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57 ABSTRACT 
A high voltage horizontal flyback transformer assem 
bly includes a generally rectangular ferromagnetic 
core with a pair of opposing core legs. A primary or 
low voltage winding is split into two portions each 
mounted on a different core leg with the winding dis 
tributed so as to cover as much of the core as possible. 
A high voltage winding is split into two or more por 
tions, each placed as close to the core as possible and 
each wound in such a fashion as to cover as much of 
the core as possible, to thus increase mutual coupling. 
In particular, one half of the total high voltage winding 
is concentrically mounted over each of the low voltage 
portions. One or more diodes are located in series be 
tween the high voltage portions to reduce the effect of 
the high secondary distributed capacitance on the pri 
mary circuit, equalize the ringing frequencies of each 
high voltage section, and provide high voltage rectifi 
cation. The entire transformer assembly, including the 
diodes and a focus resistor, is mounted in an oil-filled 
container. 

6 Claims, 9 Drawing Figures 
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FLYBACK TRANSFORMER 

BACKGROUND OF THE INVENTION 

This invention relates to a horizontal flyhack trans 
former for a television receiver, and more particularly 
to a flyback transformer with windings designed to in 
crease primary to secondary coupling by having the 
windings encompass as much of the core as possible. 
The horizontal flyback transformer in a television re 

ceiver generally includes a rectangular ferromagnetic 
core which carries a primary winding, a low voltage 
winding, and a high voltage winding. 
To keep the voltage per layer to a safe value and to 

produce enough physical space between the start and 
finish of the high voltage winding in order to prevent 
voltage breakdown, prior flyback transformers have 
used a tall, narrow high voltage secondary winding. In 
early television receivers, this was a universal winding. 
With such a physical configuration in which the high 
voltage winding covers only a portion of the core, the 
mutual coupling is very low. With low mutual coupling, 
the transient ringing of the secondary cannot be con 
trolled by primary damping coupled to the secondary. 
To minimize the damage produced by ringing, the ring 
ing frequency has been controlled by tuning the high 
voltage winding to the third or fifth harmonic of the re 
traced frequency. 
Flyback transformers using a tall, narrow high volt 

age secondary winding which encompasses a small por 
tion of the core were developed to overcome problems 
encountered with early flyback transformers. It has 
been known to split the secondary and primary wind 
ings, and concentrically mount each on opposed legs of 
a single window core, as shown for example in U.S. Pat. 
Nos. 1,899,720 and 3,241,051. Unfortunately, such 
windings did not solve the transient ringing problem. 
The secondary/primary ratio is very high in flyback 
transformers, and since the secondary capacity is re 
flected into the primary winding as the square of the 
turns ratio, the resulting reflected capacity in the pri 
mary winding can prevent proper operation of the hori 
zontal deflection circuit. 
Thus, the stacked high voltage secondary of tall, nar 

row configuration has evolved in order to provide low 
mutual coupling and to maintain the voltage per layer 
to a safe value. 
To reduce the effects of the leakage capacitance, a 

high voltage winding has been segmented and isolated 
by diodes as shown in U.S. Pat. No. 3,562,623. The en 
tire transformer assembly including the diodes may be 
immersed in an oil-filled container, as shown in U.S. 
Pat. No. 3,657,632. Unfortunately, present configura 
tions using a narrow high voltage secondaries have a 
number of disadvantages. The high voltage is not a di 
rect function of the primary/secondary turns ratio, as 
in a low frequency transformer. Also, the transformer 
must he tuned, and the secondary ringing frequency is 
controlled by adjusting the winding configuration and 
for by adding external tuning devices. Such transform 
erSlend themselves to only an approximate mathemati 
Cal Solution, and much time must be spent in cut and 
try techniques to arrive at a desired result. The tuning 
of the secondary is quite difficult to hold in production 
and can vary with temperature and loaki changes. When 
mist uning (ccurs. transformer performance Suffers and 
high voltage regulation may suffer along with overheat 
ling. 
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SUMMARY OF THE INVENTION 

In accordance with the present invention, a horizon 
tal flyback transformer is disclosed which has greatly 
increased mutual coupling between the primary - 
secondary windings, and further has low reflected pri 
mary capacity. The primary secondary mutual cou 
pling is increased by making all windings cover as much 
of the core as practical, and by placing the windings as 
close to the core as practical. In a specific embodiment, 
both legs of a single window core carry a split primary 
winding, which is spread along the length of the core, 
and a split secondary winding spread along substan 
tially the same length. A winding technique for the sec 
ondary winding is utilized which will prevent voltage 
breakdown between the start and finish of the secon 
dary, such as a progressive universal method or a ran 
dom progressive method. To reduce the deleterious ef. 
fects of stray capacitance and to equalize the ringing 
frequencies of all high voltage coil segments, one or 
more diodes are inserted between individual coil seg 

entS. 

This technique reduces the effective turns ratio and 
the secondary capacity reflected to the primary wind 
ing. It also raises the natural resonant frequency of the 
secondary winding, and reduces the amplitude of any 
resultant ringing at the resonant frequency. Trans 
former efficiency and therefore high voltage regulation 
are improved by reducing the amount of energy other 
wise dissipated in unwanted ringing. The result is a high 
voltage transformer that requires no critical tuning ele 
ments and behaves essentially as an untuned system. 
One object of the present invention is the provision 

of a flyback transformer having greatly increased 
primary secondary mutual coupling while still main 
taining a low reflected secondary winding distributed 
capacity. 
Another object of the present invention is the provi 

sion of a flyback transformer of improved and more re 
liable performance, of lower cost than prior flyback 
transformers, and which lends itself to mathematical 
design in order to reduce the number of steps necessary 
to design and produce an efficient transformer. 
Other features and advantages of the invention will 

be apparent from the following description, and from 
the drawings. While illustrative embodiments of the in 
vention will he described herein, the invention is sus 
ceptible of embodiment in several different forms and 
the present disclosure should he considered as an ex 
emplification of the principles of the invention and is 
not intended to limit the invention to the illustrated em 
bodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

F.G. 1 is a schematic diagram of a novel horizontal 
flyback transformer having increased primary second 
ary coupling and low reflected distributed capacity; 
FIG. 2 is a plan view, partly in section, illustrating the 

mechanical construction of the flyback transformer 
shown in FIG. I. 

FIG, 3 is a sectional view taken along lines 3-3 of 
FIG. 2; 
FIG. 4 is a plan view of solely the top circuit board, 

looking along lines 4-4 of FIG. 2; 
FIGS 5A and 5B are kiiagramatic illustrations of 

winding methods which may be used for the secondary 
winding, 
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FiG, 6 is a Schennalic diagram of . In other emhocii 
ment if the novel horizontal flyback transfornier, 
FIG. 7 is a schematic diagram of a modificati i to the 

transforniki if FIG 6, and 
FIG. 8 is schematic diagram of still another enhocii 

ment of a novel horizontal flyback transformer. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

Turning to FIG. 1, a horizontal flyback or deflection 
transformer 20 for a television receiver includes a core 
22 of ferronagnetic or other magnetizable material and 
a primary input winding divided into a first primary 
portion or coil 24 and a second primary portion or coil 
26 which is electrically in parallel there with. The sec 
inciary windings of the transformer include a low volt. 
age winding which is split into two portions, consisting 
of a first low voltage coil 28 and a second low voltage 
coil 30 in series there with. Other low voltage windings 
may be added as required. 
Transformer 20 includes a high voltage winding split 

into two portions, consisting of a first high voltage coil 
36 and a second high voltage coil 38. The stray capaci 
tance 40 from coil segment 36 to ground, and the stray 
capacitance 42 from coil segment 38 to ground are rep 
resented by dashed lines. A plurality of semiconductor 
diodes 44, 46 and 48 are located in series with the coils 
36 and 38. 
The high voltage output, which illustratively may he 

on the order of 25 kilovolts, may be tapped to provide 
focus voltage of 4 to 5 kilovolts. For this purpose, a 

tapped focus resistor 50 is connected to the high volt 
age output. The opposite end of resistor 50 may be con 
nected to an externai focus adjust potentiometer (not 
shown). A tap on resistor 50 is connected to a focus 
output line 54. A line 56 connected to the cathode of 
diode 48 serves as the high voltage output lead. A high 
voltage filter capacitor (not illustrated in FIG. 1) is 
formed by the capacitance of the picture tube dag 
which is coupled to line 56. 
High voltage coils 36 and 38 cover as much of the 

core length as is practical, and are placed as close to 
the core as practical, as will be explained in detail later. 
The high voltage coils cover substantially all of the split 
prinary coils to obtain a maximum value of mutual 
coupling. a winding technique for the high voltage coils 
is used which prevents voltage breakdown between the 
start and finish of the winding, and reduces insulation 
requirements. 

reduce the deleterious effect of the substantial 
annotint of stray capacitance 40 and 42 produced by the 
type f winding necessary to increase inductive cou 
ning, diode 46 is located between the individual coil 
Sections 36 and 38, and diodes 44 and 48 are located 
at the outer end terminations of the high voltage wind 
ing. This produces a virtual ground at the winding cell 
ter during the diode off time, reducing the effective 
turns ratio and hence the capacity reflected to the pri 
mary winding 2-4, 26. This also raises the natural reso 
nant frequency of the high voltage secondary , with an 
ensuing reduction in the amplitude of any resultant 
ringing at the resonant frequency. Since all high voltage 
cil segments are symmetrical, all will ring at the same 
frequency. The transformer efficiency and high ltage 
regulation is improved hy reducing the amount of en 
crgy therwise produced in unwanted ringing. 
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lm FIGS. -4, the mechanical construction is illus 

trated for the transformer 20. The ferromagnetic T 
magnetizahle core 22 consists of generally U-shaped 
core 96 having a center sectic in 97 with a partially arcti 
ate cross section, as seen in FIG 3. and a pair of opio 
site side legs 98 and 99. A generally rectangular core 
segment 102 is located in close proximity to the pair of 
core legs 98 and 99, to complete a single window mag 
netic circuit. An insulating spacer 103 separates the 
core leg ends from the opposing surfaces of core seg 
in ent 102, creating a pair of gaps in the single window 
magnetic circuit. 
The flat hottom portion of the core center section 97 

abuts a top terminal board 104, seen in detail in FiG. 
4, which contains a plurality of extending terminals for 
external circuit connection. A pair of elongated screws 
i () and 1 12 serve to clamp the core segments 96, 102 
tightly hetween a hottom terminal hoard 113 and the 
top terminal board 104. The core side legs 98 and 99, 
Tespectively, contain concave indents located there in 
so as to provide elongated guide channels for the pair 
of screws 110 and 112 which screw into threaded aper 
tures 1 14, and 5 in top terminal board 104. 
The split low voltages coils 24 and 26 respectively 

wound on hobbins 1 16 and 118 which in turn are re 
spectively mounted on the two core side legs 98 and 99. 
The low voltage coil 28 is also wound concentrically 
around hobbin 116. Similarly, low voltage coil 30 is 
concentrically wound about bobbin 118. 
The split high voltage coils 36 and 38 are respectively 

located on core side legs 98 and 99 and in tight cou 
pling with the coils on bobbin 116 and 118, respec 
tively. The side core leg 98 includes a high voltage hoh 
bin 122 which concentrically surrounds the low voltage 
bobbin 116. In a corresponding manner, the side core 
leg 99 carries a high voltage bobbin 124 which concen 
trically surrounds the low voltage hobhin 118. 

Increased primary secondary mutual coupling is ac 
complished by making all windings cover as much of 
the core length as practical, and by placing the wind 
ings as close to the core as practical. It would be desir 
able to have the windings cover even the end segments 
97 and 102 of the core 22, but generally this is imprac 
tical from a manufacturing standpoint. Therefore, a 
compromise is made by filling each core leg 98 and 99 
as much as possible, and by spreading the relatively few 
turns of the primary winding segments 24 and 26 over 
substantially the entire length of the core legs 98 and 
99. Similarly, the high voltage secondary segments 36 
and 38, which contain a substantial number of turns, 
are bunched over substantially the same length as cov 
ered by the primary winding. Thus, the high voltage 
secondary winding covers substantially all of the pri 
mary windings, contrary to prior art techniques in 
which a tall, narrow high voltage secondary winding 
covers only a small portion of the core leg and of the 
primary wincing. 

in order to prevent voltage breakdown between the 
start and finish of the high voltage secondary winding. 
several secondary winding techniques may be utilized. 
The secondary winding can he placed as close to the 
core as possible by utilizing a single-layer Solenoid 
winding, as illustrated in FIG. 5A, which is concentric 
with the primary winding. Since two secondary Seg 
ments are utilized and have a total of 25 kilovolts the re 
across ahout 2.5 kilovolts appears across the length of 
the single segment carried by hobbin 122, which mily 
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be two inches in length. The first lead on turn l is lo 
cated at one end of the hobbin 122 and the terminating 
lead is located to the opposite end of the bobbin. In the 
prior art, the entire 25 kilovolts would appear across 
the narrow stack winding, which might have less than 
one inch extent. A single winding layer is possible by 
using a wire fine enough to allow all necessary turns to 
be completed within the fixed bobbin length, or by in 
creasing the length of the core legs so that the neces 
sary turns of wire can be accommodated. 
The use of a wire fine enough to allow the necessary 

turns to be laid down in one layer may require a wire 
size too fine to be handled economically in production, 
and it may not be desirable to extend the length of the 

5 

() 

core legs. In such a situation, the required number of 15 
turns will not fit the bobbin in one layer, and multiple 
layers must be accommodated. The random progres 
sive winding method, as shown in FIG. 5B, may then be 
utilized. The numbers 1, 2, 3, etc., in F.G. 5B indicate 
the number of the turn. It can be seen that the turns are 
laid down in a random manner, but progressing at a 
uniform rate from one end of the bobbin to the other. 
An alternate winding may be utilized which is a pro 
gressive universal winding, perse well known, which is 
similar to the random progressive winding of FIG. 5B, 
but the position of each turn is determined precisely 
and the pattern is repeated rigidly throughout the 
length of the bobbin. Either progressive winding causes 
the full bobbin length to occur between the starting 
lead and the finishing lead of the winding. Any of these 
three windings, namely (1) a single layer solenoid, (2) 
a random progressive winding, or (3) a progressive uni 
versal winding, produce a high voltage coil that needs 
no additional layers of insulation other than the wind 
ing insulation. Other winding methods may be used to 
practice the invention and will be apparent to those 
skilled in the art. The construction of a transformer in 
corporating the invention is not to be limited to the 
above three winding methods as these are used for pur 
poses of illustration only. 
Returning to FIGS. 2-4, a high voltage lead well 130 

has a hollow cylindrical interior and a terminal 132 is 
brought out of well 130 through a hermetic seal. The 
high voltage lead 56 of FIG. 1 may be attached to ter 
minal 132 and extend through the hollow interior of the 
well 130 and out an opening 134 for external connec 
tion to a television cathode ray tube. 
The focus resistive divider 50 may be formed by a 

thick film resistor deposited on a base which attaches 
through a slot opening 140, see FIG. 4, to the top termi 
nal board 104. 

In order to prevent corona problems in the high volt 
age coils, particularly under high humidity or high alti 
tude conditions, the entire transformer assembly in 
cluding the diodes and focus resistor is hermetically 
sealed in an oil-filled container such as a metal can 140. 
The can 140 and a metal rim 142 are sealed to the top 
terminal board 104 by epoxy 144 which also serves to 
anchor a plurality of lug terminals 152 which extend 
through a plurality of spaced apertures 154 in the top 
terminal board 104. The top terminal board 104, see 
FIG. 4, includes an oil-fill hole 150 for filling the inte 
rior of the metal can 140 with an insulating oil 152. The 
insulating oil 152 allows for close spacing of compo 
nents, and therefore a very compact flyback trans 
former assembly. Furthermore, the insulating oil serves 
as a cooling medium. 

35 

40 

45 

50 

55 

60 

65 

6 
As previously explained, a winding with maximum 

inductive coupling has a very high distributed capacity. 
in the case of a high voltage flyback transformer, the 
secondary/primary ratio is very high, and hence the re 
flected capacity can prevent proper operation of the 
circuit. The effects of this distributed capacity can be 
reduced by proper placement of one or more high volt 
age rectifier diodes, such as the diodes 44, 46, 48 as 
shown in FIGS. 1 and 2. The operation of these diodes 
to reduce distributed capacity will now be explained 
with reference to several additional embodiments 
shown in FIGS. 6-8. Similar components have been 
identified with the same reference numerals as used in 
FIGS. 1-4. The coils are wound on bobbins surround 
ing and covering the entire length of the pair of oppo 
site side legs 98 and 99 of FIGS. 2-4, as indicated hy 
dashed lines labeled Leg 1 and Leg 2. The low voltage 
winding has been deleted, but one or more low voltage 
windings may include it as desired. 

In FIG. 6, a single diode 46 is located in series be 
tween the first and second high voltage coils 36 and 38. 
The high voltage output (HV) of 25 kilovolts is avail 
able on line 56 which is coupled directly between the 
outer end of coil 38 and a high voltage filter capacitor 
190, typically formed by the picture tube dag coating. 
Unlike many prior art flyback transformers, in which a 
high voltage rectifier is located at the high potential 
end of the secondary winding, the high voltage rectifier 
diode 46 is located between the two halves of the sec 
ondary winding. It will now be shown that the reflected 
distributed capacity produced by a segmented high 
voltage winding with series diode(s) is substantially less 
than produced by a secondary winding having a single 
high voltage rectifier located at the high potential end 
of the secondary winding. 

First, a conventional configuration will be analyzed 
in which the rectifier diode is in series with line 56. It 
will be assumed that the secondary winding is of the 
tightly coupled, high distributed capacity type and that 
the transformer has a 200 turn primary winding and a 
total 2000 turn secondary winding and that the secon 
dary coil has one capacitive unit per turn, so that the 
2000 turn secondary winding would have a distributive 
capacity of 2000 units. Because during the trace period 
the rectifier diode is open circuited, the secondary 
looks like a coil with its high end open and its low end 
grounded. The grounded end cannot contribute to the 
distributed capacity so the assumed effective distribu 
tive capacity will be half of the 2000 units as indicated 
by 1000 turns at one unit per turn or 1000 units. The 
coupling factor is proportional to the square of the 
turns ratio, which is (2000/20()) or 100. Thus, their re 
flected capacity equals 100 x 1000 units or 100,000 
units. 
Referring now to the FIG. 6 circuit, the rectifier 

diode 46 when open circuited causes each half of the 
secondary winding to look like a coil with one end open 
and the other end grounded (the high side of the secon 
dary winding is grounded through the filter capacitor 
190). The total distributed capacity of each half of the 
secondary winding at one unit per turn equals 1000 
units. Because the grounded end of each winding does 
not contribute any capacity, the average capacity of 
each half of the secondary winding is 500 units. Each 
half of the secondary acts independently in its coupling 
to the primary winding, so the coupling factor of each 
half of the secondary is (1000/200) or 25. Reflected 
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capacity for each halt if the sect indir, equals 5 5 ( ) 
units r list (3 units Fc r he th h, \ u's of the Sc inktary 
w inding, the total reflected can city is double this fig 
ure or 25, ()()() units. It will the pin, rent that the ru 
flected capacity has been reduced to the quarter hy 
placing the rectifier diode between the pair of w incling 
segments, rather than in series with the high voltage 
end of the winding. 

In FIG. 7, the single rectifier diode is replaced hy a 
pair of diodes 44 and 48. These diodes cause both ends 
of each half of the secondary to he open circuited, 
forming halanced windings with a virtual ground in the 
center. When FIG. 6 and 7 are combined to produce 
the circuit shown in FIG. 1, a pair of balanced windings 
are produced which have a virtual ground at the center 
of each winding and thus each half of the secondary 
winding appears to be two 500 turn windings grounded 
at one end and open at the other. The 500 turn winding 
would have a distributed capacity of 500 units, but 
being grounded at one end, the average distributed ca 
pacity of each section would be 250 units. Each of the 
four sections couple back to the primary indepen 
dently, so the coupling factor for each segment of the 
secondary sections is (500/200) or 6.25. The reflected 
capacity of each segment of the secondary is thus 6.25 
X 25 () = 1,562 units. Since there are four segments, the 
total capacity reflected to the primary is 4 times this 
value or 6.258 units. Thus, the reflected primary capac 
ity of a transformer of FIG. 1 is about one-sixteenth of 
the capacity of the typical prior art system in which a 
single rectifier diode is located in series with line 56. 
The above figures are only approximate as other fac 

tors enter into the calculations. The diodes conduct 
only during the retrace period, and thus look like an 
open circuit during the trace period which is the period 
where high primary capacity is detrimental. Other vari 
ations are also possible, as shown for example in FIG. 
8, in which the high voltage winding is split into plural 
segments. 
The first high voltage coil is split into a pair of seg 

ments 36' and 36', with a diode 210 being located in 
series there between. Similarly, the high voltage coil on 
Leg 1 is split into a pair of segments 38' and 38', and 
a diode 212 is located in series there between. The cir 
cuit of FIG. 8 has as low a reflected capacity as the cir 
cuit shown in FIG. 1, but uses one less diode. Other 
modifications will be apparent to those skilled in the 
lit. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are defined as fol 
lows: 

1. A transformer assembly for generating deflection 
voltage waveforms in a television receiver, said wave 
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forms 'city in herently shiect to hirin nic scill, ti ns 

use it y is ritute t c l, 1st line in said transfrnet, 
Saic tristorm'r ( in rising: 

-she furt magnetic cre having an inter medi 
ate Section an irst ind Sectic generally parallel 
(Liter legs, a generally rectangular ferromagnetic 
core segment bridging Said outer legs to connplete 
a single window magnetic circuit; 

a primary winding having first and Second segments: 
a split high voltage winding having first and second 
segments, 

a pair of low voltage hobhins carrying said primary 
segments surrounding and extending along and im 
mediately adjacent to said first and second core 
legs respectively for substantially the entire length 
of said window and a pair of high voltage hobhins 
carrying said first and second high voltage seg 
ments respectively and surrounding said low volt 
age bobbins for substantially the entire length of 
Said window, 

voltage rectifier means connected in series with said 
high voltage winding segments and intermediate 
the terminating ends of said high voltage winding. 

2. The transformer assembly of claim 1 including a 
low voltage winding concentric with said core for pro 
viding a low voltage output. 
3. The transformer assembly of claim 1 wherein said 

high voltage winding comprises a single layer solenoid 
wound concentric with said primary winding and hav 
ing a first lead located substantially at one end of said 
primary winding and a terminating lead located sub 
stantially at the opposite end of Said primary winding. 

4. A transformer assembly of claim 1 wherein the 
high voltage winding is wound concentric with said pri 
mary winding and in random progressive or progressive 
universal configuration and has an input lead substan 
tially adjacent one end of said primary winding and a 
terminating lead located substantially adjacent the op 
posite end of said primary winding. 

5. The transformer assembly of claim 1 wherein the 
voltage rectifier means includes a first voltage rectifier 
connected intermediate of a pair of terminating ends of 
said high voltage winding to reduce the distributed ca 
pacitance produced by the first and second high volt 
age segments. 

6. The transformer assembly of claim 1 wherein said 
voltage rectifier means includes a second voltage recti 
fier, said first voltage rectifier being located in series 
with said first high voltage segment and intermediate 
the ends thereof and said second voltage rectifier being 
located in series with said second high voltage segment 
and intermediate the ends thereof. 
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