
SL Ooi Feb 03
MOTOROLA and the Stylized M Logo are registered in the US Patent & Trademark Office. All other 

product or service names are the property of their respective owners.  © Motorola, Inc. 2003.  

Place your image on 
top of this gray box.

If no graphic is 
applicable, delete gray 

box and notch-out 
behind gray box, from

the Title Master

Multi-pitch, Multi-Band 
Helical antenna 

SooLiam Ooi
Motorola Florida Corporate 
Research Lab



Multi-pitch Helical Antenna
• Manipulating the pitch and length 
combinations to create multiple
resonant frequencies.

• The fundamental resonance, F1 is 
determined by the total wire length.

• The higher resonance, F2 is 
determined by the length of the lower 
loose section indicated in blue.

F1
F2

Zhou, G. “A non-uniform pitch dual band helix antenna.” IEEE Antennas and Propagation Symposium, Salt Lake City, Utah 2000 Volume 1, pp. 274 –277.



Multi Band- Multi pitch Single helix



Project Summary

• Creating multiple, overlapping resonance at 700-800 
MHz band and leaving the VHF part of the response 
as in ordinary, narrow band helical antenna. 

• The resonance at higher frequencies couple with the 
harmonics from the lower frequencies and resulting in 
broad bandwidth. The antenna operates on the lower 
frequency resonances as on uniform pitch helixes, and 
the bandwidths can be further broadened by means of 
matching components.



Design Strategy
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The two bands are related, the 5th harmonics of the first
band fall on that of the second.



Design Strategy
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X 5

Designing a narrow band helix for VHF, will result in 
another resonance in the 700/800 MHz band.



Design Strategy
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Add a section with different pitch to create discontinuity,
inserting a resonance in the 700/800 MHz band.



Design Strategy
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X 3

Adding another section to insert another frequency whose 
3rd harmonics falls in the 700/800 MHz band.



Design Strategy
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Broaden the VHF part with a simple matching circuit.



Modeling multiple pitch helix

• The HFSS modeling can 
only generate uniform 
pitch helixes.

• Divide the helix into 
sections with different 
pitches.

• Draw sections on top of 
one another.



Making tunable helix model

• Using Macro 
• Setting dimensions to variables
• Define relationships/equations
• No manual re-drawing
• Optimetrics ready



Assigning Parameters to the Helix Sections 

• Helix diameter, helixrad
• Number of turns, nostx
• Pitch of helix, pitchx
• Z-position of starting point, hstartx
• Angle of rotation of the starting point, rostx



Defining 
design 
parameters





Setting helix diameter and cross-section
(helix base, hb1)

NewObjColor 255 0 0

Circle [helixrad, 0, hstart1] 1 wirerad "hb1" 1 wiresegment [0, helindia, hstart1]

Radius



Draw the first helix
NewObjColor 0 0 254

Helix "hb1" 2 pitch1 nost1 8 0 "helix1"

Length=
number of turns x pitch

Rotation of helix base
=number of turns x 360



Drawing the subsequent helix

"hstart2=hstart1+nost1*pitch1"

"rost1=nost1*360"

Circle [helixrad, 0, hstart2] 1 wirerad
"hb2" 1 wiresegment [0, helindia, hstart2]

Select ("hb2")

Rotate 2 rost1

Deselect ("*")

NewObjColor 0 0 254

Helix "hb2" 2 pitch2 nost2 8 0 "helix2"



Second Helix

continuity



Third helix
NewObjColor 0 255 255

Circle [helixrad, 0, hstart3] 1 wirerad "hb3" 1
wiresegment [0, helindia, hstart3]

Select ("hb3")

Rotate 2 rost2

Deselect ("*")

#helix3

NewObjColor 0 255 255

Helix "hb3" 2 pitch3 nost3 8 0 "helix3"



Completing the model

Add 
chassis

Add molding
material



Completed model



Optimetrix setup







Setting cost function



Optimetrix Table



Optimetrix results



Radiation performance

The radiation pattern of both VHF) and 700/800 MHz band indicate that the 
antenna exhibits radiation patterns equivalent to that of dipole antenna.



Measure Overall Return Loss

MATCHED



Benefit of using macro
• Save time – no redrawing
• Portable – cut and paste
• Optimetrix ready
• Tweaking dimension using pulled down menu – edit 

parameters

• Saves data of all iterations
• Easy adaptation of designs onto new chassis- re-

optimizing

Optimetrics


