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INTRODUCTION 
Two power op amps configured in a bridge circuit can provide 

substantial performance advantages: 

1. Bi-directional output with a single supply  
2. Twice the output voltage 
3. Twice the slew rate
4. Twice the output power  
5. Half the power supply requirement 

Low current outputs can reach the kilovolt range or mulitple 
ampere outputs of hundreds of volts can be obtained. To achieve 
these levels of performance, both terminals of the load must 
be driven and extra components are required. 

BI-DIRECTIONAL DRIVE ON A SINGLE SUPPLY 
Figure 1 depicts a bi-directional motor speed control using a 

single supply which features ground referenced bipolar input 
signals. A mid-supply reference created by R3 and R9 estab-
lishes the DC operating levels for A1 and A2. Inverter A2 drives 
the load equally in the opposite direction with respect to the 
output of input amplifier A1. This configuration places both load 
terminals at the reference voltage with a zero input condition 
and prevents premature saturation of either amplifier. 

To understand the operation of the circuit, consider A1 as 
having two sets of inputs: 

1. Voltage dividers from the supply voltage to establish com-
mon mode bias.  

2. Actual input signal and tachometer feedback. 

One sixth of any supply voltage variation will appear equally 
at both inputs of the amplifier. However, the common mode 
rejection (CMR) of the op amp will reduce its response by four 
orders of magnitude at low frequencies. The low pass function 
of C3 insures optimum rejection by keeping the common mode 
inputs in the low frequency spectrum. The common mode volt-
age (CMV) range of the amplifier sets the minimum common 
mode bias at the inputs of A1. The circuit shown provides a 
nominal 5.9V from the supply rail (ground) which allows power 
supply variations to 10% below nominal. 

For the actual input signal, C1, R1, R2, and A1 form an inte-
grator (non-inverting input is constant). With the control voltage 
applied across R2 and the tachometer voltage applied across 
R1, integration forces the motor speed to be proportional to 
the input voltage. The value of C1 must be selected for proper 
damping of the total system which includes the mechanical 
characteristics of the drive train. 

Resistors R4 and R6 set current limits of A1 to 7.5A. When 
A1 current limits, A2 will reduce its output voltage equal to 
the voltage change of A1. By insuring A1 will limit prior to 
A2, power stress levels of the two amplifiers are equalized. 
In addition to amplifier protection, this programmability is be-
ing utilized to limit the temperature rise in the motor, thereby 
increasing expected life of the system. Maximum continuous 
load rating of the motor shown is 10A and locked rotor (stall) 
current is 20A. Since locked rotor ratings generally refer to 
abnormal conditions, the motor is being used near capacity 
while maintaining a comfortable safety margin for motor and 
drive circuit. 
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The key to accuracy of this circuit lies in matching the divi-
sion ratios from the reference voltage to ground for both the 
inverting and non-inverting inputs of A1. The inverting side 
division ratio is affected by the impedances of the control 
signal and tachometer. Normally, the impedance of a voltage 
output DAC and the winding impedance of the tachometer are 
negligible. This allows use of cost effective 1% resistors and 
requires only trimpot RV1 to provide precision adjustment. 
Ratio match errors will appear as tachometer output errors. 
These errors will be of a size equal to the ratio of mismatch 
times the reference voltage. 

The second major accuracy consideration of this circuit is the 
voltage offset of A1. As this error will appear at the tachometer 
at a gain of three, the PA12A was selected for its improved 
specification of 3mV compared to 6mV for the regular PA12. 

Changes of input voltage range, RPM range or tachometer 
output ratings are easily accommodated. Lowering the values 
of R1 and R12 (ratio match still required) will re-scale smaller 
tachometer voltage spans or lower RPM ranges to the ±5V 
input level. While increased input signal levels could be re-
scaled in the same manner, increasing R2 and R11 provides 
the required re-scaling with the added benefit of lowering 
control signal drive requirements. 

Higher voltage tachometer voltage spans require a different 
approach to re-scaling due to the CMV limitations at the inputs 
of A1. Figure 2 illustrates a technique using a 25V tachometer 
which will maintain adequate CMV for A1 with supply voltages 
down to 20V. Calculations for the divide by five network at the 
tachometer includes winding impedance to achieve accurate 
scaling to the ±5 input signal. For error budgets, this factor 
of five must be applied to both the ratio mismatch errors and 
voltage offset errors as above. Total gain for calculating offset 
errors will be 10. 

ELECTROSTATIC DEFLECTION 
The cathode ray tube (CRT) shown in Figure 3 requires 

500Vpp nominal drive. Allowing for a ±5% gain error plus a 10% 
(of full scale) centering voltage tolerance, brings the desired 
deflection voltage swing to 575Vpp. Two PA84 high voltage 
power op amps provide this differential voltage swing. Slew 
rates of 400 volts per microsecond at the CRT enable the beam 
to traverse the face plate in less than 1.5 microseconds. 

The gain of A1 is set by (R3+RV1)/R1 at 100. The circuit 
provides for both gain adjustment (RV1) and beam centering 
(RV2). For proper scaling, R4 and R6 reduce the centering 
control voltage of trimpot RV2 to ±250mV. C2 provides the 
desired low AC impedance to ground to enhance stability and 
eliminate noise pickup. A2 inverts the output of A1 at unity gain 
(set by R8/R5), to yield an overall gain of 200 for single ended 
input signals measured at the differential output. R9 and C4 
constitute a second input to A2 with an AC gain of 100 (R9/R8). 
Using ground as an input has no direct signal contribution, but 
it does allow both amplifiers to use the phase compensation 
recommended at a gain of 100 (20K, 50pF), thereby achieving 
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a large power bandwidth of 250kHz. 

TRANSIMPEDANCE BRIDGE FOR
MAGNETIC DEFLECTION 

The circuit shown in Figure 4 drives the electro-magnetic 
deflection yoke of a precision x-y display. Two factors constitute 
the design challenge of this circuit: 
1. Greater than 15V drive levels are required to change current 

magnitude and polarity to achieve fast endpoint-to-endpoint 
display transition times.

2. Only ±15V power supplies are available in the system. 

The bridge circuit can drive almost double the single power 
supply voltage, thereby eliminating the need of separate sup-
plies solely for CRT deflection. The maximum transition time 
between any two points is 100µs for display ratings of: 

Yoke inductance = 0.3mH
Full scale current = ±3.75A
DC coil resistance = 0.4 ohms 

The voltage required to change the current in an inductor is 
proportional to current change and inductance, but inversely 
proportional to transition time.

V = di*L/dt
V = 7.5A*0.3mH/100µs = 22.5V

The Apex low voltage power op amp PA02 is an ideal choice 
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for this circuit due to its high slew rate and ability to drive the 
load close to the supply rail. A1 in Figure 4 is configured as a 
Howland Current Pump.  Voltage on the bottom of the sense 
resistor is applied directly to the load; voltage at the top is the 
applied voltage plus a voltage proportional to load current.  
With both these points for feedback, the amplifier sees a com-
mon function of load voltage on both inputs which it can reject 
(CMR), but sees a function of load current differentially. In this 
arrangement, A1 drives the load anywhere required (with in 
saturation limits) to achieve load current commanded by the 
input signal. As ratio match between the two feedback paths 
around A1 is critical, these four resistors are often implemented 
with a resistor network to achieve both precision match and 
tracking over temperature. A2 provides a gain of -1 to drive 
the opposite terminal of the coil. Gain setting resistors for A2 
are not nearly as critical, a mismatch here simply means one 
amplifier works a little harder than the other. Starting values 
for the R-C compensation network come from the Apex Power 
Design tool and are fine tuned with bench measurements.

A first glance, it might appear the choice of 2Ω for the sense 
resistor is quite large because the peak voltage drop across it 
is 7.5V, or half the supply voltage.

If one were to add to this the peak voltage drop across the 
coil resistance (1.5V) and the sense resistor (7.5V), it would 
be easy to assume a total swing of 31.5V or greater than 15V 
at 3.75A would be required of each amplifier.  

Salvation for this problem lies in analyzing current flow 
direction.

In the middle graph of Figure 5, we find the large sense 
resistor does not destroy the circuit drive capability.  The 
main portion of the transition is complete in about 80µs and 
settles nicely.  

In the top graph, we find a surprise; both amplifiers are actu-
ally swinging OUTSIDE their supply rails. The "upside down" 
topology of the output transistors in the PA02 allows energy 
stored in the inductor to fly back, turning on the internal protec-
tion diodes.  The result is peak voltages in the first portion of 
the transition greater than total supply.

In the bottom graph, we find stored energy in the inductor 
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develops voltage across the sense resistor, which ADDS to 
the op amp voltage until current crosses zero.  In this manner, 
peak voltage across the coil is nearly 40V!

The seemingly large value of sense resistor did not kill us 
on voltage drive requirements and gives two benefits: First, 
internal power dissipation is lower than with a smaller resis-
tor.  Secondly, with larger feedback signal levels, the amplifier 
closed loop gain is lower; loop gain is larger; fidelity of the 
current output is better; and voltage offset contributes a lower 
current offset error.

EFFICIENT USE OF POWER SUPPLIES 
To illustrate the advantages of the bridge circuit, Figures 

6 and 7 show two high performance audio amplifier designs 
with equal output power, but substantially different supply 
requirements. In the circuit of Figure 6, the instantaneous load 
current will appear on only one supply rail. This means each 
supply rail must support the total wattage requirement and 
utilization is only 50% at peak outputs. In contrast, the equal 
and opposite drive characteristic of the bridge circuit shown in 
Figure 7 loads both positive and negative supply rails equally 
during each half cycle of the signal. This improved utilization 
reduces size, weight and cost of the power supply for the 
circuit in Figure 7 even though input and output power ratings 
are essentially equal. 

CONCLUSION 
Bridge circuits can make the difference when performance 

requirements exceed voltage limitations of either the available 
power supplies or the power op amps. The input section of 
these circuits consists of a standard amplifier circuit for driving 
a single ended load. The added amplifier serves merely as an 
inverter. It doubles drive voltage by providing an equal and 
opposite output, thereby making the output fully differential. 
The performance increases usually outweigh the increased 
cost and complexity. 
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