C

SOrage tEMPOrBtUre MANGO .. ............ouiiiinraaecren ittt eatnttiaaserronensns -65°C to 150°C

1 Stresses beyond those listed under "abaciute meximum ratings” may cause permanent damage 10 the device. These are stress ratings only and
functional operation of the device at theee or any other conlitions beyond those indicated under “recommended operating conditions” is not
impiled. Expoaure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Alivoltage values are with respect to Vgg.

2. The voltage on any input pin can undershoot to —2.0 V for periods leas than 20 ns.
3. The voltage on any output pin can overshoot to 7.0 V for periods less than 20 ns.

recommended operating conditions

MIN TYP MAX | UNIT
VcC  Supply voltage During write/fread/flash erase 45 5 55 v
Vpp Supply votage Dur!ng nfd only (VppL) 0 Voo +2 v
During writefead/tlash erase (VPpH) 1.4 12 12.6 \
Vi High-leveldcinput voltage m 2 Veg03|
CMOS VG -0.5 Vg +05
ViL  Low-level dcinput voltage m -05 o8 v
CMOCS GND - 0.2 GND+0.2
VID Voltage level on A9 for algorithm-selection mode 11.5 13
@ TEXAS
INSTRUMENTS
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L. ___________________________________________________________________________________________]
slectrical characteristics over recommended ranges of supply voltage and operating free-air

temperature
PARAMETER TEST CONDITIONS MIN  MAX | uliT
IOH = -2.5mA 24
Vi High-level e ‘ v
oH Hg output voltag IOH = - 100 A Voo -04
v Low-level voltage loL=58mA 0.45 v
w—
oL output voitag loL = 100 pA 0.1
ip A9 algorithm-selection-mode current A9 = Vjp max 200 pA
| \ nt All except A9 V=0Vt 5.5V +
! nput current (loakage) A9 V=0V 13V Te0] "M
lo Output current (leakage) Vo=0VtoVgo $10] WA
VPP = VPPH, Read mode 200 pA
i Vpp sy current (read/stand
PP1 PP supply r by) VPP = VPPL rery I
lpp2  Vpp supply current (during program pulse) (see Note 4) Vpp = VPpH 30] mA
Ipp3 VPP supply current (during flash erase) (see Note 4) VPP = VPPH 0] mA
Vpp | current (duri ram/erase verl
IPP4 (,F;s No';pz) feusing prog " Vpp = VppH 50)] mA
' VoG supply carent (standoy) TTL-Input tevel Vecc=55V, E=Vj 1] ma
ren -
ccs  Voe supply ®) CMOS-nputlevel | Voco55V,  E=Voc 00| pA
. VoG =55V E=ViL,
lcct VcG supply current (active reacd) fu MHZ, Outputs open 301 mA
Icc2 VGG average supply curvent (active write) (see Note 4) Programming in progress 101 mA
-
VoG =55V, E= V|,
Icca VGG average supply current (flash erase) (see Note 4) EoC rogress I 15| ma
—
Veo=55V, E=V|.
Vg average supply current (program/erase ver
[T Note?) (rogr " VPP = VPPH, 15] ma
Programverase-verify in progress

NOTE 4. Not 100% tested; characierization data available.

mmeo over recommended ranges of supply voliage and operating free-air temperature,
PARAMETER TEST CONDITIONS MmN Max| uwr

Gi  Inputcapacitance Vi=0, f=1MHz 6] pF

Co  Oulput capacitance Vo=0, f=1MHz 12| pF

1 Capacitance measurements are made on sample basis only.

14
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L ]
switching characteristics over recommended ranges of supply voitage and operating free-air

temperature
TEST ALTERNATE | '28F010A-10 | 28P010A-12 | "28F010A-15 | '28FO10A-17
PARAMETER
coNomons | svmBOL |[“amw wax| N MAX| MmN wax| mn wax| "N
Access ime from
t8(A)  address, AO-A16 tavav 100 120 150 170 ns
ta(E) 3,?:.“:: %om tELav 100 120 150 170 ns
Access time from
n(G)  output snable, G tGgLav 45 50 5 60| ns
1(R) Cycle time, read tavAv 100 120 150 170 ns
Delay time, E low
'dE) 1o low-Z output G = 100 tELOX 0 0 0 0 ne
Delay time, G low L
t4(q) ww\:’»umwt TTL load, taLax 0 0 0 0 ns
Chod Input t, < 20 ns,
Uis(E) o h?-z m“"" Input 4 <20 ns tenQz 0 55 0 55 0 55 0 55| ns
Output disable
Lig(@) tmetohi-Z tgHOZ 0 0 0 30 0 35 0 35 (3
output :
Hoki time, data
thD) vakdfom _ tAXQX o 0 0 0 ns
address, E, or Gt
Wite recovery
'rec(W)  me before read twHGL 6 6 6 6 us
T Whichever occurs firat.
b TEXAS
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timing requirements- write/erase/program operations

PARAMETER SYMEOL | s NOM 10.“ -m ﬂlle o
te(W) Cycle time, write using W 1AVAY 100 120 e
te(W)PR___ Cycle time, programming operation tWHWH 1 10 10 us
to(WER Cycle time, erase operation tWHWH2 9.5 10 9.5 10 ms
th(Aa) Hokd time, addresa MWLAX §5 60 ns
n(g) Hold time, E WHEH 0 0 ns
{th{whip) _ Hold time, data vaiid after W high 'WHDX 10 10 ns
_tiﬂl\) Setup time, aidress '(Am 0 0 ns
 tsu(D) Setup time, d.lh toVwH 50 50 . ns
ME[ Setup time, Egoro w w 20 20 ns
MEHVPP) Setup time, E high 12 Vpp ramp tE_HVP 100 100 ns
tsu(VPPEL) Setup time, Vpgfo E low WPEL 1.0 10 us
trac(w)  Recovery tme, W before read WHGL 6 6 us
trec(R) Recovery time, read before W {GHWL 0 [} ™
(W) Pulse duration, W (see Note 5) WLWH 60 60 e
tw(WH) Pulse duration, W high tWHWL 20 20 ns
t(VPP) Rise time, Vpp tvPPA 1 1 us
vPP) Fall ime, Vpp WPPF 1 1 us

PARAMETER ALTERNATE '28F010A-15 ‘28F010A-17 uNT

SYMBOL MIN NOM MAX| MIN NOM MAX

to(w) Gycle time, write using W tAVAY 150 170 ns
| te(wiPR Cycle time, programming operation tWHWH1 10 10 us
te{WIER Cycle time, erase operation tWHWH2 9.5 10 9.5 10 ms
th(A) Hoki ﬂms,jadﬁoss WLAX 60 70 ns
ﬂg Hold time, E - tlHEH 0 0 ns
‘h(WHD) Hold time, data valid after W high tWHDX 10 10 ns
tsu(A) Setup time, address tAVWL 0 0 ns
HD) Setup time, gata - tovwH 50 50 ns
 tsu(E) Setup time, E before W Ew 20 20 RS
tsu(EHVPP) Setup time, E high to Vpp ramp tEHVP 100 100 ns
tau(VPPEL) Setuptime, Vpp 10E low t\7P§L 1.0 1.0 us
 troc(w) Recovery time, W betore mui WHGL 6 6 us
| troc(R) Recovery tme, read bafore W tGHWL 0 0 us
tw({W) Pulse duration, W (see Note 5) WLWH 60 60 ns
tw(WH) Pulse duration, W high tWHWL 20 20 ns
t(VPP) Rise time, Vpp tvPPR 1 1 us
HVPP) Fall ime, Vpp tVPPF 1 1 us

NOTE 5: Rise/falitime < 10 ns.
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TMS28F010A
1048576-BIT FLASH
ELECTRICALLY ERASABLE PROGRAMMABLE READ-ONLY MEMORY

SMJS012 - DECEMBER 1992 - RE VISED NOVEMBER 1993

timing requirements — aitemative E-controlled writes

ALTERNATE | ‘20FO10A-10 | '28F010A-12 | "28F010A-15 | '28F010A-17
PARAMETER SYMBOL uNIT
MIN MAX| MIN MAX| MIN MAX| MIN MAX
i
teiw) Cycle time, write using E tavav 100 120 150 170 ns
t(E)PR fry.::_lﬁm' programeming op- EHEH 10 10 10 10 us
th(EA) Hoid time, address tELAX 75 80 80 90 ns
th‘ED] Hoid time, data tEHDX 10 10 10 10 ns
thiw) Hold time, W EHWH 0 0 0 0 ns
MA) Sewp time, address tAVEL 0 0 0 0 na
tau(D) Setup time, data - DVEH 50 50 50 50 ns
t_gu‘m Setup time, Wbeforc E tWLEL 0 0 0 0 ns
tw‘vppEL) Setup time, Vpp to E low tvPEL 1.0 1.0 1.0 1.0 Mus
R time, write usi E
YooER petore road " TEHGL 6 6 6 6 ns
Recovery time, read before
Yoc(EWW  write u,.Zg E 1GHEL o o Y 0 us
| twiE) Putse duration, write using E tELEH 70 70 70 80 ns
— =
tw(E H) Pulse duration, write, E high tEHEL 20 20 20 20 ns

PARAMETER MEASUREMENT INFORMATION

Il

Cp = 100 pF

Figure 4. AC Test Output Load Circuit

AC testing input/output waveforms

24V X av av
045V 0.8V 08V X
AC testing inputs are driven at 2.4 V for logic high and 0.45 V for logic low. Timing measurements are made at

2 Vtor logic high and 0.8 V for logic low on both inputs and outputs. Each device should have a 0.1-uF ceramic
capacitor connected between V. and Vss as close as possible to the device pins.
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TMS28F010A
1048576-BIT FLASH
ELECTRICALLY ERASABLE PROGRAMMABLE READ-ONLY MEMORY
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PARAMETER MEASUREMENT INFORMATION

e (R »
| |
AD-A16 . Address Vaiid x
e oy —— |
G N\ | | |
| 1‘—'-&)—'} } e taia(E) —
s TN / |
| o) T e tom) || !
“__/ IR i |
+ 1+ la) | l— tdieta) —¥
‘oE) —{‘—‘, | le— t(p) -+ |
p0o-oar I ) g
Figure 5. Read Cycle Timing
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TMS28F010A
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ELECTRICALLY ERASABLE PROGRAMMABLE READ-ONLY MEMORY
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PARAMETER MEASUREMENT INFORMATION

Program
Verity Program J
and Data Programming Command Verificaion Power Down
AD-A16 e ; D,
D A e
upy | | W |
_ WA | e \t—»i—l.,(A) |
| ""(E’|L"!'— ¢ teuE) -»] f'su(E): :l tdis(E) l"—
! | | twE | o Wy !
‘ ' =T
| | |

|
| . ] I |
] | i N Hl !
T INMNML TN TN
| ey e TN oy || [ e
| 'wm*i}*l PN e | |;k—-rua);
S S ey
DGO -DQY7 HI-2 ( 1 ) ) | ! iy $
—|(_ ! Data In i ; | | Valid Data Out
|| I} Dam In = 40h Data In = CDh ""3‘ I N
vee " _|/ I \
v ov { » & teuVPPEL)
PPH =
V] [ l
Yo —+ | !\—
e Su(EHVPP)
Figure 6. Write Cycle Timing
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TMS28F010A
1048576-BIT FLASH
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PARAMETER MEASUREMENT INFORMATION

AD-A16

|

ml

DQD-DQ?

5V
Vco
ov
VepH
Vpp
VeeL
Figure 7. Write Cycle (Alternative E-Controlled Writes) Timing
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TMS28F010A
1048576-BIT FLASH
ELECTRICALLY ERASABLE PROGRAMMABLE READ-ONLY MEMORY

SMJS012 - DE CEMBER 1992 - RE VISED NOVEMBER 1993

PARAMETER MEASUREMENT INFORMATION

TR0 ITTIXXA
W

7
PRI

;
1
s

I
. | R
NN T
M = tqwHD N ]
| tn(WHD) 1oi - *}:‘m) 1M:*wun)H|| - o)
| tewy S e | | » e ||""’|—['4l(¢3)
| tewn) Y e taD)  tgyp) P A | !
- _,,L_....z_t\}_g\( — ey
| |
= : AR L L TT S q'(:g«—ul Valid Data Out
5V | . 4t
vee ov —/fl I \—
. =+| - teu{VPPEL)
Vppm | l ‘\
VerL || b
H e (VPP) S(vep) | [
> 1+ Su(EHVPP)

Figure 8. Flash-Erase Cycle Timing
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IMPORTANT NOTICE

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

Tiwarrants parformance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent Ti deems necessary to support this warranty. Specitic 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, parsonal 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 OTHER
CRITICAL APPLICATIONS.

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

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

Tl 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.
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