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SAFETY CONSIDERATIONS

GENERAL

This product and related documentation must be
reviewed for familiarization with safety markings
and instructions before operation. This product has
been designed and tested in accordance with inter-
national standards. ‘

SAFETY SYMBOLS

A Instruction manual symbol: the

product will be marked with this

symbol when it is necessary for

the user to refer to the instruc-

tion manual (refer to Table of
Contents).

? Indicates hazardous voltages.
+

Indicates earth (ground) terminal.

' ' ~ ) The WARNING sign denotes a

hazard. It calls attention to a
procedure, practice, or the like,
which, if not correctly performed
or adhered to, could result in
personal injury. Do not proceed
beyond a WARNING sign until
the indicated conditions are fully
understood and met.

The CAUTION sign denotes a
hazard. It calls attention to an
operating procedure, practice, or
the like, which, if not correctly
performed or adhered to, could
result in damage to or destruc-
tion of part or all of the product.
Do not proceed beyond a CAU-
TION sign until the indicated
conditions are fully understood
and met.

CAUTION

SAFETY EARTH GROUND

This is a Safety Class | product (provided with a
protective earthing terminal). An uninterruptible
safety earth ground must be provided from the
main power source o the product input wiring ter-
minals, power cord, or supplied power cord set.
Whenever ‘it is likely that the protection has been
impaired, the product must be made ineperative
and be secured -against any unintended operation.

BEFORE APPLYING POWER

Verify that the product is configured to match the
available main power source per the input power
configuration instructions provided in this manual. -

If this product is to be energized via an autotrans-
former make sure the common terminal is con-
nected to the neutral (grounded side of mains

suppiy).

SERVICING

WARNING

Any servicing, adjustment, maintenance,
or repair of this product must be per-
Jormed only by qualified personnel.

Adjustments described in this manual
may be performed with power supplied
to rhe product while protective covers
are removed. Energy available ar many
points may, if contacted, result in per-
sonal injury. '

Capacitors inside this product may still
be charged even when disconnected from
its power source.

To avoid a fire hazard. only fuses with
the required current rating and of the
specified type (normal blow, fime delay,
erc.) are to be used for replacement.
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Model 234048 - Service

ASY MARKER BéNﬁCRQSS ASSEMBLY, CIRCUIT DESCRIPTION

Introduction

The Marker Bandcross board generates the Z—axis intensification
signal regquired to place intensity markers on a CRT. If enabled
by the front panel, amplitude markers will be generated by

sending 2 marker signal to the leveling circuits. The same

circuits that detect markers are used to detect band crossings or
the end of sweep. These circuits will cavse the sweep to be
stopped and the microprocessor 10 be activated. Bther circuits

~interface with rear panel interface connections. Hardware on thies

board i1s wsed during self test to verify the operation of the 14
bit microprocessor data bus.

. Bweep Event Detection (Blocks A, B, ©. D E, and F)

A sweep event 1t a MARKER, a EBAND CROSSING or the END OF SWEEP.
Prior to the beginning of & sweep, the microprocessor will Store
in the Sweep Event Memory (Block B) a series of numbers which
correspond to all the sweep events that are to takes place during

‘a sweep. These numbers are loaded in the fellowing manner:

1. The Processor -Sets Address Register (Block A) tc 0 (i.=.,
sets DBO~-5 teo zero then cutputs address 12,R7:)

2. The Processor writes inte the Sweep Event Memory (Blocik B}
& series of numbers corresponding to the sweep events.
NOTE: The fAddress Register iz automatically incremented afiter
each write to memory f{(address 12,R0: to Ul pin B},

2. The Frocessor Sets the Address Register back 1o 0.
Before a sweep begins, the processor determines hiow many swesp
events their will be in the sweep. For example, for 3 zuweep
containing one Bandcrossing and a Marker, there would be 4 sweep
2vents, two for the marker, one for the the bandcrosesing, and one
for the end of sweep. The processor then computes at what point
in the sweep each event occures and converts this information to
a nymber from 0-799 which would correspond to the 0-10V sweep.
This series of numbers are written into the Sweep Event Memory
via BO-B9. When the Address Register (Block &) is set to location
0, the firet number stored in the memory appears at the input of
the sweesp comparitoer DAC U3, The DAC converts thic rumber to a
voltage between §-10V. This voltage is not available 2t the the
output of U3 but is compared internally to the MARKER RMP (0-10Y)
signal. When the MARKR RAMP rises to a voltage =qual the value
the DAC is set to, the cutput of U3 {Pin 18) will Ffire the
comparitor Ué and the 13t sweep event occurs. This causesz the
MARKER and. the BANDCROSS flip flops to be clecked. The data
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ztored in the flip flops and taken from data bits 40 and 11 of
the RAM will determine what kind of sweep event has occured.
MARKERE: A marker i3 created by two sweep EVENTS. The first EVENT
turns the marker ON the SECOND turns the marker OFF. Markerszs are
174000 of the DISPLAY wide. When a vser attempis 1o change ong of
the frequency parameters in the middle of a2 slow swesp (300 mS or
longery the SWEEP EVENT DETECTION circuitry is uveed to determine
the position that the sweep is at allowing -the instrument 1o
phaselock to a frequency appropriate to the current sweep
position. For faster sweep times, the instrument will defer
making frequency changes until the beginning of the next sweep.

Address Register A

Ui and Ul0 comprise a & bit counter register. The counter is
preset when the microprocessor writes to I/0 address 12,R3: via
pin 1i. The Address Register can be counted or incremented two
ways: First by the MicroProcessor writing to I/0 addresz 12,F0:,
and secondly when Timer USE {(Block E) fires., The signal from USE
indicates that a sweep event has occured and that the SWEEF EVENT
BETECTION circuitry should get ready for the next sweep €vent.
The outpuze of the Address Register (A0 through A&) are used 1o
address the Sweep Event Memory (Block EBb.

Sweep Event Memory B

A

UZ and UiS are RA&Ms each containing 128 8 bit bytes. They are
combined to provide 128 16 bit words of memory. Sweepn events ars
stored intc the RAM when the microprocessor does a write to I1/0
address 12,R0:. UB and Ulé (Black C} are buffers through which
the microprocessor reads or writes RAM data. The RA&M iz addreszed
by the Address Regicter (Block AY. In normal operation of the
instrument only about 15 of the 128 words of RAM are used. Each
location used corresponds te a single sweep event that is to
sccur during the sweep. The RAM has stored in it, the position
along the sweep where each event is 1o occur, as well as
informaton indicating what kind of sweep event each one is.

Read/urite RaM Buffer

Ug and Ulé make a ié& bit bidirectional buffer which connects the
microprocessor with the Sweep Event Memory (Block E). When the
microprocessor sends 1/0 Address L12,R{:, the buffer trarsfers
data from the instrument data bus (DBO thru DB1E) to BO thru BiE.
Whan the microprocessor sends 1/0 Address 12,R2: data is
transfered the opposite direction (i.e., from the Swesp Event
Memory to the microprocessor).

Zweesp Comparitor D
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U3 is a 18 bit DAC which compares the 0 - 19V MARKER RMP t¢ the
Binary number placed at its input by the Sweep Event Memory
(Block B)}. The MARKER RMP (0-i0V) is connected to the U-Fesedback
input of UZ (Pin 16). At tge beginning of a sweep the output of
the DAL will be below 0 volts. When the voltage applied by the
MARKER RMP (0-10V) is equal to the corresponding digital number
at the DAC’s inmput will go above ¢ volts. Comparitor Ue is set 1o
trip when the output of the DAC rises above 0 woltz. For example
if & Sweep Event is to occure at mid sweep, the following
conditions would exist: The DAC would have the number 500 decimal
or 11111019090 binary placed at ite digital input. Before the
Marker Ramp gets to & volts, which represents the exact middle of
the sweep, the DAL cutput would be below 0 Volts and the
Comparitor output (Fin 7) would be LOW. As the MARKER RMP
approaches 5 volts, the ocutput of the DAC would approach 0 volts.
When i1t gets to 0 volts the comparitor will fire causing its
cutput to go MIGH. When the comparitor fires, REE, K26 and R27
cause a 2mY offzet 1o be made to the positive input of the
cemparitor {(Pin 2). This insures - -that the comparitor having just
fired will not change states due t0 noise on the MARKER RMP. RIZ

{10V END of SWEEP ADJ.) is adjusted to make the end of sweep
vogltage esqual 10.000 V.

RaM DaTe UNSTABLE TIMER E

This circuit debounces the output of the SWEEP COMFARITOR (Elock
D) and causes the ADDRESS REGISTER (Block A) to he intcremented
‘after each sweep event has been detected. USB is triggered by the
-comparitor firing and outputs a 700 nS pulse. The pulze sets
timmer USA and alsc clocks the Marker/Bandcross Flip-Flops (Block
- F). Timer USA will reset after 5.7 u3S and is used toc keep Timer
USB from being fired sgain until the circuits in Blocks A,B,C and
I have had time to settle following a sweep event. UZ0E controls
the reset input of Timer USBB. The inputs of UZ0B are used to
dizable the timmer. Pin 5 of URZ0B is connected to ULi2B pin &
tBlock M) and is HIGH when the sweep has been stopped. This keeps
the timmer from firing after the sweep has been stopped. n Pin &
of UZ0B is controlled by the microprocessor thru register U13
tBlock LY. This iz set HIGH t¢ disable the timmer when the
instrument does its self test. :

Marker/Bandcross Flip-Flops F

UiiB and UllA are used teo ztore Bi0 and Bi1l from the Sweep Event
Memory (Block B). These two signals indicate what kind of sweep

avent is 1o take place. Bit 10 is conmnected to UL1IE Pir 12 ard
se1s the state of the MKR contrel line connected to ites ouiput
{(Pin 5). When a Bandcressing occurs the sweep will be stopped zo
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that fhe microprocessor can initiate phaselock for that
bandcrogsing. This is done by the LBX signal. When a Marker

occurs, the sweep is not stopped and the marker is generated as
the sSweep progresses.

Manual Sweep DAC G

The manual sweep DAC U4 is vszed only in MANUAL SUEEP mocde. 4
binary number between 0-1000 is written to the DAC. The digital
input of the DAC is connected to registers UP and Ui7. The
microprocessor 1s connected to WY and U1i7 via the I1/0 Data Buss,
-Pata is clocked into these registers by strobe 13,R2Z: (Block KJ.
In MANUAL SWEEP mode the MKR RAMP should always be 3t 0 volts.
The DAC converts its digital input to a voltage (0 to —-10 W) at

its output Pin i5. The Op Amp U7 will invert thie 1o provide The
g to +10V SWEEP OUT at TPE.

The SUWEEP OUT of Block G (U7 Pin &) is the result of either the
manual sweep DAC U4 when MANUAL SWEEP mode is selected or the MKR
RAMP when MANUAL SWEEP is not selected.

When the instrument is not in MANUAL SWEEP mode the input of the

DAC is set to 0 by the microprocessor and the MKR PAMP is simply
buffered by Op Amp U7.

THE MANUAL GAIN adjustment R33 is adjusted to ebtain 10.000Y at _
the sweep output when in MANUAL SWEEP and the manual frequency is

g2t to the maximum possible value for a given sweep. For example:
Set R33 to obtain 10.000V 3t TP4 when MaNUAL SWEEP iz ON and the

RFG has been turned clockwise until the manual frequency is esqual
to the STOF frequency.

Sweep Qutputs H

The SWEEP OUT is buffered by U30 and UZ7 which are connected <o
the front and rear panel Sweep Output connecters. Fleating
grounds are needed to eliminate ground loops which would cause
&0Hz sigrals to appear on the sweep outputs. The front and rear
panel sweep output connectors are flpating. Any low frequency
noise found on the flosating front or rear panel zweep OUtpu?
connactors is connected by the RTN lines to the non inverting
inputs of the buffer Op Amps. This allows the Op Amps to zense
and remove this unwanted noise. L4-L7 and C21-0EZ2 are preovided to
eliminate high frequecy noise.

Read Status Buyffer I

Buffer UZ24 enables the processor to monitor the state of the
following =ignals by doing a read from 1/0 address 12,Ri:.
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1. The SWEEP COMPARITAOR (Pin 12)
2. The MaRKER flip flop (Pin 14)
2., The HSP line (Pin 2}

Contreol Register I

Register U223 enables the processor to directly control the state
of the various interface lines connected to the register. This is
done when the microprocessor writes data to I/0 address 13 .RZI:.
The data is then available continuously at the osutput of the
Cregister.

AND aate UZ9A is used to control the RF MARKER signal. When HIGH
this signal causes the RF POWER CONTROL circuits to slightly

increase the RF power. This is used as a marker. U294 pin 1 is
vsad to turn this feature on or off.

Micro Processor Read And Write Stirobes K

The instrument processor cutputs I/0 address information on the
1/0 Address Bus (ADRO thru ADR4 plus ADRS which becomes SI0AT.
U28 decodes the address and generates the appropriate stroba:

These strobes are used throughout this assembly to either clock
registers causing them to store data found on the I1/0 data bus or
te enable buffers to place data on the I/0 data bus so that the
Microprocessor can read it.

The outputs of U28 are low true pulses of about 500 ns.

Sweep Trigger L

The multiplexer Ui9 is used to select between LINE or EXTERNaL
trigger. When the processor ocutputs the appropriate bite to the
ingtrument Data Bus (DB 10 thru DB 13) and address 13,E0: (Block
KY. The output of U4B pins & or 7 will select the appropriate Ui9
input ti.e., U1B pin 7 HIGH selects LINE TRIGGER, UL pin & HIGH
zelects EXT TRIGGER). U188 Pin 40 iz used to disable the R&M Data
Unstable Timer (Block E).

The ZON (Z axis on} line iz also controlled by ULB im a similar
manner. The ZON signal when HIGH will force the Z-&XIS (Block N)
to be +BV. U256 is a 3 to 8 decoder which generates 500 n3 pulzes
at its output each time the microprocessor writesz to 1/0 address
13,R1:. By writing appropriate numbers to this register the
tollowing events can occur:

® Start the Sweep {(U2E5 Pin 411}
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¥ Stop the Sweep (U2S Pin 12}
¥ ARM the trigger (U255 Pin 410} _ .
# [lear the BANDCROES Flip-~Flop (Block F) (U225 Pin 1S3.

U26B Pin 9 is used to'gtap the suweep, or keep it stoppetd in the
case that it has allready been stopped by a sweep event. The
sweep is stopped when the signal is LOW. '

Stop Sweep Caonirol M

The sweep can be stopped by any of the following:

1. The BANDCROS signal (LBX) {(U42B Pin 5) from the SUEEP ENENT
DETECTION {Block F).

2. The BANDCROS signal (LBX) (U12B Pin 5) when driven LOW by the
SWEEP GEMERATOR beoard. (NOTE: This will only occure if the
MARKER BANDCROES board fails to stop the sweep before it gets
to 12 wolts.)

2. The SWEEP TRIGGER (Block L) (U 42B Pin 4) iz told to STOP by
the processor. :

4. The BTOP SWP (LSSP) BNC on the rear panel iz held low.

The STOP SWP is an IN/DOUT signal. As &n input signal, LSSP i=
applied to ULZC Pin % and is used to gen=srate-HSF. As an cutpus
signal, it ie taken from ULi3A Fin 4 which iz an open collector
line pulled up to +EBV.

The HEF signzl goes to all devices in the instrument that nesgd to
respond to the sweep starting and stoping.

CRT Z2-Axiz Centrol N

The Z axis signal is normally wsead to drive the Z axis input of &
crt digplay. When this signal is 0 volts the display will turn
its beam on with normal brightness. When it is &t +5 volts the
dizplay turns its beam OFF (ie. blank). When it igs at -5 volts
the display intensifies its beam. The B340A 7-AXIS may be uvsed to
turn the display off for bandcrossings, when the susep is being
reset (swesper retrace, or at other times when the instrument iz
waiting for a sweep to start. Z-AXIS is also usad o zhow markers

by brightening the display. During all other times the Z-AXIS
ouiput is at 0 volts.

U2l is a TTL NOR gate. The outputs (UZiC amd DY are pulled up to
+5 Vplts in the high state by R37 and R3Z. UZIB is uveed 1o
provide Op Amp Ui4 with a low TTL reference voltage. U2iD pin 132
is low when either HSP or ZON iz high. This output is connected
thru RLI% 1o Op Amp Ui4 which will put 0 Yolts on the NEG BLANK
gutput. When both HEP and ZON are low, pin 13 will be HIGH and
the NEG Elank output will be at -5 Velts. When 221 pins 10 and 13

-
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are both LOW the Z-AXTIS5 will be 0 VYolts. When Pin 40 is HIGH and
Pin 43 is LOW Z2-AXIS ghould be -5 VYoltz. Pins 10 and 43 should
never both be HIGH in normal operation. When Pin 10 is LOW and
Fin 13 is HIGH Z-4XIS8 should be +5 Velts, YR1, VYRZ, and MVR3

" provide protection against a DC veoltage applied tc the cutput

connector. C23 and C24 prouxde frequency compensation to keep the
" Op amps stable :

Interface Signals:

$. 2410 B INTERFACE: The following signals from this board are
negded when the B340A is connected to the 8410B:

0 -10v SWEEP (Drives the X axis of the DISPLAY)

ETOP SWP (Allows the 8440B/C to stop the SWEEP)

MEG BLANK (Does DIBPLAY blanking)

Z-AX15 {Used to generate markers on the DIEPLAYYe, B410
E¥XT TRIG (Used tp initiate 8410B/0 to PHABELOCK every time
the 8340 PHASELOCKS i.e., new CW frequency or start of
sweap . § '

oo O

2. B8k C INTERFACE: The following signals from this board are
nesded when the 83404 iz connected to the B7%25C and it is
desired to use ALTERNATE SKEEPR:

0-10 v SWEEF (DRIVES the X axis on a DISPLAY)
Z-AX1S (Controls Blanking and Mariker generation)
LALTEN {Low indicates ALTERNATE mode ENABLED)
LALTSEL (Low indicatez ALTERNATE state ACTIVE

LRETRACE (Low indicates RETRAEE, used to synchironize with
the start of sweap!?

mﬂ.ﬂU’m

3. PLOTTER INTERFACE:

a. MUTE bar (Uzsed to freeze the servp for BANDOROSSINGS)
b. PEN LIFT {(Used to raise the PEN for RETRACE and,
eptionally, for bandcrossings!)

c. O-40v SWEEP {(Used to drive the X axig)

ADT MARKER BANDCRDSS ASSEMBELY, TROUBLESHOOTING

Troubleshooting of Parts Connected to the Micreorocessor Bus

CHECKING MICROPROCESSOR I/0 ADDRESS STROBES:

U28 (Block K} is connected to the I/0 address buss and gensrates

all of the I/0 strobes used on this assembly. The 3trobes on the

output of UZB can be checked using the D34 1/0 address test found
with the &#&0 Processor documentation.
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An alternate method of checking these signals is to use the front
panel and write directly to the I/0 addresses while monitering
the outputs of U28. This would be done as follows: Push INSTR
PRESET, Push the MANUAL sweep key. Connect a Logic preobe to the
cutput which is to be checked. Enter into the front panel the
corresponding I/0 address. The I/0 address is written on the
lines connected to the output of U28. For example the WRITE RaAM
signal is marked, 12,R0:. The number 412 is calied the CHANNEL and
the number 0 is called the SUBCHANNEL. This is entered in the
front panel as follows: "SH GZ 12 HZI" - setting the I/0 channel
and "SH MI 0 HZ - setting the I/0 subchannel. Once this has beaen
done, Push "SH KZ". Make entries by pushing the step keys, using
the RPG or by making Data Pad entries. Each entry will causs the
WRITE RAM strobe 1o be generated. This will be 3 LOW TRUE signal,
approzimately 500 nS wide, that can be monitered with the logic
probe. It can also be seen on a storage scope.

CHECKING MICROPROCESSOR OUTPUT DEVICES:

The following devices are microprocessor output devices: Ui, Uig,
ug, Uie, UiB, U2, U9, UL17 and U23. These can be checked with the
DS& I/0 data test contained with the & 460 Processor board
documentation or can be checked by vse of the front panel in &
similar maner as abowe. To do this the 1/0 channel and subchannel
must be entered in the front panel. This can be found by reading
the I/0 address from the schematiec on the write input of the
device. After the address has been entered, Push "SH KZI"., Entriec
can now be made directly to the device you are interested in.
Menitor the outputs at the same time entering numbers which will
affect the signals of interest. For example if the signal of
interest is taken from DBZ of the I/0 data buss. Enter the number
0 and observe the register outpul should go LOW, then enter the
number 4 and observe that DBZ should go HIGH. Note that if U8 and
Uie are being checked, the outputs are oniy valid during the time
the write strobe is LOW. Note that the instrument should be 1n
MANUAL sweep mode so that the normal operation of the instrument
dosn’t cavse the devices being tested 1o be written to.

CHECKING MICROPROCESSOR INPUT DEVICES:

Input devices can be checked in a similar manner as the cutput
devices. The front panel is used to set up the I/0 channel and
subchannel as befare. UZ4, U8, and Ulé are the only input devices
on this assembly. After setting the correct address on the front
pannel, Push "SH HMZY. Each time "HZI" is pushed the instrument
will read from the addressed I1/0 device and display the results
in the entry display in both decimzal and cctal formats. By

shorting =ach input of the input devices to +5v or ground, each
input can be checked.
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VERIFICATION
Fower On Checks

When the B340A goes through power 0ON, the Marksr Fandorossz Board
18 partially checked out. The Instrument Controller uses the
circuitry in EBlock A, B, C, 'and ¥ to vwerify the I/ data buss
This 1= done by sending data t9 the Sweep Event Memory (Block B
ang then reading 1t back. In this maner it can determine Lf any
of the 14 data bits are open or shorted. I+ the Instrument Uhecok
light 11, goee off following Instrument Preset, this indicates
that the above test has passed.

If the light is ON a problem is indicated. Further information

about the problem can be obtained by decoding the 16 seld test

LEDs on the Frocessor board. (Refer to the A&D Froceszsor bosard

documentation). When the Marker Bandcross Board iz removed from
the instrument the front panel Instrument Check light II should
g2 on indicating that this test has failed.

Isglating the Problem

To help verify that the problem is on the AE7 MARKER/B&NDCRO3S
Eoard it may be uvsefull to remove the 457 assembly and cbssrus
the instrument behavior. With AS7 removed, the following should
oCour:

1. Following Power on or Instrument Presey, Instrument Check
light II shouwid stay OM and Check light I should go OFF. All
16 s=21Ff test LED: on the Processor Esard should remain OH.

2. lWhen sisesping, the sweep should siep at 12 velts before
resetting. NOTE: the swesp will not be measurable at the
feront or rear panel connectars since the buffers For thesze

zignals are on the AE7? board which has been removed. The
swesp can be checked on the ASB Sweesp Generator.

3. The instrument should lock up prepeerly in CW or MANUAL and
perform normally except for the abssnce of sweep output and
display blanking.

4. In a multi band sweep, bandcrossings will all occur when the

zweep gete to 12 volts instead of the correct places.
SWEEP DETECTION CIRCUITE: (Blocks & thru F)
Yerdification {Bliocks & - F)

Fush the following controls "INST PRESET SWEEP TIME 20 SHIFT
M2". Obzerve the left most front panel display. This should

1k

j..
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indicate the band number as the instrument goes from band to
bard, Observe ihat the green SWEEP LED goes out at bang
crossings. I the numbere are not changing, this indicatass that
LBX {Block F)} is not being generated. If the numbers seem 1o
rapldly count from 1 thru 5 , this indicates that LE¥ {(Bigck F}
iz not being pulled LOW as it should when the sweep progresszes,
LBX is the main output of the SWEEP DETECTION circuite,

Troubleshooting {(Blocks & - F

Once deterimined that the preblem iz in Blocks & thru F, perform
the Tollowing tests:

Bloeck D.
1. Puszh the following keys "IF delta F 1MI SWEEP TIME {0 sec®.

2. Yerify that U2 pin 16 has a 10 second 0-40V ramp pressnt.

Z. Check the B? thru BSOS inputs of DAC U3 for the following:
B—-1 4 1 110 400 0-BO. .
4. U3 Pin 15 should be Below 0 valts until the sweep gets to 10
Yolts. As the sweep rises above 10 Yolts, the woltage at Pin
15 shaould rise above 0 Volts, and comparicor U6 should fire
forcing LMP HIGH for about B0 mS.
Block E.

i. Push the Ffollowing keye "INET PRESEY delta F 1 MHZ"

£. Trigger a scepe on the rising edge of CMP znd observe that
USE should have a2 700 nS positive pulss at Pin £ and an
invertaed identical pulse at Pin 12.

o

Ob=zerve that each time USE files USé stould alzo fire
creating & 5.7 ul positive pulse at Fin 13.

4., HMake sure that UBB pin 11 is not steck low. It e€hould only go
low when the 33404 i3z not sweeping.

Block F

1. Puzh the fellowing Keys "INST PREESBET START FREG 4 GHz 2TOPR
FREQ 13 GHz SWEEF TIME 400 msec M1 £ GHz M2 11 GHz MERE delts
2. Li1E Pin 9 MKR shoulc be z HIGH for 20 m3, then Low for about

100 w5 repetively.
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[}

UllAa Pin & should go HIGH for about 50 m5 when the SWEEP OUT
TFS gets to about-4 Volts, and when the SWEEP JUT gets to 10
Volts there should be another L0m5 pulse.

4. UllA Fin 1 sheould have z single 500 a5 pulse applied by U2E
at the end of each sweep. If not pressnt check UZRE (Block L3
using the DSA I1/0 address bus test found with the A&D
Frocessor documentation. .

Block .

Di-directional Buffers U8 and Ulé are thoroughly werified by the
Inztrument Preset/Power On test. If Instrument Check Led II is
off the Buffers are good. Use the DBEA Data Bus Output test o
verify data can be sent from DBO-15 to BO-1EBE. To verify the Other
dirsction from BO-B1E to DBU-15 do the following:

1. Preszs INST PRESET then SINGLE SWEEP. Do 2z rezd from addre=ss
12,Rg: (reads sweep event from RAM). Press SHIFT GH:, enter
address 12 and press any terminator (i.e., GHz, MHz, kHz,
Hz}, press SHIFT MHz, enter sub channel 2, gress any
termifator, press SHIFT Hz (read}.

MOTE

Preseing SBHIFT XTaAlL will caysze the 83408
t0 payee at the next band crossing.
Pressing SHIFT Hz may read a different
yalue, Then presc SHIFT TNT +g advance 1o

the next band crozsing and SHIFT Hz to
read.

-

Observe the entry display should show an octal number and its
decimal eguivalent. Convert the octal number ts binary. This
iz the number that should be setting on BD thru BiE. It
imortant to realize that in order for BO thru BiS to be
correct, that the SWEEP EVENT MEMORY must have bteen properly
loaded with this number. This loading iz done through U and
Uié. It is therefere neceszsary to first check to see if UE
and Uié can trarsfer data from the instrument Data Buz o 1he
Marker Bandcross Bus (B thru BiS:. Before Replacing UE or
Ulé verify that the two 170 strcbes 12,R2: and 12,R0 ars
being generated by UE? (Block K). If the problem only
involves a few bits, the self test leds on the & &0 Processor
board can be wvsed teo indicate which bits are incorrect. If
all leds are on, tnie indicates that the proplem may have
do with Bliocks A B E or K.

I3

ig

Block &
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. Do the following: Press INST PRESET, SINGLE SWEEF, SHIFT
ATAL, SHIFT GHz enter 12 and press any terminator, SHIFT MHz,
enter 3 and presz any terminator, SHIFT KMz (write) enter 0
and press Hz. This should Clear Ul and Ui0. Yerify that lines
Al thru Aé are LOW.

2. Enter the numbers 1,2,4,8,16,32,64 using the front panel.
These entries should be latehed into ULl and L0 and appear on

the A0 thru A6 lines. For example when the number 16 has been
enterad the A bus should be A6-0 0 1 0 0 0 0-aD.

o

Push "0 HZ SHIFT MHz 0 HZ". The & Bus should bes all LOW. Hote
sach time a STEP KEY is pushed the number on the & Buss
should be incrememted by 1. The numbers should he 0 = A6-0 0
00 0 9 0-A0 32 = A46-0 L 0 0 0 0 0-a40, 15 = Ac~0 0 0 ¢ 4 4
1-A40. UZ2PE pin B should be HIGH throughout this entire test.
Pin 6 should follow Pin 4. '

Biock E.

Uze DBA to check that the READ/WRITE RAM BUFFER {Block C) i= zable
to place data on the B- BUS (B) thru B i5). Use the Teet for
Block A& to verify ths A-BUS can be controlled properly. Verify
that U8B and Ulé are capable of reading the B-Bus as follows:

1. Pressz "INST PRESET, SINGLE SWEEP, SHIFT GHz, enter 12 and
pressg any terminator, press SHIFT MHz, enter 2 and press any
terminator, press SHIFT H:z (read) SH MZ Z SH HZ"

2. #lternately short each B-BUS line to + &Y and ground. After
geach short is made push "SHIFT Hz" note the the octal number
in the entry display should indicate the appropriate bit
torced HIGH for shorts to +5V and LOW for shorts to ground.

2. If in the above check all pass 1t should be possible to =tore
and read back numbers 1n the SWEEP EVENT RAM by doing the
follawing,

Press:

INSTR PRESET

EHIFT XTAL

SHIFT SINGLE SWEEP
SHIFT GHz

1 2 HZ

tocations in RAM can now be written by pressing:

SHIFT MHz:
3 Hz
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SHIFT kHz fwrite)
-aaa Hz f{aaa = RAM address from 0 through 427}

Then press:

SHIFT MHz

g Kz

SHIFT kHz {write) ‘ : :
ddd Hr (ddd = data to be written‘to RAM}

It is only necessary to check thru address 15, Usze the above
to write into RAM a sequece of numbers. Then verify the
numbers are properly stored in the RA&M by pressing:

SHIFT MMz
3 Mz
SHIFT kH:z
aaa Hz
SHIFT MHz
£ Hz
EHIFT Hz

Note: aaa is the RAM addresz. The read data from the RAM will
be displayed in decimal and octal in the entry display.
Yerify that it matches the sequence of numbers entered.

VERIFICATION AND TROUBLESHOGTING OF BLOCKS G Threwah N

The Manwal Suweep Dac (Block G} and the Sweep Outputs (Blaock H)
can bhe checked simply by putting the front panel in MARUAL and
while monitering the sweep outputs eon the front or rear panel
turn the RPG and observe that the voltage should be 10 volts when
the MAENUAL frequency is as high as possible and that it ig O
volts when the frequency is adjusted as low az possible. It
should be continuously wvariable in bDetween. Note: for this test
to work ths MKR RAMP must be a 0 volts. Thiz should zlways be the
case in MANUAL sweep.

The Sweep Trigger {(Block L) can be checked from the front panel.
Push "INST PRSET" and observe the green sweep LED. It should bhe
orn during the sweep and go out momentarly for sach bandcroszing
and for the end of sweep. Push the External Triggsr button make
sure there is no external trigger signal and ohzerve that the
sweep stopz. Then use a logic pulser or other meanz to create z
single external trigger and verify that the instrument takes a
complete sweep but does not continue to sween. To check the line
trigaer, lelect delta F and enter 1 MHy g0 the instrument will bs
able to make 10 m$S sweeps. Observe that the swesp repitition rate
iz slower when in LINE trigger.
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The Sweep Event Dectection circuitry can be verified by making
tha following set up:

"INET PRESEY START 3 GHz STOP & GHz M1 4 GHz M2 & GHz MKR
delta 1" .

Monitor the Sweep Output and the Z axis zignal on a scope. The
Sweep Output should stop at 10 velts before being rezet for the
next sweep. If the sweep goes to 12 volts something is wrong.
Observe the Z axis signal 1o see if the MKR delta is on for the
middle partion of the sweep. Mow turn off the Delta Marker and
obzerve 1if two markers are indicated by the Z axis =zigmal. uUé pin
7 should have a pulse on it for esach sweep event. If thiz does
not occure, slow down the sweep to 260 Sec and turn all markers
off. Measure the inputs of U3 to see if the binary number thzat is
input iz correct. It should be 1000 decimal or in hinary {(bit
10=-1 4 4 4 4 0 4006 0--bit 0). This number represents a 104 set
point for the comparitor,

The Ram Data Unstable Timer should be checked for the 5.7 uS and
200 nE pulse widthe. Make thie check by clogcking a scope on the
CMP signal. The instrument should be in Instrument Presﬁt state,

If U2 and ULS are suszpected A0 thru A& can be checked Wia DSa
veirng the I1/0 data test found with the Processor documentation.
If these signatures are incorrect, make sure that the Ram Data
Unstable Timmer (Block E) is not clocking the Address Register.
This should be disabled by putting the instrument in MANUAL sweep
while performing the test.
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A5%2 DIGITAL INTERFACE ASSEMBLY, CIRCUIT DESCRIPTION

Introduction

The Digital Interface board communicates to the Micro Processzor
the tasks which need to be performed. In normal operation of of
the instrument, the Microprocessor stops running when all tasks
are completed. This control of when the processor run: iz done
via the (LSTP) control line (Block I). Many 1/0 addresses are
decoded on the board which are used to latch data from the'I/D
data buss for several assemblies that are external 10 this hoard.
Some signals are latched on the AE9 Digital Interface and <then
tsent to other assemblies via the mother board. An example is
Block E.

The HP-IB Interface (Block D) and Phase Lock Indicators and
Control (Block B) also reside on the board.

Micro Processor Read/Write Strobez 4

The three LS128'8 (U112, U1F, AND UZ24) decode 24 possible I/0
addresses. The outputs of these 3 to B8 line decoders are used by
circuits both on and off the A57? board to clock latches connected
to the 1/0 buss or to Enable Buffers connected to the buss for
input operations. There are alse several LS 438's on other FC
boards where additional addresses are decoded. SI0B iz & EB00 nS
pulee which enables the three LS 13B’s. UWhile they are enabled
the LUGIC sigrals on ADRD thru ADR4 are used to select specific
I1/0 addresses. For example, 1/0 address *3,R3: (Channel Z,
Subchannel 3) "causes a 500 nS strobe at (Fin 7 ULi?) when
ABR4—ADRﬁ‘are "001 144 4" and at the same time SI0B is LOW.

Phase Lock Indicators And Control B

The & Phaselock Loops in the instrument can be monitored to
determine if they are locked by writing into the L35 377 (Uz4y
register & mask that will select idividual LOCK INDICATOR signals
and allow the processor to test them via ULB (Bleck I). During
instrument operation, the Instrument Controller will send datz to
U24 that will set up U285 and Uil to monitor the Fhase Lock
indicators that should indicate locked for a particular 23404
function. The outputs of U24 Pin 2 and 12 are inverted by U224
and UZ2E. U22A and B are RS flip-flops wired as inverters. These
inverted signals are used to cet flip~flops UZ2C and U22D. The
outputs of these flip-fleops control the LOCK / ROLL sigmals for
the 20-30 Loop and the YO Loop. Once these flip-flops are set,
the the corresponding phaselock loop will try to LOCK UP. This
conditon will persist until the set signals are removed and the
High Sweep signal (HSP) goes True indicating ths Start of a
sweep. This will cause the appropriate gscillator 1o switch from
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LOCK to ROLL mode. Whenm the instrument is sweeping, either the YO
or the 20730 oscillator will be allowed to sweep by having its
LOCK/ROLL control line set to ROLL. The 20/30 is zweept when the
YO0 Delta F is ( § mHz., NOTE: The YO Delta F is The Overall cweerp
width divided by the Harmonic Number (1 thru 4}, The remaining
gutputs of UZ24 are ANDed with the corresponding Oscillater LOCKED
signals and OR ed together bg Uit and UZ5 to generate the
UNLOCKED signal. :

The DLI {(TP4) test point can be pulled to +5volts fer trouble
shonting to cause the processor to think all oscillators are
LOCKED UP when they are not. This should cause the front panel
UNLOCKED light "to go out.

Change Detectgr ©

Several conditions need to be continously monitored and responded
to by the Instrument Controller when they change ztate. Since the
Conmtroller Stops running when 1t has completed 1ts tasks, this
circyit detects changes in instrument conditisne and causes the
controller 1o run again so that the changes can be responded to.
The Changes that are detected are:

OVEN becoming cold or up to temperature.

Enange in enabled Phase LOCK indicators;

Rear panel frequency reference switch set to EXT.

LCHNG line being driven low due xo one of the following
conditions:

a. Change in the OVERMODULATION indicator.

b. Change in UNLEVELED indicater.

c. Service request from the ADC.

E A

When the tontrol signal from the {OVEN HOVC falls belaw 3.5 Volts
the cutput of comparitor ULi3 will go HIGH. This Signal is
buffered by U7B which drives U6B. U&B will immediztely force Pin
4 LOW in responce to the positive going change at Fin 6. When C2
is charged up some 100 u8 later, Pin b of U&B will go high
forcing the exclusive OR gate 1o return its output to a HIGH. The
ressliting Negative going pulse from UGB will cause flip-flap UA4C
to be SET. The output of U4C goes 1o Block I and causes the
Ingtrument Contraller to check for a change in on of the
conditione listed above. When the OVEMN control sigmal changes in
the opposite direction {i.e., rises above 3.5 voltse) U133 will
change states again. This change will again cause U&B to creste a
LOW going pulse about 100 u$ wide. Changes in the UNLOCKED and
EXternal Reference signalse similarly cavse LOW going pusles on
the LCHNRG line. The LCHNG line runs on the A6Z Mother Board zo
that other circults in the instrument can indicats the need for
service from the instrument controller. Where this iz done an
Exclusive or gate zimilar to U6B is also used to create LOW going
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puises on LUHNG.

HPE-IB Interface D

The HP-IB incorperates the INTEL B2%1 HP-IB interface. The :
additional hardware is to interface it to the Microprocessor. The
Fhysical HWF-IB connector and to provide System Controller '
cperation. The L3245 Uié is a Bidirectional Euffer used 1o
interface the 8 bit Data buss DBO-DB7 of Ui5 to the I/0 dzata buss
DT04-DTHBE. the LS5174 U2 latch holds the address of ULlS regizters
that are to be read or written. Also latched in this register ars
3 signals which give U1S% System Controller operation. Thisz
capability is used only for automatic calibraticn with a Power
meter. The 3 signals are:

1. MORMAL/SYSTEM CONTROL -~ Switcheg the operation of the HP-IE
from normal HP~IB operation to SYSTEM CONTROLLER ogperation.
NOTE: U2 is cleared on POWER ON by the HPUP line. This causes
the HP-IB to power up in ths NORMAL MODE.

Z. ATN - Allows the driving of the ATN =zignal when in SY3TEM
CONTROLLER mode. '

(1]

IFC - Allows the driving of the IFC signal when in SYSTEM
CONTROLLER mode. The & gates from the U2 take care of the
changes that neesd to be made to convert from NORMAL 1o
COMTROLLER operatiogn., The 75460 UL and 75i4: Ul4 are the
Actual BUSE buffers.

Uld iz a buffer with tri state ocutputs. When it iz disabled by 3
HIGH on pin 1, the signals at its output are not affected in Eny
way. Whern pin 1 1s LOW, Pins 12, and 16 are controlled by UZ, Fin
14 15 driven HIGH and Pin 18 iz driven LOW. ULR iz alzec =z buffer
Wwith tri state cutputs. It is disabled by a LOW in pin 1%, Mote
this 15 just the cpposite of Ulda and that both bufferes zre
connected to the same control line. When UIB iz disabled, Dutput
ping 7 and 9 are not affected by ULE. When it ig enabled, Pin 7
will follow the SRE zignal from WS pin 27 and Pin 9 will Follow
the ATN signal from Ui4, When the HP-IB is in its NORMaAL (i.e.,
narn controller? mode of operation, ULlA is disabled anmd UL1E iz
enablad.

M/M Centrol E

The wwo LS 1747¢ (UL0 and UL?} are used by the Instrument
Centroller te latch control signals necessary to program the M/N
Gzcillator. This is done whern the Instrument Controller does a
WRITE to I/0 address "3,R3:". The M/MN off signal could be used 1o
turn the M/N oscillater OFF. Currently the oscillator iz never
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turned OFF.

Miscellansous Inpuits F

The L 244 (U7A) is used to allow the processor to determine if
any cptionz are s2t., Zurrently Mene are used, The input on I1./0
Bit 4 (DB4) is tiecd low and can be used by the processor 16
getermine that the digital interface is present.- The processor
may choose to ignore the HP-IE if for some reason thisz BIT is
incorrectly HIGH.

-

ﬁiscell@neoug Control G

The LS 377 (U774} i¢ used by the processor to latch & bits of
information that are sent to the mother board to Control varisus
functione. This is done when the Instrument Controcller does z
WRITE to I/0 address "1 ,E3:". ‘

HSTE HIGH indicates the internal Frequency Standard haz been

sElected. The Rear panel Switch should cavse thie zignal 1o
change state.

HYGH HIGH increases the GAIN on the Y0 loop. Thie is done when
the B3404 is in the Cl or MANUAL mode.

HFILYY HIGH places a large filter capacitor acros:z the Y0 coil.
Thiz is done in the CW or MAMNUAL mode.

LREFP LOW causes the Sweepn Generator to Reset the Sweep., Thiz i
done at the end of everu sweep. The RESET signal is removed
before the sweep starts.

Timer H

The timer is Started or CLEARED by the Instrument cantroller and
ig ueed to get the controllers attention when the &UTO FEAKIHNG
function iz turned on. Every 7 minutes the processor will start
running and PEAK the RF by optimizing tracking between the YTH
ard the YO.

U2~ is set when the controller does a WHEITE te 1/0 address
"Z2,R0:" and iz reset when & WRITE is done to address "2,RL:%.
When UZ0A is reset W21 is also reset. When U2iA iz SET UZ1 1=
allowed to start its timming sequence. While UZ! is going through
1te 7 minute count cycie. A 2 second repeating ramp should be
seen at pin 7. When the cycle iz complete, UZEB iz BET when UZ1
pin 3 goes HIGH. The output of UZ0B gomse to EBlock I where the
Instrument Controller is notified that the timmer has complated
ite cycle. When the controller responds, U204 U2Y and UZ20B will
be reset by a WRITE to "Z2,RLi:M.
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Frocessor Service FReguests L

The LS240 UiB is used by the Instrument Processor tn determine
which taszks need tc be performed. All conditionz that need the
processor’s attention are communicated thru this register except
for the front PANEL which can indicate need for zervice by it’'sz
self. All poussible reasons for service are ORed by US and the
result is sent to the processor on the LSRY line imdicating that
SERVILE is REQUESTED. The LE&TP line, iz driven by flip-flop u4D
which 1c used to stop the processor from running when all tasks
have heen completed. U9B in an inverting open collector ocutpul
buffer. flip-flep UAD is set when the instrument controller does
an WRITE to I/0 address "S,R0:". Thiz is done to stop the
controllier when all pending tasks have been completed. U4D iz
RESET to cavee the contreller to run again any Ttime LSRO is
driven low. LSRG can be driven low by US thru UZE and USF or by

the Front Panel to indicate a key has been pushed or the RPG has
beern turned. :

The Following Conditiens can be monitersd when the controller
does a READ freom 1/0 address "4,R3:" through U13.

* HP-IE SR - The HP-IB interface needs servicing

# BANDCROSS - This line is driven by the LEX (AR7 Marker Band
Cross Board). After being inverted by U3C, TPe BC will go
high when ever a sweep event oaccurs. The SWEEP GEN can alzo

drive the LBX line if the sweep sver excedes (3 voltls.

% UNLOCKED -~ &n oscillator is UNLOCKED

¥ EXT. REF.~ Externzl Reference is selected by the Rear Panel
Frequency Standard INT/EXT Switch.

* OVEN Ready

% FOWER FAIL - This indicates that a POWER ON has just occured.
Thig is used by the Processor to determine wheiher to do a
INSTRUMENT PREBET or a POWER ON rectore of the LAST STATE.

The Processor cannot otherwise distingish between POWER ON
and INSTRUHENT PRESET.

# - CHANGE FF - One of the Change Detector inputs has changed.
¥  TIMER- the 7 minute timer has expired.

Power Supply J

The only supply for the board is +5v. L1 and Ul thru 018 provide
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required digital filtering.

a5% DIGITAL INTERFACE ASSEMBLY, TROUBLESHOOTING

Troublesheocting GF Circuits Connected Tg The Microprocessor Bus

Checking Microprogcesszor 1/0 Addrees Strobes (Block &)

12, UL%, and U2é {(Block A} are connected 1o the 1.0 zddressc bus
and generate 24 I/70 strobes which are used sither on this
assembly or are sent via the mother board 1o other aszsemblies.
These strobes on the outputs of Ule, Ul?, and U=Zée «an e checked
yeing the DEA 1/0 addreszs test. Thig test ig found with the
processor documentation.

11}

An alternate method of checking these signals is 1o use the fronz
pana2l to write directly to the I/0 addrezses while menitering the
outputs of one of the L3138 3-10-8 line decoders. Thiszs can he
done az follows: Push Inst Preset, push the MANUAL sweep key.
Connect & Logic probe to the output which is te be checked. Enter
into the front panel the corresponding I/0 addrese. The I/0
address 1% shown on the schematic printed above the cutputs of
the LS138's, in the*following form: "m,Rn:" Where m iz called the
I/78 CHANNEL and n is the I/0 SUBCHANNEL- Fer example, acsume that
we wish to test UL% Pin 7. The I1/0 address is 3,R3: This is
entered into the front panel as follows: “BH GZ 3 HIM, which zets
he I/0 channel and "SH MZ 3 HZ, which sets the I/0 subchannel.
Once thig hag been done, Push "SH KZ", which activates entries 1o
the selectaed I/0 address. Make entries by pushing the ztep keys,
using the RPG or by making Data Pad entries. Each entry will
cause the M/N OSCILLATOR CONTROL strobe to be generated. This
will be a LOW TRUE =ignal, approximately 500 nS wids, that can be
monitered with the logic probe. It can also be seen on a storags
scope. NOTE: 1/0 address "4,R3:" is dificult to check uvsing the
front panel method becauss the Instrument Controller wvees it in
the process of operating the front pannel. The "4,R3:" zirobe iz
best checked using the D5SA test. The "L,R0:" strobe canmor be
checked using DEA because it would cause the processor 1o go o
"SLEEPY, it is best checked with the front parel method.

Checlking Microprocessor Qutput Devices (Blecks B, D, E, and G}

The following devices are microprocessor ocutput devices: Uz24
tBlock B)» U2 and uiés (Block DY, ULD and UL7 {Block E) and finally
Ug3 (Block G). These can be checked with the D8A I/0 deta test
coentained with the processor documentation or can be checked by
ve@ of the front panel in & similar manner as zbove. To do thisz
the I/70 channel and subchannel must be entered in the front
panel. This can be found by reading the I1/0 addressz on the write
input of the device. After the address has been enter=d, Push "SH
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KZ". Entries can now be made directly to the device you are
interested in. Monitor the outputs at the same time entering
numbers which will affect the signals of interest. For example if
the signal of intereset is taken from DEZ of the I/ data bues.
Enter the number 0 and observe the register output should go LOW,
then enter the number 4 and cbserve that DEZ should go HIGH. Note
that if Ulé ie being checked, tHe outputs are only valid during
the time the write strobe is LOW. Note that the instrument zhould
be in MANUAL sweep mode so that the normal operation of +the

instrument dosn’t cauze the devices being tested to e written
0.

Checking Microproceesor Input Devicez (Blocks D, F, and I}

Input devices can be checked in a similar manner as the output
devices. The front panel is used to set up the 1/0 channel and
subchannel as before. Uié and ULEB are the only input devices on
this assembly. After se2tting the correct address on the front
pannel, Push "SH HZ". Each time "HZI" is pushed the inztrument
will read from the addressed I/0 device and display the resulis
in the entry display in both decimal and octal formats. By
shorting each input of the input devices to +5v or ground, each
input can be checked. MNote that Ui8 is an inverting buffer so
that a LOW &t its input should appear as z HIGH at 1ts output.

Change Detectors {(Block C)

Connect a logic probe or storage scope to TPE CHGFF. Observe that
a low true pulse is generated each time the rear panel Frequency
Standard INT/EXT switch is switched. This should happen for both
INT or EXT positions. Also note that the front panel EXT REF LED
zshould go ON when EXT is selected and OFF when INT is selected.
The UNLOCKED input can be checked by putting the 83404 into CW
and then disconnecting one of the snap on cables which are part
of the phase locked loop. This should cavse a pulse at TFE and
also cause the Front Panel UNLOCKED LED to ao ON. Reconnecting
the cable should make it go out. HOVC can be checked by
unplugging the 83404 from the AL mains for 5 miruvtes and thern
quickly plugging it in and turning it on. The OVEN light showld
go ON and then after a few minutes the light should go OFF.

HP=IB Interface (Block D)

An 8340Aa HF-IB operation verification test using an HP &5 desktop
computer is provided in Section IV, This test can be uvsed to help
troubleshoot HP~IE Interface problems. The program will write to
and read from the 8340A. In doing so0 it checks the handshake

lines. The program alsc checks all datz lines and if one or more
lines are defective, the program will indicate the defective
bits.
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The SmH:z Clock signal comes from the Instrument Processor board
and ig vsed by ULS to control timming when the 83414 ics addressed
to talk on the HF-IEBE buss. The HP-IB will operate normally
without this clock if data is only sent to the 33404,

Uis and ULlB can be checked by observing the operation gescribed
in the theory of operation. lUnder all conditions except for the
unimplimented auto calibration feature, UlA should be disabled
and ULB should be enabled. In this state Uia should have no
effact on the surrounding circuits and W1iB should mearly connect
the SRE and ATN signals to the HWF-IB chip U1E.

Timer (Block H)

VYerify that the timmer can be reset by pushing the following
front panel keys: YIP CW SH GZ 2 HZ 5H MZ 1 HZ SH KZ 1 HI". Thie
should have caused a2 B00 nE LOW pulse on UZ0A pin 1. Verify that
U21 FPin & is LOW and Pin 5 is HIGH. UZ0E Pin % shouvld be LOW. Now
verify that the timmer can count by pushing “SH MZ 0 HZI HZI KIZI 1
HZ ". Thie will start the timer. GQuickly locate the LSTP tes?
point on the PROCESSOR board and ground it. This will keep the
Ingtrument Controller from servicing the timmer when it completes
ite 7 minute cycle. Observe I second ramps at U2l pin 7. After
128 of these ramps, the output {Pin 3) should go HIGH setting
flip-Fflop UZ0B. TPYL =hould go HIGH and stay HIGH. MNow remove the
ground jumper of the LBTF test point. TPL1 should then go LOW.

Processor Service Feguest (Block I3

ULE can be checked out as indicated in the general trouble
shooting of input devices. To check the basic function push the
folliowing front panel keys: “"IP CW". Note that the KUN light on
the PROCESSOR board should be DUT. IFf 1t is not, something is
pulling down on the LSRG line or U4D is not being SET by the
FROCESS0OR ag it should. LETP must be LOW for the PROCESSUR’s run
light go OUT. NOTE: If the instrument is UNLOCKED due to zonme
hardware problem. The PROCESSOR will RUM continously and LETF
should, in this case, remain HIGH.

Note that by Grounding the LBX test point on the Marker Eandcross
Board, that TP& should go HIGH, LSRG LOW, LETP HIGH and hy doing
& direct READ using the front panel, Ui8 Bit 14 should appear
high in the entry dispiay. Thig is done by pushing the following
sequence: "IP SH GZ 4 HI SH MZI 3 HI SH HZI". MNote the entry
display will have two numbers, the right most will be in the form
dddddd. This is an OCTAL {(ie. base 8) number. The second digit

from the LEFT must be 3 4, &, or 7 in order for EIT 14 to be
HIGH.
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Isolating A Problem By Removing The Marker /Bandoresz Board

To help verify that the problem is on the AE7 MARKER/BANDCROES
Board it may be useful to remove the AET aszembly and cbserve the

instrument behavior. With ABY missing, the instrument should do
the following:

i. Following Power ON or Instrument Preset, Both Inztrument

Check ligh+ts should go OFF. All 16 self teet leds on the
Processor Board should go 0OFF.

2. lWhen the Power is turned OFF and ON the instrument should do
a4 Instrument Preset instead of restoring the prior state.

Z. The OVEM annunciztor should be ON and the EXT. REF, UNLOCKED,
S5RA and REMOTE annunciatorsz should be OFF.
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pol PROCESSOR ASCGEMBEY , CIRCUIT DESCRIPTION

The 440 Processzor Board contains a 46 bit microprocessor (U771 and
it the main instrument contreliler. The two major interconnections
to0 the Processor Board are to the A4l Memory Board and csecondly
to the I/0 ADDRESS and DATA BUS. There is no memory on the
proceszor Board. The normal sequence of operation is as followe:

1. The proceszor places an address on the LIDA BUS.

2. The address iz latched on the Memory Board by the HETHM zignal
{Block H}.

3. The processer then reads back on the LIDA BUS the instruction
‘or data poeinted te by the previocusly loaded memory address.

4. The processor eiecuies the instruction or processes the data.

5. The sxecution of an instruction could involve reading datz
from or writing data to the I1/0 Addrecss and Data Buses.

&. The sequence begine over again with sither the next
sequential address and irstruection being used or some other

address i a jump typs instruction was last executed in thes
processor.

In normal instrument operation the processor s10ps running when
it nas nothing to do. This is indicated by the green REUN LED (D&t
Elock D} on the Processor Board being turned OFF.

The memory bus or LIDA BUS, is 16 logic signals which carry
memory addresses to the A41 Memory Board and also carry data or
processor instructions back and forth betuwesen the &bl Memory and
the A&6L Processor boards. The signals in the MEMORY HANDSHAKE
block determine how the LIDA bus is used.

Noizse Generator #A

The frequency of the c¢lock is modulated by the noise generator
circuit. This reduces the effect of the continuogusly running
clock on the performance of the B4304. When the Noise Generator
is not working, the 10 MHz cleck, will mix with other signals in
the instrument and create spuriosuse signals at the output. Diode
VR2 313 the noise source. HZ and Q1 amplify the rnoise signal and
-diodes CR6 and CR7? limit the signal to 0.% ¥ Peak to Peak. This
noise signal makes small changes to the logic threshold at the
‘input of ULB pin 3.

Clock B
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The cleck az measured at UL2& pin 2 should be § Mhz + or - 10X
ULE is connected az a 10 MHz free running cscillator. UiZ2A
divides this signal by 2 before it goez to the ALY Digital
Interface board and the Clock Driver circuwit.

Clock Driver C

The 5 MHz clock is level shifted to 12 volts, shaped and gated to
insure non overlaping clocks Ffor the processar.

Stop Processor D

The SYNC line output of ULiC iz an open collector line used by
the processor to HALT or BTOP program execution when some
internal operation is busy. During Phase {1 of the Clock, the
processor always drives SYNC HIGH. When Phase 1 goes LOW one of
the internal chipe or an externral device (UL4L0) can pull SYHC LOW
caysing the the processor to WAIT. The processor can be kept IDLE
by doing thiz every time the Phase i clock is LOW. Thie will
appear as a 5 mHz signal on the BYNC line. The LITF line

driven LOW by the ABE? Digital Irnterface Board when zll t
the processer needs to do, have been completed. Thisz caw ‘
green RUM LED (DS4) to go off znd pulses the SYHROD line 1o kesp
the proceszor idle. The processor 1is put in this =izte to
decreagse digital noise during mEasurements.

Pop Synchronizer E

The LIPS {Low Instrument Presest) signal iz used to reset the
processor and cause the program to start from the beginning. This
is done when the front panel INETRUMENT PREESET button 1z pushed
whan the instrument is mot in REMOTE. It is also done on POWER ON
by the power supply. The flip~flop ULZ synchronizes this signal
with the processor clock.

36 Timer E
B49 iz a E5% timer used to greate a 2 to 3 microsecond pulse that
ig vsed during trouble shooting to continwvously POUFP the
processor. This timer is started by conmnecting TP1 to +bv and
Jumpering TP7 timer out to TPS in Block D.

1/0 Address Bus §

&1l control of the instrument is done by the 1/0 DBATA BUS. Each
gevice on this bus tan be distinguished by a unique address.
These addrecses are generated by the Procezsor. Uib6 1z an
inverting buffer on the I/0 address bus. Nete ADRE iz never used
off the Processor Beard. SI0A and SI0R are vused by the instrument
as strobee 1o determineg when the addreszc lines have valid
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addresses on them. SI0E goe:s LOW for about 1/2 microsecond whern a
READ or WRITE iz to be done uszing ADDRESES 0 thru 7. 3104 goes LOW
for address B through 15. '

Test Foint 4 (LIOSE Block 1) goes LOW for all READ or WRITE
gperations for aboutr 1/2 micresecond. LBUS DIS TPZ (Block G,
when grounded will cavse all 1/0 addrecs generation to be
igrnored.

tMemory Handshaie H

The instrument’s control program and data are stoered in the &él
Memory Board. This board communicates with the processor via the
14-bit LIDA (Low Instryction Data éddress) Bus and the three
control lines: LWRT, H3THM and LEOE.

HBTM {Migh Start Memory) cycle: While HETM is low, addresses can
e placed on the LIDA lines. On the rizing edge of HETH the
address register on the Memory Board is clocked, cavsing the
addregs to be latched. Wher HETM is HIGH the LID& bhuse can be used

Tc transmit data or instructions between the processor and the
addressed memory location.

LSOB (Low Stay OFFf Buss): L30E determines whether ths Froceszsor
or the Memory Board will drive the LIDA bus. khile LSOB iz LIOW
the Memory board is not allowed to drive the LIDA limes. During
thig time the processor may drive the LIDA bus to zend out
address or data to memory. ULl3B functionz as an OF gate to cavge
the Memory Board to get off the LIDA hus if any of the following
zignals are LOW: HSTHM, READ/WRITE, LFDE or RaL.

LFDR (Low Processor DRiving) indicates the processor ig sending
data on the LIDA bus. :

Fal (Register ficcess Line) indicates the address is that of an
internal register.

The LSOE szignal is fed back te processor (pin &%) which controls
the internal LIDA bus drivers.

LWRT (Low WRiTe). This signal is used to actuzlly cauee the
writting of data into the RAM on the Memory Board. It iz sent
TRUE (i.e&., LOW) when all three of the following onocur:

1. The READ/WRITE line is LOW indicating WRITE.
2. Pin 3 of U2 is Low.
. Pin 7 of UZ i3z High,

UZ is a counter used to create a time delay sufficent encugh ta
allow the Memory Board to respond to LIDA busz transfere. The
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counter i1s prelpaded to a value of & (0110) when HETM goes HIGH
(through U11D and UiC). Except when RAL 1s HIGH indicating an
internal register access. The countar is incremented by the
CLOCK. Pins 3 and 7 arrive at the pricr mentionsd state after 2
counts. This corresponds to the value 8 ({0080). Uldk iz vsed to

feed back to the processor the LUMC ¢ignal which indicates the
memory cycle is complete.

The normal sequence to fetch and executs. an instruciion is:

1. The processor places an address on the LIDA BUS.

]

H5TH goes HIGH clocking this address into the Memory Board.

.l

L.80B goes MIGH allowing the Memory Board to drive the LIDA
bus and preventing the processor from driving the bus.

4. Memory board outputs the addressed instruction and the
processor reads it.

5. The prcoccessor executes the instruction.
Frocessor 1

The microprocessor iz a hybrid circuit built from 2 ceparate
chips. Processor connections fall in 3 major categories: MEMOGRY

Interface{IDa), I/0 Interface{IlI0B), POWER SUPFLY and CLOCK (U7
Pin 20 and 21).

The remaining connections are:

LINTRE {Low Interrupt Request)y Pin 1. Fequestz zn interrupt of
the processor. This feazture is not uvsed in the 534048 zand the
line should be =zlways high.

LETS {Low S3Tatu3) Pin 16 (TP13). 1Is an input 1o the processor
used for self test.

LSRG fLow Service Reluest) Pin 27, I& an input 1o the processor
vged 1o indicate to the processor that there i3z a task for 1t
to perform.

LEAM {Low RAM) Test Point 44 or U7 Pin 15 4Not FLGY. Is an input

to the processor used in the self test program o call up the
gestructive RAM test. :

ZYHC (Pin 29). This signal is used to ETOP the processor when
all tasks are completed. Hhen the processor iz stopped bDoth
the LIDA Bus and the 1/0 Bus are idle. MOTE: When stopped the

SYNCZ has 2 § Mhz signal from the processor on 1it.
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U3 and UE are pctal bidirectional buffers which zare uvsed o give
the processor sufficent drive capability for the I/0 data bus.
These are loaded in sockets for trouble shooting purposes.

o

Se2lf Tesy J

#s part of the self test, the I1/0 address bus iz tested by having
the zofrtware perform I/0 operztions to all possible addresse=s.
These addresses are latched into Ui7 by the 1058 signal. The
processor then reads these values back to teet them by enabling
Hi?’= tristate qutput onto the 1/0 DaATa BUS. Mete that since the
upper 3 bits of the DATA EUS {DB8 through DEiS)Y are uszed 1o
pertorm this operatien, they are tested also.

1/0 Data Bus K

The 16 bit I/0 DATA BUS (DBO through DBLE) runs throughout the
instrument and is the means of communicating with the processor.
Data iz zent both ways on the bus. U4 and Ué pull the bus up to &
volts when theilr is no driver on the bus. This is veed mainly for
trouble shooting and to allow missing PC boards to be detected by
the instrument firmware.

Power Suppliss L

(1 is used to generate the +7VF supply from the +12 supply.
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TROUBLESHOOTING

There are four levels of trouble shooting:

.§‘

Self Test, The Self Test is run on power up and after
pushing IN3T PRESET. Two front panel LEDs, CHECK I AND II,
give a visual indication of the Self Test results.

Signature Analysis. The Signature Analysis Test can be
used to verify the results of the Self Test or can be
used %to do detail troubleshooting of the I/0 Address or
I/0 Data lines.

Front Panel or HP-IB Test. The front panel can be used to
write to or read from any I1/0 device.

‘Manual Procedure. The Manual Procedure should be used if

the self test does not run. Observe the 16 A61 LED
indicators. At power up or INST PRESET all 16 LEDs should
turn ON for about 1 second. During the next 2 seconds scme
of the LEDs should go OFF and ON again. If this happens
the self test is running. If all 16 LEDs go ON and remain
ON the self test is net executing.

I. SELF TEST

A.

DESCRIPTION

The Self Test is run on power up and after pushing INST
PRESET. Two front panel LEDs, CHECK I and II, give a visual
indication of the self test results. The Self Test
automaticly performs the following tests:

1. PROCESSOR TEST -~ Computations are done in the internal
microprocessor registers and compared with a
check sum stored in ROM.

2. RAM TEST

a. With TP 14 NOT grounded. About 1/2 of the locations
of RAM are read, complemented, rewritten,
complemented, and then finally restored to original
value. Note this check will not catch RAM addressing
problems.,

b, With TP 14 grounded. All RAM is sequentialy exercised

by writing the address in each location and then
repeating the test with complemented addresses,
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iCAUﬂON

This will cause any stored calibration data or SAVE
registers to be lost.

NOTE: On MEMORY Boards built since 1983 an additional
test point on the MEMORY Board will need to be grounded
to enable the Protected Portion of RAM to be exercised.
If all of memory cannot be exercized the test will
indicate failure,

ROM TEST - Each ROM leccation is summed. The sum for
each ROM is compared with checksums stored in ROM.

1/0 ADDRESSING TEST - All addresses are set up and
then read back infto the processor. The sum of the
results is compared with a checksum stored in ROM.
If this test passes the upper 8 bits of the DATA
BUS can alsc be considered good.

I/0 DATA TEST -~ The 16 bit DATA BUSS3 is exerciséd by using
the hardware on the Marker Bandeross Boeoard to read and
write to the I/0 BUS,

NOTE

By grounding TEST POINT 1 (LSTS3}
the Self Test will be continously execiuted.

FRONT PANEL INSTRUMENT CHECK LEDS I and II

1.

The instrument power supply comming up'should
cause both LEDs to be turned con.

LED I will be turned OFF when 1t is determined that zll
ROM, RAM, and the LADR bus are good and that the
microprocessor works.

LED II will be turned OFF when it 1s determined that the
I/0 ADDRESS BUS and all 16 bits of the INO DATA BUS
are good.

If either LED stays on further isolation of the problem

can be made by examining the 16 LEDs on the A61 Memory Bcard.
When all 16 A61 LEDs are OFF, front-panel LED II should be
uFl, :

It is possible that & fault can occur which will cause
the CHECK LEDs to go out when they shouldn't., If this
happens the LEDs on the Memery board will verify this
condition (i.e., One or more A6%1 LEDs will be on).
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SELF TEST LEDS ON MEMORY BOARD (fault LEDs)

1. When the Self Test finds no fault conditions the LEDs
should go OFF about 1 second after power ON, or
after INST PRESET, and then stay OFF.

2. When the Self Test finds a fault condition 1%t is displayed
as follows: When power is turned on all LEDs are turned
on for about 1 second. After this The LEDs display ROM,
RAM, processor and I/0 addressing status for 2 seconds.
Afterwards the LEDs display I/0 DATA BUS errors.

If the difficulty involves the 1/0 ADDRESS or I/0 DATA
BUS; it will be helpfull to selectively remove PC boards
that interface to the I/0 bus until the problem is
cleared, The only PC boards, other than power supply
boards, that must be in the instrument to make the Self
Test operate, are the A60 Processor, the A61 Memory and the
A57 Marker Band Cross Board. The I/0 address test is valid
even with the Marker Band Cross Board missing. If the
1/0 address ftest passes it is also indicates that data
bits 8 through 15 are good. Refer to table at end of the

Self Test description tc learn which assemblies interconnect

to the digital buss.

3, If all 16 LEDs stay 1lit for the entire time, it will De
necessary to resort to manual troubleshooting of
controiler hardware.

LED :1st SECOND: next 2 SECONDS : afterward

e % W s e e W W e A AR M W A W W W e W W e i A e e e S e e e e e
frifpmgiiipere e onibiborelien i oes s ficodfiesniernduiiciocsdibossdipeusiiioesfioonsboasiboesafeedfisfese e faiciiions =i cucicalihscfpocolipuciiieosiptiaciicclmghun ool i

LED 15 : light on : 1light out ¢:I/0 Bit 15 FAIL
LED 14 : light on : I/0 DATA TE3ST FAILED +I/0 Bit 14 FAIL
LED 13 : light on : I/0 ADDRESS TEST FAILED :I/0 Bit 13 FAIL

LED 12 : light on : ¥RAM U20 TEST FAILED :I/0 Bit 12 FAIL
LED 11 : light on : ¥RAM U20 TEST FAILED :I/0 Bit 11 FAIL
LED 10 : light on : ¥RAM U5 TEST FAILED :I/0 Bit 10 FAIL
LED § : light on : ¥RAM U5 TEST FAILED :I/0 Bit 9 FAIL
LED 8 light on : ROM U9 :I/0 Bit 8 FAIL
LED 7 light on : ROM U24 :1/0 Bit 7 FAIL
LED 6 light on : ROM U8 :1/0 Bit 6 FAIL
LED § : light on : ROM U23 :I/0 Bit 5 FAIL
LED 4 : light on : ROM U7 ¢I1/0 Bit & FAIL
LED 3 : light on : ROM 022 :I/0 Bit 3 FAIL
LED 2 light on ¢ ROM Ub :I/0 Bit 2 FAIL
LED 1 : light on : ROM yg21 +I1/6. Bit 1 FAIL
LED 0 : light on : PROCESSOR TERT FAILED :I/0 Bit 0 FAIL

¥ Ram Test is not exhaustive unless TEST PCINT 14 is grounded

2 CAUTION

This will cause any stored stored czlibraticn
data or 3AVE registers fo be lost,
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SIGNATURE ANALYSIS TEST

The Signature Analyzer can be used to verify the
results of the Self Test or can be used teo do detail
troubleshooting of the I1/0 Address or I/0 Data lines.

Four test points are provided on the A61 Memory Board
to start or stop the GATE of the Signature Analyzer.
The rising edge of the signal on these test points is
to be used. A61 TPY9, 8, 7, 6

3 T2 T1
0 0 0

0 0 ¢

0 0 1

o 1 1

L

A.

TO

0

1 Beginning of 3elf Test

1 End of Self Test, Begin OUTPUT EXCERISE
1 End of OUTPUT, Begin INPUT EXCERISE

1

End of INPUT EXCERIZE

Signature Analyzer Self Test Verification.

Connect Signature Analyzer as follows:

GND to ground Connect Probe to +5 voltis
CLOCK to HSTM

START to TO

STCP to T1

This fest provides an alternate method of reading
out the results of the SELF TEST LEDs. The easier
way 1s to observe the red LEDs on the MEMORY board.

Possible signatures:

399F
3494
FH25
C349
AFH2
2C34
8AFH
A2C3
ABAF
2A2C
FABA
T2A2
OF A8
6724
99FA
P6T72

Test Passed

LED 0 On
LED 1 On
LED 2 On
LED 3 ©On
LED 4 On
LED 5 On
LED & ©On
LED 7 On
LED 8 On
LED 9 On
LED 10 On
LED 11 On
LED 12 On
LED 13 On
LED 14 On
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OUTPUT EXERCIGSE

This test will cause & fixed patftern to be output on
the I/0 DATA BUS (DBC through DB15) and the ADDRESS BUS
which will cause

data to be sent to all addresses on the bus except

for the Attenuator, the Go to Sleep Flip Flop, and all
addresses assigned as input devices.

To perform test: .

1. Ground A60 TP13 TP LSTS (Block H)

2. Turn power OFF and ON,.

2. Connect Signature Anazlyzer as fellows:

START - A61 TPT T1 (Block C) rising edge
STOP =~ A61 TP8 T2 {(Block C) rising edge
CLOCK - A60 TP4 LICSBE {(Block H) rising edge
GROUND = chassis '

NCTE: +5V signature to be 2019.
4, The following signatures are to be found
on the I/0 DATA and ADDRESS BUS as

measured on any point slong the bus.

For example A60

PIN on AGOP1 : Mnemonic : SIGNATURE

15 : SICA : 1714

16 : 3108 : 370H

19 : ADR4 s TUUF

T4 : ADR3 : 8U2y

18 : ADR2 i O12F

73 :  ADR1 : U154

17 : ADRC :  AUCU
¥ 83 : DEB15 : H186
827 : DB1Yd : CF15
¥ 82 : DB13 :+  3TFH
¥ 25 : bR12 T 3H44
# 81 : DB13 :  9PA2
¥ 25 : DB1O : FUst
¥ BO : DBEg « B6T7AE
¥ 2y : DRB8 :  P702
* 79 : DBT 2757
¥ 023 : DB& : FT77H
¥ 78 : DR& : 63CP
¥ 22 : DR4 + CC29
¥ 77 H DB3 : 0942
21 : DB2 1 HOTT
¥ 76 : DB : CFPH
¥ 20 : DBO : 0DAAQ

e

Signals indicated by a star, should have
the same signatures on both sides of the

8-238



Model B8340A -~ Service

bidirectional buss buffers on the Processor
Board. These IC's are on sockects so they
‘can be used to isclate faults between the
Processor Beoard and the rest cf the
instrument.

The following signatures are the I/0 ADDRESS
BUS signatures as measured on pins of the
microporcesscr. The signals are inverted by 2
buffer before going off the board.

U7 Pin : Mnemonic : SIGNATURE
7 : LADRO : 8UAB
6 :  LADR1 : H14H
80 :  LADR2 : 2138
79 : LADR3I AU3H
78 :  LADR4 : S5UPS
77 : LADRS : 1714

By having previously recorded the signatures
that should exist on boards that take data
from the I/0 BUS (following table), it is
possible to troubleshoot by comparing the
signatures from the instrument under test

to the known good signatures.

NOTE

By grounding A6C TP2 LBUS DISABLE, bus drivers
that are bpeing incorrectly enabled ontc the
bus due to an addressing errer can be disabled.

Following is a complete list of the signatures
of latehed data bits for the various addresses
throughout the instrument. These signatures
can be measured by probing the output side of
neninverting latches located on the data bus
in various parts of the instrument.
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ADDRESS

0

CH 3SUB
0 0 xxxx
0 1 xxxx
0 2 xxxx
0 3 xxxx
T 0 xxxx
T 7 xxxx
1T 2 XxX¥x
T 3 xxxx
2 0 xxxx
2 1 xxxx
2 2 XXxX
2 3 Xxxx
3 0 XXX
3 1 XXX
3 2 XX%xX
3 3 xxxx
4 0 XxXxx
4 1 This
4 2 xxxx
4 3 This
5 0 This
5 1 XXXxX
5 2 XXXxx
5 3 Xxxx

XXXX
XXXX
X¥XX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXX

XXXX

XXXX

XXXX

XXXX

XXXX

RXXX

XXXX

XXXX

XXXX

XEXX

XXX

XXXX

XXXX

LXXX

XXX

XXXX

XXXX

XAXX

Model 83404 - Serwvice

XXXX
XXXX
XEXX
XXXX
XXXX
XXXX
XKXXX
XXX
QXXX
XXXX
XXXX
XXXX
XXXX
XXX
XXXX
XXX

XXXX

XXX

XX¥X

XXXX

XXXX

XXXX

XXXX

X¥XX

XXXX

XXXX

XXXX

XXXX

XXXX

XXXX

XXX

XXX¥X.

XXRX

XALX

address is an input

XXXX XXXX XXXX XXXX

address is an input

address is the

XXXX XXXX XXXX

XXXX XXXX XXXX

XXX XXXX XXXX

XXXX
XXXX
XXXX
XkXX
XkXX
XXX
EXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXX
XXXX
XXX
XEXX

XXXX

XXXX

XXXX

XXXX

XXEX

XXXX

XXXX

XXXX

XXXX

XXXX

XXXX

XXXX

XXX

XXXX

XXEX

XXXX

XXXX

XXXX

device.

XXXX

XXXX

device,

XXXX

XIXX

XXXX

AXXX

XXXX

XXX

XXXX

XXX

XXZX

KXXX

XXXX

XX¥X

XXXX

XEXX

XXXX

XXXX

XXX

XXXX

8
12
X¥XXX
XKXXX
XXXX
XXXX
XXXxX
IXXX
XXXX
XXX
X¥XXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXIX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
LEXX
XXEX

XXXX
XXXX
XXXX
XXRX
XXX
XXXX
XXXX
XKXXX

XXXX
XXXX
XAXXX

GO to SLEEP flip flop.

XXXX XXXX XXXX XXZX

XXXX XXXX XXXX XXXX

XXXY XXXX XXXX XXXX
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XXXX
LXEXXX
XXXX
XXXX
XXXX
AXXX

9
13
XXXX
XXXX
XXEX
XXXX
XXXX
XXXX
XXX
XXXX
XXXX
XXXX
XXKXX
XXXX
XXXX
XXXX
XXXX
LX¥XX
XXX
XXXX
XXX
XXXX
XXX
XX%X
XXXX
XXXX
XXXX

XXZX
XXX
XXXX
TXXX
XXiX
XXXX
XXXX
XXXX

XXXX
XXAX
XXXX

KXEX
XEXX
XXXX
XXXX
XXXX
XXXX

KRXX
XXX
XXXX
AEXX
AXXX
XXXX

AXXX
XXXR
XXXX
ZXXX
XXX
XXXX



h

[ —y
o O

10
11
11
11
11

(@] [Ve) Vs (Xa} O o o] o0 (o IR ~3 -3 -3

o

(o TR S N A |

CCz3
8HO1
XXX
This
XXXX
XXXX
XXEX
This
XXXX
XXXX
LXXX
XXX
LXXX
XXXX
XXX
XXXX
XXX
XXX
F263
This
XXX
AXXX
XXXX

XXX

Model
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OUFP 6614 C5A41 12FC 10PH HTAS

2156 79U9 FB8A6 AA1S

XXXX XXXX XXXX XXXX

address i1s an input

XAXX XXXX XXXX XXXX

FEXX XXXX XXXX XXXX

REXE XXXX XXXX XXXX

address 1s an input

XXXX
XXXX
XXXX
XXXX
XXX
XXXX
XXXX
XXX
XTEXX
XXX

A3TH

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXX
XXXX
XXXX
XXXX

6140

XXXX

AELEX

LXXX

XXXX

XXXX

XXXX

XXXX

XXxX

XXXX

XXXX

P53C

XXX
XXX
AXXX
XXXX
XXX
XX*X
XXXX
XXXX
XXXX
XXXX

PHFH

address is an input

XXXX

XXXX

XXXX

XXX

XXXX

XXXX

XXXX

XXXX

FEXX XXXX

2Ul5 HT706

9A42 U1CT

AL4AS

4484

HOT3

XXEX

AP4U

XXX

device,

XXXX

XXXX

XXXX

XXXX

XXXX

XXZXX

devige,

XXXX
XXXX
XXXX
XXXX
XXXX
XXX
iXXX
XXXX
XXX
XXXX

2U1H

XXXX
XXXX
XXXX
LXXK
XXXX
XX;X
XXX
XXXX
XXXX
XKXXX

24UF

device,

XXXX
60C7
8AOF
222P
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XXXX
U2H
2623

XXXX

20CH
7C63

XXXX

XXXX
XXXX

XXXX

LXXX
XXXX
AXEX
XXXX
KXXX
XXXX
XXXX
XXXX
XXXX
XXX

1484

XX XX
H995
CC4u

XAXX

3803
9482
FHG2
7124
XXXX
XXXX

X¥XXX
XXXX
IX%X
XXXX
TIXX
XXXX

KXXX
AXXX
XXXX
XXXX
XXXX
XXXX
XELX
XXXX
XXXX
XXX
XXXX
XXXX
XXX
XXXX
AXEX
XXXX
XLXX
XXXX
XXXX
XXXX
OFC3
XXX

XXXX
XXXX
3AAG
XXXX
C3AF
XXXX
XXXX
AXXX

086U

CAU3Z

4070
5FCS
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXX X
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
IAHF
XXXX

XXXX
XXKX
UFFO
XXXX
A26A
XXXX
XXXX
XXXX

P6AC
OF6P
SF4g
CO3U
XXXX
XXXX

XERX
XXXX
XXXX
XXXX
XXXX
AXXX

XXX
XXXX
XXXX
XXXX
XXXX
XXXEX
XXXX
KXXX
XXXX
XXXX
XXXX
XXXX
XXXX
AXXX
XXXX
XXXX
XXXX
XXEX
XXXX
XXXX
ouTP
XXXX

XXX
XXXX
CTE2
XAXX
T6PU
XXKX
XXKX
XX XX

FHOY
6155
c8g2
5C24
XXXX
XXKX

LXK
XXX
XXXX
XXXX
XXXLX
XXZX

AXELX
XXXX
XXXX
XXXX
XXxX
XEXX
RXXX
XXXX
XXXX
XXXX
REELX
XXX
XXX
XXXX
XXXX
XXXX
XXLX
KXXX
XXXX
XXXX
XXXX
XXXX

XEXX
XXXX
XXXX
XXX
XKXX
KKEX
XXXX
XXXX



12
12
12
12
13
13
13
13
14
14
1y
14
15
15
15
15

[on NS B A0

W

AXXX
This
This
XXX
XXXX
XEXX
XXX
XXXX
XXXX
XXXX
XXX
XXXX
A18U
XXX
5056
This

ADDRESSING EXERCISE =~
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XXZX XXXX XXXX KXXX

address 1s an input

address is an input

XXXX
XXXX
XXXX
XXXX
XXXX
XXX
XXXX
XXXX
XXXX
9409
XXXX

A239

XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX X¥XXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
LXXX XXXX
PHOS5 031F
XXXX XXXX

46P7 BUSC

XXXX
XXXX
XX XX
XXX¥
XXXX
XXX X
XX XX
XXXX
XXXX
HUZ2F
XXXX

1Fez

address is an input

XXZXX XXZXX XXXX XXXX

device.

device.

XXXX

XXRX

XXXX

XXXX

XXXX
XXXX
XXXX
XXX
XXX
5C8P
XXXX

T73CT

XXX
XXX
XXXX
kXXX
XXXX
XZZX
XXX
XXX
XX¥(X
XXXX
XXXX

P76U

device.

XXXX

XXAY XXXX
XXX

XXXX XXXX
XXXX

XXX XXX
XAHLX

XXXX XXXX
| OXXAX
XXX XXXX
XXLX

XXXX XXXX
XXX

XXXEL XXXX
XXXX

XXX XXEX
XAXE

XXXX XXX
XX%X

XXXX XXXX
8169

XXXX XXXX
XXX

FFUC xxxx
XXX

REXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXKX
XXX
XXXX
XXXX
XXX
XEXX
XXXX
XXXX
XXXX
XXXX
XXX
XXXX
XXXX
XXXX
15HH
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX

XXXX
XKXXX
XXXX
XXXX
XXXX
XXXX
AXXX
XXXX
XTXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXZX
XLXX
XXXX
HO5A
U2 AH
XXXX
XXXX
XXXX
KXXX

This test does the same outputting of data as in the

previous test.
read from,

In addition all the Input devices are
This combined test makes it possible to

XXXX
XXXX

XXXX
XX XX
XKXX
XXXX
XX XX
XXX
XXXX
XX XX
XXX
XX KX
XXXX
XXXX
XXXX
XXAX
XEXX
XXXX
XXXX
XXXX
AOCL
IFAF
XXXX
XXX
XXXX
XXXX

(OUTPUT EXCERISE and INPUT EXCERISE)

troubleshoot problems on the I1/0 ADDRESS BUS or address
decoding on any board in the instrument.

1
2
3

. = s

Ground A6C TP 13 STS

(Bloeck H)

Turn power OFF and then ON
Connect Signature Analyzer as follows:

START - A61 TPT T1
- A1 TPY T3
CLOCK - A60 TP4 LIOSB
GROUND - chassis
CHECK + 5V signature = FUOA

STOP

B-242
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Measure signatures as follows:

MNEMONIC

- ——

WO .

-

Ch 7: Sub Ch 3

SIGNATURE

ANFO

6PFA

P3IHB

234U

66F3

AtFdY

UGP5C

U15 SIGNATURE

Pin 1 3151
Pin 2 EPFP
Pin 3 A9FQ
Pin 4 PF45
Pin 5 2FH2
Pin 6 A1FQ
Fin 15 FUzA

Uie-u20

Following is the list of signatures that
corresponds to all decoded I/0 strobes.

These are usually generated by an LS 138
connected to the I/0 address buss.

I/0 ADDRESS

Channel,

M e OO OO

(AR NACNAE AL

LA Las LA L

WM e O wn —Q

LIPS O LI P - O

STRCBE SIGNATURE

SubChannel

8243

2POH
234C
FLAO
3H64

4P36
10F1
3169
TP86

03FA
2FFT
9189
L84y

5324
FSAQ
9ucs8
C344A

SIGNATURE
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POGF
FPO8
CCAC
FUBC

go to sleep

8-244

Ucan
8389
PFHH

A3U2
7311
C403
FU4A

28UF
SCF2

18CO-

FUz4a

H6H3
94 AT
FPAH
AC21

ui7e
A6H2
8740
12AC

3FPA
gH7C
HL3P
FUTA

9163
C8F2
CFC3
U4 8u

U073
Fuce

flip flop
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12 2 FUOP
12 3 2PFC
13 0 CUFA
13 1 Ug93c
13 2 UgAlL
13 3 8HEU
14 0 9A5U
T4 1 YHCA
iy 2 uoss
4 3 3136
15 0 1UHS
15 1 11P0
15 2 H577
15 3 FUo8

FRONT PANEL or HP-IB DIGITAL TRCUBLE SHOOTING

y I/0 device can be writen to or read from by use of

the front panel. This capability is used through shift

fu
(s

Al

nctions that are on the four numeric terminaifor keys
HGZ, SHMZ, SHKZ, SHHZ).

SHIFT GHz - allows the I/0 channel %o be set up, (0 thru 15).
SHIFT mHz - allows the I/0 subchannel to be set up (0 thru 3).

1 1/0 azddreses are made from z Channel and a Sub Channel

number. These numbers should be available from schematics
for beocards which interface to the I/0 buss.

SHIFT kHz - will cause subsequent numeric entries to be written
directly to the address set up in channel and
subchannel.

SHIFT Hz ~ causes the set up address to be read from and
the results displayed in the entry display.

INPUT REGISTER TEST

Set up the CHANNEL and SUBCHANNEL as indicated
above for the input device that is to be tested.
Locate the physical device and one by

cne short each input to +5velts and then Ground.

By pushing Shift, Hz each time a pin is shorted

the results will be displayed in the ENTRY display.
The displayed number will be in both OCTAL and
DECIMAL. Observe in the OCTAL

display that the appropriefte bits go HIGH or LOW
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as would be caused by shorting the inputs HIGH or
LOW.

QUTPUT REGISTER TEST

Set up the CHANNEL and SUBCHANNEL as described above
for the output device that is to be tested.

Use a Logic Probe to examine the outputs of the
device and write directly to the device by pushing
shift Khz and then making entries. For example
Enter 0 then -1 this should make the latched

output of all bits go low and then High.

NOTE

Many address are written by the instrument

firmware as the instrument goes thru its phaselock
operation. This could cause information that is
written from fthe front panel to be overridden. One
way to avoid this is to put the instrument into
MANUAL such that it is not sweeping. There are some
addresses, like the front panel LEDg that will be
over written by the firmware regardless.

MANUAL TESTS

The following MANUAL procedure should be followed
if the A61 Self Test Indicator LED FAULT register
has all LEDs 1it for the entire time following power on.

The objective of the MANUAL tests is to get the Self Test
operational as quickly as possible.

A. Check all Power supplies On (A60C Processor and A61 Memory
Board.

B. Check green RUN LED on the Processor Board.
. If not ON remove the A59 Digital Interface which is the
only board that can STOP the processor.

C. Check the LIPS (ABOTPE Block D) to make
sure the instrument isn't continuocusly being PRESET.
If this line 1s LOW check if the power supply is
incorrectly driving the line.

D. Check the CLOCK signal on the processor. 12 Volt
5 mhi signals should be present on microprocessor
pins 20 and 21.

E. Perform FREE RUNNING POP test
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1. The Free-Running POP test checks the LIDA Bus,
the A61 MAR Bus, and the A61-ROM. The A60 SA
Timer (Block E) output (TP7) is connected to
LIPS (A6CTPE POP Synchronizer Block D). This
continually resets the processor tc a kKnown
state: 1t continually executes the first
instruction {at locaticn 40) which in turn
reads all the rest of ROM memory.

a.
b.

c.

dl

Jumper A60TP1 (TIMMER ON) fto A60TP11 (+5V).
Jumper A60TPT7T (TIMER OUT) to ABQOTP6 (LIPS).

Externally trigger oscilloscope off the falling
edge of A60TPS (POP 0OUT).

Monitor A61TP1 (HSTM) on one channel of an
oscilloscope,

At the rising edge of the 2nd HSTM pulse 1.25 us
microsecond pulses should be present cn the MAR
lines. Except for MARS, 21l pulses will be positive
going transitions.

If the appropriate pulses are present on the MAR
lines use an oscilloscope .and check the waveforems

*®

28 shown in Figure « Memory Timing.

2. Refer to Figure * . A60 Processor Timing and
Figure * ., Memory Timing and check for the waveforms
as shown. Also check the 5 MHz ftwo phase clock waveform

]

235 shown in Figure . The following 1s the sequence
that generates these waveforms:

a'

bl

*To be suppiied.

POP input to the processor goes high (Start of
sequence) .

Processor outputs the starting address (Qctal 40) ocnto
the LIDA Bus, The processor also sefs LREAD/WRITE
HIGH (write) and RAL (Internal Register Address) HIGH.

Processor forces HSTM {(Block G; HIGH, clocking the
address from the LIDA Bus into the MAR (Memory Address
Register) on the A61 Memory Board.

L30B goes HIGH when the processor sets LREAD/WRITE LOW
indicating that the processcr no longer drives the
LIDA Bus. When L3S0OB is HIGH, the memory becard is
allowed to drive the LIDA Bus and thus memory data
appears on the LIDA Bus,

When timer A60 U2 times out, UTLE output (LUMC) is fed
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back to the processor to indicate thaﬁ the memory
cycle 1s complete.

f. The processor reads the instruction and forces HSTM
LOW which z2lso forces LSOB LOW.

g. To execute the first instruction, steps (b) through (f)
are repeated, only the address ocutput is an indexed
address that is continually decremented
so all possible addresses are exercilsed,

At the rising edge of the 2nd HSTM, address
information should be on the LIDA lines with
appropriate HIGH and LOW levels.

At the falling edge of the 2nd HSTM, memory data
iz on the LIDA lines. They should show good
HIGH and LOW logic levels and may show some open;
intermediate states.

n. At the 3rd HSTM, no LSOB is generated since it is an
internal address. RAL line goes HIGH keeping LSOB LCW.

i. During a write operation (5th HSTM), L30OB is LOW and
a 200 nanosecond LWRT pulse is generated. The
processor outputs data onte the LIDA Bus which is
written into the A61 RAMs.

Suggestions® After connecting the jumpers, check the
HSTM (A61TP1) and LSOB (A61TP2) lines for activity.

If they appear good, go ahead and check the LIDA lines
when the indexed address and data are on the bus at

the 2nd H3STM as described in step (g). If HSTM or LSOB
is bad, then begin with step (a) and verify each step.

Te help isoclate a stuck LIDA line:

Grounding L3SOB {A61TP2) should force all drivers con
the A61 board into the high impedance third state.

Check all A60-U7 micreprocessor 16 LIDA lines and pins 29, 25,
65, 82, 34, 30, 321.

NOTE: The short pop test verfies the processors

ability to address all memory and execute one

instruction, (i.e., WBD instz withdraw byte from

memory). For the processcor to read this cone instruction
out of the first pair of ROMS, contrcl signals Vpp and EN
must be at zero volts. This should cause the RCM to output
data on the LIDA bus.
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DIGITAL BUS INTERCONNECTION QUIDE

R = receiver, D z driver, B = both
ASSEMBLY teemmemmemee I/0 DATA BUSS =mememmme—e :=I/0 ADRS RUSS~
DESIGNATOR: DB :S S
: I I
: :0 0
15 14 1312 1110 9 87 6 543 210:A B 43210
ES A1Q ¢ _ . :
P3 A35
F3 A52
B3 A53
PS 456
FS A62
FP A1
FP a2
FP A3 R R R R R R RRRRRRRR
FP Ad
Fp A5
FP AG B B B B B BBBBBEBBUBBIBHE R RRRRR
FP AT
MC AT
MC A58 B B B B B BEBBBBEBBESEB::B B B-BBBSB
MC 460 B B B B B BEBBBBBZBEEHSE R RRRZERR
FC ASH R R RRRRERIRERRTER
FC A55
FC A59 R R R R RRRRERRERERERERTEK R RRRRE
FC 461 B B B B B BBBBBBBBUBETE:R R RRERR
YO A22
YO A48
YO A49
0 A5Q
FM  AZ3 RERR R
ALC A21
ALC 424 R R R RR
ALC A25 ‘
ALC A26 RRERRRRE R:
ALC A27 R RBBBEBDBEBBIBIB:R RRERR R

YTM A28 RRRRRRRERERE:

————— -
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psl HMEMORY ASSEMBLY, CIRCUIT DESCRIPTION

The A&l MEMORY board contains all the firmware {(stored in ROM} 1o
run the B340A& and the calibration data and Save/Recall registers
{stored in RAaM}.

The normal sequence of gperations iz diagrammed in Figure B-48Z24.

Figure 8-4824. Memory Operation Timing Dlagram.

To be supplied.

i. The processor places an address on the LIDA BUS.

2. The address iz latched on the Memory Board by the rising widge
.of HETH, (High Start Mamory) and the location is accesssd.

The processor reade data or instruction on LIDA BUS aftier
setting LSOB (Low Stay OFff Bus) false (HIGH).

G

4. The processor executes the instruction or processes the
retrieved data word. :

5. The processor initiates the sequence once again.

Bus Dampsr A

Each LIDA BUS line is terminated by a 100 ohm impedance matching
resistor {(part of U1Z2 or U25) and a diede clamp {(part of ULZ ar
Uzé). This eliminates transient overshoot due to bug impedance
mismatch, and protects the inputs from high energy static
discharge.

The clamp voltage is generated by Q8 and 8% in the POWER SUPPLY
zection {PBlock HY. In this arrangement VCLaMP follows VP, 1the
battery supply to the RaMs. This guarantees that no inputl to the
CHOS RAMs can exceed their VYCU value, =liminating the parasitic
SCR latch-up problem common to CMOS devices.

Aaddres=z Latch B

The rising edge of HSTM latches the address on the LIDA BUS into
the f6-bit lateh WU3,U4,U18,U49. Bit {4 zelects between ROM and
RAM. Bits 12 and 13 select between the 4 pairs of ROM chips. EBits
0 thruy 1 select a specific location in a pair of ROM or RaM
chips. Due to the specifics of proceszor architecture, bit 1%
does not contain valid addrese information, and is igrored. The
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latched address lines are called the MaAR BUS.

Digital Sionpature Circuit

Thie circult generates the Start and Stop clock signals for =
Signature Analyzer during Memory Board testing. A complete
description of theze tests 1is given in the A60 Processor
documentation.

Shift register UZ 13 cleared at the start of aute—test zoftwars
by executing a write to ROM address @L3777. & right-shift iz
forced after each phase of auto-test by executing a write to RAM
address BE7IL7.

Mote that a write to ROM address @03777 will alter the contents
of RAM location B77777, and the write to address BE7767 will
alter RAM location @877767. This is due to the incoemplete decoading
scheme vsed during write cperations.

Memory Select D

=

Decoder U177 uses MAR bits 42 and 13 to select which of the 4 pair
of ROMs are to be acressed (LCSL thru LCB4y. During & valid HOM
access MAR 14 is LOW {addresses less than or equal to 8377773
This lime is used to enable the decader Ul7 During a RAM access
MAR 14 is HIGH {(addresses greater than or equal to 2400003 and
Ui7 iz disabled, pulling all ROM chip select limee (LCE1 thru
LCS4) to the HIGH, inactive state. Note that all azddresses above
40000 are decoded a2t valid RAM addresses. HFME iz uzed by the
EPROM programmer as a programming strobe, and iz not connected in
the B8340A. Test point TPE is the chip select line for the first
pair of ROMs, which contain all self-test software. Thisz can be
vseful during instrument turn-on and troublesooting if Self Test
appears to get stuck.

CR&, CR7, and G4, A%, QG6, and Q7 decode the VPF/O0E’ line to the
ROMs. This line must go to +25 Wolts dwring EPROM programming, to
0 Yolts during a read operaticn, and to +5 Molts at all other
times. WPP/OE’ is driven LOW when MARL4 is LOW and LE0OB iz HIGH.
Note that and/or G4 mauy be destroyed if the +2% Volt program
voltage is present during a read operation to ROM.

31, 82, and (3 form a discrete NAND gate that is constantly power
up by the RAM backup battery. Inputs are the memory cycle circbe
H5TM and the LIPS line. A low on LIPS effectively isolates the
RAM from inwvalid Buss activity during instrument powsr cycling.
The output of this gate iz the LRAMCE line, tisd to the chip
select pin on the RAM’ Note that every memory cycle, whether o
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ROM or RaM, initiates a read cycle in RAM. Ulsa4a,E, and { decode
MAR14, LWRT, and processor handshake LES0B to drive LRAMEN low
true and output RAM contents to the Bus only when & valid RaAM
read cycle occurs. Also note that, as & consequence of this
decoding scheme, a write operation to any location in memory

{whether in ROM or RAM space} maps into 3 write toc some location
R&M. -

ROM E
Eight EPROMs hold all the Main Controller firmware. Each EPROM
contaims 4096, B8 bit bytes. They are connected in pairs to make
up the 1é6 bit data words required. The total storage space
provided in ROM is 16K, 145 bit words. Belf-test firmware resides
in the first two ROMs, Ub and UZ21.

The table below details ROM control lirnes and their states during
opEration:

VPP /OE" (20) €57 (18 LIDA BUS MAR BUS

To program EPROMz + 254 LOW data in valid

Te read EPROMs low L0 dats aut valid

fll other times XX HIGH x¥ H X
RAM F

System RAM consists of two chips, Ub and U208, each containing
2048, 8 bit bytes, connected in parallel to form the 146 hit dats
words required., These RAMs are ultra low power CMOS devices,
Power dissipation iz low enough that at room temperaiure the
on=board battery will maintain data integrity for 10 years. QOver
" the worst case instrument temperature range and R&AM current drain
data integrity is guaranteed for the normal 1 yesar instrumen?
calibration interval. Nonvolatility is required because the RAH
15 used to store instrument calibration data and the Bave/Recall
‘regigters, as well as stack and nermal processor workspace.

The table below details RAM control lines and their states during
speration:

LRAMCE LRAMEN

C8’,48 OB’ ,20 LWRT LIDA BUSS MAaR BUSS
To write RAM LOW HIGH LOW data in valid
To read RaM L.OY HIGH HIGH data out valid
All other times xx HIGH HIGH P ¥

Note that any write operation (whether in ROM or RAM address
gpace) 15 mapped into & write to some locatiorn in RAM. This

includes writes to the Self Teszt Indicators, and the Digital
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Zignature Circuit, which are decoded as writes to ROM. The Main

Controller is very careful ta execute these writez to locations
in RAM whose nonvolatility is neot required.

Self Test Indicator G

On controiler initiation, the LIPS line clears latches i1 and

27, This turns on all indicator LEDs to verify that they ars in
working order.

The register iz loaded by any write to the first block of ROM
flocations 200000 1o BOV777). The Main Controller ziwayzs uses
location E@53777, which maps into RAM location BYZWYY7. Altering
the contents of this location does not compromise the integrity
of any nonvolatile data. ’

A complete description of the coding used for the indicator LEDs
iz given in the A&0 Processor Documentation.

Fower Sypply H

+BUF is the instrument main BY power supply. It iz decoupled a1
the edge connector by L4 and £20 to isplate current zpikes,.

generated by Memory Board operation, from the rest of the
instrument.

+28YPP {(PGM) is the programming potential required by the EFREOMs
during programming, and is provided by the EFROM programmer,
Except during programming this line must be at +5 Volts. In the
33404 the PGM line is tied directly to the +BVY main supply on the
Matherboard.

+BYF iz the CHMOS RAM VECC line. To maintain nonvolsatility of RAM
contents, on board batteries maintain +SVP at or abowvwe 2.0 Volis.
The RAMs, then, are always powered up, even when the board is
removed from the instrument. Careful handling of the Memory board
iz -a must. The first rule is: Never set the board on a conductive
surface - you may short +EVYP to ground.

Batteries ET1 and BTZ are connected to +5VP thru steering diodes
ER1 arnd CRZ2. While the instrument i3z in STANDBY mode (and
connected to a live AC mains) the +Z22V power supply iz up. All
other supplies are powsered down. Resisztor R? and zener disde VRL
drop the +22V in to 5,11V and the +BVP line ig =sourced from this
regulator. CR3 is reverse biased in STANDBY and haz essentially
0V acrosz it when the instrument is ON (and the +&EVY supply is
up). Its purpose is to ensure that the +BYP line tracks the main
+bYF supply in the event of a failure in the +22V sztandby zupply.
Note that shorting +5VF to ground while +BVF is active will
destroy LRI, The batteries supply +5VP at about +2.5Y only when
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the instrument is disconnected from the AC mains, or the Memory
Board is removed from the instrument.

To ensure RAM integrity for the 1 year instrument calibration
interval, total battery current {sum of currents froem BTi and
BT2) must not exceed 1%ud. Battery current is determined by
measuring the voltages across RL1 and Rz:

I(batt) = U(R4)I/51.1 + UiR2)/54.1

If the current drain exceeds 1%uA, uswally one of the RaMz or ane
of the YMOS FETe {(G4i, B2, §9) is defective and must be replaced.

Because RaM contents are guaranteed only when VCC iz greater than
or equal to 2.0 Velts, a battery is considered fully discharged
when the voltage measured directly across it reaches ¢.2 Volts.
Regardless of their apparant state of charge, batteries should
always replaced and their current drain measured when the
instrument is calibrated. This is pnececsary to guarantees
retention of calibration factors for the 1 year normal
calibration interval under worst case conditions,

B9 is a source follower set to track the backup supply +5UP. It
then sets the potential at the base of the active clamp f8. Clamp
voltage VELAMP will always be low encugh to ensure that no RAM
input line will exceed its VCEC (+BVUP). Thie eliminates the
parasitic 3CR latchup problem inherent in CHMOE devices.

In normal operation VCLAMP is required to sink current only.
However, during a very fast LIDA BUS transitien from HIGH toc LOW,
tharge pump due to the junction capacitance of the clamp diodes
{(part of Ut3 or U26) requires VYCLAMP to source current for a
short time. C23% lowers VCLAMP ocutput impedance, and allews it to
spurce the reqguired current without changing the clamp level.

The clamp circuit is easily tested by sourcing current into it
{connect a 347 ohms resistor from the +12VY instrument supply 1o
the VCLA line at some point), and measuring its compliance.
VCLAMP at Z06mA not exceed +3.%9 Volts, and the change in clamp
voltage from ICLAMP=0 to ICLAMP=20mA should not exceed 0.20Vo0l1ts.

SIGNAL LIST AND DICTIONARY

LIPS Low Instrument PreSet

HETM Hi STart Memory

LLS1-4 Low Ehip Select 1-4 selects one of 4 pairs of ROMs
L30OB Low Stay OFff the Buss

LEAMCE Low RAM Chip Enable

LRAMEN Low FAM output ENable

LIDAROG-15 Low Instrument Data and Address Bus bit 0-1%
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MARO-15 Memory Address Register bus bit 0-1L
LWRT Low WRiTe
TO-3 Test clock bit 0-3 =signature analyzer clocks
VPP/OEY Program Yoltage / Output Enable for ROMs
HP #E High PrograM Enable
MEMORY MAP
OCTAL ADDRESS
FIRST LAST
ROM Ue,U21 gogoo gyt
ROM U7,U22 194060 L7707
ROM u8,U23 20000 207
ROM U9 ,U24 30006 37?7
RAM US,u20 V4000 T

TROUBLESHUODTING

Troubleshooting for the &A1 Memory Board is included along with
the A40 Processor Board documentation.

Mote: Calibration factors, stored in RAM, are required to meet
instrument performance specifications. While loss of cel data
does not impair the physical speration of the instrument, the

loss in performance must still be considered an instrument
failure.

Several situvations have been identified that can cause the loss
or alteration of R&M contents:

1. Placing the board, component side up, on a conductive surface
{ie metal benchtop, screwdriver,...}

ha

Shorting the main +5V power supply to ground when the +12V
supply is active causes a glitch on the HETM sirobe.
Bccasion- ally the LWRT line will drop t6 the valid LOW
threshold on the RaM (VIL) before HETM has returned LOW.

Thic executes a write the RAM location peointed to by the
address latch.
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NOTES

{

L REFER TO FlAURE &KX TCoR
DETAILED SCHEMATIC DIAGRAM
MOTES.

Z.  RESISTANCE VALUES ARE INM
OHMS, CAPACITANCE IN
MICROFARADS, AND INDUCTANCE
N MICROHENRIES UNLESS

f CTHRERVISE NOTED.

2. +2ENp-p (P_@,Nﬁ 1S THE
PRO GRANMMING COTENTIAL
REQUIRED BY THE PROMS.
THIS  CINE \S  NCRMALLY AT
+ 5 VOLTS, REFER 7o TEXT.

B TN
a3 5

Flgure 8-483. A6l Memory, Schematic Diagram
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DITPLiay SECTION, CIRCUTIT DECSURIPTION

introgduction

The Display Section includes the Al Alphsa Diszplay #&szenm
Lizplay Driver Aszembly, and the A3 Dieplay Processor A

in
i1}

Each of the three assembliss are documented individuslly in the

fellowing descriptions. Troubleshooting information follows the
circuit descriptions.

8~265/8-266






Al alPHA DISPELAY, CIRCUIT DESCRIPTION

Model 83404 - Service

The HDSP 2000 integrated SX7 dot matrix display is used in the 83404
for display of alphanumeric information. Seven four character chips

are used for a total of 2B characters.
‘drivers (D) and LEDs (X} are arranged as follows:

Py

The shift registers (5R),

Serial 1 1 ;
Data BR-D=UXAKK SR-D=~XXAXX SR=D=XXXXX SR~-D~XKKKK
IN SR-D-XUKKX SR-D-XXXXX SR-D~XUKKX SR-D=~XXXXX
SR-D=-XXXXX SR-D-XXXKX SR~D~XAXXX BR-D=XAKKX
SR=D-XAXXX SR-D=-XXXXX SR-D=-XXXKXX SR-D-XAXKX
SR=D=~XXXXX BR~D-XAXXK SBR~D=XKXAX SR=-D=XUAXK
SR=-D~=XXXXN SR=-D-XXXXX SR-D=-XXX¥X SR~D-XHXKX
avmssessamtmnesmoct 5 .o T 3 K XX X SR-D-XXXXX SR=-D=-XXEXL SR-D-XHKXX
Common 1 N | . L
Clock . : .
To All o
Shift _ Il
Registers Serial
Data Common
gut To Column
MNext LED
HDGP 20090

Ancdes

When the processor is ready to display a line in the alpha display,
the processor first fetches the character in the last character
position out of RAM. Next the processor determines which column ef the
alpha display it is setting up. Then the 1/0 patern fer that character
in the row determined ig looked up in a table and written to the
serial shift register. These ones and zeros are shifted into the alphsa
displays. The processor now goes back and gets the character for the
next to the last position and repeats the above sequence. Once all 196
(7X28) bits have been shifted into the displauys, all of the selected
LEDs in one of the five columnn by pulling HIGH on the appropriate
column line. The above sequence is repeated for sach of the five
columns and the whole process is repeated at z rep-rate of
approximately 80 times per second to insure a flicker free display.

The alpha display shift clock is the same alpha display clock
generated and controled on the Display Processor Board. The alpha
displays dissipate a lot of power and as a result they must be heat
gsunk very well. For this reason the display chips are soldered into
the PC board and the PC board is screwed directly to the anodized
aluminum bezel assembly. On the P.C. board, all of the pinsg to the
chips have as much copper connected to them as possible so that the
heat will be conducted into the copper on the PC board and then into
the bezel. Heat sink compound should be used betwazen the alpha display
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PC board and the bezel teo insure a low thermal resistance.
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g2 DISPLAY DRIVER BOARD, CIRCUIT DESCRIPTIQON

Numeric Segment Drivers A

Each numeric digit is formed by various combinations of seven
gegments and a decmial point.> The ancdes of the same segment in
each numeric digit are cannected in parallel and go to a segment
driver. The cathodes of all ezght segments within & digit are
connected in parallel and 9o to a digit driver. Therefore, there
are eight segment'drivers common to all digits plus one digit
 driver for each of the 31 digits. To display numbers in all
display digits, the processor starts at the first digit by
clearing the segment driver latch and by turning on the digit
driver for the first digit. The display processor then determines
from RAM what character should be displayed in this first digit
and then sets the approepriate bits of the segment driver latch,
Once these bits of the latch are set, the corresponding segment
drivers supply current thru the segment and cut the digit driver.
The proacessor leaves these drivers on for a few tens of mili
Seconds. At the end of this display time, the segment drivers are
all turned off. The shift register/digit driver is immediately
shifted to drive the second digit. None of the LED zegments of
the second digit turn on until the processor determines what
character should be displayed and turns on the appropriate
segment drivers. This second digit is then displayed for a few
tens of mili Seconds and so on thru all 34 digits until the last
digit is displayed and then the whole process is started over.
This whole process is repeated about 80 times per second so the
eye is not able to perceive the flicker.

The processor selects whxch numeric segments 1o turn on by
setting the approprite bits in a 74L82%9 8 bit addressable 1atch
(U9). Processor I/0 port P14 thru P17 (A3U1 pins 34 thru 34)
control the address and D input to the HNESE?1 (U9). The address
bits (U? pins i,2 & 3) are set 1o indicate the bit in the latch
being changed and the D input (U9 pin 13} is set HIGH or LOW
depending en whether you wish to turn on a segment or turn off a
segment., The clock line (U% pin 414) is connected to the processor
ALE line through a NAND gate which will cause this clock to be
HIGH anytime reset is TRUE. Since this clock is essentially the
same as the processor ALE line, each instruction cycle the
information currently contained on the address and D inputs will
be transferred to the ocutputs of the addressable latch (U9 ping 4
thru 7 & 9 thru 12},

Each output of the addressable latch (U%) is connected thru a 1K

ohm resistor to a segment current source and to a 2.2 K ohm
resistor connected to the main +5.2 v supply.

The segment current sources are formed by two transistors and a
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resistor (Q14,Q312 & R29 for example). When the addressable latch
output (U% pin {2) goes HIGH, the upper transistor (Qii) is
turned on due to the base current supplied by the 2.2 K ohm
resistor and conducts current from the display supply out its
emitter and thru the resistor {R29). This current increases until

the voltage drop accross the resistor (R29) equals the VBE drop
cf the lower transistor. o7

“As soon as this current is reached, the lower transistor (QL2)
beging to conduct and removes some of the base drive current to
the upper transistor (Qii). This process reaches an equilibrium
with the lower transistor (Q12) conducting just encugh current to
remove the excess base current supplied to the base of the upper
transigstor ({11). This type of current source is used because it
is fairly immune to the voltage variations of the display supply.
Note: (current doesn’t flow until the numeric digit driver is
on.}

When the addressable latch output (U? pin 412) goes LOW it
condwcts all ef the current provided by the 2.2 K ohm resistor
away from the base of Q{1 thus turning off the current source.

Each of the eight segment current sources provides approximately
0.60/16.2 or 37 mA to its particular segment.

Numeric Digplaus B, C And D

The numeric displays consist of twoe 15 digit and & digit
monolithic seven segment displays (A matched set ie available 1o
provide equal illuminationd. In the 834804, only 43 of the 1B
digits are used in gach of the larger displays.

LED Annunciators E

Each annunciator is connected in series with a current limiting
resistor to +12 volts. The resistor values are selected toc make
the apparent brightness to the eye the same on all annunciators.

Leveld Shifters F

In order to meet the input voltage requirements of U4, US and U8
powar shift registers (Block ), level shifters are used 1o
translate the TTL levels to that required by these ICs.

" When the input to the clock level shifter (R7,RB,R%,VR4 and G&)
iz not pulled LOW, current is supplisd te the base of Q6 thru RY
and VR4 and thus causes @6 to turn on. When @& turne on it pulls
one and of R? dewn to approximately -5 volts. Each clock input
spurces 1.8 to 3.5 mA; therefore, the current thru R7 will be

between 5.4 and 10.5 mA& making the voltage at the clock inputs
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(U4, Us & U8 pin 9) between -3.&6 and -2.25 volts. When the input
to the cleck level shifter is LOW, base of Q6 iz allowed to be
pulled down to -5.2 volts thus turning G6 off and allows the
internal pullups of the IC to pull the input HIGH. When the input
to one of the start level shifters (R1,R2,VRi or RI,R4,VYRZ or
RG,R&,VR3) is not pulled LOW, the start input (U4, US, & UB pin
8) will be at approximately +.6 volts. When the input to one of
the start level shifters is pulled low (1.0 volts}), the start
input will be at approximately -2.2 volts due to the 3.1é6 volt
differential supplied by the zener diocde (VR1, VRZ or VUR3I).

Shift Register/MNumeric Digit Driver G

The numeric digit drivers (U4, US & UB) are power shift registers
whose outputs are capable of sinking 250 mA. When the start line
(pin 8) is pulsed HIGH, all outputs of the shift register (pinsg
11 thru 20 & & thru 7) go MIGH. After the applicatien of a start
pulee, the first LOW going clock pulse applied to the clock line
(pin 2} will cause output @15 {(pin 41) to go LOW. Each successive
pulse on the clock line (pin %) shifts this low output to the
next stage and the previocus stage output goes HIGH. The LOUW
output shifts thru each stage and finally is shifted out of the
shift register at which time all outputs will again be HIGH. The
outputs of these power shift registers (U4, US and U8) are each
connected to all the segment cathodes of one digit thus when the
cutput goes LOW it turnse on all of the segments in that digit
whose segment drivers are activated. The power shift registers
have non-standard logic levels for the clock and start inputs.
The clock input {(pin %) LOW level is -2.2 volts and has a pull up
inside the IC <0 it can be driven from an open collector
transistor. The start input (pin 8) has a HIGH level of +.5 volts
and a LOW leval of ~.8 volts.

Control Data Latch H

The control data latch {(U3) is A MNESP0 open collector addressable
D-latch. The address inputs (U2 pins 4,2 and 3) and the D input
(U3 pin 13) are connected to the display processor 1/0 port PLD
through PL3 {A3ULl pins 27 through 38). The cleock 1line (U3 pin 14)
is connected to the ALE signal so with each ALE cycle the latch
will be updated with the current information contained on the 1/0
port lines., Outputs 4,58 & 7 (U3 pins 9, 10 and 12) go te the
numeric display start pulse level translators. Outputs 0,1,2,3

and & (U3 pins 4,5,6,7 and 1i) go to Alpha display column drluers
3,2,1;4 and & respectluelg

Alpha Column Privers 1

The alpha column drivers are formed by Qi thru B85 and resistor
packs Ul and U2. When it is time for the processor to turn on on
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of the alpha columns, the processor addresses one of the column
control lines in the control data latch (U3) LOW which pulls down
on the base of one of the column driver transisiors (@1 thru [S5)
thry a €4 ohm resistor. This turns on the transistor which pulls
the column line up 1o the Display Supply.
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a3 DISPLAY PROCESSOR, CIRCUIT DESCRIPICH

Instrument Bus Interface A

The INETRUMENT BUS INTERFALCE consists of an eight bit D-latch
(&) and a Z-8 line decoder (Uiﬂ?.

The Z-8 line decoder {(UL0) decodes I/0 strobes from the
instrument address bus and the SI0A signal. I/0 channel L1E5,R0:

(I/0 channel 45,R0: is channel 15 sub channel 0. Refer to A&i"
PFrocessor description for more channel/sub channel informsation)
(U100 pin 10} latches annunciator control bits (Bicck €y off the
instrument data bus. I/0 channel 15,R2: {UiG pin 7) is the
interrupt strobe to the display processor and the clock to ths 8
bit D~latch (& pin 411} which latches the dats being sent to the
display via the instrument data bus.

The & bit D-latch serves to connect the two asynchronous buses
together. The O outputs of thiz latch are connected o the
gdisplays internal datas/address bus. When the display processor iz
ready to accept the data stored in the input latch (U&), the read
line of the processor (Ul pin 8) goes low enabling the D-lateh
(Us pin 1) which then outputs onto the display data bus.

Service Reqguezt Latch

This latch consists of two nand gates connected 33 & set/rese:
latch. Mand gate #1 has both of its inputsi{U3 pins 1 & Z} HICGH <o
its ouwtput (U2 pin 3) will be LOW. Nand gate #Z has one inpur (U3
pin 4} connected to the output of nand gate #1 (UZ pin 23 which
is LOW. The other input (U3 pin B) is connected to the procecsar
read line (Uil pin 8 Biock BY which is HIGH until i1 reads the
data tontained in the 8 bit data bus latch (U108}, The output of
nand gate %2 (U3 pin &) is therefore HIGH which make:z: the circuilt
stable im this state until some input changes.

When the instrument processor sends an interrupt to the diszplay,
the interrupt line (U410 pin 7) goes LOW and then HIGH 400 nS
later. When this line goes LOW, U3 pin 41 goes LOW which cavses
the aoutput of nand gate #1 to go HIGH. This forces U3 pin 4 to go
HIGH which causes the gutput of nand gate %2 (UZ pin &) o go
LOW. When this output goes LOW it forces the other input to nand
gate *¥1 (U3 pin 2) LOW which makes the circuit stable in this
state until some input changes. This cuiput (UZ pin &) iz zaluo
connected to the interrupt line of the display procsssor (UL pin
43, When this pin goes low, the processor starts an interrupt
SeqUenceE.

During the interrupt service routine, the dieplay proceseor takes
the read line (Ul pirn 8) LOW which i3 connected 1o an input to
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nand gate #2 (U3 pin 5) and to the 2 bit data bus lzteh (Ué pin
3. When this nappens, the output of nand gate #2 (U3 pin &) goec
HIGH which ferces one input to nand gate #1 (U2 pin 2 HIGH. I¢
the other input 1o nand gate #1 is HIGH (U3 pin 41 interrupt
strobe} the output of nand gate #1 (U3 pin 3F» will go LOW which
presents a LOW at U3 pin 4 and makes the circuit =stable in thic
ztate until some input changes and this completes the cuycle.

Digplay Processor B

The dieplay processor is a 8049 micre-computer. It contains 1i2%
bytes of RAM and 2K bytes of ROM program memory. Thisz ROM
contains all of the2 microcoded program to control the display
processor. It containg an © bit down counter which vses =
prescaled (divided by 32} ALE signal for its input clock. 10
consists of two B bit parallel ports which can be either input or
output. The bi-directional data bus has both data and address
information multiplexed onteo it.

The display uses the 128 bytes of RAM for internal registersz,
ztorage for the present characters being displayed in the numeric
and alpha displays and for a Command First In Firzt Out Register
{FIFO?Y. -

The imnstrument processor communicates with the dizplay processor
via 46 bit bi-dirsctional bus, however, the dicplay processor
cannot send data back to the instrument processor. The instirument
processor places command or data information on the instrument
data bus and then strobes the display interrupt. The display
processor immediately takes the information present on the dats
bus and places it on the bottom of the FIFO. Commands and data
contained on the FIFD are executed sequentially whan the display
processor has time that is not required to refresh the numeric
and alpha displays. This method provides the minimum response
time to interrupts from the instrument processor and &t the sams
time always provides flicker free display refreshing.

The oscillator circuit consists of a 10.92 MHz crustal connected
to the internal oscillator circuit of the processor {(pins 2&3). & °
crystal is used rather than an LL circuit due to variations in

pscillator frequency from unit to unit when a LC circuit is wsed.

{Refer to an Intel 8039 data sheet for a more detailed discusszion
of the processor.)

U3C provides & clock signal to the two control Addressibie
Latches on the display driver board {(#2). This clock line is
required to be HIGH when the reset to these Addreszsable Latches

ig LOW so LOW Reset is MNANMDed with the ALE clock o force the
above condition te osccur.
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Annunciator Latch/Driver ©

when the annunciator strobe goes low and then high (UE & U7 pin
?), the information on the instrument data bus ic latched into
the anpunciator data latches. The outputs of these latches drive
the inputs of the annwunciator drivers (U4 & UBY. The annunciators
are located on the AZ Display Driver Beard. Each annunciator is
connected in series with a current limiting resistor 1o +12
volts. The resistor values were selected to make the apparent
brightness to the eye the same on all annunciaters. The High
Yoltage drivers (U4 and UB) provide sufficient current sink

capability and allow the use of the +12 vnlt supply for the
annunciators.

Preset Circuitry D

The preset circuitry has two purposes. The first 1:c te allow the
ingtrument preset signal to clear the annunciatar LEDs and to
reset the display processor. The second iz to allow esither the

instrument preset signal or the display processor to clear the
numeric display segment driver data latch.

The LIPS signal comes into the display tp a schmitt trigger
buffer (UFB pin 5) iz inverted.twice and appears at U9 pin I with
polarity unchanged. This buftfered LIPS directly clears ths
annunciator latches (UB & U7 pin 1 in Block €3} and directly
resets the display processor (Ui pin 4 in Blaock BY. This LCW true
signal is or’ed (UPD pin 42 and 13} with a2 LOW true gignal from
I/0 Port P25 of the display praocessor (Uil pin 3é&). The cutput of
the above gate (U9D pin 11) is inverted {(USC pin 10) te produce
the low true clear (U9C pin 8) to the AZ Numeric Ssgment Driver
data latch Block A. ‘

D8&_Lonnector £ -

Etart, Stop, Clock and Ground are arranged in the same order as
on the Signature Analyzer pod. The DSA function is enabled by
shorting the Gnd and DSA Enable lines on the DSA cornnector {TPS
and TP6) together and forcing the LIPS line LOW (momentarily) by
pressing instrument preset or momentarily shorting LIPS to ground
an the display.

Twe additioral pins (TP7 and TFB) are connected to +5.2 volts and
the S03% processor’s External Access (EA) pin. When this pin is
tied to +5.2 V 11t forces the processor to do &1l insiruction
fetches from external memory. This functisn may be useful for
trouble shooting addreszs/data bus problems.

Aloha Display Shift Renister F
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The alpha displaye reqguire row information in serizl form. Thic
shift register (U2} has its parallel inputs (U2 pins
2,4,5,6,12,13 and 14) connected 1o the display dataladdress bus.
Nhen the dlsplag processor doeg a write, the write line (Ul pin
19 in Block B)Y goes LOW and forces the parallel leoad line (UZ pin
1) LOW which lpads the data on the data bus at that time into the
shift register (U2). This information is then shifted serially to
the AZ Alpha Column Drivers Block I.

aloha Pieplay Clock Control

The alpha display clock syncranizes the transfer of serial data
from the alpha display shift register (UZ2) into the serial shift
registers contained within the alpha display integrated circuits.

The main sequence synchronization cleck (ALE} is Anded (U3ID pin
12 and 13) with 1/0 Port P27 from the display processzor (Ul pin
38) to produce the alpha display clock signal (U3D pin £1). This
signal goes to the shift register (U2 pin 2) and to the A2 Alphs
Column Drivers {(Block I) and 2llows the display processor 1o
contral the number of bits shifted inte the Alphsz Display. This
method of genterating a cleck produces the fastest transfer of
serial information to the Alpha Displauys and allows the processor
to do other things, once the shift cleck has been turned on,
until it is time to turn the clock off.

Displauy Supply G

The peak current required by the displays can be as high ag 2
amps; however, the average current required is much less. These
current peals or transients caused by strobing the Alpha and

Numeric displays cause spurs on the 83404 RF output.

A constant current source connected to the instrument 5.2 wyolt
supply is provided so that a constant load will be seen by the
instrument supplies. The output of this current source is then
connected to the LED current source circuite along with 2 large
amount of snergy storage (& 220 uF capacitors}. The current
source provides slightly more than the average amount of current
required by the LEDs, and the capaciteors provide the additional
current required during peak demands.

G1, Q2, and M41B Fform the display current source. 441 and &2
increase the current capability of the current source. If uou
disregard Ulié& for the moment then the emitter of (1 will be
forced to the same vwoltage a:z the positive input of UI1E by
wirtue of the voltage feed baclk thru F9. The positive input (U1
pin %) is fixed a1t one diode drop belew the supply (+5.2UF) . RE
therefore, has a constant voltage drop accross it and produces
the constant current for the display supply. The zuerage current

tH
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demanded by the diseplays changes as more or less zegments or
characters are turned on. In order to kesp the current zource in
regulation during both high and low average current demands it ig
neceszary to make the current sourcs adjustable. This is
accomplished by sensing the voltage at the energy Storage
capacitors thru Ril. Az thics voltage goes down, indicating that
the average current i not sufficient, the voltage at LUila pin 1
will ge up which will cauvuse an increase in the voltage accross EE
and therefore will increase the current to the diszplag szupply. I
would not be desirable to have the current source track the
voltage at the output and respond to the variatione due teo
ztrobing the various segments and columns since this would defeat
the whole purpose of the current scurce sc Uild is connected as =
slow integrator. 11 responds only to slow variatiome in the
average voltage at the display supply. RiZ2 and HiZ szt the
gquiesent operating point of the current spource. Riil, R2Z and C20
g2t the galn and speed of the integrated voltage feedback lgop.

When the current source hazs been supplying a relatively largs
amount of current and suddenly the requiremsnt go2s down
drastically, the current source will try ta continuve supplyinyg
this large gurrent and therefore the voltage at the output will
rige yntil it cannat go any higher and then the current source
will go out of regulation causing & current transisent on the main
supply to the display. VRY and Ré& are used to sink thiz excess
current until the integrating feedback has time 1o reduce the
average output current,

Fowsr Suppliss H

The power supply filtering is pretty ztraight forward sxcept for
the choke (LZ2) in the +5.2 volt supply line. Ths intention of
thie choke 1z to further filter out conducted transients on the B
volt supply caveed by the processor, TIL circuitry and other
display circuitry that could not be connected to the current
regulated supply due to the voltage variations of that suppluy.
Spurs related te the display processar running are reduced by
approx 15 dB by adding this lossy filter choke.
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DISPLAY ASSEMBLY DSA TROUBLESHOOTING
A, Overview of DSA Gptions

1. OPTION 1 -

The display processor can be forced to repetitively
count through its entire address space. A signature
analyzer can then be used to determine if the correct
signatures appear on the ADDR/DATA buss.

2., OPTION 2 - The DSA routine contained in the display
processors memory can be used by enabling the DSA mode
and using a signature analyzer to determine 1f the
correct signatures appear on the Addr/Data buss, the
Latched Address Bus, the Parallel I1/0 Ports and many
other signal lines, This routine is not able to check
the annunciator latches or drivers, the instrument bus
interface latches or any of the signals on the display
driver board which have non-TTL levels.

3. OPTION 3 = The instrument D3A routine can be used to
stimulate the annunciator latches, the address decoder
and the instrument bus interface latch. A signature
analyzer may then be used to determine if the correct
signatures appear on these lines.

B. OPTION 1 -- FREERUN DSA

The Freerun DSA mode is selected by connecting EA (T.P.
7) to +5.2 V (T.P. 8)., This forces the processor to do
all instruction fetches from external memory. Since
there is no sxternal memory and the Addr/Data bus is
pulled up, the processor will fetch FF Hex Instruction op
codes which does not alter the program counter., After
executing this instruction the processor will increment
its program counter and do an instruction fetch from the
next location and will therefore repetitively count
through its entire memory space.

In order to use D3SA under the above condifions, the
signature analyzer must be connected as foilows:

START and 3TOP connected to A10 (Ut pin 23).
trigeger on falling edge

CLCCK connected to LE (U3 pin 8)
trigger on leading edge
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After connecting as described above, the Signature
Analyzer may be used to check for the correct signatures
on all of the Addr/Data bus lines.

If the correct signatures are obtained at the connector
to the memory board (J1), this indicates that the
Addr/Data bus is functicning ceorrectly and none of the
lines are shorted high or lcw or to each other.

The correct signatures under the above cenditions are:

Addr/Data J1 pin # Signature
0 11 H62U
1 10 C214A
2 -9 HAOT
3 8 HOAA
Yy 7 PO30
5 6 byuz
) 5 4UZA
T k 0772
8 1 9635
S 2 1734
10 3 8P54
+5.2 V 7 TATO

C. OPTION 2 ~~ DSA Using The Roufine Contained in Display\
Memory

The internal DSA routine is enabled by shorting the D34
enable line (T.P. 5) to ground (T.P. 6). The signature
analyzer must be connected as follows:

START connected to T.P. 1
STOP connected to T.F, 2
CLOCK connected to T.P. 3 Lrigger on rising edge
GRND connected to T.P., U4

Set the START polarity to trigger on the falling edge.
Set the STOP polarity tc trigger on the leading edge.

The +5.2 V Signature under these conditions should be
H9U2. This indicates that all processor instructions are
being executed correctly, the ROM check sum is correct
and that the internal RAM is good.

Set the START polarity to trigger on the leading edge.
Set the STOP polarity teo trigger on the falling edge.
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Tne following table lists the valid signatures for all
the signals that can be tested using this D3A option.

SIGNAL NAME LOCATION SIGNATURE
DO U1 pin 12 CRAC
D1 U1l pin 13 2001
D2 Ut pin 14 5P21
D3 Ul pin 15 8F24
DY U1 pin 16 FP86
D5 gt pin 17 G23P
pé ' U1 pin 18 185F .
b7 U1 pin 19 H576
P10 (NE5SS0 A) U1 pin 27 C606
P11 (NE550 B) Ul pin 28 06F6
P12 (NES5%0 C) U1l pin 29 5868
P13 (NE590C D) U1 pin 30 . 39C4
P14 (NE591 C) Ul pin 31 H2A6
P15 (NE591 D) Ut pin 32 5FC2
P16 (NE59%1 B) . U1 pin 33 3U26
P17 (NE591 A) - Ul pin 34 PP2L
P20 (A8) U1 pin 21 4218
P21 (A9) U1 pin 22 162P
P22 (A10) U1l pin 23 1310
P23 NOT USED
P24 (DSA START) Ul pin 35 FB1C
P25 {(CLEAR) U1 pin 36 ‘ CHLA
P26 (NUM CLOCK) Ut pin 37 20PA
P27 (CLOCK EN) U1 pin 38 OHBP
ALPHA SHIFT CLK U3 PIN 11 FE81C
CLR NOT Ug pin 11 7551
CLR U9 pin 8 CHUA
DATA U2 pin 9 FO33
LVL START 600609 U3 pin § 36PH
F1 START 60009 U3 pin 10 I24H
Fz START 60009 U3 pin 12 57U46
LABO 600606 U2 pin 2 7343
LAB1 60006 U2 pin 5§ CF6P
LABZ 60006 U2 pin 6 69CH
LABR 60006 U2 pin 9 UHTS
LABH4 60006 UZ pin 19 PG6 1
LABS 60006 UZ pin 16 AAPH
LAB6 60006 U2 pin 15 8F2P
LABT 60006 U2 pin 12 F6AH
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D, OPTICN 3 =~ DSA Using the Instrument DSA Routine

The 8340A main processor has incorporated a general purpose
DSA routine which exercizes all of the I/0 addresses. This can
be enabled by connecting STS test point on the processor to
ground, The signature analyzer should be connected as

follows: .

START connected to TP1 on the memory board
trigger on the rising edge

STOP connected to TP t2 on the memory board
trigger on the rising edge

CLOCK connected to TP ICSB on the processor board
trigger on the rising edge

GRND connected to chassis or ground pin

When the instrument is turned on, the instrument will
continually send out signatures to each output address. The
information g¢ontained on the data buss is latched into the
eight bit latch contained on the dispiay processor board when
its I/0 strobe is addressed. In order to get this latched
information onte the internal display data buss, the display
processor must be forced to tri-state all of its data/address
bus drivers and control line drivers. When this is
accomplished, the output enable of the input latch (U6 pin 1)
can be pulled low which will cause the outputs of U6 to drive
the internal data/address bus with the bit patfern stored
there by the instrument processor. The above can be
accomplished by making the followling connections on the
display processor:

CONNECT LRESET (U9 pin 3) to GROUND
CONNECT EA (T.P. 8) to +12 v (T.P. 13)
CONNECT LREAD (U6 pin 1) to GROUND
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The following signatures may be obtained by probing any point
oh the display connected to that node:

SIGNAL NAME LOCATION SIGNATURE
INST DEO J2-3 H186
INST DR1 J2 -4 CFPH
INST DB2 J2-5 HOTT
INST DB3 J2wb ogL2
INST DB4 J2-7 £cCag
INST DB5 J2-8 o 63CP
INST DB6 J2=-9 F7T7TH
Hist BBk J5-38 L
INST ADR? Jo-2u U154
INST ADR2 J2-25 012F
INST ADR3 J2-26 8u24
INST ADRY J2=-27 TUUF
ENST SICA J2=-49 1714

DO U6 pin 12 5056
D1 U6 pin 15 L239
D2 U6 pin 9 ' L6P7
D3 U6 pin 6 8U5C
D4 U6 pin 16 1Fa22
D5 : U6 pin 5 73CT
D6 Ué pin 19 P76U
D7 U6 pin 2 FF4LC
LEN 5 UtC pin 10 2563
LEN 7 U100 pin 7 52CA

In order to check the latched information in the annunciator
latches (U5 & U7) the Jjumpers added on the display must be
removed. TURN OFF the instrument when removing these jumpers
or be sure to remove the jumper between 412 V and EA4A first.
After removing the three Jumpers the following signatures may

be obtained by probing the outputs of the annunciator
latches:

SIGNAL NAME LOCATION SIGNATURE
CF Us pin 2 A18U
DELTA F U5 pin 5 _ GAQ9
START Us pin 7 PHCS
CW U5 pin 10 031F
UNLVLD Us pin 12 HUZP
FAULT U5 pin 15 508P
OVERMOCD U7 pin 10 HOGA
CVEN U7 pin 12 AQCH
EXT REF U7 pin 15 4169
FAULT U7 pin 2 15HH
SRQ U7 pin 5 U2AH
REMOTE U7 pin T 3FLF
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Figure 8-505. Al Alpha Display,
Component Location Diagram
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Model B34(4a - Service

AS KEYBOARD AND A7 LOWER KEYBOARD, CIRCUIY DESCRIPTICN

The keyboard section includes the AbD Keyboard Assembly, the A7
Lower Keyboard Assembly, and the A6 Keyboard Interface Assembly.

Annpnciators A (A5 and A7)

The annunciator LED’s are driven from latches on the A& board.
The anode of each annunciator iz tied 1o +BV through a resisior.
The annunciaters are turned ON by a LOW from the Aé latches.

Main Keyboard AT B
Lower Keyboard A7 B

The two keyboards contain 58 keys which have a multi~-finger
contact structure. Each key shorts one cglumn line and one row
line to digital ground. '

There iz not a general patern followed for the encoding of the
rows and columns, however, it may be necessary to determine from
the schematic diagram what row and column each key translates to
during trouble shooting.

A6 _KEYBOARD INTERFACE, CIRCUIT DESCRIPTION:

Keuboard Encoder/Data Buffer &

Eight line te three line priority encoders (ULl and U400} are uvsged
to encode the row and column information. When a key 1is pressed
one row line and one column line is grounded by the key. The row
and column is encoded and is presented in LOW TRUE binary form at
the outputs (ULl and U110 pins 9, 7 and 6). This information isg
immediately available at the inputs of Uli the 74L8240 inverting
output buffer which converts the above six bite to HIGH TRUE
signals. Table B8-BE26A shows the Keyboard Encoder Logic.

TABLE B-S26Aa, HKedboard Encoder Loaig

Column or Row Qutpet of ULl or Uid
SGelected Low Pin 9 7 1)

] 1 1 i

i 0 1 i

P 1 0 1

3 0 0 1

4 i 1 i}

5 0 i 0

& 1 0 i

7 o 0 0

8-=295



Model 83404 - Service

If more than one key 1z pressed, the priority encoder only
sncodes the lowest column and row number .

The encoders are enabled by a latched control bit (4 written o
bit 7 of address &,Ri:)¥. This cgntrol line is used to lockout the
keyboard.

When any key isc pressed the encoders generate a LOW TRUE key-down
{Ui0 pin 14) signal which starts the rest of the key encoding
aperations. '

Key Un Timer (Debounce} B

The key released timing function prevents key bounce from cCausing
multiple keydown interrupts to the main processor. This is
accomplished by disabling the key down circuitry as doon as a
valid key down has been detected and not re-enabling it until all
keys have been up continously for 100 m8.

A% soon as a key is depressed, the REPEAT DISABLE =zignal (U148
pin 4) goes HIGH when the KEYBOARD LOCKOUT signal (U14B pin &) is
LOW. Thisg REPEAT DISABLE SIGNAL ies inverted twice (U8 pin ZF-4,
?-83) and appears at the input of a NOR gate {(U14D pin 12}, The
other input to this NOR gate (U14D pin 11) is connected to the 6
output of the keyup one shot (U9 pin 5} which will go HIGH for
108 m3 after the positive transition of the Key Down Start cignixl
(U9B pin 10). The cutput of the above NDR gate {UL4C pin 13} goes
LOW and is inverted (U14C pin 9). The cutput of the inverter

(UL 4C pin 10} cavszes the reset line of a I flip-flop (U484 pin 1)
tof go HIGH which enables this flip~flop. The HI KEY DM ERG line
is connected to the clock line (U444 pin 3) so as soon as & walid
key down has been detected, the flip-flop will be set. The G-bar.
output (U4A pin &) goes directly to the enable of the key douwn
one shot (U20B pin 40 in Block ) which prevents detecting any
further key clowures until this enable goes HIGH.

When the key is released the LOW KEY DOWN line goes HIGH which
+fires a one shot (UPB pin 10) for 400 mE8 which continues 1o
dizable the key down circuitry untii it has timed out.

The .01 uF capacitor C29 connected to the cutput of UBE pin 4
was added 1o prevent a possible race condition. The input to UL4D
pin L2 must remain HIGH until the one shot output going to LL14D
pin it is HIGH and stable. Since the one shot is fired by the
same signal that goes into Ui4D pin 12, some means of delay had
to be implemented. Both digital and analog delay are uvsed to
prevent a parametric change frem causing a race condition.

At the end of 180 mS, the one shot output (UZB pin %) goes LOW
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which causes the key down disable flip-flap 1o be cleared (U4a

pin 1) which in turn . re-enables the key down flip-flop (U20B pin
10 in Block £,

Key Down Timer C

The LOW KEY DOWN signal fires a non-retriggerable one shot (U290
pin %) which is set for approx. 20 mS. pulses. The Q-bar output
tU20 pin 12) goes low for 20 mS and on its rising edge it clocks
a D=flipflop (U1? pin 141) whose D input (U19 pin 12) ic connected
to the LOW KEY DOWN signal. If a key is £till down &t this

momment, the D-flipflop is reset indicating that a valid key down
has been detected.

When a valid key down is detected, the f-bar output (U49BE pin 8)
goes high and this is the HI KEY DDWN SRA.

Fepeat Function Circuits D

The repeat key function consists of two timing circuite. The
first is a S500mS8 (UPA) timer which iz triggered by the @ ocutput
of the key down flip-flop (UL9B pin 9 Block C) when a valik key
down has been detected. After 500 m8 the rising edge of the G-bar
cutput of this one shot (U9A pin 43 clocks a D flip—~flop (U4B pin
11}, The D input (U4B pin 12) is connected to the LOW KEY DOWN
line from the encoders (U100 pin 44 in BLOCK A). If 2 key is =till
down 500 m8 after a valid key has been detected thiz flip-flop
U4B will be reset activating the repeat function. The G~bar
output of this flip-flop (U4B pin 8) goss high which releases the
reset of the second timer (USA pin 4) and allows it to generatse
high going pulses at a & Hz rate.

The second timer (USBA) is a 555 timer. The timing components
tR1,REZ,CRL1,L(8) were selected s¢ that high going pulzes with a
very low duty cycle would be generated. The high going ocutputr (UL
pin 3y of this timer goes thru an inverter (Ui44 pin 2 to 1} and
becomes LOW REPEAT to the RESET of the key-down SRQ flip flop
{UL9B pin 13) which has the same effect as pressing the key
again. The duration of the reset pulse to this flip flop (UiFE)
must be shorter than the fastest time that the main proceszor can
get arcynd 19 servicing the key-down interrupt or elee ancther
key-down SRO cycle will be immediately started.

Aonynciztor Latches E

Four 8 bit D-latches (Ué&, U7, Ule & ULl?) store LED & control
information. 29 bits control all of the various LEDs on the front
panal., One bit 13 an INST PR LOCKOUT (Ulé pin 2) which iz #Anded
with the input from the hardware instrument presst signal

{(Block J). Onme bit iz the lockout for the rest of the keyboard
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(KEYBOARD LOCKGUT Ué pin 2) which prevents any keyboard sntries.
The last bit (U417 pin 9) iz unused.

The same bit (Ué pin 19) that turns on the enabled LED (ENTRY ON3
alsc enables the RFG (U1% pin 2 Block H). 49 pin 2 is the D
input. .

The gresn SWEEP LED is driven by an inverter (UZC pin B, LOW =
LED ON} which is controlled by a nand gate. This NaAMND gate forces
the LED to be OGN when the Instrument Preset signal (U24 pin 2
Block J) is LOW and when LSPLP (Low Sweep LED) is LOW.

M

Adddrese Decode F

A 74LEL138 (U1S) is used to decode four strobes from the five
Address lines and the I/0 strobe {(5I0B). Channel 6 subchannel 0
and 1 (U45 pin 11410} are wsed to clock the LED and control dinput
D~latches (U&,U7,U16,U17 Block E). Channel & sub-chan £ (U1E pin
7)Y resets the Key down and RPG service request circuitry. The
last stobe (U45 pin 7)) is a read strobe and enables the coded key
information, the RPG count information and the twe bits which
indicate which circuit regquested service onto the buss 1o be read
by the processor.

RPG Covniers Datzs Buffers G

The rotary pulse generator (RPG 1) generates two pulses which are
%0 degrees osut of phase with each other when the knob 1z turned.

Two four bit up/down counters (13 & ULE) count up or down
depending on the direction in which the RPG is turned. The two
signals from the RPG {which are 20 degrees out of phase) are
connected to the wup/down input €UL3 & U188 pin 1Y and to the clock
input (UL3Z & UL8 pin 2). If the clock line goes high while ths
up/down line is still low, the counters count down. On the other
hand i+ the RPL iz turned in the oppeosite direction, the vp/down
line will be HIGH when the clock line goes HIGH and the counters
will count up. When the counter countis down below 0, the putpu:
is set to all ones and counted down from there.

The putputs of the up/sdown counters (Ui3 & ULB pins 13 thru 16}
are always present at the inputs to the noninverting buss driver
from which the main processor reads present count.

The up/down counters are clearsd by the processor (U123 & M8 pin
B after the information is read which readies them for the next
count period.

A G.0% uF cap iz connected to the CLK line and the up/down line
{C13 and Ci14) from the BPG (US pins 11 & 132) to prevent staiic
discharges from clocking the up/down countars.
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BRG CountsWindow Timer H

The CLK line that goes to the up/down counters from the RFS is
connected to the clock of a 70 m€ one shot (U204 pin £). The uvery
firet pulse on the RPG cleck line firec the gne shot. At the end
of 70 mS, the ore szhot output {U20A pin 4) clocks the clock of &
I flip flop (UL%94 pin 3y, I the RPG is enabled, the D input to
this Flip flop (U194 pin 2) will be LOW and the O-bar outpur
(U194 pin &) will go high cavsing the LSRE (Bleck I) line to go
lpw indicating a service request to the processor. The OG-bar
cutput (ULiFm pin &) also goes to the input of the inverting huss
buffer (Ull pin 17 in Block A} the inverted cutput of which is
read by the processor during the service request routine. & LOW
on thiz line indicates that it was the RPG which needed service.

The RPG SRE line also goes to the disable count input of the
up/down counters (U123 & UL8 pin 7 Block ) which dizables any

further counting until the processor has serviced the RPG serwvice
request.

After the main processor has read the information from the
up/down counters, a reset strcbe is generated (VLS pin 9 address
&,R2: block F) by the processor which sets the RPG 5RE flip flop
and clears the up/down counters and prepares the whole circuit
for ancther cycls.

SRE Buffer L1

The HI KEY DN SRG signal is Nor’ed (U3 pin 33 with the HI TRUE
RPG GRE (U2 pin 2) signal to generate LSRG (U3 pin L} to the
instrument processor.

Thie HI KEY ON-BRE signal is also present at an input to

Uit pin 2 which contains the encoded key information. This bit,
when read by the processor during a SRE service routine, '
indicates that it was a key~down that generated ithe service
request. ULl inverts this signal so the processor sees a LOW TRUE
zignal.

Once the instrument processor has read the encoded infermation,
the processor generates a strobe (Block E U415 pin 7 address
&,R2:) which sets the SRA flipflop {(Bleck ¢ Ui9B pin 103
indicating that key informaticn has been read by the procsssar
and prepares the key down cirguitry for the next key-down =ignal.

f keyboard lockout signal (Block E Ué& pin Z) i3 inverted (Block C
4J3C pin 5 to 6) and if it is LOW it resets the keydown one shot
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and prevents this one shot from ever firing.

Fower Switch éand Stand-By LED

During standby operation, the power switch grounds the LEBY line
which activates the fan relay and signals the power supplies to
turn off.

The standby LED is connected to the +22 velt supply thru =
current limiting resiztor. The power switch grounds the cathode
of this LED during standby thus turning on the LED.

TROUBLESHDOTING USING THE INSTRUMENT DSA ROUTINE

A limited amount of DSA is available on the keyboard centroller.
All of the latched LED Bits and Control Bits as well as the
Strobes can be tested for correct gperatiocn by using this DEA
routine and a Signature Analyzer.

Thiz DSA mode can be activated by grounding the STE TP on the
Froecessor board and then turning the ipnstrument off and then on
again. The Signature Analyzer must be connescted as follows:

START connected to TP 11 aon the memory board
trigger on the rising edge

STOP connected to TP t2 on the memory board
trigger on the rising edge

CLECCK connected to TP I0SB on the processor board
itrigger on the rising edge

GRND <connected to chassis ground or ground pin
The following signatures may be verified by probing any point on

the keybeard controeller that is connected to that node with the
Signature Analyzer:

SIGNAL NaME LOCATION S1IGNATURE
IM3T DEO p?-3 H1i8é
INST DEi P74 CFPH
INET B2 F7-5 HO7?77
INST DB3 P7~b 0942
INST DE4 P77 grae
INGT LBE P7-8 HILP
IMET DBé P7~-9 F77H
INST DEY p7-i8 2757
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INST
INST
INST
INST

INST

INST

INST

INST

INST

INST

INZST

INST

INST

INST

LEN 4
LEN §©
LEN &
LEN 7
MRKE SWP
Mi

M

M3

M4

Me

ENTRY ON

DE®

DE?

DB10
DBi1
DBLZ
DEL3
DBi4
DELS
ADRY
ADR1Y
#DR2
BDR3
ADR4
SI0B

KETYBOARD LOCKOUT

ALTH

EXT
SIMNGLE

Man

FREE

LINE

CONT

DELTA MRKR
PEAK

KT 4L

AMPTD MRKR
PUR SHP
INT

RF

EXTY

INST PR LOCKOUT
AM

SLOoPE
PULSE

INST CK I
INST CK II
FM

SHIFT
UMUSED

Model 23404 -~
P-4
P7-12
P7-13
P7-1i4
P?-4i%
PY-16
P-47
P7-18
pP7-23
p7-24
P7-25
P7-24
P27
Pi-47

Uit pin 41
Uit pin 10
Uis pin 9
Uis pin 7
Ué pin 12
e pin 9
b pin 1o
Ué pin &
e pin 1é
dé pin 5 ~
e pin 19
U6 pin 2
U7 sin 19
U7 pin &
u? pin 16
U? pin &
U7 pin 15
U? pin &
U7 pin 12
U7 pin @
Uté pin 12
Uié pin 9
Uib pin 15
e pin 6
Uls pin 16
Uié pin &
Uie pin 19
Uié pin 2
U117 pin 19
Ui17? pin 2
Ui? pin 16
Ui? pin &
Ui? pin 1%
ui? pin &
Ui? pin 12
Ui7? pin 9
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P702
67AE
FUS1
3P p2
IH44
17FH
CF15
H186
auCU
U154
nizF
8U24
7UUF
3704
P769
U034
FAFP
2019
SHO1
21E¢
79U9
FBAL
AALY
H573
AP 4U
7063
FHY2
4070
EF 49
cayz
7124
FECE
Cozy
BCZA
cces
BUFP
6614
CEAL
12FC
10PH
H7AE
20CH
35U
pEel
F6AD
FH41
9ABz2
CAUZ
OF &F
£158
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¥ THIS I/0C STROBE IS USED FOR ONE OF THE DSa FUMCTIOND AND
THEREFORE DOES NOT HAVE A UNIQUE SIGNATURE (SaME A% +% WY 10
CHECK THIS STROBE IF IT I3 SUSPECTED TO BE SHORTED HIGH, SEE THE
MAIN I0 BUSS DSa TEST PROCEDURE IN THE PROCESSOR SECTION TITLED
"ADDRESSING EXERCIGE".
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Figure 8-521. A7 Lower Keyboard,
Component Location Diagram
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ALt LOOP SUVERVIEW

The ALC Loop is a fesdback contral system which monitorz RF power
and attempts to control that power to a set leyel . The point at
which the power is manitored may be inside the insztrument
{internal leveling), or the user may choose to monitor power at
some point in his test setup, (external leveling). A voltage
derived from the power sensor {internal crysztal detector,
2xternal crystal detector, or external power meter) iz compared
to & reference voltage at the igop summing point. If the
resulting currents at the summing node do not cancel, the loop
integrator cutput voltage will change. This yoltage controls the
modulator which varies the RF sutput power. The powsr will thus
change until the voltage represzenting RF powar cancels the
reference, at which point, the integrator output =topz changing
and the power remains conttant at itz deszired level.
Fundamentally, the feedback locp is attempting to reduce +
cturrent into the integrator to zero. For any glven referenc
yoltage there iz one detectior output voltage which causes 3
integrator current, so one may say that the loop is control
detector output voltage.

M

3

Hy

2 G
ling

The detector output voltage is primarily a function of RF power
into the detector, Dut it also varies with temperature and FF
frequency. Thus, forcing the detector gutput voltage to some
particular level doss not quarantee that the RE powar will remsain
tonstant as the temperature, frequency, or lunar phacze charmges . &
14 dB directional coupler is used to zample the RF output powsr.
It7s "coupled arm" produces a signal 16 dB smaller than ths levsl
of the ocutgoing RF power. Any RF power coming into the instrument
from the outside is idsally not covpled to the coupled arm at
2ll. The detector is connected 4o the toupled arm. The 4146 dB
coupling fastor iz not perfectly flat {comnstant as 3 function of
HF frequency}l, and the coupler does couple som® reverse powsr
inte the detecior. There iz z 10 4B step attenuator (max 70 dB)
between the coupler and front pansl output connector, which ic
net flat either. Thus, as the leveling loop holds the detecteor
output voltage constant, the RF output power will vary with
 frequency due to the flatness of the detector, coupler,
atienvator, and RF hardware. If plotted on a graph, this
wariaticn can be approximated with several straight ling =
0 within +1 dB. Straight line variationz can be compensat
by making the referenrce voltage change as= a2 functicn of
fregquency. This iz essentially what is done using the "legvel
correction” voltage produced on the 427 Level Ceontrol board, Th
temperature characteristics of the detector are corrected By
Temperature compensation circuits on the AZS ALD Detector board.

o mE
;j i

{
in

=
=

T
*
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3

The rnormal range of pouwer at the ogUtputl of the coupler iz from O
dBm to =10 dBm. The attenuvator is used to g2t lower powers. For

8-313
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inztance, -S4 dBm ie achieved with 50 dB attenuvation and the &lLC
loop et to -6 dBm. The loop i1: not normally set to less than -10
dBm for noise and drift reasons (the detector ocutput 1s
approximately 4 mV for -10 dBm RF output). The maximum
attentvation 1 70 dB. To get from -8% dBm to —90 dEm, the ALC
run from -10 dBm to —-20 dBm, at which point the lewel accuracy
degraded by +1 dB. For powers .greater than 0 dBm, the ALC Laop
run &t the desired power. At some frequenclecs, the B340/ 1=
capable of producing +20 dBm, the maximum power the ALC can be
zet to. To get +29 dBm output, the powsr amplifier i3 driwen inio
zaturation by about 10 dB. Thus, to reduce its output 306 4B {to
-10 dBm), the amplifier input must be reduced 40 4B. Thiz i: done
By the modulators which consizts of PIN diodes shunting a
transmission line. Another 20 db of range is needed to provide
0% AM capability.

T
IR

The actual modulator driver has a sensitivity of =0.8F db/mY 1o
reduce noise sensitivity. The 83484 has two RF sigrnal generation
paths, one producing .01-2.3 GHz {Eand i}, the other producing
2. %i-26.5 GHz (Bands 1-4). Each path has its own modulator and
crystal detector. For Band 8 the modulator 1is part of the AZ 3.7
GHz Oscillator. For Bands i through 4 the modulater 1z the AlS
Band 1 through 4 Modulator splitter. The dual zlopes logger on the
25 ALC Uetector assembly has FET ewitches at its input to zelect
the appropriate detector. The thermistser vused for the detector
temperature compensatinon 1e physically lecated inside the LD Band
detector howsing. This is mounted directly to the high band
directional coupler to which the HI Band detectsr 13 connected.
Thug, the thermlistor thermally tracks both detectors. The LD Band
detectar iz designed to have the same temperature drift as the HI
Band dstector.

The 2% zmplifier following the logger has several functions. It
fas a high input impedance to prevent loading the logging
eliements. 1t boosts the signal 1o a high enough level =0 that
nolge, drift, and sample/hold offsets are not a problem. It 1s
capable of driving the Sample and Hold capacitor which follows,
It provides a point to add the level correcticn slgnal.

The level correction signal compensates for the frequency
response of the RF hardware. If the instrument iz sweeping
frequency, and the modulator is continvally adjuztsd to kesp the
autput power constant, the detector ocutput voltage will not be
constant due to unflatness in the attenuator, coupler, detsctor,
and connecting hardware. The level correction signal iz made to
approsimate this vunflatness with four straight line segments.
This signal gets added to the detsctor voltage so that the output
of the % amp is flat with frequency. Thisz voltage iz now an
accuratle representation of the aciual front panel QUipUt pPower
and 1e veed to drive the front panel level meter as well as clocse

4
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the feedback loop. The level correction signal could hMave been

added at sewveral other places in the lcoap but was done here for
the benefit of the lsvel meter.

Following the x5 amplifier iz a sample/hold circuit which is
there primarily for pulse modulzation. The 83404 provides
internally leveled pulse modulation for pulse widths as narrow acs
100 nancseconds. Since the ALC Loop has a loop bandwidth of 100
KMz (rise time approximately 4 usec), the loop cannut be expected
to generate shorter pulse widths. In pulse mods, the linear
modulator is held at a fixed level, and znother modulator (the
pulze modulator} turns the RF ON and OFF with 410 nsec rise and
fall times. The ALC circultry must measure the detector yoltags
when the pulse is ON and vee this information to control the
linear modulator. The detector Sample and Hold gate iz closed
when the RF is ON, open when it is OFF. {(The signal controlliing
the Zample and Hold gate is delayed to account for propagation
delays through the logger and amplifier’. The Sample and Hold
z2rves to stretch narrow pulsez, holding their amplitude during
the 10 vzec that the integration gate iz closad. It also provides
‘2 steady voltage to the level meter during pulse operatlan as
well as during RF blanking.

The level meter signal is amplified by a factor of 6.6, to 200
my/dB. The output of this amplifier is +5.0Y at =25 dEm 5.0V at
+28 dBm. This voltage goes to an A to D converter on the A27
Level Control board. The attenvator setting is digitally
subtracted from the A to D output and the result displayed on the
front panel level meter. When internally leveled, unleveled light
noet lit, and AM is OFF, this number should agree with the number
in the power level antrg but may disagree by +0.1 dB due to
component tolerance and drift. Since this iz disconcerting te a2
user, the lesvel meter simply displays the number in the powsr
level entry. The level & to D circuitry iz used whenever the
actual ocutput power may be expected to differ from the lessl
gntry. These conditions are: 1. Unleveled light ON {(imstrument
cannot put out as much power as is requested. The meter dizplays
the actual output.) 2. AM ON (user may put DC intc AM input,
cthanging output power.) 3. External leveling selected. {(Actual
putput 13 a functien of the user’s detector, coupler, RF
hardware, etc.) The x6.6 amplifier conrtains a EHz, active low

pass filter, preventing the lsvel meter fronm flickering for AM
rates above 20 Hz.

The output voltage of the logger has a temperaturs dependence due
te 1ts kT/q term. Thus, for conztant RF power, the logger output
voltage is di?éttig proportional to absclute temperaturs. (This
2ffert 12 separate from the detector’s temperature dSrift which iz
compenzated by the thermistor). To maintain the sccuracy of the
level meter, the gain of the x6.& amplifier is made to VaErY
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inversely with absolute temperature. This is actomplished by
vsing an input resistor with a temperature coefficient of +34040
ppm/degree C, For the same resason, the ALC refersnce voltage must
e made to increase with temperature at +34090 pepm/degree L =0
that with constant output power, the logger wvoltage will track
the reference. As long as they track ocver temperature, the locp
will not try to charnge the power. The reference voltage from the
Mz?7 Level Lontrol board is rovted through an inverting amplifaier
on the &42% ALC Detector board whose gain is proportional to
absolute temperature. The output of this amplifier goes 1o the
#2646 Linsar Modulator board where it i3 fed to the loop summing
point. Flacing the temperature compenzating amplifier on the
detector board improves thermal tracking with ths loggser.

The remainling circultry on the detector board iz for extermal
leveling. The B340A may use either positive or negative polarity
sxternal detectors. The external input goes to an "Absolute
Valuwe" circult which inverts positive inputs but rnot negative
snes, The output of the absolute value circuit drives the
zxternal logger. Thiz logger has no special compensation for
detector T.C. or square law deviation. Itz own inherant
temperature drift 1s compensated by the drifting reference
yoitage, as for internal leveling., The logger ouvtput i: amplified
by a factor of 10 to &0 mU/dB.

Ag5 FET switches select eithsr the gutput of the internal or
gxternal circults 1o send to the ALé Linear Modulator board. Whan
gzternal crystal leveling iz selected, & crossover network
consisting of a 1k resistor and (047 uF capacitor is used to help
ztabilize the loop. Frequencies from DC to about 7 kHz may pass
from the external input 1o the modulator bhoard. Above 7 kHz, the
external input 1z relled OFF, and the loop is closesd through the
internal detector wvizs the 8447 ufF capacitor. In thiz way, The
loop =tability 1s maintained with & wide variety of detector
bandwidthz. & similar crossover is used for powsr meter lesveling,
crossing over at L b6Hz.

The external AM input goes to the AM logger on the AZE Linsar
Modulator board. The output of the logger is amplified by a
factor of 10 te 20 mW/dB. This sigral i= summed into the loop at
the fame point &s the reference causing the loop to change the RF
putput powser accordingly. Sinte the detector logger has shaped
the detector voltage to be limezar in terms of decibels, the &M
input provides very linear control.

The logged detector voltage, temperaturs compensated reference
woltage, marker signal, and logged AM input are all summsd
together at the loop summing point. That point feeds the input of
an integrator through a FET switch (integrate/hold gatel. That
switch 1z normally closed. If 1t is opened, as betwsen pulses
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during pulse modulation, the input to the integrator iz Ierc
causing 11 cutput to remain constant, thus holding the modulator
drive at & constant level. The integrator controls the bandwidth
of the leveling loop. The integrator gain is proportional to 1/FC
Causing gain crossover to occur at F = 130 kHz for O = 4000 pF,
ind F = & kHz for C = 023 uF. The capacitor iz sglected by a FET
gwitch. The leoop is normally in its low bandwidth =ztate, being
-switched to high bandwidth if sweep times are (B zec, or AM iz ON
with pul=e mode OFF, or "shift AM" is OM with pulse mode 0ON.

t
The integrator output drives an exponential current source Iout =
Iin % @10 Iin/imA. For Iout above imé (normal operationd, this is
3 close approximation to an sxpoential. éAn exponential modulstar
drive helps keep lecp gain conztant as the power leuvel i=
changed. The input to the current source is controlled by S loaop
gain adjustments zelected according to the RF band in use J
0, or Bands 1 through 4%, The YTM transfer function increas
loep gain on its multiplying bands so separate adiustmentiz a
recessary. At the sutput of the current scurce, an approprisz
cffset current is subtracted, biasing the current source for a
straight line modulater characteristic. The output current iz
zent to 2ither the Band 0 or Bands 1 through 4 modulator by a
pair of FET switches.

o

m
-+ "HOIR

When the integrator output is at 0 voltis, the modulator will be
close to full output. When the loop gain is praperly zet, the
modulator output will decrease at the rate of zpprozimately 30
dBsvolt. If dincreased output power is needed, the integratar
moves positive. If more powsr is needed than the instrument can
provide, the integrator will go more positive than the “full op®
voltage. At this point, the feedback loop iz open, and the
integrator will try to saturate in a positive direction. A& clamp
circult iz activated at approximately +.7Y, which dumps current
into the integrator input preventing the ocutput from going morse
pogitive. Preventing the integrator from saturating greatly
zpeade recovery time. When the integrator output moves above
+.2Y, a comparator i3 tripped which lights the front pansl
UNLEVELED LED. Another comparator trips for voltag=s more
negative than -3.5Y COVERMOD LED, and another clamp iz activated

at -3 _FY.

When REF iz turned off during RF blanking, beth the pulse
modulator and linear modulator are shut down. The linear
modulator is used to provide a controlled RF turn-on with no
overshoot. This does not happen during pulse modulatiom bhecayse
the RF iz not off long enough (10 msec. max) for the Sample and
Hold circuits to drift. Alsc, during szternal leveling, a zlow
detector would cavse turn-on overshoot if the RF were not brought
up slowly. The RF on/off control (HRFON} is fed to the clamp '
Zirculits in such a way as to force the intsgrator ocutpuft to
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-Z.0V. Mote that this will net trip either comparator. When EF is
turned on, the veltage rises a1t the slew rate of the integraitor.
if external power meter leveling is selacted, a capacitor ics
zutitched into the RF on/off circueit slewing the turn—-on to two
seconds.

For troubleshooting purposes, the ALLD Loop may be broken zand =z
signal injected to be traced around the inop. When ithe test mode
is activated, the FET switches will be switched to break the
csonpection from the &Z5 ALC Detector board te thes AZ6 Linear
Modulator board. & resistor i3 switched across the integrator
capacitor on the AZ6 Linear Modulator assembly converting this
ztage 1o a&n inverting amplifier. Thus, ths integrator ouitpul may
be gmoothly controlled via the reference DAL, The sigrnal may then
be traced from theres to the modulator driver, RBF output, detector
output, logger eutput, x5 amp, through the Samples and Hold, level
amp, and 1o the & to D driving the level meter. By putiing 3
detector on the RF ocutput, the external leveling circuits may be
excersized.

To enter the tecst mode, press INST PRESET, cw, and SHIFT METZR.
The UHLEVELED LED snoguld be GN. The POWER dBm display should
indicate the approximate RF putput power. The EMNTRY DISFLAY
ghould indicate *YATN: -00, MOD: 0.0 dB’". The modulstors are
being controlled by the wvoltage at AZETPIE. This voltage is
programmed by the ALC Reference Generator DAC on the AZ7 Level
Cormtrol assembly. The DAC can be controlled using the RPG. Rotazle
the RFG ccw and note that the ENTRY DISPLAY MOD level changes.
Comtinuve turning the RPG cocw until the Power dBm display beging
to chahge. The absoclute MOD level indication 18 not important,
Fowsver, a further decrease in MOD level should generate a
correszponding decreasze in the Power dBm diszplsay and the RF ocuiput
power {(i.g., 10 dB MODL level change should generate 10 dB +3dE
power change). A defective vircuit can be isolated by turning the
voltage from AZ26TPIZ to the modulators or by tracing the RF path
from the YO to the Level Meter Amplifier on the AZE ALC Detectoar
assembly. The &M signal path must be checksd separately.
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[31]

SYTM PEAKING

EYTM Peaking 15 a function designed to tune the SYTM such that
the RF signal (Y0 frequency or multiple of the YO frequency) is

in the center of the B5YTM 1dB paszs band insuring that maximum RF
power 1 available.

The peaking routine is stored in ROM and can be accesced manusally
by pressing the front panel PEAK butten or remcisly by a "RPL"
instruction. An "RPO0" instruction will remotely turn GFF the
peaking function. The peaking routine when accessed in this

manmer will execute only if the 83404 is in CW cr MANUAL mode and
i+ the RF is ON.

By manually pressing SHIFT AMPT MKR or remotely programming “GH
AK", the paaking function will execute immediately =ven if mot in
the CW or MANUAL mode; however, only a fine search around the
most recent slope DAC (AZBUZ4) setting will be dane. Since the
SYTM passband is not tuped to track the output freguency in Band
§ €heterodyne band) the peaking routine will not exscute i Band
0 15 selected. :

The aALL detector monitors the RF output level. The detected level
is routed to the AZS ALC Detector Board. The DET OUT output
{AZ2LPL Pin Z2) is fed to the AZé6 ALC Modulator (AZ&PL Pin 403,
The MOD LYL (A25PL Pin 32) ics then fed to the AZ7 Level Contraol
Board (A27P1 Pin 61) where it becomes one input to the ADC Input
Multiplexer. The peak routine programs the ADC Multiplexer to
rouvte the MOD LVL voltage to the Test ADC. By monitoring the Test
ADC output while tuning the 3YTM the program can find the peak RF
signal leyvel,

The SYTM is tuned by varying the slope DAC setting. When the peak
functien is activated on the front panel, the 83404 will do a
full peak (i.e.,coarse and fine search) if in CW or MANUAL. If
the peak function is left ON, the 83404 will repeak svery 7
minutes doing only a fine search around the most recent slape DAC
serting. IFf the CW or MANUAL frequency is changed while peaking
iz ON uwsing the RPG a fine search arcund the most recent zlope
DAC setting will be done; however, if the CW or MaNUAL freguency
1e changed vusing the step keys or numerical entry keys, a full
peak will be done.

The MOD LWL voltage is offset and scaled so that the 10 volt
input range of the ADC covers MOD LVL voltages betwesn ~2.53 U tc
+t2.47 V. The input range is equivalent to about & mW/bit. The
sensitivity of the MOD LVL lire is around 20 to 50 mU/dP so the
ADC has a sensitivity of about 0.2 dEBE/bit.

The SYTM passband has a second rarrower peak that is located
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Z00-380 MHz lowsr 1in frequency than the desired pssak. Th
zearch routine 3tarts at the top of the passhband and se
a pealk in 1% MHz sieps. Once a peak iz found the coarse
continues for ancther 150 MHz to verify that the correct p
fournd and stops before the second peak is reached. 1% MHz
chosen for the step size becauvse the minimum 1dE bandwidth
MHz so at least one of the steps will fall withinm L4 of th
peak, Ornce the coarse search peak 1g located, the processor takes
a reading of the modulator level to be vzed as a2 reference for
the -~1dB points. The level control DAC (AZ7UL4)Y i:= then stepped
down 1dE which cauvsee the modulator level to droep 1 dB fsince the
ALC loop must generate the 1 dB changel. The processor then uses
the —1dE reference and steps the slope DAT up until the modulator
level iz egqgual 1o or less than the -1idE reference level. The
slope DAC 1s then stepped down from the peak until the same
reference threshold is reached. If the slape DmL goes out of
range before the -1dB reference level 13 reached, the routine
searches the other side of the passband to the zame modulator
threzhold present when the slope DAL reached the end of 1ts
rangs. The slope DAL is then set to the midpoint of the two
values 1t had when the reference lewvel was reached and the
original power is restored. The setting for the slope DAL can be
accessed by doing an ID read from subchannel 110.
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Feaking is done at the current ALC power level becauss tha 5YTH
passband may vary with power level. In the fundamentsl band, the
¥YIG sphere in the 5YTM may sgueg iF too much power iz applied. To
prevent this from interfering with peaking, the maximum ALC power
zetting {in the fundamental band only) 1s ©§ dBm during the Zparse
zearch and +10 dBm for the fine search. Once the pgaking is
completed, the original power i1s restored.

dhen the instrument goes unleveled, the current driving the RLLC
moduwlator is turned off to give maximum available power. However,
the MODLVL lime has a soft clamp that s1ill gives an lndication
of the dtected power ocut of the SYTM with a sensitivity of Z0 to
50 mV/dE. The absclute power level shifts by about § wolt when
the inztrument goes unleveled but the incremental level remsins
valid. The absolute level shift poses no problem %o the peaking
roytine since the pgaking rouvtine uses incremenial changes

I¥ the FAULT LED comes on the function that cavsed a fault can be
determined by pressing the BHIFT key and then the MANUAL SWEEP
key. If the peak indicator is flaching, i1 means that the peaking
royting failed to find a peak within the range of the BYTH zlope
ZAC. Thie can be caused by several different problems: the SYTH
driver may not be shifting the passbard, there may not be encugh
power out of the SYTM for proper ALC operation, the &Ll modulater
might be defective or the ADD might be defsctive. locoking at the
CHMP test point on the A28 EYTM Driver board will give an
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indication of how the slope DAC iz varying. This trace can be
compar#d with the A-to-D IMN test point on the #E7 Lewel Control
board to s=ee 1f the A-1to-D input is reasonable. If the woltage on
the A-to-D input doesn’t trace out a passband as the slope DAL is
varied, check the MODLYL test point on the AZ4 Linear Modulator
board. The A~to-D IN test peint should be a scaled bercsion of the
voltage zt the MODLVYL test point. If the fault iz due to nealking,
the fault light may be cleared by pressing the IMNSTR PRESET key
or by turning the line power off and on.

8YTM tracking is accomplished by pressing SHIFT PEAE on the front
panel or by remotely programming ‘*SH RF’'’ awver the HF-IE bus.
BYTM tracking updates calibration conetants 9 through 12 to the
best value for the SYTM tracking in each band. Each band is
tracked independently of the other bands. To track a band, a
single band sweep iz set up and the sweep is stopped at sswveral
Foints across the band that sach sweep is peaked. The number
stored 1n the calibration constant represents the least squares
fit to the slope DAL numbers returned from the peaking routine
with the lowest power point receiving a double weighting. If +the
least zquares number is out of the range of the zlope DAL, the
fault light is turned on with the TRK indicator flzaszhing when
SHIFT ManMUaL is pressed. In Band 1, the 8YTM is peaked at 2.3 GH:
and at one GHz steps from 3 GHz to 7 GHz. In Band 2 the SYTH is
peaked at &.% GHz and at one GHz steps from 7.5 to 13.% GH:z. In
Band 3, the ZYTM iz peaked at 13.4 GHz and at one GHz steps from
14 GHz to 26 GHz. In Band 4, the 5YTM is psaked at 19.8 GHz and
at ong GHz steps from 20.5 GHz 1o 24.5 GHr.

8-321/8-322






Model B8340Aa - Service
AB 3.7 GHZ OSCILLATOR  (TOP VIZW) -
ABW
WPS  SCAEW HPL  SEREW
1 agwipt EIN - SLBNAL ¢l PLACES ) C14 PLACES?
D 2 oy MPE_ WASHER
MP1 BOX ED 3 +8.2V CH PLALESD
Mp2 L1 'y i +20
D s ufln
® ® ® ) ¢
® o
MPS\
@ <]
- o o
+5Y -1V
. )
8y
ga — | @ @
~3ov 19a M o
MPT  ONUT
1 INPUT /cs PLACES
10p iz 1N uop HPO_ WASHER
ABD INPUT +20v —uay (5 PLALES 2
108 Why o) )
YEXO 42 / + oK [TFEEK 1t Mt 5
HP1O KUT 3.4 @
L T
{2 PLAZESS & & @ 8
&= wan “Fneut 3.7 oiF outEUT  DotY mE1 +Bhv G
LEk[URTER R, NN ‘g wa o
AND ABZ AS BAND B {UNDER COVER PLATED
MOTHERBOARD J1%  MOOULATOR J1
Mg HPS
BOCKETS SOCKETS
€7 PLACESS €2 PLACES?
Eat
fdzﬁ u
- L2, & 5
{ut ) Exd + C1S3
727 [©is
o : , [&20]
‘b Ivas fcr=] Jtre
u [enz RS (@
D L R26 | oy
=
- o o G
[+ & 3 C14 4 R13]
ez | ¥} o "5
= | [Rig T |
@ - R1Y
+ For | R
/ <= 8 o ciz -
[E8) =
o o £ [wig
: LRG|
7
@z = e GEN- Q)
- A~221 -5
#P2 HPY ABAZ
HEATSINK TNSULATOR 3.7 BHZ GSCILLATOR
¥ICAOCIRCUTT

Figure 8~566. A8 3.7 GHz Oscillator,

Component Location

Diagram

8-323/8-324







'Model 8340A — Service

o . ' 1

9.7 GHz 3.76H2
TG W10 AND nnmm EHM!————-:hBF§g”3w3 SHz
A8 LEF N .

OSCILLATOR ABAZJY

43
LUPMON DRV
CPMOD RATND
FROM W25 AND A82
MOTHERBUARD J10

Figure 8-573. A9 Band 0 Pulse Modulator,
Component Location Diagram
8-325/8-326







Model 83408 - Service

w2
~16808 COUPLED CUT
2.4 TO 28.8BHZ
TO ATY BAND 1-% DETECTOR J1

T aa
J ¥ 1 SUT € THRU~LINED
IN | ‘ G.01 TO 28.36H7
C.01 TO NW TO AG3 ATTENUATUOR J1
26.56HZ ]
CSTD.O0PT .0033
TU W16 AND #R RF OUTPUT
AT3 SYTH )1 " B

coPYT. NG, OPT. BOS

Figure 8-578. Al0 Directional Coupler,
Component Location Diagram
8-327/8-328







Model B834048 - Service

% J1

uUTPUT St

Eﬂxwﬁéy ;"—I ﬂ [ 2.% TO 28.5 8HY

ANO AZ5 _ FROM A10 DIRECTIONAL
ALD DETELTOR COUPLER J2

J1 CHY

Figure 8-583. All Band 1~4 Detector,
Component Location Diagram
8-329/8-330







Model B340Aa -~ Service
A2 BAND 8 DETECTOR
ATZHIPY At2Wi J2
Pt ¥IDgn
THERM 2-1 {0 i 10, K28 AND_ A2S ALC

Aaztsnau LOET BW-2 {3
THERK 1-3 oD

=%

=

1
- GMZ
g W15 AND

Figure 8-588. Al?2 Band 0 Detector,
Camponent Location Diagram

8-331/8-332

ATBAR
@ SPUITTER J3 (DET)







Model B340A& — Service
a4z
BANIT 8 INPUT
.1 TO 2.4BHZ
J2e5 FROM W1% AND
SOCKETS ATBAZ BAND &
CUPLALES ) SPLITTER J2
MP1
MBUNTING BLOCK
CPPLACES)Y
1 18 41
o BAND 1-~4 INPUT
b 2 2.3 D 7.08MZ
" " FROM W@ AND
ATT PERIPHERAL
MOHE ISOLATOR J2
) 8
NN Hp2
pot I - KICRDCIRCUTT ASSEMELY
™1 G S £
SRO | -
HPZ
SCREW
I b~ __C2PLACES >
KPS
WASHER
C2PLALES Y
¥EY Ja
SCREW SUTRUT
C2PLACES 3 g.01 T0 28.38KHZ

0 W18 AND

A10 DIRECTIONAL

COUPLER 1

Figure 8-594. Al3 SYM, Component Location Diagram

8~333/8-334







Model 83404 - Service

upz
upPa A1 BAND 1-% POWER SOCKET MPE
€ INSULATOR 3 AMPLIFIER BIAS BOARD C12PLACESY  CBRACKETY
P
CWASHER 5

HPS ME / CATHAT BAND 1-4% POWER
CNLTY El U . . . AMBLIFIER MICROCIREUIT

/’,115 MCUNTED TO BRACKET
E2 E4 E5 E&
i
5 o) oo

ASSEMBLY WITH THERMAL
COMPRUNG 3
Fy
Q elKlale =T
WJ1
“-e
O/ %0 0tQ O
@ el 10 5
=© ©

“”ﬁ

t
0On

i

REZ

N | R21
R7

pir4

U
o4

= e

ATdJT INPUT ME ATWJ2 BUTRUT
2.3 7O 7.06HZ CINSULATOR] 2.3 TQ 7.08HZ
FROM W8 AND TD W7 AND ATH
A18 BAND D-W PERIFHERAL MODE
HUODULATOR/SPLITTER JB 1SOLATOR 1

Figure 8-600. al14 Band 1-4 Power Amplifier,
Component Location Diagram
8-335/8~1336







Model B340A - éefvice

41

IN

3.7 8HZ

FROM W10 AND

AS BAND O PULSE
MODULATOR J2

M

Jz

oy

3.7 BHI

TR W1 AND

A17 BAND O MIXER J1

Figure 8-607. Al5 Band 0 Low Pass Filter,
8-337/8-338







Model 83404 - Service
A18J3 AtGJY
MO0 K@ HiPMoL oRy A1EBJS
CHEO RYND CPMOD RTN2 L HIBND

FROM W28 AND
ABZ MUTHERBOARD J18

FROM W28 AND
AS2 MOTHERBDARD J28

FROM W30 ANO

ATBATGR

AlGaz

IN

2.2 T 7.RBEHZ
FRGCM W3 AND

AMS PRELEVELER J3

iy

AlGJE
H1 QUT

2.3 To 7.06HZ
TO WE AND

A% BAND -4 POMER
AMPLIFIER 21

FATBJ7

Lo tur
Ezzm Hm—-———-a-; TQ &.26HZ
TO W& ANG

A17 BAND B MIXEBR J2

AtaJt
2.3 7O 7.0RHZ
TO W4 AND .
REAR PANEL (::) 2
AUX OUT J18
A=2222-45 T
M _ WP A1BA1J2Z
SCREW SOCKET LHIBND
CHPLACES ) C4PLACES Y

Figure 8-612. Al6 Band 1-4 Modulator/Splitter,
Component Location Diagram
8~339/8-340







Model B340/ -

Service
J1 Ja )
RF 1F
B.TEHT S 10 2.4BHZ
FROM W11 AND TO W12 aAND
A1E BAND B AT8 BAND % POWER
LPF J2 AMPLIFIER J%

J2
Lg
3.7 70 B.86MZ
FROM WS AND
A1E BAND 1-4
MODULATOR/SPLITTER J7

Figure 8-619. Al7 Band 0 Mixer,
Component Location Diagram

8-341/8-342







Model 83404 ~ Bervice

ATBATWT CATBATWIP
3 =10V BY

Fi N.T FR{M A20
1 o= HE SECTION FILTER 4
T N s2nvVE

/—————-JUB HANGD B POWER AMPLIFIER

1w _ 13tz 11 18 8 /@
~ A18A1 BAND B POWER AMPLIFIER
0 | B1AS BOARD
-
* i
o o
J1 @
INPUT x| IE ."ll I Jz
0.01 TO 2.4BHZ X | oUTRUT
FROM W12 AND g.01 TO 2.4B6KZ
A17 BAND B MIXER J3 TC W13 AND
______________.___.___.__..mmmm._l A1BAZ BAND 2 SPLITTER J1
1 2 3 Y 5 8 7

Figure 8-624. Al8 Band 0 Power Amplifier,
Compenent Location Diagram
8-343/8-344







Model 83404 - Service

2
RF OUT
0.01 TO 2.4BHZ
TO WI% AND
A1R BYTM J2

43
DET

g.01 7O 2.48HZ
TO W15 AND
: A12 BAND &

BETECTOR J1

1

RF 1IN
C.01 TO 2.48HZ
FROM W13 AND

ATH BAND @ PONER
AMPLIFIER JR

Figure 8-626. Al8A2 Band 0 Splitter,
Component Location Diagram

8~345/8-346







Madel 83404 - Eervice

420 RF SECTION FILTER, CIRCUIT DESCRIPTION

Introduction

The RF Section Filter consists of the following major sections:

® Power Amplifier Supply Filters
# Low Band Amplifier Switch.

Power Amplifier Supply Filters

The Al4 Band 1-4 Power Amplifier draws a fairly substantial
amount of current from the +5Y and -410V supplies when it is
operated at full power. During Pulse operation the input to the
Power aAamplifier ies turned on and off at the pulse rate. This
large surge current, if it is allowed to get back to the power
supply, would cavse the power supplies voltage to fluxuate at the
pulse rate. This is true because the pulse rate is normally 3t a
higher freguency than the Power supplies bandwidth. These voltage
fluxuations would get into the Phase lLock Circuitry or main YO
Coil Driver circuitry and cause large side bands an the sutput?
carrier at the freguency of the pulses.

In order to minimize this effect, a twe stage LC filter iz used
in both the +E.2V and ~40 V supplies going to the Al4 assembly.
The capacitors are large (100 uF) and the inductors are just
18-20 turns of wire wound on a lossy toroid core.

Low Band Amplifier Switch

The Band 0 Power Amplifier is turned off when the low band iz not
selected. The amplifier is turned OFF by removing the =10V to the
amplifier. The tircuit that does this resides on the RF Filter
Board. When the signal LHET is LOW indicating that the instrument
ie operating in the low band {(Bamd 0), 81 it bizsed ON via the
voltage divider formed by RZ and R3. The coliector of 81 1is
pulled up to ground and Q2 is biased an Via the voltage divider
formed by R4 and R5. Q2 is saturated and pulls its collector down
te ~1i0 V and thus turns on the Low Band Amplifier. When LHET is
HIGH Q1 iz biased off which biases @2 off and therefore its
collector is left floating which turns off the Low Band
Aamplifier. The —10 V input to this switch is derived from the
filtered -10 V supply that is also used by the High Band
Amplifier. '
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Figure RB-523. RF Sectisn, Schematic Dianram

Thne RF Section Schematic Diagram iz Zontainsd
in an envelope inside the rear cover of Yolume 3.
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ped PULSZE WMODULATOR CIRCUTIT DESCRIPTION

Introduction

The A€1 Pulze Modulator azszsembly controls the pulsze modulation
functions for the BZ404A. The fronmt panel EBNC "PULSE MODULATION
ISPUTY i= the main control signal. The 421 Fulse Modulatar thern
drives the PIM switch RF modulators in the A% (Ffor Band &) or &ls
itor Band 1-4F micrecircuits. In addition, timing circuits send
comtrole signals to key elementis of the ALC loop to coordinate the
ieveling function with the pulse modulation.

Input Buffer and Control Logic &

The 1nput buffer {7 circuity buffers the "PULEBE MODUATIOM IMPUTH
CTTL compatitble (high = RF on; low = RF off), and protects 97 from
figher input voltages. Two control lines g3te the pulse input.
HFLEEN gates the buffered pulees (high = Enabled; low = Disabled).
MEFUN ovearrides the pulses input, causing the RF ta be turned off
ihigh = RF an; low RE off)y. TPE is the assembly’s primary gated
control line (high EF off; low = EF on).

With no input signal CRL is forward biased, 07 iz on and UAC oin
1t iz low. During the low =tate of an input zignal, CRi 12 turned
ofi, @7 is off and UIC pin 19 iz bhigh. The ocutput of ULC {(pin &

Wwilll not go iow unless HPLEEMN 1z high. If =ither input 1o ULE iz

iow ihe HF is turned off.

i1 :-4
i

-

nput impedance 1€ establiszhed by RKi4. If necesszary Fid czanm be
o B1.1 ohms to provide 2 S0 ohm input impedance. Howsver
1% %L.1 ohms, with no input =ignal CRYI is not fForward
U7 will be off ang ULC pin 10 will be high. Meow if HFLSE
tfront-panel PULSE key ont the RF will be turned off.
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Modulater Draiver B

The Modulator Driver provides the current and voltage bias for the
EF pulse modulators, controlled by TRE. Differentizl current
ewitch G2 and 3 tontrol the bias for the drivers 0F and GOF. With
THE nigh (high = RF off), Q2 1= off and 83 iz on, zourcing current
through CR4 and CRE. -This turns 8% on, sourcing 20mA through R1i

i

to Diaz the PIM diode modulator on, fturnicg the RF off. With TFE
low (low = REF ont, ©2 iz on and Q2 iz off. MNow the drivers are
sizxzed through CRE, CEZ, CR4, CR&, and RLD o —-4QUF. Thiz turns 38
an uarPﬂbi"ing the PIN diodes off and turning the RF on. C3F and
24 Al-couple the transition current zpikes from the modulators
back to the Azl assembly.

Output Multiplex

T
i

tl'".!
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e Dutput Multiplexer selects ong RF modulator to receive ihe
oulse modulation control. With LHET low {low = Band 0, U3D and
UZ0 turn @12 on oand il ofF, zelecting A% (Band 0} o pulse
modulate. With LHWET nigh (high = Band 1-4), Q12 is off and Gil i
e, pulse modulating Alée (Band 1-43. U3E bilases &lé off when HFF

{low = RF off) when the front gansl "RF™ i= off and durlrg

"

DD Timaing D

*

The DL Timing enables the ARC {AZ7) to monitor the detescted power
level when either the FF is on or up to 1 millisecond =fter the RF
Faz been twrned off. Thiz is to prevent the “"PFOWER JBEm" dizplay

from showing an invalid power level if the RF haz beern turned off

for ower 1 millisecond (ALC Samplie/Hold droop). With TF: low (RF

ont, TR3 15 forced high to #nabls the ADC. When TFPE goes high,
she—zhot UZE is triggered to outputr a 1 millisecond low pulze,
holding the ALC enabled. If the KEF is not fturned on again within 1
millisecond, UZE returns high, forcing TFE low to diszble the ADC.

Integrator Timing E

The Integrator Timing controls timing to gate the integrator inpot
af the main &LT amp (AZ&), ensuring that the integrator respands
to FRF powsr lsvel error gignales only when the FF lewwel detected is
orn and stable. When TPE goes low (RF on), Uia output ie forced
high. The following low-pass filter :-ct1gn delays the transition
by 1 microsecond. When TPZ goes nhigh, the integrator 14260 1s
anablied,. Wnhnen TPE goes high again {RF off), U1A output goes low to
put the intsgrator circults into hold. One-shot U€s 1= triggered
when TPS goez low, outputting a low pulse to Uia. This determines
the minimum Time that TPZ iz high {integrate) for each BF pulse
with very narrow pulse widths. The one-shet time period osgpends on
the all loop bandwidinh and ig controllied by HLBW. With HLBW high,
the mirdimom zample time iz 1 microsecond; with HLBW low, the
minimum sample time is L0 microseconds.

Sample/Hold Timing T

The ZSample and Held Timing controls timing of sampls/hold gate in
detector circuits (AZ5) during pulse modulation. Ths key timing
zlement iz C13. The tim2 delay constant i3 independent and
adjustable for both BF on and RF off, The voeltage on D13 iz
detected by Schmitt trigger @&/08%. The squarswave ouiput 1= then
delayed from the pulse at TFE, mlth 5oth leading and trailing
edges delaysd by independent and adjustable time periods,

The circuit functionz as follows: Fresume C13 to bhe charged. Hhen
TRE goes low (RF onl, @4 turns off, and C12 discharges through
kKzgd, REZ, EZZ, and RZi. RZ1l adjustz the "OM DELAYY {discharge!}.
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Whan the voltage on C12 reaches the lowsr threshhold, Q6/09 Fires
and TPL goe=g high to sample. When TPE goss back high (RF off), 01
turns on, and chargee U413 through RE23 and RZ24. Rl iz adjustable
and zontrols the "OFF DELAY" icharge}., When the weltage on C132
reaches the upper threshhold, Q&8/8% fire znd TP goss low 1o
Bold., If CL3 iz nmot fully discharged befoare TPS gows high again,
the rizing edge of TPE will turn on G4 very briefly through C1LZ
fully digcharge CL3. Thisz ensures that the “OFF DELAY" iz
independant of pulse width.

T
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t. REFER YO FIGURE B-X FOR DETALLED
ECHEMATIC DIAGRAM SYMEDLOCY
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I INDUCTANCE IM MICROMEMRIES ULESS
GTHERWISE WOTED.
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Az4 ATTEMURTOR DRIVER/SRD BIAL, CIRCUTT DESCRIFTION

Imtroduction

The A£4 assembly has two primary functionz. One is to control the
74 dB RF step attenvator. The other iz to supply the correct opias
voltage to the Step Recovery Diode (SRD)Y in the Al132 Switched
TIG-Tuned Multiplier (8YTHM). The eptimum biaz voltage iz a
function of both RF power level and frequency, and zmlso depends
wpen the frequency band being used. In addition, 2 zimple circuit
provides the correct bias for the FIM Diode switch in thes AL
SYTHM to select Band 0 or Band 1-4.

Fregusncy Ramp Generatar £

The Frequency Ramp Generator provides two frequency-—tracking ramp
“oltages for the frequency-—dependent element of the SRED bias
circults. A 1.3V/GHZ signal is generated on the AZE aszembly and
follows frequency (FL pin &), Uid amplifies and offsets this ramp
o producs z decending ramp at TP4. This ramp iz again offset and
inverted to produce an ascending ramp at TPE. Thess two opposing
ramps are e2ach attenvated through variable resistors and ithen
summed together toc form a new ramp in Block B

Modulator Moltage Clamp B

Thisz circuit generates a voltage dependent on RF power leusl.
Dogtimum SRD biase depends heavily upon RF power lewel 1o the all
SYTM. SRD BIAS CONT from 426 supplies this information for the
ERD bias adjustments. However, when the ALC logp goes unlevelsd,
the ZRED BIaS CONT line movez abruptly positive and no longer
reprezsents BEF power level., The Modulater Voltage Clamp sdds two
frequency~-dependent voltage ramps to thisz signal. The offszstz are
adjusted such that when the S5RD BIAS control jumps positive, the
base-emitier junction: of @i, QZ, and B3 become reverse-bilased,

DFEdPlﬂg the connection be?ween SRD BIAZ conLrul and the SHD
BIA

Band Pecoder C

The Eand Decoder provides control signals based vpon the
frequency band being uvsed. HLEG, HLBL, and HLEZ arse epncoded with
the zurrant band. They are decoded by UE into five distinct
contrel lines (TP& through TPL0). Three of theze control
open—collectar comparators to drive FETs which contrsl SED bias.
Two of the comparator gutputs are in the SRD Piae Amplifier 1o
#@lect reverse-bilas in Band 0, forward-bias in Band 1, and the

- and peower-dependent biazs in Bandg 2, 3, and 4.

+, 1§
m 3]

Bl
reg

SRP Hias Adjustments D
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The SRED Bias Adjustments Circultry provides the fresquency and
power—dependent bizs adjustments for the 5RD in Bands £-4. Thrss
identical circuits, each with threse adjustments, =zum fogeiher =
synthesi:zed control signal. Only one of these three circuits
uzsed at a time, dependent upon the band being uvsed, as switched
by the FET=s. In each section, two adjusimentsz add currents
proportional with frequency to Block D's ouwtputr current; a third
adjustment subtracts current proportional to the KEF power leueld
through 3 transistor controlled by the Modulator Voltages Clamp
circuit (Blpok Bl

Exponentizl Generator E

The Exponential Generator shapes the current generstor by the SRD
Fias mdjustments circuitry to produce an sxponentially shaped
current output., Dual transiztor Q7 is responsible for the
zxponential relationship of collector current being an
exponential function of base—emitter voltage. The vse of =
positive coefficient resistor as well 23 a3 dual transistor helps
cancel out thermal effects. The resulting autput 1= = current
sink which is an exponential function of the corrent inpot.

SED EBiss Amplifier F

The THD Bias Amplifier converts the exponential current to =z
voltage that is fed to the 3RD; 1t also sstablishesz biaz for
zpecial cases of Hand 0 and Band 1. UZ converts the current sunk
by the Esponentizl Converter to a voltage. The MIN adjustiment
determines the minimum bias valtage {about -0 BV} For wvery low
powesr lewvels when the input current 1s zerc. In the special case
of Band 6, the L0 line is pulled low, sinking current throuigh FE34
and forcing the voltage at TP1Z to about +7Y. Thisz reverse biases
the SRL, attenvating the Band 1-4 EF path. In Band 41, the L1 line

is pulled low, turning off LB and pulling abeut & milliamps
through R2Z5. This forward bizses the SRD and allows the
fundamental frequency to pass through the SYTM sasily while
mirnimizing harmonics. In Bands 2-4, U8 iz turned on and the
zxponentlial bias shaping previously discussed 1s vsed to Diag the
SRD.

PIM Diode Bias ©

When Band 0 is selected, the PIN diade in the SYTH is
reverze—~bilased, thus allowing the Band 0 zignal to paszs through
the coupling loop to the ocuilput of the 5YTM. When EBand 1-4 14
zelected, the PIM diade in the SYTM iz turned on, groonding one
dde of the output coupling logp. Thiz iz necessary for efficient
cupling from the YIG sphere zand helps attenvate any siray

ignals in the Band 0 path. Comparator UI2B contrals the bias

[T

W
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applizd to the cathode of the PIN diode in the &13 S¥WTM. The PIN
diode 13 biased off (TPl +12Y high} when Band 0 iz selected and
Diased on (TP11 ~-10Y low) when Band 1-4 iz selected.

Fesd Statys Output Buffer H
Several status lines are provided in the RF section which may be
vzed to communicate information batk to the instrument processor,

. Most of these lines are not used at present but may be vied To
provide information to the processor about the operating
condition of PC boards in the RF section. Thiz output buffer
{14 is a six bit tri-state buffer which is enabled by the
RSETATUS ztrobe (15,R3:) from the Address Decoder on the aZ4
ssembiy. The enable line hase 2 pullup to prevent thisz buffer
am being enabled when the AZ7 Level Control board is removed.

o
5 !.J

Attenuator Control Latch I

The attenvator Control Latch (UL3Y iz a 74L317% latch which has
both inverting and nen—inverting outputs for each of four latohed
inputs. Data bitse 10 through 13 are latched from the instrument
data buzs when the WLEVEL strobe (18:R1:}) gees low, then hiogh. #
pull-up is provided on the WLEVEL strobe to prevent inadvertent
wirites 1f the AZ27 Level Conirol board {sgurce of the strobeld iz
removed. Each data bit latched is wvszed to control one of four
attenuator sections. The non~inverting owtput of =ach bit iz used
to activate the driver which removes the attenuator card and
inserts the thraough card for that ssction. The inverting cutput
is vsed to activate the driver which removes the through card and
imgerts the attenuator card. The required inputs (DE 10 through
DB 13} 1o select =ach attenuation (0 to 70 dBY iz shown in a
table on the AZ4 schematic.

Attenuator Coil Drivers T

-

The A3 Attenuator contains four attenuvator cards (i0 dB, 20 dF,
30 dB, I0 dB) and four throuvgh cards. Each section ¢ L
an attenvator card or a through card depending wporn the ftotal
attenyation desired. These zections are switchsd in by latching
splenoids. (nce the actuator reaches full 1ravel, 1The solencid
coil iz de-energized by opening contacis intermal to the
attenuator. Each c©oil draws 300 milliamps for aprproximately B2
milliseconds until the internzl contacts open the coil circuir.
Since esach attenuvator card reguirez two 2olenoids, there are z
total of ®ight separate coile that must be driven a1 varicus
times, depending upon the section zwitched and whether a through
card or attenuator card is being inserted,

s}

The coil drivers (U8, U9, ULD, and U11) a
positive—AND driverz. These devices are ¢z
milliamps with a saturation voltage of les

S451E periphersal
e of driving 300
han G.7 volts which
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fficient tp drive the 5 wolt coilsz of the attenuztaor. These
re do not have diode protecticn to prevent damage from
nductive kick back by the coilsz. For this reason & TID 128 array
f diodes (U113} is connected to provide dioede clamping to both
r

~

ound and to +5.Z2 voltis.

Since the peak current that must be provided 1o the atternuvator
and drivers is quite large, a separately filtered pouwer source 1
provided for this circuitry via LS, £10 and Cii (Block LY. The
above filtering will prevent current transients from disturbing
other functions on this P.C. board.

i

EYTH Heater Contral ¥

Irn order top provide a3 reasonably constant temperature for the
S Wmicro-cirguit inside the A13 SYTH, a heater (resistor) and a
thermistor are installed inside the AL13 BYTH.

The &13 SYTM heater circult uses the thermistor inzide the A13
ZYTM to provide a voltage that changes as the temperature insids
changes. This veltage ie compared to a reference voltage and
amplified by an op-amp (U4). The inverting input of this co-amp
is referenced to -5 volts ton set the operating polnt-of the '
amplifier. The -5 volts is aobtained from the divider formed by
KE0 and REB1.

Az the temperature inside the A13 SYTM rises, the thermistor
resistance decregaszes, thereby increasing the voltage at TFZ since
the thermiztor forms the upper leg of a resistive divider between
ground and -i0 volts. R48 1s the input resistor 1o the op-amo and
when the above voltage increases, the wvoltage at the op-amp
output (Ul pin &) increases, which decreazes the current toc the
baze of 1. Thie decreases the amount of current provided to the
#13 SYTM heater and thus decreases the temperature. Fgedback is
provided around this circuilt by R4% and Ci3. This fesdback allows
# very large gain at DC and szets a gain of 30 at freguencies
above a few hunfiredths of a Hertz.

If the temperature inside the A13 3YTHM decreases, the opposite
accurs and the heater circuit increases the current to the
neater. This circult is designed to maintain the tempsraturs of
the YIG sphere at approximately B85 degrees Centigrade independent
gf the ambisnt temperature.

Power Supply L

supply ling., The

n LT filter circuit is ussd on each power
chosen toc farm a low O

ompenent values for these filters were
ircuit to reduce any chance of resgnancs

n I
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AZS ALLC DETECTOR, CIRCUIY DESCRIPTION

Introdyction

The ABS ALL Detectsr assembly processes the voltage from either
internal or external detectors, producing an output voltage
propartisnal to the RF power leusl. This voltage is then compared to =
-reference level voltage on A2% Linear Modulator Assembly, and the
resulting error is vsed 1o drive RY modulators te control the RF .
‘leveling loop. Two ‘‘lag cenverters’’; one for the internal detectors,
another for external detectors or power meters, convert the detected
¥ voltage to a signal préportional tp RF power in gBm. In addition,
an amplifier buffers this voltage to be read by an ADC &27 on the
Level Control board to display the front pangl “‘Power dBm’' fynciion.

Wastly, the reference level voltage is temperature-compenssted on this
assembly.

internsl Petectar Leg Donverter &,

The Internal Detector Leg Converter receives the detected RF yoltage
and cutlputs & signal proporticnal to RF power level in dBm.

Erystal detectors characteristically exhibit twe dzszinct'regions af
speration. At low power levels (lesc than 0 dBm), the detecrors are in

their “‘sguare~law region’’. The detected cutput voltage then wvaries
with the gguare sf the RF voltage. At high power levels (more than +10
dBm}, the detected oytpst voltage veries ljinearly with the RE valtage.
The “*log’’ fenction converts the detected RF voltage inte a bhE
voltazge proportional to RF power, but to track the detectore
accurataly through both regions requires halvipg the gair at low OO e
levelz, Alternately, the gain r£an be doubled at figh power levels., The
Leg Converter is a “‘dual-slepe’’ design that accomplishes thiz with a
EMoOoth Transition betwsesn square~law and linear regians.

Figure B-6478 illystrates a simplied *‘single~slope’’ log comverter.
The *“log’’ fuynction is accomplished by Q64 using the transistor
zharacteristic that collector currant is the sxpoaentizl of
base-to-emitter voltage. U1 amplifies the detector voltage, driving
the emitter of Q64 until the rcellectsr current senszed througn RE21
‘equals the input voltage. G&A’s emitter voltage is then the log of the

input voltage, which passes through B6B (wired as a diode) 1o the
putput.

To implement a *‘dual-slope’’ l.og Converter, a secand pair of
irarsistors with Bias current sources is added, as in Figure B-&647B.
Bias currents Ibl and Ib? ars constant and nearly equal. 64 and Q6B
still carry the logging currsnt Iin; however, BE& znd G5B now Carry
Il and Ib2 in additign. For low power levels (square-lsw region},
gssume Tin (¢ Ibl and Io ¢<{ IbP. (Ilin = Yin/R24) Then GEA and O5E are
‘carrying essentially identical currents, and their base—to-~smitter

8-369



Maodel 8324068 - Service

voltages are identical. In effect, then, the emitter of B&& i3 a1t ths
same voltage as the amitter of Qéé, and the circuit acts liks the
single~slope lng?er of Figure 8-6474. For high power lewvels {(linear
region), Iin > Ibt. Now 4EA and Q&é both ecarry the same current Iin
fIbi rcan be ignored), and the base voltage of Q5A varies jWice &5 much
as the smitter of @éA (both base-to-emitter junctions contribuis to
the logging function), Thus, the gain of the logger is doubled when
the detectors are in their linear regions, and the Leg Converter
cutputs a voltage propoertional to RF power in dEm over a wide rangse of
nower levels encompasszing both square-law and linesr regions.

Actual Circuit Details: Q1 and Q2 {Block A) select the ALZ Bang €
Detector or #il Band 1-4 Detector when appropriate. 2D and UZC,
through R33 **L-2077 and R34 *“H-20"', add minute offset:s in Band 8
and Band 4~4 respectively For te adjust low RF power levels. ULl and 63
form a low-drift, nigh—gain DC amplifier 1o drive the logesr Q1Z,
G123, G14, and {15 for a high-speed differential &0 amplifisr to
improve the loggers high—frequency response. G4 swums the DC Amplifier
and AC Amplifier to drive current through the logger, 87 biases @4.
The lcgger consiste &f R5 and Q4, and funciiens like the simplified
‘rdual-gliope’’ logger described in Figure B-647B. R24 iz added to
compensate for bulk resistance in G54 and 86A at high currents. QS and
8% provide the adjustable bias currents Ibi and IbE, respectively. UZE

znd WUZA turn on the logger bias for Band 0 and Band 1-4 respectively.
R3Z Y4167 and R10B LOFS’ " adjust the bias for Band U; R

CUHAL0 T adjust the Band i-4 bias. A thermistor mounted inside AlZ
Band 0 Detector rhanges the bias cwrrent Ibl toc improve temperature
tracking. Qié provides the bias current Io. In addition, Glé& serves 1o
clamp the logger’s negative excursions when pulse medulatien turns the
RF OFF. The clamp voltage is approximately ~0.12 Ydo, but is cavsed 10
vary slightly with changes in power level, reference power level, and
TEmpRrature 1o minimire recovery time.

Ao mmplifier B

217, QLB, 1%, ang QE3 form a discrete differentiazl amplifier to
buffer the Log Converter’'s high~impedance sutput. In addition, the
LULLOR {level correction? signal from the A2? Level Contrel Assembly
is summed together with the detected voltage. '

Samplesdotd

The SamplesHold circuit *“remembers’’ the detecied RF level when the
R¥ power is OFF during pulse modulation. Sampling szwitch 2%, holding
capaciter C2B, and buffer LI are the key slements. Sampling switgh B2E
is gontrolled by the A21 Pulse Modulator assembly through drivers H30
and G3i. When @25 goes open to ‘‘hold’’, some charge on C25 is lost
through gate capacitance. C24 injects a charge into D25 to compensate
for this gharge loss, adjustable ny RES **BaAL’’. The charge lowt
through Q2B during switching depends on the gate voliage excursion,
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Vin u

iFrom RF Detector)

& ‘\-m?é,w%l“‘%w@ Vour

Figure 8-647A, Simplified Single-slope Log Converter Diagram
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Detectort

Figure 8-6478. Simpiified Duzal-slope Converter Diagram
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which in turn depends on the sample/hold input voltage. 824 monitars
the output voltage and clamps tne extusions of N30 ang G31, so that
the charge lost doring switehing is independent of powsr lzusl, During
bandswitching, the logaer may produce negative transients large enaugh
te accidentally turn ON 826; CR4 and CRS clamp these excursions. Note
that Ré&1 will keep QE5 ON if the AZL Pulse Modulator Assembly is
ramoved., .

Level Meter Amplifier D

W2t and U4B buffer and filter the sample/hold voltags level. The
amplifier has a voltage gain of Approximately 6.6, and a low-pass
filter cutoff frequency of only GHz. Temberature—sensitive resiztors
Ré&4 and R&6 track the temperature grift of the logger and adjust the
gain slightly. USE puffers the signal to be read by the ADND on the A27
Level Control assembly. The microprocessor can then monitor the RF
power level and display it on the Front Pamel Powsr oBn display.

&Lmnn.il_LQg..C_@tM_w. zrter £

If the RF power level is monitored externally though the *CLEVELING
EXT INPUT'’, the External Datector Log Donverter provides the logging
function similar te the log converter in Block A. Uil and Ub Form an
‘tabselute value converter’’ o permit both positive and negative
detecters to be used. U100 iz a non~inverting amplifier with gain of
2.2, s0 when the TEXT INPUT’' iz positive, ULD pin & goes positive.
This rurns CR& OFF, and Us pim & will then g0 negative, turning CR? OKN
and genfiguring Ub like an inwerting amplifier 1o drive the logger
through RB&. When the “‘£XT INPUT'’ is negative, Ui pin & goes
negative. This turns CRE ON, causing Ué pin & 1o go pozitive and turn
CRY OFF. Thus, Ué is effectively removed from the cirguit, and ULi0
drives the jogger through RBL, REE, and R86 directly. Resistor walues
are uvsed to maike the current to the logger the same Ffor both positivs
¥nd negative veltages., RBE "“EX-'’ adjust the veltage offset of Uif;
RE4 “CEX+T adjust the voltage offset of Ub.

U? andé B22 form an inverting log converter. U7 édrives the emitters of
@22A until the gellector current equals the input current. (The input
current may be driven by either UL0 or Ué.) Q22B is wired like a
diode, and pgmses the base—to-emitter voltage out., GB2IB providess bias
current for G28B; 9244 will clamp the logger’s negative excursisns to
approximately -0.2 Vdo, and is normally turned OFF. RESZ compensates
for bulk resistance in QZ2A at high logger currents.

Mote that when external detsttors are veed, the Sasple/Hold is not
sffective during pulse modulation. Furthermors, the Fremt Panel Fower
dBm display will continye to display the internally detscisd power
levsl, not the externally derscted power leuel.

Fuheotion Switches and External Detector Frequency Compensatinn E
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UZ pbuffers the External Detector Loug Converter, with a DO voltage gain
of approximately 190, Open-collector drivers UY and FET swtiches Q27
and &HE8 select the internal or externzal detector signal, as .
appropriate, for use on the AZ& iLinear Modulator assembly. B29 adjusts
the freguency compensaticr for external meter leveling. The L9
epen-rcellector FET drivers pull down ts =10 WVdec to turn the FETs OFF,
and float HIGH to turn the FETs OM. Refer 1o Table 8-6474 for a
funciion select truth table.

bavel Reference Temperature Compensation G
To tompensate for gain grift in the leg converters, the reference
voltage is made to change with temperature. This 13 accomplished by
inverting amplifier Uda which has & temperatyre~dependent feedbackh
resistor Ri81. The temperature-compensated reference voltage (TCREF)
goes to the A2é6 Linear Modulator board where 1t is summed with AM and
marker inputs, then compared to the butput of the AZE ALC Detsctor
board.

Power Swpply H
LE Filtering removes noise from the +20UF and -10VF lines for use on
the AZE ALC Detector Assembly. Additional RC filvering hkeeps +20VL and

~14VL extra clezn for vee in the internal legger. The +1 5SVUF is the
TTL reference voltage for the comparators.

8-376
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Table 8-6d74. Funcrion Select Truth Table -

Leveling Made ~ ) nzs 124
Irhternal ) : ON OFF OFF
Crystal g
Detector OFF ON OFF
External

Power OFF ON oN

Meter
Unleveled (Shift Meter OFF OFF OFF

Teble 647A, Function Select Truth Table
8-377/8-378
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azh LINEAR MODULATOR, CIRCUIT DESCRIPTION

Imtroduction

The A26 Linear Modulator assembly compares the detected RF powsr
level against the level reference voltage, and drives the RF
modulators to correct any errarz. Thie closes the ALC looep and
levels the RF power. The amplitude modulation (&) input is
logged and added to the level reference on this assembly.

Extzrnal AM Log Converter A

UiZ2 buffers the front panel ‘‘AM MODULATION INPUT’’ wWith
approximately unity gain. Ul and G24 form the log converter. {(Ses
Figure B-6B834 for 2 zimplified diagram of the Externzl &M Log
Converter.) ULZ drives a current through R23 to Ul; 3 conztant
bias current Ib {(through R26) establishes the operating point af
the logger. Ul’s cutput will drive the emitter of 4244 until its
collector current equals the total input current. The
base~to-emitter voltage is then logarithmically related to the
input voltage. Thie voltage is senszed through Q248 to the output.
Ue buffers the log converter’s high output impedance, and hae =
voltage gain of about 10. FETs ©23 and 01 switch out the log
converter when AM is not selected.

Al boop Integrator B

The ALC loop summing node is at the source of FET G146, At this
point, the detected RF power level voltage (DETOUT) i= zummed
with the reference power leuel voltage (TCREFY. When the loop is
closed and leveled, these signals should be equal and oCpRosite,
thus perfectly cancelling. If they da not canicel, the erpor
turrent is integrated by U8 and changes the RF modulation level
to correct the power level. FET Q% can be closed to double the
TCREF sensitivity under the open~loop conditior. The marker
pulses (HMRKR) and logged external AM (if 2rnabled) are also added
to the summing node.

© is the main a&LC amplifier, forming an integrator with
capacitor C& (ALTC Loop BW = 100kHz). C15 is switched in parallel
with C& by FET Q20 in zny gxternally leveled mode (ALC Loop Bl =
Z20kHzY. Under a variety of conditions, C7 iz alseo conmected in
parallel with C6 (ALLC Loop BY = 7 kHz; zee Table 2-4834). G117
clamps the negative voltage excursions of U8 to about -2.9 U when
the loop goes unleveled; likewise, QL8 clamps the positive
BXCUrsions to about +0.5 V. U11B and GEE alter the bias on these
clamps when HRFON goes low to fturn the RF power OFF , clamping the
MOD LVL voltage at about -3.0. When gxternal power meter laveling
i3 selscted, FET switch G30 i3 closed to put CE23 across 257z
control line. Thiz makes the ‘‘turpn—non’’ time at bandswitches or

8-383
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Beginning of sweep very slow and avoids ALLC overshoot dues to slow
Fower meEter response times. {(Leveled ALL Loop BW is rnot
affected. ) Q16 iz normally OFF, but can be turned OM to shunt Ri7
acroess the integrating capacitors C&, C7, and CL1%. This makes USZ
an inverting amplifisr instead of an integrator for the
‘‘apen-loop’’ conditions.

Quermodulstion éAnd Unleveled Detectors

The MOD LVYL voltage will remain within certain boundsz when the RF
powsr iz leveled. If MOD LVL exceeds these bounde, comparators
detect the condition and send the infeoermation ta the
microprocessor. G277 and Uld detect excezsive amplituds
modulation., When MOD LVL fzlls below about -3.& ¥, Q27 turnz ON,
tripe U144, and sends LOMD to AZ27 for the micreprocessor 1o read.
Likewise, 26 and Ui3 detect the MOD LVL when thes RF modulators
are no longer attenuating and the RF power iz unleveled. I+ LUL
MOD riszes above about +0.2 V, G26 will turn ON and trigger UL3 1o
send LUMLVL to AZ27. Both functions are disabled by B28 when
HOMPEN (High = Comparators Enable) goes LOW.

Modulator Driver 0§

The alLT loop gain ie adjustable for each band separately. ©@2, &3,
G4, G5, and G6 select the MOD LVUL to pass through an adjiustment
for Eand 0 through 4 respectively. U7 buffers this voltase for
Bands Z2-4 and sends 1t to the AZ4 assembly for vse in biszsing the
Step Recovery Diode in the &13 BYTM. Each of the five adjustments
drives the emitter of Q15 one at a times. QL5 form:s a cemmon-hbase
current summing node. {7 and G8 ferm an Ylexponential current
mirror’’ 1o drive current through the RBF modulators.

The exponential function is desirable to linmearize the RF
modulators’ attenuation characteristics. {See Figure E~&EZE. 1 The
RF attenvation of the modulator is a wvery non-linsar fumction of
drive current. If plotted on log=-log paper, however, the plot i1z
straight over the high current end of itz range. Therefore,
converting the MOD LYL voltage to an exponential current would
best fit the modulators’ characteristice at high attenvation
levele. 7o track the modulator curve better 3t low attenuation,
gimply subtracting 2 fixed current from the exporential current
mirror’s gutput will "‘bend’’ the modulation curve on log-log
paper. Thie gives the desired result: RF attenuation in dB iz
proportional to the MOD LVL woltage. In Bands 2-4,
non~linearities in the power transfer characteriztics of th

-
SYTM require additional modulator drive shaping.

Al

i}

R24 zand CR? bias M1E7s emitter at aboutr 0 V. Q18 iz a common=-hbaze
current zumming node: the collector current is the same as the
emitter current. ©E8, with HEE and RES, form an esponential

8-384



Model 23404 - Service

current mirror: current through GBA causes & voltage drop a
RE% and RES. This cavuses GBE’s base-to-emitter voltage to ch
linearly, causing GBB’s rollesctor current to change
exponentially. {7 iz added in a Darlington configuration <o
buffer GEBE. R86&, REY, RBE MO’ (Modulator Offset), and R44 sink
current 1o offset the gurrent subtracted later, az mentioned
above. Q14 sinks still more offset current for Bands 2-4 only.

i~

OzE
Y

[t
[E R3]

s

Modulator Bandswitches [

FET szwtiches G241 and Q22 sslect either the Bard 0 (P00 AR) or
Band 1-4 (P/C Al6) RF modulators to be driver by the Modulator
Driver. In Band 0, LBO goes law, causing UL14D pin 14 to go to
ground to turn RZ1 ON. At the same time, ULLC pin 2 goes high to
turn LG22 OFF. Note tnat U140 also biases the high kand switch
(F/0 Al6) OFF in Band 0. {(Refer to RF Schematic.) In Bands {-4,
the situvation is reversed: 0241 is OFF, and Q22 is ON. R&Z zink:
fixed current from the exponential current mirror in Band 0, a:
described above. In Band 1, R&i sinks this current; in Bands Z2-4,
Rol in parallel with R&41 sinks the bias current.

=

i

i

Eandswitch Privers [

U4 decodes the band information from HBLEI, HLBL, and HLEBZ. Each
vutput goes LOW for the selected band, cauvsing the output of sach
 respective comparator to go HIGH for the selected bhand. Ul0a
zenses the Band 0§ and Band 1 lines, but actually drives Ulid pin
1 HIGH during Bands 2-4 to alter the modulater bias for the
multiplying bands. :

all Leoop Function Switch Drivers E

Ui latche digital information from the microproceszsor to conirol
the majoer ALD functions. Many of ULB's ouvtputs are uysed on cihser
boards in the ALC loop. HMTR and HINT determine the primary
laveling mode. These two lines, with deceoders OC and UL10E,
drive comparaters to control the Main ALC Amplifier. See Table
2-¢53B for their functions. The other linss and comparators
control functions for loop bandwidth, enable amplitude
modulatien, and enable the overmod/unleveled comparators. USC
controls the ALZ Band § Detector bandwidth.

Power Suapluy H

The power supply filtering consists of ordinary LC filters. RED
and RE8L1 generate the +1.5VF refersence voltage for TTL
Comparators.

8-385/8-386
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+20VF)

+20VE2

R2§%‘Lﬂa

‘Figure 8-653A. External AM Log Converter, Simplified Diagram
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D87 HI (HLBW;

YES
DB7 LO DB7 HI DB7 LO DBT H
FAST SWEEP: <«5SEC. * INCLUDES MANUAL & CW
SHIFT AM ACTIVATES AM

TURNING AM OFF DE-ACTIVATES SHIFT AM

Table 8-653A. HLBW Algorithm
8-389,/8~390
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MODULATOR CURRENT

EXPONENTIAL CURRENT MIRROR CURRENT

s / = MOD. CURRENT + =~1mA.
. .

0dB;

-20

-40
-60
| |
dmA : imA 10 mA
Vgg 580mV 640mV g T00mvV

VeE

I
_ | 1
MODULATOR %Z_ 3 v

Figure 8-6563B. Modulator Characteristic
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Tuble 8-653B. HMTR and HINT Functions

HINT
HMTR

Low == { High =1

External
High == 1 Power “Open-Loop”
Leveling

External
Low=10 Crystal Internal Leveling
Leveling

Table 8-653B. HMTR and HINT Functions
8~392n/8-392R
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L A27 LEVEL CONTROL ASSEMBLY, CIRCUIT DESCRIPTION

Introduction

ADC Input Hulltinlexg__v_;_ A

“The purpose of the ADC input muitiplexer ie to zllow the
processor to select which analog input line the ADC will conwvert
to Digital information for use by the processor.

As discussed wnder Block E, AMUX0,4,2 are latched off the
ingtrument data buss and determine which channel ic selected. The
output of the MUX {(U2E pin B8) it connected to the summing node of

an op amp. The buffer amp allows each channel to have a different
gain and offset.

Channel § (U2E pin 4) is bipolar with & gain of 1 which will
yield a full scale input range of +5.0 volts. Channel 0 iz the
PET LVL input from the Detector board and is corrected to
accurately represent the actual output power of the 83404 when
this voltage is valid. The scale factor of this voltage is —-0.2
V/dB or + 2% dB fullscale.

Channels { thru § (U25 pins 5,6,7,12 & 11} are voltages that can
be used by the processor to determine if major portions of the
instrument are functioning correctly. Resistors Ré4 thru R&4 ars
used 10 sum an offset current into the buffer amplifier (ULiBA pin
Z) to offset its owtput (U184 pin 1) to -5 wolts. This allows the
measured voltage te vary from 0 to -10 volts while the ADC sees
=5 to +5 volts. Channel & (U25 pin 10) is scaled to allow -3.52
to +2.47 volts input. MOD LVL is connected to this input and
represents the amount of excess power that is available ahove
what is being asked for by the ALC. If the SYTM is peaked by the
processor so that more power is available, this voltage will
change proportionately and if less power is available this
voltage will change in the opposite direction. This input is
required to provide feedback to the instrument procezsor for the
auto-peaking and auto-tracking functions. ' :

Channei 7 (U25 pin ?) will allow +5 volt signals and is connected

to TP 1& on the Level Control board. This input is used during
testing of the ADC.

ADC Window Comparitor B

Since the ADC clock must not run when the voltage into the ADC is
not changing, an external window comparitor in addition to the

window compariteor that resides inside the Test ADC sentes when
the ADC clock should be turned on to allow the ADC +to conyert.

The summing node of the current DAC inside the Test ADC and the
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input current through R43 is sensed by the widow comparitor
circuit. Whenever the input Current does not match the current
output frem the ADL, an offset voltage proporticonal to the error
between the DAL cturrent and the input current exists. Both the
internal window comparitor and the external window comparitor
sense this voltage. The external comparitor iz set to trigger
when this voltage exceeds approdimately +1 LER of the ADC. This
window comparitor then starts a conversion. In this way the AaDC
clock can be turned off until the input voltage changes by more
than approx. 2 LB max.

U? is an OF~07, a very low offset op—amp, which has been
connected to provide a gain of approximately 19-20. Its purpose
ie to provide a larger voltage, representing one LEE 1o the
comparitors. U7 must have an input offset voltage which iz much
lower than the comparitor’s for this approach to help.

The filter formed by R4é and C38 prevents transients or noise
generated by the clock circuit from triggering the comparitors
when the veoltage is within the window.

Uz and U3 form the window comparitor. R47 and R48 set U2 ocutput
HIGH until the (-} input (U2 pin 3) exceeds 75 mV. R49 and R&D
set U3 output HIGH (U3 pin 7) until the + input (U3 pin 2 is less
than ~-75 mY. C3% and C40 provide noise filtering. Bothe UZ and U2
are open tollector ocutput comparitors so RB0 is provided 1o pull

up this signal to 5 wolits. This open colliector line is called LOW
Outside Window (TP B).

Tezst ADC C

The purpose of the Test ADC iz to provide the power level meter
function during External Leveling, during &M to detect DL in the
AM jack, during pulse operation and when ever an unleveled
condition occures so the actual ocutput power can be determined.

The requirements for the A/D Converter system are gquite
restrictive. First it must be 40 Bits. Second, i1 must be able to
handle slowly increasing or decreasing input voltages. Third, it
must not have a freerunning clock which could cavse ocutput sSpurs
during CW operation. This third requirement imposes the
regstriction that the clock circuit and therefore the cohversion
should only be activated when a change in input voltage occurs.
Forth this circuit must be able to be disabled by the main
processor or the ALC circuitry at times when no conversion is
necessary or when the input voltage is not wvalid. The processor

myst alsc be able 1o osverride the ALLC’s conversion holdoff if
necessary.

The Tracking éAnalog to Digital Converter (Uil) contains a D to A
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converter and reference amplifier, an up/down counter, a window
.comparitor to control the up/down counter and data latchez 1o
store conversion data. A precision resistor (R17) is connected 1o
the precision 10.00 V reference and to the converters Iref and
Ref Amp + terminals (U114 pins 5 & 9). The Iref terminal caornected
1o the reference current resistor (R17) is held at ground by the
reference amplifiers input (U114 'pin 5). The reference current is
simply Vref/Ri7=% ma&. This reference current is multiplied by
four in the DAC and then is divided appropriately actcording To
the digital output of the internal 40 bit up/down counter. Iout
of the DAC (U411 pin 10) is a current going into the A/D converier
(Ui1 pin 11} and is summed into a 1 Kohm resistor aleng with an
cffset current of 2 mA thru R1B8 (40.00V/R18) and the input
current determined by R43 (Vin/ 2.5 Kohm). This summing rode is
connected to the comparitor input (Uii pin 14) which compares
this voltage to reference ground. Since this summing node iz held
at ground (via digital feed- back), the algebraic sum of the
currents entering and leaving this node must equal zero. If the
currents entering this node are slightly greater than the
currents leaving the node the internal window comparitor will
signal the up/down counter to count up. This will in turn
increase the current sinking output of the DAC (Iout Uil pin 10D
until it sinks just enough more current 1o compencate for the
excess current entering the node. The reverse is true also, the
window comparitor,up/down counter and DAC will compensate for a
deficiency of current at the summing node by decreasing the
amount of current sunk by Iout. The digital value contained in
the up/down counter, when the currents at the summing noede are in
#quilibrium, is the digital representation of the current
entering the node thru R43. The offset current summed into the
summing node thru R48 forces the digital wvalue to the DAC (and
digital ouputs) to be mid range when no current is flowirg in the
~input resistor (R43}). This allows a bi-polar input woltage at R4Z
s0 that both positive and negative voltages can be digitized.
ITovut (U1% pin 10) can be in the range from -0 mé to ~4{1023/4024)
mA and we -have +2 mA summed in through R18 =o the acceptable
range of input currents thru R43 is -2 mA to +2{(511/542) ma. Thisz
implies that input voltage range at R4Z ig -BY to +5Y(541/512).

-5 volts will yield a digital value of 0, 0 volts will yield 512,
and +5(8511/512) will yield 1023.

The digital outputs of the internal up/down counter go into
transparent latches/output buffers. Whenever the Data Hold line
AULl pin 28) is HIGH, the digital information appears at the
outputs (Ul pins 18 thru 27). If the Data Hold lines is brought
LOW, the information present at the DAC and up/down counters at:
that instant will be frozen in the output latch/buffers. Since
the outputs are always enabled, the digital information appears
directly at the inputs to twe 74LS5247 buss buffersz (Ui2 & uissy
When the main processor is ready for the ADC data it causes the
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RLEVEL strobe to go LOW which enables the outputs of thess buss
puffers (U12 & U1E pins 1 & 15) and places the ADC data on the
instrument data buse to be read by the instrument processor. This
RLEVEL strobe is alsc connected to the Transfer line on the ADC
(Uil pin 28) s¢ that the information in the ADC latches cannot be
changed while it is being read. The ADC requires that the
transfer line cannot be brought LOW for 180 nd after the rising
edge of the ADC clock to alliow for settling of the counter
outputs. Due to the asyncronous nature of the ADC clock and the
RLEVEL strobe, the above restriction means that the ADD clock
cannot be allowed to run while the ADC is being read.

Attenuator Installed Sensing

A pulled up line that is grounded by the installation of the
attenuvator is connected to the input of DB 10 of the aDC dats
output buffers (U15 pin 40). This bit will be read any time the
processor does a read level operation. This info is used to
determine if the attenuator has been installed.

ADC Conversion Complete Timer SRQ Latch D

The function of the converson complete timer iz to aliow the
clock to run for 8 clock pulses after the widow comparitor has
zignaled that the ADC has converted the input voltage to within
-1 LSBE of the actual value. Thie¢ will allow the ADC sufficient
time to convert the input voltage down to within +0.% LSE befeore
1ts clock is stopped. {(Assuming the input voltage is not
changing. )

The output of the window comparitor {Low Cuitside Window) is
invereted by UZ6C which drives Low Enable of a LS16% counter (U1
pin 7). This counter is enabled to count up when the voltage
being converted is inside the window. After 8 counts the carry
out (ULl pin 1B} goes low which does a parallel lead (U1l pin %)
and clocks both the ADC clock control flip flop (UZ4iB in Block F)
and the SRE latch {(UZia). The D input to the ADC clock control

flip-flop (U24iB) is grounded so it is reset which turns the clock
off.

The D input to the SRQ flip-flop goes to HSRQ DISABLE (U2% pin
103, If HSRE DISABLE is LOW then the SRE flip-flop will be reset.
The output of latch UZ1iA goes to W22 in Block E to be read by the
instrument processor and to a SRA delay circuit which will zllow
only one ADC SRG every 4100 m8& to limit the amount of mzin
processor time devoted to servicing the ADC. LADC SRE also ages
to UGE pin 10 which digables the ADC clock until the SRE is
cleared by the RLEVEL strobe.

In the delay circuit, G2 will be conducting any time the ADC is
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not requesting service. As soon as ADC SRQ goes low, Q2 will be
turned off and CS3 will be charged up thru R4Z2. Wher U194 pin 2
reaches. its Vih, the output of U1%9A pin 3 will go low which
signals the processor that a change has occured. A:s zoon as the
processor reads the ADC, the SRE flip~flop will be set co its
ouvtput (U214 pin 5} will go HIGH, Q2 will turn on and pull the
input to Ui%Aa low and therefore its ocutput will go back HIGH. R40
provides base drive current for (2 since the output current of
U21 would not be sufficient. R39 limits the discharge current of
£C83 when Q2 turns on. '

The Change Detectors ULi9E and UL9D are designed to output & low
going pulse onte the LCHNG line to the digital interface board %o
indicate that a change has occured on the Unleveled or (vermod
inputs to the Level Control board.

The inputs (LUNLVL and LOMD) also go to an output buffer (UZ2
pins 4 & 12 Block E) which can be read by the processor to
determine what signal has changed ttate.

Let us assume that LUNLVL is HIGH initially; therefore both
inputs to the LB266 open collector exclusive nor gate UI9B will
be HIGH. An exclusive nor gates output will go LOW when ever one
and only one of its.inputs are HIGH, therefore for the zbove
conditions its output will be HIGH. When LUNLVUL goes LOW, onre
input (U19B pin 4) immediately goes LOW while the ather (ULi%E pin
&) remains above the trigger threshold due to the limited
discharge rate of C41 thru R54. The aoutput (U198 pin 4) will be
low during this time. After some periocd of time, both inputs will
be LOW. When LUNLUVL goes HIGH, one input (Ui9B pin &) will
immediately go HIGH, while the other input (U19B pin §) will
remain below the trigger threshocld for some period of time due to
the charge rate of C41 thru RE3 & 54. The output of the gate
(UL?E pin 4) will be LOW until the trigger threshold is reached.

The value of RGE4 and R52 were chosen so0 when LUNLVUL or LOMD are
LOW both inputs to Ui% will be below the trigger threshold with
worst case input currents to the gate. REZ and RS54 then have been
chosen to guarantee that the voltage divider formed with RS2 and
RS3 will be above trigger threshold under worst case conditions.

ADC Control Lateh Status Buffer X

There are several bits of information about functions on the
Level Control board that must be communicated back to the
instrument processor and several ADC control lines that must be
asserted by the instrument processor.

A 74LE367 bus buffer {U22 Block XJ is used to puUt several bits of
information onto the data bus when the RSTAT strobe is pulled LOW
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{U20 pin 7 in Block HY., Four signals are . communicated to the
processor. They are LADCSRE (UZ2 pin 14), LUNLVL (U222 pin 4},
LOMD €U22 pin 12) and LOW BD INSTALLED {UZ2 pin 2}.

f# 74L8174 (U29 Block E) is used to latch six control signals off
the data bus when the WADCC strobe (U2% pin %) goes LOW. These
signals are LOW CNVRT ALWAYS {(UZ% pin 2), LOW DON'T CNVRET {(UZ2%

pin 15), AMUX0-2 (U29 pins 5, 12 & 7) and HIGH ADC SRQ DIGABLE
(UZ2? pin 105, ‘

ADEC Clock/Control F

The cleock for the ADC is generated by a schmidt trigger input
NAND gate with RC feedback. The clock frequency is neot critical
and can vary by as much as 2:1 without causing any problems. This
clock is controlled by several digital signals (U&B pins 10,12 &
13). lets assume to start with that one of the clock control
signale is LOW thus disabling the c¢lock and the output (UsE pin
8 will be HIGH. When the ocutput of this circuit is HIGH, the
feedback input (U&B pin 9) will also be HMIGH after a period of
time. Mow if the clock circuit is enabled, by all of the clock
control signals going HIGH, the clock output (U&B pin B) will
immediately go LOW. The feedback input (U&B pin 9} will begin to
head towards 0 volts at a rate determined by the RC time constant
formed by R21 and C32. As socon as this voltage reaches the
trigger threshold of the NAND gate, the clock output will go
HIGH. The feedback input will head towards VUout at a rate
determined by the RC time constant. As soon at this voltage
reaches the trigger threshold of the NAND gate the clock ocutput
will again go LOW and the cycle will be repeated until one of the
coentrol lines (UGB pins 410,12 or 43} is pulled LGW.

Clock Control #1 (U6B pin 10} iz connected to LADC SRE so that
the clock circuit is disabled whenever the ADC is being read.
When the conversisn is complete, the rising edge of the ADC clock
(UeB pin 8) clocks the up/down counter (Uil pin 2 Block D) which
cavses its RCO signal (U1l pin 15) to go HIGH which in turn clocks
the conversion complete flip/flop (U21A pin 3V caveing ADC 5RG
(U214 pin %) to go LOW. The ADC clock must be disabled before the
next falling edge of the clock to guarantee that there will be no
partial clock pulses. Clock control %2 (UGB pin 13) is driven by
the latched control line LDOW DON'T CONVERT (U29 pin 15). This
signal allows the instrument processor to prevent the ADC clock
from running when it is not being used. Cliock control #¥3 (UGE pin

12) is driven by the ocutput of a NAND gate {UZ&D pin 11} used as
a dual n=gative input OR gate.

if either input goes low, the clock circuit will bs enabled. The
first input (UZ6D pin 13) goes to LOW CNURT ALWAYE, Any time this
line is low, the clock will be enabled to run., The other input
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(U26D pin 12) is driven by a four input NAND gate (U&A pinm &), IF
LOW CNURT ALWAYS is HIGH then the clock will be disabled when
gither input to U6A is LOW. The first input (UbA pins 1&2) are
connected to the output of the conversion latch (U21B pin %). The
clock will be stopped when the conversion complete latch is reset
which occures at the end of a conversion cycle. The other input
to thiz gate (Ubh pins 4&5) is connected to HADCEN. (XAZ7P1 pin 8)
which goes to the ALC circuitry and is HIGH only when a valid
voltage representing the detected output power is present on the
DETLVL line (XA27P1 pin 29). HADCEN has a pullup resistor (RE%)
s0 the ADL will function normally if the ALC board is removed.

Fail Test LED ©

The Fail Test LED is used to indicate that an error condition has
been detected on the level control board during self test ucsing

the ADC to check the major functional blocks on the board. Thisz
LED is turned OMN and OFF by the processor.

fddrecs Decoding H

The 1/0 strobe decoding consists of two 74L5438 % line to eight
line decoders (U20 & U27) and one NAND nate (U26A) connected as
an inverter. These two decoders decode address lines A0 thru A4
and SI0A I/0 strobe to produce input and output strobes for the
RF section of the instrument.

el GHz Breakpoint Slope Compensation L

The 20 GHz breakpoint is used to compénaate for directional
covpler forward losses and coupler detector coupling losses which
ocour at 20 to 23 GHz.

The breakpoint circuit is exactly the same as the 9 GHz

breakpoint except the breakpoint will occur when the voltage on
the V/GHz line is -10.0(R&/R7+RB}.

The output of this breakpoint circuit is connected to the Y )
referance input of a NEBOL18 DAC (U410 pin 14). This DAC is exactly

as described for the attenuator slope compensation DAC or 9 GHz
Breakpoint DAC.

Compensation Summing Amplifier J

The summing amplifier (USA) sums four compensation terms together
with the correct polarity and gain.

The Attenuator Slope Compenszation is summed into the inverting
input {USA pin 23. This signal has a gain of
{-(R13+RH6E)/RiL=-2 .5, The NES048 DAC’s have a voltage gain of 2

¥

8-403



Model 8340A = Service

s the overall gain from input (R58 in Block N} to output (UEA
pin 1} is ~2 B(RL/REEI(2)=-4.13. One GHz Change in frequency will
produce -.25 volts change of the V/GHz line and -4.13(-_2E)=1. 033
volts change at the ocutput (US5A pin 1). The sensitivity of the
LVLCOR output {(USA pin 1) dis 41.2% dB/Y so the above 1.033 volts
represeants a change in power of 1.033 V(1.25 dB/V)=1.2%9 dE. The
above was assuming that the DAL was set at full range {(input =
2b5) . If we now want to know the affect that one bit change of
the DAC hag on the ocutput we diviie by the number ©of bite (256},
The resulting sengitivity of the Attenuator Compensation DAL is

{1.29 dB/GHz1/256 bits=_.00504 dB/GHz/Bit which is approximately
005 dB/GHz/8Bit.

The 9 GHz Slope Compensation ie summed into the inverting input
(UBA pin 2) with a gain of [-{RiZ3+ReB)/R101=-1.0. The overall

gain is [{-2(R5/R2){-1.0)1=2.0. One GHz change in frequency will
produce .80 V change at the output. The resulting =ensitivity of

the 9 GHz Slope Compensation is [ .80 U/LHzZ(1.25 dB/UY1/26E4
Bits=.0025 dB/GHz/Bi+t.

The 20 GHz Slope Compensation is summed into the inverting input
(USA pin 2) with a gain of [-(R43+REEI/R121= ~2. 0, The oversll
gain ga [m2{R9/R6)122“U}?ﬁ8,0. éne gHz change %n frequency will
. produce 2.0 ¥ change at the output. The resulting sensitivity of

the 20 GHz Slope Compensation is [2.0 V/GHz(1.25 dB8/V)1/258¢
Bits=.01 dB/GHz/Bit.

Cable losses after the ALD detector must be accounted for by
increasing the compensation voltage as a function of frequency.
This cable less increazses with increasing temperature; therefore
a temperature dependent freguency compensation must be summed in.

The Cable Loss TC Compensation is accomplished by summing a
modified form of the V/GHZ voltage inte the summing amp (UBA pin
2). R70 anmnd R7if form a voltage divider which decreases the
temperture compensation for front panel output optioms where the
cable length is short. The amount of compensaticn at 2E degrees £
ie approx. .0027 dB/GHz. In the rear panel options where the
cable length is long, R71 is removed and R70 is shorted 1o
provide .0052 dB/GHz compensation at 25 degrees L. Since RTi's

resistance decreases as its temperture increases, the amount of
compensation increases with temperature.

AL Reference Generator ¥

A 7520 type CHMOS 10 bit multiplying DAL (U143y is used to control
the reference voltage for the Level Control circuits.

The temperature accuracy of the entire leveling system cannot be
any better than the reference voltage it receives therefore an

8-404



Mddel 833404a -~ Service

ADE81L 10.00 v precigion reference (G1 in Block Q) iz veed for
the reference inte the level DAL, The T.L. of this device iz less
~than § ppm. The +20 volt supply is vsed as the input voltage (G1
pin 1) to minimize the load on the +1S V supply that is created
onn this board.

From this 10.00 volt reference, the level DAC (Ui4 pin 1B)
creates a current that is a function of the 10 bit digital input.
Each LSB represente 1/1024th of the reference current. The
current created above is a differential current between Iouti
(Ul4 pin 1) and Iout2 (U114 pin 2). Internal to the 7520 DAL {(Ui4d)
there is a feedback resistor connected between Iouti and R
feedback (Ul4 pin 46). This resistor’s value tracks the T.C. of
the current produced by the DAC.

Ioutt is connected to the inverting input of the ocutput op-amp
(UL7 pin 2). Iout2 is connected to the non-inverting input of
this op-amp (Ul7 pin 3) and to reference ground. The feedback
resistor (Ul4 pin &) is connected to the output of the op-amp
(UL17 pin 6&7.

If we consider the op~amp ideal, then the voltage at Iouti must
be zero; furthermore, the input current to the op-amp muszt be
zerc. The turrent sourced by the DAC must go somewhere and
therefore the op-amp produces z voltage at its ocutput that is
exactly sufficient to sink this Ioutl currerit through the
feedback resistor. This produces a voltage drop that is
proportional to Rfeedback. A larger digital value increases Iouti
in proportion, and the voltage at the ocutput of the op-amp {(UL7
pin &) must become more negative to sink the appropriate amount
of current thru Rfeedback.

From the above we can conclude that the voltage produced at the
cutput will be negative and will be between 0 wolis and
(102371024 Vref.

A schottky diode (CRB) is placed accross the Iouti and Iout2 pins
of the DAC. This prevents the voltage at these pins from

exceeding the supply voltage during turn-on which would cause
latch-up.

The digital inputs to this DAC are latched off of the instrument
data buss by two 74LE174 6~bit latches (UL3 & Ule). The clock for
these latches is the WLEVEL strobe (UB7 pin 44 in Block H). The
cutputls of these latches are pulled up te the § wolt supoly with
1K ohm resistors. These pullups reduce the magnitude of digital

noise feeding through the latches by pulling each output up hard
to the supply.

Reference-Level Summing Amplifier L
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The output from the Level DAC and the Lesvel Sweep DAL are summed
together at unity gain by the summing op-amp (UiBB). The +410.00
reference iz also summed into this op-anmp with a gain of .5 1o
provide a negative 5 vplts offsetrt at the level reference cutput
{Ui8B pin 7). The output can be adjusted between approximately
-5.12 and +85.11 volts by the main Level D4C. This voltage
represents a change in output power of +25.85 dBm to ~-2E.60 dEBEm
and represents a slope of approximately -.2 volts/dB. This is
approximately because the exact slope and offset 0f the levsl
reference is corrected in software by the instrument controller.

@ GHz Breakpoint Slope Compensation M

At about % GHz the detector’s specificatiens indicate thst it
coulid have either increasing or decreasing output versus
frequency. Since the detector’s spetifications indicates that
either situation could occur from unit to unit, a bipolar
breakpoint was placed at approzimately 9 GHz.

When we talk about creating 3 correction to the level reference
veltage to compensate for detector losses, we must remember the
following. If the ocutput of the detector decreases for any
reason, the ALL circuitry will INCREASE the output power to force
the detector output to be the same. So to compensate for dector

losse@s we must Create a correction that decreases the level
reference.

The location of the breakpoint (the frequency st which the
correction begins to occur) is contrelled by an amplfier with
dicde feedback paths. An op-amp (U4B} has a diode (CR3IY 1n zeries
with its output (U4 pin 7) zo whenever its output voltage is
less than zero volts the diode will be reverse biased.
Furthermore a diode clamp (CRZ) clamps its output (pin 7) 1o no
more negative than one diode drop. When ite ouvtput (pin 7} iz
positive, the series diode (CR3I)} is forward bizzed, the dicde
clamp (CRZ) is reverse biased and the op-amp is now in a standard
inverting gain configuration with a 10K feedback resistor {(RG).
The U/GHz line (-.25 V/GH:z} and an offset are summed into the
inverting input of the op-amp {(U4B pin &}, The offset resistor
(R3 + R4) is connected to the +10.00 volt precizion reference.
The input resistor (R2) is connected to the VU/GHz line. As long
as the current provided by the offset rezister (R3 +R4) is
greater than the current sunk by the input resistor {(R2), the
output of this circuit will remain at 0 volts. As soon as the
current sunk by the input resister is greater than that provided
by the offset resistor, the cutput of the circuit will begin o
increase at a rate of +.25 VU/GHz since the amplifier has a gain
of 1. The breakpoint will cccur when the veltage on the YACGH:
line equals 10.9 YI(R2Z/R3+R4) . The offset resistor is a fixed
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resistor in series with a pot so the point at which the
breakpoint occures can be adjiusted over some range.

The output of this breakpoint circuit is connected toc the U
reference input of a NES018 DAC (U9 pin 14). This DaC is exactly
the same as the attenuvator slope DAC. When the digital input is 0
the output is -V reference, when the digital input is 128 the

gutput will be 0 volts and when the digital input is 255 the
putput will be +{127/128} V reference.

mpttenyator Slope Compensation N

Attenvator slope compensation is used to increase or decrease the
level reference voltage as a function of frequency. When this
reference is increasing, it causes the leveling circuitry to
increase the output power as a function of fregquency to
compensate for power losses in the attenuator or tcabling between
the detector coupler and the output of the 83404a.

In LOW Band this reference is decreasing. This causes the
leveling circuitry to decrease the output power 1o compensate for
the frequency response of the LOW Band detector.

The rate at which the output powsr increases iz determined by the
number written into the attenuator slope compensation DAC (U8).
This number may be different for each RF attenuator step if their
frequency characteristics are different.

The frequency reference for this circwit iz the V/GHz lime which
comes from the A28 SYTM driver board. The voltage on the V/GHz
line is -.25 volts per GHz and is derived from the pretune
voltage and is modified by the band number.

This V/GH:z line goes into an inverting amplifier (USE pin 6)
which has a gain of -(16/12.1). This gain block iz necessary

zince the reference voltage required at the DAC (UB pin 14) must
be positive.

The Signetics NES04i8 DAC is used for all three compensation DACs
tug, U%, and UL0). It contains input latches and an output
buffer. Inside this DAL, the reference voltage is converted into
a reference current for the R-2R DAC ladder netweork.

Digital data is latched off of the data buss when the Latch
Enable signal (UB pin 10) gees low. Thiz latched data controls
the current gwitches inside the DAC to produce & current that is
proportional to the Reference voltage and the latched digital
information. This current is then fed into a current to yoltage
conuersion stage and appears at the output (UB pin 18% as =2
voltage which 1g proportional te the voltage on the YV/GHz line
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and the digital information.

The diode {(CRIL) connected to the summing node of the DAC (U2 pin
20) prevents the summing node from droping more than & diode drop
below ground and therefore improves the Dals settling time.

A capacitor (Ci0) is connected in parallel with the internal
feedback resizstor {UB pins 1B and 20) provides high freguency
stablliration under zll conditions. Another capacitor (C%) is
conrnected between the summing node and the amplifier compensation
pins (U pins 206 and 21) and iz required to make the ocutput
amplifier as fast as possible while still remaining stable.

Power Sweep Generator O

The level s@eep DAC provides the power sweep function by sweeping
the level reference as a function of the sweep ramp. This fezture

may aleo be used by the customer to compensate for line length
external to the B34LA.

The level sweep DAC (UZ24) is implemented exactly the same as the
level DAC (U14) except that its reference voltage {(U24 pin 151 is
the RF Sweep ramp that linearly varies between § and +18 voltz as
the frequency sweeps betwsen the start and stop frequency. This
input is clamped to ground and VDD by twe schottiky dicdes to
prevent any latch up problems. The output op-amp (UZ1) znd the
input latches (UZ3 & U30) are implemented exactly the sams az thse
main lewvel control DAC.

Band Switch Centrol P

A 74L5175 latch (U2B) is used to latch data bits 0,1 & 2 off of
the data buss when WBAND strobe (U27 pin 13 Block H) geoes LOW and
then HIGH. These latched data bits produce the encoded latched

band information HLBO (U28 pirm 2), HLEL1 (UZB pin 7} and B2 (UZB
pin 109,

LHET 15 decoded by using a MAND gate zs 2 dual negative input OR
gate (U2&B). The inverting outputs of lateh (U2B) HLBi-rot (L28
pin &} and HLBZ-not (U28 pin 11) go to this OR gate and cause its

ovtput (LHET UZé pin &) to go HIGH when sither input (U226 pin 4
or 5} goes LOW.

Fower Sunplies 0

There iz nothing unusual about the power supply filtering for the
20V, +5V, -BY, -10Y or ~15V supplies. Standard Low § filters
were used to help prevent resonances. A +15 V supply iz provided
using a I terminal adjustable regulator (G3). In addition to all
of the above supplies, a low current +i0V supply to be used by
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the CMOS 7520 DACs UB, U?, and U10. The reliability of these CMOS
DACe should increase as the voltage stress is decreased as far as
practical. This 10V supply is tied to the +5.2 VU zupply to
prevent the digital inputs to the DACs from being greszter than
the VDD supply during turn-~on,

RB7 iz vused - to remove D.C. currents from the Reference Ground.

These currents are injected by the DACs and other resistors
connected 1o this ground.

B8-409/8~410






WG LN EINT S

i oviva i . - NG ¥YLYD
LINg . DBLNQD I DM INDD
. i
] ¢
| 2, |
el vy dRsie ! b
: 0T WD H ! A
neus (1) 22l mw I
or E3 N md Ti34A] DY e 3K — |
, ‘ 2 x CEN g T P TR AR e ‘
AT TS ET T J— — 18] 135440] Nm
- S{inoa;  ladesl
2 | e L t " e e
& 1azn] {e21 £} . L] TASE NG Erd T R R VLSS ) 4
12 . vo B 753 . e
MY rwasac sz e . I8 AL Sg Lo GE3 oy CEE srLavesY T
) H H d B ' s
y YR - — iy e 58 {.
182 RFRL:H 3 VE] N R L L L N M T
" mﬁg 2 d D mmmm 7
iy TEq 2 3 T EY vi) 5244k s g G%.Il.l..
; A W =1y Tec/ A g ‘& yezn
[¥ 3LION} . w = mmﬁ INL¥R TGH Vil SNLYR T ey g
— b -
3401S 318V @ Sl NPy 3
‘ . i . . H SAa® W
i — D " N . uL OND ‘
; : $AGH i
- ]
S Y ¢+ : 2 _ﬁ v
TLIRALEA LLND; ¥I 34 O TR {1 % : 4 AL
35T LLAG] BT AT T TTTIWOR 39 : (NTizv
STSHALSH (LG ¥rafe - “u.«“_:,»- =d S G ( J . YOy
e N 3 . B B S
t A\ FLEALIRU NI MO ‘wmﬁm 3 ki i RN
. L] e i s £nay
Ty 2 e . . i ' 7 fum.m w o ﬁ WD) b
ao.Mw M ﬁ_“ [ _mmnw ,wﬁ_ IN ﬂu ‘ . 3 mmimm.? TNYBR LI BP4tg o i _‘I|||Taa ,. f] U0y
Al (PEY] - i : X . L R RGLAI T 3 H | |
S - A e PrTEY - o B a | AR T3A3 A LB} 28 1 T e # REL SLIty \ j T 03
N . e z IOMA [L00) 8554 e = 5 : :
- o | wn | R ® e wfal -
v THI A ]
I EI A ot S w7120 LAl
w54l faes L0k 57 | e TR exe ) st T HER
Mm =48 . o | i < uAbte s ; . ON1C003C wmwmmm<A@
[ SED —  wGl - TS a———— — P — =
traver | T Ten M, 5 A - )
sgee 3 B e
gin ” Njﬁ g -
. M TER —
3|41 TdAY : : EERLE S =il L
01 LYSNIdNOO @ e 25 SELT
T
M ONOTLYSNIINO0D 34018 IN1OdXYIHE IHDE © . : _
P - .
¢
33y
PP
iage- Zp 5 ¥ei e
tony cr] ze] 1] -+ :
. YER ALY TFAN Jroee O EEN .
! T2 3 Mm [ECEEH [RGB 5 o PR an !
! ) L o 1641 {L354401 L s T
L - TTLILOCAL _ is3ual b Yaio L :
i ) o ! LIHTIANG) 6234 0T
. sA02+ 809% ~
: o oy T | -
218 Fal . W, D ziawe | . . 18 ILAG) Lr- 1410 ! - I E
el BAUG+ T - : y
) umm ’ P8R (1N0] 37 -Td 25 — s (1]
. TN il -
e ! R ML LIE TR v z 17 7
- FTER L
i P IRYER
- 1 Jwv.lﬂ FdASH
sCafln 3T wND
iAGs
NOILYSNIENOD 34015 INIOdXYIHE ZHDOZ D TOHLNOD HOLIMS ONYE ®
e e T T T PR TSP o
NO1LYSNI4WOD SS3NLY TS 7/ - 22009~0%€80

- ’ AU RMMAN T R T






B i T e e I L Y B - . T I o T ] TR T TG

|
JAGH e - [
EHE 1 ki 51 1180
2ay \n\ { ! 3 5R0
G371 1S3L 11v4 @ i €S D
f =15 CRG | 7y
7 51 73 36¢
A % i T 380
ans 147 (H} 3 “ w,u.v = : &
it 3 — < 4 1
._.r 38A1 b= $13¢ $ . 4B TRAASH
¥
(6 2%; i e U
_Joatevg T -
{8sH} (253 Hoseen GEN
52 4 1AG+ ET K S
CERE = '
3 &
N L G
{ L S—
» -
(vienl WM 3 -F= “ 7w
3 5 L — 3 P 0
A5 A7 . L2 b W E§ £80
2 =H LK : =iy 280 | 7
21 - -
wef Lommih L
cer ¥ "F yen slelsts]s :_L_ 3% f - )
. i
’ 33 y [ "B n EE Y
IAGEe 3 .w" I " s S0dAge
3\ . hi b ﬂND

- i
AT : g 550
@ pAJ ~{E7 FEE
; 7 w ¥ (87 _ 4
N : 2 a3 — v 380
g j2u § mnw : =K B,
,,/E . = algir]efe
A0 T S - 1 m
8gin umm ™ [RE] [73nal T HAdEe mm
1 jenos €N
XGH 7 FTLY
i 8zt m
831d411dAv oniaAns | i N
173437 3IONIH3IH4IH D METIE 2 J LR
NEE i3 =1t eR] L
: ” - =1 280 | ‘g
CERANI L py RS
v SRR e
¢ | 13 TSR
ZADY S «o.ow - x?ﬂsn:a_}? AR
| 311 T FLosin
S seen 280
MG IAGH

HOLYHIN3D 3ON3HI43Y 01V @ |

30NJH3 <438 T73A37 HIMOd







280 "% 3114 (140 I8-~62-01 Fe-2522-9 004304

e et i T — Oy meec Oy DOHME  CRNVCMATETSD  SSKENR RN  HewmcoworsesmTEovee Wl S S, -!Ilii!lsl:llli!!fiiii]!l;l

e 3 LHIANQD (-v

~N
SRR TN
g SADT - . :
W-WW 51 1318 d.uHﬁ.. &,
s R TR R L T
- : , g S |
LIS S a5 iWT1 9% '5-54
its ety T,
z HYE R re
43— S
s # Tt se w14
it L
g3 T N ” - .. . H.QH?WH.
mer - . | pr—————— 2 T D SS—— ik IR -
22 . - o - -
e 2 /i/_m EECECEIE 306 ing - e R
kM 9EW 4RI O-v &
2 R 1974 Ln Lidl
W ¥ 568 : B TA100H 35 88
[ 2 i G L~ b 83 "L-3d
LT S ahaze ¥z o oAte TN 554 -
, . 554 rEY 1AO0H awgy
LETRA BT BLEREF{-N
s RO ARS AR FdL i 13 By
Ly , ] ! EERIT
S M iNIFEE-14 AR ~TLg 354 s
Haute - : ! M
- . muwum a3y | d
HOLYHVYSNOD MOONIM QY @ 4 tndace - o w TE3-4d
R ’ ) masaseo- e IER T
AGOE § %524 o ! _ .
ey e _ " i 3 THilve '§-3d
wADES ) LA
DELVRTS! A
KO F~ ; xoo,w PE
. £05- vaw ¥ 1gw
2 i AT~ 2 Wil se-14 L 109 :w mﬁ ' — JAOE Y
m$ : $ ;u_ ’n 613 z _ hwnmu —— MAGTs
3 1 2 . . )
R MEECTYIN GE Eairﬂamv 224§ gaot e okt PP g ) w Sie
2378 (338 oM00! by ks & SRR : MG ot sav koo m
i 352 INL dWD3) oo o—b—y [ O
33 i1] Y 5 wADS HAOS+ »
a2t R L T S e i olii! e (G ¥03 ‘
GEL 4 {4H0d mmm £ 1 _ sm[ i ]
=518 Loy R A EA wante R 5o ALY
gt | Tevol .WE - w03 £ed L =
mm E .-‘IA\J Y e _ e e e —
AN : : 3y 2A02+ T . e ! A W1i82-1d e -
5 L {oWY 234~} ¥ fumrrm 4AG+ J..“n;wu h :
510 A - #0574 S ) - — 4 CENTY ,..“W i
ﬂ.ﬂ_ (23411 E . BER -, S1 2XNM ¥ I
1 arvIayY #0t LR A WAGE+ e
{3718YH3 LNGLNDT b dAG~ (AL NI G~¥ T TANW 4‘._L v 2
[LIINS TiYOl <o 0K wADE+ L6l . erlog2n ® i .
120H vivy) 73 . ,
*3813] <P sl . :W ’
m._m_i Fif - Y0 Ty ADZE
H £ . . . - {3
I - nos 131 TR EE ‘Z-Fd
! 1
i
§180
—_—
/il e
3389
B anics: S |
a7 ¢
€80
=)
1671 ¢
a8t
; B
) (570
i ¢8e
| 3RV IO SS W uﬁwm:m
- —
N3IJOYR | : Nme h . (37111
] ¢ e 581
RS . 1.7 g p—
TTTANBS LNos 1 i ,ﬁw .ﬁwh:“
TAYRIY LHIAND]Y 3 o — £ 343
43207H . TIE iy ===
- Zdi A h /1
R £gs
SARAYY [HIARID T | [—
HiANOD L HCD 7 - [EFEEN
- R ! 297
L [P S |
TOHLNOD/ %0070 00V ® m 7
I ——— i HOLY1® TOHLINCD 20V 0D —
: o g 78g
—
s







we1bPTIg OIlBweuns ‘IoI3U0D T9AYT L7V "199-g 9inbig

rd

Ll

3
N[l eE-tg

TATNAT

3
NE1Re5-Td

WCONER FOISL0D 5

+
i

“ a5y

100
34l

HIN fhGE

1

‘.

[
Bas
=
*

i

n
ol
=

!

D
o
et
.

o
B
=1

il .
ol :n
i el
o
b g wnfen

EELERN]

9610 e
!
ﬂD iAGH
2t k
5L 3208
N Yy
Ly '
{5 310K oNMIR 83T Y so01
OIITLSKL FELIR Ee ) , n e .
A CIS N
sage Y810 i) A5+ 5
FRIEYR! A
SAT NN TAGH ' H 5 T
DLER L] rMG G-Y1 0 . m._ . «.
t £
4
. T
. "ES 0-¥ M_WW DTV
A A
IAG
ELIL

TI9YSI0 BHD M

2idAGs

ELVLIRE]

lef RE
TINGGT) Aw
iRl

HOLYT OHS/HINWIL

AOTNER
3915400 1

3137dR0D NOISHIANOD ©







Model 83404 - Service

#e8 SYTM DRIVER, CIRCUIT DESCRIPTION

Introguction

‘The EYTM Driver provides the torrect amount of current to the
SYTM coil to track the YD frequency wnder all conditions. Since
the BYTM uses an open-loop tracking scheme, all differences in
tracking conditions must be compensated for by the SYTM driver
without the benefit of feedback. The SYTM driver alzo provides
the rest of the instrument with voltages that are proportionzl to
frequency (-0.28 V/GHz, +1.0/+40.5 V/GHz, +1.4 u/GHz).

Offset Compensation A

The offset compensation circuitry adds a correction current
independant of frequency. The offset, adjusted by R1, affects the
entire operating range of the 3YTM and has a range of +200 MHz. &
separate offset adjusted by R113 is active only in band 1
{switched by G4) and has a range of +180 MHz that isg superimposed
.an the setting of Ri. :

Delay Compensation B

The SYTHM magnet responds to any change in coil current, by
setting up eddy currents to oppose the change. During a sueep,
while the input current is ramping, the eddy currents set Up &
magnetic field that partially cancels the magnetic field required
to tune the SYTM passband. A compensation current proportional to
(A+BFs)dF/dt (where Fs is a term that repressnts the frequency
thange from the start of sweep, dF/dt corresponds to the sweep
rate, and where A and B are constants) is added to the current
driving the 8YTM in order to offset the affects of the eddy
currents. Since the eddy currents take time to set up, the start
of the compensation ramp needs to be rounded. Although the
transient response of the eddy currents doesn’t appear to follow
an exponential function, using a low-pass filter on the delay
compensation adaquately accounts for the transient response.

The delay DaC (U3) gives the instrument processor contrel over
the gain of the delay correction. When the processor writes to 10
address 10,R2: a strobe (WBAND} is generated on the A27 Level
Control Board. WBAND comes onto the SYTM driver through F1L Fin
£9. When WBAND is pulsed, U14 latches the information on bits 2
through 410 of the Data Bus. The latched bits form the binary
input to the delay DAC (U3). The reference input to the delay DAC
is the sum of inputs coresponding to the & and BFz terms
discussed in the first paragraph of this section. When Q10 is
ciosed the voltage across Ci3 is self-adjusting to give OV output
from USA. When Q10 iz opened, the gcutput of USA iz proportionsl
to the -0.28 V/GHz line, offset by the voltage across C13. When
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the instrument is sweeping, this generates a ramp that iz
referenced to the frequency at the time (10 was opened. (10 1=
open when HSP (P11 Pin 26) iz high. The output voltage at USA is
symmed into UZ2A through R7 {DYS3) 1o give the BFg term for the
delay compensation. The offset term A is adjusted through Rb
(DY0) and summed into UZ2A as well. If the 83404 iz sweeping 19.8
GHz 1o 26.5% GHz and if R6 (DYD) ‘and R7 (DYS) are both turned
fully counter-clockwise, then the output of UZA pin 1 will ramp
up to about +%9.7 . REE converts the output of UZA into the
reference current (Iref) for the delay DAC {(U3). Iref causzes an
equal current to flow from a series of binary weighted switches
in U3. The binary switches are driven by the latched bits from
Ui4., The internal binary weighted switches source the current

frem U3 pin 4 when the latched bits corresponding to the switches
are HIGH.

When the latched bits are LOW the current is sourced from U3 pin
2. Thus when all of the latched bits are HIGH, U3 pin 4 will =zink
a current equal to Iref and U3 pin 2 will net sink any current.
When all of the bits are LOW U4 pin 2 will eink a current equal
to Iref and U3 pin 4 will not sink any current. The amount of
current sunk by U3 pin 4 {(I1l} and U3 pin 2 (I2) will vary betwesn
the two extremes in proportion to the latched binary code with
the sum of I1 and I2 equal to Iref. The voltage present at UzC
pin 8 is equal to I17%2K. In terms of the input current this
becomes Iref*#N**%2K where N ie the ratio of the binary input to
the full scale binary input to the DAC. This gives (A+BFsidF/dt
te compensate for the eddy current delay. (% switches the delay
compensation into the compensation summing amplifier =zt
appropriate times. (9 is on when HEP (P{ pin 26) is HIGH. Eince
H8P is also HIGH in CW the delay DAC (U3Y is programmed to O by
the processor becauvse no delay compensation is required in CU
operation. R4&6, R47 and C26 form a low-pass filter that rounds
the first part of the delay compensation waveform.

Siope Compensation C

The slope compensation circuits generate a corrsction current
proportional to frequency. The slope DAC (U4) provides
micreprocessor control over the slope correction anmd enables the
8340A to do the required self-peaking (see Block H descriptiont}.
When the processor writes to I/0 address 11,Ri: & strobe
{(WYTHSLF) is generated on the A27 Level Control Board. WYTMBLP
comes onio the SYTHM driver through PL pin 30 and cauzes LIS te
latch the binary input for U4, The reference input for U4 ie the
PRETUNE signal that has been scaled and inverted by U2B to give
+1.4 V/GHz +1%. This voltage is also output from Pl pin 7 and iz
veed for the ramp bias of the step recovery dicde in the SYTHM.

The voltage present at U2D pin 14 is gsqual to the combined

8-~416



Model 83404 - Service

effects of Ii (current sunk by U4 pin 4) and I2 (current sunk by
‘U4 pin 2). The twe current effects can be considered
independantly and then added for the final result. To consider
the effects separately, set one esqual to zero and look at the
effects of the other. No current will flow through RS7 due to It
50 the voltage at UZ2D pin 14 due to I1 will be equal to -2K~I1.
No current will flow through RS58 due o I2 so the voltage at pin
14 due to I2 wlll be 2K**I2. The voltage at U2D pin 14 due 1n
both currents will be ZK*#(I2~I4). Ii+I2=Iref and Ii=N*%Ire¥
(where N is the ratio of the binary input to the full scale
binary input to the DACY. This gives a final result for the
outpuyt voltage of U2D pin 14 to be
PRETUNE*%#4/8 _ 9+1 . 3%)*%{1-27%N). The output voltage of U2D pin 14
Can vary by as much as +7.97V which is summed into +the
compensation amplifier in Block G through RS56. The output voltage
on pins 2 and 4 of U4 can vary betwsen ~7.97V and 0V which is
within the output voltage compliance of U4 (~-8.1V and +24V). The
DAC provides +4% slope adjustment in band 1, +2% in band 2, +1.3%
in band 3 and +1% in band 4. ,

Since bits 0 through 2 are ignored when the data is latched into
UiS from the data bus the binary pattern present at the input of
the delay DAC incraments once for every eight incraments of the
data on the Data Bus. Whenever the RPG iz connected to U4 it will
take eight pulses of the RPG to change the DAC by one bit. This
will give a less sensitive feel to the RPG.

In addition to the correction provided by the slope DAC, three
breakpoints are provided to correct for the non-linearities of
the SYTM magnet B-H curve. R20, R24, R22, R48 and Ri7 form a
voltage divider used in conjunction with CRi and CR2 to set fixed
frequency breakpoints at 13.7 CGHz (+2%) and 20 .GHz {(+2%). RZ and
R3 vary the effect of the breakpoints adding as much as 3.1% and
J.2% respectively. R4, RS and CR3 form a breakpoint that can be
varied in frequency (anyuwhere above 23.2 GHz) as well as adjusted
to add as much as 4.0% to the slope. All percentage increases in

slope are referenced to the frequencuy where the breakpoint begins.
to take effect. :

Programmable Scaler D

The Pretune line comes to the SYTM driver board on Pi Pin 22. It
is a voltage proportional to YO frequency and is adjusted to give
~2.5 v/GHz with an accuracy of +6.5mV +7uV/degrees C
~25ppm/degrees C. : :

The programmable scaler uses a precision resistor array (U213} to
attenuate the PRETUNE voltage piving a voltage that is

proportional to SYTM frequency. The overall accuracy depends on
the accturacy of the PRETUNE line as well as that of the resistor
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array. Hence, the specifications for the resistor array are
important to the accuracy of the -0.25 Y/GHz and +1.0/+0.5 V/GHz
iines as well as to the turiing of the SYTM. The array consists of
eight 2Z.5K resistors with & BX absolute tolerance, .04% tracking
tolerance relative to RY (giving a worst case tolerance of .02%
for any resistor ratio). The array alsc has a2 Z2ppn/degrees €
tracking temperature coefficient between any two resistors.

The latched band information (P1 Pins 31, 32, and 32 in Block I}
iz used as the input for a 3 by 8 decoder (Ui4). The outputs of
the decoder are input into comparators (ULl9) that drive the gates
of FETs to switch the appropriate node of the scaler. EBand 1 iz
the node activated during the fundamental band of the B2404. When
this node is selected the impedance looking into the scaler is
1.6K. The output voltage is given by:

Vout=PRETUNE(L+0.04%%+4 . 7ppm/degrees ) /10

Over a 45 degrees C temperature rise at 7 GHz, the woret caue
error is J.9mY which represents an error of +16 MHz.

Band 2 is the node activated during the 2nd harmonic band of the

8340A. When this node is selected the impedance looking into the
scaler is L1.3K. The output voltage is given by:

Vout=2*%PRETUNE(1+0.032%+3 . 2ppm/degrees C) /10

Over a 4% degrees C temperature rise at 13.5 GHz, the worst case
error is 6.7mV which represents an error of #27 MHz.

Band 3 is the node activated during the 3rd harmonic band of the
3340A. When this node is selected the impedance looking into the
scaler is 2.6K. The output voltage iz given by:

Vout=3*%PRETUNE(41+0.03%+3ppm/degrees [)/10

Over a 4B C temperature rise at 20 GHz, the worst case error is
?.8mV which represents an error of +40 MHz.

Band 4 is the node activated during the 4th harmonic band of the
8340A. When this node is selected the impedance looking into the
scaler is 2K. The output voltage is given by:

Vout=4~%PRETUNE (1+0. 024%+2 . dppm/degrees C) /10

Over a 45 degrees C temperature rise at 26.5 GHz, the worst case .
error is 12.8mV which represents an error of +50 MHz.

-0.25 U/GHz E
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The -0.25 V/GHz line iz the most widely used signal on the SYTH
driver board. During HIBAND {(Bands 1-4) it is a buffered versian
of the voltage out of the programmable scaler. Ut has a low
offset voltage (1.6mV max over 0 C-70 C)} and keesps the output
within 1.6mV (6.4 MHz) of the input signal. During LOBAND ,Eand
6, (@il closed and Q418 open) the instrument frequency is equal to
the YO frequency offset by 3.7 GHz. The -0.25 V/GH: line uses the
FRETUNE voltage, scales it down to -0.25 v/GHz and adds an offset
voltage that equals .25 v/GHz**3.7 GHz or .928V. This signal is
generated using the +10V reference, offset R&4B, R&Y, and R70, and
FRETUNE. When the LOBAND signal is adjusted at 18 MHz by trimming
the +10V reference with R85 (Block K} the -0.25 V/GHz line will
be accurate within 7 MHz of the ideal value at 2.2 GHz ilncludlng
the resolution of the 412 bit PRETUNE DAC).

The worst-case error of 30 MHz occurs at 2.3 GHz over a 45
degrees C temperature change.

Q11 and Q18 switch between the LOBAND and HIBAND conditions. &
gample and hold circuit (@5 and USB) is used to remove the

discontinuities that are present dus to changing the band number
and PRETUNE at different times.

@6 is capable of sourcing 2mA and sinking 40m&. The normal load
requires sinking 7mA and sourcing 0.32mA. RéE limits the amount
of output current to protect Q6 in the event the outpiut is
sharted. RZ7 aiong with the +20V supply provide the sourcing
capability. Cié is required to stabalize the loop during the
sample mode. The holding capacitor (C14) is a mylar capacitor
with an insulation resistance of 15,000 megohms. WUEB has a
maximum input bias current of BnA over 0 degrees C to 70 degrees
C (100 pA at 25 degrees C). @5 has a maximum drain cuteff current
of 0.1inA. The maximum droop is 260 mV/sec. & normal holding
interval is about 5 msec resulting in a maximum droop of 1.3mV
during the holding interval. This value drops substancially at
instrument temperatures lower than 70 degrees . The maximum
droop at room temperature is 20 mY/sec or 0.4imY during a holding
interval of § msec. When the circuit is in the hold mode (QS
open) R32 and diodes CR4 and CRES keep Us from saturation and
making the output of Ué a buffered version of the input to Ub.
The output of Ué is used as a pullup voltage for the comparators
driving the FET's in Blocks B (Programmable Scaler) and E (-0.25
V/GHz). The cutput of Ué also drives the guard trace described in
the Current Driver description (Block H). Without the clamping
provided in the hold mode, the input diode protection of Ué would
shunt current along the input disturbing the desired SYTM tuning.
Because Ué doesn’t saturate, the transition from hold to sample
otcurs with a minimal perturbation. R33 attenvates the amplitude

o0f the hold-to-sample perturbation. R3I0 eliminates the ringing of
the perturbation.
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+1.0/+0.5 V/GHz F

This block provides a voltage proporticnal to instrument
frequency that iz sent to the rear panel. The standard
configuration has a sensitivity of +4.0 v/GHz. Thiz limits at
arocund +19V (+20V supply tolerarce and 0.4Y saturation acroszs
@7). The +1.0 v/GHz sensitivity is necessary to interface with
8410 Series Network Analyzer. The limit of +1i9V doesn’t matter in
this case because the 8410 only covers up to 18.6 GHz. For
applications involving the entire frequency range, 2 jumpers <uW1
and WZ) on the SYTH driver board can be removed to change the
sensitivity to +0.5 yv/GHz.

B8 and R37 provide a current source that limits at approximately
+19.7 volts. The current is on the order of 1.2mA {not exact
because the transistor parameters of each half will differ due to
the difference in their power dissipation). This current in
conjunction with R41 will give about a +5 volt offset from the
output of U10. This removes the effect of op amp limiting which
happens as low as +17V for Ul0. C19 insures that the 0dB gain
crossover for the loop has a slope of -6dB/octave. 87 iz a dual
npn transistor, one side 7B is used as & drive transistor for
the output, the cther side is used in conjunction with R3S to
limit the ovutput current to 7.8mA. CRé and CR7 protect the
circuitry from voltages that may inadvertantly be applied to the
output. R73 and the -10V supply provide pulldown capabilities for
the output. R75 with R40 and R39 cause the osutput to be
referenced to the ground potential at the rear panel. RA4Z2, R43,

C20 and C2{ are used for high frequency noise rejectisn of the
power supplies.

Compensation Summing Amplifier G

The currents that are generated by the slope, offset and delay
compensation circuitry are amplified by a factor of 25 by Ut and
injected into the collector of the drive transister A47Q2. The
effect of R13 is that of paralleling Ri3 across the cense
resistors on the A47 assembly plus adding an additional current
equal to the voltage at the emitter of @1 divided by Ri3. Q1 is
used to buffer the output of Ul to allow the amplifier to have a
higher output voltage capability. Rii and the -10 volt EuUpply
provide a sink capability. The compensation summing amplifier U4
is able to pull the passband of the SYTM over the range of -Z20
MHz to +625 MHz. Q3F is a p-channel FET used to switch the
compensation out during kick pulses {see Block J). 82, Rile and

R117 drive the gate of @3 to +20 volts to turn it OFF and to O
volts to turn it ON.

Current Driver H
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When considering the errors of the current driver, only the 1
temperature effects need be considered since the steady-state
grrors are adjusted out when the instrument is calibrated.

The temperature errors indicate the need for a self peaking
routine for the 8340A. The 1dB passband is on the order of ZE-30
MHz in band 4, assuming the instrument iz calibrated to center
the tracking in the middle of the passband, the errors that could
result from'a temperature drift would cause power losses greater
than any tolerable level.

The sensitivity of the input node of the current driver iz 4
MHz/mV. The impedance of the line can be as much as 2.6K. In
order to keep the eérrors due to leakage currents less than 1 MHz,
the leakage currents must be kept below 100nA, otherwise
potential problems could exist. To avoid the problems, guard
traces are placed around the sensitive traces. The guard traces
are driven by a buffered version of the same voltage.

A triple darlingten configuration (826, Q27, and drive transiztor
A4T7R2) i3 used to remove the effects of the variatioen of the beta
of the drive transistor due to temperature. With the triple
darlingten configuration, the base current into the OP-07 {(U22)
is less than 15ua s0 any variations in this current due 1o
temperature would influence the tracking by less than iMHz. Rii0

and Ri00 are used to keep a small amount of current flowing
through 26 and R27.

Due to the inductance of the BYTM coil, 3 voltage spike is
generated when the current ramp is reset. The zener digde, URZ
prevents this voltage kick from exceeding the breakdown voltage
for the transistors by controlling the maximum allowed rate of
change of current from the driver. CRL0 protects the base-emitter
Junction of @26 from large voltages that could cause a breakdown.
CR1i1 is a low capacitance diode that is placed in series with YR2
to reduce the effect of the zener diode’s junction capacitance.
Rili is added to eliminate the ringing that would otherwize he
present at retrace. There ig also a zener diode protection
circuit on the SYTM bias board. This circuit clamps the inductive
voltage at a higher voltage (about 140V) than the one on the
driver board {(about 1285V}, The primary purpose for this cicuit is
to protect the drive transistor located on the A47 Sencse Resistor
assembly in the event that someone removes the A2 SYTM Driver
board while the instrument is under powear.

The breakdown voltage of the drive transistor is 480Y. (246 and
W27 have breakdown voltages of 160V so the clamping circuit on |
the bias Doard would alsp protect them if the clamping circuit on
the driver board fails. Due to the method employsd by the

8-421



Model 83404 -~ Bervige

clamping circuit on the EYTM driver, the sense resistors always
give an indication of the amount of current flowing through the
coil. This voltage is used by the kick pulse comparators to sense
the amount of current in the coil. If the clamping circuitr on the
driver board fails, there would be no negative (in freguency}
kick pulse and the delay compensation wouldn’t be as effective.
Houwever the rest of the circuit would work because the clamping
circuit on the SYTM bias board would protect the transistors.

Since the sensitivity of the SYTM’'s can vary from 14.2 mA&/GHz to
i6 mA/GHz, the gain of the current driver must be able to

accomodate that range. The SYTM driver can tune between 14 mé&/GHz
and 16.5 mA/GHz.

The output drive stage is limited in current drive capability due
to the voltage rails. The gritical factors ares

Maximum voltage across the sense resistors Coe gy
Maximum saturation voltage of transistors . . . 2.28V
Additional drop due to wiring from 40V szense ..

e e e e e e e e e e e e e e g.22y
Minimum voltage across drive strip e e e . 39 .48V
Inductance of coil C e e e e e e e e about 0.6H
Maximum sweep rate e e 600 MHz/ msec
Resistance of coil at 25 degrees C - . about 42 ohnms
TC of coil resistance . . .. +0.545%/degrees C
Current not sensed in sense reslators . about 12mb

C3%, C40, and Ri0!{ are used to match the frequency response of
the SYTM coil to the frequency response of the YO coil. The sweep
osutput on the front and rear panels is also matched.

During & bandswitch the -0.25 W/GHz voltage is more accurate for
holding the SYTM at the desired current than is the normal
attenvated PRETUNE voltage {(see Block H). At these times the
-0.2% V/GHz line is gated by QiZ to override the attenuated
PRETUNE voltage to hold the SYTM and avoid the undesired kick
pulses that would be present due to the discontinuities on the
attenuated PRETUNE line. When the instrument is in Band § the
8YTM magnet is tuned to about 4GHz to keep the uyig sphere from
interferring with the ocutput. Tuning the SYTM to 4GH:z is

accomplished by closing @47. R109, B24i, and Q25 will be discussed
under Kick Pulses (Bleock J).

DPigital Control I

The following digital control 5igna1§ are used on the 8YTM driver
board:

HSP: {(P1 Pin 26) A signal from the AS9 Digital Interface board
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that i3 high when the instrument is sweeping and low &t
bandcrossings and retrace. HBP is used to generate the DELAY
and DLY RES signals which contreol G180 and @9 in Block B.

WBaAND: (Fi pin 29) (410,R2:) Block B - A strohe from the AZ7
Level Control board used by U44 to latch data from the Data
Bus for W3 (delay DACY. '

WYTMSLP: (P1 pin 30) (14,Ri:) Block C - & strobe from the AR27
Control board used by U1E to latch data from the data bus for
U4 {(slope DAC). ‘

WYTMCTL: (P1 pin 8) (41i,R3:} Block I -~ A strobe from the AZ7
Level Control board used by U3 te latch 8/H from Data Bit 3,
SYTMBEL from Data Bit 4, KICK TRIGGER from Data Bit 5.

KICK TRIGGER: (UL3 pin 7 Block 1) Initiates the BYTM kick pulsze

in Block J when set momentarily HIGH. KICK TRIGGER i3z a pulse
that ig about 20 usec wide.

SYTMSBEL: (U17B pin 17 controls the gate signal for Q12 in Block
H.

S/H (DB3), LYTMKICK, and LYOKICK (P4 pin 41): Used by U124

(Block I} to generate the sample signal which controls G5 in
Block E.

HLES (P1 pin 313, HLBL (PL pin 32) and HLBZ (Pi pin 33): Give
latched band information decoded by Ulé to control Q43, @14,
G118, and Q16 in Block D, to generate the HET signal which
controls 17 in Block H, and to generate the L0 Band and HI
Band signals which control Gii and 848 in Block E.

HENDKICK: (U12B pin & Block I} A signal that is HIGH when both
the SYTM and YO kick pulses are OFF and it ic routed to the
AZ4 Attenuator Driver board to be read by the processor. If
HENDKICK remains LOW for more than %0 msec the processor

ignores it &nd activates the fault light indicating a KICK
grror.,

Ui?, U118, and ULl? are open collector quad comparators used to
drive all of the FET switches on the board (except (03, Q21 and
H2S). The inputs to the FETs are TTL level signals. The outputs
are pulled to -15V for low ocutput and pulled up to the level zet
by the pullup resistor connected to the individuzl comparztors.
R?3 and R%4 set the switching threshold of 1.3V for the
comparators.

Kick Pulses J
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In order tc set up 2 uniform past history for each sweep and to
force the SYTM to settle faster, a sequence of kick pulses iz
used at the end of esach sweep with a start frequency lessz than
22.% GHz. Sweeps with start freguencies greater than 22.5 GH:z are
not kicked. When kicked, the STYM is kicked positive in frequency
until a predetermined current is reached, then the SYTHM is kicked
negative in frequency until ‘a3 sécond predetermined current is
reached, it then is allowed to settle from that point. The kick
pulses minimize the differences between the various sweep
conditions (continuous, line, external, single, and alternate}.
They are not needed at bandcrossings becavse the S8YTH'e past

history at bandcrossings is similar to that provided by the kick
pulses.

When @2{ and G285 in Block H are both open the base current to the
triple darlington is removed and the drive current decays to zero
current resulting in. a negative (in frequency) kick pulse. With
Q25 open and Q21 closed the driver sgaturates and the current
heads towards its maximum steady-state value giving a positive
kick pulse.

The frequency to which the 8YTM is tuned ig proportional to the
current through the SYTHM coil. The current through the coil is
sensed by sensing the voltage on the sense resistor {(at Pi{ pin
44). This voltage is compared with adjustable preset levels by
the two comparaters (U7, U23) that drive Q21 and Q28.

It is necessary to deactivate the comparators when kick pulses
are not desired so they don’t interfere with the normal tuning of
the SYTM. LM311’s were chosen for the comparators bscavse of the
strobe pin that allows the comparators to be deactivated. In the
deactivated state, the comparators will have a high output.
Nermal operation of the current driver requires §2%5 to be an
n~channel FET (normally ON} and @21 to be a p-chanmel FET
(normally OFF)Y., The outputs of the comparators are used in the
control of the strobe. The comparators are deactivated when 3 to
omA of current is drawn out of pin &. Hence, W23 is deactivated
when Qz4R is turned ON. Likewise, U7 is deactivated when Q194 iz
turned ON. {198 and (Q24B are used as current mirrors with the
necessary gain 1o insure that Ql9A and G24A have 3 to 5mA in the
OFF =tate. R114 and R82 set the current ratio between Q1%4 and
Gi9B. R145 and R108 set the ratio between Q248 and 024B.

Q21 is turned OFF when the gate voltage is more peositive than
-11V but the gate voltage shouldn’t exceed +415V due to a 30 volt
Vgs breakdown specification for Q@21. When the comparator is in
the HIGH state RB1 pulls the comparator output up to +8.2U. RB83
feeds this level into the base of Q1%9A to latch the comparator
into the HIGH state. In order for the comparator to become zctive
@19A must be turned OFF. This is accemplished by pulling the base
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voltage down below 0.6V. When the kick pulse is desired, G20 is
momentarily turned ON which pulls the voltage down at the base of
@194 turning Q49A OFF and thus activating the comparator. If the
voltage on the sense resistor is more positive than the voltage
set by R1%, the ocutput of comparator U7 will go LOW (-1i5)
turning Q21 ON and keeping Q194 OFF. CRB keeps the output of U7
from pulling the base of Q19A below -0.4VY. The comparator remzins
in this state until the voltage on the sense resistor reaches the
threshold set by R10. The output of the comparator then switches
to +5.2V turning @21 OFF and @194 ON which latches the comparator
into the HIGH state until Q20 is again pulsed OM.

@25 is turned OFF when the gate voltage goes to -4i5Y and turned
ON when the voltage is pulled up to the level of G25's szource
voltage. U23 has an open collector cutput so the gate of (25 is
pulled up to the same voltage as the source by Ri03 in Block H.
fgain the the output of the comparator (U23) is used to latch
itself into its HIGH state. In order to activate U232, Q24A must
be turned OFF. This is accomplished by pulsing §122 ON. The
comparator then switches to its active mode and if the voltage
zensed at the sense resistor is more negative than the level zet
by R9, the output of the comparator goes to -i5V which turns Q25
OFF and turns Q22 ON. When Q22 is ON it keeps U23 in the active
mode by keeping G244 OFF. CRP keeps B22 from pulling the base of
R€4A below -0.4Y. The 11 volt zenmer (VR1 in Block H) insures that
the output of the op amp won’t go negative enough to turn §22 OFF
when the comparator is in the LOW state. R10Z2 is chosen in
conjuntion with the 11 volt zener to insure that B22 will be able
to pull the base of Q2448 to 0 volts.

Thus, when a kick pulse trigger (KICK T) is sent by the
microprocessor (by setting the common point of RL07 and RI04 to a
HIGH TTL legic level) both comparators are activated and G25 is
turned OFF while Q21 is turned ON (R9 and R10 are adjusted to
levels out of the normal SYTM operating range). 021 remains ON
causing the current to the coil to increase until the thresheld
set by R10 is reached. U? then turns Q21 OFF and latches in this
state. The coil current then decreases until the threshold zet by
R? is reached. U23 then turns @25 ON and latches in thic state.
BEoth comparators remain in their latched state until another
trigger pulse is sent. U23 is in it’s active mode during both
kick pulsgses. LYTMKICK is a TTL level signal that iz LOW when G244
is OFF indicating when the kick pulses are active. LYTMKICK
{(offset by a diode drop) is also used to switch out the
compensation during the kick pulses (see section G). If the
compensation were left in it would be ables to interfere with the

current sense level to the extent that the negative kick pulse
~wouldn’t shut OFF, '

Yoltage Reference ¥
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The +10 UREF and -10 VREF are generated for casec where agcurate
supply voltages are needed. The +i0V reference is adjusted by REE
to null the offset error in Band 0 of the +1.0/+0.5 U/GHz lines
(see Block E). It has a maximum temperature drift af 285
ppm/degrees C. RB4 is used to reduce the loading on the +10V
reference (UB). UL3, RB&, R87? and RBS form a voltage inverter
creating a ~10V re?erence supply.

Power Supplies L

The power supplies coming to the board are: the +20V supply (F1
pins 1 and 23%, the +5.2V supply (P1 pins 2 and 24), the -10V
supply P41 pins 3 and 25), the —-15V suppiy (PL pin 4} and the
-490V supply (P1 pins 5 and 27). All supplies coming ontoe the
toard (except the -40Y supply} are filtered by low-pass filters
consisting of a 4.7FuH inductor in series with the supply followed
by a iuF capacitor shunting across the supply o power ground.
The -40V supply (Pi pins % and 27) is used as a reference voltage

in block H (Current Driver) and is not zhown in block L of the
schematic.

U1l regulates the +20V supply and pr001des a +1%V supply to the
rest of the board.
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TROUBLESHOOTING PROCEDURE

NOTE

Perform the following tests shown in Roman numerals., If one of ihe

steps fail, perform the associated substeps shown in uppercase alpha
characters., If one of the steps in uppercase alpha characters fail,
perform the associated substeps shown in numeric characters.

I.

Iz.

Check the voltages on the power supplies. P1 Pins 1,23 should be
+20V +=~0.2V, P1 Pins 2,24 should be +5.2V +-0.05V, P1 Pins 3,25
should be ~10V +~-0.1V, P1 Pin & should be =15V +-0.2V, P1 Pins
5,27 should be <40V 4,7V, U9 Pin 6 should about +10V adjustable
by R85 and U190 pin 6 should be the negative of U9 Pin 6 +=1.3mV,

Set 8340A to CW 10MHz and adjust R85 (Block K) until the voltage
out of the +1.0 V/GHz backpanel connector reads 10mV +-1.5mV.

A, If +1.0 ¥/GHz line won't adjust to 10mV at 10MHz then check
U% pin 6. Qutput should vary around +10V as R85 is
varied, :

B. Check the -0.25 V/GHz line, R85 should be able to adjust it to
2.5mV +-0.05mV. If OK then check P1 Pin 17, it should read
10mV +-1.5mV when adjusted by RB5. If it is correct at P1 Pin
17 then the rear panel BNC isn't connected to the +1.0 V/GHz
line.

7. R41 {(Rloeck F) should have about 5V across it.
2. US (Bloek F) shouldn't be saturated.

3. R38 should have less than 0.5V across it. If R38 has
0.4V or more, check the +1.0 V/GHz line for an oufput short.

C. Cneck PRETUNE line at P1 Pin 22. It should read -=5.25V +-4mV,

1. Pull out A28 SYTM driver board and verify that the PRETUNE
line is valid on the A5Y4 Y0 Pretune board (TP3).
Troubleshoot or adjust as necessary.

D, The gate of Q11 should have the same voltage as U8 pin & and the
gate of Q18 should be about ~15V,

1. U16 Pin 13 (Block I) should be LOW. U116 Pins 12, 11, and 10
should be HIGH.

a. U116 pins 1 and 3 should be LOW. U16 Pin 2 should be HIGH.
If not, pull out SYIM driver board and verify the latched
band information on the A27 Level Control board; otherwise
replace U16, :
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E. The gate of Q5 should have the same voltage'as U7 pin 6.

1. U14 Pin 1 should be low, it is an input to a three input
and gate whose output Utd4 Pin 12 should also be low.

a., If UtY4 Pin 1 isnt't low check latch U15 for correct

a. If Ul12 Pin 1 (Block I) isn't LOW check latch U113 for
ecorrect operation
by using the signature analyzer test described
Assembly. IO channel 11 subchannel 3 is the address of
the strobe used with U15. This test may also be done
the strobe used with U13. This fest.may also be done
tSHIFT GHz 11 Hz SHIFT MHz 3 Hz SHIFT KHz 8 Hz'. U15
fSHIFT GHz 11 Hz, SHIFT MHz 3 Hz, SHIFT KHz 8 Hz'. U13
Pin 2 should be HIGH. Then enter %5527 Hz' U13 Pin 2
should now be LOW. If either conditien fails, it
indicates a problem with ‘either the Data Bus or U13.

III. Connect voltmeter rear panel to +1.0 V/GHz BNC., It should vary
with the instrument frequency up to about 19V. Check test
point A28 TPL labeled V/GHz to verify correct cperation. The
voltage at TPY4 should read -0.25 v/GHz times the instrument

frequency. The voltage readings should be within the following
limits at room temperature:

Frequency -0.25 V/GHz +1.0 V/GHz
2.2 GHz s BmV T+=22mV

5 GHz . +w3mV doem 25MYV

1¢ GHz +=4mV +a3LmV

15 GHz +=5mV +=52mY

18 GHz +=5mV +=58mV

z2 GHz _ +=-bmV

26 GHz +~6mV

Check the waveform at TP& (V/GHz) during a full~band sweep. There

should be no discontinuities during a bandswitch. It should look
like:

Ovde -

oo \:-‘z;.\>.=--|n — —

iV/DIV \
20mS/ DIV U U U A ¥

- ;;_ET___- SRR N U DU

et b L \.‘ oot - +—+—
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A. Check the voltage at the gate of Q5 during the sweep, it
‘should have the the following waveform:

B.

ovdc - —

SVv/DIV
20ms/DIv-

Check PRETUNE line at P1 Pin 22. It should read -2.5 v/GHz
(relative to YO frequency).

1.

In
In

Pull out A28 3YTM driver board and verify that the PRETUNE
line is valid on the AS4 YO Pretune board {(TP3).
Troubleshoot or align where necessary.

CW operation, the gate of Q12 (Block H) should be at -15V,
band 0,

Q11 should be at the same level as U6 pin 6 while Q13, Qii, Q15,
Q16 and Q18 should be at -15V. In band 1, Q15 and Q18 should be

at
be
as
In
as

the same level as U6 pin 6 while Q1t1, Q13, Q14 and Q16 should
at -15V, In band 2, Q16 and Q18 should be at the same level

Ut pin 6 while Q11, Q13, Q14 and Q15 should be at -15V,

band 3, Q13 and Q18 should be at the same level

U6 pin 6 while Q11, Q14, Q15 and Q16 are at -15V. In band 4,

Q14 and Q18 should be at the same level as U6 pin 6 while Q11,
Q13, Q15 and Q16 are at -15V,

1.

Check latched band information on U16 (Bloek I} Pins 1, 2
and 3 (P1 Pins 31, 32 and 33). Pin 1 should be HIGH in
bands 0, 2 and 4 and LOW irn bands 1 and 3. Pin 2

should be HIGH in bands 1 and 2 and LOW in the other
bands. Pin 3 should be HIGH in bands 3 and % and LOW in
the other bands.

Pull out SYTM driver board and verify the latched
band information on the A27 Level Control board.

Verify U16, all outputs should be high except for
pin 14 in band 0, pin 13 in band 1, pin 12 in band
2, pin 11 in band 3 and pin 10 in band 4.

8429
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D. Check U22 (Bloeck H) to see if it is saturated., If saturated
the voltages on pins 2 and 3 will differ. Since there is input
diode protection, current will shunt along the input path
through the programmable scaler causing an error voltage
to be added to the V/GHz lines.

1. Measure the voltage at A28 TP 5 labeled "SRS" to -
determine the current flowing through the SYTM coil. If
the voltage is around 8V or more. the SYTM output current
drive is saturated. Check for collector to emitter
shorts in Q26 , Q27 and ‘the drive transistor A4TQ2 on the
sense resistor bracket. If the drive transistor is
shorted the same voltage that appeared on the "3RS" test
point should appear on A62XA28 Pin 20 with the
A28 SYTM driver removed. Also verify that the gate of
Q21 is at 45V in CW operation.

2. If the output of U22 is against the negative supply rail
check to make sure that Q25 is on during CW coperation.

a, Measure the base-emitter voltages of Q26, Q27 and the
drive transistor. Replace the trasnsitors that
have abnormal base-emitter veoltages. Normal
base-emitter voltages should be about -0.6V.

E. Check U6 (Block E), USB and Q6 if still having problems with
the -0.25 V/GHz line.

Look at the waveform at TP 5 labeled "SRS" during a sweep.

R9 (Block J) should adjust the height of the negative kick

pulse (about ~-9V),

R10 should adjust the depth of the positive kick pulse {about 0V),
and R8 (Block E} should adjust the overall amplitude of

the waveform,

A, Check the emitters of Q24A and Q194 to verify that
the pulse trigger is reaching that point.

1. If no kick pulses are present check pin 7 of U13 (Bleock I)
for a positive trigger pulse. '

B, Check the inputs and cuputs of U23 and U7 to
see if they become active at all.

C. If only a positive kick pulse is present, check P1 Pin 42
{SYTM COIL+). The voltage should drop to =125V +-TV,
If it drops to about -140V it means that the diode on the
SYTM bias board is clamping the coil vcltage. Check VRZ
and CR11 in Bloeck H. If 1%t drops less, the zener diode
cn the SYTM bias board may be breaking down at too low a
voltage.

8-430
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Look at TP1 "CMP" (Block G) and verify that R1 (Block A), R2, R3,
R4 and R5 (Block C) can affect output at 26.5 GHz. Verify that Ul
(Block C) and R1 (Bloeck A) can both increase and decrease

the compensaticn.

Look at the voltage across C26 (TP2 Block B) during sweep. It -
should look _

like a ramp with an offset. The knee should be rounded. This
waveform should restart at each banderossing. The overall
amplitude should vary with sweep time., R6 (DVO). should vary the
height of the knee and R7- (DVS Block B} should vary the slope

of the ramp.

A, If there is no signal check Q8, it ghould be gated by HS?
via U18 pin 14, Check U2 pin 10 and U24 pin 1.

B. If there is no slope, or if the slope doesn't reset at

bandcrossings, check Q10 (gated by HSP via U18 pin 1).
Alsc check USA pin 1.

§-431/8-432
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1

INPUT

0.91 TO 26.56HZ

FROM W18 (STD,4PT.0033 ANE A10
CIRELTIONAL COUPLER J3

J2

QUTPUT

0.401 TC 26.5BKZ

TO W18 AND JS RF OUTPUT CSTO}
W20 AND JR0 RF OUTPUT cOBT.C03>

AW

ABIWIP
TO A&2u20

Figure 8-674 A&63 70 4&B Programmable RF Attenuator,
Component Location Diagram
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J1
INPUT

2.3 TO 7.0 GHZ
FROM W7 ANG M
A4 HAND 1-4

POWER AMPLIFIER J2

ATt PERIPHERAL MDOE I1SOLATCOR

14N

- J2

5 m QUTPUT

E 3\“\\\\“ 2.3 70 7.0 GHZ
8 TO W8 AND

‘ A13 STTH 01

Figure 8-677A. ATl Peripheral Mode Isolator,

Component Location Diagram
8-439/8-440
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FOWER SUPPLY CIRCUIT DESCRIPTION

- The power supply includes the 419 Capacitor Assembly, the A25

Rectifier Assembly, the AB2 Poszitive Regulator Assembly, the AS3

Negative Regulator Assembly, the AS6 —~4iGy Regulator Assembly, and
several A6Z Motherboard and chassis mounted components.

ANDTE

These include series pass elements for the majority of the
instrument power supplies.

* A1% CAPACITOR ASSEMBLY provides +20V unregulated and —40V
unregulated., .

* A35 RECTIFIER ASSEMBLY provides —40V unregulated, +5y
unregulated, and +22V regulated.

*® ABZ2 POSITIVE REGULATOR provides +20V regulated, and +20V

- Switched which is turned on by HETD, +12 regulated and +5.2V
regulated.

* AB3 NEGATIVE REGULATOR provides -5.2¢ regulated, -10V
regulated and -40V requlated. .

* AB6 ~15V REGULATOR uses the —40V regulated output to develop a
~-15V supply.

The AC Primary circuit, the AL9 Capacitor board, and the A3S
Rectifier board are shown together on one schematic diagram. The
AE3 Negative Regulator and the AS56 —1i5V Regulator are shown
together on another schematic diagram. The AS2 Positive Regulator
is shown on a separate schematic diagram. The circuit description -

for each assembly is included with the associated schematic
diagram.

Refer to Figure 8-4682A 83404 Power Bupply Logic Block Diagram for
a visual presentation of the power supply configuration.

8~-441/8-442
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' N . _ . PO
+20 UNREG +22 +22v ~ A35
Isvartur
@ 20V
-
i 1
[ ! .
e = = ‘REF /' =+ 20V > A52
SWITCHED
+ 12V
N |
+5 UNREG ) , 4
| Y
i RE
- e +52 + 5.2V
i
\ i
- {
~10 UNREG ) .
| ¥
‘- B L 10 10V
‘ > A53_
|
|
| -5.2 - 52V
{
_ ]
~40 UNREG > ;
! 1
+ REF
Sl 140 - 40V
.-40
~15 — 15V > A58

—#= POWER
~ = - g’ REFERENCE

Figure 8-682A. Power Supply Logic Block Diagram
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POWER SUPPLY CIRCUIT DESCRIPTION

Introduction

The power supply includes the A19 Capacitor Assembly, the AZS
Rectifier Assembly, the ASZ2 Positive Regulator Asszembly, the AS3
Negative Regulator Assembly, the AB6 -15V Regulator Assembly, and
several A62Z Main Motherboard components {(these include the pase
elements for the majority of the instrument power supplies).
Figure 2-6824 is an overall block diagram of the power supplies.
The +12V, +5.2V, -10V, and -40Y power supplies are dependent upon
the +20V supply with the -5.2V and -15V supplies being dependent -
upon the =10V and —-40Y supplies. : T

The main function of the Power Bupply circuit is to produce the
power supply voltages required for the 2340A. The circuit also
generates the power-up flags HNUP, HPUP, and LIPS. These flags
are used by the microprocessor and several gther circuits to
control instrument activity and to ensure proper initialization.
Table 8-48%94 lists the signals received and generated by ths
power supply circuit and upon which boards they are located.

-

Table B-6894. Power Supply Circuit Signals

To be supplied,

PFrimary Power

Primary power is supplied to the primary of Ti{ throuah Power Line
Module FLi, which includes a line voltage selector PC board, and
across C4 which filters audio noise. The voltage selector board
is positioned to provide corfect power connections to Ti For
operation with line voltages of 100 VAC, 120 VAC, 220 V&L, or 240
VAC. Refer to Section I1I, Imstallation, in Volume L1 faor compiete

instructions on the correct installation of the line voltage
selection PL board.

Standby Mode

With line power connected and the front panel LINE switch in
STANDBY, the following occurs. Power iz supplied to the
rectifiers on the AL% Capacitor and A35 Rectifier Assemblies.
+20V unregulated is supplied to the +22V regulator on the A3S
Rectifier Assembly and powers up that supply. The anode of DS,

front panel STANDBY LED, and the cathode of AG2CRZ are grounded,
which lights D54 and reverse biases CRZ. AL2K! switrches inta
STANDEY (Bl remains OFF) and LSBY is sent to the +20U regqulzior

8-445
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which keeps it OFF, along with the other regulators. Other LED:
that will be ON are AL2DSL (line power connected indicator},

AL6DEL (power UN safety indicator) and A3SDEL (+22V regulator
operational indicator).

NOTE

plthough the +22V reguylator is the only
gperational supplu, line nower i3
present, the rectifiers are fulluy
operational and the filter capacitors are
fully charged; care should therefore he
taken when servicing the unit.

Whnen switching the LINE switch from STANDBY to ON, A&2ZKI pin 1
goes to +22V, switching AGL2ZKY into the ON position, thus
energlizing Bi. Simultaneously, LSBY goes from OV to +22V which

allows the +20V regulator and sther regulators to beome
ocperational.

8=446
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at? CAPACITOR ASSEMBLY, CIRCUIT DESCRIPTION

introduction

The A19 Capacitor Assembly contains the full-wave bridge
rectifiers and line filters for the +20V, and the -10Y power
supplies. Also located on the board is a Power-ON warning
indicator for the safety of the service technician. The AL9
Capacitor Assembly itself does not contain any hazardous
voltages. However, if this assembly is remcved before the warning
indicator has extinguished, there will be hazardous voltages
present on and directly beneath the A42 Main Motherboard. Allow
at least one minute for the voltage to bleed off.

+28V Rectifier £

The +20V full-wave bridge rectifier consists of CRY through CRA4.
€3 is-a high frequency filter to attenuate diode reverse recoyery
transients (necessary to conform to VDE conducted line emissions
standards). CS and C6é are the main filter capacitors; Ri and R4
form a bleeder resistor.

~10Y Rectifier B

The -10V full-wave bridge rectifier includes CRS through LRE;
thece are schottky barrier power rectifiers and are used here 10
increase the efficiency of the low voltage power cupplises. C4 iz
a high frequency filter for diode recovery transients. C7, €8,

and £9 are the line filter capacitors and RZ2 is a bleeder
resistor,

Power-on Safety Indicator £

The Power-0ON LED (D81) should be ON whenever thes 832404 is
connectad to live AC mainszs. Since the 83404 has no ON/OFF line
power switch, if the power cord iz connected, the unregulated
supplies are active. DS!1 indicates that the unregulated supply

filter capacitors c£till store encugh energy to present a
potential safety hazard.

ALY CAPACITOR ASSQHBLY, TROUBLESHOOTING

Red LED DS1 is primarily a safety indicator. It zhould warn the
cervice technician that potentially hazardous voltages are
present on the motherboard beneath the A19 Capacitor Assembly
{the board itszelf presents no shock hazard, but can supply high
current}. Wait for the red light to go out before removing the -
ALY Capacitor Assembly to place it on & PC extender card. Thic
e@xtender is designed assuming the instrument is on it’c left zide
(ON/STANDEY switch dpwn, output connector up) and the 419
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Capacitor Assembly is resting on the side rail.

If the instrument blows line fuses {(and the trouble has been
traced to the ALY Capacitor Assembly and not one of it’s loads}l,
the first step would be to remove aluminum electrolytic
capacitors £% through C9. If the problem dissappears, one of
these capacitors is shorted; use a process of elimination to
discover which capacitor is defective. If the problem persists,
try to isolate the cause o one of the two power circuite by
removing one of the T1 power transformer leads to the +20V
winding {(red leads} from the A&Z Main Motherboard. It will be
necessary to remove the A19 Capacitor Assembly in order 10 access
the screws connecting the +20V leads to the A2 Main Motherboard
{be careful teo isolate the exposed wire from all octher circuits

on the motherboard}. If the problem persistes, CZ, C4, CRS thraugh
CrRB, or R2 are shorted and must be replaced.

With the instrument in standby and the power line 3t a nominal
level {120V in the 120V line option}), you should =2xpect +3EVDC an
TPL (or directly across CB or Cé) and +i8VDC directly across C7,
€8, or C2. If DB1 is extinguished, but the ~10V UNREG voltage
level appears correct, check D31 and R3. If the voltage level iz
incorrect and you have verified that the correct line voltage
option has been selected, check the corresponding rectifiers for

an open. If this is not tha problem, the tranzsformer should be
checked.
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#35 RECTIFIER ASEEMBLY, CIRCUIT DEESCRIPTION

Introduction

The A3B Rectifier Assembly consists of the -40V rectifier, the
input line overvoltage protection circuitry, the +3V rectifier
and the +22V regulator. ‘

=40y Rectifier 4

The =40V rectifier comsists of CR1 through CR4 with the high
frequency Ffilter consisting of 4 and CE.

‘Quervoltage Protection B

The overvoltage protection circuitry is a simple crowbar circuit
that is fired in the event that a low line voltage iz selected by

the ling module and the instrument is miatakenlg,plug%ed ints a
fhigh voltage outlet. As the voltage across YRY risec to 8Z. 5V

where it starts to conduct, it will supply gate current to
crowbar SCR (1, which will conduct and short the 40V transformer
winding during each positive half-cycle of the AL line. This
should blow the main fuse in the line module.

+5Y Rectifier C

The +BV rectifier is arranged in a full-wave, center-tapped
configuration for efficiency (i.e., only one rectifier in zeriez
with the load at any time, as opposed to two for a bridge
configuration). Power rectifier UL is a single-chip dual schottky
barrier rectifier in a T0-3 package. C2 and C2 are the high
freguency filters to decrease conducted line emissions; and (7
decreases the high frequency currents on the +5V UNRER line.

P/0 n6e MAIN MOTHEREOARD

The #A62 Main Motherboard distributes all secondary AC and
unregulated DC power to those PC boards requiring these veltages.
The MAINS-ON indicator (consisting of DS4, Ri, and CRi) i3 active
whenever the instrument is plugged into the AL mains. It’e
function is to warn the service technician that hzzardous
voltages are present on the Motherboard in the power supply area.
(The same circuit is used to generate the 60 Hz “LINE TRIGRER"
zignal for the internal sweep circuitry). DS1 iz the least
reliable component in this circuit and if it fails, it will
vsually short. Considering it’s placement, a failure of D81
should not cavse failure of the LINE TRIGGER function.

The power supply main heat sink is alzo located on the A62 Main
Motherboard. It is the primary cooling system for the +ed, +12,
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+5.2, -10, and -40 Volt power supplies.
NOTE

The thermzxl connection between the pass
transistors and the main heat sink is the
dominant factor in their long term
reliability. Be sure to properly apolu
thermal compound when installing gr
replacing these parts,

+224 Regulator D

The +22V regulator consists ef U2 {a three terminal adjustable
regulator), the adjustment circuitry (R1, RZ, and R3), and ripple
rejection capacitors CB and CL0. CRé prevents Ci0 from
discharging into U2 if the +22V line is shorted. CR7Y preventse (8
and Ci0 from discharging into U2 if the input to UZ iz shorted or
when line power iz removed. CR%: protectes the +22V loads from
damage due to reverse polarity power supply voitages in the event
of some instrument fault. Bhould a direct short bDetween the +2Z2Y
and -10Y power supplies occur, the -10V supply will ea=zily
cverpower the +22V standby supply. '

NOTE
This suopiy is continvously artive 35

lonhg as _the instrument is attached to &
live AC power line.

+22y Crowbar/8upply~-0n Indicator E

In the event of an overvoltage condition on the +22Y regulated
output, VYRZ will conduct, delivering gate current to crowbar 3CE
Q2. With gate current applied, Q2 latches ON and shorts the +22V
sutput te ground, protecting the instrument +22Y loads from
damage due to the ocvervoltage condition. £% filters trancients to
prayent premature firing of #2. DEBL, R4 and VR tomprise the
Power-0On indicator. D51 will begin to light when the regulatgor
supply voltage reaches +1i7V.

RIS RECTIFIER ASSEMBLY, TROUBLESHOQTING

Bince the A3S Rectifier Assembly contains three szeparate and

izclated power circuits, each circuit can be considered
separately.

The =40V rectifier is straightforward, and troubleshooting
follows the same logic as pointed out in troubleshooting the ALY
Capacitor Assembly. When a crowbar SCR fails, it will usually
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short. 1§ the instrument blowe line fuses and the problem it
traced to the A3ZS Rectifier Assembly, check @i for a short {this
could alse be due 10 & shorted YRi). If the gvervoltage
protection circuit does not work, it is probably due 10 and open
YR1. '

The +5V rectifier has only twb digdes; if this unregulated supply

shows & problem, check the diodes for open or shorted conditicen
failures.

The +22V regulator gource ig the +20V UNREG line; the ALY
Capaciter dscembly must therefore be present 10 test this
regulator. If the yoltage at TP% (+22V nominal) 1is &1 gy, then
either regulator UZ or fuse Fi, iz open. I+ TPL is &t
approximately ‘ay to 1.0V, then the supply is in crowbar and G2
is latched ON. UZ may have shorted, an open has occurred in the
path to the U2 ad justment terminal, or Q2 or YR2 may be shorted.
1t iz possible that all that is required iz to readjust R3
“ceunter—clockwise to decrease the ocutpul voltage, cycle line
power Tto turn Q2 off, and recheck TRL.
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452 POSITIVE REGULATOR CIRCUIT DESCRIPTION

Introduction

The ABZ2 Positive Regulator containg circuitry for the +20V linear
reference supply, the +12V digital supply, the +5.2V digital (ang
microcircuit) supply, voltage accuracy senszing circuitry for
‘these supplies, and ON/STANDBY and SHUTDOWN furctions. The +20U
linear reference supply is a self-starting regulator having a
precision reference to accurately set the output potential. With
the exception of the independent +22V standby supply (described
in the A35 theory of operation), all supplies are slaved to the
+20V output. The +12V, +5. 2V, *1UU and -40Y supplies are directly
slaved while the -5.2V and -1BY supplies are indirectly slaved
{refer to Figure B-6B2A, B340A Power Supply Logic Block Diagram).

These supplies fall into two basic categories; critical supplies
{420V, +5.2V, =10V, -40V) with a specified periodic and random
devlatznn (PARD) less than 100 microvolts peak (used for
low-noise analog or microcircuit pawer), and non-critical
supplies (+12V, -5.2V, -45V}) with a specified PARD lesgs than Smy
peak (used for digital and non-critical analog power).

-

+10V/+4.9Y REFERENCE A

Zener regulator YRS creates a stable +10V reference (+10VUR) for
use in the +20V Regulator {(Block B), Standby/Overtemperature
Shutdown (Block E), and voltage sense circuitry on the AS2
Positive Regulator Assembly. YRS bias iz supplied through R26 by
+20V UNREG. The accuracy and stability of VRS is not critical;

" however, a large error in the voltage across URE can cauce
problems with the power Up/Down circuitry. If +40VR is incorrect,
check for excessive supply loading. Trouble is indicated if the
value of +10V REF changes significantly as the LINE switch is
ctycled. The +4.9V reference (+4.9VR) iszgenerated by divider
network R3? and R40. This signal iz used as a reference for the
comparators in the Standby/Overtemp Shutdown {(Block E) and

Voltage Sense (Bleck L) circuits on the AG2 Positive Regulator
Assembly.

420V Requlator B

The +20V regulator is the master regulator for the 834068 power
supply system. Except for the +22Y standby supply (which is ON
continuously), all instrument supplies are either powered from
the +20V regulator directly (eg. +12V regulator), or use it as a
reference (see FIGURE B-6824).

G142, @13, and 14 comprise the startup current zource for the
+2DU regulatur Q12 and R44, driven from the Internal +1i0V
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Reference (Block A} form a2 é&mA (nominall) current sink. C19 damps
cut Q12 oscillations due to excessive line length. Q13 and 044
are connetted as a Wilson current mirror with local feedback {R&
and R7) to ensure current sharing. Qutput current from the
colliector of Q14 is émA.

In standby, the ocutput of U4D pin 43 (Btandby/Overtemp Shutdown)
is LOW, and current from G@i4 is shorted 1o ground. When the
instrument is ON, both U4D pin 13 and U4C pin 14 are open {they
have open collector outputs) and current from Q14 is delivered to
the base of chassis mounted darlington pass transistor G3, scting

as an emitter follower. This causes the +20V output to begin
increasing. ~

When +20V outiput exceeds +10V, precision +10.00V reference U2
goes into regulation, and Ul begins to function. TF3, aside from
zllowing a check of UZ, provides a very accurate +10.00V
reference for instrument troubleshooting.

The LL feedback loop (error correction circult) receives the +20V
putput through voltage divider R1Z and RIS and compares it “to the
gutput of UZ by Ui. The error voltage generated on the output of
1 {pin 6} is fed through CRE, Rii, RE and CR4 to the base of
emitter follower pass transistor A62(3, completing the loop. Due
to the placement of CURE, Ui cannot source current to ARGZRES. U4
therefore, robs base current as +20V out exceeds 20 Volts, acting
as negative feedback to regulate the ocutput voltage.

Rttt and C5 form & noise filter to clean up broadband noise on
integrated reference voltage source UZ. They alse slow down the
startup transient, acting as a soft-start circuit. C4 (in
conjunction with Ri13)Y, C3, R1Z2 and C2, RLD and CL, R1B and T4,
are loop frequency compensation componants.

Ri and RZ form the current sense resistor for the foldback
current limit circuit consisting of RE, CR4, RY, and B3. As the
current from A&203 {(Darlington pass transistors) exceeds 2.4
Amps, the voltage at the smitter of (8 decreases sufficiently 1o
turn B8 on. This allows current to flow through G2, rebbing base
current from AGZRZ, and thus reduces the current from AGZR3. RS,
R%, and CR4 sets the voltage at which GB turns on.

Foldback current limit is used on all critical supplies for
severasl reasons. First, a high current supply {(such as the +5. 2V
supply capable of delivering 10 Amps) is easily capable of
damaging a PC board if an ohmic short develops on the end of a
long run of PC trace. 10 émps through 20 mil PC traces will burn
them right off the board. Foldback current limit reduces this
putput current capability of the supply as it’s output voltage
drops {as in driving a2 dead short). A& second and equally
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important consideration is power dissipation in the pass
transistor for this critical supply. The purpose of the foldback
circuit is to have power dissipation less with the supply
shorted, than with the supply in normal operation. Table B-7034
lists the maximum putput current capability of each supply, and
short circuit output current in foldback,

Table 8-7034. Power Supblu Cutput Current Capability

SUPPLY MAXIMUM OUT SHORYT CIRCUIT CURRENT
+20 2.44 { .5 &4

+1Z i.8a _ NO FOLDBACK (r2a)
+5 10 4 4 2 A

-5 L.BA NO FOLDBACK (5240
~-10 & 04 ¢ 3 A :

-15 1.84 MO FOLDBACK (324)
-48 1.74 .- ¢ .5 A

CR19d protects instrument loads from reverse polarity power in the

event of a short between the +20Y output and some negative
polarity power supply.

+20Y Crowbar/Power On Indicator O

VR1 and R29 monitor the +20V regulator output. When this voltage
exceeds approximately 23V, the drop across RZ0 is large enough to
gate crowbar SCR 81 ON and short the zupply output to ground.
This circuit is useful for protecting instrument lcads in many
fault conditions. If the +20V crowbar circuit did net exist and
pase transistor A62R3 should short, for example, the +20V output
voltage would increase to the level of +20Y UNREG (approzimately

35V); this would easily destroy most circuitry tied to the +20V
supply bus.

Yellow LED D82, mounted close to TP4, and current limit resictor
Rl give a visuval indication of the status of the +20V power
supply. By observing this indicator aleng with the indicators for
the other supplies,; the status of all the instrument power
supplies can be easily determined.

Feference Dscillator Suppluy D

When HS5TD is asserted HIGH by the microprocesser, 04 conducts,
twrning saturated series switch G5 ON. This brings the +20V

Reference Oscillator Supply output up to pouwer ON the ASL 40 MH:z
Refarence Oscillator.
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Standby/s/Overtemp Shutdown E

In STANDBY mode LSBY is pulled LOMW by the front panel CON/ETANDEY
zwitch. This drives U4D pin 13 {(the open cellector output of gquad
comparator U4, Standby/Overtemp Shutdown Block E) LOW which in
turn, through CR7, pulls the base ¢f chassis mounted +20V pass
transistor @3 to ground. The +20V supply is shut down, zlong with
all other supplies 1hat are slaved to it. Also neotice that CRLZ
pulls the CLK input to D-tupe Flip flop U LOW (US is a positive
2dge triggered CMOS D-type flip flopl.

When the ON/STANDBY switch is flipped to the ON position, LEBEY
rises to +22Y, back hiasing CR&6. The voltage across (% rises
exponentially toward EV. When 1t passes 4.9V, U4D pin 13 goes
HIGCH (open} and the base of chaszsis mounted O3 is released. The
+20V supply starts itself. CRLIZ now cauvses the CLK input to UBE 1o
go HIGH {(but not to exceed the 106V Veed., This transition clocks s
‘zero inte the flip flop {(due to the D input, which iz tied low},
resetting any overtemperature condition that may have occured.
During initial power-yp, C10 and REZ reset UE to ensure that the

instrument 15 always in operational status {(with overtemp flag
cleared) when initially energized.

The main heat sink temperature sensor is 2 normally open
bi-metallic switch that g¢loses when the heat zink reaches 100
degrees £, The senser is tied from LHSOT to ground, o that a
switch closure pulls LHEOT LOW and forces U4E pin i HIGH, which
in turn sets flip flop US. & output goes HIGH, forcing U4A pin 2
HIGH and turning ON red overtemp indicator LED DS4. G NOT ocutpur
goes LOW forcing U4C pin 14 LOW which in turn pulls the base of
chassis mounted Q3 to ground, shutting the instrument power
supplies down. US has now latched this overtemp condition, and
zubsequent removal of LHEOT {(as when the heat sink cools back
down}) does not cause the instrument to restart. The only way 1o

clear this overtemp condition is to turn the ON/STANDBY switch to
STANDBY, and then back to ONM.

This overtemp protocol was specifically choszen for =zeveral
reasons. First of all, a2 fault condition that allows the main
heat sink to reach 100 degrees £ indicates that something is
drastically wrong (e.g. the fan has stopped, etc.}. The
possibility of a fire is not out of the question. Therefore, it
was decided that once the overtemp conditicn is detected and the
instrument has shut down, it should take a specific sperator
intervention before the instrument will restart. This should £all
attention to a possibly hazardows sitvation. Because the over
temperature detector latches when overtemp is detected, the BIAJA
Wwill not cycle ON and OFF repetedly if there is a condition that
cauvuses overheating. This eliminates cycling . at excessively high
temperatures which could affect the reliability of the
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instrument.

Grounds and Commons F

Ground distribution is very critical on this board to achieve the
PARD specification for the +20V and +5.2V regulators. Right at
the edge connector finger power ground (plain ground), sence
ground {ground 1}, and +20Y ground (ground 2) are separated. This

is to isoclate power ground currents from sensitive circuitry in
the regulators.

+5.2Y Regulator G

+20V provides the reference voltage, and powers the loop error
correction amplifier U3Z. R67 and RéEZ drop +20 Volis to 4.04
Volts. C14 iz a noise filter, and also acts as a soft-start
element (it slows down the power supply turn-on transient). +5.2V
out 1s sensed remotely on the A62 Main Motherboard at the main BY
power distribution point. +5.2V SENSE(+) comes back osnto the
board, into voltage divider Ré&5, Ré&, and is compared to the
generated 4V reference by error amp U3, The error voltage iz fed
to emitter follower Q7, then to darlington driver Q40, and then
to the chassis mounted pass transistor, Q4. The +5.2Y SENSE(-)
comes from the central ground distribution point (STAR ground) on
the A62 Main Motherboard to provide ground reference. :

Loop frequency compensation uses the feedforward technique, with
€13 {in parallel with R6S) and Cie, R&6Z, R&4 and C12. R&% and C1L5
lower output impedance and provide a minimum load tapacitance.
Foldback current limit operates in essentially the came manner as
in the +20V supply. The current sense resistor iz the paraltlel
combination of R3, R4, and R5. Foldback is accomplished with
pre-bias from R6i and R6Z, and @6 is the active element.

+5. .2V Crowbar/Protection H

When +5.2V QUT exceeds approximately 6.2V, VR3 conducts,
providing gate current for crowbar SCR Q41. It latches ON and
shorts the +5.2V output to ground, protecting load circuits from
the overvoltage condition. CRiZ protects against reverze polarity
applied to the load due to some instrument fault, and yellow LED,
DSt provides a visval indication of the operational status of the
supply.

Microprocessor Protection I

VR4 senses the -5.2V supply, and anytime itz level ic more
positive than -4.2V, Q2 is turned ON. This shorts the adjustmant
terminal of A6ZUL (the +12V requlator' in +42V Regulator Block E)

to ground, pulling +12V output down to +1.3Y. This circuit
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prevents the microprocessor from being damaged by excessive pouwer
dissipation. For this reason, after work has been done on either
the +12V or -5.2Y Regulators, it is critical that the cperation
of this circuit be checked prior to turning the inztrument DN
with the microprocessor board in the instrument.

+12Y Regulator J

A62UL is an adjustable three-terminal regulator. Dutput voltage
is adjusted by the selection of the feedback recsistors RZ%, R3{
and A62R14. R3I0 and ALZ2Ri4 are fixed values whle RZ? is a factory
select. Through proper selection of RZ9, compensation for
variations in regulator characteristics is obtained. The nominal
value of R29 is 4.22K and is apprepriate for mogt of the
regulators. However, it may be necessary to substitute an
alternate value. Increasing RZ? increases the +1:ZV ocutput. AGEZRLS
iz mounted on the A&2 Main Motherboard in parallel to R2% to
egnsure that the regulator has a ground reference path before it's
feedback is connected {(as in inserting the ARZ Positive Fegulator
Assembly with the power ON).

Input capacitor AGECT is required for stability of the regulator.
Aas2Cé is a noise filter and increases the ripple rejection of the
regulator and lowers it’s ocutput impedance. A26CR3 is requiresd 1o
protect the regulator from damage due to charge stored on Lé in
the event of a short from the +12V output to ground. CRid
protects the +12V power supply’s loads from reverse polarity
power inn the event of a short between +12Y and some negatine
power supply. R3L and Ci7 reduce the output impedance of the
supply, and provide a minimum capacitive load to guarantee
stability regardless of load configuration.

+12V Crowbar/Power On Indicator K

When +12V OUT exceeds approximately 13.5 Yolts, VRZ2 conducts,
providing gate current for crowbar BSCR G2, latching it ON and
shorting the supply output to ground. This protects load circuits
from damage due to the overvoltage condition. Yellow LED, DB3
gives a visual indication of the gtatus of the +12V power supply.
It will begin to light when the output of ALZ2U1 is approximately
+7.6V. :

Yoltage Senge L

Ueh, U6D, and ULE sense the level of the +5.2V, +12V and +20V
power supplies. When one of these supplies goes out of regulatien
it's comparator output goes LOW, shorting delay capacitor C8 to
‘ground. This forces HPUP LOW and asserts LIPS LGW. CR?, CRi4 and
CR1S are provided to easily isolate which supply cauvsed the low
voltage indication.
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The cathode of CRB, High Negative Up {(HNUP) goes to the AEZ
Megative Regulator and ASé -1BVY Supply boards. This line is
pulled LOW in the event any of these supplies go out aof
regulation.

When all supplies come into regulation, C2 is released and it's
voltage increases as it is charged by R49. After zome 300mS it1's
ievel passes VREF at 4.9 volts and U6C pin 14 goes LOW. This
~asserts HPUP HIGH wvia Q16 and sets LIPS HIGH via G15. These
signals are used by the processor {(and several other circuits) to
control instrument activity and to ensure proper initialization.

AS52 POSITIVE REGULATOR, TROUBLESHOOTING

If all supplies appear to be down, the first priority iz to

troubleshoot the +20V Regulator (Block By¥. I this supply is douwn

the rest of the instrument will be shut down. Look at +Z0V OUT.
If it is in crowbar (approxximately 0.8V to 1.0V}, checck erraor

amp Ul and follow the feedback path to s=e whegre it is breken;
~also check the crowbar circuit itself. If 420V QUT is at ground,
(e.g. less than .3V}, the problem is probably not that the
supply has been crowbarred. The startup current source chould be
checked next. Find out if Q14 collector is sourcing any current,
and where it is going. Check for internal +10V reference.
{measure across VRB in the +10V/+4 .9V Reference, Block A) 1o see
that thig supply is up. Alse check VREF at the junction of R3I%
and R40 in the +10V/+4.9V Reference (Block A}, and at U4 in the
Standby/0Overtemp Shutdown (Block E).

Check for a shorted A8 {(current limit device in +20V Regulator,
Block B). If the collector of Q14 is held LOW by U4C pin 14, the
level will be lower than if U4D pin 43 is holding it LOW (this
tells you whether the instrument thinks it’s in STANDBY or
OVERTEMF shutdown mode). If it is shutdown by U4D pin 13,
zomething is wrong with it or RE8, RS9, C9, or LSBY. If it’s
shutdown by U4C pin 14, trace the signal back to find where the
problem lies.

If the value of +20V OUT is incorrect, check the +10.00V
precision reference (UZ), and the values of divider resistors
Ri3, R15, and the leakage currents of tantalum capacitors C4 and
Le. If the supply has excessive temperature drift in YOUT, again
check leakage currents in C4 and CE (I4i = K ¥ C # E where C is
capacitance, E is rated working voltage, and K is .01 at 2%
degress C and .2 at B85 degrees C. For C4, I1{(3.3 microamps at 25
degrees C and 66 microamps at 85 degrees C. For CB, I1(3
microamps at 25 degrees C and 60 microamps at 85 degrees Cy, If
leakage is excessive, one or both parts must he replaced. Lezkage

in €4 and CE iz the primary limit on the temperaturs stability of
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+20V QUT.

If the +12V regulator is down, remember that this supply comes up
only when the +5.2V and -5.2V supplies are both operating
properly. If the AG3 Negative Regulator board is net installed,
nothing will get the +42V supply up. The best way to tell which
circuit cavsed the shutdown ‘is 1o measure the base of B3 in the
Microprocessor Protection circuit (Bleock I). If it is turned ON
(.6V or greater), then VR4 is open or the ~-5.2V supply is down.
If it is OFF, then U6B pin 1 in Yoltage Bense (Block L} has
caused the problem. Trace backwards to find out why.

If the +20V switched supply doesn’t come up (or won’'t shut downl,
check driver G4 and pass element U5 in Reference Oscillator
Supply (Block D). Ensure that HS5TD is getting to the board
properly.

The +5.2V supply exhibits many probleme in common with the +2Z0V
syppiy. IF NOUT is slightly off value or excessively temperature
zensitive, look at leakage current in Cl4 ({(3.3 microamps at b
degrees C and && micrcamps at %5 degreesz L}, and the values of
R&E ¢thru R68. If the supply iz down, check the power supply to U3
in +5.24% Regulator (Block Gy. Check it’s operation, look at QY
and @10, and check for shorted Q6. I the supply iz in crowbar,
follow the feedback loop around and look for opens, or check Qi1
and VR3 for shorts.
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AB3 NEGQTIUE.REGULATCR, CIRCUIT DESCRIPTION

The AB3 assembly contains all circuitry for the -10V, -5.2V, and
-40YV power supplies, as well as voltage sensing circuitry to flag
the ASZ Positive Regulator board should one of these supplies go
out of tolerance. '

NOTE

The ~10Y and —40Y supplies are critical.,
low-noise supplies as described in the
- pbe Positive Regulator circuit
description section. They are limited 1o
a8 PARD ¢1006~409Y peak. The -5.2Y supply

is primarily a8 digital (ECL) supply, and
has 2 PARD specification of Emy.

-i0Y Regulator A

+20 VREF (P{ pin 29) comes onto the board from the &52 Positive
Regulator. It is used as a reference through voltage divider
chain RB, R9, and R1i0, and it powers up error amp U4. CE ie the
soft-start element (it slows down the -20V supply turn-on
transient). CRé protects the input stage of US during startup.
The DC feedback loop is completed through R7, CRS, and darlington
driver f(chassis mounted) G4. The topology of this regulator iz
somewhat unique. The pass element (chassis mounted Qi) is in the
ground leg, not the Vout leg. This circuit is regulating ground,
and forcing -10V to float 10 Volts away from it, rather than the
more standard technique of regulating Yout. Thiz allows the use
~of an NPN pass transistor used as an emitter follower rather than .
in the common emitter configuration, which is more sensitive 1o
supply leoading.

€1, C4, Ré, and C3 are frequency compensation compenents. Ril and
C6 provide a minimum load capacitance and lower cutput impedance,
Foldback current limiting is used here as on the +5.2 and +20V
supplige. The parallel combination of R4, R2, and RZ forms the
current sense resistor. CR4 compensates for the extra Vbe in the
monolithic darlington pass transistor (Chassis Mounted Q1). 04 is

the active element, and foldback is accomplished thrpough pre-bizs
from R4 and RG.

-10Y Crowbar/Suypply On Indicator B

Zhould -10V OUT exceed approximately 11V, VR4 will conduct,
providing gate current toe crowbar SCR Q6. It will latch ON,
protecting load circuits from the overvoltage condition. Yelliow
LED DS3 provides a visual indication of the -10U supply
cperational status. CR7 in -10V Regulator circuit (Block B

8-471
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protects load circuits from reverse pelarity power s=hould 3 short

develop between the —-10V OUYT and some high current positive
SUpply output.

-5 .2V Regulator €

Ui is a monolithic three—terminal adiustable negative regulator.
The adjustment terminal iz nominally 1.25¢ above the output
terminal, so WYout is programmed by the following relationship:

Vout = —4.28 {4 + RiI6/R47]

Ci4 increases ripple rejection for Ui. CRLE provides a discharge
path for £14 when Yout is shorted to ground. C8 iz required by
the regulztor ‘for stability, and C7 is required to reduce the
apparent electrical length of the supply input lesads. R1E lowers
the power dissipation im Ui by reducing it’s operating junction
temperature. RIB and C9 provide a minimum capacitive load for the
sUpply.

-5, 2V Crowbar/Supply Opn Indicater D

When -5.2¢ (UT exceeds approximately 6.2 volts, VYR2 conducts,
providing gate current for crowbar SCR Qi, latchiing it ON and
shorting -5.2V OUT to ground. Yellow LED D81 providez a vizual
indication of the operational status of the supply, and CRE iz
provided to protect load circuits from damage due 1o reverss
polarity power in the event of suame instrument ¥fault.

~48Y Regulator &

+20Y REF provides reference (through divider RE7, RER, REZ%) for
the regulator, and pouwers error amplifier U3. VR4 limits the
negative supply to U3 at ~40Y. Ci2 is the soft-ztart element,
slowing down the power supply turn-on transient. CR1l protects
the input stage of UZ during startup. The forward path is
completed throuah R26&, CRLi0, darlington driver B3, and pass
transistor {(chassis mounted) Q2. CRY protects the base-collecior
junction of 63 during startup twhen Ic of chassis mounted B2 iz
low ennugh, its beta is less than 1, and the base-collector
junction of B3 can be forward biased). Then if a large current
flows, 83 will be destroyed.

Feedback is completed off the board using remote sense at the
main -40V distribution point on the A62 Main Motherboard. -40V
SENSE comes back onte the board to complets the loop. Ground
reference (Ground 2) connects to main ground on the beard st ihe
edge finger 1o reduce the perturbations in the supply due 1o
noise currents in the ground trace on the board. R34 and CL3
provide a minimum locad capacitance.
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=40y Crowbar/Suppply On Indicator FE

When -40Y OUT exceeds appproximately 44.2 volts, URI conducts
providing gate current for BB which latches ON, shorting the
supply to ground and protecting load circuits from the
overvoltage condition. Yellow LED DS2 provides & vizual
indication of supply operational status, and CRiZ in -40V
Regulator circuit (Block E) protects load circuits from damage
due to reverse polarity supply power in the event of soms
ingtrument fauwlt condition.

YVoltage Sense H

YRE in -4.64Y Reference (Block G) provides a -4.64V reference to
compare with each supply output. Should any supply be ocut of
regulation (low output), the corresponding comparator output will
gp LOW, forcing U2D pin 43 HIGH which turns ON B7 to pull HNUP
LOW (the logic level on HMUP is: HIGH = +20V; LOW = + 2V),

UgA monitors the —-10V supply, U2B monitors the -5.2V supply, and
U2C monitors the —-40V supply. The input common mode range of U2
includes it’s nmegative supply (U2& pin 12, connected to —L10V).
However, if Vin goes more negative than U2A pin 12, the device
will destroy itself. The problem is that in the event of a
Crowbar {or short to ground) on the —10V supply, U2 pin 12 is
pulled up to growund. The -40V supply, however, iz s£till up, and
can source sufficient current to destroy UZ. Clamp diocde CRi4 and
curregnt limit resistor RS1 prevent this problem from cccuring.
Now U2C pin 8 follows the —~10V supply at U2 pin 42 when it is
shorted. Diodes CRL, CRZ, and CR3 isclats the outputs of UZA, U2B
and U2C. This will allow checking each supply independently for
low ocutput. .

Grounds And Commons I

This block attempts to depict schematically the critical power
and signal ground distributiecn system implemented onm the board.
Caution has been used in deciding which load goes where, and in
isolating critical ground paths from non-critical or high current
ground paths on the board.
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AST NEGATIVE REGULATOR, TROUBLESHOOTING

Operation and troubleshooting of the negative regulators are
virtually the same as their positive counterparts.

1f nothing is working, look at +20V REF and check the levele of
op-amp power supplies (U3 and U4). Alse verify that the -10V
UNREG and -40V UNREGC lines are operating correctly. Realize that
the ~B.2V Regulator (Block C) is dependent upon the —4i0V SUpply;
if the -10V supply is down, so is the -5.2V supply. In thisz case,
repair the -10V supply before troubleshooting the -5.2V supply.
The same is true of the =40V and —-15V supplies, with minor
differences. In this case, if the ~15V supply crowbars it throws
the —-40V supply into foldback current limit. You have to separate
out which supply is forcing both supplies down (if it ig the -1BY
supply, RY in the -10V Regulator (Block A) should indicate a

healthy current through AS6UL. If the -40Y supply failed, thare
should be almost no current into ABGUL.

When a supply fails to energize, first measure its output
~voltage. If the voltage is in the area of -0.8 to ~1.0 volt, the
supply is in crowbar.

CAUTION

Po not remove the crowbar and operate the
zupply without it. This could cause
severe damage to _the instrument if the
supply is faulty and the crowbar has
iripped to protect the instrument,

Possible failures could involve the crowbar circuit or the supply
itself. If the supply output is at ground, the pasz element could
be open, or in a discrete regulator the feedback loop could be
open somewhere {(-10V and -40V supplies). IFf the adjustment
terminal of ASEUL is open, -5.2V OUT goes to about -9V (and
hopefully the crowbar fires). In the =10 and -40V supplies, if

the current limit transistor shorted, ¥ OUT, would drep to ground
{essentially).

if the supply output has incorrect voltage, or is excessively
temperalure sensitive, examine the feedback loop very carefully.
For the discrete supplies, leakage currents of seft-start
capacitors C5 and C12 have a strong effect on supply output
telerance and temperature drift. For the -5.2V supply, tolerance

and drift are constrained primarily by the monolithic regulator
ut.

Aabe ~15Y SUPPLY, CIRCUIT DESCRIPTION
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The Abé board contains the —18Y regulator and voltage sensing
circuitry to flag the ABZ2 Positive Regulator if an out af
tolerance condition in the supply occures.

~15Y Regulator @&

Ui is a monolithic three~terminal adjustable negative regulator.
It is designed to maintain a constant -1, .28V difference between
the OUT terminal and the ADJ terminal. With the ADJ tarminal
connected to VR4, the ocutput voltage is:

Vout = —-(1 26 + 413 7)

" G2 improves the ripple rejection of Ui, and CR1 provides 3
discharge path for C2 in the event of a short from -1iBV 0OUT +to
ground. CF is required to compensate for the effective line
length in the input circuit due to RY1 and Ré&. Ri and R& will
reduce the power disgsipation in Uil during crowbar.

=18V Crowbar/Supply On Indicator B

When ¥V DUT exceeds approximately 17.8 Volts, VR1 conducts,
latching c¢rowbar SCR Q1 ON and shorting -48V OUT to ground. This
protecte instrument load circuits from the gvervoltage condition.
Yellow LED DSt gives a visual indication of the =upply etatus,
and CR2 protects against an inadvertant short between -15Y QUT
and some high current positive suppluy (it clamps =415V QUT =at
fpproximately +0.8VY, protecting load circuits from damage).

~Low VYoltage Sense O

When =15V 0OUT exceeds 12,4V (URZ2)Y + Vp (Qz, ~2V}), G2 turn:z OFF
and HMUP goes HIGH. HNUP is used on the AEZ Positive Regulator
board te determine that the —-18Y putput is within tolerance.

Abe —15V SUPPLY, TROUBLESHQOTING

If the -i5V supply zppears to be down, measure ite output
ypltage. If it is at ground, regulator Ul or fuse Fi has opened.
If it iz between -0.8 and -1.0 Volte, the crowbar ie ON. {(This
could be due to a failure in the crowbar with Q1 or VUR1L shorted,
or the pass element Ui). Do not simply remove B1 to szee if that
was the problem. If U{ has shorted, several instrument loads may
nave been destroyed. It is best to check Ul Ffirszt, or to tezt 01
and VYR1 ouvutside the instrument and then replace them before
reinstalling the AS& -15V Supply board.
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