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\ 1. INTRODUCTION

This report describes the design and fabrication of an audio output amplifier
built with a Master-Slice integrated circuit. ~This work was performed by ARINC
Research Corporation for the U. S. Navy Eléctronics Laboratory Center, San Diego,
California, under Purchase Order N 3-68-M-2988.

The purpose of this program was the development of a general-purpose com-
munication circuit that would demonstrate the utility of the Master Slice, and also
serve as a means of familiarizing NELC personnel with assembly techniques
associated with this technology.

For detailed information concerning the Master Slice IC, the reader should
refer to ARINC Research Publications W7-425-TN001-1, April 1967; W7-426-TN001-1,
August 1967; and W8-447-TN001-1, March 1968.
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2. DESIGN GOALS

Design goals established for this audio amplifier circuit were as follows:

a. Operate with minimum distortion over the frequency band of 300 to
3000 hertz.

b. Utilize a specified miniature magnetic microphone.

c. Provide maximum power output consistent with component and packaging
limitations.

d. Utilize a minimum number of components, particularly those that would
have to be external to the Master Slice.

e. Use fabrication techniques compatible with the capability of the NELC
Microelectronics Laboratory.

The above goals affected the design of the amplifier in two major ways. First,
magnetic microphones are characteristically low-output devices, and the particular
one specified for this application is no exception. To obtain useful power at the out-
put requires approximately 60 db of voltage gain. Since this is too much for a single
amplifier stage, a preamplifier also had to be provided.

A second major design decision concerned the requirement for maximum power
output consistent with the Master Slice components. The original design goal for
the Master Slice was to obtain maximum frequency response; but in so doing, two
problems were encountered in applying the circuit to an audio application:

a. A high resistivity process was used to minimize parasitic capacity, but
this resulted in higher saturation resistance, which limited the current
capabilities of the power transistors to approximately 100 milliamps.

b. The high frequency response of the components gives the circuit a strong
tendency to oscillate unless specific steps are taken to limit the
bandwidth.

While the latter problem may be solved by the addition of an external capacitor
for frequency stabilization, the loss in transistor efficiency at currents greater than
100 milliamperes requires a compromise between load resistance, supply voltage,
and power handling capability. The result is that for an output power of 1/2 watt,
the load resistance must be greater than 40 ohms and the supply voltage above
20 volts. Lower values of load resistance may be accommodated, but at reduced
power levels.

PR T
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3. CIRCUIT DESIGN

The schematic diagram for the resultant audio amplifier design is shown in
Figure 1. This circuit consists of a preamplifier stage (Q1 and Q2), a differential
voltage amplifier (Q3 and Q4), and the output current amplifier (Q5 to Q9).

The preamplifier is biased to provide a fixed gain of approximately 30 db
from Q2. Q1 is a diode-connected transistor providing a stable bias point for Q2.
Since Q1-Q2 and R2-R4 are closely matched, the current through both transistors
is identical; and by making R3 less than R1, a linear operating point is established E
for Q2. Capacitor C1 is used for stability to limit the high frequency gain. ;

The differential voltage amplifier provides for another 30 db of gain and the
voltage offset necessary to drive the push-pull output stages. The differential con-
figuration gives both a stable operating point and a convenient means of inserting a
variable amount of feedback for gain control.

Current amplification is provided by transistors Q5 through Q9, which operate
as complementary emitter-followers. The use of a lateral PNP transistor for Q7
gives Q8 and Q9 the voltage characteristics of a PNP transistor with a current gain
similar to the NPN combination of Q5 and Q6. The primary load current flows
alternately through Q6 and Q9, with Q5 and Q8 providing additional current gain for
low standby current and high operating efficiency.

High frequency stability for the output stage is provided by R12 and C5, which | 4
bypass the inductive component of the speaker voice coil. Capacitor C4, with a { 3
single battery supply, keeps direct current out of the speaker voice coil, but could

be eliminated by the use of a balanced power supply.

12V to +20V
SR8
4: 10K
Qs
> R1 > R3 > R5
< <
325K 3 10k 325k D1 i
D2
c2 Cc4
0.047 o a7
10K %
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—_— ! 0.047
1 2
” O Lo $me C A 2
T o084k SIK
R2 R4 R12
100 100 20

Figure 1. Complete Audio Amplifier Schematic {9
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ii 4. CIRCUIT FABRICATION

Because of the relative complexity of the circuit, it could not all be built on a
single Master Slice chip. Two chips, however, will provide all the resistors, diodes,
and transistors necessary to complete the amplifier, leaving only five capacitors
and a volume control external to the circuit. Three of these five capacitors could be
utilized in chip form for additional miniaturization.

The allocation of components to the Master Slice chips was as depicted in }
Figure 2. The preamplifier and lower half of the output stage are included in one ;
chip, while the differential amplifier and the output-stage upper half are on the other.

With this allocation, internal power dissipation is divided, providing approximately

equal chip temperature. An additional advantage of this allocation is that there

are only two direct interconnections between the chips. The other interconnections

can be made at the package lead terminations.

The component interconnections to be made on each Master Slice chip are
shown in Figures 3 and 4. Figure 5 illustrates the total package wiring. These ‘
wires and jumpers are incorporated with a wire bonding machine in the following 3
order: :

a. The jumpers between adjacent pads are made with individual wire bonds,
with the wire pulled away from the bond.

b. The interconnection wires on each individual chip are added, with the usual
order being to start with the shorter lengths.

c. Interconnections between chips and from the chips to the package lead
terminations are made last.

Photographs of a completed pair of Master Slice chips appear as Figure 6.

A. Preamplifier and Lower Power B. Differential Amplifier and Upper Power

Figure 2. Allocation of Components to Master Slice Chips
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Figure 3. Component Interconnections on Master Slice
for Preamplifier and Lower Power Unit
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Figure 4. Component Interconnections on Master Slice for
Differential Amplifier and Upper Power Unit
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Diff Amp In 8 7 Positive
Power
9 6
Gain Control 10 5 Stabilization
Supply 11 4 Output
Microphone 12 3
: Negative
13 p
Microphone 2 S
Preamp Out 14 1 Ground

Figure 5. Package Wiring for 14-Pin Flat Pack
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The completed audio amplifier can be evaluated in the test circuit shown in
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5. CIRCUIT TESTING

Figure 7, with the following precautions:
a. The power supply should initially be current-limited to 20 milliamperes
to prevent burning out a shorted device that may be repairable.
b. The power supply impedance should be low and the leads short. If the
circuit still oscillates, it may be necessary to place a capacitor
(1 to 10 microfarad) from pin 11 to pin 1.
c. As with any high-gain circuit, efforts should be taken to minimize stray
capacity and inductance and to keep the input and output lines isolated.
To evaluate the performance of the amplifier, the procedure outlined below
should be followed:
a. Insert the device into the test fixture with the power supply off, signal
generator off, R], disconnected, and Rc equal to 5000 ohms.
b. With the power supply current-limited to 20 milliamperes, turn the power
on and increase the voltage to 20 volts. If the current is more than
10 milliamperes, the circuit is defective.
5 VA
J
Ammeter
L I @ @
L ® ® | o.007
e . Device @__“ J
@ Under m g
Test — 47 r—
A
= © ®
——VvW—1] 13 2
T :
L @ Voltmeter or 3
R, Oscilloscope
S,gnﬁ R, 0.01
Generator T

3

Figure 7. Audio Amplifier Test Circuit
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Ensure that the circuit is not oscillating and then measure the dc voltage
at the package pins. Approximate values (+20%) are listed below:

Pin Volts Pin Volts
1 0 8 2.8
2 9 0
3 10 2.8
4 10 11 20.0
5 12 0.7
6 13 0.7
7 20 14 14.0

Connect the signal generator and set the frequency to 1000 hertz and
amplitude to 5 millivolts rms. Check the output for low distortion. The
amplitude of the output should be 350 + 50 millivolts rms.

Reduce the value of Rc to 200 ohms. The output should still have low
distortion, and the amplitude should now be 2.5 + 0. 5 volts rms.

Increase the value of power supply current-limiting to 200 milliamperes
and connect a load resistor, Ry, of 16 ohms. Check to see that the circuit
is still free of oscillations. The output will now have some crossover
distortion. The amplitude should now be 0.7 + 0. 2 volts rms,

Check for constant output amplitude (+3 db) as input frequency is varied
from 300 to 3000 hertz.

Set the frequency back to 1000 hertz and increase the amplitude to

50 millivolts rms. (NOTE: Do not leave the amplitude long at this level--
excessive internal temperature rise will result.) The output should be
evenly clipped top and bottom, with an amplitude of 8 + 2 volts peak-to-
peak. Reduce the input amplitude.

Turn off the power and remove the device from the test fixture.
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6. CONCLUSIONS

While the audio amplifier circuit in this form has demonstrated the capability
and versatility of the Master Slice integrated circuit, additional improvements in the
circuit packaging and assembly procedures are still possible. As a first step, through
utilization of a larger package with an interconnecting substrate pattern, four of the
five capacitors may be included within the package. Three of these would be in chip
form and the other would be a microminiature solid tantalum unit.

A second extension, and an extremely important step if more than a dozen or
so circuits are to be fabricated, is the design of a special metallization mask to
provide component interconnections at the wafer level. This will eliminate the major
part of the labor, with a corresponding (and significant) reduction in circuit costs.

Following this approach, the Master Slice concept can provide: 1) a rapid
means of verifying a tentative design, 2) relatively inexpensive prototype devices,
and 3) early assurances that a production design will meet all requirements.




