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Power Operational Amplifiers

FEATURES

e Power Bandwidth 170 Vp_p, 2 MHz

e Output Voltage up to 180 Vp-p

e High Slew Rate 2500 V/us Minimum with A¢ = 20
¢ High Gain Bandwidth Product 180 MHz PA107DP |

e High Output Current £1.5 A Steady State Within SOA | 9851
e High Peak Output Current 5 A =

T

APPLICATIONS

Piezo Drive

CRT Beam Intensity Control
ATE Applications

Line Driver

GENERAL DESCRIPTION

The PA107DP is a state of the art wideband high power operational amplifier designed to drive resistive,
capacitive, or inductive loads. For optimum linearity the output stage is biased for class A/B operation. Feed
forward technology is used to obtain wide bandwidth and excellent DC performance, but constricts use to
inverting mode only. External compensation allows the user to obtain both high gain and wide bandwidth.
Use of a heatsink is required to realize the SOA.

This hybrid integrated circuit uses thick film resistors, ceramic capacitors, and semiconductors to maxi-
mize reliability, minimize size, and give top performance. Ultrasonically bonded aluminum wires provide reli-
able interconnections at all operating temperatures. The 12 pin SIP occupies only 2 square inches. The use of
compressible insulation washers voids the warranty.

Figure 1: Equivalent Schematic
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TYPICAL CONNECTION

Figure 2: Typical Connection
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PINOUT AND DESCRIPTION TABLE

Figure 3: External Connections

ODOOOOOOE ®®®E®

GND NC NC NC +V OoutT +Vv

AUX AUX s s sP P
Pin Number Name Description
1 -IN The summing junction input for inverting operational amplifier.
2 +Vaux +10 V to +18 V Supply for Input Stage.
3 -Vaux -10 V to -18 V Supply for Input Stage.
4 GND Ground
56,7 NC No connection.
8 +Vg The positive supply rail.
9 -Vg The negative supply rail.
10 -Vep -20V to -160V Supply for Output Source Follower. Short to pin 9.
11 ouT The output. Connect this pin to load and to the feedback resistors.
12 +Vgp +20V to +160V Supply for Output Source Follower. Short to pin 8.
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SPECIFICATIONS

All Min/Max characteristics and specifications are guaranteed over the Specified Operating Conditions.
Typical performance characteristics and specifications are derived from measurements taken at typical sup-
ply voltages and T = 25°C. Unless otherwise noted test conditions are: Vg = 100V, -Vg = -100V, V,x = 15V,

-Vaux = -15V, Vgp = Vg, and -Vgp = -Vs.
ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Min Max Units
Supply Voltage, total +Vs to -Vep, +Vsp to -Vep? +V; to -V, 40 200 \Y
Supply Voltage, -Vs2 -V, -20 -160 Y
Supply Voltage, -Vyx to +Vayx -Vaux to +Vaux 20 36 \"
Supply Voltage, -Vyx -Vaux -10 -18 \"
Output Current, steady state (within SOA) lo 1.5 A
Output Current, peak (within SOA) lo 5 A
Power Dissipation, internal, DC Pp 62.5 W
Input Voltage Vin Vaux +2 +Vaux -2 \
Temperature, pin solder, 10s 260 °C
Temperature, junction ! T 150 °C
Temperature Range, storage -55 125 °C
Operating Temperature, case Tc -40 85 °C

1. Long term operation at the maximum junction temperature will result in reduced product life. Derate power dissipation

to achieve high MTTF.

2. Either rail may not exceed 160 V from ground reference.

INPUT
Parameter Test Conditions Min Typ Max Units
Offset Voltage 5 10 mV
Offset Voltage vs. Temperature 10 uv/°c
Bias Current, initial 1 300 PA
Input Resistance, DC 13 GQ
Input Capacitance 2 pF
Input Voltage Range -Vaux + 2 +Vaux - 2 \
Noise, RTI 1kQ source, 500 kHz BW, A¢| = 13 AV/VHzZ
101
1. Doubles for every 10°C of case temperature increase.
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GAIN
Parameter Test Conditions Min Typ Max Units
Open Loop Gain @ DC 140 dB
Open Loop Gain @ 1MHz 40 dB
Power Bandwidth, 170Vp-p Full temp range 2 MHz
ouTPUT
Parameter Test Conditions Min Typ Max Units
Voltage Swing Load =10 MQ || 10 pF 187 Vpp
Voltage Swing lo=1.5A *V -10 \Yj
Current, peak +5 A
Current, Steady State (within SOA) +1.5 A
Slew Rate, 25% to 75% 2500 3000 V/us
Settling Time t0 0.1% 12 us
POWER SUPPLY
Parameter Test Conditions Min Typ Max Units
Voltage, +Vg, +Vgp 20 100
Voltage, -Vg,-Vgp -100 -20 \Y
Voltage, +Vyx 10 15 18 Vv
Voltage, -Vayx -18 -15 -10 Vv
Current, Quiescent, +Vg, +Vgp 20 30 35 mA
Current, Quiescent, -Vs, -Vgp 20 30 35 mA
Current, Quiescent, -Vpx 19 21 mA
Current, Quiescent, +Vx 19 21 mA
THERMAL
Parameter Test Conditions Min Typ Max Units
Resistance, AC, junction to case 1.5 °C/W
Resistance, DC junction to case 2 °C/W
Resistance, junction to air 30 °C/W
Temperature Range, case -25 85 °C

1. Rating applies if the output current alternates between both output transistors at a rate faster than 60 Hz.

Note: +Vgand -Vg denote the positive and negative supply voltages to the output stages. +Vayx and —Vayx
denote the positive and negative supply voltages to the input stages.
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TYPICAL PERFORMANCE GRAPHS

Figure 4: High Voltage Small Signal

Figure 5: Low Voltage Small Signal
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Figure 6: High Voltage Supply Current

Figure 7: Response to 500 kHz Square
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Figure 8: Positive Slew Figure 9: Negative Slew
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Figure 10: Power Derating Figure 11: High Voltage Current vs.
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Figure 12: High Voltage Current vs. Figure 13: Power Supply Rejection (+V)
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SAFE OPERATING AREA (SOA)

The safe operating area curves define the maximum additional internal power dissipation the amplifier
can tolerate when it produces the necessary output to drive an external load. This is not the same as the
absolute maximum internal power dissipation listed elsewhere in the specification since the quiescent power
dissipation is significant compared to the total.

The MOSFET output stage of this power operational amplifier has two distinct limitations:

1. The current handling capability of the MOSFET geometry and the wire bonds.

2. The junction temperature of the output MOSFETs.

Note: The output stage is protected against transient flyback. However, for protection against sustained,
high energy flyback, external fast-recovery diodes should be used.

Figure 16: SOA
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GENERAL

Please read Application Note 1 “General Operating Considerations” which covers stability, supplies, heat
sinking, mounting, current limit, SOA interpretation, and specification interpretation. Visit www.apexana-
log.com for Apex Microtechnology’s complete Application Notes library, Technical Seminar Workbook, and
Evaluation Kits.

TYPICAL APPLICATION
Figure 17: Typical Application
RF
+V +15V
RIN
AWp—y—e-
VOUT
O
GND
PIEZO ——
DAC DRIVE IZ'
\V4

v, -15V

In order to achieve the highest speed with limited space short circuit protection and thermal
protection were sacrificed. Do not short the output. Note that if current limiting at 1.5 A
could be used, and the output was shorted, internal dissipation would be 150 W. This would
still destroy the amplifier, albeit more slowly.
When the output stage is driven into saturation, the amplifier supply current may pull up to 1.5 A peaks, even
unloaded. If there is any risk of non-linear operation, input protection diodes MUST be used as shown in the
Typical Application diagram (figure 17). This will prevent high supply current peaks in most applications.

INTERNAL POWER DISSIPATION AND HEATSINK SELECTION

With the unique combination of high voltage and speed of the PA107, traditional formulas for heatsink
selection will falsely lower the apparent power handling capability of this amplifier. To predict operating tem-
peratures use the following procedure:

Find internal dissipation (PD) resulting from driving the load. Refer to Apex Applications Note 1, General
Operating Considerations, paragraph 7. Find total quiescent power (PDq) by multiplying 0.035 A by Vg (total

10 PA107U Rev |
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supply voltage), plus 0.021 times the total Vayyx (+Vaux + |-Vaux!). Find output stage quiescent power
Calculate a heatsink rating which will maintain the case at 85°C or lower.

TeTu o€

R = —_— .
>S4 PD+PD,, W
Where:

Tc = maximum case temperature allowed
Ta = maximum ambient temperature encountered

Calculate a heatsink rating which will maintain output transistor junctions at 150°C or lower.

R
@54 PD+PD,, w

- TJ7TA7(PD+PDQOUT)'R®JC70 ne

Where:

T, = maximum junction temperature allowed.

Rgic = AC or DC thermal resistance from the specification table.
Use the larger heatsink of these two calculations.

REACTIVE LOADS

The PA107DP is stable at a gain of 20 or above when driving either inductive or capacitive loads. However
an inductor is essentially a short circuit at DC, therefore there must be enough resistance in series to keep
low frequency power within ratings.

Driving a 1nF capacitor with a 2.3 MHz sine wave, the power bandwidth frequency, results in 2.6 Ap_p.

The power dissipated in the amplifier while driving a purely capacitive load is given by the formula:

p= 2VpVs
nXc
p= 2pi Vg
b

Where:
Vpg = Peak Voltage

Vs = Supply Voltage
Xc = Capacitive Reactance

Notice that the power increases as Vpy increases, such that the maximum internal dissipation occurs
when Vpy is maximum. The power dissipated in the amplifier while driving 1 nF at 2.3 MHz would be 82.76 W.
This would not be a good thing to do! But driving 1 nF at 1 MHz at 180V;_, would result in 36 W, which could

be within the AC power rating.
This formula is optimistic; it is derived for an ideal class B amplifier output stage.
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FEEDBACK CONSIDERATIONS

The output voltage of an unloaded PA107DP can easily go as high as 95 V. All of this voltage can be
applied across the feedback resistor, so the minimum value of a % W resistor in the feedback is 18050 Q.
Practically, 20K is the minimum value for a un-derated % W feedback resistor.

In order to provide the maximum slew rate, power bandwidth, and usable gain bandwidth, the PA107DP
is not designed to be unity gain stable. It is necessary to add external compensation for gains less than 20.
Often lower performance op-amps may be stabilized with a capacitor in parallel with the feedback resistor.
This is because there is effectively one additional pole affecting the response. In the case of the PA107DP,
however, there are multiple poles clustered near 30 MHz; therefore this approach does not work. A method
of compensation that works is to choose a feedback capacitor such that the time constant of the feedback
capacitor times the feedback resistor is greater than 33 nanoseconds. Also install a capacitor from pin 1 to
ground, the summing junction, greater than 20 times as large as the feedback capacitor. The feedback capac-
itor or summing junction capacitor without the other will degrade stability and often cause oscillation. With
the compensation described the closed loop bandwidth will be the reciprocal of 2mt;.

Alternatively, at the expense of noise and offset, the amplifier can be stabilized by a resistor across the
summing junction such that the parallel combination of the input resistor and summing junction resistor is
less than a twentieth of the value of the feedback resistor. Note that this will increase noise and offset by up

to 20 times the RTI values, but with 10 mV max offset and 13 nV/(Hz)l/2 noise, performance will be accept-
able for many applications.

As seen by the very small values of capacitance used in compensation for low gain, stray feedback capac-
itance and/or summing junction capacitance can have a VERY large effect on performance. Therefore stray
capacitance must be minimized in the layout. The summing junction lead must be as short as possible, and
ground plane must be kept away from the summing junction lead.

SLEW RATE AND FULL POWER BANDWIDTH

In the PA107DP the slew rate is measured from the 25% point to the 75% point of a 180Vp_p square wave.
Slew rate is measured with no load and with auxiliary supplies at a nominal +15 V and Vg supplies at a maxi-
mum +100V.

Power bandwidth is defined as the highest frequency at which an unloaded amplifier can have an undis-
torted sine wave at full power as its output. This frequency can be calculated as the slew rate divided by 1t
times the peak to peak amplitude; which would be 4.7 MHz for the PA107DP. Unfortunately running full out-
put at this frequency causes internal dissipation of up to 107 W, well over the power limits for the PA107DP.
Cutting the frequency to 2 MHz reduces internal dissipation to 34 W, acceptable with a good heatsink.
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PACKAGE OPTIONS
PACKAGE STYLE DP
.270
—| [6.86] |—
MAX. l~———1.220 [30.99] MAX.
.073
e —1 |- R.078 |[R1.98]
.728 —
[18.49]
MAX. 475 .794£.015
[12.06] [20.17+.38]
YAN 1.161+.02
= _— [29.5+.5]
52+.015
.86+.38]
.030 017
[MTSJ_ —| [TYQ;.B] .263+.004 [6.68+0.10]
157 .019+£.002 [0.48£0.05]
[3.99] 100 [2.54] TYP.
TYP
NOTES:
1. Dimensions are inches & [mm].
2. Triangle on lid denotes pin 1.
3. Pins: Alloy 510 phosphor bronze plated with matte tin (150 — 300u”)
over nickel (50 u” max.) underplate.
4. Package: Vectra liquid crystal polymer, black
5. Epoxy—sealed & ultrasonically welded non—hermetic package.
6. Package weight: .367 oz. [11.41 g]
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PACKAGE STYLE EE

.86
1 [21.84]
90
.09
™ I [22]
.120
[3.05]
MIN.
NOTES:

1. Dimensions are inches & [mm)].
2. For other dimensions and information on this package
with unformed leads, see package DP.

NEED TECHNICAL HELP? CONTACT APEX SUPPORT!

For all Apex Microtechnology product questions and inquiries, call toll free 800-546-2739 in North America. For
inquiries via email, please contact apex.support@apexanalog.com. International customers can also request
support by contacting their local Apex Microtechnology Sales Representative. To find the one nearest to you,
go to www.apexanalog.com

IMPORTANT NOTICE

Apex Microtechnology, Inc. has made every effort to insure the accuracy of the content contained in this document. However, the information is
subject to change without notice and is provided "AS IS" without warranty of any kind (expressed or implied). Apex Microtechnology reserves the right
to make changes without further notice to any specifications or products mentioned herein to improve reliability. This document is the property of
Apex Microtechnology and by furnishing this information, Apex Microtechnology grants no license, expressed or implied under any patents, mask
work rights, copyrights, trademarks, trade secrets or other intellectual property rights. Apex Microtechnology owns the copyrights associated with the
information contained herein and gives consent for copies to be made of the information only for use within your organization with respect to Apex
Microtechnology integrated circuits or other products of Apex Microtechnology. This consent does not extend to other copying such as copying for
general distribution, advertising or promotional purposes, or for creating any work for resale.

APEX MICROTECHNOLOGY PRODUCTS ARE NOT DESIGNED, AUTHORIZED OR WARRANTED TO BE SUITABLE FOR USE IN PRODUCTS USED FOR LIFE
SUPPORT, AUTOMOTIVE SAFETY, SECURITY DEVICES, OR OTHER CRITICAL APPLICATIONS. PRODUCTS IN SUCH APPLICATIONS ARE UNDERSTOOD TO BE
FULLY AT THE CUSTOMER OR THE CUSTOMER'S RISK.

Apex Microtechnology, Apex and Apex Precision Power are trademarks of Apex Microtechnology, Inc. All other corporate names noted herein may be
trademarks of their respective holders.
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