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FOR EWORD

Developrnent of the Self- Fnergleed Credentjal System (S1:CS) was begun in lute 1976 and the

system was ingtalled at Hunford, Washington, in early 1978, The system is distinguished by the

two features that the credential is passive, and that the bearer does not have to alter naturil movi--

ment in order 10 use the credential.  The first featire makes the credential long lived, and the

sccond mukes it both unobtrusive and convenient,

The intended use of the SECS is to monitor the passuge of credentials inta or out of a con-
trolled ure . It is ussumecd that the credential is being worn by the bearer to whom the credential
\n assumption is reasonable when the SECS is used ta enfcree the salety

wag issued, Suck
““Fwo-Mun Rule:” in a hazurdous work urea, but the assumption must be verified by auxiliary meuans

S i5 part of a phyvsical security system.

when the SE

The SECS is used a8 part of the Plutonium Protection System (PPS) demonstration at Hanford
which is concernid both with physical sceurity of materinl and the safety of persunnul.' The SECS

» pluces in the PPS. One installation is near the entrance to the vault personncl cor-

is used in thr
ridor, the second is locuted within the dentification hooth along the same corridor, und the third is
«t the sentrance tathe MOC/MAC System area. This report provides o discussion of the concept

and major featyres of the SECS followrd by a detailed description of the component clecrorics,



THE SELF-ENERGIZED CREDENTIAL SYSTEM FUR
TIi1: PLUTONIUM PROTECTION SYSTEEM

System Description

The coneept of the SECS is set forth, the major components are identified, thu coding maethod

explained, and the presults of tosting for the effects of the system upon heart pacemakers ure sum-

marized,

The busic ideu of the SKECS is to use the coupling between a fixed loop and & moving loop to
transfer power from the fixed to the moving laop in order to send an identificution code back to the
fixed loop.  The fized Joop is lurge enough to provide a passugeway through its interior urd is
The moving loop is wound on a frame which contuins u printed
The portul loup truns-

referred to as the "portal” loop.
cirenit card on which the eode is permanently stored 1o form a credentiul,
mits 1 continuous tone at 110 kilz, and the credential transinits the code in bursts of a 35-kif:.
tone (Figure 1), A diplexer is uscd to separute the two signals at the portal loop. The 53-kHe

tone burst is amplified, converted Lo binury form in the decoder, and tested to see if certain for-
mat and parity conditions ure met. If the binury code is validated, it is made available for truns-
mission to un operations center,  Fach of the major components will be treated fully in luter

sections after two topics of overall inmterest are treated,
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Figure 1. Major Components



Cotiing Cupsiderations

A peootp i four hexadeeinsd (HD) digits was chosen for thae cote word an opder (o rovide
conldd b implemented within the fimited size of o erodentiale The
The:

usoful numiber af codes that
FDY digits are grouped as two paics with three sync bits and « parity bit addod to cach puir,

binary representation (Figure 2008 that of two KL BR52:32-C format subwords within o 2410t cothe,
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Figure 2. Corle Slructure

The fergth of the subword is sct by the choicr af clectronic components in the deender, T

1w 1 und U respectively, so the D-st HD digit s odways cight or

fiest digit iv carch HP puire s
et el b thied T dipit dees ooy exeeed seven, These Tixed Linury digits wdlow the aecoder
to distingni=h betwern thie two suhwords, but ceduce the amnber of available codes from £5, 536 to

16,384, Tais number is further reduced hecaus: the bit streeien in the decoder js not synchronized

with rodi: loatures from the credintind,  The decoder valislates the internul structure of o code word

1f the compurison fuils, )
The

by compuring successive 29-hit Binury strings on a bit-by-}Lit basis,
bis e shifte! one position, w new bit is introduced, wndd another compurison is attemnted,

Procosg {5 repeuted w8 1ong 48 L ervdentil 13 proesent, uand if full rompuarison 1s not achicved, the

cade word 18 not transmitted to the Operations Center,  This validution process gives rise to the
possibility that one code word could have anather cade word imbedded within 0 but shifted aver

some munber of it posiiens.  There are 36 pairs of such ambiguous cotde words {(Appemiix A}

ot of 16,192 availabhe codes

which 1t
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Phasinlogical Eficcts

This possibility that the magnetie fivlds from the portal coulid be injurious cuuscd Sanuia to
fund & sty by the [Hinos Institute of Trechneology Reseurch Insmmv.2 ‘The first part of the study
was o experimentally determine whether the portal would interfere with the normal oper dion of
heart pacomakers,  Eipht pacemakers representing five differert tvpes fram four manufacturers
were used,  The pacemakers were placed in a container filled witiv u fluid whose electrical prop-
erties had been adjusted to that of human tissue 1 the thoracic volume, and the pacemuker leads
were arcanged to simulate their placement in the body. The container was subjected to a varicty
of static and moving tests within tiic portal both with and without simulated cardine waves, snd
the operation of two different types of pacemakers was altered,  The sortad Ficld would have 1o be
halvel, approximately, to eliminate any possibility of interference. Conscquently, it is recom-

mented that nergons wearing pucemakers be excluded from use of the SECS.

The second purt of the study wus o search through the literature of hidlogicul effects due to
clectromagnetic fields, The conclusion of the literature seurch is that the threshold for signifi-
cunt luman biological effeeta due o brief repeated expasures to unmadulated magnetie fickis near

-2 . N
100 kllr is probubly in execss of (U 7 teslus,  Che maximum tield density anywhere in the portad

-4 .
oeewrs wdjaeent to the portul frame and does not exceed 10 7 testas, It appeurs that there is an

adequite margin for safe use of the portal.

The next two grctions of this rueport deseribe in detiel the components associated with the

wortal an i the sredential, respectively,

Portal Components

Portad oops

Twe vt

5 af porwd loops are nsed i the PPS, mamely one walk-through loop and 4wo will-
hung loaps,  Tle sires of the Toups were deteramined expertmentally in ordor (0 operate the o raoden-
tind ata range of onee meter,” Freaiures of cach portal are summarized in Table I helow,

TARER T

Portal Toop Desceription

be-Situ Measured Parumetcrs

at 110 kHe
Portul Typre and t.oop Winding Dimen- Number Inductance Peak
].ocution sions, 1 ¥ W x T (m) ol Turns (mi) Q
Wulk~throaugh in Viun - =
Personnel Corridor 1.98 x 1.70 x 0,027 16 1.58 33
Wall Hung in Ltentifi- v "
v 2

cation Rooth 1.10 x 1,40 x 0,000 24 2,40 41 0.61
Wall lung in MOC/ 1.10 x 1.0 x 0,090 28 166 &7 1.2

AIAC Svstem Corridor


http://Tv.it

Analytied Tormulas hitve been derived 10 prediet the field patteens neae the 1oops Cppenens, B,

atad mensurod Field compononts were founsd 1o bee in gootl ageecenent with peedicbod oobues toe oo

s of porinl loops,

110-hlis Driver

“T'his unit is housed in an 8 x 4 x B~inch cabinet and eonsisis of three moduleg (9 1gur: ),

“Fhe powe-r supply module provides unfiltered 90 volts o the rest of the cireuiter. The roentrod
wardule begns with o HO=-kHz Calpids crystd osciliator, QU, which ig fme-tunes e O, 3
sampli of the eutput devicddoped across the C10-1.2 Lank i T+d 10 the source of o contral FET, 1,

[RI3E IS

volt Tevel is applicd to the gate of Q4 vea J%, Q2, and Q3, the Fit-kHy is fed to the

T seljustiment, 24, at the hage of Q5. The collector of Qb drives an emitler followss, Q5,

the deiver modndes The emitwer Inllower is waned by 1.5 to provade cqual drve volbages 1o k.

sennplimentury autpad palrs, QL Q20 ane Q3,40 The output, taken al J1, I8 swmualed via BE-RT

to stahilize the cinitler of Q5 in the control modale, “I'ac vidwe- chosen for R8 in the contrsal moduie

1t value eSSy 10 sl 2ere volts upon pin 2 of J5/ P when KR0S grounmed, T oulpad velt-

eoand cureent are respectively wonitared at J1oand )2,

Diplex

The dipleser s the wung Ly which the inductines of thee portad Toop is tuned ta provide

resistive ool o the driver; 1t also provides thes initial WUking 1o separate the 55k signal o

the 110Kl tone. The diplexer s mounted bnmoediately acjacent e the portal Joos, but niay be

sannected o the filter/ denodulaor by up 10 9 ety s of RG A8 eopxiul cable, The portal teop

inducunee is secics-resonated at 110 kllz by capacitors C1 through CH (3igure 4),  The cupacitors

ave the Same nomidoul value of Six times the Series- e

ianos of the Joop,

BONGDY Cuga HGenr

tort on the autpat port wid

tion of the Ba-KHz signal beging by oliewg a Al-ol

ot s the

Brock Tt Rz, The paralled ok consisting of L ami the coshintion of (€7, C81 s

nection of (C L C ) o seduee the pobentiad Steess aceoss L Ster the S-olitn soard B8 remaons

1.2 s sehusted 1o progiic a shunt teap 1o ground,
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Figure 4. Schematic, Loop Diplexer



ilectronic Credeatiad Header

This standurd rack chassis, 5,25 x 19 x 19 inches, provides 4 common power supply ta sup-
port the clactronics necessary for decading credential signals for as mun; as three portal diplexers,

cused in the PPS. One reader is in the vault control rootn ta scervice the

‘Two credential readers
portals in the vanh peraonael corridor and the identification booth, and the other reader s 1ocated
in the MOC For the MOC/MAC porial.  The eredential signal froin cach portal is processed through

4 separate combination of filter/demodulator and decoder as explained below.

Filter/ Demodulator

This circuitry (Figure 5) is located within a 3 % 2 x 4.5-inch shielded box at the rear
of the credentiad reader,  The eircuits provide further scparation of the 55-kilz signal with subse-
Quent wave - aping to convert the burst code to a string of binary o s and veros for use in e

decoder,

The tuncd circuils wt the input are adpusted {(Appendix C) to further isole the 55-kHe signud
amrd anclude the effeets of the eable from the diplexer. The output of the 100X amplificr, AR1, is
shunt-peaked by adjustment af 1.4 and evenly split along two paths at R6 and R7.  The first two
stages af YR2, uand the low-pass filter which follows them, pravide a level which is proportional
to the muean of the peax of the positive signal cnvelope,  The luvel is compared to the input signul
in AR2-AR4 10 climinute noisc bursts which may occur where binury zeros were intended in the
c¢othie, M the same time, the 55-kHz signul is level-shifted so that it is no longer baluneed uround
7¢ro but ranges from 0 to 5 volts.  This signai is used to trigger the monostable multivibrator
in U1, andd .. third signal modificution which oceurs in AR2-4 must nuw by understood. A binary
one, s trunsmitted from the eredential, consists of 32 suceessive perivds of a 55-kHz sincwuve,
The comparator action of AR2-4 converts this to & succession ol 32 pulsrs with an individual
pulsc width of half the period of a 55-kHz sinewave, This would also br the output of Ul, except
that the combination of R21 and C11 provide u retriggee which does not allow the output of Ul to
full until wfier the 32nd pulse from AR2-4, This rerrigger-feature is the means of converting a
A35-klz burst intg a pulse of compuarable width and provides the desired binary onc. A nonzero
output from Ul 1o the 'ceoder is prohibited unless the mean positive signal level exceeds the

threshold st by R14 at the input to AR2-3,
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Decoder

The binary data stream and o 110-kl17 tone from the loop sampler are the inputs to the
decodier (Figure 6), The 110-K112 tone is divided by 64 to provide a reference clock af 1718, 75
pulses per second which is the same as the credential bit rate and which is synci.ronizer with the
Linary data stream.  The duta stream is admitted to o feria) in-parallel out shift regisier
(Register 1} cader control of the elack,  The serial output of Register 1 is clocked into Kegister 2,
and after ##-hit periods, hoth registers may conein the same pattern of 24 bits. The 16 bits in
each register which may represent the Hb-code are parallel outputted to a comparator. The
parities of bits 2 through 8 and bits 14 through 21 ure computed, and unless both scts of HId-
subwords huve cven parity the daty valid signal from the errar detector is inhibited. Simultane-
ously with this bit comparison and parity check process, the parallel 16-bit outputs from both
registers are ch -cked to see if fixed syne bits in Positions 2 and 14 arc respectively 1 and 0,

A syne bit error an cither of the two words inhibitg the data valid signal,  The date valid signal is
sent to *he operations center only if hath [iD-code groups puss the sync checks and the parity
check. Thu duta valid signal ulso trunsfers the compirator output to a holding register to await
o tranzndssion request from the eperations center,  If the checking process is not successful,
the process simply continurs at the clock rate until either a data valid sipgnal is gencrated or the

credentiul is withdrawn,  The mirimum time required for checking is 48 hit periods or about

28 ms. Howewer, the syne und parity bits may not be in their correct hit positions initially and
23 bit periods must be ailowed to shift them from the most extreme wrong position.  Another
24 hit preiods must adso be Wdlowed for signal growth and decay as the credential maves thruugh

ihe portdd, nd the 1otal time which should be allowed is 56 ms,

T

Piebe gttt

IFigure 6. Block Diagram, Decoder
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Code Storuge and Generation

The cradential code s stored by connections within an B x 8 matrix {Appendix L “The code
is groerated from the matrix by the combination of the digital multiplexer, U, and the T2-stape
counter, U2, The successive duta-sclect lines of Ul are contralied by dividing the 110-k117 tone
by 128, 256, and 512 respectively. The complimentary logie within Ul causes the dati input lines
to be successively selected at a raute of 110 kHz divided by 64, and thus establish the credential
bit rate as 1718, 75 bits pes- second,  Each of the eight datu inputs to Ul is connected to a lettered

colwan of the matrix, und the rows of the matrix are activated by coding signals from L2, In

eacit column there are eighs possible signals available, depending on which row is sclected in
that columnn, Code storage consists of muking one solder connection from cack colum: tn o

particular row on that column,

The coding signals upon the matrix rows are generated from the 10th and 11th stages of 172
together with two fixed stgndds. Row s alwavs tied 1o ground {2rro), and Row 2 is always tird (n
-V (one). The outout of the 10th stage of 1'2 is called Code Word A and changes cvery #-bil counts.
Code Word & muay be ren-cgented, in urits of B-bit counts, us 010, Similarly, Code Word B is the

output of the 11th stuge of U2 and represented as 001, Clearly, it is necessary to reset U2 cvery

24 bits or Code Word 8 would appear as . one at the sturt of the second eredentiiu code. The
Code Word C is generated by logically OR-ing A and B us shown on the schematie, Figure %, The

following tabulution illustrates the digital representation associated with cach code word,

Code Wourd und Llatrix Row Number

8-Bit
Interval
Number Gnd{i} LV(2) M7) Af8) B(4) B{s) C{3}) s
1 0 1 : 1 1 [¢] iy i
2 0 1 1 0 1 4 ] 0
i [ 1 0 1 0 1 1 v

21
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APPINDIN A

Ambuguous Corlcs

Fhe 102 anbipuons hexwdecymul eodes are listed belaw in ascending order,

BCYD
20
(S0
(S ]
mo
e
i
B0TC

HO74
u7s
a76
n77
175
175

176

-1
-

1
i

ot de de o de W A RIS HG tC

HDIC

CCcon
Qogt? b}
(o33 3]
ol
o
FPRT
DHC

Chie

JYDRIRY
21
LAY
Eat)
1A
RS
97N
97
BBk
ARE)
1T
ATy
1y
Bic
#7y
i¥id
<ip
czn
Can
cm
Dic
nc
1IHC
DHIC

ECHh
c2b
Cap
c™b
nc
e
e
EINC
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APPERDIX B

Furmulus for fwlucerd Voltgse

Thee vompomnts of the magnetic density ecctor generated by a rectangular loog aee derpssd

frenn the vintos poteptial of 4 finite currept cles nl, anlb are usedd 1o compute e voltage sntaceog

it nearby loop,

Vet Potett
The vector potential is derived for o finste current clement in o forn: which s ianenable (or

comgatation sxeept at the ends of the clemoent where the potential becomas unbaunes?,

ich is currying aunifo current

Cousidier o conductor of infiniirsim:l cross section
e} {exp t-nwti, The conductor hies in the yz-plane and extends from 2' - -L o »' - b yluop
y' actFigure By, IUis assumet that the current undergoes negligible phase shift slong the

vlanent, fted s, debf® = 1, where » is the wavelength, The retaeded veator patentind ot the

freled point, Pix, v, o), Bas o comporent only in the 2=sdireation porallel w2 et mopree,

This rompunent is given by the integreal,

3 . .
N sl exp il s HIeh g0 woersimetor. M5
4 b [33

The geometey requires that A have the same value @ points syauneteicaliv oeates on
ka
vither diae of the xysplancs In tig (1), g is the permeabilits of oy space, w is the angular

freapeney, © s the veloeity of Hpht, the prime denotes soures coordinates, and 11 ks the sphermiend

risking from the source to the fivki-point,
2 9 12
" {0 iz - 2 } menees 132
wyepe
2 2 b4
o N7 - fe =y} S, [ %Y

When B¢ is gery simally s in the present ease = oo RS aoncter or 1oss, the metarsded con-

tribution is negligihle and

b, Z b~
A :25.{-““’_[' dr. oul
)

A
[ .
N Wi, mn

z  An " 4w 172
z-h-ip” - (z-ny

w
S



[t is not nbvious that tg (34} i8 symemetrical about 2 < 0, but Symmetry can be shown us follows,
Substitute =z throughont kq (134) and cquate the argument to thut of {iq (34), cross multiply,

simplify, and an identity will appear,

(0,a,b) Pix,y,2)

(0,4, -b)

ifigure Bi. Geometry of Current Element and Ficld Point

When p= 0 the definition of R gives

mp:o 7~ 2 (B5)
and the vecior potential becomes
» - b
Y - ﬂ In ; ] (B6)
7 Eh4 2
p:0
and
lim A o .
’ (B7)

2040 |y.g

These results show that !\7 2 0 everywhere but becomes unbounded at the ends of the current

element where g = 0, und |z = b,

26
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The totad vee.or potential From a rectangular loop is the sum of the potentials due to the
‘our current clemems which form the leop,  Consuder o loop of herght 200 and wilth 2w (Cbeur 132,

and 3 " depote the spuerical radius from the 1'h corner of the loop tu the Tfich! pomt, noanels,

172

sy e w)2 t (7 - h)z} . T, {xz D \\)"‘ ERN R 1

/2 Y TR
v ow e 1.)“} weter (i

a9

x4y - \\)2 EVERIN T
1

2

l 2 N
1

a,-2,h o, w,h

5 ; 7
4
-~
Pex,y, 70
2
2h
y
idz '

X 2 2

0, =W, ~n o,w, -h

Figure 32, Geontetry of Reetangulur Toaop and Fivld Print

VoW

-7 “-h, % z, - 7+ Hh 3oy

(B10)»
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The componentsa of the vector potential can now be written compactly by using Eq (34) and

omitttng the time dependence oxp {«juwt),

Ay f - . - ¢

'\y r {1n(r2 * yz) + lnir'4 y4) In(r‘l yl) ]n(r':i 0 Y'Z)} B
,ul P P | ) - p

Az T {In(r‘2 + /.2) ‘ 1"“'4 A .n(rl /.]) ln(r3 4 /,.,‘)} . nBi2)

Components of Magnetic Density

The mugnetic density vector is derived from Lhe vector potentiul according to

- -
B - curl A teslas (153311

‘The components can he written in these compact forms:

q .,
L e {y—" —JL' (1314)

4
By - -5‘—"[1 Zl (-1)""/§r“(rn . ’n’; . m15)
n- .

3
B - LI:E: 10 ‘r r oy )' teslas. (116}
7 Ay r n'n n‘

Inducen Voltage

RBecause the B-field compunents may vary in magnitude over the dimensions of even the
amaller loop, it is necessary to compute the induced voltage as the time derivative of the average
B-ficld normal to the plane of the loop which is being induced, I.et the components of the unit
vector normalto the surface of the induced loop be denated by (ux. s uy'), and let "S” ho the urea

per turn of the N-turn loop.  The induced voltugr is given by

volts, {B17)

M
v o= uwXNIS Z
T o

‘u B ruB +ub '
X l xTx y oy P z‘m
where M-sets of field points arc chesen within the area of the loop. The use of M = 400 for the
credential loop wund M = 10, 000 for the portal loop, the points heing equally spuced in each case,

has been sufficient to provide uncertainties of less than ¢ . pereent,




APPENDIN C

Filter! [hemodul itor Tumng Prac

1. Canm et the cabte from the diplexer (o the ftterfdemaodulator, and decaods capacitor sef 1y
000 HEF an the positon C1, C2 (Figare Ol

tnent for ich mductor, 11 tkrough 14, newr the conter of s ratge,

Waitloan s oseope it T3, adjust 1.3 1o sammye e 110-RH2 1one,

oo Piacre g epedential near the portad so thut AR is not overloaded and adjust the decade capaci-

with C1 €2 rme-half

Z1 the

Yor 1o tax -kHr signal. Remove the dreade and repluc

fhe et ade value,

vonst 12t further ime rease the kHr signal,

k7 signul,

.o Adust 1 to [ ther inerease the 35
1 101 or D10 trunsition,

kil

ad trigger upes the oscilloscoprs, arrange to examine

Haeeeptadhile dieerease an th

o oprovids i, v L) nmee consisten:

b Readiort 13w improve rise and fall times 1f possible,

This alig n! procedare will be required again if cither the cuble length, portal loop,

vt dudexer, or [ilter!demadulater are charged,
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APRLNL- 1

Earsapte o] Cmaseteontyal Thplesoer

et

Fhe desygm problem 15 16 prozete o e mallianperes of corrent a0 Shopis vy ooy,
EERIEIY

10 klls. Part of the eredeniy) se

et inaaccl with several volts a
15 shunl- e on e

Phe cquivalent rapis it -
The rapeagr ool

B tar canvenient coeleriepe e,
trome

[

tonp to e rense the Y-y potentd with whoeh 1o powes e ol
right oF 1o Taap is treated o8 Foliows: e breaneh vic CR2 s replaced by HIN' BIRHA he,
thoe D, whe G208 vepheced by ot pen crvenit, Thee Sepien sepazdent ot 570 21y o3 e < punt
e indion of €, the Joug, and H“(, in W dood for the neawnek 1o b b sagreed
-
Fa 7. [N C it L 11 1 S L]
roan Tt S roor T P roor’f| fi
O b e sule of thee netwark, the rertwork shooled pregent o pul st e,
Ve Je 153 i B - FRe TV PR g,
L
Iain ol ol 20 regquires only somordest carvent feam vords o aparitere foal, G
i
F=sostrom network s uses to transform /.I FHS pronerties e peviened et Ph tihee 14 -
planed,
Canstdier the [enetwork fhaced betwoern conmplos soteee sod boad e on, 7 e
B = S
et ‘/[ 0(’ g 1.\1’ Figuer D2, Che netwaork presents wo hoth thee source aned oad perd aoes
theae respeetive vonpigate impredaness given by
P v
] bl .
‘ mn/‘ /E T - iy
1 5
ntler the conditions gt H“ Ko the netwark penpedanees foanned oo these Faemul o8 e
[1221]

and

{31}
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ok Z‘ el 22 ar - entirely imaginary, and it appears that there are foor sets of iY.}. '/‘)u sl
to the sign choice sefore cach radical, But ’/.1 und 7,,, must have unlike 81gns o order for g U

to hold,

The deBign procedure is part Of u badge design computer prograrm histed in Appendix boaned

is summrized as follows:

1. Compute the total shunt capacitunce C(. - (Jm . C“ . C'lz’ Recessary Lo resonatr

the loop incuctance at 110 kiiz,

2, Compute the series cquivalent impediance at 55 kifz of the shunt combanation of (Ir.

d , and © 10,000 .
the loop, ane RI)C 10, ohms

4o Tuke 7
soUren
schematie, Solve for ):] ard X2 from Fgs (D4, D5), using a choice of signs to muke

© 5000 ¢ 420 (55,0000 1. where Ly 608 o f from the credentich

>\'l capacitive and XE inductive,  Selve lor C;. (."1 ' (!5 + Cb’ from .‘41. The re-

quirrd value of [, from Xz ig 50 smull that it is realized by using o 8, 2-ml!

inductor and scrics tuning it by the proper combination of Ch C7 ¢ C“ . C{'.

4. Heplaee UZ-6 in Figure 11 by its output resistoce of 330 obins,  Compute,
at 110 k2, the wiad impedunce shunling (“. and recompute (:‘. 10 regonate e

inpedance,

n

Rewrn 10 Step 2 (and repeat three more thines which is suffierent to provide values

of ¢, €L and ¢ stable to 107,
i I} o

i, Deduct 150 pt from Cr Lo adyust for the neglectos) hranch via C'.f and stray shunt

capuritance, A tymcad vilue of input impedance presentred to 1736 s

7.i 5000 + j 1200 ohms as required hy g {D2). The results of the design proce-

dure, C . C, . oand C.» are not significantly changed as 5000 - ““C <20, 008 ohrns

b
or 300 : foutput resistance of ("4-6) 5 2000 ohms, The badge design program is
extensively annotated and includes the effects of inductor resistance viriation with

frequer ey,



S ¢ CR2
Network 1o Co Crot Ot by
56 kB2 Be Designed 4"_____
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( 100 pl
C
-
110 kitz

Frgure D, Partial Credentiad Sehematine

I

|
) |
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|

|
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I
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Figurm: D20 1=Xrork and Termirations
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APPENDE K

Cade Staragee or thee Ceodentiad

The corde {g stored on the credentiad in sn 8 € 8 masrix Iar ol by nonplatee-theoaph

atiagd el

thee nterss etion of vight karizantal contuctors on the conponent side of the or

vertical eonductors on the rear abie. The horizoptd condurtors or rows are o el frae oo

Is digeussed i the texran the 1ol

hoy

ar af the matreix and are conneeted 1o the colding sig

Haannee:

alatrix Haw N,

A ]
A 1
! 6
T 5
B ]
C K
oV 2
GND !

The vertical conductors or columns are lettered 1o A, from 1oft 1o rigit, and are connected

e inputs of the digitad multiplexer U1 as shown below,

Muitiplexer Input ALy Colamn fetter
1 13
2 «
k1 ;
£ i
1 D
[ C
7 1
8 A

A coding signal is connected to a multiplexer innut by soldering a through-wire 10 both sides of i
appropriale matrix intersection, For txample, to connect 1o Input 5 requires that Row 6 be con-
nected 1o Column D, A means must be provided, prior to soldering, for representution of the
HP-code in terms of the various coding signals, This process will be explidned with the use of o

coding worksheet und an example,



‘The firgt 8tep in the coding process ia ta write: the Hib-code in binury form consisting of
24 hitg a8 explained in the text.  The binary 1i-code ig organized into thre: geoups of cight bits

ecach corresponding to hoth the multiplexer inpua and to the three rows of o wire code table

(Figure Et), Curtain bitg which arc fixe ¢ already filled in on the worksheoel, A8 an cxample

consider the HD-code in the text, AASS, und M1l in Step | of Figure 2. Step 2 consists of enter-
ing 4 binary onc or zevo into the wire code table uccording to the column content in Step 1, The
wire code is read by column, from the top down, converted to a matrix row number in Step 3,

und the row number is listed for cach cojumn in Step 4,

Copies of the blank workshcat muy bu used for coding a small number of cridentials,  The
entire cothng process is included in o computer prograrn, BDIPDES, which is purt of the druwing

set {Apprndix F)



HD Code or

Alpha Numerice

Step 1: Binary Renrosunlalion/——.__ Even Parity
-

Bit Position TP2[3f415{6]17({819p0 1] 12n3f14(15{16] 17118]19j20]2122}23

Lipary Code ol iftjoefo
Column niclrieioleislaluiclrielnlclslalniclr|el nicin
fetter How 1 Row 2 How 3

Suep 2 Fut Binary Code inta Wire Code Table Below

wlna |om
=1
=

Step 4 Convert Wire Code to Matrix Row Number

Coding Wire Matrix Coding Wire Matrix

Signal C%fLQ Row Signal Code Row
- 1

GND G 1 C 0 3
] 0
B3 o 4 :
0 A 0

1 A | 8
9 - 1

A 1 7 B 1 [
L Q
V) 1

< 1 3 -V 1 2
! t

Step 4: Connuet Column 1o Row in Credentiul Matrix

Column [ etter l]{lGl FJJ-:IDICIB I/\
How Number ’ l ’ l

Figure i21. Credential Code Workshuet, Blank
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_AASS . _10105 5

HI Code Alpha Numeric

Step 1: Binary Representation Fven Parity

vit position 1|2 3]4 |5 |8 8 fo|toliifizfis|14l1spie)17 3|24
Binary Code folt lO{1|o]1]ol1]0]0)jr{1]olof1]o]1]o]r{0|1]0]f]!
Column njsiriefnlc atnlc|riviplelplalslclrlelplcinla
letter Row 1 Row 2 Row 3

Step 2: Put Binary Code into Wice Code Table Below

ilof1{o[1]o][1]a]1
2l0]l0f1]1{0]of1]0
sle]of1le]t]of1 ]
NG|l riE|D|IC|IBLA

Step 3: Convert Wire Code to Mutrix Row Number

Coding Wire Matrix Coding Wire Mutrix
Signal Code Row Signal Code Row
[ — 1
GND 0 ! [ 0 5
] 0
4] - 1
n o] 4 A 0 B
1 1
0 1

A 1 7 T 1
0 15 o 6
0 1

C 1 3 (Y 1 2
1 1

Step 4; Connect Column to Row in Credentinl Matrix

|
f

Column Lewer | n|a] ¥]e|n]
Row Number 4' 5' 3 |6 l4 I

clr|a
513

Figure K2, Credential Code Worksheot with Example




Drawing Numlier - Issue

T44024-11
T84 -8
Ch-TH0655-C
TIH6AA-C
D= THHG S D10
D= THH658-H01-C
58-T48659-13
Tan350-8
T49451-1
CE-T19451-18
TR0

T30

TH01-3
THiotd-0
T3uii-A
THI06- N
TamT-n
rarnid-4
T na- N

Cr=-Fa2031-0

THEEZT- 3
TIR6IE-18
O -0

TH1230- N

ADPPENDIN ¥

Fast of firawings

Loeap~inplexer

Sebematie, Loop Ihplexer

Self-taergised Ceedential Sebemate

Self-Energizaed Credentiad PWH

Self-Enermzed Crodentiad

Self- Energizest Credentiad

Program RBDIPDES

PWE,
'wn,

rony Side Masior

e Seehe Aaster

1.oop Driver, I'wr Amp Veclor Bouard

Assembly, lLoop Driver

Schematie, Portal Loop Tirwer

Branket, Capacitor

Bracket, Coil

'avwer Supply Aounting Hrackoel

P’owsr Trunsistor Mounting Cover

Front Punel

Iransfornur Mounting Brackid

Power Supply, {0 Driver

i*rinted Wiring Asscmbly, T.oop Driver

tlectronic Cro?

11 Housing

lLogic Dingrum, Electronic Credentiad Header

Schemutie, Portal Filtee/ Demodulutor

Assembly, « redential

Filters Demordul. tor Box

i“ilter/ Demodulatar Assembly

twop Sumpler
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