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Proper transistor - 
proper biasing. 
circ~dits and how to design them in this t 

month's art i~/@. MANMY HOROWITZ 

Part 5 LAST MONTH, WE BEGAN 

our discussion of bi~olar  
and FET transistors by looking at the struc- 
ture of those devices and at some basic tran- 
sistor circuits. One of the things we men- 
tioned was that if a bipolar device were used 
in a Class A common-emitter circuit, for 
linear operation the collector voltage (with 
no input signal present), should be set at one 
half the supply voltage. The no-input-signal 
condition is commonly referred to as the 
quiescent operating point. (Similarly, in the 
case of an FET in a common-source circuit. 
the drain voltage should be one half the 
supply voltage). That, however, is merely 
an approxiniation: the actual operating point 
varies with the specific requirements of the 
circuit. In any event, once the proper op- 
erating point has been selected, the device 
must be biased for that point. Just how that 
is done is the topic of this month's article. 

Bipolar transistors 
There are essentially two types of bias 

circuits that are used with bipolar devices. 
Although there may appear to be many 
more, the others are simply variations of 

those two circuits. And even the two cir- 
cuits are variations of each other. 

But why do we need many bias cir- 
cuits? They arose mainly because of the 
high leakage current, Ioo, that flowed 
from the collector to the base in early 
germanium transistors. If that leakage 
current also flowed through the base- 
emitter junctions (as it normally did), it 
was multiplied by beta (P) to make it into 
a large undesirable leakage current, ICE,, 
that flowed in the collector and emit te~ 
circuits. And to compound the problem, 
IcBo and ICEO doubled every time the 
temperature of the transistor increased by 
10°C. Although those factors are still im- 
portant in modem silicon transistors, the 
effect on the collector current is reduced 
considerably because the leakage current 
in silicon transistors is frequently low 
enough to be ignored. 

In addition to leakage current, var- 
iations in the operating parameters from 
device to device, as well as with tempera- 
ture, can cause problems. The value of P,  
for instance, will vary froin device-to- 
device of the same type, as well as with 

temperature and collector current, I,. In 
addition, the value of I, at the operating 
point will vary with several parameters. 
Among those are VBE. the voltage drop 
across the base-emitter junction, which 
itself varies with temperature; V,,, the 
base supply-voltage; r,, the collector-to- 
base resistance in a common-base circuit, 
and rd the collector-to-base resistance in 
either a common-emitter or common- 
collector circuit. 

But, once the operating point has been 
established for a circuit, ideally it should 
not be effected by differences in parame- 
ters from device-to-device, or by any ex- 
ternal factors such as temperature. That is 
the reason for all of the bias-circuit var- 
iations-they are designed to help stabi- 
lize the operating point. In theory, if the 
proper bias circu~t is used, the operating 
point will not change regardless of any 
change in any of the factors mentioned. 
However, theory and what really happens 
are not always the same. But even so, 
using the proper  bias  c i rcu i t  will  
minimize any variations of the operating 
point sufficiently so that the circuit will 





AIc = 401,. Finally, the total collector 
current when P is increased from 40 to 80 
is I, + AIc, or 401, + 401, = 801,. 

Improving stability 
Stability can be improved by adding an 

emitter resistor, RE. to the circuit in Fig. 
1. If that is done, equations 7 , 8 ,  and 9 are 
modified to become: 

In this arrangement, base current is less 
than it was when there was no emitter 
resistor. It is reduced because the emitter 
resistor, RE, is reflected into the base 
circuit as a resistor equal to @RE. Because 
of that, the base current becomes (V,,/ 
(R, + @RE)) + ICBO In addition, I, 
becomes equal to PI,. 

The bias circuit shown in Fig. 3 is used 
when stability is a very important con- 
sideration. The circuit in Fig. 1 ,  and the 
variation we created by adding an emitter 
resistor, are simplified versions of that 
circuit. In it, V,, has been eliminated; 
instead, Vcc is used as both the collector 
and base supply. 

Theveniil's theorem must be used in 
order to determine the base culTent in the 
circuit in Fig. 3 .  That theorem states, in 
part, that any network of voltage sources 
and resistances can be simplified to a sin- 
gle voltage source in series with a single 
resistance. Use the following steps to 
apply that theorem to the circuit. Those 
steps are shown in Fig. 4. 

First, as shown in Fig. 4-a, separate the 
bias resistor circuit from the rest of the 
circuit. 

The second step. as shown in Fig. 4-b, 
is to detem~ine the voltage at the junction 
of R, and Rx.  That voltage is called the 
Theverzin voltage, VTHr and, since RB and 
Rx make up a simple voltage divider, is 

FIG. 3-IF BETTER STABILITY IS REQUIRED, 
the bias circuit shown here can be used. 

FIG. 4--TO EVALUATE THE BASE CURRENT of the circuit shown in Fig. 3, Thevenin's theorem must 
be used. The steps followed in applying that theorem are shown here. 

equal to Vcc(Rx/(R, + Rx)). 
The third step, as shown in Fig. 4-c, is 

to short the supply to ground and de- 
termine the Thevenin resistance, RTH. 
That is the resistance seen when looking 
back toward Rx; in other words, the re- 
sistance between the junction "J" and 
ground. In this case, it is the parallel 
combination of Rx and RB, which, of 
course, is equal to RxRBI(Rx + RB). 

The fourth, and final step, shown in 
Fig. 4-d, is to reconstruct the original 
circuit, substituting VTH for Vcc, and 
RTH for RB and Rx. The Thevenin volt- 
age, VTH and the Thevenin resistance, 
RTH, are connected in series with the base 
of the transistor as shown. The base cur- 
rent can now be calculated from the for- 
mula: 

The value of VBE is usually ,017-volt 
for a silicon transistor. and 0.2- to 0.3- 
volt for a germanium device. Once 
you've calculated I,, the collector current 
is simply PI,. 

In this type of circuit, the effect of 
leakage current, Io0, is reduced because . 
some of it is diverted from the base- 
emitter junction to Rx. A good rule of 
thumb to use when designing this type of 
circuit is to make Rx equal to less than ten 
times the size of RE. 

As we mentioned earlier, there are two 
basic types of bias circuits. So far, all of 
the circuits we've examined were var- 
iations of one type. Let's now turn our 
attention to the second type. It is shown in 
Fig. 5. Here. R, is connected to the col- 
lector of the transistor being biased in- 
stead of to Vcc. In that circuit, negative 
feedback from the collector to the base 
acts to reduce the value of the stability 

factors, a desirable result. In determining 
the  o p e r a t i n g  p o i n t ,  t h e  s i m p l e s t  
approach is to again use Thevenin's 
theorem. Just adapt the method described 
for the circuit in Fig. 3 to this circuit, 
using the value of VCE that you are de- 
signing for instead of Vcc. A reasonably 
accurate formula for determining col- 
lector current is shown as equation 13. 
Note that Rc and Icio are included in the 
equation. Stability factors for this circuit 
are shown in equations 14, 15, and 16. 

S, = 
(RxVcc+ RXRBICBO)(A + RxRB) 

(PA + RBRx)' (1 6) 

Where A = RERc + RERB + RERx + 
RxRc). 

Those current and stability equations 
can be applied easily, with just slight 
modifications, to the circuit in Fig. 3. In 
equations 13 through 16, Rc is an impor- 
tant factor in determining the bias. It 
plays no part, however, in determining , 
the stability and quiescent current for the 
circuit in Fig. 3 .  When applying those 4 
equations to that circuit, let Rc equal 0 .  5 That eliminates all terms containing Rc. rn 
If, in addition to setting Rc equal to 0 ,  Rx 
was made infinite by removlng it from the 
circuit and RE was made equal to 0, or 
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FIG. S T H I S  CIRCUIT is one of the many var- 
iations of the two basic bias circuits. 

shorted, we end up with equations 6 
through 9; those were, as you recall, used 
for the circuit shown in Fig. 1. Should RE 
be left in the circuit, the equations will be 
identical to equations 10, 11, and 12: 
Thus, equations 6 through 12 are simply 
variations of equations 14, 15, and 16. 

There are many variations of the simple 
circuits we have presented thus far. One 
of those is to remove Rx from the circuit 
of Fig. 5 .  That does reduce stabili- 
ty somewhat, however. Equations 13 
through 16 still apply, but are modified by 
removing all terms containing the expres- 
sion Rx. 

Temperature compensation 
Base-emitter voltage variation with 

temperature is an important considera- 
tion, especially in power circuits, be- 
cause in those the temperature of the tran- 
sistors tends to increase by a considerable 
amount. The circuit most-commonly 
used to compensate for that is shown in 
Fig. 6. 

Diode D is placed into the circuit as 
shown so that it is always on. The diode 
used should have the same voltage1 
temperature characteristic as the forward 
biased base-emitter junction of the tran- 
sistor. It should also be placed close to the 
transistor so that both of their tempera- 
tures will vary in a similar manner. With 
this configuration, the voltages across the 
diode and the base-emitter junction are 
always identical. Because of that, the 
voltage across RE and Rx are also always 
identical, regardless of any changes in 
VBE caused by temperature. Thus stabil- 
ity is improved. 

The final variation we'll discuss here, 
is the one shown in Fig. 7. In most bias 
circuits, RE is connected between the 
emitter and ground. Here, however, a 
battery or other voltage source, VEE, is 
inserted between the emitter and ground. 
As a result, the base current, IB is approx- 
imately equal to VEE/(RX. + PRE); the 
collector current, as usual, is equal to 
PIB. The stability factors for that circuit 
are essentially the same as those calcu- 
lated using equations 10 through 12. 
When applying the equations here, 

FIG. 6-TO COMPENSATEfor variations caused 
by temperature, a diode can be placed in the 
base circuit as shown. 

FIG. 7-IN THIS VARIATION, a battery or other 
voltage source is inserted between the emitter 
and ground. 

however, substitute VEE for VCC, and Rx 
for RB. 

In summary, as a general procedure 
when designing bias circuits, first de- 
termine the ideal quiescent collector 
voltage and current. Divide the collector 
current by P to find approximately what 
the base current should be. Next design a 
base circuit to establish those conditions. 
Remember that those conditions should 
be relatively insensitive to temperature 
changes, as well as parameter variations 
from device to device. To make certain 
that they are, you must check the stability 
factors. Any of the circuits we've dis- 
cussed, as well as many other variations, 
can be used when biasing bipolar transis- 
tors. You must determine how much op- 
erating point instability your design can 
tolerate. Start with the simplest circuit 
and calculate the stability factors. If col- 
lector current variations due to these fac- 
tors are too great, increase the complexity 
one step at a time. Never go beyond the 
simplest circuit you can use to satisfy 
your requirements. 

Biasing JFET's 
Gates of n-channel JFET's are usually 

made negative with respect to the source. 
But, as no gate current flows if the gate is 
made just slightly positive with respect to 

the source of a JFET, up to +0.5 volt 
may be placed at the gate. Two arrange- 
ments used for establishing the proper 
bias voltage are shown in Fig. 8. 

In Fig. 8-a, drain current. ID, flows 
through RD and Rs. Thus, the source cur- 
rent, Is, and I, are equal to each other. A 
voltage equal to IDRs is developed across 
Rs. That voltage is called VRs and has the 
polarity shown. 

A leakage current, IGSS, flows from the 
gate to the source. The value of IGgs at 
25°C is often found on the specification 
sheets of the device. That leakage cur- 
rent, however, increases with tempera- 
ture-usually doubling with each in- 
crease of 10°C. The leakage current flows 
through R,. developing a voltage, VRG 
equal to IGssRG. The polarity of that vol- 
tage is also shown in Fig. 8-a. 

Voltage between the gate and source is 
equal to VRS - VRG. The value of VRs is 
usually adjusted to be larger than the 
value of VRG SO that the gate will be 
biased negative with respect to the 
source. That's how the bias for the circuit 
shown in Fig. 8-a is established. 

FIG. 8-EITHER OF THESE CIRCUITS can be 
used when biasing either JFET's or MOSFET's. 

The source resistor is an important fac- 
tor in enhancing the stability of the circuit 
as it is used to counteract any increase of 
IGss caused by a change in temperature. 
Circuit stability can be improved by in- 
creasing the size of Rs. But there is a limit 
to this. Should Rs be increased too much, 
the voltage developed across it can be 
high enough to bias the transistor near or 
at pinch-off. That is, of course, undesir- 
able. The value of the source resistor must 
be chosen so that the proper bias point is 
established when the voltage developed 
across RG is subtracted from the voltage 
developed across Rs. 

A larger source resistor can be used 
with the circuit shown in Fig. 8-b. In that 
circuit, a sizable positive voltage can be 
developed across RG due to the presence 
of + VDD and the action of the voltage 
divider made up of resistors Rx and RG. 
That positive voltage is increased some- 
what by the presence of leakage current 
IGSS. TO determine the gate-to-source 
bias voltage, subtract the voltage de- 
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veloped across RG from that developed 
across Rs. If it is desirable to make Rs 
very large, all you need do to compensate 
for the voltage, V,,, that is developed 
across it, is to either increase RG or reduce 
Rx. The larger voltage now developed 
across RG, subtracted from the increasecl 
voltage developed across Rs due to its 
increased value, establishes a seasonable 
negative bias voltage. 

Before calculating the values of Rx and 
R,, we should know what val~les of ID 
and Rs are desireable. That can readily be 
done by averaging values that are found 
on the JFET's specification sheet. 

First determine the average pinch-off 
voltage, V,. It is midway between the 
maximum and minimum pinch-off 
voltages specified for the device. 

In a s imikfashion,  calculate the aver- 
age IDS,, IDss, the drain current when 
vGS = 0. 

Finally, choose a reasonable value for 
c a v e r a g e  gate-to-source bias voltage. 
VGS. It frequently is equal to about 0.4 x - 
VP. 

All those factors are then substituted 
into the following equation to determke 
the average quiescent drain current, I,: 

Absolute values of Ks and are used 
so that polarities can be ignored. _ -  

Now that we have detcsniinecl I,,, we 
can turn our attention to establishing a 
relationship between Rs and V,;, the 
voltage between the sate and ground. It 
is: 

We obviously want to malic Rs as large 
as possible to improve stability, but there 
are some limitations. Voltagcs are de- 
veloped across Rs and R, due to the pres- 
ence of ID. When ID is at its niaximum, 

the sunl of the voltagcs across R., and R, ,  
sho~iid he several \;olts lesi rll'ui V,,,, i t '  
thc transistor. is to opcratc in the pi~-izl:-iii'i' 
region. Eience (!Xi; + R,,)RI, 1111.!ct be I c ~ s  
than 311,,,. The vai~ic of R,, is ~isirally 
iietermiriecl by o t h e ~ c i r c ~ ~ i t  s c q ~ ~ i ~ . c ~ ~ i c ~ i t \ .  
:;o that !irnits the value of R, Oncc thc 
~ i i a x i i i ~ ~ ~ m  valuc fix 12, l ias bcci-i dc-  
terrni~lcd, thc Y;L!LIC of V c ;  is So~~ilil i'1-01ii: 

But the v;llucs for- it,, anti Kx  cannoi  bc 
selcctec! at random bcc;iusc i,f the ~ I . C X -  

ence ol'thc 1c;ikagc cril-rcnt. I,;.,,. I f  AV,;, 
is the allowahlc his:, voliagc variation in 
the de:;ign, Ail, I S  the a!low;~ble drain 

FIG. 9-THESE CURVES are extremely useful when designing &?OSFET bias citcuits, The curves !or 
the device you are designing for can be found on that device's specification sheet, 

0 MFD x 450 Volts ... .99 
0 MFC! x 450 \Jolts ... 3.09 
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ciln-cni variation, AIc;ss is the arnount the 
lcaliage gatc cul-rent changes over the op- 
erating tempzrature range, and Rs is the 
value of  the source rcsistor, the parallel 
cquiv;llcnt resistailce. R,, of R, and Rx 
crtn be no larger than: 

Once you'ke calculatcd RI,. you can find 
R,, and R:, from: 

Substituting that information into equa- 
tion 19, we can detznninc V,. 

Biasing MglrSFET's 
RZOSFET gates are insulated from their 

substrates and channels. Because of that. 
the lcaltagc current is much lowcr than the 
I,;,, of a JFET. F~~rthermore, this leakage 
cilrl.cnt remains constant regardless of the 
MOSFET's te~iiperature. 

I,i:akapc cursent was :: vcry important 
fiictos in bipolar device designs because it 
affected the output cursent. Collector cur- 
rent increased rapidly with leakage cur- 
rent and teniperaturc causing the tern- 
perature ant1 current to keep rising until 
tlic transistor, in many instances, de- 
stroyed itself. As forthe MOSFET, that is 
not a problem bccause the output current 
tiere azt~~al ly drops as the temperature of 
the transistor rises. 

AS for bias voltage, no gate current 
other tl~an leakage curcnt flows regard- 
less o l  thc gatc's polarity with respect to 
the source. Despite that ,  11-channel 
eni-~a~~ccme~~t' \de~)letio~i-type MOSFET's 
itre usualiy biased so that the gate is nega- 
t ivc wit!! respect to the source. But they 
zo~ild, il' desired, be biased so that the 
gate is positive with respect to the source. 
Enhanccnient-type devices. however. 
MlJST be biased so that the gate is posi- 
tive ~vith I-espc'ct to the source. 

Thc circuits wc uscd to bias the JFET. 
shown in Fig. 8, can also be used for 
biasing PdOSFET's. There is one addi- 
tional consideration, however. Some 
P.'I(?SFET's have :I lead from the sub- 
stratc If that shoultl be the case connect 
that lead to the source of the transistor. 

Two curves. a plot of g,,, vs. I, and a 
p,lot of 11) I!?.. VciS. arc useful when de- 
signing MOSFET bias circuits: a typical 
cxaniple of each of those is shown in Fig. 
0-a and Fig. 9-b. respectively. Be aware 
that those curvea will, of  course, vary 
grea t ly  a m o n g  d i f fe ren t  t y p e s  of  
MOSFET's; the curvcs for the specific 
device you arc working with will be found 
0 1 1  tile iicvicc's specification shect. 

For a specific V,,. calculating the val- 
ues for the circuit shown in Fig. 8-a is 
relatively easy if you follow these steps. 

1 .  Determine the g,, required for the 
circuit being designed. 

2. Extend a line from that point on the 
vertical (g,,,) axis of the plot of g,, vs. I, 
found in the device's specification sheet 
to the curve itself. Drop a vertical line 
from the intersection point to the I, axis. 
Where that line crosses the I,, axis is the 
desired value of I,. 

3. Following a procedure similar to 
the one in the last step, use the value of I, 
to find the desired value of Vc,, from the 
plot of I, vs. VGs found in the device's 

specification sheet. Once that is done, the 
values of I,, VGs, and VDs are known. 

4. Calculate R,. For the circuit shown 
in Fig. 8-a, it is equal to VGs/ID. 

5 .  As the voltage across R, must be 
equal to I,,R,. VI,, must be equal to InRn 
+ v,,. 

The design proced~lre is somewhat 
more complex when working on the bias 
network for the circuit shown in Fig. 8-b. 
Here, the bias voltage is the SUIII of the 
voltage across Rs, as just deterniined, and 
the voltage across Rc,  If the voltage 
across Rc; is to be positive with respect to 
ground. the voltage across the resistor can 
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the volume level: The loud sounds are 
clipped, while the soft sounds are allowed 
to pass through unprocessed. 

Clipping the audio waveform causes 
distortion, and results in the generation of 
odd-order harmonics. For example, if the 
modulating signal is 1.5 kHz, clipping 
will produce substantial output at the third 
harmonic of 4 .5  kHz and the fifth 
harmonic of 7.5 kHz, which are outside 
the upper narrow-band FM limit of 3 kHz. 
A low-pass filter coilsisting of R2!R3 and 
C2!4?3!C4 strips out everything above 3 
kHz before the signal gets to the next 
modulation amplifier. 

The output from the amplifier is fed to a 
potentiometer, R4, which serves as a 
"deviation" (modulation level) adjust- 
ment. and then on to a varactor diode 
that's connected to the master oscillator. 
In that type of circuit it's necessary only 
to adjust the deviation control until the 
test. equipment indicates the desired de- 
viation. 

Confusion sometimes sets in if a sepa- 
rate clipping adjustment is provided. 
Note that in the circuit shown, the clip- 
ping level in relation to the microphone 
signal is fixed; it's established by the pre- 
amplifier's gain and by diode D l .  You 
will often find that there's a gain control 
for the preamp, or a level adjustment be- 
tween the preamp's output and the clip- 
per; either way, you can set the degree of 
clipping for a specific level into the mic- 
rophone, or tailor the clipping level to the 
voice level of a specific user. Just remem- 
ber that the transmitter's deviation-the 
modulation of the RF signal-is set with a 
single control. R-E 

be found using equation 19. Com- 
plications arise if that voltage must be 
negative with respect to ground. Now the 
upper terminal of Rx should no longer be 
connected to + VDD, but is instead con- 
nected to a negative supply. That supply 
is called -Vo. Equation 19 still ap- 
plies, except that - V,, is substituted for 
V,,. The values of Rx,  RG, and Rs are 
still found as outlined above for the JFET. 

f pansistar applications 
From here on, we will concentrate on 

designing practical circuits that use bipo- 
lar and FET transistors. We will start with 
small signal audio applications and con- 
tinue. our discussion detailing high fre- 
quency circuits, feedback, and so on. 
Regardless of what type of circuit you are 
designing, you will need to apply the 
material we've detailed over the past two 
months if you are to be successful. W-E 

GIANT 
HEAVY DUTY 

TRUCK BARPAULBNS 

Firestone Tarp Mfg .  will send any of the 
above truck size rarpaulins io  any reader of 
this publication who reads and responds to 
this test beiore midnight Oct. 17. Each tar- 
paulin Lot (#Z-18, PVC) is constructed o i  
high density fabric (with vir In fade in- 
gredient, supplied by Gulf 8 i 1  Zo., Dow 
Chemical Co., and Union Oil Go.) w~th nylon 
reinforced rope hems, double lock stitched 
hems, electronically welded seams, 100% 
water proof, #4 (I/$ dia.) metal grommets 
set on 3 ft centers with reinforced triangular 
corner patches and are recommended for 
ail heavy duty use, and all bulk or pallet 
riding materials, and wiil be accompanied 
with a LIFETIME guarantee that it must per- 
form 100% or it will be replaced free. Add $7 
handiing & crating for each iarp ordered, 
Firestone Tarp iidfg. pays ail shipp~ng. 
Should you wish to return your tarpaulins 
you may do so for a full refund. Any letter 
postmarked later than Oct. 17, will be ie- 
turned. LIMIT: Fifty (50) iarps per address, 
no exceptions. Send appropriate sum 
together with your name & address to: Tarp 
Test Dept. #496FA, Firestone Tarp Mfp., 
Inc., 6314 Santa Monica Blvd., L.A., cA., 
90038, or for fastest service from any part of 
the country call collect, before midnight 7 
days a week (213) 462-1914 (Ask Operator 
for) TARP TEST #496FA, have credit card 

1 
CIRCLE 58 ON FREE lNFORMATlOFd CARD 

COMPUTERS 1 
1 Complete Microprocessors l~ne 

Visicaic ?on (in - - ~  -~ 

M~crosoit ZIOO 320 00 
IDS PRISM 80 call us 
IDS Prlsm 132 ... . . call us 
Epson MX-100.. . . call us 
11-745 1440 00 

per~pherals & Terminals 
SOROC 10 130 
TI-9914A.. . . . . . . . 

Color Monilor 
TI-010 
80 Column Board 

/ Texas BnstrurnenPs 
Invest Anal $ 42 00 TI-59 $175 00 
Accessories Call us TI-55 ll 39 95 
TI 58C 
PClOOC 

80 oo speak & sell 49 95 
155 00 TI Programnier LCD 54 95 

TI BAll 39 00 MBA 49 95 

HP 37E 72 00 HP 11C NEW call us 
HP 33C 85 00 HP 12C NEW call us 
HP 34C 115 00 HP-41C Mem Module 26 00 
HP 38C 
HP 41C Pioq 

11499 HP67 295 00 

HP 41CV 
I8000 HP 97 570 00 

234 00 Quad Ran call us 
HP 41C Printer 285 00 Applicatton Pac caii us 
HP-J1C CRD RDR 169 00 HPl83 ............ 1470.00 
HPl85 ..... . .... ... 1990 00 Hp1125 Computer,, call us 

SCM TYPEWRITER SPECIALS 
SCM 2200 $284 00 INTREPID $274 00 
SCM 2500 29400 CLASSIC 12 164 00 

All u n ~ t s  shipped ~n or~ginal  cartons with accessories 
according to manufacturer's spec~i ical~on.  Send 
money orders, personal check 2 weeks to clear In 
l l l~nois add 6% sales tax. Add $6.95 minimurn ship- 
ping & handling charges per unlt. We s h ~ p  UPS. 
Subject to availability. Wrltten warranty for specific 
products can be obtained free upon request. Above 
prlces are for mall order and prepa~d only. Prices and 
speciiications subject to change without notice. Send 
mall orders.. 

%lad& 5, 9's~~. 
519 DAVIS EVANSTON, 1l.L. 60201 TEL 312-869-6144 
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