
The 1461 is an extremely fast, FET input, VMOS output, 
power op amp. It operates from * 15V to * 40V supplies 
and has output voItages up to * 34V and output currents 
up to + 750mA. Its unique VMOS output stage eliminates 
the safe operating area (SOA) restrictions and secondary 
breakdown problems that plague virtually all other 
presently available power op amps. The 1461's ability to 
handle high output currents a t  any voltage eliminates the 
normally intricate problems caused by driving capaci live 
or inductive loads. 

High Speed 
High Power 
VMOS output ~p Amp 

The 1461's combination of speed and power 
characteristics is unmatched. Even if it weren't a power 
amp, its 115dB apen loop gain, lGHz gain-bandwidth 
product, and 1200Vlpsec slew rate would make it an  
outstanding high speed op amp. 

1461 I 

The 1461 is packaged in a 14 pin dual-in-line with 
"ears" for easy mounting to heat sinks. Compensation is 
accomplished with a single external capacitor. Two ex- 
ternal resistors ate optional for current limiting. 

The standard 1461 is specified for 0°C to + 70°C 
opera tion. For high reliability militarylaerospace applica- 
fjons, i t  is available fully specified for - 55% to + 125OC 
opers t ion with MILSTD-883 screening. 
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FEATURES 
* *30Volt, k600rnAOutput 

VMOS Output Stage 
No SOA Restrictions 
FET Input 

* 1GHz GBW Product 
1200VIfisec Slew Rate 
- 55OC to +- 125OC Operation 
MIL-STD-88 3 Screening 

APPLICATIONS 

Video Yoke Drivers 
Video Distribution Amplifiers 
High Speed ATE Pin Drivers 
High Accuracy Audio 
Amplification 

* Driving Inductive and 
Capacitive Loads 
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hpensatim 
The 1461 is externally compensated with a single 
capacitor. The gain bandwidth and slew rate of 
this device are related to the value of the 
capacitor by the following approxima t im: 

Gah Bandwidth r Ohml Hz 
C C ~ ~ P  

These f o m h s  are accurate for ranghg 
down to a value of 5-20pF. At this point, circuit 
parasitic8 bgin to take effect and limit the gain- 
bandwidth product to about lGHz and the slew 
rate to approximately 1200Vlps. 
In order to ensure stability when using the 1461, 
the value of the compensation capacitor muat be 
such that the result of the gain-bandwidth pro- 
duct divided by the noise gain ia less than 
15Mlh. This amplifier can mahtaln a 15MHz 
bandwidth up to noise gttins of 4 M 0  by proper 
adjustment of the ampensating capacitor. 

Teledyne PhiIbriclr defines noise gain = 1 18 
where @ L equal to the fraction of the output 
signal that is fed back to the inverling input. Note 
that noise gain is the multiple of the amplifier 
hput noise which will appear at the amplifier 
output. 

Internal to the 1481 are the two dnimumualue 
resistors that limit the maximum output ammt 
to approximately 750mA. Output current can be 
further limited by the use of two external user- 
supplied reabtors, One resistor ( + &=) limits the 
positive current, and the other resistor (- Rsc) 
h i t s  the negative current. 'lb debmine the 
value of the limiting resistors, the following 
approximation can be used: 

It is recommended that during initial amplifier 
testing, IOQ resistors be used for + RgC 
and -Rsc. This will minimize the possi- 
bility of damage to the amplifier durhg circuit 
verification. 

Thermal C o n d d ~ ~  
The physics of standard bipolar output devices 
lead to a problem known as thermal runaway. 
'I% phenomenon is due to the fact that as a 
transistor gets hot, it conducts more current for 
any given Vb. The mare current it conducts, the 
hotter it gets, eventually destroying itself. This 
phenomenon a h  occurs in small regions of the 
base of a transistor. If heat ie not given time to 
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1461 
dissipate from these hot epots, the transistor will 
destmct at power levels far below that which the 
device could normally withstand, This is called 
secondary breddown and is the reason for safe 
operating curves on most power op amp data 
sheets. 

The 1461 has a VMOS FET output stage. Since 
field effect transistors do not exhibit thermal 
runaway, they do not suffer from secondary 
breakdown problems. Output voltages and cur- 
rents are limited only by power dissipation end 

I 
not by safe operating curves. However, heat sink- 
ing may be required to ensure that maximum 
allowable junction temperatures are not ex- 
ceeded. Example: on the 1461's thermal derating 
curves, the dope of the infinite heat sink line h 
11OCMratt. T h i ~  is the thermal resistance ( 4 ~ )  
from each VMOS junction to case, Assume that 
one VMOS output transistor dissipates 5 Watts 
and the other dissipate8 4 Watts. Further 
assume that the maximum ambient temperature 
FA) is 70 OC and the maxJmum allowable junction 
temperature (Ty) is 150°C. The necessary 
thermal resistance (h] of the heat sink can b 
determined as follows: 

1. Assume the devica has a complementary 
output stage and that the thermal rise 
(jmctioncase) of each VMOS output tran- 
sistor does not affect the other. Calculate 
the maximum mount of power dissipated 
for each of the two output devices (5 Watts 
and 4 Watts for this example). Using the 
higher power dissipation number, determine 
the maximum dlowable case temperature 
VcIw 

150°C - (5 Waits] [ iii ) = Tc 

2. Calculate maximum total power dissipation 
&] for the 1461 [assume * 36V supply and 
20mA quiescent current]. 

fi = 10.44 Watts 

3. Calculate the thermal reststance ( O ~ A )  of the 
heat sink needed to dissipate this power, 

95°C-700C = 2 . 4 0 ~ 1 ~ a t t  = o,, 
10.44 Watts 



Lead hductance 
The high frequencies and high current levels 
involved with the 1461 necessitate a doser look 
at the phenomenon of lead inductance. A single 
22-gauge wire has a lead inductance of 0.636 
pHJft. This inductance can become significant 
when large rates of dIldt are demanded at the 
output. For example, if  as much as 4 inches of 
wire are used to connect pin 9 to pin 10 (the 
+current Iimiting terminals), this wire wodd  
shew an inductance of 212nH. At 10Mlh, this 
inductance would show an effective impedance 
of 13.30. This resistance wodd limit the out- 
put current to only 42,5mA. If the unit were 
driving a SOQ Ioad, the effective slew rate would 
be limited to 

yielding a maximum slew rate of 141Vlps-far 
less t b ~ n  this device is capable of. 

Skin Effect 
Skin effect, though not quite as important as lead 
inductance, can also cause problems in the 
design of high-frequency, high-power products, 
The current flowing in a conductor establishes a 
magnetic fieId around the conductor. This causes 
the distribution of current flow to vary as a func- 
tion of frequency. At higher frequencies, current 
is forced to the surface of the conductor, effec- 
tively yielding a much smaller wire, The effective 
resistance of the wire increeses with the f r e  
quency according to the following formula: 

Standard Configuration 
The 1461 in a standard inverting amplifier con- 
figuration including compensa tfon capacitor, 
current limiting resistors, and offset adjusting 
potentiometer is shown below. To meet specified 
performance and avoid output oscillations, 
power supplies shodd be bypassed as shown. 
The 100pF capacitors are needed when driving 
heavy loads at high frequencies, 

Standard Inverting Configuration 

Capacitive Loads 
The 1461 can be used with a compensation net- 
work that can account for almost any value of 
capacitive load. First choose C, for normal 
operation without a capacitive load. Then choose 
a series compensation resistor, I%-. such that R, 
G = R e t  CL, where Rint is epproximatelv IOQ. 

where f is frequency in MHz and K is a factor +VCC 

that varies with wire size and type. 

Example: a one-foot 22gauge wire will have the 
following effective resistance at 10MHz: 

K = 6.86 

Qc = 0.016Rlft. 

RaC = (6,861 (JPO) (0.016) = 0,3470 

- 
Even as little as 0.347R can decrease output cur- 
rent capabilities of the 1461 by as much as 30%. 

Capacitive L a d  Driver 

It should be dear  from this brief review of 
lead inductance and skin effect that short Iead 
lengths are  an absolute must in fast, high-power 
applications. 
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Yoke Mver 
The absence of secondary breakdown makes the 
1461 an excellent choice for driving electron 
beam deflection yokes, with settling times for a 
0.5A step es low as 2-3psec. For inductive load 
compensation, choose &Cc = 

Audio Amplifier 
The 1461 has plenty of output current to drive 
the large base current requirements of high 
power transistors. 

Yoke Driver High Power Audio Amplifier 

Video Amplifier Inverting Unity Gain 
The 1461 as a video distribution amplifier can The 1461 can drive a 5Qn load in an inverting 
drive 10 coax cables directly, With a gain of 16, unity gain configuration. Recommended corn- 
no compensation capacitor is needed. pensation is 2OpF. 

Video Distribution Amplifier Inverting Unity Gain 
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