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OHMS & CAP Self Test Descriptions

A06,001

Check zero of composite amp U602 and U607.

Input = OFF Feedback = R610

If fails, check TP607 WRT TL401 (<50uV). Used for maths, establishing offset voltages.

A06,002 to A06,013
These tests all apply zero (A) then INPUT (B).

The result is (B-A). Input is from U109 via ‘TICKLE’ (zero for A06.012 is in fact +1.1nA).

The table below gives the inputs and expected outputs on TP607 WRT TL401, with the resistor
under test circuit designator.

Test Input TP607 Resistor Volts Notes
““Curtickle” to
A/D (TP403)

A06.002 +218uA  -0.622V  R610 +1.245V

A06.003 -218uA  +0.622V  R610 - 1.245V

A06.004 +21.8uA  -0.622V  R609 +1.245V

A06.005 -21.8uA  +0.622V  R609 - 1.245V

A06.006 +35.09uA -10V R608 +2.00V (1)
A06.007 -35.09uA +10V R603 -2.00V (1)
A06.008 +2ul8uA -6.22V R611 +R672 +1.245V

A06.009 -2ul8uA  +622V  R611+R672 - 1.245V

A06.010 +218nA  -6.22V R611+R672+R668/5 +1.245V (2)
A06.011 -218nA  +6.22V  R611+R672+R668/5  -1.245V 2)
A06.012 +352nA  -10V R611+R672+R668/1  +2.00V (3)
A06.013 -34.1nA +9.7V R611+R672+R668/1  -1.94V (3)
A06.014 OnA ov R611+R672+R668/1 OV (4)
Notes

(1) Checks amp swings +/- also.

(2) Note use of divider R668 Pin 5.

(3) Checks clamp D607, D608 leakages are low.
(4) Bias current test in MATHS.

A06.015 to A06.019 are “‘Spares”
A06.020 to A06.024 - Capacitance Tests

These tests all force TP607 to the negative rail. A current is then applied and removed to bring
TP607 to a linear region (Measurement A). A current is then applied and removed to further
charge the capacitor under test (Measurement B). (B-A) gives the voltage change on the capaci-
tor due to I x t (current multiplied by time). From CV=It the value of C is known in Self Cal. In
Self Test we just utilise the voltage change B-A. To see the waveforms use a digital scope and
the REPEAT TEST button. See ST 2 for sketch of a typical waveform on TP607.
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Test Input Time =Vcap to TP403 Finishes C under

“Curtickle”’ (TP607) A/D (TP403)  at Nominally test
A06.020 -144nA  O.1s 7.868 1.574 -0.94 C603
A06.021 144pA  0O.ls 8.52 1.7 <13 C604
A06.022 1.964pA  0.5s 6.68 1.3345 -0.43 C605
A06.023 192pA  0.5s 6.4 1.3375 -0.46 C606
A06.024 207pA  03s 6.22 1.245 0.4 C607

A06.025 Does not exist
A06.026 - A03.004

These tests check a series of composite amplifiers, most of which are followers, U608 + U605
being the only exceptions. The main DAC is forced to zero gain and the resulting outputs are
measured as a ‘‘gross failure’” check. The MATHS facility is used to establish the real offset of
each amplifier.

Diagram 2 is a sketch of the chain to indicate the signal paths and pick-off points for each test.

Test Amps offset Picked Off At
A06.026 U613+U614+DAC TT605
A06.027 U605+U608 HI IMP OUT
A03.001 U301+U305+A06.027 TT304
A03.002 U307+U308+A06.027 TT302
A03.003 U303+U304 TT303
A03.004 U301+U302+A03.002+A06.027 TT301

A06.028 - A06.033

After test A03.004 we are certain that the preamp U606 can swing +£10V and that all other ampli-
fiers are probably working as they have a good zero. It remains to check that all gains subsequent
to the preamp are within limits. DC paths are used to check Ohms gain, but this is unfortunately
not possible for capacitance gains, and we have to resort to the ramping technique used previ-
ously.

All tests go -/+ve on TP607.

Test Checks Vp/p Vp/p on V Final on TP403
A06.028  Establish preamp span 12.45 TP607 +1.245
A06.029 R648 28k5/20k 17.74 TP604 -1.77

At this point 3 tests are inserted to check followers for swing capability. Setup as A06.029.

A03.005 U301/U305 17.74 TP305 -1.77
A03.006 U307/U308 17.74 TP302 -1.77
A03.007 U301/U302 17.74 TP301 -1.77
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Test Checks Vp/p Vp/p on V Final at TP403

A06.030 R648 28k5/200k 72 TP604 -177TmV
A06.031 R648 2k85/20k 1.77 TP604 -177TmV
A06.032 R648 285k/200k VLT TP604 -1.77
A06.033  R648 6k35/28kS5 6.68 TP604 -0.4

Test A06.033 is similar to A06.022. The DAC exactly compensates for the gain in R648 of
285k5 / 6k35 and is set to 6.35/28.5 or 0.222807.

Both the DAC and U605/U608 invert so the waveform on TP604 is exactly the same as on
TP607.

A06.034 to A06.036

Tests A06.034 to A06.036 check R648 700k, 70k, 7k respectively. The same remarks apply
which introduced checks A06.020 to A06.024.

Test Input Volts R648 Current Time (B-A) TP403 TP403
““Curtickle’” TP607 Cé619 Volts (B-A) Ends at.
C619 Volts
A06.034 24pA 6.84 700k 0977uA 1.13s -1.08 +,22 +2V
A06.035 24pA 6.84 70k 9.77uA  0.5s -4.88 +0.977 +0.25
A06.036 12.05pA 342 Tk 48 85uA  0.1s -4 .91 +0.981 +0.25

A03.011 to A03.018

It is now required to check the error lines GO_TO_LI _H and GO_TO_HI L in all possible states.
The test setup is exactly as A06.006 except that the input volts (and hence TP607) are raised.

Test TP607 GO TO LI H GO _TO HI L
A03.011 >10V 0 0
A03.012 10V 0 1
A03.013 1.0V 0 1
A03.014 04V 1 1
A03.015 -0.4V 1 1
A03.016 -1.0V 0 I
A03.017 -10V 0 1
A03.018 <-10V 0 0

Note:- ] =+5V,0=0V

Note that the input HI_CLAMP comes from the middle of the clamp circuit and a fault in this will
cause failure(s) in these tests. (LO_CLAMP is direct from TP607). It is the correct operation of
the clamp circuit which causes HI_CLAMP to exceed ‘‘one diode drop’” and hence change GO-
TO HI L. There are no A/D measurements in the above tests.
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A06.041

Test A06.041 repeats the setup of A03.011 and A03.018, but U605/7 is monitored via TT608.
This is the output of the clamp circuit. The limits are set very wide, but typically expect 1.0 to
1.4 volts to be indicated as a result on the display. The input to U605 is a £0.7v in turn seen
across D609 and D610 when the clamp conducts, and this has a gain of 1 to the A/D input
TP403.

A06.042-A06.043

Tests A06.042 and A06.043 use the output of U605 as in test A06.041 above. This output was
originally used to discharge C619 via R647, R646 and R645 in 400uF, 4mF and 40mF ranges.
We can only test the first two, as the 40mF takes far too long to attain an accurate result. The
waveforms are similar to those described in the introduction to A06.020 to A06.024. The input to
U605/7 is obtained by making the clamp circuit Q606, Q607 etc conduct, with TP607 at more
than £10v.

Test Resistor I Nominal Time (A-B) (A-B)
on TP604 on TP403
A06.042 R647 60pA 0.5sec 30 0.6
A06.043 R646 12pA 1.0sec 12 0.24
MATHS TESTS
Test Source Limits Possible Fault if Fail
A06.M01 A06.007+A06.006 0+0.0027 Clamp Serious Level Fault
A06.M02 A06.009+A06.008 0£0.002 R611+R672 Fault
A06.M03 A06.010+A06.011 0+0.002 R668 Fault + R611 & R672
A06.M04 A06.013+A06.012 0+0.006 R668 Fault, R611 + R672, Ground Offset,
U105 Non Linearity. (Note 1)
A06.MOS5 A06.014-A06.001 0+0.0057 U606, U607 Q611, Q613, Q602, Q604,
Q614 Ibias or Igate
A06.M06 A06.026-A06.001 0+0.0004 OFFSET U613/U614 (Note 2)
A06.M07 A06.027-A06.026 0+£0.0004 OFFSET U605/U608
A03.MO1 A3.001-A06.001 0+0.00015 OFFSET U307/U308
A03.M02 A3.002-A06.027 0+0.00015 OFFSET U301/U305
A03.M03 A3.003-A06.001 0+0.00020 OFFSET U303/U304
A03.M04 A3.004-A03.001 0+0.0001 OFFSET U302/U301 (Note 3)
A06.M08 A06.029/A06.030 10+0.03 R648 20k/200k RATIO (Note 4)
A06.M04 A06.029/A06.031 10+0.03 R648 28k5/2k85 RATIO
A06.M10 A06.029/A06.032 1£0.004 R648 285k/28kS RATIO (Note 5)
AO6.M11 A06.042/A06.043 2.75+1.5-0.75  CAP DISCHARGE RATE - U605 etc
R647, R646
NOTES:-

1. U105 can give unequal + o/p at these low levels. A swap with U107 can help. Early boards
had U105/2 to ST401. This was changed by ECO to ST402. A ‘cut and link’ is required.

Page 4



Serious ground current errors can cause failures - check 0V_20 WRT 0V_22A.

Very early models require an ECO to join K302/9 to OV_22 and K302/2 to RGC_P_NEG
via 100k.

Switch errors can also cause faults - an O/C drive is most likely.

If A06.MOS8 fails, this test will fail as well.

Note factory limits are usually 0.75 x Nominal and customer limits are 2 x Nominal.
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CIRCUIT DESCRIPTION - POWER PCB.

HIGH VOLTAGE OUTPUT.

All output voltages greater than 3.2V ac/dc are produced by
amplification of DAC output signals on the power pcb. ALL range amplifiers
are non-inverting.

30V AC/DC (4010946 sht 2 & 401097 sht 9)

These ranges are produced by x5 amplification of the DAC_OUT_1
signal from the main DAC. It is input via U901 (analog) on the HV_IP net.
The attenuator R247 defines the performance of the 30V amplifier and
sufficient precision is obtained without any additional measurement loops.
In 30V ac/dc ranges, the voltage amplifier main power supplies HV_PS_POS
and HV_PS_NEG are at +/-70V respectively {unregulated). Discrete stages
2201 through @212 form the actual amplifying stage with R247 and U204
'clpsing the loop’ to the required gain and precision.

Complementary current mirrors Q209/Q217 mirror the current in the
output devices, and thus the voltage developed across R262 & R263 is a
measure of output current. UZ20&4/R265/R266 provide three discrete levels of
overload detection for various ranges. For 30V ac/dc the detector is at
its most sensitive setting (upper switch of U204 ON).

When not in use, the discrete stages are disabled by turning off
the V/I stage Q20! (and thus all following stages). This is done by taking.
U204-3 to +15V with HV_IP_ON_H. S R L

The output devices are biassed to class A/B by the U205/8205 shunt
regulator, temperature compensated by Q204 (mounted o©on h/s in close
proximity to output devices). Bias is set by demanding 3.3VAC/1kHz and
adjusting R208 for 240mVDC across R218 with no external load. This must be
verified before any further fault-finding is attempted. (If set too low,
oscillation will occur due to loss of bandwidth in output followers. Too
high and cutput capability will be reduced and in extreme cases may result
in thermal runaway of output devices).

R202/Q203/C209 +Fform an ’active smoothing’ circuit for the cascode
amplifier stage positive supply. This stage has no rejection whatsoever to
noise/ripple present at the ’cold’ end of its lpad resistor, so a clean
supply is essential.

208/0212 are protected in the short term by 2207/8211 which limit
drain current to approx. &600mA peak.

100V AC (401096 sht 2)

30V description applies except: -
a) HV amp PSU raised to +/-200V {(protected).
b) Gain increased from xS to x17 (by K202).



c) Cascode stage load resistor and other biasing w/w resistors
increased to suit higher supplies {(by K201).
: Again , sufficient precision is obtained without recourse to any
additional measurement loops.

300V DC (401096 shits 1 & 2)

Basic output is produced by feeding an appropriately scaled
trapezoid waveform from the DDS to the 30V amplifier input via the HV_IP
net. The VPA is configured as for the 30V range except that the
overcurrent detector sensitivity is lowered (both U204 switches ON).

The amplified trapezoid is ac-coupled to the HFTX primary, the
secondary driving a diode voltage doubler/filter arrangement with built-in
polarity switching.

Having produced the basic output power at approximately the right
level, (this open-loop gain is trimmable via an FSV on the analpog pcb.),
an outer loop is used to fine trim the output to reg’d ppm levels. The
300V/1kV attenuator assy sits between doubler output and ground, and in
the 300V range has a ratio of 35i1!1. Output of the attenuator is compared
to the DAC_OUT_1 signal in error integrator U104. U104 output is amplified
by approx x5 in the control amplifier and used to ’tweak’® the earthy end'’*’
of the floating voltage doubler to close the loop. o

The control amp input is monitored for overdrive (indicating iloss
of feedback in the loop). Excessive corrections trigger the overcurrent
‘etector via Di19/D120 and the CA_OVDRV net.

ikV DC (401096 shts 1 & 2)

As 300V DC except:-

a) PA configured as for 100V AC wrt gain, power supplies, and
biasing components.

b) Overcurrent detector to least sensitive level. (U204 lower

switch ON).
c) Attenuator assy ratio changes to 176:1 (by K10%9).



300V AC (401096 shts 1 & 2)

Here the 30V amp is used via one of two 1:10 step-up transformers.
The LFTX T101 is wused +For 40Hz to 3kHz outputs and the HFTX for
frequencies higher than 3kHz {max = 30kHz). Since the transformers have
significant performance imperfections, a non-precision feedback loop
consisting of R137/R138/R139 attenuator and error amp U104 is used to
reduce the effects of:- .

a) Distortion due to core effects @ 1low +freg end of each
transformers span.

b} Flatness errors-these are substantial with the LFTX in
particular due to resonances.

€) Output 2Z effects. These again are large with the LFTX due to
high winding resistance and leakage inductance.

The gain of this inner 1loop is approx 1! and is set by R1346/R139.
Qutput/input gain is approx 51:1, set by R13B/R139.

Overcurrent detector sensitivity is medium (both switches of U208
ON) for LF fregqs and low (U206 lower switch ON) for HF fregs.

The inner feedback 1loop still does not provide the necessary
precision so a further outer control loop with high gain is required to
bring performance to ppm levels. This wWorks by comparing the output from
the 300V/1kV precision attenuator assy (51:1) with the AC reference input
on DAC_OUT_1. This is achieved by complementary matched precision
rectification of both input signal and attenuated output. The rectifier
outputs are summed and integrated in U108 to control a varible gain buffer
Ui0? so as to bring the two signals to the same mean amplitude, thus
closing the control 1loop and stabilising the gain of the system to ppm.
levels. Performance of this system relies heavily on signal purity. as
regards the 1input signal since the 1loop 1is vulnerable to mean-sense
errors. These impact on +flatness, particularly around 1.5 to 3kHz. For
this reason, flatness spec tends to be wider than 30/100V AC ranges.

1kV AC (401096 shts 1 & 2)

As 300V AC except:-

a) PA config’d as for 100V AC wrt gain, power supplies & biasing
components.

b) Overcurrent det to lowest sensitivity (U208 lower switch ON) for
all freqgs.

c) Attenuator assy & inner non-precision attenuator both change to
176:1 (by Ki09).



-

+/-70/200V PSU switch and Display PSUs (401094 sht 5)

Power mosfets Q@505/0@508 are fully enhanced when the HV_PS_ON_H line
is taken high to raise the normally +/-70V supplies to +/-200V. Average
drain currents are monitored by Q503/8506 and an error flag HV_PS_OL_L is
produced i+ either exceeds approx 200mA. Software then removes the
enabling signal and forces neutral state. The +/-70V supplies are not
monitored for overcurrent.

+/-70V and +/-200V (switched by R505/@508) are diode-0ORed to-produc
the PA supplies HV_PS_P0OS and HV_PS_NEG.

8511 circuit produces -22V regqulated from the -70V rail to power
the display (not overcurrent protected).

8512 circuit produces +12V regulated +for the display backlight
inverter. It can be shutdown for standby by LCD_BL_ON_L going high. The
+12V supply is not overcurrent protected.

DC HV Control Amp (401094 sht 1)

This block operates fron +/-70V supplies and when not in use has
its input grounded via R11%9. When the input opf U105 is driven, The load
resistor on U105 output causes differentials in the supply rails to the
pp-amp. These currents pass to mirrors on the +/-70V rails (via cascodes
@101/8105). Mirror ratios are 1:1 and the output voltage is developed
across R121, to be buffered by R103/Q108 which are in turn biassed into
class A/B by D107/D108. Gain of this discrete section is approx 4.

Overall feedback 1is applied to U105 inverting input via R132/R133
to set the closed-loop gain to approx 4.9 . ;

A degree of protection is provided by ballast resistors Ri1S5/R127
in the +/-70V rails. -

LF Pulse Range (401094 sht 2 & 401097 sht 9)

For pulse outputs at freqs of 1kHz and lower, and peak amplitude of
more than +/-6V, the pulse system output is routed via U901 {analog) to
the 30V amplifier before passing to the output. Configuration is identical
to 30V AC/DC cases and up to 60V ptp is available.

R201/C244 slow the fast edges from the pulse output stage to
prevent overshoot and ringing of the PA.




HIGH VOLTAGE & POWER SUPPLIES
SELF-TEST DESCRIPTION

P05.001 - Tests +3V PSU via RS546. Inst state = NEUTRAL.

-
o
4]
o
Q
N
|

Tests +15V PSU via R541. Inst state = NEUTRAL.

FP05.003 " -15v - » ™ " " =

P05.004/P03.005 - Tests high-I +/-7.5V supplies via RS544.

P05.006 - Tests -22V PSU via R545. Inst state = NEUTRAL.

P05.007 - » +70V " " R532/R533/R534. Inst state = NEUTRAL.
P05.008 - " -70V  *® " R3535/R536/R537. = " " i
P05.009 - " +200V ° " R532/R533/R534. Inst state = NEUTRAL except:-

——————— a) HV_PS_ON_H is taken HIGH (to enable +/-200V).
b) Relay K202 is energised (to protect R247).

P05.010 - Tests -200V PSU via R535/R5346/R537. Inst state = as for P05.009.
P0O2.001 - Tests 30Vamp positive swing via R250/R251 - main DAC = +FS.
;8;:555 = ® " zero output " " " = == ZERD..
;85:8;; = " " negative swing *° " = = . " = -FS.
;6;?68; = = e inverting input with main DAC = ZERO.
------- NOTE - The following tests involve 100V/300V/1kV operation.
———— Remember there is no warning beeper in self-test mode.
P02.005 - As P02.001 except PA config’d for 100V AC range. To prevent

_______ overstressing of w/w resistors in PA, pathway exists only for
duration of test.

P02.006 - As P0Z2.002 except PA config’d for 100V AC range.

P0O2.007 - As P02.005 except main DAC = -FS.



P0O1.001

is

"within

Output of DC HV error

and EA_TST.

\}--‘

amp U104 @ +FS on 300V DC range via R111

Output of DC HV control amp @ +FS on 300V DC range via R102/R1472

and CA_TST.

Output of 300V DC system @ +FS via RI02/R142 and VHV_AMP _TST.

Check inverting input of error amp U104 @ +FS via VHV_ATT_TST.

As

As

As

As

As

As

As

As

As

AC_HV_TST).

P01.015
P01.016
PO1.017
P0O1.018
P0O1.01%

F01.001 except main DAC =

PO1.002

P0O1.003

P0O1.004

PO1.002

P0O1.003

PO1.004

P0O1.002

POL.003

FO1.004

bounds”®,

320V/40Hz
320V /3kHz

320V/3. 1kHz

320V/30kHz
1050V /40Hz

@

remaining tests check that
inferring locking

PO1
PO1.
PO1.
FO1
PO1.

-FS.

the HVAC VCA control
of the outer measurement

. 020

021
022

. 023

024

DCc

port wvoltage
lopop. {via

1030V /3kHz
1050V /3. 1kHz
1050V /10kHz
S00V/20kHz
330V/30kHz
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Math Tests

These can only be viewed via the self-test print-out facility, and
only ever appear on the screen if they fail. Even so, the constituent
test results are not shown on screen, so a full printout is necessary to
chase any math test failures.

The four range configurations are checked for +/-FS gain and
input offset. The equations used in the math tests are given below: -

=02.M01 - 30V amp input offset. A01.040-P02.004

PO2.M02 - 30V amp gain pos. (P02.001-P02.002)/(A01.0346-A01.040)

P0O2.M03 - 30V amp gain neg. (P02.003-P02.002)/(A01.037-A01.040)

PO2.MO4 - 100V amp input offset. AO1.040-POZ.008

P0O2.M05 - 100V amp gain pos. (P02.005-P02.00&8)/(A01.0346-A01.040)

P0O2.HM06 - 100V amp gain neg. (P0Z2.007-P02.004)/(A01.037-A01.040)

PO1.M0O2 - 300V DC system input offset +FS. A01.036-P0O1.004

PO1.MO3 - % " " " " -FS. A01.037-P01.008
PO1.MO4 - * " " gain +FS. P0L1.003/P01.004
*01.M05 - % = = % -FS. P01.007/P01.008

PO1.M0O& - 1kV DC system input offset +FS. A01.038-P01.011

POL.MO7 - ° " " ® " -FS. A01.03%9-P01.014

poi.mM0OB - * = = gain *+FS. P01.010/P01.011

PO1.MO? - *® " " = -FS. P01.013/P01.014




HIGH VOLTAGE - SERVICING AND FAULT FINDING

Safety First

a) MNever work with both hands when instrument switched on. The %000
is more dangerous than a floating source in this respect.

b) When using self-test pathways involving high wvoltage
configurations remember there is no warning beeper.

c) If the PA is faulty, remove the +/-200V fuses FS01/F502 and work
in the 20V range until the fault is cleared.

d) When F501/F502 are fitted, there is a 3.9 second RC on the main
reservoirs C501/C502. Therefore wait about 20 sec before touching PCB.

e) Mever switch on with U801 not present : relay and subsystem
control lines will be undefined and a bad ’blow-up?® will result.

Connections

Remember it is not necessary to re-connect the high-current
secondaries to run the high-voltage section. Slide some thin card between
the PCB lugs and transformer connections. Both star points must be screwed
dpwn as must the LFTX right-hand mounting lug. This connects the core to
chassis and screens the high-voltage secondary. Electrostatic coupling and
oscillation may occur if core not grounded.

Power Supplies

The display supplies (+12V &k -22V) are not overcurrent protected so
expect damage if these are shorted out. This usually takes oput the series
nass transistor and associated transzorb. The base-defining zener/diode
chain may also be damaged. -22V supply damage results in blowing of the
+/-70V fuses and can easily be mistaken #for a PA fault. A good indication
of this +fault is blown +/-70V fuses and intact +/-200V +$uses. Watch out
for the LFTX RH mounting 1lug shorting to -22V track close by (especially
on early units).

The +/-200V switch circuit rarely gives trouble but following any
kind of PA ’'blow-up’ it pays to check 8505/8508 and zeners DS535/D534.
Failure to do this could result in +/-200V to the PA in 30V mode which
would most likely re-damage the PA. The w/w resistors and attenuator R247
would certainly be seriously overstressed by this.
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Power Amp - Common Faults

a) Insulator Breakdown @ Q208/Q@212

This was common and a serious problem on older units using 'Kapton’
{yellow) insulators. These are now mica and the problem has gone away, but
some very early units were shipped with the Kapton insulators. Once
breakdown occurs, a short is formed and is permanent. Always replace
insulatpors with the mica type for improved reliability. This is qguite
damaging if it occurs @ R218/R237 9o open and R220/R238 vaporise as
a result. Other bits to check are Q208/Q212/8505/Q508/D535/D536 &
R219/R222/D207/D211. 14 either of the output mosfets are damaged, check
also the driving follower and current limiter.

b) Noisy - Gain Stepping {(Worst @ 100kHz)

Caused by @204/heatsink interface having a DC leakage, the
effective resistance being high and intermittent in value. This was seen
only with Kapton and shcoculd have gone away. It rcauses gain variation in
the main cascode stage and is best looked for at the output of the 0P37.
Here the full magnitude of the gain change will be seen, even at LF. At
the output, the effect is diminished by the 1loop gain of the amplifier.
This is related to dirt behind the transistor rather than breakdown and
has been seen in both 30V and 100V ranges.

*Yalue stepping’ of the cascode stage w/w load resistors has also
been encountered, but more rarely than the insulator problem.

50/60Hz noise will get everywhere if the active smoothing driver
supply is broken, causing noise and ’'beating’ problems. Check with ’scope.

Always look carefully for oscillations when chasing noise problems.

c) KWV Series Wirewounds

Only +itted to engineering models. There was a reliability problem
and none were shipped. To use an engineering model for demo etc, they
pught to be replaced.

d) 30V DC Offset / Linearity Problems

1) Check 3V range to ensure fault is with power board.

2) D219 to D222 leakage. Try lifting them - they are only clamps.

3) D229/D230 leakage - they can be carefully disconnected when the
amplifier is ON. They prevent a relaxation oscillation which can occur
when entering the range.

4) Leakage € U203 or U406. U203 can be replaced and U406 unplugged.

5) Check for oscillation 8 various levels between -32V & +32V.

&) Poor (resistive) connections @ main star points. Check also on



analog PCB.
7) R247 +faulty. One unit only seen with 1Sppm settling over about 20
sec to final correct value.

8) 0OP37 excessive bias current - seen only once - caused failure of
P02 "zero" tests.

e) Oscillation or Thermal Runaway

1) Bias setting incorrect - see circuit description or test proc.

2) Thermal runaway € {full power on 1kV ranges (trips HV power
supply after about 15 mins). Seen on two engineering models only and cured
by replacing 8208 & 8212,

Inner HV Loops and Transformers

Will not turn on 8 1050V/40Hz - check transzorbs across TX primary
coupling caps as there can be a few volts offset at the PA output,
exacerbating transformer saturation problems. Slow ramp-ups are used on
the 1kV AC range to reduce +lux peaks at these lower freguencies.
Ramp-down to 320.01V occurs +for certain fregquency changes for the same
reason. Another clue to DC on the primaries is excessive core noise from
the HF transformer.

Earlier units had LF transformers with higher leakage inductance.
This caused peaking such that inner loop flatness error could be up to
+30% at 3kHz. A large damping resistor is +fitted to these units. The TX
was improved and the resistor removed. If flatness problems persist around
2 to 3kHz (usually -500ppm’ish) on these older units then the TX /damping
resistor mod should be done.

The inner AC HV loop may be ’opened’ by shorting out R136.

The DC HV doubler/filter has no history of problems.
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Outer HV Lpoops

The DC HV control amp has no history of problems and may be worked
on in the neutral state. (The input is grounded by R119).

The AC HV precision rectifiers have seen some changes. Very early
units with OP270’s in U106 & U107 positions may have poor 300V/30kHz
linearity (caused by marginal slew-limiting). They should be changed for
he later types (ADZ12/0P271).

Excessive offset at either U106/U107/U108, diode leakage, or
excessive op-amp bias currents will cause poor LF linearity.

The outer loop may be ’opened’ by linking TL101. The VCA then runs
at a nominal gain of 1.

Flatness problems due to PCB effects (hook) in the attenuator
assy have been experienced with some non-approved suppliers’ boards.
Errors of up to +2000ppm € 20kHz have been seen. The only fix is another
assembly - the resistors can usually be reclaimed. €132 is for HF flatness
compensation, and if of the wrong value can prevent calibration
@ 330V/30kHz.

Remember the outer Iloop is dependent on signal purity from the
analog board and within the amplifier. Excessive distortion or mean-sense
error will have flatness implications. Serious errors in the inner loop
will generally have second-order implications in the outer loop.




L H

AVIdSIQ ® A — HOIH

ONISNd %
ONIHLOONS
‘1034 ‘X1

TOYLNOD S317ddNS 43MOd 0006
O
LHOIIMOVE
93y
(LHOITMOVE) G — AcL+
- Z1S0 |%
AZ L+
S93Y —
AV 1dSIa AGC+~Z
o | FETD _
(dSIQ)AZZ— d >oRW
O
NO AQO0ZF *
93N~ SAAH "N
I mommo K fi O~
ATINO AQDOZ =+ 130 m o &
O \ m i
ovil4 avol/o [1/9) O
./ AQL+ 0L+
0S50 00Z+

SOd SdAH




¢H

AIIAITdNIS "V'd FOVLIIT0A

o —
JONMIN
NOILYOLSIa LNINNND
+ 440770 ¥
4'H 3SNVD 9120 S
JQON ONIMITS —
NG S,B00 | L = sizo
l3000svo
n i)
2120 =
(1 T -
SYIMOT104 1020
LAdLNO
”
B0el 3 i oz
..... £0Z,/2020 /902y
)i ONIHLOOWS
JAILOV

G120

30V 15

i W R e

NIA

G0Zd




$H

Y120 A8 9120
Ol Q3aNynl3y si pbo
OYHL IN3IY¥ND LSO,

9vZd
AV M:NOML
¥ L20
L e 2120
5 \.\\\
pby 1
¢120

TYNOIS
ISVE ONIMOT1104
(3)%(2)9020 01

ANd MO1 Ad3IA dVO
LNdM Jallodddd

Z212/8020

SW3I1808d PBD IHL ONIXIA




Y H

AQOOL /A0S 1V

41OV00% &5+LS

93N SdAH
L120|:gc dO8dIN 1 /170
INIYNND
uge Nm‘»m@m v
.wwo - N (@)z12Z0 Ol
€9¢ (@)s8ozb 0Ol
: i)
o S SONNIN
° 60ZB|HOS jyaanns | FOC
AL 7V uh
JHOV00s zs | SOd SdAH
0000¢

YWQ09=
AT =1 TVO0T
39V 1S d4/0

0dl

131

NO(1L2413d OvOTdaIND ¥

HS NOILOJL0dd Vd 3FOVLII0A




SH

MV LS
SVY3IN
, T wolvnnaLlly
|| A0OL/AOE
3 — . 4V 1S
N 93N SdAH SVIN
AML /001 " — 9120 @H
O —
I S SIOVLS C0ZN NIA
L1NO A dOAH vd -+
dAY
SOd SdAH d40dd4
v /Y
(AD0Z3E) L) = v/d+3c+d = NIVO A000L /001
v /Y
(AOL7F) G = ¥/4+4 = NIVO A00%/0¢

4007 JHL ONISOT1D — vd JdOVLI10A




DH

¥V 1S
SVY3IN
c1 ASSY N3LLV 9/1 = NIVO AM|
N AN £ E0E 1S = NIVD A00¢
_ 4V 1S
- dAV e Hom—o+ SV AN
MO TOYLNOD L0190 7
AN 1 %
JEE AOL+ dNV ava
d0dd INITVOS
£
LNO A el hrx\mx
0 o VdA \8.5 43¥
¥379n04a [ | XL4H »a/g.//mmgo
HOLIMS ZHM9 |
ALI¥V10d

A0% L10A HOIH LJd




[/ H

370AD 2/ 1 3AA(+) LXIN NO 3JO¥N0OS 2V Ol sdav
37040 2/ IA(=) NO LD SSO¥OV d3d0T3A3d IOVITOA

0, 1D

mmv | AJQ

(d) 1d YIA Q39¥VHO

S| 1D S310AD /1 3IA(—) NO H |
g9 =g Xe
(v) Za VIA Q3DYVHD iy
20 iy

S| ZD S3IT1OAD Z/1 3IA(+) NO

"ONITdNOod IAVM 1104
JAID OL S3ISVHd 311S0Odd0 NO d3isn OML

4378Nn0A 3d0Id JAVM 41VH




SH

NOL = 4\

mv ., HON¥MIN
ooy F IN3¥ENO
6 v X AT
= NIV9 8/ 4 .% a/ 4
AN 0Z 1y +
- 801 I | NI
—d /S0L0 . O>
L714/8n0a NoO 171y
071 0L LNdLNo
3000SVo| A
4IMOTT04 | ASL+L
L7
C YOMYIN
ST NEN Tako |
AOZ+L ZIAIYAYIA0,

dANV 1T04dLNOD AH 00




mw dJOLVNANILLV

mmEM NOISIDINd—NON
8¢ |1 Y AM | o
TC@ T
/S1Y S SX |
<4 XL | F—<Gan4—L 701N
LNOA LI\I._n_ Q01 LO1D -+
/9019 mm_u@Mm d/|
X1 4H ZHME < IV

X147 ZHIE 3

'S, XL 40 ¥0O¥¥3I SSINLVI4 S3IoNa3y (g)
‘NIVO 4007 40 3INLYIA A8 NOILVYNLYS X1
Ol 3NAa SD3IY4 MO1 ® NOILYOLSIA S3ona3y (2)

"OVAH ¥04 ¥3MOd LNdLNO 2I1Svd S30Nnaodd (1)

dOO 1T 44NNl AHOV




OTH

-1
Y
MO L
B 103y
- 1Nd1lNo LNdN]
NILLV "I NI | ”
dO0dd i IV
ds¢ AL 801N T e ke NIV
 WNOYA
NI OV
4007 d¥anng|MA Gan
._.DO\/ —
1o A AHOV vﬁzo

(4007 9NISNIS NVIN

vV NI 4OLVNN3ILLY NOISIO3dd AHOQ 3HL 40 3sSn A8)
ST3A3IT WNdd OL NIVO AH 40 TO04LNOD INI4 S3AIAOAd

dO001 d31N0 AHOV




bIH

T340 &L d .D

ANLLY O AN

3T0AD 2/}
JAILISOd m m

J43dH NMOHS
441411038 LNdNI

dOO01T AH ASNIS—NVIA
10 5d4dlaliodd NOlbiJdEd




¢LH

80d 4IM0Od <

= g0d 907TVNYV

(1 133HS)
S11NJdID : IVQ
AML/AOOS Ol <— — - ONITVOS
@l,vo_‘g m :_‘ 1_130 OJQ\D:
dNVY HOYYI AH m
ACLERE 106N
ySTY AV
W S3IYVdS
y0oczn HOLIMS | ovda
;AMMMI. OVAH ($AQ)2AAH}—
1 O - -
VdA 0z ESTRNTS AHOV I— 0"
dANY D 3 Higj—
mmw LNdN] K Q e
A X37dILTINA
Ak LNdNI "A'H

ONILNOY LNdNI

— A9V L10A HOIH




el ‘A1LVLIS TVALIN3AN

OL NMOAQLNHS d3O0N3INO03IS V 3ISNVO HLO0H 40 ddHLIA
AOOZF = SJAH NIHM ATINO JAILOV — dVOI1ddAO0 Sd
SIONVY 11V d04 FAILOV — dVOT1d3A0 Vd

SOV14d d0dd3

dOO71 ISNIS NVIN AHOV | AOOZF| 9LL+ | DVAMIL
d007T 3SNIS NVIAN AHOY AOLF| LG+ | DOVAQOS
V/d WOY4 103¥IA:INON | AQOZF| Ll+ | OVAOQOL
V/d WOY¥4 1O3¥IA:INON AOLF| G+ OVAOQS

40071 TOYLINOD AHOA | AQOTZEF| 9L+ | O4AM!

d001 T04LNOO AHOA AOL+ | LG+ OUAO0O0%

V/d NOY¥4 LO3IYIA:INON AOLF | G+ JAAO0S

1041LNOD LNd1NO SdAH NIVO FJONY S

MIIAYIAO FIVMAIVH — JOVLIIT0OA HOIH




b A

8-9¢SYy YWO0ZS 3
SIEY YWZ'ES
S

avol y

ISNIS Y'Q

A = 0]

¥344ng
aNNOY¥9 3AILOY yeeee!l ALOL| AZ'S | vwozg
o yeee'e ] ALOLO| AZSO | vwze
: ) . W
— JTECrt ALOEF ATe | wwzg
905N ueeee | meovo |l aterol vozs
ASN3S ¥ | 3SNIS A JONVH A | 3ONVH T
- e f 9L AGL+
917 ASI 4= u
1OSLS
= nnu Z0G1S
_ 2~ AO
-1 91 AGI-—
O Y SIONVY
] A nmv ADY/ADQ
\\\\\\\\\.. AS / AW0OS
O—= Ax
#1 0] /+ S—— AN —
A¥QTT A
- d¢
9LTAS I+ L
ci—-10¥N —/
80¢N 39V1S 1NdLNO
soen I-A
yogn dAY ¥0¥¥3

(Vwioze 3 ) 3¥NLOILIHOYY LN3¥YND MO




A

: Uwg | Awpol | Awozs YOz
ISN3S ) 61EY VT'E< . :
91 VZ'€S Uwees | Awzol | Awozs| vz
IH umzm_wﬂ_ mmzuw> uoz<~_> uuZ«.zH
avon & NN.NN
10S1S
ISN3ISY°C +] — BEm cosls
— ¥Z A0
IA =0] CAL—
; SIONVY
SAL 4 IA umv AQV /ADQ
— N AWOOS
T od
—— & AAA- T
SAL a NS AYATT A
+
SALT zovn mmmm
ZS—-¥ 1D 1ovN
J9V1S yosn
(ONIHLOOWSs 97 %¢sd 1nd1no iy mowmw
'S¥3I411D3Y ‘XL) NSd

(VWOZe< ) IYNLOILIHOYY LINIYYND HOIH




e

Y344N8 AONNOYD IAILIVY
=T
ZOEN
OI|I
C—v0CH badu ot
Vi
10SLS
BE — Z0S1S
¥Z AO
\ SAONYY
pS| ADY /ADQ
ye AS
80CY ASL—Y 22—
Tub A¥QTT A
zg|zgo q0en
woOg LNO
I-A yOoEn
o LII% LOSH dAY ¥OouY3
T wgino [
; 10¢4 : JOV LS 1nNdLilno
o S=YO0EX  ylugie Z8128°0 L | " N3yun0 MO
ASL+
ONIHOLIMS F
1nd1no

NO YW — ONIHOLIMS ANV 3JdNLO031LIHOYY LN3Id4NO MOT




¥NO A0

(o]
G—¥0¢A Wmomm
80} SAL-
1063 39Y1S LNdLNO
e 006510 O10L8] | | "I N3¥¥ND HOIH
GIO _yozino A
o % - ZOS1S
MW V$1NO ¥Z~AO
LO¥M
ZOSN LO8A looesto ooss ! SIONVY
— L/ d AOY /ADQ
AL+ w
ﬁ Joes v AWO0S
vSig Wiyt
mmwmmm _ AYGTI A
= ¥
80€N
y0SN
dAY ¥ouy3
O d
I .
+1 S—%08 M
ONIHOLIMS
1lNdLno

NO LNd1NO V& — ONIHOLIMS ANV JYNLIOILIHOYY LN3IJIND HOIH




G

¥N2 A0 ¥344N8 ONNOYO 3AILOY
0\ L
6isY
g
[
-1 ~
A gi¢y
S0 uweree
ZOE
G~¥0eH Mmomx 0% 4
301 Vi mi..p\
LOSH 39V LS 1ndino
cosH 006£0_ 01048} | | ") N33un0 HOIH
olo YOZ1No 0¥ _ LOSLS
o =N ZHS 1S
YELNO H i ¥Z AO
H/O.m\%? o L HeN
COTA o 006S[-0 0H0L8| | SIONVYY
oy N AQY /AQQ
L
_H T m.m, AS/ AM00S
vSi'¢ _ s T
805 ASL-Y A¥ATT A
o wfo z8|zeof | —
wEos1LNO =N
| 2 mzqvmwmmu
]Aw LOSH : 1+NI
L.J L
MI}].IO L10S 4 =E Zalzgol 1 | 39VLS 1ndino
S=¥08d  ywgie LNI¥Y¥ND MO
ONIHOLIMS >n_+\r
LNdLNO

3LVLIS TVY1IN3N

— ONIHOLIMS ANV 3JYNLO3LIHOYVY A34VHS




9

ol

AO

S—¥0CH

4344n8 ANNOYO JAILOY

GAL— /—\

39V1S LNdLNO
COS o 006£10 O10L8] | | *) N3uunD HOIH
nrAu ¥0Z1N0 ZO¥ X [ oeLs
© - ZOSLS
w vE1NO ] H=NI R —
|
LOPM H+NI -
0 o L0854 oossto ooz 1 o -
sAL+ — 4 AV /ADG
ﬁ 0% 4 Ty A
: . Y e
Mmomz vYSl'g ASL— /_\ AYQ I A
s zglzsol 1 coen
woos LNO C_1-NI 800
@] ]w LOEHA T+ NI i dAV ¥O¥y3

O.I....I..IQ\O —* I [

+1 c-pogy 0S4 zalzaol 1 | 32VLS 1nd1no

VWGl § LN3I¥UND MO

ONIHOLIMS A+ A
1lNndLlno

NO 1INdLNO VWwg -

ONIHOLIMS ANV 3dN1O3LIHOYV Jd3d4VHS




¥NO~AO ¥344N8 ANNOYO 3AILOV
61cy
U wg
~1
O gigy
90T Y uweee
0N
S—¥0¢A Wmonm 0%
40! Vi SAL— 4\
39Y1S 1NdLNO
el 00650 01048} | | ) N3uund HOIH
Glu ¥0Z1No Zovy _||J 1OS1S
-0 H=NI mm— — ZOS1S
Aw vS$1No ¥Z7AO
106N LO¥ A L H+NI —
208 00650 _o0L8| | | S3ONYY
F - Y AQJY/A20Q
SAL+ AS
ﬁ 20¢€4 m.m.
VG1L'g _ e I
805 Y As-Y A¥QTTA
LYY g
M 005110 zg|zeol 1 —u 20¢f
e A ﬂom_._w_
] Lo eN1 | A1 HRHda
R T WU " e o1 we N0 1
105 4 : 39VLS LNdLNO
+1 B=HOON Lofne ¢8128°0) L | ") N3yuno moT
ONIHOLIMS ASL+ A
1Nd1ino

NO 1NdLNO YWQOO0g — ONIHOLIMS ANV 3J4NLO3LIHOYY GA3dVHS




8A

¥N2 A0

glgy
90¢H uueree

4344N8 ANNOYO 3AILDV

zZogH
S—¥0eX Wmomz 054
¥o! T SAL="Y
mmmm 006£0 01048 | wﬂﬂww:pu:ﬂ%%
GIO s cdes I L0SLS
le) hw H=NI — ZOGLS
W vYELNO YT RO
L0SY LOYM 1 H+ NI
FAGD 006510 0048 | SIONVY
g9 N AQY/AJQ
SAL+ I i
_” Z0¢S 4 \r e AWOO0S
¥ —_— A AA
Wmonz vel's ASE= Y A¥QTT A
Luy zelzeol ) £0gn _— goen
i ot
00z LNO _ T1—-NI o YOS
dAY douy3
o |- tosi e
AI  — (W F)
+1 10S 4 100 zalzaol 1 | 39YLS 1Ndino
§=¥0£3  ywg)s T IN3¥8AD MO
AG L+
ONIHOLIMS
1NdLnNo

NO 1NdLlNO V¢ — ONIHOLIMS ANV J4NLO3LIHOYY d3dVHS




66X

¥N2~ A0

4344N8 ANNOYO 3JAILOV

615y
g
-1
90¢ M
S—v0eA mmmomz c0g4
¥01 Vi SAL= Y
LOEN 39V1S 1NdLNo
. 00650 _O0L8] | | ") y35unD HOIH
(o) 0Z1N0 ZO¥N _ | -
o) H—NI [Z — ZOS1S
Y$1NO0 g
L H+NI
1O¥ A =
2094 L0SH looesto oqocss| 1 - ——
F AJV /ADQ
ﬁ Z0¢4 A AWOOS
VG1'¢ " jp—
mmwa o A¥ATT A
zel|zeo| |
I - sogn 80¢N
woogeLno T1-NI | i Ex5ia
1||“w LOS . 4N dAY ¥0uy3
+1 2 10¢ 4 £1N0 zalzaol | 20VLS 1AJLAO
S=YOEX  ywgg ININYND MO
ONIHOLIMS Ast+ A
Lndlno

NO

1Nd1N0O VOZ — ONIHOLIMS ANV 3dN1O3LIHOY¥V A3UVHS




OIA

39v.1S 1INndLno
IN3IZ4NO MOT

AE = ¥

¢80 b
& !

280 ! . R

JOJdIN
IN3HdNO

ASL+ A

JONVY VWg — 3J9VIS LNdLlNO PV SSVIO




LI

ASL—

woogLNO O----¢ |
weino O—t— ﬁ\z M1 mw\_, vl
;v ........... 0¥
342 AV L —
A 4 O 1+NI

VZ2'03 39VYLS LNdLINO LNIYIND MOT




A%

v0ozZ1no |

40014

VAN
4001

VA

mﬁononow ¥S1°0

MmomF

o ) m>h+wl

JONVY VOZ

dG1°0

d0S1  1OME

b _ f_ I IOm H—NI
> 0PN
Amiik\_m\,y/ﬁ_
O— ﬁ v
ovL
VELINO | (gaz-)] SAL-
e
H+NI
40¢ L
NS0 W 40GlL }OME
m>h+H
JONVYY V&

YZE'O< HOV.LS iNdiN0 INIHNIND HaIH




cIA

SAL-
¥N2 A0
GAL mw
+
SAL
|_l
U WG
AL+
—
wwees
dN1D A0

FOVLS ANdiNO
1N3IJIND HOIH

T o

1

006CRL0L8]| | »
v0oZ1no

SAL+ th\w
velno

006sto0{0.8| |}

A

NOILVH¥NOIINOD IONVY V& SAL*

A

SIONVY VOZ % V& — ONIdAVIO LNJddNO HOIH




yIA

g (£MEX8)
¢ _ ¥V+¥S ¢ A 10SY
L £ b °A 4
4V + 4 G Logn |
¥
d
4V d
=
N
+ e
+ dWV1D
0CN oSN Iw.ml.lm..l ..m.ul
on — by L LNdNI AV T - T =
4V
¢ .m. = 3V + ¥¢ A
g A — 4¢ ¥ A AV + ¥ = OA
¥Z
0 [ —
4y ¢ . == 4 be| 1A
¥z
MYOMLIN IVNLOV MYOML3IN 3TdWIS

dAVTO LNdNI ANV MHJOML3IN ONINI43d NIVO




SIX

3ISN3S Y

avoly

+1

80gnN

AO

VZe'0< IN3JYND HOIH

COA=
umzumxw =R
ey
£
L $uS
ZOA
%:
z 4
= oMY ) =R
- zm
avory ! 80$N
+I
o=1 M\ "
pOSA O+
ZSOA ¢
NES

VZE'0 3 LN3I¥INO MO

NOILVSITIEGVLS 04




SIM

YHL A
+
<. <Y
~ [ d S
S s ® -
> X c YOZ A
o8
o O
INITVAINDI V0T voe A
JO1V¥VJINOD 431411038 NOISIO3Yd
ONISN3S NV3IN
+
Yovn
b ANV N\
N
2. Y
3
NN
(MLv=4) o

W LD

%0 L — —

% |+ %01+ joL
gov 0 |(oI 610°0-85°2) (oI 610°0—-2£°Z)| ¥ V0T
G9¥°0 |(oI £¥0°0-6G6'2)|(0T L¥0'0-££°2)| ¥ VZ'E
¥60°'1 | SWIALO'Q WALY'S ¥ VZ$'0

SHY
S (smyA) OV (2aA) 20
130 A
HHL A
l—l
i
o et B S
< WeIno
H Vi K DQ. NZ
INIIVAIND3 VZ'E S
9vyd YOZ A Bmxw/o._
S 0\0 & &
T8 cOomy  &L0£d  V0ZINO
Nomxwfo%\o velnol S3ovis
w/o| 1NdLlNo
NZ # |6 ? logn{ W00£LNO
?ﬁa\o - - we N0
covn
1+

40103130 JOVLIOA 43N0




LIA

(8] [2]
IYHLNIN|SWZCI 440 LNdINO|Swal 440 I1NdNI[NMOQ dHYY
o “° IONINDIS 440
. B [&] 2

dN dAVH|SWIL{NO LNdNI|SW¥T NO 1Nd1NO|sSwWrZTi3¥NOI4NOD | IVHLIN3N

| A
.- P I9NIND3IS NO

D
605y
N0 1

W T V0ZLNo
COSH

W uu velno

w nﬁm Z0G1S
Wmmww J9VLS L0£1S
Nd1NO
ﬁu = GG S e
80¢ M
Q. _-O—¢ m — 5
% woogLno £AE
OIAY =4 9
+I G—P0OCH _ RELNH _
|
8 9

v
aNIONIND3S JLYLS

B SEan IV~




61X

ISN3S Y

AN
-
i
o
I
e

_ouH...+ J.H

ISN3S Y NW

A
\m, uom. w

ad-
-y -

Peocapes
[R]

AVYLSD ! -

4

ONIGYVYNO HLIM

MV 20 + 5H+JJZ

ONIQYVYNO LNOHLIM

ONIddVNO




CIRCUIT DESCRIPTION - POWER PCB

CURRENT SECTION

Overall Loop (401096 Sht 3):

Precision current is provided by a V-I converter (transconductance amp) driven
by the 300mV and the 3V voltage ranges. The output current is sensed via I-, on
its return. As the I- point is held at ground potential a positive output current
produces a negative voltage on the opposite end of the sense resistor (R316,
319, 313, 336-8). This sense voltage is compared to the input voltage via a feed
back network (R301) at the error amp virtual earth input (U304). The error
signal produced by the input amp is turned into a differential current by the
small signal V-I converter (U305). This current is then amplified by the
appropriate output stage.

At high currents (>0.32A) the I- end of the sense resistor is held at ground
potential by both earthing the sense and by floating the output stage and its
power supply. At low currents (<0.32A) the I- current is fed into the virtual
earth of a ground referenced inverting amp (U306) (transresistance amp).

Input Network and Error Amp (401096Sht3):

The input network (R301) provides attenuation of the input signal (x '/3),
analogue switch (U301) impedance matching and a convenient point for the
input clamp FET (Q301). With analogue switches, from the same chip, both in
the input and the feedback networks, switch ON resistance TC is bucked out.

C302/3 provides the dominant pole in the loop. In open loop mode (J803 pin 2
linked to 3) feedback sense is disabled and local feedback 1s provided around
the error amp by R327 via U302.

DC stabilization is provided by a chopper amp (U308) configured as the low
frequency part of a compound amp (crossover approx 1 Hz). At high currents
(>0.32A) the chopper amp compares the virtual earth (U304 pin 2) of the loop
with reference ground. At low currents (<0.32A) it compares the virtual earth to
half the offset voltage of the active ground butter (U306). An analogue switch
(U302 pins 9-11) selects the appropriate reference voltage for the DC amp. The
virtual earth is sensitve to leakage current so low bias current op amps have
been used and pcb guarding employed.

Small Signal V-I (401096Sht3):

The converter (U305) is formed from an inverting amp, with switched gain
(U302) and a class AB output stage. The output voltage is developed across the
load resistor (R306), consequently the differential output current, via the
collectors of transistors (Q302, 303), is proportional to the input voltage. Diode
clamps are provided in the feedback (D308-11) to limit the output current.



Low Current Output Stage (401096Shtd):

The output stage consists of a complementary pair of dual output current mirrors
(gains of 0.82 and 82) and a bias current source (Q405). The 3mA range is fed
from the low gain output with the high gain output grounded. The 300mA range
is fed from both outputs is parallel.

The bias current source maintains a minimum current flow in both both current
mirrors when either of the control currents falls to zero. The outputs of the
current mirrors are cascoded to increase output impedance. A series RC
network (R408 + C404) provides a local HF output current path.

High Current Output Stage (401096Shtd) and £7VS PSU (401096Sht5):

The high current output stage also consists of a complementary dual output
current mirror configuration (gains of 867and 4767) with a bias current source
(Q414). The 3A range topology uses one output transistor per mirror whereas
the 20A range uses four output transistors per mirror, with the four emitter
voltages averaged via R414, 421,423 and R425. Two relays (K401, K402)
isolate the six unused output transistors and their associated feedback signals
when in the 3A range configuration.

The +7V5 lines are conventional unregulated supplies consisting of a
transformer secondary, a bridge rectifier and a pair of reservoir caps.

A bipolar, load bypassing, clamp is formed with two zeners (D414, 416) and
two diodes (D413, 415). The two zeners are biased up with equal currents
which are derived from a current source (Q433) and two current mirrors (Q427 -
432). In the 3A range configuration the clamp simply provides a parallel path to
the load. In the 20A range the clamp current is injected via the top end of the
33mR shunt (R316) not via I-. This forces an output current reduction when the
clamp cuts in.

Output Switching (401096Sht3):

Relays route the appropriate output to either internal loads (4R7/R308 - neutral
and self test of 3mA/300mA/3A ranges, 10R/R309 - neutral and self test of
20A) the I+ terminal or the D type guarded current output. Relays route the
return current from I- to the appropriate sense resistor. Fuses F301/F302 protect
the 3mA, 300mA and 3A outputs. Fuse F303 with diode clamp D305/6 protects
the active ground buffer.



Relay K308 maintains connection to the internal loads during the ON sequence
whilst the external load is being switched in.

Analogue switch array U301 selects the appropriate feedback signal.

Active Ground Buffer (401096Sht3):

The active ground buffer is configured as a ground referenced virtual earth amp.
It is formed from an op amp and a class AB, unity gain, output buffer. Relay
K301 selects the appropriate feedback resistor (R336-8: 300mA, R313 + 336-8:

3ImA).
Over Voltage Detector (401096Shtd):

The over voltage detector consists of a buffer (U403), a precision, unity gain,
full wave rectifier/low pass filter (U404) and a comparitor with a switchable
threshold (Q434).

The 3mA, 300mA and 3A ranges feed the detector via 'Out 3m' and the 20A
range is sensed via 'V-20A".

The response to the detector is handled via the microprocessor under normal
circumstances.



FAULT FINDING - CURRENT FUNCTION

+7VS5 Supplies:

The + 7V5 supplies are high energy and only current limited by the primary
fuse. Always be very careful when fault finding with these supplies connected,
especially:

- 3A and 20A range faults

- primary side faults

Always check for excessively hot components. The 9000 can be powered up
with the £ 7V 5 supplies disconnected (E501, E502). Only the 3A and 20A
ranges are affected.

Bench Supplies:

Fault finding on the 3A and 20A ranges is simpler with external bench supplies
in place of the + 7V5. Replace internal supplies with:

3AR: 8-0-8V @ 4A, isolated supply
20AR: 8-0-8V @ 8A, isolated supply
+8V: connected to E504
ov: connected to ES06
-8V: connected to ESO7

Power on sequence: power up 9000 (with self test disabled - middle horizontal
soft key etc) wait 10 s then power up bench supply.

Power off sequence: power off bench supply wait 10 s then power off 9000.
Self Test:

Factory limit full self test is always a good first pass fault check. This checks
for most static functional faults like bias conditions, gains, broken loops, clamps
and most of the over voltage detector thresholds. It is important to note that the
20A range over voltage detector is not checked with the self test.  So if there is
any doubt test this manually.

Self test pathways can be used to access machine states that are otherwise
unavailable. The most useful state available 1s open loop with zero input signal.
This state, for each hardware range allows symmetrical bias checking:

300mAR-OL -9  PO3.001
3mAR-OL-@ PO3.011
3AR-OL-@ PO3.014



Grounding Rules:

For earthy instruments (eg scopes) connect earth clip to either 'chassis
metalwork’ or TP521 (Star 2). Never connect earth clip to TP302. For floating
instruments (eg Dmm) connect 'lo" to TP302 (ground 24) as a general reference.

Due to currents between star points there can be up to 2mVrms between TP302
and TP521.

Open Loop Configuration:

The open loop mode (J803 to the right) allows functional blocks to be checked
without the feedback loop confusing the issue.

Any range can be selected in open loop mode but the current produced at the
output is greater than current indicated on the display, so always select the
lowest output on the hardware range of interest (eg 0.33A on 3A range) and then
use a handheld Dmm as the output load to check the output current before
ramping output up to the required level.

Approximate range multipliers in open loop mode:

Multiplier = Maximum Displayed Current

300nA/3mA x4.2 751A/0.75mA
30uA/300mA x4.2 7.5mA/75mA
3A : x 1.84 1.7A
20A i % [.52 6.5A

AC Response:

To check the AC loop response of the current converter use the high frequency
load regulation tests to check the loop bandwidth is high enough and the
maximum load inductance tests to check that the loop bandwidth is not too
great. (Tests can be found in the Power board and instrument test procedures.)

High Frequency High Current Problems: .

Always keep output leads short and tightly coupled (eg 2.5 mm? conductors
twisted together). This will keep the resistance and inductance down. To
illustrate the problem at 20A/10KHz the compliance voltage limit (0.9Vrms) is
developed across a load inductance of only 0.7pH.

Do not be fooled by the voltage waveform on the output as this will appear to be
much more distorted than the actual current flowing - The amplification of the



high frequency components of the current is due to the inductive nature of the
load. Check the current waveform either with a current probe, or by monitoring
TP310 with your scope. The other consequence of this high frequency
amplification is that if there is an oscillation, even at low level, the resultant
output oscillation voltage will be large. This helps with low level oscillation
detection.

Low Current Problems:

At high frequency stay capacitance can cause large measurement errors.
Guarding will reduce the problem (see diagram K19).

At low frequency, problems due to beat noise caused either by pick-up of line
harmonic interference or by common mode current, from a line powered
measuring instrument, finding its way back to earth via the I- of the 9000.
These beats will be worst around 51, 101, 151 Hz etc. The solution to pick-up
is screening. To prevent common mode current noise beating use a good
quality, well guarded Dmm, eg 1271/81. Also remember battery powered
instruments do not generate common mode current.



CUSTOMER QUERY ISSUES - CURRENT FUNCTION

Inductive Load Handling:

Inductive load handling is limited, especially at high current. It is adequate for
reasonable leads and loads, but will not handle inductive loads like multi-turn
coils used to calibrate clamp-on ammeters.

Over Voltage Detector Limits:

Due to the soft nature of the clamps and the tolerance of the detector the trip
point is beyond the specified region of operation. Consequently if the output

voltage is above the specified region (see Vol I spec section) and below the trip
level the output current magnitude will be unreliable.

Normal and Guarded Output:

Normal output is via [+/I- terminals and guarded output via D type pin 1/1-
terminal. Via lead set, yellow and black leads - normal or white and black leads
- guarded.

The guarded output is limited to 1 A. This output provides a more accurate HF
low current output at the lead tips.

Primary Specifications:
The ACI accuracy specified is for Rms measurement, therefore on mean sensing
instruments the mean sense error must be added to the overall accuracy. Mean

sense instruments are generally of much lower accuracy so the TURSs are not
affected significantly.

Low Current Output:
For pick-up and common mode current issues see "Fault Finding".
Earthed Instruments:

As the 9000 is earthed it will only operate properly with an isolated load.
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Scope Calibration Module.

4. Block diagram description of functional configurations.

1.4  Sine 10Hz to 250MHz.
1.1.4 Sine 10Hz to <50kHz. (&7*??‘?#’//5)

The power and analogue assemblies are used 1o generate sine waves of a particular amplitude
and required output frequency. The front terminal output relays remain open and the scope
module connects to the signal HV_P_HI on the 50 way analogue ribbon connector.

This signal is mouted 1o SlG_OUT via the LF attenuator and last stage of the HF attenuator. The
final stage of the HF attenuator also acts as the output on/off relay.

The trigger output, TRIG_OUT, is driven at the same frequency as SIG_OUT by the AC coupled
trigger comparator. U102, sensing HV_P_HI. Its oulput is routed 10 TRIG_OUT via the Actel

device U801,
The phase of the trigger and signal may change with 9100 setting (e.9. range & frequency).

The 20MHz VCXO and HF oscillators sleep in this mode to reduce noise.

1.1.2 Sine 50kHz to <11.2MHz

The scope DOS, U602, is used lo generate 3 sine wave signal of the required frequency and
variable ampiitude. This is amplified then routed 1o SIG_OUT via the HF attenuator.

The ampiftude level is controlled by a loop which drives the DDS reference. The DOS reference
can be over driven by an external signal (OV to 2V). The peak detecior on the scope HF
assembly and eror amplifier compare the set point from the ampirtude DAC and scaling with the
buffer output to compiete the amplitude lo0p.

Al lower amplitudes the DDS has an 8dB input ampiifier and -8d8 output attenuator to keep its
reference at a sensidie level. Lower amplitude is decoded by the Actel device, U801, when the
lalched bits driving the amplitude DAC_Diito DAC_D8 have the binary code 0101 or less.

The DOS is driven at 10MHz by either a 30MH2z VCXO or 30MHz +-25ppm fixed oscillator. The
VCXO is fitted when option 100 is fitted to the analogue assembly to maintain the frequency
specification. A phase lock loop is used to lock the an alog assy signal EXP_FREQ_PULSE_H at
58 59375kHz 1o the 10MHz required for the DDS. The 32 bdt scope DOS has 6.99mHz resolution
which is 0.139ppm of 50kHz, so small frequency adjustments to the analog assembly DOS are
made to get the accuracy well within the 0.25ppm specification of option 100. If the fixed crystal
is fitted the frequency cormections o EXP_F REQ_PULSE_H have no effec.

When EJ(P_,FREO_PULSE_H is used the main DAC on the analogue assembly is set for
minimum frequency/pulse output amplitude as the outpul stage will still be aclive.

The trigger signal s derived from the AC coupled comparator, US03, sensing the scope DOS
output. The follower Q602 is used to stop noise feeding back to the filer. 1t is rouled to
TRIG_,OUT via the progammable divider (set to divide by one) and trigger selector in the Aclel

device U801.
The HF oscillators sieep in this mode.

1.1.3 Sine 11.2MHz to <250MHz

A high frequency signal is generated by @ mixer amangement controlied by a phase lock l00p and
an ampiitude 100p. The signal is amplified and routed 10 SIG_OUT via the HF attenuator.



The output frequency 8 32 times the scope DOS frequency (0.350MHz to 7.8125MHz) and
adjusted by changing the scope DOS setting (and the analog assembly ODS if the YCXO is
fitted). The scope DOS run st higher amplitude from #s intemal voltage referance as it only
provides a frequency reference. The extemal reference i It is isolated by U80T7-1/273.

The level is set by 8 control 100p which drives a pin attenuator on the mixer output. The peak
detector and error amplifier compares the set point from the ampiitude DAC wilh the buffer

output to complete the ampltude 1o0p.

The trigger signal is derived from the signal frequency divided by 32. It comes from the pre-
scaler U303 and level shifter Q407/Q408. It is routed to TRIG_OUT via the Actel device U801.
Delays in the circuitry may cause frequency dependant phase shifls between SIG_OUT and
TRIG_OUT.

1.2  Square 1kHz.
The square uses the same path as the sine for {0Hz to SOkHz. The signal is generated at 1kHz
only by the power and analogue assemblies.

The analog assembly DOS is loaded with a8 new pattem so that the base of the square is related
to OV and adjustment will be made to its peak value using the analog assembly main DAC.

The trigger is generated at 1KkHz and being AC coupled should line up with SIG_OUT.
The 30MHz VCXO and HF oscillators sleep in this mode.

1.3 DC

DC uses the same path as the sine 10Hz to SOkHz. The power and analog assemblies generate
the DC signal The LF attenuator incluces a filter, €105, which is selected for higher OC voltages

using the HF transformer.
The 30MHz VCXO and HF oscillators steep in this mode.

A trigger signal at approximately 84Hz is generated within the Adel device, U801, using the clock
AN_CLK.

1.4  Edge.

1.4.1 Edge insflow amplitude 10ms to 89.29ns.

The edge inslow ampiitude output circuitry drives SIG_OUT via the HF attenuator which also
provides the output on/off relay.

The repetition period of the output is determined Dy the scope DDS, U602, which drives through
the programmabie divider on the Adel device, UB01. This combination gives varability in
decades without introducing excessive DDS uncerainty at lower frequencies. The scope DOS
clock is generated by either the 30MHz VCXO locked 10 EXP_FRQ_PLS_H.or the fixed crystal
The DDS is set 10 a higher output amplitude using its intemnal reference.

The output amplitude is set by the amplitude DAC and scaling which drives the edge 1nsow
amplitude outpul stage directly.

Trggers are generated from the programmabie divider output within the Actel device and routed
to TRIG_OUT. Signal delay is added by 3 U605 to ensure that the Ingger 0CCurs before the edge.

The HF oscillators should steep in this mode.

1.4.2 Edge ins/low amplitude 89.29ns to 10ns.
This mode uses the sine circuitry (11.2MH2 1o 100mh2) to dnive the edge output circufts.



The repetition period of the output is determined by the scope DOS but the frequency 8
muttiplied by 32 using the HF oscillators and mixef. Minimum aftenuation on the mixer cutput is
set by jamming the peak detector and &(Tor amplifier to get FS outpul using USQW14/18/18..

Triggers are generated from the ECL pre-scaler 50 occur every 12 edges of the output signal.

1.4.3 Edge 100ns/migh amplitude 10ms to 10us.

This mode is similar lo edge {nsfow ampiitude 10ms {0 89 2ns with amplitude and repetition
rate routed to the edge 100ns/Migh amplitude output circuitry, insiead of the 1ns/low ampiitude.

The HF oscillators sleep in this mode.

4.5 Markers 5.5s to 4ns.

1.5.4 Markers 5.5s to 89.29ns.

This mode uses the same configuration as edge {ns/low ampitude 10ms to 89.29ns. The lower
range is extended 10 5.5 seconds by more programmabie divider slages. ;

4.5.2 Markers 89.29ns to 8.8888ns.
This mode uses the same configuration as edge 1ns/low ampiitude 89.29ns to 10ns.

1.5.3 Markers 8.8888ns to 04.000ns.

This mode uses the same configuration as sine 11 2MHz to 250MHz. 1is actually a sine so the
{rigger point may vary compared to the other markers.



2. Circult descriptions -sheet by sheet

2.1 Sheetd
Relays shown are driven from circuits on sheet 8 |The comparator U102 senses HV_P_Hl to
derive triggers when the analog and power assemblies are sourcing the scope module output.

2.2 Sheet2
Signal DLY_LINE_OUT_H controls the switching of the edge 100ns/Migh amplitude.
FEHA_NEG_L goes low lo enable circuilry.

2.3 Sheetd

Signal SLP2_H s used lo enable the oscillatoss. The pre-scaler U303 is used 10 drive PLL on
sheet 4. Relay K302 allows the edge 1nsflow ampiitude to be driven from the sine output above
11.2MHz or DLY_LINE_OUT_H below 11.2mhz

2.4 Sheetd
Signal SINE_MIX_FS_Lis used 1o get minimum attenuation from pin attenuator, hence
maximum ampiitude lo drive edge circuitry

2.5 Sheets

DAC U501 is used to control amplitude of waveforms generated on the scope assembly. The
mast significant four bits are latched.by Actel device U801 and remain static. They are clocked
int& DAC when the processor wil e least significant eight dits by strobing DAC_LD_L. The
DAC is driven from the analog assembly reference at 8 55368V which gives a ouput between OV
and 8.5536V.

The DAC output is divided by four to drive the edge circuitry. Signal SLP3_H is high when the
edge 1ns/low amplitude when not used.

2.6 Sheet8

The DDS, U602 and filter on UG0-2 are used 1o generate sine waves between 50kHz and
11.199MHz. The DDS has an intemal reference of 1.27V on U605-8 which is enabled when
switch UB07-1/2/3 is open.. When U807-172/3 is closed the intemal reference is overdriven by the
amplitude control signal from lhe peak deteclor and efmor amplifier, DOS_AMP_CTRL. Al lower
amplitudes the amplifier U606 gives a gain of x2.5 lo the reference level and there is a
cormesponding attenuation from K3014/7. 10 help reduce noise effects. The diode clamps, D607
and D608, stop U602-6 going outside the range 0V to +2V. The DDS output Us02-2 should
atways be in the range oVvito 1V.

Folower Q802 and comparator U603 generate a logic signal at the same frequency as the sine
wave on REF_FREQ_H. This is used to drive the x32 PLL or programmabie divider on Actel

device UB01-84.



The trigger output s1agé is a logic gate US04 which gives 1Vpk into 50R extemal load. The
trigger source is selecled by Actel device Uso1from:-

1 programmable divider divide by 1, 2, 20, 200 etc. 1o 20000000,
2 COMPL_LF_H for signals power and anlog assembiies of
3 DIV_32_TTL_L for outputs frequecies above 11 2MHz.

The programmable divider output U801-63 is delayed by LUEQS to ensure that the edge outputs
occur later than the trigger output.

The DDS clock comes from 30MHz VCXO Y801 (which may be 2 fixed cryts! when option 100 is
not fitted). The VCXO is phase locked to E_XP_FREQ_PULSE_H gt 58.59375kHz from the analog
gssembly. The VCXO divide by 512 and phase comparator are on Actel device U801. The fast
and slow control outpuls are summed and fiitered at C812, which feeds back lo the VCXO via

amplifier U601.

The supply to the VCXO is switched by Q601 to reduce noise when the DOS is not required.
0605 and D806 ensure Us01 does not drive the VCXO when its power supply is switched off.
SLP1_H also reduced the DDS DAC consumption by driving U802_37.

The DOS registers are written by the processor via AN_D7 to AN_DO which are strobed by
DDS_WR_L. Bytes are written in groups to fill a four byte assembly register. The assembty
register is \ransferred to the required destination by AN_A3 t0 AN_A1 which are strobed by
pDDS_LD_L (this should be active high). The DDS clock must be present for loading to work

property.

2.7 Sheet7

The self test selection signals TST_8_Hto TST_0_H from the analog and power assemblies,
control analog multiplexers U701 and U702.

2.8 Sheet8

Aclel device U801 contains the double latching for the 32 relay and control bits. The latiches are
written in groups of four bytes so the last write updates the control outputs. The controf bits are
written from data on AN D7 to AN_DO, decoded address AN_A8 to AN_A1 and the strobe
AN_DS_L. The signal AN_R_H_W_Lis highto read and low to write the registers.

The signal AN_I_OC_L is an open collector interrupt line which signals the processor and other
Actel devices that the detector input U801-42 has latched. Actel devices on other assemblies can
drive this line. If the interrupt is ignored all Actel devices will force a safe instrument controt bit
state after 0.25 seconds from the interrupt line first going low. The signal AN_OP_OFF _L is
pulsed low when the off key is pressed to check that the firmware services i 1 will force a safe
state 0.5 seconds after it is first seen if the fimmware does not respond.

The signal; AN_LED_ON_L tums on the front panel red LED. Rtis driven low by Actel devices on
other assemblies including the scope module when an output is tumed on. When a high voltage
control pattem is selecied the power assembly Actel device will drive this signal to about 3V once
per second 10 flash the LED off.



3.  Control bit names and functions.

These names are for register bils within the Actel device U801 with the pin numbers they drive
shown in brackets. They may be useful when fault finding.

3.1 LF Attenuator Bank and Filter

The following bits are decoded for sine 10Hz t0 50kHz, DCV and square {kHz. They control the
LF Attenuator which is used only when the power and analogue assemblies are lo drive the

scope option oulput.

S1-0 ATN_LF_RLI_H default=L (83]
s{-1 ATN_LF_RL2_H default=L [31)
S1-2 ATN_LF_RL3_H default=L (1)
§1.3 ATN_LF_RL4_H default=L (80]
Si-4 ATN_LF_RL7_H default=L 1G]]
§1-5 ATN_LF_RL8_H default=L (sl
Si-6 ATN_LF_OCV_H default=L (3)
S1-7 SEL_9100_H default=L 2

3.2 HF Attenuator Bank and Output Relay
§2-0 ATN_HF_19dB_1_H default=L 73

H inserts 19d8 attenuator 1 for sine 50kHz 1o 250MHz.
L attenuator 1 bypassed.

s2-1 ATN_HF_mdB_Z_H default=L (34)

H insers 19dB attenuator 2 for sine S0kHz 10 250MHz.

L attenuator 2 bypassed.

The following bits are decoded to select 9.66dB attenuator and perform output oni-

output off output on output on
(default) 9 66dB atten no atten
$2-2 ATN_HF_SdB_IN_H [76] L L H
$2-3 ATN_HF_NB_OUT _H[T L H L
3.3 Trigger Control
disabled sine 10kHz output prog.
(default) 1o S0KHz - IP1  freq/32-1P2 divider
S24 TRG_FO_H [no pin] 0 i 0 1
52-5 TRG_F1_H [no pin] 0 0 i i
28 TRG_FLT_H (not used) default=L [13)

H trigger filter active
L trigger filter inaclive.



S$3-5

S3-6

TRG_INV_H default=l [ro pin]
trigger output I8 inveried
trigger output not inverted.

Edge 1ns/Low Amplitude and 100ns/High Amplitude

FELA_MIX_H_DIV_L defauit=L (78]
drives edge low amplitude from the DDS & mixer (50kHz to 11.2mhz).
drives edge low amplitude from the programmable divider delay line.

FELA_POS_H (do not seled with NEG) default=L (30}
configures edge low amplitude for positive output pulse.
disables edge low amplitude positive oulput.

FELA_NEG_H (do not select with POS) default=L [24]
configures edge low ampiitude for negative outpul pulse.
disables edge low amplitude negative output.

FEHA_NEG_L default=H [79]
disables edge high ampiitude negative output.
configures edge high ampiitude for negative output pulse.

FEHA_0DB_H default=L m
de-selects attenuation of edge low amplitude.
selects -15d8 attenuator for edge high amplitude negative output.

SPARE $3_5 (8]
SPARE $3_8 defautt=L (21]

FE_TST_H defautt=L [no pin]
drives edge frequency inputs high to stop noisy signal toggling and for for test.
allows edge inputs to be driven fom selected source.

General Signal Routing.

SINE_HF_H  default=L (53)
connedts sine 50kHz 10 250MHz from mixer or DOS 10 output circuitry.
other functions connecied to oulput areuilry.

SINE_DOS_H_MIX_L defautt=L
connects DDS 1o output circuitry for sine SCkHz 1o 11.2MHz.
connects mixer to output arcuitry for sine 11 2MHz 1o 250MHz.

SINE_MIX_FS_L default=L [62)
normal sine $0kHz 10 280MHz ampitude loop operation.
drives the sine S0kHz 10 250MHz ampitude control t00p to maximum output.



DDS_EXT_REF_L default=H {70}
DOS intemal referenca for use as frequency Source without amplitude control.
coses ampiitude toop for sine SxHz to 11.2MHz.

NOT_FELA_H default=L (11]
other fundlions connected 1o output circuitry.
conneds edge low amplitude to output arcudry

Sleep Control.

SLP1_H default=H [10]
30MHz VCXO to sleep mode.
30MHz VCXO enable.

SLP2_H defaut=H (18]

HF oscillators to sleep mode.
HF oscillators enable.

SLP3I_H default=H (81}
edge low amplitude to sleep mode.
edge low amplitude enable.



4. Scope Actel Registers.
The scope Actel device controls the sddress decoding for the DOS. DAC and control bits. Read-
back is only provided on the four control bit registers and the status register.

The S CLR address should be cleared in the same way as the P CLR and A CLR in the power
and analogue devices. There is a spare detector and the same off key time-out and hardware go
to neutral (should the common signal generation interrupt not be serviced by the processor)

system as the other devices.

The programmabie divider is 8 cascaded decade counter. The 1aps are selected by the
programmable divider register.

4.1 Status Register

This is decoded as follows:-

SR-0 OFF_TIMEOUT_H

H output off key time-out has occurred or the hardware has gone 10 neutral as the
interrupt was not serviced.

SR-1 S_DET_H

H detector has tripped causing interrupt and starts go to neutral time-out.
SR-2 OPT_TST_L

H ogtion not fitted

L option fitted

4.2 Programmable Divider
Bits 3 to 0 are decoded as follows:-

PD-3 PD-2 PO-1 PD-0
1/1 (default) 0 0 0 0
IF_CLK (64Hz) 0 0 0 1
12 1 0 0 0
1720 1 0 0 i
17200 i 0 1 0
12000 1 0 1 1
1720000 1 1 0 0
17200000 1 i 0 1
172000000 1 i 1 0
1/20000000 1 1 1 1

IF_CLK is usedto provide a trngger output in DCV scope function.

The output of the programmable divider drives the edge circuitry via pin 63 and/or the tngger via
pin 14

4.3 Control Bit Registers

These registers are described above as S!, S2, S3 & S4. They can be written and read.and are
double latched so writing S4 (possibly using MOVEP L) will change the control bits to the new
state. The read is of the second latch driving the output pin levels.



4.4 Scope DAC

This DAC is written (possibly using MOVEP.W) as a high byte containing D11 to D8 and a low
byte containing D7 to 00. The high byte is latched and transferred to the DAC when the low byte
is written.

4.5 DDS Registers
The DOS assembly register is used 1o temporarily hold values to be written to the DDS registers.
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