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The PUMA 3F16006 is a 16 Megabit CMOS 5.0V
only FLASH Module in a 66 pin PGA package,
which is confiqurable as 8, 16, 32 bit wide using
CEl-4. Access times of 90, 120 ard 150 ns are *
available. Flash memory carbines the functionality e
of EEPRIM with the on board electrical Write/
Frasure, which reliably stores data even after

100,000 cycles. The PUMA 3F16006 utilises

devices which incorporate Autamatic Programming
and Erase by BEvbedded Algorithms. In addition  °*
Sector Erase architecture can evase any of the 64K
sectors of data rendanly ard suports full chip °
erase. The device also features hardware sector
protection, which disables both program ard erase
Qaerations in ary of the 32 sectors an the module.

Features \

16 Megabit FLASH module.
Fast Access Times of 90/120/150 nis.
Output Configurebleas 32 / 16 / 8 hitwide.
Operating Power 880/451/237 mW (max).
Low Power Standby 2.2nN (max) .

Autamatic Write/Erase by Brbedded Algorithm — end of
Write/Erase indicated by DATA Polling and Toggle Bit.

Flexible Sector Erase Architecture - 64K byte sector
size, with hardware protection of arny rirmber of sectors.

Single Byte Program of 16us (min.), Sector Program time
of lsec. (4p.).

Erase/Write Cycle Endurance 100, 000 (min.)

Block Diagram \ /PJ_H Definition \
A0~g—1E8 gs) WG; 018 D24 \/Clsg
ekl B @ ® ® &
WE4 D®9 cez g D2s C_'_E‘ D30
WE3 ® ®
ﬂE_z D1g GND D13 Dzs WEd D29
WEl— ONNO) ®
A4 D11 D12 A7 D27 Dza
512Kx8 | | 512Kx8 | | 512K x8 | | 512Kx8 ® @ VIEW
A8 A0 OE A12 A4 At
FLASH FLASH FLASH FLASH ® FROM
- AN A9 m7 ABOVE A8 AS A2
csi —| O @ ® @
CS2 Ao Ats WE1 A13 AS A3
cs3 ® ®
CS4 NC vcc D7 AB WEs Dea
D0-7 —  / ® ® ® ®
D8~1 5 Do CE1 D6 Dis CE3 D2z
D16-23 ® @ ® ®
D24~31 D NC Ds D17 GND D21
44 55 @
D2 D3 04 D18 D19 D20
Pin Functions \
A0-A18 2Address Input DO-D31 Data Irputs/Outputs
CEl-4 Chip Enables WEl-4 Write Enables
OE Output Enable vece Power (+5V)
GND Ground
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Voltage on any pinw.r.t. God
Supply Voltage @

Voltage ocn A9 w.r.t. Gd ©@
Storage Tawperature

max it
2.0to+7 V
2.0to+7 V
-2.0to +14 v
—-65 to +150 ©°C

Notes : (1) Smsesabovetlnselistednaymsepemmmtdamgetothe@ice.’Il']isisast:ressratingonlyaxﬂfwx:tia')al
cperationof&edevioeat&nseoraryo&ercmﬁitiasabovetknsehﬁicatedmﬂecpaatiaal sections of this

@  Minimum DC voltage on any imput or I/0 pin is -0.5v. Maximum DC voltage on output and I/0 pins is Voc+0.5v

During transitions voltage may overshoot by +/-2V for upto 20ns

3  Minimm DC input voltage on A9 is -0.5V during voltage transiticns, A9 may overshoot Vss to -2V for periods of wp to

20ns, mexdimm DC input voltage in A9 is 13.5V which may overshoot to 14.0V for periods up to 20ns

» parameter

min [ max uit
Supply Voltage V.. 45 5.0 5.5 v
Input High Voltage Vo 2.0 - V..10.5 v
Input Low Voltage v, 0.7V, - V .+0.3 v
Operating Temperature T, 0 - 70 °C
T, -4 - 85 °C (-I suffix)

Parameter Symbol Test Coardition

I/P Leakage Current Address, OE
A9 Input Leakage Current
Other Pins

Output Leakage Current
V. Operating Current 32hit
16Lit
8hit
V.. Program/Erase Current  32bit
16hit
8hit
Stardby Supply Current
Autoselect / Sectar Protect Voltage
Voltage for Sector Unprotect
Output Low Voltage
Output High Voltage
Low V_. Lock-Qut Voltage

{u Vo=V, max, V_ =0V or Ve
1. Vo=V, max, A9=12.5V

I Vo=V, max, V =0V or V_,
Lo Vo= Ve max, Vo, =0V or v

_ 1M =
%COBZ CE_VJL ’ OE“VmI
]&cms As above
%COB As above

=0mA, £6MH2

ouT

%cp} , Programming in Progress
Lepig As above
Tere As above

:EBl vcc=vcc max, E::me —OE = Vm
Vo, Ve =5.0V

V., V.. =5.0v

Vo,  I,=l2mA. V_ =V_min.

Vo,  L,=-2.5mA. V_ =V_min.

Y

11.5
9.5

2.4
3.2

min e max

+4
200
1
+4
160
82
43

240
122
63

4
12.5
10.5
0.45

4.2

Uit
nA
na
HuA
HA
maA
mA
mA

maA
mA
mA

maA
v

\Y
\%
A%
\Y

Notes (l) CE above are accessed through CEL-4. These inputs must be operated simultaneoulsy for 32 bit operation,

in pairs in 16 bit mode ard singly for 8 bit mode.

2

5':;‘

Parameter Symbol Test Candition o Uit
Trput Capaci tance Address, CE Cra v, =0V - o2l

Other pins Coo V=0V - o3
Output Capacitance R2hit Couraa Viyr=0V - jo

Note: These parameters are calculated, not measured.

Mosaic Semiconductor, Inc., 7420 Carroll Rd. Suite 300, San Diego, CA 92121
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AC OPERATING CONDITIONS

Parameter 20 120 150
mn tHp max min o max min o max Uit

Read Cycle Time trc 90 - - 120 - - 150 - - ns
Address to cutput delay tacc - - 90 - - 120 - - 150 ns
Chip enable to output tCE - - 90 - - 120 - - 150 ns
Output enable to cutput toE - - 35 - - 50 - - 55 ns
Output erable to ocutput High Z  tDF - - 20 ~ - 30 - - 35 ns
Qutput hold time franaddress ton 0 - - 0 - - 0 - - ns

CE or CE whichever oocurs first

Parameter swdol Q€D 120 150
mn_ Hp max min @ tp max min _ p max  wuit
Write Qycle time @ e 90 - - 120 - - 150 - - ns
Address Setup time te 0 - - 0 - - 0 - - ns
Address Hold time ty 45 - - 50 - - 50 - - ns
Data Setup Time t 5 - - 5% - - 5 - -  ns
Data hold Tire ta 0 - - 0 - - 0 - - ns
Output Enable Setup Time  t, 0 - - 0 - - 0 - - ns
Read Recover before Write .. 0 - - 0 - - 0 - - ns
CE setup time G 0 - - 0 - - 0 - - ns
CE hold time L= 0 - - 0 - - 0 - - ns
WE Pulse Width te 45 - - 50 - - 50 - - ns
WE Pulse Width High Spn 20 - - 20 - - 20 - - ns
Programming operation L= - 16 - - 16 - - 16 - us
Sector Erase operatio s - 1 30 - 1 30 - 1 30 sec
Chip Erase operation @ G wra - 8 - - 8 ~ - 8 - sec
Voo setup time @ Gres 50 - - 50 - - 50 - - us
Voltage Transition Time %4 Corsr 4 - - 4 - - 4 - - us
Write Pulse Width 1 @ Gres 100 - - 100 - - 100 - - us
Write Pulse Width 2 @ Gora 10 - - 10 - ~ 10 - - ms
OE setup to WE active® ¢ 4 - - 4 - - 4 - - us
CE setup to WE active ¢4 tep 4 - - 4 - - 4 - - us
Notes: (1) This does not include the preprogramming time.

(2) These timirgs are for Sectar Protect/Unprotect operations.

(3) This timing is mly for Sectar Uprotect.

(4) Not 100% tested.

Mosaic Semiconductor, Inc., 7420 Carroll Rd. Suite 300, San Diego, CA 92121 Tel: 619.271.4565 Fax: 619.271.6058
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Parameter

Write Cycle time @
Address Setup time
Address Hold time

Data Setup Time

Data hold Time

Output Enable Setup Time
Read Recover before Write
WE setup time

WE hold time

CE Pulse Width

CE Pulse Width High
Programming operation
Sector Erase operation @
Chip Erase operation ©
Ve setup time @

sydol 90 120 150
mn tHp max min tp max min Hp max uit
e S0 - - 120 - - 150 - - ns
e 0 - - 0 - - 0 - - ns
L 45 - - 50 - - 50 - - ns
Bs 45 - - 50 - - 50 - - ns
Gy 0 - - 0 - - 0 - - ns
Ges 0 - - 0 - - 0 = - ns
e 0 - - 0 - - 0 - - ns
=9 0 - - 0 - - 0 - - ns
[ 0 - - 0 - - 0 - - ns
s 45 - - 50 - - 50 - - ns
tepn 20 - - 20 - - 20 - - ns
S hwra ~- 16 - - 16 - - 16 - us
AwWHz - 1 30 - 1 30 - 1 30 sec
HWH2 - 8 - - 8 - = 8 - sec
L= - 50 - - 50 - - 50 - us

Note: (1) Does not include pre-programming time.
(2) Not 100% tested.

* Irput pulse levels : 0.0V to 3.0V IO Pin 1662
* Trput riseand fall times : Sns
* Trput and output timing referare levels : 1.5V 1.76V
* VOC = 5V +/- 10% 30pF
* Module tested in 32 bit mode
Mosaic Semiconductor, Inc., 7420 Carroll Rd. Suite 300, San Diego, CA 92121 Tel: 619.271.4565 Fax: 619.271.6058
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tre

Addresses >< Addresses Stable ﬁ><
thoo 7
CE N tor
N ¥
toe _
OE N
AN 7

Outputs

. < Output Valid

HighZ : Highz

ton
WE ‘/ tee \v
T
/]

"Data Poling

Address

Notes:

1. PA is address of the memory location to be programmed.

2. PD is data to be programmed at byte address.

3. DQ7 is the out put of the caplarent of the data written to the device.
4. DouT is the autput of the data written to the device.

5. Figure indicates last two hus cycles of four bus cycle sequence.

Mosaic Semiconductor, Inc., 7420 Carroll Rd. Suite 300, San Diego, CA 92121 Tel: 619.271.4565 Fax: 619.271.6058
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Data Poling

¥ r g ] L
Address Y[ 5555H PA ”>< o X PA 3< ><’ ‘>< ><
- 7 T\ N T b

"\ AR /N
. N
DATA/ @¥ @ o :
Voo // T[] AN

. PA is address of memory location to be programmed.

. PD is data to be programmed at byte address.

. DJ7 is the output of the camplarent of the data written to the devrice.
. DAUT is the autput of the data written to the device.

. Figure indicates last two bus cycles of four hus cycle sequerce.

[S2 I R VER S o

tOEN
wWE f tee
‘/ Lo
* —_—y
y s i HIGH 2
L > ‘\ <‘ \ Valid Data ]>»
tWHWH Tor2
N\ DQO-DO6 DQO-DA7= HIGH Z
DQO-DQS6 < < = Invalid Vaild Da; >
L
Mosaic Semiconductor, Inc., 7420 Carroll Rd. Suite 300, San Diego, CA 92121 Tel: 619.271.4565 Fax: 619.271.6058
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WE —/ toen
o / a / N / / N\ /
DATA _ DQo-DQ7
_ . DQ6= [
>< DQ6=Toggle >< DQ6=Toggle Stop Toggling >< Vaiid ><

(DQO-DQ7)

ton toe

* D06 stops toggling ( the device has carpleted the arbedded cperations)

o1 H>

SA, = sector Addr for intial sectar
SA, = sector Addr for next sector
Mosaic Semiconductor, Inc., 7420 Cairoll Rd. Suite 300, San Diego, CA 92121 Tel: 619.271.4565 Fax: 619.271.6058

7
M b353379 0002820 7?78 IM

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



ViDorVSP — —

5.0V
OE tVLHT

ICESP
CE

tVLHT

tCESP twPpP

tWPP2

Data " | gs] a2 s aon——< D an

VAR

/' 55HI

SN
\_/ 10H/30H

NOTES:

1. SA is the address for sector erase. Addresses = dn't care for Chip Erase.

Mosaic Semiconductor, Inc., 7420 Carroll Rd. Suite 300, San Diego, CA 92121
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l Start I

Write Program Command
Sequence
(see below)

A 4
Data Poll Device

Last

Address
?

Increment Address

Programming
Completed

Program Command Sequence (Address /Command)

5555H/AAH |

2AAAH/55H

5555H/A0H

Program Address/Program data

Mosaic Semiconductor, Inc., 7420 Carroll Rd. Suite 300, San Diego, CA 92121 Tel: 619.271.4565 Fax: 619.271.6058
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/EMBEDDED EE

l START l

A
Write Erase Command Sequence

See below

A

Data Poll or Toggle Bit
Successfully Completed

\ 4
I Erasure Completed 1

Chip Erase Command Sequence Individual Sector/Mulitiple Sector
(Address/Commandy): Erase Command Sequence
(Address/Command):

| 5555H/AAH |
2AAAH/55H
|5555H/80H |

5555H/AAH |
| 2AAAH/55H 5555H/AAH I

l 5555H/AAH l

2AAAH/55H

| 5555H/80H

| 5555H/10H I |2AAAH/55H

Sector Address/30H
Sector Address/30H
Additional sector
erase commands
are optional
Sector Address/30H P
Mosaic Semiconductor, Inc., 7420 Carroll Rd. Suite 300, San Diego, CA 92121 Tel: 619.271.4565 Fax: 619.271.6058
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DATA POLLING ALGOR:

Read Byte
(DQO-DQ7)
Addr =VA

DQ7 =Data?

NOTE:

1. DQ7 is rechecked even if DQ5 = 1 because D7 may change simultaneocusly with DQS.

2. VA = Byte address for programming.
= Any of the sector addresses within the sector being erased during sector erase operation
= X3XXOH during chip erase

Read Byte
(DQ0-DQY)
Addr=VA

!
DQé=Toggle ?
YES

Read Byte
(DQO-DQ7)
Addr=VA

DQé=Toggle ?

NOTES :
1. DO6 is rechecked even if DOS = 1 because DO6 may stop toggling at the same time as DOS changing to "1".
2 VA = As above.

Mosaic Semiconductor, inc., 7420 Carroll Rd. Suite 300, San Diego, CA 92121 Tel: 619.271.4565 Fax: 619.271.6058
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|  stART |

L Protect All Sectors |

|  psont=1 |

v

Set
A0=A9=Vil
A5=Vih <
(setup for sector
unprotection)
[PLsONT=PLSCNT 1]
Set i
/OE=Vid orVsp
/WE=Vsp | Time Out 10ms | Remove
Vid or Vsp on A9
Write "Reset"
command
Activate JOE=/WE=Vih
first /CE pulse A9=Vid or Vsp
| Time Out 100us —l Write
Electric Signature
‘ Command
| /CE=Vih |
¢ Setup
: Sector Address "SAQ"
Activate . h
second /CE pulse AD=Vil, A1=Aé=Vih
— v
> Read
Data from Device
Increment
Sector Address Data = 00H? PLSCNT=10007?

YES YES

NO Sector ~ Remove
ddress = SA7? Vid or Vsp on A9
Write "Reset"
YES command
Remove ‘

Vid or Vsp on A9 |
Write "Reset”
command

v
B END |

Device Failed |

NOTES:

SAQ = The First Sector Address
SA7 = The Last Sector Address
(Sector Address is indicated
using Al6 to Al8)

Mosaic Semiconductor, Inc., 7420 Carroll Rd. Suite 300, San Diego, CA 92121 Tel: 619.271.4565 Fax: 619.271.6058
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Set Up Sector Addr
(A18, A17, A16)

PLSCNT =1

Activate WE Pulsa

v

Time Out 100us

Power Down OE
WE =VIH
CE=OE=-VIL
A9 should remain VID

:

Read from Sector
Addr=8SA, A1,A0=10,A6=0

Increment

Remove VID From A9
Wite Reset Corrmand

Sector Protection
Complete

Mosaic Semiconductor, Inc., 7420 Carroll Rd. Suite 300, San Diego, CA 92121 Tel: 619.271.4565 Fax: 619.271.6058
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The following description deals with the PUMA 3F16006 operating in 8 bit mode accessed through CEl,
however status flag definitions shown apply equally to the corresponding flag for each device in the rodule.

The PMA 3F16006 has two cantrol functions which mist be satisfied in order to obtain data at the outputs
CEl-4 is the power control ard should be used for device selection
CE is the output control and should ke used to gate data to the output pins if the device is selected.

Two standoy modes are available :

CMOS standby : CEL-4 held at Vee +/- 0.5V

TTL standby : CE1-4 held at V, _

In the standoy mode the outputs are in a high inpedance state independent of the CE irput. If the device is
deselected during erasure or programming the device will draw active current until the cperation is campleted.

vﬁmtl'e(f_:—irpxtatalogichighlevel V), oatput fram the device is disabled. This will cause the output pins to
e in a high impedance state.

The autoselect mode allows the reading out of a binary code fram the device and will identify the die mermifac-
turer and type. This mode is intended for use by programming equipment. This mode is functional over the full
military terperature rarge. The autoselect codes far the first device are as follows -

Type Al8 Al7 Ale Ab Al A0 (Code DQ7 DQ6 DQS DQ4 DQ3 DQ2 DQ1 DQO
HEX)

Marmufacture| X X X ' Ve Vo 04H 0 0 0 [¢] 0 0 0 1
Code

X X X v, v, Vo, Ad4H | 1 0 1 0 0 1 0 0
Device Code
Sector Sectar Address| V. Vo Vg 01H*} 0 0 0 0 0] 0 o} 1
Protection

* Qutputs 01H at protected sector address

To activate this mode the programing equipment must force V, madiress A9 . Two identifier bytes may
then be sequenced fram each die device ocutputs by toggling A0 fram Vv, toV_ . All adiresses are dont care gpart
franAl & A0. All identifiers for merufacturer ard device will exhibit odd parity with D7 defined as the parity hit.
Inorde_rmreadﬂxeproperdeﬁoeood%vmememltingmeautoselectAlnustbeVL.

Device erasure ard programming are accanplished via the comend register. The contents of the register serve
as irputs to the internal state mechine. The state machine outputs dictate the fimection of the device. The regis-
ter is a latch used to staore the camends along with the address ard data information required to execute the
camend. The command register is written by bringing WE to vV, wileCEl-4 isat v, and
CE is at V_, .Addresses are latched on the falling edge of WE while data is latched on the rising edge.

Mosaic Semiconductor, Inc., 7420 Carroll Rd. Suite 300, San Diego, CA 92121 Tel: 619.271.4565 Fax: 619.271.6058
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Device operations are selected by writing specific address and data sequences into the comend register. The
following table defines these register camernd sequernces.

Bus
Gommang ok | R | VRN | WS | Redwe | MBS | Sares
Read/Reset
Addr Data Addr Data Addr Data Addr Data Addr Data Addr Data
Read/Reset 1 XXXH| FOH
Read/Reset 4 55556H AAH 2AAAH| 55H 8555H FOH RA RD
Autoselect 4 5555H| AAH 2AAAH 55H 5655H 90H
‘ Byte Program 4 5655H| AAH | 2AAAH| 65H | 5555H AOH PA Data
Chip Erase 6 5555H( AAH 2AAAH S§5H 5555H 80H 55656H AAH 2AAAH S5H 5555H 10H
Sector Erase 6 65565H| AAH 2AAAH 55H 55585H 80H 5555H AAH 2AAAH S5H SA 30H
Sector Erase Suspend Erase can be suspended during sector erase with Addr (don't care) Data (BOH)
i Sector Erase Resume Erase can be resumed after suspend with Addr (Don't Care), Data (30H)

NOTES:
1. MXresskitA A A A =X=Don't care. Write Sequences mey be initiated with A ,A_ and A , ineither

s,
2. Xresshit A A AL A =XDon't care for all address cammends except for Program Address (PA) and
Sector Address (SA) .

3. RA=Address of the mamory location to be read.

PA=Address of memory location to be programmed. Addresses are latched on the falling edge of the WE
ruilse.

SA=Address of the sector to be erased. The carbination of A A, ard A will uniquely select any
sector.

4. RD=Data read fram location RA during read cperation.
PD=Data to be programmed at location PA. Data is latched on the falling edge of WE

The read or reset operation is initiated by writing the read/reset cammand sequence into the comend register.
Microprocessor read cycles retrieve array data fram the meanory. The device ramins enabled for reads until the
camerd register cantents are altered.

The device will autarmatically power-up in the read/reset state. In this case, a camernd sequence is not re-
quired to read data. Stardard microprocessor read cycles will retrieve array data. This default value ensures that
no spurious alteration of mamory content occurs during the power transition. Refer to the AC Read
Characteristics and Waveforms for specific timing parameters.

Mosaic Semiconductor, Inc., 7420 Carroll Rd. Suite 300, San Diego, CA 92121 Tel: 619.271.4565 Fax: 619.271.6058
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RS e

The PUMA 3F16006 features hardware sector protecticon. This feature will disable both program arxl erase
cperatians in any rurder of sectors (0 through 8) . The sector protect feature is enabled using progranming
equiprent at the users site. The device is shipped with all sectors urprotected.

__To activate this mode, the programming equipment mist force Vo on address pin As ard cantrol pm—OTE ard
CE=V_, The sector adresses (A1s,A1 and Ais) should be set to the sector to be protected. Programming of the
p:mtectlmcz_rontrybegmsmtl'efallmge:heoft}eV\Eleseanilstemunataimththensngedgeofthe
same. Sector addresses must be held constant during the WE pulse.

To verify programming of the protection equipment circuitry, the progranming equipment mast force Vo an
address pin Ag withCEandOEatVL and WE at Vm. Reading the device at a particular sector address (Ais,A1r
and Ais) while @A, A A ) = (0,1,0) will produce 0IH at data output DO for a protected sector. Ocherwise the
demcemllreadOOHforunprotectedsector In this mode, the lower order addresses, except for Ao, A, and As,
aredm't care. Addre&smthA =V are reserved for astoselect codes. Ifavenfyoftl’ess:tarpmta:t:mmmutry
were dmne at these addresses, &ledewcevnuldwtpgtthemfactuxa:arxidenceood&srespecuvely.

Itisalsopossibletodete:rmimifasectorispxotectaiinthesystankymiti:gt}eautoselectoamﬂ._
Performing a read cperation at XX02H , where the higher order addresses (Al6, Al7, Al8) are sector

addresses, (other addresses are a dn't care) will produce 01H data if those sectors are protected. Otherwise the
devidoe will read 00H for an unprotected sector.

Sector Address Table

18 a7 216 Aress Rge
20 0 0 0 00000Ch-CFFEEh
ol 0 0 1 1000Ch-1FFEEh
0 0 1 0 2000Ch-2FFFEh
o3 0 1 1 3000h-3FFEFh

A

5 1 0 1 S0000-EEEEEh
26 1 1 0 60000h-6FFFEh
=7 1 1 1 0000h-7EEEEh

Sectors which have previcusly been protected from being programmed or erased may be urprotected using
the Sector Urprotect Algorithm. All sectors must be placed in the protection mode using the protection
algorithm before unprotection can proceed.

A special high voltage for wprotecticn V. is defined to be 10v+/-0.5V.

The urprotection mode is entered by setting OF to Vp @V, WELoV,  , AStoV  and AC=A9 to V_ . Unprotect
is invoked by epplying to negative pulses on CE for apericd of t

wpP2 "

Mosaic Semiconductor, Inc., 7420 Carroll Rd. Suite 300, San Diego, CA 92121 Tel: 619.271.4565 Fax: 619.271.6058
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Flash memories are intended for use in applications where the local CPU alters memory contents. As such,
marufacture and device codes must be accessible while the device resides in the target systams. PROM
programers typically access the signature codes by raising As to a high woltage. However, miltiplexing high
voltage anto the address lines is not generally a desired systan design practice.

The device contains an autoselect operation to supplament traditional PROM programming methodology. The
cperation is initiated by writing the autoselect camerxd sequence into the ocamerd register. Following the
camend write, a read cycle fran address XX00H retrieves the marufacture code of 01H. A read cycle from
address XX01H retums the device code AH. A read cycle fram address X00H returns information as to which
sectors are protected. All merufacturer and device codes will exhibit odd parity with the MSB (D7) defined as the

To terminate the operatim, it is recessary to write the read/reset camend sequence into the register.

The device is programmed an a byte-by-byte basis. Programming is a four bus cycle operation. There are two
"unlock” write cycle. These are followed by the program set-up camend and data write cycles. Adresses are

latched on the falling edge of WE or CE1-4, whichever happens later, vih:lethedataaxelatd:edmthensmg
edge of WE or CEl1-4 whichever happens first. The rising edge of WE or CE1-2 -4 begins programuing. Upon
executing the Embedded Program Algorithm Cameand sequence the system is not required to provide further
cntrols or timings. The device will autamtical ly provide adequate intermal ly generated program pulses ad verify
the programmed cell margin. The autamatic programming cperation is campleted when the data on Dy is egiva-
lent to data written to this bit (seewritten Qperations Status) at which time the device returms to read mode.

Data Polling mist be performed at the mamory location which is being programmed.

Programming is allowed in ary address sequence and across sector boundaries.

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

Chip erase doesn't require the user to program the device prior to erase. Upan executing the Erbedded Erase
Algorithm camend sequence the device autaratically will program and verify the entire meory for an all zero
data pattem prior to electrical erase. The systans is not required to provide ary controls ar timings during these
peratias.

The autamatic erase begins on the rising edge of the last WE pulse in the command sequence and terminates
when the data on D7 is "1" (See Written Operation Section) at which time the device returmns to read the mode.
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Sector erase is a six bus cycle gperatian. There are two "unlock"write cycles. These are followed by writing the
"Set-up" camend. Two more "unlock" write cycles are then followed by the sector erase cammand. The sector
address (any address location within the desired sector) is latched on the falling edge of VE, while the com-
mend (data) is latched on the rising edge of WE. A time-out of S0us from the rising edge of the last sector
erase camend will injtiate the sector erase camend(s) .

Multiple sectors may be erased concurrently by writing the six bus cycle gperations as desribed above. This
sequence is follauedwithmniteﬂofthesectorerasecamand%Hto_a_ddress% in other sectors required to be
concurrently erased. A time-out of 50us fram the rising edge of the WE pulse for the last sector erase com-
mard will initiate the sector erase. If another sector erase comrend is wrriiten within the SOus time—out window
the timer is reset. Any camend other than sector erase within the time—cut windowwill reset the device to the
readmode, ignoring the previous comvend string (refer to Write Operation Status section for Sector Erase
Timer cperation) . Loadjzgﬂﬁsectorerasehﬁfernaybedoremaryseque’neardmmarymmberofsectors
(0to7).

Sector erase doesn' t require the user to program the device prior to erase. The device autamatically programs
all memory locations in the sector(s) tobe erased prior to electrical erase. When erasing a sector or sectors the
ramining unselected sectors are rnot affected. The system is not required to provide any controls or timings

The autcratic sector erase begins after the 50us time-out fram the rising edge of theWE—p.:lse for the last
sector erase command pulse and terminates when the data on D7 is "1" ( see Written Operation Status Section)
at vhich time the device returns to read mode. Data polling must be preformed at an address within any of the
sectors being erased.

Erase suspend allows the user to interupt the chip and read data (ot program) fram a non busy sector while it
is in the middle of a sector erase cperation, which ey take several secands.

The command can only be used during sector erase cperation and otherwise will be ignored. The erase suspend
camend BOh is also allowed during the Sector Erase Qperation that will include the sector erase time out
pericd after the sector erase camends BOh. Writing this camend during the timeout will result in imediate
termination of the time out period and any subsequent writes of Sector Erase Camend will be taken as Erase
Resume.

To suspend the erase operation and go into erase suspend mode (pseudo read mode) requires between 0.1 and
10ps, during which time the user can read frama sector that is not being erased. The toggle bit stops toggling
when the device enters pseudo read mode and an address of a sector not being erased must be used to read
the toggle kit

After the user writes the erase susperd cammend and waits until the toggle bit stops toggling, data reads fram
the device may then be performed. After an Erase Resume cammand the internal counters, which are used to
camnt the high voltage pulses required to progrem or erase, are reset. The Exceed Tire limit flag D5 is set if the
count exceeds a certain limit. (The resetting of the counters is necessary as the erase suspend camand can
potantially interupt the high voltage palses. )
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CPERATIN @® | ® | w | o | m | 29 I/0
Auto-Select Marmufacturer Code L L H L L L Vm Coce
Auto Select Device Code L L H H L L Vo e
Read® L L H 0| Am| % | b,
Standby H X X X X X X HichZ
Qutput Disable L H H X X X X HdhZ
Write L H L 20 x| 2| o Din
Fnable Sector Protect L v, L X X x| v, X
Verify Sector Protect L L H L H L A Coce

1) L=VL, H=Vm X=Don't Care

NOTE: 1) WEcanbeV, if(EisV,, CEatV,, initiates write cycle.

HARDWARE SEQUENCE FLAGS

SIS o7 3 5 | @ 210
Auto-Programirg m | Tgle | O | 0
Tn Progress Progranng in ato erase | 0 | Toogde | 0 | 1 O
Eresirg in Ato Fraee 0 Tegle | 0 | 1
Aubo-Procraramireg TQv Tagle 1 1 .
Exveaded | Progranming in adto erase o] Toggle 1 1 (i}
Tirre limits| Erasirg in Auto-Brase 0 | mogle 1

NOTE: DQO, DO1, DQ2, D)4 are reserve pins for future use.

The Puma 3F16006 features Data Polling as a method to indicate to the host system that the Erbedded
Algorithms are in progress or camleted.

During the Frbedded Programming Algorithm, an attenpt to read the device will produce campleavent data of
the data last written to D7 . Upon campletion of the Erbedded Programming Algorithm an attempt to read the
device will produce the true data last written to D . Data Bolling is validafter the rising edge of the forthWe
pulse in the four write pulse sequance.

During the Erbedded Erase Algorithm, Drwill be "0" until the erase cperation is carpleted. Uoon carpletion
data at D7 is "1". For chip erase, the Data 2 Polling is valid after the rising edge of the sixth WE pulse in the six
write pulse sequence. For sector erase, Data Polling is valid after the last rising edge of the sector erase WE
pulse.

The Data Polling feature is only active during the Embedded Progranming Algorithm, Evbedded Erase Algo-
rithm, or sector erase time-out.
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The POMA 3F16006 also features the "toggle bit" as a method to indicate to the host systeam that the Frbed-
ded Algorithms are in progress or canpleted.

During an Erbedded Program or Erase Algorithn cycle, successive attenpts to read data fram the device will
result inDs toggling between one and zero. Once the Erbedded Program or Erase Algorithm cycle is com
pleted, Ds will stop toggl:.rgarﬁvahddatamllbexeadcn successive atteanpts. During programming, the Toggle
b:Ltmvahdafterﬂensn)geigeofﬂeforthmpﬂsemﬂ'efaxmtepﬂseseq.ene For chip erase, the Toggle

bltlsvalldafter&)elastnsmgecbaofthesectorexasev\Epﬂse The Toggle Bit is active Aring the sector
tire-out.

Dswill indicate if the programor erase time has exceeded the specified limits. Under these conditions Dswill
produce "1", indicating the program or erase cycle was not ot successfully camleted . Data Polling is the anly
operatirg function of thedevmeurﬁartl’nsccxﬁltlm The CE circuit will partially power down the device under
these conditions (to approdmately 2ma) . 'IheOEandWEpmsw:.ll cantrol the output disable fuxtians . To
reset the device, write reset camrerdd sequence to the device. This allows the system to cantinue to use the
other active sectors in the device, if this failure coours duaring sector erase aperaticns, it specifies that apertios
lar sector is kad and may not be re-used. The device mist be reset to use other sectors. While the reset
command sequence and execute program or erase command seguence.

If this failure ccoms during chip erase cperation , it specifies that the device chip ar carbination of sectors are
ked. If this failure coours duaring the byte programming aperation, it specifies that the active sectars containing
that yte is bad and may not be re—used.

The 16 failure condition may also appear if the user tries to program a non blank location without erasing. In this
case the device locks out and never cawpletes the embedded algorithm operation. Hence the system never

reads a valid data an D7 ard D6 never stops toggling. Once the device has exxceeded timing limits, the D5 bit
will irdicate '1"

If the device has excesded the specified erase or program time and Ds is "1", thenDewill indicate at which
step in the algorithm the device exceeded the limits. A "0" inDs indicates in programming, a "1" indicates an

AftertheoarpleticnoftheMtMMretaseoamarﬁseqmtkesectorerasetine-altwillbegin. Dswill

renain lowuntil the time—out is carplete. Data Polling and Toggle Bit are valid after the initial sector evase
command sequence.

If Data Polling or the Toggle Bit indicates the device has been written with a valid erase cammand, Ds may be
used to determine if the sector erase timer window is still open. If Ds ishigh the interrally ontrolled erase
cycle has begun; attempts to write subseguent cammerds to the device will be ignored until the erase operation
is cpleted as nﬁlcatedWEBta Polling or Toggle Bit. If Ds is low, the devicewill acospt additianal sector
erase camrards. To insure the command has been accepted, the software should check the status of Ds joalen

to and following each subsequent. sector erase camand. If Ds were high an the secord status check, the
command may not have been accepted.
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The PUMA 3F16006 is designed to offer protection against accidental erasure or programuing caused by
spurious system level signals that may exist during power transition. During power up the device autavatically
resets the interral statemachine in the Resdmode. Also, with its omtrols register architecture , alteration of
the memory contents anly occurs after successful campletion of specific milti-hus cycle command sequences.
The device also incorporates several features to prevent inadvertent write gycles resulting fram Voe power up and
power down transitions or systemnoise.

To avoid initiation of awrite gyrle Arring Vec power up and power down, a write cycle is locked cut for Vec less
then 3.2V (oypically 3.7V) . If Vee<Vixo, the camend register is disabled and all intermal prograv/erase circuits
Vee level is greater then Vixe. It is usually carrect to prevent unintertianal writes when Vee is above 3.2V,

Noise pulses of less than 5ns (typical) anOE, CE, WEwill not initiate a write cycle

Writing is inhibited by holding any one of CBVy, CE=Vm or WE=Vm. To initiate a write cycle CE and WE must
be logical zerowhile CE is a logical ane.

Power-up of the device with WE=CE=Vz. and OE=Vm will not accept conmmands on the rising edge of WE. The
internal state machine is autamatically reset to the read mode on power—up.

i il

Sectors of the PIMA 3F16006 may be hardware protected at the users factory. The protecticon circuitry will
disable both progrem end erase functions for the protected sector(s) . Requests to program or erase a protected
sector will ke ignored by the device.

Limits
Parameter Min Rp Max it Caurerts
Sector Erase Time 1 0 sec  |Excludes OOH programming
Mo 1) prior to erasure.
Byte Programming Time 16 1000 w Excludes System-level overhead.
(Note 2)
Chip Programming Time 8.0 0 =2's] Bcludes system-level overhead.
Note 1)
Erase/Program Cycles 100,000 1,000,000 cycles

Notes: (1) 25°C, 5VV... 100,000 cycles.

(2) The Hrbedded Algorithms allow for 48ms byte program time.
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28.0 (1.10) max sqr. 6.4 2.54 15.20 (0.600) typ
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ol 22
6.0 (0.236) max » (0.090) __ | |¢-50(0.060)

Speed 90 = 90 ns
12 = 120 ns
15 = 150 ns

Tarp. rarge/screening Blank Commercial Temperature

I = Industrial Taweratre
Qrogenisation 16006 = 512Kx 32, user canfiurable as
IMx 16 and 2M x 8
Teclmology F = FLASH MEMORY
Package PIMA3 = 66 pin FGA
Mosaic Semiconductor, Inc., 7420 Carroll Rd. Suite 300, San Diego, CA 92121 Tel: 619.271.4565 Fax: 619.271.6058
22

W L353379 0002835 179 IM

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



