
Ordering number:EN 2256C J 

L A 4 4 9 5 , 4 4 9 6 
Monolithic Linear 1C 

Car Stereo-Use 
BTL-OCL 20W AF Power Amp 

Fea tu r e s 
• High output 
• Low distortion 
' Excellent ripple rejection 
• Low residual noise 
• Low pop noise at the time of power ON/OFF 
• Small-sized package SEP-14HS (Zigzag pins) / V 
> Pin compatible with LA4475, 4476 / / 

Func t ions / / 
• Standby circuit (Standby currcnt : IpA t y p j / / ^ 
• Pop noise preventer (Starting t ime: 0.6 to O.Ssec/ / 1 ' 
• Thermal shutdown protector / / 
• Overvoltage/surge protector / / ^ 
' Output pin-to-GND short protector (with spe$£er p r o t e c t ! ^ . 
• Output pin-to-Vcc short protector (with speaker p£&£|$Jtion) 
- Load short protector , / ft-

Maximum Rat ings at Ta = 25°C •-i i .J:' f :' unit 
Maximum Supply Voltage Vec inajfe:.. 30sec 26 V 

: co 18 V 
Vcc AperaU;ng 16 V 

Surge Supply Voltage OjS§$c,single giant pulse 50 V 
... ^ r is /Utne 1msec 

Output Current / / / 4 A 
Thermal Resistance , , 3 °CAV 
Junction Temperature' / 150 °C 
Allowable Power Dissipation : :> •,. Pd finax 15 W 
Operating Temperature •̂ v.̂ '""1*- / / - 2 0 to + 7 5 °C 
Storage Temperature T s t | / / - 40 to +150 •c 

It^^t^^jncTwding cirdutfr dtf* 
fe&GOit J>ar&l»tef&rs) 

;|||j|roin jsklpf ©xarnpl*-: oHy: it »s 
re^l^niiiiiced foi -vrjlumo prod' 

v ucllo'ft!;bshfitves interna-
lion herein is accurate and relis-

Ĥ te, tiui no gwatamoos arc made 
of: î̂ xpI"^ t̂dinft its use or 
any infr̂ geijifonls oi rrHelleclual 
property r̂ lits or ollifci rig his ol 
lliird pftrties. 

Case Out l ine 
(unit ; mm) 

3082-S14HIC 

SANYO: S E P 1 4 H 

Specifications and information herein are subject to change without notice. 
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LA4495,4496 

O p e r a t i n g Condi t ions a t T a = 25°C 
Recommended Supply Voltage Vqq 
Recommended Load Resistance R^ 
Operating Voltage Range Vccop 

Operating Characteristics at 

Quiescent Current 
Voltage Gain 
Output Power 

Total Harmonic Distortion 
Input Resistance 
Output Noise VoJtage 

Output Offset Voltage 
Ripple Rejection 
Standby Current 

unit 
13.2 V 

4 Q 
9 to 16 V 

Ta = 25cC,VCc = l 3.2V,Ri.=4Q,f~ikHz,KRr=600Q,with 100X100 
X 1.5mm3 A1 heat sink,See specified Test Circuit (standby switph ON). 

. / / min typ max unit 
Icco / / 40 ,80 160 -mA 
VG 38 40 4 ^ / dB 
Pol THD = 10% 16 20 / / 
Po2 THD=1% 15 / / 
THD Po = lW / / , 0.06 0.3 
ri '"'y:,, 20 30 40 
V N O I Rg = 0,B. P. F. = 20Hzto20kH* ./ 90 180 
Vn02 Rg= lOkfi.B.P.F. = 20Hz to 20kliz 160 320 
Voff , , - x : ; ^ - 3 0 0 300 
Rr Rg^0,VR==0dBm,fK=100Hz 45 
1st / ' / ' 

55 
1.0 100 

W 
W 
% 

kft 
p v 
pV 
mV 
dB 
HA 

Pd max - Tg 

40 ( d / a o J W / 

Sf 
Alfin 
Mimr tingU 

silicon 
ction-: 

>mm 
0 k i 
3a Be 
sett 

5*cm 
applied 
ermalrc si eta ice,<9j-c)3* C/W 

Ambientj>crot 
/ / / / 

Equivalent Circuit gWck ffiMftto ' t )Htf>r the LA44%. 
/ / ^ p f e ^ / / 

100 
Area of Fin»Sf - cm" 

10CD 

BS2 
6(9) 

/ p i OUT —O OOTPUT2 

BS1 tttt) 

LA4495 No. <D © <3> @ © © © ® ® ® <tt> © © 
LA4496 No. M 0» 02) Ql) Qd 191 (8) (7) (6) <5> (4) (3) (2) T ( l ) 
Pin Name 66 1 OUT 1 vcc PWR G CUT 2 BS 2 NF2 P/R DC A PRE G DC B IN NF 1 
Pin Voltage (V) 10.6 6 .9 13.2 0 6 .9 10.6 0. K 1 .25 5 . 0 12 .3 0 1 .00 O . O n | l . 2 5 

Ma 
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Sample Application Circuit 

DC(4cea;ptO. 
220u/18V 

SUndby switch 
••5V 

LAUS5 (pin rwtrif:IAU96) 
L 

T I T • 0.1 £ *£2200u/>6V 

Ou tpu I pin • to • short protection Output pirlo-CND ahorl protection Load shorl protection Over vol Uge/«urg« protection Thermal shutdown protection .land by Tunc Lion 

lhptf 

powrfa, 
fa*®**! 

220a/ 16V 

O.lSu 

/ p 

f om 

i O.Olu 
t i ] R L r ^ 

/ / J P ^ S ! ^ ' 
/ ' / ! * "'̂ l^l^isiEffl'in assignment reversed version of LA4H95 

, r'-y-'-l * poi$*trr f ilmcafKKjli* 
Note: Connect the / / 

/ •/ ^ 

Note for evaluating a sample 1C (how to redt^Vr>op the switch is turned OFF) 
By changing the value of the b o o t s t r a p f r o $ | 22Q^r/fnow is use) to 47pF and fu r the r 
connecting a filter capacitor of lOOpF a c r o s s - G N D ; pop noise may be reduced when the 
standby switch is turned OFF. 

Sample P r in t ed Circui t P a t t e r n ; 1^449%, 

"i-t^s ft-'-'* 

• .NV-fvM 
•y o.oiu 

. . . . . . . 

% / 

GOU 5:3 

+ i O.lu 

MOOti 

2 2 Q u 

8Qx60miri2 tCu-foiled side) 
''V 

N X 
1. Functions of ekt^rnal parts and proper cures to be taken (explained using pin No. of LA4495) 

External parts of the LA4495,4496 are as shown in the Sample Application Circuit. For these external 
parts, the recommended constants must be used. 
The functions of individual external parts, the possibility of reducing them, and the proper cares to be 
taken in using them arc described below. 

No 99.RR-3/13 
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/ Av 

x \ 

a) Feedback capacitors 
The capacitor of lOOpF connected across pin © of the noninverting amp and GND and the capacitor 
of lOOpF connected across pin®and pin®of the inverting amp are feedback capacitors. It should be 
noted that it is impossible to remove them and the capacitance value affects thefpllowing character-
istics. 

• Low roll-off frequency f^ / 
- Pop noise and starting time at tho time of application of power . / / 

In particular, the effect of the capacitance value on pop noise should considered. If the capaci-
tance value is decreased, j : . 

• Pop noise will strike your cars and the starting time will shorten. .. 
If the capacitance value is increased, / / ::: , 'h 

• The starting time will lengthen. / / 
The feedback capacitor value must be in the range of 47pF ;;The feedback Capacitors used 
in the noninverting amp and inverting amp must be the in the^a^aci^Ace value and it is best 
that there is less variation in the capacitance value. Thipi/becei^se Im&sient o#Wt attributable to 
the imbalance of charging speed is liable to occur at the4u€put / / 

/ / / / 
b) Filter capacitors . / / l | | v 1J / / 

Used mainly for suppressing ripple componen|^.4n t^plJipllfeilifne. capacitor of 220pF 
externally connected across pin @ and GND is to c^riri^bnents from mixing in. 
Next, the following should be noted. When Ui^ytfo c o | ^ i ® % | h o w n are ; 

system: / / I f / / 
• The DC (decoupling) capacitor vfAjie is incr̂ i 

longer.) / / 
• The capacitor of 22QGpF con^eied tgfpin 

time of power OFF, / / 
.•Ptc,* 

> set in a car stereo set 

(Ex^fojple ; The start ing time is made 

the pqm^r line is discharged abruptly at the 

0VCC?13.2V 

Wj 
" ^^Uh-OFWmiide kcx« - 450inA/5msec pulso width 

-.'B 

/ / SMtcb-Opniude = + 80j» A 

When .the potential or i .p i rC^i^^reased abruptly by turning the power switch OFF as shown above, 
potential rever3fci^G.t&een an{* pin(3)will occur, causing reverse current I Q C X T O F L O W into the 
IC system.^ "' / / 

t loads the lC.htea v ily. 
D(J ^pac i to r value is increased, the pulse width of reverse current fecx 

: W&en the&rfpply voltage is raised, reverse current Iccx will increase, 
us switih-OFF riiode is present in the car stereo set system, 

: IC handling capability Contact us. 
* MeaSifre to be taken externally - - Connect bypass diode DS446 across pir@and pin (Q). 

c) External disturbance preventing capacitor 
Capacitor of lOOOpF connected across input pin © o f the noninverting amp and GND. Whether or 
not to use this capacitor depends on the design conditions of a car stereo set system. The IC itself 
does not require this capacitor. 
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d) Boo Is trap capacitors 
Bootstrap capacitors of 220pF are used to provides full dynamic range at the output terminals. It is 
impossible to remove these capacitors. 

• The bootstrap capacitors affect the drive capability at low frequencies ;^ 
• The bootstrap capacitors, which are in the pop noise suppressor chaj%elj afject the starting 

time, / , / 

e) Oscillation compensation parts / / ' 
CR filters (oscillation compensation parts) are applied at the outpu^ t ^ m i n a t f s i ' l | § t feedtjfri?6ugh 
capacitors (1000 to 2000pF) may be inserted in a car stereo set. if A o fc^mrough^capaciUrs are 
required, these CR filters may be simplified (example : all CR filters are ^ m o v ^ d and a polyester 
film capacitor of 0,15pF is connected only across p in® and pir(§> j, • 

f) Power capacitor J 
The capacitance value of 2200pF may be changed according to th^deslg^j conditions of a car stereo 
set. The IC itself does not require the polyester film'dipacitor'^.p^pF. This polyester film 
capacitor should be inserted when the power line is routed ar&tifttf in flSe&r stereo set and the power 
impedance viewed from pin(3)rises. 

2. Features oflC system and proper cares to be taken V 
a) Voltage gain VG / / ., . i /"^: 

The voltage gain inside the IC is designed V G ^ 0 d | i / t y p / This voltage gain may be decreased 
by external parts, but should be fixed nornjfijfy to 40djft%. 

^ i l ^ t i n g ampvGf-iHog -gjj 

Inverting amp 

B 
Two output sjgn^l^of Vo ar̂ Ajj&ed to obtain + Vo — ( —Vo) = 2Vo at the load terminal 
where + Vo :J%tput iHed4 / the noninverting amp (VG = 34dB) 

ith an IC containing a phase 

- by suppressing output signal -f Vo of the noninvert-
/ / ing 34j||i anllj^pplyi^ylt to the NF terminal of the inverting amp (VG = 34dB) 

T h e r e f o r ^ / 4 d B ^ ^ B ^ # B is g a i n e d as the VG of a BTL power IC. 
This Byi>%yste|j|ha£ !s|te foliowi^g advantage and disadvantage, 

/ / M e o u f jn suppressing noise as compared wit 
, / / inputstage 

^ / ap ing a Sip is hard to overdrive and the BTL output efficiency is low. 

^er. ! can b / 0 r n e d ON/OFF by applying supply voltage to pin 9. Since the flow-in current 
j t ro i^ i^fent ) X / e r y low as shown in the characteristic diagram given later, a switch of small 

cft^efaJt capacity^Sn be used and a microcomputer output can be also used for control. Voltage Vp/a 
to be%pjilied to pin 9 must be 2V or greater, because the threshold is approximately IV, 

Vp* r r </R J 

L i 

1 

Vcc=l3.2V 
O 
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c) Input zero-bias circuit and slider contact noise of variable resistor 
Since the input circuit uses PNP transistors and the bias voltage is set nearly equal to 0, no input 
coupling capacitor is required, thereby enabling direct connection to the variable resistor. 

jpg:.::;. 

Here, attention should be paid to slider contact noise of the variaCj^ r e ^ l f t h J n ^encraV slider , 1 . 1 4 1 » .1 A. A . . , / . . . j? contact noise, which also depends on the performance of the v a r i € f ^ rcsisf | r , b e ^ m e s higher with 
increasing input flow-out current In shown above. To prevenysJKaer c i | | ^ | l i p i l e fr;0%"becoming 
higher, we control the V13 voltage of l eXr i with pin 13 open (¥13 OtmV>, IP slider contact 
noise is still offensive to your ears, inser tan input coupling capacitor, : 

d) Device saturation at the input stage and fold-back waveform ^i,. 
When THD£20%, a part of the clip waveform at t he .ou tpu t ' i e^ j r t a l will bd folded back. The 
reason why this phenomenon occurs is that the dynamic r a n ^ o f t l | | zero-bids circuit at the input 
stage is narrow and the device is saturated. Th^eve^ ip^^ l f lgp^ f th^'jgfar stereo set must be 
considered and a measure must be taken to present a..:||glj||ii|||it lev^f / fom being applied to the 
input terminal (if the input level is made higjtf'efftd waveform becomes sharp, 
blocking symptoms may be developed). In ^ i i c a ^ l t j j ^ better t^ -^nnect the tab (heat sink) to 
large-signal GND (it is also better to inserj*4^ input c^^ |ngcapap i t4 r ) . 

e) Output pin-to-Vcc short protector 
Noninverting amp cutoff IriviHl^.g afepeutoff / / 

. ^ S l f , 

Schmitt t r igger 
/ 

' V Noni^^tihg 
vqM^S 
comffirison 

Inverting 
voltage 
comparison 

IC protection against output pin- to-V^ 
short with no load applied 

Lower 
transistor-
curreatideteCi1 

•V 

% 

. Speaker protection^C proUcti^n against output pin-to-Vcc short with load applied 

In gen^r^l, if o S t p u t s h o r t occurs in an IC with no protector provided, DC feedback 
p r o v e d lower power transistors in both of noninverting amp, inverting 
amjifcS be AS(?i>#eakdown in a moment and may also cause the speaker to be damaged, 
^tij&fefor^^^ for BTCL high-power ICs to contain an output pin-to-Vcc short 

/ | l€ tec tor . *The LA449j}f4496 contain the output pin-to-Vcc short protector of the above-mentioned 
/ / b l o c l ^ ? a ^ | [ T i ^ a t provides IC protection, speaker protection. Output pin-to-Vcc short is classified 

^ : - aftef,4utput pin-to-Vcc short application of power and after application of power 
f u t | | n short. It is assumed that the former is the trouble caused by the end user and 

thcH^tfcjr is th^tfouble caused by the manufacturing process (we have developed the LA4495,4496 
with tfte-X^^er ' in mind). When we designed the protector that should operate normally in these 
twocases , l i^ i i s difficult for us to suppress the side effect - especially pop noise, but we succeeded in 
solving this problem. The following are the points that we considered in designing the output pin-
to-Vcc short protector and the problem that is yet to be solved. 

* The output pin of the noninverting amp and the output pin of the inver t ing amp are 
shorted to Vcc separately. 

* The output pin of the noninverting amp and the output pin of the invert ing amp are 
shorted to Vcc simultaneously. 

* Output pin-to-Vcc short with load/with no load 
Output pin-to-Vcc short with signal/with no signal 
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• Application of power after output pin-to-Vcc short 
Output pin-to-Vcc short after application of power 

• Impedance of output pin-to-Vcc short: 0.3Q is obtained. 
- Protection of both IC and speaker / V , 

Problem to be solved 
• If next output pin-to-Vcc short occurs before the IC returns J ^ t n e n^ r i^ak^ ias s ta te 

(within 200msec.) after output pin-to-Vcc short is opened, n o r j e ^ V a t ^ 
to occur (repetition test of output pin-to-Vcc short). IIowevei^/Mpeti| |i | |^^ power 
at the output pin-to-Vcc short mode presents no problem. / / / / 

f) Output pin-to-GND short protector J'' r 
Noninvert ing amp cutoff inver t ing ampWtpfT 

Upper power 
transistor 
current detect 

Voltage 
comparison « Control 

Upper power 
transistor 
current detect 

Voltage 
comparison « Control 

Positivefegdback 

The LA4495,4496 contain the output pin-to-G^j? short pr^e^tor of the above-mentioned block 
diagram that provides IC protection, speaker p^tectigij/'0^tput"pin-to-.GND short is also classified 
into two cases - after output pin-to-GND shopi /* a p ^ c i ^ o n of powef stnd after application of power 

output pin-to-GND short. It is assume^t1>^t the is the trouble caused by the end user and 
the latter is the trouble caused by the P^wess (afc.with output pin-to-Vcc short, we 
have developed the LA4495,4496 w i t h A ^ When we designed the protector that 
should operate normally in these us to suppress the side effect -
especially pop noise, but we succee^dfin s ^ l ^ S ^ p r o b W p f l . The following are the points that we 
considered in designing the outp^ l^ in- to^^p ' s j^&rt prs%4tor and the problems that are yet to be 
solved. / / / / 

* The output pin of t ^ V n o n i ^ ^ r t i n ^ a m p ^nrf the output pin of the invert ing amp are 
shorted to GND sep^t-ately^ V. ^ v -

-The output pin of.the t ^ ^ v & t ^ n g arp£ and the output pin of the invert ing amp arc 
shorted to GNP s i m u l ^ e ' ^ i y . ' 

' Output pin-t^-©ND ^ftorfc^itii^load/?vith no load 
Output pin^Cjjr-GNIp&towc t with s i j ^ l / w i t h no signal 

• A p p l i c a t i o n short 
O u t p u ^ j ^ n 4 0 ' | ^ l p ^ ^ t af terappl i cation of power 

>f short : 0.3Q is obtai obtained. 

200 A Iipmtaf 

• Impe^i|i5ce af 4 ^ v 
• Pr q on ^PBS^JSland spla&er ' 

Problems solvJ§^ | | / * / 
- f l f i en output pin-to-GND short with no load, nonoperation of the IC 

/ Hab | | t o o c ^ r . A r ^ i s t o r of approximately 200Q must be connected across output pins. 
/ / If pin;l^t3Nl) short occurs before the IC returns to the normal bias state 

/ / ( w J h ^ ^ O m s e c . ^ f t e r output pin-to-GND short is opened, nonoperation of the IC is liable 
/ / ^ B m i r ^ e p e t M W h test of output pin-to-GND short). However, repetit ion of power 

at th£ Output pin-to-GND short mode presents no problem if the resistor of 200& 
/ ' iS ^ n n e c t e ^ ^ shown above. 

^ 4 ^ J h p 5 u p p | / y b l t a g e range of a car stereo set is 10.5 to 15,6V. If 10V or less at the output 
\ % jW-to-Q^JS short mode after application of power, nonoperation of the IC will be liable to 

"V;%,v N^ccur . / / ' 
against nonoperation caused by repetition of output pin-to-GND short (When two 

LA4#90s or LA4495s are used) 
If repetition of output pin-to-GND short causes nonoperation to occur, connect the external 
parts as shown below. 

Nn 9.9.SR-7/13 



LA4495,4496 

*>vcc 

/ / S ^ v 
• • • ' A . 

•y 

Note) If the output pins of both Lch and Rchor« shotted toGKD / # 
/ / 

simultaneously, this mensuro is not avaU$£le\ . . . " V : 

g) Kl short ' • : . / / 
When the load is shorted, currcnt detection of the in the output pin-
to-Vcc short protector and output pin-to-GND shortp^tecto^lpccurst^alternately, the voltage across 
pins£&(5)and GND and the current a t pins(2l(Si will fluctuate. The 
protection function works within the ASO of the <}4yice. load short test, a heat 
sink must be attached and a choke must be c^n^c ted poiier lirfe^f The main purpose of the 
thermal shutdown protection is to suppresp^ j b^/'§£used by improper thermal 
design. Tj is set to 170°C. The thermal shti^own p ^ ^ ^ t i o n is n^iihtended to suppress transient 
temperature rise caused by current pulse J$%hown in the^ove- i^Wtioned load short case. 

. / / ^ / / 
h) Proper cares to be taken / / ' Ifl / \ t / 

- If the IC is operated a t T j S 150°C/tfre is l i ^ye to be distorted, which may lower the 
tone quality. Beca refu 1 of t h e r rpy'd e s ' / / 

• When T j £ 150°C, the ASO ^ y f e e becomes narrower and the protection 
function does not work w e l } f / W h e ^ ] i b j ^ | n g th#l£i to the following tests under this thermal 
condition, the IC is once locked a n ^ f i l ^ ^ ^ t o no^fpfil automatically when T j S 150°C (output pin-
to-^Vcc short, output p i n ^ u N ^ ^ I I ^ ^ ' s h o r t X / 

• If output pin-to-Vcc ^ ^ t a r ^ ^ ^ ^ u T ^ p i n - t ^ ^ N D short occur simultaneously, the IC will be 
broken down. This occtj | fc 'v^yri^e n o p i ^ e r t i n g amp output pin is connected to Vqc the 
inverting amp ou tp t i ^ in to ( 0 0 simultaneously. 

• 3-wire common CGi>fiectio^ / / ' 
Wrong connect ive* '"wh^^^^^Lch ot^pfft terminals and one of Rch output terminals are connect-
ed as commo^/ l f a cHb1^!p'Whnec|e#to the power line, no instantaneous breakdown will occur 
and sound ^ p l be^p^duced unlike JCs heretofore in use and blocking symptoms 
will be de#£ft>ped. I fe i s p1||nom<>ji^fi makes the wrong connection known to the end user. 

• connection of GND pin to Vqq 
In s t a^s&l i eou^ ' eak^wn m ^ d e c u r . 

M a i n C i r c u i t ( V C c = 13.2V1IlL = 4Q I Rg = 600Q) 
( 1 ) • 

DC GNU ) 
Main SW ON Main SW OFF 
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• 5V 

1 1 [ i r 
mgm sw 

— O 
• 5V 
O 

f l 
m t I 

x i 

r 

mom cw 

** u 
in •r 

i 

A f ] AC pĉ  riojs* 
'V 

X X 

Pop noise of approximately lVp~p is generated a t the s tar t ing pgfirf ( t s ^ . 2 s e c | | a f ter SW is 
turned ON. However, the tone quality is not affected very wid|M 200msec 
to 300msec, There arises no problem when power is turned 0 ^ / ''^i-- / / 

(VCc = 1 3 . 2 V , R L = 4 n F f = l k H z , R g = 600n,Po = lW) . ' V / / 

(1) 

S t a n d b y ^ C h a ^ b t e r i s ^ o f Typ ica l Ci rcu i t ( V c c = 13.2 V,RL = 4f l ,Rg= 600fl) 
tn / / / / \>\ 

DC GND | 

Standby SW ON Standby SW OFF Standby SW ON Standby SW OFF 

No.2256-9/13 
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. 5V 

T 

r i < N l 

Pop noise of approximately lVp-p is generated at the starting point after main SW is 
turned ON. However, the tone quality is not affected very much W c a u ^ U i ' e ^ ^ e width, is 200msec 
to 300msec. There arises no problem when power turned 

(Vcc = 1 3 . 2 V , R L = 4 n i f = l k H * l R g = 6 0 0 f l J P o = l W ) 

DC GND 
Standby SW ON Stand tiy&Wttf^' Standby SW ON Standby SW OFF 

•f—r 

Mr 

AC out pot 

Proper Cdp^s 
• Maximum r ^ n g ^ v ^ 

It^k&uld jf the IC is used in the vicinity of the maximum ratings, even a slight 
y ^ i a t i c g g ^ ^ l ^ a i t i o i ^ J t t a y cause the maximum rat ings to be exceeded, thereby Leading to 

th^ lizard, refer to the sample printed circuit pattern and be careful that no feedback 
loop i s fq rm |d between input and output. 

• Other 
OCL power iB^having BTL connection internally. Be careful that the GND line of the measuring 
instruments (valve voltmeter, distortion meter, oscilloscope) connected to the output terminals is not 
shared with the GND line of the measuring instruments connected to the input and output terminals. 

Nn 99.5A.10/13 
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200 
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00 
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100 

I 
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Sio 
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Rl 

~ — 
Rl 

/ / 

6 12 te 20 24 
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THD -
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3 
2 
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.i 
r
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D 
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2 

• 
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.. • 
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Po - f / / 

fMt>=1Qf 
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l i 1k W " 10k 

V 

m 

100* 

C 
•a 
n. 

16 

St.2 
5 
g o.e 
£ 

telkHz . / telkHz . 

Cu 1/ r v i S i 

• line for pock 
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ago 

rdiss ;ipati on 

-
\ 
's* \ 

1SH /T« = 1 05 

-
\ 
's* \ 

-
\ 
's* \ 

\ 
's* \ 

20 

Output Power,Po - W 
10 

a , 
J 

-2 

<0 /" 

f i f e p o n s e / / 

1000 
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