Ordering number : EN870E |

SANYO Semiconductors
SA//MYO R D;\TA SHEET

Monolithic Linear IC

LA4160 — Single-Chip Tape Recorder
Audio System

Overview
LA4160 is Single-chip tape recoder audio system. A single package contaning preamplifier, AL C circuit] power amplifier.

Features
o Preamplifier with high gain, and power amplifier with high gain and eutput.
W  typ.(Vcc =6V, RL =4Q)
22W typ. (Vcc =9V, RL =4Q)
o Minimum number of external parts required.
o Soft tone quality at the time of output saturation.
¢ Widerange of ALC and small variation in output voltage.
¢ Wide range of operating supply voltage.
¢ Small shock noise at the time of supply voltage ON/OFF (With built-in prevention circuit).
« Variable monitor capability due to recording amplifier consisting of preamplifiér alone.

Specifications
Maximum Ratings at Ta=25°C

Parameter Symbgl Conditions Ratings Unit
Maximum Supply Voltage Ve max 13 v
Allowable Power Dissipation Pd/max 1.2 W
50x50%1.5mm® Cu-coated 2.25 W
Operating Temperature Topr —20to +75 °C
Storage Temperature Tstg —40 to +150 °C

M Ariy/and allt 'ANYO, Semicongugtor Co.,Ltd. products described or contained herein are, with regard to
Standard ~2anlic antt atended for the use as general electronics equipment (home appliances, AV equipment,
commuy catiomedlevice, offic equipment, industrial equipment etc.). The products mentioned herein shall not be
intendec “a® usel or any "Sp<cial application” (medical equipment whose purpose is to sustain life, aerospace
I instru. ant, pae' Zar coniroi device, burning appliances, transportation machine, traffic signal system, safety
ecyimern fe.) that skali require extremely high level of reliability and can directly threaten human lives in case
failure ar malfunctioyi of the product or may cause harm to human bodies, nor shall they grant any guarantee
. =of. / 'you should intend to use our products for applications outside the standard applications of our
| Custs. who ig/cgnsidering such use and/or outside the scope of our intended standard applications, please
ceasult with us grior to the intended use. If there is no consultation or inquiry before the intended use, our
Customer shall/ioe solely responsible for the use.

W Speciiications of any and all SANYO Semiconductor Co.,Ltd. products described or contained herein stipulate
the perforwiance, characteristics, and functions of the described products in the independent state, and are not
guarantees of the performance, characteristics, and functions of the described products as mounted in the
customer's products or equipment. To verify symptoms and states that cannot be evaluated in an independent
device, the customer should always evaluate and test devices mounted in the customer's products or
equipment.

SANYO Semiconductor Co., Ltd.

www.semiconductor-sanyo.com/network
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LA4160

Recommended Operating Conditions at Ta= 25°C

Parameter Symbol Conditions Ratings Unit
Supply Voltage Vee 6109 \%
Load Resistance RL 3.2t08 Q
Electrical Characteristics a Ta=25°C, Vcc =6V, f = 1kHz, See specified Test Circuit
Ratings
Parameter Symbol Conditions - Unit
min. typ max
Quiescent Current Ilcco Vee =6V 18 30 mA
Vee =9V 23 40 mA
Preamplifier
Voltage Gain VG Open loop 85 dB
Closed loop, Playback 40 dB
Maximum Output Voltage Vo THD = 1%, Playback 0.9 1.2 \%
Input Resistance fi 21 30 kQ
Equivalent Input Noise Voltage VNI Playback 1.0 2.0 nv
ALC Input Level ALC THD = 1%, Playback —20 £12 dBm
Power amplifier
Voltage Gain VG Closed Loop, Rf=51Q 43 45 47 dB
Output Power Po Vce =6V, THD =10% 0.7 1.0 w
Ve =7.5V, THD £ 10% 1.0 1.5 w
Vce =9V, THD'=10% 1.7 2.2 w
Total Harmonic Distortion THD Po =250mwW 0.3 15 %
Input Resistnace fi 30 kQ
Output Noise Voltage VNO Rg = 10k@ 0.6 1.8 mv
Ripple Rejection Ry Rg# O/ VR = 150mV, f= 200Hz 40 45 dB
Package Dimensions
unit : mm (typ)
3005A
, , Pd max - Ta
2 921 14 g ‘ ‘ (B50x50x1.5mm? bakelite
T ;| . printed circuit board
N x 100x100x1.5mm (t=35u Cu coated) or
O P < £ Al heat sink. 50x50x1.5mm? Al heat sink.
e L # 2 ®50x50x1.5mm?
1 7 3 s bakelite printed
3 6.5 19.0 § b= ® \ circuit board
- 6.0 < 2, N\ (no Cu coating)
| 2 A N
i ! a RN
' — 2 AN
i i rsy g No fin A N N\ N\
o) (a8 N < \
= < 1 Iy C A YEY
1.88 | 42.54 0.5 13 g =2 S~ \\ \
£ N
P g DR
< S
. LN
SANYQ': DIP14T (300mil) % 0 20 40 60 80 100 120 140 160
Ambient Temperature, Ta - °C
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Test Circuit Diagram

470uF
(B——oVeo
+ +
4.7uF 220uF
! 470pF
¥
8 9 10 11 12 13 14
22kQ 2
0P, LA4160
sws T C O _Tl
7] le] 5 4 3 1
* | 100uF 4704F PWR OUT
M +14
2uF STkQ | 30k 510 = Oo-®
2, 70 % 100/ R
. SW5) 0.15uF 4Q
1 I \0—40 Polyester
E56q 0.033uF film
Pre out capacitor
o m ) 20 to 20k Hz
sw4 SWé — b5 ™0
o ©=0
+
470pF 10k »
E 300kQ
15188%2
Test Method
Switch
It SW1 | SW2 | SW3 | SW4 | SW5 4 SW6 | SW7 |, SW8 | Test area Test method
em
Icco - on on off on on off off + Test circuit current.
20log Vp/Vj (dB), where input voltage is Vi,
VG 2 off off off on on off off A, D
B output voltage V.
= Test output voltage at THD = 10% and convet it
£ Po 2 off off off on on off off D i
a into output.
3 THD 2 off off off on on off off Test THD at output voltage Vg = 1V.
[e]
. VNO - on off off on on off off Test output noise voltage
Superpose ripple (100Hz) 150mV on suppl
VNR - on off off on on off off D perp pple ( A) i
voltage and test output ripple.
VGo 1 off off on off on off off A B 20log Vo/Vj (dB).
& | Vo max 1 off off off on on off off B Test output voltage at THD = 1%.
EL Convert output noise voltage at Rg = 2.2kQ by
] VNI - off on off on on on off C i .
o using gain at 1kHz.
= ALC Input i
level 1 off off off off off off on A B Test input voltage at THD = 1%.
eve
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Block Diagram

Phase
Compensation  Pre IN ALC Out Pre GND  Decouple  Decouple Vee

[e] ol ol  [u] [  [13]  [14]
|

Ripple filter
* AB
Pre amp + Fewer GND
ALC -
Power amp K ~

= /

I3 3 R 5 R Y R Y N 1 Ry 7

Pre NF Pre Out ALC IN Power IN  Power NF  Boot strap

Sample Application Circuit 1 : Cassette Recorder

1000pF
e
|

Wy

4.
(7

4.7pF| ,
I

N
[e] [o] [10] 4m]

K 4
TN

MIC ™ A
S 2
ROy SrD, RayE e ] s
‘ L v‘ +H AvAvAv o~
Mt A
0
i 0.15uF SW5
20kQ o (Polyester
capacitor) sp
Sw4
R/P Head
I u_[o
\ @ SwW6
2510
™

SW1 to SW6 (PLAY/REC SW) : PLAY
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Sample Application Circuit 2 : Radi

0-Cassette Recorder

1000pF
2.2kQ 220uF 470uF ) V%c
47pF
.
1000uF
MICJ.  Tape
VIS O] 20pF | Power GND,
ol P _l LA4160 @)
5 swi r
i T o sw2
7] L]
™m 300k 30K e Vs
' 100“Floo F 470|,1F —ot
+ AAA
. F% % 20F[+ 50t 10uF r AslF /
n
swa | 00 ' (Polyeste. i
15188 & 47k capadii 7 |sp
° N 7
560 10 Q
15188 ™ 171
R/P Head 4.7uF 4
/ 2510Q ZOk ™
b@ Tape
__L 3.3kQ SW4
Radir
Bias Meter (> Radio
osc
/ ) Sv.rto SW#(RLAY/REC SW) : PLAY
. S -y a
An Example of Printed Board (Cu-foilea sid«,
220uF o
4.74F :1) /.I 470uF,
prein R z;z,k,g_, _g_z Vee
_L 470uF
oF T E:mLA %—}D
of 15pF
[H\MO“F
o TV,
—2r t’d} '.OOpF
)L Q- 100uF 51Q
' A N ouT
o N—e R w{ /ﬁ. —W—e
4 Fower in 3010
- Y 15188 4.7uF 6800
eyl o ofe =W alciN
o = temm 4.7uF I__G:b_l
1
10"9% pre out 15188 L ALCSW
1 1
i

80x150mm?

Descriptigr’ of Applidatton Circuit

1. Preariplifier
The/preamplis px. ciray consigis/Oof the input differential stage (TR9, 10), level shift stage (TR13), and output stage
(FRA7, 184715, S e the outpdt stageis of push-pull type, no remarkable drop in the output voltage occurs even at

Iclv loae:. mpedea ces and,in# output can be connected direct to the AL C circuit and meter circuit. The external
BC/AC feet. g resistar [22) can be set arbitrarily and the closed loop gain is obtained by the following equation.

\/ G (pre) 20 log (%) (dB)
The input impedanee depends on internal resistance R2 which is 30kQ.
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i

Preamplifier Circuit

[14]0
03 i " R20
TR7 TR8
D4 W
R3Z
o{12] ] TR18
= R2 E
230k 3
IN
o—w—H— o] [_TR9 TR10 =
S R4
] TRA9

"1

Since the maximum output voltage for THD = 1% drops at |ess than 600€2 of thé composite load impedance viewed
from output pin (6), it is desirable to make the composite load impedance morethan 600Q when using this IC.
(Refer to Vo max, THD — R|_ characteristics.)

2. ACL Circuit
Preamplifier
R32 input
2.2kQ
A i 9 )+
Préamp. 6 B
@ R35
Meter
R20
,_ ANA V
™ ALE e E_o ce
o ALCIN
control 15 188x2
pin T Ras

TR1

i \oltage doubler
| rectifier

:

The ALC circuitisof Darlington/configuration which consists of TR1, 2. The collector-to-emitter impedance of TR1
madevariable by. theDC voltage'to be applied to control pin (5) and the input voltage of the preamplifier is
controlled¢Whe the DC voltage to be applied to pin (5) is set at approximately 1.1V, TR1, 2 areturned ON and ALC
isturned ON. For the rectifier circuit, it is recommended to use the voltage doubler rectifirer which is excellent in
compressionratio. For the'sets of 6V V(, it isrecommended to use a germanium diode so that the AL C width can
be made wider even at the time of decreased voltages.
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3. Power Amplifier

0—| 13 MW\ 14 |—o Vee
Fil R20 =
ilter 300Q 3
' 2}
@ Bootstrap
= TR42
D39 >—| TR47
o R19 L
20kQ D40 TR43 3
TR20 —
TR22 TR23
VR =
10kQ ¥ 4
sp
R36
30kQ TR26 TR27

The power amplifier circuit consists of the differential stage (TR22, 23), predriver stage (TR41), driver stage (TR42,
44), and output stage (TR47,48). Biasresistor R36 of TR20 at the first'stage.is attached,externally and the input
impedance depends on this R36. Input pin (4) whose potential’is nearly equal to'the ground potential can be connected
direct to the variable resistor without using an input coupling capacitor: Theiclosed loop voltage gain is obtained by the
following equation.

R19
VG (pwr) =20 Iog{(m)}

Since R19 = 20kQ, R18 = 50Q are set, approximately 52dB maxt is available if Rf = Ois taken.

Proper Cares in Using IC
1. Printed Circuit Board
For the printed circuit board layout, fefer to the printed circuit pattern example in principle. It is necessary that the
grounding points of the power amplifierinputs(variabl e resistor), pin (3) feedback resistor (Rf), and bias resistor
(R35) should be adjacent to one’anothernEspecially, it shodld be noted that if a common impedance existsin the
variable resistor groundingys/the distertion, residual ripple, and cross interference (leak of signal between
preamplifier and power amplifier)/may-worsen.

8 14

LA4160

s AL
7 1

R

\H) 1

VR %H —A\\\—e
R35

Topreamplifier
Make adjacent to one another.

2:Qscillation
a) Preamplifier

Sinceescillation ;nay osccur when used at alow voltage
gain, a capaciter of approximately 10pF must be connected
across pins (8) and (6) for phase compensation. If the
capacitor connected across pins (8) and (6) has alarge
capacitance at alow load impedance, further oscillation L000pF
may occur, and in this case the load pin must be grounded I
through a capacitor of approximately 0.01uF (Polyester
film capacitor). The input pin must be grounded through a capacitor of approximately 1000pF for the purpose of
prevention of radio disturbance and oscillation.

[Measures against oscillation]

Approximately

RL

0.01pF
(Polyester filml
capacitor)
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b) Power Amplifier
For the oscillation preventing capacitor connected across output pin (1) and ground, it is recommended to use a
polyester film capacitor which is excellent in temperature characteristic and frequency characteristic. It should be
noted, however, that if such a polyester film capacitor as to have aresonance point at a high frequency is used
oscillation may not be prevented.
3. Shock Noise
The shock noise which occurs from the power amplifier at the time of power supply ON/OFFisreduced by means of
the prevention circuit. However, when the starting time of the power amplifier is set earlier/than that of the
preamplifier or the power supply isturned ON immediately after turning OFF, it may happen that the shock noise of
the preamplifier cannot be masked. In this case, a germanium diode is connected acrosspins (7)and (9)yand.pins (7)
and (12) respectively to make the starting time as early as possible. Even if no germanium diodeiis connected agross
pins (7) and (12), the starting time can be made earlier, but the starting time can be made much earlier by using 2pcs.
of germanium diode.

15188 (Germanium diode)
4

IN
S|
o 5]

A
W

=

AMA—T—o
J

7 [How'to make thestarting time of the
preamplifier-earlier]

4. Power Supply for Radio’ s Built-in Capacitor Microphone
Pin (13) isfor the low ripple power supply. This'pin cannot be used as the power supply for ablock, such asradio,
which requires alarge amount of current. The'reason far thisisthat if thispin is used for this purpose, the middle
point of the power amplifier shifts, thereby,Calsing the dropiin output/However, this pin can be safely used asthe
power supply for abuilt-in capacitor microphne.

5. Recording Muting
The recording muting at the time of recordingiby useof the built-in microphone is enabled by applying 1 to 5V DC
voltage to feedback pin (3) of the power amplifiera(Power amplifier : Cutoff)

Muting cirguit

A

—1to 5V

6. In case of using in‘asadio-cassetterecarder, the IC and the bar antennamust be arranged sufficiently distant from each
other to avoid the radiation of higher harmonic’component at the time of output saturation of the power amplifier.

7. Pin-to-pin short’causesbreskdown and deterioration.

8. Load short/causes breakdown, and deterjoration of both preamplifier and power amplifier.

Pregmplifier Vo - Vi Preamplifier THD - VO
1 100
Vee=6v Vee =6V
5 R =10kQ ] o 5 R =10kQ
=
, VG = 400dB/1kHz | ° g VG =40dB/1kHz
Playback o) Playback
> 2 — E 10
I — 1
O Mo X/clip P g 5
> 3/ / I=] 2
s ° QQQ/ / 2
= 3 P A 0 10
> h 4 / E _n
= 2 5
fi's- \\}_‘?‘ /f\, g 3 \\‘
3 o1 vl Q\& g 2 B 57 T
/ /o I |/
/ / < 0.1 ’\.Q
5 ° A
// F o5 204, R
3 3 %o S
) 5 | [~1kHz
5 0.1 2 3 5 1.0 2 3 5 10 2 3 5 3 5 7 01 2 3 5 7 10 2 3 5
Input Voltage, Vj - mV Output Voltage, Vo -V
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Preamplifier VGo - f
120 ———
Vcc =6V
R = 10kQ
100 CNF=470u Terminate A
. _ N
I 80 N \\/‘/oc
. e
> QQO N
£ 60 TN RN
& \54\\
) 0/0/(\ \\\
g 40 \‘\\
S AN
>
20
% 285 100 235 1 235 10k 23 5 100k
Frequency, f - Hz
VG - f
110
Vcec =6V
100 Vo =0dBm i
Refer to Test Circuit 1.
/TN % |
90 U
0 f N ]
° / N Famy,
[ - (pre+pwr)
o 80— ~_
> / I~
e SN
g 70 | N
% 60 *CNF:mOHF Recording amp. (pre
= ~
S 5 j; s
/ N\
S N/
40N &
30 ‘ Jj
23 5 100 23 5 1k 23 5 10k 2 7 /A 100k
Frequency, f — Hz
Prlegmplifier VO, THD - V;j
T — T 1c
VG =584B/1kHz |
5 Refer 10 Zest Cir¢ 2.f|
3 } /, | 3
> 2 \/ LoV
('D 1.0 N - / _‘C\“-. W 10
O 25V
> _ LW
& /| o /Nl )
= )2 / ' J
o
s> 2 7 7 2
§_ 0.1 QC‘JC ’l ‘ / I 1.0
= . Py 4 7 7 ‘ — 1
S 5 &O ——‘ < —‘ / — 5
o/
3 777:] — #7 3
2 \fég —-— - 2
/} o1 V/
0010/ /%60 5040 | 30 20/ -10 0 01
Ip Vo i —dBpi
Preampljfie! Ve D - Ry
10—/~ _ = = 16
r | \ | f=1kHz
/| CNF=A700] F Terminate -
4" XV | Y V4 70dBm s
Y N Ve V:;.?_X_I==-—. 12%
T =T/ |ov R
O 80 —,H & 106
2 AN £
=70 \ J—r /] g 2
£ \ | o
O \ A o
S 6o & 65
£ \ £
S s \\ Ve =6V 4 £
40 oV 2 =
|
100 2 3 5 7 1k 2 3 5 7 10k 2 3 5O

Load Resistance, R|_ - Q

Total Harmonic Distortian, THD —

\Woltage Gain, VGo - dB

Output Voltage, Vo max — V

Preamplifier
96

VGo, Vo max - V¢cc

: 40
R = 10kQ
941 VG =40dB/1kHz 3.6
Plaback
%I THD = 1% - 2>
90 < 2.8
N y 10/ é
88 Go / 24 O
L S
86 /, —Sf 20 &
\ £
84 / + ‘ —[ 1.6 g
82 % & ! 12 2
/ 3
80 g 0/
/ | ] |
78 —‘ 04
765 4 ¢ / =8 10 177 1e°
Sypply Voltage, ec - V
Tesu Jircuil L
7 6
T 51kQ ])
A
. L' 10uF
(S 0.0371F/ 4.7kQ
500 10k
T
Vce =6V
Vo =0dBm
Test Circuit 2
preamp
15188x2 3KkQ
VG =58dB/1kHz
Preamplifier Vo max, THD - R
3.2 16
VG =58dB/1kHz
2.8 Vomax:THD=1%{ 14
THD :Vp=0.5V 1
[a)
2.4 1.2
. VCC:E)V |:'_:'
20 o Yl 10§
i\ =
© =]
16— £ 0.8 .2
9 / a
12 \V v 06 2
R
0.8 / \Q\ 04 T
Lsi/ L THD | =
0.4 —O,é 02 12
A
0 ‘ 0
100 2 3 5 7 1k 2 3 5 7 10k 2 3 5

Preamplifier Load Resistance, pre R|_ - Q
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Power Dissipation, Pd - W Equivalent Input Noise Voltage, V| — uV

Total Harmonic Distortion, THD - %

Output Power, Po - W

Preamplifier VNI - Rg
3.2 ‘ ‘ ‘
Vce =6V
» 8L RL=10kQ
VG =40dB/1kHz
24l Playbaclz(O .
B.P.F =20Hz to 20kHz
///
2.0 >
//
1.6 =
//
12 /,
0.8/’
0.4
% 2 4 6 8 10 12 14 16 18 20 22
Signal Source Resistance, Rg - Q
. Pd - PO
R =3.2kQ
f=1kHz
3
2 e B
N N
N[¢Y T N
o gﬂq N\
: ’///'15 \ N\
=, ™\
7 P! =T o\ N
5 //// \
1 \
3
2
0'13 5 7 01 2 3 5 7 10 2 3 5/7 10
Output Power, Po - W
Power amplifier THD - f
100 —
s Vcc =6V
. RL=4Q |
N PQ = 250mWj
10
5
3
2
1.0 VG =51dB (Rf=0
= ‘ (Rf=0) =
TN 171 =
N B () e
o1 400B (150Q) | |~
' \
5
3
3 5 100 /2 3 5 gk, 23 5 10k /2 3 5 100k
Erequency, f—- Hz
Power amplifier PO~ Vcc
10 T
71 f=1kHz |
 THD = 10%
5 0 //,5:79‘/ QL
3 QU _~=~
2 /// /
s d
Z
1.0
; Y
5 Vo
; [
/
2
0.1
7
5
% 2 4 6 8 10 12 14 16

Supply voltage, Vcc -V

\oltage Gain, VG =dB Total Harmoenic'Distortion, THD - % Power Dissipation, Pd - W

Quiescent Current, Icco - mA

: Pd - Po
R =4kQ
s f=1kHz
2
49\’ —
NcC \

10 ,/%/

7 ,‘// L 5‘ LS \\

f A4

Pl
L~

| - AN

2
0.1

3 5 701 /2/ 3 8

Z 1.0 2 3 5/7 10
Q@utput Power, Pg - W

Power amplifier THD= PQ
Vce =6V
5 RL=4Q .
3 VG =45dB/1kHz -
2
10 /‘ /
5
/ [ 1]
2
1.0
5 f:_:LOKHZ L /,
g ]EOOHZ 2/1
0.1 ilkHZ
52 3 5/7 o021 2 3 5 7 10 2 3
Output Power, Pg - W
Power amplifier VG - f
b ————
Vcc =6V
Jf RL=4Q
Vo =0dBm
2
A0S
0 > NS 7&0&7
04
/ NN Y
2 2N\ N\
2 % 2. \
/ 2 \\
4 \\ \
5 \ \
. \
\
1035 100 23 5 1 23 5 1k 23 5 100k
Frequency, f — Hz
s IcCco, VN - Vcce
32
28
24 /
G
20 \019/ 10
>
16 / 8 |Z
>
12 Py
g
’ S
:
s
% 4 8 10 12 14 160 =

6
Supply voltage, Vcc -V
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Quiescent Current, Icco - mA

I - Ta
“ cco
35
30 —— VCC =11y
—~— T —
25 — 9v —_—
\'\\\\
20 [———] 6
— | 6V
I
—
15 —
10
5
920 0 20 40 60 80

Ambient Temperature, Ta - °C

B SANYO Semiconductor/Cg.,Ltd. .assumeshno responsibility for equipment failures that result from using
products at values that/exceed, even mementarily, rated values (such as maximum ratings, operating condition
ranges, or other parameters) listedhin products specifications of any and all SANYO Semiconductor Co.,Ltd.
products described/or/contained herein.

B SANYO Semiconductor Co.,Ltd. strives to supply high-quality high-reliability products, however, any and all
semiconductor/products fail or malfunction with some probability. It is possible that these probabilistic failures or
malfunction could giverise,to accidents or,events that could endanger human lives, trouble that could give rise
to smoke or fire, or accidents,that could/cause damage to other property. When designing equipment, adopt
safety measures so that these kinds of accidents or events cannot occur. Such measures include but are not
limited /to/ protectivey circuits’ and error/prevention circuits for safe design, redundant design, and structural
design,

M In sthe event that,any /or all SANYO Semiconductor Co.,Ltd. products described or contained herein are
controlled sunder_any of applicable local export control laws and regulations, such products may require the
export licensedfrom the authofitiés concerned in accordance with the above law.

W'No paft oef this, publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including photecopying and recording, or any information storage or retrieval system, or otherwise,
without theprior writtep’ consent of SANYO Semiconductor Co.,Ltd.

W Any and all information described or contained herein are subject to change without notice due to
product/technology improvement, etc. When designing equipment, refer to the "Delivery Specification” for the
SANYO Semiconductor Co.,Ltd. product that you intend to use.

H Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guaranteed
for volume production.

H Upon using'the technical information or products described herein, neither warranty nor license shall be granted
with regard to intellectual property rights or any other rights of SANYO Semiconductor Co.,Ltd. or any third
party. SANYO Semiconductor Co.,Ltd. shall not be liable for any claim or suits with regard to a third party's
intellctual property rights which has resulted from the use of the technical information and products mentioned
above.

This catalog provides information as of August, 2008. Specifications and information herein are subject to
change without notice.
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