PRELIMINARY

2 LINVEX TECHNOLOGY, CORP. LX59CF2010

256K x 8 Bit FLASH and 128K x 8 Bit SRAM Low Voltage Combo Memory

FEATURES

Both FLASH and RAM in one chip
Single Operating Voltage Range: 2.7 - 3.3V
Fast Access Time
FLASH: 70 ns (Max.)
SRAM : 15/70 ns (Max.)
e Low Power Dissipation:
Standby: 30 pW (Typ.)
Operating: 30 mW (Typ.)
Sector Erase Capability (4 KB sectors)
Fast Sector Erase and Byte Program:
- Sector Erase Time: 10 ms typical
- Chip Erase Time: 80 ms typical
- Byte Program Time: 10 ps typical
- Chip Re-write Time: 3 second typical
Fully Static Operation
Minimum 100,000 program/erase cycle
Three state Outputs
JEDEC Standard 40 Pin TSOP package
or 32 Pin TSOP package

® o o o

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The LX59CF2010 is a combination memory chip
that consists of 2 Megabit FLASH Memory
organized as 256K words by 8 bits and a IMegabit
Static Random Access Memory (SRAM) organized
as 128K words by 8 bits. This monolithic
FLASH/SRAM combo device is totally command
set compatible with the JEDEC single-power-
supply FLASH standard and is packaged in
JEDEC standard 40 pin TSOP.

The device is fabricated using Linvex’s advanced
CMOS low power process technology and SST’s
SUPERFLASH™ technology.

The LX59CF2010 has an output enable input for
precise control of the data outputs. There are two
(2) separate chip enable inputs for selection of
either SRAM or FLASH and to minimize current
drain in the power-down mode.

The LX59CF2010 is particularly well suited for
use in low voltage (2.7 - 3.3 V) applications such
as GPS, cellular phones, PDA, and other handheld
applications.
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LINVEX TECHNOLOGY, CORP.,

LXS9CF2010

ABSOLUTE MAXIMUM RATINGS*

Voltagg on any pm relatlve to Vss o

VIN,OUT -0.5 to Voc +0.5 \'
Voltage on Vpp Supply Relative to Vss Voo -0.5104.0 \'
Power Dissipation (package capability) Pp 1.0 W
Storage Temperature Ty 65 to 150 °c
Operating Temperature Ta 0 to 70 °c
Soldering Temperature and Time Tyolder 240 °C, 3 sec (Lead Only) -
Short Circuit Current Tos 50 mA

* Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions above those
indicated in the operating section of this specification is not implied. Exposure to absolute maximum rating

conditions for extended periods may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS (Tx= 0 TO 70 °C)

. Supply‘Voltage

2.7

Vop 3.3 \'Z
Ground Vss 0 0 \'4
Input High Voltage Vi 2.2 Vpp +0.5 v
Input Low Voltage Vo 0.3 0.3 \'

DC AND OPERATING CHARACTERISTICS (12 =0 t070°C)

. Input Leakage

Iy Vi=Vss to Vpp -1 1 HA
Current
Output Leakage Lo | CS=Vyor OE =Vyor WE = -1 1 KA
Current Vi, Vio=Vss to Voo
FLASH Operating Icct | CS 1=V, CS2=Vy Va=Vgor Vi, - 1500 | mA
Supply Current Io=0 mA +

1.1¢H)

RAM Operating Iz | CS 1=Vgg - 50 | mA
Current CS 2=Vg, Lo=0 mA 12;)
Standby Power Iss a > Vpp 0.2V - 30 l.lA
Supply Current Vi < 0.2V, Vi 2 Vpp-0.2V
Output Low Voltage Voo |Ig=0.1mAat33V 0.4 \Y%
Output High Voltage | Vou | Iog=-0.1mA at33V 2.2 - \%
High Voltage for Ay VH CS=0OE=Vy, WE=Vg 11.4 12.6 v
High Current for A, H CS=0E=Vy, WE=Vpg, As=Vinuax 200 HA

NOTE: CS = CS1& CS2, CS1=FLASHCSB, CS2=RAMCSB, f=1/cycle time (MHy).

Page 2




LINVEX TECHNOLOGY, CORP. LX59CF2010

CAPACITANCE *f=1MHz, Ta=25°C)

Input Capacltance C_n_q ' - . 8 ‘ p
Input / Output Capacitance Cuo - 12 pF

TEST CONDITIONS (Ta=0T0 70 °C)

Input Pulse Level 0Oto3V
Input Rise and Fall Time 5ns
(10% to 90% Vpp )

T
J

mm

I

15 ns Read Cycle Time t re 1
15 ns Address Access Time [

: 15 ns Chip Select to Output tco ﬁ
: 7 ns Output Enable to Valid Output t o
3 ns Chip Select to Low-Z Output t1z
3 ns Output Enable to Low-Z Output torz
0 7 ns Chip Disable to High-Z Output tiz
0 7 ns Output Disable to High-Z Output t oz

3 ns Output Hold from Address Change | toy _
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LINVEX TECHNOLOGY, CORP. LXS9CF2010

WRITE CYCLE

TR .-:;>

o

S ﬁ""!&’wk e *i 5 S
Write Cycle Time ns
Chip Select to End of Write tew 12 ns
Address Valid to End of Write taw 12 ns
Address Set-up Time tas 0 ns
Write Pulse Width _twp 12 ns
Write Recovery Time twr 0 ns
Write to Output High-Z twiz__ 0 7 ns
Data to Write Time Overlap tow 8 ns
Data Hold from Write Time ton 0 ns
End Write to Output Low-Z tow 3 ns
TIMING DIAGRAMS

Timing Waveform of Read Cycle (1) (Address Controlled)

Address {
Data Out Previous Data “':;'XXXXXXXX; Data Vaiid

Timing Waveform of Read Cycle (2) (WE =Vip)

tre

Address j(

taa P r— tHz(1.2) P
3 o > (71777

tLz —P torz()—M

OE s 7777777,

torz W toH

High-Z

Data Out ( Data Valid —
NOTES (READ CYCLE)

1. hnandtaumdeﬁmduthenmuwmm&wquaduwehopmmmmmumuMmrefumdwmeVmorVa,
X Atanygwentempenhmandvoltagecondmontm(max)lslessthantu(:mn)bothforag;wmdcwcemdﬁmndevwetodewce

2
3.  WE ishigh for read cycle.
4. Address valid prior to or coincident with CS 2 transition Low.
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LINVEX TECHNOLOGY, CORP.

LXS9CF2010

Timing Waveform of Write Cycle (1) (OE clock)

- !
Address 3(
< taw Pd—Pitwrey
e 77777777777 ALLARRARNNN
_ {‘ tow >
s AANMMMANANIANY L1
tase) [ twe(n) P
MWE /[
 e—— tow—> tow
High-2
Data In Data Valid
< toze P —tow >
Data Out High -2
Timing Waveform of Write Cycle (2) (OE fixed)
twe >
Address 3(
— taw tWR(4
SR NVAAARLTANN B T
tas(z) — twe(y) P ¢—PitoH
r‘_ﬁ_ \ /
tow — tom
Data In HehZ IL Data Valid 1_1’[
twhzis [ tow 4—>Lzmx> o
Data Oul High-Z(8) m
NOTES (WRITE CYCLE)

1. Awrite occurs during the overlap (twe) of a low CS 2 and low WE . A write begins at the latest transition among CS 2 going low

and —W_E.goinglow: A write end at the earliest transition among a2goinghighand W_Egoinghigh,twpismeaswedﬁ'omthc
beginning of write to the end of write.

“w hwN

tow is measured from the later of E!E2goingl0wtoendofwrile.
1as i8 measured from address valid to the beginning of write.
tws is measured from the end of write to the address change.

if OE , WE are in the read mode during this period, the 1/O pins are in the outputs Low-Z state. Inputs of opposite phase of the

output must not be applied because bus contention can occur.

© wuo

If CS 2 goes low simultaneously with WE going low or after WE going low, the outputs remain high impedance state.
Dour is the same phase of the latest written data in this write cycle.
Dour is the read data of new address

CS 1=FCSB = VIH
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LINVEX TECHNOLOGY, CORP. LX59CF2010
IL FLASH Operation (CS2=RAMCSB = VIH)

HARDWARE AND SOFTWARE DATA PROTECTION: Hardware features protect against
inadvertent programs to the LX59CF2010 in the following ways: (a) Vpp sense— if Vpp is below 2.0V
(typical), the Erase/Program functions are inhibited. (b) Erase/ Program inhibit— holding any one of OE
low, CS1 high or WE high inhibits Erase/Program cycles. (c) Noise filter— pulses of less than 5ns
(typical) on the WE or CS1 inputs will not initiate a program cycle. (d) After power up the device is in the
read mode.

The LX59CF2010 will default to software data protection after power up. A sequence of three (3) byte-
loads is used to initiate the program operation, providing optimum protection from inadvertent Write
Operations. Any Erase Operation require a sequence of six (6) byte loads. See table 2 for the specified
software command codes.

PRODUCT IDENTIFICATION: The product identification mode identifies the device and
manufacturer. It may be accessed by hardware or software operation. The hardware operation mode can
be used by an external programmer to identify the correct programming algorithm. In addition, users may
wish to use the software product identification mode to identify the part (i.e., using the device code), and
have the system software use the appropriate sector size for erase operations. In this manner, the user can
have a common board design for 2 Meg to 32 megabit densities and, with each density’s sector size in a
memory map, have the system software apply the appropriate sector size. For details, see Operating
Modes (for hardware operation) or Software Product Identification.

BYTE PROGRAM: The LX59CF2010 device is programmed on a byte-by-byte basis. The Program
operation consists of three steps. The first step is the three-byte-load sequence for Software Data
Protection. The second step is to load byte address and byte data. During the Byte Program operation, the
addresses are latched on the falling edge of eithe CE or WE, whichever occurs last. The data is latched on
the rising edge of either CE or WE, whichever occurs first. The third step is the internal program
operation which is initiated after the rising edge of the fourth CE or WE, whichever occurs first. The
Program operation, once intiated, will be completed within 10 ps.

SECTOR ERASE: The Sector Erase mode allows the system to erase the device on a sector by sector
basis. The sector architecture is based on uniform sector size of 4KB. The Sector Erase mode is initiated
by executing a six-byte-command load sequence for software data protection with sector erase command
(30H) and sector address (SA) in the last bus cycle. The end of Erase can be determined using WAIT Tsg,
or Data Polling, or Toggle Bit.

DATA POLLING (DQ7) : The LX59CF2010 features DATA polling to indicate the end of a
erase/program cycle. During a program cycle an attempted read of the last byte loaded will result in the
complement of the loaded data on DQ7. Once the program cycle has been completed, true data is valid on
all outputs and the next cycle may begin. DATA polling may begin at any time during the program cycle.

TOGGLE BIT (DQ6) : In addition to DATA polling the LX59CF2010 provides another method for
determining the end of a program or erase cycle. During a program or erase operation, successive
attempts to read data from the device will result in DQ6 toggling between one and zero. Once the program
cycle has completed, DQ6 will stop toggling and valid data will be read. Examining the toggle bit may
begin at any time during a program cycle.

CHIP ERASE MODES: The entire device may be erased (i.e., to the “1” state) by executing a 6-byte
software code for easy operation. The Erase Operation begins with the rising edge of the sixth WE or
CS1, whichever occurs first. During the Erase Operation, the only valid read is Toggle Bit or Data
Polling. Any commands written during the chip Erase Mode will be ignored.
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LXS9CF2010

Table 1:  Operation Modes Selection
Read \ Vo Vi Ay Dg_n An
Byte Program Vi Vi Vo An | Dy Ay See Table 2
Sector Erase Vo Vm Vo AJ]N X A_LN. See Table 2
Standby Vi X X X | HighZ X
Write Inhibit X Vi X X | HighZ/ Doy X
Write Inhibit X X N/ X | High Z/ Doy X
Chlp Erase V[L Vi Vo X D!I_q See Table 2
Product Identification Vi Manufacturer A1 A=V, A0=V1L
Hardware Mode Vi Vi Vm Code (54H)
Device Code (F 2H) A-A; =v11., A=V
Software Mode VL Vo Vi An See Table 2
Table 2: Software Command Summary
Command 1st Bus 2nd Bus 3rd Bus 4th Bus Sth Bus 6th Bus
Sequence ‘Write Cycle Write Cycle Write Cycle ‘Write Cycle Write Cycle Write Cycle
Addr”’ | Data | Addr” | Data | Addr"” [ Data | Addr® | Data | Addr® | Data | Addr” | Data
Byte Program 5555H | AAH | 2AAH | 55H 5555H | AOH | BA® Data
Sector Erase 5555H | AAH | 2AAH | 55H 5555H | 80H | 5555H AAH | 2AAH | S5H SAxm 30H
Chip Eraase 5555H | AAH | 2AAH | 55H 5555H | 80H | 5555H AAH | 2AAH | 55H 5555H | 10H
Software ID Entry | 5555H | AAH | 2AAH | 55H S555H | 90H
Software ID Exit | XXH FOH | (4)
Software ID Exit | 5555H | AAH | 2AAH | SSH 5555H | FOH | 4)
Notes:
(1) Address format Aj4-A, (Hex), Addresses A;sand A,; are a “Don’t Care” for the command sequence.
(2) SAx for sector erase; uses A;g-A,; address lines
(3) BA = Program Byte address
4 Both Software ID Exit operations are equivalent
(5) CE=CS1=FCS
Notes for Software ID Entry Command Sequence
(1) With Ajs-A,=0; LTC Manufacturer Code = 54H, is read with A,=0,
LX59CF2010 Device Code=F2H, is read with AO=1.
(2) The device does not remain in Software Product ID Mode if powered down.
Table 3: Recommended System Power-Up Timings
Symbol Parameter Maximum Units
Teo-READ" | Power-up to Read Operation 100 us
Tro-WRITE!") | Power-up to Write Operation 5 ms
Table 4: Reliability Characteristics
Symbol Parameter Minimum Specification Units Test Method
N Endurance 10,000 Cycles MIL-STD-883, Method 1033
[ Toe® Data Retention 100 Years JEDEC Standard A103
Vzar_ HBM® | ESD Susceptibility 2000 Volts JEDEC Standard A114
Human Body Model
Vzar MM® | ESD Susceptibility 300 Volts JEDEC Standard A115
Machine Model
[ Latch Up 100 + Ipp mA JEDEC Standard 78

Note: © This parameter is moasured only for initial qualification and after a design or process change that could affect this parameter.
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LINVEX TECHNOLOGY, CORP. LX59CF2010
AC Read Characteristics
Symbol Parameter Min Max Units
tacc Address to Output Delay 70 ns
| tcg CE to Output Delay 70 ns
tog ") OE to Output Delay 0 50 ns
tor CE or OE to Output Float 0 30 ns
ton Output Hold from 5E, CE or 0 ns
. Address, whichever occurred first
AC Read Waveforms
ADDRESS>{ ___ ADDRESS VALID
TN /
b 1CE—
UM S F-QE—- S
Ot . oF
OUTPUT____ HIGHZ < §oureaT S
L VALID

Notes: 1. OF may be delayed up to tcs-tog after the falling edge of CE without impact on tcs or by tacc-tos
after an address change without impact on tacc.

2. This parameter is measured only for initial qualification and after a design or process change

that could affect this parameter.

BYTE PROGRAM ALGORITHM

Write data: AA
Address: 5555

Write data: 55
Address: 2AAA

Write data: AQ
Address: 5555

-

Byte
Address/Byte
Data

Program (Tep,

or Toggle bit
operation

Wait for end of

Data Polling bit
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LINVEX TECHNOLOGY, CORP. LX59CF2010
AC Program/Erase Cycle
Symbol Parameter Min Max Units
Tep Byte Program time 20 Hs
Tas Address Setup Time 0 ns
Tan Address Hold Time 40 ns
Tcs WE# and CE# Setup Time 0 ns
Ten WE# and CE# Hold Time 0 ns
Toes OE# High Setup Time 0 ns
Toen OE# High Hold Time 0 ns
Tep CE# Pulse Width 60 ns
Twp WE# Pulse Width 60 ns
TwpH WE# Pulse Width High 40 ns
TepH CE# Pulse Width High 40 ns
Tos Data Setup Time 40 ns
Ton Data Hold Time 0 ns
Tioa Software ID Access and Exit Time 150 ns
Tse Sector Erase 25 ms
Tsce Chip Erase 100 ms

WE CONTROLLED PROGRAM CYCLE TIMING DIAGRAM

ADDRESS Ayg.g

WE#

OE#

CE#

DQ7-

/]

INTERNAL PROGRAM OPERATION STARTS

Ve

Tep
I

[ 5555 X 2AAA X 5555 X ADDR

XEXXXXXXXXXXXX

Ir

TaH
Twp

+TpH
I

I
oKX —

I

N\

TAS™

/AR \V AR \V/
—__ /Al A
poe. |

*:/—*_,
Milng, ¥

. Tos

I

\V

TCH|
CH

>

YAMAMMANVMMAMAANRANAY

Ir

ﬂl

I
PANNY

3

I

o |

Tcs

AA 55 A0 DATA

Ir

SWo Swi Swe2

BYTE

(ADDR/DATA)

CE CONTROLLED PROGRAM CYCLE TIMING DIAGRAM

ADDRESS A48.0

CE#

OE#

WE#

0Q7.0

—

INTERNAL PROGRAM OPERATION STARTS

TepP

—

5555 2AAA_ X 5555 X ADDR

TaH
Tep

—

i
=-TpH

1
2 XX

TAS™

TV Y
—~ 2 /A

—{( A (55 X _a X

\_4
L Tos |

Ef—\u,

TcPH

= e

\V

TCH

=

’/
TAMMAMMAMANNN 7

I

&
PANY

Jj’m
i

L

et i

Tcs

Swo Sw2 BYTE

(ADDR/DATA)

i
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LINVEX TECHNOLOGY, CORP, LX59CF2010

DATA POLLING TIMING DIAGRAM

sooress iso XXRX X% 4X 0:0:0 ——: 4
- Tce
e T\ F—ren — |
T — l*~Toes™]
OEe R i WY e N j\_
= Toe
WE# \ I I
i (o> 08 }— 4 & —( ot ) (o )—
TOGGLE BIT TIMING DIAGRAM
ADDRESS A1g.0 X g g X X
_ - -~ TCE
CE# _\ / LII I _/ \____/ \__/
T Toen| |~ VOE -l Toes
OE# . /T L g5t —r N\ l
WE# \ ) 4 adhd
DQg —(__)——_ m \_\—If I —t — /\:
TWO READ CYCLES
WITH SAME OUTPUTS

NOTE: (1) TOGLE BIT QUTPUT I3 ALWAYS HIGH FIRST.

ERASE TIMING DIAGRAM

je——TsE or TSCE—

SIX-BYTE CODE FOR CHIP ERASE

ADDRESS A1g-0 X(Josss X 2aan X(ssss X ssss X 2aaa XW)CXXXXXXX:gg C

e  N_ DD D NTTTIZ Y 5D

LI SE \VARE \VARE \VARE \VARR \VARR N AN -

Twp
w N AL

0ar-o —f A X5 X 80 X ama X 5 X 10 ) s
(or 30)
swo sw1 SW2  Sw3  Sws SW5
NOTE: 10H FOR CHIP ERASE ADDRESS: 5555H FOR CHIP ERASE
30H FOR SECTOR ERASE SECTOR ADDRESS (SAx) FOR SECTOR ERASE
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SOFTWARE ID ENTRY AND READ

sequence for
Software ID Entry

ADDRESS Atq.0 X 5865 _X_2ann X 8855 XX

CE#

OE#

WE#

DQ7-0

TN

/) N/ N

/ \ /

CX XXX o000 X 0001 X XXX XXXXXXXXX_

— 7YY VvV

- TibA

Twp

L
WPH

A X

SwWo

55 X 90 )

swi sSwa2

SOFTWARE ID EXIT AND RESET

ADDRESS A14.0

DQ7-0

CE#

OE#

WE#

THREE-BYTE SEQUENCE FOR
SOFTWARE ID EXIT AND RESET

2

SO00 . S

X555 _X_2AAA X 5555 D0:000.0000010100000:00 0000000000

__JF\V\V‘

—H_\\—/_\—‘
- TwHP

e e S0 G 0.0.0/0:000:0.0.0:0:0:0:0:0:0:0 000000008

-]

/) /) N

N

= TipA
N\,

Twp

\Y

N 277777777 T

SWo swi Sw2

Ty
)

ALAAALATITARARARANERARARARRARRRRNANY
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LINVEX TECHNOLOGY, CORP. LX59CF2010

WAIT OPTIONS

internal Timer Toggle Bit Data# Polling
' Program/Erase Program/Erase
Initiated Initiated

Program/Erase ‘

Initiated Reag By

twice - Read DQ7 |«
\
Wait Tgp, No

TSCE, or TSE

Program/Erase
Completed

Read Byte
twice Read DQ7

sDQ7=
true data ?

| Yes

A Y

Program/Erase
Passed

3 A

Program/Erase
Passed

Program/Erase

Program/Erase
Failed

Failed
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LINVEX TECHNOLOGY, CORP. LX59CF2010

SOFTWARE PRODUCT COMMAND FLOWCHARTS

Software Product ID Entry Software Product ID Exit &
Command Sequence Reset Command Sequence
Write data: AA Write data: AA Write data: FO
Address: 5555 Address: 5555 Address: XX
Y \ 1
Write data: 55 Write data: 55 )
Address: 2AAA Address: 2AAA Wait Tioa
\ Y
Write data: 90 Write data: FO Return to normal
Address: 5555 Address: 5555 operation
Y i
Wait Tipa Wait Tioa
\ A
Read Software ID Return to pormal
operation
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LINVEX TECHNOLOGY, CORP. LX59CF2010
ERASE COMMAND SEQUENCE
Chip Erase Sector Erase
Command Sequence Command Sequence
Wirite data: AA Write data: AA

Address: 5555

1

Write data: 55
Address: 2AAA

Write data: 80
Address: 5555

A

Write data: AA
Address: 5555

\

Write data: 55
Address: 2AAA

Write data: 10
Address: 5555

A

Wait TSCE

/

Chip Erase
to FFH

Address: 5555

!

Write data: 55
Address: 2AAA

A

Write data: 80
Address: 5555

\

Write data: AA
Address: 5555

A

Write data: 55
Address: 2AAA

Write data: 30
Address: SAY

A

Wait TSE

Y

Sector Erase
to FFH
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LINVEX TECHNOLOGY, CORP. LX59CF2010
Functional Description/Truth Table (40 Pin TSOP)

H X
A0-A17 L H X H VA Output
Floatin;
A0-A17 L H X L Dout FLASH
read
A0-A17 L H L H Din FLASH
write
Only A0-A16 are vaild * H L X H Z Output
FloaﬁnL
Only A0-A16 are vaild * H L H L Dout RAM
read
Only A0-A16 are vaild * H L L X Din RAM
write

*A17 must be fixed to “L” or “H”
Note: (1) Itis forbidden that FCSB pin and RAMCSB pin will be “0” at same time.
(2) X means Don’t Care.
(3) Flash write must follow “Flash” write procedures. ( See AC Program/Erase Cycle Characteristic)

PACKAGE OUTLINES AND DIMENSIONS
JEDEC- 40-PIN STANDARD TSOP ( measured in millimeters)

TSOP | VSOP

18.30 12.30

18.50 12.50

L2 19.80 13.80
20.20 14.20

0.70
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« LINVEX TECHNOLOGY, CORP. LX59CF2010

PACKAGE OUTLINES AND DIMENSIONS
JEDEC-32 - PIN STANDARD TSOP (measured in millimeters)

7.910.1
0.1

1.040-1 0.110.05

iie] TSOP | sTSop -
Ll ] ©

%iEL <L70
8.60 | 11.90
Ty N 0.510.1
20.20 | 13.60
JEDEC-32-PIN STANDARD PLCC (measured in millimeters)
' A
ITEM MILLIMETERS INCHES ? |
A 12441.13 490 £.005 Ao Eqnd —
B 11.50+.13 453 1.005 sC o b |
c 14.04 £ .13 .553 + .008 C H
D 14.98 £ .13 .590 t .005 O N
E 1.93 076 O N
F 3.30£.25 .130 £.010 0-6 + 525 |C
G 2.03%.13 .080 £ .005 . N
H 51%.13 .020 % .005 O H
| 1.27 [Typ.] .050 [Typ.] O -
J .71 [REF) ,028 [REF) 130] 21
K .46 [REF) .018 [REF) TU T T O
L 10.40/12.94  .410/.510 “ 17 20
W) (L) W) (L) E
M 89R .035R | 1
St ___ e JIE w QTG g
NOTR: fach iond conerlne b lockied wini o “
maximum at maximum material condition. . -
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