(b

fw

A AR}

= POWER AMP 20774

:RM
» 15K

AAA

"
ouERHEAT proefE

§

R42
15002

R40)
0.1

TIGER .O1

m E 219 W. Rhapsody, San Antonio, Texas 78216



Instructions = #207/B Power Amplifier

The #207/B Power Amplifier is a 60 watt, low distortion, low noise, single

channel amplifier kit designed for audio applications.

amplifier.
reprint.

. Follow these instructions and use the large schematic for construction of your
This kit is a later version of the amplifier that is described in the enclosed

to those building this kit.

(¥

()

Circuit Board Assembly

Clean the foil side of the 207 circuit board with a Sccfchbrite pad to remove

all traces of copper oxide. These are sold for pot scouring and can be purchased

in almost all grocery stores,

Insert the resistors in the 7207 board. -Be sure to note that resistors R45, R46,
and R47 are not mounted on this board. As with all other component installa-
tions unless otherwise noted, use the parts list and the printing on the component
side of the board to locate the proper location for each part. Mount the com-
ponent flush with the top of the board, bend the leads on the back side of the
board parallel with the bottom of the board and trim so that 1/16" to 1/8" of
wire remains. Do not solder any of the connections until all of the circuit
board components have been installed.

Insert the capacitors in the 7207 board. Be sure to note that capacitors C11
and C12 are not mounted on this board. Be sure to install the electrolytic
capacitor so the polarity indicated on the capacitors agrees with that indicated
on the circuit board.

Install the semiconductors on the #207 board. Be sure that they are tumed to
agree with the case outlines printed on top of the board., The banded end of
the diode case is the cathode (always). Leave about 1/8" between the bottom
of each of the small plastic transistor cases and the top of the board. Note

that transistors Q14. Q15 and diode D4 are not mounted on the circuit board.

Attach the two jumpers to the 7207 board. The jumpers are indicated by the
solid lines connecting pads printed on the component side of the circuit board
and can be made by using some of the excess resistor lead trimmed off when
installing the resistors,

Solder all of the connections on the #207 board using a 30 to 50 watt iron
and the solder supplied with the kit or an equivalent 60/40 alloy resin core
solder. Do Not use acid core solder, or any type of soldering paste. Doing
so voids our warranty.

Heat Sink Assembly

Place one of the pink silicone insulating washers over the pins on the bottom
of each power transistor, - Q14 and QI5.

s

The reprint contains information on the circuit design that might be of interest
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Push the bias compensation diode D4 into it's clip. Turn the diode so the lead
marked with a red dot is away from the mounting hole in the clip.

Place the two radial finned heatsinks over the heatsink bracket so the bracket
is actually sandwiched between the two heatsinks. Be sure the transistor hole
patterns of all three pieces line up.

Insert transistors Q14 and Q15 into the heatsink package from what will be the
externally visable side of the heatsink assembly. Be sure you have put the

right transistor in the right set of holes. Secure the transistor with #6-32 x 1"
screws, insulated shoulder washers, lockwashers and nuts. Slip one of the 3/8
inch long fibre spacers over each mounting screw where it goes through the heat
sinks. Be sure to attach the two ground lugs, diode D4 assembly, and the 3
terminal lug strip between the shoulder washer and the lockwasher on the mounting
screws indicated in the wiring diagram pictorial. NOTE: The case of each power
transistor is electrically the transistor collector junction and hence must be elect-
rically isolated from all other electrical junctions including the chassis. The
mounting screws are electrically connected to each transitor case and you must be
sure the screws do not contact either the heatsinks or the mounting bracket as
they pass through the assembly. If you are careful to line up the mounting holes
in the two heatsinks and the heatsink bracket before securing the transistor mounting
screws there should be no problem. Keep in mind also the base and emitter leads
of each power transistor must be centered in the large holes through which they
pass. The mounting screws must be tightened evenly and with enough pressure

to slightly compress the silicone transistor insulators. The entire bottom of the
transistor case must be in solid contact with the insulator for good heat transfer.

Attach the thermal switch TS1 to the heatsink assembly from what will be the
externally visible side of the bracket. Tum the switch as shown in the wiring
diagram chassis pictorial and mount it with #4-40 x 1/4" screws, lockwashers
and nuts.

Attach the diode D4's leads to the lug strip. The lead with the red dot must
connect to lug A while the other lead must connect to lug B.

Chassis Assembly

Attach the following to the rear of the main chassis: Fuseholders F1 - F4, jacks
J1 - J4, ard resistor R47. The fuseholders should be attached with the rubber
washer on the outside of the chassis and the metal washer on the inside of the
chassis. Jacks J1 and J2 are the RCA type with a ground lug attached under
J1. Jacks J3 and J4 are binding posts with J4 being yellow. Resistor R47
should be mounted with a flat washer on the outside of the chassis and a
lockwasher on the inside. Be sure to turn each component so it agrees with

the chassis pictorial.

Attach the lug strip LS1 and two 4000 ufd @50 VDC electrolytic capacitors fo
the chassis. The lug strip is secured to the chassis using a #6-32 x 1/4" screw,
lockwasher and nut. The electrolytic capacitors are held in the capacitor clamps
by #6-32 x 3/8" screws, lockwashers and nuts. The clamps in turn are mounted
with #6-32 x 1/4" screws, lockwashers and nuts. Here again tum the lug,
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strip and capacitors as shown in the chassis pictorial. The capacitors are
polarized and their polarity markings must agree with those in the pictorial .,

Attach the heatsink assembly to the chassis. Mount the assembly so the heat-
sinks are toward the side of the chassis where the lug strip is attached and
mount the assembly with #6-32 x 1/4" screws, lockwashers and nuts.

Turn the transformer so the leads are toward the large electrolytic capacitors.
Attach the power transformer, T1, to the chassis using #8-32 x 3/8" screws,
flatwashers, and nuts.

Clean the foil side of the "PB board using the same procedure used on the
#207 board.

Mount all of the parts on the PB board. The componet values or numbers are
printed on the component side of the board. The diodes indicated on the board
are the 3.0 Amp rectifiers, Be sure to turn these as indicated on the circuit
board. Bend, trim, and solder all of the component leads except those of the
two 0.1 ufd capacitors running parallel with the length of the board.

Place this board along side of the lugs of the two 4000 ufd @50 VDC electrolytic
capacitors. Wrap the 0.1 ufd capacitor leads around the adjacent lugs of the
4000 ufd- capacitors, trim the excess leads and solder. Be sure the solder secures
the capacitor lug to PB board copper foil connecting strip. This board is shown
horizontally on the pictorial so that parts mounting positions may be seen.

NOTE . that this board is mounted vertically on the lugs. DO NOT mount it

as shown in the pictorial. The can of the 4000 ufd capacitors supplied with

the kit is electrically neutral. No connections need be made to any of the
external can twist lugs, if any, on either capacitor.

Strip about 2" of the heavy insulation off of the bare end of the line cord.
Strip an additional 1/2" off of each of the exposed wires. Crimp the strain
relief onto the line cord about 3" from the end of the cord's wires with a
pair ‘of pliers, While compressing the strain relief with the pliers, insert
the wires into the hole provided at the rear of the chassis and release.

Temporarily attach power switch S1 to the chassis and insert the red lamp
cover into the chassis. Do not put the retaining clip on the lamp cover.

Snap the neon lamp, LM-I into the lamp cover.

Aftach and solder resistor an 82K ohm 1/2 watt 10% resistor in series with
one of the neon lamp LM-1 leads.

Wiring Procedure

Complete wiring steps 1 through 9 using the wiring table and wiring diagram.
Slip a piece of heat shrinkable tubing over each of the leads of the neon

" lamp when attaching the wires. Shrink the tubing with your soldering iron

after attaching the wires.

-
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Insert fuses F1 thru F4 using the parts list to obtain the correct value of
each fuse.

Insert the line cord plug into a 110 to 120 Volt, 50-60 cycle wall outlet

and using @ multimeter, measure the DC yoltage at the +40 and -40 volt
terminals with respect to the GND terminal on the PB board. The red lamp

on the front of the chassis is an overheat indicator not on-off indicator so do

not expect the lamp to light on this or any other of the tests to come. If the
voltages are not 40 to 45 volts do not continue assembly until the apparent
problem is corrected. Unplug the unit. Discharge the 4000 mfd filter capacitors
by shorting across the terminals with a 1.0K ohm resistor.

Complete wiring steps, 10 through 17 of the wiring table. Inductor L=1 consists
of one close wound layer of solid hookup wire on the body of R-45. Solder the
wire to the leads of R45 on each end. The amount of inductance in this coil

is not cirtical. Normally there should be no DC voltage applied to capacitor
C-12, so polarity is not important. Connect positive lead to input jack unless
you have a reason to want the polarity opposite this.

Complete wiring steps 18 through 31 of the wiring table. For this part, cut,
strip and attach all of the wires to the #207 board first then go back and com-
plete the second half of each step, Attach and solder the press on clips to
the base and emitter wires for the two power transistors, but do not connect
these wires to the bases and emitters until after an upcoming preliminary check-
out procedure. Solder all wires to the foil side of the 207 board and note
that point G is located between R37 and R38 and is abscured from view.,

Snap the two #6 tinnerman nuts in the circuit board mounting holes on the
heatsink bracket.

Pull the four pin—tipped base-emitter wires up toward what will be the top of
the chassis and secure'fhe board using 76-32 x 1/4" screws.

At this point, all wiring should be .completed excluding. connections to the .

‘meter and its board. and the ‘power transistor base and“emitter wires. - Check

all connections over to be sure all connections have been soldered.

Set the idle current control, resistor R22 so the tab on the knurl of the control
is toward the bottom of the chassis, and turn the level control shaft, resistor,
R47, fully counterclockwise.

Insert the line cord plug into a wall outlet and using o multimeter, measure

.the DC voltage across the speaker terminals. It should be less than 0.15 volts

DC plus or minus. = Also measure the voltage drop across resistors R35 and R36.
Neither reading’ should be higher than 0.6 volts DC. |If the voltages are not
within the specified limits, 'do not continue dssembly until the problem is

. corrected.  Unplug the unit. Discharge the filter capacitors.

Remove the #6-32 x 1/4" board mdunfing screws dnd pull the‘ board back"
away from the chassis.

-4 -
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Cut four one inch pieces from the heat shrink spagetti insullation supplied in your
kit. Slip over the base and emitter connection clips. Warm gently to shrink

- the tubing in place.

Attach the four power tronsistor base and emitter leads making sure the leads are
well insulated from any possible contacting metallic surfaces.

Position and reattach the circuit board using #6-32 x 1/4" screws and lock-
washers. Attach your multimeter to the output jacks of the amplifier with the
meter's range switch set around the 0 to 10 volt DC position., Again insert
the line cord plug into a wall outlet. The meter will probably deflect slightly
ot turn-on, however, if the needle does not return to zero volts within a
second or so, remove power immediately and locate the problem before pro-
ceeding. If the voltage measurement is close to zero, increase the sensitivity
of the meter and check to make sure the actural voltage is less than 0,05
volts DC plus or minus. If this reading is within limits remove power and
continue.

Remove the power switch, S1, and the lamp, LM-1 along with the lamp cover
from the chassis.

Mount the front panel to the chassis using contact cement (not supplied).
Follow the directions on the contact cement and be sure not to get any on
the panel lettering.

Reattach the power switch, lamp cover and lamp LM-1 to the front panel. Adjust
the. rear retaining nut of switch, S1, so there are just enough threads on the

front panel side to secure the switch. Use the retaining clip to hold the lamp
cover in. place.

Clean the meter circuit board using the procedure followed on the #207 circuit
board.

Attach and solder all of the components to the board. The small diodes are 1N4148,
or IN914's, Be sure to polarized these as indicated by the printing on the com-
ponent side of the board.

Solder a left over resistor lead to each of the two pads indicated by the letter
“M*®, These leads will be used to hold the board to the meter terminals,

Attach the meter to the chassis. Push the meter through the hole from the front
of the amplifier and then press the retaining clip onto the meter case from the
rear,

Now attach the meter circuit board with all of its components to the meter ter—
minals.

Complete wiring step 32, Attach the twisted pair to the pads of the meter board
indicated in the wiring diagram: |t does not really matter which wire is connected
to which pad since the output of the amplifier is an AC voltage.

-5 -



() Snap the tinnerman nufs into the cover mounting holes.
() Press the level control knob onto the control shaft.

Final Calibration

If you have an intermodulation distortion analyzer (IMA) available to you, set
R-22 for a minimum reading while operating the amplifier into an 8.0 Ohm load
resistor at a power level of 1 to 3 watts,

If you do ‘not have an IMA available, a reasonable close adjustment may be
obtained by simply setting the idle current to 40 millivolts. Connect the positive
lead of your meter to point "M" and the negative lead to point "N" on the #207
circuit board and make sure the idle control is still set so the tab on the knurl of
the control is toward to bottom of the chassis. Insert the line cord plug into a wall
outlet and allow the amplifier to idle for five minutes., Now advance the idle current
control, resistor R=-22, until the voltage reading is 40 millivolts DC., Remove power
and disconnect the meter leads.

If you do not have a meter capable of reading to 40 millivolts, leave the idle
current control set so that the tab on the knurl of the control is toward the bottom of
the chassis. Advancing the control past the 40 millivolt voltage drop position can cause
overheating of the amplifier. Recheck the idle current setting after three to four hours
use and every forty to fifty hours after this.

The other control which should be adjusted is the level meter calibration potentio-
meter which ‘is mounted on the meter board. To set the control, connect an audio
sinewave generator to the input of the amplifier and set the frequency control knob to
1 KHz. Connect an AC voltmeter across the output jacks of the amplifier and turn the
level control on the amplifier fully clockwise. Insert the line cord plug into a wall
outlet and set the level control of the audio generator for an output voltage of 23
volts RMS if the amp is to be used with an 8 ohm system, 26 volts if the amp is fo
be used with a 16 ohm system and 17 volts of the amp is to be used with a 4 ohm
system. Then set the meter board timmer resistor so the "% MAX POWER" meter
reads 100%. Install the cover on the unit.

OEmfion

The 207/B amplifier is a high quality unit and in order to maintain its out-
standing performace there are several things the owner should be made aware of.

The chassis layout, grounding location, and wiring lengths on this as well as
on other high gain wide band amplifiers is critical. It is therefore recommended
that the amplifier not be built on any chassis other than that supplied with our kit.
The amplifier has also been designed to operate on + 40 VDC @3A + 10% power
supply. Any deviation from these figures is not recommended and the outcome
cannot be predicted.

The amplifier has been designed to operate as an audio frequency amplifier
although it does have wide-band capabilities. Continuous high level operation,

-6 -



or low air flow environments can cause overheating which will be indicated by the
thermal switch TS1 cutting the power to the amplifier and turning on the overheat
indicator lamp, LM-1, Never operate the amplifier continuously at a frequency
higher than 30 KHz and an output voltage level greater than 1 volt RMS, If there
is a sign of overheating the user can provide for additional fan cooling which should
alleviate the problem,

Never make any input or output connections to the amplifier with the power
on. A floating ground can easily damage your amplifier and/or speaker system,
Also note the amplifier is provided with an AC and DC inputs, If you are ab-
solutely sure your preamp has no DC component on the output you can use the DC
input, otherwise use the AC input on the amplifier,

The maximum output level of this amplifier is slightly over 60 watts into an 8
ohm load which is far too much power for many speaker systems. If your speaker
system connot handle the power, you could damage a speaker, so reduce the amp-
erage of the speaker fuse, F1, The fuse amperage should proportionately lower for
lower power speaker systems,

If desired the amplifier may be wired to operate from 220 volts AC rather than
110 volts AC, Just remove the red wire with the black tracer and brown wire from
their present connections, Connect these two wires together and solder., The amp
is now wired for 220 volt operation,

In Case of Trouble-

The schematic shows the improtant DC Voltages in a normal amplifier, and the
AC signal levels in various parts of the amplifier with a 2.0 Volt peak-to-peak input
signal, If you have a voltmeter and scope this information may be of help in locating
the source of a problem.

PROBLEM THINGS TO CHECK
Incorrect, or no supply Line cord for open., Power switch for operation
voltages. Transformer windings for continuity,

Diode polarity - possible incorrect marking
on package (yes it happens)
Filter Capacitors for shorts,

Excessive voltage drop Q-9 not installed correctly, D-4 open, or

across R26 or R-27 wired with wrong polarity, Point B, or H on
circuit board not connected to input ground.
Point G not connected,

Output transistors get Problem caused by high frequency oscillation,
very hot in a few minutes, or R-45 and R-46 may be reversed,
meter reading with no input Check phase compensation capacitors C-1, C-3

C-8, C-11 for shorts, or opens.




If You Must Return the Amplifier for Repair

If you have a problem that you cannot solve we will be happy to check
your amplifier and give you an estimate of repair cost., You have no obligation
to have the repairs done and need only pay postage if you decide to have the
amplifier returned to you unrepaired, We cannot supply detailed information on
exactly what connections were wrong, which transistors, etc must be replaced in
our estimates, Please do not ask us for a detailed report on exactly what was
don in repairing your kit, We cannot provide this service,

Remove the power transformer from your amplifier and pack it in a large
enough box to allow at least two (2) inches of padding on all sides, Do not
attempt to return it in the box used to ship your kit, Ship the parcel to the
attention of "Repair Department”, Ship by parcel post, or UPS. We cannot
pick up repairs sent by bus, Other methods of shipment will be much more
expensive, but may be used if you wish, We will not accept parcels that
arrive in damaged condition,

Repairs work is scheduled at the time that payment is received and will
average 30 days after receipt. The exact time depending on the number of
repairs on hand at the time.
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Parts List #207B

Resistors

R1, R2, R15 R20

R3

R4, R5, R6, R7, R23
RS, R9

R10, R11, R32

R12, RI3

R14

R16, R17,

R18, R19, R30, R31
R21

R22

R24, R25, R28, R29
R26, R27

R33, R34

R35, R36

R37, R38

R39, R40

R41, R42

R43, R44

R45

R46

R47

R48

R49, R50

CcEcifors

Cl

C2

C3

C4, C9, C10, C11
C5

cé, C7

Cs

Ci12

C13

Semiconductors

D1

D2, D3

D4

D5

Ql, Q2, Q3, Q4

Q5, Q6, Q7, Q8, Q9
Q10, Q17

Qll, Qlé

1000 ohms 1/4 watt resistor
47,000 ohms 1/4 watt resistor
100 ohms 1/4 watt resistor
10,000 ohms 1/4 watt resistor
2200 ohms 1/4 watt resistor
4700 ohms 1/4 watt resistor
4700 ohms 1/2 watt resistor
1500 ohms 1/4 watt resistor
2200 ohms 1/2 watt resistor
330 ohms 1/4 watt resistor
250 ohms trimmer resistor
1000 ohms 1/2 watt resistor
220 ohms 1/2 watt resistor
100 ohms 1/2 watt resistor
47 ohms 1/2 watt resistor
0.39 ohms 2 watt resistor

0.1 ohms 2 watt resistor

220 ohms 1/4 wa¥} resistor
15,000 ohms 1/4 watt resistor
10 ohms 1 watt 10% resistor
1 ohm  1/2 watt resistor
10,000 ohms linear potentiometer
47K ohms 1/4 watt resistor
330 ohms 1/4 watt. resistor

120 pF polystyrene capacitor

10 mfd 63 VDC electrolytic capacitor
220 pF polystrene capacitor

0.1 uF mylar capacitor

470 or 500 ufd electrolytic capacitor
0.001 uF 10% discap capacitor

60 pF polystrene capacitor

4.7 uF tantalum capacitor

.047 ufd mylar capacitor

36 Volt Zener 1N4753 or 1N5258B
4.7 Volt Zener 1N5230 or equal
1N3754 or D1300A diode

1N4148

2N5087 silicon transistor

2N5210 silicon transistor

SS1123 silicon transistor

SS1122 silicon transistor



Ql2

Q13
Q14
Q15

Meter Parts

0-20 mA Output power indicating meter

1N4148 Rectifiers (4)

0.1 uF capacitor

1000 ohms trimmer resistor
1000 ohms 1/4 watt resistor

L1
F1,
F4
Tl

LM1

F2, F3

Miscellaneous

40410 silicon transistor
40409 silicon transistor
2N6331 or MJ4502 silicon transistor
2N6328 or MJ802 silicon transistor

Single layer of wire close wound on
body of resistor R45

3 Amp standard fuse

2.5 Amp slow=blow fuse

62 Vac C.T. 3A secondary 117 Vac
primary

NE-2 neon lamp



BUILD
4-CHANNEL
POWER
AMPLIFIER

Unbelievably low distortion is a feature of this
four-channel amplifier for quadraphonic applications.
Each channel drives an 8-ohim load at up to 60 watts rms.

by DANIEL MEYER

TIGER .0l IS MY LATEST BFFORT TO PRODUCE A BETTER
audio power amplifier. With this design, distortion is re-
duced to a level of less than .01% at any power level up to
rated output With distortion products pushed down to a
level more than 80 dB below the program material, it is
very tempting to announce that this is the ultimate and
that no further improvement in amplifiers will ever again
be necessary.

Since the same thing was said when amplifier dis-
tortion was reduced to 5%, then 1% and finally to 0.1% and
each time has been proven false, we will simply have to
await improvements in other components to a comparable
fevel of distortion before we can know for sure, but don’t
take any bets. The ear has proven to be considerably more
sensitive to such things than anyone imagined ten or
twenty years ago.

Like most things, the Tiger .0! circuit has evolved
slowly over a number of years with small, but steady im-
provements. It is usually possible to consider a power am-
plifier as consisting of two parts; the input, or voltage am-
plifier portion and the output, or matching portion. The
point of division is obvious in most circuits, since the por-
tion following the bias system is the output portion.

Except for car radios and a few other low/power spe-
cial cases almost all development effort has been toward
perfecting the class AB, or B type circuits. Class-A circuits

A AA,
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FIG. 1—-QUASI-COMPLEMENTARY OUTPUT TRANSISTORS are
by driver in complementary configuration.

are only practical for power outputs up to approximately
10 or 12 watts. Beyond this point the high quiescent power
dissipation caused by low efficiency of class A-circuit dis-
courages serious attempts at more powerful circuits.

The advantages of complementary class-AB and class-
B amplifiers have been known for at least twenty years.!
Most of the complementary circuits in use today are de-
scribed in this paper. High-power complementary transis-
tors were not available at this time though, and the few
germanium npn types that could be obtained were terribly
expensive, This led to wide use of quasi-complementary
circuits in which only one polarity of output transistor is
used with a complementary driver pair as in Fig. 1.

This type circuit presents a number of problems. First,
the output stage must operate at unity gain, since (in the
form shown here) the positive half cycle of the signal
passes through a pair of emitter followers that cannot pro-
vide any gain. In addition, the circuit inherently has greater
distortion than a complementary circuit due to the different
number of junctions in the signal path on positive and neg-
ative half cycles and the difference in input impedance of
the upper and lower pairs. Despite all of this, the quasi-
complementary output circuit delivers reasonably good per-
formance and is still widely used today.

Fully complementary output circuits became popular
in the late '60°s when reasonably priced complementary
silicon transistors became available. Some of the best of
these were the Marrantz 15 and the JBL “T™ circuits. In
1967 the first of the present series, Lil Tiger was in-
troduced. Although not designed to be the worlds lowest
distortion amplifier, this circuit gave quite respectable per-
formance at minimum cost, due to the use of com-
plementary plastic output transistors. In October 1970 the
Universal Tiger* introduced a new variation in output cir-
cuits, an output stage with gain; see Fig. 2. You will note
that that type circuit is completely complementary and also
cannot be built without complementary transistors in the
output stage. Using this type of output circuit reduces the
drive voltage needed for the output section of the amplifier
and also makes it possible to control the response of the
output section very neatly by proper choice of capacitor C
in the schematic.

The Tiger .0l uses a similar output circuit, but with a



b \g +0C
S
°
) :‘:c
! R
ELE
LOAD
INPUT .’_.1 4 o o
g = ‘ +
< R <
ALL RESISTORS
|74 MARKED R ARC
'é EQUAL IN VALUE
'L @
f .
4 2C

output, thereby making the output section of
the drcuit a triple. Doing this increases the current gain of

for matching of the complementary transistors.

The only problem with a triple is that temperature
tracking of the bias and output stage is far more critical
sow. Feedback from current sensing resistors R37 and R38
to the first stage of the triple, Q10 and Q11, along with
ion diode D4 takes care of this problem.
Output feedback resistors R28 through R31 set the gain of

E‘

the output es at approximately three, so we have a
very linear output section for our amplifier that only re-
quires arcund 8 volts rms and a few milliamps to drive it
to full output.

With the output section of the amplifier taken care of,
the voitage amplifier portion can be considered. Most early
power and even a few current ones, used single-
stage voltage amplifier and driver systems with a bootstrap
collector load of the type shown in Fig. |. Sometimes an
additional impedance matching stage was added at the in-
put to allow matching to tube preamps. Capacitor C, al-
lowed the amplifier to produce full positive supply output
on signal peaks by adding the output voltage to the supply
voltage at the junction of -the two collector resistors. This
type. voltage amplifier does not lend itself to use with split

supplies and it is generally used with a single-ended

power

power supply. Due to the half-supply voltage ofiset at the
output the speaker must be coupled through a large capaci-
tor.

is system ally has 20 some odd dB of negative
and will produce an amplifier with less than 1%
The can be improved and the amplifier
ﬂnhensedmthaspﬁtmply,xf emputmgensmade
a differential amplifier. This allows the input and feedback
points at the two bases both to be referenced to ground
at dc ground. This is a consid-
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which allows more feedback to be used to lower distortion
and the now bas no reactive components between
it and the output of the amplifier. The entire amplifier may
Bow be dc coupled if desired.

Asgother i is the use of a current source as
the driver coliector load instead of the bootstrap capacitor,
split resistor system. This considerably reduces any cross-
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source repiaces the driver bootstrap sepecitor.

SPECIFICATIONS
Power Output—60 watts sine wave continuous; 8-chm
load.
Frequency Response—5.0 to 100,000 Mz at -1.0 d8
points.

Distortion~Less than .01% (M distortion up to rated
output. See graphs for complete distortion
information.

Output Impedance—_ess than 0.1-chm 20 to 20,000

H2.
Hum and Noise-More than 80 dB below full output.
Input Sensitivity=0.8 voits rms maximum for full rated
output. Level controi provided to re-
duce sensitivity it needed.

Stablility—~Completely stable with any type load. Volt-

Amp limiting provided to protect output stage
from effects of very reactive load.

1 kHz TOTAL HARMONIC DISTORTION
60/7000 Mz (4:1) IM DISTORTION

[\ 9] - T

P S
-4 &
L3
~

g
E-
i
)
!
. __E' -
\

2 5 1 2 ) 10 2 5.0 100
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FIG. 4~DISTORTED WAVEFORM fed from collactor of Q1 1o tha base
of Q3. Effect of distortion Is reducad by push-pull driver.

over notch distortion that may be present due to less than
optimum bias conditions. This type driver causes the driv-
ing voltage to switch very quickly through any voltage lev-
els where the driving current requirements drop or dis-
appear. Although this type driver does not eliminate the
need for bias in a quality amplifier, it makes the amount
of bias used much less critical. In lower quality appli-
cations, such as PA work, the bias system may be removed
and the amplifier run class B, generally without any notice-
able effect on the quality. Amplifiers with these improve-
ments can be expected to have distortion levels in the 0.1%
range, and there should be no distortion peaks in the low
power levels at the crossover point. Figure 3 is typical.

So at this point we have a pretty sophisticated ampli-
fier with about all the gain we can handle without running
into phase margin problems, or the necessity of reducing
bandwidth drastically to keep the system stable. How do
you improve on this circuit. A look at the oscilloscope pho-
tograph of Fig. 4 should give you a good idea. This is a
photograph of the waveform at the collector of Q1 as seen
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Its characteristics can be used to good advantage.

at base of Q3 point in the circuit of Fig. 3.

Why is this waveform so highly unsymmetrical you
ask? Well the reason is quite simple. Q1 is supplying the
current at this point to drive stage Q3. On positive half-cy-
cles of the signal swing, Q3 must supply current to the
driver in the upper half of the output section and also
must supply the constant amount of current being soaked
up by stage Q4. On negative half-cycles, however, the out-
put requires no current from Q3 and most of the current
from the current source Q4 is used to drive the lower por-
tion of the output section. Thus on positive half-cycles, Q3
supplies output plus current source and on negative half cy-
cles current source less output drive. Obviously the driving
signal at the base is going to be very unsymmetrical under
these conditions.

50 what can be done to improve on this situation? Ob-
viously a push-pull driver would be a good solution. Then
we would have two signal swings on opposite ends of the
circuit that would still be unsymmetrical, but which would
be of opposite polarity. Thus the distortion would be re-
duced as in any push-pull arrangement. There are several
possible ways to drive such a system, but the most elegant
is to use a complementary, cross-coupled input system. This
makes the whole amplifier symmetrical and push-pull from
the very input.

The complementary differential input stage also pro-
vides us with some additional advantages. With this type
circuit the base current for the input pair does not all have
to flow through the input resistor from ground and through
the feedback resistor from the output as in a normal single
ended differential pair. Referring to Fig. 5, the base current
path is from Q1 into the base of Q5 provided that the base
currents of the two transistors are equal. This results in no
offset voltage across the input resistor.

Exact matching is impossible, but even if the matching
15 not perfect, we still have only the difference between the
two base currents flowing through the input resistor to pro-
duce an offset rather than the entire base current of one
transistor as in a single-ended situation. Since the differ-
ential current is so small through this resistor we can either
make the resistor quite large and have a very high input
impedance on the amplifier, or we can use a smaller resis-
tor and get away with a rather large difference in base re-
sistors without getting the considerable offset at the output
of the amplifier that this would normally cause. Since input
impedances over 50,000 ohms are of little value the later
course was followed on Tiger .0L

The only thing remaining is to choose a bias system
for the output stage. The input amplifier pretty well dic-
tates the use of a transistor for this purpose. The dual dif-
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F3
-40 perature changes. This information is provided by D4. The
diode’s forward voltage drop changes with temperaturg and
* changes the bias on Q9 to reduce the bias voltage slightly
lcz as the output transistors warm up. All this keeps the ampli-

TS1

ferential input stage cannot be perfectly temperature com-
pensated easily. As a result the idle current in the driver
stage varies with temperature to some extent. If we at-
tempted to use diodes for bias, this current variation would
result in bias voltage changes. This is highly undesirable,
and besides this it would take a bunch of diodes to get the
3 to 4 volts of bias that we need with this circuit (Fig. 6).
The bias voltage is set by the emitter-to-collector volt-
age drop across Q9. This voltage tracks quite well with the
base-emitter voltage changes of Q10 and QI when am-
bient temperature changes occur. The temperature of the
output transistors however is more dependent on the power
output at any given time and Q9 needs some feedback in-
formation on this temperature rise if anything is to be
done about stabilizing the output current with these tem-

fier’s idle current under control under all power output and
ambient temperature conditions it is likely to be subjected
to.

The power supply is a simple bridge rectifier system
with capacitor-input filters. Due to the large amount of iso-
lation from supply ripple and hum in the voltage amplifier
stages, excellent noise figures are obtained without any
complicated regulated supplies. It is doubtful that any mea-
surable improvement would be obtained if such a supply
was used. The output transistors are protected from highly
reactive loads by Q16 and Q17. These transistors monitor
the output transistor current and voltage drop. If either of
these, or a combination of the two occur that could cause
operation of the output transistor outside it's rated safe op-
erating area the protection transistors will turn on and by-
pass enough drive current to keep the output device from
going into secondary breakdown.
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WIRE

FROM

| STEP | LENGTH |GAUGE TERMINAL | SOLDER | PART | TERMINAL {SOLDER
{ e Wiring Chart - #207/A Power Amp _______ Pagel %
1 - - Xformer | Red - 1 - PB_board GN-1 YES &
i 2 - - Xformer | Red - 2 - PB_board GN-2 YES
3 - - Xformer Red-Yel - PB board GND YES
x 4a - - Xformer Black - S1 A NO ,
i  4b - - Xformer Brown - S1 A YES &
e - - Xformer | Brn - B - TS A NO [
| 5b - - Xformer | Red - Bl - TS1 A NO
i 6 3" heavy TS1 B NO LS A NO |
{7 17" heavy F4 A YES S1 B YES B
I . 16" light gauge 151 A YES I A YES ‘
L _ twisted pair TS1 B YES R-11 - YES _§
i __White - F4 B YES &
;4 9 Line Cord Black - LS1 A YES I{
, 10 R45 and L] F1 B YES J4 - YES M
4 1111/ light R47 A YES J1 B NO |
B 12 11/ dlight | R4y C YEs | )1 A NO |
E capacitor C12 J1 A YEs | J2 A YES [
Y 13" light J] B NO_|PB board GND
R_1o 13" heavy J3 - YES |PB board GND YES B
116 13" heavy | F2 B YES_|PB board | +40 YES_J
Y 12" heavy | F3 B YES_|PB board -40 YES |
i ,{;
Y 18 1" heavy | 207 board | _+40 YES | F2 A YES
i 19 1 61/2" | heavy | 207 board | -40 YES | F3 A YES _§
120 12" heavy | 207 board | 0 NO | FI A YES__J
7 3" heavy | 207 boord | O YES | PB board 0 VES |
{22 41/2" heavy | 207 board | E YES | MJ4502 | emitter clip #
: 23 4 1/2" heavy 207 board F -YES MJ802 emitter clip '
N 2 4" light | 207 board | K YES | MJ4502 base clip__§
k25 4" light 207 board L YES | MJ802 base clip |
26 4" heavy 207 board M - YES MJ4502 case YES &
| 27 4" heavy | 207 board N YES | muso2 case YES
b 28 ] 312" light | 207 board | G _ YES | PB board GND YES



meter brd

%

WIRE FROM TO
. STEP LENGTH | GAUGE PART TERMINAL | SOLDER | ~ -PART TERMINAL [SOLDER § °
Page 2

6" light gauge 207 board A YES R47 B YES
29 twisted wire 207 _board B YES 1 B NO
207 board H YES J1 B YES
30 3" light 207 board | C YES | Ls2 B YES
31 3" light 207 board D YES LS2 A YES
32 24" light gauge J3 - YES |meter brd see text ~ YES
twisted pair J4 - YES see text | - YES



Schematic - No. 207 Power Amplifier

ALL VOLTAGES ARE +10 PERCENT
AND SHOULD BE MEASURED WITH
A 20000 OHMS/VOLT OR BETTER
METER. P-P VALUES DENOTE PEAK
TO PEAK AC WHILE ALL OTHERS
ARE DC.
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