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ABSTRACT B

& ‘ : N ) _ o o
~* This thesis describes the'deslgp and construction of an all digital DS-1
transmitter line bijld-out circuit (LBO), which eliminates manual control of LBO :
settings.' The application of the LBO is to compensate for the length variations, ‘
ranging from 0 mto 200 rprof~-22 Americarf Wire Gauge (AWG) twisted pair
cable between a DS-1 line card and the DSX-1 cross-connect. At the cross-

connect, the signal must fit into a DSX-1 standard pulse shape template.
" Current technology uses linear. equalizer networks to pre-distort the DS-1 pulse
shape at the transmitter so that the pulse shape at the cross- -connect flts inside
the DSX-1 pulse masks: The equallzers require several .settings to meet the
standard over the full range of allowable_cable lengths, with each setting valid
for a limited range of cable length. This thesis reports a technique which
generates the pre—distor_ted DS-1 pulse shape digitally from numerical samples
stored in an EPROM. The samples are passed_to a digital to analog converter
which generates the bipolar DS-1 signal. To meet the DSX-1 standard, it is.
sufficient to synthesize the waveform with 8 samples per DS-1 syrﬁbol interval -
{for a 12.352 MHz sampling rate), with 5 bits of resolution for each sample (for.
32 quantization leVels). One unique xersion of the pre-distorted DS-1 pulse has
been found which meets the DSX-1)standard for the full 200 m range of 22
AWG cable.” This solutlon eliminates record keeplng and the need for hu}\an
mterventlon associated with mulgple manualjy controlled LBO: settmgs\\
. resulting in cost savmgs for telephone companles The solutlon also simplifies ™~—--_
o TN protectron because all LBOs are |dent|cally set, whlch may not be th2 case
" fu;f"f,fltll, euryeng LBOs The low cnrcuut speed and the aII dlgltal nature o: the LBQ

' 'mea»n?fl.hat the cwcunt can bﬁ easny integrated on a smgle IC, and possibly o '

‘multiple LBOs could ‘be “p'"ced on one chip for application in DS-1
demultlplexers The digital pulse shape generation technique has extended
applications as well, such as allowing the use of 24 and 26 AWG cables and for-
advanced test equupment ' '
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CHAPTER 1

. ~ INTRODUCTION

Th'is thesis describes thg deslgn and construction of a DSX>1 line build-out”

circuit (LBO) which uses digital pu’l's’e generation, with the intention to eliminate
the need for manual control of the LBO. The LBO predlstorts a DS-1 S|gnal
before transmission overa 22 Ametican . ire Gauge (AWG) cable such that the
signal meets certain electncal specmcatrons ata reterence pornt called a cross-

connect, which may be |ocated up to 200 m from the signal source. The -
proposed LBO design generates the pre- dlstorted waveform by passing *
~ samples stored in an EPROM to a dlgltal to analog converter (D/A) at a fixed
“rate several times the DS-1 data rate.

e v
t , :
Current L BO teghnology has resulted in a smgle ch|p LBO crrcult Internal,

“analog equallzer networks -are used to pre- -distort the DS-1 signal. Up to six’

different equalrzer settings, each valid for a limited range of line Iengths -are

- needed to meef the’ DSX- T lectrical specmcatlons at the cross- connect for the .

full 200 mwange of pOSSI le line lengths. Each setting must be selected

L manually for the partrcular length of cable connected between the LBO and the

.

cross-connect. The manual control requires that records be kept, and‘
. ;compllcates the process “of changing equupment contlguratlons Thesé factors -
increase the operating ogsts of %telephone company, and it would be beneflCIaI‘
~ if manual control were eliminated. - The/proposed digital technrque can
~generate pulse s%apé:?\ which are impossib e to achieve using linear, analog-'.
'equalrzers This factor promises to reduce the number of LBO settlngs required,
_and, ln turn, to facrlltate the removal of manual control. Ey

|n Chapter 2 b;ckground information on.y the DS-1 signal, and the DSX-1

__standard is presented In this chapter, current LBO technology is reviewed, and

the details of the proposed solution are introduced. The design process began
with computer sumulatlons of the transmission of digitally generated pulses over

, vanous lengths of cable. The simulation was used to determine the sampllng
’.'rate the number of quantlzatlon levels for each sample, and the number of

un‘lque ‘pulse shapes (LBO settings) required to meet. the electncal -
- specmcatlons forO m to 200 m o‘f 22 AWG cable Chapter 3 descnbes the :

PO : . . SN

.
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simulation program and the procedure used to determine the unique puke
shapes. A hardware prototype of the LBO circuit was built to, generate the pulse

- shapes identified in the simulation phase, and to test transmission of these

- pulses over real cables., Chapter 4 describes the LBO circuit. The results of t~ 2

hardware measurements were compared to the operation of a single-chip,
analog LBO, to compare the performace of the digital LBO with the best of
today's technology. Next, two techniques were exarhined to solve the manual
control problem, but only one was successful. These topics are also discusse
in Chapter 4. Finally, in Chapter 5, other applications, besides the LBO, of the
.~ waveform generation techmque are also examined. Chapter 6 summarizes the
important results of the research presented in th;s thesis.

[§




CHAPTER 2

'BACKGROUND AND PROBLEM DEFINITION

This chapter explains what the Line Build-Out circuit (LBO) is and where it is
. positioned in the overall telecommunications network. Digital transmission in
the network occurs at various signal rates. Interconnectlon of equipment
operating at the same signal rate, and located in a telephone compahy central
- office,” is achieved with a cross-connect devrce The hierarchy of digital
transmission rates and cross-connects are described in general terms. This
" thesis deals with the DS-1 signal and the DSX-1 cross connect point, which are'
described in detail in this chapter. The LBO is also defined, and LBOs using the
foremost in today's technology are reviewed. The chapter concludes by
~ outlining the new LBO solution that is the object of this thesis. The remainder of

the thesis deals with the design of the proposed LBO. 3

2.1 Transmission Signal Hier,a_rchy

Transmission of digital sngnals W.Ithln the North AmeTican
tele@ommunications network takes ptace at vanous bit rates. Eacn srgnal has a
well defined structure that has been accepted as'a standard both nat|ona||y and
internationally.! These bit rates form a hlerarchlca| structure whereby fower rate
signals are time multlpleyed into h|gher rate S|gnals The lowest rate standard
transmission signal is the DS-1. sngnal It is made up of 24 voice channels (DS-
0 signals) which have been dlgltlzed at an '8 kHz sampling rate with 8 bits of
resoluti~n for each sample. The 24 voice channels are byte interleaved, and a
single ireming bit is added as overhead. This forms a total sngnal with 193 bits
per i ame (24 x 8 bits. plus 1 bit overhead) transmltted sena!ly at an 8 kHz frame
rate 1 forma 1 544 Mb|t/s sngna| More detail on the exact structure of the DS-1
signal can be found in any one of many books descnbmg the digital
transmission standards.2 ‘The next two sugnals in the hle,rarchy are the DS-2

signal at 6.31 ,2'”Mbit/s (a multiplex of 4 DS-1s plus overhead), and the DS-3
~ signal at 44.736 Mbit/s (a multiplex of 7 DS-2s plus overhead). A fourth signal,
the DS-4. has been defined for hlgher rate signals, but is not yet an accepted
mdustry standard
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standard bus. o A

: ) N ) . . ) ‘ / ’ . . . .
- ¢ A digital signal cross-connect point is defined for each of the standard
transmrssron srgnals lt is denoted DSX- n where "n’.corrésponds to the level in
the” multlplex hrerarchy Standards also- defme the electrical characterlstlcs of

~-‘each slgnal at the cross-connect. This thesrs»‘ als only with the DS 1 slgnal

and specmcally, the DSX 1 standard specificati

. A digital ‘cross- connect is the termlnatlon point for dlgltal transmrssro\n

- equipment located on the telephone Companys premrses The purpose

having the DSX 1 electncal standard at the cross-connect point is to provide a

. commaen reference for all DS- 1 transmission equipment manufacturers. This
“ensures compatibility between equrpment from dlfferent\manufacturers The
. DSX- 1 standard also provides a reference point for international boundaries.

Troubleshootmg and mamtenance of mterconnected equipment is simplified by

\
- having all manufacturers adhere\ 1o, one common-. electrical standard. This
. scenario is similar to the computér rndustry; where components from a multitude
of suppllers can all interface with each other because of the exrstence of a

\

The actual Cross- connect conslsts of two sets of termlnatrng sockets for :
attaching cables- from DS-1 equipment located on either side of the cross- |
cannect, plus cross-connect sockets, for making connections between the two
sets of termmatlng sockets Generally, there |s also provision for bypassmg
failed llnes momtormg suspect llnes and. msertmg test ‘signals. The DSX-1

’standard gives the electrlcal specmcatlons that ‘signals must meé\at the cross-

connect - R P
2.2 DSX- ndar
. \‘ i

Table 1 shows the standard specifications for the DSX 1 signal. 3 The pulse

’charactenstlcs are defined for the signal measured at the cross -connect with the

line termrnated at the cross-connect by d@ 100 ohm resistor. The 100 ohm'

' resistor is very close to the characteristic lmpedance ZQ, of a 22 gauge twisted -

pair transmission line, and will suppress nearly all reflectlons The DSX-1-
standard was created and defined by the American Telephone and Telegraph
Company (AT & T);4 The AT & T standard defrnltrondoes.not include a
specification qfor,cable type or for cable length restrictions. However, the
industry practise is to use 22 AWG, 'shielded, twisted pair cable, and to allow a



: maxlmum cable l’ength of 200 m between lhe cross connect and the:‘.';j,' |

~ U T Tt ‘ POV L . . S " iy

- . A RS . e

' Itransmlssnon equlpment ThIS short dlstance |s charactenstu, of the distances
found inside a central oﬁlce of a telephone company Trancmssmn on a line- |s."‘“j .
in one dlrectlon o'lly thereforea brdlrectlonal llnk requ&rea separate transmlt"»

and recelve cables

BitRate: -~ C % 1544 Mbvst 130 ppm
lmeCods: ' * BpolarAMI([@8ZStor DSOtansparency)

Line Impedance: -~ . . 1000hms ¥ 5% resistive, balanced

; ‘-’-v
L IR

Pulse Characterlet/ltzs Jor +000D000 0000000+ seqUenee’j‘lﬁto

a 100 ohm residtive termlnatlon .

Amplitude: T 24036V ey

‘Widn att.alf Pdise Ampltude:  294t0404ns

Ratio of Power detween -~ <0.5dB RUY :

Positive and Negative <~ - = o &
Amplitude Pulses: B co

- Ones Density (Minirﬁum Averége): . 1in 8 with no more than 15 consecutive zeros
' g (does not apply with BE%ZS line coding)

The voltage within a time slol cantaining a ZERO shall be no greater than either the

value produced in that time slot by other pulses in adjacent time slots within the mask

of Figure 1 or +/- 0 1 of the peak pulse amplitude, whichever is greater in magnitude. -
N

Power with a +-+...sequence measured In a 2 kHz bandwidth into a 100

ohm resistive termination:
772 KHz: : . +12610+17.9dBm
1544 MHz: ' . At least 29 dB below that at 772 kHz

Cross Connect Cabling and Patching:
DSX-1 Cable Type: ) 22 AWG shleldedlwlsled pair cable

Maximum Cabling Distance: - 200m

Yable 1: DSX-1 Standard Specifications
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Perhaps the smgle most lmportant specmcatlon deflned by the DSX-1
standard is the p: lse shape specmcatton shown in Figure-1.5 A valid DSX-1
. pulse is one that, with the amphtude scaled appropnately, falls between the two
" curves shown in Figure 1. [ this specification and the 'pulse amplitude-
’_specnflcatlon are. met, then the pulse width and power specifications ajre
a autematlcally met, ltis $the function of the LBO circuit to-ensure that signals meet
thevshapLa __va\nd amplitude specifications at the cross-connect. \
a * Corner Points

. Upper Curve |ngrCurv

(0, 0.05) (0, -0.05)
, (250, 0.05) (350, -0.05)
1.0 (325, 0.8) (350, 0.5)
(325, 1.15) . (400, 0.95) .
(425, 1.15); (500, 0.95)
(500, 1.05) (600, 0.9)
(675, 1.05) (650, 0.5)
0.5 (725, -0.0% (650, -0.45)
(1100, 0.05) (800, -0.45)
(1250, 0.05) © (925, -0.2)
r - (1100, -0.05)

(1250, -0.05)

-NORMALIZED AMPLITUDE

085 -

o 250 . 500 “ 750 1000 © 1250

. : NANOSECONDS

Figure 1: DSX-1 Pulse Shape Specification

2 finitior , ' e

The purpose of an LBO is to ensure that signals ttansmitted to tt)e Cross-
connect will meet the DSX-1 standard after travelling over some length of cable.
Since the physical length of cable between equipment and the DSX-1 panel
‘may vary from 0 m to 200 m, the distortion of the transmitted pulse caused by
the cable must be 'compensated accordingly, so that,.regardless of physical
distance, the pulse shape at the cross-connect always meets the DSX-1
- standard. Consequently, to obtain the standard pulse shape at the cross-
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connect, the DS- 1 line card must be. able to predlstort the pulse in a way
dependent on the length of the termlnatlng cable.

|n summary, the LBO predistorts a blpolar DS-1 signal to confpensate for a

particular length of cable between the DS 1 sngnal source and the DSX-1 cross-
connect.

2.4 !

‘Cut’rently, analog pulse shaping techniques using lihear equalizer networks
are used to pre-distort the DS-1 signal. The pulse shape specification places
- contradictory requirements‘on the equalizer network.. On the one hand, a fast
- rising edge with little overshoot is desired (see Figure 1).. On the other hand, a
large underghoot that decays to 0 V slowly is desirable on the pulses trailing
edge. These requirements cannot easily be met simultaneously by a linear -
circuit. Hence, one equalizer setting is insufficient to maintain conformlty to the

-DSX-1 pulse shape standard over the entire 0 m to 200 m range of, line lengths. -

A compromise solution is to have several equahzer settlngs wnth each setting
valid-for a limited range of line lengths. - - i

The most advanced LBO technology has produced a single- chlp transmit
LBO and receiver circuit. Table 2 shows the various: LBO lntegrated circuits
(ICs) available today.  The devices use various fabrication technologies to
implement the analog equalizer networks. Manual switches are used to select
the equalizer settlngs Each setting: produces a pulse shape that will meet the
DSX-1 standard at the cross-connect when transmitted over a Ilmlted range of
line lengths, as shown in the nghtmost column of Table 2.

‘The majorjdlsadvantage of this sorutnon is the manual control required"toset,
the LBO for e/ach range of line lengths. This means that each time equipment
conflguratlons are changed, the appropnate LBO setting must be chdsen for the
length of hne between the signal source 'and the cross- -connect. The extra
'record keeplng and -manual intervention that this requ1res increase the
operatlr'g cost to a telephone company

o
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- This thesis describes a dlgltal method for creating pre- dlstorted S-1 pulse
shapes. Dlgltlzed voltage samples whlch define a distorted DS-1 puls® shape
are stored in an EPROM. The samples are read out of the EPROM ata fixed
rate. several tlmes the DS-1 data rate, and applled to a digital to analog .
' onverter (D/A). The output of the D/A is an analog, blpolar DS-1 data stream
of pre -distorted pulses. The EPROM stores positive and negative pulse shapes,
| plus a value cofresponding to a zero pulse A binary, NRZ-DS-1 data stream
and a 1.544 MHz clock sngnal are encoded to form the address inputs to the

EPROM, and thus cause the correct pulse (elther a+1,a-1,oraQ0)to appear at

. the D/A output.
K

The prime motivation for using this digital technique was to eliminate the
' manugal LBO settings. It was felt that digital techniques could produce a
superior pulse shape, and digital circuits could possibly be set using computer
control, rather than manual switches. The EPROM and D/A approacﬁ realizes a
, non-linear LBO: CIFCUlt which, unlike a linear circuit, can predistort the
transmltted pulse s0 that it will meet the contradictory specifications described in
the previous section, over a much broader range of line lengths. Fast rise times
and long trailing edge undershoot decay can be achieved s1multaneously by
chosing approprlate sample values. The ability to easnly generate complex

non-linear pulse shapes -and to alter the pulse shapes easily through editing
the EPROM coritents, were the primary reasons that this technique was chosen.

Two major objectives of the project were décided before the research
began. First, the feasibility of the EPROM and D/A approach to LBO design was
to be evaluated. If the o come _of this evaluation was positive, then an
examination of technlques to ellmlnate the manual switch settings would take
‘place. The rest of this thesis deals with how these two objectives were |

addressed, beginning with the design of the LBO, fo@ed by the elimination of -

manuzl LBO control. Once these two major objectives were addressed, other
‘applicaiions of the pulse shaping method were examined. The design of.the

digital L3O began wnh a software sumulatlon, which is described in the
~ following ohapter



' CHAPTER 3

SIMULATION PHASE

A simulation program was used to determine the minimum number- of
different pulse shapes needed to satisfy the DSX-1 standard over cable Iengths
‘ranging from 0 m to 200 m, and to determine the minimum reqmred time and
amplitude quantization resolution that would be necessary. The time resolutlon
refers to the number of samples, or segments, that the DS-1 symbol interval is
divided into. The amplitude resolution refers to the number~of bits used to.
describe each segment. " The computer simulation was used to test the
feasrblllty of the proposed pulse +shaping technlque before a hardware
' prototype was built. Dunng the simulation phase, only the DSX-1 puf&e shape
specification was used to test the validity of a particular pulse sh/ape The
amplitude specmcatlon was addressed at the hardware stage. The simulation
was written in Turbo Pascal on an IBM-AT compatible personal computer. This
software/hardware combination was chosen due to the availability of various
- mathematical and graphics software packages for the IBM personal computer.
The prodessing power of the AT sufficed for this application. To obtain
frequency domain representatrons of the DS-1 pulses, fast Fourier transforms
(FFTs) were used. The FFT method was chosen because of its speed and the
availability of packaged routines to perform the transformation.

Thls chapter consists of two major sections. The first describes the compu‘ter
srmulatron program in detail. The srmula}ron program was used as a tool in an
evaluation process to determine which pulse shapes.the LBO- shquld generate.
The second part of this chapter describes the iterative process useg 10 evaluate
various pulse shapes .

34 Simulation Program . A

} .0

. Before coding began, requirements on the prpgram's funetionality were
established. Generally, the program was to simulate the transmission of pre-
dlstorted DS-1 pulses from a DS-1 signal source to a DSX-1 cross-connect over
a length of cable. A desirable feature was to graphically dlsplay the pulse
shape and the pulse mask at the cross-connect. In addition, time base shrftmg 4

& oy
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and am‘plifude écaling of the pulse should be possible to test for fit inside the

DSX-1. pulse mask. The pulse shape to be tested should be stored in a
computer disk file to allow shape modifications, and switching between several
different pulse shapes to be done easily. It was also desired that the line length
be easily modified, for example by keyboard entry at run time. The pulse mask

~ should also be stored in a disk file in case compliance with a mask other than -

the DSX-1 mask was to be tested. Parameig‘rs for the line model were also to

reside in a disk file to allow testing of lines with different Qauges, and hence,
',"different transfer functions. Once these details ofat‘tle high-level functionality of
the simulation were established, a computer program was.wsi‘ten.

‘The simulation pro{am was written entirely in Turbo Pascal, version 3.0.
- The hardware configuration consisted of an IBM-AT compatible computer, with
640 Kbytes of RAM, an Intel 80287 math-co-processor, and an EGA monitor.
Two commercial software packages were used in conjunction with Turbo
- Pascal: the Turbo Numerical Toolbox (for FFT routines), and the Turbo Halo
graphics Package.e 7 Routines from both packages must te.included with the
simulation program during compilation. These routines must reside in the same
directory as the simulation program, along with other files. The program listing,
and the contents of all the user-created files that must reside in the same
directory as the simulation program are.found in Appendix C. The program is
compiled-to a file with a ".com” suffix so that it.can be run directly from the
oper‘a‘ting system, without invdking/Turbo Pascal. ' '

, - y
Figure 2 shows a block diagram of the major functional modules of the
program. The interconnecting arrows indicate the flow of program control. The
program begins by initializing several variables, and by reading in the
necéssary simulation parameters. Next, the pre-distorted DS-1 signal is
transformed to the frequency domain, filtered, passed thrdugh a transmission

line, and then transformed back to the time domain. .The resulting pulse is then

displayed graphically on the screen. The simulation program can _be.divided

into three major functional areas: data entry, the actual simylation of

transmission, and a graphics display mode.. The remainder of thig section
. : \

describes each area in detail. ’
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Figure 2: Simulation Software Block Diagram
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3.1.1 Data Entry

Pascal array variables used by the FFT routines are defined as pointers to
r~arrays of real numbers. Arrays must be passed between procedures, and the
use of pointers reduces the memory requirements. All data read in by the
““program are stored in array variables. All arrays are of the sam type,-and are
initialized using the Pascal "NEW" command at the start of the program. |

Following initialization, program variables are entered in the following order:

12

the stimulus vector defining the pre-distorted pulse shape, the pul'sg mask, the
line length, and the Zg and y values for the line model, The program queries the

user for the file names and line length, which are entered via the keyboard. The
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The pulse mask file name is not entered bv’keybdard; the program reads the
pulse mask from a-file called "pmask.dat". “The internal structure of each file
must follow a certain format, otherwise 1/O errors may occur, or the program will
fail later due to incorrect data entry. File I/O errars are handled by monitoring a
return code after each file operation. If the return code indicates that an error
has occurred, the program prints out an approprilte error message, and the
user can re-enter the file name. The error messages will only be correct for
Turbo Pascal version 3.0. - | S

The DS-1 pulse stimulus vector describes a bipolaf waveform that-is 8 DS-1
symbols long, with the pattern +1, 3 zeros, -1, 3 zeros. This, pattern produces a
balanced signal with 0 V dc offset. The program uses fast Fourier transforms

- (FFTs) to get a frequency domain repfe’sentation ofjthe input waveform.

Therefore, the stimulus vector must be-one cycle of a repetitive waveform, and
be described by a finite number of discrete samples. Sufficient time base

‘resolution lS provided by 32 samples per DS- 1 symbol interval, and the stimulus

waveform rs described by a file that contains 256 samples, arranged one
sample per line. The samples are Pascal type "real” numbers, and represent

voltage values. When using FFTs, the value of the first and last sample of the.

stimulus waveform must be equal, otherwise problems with the frequency
domain representation will occur dee to the discontinuities at the boundary of
each cycle of the repetitive waveform. The calculation of sample values and file
creation must be done manually before the program is invoked.

g ’ L
The sti\mulus pattern used in the simulation is’ different from the DSX-1 test

stimulus in which bipolar "1" pulses are separated by 7 zeros. This was done to

" reduce the length of the stimulus vector, and hence the memory requirements

and run time of the simulation program' The FFT routines can work with up to

- 4096 points, but the program executlon would be very slow. {he length of the

simulation was to be minimized due to the large number of s\{nulatlons that
were expected to be run. In reality, it would be more difficult to meet the DSX-1
specification with the shorter stimulus; because the "1"s are closer together, and

13

interference between consecutive "1"s could be a larger- problem. If the .

‘specification could be met for the short stimulus vector, then it could also be met
for the trus DSX 1 test pattern. )
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The vertices of the pulsq mask are. read in next. These must be stored ina
file called pmask dat” which is located in the same directory as the simulation
program. The vertices are stored one to a line, as an. x and y c.ordinate
sepaiated by a space. Values for the x and y coordinates are shown in
Figure 1. The pulse mask is treated as a closed polygon, and the points are
stored in order starting with the leftmost coordinate of the upper curve, and
going clockwise around the entire mask, ending with the leftmost coordinate of
the lower curve. With the input file structured in this way, the pufse mask can be

_ drawn on the computer screen using a single Halo graphlcs command
'statemen‘t '

Following the pulse mask entry, the line Iength is read from»the keyboard
The value can be any integer value between 0 ‘and 400 (the line length is in
metres). AThe reason for this wide range of allowable line lengths when the
maximum cable length to the cross-connect is 200 m lies in the structure of the
cable model. In the simulation, the cross-connect is modeled as being located
at the midpoint of a line that is terminated at one end by a resistor. Therefore,
the distance between the cross-connect and the signal source is actually one
half the line length egtered. Figure 3 shows the simulated structure. This

‘representation was used initially due to the lack of a prqperodescription of the
DSX-1 standard: However, since 22 gauge cable exhibits a characteristic

impedance very close to 100+j0 ohms for frequencies over approximately
100 kHz, the location of the termiination has very little effect on the shape of the
pulse at the cross-connect. Measurements made at the hardware- stage over
real 22 gauge cable confirmed these results - the pulse looks the same whether
the line is terminated at the cross-connect, or at any Eomt past it.

~

0-200m - - 0-200Qm

DSX-1
Z - w
DS-1 ' L =100 -
Signal _C’OSS'
Source
Connect

‘ Fig_ure‘3: Simulated Structure - ' ;

14
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Finally, data describing the line model are read in. - The name of the file

values per line, separated by spaces.’ The first two numbers on each line are
the real and imaginary parts of Zo. The third and fourth numbers are the real

15

_containing the data is entered by the user. The file format consists of four

and lmagtnary parts of y. Significant. preparatton is required to generate the -

contents of this, file. %e FFT routme generates frequency domain components

 of a signal at drsc@te‘ffequencres. The frequency spacing of these components

" is determined by the period of the repetitive time waveform being analyzed. In

this case, the penod T = 8+1. 544x105 ns; and the frequency spacing is
1/T =193 kHz. Smce Zo and y are functrons of frequency, they must be
evaluated at 193 kHz intervals. Zgp and vy values for f = 0 Hz ‘are excluded,
since the input signal is balanced,' and has a DC component equal to 0 V.
Furthermore‘ measured RLGC paramete}s for twisted pair cable were only
available for frequencres up to 5 MHz.8 To obtain a description of the line for

frequehCIes above 5 MHz the RLGC parameters were extra olated to 10 MHz L

In the frequency domain, all S|gna| components above 10 M z are set to zero.

Appendlx A descnbes the- cable model in detail and explains the rnterpolatlon

and extrapolation methods used. 'Since truncatron over 10 MHz occurs, only 51.

values of Zg and y are needed - the fifty-second point corresponds to a

frequency just over 10 MHz. The program only reads in the first 51, points in the

‘ cable model file. Once the cable parameters have been read in, the program

has all the information it needs to perform the simulation.

A
™~

i 3.1.2 s Simulation Steps .

The first step after data entry is to convert the trme domain mput waveform to
the frequency domain by calling the FFT procedure Samp|es in the input file

form the real part of a vector.of complex points, wuth the |mag|nary ‘part set to

‘zero. Real parts are kept in one array, ‘and the |mag|nary parts in a second

array. The result of the FFT i is a vector of 256 ‘complex nlimbers (ie. with non-

zero Imagrnary parts), which contains the frequency domain components at
193 kHz intervals. Components for negative frequencies are returned as well.
The relatlonshup between array subscripts, "X", and FFT coefficient indices, "N",

is as follows: for 0<X<127, X'= N; for’128<X<255, -128<N<-1. The frequency

of the Nth FFT coefflcrent is glven by N tifnes 193 KHz. The Turbo FFT routmet’? :
uses this conventlon because, in general, much of the hrgh frequency"

o .



same magn‘tude
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tnformatnon can be ignored with minimal effects on ‘the time domam

representation of the signal.

-

‘Initially, th= rrequency domain signal was passed directly through the line

" transfer function. All Fourier coefficients of the resulting signal above 10 MHz

were set to zero. The resulting t_ime domain signal gontained high frequency
ringing superimposed on the DSX-1 pulses. This effect is known as Gibbs'
phenomenon, anq is caused by the frequency domain truncation.® Gibbs'
phenomenon was pronounced because the frequency c'onjponentso'f the
sigral over 10 MHz are quite strong. To decrease Gibbs' phenomencn either '
the signal or the line transfer function must roll-off smoothly to a value near zero
at 10 MHz. Then, subsequent truncation will not result in any sxgnlfrcant ringing

in the time domain.  Since the transfer function of the line is a function of line

length, changing its roll-off would require a different approach for each length of
line. It is easier to add a low-pass filter (LPF) transfer function before the line
transfer function, to decrease the high frequ'ency ‘components of the signal.
After experimenting with several filter transter functions, a third order
Butterworth LPF with a 3 dB passband cut-off of fo =5 MHz was chosen The
transfer function for this filter is shown below. '

Addition of this fllter transfer function to the program eliminated the ringing in
the time domain. ‘ -

The program} niultiplies the Fourier coefficients corresponding to the first 51

positive frequencies by the filter transfer function evaluated at each frequency.

The 51 negative frequency components are multiplied by -the complex
conjugate of the filter transfer functron evaludted at the posmve frequency of the

The next task is to multiply the frequency domaln representatron of the

frltered srgnal by the transfer function of the line model. The transfer functlon for
: -3
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the line is derived in Appendix A. The transfer function is evaluated for each of
the first 51 positive frequencies, ang'multiplied by the appropriate frequency
component of the test signal. The test signal components are multiplied by the
complex conjugate of the positive frequency transfer function for the first 51
negative discrete frequencies. All calculations are made using complex
. number multiplication, division, and hyperbolic sine and cosine routines. Also,
all FFT coefficients with IN| > 51 are set to zero. The 0 Hz, or DC, component of
the test signalois zero, and is not altered by the filter or line transfer functions.

The resulting vector of complex numbers is transformed back to the time
domain by a single procedure call. The graphics mode is entered next.

'3

313 GraphicsaModé

-Once the mathematical manipulation’s cf the test signal are complete, the
resulting time domain signal is displayed graphically on the computer screen.
After transmission over a length of line, the DS-1 pulse experiences a time
delay. Thus the first function performed is to find the peak of the positive puise,
and shift this point to the centre of the display window. Next, the Halo graphics
routines are initialized, and a short automatic analysis phase is entered.

The automatic analysis"éh’ecks for fit of the posiiive pulse of the test signal
inside the-DSX-1 mask. The only allowed operation on .th,e pulse is amplitude
scaling. The pulse is actually held stationary, in the centre of the screen, and

the pulse mask is shifted to test for compliance with the standard. The pulse
mask can be r’noved/both—_ve‘rtically and hori‘zontally ‘on‘the screen. In the
automatic analysis, the movement of the pulse mask is restricted to the
horizontal direction only. The program loops through 3 settihgs of time shift for
the mask. For each settvir'wg of time -shift, it loops throug-h 3 settings of the scale
factor. At each comiination of time shift and scale factor, an error calculation is
made. The mean square error is calculated by taking the sum of the product of
Athve time between sample instants (1+(32 x 1.544 MHz) = 20.2 ns) times the
absolute value of the amount that the pulse exceeds the mask by, over the
duration of the pulse mask. The Sample values used in the error.calculation are
from the. 256 samples defining the time domain signal after transmission over
- "t'he cat}le. When the pulse fits entirely inside the mask, the error will be equal to
zero. For each setting of time shift and scaling factc-, the pulse and mask are

17
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displayed along with some sinﬁulation parameters. Figure 4 srgs a sample of

the computer display. The "fit" parameter is either pass("error = 0) or fail
("errgr™ = 0). The "shift" is the time shift of the pulse mask, "scale” is the scale
factcg and "length" is the total line Iength (up to 400m). The, !offset variable

- shows the amount that the positive pulse was shifted in time 10 bring. it into the

display window. The analysis phase performs a search for the minimum- error
setting, and redisplays this setting when the analysns is complete —

05

lana o

e (m)

Figure 4: Example of Simulation Outpdt

5, : :

This "automatic analy'sis:on'ly coarsely scales the pulse and shifts the pulse
mask, and therefore cah be eliminated. . To be helpful, a 1 ns time shift
resolution, and an increment of .01 on,the scale factor would be necessary over
a wide range of values. This wou!d enable the program to automatlcally
'determme accurately if the pulse fits ifiside the mask -or not. However, testing
each combination of time shlft and scaling tekes approxrmately 1 second. At

o Y

fine resolutron and over a wide range of values, the automatic process would *

take several hundred seconds. The' mask may-also be shifted vertlcally, which
adds -a third variable to the automatic analysus and would further increase the

~)

L
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overall time to complete the process. It is faster to shift and scale manually, and
eliminate the automatic analy5|s completely.

In the manual control mode, 3 options are displayed at the bottem of the -
screen:

1 Move Mask and Scale Pulses "
2 Plot Screen T

3 Quit . {

Options are entered by tHe user through the keyboard. ‘When a "1" i
ef(ered the program prompts the user Jor a scale increment and a time
increment. The scale increment is also the \Jcrement in volts used to shift the
mask in the vertical dlrggton After entry, Ieft and right arrow keys are used to
move the pulse -‘mask by the time increment in either dnrectlon and the up and
down arrow keys are used to scale the pulse, increasing or decreasing the
scale factor by the scale increment éach time they are pressed. The "page up”
and "pége down" keys are used to move the mask up or down one increment,

' respectiyely. Pressing the escape key returns to the main menu. From the main

menu, entering a "2" causes the screen to be redrawn, and a. plot file is
generated in the _se}mé‘directory as the program with the name "list.out". If a "3"
is entered from the main menu, the graphics routines are shut down, and the
program ends. One option not shown on the screen is to press "5" which draws
a compressed dlsplay of the entlre test signal on the screen. ThlS option was
added 4 late stage in the simulation’ process to aid in the development of the
different pulse shapes To plot, the user must exit the program, and invoke the
Halo plot @@mmand to dump the file "list.out" to a plotter. The plotter must be a
Hewlett-Packard model 7475 plotter, or any device that supports the HP-GL
language. 5 i}
i .

This concludes the description of the Pascal simulation program. The'
simulation was used as a tool in an iterative procedure to define pre-distorted
pulse shapes. This procedure is described in the next section.
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The computer simulation program was used as a tool in an iterative
procedure which determined the minimum number of pulse shapes needed to

. satisfy the DSX-1 standard over the 0 m to 200 m range of.lineengths. Only

20

the pulse shape specification was used to determine if a given pulse met the

DSX-1 standard. Since the pulse amplitude may be scaled to fit the normalized
DSX-1 pulse mask, the amplitude specification can be addressed separately at
the hardware stage by transmit buffer drive level adjustments. A minimal
number of individual pulse shapes is desirable to minimize the number of LBO

settings. It was felt that fewer settings would simplify the receiver design. In

addition, the iterative process was to determine the number of time and
amplitude quantization levels necessary to generate distorted pulse shapes.
These parameters were also to be minimized to simplify the .hardware design.
Few time quantizations are desirable because the hardware could be, clocked
at a lower speed, thus allowing the use"of inexpensive, low-speed TTL or
CMOS technology. Less importantly, fewer bits per sample are desired (few
amplitude quantizations) because less memory for sample storage, and a

- smaller, and therefore snmpler D/A would be required. This section describes |

the process used to evaluate various combinations of time and amplitude
quantlzatlon ‘resolution, with the goal of finding the minimum number of unique
pulse shapes that the LBO would generate.

Pulse shapes tested were stored in a compdter file, as described in the
previous section. This file contains 256 voltage samples which: represent
- 8DS-1 Symbcl intervals with a resolution of 32 samples per DS-1 symbol. To
simulate the"output- of a D/A converter, a working voltage range of -3.6 V to
+3.8 V was chosen based on the maximum amplitude allowed by the DSX-1
specification.,. The voltage step, AV, of a linear D/A converter is obtained by

dividing the 7.2 V range by 2n-1, where "n" is the number of bits of resolution for-
each sample. All valid samples were calculated ‘as mteger multiples of AV. Up :

to 27/2 levels are allowed below zero, and 27/2 - 1 levels above zero. The

simulation only checks compliance with the DSX-1 pulse shape specification.

The exact amplitude of the simulated. pulses is not important, because the

amplitude specificatiort can be addressed separately; only the values of the
samples relative to other samples need to be correct. '



At this point some clarification is necessary. When eonsideﬁng the structure
of the stim Jlus signal file, there are two sampling rates that must be kept
separate in the reader’s mind to avoid confusion. One is the sampling rate used
to generate the pre-distorted DS-1 pulses "which refers to the number of
segments which each DS-1 symbol interval is divided into. This is the rate that

samples are read from an EPROM and passed to a D/A cenverter. The other

sampling rate is the one used to create discrete samples for proper input to the

21

FFT routines. The latter.sampling rate refers to the number of samples per DS-1-

symbol interval taken at the output of the D/A. For example, consider that the
DS-1 pulse may be generated by, say, 16 segments per DS-1 symbol. This
pulse appears as an analog signal at the output of the D/A. To take the FFT of
this analog signal, it must be decomposed into discrete samples, taken at a Tate
of 32 samples per DS-1 symbol interval. Figure 5(a) shows a DS-1 pulse
generated by 16 segments per'DS-1 symbol, ag it appears at the D/A output.
The arrows along the horizontal axis show the 32 sampling lnstaﬁts used to
generate appropnate input for the FFT routines. Figure 5(b) shows the values of
‘the resulting samples.
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FFT Sampling Instants

(a) D/A Output

Sample #

Value

Value

ample
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(b) FFT Sample Values

Figure 5: Example of Stimulus Vector Structure



It wac/desirable to keep the FFT sampling rate at 32 samples per DS-1
symbol, but to somehow simulate pulses generated by fewer than 32 segments
per DS-1 symbol interval. Figure 5 shows that the FFT samples for a pulse
generated by 16 segments per DS-1 symbol are grouped in pairs of ‘samples of

23

the same value. ‘Similarly, to simulate a DS-1 pulse generated by 8. ‘segments ‘4
per DS 1 symbol, the FFT samples can be entered into the file in groups of 4; for

a pulse generated by 4 segments per DS-1 symbol, the FFT samples can be
considered as groups of 8, and so on. Thus to simulate the use of different
numbers of segments per DS-1 symbol interval, the samples in the file are
simply treated as groups of 2 4,0r 8 samples

The computer.simulatlon was used to iteratively explore the various discrete

design spaces created by each combination of time and amplitude quantization.

To start the process, two pulse shapes where found which fit the mask at the two ‘

extreme lengths of physical cable: 0 m and 200 m. These initial shapes were

then incrementally modified using an iterative procedure to maximize the range -
of line lengths for which each shape was valid. If the ranges did not overlap, a -

~third pulse shape could be developed. The procedure used to determine the
range of line iengths for each pulse shape was as follows usmg pulse shape 1

- (valid for shorter lines) as an example.

" First, the current number of segments per DS-1 bit, and the number of

quantization levels were chosen. Next, the D/A voltage step, AV, was
scalculated for the fixed working voltage range of the model D/A. The samples

describing the puise were calcilated as integer multiples of AV, .subject to the~

number of quantizing levels being considered at that time. Pulse shape 1 was
created and the appropriate sample values were entered into a file. The
srmulatlon was run at 0 m to check if the pulse did indeed fit the mask. Af it did
not fit, the points where the pulse violated the mask were noted, and the
necessary samples in the source file were changed to remove this violation.

The initial fit at the startmg extreme of a range was usually achiéved in one or
two iterations.

Upon finding a shape which fit the DSX-1 pulse mask at 0m, snmulatlons
~ were rur- at gradually increasing line lengths until an exact fit of the. pulse wrthln

the mask was not possible, at length L1, say. Again the location of the mask

violations were noted; usually the trailing edge undershoot was toc small, or the
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rising edge of the pulse clipped the upper left inside mask edge. The source file
" was intuitively altered, and the simulation run at length L1. This was repeated
until the pulse fit the mask at length L1. Then, simulations were run again at
lengths from O m to,L2 > L1 m. If modification of the pulse shape caused
- problems at lengths where the pulse fit the mask before, an assessment was
made as to whether to terminate the process or continue. In most cases, L
could be extended several times with slight modifications to the source file, and
without affecting the fit at shorter lengths. When modifications to the pulse
shape to make it fit at some length Ln caused problems at other lengths, the
process was terminated. This procedure was repeated with puise shape 2!
working back from a 200 m starting length. As anticipated, the ranges for the
two pulse ehapes overlapped, and no more than two pulse shapes were
necessary.

Although this iterative manual approach sufficed here, it is of interest to
consider the prospect of totally automating the search of each discrete design
- space. This approach was cehsidered and results showed that iterative human
design using the simulation was much faster than the exhaustlve space search
approach For example, consider the simple case of 8 time segments apd 8
© quantization levels. There are 88= 16,777,216 possible pulse shapes.. With a
simulation and automated masyk fitting test execution time of 5 seconds per
tested pulse shape, it would take about 23,302 hours to test each possibility
With the human approach, several combinations of the number of segments
-and number of levels were examlned in about’ 10 worklng days, or about 70°
hours.

All combinations of 3 sampling rates (4, 8 and 16 segments per DS-1
- symbol) and 2 amplitUde quantization levels (16 and 32 levels) were examined.
‘The combination of 8 segments per DS-1 symbol and 32 quantization levels
was the coarsest resolution that produced satisfactory results. Below these
values, the DS-1 pulse shape could not be reconstructed with“acceptable
accuracy. .-Two unique pylse shapes were obtained. Pulse -shape 1 fit the mask
for the range of lirre Iengths between the cross-connect and DS-1 signal source
of from O0m to 150 m. The range for pulse shape 2 was 75 m to 200 m.
Figure 6 shows the two pulse shapes resulting from the simulation phase.
Figures 7, 8, 9, and 10 show the results of the computer sirhuJ\ation at the .

b,



~ endpoints of each. range The overlap of the ranges was expected to be a
~ significant factor in ellmlnatrng mariual control of the LBO settlngs

The simulation phase of the project was considered complete when'the two
pulse shapes were found. The next step was to build a hardware prototype

which would generate these pulse shapes and transmit them over a real
22 AWG twisted pair cable.

¥ ' K
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CHAPTER 4 "

HARDWARE DESIGN AND TESTING - B

%

'This chapter-describes a hardware prototype of ihe'proposed LBO circuit.

The results of the simulation phase were used as the starting point for the
hardware design. The circuit was designed to generate the two different pulse -

'Shapes derived in the simulation phase. The pulseé are formed using 8
segments per DS-1 symbol interval, and each segment is described by a 5 bit
wide sample stored in an EPROM. This chapter describes the operation of the
LBO circuit in detail. The 22 AWG cable test facility on which transmission {ests
were carried out is also described, ‘and the résults of measurements of
~ transmitted pulse ‘'shapes are presented. Next; ah _Onsuccessful technique for
automating the pulse shape selection is described, which fails due to a
fundamental characteristic of the DSX-1 cross-connect. The final section of the
chapter describes how the manual switchigs were eliminated using a single
pulse shape solution. ' |

4.1 LBO Circuit Descriptioniy L . . (\
- The pnmary function of the LBO circuit is 10 generate the pre- dlstorted DS-1 \

pulse shapes defined dundwg the. simulation phase. The samples are stored in

an EPROM, and read ouE}gd passed to a DA converter. The DI/A output is the .
bipolar, analog DS-1 signal, which is coupled to a transmlssmn line via a pulse

‘4 transformer. The simulation phase provided values for the two key hardware

paramel_ers: sampling rate, and the’ size of each sample. The samples are each

5 bits wide (for 32 quantizing levels), and are passed to the D/A at a rate of

12.352 Msamiples/sec., which is 8 times the DS-1 signal rate. ’
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Flgure 11: LBO Hardware BI}Qk Dlagram

Flgure 11 shows a functional block dlagram o ite LBO circuit; a detailed
cnrcunt schematic and timing diagrams are found in Appendlx B. The circuit has
4 mputs A DS-1, non-return to zero (NRZ) bmary data sngnal and a 1.544 MHz
- clock are supplied by a DS-1 test set. Manual switches proWde the other two
inputs. One switch selects one of tw@ encodmg formats and the other selects _
one of two pulse shapes. . The LBO has one output the b|p01ar pre- -distorted
DS-1 signal. The encoding blogka ahe phase Iocked Ioop (PLL) and counter.
biock generate the address mp&u&ﬁ tp the EPROM Most of the LBO circuitry is
devoted to the address gener‘atfon For each symbol in the DS-1 data stream, 8+
samples must be read from the EPROM The EPROM contents are divided into
five groups of sar‘hples defmlng two different versnons of both positive and .
negative polarity '1' p ?&s and the -0’ output. . " Generation of the EPROM
addresses to cause ;h»e “eqrrect pulse shape to be read out requires .
approxmately 75% of the LBO c}rcunry The EPROM and the D/A are single ICs

/
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VWhICh requure a small amount of support crrcunry The D/A output is amplified
before being coupled to the trahsmission line with a transformer. Each of the

- functional blocks shown in Figure 11 will be described in detail in this section.

Y
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The LBO prototype circuit was built from.discrete components ant ICs. The

circuit uses the 74HC family of high-speed CMOS (HCMOS) devices
throughout, except for four special function ICs. The PLL-uses two bipolar ICs:
the MC4044 phase detector and loop filter, and the MC4324 voltage controlled

,'oscnlator. ‘The D/A is the MC10318, which is an ECL device. Also, the

MC10124 ECL level converters are needed to change the HCMOS logic levels

(0 to 5V) to ECL logic levels (-1.8 to -0.8V). Other devices could be used to

!
achieve the same functionality achieved with the devices listed above. The D/A,
however was particularly difficult to acquire. Several D/As meet the speed

requ1rements but they: aresin high demand as video D/As, and consequently are
in short supply. :

The encoding block has three inputs and two outputs. Two of the inputs are

' svupplied by a DS-1 test set: the binary data stream, and the 1.544 MHz clock
signal. Lines 1 and 2 of Figure 12 show the timing relationship between these

two signals when they arrive at the LBO circuit. The clock is used for counters,
latches, and othef sequential elements in the encoding circuit. The data signal

mput a blnary switch.

is manipulated to. form twc outputs: a modiﬁed data signal and a polarity signal. -
The encoding of the modmed data and polarity signals is controlled by a third
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Figure 12: LBO Timing Diagram

At the output of the encoding block, the modified data and §olarity signals
" arein binary, NRZ format. Some mears is necessary to indicate the polarity of
the "1’ symbols in the. modified data stream to ensure that the D/A output is a
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proper bipolar signal. This is accomplished by the polarity jsignal. ‘When the
" switched input to the encoding block is open, the resulting bgpolar data stream
- (D/A output) displays alternate mark inversion (AMI) coding. For AMI, the '1's in
the bipolar data stream simply alternate in polanty To indicate AMI coding, the
polarity signal changes state at the start of each modified data symbol interval
containing a '1". The modified data is identical to the input data for AMI coding.
Lines 3 and 4 of Figure 12 show the timing on the modified data and polarity
signals when AMI encoding is selected. A''0' level on the polarity signal
indicates that the '1' in the corresponding time slot in the modified data'signal
will have negative polarity in the bipolar signal. A '1"level on the polarity signal
indicates positive polarity. The polarity signal does not change state during
modified data symbol intervals containing '0's. The concept of polarity for '0’

ymbols is meanmgless since '0' symbols are represented by a srng|e level on
the bipolar signal, namely 0 V.

When the switched input to the encoding block is closed, the 'en‘coding
circuit performs binary with 8 zeros substitution (B8ZS) encoding on the input
~ data. B8ZS encoding replaces strings of 8 consecutive '0's in the data stream
~ with the pattern '000VBOVB'. The 'V's are bipolar violations, which are caused
when a '1' bit in the bipolar data stream has the same polarity as the previous

1" bit. The 'B's are normal bipolar '1' bits which are the >pposite polarity to ?he'l' N
precedlng ‘1" bit. Normally, bipotar -iolations are undesirable, b’ecause they -

cause an imbalance in the number of pulses of one polarity over those of the

‘other polarity. This in turn causes a non-zero DC offset, which may affect the

operation of receiver circuitry. However, the B8ZS pattern is such that the
wolatlons cancel each other, and the overall bnpolar signal remanns balanced
about 0 V. The encoding cirruit modifies  the input data by replacrng 8

,' _consecutlve zeros with the pattern '00011011".  The polanty signal rs made to'

skip a state transition on the fourth.and seventh bits of the replacement pattern.

. _This indicates that the fourth and seventh bits will have the same polarity as the

preceding '1's, thus accomphshmg the B8ZS encoding. Lines 5and 6 of =~

Figure 12 show the outputs of the encodrng circuit when B8ZS encodrng |s'v" g

selected

Botl AMI and B8ZS ercoded’ DS-1 signals gre in use in the
telecommunlcatlons network today Thus a DSX- 1 recelve circuit: must be



- address line wilt now be described in detail.

capable of operating under both types of encodlng The receiver deSIgn was to
be an integral part in eliminating manual LBO switches. Therefore, the LBO
circuit performs both types of encoding as a test feature: the switch controlling
the enco\ding would not be necessary in a product implen%e_nt'ation of the LBO
circuit.

The modified data and polarity signals are two of the six address lines
attached to the EPROM. The EPROM is a 16 Kbit deviée arranged as 2048, 8
bit words. The device used is a TMS27C292, with a 50 ns access time. The
speed of this device is critical to the correct operation of the LBO.* Samples are
read from the EPROM every 81 ns (one period of the 12.352 MHz clock).
Therefore the overall delay through a latch preceding the EPROM, plus the
EPROM must be substantially less than 81 ns to meet the set-up time on a latch
placed at the EPROM output. The latch placed before the EPROM retimes the
address lines SO that they all change simuitaneously. The latch placed after the
EPROM retlmes the samples before they are presented to. the D/A. These
latches are not shown explicitly /ln Figure 11, but are used in the circuit.

'_\
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The EPROM address lines change at a rate of 12.352 MHz. A sieady stream -

of:samples at 8 times the DS-1 symbol rate appears. at the EPROM outputs, and
is passed to the D/A, The 6 least significant address lines on the EPROM are
used, which address 26 = 64 memory locations. Table 3 shows a functional
memory map of the EPROM contents. The com iration of the three most
-sngnlflcant address Imes A5 to Az, select an drea m the EPROM where a
partlcular pulse shape is stored. These_lings remain fixed for the duration of a
DS 1 symbol mterval The 3 least sxgnlflcant adress lines are clocked at 12.352

MHz, and address individual samples in the EPROM. The function of each
. S
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Data Shapé Polarity ‘ Counter
A's A 4 i A 3 A 2 A ‘1 A 0
0 ‘ D/A Output = OV
L
0 Negative Pulse Shape 1
o .
1 Positive Pulse Shape 1
R .
1
0 Negative Pulse Shape 2
1
1 Positive Pulse Shape 2

Table 3: Functional EPROM Memory Map

The most significant address line, As, is the modified data signal coming
from the encoding circuit. Far modified data bits equal to '0', the D/A output
- should be OV. To achieve this, the first 32 locations of the EPROM contain the
sample value 00010000 (10, hexadecimal) which corresponds to a O V D/A
output. Thus, regardiess of the valye of the other address lines, when As is '0’,
the D/A will generate O V. When As = '1', the value of the other 5 address lines
will cause the appropriate pulse shape to be read out. The-pulse may be one of
two shapes, each of which can have one of two polarities.- Alternately, an
external multiplexer could be used which routes a fixed s'ﬁmp|e value to the D/A
when a '0' occurs on the modmed data stream. This would halve the memory‘
requirements, but increase the logic circuitry. . Since a 2048 x 8 bit device was
- available, the amount of memory used was not a problem. However; if the
digital LBO was integrated on an IC, the memory size would be a consideration.

-

The next most significant address line, A4, is provided by an external switch.7
This switch controls which pulse shape is transmitted. A '0' on A4 will select
‘pulse shape 1 (for shorter lines), and a "1’ will select pulse shape 2 (for longer
lines).” On the prototype circuit, this switch is controlied manualily. However, it
was iniended that the selection of pulse shapes would be automated, as
described in the next section.

! .
/ B

[
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The third most significant address line, Az, is the polarity signal generated by
the encoding block. A '0' on A3 selects a negat e polanty pulse, and a "1’
selects a positive pulse. The 3 most significant address lines remain fixed for
the entire duration of a DS-1 symbol interval. When a new DS-1 symbol
interval begins, these 3 address lines immediately select the correct puise
shape of the corréct polarity stored in the EPROM. During the ensuing -symbol
interval, the 3 least significant address lines change 8 times, thus reading the 8
samples which describe-a DS-1 pulse out of the EPROM.

The function of the three least sngmflcant address lines is best described by

explaining the operation of the PLL and counter block. The PLL generates a
50% duty cycle, 12.352 MHz clock that is synchronized to the 1.544 MHz DS-1 .
clock. The 12.352 MHz clock is divided by 8 to enable phase detection to be

done at the 1.544 MHz rate. The MC4044 phase detector/loop filter chip is used
in a third order PLL. The PLL was designed with a damping factor of =07
~ and a natural frequency of wn = 50.7 krads/sec.  Additional filtering. to that
provided by the MC4044 is provided by a simple R-C low- -pass filter with a 3.dB
cut-off frequency of 250 krads/sec, or about Stimes wn. The resulting voltage is
connected to the control input of the MC4324 voltage controlled oscillator
' (VCO) This PLL |mplementat|on produces apprommately 2 ns of jitter on the
12.352 MHz clock signal. No further attempt was made to quantize this jitter
because it had no effect on the operatlon of the circuitry. However, in a product
design, the designer must ensure that all DSX-1 equupment conforms to
standard ]ltter tolerances. ‘ ‘

-

The -12.352 MHz clock drives a 3 bit binary up-counter. During each DS-1
symbol interval, the counter counts up from 000 to 111, and resets at the start of
the next symbol interval. Thé counter cycles through these 8 states
continuously, and the counter outputs form the three least significant, bits of the‘
EPROM address lines. ‘The effect is to provide a continuous stream of evenly
spaced samples at a rate of 12.352 Msamples/sec. to the D/A. Lines 7 to 12 of
FigUre 12 show the 12.352 MHz timing of the EPROM address lines and the
EPROM output. The analog output of the D/A is shown in line 13 of Figure 12.

Table 4 shows the actual EPROM contents. Each memory location is 8 bits
wide, but the samples require only 5 bits of storage each. The samples
- therefpre_occupy the 5 least significant bits in each memory location, and the 3

N



“most significant bits are set to '0'. Only the 5 least sngnmcant EPROM output
lines are connected to the D/A converter.

[ADDRESS .~ JCONTENTS  JADDRESS ICONTENTS  JADDRESS ICONTENTS

00 10 29 1E o 35 17
) | 1 2A 1D 36 14
1F 10 2B 1D ' 37 12
20 10 2C 1D 38 10
21 02 2D 1 oc -39 ' 1F
22 03 2E : oD 3A 1C
‘23 03 oF OE 3B : 1C
24 03 30 10 3C 1C
25 14 31 01 3D 09
26 13 32 04 3E 0C
27 12 133 . 04 3F OE
28 10 34 04

Table 4: EPROM Contents, Two Shape Solution

The D/A used in the LBO circuit is an MC10318, ECL device. The device
has a settling time to 1/2 of a least significant bit of accuracy of 15 ns., and is

capable of conversmn rates in excess of 25 MHz. Various other devices,

operate at these same speeds, but the MC10318 was one of few that were
‘ easnly available in small quantities. The MC10318 is an 8 bit device capable of

| producing 256 unique analog quantization levels at the output. Since samples -

are only 5 bits wide, connecting the EPROM Hutputs to the 5 least significant
inputs of the D/A would utilize only 1/8 of thg dynamic range of the D/A output.
To use as much of the D/A's dynamic range &s poséiQIe tHe EPROM outputs
were connected to the 5 most significant i puts of the D/A. The 3 least
significant D/A inputs were tied to '0". In this conflgurati\)n the D/A will produce
32 unique output levels. The step size between levels will be equal to 8

quantization steps of the D/A. Nearly the full range of the D/A is used, from a _

minimum value of 00000000 to a maximum input of 11111000.

The MC10318 is a current output D/A with a full-scale output of
-approximately 51 mA. This amount of current was insufficient to drive the
transformer and transmlssnon line. A single transistor current dnver was built to

drive the line sufficiently to produce pulses which are as much mrr
amplitude. This circuit is necessary to ensure that the DSX-1 amphtude '

specification is me\t. The output driver is connected to one end of the primary



koﬁ of a Hammond 600 BA pulse transformer. The other end of the primary is
grounded. The secondary winding of the transformer is connected to the
transmission line. This arrangement is necessary to keep the transmission line
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free of any dc voltage. Only an ac, bipolar signal is present on the line. At the .

receiving end, the line would be connected to the primary coil of another
transformer. The secondary would be grounded on one end, and connected to
the receiver circuitry on the other. The line is isolated in this manner because
the transmit and receive electronics cannot be guarantegd to have the same
ground reference since they are physically separated.

In most D/A applications, the output of the -D/A is filtered by a ‘_lgw-pass
smoothing filter which removes the sharp edges caused by the quantization
process. This is done to make the D/A output appear as a smoother, more
natural analog signal. In the LBO application, no smoéthing filter was used.
The sharp édges on the D/A output were only apparent with 0 m of line loading
the circuit. -Attaching even a short length of cable to the LBO circut smoothed
the signal sufficiently to make it appear as a true analog signal. Hov\{ever, the
fast rise times and gharp edges at the D/A output imply. that the signal contains
very high frequency components, which may radiate and cause electromagnetic
interference (EMI) with surrounding ciruitry. * No EMI prgblémls were
encountered with the prototype. However, in a product implementétion the use
of a smoothing filter is recommended. |

' The LBO hardware was built and tested incrementally without cénnecting
the circuit to a real transmission line. To thouroughly test pulse transmission

over various 22 AWG line lengths ranging from 0 m to 200 m, the cable facility .

descnbed |n the next section was assembled.

4.2 Cabl ili

Several characteristics weie desired in the cable test facilityv. Most
- importantly the cable length should be adjustable in small increments from 0 m

-to 200 m. The size of the increment should be about 15 m or so, and '

measurements of the pulse shape would be made at integer multiples of the

" line increment. An increment larger than 15 m would not provide a sufficient

“number of different line lengths for testing, and the greater resolution provided

by a smaller increment was felt would not be necessary. The line length under
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~ test should be easily set up, and it sh_ould be simple to change between
different cable gauges. The ’facility described below meets eQCh of these
desired characteristics.

The 22 AWG cable facility was fabricated using a 15 m length of 50 pair
telephone cable. Connectors were attached to 48 pairs at both engs of the

gable, and the connectors were attached to a jack panel. The small amount of
cabling in the jack field panel adds 1.4 m to each pair in the 50 p'ai"F‘cabIe. _

Thus, each segment is 16.5 m long in total.  The jack panei is configured so that
all internal connections are closed when no jacks are inserted in the sockets on
the front of the panel. The cable-end connectgrs were wired so that the twisted
pair segments are connected end-to-end through the jack panel to form one,
unbroken, single-pair line. o | ‘

The front pan‘éi\Qf__t_Qe/}ack field has 4€ columns of 3 sockets per column.
One segment of line is connected between each column of sockets. Inserting a
jack into the top socket in a column breaks the line at that point, and connects
the jack to the line segment positioned to the left of the socket. The top row of
sockets are used to place a termination at the end of a line. Inserting a jack in
one of the middle sockets breaks the line at that point, and connects the jack to
the line segment immediately to the right of that column of sockets. Thg middle
sockets were used to inject test signals into the line. When jack"s are inserted in
one of the top two sockets of a column, the line breaks at the socket position
only, into two pieces; all other line segments remain interconnected as before.
Inserting a jack into the bottom row of sockets does not break the line, but taps
inte-the line at the location of the socket. |

A Only 24 of the 48 columns of sockets were used, correspdnding to a
maximum total line length of 24 x 16.5 = 396 m. The bipolar DS-1 signal
generated by the LBO circuit is injected into one end of the line using the centre
socket in the leftmost column of the jack panel. A 100 ohm termination can be
inserted into the top socket of any column to the riéht of the signal insertion
point. The termination will be located at the end of a line with a length-of 16.5 m
times the number of columns between the insertion point and the termination
point. The signal can be monitored across the 100 ohm termination, or at any
point between the signal source and the termination using the bottom row of

sockets.’ f S
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Initial measurements were strongly affected by inductive coupling of the

60 Hz supply frequency onto the test cable. The.50 pair cable has an .

aluminum sheath that acts as a strength member. When_this sheath was
connected to ground, the inductive piCk—up problem disappeared. Crosstalk
was not noticeable due to the relatively short length of cable used. Similar
multl -pair cables were available for construction of 24 and 26 AWG cable test
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facilities. To interchange between the different gauges, the correct cable is

- simply attached to the rear of the jack panel.

This section describes the method used to record transmitted DSX-1 pulse
shapgs, and discusses the results of the measurements made over 22 AWG
cable. It was desirable to record the transmitted pulse shapes as they appeared
at the cross-connect. As in the simulation phase, the pulse mask was to be
recorded together with the pulse shape under test. To do this, a digital
oscilloscope was used to observe the transmitted pulse shapes. The DSX-1
' phlse mask was stored i the oscillosccpe’s memory, and could be displayed
simultaneously with the pulse shape under observation. The oscilloscope

. display could also be plotted using an X-Y plotter to get a permanent recoz/z of-
he

the results. The method of creating the pulse mask and storing it i
oscilloscope memory is ‘described in this section. Next the method usefl to

record transmission results is described. Finally, the results of transmission

over 22 AWG cable are presented and discussed. .
' )

’ {
All measurements were made on a Tektronix 2430A digital oscilloscoepe.

This oscrlloscope has 4 memories where signal traces can be stored. A.

, drgmzed pulse shape can be transferred to one of the trace memories from an

external device via an IEEE 488 bus. To transfer the DSX-1 pulse mask to the

2430A, the upper and lower curves of the pulse mask are transferred into

. separate trace memories. The oscilloscope format requires that each trace be
described by 1024 sample points.' ‘Rather than interpolating over both curves of
the DSX-1 pulse mask to get 1024 discrete points for each, an indirect method
was used which produced the same results rnuch faster. '

The Tektronlx 7854 digital storage oscrlloscope has a feature that allows a
user to draw waveforms on the oscnloscope screen, and to store*lhem for use
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later. This feature was used to draw thg,to'o and bottom curves of the DSX-1 |

pulse mask. Each curve was stored in a separate trace memory of the 7854
oscilloscope. ‘This scope stores waveforms in the same forfnat as required by
the 2430A, therefore no mampulatron of the data was necessary. The contents
of the two 7854 trace memories were transferred to a- diskette in an IBM

: personal computer equipped with an IEEE-488 interface card.  The two disk |

files were subsequently transferred to the 2430A oscilloscope trace memories 1

and 2 (RF1 and RF2). The two traces are displayed on the oscilloscope .

simultaneously to display the full DSX-1 pulse mask. The sloping parts of the
traces show jagged steps caused by the quantizing process, but this does not
affect the judgement of whether a particular pulse shape fits the mask or not.

The 2430A has a battery powered memory system, and the pulse mask traces

remain intact after the power is shufoff.-

The bipolar test pattern for all measurements was +1, 7 zeros, -1, 7 zeros,

etc., which is the DSX1 test pattern specrfrcatron All measltirements were
made across a 100 ohm resistivé: termination. Results of the measurements
were compared witn measurements made at the mrdpornt of a line twice as
long, with the 100 ohm termination praced at the far end of the line. This v as
the structure that was simulated. Tﬁe dlfferences in the measured pulse shapes
were imperceptable, and all measurements were made at the point where the
cross-connect would be located, across the 100 ohm termmatlon '

- The bipolar signal travels dlfferentrally over the twisted pair cable: the full
signal appears between the two wires of the pa_ir.' The signal cannot be
measured directly using one oscilloscope probe, because the reference voltage

for the probe is ground. Differential measurement techhiques are needed to .

observe the full signal on the oscilloscope.: The grounds of two oscilloscope
probes were soldered together at the ends of the two probes One probe was
connected to one end of the 100 ohm termination and attached to channel A of
the scope. The other probe was connected to the. other end of the termlnatmg

resistor and attached to scope channel B. The channel B display was inverted,

~-and the sum of channel Asand inverted channe! B reproduces the full signal on

the cable. The total signal was displayed on the oscrllosco@e screer?[ together-

with the DSX-1 pulse mask. Amplitude scaling and time base shifting were the
only allowed operations on the signal to check if a puice fig inside the DSX-1

W/
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pulse mask. Both negative and positive pu were-checked for fit inside the
mask. Negative pulses were also che eMe that they were equal in
amplitude to the positive pulses. To cheek a negative pulse for fit in the DSX-1
pulse mask, the polén‘ty of the total signal is inverted on the scope display by
reversing channel A and B. The previously negative pulses are now shown

- with positive polarity, and can be tested for fit inside the pulse mask. Both .

positive and negative pulses had the same shape and amplitude, and all further
measurements were made on the positive pulse shape only. '

Figures 13 to 16 show plots of the pulse shapes for four different Iengths of
22 AWG cable. Figure 13 shows pulse shape 1 as seen with. 0 m of line
attached to the LBO circuit. At this line length, the pulse amplitude is 3.6 v,
and the pulse flts weIl inside the DSX-1 pulse mask. The line length was
increased in increments of 16.5 m until the pulse could n * within the mask.
This occured at 165 m, and the pulse shape is shown in Figure 14. The pulse
amplitude of 2.84 V at 165 m is well within the 2.4 V t0 3.6 V range specified by

the DSX-1 standard. Figure 15 shows pulse 'shape 2 as it appears after .

travelling over 214.5 m of line, which is just over the maximum DSX-1 line
length of 200m. The pulse amplitude at this length of cable is 2. 46 V, which is
just within the DSX-1 standard. The line length was decreased in 16. 5m
increments until pulse shape 2 could not meet the DSX-1 mask, which occured
at 82.5 m, as shown in Figure 16. At this length, the pulse amphtude 1s 3.14 V.
All measured pulses within the two ranges meet boih the DSX-1 pulse shape

and amplitude specifications. Other DSX-1 specuflcatlon§ such as signal po. ar
and pulse width were not measured, since any pulses meeting the shape and "

amplitude specifications will also meet the power and pulse width
specifications. '
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Figure 13: Measured Pulse Shape 1, 0 m of 22 AWG ‘cable
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F - 14: Measured Pulse Shape 1, 165 m of 22 AWG cable
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“measured results are that only‘two LBO settiid
_ ranges overlap between the line lengths of 82.5 m and 165 m. Thus, the" .

Several characteristics of the measured ’results were noted. FirSt the pulse
shape specrflcatlon was the limiting factor deciding the valid range.for each
pulse shape and not the pulse amplltude This result proved to be-very

significant when ‘eliminating ‘manual LBO switches, as will ‘be shown later.

Second, the overlap of the valid ranges for the two different pulse shapes was
thought to be significant. 1t was felt that the overlap would srmphfy the design of -
_a receiver. whrch could eliminate manual LBO settings. Generally,: the
measured and srmulated ranges were quite close. The - ileasured range for

pulse shape 1is longer and the measured range for pulse shape 2 is shorter .
than the srmulated results.” This dlfference is due to the transformer coupllng »

and other real circuit effects _that were not simulated. One additional

o ,"observatron made was on the measured results for pulse shape 1 shown in

Flgures 13and 14. It seemed that it mlght be possible to extend the valid range
beyond 165 m wrth séme slrght pulse shape modnfrcatlons

The measured results confirmed what the snmulatron phase had shown - that
 the digital LBO approach was feasible. Ih general simulated and measured
,results agreed quite closely. The next step was to devise a method to automate
~ the selection of an appropriate pulse shape, and eliminate manual LBO switch

" settings. The followmg two sections describe how this was accomplished. The
. initial method failed due to a. fundamental characteristic of the DSX-1 cross-
’ cohnect but a second approach proved to be successful

4.4 AU&Omat_'C Lme L‘enqth Determmatl_on )

" :B,as’ed on.the results, of the last section,. the f'tollowing technique for
automating p'ulse shape selection was. envisaged. It was hypothesized that a
slmple devnce could monitor the received signal and perfor“m some rudimentary
" frequency domann analysrs Based on the analysis, an estimate “of the cable
- fength between. the cross-connect and the equrpmenlu,could be made, and the
‘appropnate LLBO settlng could be selected. - This t%chmque assumes that
transmlt and recerve cables are of the same leng\h Wthh is the conflguratlon
specified by the DSX-1 stahdard. The s'

S are needed and the two valrd'

o

';'flcant characteristics “of the .

decision ‘as to which pulse shape to choose could have a large margin of error>. .
o - . .. ‘.:‘ ) ) . , * . ) R, :

’ .



about some point in the centre of the overlap reglon The Iarge overlap. could
be used to add hysteresis to" the decision process :to. prevent decnsro
oscnllatlons when the line length is very close tc thie decision pomt

ST o

More than one vanatlon of the proposed frequency domarn analysrs couldi'“

be used. In general the technique filters out.some portion of ‘the recerved

'srghal spectrum and compares this to another part of the spectrum ortothe

broadband signal. The trltered signals are not directly oompared to each other,’ |
' rather some charactenstlc of the srgnals such as peak amplitude or signal - . .

4

power is compared " A ratio would be a loglcal choice for the comparison
techmque since a ratlo would be mdependent of the absolute signal level,
which may vary from one transmltter to the' next L -

v The frequency domaln analysrs technlque must be lndependent of bpthﬂ \
" pattern’ and signal level - A major. desrgn dlffrculty is to determlne Wthh portlons

comparison technrque should be (ratlo or other) The desrred result of all thls

- of the signal are pattern and level mdependent and which characterrstlc of the -
: sngnal (peak amplltude etc) is best suuted for camparison, and what the’

manlpulatlon is ‘a dc signal, elther a voltage or current that i is, proportronal to the "

line Iength The line transfer functron changes as the line' length is mcreased )
.“.For longer Irnes the amplrtude response rolls off at loWer frequencres and has a L

steeper slope after roll- -off begins for the Ionger lines. Thrs change in frequency

.ré‘sponse should . be- detectable wrth the proper frequency domaln analysrs
technique. 1tis not gentain-that a signal with all.the necessary charactenstrcs -
can be found srnce this- method was not thor0ughly exammed once it was -

detefmined that it could not-work with the DSX-1 cross- connecLarrangement |
such a length mdlcatmg srgnal can be fouhd hoWever it could be applred toa’

srmple comparator with hysteresrs -and comp'\rod to a fixed referenCe Ievel o
- The reference Ievel would correspond to a l.he ength in the centre of the
overlap region.- The two state comparator output would be used 1o select the_'.

trans(rmt LBO pulse shape

\

fundamental characterlstlc of the DSX 1 cross- connect ThlS charactenstlc is

ThlS proposed technique fails when used at the DSX 1 rnterface due to a .

that the ‘DSX-1 Cross- connect is transparent-to the Ilne except for the insertiop -

e L
N kY

-’_"

+loss of the connectors at the ‘Cross- connect panel The cross-connect carries
signals lnternally over 22 AWG wrre and fhe total line physrcally remalns; )
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unbroken Because of thlS charactenstic. two different line configurations can |
result in the identical sngnal amving at the receiver, but require that a different

i decrsnon be made in each oase

Figure 17 illustrates two such configurations In Figure 17 '(a) the cr )SS
connect-is 120 m from a DSX-1 signal ‘source, which'is transmitting pu
shape 1. Th/\ransmitter could ‘have just been powered-up, and chose pulse

“shape 1 as a default. The receiver is located 75 m from the cross-connect.
" Since the cross,'connect is transparent the receiver will see a signal that has
travelled‘over 195 m of fine, assuming that the internal cross connect wmng
‘length is_negligible. In this configuration, the receiver must choose to send
' 'puise shape 1, since 75 m is less than 82.5 m, which is the minimum fine length :
for which pulse shape 2 could be used. In Figure 17 (b), the’ signal source is
-again’transmitting pulse shape 1, but the cross-connect is located a negligible
- distance from, the signa'l‘so’urce The receiver is located 195 m from the cross-
connect The receiver will see exactly the same S|gna,i as in the configuration in
: vFigure 17 (a): However the correct decision in this case is to’ transmlt pulse
’ shape 2, since 195 m is: beyond the valid range for pulse shape 1. The receiver ° .
“must therefore make two different decisions when the same signal is received,
| Wthh is mpossnble' " The receiver. cannot distingwsh between the two
configurations -shown in Figure 17

I

//

FE

-

/



- 48

Cross-Connect ~
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s R 120m 7sm .| 4 i

Transmitter PSSO Sean] k| PLOKO  (Receiver
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R €-) R t
R Cross-Connect
R
R . :om i 195.m ‘
- Transmitter F-=| X . Receiver’
ln
— . : o O
5 . o
: (b) . ..
. £ A
“Figure 17: Two Equnpment Conflguratlons Resuitmg in

v : S g the Same Signal at the Recelver

. Havmg found that thrs initial method falled to ellmmate the manual LBO
‘switches, an’ altemate method for elrmlnatlng manual LBO control was needed
The next section descnbes how LBO swrtches were ehmmated altogether '

4 5 Slnqle Pulie‘,&@p_e

The measured re$ults for the transmrssuon of the two separate pulse shapes_ _
over 22 AWG cable <prowded msnght to the solution of the manual LBO setting

problem Pulse shape 1 was found to meet the DSX-1 standard over a rarige of
line Iengths of 0 m to 165 m.- This result caused the tollowmg question to be
asked: could pulse shape 1 be modified to extend the valid range to cover the
full 200 m?\ This would eliminate the. manual LBO switches completely, rather
than trying to automate the pulse shape selection process. Close observation
of pulse shape 1 indicated that this might be possible. This section describes
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‘»"~""""foInging iterative process was used to arrive at the final pulse shape. Pulse

& .

how pulse shape 1 was modified, and presents the oscilloécope displays of the
resulting pulse shape for 0 m and 200 m. '

~ Figures 13 and 14 showed the plots for transmission of pulse shapf 1 over
0 m and 165 m of 22 AWG line, respectively. Observing Figure 14ﬁ can be

the tinimum curve of the mask at the top of the rising edge of the pulse. This
problem can be overcome by increasing the overshoot on the transmitted pulse.
-Figure 14 also shows that at 165 m, the trailing edge undershoot is too smalil.
The®mall undershoot, combined with the pulse spreading caused by the line,
cause the pulse to exceed the upper curve of the pulse mask at the pulse’s
trailing edge. The remedy for this problem is to increase the undershoot of the
transmitted pulse. However, any changes made to the transmitted pulse must
not cause the pulse to fail to meet the DSX-1 standard at 0 m. Observation of
Figure 13 shows that at 0 m, some leeway is present to increase the rising edge

~ overshoot and the trailing edge undershoot of pulse shape 1, without exceeding

the DSX-1 pulse mask. However, it is not clear whether the resulting pulse
shape could extend the upper end of the valid range from 165 m to 200 m.

For these fine adjustments to the pulse shape, the simulgtion program was

3 .
not helpful. The program was not a hardware simulation, and did not represent
a real circuit implementation of the LBO. The simulation seryed its purpose in

. identifying the sampling rate ahd'sample size, plus the initial pulse shapes.

3

Fine tuning of the pulse shape was done by editing the EPROM contents. The

49

See%that at 165 m, there is no rising edge overshoot, and the pulse is clipping

sr;ébe 1 was modified by editing the EPROM contents. " The resulting pulse was -

transmitted, and obse;ved at line lengths over 165 m, and also at 0 m to ensure
compliance with the D_SX-1lstandafd over the full range. If the pulse did not fit
the mask'for line lengths up to 200 m, the pulse shape was modified and tested
again. Each iteration involves erasing the EPROM.un‘drer an-ultra-violet lamp,
and using a prog‘:'ramming device to enter the new samples into the EPROM.

The final ’puclse shape was found in 2 iteratipns. Only 3 of the 8 segments =
differed from the original pulse shape T The second segment, which defines

the rising edgje overshoot, is 1 quantization level higher than the original pulse
shape. The trailing edge undershoot was increased by making the sixth &nd
seventh segments 1 quantization level lower. The remainder of the pulse

™

\
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remained unchanged. ‘Table 5 shows the contents of the EPROM which

I i
)

achieves the snnglé shape solution. " o

e .
ADDRESS | CONTENTS | D/AOUTPUT L
s 0 10 ' g
/ B B '}"' 1 0 Pulse Level
1F © . 10 o
" 20 10
21 01
22 /03«‘ '\
23 03 | . b
24 03 \ Negative Pulse
25 15 -
26 14
27 12
« | 28 10 -
‘ 29 1F
2A 1D
2B 1D oo
Positive Pulse
C 1D
2D , 0B -
2E oC . .
2F OE J

Table 5: EPROM Contents, *angle Shape _So'lution’

‘Table 5 shows that only 10 unique samples, and hence 10 unique voltage ~
levels, are used to generate the two pulse shapes plus the 0 V level. This small
number of voltage levels indicates that a full-function D/A is not necessary. A
- simple custom D/A circuit could be'designed to generate only the 10 different
levels needed to create the pulse shapes. This circuit would be much smaller
than a full- functnon D/A, and could be mtegrated onto the same chip as the other
- LBO circuitry. The D/A circuit could be made small enough to allow several
complete LBO- cnrcuuts to res:de on a single IC. An application for a multiple
LBO chip would be a DS-3 ra:> ¢ amultiplexer which would recover 8 separate
DS-1 signals, which would be mterconngcted to other eqmpment 39 DSXJ{

t

| &&
e

et

Cross-connect.

Figures 18 and 19 show the results at the two endpoints. of the valid rangeg

0 m and 198 m, respectlvely The 198 m maximum length is obtained by using”
12 of the 16.5 m sections of line, and one can assume that the pulse will fit at
200 m of line as well. _The pulse fits the DSX-1 pulse mask well at both

‘ endpoints, and at all points in between. At 0 m, the pulse amplitude-is 3.6V,
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the maximum allowed by the DSX-1 standard. By 198 m, the amplitude has
deteriorated to 2.74 V“\Jﬁut still meets the DSX-1 specification of a 2.4 V
minimum pulse amplltude This proved the assumption made at the simulation
phase that amplitude would not be a limiting factor for a partlcular pulse shape
over the full 200 m range of line lengths.

~

The results presenated in this section represent a s;dmﬂcant accomplishment:
DSX-1 LBO settings have been entirely eliminated.’ The flexibility of the digital
LBO approach permitted the creation of a single pulse s/zape that could meet
the DSX-1 standard when transmitted o%,any length of 22 AWG cable
between 0 m and 200 m. Thisssolution is elegant due to its simplicity. LBO
settings have been eliminated without.the need for complex signal processing
or line length determination &ircuitry. The costly record keeping and
inconvenience of manual LBO settings are no longer a problem. In addi‘tion,.
1:N protection of LBO circuits is sir'np‘liﬁed. Since all LBOs are operating of one
setting, it is straightforward to have an auxiliary LBO circuit on standby, which
could protect severalygggervice LBOs. In addition, the low operating speed and
all digital nature of the*LBO opeh the possibility of integrating several aevices
on a single IC. : -

R
L4

~ The results shown in Figures 18 and 19 prove that the single pulse shape
approach is a valid DS-1 LBO design technique. However, a comparison to the
foremost in today's technology was desired to confirm that the quality of"‘the
 pulse shapes measured at varibus cable lengths was at least equivafent to-

those generated by circuits in use today. One of the LBO circuits reviewed: m/
Table 1,in Chapter 2, was purchased, and its performance compared to that of

the single- shape digital LBO. i \

A
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Figure 18: Single Pulse Shape Soluﬁon, 0 m of 22 AWG cable
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Figure 19: Single Puise Shape Solution, 198 m of 22

cable !
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This section describes the results of measurements made using the Silicon

‘ Systems 78P233 DS-1 LBO chip as the signal source. The IC was connected

to supporting circuit components.and attached to the 22 AWG line via a

coupling transformer. This section describes the required circuit connections,

and shows plots of pulse shapes transmitted by the 78P233. ‘A short disqulision

compares the pulse shapes with those measured in the p'receding_section.(
. . L3¢
’

Figure 20 (a) shows the block diagram of the measurement system \thfCh
uses the 78P233 to transmit a signal to the cross-connect. The transmit portion
of the IC requires that the NRZ DS-1 data stream be divided into two signals:
one that carries all '1' bits that will have positive polarity, and.one data stream

~ with only the negative polarity '1' bits. The two separate signals produce thé

total DS-1- binary signal when 'OR'-ed together. The DS-1 test set can not
provide these two data streams directly. However, thé\7815233 has a loop-back
feature that allows the received DS-1"data stream to bequ as the input to the
transmit Lﬁo circuitry. - The bipolar output of the DS-1 test st%t meets the DSX-1
standard, and was connected directly to the receive circuitry of the 78P233, as

~ shown in Figure 20 (a). The 78P233 was set to operate in the loop-back mode,

53

and the received data was connected internally to the transmit circuitry. The' |

output of the 78P233 transmltter was connected to various Iengths of 22 AWG
line for-testing. ‘
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78P233 IC

a R A 22 AWG
) DS-1. | Test Facility
TEsT [DXCO<] RECEIVH TRANSMT
SEY ,
100 WTer'minationm
, - . .
(a) Test Configuration
£
Hammond ‘ )
1:1
‘ - 23 v
SSI 78P233 12 k] 470 pF| .023, F
” 110W] | 22
5 . : = ¢
. Hammond i 6120114
600 BA I i
36 kw
b —
- i
(b) Test Circuit Schematic
Figure 20: LBO Circuit using the SSI 78P233
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Figure 20 (b) shows the detailed circuit connections and all cemponent
values used for the test circuit. The components connected to pins 22 and 23
form the loop filter for the clock recovery phase-locked loop. Tying pin 14 to
ground (Ioglc '0") causes the received data and clock to be used as inputs to the
transmit circuit. The 20 kohm poteritiométer connected to pin 1 is used to

‘establish the centre frequency of the oscillator in the clock recovery circuit. The

two components connected to pin 3 are used by a peak detector circuit to set
threshold levels for internal comparators. The input transformer can be any 1:1
transformer that is fast enough to adequately pasé a DS-1 waveform. The most
critical component is the output transformer which couples the 78P233 output to

" the 22 AWG cable. This transformer must have certain characteristics to ensure

that the pulse shépe generated by the IC is not affected during coupling to the
actual line. The data sheets for the 78P233 specify the characteristics for the
output transformer. Table 6 shows the specified characteristics in one column,
and the characteristics of the Hammond 632C transformer in the ‘adjoining
column. Table 6 shows that the 632C is an acceptable choice for the, coupiing
transformer. Unfortunately, two of the parameters for the transformer were not
specified in the manufacturers.data sheets for the device. However, the 632C
was the only commercially available transformer found that met most of the

55

i

78P233 requirements, and it was felt that the pulse shapes measured at varieus '

» lengths of line should be representatlve of a typlcal apphcatlon usnng the

78P233 as the LBO,elrcwt

Characteristic . - 78P233 Requirements | Hammond 632 C
i : -, ¢

Primary Open Clrcuit Inductance 1.25 mH, minimum 5mH_
anary Volt-Time Product 10 V- g sec, minimum 160 V- . sec
anary,.[}_‘@”ﬁesnstance 1 1Q , maximum - . 0.84Q
,qSé\f':i‘.Jndary DC Resistance 10 ,maxi:mum 05

Il IR

| Effective Primary Distributed Capacitance { 15 pF, maximum Not Available
Primary Leakage Inductance 2 y H, maximum Not Available

Table 6: Output Transformer Characteristics for SSI 78P233



Figures 21 and 22 show the measured pulse shape at 0 and 198 m
respectively. - Comparing Figure 18 with Figure 21, one can see that the
undershoot on the pulse in Figure 21 is much smaller than that on the, pulse ir
Figure 18. This is due to the analog equahzer network used inside the 78P233
to predistort the DS-1 pulse. It cannot meet both the fast rise time and the large
slowly decaying undershoot simultaneously. Also, the amplitude of the pulée

" generated by the 78P233 at Om of line is 3.92 V, which is larger than the 3.6 V

S maximurg’specified by the DSX-1 standard. However,.‘th‘e data sheets for the

- 78P233 state that the IC meets the.DSX-1 standard. One possible explanation

for these results is that the 632C is not truely compatible with the 78P233

. Specifications. Figure 22 shows that at 198 m, the pulse ge‘n‘erated by the

78P233 just exceeds the DSX-1 mask at 3 points: at the top of the rising edge,

at the peak pulse amplitude, and at the base_ of the ‘/trai.ling edge of the pulse.

The amount that the pulse exceeds the mask is small, and‘would likely not

cause problems with data and clock recovery at the receiver. A couphng. :

transformer with a lower -inductance, and thus a faster frequency reSponse

m|ght improve the shape sllghtly By comparison, the pulse shape shown in

Flgure 19 fits completely inside the DSX-1 pulse mask. For both the digitg] LBO

and the- 78P233 the pulse: amphtude is within specifications at 198 m: 3.6 V for

the 78P233, and 2.74 V for the digital LBO. To cover the 200 m range, the

| .. 18P233 has 5 discrete equahzer settings. These are controlled by the manugl .

L \';stnches connected to pins 16, 17, and 18, as shown in Figure 20(b). At the end

. of the valid range for each setting, the pulse shape had difficulty fitting inside the

DSX-1 mask, similar to the problems experienced by the pulse shown in Figure
22. ‘ '




RFI 50@mV  18@ns  RF3>1.08 V  108ns
RF2 5@8mY  180ns '

Figure 21: 7i’233 Output, 0 m of cable

g, . ' I

l | ;
RFI 50@mVY 1@08ns RF3>1.80 V 188ns
RF2 + 508mY  180ns N '

Figure 22: 78P233 Output, 198 m of 22 AWG cable
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These results conflrmed that the single- shape dlgrtal LBO could produce
DSX- 1 acompatlble pulse shapes with the same or better quallty than today's
technology, over the full 200m range of line lengths. The pnmary advantage. of

: ‘the drgrtal LBO over todays solution is that it co) pletely elrmmates the need for

manual control. This' simplifies system malntenance for telephone compames_‘ ‘
since they no longer need to keep records of the LBO settmgs of the DS-1
~equipment.’ At this pomt the de3|gn of the LBO was complete all objectives .
'outlmed in. chapter 2 had been achleved The dlgrtal pulse ‘generation
techmque was felt could be used for DSX-1 related apphcatrons other than the
LBO. Two _possible applications, of the drgltal pu' e generatlon techmque are
presented in the next chapté"r : ¥ :
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EXTENDED APPLlCATIONS

ThlS chapter examines two extended appllcatlons of the digital pulse -
,generatlon technlque .used m the LBO design. .Two main features of the

EPROM and D/A combination are. ‘exploited in this section. One featur® is the
ability to generate complex pulse shape% not -possible-using linear dev1ces

The other feature is the flexrblllty resultmg from the use of a digital memory
tdeVlCQ pulse shapes can be. eas:ly altered many pulses: tan be stored in a

srngle devnce and devrces can be mterchanged easily. to provrde access to ah

o unllmlted choice -of pulse shapes TFhe first appllcatlon seeks to extend the

operatlon of the LBO for- transmlssron over 24 and 26 "AWG cables. The hlgher

gauges reduce the cablmg space requlrements Wthh can be a. u.gnlflcant
' ‘-; advantage to a telephone company The second appllcatlon is the desugn ofa

new DSX- ‘l test set

,__5 1.24 8 26 AWG Results’ o

k]

There are several advantages to usmg 24 or 26 AWG cable over using

22 AWG cable, The DSX- 1 standa;d lssued by AT &T does not, specify the
: type or length of cable used it merely S'peCIfleS the electrical characterlstlcs that
o ai srgnal must meet At the DSX1 cross- connect panel The telephone’

companles and DS 1 equnpment manufacturers have extended the standard to
tnclude the 200 m, maylmum cabllng destance and restncted the type ‘6f cable to

‘j‘22 AWG These hmrtatlons to the' standard were. necessary to, allow DS-1.
' equrpment manufacturers to produce inexpenswe LBO and recerver circuits for

the- DSX1 mterlace ;_' ; s

The advantages of. 24 ‘and 26 AWG cable are a re5ult of the wrre,SIze The

'the size of the electromcs limit the capacnty of a bay The smaller wites require -
less copper and hence cost less than the 22 AWQ alternatlve ThlS sectron
’begms by presenting the results of transmussron over 24 and 26 AWG cable of -
S the smgle pulse shape developed for 22 AWG cable As expected the 22 AWG

- .
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_‘smaller wire dlameter of: hrgher gauge wrre enables more: wire pairs to. be .
< 'connected toa srngle bay of equment Often the wure connectlons and not

gi.s s



solutlon farled for 24, and 26 AWG cables. ThIS sectlon descnbes the srmulatlon
“and design procedure USed to develop pulse shapes 1o satlsfy the DSX 1
' standard over.0 m'to 20\0 m of 24 and’ 26 AWG cable :

LA )

L3

...“,

_ Testlng of 24 an8“26 AWG cables began by che&klng the performance of the -
: smgle pulse shape developed for 22 AWG cable Since the’ ﬁgher gauge_'f‘

" cables have: smaller wiré dlameters and hence a hlgher resistance per unit
length than 22°AWG WIre, the- smgle pulse shape was expected to have

difficulty m,eetmg the DSX-1 specuficatlon over the full 0 m to 200 m range of
€ .
cable lengths: The"plot of the smgle~pulse shape- wrth 0 m of line is shown ll’l"v‘f_r_

Figure 18 in the’ preceedlng chapter. Figure 23 shows a plot of the: stngle pulse

_shape meésured at 181.5 m.of 24 AWG cable which is the length beyond which - :

e _the pulse no longer /|ts the DSX-1 pulse mask. For 24 AWG cable, the DSX 1

.pulse amplltude specmcatlon is met over: ‘the- tull 198 m range of Ime Iengths' |

tested At 198 m,-the pulse ]USt meets the amplltude specnflcatlon wnth a value

of 2.42:V, The results show that the single pulse shape is yalld for 24 AWG ‘
cable for nearly the entire 198 m reach, but that'a second pulse shape would be.'_ |

needed to meet the standard at Ionger line- lengths, up to the full 188 m reach

s

Flgure 24 shows a plot of the smgle pulse shape fof 165 m of 26 AWG cable A’

Beyond this: length the pulse does" not fit the DSX 1 pulse mask. The pulse

G amplntude however Aails"to meet specmcatlons for lengths over 132 m. " At
182 m of cable the pulse amplttude is 2.44 V. ' e

[
.

o

’ Flgutes 23 and 24 lndlcate that for longer cables the smgle pulse shape ;
must be modified if |t is to fit msnde the- DSX»t pulse mask. Observation of the
pulse shapes mdlcates that the. nslng edge overshoot and the trallmg edge
undershoot need to be mcreased ThlS means that at least 2 drfterent pulse, -

shidpes, and hence LBO settrngs are. needed to meet the DSX- -1 specrflcatlon_"l"" B

“over the full 0-to 198 m range of 24 or 26 AWG Jline. Iengths ThlS implies that

i :v _manual switches W|Il ‘be necessary to control the LBO settmgs whrch s
R undesnrable . This is the compromlse Wthh must be made if-the beneflts of" .‘
- using the smaller gauges are to be- reallzed The settlng for longer lines must', N

- ‘also mclude addmonal pulse ampllflcatlon which could be controlled by the_f_ o

same swrtch that selects the appropnate pulse shape
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*only for frequencies below approximately 100 kHz. To make these differences

Computer simulations failed to help in theYdesign of pulse shapes valld for
24 and 26 AWG cable. Simulations usmg the models for 24 and 26 AWG cable
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found in Appendix A gave vrrtually the same results as simulations using the -
22 AWG cable model. Close examination of the three models showed that .

‘ tabulated values for Zg and y were semilar for each wire.gauge. The measured

' parameters from which these models were derived were then examined. They

.showed that for frequencies above approx1mately 100 kHz, the RLGC line
p@rameters were nearly equal. The line parameters were significantly different

“hoticeable in the computer simulation results the frequency spacing ot the

Fourier coefficients must be decreased ThlS can be done by mcreasmg the.

length of the stimulus vector to cover more than 8 DS-1 symbol mtervals A

- vector that is 128 DS-1 symbol intervals . l ang results in a Fourier coefficient

spacrng of 12.0625 kHz. However, the FFT requires 32 samples per DS-1
symbol for an adequate time domain representation. The resulting stimulus
vector contains 128 x 32 = 4096 samples. When a vector of this size was used

as the input to the simulation, the computer program crashed due to inadeduate '

memory space. Rather than modifying the program™to be more memory
efficient, it was decided to use a more direct approach and modify’ the EPROM

- contents dlrectly ; L

jg;)}\n iterative procedure. was used to design the pulse shape which would be
~valid for long 24 and 26 AWG cables. This procedure was identical to that used

in designing the single pulse shape for 22 AWG cable. The plots in Figures 23 '

and 24 indicated that the riding edge overshoot arid the trailing edge
undershoot needed to be larger for longer cable lengths. The EPROM contents
describing the single pulse shape were modified to incorporate these changes,
and the resulting pulse tested over the two cables. Two iterations of this
procedure were needed to arrive at the final solution. Table 7 shows_the
EPROM contents-for the two shape 24 and 26 AWG cable solution.

Both 24 and 26 AWG cables require two unique pulse shapes to cover the
entire 200 m range of line lengths The two shapes are the same for both
cables, but result in different valid ranges for each cable. The pulse shape for

short lines ,remains as the single pulse shape used for 22 AWG cable. For

longer lines, a new pulse shape was designed. Figure 18 shows the short



- pulse shape with 0 m of line, and Figure 23 shows the same pulse at 181.5 m of
4, AWG line. For 24 AWG cable, the valid range of the long pulse is 99 m to
~198 m. Figures 25 and 26 show plots of the long line pulse shape on 24 AWG
~ cable at 99 and 198 m of Iihe_respectively. At 99 m, the pulse amplitude is 2.78
"V, and at 198 m it is 2.4 V. Both values are within the DSX-1 amplitude
specification, but an é'qy)litude increase of 0.5 V at the signal source for the long
line pulse shape ‘would produce a stronger signal, while maintaining adherence

- to the DSX-1 standard. |

"Figure 24 shows the short pulse shape after 165 fn of 26 AWG line, which is
the limit of the valid range for that pulse shape. However, since the amplitude
specification is not met for 26 AWG cablés over 132 m long, the valid range
should be restricted to 0 m to 132 m. Figures 27 and 28 show the long pulse
shape at the endpoints of the valid ranges of 26 AWG cable: 82.5 and 198 m,
respectively. The pulse amplitude at 82.5 mis 2.77 V, and at 198 mitis 2.15 V.

To adequately meet the DSX-1 arﬁplitude specification at 198 m, the signal

source should increase the pulse amplitude by at least 0.3 V, and 0.7 V is
recommended.

F

IADDRESS ICONTENTS  JADDRESS CONTENTS<x- - JADDRESS ICONTENTS

,oq . 1 q 29 1F 35 - 17
I l ’ 2A iD 36 17
CIF 10 2B . 1D 37 12
20 10 2C 1D 38 10
21 -0 2D 0B 39 1F

22 03 2E oC 3A J1ED
23 03 2F OE 3B 1C
24 03 30 10 . 3C iC
25 15 31 . ot 3D . 09
26 14 ] 32 02 " 3E 09
27 12 . 33 : 04 3F OE
28 10 *3¢ . | o4 , ‘ :

s : »
Tat?ge 7: EPROM Contents, 24 and 26 AWG Solution
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Several hurdles must be overcome before 24 and 26 AWG cable could be
used in a DSX-1 environment. Although the DSX-1 standard canbe met at the
cross-connect with 24 or 26 AWG cables the receivers |n use today expect a
signal to travel from the cross-connect to the receiver-over 22 AWG cable. The
higher attenuation and pulse distortion caused by the hlgher gauge cables may
deteriorate a pulse travelllng from the cross- connect sufficiently to cause the
receiver to malfunction. The design of new recelver crrcurts would have to take
into account the possibility of transmission over ‘cable gauges other than
22 AWG. One can envisage the future network which has LBOs that have 2
modes of operation: single shape for 22 AWG cable, and a two-stage mode for
other cable gauges. (24 and 26 AWG). With new receiver circuits designed to
accommodate various cable gauges a mixture of cable gauges could be in use
|n the network, but the LBO would have to be set properly to ensure that the
standard is met at the cross -connect. Also, if the cable length requirement of
200 m was relaxed, the LBO could have one setting that would work for all three

'gauges but at limited- Iengths up to 198 m for 22 AWG, upto, 181.5 m for.24

66

AWG and up to 132 m for.26 AWG. The conclusion is that 24 and 26 AWG

cables can be accommodated by the digital LBO design technique with little

~ difficulty. However!-‘some changes to the DSX-1 requirements concerning

cable lengths -are needed before the use of the higher gauge cables can
become commonplace. - = * -

5.2 DSX-1 Test Set DeSign

The design of the DSX-1 test set is the second application of the Jdigltal

. pulse generatlon technique examlned Many manufacturers produce test sets

which generate a DSX-1 compacttble output, plus other higher rate signals.

,However these test sets only generate one DSX-1 pulse shape which falls

roughly in the centre of the DSX-1 pulse mask, with an amplitude of 3. oVv. The
test set design proposed in this section provrdes several extreme DSX-1 pulse

-shapes which would test various possibilities which could occur in the field.

Th|s enables much more rigorous testing of DSX-1 receiver circuits both at the

'factory when theyiare manufactured, and in the field. The test set would

emulate signals as they appear at a DSX-1 cross-connect panel. This section
dlscusses the desirable. features of a DSX-1 test set, and presents a block
dlagram of a proposed desrgn Next, key parameters of amplitude and time

5
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.k 4 ’ R
N 6
quantization resolution-are discussed. The numbetiof segments per DS-1
symbol interval and the number of bits of resolution for each segment are

- different than that used for the LBO. Finally, a small set of test pulse shapes are
: _proposed and illustrated using one possible combination of number of

@egments and bits per segment.

he fact that pulse shapes .are stored in digital memory elements allows

. 'advanced features to be incorporated in the test set. Of course, a core EPROM ‘

oF‘np is required to store a small set of commonly used pulse shapes. User

defined pulse shapes would be desirable if a special test pulse was required. .

This could be achieved by using auxiliary RAM memory and allowing sample
values to be entered into the RAM from a keyboard on the front panet of the test
set. An advanced feature that adds to the flexibilify of the test set is to have
plug-in ROM cartridges which contain additional pulse shapes. A ROM
cartridge could contain pulse shapes compatible with the old DSX-1 standard,

" or could accommodate future c_hanges to the standard. Also, ROM cdrtridges
- could emulate pulses as they would appear after travelling over various lengths
~of cable. The amplitude of the output pulses should be adjustable by a front

panel control knob within a 2.4 V to 3.6°V range, to produce pulses at the

. extremes of the amplitude specification. All functions should be accessed by

<

keys on the front panel. As withtoday's test sets, a receiver would be included
which could do error monitoring on incoming lines, and the test set would be
capable of operating at other transmission rates, using analog pulse shaping

techniques. This section only discusses the part oflhe test set which genagates
DSX-1 test signals.

- Figure 29 shows a- bIock dragram of the proposed test set/l keyboard :

decodmg circuit determines the function selected by the front panel switches,

and gener‘ates the appropnate control signals used. by the rest of the circuitry.
The user can load pulse shapes into the FlAM by entermg samples via the
keyboard, or through an |EEE-488 bus. The source of the samples passed to
the D/A can be one of three memories: the RAM, a plug- ln ROM module, or a
permanent EPROM chip.. The decodlng circuit controls a multiplexer whrch

. routes the outputs of the appropnate memory device to the D/A inputs. A crystal
controlled PLL provides a very accurate sampling clgck. This clock must be ",

accurate enough to produce a DS-1 symbol ratej of 1 544 Msymbols/sec

3



+ 430 parts per million. The D/A output is amplified by.a driver.circuit whi@
turn is connected via a coupling transformer to a front panel socket. The
amplitude of the driver output iscontrollable within the 2.4 V to 3.6 V range by a
~ front panel potentlometer _ )\

Front Pane’ Switches

| L 1==-1 |

IEEE-488 Crystal &
Buis 1% DECOD' —Controlled
‘ PLL
-, \ A0
_h RAM EPROM
| rROM
Cartridge _ﬁ,dil/s X8
MULTIPLEXER
As
D/A

Front Panel Control Line| Driver To Front Panel .
” ) - : > Socket

[

Figure 29: DSX-1 Test Set Block Diagram.

"The quality of the pulse shapes generated by the test set should be high. It
is desxrable to have an accurate representation of the pulse shapes, since the
test set would be relied on for testing other equipment. The accuracy of the
pulse shapes increases with increased amplitude and time base quantization
resolution. The desire is to maximize the number of bits per sample (increase
amplitude resolution),and the number of segments per DS-1 symbol interval
(increase time resolution), withini reasonable technological and cost cons&traints.
The cost of the test set need not be minimized, as in the case of the LBO which
is a high volume, low cost application. The test set is a low volume, specialized
piece of equipment with advanced features, and therefore can demand a higher
price for higher quality. |



‘Current memory and D/A technc;Iogy favors 8 Bit data word widths. - ;Mos't
. EPROMs are 6rganized as banks of 8 bit words, although 1 and 4 bit word
" widths are also common. Word widths greater than 8 bits are not available for
standard memory components. D/A technology achieves throughput rates of
200 Msamples/sec. at 8 bits/sample resolution. More than 8 bits of resoiution is
deemed not necessary for this application, since the 256 quahtiz’ation levels
produced with 8 bits of resolution are the maximum used by commonly
available test equipement, such as the Tektronics 2430 A digital oscilloscope.
Using a resolution higher than 8 bits on the test set when oscilloscopes used to
" view the signal have only 8 bits of resolution would be pointless. Therefore, it is
propoesed that a resolution of 8 bits per sample be uséd for the DSX-1 test set.

A time resolution of 8 segments per DS-1 symbol interval is insufficient to
~ describe complex pulse shapes accurately. The time resolution should be
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maximized, within technological constraints.. The higher time resolution .

requires that the memory and D/A operate at higher clock.rates, but the
frequency of operation of these devices is limited. The fastest EPROMs have
cygle times of 15 ns (eg., the TBP38R85-15 by Texas Instruments) which resuits
in a maximum frequency of operation of 66.7 MHz. The fastest ECL RAMs have
acess times of 10 ns (eg., MBM10474-10 by Fujitsu), and can operate at 100
MHz. If 32 segments/DS-1 symbol interval are used; the resulting sample rate

is 49.408 Msamples/sec. and standard EPROMs can be used. The maximum

D/A operation frequency is in the 200 MHz reglon (eg.,HDAC 97000 by
Honeywell), which means that a 49.408 MHz EPROM output can be connected
directly to the D/A. With 128 segments/DS-1 symbol interval, the sample rate is
197.632 Msamples/sec., which can be supported by the D/A, but exceeds the
maximum frequency of operation of the memory elements. However, several
EPROMs can be operated at lower rates, and the outputs-time multiplexed up to
the 197.632 MHz‘rate.. |

Figure 30 shows the multiplexed memory and D/A arrangement proposed

“for sarﬁple rates over approximately 50 Msamples/sec.. Addresses are applied
to the four EPROMs at 49.408 MHz. Each EPROM stores a different sample at
the current address, with the leftmost EPROM  containing the earliest occuring

sample, the second from the left containing the subsequent sample, etc.. The
control lines for the multiplexer are sequenced to. select the outputs of each



EPROM for one quarter of the 49;408 MHz period, as shown in the timing
diagram. The multiplexer output produces samples at 197.632 M amples/sec.,
which are applied directly to the D/A. Of course, an external ROM cartridge
would be limited in speed below that of a ciruit board mounted EPROM, and
memory multiplexing would have to be ysed to stay within the bounds of ROM
cartridge technology. Or, alternately, the ROM cartridge contents could be

the RAM to use the cartridge's pulse shapes. : ™

The suggested test pulse shapes were drawn using 256 amplitude levels

and 32 segments/DS-1 symbol interval. A higher number of segments would"

produce smoother, more accurate pulse shapes. Eaeh»pulse shape therefore
requires 64 memory locations: 32 for the positive pulse, and 32 for the negative
pulse. Five unique test shapes are suggested, which would occupy 320
memory locations in total. A typical high-speed EPROM is 2048 bytes large,

“and could store the positive and negative versions of 32 different pulse shapes.

However, 5 extreme pulse shapes were deemed sufficient to vigorously test a
DSX-1 receiver.

One of the 5 recommended test pulse shapes should pass through the

“ centre of the mask, with a 3.0 V amplitude. This signal is shown in Figure 31,

and would be used as general purpose DSX-1 test signal. The other 4 test
signals represent extreme cases of pulses just flttlng the DSX-1 pulse mask.
Figures 32 and 33 show the two obvious extremes which are equal to the
minimum and maximum curves of the pulse mask, respectively. Another
extreme is th\e« narrowest pulse possible with !arge overshoot and undershoot,
as shown in Figure 34. Such a pulse shape could typically be encountered if
the cross-connect is extremely close to the signal source. Figure 35 shows the
opposite: a very wide pulse with no overshoot or undershoot. This extreme
occurs when the cross-connect is ver)'l far from the transmitter. The amplitude of
all pulses is fully adjustable within a 241036V range by a control knob. Many
other test signals could be devised which. are variations of those shown here.
The test engineer has the flexublllty to enter custom desngned pulse shapes if
those supplied with the test set or in the ROM cartridges are insufficient. This
concludes the examination of alternate appllcatlons of th digital pulse
generation techmque ‘

'ﬂ.'
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“transferred to the RAM at low speed, and subsequent operations would access
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Figure 31: General Purpose Rulse Shape
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CHAPTER 6

"CONCLUSIONS

The primary accomplishment of the research presented in this thesis is that a
single pulse shape has been designed which will meet the DSX-1 standard
when transmitted over 0 m to 200 m of 22 AWG cable. Since only one LBO
setting is necessary, the need for manual switches or complex automatic control
has been completely eliminated, and 1:N protection has been simplified. The
pulses are generated at a rate of 8 samples/DS-1 symbol interval with 5 bits. of
resolution for each sample. Since the highesf frequency of operation of any
component in the LBO circuit is 12.352 MHz, the entire LBO may be integrated
using low-cost TTL or CMO§ technology. Furthermore, since the single shape
‘solution utilizes only 10 unique output levels of the D/A, a full-function, 32 level
D/A is not. necgssary. A custom D/A generdting only the 10 levels needed
would reduce the circuit size to the point where multiple LBO circuits could be
placed on a single IC.. |

Two possible methods can extend the operation of the LBO to 24 and 26
AWG cables to realize the space savings provided by the smaller.wires. One
scenario involves a two stage sOlution which remtroduces manual control but

~would allow the use of 24 and 26 AWG cables over the fulI 200 m range of line . .
* lengths. The second scenario involves limiting the maximum allowed cable

length between the LBO and the cross-connect: 132 m for 26 AWG cable and
181.5 m for 24 AWG cable. In this scenario the single shape so|ut|on would be
. valid for all three cable gauges. However the use of 24 and 26 AWG cables
w*ll not become prevalent until DSX-1 recelvérs are altered, 'and the industry
4|eaders agree to reéﬁflne the standard to- rnclude the use of all three cable

'gauges I o

The pulse generatlon techmque used in the LBO is not lrmlted to this one

appllcatlon A sophlstrcated DSX-1 test set is only one application of many *

which can be enVIsaged R .
C 4 - — : o ) S (1’
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APPENDIX A

TRANSMISSION CABLE MODELS .

The line model used in this thesis was developed at the Alberta
Telecommunications Research Centre before the LBO project began'. This
appendix outlines the methods used to obtain models for 22, 24 and 26 AWG
cables. Measured values for the RLGC parameters of the three line gauges

-'were available for frequencres between t Hz and 5 MHz, inclusive. The model
“used in the srmulatron program for the LBO project requrres that the.transfer

furiction. of the line be evaluated at 193 kHz intervals, from 193 kHz to
" 9. 843 MHz TheRLGC parameters at the 193 kHz intervals are evalual'ed

i ' ;} xtrapolation from the measured values. Transmission
¥ i- gnd yare evaluated from the RLGC parameters, and the
#An be evaluated using Zg and y. The first section of this
chapter descrlbesl the interpolation and extrapolation procedure used to
calculate the RLGG parameters. The second section gives the derivation of the

tra?lsjer function of the cable.

K ;‘I-’l:'q

A.1 Calculgtion of Zg and y

I

The cubic spline method was used to calculate the R,L,and G parameters at
193 kHz mtervals from the measured values 1A cubic spling requrres two sets

= of values ‘The. tirst set consists of the tabulated function, in thls case the R, L _

and G parameters easured at different frequencies. The second set is.the
tabulated second derivative of the R, L, and G parameters evaluated at each of
the frequencres for whic measured value was available. Measured values
for the RLGC parameters 22 24, and 26 AWG plastic insulated- cable were
available over a frequency range of 1 Hzt0 5 MHz ‘The distributed capaCItanCe
.0 the line, €, was constant for all three gauges wrth a value of 0.052 uF/km
Standard cubic splrne formulas were used to calculate the second derivatives of
" the R, L and G parameters-at each individual frequency where a- measurement
had been made. In the remainder of this section, the first and second
derivatives of some general function y are denoted as y' and y" respectlvely,

and N is the number of tabulated values of y available. The second derrvatlves

are defrned by a set of N-2 linear e’guatlons in the N unknowns y;", i=1... N A

TN
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‘ outco_me of the interpolated values spaced 1

.78v

unique solution is obtalned by specifying the values of the second denvatlves at
the boundaries, namely y1" and yN". One or both of the boundary conditions
can be set to zero for the so-called natural cubic spline. Alternately, these

' boundary values can be calculated from Specified values of the flrst denvatlves

at the endpoints, namely y1' and yN'.

~ The first derivatives of R, L, and G at {he/ endpoint frequencies were
estimated from a plot of the measured values forieach parameter. The second
denyatlves are calculated from the first derivativ s, and have little effect on the
kHz apart, under 5 MHz. The
second derivatives could be set to zero at $he endpoints, and the interpolation
would still give acceptable values. owever, the values of the second
derivativg at the 5 MHz endpoint strohgly affect the éxtrapolated values above 5
MHz. _Tﬁerefo‘re, the interpolation an -eﬁa’pﬁ@ion process was iterative. The
first derivatives at 1 Hz and 5 MHZ were estimated from plots of the measured R,
L, and G -parameters. The interpolation and extrapolation calculations were
performed, and the resulting values for R, L, and G were plo}ted If the
extrapolated values over 5 MHz appeared erratic, and did not follow the trend of
the measured values, the first derivative estimate at 5 MHz was altered. This
process was repeated until the extrapolated values exhibited a satisfactory
behaviour. Table 1 shows the resultmg first derivative values used in the cubic
spline’ calculations. The units for each of the parameters are as follows:

Q/km/kHz for R, mH/km/kHz for L', and uS/km/kHz for G'.

g,' e VALUEAT1Hz . 'VALUE'AT-S MHz ‘
J caBlEcAucE | R | U G A G
2AWG 10.2579'02 -sv.ze-_s 0.025 | 0.0734" | -2.02E -5 0.02564
24 AWG .6.1;'”" 0016|0093 |-245E 5 o,.'oz‘ds
26 AWG 0.0648 0.010 0.’1’]664 -3.01 E -6| 0.0208 .

' Table A1: First derivativ&\of_-ﬁ, L, and'G

~ A Fortran program calculates second derivatives ‘at gach of the 37 values’

measured at frequencies from 1 Hz to 5 MHz, forthe R, L, and G parameters of
7 o

-
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the' 3 différ"é’nt"’cable's The cubic splih'e interpolation formula shown below was
used-to calculate the R L,and G parameters at 193 kHz intervals of "f", starting
at f— 193 kHz and gorng up to f—'9 843 MHz

. _y = Ayj+ By,-+1 + Cy"j + Dy" j+1

where:

.f]+1'f a» o
A= , B=1-A
fiet -

C= Jg (A3 = A)(fi1 - 1))2 D

Il

16 (B3 - B)(fj+1 - )2

The y and y" values are the tabulated function and second derivative,
respectively, of the R, L, or G parameters.  The value y is the mterpolated (or |
extrapolated) value at the frequency, f.

For frequencies between 1. Hz and 5 MHz, the tabulated values at fj,1 and fj,
which straddle the frequency of interest, f, are used to calculate a value for R, L,
or G at that frequency. For frequencies beyond 5 MHz, the same formula is
used, but’xthe %v?vo tabulated values occuring at the two highest frequencies, in

_ th|s case 3 MHz and 5 MHz, were used to calculate R, L, and G for each

T

frequency over 5 MHz. This is why the value of the second derivative at 5 MHz
strongly affected the outcome of the extrapolatlon

along wrth the constant C, to dalculate the transmission line parameters Zg and
Yy using standard transmissiontline equatlons The resulting values for Zg and y
for 22, 24, and 26 AWG. cables are” 'shown in" Tables A2, A3, ahd A4,

respectively. The transfer function for a length of caldle is completely specified if
Zg, ¥, and the cable length are known. Therefore Table§~A2 A3 and A4
represent the cable models for the 3 cables. ’

The R, L, and G parame%ers calculated at 193 kHz 'intervals were used,

o



Freq (kHz) ~ Za(Real) Z.(maginary) v (Rel y_ﬂmagmm

193

386 -

579
772
965

1544
1737

1930 -

2123
2316
2509
2702
2895
3088

3281

3474
3667
3860
4053
4246
4439
4632
4825
5018
5211

5404 "

5597
5730

5983
6176:

. 5369

17 6562

6755
6948
7141

7334

7527
7720
7913
8106

7 .8299
8492 .
8685 -

. 8878
9074

9264

9457
. 9650
9843

[

Table A2:22 AWG Cable Model

1158
1351,

© 104.476000

'101.458700

© 99.819950

98.840080
98.141460
97.615020
97.206770
96.878300
96.600480
96.362340
96.155490
95.974%30
95.814%70
95.671650.
95.542689:
95.423180.

95.311230

95.206640
95.109440
95.019660
94.937320

. 94.862460

94.795120
94.735350
94.683210
94.638750
94.602010
94.573040

-94.551900

94.538640
94.533300
94.535930
94.546590

© 94.565310 -

94.592150
94.627130
94.670300
94.721720
94.781390
94.849370
94.925700
95.010380.
95.103450
95.204960.

. 95.314900
© ¢ 95,433300
95.560200

" 95.695590 .

95.839510
95.991960-

. 96.152940

-13.014270

-9.162408
-7.480834
-6.485331
-5.804711
-5.302547
-4.911842
-4.596340
-4.335274
-4.114282

-3.924053

-3.758007
-3.611343
-3.480660
-3.363493

© -3.258007

-3.162488
-3.075264

-2.994998

-2.920619
-2.851261
2386218
.12151

-2.367590

' -2.323676

-2.281012

-2.239474 -

-2.198954
--2.159360

-2.120608 -

-2.082623

-2.045342 -
-2.008706
- -1.972664

-1.937171
-1.802186

-1.867673 .

-1.833599

-1.799935.
. +1.766657

41.733741

-1.701167

-1.668916

1536972
-1.605321

24906 .

1.310979°
1.846422

. 2.261754

2.614773
2.925843

- 3.207660
' 3.466910

3.708054

. 3.934991

4.149703
4.353982
4.549172
4.736291
4.916402
5.090607 -
5.260032
5.425274
5:586312
5.743093
5.895565

6.043676
6.187378
- 6.326622

6.461360
6.591547
6.717140
6.838097
6.954379
7.065946
7.172764
7.274799
7.372021

. 7.464399

7.551908
7.634523,

©7.712224
7.784989

7.852804

'7.915656 -

7.973532

'8.026425
'8.074330 .

8.117244 .
8.155165

8.188098 .

8.21604g
8.239024

8.257037
8.270102

8.278233
8:281452

10.515410
20.423530

30.140520
39.792900
49.389590
58.949620
68.486950
78.006340

87.505500. . -

96.988660
106.458500
115.917500

'125.368100

134.811000
144.245500

- 153.669600

163.082400
172.486000
181.882700
191.274700

. 200.664400-

210.054100

£ 219.446200-
. 228.843000

238.246900
247.660400
257.086000

. 266.526100"

275.983200
285.459800

 294.958500

304.481800

- 314.032200 -
+.323.612500 .

333.225000
342872500 -

+.352.557500
©362.282800
£ 372.050800

381.864300
391.725800

" 401.638100
- 411.603800

421.625500 -

*431.705800
" 441.847500
- . 452.0583200

462.325500°
472.667000
483.080500

493,568500

4



193
386
579
772
965
1158
1351
1544
1737
1930
2123
2316
2509
2702
2895 .
3088 .
3281

©.3474

- 3667
3860
- 4053
. 4246
4439
4632
" 4825
5018
5211
5404
5597
5730
5983
6176
6369 -
6562 .
6755
6948
7141
7334
- 7527
7720
7913
8106
8299
8492
-8685.
8878 -
©.9071.
9264
9457
- . 9650
- 9843

Table A3: 24 AWG

o,

2o (Beal)

105.105600
103.247600
101.478400

100.274900

99.452830
98.834700

96. 666440

96.494090 -
96.337890
96.193620

" 96.058920
95.933540
. 95.817340

95.710270

,‘95 612190

95.523070
95.442830

95.371400 ¢

95.308740.

95.254770 -.

95.209460
95.172740
95.144570

 95.124880

95.113620.

95.110750 .

95.116200

- 95.129890
© 95.151800
1 95.181840

95.219960
95.266100

-95.320180
© 95.382140
'95.451930

95.529450
95.614640
95.707450

- '95.807770

95.915530
96.030690

.96.153140"

96.282800

k 96.419610
. 96.563460 -

Zo{lmaginary)
-17.061110
-11.578870
-9.449407
-8.185961
-7.325326
-6.690816
-6.197187
-5.798717
-5.469121
-5.190176
-4.950112
-4.740612
-4.555592
-4.3%0749
-4.242963
-4.109917
-3.989447
-3.879440-

-3.778206
~ -3.684393

-3.596910
-3.514865
-3.437520
-3.364264
-3.294584
-3.228046
-3.164284
-3.102985 -
-3.043877

. -2.986730

-2.931342
-2.877538
-2.825165
-2.774091
-2.724197 .
-2.675381
-2.627551
-2.580626
-2.534536
-2.489216
-2.444610

-2.400669
-2.357346

-2.314603
-2.272403 -

-2.230714
© -2.189508

. .2.148759

- -2.108444
-+ -2.068544
1-2.029038

Cable Mode!

#.718394
2.332949
2.856214
3.299430
3.691000
4.048959
4.3%3529
4.675838
4.961613
5.232009
5.489291
5.735155
5.970869
6.197761
6.417216
6.630651
6.838817
7.041680
7.239172
7.431220
7.617759
7.798725
7.974054
8.143690
8.307576
8.465662
8.617896
8.764235
8.904636
9.039062
9.167476
9.289847
9.406148
9.516355

. 9.620446

9.718405.

'9.810219

9.895878
9.975374

70.048710

10.115870
10.176880
10.231740

10.28Q450

10.323830

T10359500-~

10.389880°

10.414190 ™
10.432460 -

10.444710

" 10.450980

. 10.679370
- 20.783580

30.641220
40.370510
50.049480
59.686120
69.287200 -
78.863460
88.418360
97.956440

107.478600 -

116.986500
126.483200
135.969800
145.446100
154.910200
164.361700
173.802900
183.236400
192.664900
202.090900
211.516900
220.945600
230.379300
239.820800
249.272400
258.736700

268.216100 - -

277.713000
287.229900
296.769200

306.333100"
315.924100 -

325.544500

- 335.196500

344.882400
354.604400

o 364.384500

65 00

06700, ,,‘
39“& 897300~
403.832300.
413 8161080 .-
423.850700 , -

,944 0802

453 278

464 §35990
£.853200
*48%&232600
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193
386
579
772
965
1158
1351
1544
1737
1930
2123

2316
2509 °

2702

2895

3088
3281
3474
3667

3860 -

4053
4246
4439
4632
4825
5018
5211
5404
5597
5790
5983
6176
6369
6562
6755
6948
7141
7334
7527
7720
7913
8106
8299
8492
- 8685
8878
9071

9264

9457

96560

9843

107.989400.

104.909500
103.262000
102.025100
101.049600
100.296400
99.714830
99.246640
98.848760
98.506100
98.207790
97.945970
97.714810

.97.508670

97.322010
97.149380
96.987790
96.836940
96.696750
96.567140
96.448070
96.339530
96.241490
96.153950
96.076930

96.010400

95.954400
95.908920

95.873930

95.849590
95.835760

- 95.832490

95.839780
95.857660
95.886100
95.925120
95.974700
96.034860
96.105580
96.186820
96.278610
96.380910
96.493690
96.616950
96.750650
96.894750
97.049250

.. 97.214080
. 97.3838220

97.574630
97.770260

-23.408140
-14.923630
-11.954880

-10.344220

-9.249505
-8.444636
-7.820319
-7.316729
-6.900083
-6.547478
-6.244126
-5.979494
-5.745852
-5.537738
-5.351210
-5.183342
-5.031399
-4.892691
-4.765067
-4.646806
-4.536517
-4.433063

‘4.335505 -

-4.243062
-4.155082
-4.071011

-3.990383 ,

-3.912795
-3.837906
-3.765419
-3.695079
-3.626663
-3.559977
-3.494852
-3.431139
-3.368709
-3.307446
-3.247249
-3.188029
-3.129708
-3.072215
-3.015489
-2.959476
-2.904126
-2.849398
-2.795254
:2.741660

-2.688587

42 636009. - .
-2.583904 . -

-2.532252

Table A4: 26 AWG Cable Mode!

s
N

2.357246

3.006284 ..

3.612797
4.168413
4.659420
5.105072
5.515894
5.898235
6.257948
6.598237
6.922065
7.231587
7.528378
7.814102
8.090513
8.359420
8.621777

\_8.877519

"9, 126530 .

9.368693 -

9.603897

9.832031

10.052990
10.266660
10.472950
10.671770
10.863010
11.046600

11.983060
12.111020
12.230810
12.342390
12.445730
12.540790
12.627560
12.706030
12.77618p
12.838000
12.891500
12.936700
12.973600
13.002220
13.022580
13.034730
13.038680
13.034500

~

N y(Imaginary)

10.868910
21.118060

31179720 | -,
41.075080 .
50.85295Q % .

60.568760

70.253850

79.913170

89.541950

99.146180

108.730600
118.299000
127:854800
137.339300
146.931800
156.449300
165.950900
175.439400
184.918000
194.389600
203.857500
213.324600
222.794300
232 269500
241.753600
251.249700
260.761000
270.290700
279.841900

289.418000:

299.022200
308.657500
318.327300
328.034800
337.783100
347.575400
357.414900
367.304900
377.248400
387.248600
397.308600
407.431500
417.620400
427.878400
438.208500
448.613700
459.097000
469.661400
480.309800
491.045100

- 50t.870200
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A.2 Transfer Function Derivation

The Zg and y values calculated in the previous section were used to

evaluate the transfer function of a length of line over which a pulse was to be
transmitted. Figure A1 shows a schematic of the line configuration which was
modeled. The line input is simply the D/A output. A transfer function for the
signal as it appears at the midpoint of a line of length.L, terminated by a
100 ohm resistor was desired. = Obtaining this transfer function was
straightforward using ABCD matrix equations, as follows. :

| Vi Z cosh(yL) + Zosinh(yL)

Vi . A B | VX
il e ol
where A =D = cosh(yi1) oo
B = Zpsinh(yL1) |
., sinh(y)
Zo
cand Vx  Zo(ZL + Zgtanh(tL2))
Z’x = :; . -
T Zitanh(ylLo) + Zp :
from Awhich’:': |
Vx.  Zicoshiylz) + Zosinh(xo)
H(y.L) = = ~
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Figure A1: Cable Model Schen]at_ic

The transfer function is evaluated at 193 kHz intervals using the Zp and vy
values given'in Tables A2, A3, and A4. The Fourier coefficients of the frequency
domain’ representation of V; are multiplied by the transfer © .i~*io~ to produce a
- frequency domain representation of the signal at the mizpoir -~ theyline. An
inverse FFT of the resulting signal produces the time d:. main waveform 'as"‘-f.-it '
apﬁeafs at the midpoint of the line. | '

~——



APPENDIX B

LBO CIRCUIT I_)IAGFfA‘M AND TIMING DIAGRAMS

This Appendix contains a detailed LBO circuit schematic, and detailed timing
diagrams :of the circuit's operation. The circuit was built using wire-wrép
techniques on a sheet ‘6f perforated fiberglass board. Each power supply was
decoﬁpled with a 4.7 mF capacitor at the board edge, then at every second IC
with a 0.1 mF capacitor. This section describeg the function of the various
circuit components, using the timing diagrams to illustrate the relationsh_ips
between the various digital signals occuring in the circuit.

B.1 DS-1 Rate Operation and Timing )

FigurewB1 shows- the circuit schematic, and figure B2 shows the DS-1 rate
tirﬁing of the circuit. . The circuit schematic is found in a pocket attached to the
inside back cover of the thesis. The DS-1, NRZ data and a 1.544 MHz, 50%
duty cycle clo¢k are supplied by a DS-1 digital test set. The two sfgnéls are
connected to the circuit via DIP.’switches- to-avoid removihg cables from the

board during testing when one of the signals was not desired. The 100 kohm
' pulldown resistor and 200 ohm &eries resistor are recommended by the IC
manufacturef for off-board connections when HCMOS devices are used to
avoid damage which may be caused by static electricity. Uy in Figure B1 js a
monostable multivibrator (one-shot). The momentary switch can be used to
generate an isolated pulse approximately 650 ns wide, and thus transmit a
single DSX-1 pulse, provided the data line from the test set is disconnected.
This feature was .included early in the dssign when an unclear definition of the
DSX-1 standard was-available. The isolated pulses for testing were always
generated with the pattern ...+10000000-10000000+1... supplied by the test set,
according to DSX-1 specifications, and U1 was not needed. Uz is a serial shift
register with parallel outputs, used to’monitor the data stream for the occurence
* of 8 consecutive zver;of,s. Tbré'_gates attached to the Uz outputs perform an 8 bit
wide NOR function , with the qutput appearing at pin 10 of Ug. Thegsigna! goes
“high when 8 zeros have been shifted into Uo.

&5



The tlmmg dlagram in Flgure B2 shows two possibilities. Case 1 assumes a
strlng of 8 consecutlve '0's bq ded by '1's. This is an extreme case where the
BBZS‘ pattern must be sw1tched in"only once, and the normal data resumed
|mmed|ately f llowing the B8ZS pattern. Case 2 assumes a minimum of 16
consecutive '0's. In case 2, the timing of two consecutive cycles of the B8ZS
pattern is examined. Tlmmg for AMI encodlng is-rrot shown explicitly, however it
is identical to the normal operatlon of the circuit outside of the intervals when
the B8ZS pattern is bemg added. Each edge on the signals shown in Figures

. B2 and B3 has two possibilities: a minimum delay, and a maximum delay “The .

minimum and maximum delays -for each devidy were obtained from the

~ manufacturer's data sheets. The two possible delays are shown at each s:gnal

transition by numbers which indicate the delay in nanoseconds. The signal¢

“cannot be considered-stable in the area between the minimum delay transition, -

and the maximum delay transmon The gignal is only guaranteed to be stable in
the unshaded areas on the tlmmg dlagrams _
e |
U1o and one half @f’Ug, plus the surroundmg Ioglé gates form the BBZS
pattern geﬂeratron cnrcuntry The counter, Uqg, will eventually settle to an all '0's

‘ output regardless of which state it was in when the crrctnt was powered up.

When 8 consecutive '0's are detected, the Us, pin-10 output causes Ug,p{n Sto.
go high on the next clock pulse. Then, Us, pin 8 goes high, and Uyq° countsup. |

*When the terminal count of 111 js reached, the counter is syn'chronousl'y' reset
to 000. At that time, if Ug, pin 10'has also gone low, the counter‘ remains in the -
000 state until another octurence of the 8 zeros is detected. However, it U6, pm
10 is high, the counter repeats the 8 state count once agaig, which would be thef_ o

situation if 16 consecutlve zeros wer}a -present in the data stream. Th ter

. cycles through the 8 states untnl it resets\and Us, pin ™10 is low at the same time.

The outputs of the counter are decode “to produce the necessary BBZS data

. o
signals. R N v L _

Us, pin 3 produces the pattern '00001001 as U10 counts up from 000 to 111
This pattern is routed via Uy1 to the polarity signal generator consisting of Uy3
and the AND gate from Uqo. Al U4, pin 8 the pattern ‘00011011’ appears as the
counter sequences through the 8 states. This is the B8ZS substltutlon pattern ,
which replaces the 8 consecutive '0's in the data stream. When the B8ZS/AMI- -~

switch is open, U4, pin 1 is Iow, which causes the data from Ug, pin 5-t0 be
. , e, .



routed to both the polan srgnal generator and to U14. which retimes both
signals with DS-1 clock. ien the switch is closed Ug, pin 9 is used to control

the routing of the data to the polanty generator and to Uis. When Ug, pin 9'is

high; the B8ZS patterns are substituted for the" normal data by Uyqy. When Ug,

87

pin 9 is low, the circuit operates normally, performing AMI encoding on the data‘

_until the next ocourence of 8 consecutive '0's is detected.

The polanty generator consists of one D fllp flop and one AND gate._ The
DS-1 clock is lnverted and ANDed with the data. This produces a stream of
pulses, one half of a DS-1 bit period wide, and occuring only when a '1' is

. présent in.the data stream. This signal is used as trgr‘olock input to a D flip-flop. ‘

arranged as a +2 element Thus, the D flip-flop outp changes state each time
a't'is present in the data stream, as shown in Flgure B2 for Uyg, pin ‘5. The

modified data and polanty signals are- retimed with the DS-1 clock by U14, so -
that the data symbol boundanes are aligned with the state changes on.the

polanty signal.

The Phase Locked Loop (PLL) is enclosed in a metal box to protect it from

electromagnetic mten‘erence The +8 element in the feedback path of the PLL,
‘U1g, is located outside of the metal box. The outputs of Uig'and Uy4 are
latched by the 12. 352 MHz clock into Uys. The 5 outputs of Uis, plus-the pulse
shape control switch are the address inputs to-the EPROM, Uie. The EPROM
outputs are retimed through U7 by a delayed version of the- 12.852 MHz clock.
-‘ The need for the delayed clock will be explamed in the next section. The Uqy
outputs are converted to ECL logic levels using Up3 and Ua4, and are apphed to

the D/A converter, U25 From Uis to the D/A, all devices operate at

$12.352 MHz.. The detalled hlgh speed tlmmg is shown in Flgure B3, and
- explamed in the next sectlon ' : '

oot

' AII the low speed tlmrng shown in thure 82 is referenced to the DS 1, clock.: '

supplied by the digital fest set.- For the high speed timing, the relatronshrp
- between the DS-1 rate clock and the 12.352 MHz clock -must be established.
‘ gThrs relatronshrp must be derlved in an indirect manner.

, _ . & .
&) - ’

o



' When the PLL is locked, the signals at U4, pins 1 and 3 will be exactly in
- phase, as shown in the top two line of Figure B3. This is the only known
relationship betweén the DS-1 clock and the high speed clock. - These two

sugnals must be traced backwards through the circuit to find the relatlonshlp ,

between the DS-1 clock and the 12.352 MHz clock. The clock sugnal at Uoq,

~pin 1 is the inverted DS-1 clock. The actual DS-1 clock edge, at Us, pin 9 can

occur.anywhere between 11ns and 24 ns before the signal at Uz1, pin 1. Alsd,

the signal at U1, pinf is the output of the counter, U4g, which is clocked by the .

12.352 MHz clock. Therefore, it can be ‘deduced that the 12.352 MHz clock
* edge occurs anywhere -between 17 ns and 43 ns before the signal at Uz4, pin 3.
ThIS analysis gives a range of possibilities for the relatlonshlp between the

, hlgh speed clock and the DS-1 clock ‘The circuit had to be designed to work for -

any possible delays through Us and Uqg. Four extreme possibilities were
eXamined inFi}gure B3: Lo , B SO “

-~

‘ Qase A: Maximum delay on the counter, U1g, and minimum delay on the

inverter, Ug. T

Y

st

Case B: Minimum delay on the counter, maximu‘dm delay on the inverter.
Case C: Minimum delay on: both devices.

Case D: Maximum delay on both devices. - oA

Case A and B were the worst of the four possubllltps In Case A, the hlghf‘

‘speed clock edge leads the DS-1 clock edge by 32 ns. In case B, the DS-1 - -

clock edge leads the hlgh speed clock edge by 7 ns. The timing for both case A
-‘and case B was examlned further. - / : | L

Y

b e e
'\ The critical tlmlng'*occurs at Uqs: signals 'arriving fromd‘ﬁw speed circuitry,‘,:-ﬁ;_x
Uis, and from high speed crrcu;try, U19, must be latched with the same. hlghl i

v .that the outputs of these two ICs could be skewed substantlally, especially i m the"“‘ i

~

speed clock. The purpose of this exercnse was o determiine how badly the U14:_, TP
and Uqg outputs were misaligned with respect to each other. Figure B3 shost-

L case A tlmmg Therefore a latch namely U1 5, was added to retime. the U14 and -

]



.
Y

TS

‘ _U1g outputs before presentmg the s:gnals R( the EPROM In general the
12.352 MHz clock. cauld-be used directly to latch the’inputs to Uqs. However,.
an addmonal 15 ns of delay could be added to the Uys clock wuthout affecting

performace of the curcunt The timing for this sntuatlon is shown at the bottom of
Flgure B3, but in the circuit, this extra delay was not necessary. However, the
analysus showed that the clock used.to latch the EPROM outputs must lag the

" Uys clock by ‘about 30 ns to ensure that the EPROM outputs are stable when

latched. - This delay was achieved using Uap, which is an active delay line

'.capable of delaymg & signal up to 40 ns in 8 ns increments.

_‘Ihl&oncludes the descnptlon of the circuit t|m|ng The ECL level

. converters and the D/A do ‘not require a clock signal. Figure B3 shows a

sample of what the D/A output would look like.

l(‘-"’"

,- .
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'APRENDIX C . e

_C_O,MPUTER FILE LISTINGS

* This report contains listings of the files and the Turbo Pascal program used - .
to simulate DS-1 pulse transmission over twisted pair transmission line for the" |
'DSX-1 LBO project studied at the ATRC. The report beglns by describing the
funct_lgn of the files that must reside in the same directory as the simulation
program. Following this, the program listing and the contents of those files
required by the simulation are given. ‘

.1 _File Description- -
-The following files must reside in the samé directary as the simulation

~ program, otherwise thé program will fail. The file fiame and a short description’ .-
. of the file's function is included. ' '

File Name - ~  Description |
RealFFTinc Turbo Pascal Numerical Methods Toolbox

s
!

routine. Performs FFT on a vector of Real

_ points, as, opposed to Comple)( points.

L T e Included in the SImuIatlon program at’
) ‘ 'compllatlon ' '

* CompFFT.nc . -~ «Turbo Pascal Numencal Methods Toolbox'/ T
- R “routine.” . Performs ‘FFT’ on a vector o &
‘ ‘ . Complex ponnts Included in the snmulat; n -
o | L program at oompllaﬁon | )
FFTB2in¢c . Turbo Pascal Numencal Methods Too oX
n " routine. Implements the FFT algorithm for
N : the above two procedures. Also mcluded

‘in simulation: program at compllatlon

Haloturo.p . o R Turbo Halo routlne Links Turbo Pascal to
‘ the Halo graphics routmes o



e

Haloturb on Ussd by Haloturb’p ’
Halor’ome dev | Turbo Halo Vh'arAdwarge device ,orfver for the
' IBM EGA graphics card. ¢ * | SRR
_ Halo106.fnt | Font used when plotti‘ng_ t»he soreen._
:Halo011.fut o Font used for screen disoJays. 5
h@onp.exe T o ‘Turfoo Halo resident driver.

~ Before running the snmulatlon program, the user Jmust type the command
"halortp”. This command will prepare the ¢computer hardware to.work when

\Turbo Halo graphncs‘routmes are called. If this command is not executed before

the simulation program is mvoked the simulation will crash when. it enters the
“graphicoygnode. The files listed above are provided by the manufacturers of the
two commercial software packages used in’ conjunction with Turbo Pascal: the
Turbo Nuriterical Toolbox and Turbo Halo. In addition to these files, the
followmg files were created to prov;de lnput data for the simulation. All files
lrsted below are pascal "text" files.

File Name . Description
‘ ‘Shorfest, o Contains one number of type = real per
» oA line. Describes pulse shape that meets the

" DSX-1 pulse shape specification for short
. lengths of 22 gauge cable.

o3

Longtest. - =~ Same' structure as ."Shortest.”, but
SRR " describes a pulse shape. that meets the
¥ T ) & pulse shape specnflcatson over Iong |
i . lengths of 22 gauge cab!e |
- Pmask.dat , P Contams two numbers of tyge = real per
o line, separated by at- feast one space. The
ﬂrst number is the X coordmate (time, in
nanoseconds) and the second the Y -
coordmate (narmahzed voltage) of a vertex
of the DSX 1 pulse mask The first 10 hnes "

v -



G22T70.dat.

G24T70.da’g

G26T70.dat

o

are vertlces of the upper boundary of the
mask listed in order from. mlmmum time to

maxumum time. The last 12 lmes of the file -

are the vertices of the lower boundary
listed in order from maximum time' to
minimum time.

N
AN

‘\\‘

These -files contain the cab(e model
parameters for 22, 24, and 26 AWG
transmission lines. The files ﬁ_cn:onsist of 51

lines in total, with 4 numbers of type = real -

per line. The first two numbers are the real
and imaginary parts of Zg, and the last two
values on each line are the real and
imaginary paﬁs of v.

A



TNvectorPtr = “TNvector; \ ‘
StringVar = string[60]; . { for passing strings to procedures }-
o ovarto L S ' : o
- NumPoints : integer; { Number of points - global }
Inverse : boolean; " { False = forward FFT } . .

. { True= reverse FFT } T RSN
XReal : TNvectorPtr; { Real vector of points on 1/P }

E Real vector of coeff. on 0/P }

XRealTime : TNvectorPtr; -time of each sample point’}

Vs

- : v + . - A . R :
FileListings . - - . . T, e ! RT
This section contains the 1|§t|ng of the simulation program, plus a listing of the -
contents of the pulse shape, pulse mask and line model files. -, ~
: . k Y a
C.2.1 Simulatign Program Listing : :
B N f R ) .
program Pu]seAna[ysis; , ‘ . N
{ ___________________________________ PO, LA S } .
{- , o -} A
{~ A pulse in the time domain .is stored as a set of 2**n points ina =} “
{- text file. .This program does an FFT of these points, passes the =~ -}
{- transform through.a- transfer function representing a 22 guage ~} ) &
{- twisted pair transmissfon line, of a user -entered length, and does -}
{- an inverse FFT to recover the timeﬁpu1se. The recovered pulse is -} ,“
{- compared to-a DSX-1 pulse mask, and information on the status of ~}
{~ the fit is displayed on the scréén. A menu is displayed, from whjch-} :
E the user can select from sevéral options. K ; S -% Yo
{-Copyright(:)1987 Alberta Telecommunications Research Centre -} !
{-A11 rights reserved . ' -} : :
{- Incdude Files: . -} L
{- RealFFT.inc - ~procedure . RealfFT ° . -} A »
{- FFTB2.inc procedure - -MakeSinCosdable -} ’
{- . - " Bitlnvert : -} %
{- ’ RPN 8 FFT -}, ’ :
{- CompFET..inc . procedure  ComplexfFFT.. -}
{- Haloturb.p Halo/Turbo Pascal interface -}
{----mmmem EE e e T SR }
{$1-} - "_{ Disable 1/0 ertor trapping } N
const : ) P
‘ I0err : boolean = false; -{ Flags 1/0 errors }
TNarraySize = 300; . { Max size of vectors} : : .
~DisplayPoints = 64; { # of sample points to be displayed-global } .
DSlfreq = 1.544F6; {4 DS -1 frequency } -
NSampPerBit =:32; { Number of samples per bit } N
MaskLimit = 1250; { length of. pulse mask in nanosec }
minX = -200; { left side of screen }° - :
maxX = 1450; { right side of screen }_ o !
minY = -2; : { bottom of screen }
maxY = 2.25; { top, of screen } .. .
Bell = #7; { ASCII bel) character }
L = 100; { terminating impedance }
pi = 3.1%1592654; : A : .
PointsNeeded = 51; - { all points >"PotntsNeeded means f> 10 MHz }
ConvFactor = 621.37119E-6;{ conversion from metres to miles }
Rzero = 170.4; * { distributed res. of line at DC }
type 5 . . :
ptr_int = ” integer; { ptr type useu in"haloturb.p ¥ ‘ . o .
INvector = array [0..TNarraySize] of real;. . e



. ‘ -7 . . . C .
MRt I ) . . . N \
XImag : TNvectorPtr;

.} XRealAdj : TNvectorPtr;
XmaskShift:TNvectorPtr; '
Xmask,Ymask: TNvectorPtr; "

7, YmaskShift ThvectorPtr;
MaskPoints: integer;
DeltaT : real; -

vector of Imag. coeff. on 0/P } 4
modified output sample points }
shifted mask x coqrdinates }
x, and y vect?r o’ pulse mask }
shifted y ds. of mask }
number of points in mask vectors-global '}
time between successive samp]eS* global }
IS afkrror : byte; Flags if Jsomething went wrong }

i : integer; dummy index varjable }

%
q
{
{
{
%
Yshift: real; - EVertica] shift of pulse mask}
{
{
{.
{
A
{
{
{
{
{

_ CurrShift: real; current value of mask shift }
CurrScale: real; current scale factor value }
Currkrror: real; current overlay error value }
PassOrFail: boo*éan true means pulse fits in mask }
BtextOn: boolean; true means bit text, false means stroke txt}
~20r,Z0i: TNyvectorPtr; . characteristic impedance of line }
Gammal.2r ,Gammal 2 : TNvectorPtr;{ vector of gamma times L2 values }
Gammal'lr,Gammal.1i:TNvectorPtr:{ vector of gamma times L1 values }
L1,L2: real; L2=1ine length, and L1 = 1/2*L2 }
NShift: integer; shift applied to the pulse to bring it 1nto}
the display window}

.

{load algorithm procedures } -
{$1 FFTB2.INC} . { load radix 2, 8088 versjon }

{$1 REALFFT.INC) - { load procedure RealFFT’} :

{$1 COMPFFT.INC} * *{ load procedure .ComplexFFT } .
{$I haloturb.p} { Halo/Pascal interface .} .

- procedure [0Check;
*{ Check for an I/0 error and display a message if needed
NOTE: This rout1ne is only for Turbo Pascal version 3.0. 3

const '
© Bell = ¥7; { The ASCII be]] character }
‘type
Prompt = string[80];
var

. I0code >(integer;
Y
- . procedure’ grror(Msg Prompt);
,begin .
Writeln;
Writein(Bell; Msg);
“Writeln;
end;. { procedure Error }

begin { procedure 14Check }
v . I0code := I0resn’t;
I0err := I0code <> 0;
if 10err then
case [0Ocode of )
$01 : Error(‘File does not exxst ) ’ i
$02 : Error('File not open for input.'); . :
$03 : Error('File not open for output.');
$04 : Error('File not open.');
$10 : Error{’Error in numeric format.');
422 :"Error('Assign to standard files not allowed. '};
391 = Error('Seek beyond end of file.'): . :
- 399,: Error{’Unexpected end of file. )
$F0 : Error('Disk write error.’);
$FL : Error('Directory is full.'};
$F3 : Error('Too-many open.files. Be sure FILES=20 in CONFIG.SYS.'};
else . :
begin
Writeln; . e
Vr1tv1n(Be11) i
Writeln('Unidentified error message =
Writeln;
end;

‘., I0code, '. See manual.’);



' ) . . . ‘-

' end; { case } o
end; { procedure 10Check }

oy .
, N (
procedure Initialize; . . ' ,
{""-""-""f-"-'-"“-"-"'"'"1 """"""" ittt )
{- . : . . -1
£- This procedure initializes all the pointer variables,and sets Enror;o—%
‘bQQTW . ‘ ' . .
New(XRealAdj); New(XRealTime); ; -
New(XReal); New(Xmask): New(Ymask); ‘New{XmaskShift): /)
New(YmaskShift);

New(XImag); - ”

New(ZOr); New(Z20i);

New({Gammal2r); New(Gammal 21) ;

New(Gammal lr); New(Gammal li);

Error := 0; _—
end; { procedure Initialize }

procedure GetData; . . oA {), o .

L. S
{- . - D
{- This procedure reads .data in from two files.  First, data is read -}
{-. froma file containing the stimulus vector, which.is a real vector -}
{- = of data points. Next,.data points are read- in from a file called -}

{-- Pmask .dat which specifies the pulse mask. The pulse mask pojynts . -}
“{- must make a closed polygon. ' The user then is asked to enter the -}

{- _ total transmission.line length' in metres. Finally, the user -}
{- enters the.name of the file containig the 20 and gamm3¥3lues for -}
{- the transmission line, and the data is read in. - o =}
{- -}
O )
~
) ]
var ’
.FileName : string[255]; o . o

InFile : text; -

n: integer; . )

GammaR, Gammal: real; i ;,' o Lo
- begin - , ‘ . :

Writein; . ’ . -

{ read ¥n stimulus vector -}

repeat : L . o
Write('Enter Test File Name? ") -
" ReadIn{FileName);
3 Assign(InFile, FileName);
Reset{InFile}; ..
- 10Cheske:—
~until not I0err; '
NumPoints = (; B
while not EOF(InFile) do ‘
begin & . : : B
: 'ReadIn(InFile, XReal” [NumPoints]): - e “
© XRealTime” [NumPoints]:= NumPoints * DeTtaT; » .
* NumPoints: := Suce (NumPoints); N S e,
10Check; ' ks '
end; . e , ‘
Close(InFile); ’ a ) ) o7

{ read in pulse template }
"FileName:= 'Pmask.dat":
Assign(InFile,FileName); : ] -
reset{Infile); - - o C S

MaskPointsi= 0; . C

while not EOF(InFile) do




'\)‘. ‘v'

begin .
readIn(InFile, Xmask™ [MaskPoints], Ymask” [MaskPoints])
'-MaskPoints := Succ(MaskPoints); ~
10Chetk;
~'  end; : r \ : \,,,

c]ose(lnFi]e)

-{ get’ 11ne length, and read 1n‘ihe Z0 and Gamma values }

writeln;
write('Enter total Jine. 1ength in metré% '):

. readn(L2);

2 = L2*ConvFactor; Co

= 12/2; e
'wrlteln )
repeat :
write( 'Enter transm1ss1on 1§ne f11e name: ');

readIn(FileName); : ~

, assign{Infite,FileName);
reset{Infile);
. I0check;
until not I0err;
{ read in the data }

for n: -1 to PowntsNeeded do

begln SR ’
readTn(InFiie ZOr [n}.Z0i" [n] GémmaR GammaI)
Garmal2r”[n] := GanmaR*L2; o
Gammal2i” [n] := Gammal*L2; ) ’
Gammalir”[n]:= GannaR*LI; .
GammaL¥i” [n] := Gammal*Ll; -y o
. 10check; : .
end; {for} kP S -,
CIOSE(Inflle) -

v end;{ -GetData }

procedure ComplexMultiply( var Rl y -real;

var 11} real:
R2 : real;
12 -0 real);

var ' 5 . \
Rout Iout' rea1 { temporary variables 3}

begln { Comp]exHu]tlp]y }
© Rout:= Rl*RZ 11*12;
Tout:= RI*I2 + I1*R2;

R1:= Rout;
I1:= Jout;
end; { ComplexMu1t1p1y }. \\‘
prbcedure ComplexDivide( var Rl : real;
var 11 : real;
. - R2 & real;
W : 12 : real);
{eemmmmen s .
{- N f.

-4~ Divides two complex numbers: the numerator is (R1, Il)
'{— is (R2 12}, and the result is stored in (R1, Il)

¥

‘var JE . :
TempR TempI rea]A { temporary_vars }

began { Comp]ex01v1de } E 7' DA

_______________________________________________

“the denom. -}




TempR:= (R1*R2+I1*12)/(sqr(R2)+sqr(12)): . . . o

TempI:=\(11*R2-R1*12)/(sqﬁ(R2)+sqr(12)); e :
Rl:= TempR; . ) . -
I1:= Templ; -
end; { ComplexDivide } )
. ®
procedure coshComplex( var R :"rea1;
var I : real);
e }
{- Determines the hyperbolic cosine of a gomp lex numbeh:“~Rgsu1t is -}
{- stored in the input variables R and 1. \ ) -; \
U, B )
var
TempR, Templ: real:
begin { coshComplex }- ‘ :
TempR:= cos{1)*{(exp(R)+exp(-R})/2):
Templ:= sin(I)*((exp(R)-exp(—R))/Z):
R:= TempR; : .
I:= Templ;
end; { coshComplex }
procedure sinhComplex{var R : real;
var 1 : real); : L <
e S U } 1
- | | | )
{- Calculates hyperbolic sine of a complex number. The result is -}
{- returned in the input variables R and 1. : i -}
{- -}
o] )
var i .
TempR,Templ: real;
bejin { sinhComplex } . o . .
TempR:= cos(1)*((exp(R)-exp(-R))/2); -
-Templ:= sin(I)*((exb(R)+exp(—R))/2);
"R:= TempR;
I:= Templ;
end; { sinhComplex }
procedure tanhComplex(var R : real;
var 1 : real);
o e )
i ' 4
{- Calculates the hyperbolic tangent of a complex number. Result is )
{- stored in the input variables R and 1. - -} ‘
- -}
o] }
. var
sinR,Sinl,CosR,CosI: real; { temp. vars }
begin { tanhComplex } )
SinR:= R; CosR:= R:
Sinl:= I; Cosl:= I; - : )
sinhComplex(SinR,Sinl); ) . ¢
coshComplex(CosR,Cosl); - , . g -
ComplexDivide(SinR,Sinl,CosR,CosI):
R:= SinR; R
I:= Sinl;

end; { tanhComplex }
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ocedure TransferFunction;

}
}
This procedure alters the FFT of the input pulse according to the -}
line's transfer function. Thpse points where f > 10 MHz are set -}
to zero. Those points representing +ve frequencies are multiplied -}
by the transfer function. Those points representing -ve frequencies-}
are multiplied by the complex conjugate of the transfer function. ‘—i

}

r

Nir,N1i,N2r,N2i: real;
Dir,D1i,D02r,D2i: real;

n: integer;

DCvalue: real;
TFenR,TFenl: TNvectorPtr;

numerator temp. vars. }
denominator temp vars }

transfer function at OC }
real and imag parts of trans. function }

gin { Trnsferfunction }
new(TFcnR); new(TFenl);

{ calculate transfer function values }

ior n:=1 to PointsNeeded do -
l‘:glr\

{ get numerator }
N2r:= Gammallr” {n]:
N2i:= Gammalli™ [n]; .
sinhComp lex{N2r,N2i);
ComplexMultiply(N2r,N2i,Z0r" [n],Z0i" [n]);
Nlr:= Gammallr” [n];
Nli:= Gammalli™[n];

- coshComp]ex(Nlr,Nli)

ComplexMultiply(N1r N1i,ZL,0);
Nlr:= Nlr + N2r;
NLi:= NLi + N2i;

{ get denominator } '
D2r:= GammalL2r~ [n]: :
D2i:= Gammal2i” [n]: a
s1nhComp]ex(DZr D21)
‘ComplexMu]tlply(DZr D2i,Z0r" [n],Z03" [n]
Dlr Gammat2r” [n] ;

= GammaL2i” [n];
coshComp]ex(Dlr 011)
ComplexMultipiy(D1r,D1i,ZL, 0):
Dir:= Dlr + D2r;
Dli:= Dl1i + D2i;

¢

{ now get the final values }
ComplexDivide(Nir,N1i,Dlr,D1i):
TFenR™ [n] := Nlr;
TFenI™[n] := N1i;

end; { for-}

{ multiply voltag: ransform by transfer function }

for n:=1 to Num”,.nt -1 -PointsNeeded do
. begin
if n <= Point: ~eded then
begin
ComplexMultiply(XReal”[n], XImag™[n], TFcnR™[n], TFenl”[n]);
Comp]exMu]t1p1y(XRea] [NumPo1nts -n)], XImag” [Numpownts n],
TFenR™[n], -TFenl” [n])
end
else ‘
begin
XReal"[n]:
XImeg~ [n] :
end; {if}

noa
[=]
-

end; {for}

e



L=
dispose(TFchR): dispose(TFcnl);
end; { TransferFunction }

. procedure ShiftPulse; Y :
; {—---;—--;--42---—-~-—-—----—7 ----------------------------------------- }
{- - - : . o=}
{- This procedure shifts the pulse into the display window. ) -}
{- It lacates the puise’s maximum value andshifts the entire trace -- -}
{- by the amoynt necesgary to bring this point into the display S
{- window." The shift is accomplished by subtracting an offset value -} '
{- from the time coordinates of the pulse. This operation is only -}
{- done if the maximum value occurs more than 32 sample points away -} .
E- from time =0, (ie, if max value is to right of midpoint of window)-%
U )
-~ var , . . '
v:>- MaxVal: real; { maximum value of XReal } =
MaxN: integer; : ‘
n: integer; . .
N 1
begin { ShiftPulse } -
MaxVal:= 0; NShift:= 0. . :
for n:=0 to NumPoints-1 do \\N\\\ ,
if XReal”[n] > MaxVal then . . - :
begin
MaxN:= n;
MaxVal:= XReal™[n];
s N . .
if ‘MaxN > 32 then
begin : .
{ only shift those, pulses that are far to the right }
NShift:= MaxN - 32:
for n:=0 to NumPoints-1 do
XRealTime™ [n] := XRealTime™[n] - NShift * DeltaT:
©oend; { if } *
end: { ShiftPulse }
procedure ScalePulse(ScaleFactor : real; )
. var XReal .t TNvectorPtr;
var XRealAdj : TNvectorPtr);
S )
{~ This procedure scales the pulse by multiplying the sample values -}
{- bya scaling factor. The modified pulse amplitudes are stored in -}
{- the array XRealAdj. : -} -
{- -} 4
o )
var ‘
n : intgger; . { loop index variable } v
begin { ScalePulse } : _ !
for n:=0 to NumPoints-1 do : h
XRea]Adj'[n]:='XRe§l"[n] * ScaleFactor;
end; { ScalePulse } ¥
function Diffefence(var,TimeShift . real;
C var CurrentTime : real; . hd
. var VoltageValue: real):real; '
{omm e Lo L S }
{- ~ )
{- Calculates the amount in volts that the pulse misses the pulse -}
{- template by at time= CurrentTime. If the point VoltageValue -}
{-.. is inside the pulse template, ,then 0 is returned. -} :
. N .

W



L b 102
{- -}
e e =) y
. - N v ,»
“yar ) i
minvalué,-maXYa]ue: rea] { pu se. mask min and max value at }
B . | ti»‘=CurrentTime}
function MrnHask(var TlmeSh)ft :réal; .‘v : L
: var time -, ¢ al) real; ‘ : ST
{-___....._-___...-_-.._-__-__-__-___...;_ -_-..-____-__-.‘. _________________________ } v
{- returns voltage value of minimum curve of pu]se mask at t]me— time"-}
R TN e e b
begin' { MinMask } ‘ R - g
if (time >=0 + TimeShift) and (time <= 350 + T\meSh1ft) then A
MinMask:= - 0.05; ) ;/‘
xf (time > 350 + TimeShift) and (time < 400 + T\meSh1ft) then -~

MinMask:=,0.009 * (time ~ TimeShift)- 2.65;

if (time >= 400 + TlmeSh1ft) and (time <= 500 + T1meSh1ft) then
MinMask:= 0.95; -

if (time > 500 + TimeShift) and (t1me <= 600 + TimeShift) then : /z
MinMask:= -0.0005 * (time - TimeShift)+ 1.2;"

if (time.> 600 + TimeShift) and {time < 650 + TlmeShlft) then
‘MinMaski= -0,008 * {time < TimeShift)+ 5.7; .

Af (time >= 650 + Tlmethft) and {time <=.800 * T1me;hift) then
MinMask:= -0.45;

if (time > 800 + T1meSh1ft) and (t1me <= 925 + T1meSh1ft) then
MinMask:=-0.002 * (time - TimeShift)~ 2.05; .

if (time > 925 + TimeShift) and (time < 1100 + T1meSh1ft) then S
MinMask:= (0.15 / 175) * (time - TimeShift)- 0.992857143; o

if (time >= 1100 + TlmeShlft) and (time <= 1250 + TimeShift) then
MinMask:= -0.05;

end; { MinMask } ‘ E o a 4 ‘
4 N . | ‘ ‘ - .
functlon MaxMask({var Tim.Shift : real; : - '
2 var. time :real):real;
’ LY .
T — )

begin { MaxMask }
if (time >= 0 + T1me5h1ft) and (time <= 250 + TimeShift) then
MaxMask:= 0.05; - {
if (time > 250 + TimeShift) and (time < 325 + T1me5h1ft) then
MaxMask:=.0.01 * (time - TimeShift)- 2.45; N
if (time >= 325 + T1meSh1ft) and (time <= 425 + T1meSh1ft) then -
MaxMask:= 1.15;
if (time > 425+ T1meSh1ft) and (time < 500 + TimeShift) then
MaxMask:= (0.004 / 3) * {time - TimeShift)+ 1. 716§668565857
if (time >= 500 + TimeShift) and (time <= 675 + TimeShift) then
MaxMask:= 1.05; )
if (time > 675 + TimeShift) and (time <= 725 + TimeShift) then
MaxMask:= -0.0224 * (time - TimeShift)+ 16.1%
if {time >.725 + TimeShift) and (time < 1100 + TimeSHift) then
MaxMask:= 0.00032 * (time - TimeShift)- 0.302:

if (time »>= 1100 + TimeShift) and (tlme <= 1250 + TlmeSh1ft) then
MaxMask:= 0.05;

© end; { MaxMask }

)

,begin { Difference } : ‘
Difference:= 0; { set default value }
minvalue:= MinMask(TimeShift,CurrentTime} + Yshift:
maxvalie:= MaxMask(TimeShift,CurrentTime) hift;
if minvalue > VoltageValue then : C
{ mears point below minimum curve }
Differcnce:= minvalue - VoltageValue:
if maxvalue < VoltageValue then
{ means point above the maximum curve }
Difference:= Vo]tagevglue - maxvalﬁsb




end; { Difference )}
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procedure OverlayErrorCalc(var Pass : .boolean;
o var TimeSh: ft : real; .
var XRealAr: : TNvectofPtr;
var XReall ime : TNvectorPtr; -
. : var OverlayError : real);
-'{------——-Tf-:ﬁ ---------- ‘---—-'----_n---‘ ———————————————————————————————————— } A . .
{_ ; : . ‘ . ‘ LI _} -
{- This procedure calculates the overlay «error between the pulse -} v A
{~ and the pulse template, for the current settings of scale factor -} X *
{- and mask position. The overlay error is defsned as the sum over -} ] .
{- the extent of the pulse mask, of time 4hacing (DeltaT) multiplied -}
- {~ . by the difference beﬁggen the pulse mask and the pulse. The diff. -} ’
{~ is calculated at thejsaimpling times, and only those sampling -}
{- points falling inside the time span of the pulse template . -}
{- contribute to the overlay error. -}
{ . -}
_{"""--‘-“*----'-----—-j--'“-*'r* ----------------------------------------- }
var .
n : integer; { loop indexVariable } : N g
begin { Ove' " sfrrorCaic }
OverlayE-r = 0;
for n:=0 'y ii.mPoints-1 do
if (XRealTime"[n] > TimeShift) and . ) S ’
(XRea1Time" [n] < (MaskLimit + TimeShift)) then 7 L .

»
OverlayError:= Overlayfrror + -
: DeltaT * Difference(TimeShift,XRea]Time“[n], e
XRealAdj~ [n]);
if ttync(10*0ver1ayError) = 0 then ’

Pass:= true T e
else- ]
Pass:=. faTse:

end; { OverIayErrprCalc }

o

procedure InitHalo;

. var

e S }

{- : 4 -}

{- . initialize turbo Halo environment. Using IBM EGA graphics card -}

{- in mode 4 (640 x 350, 16 colors). World coordinates are set up -}

{- and a text font is loaded. : s -} . ;,-
{- - Files needed on disk: Halo011.fnt - bit text font -}

A- : Halol06. fnt - stroke text font -} o
{- 2 HalolBME. dev - -}

{- haloturb.p -}

{- halortr.exe -}

& -}

o ] }

fontname,device: string[14];
GrCardMode: integer;
ht,wd,orient,mode: integer;
textelr, back: integer;
wX1,wX2, WY1, wY2: real;
format: integer;

>

begin { InitHalo }
{ set video card driver \}

[

graphics driver file name and font.hamé }

graphics card mode } _
used to set text attributes }-

screen corners in world coords }

{
{
{ text color and background color }
{
{

floating point format }



WV

S

device:= 'haloibme.dev'; { 1BM EGA graphics driver }
- SetDev(addr(device)); ' ' )
GrlardMode:= 4; o L e
InitGraphics(addr(GrCardMode)); A
setieee(addr(GrCardMode)); { set for long real’- 8087 version }
{ set world coordinates } ‘ :
wX1:=minX;wX2:=maxX;wYl:=minY;wY2:=maXky;
SetWorld(addr(wX1),addr(wY1),addr(wX2),addr(wY2));

{load font}

foritname:= "halo011.fnt"';

setfont (addr{fontname));
"ht:=1;wd:=1;orient:=0;mode:=1; .

settext(addr(ht),addr(wd),addr(orient),addr{mode));

textcIr:= 7;. { light grey } ST

back:= 0; { black } ' ’

settextcIr(addr{}extcir),addr(back));
end; { InitHalo } :

procedure Disp]ayTéit(var X,y : real;
. var textline :-StringVar);

. -}
{- displays th;\$ine of text beginning-at the x,y coordinates -}
{- , R
S )

begin { DisplayText }
movtcurabs(addr(x),addr(y));

, 1f BtextOn.then

"' btext(addr(textline))

else
stext(addr(text line)); )

deltcur; -

end; { Displayfext }
P
procedure ClearText( var x,y : real;
var textline : StringVar);

L )
{- _ | , )
{- Clears a line of text starting at the x,y coordinates by printing -}
{- a string of blanks equal in length to the line which is being -}
{- cleared. _ -}
- ; . '}
et j
var '

i: integer; { loop variable }

spaces: StringVar; { holds a string of spaces as long as textline }.

begin { C]eJrText }
spaces[0] :# chr(length(textline));
for i:= 1 to length(textline) do
spaces(i]:=" ';
movtcurabs(addr(x),addr{y)); o '
if BtextOn then "
btext(éddr(spacesl)
else { -
stext{addr(spaces));
deltcur;
end; {/ ClearText }

procedure DrawGraph;

”
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{- Draws the X and Y axes of a graph and labels them appropriate]y -}

E- X-axis = time, Y-axis = voltage. -;,
var . ' '
Xtext,Ytext: real; {xy coords. of text cursor }
x,y: real; { x.,y coords. of graphics cursor } .
labels: Str)ngVar, : { Axis labels } .
n: integer; : { Yoop index variable }
color: integer; { color of the graph lines }
ht,wd,orient,md: integer; { used in setting bit text attribiutes }
asp,rht: real; {

set stroke text attributes }

Lbegin { DrawGraph } A
color:=7; { light grey } ) o
setco]or(addr(co]or))

{ draw the axes }
x:=0; y:=maxY;
movabs(addr(x) addr(y));
y:=minY +1;
lnabs(addr(x) addr(y));
= maxX;
lnabs(addr(x),addr(y)):

{ print tick marks on x axis }

n:= 0;
Ytext:= ~1.25; ¥
repeat ' (
vz -L.0;
x:
movabs(addr(x)“éddr(y))
y:= -1.05;

1nabs(addr(x) addr(y));
str(n labels); { change axis label into str1ng var for display }

BtextOn then

Xtext:= n - (25*1ength(labels)/2) , . !
else : '
{use dvfferent spacing for stroke text)
Xtext:= n - (12.5%length(labels)/2);

DispléyTéxt(Xtext,Ytext,1abels); D)
n:=n + 200;
until n>maxX;

{ place ticks on Y axis and ]abe] them -}

n:=-2; .
repeat ’
x:=0;y:=n/2;
movabs(addr(x) addr(y)):
x:==-10
lnabs(addr(x),addr(y)):
case n of .
-2 : labels:='-1.0";
-1 : labels:='-0.5";
0 : labels:='0"; . N
1 : labels:="0.5';
2 : labels:="1.0':
3 : labels:='1.5"; .
4. : labels:='2.0';

end; { case }
Xtext:= -15 - 25*]ength 1abe]s)

Ytext:= / .
DisplayTe xt Ytex;nlabels) :

ni=n+1;
until n > 4; Co T

* { identify the axes }
labels:= 'TIME (ns)’;
Xtext:= 500;Ytext: L-l 5;
Dlsp]ayText(Xtext Ytext, labels);

105

pre——g



‘;  >?- " : . ‘ .~q}/
{ , - .@ ,

if BtextOn then :
begin . . )
ht:=1;wd:=1;orient:=1;md:=1; - '
settext(addr(ht)|,addr(wd),addr(orient),addr(md));
end ‘" ) .
else PR -
begin :
“orrht:= 0.09; asp:= 1.0 ; orient:= 1;
setstext{addr(rht),addr(asp),addr(orient)); ~
end; .

‘labels:= 'VOLTAGE (V)':

Xtext:= -150; -

Ytext:= 0;

DisplayText(Xtext,Ytext, labels);

orient:= 0; ¢

if BtextOn then . '
settext(addr(ht),addr(wd)lﬁddr(orient),addr(md)) {horiz. text}

else
setstext(addr(ﬁht),addr(asp),addr(orient)); »ooon

end; _{ DrawGraph }

" procedure Displayldentifiers;

{ ______________________ e e
{- o R
{- This procedure pTaces words on the screen labelling the numbers

{- that will be displayed. indicating the status of the fit. The

{- following are displayed: ovérlay error, time shift, scale factor,

{- a pass/fail indicator, tine length, and shift offset needed to
{- " bring the'pulse into the display window.

{-
E— e e
vari”

X,y: real; { x and y coordinates }

{ current labels }

word,word2: StringVar: ‘
. { loop variable }

n: integer;

begin { Displayldentifiers }. Y
y:= 2.0; T ; 3
for n:= 6 downto 1 do "
begin R )
x:=1000; : Y .
case n of ‘ b
3:  begin word:= 'SCALE:';word2:=" ‘i end; "
4:  begin word:= 'SHIFT:';word2:= 'ns'.end: "
5: begin word:= 'ERROR:';word2:= 'ns-ygéfnd; "
6:. begin word:= 'FIT:'; wordz:=' ': s
2:  begin word:= 'LENGTH:’; word2:= 'm': end: N
1: . begin word:= 'OFFSET:'; word2:= ‘ns’; end;
end; { case } T s
* DisplayText(x,y,word); :
x:= 1325; .
-+ DisplayText(x,y,word?):
oy:=y - 0.2;
end; { for } .
end; { Displayldentifiers }
procedure DisplayNumber(var x : real;
var, y : real;
Number : real;
.~ DecPts integer);
T S
{- .

{- 7This prqéedure displays {he Number at the x and y coordinates
{- specified, with DecPts giving info about the number of digits



, -
. ,

{- * following the decimal point -"10 means one decimal pt, 100=Z,etc: -}

var .
errortext: StringVar; { holds string to display error }
frac,intl:xstring[zo]; { fraction and integer part of display }

-
begin { DisplayNumber }
* errortext:=' " ’
. DisplayTextCx,y.errortext):
str(round(DecPts*Number) div DecPts, intl);
"{ get decimal places for fraction part }
str(abs(round(DecPts*Number) mod DecPts),frac);
errortext:= intl + '.’ + frac;
DisplayText(x,y,errortext);
end;  { DisplayNumber }
procedure Disp]aySettings(varl0ver1ayError :real;
; ’ var TimeShift : real;
var ScaleFactor ~ : real; = . '
var Pass . . boolean); - . -
{----mmemnn LR D L L LT R PR PR T }
{_ r . ! ’ P . _}
{- This procedure displays the values of the above variables accurate -} -
- to one decimal place, opposite to the appropriate label. . -}
o S )
var :
X,y: real; * { x and y coordinates }
n: integer; { loop variable }
word: StringVar; { used to hold non-numeric display (pass/fail) }

begin { DisplaySettings } '43

y:= 2.0;

x:= 1175;

for n:= 6 downto 1 do
begin o - ¢ ’

g B

case n of '
3: Disp]ayNumber(x,y,Sca]eFactor;100);

4: Disp1ayNumberjx,y.TimeShift,10);
5: Disp]ayNumber(x.y,Over1ayError,10); .~
6: begin it
if Pass = true then
begin ™ ,
word:= "PASS‘;
writein(Bel1);
.end
else ‘ . ) »
word:= ‘FAIL': " :
. DisplayText(x,y,word);
Y end; ,
2: Disp]ayNumber(x,y,LZ/CoﬁvFactor,10); .
N Disp1ayNumber(x,y,NShift*De]taT,lO); ’
.end; { case } A
y:=y -0.2;
‘end; { for }
deltcur;

end; {‘stp]aySettings }

procedureﬁDisp]ayPu]se(;ar YArray'- : TNvectorPtr;
v var XArray : TNvectorPtr);
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r .
n,color: integer; { number of points to be displayed }

gin { DisplayPulse }
wolor:=14;
setcolor{addr(color));
movabs (addr(XArray” [0]),addr(YArray™[0]));

n:= NumPoints;
polylnabs(addr(XArray~),addr(YArray"),addr(n));
d; { DisplayPulse { .

4

ocedure Disp]ﬁyMask(van Xmask : TNvectorPtr:
. var XmaskShift : TNvectorPtr:
var Ymask : TNvectorPtr;
var TimeShift’ : real;
var MaskPoints : intgger);
This procedure displays the pJ]se mask shifted by the amount equal -
to "TimeShift™ horisontally, and shifted vertically by "Yshift volts.-
[y . -
r

n: integer; { loop index variable, and # of points displayed }
éo]or:integer; { color of pulse template }

gin { DisplayMask }

for n:= 0 to MaskPoints-1 do
begin
XmaskShift™ [n]:= Xmask” [n] + TimeShift:
YmaskShift™ [n]:= Ymask™[n] + Yshift: L 3
end; {for} ‘ )

movabs(addr(XmaskShift‘[MaskPoints-l]),addr(YmaskShift'[MaskPoints-l]))
.. color:=12 ; . . -

. setcolor(addr(color));
n:= MaskPoints; ) e ,
po1y1nabs(addr(XmaskShift"),addr(YmaskShift“),addr(n));
end; { DisplayMask '}

procedure'Ana]yze(v,r ShiftAtMinErr : real;
&ar ScaleAtMinErr : real;
var minError > real;
var PassAtMinErr : boolean);
(o
{- - . -
{- : This procedure automatically shifts the pulse mask and scales the -
{- test pulse. For each setting of pulse size and template position -
{~ the overlay error is calculted, and the ‘displays are updated. The -
{- minimim overlay error position is saved, and after the analysis is -
{- complete, the pulse and the template are displayed at these -
*'{- settings. . : "y -
- . _
{mm o e
const ) : .
minScale = 0.2; { starting scale factor }
maxScale = U.5; { stopping scale factor }
ScaleStep = 0.1; { increment for scale factor changes }
TimeStep = 120; { step in ns for moving pulse template }
NumShifts = 2; { number of shifts. NumShifts*TimeStep=sweep in ns }

.

s

}

'

}
}
}
}
}
}
}
}
}
}

108



\
var ' :
{ minError - keeps value of minmum overlay error }
f ScaleAtMinErr - scale factor at minimum error posifion }
ShiftAtMinErr - pulse mask shift in ns at mim—erfor position }
{ PassAtMinErr - pass or fail at min. error positior }
n: integer; { loop index variable }
ScaleFactor: real; { scale factor }
OverlayError: real; { overlay error value'}
TimeShift: real: { current shift applied to the pulse mask }
{
{

background color for clear }
true= fit passes, ie., overlayerror=0 }

color: integer;
Pass: boolean;

begin { Analyze }
minError:= 1E6;
for n:=-{NumShifts div 2) to {NumShifts div 2) do
begin
TimeShift:= n * TimeStep;
ScaleFactor:= minSca]e;\
Pass:= false;
color:=0;
setcolor(addr(color)):
clr;
DrawGraph;
Disp]ayMask(Xmask,XmaskShift,Ymask,TimeShift,MaskPoint§)
Displayldentifiers: -
{ loop through scale factors } -~
repeat '
Sca]ePu]se(Sca1eFactor,XRea1,XReaIAdj); : .
OverlayErrorCalc(Pass,TimeShift,XRea]Adj,XRea]Time.Over]ayError)

DisplayPu]se(XRealAdj,XRea1Time)

t

if OverlayError < minError then “
begin
minError:= OverlayError:
ScaleAtMinErr: = ScalefFactor;
ShiftAtMinErr:= TimeShift;
PassAtMinErr:= Pass; : - ~
end; o Coe

Disp]aySettings(OverlayError,TimeShift,Sca]eFactor,Pass);
ScaleFactor:= ScaleFactor + ScaleStep;
until ScalefFactor > maxScales
end; { for'}
{ display minimum error pulse and mask position }
color:= 0;
setcolor{addr(color));
clr;
DrawGraph;
Displayldentifiers;

Sca1ePu1se(Sca]eAtMinErr.XRea],XRea1Adj);

Disp]ayMask(Xmask)XmaskShift,Ymask,ShiftAtMinErr,MaskPoints);

Disp]ayPu]se(XRea]Adj,XRea]Time); )

Disp]aySettings(minError,ShiftAtHinErr,Sca]eAtMinErr,PassAtMinErr)
end; { Analyze.}"

‘procedure GetIncrement ( prompt . : StringVar;

var Increment: real);
o )
- -}
{- Reads in an increment value from the keyboard. This procedure -}
{- s used for reading in both the scale increment and the move -}

- increment for the interactive part of the program. . -}




e
. ra
const n . ¢ ) 7
ErrorPrompt = 'Non - numeric input: hit any key to continue.’;
var - . o
x,y: real; { x.y coordinates of text cursor }. _
code: integer; { return code from Val procedure-} .
ch: char; { input character } ' N
displaychar: StringVar; { used to pass "ch” to display procedures }
color: integer; ‘ ~ { used for inquire procedures }
ht,wd: real; { height; and width of bit text }
EndOfPrompt: real: { x coord. of end of prompt }
pos: integer; { current position in input string )
Inc: string[10]; { holds user entered input string }
GoodData: boolean: { true means value entered is OK }
CurrPrompt: StringVar; { sets current prompt value }
fname: StringVar; ’
begiyf { GetlIngrement }
repeat .
pos:= 1; o N
x:= 0; vy:= ~-1.8; . N
Inc:= '"; { empty } ‘
DisplayText(x,y,prompt);
GoodData:= true; ) )
inqtcur(addr(EndOFPrompt),addr(y),addr(co]or));
{ read the input untiT aTeturn is entered } .
repeat . /
read(kbd,gh); -
if ch = #8%then S
{backspace: go back one character} ’
begin
displaychar:= Inc[pos-1];
inqtsize(addr{ch),addr(wd),addr(ht)):
inqtcur(addr(x),addr(y},addr{color)); o ‘
if pos > 1 then N - ! K
{ erase character } - .
begin
x:= x - 23.2; {position cursor 1 character back } »
pos:= pos - '1; ’ ’ . .
delete{Inc,pos,1): ‘iﬂe1ete from input string}
displaychar:= ' *;
DisplayText(x,y,displaychar); R
fiovtcurabs(addr{x)saddr(y)); {reposition cursor } !
end; {if} . ;
end _ H
else ~. . : 3
if ch <> #13 then e . o
begin ) ) i
{ ch is not the return character } i
displaychar:= ch;
ingtecur(addr(x),addr(y),addr(color)):
DisplayText(x,y,displaychar); .
Inc:= concat(Inc,ch); R
" pos:= pos + 1: .
Y AL end; “ . .
4 until ch = #13% {ie., return is entered}
{ if any characters. entered, get numeric value } . ~-

if pos > 1 then = . .
begin { if no characters entered, then this part skipped }
Val{inc, Increment,code);
if code <> 0 then

{entry is non-numeric}

begin

x:=0; y:=/'-1.8;

ClearTuxt(x,y,prompt);

CurrPronpt:= ErrorPrompt;
DisplayVext(x,y,CurrPrompt); \
repeat ) :
-until keypressed; . '



] L N kN

read(kbd,ch); . )
ch:= " *; { to avoid er;oneous Toop termination } - . ‘ -
ClearText(x,y,CurrPrompt); A - :
" GoodData:= false; -ﬂ§fjk
end; {if}
end
else -
GoodData:= true; /
until GoodData; .
x:=0; y:= -1.8; . -
ClearText(x,y,GurrPrompt); {clear prompt line}
end; { GetIncrement } - ,

procedure DisplayScreen;

-
Ty

U )

- . -}

{- redisplays all images on the screen with current settings -}

- _} t
o] )

var ’ ' ’

color: Anteggr: { background color }

begin { DisplayScreen }
color:=0;
setcolor(addr(color));
clr; .
DrawGraph;
Displayldentifiers;
Disp]aySettings(CurrError,CurrShift,CurrScale,PassOrFai1);
DisplayHask(Xmask;XmaskShift,Ymask,CurrShift,MaskPoihts);
Disp]ayPu1se(XRea1Adj,XRealTime); :

end; { DisplayScreen }

o
procedure MoveAndScale;
N SR }
{- . . -}
{- This procedure asks the user to enter a scale increment, and a -}
{—ﬂ' move increment. Once these values are entered, the up/down arrows -}
{- ~ are used to rescale thHe pulse, and the™left/right arrows are used -}
{- to move the pulse mask.  Hitting escape terminates the session, -} .
. {- but this can only be done after the increment values are entered. -}
{- Hitting return without entering any increment value sets the -}
{- increment to the default value of 0. - -%
{- - -
b ] }
const : o —
promptl = ‘Enter Scale Increment: s
prompt2 = "Enter Move Increment in nsec: ';
. msgl = "Use up/down arrows to scale pulse - Hit any key to continue. ';
msg2 = ‘Use left/right arrows to move mask - Hit any key to continue. *;
msg3 = 'Pulse and mask may’now be altered...’; )
msg4 = 'Hit any key to continue.’; N
msg5 = ’'Press Escape to return to main menu. ’;
var . -
Scalelnc :_ real; { Scale Increment } - ’
Movelnc :- : { Move increment in ns } -
ch : char; { used for keyboard input } .
X,y : real; { %,y coordinates of test cursor }
CurrLine: StringMar; { current lire to be displayed } .
= 7
[ . 7

begin - { MoveAndScale ) .
Scalelnc:= 0; Movelnc:= 0; { set default values }
o Xx:=0; y:=-1.8; . }

~

Ty
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E)- . - . N

o . [}
- { get scale incrément } o .
GetIncrement {prompt1, Sca1eInc) IENE
CurrLine:= msql; . @ i ‘ i
DisplayText(x,y,CurrLine);.-
repeat , : o :
until keypressed; . - L o N
read(kbd, ch):  { clear buffer Yoo N

C]earText(x Y, CurrLlne) .

{ get move increment } . N

GetIncrement (prompt2,Movelnc); -

.Currling:= msg2; ’ '

DisplayText(x,y, CurrLlne)

repeat -

until keypressed;
ad(kbd. ch); { clear buffer } " " e
arText(x y,CurrLine); i

{ print message informing user how to.continue 1} v .}
‘Currline:= msg3;

D\splayText(x Y, CurrL»ne)

CurrLlne = msg4; : : RTRTEIE A B
Dlsp]ayText(x y.CurrLine); N A L
repeat = : Co :

until keypressed;
read(kﬁﬂ ch); { clear buffer } ‘ :
= -1.8; CurrU1ne = msg3; - [
C1earText(x y.CuFrL ine): ’
yi= -2;Cufrline:= msg4;
C]earText(x Y. CurrL\ne)

{ display message % }
Currline:= msg5;

:;

D1sp1ayText(x y.CurrLine);
ch:= :  { to avoid accidental loop term1nat1on } o
{ look for arrow keys } . :
’ e
if (ch = #27) and keypressed then {one more char} - .
4 begin ' -~
read(kbd, ch);
case ch of
_ #73:  begin {page up}
) Yshift:= Yshift + Scalelnc; - -
OverlayErrorCalc(PassOrfaii, urrShift, XRealAdj, -~
XRealTime,Cur- Error)
DisplayScreen; o . - :
DisplayText{x.y: CUFFL]HP) L
erd;
g - . \\
#81:  begin {Page Down} ‘ ‘
. Yshift:= Yshift -Scalelnc;
Over1ayErrorCa]c(PassOrFa11 CurrShift,XRealAdj, .
XRea]Tlme CurrError) AN
- ) DisplayScreen; S .
DisplayText(x,y, CurrLtne) : b
end; }
. i e o )
#75:  begin {left arrow} : T -
CurrShift:= CurrShift - MoveInc '
- , OverlayErrorCalc(PassOrFail,CurrShift, XRealAdj,
XRealTime,CurrError);
DisplayScreen; ,
DisplayText{x,y,Currline); . ”
, end; : : L8

#77:  begin {right arrow} -
CurrShift:= CurrSh1ft + MoveInc
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OverlayErrorCalc{PassOrfail,Currs- 7« XRealAdj. XRea 1T ime;
- CurrError);

DisplayScreen;
DisplayText(x,y,CurrL ine);
end; ’

#72:  begin {up arrow} . ’ /

CurrScale:= CurrScale + Scalelnc:

Sca1ePu1se(CurrSca1e,XRea1,XRea]Adj);

OverlayErrana1c(PassQrFai1,CurrShift,XRea]Adj,XRea]Time,
CurrError);

Displayscree- ‘

DisplayText(~ y,CurrLine);

end; ’

#80:  begin {down arrow} ) v
CurrScale:= CurrScale - Scalelnc;
Sca1ePulse(CurrSca1e,XRea1,XRea]Adj); :
0ver1ayErrorCa]c(PassOrFai1,CurrShift,XRealAdj,XRealTime, -

“Currfrror);
DisplayScreen;
DisplayText(x,y,Currline):
end;
end; {case)$ ‘ ) . - -
end; {if} . .
end; {if}

~until (ch= #27) and not(keypressed); X
ClearText(x,y,CurrLine):

end; { MoveAndScale }

procedure PlotScreen;

S U }
{- | » -}

{~ Plots the screen with the current scale and shift settings -}

- - : - -} )
s }

const

Vistparm: array[0..4] of integer= (1,128,1,0,0); , g
{ parameters for lopen command }
segment: integer = 0; { memory segment }

var A

listfile: string[15];
listbuff: array[1..128] of char;
color: integer;
-fill: integer;
- height,aspect: real;
mode, path: integer;
FontName: string[15];
ht,wd: integer;

output file name }

used in lopen command }

text color }

text fil1l } .

for stroke text } ‘
stroke and bit text parms. }
current font name }

bit text height and width }

AR A A A e e e A

A

begin { PlotScreen }
{ open display list }
listfile:= 'list.out’; . .
1open(addr(listfile),addr(segment),addr(listbuff),addr(]istparm));

{ load stroke text font }

BtextOn:= faTse; { use stroke text }
FontName:= 'halol06.fnt’:
setfont(agddr(FontName)):

color:= 7; fill:= 0;
setstclr(addr(color),addr(fill));

height:= 0.09; aspect:= 1.0; path:= 0; .
setstext(addr(height),addr(aspect),addr(path));
DisplayScreen; - - T

Iclose; - T



{

reset the text to bit text }

BtextOn:= true; ’
FontName:= ‘halo0l11.fnt";
setfont(addr(FontName));

fi

N:= 0;

settextclr({addr(color),addr(fiil));

" ht:= 1; wd:= 1; path:= 0; mode:=1;
settext(addr(ht),addr(wd),addr{path),addr(mode));
DisplaySgreen; -

end;

{ PlotScreen }

procedure InteractiveState;

const

1i

This block handles the interaction with the user to manually -}
optimize the pulse scale and mask position. The user is presented -}
with three chaices: 1) Move Mask and Scale Pulse, 2) Plot Screen- -}
and 3) Quit. Depending on which number is entered, the program -}
calls the appropriate procedures. ‘

ne = '1) Mpve Mask and Scale Pulse 2) Plot Screen 3) Quit’;

prompt = ‘Enter Selection:’;

var
X,

y : real; { x.y coordinates of text cursor }

ch: char; { input character }
Currline: StringVar;
x1,yl,x2,y2: real; “

begi

n { InteractiveState.}

repeat

{ print options at bottom of screen }
x:=0; y:= -1.8;
CurrLine:= line;
DisplayText({x,y,CurrlLine);
y:= -2; Currline:= rompt;
DisplayText({x,y,CurrLine);
{,read in the user’s choice }
répeat

read(kbd,ch);
until ch in ['1".."5');
y:=--1.8;
Currline:= line;
ClearText(x,y,CurrLine);
y:=-2; Currline:= prompt;
ClearText(x,y,Currline);
BtextOn:= true;

case .ch of

'1": MoveAndScai~:

‘2': PlotScreen;

‘5': begin .
yl:=-2;y2:=2.25;x1:=200;x2:=8000;
setwor 1d{addr(x1),addr(yl),addr(x2),addr(y2));
DisplayScreen;
yl:=minY;y2:=maxY¥;x1:=minX;x2:=maxX:

setworld(addr(x1),addr{yl),addr(x2),addr(y2));

end; )

end; {rase}

until ch = *'3"; { quit }

end;

{ IntiractiveState }

procedufe LPF;
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{ _ : ’ .
Multiplies the FFT of the DS-1 pulse by a 3rd order Butterworth
. LPF transfer function with 3 dB frewuency of 1.544 MHz.

} '

var ~
RyT : real;
n: integer;
Ratio : real;

begin { LPF }
for n:=0 to NumPoints div 2 do

begin

Ratio:= (183E3 * n) / 5E6;
R:=1 - 2 * sqr(Ratio);

I:= Ratio * ( 2 - sqr(Ratio));

if n < NumPoints div 2 then
ComplexDivide(XReal™ [n],XImag nl.R,1);
ComplexDivide{XReal” [NumPoints - n], XImag™ [NumPoints - n].R.-1)
end; {for} .

.

end; { LPF }

**ﬁ****tt*ft*}**t*********t*****t!*x***x***t****tk**tt***x**********tif

EEEEE 2T 221 PR T e ey **t*******************%k**t
{*****ﬁ**ﬂ****ﬂ****** MAIN PROGRAM *k**ﬂ*********t***t*i*k**x*
{***Rﬂ**********i\A‘k *******************k**:k*t*

{**t***t**!*t**!*k*f l*t**t****t***!*******k*****t*i**fﬁtt*kkt**ti**k*k*}

begin { PulseAnalysis }
De]taT:=_(l/(DSlfreq*NSampPerBit)) * 1EQ;
Initialize; -
GetData;
Inverse:= false;
RealFFT( NumPoints, Inverse, XReal, XImag, Error);

LPF; <
{ Pass frequency domain pulse thru transfer function }

ZinCalc; o .

TransferFunct jor;

{ Perform inverse FFT }

Inverse:= true; .
Comp1efoT(NumPoints, Inverse, XReal,XImag, Error);
{ proceed into graphics mode } ,

Yshift:= 0; - ' <
- [ Hu
ShiftPulse; - 4
InitHalo; : ‘ *

BtextOn:= true; n
Analyze(CurrShift, CurrScale, CurrError, PassOrFail);
InteractiveState;
closegraphics;
end.
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C.2.2 Short Lihe Pulse Shape ‘
Value ; - Line Value Line

0 51 3.02 101
0 52 3.02 102
0 53 -0.93 103
0 54 -0.93 104
0 55 -0.93 105
0 56 -0.93 106
0 .57 -0.7 107
0 ‘58 0.7 108
0 - 59 0.7 . 109
0 60 -0.7 « 110
0 61 -0.47 111
0 « 62 -0.47 112
0 63 -0.47 113
0 64 -0.47 114
0 65 0o . 115
0 . 66 0 116
.0 67 0 117
0 \ 68 0 118
0 69 0. 119
0 '70 0 120
0 71 0 121
0 72 0 122
0 73 0 123
0 74 0. 124
0 75 0 125
0 76 0 126
0 77 0 127
0 78 0 128
0 . 79 0 129
0 . 80 -0 130
0 81 0 131
0 82 0 132
0 83 .0 133
0o N 84 0 134
o 85 -0 135
0 86 0 136
3.25 87 0 137
3.25 88 0 138
73.55 89 0 139
3.25 ‘60 0 140
3.02 91 0 141
3.02 92 0" 142
3.02 93 0 143
3.02 94 0 144
3.02 95 0 145
- 3.02 96 0 146
3.02 g7 0 147
3.02 a8 0 148
3.02 89 0 149
3.02 100" 0 150
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~-Line

" 201
202
203
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208
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210
211

12

13
214
215
216
217
218
219
220
221
222
223
224
225
226
227

228

229
230
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232
233
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"'C.2.3 Long Line Pulse Shape
‘Value Line
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151
152
153
154
155
156

157
- 158
159"
- 160
1671
162
183
164

166
167

168

169
170
171

172

173
174

175

176
177
178
179
180

181

182
183
184
185

186

187
188
189
180
191
192
193
194

- 195

196

197

198

- 199
200

244
245

250

L

IS

Line
251
253
254

255
256

ejeolelolole]



N

0 .
250
328
325
425
500
675
725
1100
1250
1250
1100
925
800

- 650

650
600
500
400
350
350
0

" C.2.4 Pulsd Mask
X Coordinate Y Goordinate

0.05 -

0.05
0.8
1.15

- 1.15
1.05
1.05.
-0.07
0.05
0.05

-0.05 .

-0.05
-0.2
-0.45
-0.45
0.5
0.9
0.95
0.95
0.5
-0.05
-0.05
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