;e3e_b |6TbtK2 5 N O V 2002 Safety Isolating Transformer The pres

I nvention relates to a mniature safety isolating transforner, and fﬂ5 NOV 2002
particular to a tel ephone 5 line matching transformer suitable for

bi -directional data transfer up to at |east 56 kbps. Tel ephone |ine

mat chi ng transformers) such as those-uged in nodens, are currentl
with 1:1 turns ratio. |If 10 wound si de-by-side on a bobbin havin M@@WM” ”
defining two w nding sl otSsafeneleo)atig i Transfbrmelr and has the

resistance. Alternatively, if wound concentrically, the secondary w ridéeg

(which would then be the | ast one applied) will have a slightly higher do
resi stancehehaprésdite prnvantios ndrelates t heonean meitgiatwrecasafedyn is

greater, sym ng the_sa auge of wite is of h wi pdi ol f

di fferent * ngﬁé:s"%@regﬁgﬁg? g’ﬂ?g i A54 i‘u’e Hﬁé}: ‘gi’r&' g'zé e ggiggif’ﬁ' case
of si de- bii&!ed@nmtﬁiﬁymrmfmierﬁumwobbrnbmwtmbnalzdamzandu ng
slots, so_both vmndln are |dent| ail The bobbin malls and potting

msulaﬂoﬁ%’(‘?&eﬁ é ulation with no gaps, referred to
herein as SO|Id |nsul at| ng rreans that 25 insulates each winding fromthe

rom b- consd SRR 1 Ehe pAECRERE: S aie s BRRRD e e hRel

ar ound Ibo1.’|.h vmmibm,s a&% Exmndm:s.tyofweuhdd withil at u.ng;umnsr iratiocl lIctﬁ .
a c

ﬁgggpf&andkg%dgt%iﬁiw %"Sdnéatérrl .rr% %%ﬁ%\efc‘gssgg %orm ONneous % PWO

i nt Fgr al | yindiagd sdrotsneeach wﬁndﬂ.mmj iase:ldmlalanGSHacs athe nsamer ed

such as | EE GEpLEcER | MItEREIveT! 06 bobfl Contihie et v P80 0y

UL 1950) Becondaslenwindingandwhichy owgua i nthen i He ttheni hagtm Ot ance

through tagpaqleuq B ahhea ket &EEQh@Iy”&{igﬁé‘ﬂ aQ.Cofdﬂﬂ.‘éﬂaiszf tnag as
requi,red by the Standards I's conductiv

Prgltg F@ul%’t’éﬁ’ﬂf oMiBdingniat ke meam Preﬁ'SFs@e a SRR Ay iFhu s

onduct | vgreater, aladsunrighahe). eﬁhmgm@en bt ad 1S ﬂecab‘eablﬁoﬁohodn
I nsul ati Onxnldrin%tsherIf different gauges are used, this imbalance may

be mitigated.

20 In the case of side-by-side construction, conventional
bobbins have equal size winding slots, so both windings
are identical. The bobbin walls and potting insulation
together form a contiguous insulation with no gaps,
referred to herein as “solid insulating means” that

25 insulates each winding from the other, and from the core.
The core is normally a laminated stack formed from E-cores
with three arms inwardly facing to form a magnetic circuit
around both windings.

30 Examples of solid insulating material include
encapsulating resins, plastics materials from which the
winding bobbin is made, and any other solid material, not
nacaessarily homogeneocus but integrally bonded or cemented
with adjacent material.

35
In a miniature isolating encapsulated transformer meeting
international safety standards, such as IEC 950

L
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10 words, a separation of 0.2 mm between the core and each w ndi ng,2 weNON92002
a total separation of 0.4 mmvia the conductive material of the core only
counts as 0.2 nminsul ation, which is not acceptable. |5 Because of the
symretry of the aide-by-side constructiog, _therefore, in order to ensure

that the path from say, primary to | am nation stack equal s or exceeds 0.4

mm the di s?gaﬁ%v%%ggtl ani pat i ¥ g g% ¢ €C O yggzr\%l | 30 anvalonh)exceey 0.4

nm Ther ef or €; symetric const'ructlon)_ it I's conventional ,to make
al | insul at fupplienentary bantkerreirforeed ngingwdatckamen EBEn \IPRBLRRMNG

Lhe core {hgsSegRcanineBigh 'the'!sdBR3! ihUGIEAGH BERRSER! i8Ry dbinan of

t
0.4 nm Mnrmzing the separation 1n this way allows nmore wnding area to
be enpl oyedsenpndary 28 defitnadl asdbeingbPe4 MYl ating transformers in
t el ephone matching applications have a turns ratio of 1:1) and this

provi des a nunmber of known advantages. Together with the symetrjcal ,30
const ruct i ohs merequixed aty e thehi 8 fd&- t i€ pdhere dtht GERANFEAVEoUI d

be nount ed ﬁsééﬂawaxiq@%ﬁd Cerém Adath WIAAYALL 2080 IPaty ShekweEiea N
both directions, and there |'s sone convenience i havi ng the | oad and |ine
tr

i npedances ¥hadinge and ¢ fhifh cORARatives; gaherial or Hed oY

se) known) &hyrfEeragcdagn QEE\éPtQBEEi Cald1GF. {MEurXedshs. WEN othey
necessary to match a 2 5NO0 elatively | ow voltaﬁ og;ggt

002 - 3
from ant nt%@?@?ed%i?%’&"“ﬂ)"‘?hﬂé &'%an.etﬂﬁe&(a Be SR
m ni a]Eure iﬁm@iﬁﬂg tmﬂcﬁil a bg)rralar tiovald lt_%@aﬁ%_tﬂld:el Q?]OIEA iuli_n_a neiahi ape
transforner _is.thaj so ect r.on echni ques ngl i imte s part
nunber PSOﬁqn%?EiY?aﬁ'ﬁrc% ligfg kﬁfz%aﬁﬁ] i o0 te%ua%ﬁ 7£n7‘m tghf&and
it is thereins¢latbon, ewhiigh is het pacvegedble.a surface nount package.
Whi | st such mniature isolating 10 line matching transfornmers provi de good
performance for nodem data rates up to 33.6 kbps, none is satisfactory at

the hi difer Becausetofothes symmetayy 0fcbhengidenbynpéide. comstyuction,
per for mancey b QGRET 43 SofFS £d L eflairlCHhaC MASSBALK [£rdns |Eager

I solating lrne matching trsnforners Ich are typically at | east 18 on a
side, and tPOARATYi Rordandsaticn wtadk AEYale ofhexgends 0. fv B okbesuch
devi tces ar %Iﬂ%aﬁ@é‘o Eté@g\eqmmi‘dn Im;élt seon mem#m Segial cept |y
greater cirgcui ard arga and vol u onsune such _non-m ni.af ure
devi ces) th%"‘i%%‘?of’- hPBugh-R%e tiﬁgtg‘dtﬁ m%rﬂﬁiﬁ&ne&au%#m-
conpar @9 wi ith adsuréonventionabnl poci maket @idrd. ifiselaviger disramseshas
a significafle é@?%h&%iﬂ&i{l@é“‘%ﬂ&t BE\:QQeﬁO%tac?{ v%ﬂf‘dir?é' ghi"gnd @?Zé.

mat chi ng transtormer, ow ng the 'l arger anmount of nmagnetic core nateri al
For exanpl ethe h&éamest apd peaual | dio cAte Amaat abhesowinimum specified
non- mi ni at UiépdFa¥ i’ B8 0 S4 aReY! MR 23hg ¢ ¥ReCogepashtiBASI1hOUhi g MES
nore than for aqTI ni ature tranif ner. 30 Des |&}e?the above, wel Iﬁw\g§
advant ages "B mdHloN® cMPTE ¥ 'H‘gngar%’F?RrrEF he « amRLayed; ph chBt,

it has 25i t hgerieraldy desipaiskebl e to i nprove the performance to that needed
for higher data rates. The fundanental problem 35 is that even though the

mniature transforners are not operated near saturation, there is still
sone third IRekating dtransfoomershdn ciplephenes manching dappldestions

have a turns ratio of 1:1, and thies provides a number of
known advantages. Together with the symmetrical
30 construction mentioned above, this provides the benefit
that a device could be mounted either way in a circuit.
Also, the voltage gain is the same in both directions, and
there is some convenience in having the load and 1line
impedances the same. Although non-unity signal
35 transformers are, per se, known, they are used in other
applications, for example, when it is necessary to match a



2 5NO0 V2002 - 4 distortion are nore onerous for transformers opdr NOVng002
at 56 kbps than at 33.6 kbps, owing to the requirenent for a better

signal -to-noise ratio and the use of higher frequencies. Prior art

m niature safety isolating 5 transforners cannot achieve this |low | evel of
distortion, with the result that the bit3error rate of the transforner
limts the overall bit error rate of the conmunication channel. 10 |
Convent i onatelatpvwakhedowo vakhags neutpuatt finam hanndmtegrated: i sredkhot
readily be | | e existing performance. For exanple, increasing
t he nunber %qop{%ﬁs&g dvvorﬁtﬁ:rgé/'l ower the flux density in the core, thereby

I nprovi ng distortion. However, this would necessitate the 15 use of finer

wire, and t LS h Feteh [ i v

lover o r 22 FammBEE LB a"RANIML | IEREARIRG ¢ Lalironile D

exi stin§ niufeatas cadtelepbone diineamatehing htxpnsfororemnis thatcAMAD e.
20 It 1s a'bf%f&&tf{m%@‘aﬁc‘iﬁﬁ@xdsnv?ﬂgi’ﬂasO.Hﬂﬁélf a8 | gareYsthmber
mniature sdfety rsolating transtormer. According to the i1nvention, there

i s provi de®30&d ni This etzansEOTWOT| 46 & ihgl2 s &rOMOARE EXERRBS agth g7 qum
magnetlc CHiaI" Gt "1 5is \RErforl lafialfC Bbul €d thé CBREVIAES Th a
electrically T nsulated by solid insulating neans frgom each other and, the
core) char £urface dmounthpagkagh; rmmlé)i-sg s8BERat MERiBEURE ) 8RLa% 4T ngs

and a ggpanaided"mhteiinge LPahsfsimetsdig¥byidéd "Good € piifcnancéalfdy
I sol ating distance the Separation from the second wi,nding to_the core being
| ess than JQAeW Haka F%Egﬁt PRy @i §t3a-:?c 0 St anFFaﬁﬁerﬁ?lﬂgPﬁtharﬁt

i ncrease i eHehdidirirldatid ravelich) 56 atbp® nowt betonlings conmbnplacey
al one, or for both wi ndings taken together, or for the first w nding. At
the sane tine, the safety isolating performance of the Z5NO V2002 -5

device is Fomtgoodd garfdmandet ati dnlgheng diitd araeeassotiat was widdert he
1 per 57 nERERBERARY oy b o NP4 oudATERT " {HRTHAE SHARE WherlER .
of larger daapsformsrs whiclearamstypically dendeagtolidgnmoon @ eids,
{‘“”ber of faif Sth{x -?&ﬂbixﬂéﬁh%d?f 1A Cthe | leont et YO 1 S PR ©
o decrease the distortion,
invention, such devices are not considered to be
*miniature”. Apart from the significantly greater circuit
20 board area and volume consumed by such non-miniature
devices, the use of through-pin mounting adds
manufacturing cost as compared with a surface mount only
circuit board. The larger size also has a significant
impact on the manufacturing cost of the isolating line
25 matching transformer, owing to the larger amount of
magnetic core material. For example, the cost of permalloy
core material (80% Ni) for a non-miniature transformer is
about 20 pence, typically at least four times more than
for a miniature transformer.
30
Despite the above well known advantages of miniature
isolating transformers in terms of size and cost, it has
hitherto not been possible to improve the performance to
that needed for higher data rates. The fundamental problem
35 is that even though the miniature transformers are not
operated near saturation, there isg still some third
harmonic distortion. The requirements for third harmonic



10 Surprisingly, it has been found that in many applications in wh GhNONepgo?

has been a bias towards a unity turns ratio, a non-unity turns ratio can

provi de significant benefits. It is therefore not necessary for the w nding

15 areas to be equal) as in prior art mniature safety isolating

transfornmers for use in tel ephone |in€ fatchi ng. In a preferred enbodi nent

of the invagtior]]_) the first and second w ndi ngs sgare a comon_axis and are
859 ang

si de- by- si 1O AT JART® c OREFOUBTHOL o ATMEF 5h LRELRRLNG
define a mggnkbpe Gl dt €33 06TREPS NI okl do ttite Wradiuigsemdnk t Bog @ase,
t he outernpst waps of the second wW ndiig may .be sl_?garat ed Eégm ﬁn r m of
the core gge&t&irstaﬁwae'@'twq hef@54€t yand,| K¢y ¥B& arfe) DAS, 25
further ingregaentiee avdriad e wridi nhidiatdrelhe gafetygs iBplaeiwaund
on one or nore hobbins with walls *hat dg}‘ii m;a \c,)\j-:%di Egésgaée for the

wi ndi ngs, tHRBRREOIEYS FannRk  achieye o thig, dow oleve LpFgregon,

i nsul at i ngmnntheﬂndsim%ctr@amdm Ll s mgﬁernna%:énﬁimelﬂzefgra_nsgpsmr an
epoxy pottin onmpound. e .i.n st_wi ndi_ngs of _the second w ndi nay be
separ at ed #P’@Fh%tshet Br é’vﬁyfaaﬂenﬁigorrﬁ%r‘aﬁl FateaPEhathe, Wﬁﬁﬁgggnl ess
t han t he sehanpeillsol ating di stance. In general, the first and second

w ndi ngs are separated from 2 5 NO Y 2002 - 6 each other by a mddle

wal | on the bobbin or bobbins that has a thickness of the safety isolating
di st arkde. Chaventliionainyappreachey mtm r impaosringnvehei obhird charmondei on)

the bobbi nOtRFSPERER \Fandots KENETLY"he aBRT}EA ol ®imprby/) ok FBELRS, °C,
the space Revformanceut Forpexampdes dinareasingrihe Onumbemmt Ttrresone,
Lhe out er i1 i avuilr | the P\ ! ABhBYLRRY (B SORAT Ak T Ot hdfefy’ © DY

di stance | ess than the safety 1solating n ;. According to a Second
aspect of imBreviag: digtontdan. Haweyeryi §hdsy wankghossasaitans chheg

Circuiys cQ8@'ic¥ Nfifer wire, and the dc resistance of the winding

increases with n2. However, lower dc resistance is
generally desirable, and the dc resistance of existing
miniature devices is already near the limit of what is
acceptable.

20
It is an object of the present invention to provide an
improved miniature safety isolating transformer.

According to the invention, there is provided a miniature

25 safety isolating transformer, comprising a magnetic core
and a first winding and a second winding separated and
electrically insulated by solid insulating means from each
other and the core, characterised in that a minimum of a
separation between the windings and a separation from the

30 first winding to the core defines a safety isolating
distance, the separation from the second winding to the
core being less than said safety isolating distance.

This arrangement permits an increase in the overall
35 winding area for either the second winding alone, or for
both windings taken together, or for the first winding. At
the same time, the safety isolating performance of the



smal | signal trsnformers with a magnetic core, a first winding, and5NOV 2002

second wi nding, in which: the windings are inductively coupled through the

core; the first wwinding is connected to terminals for connection to a

tel ephone line; 20 the second winding is connected to the transmt output

of a tel ephony device, characterised in Bhat the turns ratio of the first

winding to the second winding is between about 1:1.05 and 1:1.45. 25 The

teI ephony ddevieenaysbomaigtagped by erﬁhmapa@@ﬁ}bnérﬁokﬂé:pﬂﬁd distance
-directio [ 0 t t network. The matching circuit

may be adap?gh F%fﬂgéeﬁlihhar&\?\gr |fg't1?t3%l g‘? gg\e“ ces, and particularly in a

nodem The term small", as used herein includes both m ni ature devi ces,

for exanpl exhgogg %Eh%%b'ﬁgfﬂ{raiﬁﬁféewﬂ!ﬁaﬂ g éred ‘ariss! %r:geinéeéaaes
with dlmansmnso up to about suiited to thraqugh-pin

nmount i nd onin pperfarmancs, t S@Erdexaml? e NA 240vering o 45 y, Winding ns
ratio of thfeEFFE&n&hndﬂ‘.ﬂhto hise ﬁggong W Qgtggetyﬁg@er\,ﬂggut érl. h and

1:1.2. The sma sI gnal trans or mer eas ating 5
t r ansf or mer qiecnemecrizta;é-mhedansitm owing &@ Ghegreaser winaber wofl be

separ at ed aﬁgrﬁhecw cgl lgy orhlﬁﬂ'é@i&? V4 Sasﬁ de | nsw alighOr AB#RF driePata6h

ot her and t core . 10_In the case where t e small transfornmer is a safety
i sol ati ng tPefsiblecto depraasetbe 418Epxricnon bet ween the windings and a
separ atigon fromthe first w ndi ng to the core defines a safety isolating

di stance, the se arat on f,ro seco tp the core then 15
preferably §‘ém§ pigg Yhaﬁ-tszrﬁ P?%% Ehﬂ& ARt WADY. *ﬁ@%ﬁﬂ"ﬁn.
\C/j\n Il now be;ﬂeamihdleg ghylzewyha?Awl @ th rebaaeu@eI Bo ﬁh&tyccwmayl ng
ravmngs i n i C | is an e ode erspective v
Al (Batlor i, Ben-i it el SRRLS e PRRE A8 T A Pl eder o
Eal r of ai dbeh;fstde \mmdiaga:m?dwh bnotamacasduqfrl ?o'mathlé Fwinding25
i gure | 3-8 D€rS tive vi of .t tr .0 | e S
e denoiy RTRRR SR, edifly O'as "in' L BRIRR TBre”) mEcAH e SPRESey
t ransf or rreriﬂbhdl:m trangfpameras-EQur useAianue:Llem:m diuine2imaiching.

cross-section through the transforner of Figure 1, taken through |ine
L1-11;

In a preferred embodiment of the invention, the first and

second windings share a common axis and are side-by-side
20 on the magnetic core. The core then may have arms which

define a wmagnetic circuit encompassing both of the

windings. In this case, the outermost wraps of the second

winding may be separated from an arm of the core by a

distance less than the safety isolating distance, thereby
25 further increasing the available winding space.

The windings may be wound on one or more bobbins with
walls that define a winding space for the windinge, the
walls then constituting at least some of the solid

30 insulating means. The solid insulating means may include,
for example, an epoxy potting compound.

The innermost windings of the second winding may be
separated from the core by one or more walls that have a
35 thickness less than the safety isolating distance. In
general, the first and second windings are separated from



Figure 3 is a cross-section at right angles to that 35 of Fi gurezzﬁ,NQ\él?.ﬂﬂZ
through a safety isolating transforner according to a first aspect of the

i nventi on; 25 N0V ~DD2 8 Figure 4is acircuit diagramof a
conventional circuit arrangenent used in.a_nodem for telephone |ine

mat chi ng, showi ng the relationship betwe%n 5 circuit elenments and the

may be o ndeRth oEhSE BYng middye WALE 06" the Ketindirof nobBLRE, Trat" "
accordi ng tisas & cclibcknepscof othe heafetynisolatimgridiistance. 6 and 7 show

circuit diagrans of tel ephone line matching circuits, simlar to that of
Figure 4, but explaining howit is possible to elimnate a matchi ng network
1

of resistorFhdrl bobbRfA usmalyi nhivei gar e symmesuper ednd noow

out put at t ecel.ve i npyt: d _Fi r LVesuay t

elim na?e aé]ﬁﬁégﬁf#gf% \%PE gﬂ P&qg%%ﬁgﬁgd%&%ﬁsegd{%éé%ﬁﬂgur% to
suppr ess a wmictitke twaklnis mot pcentral henr thei bobbdput . Fi gures 1A and 1B
show i n perspective, and Figure 2A and 2B show schematically, a
conventional mniature safety Z5 isolating transfornmer 1, commerci al

avai | abl e fRrafarallyonin Terderquiss insyease LVindingasspace, niHBRr ¥3081.

10 e 7L A PR P U ol O 16, it

formed from; y Inte asse y O h with three

i nwar dLQ diwinding 30 Thexefaye ar thes, sutermastc o wraps f ®fhegher 0SSO | oy
(ot M) aniAnd'hgl HdCEEpaPacal rum xche Wird\ BePRifeincd! aded !y
formed in an 1 nsuUl atl pl astTcs material, surrounds the mddle of the arns
4, and has than he %ﬁ%’r&é-%&’e#‘b#ﬂi)aﬂhﬁ?éﬂcﬁ/al s 7,9,11 extendi ng outwar ds—
froma pair of simlar central square-section walls 8,10. Together, one set

of walls 9,10,11 define a 2 5 NOV 20D2 - . .
According ! to a second aspect og the invention, there is

15 provided a telephone line matching circuit, comprising a
small signal transformer with a magnetic core, a first
winding, and a second winding, in which: the windings are
inductively coupled through the core; the first winding is
connected to terminals for connection to a telephone line;

20 the second winding is connected to the transmit output of
a telephony device, characterised in that the turns ratio
of the first winding to the second winding is between
about 1:1.05 and 1:1.45.

25 The telephony device may be any type of terminal equipment e
adapted for bi-directional communication with a telephone

network.

The matching circuit may be adapted for use in a variety
30 of devices, and particularly in a modem.

The term “small”, as used herein includes both miniature

devices, for example those suitable for surface mounting,
and also larger devices with dimensions of up to about

35 25 mm, more suited to through-pin mounting on a printed
circuit board.



wi ndi ng space for a first winding 12 for connection to a tel ephone2|'5r1mv 2002
and anot her set of walls 7,8,9 defines another identical w nding apace for

a second identical winding 14 for connection to the transmt output of a 5

t el ephony device. The wi ndings 12,14 therefore share a common axis 16

si de-by-side on the central core arm4.- @hd are electrically isolated from
each other. The turns ratio is 1:1, and the nunber of turns n for each 10

wi ndi ng 12, PrefeXalfly i the43urmsdi ratiar ofnatise | Edratppwinddng (88 ®he

conductor). Each w ndi has I esi ce 0 7 ~a . ing a total
resi stance cﬁeqjq&a\?wfmiﬁg %%%%Wé’%?d:is%c%ngslf e‘lﬁln'ext size down
of 39 umdi aneter enanelled wire (34 umconductor), then it would 15 be
possi bl e to gchi eve = 800 turns . \MWth this n er_ of Lns, r..the
do resi stancﬂ’?_)f ’@_&&ﬂ BEnad, \&Eaf‘ﬂfgvmfce@g}(v%oratg? . neip?:ﬁ@\‘ﬂng-
malt ?:hlk ngs amtax‘?]ﬁonm,l ?ugabwhchBOcasee?the _ofiltﬁa nwiindimigpl and Ahe s
we nown to those skilled in the agt, electrical, conptacts - to
t he wi ndi ngssqf’?, , \Wi‘K‘miPHe W nghﬁsseﬁﬁPﬁrﬂgpﬂg h ISeiZsﬁ%}%éﬁ@d
casing 23. Amsgulatded i bp eplid ciweslatirgomesimenErom reacls athemcand
i nside the q?m _nCFp 23 about the core 2, bobbin 6 and 25 wi ndings 12, 14. The
[

size of the et‘\/\i’dth X length x height) is 7 mmx 9 mMmx 12.6 nm The
epoxy conpound and bobbin 6 form "solid insulating neans” between the

Wi ndi ng$a 12,44 t or 3 S ' i ggFi qur nd
2B, in %‘r’dei o]:%et %?ﬁé S a%rar &ﬁc% oﬁ%?#/g?g%%) ?3[9%' ggtiﬁ%@ I
i sol ation, solating ghpansfofmer 4 ammidimun ofd deeeparatiion hetwgen
wih the saEhdapiddidds "ShA0 £ S¥paLa PERFrom | enet! SLEBE0 ALl NEg0S
12,14 and the 1nside edges of the outer core arns 3,5, an(ral so 19, 24
bet ween t he th&i dgose t Aefipegi ngs 18afietynd isplaking cAELancane &% ral

core arm 4. gugssseidi tﬂiﬁmﬂ\ehhpknﬁ%on%ﬂ 5v|i|‘ﬂdlﬁé 208k -tngaduaabag]gne@f a
synmmet r consttyucti.on, the designers a ior art Ri_at ur.e safety
ol at| b ¢ ERteRaRRt netpe JemaBieh, B alfeck Lamabipd Hinediie )
(whether 0.4 mm or sone other gap according to the necessary 5 degree of
el ectrical i akli hm .ndi achi.ev bl e
do 1 esi ot ancii® oHiBleibE VLY A5 ol SpBriBed By WAy B EXENE,

mai nt ai ni ng witds referense to/the accampanying clxawinpgdi ninawhd€hshi ch, in
a mniature conponent) is at a premum However, if it is possible that
adequat e_or goodg&erfornance can be achieved Wth non-symretrical w _ndi ngs,

then a 4ol e randdare odd; pisi 1 ABs B¥RACAEd PeuspPaGkive;(view;ipf a
possi bl e to neet nilnd aturemyEfetyndeslaltieie e ehing foimdnl hedordimfuteed
by thestandard Il;%m%o i f t&%ﬁ opne qQr more walls_on,qne bmicS%t bgﬁlh of
the w ndi ngs are m&&’rd J VI"&?g ad??"n’épﬁftﬁ" n%i‘f eﬂl@ ngﬁe
wi ndi ngs renai ns ont a bebbin anduwithqai ladfimatiesh|Bxt¢ame; Addi tional |y
oralternatively, thestandard may still be met if the samew nding, but sot
both of _the w ndings, is wound hi gher onthe bobbin so thegap between the
out si de2®f the WEiGUXGaAB iAsAJPexspective wise efit Ehey tranafoxmpercafos

For exanpl e, thesiguse 4ol sRBRACabbafbIBHC Withiln 3 SdHs1BE; Ment i oned above
has a winding area of 1.3 mm2 per slot. Figure 3, shows a mniature safety

isolating transforner 30 simlar to the P3081, but with an asymetric
bobbi n 39 Pigure 2A is a schematic plan view of the transformer

windings and core of Figure 1A and 1B

30
Figure 2B is a cross-section through the transformer
of Figure 1, taken through line II-II;

Figure 3 is a cross-section at right angles to that

as of Figure 2B, taken through a safety isolating
transformer according to a first aspect of the
invention;



30 that has reduced gaps 31,32,33 to the core 2 on all three si des\znscﬁﬁ
wi nding 35, referred to herein as the “second" w nding, the other Wi SZUUZ
34 being referred to herein as the "first winding. The first and second

wi ndi ngs 34, 35 share a commopn axis 26. _TRe_core 2 extends 35 along the
common axis 26 Wth arns 27 that define a magnetic circuit that enconpasses
both the w ndi ngs 34, 35. 2 5NO0V Q02 - 11 The bobbin 39 and w ndi ngs
34, 35 are surrounded by solid insulation 29 such as an epoxy potting
conpound. The eppigueenpaunils?9 anridouilti ndiadram ‘obl ial iconvaentignal

means' " between the w,pdings_34, 35 and ¢t re_2. e u
31,32,33 are 0. ZGWH?'Ed ?ﬂang b5 eﬁe% ndi nraé%%@a #%Paﬁgél%%sgemm
which is a signilinant matuoinbegentshéimgur the t hrebabbonshapl s betweant be
t hi nned _down - sinpl i nding . higher"' achigy | t.
Gaps 36,537 bet \/\B‘éﬁ?ﬁé& Pﬂ&"%\ﬂ%%ﬁ? 1 earﬁ?f%gcgﬁéig,iﬂg dq:a11 %@é\gﬁg&f
bet ween the wi ndofgFigaress 1A, dBi RANRBHget Rigure 3y whichbymay be
mai ntai ning the reguir Y S | OQ. s A | n |
wi ndi ng areas, séévgrggl %gl&a:tge!? c%"ﬁ&née ?%@édr’l %“ﬁgéﬁ'e%; ?ﬁg@&? r (elesg%%hg%mg
constant: the setvansfiomierg according htee aor seconds @fpeathe 9f r skhe
w ndi ng) so the fﬁ@@ﬁgi%ndi ng wll have a higher do resistance and the

W

turns ratio no longer " be 1:1. For exanple, the turns ratio may be as
high ad01:1.5. 25 b) Keep the turns ratio constant: the transforner remains

at a 1:1 ratio, Piguiés 8,! ECRANAOYSighoR (cAriflit SAU8Grana TR talidphdret he
second wi nding to, reduce e do ,resi,stance, of.the serc{&n%]w E%& which is
usual |y 30 benef}i®e maEFE’Itlé’Qp qipeudd s, o ipL}ars Lo, tO g‘ﬁﬁ n&* of
thicker wire ar ecowsededplainwings Howghie tienspossibles ta) ehiminatep an do
resistance as (bt)va'tgﬁingz netWSeN ¥ restators Ry and Ry used in

15 Figure 4 to suppress a modem transmit output at the
receive input; and

Figure 8 shows an alternative way to eliminate a
matching network of resistors Ry and Ry used in

20 Figure 4 to suppress a modem transmit output at the
receive input.

Figures 1A and 1B show in perspective, and Figure 2A and
2B show schematically, a conventional miniature safety

25 isolating transformer 1, commercially available from
Electronic Techniques (Anglia) Limited as part number
P3081. The transformer 1 has a core in the form of a
planar lamination stack 2 formed from a fully interleaved
assembly of R-cores, each with three inwardly directed

30 parallel arms 3,4,5. The core is formed from permalloy
(80% Ni) and has outer dimensions of 8 mm x 11 mm,

A bobbin 6, integrally formed in an imsulating plastics
material, surrounds the middle of the arms 4, and has

35 three square-section parallel walls 7,9,11 extending
outwards from a pair of similar central square-section
walls 8,10. Together, one set of walls 9,10,11 define a



dl There are internmedi ate possibilities, for exanple varying the tu?#sNov 2002
ratio away from 1.1, whilst reducing do resistance. 5 One other possibility
is to nove the central barrier wall 9. Mowving this to sacrifice the first

wi ndi ng space inproves the overall w ngi ng area of the bobbin as the rate

of increase in avail able second wi nding area is faster than the | ose of

first vm'ndin .area. _Thi hi desj e in sone_applications
(though. R0 : BDAFR: PR 1R a8t HHHLIR: LA ! AGTagISEF o, 59 Bho
barrier ieemepndnenltﬂife ot haf diriethesn sete. dfedwalns t"hes secAWlf hadi ng

area) a point |s r ched ere 5 the first and second ar as are equal i zed.
Using a cBRRBA r"tga ng sPOARE E9F tRhefORO %\E ﬁ

overal | dmﬁcﬁngt amcebeSScéﬂmectﬂenprwr titid (:Q'anGmJJEOt buwpud.-l ngfar gas
mcreaefrg %Btol or for Slm|i g ﬁfreswtancetothe
prior Srt CEHEPROMYe A G - tz}?’ﬁs ¥iRA3DGE, féaddq %E‘?r REPNSEREEe Bhat
there wil bomogeamial 16t sh.ﬂebbyssltdedmn ashesteeameralrbadbaecaras 4 heandan

| engt h of i gﬁf}igggggaﬁ% EQ%?:\ aldh dJ hfee:r somewhat. 25 To see

sone of tfh tions it 1's necessary to derive two
expresslons and consider a sinplified nodel of a tel ephone |ine and

Lranst of e EHERXPAEES 9851900 WA AOTRAMLP Sof CBEERE! RO paERCr 2l | Y

30 appl i 0 varr ous y pes ~of rier, 1 ncC A 7SI y-si de
and ddhcewindingr lzmgermat 542an@v:.\met413arumrdmetae enameﬂ.duedercappar

m ni ature gggl gpl | é‘“‘b| ﬁ%’t}él@gl aﬁh%% ﬁg(?’ﬁa%h% f& I %srs_gs ﬁ&él ption

S generar’ a forners, e whetheér sna
m ni at ur epfsix® Q,2 rﬁam;gzemtetals ﬂa/sswbn@e ofincH»0 r kr., I6d fdneror

i t hout lid i lati Ref de to Fi 4, Wi ch
Shove & {JbFEalMrS MRRd, | AFSIR BB GCPE| cHRSRe FLFE HRER RE ci12UR 4o

for tel epaﬁzametéﬂeemh@tum appreé ca(tsmnm vm:«bhdactoﬁhsf cumm 42 wadabdmay be

eithercth ransfar tr ordi o.khe
nvert onbe rResBPLEn e He Ve B 808 FRERE R HAEE iRt pE "2

t el ephonetmﬂnsb nBowevey; t the doumesistiange |¢r§eelanbewi6dh-99R“(Qall<§rpbsal

val ue wou t ngf I deakyexcept
for w ndi Lﬁg"?&?@%ﬁ%"& ?EIW 51 maﬁ:jctlfnﬁe #S ore&[ ea %ge et

i nduct ancabanti 830 Q| eachs, Oandsésgun@ tﬂﬂ;qde-r meability of nmagnetic

material is 15 infinite) . W also consider the case of a differential TX
| ow i npedance drive 44 from'the nodem and a single -ended RX input_45

( hi ghe9 npAgaride)wellk Hemewnr sot hioag skihdednhdn e oartwo elets¥sEalas, 47
RL and R2cBheubegs 1ragd Y dx¥iatld SwPr ehdl ORiRAidgsSi 02l &, 44w fEnt henkBX
| nput 45. w%gd:.ng assembly being held in a plastic casing 23. An
insulating epoxy compound (not shown) surrounds a space
ingside the casing 23 about the core 2, bobbin & and
25 windings 12,14. The size of the casing (width x length x

height) is 7 mm x 9 mm x 12.6 mm. The epoxy compound and

bobbin 6 form *“solid insulating means” Dbetween the
windings 12,14 and the core 2.

30 As shown schematically in Figures 2A and 2B, in order to
meet the standard IEC 950 (or equivalent) for electrical
isolation, a minimum gap 13 of 0.4 mm is provided between
the windings, with the same gap 17,18 being provided
between the outside of the windings 12,14 and the inside

35 edges of the outer core arms 3,5, and also 19,24 between
the inside of the windings 12,14 and the outer edges of
the central core arm 4. Because of the well-known



In Figure 4, VRX is the signal received at the receiver 45 from co@gqﬁ@pwnz
48 to the teI ephone line 100, VIX is the signal at the connections 4 0
the TX output VDT 2Vs is the source signal 25 (with perfect match Vg

appears across 25 the line termnals),_ gpd VD is the transmt drive signal.

As stated, assuning R and R2 are sel ected for optinmum suppression of VD at

RX, that d & e
X, haC R T £l U8 £ PGELEES pBieriliol BRE dleignclB 48 ¢
14 where MR \prier aaxt Nnianatmeasafue@ypdmm@ng herangfermers: M on
the first %ﬂp& Bk n | JNetHSS =
2010910(V9V%%‘;%b ‘%{ EIP%D\& R%#R%?:Z aISJ.:EL?”d/ N2 éTgansem t
signal | os9 =4 IM,0gK VEOoWS) obhesr Agaphi QCFQIﬂénBe somatBEi n§eseRsaIaf i on)
return gos mt e4 st ?naéﬁ gag a1 ti@gen
W t houtg ?’eri";lc 0 ?.Eﬁctffc%i‘ %Bgﬁt%raggt [ %e%c Nzi(}ﬁR - gDCI
(RL may bemdltaﬁtbl%hea tmﬂﬂgnﬂbﬂnebdequmqﬁthBWQQadl%Bdof f—hieé'ﬁh%
loss in thg “gﬁtcﬁ;ee SERaN&d, si gnal loss.) 20 Taking a
practical ex t sur e rmunt part p3081 has a recomended match of
R =600 n, RL = 330 O_and RDCl and RDC2 are both about 170 Cl, so that the
sum of the g4 ek {6S] ShavheaiRbhl tHASR daps48eno. e £8 wasteful
10 of winding space which, in a miniature component, is at a
premium. However, 1f it is possible that adequate or good
performance can be achieved with non-symmetrical windings,
then a whole range of possibilities opens up.

15 In fact, it is still possible to meet the minimum
distances through solid insulation as required by the
standard IEC 950 if the one or more walls on one, but not
both, of the windings are thinned down, as long as the
partition wall 9 between the windings remains at the

20 minimum  regquired for isolation. Additionally or
alternatively, the standard may still be met if the same
winding, but not both of the windings, is wound higher on
the bobbin so the gap between the outside of the winding
and inside edge of the core outer arms is reduced.

25
For example, the P3081 telephone line matching transformer
mentioned above has a winding area of 1.3 mm? per slot.
Figure 3, shows a miniature safety isolating transformer
30 similar to the P3081, but with an asymmetric bobbin 39

30 that has reduced gaps 31,32,33 to the core 2 on all three
sides of one winding 35, referred to herein as the
*second” winding, the other winding 34 being referred to
herein as the “first” winding. The first and second
windings 34,35 share a common axis 26. The core 2 extends

35 along the common axis 26 with arms 27 that define a
magnetic circuit that encompasses both the windings 34, 35.



RX 108s x -9.1 dB TX loss m-6.5 dH it is always possible to conpergsgtgg

the TX | oss
drive |evel
“given' and
0 V 2002 -

t he upper |
. second w
Exploring t
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N, RL = 400
change) f)

resi st ance:
d8 TX | ogs

primary do

~-5.8 d8 2
it gives a
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| ocal adj us
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15
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35

(6 dB 30 woul d be expected in the ideal case) by adjusting t

vD on the drive chip. However, the signal fromthe line is a

ﬂgznuz

cannot be increased without insertion of an anplifier. 2 5N
15 The conbined resistances &t RDCI and RDC2 of 340 n is near
imt of what is acceptable for a conventional 1:1 (first w nding

'Thegbobbins 30atamd nwindings 34f,86y darxel| surgpoundedf bynaal id

rBErdston 14 Brh A5 oh BHoRY Rebs13R) Bupblit) g ebad

cdomghetd 29 f@hd oBSbbinG.3Y dEofil I"®ulid- Ginsdlating. means®

Increase the turns ratio to 1:1.2 and decrease 15 primary do

hekween the windings: 34,35 |and the 5e@rej 2.Then, RX | 0ss % - 5. 2

~ -e.l dB ZO g) Increase turns ratio to 1:1.1 and decrease
resi sta

ce: RDC1L 170 n, RDC2 ~ 121 n,
The, reduced. BapeisiepiZedd( A8 s0a7 WY raBA (&b
i f P gnal i phoys. :awshagp al '
) i N 40, o' Lo 040 Mttty
timprovemen,. Of course, the bobbin walls need not be
thinned down - eimply winding “higher” achieves a useful

improvement.

Gaps 36,37 between the first winding 34 and the core 2,
and a gap 38 between the windings 34,35 remain unchanged
at 0.4 mm, thereby maintaining the required safety
isolation.

With an imbalance in the winding areas, several routes can
bea taken:

a) Keep the wire gauge constant: the second winding will
then have more turns than the first winding, so the second
winding will have a higher dc resistance and the turns
ratio no longer will be 1:1. For example, the turns ratio
may be as high as 1:1.5.

b) Keep the turns ratio constant: the transformer
remains at a 1:1 ratio, but it is then possible to use
larger diameter wire on the second winding to rxreduce the
dc resistance of the second winding, which is usually
beneficial.

c) Keep the dc resistances constant: more turns of
thicker wire are used but not as high a turns ratio as (a)
nor a drop in dc resistance as (b).

RL = 484 £ Then, RX 1088
r B nIRCEEAGR P8 s



The problemwith a high RX loss is that nodem datapunps run into dy?ﬁﬁ@
range problens. They perform A/ D conversion at the RX input, so the ' VaZUUZ
fixed | evel of 35 quantization noise so that, neglecting other sources of

2 5 NOV 2d2 - is noise, signal to noi se*%s_reduced if RX sighals are

at t enuat ed. Furtherrmre suppr essi on of cal TX signals is always

|rrperfect signal s haye to b covere mJhis ba roy
noi se' . Eﬁ’&‘%rtﬂ %O%ftwgﬁﬁﬁg Pgs %{#Wé’ittr};%f orﬁ%? hﬁgg‘gm{]b% al
wi nding r estva ing R{lﬁl tuftid’rat BdOaway ‘fironh Dl f hwhilstt réducing dec
tr? Y
accept abi I| o di nar| |y, a datapunp would "expect"” to connect to a 1:1

turns ratlo having a | ower typical resistance of around 100 i 7
per w ndi ng. In th| S case RDC1 = 100 11, RDC2 = 100 C1) RL = 400 L7. Then,

15 RX | 6. HTXI 6.0 dB.S d ct ed
by desi ﬁ W‘P soﬁfibﬁtgsslﬁirgﬁsgsgﬁﬁ%éeﬁgﬂgg P%Eb%eﬁ
note 20 tha®.a NIohhgt uthdisr atoo sadrifieei othehi c!h.rss«:pl orirdding | space on
restores RX t = 8 BeBE £ t e
in the TX p%{“ﬁi‘a?’% g‘\t'/)\géil fiwg?:glgl o‘?nil?&sﬂ%eéig!i gel S gﬂeﬁ%rgq té%s
desirabl e), ratewoafd Hncreapei ruglt@w;iigblrmmsemné mamdingpsagga bds
usi ng prior t,_rﬂ%s S S t QHﬁ'{ e ar
unaccept abl gﬂﬁ&eﬁe W n m%ﬁ?e%lbggarﬁ:ﬂe fﬁssféay %xanpﬁ%e ?ﬁtrl%g are"L B
i ncreaskt (Bdghlyi| |deairableg M|y some nmRPpd cmtmag) (t:h@nghhe dgot
resi stance BenauWSggfonr t AR Iﬂ'il and there is
severe RX sTgna ?.51.1%?51 Ii'?ll gu grgly §§h§| ?%@? adj ust |n an
unfavourabl e direction.
If the barrier is moved in the other direction i.e.
reducing the second winding area, a point is reached where
15 the first and second areas are equalized. Using a common
wire gauge a 1:1 transformer can then be produced with
overall dc resistance less than the prior art (e.g. both
winding areas increase from 1.3 to 1.6 mm2), or for
similar overall dc resistance to the prior art the number
20 of turns can be increased per winding.

Note that there will in general still be some dc
regsistance imbalance as the mean length of the first and
second windings will differ somewhat.
25
To see some of the effects of these variations it is
necesgary to derive two expressions and consider a
simplified model of a telephone line and transformer. The
expreassions and the accompanying description are generally
30 applicable to various types of transformer, including both
side-by-side and concentric arrangements, and whether or
not the transformer is a miniature device or a safety
isolating device.

35 The following description is generally applicable to
trangformers, for example whether small, miniature, side-



35 25 Nov 2002 - ,,~ Wth the prior art nethod, if we assuneZI@DﬂBy:

RDC2 = 200 n, then RL = 240 n and, therefore: RX loss ~ -14 dB (which is
whol | y unacceptable) 5 Increasing RL to 270 Cl by trading match results in)

RX | ose ~

-11.4 dB (which is still unagceptable) that 10 Therefore, in

conventional 1:1 turns ratio nmniature safety isolating transforner, a
W ndi ng 1 epi Sk aiE ok b ESRE B1U8) RRRd Wik or #DOhdt | Soviace et fngBut
if we leave" RDCL at 200 n and introduce a 1:1.1 turns Z5 ratio by w nding
more turns™8AR®ri mary whil st reducing the do resistance (using the preseat
i nvention) wa have: RDCl s Z00 tl, RDC2 ~ 150 Cl, RL ~ 430 ~. Then, RX | oss

~-7.5 dH

which is an inprovenent) 20 TX loss %-7.4 d8 This conbjn

a

i on

of RX | ossRERerance ok8 nowr MadehbP e FiRre 4r e Whilghy shows 2, 53P1GR10

devi ce,5 t hei FAYER {1 HPoS Gf | QVEeBepRBhienad ivd Nl FEhik$

350 f~, whic ul d have been, ynacceptagble jn a prior srt deyi ce.
aop 6 £

Al ter nat i vEfiepacne Jline matching,

10RkAOns My a phEsns

RDC2 = 380wRiciil may5lPeA eiltitsr FTheRl priess %rt6. 8rdBsformer 1 or a

10

15

20

25

30

transformer 30 according to the invention. The telephone
line matching circuit 40 may be connected to a telephone
line 100 with a source (line) impedance 15 is R (a typical

value would be.600 Q), and the transformer 41 is assumed
to be ideal except for winding resistances 42,43 Rpcyp and

Rpez (i.e. we ignore leakage inductance and core losses,

and assume the permeability of magnetic material 1is
infinite) . We also consider the case of a differential TX
low impedance drive 44 from the modem, and a single-ended
RX input 45 (high impedance) - these are typical - and the
use of two resistors 46,47 R; and R, provides nearly total

suppression of TX signals 44 at the RX input 45.

In Figure 4, Vgpx is the signal received at the receiver 45
from connections 48 to the telephone line 100, Vpx is the
signal at the connections 48 from the TX output Vp,6 2Vg is
the source signal 25 (with perfect match Vg appears across

the line terminals), and Vp is the transmit drive signal.

As stated, assuming Ry, and Ry are selected for optimum
suppression of Vp at RX, that R; and Ry >> other

resistances in circuit, we have

Vex NRy,[1 + Rp/[Rpoa + N2(R + Rpep)l]

Vg Ry, + Rpoa + N2 (Rpeq+R)

| 61 G EtRAGL foRDC2

2002

eIFer Rbc1 +



TX lose ~ -8.2 dB (which can be conpensated for) 2 5 NO V 2002 -218Noy 2002
Practically, it will not do to keep increasing the turns ratio to inprove

RX | oss because: (i) to overcome the increasing TX |loss, drive 'signal VD 5
noat increase and the drive chip may r_urlt out of avail able gain/drive
capability; and (ii) as vD increases) . 4he signal |eaking back to RX input

(due to inp tybal gn a i | gnci r lhigse

i ncreases. %Eélte%r?l Bnﬁé?ﬁau% ijon@%eﬁ?rg?{gf ?rérﬁécn%v%&oﬁ?‘geﬁease,rand
these then §ecepngOBH CEReCUEEFEYC ﬁi@i&i@ﬂf' €2, 3dhcandNdedéndbaiinding 1 to
about 1:1.2 is believed to 15 optimal for this type of application, though
a si gnificajfﬂd%ﬁuseful benefit may still be obtained over a wi der range, of
bet ween approximately i:1.05 to Z:1.45. Note that with protocols such a
V.90 (56 kbps) ,and ZO paqssibly sope. DSL techngl pgi.es (Digital Subscriber

Li ne), Phe adt‘featég‘%]a tTi%?l‘Pﬂh@t(VBX%O’Sg Qﬁta rate fromthe

t el ephone exchange or central office to the user is higher than fromthe
user to the central office. In these conditions the incom nga

si gnal -t o-noi se @ty (SNR} f OorR2{N{ SerRNAYy ( he r/N4)jportant than
t he out goi ng SNR,ﬁEchbt he rel ativeﬁ‘/ gﬁn% I changen?gbt heRItZSr ns rati o which

I nproves the RX | oss at the expense of the TX | oss nay be nost desirable.
Not e that trh f sn% e S | oggentrically wound
transfor rrerﬂagloﬂéwtgqli conl\di;%'e%ceeivgzt?ﬁéi%gvﬁ{gﬂftagrrangerrent of Figure 4
I's thalOthe circuit designer noat determ ne the appropriate values for Rl
and R2. If e ngforner, were id . resist.Qr. «divider. or t ul,d, be
required. 1##; 5‘%£€e Eo*%upﬁdi%ﬁﬁgﬁtﬁgcﬁ%tj%ﬂﬂ oﬁetcﬁ’ggleaf?é\?rl} i ons
and of courimpogitant,med bheprloaAdiedesistancei 4SuiR1, bcanthotA béochosene

cost of res&ﬁ%cgu T etrhe%cre prl_gtct%rreen“t‘aéjcrj Y id Srycgi\c{ez,ooz - 19

15 Rp, = N2(R - Rpea) - Rpez

(R, may be a 1little higher than given by equality by

trading off return 1loss in the interests of improved
received signal loss.)

20
Taking a practical example, the surface mount part P3081
has a recommended match of R = 600 Q, Ry, = 330 Q and Rpcy
and Rpez are both about 170 Q, so that the sum of the
winding resistances Rpci + Rpez is 340 Q. Then,

25

RX loss ~ -9.1 dB
TX loss » -6.5 4B

It is always possible to compensate for the TX loss (6 dB

30 would be expected in the ideal case) by adjusting the
drive level Vp on the drive chip. However, the signal from
the line is a ‘given’ and cannot be increased without
insertion of an amplifier.



manuf acture is relatively small, any reduction in cost can becone 0V 2002
significant in a product destined for high volune production, such a Ni
nodem for use with a personal conputer. 5 Figures 5to 7 showwth circuit

di agrans 50, 60, 70 of tel ephone line matching circuits how a tapped w nding
may be used to overcone this inconveniengg..Rather than usiag a resistor
divider 46,47 Rl, R2 to optim ze |ose, a tapped 10 vm' ndi ng can achi eve the

same effect @ﬁﬁ | RSty r an
i deal tr ans;rhr mer n%ﬁ ‘éln{sg retur ﬁgﬁlﬁz&&( opt | d]:ha?g gcﬁfe% W th
a 15 | oad rehest 5Pidﬂ-t =0€0GeHat Tﬂenabbép%weynﬂbr% Ceanbénhi:.@kﬁ(i of f
directly at at t |s oint, the VD 44 is co

suppr essed. 1Aé 3 %, 8QFonA W FﬂéaF“FF‘z?ns‘%Fﬁ@ “‘éi‘lfﬁutrﬁere

are w ndi nggagetyt amatﬁﬁ 68 rAngForthe®)C2 Consi der case where RDC1 ' RDC2
= 100 i ~ and ot herw se the transforrrer 61 is ideal 1:1. In this case t he

best vallie for a | oad resistance 69 for 25 an optimum match is RL = 400 n.

Under theseEspldirtingnthet posaibildridsoat wedified wid@ing’ s‘ﬂiaaur-ce 44
is 800 n and the signal devel oped at point Awth respect to O Vis 0 .167

VD . This signal can 30 be reduced to zero at the RX i nput 65 between
series resiejorsR@6aéd R and Réurhs nmdtiv, Riecreass, the -piinady dc

Unfortunately Rl .and R2_attenu he_recei v al_at p t
further 2. 5r§51858‘P°5nyRP6%sési§§ebt'oR’Dﬁ-'a i ﬁ’(ﬂ%ngi] e%l-sfaﬁbg d. %en,
I nteregfg ngly, as |Ilustrated 35 in Figure 7, the sane result can be

obt ai ned by using a 5~o0v 7002 - 20 tap 74 one-quarter way along the
| ength of a pri ylﬂﬁhd’?’ngﬁﬁ dﬂs illustrated in Figure 7. Wth the use of

the tap, the RX S0 t subject 5to extra loss. It
does, however) d?)ka\%gé V&t fﬁ eed for t fré rﬁés]f"gﬁi?gﬁanufacturer or
user to have to determi ne the correct values of R and R2. The correct

nput 75 oah bo SECEFAPRoctBE”TEREBAC" SHrddll 8 ctok-Pol Aty SPORRRERS " o

RL) RDAS anprimary dc resistance: Rper = 170 Q, Rpez = 144 Q,
Ry, = 576 Q. Then,

RX loss = -5.2 4B
TX loss = -8.1 4B

20
g) Increase turns ratio to 1:1.1 and decrease primary dc
resistance: Rpey = 170 Q, Rpez = 121 Q, Ry, = 484 Q. Then,
RX logs = -5.8 dB
25 X loss » -7.3 dB

Option (g) is an attractive combination as it gives a

significant boost to RX signals without a sharp loss in TX

signal; a small drop in TX signal can, in any case, be
30 mitigated by local adjustment to Vp.

The problem with a high RX loss is that modem datapumps
run into dynamic range problems. They perform A/D
conversion at the RX input, so there is a fixed level of
35 gquantization noise Bo that, neglecting other sources of



RDC2 for a line inpedance of 600 t1, is: R/R2 =1 - 2RL~~RL + RDCZ 5 NOV 2002
+N2' (600 + RDCl )} 15 where N. N1/N2. If the line inpedance nere sone other
val ue) the nunerical value 600 in this equation would be replaced by the 20
particul ar value of the inpedance. In f3§ the above expressions for

V~/Vg, Rl/RZ and V~/vD are not exact bBecduse of an apprOX| mation resulting

fromthe re i renent, that R2.are nuch reat r an 50 her
r eei stancezi:l ' smﬁ’t%ae 5 (8018 RiB RF diuﬁ@(é 3‘2 n&ti%ns.

EI i m nati n&ﬂﬁ&dﬁeétaMﬁhB%B&,, fé@po resoid?(r dfg ?bamverx heismals f
ppI'ESSI or1 W ata nu er t,urn n an P ite S O

the tap w48 b%f'gﬁﬁ&g F;?tt'h aSignals, fave  fRo b$ 32 oyp?e%e

2RL/ ~RL + mﬂg{@%ckmﬂd ‘obgdlOV 2b02 - 21 where X + Y = N2, RDC2

is the sumof the do resistances RX, Ry of the two parts of the second
wi ndi ngSeither side of the tap. Often X/ Y is very nearly equal to RX Ry,

t hough USUQ‘Hé’G%P:I.érV‘hi-E fiﬁo%'i' \hifiﬂl%ﬁﬁémiﬁolgﬁ’i ?X%ffl&'xfhf&rrﬁéﬂ Hag 200

turns and turns urns are apﬁlledflrst
and then Ytatdds %@%I#WWCQ h%Dcnp+oRDFﬁe§e)34tQ1é?v whiehs ofj thenaye

a sonmewhat .l.onger an t so RYRy ¢ 1/3. 10 Because of this
ef fect) X/Yu\m rh)’ele{%a sane as R1/R2, but the error will be a

smal|l one. for nost practlcal pur poses, the rel ati onshi p wll be very cl ose

such t Y. |s S stantla t he ae Rl/RZ, Ei o] S

alter J;& ? e'e abf hﬂs v “g‘él bl négnﬁf)%gm%d: c¢$ éstl 370

whi f’Q L he gzlfnﬁ-%di‘ﬁﬁ rreahneneﬁmebomvimg ohbmowlerowpaid:ai ﬁ”“"‘?‘“‘ﬁ |2 ve

cou e adjusted e t). rather,t two, signals in ant ase

t he S|gnal ‘égvi)sg shPerrin H; In' this’ case: kDCl 2°180 &
RDCZ = 100 Q, Ry, = 400 Q. Then,

15 RX loss = -6.0 dB
TX loss ~ -6.0 dB

So a loss of around 6 dB is expected by design. With the
P3081, RX loss drops below this by over 3 dB, but we note
20 that a 1:1.1 turns ratio modification which exploits the
invention restores RX loss to about -5.8 dB at the expense

of some correctable loss in the TX path.

If lower distortion is needed (and this is generally

25 desirable), it would be tempting to apply more turns than
in P3081, but using prior art methods this runs into
serious difficulties, in particular unacceptably high
winding resistance.

30 Say, for example turns are increased (but still utilizing
only 1.3 mm2 per winding); then the dc resistance must

rige. Because dc resistance rimes, R[, reduces and there is
severe RX signal loss particularly as R; and Ry must

adjust in an unfavourable direction.
35



In practice, it is conventional that a proportion of vD signal 44 i< 5 NOV 2002
internally added in a chip to the RX sighal to effect cancellation, so that
Rl and RZ can be selected to yield adequate suppression (not conplete
suppression) 25 without introducing the full anmount of RX signal |oss; so,
for exanple, a suppression of 14 dB may Bey tolerated in the external
circuit, for an inprovenent in lose to, say, 1.5 dH 30 Froma purely
signal poi ntwethVvi ephe t NP Narcal mdtiiRId,! (G R'S| Rgat NGadSiimeé3 aghat
opposed to Rl, R2. The advantags cone fromthe saving in material cost ana
pl acement coBpcaf =FBpeio= 200 BhethenuBLi en20f fhangd.cLherefinrg:by t hese
resistors on the printed circuit board. 35 These savings are partly offset
by the small extra cost of providing a tapped winding 73. There is,

however, the 2 RXx-Dosg@2-1428B advewhfeR iBawholqytiurakéegeabyagr need
not have to determ ne the values of RL and R2 which gives best overall
performaﬁ"’ce if the transformer supplier has already done the work. 5 In
sumary, thegs i } Ofa ki inid §ah can assi st
in a nore ef %Pg%‘gﬁ%}ﬁgﬁ%?y%er %?nrran e §3§§8§ lg‘?ltlsahaf e%ﬁ?}’s%%%ﬁhg
transforner. 10 1. Side-by-side wound transforners: 1.1. Wnd nore turns on
the second w ndin decr easi nig t he gﬁf fromw ndi IH to lam nation stack to
|l ess than 0.4 nmK¥ériosmievetlng fRunivhichnée £§1id unacgepgable)
standard) and maintaining this gap on the first winding (this will produce

a non-unity ratio) 1.2. Uilize nore wi nding apace on the second 20
wi ndi ng 10 edtBeRBLere( adde Br RPRVRREHODAKJ byl t FUKRR k RaFi@aMimiature

nm and mai ngagetyy tidolatdmeP" thankfioraier)i Ndiang wini&ngom%ﬂﬁmwuge
is used for coil] wndings, non-unity turns ratio will result, as in 1.1
above. O herGPuRined sum\Rpesib Rned o= b20052,38 vpagchntakle over do

resi stance on the second wi nding, or a conmon do resistance for both

wi ndi ngs. 1.3. Thin down one or nore bobbin wall sections between the
second wi ndiBgt aifl weeleave Rpgyl @tnR0M (BO0andcintsedueerdand :ar.da, turns
allow ng_possibjlities as 1.1 and 1.2 above. ~.4. Myving of central barrier

away frdm a ERHRtPY Winding more; thEnscpppPrimary: whddst o redueingiihrd
35 with 1.1 do fedistente (using the present invention) we have:

Rpel = 200 Q, Rpea = 150 Q, Ry, = 430 Q. Then,

RX loes » -7.5 @B (which is an improvement)
20 TX loes = -7.4 4B

This combination of RX loas and TX loss is reasonable.

Therefore, in a 1:1.1 turns ratio device, the invention
25 allows a combined winding resistance Rpcy + Rpez = 350 Q,

which would have been unacceptable in a prior art device.

Alternatively, for a 1:1.2 turns ratio: Rpey = 200 Q,

Rpez = 180 Q, Rpeg + Rpeoz = 380 Q, R, = 510 Q. Then,

30
RX loss » ~6.8 4B

TX loss = -8.2 4B (which can be compensated for)



2 5 Nov zoo2 - 23 (i ) Unity turns ratio wth simlar do resistazg
w ndi ng, but with nore turns per w nding than usual, and comon w dﬂﬁ‘éeZUUZ
5 (ii) Noa-unity turns ratio, but conmon wire gauge and | ower overall do
resistance. (iii) Generally speaking, a_nove towards equalizing the w nding
areas will be beneficial in overall ZO i!a@rf’ormance terms. 2. Side-by-side '
or concentric caonstructigne: 2.1 Use of non-unity. .ratio transfornmers can

i nprove 15 BRASEAGalIf oibaMidl MOk ed0f £ JFPRP cANCHRANY (FRE LYIRE ysed

wWth i:i traSeotditaprevé  RY! Posy wéwesa: transforner has relatively high
do resistance per winding. A useful range in applications expected to

receive a 1:1 transforner is 1:1.05 to 1cl.45. For 20 exanple, at a ratio
1:1.4i 4 i.q4) 'de, ovieeddiiedenee intireasing "X loksexadilive 2s2ghs: ofp a
tapped wi nding in place of external bridge conponents perfornns the sane
functi of asmist Zmdreasesandh¢he Krivier ialyp coayomrum sout cofuavailable

resi st aace Jadsde- P@é%ﬁ st tion: 30 3.s Using existing bobbins
(with a ce%tarig‘l/ ﬁ%d?%ﬁ an n%&hiénwml | s) in order to avoid the cost of
retooling, also provides benefits. The generation of a l:i.i or ~1Z. 2 turns
retio tranyiiq)niyg U5} NIncedaRRs) thed@ighal? FaSRiNG"Hatk | o L RENiABY bl e.

On a 35 mniature transforner, the second w ndi ng can have outer w ndi ngs
cl oser to t{dmecdte, imperfectpl baaficd amdasthe linbabancingheffect wifndi ng

woul d N 0D2 . = Iy no. r hi n 0.4
I m dig?ang%,ﬁan&qﬂ%eg)sec%ﬁ&g\%aﬁélgﬁg \l/\:o\&%# t{315'3%“ lérggﬁf%?mfrgb@ur%g%and
reduce thet¥assfprmeremay t ol agesiinerease:, | iand nithespendthgns phecomed

achi eve a gounterproductive tendencies.

The range of about 1:1.1 to about 1:1.2 is believed to
15 optimal for this type of application, though a

significantly useful benefit may still be obtained over a

wider range, of between approximately 1:1.05 to 1:1.45.

Note that with protocols such as V.90 (56 kbps) and
20 possibly some DSL technologies (Digital Subscriber Line),
the data rate is asymmetric, that is, the data rate from
the telephone exchange or central office to the user is
higher than from the user to the central office. In these
conditions the incoming signal-to-noise ratio (SNR) for
25 the user may well be more important than the outgoing SNR,
80 the relatively small change to the turns ratio which
improves the RX loss at the expense of the TX loss may be
most desirable. Note that this effect is just as effective
on a concentrically wound transformer.
30
One inconvenience with the circuit arrangement of Figure 4
is that the circuit designer must determine the
appropriate values for Ry and Rs. If the transformer were
ideal no resistor divider or tap would be required. The
35 person building the circuit must follow these instructions
and of course space must be provided on the circuit board.
Although the cost of resistors and their placement during



5 1:1.1 turns ratio and use a common W re gauge combine. Using the 2 5 NOy 2002
I nvention, it has proved possible to nodify the prior art P3081 mniature
transforner, using an unnodified 10 bobbin. The wi nding turns have been

i ncreased from642: 642 to 800:880 turns, using a wire gauge of 39 ~Cm

di aneter (34 um conductor) for both w Adiggs and with a turns ratio of

1:1.1. The 800 turn first wnding fills the wi nding space to the fullest

gxt ent nor rrma!rmd ﬁmﬁmb e;b_iga ﬁﬁhﬁm:?? ﬁgﬂllpranyereulﬁmiﬁaﬁ nini costexarhe
.4 mm gap ae described, gbove. In this vice,, the su t he: wi ndi

resi st ances%ﬁsel"er M’-Fiﬁﬁnﬁ &Bpraoxpﬁﬁﬁ'éf"? q&'}f% %85 r}%%eg'qqﬂ‘g"e

i nvention pg@ﬁdﬂﬁﬂ:i&:msefwchaoadevmemweﬁ afsym ufet hwivhndangpexsornalnces
of 350 D and above, in excess of the prior art, which is limted to about

340 A It i SOBPULR%d that a useful device could have a sum of winding
resi stamges of up to about 600 t1. Conparing the inpedance of a typical

t el ephone Iipne 100 o 5 ahout. 600 n, t.o the sum of,.the resi f the
wi ndi ngs) i CLiis s éezﬁpt ﬁat shaw i%t icdﬁcb'érgm flé'aﬁ}?“?aat %ﬁg‘ﬁ% sﬁ of
the DC resi tedeplond lime masthimg strcodte Mbwigs tapped twindinge mayne
mat chi ng | dance., to be between ut, 7. 12 to. 1. 3 i .
conventi ongB H’cﬁﬁ%t‘éﬂdpx §E3ﬂ§ 5’%3‘ es"qmvc?!ﬁéq%%‘ pﬁfgj‘e}?t%ﬁgﬁ 85380
turns devi ca wadistow dixicdessida, 4D Resi Bp ahocopbimizer(IMss, 480 tapped
normal application as a mnjature tel ephone I|i mat chi ng and 35 f

S0l at i Hh (¥ cati oaebipve, ER800SaME (¢F £eCHeyiBe BLAGRI AT t Fehe

i nvention | redgtoraiad,amal at 2 5NO0 V2002 - 25 56 kbps, has a sum
of do wi nding resistances of 460 n, and fits in a tiny surface nount

package having an extent of 9 nmx 12 . 6 aan by 7 im high . 5 The general
principles A8 t shownvedhi oFiguee &, couitsle, amwt ideal edtransidemey siSdg

constructio p. o] co ' uct 0 IqNi e
safety i sol g'Plf lrgfgﬁtt%gn%¥%ﬁrﬁer15%8 T@g%%%ugﬁgﬁgctébopa %ie’g‘lvﬁéenﬁ%#] r?ay
al so belt®nplopdd reailistahce | §9 By, =n600nK.nThemsthe \RX cBigaalouss can

synergi stic_benefits_can _be obtained by the interactiqn of effect sl)l as
the Vp

descri bed i RedRicked g€ directly caty Rypoas, @t this point,
signal 44 is completely suppressed.

As shown in PFigure 6, with a non-ideal transformer 61
20 there are winding resistances 62,63 Rpci and Rpea.

Consider case where Rpcy = Rpoz = 100 Q and otherwise the
transformer 61 is ideal 1:1.

In this case the best value for a load resistance 69 for
25 an optimum match is Ry, = 400 Q.

Under these conditions, the apparent load seen by the
400 Q Vp source 44 is 800 Q and the signal developed at

point A with respect to 0 V is 0.167 Vp. This signal can
30 be reduced to zero at the RX input 65 between series
resistors 66,67 R; and R;, by making R; = 10 KkQ,
Rz = 30 kQ. Unfortunately Ry and R, attenuate the receive

signal at point A by a further 2.5 dB over any losses due
to the winding resistance. Interestingly, as illustrated
35 in Pigure 7, the same result can be obtained by using a



Clainms 1. A nminiature safety isolating transformer t30), conprisind & NOV 2002
magnetic core (2) and a first winding (34) 5 and a second w nding (35)
separated and electrically insulated by solid insulating nmeans (29, 39) from
each other and the core (2)) characteri Z%d_i n that a mninmumof a

separation (38) between the w ndings and a separation t28,36) fromthe

first w ndi ( t re ( 10 Ln i atj n i ce
(28, 36, 38) ,Egple?)fs%ptg?lgt H@ﬁﬁ%f% ﬁéy 3%?81;'99;&?%;12%@%%% vsﬁldidng%tzg'ﬁféycore
(2) being |wisdihan?3aias shilugtracedt ingFigurends (28, 36,37,38). 15 2. A
mniature safety isolating transforner (30) as clained in Caim1l) in which
the first and second w ndings (34,35) share a commobn axis (26) and are

si de- by- si dédltim the wseynefi theotap(2thezBX3Signalnith uie stiddysubjegt ng
transfogner,_(30) _as ¢l ai ' LN 2oyl j ch e d<) @, (27)
whi ch d&fi n%‘ga‘qg’rﬁg?é | BB qeﬁ%%hp%s‘,‘sirhng - I nbREveR vﬁoﬁ‘ﬁﬁi M
Z5 4. A nmi rthe uneedafeorytheoltyanafammer imamefactoyesys o A9Rx% @ &aven 3)
in which t FREL Nl Ngn@3Rl .are separated from
an arm (27;\?%1(‘%%% coree Egg%@i?@?ﬁﬁ%@gﬂ(%)ﬂ#egﬁt ?én the safety

i sol ating distance (28,36,37,38). 30 5. A mniature safety isolating
transfornmerg(30) as clajned in_ a £ C.ai 4, | S§ e nor e
bobbi ns (393“% %ﬂrﬁ\ﬁﬁ ??ﬁﬁFiagf p*ecql% '%Rs‘ﬁ&gsﬁ&”e %@Wé@é%ﬁdgﬁgs&{e

(34, 3510 t HEX waligmatomatt i thei nrpceiveainpetne7 S5 can the ddterminedatasg

means (29, ~ V. plongat yr, f LSOl 8LiNng
transform?%gcﬂwsab%c%i?@plg%@%i ﬁ?%aé?'ﬁbwﬁ' c%n[%h?} ﬁ‘thé{erir{ﬁsktﬁﬁp sa% t he
second wi ncﬁﬂﬂ%e'( £forS 3 18fe Sﬁnyéﬁﬁébfdiﬁ%édj'%,coiﬁz( 2 ) by one or nore,
wal I s that haVe a thickness (33) less than the 5 safety isolating distance
(28,36,37,38). 7. A mniature safety isolating transfornmer (30) as clai ned
in Cdaim5 or daip6, in i.ch,the first a S d w.adings (34,35) are
separated from Dthér "é@%ﬂl@lwtjdhcmwzzg?whawﬂn@’g t hi ckness of
the sajgty isolating distance (28,36,37,38). 8. A mniature safety
isolating transforner_(30) as clainmed in Caim7, in which the mddle wall
(9) is not where N (= N1dN2 he bobbin (39). 9. A maiature safety isolating
transforner (30) as clained in Caim?7, in which the bobbin (39) ie

symmetric. 20 10. A mniature safty isolating transformer (30) as clai_ned
in any predddithe cdtinenimpedance wvexe: gaeome pihes salus fthetnymeriedl 34)

to the secerfiud N&0dY {35) thEsbeéyEREi8RAOWod1d: OBeaNgeplacéd by the
20 particular value of the impedance.

In fact, the above expressions for Vgyx/Vg, R3/R and
Vrx/Vp are not exact because of an approximation resulting
from the requirement that Ry, Rp; are much greater than the
25 other resistances. For suitable values of R;, R;, these

are good approximations.

Eliminating the resistances Rl, R2, then in order to

achieve the same suppression with a tap, the number of
30 turns X and Y on opposite sides of the tap will be

substantially the same as the ratio R1/R2, i.e.:

X/Y = 1 - 2Ry/{Ry, + Rpgy +N2+(600 + Rpey) )},



25 il. A mniature safety isolating transformer i30) as clained in dEiNrQV 2002
10, in which the turns ratio of the first winding (34) to the second

wi nding (35) is between about 1:1.1 and 1:1.2. 30 12. A tel ephone |line
matching circuit (40) conprising a mniature safety isolating transfornmer,
the traaefornmer (30) being as clained.ipjany preceding claim 13. A

t el ephone line matching circuit (40), conprising a 35 small signal
transfornerypdréOk Wiy 2 %nq{p&[ cpg ethé) )sn f bEStt Nl NndcnarddLsEdncesnd a
second wi nding (14,35), i ich”"the windings (12, 34;14,35) are

i nduct i vel yRgpuRyedf theb thoo parti)2of the secomgh wimdinge gibhex heider st
wi nding (12,34) 1s connected to termnals (20-22) for connegction to

t el ephone |9fe {heoFap: heog‘é%End‘:& ndBngVery, :|earlycoaguaddedteo RaRhy,

Lurns v at | o-Boogh diewsltd FRETHSE Bel Py At ERERE R  Tad) (Rl

bet ween 5abogay 1X1«0%00nctrirrs 4&nd1y =A608 epixne. | ThemeX/Ni mg 1¢i3.c uBYt ( 40)

as clainmed j 0) | y ol [aC t | Oy O fi LSt W ndi ng

(12033 to Rt Seibin b8 phELAY S HE | Wil sl Dy bubhB Ao A REART

A tel ephoneovénethet thpnepfeithese, (4benay¥ durnedwidllhayei m =Bowewltati m

14, in whic ' I rod hl)i gt Wiyq device (1,30). 16. A

t el ephone I?%ltégér‘rratc |ngt%ﬁﬁ%éﬁb)égsﬁ%ﬁgngdi{g'any of Clainms 13 to

Claim15, in which the signal 20 transfornmer is a safety isolating

transfqrner_ (1. 30) first wng 12 34), and.the .second w_ndin

(14, 35§llbbei%éf§ r%f eéﬂiﬁdeﬁéﬁ-ﬂm w&*ﬁﬁsﬁ%?em 0‘?? dgﬁﬁsﬁaﬁq n%

maanﬁ_ (29, M/I_P.mem.?mh mtdl"le_temui'_ t deld.orfbe( 2a. Bmall Anel efmne mosie

mat chi ng ci ime . o] [

m ni mum of éfgé%%éé[ol Bﬁa%g% Bbe?ﬁ\éée]nﬁ%ggv:\io%ﬂﬂr%g @%j’%ﬁ ggfﬂnﬁ%&

separ at i on $@eh IHat 1 XAY tis substankially the, samet ast My MRpe (2) defines a

safety isolating distance (28, 36,38), the 30 separation (31,32,33) fromthe

second winding (14,35) to the core (2) being |ess than said safety

i sol at BAg dFbgure 8 (iwds, 389 . adSalbernatpientol ithe e hofig ther tag, (al0)

Zfec'cg'nc”gﬁtﬁicé’&&@’ 5%"81 @rl%ﬁ%ﬁnéo ciPodit WBbChihhqm{ BAST@LEE 2 W N N9S
loss mentioned above could be recovered if the chip drive
could be adjusted so that, rather than two signals in

anti-phase of Vp/2, the signals 84 were Vp/3 and 2Vp/3.

20
In practice, it is conventional that a proportion of Vp

signal 44 is internally added in a chip to the RX signal
to effect cancellation, so that R; and R; can be selected
to yield adequate suppression (not complete suppression)

25 without introducing the full amount of RX signal loss; so,
for example, a suppression of 14 dB may be tolerated in
the external circuit, for an improvement in loss to, say,
1.5 dB.

30 PFrom a purely signal point of view, there is no real
benefit to using the tap 73 as opposed to R;, Rj. The
advantages come £from the saving in material cost ana
placement cost of R;, Ry, and the reduction in the area

consumed by these resistors on the printed circuit board.
35 These savings are partly offset by the small extra cost of
providing a tapped winding 73. There is, however, the



- 29 19. A telephone line matching circuit as clainmed in any of C?aﬁ r’NﬂVlQngz
to 17, in which the transformer w ndings (12, 34;14,35) are side-by-side.

20. A nodem conprising a tel ephone Iine matching circuit (40), the ci rcwt
being as clainmed in any of Clains 12 to aim19. 21. A telephone |ine
matching circuit (40) as clained in 10 of Claims 12 to 20, in which the

sum of the DC resistances of the f,irst, an second vm ndi ngs 5 is
bet ween abRAVanRtAge fLhatsodhe ocircudt o ‘i] ‘1‘5) rh%%?l

t el ephone |deweriind Othe cCOaANaEECEE! R 2 and e@mém ngwabchuem wecatan t he
t el ephone line matching circuit (40) be| ng as claimed in any of Clains 12
to 21, in \perfoxmancetif dthe htranaformere spplstext ha@esagreadr fdeme and
second w n *ip?é 4,35) to the tel ephone Iine matching i npedance (15) is 20
bet ween abou ’toll A A ne. A Al % A A Af. A9. AF. A3. A@

. AH. A. ABR. AFe. An A%AA@EAn AAL Ay. AL. A, WY . ACr. A@ AO0. A-. Owx™ © *

,,:”] | - i
{U]uga(L:J} caU] ca ca c'aU] g}: aI cq'\ %H} ?ga] caﬂsc ad ca ,_caLJ]agU] o8
w @/dADystﬁ @h] can)| 38BisLULNa 9 m;f%aegsag]xea@}/mm cau
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caU] cal] ca] ca 0 n
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al] cal] cal] cal] cxJ| edd cchnab) éahﬂmdldmahhm#enlﬂ!dah&n::w] distahtealdsa>6?

61 6K6 7{777(8" 9999: : 8:.: . QnS:

ys rrhb]Us\%.JU] cgU] @2%53%?%% 3%%] %a%f’%gﬁfggalj ﬁ%%ﬁ%%}‘ga@%i cg?ga]ogla] cau
] ca] caU] ca] ca] c&fhe afdxercavwivdingaUlthibcawilthh; produce a non-unity

;5 0} <<=EWEX=) ===%ag33)> T AACCDD=D>DDFF' F. FGys ngb] XRUUU| ca] ca] ca] cal] cal] caU
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Xyt nhb\ VU
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l&()- s (ii) Non-unity turns ratio, but common wire gauge and
lower overall dc resistance.

(iii) Generally speaking, a move towards equalizing
the winding areas will be beneficial in overall

10 performance terms.
2. Side-by-side or concentric constructions:-

2.1 Use of non-unity ratio transformers can improve
15 overall performance in specific applications designed
to be used with 1:1 transformers, particularly where
a transformer has relatively high dc resistance per
winding. A useful range in applications expected to
receive a 1l:1 transformer is 1:1.05 to 1:1.45. For
20 example, at a ratio 1:1.414 i.e. 1:¥2, the impedance

ratio is then 1:2 exactly.

2.2 Use of a tapped winding in place of external
bridge components performs the same function as in

25 the case where the bridge cbmponents are pure
resistances.
3. Side-by-side construction:-
30 3.1 Using existing bobbins (with a central divider

and no thin walls) in order to avoid the cost of
retooling, also provides benefits. The generation of
8 1:1.1 or 1:1.2 turns ratio transformer using common
wire gauge on each winding is then possible. On a
35 miniature transformer, the second winding can have
outer windings closer to the core, for example
< 0.4mm as in 1.1 above. The first winding would be
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Using the invention, it has proved possible to modify the
prior art P3081 miniature transformer, using an unmodified
10 bobbin. The winding turns have been increased from 642:642
to 800:880 turns, using a wire gauge of 39 um diameter
(34 um conductor) for both windings and with a turns ratio
of 1:1.1. The 800 turn first winding £fills the winding
space to the fullest extent normally acceptable and the
15 880 turn second winding invades the 0.4 mm gap as
described above. In this device, the sum of the winding

resistances Rpey + Rpep = 480 Q approximately.

As described, above, the invention provides a useful
20 device with a sum of the winding resistances of 350 2 and
above, in excess of the prior art, which is limited to
about 340 Q. It is believed that a useful device could

have a sum of winding resistances of up to about 600 Q.
Comparing the impadance of a typical telephone line 100 of
25 about 600 Q to the sum of the resistances of the windings,
it can be seen that the invention permits the ratio of the
sum of the DC resistances of the first and second windings
to the telephone line matching impedance to be between
about 7:12 to 1:1.
30
Using the conventional understandings and biases found in
the prior art, an 800:800 turns device would have
excesgive dc resistance Rpgy + Rpoz = 460 Q for normal

application as a miniature telephone 1line matching and

35 safety isolation transformer. However, the 800:880 turns
device according to the invention is fully functional at
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S0 b o SRR B SRSk, of couree,
r$!t$10% (dot $19Mitelt td Seideipyeaide! cbifridtion, but apply also
to concentric construction of a miniature safety isolating
transformer.

10 The various aspects of the invention may also be employed
individually, or in combinations in which various
synergistic benefits can be obtained by the interaction of
effects, as described in detail above.



r $COCCCDEFPQO. 1 2} 9*s$10% & () - < 9*s$10% & ()- J9*s$10% & () - t $109&5 NOV 2002
r$t $10%& ()-t $10%& ()- FFFF' F. FGGovW4 2 110% d' f& ()-< 3 10% d' f& ()-J
110% d' f& ()- ,:109%d f& ()-r ' 10%d f& ()- 10'10' 10' GGHHI 1 J| ZOvU4 2

@+ $10% d f& ()-1 S $10%f& ()- F| S $10%' & ()- !10%d f& ()-,
yMB10% d' f& ()- yMLO% d' f & () - I{ K~KKKKKE®vt4 2 110% & ()-( MLO% & ()-"
T110% & ()-Y10fd f10fd f10fd f @810%d f& ()-

3110% d' f &CLRim@MVMODOO| [: VU4 2 % 10% & ()- ~ @s$109%& ()- ) @s$10% & () -
F@®s$10% ' -& ()- "fss$10% & ()- .fss$10% & () - COPsQQQQQQY obU4 2
&10% & ()-ml0' 10" 10' . 7' $10% & ()- ~, *MB10% & ()- ), *M510% & () -

@ 10% & (}- QRRSMiniature gafetyoxiselasing - sxasstermer - (30),

1 $10% ' | & LdarmPs a$AB%% X@nbhar F&! W% (D) f %o el Y81440!
Casion ¢ $omELEgidoH, et I8, SURG, (2] arfP g Rl o Z;‘&W_ FYes4)

Y&S$! 10% & and -a° segond’ (vingingaxi35)h416epargatedy; and ) eleeprically
110% & () 1Rsdiobed (By sdfdad ﬁmifié@i%g?! Xoeahs Z#4d ; 40! £xdn108aéh() -

Y 10% & ()~ 310%&'%- F!lO‘V?&'()- 1 A)81¥ , ,

S10% & () -2%heroppd\ the corgy (). chapAacEeyised g obhat A minlomm, @f (). g
,10&/008/:3 t(g[)()al oOt '(Ii@rs (ygﬁq é%ﬁééﬂog/h&'\ s 3 or}%%' ]]mlwéAéﬁAmM'%()_

1 10% & ()-Ezésa{&fowg@‘t‘) -1'%‘921@/5%!‘()“!1“ e (33 s&%o%‘b()é‘l’re t2)

1 10% &0() -défines’ | p: Adfetys: $1968a64ng) - Aistant®0o( £26) 36,38), the

A $10% $€%€%§€§£§9* 195, %2030 A sfe (bacoflal Wiy to end WSO
"6:$10% & (3) zabpibpc. d@ge : vihaw paid safety isolating distance
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15 2. A miniature safety isolating transformer (30) as
claimed in Claim 1, in which the first and second windings
(34,35) share a common axis (26) and are side-by-side on
the magnetic core (2).

20 3. A miniature safety igolating transformer (30) as
claimed in Claim 2, in which the core (2) has arms (27)
which define a magnetic circuit encompassing both of the
windings (34,35).

25 4. A mwiniature safety isolating transformer (30) as
claimed in Claim 3, in which the outermost wraps of the
second winding (35) are separated from an arm (27) of the
core (2) by a distance (31) less than the safety isolating
distance (28,36,37,38).

30
5. A wminiature safety isolating transformer (30) as
claimed in any of Claims 2 to 4, comprising one or more
bobbins (39) with walls that define a winding space for
the windings (34,35), the walls constituting at least some

35 of the solid insulating means (29,39).
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15 central on the bobbin (39).
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9. A miniature safety isolating transformer (30) as
claimed in Claim 7, in which the bobbin (39) is symmetric.

20 10. A miniature safety isolating transformer (30) as
claimed in any preceding claim, in which the turns ratio
of the first winding (34) to the second winding (35) is
between about 1:1.05 and 1:1.45.

25 11. A wminiature safety isolating transformer (30) as
claimed in Claim 10, in which the turns ratio of the first
winding (34) to the second winding (35) is between about
1:1.1 and 1:1.2.

30 12. A telephone line matching circuit (40) comprising a
miniature safety isolating transformer, the transformer
(30) being as claimed in any preceding claim.

13. A telephone line matching circuit (40), comprising a
35 small signal transformer (1,30) with a wmagnetic core (2),
a first winding (12,34), and a second winding (14,35), in
which: the windings (12,34;14,35) are inductively coupled
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20 transformer is a safety isolating transformer (1,30), the
first winding (12,34) and the second winding (14,35) being
separated and electrically insulated by solid insulating

means (29,39) from each other and the core (2).

25 17. A telephone line matching circuit (40) as claimed in
any of Claims 13 to 16, in which a minimum of a separation
(38) between the windings (12,34;14,35) and a separation
(28,36) from the first winding (12,34) to the core (2)
defines a safety isolating distance (28,36,38), the

30 separation (31,32,33) from the second winding (14,35) to
the core (2) being less than said safety isolating
distance (28,36,38).

18. A telephone line matching circuit (40) as claimed in
35 any of Claims 13 to 17, in which the transformer windings
are concentric.
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19. A telephone line matching circuit as claimed in any
of Claims 13 to 17, in which the transformer windings
(12,34;14,35) are side-by-side.

20. A modem comprising a telephone line matching circuit
(40), the circuit being as claimed in any of Claims 12 to
Claim 189.

21. A telephone line matching circuit (40) as claimed in
any of Claims 12 to 20, in which the sum of the DC
resistances of the first and second windings (34,35) is

between about 350 Q and 600 Q.

22. A telephone circuit, comprising a telephone line
(100) connected to a telephone line matching circuit, the
telephone line matching circuit (40) being as claimed in
any of Claims 12 to 21, in which the ratio of the sum of
the DC resistances of the first and second windings
(34,35) to the telephone line matching impedance (15) is
between about 7:12 to 1l:1l.



