. 512K x 32 FLASH MODULE
mogaic T PUMA 2F16000-15/20/25

Issue 1.1 : May 1994

Mosac ADVANCE PRODUCT INFORMATION
" 16,777,216 bit CMOS FLASH Memory Module - ~
Pin Definition
Features
Fast Access Times of 150/200/250 ns. 1 .12 28 34 45 56
66 pin Ceramic PGA Package. ®) O O O O
User Configurable as 32 /16 / 8 bit wide. SS® 359
Operating Power 880/ 473 /270 mW (max.) 2 C<S)2 DC1)4 D25 %4* 0%
Standby Power 400 pW (typical). D10 GND D13 DOZS ?)c 029
i I i . = O
Single High Voltage for Erase/Write : V, 1?.0Vt§%. AC& o |§1)2 Q & D%
Automatic Write Verification with DATA Polling, with O O O VIEW O O O
a byte write time of 10ps (typical). ‘6‘5 %0 85 FROM "‘(‘)2 8 8
Block Erase Capability - Block Size = 16K bytes; up an A ar  ABOVE e & &2
to 128 blocks can be erased simultaneously. % o N% ° AOG 93
Flash Electrical Erase of Module, 1 second (typical) O O O O O O
and Automatic Chip/Block Erase with Status Polling. ’63 1’5_ CD)7 8 '(“)C 063
10* Erase/Write Cycle Endurance minimum. Do TS1 Ds %1)6 653_ Dg:
May be processed to MIL-STD-883, non-compliant. 8 90 .?5 D17 GND D21
Block Diagram 8 93 94 198 Di9 zgo
AO~A18 N X X N 11 22 33 44 55 66
Vpp -
OF 1 ? T —1 _ Pin Functions
AC-A18 Address Inputs
DO-D31 Data Input/Output
CS1-4  Chip Selects
OE OQutput Enable
V.,  Wirite/Erase Input Voltage
Ve Power (+5V)
GND Ground
D16~23 </
D24~31 / - /
/Package Details Dimensions in mm (inches). )
——28.40(1.12) SQUARE —| R
—°
PIN 1t
IDENT
L i
7.00 (0.276) max [
NS ' _
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GENERAL DESCRIPTION

The PUMA 2F16000 is a 16,777,216 bit CMOS FLASH
memory device. Using CS1-4, The output is
configurable as 8, 16 or 32 bits wide, allowing flexibility
in a wide range of applications.

FLASH memory combines the functionality of EPROM
with on-board electrical Write/Erasure. The PUMA
2F 16000 utilizes devices which use a Command Reg-
ister to manage these functions, allowing fixed power
supply during Write/Erase and maximum EPROM
compatibilty. During Write cycles, the command regis-
ter internally latches address and data needed for the
Write and Erase operations, thus simplifying the exter-
nal control circuitry.

When normal TTL/CMOS logic levels are appliedto the
V,, pin, the module displays normal EPROM Read,
Standby and Output Disable. However, when high
voltage (V) is applied to V,.the Write /Erase options
are available as well as the Read.

PUMA 2F16000-15/20/25

Programming and Erasure are both controlled by fast
High Reliabitty Algorithms which are applied by the
user. Alteratively, to simplify device operation, Auto-
Verify Program and AutoErase are performed on-chip
by the application of correct command codes fo the
PUMA 2F16000. The end of an automatic sequence is
indicated by either Status Polling or DATA Polling on
bits D7, D15, D23 or D31 depending on the operation
being performed.

A new feature of this module is the capability of erasing
blocks of 16K bytes (16,384 bytes), and between 1 and
128 blocks can be erased simultaneously. Note that
Block Erasure can be either controlled externally or
performed automatically as in Chip Erasure.

FLASH technology reliably stores data even after
10,000 Write/Erase cycles and utilises a single pro-
gram supply of 12Vt5%. Additionally, the interactive
program algorithm allows a typical room temperature
program time of less than 6 seconds for the entire
module (in 32 bit mode). The typical module erasure
time is less than 1 second.

Absolute Maximum Ratings @

Temperature Under Bias Toenr 5510 +125°C
Storage Temperature Tera -65 to +150 °C
Voltage on Any Pin with respect to GND @ Vour -0.3to+65 V
Voltage on A9 pin with respectto GND @V, -03t0135 V
Voltage on V,,, pin with respect to GND Veo 0.3t +140 V
V. Supply Vottage @ Vee 03to+55 V

Notes :(1) Stresses above those listed may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these orany other conditions abovethose indicated inthe operational sections
of this specificationis notimplied. Exposure to absolute maximum rating conditions for extended periods may affect
device reliability. .

(2) Vo Vour Vi minimum = -2.0V for pulse width of less than 20 ns.

Recommended Operating Conditlons

min typ max
Supply Voltage Ve 45 5.0 55 \'
Programming Voltage Read V. V1.0 - Voo V
Write/Erase/Verily Vg, 114 12.0 126 V
Identifier Voltage Ve 11.4 12.0 126 V
Input High Voltage TTL v, 22 - Vtl0 V
CMOS V. V0.3 - V03 V
Input Low Voltage LV, -0.3 - o8 Vv
CMOS V. -03 - 03 Vv
Operating Temperature LN 0 - 70 °C
T, -40 - 85 °C (- suffix)
T, -55 - 125 °C (-M,-MB suffix)
2
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Capacltance (T,=25°C.f=1MHz)

Parameter Symbal Test Condition typ max Unit
Input Capacitance CS1~4 C,, vV, =0V - 16 pF

Other pins w2 V=0V - 34 pF
Qutput Capacitance 32bit  Cyyra Veour=0V - 22 pF

Note : These parameters are calculated, not measured.

DC Electrical Characteristics (T,=-55°C to +125°C,V_.=5V * 10%)

Parameter Symbol Test Condition min typ® max Unit
I/P Leakage Current Address, OE 1, V=0V to V V.=V, or V. - - 18 pA
CS1~4 |, As above - - 2 uA
Output Leakage Current 32bit 1, Vour=OVto V., Vo =V, or V., - - 2 pA
V., Current lops V=55V - - 100 pA
Loy Vep=126V - - 100 pA
V. Read Current 32bit gy CSM=V,, OE=V,, |, =0mA, f=1.00MHz - - 160 mA
16 bit I g, Asabove - - 86 mMA
8bit l.g, Asabove - - 49 mA
32bit  lyopggy CS™M=Vy, OE=V,, lo,=0mA, f~6.67 MHz - - 400 mA
16 bit I ps Asabove - - 206 mA
8bit I g Asabove - - 109 mA
V. Write/Erase Current 32bit g, CSW=V, V=V, Write/Erase inprogress - - 160 mA
16bit I, Asabove . . 86 mA
8bit. l.e ~Asabove - - 49 mA
V. Verify Current 32bit I,y CS=V,MV,=V,.,, Verfyinprogress - - 80 mA
16bit I, Asabove - - 46 mA
8bit 1., Asabove - - 29 mA
V., Write/Erase Current 32bit g, CSM=V,, V.=V, Write/Erase in progress - - 240 mA
16bit |, Asabove - - 120 mA
8bit |, Asabove - - 60 mA
V,, Verify Current 32bit  lpppey CS"=V,, V=V, Verify in progress - - 60 mA
16bit I, Asabove - - 30 mA
8bit I, Asabove . - - 15 mA
Standby Supply Current TIL g,  Vee=Ve Max, CSMaV,, - - 12 mA
CMOS I, V=V, max, C5U=V,, - 0.08 2 mA
Output Low Voltage Voo  lp=21mA. - - 04V
Output High Voltage Vou  lou="400pA. 24 - -V

Notes (1) CS above are accessed through CS1-4. These inputs must be operated simultaneoulsy for 32 bit operation, in
pairs in 16 bit mode and singly for 8 bit mode.
(2) Typical figures are measured at 25°C and nominal V.
{3) Maximum active current is the sum of [__ and | ..
(4) CAUTION: the PUMA 2F16000 must not be removed from or inserted into a socket when V. or V_ is applied.
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PUMA 2F 16000-15/20425

AC Read Characteristics (T,=-55°C 10 +125°C.V = 5V £ 10%, Vi = Vo)

-15 -20 -25
Parameter Symbol min max min max min max  Unit
Address Access Time tece - 150 - 200 - 250 ns
Chip Select Access Time tee - 150 - 200 - 250 ns
Output Enable Access Time toe - 70 - 80 - 90 ns
Output Disable to Output in HighZ ™t 0 35 0 40 0 50 ns
Output Hold Time tou 5 - 5 - 5 - ns

Notes: (1) t, isdefinedasthe time at which the outputs achieve the open cireuit conditions and are not referenced to output
voktage levels. This parameter is not 100% tested.

Read Cycie Timing Waveform

AO~18 ){

lee
CS1~4 svanosy \ ACTIVE J STANDBY
loc
OE AN A o
tace lon
Do-D31 o
4
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AC Write/Erase/Program Characteristics (T,=-55°C to +125°C,V_ =5V £ 10%, V,, = 12V15%)

-15 -20 -25

Parameter Symbol min max min max min max  Unit
V.. Setup Time t,ee 100 - 100 - 100 - ns
Qutput Enable Setup Time tes 100 - 100 - 100 - ns
Chip Select Pulse Width High teen 20 - 20 - 20 - ns
Chip Select Pulse Width teep 50 - 50 - 50 - ns
Address Setup Time ts 50 - 50 - 50 - ns
Address Hold Time ta 10 - 10 - 10 - ns
Data Setup Time tos 50 - 50 - 50 - ns
Data Hold Time o 10 - 10 - 10 - ns
Chip Select Setup before Status Polling  t,, 100 - 100 - 100 - ns
Chip Select Setup Time tees 0 - 0 - 0 - ns
Chip Select Setup before Command Write t.,, 100 - 100 - 100 - ns
Chip Select Setup before Verfiy teesy 6 - 6 - 6 - ps
V,,, Hold Time te 100 - 100 - 100 - ns
Qutput Disable Time © tor 35 - 40 - 45 - ns
Status Polling Access Time tooa - 150 - 200 - 250 ns
Verify Access Time ta - 150 - 200 - 250 ns
Auto Chip Erase Time tere 05 30 0.5 30 0.5 30 s
Auto Block Erase Time tes 05 30 0.5 30 0.5 30 s
Auto Verify Programming Time tLr 10 400 10 400 10 400 us
Standby Time before Programming- toow 10 - 10 - 10 - us
Standby Time in Erase ) t, 95 - 95 - 95 - ms
Block Address Load Cycle tbue 70 300 70 300 70 300 ns
Block Address Load Time tan 1 - 1 - 1 - us

Notes (1) CS1-4 and OE must be fixed high during V,,. transition from V,,, to V,,,, or from V,,,, 0 V.
(2) Refer to Read Operation when V.=V, .

(3) t,is defined as the time at which the outputs achieve the open circuit conditions and are not referenced to
output voltage levels. This parameter is not 100% tested. .

AC Test Conditions Output Load
* Input pulse levels: 0.45V to 2.4V. ' VO Pin 6450l .76V
* Input rise and fall times: < 10ns.
* Input and Output timing reference levels: 0.8V and 2.0V
* Output load : see diagram. 100 pF*
* Module is tested in 32 bit operation using Auto modes only. I * Including scope and jig
5

B L353379 poo2ed9é 997 M Moc

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



ISSUE 1.1: MAY 1964

PUMA 2 16000-15/20/25

Programming Timing Waveform

SETUP PROGRAM

. PROGRAM VERIFY

PROGRAM

/|
_/

£, {,
DS DH tVA
031 _______< COMMAND DATA /| COMMAND A DATAOUT [
DO~ IN = 40404040 H_ W J§ NN~ J 3 Ao i@

AutoVerify Programming Timing Waveform

DATA Polling allows the status of the FLASH memory
to be determined. While the AutoVerify algorithm is in
operation, external control is not required because the
algorithm operations are executed automatically by
internal control circuits. Programming completion is
indicated by DATA polling on D7/D15/D23/D31 de-

SETUP AUTO VERIFY PROGRAM

pending which byte is selected. While a device is busy,
the inverse of the programmed data is output on the
above bits, and after verification the true data appears.
All of the other data bits remain in the high impedance
state. The DATA Pollingfeature is only active duringthe
AutoVerify Programming Mode.

 AUTO VERIFY PROGRAM & DATA POLLING

D16~22
D24~30

INA
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Chip Erase Timing Waveform

SETUP CHIP ERASE |

CHIP ERASE

ERASE VERIFY

vee OV_/ tvps
—

t
e, T CEP g teep
CS1-4 N /) 1o ’\t: /] .
loes
oE /
ps lon bos oy Ips oq
-

po-be1 ————— weomane, D e, o

Automatic Chip Erase Timing Waveform

Status Polling allows the status of the FLASH memory
to be determined. While the automatic Chip Erase
algorithmis in operation, external control is not required
because the algorithm operations are executed auto-
matically by internal control circuits. Chip Erasure
completion is indicated by Status Polling on D7/D15/

'SETUP AUTO CHIP ERASE|

D23/D31 depending which byte is selected. While a
device is busy, the above bits are placed at vV, , andon
completion they are placed at V. All of the other data
bits remain in the high impedance state. The Status
Polling feature is only active during the AutoErase
Mode.

AUTO CHIP ERASE & STATUS POLLING

12v

Vep _/
ov

A0~18

CS1~4

oE / . \ loes
: bos | | fow s | |fon tor
Ispa
07,015 y 3 L ;——-_—_;L
023,031 N M o \ / :
COMMAND COMMAND
DO~6 N =30303030 N = 30303030 STATUS POLLING
D8-~14 ¥ b - 3
D16~22 N P ,%
D24~30
7
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PUMA 2F 16000-15/20/25

Block Erase Timing Waveform

BLOCK ERASE EAASE VERIEY_

Automatic Block Erase Timing Waveform

Any Block or Blocks of 16K byte of data as indicated by
A14~A18 can be Erased separately. While the Auto-
matic Block Erase algorithm is in operation, extemal
control is not required because the algorithm opera-
tions are executed automatically by intemal control
circuits. Block Erasure completion is indicated by Sta-

tus Polling on D7/D15/D23/D31 depending which byte
is selected. While a device is busy, the above bits are
placed at V, , and on completion they are placed atV,,.
All of the other data bits remain in the high impedance
state. The Status Polling feature is only active during
the AutoErase Mode.

SETUP AUTO BLOCK ERASE AUTO BLOCK ERASE & STATUS POLLING
»v v
v, Lw_“}.
AO~13 ; 5
Al4-18 . : ACORERS ® E(;"‘%?"iu ADDRESS 3 : .
T ™ f, lacra
2 e ‘
cs14 - /] togy : /] \ JEE!!S
arc ces
1 - ——
&/ ‘ N /e,
: Jos | Llowy ploed Llow toen [ tor
g 3L =V e
008 s N = 00080000 —stamerouss
02::;'—‘< ‘ 2
024-30 -
8
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BUS OPERATIONS

Read Two control functions are provided, both of
which must be logically active to obtain data at the
outputs. Chip Select selects the module and controis
the power, while Output Enable gates data from the
output pins - see the Read Cycle Timing Wavetorm for
details.

Write Module Write/Erasure are accessed via the
command register while V. is at V. Note that the
register itself does not occupy an addressable memory
location, but is simply a latch used to store the
command and address/data information required to
execute the command.

With Chip Select at V, and Output Enable at V,, the
command register is accessed; the command is
latched on the rising edge of Chip select and the
address and data is latched on the second rising edge
of Chip Select. The four most significant bits of each
register (D7~D4) encode the command function while
the other bits (D3~D0) must be zero. The exception to
this is the Reset command when data FF, is written to
the register.

Output Disable When Output Enable is at V,, the
output pins are placed in a high impedance state and
output from the module is disabled.

Standby It Chip Select is held at V, the power
consumption of the PUMA 2F16000 is substantially
reduced because most of the on-board circuitry is
disabled. The outputs are placed in a high impedance
state (independent of Output Enable).

1f the PUMA 2F16000 module is deselected and placed
in Standby mode during Write/Erase and Verify cycles,
the module will continue to draw normal active current
until the operation is terminated.

Identifier 1f a voltage V,, = 12V10.5V is placed on
address A8 while the PUMA 2F16000 is in the Read
Only mode, both manufacturer and device identifiers
can be output to aid user operation. While in this state,
making A0 = V, outputs the manufacturer code of 07,
and A0 = V,, outputs the device code of 80,. This
feature can also be accessed by the Command Regis-
ter as described in the next section.

PUMA 2F16000 Operating Modes

OPERATION Vop | A0 | A9 | CS | OE | D0-D7
Read VepL | AO A9 Vie | Vi | DataOut
Output Disable Vep, | X X | Vo | vy |HighZ
READ ONLY/ Standby Vepr | X X Vi | X |HighZ
Manufacturer Identifie” [ Vepr | Vii | Vioo | Vi | Vi | Data =074
Device Identifier™ Vep | Vin | Vid? | Vo | Vi | Data=80H
COMMAND Read™ ® Vppy | AO | A9 | Vi | vy | DataOut
PROGRAM |Standby VppH X X Vi X High Z
Write ¢ Vppy | A0 | A9 | Vi | Viu |Dataln

Notes (1) Device Identifier codes can be output in command programming moda. Refer to the Command
Definition Table. ’

() 11.5VsV, <125V

(3) Read operations with V,,=V,,,, may access array data or identifier codes.

{4) Referto Command Definitiontablefor valid Data In during a Write operation. Datais Programmed,
Erased or Verified after mode setting by command inputs.

(5) Status of Automatic Chip/Block Erase and AutoVerify Program can be verified in this mode.
Status and DATA polling output appears on D7, with D0-D6 in the high impedance state.

(6) X

canbeV, orV,.

(7) 1V, is lowered from 12 Vto 5V in Erase or Prograam operation, the erasure or programming
will stop. )

(8) V. must be applied before V anfd removed after V,, is removed.

B L353379 0002302 148 A NMoC
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COMMAND DEFINITIONS

Withthe V,,, pin at a low voltage the CommandRegister Read When V,, is high the memory contents can be
contents detauttto 00,,, enabling Read-only operations. Read by first writing 00,, into the Command Register
A high voltage on V,,, enables Read/Write modeswith  and thereatter obeying the timings shown on the Read
device operation selected by writing data into the Reg- Cycle Waveform. This mode remains enabled until the
ister - see the Command Definition table for details. Command Register contents are altered.

PUMA 2F16000 Command Definitions

Bus First Bus Cycle Second Bus Cycle
COMMAND | (754 frype ™ [adar ® [ Data ® [Type ™ |Addr® |Data ®
Read Memory “ 1 Write X 00y | Read RA Dour
Read Identifier Codes 2 | Write X 90, | Read IA 1D
Set-up Chip Erase/Chip Erase® 2 | wiite X 20, | Write X 20y
Set-up Block Erase/Block Erase® 2 | wiite X 60 | Write | BA | 60y
Erase Verify ® 2 |wite | EVA | Aoy | Read X EVD
Set-up Auto Chip Erase/Auto Chip Erase® | 2 | write X 30y | Write X 304
Set-up Auto Block Erase/Auto Block Erasd”)] 2 | Wite X 20, | Write | BA | DO
Set-up Program/Program 7! 2 | Write X 40, | Write PA PD
Program Verify ) 2 | wite | PVA | CoOy | Read X PVD
Set-up Auto Verify/Auto Verify (¥ 2 | Write X 10y | wiite | PA PD
Reset 172 | Write X Fry |wite™]  x@ FR{'"

Notes (1) See Operating Modes Table.
(2 IA = Wdentifier address. 00000, for Manufacturers code and 00001, for device code.
EVA = Address of memory location to be read during Erase Verity.
PA = Address of memory location to be programmed.
PVA = Address of memory location to be verified after programming.
RA = Address of memoty location to be Read.
BA = Address of memory location to be Block Erased.
~ Addresses are latched onthe rising edge of Chip Select pulse.
(3) ID = Data read from location |A during device identification. (Manufacturer = 07,, Device = 80,)
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 Chip Select.
PVD = Data to be read from location PA during Program Verify. PA is latched on the Program command.
(4) Command latch default value when applying 12.0Vto V,, is 00,. Device is in Read mode after V,, is set to
12.0V.
(5) All data in the chip is erased. Erasure occurs according to the Fast High Reliability Erase Flowchart
(6) All data in the chip is erased. The data is erased automatically by the intemal logic circuitry, with external
verification not required. Termination of erasure must be verified by Status Polling after AutoErase begins.
(7) Data is programmed according to the Fast High Reliability Programming Flowchart.
(8) TheBlockdataasindicatedby BAis erased. Data is erased according to the Fast High Reliability Block Erase
Flowchart.

(9) Block data as indicated by BA is erased. The data is erased automatically by the intemal logic circuitry, with
external verification not required. Termination of erasure must be verified by Status Polling after AutoErase
begins. .

(10) One byte of data is programmed. The data is programmed automatically by the internal logic circuitry, with
extemnal verification not required. Termination of erasure must be verified by DATA Poliing after AutoVerify
begins.

(11) The Reset command must be written twice to exit from the Setup Program mode or the AutoVerify mode.
All other modes may be exited by issuing this command once.

| 10
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On power up the Register contents will be 00, ensuring
that the memory contents are not changed during the
V.. power transition. When reading the PUMA
2F16000-15/20/25, V. must be set within V, to V.
{except during a Command Read).

intelligent Identifier n order to use the correct pro-
gramming and erase aigorithms on PROM devices,
these parts usually have built in codes to identify
manufacturer and specific device. However, to access
these codes address line A9 normally has to be placed
at a high voltage, whichis not considered good practice
and leads to complications in PCB design.

The PUMA 2F16000 allows the identifiers to be ac-
cessed through the Command Registerwithout placing
a high voltage on A9. Writing 90,, into the Registers
starts this process with a subsequent Read from
00000, retrieving the manutacturer codes of 07, and a
Read from 00001,, giving the device codes 80,. To
terminate this sequence another valid command must
be written to the Register.

Setup Program/Program Setup program is & com-
mand only operation which prepares the memories for
byte programming, initiated by writing 40, into the
command register.

Once Setup Program has been performed, the next
Chip Select rising edge causes data and address to be
latched. Internal programming begins on this rising
edge and is terminated with the next falling edge of Chip
Select. ’

Program-Verity This module is programmed byte by
byte, which can occur sequentially or at random, but the
byte just written must be verified.

Writing CO,, to the command registers begins this op-
eration, which also terminates the programming opera-
tion. The last byte written will be verified; no new
address information is required as the previous ad-
dress is latched. A Read Cycle can now be performed
in order to compare the data just written with the byte
contents. This process is shown by the Programming

Algorithm.

Setup AutoVerify Program/AutoVerify Program
Setup AutoVerify Program is 2 command only opera-
tion which prepares the memories for automatic byte
programming, initiated by writing 10, into the command
register.

Once Setup AutoVerify Program has been performed,
the next Chip Select rising edge causes data and
address to be latched. Data is programmed automati-
cally, beginning on this edge, and the termination of this
mode must be veritied by DATA Polling as shownonthe
AutoVerify Programming Waveform.

ISSUE 1.1 : MAY 1994

Setup Chip Erase/Erase Setup erase is a command
only operationwhich prepares the memory for electrical
erasure of all contents, initiated by writing 20, to the
Command Registers.

In order to start erasure 20, must again be writtento the
registers; this two-step sequence ensures that acci-
dental erasure will not occur. Additionally, if the V,_ pin
is not at a high voltage the memory contents are
protected against erasure.

Setup Block Erase/Block Erase Each of the de-
vices used onthe PUMA 2F 16000 contains 512 Kbytes
of memory, which is divided into 32 blocks of 16 Kbytes.
Any one of these blocks may be erased individually,
and more than one block simultaneously. Each block is
addressed using A14~A18, withthe other address lines
being Dont Care, and after the block address load time
(t,. = 1us) has been exceededthe loading of the blocks
to be erased is deemed to have finished.

In order to initiate this process, 60, is written to the
command registers, and to start Block Erase, 60, must
again be written to the registers, after which the blocks
to be erased may be loaded. This two-step sequence
ensures that accidental erasure will not occur. Addi-
tionally, if the V,,, pinis not at a high voltage the memory
contents are protected against erasure.

Erase-Verify The Chip Erase command erases all
the contents of the memory and the Block Erase com-
mand erases the contents of one or more blocks, but in
either case afterthese operations all bytes erased must
be verified. This is done by writing A0, to the Command
Register, with the address of the byte to be verified
supplied as it is latched on the rising edge of the Chip
Select. Reading FF,, from the addressed bytes indi-

_cates that they are erased.

If the data read is not FF,, another Chip Erase or Block
Erase operation must be performed. Verification can
then continue from the address of the last verified byte,
and once all bytes have been verified the erase pro-
cedure is complete. These processes are shownby the
Chip Erase and Block Erase algorithms.

The verify operation is halted by writing another valid
command into the command register.

Auto Chip Erase The Chip Erase and Chip Erase
Verify processes can be performed automatically by
writing 30,, into the Command register, followed by a
second write of 30, to initiate the AutoErase. Once
initiated all of the locations in the PUMA 2F 16000 willbe
setto FF,, automatically, withoutthe needto verify each
byte. Typically the whole device will be erased in 1
second, with the end ot erasure being indicated by
Status Polling.

11
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Status Polling allows the status of the FLASH memory
to be determined. If the PUMA 2F16000 is set to the
Status Polling mode during the Chip Erase Cycle, D7
(D15, D23, D31) is lowered to V,, to indicate that the
PUMA 2F 16000 is performing an Chip Erase operation.
When the Chip Erase has terminated, D7 {D15, D23,
D31) is setto V,,.

Auto Block Erase As in Auto Chip Erase, any block
or blocks of memory can be automatically erased, with
a block being addressed by A14~A18. The other ad-
dress lines are Don't Care, and after the block address
load time (t,, = 1us) has been exceeded the loading of
the blocks to be erased is deemed to have finished.
Once initiated all of the locations in the selected blocks
will be set to FF,, automatically, without the need to
verify each byte. Typically any number of blocks will be
erased in 1 second, with the end of erasure being
indicated by Status Polling.

In order to initiate this process, 20,, is written to the
command registers, and to start Auto Block Erase, DO,
must be writtento the registers, afterwhich the selected
blocks are automatically erased. This two-step se-
quence ensures that accidental erasure will not occur.
Additionally, if the V,,, pin is ot at a high voltage the
memory contents are protected against erasure.

Reset This command will safely abort either the
Erase or Program operations after the Setup com-
mands. Two consecutive writes of FF, are required to
exit from the Setup Program or AutoVerify Program
states, while only one is needed to exit from all of the
other modes. Memory contents will not be altered, and
a valid command must then be written to place the
device in the desired state.

ALGORITHM NOTES

These algorithms MUST BE FOLLOWED to ensure
correct and reliable device operation and are shown as
flowcharts on the following pages.

Fast Programming Algorithm This programming
algorithm uses pulses of 10us duration in order to
improve programming time. Each operation is followed
by byte verification in order to check whenthe specified
byte has been successfully programmed. The algo-
rithm allows upto 20 pulses per byte, eventhough most
bytes will verify on the first or second pulse. Both the
Write and Verify sequences take place with V= V..
See the Programming Algorithm for a full description.

Fast Chip Erase Algorithm The Fast Chip Erase
algorithm uses a closed loop flow similar to that of the
Programming Algorithmto reliably and quickly erase all
memory contents.

PUMA 2F16000-15720/25

Uniform and reliable erasure is guaranteed by first
writing 00,, to all memory locations. This can be accom-
plished using the Fast Programming algorithm. Erase
execution then proceeds with an initial Erase operation,
after which Erase Verification (data = FF) begins at
00,.. This continues through the devices until the last
address is reached or any data other than FF is found.
With each subsequent Erase operation a greater num-
ber of bytes will verify to the erased state.

The erase time may be minimised by storing the ad-
dress of the last byte verified; after the next Erase
operation verification can begin at this address, circum-
venting the need to re-verify previously erased loca-
tions. Erasure occurs typically in 1 second.

Fast Block Erase Algorithm This aigorithm is simi-
lar to the Chip Erase one, except any addressed block
or blocks of 16 Kbyte can be erased. The bytes in each
block must then be verified as before.

Timing Delays Four timing delays are associated
with the Program and Erase algorithms described:

(1) WhenV,,firstturns onthe capacitors onthe Vline
cause an RC ramp, the rise time of which is propor-
tional to the number of devices being erased and
the capacitance per device. V., must reach its final
value 100ns before any commands are executed.

(2) The second timing delay is the erase time pulse
width of 10ms, which should be timed by a micro-
processor routine. This operation must be termi-
nated by writing the Erase/Verify Command; if this
command is not issued the memory cells may be
driven into depletion.

(3) Eachprogramming operation lasts 10us, and since
the algorithm is interactive each byte is verified
after a Write pulse; the program operation must be
terminated at the conclusion of the timing routine.

{4) In order to improve memory cell operation, an
intemally generated margin voltage is applied to
the addressed cell during Write/Erase Verify. It is
during this 6us delay that the intemnal circuitry is
changing voltage levels between the Erase/Write
tevel and those used for Verify and Read opera-
tions. Any attempt to Read the device(s) during this
periodwill resultin possible false data appearingon
the outputs.

Parallel Erase 1f the PUMA 2F16000 is usedin32/
16 bit mode then 2/4 devices will be accessed at the
same time. This reduces the Erase time, but because
individual devices will erase atdifferent rates care must
be taken that each is verified separately. When a Chip
or Block is completely erased and verified a masking
code should be used to prevent further erasure e.g.
writing the Read Command to the appropriate device.
Other devices will continue to Erase until verified.

B L353379 0002305 957 EE MOC
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FAST PROGRAMMING ALGORITHM FAST CHIP ERASE ALGORITHM

This algorithm MUST BE FOLLOWED to ensure This algorithm MUST BE FOLLOWED to ensure
proper and reliable operation, and is shownforasingle  proper and reliable operation, and is shown for a single

device only. device only.
START i
~ERASE: . .
PROGRAM ALL
BITS TG 0°

| ADDREss-0 |
APPLY \ppy
WRITE SET-UP
PROGRAM COMMAND WRITE SET-UP CHIP

ERASE COMMAND
y ¥

WRITE PROGRAM

COMMAND ERASE COMMAND

| TiME OUT 10 s ] [ TME OUT 10 ms |
v

W s || [ sooness-o |

!

l TIME OUT 6 ps ] WRITE ERASE
VERIFY COMMAND

[ TMEOUTEYs |

INCREMENT
ADDRESS

INCREMENT
ADDRESS

| apPyvem | | APPLY Ve |

3
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FAST BLOCK ERASE ALGORITHM DESIGN CONSIDERATIONS

This algorithm MUST BE FOLLOWED to ensure  Two Line Control Two Read signalis are provided for

proper and reliable operation, and is shownforasingle  output control to accommodate large memory arrays,

device only. giving the lowest possible memory power dissipation
and ensuring bus contention does not occur.

Supply Decoupling Flash memory power-switching
characteristics require careful decoupling. Three sup-
ply current issues have to be considered - Standby,

PROGRAM ALL Active and transient current peaks caused by rising and
BITS 1O 0 falling edges of Chip Select.

Two line control and correct decoupling capacitor se-

lection will help to suppress these transient voltage

peaks. Each PUMA 2F16000 device should have a

[ n-0 ] 0.1uF ceramic capacitor between V., and GND and

between V,, and GND. These high frequency, low
inductance capacitors should be placed as close as

[n=net possible to the PUMA 2F16000.

. Additionally, itis recommendedthat a 4.7uF electrolytic
waegfsss%olﬁu%uog’( capacitor should be placed between V. and GND ev-
‘ ery eight PUMA 2F16000 devices. This capacitor will
smooth out voltage dips in the supply caused by PCB
e BLoCND track inductance and will supply charge to the on-board

capacitors as needed.
V,, Trace Because Flash memories are designed to
rTIME ouT1o msJ be programmed in situ, the PCB designer must be
made aware of the V,,, supply trace. This should be
[ AppRess-o | made similar to the V,,, bus as the V,,, pin supplies the

memory cell current for Programming and Erase.
PowerUp/Down WhenloweringVto Vcoriess, Ve,

ve"é.“w"%émf&o must be setto 5V. V. must be applied before Ve and
‘ ' removed after V,,, is removed.

[ TMEOUTS s |

INCREMENT
ADDRESS

[ arriyven | [ APPLY W |
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Ordering Information

PUMA 2F16000MB-15
L Speed 15 = 150 ns
20 = 200 ns
25 = 250 ns
Temp. range/screening Blank = Commercial Temperature.
| = Industrial Temperature.
M = Military Temperature.
MB = Processed to MIL-STD883
Method 5004, non-compliant.
Organization 16000 = 16Mbit, user configurable as
512K x 32 or 1M x 16 or 2M x 8.
Technology F = FLASH Non-Volatile Memory.
Package Type PUMA 2 = 66 Pin Ceramic PGA.
M L353379 0002308 bLbL WA MOC \4
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