
‘ AD—A057 251 NORTHEASTERN UNIV BOSTON MASS CLECTRONICS RESeARCH LAB F/s 9/5
A DIGITAL CONTROL UNIT FOR A ROCKET SORtIE QUADRLWCLE MASS SflCT—fl C (U)
APR 78 ,J S ROC HEFORT. R SUKYS F19628—76—C—0256

UNCL.ASS~~ J~~~ ! s crrN TTF~ c —1 AF GL— T R—78—O1O6 Pt 

flfi~flDEfl_

I

N’



I .0

I I ~HI
_____ 8

I 4

V

~~\ \ ‘ , ‘,



LEVEV /~~~~atct—~~—78—O1O6

~~~ A DIGITAL CONTROL UNIT FOR A ROCKET BORNE QUADRUPOLE MAS S
SPECrROMETER

J. Spencer Rochef or t
Raimundas Sukys

~

Northeastern University
Boston, MassachusettS 02115

>-
0~C)

1.1.1 
Approved for public release; distribution unlimited.

~. 
__I

p

Scientific Report No. 1

AIR FORCE GEOPHYSICS LABORATORY
AIR FORCE SYST~ 4S COMMAND
UNITED STATES AIR FORCE D D C
HANSCOM APE, MASSACHUSETTS 01731

78 08 03 3 1
-•~~— - —~~~~ ----- 

-



• Qualified requestors may ob tain additional copies f rom the Defense
Docu~~ntation Center. All others should apply to the National
Technical Information Service.

I

U

~~ ~
-
~~~~ irr

-
~ 

—
~
-•—

~~~~~~
-

~~
-‘

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~
•--

~~
-•

~
— — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~ 
—~



T 

T~~~ ~~~~~~~~~~~~~~~~ 

_ _ _ _ _

MIL-STD-8~7A
Unclassif ied 31 January 1973

UCMR TV C~~& T%.P.C ~~~~~~~ 3~ V.. ,T a.~~t •l~~ .•, ~.• F.~ .......

RF TD I’ST IIcCTt O\%EPORT DOCUMEUTAT)O~ PAG E 
— I l *.POkP &u’U i F.Tl~~

I. ~~~ k~$
A~~t (~~~h)N NO. ) N I C $ I i C ’ I Y ’ t  C a ? *t .(.C. N IUSIN_________ DOVI  —

U ‘II TT. ....m ~~ ~ T Y P I  OF NIP O~~T S P ISSeD CO~~(5I(,

ITAL CONTRO L UNIT FOR A &OCKET 1 Scientific. Interim
• j OKE ~~JAD~~ P0LE ~~~s ~PECTRoRETER. J Scientific Report No. 1 I

4 NWONM~NG ONG USPON? kIJU$(~~

c~~
—

~ _ _ _ _ _

rt ~~~Y N A C ? ON GN*.s Y S. TiT~~~~~I’) j .  Spencer/Rochef
v Raimunda

~~

Sukys 

- - 

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~

~~~~PI*’OISNN•G~ GANSZS T IO N 1.0551 *550 03OU(S~ 
SO. P~~~~ N 0 U  IL  INT . PN3J t , T ~ TAI. ( —

A KL *  A NOUN UNIT NIl SI
Northeastern University_____d5W

~

~~~~~~

F
Boston 1 Massachusetts 02115 

______________________

II COSS T NO%.UNG 0111CC $5551 *55 0 AO O RI55S I

Electronics Research Laboratory 23 304

Air Force Geophysics Laboratory AprS ~~?87
Ranscom AFB Massachuset’s 01731 ---- .“

~~~~~~~~~~~ 

—

Monitor ; Alan D. Bailey7LKD 33
14 UON~lOIsNG AGINC Y MAUI A 500UI%V , l  I~I5...., I 11U C ss”.~~U ~~ 0It• •) IS. SICUNITY CI*S$ ( f f f i~~ •*p•IIJ 

—

Unclassif led

•U~~IGN S T * ~~C~5 tNT  (.5 Sll ,.R.’ 

1i .~~~ LC~~831SF,C*TSON 0O~~~Gi*OING
SC~~t 0UI.1

P.,,,4 O S S Y S S

Approved for public release; distt ibut ion unlimited .

~ I, 21, II d.Il. ’.’s I k~~ S.p..I )I) OS%T PISUTION S T A T

$ _IS SuPI.~.IM1,.T*Ny r~4~- ~r~\
s5 uI ( ’ • ,3N0$ (C U ~I S . V•  U~ ~~~~~~~~ 5.0$ ~~~~~~~~~~~~~~~ ld5~ Sl S S ~ b.U5~~~n..MS..) 

-

Digital Control
• Programmable

Mass Spectrometer
~~~~~rupole
te ~PA CV  (C..,t.~~.. .‘. ,... a• .Id. j l A.1.,.0.T .1.0 50$1.Ir~ P Sy 11,510 1.55.11l1)

To control a quadrupole mass spectrometer during ‘a rocket
f l igh t a programmable digital control unit has been developed.
The design centers around a programmable read only memory. Up to

• eight different programs of 16 breakpoints may be sequentially
selected. For data transmission, a PCM system has been included
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I. INTRODUCT1O~

A rocket—borne quadrupol. mass spectrome ter is being developed

by the A.ronomy Division of the Air Force Geophysics Laboratory.

Thee design of the m ass filter structures includ ing the electron

multip lier is pursued at the Laboratory . Northeastern University

has been assigned the task to provide the mass filter with the

necessary excitation and bias voltages and signal conditioning

circuits.

The low altitude Cluster Ion Mass Spectrometer will measure

masses from 1 to 255 amu ’s The quadrupole will be excited with

a 2.3 MHz RF signal of a peak amplitude in excess of 700 volts.

It will be possible to switch the instrument into a positive or

a negative ion mode of operation.

As a part of the electronics package , a programmable digital

control unit has been developed . This unit exercises control over

th. generation of the excitation and bias signals. Also included

are data conversion circuits. These circuits , in synchronism with

the data gathering process , generate a PCM signal.

The operation of the control unit is based on a programmable

read—only memory. Programs stored in the memory are selected in

a pre-arranged sequence during the fligh t of the instrument. Since

there are no cotmnand links contemplated for these flights , the

sequence must be determined in advance. Only the number of times

_

that each 

p1g 

tam will be reP.: ted may be determi n.d

,

and set Jus t
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before the sounding rocket is elevated for the flight.

This report describes the control unit. In the first part

of the report, a general description of the operations of the unit

and of the functions that it controls is offered. Theoretical

descr iption of a quadrupole mass f ilter is beyond the scope of

this report. Therefore, where necessary , only qualitative refer-

ences are made to the various parameters that must be controlled

for proper operation of the filter during a flight through the

atmosphere. Also included is a description of the PCM system

and its relationship to the data gathering process. The second

part of the report presents a detailed description of the control

uflit, its circuits and the generation of  the digital control

signals.

2
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II. OV ERVIEW

The control unit of the rocket borne Cluster Ion Mass

Spectrometer provides digital means to control the generation

of the various analog signals required to operate the mass

filter. In addition, the unit includes data conversion and

signal conditioning circuits for the output signal of the

f i l t e r .  The spectrum information is conditioned for trans-

mission over a telemetry link as an analog as well as a PcM

signal.

A. FUNCTIONS TO BE CONTROLLED

The selection of a particular atomic spectral component

by the quadrupole mass filter is accomplished through the con-

trol of the excitation signal. This signal, which is impressed

upon the rods of the filter , consists of a dc and an RF component.

The selected atomic mass unit (ainu ) is directly proportional to

the amplitude, and inversely proportional to the square of the

frequency of the RI voltage. The ratio between the dc and the

ac components determines the selectivity of the instrument,

Usually the amplitude of the RI signal is varied to select

the desired amu ’s while the frequency is kept constant. Aber-

rations of the mechanical as well as the electrical components

preclude the use of a single, unique voltage level to select

each individual spectral line. A small voltage range stepped

or swept and hopefully centered around an amu is assigned to

3
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each spectral line . Meanwhile, the ratio between the dc and the

ac components of the excitation signal is experimentally adjusted

to obtain reasonably good results. A ratio adjustment deemed to

provide optimum results at one end of the spectrum may be corn-

pletely unacceptable at the other end. Thus , a compromized

adjustment results , unless the ratio can be controlled along

the entire spectrum.

A number of bias voltages are required and must be controlled

during the flight of the instrument. To overcome the vehicle

potential , a bias signal is applied to the front end of the mass

spectrometer. The ions entering the instrument are guided into

the quadrupole structure by biased apertures and grids. Retarding

or accelerating potentials are used to provide sufficient dwell

time for the ions spiralling along the passageway between the

rods. These bias voltages may be varied within the same polarity

to achieve some desired results. Also , they must be reversed if

the instrument is to switch between the positive and the negative

modes of operation.

Sometimes it is desirable to obtain data about the presence

of all ions above a certain autu. In that case, the instrument

is switched into the so called total ions mode . In this mode ,

the dc component of the excitation signal is reduced to zero.

Only the RI component remains and it may be kept constant or

may be var i•d depend ing on the desired result.

4
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~~~. METHODS OF CONTROL

• The above described control over the operation of the mass

filter during a flight is excercised by  a number of preprogranmed

digital signals. These digital commands either directly operate

some analog switches or generate other digital signals. These

in turn are converted into analog voltages by di gital-to—analog

converters and then are processed t~ the desired levels. A

general block diagram of the control arrangem~nt is shown in

Figure 1.

The .imu selection signal is generated by an up-counter.

The ~‘~unter is preset by an instruction with a count representing

the beginning of an saw range through which the filter is to

sweep. Then the  counter is allowed to count un t i l  the end of

tha t range is reached . The end of the count is signalled by

another i n s t ruc t ion  which has been latched into a comparator

circuit. A twelve—bit counter is used for this operation.

Therefor e, each instruction also consists of twelve bits ; or

a total of three bytes of memory must be used to gen.rate a sweep.

The status of the up-counter is continuously converted into an

analog voltage , thus generating a staircase signal which controls

the level of excitation at the quadrupole .

When several w idely separated amu ’s have to be observed , a

relatively long tim. is required to  complete th. sweep which con—

tinues through the regions of no interest. To save time , a mode

S
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of operation is available in which the programmer sweeps through

only a single amu range and then jumps to the start of another

range. in this mode , a twelve—bit instruction is required to

designate the star t of each single amu sweep. An additional

bit of an already available instruction byte used for other

purposes is employed to switch the control unit into this mode

of operation. Upon completion of the sweep for a given amu,

the instruction indicating the start of the next arnu sweep is

selected. Thus 12 bits of memory , otherwise used to indicate

the end of the sweep, are not needed. As it will become appa-

rent later, a total of 32 bits of memory is saved by using this

mode for a sweep through a single amu range.

The ratio control is exercised through an eight—bit instruc-

tion. The byte is applied in parallel to control a multiplying

digital—to—analog converter.

The flight instructions for the mass spectrometer are stored

in a one kilobyte EPROM. A binary counter is used to address the

memory. When an end of a sweep or a step is reached , the counter

is advanced through a count of four. The sequentially appearing

contents of the addressed memory lucations are stored into four

eight—bit latches. The 32 outputs of the latches represent the

control word. The first 12 bits of this word are used to instruct

the up—counter. The next eight are used for ratio control. Other

functions are controlled by the remaining 12 bits of the 12 bit

control word,

6
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In the mode of operation where the control unit steps through

individual ainu ranges , this one word is sufficient to exercise all

of the control funct ions . However , in the sweep mode , the coun te r

is immediately advanced through another count of four. During

the first sequence of four , the up—counter , which generates the

sweep control signal, is preset while the second sequence of

four establishes the end of sweep information and updates the

rest of the control  signals. Since only 12 bi ts  are required

to preset the up—counter , the other 20 bi ts  are essentially

wasted in the first group of the four address locations . Al-

though these locations could have been saved by an introduction

of additional hardware , the programming o f the memory would

become somewhat more complicated. As it is, the last two least

significant digits of the address are used to designate which

byte  of ins t ruct ions  is being stored in the memory . Also , the

repet i t ive  nature of the sequence provides an easy means to

restore the control unit  to a proper order , if , by chance , the

address counter were to advance to the wrong count. The latching

signals to store the output of the memory are derived from the

same two b i ts  of the address counter.  Therefore , only the proper

contents of the memory can be stored into the appropriate output

latches. This, of course , cannot prevent the counter from being

triggered by noise into different parts of the program , but the

disastrous results of a single burst of noise completely destroying

the mass spectrometer control program are prevented. Also included

:~~i .._~~
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is another safeguard. in the event that the address counter

were to jump into an unprogrammed part of the memory , a signal

is generated which resets the counter to the initial address

of the program sequence.

Fewer than the 1024 bytes of available memory are needed to

guide the mass filter through one complete data gathering cycle.

Usually ,  the same program is repeated several times during a

flight. Past experience has shown that 16 up—dates or break-

points in the program were adequate for a rocket flight. There-

fore, the unit is designed to store up to eight different programs

of 16 break points. Only sequential program selection capability

is provided. Once the required number of cycles f  or each program

is determined , jumpers between appropriate pins of a connector are

wired. The connector is installed into a receptacle provided for

that purpose in the vehicle, and the control unit is programmed

and ready for flight. Each cycle contains a number of 32—bit

control words. One bit is used for the purpose of counting and

its state will be the same in all but one word. The occurance

of this exception is used to count the number of completed cycles.

A total count of 256 for all eight programs must be accumulated

before the first program is repeated again.

C. THE PCM

Although not directly associated with the control of the

mass spectrometer, data conversion circuit’ are included within

the control unit. The data from the mass filter section of the

8
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instrument arrives in the form of a pulse train whose repetition

• frequency varies between 20 and 70 kpps. A frequency-to-voltage

converter produces an analog signal varying between zero and

minus ten volts. Inverted and halved , the analog signal goes

to the subcarr ier oscillator of the telemetry system. The

original negative analog voltage is converted into a digital

signal and transmitted over a PCM/FM/FM link.

The PCM NRZ-L data stream flows at 10 kHz rate. One coin—

plete frame is assigned to transmit data associated with each

axnu. The frame consisting of 120 bits starts with a 16—bit

frame synchroniza tion pattern which is followed by a S—bit

status monitor word and a 9—bit amu identification word . The

remaining bits are divided into nine 10—bit spectrum data words.

Complete synchronization is maintained at all times between the

PCM and the control func tions of the mass filter. One millisecond

before the MSB of the frame synchronization pattern appears , a

sync pulse signals the start of a voltage sweep through a new amu

range. At this time , if any changes in the control functions of

the instrument are required , the up—counter of the control unit

is pre -et with new information. Any transients in the analog

control voltages caused by the updating process have 3.8 milli—

seconds to settle before the next meaningful sample of the analog

signal is converted into the digital word. With the onset of the

frame synchronization pattern , the nine MSB ’a of the up-counter

and the five system status bits are transferred into a shift

9 
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register to follow the synchronization word .

While the up—counter controlling the sweep signal is clocked

every 750 1~is , the analog data is sampled and converted into the

digital signal once every millisecond. Therefore , the sweep

staircase signal advances through five out of the sixteen levels

assigned to one amu interval in the 3.8 mc before the first sam-

ple to be transmitted is taken. The conversion time ia approx-

imately 100 ~s. The MSB of the firs t data word appears In the

PCM pulse train 200 us after the Start of the conversion, or four

milliseconds from the beginning of a sweep through a new amu range.

Eight more samples are taken and transmitted before the nex t amu

domain Ia entered. At this time, the whole pattern repeats itself.

10
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III. CIRCUITS

The control unit has been designed mainly with C—MOS 4000

series integrated circuits. Notable exceptions are the 2758

EPROM and the circuits associated with the data conversion and

monitor functions . The choice of the EPROM dictated a 5 volt

supply operation for all of the digital circuits , wh ile the

analog units operate on ±15 volts.

The circuits of the mass spectrometer control unit may be

subdivided into three main groups according to the function

they perform. The Digital Control group generates the digital

signals which control the analog sections of the mass spectrometer

as well as some housekeeping functions of the control unit itself.

The Data Conversion and Monitor Circuits process and condition

the spectral information produced by the mass filter. They

generate the P~M signal. They also produce and buffer various

monitor signals originating either within the control unit or

arriving from the analog circuits. The Sequencer group is used

for the control of the control unit itself . It generates the

command and clock pulses which trigger and synchronize various

events in the other two groups.

A. DIGITAL CONTROL CIRCUITS

Digital signals which control the generation and/or switching

of analog signals In the mass spectrometer originate in the group

of circuits shown in Figure 2. This group includes memory, counters ,

11 
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comparator .md latching circuits. Although functionally belonging

to the Data Conversion and Monitor classification , two dig ital-to—

an alog converter—monitor circuits are included in the circuit

diagra m.

The operat ion of th. control unit in general and of this

circuit group in particular ii based on the 2738 EPROM. The

command s to the mass spectrom eter are ~itor ed in this one kilo-

byte unit. Eight separate flight programs of a maximum length

of 128 bytes each may be selected through the thre. most signi-

[icant address lines A9, A8 and A 7. Since the three—bit address

is generated by a counter locmted in the Sequencer section of the

u n i t , the program selection La sequential .  The cont.nta of the

emury within each program block are selected by th. addres s

counter (Ul$). The counter is Incremented (A CLK) whenever an

up-dat. of the control signal is required . Fverv t ime updating

is requested , the counter is advanced throug h a count of either

four or eight. The contents  of the m.mory appearing sequentially

on the output bus ar e stor ed , also sequentially, In the t our 8—

bit latches (1) 20 — U23) by pulses on 1tn~s S
1 

througI~ A ,. The

outputs of these latches comprise the .I.~—blt contr ol signal.

The h i r s t  four output lines ar e assigned to the bias control

(spar., ~~~ R 2~ l~~) .  Lin.s desi gnated as TI and P /N swi tch

the niass spectrometer Into the total ions and/or positive or

negative Len operation.. The eigh t bits from the next l a t c h

(U 2 1) are assigned to the ra t io con t ro l .  The remaining b i ts

12
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with the exception of SWP, PR , PM and a couple of spares are

dedicated to control the presettable binary up—counter (U24 —

1)26). The digital number on these lines presets the up—counter

whenever updating takes place , provided the PE signal is at ONE.

The outputs of the counter (D
0 

— D
11
) control the generation of

the staircase signal which , in turn, is used to control the gen-

eration of the quadrupole excitation signals.

When a ZERO is present on the SWP line, the updating process

is initiated in the sequencer section and stops after the address

counter has been advanced by a count of four. ONE on that line

allows the address counter to continue its advance through another

count of four. During this last count , the PE line remains at ZERO.

Therefore , the new contents stored into the latches do not affect

the up -counter .  The who le count—of—ei ght updating process takes

approximately 90 us. The period of the ANti clock Is 750 us.

Therefore, the counter remains at the preset count and does not

advance until long after all of the analog circuits have received

the new control inputs. When the up—counter reaches a count which

has been stored in the latches U22 and 1J23 during the second part

of the updating sequence , the output (designated as COMP) of the

digital comparator (1J27 — 1)29) jumps to ONE. This indicates to

the sequencer sections of the control unit that the given task has

been completed and a set of new instructions are in order.

The dig ital—to—analog converter (AD752OLD ) and the operational

amplifiers (U40) provide counter status information in an analog

13 
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form . Only eight MSB’ s are monitored . Since the instrument Is

designed to cover the range of up to 255 amu ’s, these eight bits

provide the information needed to locate the lines of the spectrum.

The three MSB’s are converted into eight voltage levels by the two

operational amplifier circuits. These levels represent the eight

major ranges of amu ’s. Thus, a zero level indicates that the mass

spectrometer operates in the 0 to 31 amu range, while level seven

signifies 224 to 255 range. The next five bits are converted into

a 32 level signal, where each level represents one amu within the

major range.

B. DATA CONVERSION AND t~~NIT0R CIRCU ITS

This group of circuits encompass a number of digital as well

as linear devices. The three functional subgroups which are rather

loosely related are shown in Figure 3. The two major subgroups are

• the data conversion and the PCM circuits respectively. The monitor

circui ts , wi th  the exception of the 1)/A converters described in the

previous sections of this repor t , are incidental to the control

unit and serve mostly as buffers to isolate their signal sources

from noisy umbilical lines during pre—launch operation.

The data conversion circuits convert the incoming pulse train

of spectral information into an analog signal which in turn is con—

verted into a digital form. The incoming signal has an amplitude

of 15 volts and varies between 20 and 70 kpps, A voltage divider

and an thverter are u.ed to reshape and to reduce the signal to

the 5 volt level, A voltage—to—frequency converter (VFC—32—SM )

14
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is connected to perform frequency—to—voltage conversion. The out-

put of the converter produces a signal between the limits of two

and seven volts  corresponding to the two extreme frequencies of

the Input. ‘to remove the conversion ripple , a fourth order Butter—

wor th filter (1)4) with a cut—of f frequency of nearly 1 kHz is

employed . The input stage shifts and attenuates the signal such

that the output of the filter (7 ot 1)4) varies between 0 and —10

volts. This analog representation of the spectrum is inverted

and reduced to the five volt level required for transmission

through the telemetry .

Once every millisecond , the zero to —10 volt signal is

converted into a 10-bit digital number . The conversion commands

(STRT ) originate in the sequencer and are synchronized with the

PcM. The digital signal in a serial form (SRO) is shifted by the

synchronIzation pulses (SYNC) into a s h i f t  register (1)30, 1)31)

for a temporary storage. Two hundred microseconds after the

conversion has been initiated , the digital word is transferred

in paralle l into another shift register (1)32, 1)33). The serial

output (DATA), MSB first , is transmitted at the rate of the PCM

clock to a gate in the sequencer section. Coinciding with the

end of the LSB a new data word is once again loaded into the

shift register by the P/S—2 pulse.

The rest of the PCFI signal is generated by the third shift

register (1335 - 1338). Upon a conm~and from the sequencer (P/S—i)

the da ta present on the parallel input lines is loaded into the

13
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circuit. The MSB of the 16—bit synchronization pattern 111010

1110010000 appears at the output (11)) of this circuit signalling

the start of a new PIIM frame. The bias, mode and the nine MSB ’s

of the up—counter , all originating in the control section , are

loaded into the last two registers. The P~~i clock converts the

stored data into the serial format of the PCM. This process is

repeated once every 12 milliseconds. The output signal also goes

to a gate in the sequencer section where it is combined with the

DATA sequence to form one complete frame of the PCM .

C. THE SEQUENCER

Clock and synchronization pulses to coordinate the various

functions of the control unit originate in the group of circuits

shown in Figure 4. Mostly counters , flip flops and a few gates

are used to generate and space the pulses. The timing diagrams

of the more significant waveforms arc presented in Figure 5.

The waveforms are derived from a C—MOS crystal controlled

oscillator (1)1) operating at 80 kHz. An external clock of a

d i f f e ren t  I r~ quency may be subst i tu ted throug h 1)2 for debugging,

testing, or some other purposes during the adjustment and the

calibration process of the mass spectrometer. Counters 1)3, 1)4,

and US scale down the master clock frequency. The inverted

10 kHz PCM clock originates at pin 13 of U3 (131)3). A stream

of 200 us pulses with a period of one millisecond are generated

at 61)4. The period of the Mill clock at the output of the divide

by six counter (12135) is 750 us. This is the signal which clocks

16 
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the up—counter in the control section. The AMU CLK waveform is

once more divided by 16 (61)3). The resulting waveform is used

to trigger the counter U6 . Since the transitions of the described

• waveforms coincide with the negative—going edge of the master clock

signal, the 1)6 unit is again reset 6 us later by the high level

of the master clock. This process repeats itself every 12 ma.

During that time, the up—counter advances by 16 counts. Thus the

pulse at 3136 marks the beginning of every new sweep through one

w~iu range by the mass filter. This marker pulse is also used to

reset the frequency dividers. Therefore , a complete synchroniza-

tion and timing of all waveform transitions are maintained.

Whe n a ONE is present on the SWP line, the request for digital

control signal updating originates at the comparator circuits in

the control section. Transition from ZERO to ONE on COMP line

triggers 13U9 into a ONE state. The next amu marker pulse is

allowed to pass through the AND gate (Nl) and clocks 2139 to ZERO.

Normally the two pulses, the amu marker and the comparator

output , coincide. In an event that the comparator were to produce

an early indication that an assigned sweep has been completed , the

circuit will not respond until the next marker signal. Therefore,

the updating process will always take place only after a sweep

through the whole region assigned to one amu has been completed .

This minimizes the possibility of confusion in the interpretation

of the PCM data where under premature updating the amu identifica-

tion word may not represent the data in that frame.

17
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Once a ZERO appears at 9N3, the master clock signal passes

through that gate and appears inverted at 121313 as the A CLK

which advances the address counter. The counter is advanced at

the negative going edge of a clock pulse. Since the described

events take place when the master clock signal is low , the address

counter first sees a high level at its clock input and remains in

its original state. Also , since at that time , A1 
and A0 are both

low , a ONE is present on line S
1. This is the strobe pulse which

stores the contents of the memory appearing on the output bus into

the first latch. As long as the gate lON3 passes the master clock ,

the address counter advances while the strobe pulses are sequentially

generated on the appropriate lines whenever the master clock signal

is low.

At the start of the updating process when 2U9 becomes ZERO,

its complement at 11)9 clocks 11)8 into ONE state , and thus , the

signal PE to preset the up—counter is generated. It remains pre-

sent until S4 resets the flip flop. Meanwhile, the output 121)8

which was reset to ONE by the first strobe pulse (S
1

) is again

set ~o ZERO by the third strobe pulse of the sequence (S3) thereby

blocking S
4 

from the reset inputs of 1)9. The lON3 gate remains

open and once again S
1 resets 121)8. During this second sequence

of the updating process, RE is absent. Therefore , S4 is able to

terminate the process by resetting 1)9.

When the SWP line is low, the updating process may be initiated

without the benefit of the comparator by the amu marker pulse origin-

18
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sting at 2141. This time the gate 4N2 is blocked to the S
3 

pulse.

Therefore , the process terminates shortly after  the four th  strobe

• pulse (S4) appears on the line.

To initiate the analog—to—digital conversion and to control the

transfer  of the digital data from the temporary storage register

into the output register , two signals , START and P/ S—2 are generated

by 1)7. The positive and the negative going edges of the one kHz

200 us pulse train continuously clock the outputs 3 and 11 respec-

tively of that dual counter into the ~tigh state. The master clock

continuously resets them 6 us later. Therefore, two pulse trains

displaced by 200 us from each other are available to control at a

1 kHz rate the sampling and the transfer of data.

The P/S—l pulse marks the beginning of the PCM synchronization

pattern. It originates at lull. The P/S—2 pulse triggers l3Ull

into the ONE state which in turn clocks 11311 high. Once again,

• the master clock pulse resets lUll 6 us later. This process

occurs once every 12 ms and coincides with the first P/S—2 pulse

appearing one millisecond after the ainu marker pulse which resets

the 131311 into the ZERO state.

To comb ine the ID and the DATA portions of the P~M signa l ,

yet another counter 1)10 is utilized. P/ S—2 signal pulses the

counter while P/S— i resets it. When in reset state , 71310 is

low . Therefore , the ID signal is passed through the analog gate

21312 to the output.  Three P / S— 2 pulses (3 nis) later 71310 goes

high , closes the ID gate and opens the DATA gate. The UlO counter

19
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disables its clock input and once again awaits the reset signal.

During the three milliseconds that the ID gate remains open. 30

PQ4 pulses which include synchronization pattern , status and amu

identification bi t s  pass t o the output .  Durin g the remaining 9

me the 90 sp.ctrum data bits are transmitted.

The same analog gate unit also controls the f requenc y of the

AMIJ CLK. Dur ing the to ta l  ions mode , the dc component of the qua-

drupole excitation signal is reduced to .~ERO whi l e  the RF c omponent

is held at a constant level. When this mode of operation is neces-

sary, the TOT ION line is set to ZERO. Gate 4 of UU connects the

waveform which generates the amu marker to the up—counter. Since

this square wave has a period of 12 ms , the up—counter remains in

its present state for that duration. Therefore , a constant RF level

is generated during that time. At the end of this period , the amu

marker pulse or the comparator pulse initiate another updating process.

When a need arises to change the quadrupole control program during

a f l i ght , a ZERO is stored in the memory to appear on the PA line

dur ing each cycle of the program which is to be replaced after a

predetermined number of cycles. The negative transit ions advance

• the counter 1)41. The four LSB ’s select one channel of the lb channel

multiplexer/demultiplexer 1)42. ONE appears in the selected line P0

through P15 once every 16 PM pulses. The next four bits control

another multiplexer 1)44. Lines P1~ 
through P31 are sequentially

connected to the output (11)44). A new line is selected every lb

PM pulses. therefore , when appropriate P0 through ~~~ lines are

20
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connected to the P
16 through P31 lines , a ONE is generated at

11)44 after the required number of PM pulses . These pulses trigge r

the program counter 9U6 . The outputs of this counter generate

the three MSB ’s of the memory address. In this manner , the eight

different programs stored in the EPROM may be sequentially selected.

The total number of PM pulses is restricted to less than 255 before

the counter U4l recycles. There may be instances when a recycling

operation is desirable.

The control unit is reset at power turn on. Another reset occurs

when the RI and the MV power is turned on. This marks the start of the

data collection period. These reset pulses are generated by the circuit

designated as P14K RST and RI RST respectively . There is a programmed

reset (PR) capability. Whenever this line makes a transition from

ZERO to ONE , the unit is resynchronized and the address counter is

reset to the 0000000 address of the program in which it was operating.

The program counter can be reset only by the power turn on pulses.

This programmed reset may be utilized as a simple instruction to

start a program cycle from the beginning. Also, if by chance the

• address counter were to enter an unprogrammed portion of the memory ,

it would generate a reset and it would return to the beginning of

the program.

21
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IV. CONCLUSION

A system has been developed to control digitally the functions

of a quadrupole mass spectrometer. Included are the provisions to

transmit the data obtained from the mass filter in an analog as well

as in a digital form.

The design of the system provides for a complete synchronization

between the PCM and the control functions of the mass filter. Thus , a

well defined time relationship between the generation, sampling and

transmission of the data are maintained at all times. To suit the

requirements of the rapidly changing environment during a rocket

flight , a limited number of prearranged control programs may be

• selected. Only seven jumper wires between the pins of a connector

are required to accomplish that task. Therefore , the connector may

be wired and installed just bef ore the f inal elevation of the vehicle ,

when the expected changes in the flight trajectory due to atmospher ic

conditions have been determined.

The design is based on a single eight kilobit EPROM. This

provides for eight different control programs of 16 breakpoints each .

To extend that capability to 32 breakpoints per program or to 16

programs of 16 breakpoints , the present EPROM may be replaced by

one with .16k bit capacity. Only a minor wiring change is required .

in the event that the sequential control program selec tion

becomes unacceptable , the single plug control may be rep laced by

an EPROM circuit. In that case , the outputs of the EPROM would

22
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bypass the program counter and would directly control the most

signif icant address bits of the EPROM containing the programs .

Another step could be taken and a provision could be included

to program the newly introduced EPROM over the umbilical cable.

Thi s , of course , would require more elaborate circui t arrange-

ments , •xp.cially if aerial address and data transmission were

contemplated to minimize the number of umbilical l ines.

Although this control unit has been designed specifically

for the control of a mass spectrometer , it may be adap te ’~ with

or without modifications for other applications. It may be

used to control other instruments and to convert the i r  data

into a PCM forma t, or in simplified form , it could be employed

as a sequencer—timer to provide timing functions for  an ent i re

rocket payload.
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