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ABSTRACT-

This wérk'aiscusses»an analog-to-digital data logging system.
The system was developed to record from one up to a maximum of
sixteen channels of. analog data onte magnetic tape. Each analog
channel of data can be‘sampled»atfrateS-of 1, 2, 6, 12, or_60
times per minute.

The system is divided into three subunits:’ a digital
clock, an incremental magnétic tape recorder, and a sequentia;
converter. The interfaéing'requirements of these subunits are
presented. The majority of- this report is devoted to the-operaﬁien,
and design of. the sequential converter. Its design is presented
in sufficient detail to allow for the duplication or adaptation;
of the system using a different aigital'clock or magnetic recorderf

A final summary. of the system's capabilities completes the
work. Major system concepts and methods. of improving the system's
hardware design are'preseﬁted,.and-the present application. of

the system is- discussed.
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CHAPTER I.

INTRODUCTION

1.1 The 0ld Data Collection and Reduction System

A major bottleneck in the experimental work of the
Ionosphere Radio Laberatory is the collection and'processiné
of satellite data. In the past, this data, ekisting as’slley
varying voltage channels, was continuonsly recorded using
strip chart recorders.and manually reduced and logged to proe
vide the required computer inputs. Although the electro-
mechanical recording‘equipment provided adequate resolution,
the mechanical reduction process, which innolved scaling and
logging the continuous channel records at predetermined time
intervais,'was extremely slow and inefficient.- Since this
manual method required the generation of punched cards with time
references and data channel 1nformatlon, avallable manpower,
money and sheer data bulk, severely limited maximum sampllng
rates and channel capacity. Addltlonally, the chart recorder
required frequent maintenance and chanéing df paper, making the
scheme impractical for recordiné data at remote unmanned stations.

To overcome the limitations of the present system, au
flexible and reliable data logging system was reqiired. Several
basic design parameters were determined byvconeidering present
as well as future processing needs. Seme of the major.systemv

design parameters are discussed in Section 1.2.



1.2 Design Requirements for a New Data Logging System

The ﬁﬁﬁal system requirements decided upon were the number
of input analoyg voltage channels and the data.sampling rates. .
A sixteen channel input capacity was determined as adequate
to provide for any foreseeable increase invdata recording:
capability. To oonserve‘the recording medium and to minimize--
computer processing time, it was deemed necessary to prov1de
a simple method of varying the number of channels sampled.
‘Selected data sampling rates of one sample per minute, two samples
per minute, six samples per minute, twelve samples per minute,
and one'sample per second wefe required; The-slower speeds '
would be. sufficient fot most data-recording mhile the fastest
rate would provide- an. input channel bandwidth of .5 Hertz.

To'simplify the interfacing of the new system with existing
systems, it was determined that the existing voltages would |
.become the inputs to the new system. A valid input voltage range
of +1. 9999 volts to -l 9999\Dlts with a resolution-: of 100 micro—
volts was deemed-adequate. In the new system, sequential sampling
of«the input-ohannels and analod to digital conversion of the
channel voltages,would4reblace continuous strip chart records
and manual data scaling.

Since most instruments that would provide digital data
to the system use a Binary Coded DeCimal (BCD) output format
(Hewlett—Packard 1972) it would be deSLrable to use a BCD
format for all system numeric data. This implied that the
‘analog-to—digital (A/D) conversion device would provide BCD

outputs. An existing programmable digital clock (Chalasani




and Flaherty, i967),which provided time information in a -BCD
format,was available for use as part of the system.

An additional obvious design requirement was the determination
of the recording medium. Since all data;would»be~reduced on
an IBM 360 computer, the medium should be compatible with exiting
IBM 360 facilities. Paper tape, one obvious choice,'was rejected
because of its decreasing use at the.Uniyersity‘of Illinois,
its limited recording densfty;Aand its slow processing speed.
Magnetic tape was‘determined to be the most desirable recording
medium. Th}s medium would allow a high recording density and
it would be compatablefwith most computer hardware. Additionally,'
incremental magnetic tape recorders have the 1nherent mechanlcal
simplicity and ruggedness requlred by a system des1gned for |
unattended operatlon. The selectlon of magnetic tape would
require that the data logglng system output would. have to prov1de“
scan separation characters and 1nter-record gaps, in addition
to voltage data and tfme information. The system wouid also
have to provide'for the inpu&ing of manual data in the formuof
a tape header. This header would include information.such asl
the date, number.of channeis sampled sample rate, and any other
information requlred .by the software programs.' |

Since the output tapevms to be compatable with an IBM- 360
computer, the tape code and format were chosen to max1mlzeA”
the eff1c1ency of the associated software programs. The use
of an Expanded Binary Coded Decimal Informatlon Code (EBCDIC)
format, easily processed by the IBM~- 360 and many other computers,

was decided upon. (Kennedy, 1972)



Finally, the 'system should also include its own power
supplies so that it would operate from existing commercial
power (110 velt * 10%, 60 Hertz). The system should operate

reliably ever an ambient temperature range of 0°C to 50°C.

1.3 Description of the Text

A data logging system was designed and built to meet.the
above. requirements. In-the follewing chapters the system's
operatioen,. design- and construction. are. discussed.

In Chapter II an overall view of. the éystem is presented.
in a very simplified form. Operation-of the system in. its:
twoe operational modes (manual, sample) are discussed in
terms of the tﬁree main' system suﬁunits: the digital clock,
the sequential converter, and the.magnetic'tape recorder.

| In Chépfer III the EBCDIC code and the,magnetié tape
format is discussed. Thé-EBCDIC characters that are used
in the system are given in their binary level form, i.e.,
leVel4inputs to the magnetic tape recorder. The blocking
of data inte records of a.fixéd-lehgth, a data compression
codé, and. a sample of one.data.iecoxd is. presented. |

Invchapter IV system dperation is diécussed in detail.
The sequential converter, treated as a system subunit in
Chapter II, is separated into its functioenal circuité. The
circuits are designated as' to fheir function and they are.
briefly defined; System manual/sample mode formatting and
sequencing operations are discussed with the aid of two

block diagrams.
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Chapter V is deﬁoted to. the development of the logic. and
its symbolic notation.  The Boolian symbolic notatiens and the
digital logic. elements used in' the system are defined. The
schematic representations of these elements are-also given.

Chapter VI is devoted to the operation and logic of the
individual-functionalicircuifs; The logic requirementé-for !
the operatioen: of: the commercial subunits are described. The
circuit board layouts, the_Schématic diagrams and the inter—
connection~diagréms-fer all of the system circuits arélinéluded.
These'diagréms are .presented in sufficient detail to enable
the system to be duplicated;

Chapter VII is the concluding chapter. In-it) the system's.
characteristics and: capabilities are discussed.. Tables listing
the system's hardware are included; addifioﬁally)“ﬁajor system
concepts- and methods of system improvement are discussed.

The appendix presents a Fortran IV program capable of.

decoding and:unpacking the data recorded on the magnetic tape.



" CHAPTER 11

BASIC- SYSTEM. OPERATION:

This chapter presents a very basic everview of the system.
Like any system, the data.logging system has é set of inputs
and.outputs.. In this system,_the inputs are of three types:
analog veoltages, time and‘manually generated alpha-numeric
) charhcters. The output of the system is the‘IBM 360 compatible
magnetic tape record of these inputs. A simplified block
diagram ef the system is. shewn in Figure 1.

Three majer subunits comprise the data loéging_system.
These subunits‘are‘the aigital ciock, the incremental magnetic
tape recorder, and the sequential coenverter.

The.digital cleck provides the time infermation required:
by thé system. Additienally, this cleck centains a master
clock pulse source and a sample»cemmand circuit.

The incremental magnetic taée recorder (Keﬁnedy, LB?i)
generétes the magnetic tape output of the system. It'récerds
the level states that exist at its inputs: when commanded by
externally generated write pulses. This recorder alse contains
circuitry te record‘internaliy~generated inter-recoerd gaps
(IRG5 when commanded. by a pulse on its IRG input. Additienally,
this recorder contains write error deféctiengcircuitry, pro-
viding a write error output pulse when a write errer (failure

of the tape head to write-a character) occurs.
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Sequential '
Converter 1 16'
N
Manual ' Channel
Keyboa;d : Selection
and
Diode
Matrix ,ﬁ
Master ~-A/D
Clock
Sample
Command;
Time BCD IRG
CKT.
_"'[‘ime Segukencing ! ', ! - VV rg
Sequencing and g
Forﬁftting Circuits S
2 _ . :
: &
-~
5} M
) H
o+ |
-
H )
H = +
-
o @ tal
= Y
INCREMENTAL
DIGITAL
RECORDER
Recorder

A Basic System Block Diagram




The third subunit in the data legging system is' the
sequential converter. It provides. all the conversion,. sequencing,
and - formatdng operatiens required byithe:system. Digital.
clock inputs to this unit are. the master clock pulses, sample
command, and-time_BCD-information., Other inputs are-the analog
channel veltages, -and' the write errer output frem the incre-
mental magnetic tape recorder. Its outputs. are the level
states, write pulses, and IRG pulses required by. the tape-
recorder.

Two modes.of operation-érefused in. the data logging
system. The manual mode provides for the. inputting of:manually
keyed- characters that are used for generating the tape header.

The sample mode records. time information: and' channel voltages.
The»maximum-recording'speed is. 16 characters/second in the manual
dee‘and 166'characters/second in' the sample mode. -

In the manualvmedepﬁhe manual. keyboard and matrix circuits
providé digital logic' infermation. for the formétting and sequencing-
circﬁits; The formatting,circuits provide- the level state.outputs
to the tape. recorder.. Tﬁese level states are the EBCDIC: code
reéresentation-of tﬁéxalpha;nume:ic character to.be'recorded.

In this mode, the seéueﬂcing circuits provide write pulses

thaf are coincident with key depressions, to allow the recording
of these leéel states.' In this way characters are_wfitten

te provide the tape'hegder. Since-this header must include

an IRG, the manual keyboard;contain5>a key that enables éhe IRG
circuit. Since the sémple commands and thefwrite error input

are effectively disgbled in-thé mode, ne other sequencing and:



formatting operatiens are involved.

Sample'mode operation- is more complicated. lIn~this-modg,‘
manual- inputs are disabled. The sample. command, time informaf~
tion,;channel voltages, and write»error inputs- are used. As -
in<tﬁe ménual-mode, write éulses are.generated coincident
with the level state. outputs that are to be recorded. A sample
command pulse (reoccurring- at selectable time intervals) initiates
sequencing eperations. Upon this command, scan separation
chafacters, required by the system software, are outputted
‘as level states from the formatting circuits. The presence
or absence of a write error in the previous scan détermines
the scan character férmatz(see Sectien 3.2).  The recording
of scan separation. characters is folleowed by the recording of
time information. This #ime information is outputted from the
digital clock as serial BCD data. (Parallel to serial conversion:
operations in the cleck are not explicitly shown. in. the bleck:
diagram.) This BCD data is coded by the formatting circuité
and serially recorded by the tape recorder. After time is
recorded, channel selection. circuits sequentially connéct input
channels (analog voltages) to the analog-te-digital (A/D)
converter. Recording stops while A/D-conversion.of an input
channel voltage . is in progress. Completion of an A/D conversion
initiates other sequencing and formatting operations that provide
for the serial recording of the BCD output of the A/D cenverter.
A scan is complete and all sequencing operations. end when a
sélected number of input channels have been sampled and recorded.

The separatien of the sampled data into record blocks is
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accomplished:by-the IRG~circuit. This circuit counts scans -
and provides an-iRG-pulse to the fape,recorder,after a pre-
determined number of scansL The‘format.in which the data is
recorded on- the tape~and the record blocking-aie explained

in. the next chapter.



CHAPTER III

MAGNETIC TAPE CHARACTER CODING AND FORMATTING:

3.1 Introduction

Any data system output is useful only if the output record
is in an»eaaily érocessed form. In general, the magnetic tape
reading equipment, computer system:eapabilities,vand associated
system software must all be considered in determining thei
most desirable output data format. -

A serial format utilizing'one'byte per. data character is
used in the system. A serial format simplifies system software
to the extent.that it minimizes the required number of program
changes that-will be needed as the number of input data channels
is varied from tape. to tape. A "packed code" (two or more
data characters per byte) would result in a more efficient
utlllzatlon of the tape, but- at the ant1c1pated data rate

this increased tape density is not ‘needed.

3.2 < EBCDIC Character Code

The most logical characterrcede to'use is one whose numeric .
representations mdSt_closely resemble the. systen!s BCD .infor-
mation.i The  Expanded Binary Coded Decimal Information Code
(EBCDIC) is an obvious choice (Kennedy, 1972). This code
is'readily accepted by most. computers, including the IBM 360,
with a minimﬁm of softwarexprogramming;

The EBCDIC code is an eight level (level 0 thru 7) binary
code. In this system only fifteen alpha-numeric EBCDIC ‘characters

11
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are used. These characters and their binary level. states

(representing the level inputs to the incremental magnetic:

tape recorder) are given in Table 1.
Table 1
System Characters and Their EBCDIC Representation

Character . ' Levels
~ ' 3 4

o
=,
(V]
»
o))
~

I+ n e H

F R R R R R R R e Fsc? O.PJEAIH
R - H-EA—H = H-Ff e
] F‘P; S N H o o

el e Q.c>§3 o

ll—‘i—‘OO'OOOOOOC")l—'.0.0G)
© o HHKFHPFOOOOOHKOR R
o o H H O o HKHOOO e e o
H O ©® HF O KFHOKFOOOOoOHR H

W 0 ~N O U1 & W N H O

3.3 System Formatting of the Magnetic. Tape Record-

In the manual mode, all of the characters with the excep-
tion of "G" can be generated by key depreséion as.required-
for use in the tape header. The actual header format is.
determined by computer software requirements- and will not
be discussed- in detail. At present, the characters "E" and "S"
precede all numeric manual data. An IRG is manually generated

upon completion- of manual data inputting.
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In the sample mode the magnetic tape' is blﬁckedAinto records
of_Fhirty-two scans or sahples.A Each record. is separated by
an IRG generated upon completion of the thirty second:scan:
Each scan or sample is in: turn divided into three unique parts.
These parts are the scan separétion characters, time informa-
tion, and. input channei>yoltage'informétion.-

Two scan separétion charactérs‘aré recorded a; the beginning
of each.sdaﬁ. 'TﬁeSe chéracterswsépafate scaﬁs_and identify
the beginning of each scan. -The :first character recorded is
either an "E" or a "G". Normally an "E" is recofded. However,
if a flux error occurred during-tﬁe“recording of the previous
scan, thié first character wi;l be a "G". The second scan
separafién character is always-anAJé".

Following'these scan separation characters, time is
recorded gs é five digit number'Nl‘N2 N3 Nu Ns' . In this
scheme',' N1 is the:ten-hour digit, N2 is the hour: digit,

N, is the‘teq}miﬁuter digit, N;"iézéhe minute digit, and
Ns ;s t@e'ten—secqnd digit.

After time is'recorded, input channel voltages are sequen-
tially recorded. Software requirements make it ‘desirable that
- .each of these voltages be recorded as a five digit number.
However, the valid -input voltage range of the system's:

A/D converter is +1.9999 volts to -1.9999 volts. Recording . -
the. sign character and all voltage digits in ‘sequence would
require a six digit number. Compression of the voltage data
into a five digit number is accomplished by using a unique

numeric code for poiarity and range information. This scheme
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allows any input voltage *N N N_N, N_ to be' recorded as
"C"N2 NS'N“ NS' where "C" is the polarity-range digit as defined

in Table 2.

Table 2

The Voltage Polarity-Range Digit "C" for
all Possible Input Channel Voltages

First Data Input Voltage ' Input Voltage
~Bit (C) Polarity Magnitude
+. Positive: < 1.0000 v. -
- ' Negative . < 1.,0000 v.
1. Positive ~ >11.0000 v. and
: ‘ < 2.,0000 v.
3 Negative ' l.OOOd v. and
> 2.0000 v. -
5. Positive 4 > 2.0000 v.
: ' Invalid

(exceeds A to D
converter range)

7 _ Negative: » 2.0000 v.
C B Invalid -
(exceeds A to D .
converter range)
. Table 3, using hypothetical input data, illustrates
the salient feature of the sample mode format. (Two input
voltage channels are'recorded.and‘the sample rate is once
per minute.)
In writing the software program for usé with the system
output tape, the programmer needs.to know the number of characters
(bytes) per record. This is given by the following relation

- W = 32(7 + 5M)
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Table 3

An Illustration of the Sample Mode

Format Using Hypothetical Data

Voltage‘

Tape Record

Write

Scan No Time Chan- #1 | Chan #2 (EBCDIC-Code) Error
1 1400:00 | +0.1114 | -0.1114 | ES14000+1114-1114" No

2 -1401:00 | +0.1120 [ -0.1120 | ES140100+1120-1120 Yes

3 . 1402:00 | +0.1426 | -0.1185 | GS14020+1426-1185  No

4 1403:00 | +0.9615 | -1.1050 | ES14030+961531050  No

5 1404:00 [ +1.0170 | -1.1042 | ES140401017031042  No
31 1430:00 | +2.4756 | - .1167 | ES1430050000-1167 No
32 1431:00 | +1.0176 | =2.2150 | ES143101017670000.  No

IRG

where M is equal to the number of channels sampled and W is

number of bytes per recerd

the

Chapters I and II. and this chapter have- prov1ded a basically

non-technlcal descrlptlon of the ~systemn.

.operatlon, and. codlng and formathng have been presented in

sufflclent detall to allow a computer programmer to utilize

the system.

operation.

The’follcw1ng‘chapters describe the system's

System requlrements,



" CHAPTER IV-

DETAILED SYSTEM OPERATION

4.1 Introduction

The data,logging-system'sfbasic-characteristics have béen
presented in.previous K chapters.. In-this qhapter the system's
subunits, discﬁsséd‘in:Chapte:.II; are further divided into
operational units and functiénal.circuits.- These unifs and
circuits are of three basic types:

1.  Commercially obtainable units such as the digital
voltmeter, the analog multiplexers and. the inéremental
magnetic tape recorder.

2, An existing unit,. the digitélvclock;;expanded aﬁd 

. adapted by. adding  additienal circuitry.

3. Circﬁifé.within-the~$equentia1 dohﬁéitér Ehat_weré
Specifically.designed-and“built for £he data logging
sYstem.

In this chapter each of these units or circuits isftreatéa'as 
a,systemrbuilding-bloék,'perfofmihg>a-unique 1ogiC'funétion.-

In Sectibnv4.2.£he functional circuits in- the seéﬁenéial-\
converter are_given. These circuits-aie-hsed in;Seétioﬁs,4.3
and 4.4 to explain system operation in- its two 0peratin§ modeé

(manual and sample).

16
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4.2 Sequential Converter Circuit. Designations and Their:

Descriptions

Physically, the sequential converter consists of several.
circuits and units. Below are listed their names and their
brief functional descriptions. They are listed at this time
to aid the reader in following the system block diagrams.

(see Figures 2 and 3), and to introduce the system.logie desién
in an orderly way. Generally speaking, these circuits each
provide one or more logic functions. Unless it is stated.
otherwise, these units were specifically designed and built

for the data logging system. |

DVM - The Digital Voltmeter. This: commerical unit'encodeé
input-voltages,'outputting‘them:as parallel  BCD data. As-a
function of an external logic:input, the unit either "free
runs", repetitively updating BCD output ‘data, -or operates .
in a hold mode, maintaining a constant BCD output after initial
.:encoding of an input Voitage is complete. It also provides
an "endwof encode" output upon the completion of encoding.. .

MUX #1 - MUX #2 - The Analog Multiplexers. 'These commercial
units. each. contain eight. MOSFET logic controllable switches
that connect a particular channel input. to the DVM analog .
voltage input.- |

"&;g"; "M=1" - Mode. Switching Circuit. This circuit
provides logic outputs used to switch: the system from manual
mode to sample mode operation or vice.versa. Since ‘separate
block diagrams are used for each'mode of operation this circuit’

is not explicitly shown.
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SW #1 - The Manual Channel Selection. Switch. This switch
is a seventeen position (0;l6L single-pole, rotary switch.. It
selects the input analog channel that is monitored by the DVM
in the manual mode. '

SW #2 - The Number of Channels Sampled Switch. This
switch is also a seventegn'position (0-16), single-pole, rotary
SWiuﬂL.Itvdetermines the number of input analog channels that are
sequentially scanned-énd recorded when the system is in the
sample mode.

Keyboard - The: Manual Keyboard. This keyboard*provides
single-pole switch closures to ground when the system is in-
the manual mode. The individual keys provide for the manual
recording of alpha—nﬁmeric”characters.

IRG Key - The Inter~Record Gap Key. Physically located
on. the manual keyboard, this key generates an inter-record gap
command for manual mode recording.

ERR Key - The’ Error Key. Also located -on the Manuél Keyboard,
this key simulates a’write: error condition- when the system is in
the sample mode.

Diode Matrix =-' The Diode Matrix Board. This board converts
single level outputs from the manual keyboard into the eight
level EBCDIC outputs. It also outputs an enable command for
the Master Sequencér.' |

Board #1 - The Recorder Pulse Generator. This board provides
write command and IRG command pulses'to the récorder.

Board #2 - The Master Seqﬁencgr. This board is the clock

source for all the sequencing circuits. Each .cycle of this
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board consists of six unique. output state combinations. - Each
cycle is associated with the recording of. a single:! character. -
Board #3. - The  Time Sequencer. This board~provides sequencing
inputs for time parallel to serial conversion in the digital
clock. It also controls. the coding and sequencing‘circuits‘
for time recording.- }- 1
Board #4 - The Scan Separation Character Generator. This
board initiates sample mode-recording upon'command of the .‘
digital clock and‘providesvcoding.outputs for scan separation
character generation.ﬁ It also contains the end ofiscan'flip--
10, ST : | o ) .
Board #5 - The Voltage Data“Sequencer.l This board‘provides
sequenc1ng 1nputs for the Voltage Data Parallel to Serlal Converter.
It also controls the codlng and sequenc1ng c1rcu1ts for voltage
data recordlng. | | o ’v. |
Board #6 - The EBCDIC Encoder. -This board'converts‘BCDf
data and. other coding 1nformatlon into EBCDIC outputs for
the recorder. | | |
Board #7 - lhe»BCD-Coupler.‘ ThlS'board'receives serial
BCD-data-from four sources and couples it to the EBCDIC Encoder.
Board'#8 - The Voltage Data Parallel to Serlal Converter.
This board converts the DVM parallel BCD- outputs into serlall
BCD outputs. _ | .
" Board #9 - The Channel 1 thru 8 Selector.;-This board
prov1des switching commands to the first elght analog.multi—-

plexer channels.
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Board #10 - The Channel 9 thru 16 Selector. This board
provides switching commands to the rest of the analog multi-
plexer channels. Additionally, this board provides a write error

coding output.

4.3 Manual Mode Operation

A block diagram for manual mode operation is given in
Figure 2. In the manual mode time is not recorded, henﬁe, the
digital clock is shown only as a 100 PPS clock source.

Sequential operation in the manual mdae involves only‘the
recording of alphé—numeric characters using thelkeyboard.
Depression of a keyboard key outputs a ground to the Diode |
Matrix. fhis in turn,.provides level outputs to Board #6 |
directly and via Board #7. Boafd #6 outputs the level states
to the reconimﬁ Upon- key depréssioni an additional output from.
the Diode Matrix enables Board #2. for one cycle. Anvoutput
pulse from Board #2 tri§gers a mondstablé-multivibrator in
Board #1 to provide the write command for-the-recbrder.

No other sequencing‘operations occur. in the manual mbde.
However, two other features, IRG pulse generation and DVM
operation aré inciudedlin the block diagram. The IRG key,
connected to Board #l,prbvides an IRG command pulse for use in
writiﬁg the header. The "Gap in Process" -outpﬁt from the re?
corder resets logic in Board #1. BCD outputs from the DVM are-
not used in fhe manual mode,,buf the visual indication can be
used either to monitor any channel input or ﬁd adjust the DVM.

Switch #1 causes a single true state register bit output from
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Figure 2. A Block Diagram of Manual

Mode Operation
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either Board #9 or #lO, to close a MOSFET switch on either
MUX #1 or MUX #2. Alternatively, in the 0.channel position,
no MOSFET switch is clesed. In the manual mode. the hold input
of the DVM is not enabled and the DVM "frée runs"”.

Although write errors could occur in- manual mdde recording,
the software program has no way of-detécting an error character
so the write error output of the recorder is net used in this

mode.

4.4 Sample-Mode‘Qéeration-

A block. diagram for system operation in the sample‘ﬁode.
is given in Figure 3. The circuits added to the digital clock
are not explicitly shown in this figure (only the clock's
outputs and  inputs to the system are shown.

The recording of daté in tﬂe sample mode. is initiated
by a sample command pulse from,ﬁhe digital clock. A command
pulse is outputted by the clock when its time (minutes énd_
saconds) coincides with the rate selector setting. This
command' pulse triggers flip-flops on Boards #3 and' #4. One
flip-flop on Board #4 disables a clear input for a flip—fiop
on Board #9. Board #4 enables Board #2 for two cycles and out-
puts coding information- to Board #6. If a write error indication
was outputted from the recorder during the previous scan or
if the Err Key was depressed during the previous scan, an
output from Board #10, clocked by Board #4, provides a write.
error coding-output to Beard #7. The output is coincident

with the recording of the first scan's operation character.
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After the two scan separation-characters are recorded,
an output- from Board #4 inputs a true state into the first bit
position of the Board #3 shift register. Right-shifting of this
state provides inputs for parallel to éerial conversion of time
BCD data. The serial BCD data is inputed to.Boérd #7 which
couples the data to Board #6. Board #3 also provides the output
to Board“#4 which  enables Board #2. for an additional five cycles.
After time is recorded,.Board-#S provides a clock pﬁlse'to Board
#9. This board, which now contains a true bit state in its shift
register, outputs a logic. command to MUX #1, connecting the |
voltége at channel 1 tovthe DVM. A flip—flop on Board #9,
whose clear ihput was disabled by Board #4, is triggered at. this
time to allow the data.sequencing.and recording operation to
begin;

The data. sequencing operations are as follows:_ First,
the DVM‘is released from the hold cbndition-by~an output from
Board #5 and encoding of the first~input‘channel voltage begins.
When Board #5 receives an end of encéde command from the DVM,
the hold is reapplied (to prevent changes in the BCD outputs during
recording). Outputs from Board #5 enable. Board #2 for five
cycles, providé coding commands to Board #6, and provide seguencing
for Board #8. Range and polarity outputs from the DVM are"
connected to Board #6 for first data character recording. The
parallel 'BCD data to Board #8 is serially outputed to Board: #7
and then coupled to Board #6.

After all five characters of voltage data are recorded,

a clock pulse from Board #5 right-shifts the true bit state in
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the Board #9 shift registers.- MUX #1 connects the:'second. input
~channel voltage to. the DVM and -the.sequencing operation:is .
repeated as deséribed~in the .previous. paragraph. - This process
repeats until the preselected (SW #2) number of input channels
are sampled. SW- #2 provides for the.ending of ;a: scanras follows:
With SW #2 in the nth channel poesition, an .output pulse from
Board #9 or. Board #10 is inputed to Board #4 after_n.channels
are :ecorded. .This pulse clears the end of scan -flip-flop on.
'Board #4 which, in turn, clears the flip-flop on Board .#9 that
originally enabled‘aatansequencing.‘ All,éample mode..flip-£flops
are cleared and' all shift- registers. contain:only false bit
stateé at this time. The sequential converter is idle. until
another scan command pulse is received.
Clock pulses for theishiftrregisters on Beards ‘#4, #3,
and. #5 have not. been discussed above. These pulses are obtained
from Board #2. Each board. receives. a single cleck pulse
input for each cycle of Board #2 and each board, in. turn,
enables Board #2. as loﬁg as it contains a true bit state in
any shift register. Board‘#4 is electrically equivalent to a
two~bit shift register. Therefore, two scan separation charac-
"~ ters are recorded. Board #4 utilizes a five-bit shift register.
.Hence, five time characters are recorded. Boeard #5, which
also utilizes a five-bitﬂshift register, similarly causes five
voltage data chara;ters to be recorded for each'voltagéjchannel.
Only one. board, Beard‘#l, remains to be discussed. Write.
commands for the recorder are génerated as. in the manual mode.

The end of. scan output from SW #2 is used to trigger a
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divide-by-thirty-two counting chain on. Board #l. After thirty-
two scans, an IRG command is generated by this board. The "Gap
in. Process" outéut from the recorder resets the counter-
circuit.

This completes the operational: description- ef the system.
A detailed description~of.the system's-.individual circuits-
remains. Before they are discussed, a brief summary of the
logic symbolism and its- schematic representatien-is presented.
This aids»the‘reaaer,in follbwing the systemAlogic design:
by showing the relationship between the physical compenents:

and their digital legic functions.-



CHAPTER V

BOOLIAN - SYMBOLISM AND.DIGITAL-LOGiC ELEMENTS

5.1 Introduction.

The board wiring and logic diagrams. in Chapter VI are -

- essentially schematic wiring diagrams that not only provide
detailed logic information but also sufficient informatioen- to
allow duplication. of the-cirCuitry.. For this reason, a set of
digital logic' element symbols must. be used and they are defined
in this chapter. These logic. elements are broadly ciassified
into two types, arithmetic elements andinonarithmetic elements.
These elements are described by uéiné'Bédlian algebraic notation,

", "and", and "inverse

where "v6,>ﬁ'f and: "A" are used for the "or
of A" Bdolian algebraic Qperations,_ The logic state of a

digital ;ogic_elemgnt input or output_"a" will be written‘gs;i.
_Similariy'the "trué":sﬁate will be 1 and the "false" state; 0.

Where no ambiguity can exist, such as in truth tables, a, 1

and 0 -may replace a, 1, 0.

5.2 Arithmetic Elements

An arithmetic element is a digital logic element whose. output
state(s) at time T are uniquely determined by its input state(s)
at the same time 1T (ignoring propagation delay). Six arithmetic
elements are used in:the<sequenti§l converter and the. added digital
clock logic. These six.elgmgntsiare'the.two input NAND éate,

the open collector two input NAND gate, the multiple input

27
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NAND gate;, the NORvgéte, the Inverter, and the open collector
Inverter. Boplian.akﬁbﬁﬁc.funétiohs required by’the system are
generated by using two or more‘of tﬁe above elements. |

The symbols and functions for these elements are given in
the following paragraphs. Gate power. connections (VCc and
signal or logic ground) are not explicitly shown en the symboelic
diagrams. The board legic schematic diagrams which are given.

in- Chapter VI will also delete these power connections.-
5.2.1 The Two Input NAND Gate:

InputsI , Output
A ——] | | e

{ .
Symbol _ Function

(g
|

In many of the system's circuits the two input NAND is used
~as an Inverter (C=A) by connecting the B input to 1 (V. oer

open. circuit) or by connecting-the A & B inputs together if the

device loading considerations permit.

5.2.2 The Open Collector Twe Input NAND Gate

\%
cge

Input%
’ R

A 1L '
| O-
» )

.'Symbol

Output

C C=AB

it e —— -

Function

Thé-external pull up resistoer "R" (1K-2K) that is connected

between the output & Vc is required when open collector logic

(o]

is used. This resistor is ex?licitly shown on all board wiring

and logic. diagrams.
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Like the conventional NAND .gate;, the open collector. NAND
gate is sometimes used as an Inverter. "Wired output" logic,
using the open collector NANDS as open collector Inverters is

discussed as a part of the open: collector Inverter description.

5.2.3 Multiple Input NAND Gate.

Inputs - Outpuf
!
g—l_u o '
o f)—t— J J = A B---==C TH
H‘f*Tﬁ o S - - -
_ Symbol. I o -+ Function

Inbthe system unusedninputev(actualﬁelemeﬁt'inputs'in”excees
of those required for a reallzatlon of a particular Boollan functlon)
are- connected to 1l or to other 1nputs as determlned by. w1r1ng and
device loading con51deratlons.. For example, the functlon-
D.=A B C could be realized using a four input NAND by either .

of the following two wiring schemes.

2‘7L__‘ A — ‘

C ' D or B/ D
1T ' - ¢

5.2.4 The Two Input NOR Gate.

Inputs;

=EVE

w
Q
o]

- | symbol :j o - Function
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The two input NOR gate is sometimes used as an-Inverter to
generéte the. function C =-§. This is accemplished by. connecting
B to O (logic greund) or by connecting the A & B inputs toegether

if device loading considerations pérmip.-

5.2.5 The Inverter

| |
! |
A —— B. B = A
[ L// i - =
| Symbol | Function

The Inverter provides the most effiqiént realization of.
the inverse operation since no additional wiring (to fixed
logic levels 0 or 1 or to unused inputs) is required. However,
unlike the NAND and NOR gates whiéh can be used in-combinaﬁions
to derive the Boolian "and" and "or" functions,'bhly'the inverse

function can.be generated with the Inverter.

5.2.6 The Open Coellector Inverter

(k|

B =

I
| Symbol : Function-

Like ﬁhe opénAcollector NAND gate, the open collectpr
Inverter. requires the use,qf an extefnal~ppll'ﬁp resistor.ﬁR"
(1K-2K). | |

~ The open collector Inverter (and:the open collector NAND ‘
gate wired as an Inverter) can. also be used in.a "wired output"

configuration to simplify the realization of some functions.
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For example, the function J = A v. B v C----v H is realized

by the three schemes shown below.

SCHEME" #1

Conventional Logic. Realization

- H :> . Vee

" SCHEME #2°

é v E v gf———v

(o]

Open Collector Inverter Realization:

A
B“E:

T
SCHEME # 3
Open Collector NAND Gate Realization
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Scheme # 1, using cenventional logic. obviously requires a
greater number of elements and more. interconnect' than' scheme .

# 2 and-#-3:. where the "wired output configuration" is used.

5.3 Nonarithmetic Elements

A nonarithmetic element is a digital logic element that:
containsione or mére,storage devices. Its output. state(s)
at time T is net uniquely determined by iﬁs'input state(s) at -
time T, Five noenarithmetic elements are-used in the sequencing
- converter and added’digital élock logic. These elements are:
the flip-flop, or binary, the shift resistor, the decade counter,
the divide-by—twelve counter,-and the monestable multivibrator;
A brief description of these elements, their symbols and: their
functions féllow.. The symbols do not- include powér;connections
-(Vcc & ground). Salient features of the elemenpsAthat are not- -

necessary for the understanding of. the circuitry presented in

Chapter VI are not included. (Signetics; 1971)

5.3.1 The J-K Flip-Flop |
Only one type of flip-flop, the master slave J-K flip-flep,

represented by the symbol below, is used.

: J K

-— - —]-

-
Clock,-———f+a_ , ——7 Q
Clear —> ‘f’*—4—_ Q

, : I
Inputs .‘l - Outputs

SYMBOL FOR THE MASTER SLAVE J—K-FLIP—FLOP
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This particular flip-flop is clocked by the trailing edge.'
(1 to 0 clock state transition) of the clock input pulse and
is cleared to the Q equals 0. (J = 1) state by clear equals 0.
Since the master-slave principle is used, clocking and clearing
operationsAare'independent.- For example, the flip-flop can be
cleared by clear equal to 0 regardlesélof thé simultaneous. state
or transition existing on the cloqk input..

Four unique outpﬁt équétions.are poessible with this flip-
flop during any time interval.when the clear inéut is disabled
(clear is 1). The output équationé are_determined by. the J
and' K input states exiéting priér to a trailing edge transition
and they are summarizea in Table 4. In,fhis ﬁable Q, is the

output state prior to cleocking and Qn+ is the output state

1
after clocking.-

Table 4

' The Trith Table for a J-K Flip-Flop

g K19, 9, Qutput Equat?°ni
L e e N

o 1 g-- 8 ‘ 1Qn+l =0

1 0 g -i, Qn+l =1

1 1 4 3  _éﬂ an;j='65;
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5.3.2 'The Decade . Counter

A decade counfer (divide-by-10 countef) which- "counts"”
on the trailing edge of the input clock pulse, is used in the.
digital clock. to generate sample commands. The symbol fof this

device is shown below

A B o D

; R e e e —— _ _ _Outputs
A —1——"‘—’ '
L'_ — Lt—_ - —fnputs
(l) R, (2) (l) R (2)

Since the one application of this device in the data legging
system inQolves its use as.a divide—by;s-counter followed by |
a divide-by-2 counter, its operatien will be described only
in terms of ﬁhis'application; In the decade  counter used in
the sYstem, the Rg(l) and-RgFO) inputs are connected to ground

[RQ(L) = 0, R§(2) =-0] and. the output "D" is connected to the

input "A". When Ro(l):B 1 and'Rb(Z)is_l the counter resets.

-all outputs te 0. Counting begins when Ro(l)is 0 and Rb(2)js 0.

Output D brovides a divide-by-5-coeunt- of the input BD pulses,

and output - A provides a divide-by=10  count.

5.3.3 The~Divide—by—Twelve Counter

A trailing edge logic-divide—b&—lZ'counter.thét counts
trailing edge transitiéns of an input ‘pulse train is also used
Ato generate sample commands. This counter consists of separate

divide-by-6 and divide-by-2 counters that can be interconnected.
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ABCD | o
_“¢5i;£4F;— 7 T Outputs

3

— - —Inputs
R (1) R (2)-
0 0

" When used as a dividé—by46 counter oﬁly,}(the appiiéatioﬂ.
in- the data logging system) input A and outputs A and . B aré
vnot ﬁsed. The iﬁpﬁﬁ to the counter is conhectéd to>ﬁé ahd~
the outputs C and D provide a divide-by-3 and.diviae—By-G.count-

respectively. Reset (all outputs = 0) is accomplishéd when

Ro(l):B 0 and”Ro(Z)is‘g. Coﬁhtiﬁg requires fhat-Rb(l) and/or

R (2) equal 1.
0 =

5.3.4 The' Five~Bit Shift Register

‘The five—bit shift register is the~primary seéuencing élement
in the sequencing cenverter. This device employs leading eage
logic (shifting on the 0 to 1l transition of the -input. cleck
pulse) and its bit states may .be preset independently of-ité
clockuandgblear-states. The following symbol will be used

for this shift register.

Preset

input-—1 |

_ o I +—Preset.Enable
" CloCK ———mt 1)) \ ' ‘
S l o o — —-
clear— rff—’ ',"I , Inputs
—fi"t‘i‘l_— T 7 7 7 TOutputs
" ABCDE I :
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The outputs A-E represent the states.of thé 1st, 2nd,
3rd, 4th, and 5th bits of_the-sﬁift»register. When clear is 0,
all bits assume logic. state 0 and the clock and serial inputs.
have no effect; When glgggisli, riéht—shifting of. bit states
occurs on the leading edge of the input clock pulse. The serial.

input is used to input 0's or 1l's into the first bit of the

shift regiéter.

Presetting of any bit state to 1l is accomplished by providing
al inbut to thé pfeset enable.inpuﬁ énd.the corresponding preset
bit.input; If.giégg;ﬁsg when bit "x" is preset to 1, "x" will

return to O when either preset enable or preset "x" becomes 0.

If clearis l, "x" will remain 1 after pfeset enable or preset

' "x" returns toe 0. Further changes in "x" will be determined
by the right-shifting operation of the shift register.

In actﬁal sequencing operation the five-bit shift register
is cleared.and‘then~pr6vided with-a 1 bit in the first bit
position. This 1l bit is then right shifted by clock pulses.
~ Since enly a -single 1 is "loaded" into the\first bit position,
a maximum of one bit in the-Shift~register is. 1l at any time.
Completion of a. particular sequehcing operation occurs when- all-
five bits return. to Q.-

Two possible sequeﬁcing-operations, differing only in the
method used to "load" a 1l into thé lst bit positiop, are used
in.the system. These operations aré illustrated-in Tables
5 and 6. Id£m$é tables t-n is the time befofe the nth leading

edge of the clock pulse and t+n is the time after this- leading

edge.



37

Table 5

Serial Input "loading" of the Five-Bit Shift Register

'TIME INPUT STATE . OUTPUT STATES
serial input 'A B _C D E
t-1 0 olo o] oo
t+1 | 1 olofofoe]o
t-2 1 | ' o lojo|o]o
t+2 1 1 {ofo]ofo
t-3 0 1|ojo]o]o
t+3 0 ol1}loflo]o
t-4. 0 o |1 o] o}o
t+4. 0 oo |1]o0]o
t-5 o o|lof1]o0o]o
t+5 o pofofijolto
t-6 0 oo fo]|1]o
t+6 o o lojofo]1
t-7 | 0o oo fofof1
te+7 | o | o|loflo]o]o
t-8 0o oo o] o0]o0
t+8 0 olojofo}]o

Note: 1In this table other shift register inhputs are:

Preset enable = 0, Preset A,B,C,D,E =1 or 9,

Clear =.1 |
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Table 6

Preset A "loading" of the Five-Bit Shift Register

"~ | TIME | INPUT STATE OUTPUT STATES
A| B ‘c_» D | E

t-1- 0 oj{ojo0ojo]o
t+l 1 | r]ojojojo
t-2 0 1100 ]ofo
t+2 0 ol1|o0o]|o0o]o
t-3 0 ol1]o}jo]o
t+3 0 olo]|1]o0}o0
t-4 0 o] o] 1j01}o0
t+4 0 ololo]1]o
t-5 0 ojoflof1]o
t+5 0 ‘0l o}lolo |1
t-6 0 olo]o]o {1
t+6 0 olojojolo
t=-7 0 o{ofjo]o}o
t+7 0 olof{o]o]o

Note: 1In this table other shift register inputs are:

Serial input = 0, Preset enable = 1 and

Preset B,C,D,E = 0

It should be noted that the output states given in- Table 6
are also the same if the ﬁreset A and the preset enable inputs

are interchanged. They would also be the same if the preset A
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and the preset enable inputs are simultaneously pulsed. These

two variations are also used in the system.

5.3.5 The Monostable Multivibrator
The monostable multivibrator provides. a single output
pulse of fixed time duration.upon command. of  trigger input.

The symbol for thisfmuitivibrator is given below.

R R,C C Not used (internal timing 4

__l:'__ \_i_l_ Lx-D  resistor)

!
Al T —
A L -
2 | > —> Q
B P |

] .

Inputs Outputs

Either leading or trailing edge.triggering may be used.
If B isl and AZ.B l,'triggering‘will-occup.on the traiiing
edge of an input pulse connected to Al. The pulse width is
determined by an external fiming resistor and' capacitor. The
reéistor is connected between inputsz1 and R,C.and the capacitor
is connected between R,C and.Cl. The pulse wiath;is defined

by the approximate formula: T = RCln2:

5.4 The Selection of TTL Logic

The digital elements described in. this chapter are élso
used in. the data logging system. For these elements, the SN 7400
series of transistor-transistor logic (TTL) was chosen (Morris
and Miller, 1971). This logic series is very versatile, econo-
mical, and. reliable. Further, the use of TTL logic was. selected

to simplify present and future interface requirements. The
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wide acceptance of TTL. logic have made it a near standard
in the electronics industry. Most of the instruments. that

would be used with/iﬂ the data system are available with TTL

logic interfaces.



CHAPTER: VI

OPERATION  AND DESCRIPTION
OF THE INDIVIDUAL FUNCTIONAL CIRCUITS

6.1 Introduction:

The previous chapters described~the interrelation~of the-
various functional circuits‘in the data logging system.' In-
this chapter, the 1nd1v1dual functlonal circuits will be dlscussed.
This will be accompllshed by leldlng the three system subunlts
into thelr loglc functlonal 01rcu1ts and analy21ng them in detall
Sectlon 6 2 descrlbes the ex1st1ng dlgltal clock and spec1ally
de51gned circuits added to the.clock Sectlon 6.3 descrlbes-
the input/output requlrements of the 1ncremental magnetlc tape
recorder. The remalnlng sectlon, Sectlon 6.4, descrlbes the
sequential converter c1rcu1try. Specifically, Sectlon 6 4 l
and 6 4 2 descrlbe commerc1ally manufactured unlts, the dlgltal
voltmeter and the analog multiplexer.- Sectlon'6 4.3 descrlbes
the Mode Sw1tch1ng Clrcu1t and Sectlon 6 4.4 descrlbes the Dlode
Matrix. Flnally, Sectlons 6.4.5 through 6. 4 14 describe the
TTL c1rcult boards 1 through 10. These are' the boards that
are listed by their c1rcu1t function-in-Chapter 4,

| Since detailed operational descriptions of commercial
unlts are available from the manufacturers, only those charac-
teristics that pertaln to this data logging system are presented
However, detailed descriptions are  given fér the specially

designed and constructed circuits. For each of the TTL circuit

T 41
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boards in the system, three figures or.diagrams are given.
They are a power wiring and-devidé layout diagram, a logic
schematic diagram, and'a-sockét,wiriﬁg»diagram. '

The power wifing and' device layout diagrams show the
physical placement of the TTL integrated circuit devices
on the ciféﬁit boards. They also~éhow the power Supply connec-
tions (Vcc and: ground) to the devices. Thé devices, even 1if
» they contain more than~6ne logic eleﬁent, are assigned a unique
number. For examplé, on Board #1 (see .Figure 25),'device
number 16 is a'SN~7402.(a quadruple 2-input NOR-gate); On-
the logic schematic (see Figure 26) for this board, the four
NOR gates that arévincluded.in device number 16;'ére shown with.
this number inside of the NOR gate symbol.. Also the device
number, 16, indicates that it is the sixth device on boaid'
number one.- | |

The logic schematic diagramé show the complete logic
wiring'sf circﬁit boérds. The nuﬁbers adjacént to the logic
symbols are the device input/output connectiens.- The'numbers
or letters iﬁ-parentheses are therboard‘socket pin ngignatidns.

Tﬁe sécket wirinéidiagrams show- all of the interconneétiéns
between the various functional circuit boards. Alse included
"in the diagrams are powe;:sﬁpply connections, and all discrete

components that may be associated with a particular beard.

6.2 The Digital Cleck

‘The digital cloeck is one of the three subunits in the
system. This subunit supplies clock. pulses to the Master

Sequencer board in the sequential converter fof manual and sample
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mode recording.: It also supplies BCD time information ana'sample-
command- pulses for sample'mode-recording. The digital cloék
contains- both previously designed circuitry and newly designed
circuits specially required for the system legic. To bétter
explain the digital clock circuitry, this subunit is divided - -
inte four parts, an existing programmable digital cleck, a

Clock Pulse Switching Circuit, a Time Parallel to Serial Converter,
and a Sample Rate Selector. These parts are individually discussed

in. sections 6.2.1 through 6.2.4.

6.2.1 The Existing Digital Clock

The major part of the éystemﬁs digi;al cleck subunit is
a selid state pregrammable digital clock. This clock Wés:oriéi-
nally designed toe provide a visual time  readout, a timeAﬁérker
output. for strip chart recording of. data, and four,prograﬁmable
(preset times) digital outputs. A detailed description éf ﬁhis
clock is presented in. Technical Report No. 30, Ionosphegé Radio.
Laboratoery (Chalasani and Flaherty, 1967). This clock uses
TTL devices to provide-time information by dividing down: the
frequency of a highly accurate %nternal-ZOO-KHz oscillato; signal.
Paréllel BCD  outputs from decade counters are used to dfive the
Nixie tubes that provide the visual time readout, and‘NAND~ga;es
are used to provide time marker and programmable digital outputs.
In the data system, the parallel BCD outputs provide time BCD
informatien. for the sequential cenverter and visual readout
information. Time marker and programmable digital outputs -

remain available for use with auxillary recording devices.
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The- existing, or original,_digital clock,could-have been
left unmodified for use with the data.legging system. However,
the availability of circuif beard mounting space in the clock
housing and a desire to minimize the numbér of digital logic
input/output~connections to the sequential-converter dictated
that additienal circuitry be added te this subunit. Obvieusly,
the person who wishes to duplicate the system will net have
access te the particular digital cleck described here. Any
commercially available digital cleck providing TTL compatible
parallel BCD outputs couid-be used with- the system. In this
éase, square wave oscillators, added to the sequential cenverter, .
‘would replace the Clock Pulse Switching-Ciréuit and assoéiated
counters that are described in section 6.2.2.: The Time.Paréllel
te Serial Converter and Sample Rate Selector, described in
Sections 6.2.3 and 6.2.4 would have to be physically located

within the sequential converter.

6.2.2 The Clock Pulse Switching Circuit

Two square. (rectangular) wéve, periedic cleck pulse sources
are reguired toAprovide'the clock input. te the Master Sequeﬂcerv
shift register in-the sequential converter.  One clock pulse
source is required for each mode of operation. In the samplg'
moae the clock pulse frequency must be less than 3 KHz. This
upper frequency limit is set by the maximumlﬁriting speed of
the recorder (500 characters/sec) and the nﬁmber of clock pulses
for each cycle of the Master Sequencer (6 cleck pulses per-cycle).

Since writing one character requires-one complete cycle of the
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Master Sequencer the recorder writing rate is given by the

fellowing»equation:

Writing rate (characters/sec) =‘Clock'PulseAgrequenqy»(Hz)

In the manual mode of operation, the clock pulse frequency should
be. abeut ah order of magnitude slower than above. This restric-
tion is impesed by contaét'bounce;vor‘sluggish action of the
manual data keys.

Altheugh-yarieus TTL devices could be. used- to generate these
clock.pulsés, the data system circuifry is simplified bj utilizing
the 1000 Hz, and. 100 Hz cleck pulses generated by,the‘original
digital cleck. Cabling and input/eutput interface requirements
are simplified by adding a circuit. te the digital'clock that
switches between the two c;ock.sources as required. The output
frequency-ef the Clock Pulse éwi?ching Circuit is determined
by the control input "M=0" whose state is a function of the
sequential coenverter's mode of operation.: ThiS‘switching
circuit, consisting of eone quad 2-input NAND gate' (SN 7400)
added te an. existing digital clock couﬁtef board is shéwn in
Figure 4.

In the samplermede "g=g" is 1l and the input A, wired
directly_to‘a 1 KHz decade couhter output, is inverted by
NAND gate' 1A. . The'outpuf state of NAND‘gaté 1B is l'in this
mede. NAND gate' 1D performs a second inversioen so that CPis A,

In the manual mode "M=0" is 0 and the input B, wired directly
to a 100 Hz decade. counter output, is inverted by NAND gate 1B.
The output state of NAND gate 1A is l in this mode. As in

the sample mede, 1D functiens as an- inverter so that ggjs B.
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decade counter
in the existing
circuitry)

ll&=9ll : : ..

“1c

(from the
sequential
converter)
9‘
0
100 Hz »—

| 1B

(wired to a
decade counter
in the existing
circuitry)

Figure 4. The Clock. Pulse Switching Circuit

13

12

1D

11 cp

(to pin 31
of SKT A
in the
digital
clock)
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CP is net connected directly to the digital clock-sequential
converter cable. Rather,.CP is connected to the inputs.- of a
two input NAND- gate on the Time Parallel to Serial Converter
discussed in Sectien 6.2.4. The output of this NAND gate-

(CP) is then connected. to: the cable.

6.2.3 Time Parallel to Serial - Converter

| Decade<céunter outputs in. the eriginal digital cleck. provide
parallel BCD‘time-informgtion; Sihce time  is recorded as a five
digit number using theAserial format-outline in. Chapter III,
a parallel £o serial conversien eperatien is required. This
oéeration-ceuldfbe performed within the segquential converter _
by outputting the BCD 1, 2, 4 and 8. states of. each.digit te be'
recorded. A total of twenty outputs frem the digitai clock would
be required. Performing parallél to se#ial conversion- within
the digital cleck by utilizing an. added circuit. board requires
-oﬁly four outputs and five inputs. The Time Parallel to Serial
Converter also contains circuitry toe invert the clock pulse
output frem the Clock Pulse Switching Circuit and to generate
a one minute re-synchrenizing pulse for the Sample Rate Seleéter
discussed in Section 6.2.5." |

Eaéh-of these functions is individually discussed in the
rémainder‘of-this section. Figures 5, 6, and 7 shew the power.
wiring-and7devicé layout, logic.schématic, and socket-wiring
of this circuit board.
Timé parallel to serial conversion is. the simultaneous

outputting of - BCDl, 2, 4 and 8 level states‘for the particular
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14 14
1 !
SN7420 "SN7420
A 10 A 11
|
7]
14 T |
_ L ikl
SN7400 SN7430 SN7430
A 7 A 8 A9
14 | 17
1
SN7400 SN7400 SN7400
A 4 A5 A6
7
14 14] 14
¥
SN7400 SN7400 SN7400
A1l A2 . A3
(33) (35) (34)
GND +5v
Figure 5. The Time Parallel to Serial Converter -

Power Wiring and Device Location Diagram
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- The Time Parallel to Serial Converter

Logic Schematic
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___Ten HR BCD 1*
| ____One HR BCD 8*

Ten HR BCD 2%
| __One HR BCD 2*
SKT #7 Pin F

One Min. BCD 2*

| Ten Min BCD 8%

Ten Min BCD 4*

—— SKT #3 Pin 5
(Ten Min. Command)
Ten Min. BCD 1%

b— SKT #3 Pin M
(Ten Sec. Command)

Ten Sec. BCD 4*
— Ten Sec. BCD 2*

b HOur pulse (not used)

l__ Clock Pulse Output
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SKT in digital clock)

SKT A
1 L
—_—t 3
- 5 1
— 8 7
-t 10 91
12 11
—4 14 13
. s
~—+ 18 17—
—— 20 19
—— 22 21—
23
L 25—
—— 28 2 T
430 29__
1 32 31
4 34 33
S 35

GND*

*To existing digital clock logic (explicit pin connections
not shown). ‘

Figure 7.

Connections to the Time Parallel
to Serial Converter
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time digit te be recoerded. These simultaneous outputs. -(for a
particular digit) are provided.serially so that the first time_
digit recorded is the ten hour digit;and-the last is the ten |
second digit. - The operation- of the conversion:circuitrymis:.
easily understood. by referring to Fiéure 8. This figure is
a partial schematic shewing oenly the circuitry;for one BCD level
(BCD1l). In this figure, pins~(20),_k18); (17), (22), and (21)
are connected te the ten hour, hour, ten minute;_minute, and ten
second time commands_from the.sequential-converter.. On the circuit
board, these inputs are.cennected to 2—input”NAND-gates_wired
as Inverters.: Pins.(l);,(8),d(l9), (10), and (30) are connected
toe the BCDl‘outputs of each'of‘the~time'output”decade cOunters.
That. is,- the. ten hour BCDl output is connected to pin (1), the
hours BCDh1- output is connected to pln (18), and' so forth for the
other counters. Pin- (12), prov1d1ng the serial BCDl output te
.the sequential converters is the output of an 8 -input’ NAND
gate, wired as an equivalent 5-input NAND gate. - The five 1nputs
are labeled A, é}“D;'D; and:E-on-theugdgure.' Hence, S
(12) is TECDE.

When the first. tlme dlglt (ten hour dlglt) is to be recorded,

the tenlhour.tlme.command‘lnput, (20), is 0-and all other

((18), (17), (22) and (21)] inputs.are 1.- The-output_of NAND

. gate A3, A, is ten hour BCDl 1 orten hour. BCD1. Gates A4, A5,

A6, and A7’ each have an 1nput whose state is 0 Therefore,
B, C, D, and'E are 1, regardless of the states of the other

inputs to A4, A5, A6, and A7. The output of NAND gate A8 is

A*l-1-1-1 drA Therefore, (lz)is ten.hour BCD1 or ten hour RBCD1.
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(20) >—

(18—

A{17)>

(22)>

(1) >
(8)>
(19) >- (12)
(10)>~
b e I I B S|
(30P~ - J . > to ten hour
BCD1l circuitry
> té»hour,BCD2yl4,
. and 8 circuitry
5 to ten minute
BCD2, 4 and 8 circuitry
. to minute BCD2, 4 and 8 circuitry

b to ten second—BCbZ, 4 and 8 circuitry

Figure 8. éimplified'Time Pérallel to Serial
Converter Logic Schematic
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When- the second, time digit (heur digit) is te be recorded, the
_ hour time command input, (18), is:0 and all ether time command
inputs are 1. Similar equations result, specifically, B = hour BCDL
and (12) ='E?§fj?j?j;==hour.BCDl;' Parallel to serial conversien:
of subsequent digits eccurs in the.same manner. As each digit:
is to be recorded; its corresponding time command. input is 0
and all-other time cemmand-inputs are 1l. When no time digit is
to be recorded, all time command inputs are'l and' (12) is 0.

Comparing Figure 6 to Figure 8, the similarity of-BCDé,
4 and 8 circuitry te the BCD1l circuitry is apparent. The same
timeé commands are-used for all the BCD'levels. Therefore, while
BCBl is being-conVerted, BCD2, 4-and 8 conversions are-alse
being performed. [BCD2, 4 and 8 outputs appear in Figure 6
en pins (14), (9), and (28) respectively.] The two 4-input
NAND gates, Al0, are. suff1c1ent for BCD4 and.8 outputs because
in some decade counters BCD4 and 8 outputs are always 0. Not
prov1d1ng 01rcu1try or lnputs for these flxed state BCD levels
allows the 1nclus10n of the reamlnlng two 01rcu1t functlons on
this c1rcu1t board These two c1rcu1t functlons, clock. pulse
’lnver51on,'and the generatlon of a one mlnute re- synchronlzlng
pulse, are.dlscussedlln’the follow1ng-paragraphs. |

A single é-input,NAND éate; A2, is used~fot the cleck pulse
inverting function.. In Figure 6 input (31) is connected to
the Cleck Pulse Swltchiug Circuit. .This gate ptouides an inverse
clock pulse output on. (29) for the sequentlal cohverter

The- remalnlng NAND gates (AL, A2) in Flgure 6 prov1de the

one pulse per minute and one, pulse per.hour,outputs. Since the.
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present data logging system-format-requires:time~recerding‘every.
scan, not every hour, the one.pulse per- hour. eutput (27) is net
~used. The one pulse per minuteveutput.(32) provides the re-.
synchroenizing pulse required by. the Sample Rate Selector. The
output state of All, (32), is 1 except when the BCD outputs of
the ten second counter.are‘gggljs-l,_ggggis.g,'and-ggggjs 1

(10 second digit. = 5). The 0 to 1 transitien.of this output,
coincident with the ten second and secendtdigits of time becoming
" zeroe, synchronizes the Sample Rate Selector. ?his will be
explained. in Sectioen 6.2.4. It is important. to note that this
pulse is not;affected.either by the reset time of the existing o
digital clock_connters or the brief digit.six condition that
exists invthe ten second. decade counter as time ‘changes from 59

to 00 seconds..

6.2.4 Sample Rate~Se1ectot

The secéndvlegic board~added’to.the?existing digitaljclock
is the Sampie Rate‘éelector;ﬁ This circuit generates the-samplej
command pulses requlred by the sequentlal converter for sample
mede recordlng. Scan rates of 1 scan/sec, 1 scan/S sec., 1l scany
10 sec., 1 scan/30 sec., and 1 scan/mlnute are prov1ded The
diagrams pertalnlng to thls-01rcu1t are shown in Figures 9, 10
and 11.

This beard uses the 1 PPS pulses generated by the ex1st1ng
digital clock c1rcu1try and sequentlally d1v1des ‘it by 5, then
by 2, then by 3 and: flnally by 2. Outputvfate selection-is

accomplished by a 5 p051tlon rotary switch Wthh cases the
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14
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] SN7404
B 7
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14 ~TaT —TZ
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(a-1) (Z2-22)
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Figure 9. Sample~Rate Selector - Power

Wiring and Device Location Diagram
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ALL DISCRETE RESISTORS 1K UNLESS OTHERWISE NOTED

Figure 10.

Sample Rate Selector Logic Schematic
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desired rate enable input pins (8), (6), (14), (17) or (18)
in Figure 10 to be in the g-sﬁate. Note that wired output legic
using open collector elements is used for rate selection.
The "M.= 0" input, (W), and. the one minute pulse input,
(T) , are‘used to. synchronize the. counters te the real time: output
of the digital cleck. When "M = 0" is 0 (the system is in the
manual modé);hall'counters are cleared by the J-K flip-flop
(Bl) circuitry.- When "M = g“,bécomes-l.(thevsystem is.in the
sample mede), this J-K flip-flop continues to disable all counting
until the first 0 to 1 transition. of "input’ (T) occurs. Since
this transition occurs when the existing digital clock ten secend
counter and one. second counter eutputs cerrespond te BCD 0, the
sample coemmand pulse output (9), is synchrenized toe the real time
output of the digital clock. Re-synchronizatien-occurs whenever
thé.syStem isAréturned te the sample mode from- the manual mode.
Technically, re-synchronization would be required eniy |
after the digital clock‘is-manuélly reset. Howéver, the scheme
described here'provides a known start time for sample data recording.:
The first scaﬁ recorded by. the system will be recorded at a real
time that is one scan interval after the minute transition of
the digital cleck. For example, assume the digital cleck time
is ABCD.xy, and xy. are any combination of digits ether than
00. If the mode switch is placed in the. sample ~po§ition at this
time and the sample rate is one sample every 5 seconds, the time

of. the first scan will be ABC(D+1).05.
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6.3 Incremental Magnetic Tape. Recorder.

The incremental. magnetic tape. recorder.is the second system
subunit. This recorder is a Kennedy Medel. 1600/360. It is a
nine track IBM- 360 compatible'recordef provided with a TTL
ceﬁ?atible interface' and write error checking circuitry. The:
recorder packing density is- 800 bits per inch, and its maximﬁm
write rate (recerding speed) is 500 charaéters per second.

Since the detailed circuitry and the epefati@nal descriptien
of the recorder. is available from the manufacturer (Rennedy,
1972), only these’ inputs and: eutputs that-are used in the data
logging system will be discussed here.-

| The required-inputS»for'the recorder are of twoe types, level
inputs and. command pulses. Nine level inputs, whqsé-sﬁates |
are expressed'fn;binary'formras a zero or éne, are required for
the-reéording of each‘charécter. Eight'of these levels (level
'O‘thru-7) are“provided~byzthe-sequéntial con&erter. (Theée
levels correspond to.the EBCPIC character code'mentiéned-in.
Seétien-3.2.) The ninth level, level . P, is the parity level.
This level. is géneraﬁed by.circuitry'withih‘the recorder, éndi
its'skate'is'determined'by the. states ef the other eight level
inputs. 'The;two'command'puisé inputs.érehﬁhe write command and
the IRG command. These command pulses must.haée'a one state time
duration- eof gfeaterfthan'lOimicroseéends-but lesé than 100'
microseconds (40 microseconds is used).- The‘write command~is,
required to ehable the writing of. each.character on the tape:
While ﬁhis command: is in the one state, the eight level. input

states must remain constant.  The IRG cemmahd”is‘required by
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the tape recorder to insert the correct.gap (IBM-360 compatible)
on the magnetic tape.: |

_/Only.twe of the recorder.outputs are used. They are the
gap in process and write error outputs. - Eoth of these outputs
have a'normal state of 0. When-a IRG is being written,  the
gap in process output becomeéii.-'This output is-used‘to reset
the IRG command:circuitry in the sequential cenverter. When the.
recorder. senses that a write error occurred, the write error
outgut.Secomes l. This output is used in. the sequential converter'
to flag the next data scan indicating that-the;previeus.scén.

was in error (see Sectioen 3.3).

6.4 The Sequential Converter

The sequential cenyerter-is the third, and final, . system
subunit. Since this subunit was. totally designed and constructed
for use with the data logging system its physical layout is pre-
sented here. | |

.The converter is built in é 12'inch‘highiby 17 inch-wide
bf 14 inch deep aluminum housing with. a 12 1/2 x 19 inch front
panel. The front panel of the unit (see Figure 12) is used for
mounting power and mode switches and indicators, the Digital |
Voltmeter and associated adjusting potentiometers, and the Manual
Keyboard. The rear of the hoﬁsing (see Figure 13) is used fér
mounting the Manual Channel Selectioen: and  Number of Channels
Sampled Switches, BNC connecters for voltage' inputs, "Blue
Ribbon" éonnecters for cabling to the<hgital Cleck and the

incremental magnetic tape recorder,.and power line fusing.-
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Figure 12. Front View of the Sequential Converter

Figure 13. Rear View of the Sequential Converter
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Figure 14. Top View of the Sequential Converter

Figure 15. Underside View of the Sequential Converter
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A selid herizentally mounted aluminum plate (see Figure 14)
within the sequential cenverter housing provides meunting fer
the 5 volt. legic and. #15 velt analog multiplexer power- supplies,
an indicater lamp transformer- and- circuit board-sockets. Upright
mounting of. the circuit beards in the various, seckets eliminates
the need. for guide rails or oether board meunting hardware:

Socket layout is legically arranged’ to. correspoend; as cloese
as possible, te the order of sequencing'operations of the
system.

. Convential wiring (see Figure 15) is used to interconnect
sockets, switches, and oether major functienal parts ef the-
convertor. The relatively slow speed of the system, the legical
socket layout, and the large herizental ground plane  (meunting: -
vplate) allow . legic cables - te be neatly harnessed without encounter-
ing pulse coupling preblems.- Only a few critical. sequencing leads:
(such as the clock pulse from the digital cleck and fhe~éncede
pulse froem the Pigital Voltmeter) require shielded cable;y

As mentiened- in. the intreduction of this chapter, the:
following sub-sections will describe: the individual circuits:
within the sequential-cenverter.- With these circuits, layout.
diagrams, legic schematic diagrams,land,socket-wiring‘diagrams,,
are presented. Together these diagrams describe  the complete

.sequential- converter wiring.:

6.4.1 The Digital Veltmeter
The Digital. Voltmeter (DVM) is used as the voltage analeg-

to-digital‘(A/l) converter in the system. Besides providihg
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the BCD levels representing the input channel  voltages, it also
provides a.visual output that is useful in chécking‘the system's
operation;-

The DVM is a Data Scén,Autopolar Model 720-4-1/2 digit
panel meter. It has an. input impedance of one. megohm, and:
provides a TTL logic interface. for all inputs and outputs. Its:
valid encoding-fangefis +1.9999 v to - -1.9999 v. Two circuit
boards within the DVM contain. all of the analog and digital
circuitry.- The DVM's internal zero adjustment, and full scale
-adjustments. have.been modified to pfovide external trim adjustments.
These trim potentiometers.are shown. on the analog board socket
wiring diagram in Figure 16. The socket wiring diagram for the
second. board, the power and logic:beoard, is shown in. Figure 17.
Since the DVM is a commercial unit, its detailed operation:

.wili not be discussed. Its operation will be discussed-only

in terms of its-logic.iﬁput and. output commands. It is assumed-

that any analog-te-digital converter could be used in place.

of the DVM, and.the system's operatien would remain unchanged.
However, as an aid to the reader, all pin designatiens, descriptions}
and- functions. of these boards are presented in Tables 7 and 8.

As in any A/D converter, a legic input or cemmand is re-.
quired to start the conversion process (encoding) and a logic
output is required to indicate when this coenversion is éompleted.
With this DVM, the start command is desigﬁated the "Hold Command",
and the eutput is called the. "End of Encode!. Enceding of

an input veoltage ' starts when the Hold Command becomes 1.

Upon completion of the initial encoding of. the voltage, the
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Table 7-

Inputs and Outputs- to the DVM Analog Board

Description-

Functien:

.«Not cennected

ceiiasiisciiessseesssNOt connected
. .Logic Ground....

.Input Low
«Input Low-
.Zero Adjust.....
sInput.High
.Input- High’
.Hold Command....

';Signal Ground
.:Signal Greund
.+6v Reference...

.End of encode...

:Negative Adjust.

.Positive  Adjust.

..Ground for TTL Logic

Used for input

analeg voltage.

."Zero adjust" potentiometer
sed for input

analeg veltage

..Input = 0, DVM stops
encodlng, Input = 1,
DVM starts encodlng

. {Connected to System ground

. .Used for external "zero

adjust" potentiometer

..Output = 1 when DVM is
enceding iInput veltage:
or Hold = 0. OQutput = 0
when DVM encoding is com=-
plete. Additienal 1l to 0
transitions when DVM '
updates data.

. :Used. for external "full
scale negative adjust"
potentiometer. ‘

:.:Used for external "full
scale positive adjust“
potentiometer.
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Table 8

Inputs- and Outputs te the Power:
and  Logic. Beoard

Description: Function-
AC High te 110v AC.
AC Low to- 100v AC
Power- Ground System- Ground
BCD Units 2- a BCB: Output
BCD Units 8 BCD Output -
unit decimal peint. Not used-
BCD tens 4 BCD output
BCD- tens 8 : BCD output
Tens decimal. peint Net used
BCD hundreds 4. BCD output
BCD hundreds 8 BCD output.-
Hundred decimal peint Noet used
BCD- thousands 4. BCD  output
BCD' thousands 8. BCD output
Thousands decimal Not used
poeint: ‘ :
Overange bit Qutput=0 when 1.9999v-
’“T%EEﬁt voltage|21.0000v

Qutput=1 otherwisé
Not connected . -
Not connected

AC high Same' as pin A
AC low Same as pin B.
Power Ground. Same as Pin C:
BCD units 4 BCD output
BCD units- 1 - : BCD output
Not coennected

BCD tens 2- - BCD- output-
BCD tens 1 BCP output

Not connected
Not connected.

BCD hundreds 2- ' BCD' output-

BCD hundreds 1 BCD- output

BCD thousands 2° BCD- output

BCD' thousands 1 BCD- output

Outrange bit - Output=0. when
[Input veltage|>|1. 9999v|
Qutput=1l otherwise

Polarity bit : Output=0 when

~ Input voltage is negative
Output=1 when
input voltage  is positive
Not connected '
Not connecteéd
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End of. Encode makes a 1 to 0 transition. In the sample mode

this transition is used to trigger a flip-flep on the Voltage.
Data Sequencer, Board #5, that initiates recording logic, and’

also causes the Hold Command to become 0. When the Hold. Command

is 0, the A/D converte; oufputS‘remain‘fixed»(held), the End of
Encode returns to l,. and the voltage is recorded. . Whilé the A/D
is being held, its analeg input.is switched-te.the next channel:
voltage. Upon cempletion of the recording- sequence, -the Egig
Command- again -becomes. 1, .and' the proecess is repeated until all-
of the channel-voltages are recorded. . When the system is in.

.the manual mode, the Hold Command is fixed to. legic 1, and the

A/D converter repeatedly encodes the manually selected input
channel voltage (the End of Encede output is ignored)..

Since ﬁheﬁsystem processing time-of an analeg input (the..
time required to sample. the input, perform the required A/D
conversion, and-record'the digital data on magnetic tape) -is
equal to the DVM encoding time-plus the system fecordinggtime.-
(30 ms using a -5 digit format and a 166 bps- recording speed),
the long.encoding:time.(soo,ms) of the DVM. severly limits;the
system's capability. Replacement of the DVM with:.a faster unit
is straightforward. and would. involve few changes to the existing

sequential converter logic.

6.4.2 The Analog Multiplexer
Input voltage switching to. the DVM is previded by two
commercial circuit board cenfigured analog multiplexers.

Designated "Multiplexer #1" and "Multiplexer #2" (or "MUX #1"
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and "MUX #2") these multiplexers, MOSES-8,. are manufactured by
Analog Devices Incorporated. Socket'wiring-fbr Multiplexer
#1 and Multiplexer-  #2 is in Figures 18 and' 19.

Thesemultiplexers each'contain eight TTL-logiC‘controllable
MOSFET switches. A common-éignal~gound is utilized. for all-:
inputs and outputs. Hence, all input channel voltages are.
supplied toe, and measured- by, the system with respect te ground.:
Each-ﬁultiplexer-providéé eight separate analog outpufs, permitting
simultaneous measuring of mere than one. input voltage if a
corresponding number of A/D coenversion. devices are available.
In~£his system, using only one A/D-conversion-device, all multi-
plexer outputs are. connected together te form a single analog
output. Further, the analog output of MUX #1 is coennected to
the analog oﬁtput»of MUX #2. The resultant circuitry provides
.an equivalent sixteen port input and one1port.ou£put electronic
switéh.j (The-swifch,positioh»is determined by the sequential
converter logic.) A

A-block‘diagram, illustrating multiplexer analog and digital
circuitry is shown in Figure 20. In this figure. the symbol

shown below is used to denote a single MOSFET switch.

MOSFET SWITCH
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MUX #1
SKT #2 Pin T A 14—
MUX #2 Pin A,B B .
ovm SKT #9 ConnC—— C = 3 ——
Analog BD. Pin HI D . 4 —4— Channel 1 ~
MUX #2 Pin DJ 5
SKT #9 Pin R—— B~ °>—4—
F 6 —}— Channel 2
SKT #9 Pin S _}___ .|H 7 1l
J 8 =mmfme— Channel :3
 SKT #9 Pin T—— (K Sdo -
: : L 10—4— Channel 4 Analog
SKT #9 Pin D __ ' ' - Voltage
: #9 Pin T M }ll"’—' ’ Inputs
N 12— Channel 5 ~(BNC
SKT #9 Pin E—}— |P - 13—4— ' Connectors)
| ' R 14—}— Channel 6
SKT #9 Pin F—}— |8 15—
' 16— Channel 7
SKT #9 Pin H—}— [U = 17 —~— |
v 18—— Channel 8
' T — Sl MUX #2 Pin X
¢ in
Power | +15 v I X > G o
Supply| -15 v |y 11— MUX #2 Pin Y
- MUX #2 Pin 2
— L_J 22
i .
GND

Figure 18. Connectionsto the First Analog

Multiplexer -Socket
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o
MUX #2

B A 1——

B L 22—
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, T 16——t+—
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_— W 19—
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Pin 2 ——— 72 - 22—f—
19.

‘Channel

Channel
Channel
Channel
Channel
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9

10

11
12
13
14
15
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Connections to the Second Analbg
Multiplexer Socket
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Voltage
Inputs
(BNC -
Connectors)
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The lines without the arrows are the digital inputs, and the lines
with the arrows are the_anélog‘input-and'output»of'the switch.
-(The-maximum-analqg input veltage is 5 volts,) The switches
have two well defined analog states, an_On-state“andfan.Off
state. 1In the On state the switch is equivalent to a low
impedance  connection (a virtual shert)-between its analog input
and output. Conversely, in.thé Off state, this-switch~is
eqguivalent te a high impedance cennection (a. virtual open)
between_its»ahaleg input anaAéutpﬁ£.~ In beth~states,ithe open
circuit input and’ output impedances (with respect to signal greund)
approach infinity. In Figure 20 the channel 1 through 8 inputs'
are. (4),. (6), (8), (10), (12), (14), (le), and~(18)band the. |
cérresponding outputs, connected in parallel at the socket, are
)y, (7), (3, (L), (N), (R), (T) and‘(VY, respectively.

Two digital centrel inputs are associated with each MOSFET
" switch on the multiplexer.. A-common»l@gi¢ input féf ali‘switches
is connected to the output of a 2-input NAND gate. Inputs to
this gate are (A) and' (B). In_this‘éystem these inputs-are,
connected together providing;a single override»input te_an equiva-
lent.inverﬁer. Each switch has a separate logic,input thét is
driven. by an. inverter. The" inputs 6f ﬁhesé inverters, individual
control inputs for channels 1 through 8, ére‘(¢), (E), (H);.

(K), (M), (P), (S), and (U). Any MOSFET switch is in its On

state only when the override input is 1 and. its control input"

is 1.
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Signal: GND & Legic GND

(2) (2)
(a) T\
(B) |
(4)
‘ N |
(c) 1> (D)
(6)
(E) {> (F)
(8) — ‘ . , 1
@) > ( 2 } - ()
(10) _' s
(K) l,> @ . #4 (L)
(12) -
(M) [:; - (N)
(14) - _ . '
(®) >— QZ}:#B . o
(16) —— R
(s) ——___—[:>~_____<§gz>>‘#7 > (T)
(18) — —
(0) D V)

Figurei' 20. An Equivalent Circuit for the

. Analog Multiplexer.
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In the manual mode the override input is normally 1. A

single-pole rotary switch is used to fix the -state of a single
control input to:l. The associated MOSFET switch is turned On
and its analog input is connected to the DVM. There is one’
position on- the switch. for each of the input channels. This
switch has break-before-make contacts to prevent turning On
two of the MOSFET switches at the same time. (See Section
6.4.13 and 6.4.14) | -

| in the sample mode, the state of the override input is
determined by the output of the Master Sequencer (Board #2)
The states of the control inputs are determined by the blt states
of four,shift-registers connected in cascade on Boards #9 and
#10. Except during sw1tch1ng transitions assoc1ated Wlth the

Shlft registers, one. and only one of the control inputs: may be

1. The sw1tch1ng from channel N to N+1 involves- the rightrshifting
of a.-l bit in the shift register. During.this shifting operation,
the states of both' channel N and channel N+l control inputs»are
briefly 1. - (The overlap time is less than one microsecoend.) .

If the override input-is 1 when this overlap occurs, a momentary

1nput short.would-occur between the twe adjacent channel inputs.
This short circuit is prevented by connecting the override input

to the Master Sequencer circuitry.- Rightfshifting.of the 1 bit

in the channel selector shift registers occurs when the state-

of the last bit position in. the Master Sequencer shift register
becomes l. 1In Section 6.4.6 it will be shown that Master Sequencer
'output-(f), connected to the override inputs of the multiplexers,

assumes a state of 0 when any one of the Master Sequencer's
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shift register bits is 1. On the next qlock pulse into the
sequencer, the shift register has all bit states equal to 0

and output- (T) bécomes 1. Thus, the override inputs are 0

for one clock pulse (one millsecond) after the start of the
transitions of the control inputs. This time separation pre-

vents the momentary shorting of two input channels.

6.4.3 Sample/Manual Mode Switching Circuit
As mentioned in previous chapters, the data logging system
has two modes of operation: thé sample-mode and' the manual mode.
Mode. switching is accomplished using a two position rotary
switch and discrete components;
Two outputs, labeled "M=0" and-"g;;ﬁ, are generated by
the mode switching circuitry. As the name suggests, the "M=0"
output. is 0 when  the mode switch is in. the manual mode and is
1 when the mode switch is in the sample mode.. The- "M=1" output
is the iﬁverse of the "M=0" output.
| The "g;g".and "M=1" outputs are used as inputs for mahy
of the system circuits. Priﬁafy uses of these'outputs are:
1. Enabling the diode magrix logic for manual data
recording.
2. Disabling or clearing of shift registers and flip-
flops when the system is in the manual mode.
3. Controlling encoding circuitry.
4. Changing the clock pulse frequency from the digital
clock.
The individual functions. of these oﬁtputs will be explained

as a part of the operational description of the other circuits.
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Figure 21 is a schematic drawing of the mode switching -
circuit. A single-pole, single-throw switching arrangement
using a‘rotary switch with little "contact bounce" reduces
" switching neise and extraneéous pulse generation during switching
transitions. - This:discrete qompénent inverter provides the-
high fanout capabilityﬁrequired'for the "M=1" output. ‘Addi-
tionally, use of an inverter, as opposed to a multiple-pole
switching scheme, ‘prevents both outputs ("M=0", "M?l")’from

Simultaneouély having the same state during switching.

+5v
1.

n 1\_’1‘=£"
"@?Q" 2N1401
l‘l 1\_/‘[--=l" o
Mode - .
Switch

GND

Figure 21. The Sample/Manual Mode
- - Switching Circuit .
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6.4.4 The Diode Matrix and Manual Keyboard

The Diode Matrix is a. twenty-two by ten matrix used to
provide encoding information and sequencing commands for manual
data recording.: The circuit contains 11 resistors and 79 diodes
hand wifed on a fiberglass-epoxy, perforated circuit board.

The schematic drawing for this circuit board is  shown in. Figure
22,

Twenty-two keys, wired ae shown in- Figure 23, provide for
manually inputting data into the Diode Matrix. All of the keys
have a common. connection to "M=0". The physical layout of
these keys on the keyboard is shown in Figure 24. Parentheses
above each key (in Figures 23 and 24) denote its pin connection
to the Diode Matrix. Fourteen of the keys are used to generate
the alphanumeric characters shown. in the EBCDIC table in Section
3.2. (No key is provided for "G" sincevthis-character is used
only in the sample mode.) Eight other keys, labeled "Q" - "7"
in Figures 23 and 24, are used to generate single level l's
on the magnetic tape as an aid in hardware trouble shooting
and software debugging.. The two remaining keys on the keyboard,
the IRG and ERR keys, are marked-with‘an asterisk on Figures
23 and 24. These keys are not associated with?theADiode Matrix.
.The IRG key is used to write an inter=record gapn when ehe.
system is in the manual mode (see Section 6.4.5). The ERR key
is used to duplicate a write error condition when the system is
in the samnle mode (see Section 6.4.14).

The Diode.Maﬁrix outputs’are_"ReeordﬂEnable“, "fEGET_ﬁu,

" " " "

114 " [1] L n LU 1 L1}
Level 1 , Level 2, Level 3, Level 4 , Level 5 , Level 6
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'Level 7 , and- Level 0-3 . The pin designations for these outputs

are shown in Figure 25. In the manual mode, the "Record Enable"

output provides a 1 to 0 transition when any manual key is
depressed. This transition-enables the Master Sequencer, providing
a single write command pulse to the incremental mégnetic tape
recorder (see Sec¢tion 6.4.6). The eight single level outputs,
"fEVET_ﬁu through "f€$€T77"; provide output states that are the
‘inverse of the eight levels that are shown in-the.EBCDIC coding

table. For example, when the "-" key is depressed (and-the

" - " " n
system is in the manual mode) Level 1 and Level- 2 outputs

become 0 while all other outputs remain l.-' The tenth eutput,

(1} ) " - ‘ .

Level 0-3 , is used for numeric characters. - The use of one
output to represent four levels simplifies encoding circuits and

greatly reduces the number of diodes in the matrix. The output

" n L . 1] n

condition _Level 0-3 = 0 is logically equivalent.to _Level 0
] " o 1n " - n

= 0, Level- 1 =0, Level 2 = 0, and. Level 3 "= 0. Since

the level 0 through. 3 states of all numeric characters are
1, this output becomes 0 when a manual key is depressed.

In the manual—mode, closing a key causes some diodes in
the matrix to cénduct. Since these diedes, germanium diodes,
are-forward biased ihtottheir'h;gh-conductahic:region, their
forward voltage drep is less than .35 volts. A current sink
with a veltage drop of less than .8 velts is a valid TTL Logic
0 output.. Hence, the states of the eutputs- associated with the
conducting diodes will be 0. “ | |

Circuit operation of the Diode Matrix and associated manual

keys can best be-déscribed'by using a partial schematic diagram
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Diode Matrix SKT

+5 volts —4—35

PIN 11 "Level 3"——33
PIN L "Level 0-3%3-31
PIN 3 “Level 5'—f29
PIN12 "Level 7" — 27
PIN15 "Record —4-25

Enable"

PIN K "Level 2" — 23
MK[1l] =g 21
MK[3] —}-19
MK[5] ——17
MK[7] —+15
MK[E] —13
MK[+] —11
MK([8] —— 9
MK[6.]V——Y— 7
MK[4] — 5
MK([2] —— 3
MK[0] =1

12

344 M=0

324
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28

26
24

224

L
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e
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16+

l
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— "Tevel 0"-SKT6 PIN 15

— "TLevel 4"-SKT7 PIN 2

— "Level 6"-SKT7 PIN 10

- "Level 1"-SKT6 PIN 17
— MK[0]

— No Connéétion

— MK[2)

— MK [4]

- MK[6]

L MK [S]

— MK([-]

| MK[9]

— MK {7]

—MK[5]

2

MK [3]

. MK[1]

MK[ ] INDICATES CONNECTION
TO THE MANUAL KEY GENERATING

[1

Figure 2

CHARACTER

INDICATES OUTPUT FUNCTION

5.

Connections to the Diode

Matrix Socket
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Figure 26. A Partial
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Diode Matrix Schematic
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of the Diode Matrix, Figure 26. In this fiéure,-gome.of the.
diodes, D5 through D13, are used to generate the 0 output states
that are required to record a particular manual character.

Since this recording is accomplished with-the system in the

manual mode, the "M=0" input is connected to ground and D1 through
D4 are reverse biased. When the key "E" is-depressed diodes

D5, b6, and D7 conduct to ground. The states of the associated

outputs, "Record. Enable", "fovel 0 , and'HEEVET_T",'are 0.
Similarly, diodes D8, D9, D10 and D1l conduct when-thé "s"

key is depressed, caﬁsing all of the output;states shown to be
¥'Q.~ As each manual key is depressed only those éutguts-asse—
ciated with conducting diodes are 0 and: all other outputs are.

= 1. Hence,'all'qf the outputs will be equal to 1 in the manual
mode if none of the keys are depressed. .When_the systém»is

in the sample mede the "M=0" oﬁtput is-connectéd to +4.5vvolts,
and all diodes, except D1l through D4, will be noenconducting.
Hence, all matrix outputs will be 1. (Rey closures do not A
affect this output.) Diodés D1 througﬁ-D4, are-siightly'forward'
biased and' they are used to lewer. the output impedance of the

Diode Matrix outputs when it is in this moede.

6.4.5 The Record Pulse Generator
The*Recordér‘Pulse-Generator, Boafd #1, is a dual purpose
board consisting of eight TTL devices with both arithmetic and
nonarithmetic‘elements. A device léyout diagram, a logic
schematic diagram, and a socket wiring diagram for this board

are given in Figures 27, 28, and 29.
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14 14 14
SN 74121 SN 7402 SN 74121
15 16 © 17
7 7 7]
14 hl
SN 7400 SN 7473
14 13
7 4
11 11 1]
SN 7473 SN 7473 SN 7473
10 = 11 i 12
4 4 4
18-v 1-A
(GND) (+5v)
Figure 27. The Recorder Pulse Generator - Power

Wiring and Device Location Diagram. -
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Figure 28.

The Recorder Pulse Generator Logic Schematic.
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Figure 29. Connections to the Recorder
Pulse Generator Socket
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The first circuit contained on this board is the write
pulse generator. This circuit provides a single. write pulse
to the tape'recorder-fer recording each character. The input
to this circuit is. (S) and the output is (H). The input (S),
connected to the first bit output of the Master Sequencer shift
register (discussed in the next section) makes a 1 fo 0 state
transition each time-a character is to be recorded.  This transi-
tion triggers a'one—ehot~multivibrator,,device 15, providing
a Q. equals 0 output pulse of approximately 40 miscroseconds.
The Q output of this multivibrator is connected to an input of.
‘a NOR gate used as an Inverter. The gate output is connected
to (H), therefore (H) equals Q. The use of this buffering
arrangement (also used.fof the IRG pulse output) prevents electrical
damage to the multivibrator if a failure in the recorder or its
connecting cable occurs.

}The second. circuit oﬂ‘thie board provides the IRG coemmand-
to the.taée,recorder. The inputs to the circuits are (11), (7),
. -(lZ),-(R), and- (U).  The eutpufu(K), a buffered 40 microsecond:
pﬁlse, is used to command the IRG circuitry in- the recorder.

Input. (U), connected to Board #4,»makes.a ltoO seate
transition upon completion of each sample mode scan. - With the
system in. the sample mode, J-K flip-flops (devices 10, 12 and 11)
provide a divide-by—thirty—twe counting chain. (Since binary
counfers are used in the counting chain, a change in ehe number
of scans between record blocks can easily be- accomplished.)
The Q output. of the last counter. in the chain (pin 9 Device 11)

~makes a 0 to 1 transition after the thirty-second scan ie>complete.
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The inverse of this transition and. (7) equal - to 1 triggers a
monostable multivibrator, device 17, providing the IRG pulse

to the tape recorder. While the IRG is being written by the

recorder,fthe recorder's. "Gap in Process" output has a state-
= 1, This output-is connected t0~(12),to clear the counting

flip-flops through NOR gate 16 and ' NAND gate-14..

In the manual -mode, input (1l1) is 1, and the counting

flip-flops are'dleared. Depressing»théllRG-key on. the manual
keybdard causes ingut»(R) to Become 0, triggering;a-flip—flop,f
device 13, and changing its Q output state to l. Triggering
of the multivib;ator is- again accomplished through a. NOR gate
operating as an Inverter.l The same "Gap in Process", output
used to clear the counting' chain in»the-sample,mode, clears

this flip-flop through NAND gate 14.

6.4.6 The Master Sequencér
In the sequential converter, all sequehciné operations must

be performed-in,a'defihité order. Thé system must'genérate a
set of éynchronizea.élbck.puiéesvthat.will satisfy the timing
brequireménts for all seqﬁencing‘opératioﬁs. The circuiE that'
does this is called the Méster Seqﬁencer, Board #2. I£_is
the brain of the sequéntial'cbnverter. Just és the human braih
govefns.thé}body;s operation,.thebMastef Sequencer governs the
data system's opération.:

‘ The~Maste¥-Sequen¢er generates the.rééuired-synchrénized7
clock pulses by using the outpufs of a ring.counter circuit.
This counter employs a logic—controllablé feeaback loop; This

loop enables the counter circuits and. causes the counter -
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to recycle. This counter provides - the synchronized outputs
to the other circuits as they are required. The operation of
this sequencer is discussed below with the aid of. Figures 30,
31, and 32.

All of the outputs of the Master Sequencer can be expressed
in terms of the.five—bitvshift register's bit outputs (device 24
in Figure 31). To simplify the Boolianvalgebraic>equations.
for these outputs, A, is defined as the first bit output, and
By, C2, D2, and E, are the second, third, fourth, and fifth
bit outputs. Using these definitions, the outputs at the board

socket are:

) = A, (H) =2z v By v Cp vDyVEp
(K) = (11) = Az v By 16) = &
(U =c¢cz _ (9) =-(14) = &5 v B,
M) = D2 {R) = D2
(12) = (E) = E, 3) = E;
{F) =Dy v Ep 4) =Dz v E;
(T) =-42_\-_2_V_B;2_vc v D v E;

The pulsing.of these outputs generates the " required synchronized
cleck pulseé.' This pulsing is determined by the- control inputs
to the feedback circuitry and by the master’clock input. The
control inputs determine the number of.continuoﬁs ring counter
cycles.that~occur.for each sequencing operatiop, and the master
clock. input determines. the time required to complete é cycle of
the ring coﬁnter. The operation of the sequehcer is discussed.

below using these inputs.
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i

Wiring and Device Location Diagram_

14
SN 7401 SN 7401
26 27
7
11 12 14
SN 7473 SN 7496 SN 7420
25 - 25 23
a) '5
. 14 14 141
SN 7400 SN 7402 SN 7400
20 21 22
7
1-A
(+5v)
Figure 30. The Master Sequencer - Power
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Figure 31. The Master Sequencer Logic Schematic
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Figure 32. Cohgections to the Master:
Sequencer Socket
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The ring counter uses a five-bit shift register to sequen-
tially output bit states equal to 1. Specifically, the serial
input, pin 9, of the shift register is connected to the output
of a feedback loop circuit. (open collector NAND gates wired
as Inverters to provide an equivalent multiple input NOR gate).

With all shift register bit outputs equal to 0, and Pin 8 device

23 equalzto l, the serial. input will be equal to 1. The leading

edge of the input clock pulse, (8), (1 KHz or 100 Hz) causes

this serial input of 1 to be loaded into the first bit position

of the shift register. However, when theishift-registerbhas
any bit state equal-to 1 the serial input will returnrté 0..
Consequently, subsequent,cléck.pﬁlses»will lead 0's into the
"register's first-bit position and' right-shift-a single 1 ffom

the first te the last.bit position. A ring-counfer cycle thus
consists of six unique. bit outﬁut conditiéns. The first five

of these conditions occﬁr when one bit state is equal to 1 |
and' all other bit states are equal. to g.(first condition, Az = 1,
B, through E; = 0, fifth condition Az through.-D; = 0, E; = 1).
The si#th,condition, the idle cenditien,. eccurs when all bit
states are equal to g.' Once the register is in the idle condition,
recycling can only occur as a function of the logic centrol
inputs. The logic control inputS-(see Figure 31) are (6), (D),
(L), (N), (15), and (B). Inputs (L), (N), ahd‘(lS) determine
manual mode operation and inputs (6), (D), and (N) determine
sample mode operation.' Note, in Figure 32, the state of (B)

is presently fixed to logic 1. If, in the future, an exterhal-

source of digital data is to be recorded, control input. (B)
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can be used for that purpose.’
In the manual mode}‘depressioﬁfof'any manual character key

causes ‘a 1l to 0 transition of input. (15), the clock input of

flip-flop 25. This transition causes the output state, (Q),

of the flip-flop to become 0. Hence, one of . the inEuts‘to‘NANﬁ
gate 23 1is gf (Thelother'inbuts~to this gate, (D), (6),'énd‘(B),
have states equal to 1l in the'manual;modei)“‘This 0 input forces

the serial inEﬁt.of the idling'shift?regiSter to become l..

The next clock pulse to the shift register causes the state
of its first bit output to become 1. 'sincé one' of the shift

register bits is now 1, output (H) will become 1, and flip-

flop 25 is cleared. This flip-flop is' ¢leared because (L) = (H)

(connected together at the board socket in. Figure 32), and’ the

other input,. (N), to NOR gate 21.is 0 in the manual mode.
Subsequent clock pulses into the shift register will right-
shift this 1 bit until the register completes its cycle (all

bit states are 0). Output (H) then returns to 0, and retriggering

of flip-flep 25 is now-possible. The system is now.ready to
record a new manual character.

In the sample mode (N) is 1 and the clear input to flip-

flqp 25 is 0. This is done to preventvaccidental triggering

of the flip-flop, thereby holdipg Q to 1. Hence, only control
inputs. (6) and' (D) arg.usedlto_recycle the counter in this mode.
Control input (P) is used for the ;ecording‘of scan separation:
characters and time data. Control input (6) is used when recording
each'input channel-letage. For each character written on the

magnetic tape, the Master Sequencer must complete one cycle.
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Hence, for each_écan,,jgl has a state equal to 0 for seven sequencer
cycles (two scan.separation characters and five characters of
time) and then it returns to state equal to 1. The first channel
voltage is then encoded. When-the-enéoding is complete (6)
becomes 0 and remains 0 for five sequencer cycles (five voltage
data characters). Subsequént 1l to 0 ﬁransitions of (6) occur
for each channel veltage that is to be recorded., After the
last channel is recorded,. (D) = (6) = 1 and the shift register
idles uhtil the next scan begins. |

‘The Master Séquencer outputs have been described only in.
terms of fheir‘defining equations.' The use of these outputs

will be described in later sections as inputs to the other

sequencing circuits.

6.4.7 The Time Sequencer

The Time Sequencer, Board #3, provides the sequential
outputs required for the parallel to serial conversion of time
BCD data. Outputé»from this board also ‘provide an enabling
command to the BCD coupler, Board #7, and a command that initiates
voltage data recerding. This board enables the feedback loop
in the Master Sequencer causing it-to recycle five times. The:
- pulsed outputs from C, of the Master Sequencer afe used as clock.
inputs for the Time Sequencér. The circuitry and the sequential
operation- of the Time Sequencer is discussed in the following
paragraphs. Figures.33, 34 and 35 aid in this discussion.

Like the Master Sequencer, the Time Sequencer utilizes a
five-bit shift register, device 35 in Figure 34, to provide |

seqguential outputs. These outputs can be defined solely in
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'Figure 33. The Time Sequencer - Power -
Wiring and Dev1ce Locatlon Dlagram
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Figure 34. The Time Sequencer Logic Schematic.
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Figure 35. ~ Connections to the Time Sequencer Socket
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terms of the shift register's bit outputs, Ag-through E;,
(analogous to Az through E; for the Master Sequencer). These

output equations are:

{8) = A3 {E) = Bs
{4) = By (5) = C5
{17) = A; v By vC3 v.D3 vV Es (10) = By
(2) =& . 1) = Ej

The  outputs. (2), (E), (5), (10), and (M) provide the ten hour
through” ten secend. commands for the parallel to serial conversion.
of time data in the.digital clock. The functions.of these outputs
have  been presented in Section 6.2.4.  Additionally, (M) ini-
tiates the system}s'processing of‘voltage'daﬁa; This latter
functien will be discussed in.SectiQnr6.4.9. Output (17) performs
two functions. First, it‘recyclés the’Master,Seqdencer when
time is to be recorded. This output is connected to input.
(11), a NOR gate input, onh .Board #4. The output of this gate
(K), is connected»té the contrel input (D) of the Master Sequencer
(one of the feedback leop logic centrel inputs). (D) is 0 when
(17) is 1. (Other logic 6n Board #4 aiso affects (D).) The
second. function of (17) is the enabling of the BCD time outputs
from the digital cleck. This function will be discussed in
Section 6.4.11. |

Thevfour‘ihputs that~afe related to the sequencing operations
of the Time-Séquencer will bg first discussed as to the function-:
they perf;rm in the Time Sequencer. These inputs and the
previously defined»outputs will then‘be-used to describe the

Time Sequencer in-its sequential operation.
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The four inputs are (K), (U), (7), and (16). .Input (X),
connected to "M=1", provides for the recording of’ time on the
first scan of a new tape. If time is recorded on every scan,.
this input is redundant.- When the system is switched from
the manual mode' to the sample mode, (K) clocks a flip-flop;,
device 31, causing pin 8, device .35, to become 1. Input (U)
determines- if time is to be recorded.on a particular scan.-

If (U) makes a 0 to 1l transition-at the beginning of a scan,

time will be recorded. The transition. of. (U) clecks the other
flip-flop, device. 31, again. causing pin 8, device 35, to be.
equal to l. .The present system format requires that time is

to be recorded on. every scan.' Hence, input. (U) is connected .

to the digital c¢lock's sample command output. -Inputs.to (K)

and (U) determine that time will be recorded‘at.some interval..
during the scan.' Where in the scan it is actually recorded is
determined by input (7). This input becomes. 1 after the scan
separation characters are recorded. . This is‘discussed in detail"
in Section 6.4.8. To start time sequencing operations, both
cbnditions, pin 8 equal to 1 and (7) equal to 1, must exist
simultaneously.: This will load a 1l into the shift register.

This 1 can then be right-shifted in the register by the clocking"
of the input (H). Input (H) is connected at the socket to output

(15). -This output is the inverse of input (16). Input (16)

is the Cz output of the Master Sequencer. Hence, the equation . .

for (H) is:

and right shifting occurS;when C2 becomes: 1.
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The discussion of the sequential operation of the Time-
Sequencer begins with its shift register, 35, in the idle state
(all bits equal te 0), and flip-flops, 31, in their cleared

states with clear inputs equal to £.  At the begiﬁning of a scan;

the sample command output from the digital clock becomes 1.

This means that (U) becomes 1. Hence, pin 8 of shift register

35 is 1. Also the Master Sequencer is cYcied for the récording

of the scan separation;characteré as described in Section 6.4.8.
While the scah~charactexs are. recorded, {7) is 0; and the clock’
pulses at (H) have no effect on the shift register's outputrstates
(all states are 0). Two milliseconds after the second scan
separatienfchéracfer is recorded (7) becomes 1 (when D, becomes
1). A 1l will now. be leaded. into shiftrregistér 35, and Az

is equal to 'l. Since one of the outputs of the shift register

is 1, .the output (17), of NAND gate 34, isvlvand;flip—fléps,3l

are cleared. This returns pin 8 of the shift register to 0.
Parallel to serial conversion of the ten hour BCD data is now
performed, (2) is equal to A3 which is equal to 0.. Output (17)

is now used as a control input for the Master Sequencer.

(Control input (D) of the Master Sequencer is 0 when (17) is

l.) The Master Sequencer recycles, . recording the ten hour -
character when E& becomes 1. When C, becomes 1, the time sequencer
shift register right-shifts a single 1 from A; to Bs. Parallel

to serial cohveréion‘of the hour BCD data is now performed.
Subsequent recycling, the recording of a time digit, and. the right-
shifting of register 35 continues until the last time digit

is recorded. At this time, E3 will be equal to 1 and B, is 1.
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On the'next clock pulse of the Master Sequencer,.Cz becomes 1,
causing all bit states of register 35 to beceme 0. When all
states of the register aré 0, (17) becomes 0, and the cycling
of the MééterASeqUencer is no longer controlled by contrel input

(D). The flip-fleps, 31, again have their clear. inputs- set

eqﬁal,to 1,.and*thelTimefSequencer stays in this idle state
until'the.start of Ehe next scan.:

In the.manﬁal mode no time seqﬁencing-operations,aré
performed. Clock and preset inputs to the Time Sequencer are-
disabled by.inputs (T)’and'(lG);' igl is 1 and (16) is g,.causing

all clear inputs on devices 31 and 35 to be 0.

The remaining NOR gate, part of device 30, on the Time
Sequencer Board is not used in the Time Sequencer logic, but

its output equations will be given. here. for completeness.

(14) = A2 v Ba. . . . in the sample mode
(14) = o .. i . . . in the manual. mode

6.4.8 The,écah Separation Character Generator

- The: Scan Separation Character Generator, Board #4, érovideé
the sequential:Outputs for the encoding.of‘thefscan séparétion*
characters. This board also provides outputs that start the
Time Sequencer and stop thel Voltage Data Sequencer (Section
6.4.9). This board enables the feedback loop in the Master
Sequencer,.céusing it to cycle two times. The pulsed outputs
from D; of the Master Sequencér are used as clock inputs fdr
the shift register on this board. -The'outpufs and inputé-éf
this boara:will be defined below wifh-the aid of Figurés 36,;

37, and 38. After they aré,defined,.they will be used to.
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Figure 36. The Scan Separation Character Generator - -
' Power Wiring and Device Location Diagram
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Figure 37. The Scan Separation Character Generator
Logic Schematic '
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Figure 38. Connections to the Scan Separation

Character Generator Socket
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describeAthe~generatof’s sequential- operatiens.-

. A five-bit shift register, device 45,. provides the sequen-
tial eutputs associated with the recording of the scan separation
characters. Hdwever,:only—thé‘first.three bit outputs, A
through- Cy, are-used. The outputs. that can be expressed in

terms of. these shift register outputs- are:

o) = 2 :

(2) = Aus - 15)=Bs

(12) = ¢y, (K) = Es v By v (1L

(3) = Ay v By, . (H) = (K) = A,.v By V ili)'

|

The outputs (5), (2), (3), and (M) are used to commanduthé
. EBCDIC Encoeder. to. output. the EBCDIC levelfstates~fer.tﬁegtwev
scan separation characters.- Output:(12) is used to initiate.
the.Time-quuencer.through its input (7). 4Out§ut (K) ié~connected
to contrel input (D) of the Master Sequencer. This output.is.. -
0 when-either scan, separation: characters or time data are to
be recorded (see Section-6.4;7). (H), the inverse of (K)ﬁ“_
is not used.

One other output, (N), connected to. flip-flop 40B is
ﬁsed»for sequential cenverter operations*that-oécur after
all of the voltage.chaﬁnels have_beenvrecordgd; Output (N)
stops the Voltage. Data Sequencer after a preset number of
voltage channels has been. recorded. - This output.alsoe provides-
a.cleck input pulse for fhe IRG counter on. the. Recorder. Pulse
Generator boara‘and'pfovides a clear input for.the.write error .
circuitry on. the Channel~Nine«throﬁgh.Sixteen.Selectqr-board;=
The- remaining outputs on this beard perform logic functions

associated with other beards.:
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The inputs asseociated with>the-abéve,outputs.are'(L),'fS),
(F), (6) and (11). 1Input (L) is the clear input to flip—flop
46A; This f£lip-flop is cleadred by. the first cycle of the
Master Sequencer. From Section-6.4.7, (L) is equal te A, v By
in' the sample modé.' Input (S) provides the cleock input for shift
register 45. The»equation-fof this input’ is:

(s) =

I

(Note,lhoweQer, that the éhift~regiéter input is actually
{8 =D = 2&;) input-(F) clocks flip-fleps 40A and 40B, ihitiating
sample mode sequencing. 'This input is pulsed by the sample command:
outpﬁt from the digital cloeck. Inpuﬁ (6) is uSedvto cléér flip—
flep 40B, changing the state:of output (N), to step voltage.
data. sequencing.:

A seguential description of the Scan-Séparation Character -
Generator folloWs;~ The Master Seguencer is idling, shift
régister.45 is idling, and‘flip—flopsv40A and' 40B are in their

cleared states with clear inputs equal to l.. That is, the sequen-

tial converter has completed a scan and it is waiting fer a -
sample command from the digital cleck. A 0 to 1l transitien

of the sample command output clocks flip-flops 40A and 40B.

Output (N) becomes l. This is.a necessary, but not sufficient,

condition for veltage data sequencing. Pin-2 and pin 8 of
shift register 45 become 1l leading a l' into the first bit of

the shift register. That is, Ay is 1. Outputs (2) and (3)

are equal to 0,.and:output (M) and' (5) are l. These output
states command- the EBCDIC Enceder, Section 6.4.10, te output

level states for the first scan separation character. Output
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(K), (K) now equal to 0, initiates the first cycle of the Master
Sequencer. When A of the Master Sequencer becomes 1 flip--.
flop 40A is cleared by input (ﬂ). Hence, only a single 1 bit
will be right-~shifted in the register. The first scan separation
character is recorded when B of the Master Sequencer: becomes 1.
Nothing further happens until D, becomes 1. At-this time, the |

Ay bit is right-shifted to By (By = 1, A4 = 0). Outputs (3),

(5), and (M) are equal tolg,.and‘output‘(Z) is 1. The EBCDIC

Encoder_now»outputs the level states for-the_sécond,scanvseparation-
character. (F) remains 0 and the Master Sequencer recycles.-

When B2 becomes 1l the second scan separation charactér,is

recorded. On the next clock pulse té shift register 45, Cu

becomes equal to 1 (As = 0, By = 0). .Qutput (M) is 0, and.

outputs (2), (5) and (3) are equal to l.. These output states

remain unchanged throughout the rest of the scan.' These states:
condition- the EBCDIC Encoder to recognize future BCD data inputs

as numeric data. Output (12) becoming equal to 1l will load

a 1 into the first bit of the Time-rSequencer. shift register

(éee Section 6.4.7). Since (X) is equal to Ay v By v  (11)
and Ay and By both now have states equal to 0, (K) will be equal
to (11). The Master Sequencer's feedback loop is now under the
control of the Time Sequencer. Further right-shifting of shift
register 45, while time is being reéorded, has no effect on

the system's sequential operation. After timeis recorded shift

register 35 returns to its idle state. Output (K) then becomes

1l (It remains in this state until the next scan is begun.).

Output (H) also becomes 0 at this time to enable voltage data
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sequencing. Veltage data‘wiLl now be- recorded. After the.
preset number of voltage-channels has occurred a 0 to L«tfansitibn
of input (6) will occur.. This transition- provides an.output

te the IRG counterAviaeoutput‘(T), and it clears flip-flop 40B.
When flip-flop 40B is cleared,.igl'bécomes equal to 0.  Hence,

‘a necessary condition for voltage data sequencing is;ho longer
satiéfied, and'the system has-nQW»completed recording data. for

this scan. Output (6) is returned to (0) to allow retriggering

of flip—flop 40B. Since the Master Sequencer is idling,-ingut (L)
is 0, and flip-flop 40A is ready to accept.new sample commands
from the digital clock. . |

In the manual mode. the Scan Separation Character Generator

is effectively disabled. Inputs (L) and  (R) are 0, clearing

flip-flop 40A and shift register 45.  Input. (10) is 1, clearing
' flip-flep 40B. |

The remaining logid'funcfions-on this board are not related
to other functions on this board. Their outputs are defined
in terms of beard inputs, but their use will be described as

they are required in the following sections. These equations

are:
(15) = (14)
(J) ='IZZ.. « « « < . . in the sample mode,
{J) =0 .. . . . .. in the manual mode
8) =19 « « « « . . . in the sample mode.
(8 =0 . .. . .. . in-the ménualrméde

£



111

6.4.9 The Voltage Data Segquencer

The Voltage  Data Séquencer,.Bdard #5, provides sequential
outputs to the Voltage Data_Pafallel-to Serial Coenverter,
Section 6.4.12, and to the EBCDIC Encoder, Section 6.4.10.
The logié on;this-board detefminés the DVM's mode of operation,
and it enables the Master Sequencer.fo recycle five times -
aftér eaéh‘analoé voltage has been converted to digital. form.
Thevéutputs, inputs, and operation of the Voltage Data Sequenéer
will be discussed in:this-;ection-with‘the'aid~of Figures 39{
40 and 41. ’

A five-bit shift register, device 55, provides-most:of the
" sequencer's outputs. ‘The bit outputs.- of fhis~shift register,
shift register #5, are As through Es, as shown in Figure 40.
The Voltage:Data Sequencer,outputs»thatlcan'be defined in terms
of these bit outputs: are:

© =as o m=

F
(8) = Bs | B) = As
(10) = (Cs) 19) = Bs
(E) = Es (4) = (16) = D5
{U) = As vBs v.Cs vDs V-Es (R =Es
(@) = T v 10 R ORI ()

*Note, on diagram 41, (D) is connected to (15)

The: outputs- (C) and (3) are connected to the EBCDIC Encoder.
(C) equals 1 and (3) equals 0 enables encoding of the Voltage-
polarity-range bit (see Section 6.4.10). Thé-outputs-(B), (10),

(4), and (E) are the command inputs for the Voltage Data Parallel
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11 12
SN 7473 SN 7496
54 55
¥ 54
14 4
SN 7402
53
7
14 141 1;[“
SN 7402 SN 7400 SN 7430
52 51 50
| 71 d' 7
+
18-v . 1-A
~(GND) (+5v)
Figure 39. The Voltage Data Sequencer - Power

Wiring and Device Location Diagram
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s )52 )ig Wi
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' 29 39 "¢ 64 7§ o
(8= - 55 8 3 52 (15)
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15y 14y 13 u_‘ 10
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Figure 40. The Voltage Data Sequencer Logic Schematic
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Figure 41. Connections to the Voltage Data
’ Sequencer Socket

v
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to Serial Converter discussed.in.Section~6.4;l2, Output (U)

is used to control.the‘recycling of the Master Sequencer.  This
output, inverted by a NOR gate on Board $#4, determines the

state of the loegic control input (6) of the Master Sequencer. -
The control input condition;. (6) equal to 0,. that causes recycling
of the Master Sequencer is satisfied-when any one.of the.shift
register's #5 bit states is 1l.- Qutput (T) provides the cleck.
pulse input te the. shift :egisters on the channel selector beoards,
Board #9 and  Board #10. These boardsAaretdiSCussed.in:Section
6.4.13 and 6.4.14. ° Qutput pulses at (T) are provided Whenever».
D2 becomeS~l, ahd all of-the'shift registerfs #5 gi£§nare 0.

[(U)= 0]. Oufput (J) is connected to the DVM's hold comﬁand
input and to the clear input of flip-flop 54A.. .The condition-
that (J) equals 1 enables thé A/D-.conversion of an analog_voltagé;

When (J) is (0), the DVM's outputs are held.

0f the remaining  Voltage Data,Sequencer.outputs, only -
output-(ll)lisvused; The inverse of this output, the Q output
of flip-flop 54B,. is connected to the pfeset-A input- of the Channel
One through Eight Selectorfshift register (see Section 6.4.13)..
The inputs to the Voltage Data Sequencer that are associated
with the shift register are (B),“(Z) and (5). The inputs to
flip-flop 54A and B are M), (7), (K),»(12), (N), and (H).
Input (B), the shift register's. clock inﬁut, is conﬁected ,
to. C2. (B) is equal to C2,. and right-shifting of the register
occurs when gl,becomes-eqﬁal‘té 1. Input (2), the shift
registers clear input, clears the shift register in the
manual mode and has no effect in the sample mode. Input 

(
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(5), the shift register's "preset enable" input, is connectéd
to a flip-flop_on Board #9. When (5) is 0, the Voltage Data’
Sequencer is disabled. Input (5) becomes 1 prior to the A/D
conversion of the first channel voltage and remains 1 until

a preset number of channels have'been recorde_d.~ Input (7),

the clock‘inpuf.for flip-flop~54A,,is:connected to the DVM's
end of’enéode output. - Since input. (M) is'fiked to 1, a 1l to

0 transition of input- (7) will load a 1l into the shift register
whenever input (5) is 1. Input (Ki is one=of-£he clock inputs
to flip-flop 54B. This input is clocked by E; of the time

sequencer shift register.  Since the other clock input, (12),

is 0 (see Fig. 41); the flip-flop is triggered when E3; makes a
1l to 0 transition. Input (H), the clear input of flip-flop-
54B, is connected to Board #9 via a spare NOR gate on Board #4.
~Input (H) is equal to 0 when:Ag, the first bit of the Channel
. One through. Eight ‘Selector shift-regiétér, has a state of 1.

Only two other inputs, assoqiated withfoutput-(J),‘are
presently used. Input.(l4) ié-connected.fo the Master Sequencer.
In the sample mode when (14) is 1 (any Master Sequencer shift

register bit = 1), output (J) is equal to g; Input (17) is

connected to "M=1", allowing' the DVM to continuously encode
in the manual mode. |
The above defihed—oufputs and. inputs will now be used to
describe the sequential operation of the Voltage Data Sequencer.
In the sample mode, voltage data;sequencing operations
begin after time data has been recorded. Prior to this time, -

flip-flop 54B and shift register #5 are in their cleared states
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wifh clear inputs equal to 1. InEht:(S)_is-equal te 0; hence

output (J) is 0, ané the clear input:of¢flipfflbp 54A and- the .
DVM's held' command’ input have states of 0. When the last. time.
.digit is recorded,. (E;) is'1l, and lE&lfiS'l“ When Cp becomes 1,
E; makes a.l to. 0 transition, triggering flip-flop 54B. Ogtéut;

(11) becomes 0 loading a 1 bit inte Ay. .This 1 bit forces. (H)

to become'g,_clearing»flip—flop 54B. (Only'a_single'l bit:can-
exist in shift register #9.) No further triggering of. this flip-
flop occurs during the rest>of_thislscan,- When D2 becomes: 1,

a cloeck pulse occurs at output (T).. This clock pulse right shifts
the .1 bit in As, and causes ingutv(s),tg become 1. (5) willifl

~remain 1 until the preset number of~voltage'channels is recorded.

The contrel input (6)'of'the Master Sequencer. is 1 () = 0];
the;efore,:recyqling‘of the' Master Sequencer does not occur imme-
diately after E; becomes- equal to 0. . When the.Méster Sequencer .

becemesridle,xthe-First.Anaiog-Multiplexer-connects the first

_,yoltage»channel,fe the DVM'Sgéhalog input.’ Input (14)Ais;now

0 which_fercés_jgl to:l,;.This-outpﬁt»state;commands-the DVM

to begin A/Dicgnversipn.ana~allowé flip;flop.54A to be triggered.
When the DVM's end’pfﬁéncode‘output-m?kes-a 1 to 0 state.

transition, flip-flop 54K is triggered, and leads a l into shift

register #5.  This 1 bit forces output (U) to 1.  (J) then returns

te 0 to held‘the:DVM's outputs and. to pléar.fliprflop 54a. .

—

Qutput (C) equalsxlland;output (3)_equalsfg; enabling the'gnqoding
of thevvolfagé polarity-fange character. The control inputﬁ(6)
of the Master Sequencer nQW'has-a state of. 9, and the next clock .

pulse input to - the Master Sequencer. causes Az to become equal
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to 1. When B2 becomes. 1, the polarity-range character is recorded.
L2 then becomes.l. This  causes right-shifting of. the 1l bit in
shift register #5.  (C) returns to 0; (3) returns to 1l; and output
(8) is 1 to initiate’parallel to serial-eonversion of the DVM's
thousands- digit. BCD-output. - When-gg becomesfi, no clock pulse
occurs at output (T); since: (U) iS‘lt' Se?uential recording of,

the parallel to serial-converter's-BCD~eutputs, right-shifting

of. shift register #5, and parallel to serial converting eof  the

next DVM digit, contlnues until all five-voltage data characters
are.recordedf(gi =-l;and-§£ =}£). When C, becomes. 1, shift-
register #5 returnsite its-idle state; and“igl becomeslg. Output-
jgl remains 0 because a l'bit still-exists in the Master Sequencer
shift register. A clock pulse occurs at (T) when D, becomes 1.
This clock.pulse'cétSes right—shifting of the channel«selector's
shift-regiSter; When the Master Sequencer returns to 1ts idle
state, the second channel voltage is conhected to. the DVM, and

(J) returns to 1. A new. channel voltageis now encoded'and recorded
as’ descrlbed above.. The- cycllc operation- of the Voltage Data
Sequencer contlnues:untll a preset number of channels have been
recorded. After the last character of the last yoltage"channel

is - recorded, the output (?) clock pulse %orcesf(S)'to become 0.

(see Section'6.4.13‘and_6.4.l§)., The DVM's=hold”command-input

remains 0. Therefore the DVM-holds the reading of the\iast,channel-

sampled until the first~channel-of the next scan-is to.be'sampled.
In the manuel»mode,‘input (2) "equals 0 to clear shift regis-

ter #5. 1Input (17) eduals l; forcing the DVM's hold command  input

to assume a state of 1. This allows the DVM to continuously



119

encode its analog input voltage:- In this mode, the DVM may
be connected to. any desired voltage channel. This is a desirable

feature since it aids- in system testiﬁg and DVM calibration..

6.4.10 The EBCDIC Encoder

The- EBCDIC Encoder, Board. $#6, encodes special character
commapds~and:all,serial-BCD“data into fhe-EBCDIC representation
of the alphanﬁmeric-characﬁer that is to be. recorded on the
tape. - The-encoder,uséé only arithmetic elements. Therefore,
no §equencing éperatiens are  performed by.its circuits.. That -
is, ignoring'propagation»delays;-its output- states at time T
are. uniquely determinedvby.its-inpﬁthtates at this same.time T.
Since no input can.chahge~staté until.one,millisecbnd'aftér the
enceder's outputs are recorded, digital:Storége is not:feéuiféa.
(Recording oécurs When»gi_becomesfk, and. ne input changes stéte
until. C2 becomes 1l.) Similarly, propagation delays do not
effect the encoder's operation because. all. inputs have been
preset since Az became l, and they axe_not-recorded'until Ba
~ becomes 1. This twe mil}iéecondﬁinterval,‘(timé'between Az
beceming 1 and Cz becomihg l) is a direét resuit-of using a.
multiple-eutput ring counter, the Master Sequencer described in.
Section-6.4.6, as &he clock. pulse source for all_sequeﬁcingf
circuits. |
| The EBCDIC Encoder. is described~in tpe.leloWing»paragraphé.
with the aid'of,Figures 42, 43 ana,44; The éncbder's-out§u£s

and their determining inputs are defined.
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Figure 42. .The EBCDIC Encoder - Power

Wiring and Device Location Diagram
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Figure 44. Connections to the EBCDIC

Encoder Socket
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The outputs of the EBCDIC Encoder are the eight EBCDIC
levels, Level O.through Levelv7, that  are the required inputs
for the tape recorder (see Table 1 in Section- 3.2). These
outputs on Figqres.43fand‘44_are‘(lG);](T),.(10), M), (5),
(6), (13) and. (R).

Inputs to the enceder are divided. into -two types. The:
first type are.the serial BCD data. inputs generated by. the:
sequential converter.. The second type.are;the special character
inputs that command, special  enceding operations within the
EBCDIC Encoder.

The-BCD<inpﬁts are_used primarily to record numeric.data.
These inputs. (U), (12), (2), and (E) are the outputs. from. the
BCD Coupler described in.the next section - (Section 6.4.11).

To simplify encoder and' coupler circuits, thgse,inputsvare,the

inverse of the BCD states. - They‘areadefined»by,thg.fongwing‘_

'equatiens: -
(U) = BCB L .. (12) .=BCD 2
(2) = BCb 4 o (E). = BCD 8

Since most of. the characters recorded:on the magnetic tape are
numeric characters whose- BCD code representation is- inputted
into.the enceder, .it:-is impoertant' to understand'thé similarities
between the BCD code and the~EBCDIC.code.~ Thesé“similarities_
are exploited. to simplify the enceding circuitry.- The BCD cede
is a four. level codé, BCD - 8, BCD 4, BCD 2 and BCD l} which is
defined for decimal.digits. Table 9 lists.the.BCD'rééresentation

of these digits.
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Table 9

The- BCD- Code.

BCD Levels

' Digit. ‘8.4 .2 1
0 6 00 0
1 00 0 0 1
2. 60 1 0
3 6 0 1 1
4. 6 1.0 0
5 o1 0 1
6 6- 1 1 0
7. 001 1 1
8 1 0 0 0
9 1-0 0 1

Comparing this table-with'the-numeric portion of the EBCDIC
code. table, Table 1 in: Sectien 3.2, the following similarities
‘are noted: |
1. The EBCDIC Level 4.through Level 7 states are' the
same és thé BCD 8, 4,’2;-and'l-level:states.‘
2. - The EBCDIC Level 0 through Level 3 states are the
same for all numeric characters. (their states are all 1).
Thus, if the BCD inputs to the Encoder represent numeric digits,

the following equations are. used to define. the enceder outputs.

Level 0. =1 " Level 1. =1

Level 2 = 1- Level 3,='£

Level 4 = BCD 8 ' Level 5 = BCD 4.
- BeD 2 Level 7 = BCD 1

Level 6
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Although the BCD code. is not defined- for other alphanumeric
characters, the equivalence of BCD levels to EBCDIC level is
exploited. For-example! the inverse leve;.outputs of the Dioede
Matrix are EBCDIC level outputs.. However, Level 7. through
Level 4 outputs-are*defined{as,the‘equivalent'inverse BCD-
levels. They are: inputted to the BCD Coupler as though they
represented the BCD-level. states of-numéric~di§its.

« The functions of the special character inputs could be
explained in terms of a set of eight output equations.: For
example, the output equation for Level 0 output state
is given by: |

©(16) = TI5)- (T4 - 15) [TV V{9 T~ {3 vIE) - (DY T~ (LY ]

However, such a presentation would present little insight into
the system's enceding operations. Rather, the various inpufs o
and their states for the sample ‘and-the manual modes of opera- -
tion are listed in. Tables 10 and 11. The effects of these
inputs. on the encoder's outputs are -then discussed.

The .effects of the inputs in-Table 10 on sample. mode
ehcédipg can. best. be deséribed in. the sequenceé in which the
cﬁarééters are recorded. When the first scan. separation
'charaCter.is-to be recorded, (U), (2), and. (E) are 1: (H)
is .equal to 0, this signifies that the Charaéter to be re-
corded is,a'nohnumeric character. Thus, (H) equal to-0

disables encoder. circuitry that normally causes Level. 0 through

Level 3 outputs to be 1l. When (14) is 0 and (H) is 0, the

outputs are determined by the following equations:
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(16) = Level 0 =1 (T) =-Level 1 =1
(10) = Level 2 = 0 " (M) = Level- 3 =0
(5) =Level 4 =0 (6) = Level 5 =1
(13) = Level 6 = (12).  (R) = Level 7 =1

If ilzl is 0, a write error on-the previous scan did occur,
and - the EBCDIC character ﬁGJ:is outputted from- the Encoder.

If ilgl is 1, a write error did not eccur, and. the éharacter

" "E" is outputted.  (The reader is-advised to. compare the output.
level. states with those given in Table 1 for the "E" and "G":
characters.) The circuitry that determines the state of. (12)
is discussed in. the. next. section  (6.4.11). When the secend
scan séparation~character-is to be recorded' (N) is 0, (H) is

0, (14) returns to 1, and all inverse BCD inputs are l. The

encoder. then outputs fhe‘lével states rep?esenting the EBCDIC

character ?S".-_NeXt,_time'is recorded. .Sihce_the five characters

recorded aré:numeric digits, Level 0.through' Level. 3 outputs are

1. Level 4 through Level 7. are the BCD levels. The system now

starts to record the letaéeléhannels,‘ The first veltage..charac-
ter for each chahnel»Voltage;.the polarity-range characters,
may'(may~not)'be:nume£ic.r At*this,time i§L is 0, (N) is 1,
and,éll‘inverse BCD{inEuts are-equal to l.- This enables the. .
circuitry assOciatéd With-inpﬁts (B), (D), and (F). The state
of these three inputs then determine the EBCDIC character that
the eﬁcodér.outpﬁts.- KSee‘Table 4, Séctioh-3.3 for the compres-.
sien code.pharacters.)f Tpe remaining thr.Characfers_Qf.the

voltagé=are numeric. digits, and Level 0 throhgh Level. 3 outputs

are 1. Level 4 through Level 7 are the BCD- levels.



The EBCDIC Encoder Inputs for

InEuts
(9). . .

(15), (17), (K)
(11), and (L)

(14). . .
s). . .
(H).'. .

(3). ..
(N). . .

(B). . .-

"), . .

(v). . .-
(12). . .
(2). « .

(F).', .

o

- o k|

]Channel-VolEage|<l;
]Channe13?eltage]21;

fChénnei»Voltage'
Channel Voltage neg.’

1o

ol
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Table 10.

States-

jo
.
L]
.
.
.
.
.

Lo
L ]
*

~when Ay =-1
‘otherwise:

“when By =1
_otherwise-

THo

IHo

_otherwise.

When Az = _:!._
otherwise:

];{o

whenjéi =1

|Channel Voltage]<2.
»]Chabnel-VoltageIZZ.

:

BCD . . . L] e

CD-

(v
N

=N
.
.

BCD-

a5}
0
o}
o0

_otherwise ~

“when- AyvBy = 1-

pos.:

0000
0000°
0000

0000

Sampié'Modepreiationr

Remarks.

Connected to "M=1"
-Diode. Matrix outputs.

Used to generate lst scan

separatien character

Used to generate 2nd ‘scan
_Separation character -

-Identifies a non-

numeric character

.Identifies first voltage

character and enables

~.{(B), (D) and (F)

Identifies first voltage
‘character and enables
(B), (B) and (F)

-,Inverée of DVM's-

_polarity output

"Inverse of DVM's out

.of range output

‘"Inverse of DVM's
‘everrange output

Output of BCb Coupler

Output of BCD Coupler

Output of 'BCD Coupler

‘Qutput of BCD Coupler
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Table 11

The EBCDIC Encoder Inputs.for.Manual Mode Operatien-

Inputs States. ' . .Remarks-

‘Connected to. "M=1"

[

FO T

(14),. (5), (H) No sequencing of.

|~
.
.
.

and’ (3) RS Board #4 and #5.
- j A o No sequencing oﬁ
(N) . . . . - . 9 . L] . L LI .. . 3 .o . Board #5
(B), (D), and ‘ . .. No effect because
(F) o ..« . . See Sample Mede ... (3) = 1.and (N) = 0
(15). . .. . . Tevel 0. v v o v v & Output;of Dieode Matrix

7). . . . .. TeveL T « ¢ v v v . .'Outpu£~of Diode Matrix
(K) ¢« ¢ « « o'W Levei 2.. .+« .« . . Output of Diede Matrix

(ll) . e e e e [ Level 3 e o o L] e ' e . Output Of DiOde, Matrix

gy ,-?————11. ‘ o output of Diode Matrix
(E) et EEXS;%— ** * * " " * via BCD Coupler (BCD 8)

_Outpht of Dieode Matrix

(2) s e o . coLeVe ‘5 o . e 8o e . . Via BCD Coupler (Bc‘—‘5—4')

Output of Diode Matrix

(12)- T e K e e E_e_:f_e-_l_—s- . ‘e e e e o Via BCD COupler (—-———BCD 2)

N 7"- S - Oﬁtpﬁt'ef biode. Matrix
(U) LI 1 . . o‘ L LeveI j . . . . . ‘. * Via BCD Coupler (BCD l)

Output of Diode Matrix-

W . .. c - Level 0=3 . . . . .. Numeric characters only

The effects of the inputs in Table 11l on manual mode enceding
aie separated into two conditions. They are nennumeric character
recording and numeric chafacter recording. When a nennumeric
key is dépressed; (L) becbmes equal to 1l.' The only other valid

inputs te the encoder are.the Diode Matrix inverse level outputs.

The encoder. outputs are new the inverse of inputs (15), (17), (K),
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(11), (E), (2), (12) and {(U). When a numeric key is depressed.

(L) becomes equal te 0. This forces Level 0 through Level.3
outputs: te 1.. The remaining outputs are now the inverse of inputs

(E), (2), (12) and (U).

6.4.11° The BCD Coupler

The BCD Coupler, Board #7, provides BCD data informatibn
to the EBCDIC Encoder. The BCD  Coupler receives data from three
primary sources: Level 4 threugh Level 7,oﬁtputs of the Diede
Matrix, the-BCD outputs from the Voltage Data‘Parallel‘to Serial
Converter, and the BCD outputs frem the Time Parallel to Serial
Converter (located in- the digital,clock).‘ Device-locatieﬁfénd
power wiring, the leogic schematic,,and chket1coﬁhectioﬁs are:
shown' in Figufe 45, 46_ana“47. | | u

Oof all the-outputsAbrought out. of this board( only (M),
(11), (9), and (K) are used.- These outpu£5-prévide BCD infor-.
matioﬁ-to the EBCDiC Encoder:in-the.previous sectioen. Since all.
of the elements on this board are,arithmetic (see Figure 46),
all outputs can uniquely be defined in. terms of the inputs.

These output equations in*simple‘forﬁ are:

(M) = (14)°(J) v (16) v (12)

(11) = R v (@) v (20) v @)
(9) = E)-(3) v (C) v (31
(X) = (4@ v 5] v 12T

The reader will note that inputs tied to a fixed logic. level
as indicated on Figure 47; are'a part of the above equationé

but are not explicitly shown. For example, in the first-equatien .
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i

14 14
SN 7420 SN 7400 - SN 7420
72 73 74
7 7 7
14 14 141
SN 7400 NOT SN 7400
70 USED 71
| 7] 7] 7
18-v A-1
(GND) (+5v)
Figure 45. The BCD Coupler - Power

Wiring and Device Location Diagram
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—e—{15)
(14 208 ] w )
(J)—-—-J-u ‘ 72 73 }& -—M)
(;s —————-E@s i
N)——
(12— =—tV)
(8)—=
-—iS
(Ry———pfro) Ll 10 )
' | 12|72 2 : Y
L ; | 15792 —+11)
s o
——tH).
pei ey —0)
-
=€)
| — 3 L
zfrs) -—()
——-—(6’)

Figure 46. The BCD COupler'Logic Schematic
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SKT #8 Pin 11

SKT A Pin 9
SKT #3 Pin 17
SKT #6 Pin E
SKT #10 Pin 1
SKT #6 Pin U
"SKT A Pin 14

SKT #8 Pin 14

GND
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7

SKT #7 )
| ia ) W
B 2__ |
N s_|
D | 4
B ! s__|
1 F 61
—_— H [ S
T4 8
K > __ 1
N N 0 |
M 1m__ |
N 12

-

+5v

Diode Matrix Pin. 30
biode Matrix Pin 29
SKT A Pin 28

SKT #8 Pin 12

" SKT #6 Pin 2

Diode Matrix Pin 28

SKT #6 Pin 12
Diode Matrix Pin 27
SKT A Pin 12

SKT #8 Pin 15

GND

Figure 47. Connections to the BCD:Coupler Socket
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) = (18- @) v (16) v 0D v & v (8
Since (N) = (8) = 1 this reduces to

M) = (14) @) v {16) v T127.

" The inputs (14), (R), (F), and (4) are the BCD 1, 2; 4,

and 8 outputs of. the Time Parallel teo Seriél-Converter. Inputs
(16), (T), (C), and (5) are the BCD 1, 2, 4, and 8 outputs of
the Voltége:Data_Parallel to Serial: Converter. Inputs (12),
(iO),:(3), and- (2) are the equivalent inverse. BCD 1, 2, 4 and. 8
outputs from. the Diode Matrix. The remaining' two in§u£S»afe~"
(J) and (L). Input (J).enableS'the coupler to accept BCD time-
data. Input (L) is used to change -one of the BCD levels in- the
coupler when an-errbr-is detected in. writing the data on. tape.
The - operation of the coupler in. the sample mode is described

in the order that»sequencing eveﬁts»occur; i.e., the order in
which characters are written én-the‘tape;« In the sample mode -

(12), (10), (3), and (2) are.l. (see Section 6.4.4) During

the recording of the scan. separation  characters, inputs (14)

(R), (F), (4), (3), (16), (T), (C) and (5) are 0. The output

equations reduce to the follewing:

o) =1, (1) = (L), (9 =1, and (K = L.
When the first. scan separationfcharacter is to be’ recorded (L)
will be 1 if no write errox wasvdetected.on{the previous scan.
If an-error was detected (L) is 0. After the first scan separa-
ti9n~character is recorded, (L) is»equal-to'l.f This state dees
not change  throughout. the rest of the 'scan. Before the déuplef'
can accept time BCD data inputs, (J) must become equal to 1.

om—t——

J) equals'l enly when the Time'Sequencer shift register contains
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a 1 bit and time is to be recorded. This input prevents failures
associated with the Time Parallel to Serial Converter (or.
cable failures) from affecting other recorded. characters.

During the recording of, time (J) is 1, and”flﬁ), (T)p (C), and

(5) are 0. The output equations-reduce;t@ the following:
(M) = (T4), (1) =TR), (9) =TF), (K) =T34

Thus, the outputs of.the BCDucoupler~are;thé inverse of. the

serial BCD time data outputs. These Qutguts are then inputted
in serial form to the EBCDIC Encoder for recording on tape.

After the reqording-of,time}BCD~data; (14),“(R), (), (4), and

{J) are 0. The outputs of the BCD Coupler are now determined

” by_the outputs of the.Voltage,Data,Paraliel-to Serial Coenverter.
The output equations,are‘noW~aS~follows:~ _ |

T8y, (1 =T, (9 =10, & =71).

Thus, the outputs-of the BCD Coupler are the inverse of the

(M)

]

Voltage Data Parallel to Serial Converter outputs. Voltage.
paréllel to serial conversioen dees. not beginfuﬁti1 the-first-
voltage is encoded. and. its polarity-range character is recorded.
Previous teo thié time the converter's.outgutS»are'all'g.v
Therefore, |

M) ="(11) = (9) = (K) = 1.

After the polarity range bit is recorded, the serial BCD veltage
data is outputted in serial form to- the EBCDIC Encoder for
recording on. tape. The above process. is then repeated for each
channel veltage. After all,channels_arejrecorded}.all‘the

BCD data inputs are 0, and' the outputs remain' 1l until the next.

scan.
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In the manual mode all BCD-data inputs and' (J) are 0.

(L) is equal: to 1,. and the output-equations are.as follows:

(M) = (12), (11) = (10), (9). =-(3), (K) = (2).-

Thus, the BCD Coupler cennects the four inverse BCD  outputs

from the Diode Matrix to. the EBCDIC: Encoder.

6.4.12 The Voltage Data Parallel to Serial Converter
The Voltage Déta Parallel to Serial Convérter,'Board.#S,
accepts the parallel BCD voltage data from  the DVM and outputs
this data in serial ferm te- the BCD- coupler. This beard also
provides. eutputs that are-the inverse of the DVM's polarity and
range outputs.  The outputs, inputs;;and‘operation-of-this~boafd~
will be discussed with the aid of Figures 48, 49 and 50. |
 The serial_BCD-Qutputs-are'(15), (14),- (11), and,(iZ).-

" When a particular-DVM-digit,:digit'X; representing the DVM's
thousands, hundred, tens or~unﬁsidigit, is toe be encoded; the
outputs equations. are

BCD 1 of digit X

(15) =

(14) = BCD 2 of digit, X
(11) = BCD 4 of digit X
(12) = BCD- 8 of digit X

Inputs to.thé parallel to serial conversion. circuitry are

" command. inputs, and the parallel BCD outputs from the DVM.
The command inputs .(U), (10), (4), and (6) have the fellowing
input equations:
| (v) =

(4) =

(10) = C

(6) = E

|7 |2
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SN 7400
86
7
14 14 14]
SN 7420 SN 7420 SN 7400
83 84 85
71 717 7
+ :
14 14 14 l |
SN 7400 SN 7400 SN 7400
80 81 ' 82
7 71" 7
-
{.
18-v
(GND) .
Figure 48. The Voltage-Data Parallel to Serial

Converter - Power Wiring and Device
Location Diagram
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9 12 _8_|/ (11)
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(6)-= 10] & 6] s
(16) 12|80
- ) 13 83
(3) = llgi;z\“ nd S
(- 20\ [
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’

Figure 49. The Voltage Data Parallel to Serial
Converter Logic Schematic
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Connections to the Voltage Data Parallel
to Serial Converter Socket
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Only a very brief description eof the Voltage.Parallel to
Serial Cenverter circuit will be presented here.: Its-operation’
'is very similar to the time parallel to serial- conversion.
discussed in Sectien 6.2.2.  Since only a single 1l bit can exist
in shift register #5. at one time,'only»one of the command inpﬁts
defined above will ever be 1. When the DVM's thousands: bit is
to be. enceded; (U) is l,’and'iigl.equalsﬁigl equals (6) eqdals
0. Similarly when another DVM digitmis to be recorded, one’ of.

the other centrol inputs.becomesvl and. the rest are 0.

‘The three. outputs shown.in Figure'49 that are not associated
with serial BCD data are'(N),-(L), and (17). These'outputs'are
connected directly tO»the EBCDIC Encoder. They are.usedAby the
encoder. to- encede. the firstuVoltage'data'charaoter (see Section: "

6.4.10). These outputs aré defined by the following equations.

m =T': @ = Y
=T

The inputs (R); (9), and (F) are the DVM's out of range,

pelarity, and overrange outputs, respectively.

6.4.13 The Channel One through Elght Selector

The Channel One through Eight- Selector, Board #9, prov1des-
logic.control outputs for the-First Analog Multlplexer, MUX #l,
This selector also centains a- flip~ flop c1rcu1t that determlnes
that state of the preset enable 1nput of Shlft reglster #5 (see
Section- 6.4. 9) The- Shlft reglsters on this beard- (and the
next boeard) are’ operated in.- a slightly different manner than
the other shift registers. After a brief discussion of these

differences, the selector'shoutputs, inputs and operation will
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be presented. Figures 51, 52, 53 and.54‘will be used. in- this
presentatien.

The sequencing circuits that have been discussed prier to
this-have_all‘use§<single five~-bit shift registers. Their
outputs wereAall ] when-no»éequencing-operatiénsiWere_oécurring.
However, the Channel One through- Eight Selector (Channel Nine
through Sixteen. Selector). uses two five-bit shift registers,
~ devices 91 and‘92-(devices 101 and 102).  These two devices
employ common preset enable, cleck, and clear inputs; Moreover,
the bit number five output- frem the first- register is:connected
to the serial input of the'secohdgre§1§te£;. In this cenfigura-
tion, the two five-bit shift registers afe~logically equivalent.
to a single ten-bit shift register, shift register #9 (shift
register #10). The bit.outputs of this ten-bit shift- register
are Ag through Jg¢ (A;jp. through Jjp) and the preset inputs are.
preset A through preset J. Note, in figure 52 and_54, £hat
with these ten-bit shift-registers;,allvof the preset inputs can.
be used to load.the register.. In the manual mode .0f operation,
these preset inputs. are ﬁsed to'load'a-single 1 bit inte either
register #9 erf#lo; - |

Selector outputs are the bit-eﬁtputs of'shift-registéf 49
and the output of flip-flop 90; The outputs asseciated with

" the shift register are given by the following equatiené:

M) =28y {c) =By R) =Cs
8) = | (L) = Es ) = Fs.
F) = H (H) = Iy

|
|

&

A4
1
| & 12

[
0
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14 14
SN 7400 SN 7400
93 94
7]
r 12 12
SN 7496 SN 7496
91 92
5 51
11
SN 7473
90
4.
18-v"~
(GND) .
The Channel One through Eight Selector -..

Figure 51.

Power Wiring and Device Location Diagram

1-A

(+5v)
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Figure 52. The Channel One through Eight Selector
Logic Schematic
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Figure 53. Connections to the Channel One

through Eight Selector Socket
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Output (N) is used to.clear flip-flep 54B eon the Voltage Data
Seguencer via a NOR-gate-used- as. an Inyerter on-.Board #4.

Qutputs (C) through (H) -are’ connected to the control. inputs

of MUX #1. These outputs determine~which~véltage'channel-(l'
through 8) 1is connected»to‘the»DVM's analoeg input.  Output- (J),."
the remaining  shift register output,  is cennected to beard. #10.

It is the serial input. feor shift;registerb#lO, and - it is a legic
coentrel input for MUX #2. All of the above shift register outputs,
except (N), are connected toe. the Number of Channels Sampled
Switch,‘SW-#Z;-discussed~in.detailﬂin-the-neXtusection;-“The
remaining eutput,»(lS),\the'g:output of flip-flop 90, is .cennected
to the.Veltage_Data.Sequencer described- in. Section- 6.4.9. Output .
(15) beceomes- 1l when Ay makes a 1l to 0 transitien. (15) remains

1l until flip-flep 90. is cleared.

Selector inputs. are associated with shift register #9. and:
flip-flep 90. Inputs (U) and (17), shift register #9 preset-
enable inputs, have'a'fixéd;state of 1 (see Figure 53). -Input-
(M), the preset A input of shift register #9, is connected
to the Veoltage Data. Sequencer via a. NOR gate on Board #4. This
input is used to lead a.l'inte the first bit position of register
#9. Input- (L), the cleck input ef shift fegister.#9,'is connected
to. the Voltage Data Sequencer.. A clock pulse occurs at (L)
when D, becomes 1 and' shift register #5 is idle. Inputs kK)
and;(%4) are the clear inputs for shift register #9 and- flip-
flep 90. They are both cennected te.the Q output of-flip—flop
40B on Board #4. (K) and (11) become Lawhén a scan command. is

generated by the digital cleck. After a preset number of channel
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voltages.are'recorded,.these'inguts return-to 0 to clear the shift
register and- flip-flop.. The remaining selector inputs,; (B),

(2), (3), (8), (6), (16), (12), (7), and. (9), are associated

with the Manual Channel Selection Switch, SW.#1l, shown in Figure
54, Inputs (B) through (7) are connected. directly to the switch:
and input. (9) is-connééted via. an' equivalent Inverter on Board,
#10- (see Figures 56 and 57).-

The- outputs- and inputs described above will now be used.
to describe-the»Channél One through Eight Selector's sample and-
manual - modes. ef operation. Both modes of}operation are dependent
upoen. the First Analeg Multiplexer and upen. circuitry on- Beards
#2, #3, #4, and #5. In the following descriptions, a familiarity
with these other circuits is assumed. .

In- the sample,modg,iall,of-the-outphtSAOf SW #1 are fixed
to. a logic state of 1, independent of the pesition- of the switch.
(Note, "g?g" has a legic state of 1l in-the sample mode.) There-
fore, all of the shift register #9 preset.inputs B through J
have states of 0, and the corresponding bit- output states, -Bg
threugh Jg, éfe determined only by.the shift register's right-
shifting operations.- Sequential eperatiens de not eccur until
time data recerding is complete, E; equals 1 and Bp equaIS‘l.
At‘ﬁhis time, flip-flop 90 and  shift register #9 are in their

cleared states with clear inputs equal. to l; and input (M)

is 0. When C2 becomes 1 after the last. time digit is recorded,
E; makes a 1 to 0 transition,.triggering flip-flop 54B on the
Voltage Data Sequencer. Input (M) becomes 1, forcing Ay to 1.

Hence, output (N) is 1 which:clears flip-flop 54B. and returns (M)
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te 0. 'The result of this operation is the loading of: a single .

' 1 bit into shift register #9. . The next clock pulse te the Master
Sequencer. causes Dz toe become iw ‘The- D2 -clock pulse appears’

at input (L) and the first bit of register. #9 is-right-shifted.

(Now, Ag =0 and By ="1.) The 1l to 0 -transition of As triggers

flip—flop 90, forcing output. (15) to l.‘ Output. (15), connected

to Board: #5 input (5), now enables voltage data sequencing as.

described in Section - 6.4.9. Output. (C) is equal. to 1, . satisfying

ene of the necessary conditiens.te cennect channel one.to the.DVM:
When the. Master Seqﬂencef‘shift;register;idles therothep condi-"~
tion - is satisfied, and"the-DVMnbeginsz/chehversion of -the.
firét~channél's voltage.: The‘VOItage;Data Séquencer causes the-
Master Sequencer to~récYcle-§fter A/D-conversiénfis complete.
While  the channel=éne.véltdgefié'being‘recorded;.Défclock'pulSés
do not-appear'at»(L)‘since«they are held. off by the Voltage
Data*Sequénqer. Afterltheroltage;Data;Séduencer?idles,“a clock
pulse.atw(L)'again;fighﬁvshifts-a.bitjin;Shift~regisLef*#9;té’ |
allow the second vdita@éichannel~to be'connéctedféo fhe DVM. -

The process is repééted'until the preset number of chanhei‘velﬁages
are recorded.’ If‘nine;or more. channels are to befregordéd, |
output- (J) provides-a:serial input to shift'registeri#lo (Board:
#10). This éerial inpﬁt (a. single 1 bit) is right sgifted through
register #;0~te prévidejlogic.control.outpﬁt5~for7MUX,#2.

When the preset number . of channels have'been“récérdedj;flipeV.
flop 40B on Board #4. is cleared via. SW' #2-. (The~opération*of-;

SW' #2 is discussed in the.next.section.) The clear inputs (K) -

and (14) are returned to g:: All shift.register #9 bits-become. '
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Q and' (15) returns te 0.te prevent further voltage data. sequencing

operations (see Section 6.4.9). Clear inputs (K) and (H) remain

0-until the next scan.command pulse is generated by the digital.
clock (see Section 6.4.8).

In the manual mode, clear inputs: (K) -and (14) are 0, and

input (M) is 0. Clock pulses-on input (L) will therefore have-
ne effect, and Ay is-equal te 0.  The other bit-output-states of
shift'register #9-are'determined-by the Manual Channel Selectien:
Switch, SW_#l. With SW #1 in position "0": or any. position. "10"

through. "16", all of register #9 bit outputs are Q, In any,ether

position, a single preset inpthWill-be forced. to 1 ("M=0" is
connected to grpund), and its corresponding bit output will be
l. Thus, oene of the associated MOSFETeswitches (channels 1-8,
MUX #1 or Channel 9, MUX-#Z) willﬂbe*cloeea (ON) wheﬁ.the Master
Sequencer Shlft reglster 1dles. This conneCte the DVM analog
lnput to the ON channel, and ltS voltage is contlnuously read.
With SW #1 in the “0"'p051tlon no MOSFET. sw1tch on MUX #1 er
MUX #2 is closed. Wlth SW #1 in-one of the p051tlone "1o"
through  "16", similar loglc on Board #10- causes an as5001ated
M@SFET switch closure, . » |
-An-alterhate,method:for:manual mode*channel~se;ection}.
would be to use a eﬁitch to eennect_a chanhel’s,Voltage_directly
to the DVM's-analog‘input (thereby bypaseing the mtlfipiexers
and-the selection circuits)v Such a. scheme would not prov1de as
much useful troubleshootlng 1nformatlon as the method that was.
employed. .Using- the selector and multiplexer circuits in both’

modes of operation, allows a technician tOIQuickly ve:ify.apd7
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locate. a suspected failure.  With-the .mode switch in the manual
moede pesition and with different. fixed veoltages inputted to each
of the channels, the bVM's-aﬁalog input.can be switched te the
various channels ﬁsing SW #1. If all- the voltages at this péint
are correct, then»gh;ﬁt;register #9, #10, MUX #1, and MUX #2

are operating correctly.-

6.4.14 The-Channel Nine through Sixteen Selector

The Channel Nine through Sixteeh Selector, Board #10, is.
the last circuit board in' the sequéntial con&erter. This beard,
and its associated circuitry, have three functiops, ‘First, it
provides the logic coentrol.outputs to- MUX #2 for voltage channel
selection. Secohd;‘this boérd provides thevehd of scan pulse
used to. stop voltage  data sequencing andﬂtO':eset-associated-
£1ip-flops and shift registers.. Third, the selector contains
a write' error circuit that changes the first scan separaﬁion-
charactérlof-a new scan.if a write error was- detected by £he
tape recorder during the recordingvof the previeustscan. To
simplifyvthe discussion of' the selector's-outputs, inputs, énd
oﬁeratioh, each’ circuit function -will be discussed separately.
Figures 55, 56, 57 aﬁd'58 will be used in these discussions.

The first- selecteor function, channel selection, is associated
with- the two five-bit shift registers shown. in Figure 56. Theée
two shift registers, deyices 101 and*lQZ, are  wired as an equiva-
lent ten-bit shift regiéter, shift register #10. The bit outputs

are A;¢ through Ji;,, and fhe'preset inputS»are'préset A through

- preset.J. Selector outputs- that can be defined in‘'terms of
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Selector - Power Wiring and Device
Location Diagram
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this shift register's bit outputs- are:

{R) =210 (16) = Dio. K) =Gig
{S) =:Bio. M) =Ero {9) = Hio
(15) = Cig | (J) = Fi0.

As shown- in Figure 57, bit outputs. A, through G,,. are. used
to provide MUX #2- logic controls, and Ajo through Hi, are
associated with. the Number of.Channels,Sampled SQitch, SW #2.
' Inputs te the channel selector circuitry are the clock,
clear,,and-serial inputs of shift register #10; and the inputs
associated. with the preset inputs-of shift register #9 and #10.
Input- (R), the clock. input, -and input’ (8), the clear input,
are connected to‘?he cloék'and clear inputs of shift register
#9- on Board. #9. Input (U), the serial input, ié connected to-
the tenth bit output of shift register #9. Shift register #10
is thus an e#tension.of'shift-register #9. Togethér those two
equivalent ten-bit shift registers are.equivalent to a twenty-
bit shift register.

The  remaining channel,seléctionvcircuit-inputs are (D),
(cy, (2), B), (4), (F), (6),. and (5). These inputs are all
connected to. SW #1, described in. the preceding section.. Input
(D) provides the preset J input- for shift register #9 [via
output (3) and  socket wiringl].. The remaining inputs determine
the states of the preset A through G inputs of shift register
#10. Operation: of this selector's channel selection circuitry
is identical to that described in the previous section. It

will not be described here.
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The secoend. circuit beard function is provided by  the Number
of Channels Sampled Switch, SW:#2, shown in Figure 58 and. by
selector output- (T) and - inputs. (13), (11), and - (P).

oOutput (T) is connected to' input- (6) éf-the~Scan.Separa£ion3
Character Generator (Beard #4, discussed in. Section 6.4.8) via
socket #9 wiring (see Figure -53). When (T) becomes L'flip—
flop 40B on Board #4 is cleared. This results in the clearing
of shift register #10, flip-flep 90, and shift register #9 on
Board #9. Voltage‘'data ‘sequencing stops whén flip-flop 90
is cleared (see Sections 6.4.9.and 6.4.13).  To allew retriggering
of flip-flep 40B when the next sample-command~pulse-is'generated
by the digital clock, 1t is. necessary that- output. (T) return te
0 after the above clearlng operatlons are. completed. "

Inputs- (11) and~(l3) are“provided~solelyvto'allow the system's
recording to be stopped by.some.future externa14éontr@l-circuit,
Presently, (11) and (13)- have  fixed states. 6f 1 (via socket

wiring). Output (T) is equal te input (P), and the conditien.

for stepping voltage data recording is given by (P) equal te 1.
(P)5isfcoﬁnected to the wiper of SW #2. The position inputs of
this switch are. the bit- outputs. of shift registers #9 and #10.

In any switch.pesitibn:the:state'of (P)- is determined by the state.
of a particular shiftvregister'snbit-output.3 Specifically, with
the‘switch-in-the 4th.poesitien (4 channels to be recorded) the
state of (P) is the state of the bit output, (Fs) associated . .
with channel 5 {the bit -eutput ﬁhatwcentrols the 5th MOSFET "~

switch).
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The operatien of this circuit.is most easily understood

by assuming that SW #2-is in position. "N".- In-this case, (P)

is 0 until recording of the Nth channel voltage: is-complete.
Upon. completion of recording, a. Dz clock pulse right-shifts a
1l bit in either shift register #9 or #10. The channel N. + 1

bit éutgut becomes 1 and' input (P) equal te output (T) becomes

l. Flip-flep 40B clears, clearing-shift~registers #9, #10

and' flip-flep 90. Clearing of, these shift registers will return
(P) to 0. Thus the conditien that (T) return to 0 to allow -
retriggering of flip-flop 40B is satisfied. From the above
discuésion;,it;isvobvious-that-the'igl equal-to 1l or (T) equal to
1l condition exists only moementarily.  This time is approximately.
100 nanqseconds (theAcombined-prepagatién:delay~of~three gates,
one shift"register,Aandtone flip—ﬁlop).

The-remaiﬁing-selector outpué; output~(l7) and selector
inputs; inputs’ (7), (N), (L)}, (14), (E), (H), and (10), are
asseciateq with the final*circuit-funciioh,’flagging the first
scan separation character. | |

Ooutput (17) is connected to the=BéD~COupler degc:ibed»in
Sectioen 674.114 Normélly,‘ilzl-ié 1l If;‘during fhe-previousp
‘scan,.a write error wés detected by the  tape recorder, this
output is equal to 1 when the first scan séparatioh»character-
is to be recoerded [(17) E;g’when A, = 1]. If noe error eccurred,
(17) remains at 1. ;The-efféct,of (17) on.the first scan. separation
character is described;in,Section-6.4;16.

Input. (7), a clock input for flié-flop 105A, is connected

to the tape recorder's write error output. Input. (7) makes a
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l.to 0 transitioen when a write error is detected. Since all -
tape recorder writing of. data.characters is-initiated by Bz
beceming 1, this transitien,.if. it occurs, will occur after Bz
becomes- 1, but- before Cp becomes-i.

Input (N), coennected to. Board #4, is-used to. force output

(17) to 1 if a character other than the first scan separation.

character is being recorded. [N)- = As]l Input (L), alse con-
nected toe Beard #4, clears flip-flep 105B after the. scan separa--
tien character is written, and (L) equals' By. Input. (14),
connected. to the Master Sequencer, .allows' the Q equal 1l output
from flip~-flep 105A to trigger flip-flep 105B.: Input-iiﬁl is
equal to gg.“Inpufs (7), (N), (L),~and](l4)~arevall'a$sociated
with. the noermal functiens of the write error circuit.

Additienal inputs (E), iH), and- (10) provide added features.
Iﬁputt(ﬁ),;frOm-Boapd#4, clears flip~-flep 105A when the systemiis
idlingaor:is;in.the mahual mode; Thefefere,,writé e;rors‘de—
tected during manual-data %ecording will not.affect the first:
scén separationfcharacter.Wheh-the~system;isﬁswitcbed to the
sample mode. InitypiCal system opération,.write~e;rorsfseldom
-eccur. - To allow softWarg‘debﬁgging,_it:iswnecéséafy to be able
to duplicate a write efrér-céhdition'onfa.particular scan.
This is accomplished by the Error Key on- the manual. keybeard, '
its asseciated input (H) and- input (10)i{' Input iﬂi is equal
to 0 when the Error Key is depréssedﬁand,lpput (10) is equal
te Cu.-

In the hormal samplé-mode operation of the write error

circuit, (E) is 1, (H) is 1 and (10) has no effect. When

e
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each. scan. begins flip-flop 105A is in its cleared state with

the clear input equal to 1 (This flip-flop is cleared by. the

input (E) equal 1 condition-described previously in ?eétion'6;4;8).
When Ay ig.l, ({17) is eqgual to g'af flip~-flop 105B. 1If a:write
error pul§e occurred during thesprevious.scén,Ag flip-flop

105B is equal to l} illl is 0, and a "G" is written. as the first
scan separation character. Otherwise; Q is g} iill'is 1l and a
"E" is written. In either case;then-§i7is no longer 1, illl

is forced to 1. When By becomes 1, (L) becomes.0, clearing
flip-floep 105B. ‘Whenigiﬁreturns to 0, (L) returns to l. A
write error output froem the tape recorder assoéiated with the
first character or any succeeding character on. the scan. triggers
flip-fleop 105A, causing itS’Q"outEut to become'l. Once this

Q outgut~becomes 1 subseqﬁent-write error output pulses in the
same scan ao-not-affect.its'state, After each cha#acter is
recorded, the Q output of flip—flép 105A is clocked to the
clock inpuf of flip¥floé.105Blin'input (14) .- If,this Q output
is 1, flip-flop 105B-is~tri§gered when Cp becomes 1., As in the
case, of fiip-flop lOSA;ﬁonce-the'Q‘outgut.of-flip—flop_lOSB
becomes~£ladditional clock}pulsesAde no£>éffect.its.state. |

An exceptien to the‘above:éequence»eccurs if the first write
xerror pulse is associated Qith-the firstjor secoﬁd“scan_separa-
tien character. An-error on,ihe;first-character causes Q flip-
flep 105A ﬁo become 1. When C2 becomes 1, Q flip-flep 105B

becomes-l. Although-(l?) is 0 until Ei becomesfl, this-output

does net affect the character just rgcorded; (Recording is

complete before C; becomes 1.) Sincg-flip4flop 105A is then
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cleared when Bu.is 1, the Q equal 1-output. of flip-flep: 105A
does net retrigger flip-flop-lOSB-until»A; is-1l and.C2 becoemes .l.
Similarly, a first write error. pulse associated with the second.
scan. separation character dees not trigger 105B until As is ;-.
and C2 becemes- 1. The last'character of a scan is recoerded. when
B2 becomes. 1.- When»gg‘bgcomes~l‘the‘g'output,éf flip-flep 105A-
is .clocked ‘to flip-flop 1053.: D2 beceming 1l clears flip-flep
105A mementarily. - At this timelthe Q output of flip-flep 105B
is 1 if a write~errer~occufrea-in~thesscan just completed and
is g-etherwiée; The- sequential- operation. described abeve'is
repeated for each scan. i

If an "artificial" write error cendition is required for
software debugging, the ERR Kéy is depressed before a scan bé—
gins.  This forces igi’to'g, allowing’the gi.cloék_pulse to
trigger flip-flep 105B. After giurgtprns-to‘g,,igl has no
effect'and"the_key may be.released.??Te assurefthat;the réquired
time interval has elapsed it is.suggested that.the,key be
depressed until the first. voltage channel is~encodéd-(the DVM-
visual~readeutvchanges)? The ne#t scan will begin with a first
character "G" just as if a write error pulse occurred.

Ne sequencing operétions'éf this circuit occur. in the
manuallmode. Flip—flopilOSA is cleared in. this mode and' £lip-
flop 105B cannot be triggered.

All of the system's functioenal units, their interconnections,
and' their operatiens have  been described.. The conéluding chapter
will review the system's.cépabilities and.features. Additionally,

possible metheds ef improving the system to reduce hardware






CHAPTER - VII

CONC]:.USION AND SUMMARY OF RESULTS

7.1 Introduction

The previous chapters have: described a data logging  system
designed for use by the Ionesphere Radio Laboratory (IRL) at
the University of ‘Illineis. Chapter I presented system require-
ments and design parameters. ChapterAiI described. the basic
inter-relationships between the three system subunits. Chapter.
III discussed the data system's code and format. Chapter IV
introduced the individual-functionalrcircuits-thateeemprise
the system; ChaptereV defined the logic elements used to realize
the-system'S;functional'circuits. Chapter VI provided a detailed
description of the system's individual functional circuits and . .
their-interconnectionsfw«Inathis*chapter the system's development
and its present capabilities will be summarized. Major design-
concepts -and. system improvements will also -be. discussed. - Finally,
the data system's present:applications‘will be presented, illus-

trating its usefulness.-

7.2 The Development,of the Syetem

The present'data leéging system is thesfineivreeult of aﬁl
evolutiohafy procese.“ Wheh data cellection and reduction. |
capabilities ef'the Ionosphere’Radie Labératory were first analyzed,
a slow speed flxed scan rate, and elght channel capac1ty was.
de01ded upon.4 PrOJect fundlng and the. p0551b111ty of u31ng
existing equlpment were 1mportant con51deratlons in thls

le6l
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development. A first generation. system that. would meet initial
system requirements was constructed. This system utilized a
digital cleck, a sequential converter, and a paper tape punch
and its associated power supplies and soleneid driver circuits.
This system utilized the ASCII paper tape code to represent all
output-data. The system format. included start chéracters, a
five éharacter time record,(timé'recorded every hour), and
voltage-data groups éonsiS£ing~of.five characters (a voltage:
polérity—range character'andffour’decimalﬁnumbers). Manual data
recording was a part.of this original'System’s capabilities.

The system had a recofding speed of 16 characters per second,
and a single. sample rate of.one scan per minute. A single. |
_Analoeg Multiplexer and. a single channel selector circuit resulted
ih_an.eight'chanﬁel voltage input capabilitf.

Although this eriginal system was used for almest a year,
its'weékneéses were painfully apparent. The low recordiﬁg
density (10 characters per inch) required frequent changing of
the system paper tape; . Additionally, computer processing of
the paper tape was a slow and inefficient pfocess. Virtually
all of the failures in the first system were traéeable to the
mechanical recording device, the paper,tapevpunch-althoughvthe
reliability of the sequential converter was very satisfactory.

When future data needs of,the IRL were considered, it
was decided to expand the existing data system and to‘replacé
the paper tape punch with an incrementél magnetic tape recorder.
Since few problems had been'encountered with the digital clock

or the sequential cenverter both of these subunits were modified-
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-

and,retained.' Additional circuits were added to the digital
clock to allow a choice of scan rates and to provide a higher
frequency cleck pulse, 1ncrea31ng the system s recordlng speed
to 166 characters per second. The modiflcations to the sequen-
tial converter are discussed below. o

A. change of encoders and some: modifications to the Dlode
Matrix were required-to provide the EBCDIC encoding necessary
to s1mp11fy system software. The concept of using five character
groups. for time and voltage data was maintained to reduce
sequencing c1rcu1t changes. Scan separatlon characters for |
the magnetlc tape format were generated in the ~same manner
as they were in the paper-tape system. Time sequenCing was,‘
changed,to record time on each'scan.u Additional circnits mere
added to satlsfy some requlrements unique to the magnetic tape
proce351ng-equ1pment. Specifically, a Circuit was added to
provide for the generatlon of-lnter—record gaps after each'ﬂ
thirty—two scans. A circuit was added to flag the first. scan
separation character to indlcate any errors detected by the
recorder write error c1rcu1try. The addition of a second Analog
Multiplexer and a second: selector c1rcuit expanded'the 1nput
voltage capa01ty to s1xteen channels. The present'system uses.
the same slow A/D coenverter that»was nsed'mith the»paper tape
system. Replacement of this unit in the future.isystraight—
forward and should not resultiin.a lengthy loss of-the data
system's availability The substitution of a faster unit
(an A/D converter with a shorter encoding time) w1ll be necessary

to permit multlple channel recording at the hlghest scan rate:
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(1 sample per second).-

7.3 Present System Capabilities

The present data legging system provides two modes of
operation.. In both modes IBM 360 compatible EBCDIC coding of
the output tape is used. A manual mode, with a recording
speed of 16 characters/sec., is used to write characters associated
with the tape header. A sample mode, with a recording speed
of 166 characters/sec., serially records time and voltage infor-
mation ih five character gioups. One to sixteen channels of
analog voltage data mayAbé recorded. Selectable sampling rates
of one scan per second, one scan per five secends, one scan per
ten seconds, one scan per thirty seconds, and one scan per
miﬁute<are provided. Blocking of:the output tape record and
flagging of the tape's output- to indicate the presence of write-
errorserevalso performed-by the system in this mode.

Since the sequential converter was. totally designed and
constructed to.be a system subunit, its power. supplies must be
mentiened. A *15 volt supply, manufactured by Analog Devices,
provides power for the Analog Multiplexers. The DVM contaiﬁs
its own internal line powered. supplies. The remaining légiC‘
circuits in-the.sequéntial converter derive power from an- Acopian
regulated 5 Volt, 2 ampere supply. Since this supply is-operating
near its rated capacity, its regulator pass transistor was
externally mounted on a large heat sink at the rear of the
sequential converter (see Figure 13).

~As an aid to the reader who wishes to dﬁplicate all or

part of the system's circuitry, a 1isting of the TTL devices



added to the digital clock. and used in the sequential- converter
is presented in.Table 12.
this table.
elements and. 34 nonarithmetic elements.

is a prototype, the listing in Table 12 does not represent
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optimum system. design.-

Table 12

A total of 87 devices are shown in
These devices contain. a total of 233 arithmetic’

Since the present system

A Listing of. the System's TTL Devices

Number

Device. Descriptien: Used
SN 7400 ‘Quad 2-input NAND gate 34
SN 7401 Quad  2-input. open. collector 4

NAND  gate
SN 7402 Quad 2-input. NOR gate: -10
SN 7404 ‘Hex inverter | 3
SN 7420 Dual 4-input.NAND gate. 10-
SN 7430 8-input NAND gate” 3.
SN 7473 Dual J=K maéter-slave llr

flip-floep
SN 7490: Decade . counter .1
SN 7492 ‘Divide-by—12'counter 1
SN 7496 5—bit'shift~register 8
SN 74121 Mopostable»multivibratqr' 2

Certain basic conicepts are used :in- the system's design.

and construction.. Four.of these concepts, applicable to many

serial recording systemsjare discussed below..
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The first concept is the. use of the Master Sequencer as
a clock pulse source for all sequencing circuits. In any data
logging system involving mere than oene sequential operation,

a major problem is timing. - Typically, flip-flops and shift
registers are clocked by a commen source.  Completion of a
particular sequehcing operatien occurs when certain of thése
nonarithmetic elements return te their cleared states. Other
operations.ére‘then-initiated. Propagatién delay times are

often critical, sinée-they affect the required time interval
between.completion-ef'one‘operatién‘and'the initiation of the:

next operation. The-Master Sequencer replaces the single common
clock pulse source with six synchronized sources. The six

output pulses aré'each'separated by known: time intervals. (multiples
of the input cleck pulse) that are:independent of device parametefs.
- By judiciously cheosing the correct shift-register #2 bit output

as the cleck pulse source for each sequencing circuit's cleck.
inputs, ahd'by-assuring that the constant time- interval is greater.
than any propagation-delays encountered,»sequencing or timing
errors are eliminated.

The second' concept is the use-ofnén,intermittent recording-
scheme—involving sequential enceding and' then recording of each
data channel. With this scheme analog data storage (sample.
énd-hold*circuits) and- digital data storage are.not required.
In~casés where exact time correlation: between the vafious input
channels recorded on. each scan.is not reéuired, this scheme
greatly simplies the system's hardware. An additioenal feature

of this scheme is of particular value to a research group with
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limited present.data requirements and an expectatioen of»largef
future requirements. Since the system recording'sbeed is noet
determined by. analog veltage encoding speed (recording- speed

is defined as the speed. at which available digital data is.
recorded on tape), a relatively slow and~inexpensive-A/D-cOn?_~
verter can be-used initially. The: system capabilities~are'then
easily increased by replacing the A/D converter with a. faster
unit.-

The third cencept is-concexned.with.the reco;ding-Qf manual
data. In this‘particulag,system,_aé in'many‘data logging systems
whose.output tape is used directly as a computer input, manual
_:reggrding consists.of.generating-a few characters at the beginning '
and-at the. end of the tape. .Sophisticated keyboardskand'assgciated
. Circuitry. are of dubious'value due. to their limited use. 1In-

- order tojuse an existing keyboard, eriginally designed for a .
much slowerAreéording-system, the system incorperates a special
manual recerding speed oleG_charécte;s/sec. The - keyboard
operates- a flip-flop enabling circuit. that prevents the genera-
tion of false chéracters:due to centact bounce. The Diode
Matrix associated with the keyboard provides the necessary
character. flexibility at reasonable cost. In this system, no
attemp# is made to provide for manual. recording of characters -
that might be required.inrthe future. Rather, the Diode Matrix
was. designed to premit rapid changing of any key character by .-
the addition~or deletion of a.maximum-of eight diodes. Removal.
of the Diede Matrix can be accomplished while the system is.

recording data in the sample mode.
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The fourth and final concept is related to the physical
layout of the functional circuits in the digital clock and
sequential converter. These physical schemes are. described
here and their advantages are given in the following paragraph.
All TTL elements in the system are.socket mounted on fiberglass-
epoxy circuit boards. The-éircuit boeards in the sequential
qonverter are.identical 36 connector,. plug-in beards providing -
copper pad mounting for up to nine, fourteen or sixteen pin
dual-in-line integrated cifcuits. - Larger éircuit-boards,
compatible with the existing mounting arrangement, are used
for added cifcuitry in-the Eigital'ClockH- Conventional. wiring,
using'tefIOn insulated stranded hook up wire and cold drawn solid
wire with teflon spagetti, is employed on all beards. Finally,
each beard is designed to provide only one major circuit function.

There are several advantages to the physical schemes described.
The use of integrated circuit- seckets and‘conventionél-wiring
provides the necessary flexibility tequired-in prototype con-
struction. Additionally, certain TTL-gates used for circuit.
buffering and protectioﬁ are purposely subjeét to failure during
testing and "turn-up" of the system.- Replaéement of. the gates,
after initial faults are  corrected, must be a simple procedure.
The_demarcation-of~circuit functions provides many desirable
advantages. An obvious advantage of this arrangement is a
minimizatien ef. input-output connectiqné to each board.  Since-
the meéhanical board secket connectiens.are a weak link in.
any system, this minimization cannot be overemphasized. This

feature also allows the physical'layout,of circuit. boards to
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correspond to the legical order of the sequenciﬁg operations.-
The  resultant sequential converter layout is simplified and
interbeard wiring cress coupling is reduced. One of the moest
impertant advantages. of this arrangement is felated to. system
trouble shooting.- In séite of the. high reliability of the TTL.
elements, logic failures will occur. .Isolating a- failure to
one or two boards or their associated wiring is possible when
each beard provides only one major functien.  For example, if
‘a computer dumpjof the output- tape.indicates that .a particular
level is always being recorded as.a 1l or a 0, a problem exists
in the encoeding circuitry (as opposed to sequencing circuitry)..
If a BCD level (Level 4-7) is affected, .either the BCD: Coupler
ér‘the EBCDIC Encoder is suspect. ~If)level 0, 1,2, or 3 is
affected, the failure is most. likely in-the EBCDIC Encoder.
Similarly, extra or missing time or voltage data characters:
are most likely the result of Time Sequencer or Voltage Data .
Sequencer failures.

Virtually all system shortcemings are the result of the
historic development of the'systemiandfnot5design:errdr§{' Théy
are discussed here for the benefit of those whe~deéiré?té build
a similar system. The use of é.slow éﬁéed'A/b'COhveféidh device
is an obvious weakness if high-speea reéording'of-ﬁulfiple |
channels is reqhired."Réplaceﬁént.bf the~devi¢eiin-the:presenf |
‘ system is'anticipated. Other'shOrtcomihgs;afé feléted félthe_
sequentiai convertér's'boérd layout ana?TTL»logic déVicés,‘rThéée -
éhortcémings-dd not affect the system's capabilities and Qillz'

not be cérrectéd in. the foreseeabie future.
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The use of many circuit boards each providing a single
function is a wvalid concept. - Hoﬁever, this concept may have
to be compromised if the circuit boards provide for the mounting
of too few integrated circuits or if they deo not have an adequate
number of pin connectioens. Compromises have been made in the
present system because gates requifed.to complete a particular
-Boolian- functien oer a sequencing operation could net be physically
located on the correct circuit board. Larger boards with more
pin. connections weuld‘alleviateAtﬁis problem.

An obvious design- criteria was- the minimization of TTL
devices. Unfortunately,; this goal was not always achieved due
to the historical development of the sequential converter.
More extensive ﬁsé of Hex Inverters and open. collector logic would:
reduce the total number of TTL devices in the system. Additienally,
parallel to serial conversion circuits could be duplicated by
using newer types of TTL devices such as the 4-liné-by-l-line

digital multiplexer.

7.4 The Present Use of the Data System

The data. system is presently being used to continuously
record Faraday rotation data (Titheridgé, 1566) from two
synchronous satellites. The syétem is in operation 24 hours
a day. bu:ing most of this time, tﬁe receiving statioen ié
unaftended. Four inéut analog channels are sampled once per minute
and  outputted onto the magnetic‘tape; The system'output‘ﬁape
and a Fortran II program is inputted into a Bendix G—20'compu£er;v

(This is done about. once per week for convenience.) The G-20
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computer outputs the data as' continuous vaiues of Faraday.fota—
tion. The data is outputted as a prin£ed list, written on another
magnetic tape;, and plotted on a Calcomp plotter in. the form of
diurnal curves. A copy of-one of these plots is shown in Figure
59. In this figure, three days of continuous data are shown.
It»is‘important to note that this plot was obtained directly

from the data system's output tape. No other processing was
required. To get the data in. this fbfm.using the older, manual
data redaction methods. of the IRL, would have taken approximately
10 man»houfs for each day plotted. The data would first have

to be 3céled from the strip chart recordings, then the values
would-ha&e to.be‘punéhed-on IBM cards, and finally the cards
would~ha§e to be inputted to the cemputer. The computer would
then outpuﬁ the data in the same fashion. This is the procedure
that would have to be followed for reducing one type of. data.
In-the future the IRL will be recording several different

types of.déta. ‘The number of man hours that the data logging
system- will save is quite(obviqus.-

AvCépy of- the IRL's:Faraday reduction,. and Calcomp pletting
programs are not included with this woerk. They may be obtained
from the IRL. A Fortran IV program.is given in- the appendix.
This program will unpack the data recorded. on the magnetic tape
and. arrange the data inté individual. channel arrays. This
data may then be manipulated by. other computer programé for

further processing.
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APPENDIX A

C THIS PFOGPAM EEAL THS TAPE 'INFGRMATION IN A" FORMAT ,DECODES AND
C PACK THE DATA X

_LOGICAL=Y I=(z784)
EIWENS]LW DATA(TT)
C PRINT HZATER INFOFMATION_MV>_“N_M
\r'RIT"(évl)
3 FORMAT(1HI,30X,'NUMRBER. jr'oIIX,'SAMPLING RATE?)
WRITE(6,2) :
¢ ECRMAT(H ,7X,fCCNTROLf,L4X.‘YLAR',lOX,'MDNTH'.15X,'DA!(116X[
TICHANNELSY y 231X, P IN SZCONDSY) .
C. .  FEAD MELDER INFOFMATION,*3' IS A TAPE READER UNIT
KEAD(Z,2) (IH(I)'I—-v >4 )
2 FOEMAT(Z421) -
c . DECODE INFGRMATICN
J-'!
PO 4 I =5 ?L 4
o catL LEC.DE‘(J’LATAQIQI W30
4 J=J+1 :
WRITS(648) JE (1) 12 (2) 4 (DATA(IL) 4y1=1,5)
S FORMAT(iH 410Xy 80y 3X9yS(F1140,6X)) o ]
C. . PEADL AND CeCCDE THE DATA ACCORDING TO HEADER INFGAMATION
WRITE(644) o S
& FOEMAT(LH 2 VCCONY Y TIME *,¢ CHL 1'y® CHL 2'y? CHL 3',* CHL &'
14" CHL 32%v,' CHL £,' CHL TVt CHL . 8Ty CHL 2°%,' CHL 10’
_EU CHL 3R, _CHL 1"' ' CHL 3%, CHL 14',*' CHL_15',"' CHL 15')
NCHAL=DATA(4) . ' i
C  CALCULATE NUMBER OF BYTES:jN EACH SCAMN -
KKK=1! :

e NBYTE=NCHAL=547 .
C CALCULATE TOTAL KJUMBER QF BYT=S 'IN 22 SCANS
NTOT=MRYTZ %372 ) : :

c TOTAL NUMBZR 'OF PLINTS IN A RECCRD
CIF=NCHAL+Z
ITUT 1F%22
20 REAC(Z,7,ENC=50) (I:(I)oI‘I'NTDT) L
C FORMAT STATeMrNT 7 DEPE NDS ON NUMBER DF CHANNELS RECORDED. THIS
c ADTICUL»'F"ON~ IS FCR Two CHAHN LS., THE FORMULA IN GENSRAL IS
L Sx(8 (F CHANNELS<S5+7)
. ml_FDﬁ“.'(6244~9£5fA4&3?@11";
C. CHECK IZIND OF MATA
T8 aNOTL IR GO TO R0
c CECODE AND PRCK DATA OF tACH PtCORD
co 3 1=} NT”T,NHYTE
J=2
__A.J-I+
CALL [rCuLE(JvCATApLJvIE 411)
o KK=I+T
DO & M—lvNCHAL
J J+1
CALL DECCDE(JIDLTAIKKyTIES342)
_ S KK=KK+5 e
WPITt(Co‘O’ IECI ,12(TI+1)»(DATA(K)yK=11J)
B ]vO.FlJI'V[ (.” Lx,~,-_.',X’ Oe 0116F7-‘9)
£ CAONT INUE

WEITL(6411) KKK T S TR LTI
i1 FORMAT{IH 4iXe'ENDY TIF RTECIORD NUMBER', M4 . o
KK K=KKK+?3 : R
6D TG 20
30 CALL €XIT s v

ST : 173
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SURRQUTYNE OFCOLE(J,DATA, IB.I:,IIgI)

_LOGICALxY T15(2784)
LOGTCAL®4 DUMY
. INTEGER ICCMV. .

DIM=ENSION DATA(YT)
EOUIVALENCE

(DUMY, ICONV)

GO TN (10620),1
10 XNIM=0, 0

IF=1R+T11
JLOY K=1R,TF

DUMY = [E (K)

] XNUM=XNUM%IDL.,0+(JCONV-240)

DATA(J)=XNUM
RETURN

20 DUMY=TE(IR)
__A=1CONV

JB=18+1
XNUM=0,0

IF=JB+1D
__..D0 2 K=J4B,IF

DUMY=TE(K)
XNUM=XNUM/10000.0
IF(A.EQ.73.0)

2 XNUM=XNUM%1 O, 0+(ICﬂNV-740)

CATA(J) =XNUM

[F(A.FD,C4,0)
IR (L 20,265 ,0)
IF(A4Z0,.242,0)
. _IF(ALFN.245,0) .
[F(A.E0,247.0)
RETJRN

DATA(J)==-XNUM
DATA(J)=1. R
OiTA(J)‘—(~.0+XNU“)
_DATA(J)=0.0
DATA(J)==0.0

O +XNUM

END

Note, this subroutine decodes the magnétic tape header .

information and the data.

are five bytes long.

The data is packed into words that

The first byte is the voltage compression

code character (see Section 3.3).



—ES 12230, 0.3624°0.1721

CON

TIME
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OUTPUT DATA FORMAT

ES

12220.

CHL ! CHL _2 CH 3 CHL 4 CHL 5 CHL 5 CHL 7 CHL R

0.2640 0.17¢7

ES 12240. 0.2666 02,1768
£S 12250. 0.2672°0.1782
€S 212260, 0.3725 0,1825
€S 12279, 0.3769 0.1870
€S 12280.--0.2825 -0,1621 " N
_ES 12290..0.3866_0.1957
€S 12200. 0.2921 0.2013
ES 12210. 0.3950 0.,2045
. ES 12220+ 042696 00,2090
__ES 12330. _0.4005_0.2097 o
ES 12240, 0.401% 0.2108
_ES 12350. .0.4042 042129
ES 12360. 0.403R 0.2125 T
ES 12370. 0.40564 00,2148
ES 12380. 0.4090 0.2376
__ES 12390, 0.4%02 0.2187
ES 12400. 044033 0.2119 T
CES 12410, 0.4022 0.2101 . -
ES 312420. 0.298% 0.2069 .o
ES 12420. 0.2372 0.2055
ES 12440. 0.3546 0.2031
_ES 124%0. 0.291Z 0.1920
ES 12460. 0.3368 0.1652
_ES 12470. 042853 N,1639 .
=S 12480. 0.3831 0.1617 )
ES 12490. 0.38264 00,1912
ES 12500. 0.2336 Q0.i918
__ES 12510. 0.282¢2 0,1°07
ES 12520. 0.3847 0,103} -

ES 12520, 0.289%4 0.1973

END OF RECNRD NUMBER 1

€S 12%60, 0.3902 0Q0.1697
ES 12550, 0.3949 0.2039

ES
_ES .

ES 12560, 0.4007_0.2106

12570.

ES %2

ES

.0.408: 0.2193

0.40523 0.2160

0.4124 0.,22¢44%
0.4197 0.2311

ES
ES

_._ES_.

ES
ES

ES_.

12040,_

120¢0.
12060.

04362 _0,2664

0.4250 0.237¢

0.4345% 042461

0.4287 02410

0.43a7 0,267
0.4232 0.,2459

-ES
ES

ES
ES

13070,

13080, _
ES 12090. 0.4288 J.2416
04228 0,2267

i2110.
13120,

_ES 13100, _

0.4302 0.2434
0.4293_0,2427

0.4203 0.2321
0.4174 0.229Y)



'LIST OF REFERENCES

Chaiasani, S. and Flaherty, B. J.,.A:Solid-State Prodrammable
Digital Clock, Ionosphere Radio Laboratory Technical.
Report'#30 University of Illineis, August: 1967.

Hewlett Packard: Co., Electronlc Instruments and Systems for

Kennedy Co., Model 1600/360'Incremental Magnetic Tape Recorder-
Operation. and. Maintenance®Manual, 1972.

Morris, R. L. and Miller, J. R.;, editors,"Designing-With TTL
Integrated Circuits, McGraw=-Hill Book Co., New York, 1971.

Signetics, Digital 54/7400° TTL, Sunnyvale; California, 1971.

Titheridge, J. E., "Continuous Records of the Total Electron
Content of the Ionosphere,? J. Atmos,.' Terr. Phys., 28,
'1135-1150, 1966.

176




Unclassified
Security Classification

DOCUMENT CONTROL DATA - R&D

(Security classification of title, body of abstract and indexing annotation must be entered when the. overall report is classified)

3. REPORT TITLE

1 6. REPORT DATE 7a TOTAL NO. OF PAGES 78 NO. OF REFS

1. ORIGINATING ACTI 2a. REPORT SECURITY CLASSIFICATION

(!
Departmengvc¥mmiecér1cal Engineering Unclassified

University of Illinois 75 GROUP
| Urbana, Illinois 61801

A SLOW-SPEED MULTIPLE- CHANNEL ANALOG-TO-DIGITAL DATA
LOGGING SYSTEM

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)

Technical Report

s. AUTHOR(S) (Last name, first name, initial)

Lloyd, Thomas C.
Flaherty, Bernard J.

April 1973 185
80- CONTRACT OR GRANT NO. ) 9a. ORIGINATOR'S REPORT NUQBENS)
NGR 14-005-002 T.R. 49

b. PROJECT AND TASK NO.

¢ 9b, °T"E"fj,§°,§;o,'}f’s) (Any other numbers that may be

assigne.
é UIUL-ENG-73-2548

10. AVAILABILITY/LIMITATION NOTICES

Available on request until supply is exhausted

11. SUPPLEMENTARY NOTES 12 SPONSORING MILITARY ACTIVITY

National Aeronautics and Spaceg
Administration
Washlngton, D. C. 20546

13. ABSTRACT

This work dlscusses an analog-to-digital data logging
system. The system was developed to record from one up to
a. maximum of sixteen channels of analog data onto magnetic
tape. Each analog channel of data can be sampled at rates
of 1, 2, 6, 12, or 60 times per minute.

" The system is divided into three subunits: a dlgltal,
clock, an incremental magnetic tape recorder, and a sequen-
tial converter. The interfacing requirements of these sub-
units are presented. The majority of this report is devoted
to the operation and design'of the sequential converter.
Its design is presented in sufficient detail to allow for
the duplication or adaptation of the system u51ng a differ-
ent digital clock or magnetic recorder.

A final summary of the system's capabilities completes
the work. Major system concepts and methods of improving
.the system's hardware de51gn are presented, and the present
appllcatlon of the system is discussed.

DD FORM 1473

1 JAN 64 . .
Unclassified

Security Classification




Unclassified
Security Classifica;iou

KEY WORDS

LINK A LINK B LINK C

ROLE wT ROLE wT ROLE wT

Data Logging System
Analog~To-Digital Conversion
Digital TTL Logic

Magnetic Tape o
Sequential Conversion

. INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of
Defense activity or other organization (corporate author)
issuing the report. . '

2a. REPORT SECURITY CLASSIFICATION: Enter the over-
all security classification of the report. Indicate whether
‘‘Restricted Data’’ is included. Marking is to be in accord-
ance with appropriate security regulations.

2b. GROUP: Automatic downgrading is specified in DoD
Directive 5200.10 and Armed Forces Industrial Manual.
Enter the group number. Also, when applicable, show that
optional markings have been used for Eroup 3 and Group 4
as authorized. :

3. REPORT.TITLE: Enter the complete report title in all
capital letters, Titles in all cases should be unclassified.

. If a meaningful title cannot be selected without classifica-
tion, show title classification in all capitals in parenthesis
immediately following the title. - -

4. DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e.g., interim, progress, summar{. annual, or final.
Give the inclusive dates when a specilic reporting period is
covered.

5. AUTHOR(S): Enter the name(s) of author(s) as shown on
or in the report. Enter last name, first name, middle initial.
If militarv, show rank and branch of service. e name of
the principal author is anabsolute minimum requirement.
6. REPORT DATE: Enter the date of the report as day,
month, year, or month, year. If more than one date appears
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The total page count
should follow norma) pagination procedures, i.e., enter the
number of pages containing information. .

76. NUMBER OF REFERENCES: Eriter the total number of
references cited in the report. )

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written.

8b, 8¢, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system bers, b

tas. r, etc.

9a. ORIGINATOR'S REPORT NUMBER(S): Enter the offi-
cial report number by which the document will be identified
and controlled by the originating activity. This number must
be unique to this report.

9b. OTHER REPORT NUMBER(S): If the report has been
"assigned any other report numbers feither by the originator
or by the sponsor), also enter this number(s).

- nica

10. AVAILABILITY/LIMITATION NOTICES: Enter any limi-
tations on further dissemination of the report, other than those
impgsed by security classification, using standard statements
such as: . :

(1} ““Qualified requesters may obtain copies of this
report from DDC.””

(2) *“Foreign announcement and dissemination of this
report by DDC is not authorized.” .

(3) “U. S. Government agencies may obtain copies of
this report directly from DDC. Other qualified DDC
users shall request through °

(4) *‘U. S. military agencies may obtain copies of this
. report directly from DDC. Other qualified users
shall request through

(5) **All distribution of this report is controlled. Quali-
fied DDC users shall request through ’

If the report has been furnished to the Office of Techaical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known. :

11. SUPPLEMENTARY NOTES: Use for additional explana-
tory notes,

12, SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or laboratory sponsoring (pay-
ing for) the research and development. lnc{ude address. .

13. ABSTRACT: Enter an abstract giving a brief and factual
ry of the doc indicative of the report, even
thoufh it may aiso appear elsewhere in the body of the tech-
report. If additional space is required, a continuation
sheet shall be attached.

It is highly desirable that the abstract of classified re-
ports be unclassified. Each paragraph of the abstract shall
end with an indication of the military security classification
of the information in the paragraph, represented as (TS), (S),

“(C), or (U).

There is no limitation on the length of the abstract. How- -
ever, the suggested length is from 150 to 225 words.

14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected so-that no security classification is required. Identi-
fiers, such as equipment mode! designation, trade name, mili-
tary project code name, geographic location, may be used as
key words but will be followed by an indication of technical
context. The assignment of links, rules, and weights is

“optional. -

Unclassified

Security Classification




