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6 Service Instructions for the Complete 
Instrument 

6.1 Function Description 

6.1.1 Instrument Function 

The FSEA is a triple heterodyne receiver for the frequency range 20 Hz to 3.5 GHz. Signal processing 
is effected in 6 RF/IF and weighting modules, 2 synthesizer modules and a controller unit, consisting of 
a digital motherboard with interfaces, 468 industry pe and graphic board. The instrument can be 
adapted to future performance requirements by retrofitting of options in the analog and digital sections. 

6.1.2 Description 01 the Modules (Description 01 the Modules in the Block 
Diagram 

(cf. circuit diagram 1065.5000.01 S) 

6.1.2.1 RF Attenuator 

The RF signal passes from the input socket RF Input via the input changeover switch to the switchable 
input attenuator, which can be switched from O to 70 dB in steps of 10 dB. The input signal is applied to 
the changeover switch as well as a 120-MHz signal which has a close-tolerance level of -40 dBm for 
calibration purposes or O dBm for the selftest of the instrument and which can be switched off. 

6.1.2.2 RF Module 

The RF module provides for conversion of the RF input signal to the 2nd IF (741.MHz) and for 
generation of the required 1st LO signal. Two microwave units are provided for the RF circuits: 
• the RF converter contains the circuits for RF signal processing (filters, mixers, amplifiers) 
• the YIG sampler contains generation and distribution of the 1 st LO signal and the sampling mixer 

for synchronization of the 1 st LO. 
In the RF converter, the input signal passes via the input lowpass to the 1 st mixer. This Iowpass at the 
mixer input provides for suppression of the image frequency (image = LO + IF), such that the 
conversion remains unambiguous. In the 1 st mixer the input signal is converted to an IF of 4341.4 MHz 
by means of the first LO (4341.4MHz bis 7841.4 MHZ). The mixer is followed by a Iow-noise IF 
amplifier, which compensates for the loss due to mixing. The signal then passes a filter with a 3-dB 
bandwidth of approx. 50 MHz for filtering the 1st intermediate frequency. Subsequent to the IF filter, 
the signal is converted to the 2nd IF of 741.4 MHz in the 2nd mixer. The local oscillator for the 2nd 
conversion is supplied by the 2nd IF converter module. The conversion loss of the RF module is 
approx. 8 dB. 
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6.1.2.3 2nd IF Converter 

The 2nd IF converter module is used to convert the second IF to the third IF of 21.4 MHz and for 
generation of the second and third LO. The module has 2 inputs for IF signals which can be selected 
using a changeover switch. The signal from the RF converter is first amplified by approx. 15 dB, the 
input switch for selection of the input signal is then connected into the signal path. A power divider is 
provided for further processing of the IF signal withthe full bandwidth of the RF converter. One output 
of this divider is amplified and provided as module output, the second output leads via an amplifier to a 
filter of 741.4 MHz with a 3-dB bandwidth of 10 MHz for further signal processing. This filter functions 
as resolution filter, if the resolution bandwidth is set to 10 MHz and it suppresses the image frequency 
which might occur with the third conversion. The filter is followed by the third mixer, which converts to 
21.4 MHz. The LO for the third conversion is obtained using an oscillator which is synchronized to the 
120-MHz reference of the FRAC-SYN. The signal of this VCO is also used for generation of the 2nd 
LO and as reference. The 2nd LO is generated by multiplication of the oscillator signal (*5) and filtering 
of the comb line. The conversion gain of the converter is typical12 dB, the level in .relation to the input 
mixer is approx. +4 dB. 

6.1.2.4 IF Filter 

The resolution filters for bandwidths between 1 kHz and 5 MHz are located on the IF filter board. With 
10 MHz bandwidth the filter stages of the module are bypassed. Crystal filters are used for bandwidths 
from 1 kHz to 30 kHz, LC filters are used for bandwidths of 50 kHz or aboye. The individual models of 
the FSE family are supplied with two different models of the IF filter board. The models 20 (e.g., FSEA 
20) provide four filter stages, the models 30 provide five ones. The individual filter stages have been 
decoupled from each other by means of amplifiers which is why they act like a Gaussian filter. In 
comparison to other types of filter, the Gaussian filter provides minimum settling time. 
The two models of IF filter accommodate switchable IF amplifiers (step gain), and two independent 
calibration amplifiers subsequent to the first two filter stages. The step gain can be switched in 0.1-<:1B 
steps from O to 50 dB and is used to increase the signal on the reference level in spite of different 
levels at the input mixer. 
Amplification of step gain = -1OdBm - (mixer level) 
One of the two calibration amplifiers is used to compensate for the deviations of amplification with 
different bandwidth or step gain settings. This amplifier is controlled via the serial interface of the level 
transputer and a O/A converter on the IF filter board. The second calibration amplifier is controlled by 
an analog voltage, which is modified by the frequency transputer during the sweep according to the 
frequency response of the input stages. 
The module provides two outputs which the filtered, third IF is applied too The output level in relation to 
a signal on the reference level is O dB, as long as step gain can be adjusted (mixer level >= -60dBm). 
One output is connected to the rear panel, the second one to the digital IF board, where bandwidths 
between 10Hz and 1 kHz have been realized. 
In parallel, the logarithmic value of the IF signal on the board is determined. The Iog module consists 
of an integrated, series-connected rectifier which provides for a dynamic of 90 dB in the models 20 and 
110 dB in the models 30. The generated video signal is applied to a 20-MHz AJO converter on the 
detector board where it is looped through to the rear panel. 
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6.1.2.5 Detector Board 

The detector board contains the AJO converter for acquisition of analog measured values. The 
converter is followed by a correction memory, where the characteristic of the Iog module is linearized. 
Optionally, a delogarithmation can be performed in this correction memory which allows for linear 
representation of the measured values. A gate array is provided for video filtering of the corrected 
measured values, subsequently, the digital selection of the detectors is made (detector-LCA: samples, 
peak, average, RMS). Besides, the board provides for triggering of the sweep to internal and external 
trigger events (trigger LCA). With fast acquisition of measured values (20 MHz), the values are sto red 
in the test RAM (128k*16bit) for subsequent off-line evaluation in the transputer (FAST RAM). The 
selftest AJO converter provides for processing of the diagnosislselftest results for the various analog 
boards. The serial instrument-bus master controls the analog boards in the signal path. 

6.1.2.6 DigitallF 

The signal path via the log module is not used with resolution bandwidths < 1 kHz. The signal is still 
filtered to a bandwidth of 3 kHz by the IF filter board, however, it is then converted to an IF of 25 kHz 
and filtered digitally. An 18-bit AJO converter is provided on the digital IF board for sampling with 25 
kHz. The level must be reduced by approx. 20 dB across the entire signar path in order to obtain the 
same intermodulation-free dynamic range as is obtained with the analog log module. The digital IF 
contains an amplifier which is switchable from O to 20 dB in order to provide the optimum dynamic 
range for the O/A converter. 

6.1.2.7 FRAC-SVN 

The FRACSYN module contains reference-frequency conditioning of the instrument, the interpolation 
synthesizer for YIG synchronization and a calibration source. 
The FRACSYN module has the following functions: 
- Generation of reference frequencies 10, 20, 30, 60 and 120 MHz 
- Generation of a calibration signal 
- Synchronization of the YIG oscillators by means of the interpolation synthesizer 
- Control of further boards via a serial interface 

Three high-frequency local oscillators are required in the FSE, a simplified block diagram iIIustrates 
their theory of operation. The first LO, which can be tuned in the range from 4341.4 MHz to 7841.4 
MHz as well as the fixed-frequency LOs with 720 MHz and 3600 MHz are synchronized to a crystal 
oscillator at 120 MHz, which is again synchronized to a frequency-stable reference oscillator (TCXO 
with 10 MHz in the basic instrument, OCXO with Low Phasenoise option) . If the instrument is switched 
to external reference, the 120-MHz oscillator is synchronized to this signal via a programmable divider. 
The divider can be adjusted such that reference frequencies from 1 to 16 MHz can be synchronized to 
in steps of 1 MHz. 
The first LO is based on a YIG oscillator, which can be tuned in the frequency range of interest. Coarse 
tuning of the YIG oscillator is made via a O/A converter and a voltage-controlled current source. 
The FRACSYN board supplies a signar between 475 MHz and 700 MHz which can be set with any 
stepsize whatsoever « 0.1 mHz). 
The sample signar is amplified in the YIG sampler on the RF module and down-converted with the 
output frequency of the YIG oscillator via a sampling mixer. The offset between the calculated comb 
line and the pretuning is set to 30 MHz. The output signar of the sampler is locked to 30 MHz via the 
control section of the YIG. The YIG is thus synchronized to the corresponding comb line of the 
FRACSYN signal. The phase comparison is made on the FRACSYN which also contains the loop filter, 
using a discriminator. 
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6.2 Service and Selftest Functions 

The following measures have been taken to allow for error Jocalization by means of the selftest 
functions: 

Each synthesizer and signal module contains one or two 1-out-of-8 analog multiplexer(s), which 
select(s) up to 16 test voltages via buffer amplifier. The test voltages are output to the common selftest 
channel. Various functions can be checked: 

• supply voltages generated on-board 

• operating points of amplifiers 

• signallevels by means of level deteetors 

Seleetion of the test channel is made via the serial board control. AII instrument settings required for 
checking a test function are made automatically. 

A differentiation has to be made between: 

• permanent selftest functions 

• the user selftest 

• the service test 

6.2.1 Permanent Selftest 

The permanent selftest consists of supervising the synthesizer loops and the operating voltages in the 
power supply unit. 

a) Supervision of the synthesizer and reference frequencies: 
It is cheeked with all loops during operation, whether the tuning voltages are within the perrnitted 
tolerance. The LO amplifier outputs are cheeked with regard to adherence to the required output levels, 
occurrence of overload is recognized by means of level deteetors located in the signal path at suitable 
places. AII supervisory circuits work as OPEN collector outputs to common interrupt lines, the error­
indicating board is Iocalized by the controller by reading the status registers on the boards. Several 
interrupt lines have been provided for these supervisory tasks: 
LO-Unlock for supervision of the frequency PLLs 
LO-Level for supervision of the LO levels 
IF-OVR for supervision of the 2nd IF overload 
RF-OVR for supervision of the RF and 1st IF overload 
If a faulty function has been found, the user is informed by a system message. One or more of the 
following error messages is then displayed: 

Message 

- Reference unlock 
- 1 st LO unlock 
- 2nd/3rd LO unlock 
- Level 1 st LO 
- Level 2nd LO 
- Level 3rd LO 
- RF OVR 
-IF OVR 

Meaning 

Reference oscillator not synchronized 
First LO not synchronized 
Seeond and third LO not synchronized 
LO level at first mixer too small 
LO level at second mixer too small 
LO level at third mixer too small 
Input signal too large 
Signal following IF amplifier too large 

b) Supervision of the power supply function: 

AII supply voltages are cheeked with regard to adherence to their tolerances. Correet functioning is 
indicated at the rear panel of the instrument by the SUPPL y CHECK LEO. A shortcircuit on any of the 
supply voltages causes switch-off of the power supply. 
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6.2.2 User Selftest 

The user selftest checks the adherence to the rated values at the selftest points on all boards. First, all 
LO signats and, then, the signal path of the instrument is checked. Operating instructions for the 
selftest can be Iooked up in the Operating Manual, Section 2.4.4.3. 

6.2.3 Service Selftest 

The service selftest alJows for specific check of circuitry on individual boards. This test is only 
accessible after entry of the password. 

Upon entry of the password. a menu is disp/ayed with calling the selftest, which is more extensive than 
the user selftest menu: 

~ PASSWO Ir 

1065.6000 

SERVICE 

INPUT 
AF 

INPUT 
CAl 

SEAVlCE 
F\JIICTION 

EfIlTEA 
PASSWOAO 

The FSE contains a number of service functions which would impair the 
analyzer functions if applied inappropriately. These functions are norrnally 
disabled and are not enabled until entering the PASSWORD. 
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1065.6000 

The SER VICE FUNCTION softkey calls various service functions. The 
individual functions are described in the subsequent section. 

The selection of the service function is made according to the following 
nomenclature: 

Service function: gg.bb.ff.p1.p2 

gg Number of function group: 
O: general 
1: means boardslfunctions which are controlled by the 486 
processor 
2: means boardslfunctions which are controlled by the 
transputers (particularly analog modules) 

bb Board number, presently reserved: 

O Functions which are performed simultaneously on 
all boards 

1 Grafic Board 
2 CPU Board 
3 Dig. Motherboard 
4 .. 9 reserved 

10 FRAC SYN 
11 RF Module 
12 2nd IF Converter 
13 LO Phase 
14 Preselector 
15 Tracking Gen 
16 MW Con verter 
17 MW YIG Filter 
18 reserved 
19 FSET -Z1-FT 

20 Detector 
21 RF At1enuator 
22 TG At1enuator 
23 Dig. I F Board 
24 l/a Demod 
25 Channel Filter 
26 IF-Filter 
27 FSET-Z1-PT 
28 FSET-IF1 
29 FSET-IF2 
30 FSET-IF741 
31 FSET-Video 
32... reserved 
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ff 

p1 

p2 

Note: 

Note: 

1065.6000 

Serv/ce and Selftest Functions 

Function number: 
number of service function assigned to the module. The number 
"O" has been reservad for switching off all active service 
functions on the module selected under bb (if required and if 
possible). The numbers "1 to 19" select funetions which have 
been realizad equally for all modules (e.g., read-out of the 
analog multiplexers), however, which differ in the following 
parameters andlor are to be performed on the selected module, 
only. 

Parameter 1 (optional) 
1st para meter for enterad service funetion, entry range:. 
-2147483648 to +2147483647 (32-bit integer, signad) 

Parameter 2 (optional) 
2nd parameter tor entered service tunetion, entry range: 
-2147483648 .. .. +2147483647 (32-bit integer, signed) 

Shortly switch off the analyzer and on again to make sure that 
the activated service function is switched off. Inidvidual functions 
can be switched off using the reserved function code O. 
PRESET normally does not reset any service function . 

. Parameters which have not been entered are assigned O. 
Examples: 
2.10 
FRACSYN module, function=O, parameter1=0, parameter2=O 
2.10 . .4 
FRACSYN module, function=O, parameter1=4, Parameter2=O 

The softkey is not provided until entering the SECURITY CODE. 
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6.2.3.1 List 01 Service Functions 

Function Group O (General Functions) 

Functlon Functlon de8crlptlon 

Function Group 1 (486 Section) 

Functlon Parameter Functlon de8crlptlon 

Software 

O.O.xx 

1.0.0 ldentification 01 modeI Paramelier 1: Requesling or setting 01 !he module options 
and availabiNty 01 options O Transputer request 

1 Setting 01 FSEA 

2 Setting 01 FSEB 

3 Setting 01 FSEM 

4 Setting 01 FSEL 

5 Setting 01 FSEIA 

6 Setting 01 FSEIB 

7 Setting 01 FSEIM 

8 Setting 01 FSET 

Parame!er 2 (optional): 

10 Model10 

20 ModeI2O 

30 ModeI30 

If parameter 2 unequals 10, 
20 or 30, model 30 is usad 

Grafic Board 
1.1 .xx 

CPU Board 
1.2.xx 

Dig. Motherboard 
1.3.xx 
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Function Group 2 (Transputer/Analog Modules) 

The subsequent table contains all service functions which simultaneously affect all modules: 

Function Parameter Function de8crlption 

al boards Functiona for .11 boarda 
2.0.)0( 

2.0.1 - This function causes an interrupl resel t> be released on all 
boards (singular LOW pulse) 

2.02 Parameter 1: This function aJlows for swi1ching on 01' off (par1 of) !he 
O Reslore FIags caJibration dala. Parameter 1 indcates which caJibration data is 

1 CalCorr 
to be swi1ched, parameter 2 specifies !he switching direclion 
(ON, OFF). The setting lhus selected can be overwritten by !he 

2 GaIBWData systern al any time. If pararneter 1 is assigned !he vaJue O, lt1e 
complete ftag structure is resel lo !he setting which prevailed 

3 CorrRAMData prior to !he tirsl manipulation by this function. 

4 CalL.evelData 

5 CalTempData 

6 CalLOSupData 

7 Cal IQ Data 

8 FreqCorrRF 

9 FreqCorrSC 

10 FreqCorrPreSeI 

11 FreqCorrPreAmp 

12 FreqCorrRFAtt 

13 FreqCorrMWConv 

14 FreqCorrMWYig 

15 FreqCorrMWDiplx 

20 CalHighSpeed 

Parameter 2: O=OFF 
1-0N 
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The subsequent table contains all service function numbers which have been realized equally tor all 
boa rds , however, which reter to one single board, only. These functions may be missing with individual 
boards due to the hardware configuration, which is why they are listed in the board-specific tables 
again, it they are provided with the respective board: 

Functlon Functlon deacrlptlon 

2.bb.0 Switching off 01 all SeMce functions started lor !he respective board. This indudes stopping 01 01 
running cyclic functions as wall as enabling 01 cisabIeG'modified system parameters. 

2.bb.l This function cycIically reads out a channel 01 !he respective onboard ciaglosis multiplexer seIecaad 
vis !he parameter 1 and cisplays !he resull Up 10 eight different channels on dilterent boards can 
be read out and displayed, sinultaneously. The repeatsd entry of a channel number terminati9s the 
rneasurement and output for just this channel. En"'ing !he function 2.bb.0 terminales all active 
channel outputs for !he selected board. 

2.bb.2 This function cyclically reads out the starus register of !he selected board and displays the conli9nts 
in binary formo The status register 01 ona single board can be read out al a time, only. II the starus 
register 01 ano!her board is requested to be output, the read-out lor the previously selected starus 
register is stopped belore. The function 2.bb.0 terminates the readout 01 the status register. 

2.bb.3 This function enables reading the EEPROMs of a board into a file 01 !he file system (CAL group) or 
Ioading new data from a file 01 the file system into the EEPROMs. 

Parameter 1 .. O: reading out the EEPROMs 
Parameter 1 .. 1: programming the EEPROMs 

2.bb.4 This function allows for modifying various parameters 01 !he EEPROM header block 01 a board. The 
modificatons are stored in the EEPROM immediately! 

Parameter 1 is usad to saleet the header parameter which is to be varied, 
pararneter 2 contains !he new value for the pararne'" to be variad. 

2.bb.5 This function programs all data from the EEPROM buffer in the RAM into the EEPROM 01 the 
respective board. 

2.bb.6 This function reads out the latest bit pattem which has besn programmed into the control register 01 
a board from the RAM copy 01 the hardware setting and displays it in binary (ind. subaddress) as 
well as in decimal lorm. 

Pararneter 1 indcates the bus address 01 the register to be output, 
pararneter 2 determines the subaddress (offset starting at 0, not the weightsd bit pattern), if 
required. 

The service functions 2.bb.7 and 2.bb.8 subsequently reler to these inlormation! 

2.bb.7 This function writes !he bitpattern translerred in parameter 2 into the register selected by function 
2.bb.6 al the bit positions given vis the mask in parameter 1. The bits thus marked are subsequently 
disabled lor system access. They can be enabled again lor si registers onboard using the function 
2.bb.0 or for the register selecled under 2.bb.6, only, using the function 2.bb.8. Active bits in the 
mask have lo be sel lo 1. Using this function again lor the sarne register, however, using another 
mask, partIy raleases a disabled access' 

2.bb.8 This function reenables the regisler selecled by 2.bb.6 lar syslem access. 
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The subsequent tables contain al! service tunctions which are presently provided tor the various 
boards: 

FuncUon Paramet ... FuncUon deecrlpUon 

FRACSYN FRAC SYN module 
2.10JOC 

2.10.0 Deletion of all active service functions on this board 

2.10.1 Number of the multiplexar cycicaI readout of the ~ultiplex. channel. Repeatad 
channel t> be read out enlly of Ihe sama channel terminales the readout for this 

cha'lnel. 

2.10.2 - cyclical output of the status register of the board 

2.10.3 p1 - O: readout of !he This function enables reading the EEPROMs of the FracSyn 
EERPOMs into the FRAC_SYN.OAT file of the file system (CAL group) or 

Ioading new data frorn Ihis file inID!he EEPROMs. 

p1 - 1: programming of the 
EEPROMs 

2.10.4 p1 : value[O .. 2) This function allows for modifying various pararneters of !he 
p2: value[O .. 99) EEPROM header block of Ihe board. 

p1 - o: type of board, 
p1 • 1: main modification index 
p1 - 2: temporary modification index 
p2 new value for !he enlly 

2.10.5 - This function prograrns all data frorn !he EEPROM buffer in !he 
RAM int> !he EEPROM of!he respective board. 

2.10.6 p1 : bus address This function reads out !he latest bit pattem which has been 
p2: sub address programmed int> !he control register of a board frorn !he 

ha"dware and displays il 

2.10.7 P 1 : bitpattem mask This function wriles !he bitpattem transferred in pararneter 2 
p2: bit pattem new value int> !he register seIected by function 2.10.6 at!he bit positions 

given via the mask in pararneler 1. The bits Ihus marked are 
subsequently disabled for syslem access. 

2 .1 0.8 - This function reenables the register selected by 2.10.6 for 
syslem access. 

2.10.20 p1 : value [0 ... 4095) This functiobn allows for modifying!he OlA converter for 
p2..o: modification on/y adjustrnent of !he refarence frequency. 
p2=1 : modification and 
reading to !he EEPROM 

2.10.21 p1 .. O: CalGen off This function switches over Ihe caJibration source. The setting 
p1 • 1: CaJGen on macla is Iocked for system access. Release via 2.10.0. 
p2 = Cal level in dBm 
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Service and Se/ftest Functions FSE 

FuncUon Pllrameter FuncUon deecrlpUon 

RFmodule RFModule 
2.11.xx 

2.11.0 Deletion 01 all active servioe functions on this board 

2.11.1 Number 01 !he multiplexer c:ycicaJ readout 01 !he anaJog-multipJexer channe/. Repeated 
channeJ tl be read oul entry 01 !he same channel terminales !he readout lor lhis 

channel. 

2.11 .3 p1 - O: readout 01 !he lhis function enabIes reading !he EEPROMs 01 !he RF module 
EEPROMS inlo!he RF.OAT file 01 !he file system (CAL group) or Joading 
p 1 - 1: programming 01 !he new data from Ihis file into Ihe EEPROMs. 
EEPROMs 

2.11.4 p1 : vaJue[O .. 2] lhis function allows for modifying various pararnelers 01 !he 
p2: vaJue[O .. 99] EEPROM header block ot !he board. 

p1 - o: type 01 board, 
P 1 - 1: main modification index 
p1 - 2: temporary modification index 
p2 nfIN value Ior !he entry 

2.11.5 - lhis function programs all data from !he EEPROM buffer in !he 
RAM inlo Ihe EEPROM 01 Ihe respective board. 

2.11 .6 p1 : bus address lhis funclion reads oul Ihe latest bit pattern which has been 
p2: subaddress programmed ¡nto !he control register 01 a board from !he RAM 

copy 01 !he hardware setting and displays il 

2.11.7 p1 : bit pattern ot mask lhis function writes !he bitpattem translerred in pararneter 2 
p2: bit pattern 01 new value intl !he register selected by Ulction 2.11 .6 al !he bil positions 

given vía !he mask in pararneter 1. lhe bits Ihus marked are 
subsequently disabled lor system access 

2.11 .8 - lhis function reenables system access lo !he register seleclled 
by2.11 .6. 

2.11 .20 p1 '" O: NoiseGen off lhis function switches over!he noise generator. lhe setting 
p1 '" 1: NoiseGen on made is !hen Iocked lor system access. Release vía 2 .11 .0. 

2.11 .21 lhis funclion accepts Ihe OAC setting values lor !he LO 
suppression and reads !hem to !he EEPROM onboard. 

2.11 .22 P 1 '" -1: reading out !he total Readout 01 an EEPROM pararneter from !he RAM copy 01 !he 
attenualion error hardware setting and output on !he display: 
p1 - [0 .. 700/1400]: reading p1 : acldress or ID 01 !he EEPROM pararneter tl be read out 
out a Ieval-correclion value 
from !he Ievel-oorreclion list 01 
!he FSEAlFSEB. 

2.11 .23 P 1 = -1 : wriling Ihe total Overwriting an EEPROM parameter in Ihe RAM copy 01 Ihe 
attenualion error to Ihe RAM hardware setting, updating Ihe interpolalion lists lor Ihe leval 
p1 '" [0 .. 700/1400]: writing a correction and status oulput on Ihe display: 
level oorrection vaJue into !he p1 : address or ID 01 !he EEPROM pararneter lo be overwritten 
Ievel-correction list 01 !he p2: new vaJue Ior !he selected EEPROM pararneter 
FSEAlFSEB. 
p2: [0 .. 255] 
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FuncUon Paramet .. FuncUon deecrlpUon 

2nd IF Converter 2nd IF Converter 
2.12.xx 

2.12.0 Deletion of all active servioe functions on tIU board 

2.12.1 Number of !he multiplexer cycicaI readout of!he ~ultiplexer channel . Repeated 
channel ti be read out entry of !he sama channel terminales !he readout fO( tIU 

channel. 

2.12.2 - cycIicaI output of !he status regislBr of !he board 

2.12.3 p1 • o: readout of the Thls function enabIes reacing !he EEPROMs of 
EEPROMS Ihe2ncUF _Converter inlo the SCNO_IF.OAT lile of!he lile 
p1 • 1: programming of !he systern (CAL goup) O( Ioading new data frorn Ihls lile into !he 
EEPROMs EEPROMs. 

2.1 2.4 p1: vaJue[O .. 2) This funclion allows for modilying various paramelers of !he 
p2: value[O .. 99) EEPROM header block ot !he board. 

p1 • O: type of board, 
p1 • 1: main modification index 
p1 .2: IBmporary modificalion index 
p2 new value for !he entry 

2.1 2.5 - This funclion programs all data from !he EEPROM buffer in !he 
RAM inlo !he EEPROM of !he respective board. 

2.1 2.6 p1 : bus address This funclion reads out !he latest bit pattern which has been 
p2: subaddress programrned into !he control register of !his board frorn !he 

RAM copy of !he hardware setting and displays il 

2.1 2.7 p1: bit pattern ot mask This funclion writes !he bitpattem transferred in parameter 2 
p2: bit pattern of new value Intl !he register selected by function 2.12.6 at !he bit positions 

given vía !he mask in parameter 1. The bits !hus marked are 
subsequenUy disabled for system access. 

2.1 2.8 - This funclion reenables system access to !he register selected 
by 2.12.6. 

2.12.20.p1 .p2 p1 : value [0 ... 255) This funclion allows fO( modifying!he OlA converter OACO fO( 
p2-o: modificalion orIy adjustment of !he OVR1 !hreshold 
p2 .. 1: modificalion and 
reading to !he EEPROM 

2.1 2.21 .p1 .p2 p1 : value [0 ... 255) This funclion allows tor modifying!he OlA converter OAC1 to( 
p2..o: modification orIy adjustment of!he OVR1-1 O !hreshold 
p2=1 : modilicalion and 
reading to !he EEPROM 

2.12.22.p1.p2 p1 : value [0 ... 255) This funclion allows for modifying!he OlA converter OAC2 tor 
p2-o: modification orIy adjustment of !he OVR2 !hreshold 
p2=1 : modification and 
reading to !he EEPROM 

2.12.23.p1 .p2 p1: value [0 ... 255) This function allows for modifying !he OlA converter OAC3 fO( 
p2..o: modification onIy adjustment of!he OVR2-10 !hreshold 
p2=1 : modificalion and 
reading to !he EEPROM 

2.12.27.p1.p2 p1: value [0 ... 255) This funclion allows tor modifying!he OlA converter OAC7 fO( 
p2..o: modification only adjustment of !he veo frequency 
p2=1 : modificalion and 
reading to !he EEPROM 

2.12.28 This function iniliates!he veo calibralion of!he !hird LO. Wi!h 
normaJ operalion of !he instrument, !his calibralion is performed 
wi!h total calibration, only. 
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FuncUon Panuneter FuncUon cIeecrIpUon 

LO Phase LO PhMe module 
2.13.xx 

2.13.0 Deletion 01 all active service functions on ttis board 

2.13.1 Number 01 !he multiplexer cyclical readout 01 !he ana!og-multiplexer channel. Repeating 
channel t> be read out !he entry of !he same channellBrminates !he readout 101' this 

chMneI. 

2.13.2 -
2.13.3 pl • o: readout 01 !he This function enables reading !he EEPROMs 01 !he LO_Phase 

EEPROMS module into!he LO_PHASE.DAT file 01 !he file system (CAL 
P 1 • 1: programming 01 !he Group) 01' Ioading new data from this file into!he EEPROMs. 
EEPROMs 

2.13.4 pl: value[O .. 2) This function allows for modifying various pararneters 01 !he 
p2: value[O .. 99) EEPROM header block of !he board. 

pl • o: type 01 board, 
pl • 1: main modification index 
pl .2: IBmporary modification index 
p2 09N value for !he ently 

2.13.5 - This function programs all data from the EEPROM buffer in the 
RAM inlD the EEPROM 01 the respective board. 

2.13.6 pl : bus address This function reads out !he latest bit pattem which has been 
p2: subaddress programmed into the control register 01 this boa'd from the 

RAM copy 01 the hardware setling and displays it 

2.13.7 pl: bit pattern of mask This function writes !he bitpattem translerred in pararneter 2 
p2: bit pattern 01 new value int> the register selected by tunction 2.13.6 at the bit posilioos 

given vis the mask in parameter 1. The bits thus marked are 
subsequenlly disabled for system access. 

2.13.8 - This function reenables system access lo !he register seleclBd 
by 2.13.6. 
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FunctJon PIIrwneter FunctJon deecrlptJon 

MW Converter MW Converter 
2.16.xx 

2.16.0 Deletion 01 a11 active service functions on lhis board 

2.16.1 -
2.162 -
2.16.3 pl - O: readout 01 !he This function enabIes reading Ihe EEPROMs 01 !he MW 

EEPROMS Conveñir into the MW_CONV.DAT file 01 Ihe file system (CAL 
pl - 1: prograrnming 01 !he Group) or Ioading new data from Ihis file into the EEPROMs. 
EEPROMs 

2.16.4 pl : value[O .. 2) This function a1lows for modifying various parameters 01 the 
p2: value[O .. 99) EEPROM header block of !he board. 

pl - o: type 01 board, 
pl - 1: main modification index 
pl - 2: I19mporary modification index 
p2 new value for !he entry 

2.16.5 - This function programs a11 data from the EEPROM buffer in the 
RAM int> the EEPROM 01 the respective board. 

2.16.6 pl : bus address This function reads out the latest bit pattern which has been 
p2: subaddress programmed into Ihe control register 01 Ihis board from !he 

RAM copy 01 Ihe hardware setting and displays il 

2.16.7 pl : bit paltern of mask This function writes !he bitpattem translerred in parameter 2 
p2: bit paltern 01 new value inlo !he register selected by function 2.16.6 at Ihe bit positions 

given vis !he mask in parameter 1. The bits Ihus marked are 
subsequently disabled for system access. 

2.16.8 - This function reenables system access to the register selecl9d 
by 2.16.6. 

2.16.20 This function sets !he syn!hesizer to zero span and sets 
frequency oondilioning to FB > 7GHz. 
No limitation 01 !he maximum frequencies. 

2.16.21 pl : value [0 ... 255) Parameter 1 :frequency correction 01 YIG-Filter 
p~: modificalion on/y 
p2.1 : modification and 
storing in !he RAM copy 01 
!he hardware setting 

2.16.22 p1: vaJue [0 ... 16383) Parameter 1: DAC value lor start-frequency correclion 
p2..o: modification on/y 
p2=1 : modificalion and 
reading to!he EEPROM 

2.16.23 p1: vaJue [0 ... 16383) Paramel9r 1: DAC vaJue for stop-frequency correclion 
p2-o: modification on/y 
p2-1 : modification and 
reading to!he EEPROM 

2.16.24 - Extracts the required EEPROM data from !he current hardware 
buffer and programs them into the EEPROM (Ior 
2.16.21122J23) 

2.16.25 p1 = O: 7 .. 15GHz Overwriting!he EEPROM pararneter lor!he frequency-
p1 = 1: 15 .. 26.5GHz dependent leve! correclion 01 !he first LO in the RAM, updaling 
p1 .. 2: 26.5 .. 4OOHz !he DAC settings lor the leve! correclion and status output on 
p2: [0 .. 255) the display: 

p 1: frequency ranga 01 Ihe new leve~correction vaJue 
p2: new value 

2.16.26 p1 = o: level error 01 Ihe IF Overwriling Ihe EEPROM pararneters lor !he leve! correclion 
gain with externa! mixing in !he RAM, updating the sysl9m data lor 
P 1 .. 1: level error 01 LO !he leve! correction and status output on !he display: 
p2: [0 .. 255) p 1: seIection 01 pararneter 

p2: new value 

1065.6000 6.15 E-1 
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Functlon PIIrwneter Functlon de8crlpUon 

MWYIG Filter MW YIG Fllter 
2.17 .x 

2.17.0 Deletion 01 all active servioe functions on Ihis board 

2.17.1 -
2.172 -
2.17.3 p1 - o: readout 01 the This function enabIes reading !he EEPROMs 01 the MW YIG 

EEPROMS filter into the MW_ YIG.DAT file 01 the file systern (CAL Group) 
p1 '"' 1: programming 01 !he or Ioading new data from !his file inlo!he EEPROMs. 
EEPROMs 

2.17.4 p1: value[O .. 2) This function allows lor modfying various entries 01 !he 
p2: value[O .. 99) EEPROM header block ot !he board. 

p1 - o: type 01 board, 
p1 - 1: main modification index 
p 1 - 2: klmporary modification index 
p2 new value tor the entry 

2.17.5 - This function prograrns all data from !he EEPROM buffer in !he 
RAM inlo !he EEPROM 01 !he respective board. 

2.17.6 p1 : bus address This function reads out the latest bit pattern which has been 
p2: subaddress prograrnmed into !he control register 01 this board from !he 

RAM copy 01 !he hardware setting and displays il 

2.17.7 p1: bit pattern ot mask This function writes !he bitpattem Iranslerred in parameter 2 
p2: bit pattern 01 new value inlo !he register selected by function 2.17.6 at !he bit positions 

given vis !he mask in parameter 1. The bits thus marked are 
subsequenUy disabled tor system acoess. 

2.17.8 - This function reenables system acoess lo the register seleclBd 
by 2.17.6. 

2.17.20 p1 :[0 .. 6201800/1340) Reading out a level correction value from !he leYeI correction list 
lor 22126.5140GHz 01 !he EEPROM buffer in the RAM and 
outpul on !he display: 

p1 : address 01 !he correction value lo be read oul 

2.17.21 p1: [0 .. 6201800/1340) Overwriting a level correction value in !he level-correction list lor 
p2: [0 .. 255) 22/26.5I4OGHz in !he EEPROM buffer in the RAM, updating 

the interpolation lists lor !he level correction and status output 
on the display: 

p1 : address 01 the EEPROM parameter to be overwritten 
p2: new vaJue 
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Functlon Parameter Functlon deecrlptlon 

Detector De_tor board 
2.20.xx 

2.20.0 Deletion of all active service functions on this board 

2.20.1 Number of !he multiplexer cycicaI reaOOut of !he anaIog-multipleXer channel. Aepeating 
channel t> be read out !he enby of !he same channelll9rminales !he readout for this 

chIwlnel. 

2.202 -
2.20.3 p1 • o: readout of !he This function enables reading !he EEPROMs of!he detector 

EEPROMS board into!he OETECTOR.OAT file of!he file system (CAL 
pl - 1: programming of !he group) or Ioading new data from Ihis file inlo !he EEPROMs. 
EEPROMs 

2.20.4 p1 : Value(0 .. 2) This function allows for modifying various parameters of !he 
p2: Value(O .. 99) EEPROM header block of !he board. 

P 1 • O: type of board, 
pl • 1: main modification index 
pl .2: ternporary modification index 
p2 new vaJue for !he entry 

2.20.5 - This function prograrns all data from !he EEPROM buffer in !he 
RAM inlo !he EEPROM of !he respective board. 

2.20.6 pl : bus address This function reads out !he latest bit pattern whlch has been 
p2: subaddress prograrnmed into !he oontrol register of !his board from !he 

RAM oopy of !he hardware setting and displays il 

2.20.7 pl: bit pattern of mask This function writes !he bitpattern transferred in parameter 2 
p2: bit pattern of new vaJue in.., !he register selected by function 2.20.6 at !he bit positions 

given vis !he mask in parameter 1. The bits !hus marked are 
subsequently disabled for system acoess 

2.20.8 - This function reenables system acoess to !he register selected 
by 2.20.6. 

2.2O.20.p1 p1 : vaJue (-SV ... +SV) in steps This function aJlows for modifiying !he OlA oonverter for !he 
01 [10mV). oomparalor setting wi!h extemaJ trigger. 
e.g., l.4V "'> p1 = 140 
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Functlon Pllrameter Funclion deecrlptlon 

RF Attsnuator RF Attenuator 
2.21.xx 

2.21 .0 Delelion 01 all active servioe functions on this board 

2.21 .1 Number 01 Ihe multiplexer cycIicaI read:lut 01 Ihe anaIog-multiplexer channel . Repeating 
channel D be read out Ihe entry IX !he same channellierminates !he readout lor this 

chMneI. 

2.212 -
2.21.3 pl - o: readout 01 !he This function &nables reading Ihe EEPROMs 01 Ihe RF 

EEPROMS attenuator into Ihe RF _ATT.DAT file 01 Ihe file systern (CAL 
pl - 1: programming 01 !he Group) or Ioading new data from this file into Ihe EEPROMs. 
EEPROMs 

2.21 .4 pl : value[O .. 2) This function allows for modifying various pararneters 01 !he 
p2: value[O .. 99) EEPROM header block of Ihe board. 

p1 - o: type 01 board, 
pl - 1: main rnodification index 
pl .2: liemporary modification index 
p2 new value for !he entry 

2.21.5 - This function programs all data from Ihe EEPROM buffer in !he 
RAM inlo !he EEPROM 01 the respective board. 

2.21 .6 pl : bus address This function reads out Ihe latest bit pattern which has been 
p2: subaddress programrned into Ihe conlrol register 01 this board from !he 

RAM copy 01 Ihe hardware setting and displays it . 

2.21.7 pl : bit pattern IX mask This function writes !he bitpattem Iranslerred in pararneter 2 
p2: bit pattern 01 new value inD Ihe register selected by function 2.21.6 at !he bit positions 

given vis Ihe mask in parameter 1. The bits thus marked are 
subsequently disabled for system access. 

2.21.8 - This function reenables system access to Ihe register seleclad 
by 2.21 .6. 
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FuncUon Pararneter Functlonsbeechrelbung 

Dig. IF Board DIg.IF&o.d 
2.23.xx 

2.23.0 Delelion of all active service functions on lhis board 

2.23.1 Number of !he multiplexer cycicaJ reaOOut of !he analog-multiplexer channel. Repeating 
channel " be read out !he entry of !he sarne channel terminates !he readout for lhis 

chsnnel. 

2.23.2 . cyclical ou1put of !he status register of !he board . 

2.23.3 p1 - o: readout 01 !he This function enables reading !he EE;PROMs o, !he digitallF 
EEPROMS board into !he DIGIT _IF.DAT file o, !he file system (CAL group) 
p1 - 1: programming o, !he or Ioading new data from lhis file inID !he EEPROMs. 
EEPROMs 

2.23.4 p1 : vaJue[O .. 2) This function allows for modifying various parameters of !he 
p2: vaJue(O .. 99) EEPROM header block of !he board. 

p1 - O: type of board, 
p1 - 1: main modification index 
p1 - 2: temporary modification index 
p2 new value for !he entry 

2.23.5 - This function programs all data from !he EEPROM buffer in !he 
RAM inlo !he EEPROM 01 lhe respective board. 

2.23.6 p1 : bus address This function reads oul!he Iatesl bil pallern which has been 
p2: subaddress programmed inlo !he control register of lhis boa"d from !he 

RAM copy o, !he hardware selting and displays it 

2.23.7 P 1: bil pattern of mask This function writes !he bilpallem transferred in parameter 2 
p2: bit pallern o, new value intl !he regisler selecled by function 2.23.6 al !he bil positions 

given via !he mask in pararneler 1. The bits lhus marked are 
subsequently disabled for system access. 

2.23.8 - This function reenables syslem access lo !he register seIec~ 
by 2.23.6. 
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Functlon Parwneter Functlon dMcrlptlon 

IF-Filler IF Fllt .. board 
2.26.xx 

2.26.0 Deletion of all active servioe functions on this board 

2.26.1 Number of the multiplexer cycicaI reaOOut of the anaJog-multiplexer channel. Repeating 
channel k> be read out the entry of the sama channelll9rminates !he readout for this 

channel. 

2.26.3 p1 • O: readout of the lhis function enabIes reading the EEPROMs of the IF filler 
EEPROMS board ink> the IF _FIL T.DAT file of !he file system (CAL Group) 
p1 • 1: programming of !he or Ioading new data from Ihis file into the EEPROMs 
EEPROMs 

2.26.4 p1 : value[O .. 2] lhis function allows for modifying various pararnetars of !he 
p2: value[O .. 99] EEPROM header block of !he board. 

p1 - o: type of board, 
pl - 1: main modification index 
p 1 • 2: I19mpor8l)' modilication index 
p2 new value for the entry 

2.26.5 - lhis function programs all data from the EEPROM buffer in the 
RAM ink> the EEPROM of !he respective board. 

2.26.6 p1 : bus address lhis function reads out the latest bit pattern which has been 
p2: subaddress programmed into !he oontrol register of this board from !he 

RAM oopy of !he hardware setting and displays it 

2.26.7 P 1: bit pattern of mask lhis function writes the bilpattam transferred in pararnetar 2 
p2: bit pattarn of new value inlo the registar selected by fulction 2.26.6 at !he bit positions 

given vía !he mask in pararneter 1. The bits thus marked are 
subsequently disabled for system access. 

2.26.8 - lhis function reenables system access to the registar selected 
by 2.26.6. 

2.26.20 CalAmp 1-value as inll9ger: The gain factor enll9red vía pararneter 1 is set for CalAmp1 and 
-3 .. +12 [dB] protacted against system access. System access is enabled 

again by means of the function 2.26.0. The gain faci:>r is then 
overwrittan prior to !he next sweep by !he currently used gain. 

2.26.21 CalAmp2-value as inll9ger: The gain factor enll9red vía pararneter 1 is set for Ca1Amp2 and 
-6 .. +9 [dB] protacted against systam access. Systam access is enabIed 

again by means of the function 2.26.0. The gain fact:lr is then 
overwritten prior to the next sweep by !he currently used gain. 
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FSE Test Instruments and Utllltles 

6.3 Test Instruments and Utilities 

ltBm Type ot Instrument Requlred 8peCltlclillons SUlt.bleR&S OrderNo. AppllcllUon 
Insbum .... t 

1 Digital multimeter 1mV ... 100V UDS5 349.1510.02 
0.lmA. .. 1A 

2 Frequency COlIlter AwJracy >1*10-8 

3 Signa! generator 100kHz ... 35OOMHz SMHU 835.8011 

4 3-dB coupler Decoupling >2OdB: 
1 lo 3500MHz 

5 Attenuator 6dB ONF 274.4110.50 

6 Speclrum anayz&r 100kHz lo 8000MHz FSM 1020.7020.52 

7 Power meter 100kHz to 3500MHz URV5 349.8012.02 
N RV-Z? 

8 Network anaJyzer 300kHz to 3500MHz 

9 VSWR bridge 300kHz to 3500MHz 
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Troubleshootlng FSE 

6.4 Troubleshooting 

3 selftest functions are available to ease troubleshooting: 
The user selftest described in Section 4 is appropriate for determining on which board the error 
occurred. 
The service selftest described in Section 6.1.4.3 supplies additional information on the error by output 
of the faulty test functions. 
When the automatic test has been performed the individual circuitry on a board can be checked by 
calling the board tests. After calling the test fu nctions, the current tolerance limits of the test voltage 
are displayed, thus allowing to obtain further information on the faulty functions of the board. 
The following sections are intended to support troubleshooting assuming various error symptorns by 
way of example. 

6.4.1 No Reaction or Faulty Reaction upon Switch-on 

• The SUPPLY-CHECK LEO on the power supply lights up with power switch and on-switch switched 
on. 

• Check operating voltages on the motherboard: 
X190 A 6 +5.2V ±0.2V 
X190 A 29 -15V±0.2V 
X190 A 30 +15V ±0.2V 
X190 A 31 +5.5V±0.2V 

• Problems which occur with booting the transputer net may be due to a missing clock signal. 
Operation of the level transputer on the detector board requires 20 MHz which are supplied by the 
fracsyn. 

Measurement : X145 20 MHz TIL 

• If no TIL signal is applied to X145 an, check at X144, whether the reference oscillator oscillates 
with 120 MHz: 

Measurement: X144 120 MHz >8 dBm 

6.4.2 Error Messages During Operation 

Even with normal ope rat ion , the controller monitors the functions which are important for operation of 
the instrument such as the lock-in indications for the synthesizer Ioops (LO unlock message), the level 
detectors for the LO signals at the mixers (Level LO message) and overranging in the signal path. 
Starting the selftest (comp. Section 6.1.3.3) should Iocalize the error source as far as possible. Since, 
however, the selftest of the instrument is limited, the following messages, which are arranged 
according to the error messages, should be performed prior to replacing the module which is assumed 
to be defective. 

6.4.2.1 Error Message: 1 st LO unlock 

The first LO has been realized in the FSE by a YIG oscillator, which is synchronized to the output 
signal fo the "FRACSYN" module. Reter to Section 6.1.2.7 for a description ot the module function and 
the illustration in a block diagram. 

Causes for unlocking of the first LO: 
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- faulty adjustment of the YIG-oscillator pretuning or pretuning faulty 
- level with sampling signal too low or signal on the wrong frequency 
- sampling mixer faulty 
- YIG oseillator faulty 
- FM-coil driver for YIG oscillator faulty 

If the error occurs only temporarily, e.g., with warming up of the instrument or with high I Iow 
temperatures, an adjustment of the motherboard of the RF module should be peñormed first to 
exclude effects due to ageing of components. The adjustment is explained in the description of the RF 
modules. 

Appearance of the above-mentioned errors In the Instrument 

Total failure of the YIG synchronization 
If one of the above-mentioned errors occurs in the instrument, the subsequent setting leads to an 
appearance similar to that shown in the figure below. 

Setting on FSE : - reset 
- center 120 MHz 
- span 200 MHz 
- switch input to calibration signal 
- switch on selftest voltage for YIG loop 

using service function 2.xxxxxxx 

Fig. 6.1 Appearance with rnain loop unlocked, when the sampling signal is missing. The frequency 
offset is approx. 50 MHz, then. 

Fig. 6.2 Representation of the calibration signal with a span of 50 MHz. If the synchronization is 
missing, the stepping of the YIG pretuning is visible. 

The following thorough error analysis requires the indicated frequency offset: 
measurement marker -> peak, frequeney offset = marker frequeney - 120MHz 

When synehronization is missing, the YIG oseillator is only swept at the relatively rough stepping of the 
pretuning, Le., approx. 1 MHz with FSEA, approx. 2 MHz with FSEB and FSEM. This causes clearly 
visible steps to oceur on the display, if the span is selected accordingly srnall. With spans <= 30 MHz 
the pretuning value is held. Thus, the signal is not displayed with failure of the PLl. The error can then 
be concluded from the selftest voltage and the displayed frequency offset. 

Error causes 

Frequency offset < 10 MHz 
If the measured frequency offset is below 10 MHz with the aboye setting, the connection between the 
FRACSYN module and the fine tuning ot the YIG oseillator is presurnably interrupted. This is either due 
to a defective connecting cable between X149 and X139 or to a faulty FM-coil driver on the RF 
module. A closer examination is to be carried out aecording to the deseription of the RF module. 

Frequency offset between 40 and 60 MHz 
If the selftest voltage is more negative than the permitted voltage and the frequency offset of the signal 
is between +40 and +60 MHz with the aboye setting, or if the selftest voltage is at the positive stop and 
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Troubleshootlng FSE 

the frequency offset is between -40 and -60 MHz, the error is Iocated in the signal conditioning of the 
YIG-oscillator control loop and rnay be due to the following reasons: 

- no signal at the output X142 of the FRACSYN module 
- incorreet trequency at the output X142 
- cable from X142 to YIG sampler disconneeted (X133) 
- YIG sampler faulty, Le., no mixed signar at X134 
- cable trom X134 to X143 disconnected 
- phase detector on FRACSYN defective 

The output signal of the FRACSYN at X142 is checked by the selftest with regard to level and 
trequency, see Section 7.3.5 Troubleshooting FRACSYN, an additional measurement can be 
performed using the tollowing settings. The same applies tor the output signal of the YIG sampler, the 
level of which is checked at the input X143 of the FRACSYN. 

Setting: reset; span 100MHz; single sweep 

For signal measurement with rnaximum and minimum frequency, the center frequency has to be set, 
accordingly. A single sweep has to be performed following each setting in order to rnake sure that the 
FSE accepts the value! 

Measurement of interpolation synthesizer: 
Connect speetrum analyzer to X142 

Measured value: 
with FSEA and center frequency 50 MHz : 491.2666 MHz, > 1 OdBm 
with FSEA and center frequency 1790 MHz: 684.6 MHz, > 1 OdBm 

with FSEB / M and center frequency 50 MHz: 503.2125 MHz, > 1 OdBm 
with FSEB / M and center frequency 6950 MHz: 679.609 MHz, > 1 OdBm 

Harmonic suppression > 12dBc; frequency deviation below 1 ppm 

Considerable deviations indicate that the FRACSYN module is probably faulty, proceed as explained in 
the board description. If the LO Phase module is fitted, the same measurement must be repeated at 
the connector X123 of the LO Phase. The measurement values must adhere to the same limits. If 
deviations occur, proceed as explained in the description of the LO Phase. 

Testing the output signal of the YIG sampler 

Disconneet the conneetion between X139 and X149, shortcircuit board input X139 on the RF module to 
ground. 
If the frequency offset adhered to the given tolerance with the previous FSE settings, a 30-MHz signal 
+-20 MHz with a level >= -25dBm should be applied to the connector X133. For this measurement, 
repeat the two settings of the previous measurement. If the YIG loop unlocks with particular 
frequencies only, check whether the output level at the sampler is sufficient with these frequencies. 
This cheek requires that the FRACSYN signal (at X 132) is applied with the correet level and frequency 
and that the YIG is correetly tuned. Both requirements should be met by the preeeding tests. 
If the level of the output signal of the sampler is below the indicated limit, the YIG sampler is faulty. In 
this case a replacement module can be obtained and replaced. The motherboard of the RF module 
must then be readjusted according to the board description. Adjustment is not required if the complete 
module is replaced. 

No signar or offset exceeding +- 60 MHz 

In this case, either a YIG oscillator or the pretuning is faulty. Since the YIG can only be replaced 
together with the YIG sampler on the RF module, the pretuning should be cheeked by an additional 
measurement to save costS. 
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Testlng the YIG coarse tuning 

Disconneet the connection from X149 to X139 and connect the input of the RF module (X139) to 
ground. Then peñorrn the subsequent measurements: 

Setting on FSE: reset; span O; center frequency according to table 
Measurement: connect spectrum analyzer at X ... directly to the YIG sampler on the RF module 

Measured value: 

Center frequency Frequency I MHz L.vel/dBm YoIlag. X130 A17 

FSEA OHz 4341.4 +- 20 >-20 1.391 V+- 10 mV 

3.5 GHz 7841 .4 +- 20 >-20 9.627 V +- 10 mV 

FSEBlFSEM OHz 7941.4 +-40 > -10 0.519 V +- 10 mV 

7GHz 14941.4 +-40 > -10 8.755 V +- 10 mV 

The voltage at X130 pin A17 is supplied by the FRACSYN module and provides for the pretuning of the 
YIG oscillator. If this voltage is already out of tolerance, the oscillator frequency does not adhere to the 
above-mentioned values either. Open the line at the board adapter to cheek whether the voltage is 
supplied incorrectly by the FRACSYN module or if the board is Ioaded excessively by the RF module 
(e.g., by a defective main-coil driver, which initiates the YIG pretuning). If the voltage applied at the 
output of the FRACSYN module is correet subsequent to opening the line, the motherboard of the RF 
module should be cheeked and replaced, if required. A replacement of the motherboard requires 
adjustment of the module. If the voltage at the output of FRACSYN remains to be incorrect, the error is 
Iocated in the FRACSYN module. Repair of the module is not advisable since it is a very complex 
digital circuito The board should rather be replaced by a spare board. 
If the measured frequency approximates or exceeds the above-mentioned deviation, the motherboard 
of the RF module should be adjusted. The adjustment instruction is contained in the board description. 
If the levels deviate considerably from the rated values, the fault is Iocated in the YIG sampler or its 
voltage supply. Further troubleshooting requires connection of the board via an adapter cable and 
voltage cheek at the feedthrough filters on the solder side of the main board according to the board 
description. The milled housing of the YIG sampler contains very sensitive microwave circuits which is 
why it must not be opened! With failure of the sampler, a spare module can be obtained, however, the 
main board must be readjusted. The adjustment is peñorrned according to the board description. 

Faulty adjustment of RF module 

A slightly incorreet adjustment of the motherboard of the RF module, as might occur due to ageing, 
causes the message "1st LO unlock" to occur only with large span andlor little sweep time. 

Setting on the FSE : • reset 

Fig.6.3 

• with FSEB / FSEM stop frequency 3.5 GHz 
• sweep time 100rns 
• apply signal with 1.75 GHz, e.g. 

Full span with dynamic faulty adjustment, the signal is displayed depending on the sweep 
time with incorrect frequency or jittered, as in this example. 

In this case, new adjustment of the RF module is required. Reter to the troubleshooting seetion of the 
RF-module description for adjustment instructions. 
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Troubleshooting FSE 

6.4.2.2 Error Message 2nd I 3rd LO unlock 

The 2ndlF Converter module is considerably involved in the generation of the second and third LO. In 
the FSEA, the output signal of the 2ndlF Converter is directly usad as second local oscillator, in the 
FSEB / M, the signal is still doubled in the RF module. The third LO is approx. 720 MHz with all models 
and is usad for conversion of the second to the third IF on the same board, which it is generated on. 
The third LO is the output signal of an oscillator with small tuning range which can be pulled 
electronically. This VCO is pulled close to the rated frequency and, in parallel, it is regulated to the 
sixth harmonic of the 120-MHz reference of the FRACSYN by means of a PLL: 
Since the second LO is obtained by muHiplication of the third LO, both can be asynchronous to the 
reference simultaneously only. The frequency offset of a displayed signal is independent of the receive 
frequency if the 2nd LO is unlocked and is approx. 100kHz to approx. 2MHz. 

Setting on the FSE: - reset 
- center 120 MHz 
- span 8 MHz 
- switching the input to calibration signal 

Fig.6.4 Asynchronous 2nd LO with incorrect pretuning or reference signal being too small. If the . 
120-MHz reference is missing, the frequency is similarly apart, but the signal shows no 
secondary lines. 

Causes for unlocking of the third LO 
- 120-MHz reference from FRACSYN missing 
- incorrect data in the EEPROM of the 2nd IF Converter for the VCO pretuning 
- PLL or VCO of 2nd IF Converter defective 

Measuring the 120-MHz reference · 
Test utility: spectrum analyzer 
Measurement: connect analyzer to the cable to X154 

rated level > +8dBm 
frequency = 120 MHz +- 1 ppm 
reconnect cable to X154 

Measurement of the 3rd LO 
Test utility: spectrum analyzer 
Measurement: connect analyzer to X155 

rated level > +8dBm 
frequency = 720 MHz +- 1 ppm 

If the signal at X155 is outside the above-mentioned limits, though the 120-MHz signal is correctly 
applied to X154, the error is Iocated in the 2nd IF Converter which should be further examined using 
the board description. If the 120-MHz signal at X154 is already missing, an amplifier stage in the 
FRACSYN could be faulty. If an option is fitted, which requires the 120-MHz frequency, a 
measurement at the female X144 reveals whether the signal is present there. The connection between 
X144 and X154 is made via an option board in the option which require the 120-MHz reference and it 
may be disconnected. 
6.4.2.3 Error Message 120-MHz Reference Unlock 

The unlock message of the 120-MHz crystal oscillator rnay be caused by the following facts: 

- level too low or frequency offset too large with external reference 
- frequency offset of the 120-MHz oscillator too large 
- TCXO on the FRACSYN module fauhy 
- OCXO still cold with LO Phase option fitted or failure inside cable 
-> X148 

1065.6000 6.26 

X128 

E-1 



FSE Troubleshooting 

- faulty adjustment of TCXO or OCXO 

The first three iterns can be checked using the FRACSYN description. If the TCXO frequency violates 
the permitted tolerance, it can be readjusted via a DA converter using the service fu nctions. This 
adjustment is explained in the FRACSYN description, too. 

If the LO Phase option is fitted to the FSE, check whether the OCXO is switched on. Measurement of 
the OCXO operating voltages is explained in the FRACSYN description (section). 

If the OCXO operating voltage is outside the tolerance, the FRACSYN module is faulty. If the OCXO 
cIoes supply any signal at X128 although the operating voltage is provided, the OCXO is faulty. If the 
OCXO frequency violates the tolerance, it can be readjusted similar to the TCXO using a service 
function. The instructions for adjustment of the OCXO can be Iooked up in the section on the 
FRACSYN module, as well. 

6.4.2.4 Error Message: Level LO 

This error message is output when a level detector indicates that the signal at the LO gate of a mixer is 
too srnall. The FSE calls the selftest to check, which of the detectors indicates the error. 

6.4.3 Error Message during Selftest 

6.4.4 Error Message with Calibration 

If one of the wamings or error rnessages described in the operating manual occurs with short or total 
calibration, it is useful, to output the calibration values and check the deviations. If the deviations from 
the rated values are fairly large, check the board using the respective service instructions. 
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Testlng and Adjustment FSE 

6.5 Testing and Adjustment 

AII boards of the FSE have been adjusted before being supplied and do not require readjustment after 
a board replacement in the instrument. 
The correction and setting data for the boards are contained in an EEPROM on each board and are 
thus replaced with board replacement. 

Switch off the instrument before replacing a board. 

Sorne boards provide additional adjustment facilities which should be checked with servicing: 

• Fracsyn: adjustment for calibration level -4OdBm 

• RF-Converter: adjustment of the YIG oscillator characteristic and dynamic 

• 2nd IF-Converter: no adjustment 
• IF filter: no adjustment, all values are determined with calibration 

• Detector: no adjustment 

• LowPhaseNoise: no adjustment 

Necessary adjustments are described in the section of the respective boards. 

Adjustment of the reference frequency is explained in Section 4.1.2 (Maintenance and 
T roubleshooting). 
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Dlsassembly and Assembly FSE 

panelling 

Item Deslgnatlon Quantlty Ident. No. 

1 Right-hand rear panel foot 5U 1 0396.4186.00 

2 Left-hand rear panel foot 5U 1 0396.4392.00 

3 Upper cover 5E 1/1 T 460 1 1065.9115.00 

4 Lower cover 5E 1/1 T 460 1 1065.9167.00 

5 Cover on handle side 4 0396.3350.00 

6 DIN965 M4 x 10 4 0081.9478.00 

7 Thread 4 0396.3367.00 

8 HandleT460 2 0396.3221.00 

9 DIN965 M3 x 6 PA 4 0396.8030.00 

10 Side strip T 460 2 0396.3080.00 

11 Side foot 4 0396.4692.00 
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6.6.3.1 Front panel FSE (A20) 
View A 
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FSE Dlssssembly snd Assembly 

Front Panel (A20), Individual Parts 

Instructions for disassembly: - Remove panelling according to 6.6.1 
- Disassemble complete front panel according to 6.6.3 

Hem Designatlon Quantlty Ident. No. 

1 Assembly plate 1 1065.6374.00 

2 12-contact female connector 1 1065.8748.00 

3 Cable W101 1 1065.9221.00 

4 Loudspeaker 1 1065.9215.00 

5 Thread pin for VAR02 4 1065.6380.00 
Thread pin for VAR03 4 1065.6397.00 

6 DIN965 M2.5 x 5 PA 4 0852.3608.00 

7 Printed front panel 1 1065.6280.00 

8 70-key switching mat 1 1065.6316.00 

9 71-key switching foil 1 1065.6345.00 

10 FSE strip 1 0852.1740.00 

11 Screw for plastics plate 12 0852.3250.00 

12 * Con verter board for VAR02 1 1043.1070.02 

O Converter board for VAR03 1 1043.1070.04 

13 Cover 1 1043.1034.00 

14 Hood 1 1043.1028.00 

15 Screw with washer assembly 4 0071.5040.00 
M2.5 x 6 

16 Cable W102 1 1065.9238.00 

17 Cable W41 1 1065.7787.00 

18 Display board (A41) 1 1065.7764.02 
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19 

l1em 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

1065.6000 

Screw with washer assembly 
M2.5x6 

Deslgnatlon 

Key without button (52) 

Keycap 

Screw with washer assembly 
M2.5 x 5 

RF spring (201) 

RF spring (153) 

F5E filter plate 

Plate holder 

OlN965 M2 x 4 PA 

CoJour LCO VAR02 (A400) 
Black/white LCO VAR03 (A400) 

OlN125 A3,2-M 

OIN934 M3 

34-contact cable VAR02 
17 -contact cable VAR03 

Rotating knob R037 

Grid 

Ring 

FSE 

3 0071.5040.00 

Quantlty Ident. No. 

1 0821.8389.00 

1 0396.0145.00 

2 0071.6830.00 

2 1069.3034.00 

2 1069.3040.00 

1 1069.2015.00 

4 0852.0844.00 

4 0852.3508.00 

1 0009.n14.00 
1 0009.7150.00 

4 0082.4670.00 

4 0016.4398.00 

1 1065.8883.00 
1 1065.8783.00 

1 0852.1057.00 

1 1065.6268.00 

1 1065.6351.00 
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FSE Dlssssembly snd Assembly 

Motherboard Analoq CA 10) 

Instructions tor disassembly: - Remove panelling according to 6.6.1 
- Loosen cabling from analog modules 

Item 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1065.6000 

- Unlock analog modules on A 10 (see 6.6.4.1) 
- Disassemble all analog modules 
- Unplug all cables trom motherboard (eg tront panel) 
- Disassemble in the sequence given in the table 

eautlon: Take care not to damage Ioudspeaker temale connector 
(tront panel) on removing the motherboard 

Designatlon Quantlty I Ident. No. 

DIN965 M3 x 8 PA 2 0396.8046.00 

Screw with washer assembly 4 0071 .6853.00 
M3x8 

DIN7985 M3 x 12 2 0081.9090.00 

DIN137-A3-A2 2 0005.0296.00 

DIN9021-B3,2-M 2 0031 .5185.00 

DIN7985 M3 x 12 4 0081.9090.00 

DIN137-A3-A2 4 0005.0296.00 

DIN9021-B3,2-M 4 0031.5185.00 

Rail 2 1065.6445.00 

Motherboard Analog (A 10) 1 1065.6516.02 

Locking plate 2 1065.6422.00 

Screw with washer assembly 4 0071 .6853.00 
M3x8 

Locking rail 2 1065.6416.00 
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6.6.4.3 

Detector Board 
A190 

Digital IF 
A180 

IF Filter 
A160 

2ND IF Converter 
A150 

Frac Syn 
A140 

RF Modukle Unit 
AnO 

DIN79BS M3x10 

LO Phase Noise 
A120 (VAR30l 

or 
OPTION FSE-B4 
LO Phase Noise 
(only tor units VAR201 

Detector Board 
A190 
Digital IF 
A180 
IF Filter 
A160 

2ND IF Converter 
A1S0 

Frac Syn 
A140 

RF Module Unit 
A130 

LO Phase Noise 
A120 (VAR30l 

Analog Moduls 

View A 

~ 

Vi ew A 

n 
1 

11 or 
OPT I ON FSE-B4 I h 
LO Phase Noise [- .. .. ---~ 
(only tor units VAR201 _________ J 
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Preselector 

Motherboard Ana l og 
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or 
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Dlsassembly and Assembly FSE 

Power Supply Unit (A90) 

Instructions for disassembly: - Remove panelling according to 6.6.1 
- Unlock the analog modules on A 10 (sea 6.6.4.1) 
- Remove the last analog module (sea drawing 6.6.5) 
- Loosen cable W103 
- Unplug cables from A 10 and A30 (sea drawing 6.6.5) 
- Oisassemble in the sequence given in the table 

eautlon: Do not damage cable on removing power supply unit. 

Item Deslgnatlon Quantlty Ident. No. 

1 DIN965 M3 x 10 PA 3 0396.8052.00 

2 0lN965 M3 x 6 PA 2 0396.8030.00 

3 Screw with washer assembly 7 0071 .6853.00 
M3x8 

4 300-W power supply (A90) 1 1043.9941.00 
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Dissssembly and Assembly 

Rear Panel 

Instructions for disassembly: - Rernove panelling according to 6.6.1 
- Unplug cabling of analog modules 
- Disassemble in the sequence given in the table 

Item Designation Quantity Ident. No. 

1 DIN965 M3 x 6 PA 4 0396.8030.00 

2 Screw with washer assembly 5 0071 .6853.00 
M3x8 

3 Spacer for D-Submin. 2 0243.7850.00 

4 Locking bolt M3 8 0099.7783.00 

5 Rear panel 1 1 1065.6468.00 
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FSE Dlssssembly snd Assembly 

Fa" Disassembly (E1) 

Instructions for disassembly: - Remove panelling according to 6.6.1 
- Unplug cable from motherboard A30 (see drawing 6.6.7) 
- Disassemble in the sequence given in the table 

Item Deslgnatlon Quantlty Ident. No. 

1 DIN965 M3 x 8 PA 4 0396.8046.00 

2 DIN7985 M3 x 10 PA 2 0396.8152.00 

3 Frame rail T460 1 0396.23n.00 

4 Screw with washer assembly 2 0071 .6853.00 
M3x8 

5 Fan 1 (E1) 1 1065.9109.00 

Fa" Disassembly (E2) 

Instructions tor disassembly: - Remove panelling according to 6.6.1 
- Unplug cable from rnotherboard A30 (see drawing 6.6.7) 
- Disassemble in the sequence given in the table 

Item Designation Cuantity Ident. No. 

6 Screw with washer assembly 2 0071.6853.00 
M3x8 

7 Fan 2 (E2) 1 1065.9180.00 
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Dlsassembly and Assembly FSE 

3.5" Floppy Disk Orive (A390l 

Instructions for disassembly: - Rernove panelling according to 6.6.1 
- Unplug cables W1 03 and Wl04 from the floppy disk drive 
- Disassemble in the sequence given in the table 

Item Designation Quantity Ident. No. 

1 Remove attenuator If necessary (see drawing) 

2 Screw with washer assembly 3 0071.6853.00 
M3x8 

3 3.5" floppy disk drive (A390) 1 0010.7308.00 
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FSE Dissssembly snd Assembly 

Attenuator CA60) 

Instructions for disassembly: - Remove panelling according to 6.6.1 
- Disassemble in the sequence given in the table 

Hem Designation Quantity Ident. No. 

1 RF cable W2 1 1065.6080.00 
for FSEA 20130 

RFcable W2 1 1066.3079.00 
for FSEB 20130 

2 RFcableW3 1 1065.6097.00 

3 DIN7985 M3 x 10 PA 1 0396.8152.00 

4 DIN965 M3 x 8 PA 2 0396.8046.00 

5 DIN965 M3 x 8 PA 2 0396.8046.00 

6 Bearing plate 1 1065.9138.00 

7 FSE attenuator (A60) 1 1067.7755.03 
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6.6.10 Digital Sectian (w i thaut awn Drawing) 

6 . 6 . 10.1 Shield (aver 
Main Processor (A300)/Graphics (A310) 
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Dlsassembly snd Assembly FSE 

Digital Section (without own drawingl 

Main Processor (A3001 I Graphics (A310) 

Instructions for disassembly: - Remove panelling according to 6.6.1 
- Disassemble power supply unlt according to 6.6.5 
- Disassemble in the sequence given in the table 

I Item Designation Quantity Ident. No. 

1 DIN965 M3 x 6 PA 4 0396.8030.00 

2 Shiald covar 1 1065.9067.00 

3 Main Processor (A300) 1 1043.9987.03 

4 Graphics (A31 O) 1 1043.4491.02 
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6.6.10.2 
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6.6.10.2 Motherboard Digital (A30) 
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FSE Dlssssembly snd Assembly 

Digital Motherboard lA30) 

Instructions for disassembly: - Remove panelling according to 6.6.1 
- Disassemble power supply unit according to 6.6.5 
- Disassemble rear plate according to 6.6.6 
- Disassemble shield caver according to 6.6.10.1 
- Disassemble digital modules and options according to 6.6.10 
- Unplug all cables from digital motherboard 
- Disassemble in the sequence given in the table 

Item Designation Quantlty Ident. No. 

1 Screw with washer assembly 8 0071.6853.00 
M3x8 

2 DIN965 M3 x 8 PA 8 0396.8046.00 

3 DIN7985 M3 x 6 PA 6 0396.8130.00 

4 DIN7985 M3 x 10 PA 1 0396.8152.00 

5 Screw with washer assembly 8 0071 .6853.00 
M3x8 

6 Digital motherboard (A30) 1 1065.6639.02 

7 Shield casing 1 1065.9050.00 
(without fan) 
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Dlssssembly snd Assembly FSE • 
4 Cotion FSE-B15 Computer Function 

Instructions for disassembly: - Disassemble shield caver according to 6.6.10.1 

Hem Deslgnatlon Quantlty Ident. No_ 

1 DIN84 M3 x 10 PA 1 0031.6169.00 

2 VGA graphics card (A350) " 1 1073.5744.02 

• 3 Screw with washer assembly 2 0071.6853.00 
M3x8 

4 Filler plate (remove) 1 1043.0550.00 

5 VGA cable (W350) 1 1073.5767.00 

6 VGA-bus cable (W35) 1 1043.1663.00 

7 DRAM SIMM module 1 0008.8552.00 

8 Set of nameplates 1 1073.5796.00 

9 Option nameplate 1 1073.5n3.00 

• 

• 
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FSE Dlssssembly snd Assembly 

Option FSE-B16 Ethernet VAR02 

Instructions for disassembly: - Disassemble shield cover according to 6.6.10.1 

Item Deslgnation Quantlty ldent. No. I 
1 DIN84 M3 x 10 PA 1 0031.6169.00 

2 Ethernet adapter card (A340) " 1 1028.9050.00 

3 Screw with washer assembly 2 0071.6853.00 
M3x8 

4 Filler plate (remove) 1 1043.0550.00 

5 LAN-SUBD 15 cable (W340) 1 1043.1705.00 

6 Set of nameplates 1 1073.5909.00 

7 Option nameplate 1 1073.5896.00 

• 
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• Dlssssembly snd Assembly FSE 

Cplion FSE-B16 Ethernet VAR03 

Instructions for disassembly: - Disassemble shield cover according to 6.6.10.1 

Item Deslgnatlon Quantlty Ident. No. 

1 DIN84 M3 x 10 PA 1 0031.6169.00 

2 Ethernet adapter card (A340) , 1 1028.9050.00 

• 3 Screw with washer assembly 2 0071.6853.00 
M3x8 

4 Filler plate (remo ve) 1 1043.0550.00 

5 LAN cable (W341) 1 1043.1711.00 

6 LAN cable (W342) 1 1043.1728.00 

7 BNe plate 1 1043.0573.00 

8 Set of nameplates 1 1073.5909.00 

9 Option nameplate 1 1073.5896.00 

• 

• 
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FSE Disassembly and Assembly 

Oplio" FSE-B17 lEC Bus 

Instructions for disassembly: - Disassemble shield cover according to 6.6.10.1 

Item Deslgnatlon Quantlty Ident. No. 

1 DIN84 M3 x 10 PA 1 0031 .6169.00 

2 AT-GPIB interface board (A330) 1 1064.1440.00 

3 Screw with washer assembly 4 0071 .6853.00 
M3x8 

4 Filler plate (remove) 1 1065.9096.00 

5 lEC-bus cable (W330) 1 1066.4023.00 

6 Set of nameplates 1 1066.4052.00 

7 Option nameplate 1 1066.4069.00 

8 DIN84 M3.5 x 10 2 0005.1205.00 
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Attenuator Function Description 

7 Testing the Module 

7.1 Function Description 

The module consists of three switchable attenuator pads (10 dB, 20 dB, 40 dB) and a switch used for 
switching the internal calibration generator to the RF input. The switch es are bistable and are switched 
by a short pulse through a driving coil. Following the switchover, the current through the driving coil is 
switched off. 

The control is effected by the level transputer via the serial bus. The board contains an EEpom as data 
storage for the frequency response correction, which is read when the instrument is started. 

7.1.1 Block Diagram 

03 02 01 DO 
Xl 

Input witch -lOdB -20dB -40dB 

X3 
X2 

Cal signal 
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Measuring Instruments and Auxiliary Equipment A ttenuator 

7.2 Measuring Instruments and Auxiliary Equipment 

IIIIm Type of Inatrument Speclftcatlona Appropriate Ord .. No. Use 
R&Sdevlce 

1 Digital multimeter 1 mVto100V UDS5 349.1510.02 
0.1 mAto 1 A 

3 Signa! generator 100 kHz to 3500 MHz SMHU 835.8011 

4 SpectrOOl anaIyzer 100 kHz ~ 1 GHz FSA 804.8010.52 

5 Network ana/yzer 300 kHz to 7000 MHz 
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Attenuator Troubleshooting 

7.3 Troubleshooting 

7.3.1 Preliminary Remark 

For all measurements, the level applied at sockets X1, X2 and X3 must not exceed the value 
30 dBm = 1 W = 7 V into 50 n. 

7.3.1 .1 No Calibration Signal 

When the service function INPUT CAL is activated, a signal with 120 MHz, -40 dBm must be 
measured. 
If there is a level error, the attenuator should be set to an attenuation of O dB first 
If there is no signal, check the signal at the calibration input of the attenuator using a spectrum 
analyzer: 

Signal at X2 with activated service function INPUT CAL: 120 MHz, -40 dBm 

If there is no such signal, the error is to be traced on the Fracsyn module. 
If there is a calibration signal, the attenuation steps of the attenuator are checked: 

Connect the pectrum analyzer to the attenuator output and measure signallevel at 120MHz: 
Set attenuator to O dB attenuation : level -40 dBm 
Set attenuator to 10 dB attenuation : level -50 dBm 
Set attenuator to 20 dB attenuation : level -60 dBm 
Set attenuator to 40 dB attenuation : level -80 dBm 

7.3.1.2 Level Error depending on Reference Level Set 

First check whether the attenuator is switched: 
Vary the attenuation manually from O dB to 70 dB in the INPUT menu using the Step keys. With each 
variation, a mechanical switching noise must be audible. 
Applya signal with 120 MHz, -20 dBm at the RF input of the FSE or switch in internal calibration signal 
using the service function INPUT CAL. 

Connect the spectrum analyzer to the attenuator output (X3) and measure signal level at 120 MHz: 
Set attenuator to O dB attenuation : level -40 dBm 
Set attenuator to 10 dB attenuation : level -50 dBm 
Set attenuator to 20 dB attenuation : level -60 dBm 
Set attenuator to 40 dB attenuation: level -80 dBm 

If there are al! signals, the attenuator can be excluded as the error source. 
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Testing the Specifications 

7.4 Testing the Specifications 

7.4.1 Testing the Attenuation Characteristic at RF 

Connect the network analyzer to socket X1 and socket X3, set the attenuator to 
through-connection (O-dB position) and check the S21 parameters. 
Store the measured curve, in the following referred to as residual attenuation, in 
the network analyzer and subtract from the measured curve (reference value O). 
Perform the next steps for each attenuator pad (Z1 to Z3) individually. 
Cut in attenuator pad, set the reference value on the analyzer according to the 
attenuation value. Check whether the tolerances indicated in the table are 
observed. 

Attenuator stapa 10dB 20dB 40dB 

max error for 0.25dB 0.25dB 0.5dB 
f <= 3.5GHz 

max error for 3.5 GHz < f 0.4dB 0.4dB 1.3dB 
<'"'7G Hz 

Connect network analyzer to socket X1 and socket X3. Set the attenuator to 
through-connection and check the VSWR in the frequency range 50 MHz to 
7 GHz. Repeat the measurement for each attenuator pad additionally cut in. 
Now actuate switch S to check whether connector X1 is terminated with 50 n. 
Connect network analyzer to X2 and X3 and repeat the procedure described 
above. 

Attenuator 

Frequencyrange Return 1088 Residual attenuatlon Residual attenuatlon 
Xl -t X3 X2-tX3 

f <= 1GHz >21 dB <0.8dB <0.5dB 

1 GHz < f <= 3.5 GHz > 13dB < 0.8 dB 

3.5 GHz < f <= 7 GHz > 10 dB < 0.8 dB 
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Attenuator Externallnterfaces 

7.5 Externallnterfaces 

Pln Name Input! Valuerange Slgnal descrlptlon 
Output 

X1011 PTP_STRA E TTL Address strobe 

X1012 PTP_DAT E TTL ser. data 

X1013 +15V_A 

X1014 PTP_CLK E TTL ser. cIock 

X101.5 GND_A 

X1016 PTP_STRD E TTL Dala strobe 

X1019 PTP_SDA B TTL open coIleclor I~bus dala 

X101 10 PTP_SCL E TTL I~busclock 

X1 RF inpul E Ol07GHz 

X2 Cal inpul E O lo 1 GHz 

X3 RF outpul A O 107 GHz 
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RFMODULE Function description 

7 Testing the Module 

7.1 Function Description 

7.1.1 Function inside the Instrument 

The RF MODULE converts the input signal of the analyzer from O to 3.5 (7) GHz to the first IF of 
4341.4 (7941 .4) MHz, and then to the second IF of 741.4 MHz. 

7.1.1.1 Description 01 the Block Diagram 

The RF MODULE is controlled by the frequency transputer. 

The models of the FSE family are equipped with different RF MODULE versions: 

• Mod. 02: 

• Mod. 03: 

• Mod. 04: 

• Mod. 05: 

input frequency range O to 3.5 GHz. 

input frequency range Oto 3.5 GHz, including the Option LO suppression and RF 
Overload Detector. 

input frequency range O to 7 GHz. 

input frequency range O to 7 GHz, including the Option LO suppression and RF 
Overload Detector. 

The RF module consists of the motherboard and the modules YIG SAMPLER and RF CONVERTER. 

YIG SAMPLER 

The YIG SAMPLER module contains the YIG oscillator for generation of the 1 st LO signal, a buffer and 
output amplifier as well as the sampling mixer. With the multiplied output signal of the FRAC SYN or 
LOW PHASE NOISE, the oscillator signal is converted to an IF of 5 to 100 MHz. This IF signal is used 
for synchronization of the YIG oscillator in the main loop. 
The module for models 04 and 05 additionally includes a frequency doubler. 

RF CONVERTER 

The RF CONVERTER module contains the first mixer, the amplifier for the first LO, the first IF filter, 
the first IF amplifier and the second mixer. The input signal is converted to an IF of 741.4 MHz by way 
ot two conversions. 
The module for model 04 additionally includes a frequency doubler and an amplifier for the 2nd LO. 
The module for models 03 and 05 additionally contains an overload detector at the first IF and a circuit 
for suppression of the first LO. 

Motherboard 

The two modules are mounted on the motherboard. It contains the interface to the frequency 
transputer, the bias setting for the two modules, driver circuits tor the YIG tuning, a switchable voltage 
source tor the noise source and the voltage regulator tor supply ot the antenna code socket. 
The EEPROM on the motherboard contains correction data tor the trequency response and the 
amplitication of the RF CONVERTER module. 
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Measuring Instruments and Auxiliary Equipment RFMODULE 

7.2 Measuring Instruments and Auxiliary Equipment 

1"'" Type of Inatrument Speclflcationa Appropriata OrderNo. u. 
R&Sdevlce 

1 Digital multimeler 1mVt0100V UDS5 349.1510.02 
0.1mAto1A 

2 Signal generator 100 kHz to 3500 SMHU (SMP) 835.8011 
(7000)MHz 

3 Signa! generator 100kHz lo 3500 SMHU (SMP) 835.8011 
(7000)MHz 

4 3-<lB coupler Deooupling >2OdB; 
110 3500 (7000) MHz 

5 Spectrum anaIyzer 100 kHz to 8000 MHz FSM 1020.7020.52 

6 Power meter 100 kHz to 7000 MHz URV5 349.8012.02 
N RV-Z2 
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RFMODULE Troubleshooting 

7.3 Troubleshooting 

Using the following description, an error on the RF MODULE can be clearly Iocated. In the case of an 
error, the RF MODULE or one of the two modules is to be replaced. 

Module replacement 

• When replacing the motherboard or the YIG SAMPLER module, it is necessary to check the YIG 
adjustment according to section 7.4.2. 

• When replacing the motherboard, the operating voltage is to be adjusted using R5 to the value 
required for the respective model before mounting the RF CONVERTER module! 

• When replacing the RF CONVERTER module, the correction data associated with the module are to 
be stored in the EEPROM (section 7.4.4) . 

• If only the motherboard is replaced, the correction data for the RF CONVERTER are to be saved 
prior to the replacement. After the replacement, the data are copied back to the EEPROM (section 
7.4.4). 

• The automatic selftest must run without errors after module replacement. 

7.3.1 Selftest 

14 selftest voltages can be measured on the module. These voltages are measured in the automatic 
selftest with certain instrument setups and checked to determine whether they lie within a given 
tolerance. 

Note: Proper functioning of the modules FRAC SYN, DETECTOR and the digital is a 
prerequisite for running the automatic selftest of this module. The automatic testing of the 
complete instrument is always aborted after the to/erance has been exceeded for the first 
time in order to avoid irrelevant error message. For further fauft /ocation with the aid of 
extemally applied signa/s, the test functions can be called up manually in the Board Test 
menu. 

The valid default for the RF MODULE as well as the default for the respective test function are set 
automatically. The selftest voltage measured and the permissible tolerance limits appear on the 
analyzer display. 

Default setting: Center: 

Span: 

RF Attenuation: 

Cal. generator: 
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Troubleshooting RFMODULE 

Table 7-1 Test funetions: 

T_t De8crtpUon Settlng Error mesaage: 
functlon 

O Test 1 t> 13 Test 1 k> 13 
Module test 

1 Operating voltage 1 01 RF TP2 Supply RF Conv8rter 
Convert9r 

2 Operating voltage 2 of RF TP12 Supply RF Converter 
Convert9r 

3 Bias 01 1st LO amplilier, TP5 Bias 1st LO Amp. 
only lor mod.02, 03 

4 Bias 01 1st LO amplilier, TP3 Bias 1st LO Amp. 
only lor modo 04, 05 

5 Bias 01 1 st I F amplifier, TP6 Bias 1st IF Amp. 1 
amplilier1 

6 Bias 01 1st IF amplilier, TP8 Bias 1st IF Amp. 2 
amplilier2 

7 Bias 01 2nd LO amplilier, TP4 Bias 2nd LO Amp. 
only lor modo 04, 05 

8 Bias 01 2nd LO amplilier, TP13 Bias 2nd LO Amp. 
only lor modo 04, 05 

9 Operating voItage 01 YlG TP7 Supply YIG Ose. 
osciUator 

10 Bias 01 isolation amplilier TP9 Bias ISO Amp. 

11 Bias 01 1st LO amplifier. TP 11 Bias 1st LO Amp. 

12 Bias 01 amplilier lor LO TP 10 Bias 1 sI LO Doubler 
ooubler, 
only lor modo 04, 05 

13 Level attar 1 sI mixer, TPO IF Leve! 
only lor modo 03, 05 

14 Temperature 01 RF TP 1 
Convert9r 

Individual polling of the test signals without the associated instrument setup is also possible using a 
service function: 

'~------------------, 
SERVICE FUNCTION 

2.11.1.X X = Number of test point 
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RFMODULE Troubleshooting 

7.3.2 Error in the Converter 

Repair of the RF CONVERTER module is oot possible. It is replaced in the case of an error. The 
supplied correction data are to be copied to the EEPROM of the module in this case (section 7.4.4) . 

7.3.2.1 Conversion Attenuation too large 

An excessive attenuation can be caused by a fault in the RF CONVERTER itself or by a too small level 
of the first or second LO. Therefore, the output level of the YIG SAMPLER should be checked at 
socket X22 and the level of the 2nd LO at socket X151 of the 2nd IF CONVERTER. If the LO levels 
are okay, the error lies in the CONVERTER. By checking the biases according to section 7.4.3.1, it is 
possible to determine whether the fault lies in the CONVERTER or in the rnotherboard (test functions 
1 .. 5, 8, 9). If all biases are okay, the first mixer is probably faulty (see also 7.3.2.3) . In this case check 
the conversion attenuation according to section 7.4.3.2. 

7.3.2.2 Frequency Response Error 

The frequency response of the RF CONVERTER is stored as correction data set in the EEPROM of 
the module and is corrected by a calibration amplifier on the IF Filter module (CAL AMP1) in the 
measurement. If a frequency response error occurs although the calibration amplifier functions properly 
(~ IF FILTER section 7.4.1), there is a fault in the RF CONVERTER or the EEPROM cannot be read. 

7.3.2.3 Excessive LO Feedthrough 

An excessive LO feedthrough indicates a faulty mixer; in the case of modo 03, 05 the fault may also lie 
in the circuit for LO suppression. ~ Check the conversion attenuation and the frequency response and 
LO compensation. 
Further hints at a faulty mixer are provided by a measurement of the forward voltage of the mixer 
diodes at the RF input: 

- Set attenuator of FSE to O dB. 

- Switch off instrument. 

- Measure forward voltage of diodes at RF input in both directions. Nom. value: 900 mV ± 100 mV 

7.3.2.4 Excessive Noise Display 

In the case of an excessive ooise display, check whether it is caused by the RF MODULE or the 
subsequent modules (~ 2nd IF CONVERTER, IF FIL TER). 

7.3.2.5 Too Small Intermodulation Ratio (IP3) 

Check the intermodulation ratio according to section 7.4.3.3 at the frequency at which the error ocurs. 
If the fault lies in the RF MODULE, the LO levels are checked at output X22 of the YIG SAMPLER, or 
at output X151 of the 2nd IF CONVERTER. If these are okay, there is a fault in the RF CONVERTER. 
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Troubleshooting RFMODULE 

7.3.2.6 Error in the RF Overload Display (Mod. 03, 05) 

No RF overloaci display although mixer level > + 10 dBm 

Overload detector on RF MODULE faulty. Check according to 7.4.3.6. 

Permanent RF overload display even without signal 

- Remove RF cable from input X152. If the RF overload display disappears, it is caused by the 2nd IF 
CONVERTER. Further troubleshooting according to section 7 of the 2nd IF CONVERTER. 

- If the RF MODULE still causes an overlqad, the detector on the module is faulty. 

7.3.3 Error in the YIG SAMPLER 

If an error is assumed to líe in the YIG SAMPLER, check the biases according to section 7.4.2.1. 

7.3.3.1 LO Level 

If the LO level is too srnall, no signal or a signal with large level error is visible on the display. Another 
resulting error may be a poor intermodulation ratio. In these cases, the LO level should be checked 
directly at output X22 of the YIG SAMPLER. If the following error messages occur during the selftest, 
there may also be a fault in the LO section of the YIG SAMPLER: 

- Error with test function 10, 11, 12: 
- Error with test function 9: 

Error in YIG SAMPLER 
Supply voltage of YIG oscillator faulty. 
~ Check motherboard. 

7.3.3.2 Error in the Coarse Tuning (Main Coil) 

The control voltage for the coarse tuning is generated by the FRAC SYN module. If the measured 
values at X130.C15 are out of tolerance. open the connection at the service adapter to determine 
whether there is a fault in the FRAC SYN module or in the motherboard. 

- Tuning voltage okay: 

- Tuning voltage still faulty after 
opening the connection: 

- Tuning voltage okay after opening 
the connection: 

Check coarse tuning according to section 7.4.2.2. If 
necessary. perform YIG adjustment. 

Error in FRAC SYN or short-circuit on the 
rnotherboard 

Main coi! driver faulty (motherboard). 

7.3.3.3 Error in the Fine Tuning (FM Coil) 

In the case of an error in the fine tuning. the YIG oscillator can no longer be synchronized (error 
message LO unlock. voltage YIGCON out of tolerance) . This may also be caused by faulty adjustment 
of the coarse tuning. a faulty dynamic YIG adjustment or an error in the YIG control loop (~ FRAC 
SYN). If the adjustments mentioned cannot be performed. check the fine tuning according to sectíon 
7.4.2.3. 

1065.6768.02 7.6 E-1 
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Testing the Specifications RFMODULE 

7.4.2 First LO 

Proper functioning of the FRAC SYN module is a prerequisite for performing the following tests. 

7.4.2.1 Biases 

Operate the module outside the instrument using the FSE service kit. 

Teatpolnt Mod.02,03 Mod.04,05 Remark: 

X310 · +6.5 VfO.1 V RF MODULE TF 10 

X311 · 01o·2V 

X320 + 12V +12V±0.1V 

X330 + 12 V + 12 V±0.1 v 

X340 + 14.2 V + 14.2V±0.1V 

X352 ·5V ·5 V±0.1 v RF MODULE TF 9 

X353 + 15 V + 15 V±0.1 v 

X360 +6.5V +6.5 V±0.1 v RF MODULE TF 12 

X361 01o·2V 01o·2V 

X370 · + 7.0V±O.1 v RF MODULE TF 11 

X371 · 01o·2V 

X380 · 

X381 · 

1065.6768.02 7.8 E-1 



RFMODULE Testing the Specifications 

7.4.2.2 Coarse Tuning 

Test setup: 

- Connect spectrum analyzer to ><22. 

- Rernove cable from X139. 

Measurement: 

Setting on the FSE: SPAN Zero 

- Measure YIG frequency and tuning voltage at the following frequencies: 

CENTER frequency on FSE Voltage betw .. n YIG frequency at X22 
X130.C15 and X130.C16 

OHz FSEA: 1.4 V FSEA: 4341 .4 MHz ± 20 MHz 
FSEB: 0.5V FSEB: 7941 .4 MHz ± 40 MHz 

FSEA: 3.5 GHz FSEA: 9.6 V FSEA: 7841.4 MHz ± 20 MHz 
FSEB: 7GHz FSEB: 8.8V FSEB: 14941 .4 MHz ± 40 MHz 

The voltages at R87 vary with the static YIG adjustment. 

7.4.2.3 Fine Tuning 

Test setup: 

- Connect spectrum analyzer to X22. 
- Remove cable from X139. 
- Connect voltage source to X139. 

Measurement: 

Setting on the FSE: 

SPAN Zero 
CENTER O Hz 

- Set voltage at X139 to O V. 

- Measure frequency at X22. 

- Set voltage at X139 to - 8 V. 

- The frequency at X22 varies by 

- Set voltage at X139 to + 8 V. 

- The frequency at X22 varíes by 

1065.6768.02 

FSEA: 4341.4 MHz ± 20 MHz 
FSEB: 7941.4 MHz ± 40 MHz 

FSEA: - 40 MHz 
FSEB: - 80 MHz 

FSEA: + 40 MHz 
FSEB: + 80 MHz 

7.9 

VoItage at R87, Pln 3 

FSEA: 1.6 V ti 2.55 V 
FSEB: 1.5 V ti 2.35 V 

FSEA: 3.0 Vto4.7V 
FSEB: 2.9 V to 4.4 V 
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Testlng the Speclficatlons RFMODULE 

7.4.2.4 LO Output Level 

Test setup: 

- Connect spectrum analyzer to X21 , or X22. 

- Rernove cable from X139. 

Measurement: 

Setting on the FSE: 
S PAN Zero 

- Vary center frequency between O Hz and 3.5 (7) GHz 

- Measure LO level: 

FSEA, X22: > +14 dBm in the frequency range 4.34 to 7.84 GHz 

X21 : >-18dBm 

FSEB, X22: > +12 dBm in the frequency range 7.94 to 14.94 GHz 

X21: > O dBm in the frequency range 7.5 to 15.2 GHz 

7.4.2.5 IF Level 

Test setup: 

- Connect spectrum analyzer to X134. 

- Remove cable from X139. 

Measurement: 

Setting on the FSE: 

SPAN Zero 

- Vary center frequency between O Hz and 3.5 (7) GHz 

- Measure IF level al X134. 

Frequency: 

Level: 

1065.6768.02 

30 MHz ± 20 MHz 

- 18 dBm ± 4 dB 
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After execution of the modifications and programming of the new firmware the 
synchronisation can be adjusted. If the O Hz carrier is jumping you should execute 
the following adjustment: 

PRESET ' Q.11.): () ll1/h Gt'",i( ~ O h 1, __ ~<::,~~ 
activate the service function . The password is 894129. Iv¡ I-h '.,.. ." 
Enter service function 2.10.1.13 L._ • 

FREQUENCY CENTER 1 MHZ, SPAN O MHZ 

The selftest voltage will appear in the lower left corner. It should be O V, +- 0.2 Volt.lt 
can be adjusted with R125 on the RF-Module (accessible from the top). 

FREQUENCY CENTER 3.49 GHZ, SPAN O MHZ 

The selftest voltage will appear in the lower left cornero It should be O V, +- 0.2 Volt.lt 
can be adjusted with R87 on the RF-Module (accessible from the top) . 

Check at 1 MHz again to compensate influence of R87. 
[ "" ; .... ., 'J ,. //'""1 . " ~ !. .... ',_ ;. -f '. 1. • 

'" " ¡' <..... \'...) ~ ,. ," '- . J .' . -j ' ". ... •• ( •• ) l... ........... iL.--- '. I r'!.' 4 I ( • 

After this static adjustment the dynamlc synchronisation should be done: . ,- " .~,.\ 
( .. ,.:-~!" l~' . ' ''' ,/l L C\.'l'\ll":.V-;e Il/~ . , " ,_ .,' ,.({.., .; '.(d--J(I (,', ) 

I • 

PRESET 

Connect a scope to the testpoint. 

If you have a DEMO-FSEA the testpoint is located on the RF-Unit, componenet side. 
In the upper left corner, you should see 2 pairs of PCB-pads. Touch the upper right 
one with the probe tipo 

If your FSEA is newer and not a demo, connect the scope to the motherboard, X130 
(Rf-module socket) pin A 17. 

You will see the FM coil correcting voltage during the full span sweep. During the 
valid period this signal must not exceed +- 4 Volts. The valid period starts from 
sweep start and is 3 ms long, then follows a burst packes which will exceed the 
tolerance, then another valid period of 4 ms length. The correct voltage can be 
adjusted with R 121 and R148. Normaly the adjlJstment will be near CCW position. 
DO NOT ADJUST BOTH POTS TO CCW! (self oscillation). 

If you have question you can contact 3MSF +49-89-4129-2576 





RFMODULE Testing the Specifications 

7.4.2.6 Static YIG Adjustment 

Test setup: . 

- Connect spectrum analyzer to X21. 

- Reconnect cable from X139 to X148. 
- ¿ {? 1 ,:.-.;-

- Connect multimeter to X130.A 17 (test output YIGCON). í , 
. c«. , , " ) 

Measurement and adjustrnent: 

Setting on the FSE: 

SPAN 

CENTER 

Zero 

o Hz r .-1 <H uz.. 

- Set R125 such that the YIG oscillator locks in at 4341.4 (7941.4) MHz and the voltage at X130.A17 
reads O V ± 100 mV. ,/:: / 

- Set center frequency to ~.5 (7) GHz. ? Lf0 ~I 
-' o , 

- Set R87 such that the YIG oscillator locks in at 7841.4 (14941.4) MHz and the voltage at X130.A 17 
reads O V ± 100 mV. 

- Repeat adjustment steps at center frequency O Hz and 3.5 (7) GHz until the voltage at X130.A 17 is 
equal to O V ± 100 mV at both frequencies. 

7.4.2.7 Dynamic YIG Adjustment 

Test setup: 

~ 

- Connect oscilloscope channel 1 to SWEEP socket (trigger signal) . -T, i 

- Connect oscilloscope channel2 to X130.A17 (test output YIGCON). 

Measurement and adjustment: 

Setting on the FSE: 

SPAN 

SWEEPTIME 

Full 

5rns 

( ~ . ( . 
../ 

- Set R148 and R121 such that the voltage at X130.A17 does not exceed a value of ± 4 V during the 
two sweeps. t 

1065.6768.02 7.11 E-1 



Testing the Specifications 
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RFMODULE Testing the Specifications 

7.4.3 RF CONVERTER 

7.4.3.1 B.iases 

Test polnt: Mod. 02, 03 Mod.04,OS R.mark: 

X5 7.0V±50mV, 7.5V ±50mV Use R4 to adjust to nominal 
6.5 V ± 50 mV, after vaJue. 
board version RF MODULE TF 1 
-04-

X403, X404 +4.0V±0.1 V +4.0V±0.1 V RF MODULE TF 6 

X401 , X402 Otl-1V Ob-l V 

X407, X408 +4.0V±0.1 V +4.0 V±O.l V RF MODULE TF 5 

X405, X406 Otl-1V Ot>-lV 

X411 - + 7.0 V±O.l V RF MODULE TF 4 

X409 - - 0.1 to - 1.5 V 

X412 +6.0 V±O.l V - RF MODULE TF 3 

X410 - 0.1 to - 1.5 V -

X420 - + 5.2 V±0.1 V RF MODULE TF 7 

X421 - + 5.2 V±O.l V RF MODULE TF 7 

X414 - + 7.0 V±O.l V RF MODULE TF 8 

X413 - - 0.1 to - 1.5 V 

1065.6768.02 7.13 E-1 



Testing the Specifications RFMODULE 

7.4.3.2 Conversion Attenuation 

The attenuation and the frequency response of the module are stored in the EEPROM. Recalibration of 
the module is only possible using a special test station. The following test is usad to check whether the 
conversion attenuation lies within the permissible tolerance. 

Test setup: 

X13Z,.. 
7" RF MODULE X132 

Signal generator ~ 

Me8surement: 

Setting on the FSE: 

Power 
Splitter 

Power meter 

SPAN Zero 

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

FSE 

\1 

Spectrum analyzer 

- Calibrate level display of spectrum analyzer at 741.4 MHz. 

- Set center frequency to transmitter frequency. 

- Set transmitter level to -5 dBm using power meter. 

- Determine conversion attenuation for frequencies 10 to 3500 MHz (7000 MHz): 

Frequency range Mod. 02, 03 Mod. 04, 05 

10 to 3500 MHz 7.5 dB to 11.5 dB . 

10 to 6500 MHz . 9 dBto 15 dB 

6500 to 7000 MHz . 12dBto18dB 

1065.6768.02 7.14 E-1 



RFMODULE 

7.4.3.3 Intermodulation (IP 3) 

Test setup: 

Signal Generator 1 
~ 

Power X1~ 
Splitter 

, 

~ignal Generator 2 
l' 

Measurement: 

Setting on the FSE: 

Zero SPAN 

CENTER respective test frequency 

- Set transmitter 1 to center frequency. 

- Set transmitter 2 to center frequency + 1 MHz. 

- Set the level of the individual signals to -10 dBm. 

- Measure level at X132 at 741.4 MHz (= reference value). 

- Set transmitter 1 to center frequency + 2 MHz. 

- Measure level at X132 at 741.4 MHz. 

Testing the Specifications 

RFMODULE X132 
f--

FSE 

,11 

Spectrum Analyzer 

Difference from reference value: > 50dB 

- Repeat measurement for different center frequencies. 

1065.6768.02 7.15 E-1 



Testing the Specifications 

7.4.3.4 LO Feedthrough 

Test setup: 

- Terminate RF input with 50 n. 
- In the case 01 modo 03, 05 ca" the 1unction LO Supo in the CAL menu. 

Measurement: 

Setting on the FSE: 

Mod. 02,04: 

SPAN Zero 

CENTER O Hz 

RF Attenuation O dB 

- Read LO level on the display. Nom. value: 

Mod. 03. 05: 

- Read LO level on the display. Nom. value: 

7.4.3.5 Overload Detector (Mod. 03, 05) 

Test setup: 

- Connect signal generator to 'RF input . 

- Termínate output of RF MODULE with 50 n. 

Measurement: 

Settíng on the FSE: CENTER 

SWEEP 

120 MHz 

Single Sweep 

- By starting the sweep an interrupt reset is triggered. 

< - 8 dBm 

< - 45 dBm 

Signal generator: 120 MHz Actlon Loglc Ievel 
Level .t X140.C20 

OdBm Interrupt Raset High 

+ 10 dBm Interrupt Raset l..cm 

1065.6768.02 7.16 

RFMODULE 
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RFMODULE Testing the Specifications 

7.4.4 EEPROM Data 

Using a service function, the complete EEPROM contents can be read out to the hard disk of the 
instrument and written back. 

SERVICE FUNCTION X=O: Read out EEPROM data. 
2.11.3.X X=l: Write back EEPROM data. 

The directory D:\RUNTIME\CAL\ then contains the file RF.DAT. When replacing an individual module 
or the rnotherboard, the file must be updated. For further inforrnation refer to the supplement to the 
replacement module. 

1065.6768.02 7.17 E-1 



Externallnterfaces RFMODULE 

7.5 External Interfaces 

Pln Name Input! OrlglnlDestlnatlon Value range Slgnal de8crlptlon 
Output 

Al nREADY E FRACSYN TTL Datar&aa¡ 

Cl TEMPFE A POWER SUPPL y 3 +- 0.25 V Temperature sensor 

C2 TEMPFE-GND A POWER SUPPL y O+- 10 mV Temperature sensor 
GND 

Al0 FTP_CLK A TTL Interface to frequency 
transputer, 
cIock 

Cl0 FTP_DAT A TTL Interface to frequency 
transputer, 
dala 

All FTP_STRA A TTL Interface to frequency 
transputer , 
address strobe 

C12 FTP_STRD E TTL Interface to frequency 
transputer , 
data strobe 

C15 PRETUNE E FRACSYN Oto 10 V YlGcoarsetuning 

C16 GNDDAC E FRACSYN OV± 10mV Relerence lor tuning vo/t. 

A17 YIGCON E FRAC SYN -15Vto+ 15V YlG fine tuning, 
test output 

C21 RF_OVR-l0 A DETECTOR open CoIlector Overload detector 

C20 RF_OVR A DETECTOR opan CoIlector Overload detector 

A24 INTRES E DETECTOR TTL Reset error 
message 

A25 ADCMUX A -5V to +5V Test channel lor selftest 

A26 ADCGND B OV Relerenc8 ADCMUX 

C26 F_SDA E TTL, 100 kHz 12C bus 

C27 F_SCL E TTL, 100 kHz 12C bus 

C28 +28V E +28 V ± 1 V Supply 

A2.9 -15V E -15 V±O.lV Supply 

B29 -15V E -15V±0.1 V Supply 

C29 -15V E -15 V±O.l V Supply 

A:JO +15V E +15V±0.1 V Supply 

1065.6768.02 7.18 E-1 



RFMODULE External interfaces 

Pln Name Input! Orlglnld_tlnation V.uerange Slgnal deac:rlption 
Output 

B-.~ +15V E +15V±0.1 V Supply 

C30 +15V E +15V±0.1 V Supply 

A31 +5V_A E +5.5 V ± O.05V Supply 

831 +5V_A E +5.5 V ± 0.05 V Supply 

C31 +5V_A E +5.5V ± 0.05 V Supply 

A32 GNDA B OV Ground S'l8Jog 

832 GNDA B OV Ground MaIog 

C32 GNDA B OV Ground anaJog 

X131 RF_IN E Mod. 02, 03: RF input 
Oto 3.5 GHz, 
max. -10dBm 
Mod. 04, 05: 
Oto 7 GHz, 
max.- 10dBm 

X132 2nd_LO E 2ND IF CONVERTER 3600 MHz, > 18 dBm 2nd LO 

X133 FRACSYN E FRAC SYN, 485 MHz to 700 MHz, Synthesizer signal 
LOW PHASE NOISE +10t014dBm 

X134 IFSYN A FRACSYN < 100 MHz, IF from YlG and comb 
-15 dBm typ. signa! 

X135 1st LO A 3.75-8 GHz 1 st LO for tracking, 
- 10 dBm typ. socket optional 

X137 2nf IF_OUT A 2ND IF CONVERTER 741.4MHz IF output 
Mixer leve! - 8 dB 

X139 YIGCON E FRAC SYN - 15Vto+15V YIG fine tuning 

1065.6768.02 7.19 E-1 
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FRACSYN Functlon descrlption 

7 Testing the Module 

7.1 Function Description 

7.1.1 Functlon Inslde the Instrument 

The FRAC SYN module contains the reference frequency conditioning for the instrument, the 
frequency transputer for controlling all frequency-dependent module settings, a calibration signal 
source for instrument calib ratio n , the sweep synthesizer and a phase-Iocked loop for the YIG 
synchronization. 

7.1.1.1 Description 01 the Block Diagram 

Reference freguency conditionjng 

A crystal oscillator supplies the 120-MHz reference signal. By means of frequency dividers, the 
frequencies 60, 30, 20 and 10 MHz are generated' which are used on the module itself or in the 
instrument. 
The 120-MHz crystal oscillator is synchronized to a frequency-stable reference oscillator Ca TCXO or 
OCXO with Option FSE-B4). With the external reference set, the 120-MHz oscillator can be 
synchronized to frequencies of 1 to 16 MHz (in 1-MHz steps) using a programrnable divider. With 
internal reference, the module provides a 1 O-MHz signal at the rear-panel socket. 

Freguency transputer (FTP) 

The transputer on the FRAC SYN module, in the following referred to as frequency transputer, receives 
the current sweep setting via the level transputer from the graphics transputer. The frequency 
transputer thus calculates the required synthesizer settings. The settings required during the sweep are 
performed vía a parallel bus. In addition to the control of the sweep synthesizer, several O/A converters 
are programmed in parallel during the sweep. These converters provide control voltages for a 
frequency-dependent level correction, the coarse tuning of the YIG oscillator and the control of the 
sweep output. For options like tracking generator and preselector, further O/A converters are provided 
on the module. 
For control of the settings where timing is not critical, a serial bus is available to the frequency 
transputer. 

Calibration signal source 

Using a level control, the 120-MHz signal is adjusted to a constant level. Via switchable attenuator 
pads. a calibration signal with O or -40 dBm is provided. 
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Sw9® syntbesjzer 

Tbe sweep syntbesizer provides a signal between 475 MHz and 700 MHz, which can be set with a very 
small step size « 0.1 mHz). This frequency resolution is achieved by a synthesizer operating 
according to the fractional N metbod. A veo is synchronized to tbe 20-MHz reference via a 
programrnable divider by means of a PLL. By switching between different division factors, an average 
division factor is obtained, which corresponds to a fractional division factor. The divider is controlled by 
a gate array, which is to be programmed only if the frequency is readjusted. 

YIG control loop 

A correction signal for the YIG fine tuning is derived from the IF signal of the YIG sampler and the 
internal 30 or 60-MHz reference signa!. To this end, the module contains a phase detector and a 
control amplifier with loop filter with switchable control amplification. During operation with the LOW 
PHASE NOISE Option, the signal of the sweep syntheszier divided by 16 is usad as reference. The 
respective divider is accommodated on the LOW PHASE NOISE module. 
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7.2 Measuring Instruments and Auxiliary Equipment 

Itam Type of Inatrument Speclflcatlona Approprta18 OrderNo. u. 
R&Sdevlce 

1 Digital multimeter 1m Vto 100 V UDS5 349.1510.02 
0.1 mA to 1 A 

2 Frequency c:x>ooter Accyracy >1·10-8 

3 Signal generator 100 kHz to 3500 MHz SMHU 835.8011 

4 SpectrllTl aMyzer 100 kHz lo 1000 MHz FSA 

5 Powermeter 100 kHz to 3500 MHz URV5 349.8012.02 
N RV-Z5 

6 Oscilloscope 100 MHz. SOS 
10:1 proba 
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Troubleshootlng FRACSYN 

7.3 Troubleshooting 

Using the following description, an error in the FRAC SYN module can be clearly Iocated. In the case 
of an error, the module is to be replaced. 

Module replacement 

• When replacing the module, check the accuracy of the internal reference frequency and the level of 
the calibration signar source. If necessary, perform an adjustment in the instrument according to 
section 7.4 . 

• The autornatic selftest must be run without errors after module replacement. 

7.3.1 Selftest 

14 selftest voltages can be measured on the module. These voltages are measured in the autornatic 
selftest with cer1ain settings and checked to determine whether they lie inside a given tolerance 
window. 

Note: Proper functioning of the frequeney transputer, the DETECTOR module and the digital 
section is a prerequisite for funning the automatic selftest of this module. The automatic 
testing of the complete instrument is always aborted after the toleranee has been 
exceeded for the first time in order to avoid irrelevant error messages. For futher fault 
location also with the aid of extemally applied signals, the test funetions can be called up 
manually in the Board Test menu. 

The valid detault tor the FRAC SYN module and the detault tor the respective test function are set 
autornatically. The selftest voltage measured and the permissible tolerance limits appear on the 
analyzer display. 

Default setting: Center: 

Span: 

Table 7-1 Test functions: 

Test- Description 
function 

O Test 1 tl19 
MociJIe test. 
Test 1 .. 3 depending on 
operating mode 

1 Relerence test 

2 OCXO test, 
it OCXO provided. 

3 ExternaJ relerence 

4 120-MHz-VCXO test 

1065.7512.02 

Setting 

o Hz 

Zero 

Test 1 tl19 

TP6, 
TCXo-Betrieb 

TP9. 
OCXO operation 

TP6 
exl Rel. 

TP2 

7.4 

Error message: 

TCXO Leve! 

OCXO Leva! 

Ext. Ret. Leve! 

Level120 MHz 
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T .. t o..crlpUon Settlng Error meuage: 
funcUon 

5 Reference divider test TP5 Lave! Ref 20 MHz 

6 l~MHzPLL TP2 Tuning Vol!. vexo 

7 Reference output TP7 REF Output 

8 veo test, TP 11, veo Level 
k:7.N fraquency Cantar: O Hz 

9 veo tuning voItage TP 10, Tuning Vol!. veo 
k:7.N frequency Cantar: O Hz 

10 veo test, TP 11, veo Level 
high frequency Cantar: 

1798 MHz (FSEA) 
2558 MHz (FSEB) 

11 veo tuning voltage TP 10, Tuning Vol!. veo 
high frequency Canter: 

1798 MHz (FSEA) 
2558 MHz (FSEB) 

12 Reference test, TP 4, cut in 3O-MHz Level Ref. 30 MHz 
YIGIoop reference. 

13 IF leve!, f. 30 MHz TP 12, 3O-MHz-Ref. IF Lavel 

14 VlG tuning voltage, low TP 13, 3O-MHz-Ref. Tuning VoItage VlG 
frequency 

15 Reference test, TP 4, 6O-MHz reference Level Ref. 60 MHz 
VlGIoop 

16 IF level, f. 60 MHz TP 12, 6O-MHz ref. IF Lavel 
Cantar: O Hz 

17 IF level TP 12, 3O-MHz ref. IF Lavel 
Can\er: 
3.5 GHz (FSEA) 
7 GHz (FSEB) 

18 YIG hxling voltage, hig¡ TP 13, 3O-MHz ref. Tuning VoItage VlG 
frequency Can\er: 

3.5 GHz (FSEA) 
7 GHz (FSEB) 

19 Cal. generator leve! TP 1, Cal Leve! 
cal . gen. -40 dBm 

20 Cal. generalor control TPO, Cal Level Control 
vdtage Cal. gen. OdBm 

21 TCiOCXO tuning voItage TP8 
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Individual polling of the test signals without the associated instrument setting is also possible using a 
sarviee function: 

SERVICE PUNCTION 
2.10.1.X x • Number of test point 

The status register provides further information on the functioning of the module: 

Status bit lIonltortng funcUon 

«l PU of sweep synthesizer 

11 120-MHzPU 

12 reserved 

13 YlG oontrol loop 

14 Option identification OCXO 

#5 OCXO. oven temperature 

116 LCAstatus 

#7 Frequency offset of YlG 
osciuator 

The status b 

It is indicated in the following format: 

x x x x 

1065.7512.02 

lIeanlng 

1: SWeep synlhesizer unlocked 

1: Reference oscillator unlocked 

1: Main loop unlocked 

1: OCXO is provided 

O: oven cold 
1: Oven is at operating 
temperature 

O: Programming faulty 
1: Programming finished 

O: offset> O 
1: offset <O 

x x 
LSB 
X 

7.6 

Condlllon 

Option FSE-B4 providad 

Option FSE-B4 provided 
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FRACSYN Troubleshootlng 

7.3.2 Error In the FTP 

7.3.2.1 Error in the Transputer Download 

If an error occurs during the download, the 20-MHz reference output X145 should be checked first, 
since the clock for the level and frequency transputer is derived from this signal. The 20-MHz signal 
must be immediately available after switching on of the instrument in order for the test program 
GR_CHECK.EXE (se e service documents GRAPHICS) to provide useful results for the two transputers 
in the analog unit. 

7.3.2.2 Error in the LCA Download 

If the error rnessage Download FRAMCON.BIN Failed occurs in the LCA download, the file 
FRAMCON.BIN on the hard disk should be cheeked. If no download is possible although the file is 
correet, there is an error in the frequency transputer or LCA. . 

7.3.2.3 Error In the Serial Interface 

If the modules controlled by the frequency transputer can no Ionger be properly addressed, this may 
point to an error in the serial interface. The list Hardware Options in the info menu shows the modules 
identified by the instrument. If a module is missing, there is probably an error in this module. If all 
modules or the module FRAC SYN is missing, there is a fault on the FRAC SYN, or the interface is 
inhibited by another module. By withdrawing individual modules, the fault can be further located. 

Note: The modules FRAC SYN and DETECTOR and the connection of the 20-MH reference 
must remain inside the instrument! 

7.3.3 Error in the Reference Frequency Conditioning 

The following symptoms rnay indicate an error in the reference frequency conditioning: 

- Error in Transputer Download of the modules FRAC SYN and DETECTOR (see 7.3.2.1). 

- Error in test functions 1-7 

- Error message Synthesizer Unlock. 

On occurrence of the error message Synthesizer Unlock the status register can be read out to 
determine whether a control loop on the FRAC SYN module has caused this message and, if so, which 
one. 
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7.3.3.1 Absolute Frequency Accuracy 

Error with test function 5 or Synthesizer UnJock, Statusbit 1#1=1, or poor accuracy with Marker Count. 

a) In5trument 15 operatad with internal reference: 

- Option 8-4 not providad: 

Check the reference level using test function 1. 

- Error with test function 1: TCXO on the FRAC SYN module faulty. 

- Option 8-providad: 

Check the reference level using test function 2. 

- Error with test function 2: Measure voHage at X140-C23: 12 V ± 0.5 V 
if voltage is wrong, voHage regulator on FRAC SYN faulty, 
otherwise check OCXO level at X148 -+ LOW PHASE NOISE X128. 

If the reference level is okay, check the frequency with the frequency counter at the rear-panel output, 
if necessary perform adjustment according to section 7.4.1. 
If the error cannot be eliminated by a readjustment, there is an error in the 120-MHz PLL. 

a) Instrumant is oparatad with axternal reference: 

- Error message Synthesizer UnJock: Check external reference signal and setting on the FSE. 
If the error message still occurs. check reference level using 
test function 3. In the case of an error, there is a fault in the 
external reference divider. Check according to section 7.4.1.2. 

7.3.3.2 Error in the 120-MHz Reference 

Error with test function 4 Check signal at X144. -+ Output amplifier faulty. 
Resulting error: 2nd and 3rd LO not synchronous. 

7.3.3.3 Error in the Reference Output 

- Error with test function 7 Check reference output at rear panel. 
-+ Output amplifier or switchover fauHy. 

7.3.4 Error in the Cal. Generator 

If a calibration is not possible or an absolute level error occurs after calibrat ion. there rnay be a fault in 
the cal. generator. 

- Error with test function 19 

- Error with test function 20 

1065.7512.02 

Check level at X146 (see 7.4.2) . 

Level control faulty (see 7.4.2). 
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7.3.5 Error in the YIG Control Loop 

Errors in the YIG control loop can also be caused by faulty circuit parts of the RF MODULE or LOW 
PHASE NOISE (only with modo 30 or Option B-4). Therefore, the functioning of the sweep synthesizer 
on the FRAC SYN module should be checked first. 

7.3.5.1 Error In the Sweep Synthesizer 

Error message Synthesizer Unlock (Statusbit #0=1), or error with test function 8 to 11 : 

- Error with test function 8: Check level at X142. 
Nominal value: 485 MHz (500 MHz with FSEB), 10 to 14 dBm 

- Error with test function 9: 

- Error with test function 1 O: 

dBm 

- Error with test function 11: 

In the case of an error, there is a fault in the VCO or output 
amplifier. 

Check frequency at X142. If the VCO has not locked in, 
there is a fault in the PLL, otherwise fault in the VCO. 

Check level at X142. 

Nominal value: 685.5 MHz (659,9 MHz for FSEB), 10 to 14 

In the case of an error, there is a fault in the VCO or output 
amplifier. 

Check frequency at X142. If the VCO has not locked in, 
there is a fault in the PLL; otherwise error in the veo. 

If the synthesizer functions properly during static operation, check sweep function according too 7.4.3. 

7.3.5.2 Error in the YIG-PLL 

Error message Synthesizer Unlock (Statusbit #3=1) or error with test function 12 to 17. 

- Error with test function 12, 15: 

- Error with test function 13, 16, 17 

- Error with test function 14 18 

Error in reference frequency conditioning. 
Internal 30/60-MHz reference faulty. 

IF level at X143 too low.-+ check RF MODULE X134. 
If the IF level is okay, there is a fault in the IF amplifier. 

If test functions 12, 13and 15, 16areokay, 
check static YIG adjustment. -+ RF MODULE 

11 no error occurs during static operation, the dynamic YIG adjustment should be checked. 
-+ RF MODULE 
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7.4 Testing the Specifications 

The specifications are checked inside the instrument. 

7.4.1 

7.4.1.1 

Reference Frequency 

Internal Reference 

FRACSYN 

T esting and Adjustment of the internal reference frequency is performed after a warm-up time of at 
least 30 minutes. 

Test setup: 

- Set FSE to internal reference. 

- Measure level at the socket REF INT/EXT at the rear panel. > 10 dBm 

- Connect frequency counter to socket REF INT/EXT. 

7.4.1.1.1 Operation without OCXO 

Measurement and adjustment: 

- Measure signar at reference output. Frequency: 10 MHz ± 10 Hz 

If the frequency is out of tolerance, the reference oscillator (TCXO) can be adjusted using a service 
function and the new value stored in the EEPROM. 

SERVICE FUNCTION Vary reference setting. 
2.10.20.X.0 X = O to 4095 

SERVICE FUNCTION Store reference setting. 
2.10.20.X.l X = O to 4095 

7.4.1.1.2 Operation with OCXO 

Messurement and adjustment: 

- Check OCXO signar at LOW PHASE NOISE. X128. Level ITL 
- Measure signal at reference output. Frequency: 10 MHz ± 1 Hz 

If the frequency is out of tolerance, the reference oscillator (OCXO) can be adjusted using a service 
function and the new value stored in the EEPROM of the LOW PHASE NOISE module. 

SERVICE FUNCTION Vary reference setting . 
2.10.20.X.0 X = O to 3300 

SERVICE FUNCTION Store reference setting. 
2.10.20.X.l X = O to 3300 
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7.4.1.2 External Reference 

Test setup: 

- Connect signar generator 1 MHz, O dBm to socket REF INT/EXT. 

- Connect reference output of signar generator to RF input of FSE. 

Measurement: 

Setting on the FSE: 
CENTER 1000 MHz 

SPAN OMHz 

REF LEVEL 10dBm 

MARKER COUNT 

COUNTER RESOL 0.1Hz 

REFERENCE EXTERN,1 MHz 

- Marker display: 10 MHz ± 1 Hz 

- Repeat measurement with transmitter frequency 2.3 to 16 MHz and respective FSE setting. 

7.4.2 Cal Generator 

Test setup: 

- Connect power meter to X146. 

Measurement and adjustment: 

Setting on the FSE: 
CENTER 120 MHz 

SPAN 10 kHz 

REFLEVEL -40dBm 

SETUP-.?SERVICE-.?INPUT CAL 

- Adjust level at X146 to -40 dBm ± 0,1 dB using R22. 
R22 is accessible through a hole in the locking bar from the bottom of the instrument. 

Final adjustment In the Instrument: 

- Set signar generator 120 MHz to - 40 dBm ± 0.05 dB using the power meter. 

- Connect signar generator to RF input of FSE. 

- Switch to INPUT RF on FSE and measure level at 120 MHz. 

- Switch to INPUT CAL and adjust R22 such that the level value of the previous measurement is 
obtained again. 
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7.4.3 Sweep Synthesizer 

Test setup: 

- Connect spectrum analyzer to X142. 

Measurement: 

Setting on the FSE: 

- Trigger Single Sweep. 

START 

STOP 

SWEEPTIME 

SWEEP 

OHz 

1798 MHz (2558 MHz for FSEB) 

10 s 

SINGLE SWEEP 

FRACSYN 

- The signal on the spectrum analyzer sweeps from 485.71 MHz (500.0875 MHz) to 685.4889 MHz 
(659.925 MHz). 

YIG Control Loop 7.4.4 

7.4.4.1 Checklng the Phase Detector 

Test setup: 

- Connect signal generator to X143 and apply 29 MHz, -15 dBm. 

Measurement: 

Setting on the FSE: Call test function 14. 

- The voltage indicated on the display reads < -2.5 V. 
- Change transmitter frequency to 31 MHz. 
- The selftest voltage is > +2.5 V. 

7.4.4.2 Checking the Coarse Tuning 

Test setup: 

- Connect oscilloscope to X140.C15. 

Measurement: 

Setting on the FSE: 

START 

STOP 

SWEEPTIME 

- Measure the voltage at X140.C15: 

o Hz 

3500 MHz (7000 MHz for FSEB) 

5ms 

Start value: 1.39 V (0.52 V for FSEB) 
Final value: 9.63V (8.76 V for FSEB) 
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7.4.4.3 Checking the Sweep Output 

Test setup: 

- Connect oscilloscope to SWEEP socket at the rear panel. 

Measurement: 

Setting on the FSE: see 7.4.4.2. 

- Measure voltage at rear-panel socket: 
Start value O V 
Final value + 10 V 
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7.5 External Interfaces 

Pan Name Inputl Orlglnld.UnaUon Value range Slgnal de8crlpUon 
Output 

A1 READY A TTL Ready signa! trom FTP 

A3 M_STR08E A LOW PHASE NOISE TTL Strobe foI' ~ 

B3 OeLOis A DETECTOR TTL Oetecbr DisabIe 

AS GND_D 8 OV GrOU'ld cigilal 

B5 GND_D 8 OV GrOU'ld digilal 

es GND_D 8 OV GrOU'ld digilal 

AE. +SV_D E +S,2 v ± O,OSV +S V cigilal 

B6 +SV_D E +S,2 V ± 0,05 V +S V digilal 

es +SV_D E +S,2 V ± O,OS V +S V digilal 

87 LlNK...F>P A DETECTOR TTL Unkto PTP 

B8 LlN~P>F · E DETECTOR TTL Unkfrom PTP 

B9 LlN~F>G A GRAPHICS TTL UnktoGTP 

A10 FTP_CLK A TTL Interface 01 frequency 
transputer, 
cIock 

810 LlN~G>F E GRAPHICS TTL Unk from GTP 

C10 FTP_DAT A TIL Interface 01 frequency 
transputar , 
dala 

All FTP_STRA A TIL Interface 01 frequency 
transputar, 
address strobe 

811 LlNK2_F>P A DETECTOR TIL Unk2to PTP 

Cl1 FTP_DATR E TTL Interface 01 frequency 
tansputer, 
data 

A12 FTP_CLKR E TIL Interface 01 frequency 
transputer, 
cIock 

812 LlNK2_P>F E DETECTOR TIL Unk 2 from PTP 

C12 FTP_STRD E TIL Interface 01 frequency 
transputar , 
data strobe 

1065.7512.02 7.14 E-1 



FRACSYN Externa/Interfaces 

PIn Name Input! OrlglnlDe8UnaUon Valuerange Signa! ct.crIpllon 
OUtput 

A13 TRAC_F A TRACKING Oto 10 V Tuning voItag& 
GENERATOR Iracmg generator 

C13 Tune_Pres A MW CONVERTER, O ~ - 10 V Tuning voltage 
PRESELECTOR preselection 

A14 TRAC_P A TRACKING Oto 10 V Freq, resp. correction 
GENERATOR Iracking generator 

614 Sweep A Oto 10 V Sweep output on rear 
panel 

A15 CaCAmp1 A IF FILTER Oto 10 V Freq. resp. correction on 
IF FILTER 

615 DeLHoId A DETECTOR TIL HoId measu-ed value 

C15 PRETUNE A RFMODULE Oto 10 V YlG ooarse tuning 

616 DeLMem A DETECTOR TIL Read measured value 

C16 GNDDAC A OV± 10mV Reference for tuning volt 

A17 YIGCON A RFMODULE -15Vto+15V YlG fine tuning 

617 DeLRst A DETECTOR TTL Meas. vakJe "8O$fer, 
detector reset 

618 Sweep_HoId E TTl Stopsweep 

619 Errol2 A opan coUector FTPerror 

C19 GND_YIG A RFMODULE OV Reference ground for 
YIGCON 

B20 UNK....F>A A TTL UNK3 

B21 UNK_A>F E TTL UNK3 

A22. LO_unlock A DETECTOR open coIlector Synthesizer unIocked 

C22 OCXOTUNE A LOW PHASE NOISE Oto8V Tuning voItage OCXO 
Option 

C23 +12V_OV A LOW PHASE NOISE +12 V Supply voItage OCXO 

A24 INTRES E DETECTOR TTL Reset error 
message 

624 ANALYSE E TTL Analysis Une FTP 

C24 OPT E LOW PHASE NOISE TTL Option identification 

A25 ADCMUX A -5 V to +5V Test channel for selftest 

C25 OVEN_COLO E LOW PHASE NOISE Oto 5V 
Status display of OCXO 
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PIn NMw Input! OrlglnlDe8UnaUon Valuerange Signa! de8crlpUon 
Output 

A26 ADCGND B OV Reterence ADCMUX 

C26 F_SDA E TIL,l00kHz 12C bus 

A27 TRESET E GRAPHICS TTL Transputer reset 

C27 F_SCL E TTL,l00kHz l2cbus 

C28 +28V E +28 V± 1 V SuppIy 

A29 -15V E -15V±0.1V Supply 

B29 -15V E -15 V±0.1 v Supply 

C29 -15V E -15V±0.1 v Supply 

A30 +15V E +15V±0.1 v Supply 

B30 +15V E +15V±0.1 v Supply 

C30 +15V E +15V±0.1 v Supply 

A31 +5V_A E +5.5 V ± 0.05 v +5 V anaIog 

831 +5V_A E +5.5 V ± 0.05 v +5 V anaJog 

C31 +5V_A E +5.5 V ± 0.05 V +5 V lWIIog 

A32 GNDA B OV Ground anaJog 

832 GNDA B OV Ground anaJog 

C32 GNDA B OV Ground anaJog 

X141 INTPOL E LOW PHASE NOISE 30.3 lo 43.75 MHz, divided FRACSYN signal 
OdBm 

X142 FRACSYN A RF MODULE or 475 t> 700 MHz, Int&rpoIation synthesizer 
LOW PHASE NOISE 10to 14 dBm 

X143 IFSYN E RFMODULE < 100 MHz, IF from YlG and oomb 
> -2OdBm sigl8/ 

X144 REF120M A 2nd IF CONVERTER 120 MHz, 8 dBm 120-MHz reference 

X145 REF20M A DETECTOR 20 MHz. ITL 2O-MHz reference 

X146 CALlNT A AITENUATOR 120 MHz. -40/OdBm Cal generator 

X147 EXTREF B Input: extemaI reference 
1.2 t> 16 MHz. >-10 dBm 
Output 
10 MHz. >+10 dBm 

X148 OCXO E LOW PHASE NOISE 10 MHz. ITL Input tOl" optionaJ OCXO 
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PIn Name Input! OrlglnlDe8Unatlon Valuel'lll'lge Signa! deecrlpUon 
OUtput 

X149 YIGCON A RFMODULE · 15 V lo + 15 V YlG loe tuning 
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LOW-PHASE-NOISE Functlon Descrlptlon 

7 Test and Repair Instructions 

7.1 Function Description 

7.1.1 Function in Unit 

The low phase noise module is an expansion synthesizer with which the FSEX-30 models are equipped 
as standard. The FSEX-20 models can be optionally retrofitted. The module reduces the phase noise 
of the 1 st LO by at least 20 dB. This is obtained by comparing the sampling frequency of the YIG 
sampler in frequency and phase with the spectrally pure 720-MHz signal of the 3rd LO (typ. -150 d8c). 
The sampling signal in the basic unit, the so-called Fracsyn signal, offers the required fine frequency 
resolution for use in case of high phase noise. This signal is frequency divided with a larga factor and 
thus spectrally improved so that it serves merely for interpolation between two adjacent Jow phase 
noise frequencies that are spaced about 20 MHz. 
The function blocks of the module are described in detail below and are as follows: 

• veo for 611 to 714 MHz which generates the low phase noise signal 

• mixer to downconvert the veo signal to the IF of 6 to 109 MHz with the 3rd LO signal 

• fractional frequency divider N,F/1 for the division of the 720-Hz signal to the required IF 
frequency 

• phase detector to generate the control voltage for the veo by means of the IF signals from the 
mixer and fractional frequency divider 

• frequency divider 1611 for the FRAeSYN signal to generate the interpolation signal 

• control block for the selftest 

• interface to control the module 

7.1.2 Description of Function Blocks 

veo with LO ampljfjer 

see sheet 7 of circuit diagram 

At spans <30 MHz the veo switched on by veo_ ON=H outputs the sampling signal SAMPL for the 
YIG sampler. The switchable amplifier for the FRAeSYN signal is blocked in this mode with 
FRA_ON=L. The veo is tuneable between 611 and 714 MHz with UVAR= 2 to 13 V. The veo signal 
is available for the output amplitier with 8 dBm at the internal interface FRAADD and as an LO signal 
tor the mixer with 18 dBm at the internal interface LOMIX. The rectified LOMIX signal LOMES serves 
tor the selftest. 
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Function Description LOW-PHASE-NOISE 

see sheet 6 of circuit diagram 

This circuitry pertorms the downconversion of the VCO signar to the IF of 6 to 109 MHz with the aid of 
the 720-MHz signar of the 3rd LO, band-limitation to suppress unwanted frequencies and conversion to 
the TIL signar PDVCO for the phase detector. The 720-MHz signar is decoupled via an isolating 
amplifier and is made available as REFDIV with O dBm for the reference divider. The rectified signals 
from the mixer RFMES and IFMES are used in the selftest of the instrument. 

Fractjonal freQuency djvjder 

see sheet 4 of circuit diagram 

The fractional frequency divider generates from the 72O-MHz signar of the 3rd LO the reference signar 
between 6 and 109 MHz for the phase detector. The whole integer frequency division N=7 to N=120 is 
made with the ECL driver IC 10E016. Whole integer division factors would be too large for the 
frequency step of tne ~)w phase noise output signar so that intermediate steps N;F with F= 10116, 
2*10/16,3*10116 .... .. ate necessary. These are generated using the so-called fractional N technique. 
For example dividing by 7 over fifteen reference periods and by 8 over one reference period yields an 
average division factor of 7 \6. An increment adder controls the division factor by counting up the 
factor F with the reference periods until a carry occurs and then applying the division factor N + 1 to 
the frequency divider by means of a multiplexer. The TIL signal PDREF is taken to the phase detector 
after level conversion. The DC signar DIVMES derived from the TIL signar is again used for the 
selftest. 

Phase detector 

see sheet 3 of circuit diagram 

To avoid the occurrence of too high comparison frequencies at the digital phase detector, the 
frequencies are divided up into four signals shifted 90° to one another and applied to four identical 
phase detectors. The output voltages are added up at the integrator input. The DC signal FGAZ 
derived from the phase detector output signal serves for the selftest. 

FRACSYN djvjder 

see sheet 5 of circuit diagram 

The main loop of the 1 st LO (YIG synchronization) operates in the basic unit with a reference 
frequency of 30 (60) MHz. For operation with the low phase noise module the Fracsyn frequency 
divided through 16 tor interpolating between the possible low phase noise trequencies serves as the 
reterence frequency tor the main loop. An ECL frequency divider MC 12096 divides the Fracsyn 
frequency at first by 8 and then by 2 after conversion to TTL level. 
The circuit for generating the Fracsyn also contains a switchable amplifier which isolates the Fracsyn 
signar from the YIG sampler in the low phase noise mode. 
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LOW-PHASE-NOISE Function Description 

Control block 

see sheet 8 of circuit diagram 

The salftest block consists mainly of a multiplexer which switches the buftered and amplified test 
voltages to the AJO converter input as well as a window comparator with memory FF for generating the 
UNLOCK interrupto 

Interface 

see sheet 9 of circuit diagram 

The interface block incorporates an address decoder for the module addresses 32 and 33, an EPROM 
as well as a shift register for the module setups. 
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Measur/ng Equ/pment and Accessor/es LOW-PHASE-NOISE 

7.2 Measuring Equipment and Accessories 

ItIm Type of equlpment Requlred charectertstlcs Sultable OrderNo. u. 
R&Sunlt 

1 Digital multimeler lmVtol00V UDS5 349.1510.02 
0.1 mA to 1 A 

2 Frequency coooler Ar;t;urec.¡ >1°10-8 

3 Signa! generalor 100 kHz to 3500 MHz SMHU 835.8011 

4 3-dB coupler Decoupting >20 dB; 
1" 3500 MHz 

5 Attenualor pad 6dB DNF 274.4110.50 

Spectrum ana/yzer 100 kHz to 8000 MHz FSM 1020.7020.52 

7 Power meter 100kHz to 3500 MHz URV5 349.8012.02 
NRV-Z 

8 Network analyzer 300 kHz to 3500 MHz 
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LOW-PHASE-NOISE Troubleshootlng 

7.3 Troubleshooting 

Six test voltages and an interrupt signal are provided for Iocating faults on the low phase noise module. 
The selftest is to be carried out at settings at which the Iow phase noise frequency attains its maximum 
or minimum value. 

Instrument settings: 

For 3.5-GHz model: 

For 7 -GHz model: 

7.3.1 Test Functions 

Span 
Center frequency 
Center frequency 
Center frequency 
Center frequency 

Zero 
598 MHz 
668 MHz 
518 MHz 
818 MHz 

LOW PHASE: 710 MHz 
LOW PHASE: 630 MHz 
LOW PHASE: 710 MHz 
LOW PHASE: 630 MHz 

TEST- DESCRIPTION SETTING 
FUNCTlON 

VAUD VALUE ERROR MESSAGE 

RANGE 

o Module test. test functions AlI test LOW-PHASE-
lto7 functions NOISE-ERROR 

Local leve! for mixer, 
1 VOO siglal LOMES V> 1.5 V LQ-LEVEL 

2 RF leve! for mixer, RFMES V> 1.5 V RF-LEVEL 
72O-MHz reference sigla! 

3 720-MHz leve! at divider REFMES V> 1.5 V LEVEL DIVIDER 
input 

4 Mixer output leve! IFMES V> 1.5 V IF-LEVEL 

5 Fractional frequency DIVMES V-2.5 V ±O.5 V FRAC-DIVIDER 
divideroulpUtsignal 

6 PLL Iock indication FGAZ V .. O V f:2. V PLL-ERROR 

7 PLL Interrupt LOCK V-2.5 V ±O.5 V UNLOCK 

Service function: The test signals can be polled per service function independent of the instrument 
setting: 

2.13.1.X X: test function number 

1066.0763.02 7.5 E-1 



Troubleshoot/ng LOW-PHASE-NOISE 

7.3.2 Fault Description 

A faulty Iow phase noise module causes as a rule at spans of <30 MHz incorrect frequency display of 
the test signal or the signal not being reproduced at all or an unstable display. 

Error rnessage 

LO-LEVEL 

RF-LEVEL 

LEVEL DIVIDER 
IF-LEVEL 

FRAC DIVIDER 

PLL-ERROR 

1066.0763.02 

Causes 

Occurs in conjunction with other error messages 
(IF-LEVEL. FGAZ). 
VCO does not oscillate or with too Iow level 
(switch-off?) 
LO amplifier 
Produces further error messages. 
720-MHz signal of the 3rd LO missing or too small 
RF amplifier 
Same as RF-LEVEL 
Usually resulting from previous error messages. 
otherwise IF amplifier 
Usually resulting from the error message 
RF-LEVEL. otherwise data transmission problem 
(programming of 1 OE016). ECUTTL converter 
Usually resulting from previous error messages. 
otherwise test phase detector. 
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LOW-PHASE-NOISE Tests and Adjustments 

7.4 Tests and Adjustments 

Connect SMHU to analyzer input. 
Check for correctness of the displayed frequency in the frequency range 598 to 668 MHz in 1-MHz 
steps at 1 O-MHz span. 
Check the phase noise at the limit frequencies against the data sheet using the noise rnarker. 
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Extemallnterfaces LOW-PHASE-NOISE 

7.5 External Interfaces 

PIn NIIIne Input! FromIto Valuerange SlgMl deKrlpUon 
Output 

MJ GND_D B 
Ground, digital 

es GND_D B Ground, digital 

lIS +5V_D I 5.2 V±O.05 v VoI1age suppIy 

C6 +5V_D I 5.2 V±O.05 v VoI1age supply 

Al0 FTP_CLK o FRACSYN TTL Interface tl 
frequency transputer 
cIock 

Cl0 FTP_DAT O FRACSYN TTL Interface tl 
frequency transputer, 
dala 

All FTP_STRA O FRACSYN TTL Interface tl 
frequency transputer, 
address strobe 

C12 FTP_STRD I FRACSYN TTL Interface tl 
frequency transputer, 
data strobe 

A22 LO_UNLOCK O Detector open coUector 
InlBrrupt signa! 

C22 OCXOTUNE O FRACSYN Oto8V Tuning voltaga 
OCXOoption 

C23 +12V_OV O FRACSYN +12V OC supply voItage OCXO 

C24 OPTl I FRACSYN TTL Option identification 

A25 AOCMUX O Detector -5 V to +5 V Test c:hanneI 

C25 OVEN_COLO C25 Detector Ot05V CoId : V< 0 .4 V 
Warm: V > 2.8 V 

C26 F_SDA I FRACSYN TTL 100 kHz 12c bus, data 

C27 F_SCL I FRACSYN TTL, 100 kHz 12C bus, clock 

A29 -15V I -15V±O.lV VoItage supply 

C29 -15V I -15 V±O.l V VoItage supply 

A3() +15V I +15 V±O.l V VoItage supply 
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LOW-PHASE-NOISE Externallnterfaces 

Pln Name Input! From/to Value range SIgna! de8crlpUon 
Output 

C30 +15V I +15 ViO.1 V VoItage supply 

A31 +5V_A I +5.5 Vi 0.05 V VoItage supply 

C31 +5V_A I +5.5 Vi 0.05 V VoI1age suppIy 

A32 GNDA B OV Ground, M8Iog 

C32 GNDA B OV Ground, anaJog 

X128 OCXO_IN O FRACSYN TTL, 10 MHz OCXO reference sigla! 

X123 SAMPL O YlG sampler, RF module 
611 k> 714 MHz, 10 dBm 

Samping mixer for LOW PHASE 470 to 
700 MHz for FRACSYN 

loperation 

X122 FRACSYN I FRACSYN 470 k> 700 MHz, 8 dBm Fracsyn frequency 

X121 INTPOL O FRACSYN 47010 700 MHzJ16 Phase oomparison signa! 
ECL ter main loop 

X125 REF720MHz I 2nd IF Converter 720MHz,10dBm 3rdLO 
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2ND IF CONVERTER Function Description 

7 Test and Repair Instructions 

7.1 Circuit Description 

7.1.1 Function in Unit 

The 2nd IF Converter module converts the second IF (1st IF for FSEM) at 741.4 MHz of the RF 
Module (MW Converter for FSEM) to an IF of 21.4 MHz. To perform this function, the following 
components are provided on the con verter: 

• IF amplifier and 1 O-MHz resolution filter 

• mixer for converting 741 .4 MHz to 21.4 MHz 

• PLL for generating the 3rd LO signal 

• frequency multiplier and LO amplifier for the 2nds LO signal 

• TV demodulator (option FSE-B3) 

7.1.2 Description 01 Block Diagram 

The 2nd IF Converter is controlled via the serial interface of the frequency transputer. 

Sj<;;¡nal path 

The module has two IF inputs for the various RF sections of the individual FSE modules. The signal of 
the RF Module (FSEA, FSEB) is amplified by 16 dB, whereas the signal of the MW Converter (FSEM) 
is taken directly the input selector. A power splitter distributes the IF signal to the broadband IF output 
and the 10-MHz resolution filter. This filter is made up of two sections with 3 circuits each. An isolating 
amplifier buffers the two sections. An overload detector s provided in the broadband signal path. 
After the 3rd mixer, there follows an IF amplifier and a switchable attenuator for gain matching in the 
various RF ranges. 
At resolution bandwidths $ 3 MHz a S-MHz bandpass is switched into the signal path. 

LO processjng 

A 720-MHz VCO is synchronized to the sixfold of the 120-MHz reference with the aid of a PLL. 
The 720-MHz signal is used as the LO for the 3rd mixer, reference tor the module Low Phase Noise 
and as input signal tor the 720-MHz comb generator. The 3.6-GHz line is filtered out and amplified tor 
the 2nd LO. 

EEPROM 

The EEPROM contains setting and correction values tor the module so that the module can be 
exchanged without adjustments. Sorne ot the settings can be changed by means ot the service 
functions and stored in the EEPROM. if required. 

The key data are: 

- thresholds tor the overload detectors 

- tuning ot the 720-MHz veo 
- gain error of the module 
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Measuring Equipment and Accessories 2ND IF CONVERTER 

7.2 Measuring Equipment and Accessories 

ltem Type o, equlpment Requlred characllltrfat1c8 Sultable OrderNo. u .. 
R&S unlt 

1 Digital multimeter 1mVto100V UDS5 349.1510.02 7.42 
0.1 mA to 1 A 

2 Signa! generalOf 100 kHz to 800 MHz SMG 7.4.1 
7.42 

3 SignaJ generalor 100 kHz to 3600 MHz SMHU 835.8011 7.42 

4 3-dB coupler Decoupling >20 dB; 7.4.2 
1 t> 1000 MHz 

5 Spectrum analyzer 100 kHz to 4000 MHz FSB 7.4.1 
7.42 

6 ~n terminalion, 5MB 7.42 
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2ND IF CONVERTER Troubleshooting 

7.3 Troubleshooting 

Any fault on the 2nd IF Converter can be clearly Iocated with the aid of the following the description. A 
module found faulty should be replaced. 

Module replacement 

• The module does not need to be adjusted in the unit . 

• The automatic selftest should run error-free after a replacement. This should be followed by a total 
ca lib ratio n. 

7.3.1 Selftest 

Within the selftest 16 voltages can be measured. The voltages are measured automatically at specific 
settings and checked if they within a given tolerance window. 

Note: A prerequisite for the automatic selftest is that the modules RF Module, Frac Syn and 
Detector are ful/y operational. To avoid the occurrence of inappropriate error messages the 
automatic test for the complete unit will be aborted after detecting the first out-of-tolerance 
condition. For locating the fault more accurately test functions in the board test menu can 
be cal/ed up manual/y and run using extemal signa/s. 

The basic setting for the 2nd IF Converter and for the test functions are performed automatically. The 
voltages measured in the selftest and the permissible tolerance limits are shown on the analyzer 
display. 

Basic setting: Center: 

Span: 

RF attenuation: 

Cal. Generator: 
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Troubleshooting 2ND IF CONVERTER 

Table 7-1 Test functions: 

T_t Deslgnation Setting Error mesaage 
funcl 

O Test 1 kl14 Test 1 kl14 
Module test 

1 120-MHz comb generator TP7 Leve! 120 MHz SRO 

2 veo test TP6 Level 720 MHz PLL 

3 720 M Hz output TP5 Level720 MHz Output 

4 Lock test TP4 Tuning Voltage AC 

5 Tuning test TP10 Tuning Voltage OC 

6 720-MHz comb generator TP2 Level720 MHz SRO 

7 Operating point of LO TP3 Bias 2nd LO Driver 
driver input stage 

8 Operating point of LO TP8 Bias 2nd LO PA 
driver output stage 

9 Leve! of 3rd LO TP9 Level3rd LO 

10 Operating point of IF TP 11 Bias 2nd IF Amp. 
amplifier 741 .4 MHz 

11 Leve! at module input TPO IF 741.4 MHz Leve! 

12 Level at module input - 10 TPO RF Attenuator 
dB RF Att. 10 dB 

13 Mixer test TPO 1st Mixer 
CanterO Hz 

14 Level al module outpul TP 1 IF 21 .4 MHz Leve! 

TP 12toTP 15 
reserved for TV option 

Test signals can also be ueried without the assoclated setting by using the service function: 
SERVICE FUNCTION 

2.12.1.X X = Number of the testpoint 
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2ND IF CONVERTER Troubleshooting 

7.3.2 Fault in LO Section 

The following . symptoms can point to a fault in the LO processing circuit on the module 2nd IF 
Converter: 

• error message Synthesizer un/ock 

• error message in selftest with test functions 1 to 9 

• frequency offset of the displayed signar or LO at sweep start 

If the error message Synthesizer un/ock is caused by the module 2nd IF Converter, the frequency of 
the displayed signar is most probably incorrect. Spurious lines may well occur. 
As next step the selftest should be called up to Iocalize the fault more accurately. 

7.3.2.1 Frequency Readout Error 

Error with test function 1: 

Error with test function 2: 

Error with test function 4 and 5: 

7.3.2.2 Level Readout Error 

Error with test function 3: 

Error with test function 6: 

Error with test functions 7 and 8: 

Error with test function 9: 

1065.7012.02 

Check 120-MHz reference ~ FRAC SYN, X144, 
if the reference is in order, fault in 120-MHz comb generator. 

Call up test function 3. If the test value is outside tolerance, the 
VCO is defective, otherwise the LO amplifier in PLL path is 
faulty. 

VCO not synchronized or tuning voltage outside tolerance. 
Check VCO tuning (~section 7.4.1.1). 

If test function 2 is error-free, output or buffer amplifier is 
defective, check signar at X1511. 

Fault in 720-MHz comb generator. Check signar at X151 . 

Fault in LO amplifier. Check level at X151. 

Amplifier for 3rd LO defective provided test functions 2 are 
without errors. 
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Troubleshooting 2ND IF CONVERTER 

7.3.3 Fault in Signal Path 

7.3.3.1 Level Error 

A total calibration should be performed first when the level error is small. If the fault still occurs, it can 
be narrowed down by means of the error messages of the calibration or selftest. A calibration is not 
expedient when Iarge level errors (>8 dB) are involved. The function of the module can be tested with 
the aid of the selftest functions or through measurement of the signal level at the interfaces. 

Error with test function 1 O: IF amplifier defective. 

Error with test function 11: Check level at X152 ~ RF Module 
or 2nd LO defective ~ section 7.3.2 
otherwise IF amplifier or input selector defective. 

Error with test function 14: Check level at X158. Check overall gain of module. 

7.3.3.2 Noise Indication too High 

The possible sources of noise are: 

- absolute level error 

- noise figure of the 2nd IF Converter 

- sideband noise of 2nd/3rd LO 

It should first be checked whether the level and noise indication after the 2nd IF Converter is in order: 
~ IF Filter, Detector. 
Call test function 14 and measure level at X158. Rated value: +4 dBm ± 3 dB. In case of error, check 
level at module input (~ RF Module) and gain of module according to 7.4.2.1. 

Terminate IF input X152 of 2nd IF Converter with 50 n and check noise indication according to 7.4.2.4. 
If the expected value is not obtained, the fault is in the signal path of the 2nd IF Con verter, otherwise in 
the RF Module. 

A high noise indication in the frequency range < 50 MHz « 70 MHz for FSEB) can also be caused by 
the phase noise of the 1st and 2nd LO or by insufficíent suppression of the 1st LO (~ RF Module). 

Settíngs on FSE: Span O to 100 MHz 

RFATIOdB 

REF LEVEL -10 dBm 

RBW 1 MHz 

Measure the LO level with marker. If the level is within tolerance, check the noise meter with the phase 
noise marker. If the indication is too high, the 2nd LO should be replaced by a clean signal source(eg 
SMHU). If the noise indication is still too high, the fauh is in the 1st LO. 
Check ~ RF Module, Frac Syn. 
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2ND IF CONVERTER Troubleshooting 

7.3.3.3 Intermodulation Suppression too Low 

If the intellTl()Qulation suppression is too Iow, it should be checked whether this is already the case at 
the IF output of the active RF Converter or occurs at the 2nd IF Converter or IF Filter. The IF signal is 
to be checked as follows: 

- set the center frequency at which the error occurs. 

- set ZERO SPAN, RF ATT O dB. 

- apply two signals at the center frequency to the RF input from two generators via a 3-dB coupler. The 
level of the two signals should be -10 dBm, the frequency offset 100 kHz. 

- measure IF signal at output X137 with spectrum analyzer of the RF Module. The intermoduJation 
suppression should be > 55 dB. 

- measure IF signal at output X158 of the 2nd IF Converter. The intermodulation suppression should be 
>50 dB. 

7.3.3.4 Incorrect RF Overload Indication 

No RF overload indication although mixer level > + 5 dBm 

Overload detector to 2nd IF Converter. Check in fine with 7.4.2.3. 

RF overload indication at mixer level < O dBm 

Check whether overload is caused by 1st LO. For this purpose set start frequency to > 100 MHz. If the 
fault disappears. the RF Module is faulty. 
Check ~ RF Module, LO suppression. 

If the fault is still present , the overload detector is defective (see 7.4.2.3). 

RF overload indication permanently on also without signal 

The RF OVR line is blocked by sorne other module. 
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Tests and Adjustments 2ND IF CONVERTER 

7.4 Tests and Adjustments 

Testing the module for functionality and compliance with rated values is only required after a repair or 
of the fault cannot be located by other means. 
The specifications of the module can be checked independently of the rest of the unit. The unit merely 
serves for setting the functions of the module. The display unit can be usecl for sorne of the 
measurements. Sorne alignments on the module can be performed with the aid of the service 
functions. 

7.4.1 Testing the LO Processing 

7.4.1.1 3rd LO (720 MHz) 

Test setup 

- Apply a signal with 120 MHz ± 10Hz, 8 dBm to X154. 

- Connect spectrum analyzer to 155. 

Measurement and alignment 

- Call up test function 5 in menu Board Test 2nd IF Converter. 

- Measure signalat X155. 

- Voltage in selftest 

Frequency 

Level 

MUX 12.10 

720 MHz ± 60 Hz 

8dBm ±2 dB 

0.5 to 2.5 V 

If the VCO is out of lock or the test voltage has reached the limit values, the VCO tuning can be 
corrected by means of a service function and the new value stored in the EEPROM. 

SERVICE FUNCTION 
2.1 ~ "1.X.O 

SERVICE .r'UNCTION 
2.12.27.X.l 

Adjusting the tuning, 
X=O ... 255 

Storing the new value in EEPROM, 
X = 0 ... 255 

- If necessary, change the tuning value such that the VCO locks and the test voltage is 1.35 V (at room 
temperature) . 

- Store new value in EEPROM. 
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7.4.1.2 2nd LO (3.6 GHz) 

Test setup 

- Apply a signal with 120 MHz ± 10Hz, 8 dBm to X154. 

- Connect spectrum analyzer to 155. 

Measurement 

- Measure signar at X151 . Frequency 
Level 

7.4.2 

7.4.2.1 

Testing the Signal Path 

Overall Gain 

Test setup 

- Apply a signar with 120 MHz, 8 dBm to X154. 

- Apply signal with 741 .4 MHz, -20 dBm to X152. 

- Connect spectrum analyzer with X158. 

Measurement 

Settings on FSE: Center 
RBW 

- Measure signal at X158. 

1065.7012.02 

120 MHz 
10MHz 

Frequency 
Level 

7.9 

Tests and Adjustments 

3600 MHz ± 300 Hz 
> 18 dBm 

21.4 MHz 
- 8 dBm ±2 dB 
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7.4.2.2 IF Bandwidths 

Test setup 

See 7.4.2.1 

Measurement 

Settings on FSE: Center 
RBW 

Settings on spectrum analyzer: 
Center 
Span 
Ref. Level 
Trace 

120 MHz 
10MHz 

21.4 MHz 
40 MHz 
-5dBm 
Max Hold 

- Sweep input signal at X152 of 721.4 to 761.4 MHz and trace out amplitude response. 

3-dB bandwidth 9 MHz to 12.5 MHz 

- Switch RBW on FSE to 1 MHz, reduce span on spectrum analyzer to 10 MHz. 

- Sweep input signal at X152 of 739.4 to 746.4 MHz and trance out amplitude response. 

3-dB bandwidth 4 MHz to 5 MHz 

7.4.2.3 Overload Detector 

Test setup 

- Apply a signal with 120 MHz ± 10Hz, 8 dBm to X154. 

- Apply a signal with 741.4 MHz, -20 dBm to X152. 

- Connect multimeter to X150.C20 and X150.C21 . 

Measurement 

Settings on FSE: Center 
Sweep 

120 MHz 
Single Sweep 

- An interrupt reset is triggered on starting the sweep. 

Slg. gen.: 741.4MHz Actlon loglc level 
level al X140.C20 

·20dBm Interrupt RQS9t High 

-13dBm Inlerrupt Res9t High 

-2dBm Intsrrupt RQS9t L..ow 
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2ND IF CON VER TER 

7.4.2.4 Noise Figure 

Test setup 

Terminate X152 with 50 il. 

Measurement 

Settings on FSE: Center 
RFATI 
RBW 
Ret. Level 

- Measure noise with noise marker: 

7.4.2.5 Intercept (IP3) 

Test setup 

120 MHz 
OdB 
2 kHz 
-40dBm 

< -160 dBmlHz 

- Connect two signal generators to X152 via a 3-dB coupler. 

- Connect spectrum analyzer with X 158. 

Measurement 

Settings: Generator 1 Frequency 741.4 MHz 
Level - 10 dBm 

Generator 2 Frequency 741 .6 MHz 
Level - 10 dBm 

FSE Center 120 MHz 

- The intermodulation suppression ot the test signal should be > 70 dBc. 

- Measure the level at X158 at 21.4 MHz and store it as reference level. 

- Set generator 1 to 741.5 MHz. 

- Measure level at 21 .4 MHz. 

Spacing to reference value >50dB 
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7.5 External Inteñaces 

Pln Name Input! FromIto Value range Signa! descrlption 
Output 

A1 READY I FRAC SYN TTL Lo.v when latches valid 

A10 FTP_CLK O FRAC SYN TTL Interface t> 
frequency transputer 
cIock 

C10 FTP_DAT O FRACSYN TTL Interface t> 
frequency transputer 
data 

A11 FTP_STRA O FRACSYN TTL Interface t> 
frequency transputer 
address strobe 

C11 FTP_DATR I FRACSYN TTL Interface t> 
frequency transputer 
data 

A12 FTP_CLKR I FRAC SYN TTL Interface t> 
frequency transputer 
cIock 

C12 FTP_STRD I FRACSYN TTL Interface t> 
frequency transputer 
address strobe 

C17 IF _WIDE I IF FILTER TTL IF banctNidth 10 MHz 

C19 TV_SYNC ° DETECTOR 1 Vss TV signa! for detector 

C20 RF_OVR O DETECTOR opan coIlector RF overload 

C21 RF_OVR-10 O DETECTOR opan coIlector RF over1oad - 10 dB 

A22 LO_unlock O DETECTOR opan oollector Synthesizer out 01 lock 

A23 LO_leve! O DETECTOR opan coIlector LO level insufficient 

A24 INTRES ° DETECTOR TTL Raset 01 error message 

A25 ADCMUX O DETECTOR -5 Vto +5 V Test channei 

C26 FTP_SDA I FRAC SYN TIL. 100 kHz 12C bus. data 

C27 FTP_SCL I FRAC SYN TIL. 100 kHz 12C bus, clock 

A29 -15V I -15V±O.1V Voltage supply 

C29 -15V I -15 V ± 0.1 V VoItage supply 

A30 +15V I +15 V ± 0.1 V Voltage supply 

C30 +15V I +15V±0.1 V VoItage supply 
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Pln Name Input! FromIto Valuerange Slgnlll de8crlptlon 
output 

A31 +5V_A I +5.5 V ± 0.05 V VoItage supply 

C31 +5V_A I +5.5 V ± 0.05 V VoItage supply 

A32 GNDA B OV Ground, al8Iog 

C32 GNDA B OV Ground, al8Iog 

X151 2nd LO O RFMODULE 3.6 GHz, >18 dBm 2nd LO outpul 

X152 IF_'NP1 I RFMODULE 741 .4 MHz IFinput 
RF module 

X153 IF_'NP2 I MW CONVERTER 741 .4 MHz IFinput 
MW Converler 

X154 I FRAC SYN 120 MHz, 8 dBm Referenoe input 

X155 720 MHz O LOW PHASE NOISE 720 MHz, 8 dBm 720 M Hz outpul 

X156 TV-SignaJ O Z-SOil; TV signal lo rear panel, 
CCVS standard leIIeI optional 

X157 IFJ4COUT O 741 .4 MHz, 500 MHz BW Panorama outpul 

X158 IF _21.4_0UT O IF FILTER 21 .4 MHz Banct.vidth switchable 
5 MHzl10 MHz BW 
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IFFILTER Testlng the Module 

7 Testing the Module 

7.1 Function Description 01 the Module 

7.1.1 Function inside the Instrument 

The module processes the 3rd IF of 21.4 MHz from the 2nd IF Converter. 

Main functions: 

• Resolution filter 1 kHz to 5 MHz 
• Switchable IF gain Oto 50 dB in 0.1-dB steps depending on the reference level and mixer level 

setting 
• Level correction for all bandwidths and frequency response correction with one calibration amplifier 

each in 0.1-dB steps 
• Logarithmic rectifier following the resolution filter for achieving the dynamic display range. Provides 

the display voltage for the detector. 
• Limiting amplifier (included in log rectifier) with TTL output for frequency counter 
• AM, FM and quasi-peak demodulator with audio amplifier with input for audio signal from 1/0 module 

7.1.2 Description 01 the Block Diagram 

The IF FILTER module is controlled by the level transputer. 

The IF signal is applied via X168 (50-O input) with max. -6 dBm. 
It is amplified by 15 dB befo re reaching the first filter stage. 

Resolution filter 

The individual models of the FSE family can be delivered with two different versions of the IF filter 
module. The 20 series (e.g. FSEA20) is equipped with four filter stages, the 30 series with five ones. 
The resolution filters are synchronously tuned single circuits with buffer amplifiers for attenuation 
correction. The filters are arranged in two groups with 2 or 3 circuits, with the switchable IF amplifier 
(Step Gain) and the calibration amplifier connected in-between. 
Each filter group consists of two paths, one with LC filters for bandwidths 50 kHz to 5 MHz and one 
with cystal filters for bandwidths 1 kHz to 30 kHz. For the 10-MHz bandwidth (filters on 2nd I F 
Converter), the filters are short-circuited. 

In the case of the resolution filters, the following parameters are set via D/A converter: 

- bandwidth (continuously settable by the transputer; the setting values for the 1,2,3,5 stages are 
calibrated) 

- center frequency (calibrated for all bandwidths) 

- positive feedback of the LC filters to compensate for the attenuation of the filters with small 
bandwidths (only calibration in the factory; the residual error is corrected by the level calibration by 
means of the calibration amplifier) 
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lE amplHjer 

The switchable lE amplifier (STEP GAIN) sets the lE gain of the analyzer. It consists of the Step 
Coarse and the Step Eine amplifier. The Step Coarse amplifier can be set in 10-dB steps beween O 
and 40 dB. The Step Eine amplifier can be set in 0.1-dB steps between 5 and 15 dB. The gain of the 
Step Eine amplifier is set via OlA converter. Thus the lE gain can be variad in 0.1-dB steps from Oto 
50 dB (relative). 

Switchable attenuator pad 
The attenuation of the crystal filters increasing with small bandwidths (1.2 kHz), this gain error is 
coarsely correctad by switching the attenuator pad ATT1 (exact calibration by means of calibration 
amplifier). 

Calibration amplifier 
The CAL AMP1 is set by the frequency transputer by means of OlA converters on the module ERAC 
SYN. It corrects the RE frequency response of the ESEX. Its gain can be variad in the range -31+ 12 dB 
(relative). 
The CAL AMP 2 is set by the O/A converter accommodated on the lE EILTER module. It is contro!!ad 
by the level transputer. It serves to correct a!! frequency-independent level errors such as absolute gain 
of the overa!! instrument, relative gain error of the bandwidths and the step gain setting. Its gain can be 
variad in the range -6 to +9 dB (relative). 

The characteristics of the calibration amplHiers and the step fine amplifier are storad in 0.1-dB stesp in 
the EEPROM on the lE EIL TER module (only factory-calibration). The characteristics of the amplHiers 
are temperature-compensated and need therefore not be corrected. 

Oyerload Detector 

A fast level dectector with comparator is !acated at the output of the lE amplifier. Its purpose is to 
detect overload or underrange (important for autoranging). The test point can also be checked in the 
self-test. 
The overload detector acts on the bus lines IEOVR and IEOVR-10 to the level transputer. 

Thresholds: 
IEOVR : When the reference level is exceeded by >1.5 dB (typ. 3 dB) 
IEOVR-10 : When the reference level is fallen below by > 11 dB (typ. 13 dB) 

lE outputs 

The module features two outputs where the filterad third lE is applied. The first output X163 leads to 
the DIGITAL lE module, where the bandwidths 1 Hz (30 Hz in the case of 20 series) to 
1 kHz are implemented. 
The second output X164 leads to the rear panel, either directly or, if installed, via the option l/a 
DEMODULATOR. The output level of a signal at reference level is normally O dBm as long as the step 
gain can be set (mixer level > = -60 dBm). In the case of digital bandwidths ~1 kHz and with vector 
analysis (l/a DEMODULATOR) the level is -20 dBm. 

Within the module, the IF signal is taken to the demodulator and the log amplHier. 

Switchable amplHiers: 
Eor attenuation correction with the 1-kHz bandwidth set, the gain at output X164 both to the 
demodulator and the logarithmic amplifier is increased by 2 dB. 

Level detector: 
The transfer level to the Iog amplHier can be measured in the self-test. 
Log amplifier 

1065.7264.02 7.2 E-1 



IFFILTER Testlng the Module 

The Iogarithmic amplifier consists of three identical integrated limiting amplifiers with Iogarithmic 
rectifier characteristic, the video outputs of which are summed up. 
Each stage works Iogarithmically in a 45-dB range. The ranges are joined by operating the first stage 
via an attenuator pad, the second one via a preamplifier and the third one in cascade with the second 
stage. The second stage serves as linear preamplifier. 
T o make sure that the broadband Iogarithmic amplifier reaches the required dynamic range with 
smaller resolution bandwidths, switch-selectable noise filters are Iocated ahead of the second and third 
stage. 
The Iogarithmic amplifier achieves a dynamic range of 110 dB in the case of the 30 series. The 20 
series does not feature a third stage, the dynamic range is 90 dB. 

Video output: 
The IF is removed from the video signal by a Iowpass filter. The video signal is taken via X161 to the 
AID converter on the DETECTOR where it is also through-connected to the rear panel. 

Limiter OutPut: 
The Iogarithmic amplifier also operates as limiting amplifier for the IF signal. A squarewave signal with 
almost TTL level is taken via X162 to the frequency counter on the DETECTOR module. 

Demodulator 

The demodulator demodulates the IF signal, providing the AF signal to the loudspeaker or headphones 
Output. The following types of demodulation are possible: 

-AM 
- broadband FM (FM broadcasting) 
- narrowband FM 
- OPK (click interference) 
- monitoring l/a demodulator (Option) 

The switchover FM broadband/narrowband depends on the IF bandwidth set. 
Both with broadband FM and with AM, an AF Iowpass filter with a cut-off frequency of 5 kHz is cut in 
for AF noise suppression. 
In EMI receiver mode (Option), the OPK DEMODULATOR is also cut in if the OPK detector is cut in. It 
improves the audibility of impulse noise, since the AF signal is obtained from the Iogarithmic video 
signal. 
In Vector Analyzer Mode (Option), the output signal of the l/a demodulator can also connected to the 
AF output (via a D/A converter on this module). 
The volume of the loudspeaker or headphones output is set vía D/A converters at the AF amplifier. 

EEPROM 

The EEPROM contains all setting values and correction values for the module so that the module can 
be replaced without adjustment. 
As long as the hard disk does not contain current calibration data set, the module is set by means of 
the EEPROM data. 
Every calibration is based on the EEPROM data set. 
If the data are totally lost (defective EEPROM), the instrument makes use of a default data set so that 
the module can at least be operated (without data integrity), e.g. for troubleshooting. 

The calibration routines that can be called in the instrument do not allow to determine all data. 
In the case of repair inside the module, recalibration might therefore be required using a special test 

Lt:~. 
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Main data: 

Gain correction for the 1 O-dB steps of the Step Coarse amplifier 
Characteristics for the Step Fine amplifier, CAL AMP1 and CAL AMP2 in 0.1-d8 steps 

e Absolute gain error with 5-kHz bandwidth 
e Relative gain error of the rernaining bandwidths 

Center frequency of the individual filter circuits 
e Center frequency of the overall filter for each bandwidth 
e Setting values for the bandwidths in 1,2,3,5 steps 

Setting value for positive feedback of LC filters 
Video offset voltage of Iog amplifier 
T emperature coefficients 

e Calibration temperature 

cannot be calibrated 
e is calibrated 
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7.2 Measuring Instruments and Auxiliary Equipment 

ltIm Type o, Inatrument Speclftcattona Approprlate OrderNo. 
R&Sdevlce 

1 Digital voItmeter oc 1mVlo 15 V UDS5 349.1510.02 

2 Frequency OOUlter ACOJracy <1 .10-6 

3 SignaJ genarator 100 kHz lo 3 .5 GHz SMHU 
Leve! o lo ·100 dBm 
Leve!linesrily al 21 .4 MHz: 
-6 lo ·46 dBm: <0,1 dB 
ModuIation AM, FM sine, square 

4 SignaJ genarator 15 lo 30 MHz SMH 
Leve! ·10 dBm SMG 

5 Spectrum ~er 151030 MHz FSA 

6 Power meter 151030 MHz URV5 
Unearily O lo ·20 dBm: <0.1 dB 

7 Network anaJyzer 15 lo 30 MHz 

8 Oscillosoope 100 MHz 
with 10:1 ávider proba 

9 Audo anaJyzer 1kHz UPA 
(dislortion meter) dislortion indication, 

voltage indcation 

10 :HiB coupler 15 lo 30 MHz 

11 Termination 5MB female, 50 n :t<>.5% 
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7.3 Troubleshooting 

In the following; a description will be given of howa fault can be clearly Iocated on the IF FIL TER 
module. The module is to be replaced in this case. 

Module replaceroent 

• Adjustment of the new module in the instrument is not required. 
• The characteristic of the log aroplifl8r roust be calibrated, since the calibration data are not 

sto red on the IF FIL TER module, but in a RAM on the DETECTOR module. 
[~CAL LOO in the CAL menu). 

• To ensure data integrity, it is recommeOOed to perform a total calibration which contains the 
required calibration of the log amplifier [~CAL TOTAL in the CAL menu). 
Besides, it is recommended to carry out a simple function test of the AM aOO FM demodulator and 
of the frequency counter using a signal generator. 

Lt 
Important note: Even though the module functions properly again after repair, it can only be 
used with restrictions.Calibration data that cannot be regenerated may lie out of tolerance so I that even calibration does not guarantee data integrity in all cases. This is in particular true for 
repair work on the STEP GAIN (Step Fine, Step Coarse, CAL AMP1, CAL AMP2) as well as 

for repair of the individual circuits of the resolution filters. Repair work on the log amplifier aOO its noise 
filter may cause a considerable loss of dynamic range. 
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7.3.1 Self-test 

10 salf-test vo~ages can be measured on the module. 
Fatal arrors such as opan circuit in the signal path or total failure of a function can thus be quickly 
found. Make sure that a 21.4-MHz signar with -6dBm is applied to the I F input (X168). It may also be 
applied using a signar generator. 

Channel Teatslgnal Nominal v.1ue 

o LOG_AMP_6VP -+ó V :tO.3 V 
pos. supply LOGAMP 

1 LOG_AMP _6VN -6 V :tO.3 V 
neg. supply LOGAMP 

2 VID_OUT +1 V :tO.04 V 
Vldeovo/tage 

3 reservad 

4 FILT_OUT 0.8to 1.6 V typ.1.12V 
Leve( altsr IF filter 

5 STEP _GAIN_LEV 1.0kl1.7V typ. 1.3V 
Level alter STEP GAIN 

6 10V_REF 10V :tO.28 V 
Reference voltage 

7 TEMP (0.01 ·TrC+2.73) V 
Temperature sensor Indication in oC 

typ. 45"C (35to55°C) 
YOItage 

8 reservad 

9 reservad 

10 IF_BW_OAC ..().43 [0.37] V ± 30% at 3 MHz 
OlA converter lor ..().84 [0.73] V ±2O% at 50 kHz 

banct.vidlh setting 

11 8_5V Demodulator supply +8 V :tO.45 V 

12 ANALOG_GNO 0±10 mV 
AnaJog ground - reference 
potantial 

The test signa[s can be individually polled by means ot a service tunction: 

x = Channel number 
SERVICE FUNCTION 

2_26.1.X Notes: 

Condltlon 

nene 

nene 

ZERO SPAN and signaI at reference leve! 

ZERO SPAN and signaI at reference leve! 

ZERO SPAN and signaJ at reference leve! 

nene 

At an ambient temperature 01 20°C. alter 
>30 mino operation 

VaJues in [brackets] 20 series 

nene 

nene 

TEST 3: Voltage identical with video signal applied to 
DETECTOR 
TEST 5: Level of IF signal applied to /og amplifier. 
TEST 6: Level of IF signal at output of IF amplifier (STEP GAIN + CAL AMP's). 
TEST 11: The voltage for bandwidth setting may val}' after calibration. 
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7.3.2 Calibration 

Total calibration constitutes a comprehensive diagnostic tool [~CAl TOTAL in the CAL menu]. 
If the error message "Calibration Failed" is output after calibration, the error can be Iocated to a great 
extent using the calibration result [~CAl RESUl TS in CAL submenu]. 

Below CAL RESUl TS, there is a detailed list of the results for each possible RBW referred to 
bandwidth, center frequency and level (relative). Besides, the result for absolute level and two lOG 
characteristics for bandwidths 1 to 30 kHz (XT Al) and 50 kHz to 10 MHz (lC) are given. 
In the case of bandwidth and center frequency, the deviation from the nominal value and the O/A 
con verter setting value atw: calibration are indicated. For levels and the lOG characteristic, the 
deviation from the nominal value ~ calibration is indicated. In addition, a status message passed, 
check or failed is output. 

Status "check" is no error, but indicates that a relatively large deviation is involved and the adjustment 
range will soon be exhausted. Module replacement is not required, however, it is recommended in 
particular if the message "check" already appears at normal ambient temperatures (18 to 28°C). 

The "check" message appears: 
if the bandwidth and center frequency setting for the resolution filters exceeds approx. 80% of the 
adjustment range, 
if the CAlAMP 2 (calibration amplifier) features a reserve of less than 1.5 dB, 
if the characteristic of the log amplifier deviates from the ideal characteristic by more than ±5 dB. 

The message "failed" appears 
if a deviation lies outside the adjustment range, 
if the characteriStic of the log amplifier deviates from the ideal characteristic by more than ±8dB. 

7.3.3 Level Error 

In the case of smaller level errors, a total calibration should be started first. If the error still occurs then 
(with or without error message), it can be lacated according to 7.3.3.1 to 7.3.3.5 depending on the type 
of error. 

If a large level error is involved (>8dB), a calibration does not make sense. In this case, the interfaces 
IF input and video output on the IF filter should be checked first. 

1065.7264.02 

Set Zero Span and check gain from RF input of instrument to IF 
output of the 2nd IF CONVERTER. Nominal value +4 dB -
RF _An. If there is no level error yet, use the voltmeter to 
measure the voltage at the video output of the IF Fll TER (X161) 
with 50 n termination. 
If an input signar equal to the set reference level is applied, the 
video voltage must be 1 V. A deviation of 90 mV corresponds to 
an error of 1OdB. 
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7.3.3.1 RF Frequency Response 

If the RF frequency response is too high (deviating level display depending on the RF frequency 
referred to the display at 120 MHz), there may be an error in the CAL AMP 1. 
For checking see 7.4.1. CAL AMP 1. In the case of an error, replace the IF FIL TER module. 

7.3.3.2 Absolute Level Error (at 120M Hz) 

Calibrate IF filter [~CAL SHORT in the CAL menu] 
a) No error message, but error still present: Check calibration signal, check CAL AMP 2 (see 7.4.1 CAL 
AMP2) 
b) Error message: IF amplifier or filter faulty, replace the IF FIL TER module. 

7.3.3.3 Level Error Depending on the Reference Level Set 

There might be an error in the STEP GAIN, check as follows: 

Set RBW at which the error occurs! Set RF-A TI OdB. Connect 120-MHz signal generator to RF input. 
Set level on signal generator and reference level of FSE. 
Set reference level -10 dBm to -20 dBm in 2-dB steps, -30 dBm to -60 dBm in 1 O-dB steps. 

The relative level error (reference: display with -10 dBm) with all reference level settings 
-12 to -6OdBm must be <0.2 dB plus the error of the level divider from the signal generator. 

In the case of an error replace the IF FIL TER module. 

7.3.3.4 Level Error Relative to the Reference Level 

With constant reference level, the display error depends on the signallevel. 
There may be an error in the LOO AMP (Iinearity); check as follows: 

Calibrate LOGAMP [~CAL LOO in the CAL menu] 
a) Error message: LOGAMP presumably faulty, for checking see 7.4.2. 
b) no error message, but error still present: check STEP GAIN according to 7.3.3.3, 
or fault in correction RAM ~ check DETECTOR module. 

7.3.3.5 Level Error Depending on Resolution Bandwidth (RBW) 

Calibrate IF filter [~CAL RES BW in the CAL menu] 
a) Error message (CAL RESUL TS Filter Gain): Resolution filter features excessive attenuation for one 
or several bandwidth settings so that it can no Ionger be calibrated. Replace the IF FILTER module. 
b) no error message, but error still present: CAL AMP 2 does not set the required gain. Replace the IF 
FIL TER module, for checking see 7.4.1 CAL AMP 2. 
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7.3.4 Error in Frequency Display 

(Frequency display after "marker to peak") 
At first make sure that the local frequencies are okay: 
For this purpose, activate frequency counting (marker count): if the frequency is then indicated 
correctly, the LOs are correctly set and the IF fiher is oot centered at 21.4MHz. 
Calibrate IF filter [-+CAL RES BW in the CAL menu): in the case of an error message below CAL 
RESUL TS Center Frequency, the fiher can 00 longer be readjusted, replace the IF FILTER module. 

7.3.5 Bandwidth Error 

Calibrate IF filter [-+CAL RES BW in the CAL menu): in the case of an error message below CAL 
RESUL TS Bandwidth, the fiher can no longer be readjusted, replace the IF FIL TER module. 

7.3.6 Too High Inherent Noise Display 

A distinction is to be made between 
- absolute level error 
- dynamic range of log amplifier 
- dynamic range of detector 
- noise figure 
- discrete interfering signals 

Check the level display using a signal generator up to 10 dB abouve noise display. In the case of an 
error see 7.3.3. 

Disconnect IF input from 2nd IF CONVERTER and terminate with 50 n. 
Check with minimum IF gain (RF-ATT OdB, Reference Level -1OdBm) and small bandwidth (RBW 2 
kHz, VBW 100Hz) whether the dynamic range of the Iog amplifier is sufficient for the noise 
measurement: 
> -80 dB below Reference Level. 
In the case of an error additionally check the detector as follows: 
Disconnect video output X161: The level display must reach the Iower end of the display range 
(approx. 111 dB below reference level) , otherwise -+ check DETECTOR module. 
Reconnect video output. 

Set the bandwidth at which the increased inherent noise is displayed. Display range 100dB, reference 
level-6OdBm, RF-ATT OdB. Cut in Noise Marker. 
If the expected noise figure is exceeded byat least 5dB, the IF FIL TER module is okay: -+ Check RF 
MODULE and 2nd IF CONVERTER. 

If a poor noise figure is obtained, a fiher or an amplifier in th·- - FIL TER is fauhy. 

An amplifier might be oscillating in the IF FIL TER. This may cause the error to occur only sporadically 
or depending on the temperature. 
Connect spectrum analyzer to IF output X163. Check whether interfering signals occur in the range 
from 100kHz to approx. 200MHz. A considerably increased noise outside the IF bandwidth indicates a 
tendency towards oscillations. Perform the measurement with various bandwidths: 2kHz, 30kHz, 
50kHz, 1 MHz, 10MHz. 
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7.3.7 Too Smalllntermodulation Ratio 

Check whether there is already intermodulation at the IF output of the 2nd IF CONVERTER or whether 
it is only produced in the IF FILTER. 
For this purpose, check the IF FIL TER according to 7.4.8 or check the IF signal as follows: 
Set the center frequency at which the error occurs, ZERO SPAN, RF-A TI OdB. 
Using two signal generators, apply a two-tone signal at the RF input via 3-dB coupler (~f =100 kHz). 
Select the level such that each signal is applied to the RF input with -16 dBm. 
Using a spectrum analyzer, measure the intermoduation ratio at the IF output of the 2nd IF 
CONVERTER: It must be ~O dB. 

7.3.8 Error in Frequency Counting 

Select the setting where the error occurs. Connect signal generator to RF input. 
Prerequisite: signal >20 dB above noise. 

a) No frequency display or display independent of Input signal 
Select Zero Span, disconnect cable from X162 and check using oscilloscope whether a squarewave 
signal with at least 1 Vpp, frequency 21.4 MHz is applied. 
If so, connect frequency counter and check whether the frequency corresponds to exactly 21.4 MHz. 
Vary the signal generator frequency (max. equal to resolution bandwidth) and check whether the 
frequency display varies to the same extent. 
Error ~ Limiting amplifier in IF FILTER faulty 
Okay ~ Check DETECTOR module 

b) Faulty frequency display 
First vary the signal generator frequency within the bandwidth to check whether the frequency display 
changes accordingly. If no, see below 1. 
If the display changes accordingly, the error cannot be on the IF FIL TER: ~ Check reference 
frequency and synthesizer, check DETECTOR module. 

7.3.9 Error in Vector Analysis or with the Digital Bandwidths ~1 kHz 

If the error occurs ~ in conjunction with the l/a DEMODULATOR (Option) or DIGITAL IF, first check 
whether the IF FIL TER module properly applies the IF signal to these modules. 
Connect signal generator to RF input, level = reference-Ievel, select ZERO SPAN and vector analysis 
or bandwidth <1 kHz. Measure level at X164 or X163. Nominal value -20 dBm ±3 dB. 
In the case of an error, the output amplifiers on the IF FIL TER are faulty. 

7.3.10 Error in Demodulation 

No signal at headphones output (or Ioudspeaker) or heavily distorted signal with AM, FM, l/a, or 
volume cannot be set: ~ Demodulator/ audio amplifier in IF FIL TER faulty 

If error ~ occurs in the case of l/a, check whether audio signal is generated by l/a 
DEMODULATOR: 
Measure at X160.C19 (IF-FIL TER). 
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7.3.11 Error in IF Overload Display 

a) No IF overload display In splte of an overload of more than 6dB 
-+ Overload detector on IF FIL TER faulty 

b) IF overload display with level < reference level 
Make sure that the overload is not causad by the 1 st LO, to this end set start frequency > 100 MHz. 
Set high IF gain (reference level-5OdBm). 
If the error still occurs: -+ Overload detector on IF FIL TER faulty 
If the error disappears: -+ Check 2nd IF CONVERTER 

e) Permanent IF overload display even without Input signal (1 st LO not visible either) 
IF OVR line is inhibited by a module. The fault can only be located by replacing the module. 
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7.4 Testing the Specifications 

The followingdescribes how to check the module for 100% proper functioning and data integrity 
without influence of the instrument. In general, this is only required following repair or if an error cannot 
be found otherwise. 
If there is an error in the instrument, proceed according to section 7.3' 

The uncalibrated characteristics of the IF FIL TER module are to be checked: 
-+ CAL CORR OFF in the CAL menu. 
The original EEPROM data are usad for setting the module and the uncorrected characteristic of the 
Iog amplitier is used for the display indication. 

AII analog data of the module can be checked irrespective of the complete instrument. The instrument 
only serves for setting the function and the parameters on the module. 
In sorne measurements, the display of the instrument can be used. 

7.4.1 Level Measuring Accuracy (IF Amplifier) 

Test setup 

Signal generator -+ X 168 (Remove cable to 2nd IF CONVERTER) 
Power meter -+ X163 (rernove cable to DIGITAL IF) 
Digital vohmeter -+ X160.A 15 

Setting on the FSE 
Center 120 MHz, ZERO SPAN, RF-ATI O dB, Reterence Level -10 dBm, RBW 5kHz 

Checking the control voltage for CAL AMP1 

The control vohage tor the CAL AMP1 is derived trom the FRACSYN module. First check whether this 
voltage can be correctly set: 
Measure at X160.A 15 using vohmeter. 

x = 4096 (DAC-WERT O) 
X = 8191 (DAC-WERT 4095) 

SERVICE FUNCTION 
2 • 10 . 2 • 6 . X Using the service tunction, write O and 4095 to the OlA 

'---______ -1 con verter CAL 1 on the FRACSYN module. 
The voltage must be 0±10 mVor +10 V ±1oo mV. 
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Characteristics of the Calibration Amplifiers 

Note: Functionfng 01 the calibration amplifiers is a prerequisite lor all remaining level accuracies 
including that 01 the STEP COARSE amplifier! 

Setting on the FSE: Reference Level -20 dBm, RBW = 5 kHz 
Setting on the signal generator: 21 .4MHz, -30 dBm 

CALAMP1 

The measurement can only be performed if the control voltage for the CAL AMP1 is correctly set by 
the FRACSYN module (see aboye). 

x = -3, ... 12 [dB] 

I SERVICE FUNCTION 1 
2.26.20.X 

CAL AMP1 settlng Indlcatlon o, power meter 
wlth servlce functlon 

OdB -14 dBm ±2.5 dB 
Store indication - REFLEV 

-3dB REFLEV -3% 0.2 dB 

+5dB REFlEV +5% 0.2 dB 

+12dB REFLEV +12% 0.4 dB 

Note: Take into account linearity error 01 power meter! 

• If the control voltage is not set, the CAL AMP1 can only be checked for its functions. To this 
end, a programmable voltage source is used to apply the voltage from the following table to 
X160.A15, X160.C16 (ground). Compliance with the characteristic cannot be checked! 

setvoltage 

1.02 V 

0.44 V 

2.61 V 

7.42 V 

1065.7264.02 

Indlcatlon o, power meter 

-14 dBm ±2.5 dB 
store indication -REFLEV 

REFLEV -3:1: 1 dB 

REFLEV +5 ±2 dB 

REFLEV +12 ±4 dB 

SERVICE FUNCTION 
2.26.0 
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Reset service tunction: 

The CAL AMP1 must now be in the O-dB position (because 120 MHz is the reterence frequency tor the 
RF trequency response). The voltage must lie between 0.6 and 1.6 V (typ. 1.02 V) depending on the 
characteristic data tor CAL AMP1. 

, 
It this voltage is not applied, a voltage ot 1 Visto be applied using a voltage source tor all subsequent 
measurements. 

CALAMP2 

x = -6, ... 9 [dB] 
SERVICE FUNCTION 

2.26.21.x 

CAL AMP2 settlng IndlcaUon o, power meter 
wlth aervlce tuncUon 

OdB -14 dBm % 2.5 dB 
Store indication .. REFLEV 

-6dB REFLEV -6 %0.2 dB 

+5dB REFLEV +5 %0.2 dB 

+9dB REFLEV +9 %0.4 dB 

Note: Take into account linearity error of power meter! 

Reset service function: 
SERVICE FUNCTION 

2.26.0 

Absolute gain error with reference bandwidth and reference level 

Setting on signal generator: 21.4 MHz, -6 dBm 
Nominal indication of power meter: O dBm ±2.5 dB 

Relative gain error of STEP GAIN 

.& The high accuracy is required since the STEP GAIN is not calibrated, and serves as reference I for the log amplifier characteristic. Take into account the tolerance of the level divider in the 
signal generator! 
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STEPCOARSE 

Reference Leve! . thla ,.ulla In the followlng 21.4-MHz-algnal IncllcaUon of power 
Seltlng on the FSE STEP COARSE aettlng gel*'ator leve! meter 

-10dBm OdB -6dBm O dBm :1:2.5 dB 
Store indcation 
-REFLEV 

-20dBm 10dB -16dBm REFLEV :0.2 dB 

-30dBm 20dB -26dBm REFLEV :0.2 dB 

-40dBm 30dB -36dBm REFLEV :0.2 dB 

-50dBm 40dB -46dBm REFLEV :0.2 dB 

STEP FINE 

Referenee Level resullB In the followlng 21.4-MHz slgnal generator IndlcaUon of power meter 
level 

Settlng on the FSE STEP FINE seltlng 

-20dBm 5dB -30dBm -14 dBm :1:2.5 dB 
Store indcation 
-REFLEV 

-21dBm 6dB -3OdBm REFLEV + 1 :0.1 dB 

-25dBm 10dB -3OdBm REFLEV +5 :1:0.15 dB 

-29.9dBm 14.9dB -30dBm REFLEV +9.9 :0.2 dB 

Note: Take into account linearity error of power meter! 

Frequency response of STEP GAIN 

Setting on the FSE: RBW = 10 MHz 

Re'erenee Level Leve! of slgnal generator 
Setting on the FSE 

-15dBm -16dBm 

-25dBm -26dBm 

-35dBm -36dBm 

-45dBm -46dBm 

-55dBm -56dBm 
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With each level setting measure at 21.4 MHz first using power meter and store the measured value. 
Then set the frequencies 16.4 MHz and 26.4 MHz. Maximum level deviation referred to 21.4 MHz: 
±1dB 

Relative gain error of bandwldths 

As the bandwidth setting is made without filter switching, it is sufficient to measure the maximum and 
the minimum bandwidth for the Le filters and the crystal filters each. 

Setting on the FSE: Reference Level -10 dBm 
Setting on the signal generator: 21.4 MHz, -6 dBm 

RBW Settlng on !he FSE IndlcaUon of POW" met .. 

5 kHz o dBm :2.5 dB 
Store indication ., REFLEV 

1 kHz analog REFLEV :2.5 dB 

30 kHz REFLEV :2.5 dB 

50 kHz REFLEV :2.5 dB 

3MHz REFLEV :2,5 dB 

10 MHz REFLEV :2.5 dB 

Note: The center frequency offset of the filters may pretend a level error. If necessary, val}' the 
frequency of the signal generator in order to find the maximum level. Of course, a network analyzer can 
also be used. 

Testing the second IF output 

Setting on the FSE: Reference Level -10 dBm, RBW 5 kHz 
Setting on the signal generator: 21.4 MHz, -6dBm 
Remove cable from X164 

Using the power meter measure the level difference between X164 and X163: <±1.5 dB 
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7.4.2 Characteristic of Log Amplifier 

Note: 
The characteristic of the Iog amplifier can be obtained by reading out the correction data following 
successful calibration. Measurement of the dynamic range (noise display) see below! 

If calibration is no Ionger possible, or the calibration itself is thought to be faulty, or there are errors in 
the detector module, the characteristic can be obtained independently as described below. 

Test setup 

Signal generator ~ X 168 (Remove cable to 2nd IF CONVERTER) 
son termination ~ X 161 (Remove cable to DETECTOR) 
Measure at 50 n termination using digital voltmeter. 

Setting on the FSE 
Center 120 MHz, ZERO SPAN, RF-ATI OdB, Reference Level -1OdBm, RBW 5 kHz 

Noise indication 

Switch level of signal generator to OFF. 

Setting on the FSE 
RBW 
1 MHz 
5 kHz 

Linearity 

Video voltage 
20 series 
<240 mV typ. 210 mV 
<220 mV typ. 190 mV 

30 series 
<240 mV typ. 210 mV 
<55 mV typ. 10 mV 

Nominal characteristic: Reference point: 820mV Video voltage; slope: -9mV/dB 

Set the level of the signal generator such ( approx. -26dBm), that the video voltage is exactly 820 mV, 
store the level = Pref. 
Set the level of the signal generator from -101 to -3dBm in 3-dB steps (Pi), measure the video voltage 
in each case (Vi) . 

Calculate the linearity deviation: error [dB] = Pi[dBm] - Pref[dBm] - ( Ui[mV] - 820 ) / 9 

max. linearity error 
20 series ±4 dB (typ.± 2dB) in the range -81 dBm to -6 dBm 
30 series ±4 dB (typ. ± 1 dB) in the range -101 dBm to -3 dBm 

Note: Deviations below ±5dB can still be calibrated, however, the module should be replaced if ±4 dB 
is exceeded. 
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7.4.3 Limiter Output (~Frequency Counter) 

Test setup 

Signal generator ~ X 168 (Remove cable to 2nd IF CONVERTER) 
Frequency counter ~ X162 (Remove cable to DETECTOR) 
Additionally measure at X162 using oscilloscope with 10:1 proba 

Setting on the FSE 
Center 120 MHz, ZERO SPAN, RF-ATI O dB, Reference Level-10 dBm, RBW 5 kHz 

Frequeney o, slgnal generator Leve! o, slgnal generator Indlcatlon o, frequeney eounter 

21 .400 MHz -6 dBm, -SO dBm, -90 [-75) dBm 21 .400 MHz 

21 .401 MHz -90 [-75) dBm 21 .401 MHz 

Values in [brackets] apply to the 20 series 

Use an oscilloscope to check whether the voltage at X162 is > 1 V peak-to-peak in the last setting. 

7.4.4 Overload and Underrange Detector 

Test setup 

Signal generator ~ X 168 (Remove cable to 2nd IF CONVERTER) 
Measure at X160.A20 and X160.A21 using digital voltmeter, oscilloscope or logic probe. 

Setting on the FSE 
Center 120 MHz, ZERO SPAN, RF-ATI OdB, Reference Level-10 dBm, RBW 5 kHz 

21.4-MHz slgnal generator: Aetlon Logle level at 
Level X160.A20 

-21 dBm InlBrrupt Reset High 

-17dBm InlBrrupt Reset High 

-4,5 dBm InlBrrupt Reset High 

-l,5dBm InlBrrupt Reset l...c1N 

Interrupt Reset: 
Shortly apply X160.A24 to ground or call up service function: 

= Interrupt Reset 

SERVICE FUNCTION 
2.0.1 
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7.4.5 Demodulator 

Test setup 

Signal generator -+ X 168 (Remove cable to 2nd IF CONVERTER) 
Audio analyzer and oscilloscope -+ headphones socket 

X160.C22 can be measured as an alternative. 

Setting on the FSE 
Center 120 MHz, ZERO SPAN. RF-ATT O dB, Reference Level-l0 dBm 

AM demodulator 

Setting on the signar generator 
21 .4 MHz, -9 dBm 
AM Modulation, fmod = 1 kHz. m = 33 % 

Settíng on the FSE 
RBW 20 kHz 
Demodulation AM, Volume 87% 

Signal at headphones output 
Sine 1 kHz, Voltage 0.5 to 1.5V RMS 
Distortion factor < 5 % 

Set level of signal generator to -69 dBm 
Voltage may be reduced by rnax. 3 dB 

Setting on the FSE 
Volume 0% 
Voltage < 2 mV 

FM Demodulator 

Broadband FM 

Setting on the signal generator 
21.4 MHz, -6 dBm 
FM modulation, fmod = 1 kHz, deviation = 40 kHz, sw~ch off AM 

Setting on the FSE 
RBW 200 kHz 
Demodulation FM, Volume 87% 

Signal at headphones output 
Sine 1 kHz, voltage 0.5 to 1.5 V RMS 
Distortion factor < 4 % 
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Set signal generator level to -66 dBm 
Voltage rnay be reduced by rnax. 3 dB 

Narrowband FM 

SeUing on the signal generator 
-6 dBm, deviation= 3 kHz 

SeUing on the FSE 
RBW 20 kHz 

Signal at headphones output 
Sine 1 kHz, voltage 0.5 to 1.5V RMS 
distortion factor < 4 % 

Set signal generator level to -66 dBm 
Voltage may be reduCed by rnax. 3 dB 

Quasi-peak demodulator 
(only with EMI receiver function) 

SeUing on the signal generator 
21.4 MHz, -50 dBm 
AM modulation, fmod = 25 Hz square, m = 82 %, switch off FM 

Setting on the FSE 
EMI Receiver Mode, detector quasi-peak (also cuts in the quasi-peak demodulator) 
RBW 120 kHz, Volume (Lautstarke) 87% 

The demodulator differentiates the video signal with subsequent pulse expansion and limiting. The 
purpose is to make clicks audible, to a large extent independently of level and duration. 
The signal at the headphones output should be as follows: 

--------1' 
0.85 ... 2.5V 

~ 
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7.4.6 Resolution Filters (RBW) 

Test setup a) m b) 

a) Checking the resolution filters in the property functioning instrument without measuring instruments: 

Setting on the FSE 
Seleet "INPUT CAL" in the service menu 
Centerfrequency 120 MHz, SPAN as indicated below, reference level-40 dBm 
The filter parameters can be measured using the marker functions of the FSE. 

b) Checking the resolution filters using network analyzer independently of the instrument: 

Network analyzer output --+ X 168 (Remove cable to 2nd IF CONVERTER) 
Netzwork analyzer input --+ X163 (Remove cable to DIGITAL IF) 

Setting on the FSE 
Center 120 MHz, ZERO SPAN, RF-ATT O dB, reference level-1 OdBm 

Setting on the network analyzer 
Center frequency 21.4 MHz, output level -10 Bm. 
Set the SPAN indicated below on the network analyzer. 
The fiher parameters can be measured using the marker functions of the network analyzer. 

Values in [brackets] apply to the 20 series 

Setting on the FSE: RBW 1 kHz analog 
Setting on the FSElNWA: SPAN 15 kHz 

Measurements: 
The shape factor 3 dB : 60 dB of the filter is < 1 : 12 [15] 
Center frequency error < 500Hz 
3 dB bandwidth 700 Hz to 1500 Hz 

Setting on the FSE: RBW 30 kHz 
Setting on the FSElNWA: SPAN 500 kHz 

Measurements: 
The shape factor 3dB : 60dB of the filter is < 1 : 12 [15] 
Center frequency error < 60kHz 
3 dB bandwidth 15 kHz to 45 kHz 

1065.7264.02 

Symmetry 

Below the center frequency, a M is determined 
where the attenuation is 30 dB. M aboye the 
center frequency, the attnuation must be 30± 
15 dB. 
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-30±15dB 

Setting on the FSE: RBW 50 kHz 
Setting on the FSElNWA: SPAN 750 kHz 

Measurements: 
The shape factor 3 dB : 60 dB of the filter is < 1 : 12 [15] 
Center frequency error < 200 kHz 
3 dB bandwidth 25 kHz to 80 kHz 

Setting on the FSE: RBW 3 MHz 
Setting on the FSElNWA: SPAN 40 MHz 

Measurements: 
The shape factor 3 dB : 60 dB of the filter is < 1 : 8 [10] 
Center frequency error < 500 kHz 
3 dB bandwidth 2 MHz to 4.5 MHz 

Check symmetry as with RBW 30 kHz. 
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7.4.7 Noise Figure 

Test setup 

son termination --+ X 168 (Remove cable to 2nd IF CONVERTER) 

Setting on the FSE 
Center 120 MHz, RF-ATI O dB, SPAN = 10·RBW, VBW = 1/10 RBW 

Reference Level R8W HoI .. display 
(noIae marker) 

-10dBm 2kHz < -143 dBmlHz·) 

30kHz < -151 dBmlHz·) 

50kHz < -139 dBmIHz 

1 MHz < -153 dBmIHz 

-40dBm 2kHz < -160 dBmlHz 

30kHz < -158 dBmIHz 

50 kHz < -149 dBmlHz 

1 MHz < -164 dBmIHz 

*) with the 20 series, measurement is not possible, since indication is limited by Iog amplifier 

7.4_8 Intermodulation (IP3) 

Test setup 

Two signal generators via 3-dB coupler --+ X 168 (Remove cable to 2nd IF CONVERTER) 
Spectrum analyzer --+ X163 (Remove cable to DIGITAL IF) 

Setting of signal generator 
Level -10d8m each, frequencies f1 and f2 see table 
(when using a 6 d8 coupler -7 d8m) 

Make sure that the intermodulation ratio of the test signal is > 80 d8c! 

Setting on the FSE 
Center 120 MHz, lERO SPAN , RF-ATI O d8, Reference Level-10 d8m 
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RBW t1 f2 ....... rement uslng apectrum analyzer 

5kHz 21 .4 MHz 21 .425 MHz Measure laYe! at 21 .4 MHz, store measured value as reterence value. 

21 .450 MHz 21 .425 MHz l.8veI at 21 .4 MHz must now be at least 68 dB smaller. 

21 .4 MHz 21 .401 MHz Measure laYe! at 21.4 MHz, store measured value as reterence value. 

21 .402 MHz 21 .401 MHz leYe! at 21 .4 MHz must now be at least 32 dB smaller. 

500kHz 21 .4 MHz 23.9 MHz Measure laYe! at 21 .4 MHz, store measured value as reference value. 

26.4 MHz 23.9 MHz leYe! at 21 .4 MHz must now be at least 68 dB smaller. 
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7.5 Final Testing 

Start total calibration [CAL TOTAL in the CAL menu], in the case of "failed" see sect. 7.3. 
Check CAL RESULTS tor the status "check", in the case ot "check" see sect. 7.3.2. 

IFFILTER 

Using a signal generator, pertorm a simple function test of the AM and FM demodulator (via 
Ioudspeaker or headphones) and ot the frequency counter (marker count). 
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7.6 External Interfaces 

Slgn.1 o T V.luerange Termlnlll Refnart( 

TEMPFE A A 10mVIK C1 Temperature YOItage 
2.73 Vat O°C (Module temp.) 

PTP_CLK E o TTL A7 Interface ti 
Data rata max. leve!transputer 
5 MHz CIock 

PTP_DAT E O TTL C7 Interface ti 
Data rata max. leve! transputer 
5 MHz Dala 

PTP_STRA E O TTL Aa Interface ti 
Data rata max. Leve! transputer 
5 MHz Address strobe 

PTP_STRD E O TTL C9 Interface ti 
leve! transputer 

Data rata max. Datastrobe 

5 MHz 

CAL_AMP_1 E A O ti 10 V Re - 2 kil A15 I~t for anaIog CAL amplifier 

the higher the vo/t .• the 
higher the gail 
(- O lo 22 dB) 

GNDDAC E A OV C16 Reference ~nd for CAL 
amplilier input 

IF_WIDE A O TTL,static C17 For controlHng the IF fillers on 
the 2ncIIF Converter 
5110MHz 

IIO_AF E A % 10V C19 AF signal from 110 
dernodulatlr 

IFOVR A O TTL opan coIlector A20 I F over1oad 
LOW - Over1oad 

IF OVR-10 A O TTL open coIlector A21 IF overload -10 dB 
LOW - Over1oad (10 dB beIow IF OVA-

threshold) 

SPEAKER+ A A % 10V C22 AF outputtl 
Ioudspeaker 

SPEAKER- A A % 10 V C23 Loudspeaker and AF amplifier 
ground 

INT_RES E O TTL A24 Reset ter IF OVR and IF 
LOW-Reset OVR-10 

PTP _SDA B O TTL 100 kHz C24 12C-BUS. data 

ADCMUX A A -5Vlo5V A25 Self-testvoltage 
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PTP_SCL 

+28V 

-1 5 V 

-1 5 V 

Entf)' /n column D (DlrtICt/on): 
Entf)' /n column T (Type) : 

Signa' 

+15 V 

+15 V 

+5 V_A 

+5 V_A 

GND_A 

GND_A 

IF_OUT1 

IF_OUT2 

LOG_ VIDEO_OUTl 

LlM_IF_OUT 

IF_INPUT 

Entf)' /n column D (DlrtICt/on): 
Entf)' /n co/umn T (Type) : 

1065.7264.02 

E D TTL 100kHz C25 

E V 28V:1V C28 
max.10mA 

E V -15 V :0.1 V P2.9 
max. 12A 

E V -15V:O.1 V C29 
max. 12A 

A _ Output, E 4/npat, B - BId/I.:tIotY/ 
A _ Ana/ag, D - DlI1/m/, V- Supply 

O T Valuerange 

E V +15V:O.1 V A30 
max. 1,2 A 

E V +15V:O.1 V C30 
max.1,2A 

E V 5.5 V:O.05 V A31 
max 100 mA 

E V 5.5 V : 0.05 V C31 
max 100 mA 

E A OV: 10mV A32 

E A O V: 10 mV C32 

A A 21 .4 MHz. B. RBW X163 
Pmax-OdBm 

- REF LEV 

A A 21 .4 MHz. B-RBW X164 
Pmax-OdBm 

- REF LEV 

A A O k:> 5 MHz; X161 
B. RBWI2; 
V • O - 1 V ink:> 50 n 

A D 21 .,4 MHz; Xl62 
B .. RBW 
V- TTLlevel 

E A 21 .4 MHz. X168 
Pmax- - 6 dBm 

- REF LEV 

A ., Output, E., Input. 8 ., BId/I.:t/on./ 
A z Ana/ag, O ., O/I1/m/, V., Supply 

7.28 

IFFILTER 

I2c-BUS, clock 

+28 Vsupply 

-15 V supply 

-15 V supply 

Terminal Remal'k 

+15 V supply 

+15 Vsupply 

+5 V supply 
anaJog 

+5 Vsupply 
anaJog 

lWlIog ground 

IWlIogground 

IF output 
k:> digital I F 

IFoutput 
to 1/0 O/' 
real' pa'l8I 

Video output k:> 
detectO/' module ADC 

Iimited IF oulput lo 
detectO/' modJle PFC 

21 .4-MHz IF input 
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Testing the Module 

7 Testingthe Module 

7.1 Function Description 01 the Module 

7.1 .1 Function inside the Instrument 

The module processes the 3rd Ifof 21.4 MHz from the IF FIL TER or the signal from the baseband input 
(Option). 

Main functions: 

• Conversion of the 21.4-MHz IF to 25 kHz 
• Baseband input OC to 50 kHz (Option) 
• Switchable IF gain Oto 40 dB in 2-dB steps, depending on the reference level and mixer level setting 
or on the measurement range of the baseband input 
• NO conversion of IF or baseband 
• Digital resolution filters 10Hz to 1 kHz and FFT by means of signal processor 

7.1.2 Description 01 the Block Diagram 

The DIGITAL IF module is controlled by the level transputer. 

Conyersion 

The IF signal is applied via X183 (50-.Q input) with max. O dBm. It is directly taken to the mixer, where 
it is converted with the 21.375-MHz LO frequency to 25 kHz. The preamplifier is followed by a 
switchable amplifier (Step Gain). 

Step Gain 

Switchable amplifier with Oto 30 dB in 1 O-dB steps and additional Oto 10 dB in 2-dB steps. 
The Step Gain processes the 25-kHz IF. With the FFT option built-in, the signal from the baseband 
input X184 can also be connected to the Step Gain. Jumper X13 must not be fitted with the option 
installed. The switch is located on the option. 

Oyerload Detector 

A level detector and a comparator are located at the output of the Step Gain. They permit to detect 
overloading of the Step Gain and the NO converter. The test point can also be checked in the self-test. 
The overload detector acts on the bus line IF _OVR to the level transputer. 

Threshold: 
Responds when 91 % of the measurement range of the NO converter are exceeded. This corresponds 
to a level of 8dB above Reference Leve!. 
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Maintenance of the Module 

NO cooyerter 

The I F or baseband signal is taken via an antialiasing filter with a cut-off frequency of 50 kHz to an 18-
bit NO con verter. This has a sampling rate of 200kHz, províding a serial data stream to a shift register, 
which transfers the data to the signal processor in parallel. A sequence control system (EPLO) controls 
the NO converter, data transfer to the shift register and to the signal processor. 

Signal processor (DSP) 

The DSP core is a plug-in module accommoclating the signal processor OSP56002 and 8k RAM (20 
series) or 32k RAM (30 series). The connection to the serial interface to the level transputer is made 
via the host interface. 

On booting, all applications are loaded into the RAM of the DSP via the host interface. 
These are the digital resolution filters (FIR filters) and, in the case of the 30 series, FFT also. 
The FFT is also used for signals of the baseband input (option). The absolute-value generatioo with 
linear or logarithmic weighting also takes place in the OSP. After interpolation to a sampling rate of 25 
kHz, the data are transferred via the serial SSI interface to the DSP of the DETECTOR BOARD. 
There, digital video filtering takes places and, subsequently, signal weighting in the detector gate array 
as io the case of the data from the video ND converter). 

LocalOscillators 

The module provides three frequencies: 
- Clock frequeocy for signal processor 20 MHz 
- Clock frequency for ND converter 25.6 MHz 
- LO for mixer 21.375 MHz 

The 20-MHz reference of the instrument is cut io via the module: input X186 - output X185. 
The 25.6 MHz and the 21.375 MHz are derived from a crystal oscillator each, which is synchronized to 
the 20-MHz reference via a PLL. 
When the module is oot in operation, the 25.6 MHz and the 21.375 MHz are cut off. 

The level of the 21.375-MHz LO is mooitored. The detector acts 00 the bus line LO_LEVEL to the level 
traosputer. 
Likewise, locking in of the PLLs is continuously monitored. The error messages act on the bus line 
LO_UNLOCK to the level transputer. 

EEPROM 

The EEPROM cootains all correctioo values for the module and, if applicable, for the option, so that 
module replacement is possible without adjustment . 
As long as there is no current calibration data set on the hard disk, the module is set using the 
EEPROM data. 
Each calibration is based on the EEPROM data se!. 
lo the case of a totalloss of data (faulty EEPROM), the instrument makes use of a default data set so 
that operatioo of the module is possible (without data integrity). 
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Testlng the Module 

Not all data can be determined by means of the calibration routines to be called up in the instrument. In 
the case of repair inside the module. recalibration might therefore be required using a special test 
station. 

& 
Main data: 

Gain correction for the 2-dB and 1O-dB steps of the Step Gain 
e Absolute gain error with O-dB Step Gain 

Gain correction for Step Gain of baseband input (Option) 
Absolute gain error of baseband input with O-dB Step Gain (Option) 

cannot be calibrated 
e is calibrated 
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7.2 Measuring Instruments and Auxiliary Equipment 

""" Type of Instrurnent Speclncatlona Approprtallt OrderNo. 
R&Sdevk:e 

1 Sigla! generator 100 kHz tll GHz SMH 
leYe/ o lo -50 dBm SMG 
leYe/ linea'ity at 21 .4 MHz: 
o lo -20 dBm: <0.1 dB 

2 Frequency counter Accuracy <1 .10-6 

3 Power meter 21 .4 MHz URV5 
O tl-4O dBm 

4 Oscilloscope 100 MHz 
wilh 10: 1 divider probe 

5 Terminalion 5MB lemale, 50 n 
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7.3 Troubleshooting 

Prerequisite: 

The error Is assurned to occur ~ wlth digital bandwldths S1 kHz. 

The short calibration for RBW = 2 kHz must be performed with the status "passed" and without 
"check" in the case of the absolute level error. 

In the following, a description will be given of how an error can be clearly Iocated on the DIGITAL IF 
module. The module is to be replaced then. 

Module replacement 

• Adjustment of the new module in the instrument is not required. 
• In order to ensure proper functioning, it is recommended to perform a short calibration with RBW 

<1 kHz [~CAL SHORT in the CAL menu). 
Besides, with the FFT option installed (baseband input), it is recommended to perform a simple 
function test of the baseband input in several measurement ranges using an AF generator. 

&. Important note' Even though the module works properly again after repair, it can only be usad 

I with restrictions. Calibration data that cannot be regenerated may then be out of tolerance so 
that data integrity is not even ensured by a calibration. This applies in particular to repair work 
on the STEP GAIN or AJO converter. The level measuring accuracy can be checked according 

to section 7.4.3. 

7.3.1 Self-test 

8 analog self-test voltages can be measured and 8 status bits read on the module. Fatal errors such as 
open circuit in the signal path or total failure of a component (operating voltage, oscillator) can thus be 
found quickly. 

Make sure that a 21.4-MHz signal with -20 dBm is applied to the IF input (X183). The 20-Mhz system 
clock TIL signal must be applied to input X186. 
The signals can also be applied using a signal generator and a function generator (TTL output). 

Channel Teal81gnal Nominal value Condltlon 

O ANALOG_GND O:l:10mV nona 
AnaJog ground 
= referenee potentiaJ 

1 +5VA Reg. +5 V :1:0.2 V nona 
Supply AID converter 
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2 -5VA Reg -5 V 10.2 V 
Supply AID conver1r 

3 VCX021375 +2to +3.5 V 
Crystal oscillator fOf LO 

4 VCX025600 +2to +3.5 V 
Crystal oscillatOf for AID converter 

5 reS8lVed 

6 Leve! ADC Input 1.7Vto2.1 V 

7 DIGITAL_GND O±2OOmV 
Digital grOOld 

The test signals can be individually polled by means of a service function: 

x = channel number 
SERVICE FUNCTION 

2.23.LX 

Status bit Monltorlng functlon 

#O LSB Over\oading of baseband input 
[OPTION) 

'1 Over\oading of 
AID converter 

#2 PLL fOf 4th LO 
(Local Oscillator) 

13 PLL fOf ADC clock 
(AID converter) 

#4 L9\lel of 4th LO 
(Local OscillatOf) 

N5 reserved 

116 reserved 

'7 MSB reserved 

Meanlng 

O-o.k. 
1 - overloaded 

O- o.k. 
1 - overloaded 

O- o.k. (Iocked) 
1 - unlocked 

O .. o.k. (Iocked) 
1 .. unlocked 

O"o.k. 
1 - Leve! kx> small 

The status byte can be polled by means of a service function:. 

SERVICE FUNCTION 
2.23.2 

x x x 

1066.0511.02 

The readout is in the following format: 

x x 

7.6 

nene 

nene 

nene 

ZERO SPAN. RBW <1 kHz and sigl8l at 
referenoe leve! 

nene 

Condltlon 

nene 

nene 

Syslem cIock 20 MHz at X186 

Syslem cIock 20 MHz at X186 

RBW $1 kHz cut in 
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Testlng the Module 

In the case of éiln error-free function, the status byte contains only ·0· 

o o o o o 

7.3.2 Calibration 

Only useful in the case of proper functioning of the digital filters and level error. 

For the DIGITAL IF module, a short calibration with any bandwidth <1 kHz [~CAL SHORT in the CAL 
menu] is sufficient. The absolute gain is calibrated. 
If the error message ·Calibration Failed· appears after calibration, a short calibration with RBW 2 kHz 
should be performed at any case to exclude that there has already been an error in preceding modules. 
The calibration result [~CAL RESULTS in the CAL secondary menu] is given below ·Calibration of 
DigitaIIF". 
The absolute level error before calibration is indicated for the complete instrument in conjunction with 
the DIGITAL IF module. In addition, a status message passed, check or failed is output. 

The status ·check" is no error, but indicates that a relatively large deviation is involved and the 
adjustment range is almost exhausted. The level error is compensated for by the CALAMP2 
(calibration amplifier) on the IF FIL TER module. The ·check· message appears if the reserve of the 
CALAMP 2 is less than 1.5 dB. 

Replacement of the module is not necessary, however, it is recommended in particular if the ·check· 
message already appears at normal ambient te mperat u res (18 to 28°C). 

The message ·failed" appears if the deviation lies outside the adjustment range. 

7.3.3 No Display or no Resolution Filter can be Detected 

a) If, on booting of the instrument, there is an error message saying that the DSP cannot be booted, 
there is an error in the Host Interface (interface of the DSP to the level transputer), or the DSP 
receives no reset from the serial interface (serial interface to level transputer), or the DSP receives no 
clock (20-MHz TIL signal at input X186 present?), or the DSP core itself is faulty. The module is to be 
replaced then. 

b) DSP is successfully booted, however no filter is indicated: 

- Noise display (if necessary, set range > 100 dB): probably open-circuit in the signal path, see 7.3.4 b). 

- no noise display (only horizontal smooth line or no display at aH): 
No data or no useful data are transferred to the DSP on the DETECTOR BOARD. Error in the SSI 
interface (DSP) or DSP receives no useful data from NO con verter. The module is to be replaced. 
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7.3.4 Level Error 

a) In the case of smaller level errors, a short calibration with RBW <1 kHz should be started (see 
7.3.2) . If the error is still there after calibration without error message see 7.3.4.1 

b) In the case of a large level error (>8dB), a calibration does not make sense. In this case, the 
interface I F input should be checked first. 

Set Zero Span and RBW <1 kHz and check gain from the RF input of the instrument to the IF output of 
the IF FIL TER. (e.g. use signal generator and power meter) 
Normal setting: Mixer Level-3OdBm, RF-ATI ~1OdB 

Reference level RF-ATT Galn nominal value 
RF-+ IF (X163 IF-FIL TER) 

-20 lo -30 dBm 101060dB O lo -SOdB 

-2OdBm 10dB OdB 

-20 lo -SO dBm lOdB 010 +3OdB 

<-50dBm 10dB 30dB 

If there is no level error yet, measure voltage at the ADC input in a self-test. 
If a signal equal to the reference level set is applied to the RF input, the test voltage must be 1.7 to 2.1 
V (only with Zero Span). 
Important: check Step Gain with 0,10, 20 dB. To this end, set RF-ATI 10 dB, Reference Level O, -10,-
20dBm. 

SERVICE FUNCTION 
2.23.1.6 

converter is faulty, replace module. 
If this voltage is applied, the anti-aliasing filter or the NO 

If the voltage is not applied, either an amplifier (Step Gain) or the frequency conversion is faulty. LO 
level can be checked (in the case of an error, status bit ;:;: 1): 

SERVICE FUNCTION 
2.23.2 

Replace module. 
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7.3.4.1 Level Error Depending on the Set Reference Level 

There might be an error in the DIGITAL IF STEP GAIN, or the calibration data are faulty. 

Note: The calibration is only made with OdB STEP GAIN. 

Check as follows: 
Set RBW ~1 kHz digital, RF-A TT 1OdB. Connect signal generator to RF input. Set same level as 
reference level of FSE on signal generator. 
Set reference level OdBm, -10 dBm, -20 dBm. 

The relative level error (referred to indication with OdBm) for all reference level settings must be 
<0.2dB plus error of level divider from signal generator. 

In the case of an error replace the IDIGITAL IF. 

7.3.4.2 Level Error Relative to Reference Level 

With constant reference level, the indication error depends on the signallevel. 
Error in AID converter or shift register (e.g. high linearity error or bit error) 

Replace DIGITAL IF module. 

7.3.5 Too High Inherent Noise Display 

A distinction is to be made between 
a) absolute level error 
b) dynamic range of AJD converter 
c) amplifier noise 
d) discrete interfering signal 

a) Check level display with signal generator up to 10 dB above noise display. In the case of error see 
7.3.4. 

b) Disconnect IF input from IF FIL TER and terminate with son (X183) . 
Check whether the dynamic range of the AJD converter is sufficient with OdB STEP GAIN (RF-ATT 
OdB, Reference Level-10 dBm) with the bandwidth RBW 1kHz digital, VBW 10Hz: 
Noise display at least 100 dB below reference level ($-11 OdBm) 

e) Disconnect IF input from IF FIL TER and terminate with son (X183) 
Check noise display with 20 dB STEP GAIN (RF-ATT OdB, reference level -30 dBm) with the 
bandwidth RBW 1 kHz digital, VBW 10Hz: 
Cut in Noise Marker, readout ~-152 dBmtHz. 

d) An amplifier might oscillate in the DIGT AL I F. This may cause the error to occur only sporadically or 
depending on the temperature. However, this can only be determined with open module. Use 
oscilloscope and 10: 1 divider to measure at test points X 17, X20, X21 . 

If the noise data are observed, the DIGITAL IF module is okay: -+ Check RF MODULE, 2nd IF 
CONVERTER and IF FIL TER. 
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7.3.6 Error in IF Overload Display 

a) No IF overload display in spite of overload of more than 8.5dB above reference level 

~ Overload detector on DIGITAL IF faulty 

Important: This is only true for digital bandwidths s1 kHz and Mixer Level s-20 dBm, because, with a 
higher mixer level, the overload display of the IF FIL TER is activated first. 

b) IF overload display with level < reference level 

Make sure that the overload is not caused by the 1st LO, to this end set start frequency >10 kHz. 
Set high IF gain (reference level-50 dBm), digital bandwidth s1 kHz. 
If the error still occurs: ~ Overload detector on DIGITAL IF faulty 
If the error disappears: ~ check IF FIL TER 

e) Permanent IF overload display even without input signal (1 st LO not visible either) 

IF OVR line is inhibited by a module. 

Switch off instrument, rernove DIGITAL IF module, switch instrument on again. 
If the IF overload display has disappeared, the DIGITAL IF module is faulty, otherwise check IF 
FIL TER, 2nd IF CONVERTER. 
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7.4 Testing the Speeifieations 

In the following, a description is given of how to check the module for functioning and data integrity. In 
general, this is only required following repair or if an error cannot be found otherwise. 
If there is an error in the instrument, proceed according to section 7.3 in any case! 

AII analog data of the module can be checked irrespective of the corresponding data of the complete 
instrument. The instrument only serves for setting the function and the parameters on the module and 
for indicating the digital measured values. 
The digital sectíon (AlD converter, DSP with interface) is automatically checked with all functions. 

7.4.1 System Cloek 

The module must receive and pass on the system clock! 
This is assumed tor all subsequent tests! 

Check clock input (X186): 20-MHz TTL signal (coming from FRACSYN module) 
Check clock output (X185): 20-MHz TTL signal (must be routed to DETECTOR module) 

7.4.2 Internal Cloek Generation and Local Oseillator 

Setting on the FSE 
RBW 100 Hz 

There must not be any LO_Level or LO_UNLOCK error message. 
Detai led checking is possible by means of the self-test (see 7.3.1). 

1066.051 1.02 
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7.4.3 Level Measuring Accuracy (IF Amplifier) 

Test setup 

Signal generator ~ X 183 (Remove cable to IF FILTER) 

Setting on the FSE 
Center 120MHz, ZERO SPAN, RF-ATT OdB, Reterence Level-3OdBm, RBW 100Hz 
Marker 

Absolute gain error with reference level 

Setting on the signar generator: 21.4 MHz, -20 dBm 
Nominal indication of marker: -30 dBm ±2.5 dB 

Relative gain error of STEP GAIN 

Al The high accuracy is required because the STEP GAIN is not calibrated. Take into account the ill tolerance of the level divider in the signar generator! 

Reference Level thla reeulIB In the followlng Slgnal Marker Indlcadon 
Settlng on the FSE DIGITAL IF STEP GAIN aettlng generator 
(RF ATT .. OdB) 21.4MHz 

leve! 

-30dBm 20dB -20dBm -30 dBm :t2.5dB 

Store indication as reference value 
(Delta Marker + Reference Rxed) 

-20dBm 10dB -10dBm Delta .. +10 :0.2 dB 

-10dBm OdB OdBm Delta .. +20 :O.2dB 

7.4.4 Overload Detector 

Test setup 

Signal generator ~ X 183 (Remove cable to IF FILTER) 
Use digital voltmeter, oscilloscope or Iogic probe to measure at X180.A20. 
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Setting on the FSE 
Center 120MHz, ZERO SPAN, RF-ATT OdB, reference level-3OdBm, RBW 1kHz, Marker 

SIgna! gen .... tor 21.4MHz Leve! Actlon 

Starting with -13 dBm, se! leve! such!ha!!he marker incication Inl8rr\4lt Reset 
is -23 dBm (7dB above reference leve!) 

Increase leve! such !hat marker indication is -21 .5 dBm (8.5 dB Inl8rr\4lt Reset 
aboYe reference level) 

Interrupt Reset: 
Shortly connect X160.A24 to ground or call respective service function: 

= Interrupt Reset 

SERVICE FUNCTION 
2.0.1 

Loglk leve! .t 
X180.A20 

Higl 

L.ow 

Check by means of selftest: ADC level detector must signal "overload". 

SERVICE FUNCTION 
2.23.2 

x x 

7.4.5 PLL Monitoring 

Test setup 

x x 

Use digital voltmeter, oscilloscope or logic probe to measure at X180.A22. 

Actlon Loglc leve' .t 
X180.A22 

Interrupt Reset Higl 

Remove cable from X186 (system dock) Low 
Interrupt Raset 

Interrupt Reset: 
Shortly connect X160.A24 to ground or call respective service function: 

= Interrupt Reset 

SERVICE FUNCTION 
2.0.1 
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Check by means of selftast: 80th PLLs must signal "unlocked". 

SERvrCE FUNCTrON 
2.23.2 

7.4.6 LO Level Monitoring 

Test setup 
Use digital voltmeter, oscilloscope or Iogic probe to measure at X180.A23. 

Actlon Loglc level at 
X180.A23 

Set RBW 100 Hz on FSE Interrupt Reset High 

Sel RBW 2 kHz on FSE Interrupl Resel 
Low 

Interrupt Reset: 
Shortly connect X160.A24 to ground or call respective service function: 

= Interrupt Reset 

SERvrCE FUNCTrON 
2.0.1 

Note: With anaJog bandwidths, the 4th LO is swutched off. 

Check by means of selftest: The LO level rnonitoring must signal "Iow level" 

SERvrCE FUNCTION 
2.23.2 

x 

1066.0511 .02 
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7.4.7 Resolution Filters (RBW) 

Instead of all digital resolution filters, the 1-kHz filter is to be checked, since this is most influenced by 
the analog preliminary filter (2 kHz). For this purpose, the instrument must function proper1y, since 
testing by means of a network analyzer as with analog filters is not possible. 

Setting on the FSE 
It is reeommended to start CAL RBW (in the CAL menu), since the 2-kHz filter must be calibrated. 
Then seleet "INPUT CAL" in the service menu. 
Center Frequency 120 MHz, RBW 1 kHz digjlal (submenu) , SPAN 10kHz, Referenee Level -4OdBm 
The filter parameters can be measured using the rnarker functions of the FSE. 

The shape factor 3 dB : 60 dB of the filter is < 1 : 6 
Center frequency error < 135 Hz 
3-dB bandwidth 1 kHz ±100 Hz 

7.4.8 Noise Display 

Test Setup 

son termination -+ X 183 (Remove cable to IF FIL TER) 

Setting on the FSE 
Center 120 MHz, RF-ATT O dB, Reference Level-30 dBm, SPAN = 1 kHz, VBW = 10 Hz, 
RBW = 100 Hz 

Noise display (noise rnarker) < -157 dBmlHz 

Note: The noise display is excJusively determined by the ND eonverter if the analog section is error­
free. 
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7.5 Final Testing 

Set bandwidth ~1 kHz digital and start short calibration [CAL SHORT in the CAL menu], in the case of 
"failed" sea troubleshooting section 7.3. 
Search CAL RESULTS for the status "check", in the case of "check" see section 7.3.2. 

If the option FFT input is installed, perform function test with various reference level settings using an 
AF generator. 
For detailed testing of the FFT input see service description of the FFT input option. 

1066.0511 .02 7.16 E-1 



Testlng the Module 

7.6 External Interfaces 

SIgna! name D T v .. ue .... Pln RerMrk 

READY E o TTL A1 Low. Iniliaization linished (Power Up) 

GND_A B V OV A2., B2,C2 AnaJog g-ound 

GND_A B V OV A3,B3,C3 AnaJog IJ"OUnd 

GND_D B V OV A4,B4,C4 Digital g-cxm 

GND_D B V ov AS,BS,C5 Digital g-cxm 

+5V_D E V 5.00 to 5.25 V A6,B6,C6 5 V digital 

PTP-CLK E o TIL A7 Interface to leve! transputer; cIock 

PTP-DAT E O TTL C7 · data 

PTP-STR_A E O TTL /JoB · address strobe 

PTP-DATR A O TIL ca · readdata 

PTP-CLKR A O TIL A9 · readclock 

PTP-STR_D E O TIL C9 · data strobe 

EXT_DSPO A O TIL B13 DSP Host Request 

DSPO_SC1 O TIL B15 Ser. DSP inter1aoe SCI 

DSPO_SCK B O TIL B16 Ser. DSP inter1aoe SCI 

DSPO_SCO O TIL B17 Ser. DSP interface SCI 

DSPO_SRD A O TIL B18 Ser. DSP inter1aoe SCI 

DSPO_SC2 O TIL B19 Ser. DSP inter1ace SCI 

IF_OVR A O TTL open coIlector A2.O LC7toV· IF ov9l1oaded, bus line, Here: if the 
ADC is overloaded 
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Malntenance 01 the Module 

LO_unlock A 

LO_leve! A 

Entry In column D (Dlr«:tloll): 
Entry In coIumn T (Type) : 

Slgn.ln.me O 

INTRES E 

P_SDA B 

AOCMUX A 

DSPO_STD E 

P_SCL E 

DSPO_SCLK B 

DSPO_TXD E 

DSPO_RXD A 

-15V E 

+15V E 

+5V_A E 

GND_A B 

3.IF E 

FFT_IN E 

REF2OM_OUT A 

REF20M_IN E 

Entry In column D (Dlrctlon): 
Entry In column T (TYIHI) : 

1066.0511.02 

D 

D 

T 

D 

D 

A 

D 

D 

D 

D 

D 

V 

V 

V 

V 

A 

A 

O 

O 

TlL apeo coUector A22 

TlL apeo ooIlector /(¿3 

A _ Output. E -Input, B - BldlrectloMl 
A _ AMIog, D - DIg"", V - SUpply 

Value ranga Pln 

TTL. apeo ooIlektor 1>2.4 

TIL 100kHz C24 

-5to +5V 1>2.5 

TIL 625 

TlL 100kHz C25 

TIL B26 

TIL 627 

TIL 628 

-15V±O.1 V A2.9 ,829, C29 

+15V ± O.lV A30,B30,C30 

5.5V±O.05V A31 ,B31,C31 

OV A32,B32,C32 

21.4 MHz Xl83 

OC-SO kHz, ± 1 O V peak Xl84 

20 MHz, TIL Xl85 

20 MHZ, TIL Xl86 

A lO Output, E ,. Input, 8 .. Bld/rtICt/on.1 
A '" An./og, D", D/U"" , V .. Supply 

7.18 

Low - Synthesizer or PLL unlockad, bus 
lne 

Low - LO leve! tx> smaI; bus line 

Remari( 

Reset line for Inarupt 
(reset error message) 

1
2

C-bus leve! transputer 

Meas. channel tor self-»st 

Ser. DSP interface SCI 

2 
I C-bus leve! transputer 

Ser. DSP interface SSI 

Ser. DSP interfaceSSI 

Ser. DSP interface SSI 

-15 V operating vo/tage 

+ 15V operating vo/tage 

5 V anaIog 

anaJogground 

IF input, 5MB plug 

Baseband input, 5MB plug 

System c;Iod( output, 5MB plug 

System c;Iod( output, 5MB plug 
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Detektor Board Function Descriptlon 

7 Testing the Module 

7.1 Function Description 

The Detector Board accommodates the AID con verter for recording analog measured values. The 
converter is followed by a correction memory, where the characteristic of the Iog module is linearized. . 
Ñ3 an option, delogarithmizing for linear display of the measured values can be performed in the 
correction memory. Video filtering of the corrected measured values is performed in a gate array, 
which is followed by the digital selection of the detectors (Detector LCA: samples, peak value, average 
value, RMS). The module also accommodates the triggering of the sweep on intemal and external 
trigger events (trigger LCA). In the case of fast recording of measured values (20 MHz) the values are 
stored in the measuring RAM (128k*16bit) for later off-line evaluation in the transputer (FAST RAM). 
The diagnosis/ selftest evaluation for the various analog modules is made by the selftest AJO 
converter. The analog modules in the signal path are controlled by the serial instrument bus master. 

The detector board is used for recording analog measured values, conversion into digital data and their 
evaluation. The control of the measurement cycles in the spectrum analyzer is derived from this. 

The detector board serves the following purposes: 

• AJO conversion of the Iogarithmic IF signal (ADC) 
• Linearity correction of the analog log module (and optional delogarithmizing) (COR RAM) 
• Video filtering (noise filter gate array and DSP) 
• Detection (Detector gate array: Samples, peak value, average value, RMS) 
• Triggering on internal and external trigger events (trigger LeA) 
• tast recording of measrured values (20 MHz) and storage in the measuing RAM (128k*16bit) tor 

later off-line evaluation in the transputer (FAST RAM) 
• Diagnosis/selftest evaluation for various analog modules 
• serial instrument bus master for various analog modules 

The detector board includes the following plug-in modules: 

• ORA M transputer module for control of the complex measurement procedures (Ievel transputer). 

• OSP module (OSP _0) tor video filtering with a filter cutoff frequency < 30 kHz and control or data 
transfer with further DSP modules without direct transputer connection (dig. IF, la demodulator) 

• a further optional OSP module (OSP _1) for quasi-peak detection and la demodulation. From 
the data stored in the EEPROM or during initialization, the software must determine whether this 
option is plugged in and take the resulting actions (e.g. initialization, switching the signal paths, 
events, selftest) 
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Measur/ng Instruments and Auxiliary Equipment Detektor Board 

7.2 Measuring Instruments and Auxiliary Equipment 

ltIm Type ot !Mtrument SpeclftcalJons Appropriaa OrderNo. u. 
R&Sdevlce 

1 Digital muImleter 1 mVID 100 V UDS5 349.1510.02 
0.1 mA to 1 A 

2 OscUIosoope 100 MHz 
with 10:1 proba ávider 

3 SigIaI genarator 21 .4 MHz, o dBm SMHU 835.8011 
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Detektor Board Troubleshootlng 

7.3 Troubleshooting 

Using the following description, an error on the DETECTOR board can be clearly Iocated. In the case 
of an error, the module is to be replaced .. 

Module replacement 

• Adjustment of the module inside the instrument is not necessary. 

• The automatic selftest must run without errors after module replacement. A total calibration is to be 
performed subsequently. 

7.3.1 Selftest 

Selftest voltages can be measured on the module. These voltages are measued in the automatic 
selftest with certain instrument settings and checked to determine whether they lie inside a given 
tolerance window. 

Note: Proper functioning of the modules FRAC SYN, RF Converter, 2nd IF Converter and IF 
fi/ter and the digital unit. is a prerequisite for running the automatic selftest of the detector 
board. The automatic testing of the complete instrument is always aborted after the 
to/erance has been exceeded for the first time to avoid ¡rre/evant error messages. For 
further fau/t location a/so with the aid of externally applied signa/s, the test functions can 
be called up manually in the Board Test menu. 

1. Test GNDA Internal test input 2 

2. Test +5VA Internal test input O 

3. Test -5VA Internal test input 1 

1. PLL DSPO Internal test input 4 

Nominal value: O V 

Nominal value: +2.75 V 

Nominal value: -2.5 V 

Nominal value: > 2.3 V 

2. PLL OSPl Internal test input 5 Nominal value: > 2.3 V 
peak option or IQ demodulafor is installedl 

1065.8019.02 7.3 

Tolerance: +/-10 mV 

Tolerance +/- 80 mV 

Tolerance: +1- 150 mV 

Perform test only if quasi-
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Troubleshootlng Detelctor Board 

7.3.2 Error In the Level Display 

If the instrument shows a faulty video signal or none at all on the screen, check the input signar on the 
detector board: . 
Instrument settings: Center 120 MHz, Span O Hz, Ref.LEV -2Od Bm 

Apply transmit signal with 120 MHz, -20 dBm 
Measurement of input signar at X191 : 1 V OC 

Reduce transmitter level in 10-dB steps down to -10OdB, the OC voltage must vary by 90mV with each 
1O-dB step. 

7.3.3 Error In the FREQUENCY COUNTER Function 

If the frequency counter displays a faulty value or none at all, first check the 21.4-MH input X194. 
Instrument settings: Center 120 MHz, Span O Hz, cut in calibration signal 
Measurement of input signar at X194: 21.4MHz, TIL level 

7.3.4 Error In the Trigger Function 

Function LlNETRIGGER: 

Check input X190 A14: 

Function RF-TRIGGER: 

Instrument settings: 

Check input X190 C11 : 

Function axt. TRIGGER: 
Check input X198: 

1065.8019.02 

50-Hz squarewave signar with TIL level 

Center 120MHz, Span OHz, RF-A TI OdB 
Apply transmit signar with 120MHz, OdBm, 100%AM 1 kHz 
1-kHz squarewave signar with TIL level 

Signal from rear-panel socket EXT TRIG GATE 
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Detektor Board 

7.3.5 

7.3.5.1 

Error when Startlng the Module 

Error In the Transputer Download 

Troubleshootlng 

If an error occurs during the download, first check the 20-MHz reference input X196, since the clock for 
the level transputer is derived from this signal. The 20-MHz signal must be immediately available after 
switching on of the instrument in order for the test program GR_CHECK.EXE (see service documents 
GRAPHICS) to provide useful results tor the two transputers in the analog unit. 

7.3.5.2 Error In the LeA Download 

If the error message Down/oad DETECT.BIN Failed occurs in the DSP download, the file DETECT.BIN 
on the hard disk should be checked. If no download is possible although the file is correct, there is an 
error in the detector transputer or LCA. 

7.3.5.3 Error in the DSP Download 

If the error message Download BASIS.DLF Failed. Download DSPVIDEo.DLF Failed or Down/oad 
FIRVIDEo.DLF Failed occurs during the DSP download. the files on the hard disk should be checked. 
If no download is possible although the files are correct, there is a fault in the detector DSP. 

7.3.5.4 Error In the Serial Interface 

If the modules controlled by the level transputer (IF filter. attenuator, digital IF) can no Ionger be 
correctly addressed. this rnay indicate an error in the serial interface. The list Hardware Options in the 
info menu contains the modules identified by the instrument. If a module is missing. there is probably 
an error on this module. If all modules or the DETECTOR board are missing. there is a fault on the 
DETECTOR, or the interface is inhibited by another module. The fault can be further Iocated by 
withdrawing individual modules. 

Note: The modules FRAC SYN and DETECTOR as well as the connection of the 20-MHz 
reference must remain inside the instrument! 
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Testlng the Speclflcatlons Deteldor Board 

7.4 Testing the Specifications 

7.4.1 Testing the Signal Path 

1. Reference Level o dBm wlth video filter 1 MHz 

Setting: Center 120 MHz 
Detector to Sample 

Span O Hz Cal source O dBm 
RBW 1 MHz VBW 1 MHz 

This results in: ~ at LOG_VIDEO_lnput of detector board 

Component blocks in signal path: OC shifter/amplifier of video signal 
AD converter 
Corr Ram 
Noise filter 
Detector gate array 

Sweep time 20 ms 
RF-Atten O dB 

Components involved in sequence control: Trigger LCA, transputer module 

Nom. result: AII 500 measued values must Iie within reference level OdBm +1- 4 dB. 

2. Level -40 dBm with video filter 1 MHz 

Setting : Center 120 MHz 
Detector to Sample 

Span O Hz Cal-Quelle -40 dBm Sweep time 20 ms 
RBW 1 MHz VBW 1 MHz RF-Atten O dB 

This results in: 0.6V OC at LOG_VIDEO_lnput of detector board 

Component blocks in signal path: OC shifter/amplifier of video signal 
AtO con verter 
Corr-Ram 
Noise-Filter 
Detector Gate Array 

Component blocks involved in sequence control: Trigger LCA, transputer module 

Nom. result : AII500 measured values must Iie withinnom. level -40dBm 

3. Record level -40 dBm with video filler 1 MHz in measuring RAM 

+1- 4 dB. 

Setting: Center 120 MHz 
Detector to Sample 

Span O Hz Calsource -40 dBm 
RBW 1 MHz VBW 1 MHz 

Sweep time 100 us 
RF-Atten O dB 

This results in: 0.6V OC at LOG_ VIDEO_Input of detector board and recording in measuring RAM 

Component blocks in signal path: OC shifter/amplifier of video signal 
AtO converter 
Corr-Ram 
Noise-Filter 
Detector Gate Array 
Fast RAM 

Component blocks involved in sequence control: Trigger LCA, transputer module 

Nom. result: AII 500 measured values must Iie within nominallevel -4OdBm +/- 4 dB. 
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Detektor Board Testing the Speclfications 

4. Level -40 dBm wlth video filter 10KHz 

Setting: Center 120 MHz Span O Hz Cal source -40 dBm Sweep time º-1.1 
. Detector to Sample RBW 1 MHz VBW 10KHz RF-Atten O dB 

This results in: 0.6V OC at LOG_ VIDEO_Input of detector board and video filter with DSPA 

Component blocks in signal path: OC shifter/amplifier of video signal 
AtO con verter 
Corr Ram 
Noise filter 
SP-Module A 
Detector gate array 

Component blocks involved in sequence control Trigger LCA 
transputer module 

Nominal result: AII 5CX) measured values must lie within nominallevel -40 dBm +/- 4 dB. 

7.4.2 Testing 01 Detectors 

1. Peak detectors and average-value generation 

Setting: Span O Hz Cal source -40 dBm Sweep time 2º-.ml Center 120 MHz 
Detector to Auto RBW 1 MHz VBW 1 MHz RF-Atten ~ 

REF-Level -30 dBm Trace 1 Max Hold 
Trace 2 Average 
Trace 3 Min Hold 

Averaging is to take place over 10 sweeps. 

Component blocks involved: Detector Gate Array 

Nominal result: The levels of trace 1 (Max Hold) must líe above that of trace 2 (Average Sample), 
which in tum must lie above that of trace 3 (Min Hold). The interval is about 1 dB in each case, but the 
important thing is that there are intervals at all. 
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Externa/Interfaces Detektor Board 

7.5 Externallnterfaces 

PIn Name Inputl Value range Slgnal descrlpUon 
Output 

B3 DET_DlS E TIL DeI8ctor dlsable 

AS,BS,CS GND_D B OV GrOU'ld digital 

AS,B6,C6 +5V_D E 5V .. 0.05 V 5 V digital 

A7 PTP-CLK TIL Interface to leve! transputer 

B7 UNICF>P E TTL Unk from FTP 

C7 PTP-DAT A TIL Interface lo level transputer 

AS PTP-STR_A A TTL Interface to level transputer 

B8 UNICP>F A TTL Unkto FTP 

ca PTP-DATA TTL Interface lo level transputer 

A9 PTP-CLKA TTL Interface lo leve! transputer 

B9 UNK_P>G A TTL Unklo GTP 

C9 PTP-STA_D A TIL Interface lo leve! transputer 

Al0 TV_SYNC E TTL CVS Inpul 

B10 LlNICG>P E TIL Unk from GTP 

Cl0 SYNCO B TTL Synchr. with la 

A11 SYNC1 B TIL Synchr. with la 

B11 LlNICP>F A TTL Unklo FTP 

Cll SYNC2 B TTL Synchr. with la 

A12 SYNC3 B TTL Synchr. mil la 

612 LlNICF>P E TTL Unk from FTP 

C12 Del1 ? TIL 

A13 EXT_DSP _CTALO A TTL reserved 
ext DSP CtrI 

B13 LlNK_P>A A TTL Unk lo Adapt 

C13 Det2 ? TTL 

A14 UNE_TAG E TTL T¡gger inpul Ior UneTrigger from power 
supply 

B14 UNK_A>P E TIL Unk from Adapt 
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Detelctor Board Externa/Interfaces 

Cl" 08&3 

A15 DSPO_SCl A TTL l'898IVed 
(Reset for D IF DSP) 

815 DET_HOLD E TTL HoId measu-ed value 

C15 DSPO_STD A TTL SCI interface for DigIF DSP 

A16 DSPO_SCK A TTL SCI interface for DigIF DSP 

B16 DET_MEM E TTL ReacI measured value 

C16 SWP_END_IO E TTL Event request from 10 

A17 DSPO_SCO E TTL SCI interface for DigIF DSP 

B17 DET_RST E TTL Store meas. value., DeIi8ctor Reset 

C17 DSPO_SCLK E TTL SSI interface for DigIF DSP 

A18 DSPO_SRD E TTL SCI interface for DigIF DSP 

B18 SWEEP _HOLD\ A TTL, open collector Stopsweep 

C18 DSPO_TXD E TTL SSI interface for DiglF DSP 

A19 DSPO_S02 TTL 

B19 ERRORl A TTL. opan collector 

C19 DSPO_RXD E TTL SSI interface for DigIF DSP 

A20 IF_OVR TTL open collector IF-Overload 

C20 RF_OVR TTL open coIlector RF-Overload 

A21 IF_OVR-l0 TTL open coIlector IF-Overload-10dB 

821 

021 RF_OVR-10 TTL open collector RF-overload-1OdB 

A22 LO_UNLOCK TTL open collector Synthesizer unlocked 

B22 SWP_LED A SWeep-dispIay 

A23 LO_LEVEL TTL open collector LO leve! kx> smal 

823 DSPO_STD TTL 

A24 INTRES A TTL Resetline 

Error message 

824 ANALYSE E TTL TP anaIysis flag 

024 P_SDA B TTL open collector I2C dala 

A25 STEST -5 to +5 V Test channel 
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Externa/Interfaces Deteldor Board 

C25 P_SCl. A m open ooIIector I2CCIock 

~ TEST_GND OV Refarenoe STEST 

A2.7 SYSRST E m Powar-on raset 

C28 +28V E 28V+-1V 

A29,B29,C -15VA E -15V+-0.1 V 
29 

A30,B30,C +15VA E +15V+-0.1 V 
30 

A31,B31 ,C +5VA E 5.5 V +- 0 .05 V 
31 

A32,B32,C GNDA B Ov 
32 

X191 E o to V into 50 n Iog Video 11l> 

o t> 1 V into 50 n 

X192 A o lo 1 V into 50 n Iog Video Oulp 

X194 PFC_INP E Oto 1 V Input fex frequency counter 

X195 REF_OUT A TTL REF 20 MHz oulput 

X196 REF_2OM E TTL REF20MHz 

X197 REF_IO E TTL Reffrom la 

X196 EXT_TRG E -5 V to +5 V ext TRGlGate input 
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D/gitalDigitales Motherboard Measuring Instruments and Auxlliary Equ/pment 

7 Testing the Module 

7.1 Function Description 

The digital motherboard provides slots tor the modules Main CPU, Graphics, VGA, LAN as well as tor 
an optionallSA plug-in cardo The module accommodates the connectors tor hard disk, drive, COM1/2 
LPT, mouse. external montitor as well as tor 1 lEC-bus interface and 1 bidirectional usar port (2x8 
bits). Besides. the control of the antenna coding socket. the tront-panel keyboard and the tront-panel 
LEOs as well as brightness control of the display are implemented on this module. 
The digital motherboard can be subdivided into 5 functional blocks: 

1) Modules and interfaces of the PC-compatible part 
2) active VO section: 

2 a) ISA interface of the active VO section 
2 b) Front-panel control 
2 c) User port control 
2 d) lEC-bus interface 

The active part of the module is exclusively controlled via 110 addresses of the Main CPU module. 

The module occupies the following VO addresses. interrupt Unes and DMA channels: 

Devlce Addresa&8 IRQ DMA Wrtte I reacI 

IEC1 F020H - F027H 10;1 1 1 rlw 

IEC-IRQ-Iogic reset F030H - F031H - - r/w 

IEC-DMA-Iogic reset F032H - F033H - - r/w 

DMA-TC-Iatch reset F034H - F035H r/w 

PIO F036H - F039H --- - rlw 

Antenna coding socket (Proba F03AH - F03BH 19 - w 
Coda) 

LCD display latch F03CH - F03DH --- - w 

Front-panel LEO latch F03EH - F03FH -- - w 

PERIF F040H - F04FH 16;17 - rlw 

BG identification F05EH - F05FH - -- r/w 
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Measurlng Instruments and Auxiliary Equipment 

7.1.1 Block Diagram 

<Antrol bus 

Addrcs.s bus Da1a bus 

.. .. ... - lEC bus ... .. 
rnodllled p 
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Fig. 1: Block diagram of the active part of the module 
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7.2 Measuring Instruments and Auxiliary Equipment 

ltIIm Type o, Instrument Speclfications Appropria. Orderno. u.. 
R&Sdevlce 

1 Digital multimeter O~20V. UDl35 1037.1807.02 - Measuring various 
IeY81s 
- Checking passive 
connections 
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7.3 Troubleshooting 

7.3.1 Error in the lEC-bus Interface 

If the instrument can no Ionger be operated via the 24-pin IEC625 interface, check whether the fault 
lies in the hardware. To this end find out whether the cabling complies with the IEC625 standard - a 
maximum of 15 devices simultaneously connected to the bus, only one system controller, cable 
lengths accordingly. 
The hardware can be regarded as functioning properly if, with the lEC-bus address set correctly 
(setting see section 2.4.6.2.1 FSE Operating Manual), the instrument responds to the "ION? command 
with the reply described in the Operating Manual in section 3.6.2 (Comrnon Commands). If this is not 
the case and if the instrument works properly in manual mode, the fault lies in the Digital Motherboard. 
However, first check whether the plug-in cards in the ISA slots cause an address, interrupt or DMA 
conflict. The reserved ranges are described in section 7.1. The options VGA and LAN are factory-set to 
the appropriate configuration. 
A fault in the Main CPU module also affects other instrument functions. 
If a fault occurs with individual lEC-bus commands, this may be due to maloperation (not all 
commands are available for each instrument setup) or to other instrument errors. In these cases, it 
may be useful to evaluate the status registers of the interface ("ESR? and "STB7). 

7.3.2 Fault in User Port 

The User Port interface provides two bidirectional 8-bit ports that can be separately controlled. 
Oirection and value (in the case of Output direction) can be set via normal instrument operation. Two 
main types of errors may occur at this interface: 
• +5V vohage at pin 13 and 24 missing. 
• one or both ports do not function properly or not at all. 
The +5V vohage is generated on the Main CPU module. If it is missing, either this module is faulty or 
the connection on the motherboard is open. The output voltage can be measured at pin X301 A31 . 
Functioning of the user ports can be checked with the Input direction by connecting the individual line 
with instrument ground. Opan pins must provide a "1", grounded pins a ·0·. It is absolutaly necessary 
to select the Input as direction before. In the case of the Output direction, the "1" bits must feature a 
level of +5 V, the "O" bits O V. 
If the instrument shows a fault at the user port only, replace the digital rnotherboard. In the case of 
additional errors at other digital interfaces, first make sure that the Main CPU module funtions properly 
befo re making a statement about the digital rnotherboard. 
The user port can also be checked using the service routine (se_iD. In the case of the user port, this 
functions as with the instrument software. Operation of the program is described in the Annex. 

7.3.3 Error in the Front Panel Interface 

80th the individual keys of the front panel and the rotary knob are controlled by a device on the digital 
motherboard. AII LEOs except for the standby and trigger LEO are likewise controlled by the digital 
motherboard. 
For checking the front-panel keyboard and the LEOs, the test routine 'se_ÍD (see Annex) is used. When 
pressing a key in the Keys menu, its key code and labelling must be indicated. When rotating the 
rotary knob, the number of steps is indicated, the sign representing the direction of rotation. If no key 
code or no number of steps is indicated in this test, the signal path is open or there is a fault in the 
keyboard controller. In order to locate the fauh, the row or column circuit corresponding to the key must 
be measured. The assignment of the keyboard matrix is to be obtained from the service manual of the 
tront panel. When a key is pressed, the row circuit is connected with the respective column circuito As 
the column signals from the keyboard controller are O-V outputs in the idle state, it must be possible to 
measure this potential on the row signal upon a keystroke. If this is the case, the digital motherboard 
must be replaced. Row and column signals can be measured on the digital motherboard on connector 
X41. 
The test routine (se_iD also permits to switch on and oH the LEOs except the trigger LEO. If the LEO is 
switched on, the corresponding signal must be applied to ground potential. The trigger LEO can be 
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switched on via an ANO operation both from the digital rnotherboard and from the detector. This is 
done either by the test routine or via ground potential applied to signal SWP _LEO. 

The assignmeht of the LEO signals can be obtained from the following table: 

Deelgnatlon Slgnal Pln at X41 

REMOTE LEDO 32 

SRa LED1 33 

HOLD LED2 34 

TRACE1 LED3 35 

TRACE2 LED4 36 

TRACE3 LEOS 37 

TRACE4 LED6 38 

TRIGGER LED7 39 

SWT LEOS 40 

VBW LED9 41 

RBW LED10 42 

7.3.4 Error in the Backlighting 

The brightness of the backlighting is controlled by a register at address F03Ch. The value of this 
register can be measured using the signals LLUM4 to LLUMO (connector X41). This value can be set in 
the Back1ight menu of the test routine (se_io. If it does not comply with the signal states LLUM4 to 
LLUMO, there is a fault in the module. If the signal values are correct, but the brightness is not okay, 
the front panel must be checked. 

7.3.5 Error in the Antenna Coding Socket (Probe Code) 

The input signals of the antenna coding socket are read in by means of a pa ralle I l/O device on the 
digital motherboard. The signals CODE7 to CODEO are pulled to +5 V by pull-up resistors and must 
drop to O V at connector X41 in the case of ground connection at the front-panel socket. If this is the 
case and the decoding is not correctly identified, there is a fault in the digital rnotherboard. 
The following table shows the assignment of the signals of the antenna coding socket at the front panel 
to the signals CODE7 to CODEO on the digital rnotherboard. 
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Slgnal Pln .t Probe Coda .ocket front 
pMeI 

CODEO M 

CODE1 J 

CODE2 H 

CODE3 G 

CODE4 F 

CODES E 

CODE6 D 

CODE7 C 

7.3.6 Fault in the pe Interfaces 

If the PC-compatible interfaces COM1, COM2, LPT and the mouse do not function properly, refer to 
the Main CPU. The same is true if the hard disk and the disk drive do not work properly. The digital 
motherboard only procides a passive electrical connection for the interface between Main CPU and 
transputer graphics as well as between Main CPU and optional LAN or VGA cardo Troubleshooting in 
these areas on the board itself is only possible by checking the connecting signals according to the 
signal assignment in section 7.5. 
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7.4 External Interfaces 

OVERVIEW OF CONNECIORS 

No. Name No. Name 

X35 VGABUS X54 MONITOR 

X38 HDBUS X55 USER 

X40 LCDBUS X56 MOUSE 

X41 FRONTP XS7 IEC1 

X42 FDBUSV X58 PSdigi 

X43 FDBUSd X59 Reset 

X45 FAN2 X300 M Pisa 

X46 FAN1 X301 MPdata 

X47 SWeep X310 GRisa 

X50 LPT X311 GRLcd 

X51 KEYBOARD X330 Option 

X52 COM1 X340 LAN 

X53 COM2 X350 VGA 

CONNECIOR X35 VGABUS tor VGAHGR (Pin 1 is at the right back) 
Pln S Ig n a I Pln Slanal 

1 NC 2 VGVSYNC9 
3 GND D 4 FPHDE9 
5 NC 6 FPHDE 
7 NC 8 FPVDCLK 
9 NC 10 VGVSYNC 
11 NC 12 VGHSYNC 
13 GND D 14 PNLOFF 
15 GND D 16 POO 
17 GND D 18 PD1 
19 GND D 20 PD2 
21 GND D 22 PD3 
23 GND D 24 PD4 
25 GND D 26 POS 
27 GND D 28 POS 
29 GND D 30 PD7 
31 GND D 32 PD8 
33 GND D 34 PD9 
35 GND D 36 PD10 
37 GND D 38 PD11 
39 GND D 40 PD12 
41 GND D 42 PD13 
43 NC 44 PD14 
45 NC 46 PD15 
47 NC 48 PD16 
49 NC 50 PD17 

CON NECIOR X38 HDBUS tor HD (Pin 1 is at the riaht tront) 
Pln SIQnal Pln Slanal 
1 RST·N 2 GND D 
3 HD7 4 HD8 
5 HOS 6 HD9 
7 HD5 8 HD10 
9 HD4 10 HD11 
11 HD3 12 HD12 
13 HD2 14 HD13 
15 HD1 16 HD14 
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17 HOO 18 H015 

19 GNO o 20 NC 

21 NC 22 GNO o 

23 HIOW-N 24 GNO o 

25 HIOR-N 26 GNO o 

27 NC 28 IOEALE 

29 NC 30 GNO o 

31 INTRQ 32 IOCSl6-N 

33 HAl 34 POIAG-N 

35 HAO 36 HA2 

37 HCSo-N 38 HCS1-N 

39 OASP-N 40 GNO o 

41 +5V o 42 +5V o 

43 GNO o 44 NC 

CON T NEC ORX40 L CD BUS+TPLe ft to analog mot h rbo rd (Pin 1 is at the left back) e a 
Pln Slgnal Pln Slgnal 

1 SYSRESET 2 GNO o 
3 LINK F>G 4 LINK G>F 
5 GNO o 6 LINK P>G 
7 LINK G>P 8 GNO o 
9 LINK P>A 10 LINK A>P 
11 GNO o 12 LINK F>A 
13 LINK A>F 14 GNO o 
15 ERROR1 16 +12V Stby 
17 LCOCLK 18 GNO o 
19 LCOAO 20 LCORl 
21 LCOA2 22 GNO o 
23 LCOGO 24 LCOGl 
25 LCDG2 26 GND o 
27 LCOBO 28 LCOBl 
29 LCDB2 30 GNO o 
31 LCDHSYNC 32 GND o 
33 LCOVSYNC 34 GNO o 
35 LCDENAB 36 ERROR2 
37 ANALYSE 38 TRESET 
39 VL5-P 40 VL12-P 
41 PGOOO 42 +5V o 
43 +5V o 44 +5V o 
45 +5V o 46 +5V o 
47 +5V o 48 +5V o 
49 +5V o 50 +5V o 
51 +5V o 52 SWEEP 
53 ON 54 LCDHOS1 
55 LCDHOS2 56 FANGND 
57 FAN 58 SWP LED 
59 +28V NS 60 NC 
61 NC 62 NC 
63 NC 64 NC 

CON NECTOR X41 FRONTP for FP-Hardkeys (Pin 1 front le ft) 
Pin Slgnal Pln Slgnal 
1 GND D 2 +5V D 
3 RMKOIR 4 RMKPULS 
5 ROWO 6 ROW1 
7 ROW2 8 ROW3 
9 ROW4 10 ROW5 
11 ROW6 12 ROW7 
13 COLO 14 COL1 
15 COL2 16 COL3 
17 COL4 18 COL5 
19 COL6 20 COL7 
21 COL8 22 COL9 
23 COL10 24 COL11 
25 ON 26 +12V Stby 
27 LLUMO 28 LLUM1 
29 LLUM2 30 LLUM3 
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31 LLUM4 32 LEDO 
33 LEOl 34 LED2 
35 LED3 36 LED4 
37 .LED5 38 LEOS 
39 LE07 40 LED8 
41 LED9 42 LE010 
43 LE011 44 LE012 
45 LE013 46 LE014 
47 LE015 48 GNO o 
49 CODEO 50 COOEl 
51 COOE2 52 COOE3 
53 COOE4 54 COOE5 
55 COOE6 56 COOE7 
57 +5V O 58 SPOUT 
59 +12V o 60 +12V o 
61 +12V o 62 +12V O 
63 GND o 64 GND o 

CON NEcrOR X42 FDBUS volta e supply tor FD (Pin 1 at the back) 
Pln Slana I 

1 +5V 
2 GND o 
3 GND o 
4 NC 

CON NEcrOR X43 FDBUS data tor FD (Pin 1 tront left) 
Pln S la n a I Pln SI anal 
1 NC 2 HDIN 
3 NC 4 NC 
5 NC 6 NC 
7 GND O 8 INDEX 
9 GNO O 10 MOTORONO 
11 GND O 12 ORIVESELO 
13 GNO O 14 ORIVESELl 
15 GND O 16 MOTORON1 
17 GNO O 18 OIRECTIONSEL 
19 GNO O 20 STEPFD 
21 GND O 22 WRITEOATA 
23 GND O 24 WRITEGATE 
25 GND O 26 TRACKOO 
27 GND O 28 WRITEPROTECT 
29 GND O 30 READDATA 
31 GNO O 32 SIDEONESEL 
33 GND O 34 DISKCHANGE 

CON NEcrOR X45 FAN2 (Pin 1 i s at the left) 
Pin Slanal 

1 FAN 
2 FANGNO 

CON NEcrOR X46 FAN1 (Pin 1 i s at the left) 
Pin SI gn a I 

1 FAN 
2 FANGND 

CON NEcrOR X47 Sweep (Pin 1 is at the left) 
Pln Slgnal 

1 FAN 
2 FANGND 
3 +28V NS 
4 NC 
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CON NEcrOR X50 LPr (Pin 1 tront riaht 
Pln Slanal Pln Slgnal 

1 STROBE-N 
2 DO 14 AUTOFE-N 

3 01 15 ERROR-N 

4 D2 16 LPTINIT-N 

5 D3 17 SLCTIN-N 
6 D4 18 GND o 
7 os 19 GND o 
8 D6 20 GND D 
9 07 21 GND D 
10 ACK-N 23 GND D 
11 BUSY 24 GNO D 
12 PE 25 GND D 
13 SLCT 

CON NEcrOR X51 KEYBOARD Pin 1 tront left) 
Pin Slgnal Pln Slgnal 

1 KBDCLK 4 KBDVOS 
2 KBDOATA 5 KBDINH 
3 KBOGND 

CON NEcrOR X52 COM1 (Pin 1 tront left) 
Pln Slanal Pln Signa I 

1 DCD1 2 RXD1 
3 TXD1 4 OTR1 
5 GND D 6 DSR1 
7 RTS1 8 CTS1 
9 RI1 

CON NECTOR X53 COM2 (Pin 1 tront left) 
Pln S Ign a I Pln S lanal 
1 DCD2 2 RXD2 
3 TXD2 4 DTR2 
5 GND D 6 DSR2 
7 RTS2 8 CTS2 
9 RI2 

CON NECTOR X54 MONITOR (Pin 1 tront right) 
Pln S la n a I Pln Slanal 

1 MONR 2 MONG 
3 MONB 4 NC 
5 GND D 6 GNDMON 
7 GNDMON 8 GNDMON 
9 NC 10 GNO D 
11 NC 12 NC 
13 MONHSYNC 14 MONVSYNC 
15 NC 16 NC 

CON NECTOR X55 USER (Pin 1 tront right) 
Pin SI a n a I Pln Signa I 

1 USRPAO 14 USRPCO 
2 USRPA1 15 USRPC1 
3 USRPA2 16 USRPC2 
4 USRPA3 17 USRPC3 

'S USRPA4 18 USRPC4 
6 USRPAS 19 USRPC5 
7 USRPA6 20 USRPCS 
8 USRPA7 21 USRPC7 
9 GND O 22 NC 
10 GND D 23 NC 
11 GND D 24 SPVDS 
12 GND D 25 NC 
13 SPVDS 
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CON NEcrOR X56 MOUSE (Pin 1 back right) 
Pln Slgnal Pln Slgnal 

1 MOUSECLK 4 MOUSEVD5 
2 MOUSEGNO 5 NC 
3 MOUSEOATA 6 NC 

CON NEcrOR X571EC1 (Pin 1 tront right) 
Pln Slanal Pln Slgnal 
1 IEC101 13 IEC1D5 
2 IEC1D2 14 IEC1D6 
3 IEC103 15 IEC107 
4 IEC1D4 16 IEC1D8 
5 IEC1EOI 17 IEC1REN 
6 IEC1DAV 18 GNO o 
7 IEC1NRFO 19 GNO o 
8 IEC1NOAC 20 GNO o 
9 IEC11FC 21 GNO o 
10 IEC1SRO 22 GNO o 
11 IEC1ATN 23 GNO o 
12 GNO o 24 GNO o 

CON NEcrOR X58 digital supply voltages trom PS (Pin1 tront right) 
Pin Signa I Pln Slgnal Pln Slgnal 

1 +5V O 4 GNO O 7 GNO O 
2 +5V O 5 +12V Stby 8 GNO O 
3 +5V O 6 +12V O 9 GNO O 

CON NEcrOR X300 tor MP MPisa) (Pin A1 back left) 
Pln SI gn a I Pln Slgnal Pln Slgnal Pln Slanal 
A 1 GNO O 8 1 IOR-N C 1 GNO O O 1 GNO O 
A 2 +5V O 82 IOW-N C2 +5V O 02 GNO O 
A 3 NC 83 MEMR-N C 3 V012-N 03 GNO O 
A 4 8ALE 84 MEMW-N C4 S8HE-N 04 NC (res . IR020) 
A S SAO 85 NC(res. LACHn) C S SAl 05 +5V O 
A 6 SA2 86 GNO O C6 SAS 06 +5V O 
A 7 SA4 8 7 SAS C7 SAS 07 +5V O 
A 8 SA7 88 SAS C8 SA9 08 NC (res. IR021) 
A 9 SAlO 89 SAll C 9 SA12 09 NC (res. IR022) 
Al0 SA13 810 SA14 C 10 SA15 010 NC (res. IR023~ 
A 11 SA16 811 LA17 C 11 LA18 011 SA17 
A12 LA19 812 LA20 C 12 LA21 012 SA18 
A13 LA22 813 LA23 C 13 IR03 013 SA19 
A 14 IR04 814 IR05 C 14 IROS 014 SMEMR-N 
A15 IR07 815 I ROO C 15 IR010 015 SMEMW-N 
A16 IR011 816 IR012 C 16 IR014 016 LA24 
A17 IR015 817 IOCHCHK-N C 17 OROO 017 LA25 
A18 OROl 818 OR02 C18 OR03 018 LA26 
A 19 OROS 819 OROS C19 ORO? 019 IR016 
A20 OACKo-N 820 GNO O C20 OACK1 -N 020 IR017 
A21 OACK2-N 821 OACK3-N C21 OACK5-N 021 IR018 
A22 OACK6-N 822 OACK7-N C22 TC 022 IR019 
A23 SOO 823 SOl C23 SD2 023 LAS 1 
A24 S03 824 +5V O C24 SD4 024 OSC 
A25 S05 825 SD6 C25 S07 025 
A26 5D8 826 5D9 C26 5010 026 +5V O 
A27 SOll 827 S012 C27 5013 027 +5V O 
A28 5014 828 5015 C28 IOCHROY 028 +5V O 
A29 AEN 829 MEMCSl6-N C29 IOCSl6-N 029 
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A30 RESETORV 830 ENOXFR-N C30 MASTER-N 030 GNO o 
A31 +5V o 831 REFRESH-N C31 +5V o 031 GNO o 
A32 GNO o 832 SYSCLK C32 GNO o 032 GNO o 

CON NECTOR X301 for MP (MPdata) (Pin A 1 back left) 
Pln Slgnal Pln Slonal Pln Slgnal 
A 1 HOIN 8 1 STR08E-N C 1 OC01 
A2 INOEX 82 DO C2 RX01 
A3 MOTORONO 83 01 C 3 TX01 
A4 ORIVESELO 84 D2 C4 OTR1 
A 5 ORIVESEL1 8 5 03 C 5 OSR1 
A6 MOTO RON 1 86 D4 C6 RTS1 
A7 OIRECTIONSEL 87 os C7 CTS1 
A 8 STEPFO 88 D6 ca RI1 
A 9 WRITEOATA 89 07 C 9 OCD2 
A 10 WRITEGATE 810 ACK-N C 10 RXD2 
A 11 TRACKOO 811 8USY C 11 TXD2 
A12 WRITEPROTECT 812 PE C 12 OTR2 
A13 REAOOATA 813 SLCT C 13 OSR2 
A14 SIOEONESEL 814 AUTOFE-N C 14 RTS2 
A15 OISKCHANGE 815 ERROR-N C 15 CTS2 
A16 LPTINIT-N 816 SLCTIN-N C 16 RI2 
A17 817 OASP-N CH GNO o 
A 18 818 HCSo-N C 18 HCS1-N 
A19 RESET-N 819 HAO C 19 HA2 
A20 SYSRESET 820 HA1 C20 POIAG-N 
A21 MOUSECLK 821 INTRO C21 IOCS16-N 
A22 K80CLK 822 HIOR-N C22 GNO o 
A23 K800ATA 823 HIOW-N C23 10EALE 
A24 KBOGNO B24 HDO C24 H015 
A25 KBDVD5 825 HD1 C25 H014 
A26 KBDINH 826 HD2 C26 H013 
A27 MOUSEDATA 827 H03 C27 H012 
A28 MOUSEGND 828 HD4 C28 H011 
A29 MOUSEVD5 829 HOS C29 H010 
A30 SPOUT 830 HD6 C30 HD9 
A31 SPV05 831 H07 C31 HD8 
A32 NC 832 RST-N C32 GNO o 

CON NECTOR X310 for GR (GRisa) (Pin A 1 front left) 
Pln S Ign a 1 Pln Slgnal Pln Slgnal 
A 1 GNO D 8 1 IOR-N C 1 GND O 
A 2 +5V O 82 IOW-N C2 +5V O 
A 3 +12V O B 3 MEMR-N C3 -12V O 
A4 BALE 84 MEMW-N C 4 SBHE-N 
A 5 SAO 85 NC C 5 SA1 
A 6 SA2 86 GNO O C6 SA3 
A 7 SA4 87 SAS C7 SAS 
A 8 SA7 88 SAB C8 SA9 
A 9 SA10 89 SA11 C9 SA12 
A10 SA13 B 10 SA14 C 10 SA15 
A 11 SA16 811 LA17 C 11 LA18 
A 12 LA19 812 LA20 C12 LA21 
A13 LA22 813 LA23 C 13 IR03 
A14 IR04 814 IR05 C 14 I ROO 
A15 IR07 815 I ROO C 15 IR010 
A16 IR011 816 IR012 C16 IR014 
A 17 IR015 817 IOCHCHK-N C 17 ORCO 
A18 OR01 818 DR02 C 18 OR03 
A19 OR05 819 OROO C 19 OR07 
A20 OACKo-N 820 GND D C20 OACK1-N 
A21 OACK2-N B21 OACK3-N C21 OACK5-N 
A22 DACK6-N 822 OACK7-N C22 TC 
A23 SDO 823 S01 C23 SD2 
A24 S03 824 +5V O C24 SD4 
A25 SD5 825 SOS C25 SD7 
A26 SD8 B26 SD9 C26 SD10 
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A27 SOll 827 S012 C27 S013 
A28 S014 828 S015 C28 IOCHROY 
A29 AEN 829 MEMCSl6-N C29 IOCSl6-N 
A30 .RESETORV 830 ENOXFR-N C30 MASTER-N 
A31 +5V o 831 REFRESH-N C31 +5V o 
A32 GNO o 832 SYSCLK C32 GNO o 

CON NECTOR X311 for GR (GRLcd) (Pin A1front left) 
Pin Signal Pin Si!:!nal Pin Signal 
A 1 VL5-P 8 1 VL12-P C 1 
A 2 82 C 2 
A 3 DI SP LAYO N 83 C3 85140N 
A4 OPLNKOl 84 C4 OPLNK02 
A 5 OPLNKll 85 C 5 OPLNKI2 
A6 GNO o 86 GNO o C6 GNO o 
A 7 PD9 87 POlO C7 POll 
A 8 P012 88 P013 C8 P014 
A9 P015 89 P016 C9 P017 
Al0 VGHSYNC 810 C 10 VGVSYNC 
A 11 PDO 811 POl C 11 P02 
A12 P03 812 PD4 C12 P05 
A13 PD6 813 P07 C 13 POS 
A 14 FPVOCLK 814 C 14 FPHOE 
A15 MONHSYNC 815 PNLOFF C15 MONVSYNC 
A16 MONR 816 MONG C 16 MON8 
A17 GNOMON 817 GNOMON C 17 GNOMON 
A18 GNO O 818 GNO O C 18 GNO O 
A19 LINK F>G 819 LINK P>G C19 ANALYSE 
A20 LINK G>F 820 LINK G>P C20 ERROR1 
A21 LINK F>A 821 LINK P>A C21 ERROR2 
A22 LINK A>F 822 LINK A>P C22 TRESET 
A23 GNO O 823 GNO O C23 GNO O 
A24 LCOCLK 824 C24 
A25 LCOAO 825 LCOR1 C25 LCOA2 
A26 NC 826 NC C26 NC 
A27 LCOGO 827 LCOG1 C27 LCOG2 
A28 NC B28 NC C28 NC 
A29 LCOBO 829 LCOBl C29 LCOB2 
A30 NC B30 NC C30 NC 
A31 LCOHSYNC B31 LCOVSYNC C31 LCOENAB 
A32 GNO o B32 GNO O C32 GNO O 

CON NECTOR X330, X340, X350 for Option, LAN and VGA Pin A 1 f ront left) 
Pln SI gn a I Pln S lana I 
A 1 IOCHCHK-N B 1 GNO O 
A 2 S07 B2 RESETORV 
A 3 SD6 B3 +5V O 
A4 S05 B 4 IROO 
A 5 SD4 B 5 NC 
A 6 S03 B6 OR02 
A 7 SD2 B 7 -12V O 
A 8 SOl B 8 ENOXFR-N 
A 9 SDO B9 +12V O 
Al0 IOCHROY Bl0 GNO O 
A 11 AEN B 11 SMEMW-N 
A12 SA19 B12 SMEMR-N 
A 13 SA18 B13 IOW-N 
A 14 SA17 B14 IOR-N 
A 15 SA16 B15 OACK3-N 
A 16 SA15 B16 OR03 
A17 SA14 B17 OACK1-N 
A 18 SA13 818 OROl 
A19 SA12 819 REFRESH-N 
A20 SAll B20 SYSCLK 
A21 SAlO B21 IR07 

1065.6639.02 7.13 E-1 



Externallnterfaces Digitales Motherboard 

A22 SAS B22 IR06 
A23 SAB B23 IROS 
A24 SA7 B24 IR04 
A25 SAS B25 I ROO 
A26 SAS B26 OACK2 
A27 SA4 B27 TC 
A28 SA3 B28 BALE 
A29 SA2 B29 +5V o 
A30 SA1 B30 OSC 
A31 SAl) B31 GNO o 

C 1 SBHE-N o 1 MEMCS16-N 
C2 LA23 02 IOCS16-N 
C3 LA22 03 IR010 
C4 LA21 04 IR011 
C5 lA20 05 IR012 
C6 LA19 06 IR015 
C7 LA18 07 IR014 
C8 LA17 08 OACKQ-N 
C9 MEMR-N 09 OROO 
C 10 MEMW-N 010 OACK5-N 
C 11 SOS 011 OROS 
C 12 5D9 012 OACK6-N 
C 13 S010 013 OR06 
C 14 5011 014 OACK7-N 
C 15 S012 015 OR07 
C 16 5013 016 +5V O 
C 17 5014 017 MA5TER-N 
C 18 S015 018 GNO O 
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7.5 Annex 

Sarviee routhie fse_lo.exe 

The routine is to be found on the service disk and is started after the instrument has booted from this 
disk. 

Caution: The test routine must not be started with the Instrument software runnlng ! 

After the program has been started, the main menu with the individual test groups appears (front panel, 
LEOs, User Port). Input of the respective digit allows to change to the desired menu. The ESC key 
permits to enter the main menu from the submenus. The ESC key terminates the program in the main 
menu. Besides, it can also be aborted at any time by pressing CONTROL-C. 

Front-panel menu: 
On pressing of a key or rotation of the rotary knob, the value of the interrupt register in the keyboard 
controller is displayed in the field Interrupt. 
The designation of the key is indicated in the field Key, the key code in the field Cede (according to the 
table in the service manual of the front panel). In the case of a fault, the message column error or row 
error is displayed. 
In the field Rollkey, the number and direction of the steps are indicated after tuming the rotary knob. 

LEOs menu: 
By entering the digit for the desired LEO, its status can be switched overo At the beginning, all LEOs 
except the trigger LEO are switched off. The trigger LEO can only be checked if the line SWP _LEO 
(connector X40) is applied to ground potential. 

Backlight menu: 
By entering a number between O and 31, the brightness of the backlighting can be set. O corresponds 
to the OFF state and 31 corresponds to maximum brightness. When the program is started, the 
brightness is set to rnaximum in order to ensure reliable ignition of the tubes. 

User Port menu: 
As with the instrument function, this menu permits to write or read user port values. In addition, the 
status of the signallines is polled and indicated at the antenna coding socket when reading. 
The user port values are ente red in hexadecimal format. 
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7 Testing the Module 

7.1 Function Description 

The tront panel consists ot: 

• Membrane keyboard with LEDs, 

• Standby switch, 

• Liquid crystal display with DC/AC converter, 

• Display module, 

• Female connector PROBE I CODE. 

The display module comprises the rotary knob and the brightness control tor the LCO backlighting. In 
addition, it constitutes the connection from the membrane keyboard (including LEDs) and the female 
connector PROBE I CODE to the digital motherboard. 
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Measuring Instruments and Auxiliary Equipment Frontpanel 

7.2 Measuring Instruments and Auxiliary Equipment 

IIIIm Type o, Inatrurnent Speclflcationa Approprlale Order no. u. 
R&Sdevlce 

1 DigtaJ voItmeter Ok>20V. UDL35 1037.1807.02 - Testing!he backlighting 
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Frontpanel Troubleshooting 

7.3 Troubleshooting 

7.3.1 Problems with the Keyboard or the Rotary Knob 

If individual or all keys do not work or if the rotary knob does not respond, the test routine described in 
the chapter about the digital rnotherboard should be used for troubleshooting. To allow for fault 
Jocation, the section "Interfaces" includes atable containing the assignment of the keyboard 
connectors. 

7.3.2 Problems with the Stand by Pushbutton 

The Standby pushbutton generates the Power ON signal which is directly applied to the power supply. 
With the pushbutton depressed (switch position ON), this signal must be applied to ground potential. 
With the switch set to STANOBY, the signal is not connected and is pulled to high by a pull-up resistor 
in the power supply. The Power ON signal is to be found on connector X1 at pin 25. 
The standby pushbutton is designed as switch and controls both the Power ON signal and the LEOs 
STANOBY and ON via a bias resistor each. 

7.3.3 Problems with Backlighting 

If the backlighting remains dark, if it is unevenly bright or flickers, either the backlighting itself or the 
backlighting control may be faulty. If the backlighting consists of two tubes and if the fault only occurs 
in one of them, this tube is most likely to be faulty. If, however, both tunbes do not work or if there is 
only one tube, the OC/AC converter should be checked next. 
The converter is either part of the backlighting or accommodated in an extra housing between display 
module and display. The converter uses a OC voltage at the input to generate an AC voltage for 
control of the tubes. This AC voltage features a frequency of approx. 30 kHz and ranges between 1000 
V befo re ignition and about 300 V to 500 V during operation of the tubes. It does not make sense to 
check the output voltage of the converter for troubleshooting. However, the OC voltage at the 
converter input should be checked. This OC voltage is generated from the digital 12-V supply voltage. 
The converter input voltage can be set in the range from 7.7 V to 12 V via a OlA converter with a 
following series transistor as control element. This is done using the signals LLUMO to LLUM4 
generated on the digital motherboard and to be found on connector X1 at pin 27 to 31. 

LLUMO LLUM1 UUM2 LLUM3 LLUM4 Input 
voltage ot 
converter 

L L x x x OV 

L H L L L 7.7V 

L H H L L 8.4 V 

H L L L L 9.2V 

H L H L L 9.9V 

H H L L L 10.7 V 

H H H L L 11 .4 V 

H H H H H 12 V 
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Troubleshooting Frontpanel 

The voltage should be measured once with connected con verter and once in parallel to an equivalent 
resistance (approx. 20 ohms). The voltage can be adjusted using adjusting control R5. 
The brightness can be controlled via the instrument software. After switching on the instrumento the 
backlighting is always set to full brightness first. because this is necessary to ensure reliable ignition of 
the tubes. 

7.3.4 Problems with the PROBE I CODE Connector 

The input signals of the PROBE I CODE connector are filtered on the display module and then taken to 
the digital motherboard. The two supply voltages +1 O V and -10 Vare derived from the analog 
motherboard. If the electrical connection via the display module is okay. the troubleshooting procedure 
is to be continued on the digital or analog motherboard. 
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7.4 Externallnterfaces 

Key ROW XS.Pln COL XS.Pln Code 

SYSTEM-PRESET 5 6 8 17 58H 

SYSTEM-CAL 4 5 8 17 48H 

SYSTEM-DISPLA y 6 7 8 17 68H 

SYSTEM-INFO 4 5 9 18 49H 

CONFIGURATION-MODE 5 6 9 18 59H 

CONFIGURATION-SETUP 6 7 9 18 69H 

HARDCOPY-SETIINGS 4 5 10 19 4AH 

HARDCOPY-START 5 6 10 19 5AH 

STATUS-LOCAL 6 7 10 19 6AH 

USER O 1 O 9 OOH 

SOFTKEY 1 O 1 1 10 01H 

SOFTKEY2 O 1 2 11 02H 

SOFTKEY3 O 1 3 12 03H 

SOFTKEY 4 O 1 4 13 04H 

SOFTKEY5 O 1 5 14 05H 

SOFTKEY6 O 1 6 15 06H 

SOFTKEY7 O 1 7 16 07H 

SOFTKEY 8 O 1 8 17 08H 

SOFTKEY 9 O 1 9 18 09H 

SOFTKEY 10 O 1 10 19 OAH 

FREOUENCY-CENTER 1 2 O 9 10H 

FREOUENCY-START 1 2 1 10 11H 

MARKER-NORMAL 1 2 3 12 13H 

MARKER-DEL T A 1 2 4 13 14H 

TRACE-1 1 2 5 14 15H 

TRACE-3 1 2 6 15 16H 

MENU-UP 2 3 9 18 29H 
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MENU-LEFT 1 2 10 19 lAH 

fREOUENCY-SPAN 2 3 O 9 20H 

FREOUENCY-STOP 2 3 1 10 21H 

MARKER-SEARCH 2 3 3 12 23H 

MARKER-MKR-+ 2 3 4 13 24H 

TRACE-2 2 3 5 14 25H 

TRACE-4 2 3 6 15 26H 

MENU-RIGHT 2 3 10 19 2AH 

LEVEL-REF 7 8 O 9 70H 

LEVEL-RANGE 7 8 1 10 71H 

UNES-D UNES 7 8 3 12 73H 

UNES-UMITS 7 8 4 13 74H 

SWEEP-TRIGG ER 7 8 5 14 75H 

SWEEP-SWEEP 7 8 6 15 76H 

SWEEP-COUPUNG 7 8 10 19 7AH 

DATA INPUT-7 6 7 O 9 60H 

DATA INPUT-4 6 7 1 10 61H 

DATA INPUT-l 6 7 2 11 62H 

DATA INPUT-O 6 7 3 12 63H 

DATA INPUT-CLR 5 6 4 13 54H 

DATA VARIATION-HOLD 6 7 5 14 65H 

DATA INPUT-8 5 6 O 9 50H 

DATA INPUT-5 5 6 1 10 51H 

DATA INPUT-2 5 6 2 11 52H 

DATA INPUT-'.' 5 6 3 12 53H 

DATA VARIATION-STEP 5 6 5 14 55H 

DATA INPUT-9 4 5 O 9 40H 

DATA INPUT-6 4 5 1 10 41H 

DATA INPUT-3 4 5 2 11 42H 

DATA INPUT-'-' 4 5 3 12 43H 
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DATA INPUT-BACK 4 5 4 13 44H 

. DATA VARIATION-UP 3 4 5 14 35H 

DATA VARIATION-LEFT 4 5 5 14 45H 

DATA VARIATION-DOWN 4 5 6 15 46H 

DATA INPUT-GHz 3 4 O 9 30H 

DATA INPUT-MHz 3 4 1 10 31H 

DATA INPUT-kHz 3 4 2 11 32H 

DATA INPUT-Hz 3 4 3 12 33H 

DATA INPUT-Exp 3 4 4 13 34H 

DATA VARIATION-RIGHT 3 4 6 15 36H 

MEMORY-CONFIG 3 4 7 16 37H 

MEMORY-SAVE 3 4 8 17 38H 

MEMORY-RECALL 3 4 9 18 39H 

MEMORY-INPUT 3 4 10 19 3AH 

Configuration of keyboard rnatrix and assignment of connector X5 on the display module 

X6.Pin: 3 4 5 6 11 12 13 

Calhode 01 ON STANOBY REMOTE SRa HOLD TRACE 1 TRACE 2 
LEO 

X6.Pin: 14 15 17 18 19 20 

Calhode 01 TRACE 3 TRACE 4 TRIGGER SWT VBW RBW 
LEO 

The terminals of the LEOs are to be found on connector X6. The anode of the ON-LEO is applied to 
pin 2, all other LEOs are commonly applied to pin 1. 
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Testing the Module 

7 Testing the Module 

7.1 Functlon Description of the Module 

7.1.1 Function inside the Instrument 

Main functions: 

• Current supply of all modules. 
• T emperature-controlled supply of the fans. 
• Generation of the switch-on reset for the connected hardware. 
• Generation of a line-synchronous trigger signal. 

7.1.2 Description of the Block Diagram 

The module involved is a primarily clocked switching power supply. The AC voltage is first rectified and 
up-converted to a voltage of 390 V via the power factor controller (PFC). The PFC generates a sine­
shaped current at the input. 
The OC voltage is applied to a converter, which generates three secondary voltages via the main 
transformer. The converter is used to adjust the 5.2-V output. The two remaining transformer windings 
provide an intermediate voltage of 42 V and the voltage for the 13-V linear regulator. 
The intermediate voltage supplies several OC-OC converters, which serve to stabilize the desired 
output voltages. 
To obtain the 28-V output voltage, the voltage of the 13-V linear regulator is added to the +15-V output 
voltage. 

The auxiliary converter generates the supply voltages for the regulators and the monitoring circuits as 
well as the standby and the fan voltage. 
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Maintenance of the Module 

Block diagram 

Main Transformer 

AC InpUI 
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Testing the Module 

7.1.3 Important Characteristics and Data 

AC supply input 

Voltage range: 
Frequency: 

90 VAC to 264 VAC continuous without switchover 
47 to 440 Hz up to 32 V 
47 to 66 Hz aboye 132 V 

Undervoltage shutdown: the power supply switches off at <90 VAC (typ. 85 VAC). 

States of operation 

Off = Power switch off (disconnection from the AC supply) 

Standby = AC supply voltage applied, power switch on, standby switch off 

On = AC supply voltage applied, power switch on, standby switch on 

Output voltages 

No Connector Vo stal control Current IImlting 
V(DC) d V(DC) A(DC) 

1 X21.10 +28 +271029 0.4 lo 0.6 up lo 15V 
0.4 lo 9.1 up lo OV 

2 X21.5~ +15 14.9 lo 15.1 7.2 lo 9.1 

3 X23.5 +12 Standby 11.7 lo 12.3 0.3 lo 0.42 

4 X23.6 +12 11 .7 lo 12.3 3.8 lo 4.8 

5 X21 .112 +5.5 5.45 lo 5.55 4.1 lo 5.2 *) 

6 X23.1-3 +5.2 5 .15 lo 5.25 18 lo 22.9 

7 X21 .8 -15 -14.910-15.1 2.5 lo 3.3 

8 X20.10 +8 lo 14.5 FAN al 30°; 7.5 lo 8.5 1.0 lo 1.2 
al 76°; 14 lo 15 

*) 3,1 ... 3,8 until serial No. xxxxxx.xxx Tab. 7.1.3_1 

Minimum load 

The power supply requires the following minimum load for proper functioning: 
2 A for output +5.2 V 
0.1 A for output + 15 V 
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Fan control 

The internal fans of the power supply are adjusted according to the internal temperature of the power 
supply. 

The fan voltage FAN for the external fans is adjusted independently according to an external control 
voltage (by a temperature sensor in the FSE) 

Fanvoltage 

max. 15V - - - - - - - - - - - - - - - - - - - - - - - - - -. ..-.-----, 

12±1V 

8±O.5V 

300 e 
3.03V 

Temperature monitoring 

51°e 

3.24V 

(typ. 67"e BOoe 

3.40V) 3.53V 

The power supply is switched off in the case of overtemperature. 
It is switched off: 

Shutdown tsmperab.Jre 

Temperature 

Voltage al TEMPFE 

a) in the case of overtemperature inside the power supply (1 oooe at heat sink of PFC) 
b) in the case of overtemperature inside the instrument 
The temperature inside the instrurnent is monitored by the temperature sensor to be connected to 
TEMPFE and TEMPFEGND. The power supply is switched off at 800 e (3.53 V) . It can be switched on 
again when the temperature has cooled down to 75°e (3.48 V). 

Shutdown as a result of the temperature voltage at TEMPFE does not take place if X20.12 is applied to 
ground. 

Output voltage monitoring lovervoltage protection 

If (1 .15 lo 1.25) x nominal voltage of an output is exceeded. the power supply immediately switches off 
al! outputs. Switching on again is only possible after actuation of the power switch. 
The outputs 12V Standby and fan voltage (FAN) are not equipped with an overvoltage protection. 

When the voltage falls below (0.89 k:l 0.95) x nominal voltage of an output. the power supply switches 
off al! outputs after approx. 5 s. 
If X20.12 is applied to ground. there is no shutdown in the case of .und.ervoltage. 
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Current limiting 

When the outj:>lrts are overloaded, current limiting becomes effective, preventing the current from 
rising further. The values can be obtained from the table 7.1.3_1. 

Particular features: 
Output 6 features the following current-limiting characteristic. 

V 

5.2V J--------, 

2.6V 

6A 20A 

Output 1 features the following current-limiting characteristic. 

V 

28V 

15V 

O.5A 8A 

Shutdown in the case 01 an error 

If an output is overloaded or short-circuited or can no longer be used due to a fault in the power supply 
and it this status continues tor more than 5 to 15 s, all outputs are switched off. 
This shutdown does not take place if the control input X20.12 is connected to GND. 
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Operating status signals 

PGOOO 

On switching on, the PGOOO signar switches from High to Low (HCT Iogic level) after all output 
voltages have reached 90% of their nominal value. 
The PGOOO signar switches from Low to High as soon as an output voltage drops below 90% of its 
nominal value. 
The fan voltage No. 8 is not monitored. 

LEO display 
The LEO in the rear panel of the power supply is iIIuminated simultaneously with the Low status of the 
PGOOO signal. 

SYSRESET 

The SYSRESET signar changes from LOW to HIGH (HCT Iogic level) at least 200 ms (T1) after the 
5.2-V output voltage has reached 95% of its nominal value on switching on. 

The SYSRESET signar changes to LOW after the 5.2-V output voltage has dropped to 95% of its 
nominal value. 

+ 5.2 V 

100%r--r-----------------.~ 

95% 

SYSRESET , 

~T1~ ~~T2>O 
r-----------------~ 

Timing of SYSRESET: 

Une trigger 

LlNETRIG 
Output with squarewave signar (HCT logic rever) with current line frequency. 
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7.2 Measuring Instruments and Auxi. Jry Equipment 

ltam Type of Inatrument Speclftcationa Approprtate OrderNo. 
R&Sdevlce 

1 Digital voltmeter oc to 30 V, 0.2% UDS5 349.1510.02 

2 20A Shunt max. 2OA UDL4-Z2 346.8065.02 

3 Adjustable load Oto 20 A /28 V /100 W 

4 Storage oscilloscope 1 VID iv 100 msIDiv 

5 Adjustable vollage source Oto4VDC NGPS 192.0061 .02 
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7.3 Troubleshooting 

7.3.1 Testing the Interfaces 

Connector 

Inlerface power supply (cablelplug) W20fX20 W211X21 W231X23 

Inlerface FSE (Mo!herboard) X17 X18 X58 

r:ir The power supply only operates if the following conditions are fulfilled at the interfaces: 

Item Interface Valueranae Meanlna 

1 AC supply inpul 90VAC lo 264 YAC 
Power switch lo ·ON· 

2 X17.4 <0.5 V Activation inpul: is connected lo ground by setting !he 
Slandby/On switch on !he !ronl panel of !he FSE lo !he On 
position 

3 X17.5 <±<l.5 V Reference potential for ext temperature sensor (connected lo 
ground on !he RF Converter) 

4 X17.6 <3.48 V referred lo X17.5 Temperature voIlage 
(Comecled lo temperature sensor on !he RF Converter). If a 
hi¡jler voltage is applied, connecl X17.6 lo X17.5 for checkng 

5 X18.5 Load >0.1 A Minimum load al +15 V, ground X18.4 

6 X58.1 Load >2 A Minimum load at +5.2 V, ground X58.9 

7 AH output Load < lower limil Load smaller !han guaranleed lower limil of current limiting 
vottages Current limiting according to Iable 7.1.3_1 

As lo ilem 5/6 
Generally fulfilled (if an analog module and computer section are installed); otherwise solder load to 
molherboard. 

As lo ilem 7 
It is possible Ihat one or several voltages are overloaded due lo a faulty module. In this case, Ihe 
power supply swilches off all outputs. To be able lo check which voltage has failed, connecl X17.12 lo 
ground by inserting a jumper on X16. 

The power supply is not switched off on overload if jumper X16 is inserted. The current 
defined by Ihe current limiling conlinuously flows. This may cause big damage due lo Ihe high currenls 
flowing on the respective module. Therfore, this operating status should only be set as long as 
necessary for Ihe measurements. 

Subsequently, the faulty module can be determined by pulling out modules. 
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7.3.2 Error Symptoms 

Disturbance Cause 

AU output voltages induding 12-V standby are missing Power fuses F11F2 faulty. 
PFC or audiary converter in power supply faulty. 

AlI output voltages missing, 12-V standby available. Standby appIied to High (X20.4) 
(~ Connection te switch en trent panel) 
Temperature voltage X20.5-X20.6 >3.48 V 
(~RF Convener too het or not plugged in, or temperature 
sensor faulty) 
Main conV8l19r of power supply faulty 

Power supply switches off immediately after switching on. Overvoltage protection responds. 
~ VoItage is increased due to faulty regulator in the power 
supply or due to a faulty module in 1he FSE. 
(e.g. connection between +5.5 V and +15 V). 

Power supply switches off al! output voltages (except 12-V Orle output voltage is missing, power supply switches off (sea 
standby) atter approx. 5 k> 15 s. beIo.v) . 

Alter connecting X20.12 to ground Gumper on X16 on Outputs overloaded (~faulty module). 
motherboard): 

One or severa! output voltages are missing. Respective regulators in power supply faulty • 

Instrument switches off alter a few minutes Power supply is not sufficiently ventilated (e.g. faulty fan or 
ventilation hoIes impecled) or instrurnent is not sufficiently 

ventilated (temperature voltage > 3.48 V) 
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7.4 Testing the Specifications 

Disconnect power supply from the motherboard 

Connect X20.4 to ground (X23.9) 
Connect X20.5 to ground (X23.9) 
Connect X20.6 to adjustable voltage source o to 4 V, ground to X20.5 (set to o V first) 
Connect X20.12 to ground 
Connect load 150 n/ 1.5 W to X21.5 and X21 .4 
Connect load 2.7 n/ 10 W to X23.1 and X23.9 

• Load the outputs with adjustable load and check the individual output voltages according to table 
7.1.3_1 using a voltmeter. The specified voltage must be applied until the lower limit of the current 
limiting is reached. In the case of overload, the current must not exceed the upper limit. Take ¡nto 
account the base load due to the resistors! 
Particular features of curent limiting at 28 V and 5.2 V see below 7.1.3. 
The power supply must not switch off even if an output is overloaded for a longer period of time. 

• Leave X20.12 open: 
If an output is overloaded, the power supply must switch off all outputs except 12-V standby after 
approx. 5 to 15 s. 

• The fan voltage (X20.8 - X20.9) must correspond to the voltage between X20.5 and X20.6 according 
to the characteristic below 7.1.3. Use an adjustable voltage source for checking. 
If 3.350 ±0.025 Vare applied between X20.5 and X20.6, the power supply must switch off (except 12 V 
Standby). 

• Leave activation input X20.4 open! Voltage is only applied to the 12-V standby output (X23.5). 
Reconnect X20.4 to ground. 

• Switch power switch off and on, check SYSRESET using storage oscilloscope (X20.1), timing see 
7.1.3 

• Check LlNETRIG using oscilloscope (X20.3): line-synchronous TIL signal 

• Check PGOOD (X20.2) : TIL Low level, LED in rear panel must be illuminated. 
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7.5 Final Testing 

Power supply installed in properly functioning FSE 

There must not be any jumper on X16 (rnotherboard)! 

Standby/On switch to standby, 
Power switch to On, 
Standby LEO must be iIIuminated. 

Standby/On switch to On, 
Standby LEO is extinguished, On LEO must be iIIuminated, 
Supply Check LEO in power supply (rear panel) must be iIIuminated, 

Testing the Module 

both fans in the power supply must be running, both fans in the FSE must be running, but must not run 
up (fan voltage with cold instrument 8 ±O.5 V), 
FSE must boot. 
Switch trigger to LlNE, 
FSE must sweep (trigger LEO flashes). 

Switch power switch off and on again after a few seconds. 
The previous status must be set again. 
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7.6 External Interfaces 

Pln Slgnal name o T Value range FuncUon I Remartc 

X20.1 SYSRESET-N A o HCT Rasel signaJ tor comected hardware. 
The SYSRESET signal changes from LOW lo HIGH al leasl 200ms 
alter !he 5.2-V ootput voltago has reached 95% of its nominal value 
when switching on. 
On switch-off, !he SYSRESET signa! changos lo LOWaftBr Ihe 5.2-V 
outpul voltage has ctopped t> 95% of its nominal value. 

X20.2 PGOOO-P A O HCT Status signa! indicating lhal an ootpul voltago has dropped. 
The PGOOO signal changos from High lo Low when swilching on after 
aII output voltages have rached 90% of their nominal value. 
The PGOOO signal changos from Low lo High as soon as an outpul 
voltago falls below 90% of its nominal value. The fan voltago is nol 
rnonitored. 
An LEO in !he rear panel of Ihe power supply is iIIuminated 
simultaneously wilh !he Low status of !he PGOOO signal. 

X20.3 L1NETRIG A O HCT TTL signal wilh line frequency. 

X20.4 ON-N E O HCT Activation inpul: 
If Ihe power supply is connected lo Ihe AC supply voltago, it can be 
activated by connecting Ihe activation inpul ON lo GNOO or GNOA. 

The power supply is also activaled ir ON is connecled lo GNOO or 
GNOA and Ihe power supply is Ihen connected t> !he AC supply 
voItage. 
For deactivation, il is sufficienl lo Ieave !he ON line apen. The ootpul 
VS12-P (Stand:>y voltago) is activaled irrespective of!he activation 
in pul, if !he power supply is connecled lo !he AC supply voltago. 
On deactivation, !he moniloring signals show !he same behaviour as in 
!he case of a power failure. 

X20.5 TEMPFEGNO E A <±O,2 V Ground of temperature sensor (588 X20.6) 

X20.6 TEMPFE E A typ. 1 mA Supp/y (typ. 1 mAl of lemperature sensor (e.g. LM335) ootside !he 
+10 mVIK po.ver supply. 

The voltago al !he lemperature sensor (TEMPFE referred lo 
TEMPFEGNO) musl be +1OmVIK depending on!he absolute 
temperature. 
The voltago applied lo TEMPFE is used lo control !he voltage far !he 
fans as well as lo switch off in !he case 01 overtemperature. 

X20.7/9 FANGNO A A Groond lar fans 

X20.8/ FAN A A +8 lo +15 V Supply voltage lar lans 
10 ¿J.SA Voltage depends on lemperature voltage al TEMPFE: 

Up lo a lemperature of 30°C H 3.03 V Ihe tan voltage is S ±O.5 V. Al a 

temperature 01 51 °C H 3.24 V, Ihe fan voltage is 12:t1V. Betweeo 
Ihese lemperaturas, !he tan voltage increases proportionally lo !he 
temperature. If 51°C are exceeded, Ihe voltage rises further up lo max. 
15 V. 

X20.ll vacanl 
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Pin Slgnal name D T Value range FuncUon I Aemark 

X20.12 AUTOPS E o HCT Inhibition of automatic shutdown in the case of error (for service) 

If this controlline is connected to GNDD or GNDA, there is 1lQ switch-
off of all output voltages in the case of 

a) overtemperature at temperature sensor (voltage at TEMPFE >3.53 V) 

b) over1oad, short circuit or taHure of an output voltage tor more than 5 
seconds. 

X20.13- vacant 
16 

Pin Signal name D T Value range FuncUon I Aemark 

X21 .1-2 VA5-P A V +5.5 ±O.05 V Output voltage analog +5.5 V 
<2.7 A 

X21.3-4 GNDA Analog ground 

X21 .~ VA15-P A V +15±O.1V Output voltage anaJog + 15 V 
<S.7A 

X21 .7 GNDA AnaJog ground 

X21 .8 VA15-N A V -15±O.1 V Output voltage anaJog -15 V 
<2.2 A 

X21 .9 GNDA AnaJog ground 

X21 .10 VA28-P A V +28±1 V Output voltage anaIog +28 V 
<0.35 A 

Pin Signal name A A Value range Functlon I Aemal1l: 

X23.1-3 VD5-P A V +5.2±O.05 V Oulput voltage digital +5.2 V 
<17A 

X23.4 GNDD Digital ground 

X23.5 VS12-P A V +12 ±O.3 V Output voltage Standby + 12 V 
<0.25 A This voltage is available as soon as the power supply is connected lo 

the AC supply voltage irrespective of the activation input. 

X23.6 VD12-P A V +12 :0.3 V Output voltage digital + 12 V 
<3.4 A 

X23.7-9 GNDD Digital ground 
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Maintenance of the Module 

Pln Signa! name R 

Power UNE E 
inpul 

Entry /n column D (D/rectlon): 
Entry /n column T (Type) : 

1043.9941 .02 

A Value range FuncUon I Remark 

V 90 to 132 VAC Autoranging 
<SA Power fack>r oorrection aooording to IEC555-2 I VDE 0838-2 
4710440 Hz Fuses 2X IEC127 T6,3H 

180 lo 264 VAC 
<2.SA 
47to 66 Hz 

A _ Output, E", Input, 8 - Bldll'flCtlon.1 
A _ An.'og, D .. Dlglt.l, V .. Supply 
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7 Testing the Module 

7.1 Function Description 

7.1.1 Block Diagram 
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7.1.2 Function inside the Instrument 

The GRAPHICS module serves two purposes: 

1. Generation of a fast graphical output for the measuring instrument and control of the internal LCO 
and of an external monitor. This tunction is implemented by a graphical subsystem consisting mainly 
of a 8514/A-compatible graphics processor and a special RAMOAC. Control of the internal LCO also 
includes the switchover between instrument and VGA display with the option FSE-B15 installed. 

2. Interface inside the transputer network between main processor, the transputers on the other 
modules and the graphical subsystem. For this purpose, the module accommodates a PC link 
interface, two transputers and two slots tor transputer modules (TRAMs). 
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7.2 Measuring Instruments and Auxiliary Equipment 

ltem Type of Inatrument SpeclflcaUona Appropria. Orderno. Use 
R&Sdevice 

1 Oigtal voltmeter Ot>20V. UOL35 1037.1807.02 • Testing!he display supply 
vo/tage, 
• Level control 

2 Oscilloscope Umit frequency Testing!he control signals for 
> .. 60 MHz display and monitor 

3 VGAcard Separate output lor Irom service Usar interface 01 the test rouline 
LCO kit GR_CHECK.EXE 

4 Test rouline • Checks transputer network and 
GR_CHECK.EXE graphics card, 

• Generates test patterns lo 
determine the laulty module 
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7.3 Troubleshooting 

A few seconds after switching on the isntrument, the internal display must show an initial picture with 
the rnessage 'Rohde & Schwarz, Analyzer BIOS, Booting' and a rotating stroke. If this is not the case, 
the following tests can be carried out first 

1. Ooes the display rernain completely dark? (~ 7.3.2.1) 

2. Doesn't the external montor show a picture either? (~ 7.3.2.2) 

3. Ooes only the display show no picture or is the picture disturbed? (~ 7.3.2.3) 

4. Ooes only the VGA sereen appear on the display if the option FSE-B15 (controller function) is built-
in ? (~ 7.3.2.4) 

If the initial picture appears correctly, the rotating stroke should remain in any position for a short time 
and, again some time later, the previous text should be replaced by the message 'Transputer download 
successful'. If only the initial picture is to be seen even after a longer period of time has elapsed, the 
troubleshooting procedure is to be continued as described below 7.3.1. 
If no fault has occurred so far, further messages of the type 'XXX download sucessful' or 'XXX 
download failed' must appear. If one of these messages is missing or 'failed' is displayed, this is 
probably due to a fault during initialization of the instrument hardware. In cases of doubt, it is 
recommended to proceed as described below 7.3.1 . 

If the instrument works properly until the sereen is displayed (grid, softkeys etc.) and an error occurs 
subsequently, two cases are of interest in conjunction with the GRAPHICS module: 

1. The display shows a fault in particular areas or with particular colours (~ 7.3.2.3). 

2. The display is correcí, however the external monitor shows a faulty picture or none at all 
(~7.3.3) . 

Other hardware errors of the GRAPHICS module should already become obvious during booting and 
are to be investigated as deseribed above. In the case of doubt, the test routine GR_CHECK.EXE 
(~ 7.4.1) can always be used. 

7.3.1 Transputer Software is not loaded 

If problems occur when loading the transputer software, this rnay be due to different causes: 

1. The main processor does not boot correctly or an error already occurs when loading the RMX 
software. (see section Main Processor) 
Symptoms: 
Even with the controller option FSE-B 15 installed, it is not possible to boot from the floppy disk. 
Even after a longer waiting period, the instrument does not show any activity except for the rotating 
stroke of the initial picture. 

2. There is a hardware error on the GRAPHICS module. 
Symptom: A white display appears instead of the initial picture. 

3. One of the transputers or their series-connected hardware on the modules FRAC-SYN or Detector 
are faulty. 
Symptom: The initial picture appears correctly, however the message 'Transputer download 
successful' or one of the subsequent messages is missing. 

Cases 2. and 3. can be investigated in greater detail using the test routine GR_CHECK.EXE (~ 7.4.1). 
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7.3.2 Problems with the Leo 

7.3.2.1 Display remains dark 

If the display remains dark after switching on, check whether the backlighting has been activated. This 
is the case if a narrow light stripe is visible at the upper or Iower edge of the display. The best way to 
see whether the backlighting is switched on is to Iook at the rear of the display when the instrument is 
open. Possible causes of errors in the backlighting control can be obtained from the section Front 
Panel. 

7.3.2.2 No Picture on Display and External Monitor 

If neither the display nor the external monitor show a picture after switching on, the troubleshooting 
procedure should be continued using the test routine GR_CHECK.EXE (--+ 7.4.1) . 
If, however, the initial picture disappears during booting and no picture is then shown neither on the 
display nor on the external monitor, this may be due to a hardware error or a faulty colour setting. This 
may happen e.g. if all display objects (grid, textS' marker, traces etc.) have been set to the colour of 
the background. 

7.3.2.3 Display shows faulty picture or none at all 

If there is only a white or disturbed picture on the display, although the external monitor shows a 
correct picture, the fault probably lies in the display control. 
In this case, the connection cable from the display to the analog motherboard should be checked first. 
If this is okay, check the signals at the display connector on the analog motherboard or at multipoint 
connector X311 on the digital motherboard (--+ 7.5). A voltmeter and an oscilloscope are required for 
this purpose. Besides, the test routine GR_CHECK.EXE (--+ 7.4.1) should be started. 
The signals HSync, VSync, Enable, Clock and the supply voltage should be checked first. 
If none of these signals is correct, the signals DisplayOn and 85140N should be checked next. Both 
are TTL signals coming from the digital motherboard. They are to be found at the following connector 
pins: 

DisplayON: 
85140N: 

X311 .A3 
X311 .C3 

The following combinations are obtained taking into account jumper X1 on the GRAPHICS module: 

Xl DlsplayON 85140N Display 

L x off 

1-2 H L VGA 

1-2 H H Inslrument screen 

2-3 H L off 

2-3 H H Inslrument screen 

If these signals do not comply with the specifications, continue the troubleshooting procedure on the 
digital motherboard (see appropriate section), otherwise the GRAPHICS module is faulty. 
If no faulty signal has been found so far, a test pattern should be used for further troubleshooting. The 
vertical striated pattern generated by the program GR_CHECK.EXE (--+ 7.4.1) is especially suitable for 
this purpose. Each display line consists of 2 alternating white and black pixels. Thus a squarewave 
signal with a frequency of 6.29 MHz must be applied at the connector pins of the signals Red, Green 
und Blue Bit Oto 2 (--+ 7.5) . 
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If these signals are also correct, the display must be assumed to be faulty, otherwise the fault is to be 
Iooked for on the GRAPHICS module. 

7.3.2.4 Display only shows VGA Screen 

If, with the controller option FSE-B15 installed, only the VGA screen is displayed on the internal display 
after switching on, a distinction is to be rnade between two cases: 

1. A connected external monitor rernains dark or shows a faulty picture, then proceed as described 
under 7.3.2.2. 

2. The external monitor first shows the initial pattern and then the instrument screen. As a result, a fault 
in the display switchover is involved. 

In the second case, the signals DisplayON and 85140N (~ 7.3.2.3) should be checked. 
If both signals are applied correctly, a hardware error on the GRAPHICS module is to be assumed. 
If the signals do not comply with the specifications, continue the troubleshooting procedure on the 
digitial motherboard (see appropriate section). 

7.3.2.5 Display never shows VGA Screen 

If, with the controller option FSE-B15 installed, no VGA screen is shown on the display (in spite of 
switchover according to operating mar:lual), the signals DisplayON and 85140N (~ 7.3.2.3) should be 
checked. Besides, make sure that jumper X1 on the GRAPHICS module is at position 1-2. 
Further error causes are to be found in the section VGA Option. 

7.3.3 Problems with the External Monitor 

An external monitor can be connected to each instrument and must always show the instrument screen 
(irrespective of the display mode). The signals for the monitor are generated on the GRAPHICS 
module and applied to the rear panel via the digital motherboard. 
If there are problems with the external monitor, the connections listed below should be checked using 
an ohmmeter. If they are okay, the fault lies on the GRAPHICS module. 

Signa!: HSync Vsync Red Green Blue Ground 

Rear panel Pin 13 Pin 14 Pin 1 Pin2 Pin 3 Pin 6 , 7 , 8, 10 
ext. monitor 

GRAPHICS: A15 C15 A16 816 C16 A17, 817, C17 
X311 
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7.4 Testing the Specifications 

7.4.1 Using the Test Routine GR_CHECK.EXE 

The routine GR_CHECK.EXE is part of the service kit, supporting the troubleshooting procedure on the 
GRAPHICS module and the front panel. 
The test routine assumes that a VGA card is installed in the instrument. This is the case for all 
instruments with the computer option FSE-B15 installed. In the case of instruments without this option, 
the VGA card from the service kit must be installed. An external monitor must be connected to the 
VGA card so that the program messages can be seen. 
It is recommended to start the program from the DOS boot disk. 
The individual functions of the test program will be explained in the following sections. 

7.4.1.1 Testing the Transputer Network 

Immediately after starting the program GR_CHECK.EXE the transputer network is automatically 
checked. Messages are displayed in the following format: 

Test Transputer XXX ... pass or 
Test Transputer XXX ... taíl 

The transputers are located on different modules: 

Transputer: GTP FTP PTP VTP 

ModJIe GRAPHICS FRAC·SYN Detector GRAPHICS 

The GTP is the central transputer, i.e. if the message 'fail' already apppears when it is tested, the other 
transputers cannot be correctly tested either. Testing of the graphics hardware can only be started if 
testing of the GTP and the VTP is positive. If the FTP or the PTP does not work properly, the 
troubleshooting procedure must be continued on the respective modules. 

7.4.1.2 Testing the Graphics Hardware 

After termination of the transputer test, the graphics hardware is initialized and tested by reading back 
the hardware registers, the following message being displayed on the VGA monitor: 

Test GRAPHICS Hardware ... pass or 
Test GRAPHICS Hardware ... fail 

This message should simultaneously be visible on the display. 
For this purpose, the test routine applies the signals 85140N and DisplayON (--+ 7.3.2.3) to High and 
additionally sets the backlighting to rnaximum brightness. 

7.4.1.3 Test Patterns tor Checking Display and External Monitor 

After testing the graphics hardware, the VGA monitor displays a menu that allows to select various test 
pattems. These permit to make a distinction between a fault in the GRAPHICS module or in the 
display. 
AII test patterns are simultaneously shown on the display and on the external monitor. 
The signals described in the following table are generated by the GRAPHICS module. If they are not 
correct, the fault lies in this module. If the test pattern is only displayed with faulty or not at all, although 
the signals are okay, the display is assumed to be faulty. 
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T.tpattern Analysea 

Vertical sbiated pattem The signaJs Red, Green, Blue Bit Oto 2 (-+ 7.5) can be checked. A SQuarewave signal with a 
frequency of 6.29 MHz must be applied there while the EnabIe signal is applied tl high. 

Black screen The signaJs Red, Green, Blue Bit Oto 2 (-+ 7.5) must alw~s be applied to Iow (Monochrome 
display: High). 
The display can be checked klr faulty pixels. 

White screen The signaJs Red, Green, Blue bit O te 2 (-+ 7.5) must be applied lo hig, (Monochrome display: 
Low) as long as the enable signal is set lo high. 
The display can be checked klr faulty pixels. 

7.4.2 Replacing the GRAPHICS Module 

When replacing the module, note the correet position of jumper X11: 

Xl l : 1-2 2-3 

Type of display: Monochrome Color 
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7.5 External Interfaces 

Type of display Plug Pln Slgnal Speclflcatlon 

Color display Xll 2,6, lO, 14, 16, 19 GrOllld 
X311 A23, 823, 023, 

A32, 832, C32 

Xll 18,22 Vcc +5 V:5% 
X311 Al 

Xll 15 HSync a 3.8-lJs long 
X311 A31 TTL \ow pulse every 31 .71Js 

Xll 17 VSync a 64-lJs long 
X311 831 TIL Iow pulse every 16.7 ms 

Xll 21 Enable a 25.4-lJs long 
X311 C31 TTL high pulse every 31 .7 IJs 

Xll 1 CIock 25.175-MHz TIL squarewave signal 
X311 A24 wilh duty cyde 1: 1 

Xll 3, 4, 5 Red bit O t02 TILlevel 
X311 A25, 625, C25 

Xl1 7, 8, 9 Green bit O to 2 TILlevel 
X311 A27, 627, 027 

Xll 11 , 12, 13 Blue bit O to 2 TILlevel 
X311 A29, 629, C29 

Monochrome display X12 1, S, 6, 8 , 13, 16 Ground 
)(311 A23, B23, C23, 

A32,832, C32 

X12 3, 4 Vcc +5 V:5% 
)(311 Al 

X12 9 HSync a short TIL high pulse every 31 .7 IJs 
X311 A31 

X12 10 VSync a 31 .7-lJs long TIL high pulse every 
)(311 831 16.7 ms 

X12 2 EnabIe a 25.4-lJs long 
)(311 C31 TTL high pulse every 31 .7 IJs 

X12 7 Clock 12.88-MHz TTL squarewave signa! 
)(311 A24 wilh duty cycle 1: 1 

X12 14, 15, 17 Red bitO 102 TIL level 
)(311 A25, 625, C25 

X12 18,11 , 12 Green bit O to 2 TILlevel 
)(311 A27, 627,C27 
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7 Testing the Module 

7.1 Function Description 

The VGA module is part of the computer option FSE-B15. In addition to an external monitor, it can also 
control the internal LCO. It is inserted into one of the ISA-bus slots and additionally connected via a 50-
pin flat cable to the digital motherboard. The signals are taken via this cable to the GRAPHICS module 
first for display control. The GRAPHICS module either displays the screen of the measuring instrument 
or the picture of the VGA card on the display. 
The output of the VGA card for connection of the external monitor is applied via a special adapter 
cable to the rear panel of the instrument. 

7.2 Troubleshooting 

A built-in VGA card should already display a picture on a connected monitor during booting of the rnain 
processor. If this is not the case, the adapter cable to the rear panel of the instrument should be 
checked first. If no further error occurs during booting (7 section about main processor) and if no 
picture is displayed on the VGA monitor ahhought the adapter cable functions properly, the VGA card 
is probably fauhy. 
If a picture appears on the connected monitor, it should be possible to switch the display to the VGA 
picture if the computer option FSE-B15 is properly installed. Two errors may occur in this case: 

1. The switchover does not affect the display: 

The fault probably lies in the switching logic (7 section about GRAPHICS module). 

2. After switching over, a different but faulty picture can be seen on the display: 

The fault probably lies in the VGA card or in the 50-pin flat cable between VGA card and digital 
motherboard. 
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