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TRANSDUCER HAVING A MAGNETO-RESISTIVE 

BRIDGE CIRCUIT 
Heinz A. de Koster, Stamford, Conn., assignor, by direct 
and mesne assignments, to Seggos Industries, Inc., Stam 
ford, Conn., a corporation of Delaware 

Original No. 3,274,575, dated Sept. 20, 1966, Ser. No. 
299,333, Aug. 1, 1963. Application for reissue Feb. 26, 
1968, Ser. No. 710,44 

Int, Cl, G11b 5/30. H04r 15/00 
U.S. C. 340-174. 24 Clains 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

ABSTRACT OF THE DISCLOSURE 
A head is provided for reading magnetic signals re 

corded on a moving tape or other type of record medium. 
The head, which in its preferred form comprises a mag 
netic flux bridge configuration containing four magneto 
resistive elements, is sensitive to the absolute flux level 
rather than to the time rate of change. Accordingly, the 
output is independent of frequency of the recorded sig 
nal, and independent of the speed of tape transport. In 
addition, it provides unprecedented output levels. The 
four magnetoresistive elements of the flux bridge are 
connected into an electrical bridge configuration circuit 
in which all of the impedance changes caused by flux 
variations affect the electrical output additively. 

animals 

This invention relates generally to a transducer utiliz 
ing magneto-resistive elements arranged in an electro 
magnetic bridge circuit in such a manner that an unbal 
ance of the magnetic circuit generates an electrical sig 
nal output. The invention is more particularly directed 
to a transducer suitable for transducing magnetic re 
cordings. 

Transducers for magnetic recording have generally 
included a magnetic head of the type including a core 
having an air gap which cooperates with the magnetic 
fields of the recording to be transduced. The magnetic 
fields flow through the low reluctance core material. A 
coil cooperates with the core and a voltage is induced 
in the coil as the magnetic fields change. The magnetic 
fields must be changing or varying fields to induce a volt 
age in the coil. The voltage induced is proportional to 
both the flux and the rate of change of flux. The output 
of the transducer is, therefore, dependent upon the fre 
quency of the changing magnetic fields. Equalizing cir 
cuits are associated with the output of the transducer to 
compensate for the latter effect. 

It is a general object of the present invention to pro 
vide an improved transducer. 

It is another object of the present invention to pro 
vide a magnetic transducer capable of operation from 
D.-C. to frequencies of 10 megacycles or more. 

It is another object of the present invention to provide 
a transducer whose response is linear with frequency. 

It is a further object of the present invention to pro 
vide a transducer which is temperature insensitive, rugged 
and easy to manufacture. 

It is still a further object of the present invention to 
provide a transducer capable of providing an output sig 
nal having relatively large power to eliminate in many 
instances the necessity for preamplifiers. 

It is still a further object of the present invention to 
provide a transducer which is capable of providing an 
amplitude modulated carrier output wave. 
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It is a further object of the invention to provide a 

transducer for comparing signal waveforms. 
The foregoing and other objects of the invention will 

become more clearly apparent from the following de 
scription taken in conjunction with the accompanying 
drawings. 

Referring to the drawing: 
FIGURE 1 is a plan view of the transducer in coop 

eration with a magnetic tape; 
FIGURE 2 is a sectional view taken along the line 

2-2 of FIGURE 3B; 
FIGURES 3A and 3B are rear views of the device 

shown in FIGURE l; 
FIGURE 4 is a front view of the device shown in 

FIGURE 1; 
FIGURE 5 is a side elevational view of the device 

shown in FIGURE 1; 
FIGURES 6A and 6B schematically illustrate mag 

neto-resistive elements which can be employed in the trans 
ducer; 
FIGURE 7 is the equivalent magnetic circuit for the 

transducer illustrated in FIGURES 1-5; 
FIGURE 8 is the equivalent electrical circuit for the 

transducer illustrated in FIGURES 1-5; 
FIGURE 9 is a typical curve of resistance as a func 

tion of flux for a magneto-resistive element; 
FIGURE 10 is a curve showing the frequency response 

of the transducer; 
FIGURE 11 shows another embodiment of the inven 

tion; 
FIGURE 12 shows still another embodiment of the 

invention. 
Referring to the drawing, FIGURES 1 and 2, there is 

shown a transducer 11 disposed to cooperate with a mag 
netic recording element 12 which may, for example, be 
an elongated magnetic tape. Transducer 11 includes a 
pair of pole pieces 13 and 14 having tips which extend 
towards one another to define a reproducing gap 15. The 
pole pieces include a portion which is accommodated 
in the magnetic bridge assembly, to be presently described. 
The pole pieces may, for example, be constructed from 
mu-metal if the magnetic head is used only for relatively 
low frequencies. For operation at higher frequencies, the 
magnetic material may be ferrite or the like. 
The pole pieces, FIGURES 3A and 3B, are disposed 

between and magnetically cooperate with spaced plates 
16 and 17 which are likewise made of low reluctance 
magnetic material. The plates 16 and 17 are arranged in 
cooperative relationship with a permanent magnet 19 
which is in contact with each of the members. The mag 
net is magnetized so as to provide a magnetic field. The 
magnetic field provides a bias field as will be presently 
described. 
The thickness of the magnet 19 is such that the plates 

16 and 17 which are in contact with the ends have a 
spacing greater than the thickness of the pole pieces 13 
and 14 whereby there are provided four gaps 1-4, FIG 
URE 3A, between the plates and the pole pieces. 

Magneto-resistive elements 20-23 are placed in the 
gaps so that they are traversed by the magnetic fields 
which flow in the path between the plates 16 and 17 and 
the pole pieces 13 and 14. The elements may, for ex 
ample, be secured to the pole pieces 13 and 14. 

Referring to FIGURES 6A and 6B, typical elements are 
shown. The elements may be indium antimonide or other 
magneto-resistive solid state compounds or elements 
formed into a thin film, wafer or disc. The ohmic resist 
ance of the element is dependent upon the applied mag 
netic field. The magneto-resistive element is provided with 
spaced ohmic contacts 25 and 26 between which the re 
sistance is measured. The element shown in FIGURE 6A 
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is a rectangular disc while the element shown in FIG 
URE 6B is a disc of the type known as a carbino disc. 
To support the pole pieces between the plates 16 and 

17, there may be provided a plastic filler material 27, 
FIGURE 3B, such as a thermosetting plastic. 

Referring now more particularly to FIGURE 7, there 
is shown the magnetic circuit just described. The symbols 
(R1, OR2, (R , and (R. correspond to the reluctance 
at the gaps 1, 2, 3, and 4. The magneto-motive force gen 
erator F corresponds to the magnet 19. The reluctance 
(R a represents the reluctance offered by the path for the 
flux pa from the permanent magnet. The magneto-motive 
force generator F corresponds to the magnetic fields (b. 
at the gap, which fields are to be transduced. The flux 
gb1, $2, p.3 and b, corresponds to flux at the gaps 1-4, 
which is the sum of the fluxes in each arm of the bridge. 
The reluctance f is the reluctance offered to the flux gbb 

It is thus seen that the transducer shown in FIGURES 
1-5, in essence, forms a magnetic bridge circuit with each 
of the arms of the bridge including one of the gaps, 
while one pair of opposite terminals arms of the bridge 
receives the flux cha-db pa/2-p/2 and the other pair 
of opposite terminals arms receives the flux pa--p 
spa/2--ph/2. 
The biasing flux b is required so that the magneto 

resistive elements are biased to a point in their character 
istics which provides optimal operation and linear re 
sponse with change in total flux. Reference is made to 
FIGURE 9 wherein there is shown typical characteristics 
of a magneto-resistive element. It is observed that opera 
tion at the solid line 31 provides a change in resistance 
with a change in flux above and below this value, as indi 
cated by the dotted lines 31a and 31b, which is substan 
tially linear. At other operating points on the curve, the 
response is slightly non-linear. 

In operation, the various magneto-resistive elements are 
connected in an electrical bridge circuit such as that shown 
in FIGURE 8 wherein resistances R1, R, R and R cor 
respond to the resistance of each of the magneto-resistive 
elements disposed in the corresponding gaps 1-4 repre 
sented by the reluctances CfR y (R 2y (R 3, and (R 4 in 
FIGURE 7. The electrical bridge is energized through a 
suitable energizing source, for example, the schematically 
illustrated battery 28. The output i is obtained across 
the other pair of terminals. This current is proportional to 
the change in flux due to the magnetic fields at the re 
producing gap 15, as will be presently described in detail. 
The following analysis more clearly illustrates the op 

eration of the transducer. The following symbols are en 
ployed, as previously described: 

Gap reluctances: Of CfR, OR, Of, 
Reluctance of magnetic parts: CfR, GR, 
Magneto motive forces: F, F. 
Flux due to permanent magnet: p. 
Flux due to magnetic fields: bb 
Flux at gaps: p1, p. b3, p.4 
Assume that the circuit is balanced 

then flux p will divide equally. 
Assume direction indicated for p. 

Then 
p1=gba/2-di bi=ba/2-b/2 (1) 
p=ba/2+ b ba- (ba/2--pb/2 (2) 
ba=gb/2--8 ba=da/2--b/2 (3) 
pa=gba/2-i-p b-pa/2-db/2 (4) 

Assume that the magneto-resistive elements have equal 
electrical resistances prior to application of fluxes p and 
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gbb, but that after application of these two fluxes they 
have resistances R1, R2, R3, R4 and are located at the 
respective gaps then since (p=q, (from Equations 
and 4 above) and p2 = pa (from Equations 2 and 3 

above) for bridge balance 
R=R=R (5) 
R2 = R3 = Run (6) 

E is voltage applied across bridge 
i=load current 
r= load resistance 
Then 

i=E - Rin - 2R.R.R. i. (R.ER.) (7) 
R - R2 i = Es is is --9- 

2 RF (R-R) + r( R --R) 
If rb is resistance of element et operating point and Ar 
is change due to flux obsb/2 

Ro=rb-Arb (8) 
Rn=rb-i-Arb (9) 

Substituting in Equation 7 the voltage across r is: 
- rArb 
e-E2-Eric Ar) (10) 

the current is: 

y Arb 
= E --- - - 

re-rrb- (Ar)? (11) 
rib)) Arb (12) 

Then 
Ar a E. Ah estr(r) (13) 
Aft aE-T-- is r(r,t) (14) 

The output power is 
Ar. P = ei=E2 -A's 

r(r--r) (15) 
When r=rb maximum power output is obtained 

Pmax=E/4r(4r/r) (16) 
Pma=E/4r (Arb/r) (16) 

and 
e=E/2(Arb/rb) (17) 
i=E/2rb(Arb/r (18) 

Since rb and r are fixed, the current across the load 
resistance is proportional to Arb the change in resistance 
of the magneto-resistive element due to the flux. 
The sensitivity is obtained by selecting a point of op 

eration, FIGURE 9, such as the flux B, and a magneto 
resistive element such as carbino disc. The angle of 
sensitivity is given by 

tan a =rb/Bro 
and 

rb= roB tan a (19) 
Arb-ABro tan a (20) 
Arb/rb=AB/B (2) 

Substituting Equations 19, 20 and 21 in Equations 16, 
17 and 18: 

P.- : - ( 2 "T4rB tan a VB (22) 

e-(F) 2 V B (23) 

i=-B - ( 2r.B tan a V B (24) 
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The magneto-resistive effect is independent of frequency 
from D.-C. up to 35 m.c. or more. Referring to Equations 
13 and 14 above, it is noted that only the terms Art and 
r appear. Thus, the output voltage and current are fre 
quency independent. FIGURE 10 shows the frequency 
response of the transducer. 

If maximum permissible power dissipation per element 
is Piss, then the current through any branch of the bridge 
S 

I=VPais/rb (25) 
The voltage is: 

E=2|r 
Substituting in Equation 25: 

E=2vrPaiss (26) 
Substituting in Equation 22 and using Equation 19 the 

maximum power is: 
Pmax=Pass (AB/B) (27) 

The following Examples I and II illustrate typical 
outputs for a transducer in accordance with the invention: 

Example I 
Employing a carbino disc 

Pass=2.5 Watts 
B= 10 kilogauss - 
AB=0.1 kilogauss 
P=2.5 (0.1/10)=0.25 milliwatts 
With typical disc having 

r=20 ohms 
rt/ro=20 
The 400 ohms 
and 

E=2VrbPaiss=63 volts 
I=E/2r=79 milliamperes 
e=E/2(4B/B)=315 millivolts 
e=E/2(AB/B)=315 millivolts 
ise/r=.79 milliampere 

Example I 
Employing a rectangular element 

Paiss=2.5 watts 
B= 10 kilogauss 
AB=0.1 kilogauss 
Pas-0.25 milliwatt 

For typical element 
r= 1250 ohms 
rb/ro= 1.5 
r=1880 ohms 
and 

E. 137 volts 
I=36.5 milliamperes 
e=680 millivolts 
i=0.35 milliampere 
Thus it is seen that relatively large output power, volt 

age and currents can be obtained. In certain instances 
the output may be sufficient to drive an associated cir 
cuit, such as a speaker, directly. 

Referring to FIGURE 11 there is shown an electrical 
bridge of a transducer of the type previously described. 
The resistive elements of the bridge bear reference num 
bers corresponding to those of the magneto-resistive ele 
ments 20-23. 
The bridge is excited by connecting an R.-F. carrier 

source 29 across one pair of the bridge terminals and 
obtaining the output at the other pair of terminals. The 
output will be a modulated carrier whose modulation 
corresponds to the parameter being transduced, such as 
the magnetic recording. 
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It is apparent from a consideration of the principles 

set forth in detail above that unbalance of the magnetic 
bridge by any means will result in an output signal. Thus, 
if a force is applied to an end of one of the plates to 
change the corresponding gap, the bridge reluctance will 
be unbalanced. As a result, the biasing flux is unbalanced 
and an output signal will be generated which is propor 
tional to the change in gap. This can then be employed to 
product a force transducer, load cell or even an accel 
eronetet. 
The transducer may be connected to measure distor 

tion and/or phase shift. Referring to FIGURE 12 the 
magnetic bridge circuit previously described is illustrated. 
Connected to provide magnetic flux across one pair of 
terminals is the electromagnet 30 which is excited by a 
first signal source 31. Connected to provide flux across 
the other pair of bridge terminals is the electromagnet 
32 excited by a second signal source 33. 

If the signals 31 and 33 are identical there will be no 
magnetic unbalance and no output will be derived from 
the electrical bridge. However, if one wave differs from 
the other in phase and/or shape an output will be de 
rived from the electrical bridge. 
Thus the transducer described can be magnetically bi 

ased either with a steady flux, an alternating flux or both, 
which is generated by permanent magnets, electromag 
nets or both. The electrical bridge can likewise be excited 
with a current which is A-C., or D.-C. or both. The 
parameters which are applied and transduced can be me 
chanical, electrical, magnetic or a combination of the 
Sae 

Since many changes could be made in the above con 
struction and many apparently widely different embodi 
ments of this invention could be made without departing 
from the scope thereof, it is intended that all matter con 
tained in the above description or shown in the accom 
panying drawing shall be interpreted as illustrative and 
not in a limiting sense. 

I claim: 
1. A transducer comprising a magnetic bridge having 

five arms and four terminals providing in each of its 
arms a path for magnetic flux and a high reluctance gap, 
an electrical bridge including in each of its arms a mag 
neto-resistive element, a magneto-resistive element in each 
arm of the electrical bridge being disposed in a corre 
sponding gap in the arm of the magnetic bridge so that 
the flux in the respective arm of the magnetic bridge 
passes therethrough, means for exciting said electrical 
bridge connected across one opposite pair of bridge ter 
minals, the other opposite pair of electrical bridge ter 
minals providing an otuput signal, and means responsive 
to a parameter to be transduced for unbalancing the mag 
netic bridge by varying the reluctance at one or more 
of said high reluctance gaps. 

2. A transducer as in claim 1 including additionally 
means for providing a biasing magnetic flux across at 
least one pair of opposite magnetic bridge terminals. 

3. A transducer as in claim 1 including additionally 
means for applying an alternating flux across at least 
one pair of opposite magnetic bridge terminals. 

4. A transducer as in claim 1 in which said means for 
exciting said electrical bridge comprises a source of D.-C. 
voltage. 

5. A transducer as in claim 1 in which said means for 
exciting said electrical bridge comprises a source of A.-C. 
voltage. 

6. A transducer comprising a magnetic bridge having 
five arms and four terminals providing in each of its 
arms a path for magnetic flux and a high reluctance gap, 
a pair of pole pieces forming one of said arms and in 
cluding a reproducing gap forming one of said gaps, said 
pole pieces also forming a pair of opposite terminals of 
said magnetic bridge, an electrical bridge including in 
each of its arms a magneto-resistive element, a magneto 
resistive element in each of the arms of the electrical 
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bridge being disposed in the gap in each arm of the mag 
netic bridge so that the flux in the respective arm of 
the magnetic bridge passes therethrough, means for ex 
citing said electrical bridge across one opposite pair of 
terminals, and means connected across the other opposite 
pair of terminals of the electrical bridge providing an 
electrical output signal, magnetic flux applied to said re 
producing gap serving to unbalance the magnetic bridge 
and provide an electrical output signal. 

7. A transducer as in claim 6 including additionally 
means for providing a biasing magnetic flux across at 
least one pair of magnetic bridge terminals. 

8. A transducer as in claim 6 including additionally 
means for applying an alternating flux across at least one 
pair of magnetic bridge terminals. 

9. A transducer as in claim 6 in which said means for 
exciting said electrical bridge comprises a source of D.C. 
voltage. 

10. A transducer as in claim 6 in which said means 
for exciting said electrical bridge comprises a source of 
A.-C. voltage. 

11. A transducer comprising a permanent magnet hav 
ing first and second poles, a pair of plates disposed in 
cooperative relationship with said magnet, first and sec 
ond pole pieces disposed between said plates and form 
ing there with magnetic gaps, said pole pieces forming a 
first pair of opposite terminals of a magnetic bridge and 
said plates forming a second opposite pair of terminals 
of a magnetic bridge with a gap disposed in each arm 
of the magnetic bridge between terminals of the mag 
netic bridge, an electrical bridge including in each of 
its arms a magneto-resistive element, a magneto-resistive 
element in each arm of the electrical bridge being dis 
posed in one of the magnetic gaps of the magnetic bridge 
whereby the flux traversing the gap passes therethrough, 
means for exciting said electrical bridge across one pair 
of terminals, said other pair of terminals of said electri 
cal bridge providing an electrical output signal. 

12. A transducer as in claim 11 wherein said pole 
pieces include tips which define a transducing gap. 

13. A transducer as in claim 11 including additionally 
means for providing a biasing magnetic flux across one 
pair of said magnetic bridge terminals. 

14. A transducer as in claim 11 including additionally 
means for applying an alternating flux across one pair of 
said magnetic bridge terminals. 

15. A transducer as in claim 11 including additionally 
means for providing a biasing magnetic flux across one 
pair of said magnetic bridge terminals. 

16. A transducer as in claim 11 including additionally 
means for applying an alternating flux across one pair 
of said magnetic bridge terminals. 

17. A transducer comprising a magnetic bridge hav 
ing four arms, each of said arms providing a path for 
magnetic flux and each including a high reluctance gap, 
adjacent arms being magnetically connected to form 
bridge terminals, and four magneto-resistive elements one 
disposed in each of said arms in said gap, each of said 
elements including two terminals for connecting the same 
to associated electrical circuits. 

18. A magnetic flux transducer comprising: 
(a) a pair of permeable pole pieces fixed in spaced 

relation to each other to define a reproducing gap 
therebetween for picking up a magnetic flux in said 
gap, 

(b) means for completing a magnetic circuit between 
said pole pieces including at least one magneto 
resistive element interposed in the path of said flux 
so as to vary the resistance thereof as a function of 
said flux strength; 

(c) and an electrical bridge circuit connected to in 
clude said magneto-resistive element as one of the 
arms thereof so that variations in the resistance of 
said magneto-resistive element affect the condition 
of balance of said bridge. 
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9. A magnetic flux transducer according to clai 1 S. 

wherein said pole pieces are arranged to conduct said 
flux away from said gap, and said magneto-resistive ele 
ment is displaced from said gap so as to sense the gap 
flux from a distance. 

20. A magnetic flux transducer according to claim 19 
wherein: 

(a) said magnetic-circuit-completing means is arranged 
to divide said gap flux into two paths having a par 
allel circuit relationship between said pole pieces; 

(b) there are at least two magneto-resistive elements, 
one of which is interposed in one of said parallel 
flux paths and the other of which is interposed in 
the other of said parallel flux paths so as to vary the 
resistances of both said elements as a function of 
said flux strength; 

(c) and said two magneto-resistive elements are con 
nected in two respective diagonally opposite arms 
of said electrical bridge so as to produce a mutually 
aiding effect on the conditiun of balance of said 
bridge. 

21. A transducer comprising a magnetic bridge having 
five arms and four terminals providing in each of its 
arms a path for magnetic flux and a high reluctance gap, 
an electrical bridge including in each of at least two di 
agonally opposite arms a magneto-resistive element, each 
of said magneto-resistive elements being disposed in one 
of said gaps in the arms of said magnetic bridge so that 
the flux in the respective arm of the magnetic bridge 
passes therethrough, means for exciting said electrical 
bridge connected across one opposite pair of bridge ter 
minals, the other opposite pair of electrical bridge ter 
minals providing an output signal, and means responsive 
to a parameter to be transduced for unbalancing the 
magnetic bridge by varying the reluctance at one or more 
of said high reluctance gaps. 

22. A transducer comprising a magnetic bridge having 
five arms and four terminals providing in each of its 
arms a path for magnetic flux and a high reluctance gap, 
a pair of pole pieces forming one of said arms and in 
cluding a reproducing gap forming one of said gaps, said 
pole pieces also forming a pair of opposite terminals of 
said magnetic bridge, an electrical bridge including in 
each of at least two diagonally opposite arms a magneto 
resistive element, each of said magneto-resistive elements 
being disposed in one of said gaps in an arm of said mag 
netic bridge so that the flur in the respective arm of the 
magnetic bridge passes therethrough, means for exciting 
said electrical bridge across one opposite pair of termi 
nals, and means connected across the other opposite pair 
of terminals of th electrical bridge providing an electrical 
output signal, magnetic flux applied to said reproducing 
gap serving to unbalance the magnetic bridge and pro 
vide an electrical output signal. 

23. A transducer comprising a permanent magnet hav 
ing first and second poles, a pair of plates disposed in 
cooperative relationship with said magnet, first and sec 
ond pole pieces disposed between said plates and form 
ing there with magnetic gaps, said pole pieces forming a 
first pair of opposite terminals of a magnetic bridge and 
said plates forming a second pair of terminals of a mag 
netic bridge with a gap disposed in each of at least two 
arms of the magnetic bridge between terminals of the 
magnetic bridge, an electrical bridge including in each 
of at least two diagonally opposite arms a magneto 
resistive element, each of which is disposed in one of 
the magnetic gaps of the magnetic bridge whereby the 
flux traversing the gap passes therethrough, means for 
exciting said electrical bridge across one pair of termi 
nals, said other pair of terminals of said electrical bridge 
providing an electrical output signal. 

24. A transducer comprising a magnetic bridge having 
four arms, each of its arms providing a path for mag 
netic flux and each of at least two of its arms including 
a high reluctance gap, adjacent arms being magnetically 
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connected to form bridge terminals, and magneto-resis- UNITED STATES PATENTS 
tive elements disposed in each of said gaps, each of said 3,046,361 7/1962 Wiehl --------- 179-10) - 1 
elements including two terminals for connecting the same 3,061,771 10/1962 Planer et al. 179-0041 
to associated electrical circuits, 2,969,529 1/1961 Gilson ------------ 340-174.1 
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