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Trademarks and Copyright 

Material in this document copyrighted © 2009, 2010 Clifton 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 the Z1501D due to defective parts (kit or assembled) or workmanship (if 

purchased as an assembled unit) free of charge (post-paid). You must send the unit at your expense 

ÔÏ #ÌÉÆÔÏÎ ,ÁÂÏÒÁÔÏÒÉÅÓȟ ÂÕÔ ×Å ×ÉÌÌ ÐÁÙ ÒÅÔÕÒÎ ÓÈÉÐÐÉÎÇȢ #ÌÉÆÔÏÎ ,ÁÂÏÒÁÔÏÒÉÅÓȭ ×ÁÒÒÁÎÔÙ ÄÏÅÓ ÎÏÔ 

extend to defects caused by your incorrect assembly or use of unauthorized parts or materials or 

construction practices. 

What is not covered: If the Z1501D is purchased as a kit, this warranty does not cover correction 

of assembly errors or misalignment; repair of damage caused by misuse, negligence, or builder 

modifications; or any performance malfunctions involving non-Clifton Laboratories accessory 

equipment. The use of acid-core solder, water-soluble flux solder, or any corrosive or conductive flux 

or solvent will void this warranty in its entirety. Whether 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 service. Damage due to operating the Z1501D near a transmitting 

antenna is not covered 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 products. Any such 

repair or replacement is the responsibility of the customer. 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 
 

 

Installation of the Z1501D near power lines is dangerous and 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 the Z1501D can be hazardous for several reasons, including, but not 
limited to:  
¶ Most importantly, part of the antenna system, including the supporting mast, may come in 

contact with electric power lines.  
¶ You may fall off the roof if installing the Z1501D on a roof mount. 
¶ If installing a supporting mast, you may find buried power lines or gas lines or other 

dangerous hidden obstructions. 
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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 accidents 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 the Z1501D is that they work well when installed 

near the ground. Mounting the Z1501D ÏÎ Á ÔÁÌÌ ÍÁÓÔ ÏÒ ÔÏ×ÅÒ ÉÓ ÎÏÔ ÎÅÃÅÓÓÁÒÙ ÁÎÄ ×ÏÎȭÔ ÉÍÐÒÏÖÅ 

performance. Clifton Laboratories recommends using a support mast of four to eight feet in length. 

Taller masts are not necessary and will increase the risk of danger when installing the Z1501D. 

When selecting a location to install the Z1501D, follow these simple safety rules: 

1. Measure the length of the Z1501D antenna (fully extended if a telescoping whip is used) and 

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, the Z1501D will 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 from being 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 distance to the power lines before you 

start installing. WE RECOMMEND YOU STAY A MINIMUM OF TWICE THE MAXIMUM 
LENGTH OF THE 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 can cause a fatal 

shock. 
5. Do NOT try to do the job on a windy day. 
6. If you must install the Z1501D on the roof, hÁÖÅ Á ÆÒÉÅÎÄ ÁÓ Á ÓÐÏÔÔÅÒ ×ÈÅÎ ÙÏÕȭÒÅ ÏÎ ÔÈÅ 
ÒÏÏÆȢ 4ÈÅÙ ÃÁÎ ÓÅÅ ÔÈÉÎÇÓ ÙÏÕ ÃÁÎȭÔȢ 

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 

LOCAL POWER COMPANY! DO NOT TRY TO REMOVE IT YOURSELF! They will remove it 
safely. 

9. Mast, lead-in, and metal guy wires are excellent conductors of electrical current - - keep 
them away from power lines too. 
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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, or anything else. 

11. Make sure that the antenna mast assembly is properly grounded. 
 

 

It 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 a 

professional installation! 

 

Equipment Cautions 

The Z1501D operates with a user-supplied DC power supply of 13.8V (nominal) duplexed over the 

coaxial cable that carries the signal. The DC power may be coupled using Clifton Laboratories model 

Z1203A Active Antenna Power Coupler or similar device. Note that by design, therefore, the 

:ρυπρȭÓ ÃÏÁØÉÁÌ ÃÁÂÌÅ ÈÁÓ DC voltage on it. If inadvertently connected to a receiver or similar device, 

excess current may flow and damage the receiver or other device. )Ô ÉÓ ÔÈÅ ÕÓÅÒȭÓ responsibility to 

ensure that a suitable power coupler is used and that the coupler is properly connected to the 

remote active antenna and the receiver. 

The Z1501D has no fuse; it depends upon the power coupler having a suitable design to limit short 

circuit current. 

The Z1501D is designed to be operated in areas of moderate electromagnetic fields, including 

typical amateur radio transmitters where the Z1501D is located a reasonable distance from 

transmitting antennas. It is possible to damage the Z1501D by operating in close proximity to a 

transmitting antenna. Damage due to operating the Z1501D near a transmitting antenna is not 

covered under the warranty.  
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2. General Information and Specifications 

Description 

The Z1501D ÉÓ ÁÎ ÅÌÅÃÔÒÉÃ ÆÉÅÌÄ ÒÅÓÐÏÎÄÉÎÇ ȰÁÃÔÉÖÅȱ ÁÎÔÅÎÎÁȢ 4ÈÅ Z1501D employs a high impedance 

field effect transistor input stage to efficiently couple electromagnetic field from a physically short 

antenna to a low impedance (50 ohms) load. 

The Z1501D is based, in part, ÕÐÏÎ Á ÄÅÓÉÇÎ ÂÙ #ÈÒÉÓ 4ÒÁÓËȟ .χ:79ȟ ÄÅÓÃÒÉÂÅÄ ÉÎ ȰComplementary 

Push-Pull Amplifiers for Active Antennas: A Critical ReviewȢȱ It also incorporates ideas from other 

sources as well as extensive optimization work by Clifton Laboratories. The Z1501D modifies 

#ÈÒÉÓȭÓ design in significant respects: 

¶ 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 

KHz. 

¶ 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. 

¶ Adjustment of input JFET bias to optimize 2nd order intermodulation performance 

Specifications 

 

Parameter Value 

Dimensions Printed circuit board 2 inches x 3 inches (51 mm x 76 mm); when enclosed in  
weatherproof enclosure  4.5 inches x 2.5 inches x 1 inch (114 mm x 63 mm x 25 
mm) excluding mounting flange. 

DC Ratings Voltage not to exceed 15V, negative ground, positive to coaxial cable center 
conductor.  Typical current consumption 100 mA. Performance based on 13.8V 
delivered to active antenna. 

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

Frequency Range 20 KHz ς 30 MHz; usable to 100 MHz with reduced performance. 

Insertion Loss When measured with 50 ohm termination on input, 2.5 dB typical over range 10 
KHz ς 30 MHz; not to exceed 3.5 dB, measured with Clifton Laboratories Z1203A 
power coupler. 

3rd Order 
Intermodulation 
Intercept 

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

2nd Order 
Intermodulation 
Intercept 

With test tones of 3.007 and 4.011 MHz, adjusted for 0 dBm output from the 
Z1501D, and a 15 pF/50R whip simulation adapter at the input connector: * 
Worst case 2nd order output intercept (OIP2): +73 dBm at 7018 KHz, best case > 
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+85 dBm at 1004 KHz. 
 

Maximum Safe 
Input Voltage 

> 1 volt RMS at Z1501D input terminal. The Z1501D has been tested with 1 watt 
transmitted power applied at the input, without damage. However, caution 
should be used if the Z1501D is to be installed close to transmitting antennas. 

Antenna Rod Length Recommended length 60 (1.5m) inches minimum to 120 inches (3m); shorter 
and longer lengths may be used depending upon the local RF environment. 

* A detailed analysis of the test protocol and measured results for 2nd and 3rd order intermodulation 

ÐÅÒÆÏÒÍÁÎÃÅȟ ÔÉÔÌÅÄ ȰObservations on 2nd and 3rd Order Intercepts of the Clifton Laboratories 

Z1501D Active Antennaȱ ÍÁÙ ÂÅ ÄÏ×ÎÌÏÁÄÅÄ ÆÒÏÍ ÔÈÅ #ÌÉÆÔÏÎ ,ÁÂÏÒÁÔÏÒÉÅÓ ×ÅÂ ÓÉÔÅȟ 

www.cliftonlaboratories.com. 

Typical Frequency Response 

Measured with whip simulator input circuit 1, +13.8V DC power and Z1203A power coupler. Note: 

The frequency response above 30 MHz is normally rolled off to avoid potential interference from 

nearby FM/TV transmitters and will be approximately 20 dB down at 88 MHz. The unmodified, VHF 

responding version of the Z1501D is available upon special order from Clifton Laboratories. 

 

                                                             
1 The whip simulator circuit is described in Appendix A. 
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3. Assembly 
Before assembling your Z1501D, please check the parts supplied against the Parts List (Section 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, Clifton Laboratories supplies 

the Z1501D as a partially assembled and adjusted kit. Those components related to 2nd order 

intermodulation interference are installed and adjusted by Clifton Laboratories. However, some 

builders with the requisite test equipment prefer to build a complete kit from scratch and this 

manual therefore covers building a Z1501D from a bare printed circuit board. Accordingly 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 Z1501D-02 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 Z1501D is a simple kit and the order of assembly is not critical. However, following the order 

provided below will simplify the construction. 

Stage 1 

Ç Install: 
 

Ç L1, 1.0mH RF choke, 
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 
ÔÏ ÏÎÅ ÏÆ ,ρȭÓ Ô×Ï 0#" ÐÁÄÓȢ 
Melt this layer of solder 
×ÉÔÈ ÔÈÅ ÓÏÌÄÅÒÉÎÇ ÉÒÏÎ ×ÈÉÌÅ ÓÌÉÄÉÎÇ ,ρ ÉÎÔÏ ÐÌÁÃÅȢ 3ÏÌÄÅÒ ,ρȭÓ ÏÔÈÅÒ ÐÁÄȢ 'Ï ÂÁÃË ÁÎÄ ÒÅ-
melt the first pad. Check for continuity betweÅÎ *ςȭÓ ÃÅÎÔÅÒ ÐÁÄ ÁÎÄ &"3ȭÓ right side pad 
(the pad nearest the Ȱσȱ ÉÎ the silk screen Ȱ&"σȱ) to verify L1 was successfully soldered to 
the PCB on both sides. 
 

ÇFB3, ferrite bead, no marking. The pad is slightly oversize for the bead so ensure the 
bead is centered before soldering. 
 

Ç  C8, a 4.7uF electrolytic capacitor marked 4.7. This is a polarized part and must be 
installed with the correct orientation. Negative is indicated with black stripe on the 
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capacitor can. C8 may be difficult to properly solder  as its leads are largely below the base 
insulator. To aid in installation, ÔÉÎ #ψȭÓ positive lead and tin the positive PCB pad. While 
heating the positive pad with the soldering iron, hold C8 in place and apply a small amount 
of pressure with your fingers or forceps. After soldering the positive pad, verify it is 
properly attached; C8 should not move under light pressure. Then solder the negative 
terminal. 

Ç  D3, marked 1N4007. Observe band orientationȠ ÔÈÅ ÂÁÎÄ ÏÎ $σȭÓ ÂÏÄÙ ÉÓ ÏÒÉÅÎÔÅÄ ÔÈÅ 
same direction as the silk screen band. 
 

 

Ç Install C7 on the bottom of the PCB. 1u0, not marked  

Ç  
Install the following 
components:  
 
Ç  FB4, ferrite bead, no 
marking. 
Ç  FB5, ferrite bead, no 
marking.* 
Ç  C5, 1uF, no marking 
Ç  C6, 1uF, no marking 
Ç  R7, 17R4, marked 17R4 
 
 
*FB5 will normally be pre-
installed as part of the pre-
assembled/adjusted input 
circuit.  
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Ç Install the following components on the 
bottom surface of the PCB:  
 
Ç  C12, 1u0, no marking. 
Ç  C13, 100p, no marking. 
 

Ç Using an ohmmeter, make the following checks with respect to J2, center pad. 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%.  
 

Ç J2 center pad to ground with ohmmeter positive to TP1: May show a brief kick from a 
low value up to very high resistance (over 100K ohms) as C8 charges.  
 

Ç Reverse the ohmmeter with positive to ground and negative to P2, center pad. This will 
bias the reverse 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 low-
voltage ohms mode and may not provide sufficient voltage to cause D3 to conduct.  
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 With reference to the above photograph, install the following components: 

 

Ç  R4 4K7, marked 4701 

Ç  R5 3K3 ohms, marked 3301 

Ç  R6 4K7, marked 4701 
 
The surface mount diodes are polarity marked by a small bar 
or ridge molded into the plastic. The bar is best viewed with a 
magnifier and illumination at an angle to the top. The 
illustration at the right shows how the molded bar is 
orientedɂit 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 mount diodes in the kit and their unique 
appearance makes it difficult to be confused 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 the diode lead, the solder 
ÂÅÎÅÁÔÈ ÉÔ ×ÉÌÌ ÍÅÌÔ ÁÎÄ ÔÈÅ ÌÅÁÄ ×ÉÌÌ ÂÅ ÓÏÌÄÅÒÅÄ ÉÎ ÐÌÁÃÅȢ 6ÅÒÉÆÙ ÔÈÅ ÄÉÏÄÅȭÓ ÏÔÈÅÒ ÐÉÎ ÉÓ 
more or less centered on its pad and solder it in place. If necessary, touch up the first pads.  
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Ç  D1 1N4148, diode marked A2XN or 5H; observe polarityɂone end has a molded bar.  

Ç  D2 1N4148, diode marked A2XN or 5H; observe polarityɂone end has a molded bar 
 
Note: Depending on the diode supplier, markings may differ from A2XN or 5H. 
 
Use a similar technique when installing Q3 and Q4. Apply a small bit of solder to one 
outside pad. Hold Q3 or Q4 in place and apply heat to the top of the pin, melting the solder 
on the pad beneath the pin. Solder the remaining two pins in place and reflow the tacked 
pin. Then solder the collector tab in place. 
 

Ç Q3 BFQ19 NPN transistor  marked FB.  

Ç Q4 BFQ149 PNP transistor, marked FG 
 

Ç Ferrite bead FB1, not marked. 

Ç Ferrite bead FB2, not marked. 

Ç C16, 0u1, not marked. 

Ç C3, 5600p, not marked. 

Ç C4, 5600p, not marked. 

Ç TP2, a 2-pin female header socket. 
 
 

Ç Ç C9, a 10uF electrolytic capacitor marked 10. This is a polarized part and must be 
installed with the correct orientation. Negative is indicated with black stripe on the 
capacitor can. C9 may be difficult to properly solder as its leads are largely below the base 
ÉÎÓÕÌÁÔÏÒȢ "ÅÆÏÒÅ ÓÏÌÄÅÒÉÎÇȟ ÔÉÎ #ωȭÓ ÐÏÓÉÔÉÖÅ ÌÅÁÄȢ !ÐÐÌÙ Á ÓÍÁÌÌ ÁÍÏÕÎÔ ÏÆ ÓÏÌÄÅÒ ÔÏ #ωȭÓ 
PCB pad. While heating the positive pad with the soldering iron, hold C8 in place and apply 
a small amount of pressure with your fingers or forceps. After soldering the positive pad, 
verify it is properly attached; C8 should not move under light pressure. Then solder the 
negative terminal. 
 

Ç 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 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 should not be zero or a few ohms, 
as these values indicate a likely short circuit to ground. 
 

Ç 
 
 
 

 

If you have a DC laboratory power supply with short circuit current limiting, set it for 
13.8V DC output and a maximum current of 100 mA. While observing the current being 
drawn, connect the power supply negative lead to ground on the PCB and the positive lead 
to J2, center pad. The current drawn by the Z1501D will be approximately 50 to 60 mA. 
Values significantly outside this range may indicate problems. If less than 35 mA or more 
than 80 mA is drawn, disconnect the power supply and trouble shoot the build. 
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Record the current: _________ mA. 
 
Disconnect the power supply. 
 

Stage 2 
 Optional  Output Stage Build Verification  

 
The purpose of TP1 and TP2 are to permit stage-by-stage testing during construction. If 
you have suitable test equipment, you may wish to perform the output stage verification 
tests below. 
 
Equipment required: 
¶ 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. 

¶ Means of measuring RF signal level. This might be a spectrum analyzer, or an 
oscilloscope, or a voltmeter suitable for the test frequency. Clifton Laboratories 
does not recommend using a receiver for this purpose because of the risk of 
damage to it due to the mix oÆ $# ÖÏÌÔÁÇÅ ÁÎÄ 2& ÏÎ ÃÅÒÔÁÉÎ ÏÆ ÔÈÅ :ρυπρ$ȭÓ ÃÉÒÃÕÉÔ 
elements. 

 
Before performing the stage build verification: 
 
Ç Install J2, a 3-pin female header socket. 
Ç Install RV1 a metal oxide varistor, marked 180M. If RV1 is installed so its bottom edge 
remains a quarter inch (6 mm) or so above the PCB, its leads may be used as a convenient 
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 need not be terminated with 50 ohm.   
 
Using an oscilloscope (AC input coupling), measure the signal level at TP2 (vin) and at J2 
center pin (vout) and compute the gain. Gain = 20 * log(vout/v in). The gain will be 
approximately -0.5 dB, corresponding to a voltage ratio vout/v in ÏÆ ÁÂÏÕÔ πȢωυȢ $ÏÎȭÔ ×ÏÒÒÙ 
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  have no 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 voltage 
can damage certain test equipment, such as some spectrum analyzers unless a DC block is 
used. Hence, an oscilloscope is a more useful device for this test. 
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If the builder has the necessary equipment, a full frequency sweep gain and 3 MHz / 4 MHz 
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 photograph above, install the components associated with the Q2 

driver stage. 
 

 Ç Q2, a BFQ19 transistor, marked FB, using the procedure described for Q3 and Q4. 
Ç R10, 7K5 resistor, marked 7501 
Ç R11, 10K0 resistor, marked 1002 
Ç C2, 0u1 capacitor, unmarked 
Ç  R12, 560R, marked 5600. 
Ç L4, 470 uH RF choke, marked 470u 
Ç FB6, ferrite bead, unmarked. 
Ç TP1, a two-pin header socket. 
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 Install the following components on the PCB bottom 
surface: 
 
Ç L2, 100uH RF choke, marked 104JȢ 3ÉÎÃÅ ,ςȭÓ ÐÁÄ ÉÓ 
slightly oversize, center L2 accurately when installing. 
Ç C11, 1u0, unmarked. 
Ç C15, 100p, unmarked. 

Ç 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 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 should not be zero or a few ohms, 
as these values indicate a likely short circuit to ground. 
 
If the resistance check is passed, apply 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 J2, 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 test equipment is available, a stage gain check can be made, using the 
same procedure as described for the output stage. In this case, vin is applied to TP1, vout is 
measured at J2, center pin. The gain will be approximately -1.0 dB, corresponding to a 
voltage ratio of 0.90. 
 

Stage 3 

  
Note: In most cases, Z1501D kit s will be supplied with portions of the J310 input stage 
assembled and the bias potentiometer, R2, adjusted for close to optimum 2nd order 
intermodulation performance. The following components are pre-assembled: FB5, L3, C10, 
C14, K1, SA1, R2, R1, C1, Q1, R3, TP1, FB7, FB8 and FB9. 
 
The 2nd order intermodulation performance of your Z1501D depends upon the proper 
adjustment of the bias potentiometer, 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 for R2. Replacing Q1, C1, R1, R2, R3, FB7, FB8, FB9 or C2 will require 
adjusting R2 for optimum 2nd order intermodulation performance.  
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DO NOT ADJUST R2, UNLESS YOU HAVE THE CORRECT TEST EQUIPMENT. RANDOM 
ADJUSTMENTS WILL ALMOST CERTAINLY MAKE THINGS WORSE. 
 

  

 As a matter of completeness, and because some builders may purchase a Z1501D without 
the input stage pre-assembly, 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 normally pre-installed.] 
 
Ç C14, 100p, not marked 
Ç C10, 1u0 not marked. 
Ç ,σȟ ρππÕ(ȟ ÍÁÒËÅÄ ρπτ*Ȣ ,σȭÓ ÐÁÄ ÉÓ ÓÌÉÇÈÔÌÙ 
oversize and L3 must be centered accurately. 

  

 
 
Using the 
above 
photograph 
as a guide, 
install the 
following 
components 
on the PCB 
top. 
 
Ç R3, 332 
ohms, 
marked 
3320. 
[normally 
pre-
installed] 
Ç  L5, L5 is 
not used and a 0.033 ohm resistor, marked 33M is used as a jumper.  [normally pre-
installed]  
Ç  C1 1000p/1KV. [normally pre-installed] 
Ç R1, 2M21, marked 2214. [normally pre-installed] 
Ç R2, 50K, 10 turn trim potentiometer, marked Y503. [normally pre-installed] 
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Ç FB7, a ferrite bead [normally pre-installed] 
Ç FB8, 5 turns on FT37-43 toroid core [normally pre-installed] 
Ç FB9, 5 turns on FT37-43 toroid  core [normally pre-installed] 
Ç Q1, J310 FET, marked J310. It will be easier to install if the leads are preformed to match 
the mounting pads. Q1 should be handled with normal anti-static precautions. 2 [normally 
pre-installed] 
Ç Install K1, a 12V relay, identified as G6H-2F. Note the orientation, the black bar on the 
relay body is aligned with the large white silk screened bar. 
Ç Install R9, a 2M2 5% carbon film resistor. 
Ç )ÎÓÔÁÌÌ 3!ρȟ Á ÐÌÁÓÍÁ ȰÇÁÓȱ ÔÒÁÐ ÏÖÅÒ-voltage protector. This part may have various 
markings depending on the supplier but has an unmistakable appearance. SA1 should be 
spaced with its body slightly (1/8th inch or 3 mm) above the PCB surface. 
Install TP1, a 2-pin female header socket. [normally pre-installed] 
Ç Install J1, a 3-pin female header socket. [normally pre-installed] 
 

 Ç  Install varistor RV1 at position RV1, marked P180M. This is not polarized and may be 
installed in either orientation. 
Ç  Install a 3-pin female header socket at J2. [this may have been installed in an earlier 
stage depending upon the construction option followed.] 
 

 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 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 should not be zero or a few ohms, 
as these values indicate a likely short circuit to ground. 
 
If the resistance check is passed, apply 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 RV1, positive lead.  The current should be approximately 100 mA. 
 
Record the current: _________ mA. 
 
This completes construction of the printed circuit  board. 

  
The photograph below shows a completed Z1501D, rev 02 PCB. 

                                                             
2 4ÈÅ ÆÏÌÌÏ×ÉÎÇ ÉÓ ÅØÔÒÁÃÔÅÄ ÆÒÏÍ %ÌÅÃÒÁÆÔȭÓ +ς ÍÁÎÕÁÌ ÁÎÄ És an excellent summary of simple anti-static procedures: 

To avoid static problems, simply touch an unpainted, grounded metal surface before handling any components, 
and occasionally as you build. We also recommend that you take the following anti-static precautions (in order 
of importance): 

 Leave ESD-sensitive parts in their anti-static packaging until you install them 
 Ground yourself using a wrist strap with a series 1 megohm resistor (do NOT ground yourself directly, as this 

poses a shock hazard) 
 Make sure your soldering iron has a grounded tip 
 Use an anti-static mat on your work bench 
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Installation in the enclosure 

 

The Z1501D is normally mounted outdoors and hence is exposed to rain and snow. In order to 

maintain waterproof integrity, it is critical that the proper hardware is used and that the hardware 

is correctly installed. In particular the gasket-head 4-40 mounting screws are not intended to be 

removed and reused. The Z1501D is designed so that normal installation and repair may be 

accomplished without disturbing these screws or the two cable glands. If, nonetheless, critical 

hardware, such as the gasket head 4-40 mounting screws, is removed, it should be replaced with 

new hardware of similar performance. (Gasket-style 4-40 screws are expensive, costing 

approximately 20 times the price of a standard 4-40 machine screw, but are necessary to ensure 

weatherproof integrity.)  

As an additional waterproofing measure, the builder may elect to apply a sealant, such as RTV, to all 

screw heads and cable glands. This measure should not be necessary but may provide additional 

peace of mind to the builder. 

4ÈÅ ÅÎÃÌÏÓÕÒÅ ÂÏÔÔÏÍ ÈÁÓ Á ÓÍÁÌÌ Ȱ×ÅÅÐ ÈÏÌÅȱ ÔÏ ÐÒÅÖent water build up. The weep hole should not 

be blocked. 

Ç Locate the enclosure and the associated hardware.  The 
four 4-τπ Ø υȾψȱ ÇÁÓËÅÔ ÈÅÁÄ ÓÃÒÅ×Ó ÁÒÅ ÉÄÅÎÔÉÆÉÁÂÌÅ ÂÙ ÔÈÅ 
red gasket located under the screw head as illustrated in 
the photo. 
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Ç Install four 4-40x5/8 gasket head screws, 4-
40 lock washers and 4-τπØσȾρφȱ ÔÈÒÅÁÄÅÄ 
spacers as illustrated to the right. Make the 
threaded spacer finger tight and then loosen a 
half turn or so. (The small pattern hex nuts 
and associated lock washers are not used in 
this step.) 
 
Place the PCB in place, moving the gasket 
head screw assemblies as may be necessary for the PCB to fit. Do not install the hex nuts; 
just hold the board in place. Orient the PCB so that the output end (J2) is 
at the enclosure end with the weep hole. With the PCB held in place by 
hand, tighten the gasket head screws until the heads are flush with the 
enclosure surface. Usually, the red gasket will squeeze out until it slightly 
extends beyond the screw head. 
 
Remove the PCB and set it aside. 
 

Ç Prepare the cable glands for installation. Properly installed, the cable gland will be 
waterproof. In order to achieve waterproof integrity, please follow the instructions set 
forth. 
 
Several instructions refer to various parts of the cable gland as illustrated below. 

 
 
4ÈÅ ÃÁÂÌÅ ÇÌÁÎÄȭÓ ÐÒÉÎÃÉÐÌÅ ÏÆ ÏÐÅÒÁÔÉÏÎ ÉÓ ÔÈÁÔ ÔÉÇÈÔÅÎÉÎÇ ÔÈÅ ÃÌÁÍÐÉÎÇ ÎÕÔ ÆÏÒÃÅÓ ÔÈÅ 
fingers together and compresses the gray rubber insert (just visible through the spaces 
between the split fingers and more clearly shown in the detail at 
right) around the wire, thus providing a waterproof seal, if properly 
compressed. The O-ring installs flush with the body hex section, from 
the short threaded end and fits into a recess molded into the hex. 
When installed against a flat surface, the retaining nut pulls the O-ring 
flat, sealing the body against water ingress.  
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Ç Install the rubber O-ring over the shorter threaded end of 
the cable gland body, as illustrated to the right.  (This is 
the end without the taper section.) Roll the O-ring down 
until it is flush against the hex surface. The hex surface has 
a slight recess for the O-ring. 
 
Note: The cable gland has metric hex dimensions and may 
be installed with adjustable wrenches or with 15 mm and 
19 mm open end or hex wrenches. (The retaining nut is a 
ÇÏÏÄ ÆÉÔ ÔÏ Á ϶ȱ ×ÒÅÎÃÈȢ 4ÈÅ ÂÏÄÙ ÁÎÄ ÃÌÁÍÐÉÎÇ ÎÕÔ ÉÓ Á 
ÇÏÏÄ ÆÉÔ ÆÏÒ Á ρωȾσςȱ ×ÒÅÎÃÈȢɊ Because the plastic body is soft, Clifton Laboratories does 
not recommend using slip-joint (Channelock) pliers or similar tools to install the cable 
glands. 
 

 

 
 
Ç 

 
Ç Mount a cable gland at the end of the enclosure. 
(Only one end is drilled to accept the cable gland.) 
Tighten the body and retaining nut. Do not tighten 
the clamping nut, just the body and retaining nut. 
When properly installed, the gland body should be 
flush against the enclosure ends and the O-ring 
fully compressed. 
 
The bottom (output cable end) of the box has a 
small weep hole. 
 

 

Ç Locate the length of thick insulated wire (center conductor from RG-58 coaxial cable), 






































































