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Instructions - 1207/B Power Amplifier 

The #207 /B Power Amplifier is a 60 watt, low distortion, low noise, single 
channel amplifier kit designed for audio applications. 

Follow these instructions and use the large schematic for construction of your 
amplifier. This kit is a later version of the amplifier that is described in the enclosed 
reprint. The reprint contains information on the circuit design that might be of interest 
to those building this kit. 

Circuit Boord Assembly 

( ) Cleon the foil side of the 1207 circuit board with a Scotchbrite© pad to remove 
all traces of copper oxide. These ore sold for pot scouring and con be purchased 
in almost al I grocery stores. 

( ) Insert the resistors in the 1207 board. Be sure to note that resistors R45, R46, 
and R47 ore not mounted on this board. As with oil other component instal lo
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 oil of the circuit 
board components hove been insta I led . 

( ) Insert the capacitors in the 1207 board. Be sure to note that capacitors Cl 1 
and C12 ore 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 1207 board. Be sure that they ore tu med to 
agree with the case out I ines printed on top of the board. The banded end of 
the diode case is the cathode (always) . Leave about l / 8 11 between the bottom 
of each of the sma II plastic transistor coses and the top of the board. Note 
that transistors Ql 4. Ql 5 and diode D4 are not mounted on the circuit board. 

( ) Attach the two jumpers to the 1207 board. The jumpers are indicated by the 
solid lines connecting pads printed on the component side of the ci rcuit 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 on equivalent 60/ 40 alloy resin core 
solder. Do Not use acid core solder, or any type of soldering paste. Doing 
so voids ~r ~rranty. 

Heat Sink Assembly 

( ) Remove the precoated insulators from their packages and place over the 
pins on the bottom of each power tronsi stor Q-14 and Q-15. 
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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 heats inks. Be sure the transistor hole 
patterns of all three pieces line up. 

( ) Insert transistors Ql 4 and Ql 5 into the heatsink package from what wi II 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 16-32 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 an.d 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 TSl to the heatsink assembly from what will be the 
externally visible side of the bracket. Turn the switch as shown in the wiring 
diagram chassis pictorial and mount it with 64-40 x 1/ 4 11 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 Fl - F4, jacks 
Jl - J4, and resistor R47. The fuseholders should be attached with the rubber washer 
on the outside of the chassis and the nut on the inside of the chassis. Phono jacks Jl 
and J2 are secured to the chassis with 1/ 4 ground lugs and 1/ 4-32 panel nuts. 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 LSl and two 4000 ufd @50 VDC electrolytic capacitors to 
the chassis, The lug strip is secured to the chassis using a 66-32 x 1/ 4 11 screw, 
lockwasher and nut. The electrolytic capacitors are held in the capacitor clamps 
by 116-32 x 3/8" screws, lockwashers and nuts. The clamps in turn are mounted 
with 116-32 x 1/4 11 screws, lockwashers and nuts. Here again turn 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 116-32 x 1/ 4 11 screws, lockwashers and nuts . 

( ) Turn the transfonner so the leads ore toward the large electrolytic capacitors. 
Attach the power transfonner, Tl, to the chassis using #8-32 x 3/ 8" screws, 
flotwashers, and nuts. 

( ) Clean the foil side of the 1PB board using the some procedure used on the 
11207 board. 

( ) Mount a 11 of the parts on the PB board. The componet vo I ues 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 O. 1 ufd capacitors running poral lel with the length of the board. 

( ) Place this board along side of the lugs of the two 4000 ufd @SO VDC electrolytic 
capacitors. Wrap the O. 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 ports 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 con 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 ei ther· capacitor. 

( ) Strip about 2 11 of the heavy insulation off of the bare end of the line cord. 
Strip an additional 1/2 11 off of each of the exposed wires. Crimp the strain 
relief onto the line cord about 3 11 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 ot the rear of the chassis and release. 

( ) Temporarily attach power switch Sl 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-1 into the lamp cover. 

( ) Attach and solder resistor on 82K ohm l / 2 watt l 0% resistor in series with 
one of the neon lamp LM-1 leo~s. 

Wiring Procedure 

( ) Complete wmng steps 1 through 9 using the wiring table and wmng 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 Fl thrv F4 using the ports 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 a multimeter, measure the DC voltage 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 I ight 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 .OK ohm resistor. 

Complete wiring steps, 10 through 17 of the wiring table. Make L-1 by carefully 

close winding one layer of sol id hookup wire on the body of a 10 ohm 1 watt resis

tor (R-45). Solder the wire to the leads of R-45 on each end. The amount of induct

ance in this coil is not critical. Normally there should be no DC voltoge applied to 

capacitor C-12, so polarity is not important. Connect positive lead to input jock 

unless you hove a reason to wont the polarity opposite this. 

Complete wiring steps 18 through 31 of the wiring table. For this port, cut, 

strip and attach all of the wires to the 1207 board first then go bock 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 ofter 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 obscured from view. 

Snap the two 16 tinnerman nuts in the circuit board mounting holes on the 

heotsink bracket. 

Pull the four pin-tipped base-emitter wires up toward what will be the top of 

the chassis and secure the board using 16-32 x 1/4 11 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 al I connections have been soldered. 

Set the idle current control, resistor R22 so the tab on the knurl of the control 

ls toward the bottom of the chassis, and turn the level control shaft, resistor, 

R47, fully counterclockwise. 

Insert the I ine cord plug into a wal I outlet and using a multimeter, measure 

the DC voltage across the speaker terminals. It should be less than 0.05 volts 

DC plus or minus. Also measure the voltage drop across resistors R35 and R36, 

Neither reading should be higher than 0.1 volts DC. If the voltages ore not 

within the specified limits, do not continue o·ssembly until the problem is 

corrected. Unplug the unit. Discharge the filter capacitors. 

Remove the 16-32 x 1/ 4 11 board mounting screws and pull the board bock 

away from the chassis. 
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( ) Cut four one inch pieces from the heat shrink spogetti 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 transistor base and emitter leads making sure the leads ore 
well insulated from any possible contacting metallic surfaces. 

( ) Position and reattach the circuit board using 116-32 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 O to 10 volt DC position. Again insert 
the line cord plug into a wall outlet. The meter will probably deflect slightly 
at tum-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 acturo I voltage is less than O. 05 
volts DC plus or minus. If this reading is within limits remove power and 
continue. 

( ) Remove the power switch, Sl, 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). 
Fol low the directions on the contact cement and be sure not to get any on 
the panel lettering. 

( ) Reattach tl--e 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. 

( ) Cleon the meter circuit board using the procedure followed on the 11207 circuit 
board. 

( ) Attach and solder all of the components to the board, The small diodes ore 1N4148, 
or 1 N914'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 pods indicated by the letter 
"M". Theie 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 poir to the pods of the meter board 
indicated in the wiring diagram: It does not really matter which wire is connected 
to which p:id since the output of the amplifier is an .~C voltage. 
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( ) Snap the tinnerman nuts into the cover mounting holes. 

( ) Press the level control knob onto the control shaft. 

Final Calibration 

If yOIJ have an intennodulation distortion analyzer (IMA) available to you, set 
R-22 for a minimum reading while operating the amplifier into an 8 .O Ohm load 
resistor at a power level of 1 to 3 v.,,otts. 

If yoo do not have an IMA available, a reasonable c lose 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 leod to point "N" on the 1207 
circuit board and make sure the idle control is still set so the tab on the knurl of 
the control is tov.,,ord to bottom of the chess is. Insert the Ii ne cord plug into a wo II 
outlet and allow the amplifier to idle for five minutes. Now advance the idle current 
control, resistor R-22, until the voltage reading is 15 millivolts DC. Remove power 
and disconnect the meter leads. 

If you do not have a meter capable of reading to 15 millivolts, leave the idle 
current control set so that the tab on the knurl of the control is tov.,,ord the bottom of 
the chassis. Advancing the control post the 15 millivolt voltage drop position can cause 
overheating of the amplifier. Recheck the idle current setting after three to four houn 
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 Kitz. Connect an AC voltmeter across the output jacks of the amp Ii fi er. and turn the 
level control on the amplifier fully clockwise . Insert the line cord plug into a well 
outlet and set the level control of the audio generator for an Amplifier output vo ltage of 23 
volts RMS if the amp is to be used with an 8 ohm system, 26 volts if the amp is to 
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 11% MAX POWER" meter 
reads 100% . Install the cover on the unit. 

Operation 

The 207 / 8 amplifier is a high quality unit and in order to maintain its out
standing performace there are severe I things the owner shou Id be made aware of. 

The chassis layout, grounding location, and wiring lengths on th is 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 rec~mended and th; 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, 
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or low air flow environments can cause overheating which will be indicated by the 
thermal switch TSl 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 amp I ifier 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 for 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, Fl • The fuse amperage should proportionate I y lower for 
lower power speaker systems. 

If desired the amplifier may be wired to operate from 220 vol ts AC rather than 
110 volts AC. Just remove the red wire with the black t racer 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 pea"-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 

Incorrect, or no supply 
voltages. 

Excessive voltage drop 
across R26 or R-27 

Output transistors get 
very hot in a few mi nut es, or 
meter reading with no input 

THINGS TO CHECK 

Line cord for open. Power switch for operation 
Transformer windings for continuity. 
Diode polarity - possible incorrect marking 

on package (yes it happens) 
Filter Capacitors for shorts. 

Q-9 not installed correctly. 
wired with wrong polarity. 
circuit board not connected 
Point G not connected. 

0-4 open, or 
Point B, or H on 
to input ground. 

Problem caused by high frequency oscillation. 
R-45 and R-46 may be reversed . 
Check phase compensation capacitors C-1, C-3 
C-8, C-11 for shorts, or opens. 
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REPAIR SERVI CE 

If you have a problem that you cannot solve, the kit may be returned for 
factory service. Please return the entire* unit ( cover, f r ont panel, meters, 
etc.) and reaove all 1110difications and additions. 

A confir111ation sheet will be sent upon receipt of the kit. Please do not 
ask for an estiaate or a detailed report on exactlv what was done in repair
ing your unit, we cannot provide this service. 

* R.eaove the power transformer from ~11 power amplifier kits. This reduces 
postal cost and damage. 

SHIPPING INSTRUCTIONS 

• Pack in a large carton with at least 3 inches of padding on all sides. 
Do not attempt to return the kit in the original box. 

• Include all relevant correspondence and a brief description of the 
difficulty. 

• Ship prepaid by UPS or insured Parcel Pos t. We cannot pick up repairs 
sent by bus. 

• Ship to: Southwes t Technical Products Corp. 
Repair Department 
219 W. Rhapsody 
San Antonio, Texas 78216 
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ALL VOLTAG ES ARE ..tlO PERCENT 
A~'-lD SHOU lD BE M EASURED WITH 
A 20000 OHMS VOLT OR BETTER 
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TO PEAK AC WH ILE ALL OTHERS 
ARE DC . 
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R 1 , R2 , R 15 R20 
R3 
R4, RS , R6, R7, R23 
RS, R9 
R 1 0, R 11 , R32 
R12, R13 
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, RSO 

Cl 
C2 
C3 
C4, C9 , C 1 0, C 11 
cs 
C6 , C7 
ca 
C12 
C13 

D1 
D2, D3 
D4 
05 
a1 I a2, a3, a4 
as , a6, a7, as, a9 
a10, a17 
a11, a16 

Parts List 11207B 

Resistors 

Capacitors 

Semiconductors 

1000 ohms 1 / 4 watt resistor 
47,000 ohms 1/ 4 watt res istor 
100 ohms 1 / 4 wo tt resistor 
10,000 ohms 1/ 4 watt resistor 
2200 ohms 1 / 4 watt resistor 
4700 ohms I/ 4 watt resistor 
4700 ohms 1 / 2 watt resistor 
1500 ohms I / 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 WO,t resistor 
15,000 ohms 1/ 4 watt resistor 
10 ohms 1 watt 10% res istor 
1 ohm 1 / 2 watt resistor 
10,000 ohms lineor 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 1 N4753 or 1 N52581 
4. 7 Volt Zener 1 N5230 or equal 
1 N3754 or D1300A diode 
1 N4148 
2N5087 silicon transistor 
2N5210 silicon transistor 
SSl 123 silicon transistor 
SSl 122 silicon transistor 
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Q12 
Q13 
Q14 
Q15 

Meter Ports 

0-20 mA Output power indicating meter 
1 N.4148 Rectifiers (4) 
0. 1 uF capacitor 
1000 ohms trimmer resistor 
1000 ohms 1/4 watt resistor 

l1 

Fl, F2, F3 
F4 
Tl 

LMl 

Miscel loneous 

40410 silicon transistor 
40409 silicon transistor 
2 N6331 or MJ4502 si I icon 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 Voe C. T. 3A secondary 117 Voe 
primary 
NE-2 neon lamp 
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BUILD 
4-CHANNEL 

POWER 
AMPLIFIER 

Unbelievably low distortion is a feature of this 
four-channel amplifier for quadraphonic applications. 

Each channel drives an 8-ohm load at up to 60 watts rms. 
by DANIEL MEYER 

non .01 is WY LATEST EFFORT TO PRODUCE A BETTER audio power amplifier: With this design, distortion is re
duce<! to a level of less than .01% at any power level up to 
rated output With distortion products pushed down to a 
llve.l more than 80 dB below the program material, it is 
YCry tempting to announce that trus is the ultimate and lbat no ftlrther improvement in amplifiers will ever again benecasary. 

Since the same thing was said when amplifier dis
lortioa wu Rduccd to 5%, then 1% and finally to 0.1% and 
acb time bu been proven false, we will simply have to 
ff(ait improvements in other components to a comparable 
level of distortion before we can know for sure, but don't lake· any bets. The ear has proven to be considerably more 
eensitive to such thing., than anyone imagined ten or 
twcaty years ago. 

4ke most things, the Tiger .OJ circuit has evolved llowly ovea, a number of ycan with small, but steady im
provemeoll. It is usually possible to consider a power am
plifier u consisting of two parts; the input. or voltage am
p lifier portion and the output. or matching portion. The 
poi.at 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 olher low/ power spe
cial cases almost all development effort has been toward 
perfecting the class AB, or 8 type circuits. C lass-A circuits 

+DC 

( 0 

I 
LOAD 

INPUT \ 
-= -= PIG. t~ENTAAY OUTPUT TRANSISTORS n drt99" ~ ...... ____ ..,_.....tlon. 

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

The advantages of complementary c:lau-AB lad _.. 
8 amplifiers have been known for at least twenty y..._1 
Most of lhe complementary circuits in we today an do
scribed in this paper. High-power c:cpplementary ~ 
tors were not available at this time thougla. ud 0.. r .. 
germanium npn types that could be oblained were miWJ 
expensive. This led to wide use of qu41i-complcmro,'!'7 
circuits in which only one polarity of output tnalillor ii 
used wilh a complementary drivcr •pair u in Fia. L iii, 

This type circuit prC5CDts a number of problcma. of~ 
the output stage must operate at unity gain. since (a ~ 
form shown here) the positive half cy.:lc of 1bc ....., 
passes through a pair of emitter followers 11w c:anaa1_,... 
vide any gain. In addition. the circuit inhereD1ly haa ....., 
distortion than a complementary citcuit due IO the ~ 
number of junctions in the signal path on politive u4 ... 
alive half cycles and the difference in input impod•not "II. 
the upper and lower pairs. Despite all of this, the qua, 
complementary output circuit delivcn reuonably pd ~ 
formancc and is still widely used today. 

Fully complementary output circuits became popular 
in the late '6/J's when reasonably priced complementary 
silicon transistors became available. Some of the bet& ot 
these were the Marrantz 15 and the JBL 'T' circuil&. la 
1967 lhe first of the present series, UI Tit~ wu in
troduced. Allhough not designed \() be the worlds lowest 
distonioo amplifier, this circuit gave- quite respectable per
formance at minimum cost. due to the U1C of complementary plastic output transis10n. Jr(' October 1970 dac 
Universal Tiger2 introduced a new variation in output cir
cuits, an output stage with gain; see Fig. 2. Yoa will aote 
that that type circuit is oompletely complemeiuery ud a1lo 
cannot be built without complementary tra.nsiston iJl the 
output stage. Using this type of output circuit redlJccs the 
drive voltage needed for the output section of the ampliflcr 
and also makes it possible to control the response ol dllc 
output section very neatly by proper choice of capecia« C 
in the schematic. 

The Tiger .01 uses a similar output cin:uit, but witb a 

I G C SukJal. -Sy,Mkv-' ..,.,,.. ol T,_ - ~ ~ ,.,_. ap '1l th< IRE. 41. 111-724 (19H) 
2 ""The lndatnac:llblc 12$ W111 ,-.. Afflplllcr." ,..., S...-.. ~ l9'IO 
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Darlington output; thereby m.a.k..ing the output sectio_n of 
the circuit a triple. Doing this increases the current gam of 
the output section of the amplifier and further . reduces ~e 
amount of drive current needed from the amplifier portion 
of the circuiL From this we get greatly reduced gain varia
tion with sign.al output and can almost ~liaunate any need 
for matching of the complementary transistors. 

The only problem with a triple tS that temperature 
trackillg of the bw and 004put stage is far more critical 
now. Feedback from curiai.t .-en.sing resistors R37 and R38 
to the 6nt stage of the triple, Q 10 and Q 11, along with 
thermal compensation diode 04 ta.kc, care of this problem. 
Output fccdbact resistors R28 through R3 l set the gain of 
the output triplea at approximately three, so we have a very linear output section for our amplifier that only re
qai.ta around 8 volts mu and a few milliamps IO drive it 
to f1lll oatpuL 

With the output section of the amplifier ta.ken care of, 
the voltage amplifier portion can be considered. Most . early power ampli6cn and even a few current ones, used single
stage voltage amplifier and driver systems with a bootstrap 
collect.or load of the type shown in F ig. I. Someumcs _an 
addinooa.l impedance matching stage was added_ at the rn
put to allow matching to tube prca.mps .. Capacito r C11 al
lowed the amplifier to prod~ full posit1ve supply output 
on signal peaks by adding the output voltage to the suppl_y voltage at the Junction of -the two collecto r resistors. T~s 
type voltage amplifier does not lend 1tseU: to ~ with split 
power supplies and it is generally used with a smgle-ended 
power supply. Due to the b.alf-supply voltage o ffset at the 
output the speaker must be coupled through a large capaci
tor 

This system normally bas 20 some odd dB of negauvc 
feedback and will produce an amplifier with less than . 1% 
distortion. The circ:uit can be improved and the amplifier 
can be used with a split supply, if the tnput stage 1s made 
a differential amplifier. This allows the input and feedback 
points at the two bases both to be refe renced IO ground 
and k.eept the output pomt at de ground. This ts a consi_d
erablc improvement since there arc now two stages of gain, 
which allows more feedback to be used to lower dlStonton 
and the speaker now b.u no reaCllve components . between 
it and the output of the amplifier. The entire amplifier may 
now be de coupled if desired. 

Another improvement is the use of a current source as 
the driver collector load instead of the bootstrap capacitor. 
split resistor system. 1lus coDS1derably reduces an~ cross-

R3 

,- ---4 
ci ::=::: 
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SPECIACATIONI 
Power Output-60 watts .,,. wave continuous; ~ 

load. 
FrequencJ Responu-5.0 to 100,000 Hz at -1 .0 dB 

points. 
Distortion-Less than .0141l» IM distortion up to ralld 

output. See graphe for complete dlatorloft 
information. 

Output Impedance-Lesa than 0.1.ohm 20 to 20,000 
Hz. 

Hum and NOIM-More than 80 dB below full output. 
Input Sensltlvtty-0.8 volts rm• maximum to, tuH ralN 

output. ~ control pro'llided to ,. 
duce aenaltivtty If needed. 

Stability-Completely stable with any type load. Vol
Amp limiting provided to protect output lltage 
from effects of very reactive load. 
1 kHz TOTAL HARMONIC DISTORTION 
60r7000 Hz (4 . 11 IM DISTORTION 
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P1Q. ~D WAVIJIOMI tld "- coaector of 01 IO 1tle MN 
.. QI. ....... ........... ,.._..., put~ .... . 

over notch dia1ortion 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 disappear. Although this type driver docs not eliminate the 
need for bias in a quality amplifier, ll makes the amount 
of bias med much less critical. In lower quality appli• 
cations, such as PA wort. the b1u system may be removed 
and the amplifier run class 8, generally without any notice
able eff'cct on the quality. Amplifiers with these improve• 
menta cu be expected to have distonioo levels in the 0.1% 
raoge, and there should be no distortion peaks in the low 
power levels at the aoseover poinl Figure 3 is typical. 

So at this point we have a pretty sophisticated ampli• 
ficr with about all the gain we can handle without running 
into phase margi.o problems, or the necessity of reducing 
bandwidth drastically to keep the system stable How do 
you improve on this circuil A look at the oscilloscope pho
tograph of Fig. ◄ should give you a good idea This is a 
photograph of the waveform at the collector of QI as seen 
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at base of QJ pornt 10 the circuit of Fig. 3. 
Wby is this waveform so highly unsymmetrical you 

ask? WcU the reason is quite simple. Q 1 is aupplying the 
current at this point to drive stage Q3. On po5itivc half-cy
clcs of the signal swing. Q3 must supply current to the 
driver rn the upper half of the output section and a1lo 
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 moat of the current 
from the current soim:c Q◄ is med 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• 
clcs current source less output drive. Obviously the driving 
signal at the base 1s going to be very unsymmetrical under 
these conditions. 

So 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 arrangcmenL There arc 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 mpuL 

The complementary differential input stage also pro
vides us with some additional advantaies. With this type 
circuit the base turrent for the input pall' does not all have 
to ftow through the input resistor from ground and through 
the feedback resistor from the output as in a normal single 
ended dilfcrcnuaJ pair. Referring to Fig. 5, the base current 
path is from QI mto the base of QS provided that the base 
currents of the two transistors arc equal. This results in 110 
offset voltage across the rnput rcstator. 

Exact matching 1s impossible, but even ii the matching 
1s not perfect, we still have only the diff'crence between the 
two base currents ftowing through the input resistor to pro
duce an offset rather than the entire base current of one 
transistor as m a single-ended situation. Since the difl'er
cnuaJ current lS 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 bue re• 
s1stors without getting the considerable oftset at the output 
of the amplifier that this would normally cause. Since input 
impedances over 50,000 ohms arc of little value the later 
course wu followed on Tiger .OJ. 

The only thing remaining is to choose a biu 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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Dutillgkm oaq,ut; lbaeby making .he output sectio_n of 
die dmait a Criple- Doing dua increases the current gam of 
die •tpat lec:tiOa of the amplifier ar d fW'ther . reduces ~e 
aJDOQlll ol driw curreat needed from the amplifier portton 
ol Ille c:::irasit. Prom this we get greatly reduced gain varia
tion with lipal output ud can al.most eliminate any need 
ror matching ol dae c:ompaemeawy tramiston. 

lbe oely problem with a triple ii that temperature 
traddog ot the biu aad OIIMpUI stage ii far more critical 
oaw. Feedbect from c:wrlllt lellling resist.on R37 and R38 
ID 1k 8nt mp of 11w: triple, QIO and QI I, _along with 
1bamal compeaiatina diode 04 take, care of this problem. 
Ootpal feedbect rail&on ll28 through R31 set the gain of 
Ille OU1plll t:ripl,CII at ~mnately three, 10 we have a 
'fet"J near OU1Pd ICdioc, for our ampliAer that only re
qaiia UIIUDd t '°I.ta nm and a few milliamp1 to drive it 
to ftaD oaput. 

W-dlt OIi, omput NdioD of tbc amplifier taken care of. 
Iba \IOlca,e aap1i1cr poruoo cu be a>Uidered. Most early 
power ampti6m ud nen a few current ones. used single
.... \IIOltap ampli.6er aad driwr 9Y'tems with a bootstrap 
colledor laed ol the type abawn in Fig. l. Sometimes an 
edtitiDD&I illpeduoe matd,iog atage wu added_ at the in
pat to allow matctiing to tube preamps. Capaator Cb a1-
lr,,,,ed tbc aapti6er 10 produce run positive supply output 
oa lipal peab by adding lbe output voltage to _ lhe suppl_y 
wo1&1p ll tbc juctioa ol ,the two collector resistors. This 
type \IOltap ~ ~ not lend itseU: to ~ with split 
pGlfW aapptill ud 1t • pcnlly used Wltb a wtgle-ended 
pGlfW mppty. Dae ID lbe balf-supply •oltage ofrsct at th.e 
output the ..,-ter mUlt be coupled through a large capaci
tor. 

This l)'llelll aonnally 1w 20 10me odd dB of negative 
feedback and will prod,ace an ampliAer with less than 1% 
dilaor1ioD. n. cin:uit can be improved and the amplifier 
can be 11111d with a split aupply, if the input st.age ts made 
a di1'ereotial amptiier. Tbis allows the input and feedback 
pam11 at tbe two ,ua both to be refe~ to gro~d 
and keepl tbc outp Jt point at de ground. This is a cons1_d
erable impto+emcn liDcc there are now two stages of ga.in, 
wllic:h .... more feedt.:k to be used 10 lower distortion 
aad tbe speaker oc w bu no re.active components between 
it ud die ompat o l tbc amplifrier. The entire amplifier may 
DOW be de coupled .f daired. 

ADOCbcr impro anent is the use of a curren1 sourc~ as 
dllll dliwr ooDec1or load imtead of lhe bootstrap capacitor. 
lplit raillDr ty11e111. Thia considerably reduces a.n~· cross-

-
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IP!CIPICATIONI 
Po.., Output-60 watts lltle wave continuoua; 8-oh,a 

load. 
Frequency RNponae-5.0 to 100,000 Hz at -1 .0 d8 

points. 
Dlator11on-Lna than .01" IM distortion up to ralld 

output S.. graphs tor complete dlelofl0ft 
Information. 

Output lmpedllnce-L ... "an 0.1-ohm 20 to 20,000 
Hz. 

Hum and NoiN-More than 80 d8 below tua output. 
Input hneltl.tt,-0.8 volta nnt maximum tor tun f'llllld 

output ~ control provided to ,._ 
duce Nnefflvtty If needed. 

Stablllty-COmpletely stabte wtth any type load. Voll
Amp limiting provided to protect output llage 
from effects of very reactive load. 
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It would be well to mention at th.is point that although 
lhe circuit is well supplied with ljmiting resistors and volt
amp protcaioo in lhe output stage. it is still qu11e possible 
to "mnch• the outputs if rf signals arc allowed 10 get into 
the amplifier. To provide good square-wave response out to 
~000 Hz. the bandwidlh of the amplifier must be made 
300 to 500,000 Hz. This is all well and good. but the out
put transi.stor efficiency becomes very poor after about 
)Q,000 to SO.OOO Hz due to storage-time effects in lhcse de

vices. 
As long u the input is an audio-range frequency there 

it no problem, but if higher frequencies are fed into the 
amplifier the output transistors will bo·h be on to some cx
lc:Dt for a considerable portion of each cycle. This 1s JUSt 
like shorting the positive supply to the negative supply by 
turning on both output transistors. The effect is called " mu
tul oooductancc" and u you can imagine it causes consid
erable heating of the output transistors. lf you want the su

perior ttamient rcspoo.sc that you get with ltus kind of 
bodwidlh, you just have to be careful about this kind of 

thing. 

Packing and conatructlon 
Since stereo is now almost universal in horn~ music 

system and the trend seems to be to four channels. the Ti
p, .OJ package is designed to be used in anything from a 
single unit to four or more channels by simply adding lhc 
o_ew channels u needed and replacing the outer trim por

tion of the cue. Tbe front panel is quancr-rack size. so 
four of these can be mounted side by side in a standard 
19-i.ocb relay rack. Each amplifier is oompletc with it's own 
separate power supply, so there is no reduction ID power 
when all duumels arc driven to full output and absolutely 
DO intenc1ion. or aosstalk. The meter to monitor output 
level makes it very simple to balance the complete system 
and gives you a good idea of what le\.el you can operate at 
before you are likely to begin clipping peaks and running 
illlo eu:aaive dillortion. no matter what the speaker cffi

c:ic:ncy may be. 
Tbe majority of the parts arc mounted on circuit 

boards to insure proper operation, and make construction 
liapk. Tbe rectifiers arc mounted on a small circuit board 
that auaches directly to the lugs on the filter capacitors. 
111c meter circuit parts arc mounted on another small cir
cwt baud that attaches t.o the meter terminals. The ampU-
6er pana are mounted on the main circuit board in the po-

sitions shown on the board layouL The output transistors 
arc of 00W1C mounted to the heat sink along with ~nsing 
diode 0 /'4. 

The heat sink- consists of two "Wakefield" type 641K 
sinks drilled so that they may be mounted back-to-back. In 
this way enough square inches of beat sink can be obtained 
to ..Cely operate the circujt at full rated power oontin
uously with no overheating problems. A 160• thermostat 1s 
mounted just below the beat sink just in case the amplifier 
is used in a cabinet, or location that docs not have suf
ficient air circulation. This thermostat turns off the ampli
fier and tum on the overheat md1cator lamp on the front 
panel if the amplifier gets too hot for further safe opera

tion. 
Comuuction should be no problem 1f the layout sys

tem shown in the photographs 1s used. The various parts 
that mount oo the chassis should be installed first and the 
supply wired. The power supply can be tested for proper 
output voltage at this point. The no load de output voltage 
should be in the order of :!:45 volts with normal line volt
age. Tbe meter and its circuit board and the meter 1llum1-
nation lamps should be installed ne,-1. The heat sinks arc 

atlaChed to lhe mounting bracket with the same screws that 
bold the power transistors in place. Use an insulaung mica. 
or similar washer under the transistor cases and insulating 
washers under the nuts on the mounting screws. t.:se a thin 
coat of beat sink oompound on each side of the washer 

and on the heat sink surfaces where they oontaa the 
mounting bracket. 

Base and emitter connections are made IO the output 
transistors with pins removed from a miniature tube l0Ckct 
with insulating tubing over the pins. Mount the brack_et 
with the sink and output transistors in the chum. lmlall 
the parts on the main circuit board and solder tbem in 
place. Pull everything except the plastic tramiston dowa 

firmly against the circuit board before soldering and trim 
the citcess lead length o n the etched side. Mount the board 

on the bracket after all input oonnections and oocnccti:ng 
point "O". 

Do not connect the output transistors to the board yet. 
Connect the bias diode leads to points "C" and "I>" all« 
the board is mounted to the bracket. Attach your vcbcJC• 
to the output terminals and put it on the 10 to 15-voll acale 
de, whatever is close. Install the positive and negati~ sup
ply fuses and the output fuse. Plug in the line OOftl _. 
turn on the switch. lf there is anv noticeable rcadina· oa 

the meter after the initial tum-on transients, or any ob¥iolll 
overheating of a part turn the amplifier off and statl ~ 

blcshooting. lf all looks normal so far you can apply • • 
put signal and check for proper amplification. 

Ql2 and Q13 can provide a few hundred milliwadl ol 
power without the o~tput transistors _w~ . ~d be 
enough to tell if operauon 1s corTcct. lf 11 1s going right ., 
far. tum off power and oonnect the output transistors. T.,. 
the bias trimmer to maximwn resist.aooe, connect an ~ 
ohm load and apply power again. Connect A de vohlllellr 
across either R37 or R38 and adjust the bias trimmer for a 
reading of slightly less than 20 mV. This will set_ the_ output 
stage for an idle curTcnt of around 50 mA. which II cloee 
to optimum. 

If you have a scnsiuve IM analyzer with a . l'lt ful 
scale range, you can adjust the bias for minimum distor1ioe 
with a power output of I to 3 watts. Watch lhe meter oe 
the front panel while testing and adjusting and if at -, 
time the reading jumps up. or shows an output wbca 1" 

tion. With iuck such a condition mayb low the tu.a, but it 
can also fry the outputs so don' t allow such a conditioe lo 
continue if it is found. Tbe Tigo- .OJ should be quite stable 
if built and wired as shown, but any amplifier with tllil 
kind of gain, feedback and bandwidth can cause you lall 
of ulcers and heartburn if wire routing and grouadint .. 
not properly done. 

Using your ampllfler 
Listening test show that buildcn of this amplila d 

need svstems in which aJI other components are the 1lllill 
available to really appreciate the quality of this amJ8er: 
If possible, listen to some recordings with extended ~ 
frequency response on a wide-range electrostatic speater 
system. The beautiful transient response and the smoodl, 
e ITortless way in which highs are reproduced with no sip 
of strain, or roughness is unreal. The bass response is lim
ited by the speaker system characteristics. The amplifier 
will handle _material far lower than any known speaker will 
go. Only time will tell , but all indications are that the np, 
.OJ circuit will be another of those l8f_$e steps forward ia 
the development of quality audio amplifiers. Try .it. you'll 
like it! 
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WIRE FROM TO ' 

STEP LENGTH GAUGE PART TERMINAL SOLDER PA-RT TERMINAL SOLDER 

Wiring Cha rt - 11207 / A Power Amp Page 1 

1 - - Xformer Red - 1 - PB board GN-1 YES 

2 - - Xform~r Red - 2 - PB h,v,rd GN-2 yJ:c; 

3 - - Xformer Red-Ye I - PB board GND YES 

4a - - Xformer Black - Sl A ' NO 
. 4b - - Xformer Brown - Sl A YES 

5a - - Xformer Brn - Bl - TS1 A NO 

5b - - Xformer Red - Bl - TSl A NO 

6 3" heavy TS1 B NO LS l A NO 

7 17" heavy F4 A YES S1 B YES 

16" light gouge TSl A YES 11 A YES 
8 twisted pair TSl YES R-11 B - YES 

White - F4 B YF~ 

9 line Cord Black - LSl A YES 

. ~ . 4 I f 
. 

' \ r 

" 
., I 

>-·., ~ 

10 R45 and l 1 Fl B YES J4 - YES 

11 1 112" light R47 A YES Jl B NO 

12 1 1/2" liQht R47 C YES Jl A NO 

13 caoacitor C12 Jl A YES J2 A YES 

14 13" liaht Jl & J2 B Nn PB hnord GND yJ;<; 

15 13" heavy J3 - YES PB board GND YES 

16 13" heavy F2 B YES PB board +40 YES 

17 12" heavv F3 B YES PB board -40 YES 1, 

18 11 II heavy 207 board +40 YES F2 A YES 

19 6 1/ 2" heavy 207 board - 40 YES F3 A YES 

20 12 II heavy 207 board 0 ' NO Fl A YES 

- 21 3" heavy 207 board 0 YES PB board 0 YES 

22 4 1/2" heavy 207 board E YES MJ4502 emitter clip 

23 4 1/2" heavy 207 board F YES MJ802 emitter clio 

24 4" liaht 207 board K YES MJ4502 base cli0 

25 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 MJ802 case YES 

28 3 J /2" liaht 207 board G YES PB board GND YES 
' 

I 
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