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Using traditional methods, a permanent magnet multipole component magnetized with a magnetic
pole pitch of less than 1 mm is very difficult to achieve and a costly, complicated magnetization
system is required. In this paper, the optimal design of a fine magnetic pole pitch of less than 1 mm
fabricated on a printed circuit board has been successfully investigated and demonstrated. An
optimal magnetic pole pitch having large variation and strength in magnetic-flux density was
obtained. The characteristics of the optimal magnetic pole pitch are good for signal detection and
processing. The measured values of the magnetic-flux density mabmponent are in agreement

with the calculated values. ®05 American Institute of PhysidDOI: 10.1063/1.1851430
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Magnetic encoders are widely used in detecting the ro-

tation speed, angle, and position in many precise control SYSvhere u is the permeability of free space ar&dis the unit
tems. It consists of a magnetic reading device and a multiyacior in cylindrial coordinates.

pole magnetic component with a fine magnetic pole pitch. | gact; the cross section of a circuit wire on PCB is not
Using traditional methods, a permanent magnet multipolg;jcylar but rectangular which can be discretized into a mesh
component magnetized with a magnetic pole pitch of 1esgt jndexed elements, as shown in FighR These elements
than 1 mm is very difficult to achieve and a costly, compli- e equal in area containing the same amount of current den-
cated magnetization system is requitstiin this paper, sity. Both wire widthT1 and wire thicknes§2 should be
printed circuit boardPCB) technology was employed to fab- ¢ngigered wheffl~r andT2~r. Each small element is a
ricate a component with a fine magnetic pole pitch of lesgjnite |ength and straight wire and therefore the magnetic-
than 1 mm having a uniform pole structure, as shown in Figg x density can be calculated by Ed). After summing the

1. After supplying a steady current through the wire circuitcontibytion of each element, the total magnetic-flux density
from point A to point B, an alternative and regular magnetic-j, the 7 component is given by

field distribution is induced according to Ampere’s law.
Thus, a multipole magnetic component with a fine magnetic mi m2 ol ( a

pole pitch of less than 1 mm was formed. The summation of Bz= E_ E_ 4R 1 o\ Va2 + R
wire width T1 and gap is defined as the magnetic pole pitch. ni=Ln2=1 A2 AN nin2

An optimal design of a fine magnetic pole pitch fabricated on b ) 5
PCB having large variation and strength in magnetic-flux * Vb2 + R2 sind, (2)

density is discussed. Both the experimental measurement and nin2

theoretical computation for different magnetic pole pitcheswherenl andn2 are integersml andm2 are the number of
are investigated. elements as “mesh” parameters that characterize the discreti-
zation of the cross section of a wire, alds the angular

Current output Current input

THEORETICAL ANALYSIS e " s
According to the Biot—Savart lafvfor a finite lengthL, 7 e :r'1 7
straight wire carrying a steady currehtas shown in Fig. Q —
Z(a), the magnetic-flux density at poiRtwith a distance is Enlarging Area C
given by
Magnetic Pole Pitch =TI +gap 8%

dElectronic mail: kuochi@itri.org.tw FIG. 1. Special wire circuit fabricated on PCB.
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P 4 13 23 43 fa=(t By FIG. 3 Calcul_ated magnetic-flux density as a function of distane¢ a
m2 detection spacing of 20am.
A Bz
e x ;—HH n =(’—$T1) Ryna= ';1’ *luj i . . .
o i S 2 metric, the gap between two adjacent straight wires was de-
e =(r—-— . . . .
A no KRl aTELd n signed at twice the value of the difference between wire
| b 3 o e ; o . i
» > == T) width T1 and the position of the maximum magnetic-flux
c . P ﬂ=:—i 12=% d_ensity. As_ a re_sult, the optimal magnetic pole pitches on
' ml different wire widthsT1 were obtained. Table | shows the
FIG. 2. Mesh of cross section on the circuit wire. different wire widthsT1, positions of maximunBz gaps,

and optimal magnetic pole pitches, respectively.
Nine-pole magnetic components were fabricated on PCB
with different wire widthsT1 and gaps to make different fine
I magnetic pole pitches. Three central consecutive magnetic
- _[2 2 oo poles of the magnetic-flux density distributions in theom-
"= imze P2 = Tt 7 Sin 0= Rutnz’ ® ponent at a magnetic pole pitch of 46%n were measured
on the central line by using a precise Hall probe, as shown in
nl n2 Fig. 4. The sensing area of the Hall sensor inside the precise
= (r - _Tl)' Zn2 = (Z_ _T2>' Hall probe is only 165 165 um? and therefore it is capable
of measuring the fields of the fine magnetic pole pitch fabri-
(Nl=1~ml,n2=1~m2). (4)  cated on PCB. The measured data at any point is the average
S ) value over the sensing area of the Hall sensor in measure-
The wire circuit fabricated on PCB can be treated as manynent, The circle and square marks denote the magnetic-flux
finite and straight wires that are located at different positionsdensity distributions at the detection spac®@f 200 and
The magnetic-flux density in thecomponent for each wire 3gg um, respectively. The detection spaci@gs the distance
can be calculated by Eq(2). Consequently, the total of the Hall sensor from the surface of the multipole wire
magnetic-flux density in the component at any position can grray on PCB. The variation of the magnetic-flux density in

offset of thex axis. The parameters ofR; ,,, and sing are
given by

wire part on PCB. spacing increased and obviously indicated that a fine mag-
netic pole pitch of less than 1 mm was feasible.
RESULTS AND DISCUSSIONS Using a wire widthT1 of 190 um, the magnetic-flux

density distributions in the component on the central pole
were measured at a detection spacdwf 200 um above the
surface of the multipole wire array with different fine mag-
netic pole pitches of 365, 465, and 5@, as shown in

Supplying a 1-A current into a straight wire with a
lengthL of 6 mm and a thicknesE2 of 41 um, the different
magnetic-flux density distributions in tlzecomponent on the
bisection positior(a=b=L/2) were calculated at a detection
spacing of 20Qum above the surface by using Hg). Wire ) o - )
width T1 was designed at values of 190, 235, and m TAI'3LEI . Dn‘fer'ent \IN|re. V\;:dth T1, position of maximumBz gap, and
respectively. The steep slopes and positions of the maximur%pnma magnetic pole pitch
magnetic-flux density in the component were found as T1 Position of Gap Optimal magnetic
shown in Fig. 3. The large variation and strength in  (um) max. Bz (um) (m) pole pitch(um)
magnetic-flux density appeared at a distance smaller than the 190.0 375 75 465.0
position of the maximum magnetic-flux density. These char- 35:0 365:0 260 495:0
acteristics are good for signal detection and processing. 554 200.0 240 520.0
Since each straight wire fabricated on PCB in Fig. 1 is sym
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FIG. 4. Magnetic-flux density distributions measured at a magnetic polerIG. 6. Experimental and calculated magnetic-flux density distributions on
pitch of 465um. the central pole at a wire widthil of 235 um.

] ) ) ) wire width T1 of 235um. The same smooth variation in
Fig. 5. Clearly, the optlm_al _magnetlc pole pl_tch at the_valuemagnetic-flux density at the pitch size of 58 was found
of 465 um has larger variation and strength in magnetic-flux,oveen line A and line B like in Fig. 5. The optimal mag-

density than the others. Although the magnetic-flux density, .- pole pitch at the value of 498m holds the larger

at the pitch sizg (_)f S6mm is a Iittl_e bigger th_an_that of variation and strength in magnetic-flux density than the
465 um, the variation of the magnetic-flux density is smooth ji,qrg.

between line A and line B, and the large pitch size will de-

crease the resolution in applications. In addition, the meaCONCLUSIONS

sured values of the magnetic-flux density in theomponent The optimal design of a fine magnetic pole pitch of less

are in agreement with the calculated values. Figure 6 showan 1 mm fabricated on PCB has been successfully investi-
the magnetic-flux density distributions in tagomponent on gated and demonstrated. An optimal magnetic pole pitch
the central pole measured at a detection spaSiol200 um  having large variation and strength in magnetic-flux density

above the surface of the multipole wire array with differentwas obtained. The characteristics of the optimal magnetic
fine magnetic pole pitches of 395, 495, and 58% using a pole pitch are good for signal detection and processing. The
measured values of magnetic-flux density in zlmmponent

are in agreement with the calculated values. Additionally,

PCB technology provides a simple way to fabricate the fine

magnetic pole pitch of less than 1 mm without the costly

complicated magnetization system and precise mechanical
processing. Different dimensions of magnetic pole pitches
can be achieved easily by modifying an appropriate wire

circuit pattern on PCB.
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