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and T. Yamamoto (2) 
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Abstract. - Amorphous magnetic fiber of 10 pm in diameter was developed, which shows high value and desirable 
frequency characteristic of the permeability. The cloth transformer of thickness less than 1 mm could be made. The 
transformer operated up to 10 MHz. Stray capacitance could be reduced. 

Introduction ;; ;;;rED ( 1 2 . 5 k g r 2 )  

A small and thin transformer enables to reduce the 
size of electronic circuits composed of IC chips and 
magnetic elements. We prepared amorphous mag- I a 

netic fibers of 10 pm in diameter and proposed cloth- 1 oprn@ AMORPHOUS FIBER 

structured transformer, in which the primary and the 
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secondary windings were arranged in order to reduce fCHz1 
the stray capacitance' The analysis based On equiva- Fig. 2. - Frequency characteristic of relative permeability 
lent circuit technique has made it clear that i t  exists the fiber of 10 pm in diameter. 
the suitable arrangement of these windings. 

Thin amorphous magnetic fiber 

We used Co-based amorphous magnetic fiber with 
zero magneto-striction. Diameter of the amorphous 
magnetic fiber is about 120 pm in diameter with uni- 
form circular cross section by wire drawing technique. 

Tensile stress was applied to the amorphous fiber 
when the wire was annealed. Figure 1 shows the effect 
of tensile stress on the magnetic relative permeabil- 
ity of the wire. As shown in the figure, the magnetic 
permeability varies with the strength of the stress ap- 
plied. Based on the experimental result, we have an- 
nealed amorphous fiber of 10 pm in diameter, giving 
the tensile stress of 12.5 kg/mm2, constantly. 

Fig. 1. - Effect of tensile stress on the relative permeability. 

Figure 2 shows frequency characteristics of the rel- 
ative permeability of the annealed amorphous fiber, 
comparing with that of the fiber as drawn. The value 

over 4000 of the relative permeability and frequency 
characteristic in flatness near 10 MHz were realized. 

Structure of cloth transformer 

Figure 3 illustrates the structure of cloth trans- 
former proposed in this paper and the outlook of the 
transformer made as a trial (11 x 14 x 1 mm3). The 
copper wire of 70 pm were used as a conductive fiber. 
As shown in the figure, the transformer has a plain 
weave structure. A "warp" is a bundle of amorphous 
fibers and a "weft" is a conductive fiber. A weft to 
go and return back crossing warps forms a winding of 
"one turn" for each warp. Because of a plain weave 
structure magnetic fluxes in warps adjacent to each 
other flow in anti-parallel direction and the radiation 
interference is reduced [I]. 

Conductive fibers are divided to several groups and 
arranged at the same spacing in order to reduce stray 
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Fig. 3. - Structure and outlook of the cloth transformer 
made as a trial (11 x 14 x 1 mm3). 
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capacitance. Each group of windings has nl  turns in 
the primary winding and n2 turns in the secondary 
one. Let the number of groups be m,  the number Nl 
of the primary winding and N2 of the secondary one 
are expressed: 

Figure 4 shows an equivalent circuit of the trans- 
former. For simplicity, the number of primary wind- 
ing Nl is assumed to  beequal to  that of the secondary 
winding Nz. In the figure, R, represents resistance of 
windings and X2 leakage reactance. Rr is equivalent 
resistance representing iron loss and X1 exciting reac- 
tance. Cl and C2 are stray capacitance. 

Fig. 4. - Equivalent circuit of the transformer. 

Figure 5 shows n l  dependence of voltage ratio 
Vz/Vl, stray capacitance Cl , CZ and leakage reactance 
Xz for the cloth transformer (Nl = N2 = 20 turns) 
a t  1 MHz. Figure 6 shows frequency dependence of 

n l  [ tu rns ]  

Fig. 5.  - nl vs. V2/V1, C1, C2 and Xz relation. Nl = 
N2 = 20. f = 1 MHz. 
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Fig. 6. - Frequency dependence of voltage ratio V2/V1. 

voltage ratio V2/V;. From these figures it reveals that 
suitable value of n1 enables to improve characteristics 
of the cloth transformer. 

Figure 7 shows the load characteristics of the cloth 
transformer. In the figure broken lines show calculated 
values obtained from equivalent circuit analysis. The 
efficiency exceeded 90 % . 
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Fig. 7. - Load characteristics of the cloth transformer. 

Conclusion 

An amorphous magnetic fiber of 10 pm in diame- 
ter has been developed and cloth transformer using 
the amorphous fiber were proposed. Analysis based 
on equivalent circuit is successful for presenting char- 
acteristics of the transformer. 
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