mo

Mosaic
Semiconductor

Inc.

aic

PUMA 2F4000-1 5/20/25
fssue 2.0: May 1994

PRELIMINARY
4,194,304 bit CMOS FLASH Memory Module (Pin Definition )
Features 1 12 23 a4 45 56
Fast access times of 150/200/250 ns. OO0 O O 0 O
User Configurable as 32 /16 /8 bit wide. S _“5_2 ey RS
Operating Power @ 1MHz 120/70/45 mW (typical). %s cge D14 055 E D(%o
Low Power Standby 400 pW (maximum). ooto ego %3 Dés véa Dg
Single High Voltage for Erase/Write : V,=12.0V + 0.6. Al4 D11 D12 VIEW 8 057 083
Byte Write Time of 25 us (typical). 9«; f(u)o % FROM A2 as A1
Automatic On-Chip Erase Function with Status Polling. Q8 Q ABoOvE \g; 29
Flash Electrical Erase of Module, 1 second (typical). O % & 2 Q9
10* Erase/Write Cycle Endurance minimum. 00 0 Q&S
On board decoupling capacitors. DOo _c% 0Os :95 % DCZ)2
Module Components may be processed to MIL-STD-883, C O O© O 0 O
. D1 NC DS D17 GND D2t
non-compliant. 8 cD)e (034 é?a Dcl;g D%
Block Dlagram 11 22 33 44 55 66
AD~A16 < < <
WE4
2
WE | Pin Functions
AOQ-A16 Address Inputs
128K x 8| |128K x 8] [128Kx 8| |128K x 8 DO-D31 Data Input/Output
FLASH FLASH FLASH FLASH CS1-4  Chip Selects
Vop T | 1 | OE  Output Enable
TS e WE1-4  Wirite Enables
% V.,  Write/Erase input Voltage
o V., Power (+5V)
D?:~g s ) GND Ground -
D24-~31 - K S
/Package Details Dimensions in mm (inches). )
|-——2769 (1.09) SQUARE —-{ 254 "';’ . 4.1520(0600) typ ,
e 1
$DENT &
8.13 (0.320) max
N\ _J
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PUMA 2F4000-15/20/25

GENERAL DESCRIPTION

The PUMA 2F4000 is a 4,194,304 bit CMOS FLASH
Memory which is configurable as 8, 16 or 32 bit wide
output using CS1-4, allowing flexibility in a wide range
of applications.

FLASH memory combines the functionality of EPROM
with on-board electrical Write/Erasure. The PUMA
2F 4000 utilises devices which use a Command Regis-
ter 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 applied to the
Vg, pin, the module displays normal EPROM Read,
Standby and Output Disable. However, when high
voltage (V,,,,) is appliedto V,.the Write /Erase options
are available as well as the Read.

FLASH technology reliably stores data even after
10,000 Write/Erase cycles and utilises a single pro-
gram supply of 12V+5%. Additionally, the interactive
program algorithm allows a typical room temperature
program time of less than 4 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 Toea -55t0 +125°C
Storage Temperature Tsra -65 to +150 °C
Voltage on Any Pin with respect o GND @ V¢ 0.3t0o+65 V
Voltage on A9 pin with respectto GND @ V,, -0.3to 135 V
Voltage on V., pin with respect to GND Voo -0.3t0 +14.0 V
V. Supply Voltage @ Ve -0.3to+6.5V

Notes :(1) Stresses above those listed may
functional operation of the device
of this specificationis notimplied. Exposurae to
device reliability.

@ Vae Vour

cause permanent damage to the device. These are stress ratings only, and
atthese or any other conditions above those indicated in the operational sections
absolute maximum rating conditions for extended periods may affect

V,, minimum = -2.0V for pulse width of less than 20 ns.

Recommended Operating Conditions

min typ max
Supply Voltage Vee 45 5.0 55 v
Programming Voltage Read V., Ve 1.0 - Vee Vv
Write/Erase/Verify Vg, 114 12.0 12.6 v
Identifier Voltage Vo 14 12.0 126 V
input High Voltage TIL V,, 22 - V+1.0 V
Input Low Voltage TV, -03 - 08 Vv
Operating Temperature T, 0 - 70 °C
L -40 - 85 °C (- suffix)
Ta 55 - 125  °C (-M,-MB suffix)
Capacitance (T,=25°C,f=1MHz)
Parameter Symbol Test Condition typ max Unit
input Capacitance CS1~4, WE1~4 G, V=0V - 16 pF
Otherpins C,, V=0V - 34 pF
Output Capacitance 32bit  Coyrs V=0V - 22 pF
Note : These parameters are calculated, not measured.
2
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DC Electrical Characteristics (T,=-55°C 10 +125°C,V =5V  10%)

Parameter Symbol Test Condition min typ® max Unit
I/P Leakage Current Address, OE 1, V, =0V 10 V V.=V, Of V., - - 8 pA
WE1~4,CS1~4 |, As above - - 2 pA

Output Leakage Current 32bit 1, V=0V to V, V=V, or V., 8bit - - 2 pA
V,,, Current Lo, V=55V - - 2 mA
lope  Vee=12.6V - - 4 mA
V. Read Current 32bit  lgpz CS=Vy ™M OE=V,, ly=0mA, f=1MHz - 24 80 mA
16 bt lopye As above - 14 46 mA
8bit lme Asabove - 9 29 mA
32Dt opee CO=Vy ™ OE=V,, l=OMA, f=6.67MHz - 100 240 mA
16 bit | opes Asabove - 52 126 mA
8bit Il .rs Asabove - 28 69 mA
V, Write/Erase Current 32bit Iy, CS=V, V=V, Write/Erase in progress - 20 80 mA
16 bit Il Asabove - 12 46 mA
8bit |l Asabove - 8 29 mA
V. Auto Erase Current 32bit Iy, CS=V V=V, Auto Erase in progress - 40 200 mA
16bit 1, Asabove - 22 106 mA
8bit I, Asabove - 13 59 mA
V,,, Write/Erase Current 32bit L, CS=V, V=V, Write/Erase in progress - 40 160 mA
16 bit I, Asabove - 22 86 mA
8bit |l Asabove - 13 49 mA
V.. Auto Erase Cument 32Dt gy, - CO=Vy " Vpp=Vepe AUto Erase inprogress - 140 400 mA
16bit 1, Asabove - 72 206 mA
8bit I, Asabove - 38 109 mA
Standby Supply Current TIL Iy, V=V max, CS=V, 0 - - 3 mA
CMOS I, V=V, max, TSV - - 500 pA

Output Low Voltage Voo o lg=2-1mA. - - _045 V
Output High Voltage TTL loading V,,  L,=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 1.
(4) CAUTION: the PUMA 2F4000 must not be removed from or inserted into a socket when V. or Ve, is applied.

AC Test Conditions Output Load
* Input pulse levels: 0.45V to 2.4V. VO Pin . GJW 176V
* Input rise and fall times: < 10ns.
* Input and Output timing reference levels: 1.5V
* Output load : see diagram. 100 pE*
* Module is tested in 32 bit mode. I
* Including scope and jig
3
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AC Read Characteristics

-15 -20 -25 )
Parameter Symbol min max min max min max  Unit
Chip Select Access Time tes - 150 - 200 - 250 ns
Address Access Time tce - 150 - 200 - 250 ns
Output Enable Access Time toe - 70 - 80 - 90 ns
Output Disable to Output in HighZ "t 0 50 0 60 0 70 ns
Qutput Hold Time ton 5 - 5 - 5 - ns

Notes: (1) t, isdefined asthe time at which the outputs achieve the open circuit conditions and are not referenced to output

valtage levels. This parameter is not 100% tested.

Read Cycle Timing Waveform

- 4
AO~A16 >< X
N N

STANDBY MOGE \L‘( fce /~ STANDBY MODE
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CS1~4

— foe
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AC Write/Erase/Program Characteristics (T,=0°C to +70°C.V .= 5V £ 10%)

-15 -20 -25
Parameter Symbol min max min max min max  Unit
Command Programming Cycle Time tewe 150 - 200 - 250 - ns
Address Setup Time ts 0 - 0 - 0 - ns
Address Hold Time tan 60 - 60 - 60 - ns
Data Setup Time tos 50 - 50 - 50 - ns
Data Hold Time o 10 - 10 - 10 - ns
Chip Select Setup Time tees 0 - 0 - 0] - ns
Chip Select Hold Time teen 0 - 0 - 0 - ns
Ve Setup Time tes 100 - 100 - 100 - ns
V., Hold Time tey 100 - 100 - 100 - ns
Write Programming Pulse Width tyee 90 - 0 - 920 - ns
Write Programming Pulse Width High toen 20 - 20 - 20 - ns
Output Enable Setup Before Command  t,eys 0 - 0 - 0 - ns
Cutput Enable Setup before Verify toers 6 - 6 - 6 - us
Verify Access Time tua - 150 - 200 - 250 ns
Output Enable Setup before Status Polling t,..; 20 - 20 - 20 - ns
Status Polling Access Time toen - 150 - 200 - 250 ns
Standby Time before Programming toow 25 - 25 - 25 - Hs
Standby Time in Erase 9 11 9 11 9 11 ms
Output Disable Time © tor 0 50 0 60 0 70 ns
Automatic Erase Time taer 0.5 30 0.5 30 05 30 s
Notes (1) CS1-4, OE and WET-4 must ba fixed High during V,,, transition from V,, 10 Ve, of from Ve, 10 Ve,,.

(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.

Programming Timing Waveform
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Erase Timing Waveform
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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 controls
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 and Write Enable at V, the command
registers are accessed; addresses are laiched on the
falling edge of Write Enable and data latched on the
rising edge of Write Enable. The three most significant
bits of each register (D7- D5) encode the command

function while the other bits {(D4-D0) must be zero. The
exceptionto this is the Reset command when data FF,,
is written to the registers and Identifier mode when 90,,
is written to the registers.

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 2F4000 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).

If the PUMA 2F4000 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.

PUMA 2F4000 Operating Modes

OPERATION Vpp |A0 |A9 |CS | OE | WE | DO-D7
Read VepL | AO | A9 |V |V | Vi | Dataout
Output Disable VepL | X X VL | Ve | Vi | Tri-State
READ ONLY | Standby Vep | X X |Vu { X X | Tri-State
Manufacturer.identifiec”|Vep, | Vi. | Vio | Vie | Vi | Viu | Data=07H
Device Identifier” Vep, | Vi | Vi? | Ve | Vi | Vi | Data=19H
Read® Vepu | A0 | A9 | vy |Vy |V | Data Out®
READ/WRITE Output Disable Vepu| X | X |V |Viu |V | Tri-State
Standby Vepy| X X |Vu |l X X | Tri-State
Write Vppr | A0 | A9 |V |V | Vi | Datain®

Notes (1) Device Identifier codes can be output in command programming mode. Refer to the Command

Definition Table.
(2) 11.4VsV <126V

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

(4) Referto Command Definition table for valid Data In during a Write operation. Data is Programmed,
Erased or Verified after mode setting by command inputs.

(5) Statusof AutoErase can be verified in this mode. Status output appears on D7, withD0-D6 in the

high impedance state.
(6) Xcanbe V, or V.

(7) It Vpp is lowered from 12V to 5V in Erase or Program operation, the erasure or programmimg will

stop.

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

MR L353379 00022L4 504 HEMOC
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PUMA 2F4000-15/20/25

COMMAND DEFINITIONS

Withthe V,,, pin ata low voltage the Command Register
contents defautt to 00,,, enabling Read-only operations.
A high voltage on V,,, enables Read/Write modes with
device operation selected by writing data into the Reg-
ister - see the Command Definition table for details.

Read While V,, is high the memory contents can be
Read by first writing 00, into the Command Register
and thereafter obeying the timings shown on the Read
Cycle Waveform. This mode remains enabled until the
Command Register contents are altered.

On powerup the Register contents will be 00, ensuring
that the memory contents are not changed during the
V. powertransition. When reading the PUMA 2F4000,
V.. must be set within Vg, to V. (except during a
Command Read).

Intelligent Kdentifier  In order to use the correct
programming and erase algorithms on PROM devices,
these parts usually have built in codes to identify
manufacturer and specific device. However, 1o 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 2F4000 allows the identifiers to be ac-
cessed through the Command Register without placing
a high voltage on A9. Writing 80, into the Registers
starts this process with a subsequent Read trom
00000, retrieving the manufacturer codes of 07, and a
Read from 00001, giving the device codes 19,. To
terminate this sequence another valid command must
be written to the Register.

PUMA 2F4000 Command Definitions

Bus First Bus Cycle Second Bus Cycle
COMMAND v loperation | Addr® | Data ® |operation | Addr® | Data ®

Read Memon/* 1 Write X 00y Read RA RD

Read Identifier Codes 2 Write X 90y Read 1A ID

Set-up Erase/Erase'™ 2 Write X 204 Write X 20,
Erase Verify 2 Write EA | Aoy Read X EVD
Set-up AutoErase/AutoErase® | 2 Write X 30, Write X 30y
Set-up Program/Program’’? 2 Write X 40y Write PA PD
Program Verify ") 2 Write X COoy Read X PVD
Reset 2 Write X FRy Write X FRy

Notes (1) See Operating Modes Table.

(2) IA = Identifier address. 00000, for Manufacturers code and 00001, for device code.
EA = Address of memory location to be read during Erase Verify.
PA = Address of memory location to be programmed.

RA = Address of memoty focation to be Read.

Addresses are latched on the falling edge of Write Enable pulse.
(3) ID = Data read from location 1A during device identification. (Manutacturer = 07,,, Device = 19,)
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 Write Enable.
RD = Data to be read from location RA during Read operation.
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 12.0V 1o V,, is 00,. Device is in Read mode after VP, is set to

12.0V.

(5) Al data in the chip is erased. Erasure occurs according to the fast High Reliablility Erase Flowchart

(6) All data in the chip is erased. The data is erased automatically by the internal logic circuitry, with external
verification of the erase not required. Termination of erasure is verified by Status Polling after AutoErase

begins.

(7) Data is programmed according to the Fast High Reliability Programming Flowchart. The completetion of
programming after the program pulse must be verified by Status Polling once programming has begun.
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Set-up Program/Program Set-up program is a
command only operation which prepares the memories
for byte programming, initiated by writing 40,, into the
command register.

Once Set-up program has been performed, the next
Write Enable pulse causes data to be latched on the
rising edge and the address is latched on the falling
edge of this pulse. Internal programming begins on the
rising edge and is terminated with the n ext rising edge of
Write Enable used to write the program-verify command.

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

Writing C0,, 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.

Set-up Erase/Erase Set-up erase isacommand only
operation which prepares the memory for electrical
erasure of all contents, initiated by writing 20,, to the
Command Registers.

Inorderto 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.

Erase-Verify The Erase command erases all the
contents of the memory, but after this operation all
bytes must be verified. This is accomplished by writing
A0, to the Command Registers, with the address of the
byte to be verified supplied as it is latched on the falling
edge of the Write-Enable pulse. Reading FF,, from the
addressed bytes indicates that they are erased. This
command must be issued prior to each byte verification
to latch its address.

lf the data read is not FF,, another erase operation must
be performed. Verification can then continue from the
address of the last verified byte, and once allbytes have
been verified the erase procedure is complete. This
process is shown by the Erase algorithm.

The verify operation is halted by writing another valid com-
mand e.g. Set-up Program, into the command register.

Automatic Erase The Erase and Erase Verily
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 2F4000 will be set to FF,,

1SSUE 2.0 1 MAY 1934

automatically, without the need to verity each byte.
Typically the whole device will be erased in 1 second,
with the end of erasure being indicated by Status
Polling.

Status Polling Status Polling allows the status of the
FLASH memory to be determined. If the PUMA 2F4000
is setto the Status Polling mode during the Erase Cycle,
D7 is lowered to V,, to indicate that the PUMA 2F4000
is performing an Erase operation. When the Erase has
terminated, D7 is setto V,,,. During Status Polling only
D7 outputs data. DO to D6 are in high impedance state
(High Z). The Status Polling feature is only active
during the automatic erase algorithm.

Reset This command, which consists of two consecu-
tive writes of FF,, will safely abort either Erase or
Program operations after the Set-up commands.
Memory contents will not be altered, and a valid com-
mand 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.

Fast Pulse Programming Algorithm This program-
ming algorithm uses pulses of 25us duration in order to
improve programming time. Each operationis followed
by byte verification in order to check whenthe specified
byte has been successfully programmed. The algo-
rithm allows up to 20 such pulses per byte, even though
most bytes will verify on the first or second pulse. Both
the Write and Verify sequences take place with V,,, =
V.- See the Programming Algorithmfora full descrip-
tion.

FastErase Algorithm The Fast Erase algorithmuses
a closed loop flow similar to that of the Programming
Algorithm to reliably and quickly erase-all memory
contents.

Uniform and reliable erasure is guaranteed by first
writing 00,, to all memory locations. This can be accom-
plished using the Fast Pulse Programming algorithm.
Erase execution then proceeds with an initial Erase
operation, after which Erase Verification (data = FF,)
begins at address 00,,. This continues through the de-
vices untilthe last address is reached or any data other
than FF,, is tound. With each subsequent Erase op-
eration a greater number 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 veritication can begin at this address, circum-
venting the need to re-verify previously erased loca-
tions. Erasure occurs typically in 1 second.
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Timing Delays Fourtiming delays are associated with
the Program and Erase algorithms described:

(1) WhenV,firstturnson the capacitorsonthe Vg, line
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 reachiits 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 is terminated by
writing the Erase/Verify Command; if this com-
mand is not issued the memory cell will be driven
into depletion (no internal times).

(3) Eachprogramning operation lasts 25us, and since
the algorithm is interactive each byte is veritied
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 internal circuitry is
changing voltage leveis between the Erase/Write
level and those used for Verify and Read opera-
tions. Any attempt to Read the device(s) during this
periodwill resultinpossiblefalse data appearingon
the outputs.

PUMA 2fF4000-15/20/25

DESIGN CONSIDERATIONS

Two Line Control Two Read signals are provided for
output control to accommodate {arge memory armrays,
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,
Active and transient current peaks caused by rising and
falling edges of Chip Select.

Two line control and correct decoupling capacitor se-
lection will help to suppress these transient voltage
peaks. Each PUMA 2F4000 device should have a
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
possible to the PUMA 2F4000.

Additionally, it is recommendedthat a4.7uF electrolytic
capacitor should be placed between V,, and GND
every eight PUMA 2F4000 devices. This capacitor will
smooth out voltage dips in the supply caused by Pce
track inductance and will supply charge to the on-board
capacitors as needed.

v, Trace Because Flash memories are designed to
be programmed in situ, the PCB designer must be
made aware of the V,,, supply trace. This should be
made similar to the V. bus as the V,,, pin supplies the
memory cell current for Programming and Erase.

Power Up/Down  When lowering Vi, to Vo Or less,
V,, must be setto 5V. V. mustbe applied before Vi,
and removed after V, is removed.

10
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PROGRAMMING ALGORITHM ERASE ALGORITHM

These algorithms MUST BE FOLLOWED to ensure
proper and reliable operation, and are shown for a
single device only.

~ START. .
PROGRAM

APPLY Vppu(

[ psent-0 |

Ie l
1
WRITE SET-UP APPLY Vepr(!)
PROGRAM CMD
* ADDR = 004
WRRE PLSCNT = 0
PROGRAM -
CMD {A/D)
A
WRITE ERASE
I TIME OUT 25 ps ] SET-UP CMD
WRITE PROGRAM WRITE ERASE
VERIFY CMD CMD
| TIMEOUTGusJ | TIME OUT 10 ms |
READ DATA " ) A
FROM DEVICE WRITE ERASE
VERIFY CMD
TIME OUT 6 ps
READ DATA
FROM DEVICE _
LAST
NIRRT |e=osEss
INCREMENT
ADDRESS
WRITE READ
CMD
A 4
Notes [ apeLyves® | | APPLY Ve @ |
(1) See DC Characteristics for the value of V. The V,,
supply can be hard wired to the device or switchable.

When V,, is switched, V,,, may be GND, NC with a resis-
tor tied to GND or less than V_+2.0V

11
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PUMA 2F4000-1520/25

Ordering Information

PUMA 2F4000MB-15

L Speed

Temp. range/screening

15 =150 ns
20 =200 ns
25 =250 ns

Blank = Commercial Temperature

I = industrial Temperature

M = Military Temperature

MB = Processed to MIL-STD 883

Method 5004, non-compliant.
Organization 4000 = 4Mbit amray, configurable as
128K x 32, 256K x 16 or
512K x 8 bit
Technology F = FLASH MEMORY
mojaic
:’mn:;nductor
The policy of the company is one of continuous development and while the information presented in this data sheet is ne.

believed to be accurate, no liability is assumed for any data contained within. The company reserves the right to make

changes without notice at any time.

© 1988 This design is the property of Mosaic Semiconductor, Inc. l 9‘
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