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Trademarks and Copyright

Material in this document copyrighted © 20®, 2010Clifton Laboratories. All rights reserved. It is
provided to allow the Z1501D purchasers to maintain their equipment and such other purposes as
may not be prohibited by law.

Warranty
This warranty is effective as of the date of first consumer purchase.

What is covered: During the ninety (90) days after date of purchase, Clifton Laboratories will

correct any defects in thez1501Ddue to defective parts(kit or assembled)or workmanship (if

purchased as an assembled unifyee of charge (postpaid). You must send the unit at your expense

Ol #1 E&EOIT , AAT OAOT OEAOh AOO xA xEIl PAU OAOOOT O
extend to defects caused by your incorrect assembly aise of unauthorized parts or materials or

construction practices.

What is not covered: If the Z1501Dis purchased as a kit, this warranty does not cover correction
of assembly errors or misalignment; repair of damage caused by misuse, negligence, or bersild
modifications; or any performance malfunctions involving norClifton Laboratories accessory
equipment. The use of acidore solder, watetsoluble flux solder, or any corrosive or conductive flux
or solvent will void this warranty in its entiretyWhether purchased as an assembled unit or as a kit,
also not covered is reimbursement for loss of use, inconvenience, customer assembly or alignment
time, or cost of unauthorized serviceDamage due to operating th&1501Dnear a transmitting
antenna is not coveed under the warranty.

Limitation of incidental or consequential damages:  This warranty does not extend to non
Clifton Laboratories equipment or components used in conjunction with our productsAny such
repair or replacement is the responsibility of thmistomer. Clifton Laboratories will not be liable for
any special, indirect, incidental or consequential damages, including but not limited to any loss of
business or profits.

Under no circumstances is Clifton Laboratories liable for damage to your  equipme nt
connected to the Z1501D resulting from use of the Z1501D, whether in accordance with the
instructions in this Manual or otherwise.
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1. Safety Information

WATCH FOR WIRES!

You can be KILLED
if this antenna
comes near
electric power lines!

Installation of the Z1501Dnear power lines isdangerousand should not be attempted For your
safety follow the installation directions. Before starting installation, plan ahead and decide if your
proposed installation location is safe.

Installing an antenna such as th&1501Dcan be hazardous for several reasons, including, but not
limited to:
1 Most importantly, part of the antenna system, inclding the supporting mast, may come in
contact with electric power lines.
1 You may fall off the roof if installing theZ1501Don a roof mount.
1 If installing a supporting mast, you may find buried power lines or gas lines or other
dangerous hidden obstructians.




Even momentary contact between a power line and any part of the antenna system can be instantly
fatal. Falling off the roof can easily cause serious injury or death. Unfortunately, every year people
are injured or killed installing antennas. These adédents can be prevented by first identifying a safe
location for your antenna and then following good safety practices during the installation.

Typical Antenna Location

A major advantage of active antennas such as tA&501Dis that they work well when ingtalled

near the ground. Mounting thez1501DT T A OAI 1 1T AGO 10O Oi xAO EO 110 1.
performance. Clifton Laboratories recommends using a support mast of four to eight feet in length.

Taller masts are not necessary and will increase thésk of danger when installing theZ1501D.

AWhen selecting a location to install th&z1501D, follow thesesimple safety rules:

1. Measure the length of thez1501Dantenna (fully extended if a telescoping whip is usedand
supporting mast combined. Multiply this length by 2 to yield the minimum safe distance.

2. Your antenna installation point must be at least this minimum safe distance from the
nearest power line.

3. If you cannot find an installation point meeting this requirement, STOP. Get professional
help.

In addition to being a safer installation, thez1501Dwill perform better the further it is separated
from power lines. Further, the Z1501D Active Antenna is designed to provide good performance
when mounted near the ground. It generally will not benefit frombeing elevated significant
distances above ground.

General Safety Rules
When installing the Z1501D, please follow common sense safety rules:

1. Perform as much antenna assembly on the ground as possible.

2. Watch out for overhead power lines. Check the distande the power lines before you
start installing. WE RECOMMEND YOU STAY A MINIMUM OF TWICE THE MAXIMUM
LENGTH OFHE ANTENNA ASSEMBLY AWAY FROM ALL POWER LINES.

3. Do not use a metal ladder.

4. Remember, even the slightest touch of an antenna to a power line cause a fatal
shock.

5. Do NOT try to do the job on a windy day.

6. If you mustinstall thez1501Don the roof, A OA A AOEAT A AO A ObPiT OOAO
oiriT #8 4eEAU AAT OAA OEET CO UI O AAT G608

7. If you start to drop an antenna, move away from it and let it fall.

8. If any part of the antenna should come into contact with a power line CALL YOUR

LOCALPOWER COMPANY! DO NOT TRY TO REMOVE IT YOURSELF! Themouk it
safely.

9. Mast, leadin, and metal guy wires are excellent conductors of electrical current keep
them away from power lines too.




10. Be sure your family and friends understand the danger of touching an overhead power
line. Tell them never to try to remove any object in contact with a power line- CB, TV
antenna, oranything else.

11. Make sure that theantenna mast assembly is properly grounded.

Alt bears repeating. If you have the slightest doubt about your ability to safely install the
Z1501D, do not attempt it. Hire a professional installer. Your life is worth far more than the cost of g
professiond installation!

Equipment Cautions

The Z1501D operates with a usersupplied DC power supply ofL3.8V (nominal) duplexed over the
coaxial cable that carries the signal. The DC power may be coupled using Clifton Laboratoneslel
Z1203AActive AntennaPower Coupler or similar device. Note thaby design therefore, the
cpunpdO Al ADEvAliagedk A A indilveEeAtl®) connected to a receiver or similar device,
excess current may flow and damage the receiver or other devige.d) E O @EpAnsibilifyAoO 8 O
ensure thata suitable power coupler is used and that the couples properly connected to the

remote active antenna and the receiver

The Z1501Dhas no fuse; it depends upon the power coupler having a suitable design to limit short
circuit current.

The Z1501Dis designed to beoperated in areas of moderate electromagnetic fields, including
typical amateur radio transmitters where theZ1501Dis located a reasonable distance from
transmitting antennas. It is possible to damage th1501Dby operating in close proximity to a
transmitting antenna. Damage due to operating th&1501Dnear a transmitting antenna is not
covered under the warranty.



2. General Information and Specifications

Description

Thez1501DE O ATl

field effect transistor input stage to efficiently couple electromagnetic field from a physically short
antenna to a low impedance (50 ohms) load.

The Z1501Dis based in part, OB T 1

A AAOGECT AU #EOEO Contplartekithry .

Push-Pull Amplifiers for Active Antennas: A Critical Revie® I6also incorporates ideas from other
sources as well as densive optimization work by Clifton Laboratories.The Z1501D modifies
# E O BeSigndnsignificant respects:

= =4 =4 =

KHz.

=A =

Improved output stage component values for better intermodulation performance;
Additional buffer amplifier stage to improve intermodulation performance;

Redesigned input stage to improve intermodulation performance

Improved low frequency response, with usable frequency range extended downward to 20

Intentional roll -off at very low frequencies to reduce power line harmonic pickup.
Increased resistance to damage due to strong electromagnetic fields from nearby
transmitters.

1 Adjustment of input JFET bias to optimize "2 order intermodulation performance

Specifications

Parameter Value

Dimensions Printed circuit board 2 inches x 3 inches (51 mm x 76 mm); when enclosed i
weatherproof enclosure 4.5 inches x 2.5 inches x 1 ({htd mm x 63 mm x 25
mm) excluding mounting flange.

DC Ratings Voltage not to exceed 15V, negative ground, positive &xa@l cable center

conductor. Typical current consumptid@0mA. Performance based on 13.8V
delivered to active antenna.

Output impedane

Designed to drive 50 ohm coaxial cable; 75 ohm cable may also be used.

Frequency Range

20 KHz; 30 MHz; usable ta00 MHzwith reduced performance.

Insertion Loss

When measured with 50 ohm termination on inp@t5 dB typical over range 1(
KHzg 30 MHz; not to exceed.5dB, measured with Clifton Laboratories Z320
power coupler.

37 Order With test tones of 3.007 and 4.011 MHz, adjusted for 0 dBm output from the|
Intermodulation Z1501D, and a 15 pF/50R whip simulation adapter at the input connector: *
Intercept 3" order output intercept (OIP3): +40 dBm.

2" Order With test tones of 3.00and 4.011 MHz, adjusted for 0 dBm output from the

Intermodulation
Intercept

Z1501D, and a 15 pF/50R whip simulation adapter at the input connector: *
Worst case 2 order output intercept (OIP2): +73 dBah 7018 KHzbest case >




+85 dBmat 1004 KHz

Maximum Safe >1 volt RMS aZ15010nput terminal. The Z1501D has been tested with 1 wa
Input Voltage transmitted power applied at the input, without damage. However, caution
should be used if the Z1501D is to be installed close to transmitting antenng

Antenna Rod Lengtt Recommended length 60 (1.5mmchesminimumto 120inches(3m); shorter
andlongerlengths may be used depending upon the local RF environment.

* A detailed analysis of the test protocol and measured results for®and 3d order intermodulation

DAOAEI Oi Al @bldivations éni2ddAand@rd Order Intercepts of the Clifton Laboratories

Z1501D Active Antennd | AU AA AT xT 11T AAAA £OT T OEA #1EAEOTT
www.cliftonlaboratories.com.

Typical Frequency Response

Measured with whip simulator input circuit 1, +13.8V DC power and Z1ZA power coupler.Note:

The frequency response above 30 MHz is normally rolled off to avoid potential interferenf®m

nearby FM/TV transmitters and will be approximately 20 dB down at 88VIHz. The unmodified, VHF
responding version of the Z1501D is available upon special order from Clifton Laboratories.

CH1 A/R Toa MAG 5 dB~ REF -15 dB

5/H 18-186 uy Z1283A B

Ref Leyel i i~

-3 dB
/ 18 KHz > 100 MHz

1 KHz 10 KHz 100 KHz 1 MHz 10 MHz 100 MHz

START 1 kHz STOP 188 MHz

1The WhiE simulator circuit is described in Aeeendix A.



3. Assembly
Before assembling youiz1501D, please check the parts supplied against the Parts LiSdction 6,
both to verify all required parts were included with your kit, and to familiarize yourself with the
appearance of the components.

Since many kit builders do not have the necessary test equipment to adjust the Z1501D for
optimum second order intermodulation interference performance, Giton Laboratories supplies
the Z1501D as a partially assembled and adjusted kit. Those components related té&der
intermodulation interference are installed and adjusted by Clifton Laboratories. However, some
builders with the requisite test equipmen prefer to build a complete kit from scratch and this
manual therefore covers building a Z1501D from a bare printed circuit boardiccordingly the
standard kit will be delivered with certain parts already installed and adjusted, although this
manual will list them in the parts inventory and show the process for installing the parts.

Some photographs are of the Z1501dD2 printed circuit board. The current revision is 03, but rev.
03 is identical with rev 02 boards in the areas illustrated.

Many parts in this kit are not marked with their ID or value and appear similar. To avoid
installing the wrong part, do not remove surface mount capacitors and ferrite beads from
their packaging until they are to be soldered onto the board.

The Z1501Dis a simple kit andthe order of assembly is not critical. However, following the order
provided below will simplify the construction.

Stage 1
(; Install:

C L1, 1.0nH RF toke,
marked 102. L1 has small
solder pads at the extreme
end of the base and can be
difficult to solder to the
PCB. First, apply a thicker
than normal layer of solder ;
Oof TTA TA£ , 050 OxI GHENI RN
Melt this layer of solder '

xEOE OEA Oi 1l AAOET ¢ EOIT xEEI A Ol EAET C -,
melt the first pad. Check for continuity betwd T * ¢ 6 O A AT 30 kbt sibefpdd A
(the pad nearest theO o 6theilk screenO & ") to derify L1 was successfully soldered to
the PCBon both sides

C FB3, ferrite bead,no marking. The pad is slightly oversize for the bead so ensure the
bead iscentered before soldering.

C C8 a 4.7uF electrolytic capacitomarked 4.7. This is a polarized part and must be
installed with the correct orientation. Negative is indicated with black stripe on the




capacitor can.C8 may bdifficult to properly solder as itsleads are largely below the base
insulator. To aid in installation,O E T p#sijiv@ [@ad and tin the positive PCB padWhile
heating the positive pad with the soldering iron, hold C8 in place angply a small amount
of pressure with your fingersor forceps. After soldering the positive pad, verify it is
properly attached; C8should not move under light pressureThen solder the negative
terminal.

C D3, marked 1N4007 Observe band orientation] OEA AAT A 11 $06¢C
same directionas the silk screen band.

Install the following
components:

C FB4, ferrite bead, no
marking.

C FB5 ferrite bead, no
marking.*

C C5, 1uF, no marking
C C6, 1uF, no marking
C R7, 17R4,marked 17R4

*FB5 will normally be pre-
installed as part of the pre
assembled/adjusted input .

circuit. & TE i : Sngnol Out
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Install the following components on the
bottom surface of the PCB:

C C12 1u0,no marking.
C C13, 100p, no marking.

Using an ohmmeter, make the following checks with respect tm,centeiff)éd. The
measurements assume the ohmmeter positive lead is actually positive with respect to the
common or negative lead. This is true for almost all multimeters, but not 100%.

(; J2center padto ground with ohmmeter positive to TP1: May show a brief kick from a
low value up to very high resistance (over 100K ohms) asBCharges.

C Reverse the ohmmeter withpositive to ground and negative tdP2, center pad This will
bias the revers voltage protection diode, D3, into conduction, assuming the ohmmeter
voltage is sufficient to forward bias D3. You should read a low resistance, with the actual
value depending on the diode type and your ohmmeter. Some ohmmeters have tow
voltage ohms moa and may not provide sufficient voltage to cause D3 to conduct.




With reference to the above photograph, install the following components:

C R44K7,marked 4701
C R5 X3 ohms marked 3301
C R64K7,marked 4701

The surface mount diodesre polarity marked by a small bar D1

or ridge molded into the plastic.The bar is best viewed with a -:\
magnifier and illumination at an angle to the topThe —
illustration at the right shows how the molded bar is Dicds

oriented? it corresponds to the silk screen bar.

Note: The marking identified below may vary from the diodes

supplied with your kit, as different manufacturers use

different ID codes. There are only two surface ount diodes in the kit and their unique
appearance makes it difficult to beconfused with other parts.

To install D1 and D2, first tin one pad for each diode. Hold the diode in place with angled
forceps and apply downward force while touching the soldering iron to the diode lead on
the tinned pad. A second or two after the soldering iron touches ttaiode lead, the solder

AAT AAOE EO xEI 1 1T AIT O AT A OEA 1 AAA xEIIT |
more or less centered on its pad and solder it in place. If necessary, touch up the first pac




C D11N4148, diodemarked A2XN or5H; observe polarity? one end has a molded bar
C} D2 1N4148, diode marked A2XN or5H; observe polarity? one end has a molded bar

Note: Depending on the diode supplier, markings may differ frolA2XN or5H.

Use a similar technique whennstalling Q3 and Q4 Apply a small bit of solder to one
outside pad. Hold Q3 or Q4 in place and apply heatttee top of the pin, melting the solder
on the pad beneath the pinSolder the remaining two pins in place and reflow the tacked
pin. Then solder the collector tab in pce.

C Q3BFQ19 NPNransistor marked FB.
C Q4BFQ149 PNP transistomarked FG

C Ferrite bead FB1, not marked.

C Ferrite bead FB2, not marked.

C C16, Oul, not marked

C C3, 5600p, not marked.

C C4, 5600p, not marked.

(; TP2, a 2pin female headersocket.

C C9, a 10uF electrolytic capacitor marked 1Q@his is a polarized part and must be
installed with the correct orientation. Negative is indicated with black stripe on the
capacitor can.C9 may bdifficult to properly solder as its leads ardargely below the base
ET 001 AGT 08 " A&ZI OA Oi1 AAOET ch OET #wdO DI
PCB pad. While heating the positive pad with the soldering iron, hold C8 in place and apy
a small amount of pressure with your fingers ordrceps. After soldering the positive pad,
verify it is properly attached; C8 should not move under light pressure. Then solder the
negative terminal.

Repeat the ohmmeter checks a2, center pad

With the ohmmeter negative lead tal2, center padand the positive lead to ground, the
same low resistance seen in the first measurement should be repeatedpresenting the
reverse polarity protection diode, D3, going into conduction

With the ohmmeter negative to ground and the positive lead tB2, center @d, a resistance
of a few thousand ohms is typically seen. The exact resistance depends upon the
multimeter and the voltage is applies in ohms mode. It shouldot be zero or a few ohms,
as these values indicate a likely short circuit to ground.

If you have a DC laboratory power supply with short circuit current limiting, set it for
13.8V DC output and a maximum current df00 mA. While observing the current being
drawn, connect the power supply negative lead to ground on the PCB and the positivade
to J2, center pad The current drawn by theZ1501Dwill be approximately 50 to 60 mA.
Values significantly outside this range may indicate problemdf less than35 mA or more
than 80 mA is drawn, disconnect the power supply and trouble shoot the build.




Record the current: maA.

Disconnect the power supply.

Stage 2
Optional Output Stage Build Verification

The purpose of TP1 and TP2 are to permit stagey-stage testing during construction. If
you have suitable test equipment, you may wisto perform the output stage verification
tests below.

Equipment required:

9 Signal generator capable of output at 1 MHz (frequency not critical; from 100 KHz
to 30 MHz can be used, depending upon the equipment used for RF signal level
measurement.

1 Means ofmeasuring RF signal level. This ight be a spectrum analyzer, oan
oscilloscope or a voltmeter suitable for the test frequencyClifton Laboratories
does not recommend using a receiver for this purpose because of the risk of
damagetoitduetothemix e $# OT 1 OACA AT A 2& 11 A
elements.

Before performing the stage build verification:

C Install J2, a 3pin female header socket.

C Install RV1 a metal oxide varistor, marked 180M. If RV1 is installed so its bottom edge
remains a gquarter inch (6 mm) or so above the PCB, its leads may be used as a convenie
point to apply DC power to the Z1501D during the Stage Build Verification test.

The following is a high level view of the test procedure, with the details being left to the
builder as the exact steps will depend upon the test equipment available.

Power the Z1501D with a suitable source of 13.8 volts DC.

Apply a test signal at TP2 of approximately 100 mV PP, or 35 mV RMS. This level is not
critical and the test signal needot be terminated with 50 ohm.

Using an oscilloscope (AC input coupling), measure the signal level at TPR)(and at J2
center pin (Vou) and compute the gain. Gain = 20 * log{¢/v in). The gain will be
approximately -0.5 dB, corresponding to a voltge ratio wuw/Vin I £ AAT OO0 m8 wt
about divergence of a couple tenths of a dB, but if the output voltage is, say, half of the
input voltage, the stage is not properly performing. When viewed on an oscilloscope, the
output waveform should haveno obvious signs of distortion such as clipping or crossover
distortion around 0 volts.

Note that J2, center pin has both the RF output and the 13.8 V DC supply. The DC voltag
can damage certain test equipment, such as some spectrum analyzers unless ®ID€EK is
used. Hence, an oscilloscope is a more useful device for this test.




If the builder has the necessary equipment, a full frequency sweep gain and 3 MHz / 4 M
intermodulation performance test may be made of the output stage. Any builder doing so
should communicate the results to Clifton Laboratories.

- = \

With respect to the photogréph above, install the components associated with the Q2
driver stage.

C Q2, a BFQ19 transistor, marked FBsing the procedure described for Q3 and Q4.
C R10, 7K5 resistor, marked 7501

C R11, 10KO resistor, marked 1002

C C2, Oul capacitor, unmarked

C R12, 560R, marked 5600.

C L4, 470 uH RF choke, marked 470u

C FBS6, ferrite bead, unmarked.

C TP1, a twapin header socket.



Install the following components on the PCB bottom W | e '
surface: B ' C1 s C15
S ¥
| L@ s

@

4,. ,

B o

C L2, 100uH RF choke, marked 108 3 ET AA | ¢
slightly oversize, center L2 accurately when installing.

C C11,1u0, unmarked. 80
C C15, 100p, unmarked.

aa

C Repeat the ohmmeter checks at J2, center pad:

With the ohmmeter negative lead to J2, center pad and the positive lead to ground, the
same low resistance seen in the first measurement should be repeated, representing the
reverse polarity protection diode, D3, going into conduction.

With the ohmmeter negative to ground and the positive lead to P2, center pad, a resistan
of a few thousand ohms is typically seen. The exact resistance depends upon the
multimeter and the voltage is applies in ohms mode. It shouldot be zero or a few olms,

as these values indicate a likely short circuit to ground.

If the resistance check is passedpply 13.8V DC to the Z1501D. While observing the
current being drawn, connect the power supply negative lead to ground on the PCB and
the positive lead to 2, center pad. The current should be approximately 10 to 15 mA
greater than the current measured when the output stage was completed.

Record the current: mA.

Optional Driver and Output Stage Build Verification

If the necessary tesequipmentis available, a stage gain check can be made, using the
same procedure as described for the output stage. In this case,is applied to TP1, wu is
measured at J2, center pin. The gain will be approximatel¥.0 dB, corresponding to a
voltageratio of 0.90.

Stage 3

Note: In most cases, Z1501Kits will be supplied with portions of the J310 input stage
assembled and the bias potentiometer, R2, adjusted for close to optimur ®rder
intermodulation performance. The following components are preassembled: FB5, L3, C1(
C14,K1, SA1R2, R1, C1, Q1, R3, THAB7, FB8 and FB9

The 2vd order intermodulation performance of your Z1501D depends upon the proper
adjustment of the biaspotentiometer, R2, which sets the operating point of Q1. R2 should
not be adjusted without the proper test equipment. Appendix A provides a simplified
adjustment process 6r R2. Replacing Q1, C1, R1, R2, RB7, FB8, FB&r C2 will require
adjusting R2 fa optimum 2nd order intermodulation performance.




DO NOT ADJUST R2, UNLESS YOU HAVE THE CORRECT TEST EQUIPMENT. RANI
ADJUSTMENTS WILL ALMOST CERTAINLY MAKE THINGS WORSE.

As a matter of completeness, and because some builders may purchase a Z15@itBout
the input stage preassembly, this section will cover the installation of all Z1501D input
components.

Using the above photograph as a guide, install the
following components on the PCB bottom surface.
[These components are normallypre-installed.]

C C14, 100p, not marked

C C10, 1u0 not marked.

C,oh pnnd(h 1 AOEAA pnt*8 ,080 PAA EO Ol
oversize and L3 must be centered accurately.

Using the
above
photograph
as a guide,
install the
following
components
on the PCB
top.

C R3, 332

ohms,

marked

3320.

[normally

pre-

installed]

C L5,L5is

not used and a 0.033 ohm resistor, marked 33M is used as a jumpgrormally pre-
installed]

C C11000p/1KV. [normally pre-installed]

C R1, 2M21, marked 2214. [normally prenstalled]

C R2, 50K, 10 turn trim potentiometer, marked Y503. [normally prenstalled]






















































































































