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SECTION 1 - INTRODUCTION

The QRIEL Model 7070 Detection System is an instrument designed for a
wide variety of applications in thé meésurgment of 1light radiation.
‘This highly sensitive; extremely atab;e unit can, with the appropriate
external sensor, ;llow measurements to be made over the range of 2000
Angstroms to 1.1 microns thereby encompassing the ultraviolet, visible

and near infrared portions of the spectrum.

The 7070 has a self-contained, front panel adjustable power supply
suitable for exciting both photo-diode sensor, (Oriel 7050-7056) and

photomultiplier tubes (Oriel 7060-7066 Series).

e s e Py

Allow a 15 minute warm-up period when first applying power to the unit.
Sengor Eesadout #

Operating Temperature Range: 14 degrees C to 40 degrees C

Overall accuracy at 27 degrees C Ambient: +/—- .1% (+/— .001 digital)

Linearity: .05%
Gain Drift vs Temperature: ‘ 0.07%/degrees C
Zero Drift: +/- .001 digital

The parallel BCD output lines are at +5V logic level (positive logic),
capable of driving 2 LPTTL loads.
#*NOTE: These specifications pertain to the readout circuit only. The

. performance of the entire aystem is limited by that of the photosensors.



The multiplexed BCD output lines are at +5V logic level <(negative

logic), capable - of driving 4 CMOS loads. The load pulses are at +35V

logic level (positive logic), capable ‘of driving 2 CMOS loads.

ANALOG RECORDER OUTPUT: 100mV full scale, source impedance = 200 ohnms

»0utputf ‘Adjustable from -10V to -1000 VDC
Stability at Ambient Temperature = 27 degrees C +/- 0.1%

Stability over operating temperature range = +/- 0.20%

If the AC line cord is not otherwise labebelled, the Oriel Model 7070
Radiometef is shipped wired for operation on 115 VAC, 50-60 Hz line
voltage. It is only necessary to plug it into a standard 3 prong wall
outlet to achieve immediate operation.
% If 220/230 volt operation ie desired, the fol;owing steps
should be carried out, WITH ALL POWER DISCONNECTED.

# NOTE: For shipments to Europe, the instrument may have already
‘ been converted for 220/240 volts input. This will be
indicated by a tag on the AC line cord.
a.—- Remove the 8 screws holding on the top cover, and then
remove top COVer.
b.- At the left réar corner of the main circuit card (near

rear panel fuse holder), locate the 4 acrew terminala and

loosen the 4 top nuts.
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.c.—~ Remove both shorting jumpers (1—2,;aﬁd 3-4).

d.- Repléce one‘Jumper,aCross:the two middle terminals (2-3),
and discard the second Jdmper;
e.~ Tighten the 4 top nuts.’

f.- Replace cover and 8 holding acrews.

g.—- Cut off the 3 pin AC plug at the eﬁd of the line cord, and

replace with a new 220/230 volt plugito match your AC line
receptacle.

Connect wires as follows:

GREEN - earth ground
BLACK =~ high side of AC line

WHITE - low or neutral side of AC line
h.—- The Radiometer is now configured for operation on 220/230

volts, 50-60 Hz.

FRONT PANEL:

POWER SWITCH - : Used to turn power on to the Radiometer.
(Illuminated)

VOLTS = Used to set the high voltage power
-supply output level. fhis control
has an integral lock, which reduces
the possibility qf erroneously
changing the high voltage setting.

MEASURE - Used to switch the digital front

{Voltage/Current)

panel readout bétween the high voltage

_power supply output (range 000 to -1000V>



MEASURE (continued?

RESPONSE - -
(fast/med/slow)

AMBIENT -SUPPRESS -

MULTIPLIER -

ATTENUATION -

and’the;detectdf current readout
(range .000 to 1.3999 A.).
Used to select system response time
(from 5% té 95% of full signal)
Afast = 0.1 aéc,(0.4 sec on 10-3
n Ampere Range)
med = 1.0 sec
slow = 10 sec
Used to cancel out dark current of
sensors, or to set sensor current
to zero for any ambient light )
conditipn. Both course (rotary
switch) and fine (potentiometer)
controls are provided. This con-
trol has an inteéral dial lock.
Used to select the desired sensitivity
of photodetector in amperes.
Used to attenuate the reading on the
front panel meters. Range of oper-
ation is Odb @ CAL, and overlZOdb
@ full CCW.
NOTE: this control must be in the
CAL position for long term repeat-

ability of measurements, or for

absolute current readings.



ZERO - Tk ~ Used to disconnect both sensor input
(on/off) o . ; :

) and: ambient suppress input, so that
meter zeroing may be accomplished.
ZERO -~ ; . Used to zero panel metera when ZERO

(potentiometer) :
’ : switch is on.

. DIGITAL PANEL ﬁETER = Used to measure high voltage power
supplyfoutput (000~ -1000V) when the
MEASURE switch is in the VOLTAGE
position, and measure senso} curren£
(.000 to 1.999 times MULTIPLIER
setting in amperes), when the
MEASURE switch is in the CURRENT
posiﬁion.

ANALOG PANEL METER - Used to measure sensor current at
all times; convenient for output
peaking. Range: O to 2.

REAR PANEL:

SENSOR SIGNAL CONNECTOR - Used to make connection with the
(BNC)
externa; sensor.

REMOTE READOUT CONNECTOR - Used to connect remote readout device(s),
(25 pins) )
printer(s), computer inferface, etc.

Has both parallel and multiplexed

BCD data from front panel Digital

Panel Meter.

HIGH VOLTAGE CONNECTOR - - Used to connect high voltage power
(RF> 2aeT i e et .
i = aupply output to aensor.



RECORDER JACKS -  Used to cohnectwto external recorder

1.

or oscilloscope. This output is
always connected to the Analog Panel

Meter.

Connect the signal cable from the photomﬁltiplier,detector

to the BNGC jack on the rear panel (upper left hand qorner).

Check that the VOLTS control on the front panel of the

Radiometer is turned fully counﬁer clockwise.

Check the high voltage cable from the photomultiplier de-

tector to the RF jack on the reér panel (lower right hand

corner).

Turn ﬁhe MULTIPLIER switch to 10-5, and check that Attenuatbr

is turned full clockwise tQ the detented CAL position.

Turn the Radiometer power switch to ON, and set the MEASURE

switch to the CURRENT position.

Set the ZERO switch to ON, and adjust ZERO control for .000

on the digital panel nmeter. |

NOTE: Meter may be zeroed on £he 10-9 MULTIPLIER position,
and will usually retain zero, +/- .00l for all other
scales.

Set the ZERO switch to OFF, and allow a 15 minute warm—up

period before proceeding to Step 8.

While observing both the‘digital and analog panel meters,

adjust the VOLTS coﬁt?ol from‘Zero“to_the proper voltage‘

leveirto the photomultipliervdeﬁeétor. Usually this falls



in the range at 500 to 800 volts for the standard Oriel

detectors, and is displayed on the digital panel meter.

The analog panel meter is displaying detector curreht, 7

which should not be allowed to exceed 1 x 10-5 Amperes.”;q

Set the integral lock on the VOLTS control, and set the

MEASURE switch to CURRENT. The digital panel meter will

" 'now display detector current, providing more precise readings

than are available on the analog panel meter.

NOTE:

After the tube is in place and the operating range

is known, the high voltage can be left adjusted to

the proper value and the instrument merely turned

off and on as desired.

- The detector sensitivity is increased with increasing

voltage. Operation between 100 and 1000 volts allows
a very wide range of sensitivity to match a given
radiation level. The noise and dark current also in-
crease as drive voltage is increased. Generally the
best signal/noise ratio is obtained in the range from
500 to 700 volts for those photomultipliers normally

used with this instrument.

# CAUTION:

If source intensity of measurement is unknown, the

10-5 Amp maximum current could be exceeded, resulting

_in damage to the photo tube. _When in doubt, proceed

as in Step 8.
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10. The photomultiplier deﬁectors have‘GOme'signal current without
any light ihputldue t§ a'vatiéty'of'eleétricalfleakageég This'
~*Dark Current" vatie5»with tdbeévoitaéé.'*This‘current, or
current resulting from ambient light;'may be cancelled out by
using the AMBIENT/SUPPRESS controls. With the source or de-
tector opticallf~blahked; set the AMBIE&T SUPPRESS switch,to
the appropriate fuil scale range. (ie, if tﬁé éurrent is
0.5 x 10-8 amperes, set £he-AMBIENT SUPPRESS switch to 10-8).
Then, turn the AMBIENT SUPPRESS potentiometer to zero the
‘meter. ‘

i1l. When making relative light measurementé. it is often de-
sirable to set an érbitrary light;level at full scale (1.000)
on the meﬁer(s). This is particularly true when setting a
reference for making direct Transmission or Reflection
neasurements. Thé Attenuation control allows continuously

adjustable sensitivity of the measuring circuit.

SECTION & - CIRCUIT DESCRIPTION
Drawing number 7070-4-1001~1 is a complete schematic diagram of the
7070 Radiometer. The sensor current ﬁrocessing is accomplished in

three stages: an input buffer amplifier, a system response amplifier,

a f:ont panel digital volt-méter.

The input buffer amplifier (A104) is a very stable, high input
impedance operational amplifier.  With the use of selected scaling

resistors, 1t converts detector chrrent to voltage.
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The/system reapoﬁse émplifierffAlos)fampiifiésfthe output of A1d4;

and wifh the use of sélected feedback capacitors,'it establishesv

aystem response. The output of the resgona§~ampii£1er ia connected

. to the analog panel meter, a~acalihg‘circuit for’the external recorder
output; and yia the MEASURE selector switch to the d;gital panel meter.
The digit;l p;qel meter is a digital*véltmeter which conQefts the scaled
analog voltage ‘to_ a digital readout. " The meter also generates
multiplexed BCD information, which is converted to parallel BCD format
on the BCD Latch Circuit card.

The output from the BCD Latch Circuit card is connected to J106 on the

rear panel. The functions, by pin number, are listed below:

J106-1 + (parallel? J1o6-14 .001 (parallel)
J106-2 1 (parallel) J106-15-- -2 EXP3 (L) (mux’d)
J106-3 .8 (parallel) J106-186 2 EXP2 (LO)Y (mux’d)
J106-49 .4 (parallel) J106-17 2 EXP1 (LOO (mux’d)
J106-5 el (parallel) J106-18 2 EXPO (LOO {mux’d)
J106-6 «1 (parallel) J106-19 "MINUS (mux’d)
J106~-7 .08 (parallel) J106-20 1 STROBE (mux’d)
J106-8 .04 (parallel) J106-21 0.1 STROBE (mux’d)
J106-9 .02 (parallel) J106-22 .01 STROBE (mux’d>
J106-10 .01 (parallel) J106-23 .001 STROBE (mux’d)
J106-11 .008 (parallel) J106-24 No Contact

J106-12 .004 (parallel) J106-25 Ground

_..J106-13 .002 (parallel)



Also present in the unit are a low voltage power supply (providing
internal voltage levels of +5VDC, +15VDC and -15VDC), and a high voltage

power supply.

The high voltage power supply'major elements are a voltage compar#bor
(Al0O3) and a series pass transistor (QlOl); An ‘additional active
'compdqgnt (Q102) senses excess current drain on the power supply
(approximately 4 milliamperes) and turns off the series pass transistor

(Q101).

One input to the voltage comparateor is tﬁe attenuated high voltage
output, and the other input is the wiper‘of Ehe front panel VOLTS
control. The voltage comparator controls the conduction of the series
pass trénsistor, increasing or decreasing conduction as necessary to
increase or decrease the high voltage output, so as to maintain equality

across the voltage regulator input terminals.

SECTION 7 ~ TROUBLE SHOOTING
Repairs or internal adgﬁstments to this equipment should only be attempte
by an experienced electronic technician. Improper use of test equipment o
tools can easily damage components within the unit or compound existing
problems.

If trouble is encountered, the top cover should be removed and a visual
inspection made for shorts, broken wires and obviously damaged or broken

o somponents.

1f naihing obvioua ia viaible, below are some key test point~19cations.

along with expected'aignals‘térhreadings)Lunder the conditiDBS“prescribed-

13



~a) Check of input buffer stage_ 
l.~Zero check - | ‘ ’ e
- Place ZERO'aQitéh to ON,,Attenuétér antrol to CAL. Locate
termination point'on méiﬁ cireuit card of §rey wire origin—
ating within the can on the front panel, and connect a
~voltmeter or oscilloscope‘between that point and ground.
NOTE: - A convenient ground referénce point is the black
binding post on the rear panel. Adjustment of the
front panel ZERO control should allow zeroing on

all positions of the MULITPLIER switch.

2.-Gain check -
Using a precision current soufce (or precision voltage
source with appropriate series resistor), connect
-1 x 10-5 ﬁmpé;uay\—le uA) into the BNC input jack at
the upper left hand corner of the rear panel. Check
that ZERO is OFF and AMBIENT SUPPRESS is OFF. Position
MULTIPLIER to 10-5. The voltage reading on the termin-
ation grey wire (with respect to ground) should read
+1VCD, +/- .005V. k
3.-Calibration check -
Using a precision current source (or precision voltage
source with appropriate series resistor), connect
-1 % 10-7 Amperes (-0.1ul) into the BNC input jack at
. the upper left hand qqrne?wqfithe rear panel. Check that
_ 2ERC is OFF, AMBIENT SUPPRESS is OFF, and MULTIPLIER is

positioned to 10-7.
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The voltage regdiﬁg on the termination éoint_of the above
mentioned grey:wire,(with’reSpedt to'gfound) should read
+1vbc,,+);.oosv.
If'steps 1. 05‘2.‘do not éroﬁe out;~operational>ahplifier
AlQd is probablyffaulﬁy,~ahd ;hould'be'replaced. I1f
steps 1. and 2. are ok, but step 3. is out of tolerance,
the unit probably requires caiibrétion. “See SECTION &
for proper calibration procedure. In the event adequate
:test equipment ié not available, the unit should be re-
turned to ORIEL for calibration.
b) Check of Response Amplifier

l.-Z2ero check -
Place ZERO switch to ON, Attenuator control to CAL.’ Perform
zeroing of Al0O4 as described in Step A—-1) of this section.
Turn Attenuator control full counter clockwise. Connect
voltmeter between MEASURE switch terminal (WH/BRN/BLK wire’
and ground. Adjust R141l (50K trimpot in righﬁ rear area
of main circuit card) for O volt reading.

2.-Gain check -
Set ZERO to OFF, MULITPLIER to 10~5, AMBIENT SUPPRESS switch
to 10-5, AMBIENT SUPPRESS potentiometer full counter clock-

wise.

Connect voltmeter between MEASURE switch terminal (WH/BRN/BLK
wire) and mainicircnit terminationvpoint of grey wire origin-

iatxng w;thln the front panel can.: Voltage reading between

the two above polnts should be 0+/-.040 volts.

15



1f steps 1. or 2: &6”ﬁbtnprove“out,‘operational amplifier
A10S is probably faulty, and should be replaced. If A10S
is replaced, an~en£ire~uhitfcalibration (SECTION 8> shoulq

be performed.

¢) Check of Digital Panel Meter

d)

- 1.~2ero check -

.

Connect clip lead from MEASURE'switch'wipér (WH/RED/BLK
wire) to ground. Digital Panel Meter should read ;000+/—
.002. " Remove clip lead.

2.-Géin check -
Set 2ERO to OFF, MULTIPLIER tb 10-5, AMBIENT SUPPRESS  switch
to 10-5, MEASURE switch to;CURREﬁT. Connect voltmeter be-
tween MEASURE switch wiper (WH/RED/BLK wire) and ground.
Adjust AMBIENT SUPPRESS potentiometer for a voltmeter reading
of -1VDC. The Digital Panelyneter should read -1.000+/-.040,
If steps 1. or 2. are just out of tolerance, a unit cali-
bration hay be attemped. - If, however, the readings are far
‘out of tolerance,‘the‘métet is probably‘faulty and should

be replaced.

Check of High Voltage Power Supply

1.~Connect voltmeter between high voltage output connector

(lower right hand~corner'of fear panel) and ground.

~2+=Turn the front pahel VOLTS control full clockwise. The

output voltage should read -1000+/-3 VDC.
= If . the reading is far out ofgtolerance, or if
. ~regulation is errati¢,wthe~voltage comparétor~(&103i

is prdbably faulty and should be replaced.
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3.-Turn the front panel VOLTS control fully counter clockwise.
The reading should drop -1, +/- 1 VDC.
= If the reading -is .excessively high, the series pass
transistor (@101) is probably leaky, and should be
replaced.
4.-Turn the front panel VOLTS control S fuli turns in the.
‘clockwise direction. The reading should be -500+/-25VDC.
S5.-Set the MEASURE switch to VOLTAGE. The front panel
digital meter should repeat the output voltége, +/— 2.
- 1If the digital meter reading is out of tolerance,

calibration should be performed.

Total unit calibration should be performed in the order set forth,

as some adjustments are dependent on the accuracy of other

settings within the unit.

NOTE: Proper calibration requires the use of a precision current
saource {(accuracy of +/-.01% or better) or a precision volt-
.age source and precision resistor combination (combined
accuracy of +/-.01% or better). If one of these is not
available, attempts‘to calibrate the unit will result in

degradation of performance. The unit should instead be

returned to ORIEL for proper calibration.

17



a) Current Metering Circuitry

1.-Make the following initial front panel adjustments:

‘MEASURE = CURRENT
VOLTS — Full CCW
MULTIPLIER - 10-9

MULTIPLIER ATTENUATOR CAL (full CW)

AMBIENT SUPPRESS - OFF
RESPONSE ' - FAST
ZERO Switch - ON

2.-Adjust ZERO potentiometer for +/-.000

3.~-Turn Attenuator control fully counter clockwise. The digital
panel meter should read a maximum of +/-.001. If the reading
is out of tolerance, adjust R141 (S0K trimpot at right rear
of main circuit card).

4.~-Set Attenuator control back to CAL (full CW), ZER0O switch to
OFF, and MULTIPLIER to 10-S.

S.-Connect a precision -10 micro~ampere current source (or
precision -10V voltage source with precision 1 Megohm
resistor in series) to the signal input BNC connector (upper
left hand corner of the rear panel).

€.~The digital panel meter should’read 1.0004+/-.001. 1If the
meter reading is off, adjust digital panel meter gain
adjust potentiometer (accessible via hole in rear meter

panel).

18



7.;Changé’the setting on the précision'current source to
-1l micro—ampere (voltge source to —-IV). Set MULTIPLIER
" to 10-6. Slide off(metal«cah on front4§anel switch -
being careful nbt‘tO‘alléw it to touch any active cir-
cuitry, ; | ‘
ﬁ8.~Ad3ust R127 (100Kftrimpot. mqs£ CW in position of the set
of 4 potentiomete:é~onfthewrear o('the MULTIPLIER;switch)
for a digi@al“panel metef'reading of 1.000., 7
9.-Change the setting on the precision current source to
-0.%1 micr01am§é:es”(voltage'source to -0.IV)). Set
MULTIPLIER to 10-7.
iO.~AdJust R129 (1vHEG trimpot; édjacent to §127 above) for a
digital,panel‘meter~reading'pf 1.000.,
ll.fChange the setting 6n the precision current soufce to
=.01 micro-amperes (voltage source to —-.01V). Set
WULTIPLIER to 10-8. =
12.-Adjust R137 (1K trimpot, adjacent to R129 above) for a
digital panei meter réading'of 1.000.
13.~Change the setting on the precision current source to
" «001 micro-amperes (voltage source to -.001V).  Set
MULTIPLIER to 10-9,
14.~Adjust R134 (10K trimpot, adjacent to R137 above) for a

digital meter reading of 1.000.

NOTE: The two most sensitive ranges of the MULTIPLIER

- - 2o —

{10-8 and 10-39) are highly susceptible to noise induced

9



‘errors when the protective can cover is-removed. The
accuracy of the gain settings may be impaired, and should
be checked with the can cover in place.  The calibration
for theseytwo positions may have to be repeated several times.

15.—Bemove power from the Radiometer, replace can, and restore
power.

b)> High Voltage Power Supply

1.-Connect a precision voltmeter (accuracy of 0.1% or better)
between the high voltage output connector center pin and
ground.

2.-Slowly turn the front panel VOLTS control clockwise, ob-
serving the meter reading. The output should never be
allowed to go higher than -1005 VDC.

~NOTE: If 1000 volts output is attained before the
VOLTS control is set to its maximum CW travel, reduce
the output by adjusting R110 (2K trimpot, located just
below and to the left of the front panel metal can, on
the front of the main ci:cuit card) .

3.-With the VOLTS control set at maximum CW travel, adjust

R110 (2K trimpot referenced in above note)> for an output

reading of -1002 VCD.
4.~Set MEASURE switch to VOLTAGE, and observe the reading

on the front panel digital meter.

S.—-Adjust R115 (10K trimpot at the front of the main circuit
card. between-and‘below the two front panel metera) for

a digital panel meter reading of -1002.



