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PREFACE

Research referred to in Chapter IVB was sponsored by the Defense

Nuclear Agency under subtask LIICAXHX5O4 entitled “Rocketborne Chemical

Spec i e Measu remen ts ” .

This research is reported in AFGL-TR-76-0060 “Bias and Signal Processing

Circuits for a Mass Spectrometer in the Project EXCEDE: SWIR Experiment ” ,

R . Sukys et al , Oct. 1975 , Scien tific Report No. 2.
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I . INTRODUCTION

The firs t two chapters of this report are devoted to the description

of rectangular wavefori;i generators developed to excite the rods of a

guadrupole mass filter. In the last chapter a summary of other work

performed under this contract is presented . The major portion of the work

was concerned with modifications of electronic assemblies to control the

operation of rocket -borne mass spectrometers . In addition , circuits to

control the therma l emission of electrons for a vehicle potential control

experiment were developed .

Since its development the quadrupole mass filter has been driven by

an excit ation sign al con sis ti ng of a dc and a si nuso id al radi o frequenc y

components. Conventionally the quadrupole spectrometers are mass scanned

by varying, in unison , the two components of the excitation signal . To

preserve the performance of the fi l ter , the ratio of the dc and the RF

components mus t remain nearly constant over the scan range. This may lead

to some difficulties in instruments exposed to hostile environment.

It has been shown that the combined dc and the sinusoidal signals may

be replaced by a single rectangular excitation sigial ) A highly selective

mass fi l terin g may be achieve d by controll i ng the duty cycle of the

wave form . Thus the need to generate two signals and to maintain a constant

relation between the two voltages may be replaced by a single rectangular

signal and a controlled timing operation .

Two units which generate rectangular waveforms suitable to drive the

mass fi lters have been constructed . One of the units generates a 4 to 80 V

peak-to-peak waveforms whose period may be manually varied from 500 to 1000
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ns in 50 ns steps . The pulse width may be incrementally selected within

5 ns of the desired value and t: en continuously varied over a 10 ns

range . The transit ion times between the two extreme vol tage levels are

less than 50 ns. The other osci l lator operates at a f ixed frequency of

one MHz over a 4V to 200V range with transition times of 30 ns. Each

exciter consists of three major circuit components : the voltage switch

and associated driver circuits including opto - isolator s , the frequency

and duty cycle control ler and the sweep amplifiers . A general bloc k

diagram applicab le to both exciters is shown in Figure 1. The details

of the c ir cu it s represented by the blocks together wit h some design

considerations are described in the first two parts of the report.

The last chapter contains descriptions of two previously reported

electron ic systems 2 ’ ~ and a summary of other work performed on mass

spectrometers . A brief description is presented of circuits designed to

control a thermal emission system . This system was used to demonstrate the

feasibi lity of vehicle potential control through the emission of low

energy electrons during a fl ight.4

Al so described in that section are the bias and signal processing

circuits for a mass spectrometer flown as a part of project EXCEDE : SW I R

experiment . 5 During this experiment large negative bias vo ltages were

applied to the front plate and the grid structure of the mass spectrometer

to overcome the repelling effect of a posit ively charged vehicle on the

posit ive ions. The positi ve charge build-up was the result of a periodic

inject ion of electrons into the a tmosphe re by an electro n accelerator.

2 
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II. THE EI GHTY VOLT EXCITER FOR A QUADRUPOL E

A. The Output Switch

The switching circuit of the 80 vol t square wave oscillator is shown

in Figure 2. The complementary pair of transistors D4OD11 and D4lDl l

switch the voltages and drive the rods of the quadrupole mass spectrometer.

Optically coupled i solators HP4360 are used to couple the control signals

from the logic circuits and to provide the drive for the switching transis-

tOr ~s .

Selection of the switching transistors was based on a number of con-

siderations and compromises between the parameters of the available units .

The parameters considered included breakdown voltages , switching speed ,

capacitances, device power dissipation and drive requirements . The capaci-

tances are of grea t importance, since they not only exert a considerable

influence on the overall power consumption , device drive and power dissipa-

tion requirements , but, a lso , allow the switching transients to interfere

with the control circuit operation. The parameters of the selected transis-

tors seemed to represent the best compromise in all respects . Their collector

to base capacitance (Cob) of approximately 10 pF combined with l.2A peak

collector current and a relatively high current gain (hFE 
= 100 at 1c = 200 mA)

were the deciding factors in the selection. It was assumed , as a desi gn

goal , that a total of 100 pF wil l  have to be driven in 40 nanoseconds through

a transition of 80 vol ts .  Therefore , assuming a constant cu rrent drive ,

200 mA had to be supplied to the capac itors according to:

i

where AV is the change in the capacitor voltage and t~T represents the

3 
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time during which the current I was flowing into the capacitor C. Making

a further assumption , that the c ircuit  operates at a maximum voltage ( V )  of

80 vo l ts  and a frequency (f)  of two MHz , a powe r d iss ipat ion (P ) of 0.64

wat ts  could be anticipated:

P = 1/ 2 V 2Cf ,

where 1/2 V 2 C is the well known expression for the energy stored in a

capacitor and f is the frequency at which the device provides the energy

to be stored .

The maximum expected powe r dissipat ion of less tha n 0.7 watts is

indeed very fortunate , since the transistors are capable of one watt

dissipation without heat sinks. If heat sinking were required , i t would

involve the collectors of the devices and could add more capacitance to

the output c i rcui t .  This in turn would further increase power dissipation

a long with some other transient coupling problems .

Separate drive circuits and two 5 vol t supplies were provided for

each of the two switching transistors . The two supplies were referenced

to the slowly varying high voltage supply, (designated as ±VH on figure 1), to

provide +5 and -5 vol ts to the driver circuits which , a lso , were referenced to

the same variabl e supply. The sole purpose of the +5 volt supply in the posi-

tive volta ge switch circuit was to hasten the remova l of the excess mir’ority

carrier charge from the base region , thereby speeding up the shutdown process

of the transistor. The same statement may be made about the -5 volt supp ly

in the negative vo ltage swi tch circui t .  The diodes in the base and the co llec-

tor circuits prevent the transistors from entering saturation and , thus

~#~ liminate the un predictable and difficult to handle time delays between

4
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the two , pos itive and negative , voltage switching circu its. A considerable

ai uun t of the large drive currents supplied by the contro l circuits to

the switching transistors is needed to absorb the switch ing transients

coupled from the output circuit through the capacitances associated with

the transistors and the diodes . The additional transistor in the positive

voltage control circuit is required to protect the optically coupled

driver output stage from an overvoltage. Without the transistor the

Output stage of the HP4360 unit would be subjected to +10 volts when the

positive voltage switch is off. Since the unit is rated at seven volts

a damage could result.

The output waveform of the switching circuit exhibits an undershoot

just before the signal starts rising and an overshoot just before the

wavetorm starts moving toward the negative suppl y voltage. The peaks,

approximately two vo lts in ampl i tude, occur 30 to 40 nanose~onds after the

optics receive a simu l taneous commands to s’.~ntch . This is caused by the

inherent property of these swi tches to turn off faster than to turn on.

Wh en the output is at the negative voltage level and the transistors receive

at tneir bases a command to switch , that command is a negatively going

voltage. The negative switch turns off but a part of that command signal

is coupled to the output through the base to collector circuit capacitance.

The output reverses its direction when the positive switch starts conducting.

Similar explanation could be given for the overshoot occurring just before

the output wavefo rm starts decreasing towa rds the negative supply voltage.

The two trans i ents may be decreased by dela yi ng the turn off command with

respect to the turn on signal. But an overlap of even a few nanoseconds

S
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must be avoided . Large currents during the overlap period would increase

the demand on the powe r supply and could cause switching transistor failure

due to excessive power dissipation .

In this system large currents and vo ltages are switc hed in nanoseconds.

Voltage changes in the order of l0~ volts per second are comparable wi th

the changes in ~he fastest logic families , where transitions between levels

are typically ten t~mes faster but the level separation is sixteen to

twenty times smaller. Therefo re , circuit layout is quite important. Current

paths , their physical placement , as well as , i ntroduc tion of stray capacitance I
due to proximity of devices should be carefully considered . Art improved

performance, for exam p le , was observed when the components were welded into

a compact cordwood module over the performance when the circuits were

constructed in a f lat layout. Transient coupling into the control circuits

also should be avoided .

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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B. Frequency and Du ty Cycle Control

Signals to control the optically isolated switches are generated

by the circuits shown in Figure ~~~. The period of the control si gnal may

be manually varied from 500 ns to 1000 ns in 50 ns steps . The pulse width

may also be manually contro lled between 200 and 500 ns. Two sets of

i ncremen tal con trols allow a puls e widt h selec ti on with in 5 ns of a desired

value whi le an additional continuous vernier control has a 10 tis range.

A shift register consisting of f ive 74Sl94 circuits and driven by a

20 MHz oscillator (K1O91A) form the base of the contro l circuit. The shift

reg is ter i s connec ted to opera te i n a ser ial da ta i nput mode and , once i t

has been full y loa ded , to accept data i n the parallel mode dur i ng a sin gle

posi t ive cloc k transit ion. The serial loading is accomplished by the +5

volt signal at the DSR terminal of the first shift register unit and a

ZERO at the 
~l 

termina ls. The S 1 si gnal is supp lied by the 20th position

of the shift register. As long as that position remains low the shift

regis ter  is  serially loaded through the DSR term inal. Once the 20th position

is loaded with a ONE , the shift register is ready to accept on the next

clock pulse parallel data presented at the input terminals.

The parallel data to the shift register is presented by selecting

one of the ten switches connected to the OR gates (SN7432). If none of

the switches is c losed , only the f irst position of the shift register is

loaded during the parallel load ing event. In that case , it takes 20 clock

periods ~o fully load the register through the DSR termina l and then to

repeat the parallel load command. Thus a period equal to one microsecond

is obtained . Closing the switch at the eleventh input position forces a

7
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logical ONE to be present at all input termina ls to the left of that

position. Al l  eleven register locations are now loaded in parallel . There-

fore, it takes only ten clock periods to recycle to the starting status.

Thus 500 ns period is obta i ned . Periods between the two extreme va ’
~ues ,

in increments of 50 ns, may be obta i ned by closing other switches.

Output pulses and pulse width control are obtai ned from the shif t

register output positions eleven through sixteen. With all switches to

the AND gates open , a ONE at the output position sixteen will propagate

through the open collector AND-OR-INVERT gates (SN74S65) and will appear

as an input to the delay line . The duration of that pulse will be 250 ns.

It requires four clock periods of 50 ns each for the l eading ONE in the

register to be shifted from the 16th into the 20th position. An addit ional

cloc k period is required to reload the shift register wi th the input data ,

thus ending the output pulse.

Closure of a switch at any output termina l ( 11 through 15) adds 50 ns

to the pulse duration for each position that the switch is removed from

terminal sixteen . Therefore , closing the sw ’~tch at output terminal eleven

would produce a 500 ns pulse at the delay line . Once a switch is closed ,

other swi tches to the right of it have no effect on the pulse duration.

Lockou t circuits have been introduced to insure that the output waveform

will dwell at the ZERO level for at least 200 ns during each period . This

is accomplished through the inverters SN7404. Every time a ONE is present

at an input (A through D) of the shift register , which could produce an

output pulse with less than 200 ns at the ZERO level , appropriate AND

gates at the output are disabled . Thus , a ONE at C disables gates A

8
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through C , since the inputs B and C also reside at the upper logic leve l .

Further control over the pulse duration may be exercised through the

circui ts associated wi th the 50 ns delay line . By closing an appropriate

switch the output pulse may be stretched an additiona l 50 ns in 5 ns steps

beyond the pulse duration obtained from the shift register c i rcui ts.

A continuously variable vernier control of the pulse duration also

has been added. The -741 operationa l amplif ier through the 750 ohm

resistor provides the col l ector vol tage for the output transistors of the

5N74S65 units. By controlling the output vo ltage of the operational

amplif ier, the elapsed time between the shut-off of the transistor and

the turn-on of the SN54S04 inverter can be varied . A vernier voltage of

2.5 to 5 volts varies the lagging edge of the output pulse by approximately

10 ns.

Tim ing between the turn-on and the turn-off of the transistors dr iving

the rods of the mass spectrometer may be adjusted by making appropriate

connec tions to the delay line i n the output ci rcuit . This ou tpu t ci rcui t

is mainly used to reduce the overshoot and the undershoot in the output

waveform . The delay line connections to the NAND gates may vary with the

individual characteristics of the oscillator output swi tches . The NAND

gate circuits provide control signals , coupled through the optical isolators ,

to drive the two sets of transistor switches which supply the quadrupole

rods with the two out of phase square wave sig nals . Therefore , each gate

drives the two LED’ s whi ch turn the posi ti ve swi tch of one output circ uit

and the negative switch of the other circuit ON at the same time . Small

time delays may be equalized by bypassing the lN4l48 diodes with capacitors .

9
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C. S~pply Voltage Swe~p A mplif ie rs

The slowly var iable posi t ive and the negative voltages are supplied

t~ the switches by the circuit shown in Figure 4 . The circuit requ i res

two sources of +50 and -50 vol ts each capable to supp]y 50 mA of current

and one well regulated supply of ÷15 vol ts at 10 mA. Relatively poor voltage

regulation is acceptabl e from the high voltage supplies , provided the

voltages remain above 50 volts under all operating conditions. The

necessary regulation of the positive and the negative voltages is provided

by the circuits containing the TlPl42 and TlPl47 transistors respectively.

Voltage reference is supplied by the zener diodes (1N976B) driven by 3.3 mA

curren t sources (CL332O). Approximately 43 volts are available at the

emitt ers of the regula tor trans i stors to drive the sweep circui ts .

The negative zero to minus five volt sweep control signal is isolated

from the output amplifiers by the CA313O circuit. An operational amplifier

741DM and the 2N2243 transistor amplify that signal and provide the necessary

current drive capability . A current source (CL152O) in the emitter circuit

i s used to prov id e a curren t path for the emitter follower dur i ng the

periods when the switches do not draw any current. This arrangement provides

for a constant current drain of 1.5 mA regardless of the output voltage

amplitude . The current source and the ll’457ll diode stabilize the circui t.

A similar circuit arrangement supplies the negative sweep voltage to

the output switches . This circuit is driven by the positive sweep signal .

Unit y gain configuration insures that the positive and the negative signals

track each other.

10
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Com ponents at the non-inverting terminals of the two sweep voltage

ampli f iers provide the necessary bias and offset voltage adjustments.

The +15 volt supply in the positive sweep circuit could be replaced by

a zener diode and a resistor driven from the +43 volt supply. Similar

arrangement of two +5 volt LVA diodes is used to derive the bias voltages

in the negative sweep amplifier circuit .

11 
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III. THE TWO HUNDRED VOLT EXC iTER

A. The Switch

The square wave osci l la tor  described in the previous sections of this

r’~por t  ~~ limited to a maximum output signal of eighty volts . This

restr ic t ion st emmed from the choice and consequently from the availability

of compl ~mentary transistors with the necessary charac ter i stics to meet

the switch requirements. In this section a switching circuit using NPN

transistors as the high voltage switches is described . The circuit is

capable of dr iv ing a 30 pF capacitor over a four volt to a two hundred vo lt

range with 30 ns rise and fall times . At the present time the circuit  is

restr icted to operate at a fixed frequency of one MHz with an adjustable

duty cycle between 35 and 60 percent.

The selected higher voltage transistors (UPT43O) have a much higher

co l lector  to base capaci tance than the previously used 0400 11 units. Therefore ,

the total load capaci tance for the swi tch is estimated at 300 pF. To drive

this load over a 200 volt  rnage in approximately 50 ns requires a transi-

tion current of 1.2 amperes. T nis current is s ix  times as large as the

switching current in the l ower voltage syste :~. A t the same time , the

current gain of the JPT43O transistors is almost an order of magnitud e less

at that current level than the current gain of the D4ODI1 units. Therefore ,

in toe previously used configuration , an estimated 600 mA of drive current

would be required to switch ~hp transistors and to supply the base to

col l ector capac i tance during the transitions. This large transfer current

could create complications in the control circuits.

In the new circuit a different approach is employed . from the one used

in the previously described eighty volt system , to control the switching

12
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t ransis tors.

The transistors in Figure 5 are driven by MOSFET units located in

the emitter c i rcui t .  The base to col lector capacitances appear between

the output  terminals and the high voltage suppl ies . Therefore , they are

charged directly through the output circuit and the supplies , without the

intervening command transfer elements. Consequently, the driver circuits

need no longer drive a portion of the output load while turning the switches

on and off.

The recen tly introduced VMP-l N-channel enhancement mode power MOSFET

simp lified the control circuit design. Its ability to switch up to two

amperes in less than 10 ns coupled with easy to control switching charac-

teristics, make this unit ideally suited to control the swi tching transis-

tors.

Three bipolar transistors Q1, Q2 and Q3 control the MOSFET. With Q1
off , a 9 volt positive signal from the two floating batteries is appl i ed

to the gate of the MOSFET forcing it to conduct. Turning Q1 on sw i tches

the unit off. The bipolar transistors supply sufficient drive for the

30 pF capacitor associated with the gate circuit to switch the VMP-- 1 in 10

ns . They also absorb currents through COG capac it ance as the UPT43O

emi tter is driven to its two states .

The required voltage of the floating battery in the base-emitter

circuit of the switch is determined by the characteristics of the UPT43O

and the VMP-l transistors . The typical rOS of the VMP-l device is

approxima tely 2 ohms at the design current of 1.5 amperes. This produces

a 3 volt drop b2tween the drain and the source. At this current the VBE

13
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drop of UPT43O is approximate ly two volts. An additional one volt drop

introduced in the battery-capacitor supply circuit is mainly due to induc-

tance. Therefore , a minimum battery voltage of six volts is indicated .

Ra i si ng that vol tage much h ig her will i ncrease curren t flow and power

dissipation in the VMP-l transistor without any additional benefits.

The D4ODl l transistor reverses the bias on the UPT43O base to emitter

junction and thus speeds up the shut-off of the device when the VMP-l stops

con ducting . The lN4l48 diode connecting the emitter to the base protects

the junc tion agai nst lar ge reverse bias when Q4 conducts. This reduces

the turn-on delay of the transistor. The diodes D2, D3 and the 6V battery

connecte d between base of Q3 and the high vol tage supply (VH)~ 
also

contribute to the speedy shut-off of the UPT43O. Once the output voltage

reacoes within 8 volts of the high voltage supply these diodes start

conducting. The gate of the VMP-l becomes clamped at one di de drop above

VH minus 6 volts . The current in the emitter circuit of the switching

transis tor is reduced to a very low value. Now the positive voltage switch

is ready to be turned off.

The negative voltage switch operat io~i is very simi lar to the operation

j ust described . The main differences are in the connect ions to the load

and the floating suppli es . The collector of the UPT43O drives the load.

While in the positive switch the floa ti ng batter i es were referenced to the

output , in the negative voltage switc h they are referenced to the s lowly

variable voltage supply. For that reason , vol tages derived from DC-DC

converters may be used in the negative voltage circuit , wh ile NiCd batteries ,

14

-5—-.  —-5 -5 ”-.- — - - - 5 - - - - - - ———-— ------ -5— —— ---5- -- - —
~
-—-- - -. — - - •--- -

~~
----

~ 
- - —



-- .-~~~~~~~~ ‘ - - 
-~~ r-~ 

— 

isolated from the surrounding components to reduce capacitance , are use d

in the positive voltage switching circuit.

In the construction of the switch component selection and placement

must be carefully considered . It must be remembered that each pF of

capacitance requires approximately 7 mA of current to traverse the 200

volt range in under 30 ns. The currents that are being switched on and off

in 10 ns by the output transistors approach l.5A . Each nanohenry of induc-

tance, therefore , produces 150 millivol t drop. Although the capacitors that

shunt batteries and the power supply circuits need only be in the 1 to 2

uF range their inductance must be very low. Most commonly available

capacitors have a sufficiently low equivalent series resistance (ESR) to

be suitable for this application , but they also have an inductance in the

ran ge of 5 to 10 nanohenries. Capacitors having subnanohenry inductance

are available and should be used to bypass the supplies. Interconnections

between components must be kept as short as possibl e since each centimeter

of solid wire introduces approximately 0.5 nH of inductance.

To satisfy the requirements of low capacitance , low i nductance and

hea t di ssi pat ion i n the output ci rcuits , the UPT43O must be placed on a

heat sink which , of course , introduces additional capacitance. The emitter

of this transistor and the drain of VMP-l must be connected with a very

short len gth of wi re, while the battery bypass capacitor must be placed

between the source and the base of the two devices . While these components

mus t be very near each other , the collec tor of UPT43O and the drain of

VMP-l must be kept at a reasonable distance from other components . The same

15
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is true for the floating NiCd batteries powering the UPT43O-VMP-1 circuit.

Performance of such a switch which was constructed as a breadboard

for la boratory evaluation without the benefit o~ the bypass capacitors

with very low i nduc tance , can be seen in figures i3 through A~ • It should be

noted that the variation of the duty cycle visible in the different photo-

gra ph s i s due enti rely to the control s ig nal and not to the response of the

switch.

j
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B. Sw i t c h  Contro l

Opt ical ly coupled isolators are used to transmit signals from

the ground referenced si gnal generator circuits to the floating swi tch

contro l transistors . The signa l waveform generating and the duty cycle

control circuits have been described previously in conjunction wi th the

eighty volt switch. An additional circuit to suppress swi tching transients

has been interposed between the optical isolators and the switch control

circuits in the two hundred volt switch.

During the transitions of the Output waveform transients also appear

in the optical circuits. These erroneous signals due to the capacitance

between the input and the output of the isolators affect the operation of

the switch. To remove these effects a circuit shown in Figure 10 is placed

after each opti cal i solator. Once the command to switch is receive d through

the optics , thi s c i rcu i t takes con trol of the switches . Both monos tables

switch at the same time. The firs t un it produces a 900 ns pulse wh i ch

disables the input circuits of the second monostable for that duration . The

second monostable produces 100 ns pulse to control the high vol tage switches .

Since the transitions between the two extr~~e vol tages of the output waveform

take less thar 50 ns , the control pulse provides more than adequate time for

the output to reach its final state. This type of control also provides

sufficient time for the swi tching transistors , wh ich were conducting, to

shut-off before the other switch is turned on. At the current levels which

can be expected to flow during the mass spectrometer operation the droop

in the output waveform wi th the switch off is negligible.

17 
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To a ch ie v e h ighly select ive mass f i l tering the duty cycle of the

quadrupo le exciter must he maintained near 0.4. Therefore , at one MHz ,

the longest interval between two commands to swi tch is near 600 ns. It

has been observed that the feedback transients introduced into the optics

due to output voltage transitions may last as long as 200 ns . For that

reason , the duration of the disabling pulse applied to the input circuit

of the monos table con troll i ng the swit ches must be greater than 800 ns .

Since no provi sions have been i ncl u ded to vary the duration of the dis-

abling pulse , the operating frequency must remain fixed at one MHz. This ,

of course, could be changed simply by an introduction of a switc h to vary

the pulse duration in accordance wi th the selection of a different operating

frequency.

18
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C. Swee~~~ j~~~e~~jrcuits

The two sweep signal amplifiers must provide voltages of opposi te

polarity ranging from two volts to one hundred volts to the swi tching

circuits. A maximum average current of 50 mA also tcust be supplied to the

switches. Circuits shown in Figure 11. have been built to meet these

requirements and to test the operation of the switches wi th a simulated

quadrupole load.

The amplitude and the rate of change of the sweep signal are limi ted

at the input of the buffer amplifier by the RC filter and the zener diode

respectively. To allow for a fast reset swn ~p the input resistor is

shunted by the diode. The buffer drives two opposite polarity sweep

a-np lifiers con~ ist ing in each case of an operational amplifier augmented

by transistor circuits to provide the necessary output capabilities. In

both circuits the output stages are connected in a modified totem pole

configuration where either the upper or the lower Darlington pair supplies

the output current at a time . The capacitors und the resistors connected

between the base and the emitter of the upper Darlington circuits improve

the response of the amplifier. To translate the output cf the operationa l

amplifier to the supply voltage level of -110 volts the PNP transistor is

used in the negative sweep circuit. Since the lower Darlington circuit of

the positive sweep ampli fier is ‘ef’-rcr ced to ground , direct drive of the

output stige by t’e operational amp lifier is used in that circuit.

19

_ _ _ _ _ _ _ _ _



- -~~~~~~~~~~
-- ——-—-- —-~ -5— ---- —-‘-5-,-—- --— — .-- - ‘-- -.—-— ---5—~~”’ - --5- - ______________________

IV. SUMMARY OF OTHER WORK

A. Circuits for an Experiment to Control Vehicle Potential

During its flight through the ionosphere a vehicle acquires a negative

charge . The resulting potential difference between the vehicle and the

surrounding plasma may influence the outcome of some experiments. Therefore,

in some instances it would be des i rabl e to maintain the payload at the

plasma potenti al while the experimen ts are i n progress. To demonstrate the

feasib ili~y of vehic le neu tral i zati on an exper imen t has been successfull y

carr ied out by Dr. C. Sherman of Air Force Cambridge Research Laboratories

in which the payload was driven to a positive potential during a flight.

This was accomplished by emitting a current of low energy electrons from

the rocket. The circuits to control the main thermal emission system were

supplied by Northeastern University .

A simplified block diagram of the instrument is shown in Figure 12. An

elec tron gun consisting of an indirectly heated cathode (K), three

accelerating grids (G1 , G2 and G3) and a screen grid formed the main

therma l emission system. The cathode was cycled between -40.5 volts and

+0.5 volts with respect to the vehicle by the cathode bias source . The bias

si gnal made l i near trans iti ons between the two vol tages in approximatel y

half a second and rested at each of the extreme values for two seconds.

The accelerating grids were kept at a constant potential . Therefore , the

accelera ting grids moved from zero to +50 volts with respect to the screen

grid during each cycle of the cathode bias waveform . The screen grid

was main tained at the vehicle potential. Thus the flow of the electrons

in to the plasma was controlled .

Three currents were measured . The source current meter measured that

20 
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por tion of the cathode current wh ich had a returr~ path through the screen

gr id or the plasma . The cathode current returning through the accelerator

grids was excluded from this measurement. Currents return i ng from the

screen grid and from the skin of the vehicle were measured by the screen

grid and the difference current meters respectively. To minimize

interference from currents fl ow i ng through stray capacitances a bias

vol tage was supplied to a guard shield.

The source and the grid current meters were implemented usin g

operational ampl ifiers. Logarithmic amplifier measured the difference

current. The cathode bias voltage sweep was generated by a high vol tage

operational amplif ier connected to perform integration. The integrator

was c lamped at two voltages to obtain the desired trapezo~dal waveform .

To eliminate current paths other than through the meters, the commands

for the bias c i rcui t to move from one to the other extreme of the bias

voltage were transmitted through the optically coupled isolator.

Details of the electronics for the con trol of the emi ssion and of the

cu rren t meters are gi ven in a previous report .2
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B. Bias C ircuits for a Mass Spectrometer in SWIR Experiment

Bias and signal processing circuits have been designed and built for

a mass spectrometer successfull y flown as a part of the project EXCEDE:

SWIR experiment. 6 The experimen t cons i sts of an elec tron accele rator , a

number of optical and infrared sensors and a positive ion mass spectrome ter

launc hed as a single payload into a night atmosphere . The rocket-based

ele ct ron accelera tor irrad ia tes the atmos phere at al tit udes of 100 to

1 10 kilometers with one second duration current pulses. In the process

quantities of positive ions are produced and may be measured by the existing

rocket mass spectrometers .

The injection of the electrons into the atmosphere by the electron gun

causes a buildup of a positive charge on the payload and consequently on

the mass spectrometer . Unless neutralize d the posi tive potential woul d l i mi t

the measurement capability of the instrument. To overcome this limitation

a negative bias voltage wi th respect to the vehicle was applied to the

fron t plate of the mass spectrometer.

The bias signal continuously switched through -3lV , -62V , — 125V and

-2SOV and remained at each voltage l evel through six complete mass filter

sweeps over the desired atomic mass unit range . Smooth transitions of

approximately 200 millisecond duration were incorporated into the signals.

Pulses equal in duration to the transitions were provided to switch the

mas s spectrometer into the total ions mode . Bias vol tage for the bther

components of the mass spectrometer followed the waveform of the front

plate bias signal. This variable bia s schedule allowed to observe the

performance of the mass spectrometer under the various vehicle potential ,

22

- - ----~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ - - - - - - - - -~~ -- - ~~~~~~~



- - - ‘- - -5

bias voltage and the electron gun activity conditions.

The front plate bias circuits included a dc-dc converter and a series-

shunt regulator. The quadrupole rod common (Comm Q) bias and the bias to all

other components of the mass f i lter were supplied from two separate

regulators . The power for these circuits was obtained from the main converter

of the instrument.

Four current signals were processed for transmission through the

telemetry l ink. The information about the net input f lux of posit ive ions

and electrons was obtained from a current orig inating at the aperture plate

of the mass f i lter.  The mass spectrum information was carried by two

currents ¶- epresenting different levels of detection sensi t iv i ty . One of

these currents was obta ined from the output of the electron mul tip lier

structure whi le  the other originated at a grid as a posit ive current.

Al l  three of the latter s ignals requ ired logarithmic current-to -voltage

converters. The multiplier current meter was re ference d to the payloa d and

processed a negative current in the 10-11 to lO
_6 ampere range. The grid

current  meter was referenced to the variable negative bias source and

processed posit ive current in the 10_ l i  to 10-6 ampere range. B ipolar

current processing in the range of io _8 
to l0~~ amperes was required of the

aperture plate circuit , which also was referenced to the var i able bias

voltage. The last two current meters conta ined circuits to translate the

signals from the bias reference level to the payload level for transmission

through the telemetry link. The front plate bias current was also

mon itored .

2 3 A
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T’e detailed ~~ r1 ;i~ ion ot the bias control, the regulator and

t~ e signal processing c i r cu i t s  is given in reference

~ne ;< iss spectrometer performed well  during the f l ight.  Although

the v~ nic le  reached only 99 kilometers in ,t edd of the expected 108 ,

valuable data nevertheless was received . The instrument was destroyed

when toe recovery system of the vehicle failed .
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C. Mod ifications in Mass Spectrometer Electronics

A number of existing electronic subassemblies for airborne mass

spec trometers were modified to meet the specific requirements of several

upper atmosphere composition measurement experiments . Mass spectrometer

control and test instruments for laboratory and field use were built.

Field services to prepare and to launch some of the instruments were provided.

The basic mass spectrometer electronic assemblies were designed and

built by Tn -Con Assoc ia tes  Inc . for AFCRL . These instruments contained

RF and dc voltage generators for the excitation of the quadrupole mass

f i l t e r s , a programmer for the control of the exciter and data signal

conditioners in the form of an electrometer amplifiers or a pulse counter .

Instruments intended for measurements of neutral species also contained

f i lament emission contro l for an ionizing sourc 2 . A multi -output power

converter supplied the necessary voltages to operate the circuits from a

single 28V dc source. To adapt these units to the specif ic dictates of

each experiment required adjustment and modif icat ion of the exist ing c i rcu i ts

as well  as the design and the assembly of additional circuitry .

A total of 13 units, including the lass Spectrometer for the SWIR

experiment , were modified . These units included four posit ive ion/neutra l

swi tchab le instruments , eight posit ive ion , one negative ion and one

positive/negative ion switchable units . This number inc l udes instrument s

which were originally modified and flown , recovered, refurbishe d and

then flown again .

In general , mod ifications and/or adjustments were required in almost

every electronic subassembly. Some of the modifications were routinely

25 
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performe d on ill of the instruments and could be included as a part of the

bas ic instrument in future designs . The two most obvious were the relay

position monitors and the RE bypass capacitors . The capacitors were

placed on the power terminals of the operational amplifiers in the RF

oscillator control section and on the output stages of the dc sweep

amplifiers. Without these capacitors it was practically impossible to

maintain the required dc to RF ratio in the quadrupole excitation

signal over a reasonable amu sweep range . Other modifications , which

were also performed on every instrument but were tailored to a particular

application , included the wiring-pr ogran~i ing of the amu sweep schedule

an d the adjustment of the turns ratio of the output coil in the RE oscillator

to meet the amu range requirements .

Among the circuits that were added to the various i nstruments were

the emission regulators (for the positive ion/neutral switchabl e units only),

fixed and variable bias circuits for the quadrupo le front end grid

structures, electrometer signal conditioning circuits and instrument

performance monitors . Vacuum ion pump power supply and monitor circuits

were built and installed into the high altitude instruments .

Three control units for the mass spectrometer electronics were built.

One un it was constructed for laboratory use. The other two were built into

briefcases for field operations. A numbe r of smaller test units were

also cons tructed to be used during the subassembly check-out and adjustment

p roce dures .

A total of seven man field support missions were undertaken. These

field operation s were necessary either for systems checks or for a preparation

and the launch of a mass spectronieter.
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Figure 10. Switch Control Circuit
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Fi gure 11 . Sweep Amplifiers
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