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"<;  Design and Construction of a (75,50) Forward Evror . ,* .

ABSTRACT o

Correcting todec for High Bpeed Digital~Communications - \
. a . 'v*Jeremy Clark

4
]

éode properties necessary for forwafé erroé corrgc;ion -

in High speedfdigitai communication systemé aré’re{iewed: A
(75,50) double error cdrre;ting quasi-cyciic code’is presented

as a reasonable embodiment of these prdperties: ‘A hypothetical
coded,(éncoder-deéoder) assembl; incorpdraiing this (f5,50)

code is described. Practical considerations for tﬁe ipp1emen%-

ation of the codec are dischssed. An ECL-based encoder prototype,

-2 realization qf the hyqothetica] model, is presented. THe ° .
encoder.circuitry‘and'ﬁerformance at a daga rate of 15MHZ are
discussed. in detail. Design considerations for a matching , .
'dQCOQer‘Aré'presented. Cost figures are develpped for a complete

.

codec package,_together*wjth.pogséb1g futuréfapplifa%ﬁens.
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1.1 Historical Perspective
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» - 'Data- communications- has undergone afi explosive growth

' . . Y N
since World War II, especially.in ghe last two decades. o

' N

Erom'eSSentja11y sjmp]e mgchine-td-machine commuﬁic;tioﬁ R
over “a single channel such as fé]etypg on aﬁ.bpen’wire 1iné;~ e
V{SF networks of integrated swi;éhed digigai'qetwdrks have .
déve]o{édm International standards if;8] havé evo]peh"

él]owing users to-join a nétwork with fhe appropriate data

]

structure and rate. Simple structures at low rates permit_

communications such as tetex, d{gitized'vojce etc. These

. may in‘furn’be multiplexed together to higher“rétes. 'Mere-

_involved structures.at ‘these higher rates allow t;énsmﬁssion
of.comp1ex sigqa]s such as Qigitized'voice afd radar, ér;
‘the multiplexed cﬁmbinatidn,ofxfhousgnds of digl tized vpice .
and data channels. For econdmic. reasons, the trend jn retgnt

years ﬁgs been Fo desigh digital systems with thé‘h%ngst’

. -

.capacity (rate) possib]gﬂ . o
. Parallel with the development of digital'networks, has
been the study of securing data'signaqs from t}ansmiégionf
errprs éue to the ¢ h

L] o l ’
network.‘ Several methods have evolved. One such method is
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imperfect nature of ?hannels within the’ : .
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al information or parity bi;é are added to tﬁe message at

‘ogcurs synchronously with the message, without interruption.

v ‘ P .
A ¢ "

o

.

to répea% the digital ﬁessage several times*(Automatic [
kéh&est Schedei to insure integrity. This proves véry \\ - o
effective and economical at low data rates but becomes S
lTess .desirable at h%ghér rates. Hfgh data Eatés require thg

uninteﬁrupted and §mogfh %fow of data. , . h

This requirement has prompted the use.of Forward . '

ErroréCorrection (FEC) schemes. In these methods, addition- .,

the send end, and decoded with the message'at the receive
end, allowing error detection and correction. ' The process
Table 1.1 Tists common data formats and rates in use ' v

today. Also given are the rates that.would be required if

PO YR s

these formats were rafe 2/3 encoded. T.e. For every 2 bips g

. ) . 'S
‘of actual data, 1 bit of redundancy or parity is added. : %
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System Rate. MHZ
Bell T1 1.544 -
CCIR - 1.544 -
CCIR  2.048

Bell TIC  3.152

Bell.TZ . 6,312
CCIR-. 6.312
CCIR 8.008
CCIR, - 32.064
CCIR © 34.368
CCIR T 44.736
Bel] T3 46.304
IR ' 139,264
» |
Bell T4 274

TABLE 1.1,

Common Data Formats

Period nsec

.
)
o

648
648

488
317

i58 -
158
=) |

" 31

29
22

22

3.7

b

.

.+ Rate 2/3 Encoded -
Code Rate MHZ

[
~n O O > w N [a]

48.

51
67
69

208.

.316
.316
.072
.728
.468
.468
.672

096

.552
-104
.456

896
411
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Period nsec
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32
326
212 .
106
106
79
21
19
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1.2 Code Properties Necessary for High Speed Forward

.Error Correction:

. Y
\- 5 —

4 1

A

, : L -x . \
Nowadays;one would d!fine a high speéd digital systém.as

‘one that operates.OVer\dO Mbit/sec. Examples m}gHt be the

50 qgié§sec cgding system used in, the American Space Shuttle
» : T Y

[C.12], the prapqsed 120 Mbit/sec Intelsat V TDMA system/

[C.5], or the Norwegian Telecommunication Authority 140 Mbit

./sec coaxial Tine system [C.11]. .

Digital system designers seek'to minimize tlie overa]]
system probability. of err&¥ in keeping with budgeteq peﬁform—
ance obngtiWes andlegonomic constraints. System structure§
are chosen'on the basis of maximum 'system gain'. . For
example in a radio or satellite. system, this would mean
minimum antenna s;;e and required.transmitter power. Forward
eeror correction, or simply coding, may be used to jncreaée
this system gain factor.. - . ' | v

In (n,k) linear block cod1ng, 1neom1ng data is segmented
into blocks of. k b1us, whereupon n-k redufidant or par1ty
bits are calculated and added to the block. A continuous - -

stream of data arr1ve;.at the encoder and thus must also

-

.leave the decoder in a like fashjon. Th1s means that the

. * .
coded data must be transmitted at a faster rate than the

incoming data due to the overhead parify bits. Unfoﬁtunate1y
this increase in coded data speed means more{chqnne1 band-

!

4

v
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L e b width is required.. Hénce, depending on the modem format

w R

used (QPSK, B8¢PSK, 16@AM‘étc.), and the channel character-

i

istics (additive wﬁfte Gaussian noise, fading etc.) more

errors will be introduced. ﬁ%wever. the code'has‘errof,
Eorrecting properties, and if more-erro;s can be corrected
than those introduced due to the increase in speed, then - ¢
d net coding gaiq is aéhieigd. This net coding gain concept
»/ is dischssed by AVni and Bh;rgava in [€.4] and Avni in
[€.19]. o C o o
~Sevqra1'gharac§eristiqs of a coding scheme are required

-

x B
if it 1s to fit in a high speed s}étem.- First and foremost, |

o J

- 4it must provide the required net cpding gain in a cost
’effective way, i.e. making it a more desirable alternative
tﬁsn\énétﬁer schemé (e.g. increase .transmitting power etc.).
Exist1n§ literature points to the decoder as the %ajor cost
element in a coding scheme. Hsiao [C.2] cites the requife;.
ments of paré]]el processing and unifo;m gtruéture for ;
ultra high speed decoding. Aé he points out,.the aspects.

1

of low redundancy and high speed operation are conflicting

requirements. Low redundancy usually impﬁies a decoder
s, " B
requiring a long execution time. An example might be a

typical Bcﬁ type decoder utilizing the iterative algorithm

Ead

bf.Bérlekamp. High speed operation reﬁuires increased , 
' rédundancy, i.e. longer code 1engtﬁ5,.with jncreased %ard-
ware requirements, However,’u;ing oné step major%;y 10915 ' .-' i

! - codes, the decoder circuitry can be simp]?fjed to a very‘\ ‘ \ o

- Id
- .



.
Tt
.

uniform stfucture;,w%th\fhe independent and parallel

processing of all decoded bits. '/ -~
. . T \ , . )
Although there may be many %ircuits in a one step

L3 . N
majority logic decoder, as this report will show, they are

A
w?

runiform énd of simple connection. Receﬂt large scale

integration efforts’ w1th high speed circuits will make it
o

feasible to 1mp1ement 1ong shift reg1ster combinations etc.

on one .LSI chip. This will make the hardware requirement of

such a majority legic decodé& trivial.

N

A

].; (75,50) Double Er}or Corrébting.ansi;Cyclic Code

The encoder described in this report, and the matching.

¥ -~

decoder utilize a (75,56) double error correcting code of
‘the Rahman and Blake type, described by Bhargava in [C.1].
- The code is systematic aﬁasi-cyclic and theiexp]icit form"

for the parity check matrix is as Follows:

L

.
RO S—
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The last .25 (50,74) bits-are the parity bits. The calc

A
. Ié‘genera1, for a (75,50) linear block code, the
ggnéné%or'matrix G is given by: |
\ G=[15°',P1k | ) [C.13] -
and th&) parity check matrix H by

H=|(PT, 1251 ‘ ;
Thevfirst 50 (0,49) bits of the transmit co@é vector u
is the message vector m itself. ‘

~

u=mG@

ation of a pdrity bit may be done by inspection of H.

in partipq]ar): ;
EX: \ 3
uif mss i-= 0?49
 Uss=Mes, last message bit %

= p .mFp . :
u49+J pl Jmi pz szf e p4 9 J‘mqro

uso= 1st parity bit = mo+m1+mxsj?{i+mzs+mzs+m34+m4s
.. , \

/

; .
A s -

~

e o s oo s e bicb et s o i
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;The prev1ous example may be ,easily shown with reference to-

Appendix- I, which g1ves the full matrix PT, and the complete

»

.
- v

set of encoder equations.<? . ' ‘

Swnce each row of pT (column of P) contains 8 19y it.
follows that each parity bit is s1mp1y calculated by tak1ng
the mod 2 sum of 8 bits. Hence encoding is un1torm for each
pa;ity bit,.and fast. Afso, the encoding of any‘parity bit

is independent of the encoding of any other périty bit.

N\

Tobdecode the 50 informa;ibn'bits of the 75 bit received

1

code vector U,ﬂone step hajority logic decoding with parallel N

processing is used. This avoids the use of a linear feedback’

¢ L4 . -

shift register. The majority logic equations used to .
’é:d are

estimate each bit can be obtained by. 1nspect1on of-H,

2 e e o B g

inciuded 1n detail in-Appendix 1I.

EX: Mo & estxmate of Tst 1nf0rmat1on bit (decoded value) .
.. Uo (1tse1f) :
- Ui tups tursFuzstuz s tusa tuss +co

“Mo= Maj—] Us+uya+usgs+usq+lagt+uss+uastca '
. Uso+Usa+Uza+usds+Uas+Uso+Uss+Cra
ugtu; 7 Hus g tuUs s tUs o tUg2 tUssTC1

AT O (SR

‘a = 3th
€ UYso+y” J

with a 5 1nput maJor1ty Togic gate and four 8 Input mod 2 C

adders per bit.

- Y
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/
To evaluate' the (75,50) quasi-ﬁyc]ic code, tM?
\u]ated

“—communications model as shown in Fig. 1.4.1 is pos
Data arrives at the encoder, parity bits are calculated and

added to the data word, and thé‘composite code: word is fed

;Y
-

to the modulator. The modulator translates the coded bits
into vahious aveforms, QPSK, 8¢ﬁSK, 16QAM etc: as dictated -
by the channe]’requirements The signail is how fed to the'
commun1cat1ons channe], where additive wh1te Gauss1an noise

of spectra1 dens1ty No/2 is added The demodulator performs

- the inverse process of the modulator and produces the

-

¥+

received code word. The received code word is then passed‘;g




A

n

o

-the decoder where it is aecodéd to produce the receivep
data word. The channel is .assumed to be memoryless and

binary symmetric. That is, errors pccur randomly with .

. b

probability p. If coding is not used, then data simp]y goes

~directly to the modu1ator\zﬁa\emer9es from the demodulator
with the same error probability p. K

Aﬁ the input to the &Ecoder, each‘code,woﬁd or block
Cwill c?ntafn errors, which will be assumed to ba binomially
distributed. [C.19]. Due to the error correcting capability
of _the code, the decoder yj]llcorrect any pattern oé t og'

fewer errors where

t= A'dmiﬁ 1 GI Greatest integer part of
—_— 61 dmin Code minimym di;tqnce

S
i

"The probability of the block containing j errre will be ~

equal to.

.

Probability (j errors) = p? (l-p)"‘,'J

L ]

Hence the .probability of a decodimg block error wjzﬂ equal
[
the sJﬁ‘qf probabilities of j error patterns for t(jcwn

X
[ J AN

n A »
. ’ n > \l - »
Probabildity (block error) = Ea(j) pJ (1—p)ﬁ\?‘

¢

j=t+1 ,

L Tl

e e e
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ding probability of bit/grror, the

assumption is made at on the average, every.n bit code

'

word contains'dmi rrors [C.i9]. Thys, . '

n g
(A
n r-‘ j n‘j / ’ «/.
, dpin 2(3) #-(1-p
V; i . . . /-{ . .
. j=t+] , - ‘ ,/ . .
errors are produced per block. Since there are n bitg per . @
«block, the probability of bit error Pb reduces to: . i
n.,n . ' . P : .
Pb = E%iﬂ ZZ(J) pd (1-p)"7Y ‘ , ’ : -

j=t+l .
For ‘the (75,50) double error correcting quasi-cyclic code,

, dain™>
75' 75 .‘ R -
Pb=5 > (3)pd (1-p)753 | :
78 : :
) j=3
25 x ,75x74xbj p? for p(1..
75 3x2x1 ' : '
- " i ﬂ‘..
=4.5 x 10° p3 : -

The relationship between the post decoding bit error rate

Pb andathe channel error rate probabi]ity p is shown in #,J////
‘ ) ‘

. Fig.1.4.2. Note when p(10°°, Pb is much smaller than

I

S

for the coded case. . : ) .
s P ; . v,
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:T6~estab1ish thé net coding ggin, a particular modem

‘charaq}gnistic*ﬁth*Bé~considere (in keeping with the

—

“Communication model .as postulated in Fig.1.4.1). Fig.1.4.3

. . E
js a-plot of the probability /of bit error p vs ﬁg for a simple
- . 0 ’
ding.LC.ZO]

QPSK system with coherent detection, without co
./ . B
To plot the curve with coding, the following.must be

considered [C.19). At any articuTar uncoded working point

.8

. E ;
[N J VS P the corresponding coded bit energy will be
. U \ !
4

10%0g (n/k)ab = 10log 75/50 = 1.8db lower, due to the extra
: E
parity bits required. This lower value of ﬁg will have
. . of1i
a corresponding probabilit qi bit error Py- However, due

~_to_the error correcting capability of the ‘code, this value .

by

of P will yield a lower probability of error Pg> as given
-

in Fig..1.4.2. ' ,

EX:  For QPSK, | , C
. E ~ . .
p = terfc/ 8 {C.20] L
o0 , 0 , .
erfc(x) = %% eV dy = %ﬁ? exp (-x’)' for x large ‘
x .

¥

8.4db by inspection from graph

hel
=
[
)
o
]
. »

. m
Rl
[t

n”

8.4 - 1.8 = 6.6db

|

erl'l
o T

I |
n

©
1

1.3x10°* by inspection from graph »

o
o
]

4.5x103x (1.3x107%)*="9.9x10"¢
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Hence the point (6

- points can be p16 ted in a gjhilar,faéhion;'and give rise
to the coded curve. The differenceNin db between the

uncoded and qoded c%se, represen '§he net coding gain. -

‘6, 9.9 x 107%) can . be plotted.
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A1.5'Hypothet%ca1 Encoder Decoder'Assembfy

: ?The‘(75,50) double error correcting qudgi-cyclic code,
may be impfeménted uéing thé structure as illustrated in )
Fig. 1.5. . For purpdses of the codec evaluation ohifﬂ it
iiSyassuméd that the various VCO{ data and clock rates are
available tv the decoder. This\rgmbyes the "added comp1ex%ty

of having to build timing extraction circuits, but still

(

permigé evé]uatibn of performance in vérioys cha;ne1
.Eoﬁfigqrations: (Additive white Gaussian noise, fading
;inusoida1 interference etc). ‘
:Data énte}s the encoder processing unit where it 1sifed
in io the data input shift.r;gister (DISR) upon.a 'start'.
command.- After the 50th bit has éntéred (mas), the data
coUpter senées the occuf%ence and signals the parif} cpmmand
unlit. This unit causes the dwtm‘input.shift register to
immedjate]y dump jts'fu11 50 bit word in parallel to the
- code word shift register (ﬁwSR). This dumpiﬁg occurs within
1 bit interval ﬁo that data flows again sequehtiq]ly into ,
the data {npué shift register. Meanwhile the parity bits
are. calculated in accordance with sec 1.3 and loaded_in the
last 25 positions’' of the codg word sh1ft reg1ster The‘

contents are then sQ1fted out at"the code rate, (1.5 x data

. rate). gl

e mng e

i s A R

e Pt R bt
. .



the.code word shift register. After an apb opriaté 'start'

command, the code rate 3%%nter signals
module when 75 bits hayve been received /(..lss, usa). The
‘register is then

full 75 bit content of the code word shif
' /

»qf

E
>

(VISP .
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-CHAPTER 2 \
o : IMPLEMENTATION‘CONSIDERATIONS

2.1 High Speed Logic Families

When it comes to building a high speed logic circuit,
there-are very few comercial]& available logic families that
can be used. Motorola MECL 111 or MECL 10K are two of these
families. The older series MECL I and MECL‘II are now out
of production. Nippon E]ectr{c use in-house a family knowﬁ -
as CML, but not much inYormation is available yet. The
Motorola 16K fémily is second sourced by several other -
sufpliers (Fairéhi]d, Texaé Instruments?, which is very
important for any production considérat{ons. Table 2']-,
summarizes the various properties of these logic fahi]ies.
| F.”8lum of the Rockwe11¢6orporaéion [E.10] annourced
"éome very startling possibi{ities for high speed logic
families using”gé]]um'arséﬁide (GaAs) substrates*instead
of silicon. High‘electron‘mopility anq the semi-insulating
properties of the substrdte'prémise gate probagation delays
‘ bf less .than 100 pico;éconds L.]ﬁsecy. Very -large scale
intégrationv(VLS[)‘of these gates also appears imminent.

However, these devices are not yet available off the shelf.
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of varlous b ding b]ocks The.encoder consists of 2 shift
* ‘\
regi 50 bit DISR and one 75 bit CWSR. "It also ¢

A ' ' 22

2.2 Chotice of Integrated Circuits

YT
-

\

L

*Due to the shortage of high speed logic families to

choose from, selection of thé,integrated circuits for this
.. , . S/

project was fairly simple. Essentially the choice boiled

dowh.to Motorola MECL IIl (family used by Medlin and Bryg C.6),

MECL 10K-or NEC CML. At the time the circuits were purchased,
1t was virtually 1mp0551b1e to obta1n NEC CML (Feb '79)‘
De11very for MECL III was proh1b1t1ve, and the cost of the\
various circuits was approximately 5 to 10,t1mes more\

expensive than the MECL 10K. So. MECL 10K -logic was ordered

as a reasonable compromise.

"The encoder and decoder circuitry is basically a repetit{on

has a parity bit generator-which-consists of 25 é input
ekclusive OR circuits. The processife circuits consist of
a small number of cpunters, and gates, drivers etc. The

decoder consists of 2 shift registers, one 75 bit CWSR and

one 50 bit DISR. The majority logic decoding consists of

4" 8 input exclusive OR circuft% per decoded bit, or a total:
of .200 8 input exclusive OR's. It also has 50 majority.
logic gates, which may be constructed ;h‘several-ways.
Marious éates, drivers Etc.‘are'aléo requireq. Thus in

summary, the major circuit requirements for the complete

\




i3

’

&

_to its immedigie availability, retative low cost compared-

compromise. S

A4

o o

‘ 23
encoder qegéder are: o
A - 2'x 50 bit shift registers and 2 x 75 bit shift registers
B - 225 8 input exclusive - OR gates
C - 50 majority lagic gatés .
D - Misc. gates, countefs; drivers etc.

Table 2.2.1 lists the various possibilities for

implementing the,required shift register chains. A1l possible

MECL 10K and'MECL [IT storage elements are considered (D"
f1ip flop, SR flip flop etc.). The-MC10141 was chosen due

» kf\
to the other choices and f]exibi]ity; . Each chip contains

a universal 4 bit shift register, cgpable of shifting left,

right‘or parallel input and output, AT deco&ing circuitry

is included on each chip. ) , N

Table 2.?.2 lists the vaﬁious'possibilitiés‘for '
implementing the 8 input exc]usivg-OR:cirguitry. The MC10107/
10113 are opfimum from the low cost point of view,(but
require more IC's and a ot more wiring. The MC]Ol7d.is the
next log{cal choice, as it is the cheapest IC with the

minimum #'s required. However, it ‘was unavailable at the

time of purchase. The MC10160 was ordered as a sensible

[
.

.-

-
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2.3 ECL -Basics - Y S gl
L "'.“‘ \ g / ‘ . ) .
As mentioned in~Séc.2:2,due to economic and delivery

+ O

' ~considerations, MEGL 10K logic was purchased for the codec.

The 10K logic series is a toned-down version of the MECL III
‘series. Speed is traded off. for much lower power dissipation,
and decreased crosstalk. Fig.2.3.1 shows the essential g

gate structure used in the 10K fami]y.,[E.Za](

o y C oVee,
. : - RC1_RC2 ¢ ] Cenitter -
"Multiple - . % ‘ Follower

Inputs - 2205  %as[ PR 8 Ot
B 3 v
gl N onoR
Bias ' s oo

v \

Network .

Diff. |
Amp.

‘ oﬁw 50k | 950k S 779RE 35898k Vo= oV |
‘ —t - kI 1,2
oA $B, AC’ <Ln ' 1VEE N PP Y, B

Inputs ‘ \ .
ECL Gate Structure

Fia.2.3.1

i

o

. Each gate consists of a differential<amplifier iﬁput
! .- , ,

circuit of.high impedance (apgrox. 50KS2pulldown resistor,

.

3'pF~cap.), a temperature and voT?age comﬁensated‘bias
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network, and low impedance emitter follower output

(approx. Zfi). The high input imbedance allows high fan out

-

-operation. Up to 4 or 5 gates can be fed from one output,

but beyond this, capacitive loading corrupts the rise and

“fall t1mes of the waveforms

The 1nput pulldown resistor allows unused inputs in most

cases to remain unconnected ("0"). The low output .impedance

is very useful for high speed. operation, and allows easy~

connect1on te 50fNLcoaxial lines, or wire wrap above a suit-

~able ground plane. Logic levels are as fo11ows

v (-0.960V,-0.810V), -0.9V typical. Noise Margin 125mV
"Q" = (-1.850V,-1.650V), -1.7V typical. Noise ‘Margin 155mV.

- [

the that the emitter follower outputs have eomp1ementary

, L]
-UR and NOR outputs, so that. in most c1rcurt®monf1gurat10ns

additional inverters are not required. s .

Several parame@ers mdet be careful]y considered when‘
using 10K logic, due to the high épeed ofzoberation. These
are:. gate 6ropagat1on delay, rise ?nd fall time, set-up
and hold #ime. These are illustrated and defined in
Fig.2l3.2. The gate pwepagetion delay, is a measure of the
time needed for a waveform to propagate through a given
logic device. It is.measured between tﬁe éo% points. The'
rise and fall times are measured between the 20% and 80%

points as ,opposed to other families where they are measured

between the 10% and 90% points. This 1s due to the built-in

A

b

S i e i ks o b e S oo
= .

[P VT

PRI PR



roundness of the waveforms'. The set-up time is the min-
imum time that-a data signal must be present at a f11'~p
f]ob (/hence shift register) 1npuf before the transition

of the clock pulse, for proper operation. The hold

.time is the minimum time after the clock transition that

the data signal, must remain unchanged at the input. For

10K logic, the gate propagation delay, rise time, fall

time and hold time, are tyb'ically 2 nsec. The set-up time

is approximately 3 nsec. (See Tables 2.2.1, 2.2.2/)“
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2.4 Tircuit Layout . : . .

L Dug to the hiéh speeﬁ (radiﬁifrequency) nature 6f 10K
1ogjc,\carefu1 cirquit’1ayout is .dmperative. To implement
thg codec, specia]i{ designe? ECL 10K logic panels are -

employed (Augat’ type ECL 21-180)." Fig.2.4¢1 shows 3 such SR

panels.

L4

Augat ECL 21-180 Logic Pandrs
el Fig.2.4.1 B

[ 0

These panels are of the wire Wrap type, with 3 ground p]anes.

The f1rst ground plane is on the IC s1de,4and forms the VCC

plane (O volts, pins 1&16) The second ground . p]ane is on

_ the pin side ahd forms the VEE plane (-5.2 volts, pin 8).

The VEE ground plane is a]so‘u%gd for-the signal (ac) grouﬁd,

as it.is the quietest. The third ground plane is sandwiched

?etmfen Fhe VCC and VEE p]angs,‘andnforms the VTT plang (-2 ythg).

2
. N

S \ - : . )

- ,

~

o -
- "“’"‘“"““"Mlmﬂ&mﬂ ! !ﬂ"“""‘_’" s
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Any interconnection between ECL-10K integrated circuits

pbses a transmission line problem, due to the edge speeds

invelved (=2 nsec). Fortunately the use of several technieues
. greatly simplifiesy the problem [E.3,4*51; Us{eé #30 wj?e
e | (typical for wire wrapping, 1°nséc = 6 inches) over the VEE
‘gfouﬁf plane results in a line impedance within the range of
100 to 120;1. A sihgle wire run froﬁ one , IC to apother and |
terminated in 1éQr1to the VTT plane, resu]ts in a good maéch,
with ¢10% ringing. Jhis termination a1so serves the dual ‘
‘purpose, from the DC point of view, of a pul]down :ﬁg&stor
(all emitter coupled outputs are floating!) These 120.ML ‘
termxnat;ng pu1ld0wn res1stors‘9re conta1ned in single-in-
11ne resistor packages (SIP), one Slé between two adjacent

IC's. Each SIP contains 7 resistors, the common point bewng

brought' out on_the 8th pin to the VTT plane as in Fig.2.4.2.
' ) . ‘< ’

; 120 }
P % 3
¢
./\.\!1 |2 3B 15 '6 t? P _

N ' : -- " To VTT ,

. 120N\ SIP Conneq}ion .
.o - Fig.2.42 .
) /'.’ '
’ >

e a5

ok o
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| . R .
Several IC to IC modes of connectiom are used, and-are

illustrated in Fig.2.4.3, ,For a simplé cbnnection of 1
6utpu£ to 1 input, thg'terminat%ng-buildown resistor is
‘placed at the re;gfving end\as in g,ﬂ If a multiple-
connection is to be made, and the length of- the largest
connection fs {5 inches, “then the terminatfﬁg-pu1]dbwn
resistor is placed at the send end as in b. For any run

over 16 inches, i.e. one board length, mihiature 50 coaxial

line terminated in 120/must be used as in c. A1l delay

1%nesbére implemented with a series damping resistor as shown

.in d.

For circuit monitoring purposes, a‘separafe gate outpuf

&

M

-

must be used to directly drive the monitoring instrument. The
~gate shou]d‘be connected by miniature épjmco;x directly ‘to the

th>irument, and terminated in 50r.. .This is shown ia ¢.(Note:

jﬁst bridging'an instrument arbitrari1y?‘say a TMNL/20pf scope .

. A%
on a line, produces excessive ringing and makes mgnitoring
impossible). =~ = e ‘

\

N - -
’ . N




. Monitor
/:e_ - Monitor Point

ECL 10K IC to IC Interconnection

Fig.2.4.3

-
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\\// . _ - .
= 430 wire D’Rx
r7r 777’z 7 777 . -
O
' A
b - Multiple Outpit Connection, dmax { 5" ‘
‘ D_;g;nin coax RG-178B/u § > -
O g /,//)///./ - . I
< Voo (=5.2V) N 120
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2.5 Experimental Set-up ‘
3 : ' ' o . _ .
Fig.z.s.lfillustrates the experimental set-up to be ..

+

‘used to _evaluate thF codec performance. ECL requires 2
/ . ’

voltages: 5.2V f~or'VEE and -2V for Vi1 with regulation

better than 10%. A Lambda LNS-P-50V power supply provi&eé
| the -5.2V. It has a 22A capability, with line and.Joad S
‘regulation of .1% and-1.5mV rms rippie.. A Lambda LCS-CC-01

provides the -2V.. It has a 9A capability., Separate sets of

fused and metered power supplies are provided for both the

encoder anq decoder. Each set has a Eépabi1ity of powering
“approximately 300 ECL 10K ICs (100mA/IC ex: MG10141 etc.). -

_ As mentioned in Sec.1.5, the encoder provides all timing .

e s s s i+ e,

inféﬁmation directly tgﬁthe decoder. Q%;e channel consists of °
a simple addition circuit (resistive a ér), with én adjustable
.  white Gaussian-nofse\§ource (ex: 2xHP462A wideband ampWifiers
.in cascade, with 1st amplifier input unterminated). Dﬁe to

B

. \ . .
. financial constraints, it was now possible to purchase

R R, T L e

equiphent for the channel, or for a high rate pseudo-random

[

'data generator. For that _reason, a compact pseudo-random
genera;gr is implemented as part’of the encoder circuit. To
ev51uéte the codec peqforménce. it is simply a matter of

. comparing the trgnsmitted message vector m, available from

ot et o

the encoder (and suitably delayed), with the decoded méssage

~ s \
vector m. Differences are recorded on .2 counter, and hence ..

the error-rate performance can be calculated as a function of

t .
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the level of additive white Gaussian noise.
All circuit mon1tor1ng is done with-a Tektron1x 475

-1

osc1loscope, w1th term1nated coaxial fittings as out11ned in .

k]

\/,;hg\ffev1ous section. Instrumentation censiderations [E.2b]-
dictatq the measurement system response time should be
approx1mate1y 10 times better than what is be1ng tested, Thist
meanv’for fFaithful waveigwﬁ reproduct1on, a scope needs a *

bandwidth and a 1.8 nsec rise time. This means .for a

real rise time of 2 ns, the observed rise time is:

trobs‘za/ tz rDUT «///* 8) + (2)

!

2.7 ns

2l

where
trobs = observed rise time on scope
t = measurement system rise time

rs : - . .

t , = rise time of device under test
rpuT : '

Note tHat this is 35% longer than the actual .value. This
factor must be considered whed measuring actuc! 7Lj “7TK°
rise times. It is not necessary, however, when measuring

»

‘circuit delays betweeﬁ equivalent amplitude points on a

1

waveform. Fig.2.5.2 illustrates the rise time of 10K pulse

. displayed on the TEK 475.

rise tgme of approx. .2 ns for ECL 10K. The 475 has a 200 MHZ .

,
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5 ns/div. ~
%

v ECL 10K Rise Time
' Fig.2.5.2

v
Y e e ln vy A e

N

Note: ECL 10K waveforms are measured from 20%-80% points,

T S . et et e e

- Yt 1.4%x2.7 = 3.8 ns, 1.4 approx. 10/90 to 20/80

[vo ‘ ~ correction-factor, due to !
: ‘ . [ waveform rounding. ;
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CHAPTER. 3
ENCODER DESIGN

./ - - S | k‘.

3.1 Detailed Functional ;

F19.3.1.1 is a-detailed block diagram of theacomplete '
encoder. It éonsists‘of 5 independent parts: the data input |
sh{ft register (DISR), the céde word shift }egistd‘}(chR),
assocfated shift register drivers, the parity bif generator
(PBG), and the eneoder processing unit. The encoaer proéess—,
iﬁg unit consists of ; time Pase, data counter, pseudo random .

binary sequence generator (PRBS) and parity command unit.
N To eliminate the need for coskly external generating

equiiment, and lengthy setup time, the encoder features a

built-in time base and pseudo random-generator.' This means

all clocking and data waveforms are available directly and . -

retain a constant phase relationship to one anothe?, as they
" are derived from a master'osci11ator. The pseudo random

geﬁerator,a}éo provides a direct means of real time testing

any shift register sequence, using a regular analog oscilloscope.

A1l ﬁecessary wavegor;s dre available to‘the decodef via
external monitor points. ‘ ’

Fig.3.1.2 shows the eésentia] operating encoder waveforms.
4Their exact generation and properties are diécussed,{n more
detail ﬁn Sec.3.5." The data clock applied to the DISR is
shown‘iﬁ a. Upon the‘positive going edge-of thexélock, déta

is transferred one bit to 'the right. Note that after the

-
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5
s

,50th.pulse\(49), the next block of 50 data{bits~énters the
DISR. The DISR shifts continuously to the right. The CWSR
clock for the first 50 positions (0,49) is shown in'b. Note
that these positions shift right continuously at 1.5 times
the data rate (code rate). After the 50th bit has been loaded
into the‘DISR, and upon receipt of the 75th (74) CWSR clock
pulse, the CWSR S2 (0,49) signal goes to "O" as in c. This .
tells the first 50 bit positjons of the CWSR to parallel loaé

' data from the DISR. The CWSR clock waveform fqr the last 25
posiiions of the regisfer_i§ sthn in'd; These positions

4'sh1ft uniformly to the .right ?t 1.5 x data réta (épde rate)

as the first SQ positions. At the 75th clock poasition,
there is a double c]bcktﬁulse, however. The first pulse (74A?‘
té]]s the registér to shi%t the last or 75th code bit into
tpe chann31u‘§The second pulse (74B) te]lsvghe‘ZS bit positions.

.(50,74) to parallel load the 25 parity'ﬁits of the next data
word. Note that this paral]k] entry is triggered by'the.

CW%? $2 position going to."0".as in e. '

\
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-»
: nth Data Block - > | € (n+1)th Data —
. Block
n]lr . . ' .

—_ a DISR Clock . )

II\'l no¥

‘

o dn | dn L P2 1 s L 1 b L S ]

b CWSR Clock (0,49)

3
ll] " , i
l'oﬂ { } . . . “‘
c CWSR S2 (0,49) _ o
nyne ' \ P ‘ o
do | dn |2 | s ;4 g4 o L
. , , . 4
N d CWSR Clock (50,74)
"] " ‘
lloll ‘t I \
. | S,
e CHSR S2 (50,74) . * . \ ' A

Encoder Clocking and Loading Waveforms

[

Fig.3.1.2
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1
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3;2.Data'Input.Shift Register (DISR) and Driver
\ ) . - .

. -
[ . .
) . .
i |
. - . . '

Data Clock
IIOII i 1Q.4 " - “ 4
Wiy 51 ?, T CE s S
s S2 . p2 . 1 S2
Data Input————) R | R D_I—) 100 s o
) B3e2Q1 3Q2Q1 , 1Q3g2
Al ‘ T, v . .
: Mo /M Me /My - Mesl/Meo '
< To CWSR >
, ,
) Data Input Shift Register
( Fig.3.2.1 '
a ;
\
[4 . ”
,' .

input

13 MC10141 IC's (Fig.AIII—]l}/ Each MC10141 IC contains a

universal 4 ®it shift register. Only the first two bits are

used on the 13th IC. This register shifts right continuously

as per sec.1.5, and is programmed by hard-wiring the

5
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random generator is cdnneétéd to the data input"on the 1st
IC at pin 5 Each subsequem{ IC is wired in series w1th the
prev1ous IC, the data input pin § connected to the 1ast

output Q0, pin 13. Each MC10141 IC has,separate buffered—.

outputs from the 4 flip flop storage elements, Q3,Q02,Q1 and

QO: These outputs, which represent mp ,m ,m: etc. are wired
directly to the cgr?qsponding inputs of the code word shift~
register (forming uo ,u; ,u, etc.) as shown in Fig.3.1.1. |

The clock gigna] for the 50 bit shift register is praqvided
by 4 separate gates, as in Fig.3.2;2. Each gate drivesl3

-separate IC's, with thg~fourth driVing 4 IC's.

- %

. 4
"My . .
Data CLK From o | ,
* Time Base ::::>__________ DISR A5-A3 (3 IL's)--
D.'“_ DISR A2-B5 (3'IC's)
Hctotod :  DISR B4-B2 (3 IC's)
e DISR,B1-C3. (4 IC's)
— - |
DISR Clock Driver :
Fig.3.2.2. \ ’

Foglactual wiring see Fig.AIlI-3. The 1ndividu?l‘lc

* locations :on the 1ogic pane] are shown 1n Fxg 3.6.2.

“”
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7

~y
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K L . . ' o
3.3 Code Word Shift Register (CWSR) and Drivers .

4

Fig.3.3.1 shows the tode word shift }égister. It consists
of 20 MC10141 IC's wired in casJ;de. The regi%fer is divided
i&to two functionally different sections: the fj}st 13 IC's
receive‘pa?aﬁ1ez data, from the DISR-(mQ,m,,..maq) and the
last 7 IC's are leaded w%;h the ca]cu]ﬁted'ﬁ@rity Lits 0

(usolys:..\u7;). For actual wiring djagram, see Fig.AIIl-4.

Note there are two clocking signals, the CWSR CLK (0,49) for

" the ‘ﬁ}st 13 1C's, and the .CHSR CLK (50,74) for the last' 7

IC's. There are similarly 2 shift right/parallel lToad o

controls CWSR 52L0;49) and- CWSR S$S2(50,74). The buffered

oufputs of\the‘first‘J3 IC's (uo,Us,..Us5) provide the

“dinput data'fo the'parity bit generator, :t0 enable ca?qu1atfon

3

of the requ1red 25 par1ty bvts ) K 5
The 2 c]ock s1gna1s and sh1ft r1ght/para11e1 load

tommands Fre provided by the drivers shown in F1g.3.3.2;

 Each gate drives 3 separate IC's, with the last driving 4

* .
< *
.

IC's. For actual wiring, see Fig.AIIf—S.\ The individual

\ .
IC locations on the logic panel are shown in Fig.3.6,2.

et A& e marn & o ek et b
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3.4/ Parity Bit Generator (PBG)
——From CHSR___ To CWSR , From CWSRe . To CWSR
Uo Uy UpaUyeUssUasUsalas - © Uso ‘ UsUroUzoUz4UssUszUsrUay - Mg
. ‘r‘
\f
N
i Us o ’ U7a
. -1 >
1
/ : .
MC10160 | MC10160
' ’ Parity Bit Generator ~

iﬁ@; Fig.3.4 - N ) e
&
Fig.3.4 shows the‘parity bit genetafor. It consists of
25 MC10160 exclusive -OR IC's (Fig.AITI-2), one per parity .
bit. The inputs are takeq from the buffered outputs pf,the )
.CWSR, 8 inputs per parity bit. These inputs are given in
- Appendix I. The outputs are loaded into the ladt 25 positions
.of the CWSR as ﬂisFussed in Sec.3.1. A]though'there is a '
continuous waveforﬁ at the output of each IC, only the va1ueh
during the 75th code clock pq]sé is operatiQe.. Fﬁr actual
ﬁ\wiring diagram see Fig.AIII-6. ' "‘. - T

A . . ty._

J !



3.5 Encoder Processing Unit ) 4
s ’ h ' < \/

As discussed in Sec.3.1, the encoder brocessing unit

~

genefates,a11 the necessary data and control functions tﬁ;%t
subp1y and operaté éhe DISR aﬁd thé CWSR. fts\prfncipa1
components are: a.time base, data counter, pseudo random
b{nary sequence generator and périty command unit. They are

described in the following subsections.

°

3.5.1 Time Base ‘ '

e

L) v

‘ “

The time base is shown in Fig.3.5.1. A1l waveforms are
dgriVed.froﬁ\tgg master oscillator. The master ascillator
~ - 1 N N ’

% an MC 1648 IC, free running at 45MHZ. . The free running

‘frequency fo isxgiveh by: T

.I ) ' I \

" fe=' 2#JL(C+C shunt) ; € shunt depends on setup

L= 7 turns #24 wire, on a SF(6) T50 core
So LS 40pH7100T = “196pH/7 turns, 577 /100%. [E.9]
C~= 27pF ‘
- L 2
fo = ] . -

24,/.196x107° x27x1071* _ = 69MHI.

AThi§ indicates that the éhyﬁt capacitahce is approximate]y,
of the.same order as the tank capacjtor, to yield an output

of "45MHZ.

e At e e =

T8 a4 M R Rt 1 7
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. The MC1648 s designed.to operate_as a VCO (hence phase

lo ked) by éddition of suitabld varactors. Thus, if necessary,
thg oscillator can be synchron1ied to an external clock. And
gate buffé?s provide the VCO to the rest‘cf the circuit and-
‘to the parity command unit. (

The data clock is obtained by dividing tpe VCO by 3
(15MHZ). This is aFcomp1ished-by using a modulo 3 ring
counter [E.6,7]; implemented by an MC10135 dual JK flip flop.
The code clock (0,49) is obtained by dividing the VCO by 2
1(22.5MHZ). This is perf&rmed by a simple flip flop, imple-

) ! .
mented by % of an MC10135. Note that the MC10135 uses . '

~ complementary inputs J & E' vs J & K"‘e;d'gates'provide
bﬁffering for feeding othér circuits aﬁd‘monitoriﬁg.

Depending qn thg initia[ states of the'flipﬂf1ops, the
phase re]itionship of tﬁe %2 and %3 outputs may not Be as
giwen\in Fig.3.1.2. If this happens, the circuit mustlbe
turned off and powered up again, uhtil ;he co%;ect relationship
appears (Sec;3.7 explains further).

‘The complete wiring schematic is given in Fig.AIII-7,

N '
~ -
Bt s RSP I A b N b R Il % %
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1

by

Data’ (LK

3.5.2 Datq Counter

From Time
Base

[ .
The data counter iscshown in'Fig.3.5;2.

occurrence of the 50th (49) data clock pulse

!
4
Timing-

51

;Data CLK

"*‘ ‘}+—j 11ns

Q3 . Data Frame
To Parity
-——*ﬁ702 ' Command Unit
C1
MC10138 - MC10138 ﬁ

%10 ’ ©%

.Data Counter

Fig.3.5.2 "

;

It is.

o

It senses the

implemented by 2 MC10138 bi-quirary counters w1red in cascade,

the first %10, the second %5. The output prov1des the data

frage pulse for the parity commaqd ‘unit.

" for the wiring schematic.
. [ .

i

\See FJg.AIII-B

e
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3.5.3 Pseudo Random Binary Sequence Generator

ll" "

MC10160 @ f S PRBS to

' P - Panel
‘__-_———_<:::1k——- ‘ s .o - )QEELEE& 3

PRBS to

D Q D Q D Q f=——D Qf—pra DISR
, , ' Opt
CLK CLK | ~ CLK CLK : S |S,
"Data Clock MC10141 Right =
From Time
Base

e

UL

1 2 3 4 - 5 6 7 8 9 10 11 '12 13 14 15

Pseudo Random Binary Sequence Generator s,
I Fig.3.5.3.1 ’

i

iThg pseudo-rénd6m binary Séquence generator is.formed’
froﬁ a4 stgée 1inear'feed5ack shift'ﬁegister, qsiﬁg an:
MC]OI41 IC. To generate a maxima]xlength,'orln sequence
the feedback taps 'are taken from the 1st and ﬂth posifions
‘as shown in Fig.3.5.3.1 [C.14i. The output sequenﬁé is =
2™ = 2%1 = 15 bits long.and is as shown.

The primary purpose of tﬁe gene;ator is to provide a

simulation for data, and yet have a set pattern to enable-

A

PR

PEEOENIH
B

[ T R
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‘ ‘
’ ~

test1ng of the various modules, DISR, CWSR etc. For exa ple;.'

after 3 b]ocks of data, or 150 bits, the 15 bitmsenuen:
starts again at exactly the same Position (150/15=10). This
makes it easily verifiable on a suitab]e\oscijloscope. Longer
or shorter patterns do not give this effect and make testing‘
diﬁf&cult (Nhen a11’c1rcu1try of the codec is tested 100%,
.the generator can be easily mod1f1ed to produce 1onger
sequences -to measuré bit error rates in a channel etc.,

although this is not the primary purpose as stated heré.)'

The power spectrum of an m sequence is g1ven by

S(f) = p+ﬁ s1nnft1 f - n +'1‘(f)
‘/ ‘"fto_] to.
. - | n=-o
n*0
yop o= 2"1=15 - ¥
to = | o= 1
" data clock -15MHZ
S(f) = 1.14 [sm ﬂf/]SMHZ E: Lf - nx'IMH_' _l___ )
‘ = f/15MHZ 22 ‘
. . ) ' N= e . .
o n+0

v
Ed

The spamrum is shown in Fig. 3. 5. 3. 2. Note that the ’
1nd1v1dua1 lines spaced at -IMHZ,: w1th the (sin x/x)’ro]] of f,

with the first null at 15MHZ.



Power ‘Spectrum of 15 bit/15MHZ m Sequence

Fig.3.5.3.2
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M

" 3.5.4 Parity Command Unit

L

Y

The parity command unit geﬁérates the 1oa& aﬁd clock
rommands for the CWSR. The compliete.set of waveforms is
shown in Fig.3.5.4.1, together with their de%ivation.‘ The
togic diagram is shown in Fig.3.5.4.2 with the corresponding
waveffrms A,B,C etc. mari®d. The wiring schématic is shown
in Fig.AIIIL10. J o

Essentially 3 waveforms have to be constructed. The
para]]e] load command for the ?ﬁrst 80 bits pf’the CWSR-CWSR
s2 (0,49),. the para]]e] load command for the last 25 bits

"of- the CWSR-CWSR- S2 (50,74), and the compos1te clock for
the last 25 bits - CWSR CLK (50,74).

CwSR 52 (0 49) The data frame pulse E is de1ayed by 23ns,

“and ex-QR'd with itself and then gated by itself, to form
the pulse shown in G. G is then inverted to form H. His
the required result. as it is in the exact position relative
to the data and code clock pulses to.parallel load the 50
data bits into the CWSR.

«d

CWSR 52 (50,74) The F waveform (D delayéd 23ns) is further

delayed by 21’ns. This 1is ex-ORid ith itself and then gated
be itself to f&rquhe pu]se‘shown inJ. J is thén inverted
fo,form K,'thernequired rgsu]t. Note that the 25 parity

bits are loadéd‘on,the 74B clock pulse.

CWSR CLK (50,74) .The G and J waveforms are used as gates
to select .two clock pulses L-and M in the 74th clock period.
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‘A b1ankiﬁg waveform (data frame ex-OR'd data frame delayed:

44 ns, and gated data frame) sets the f4th c]ocﬁ perﬁod

1)

: . , " A
"blank as in P, where upon the 2 clock pulses are added to

form the required composite form of Q.
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Encoder Chassis . . 8
S ; Fig.3.6.1 - ‘ ; -
K L . N .
. N .

¢ .

Fig.3.6.1 Shows the cohp]eted‘encoder chassis. The Augat

. q . -
logic pana}“is mounted in the chassis with pins facing upwards

to facilitate changes and téstjn§:>~ﬂh§ﬁﬁl%~muffin fan is

mounted on the rear of‘the.unit and must be operated when- .

ever the panel is p6wefed (1C's wiTl burn up othenwise).
‘ e ’ o

The gepafate VEE‘and VTT power connections to the logic

W b . | L

.
.

\ . . ' . !
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- oUt to unterminated BNC terminals on the front face. To

.use'delayed sweep). As mentioned f\gSec.3.5.J, the proper

e

~N__ /O o
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. ' \

panel are first.brought out to the front of the unit and

fused. The connection fo the actu§1 pbwer supplies is ﬁade

at 1Ee rear of the unit on terminal strips provided. To'ease
operation, the‘VEEand ViT
unit powered from -5.2V alone. This, is a simplification

buses are‘stfapped together and the

. L v,
.and does away with~using the‘VTTsupp1y., The drawback is .

the increased power consumption and circuit heat dissipation.:

“Al11 the various circuit monitoring points are brought'
- A

re

mohitor a particular waveform, a 50fLcable should be run
;nd,terminated at the instrument in 500.. For oscilloscope
use, the 'frame' pdiﬁt is used as g trigger source (then )
phasé relationship must be present betweén the %2 and %3
circuitry in the time basé. Thus, the unit may have to be
powefed onl/off §evera1.times before an output/appears at

thé 'code out' position (positive check will shpW’correct'
position of the code c]ch pu]ges 74A & ‘74B. . In the ingorrect
position they overlap with 73). | o

~  'The exact location of any IC is detérmined froﬁ

Fig.3.6.2. The DISR, CWSR and PBG areglpcafed jﬁ the top

[ 4 .
left hand corner of the panel, with the other elements

’
3

in the boftom right hand corner.

]
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3:7'Encoder Performance

Some of the most important characteristics of the
encoder may be seen in Fig.3.7.1-3.7.6.

Fig.3.7:1 shows the data clock (15MHZ) vs the code clock
(22.5MHZ) at the output of the :time base. Note the code

clock ijs 1.5 times faster.

Fig.3.7.2 shows the CWSR S2 (0,49) command, which tells

. the CWSR when to parallel load the 50 bit data word into the

. )
first 50 register positions. It occurs as shown in the 75th

code clock perﬁqd} when-all code bits except the last one

dn position uss have been shifted into -the thannel. Code

: ¢ ' ' s ‘ P l
clock pulse 74A shifts this last position into the channel. . |

Fig.3.7.3 shows the CWSR S2-(50,74) command, which tells

" the CNSR'when to' parallel 10ad the 25 parity bits. Note that

it occurs after code clock pu]se T4A, wh1ch sh1fts the 1ast
code b1t 1nto the channel Code clock pulse 748B 1oads the
25 parity bits.

+ Fig.3.7.4 shows a comparision between the data in and

~ the coded data out. Since‘the-code is 'in systematic form, -

N

the,codedndita outgyt,is separate.from the'parity b%te. 4ﬂbte

the compression due to the higher (x1.5) code rate. {Only"

data is shown). | { . | |
Fig.3.7.5 shows the 1ast 19 pos1t1ons of the code word

show1ng only the var1ous parlty bits.

i
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Fig.3.7.6 shows a compiete code word with ‘50 data
bits (PRBS pattern) and 25 paritx bits. The pattern repeats
itself exactly after 3 da;& frames, as the 150 bits is-

exactly divisible by the m sequence length 15.
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CHAPTER 4 '

DECODER DESIGN . ' .

A

4.1 Detailed Functional

a

Fig.4.].]IShOWS the complete decoder design. As mentioned

previously, extensive use is made of the various ‘encoder
waveforms, specifically the zode é]ock (0,49), daté c]éck; and
éWSR"SZ (50,74): ‘This removes the need for local timing]
regeneratién which is a separaté problem.apart from the .

evaluation of the codec performance. The major components

“

—are the code word shift register (CWSR), the majority logic

décbdéﬁ (MfD),vthe data ouibut register (DOSR), associated
drivers and the decode} processiﬁg unit. -

Thg impo;tant decoder operationa] waQeforms are shown in
Fig.4.1.2. Note that alf encoder waveforms received by tHe-
decoder first pass through adjugtab1e He]ay networks so that
any arbitrary -'channel’ can be constructed,*and thé-qaveforms
retain their proper phase relationship. o

The code word received from the channed is .corrupted by

noise, interference etc. Thus it must first pass through

"+ a voltage comparatbr'which samp1e§ this signal at the 'code

t

rate, to produce a 'clean' waveform. This then passes -

. directly to\thé CWSR. _The CWSR is.continuaﬁly shifting .right

at the. code rate. It is hard wired to the majority logic

1

- decoding circuitry through buffered haralle] outputs. The

output of the majority logic gates are hard -wired to the
para]]ef Toading inputs of "the DOSR. When the 75th code i
\ ‘./‘

¢

.. i o rae <

©Y SN AmBabe v —

- e et 207 e e

e v St A
0
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bit has been loaded into the CWSR, the CWSR S2 (50,74)
command tells the DOSR. to parallel load the 50 estimated

message bits. This occurs a sufficient time after the 75th

Eode c]oak ﬁu]se (74A) to allow proper majorit¥h1ogic
decoding. Note that the outputs gf the MLD a;e all spdrious
unti1\£he‘75th’clock pulse period,\whén they form the
estimated messagelbitsw The DOSR then shif{s the decoded

message bit out at the data rate.
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v o

4.2 Code Word Shift Reg¥ster.& Driver R . L e

I
v
’N ;
. .
o .
. . .
i

.
a '

N ?
2 3

-

CWSR CLK (0,49) «
from Driver :

"0" | of _ ' s oL ' ‘
wpn LSTR i S ‘ e IO 2
zys2 spedse | ' " 152
4 Code Words . |
. _TW DR ’ - S DR 0-——9 R _ADR N B
* Comparator ' K oo R |
| 03020100 | lo3n20100° 03 02 Q1 BN
e . sl2hs | A Y RE b ’ : ‘
’ ' | u: Ur Uz Us \ Us Us Us Uy ) Uz Upalzs
‘ - S T maoa
{ ° [ =3 ’ PR
. To"MLD L 1
N ® :’
' Code Word Shift Register

Fig.4.2.] , | ‘ /
Ca\. s

R . e

'Fig.4.2.1 shows the construction of the decoder CWSR.
The 75 bit (Uo,uUi..us4) register is formed by wiring 19 MC’
10141 IC's in cascade. .Only the f\Pst 3 bits are used on the pd

e Sian e e

19th IC. This register shifts r1ght cont1nuous1y at the code

clock rate (CNSR clock(o 49)) and is ‘brogrammed by hardwiring

c 4
the S1 1nput to "0", awd S2 to "1". The code word output from !
t , i
- the qomparator is connected to the data input on the Ist IC, - i
o ' K " . ”%
. ‘4 z
T i
|
; - 1
0 A‘ 1 %

4
S
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fk/ at pin 5. The buffered parallel outputs Q3,Q2 etc. are hard
o . £
: {( < wired to the cﬁoﬂesponding pins of the MLB}‘.
e — @ N
s n J o
ku'u R T
. N . @
' . ‘-3 Ic's '
& - . R ! —D_ 31IC's L
N u'ih ' ‘
OWSR CLK L "} 3IC's
-+ (0949) Jﬁ_} . h ° l N
From DPU | L=~ -
) D_ 31C's ,
11— ° ) -t n |
‘ 3 IC's 0 .
3 - . .
:* & ¢ ]
{ ; 4 IC's .
' N 'ﬂ !
; 2X MC10104 s o /
’ : 7 CWSR Driver o 'o
N R . Fig.4.2,2 ,
A.._\“ t . . . Q
. ‘ ] 4 ‘
; ¢ . )
" ‘ ol * o - .
A “' . ‘ -
e o - . ’/;,,,,\ | o
Il- :‘,'J‘,‘ ) . -_'A' " ‘ L /»“ f: ;/ “’ l * * /
, % Fig.'.g‘.'Z."Z spows the ¢lock driver for th 'C~}\¢J/S'R.(, The code
. ' ‘I' " clock f'r""om the DPU feeds a.abala‘ﬁced tree structure formed by
’ " N 3 4 ; ’ i N
S| 2xMC10104 1C's. o : ‘ -
: ‘ ) . o D ! y . . -,
o A 'Q " S \ .
| s s . ! " !
N ‘; L) . + “

72

U
N

15

I N

Vﬂ

e -




e dpwr, ey atem b e

[y

73
“

@(g/agjority Logic Decoder (Mu%»;,

"The MLD circuit is shown in Fig.4.3. It is.a straight-

. forward hardware implementation of the decoder equations given

1£ Append1x II, using the majority logic gate as des1gned ind
Appendix IV. The R1 and RZ values may have to be exper1mented

with, depending on the particular board layout. (Ratio must .

be .24, recommend using combination™f a fixed resistor and

. “
quality variable pot for R2 to set thnghold exactly). There e\

are 4xMC10160 EX- ORxs and $xMC10103 per decoded bit, or a total
of 200.MC10160° and 13xMC10103 IC's. Any ECL gate ‘could be

used for the majority logic gate (MC10107 used in Appendix

¢ .
IV), however, the MC10103 has -4 gates per package, and the

use of the "OR" funcf&gp allows the 2nd gate 1nput‘to be left
unconnected. The outputs of tpe‘magor1ty gates parallel load

- o
into the DOSR. , . ) r

ot

o
Dbl
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4.4 Data Outp%t Shift Register (DOSR)
ﬁ r
‘- From MLD —> ‘
) ;bl;,;;,r;, My Ms M My My o‘b

I ~ 1.

2 - ]t.

CLK L 2 CLK

L M3

. =>4 D3 Q0 H4* ) @ s
‘/’ .' Pata -
- 5153 L3R s152 0R s152i0T¢.
CWSR 2 =57 ol 7 EETHEE] I
(50,74) lloll 'Iloll nnn Mm
From Driver
Data Output Shift Register
\ Fig.4.4.1.
\ A

;It consists of 13 MC1014]

IC's wired in cascade.

Fig.4.4.1 shows the data'gptput shift register (DOSR) .

"‘The register

normally sh1fts right at the data rate, except upon receipt

. of the S2 (50, 74) cqnpand, whereupon 1t parallel: 1oads the

50 est1mated message bits mo,m,. etc., from the MLD.

"the first 2'bit positions are used .on the last IC.
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Data 1 ‘ ,
Clock - CWSR S2 (50,74) 1. |
From 31IC's . }———)%'5
DPU - H.__ L | o
[§ . -
’_D-—-Q:; IC's 1] ) /)3(:'5’ o ;
31IC's ' y g
r—‘ " . W H}l_-’ 3 IC's " 4
| 3__,41(::5‘ : A cT
, R 1
J; ’\ \\L_J 4’IC S
1X MC10104 Nz . 1X MC10104
' N DOSR Drivers ~
Fig.4.4,2 B
L 3
1 . N
A ' S
. . / ‘k“‘ 3
e .>
s K} ’ ) - . * N
: \ . )
Fig.4.4.2 s,hc(S)Js the clack & S2 drivers. Each driyer ;
'1"’5 formed by a single MC10104 'IC, each gate driving 3'IC's,
with the fourth driving 4 IC's.
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4.5 Decoder Processing th} (DPU)
The DPU provides an interface between the various wave-
forms regeiyeq from the encoder and the gﬁannef‘and the
decader modules CNSR' MLD & DOSR. It allows various deTays:
in the channel to be matched by 1ncorporat1ng varwable de1ay
Tines on a}l rece1ved waveforms (tapped coaxial cab]e)
Norhally the Codec wou]d be used in conJunct1on with a
modem to pass data over the channel. In this simulation, the
coaec is used alone and the process is carried opt at base- \
band. Thus a modu]e must be provided tp "clean" up the
received waveform from the,ehanne1.' The comparator'serves yhis
purpose. * |
Fig. 4 5 shows the schemat1c of a typical momparator The

input waveform corrupted by no1se is passed to a threiho]d

gate (similar to a majority 1og1c gate, n=2,App. IV)\where it

is sampled at the code clock rate, .and stored for the complete

T -
clock period in a flip flop.
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As the«édqed noise in the channel incredses, correspondingly

mofe random decision errors will besmade By the'threshold

.detector etc.
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CHAPTER 5
CHAPTER 5

, "CONCLUSION
'-\“.,
"g.lxReport'Summatx

Chapter 1 and 2 have presented the background requi;fments~

for construction of high speed forward errar correcting

codecs. An actual high speed encoder was constructed based

. on these requirements and its performance\and de'sign described

in chapter 3. The complete design for a matching decoder was

- given in chapter 4. '

f

‘The encoder was set up to operate at a data speed of 15 .

Mbit/sec. This was due only to measurement 1jm1tations.(22$

MHZ monitoring bandwidth). The desig}s~as presented are limited

' bj:

a) Time required to calculate and 1oad the—encoder 7
parity bits.

b) Time required to decode and load the decoder
J estimated bits.

v

Tab]e 5.1.1 lists the l1imitations of the encoder des1gn
as 1mp1emented for ECL10K logic, and also if MECL ITII 1ogic'
weréamsed A]] figures- quoted are the min/max values taken
from tables 2.2.1 and 2.2.2. |

Tab]e 5.1.2 1ists the Timitations of the decoder design.
i 4
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\ {34 ] 74| . A . . >
CHSR CLK L 4 A .
(50,74)—-£ » JALTE § . .

f— Tl 3T

A L | MECL 11T
(o - Min  Max - . | Min Max
T 1.8 3.8 {lload 110141 1 3 11 Load MC1694 S
(ns)) 2 7.5 Pdly MC10160 2 7.5 Pdly MC10160 ' E
1_ 1 Pdlylire 1 1 ;« Pdly Wirg {
4.8 12.3 4 11.5 ]
T 1.8 3:8 11 Lokd MOIIAT| 1 3 11 Load MC1694
(nsY 1 - 1 Pdly Wire 1 1. . Pdly Wire | ;
78 18 A S ;
, ' ;
|| 7.6 170 6 15.5
. i
f Code | 131.6 58.5 - 166.7 64.5° % )
M bit/sec , :
f Data.| 87.7 39 SRR I R S
(fc/1.5) ,
M bit/sec ;
: w, ‘g ) ! 4
Encoding Time Limitations ,
Table 5.141
3
- ~‘/ 3 q
\ L )
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A
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(o) l
/ 4 "ha 4 1
CWSR CLK ’s . A
(50,74) — 4
I«L—-TZ__; J
|<-T.-)|4—Ta—>|
MECL 10K MECL 111
Min ' Max Min Max
Ty 1.8 3.8 Pdly MC10141 1 3 Pdly MC1694
(ns) '
T.| 2 7.5  Pdly MC10160 2 7.5  Pdly MC10160
(ns) | 1 2.9 Pd1y MC10103 .6 1.7 Pdly MC1664
- 2 2 Pdly Wire 2 2 Pdly Wire
- 12.4 4.6 N.2
1 .
T=T1+T2 6.8 16.2 5.6 ]4.2
(ns)
f Code | 147.1  61.7 178.6  70.4
Mbit/sed | ' g
f Data | .98 41.2 119.1 47
(fc/1.5)
M bit/sedg

Decoding Tfme Limitations
Table 5.1.2+
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Typical costs for the codec'package might be as follows
(equipment only): ' .

MECL 10K ' MECL III
‘.,4' ‘
64 x MC10141 = $512 64 x MC1694 = $3760
225 x MCI0160 -~ = $900 225 x MC10160 = $900,
: , « W ' ’
i
13 x AC10103. = $13 .13 x MC1664 = $130
40 misc. g¥tes = $100 ‘ 40 misc. gates = $1000
($2.50 each avg.) ‘ ($25 each avg.) ' )
3 x Logic Panels = $3000 4 . 3 x Logic Panels = $3000
' 2 x Metal Chassis = $100° 2 x Metal Chassis = $100
AN | | |
Misc. Hardware = $200 Misc. Hardware = $§200
Power Supplies = $1500 Power Supplies = $1500
2 x yEE/'z x Vo :
. \‘
~ ! | o
. $6325 ~ $10590

1

Due to the factor of 10 cost of MEbL.IIi ovér_MECL 10K, the
MEGL III codec is approximately twice as expensive. These
costs are protofype costs, and prqduction costs would'be
significantly lower. Thus a Fodec with coding gain as givep

by Fig.].4.3 apd Jata capabiligy well over 40 Mb{t/sec can
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r

‘be built for about $6,000 and one close to 100 Mbit/sec fqr

abqut‘$10,000. The codec may,provide a great cost savings

| A by yie]dinglthe required system gain vs another alternative
' - Ty
(larger tx power on satellite etc.). ! o
/
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5.2 Recommendations

A t

.
‘;‘it would beqzery straightforward to build a decoder
.protoeype as.out]ined in this report. A1l11 the materié]s hqve
been purchased, except the gates required for the MLD

(13 x MC10103), and miscellaneous gates, drivers et@. The
channel equipment ﬁou]d also be set up‘very easily. Since
there are many mogﬂles in common between the encodgr and
decéder, it might be worthwhile considering bui]dingﬁtbe
decoder into the sa&e chassis ?s the encoder. In a real-
1ife situation, data will usually be bidirectional, that
is, a decoder will be required,adjacent'to_the encoder.

Thus by combining the two, thé.operatioqgl rquirement
is.ﬁatisfied, along with considerable electrical aﬁa

[

mecianical savings. Error-correction is simply checked

1

by inserting the required “channel" into ‘the loopback,

between encoder and decoder.

v-
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.fashion as per Section 1.3, "The G matrix is deriwved directly

..

o

->\;\\;‘ - APPENDIX I . o0
« 'Parity Check Matrix H and Encoder Equapions

\

The parity check matrix H is of the form [PT?‘Izgl .
.as giVen'iq-Section 1.3. The PT matrix is shown in entiréty

“in Fig.AI-1.  Note that it is simply formed by the .

'élement,mgtriceé a,b,c,d,e,v,w,x,y,z arranged in quasi-cyclic

i+ -

from insbection'df H. Each row of G contains 5 1.s (1x1 from-

identity matrix, and 4 1's from Pimétrix). The. code minimum

“distance is 5, and hence error‘correcting ability = (5-1)/2 = 2.

- . 0N . ‘
Calculation of the jth parity bit is formed by taking the

T

inner product of-m with the jth row of P'. "Listed below are

the comp]ete‘set'df‘encoder~ﬁquations for the 25-parity)b%ts.
’ T . " . s . ‘
Also listed are the matchigg IC locations and logic pimout

' &, ' . . "
as discussed in Section 3.1,

3 o ' § .
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Usp =
C7/03 -

N
Usy =
C7/02

Cc7/D1

€C7/D0

U&h,zf
C6/D3 .

C6/D2

Uge .=
C6/D1

Uy =.

c6/00,

N

4

D10/D3

n

\,‘y

My oM
Al10/Q3 Al10/Q2

My Y My

ATQ/Q2  A1O/QI

My * Mgt
A10/Q1 AIQ/QO

-

M3 My
A10/Q0 A9/Q3

soNt

}

Mo ‘+ M“ +

A10/Q3 A9/Q3¢

) A\
MS + M6 *
A9/Q2 A9/Q1

A9/Q1 A9/10

M7 + M8 *

-A9/Q0 AB/Q3

‘Mg + M9 +
A8/Q3 A8/Q2

1

T~ . [} ’ ”
‘ . \ | » .
A ' N
+ = "EX-0R
Mis * Mg * Mgt Mpg * My * Myg
A7/Q2 A6/Q3 B9/Q2 BB/Q3 B7/Q1 C€8/Q3°
o . Cw
. . a
f M Myt Mgt Myg t Mgy Y Myg. o
A7/Q1 A6/@2 89/Q1 B8/Q2 'B8/Q1 €8/Q2
Mig T Mgt Mag Y Myy t Mgyt My
AB/Q1% A6/Q1 'B9/Q2 B9I/Q0 BS/Q0 C€9/Q2
r
. . . 49 .
Mip T Mg * Mag T Mag M3y T Mg
AB/Q0 A6/Q0 B9/Q1 BB/Q3 _B7/Q3 C€9/Ql
Mz " Myg ™ Myp * Mag T M3z T My,
A7/Q3 A7/Q0 B9/Q0 B8/Q2 B7/Q2 €9/Q0
Mig * Map * Mag-* M3g * M3z * M3g
_A6/Q1 BlO/Q2 B8/Q3 B8/QI B7/Q2 B6/QO
Mygh ™ Mgz * Mag T Myp T Mgl ¥ Mgy
A6/Q0 BI07Q1 B8/Q2 . BS/Q0 B7/Q)1 B7/QO
Mis = Maslg Mas ¥ Myp * M3y * Mg
A7/00 B10/Q0 B9/Q2 - B8/Q). B7/Q3 B6/Q3
, %
Migw * Mgy ™ Mpg * M3y * M33 * My,
A6/Q3 B9/Q3. B9/Ql B8/Q0 B7/Q2 B6/Q2

A4

89

SRR “

PO I R T tad
< N



.Q . ~ .
+ = EX-OR 090

] — o .
, . . ‘o - , . - ¥

Dro/pz  A9/Q2 A8/Q2 A6/Q2 B10/Q3 B9/Q0 B7/Q3 B7/Q1° B6/QH
3 . s ¢ . . N . *

) ; . . ‘ . . ’ - . ' \\
K>"_ Yso. = M T Mgt oMyt Mpg t Myt Mgg Mg tomy,
. b10/D] Al0/02 AB/Q1 AB/Q0 'B10/Q0 B7/Q2 B7/Q0 B6/Q) /03
Uy = My % My ® Myt My v Mgyt M3g. * M3g * Myg

Dlo/DO A10/Q1 AB/Q0:. A7/Q3 B9/Q3 B7/Q1 BG/Q} B6/Q0 C10/Q3

n e 1

Ugr = Myt oMy, ¢ Mig * Mao ™ M3g * Mg * M3, My
. D9/D3 A10/Q0 A7/Q3 .A7/Q02 B10/Q3 B88/Q1 B7/Q0 B6/Q% €10/Q2 3
h 4 . * %
. . N4 + )
’ U63 = M[* + M]3 + M]l‘ MZ] + M3' + M36 + M38 + M[‘Z s
D9/D2 A3/Q3 A7/Q2 A7/Q1, B10/Q2 B8/Q0 B6/Q3 B6/Q] C10/Ql
< Ugy = Mo ™ Mig ¥ Myt Myt M3, Mgy oMyt My3
D9/D] A10/Q3 A8/Q1 A7/Q1 B10/Q1 B7/Q3 B6/Q2 B6/Q0 C10/Q0
Ugs = My F Mg * Mg * Mgt Mgg * Myt My * Myg
, D9/D0 A10/Q0 A3/Q1 A7/Q0 A6/Q3 B6/Q1 €10/Q3 C10/Q0 CB/Q3
Uee = My T Myt Myt Myt Myg e My, oMy, ¢ My
D8/D3 A9/Q3, A9/Q0 A6/Q3, A6/Q2  B6/Q0 CI0/Q2 C9/Q3 (9/Q2
Ugy = Mo ™ Mg TTMyzt Mygt Mgg t Mg f My, t My

08/D2 Al0/Q3 RB/QB A6/Q2 A6/Q) B7/Q0 €10/Q3 cilo/Ql €9/Q!l
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Ugg = My ® Mg "2 Mg ® Mg * Mg ¥ Myt M3t My,
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Ugg = Mg * M5 " Mig* Mig t M3zt Myt Myt Mg
D8/DO  A10/Q) A9/Q2 ‘A7/Q0 A6/Q0 B6/Q2 €10/Q2 €9/03  c8/Q3
U70 = Mg™ Myp.-* Myg * My * Mpg * Myt ﬁusf Myg
D7/03  A8/Q3  AB/QO B10/Q3 B10/02 B8/Q2° €10/Q0 €9/02  C8/Q3
U7 = Myt Myg t Mpp t Myt Mgt Myt Myg t My :
D7/02  AB/Q2 IA\7‘/Q3 B10/Q2 B10/Ql B9/Q2 C€9/Q3  €9/Q2  €8/Q0 F
f : , |
U7z = Ms ® Myz ® Map * M3 * Mpg * Myp * Myg * Myy ;
D7/01  @A9/Q2-. A7/Q2 B10/Q1 B10/QO B9/Q1 €10/Q3 CY/Q2 c9/Qo %
Uys. = Mo * Miy * Ma3* Myt Myy *t oMyt Myg * Myg !
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' |
. e ?
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APPENDIX II

!

One §1epéMajority Logic Decoding and Decoder EggatidnsJ*

- Let u represent the recei®ed code vector as,in Section

~

1.3. It is of the form:

U

u [uo sty Uz .. Uq4]

N

[ Up» Ui .. UsgsCosCr .. Czn]

L

u

.

~

The first 50 bits @f Eurepresent the received values of m,-
the original message (code in systehatic form). The last 25

bits represent the received values of the_parity bits. Due’

*to the imperfect nature of the’channel, efﬁoré'w111 occur,

and u, j=0,49 will not necessarily be equal to the original‘.

J

message sent, m; §=0,49. If U is a valid code word, then

u. mus¢ Ee contained in the row space of G, pr q]ternative]y

4T ’ ~ , PN

u-H =0 . :
Examining HT there are 9 1's in every column, and 4 1's
in every row. This means for every bit uJ j=0,49, 4

s1mu1taneous eqd3t1ons may be wr1tten from the relation

L 0, each‘equat1on 1nvo]v1ng 9 terms. Eor bit ue the'

‘ )

‘fol1ow1ng 4 relations may be wr1tten'

Uo *Uy FUs 3 +U1 ¢ tUz s tUzstUs3, +U4 s +Co

0
O-_’ ) . “ )
& L

U tUy Fusatus, +uz 2 tUs s HUs o FtUe s +C1a= 0
0

Uo FUatUy 2 Uy s FUz 7 HU29FUa 3 HU 7 +Ca

< ! L -
Uo tug +us 7+Uy s tUs s FUsotUs 2 HUa 6 +C1 9= J

;X

\]

'Qf‘

e mat A L 208 vty g Ao




3For one step majorfty iogic &ecoding, each one :.0f the
prev1ous 1ndependent equations is used as an estimate of the
.or1g1na] bit sent, together w1th the actua] received bit
itse]f. A,majority vote is taken between ‘these 5 relations,

P

and'thé estimated or decoded bit set appropriately,

. ' I ’ Uo
\ § U HUy 3 FUretuy s HUa stz s U s +Co
Ma = maj —qusturatu;stuzsFtuzetusstuastca
y decoded. - JuroturaturztusatusstusesFuas +Cra
' ’ ' Lo Ua+u17+U1u+Uas+Uno+Uoz+Une"+C11
Example: . | ‘ , (» g
, , R
* ‘\\ s
1 v '
1 -
+Mo : = maj 0 =1 - .
. -~ decoded ¢ : 0 ' .

The complete set of decoder equatxons for the 50 1nformat10n

bits are a$ fo11ows.,

1

B “
.

raqk e
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3

3

-y - e e

‘e
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APPENDIX IV

MajorityTLogit Gate Construction

;

! The construction of the-5 input majority Jogic-gate

is mbre\complicated thaﬁ most'moduleé of the codec, but

stralghtforward

+

T,

115

“ i

fair1y

Concrete des1gns for, th1s type of gate are

very rarely seen in the current 11terature.
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R N siararavdl )
' ’ , B Majority Logic Gate.
. Fig.AIV-1
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Fig.AIV-1 shows the‘cohstpuction of a5 input majority

‘gqte. Each input feede a-resistance of'leL; all terminated

at the same point and brought to,grbund’by R2fl. The junction -

ppint feeds the\iuput to an‘ECngate., The junction'voltége

VT‘is givem\by: 5

" Input H1gh

-9V - (=5.2V) = I;R1 + #R2 , 1.1 "1 t=a V. typ.

o _ V.= 4.3V 7 R2
' ' RI¥RZ.
U, . ‘,“'» - ' B! ‘
° v A R \—
o n Inputs High- o
I T 3v R2 - nle=10 o
= R1/n%R2 . 3 | .
. /0 ,

7/ . ‘ N -

d1ode, so that 1f the output is 1ow, 1t will. have b effect.

on the res1stance tnee structure, as I in that branch =,O.-

1

- The des1gn prob1em is to choose R] & R2 so:that the 2

1nputs high and 3 1nputs h1gh are equa]]y spaced abO&i the

,sw1tnm1ng thresho]d of an ECL - gate, = -7, 29V (vgp). This is

opt1mum for R]/RZ = 0~24 and glves a sw1tch1ng marg1n of

170mV Th1s 1s hown in'Fig.AIV=2.

-

A1though 70 mv is a smal] marg1n, once set up . properly.,

the circuit works well. It,max‘be 1mp1emented and “tested

using 2xME10107 IC's (3xEX-0R; 1/3 as maj. gate & 1 2/3'as

'inputs); It is. essent1a1 to match a11 1nput tegiﬁtors’Rl

v
J—‘J. N

Note that any ECL “OR" output Cseé'Fig 2.3.1) has an'in-series

EESrt

ity Y

LAPSIEY

e e s (WY B gp ™ STt o e SR




Cto wjthin‘lg.' R1 is shown as 34.90,

. to yigﬁd‘thé exact switching point.

.

-
. o

85k1fixed *IIOOflwireWOund.ﬁotentiometer.'

.24, ﬁfrcuit oscillates when 2 inputs higﬁ

and R2 is chosen as

The pot 1s adJusted

(Above or below rat1o

s.0or 3 inwts,

R1+R2¢ 4704,

-4 required at 4.5 nséc each> 18 nsec!) °

high). Any vaTues may be chosen-for RI. & R2.'qs‘1on§ as

otherwisé,'the ECL inputs will not be =~ -
éuffic%ent]y matdhed or pulled down. . 7

.

Other structures are poss1b]e for majority logic" gates

o

ex: [E11) & [EIZJ, however, 1nd1rect implementation w1th
’ X

"adders etc. must be avoided in this application due to

~duration of operation (EX: using MC 10180 2 bit adder, min °
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;o 18
‘ /“ N
l Yo "*\/v e
L { Voo 8v.
: Mr=-0.9V :
-1V : o -
e T B S L e B S L
‘ o0 TV ' - T T -7
‘ . "ot = 21,7V
L -2V — - ; - , , '
-3V - Co T c
‘ + Optimum Solution: N )
. ' ' ' C Vs =1.73V :
B : Vy= a=d . 36V 79mV
. Ri/Ra= 0.24 Vi= -=1.22V ( :
) . ' ' V= -1.14Y - 70my
: " *Vs‘=’ -1.10V N
Y Y s S ’
-5V L ‘ Ve -5.2V ’
‘ LT |
‘ . .Switching Threshold = "
. ‘ . ' Fig.AIV-2 -
: , N R
' . y
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