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SERVICE SHEET BD1
OVERALL BLOCK DIAGRAM

REFERENCE :
Simplified Operation (Section IIT)
Operator's Checks (3ection IIL)
Table 4-1, Recommended Ferformance Tests
After Adjustments or Repairs.
Table 5-2. Post-Repair Adjustment Procedures.

PRINCIPLES OF OPERATION

The basic freguency generating circuitry is composed of the Reference
Section, phase lock loops and Qutput Section (in the upper-leflt, center
and right hand portions of the bleck diagram respectively). All of
the reference freguencies used within the instrument are cobtained from
the Reference Section. A total of seven phase lock loops work together
to produce the fundamental frequency band of 320 to 640 MHz with a
step resclution of 0.1 Hz. This fundamental (or basic) band is sent
to the Output Seetion where it is doubled, passed straight through or
down-converted to produce the entire frequency range at the RF output
(.1 to 2560 MHz).

The Digital Control Unit (DCU) controls the operation of the unit.
It accepts Keyboard or remote inputs and generates internal data and
control signals to control the signal at the RF output. Fower for the

instrument is supplied by a switching-regulated power supply.

Reference Section

All of the reference frequencies used within the instrument are
obtained from the Reference Section., This block is composed of doublers,
dividers, and mixers, 2ll of which are driven by a single temperature-
stabilized 10 MHz crystal osecillator. Outputs from the Reference Section
are 10, 20, 120, 520, and 320-640 MHz (in 20 MHz =teps). Signal levels
vary depending on which section they are being sent to.

Phase Lock Loops

The Generator uses the indirect synthesis method for generating output
frequencies. Phase loek loop (PLL) circuits are locked to signals from
the Reference 2ection and generate signals which are combined to give
the desired output freguency. All output frequencies retain the same
accuracy and stability as the 10 MHz reference signal., PLL's are found
in the High Freaquency, Low Frequency, Fractional-N, and Modulation
Sections.
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High Frequency Loops

The Reference 3um Loop and the Output Sum Loop are two nearly identical
eireuits. The Reference Sum Loop starts with 320-640 MHz and 10 or 20
MHz signals from the Reference Section. Together, these signals are
related to digits D2 and D8 in the FREQUENCY readcut (in the basie band
only). These signals are combined in the Cutput Sum Loop with the low
fregqueney loops output that has a 0.1 Hz resolution.

Low Frequency Loops

The Low Freguency section consolidates several signals and produces an
ocutput signal having the characteristics of all of the inputs. This
gection has three phase loek loops: the N-Loop, the Low Frequency 3Sum
Loop, and the FM Sum Loeop.

The N-Loop generates a signal related to the D7 and D6 digits of the
FREQUENCY readout (in the basic band). The other two loops combine this
signal with outputs from the Fractional-N Loop. A 20 MHz signal is
frequency modulated at the level heeded to provide the desired amount
of deviation at the front panel RF output.

Fractional-N-Loop

The Practional-N-Locp uses the 10 MHz reference signal to produce an
output that is related to digits D5, D4, D3, D2, D1, and B0 of the
FREQUENCY readout {in the 320-640 MHz "basic band"). The phase lock loop
is called "Fractional-N" because the divider in the feedback cirecuit
can divide by both integer and fractional values. This is accomplished
by using digital dividers that by themselves only divide by integer
values, but with extra control eireuitry ecan switeh the "divide-by"
integer (N) between two values so that the average value of N contains
a fractional part.

For example, to divide by 1300.455%, the divider would divide by 1301
for 455 cyecles and by 1200 for 545 cyeles. Over 1000 cycles, the
ef'fective divigion is by 1300.455, The Fractional-N-Loop provides high
reselution, fast switching, and low noilse.

Modulation Secetlion and FM Loop

The Modulation Section has a Variable Modulation Oscillator (VMO) that
produces modulation source signals at rates from 10.0 Hz to 99.9 kHz
with 3 digit resclution. External medulating sighals can be applied
te the front panhel AM IN, FM IN, and PM IN connectors. Simultanecus
modulation is possible.

The FM Loop produces one of the preference signals for the FM 3um Loop.
The signal is 20 MHz with FM. The phase lock loop is unleocked when a
de-coupled signal from the front panel's FM INPUT is selected. Thus,
the 140 MHz Oscillateor operates in a free run condition without any
correction.

d
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Phase Modulation Section {Option 002 Only)

The Phase Modulation section provides phase modulation at up to
10 MHz rates from an external source., BPF3K at RF output freguencies
of 640 MHz and above are generated in this section.

Output Section

The output section converts the basic band (320 to 640 MHz) from the
High Frequency Section to all other frequencies by multiplying it,
passing it through, or dividing it. This section also contrels the
RF level of the signal. It does this with a group of
electromechanical attenuators. These attenuators reduce the
amplitude in 5 dB increments from 5 4B through 140 dB. Electronie
leveling keeps the output level constant and provides finer ocutput
step resclution.

Pulse modulation, AM, and BPSK (RF output frequencies < 640 MHz) are
generated in the output secticn.

Digital Control Unit

The Digital Conftrol Unit (DCU) is a microprocessor based controller
that is responsible for directing the operation of the instrument.
It takes information from the keyboard, HP-IB interface or AUX
connector. It stores data, calculates the required oscillator
frequencies, determines internal switch settings, and exercises
general control over the instrument. Although not shown on this
bleck diagram, the DCU is a transfer point for digital data te all
the sections.

Power Supply

This instrument uses a switching-regulated power suppiy that provides
high efficiency and low heat dissipation.

TROUBLESHOOTING

Introduction
Troubleshooting is structured into three levels:

Tnstrument (to identify a defective section)
Section (to identify a defective assembly)
Assembly (to identify a defective component)

The general procedure is to begin at the instrument level to isolate
the problem to a section (Block Diagram BD1), then to an assembly
within the section (Block Diagrams BD2-BD10), and finally to a
component on the assembly (detailed schematies). There is
troubleshooting information on the block diagrams which can be used

8-203
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by someone who understands the theory of operation to izclate the
problem to the next lower level. There is a troubleshooting
procedure with each bleock diagram . These procedures are the
recommended troublesheooting appreoach for someone who is inexperienced
with servicing the Generator. To effectively use these procedures
you need a basic understanding of the principles of operation. Read
the theory before using the procedure so the procedure bhecomes a
guide. Many short cuts are possible as more experience is gained.

When working on the power supply, remember that high voltage is
present at all times when the line cord is plugged in (that is,
plus and minus 160 Vde and line voltage). Unplug the line cord
before doing anything to the power supply. The line switch has
no effect on the high voltage.

When working near the pear panel, be careful to keep long hair
from heing drawn into the fan. This could cause personal injury.

CAUTION

DO NOT plug in or unplug any board assembly with the instrument
line switeh turned on. Always turn the line switch to STANDBY
when removing or inserting a board. There are some components
that could be damaged by transients generated this way.

The "LINE" fuse should not be replaced until the cause of its
failure is determined Replacing this fuse in a damaged
Generator might cause additional damage. A qualified service
person should first determine the cause of its failure,
specifically with resistance checks in the power supply (see
Service Sheet 65); repair the failure and then replace the fussa.

When measuring frequency, connect a cable from the Generator's 10 MHz
Reference output (rear panel) to the counter's reference input and
set the counter Reference switeh (¢ EXT. Since minor differences
exist between time bases, using the 8663A's as a common reference
will ensure that all correct frequency readings will be off only by
the resclution error of the counter,

When measuring frequency or power level at an output connector,
disconnect any cable that is normally conhected so the measuring
instrument is the only load on the output. If the cable must remain
connected to make a valid measurement, this will be specifically
stated.

All power level values given are as measured on a spectrum analyzer.
Measurements made with a power meter might give a slightly higher
reading. ECL sighals will read approximately 2 dB higher with a

w
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power meter because the harmonics are high and add to the power meter
reading.

Instrument Level Troubleshooting Frocedure

The followeing procedure can be used to isclate an instrument
malfunction to one of the sectiocons.

1.

Check power supply voltages.
instrument. The power supply is
points used to check each of the
openings in the power supply top

cover identifiesz the test points.

and compare to the telerances in

Remove the top cover of the

in the left-rear corner. Test
voltages are accessible through
cover. Sllkscreening on the

Measure each of the voltages
Table 8-201.

Table §-201. Power Supply Voltages

Supply Voltage Tolerance

+5, 2V
+20V
-10V
-40V

+.02V
+0.1V
+.04v
+0.,2V

If a voltage is out of tolerance, adjust it. The voltage should
be adjustable above and below the nominal value within the
tolerance limits. If a voltage cannot be adjusted to within
limits, there is a problem with the power supply. Continue
troubleshooting on Service Sheet BDI1O.

If the Generator fails to turn on,
voltages first. If they are incorrect,
BD10. If the power supply voltages are correct,
Service Sheet BD9 (the Digital Control Unit).

check the power supply
continue on Service Sheet
continue on

STATUS light flashes. All sections contain self-check circuitry
which can detect some malfunctions. When a malfunction 1is
detected, the STATUS light flashes. Press the STATUS key and
hold it down and the status code will be displayed in the
frequency display (on the right). If 99 is displayed, press the
Blue Key and then the STATUS key. The actual status code will be
displayed. Table 8-203 defines the malfunction status codes and

where to continue troubleshooting if one occurs,

There are many errors which cannot be detected by the self-check
circuitry and it's also possible for the self-cheek circuitry to
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malfunction. Therefore, use the status code only as a guide.
Confirm that the problem indicated by the status code really
exists.

NOTE

Under certain conditions, it is possible for Status
Code 76, "Amplitude out of specification", to turn on
when no amplitude error exists. This can happen during
fast repetitive sweeps (for example, Auto Sweep or
Remote Stepped Sweep, with the time/step less than

1 ms). Corrective action is not required unless code
76 persists under conditions other than those outlined
ahove,

If no status code iz present, continue with 3Step 3.

All malfunctions can be divided into eight general
classifications as follows:

a) Front Panel, HP-IB and AUX malfunctions. This includes all
improper operation of keys, display and indicators. Begin
troubleshooting with Service Sheet EDS.

b) RF output frequency not correct. Begin troubleszhooting with

Step 4, 0

¢) RF output power lewvel not correct. Begin troubleshooting
with Step 5.

AM and FM problems. Begin troubleshooting with Service
Sheet BDT.

Fhase modulation problems. Begin troublesheooting with
Service Bheet BDE.

Pulse modulation and BPSK problems. Begin troubleshooting
with Service Sheet BD6.

High spurs or phase noise. Begin troubleshooting with Step
6, below.

Problems asscciated with front and rear panel connectors
(except RF output). MTable 8-202, shows where to atart
troubleshooting when the signal from an output connector is
not normal or the signal applied to an input connector does
not produce the desired effect.
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le 8-202. Failures Associated With External Connectors

TROUBLESHOOT
CONNECTOR ASSEMBLY (SERVICE SHEET)

AM IN
FM IN

Rear Fa
AUX
SWP
AM MK
Z/AXT
FLS B
Mo O
AUX F
(10 M
{5 or

, FM IN, A11A% (41 and 42)
A11A3 (44)

nel Connectors
AzAl (61 62)
AZAZ 5T7)
R AZAZ 57)
$ BLK/MKR AZA2 57)
PSK AlAl
UT Al11A1 40)
M IM AlL1AZ
Hz Reference) QUTPUT ABAY

10 MHz Reference) INPUT ABAY

RF Ou

a)

RF Po
outpu
power
there
conti
level
conti

tput Freguency Not Correct.

Measure the RF output frequency with a counter. BRun a cable
from the Generator's 10 MHz reference output to the counter
external time base input and set the counter time base
switch to external.

If the frequency is not stable (that 1s, it varies more than
+1 count), there is a phase lock loop unlocked. Measure the
output of each section containing phase lock loops shown on

the block diagram until the bad section is found. Start at

the bottom of the block diagram and move up. Then continue

troubleshooting on the Service Sheet for the bad section.

If the frequency is stable, measure the High Frequency Loops
Sectien cutput frequency. If this frequency is normal, the
problem is in the Output Section. Otherwise, measure the
output of each section starting at the bottem of the block
diagram until the bad section is found. Then continue
troubleshooting on the service sheet for the bad section.

wer Level Not Correct. Measure the power level of the

t signal from the High Frequency Loops Section. If this
level is not within the limits given on the block diagram,
is a problem in the High Frequency Loops Section so

nue troubleshooting on Service Sheet BD3. If this power
is normal, the problem is in the Output Section, so

nue troubleshooting on Service Sheet BDS.
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High Sprus or Phase Noise. This is the most difficult type of w
problem to troubleshoot. Some troubleshooting experience and a

thorough understanding of the theory of operation of the

instrument are needed to be successful. The general procedure to

follow is:

a) Locate the section of the instrument in which the problem is
originating.

b) Search for the cause. In the case of high phase neoise it is
now a matter of trying different approaches to narrow the
range of peossible causes. This iz where experience helps.
If the problem is spurs, ildentify the source of the spur.
The location of the spur and how it moves in relation to the
center frequency can provide a lot of information when the
theory of operation of the Generator is understood.

Removing cables or substituting signals from an external
source are also useful techniques.

¢) Once the source of the spur is known look for the coupling
mechanism.

TABLE 8-203. HARDWARE MALFUNCTION STATUS CODE DESCRIPTIDN

: CONTINUE
STATUS TROUBLESHOOTING
CODE DESCRIFTION ON SERVICE SHEET

00 No malfunction -—=

01 Low reference cscillator signal level. -1
(Check INT-EXT switches on rear panel).

0z Fractional-N Loop out on lock.

03 Low Frequency N Loop out of lock.

04 Low Frequency Sum Loop out of lock.

05 Low Frequency FM Sum Loop out of lock.

06 High Frequency Reference Sum Loop out of lock.

07 High Frequency Sum Loop out of lock.

08 FM Loop out of lock.

61 Variable Modulation Oscillator Loop out of lock.

76  RF Output amplitude not leveled.

95 ROM Malfunction.

96 RAM Malfunction.

98% Memory Malfunction.

99*% Hardware Malfunction.

¥ This is the general code for instrument malfunction. Press
the BLUE KEY and then STATUS to obtain one of the other codes
in the table which is the actual malfunction.
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NOTE
Errors 101-119, below, are generated by self-check circuitry in the
Digital Control Unit (DCU). The Frequency, level and medulation data
that is sent to other sections is also read back from the DCU output.
Thus, when an error occurs, it could be that the data is bad,
something could be pulling the signal line up or down, or the
read-back circuitry is bad. The description of the code gives the
reference designator of the latch where the bad data is stered.

TABLE 8-203. HARDWARE MALFUNCTION STATUS CODE DESCRIPTION
(continued)

CONTINUE
STATUS TROUBLESHOOTING
CODE DESCRIPTION ON SERVICE SHEET

101 AM/FM Control (AZA4ULS) 55
102 AM Control (AZALUL6) 55
103 VMO Rate (A2A4U17) 55
104 VMG Rate (AZANUL1Y) 55
105 FM Level (AZ2A4U13) 55
106 AM LEVEL (AZ2ANU12)

107 AM/FM Level (A2A4U11)

108 PM Level (A2A10U13)

109 PM Level (AZA10ULYN)

110 RF Off Contrel (A2410Ul5)

111 RF Level (A2410U12)

112 RF Level (A2Al0U11)

113 Not used

114 Frequency Range Control (A2A5U24)

115 Frequency DFO-DF1 (A2A5U23)

116 Frequency DF2-DF3 (AZABUZ26)

117 Frequency DFY-DFH (A2A5U25)

118 Frequency DF6-DF9 (A245021,U22)

119 Frequency DFB7-DFB8 (A2A5U19,U20)

8-209/210




215174 \7./&?/ &-por SAE /@gj'

Dtz | Ol ¢ ouTRUT

L ~ 10 MHz

ABA3ZJ4 320-640 MHZ At=20 MKz
T0 REFERENCE SUM LOOP

FLlJ2 520 MHZ
T0 OUTPUT SECTION

m
EXT INPUT FREQUENCY

I (5 OR 0 MHz) | >—————1 DOUBLERS ABA 102 120 MH2
L o DIVIDERS, TO FM LOO?
AND MIXERS

AGA1OV4 20 MH2z (CW}
TO EM SUM LOOP

ABA 13 i 10 OR 20 WKz
INTERNAL TO REFERENCE SUM LDOP
MHz

10
REFERENCE ABASJ2 0 MH2
OSCILLATOR T0 N LOOP

ASAEJ3 N {0 MHz
TO0 MODULATION SECTION

ABABJ4 |

OG- Tg ?;f\tTlONAL N LOOP
BDZ2 »—BdBm
REFERENCE SECTION

(1K
qj 10 MHZ . W3
OYEN YOLTAGE FRogEEﬁEﬁENc -

FROM POWER SUPPLY ,l +20V 0.1V

s ATAITRY
| tNEUTRAL) ® +5.2Y 0,02V
9 W ATAZTR
- = ® —.‘/ ~10V 10.04Y

LINE
VOLTAGE K GREEN { /% araiTP2

— e ]

MAIN M ATAITPE

FOR MA
POWER SUPPLY @

OVEN AND

-
OVEN AUXIL TARY
Line | O 1! sy 7o ma ! SUFFLiES | RED 120 MHz Wao
I 230v 400 ma ! LINEAR FROM_REFERENCE '~y
L . REGULATOR SECTION Co—(82)
| SUTON 1 eacny OVEN VOLTAGE i
I,

SEE INSTRUCTIONS TO REFERENCE SECTION

BDIO
POWER SUPPLIES

ALL F
o g ChEBueey DI, G B o N [ g
POWER SWITCH AMPLITUDE DISPLAY REFERENCE o4 oo

ALL FRONT PANEL ECTION STV
LIGHTED INDICATORS e

DIGITAL
CONTROL
UNIT (DCU)

HP- 18 AUX
REMGTE )] -——-——< (GUTPUTS)
CONTROL
(REAR {REAR

PANEL ) —a— PEN LIFT PANEL)
AUX
CINPUTES S —am——< AM MARKER

———( SWEEP OUTPUT

Z-AX1S
—8m———< BLANKING/MARKER

10 MHz

3. ASABJ | 5

REFERENCE == !
BDS SECTION

OIGITAL CONTROL UNIT {DCuU»

SERIAL PREFIX: 2234A




S—2e) St > %/5’

FOR OUTPUT FREQUENCIES
BETWEEN 320 AN REFERENCE SUM DUTPUT SUM
ETWEEN 320 AND 640 MHz —_— Loob oo [ ——— {FOR RF

faDg Dg 0 MHz(IF Dg IS EVEN)
fsDg Dg O+ MHZ{IF Dg IS ODD)

- PHASE PHASE
SdBm DETECTOR DETECTOR
320-640 MHz

wia ABAGJZ @ @ ~ ABA | J3
Af=20 MHZ FROM

REFERENCE SECTION
[ YEO f yeo

w3r 3.0 TO 620 MH2 BD3
-y ABASY) af=10 MH2 HIGH FREQUENCY LOOPS

AGA4 L

i0 DR 20 MHz FROM
REFERENCE SECTION

FOR OUTPUT FREQUENCIES
BETWEEN 320 AND 640 MHz

t=10 MHz(IF Dg 1§ EVEN)
t=20 MHz(IF Dg IS5 ODD)
+24dBm +2; ~5dBm

[10 1z To 100 Khz
TTL LEVELS

INTERNAL MDDULATION SIGNAL

VARIABLE MODULATION AND PHASE MODULATION
AlTANC22) SECTIONS

OSCILLATOR(VMD)

AlLTATCI2Y YMO SQUARE WAVE TO
QUTPUT SECTION

All ABJ!

AlIAG(24} AM_DRIVE TO
QUTPUT SECTION

MODULATION
SWITCHING

AN IN —

(FRONT PANEL )

95% AM:
PANEL? M IN 2.95 *0,2vrme

Fi LOOP

PHASE
DETECTOR
@ . AlIAGJ Frval

L
o
ol

{84 )

FM=DISPLAYED

DEVIATION X 10
-15dBm +2dBm

apT

Al 1ABJG MODULATION
SECTION

ACCUMULATOR g~ SlM LOOP

+2.2 TO +22.1
PHASE

DETECTOR (20-220 WHz

122-22! MHz
af=l MHz @ afs| Hz - "
_‘ D

9

PHASE
DETECTOR

+100

[

ASAGJ

FRACTIONAL~N LOOP

ACCUMULATOR FRACTIONAL =N
LOOP OUTPUT

+ ) 000.001
T
$2000.00f oy 100~
200 WH2
‘ Lt=]100 H2
Wea
@ SAMFLE AND ABA5J2 pYa £OR DUTPUT FREQUENCIES BETWEEN 320 AND 640 MHZ
HoOLD B “;\- . fEN = 200-DgD4*03D200g MHZ
vCo E

PHASE
DETECTOR FRACTIONAL-N LOOP +2 TG +8dBm




Zf,c.a, F-20) Sht 3 LS5
(FOR RF OUTPUT FREQUENCIES BETWEEN 320 AND &40 MHz
i = DISPLAYED FREQUENCY
FM = DISPLAYED DEVIATION

+3 TO -3dBm

320-640 MHz Af=0.| Hz g

" ABALJ3 . AdAdd |
oy Q\%

fed 06—~.0] GHz

BD3 -2 TO +4dBm

oY LOOPS

4 GHz

OSCILLATOR

(OPTION A OUTPUT /

002 ONLY) 24A3J6 K/ A4a4J3
I

B OUTPUT
A4A3JE o\ A4A4JS
réd

9 100 KHz PHASE MODULATION INPUT
JEVELS ! s (OPTION 002 ONLY) ﬂ

BPSK DRIVE [T RLIa o

JA ULATION SIG {3640 MHz)

)utA'i"?gN NAL ;28%85""” wil
ATION

A3E MoDLL et a5 Vp = I00° IN

- 320-640 MHz BAND

JJARE WAVE TO INTERNAL MODULATION

SECTION SIGNAL FROM
el MODULATION SECTION

(a4} AllA3J2

o

IYE 7O
" SECTJON

3% AM3
1. 2Vrme

FOR OUTPUT FREQUENCIES BETWEEN
320 AND 640 MHz

fens = 10 +D7*DgDED403020 Dy MHZ

——— DISTRIH
FM = DISPLAYED DEVIATION

@ +3 TO ~13dBm FYTEN]!

—_—— 20 MHZ{CWIFROM
ISPLAYED REFERENCE SECTION

TION X 10
8m +2dBm

Ws6 '} w2e
' 961

10-20 MHx
Af=D. | Hz

AZAL1J2 AZAIIJ3 AIABJ2
—_— P ———eree———
0\ FM SuM LOO +1dBm £0,7548

520 MHz wo A12A5J3
FROM _REFERENCE o—(837)
\ SECTION s

PHASE
DETECTOR

BD3

AM SIGMAL ASA I (43)

YMD SQUARE WAVE |
FROM MODULATION A4p1(26)
SECTION

BPSK DRIVE(36540 MHz) AdALI ]
T0 MODULATION
SECITON

SQUARE WAVE
+1 TO -1¥ep INTO
600n LOAD




'fj/té/ -0 ~SAE

f = SAME AS INPUT
-13 TO 0¢Bm

BANDPASS FILTER

AdAd )4

832

$
s

f=4,06—.0] GHz
~2 TO +4dBm

4 GHz

OSCILLATOR

{OPTION A outPyr

002 OHLY) a4a305 L/ a4nau3
rad

PHASE
MODULATOR

B OUTPUT
AGASJIS (. AdA4US
.

PHASE MODULATION INPUT
e {OPTION ©02 ONLY)
DU N Dt
AlIA3J2 BDE
05 Vo = [00% IN

e 320-640 MHz BAND (gg"l\'lsoEN Mggg%ﬁg?

/— DOUBLER #| ===,  pmsemece DOUBLER %2 s,

——— DISTRIBUTOR ey

h4A3J ]

BPSK
MODULATOR

» LF DOWN CONVERTER =—— _
+14Bm £D,T5dB

Al2A5J3

520 MHz
FROM REFERENCE
SECTION

AM 51

GNAL
FROM MODULATION  ——pmt-R8A1143)
SECTION

PULSE DRIVE |
VMO SQUARE WAVE

FROM MODULATION ——mnJ A%A1(28)
SEGTION

PULSE/
PLS BFSK
BPSK s———-—-——-®=| CONTROL

BPSK DRIVE (Y640 MHz)
TO WOBULATION Adhl| {REAR
SECITON PANEL)

8PS DIAVYE

SQUARE WAVE
+1 TO ~ivep INTO
600n  LDAD




NOTES

'. INTERCONNECTIONS BETWEEN THE OCU AND THE
OTHER SECTIONS ARE NOT SHOWN ON _THIS BLOCK
DIAGRAM. REFER TO THE APPROPRIATE SECTION
. BLOCK DIAGRAM (BD2-BD|0) QR SCHEMATIC
= SAME AS INPUT FOR THIS INFORMATION.

-13 7O 0dam ECL LOGIC LEVELS IN THIS INSTRUMENT ARE NON~
STANDARD DUE TG THE supva VOLTAGE USED. A
AIGH LEVEL IS > +4.0V: A LOW LEVEL IS < +3.5V.

. FREGUENCY FORMULAS GIVEN FOR BLOCK DIAGRAMS B03,
604 AND BDS, APBLY ONLY WHEN THE FRONT T PANEL
FREQUENCY SETTING IS BETWEEN 320 A
MHZ (THAT IS, THE BASIC BAND). THE AMULAS
NOT APPLY IF A FREQUENCY FAILURE £ GeCuURS OUTSIDE
THE BASIC BAND. FREQUENCY FAILURES OUTSIDE T
BASIC BAND ARE PROBABLY IN THE OUTPUT secr:on
{REFER TO BD6 T0 BEGIN TROUBLESHOOTING).

THE FORMULAS RELATE 10 THE FRONT PANEL FRE-
QUENCY DISPLAY. THE DISPLAY DIGITS
DESISNATED §q THROUGH Dy AS FoLLows:"

FREQUENCY DISPLAY
Dg Dg Dy ©g Dg D4 Dz Dz Dy Dg

'] o » . . R .
S48 S#54 S9F FRG IR0 SRV SAR FOT SPF N

ENTER THE VALUE OF EACH DIGIT INTO THE FDRMULAS
AND USE THE DECIMAL POINT SHOWN IN THE FORMULA
INSTEAD OF THE DISPLAYED DECIMAL POINT.

UBLER #2 mewm—y FOR_EXAMPLE IF THE DISPLAYED FREQUENCY
IS 532,876 401 9 M

® THE QUTPUT OF BD3 WOULD BE:
532.876 40| 9 MHz

' & THE OUTPUT QF BD4 WOULD BE:
.. 200-T6.401 2 MHz OR 123.598) MHz

lTHE QUTPUT OF 505 WOULD BE:
+ 2,876 40! 8 MHzZ OR [2.876 401 8 MHZ

DUTPUT STEP
7 AMPLIFIER ~ N /TATIENUATOR ™
Q

IF THE LINE FUSE BURNS OUT B0, NOT REPLACE IT
UNTIL THE CAUSE gF THE FAILURE HAS BEFN OETER-

REPLAC Us
SISNAE GENERATOR CAN RESULT IN ADDITIONAL

BD1

Figure 8-201. Overall Block Diggram
8-211/212
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QUTPUT SECTION




Model B6634A Service

SERVICE SHEET BD2
REFERENCE SECTION BLOCK DIAGRAM

REFERENCE ED1
Simplified Operation (Section III)
Operator's Checks (Section III)
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs.
Table 5-2. Post-Repalr Adjustment Procedures.

PRINCIPLES OF QPERATION
The Reference Section provides the following output signals:

FM Loop 10 MHz Reference Signal

Fract. N 10 MHz Reference Signal

N Loop Phase Detector Reference (10 MHz)

RS Loop FPhase Detector Reference (10 or 20 MHz)
FMS Loop Phase Detector Re:erence (20 MHz CW)
Down Converter Band Mixer RF (520 MHz)

RS Loop Mixer RF (320-640 MHz, delta £ = 20 MHz)
FM Loop Mixer LO (120 MHz)

These signals are distributed to other sections of the instrument.
All of the Reference Section outputs are derived from either a 10 MHz
internal source {(temperature controlled quartz oscillater) or an
external frequency standard of 5 MHz or 10 Mhz. The accuracy and
stability of all signals generated in the Generator are traceable to
the outputs fron the Reference Section. The various output signals
are geherated by employing several frequency translation techniques
(multiplying, dividing and heterodyning).

TROUBLESHOOTING

There are five signals generated in the Reference Section ( besides
three 10 MHz signals) and sent to other sections of the instrument:

320-640 MHz in 20 MHz steps (AGA3JY)

520 MHz reference signal (AGA3J1

120 MHz reference signal (A6A10J2)

10/20 MHz signal (ABALJ3)

20 MHz reference signal when the instrument is in FM mode
(AGALOJY)

When the frequency or level of one of these signals is not the value
shown on the block diagram, the problem is in the Reference Section.
Table 8-205 shows at what frequencies the variable frequency signals
are for output freguencies in the basic band (that is, 320 to 640
MHz). Troubleshoot the Reference Section by backtracking until the
bad assembly is found. Then continue troubleshooting with the
service sheet for the defective assembly.
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Table §-205. Reference Section Variable Frequeney Signals

Qutput Reference Section Variable Signals (MHz)
Frequency (MHz)

AGAITA AGALT Aéba2T2L
2 (320-640) (10/20) (60-140)

DC
140,
140.
120.
120.

10.
20,
10.
20.
10.

330.
340,
350,
360.
370.

320.
340.
340.
360.
360.

cocco
coooo
coccoo
cocoo

60.
60.
80.
30.
60.

20.
10.
0.
10.
20.

380.
390.
400.
410,
420,

380.
380.
400,
400,
420,

cooo0O0
coco00o
00000
ccooco

60.
120.
120.
149.
140.

10.
20,
10.
20,
10.

430.
440
450,
460,
470.

420,
440,
440
460.
460.

(= e el ol ol QOSSO0 D0 Qo0

oo ReNale]
QOO o o

.0
.0
.0
.0
.0

=N eRoBole

DC

DC
140.
140.
120.

20,
10.
20.
10.
20,

480.
480,
500.
500.
520.

480.
490.
500.
510.
520,

oo O 0o
oo O o0
joNeRolelel

120,
e0,
60.
80.
80,

10.
20.
10.
20,
10.

530.
340.
550.
560,
570.

520.
540,
540.
560.
560.

jaBeNoRale el oRoleNel

oo o oo
joNeoRoloNe]
jeReRalelael

€0.
60.
120.
120.
140.

20,
10.
20.
10.
20,

580,
590.
600.
£10.
620 .

580.
580.
600.
600,
620.

oo OO0 jeNaolale] o oo

o oo oo
= Re Rl ole)
je e Ralelel

<

620. 10.
640.0 20.

[=

140.
1.8

630,
640.

OO jeRoRoleNe]

oo
oo

variable signal at A6A2J2 is used only within the Reference Section.
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INPUT
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1 20MHz ] | !
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|
A M3 I
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EONTROL " T0 ENABLE L0
FROM DCU ) DRIVE SWITCH

09
W}

NCE
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BDS HE_MULTIPLIER REFERENCE _(A) 60,80, 120, |40MHz
LO DRIVE REFERENCE (A) ] 20MH:z

—
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120MHz

I

BUTPUT
B0~
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1 640MHz

e Ry B
RF Y Ji 520MHz BPF ONVERTER BAND
1 MIXER RF

370 )
320MHz | MULTI- IE i e, > - o= a2 o= —{__P» 806
t PLEXER (Lo 520MHz SWITCH ourpyT

L0 320-
TO HF LOOPS SECTION
sgoMtz S40MHZ To HE L
- w8 MIXER RF

320-640MHZ (A1 2y |
2 MHZ (Af220MHZ) 5 T ﬂBDS

pRIVE" SwiTcH | Ao LR YION-A B0
XABA3 U2 SECTION

120MHz } 1 !
DIVIDER 7o == | > > 5 o {_ P BD?

[RET Y] J t : /(’
1 "? ;zoqui 3 >_L

| 20MHz

NOTES

. REFER TO TABLE 8-102 FOR SCHEMATIC
DIAGRAM NOTES.

2. TRDUBLESHOOTING VALUES ARE TYPICAL.
THEY ARE ACTUAL MEASURED VALUES.,
YOUR MEASUREMENT MAY BE SLIGHTLY
DIFFERENT THAN WHAT IS SHOWN.

!
QUTPUT

3. THE THREE REAR PANEL FREQUENCY

PLEXER REFERENCE SWITCHES ARE MECHANICALLY
CONNECTED TOGETHER. WHEN ONE SWITCH
IS PUSHED I HE OTHER TWO SWITCHES

WILL BE RELEASEO .

4. LOGIC LEYELS FOR ECL DEVICES IN THIS
INSTRUMENT ARE NON-STANDARD BUE
TO THE SUPPLY YOLTAGES USED.
A HIGH LEVEL IS > +4.0V
A LDW LEVEL IS < +3.5V

BD2

Figure 8-202. Reference Section Block Diagram
8-215/216




Model 86634 Service

SERVICE SHEET ED3
HIGH FREQUENCY LOOPS BLOCK DIAGRAM

REFERENCE BD1
Simplified Operation (Section IIT)
Operator's Checks (Section III)
Table 4-1, Recommended Performance Tests
After Adjustments or Repairs.
Table 5-2. Post-Repair Adjustment Procedures.

PRINCIFLES OF OPERATION

The High Freguency Section generates the basic (fundamental) band
which is sent t¢ the Qutput section (Service Sheet BD6). This
section employs two phase lock loops to generate the basic band. The
320 to 640 MHz and 10/20 MHz signals from the Reference Section are
first mixed in the Reference Sum Loop to produce a 310 to 620 MHz,

10 MHz step resolution signal. This signal is then mixed in the
Output Sum Loop with the 10 or 20 MHz, 0.1 Hz step resolution, signal
from the Low Freguency Loops Section to produce the 320 MHz to

640 MHz , 0.1 Hz step resolution, basic band signal at the A8A1J3
output. Figure 8-203 is a block diagram of the basic high frequency
loop. The only difference between the Reference Sum (RS) Loop and
the Output Sum (0S) Loop is that, in the case of the RS Loop, the

VCO output frequency is always less than the high frequency reference
input at the mixer, whereas the opposite 1s true for the 05 Loop.
Coarse tuning and speedup is regulated by the Controllier Board
(Bervice Sheet 5) in the High Frequency Loops Section.

The frequency error circuits (Service Sheets 8 and 12) contain the
frequency comparator and VCO ceorrection circuitry. Under normal
operating conditions, when the VCOs are locked, these lock
acquisition circults remain inactive, When the loop is un-locked, a
beat note exists which is the difference between the loop IF down
converted frequency and the reference frequency. If this beat note
is within 200 kHz of the loop bandwidth (which is between 250 kHz and
500 kHz) the loop will acquire lock by itself. If the beat note is
greater than the loop bandwidth by more than 200 kHz, the lock
acquisition circuitry will be activated, cearsely tuning the VCO to
within 200 kHz of the desired frequency. At this point, the phase
lock loop will take over and complete the lock cycle,

TROUBLESHOOTING

When a problem has been traced to the High Frequency Loop section,
this procedure can be used to isolate the problem teo an assembly.

The Reference Sum (RS) Loop must be locked before the Output Sum (05)
Loop will lock, therefore, work on the RS Loop first if both are
unlcoecked.
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FREQUENCY
ER

ROR
CIRCUIT INDUCTOR
SWITCH ORIVERS
veo

DETECTOR

Cow ' SAreR | LOOP GAIN ADIUST
FREQUENCY ; @ ; . .
REF

‘ AN Re
| PRETUNE auTRUT
INTEGRATOR
HIGH FREDUENCY
REFERENCE é é

BASIC HIGH FREQUENGY LODP

AF MIXER

Figure 8-203. Basic High Frequency Loop
Block Diagram

Procedure:

1. Set the front panel frequency to a value in the basic band (320.0
to 640.0 MHz). If the problem doesn't occur in this band, the
fault is most likely in the OQutput Section (Service Sheet BD6)
rather than the HF Loops Section.

Measure the input signals to the loop being tested. These input
signals are described in Table 8-206. If any of the input
signals are not normal, look for the problem at the source of the
input signal.

Pull out the A6AL4 (03 Loop) or A6A5 (RS Loop) assembly and move
the slide switch to the TEST position. This opens the loop so
the VCO can be checked. Use Table 8-207 or Table 8-208 depending
on the loop being checked, and check the VCO output for the front
panel frequency settings given in the table. If the VCO
functions normally, continue troubleshooting with step 4. If the
VCO output is not normal, check the two input signals to the VCO.

a) The tuning voltage should be the value given in the table.
If the voltage is not normal, there is most likely a problem
in the pretuning circuitry on A6AY or A6AS (whichever drives
the VCO where the problem exists).

The inductor switch signals. The table states which inductor
should be turned on. Sevice Sheet 5 shows the pin numbers
where the switch signals can be measured and what the normal
levels are. If the switch sighals are not normal, the
problem is most likely on AG6A9.

If the input signals are normal and the VCO output is bad, then »
the VCO is defective. The VCOs are not field-repairable. e
Exchange assemblies are available.

8-218
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Table §-206.

HF Loops Input Signals

Service

Loop

Signal

Rhere to Measure

Frequency

Reference Sum

HF Reference

W38 (964) to AGAGIZ

Table 8-209

10/20 Reference

W37 (973) to AGA5SJ1

Table 8-209

Output Sum

FM Sum Loop Output

H28 (961) to AGALJL

10-20 MHz

RS Loop Output

W43 (965) to AGATT]

Table 8§-209

Table 8-207 Output Sum Loop VCO Pretuning Check (ABAl)

Front Panel
Frequency
Setting (MHz)

VCO Frequency *
(+ 3 MHz)

Bit On

Tuning Voltage
(+1.0 Vde)
AGALTZ

Inductor On

524.
523,
521.
517.
51L.
452.

330.
344.
370.
421
524.0

527.
526.
524,
520.
514.
456,

334.
347.
375.
426,
527 .

None
F1
F2
P4
P8
All

None
None
None
None
Neone

-36.10
-33.40
-30.70
~26.20
-19.70
-13.00

-36.10
-36.10
~36.10
-36.10
-36.10

*Measure at W32 (935) at A4A3J1 (STD or OPTION 001), W29 (932) at A4A3J1
(OPTION 002 ONLY) or W46 (967) at AGABJL.

Table 8-208. Reference Sum Loop VCO Pretuning Check (A8A2)

Front Panel
Frequency
Setting (MHz)

VCO Frequency*
(+3 MHz)

Bit On

Tuning Voltage
(+1.0 vde)
ABALTZ

Inductor On

340. 336.5 None
350. 346.5 P4
380. 376.0 None
430, 425 .5 Pl
220. 516.0 P8
530, 525.5 P2

-36.10
-26.60
-36.10
-33.40
-19.70
-30.70

*Measure at W46 (967) at AGA8T1 and H43 (965) at AGA7TL.
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Table 8-209. Reference Sum Loop Variable Frequency Signals

Front Panel
Frequency
Setting (MHz)

Reference
Output
W43 (965)

Sum Loop
(Mtz)
to AGAT7JL

10/20 MHz Reference
R37 (973) to AGASJL

HF Reference (MHz)
H38 (964) to AGAGJZ

32X.X

310,

0

16.0

320.0

33X.
34%.

320.
330,

0
0

20.
10.

340.

0

35K,
36X.

340.
350.

20.
10,

360,

37X,
38X.

360.
370.

20.
10,

380.

39K.
40X,

380.
390.

20.
10.

400,

A1X.
42X,

400.
410,

20.
10.

420,

43X,
44X,

420.
430.

20.
10.

440.

45%.
46X.

440
450.

20.
10.

460,

47X,
48X.

460,
470,

20.
10.

480,

49X,
50X.

480.
490.

20.
10.

500.

51X.
52%.

500.
510.

20.
10.

420.

53X,
54X.

520.
530.

20.
10,

540.

35X.
56X.

540.
550.

20,
10.

560.

67X.
58X.

560.
570.

20,
10.

580,

59K.
60X,

580,
590.

20.
10.

600,

61X%.
624,

o00.
610.

20.
10.

620.

63X.

620,

20.
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Figure 8-204. High Frequency Loops Block Diagram
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SERVICE SHEET EDY
FRACTIONAL-N LOOP BLOCK DIAGRAM

REFERENCE ED1
Simplified Operation (Section III)
Operator's Checks (Section ITI)
Table U4-]. Recommended Performance Tests
After Adjustments or Repairs.
Table 5-2. Post-Repair Adjustment Procedures.

PRINCTIPLES OF OPERATION

The Fractional-N Loop (FN Loop) generates frequencies from 100 to 200
MHz in 100 Hz steps using a 100 kHz reference. The 100 kHz reference
is derived by dividing the 10 MHz ocutput signal from the Reference
Seecticon. The output frequency from thig section ig a funetion of
front panel frequency digits Dg, Dy, D3, Dj, Dl and Dy (that is, the
six least significant digits) in the Generator 3 basiec Irequency band
(that is, 320-640 MHz). The three least significant digits, Dp - Dy,
represent the fractional portion of the frequency while the next
three digits (D - D=) contain the integer portion of the frequency.
To determine the F'N Eoop VCO frequency from the front panel frequency
display (RF OUTPUT frequency) use the following formula:

FN VCO Freq. = (200 - Dg Dy D§ Dy Dy Dg) MHz

\" — 7

\/ \/
Integer Fractional
Portion Portion

The Fractional-N Loop uses a frequency synthesis technique known as
Fractional N. With only one phase lock loop the FN Loop can produce
signals with far greater freguency resolution than the traditional N
Loop. In an N Loop, the VC0O is restricted to only work at
frequencies N times the reference frequency. Therefore, it can only
generate signals that are integer multiples of the reference
frequency (VCO Freq. = N x Ref Freq.).

The FN Loop is very similar to the N Loop. It contains all the basic
elements of the N Loop with the addition of several new elements. In
fact, if the selected frequency does not have a fractional part (that
is, when Dp - Dg are zeros), the FN Loop works like the N Loop.

Figure 8-205 is a simplified block diagram of a Fractional-N phase
lock loop with the shaded area containing the Fractional-N elements.

The major difference bhetween the FN Loop and the N Loop is that the
FN Loop VCO 1s not restricted to operating at only N times the
reference frequency, but can also operate at frequencies that are
fractional multiples of the reference frequency. The freguency
resolution of the FN Loop is 100 Hz which means the FN VCO is capable
of operating at a fractional multiple of 0.001 of the reference
signal (0.001 of 100 kHz = 100 Hz).
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w0010 a
FROM DIGITAL
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(NOTE 1} 1. D5 THROUGN B ARE THE VALUES OF THE FRONT PANEL REAGOUT WITH Dy 43
THE LEAST SIGNIFICANT DIGIT {THIS APPLIES BETWEEN 320 AND 640 MHz ONLY).
2. SHADED AREA CONTAINS FRACTIONAL - ELEMENTS,

Figure 8-205. Simplified Block Diggram
of Fractional-N Loop

Assume that the VCO frequency desired is 199.9900 MHz. In a
traditional N Loop it would be impossible to phase lock the loop,
since the desired VCO frequency, 199.9900 MHz, is a fractional
multiple (1999.9) of the reference frequency. In order to phase lock
the loop, the VCO frequency divided by N (VCO/N) must equal the 100
kHz reference signal. This would require an N that had a fractional
component (N = 1999.9).

In the FN Loop, division by a fractional component is possible. The
N Divider (A5A2) cannot divide by a fractional component directly but
it is capable of changing from an N to an N-1 divider. Fractional
division is accomplished by dividing by an integer (N) for the number
of times and one less than the integer (N-1) for a number of times.
The fractional N is then the average of N and N-1. For example, if
an N of 1999.9 is required, the N Divider divides by 2000 (N) nine
times and by 1999 (N-1) one time. This dividing between N and N-1
results in an average N of 1999.9.

A method of determining when to divide by N or N-1 is required. This
is the purpose of the Accumulator (A5Al). When the FN Loop is
operating with a fractional part, the VCO/N signal no longer equals
the reference frequency, hence the phase difference between the two
signals starts to increase. When analyzing the phase relationship
between the reference and VCO/N signals, it is better to view it in
terms of reference periods. A reference period is defined as the
time required for the reference signal to complete one cycle (10 us) .
The Accumulator does not actually measure the phase difference but it
computes what the phase difference should be after each reference
period.

Since the phase difference is continuously increasing each reference
period, the output from the phase detector is continuously
increasing. In an N Loop the error voltage from the phase detector
is used to tune the VCO frequency in a direction to reduce the phase
difference or error. However, in the FN Loop, the phase difference
is allowed to increase until the total or accumulated phase
difference reaches or exceeds one full VCO cycle (360 degrees) of
phase. Prior to the reference period that the phase difference
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reaches or exceeds one full cycle, the Accumulator generates an N
Divider Control (NDC) signal causing the N Divider to divide by one
less than the previous N,

Dividing the FN VCO frequency by N-1 instead of N causes the N
Divider to reach its terminal count one VCO period sooner. This
effectively advances the VCO/N signal one VCO period which
counteracts or cancels the previous phase advancement.

When the N Divider divides by a number N, the VCO/N signal starts to
lag the reference signal. When the phase difference between the
reference signal and the VCO/N signal reaches or exceeds one cycle of
phase, the N Divider is programmed to divide by N-1 which now causes
the VCO/N signal to lead the reference signal. The resulting
averaged VCO/N signal equals the reference frequency and the loop can
be phase-locked even though the instantaneous VCO frequency is not an
integer-multiple of the reference.

In the example in Figure 8-206, the FN VCO is operating at 199.9900
MHz. That would require that the N Divider divide by an N equal to
1999.900. The N Divider is not capable of dividing by 1999.900 but
it can divide by 2000 or 1999. The N Divider starts out dividing by
2000. Since the VCO operates at 199.9900 MHz and N = 2000, the VCO/N
signal to the phase detector would be 99.9%50 kHz. Note, the phase
of the VCO/N signal starts to lag the 100 kHz reference frequency
which causes the phase detector to output an ever increasing dc
level.

As the reference signal goes through one cycle, the VCO (operating
1999.9 times faster) goes through 1999.9 cycles. For comparison, an
N Loop circuit is alsc examined.

In an N Loop, if N = 2000 and reference = 100 kHz, the V(0 frequency
must equal 200.0 MHz to maintain phase lock. This means the N Loop
goes through 2000.0 cycles for each reference period. Note the phase
difference between the FN and N Loop VCO's after one reference
period. The FN Loop lags the N Loop by 0.1 eyecle which represents
the fractiocnal part of the frequency. To put it another way, the FN
Loop VCO decreases by one tenth of a cycle relative to its integer
part (N Loop) for every reference period. After the passage of two
reference pericds the FN VC0Q will have gone through 3999.8 cycles and
the phase difference will have increased to 0.2 cycles. After each
reference period the phasze difference will increase by another 0.1
eyele, Table 8-210 illustrates this point.

After ten reference periods, the phasze difference between the VCO/N
and reference signals will have increased exactly ohe VCO cycle.
Prior to the reference period that the phase difference reaches one
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VCO cycle, the N Divider receives an NDC command from the
Accumulator. This causes the N Divider to divide by 1999 (one
integer less than 2000). This has the effect of cancelling the
previcous phase difference, hence the VCO/N frequency averaged over
ten reference periods now equals the 100 kHz reference and therfore

the loop can be phase locked.

Table §-210. Phase Difference Versus Ref ereﬁee Periods

Number of Cycles Per Reference Period Phase Difference

Reference (Cycles of Phase)
Periods N-Loop = 200 MH=z FN Loop = 199.99 MHz

(Fraction N = 0.1)

2000 1999.9
4000 3999.8
6000 5999.7
8000 7999.6
10000 9999.5
12000 11999.4
14000 13999.3
16000 15999.2
18000 17999.1
20000 19999.0

O 00 SF PR s o=
[ alleReReReReNeloRelel
OO 00 =3 AT S S B

E ol

This example uses a fractional N of 0.1. As another example, suppose
the FN Loop VCO frequency was equal to 150.0050 MHz. This represents
a fractional N of 0.95. For this example, the N Divider divides by
N-1 (1500) nineteen out of twenty reference periods.

Continuocusly dividing by N and N-1 causes the phase defector to
output a sawtooth waveform riding on a dc level. As shown in Figure
8-206, the output from the phase detector increases linearly (ramps)
as the phase difference increases. The output continues to increase
until the N Divider divides by N-1 which cancels the previous phase
difference. This causes the output of the phase detector to return
to its initial level,.

The dc¢ voltage level on which the sawtooth waveform is riding
represents the proper tune voltage to phase-lock the VCO to'the
referance. Any ac components (sawtooth) on the dec tune voltage would
prevent phase-lock and cause frequency modulation. To counteract
this sawbooth waveform, an equal but opposite ac signal is generated
by the Fractional-N Correction Pulse Width-to-Current Converters.
This signal is then summed with the phase detector output to cancel
the sawtooth components. leaving only the desired dc tuning veoltage.

The fractional portion of the VCO frequency contains the information
needed to develop the signal that counteracts the changing phase
detector output. The fractional part of the frequency is presented
to the Accumulator in BCD form. Once during each reference period
the contents of the Accumulator are incremented by the fractional
part. The number stored in the Accumulator corresponds to the
difference in phase between 'the VCO/N and the reference signal.
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Since the Accumulator is incremented each reference period, its
contents represent an instantaneous fractional sum which grows until
one VCO cycle of phase difference has occurred. The contents of the
Accumulator as viewed with respect to time is shown in Figure 8-207.
The contents of the Accumulator can be represented by a staircase
ramp resetting each reference period when the N Divider divides by
N-1. Note that the contents of the Accumulator when viewed
graphically have the same characteristics as the sawtooth output from
the phase detector.

WITHOUT DIVIDING BY N—1//
P

”~
-~

DIVIDING BY
N-1

PHASE DETECTOR QUTPUT

REFERENCE PERIODS (10 us}

Figure 8-206. Phase Detector Qutput

~ |l CARRY
{(NDC GENERATED)

CONTENTS OF ACCUMULATOR

10
REFERENCE PERIOQDS

Figure 8-207. A Pictorial View of the Contents
of the Accumulator
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The numbers stored in the Accumulater are in BCD form. First the BCD
information is inverted and then converted into signals with varying
pulse widthas. These signal lines are labeled Correction Pulse 1, 2,
and 3. The Correction Pulses are then fed inte the Pulse
Width-to-Current Converter circuit which iz located on the
Fractional-N Loop Phase Detector Assembly (ASA3). The ocutputs from
the Pulse Width-to-Current Converter circuit is then sgsummed with the
output from the phase detector. This cancels the sawtooth portion of
the output fron the phase detector leaving only a c¢lean dc¢ tuning
veltage for the VCO.

TROUBLESHOOTING

When a problem has been traced to the Fractional-N Loop or the
instrument status code gives error 02, use the following procedure to
isolate the problem to an assembly.

1. Check the 10 MHz reference signal at motherboard test point TP1.
This =2ignal should be the level shown on the block diagram.

Full cut the A5Al Accumulator assembly. This remcoves the
fractional part of the loop. Set the front panel frequency to
320.050 050 0 MHz. The loop should lock at a frequency of 149.0
MHz. Measure this frequency with a counter at ABASJ2. If the
loop does lock, the Accumulator assembly is defective., If the
loop doesn't lock, leave the Accumulator assembly out and
continue with the next step.

Move the switch on the AS5A3 Phase Detector Assembly to the TEST
pesition. This opens the loop so that only the pretuning
circuitry is driving the VC0O. Set the Front panel frequency to
the values in Table 8-211 and measure the VCO frequency at
ASA5TJ2. This tests all the bits in the pretuning by turning on
but cne at a time.

Table 8-21)1. Fractional-N Loop Troubleshooting

Front Panel Pretuning Bit On ASA% VCO Frequency
Frequency Setting Measured at ASASJ2
{MHz) {MHz +3 MHz)

320,011 102
320.080 122
320.040 162
320.020 182
320.010 192
320.008 194
320.004 198
320.0 202
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If all these frequencies are within limits, the VC0O and pretuning
are good. This is most of the AGAS asszembly so proceed to the
next step. If one or more frequencies are bad, the problem is on
the ABAL assembly.

Measure the PDV signal from the ASA2 N Divider Assembly at TPS on
the motherboard. The frequency of this signal should be 100 kHz
* 5 kHz. Use an oscillescope to check that levels of thiz signal
are valid TTL levels (high is greater than 2.4 Vde and low is
less than 0.8 vdec). TIf this signal is correct, the ASA2 assembly
is operating properly, otherwise, there is a problem on the ABAZ.

Measure the PDR and SMP signals fron the ASAY Reference Divider
Assembly on the motherboard at TP3 (PDR) and TP2 {(SMP). The
frequency of both these signals should be 100.0 kHz. Look at the
waveforms on an oscillescope to check for valid TTL levels and
the timing relationship between the waveforms as shown in Figure

8-208,

If these signals are correct, the ASAY is operating properly,
otherwise, there 1z a problem on ABAYN.

If all the previous checks do not show any problems, the AGA3
Phase Detector is the moszt likely cause of the problem.

P—1 us

|
-

Figure 8-208. Timing Diagram for 100.0 kHz PDR
and SMFP Signals
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SERVICE SHEET BDS
LOW FREQUENCY LOOPS BLOCK DIAGRAM

REFERENCE BD1
Simplified Operation (Section IIT)
Operator's Checks (Section III)
Table 4-1. Recommended Ferformance Tests
After Adjustments or Repairs.
Table 5-2. Post-Repair Adjustment Procedures.

PRINCIPLES OF OPERATION

The Low Frequency Loops Section serves two functions. Pirst, it
produces the 10 MHz to 20 MHz reference signal which is sent to the
input of the phase detector {in the Output Sum Loop of the High
Frequency Loops Section) so that the 320 MHz to 640 MHz, 0.1 Hz step
resolution, fundamental frequency band can be generated. Secondly,
if FM 1is desired at the output, it is summed in at this point.

The Low Frequency Loops are composed of three principal sections: the
N Loop, the Low Frequency Sum Loop, and the FM Sum Loop. Each is a
dizcrete phase lock loop. The N Loop takes the 10 MHz reference
signal (which must be greater than +7 dBm) and multiplies it, using
fractional-N synthesis, to a frequency band of 122 MHz te 221 MH=z

(1 MHz step resolution). This frequency is related to the 1 MHz and

0.1 MHz digits of the front panel frequency display (D7 and D6 in the
basic frequency band).

The signal from the N Loop is sent to the Low Frequency Sum Loop
where it is locked to the signal from the Fractional-N Loop (Service
Sheet BDY). This signal varies between 100 MHz and 200 MHz (100 Hz
step resolution), but is divided by two decade counters (divide by
100) in the Low Frequency Sum Loop so that it varies between 1 MH=z
and 2 MHz (with 1 Hz resolution) at the input ot the phase detector.
The output of the Low Freguency Sum Loop (120 MHz to 220 MHz, 1 Hz
step resolution) is sent to the FM Sum Loop.

In the FM 3Sum Loop, the signal is summed with either a 20 MHz
continuous wave (CW) signal from the Reference Section or a 20 MHz
frequency modulated signal from the Modulation Section (Service Sheet
BD7). The output of this loop is a 100 MHz to 200 MHz (1 Hz step
resolution) signal which is passed through a decade divider before
leaving the board. The output of the decade divider is a frequency
band which extends from 10 MHz to 20 MHz in 0.1 Hz steps. This
signal is sent to the phase detector in the Output Sum Loop of the
High Frequency Loops Section at 0 dBm to +16 dBm.
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TROUBLESHOOTING

General

There are three phase lock loops in this section. The hierarchy is:
N Loop (Error code 03)

Sum Loop (Error code 04)

FM Sum'Loop (Error code 05)

There is a separate troubleshooting procedure for each loop. If more
than one of the lcops is unlocked, always start with the highest
order unlocked loop because it will cause the lower order loops to be
unlocked. If the front panel status display gives a hardware
malfunction code of 03, 04, or 05, then this code indicates at which
loop to start troubleshooting.

N-Loop Troubleshooting

When it has been determined that there is a problem in the Low
Frequency N Loop by troubleshooting on the Overall Block Diagram
(Service Sheet BD1l) or the out-of-lock indicator being 1lit, perform
the following sequence to isolate the defective assembly:

1. Unplug the A3A3 assembly and remove it from the instrument. This
opens the loop and leaves the A3AU assembly being driven by only
the pretune voltage from A3A6. Set the front panel frequency to
the values in the first column of the table on the block diagram.
Measure the VC0O frequency at A3AUT2 and compare it to the normal
values given in the table. Each frequency setting turns on one
bit of the eight which drive the pretune circuitry. If the VCO
frequencies are correct, the A3AY VCO assembly is operating
properly and the A3A3 divider/phase detector assembly is the
likely cause of the problem. In this case, proceed fto Service
sheet 18 and troubleshoot the A3A3 assembly.

When the VCO frequencies are not correct, proceed with the Sum
Loop troubleshooting.

Sum Loop Troubleshooting

When it has been determined that there is a problem in the Low
Frequency Sum Loop by troubleshooting on the overall block diagram
(Service Sheet BD1l) or the out-of-lock indicator being 1it, perform
the following sequence to isolate the defective assembly:

1. Remove the two jumpers on the A3IAY VCO Assembly and plug the
board back into its socket. Removing these Jjumpers copens the
loop and the VCO iz driven only by the pretuning voltage from the
A3A6 assembly.
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Set the front panel freguency to the values in the first column
of the table on the block diagram. Measure the VCO frequency at
A3A7J1 and compare to the normal values given in the table. Each
frequency setting turns on one bit of the eight which drive the
pretune circuitry. If the VCO frequencies are correct, the A3AY
VCO is operating properly so proceed to step 4 to continue
troubleshooting.

When the VCO frequencies are not correct, try the following:

a) Perform the open-loop pretune adjustment procedure on the
block diagram. If these adjustments can be made, repeat step
2. Otherwise, continue below.

b) Measure the pretune voltage (TP8 on the motherboard) for the
front panel frequency settings given in the table on the
block diagram. If these voltages are not normal, trace the
problem starting with the pretune circuitry on A346.

If the open-loop pretune adjustments cannot be made but the
pretune voltages (TP8) are normal, the A3AT VCO is faulty.

Set the front panel frequency to 320.0 MHz. Adjust the GAIN
control on A3A7 to set the VCO output frequency at A3ATJ2 to
120.0 +0.5 MHz. The W23 cable must be in_place on A3ZATJZ.

Checgk the following:

a) a 2.0 0.5 MHz signal at TP5 on the motherboard. Amplitude
>3 Vp-p.

b) A steady TTL low signal at TP7 on the motherboard. This is
the freguency detector output.

¢) A steady TTL low signal at pin 11 of A3A5. This is the
out-of-lock signal from A3A6 which should be active (low)
when the loop is open.

Turn the A3A7 GAIN adjustment counter-clockwise (CCW) while
monitoring the frequency of the mixer output at TFS5 on the
motherboard. Turning the GAIN adjustment CCW increases the VCO
frequency. The N Loop output is at 122 MHz so the mixer output
(TP5) should decrease in frequency, reach zero and begin
inereasing. When the frequency reaches zero and begins to
increase, check TP7 on the motherboard for positive going TTL
pulses. This is the output of the frequency detector and pulses
indicate that the VCO iz higher than the N Loop output.

If any of these checks gives abnormal results, the problem is
likely on the A3A5 assembly, otherwise, the A3A6 Phase Detector

assembly is the likely cause of the problem.
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FM Sum Loop Troubleshooting d

When it has been determined that there ig a problem in the FM Bum
Loop by troubleshooting on the overall block diagram (Service Sheet
BD1) or the out-of-lock indicator being 1it, perform the feollowing
sequence to isolate the defective assembly:

1. Pull the A3A9 Mixer assembly up far encugh so that the bottom
edge connector is completely out of the motherboard connector,
but leave all the RF cables connected to the top of the assembly.
This opens the loop by disconnecting the phase detector drive
gircuitry but leaves the mixer connected. In this condition, the
VCO is only driven by the pretune voltage from A3A6. Set the
front panel frequency to the values in the first column of the
table in the block diagram. measure the A3A8 VCO fregquency at
A3A8J3 and compare it to the normal values given in the table.
Each frequency setting turns on one bit of the eight which drive
the pretune circuitry.

If the VCOQ frequencies are correct, the A3A8 VCO is operating
properly. Check that the outputs at A3A8J1 and A3A8J2 are the
preper level as stated on the block diagram, Notice that the
frequency at A3A8J2 is one-tenth that of the other outputs.
Proceed to step 3 to continue ftroubleshooting. When the VCO
frequencies are not correct, try the following:

a) Perform the open-loop pretune adjustment procedure on the
block diagram. If these adjusments can be made, repeat the
VCO checek. Otherwise, continue below.

b) Measure the pretune voltage (TP8 on the motherboard) for the
front panel frequency settings given in the table on the
block diagram. If these voltages are not normal, trace the
problem starting with the pretune circuitry on A3A6.

If the open-loop pretune adjustments cannot be made but the
pretune voltages (TP8) are normal, the A3A8 VCO is faulty.

Measure the ocutput of the mixer at A3A9J2. Set the front panel
frequenecy to the values in the first column of the table on the
block diagram. The loop should still be opened by having A3A9
out of the motherboard socket. The frequency output of the mixer
should be 20 MHz + 4 MHz for all front panel frequency settings,
and the level should bhe as stated on the block diagram. If
correct, the mixer portion of A3A9 is good. Connect cable W27 to
A3A9J2 but leave AJAY out of the cottom connector.

The phase detector on A3A10 is a double balanced mixer so the
requency of the output will be the difference between a 20 MH=z
reference sighal and the nominal 20 MHz IF signal from the mixzer
on A3A9. Using any front panel frequency setting, vary the GAIN
adjustment on the top of A3A8 VCO assembly to vary the frequency
of the TF signal. Turning the GAIN adjustment clockwise
increases the frequency of the IF signal. The normal cable must
be connected to A3A9J2 but the IF signal can be monitored there
with the high impedance of a counter by using a T adapteor. Vary
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the input IF frequency above and below 20 MHz and lock for the
difference signal at A3Al10 pin 14,

Monitor the frequency detector ocutput at A3A10 pin 12. Vary the
IF signal frequency using the A3AB GAIN adjustment and check the
frequency detector output with the values shown in Table 8-212,

The GAIN adjustment is coarse so¢ the IF signal frequency cannot
be controlled precisely. The IF signal frequency limits in the
table should be considered approximations. It is important to
verify that three different ocutput states of the frequency
detector exist but not that they occur at precise valueg of IF
frequency.

Table B-212. IF Signal vs Frequency Detector Output

IF Signal Frequency Detector Qutput
(A3410 pin 12)

»21 MH=z de level > +1.5 Vde

<19 MHz de level < -3.0 Vde
20 +1 MHz pulses high-low levels change as
IF goes above and below 20 MHz

If both the phase detector and the frequency detector operate
normally as described previously, the A3A10 assembly is probably
normal. Therefore, the problem iz most likely with the active

circuitry on the A3A9 assembly.
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SERVICE SHEET BD6
OUTPUT SECTION BLOCK DIAGRAM

REFERENCE BD1
Simplified Operation (SectionIII)
Operator's Checks (Section ITT)
Table 4-1. Recommended Performance Tests

Table 5-2.

After Adjustments or Repairs.

PRINCIPLES OF OPERATION

Post-Repair Adjustment Procedures.

The Qutput Section trans ates the basie frequency band,
which is generated by the phase lock loops, to the Signal Generator's
complete output range, 0.1 - 2560 MH=z. Table 8-213 lists the

frequency bands.
cutput signal.

Service

320-640 MH=

This section controls the amplitude of the RF
Amplitude is controlled with an electromechanical

step attenuator which can change in 5 dB steps and electronic
leveling which can change the auplitude in 0.1 4B steps.

leveling also keeps the anplitude constant.

Electronic

AM, pulse modulation,

and BPSK (when RF ocutput frequency is below 640 MHz) are generated

within this secticn.

parts of the instrument.

The modulation sighal sources come from other

Table 8-213. Output Section Frequency Bands.

BAND FREQUENCY RANGE (MHz)

Down-Converter 0.1 - 119

Doubler #2 1280. 2559

.9999999
Divide-by 4 120.0 - 189,
Divide-by 2 160. 319,
Basic 320. 639.
Doubler #1 640, 1279.
.9999996

9999999
9999999
9999999
9999998

TROUBLESHOOTING

This procedure covers the following Output Section problems:

1.

2.
3.
y,
5.

RF output amplitude not correct (includes front panel STATUS

code 76).

Harmonics too high.

Amplitude modulation (AM) problems.
Pulse medulation problems.

BPESK problems.

’ Each eof these problems has a separate procedure.
that best describes the problem.

Use the procedure
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RF OUTPUT AMPLITUDE NOT CORRECT (Front Panel STATUS code 76)

1. Check the following input signals to the output section:

Signal Measure at Frequency Level

320 to 640 MHz Cable going same as front panel|+3 to -13 dBm
Fundamental to ABA3JTL frequency setting (varies with
Band Signal between 320.0 and frequency)

639.9999999 MHz

620 MH=z Cable WiB(white/ 520.0 MH=z 0 dBm +/- 1 dB
Reference orange/violet) {when front
going to A12A5J3 panel setting
<120 MHz)

If these signals are neormal, then the prohlem is in the output
section. Continue troubleshooting with the steps helow.

Enable special function 85 (amplitude correction off). Set the
front panel AMPLITUDE setting te the values in the first column
of Table 2-214, below. Measure the output level at Al2A1J1 and
compare measured values £o the values in the table.

Table 8-214. Output Section Pre-Attenuated Levels

AMPLITUDE AlZ2ALlJL outputb
setting (dBm) level (dBm)

+19, +19 .
+10, +10.
+5_ +5,
+5. +10.

Q. +10,
-10. +10,
-30. +10.
-70. +10.

jolopaeReRal ekt

If the measured values are correct (+ 2 dB), then the problem is
with the mechanical step attenuator. Continue troubleshooting
with service sheet 34, If the measured values are not correct,
there is a problem somewhere else in the output section.
Continue troubleshooting with step 3.
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3.

Check the operation of the A4A3 Distributor assembly by setting the
front panel frequency to the values in the first column of Table
§—215, below, and measuring at the output connector listed in the
gsecond ¢olumn of the table. The signal should be the freguency given
in the last column of the table and the level should be greater than
0 dBm.

Table 8-215, AL4A3 Distributor Dutput Levels

FREQUENCY Measure at Frequeney
Setting (MHz) ARA3Z (MHz )

80.0 600.
150, 150.
200, 200,
300. 300.
500. 500.
600. 600,
800, 400,
1000.0 500.
2000.0 500.

L N o e e - Y 0 T e T

If all the signals are normal, the problem is not on the A4A3
assembly. Continue troubleshooting with step 4, below. If any of
the signals are not normal, troubleshoot the ALA3Z assembly using
Service Sheets 27 and 28.

Check to see if the problem occurs in all bands by setting the
frequency to each band and checking the front panel RF cutput. Table
8-216, below, gives the frequency range of each band.

Table 8-216. Frequency Bands/Azsemblies

FREQUENCY A12A1
RANGE (MHz) BAND INPUT

0.1 - 119.9999999 Down Converter
120.0 - 6329.9999999 Mid (UHF)
640.0 - 1279.9999998 Doubler #1
1280.0 - 2559.9999996" Doubler #2

If the problem occurs in only one band, cocntinue ftroubleshooting
with step 5. Otherwise, substitute a =ignal from another signal
generator into the AL2Al assembly. Table 8-216, above, shows which
connector to use to check the different bands. 3et the level of the
signal which is substituted to 0 dBm. Set the 8663A being tested to
a frequency in the band to be checked and set Amplitude to +10.0 dBm
whieh will set the mechanical step attenuator to 04B attenuation.
The output level at the front panel should be +19 dBm or greater. If
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this level is not obtained, there i= a problem on the AL2Al assembly.
Continue troubkleshocoting with service sheet 34 and 3%5. If the output :
level is normal, vary the amplitude of the substituted signal to w
produce the output levels in the first column of Table 8-217, below.
Measure the detector voltage on the AL2A6 motherboard at TPl (remove

the bottom cover of the instrument to reach this test point).

Table 8-217. Al2Al1 RF Detector Output Levels

QUTPUT DETECTOR OUTPUT
LEVEL (dBm) | (Al246TP1) (Vde)

+ 5.0 0.920
+10.0 L.637
+15.0 2.912
+19.0 4.610

If these voltage readings are not normal, there is a problem with
the A12Al assembly. Continue troubleshooting with service sheets 34
and 35. If the voltage readings are normal, the Al2Al assembly is
good. Continue troubleshooting with step 5, below,

Remove the A4A1 ALC assembly from the instrument. Each of the bands
has & modulator whieh econtrols the level. With the ALC assembly out
of the instrument there is no drive signal to the modulators. Each
modulator has twd test points which can be shorted together to turn
the modulator fully on. These test peints are given in Table 8-218,
below. To check the modulator for each band mount the assembly which
contains the modulator on an extender board and short the test points
listed in the table. Set the 8663A frequency to a setting in the
band being checked. Use extender cables to conneet all the normal
cable connections to the assembly on the extender board.

Table 8-218. Output Modulator Test Points

FREQUENCY EXTEND SHORT
RANGE (MHz) ASSEMBLY TEST POINTS

Down Converter 0.1 = 119.9999999% ALZAS TP9 and TP10O
Mid (UHF) 120.0 - 639.9999999 Al2A2 TP3 and TPY4
Doubler #1 6U40.0 - 1279.9999993 Al2AY4 TP6 and TP9
Doubler #2 1280.0 - 2559.9990996 BUA? TP5 and TP13
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The amplitude of the =ignal at the front panel RF output connector
should be +19 dBm or greater. If the signal level is neormal, then the
problem is in the ALC assembly. Remove the short on the test points,
reinstall the A4Al ALC assembly in the instrument, and continue
troubleshooting with Service Sheets 36 and 37. If the output level
is too low, trace back from the AL2ALl Output Amplifier assembly to
£ind where the signal level is lost and continue troubleshooting on
the schematic diagram for that assembly.

HARMONICS TOO HIGH.

1,

Check for excessive harmonic levels in all bands. If the harmonics
are too high in the Down Converter and/cor all other bands, the problem
iz most likely in the Al24A1 Multiplexer and Power Amp Assembly. To
test this, drive the A12A1 with an external signal source known to
be low in harmonics. If harmonie levels at the output are still too
high, then the A12A1 Assembly is the source of the problem. Continue
troubleshooting with Service Sheet 34. The bias adjusiment of the
amplifiers should be checked first, as this 1s a primary cause of
high harmonics.

If harmonics are too high in only one band, then the problem is most
likely on one of the other assemblies in the output section. Look
at the outputs of the ALAS Distributor assembly.

If the outputs of A4A3 are good, then trace the signal through the
other assemblies to find where the harmonics become too high. Use a
T adapter to look at the outputs of the other assemblies and keep the
normal cable connected and the AMPLITUDE setting less than +13 dBm
because there will be a 3 dB loss due to using the T adapter. Check
the bias settings of amplifiers when the bad assembly 1s located.

AMPLITUDE MODULATION (AM) PROBLEMS.

1.

Check distorticen and level of the AM modulating sighal from the
Modulation Section. Measure the signal at A4ASTPL which is on the
motherboard and is accessable with the instrument bottom cover
removed. Level should be as specified on the blecek diagram (BD7) and
distortion should be less than 0.485%.

Check that the Amplitude of Lthe instrument will range from +5.1%1 to
+19.0 dBm in .1 dB steps. Use a power meter to check this. Set special
funetion 8% (amplitude correction off). If there are any preoblems,
troubleshoot using the procedure, "RF Amplitude Not Corprrect™, above.
If amplitude is corprect, then the problem must be on the ALALl ALC
assembly. Continue troubleshecoting with Service Sheets 36 and 37.

PULSE MODULATION PROBLEMS.

1.

Check the pulse drive signal at AL2A6TP2 (motherboard test point
is accessed by removing the bottom cover of the inatrument). This
should be a TTL digital signal at the internal modulation rate or
the external rate depending on which source 1s being used. I this
signal is not normal, then the problem 1s on the A4A1 ALC assembly.
Continue troubleshooting with Service Sheets 36 and 37.
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Check the signal out of the AMA3 Distributor assembly. The w
signal should be pulse modulated. If it is not, then the problem

is on the ALA3 assembly. In the Mid Band (120.0 - 639.9999999

MH=z) the A12A2 UHF Modulator also pulse modulates the signal so

check the signal out of the A12A2 assembly in that band.

The Al2Al Multiplexer and Power Amp assembly has circuitry to
sample the level of the signal when the pulse is on to genherate
the detector signal. Thus, if the pulse level is not correct,
troubleshoot the A1241 assembly using Service Sheets 34 and 35.
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SERVICE SHEET D7
MODULATION SECTION BLOCK DIAGRAM

REFERENCE BD1
Simplified Operation (Section IIT)
Operator's Checks (Section III)
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs.
Table 5-2. Post-Repalr Adjustment Procedures.

PRINCIPLES OF OPERATION

The Modulation Section controls the amplitude and frequency
modulation modes of the Signal Generator. The two primary output
signals from this section are the AM modulating signal (AM signal)
and the FM modulating signal (FM3 LOOP P DET REFERENCE). In the AM
mode, the modulating signal is routed to the Output Section where the
actual amplitude modulation of the RF gignal takes place. In the FM
mode, a 20 MHz modulated signal is routed to the Low Frequency Loops
Section where it is combined with other signals.

The Signal Generator can be amplitude and frequency modulated using
internal or external modulating sighals. The internal modulating
signals are generated by a phase lock loop which 1s part of the AllAl
Variable Modulation Oscillator (VMO) in thisz section. The VMO
produces modulating sighals from 10.0 Hz to 99.9 kHz which are phase
locked to the reference oscillator. External modulating signals are
coupled inteo the Modulation Section from the front panel AM IN and FM
IN connectors and the AUX FM IN connector on the rear panel.
Simultaneous AM and FM operation is possible.

The frequency modulated 20 MHz signal is generated by applying the
modulating signal to the varactor diecde that forms part of the AllAZ2
FM VCO's tank circuit., The result is that the 140 MHz VCO output is
frequency modulated. The 140 MHz FM VCO output is then heterodyned
with the stable 120 MHz signal to produce the frequency modulated 20
MHz signal.

Phase-locked FM is possible down to a rate of 20 Hz with some
limitations on peak deviation at modulation rates below 200 Hz. In

EXTERNAL DC mode, phase-locked FM 1s not possible because this mode
disables the FM Loon.

TROUBLESHOOTING

General

There are four types of Mcdulation Section problems covered by this
procedure;

1. FM loop unlocked and/or 20 MHz output (All1A6J5) level wrong.
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Variable Modulation Osecillator (VMO) unlocked or output level 0
incorrect.

3. Incorrect AM or FM depth, deviation or function.
4, AM or FM distortion too high.
There is a separate troubleshcooting procedure for each of these

problem types. If the problem symptoms fit more than one type, start
troubleshooting with the symptom highest on the list,

FM Loop Unlocked And/Or 20 Mz Output (ALlA6J5) Level Wrong

When the front panel STATUS light flashes and the error code is 08,
it indicates the FM loop is unlocked. The LED on top of the AllAZ
assembly should light when this occurs.

1. Remove the Al1A4 Phase Detector and ALLlAS Modulation Drive
Asszemblies from the instrument. This leaves the FM VCQO (AllAZ2)
free-running. Check for the following:

a) Signal at A11A2J1 (top of AllA2 assembly) is 140.0 + 0.1 MH=z
at greater than -5 dBm.

b) Signal at A11A6J5 (20 MHz QUT on motherboard) should be 20.0
+ 0.1 MHz, Level should be greater than -20 dBm when in FM
mode and less than -50 dBm when not in FM mode.

c) The LED on top of Al1A2 should not bhe 1lit.

If any of these conditlons are not met, there is a problem on the
AllA2 assembly. In this case, continue troubleshooting with
Service Sheet 43.

Plug the Phase Detector Assembly (AllAl) into its connector in
the instrument and connect the cable between A11AZ and A11AlN,
This c¢loses the loop but no modulation is applied hecause the
Modulation Drive (Al11A5) is not installed. Check the following:

a) The LED on top of AllAZ should not be 1it.

L) The signal at A11A4J2 (top of AllAl assembly) should be 14.0
MHz + 1 count.

If these conditions are met, the loop is locked and the AL11A2 and
Al11AY assemblies are probably good. The problem is meost likely
caused by the ALlA5 assembly.

If the frequency at ALlAl is wrong, the loop is unlocked so

continue troubleshooting with step 3. If the frequency at A11AY @
is correct but the LED is 1lit, the loop is locked but the phase

8-250




Model 8663A Service

lock detector on Al11A2 is probably malfunctioning. Continue
troubleshecoting with Service Sheet U43.

Disconnect the white/yellow/black cable from A11A4J1. This
removes the VCO signal from the phase detector. Check for:

a) Voltages at A11AM pin 10 (motherboard TP2) »+7.5 Vdc.

b) signal at A1146J5% :20.5 MHz.

If bhoth conditions are met, continue troubleshooting with step
. TIf condition {(a) is not met, A11A4 is bad or the 10 MHz

reference signal is not reaching All1Ad. Continue troubleshooting
with Service Sheet 38.

Reconnect the cable to A11AUJ1. Disconnect the violet cable from
A11A6J1 (10 MHz input on motherboard). This removes the 10 MHz
reference signal from the phase detector. Check for:

a) Vgltages at Al11AN pin 10 (motherboard TP2) more negative than
-6.5 Vdc.

b) Signal at All1A6J5 <19.5 MHz. Measure with the cable
connected using a T adapter. Use the high impedance input of
the counter.

If condition (a) is not met, the AllAY assembly is bad. If
condition (a) is met but condition (b) is not, the AllA2 assembly

is bad.

If both conditions are met, this procedure has failed to isclate
the problem. In this case, continue troubleshooting the FM VCO
with Service Sheet 43,

Variable Modulation Oscillator (VMO) Unlocked or Output Level
Incorrect

When the front panel STATUS light flashes and the error code is 61,
it indicates that the VMO is out of lock. When this error occurs,
continue troubleshooting with Service Sheet 39.

To verify proper VMO operation, usge the followlng procedure:
1. Connect a cable from the rear panel VMO OUT connector to the high

impedance input of a frequency counter and an oscilloscope or DVM
capable of measuring AC voltage up to 100 kH=z.
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Set MOD FREQ from the front panel to the following values:

99 Hz
999 Hz
9.9 kH=

31.9 kH=
99.9 kHz

For each setting check that:
¥ The frequency is the exact value.
#  The level is approximately 1.4 Vrms or 2.0 Vp. The exact

value depends on the LEVEL adjustment setting on the
AllAl assembly.

If any of the readings are not correct there is a problem on the
AllAl VMO assembly. Continue troubleshooting with Service Sheet
39. If all readings are normal, then the problem is probably not
onn the A11A]l assembly.

Incorrect AM or FM Depth, Deviation or Function
1. Check the outputs of Al11A5 Modulation Drive Assembly:

AM = A11A5 pin 2)4
M AL1AS5 pin 25

These signals should be the levels specified on the block diagram
(Service Sheet BD7) and the frequency of . the modulation source
being used. If either signal is not normal, troubleshoot the
Al1lA5 assembly (Service Sheets 41 and 42). If these signals are
normal, the problem must be with the All1A2 FM VCO (FM) or the
output section (AM). Continue troubleshooting with Service Sheet
43 (FM) or BD6 (AM).

AM or FM Distortion Too High

1. Check to see if distortion is out of specifications at the output
of the AllA5 assembly. Check distortion at:

AM = Al11Al1 pin 24
M AllAl pin 25

Distortion should be less than 0.4% at these points.

If distortion is within specification at these points, the
problem must be in the A11A2 FM VCO (FM) or the output

section (AM). Continue troubleshooting with Service Sheet 43

(FM) or BD6 (AM).
8-252
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If distortion is too high at only one of these points, the

@ problem must be on the A11A% assembly. Continue troubleshooting
with Service Sheets 41 and 42. If distortion is too high at
both points the problem could be the ALLAS assembly or the
modulation source. Measure the distertion of the internal
Variable Modulation Oscillator (VMO) at the reay panel VMO OUT
connector, If distortion is above 0.4%, there is a problem with
the VMO so continue troubleshooting with Service Sheets 39 and
4o. If VMO distortion is normal, the problem must be on the
A11A5 s0 continue troubleshooting with Service Sheets 41 and 42.

8-253/254




Al|A4 FM PHASE DETECTOR

- P/Q
XA!J?4

100 kHz
TTL LEVELS

PLL_REFERENCE

OVERMODULATICN
My pp
AC COUPLED

OYER
WODULATEON
SIGNAL

P/0
XAI”A4

FM_LOOP (10 MHz ALIABJY ) Ta
REFERENCE SIGNAL) WE3 ! INTEGR

+100
Bp2 [ Pp—7 ¢ {REFERENCE)

|
|
[
|
|
[
|
T
1
1
|
1
!
1
|

PHASE
DETECTOR

FM_LOOP ERROR VO

+1400(N)

1

LOOP ENABLE oo

TTL_LEVEL = HIGH CONTROL

SERIAL PREFIX: 2234A

FM_LODP ENABLE (FM - AC)




§ - 2E

7
Jeogs

PIG
xaligsu /s ALIAI_VARIABLE MOD. OSC.
VMO OUT OF LOCK SIGNAL | |
70 DCU (STATUS 61) [ [ e PHASE LOCKED LOO!
BD9 43 e—l-él 30 >
" VMD LOOP
PHASE
I PLL DETECTOR
| REFERENGE
| DIVIDER
PLL REFERENCE a7 1100 i
YMD LOOP
—_ MODULATION FREQUENCY 2
SELECT CONTROLS
£ROM DCU | 0
e BD9
s 770 0
5. | REFERENCE
QvER
WODULATION
S TENAL
Al 1A5 MODULATION DRIVE . _
gy i
XALTA
REFERE
: EFERENCE ﬁ\ - ©at
L 23 & p—Bt 7
£ 1 DOP ERROR VOLTAGE ' L
|
: g EXTERNAL SOURCE
| LEVEL MONITOR
| i REFERENCE iﬁ 3 N
1 537
|
g EXTERNAL
P! Fal EXTERNAL
' M - > i3
r/D EXTERNAL
| - SWITCH
38 Al1ABJS i DRIVERS |
—_ EM ENABLE I | SWITCH DRIVE ‘8
R I ) FM LOOP ENABLE
B09 [ P33 M 4T € - (FM-AC) N
\ f >27
| Jz
AM_INPUT
| AMPLIFIER INTERNAL/ S
‘ W ! EXTERNAL AM
Y] SWITCH ANALDG AM/ AW 1O I
IN (80— CONVERTER oUTPUT |
» SWITCH AM
{FRONT PI0 Dt GROUND I
PANEL) XAt Al \ j’ SWITEH o
INTERNAL MODULATION | 4 — 3 24
SIGNAL : s
20 &= o “ | Oq
1
. Fi_INPUT INTERNAL/
' AMPLIF IER EXTERNAL FM y !
- wel SKITCH 2 FuEMI0
—{a D—a —o\wﬁ pUTPUT b
SWITCH 1)
(FRONT D
PANEL) -0 L2
Fig LEVEL I
DIGITAL-TO~
L ANALOG
AM B FM | ! 10 CONVERTER
MODE_AND |
LEVEL CONTROLS |
FROM_DCU | ,
el
BoS [P i T T —_ —_

LIeILTE o

4“




3’7 y 22 She 3HE

MOD. OSC.

145E LOCKED LOOP =mmeeee—

v
ERROR *6 |

"1 DUT OF LOCK

DETECTOR

OUT OF LOCK

&2

VMO _LO0P
PRETUNING DIGITAL-
TO-ANALOG CONVERTER

o

CURRENT
CONTROLLED
OSCILLATOR

SINE VALUE
RO

ADDRESS
COUNTER

100 _KHz LP

L S
-k
T
2 KHz LP

SINE VALUE
LODK~-UP
TABLE

DIGITAL-TOD-
ANAL DG
CONVERTER

D=4

S
)&

YMO LOOP foup ]
N

-
e~
[
D KHz LP

=i

Lo
— e
T

TTL _HIGH=PULSE OR
BPSK MODE AND

PID
XAIIAE Sy FRYRRUCATION
! 76, DCU
BDS

INTERNAL SOURCE

SQUARE WAVE ENABLE
FROM DCU

BD9 [ P56 —r> 25
|

TTL LOW =_FM
OVERMODULATION

P/O 11
ALIABJT ™ 7 7 “pyp

XAL1A]

| KHz LP

Ly
—
T ——
D KHz LP

—h_~
—h
———

TTL LOW = EXT.
IEXT oD SIGNAL TOO HIGH

MOD

INTERNAL MODULATION SIGNAL

TO DCU

TTL. LOW =
SIGNAL TOO LOW

EXT. MOD

" DRIVE

FiM LOOP DISABLE=-18.D Ydc
FM LODP ENABLE +8.0 Vdc

ENABLE

42

XAi

FM DRIVE

AM DRIYE
T0

OUTPUT SECTIDN

was
o~ Y

g

2.95 10.2 VRMS
=95% AM

FM LOOP ERROR VOLTAGE

Fa \

FM LOQP
ENABLE
(FM=AC)

IDD kHz DEVIATION
= 3.1 YRMS = 0.2Y

\WFM_LOOP ENABLE (FM-AC)

AUX FM
DISABLE =-18.0 Vde
ENABLE =+8.0 VYdc

\AUX FM SWITCH DRIVE

AII¢6J4

AUX FM E’\l l
St <

npdt | —(@E—

(REAR PANEL)

wa9 Ali¢5J6

BD2
FuM LOOP

MIXER LO




5210 SKHYHS

QUTPUT
100 _KHz LPF MULTIPLEXER
-
—
-
2 KHz LP

e
L, SO
——
0 KHY LP

e
R S
T
| KHz LP

e S
L S
—_———
0 KHz LP

—h
Lo ST
T

4.75 yp AT INTERNAL
MED FREQUENCY

INTERNAL MODULATION
SOURCE TO PHASE
MODULATION SECTION

{808

N

VMO
ouT

2 Vp INTO (REAR PAN
OPEN CIRCUIT

TTL LEVEL SQUARE WAVE
.~ AT INTERNAL MODULATION
FREQUENCY RATE

=]

[+
- — — — — —

-

VMO SQUARE WAVE
At1Ak T owar 10 QUIPUT SECTION

 ——CEO— P BD6

40

UT OF LOCK
Al1A2 FM VCO FM_LOOP DUT_ J
5 DISABLE=-18.0 veo 2 . - T LEVEL=LOW

JF ENABLE +8.0 Vde .
, ERROR_*08 1AB
@4’ DUT OF LOCK Al ;‘Ja PO

XAI}AZ ! 85

OUT OF LOEK 5 Nd 1S 2 5
] 3 D=

DETECTOR VOLTAGE k/

I CONTROLLED

T SHAP ING OSCILLATOR

| AMPLIFIER 140 MHZ FM LOOP N-DI

|

XAl IAZ

LOOP SWITCH

\\ | TG Il> ')@( Il:é———

TP 1 140 MHZ
Dd8m

207 ENABLE (FM-AC}

I8
NS ¥B.0 Vdc NOMINAL
<i7. Yé¢ REFERENCE MALFUNCTION

|

\ >8.0 Vdec VCO MALFUNCTION
|

W SWITGH DRIVE ‘

el

[ *
ALIAB A :

|

R %

|4 AUX FM Al lABJS
v
AL1ABUS Z SWITCH DRIVE XAl (A2 :
20

fam Vg 5 15 e
S ¥pe2D KHz (

.

~




4.75 Vp AT INTERNAL
MOD FREQUENCY

INTERMAL MODULATION
SQURCE _TO PHASE
MOCGULATION SECTION

P B808

w52

VMO

(00— | our

Ve INTO (REAR PANEL)
OPEN GIRCUIT

TTL LEVEL SQUARE WAVE
AT INTERNAL MODULATION
FREQUENCY RATE

VMO SQUARE WAVE
47 TO_OUTPUT SECTION

o—GO— P BOS

40

FM_LOOP_OQUT OF LOCK
- TTL LEVEL=LOW

ERROR_#08 FM_LOOP
e G808 o AllTAtJ8 Pro OUT OF LOEK
44 (ERROR %08)

160 oy

M
U " P» 809

VOL.TAGE
CONTROLLED
OSCILLATOR

140 MHz LIMITER FM LOOP N-DIVIDER ORIVE

Wio
“!!’ —O— (G

140 MHz

Yde NOMINAL 0dBm
b vde REFERENCE MALFUNCTION
vde YCO MALFUNCTION

A1TABJS P SE RETECTOR
XAIJAZ FERENCE (FM)

16 St

BD7/

Figure 8-212. Modulation Section Block Diagram
8-255/256




Model 8663A Service

SERVICE SHEET BD8
PHASE MODULATION SECTION BLOCK DIAGRAM

REFERENCE BD1
Simplified Operation (Section III)
Operator's Checks (Section IIT)
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs.
Table 5-2. Post-Repair Adjustment Procedures.

PRINCIPLES OF OPERATION

The Phase Modulation Section is only present in the instrument if
Option 002 was ordered. The 320-640 MHz zignal from the phase lock
loops enters the Phase Modulation Section and is mixed with a 4 GHz
signal from the AMA3 Assembly. The up-converted signal is then mixed
with a phase modulated ¥ GHz signal which down-converts the signal
back to the original frequency and transfers the phase modulation to
the signal. The 4 GHz signal is phaze modulated by passing it
through a circulator that has a phase modulator attached to its
intermediate ports. The phase modulator consists of varactor diodes
which terminate the coax lines from the circulator. This causes the
signal to be reflected back to the cireulator shifted in phase. The
amount of the phase shift depends on the capacitance of the varactors
which is in turn determined by the bias on the diodes. This bias is
the modulating signal, so that the amount of phase shift is

proportional to the amplitude of the modulating signal. This is
phase modulation.

If phase modulation is not enabled,the gignal from the phase lock
loops bypasses the circuitry described, above, and is passed through
a coax cable inside the ANAN aszembly.

TROUBLESHOOTING

1. Check that the RF output level at ALALJY is normal. To do thi
set the front panel freguency to any setting in the basic band
{(320.0 to 639.9999999 MHz). Enable phase modulation with EXT AC
source but do not connect a signal to the PM IN connector.
Measure the signal level AHAUTU. It should be the value
specified on Block Diagram BD8. If the signal level is normal,
continue with Step 3, otherwise, continue with Step 2.

If the output level is not normal, measure the level of the input
signal at the cable which goes to AYANJL. It should be the wvalue
specified on Block Diagram BD8. If this signal level is not
normal, then there is a problem in some other section. If the
input is normal, measure the 4 GHz signal levels from the AYA3
Assembly. If these signal levels are not the values specified on
the block diagram, then there is a problem on the A4A3 Assembly.
If the 4 GHz signals and the input signal are normal and the
output signal level iz not normal, then there is a problem in the
Phase Modulation Section. Continue troubleshooting with Service
Sheet 45, 8.257
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If the output signal level is normal and phase modulation 1is not
correct, then the problem is with the phase modulator. Check the
modulating signal at the coax cable that connects to AJBAWTE. It
should be the frequency of the source being used at the level
shown on Block Diagram BD8B8., If the signal is not correct, then
there is a problem with the Al11A3 Phase Mod Input Assembly.
Continue troubleshooting with Service Sheet 44. Otherwise, the
problem is in the A4AN Phase Modulation Assembly and
troubleshooting should continue with Service Sheet 45.
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SERVICE SHEET BD9
DIGITAL CONTROL UNIT (DCU) BLOCK DIAGRAM

REFERENCE BD1
HP-IE Address Selection (Section II)
HP-IBR Connector (Seotion II)
Memory Check (Section IIIX)
Table 4-1. Recommended Performance Tests
After Adjustmenis or Repairs
Table 5-2. Post Repair Adjustment Procedures

PRINCIPLES OF OFERATION

The function of the DCU is to control the operation of the Signal Generator in
response to data and instructions received from the front panel keyhoard, rear
panel AUX connector, and the Hewlett-Packard Interface Bus (HP-IB).

The Microprocessor assembly maintains control of the system by implementing a
master program stored permanently in read only memory (ROM). Temporary storage of
data iz located in random access memory (RAM) on the RAM/ROM assembly. Storage of
front panel data is located on the Peripheral RAM assembly which has battery
backup to keep stored data intact during power-down conditions.

The HP-IR assembly functions as the instrument interface to the IEEE483 interface
bus which enables the instrument to be remotely controlled by an automated
controller.

The ICU employs an eight-Bit bi-directional data bus for the transfer of data
between the Microprocessor assembly and the peripheral assemblies. The Frequency
Control, Level Control, Modulation Control, Sweep Control, and Display assemblies
receive and lateh the data on the data bus from the Microprocessor. The outputs of
the latches drive the analog portions of the Signal Generator. The Frequency
Control, Level Control, and Modulation Control assemblies have read-back circuitry
which can, under Microprocessor control, send the latched data back to the
Microprocessor via the data bus. This read-back of data is a diagnostic feature
which is used to verify normal operation.

The Keyboards are of the matrix type where pushing a key grounds one row and one
column in the matrix. The Keycode asembly receives row and column information
from the keyboards and encodes it to form a unigque code for each key pressed. The
Keycode assembly interrupts the Microprocessor which reads the code via the data
bus and takes whatever action is required. Likewise, when a character is sent to
the Signal CGenerator on the HP-IB, the HP~IB assembly interrupts the
Microprocessor, which reads the character via the data bus. The Microprocessor
then interprets the character and determines what action is required.
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TROUBLESHOOTING
There are two methods of troubleshooting the DCU:

1. Use internal diagnostic programs.

2. Use signature analysis which also requires use of the intermal diagnostic
programs to exercise the appropriate portions of the hardware.

Table 8-220, below, contains a list of all the diagnostic programs available in
the 36634.

Table 8-219. DCU Diagnostic Programs

TITLE

System self check. Performs tests 1,3,5 and §.

Single pass RAM test.

Continuous run RAM test,

Single pass ROM test.

Continuous run ROM test.

Peripheral RAM test.

Signature analysis stimulus of I/0 eireunitry.

Same as test #6 with delayed signature analysis clock.
Test of internal I/0 e¢ircuitry.

Not used.

Allows direct control of RF output step attenuator
from keyboard.

HP-IB signature analysis stimulus and output test,

Keyboard LED visual stimulus and signature analysis
stimnlus of Sweep assembly.

Readout viszual stimulus and signature analysis
stimnlus.

Keycode assembly signature analysis stimulus.

Manual keyhoard test.
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General DCU Troubleshooting Information

& complete description of each test is provided in the following pages. Since
these tests are the tools that are available to troubleshoot the ICU, it is
important to read this material carefully in order to gain an undersianding of of
what each test actually does. Then, based on the problem symptoms observed, one
or more of the tests can be run to determine the source of the problem.

Test O should normaily be run first if there is any type of DCU problem. Then, if
no failures are found, other tests can be run based on the problem symptoms.

DCU Test Configurations

There are a minimum number of assemblies required in the DCU for each test. These
assemblies are listed under REQUIRED ASSEMBLIES in each test deseription. The
tests will run with all assemblies in the DCU. It iz pogsible, however, for one of
the assemblies not used in the test to affect a backplane line and cause a test to
fail. Therefore, if a test fails, it is good practice to remove all the unused
assemblies and run the test again. Then, if the test passes, add the other
assemblies one at a time to determine which assembly causes the failure.
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SYSTEM SELF TEST ‘
:

Test Number: ©

Rexquired
Azzemblies: All DCH Aszemblies.

Description: This test allows continuous execution of tests numbers 1, 3, 5,
and 8. This sequence of tests will run until an error is found in
one of the tests. Refer to the deseriptions for each individeal
test for more details.

Procedure: Remove instrument top cover and DCU Covers.
Set the test number switch on A2AY to 0.

Install the shorting connector on the top edge connector of
A2A7 (at A2A771).

Connect a jumper between TP4 and TP10 on the AZA7 assembly.

Momentarily short TP3 to TP10 on the A2A7 assembly to reset the
microprocessor.

Remove the jumper between TP4 and TP10.

The test will now begin to run. The test number will be :
displayed in the left side of the FREQUENCY display in the .3
format, " -XX- ". The pass number (the number of times the

entire sequence has run) is displayed in the AMPLITUDE display.

This is a two digit number which increments with each

failure-free test sequence. The count will reset to 00 when

incremented from a count of 99. If a failure occurs, the program

will stop and display an error code in the right side of the

frequency display. Refer to the operating instructions (Section

IIT) for the test number being run and an explanation of the

error code.
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RAM DIAGNOSTIC

Tegt Number: 1 (Single pass)
2 (Continuous run)

Required
Assemblies: A2AT, AZAS.

Deseription: This test cheecks the AZA8 RAM/ROM assembly. Three types of data
checks are performed:

1. All possible data patterns are written to all locations except
one byte, The one byte that is not written to would cause the
attenuator to switch, if exercised.

The address of each location is written inte that location.
Then the data iz read back and checked. This checks for
overwritie errors,

Data 15 written into all locations and, after a 30 second pause,
the data is read back and checked. This checks for fade.

If test number 1 is selected, the test will run once and pause. If
test number 2 is selected, the test will continuously repeat until
an error iz found or the test number is changed.

@ Procedure: 1. Remove instrument top cover and DCU covers.

2. Set the test number switch on AZA7 to 1 or 2.

3. Install the shorting connector on the top edge conneetor of
AZA7 (at AZATJL).

Connect a jumper between TP4 and TP1O on the AZA7 assembly.

Momentarily short TP3 to TP10 on the AZA7 assembly to reset the
Microprocessor.

Remove the jumper between TP4 and TPLO.

The test first checks that a small block of RAM is

available for use by the test. If an error is detected

in this block of RAM, the test halts with " -1 " displayed in
the left side of the FREQUENCY display. The test

ecannot run until the source of the problem is found.

Use signature analysis to troubleshoot the AZAS RAM/ROM
assembly if thig happens. Use the troubleshootin

procedure with the schematic for A2A8.

If everything ig normal, the test will begin to run and " -0l-
"ar " -02- " (the test number) will be displayed on the left
gide of the FREQUENCY display. During the first part of the
test, keyboard LEDz will randomly flash and you will hear
relays clicking. Then the relay clicking will stop and the
LEDs will remain 1it. Finally the LEDs will all be off during

8-265
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the final portion of the test. If test number 2 was selected,
the AMPLITUDE display will econtain the number of times that
the test has run. This is a two digit number and after 99 the
number will reszet to 00, If test number 1 is selected, the
AMPLITUDE display will be blank.

NOTE

If teat number 2 (continuous run) is to be
run for a long pericd of time, the A2410
assembly should be removed from the DCU.
This will prevent the relays from being
exercised excessively.

The run time for the test is 1 minute, 10 seconds. If no
failures are found, " 00 " will be displayed in the right =ide
of the FREQUENCY display. If test number 1 was selected, the
program will halt in thiz condition. If test number 2 was
selected, " 00 " will not be displayed. The pass number will be
incremented and the test will begin to run again.

If a failure is found, the test will halt with a two digit
error code in the right side of the FREQUENCY display. Table
8-221, below, specifies which RAM IC is l1ikely bad for each
possible error code. The error code is generated when the data
read back from a memory location is bad. The RAM IC is not the
only possible source of the error. Frequency address decoding
cireuitry could also cause a failure. Thus, this diagnostic can
narrow down the source of a problem, but further troubleshooting
may be required to find the faulty component.

When the program halts because of an error, the actual and
expected data is placed in the MODULATION display. The expected
data is in the MOD FREQ display and the actual data is in the MOD
LEVEL display.

Table 8-220. A2A8 RAM/ROM Diegnostic Test Failure Codes

ERROR LIEELY DEFECTIVE RAM IC
CODE

14] No Failure
X0 A248 ULO
A1 Uil
A2 ulz2
X3 U3

Hhere: X is 1,2 or 3 whiceh
designates the data check during
which the error was found. The
data checks are defined in
DESCRIFTION, above.

'|lp
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Test Number:

3 (single pass)
4 (eontinuous run)

Regquired
Assemblies: AZA7, AZAZ, AZAOD.

Deseription: This test checks the ROMs on the A2A8 and A2A9 assembliez. Each ROM
has a checksum which is a unique number in the range of 1 - 18. The
test program reads the data from each ROM and calculates the
checksum. If the checksum is not correct, the program stops and
indicates an error.

Procedure: 1. Remove the instrument top cover and DCU covers.
2. Set the test number switch on A2A7 to 3 or 4.

Install the shorting connector on the top edge connector of AZA7
{at A247J1).

Connect a jumper between TP4 and TPLO on the AZAY assembly.

Momentarily short TIP3 to TP1l0O on the A2A7 assembly to reset the
Microprocessor.

Remove the jumper between TP4 and TP1O.

The test will begin to run. The test number " -03- " or " -04-
" will be displayed in the left side of the FREQUENCY display.
The test takes approximately one second to run. If no failures
are found, test 1 will stop with " 00 " diszplayed in the right
side of the FREQUENCY display. Test 4 displays a tWo digit pass
number in the AMPLITUDE display. Each time the test is run
without a failure, the pass number is ineremented. When the
count reaches 99, the next increment will cause it to resel to
00. If a failure is found, test 4 will stop with an error code
displayed in the right side of the FREQUENCY display. Table
§-222, below, shows the ROM from which incorreet data was read
for each error code. The actual and expected data is placed in
the MODULATION display. The expected data is in the MOD FREQ
display and the actual data is in the MOD LEVEL display. Test 3
will display the same information if an error is found, but will
not halt. The information will be displayed for approximately 3
seconds and then the test will continue and look for other
errors. All errors that are found will be displayed for
approximately 3 seconds. When the test is complete, the program
will halt with " 99 " displayed in the right side of the
FREQUENCY display.
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Test 3 should normally be used so that all errors are reported.
Test 4 is uzeful for finding intermittent problems. Test 4 can
be left running indefinitely and the test will stop when amn
error is detected with the error code displayed.

It iz important to note that when a fallure occurs, it is
because the data that was read is not correct. The error code
specifies from which ROM data was being read when the error was
detected. Any bad component that could alter the data would
cause an error code to be generated. So the ROM itself is not
necessarily the source of the problem. Address decoding
circuitry failures would also cause an error code to be
generated. Thus, this diagnostic can narrow down the source of
a problem, but additional troubleshooting may be required to
find the bad component.

Table 8-221. A289 ROM Diagnostie Test Failure Codes

ERROR | LIKELY DEFECTIVE ROM IC
CODE

01 AZA8 Ul
02 Uz
03 u3
G4 Us
05 us
06 uo
07 us
08 U1l
09 U6
10 U1z
11 ug
12 U3
13 U4
14 010
15 ug
16 u2
18 u7
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Test Number:

Required
Azsemblies:

Description:

Procedure:

5

Service

PERIFHERAL RAM DIAGNOSTIC

AZA7, A2A8, AZAJ.

This test checks the A2A3 Feripheral RAM Assembly. A data check is
performed on the RAM and the entire assembly is stimnlated for
Signature Analysis (84) testing. Only the data check is documented
here. The 34 capability of the test is documented in the
troubleshooting procedure for the A243 assembly. BRefer to Service
Sheets 50 and 51.

1.

2.

Remove the instrument top cover and DCU covers.
Set the test number switeh on A2A7 to 5.

Install the shorting connector on the top edge connector of AZA7
(at A2A7J1).

Connect a jumper between TP4 and TP10 on the AZA7 assembly.

Momentarily short TIP3 and TP10 on the A2A7 assembly to reset the
Mieroprocessor.

Remove the jumper between TF4 and TF10.

The test will begin to run. The test number, " -05- ", will be
displayed in the left side of the FREQUENCY display. The test
takes approximately two seconds to execute and runs continuously
until an error is found or the test number switch is changed.
The pass number (number of times the test has run) is displayed
in the AMPLITUDE display. This is a two digit number that is
ineremented every time the test is run., When this number
reaches 99, the next increment will reset the count to 00.

The test will stop when an error is detected. An error code
will be displayed in the right side of the FREQUENCY display.
Table 8-223, below, specifies which RAM is likely bad for each
possible error code. The actual and expected data is placed in
the MODULATION display. The expected data iz in the MOD FREQ
display and the actual data is in the MOD LEVEL display. It is
important to note that when a failure ocecurs, it is because the
data that was read is not correct. The error code specifies
from which RAM data was being read when the error was detected.
Any bad component which could alter the data would cause an
error code to be generated. The RAM, therefore, i= not always
the source of the problem. Thus, this diagnostie can narrow
down the source of a problem, but additional troubleshooting may
be necessary to identify the defective component.
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Table 8-222, L2473 Peripheral RAM Diagnostiec Test Failure Codes

w

ERROR | LIKELY DEFECTIVE RAM IC
CODE

X0 A2A3 U6
Ll ug
X2 uy
X3 U9
30
il

Where: X iz 1 or 2.
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Test Number:
Required
Azzemblies:

Required Test
Equipment:

Deseription:

Procedure:

Service

SIGNATURE ANALYSIS I/0 DIAGNOSTIC

& (Normal)
7 (Delayed Clock)

AZA7, AZAB, A2A4, AZAS, AZA10.

HP 50054 Signature Analyzer

This test exerciszes the AZA4, AZAS and A2A10 assemblies for
signature analysis (S84} testing. A signature analyzer is required
to use this diagnostie. The tweo test numbers perform exactly the
same test. The 34 clock 1s delayed in test number 7 to allow for
the longer settling time when making measureménts oh the outputs of
these assemblies. The longer settling time is caused by cables on
the outputs.

This procedure specifies how to make measurements of the outputs of
these assemblies to determine if the assembly is cperating
correctly. To use these diagnostics to troublezhoot an assembly,
refer to the troubleshooting procedure ineluded with the schematie
diagram for the assembly.

1. Remove inztrument top and bottom covers and DCU covers.
2, Set the HP &005A Signature Analyzer as follows:
SIGNATURE: NORM
CLOCK: FALLING
START: RISING

STOP: FALLING
THRESHOLD: TTL DATA

Carefully position the 86634 on its side, exposing the A24l11 DCU
Motherboard. This facilitates measurement at the underside of
the instrument.

Connect the signature analyzer to the 8663A as follows:

SIGNATURE CONNECTION
ANALYZER TO AZA7 AT

Set the test number switch on the 86634 A247 assembly to 7.

Install the shorting connector on the top edge connector of
AZA7 (at AZATJIL).

Connect a jumper between TP4 and TP10 on the AZA7 assembly.
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Momentarily short TP3 to TP10 on the AZA7 assembly to reset the
Microprocessor,

Remove the jumper between TP4 and TFP10.

The test should begin to run. The test number, " -07- ", should
be displayed in the left side of the FREQUENCY display. Table
8-224 gives the output edge connector signatures for the
assemblies stimulated by this diagnostic. These signatures are
most easily read at the A2All DCU Motherboard on the underside
of the instrument.

To confirm that the signature analyzer is connected correctly
and that the diagnostic program iz running, touch the signature
analyzer probe to +5V (available on the DCU motherboard). The
signature analyzer should read " 035P ". If this signature is
not obtained, check the signature analyzer settings and
connections. If no problems are found, use the Free Run Mode
Troubleshooting (Section VIII) to check the Microprocessor
assembly and the diagnostic ROM.
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Table 8-223. Signature Analysis I/0 Diagnosgtie; Sigmatures.

SIGNATURES

KAZAZA

KAZA4B

KAZASA

XA2458

RAZALOA

XAZA10B

035P
oulpP
ULPH
069U
69Ul
F12A

1243
oePl
6P12
Y7AF
74F6
5197

197A
1FP5
FPoe
631F
31FF
ApQp

035p
7F7C
F7C7
1A7F
ATE7
B4AB

4LB8F
HC84
Ca4A
5PC1
PC18
465P

65PC
7395
3954
8F73
F739
3783

7838
C437
0000
4378
1HHG
HHG8

F21H
21HH
5698
0000
0000
©984

C569
035P
0000
0000
Q000
0000

POF2
HOHF
0000
OHFO
7754
7541

0877
8775
5A61
0000
035F
4610

H546
0000
0000
0000
0000
0000

035F
2CC2
49HG
71.C8
3HCF
0000

PH1U
0000
54UL
FF97
5P7H
4591

Fi59
7UCo
1164
F459
Ulle
0000

035F
Q506F
5848
06CY7
3772
H5AC

C480
8813
1{eX ¥}
91C5
QACS
1647

1164
CFO7
8Ca5
0000
UF45
0000

4018
1HHA
035P
0F29
121C
0000

0000
0000
0000
0000
0600
0208

FUl3
035F
0000
0000
0000
0000

HCP4
44HR
0000
ZH17
©8ro
0000

G000
0000
0000
0000
035P
4C29

7411
0000
0000
0000
0000
0000

035F
035F
035F
035P
035PF
2456

4565
6HY4
HO45
C5A8
5A86
Cacs

2C54
5P65
PG54
435F
35P6
8HUL

033P

5139

1595
Co51
6515
H6AL
OAlA
FAHG

AHGA
7995
99450
OH79
H799
637H

37H1
AFG3
0000
18HU
929
9298

5AH9
AH92
008C
0000
0000
08C5

4008
035P
0000
0000
0000
0000

HU44
318H
0000
F637
6446
4A63

6CH4
CoH4A
0221
0000
035F
22H6

8022
0000
0000
0000
0000
0000

Service
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Test Number:

Required
Azgsemblies:

Degscoription:

Procedure:

Model 8663A

I/0 SELF TEST DIAGNOSTIC

8

AZA7, AZAS, A2A4, A285, A2A10.

This test checks the A2A4, A2A5 and A2A10 assemblies by writing data
to the outputs of these assemblies and using the internal read-back
capability to check that the data at the outputs is the same data
that was sent.

1. Remove instrument top cover and DClU covers.
2. Set the test number switch on AZA7 to §.

Install the shorting connector on the top edge connector of
AZA7 (at AZA7IY).

Connect a jumper between TP4 and TP10 on the A2A7 assembly.

Momentarily short TP3 to TP10 on the AZA7 assembly to reset the
Microprocessor.

Remove the jumper between TP4 and TP10.

The tegt will begin to run. The test takes approximately four
seconds to run and it will run continuously until an error is
found or the test number switch is changed. The test number "
=08- " will be displayed in the left side of the FREQUENCY
display. A two digit pass number will be displayed in the
AMPLITUDE display. This number is incremented each time the
test runs. FBhen it reaches 99, it will reset to 00 with the next
increment.

Hhen an error is detected, a two digit error code is displayed
in the right zide of the FREQUENCY display and the test stops.
The actual and expected data is displayed in the MODULATION
displays. The expected data is in the MOD FREQ display and the
actual data is in the MOD LEVEL display. Table 8-225, below,
shows which output pins are being checked for each error code,
To determine the output assembly edge connector pin where the
error was detected, do the following:

Examine the actual and expected data and determine which bit(s)
iz bad.

Table 8-225 gives the Error Code, Assembly, and edge connector
pin number associated with the detected bit error,

Use the troubleshooting procedure with the schematic diagram for the
defective assembly to find the source of the problem.
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Table 8-224. I1I/0 Self-Test Diagnostic; Bit Error/Pin Number Locations.

EDGE CONNECTOR FPIN NUMBERS

DATA BIT
ASSEMBLY 4 3

AZAL B22 A36 Al8
AZAL B26 B5 B23
AZA4 B31 B® B27
AZAL A35 Al4 A32
AZ2A4 A31 AlO AZ8
A2A4 AZ7 KD AZ4
AZB4 A23 AZ2 AZ0

AZALO B4 A3Z6 ALB
AZALQ B26 B5 B2}
AZAO B3l B2 B27
AZAL1O A3S Al4 A32
AZALD A32 ALO A28
AZA10 A9 A27 AL A24

AZAS B2 B& B24 BY
AZA5 A1l A28 AlQ A32
AZA5 Bl3 Blz A35 AlY7
AZB5 B2z B23 BE5 B20
AZAS - A25 A7 Al3 A3l
AZA5 AL A3 A28 AZY
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ATTENUATOR TEST DIAGNOSTIC
Test Number: 10 (Test Number Switch Setting = A)

Required
Assemblies: A1l DCU Assemblies.

Hequired Test
Equipment.: HP ,36A Power Meter
HF 8482A Power Sensor

Description: The RF output of the 8663A is set to 50 Mhz at a level of +16dBm.
The keyboard entries allow specific attenunator sections within the
programable output step attennators to be individually selected one
at a time.

Procedure: 1. Remove instrument top cover and DCU covers.

2. 5Set the test number switch on the A2A7 to A, the hexadecimal
equivalent of decimal 10.

Install the shorting connector on the top edge connector of AZAY7
(at A247J1).

Connect a jumper hetween TP4 and TP10 on the AZA7 aszsembly.

Momentarily short TP3 to TF10 on the AZA7 assembly to reset the
Microprocessor.

Remove the jumper between TP4 and TPIO.

Connect the 436A Power Meter to the 8663A RF output comnector
via the 84324 Power Sensor.

The test number, " -10~ ", will be displayed in the left side of
the FREQUENCY display. " 0 " will be displayed in the MOD FREQ
display. EKeyboard data keys 0-6 are used to control the
mechanical step attenuators as indicated in Table 8-225, helow,

Pushing one of these keys switches in the attenuator section
controlled oy that key. Pushing another key switches out the
section that is in and switches in a new one. Only one section
at a time can be in during the running of this test. The last
key pressed is displayed in the MOD FREQ display.

Use the 4364 (or a spectrum analyzer) to measure the change in
level as attenuator sections are switched in and out.
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Table §-225. Outpnt Attenuator Sections Controlled hy Data Entry

70dB OUTPUT 65dB OQUTPUT
ATTENUATOR ATL ATTENUATOR ATZ

104B § 20dB | 40dB 5dB | 20dB | 40dB

(none) (none)

X

Where: X indicates attenuator seotion in.
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HPF-IB STIMULUS DIAGNOSTIC

Test Number: 11 (Test Switch Number B}

Required
Azzemblies: ARAT7, AZAL, AZAG.

Required Test .
Equipment: HE IB Controlling Computer (HP 85, 982%, or similar).

Desceription: This test performs the following tests of the AZA6 HP-IB assembly:

1. Displays the HP-IB address switch setting in the front panel
FREQUENCY display.

Stimulates the A2A6 assembly for signature analysis testing.
The procedure for using this capability will be included in the
troubleshooting procedure for the AZA6 assembly with the
schematic diagram .

Sends a fixed sequence of data bytes via HP-IB. 4An HP-IB
controller can read these bytes. This confirms the 8663A talker
capability.

Procedure: . Remove instrument top cover and DCU covers.

Set the test number switch on the A2ZA7 to B, the hexadecimal
equivalent of decimal 11.

Install the shorting connector on the top edge connector of AZA7
(at A2A7J1).

Connect a jumper between TP4 and TP10 on the A2A7 assembly.

Momentarily short TP3 to TP10 on the A2A7 assembly to reset the
Microprocessor.

Remove the jumper between TP4 and TP10.

The test number, " -11- ", should be displayed in the left side
of the FREQUENCY display. The HP-IB address switch (on A246)
setting should be displayed in the right side of the FREQUENCY
display. If the HP-IB address switch is changed the digplay
should change. This checks the capability of the Microprocessor
to read the address sgwitch setting., If " -- " is displayed
instead of the address switch setting, it means that the
Microprocessor is not receiving a valid address switch reading.
This would occur if the HP-IB assembly is not in its sooket.

If an HP-IB controller is connected to the 8663A, there will be
a delay [approximately 15 seconds) from the time the address
switeh setting is changed to the time the display changes.
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NOTE

Signature analysis testing cannot be
performed with a controller connected to the
HP-IB interface connector.

This test outputs a continuous sequence of data bytes. The
sequence starts at 00 (binary all zerces) and each byte is
inceremented until the value reaches 255 (binary all ones). The
sequence then repeats, starting at 00. A controller can read
this data and cheeck for the correct sequence. This confirms that
the talker capability of the 8663A is functicning correctly. A
sample program to read and check the data is given in figure
§-214, below. This program is written for the HP-85 computer.
Note that the 86634 is functioning as a talker. All that the
controller mast do therefore, is read from any address on the
HP-IB and the data will be received. The first data byte read
will depend on where the 86634 is in the sequence when the
controller performs the read operation. The 86634 is free
running and is not synehronized with the controller read
operation.

10 OPTION BASE 1
20 DIM A§[300],A(257)

70 TOBUFFER A$

40 TRANSFER 719 TO A$ FHS

50 FOR I=1 TO 257

60 ENTER 4$ USING "#,B" ; A(I)

70 NEXT I

80 FOR J=1 TO 256

90 IF A(J+1)=0 THEN 110

100 IF A(J)+1#A(J+1) THEN 150

110 NEXT J

120 BEEP

130 DISP "  PASSED | "

140 COTO 240

150 | ERROR FOUND

160 BEEP

170 DISP

180 IF J¢=10 THEN J1=J ELSE J1=J-10
190 FOR K=J1 TO J1+12

200 S$=DTB$(A(K))

210 DISP TAR(5);5${9];A(K)

220 IF K=J+1 THEN DISF "< ERROR!" ELSE DISP
230 NEXT K

240 END

Figure 8-214. Sample Controller Program
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SWEEFP CONTROL/KEYEBOARD LED DIAGNOSTIC
Test Number: 12 (Test Switch Number C)

Required
Azsemblies: AZAT, A2A8, A2A2.

Required Test
Equipment: HP 1740A Oscilloscope (or similar}.

Description: This test checks the A2A2 Sweep Control Assembly as follows:
1. Stimulates the cirecuitry for signature analysis testing.
Operating instruetions will be ineluded with the troubleshooting

procedure for the AZAZ2 assembly and are not included here.

Turns all keyboard LEDs on and off at a slow rate so they can be
visually checked.

Generates output waveforms on the rear panel Z/AXIS BLEKG/MER and
SHP outputs.

Frocedure: . Remove instrument top cover and DCU covers.

Set the test number switch to €, the hexadecimal equivalent of
decimal 12.

Install the shorting connector on the top edge connector of AZAY
(at A2A7J1).

Connect a jumper between IP4 and TP10 on the A2A7 assembly.

Momentarily short TP3 to TP10 on the A2A7 aszsembly to reset the
Microprocessor.

Remove the jumper between TP{ and TPLO.

The test number, " -12- ", will be displayed in the left side of
tiie FREQUENCY display. All the LEDs on the keyboard will blink
at a slow rate.

Use an oscilloscope to view the outputs of the rear panel Z/AXIS
BLKG/MKE and SHP connectors. HWaveforms should be similar to
those represented in figures 8-215 and 8-216, below.
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Vertical: 2 V/division
Horizontal: 2 ms/division

Figure 8-215. Z/AXIS BLKG/MKR Output;
DCU Diagnostic Test 12

AN

N

N

Vertical: 2 V/division
Horizontal: 2 ms/divisian

Figure 8-216. Sweep Output;
DCU Diagrostic Test 12
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FRONT PANEL DISPLAY DIAGNOSTIC
Test Number: 13 (Test Number Switch D)

Required
Assemblies:  A2A7, A2A8, AlAl.

Descripticon: This test checks the AlAl Display Assembly by stimulating the
circuitry for signature analysis testing and changing the display at
a slow rate for visual testing. Signature analysis testing is
covered in the troubleshooting procedure for the AlAL assembly.
Procedure: 1. Remove ingtrument top cover and DCU covers.

2. Bet the test number switch to D, the hexadecimal equivalent of
decimal 13.

Install the shorting conneetor on the top edge connector of AZ2AY
(at A24771).

Connect a jumper between TP4 and TPLO on the A2A7 assembly.

Momentarily short TP3 to TP10 on the A2A7 assembly to reset the
Mieroprocessor.

Remove the jumper between TP4 and TPLO,

The test will “=gin to run. The test number, " -13- ", will be
displayed in the left side of the FREQUENCY display for
approximately one second. The display will then change and go
through a long sequence {55 seconds) during whieh all digits and
annunciators are exercised.

This sequence is easily interpreted through observation of the
front panel for one or two test sequences. It can then be
readily determined if any annunciators or displays are
malfuenctioning.
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Test Number:

Required
Aszenmblies:

Description:

Service

KEYCODE STIMULUS DIAGNOSTIC

14 (Tezt Switch Number E)

AZA7, AZAB, AZAL, A2AZ.

This test stimulates the A2Al1 Keycode Assembly for signature
analysis testing. Refer to Service Sheets 61 and 62 troubleshooting
information for procedures and the use of this Diagnostic.
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Test Number:

Required
Assemblies:

Desceription:

Procedure:

Model 86634

MAIN AND SWEEP KEYBOARDS MANUAL TEST DIAGNCSTIC

15 (Test Number Switch F)

A2A7, A2A8, A2Al1, A242.

This test displays the keycode as Main or Sweep Keyboard keys are
pressed. Thus, the keyboards and much of the A24Al Keycode assembly
is checked.

l. Remove insztrument top cover and DCU covers.

2, Set the test number switch to F, the hexadecimal equivalent of
decimal 15.

Install the shorting connector on the top edge connector of AZAY
(at A2A7J1).

Connect a jumper between TP4 and TP10 on the AZA7 assembly.

Momentarily short TP3 to TP1l0 on the A2A7 assembly to reset the
Microprocessor.

Remove the jumper between TP4 and TP10.

The test pumber," -15- ", will be displayed in the left side of
‘the FREQUENCY display. The MOD FREQ display will contain " 000
" until a Key is pressed. The display will then be the keycode
of the key that was pregsed. ZXeycodezs are given in Table 8-226,
below.
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Table 8-226. Main and Swe§gﬂfeyboard Keycodes.
m KEY- =
T CCDE KEY CODE KEY

Q00 AMFLITUDE 1065 STORE

060 MOD FREQ 106 PULSE

061 BPSK 107 RECALL

062 START FREQ | 110 SEQ

063 STOP FREQ 111 MODE OFF
064 MARKER 1 112 AUTO MODE
065 MARKER 2 113 MANTUAL MODE
066 MARKER 73 114 SINGLE MODE
067 MARKER 4 115 0.5 ms

070 MARKER 5 116 1 ms

Q71 MARKER CFF | 11% 2 ms
FREQUENCY 072 e 120 10 ms

INCR SET 073 BACK SPACE | 121 100 ms

UP ARROHW 074 GHz 122 LIN 100
DOWN ARROW { 075 MHz 123 LIN 1000
RESOLUTION kHz 124 RET SIZE
OFF 76 Hz 125 LOG 10%
FCTN OFF 077 INT 400 126 LOG 1%

/10 100 INT 1K 127 SFAN FREGQ
F10 101 EXT AC 130 KNOB CCH
AM 102 EXT DC 131 KNOB CH

FM 103 BLUE KEY 132
PM 104 STATUS 133

O 0 ~J O el Mo O R
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SERVICE SHEET BD10O
POWER SUPPLY SECTION

REFERENCE BD1
Simplified Operation (Section III)
Operator's Checks (Section IIX)
Table 4-1. Recommended FPerformance Tests
After Adjustments or Repairs.
Table 5-2. Post-Repair Adjustment Procedures.

FRINCIFLES OF OFPERATION

The Signal Generator utilizes a switching power supply for reduced
size, weight, and heat dissipation. The supply is made up of five
major elements: an input rectifier/filter, the regulator switching
transistors, a step-down/isolation transformer, cutput rectifiers
(and associated L-C filters and IC regulators), and a
pulse-width-modulated regulation network. The circuitry is on four
boards. These are the Power Supply Motherboard, Inverter Board,
Control Beoard, and the Linear Regulator Board. Supplementary
circuits include current limiters, overvoltage protection networks,
and a reference voltage supply.

At the power line receptacle, the instrument can be switched for use
with 115 Vac or 220 Vac power. Following line filtering, the raw ac
is rectified and coarsely filtered to produce pius and minus 160 Vde,
In the case of 115 Vac operation, voltage doubling occurs during
rectification. The plus and minus 160 Vdc is then chopped at a 20
kHz rate to drive step-down/isolation transformer ATA3ITI. Voltages
at the tapped outputs of T3 are rectified and filtered. Sense lines
from the +5.2 volt zupply line are fed to the switching-regulator
circuitry on the Control Board. The +5.2 volt line is the only line
which is regulated by the switching action of the supply. The

+20 Vde, -10 Vde, and -Y40 Vde lines are maintained at constant
voltage by linear regulators (Service Sheet 66)

The +5.2 veolt line is regulated by a feedback network consisting of
the constant voltage comparator, turn-on level comparator, 40 kHz
oscillator, pulse-width modulator (duty-cycle control circuitry), and
switch drivers. If the output voltage attempts to decrease, the
feedback network senses the change and holds switching transistors
ATA3Q3 and ATA3QY ON for longer periocds of their switching cycles; an
attempted increase is corrected by reducing the ON periods of the
transistors. In this manner, the power delivered by the supply is
matched to the requirements of the instrument, resulting in maximum
operating efficiency.
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Figure 8-218. Simplified Power Supply
TROUBLESHOOTING Block Diagram

This procedure can be used to isoclate a malfunction in the power
supply. Once the problem is isclated to an assembly, continue
troubleshooting on the service sheet for that assembly to find the

bad component.
WARNING

Plus and minus 160 Vdc, and line voltage, are present
whenever the power cable is plugged in. This high
voltage exists on the red heatsink, on the other portions
of the inverter board and on the motherboard. Be
extremely careful when working in this area.

Before removing or inserting power supply plug-in boards,
disconnect ac power cable and allow 30 seconds for filter
capacitors to discharge.

Failure to observe these precautions may result in injury
to personnel or damage to equipment.
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ECAUHDN

If the line fuse burns out, do not replace it until the
cause of the failure has been determined and repaired (by
a qualified service person only and specifically with
resistance checks in the power supply. (See Service
Sheet 65). Replacing this fuse in a damaged generator
can cause additional damage.

General

Measure the +5.2V test point with a DVM. If the reading is not
5.20 + 0.02 Vdc and cannot be adjusted to bring the voltage
within these limits, continue troubleshooting with the next step
listed in Table 8-227, based on the DVM reading. The +5.2V
supply should be operating normally before working on problems
with the other supply voltages. If the +5.2V supply is normal
and one of the other supply voltages is not, continue
troubleshooting with step 5.

Table 8-227. +5.2V Test Point Conditions

DVM Reading Condition Next Step

< 0.08 Shut down
0.05¢ < 5.20 Low Voltage
£.18¢ ¢ 5 22 Normal

> 5.22 High Voltage

Shut Down
Check the following:

a) The linear regulator overvoltage shut-down LED visible
through an opening in the top of the power supply. TIf this
@ LED is 1it, the overvoltage shut-down has triggered so
- continue troubleshooting with step 3.
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b) The fuses on the rear panel. If either fuse is blown, :
continue troubleshooting with Service Sheet 65, .3

¢) Disconnect the line cord from the rear panel of the
Generator.

d) Extend the ATA2 Control Board Assembly using the extender
board from the service accessory kit. Connect the line cord
and turn the Power switch to ON. Look at TP6 and TP7 on
ATA2. These waveforms should be similar to those shown on
the block diagramms pins 10 and 11). If these waveforms are
not present (that is, only a dec level is present), the
problem is most likely on ATAZ so continue troubleshooting on
Service Sheet 67. If these waveforms are present, the
problem is most likely on ATA3 so continue troubleshooting on
Service Sheet 65.

Linear Regulator Overvoltage Shutdown

Turn the Power switch to STANDBY. Unplug the line cord from the
rear panel. Remove the ATAl Linear Regulator Assembly from the
instrument. Mount the ATAZ Control Board Assembly on its
extender board from the service kit. Connect a short jumper wire
between TP5 and ground on ATAZ2. Connect the line cord and turn
the Power switch to ON. Measure TPl (5.2V supply) on ATAZ.

If the voltage is 5.20 * 0.02 Vdc or can be adjusted to within
the range, the problem is on the ATAl assembly so continue
troubleshooting on Service Sheet 66. Otherwise, refer to

Table 8-228, and continue troubleshooting with the next step
listed in the table based on the actual voltage reading at TPL.
The jumper from TPl to ground must remain connected and ATAl must
remain out of the power supply. Once the +5.2V supply is normal,
remove the jumper and install ATAl. Measure all supplies. If
there are any abnormalities, restart with step 1 of this
procedure.

Yy, +5.2V Supply Low

Turn the Power switch to STANDBY and unplug the line cord from
the rear panel. Mount the ATA2 Control Board Assembly on its
extender board. Connect the line cord and turn the line switch
to ON. VUse a DVM with floating inputs and measure the voltage
between pins 17 and 18 on the edge connector of ATA2. This
voltage is the drop across the current sensing resistor in series
with the output. If this voltage is greater than 0.070V, the
load is drawing too much current and the supply is in current
1imit. Look for the cause of the excess current draw in the
other sections of the instrument. If the problem is not current
limiting, look at TP6 and TP7 with an oscilloscope. The
waveforms should be as shown on the block diagram. The pulse
width ot the positive part of the waveform should be 20us or
more, If the pulse width is less, there is a problem on the AT7A?
Control Beard so continue troubleshooting on Service Sheet 67.

If the pulse widt@ is normal, the problem is most likely on the

B-292
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6.

ATA3 Inverter Board or the ATAN motherboard so continue
troubleshooting on Service Sheet 65.

+5.2V Supply Normal, Linear Regulator Problem

Table 8-228 gives the normal input and output voltages for the

ATAl Linear Regulator Board and the test points where these
voltages can be measured.

Table 8-228. Linear Regulator Voltages

Normal Cutput (Vdc) Output | Input Normal Input (Vdec)

20.0 +0.1 TPl TP4 > +22.5
-10.0 +0.04 TP2 TFS » ~12.5
-40.0 +0.2 TIP3 TPé Y —44.0

Measure the outputs and try to adjust any that are not within the
normal range. If an output is too high, the problem is most
likely on the ATAl Linear Regulator. If an output voltage is
low, measure the input. If the input is too low, the problem iz
likely to be on the ATA3 Inverter Assembly but if the input is
nermal, the ATAlL Linear Regulator is malfunctioning or the load
is drawing too much current. Continue troubleshooting with the
service sheet where the problem appears to he.

+5 .2V Supply Higher Than Normal

This is most likely a problem with ATAZ Control Assembly. Continue
troubleshooting on Service Sheet 67.

8-293/294




T & 217 St IS
ﬂ [

AlO LINE FILTER

Fl
oo
8AL115V)
2.5A(230V)

CAUTION

1F THE LINE FUSE BURNS OUT, DO

NOT REPLACE IT UNTIL THE CAUSE
FOR THE FAILURE HAS BEEN DE-
TERMINED AND REPAIRED BY ONLY A
QUALIFIED SERVICE PERSON

AND SPECIFICALLY WITH RESIS-
TANCE CHECKS IN THE POWER

SUPPLY. REFER TO SERVICE SHEET T3.
REPLACING THIS FUSE IN A

DAMAGED SIGNAL GENERATOR CAN CAUSE
ADDITIONAL DAMAGE

F2

OVEN
TEOmMAL L 15V}
500mA(230V]

AUXIL LARY
TRANSFORMER

SERIAL PREFIX: 22344




SHUT DOWN 30.2Vde

b /“_2/ &-277 SLd D % 3 | OVER TEMPERATURE ’_\

A7A3 INVERTER
P/O _ATA4 POWER SUPPLY MOTHERBOARD THERMISTOR [ { s

2

|
|
oM
HIGH VOLTAGE
({SEE INSTRUCTIONS)

OVERVOLTAGE +110 TO %EEEEI$55
AT

CROWBAR isovds/  XATAS SHITCH

' —r< T & T O

+20V
=10V, —40v
RECTIFIERS
AND FILTERS

:;i}“ 12 AL
f ] -]

+

RECTIFIER,
FILTER,AND
VOLTAGE
DOUBLER

=

SWITCH
o

- INVERTER/
Zlas e REGULATOR

{+5.2Y£0.0!

+ 160V SWITCH
DRIVER

Fi

AD0mA

F2

400mA
SWITCH_DRIVER

CURRENT
FOLDBACK
LIMITER

A7A2 CONTROL
adia—gh

CONSTANT

VOLTAGE
TURN-DN LEVEL COMPARATOR
COMPARATOR +5.2V
OLTAGE

y

-1 60
INVERTER/ REFERENCE
REGULATOR s
DRIVE PULSE . e

WIDTH
MODULATOR

+160V
INYERTERS
REGULATOR

DRIVE

5.2V _OVER
MALFUNCTION VDL TAGE
DISABLE GATE DETECTOR

OVER
TEMPERATURE
DETECTOR

1810 *10_zIvdc

WAX UM
Y DUTY CYCLE
GENERATOR

(40kHz

INTERNAL
SUPPLIES
AND DVEN
SUPPLY




3
7

A7A! LINEAR REGULAY

1 XATAZ
1

° t
+isv CEEIETD,

RS

9

+5.5¥de NOMINAL

+5.2V10.025Vde

0.005
CURRENT
SENSING

RESISTOR

+18vde

_—— e e e e e = )

65 H - |GVde
K3

0.ivpp '\VAVA\— 5.5Vde

¥ ] 2Bus pe

+5.2Y INTERNAL
FOLDBACK SENSE

\[ +5.2V FEEDBACK SENSE |

+5.2V QUTPUT SENSE
{SLOW LooOP)

e
pad

+5.3V SENSE

,,;_1r—‘“| (FAST LOOF)

OVER
TEMPERATURE
SHUTDOWN
SENSE

HIGH INPUT
YOLTAGE
SHUTDOWN

OVER TEMPERATURE
SHUTDOWN{SUPPLY)

Lot

+15%].DVds
=15£].0vde

{¥20 TO+30Vde > OVEN VOLTAGE
{5 PpBD2




T3 8-211 Skt (o5

7Al LINEAR REGULATOB_

t
. !
{$2322.3Vde)
+20%D. |0V4c
XATAIA
+20Y
- 2

P4

N

N

= REGULATOR

TPS (o131, 3Vde) +20Y HIGH
| INPUT VOLTAGE
TOR CROWBAR

=40V HIGH
INPUT YOLTAGE |——— CROWBAR
DETECTOR !

~40V
(GREEN)

D

]
T T
i
20 [
{GREEN) 1pa
TPE (-4G24.Bvde I
I
= 1020. 1) !
— v 100,04V | :
# REGULATOR T ' - >3 D T
e !
10V
INPUT J3E¥1GE -0V |
DETECTOR CROWBAR # {GREEN) 3 |
|
I
<7 C40%0.20Vde :
_ -40Y _
REGULATOR ! > 1 >

LINEAR REGULATOR
' +15Y  SHUTDOWN {RED)

[
+15Vde 1‘ )‘f’ ,
! I XATAD
OVER |
e el VOLTAGE 8
——— -~!5vde DETECTOR
OVER VOLTAGE
CMOS LEVEL = HIGH (=z[0V}
L)
T il
3 | DANGER |
PLUS AND MINUS |6OVDC AND LINE VOLTAGE ARE PRESENT WHENEVER THE, PONER CABLE IS
PLUGBED IN. THIS HIGH VOLTAGE EXISTS ON THE RED MEAT SINK, ON THE OTHER PORTIONS OF THE
%ﬂ\éEETEEEBDARD AND ON THE MOTHERBOARD. BE EXTREMELY CAREFUL WHEN WORKING IN

BEFORE REMOVING OR INSERTING POWER SUPPLY PLUG-~IN BOARDS, DISCONNECT THE AC POWER
CABLE AND ALLOW 30 SECONDS FOR THE FILTER CAPACITORS T0 DISCHARGE.

FAILURE TO OBSERVE THESE PRECAUTIONS MAY RESULT IN INJURY TO PERSONNEL OR DAMAGE
70 THE EQUIPMENT.
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Model 8663A Service

SERVICE SHEET 1
ABA3 AND A8AY4-10 MHz REFERENCE OSCILLATOR AND REFERENCE BUFFER
ASSEMBLY

REFERENCE BLOCK DIAGRAM 2
Table Y4-1. Recommended Performance Tests
After Adjustments or Repairs
Table 5-2. Post-Repalr Adjustment Procedures

PRINCIPLES OF OPERATION
General

The Reference Buffer amplifies and distributes the reference source
signal to the rest of the instrument. The reference source can be the
internal 10 MHz Reference 0Oscillator (A8A3) or an external frequency
standard of 5 or 10 MHz. The outputs from the Reference Buffer are
always 10 MHz, even when an external frequency standard of § MHz is
selected. The internal reference oscillator is a high stability,
temperature controlled, 10 MHz quartz oscillator.

Doubler Circuit

When an external freguency standard of 5 MHz 1s used, the 5 MH=z
signal is passed through a frequency doubler c¢ircuit. The doubler
cireyit is a full-wave prectifier, consisting of a center-tapped
transformer (T1l) and two Schottky dicdes (CR1 and CR2). Following the
doubler cirecuit is a 10 MHz bandpass amplifier which minimizes the
feed through of the fundamental frequency (5 MHz).

Power Splitters

Transformers T2 through T9 and associated circuitry form a five-way
power splitter. The 10 MHz input signal is applied to the primary of
tranzsformer T2. The resistors across the secondary windings of T4,
T7, T8, and T9 provide a 50 ohm impedance match and also increase
isclation between the five ocutput ports.

No Reference Detector

The N¢ Reference Detector monitors the output of Q2 to check for the
presence of the 10 MHz signal. As long as the 10 MHz reference signal
is present, capacitor €17 remains charged. In the absence of the 10
MHz signal due to the loss of the reference source (at its inverting
input) the comparator goes low, signaling the DCU that no signal is
present at the output of Q2.
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Oven Status Detector

The Oven Status Detector detects whether or not the internal
oscillator's oven temperature has stabilized. From a cold start, that
igs, the instrument has not been plugged into the Main (line) voltage,
the voltage at the oven monitor terminal (ABA3 pin 11) is high. This
causes the comparator's output to go low, which signals the DCU that
the oven temerature has not heat stabilized. As the oven temperature
stabilizes the voltage at the oven monitor terminal drops. It takes
approximately 15 minutes for the oven temperature to heat atabilize
after the line cord has been plugged in. Power is still supplied to
the oven {(via A8A3 pin 13) when the LINE switch is in the STANDBY
position. From a cold start, the oscillator should be within cne
hertz of its final value after 10 minutes.
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CHANGES

All sarial prefixes On the ABA4 Component Locator:

« U2 - Correct the position of U2 by turning it 180°’s.

2408A and above On the ABA3 schematic:

= J16, W94, WA6, ABCH, ABASR1-R2 - UJze the partial schematic on page
8-304.3.

2447A and abave On the ABA3 schematic:

» 1081160111 - Change the part number of the ABA3 10 MHz REFERENCE
OSCILLATOR to 10811-60111.

rev.15MAYS9
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Model 8663A Service

SERVICE SHEET 2
A6Al LF MULTIPLIER ASSEMBLY

REFERENCE BLOCK DIAGRAM 2
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs
Table 5-2. Post-Repair Adjustment Procedures

PRINCIPLES OF OPERATION

The LF Multiplier (A6Al) provides output signals at 10 MHz, 20 MHz,
40 MHz, 80 MHz, and 160 MHz. The LF multiplier takes the 10 MHz
signal from the reference buffer (A8A4) and by the use of frequency
doubler and divider circuits it generates the other desired
frequencies. Since all the output signals are derived from the 10 MHz
Reference Buffer signals, they all retain the same accuracy and
stability as the reference source signal.

Four frequency doubler circuits are cascaded in order to multiply the
10 MHz input up to 160 MHz. The other output signals are obtained by
tapping various points in the doubler chain. The Doubler circults are

basically full-wave rectifier circuits, consisting of a center-tapped
transformer and two Schottky diodes.

Fellowing each Doubler circuit are Band-Pass Amplifiers which are
tuned to the doubled frequency. This minimizes the feed through of
the fundamental frequency and eliminates unwanted harmonics.

The 40 MHz Filter, FL1 is a narrrow band crystal filter. This filter

contributes significantly to the Signal Generator's single-gideband
phase noise performance.

8-307/308
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Model 8663A Service

SERVICE SHEET 3
Ab6A3 HF MULTIPLIER ASSEMBLY

REFERENCE BLOCK DIAGRAM 2
Table U4-1. Recommended Performance Tests
After Adjustments or Repairs
Table 5-2. Post-Repair Adjustment Procedures

PRINCIFLES OF OPERATION

General

The HF Multiplier (A6A3) generates four separate signals from its two
input signalsz. Three of the output signals are fixed in frequency,
while the fourth output varies from 320 to 640 MHz in 20 MHz steps.

The two 120 MHz output signals, the L0 Drive Reference A and the FM
Loop Mixer LO, are generated by multiplying, heterodyning, and
dividing the 160 MHz input signal, the HF Multiplier Reference (B).
The 160 MHz input signal is first passed through a 160 MHz Band-Pass
Filter. The 160 MHz filter, FL1, is a narrow hand crystal filter.
This filter contributes significantly to the Signal Generator's
single sideband phase nolse performance. After the 160 MHz Band-Pass
Filter, the signal path splits into two paths. One signal path goes
to the LO port of MIxer Ul0, and the other goes to the 160 MH=z
Band-Pass Amplifier and Doubler circuit. The Doubler is a full-wave
rectifier circuit, consisting of a center-tapped transformer and two
schottky diodes. The 320 MHz Band-Pass Amplifier amplifies the
doubled frequency while attenuating the fundamental and the undesired
higher harmonics. Limiter U7 provides a constant signal level to the
RF port of Mixer Ul0. Mixer Ul0 heterodynes the 320 MHz signal with
the 160 MHz input signal and the resulting sum, 480 MHz, is then
amplified by the U8B0 MHz Band-Pass Amplifier. The 480 MHz Band-FPass
Amplifier and the 480 MHz Band-Pass Filter attenuate the residual LO
and RF signals and the undesired difference signal. The 480 MH=z
signal is divided by counter U9, to obtain the 120 MHz output signal.
U9 is an ECL device and has complimentary outputs. The two 120 MHz
output signals from U9 are then amplified by the 120 MHz Band-Pass
Amplifiers which remove the unwanted harmonics from the 120 MHz
square wave outputs.

The 520 MHz output signal is generated by doubling the 320 MHz signal
from the collector of Q@5 and heterodyning the doubled signal (640
MHz) with the 120 MHz signal from U9. Mixer Ul is a double balanced
mixer. The 520 MHz Switch and Band-Pass Amplifier can be turned off
by cutting off the emitter current to Ql. The amplifier is tuned to
amplify the difference signal and filter the sum signhal and the
residual input signals (LO and RF).




Service Model 8663A

The 320 to 640 MHz (delta [f1=20 MHz) ocutput is generated by
heterodyning various combinations of input signals. Mixer U4 is a
double balanced mixer (same as Ul and Ul0) but instead of normally
feeding the two input signals into the RF and L0 ports, one input
signal is applied to the mixer's IF port and the output is taken at
the mixer's RF port, In this eonfiguration the mixer acts as a
current-controlled switch (normal mixing action is disabled) when a
de current is applied to the mixer's IF port. That is, if a dc
control current is applied to the IF port, the signal at the LO port
is allowed to pass straight through to the RF port. The input signals
to the IF port come from the LO drive (60, 80, 120, and 140 MHz) and
the Controller (which supplies the de¢ control current to disable the
mixer). The input signals to the LO port are derived from the HP
multiplier Reference (B)(320, 480, and 640 MHz). The 3 to 1
Multiplexer cireuit, which is comprised of four limiters (U2, U3, U6,
and UB), directs one of the three signals to¢ the LO port. Limiters
U2, U6, and U8B can be switched on and off by controlling the bias
eurrent flowing into the limiters (via pin 3 of the limiters). The
voltage at pin 3 is about -10 Vdc when the limiters are enabled.
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Service

CHANGES

On the ASA3 component locator:

*

AG6AIREI-RE3 C99 - Modify the component locator as
shown in the partial component locater "P/Q Figure 2-308
A6A3 Reference Section High Frequency Multiplier Compo-
nent Locator (2333A) on page 8-316.3

On the A6AJ schematic:

AGA3RE1-RE83, C99 -~ Modify the schematic as shown in the
partial schematic "P/C Figure 8-309,. A6A 3 Reference Section
HF Multiplier Schematic" on page 8-316.3

AGA3ICIE - Change the value of C38 to 100p.

Down Converter Band Mixer RF to Qutiput Section (+1 dBm
+.75 dB) Bullet "O" - On the right side of the page, find bullet
"O" Change the label of this bullet to read, "Down Converter
Band Mixer RF to OQutput Section (-1 dBm £0.75 dB)"

On the A6A 3 schematic:

AT2 15 J15 TP2 W93 A6AIR84* - Modify the schematic as
shown in the partial schematic "P/Q Figure 8-309 A6A3
Reference Section High Frequency Muitiplier Schematic

(2408A) on page 8-316.4

Omn the schematic:

&

W93 - W93 was added on serial prefix 2408A. Refer to the
partial schematic "P/Q Figure 8-309 A6A3 Reference Section
Hizgh Frequency Multiplier Schematic (2408A)" on page 8-
316.4. Change the color code of W93 to "3".
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Model 8663A Service

SERVICE SHEET A4
A6AZ2 LO DRIVE ASSEMBLY

REFERENCE BLOCK DIAGRAM X4
Table 4-1. Recommended FPerformance Tests
After Adjustments or Repairs
Table 5-2. Post-Repair Adjustment FProcedures

PRINCIPLES OF OFPERATION

General

The LO Drive (A6A2) provides an output signal at either 60 MHz, 80
MHz, 120 MHz, or 140 MHz to the HF Multiplier (A6A3). A M4 to 1
multiplexer circult i1s used to select one of the four frequencies.
The primary inputs are the 80 MHz signal (LO Drive Reference (B)),
and the 120 MHz signal (LO Drive Reference (A4)). When either the 80
MHz or 120 MHz output frequency is selected the corresponding input
signal is routed to the output Jjack, J2. The 60 MHz output is derived
by dividing the 120 MHz input by two. For an output of 140 MHz, the
60 MHz signal and 80 MHz signal are mixed together.

Mixer

Mixer U3 i1s a double balanced type which suppresses the input
signals. The Mixer heterodynes the 60 MHz signals and 80 MHz signals
to produce the 140 MHz signal (sum product). The difference signal
and the residual input signal are attenuated by the 140 MHz Band-Pass
Filter, leaving only the desired 140 MHz signal.

4 to 1 Multiplexer

The 4 to 1 Multiplexer consists of PIN diodes CR1 through CR8. FIN
diodes act as current conrelled resistors at RF frequencies. The
Multiplexer Control, U2, supplies the contrel bias for the PIN
diodes. The control bias is either switched on or off, hence, the PIN
diodes act as RF switches. When the PIN diodes are forward biased the
RF resistance is reduced, allowing the RF signal to pass. When the
FIN dicdes are reverse biased they offer high resistance to the RF
signal.

8-319/320
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SERVICE SHEET 5
A6A9 HF LOOFS AND REFERENCE SECTION CONTROLLER ASSEMBLY

REFERENCE BLOCK DIAGRAM 3
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs
Table 5-2, Post-Repair Adjustment Procedures

PRINCIPLES OF OFPERATION

General

The ROMs on this beoard contain factory generated pre-tune and
fine-tune information that provides precise control over loop gain,
loop lock limits, high frequency switching, and VCO frequency in the
high frequency section. BCD lines carrying information which
corresponds to front panel digits DF7, DF8, and DF9 provide
addressing for the ROMs on this beard.

Reference Sum (RS) and Output Sum (038) Loop Inductor Switch Drivers

When a pair of inductor switch drivers is stimulated by a HI output
from its respective ROM, the first transistor (for example, Q1) is
turned OFF, turning Q2 ON to¢o pull the inductor line to -30 velts.
this shuts OFF the inductor being controlled. When the ROM output
goes LO, Q1 is turned ON. This turns Q2 OFF. When Q2 turns OFF,
current flows through the PIN diede in the VCO, turning the inductor
ON.

A1l of the inductor driver circuits work in the same manner, except
that different transistors are used for different current drive
capabilities. The currents are: a, 15mA; b, 30mA; c, 30mA; d, 60md;
and e,120mA.

TROUBLESHOOQOTING

The output of the ROMs (Ul, U2, and U3) can be checked using
Signature Analysis. Service sheet Bl contains operating instructions.
The frequency data inputs (DB7-1 through DF9-2) are related to the
front panel freguency display as explained in Note 1 on the
schematic,
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CHANGES

On the AGAY schematic:

¢ AGA9R S, R9 - Change the value of B8 and R9 to 196 ohms.

On the AGA9 schematic:

#  A6BAY - Change the part number of the AGAY CONTROLLER
to 083662-60326.
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Model B8663A

SERVICE SHEET 6
AGA6 RF MIXER ASSEMBLY

REFERENCE BLOCK DIAGRAM 3
Table U4-1. Recommended Performance Tests
After Adjustments or Repairs
Table 5-2. Post-Repair Adjustment Procedures

PRINCIPLES OF OPERATION

General

The Refernce Sum Loop RF Mixer Board contains circuitry that combines
the 310 MHz to 620 MHz and 320 MHz to 640 MHz inputs to produce the
10 MHz or 20 MHz loop IF output. The twe limifer stages serve as
buffers and also provide a constant output level to the linear
amplifier. Each limiter stage has a gain of about 10 dB and limits at
approximately +1 dBm.

The output of limiter U2 is fed to the single stage common emitter
amplifier (Ql), which has a gain of about 8 dB. The mixer is a double

balanced type (that is, both inputs are suppressed at the output).
The output of the mixer contains the sum and difference frequencies
of the two input signals at a power level of approximatiely -16 dBm.
The sum signal is filtered by the 25 MHz low-pass filter, leaving
only the desired difference signal at the output.
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CHANGES

2837A and ahave

On the AGAG schematic:

s C1, C2 - Under POWER SUPPLY DECOUPLING change the value of C1 and
C2 to 1000pF.

rev.270CTES
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SERVICE SHEET ¥
P/0 A6A5, AB8A2 REFERENCE SUM LOOP PHASE DETECTOR AND VOLTAGE
CONTROLLEP OSCILLATOR ASSEMBLY

REFERENCE BLOCK DIAGRAM 3
Table 4-1. Recommended Performance Tests

After Adjustments or Repairs
Table 5-2. Post-Repair Adjustment Procedures

PRINCIPLES OF OFERATION

General

The 10/20 MHz loop phase detector reference signal (at J1) and the
10/20 MHz loop IF signal (at beoard pin 1) are atfenuated and
amplified, respectively, and are sent to the phase detector formed by
CR1, CR2, CR3, and CRY4. The phase detector combines the two signals
and cutputs a difference signal which iz filtered by a 5 MHz low-pas
filter and a 19 MHz broadband notch filter before entering the
integrator formed by Q7, @8, and Q9.

The integrator output current is converted to voltage by Q1l0. This
voltage is summed with a four-bit ROM-controlled BCD pretune current
in the resistor-dicde shaper. The resulting voltage is then filtered,
buffered, and used to drive the VCO so that it produces linear tuning
with constant loop gain,

The frequency range of the integrator voltage is automatically
adjusted to maintain a constant lock range for the loop. The long
time constants associated with switching the RC loop gain adjust are
accelerated by the speed-up circuit during switching.

Loop Reference and IF Limiters

Before the 10/20 MHz loop IF (from the RF mixer) is compared against
the 10/20 MHz loop phase detector reference frequency within the
double balanced phase detector, the two sighals are passed through
identical limiters. Prior to entering the limiters, the reference
signal is attenuated by 3 db and the IF signal is amplified by 8 dB
50 that the two signals have amplitudes of about -3 dBm to -5 dBEm.
The limiters have adequate gain at this input level to produce sharp
limiting action over the 10 MHz to 20 MHz frequency range. The
outputs of the limiters are connected to the inputs of center-tapped
transformers Tl and T2. These transformers, together with four PN
junection diodes, form the high level mixer/phase detector.
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Phase Detector

A high level mixer iz used as the phase detector on this board.
Switching both sides of the phase defector hard generates a very
linear slope. IF signals are suppressed by double balanced actlion s0
that the main components at the oubtput are dc phase and two times the
IF signal. the two signals from the limiters and the phase detector
output signal operate the lock acgquisition circuitry.

Integrator

The phase detector's output signhal passes through the 5 MHZ low-pass
filter and a 19 MHZ notch filter. The signal which enters the
integrator is either an ac difference frequency or a dec¢ voltage (for
signals of the same frequency). In this latter case, the dec varies
between +-0.6 volts. The integrator has a large dec gain with a zero
located at about 7 kHz. The loop locks at a 90° phase difference when
the dc voltage reaches 0 volts. The integrator has only one driving
input when the difference frequency is less than 200 kHz. This input
comes from the 5 MHz low-pass filter. If the difference signal is
greater than 200 kHz, an additional drive current (the primary driver
at this point) is supplied by the out-of-lock circuitry.

The integrator's output is proportional to the charge across its
feedback capacitor. The output level will be between 0 volts and some
positive level determined by the lock range limit control and limit
detector (set by the controller).

The integrator is actually a discrete component op-amp. It produces
output voltages in 8 ranges. These 8 ranges accommodate the widely
differing veoltage-frequency sensitivity of the VCO caused as various
combinations of inductors are switched into the VCO. Gain of the
integrator is maximum at dc, but reaches unity between 250 kHz and
500 kHz. The high gain for close-in signals suppresses VCO ncise.

Lock Range Limit Control and Cut-0f-Lock Detector

As inductors in the VCO are switched ON in parallel, the VCOs
sensitivity increases. As the VCO frequency is increased from 310 MH=z
to 640 MHz by progressively switching in inducters 4, B, C, D, and E,
the oscillators' gain increases by a factor of four (12dB). To
maintain constant lock range, the positive voltage swing of the
integrator is limited by a 3-bit D/A converter controlled by the
signals that switch inductors ¢, D, and E, the most significant
frequency bits. The output of the D/A resistive ladder drives the
put-of-lock circuitry.
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The out-of-lock detector (UM) compares the D/A output against the
peositive swing of the integrator. If the output becomes too positive,
an out-of-lock signal is generated. Loss of signal or
oscillator-drift, causing the integrator to reach its positive
voltage limit, triggers this circuit and causes four things to
happen. It lights the out-of-lock LED, sends TTL LO signals back
through the motherbeard to the microprocessor, enables the first dual
CMOS switch and the two TTL trigger circuits, and enables the digital
diseriminator to clock the mixer beat note, producing a pulse-width
medulated discriminator signal.

Registor Diocde Shaping Network

The VCO is controlled by varying the reverse bias on a group of
varactor diodes which form part of the cscillator's tank c¢ircuit. An
increase 1n reverse blas causes a reduction in junection capacitance,
which inecreases the frequency. However, the frequency characteristic
of the tuning circuit is not a linear function of input veoltage.

A shaping circuit on the Phase Detector Beoard is used to linearize
the signal. The shaping circuit consists of a ladder of diodes which
are reverse bhiased at successively higher voltages. As the signal
level increases, the diodes become progressively forward biased,
presenting a lower impedance to the drive source. The tuning curve of

the VCO is thus approximated by the shaping ecirecuits in a piecewise
linear manner.

H-Bit BCD Pretune

The beat note of the difference of the loop IF down-converted
frequency and the reference frequency passes through a 7 MHz low-pass
filter to remove the RF sum frequency and leave only the difference
frequency. The pretune ensures that this difference frequency will be
less than 7 MHz by pretuning within 7 MHz of its locked frequency.
The pretune D/A converter is formed by quad comparator Ul3, JFET
switches Q17-Q20, and associated circultry. The Reference Sum Loop
pretune inputs accept TTL signals from the Controller Assembly
(service sheet 5) to control the pretuning. The pretunes are weighted
BCD currents of 0.63mA, 1.25mA, Z.50mA, and 5.00mA. R85 allows the
pretune currents to be scaled up or down by 7% and allows for
minimization of dc offset. The collector of Ql2 injects the pretune
current inte the resistor-dicde shaper.
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Loop Gain Adjust and Pretune (Speed-Up) Circuitry

The loop gain adjust cireuit works on the same prineiple as the lock
range cirecuit. VCO inductor lines C, D, and E control gates that
activate the RC attenuator sections in the loop gain adjust circuit,
ensuring that no phase shift occurs at the loop gain crossover
frequency. Because of the low frequency and large capacitors, diodes
CR29, CR30, CR31, and CR32 are used to speed up charging of these
capacitors during switching. R95 and CU9 keep loop gain as constant
as possible with any combination of inductors A, B, C, D, and E
switched on.

VCO (ABAZ2)

The VCG in the high frequency loops section is a non-field-repairable
assembly; it iz sgealed and can only be repaired at the factory. The
VCO is coarsely tuned by a 5-bit code which switches inductors A,
B,,C¢, D, and E inside the VCO. A control voltage of -9 Vde to -38 Vde
fine tunes the VCO to lock the loop. The output frequency of the VCO
extends from 310 MHz to 620 MHz, at +3 dBm to -13 dBm (level depends
on frequency) .

TROUBLESHCOTING

When a high frequency loops problem has been traced through the block
diagram troubleshooting procedure to this assembly, use the following
procedure te isclate the cause of the problem.

1. Mount the A6A% assembly on an extender board. Move the slide
awitch to the TEST position (up). This opens the loop.

Set the front panel frequency setting to 510.0 MHz. Connect a
counter or spectrum analyzer to the A8AZ VCO output [disconnect

cable WH3 (965) from AGATI1l and measure the signal at the end of
the cable]. Connect the ocutput of an adjustable power supply to

ABABTP1R (+) and AGASTPL (-).
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Set the power supply output voltage to approximately 4 volts. The
counter should read cleose toe 510 MHz. Slowly decrease the power
supply output to zero, and then increase the voltage to +8V.
Check that the frequency changes as shown, but the amount and
direction of change should be similar to these values.

Voltage vCo
to TP14 (Vdc) TP2 (Vde) Frequency (MHz)

-14.3 504
-11.8 498
-9.9 92

If these readings are correct, continue troublesheooting with step
4. Otherwise, there is a problem from TP14 to TP2. Troubleshocot
to find the cause.

Monitor TP8 with the high impedance input of a counter. The
counter should read the difference signal from the phase
detector. Vary the adustable power supply so the VCO frequency
varies above and below 500 MHz. The counter should read the
abselute frequency error.

If operation of this circuit is normal, continue troubleshooting
with step 5. Otherwise, there iz a problem with the phase
detector circuitry.

Moniter TP7 (service sheet 8) with an oscilloscope or TTL logic
probe. Vary the adjustable power supply so the VCO varies above
and below 500 MHz. TP7 should be a TTL logic high (2.4 Vdc) when
the VCO is within 200 kHz of 500 MHz. At more than 500.2 and less
than 499.2 MHz, TP7 szhould become a TTL logic low (<0.8 Vdc).

If operation of this circult is normal, continue troubleshooting
with step 6. Otherwise, there is a problem with the out-of-lock
diseriminator circuitry (bottom half of service sheet 8).
Troubleshoot this circuitry to find the cause.

Monitor U3 pin 7 (service sheet 8) with a scope. Vary the
adjustable power supply so the VCO is less than 499.7 MHz. The
output of U3 should be less than 0.5 Vde.

increase the VCO fregquency to more than 500. 3 MHz. The cutput of
U3 should be more than 3.5 Vdc.

If operation of this cireuit is normal, continue troubleshooting
with step 7. Otherwise, there is a problem with the frequency
detector circuitry (top half of service sheet 8). Troubleshoot
this eircuitry te find the cause.
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Monitor TP3 (service sheet 8) with an oscilloscope. Vary the
adjustable power supply to increase the frequency of the VCO to
more than 501.0 MHz. The signal at TP3 should be a dc level more
negative than -3.0 Vdc. This level will become more negative as
the RF output frequency increases.

Decrease the frequency of the VCO to less than 499.0 MHz. The
signal at TP3 should be a series of pulses with slow rise and
fall times at about a +4 Vde level. The level increases and the
pulses get smaller as the RF oubtput frequency decreases.

If operation of this cirecuit is normal, continue troubleshooting
with step 8. Otherwise, there is a problem with the CMO3 switch
(UT) or the cirecuitry that drives it. Troubleshoot tThis cireuitry
to find the cause.

Monitor TPA (output of integrator) with an oscilloscope. Vary the
adjustable power supply to make the frequency of the VCO signal
greater than 501.0 MHz. The waveform at TPA should be a dc level
greater than +7.0 Vdc. Decrease the VCO frequency to less tan
499.9 MHz. The waveform at TPA should be a de level near ground.
Pulse like those seen on TP2 may be visible on either of these
levels.

If these waveforms are not normal, there is a problem with the

integrator ¢ircuitry.
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Model 8663A

CHANGES

2319A and above On the A3A2 schematic:
¢ ABA2 - Change the part number of the ASA2 Assembly to 08662-60317.
2601A and above On the schematic:

+ AGABQT - In the “Table of Transistor and Integrated Circuit Part Numbers”,
change the part number of Q7 to 1854-1046,

2706A and above On the ABAS schematie:

» ABAS - Change the part number of the AGA5 Assembly to 08662-60357.
2823A and above On the ABA2 schematic:

s A8A2 - Change the part number of the ABA2 Aszembly to 08662-60417.
2837A and above On the AGAS Component Locator:

e R2, R8 R12 - In the upper left hand corner of the component locator change
R2 to C75, RS to L24, and, delete R12,

On the ABAS5 schematic:

« R2, RS, RI12 - In the upper lefi hand comner of the schematic change
ATTENUATOR 3dE to 256 MHz LOW PASS FILTER. Delete R2, RS,
and, R12. Add C75 100p to ground in place of R2 and add 1.24 560nH in
place of RE.
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Model 86634 Service

SERVICE SHEET 8
P/0 A6AS5 REFERENCE SUM LOCP PHASE DETECOR ASSEMBLY

REFERENCE BLOCK DIAGRAM 3
Table LU-1. Recommended Performance Tests
After Adjustments or Repairs
Table 5-2. Post-Repair Adjustment Procedures

PRINCIPLES OF OPERATION

General

The frequency error-correction circuitry on this beoard aids the phase
lock loop (PLL) in acquiring lock. The first dual CMOS switch (U8)
connects the outputs of the limiters to the trigger circuits. The
trigger c¢ircuits produce TTL aignals which are used by the ECL
frequency detector when the loop is unlocked. These signals cleock the
frequency detector, which senses the direc¢tion of the frequency
offset to determine whether the VCO (service sheet 7) should be
driven up or down. The comparator produces a TTIL logic level that
controls the direction of the VC0 frequency change.

The out-of-lock discriminator signal (pin 5 of Ull) enables the
digital discriminator to clock the mixer difference signal, producing
a pulse-width modulated discriminator signal at the output of UlZ2B.
This signal is modulated at a frequency which varies from 200 kHz to
2.5 MHz. A resultant signal is generated, and one of the second dual
CM0S switches (U7) is activated depending on the direction of the
frequency cffset,.

If the loop is out of lock by more than 2.5 MHz, the correction
current stays on continuously. From an offset of 2.5 MHz down to 200
kHz, the correction signals are not necessary and the lock
acquisition eircuitry is disabled.

Dual CMOS Switch Ne. 1 (U8)

This dual CM0O& switch connects the reference and loop IF signal
inputs to the TTL trigger circuits. The switch itself is controlled
by the out-of-lock discriminator. It is disabled when the loops are
locked, preventing the TTL trigger circuits from being clocked and
reducing spurious loop mixer signals.




Service Model 8663A

ECL Frequency Detector

The two output sighals from dual CMOS switch No. 1 clock the ECL
frequency detector (U2) producing a HI at either pin 4 or pin 11 of
the device. A HI at one of the input pins 6 or 9 will produce a HI atb
the respective output pin. The output pin will remain HI until reset
by a HI on the opposite input pin. The output pin will remain HI
until reset by a HI on the opposite input pin. It will again go HI
with a HI input at its respective input and will reset the opposite
output. Therefore, one of the output pins will be mostly HI (with
some glitches) while the other will be LO (with some glitches). The
output that is HI will depend uponh which of the two frequencies 1Is
greater (that is, the direction of the frequency offset). The
glitches are removed by the differential low-pass filter. When
locked, the ECL frequency detector inputs are gated off by USC and
U9D and the two outputs end up in either a LO-HI,HI-LO or LO-LO
state.

Comparator

Comparator U3 converts the filtered ECL frequency signal to a clean
TTL logic level. This TTL level in turh controls whether the VCO
(service sheet 7) is driven up or down. R141 provides a small amount
of positive feedback around the comparator. This serves to suppress
oscillation by producing a dead zone and latches the comparator when
the loop is locked.

Programmahle Inverter

The TTL frequency-direction logic level from the comparator 1s sent
through an exclusive-OR gate which acts as a programmable inverter.
The RS loop requires a logic inversion here to drive the loop into
lock if the VCO frequency is below that required. The 03 loop
requires no inversion for the feedback level to lock the loop when
the frequency is above that of the reference. This is the only
difference between the two loops. The state of the programmable
inverter is set at pin 5 of the RS and 0S8 loop boards. Pin 5 1is
allowed to float HI for the Reference Sum Loop assembly (service
sheet 8) and is tied LO for the Output Sum Loop assembly (service
sheet 12).

7 MHz Low-Pass Pilter

When the loop is out of lock, a beat note appears at the output of
the mixer (service sheet 7). The 7 MHz low-pass filter removes the
sum signal and other mixing products and only allows a beat note
helow 7 MHz to pass.
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Model 8663A Service

150 kHz Active High-Pass Filter

This ecircuit along with the dead zone in the TTL trigger circuit is
used to prevent FM from triggering the out-of-lock eircuitry.

Out-0f-Loek Discriminator

The out-of-lock signal (pin 5 of Ull) enables the final stage of the
digital discriminater and cleocks the difference sighal from the
mixer. If the difference signal is greater than 200 kHz (<% us) pin §
of Ull will always be high, enabling one-ghot U1Z2B.

If the loop is out of lock by more than 2.5 MHz (<400 ns) pin 12 of
one-shot Ul2B will always be low enabling the dual-0OR gates and
current will be on continuocusly until the offset decreases to 2.5 MHz
(400 ns). Between 2.5 MHz and 200 kHz Ul2B produces 400 ns pulses to
modulate the correcticn current pumped into or out of the RC feedback
node. As the offset decreases toward 200 kHz the pulse rate
decreases.

When an offset of 200 kHz (5 us) is reached, one-zhot Ul2A and flip
flop Ull disable one-shot UlZ2B and the inputs te the ECL frequency
detector. At this point the difference signal from the mixer is

within the loop bandwidth and the loop will acquire lock by itself.

Dual CMOS Switch No. 2 (U7)

This circuit has one channel activated, depending on the out-of-lock
direction of the VCO, by cne of the two AND circuits being modulated
by the diseriminator signal. Thus, current is pumped into or out of
the RC feedback node of the cop-amp integrator (service sheet 7). This
forces the output of the op-amp to ramp up or down in the correct
direction toward lock.
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Figure 8-323. P/O A6A5 Reference Sum Loop Phase Detector Component Locator




Model 8663A Service
CHANGES

On the A6A 5 schematic:
® AG6ASRI48 - Change the value of R148 to 1.33k.
® AG6ASVRY - Change the value of VR2 to 7.5V,
On the ABAS schematic:

® ABAS - Change the part number of the A6AS schematic to
08662-60357.
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SERVICE SHEET 9
ABAT RF BUFFER ASSEMBLY

REFERENCE BLOCEKE DIAGRAM 3
Table 4-1. Recommended Performance Tests
After Adjustments or Repailirs
Table 5-2. Post-Repair Adjustment Procedures

FRINCIPFLES OF OPERATION

GGeneral

The RF Buffer Assembly amplifies the 310 MHz to 620 MHz input signal
before it is sent to the mixer in the Output Sum Loop. The RF Buffer
consists of three limiter stages which provide gain and 7% dB of
isclation. Each limiter stage has a gain of about 10 4B and 1limits at
+1 dBm.

The output signal from limiter U3 is sent through a 700 MHz low-pass
filter to minimize spuricus signals. The level of the output signals
from the RF buffer cireuit varies from about -2 dBm to -5 dBm. This

is due to the high frequency roll-off characteristic of the limiters
and the insertion loss of the low-pass filter at higher frequencies.

8-355/356
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ABA7 RF Buffer Block Diagrams
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Figure 8-326. AGA7 RF Buffer Component Locator
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NOTES
|. REFER TO TABLE 8-102 FOR SCHEMATIC
DIAGRAM NOTES.
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SERVICE SHEET 10
A6A8 RF MIXER ASSEMBLY

REFERENCE BLOCK DIAGRAM 3
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs
Table 5-2. Post-Repair Adjustment Procedures

PRINCIPLES OF OPERATION

General

The RF Mixer combines the 310 MHz to 620 MHz and the 320 MHz to 640
MHz inputs to produce the 10 MHz to 20 MHz loop IF output signal. The
two limiter stages serve as buffers and provide a constant level
output to amplifier QL. Each of the limiter stages has a gain of 10
dB and limits at +1 dBEm.

The output of limiter U2 is amplified by the single stage
common-emitter amplifier, which has an approximate gain of 8 4B. The
mixer is a double balanced type (that 1z, both input signals are

suppressed at the output). The ocutput of the mixer ceontains the sum
and difference frequencies of the two input signals at a power level
of approximately -16 dBm. The sum signal is filtered by the 25 MHz
low-pass filter, leaving only the desired difference signal.

8-361/362
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Figure 5-329. ASA8 RF Mixer Component Locator
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CHANGES

2748A to 2823A " On the A6A8 schematic:

« C26 - Add C26 4.7p to ground between R10 and U2,

2837A and above On the schematic:

. %{ﬁ?i‘ - Under POWER SUPPLY DECOUPLING change C1 and C2 to

s (26, C27 - Under LIMITER change the value of C26 to 8.2pF and add €27
B.2pF from ground to the junction of Ul and R2.

ﬂg_\

rev.2700TR8
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SERVICE SHEET 11
P/0 A6AL, A8A1 OUTPUT SUM LOOP PHASE DETECTOR AND
VOLTAGE CONTROLLED OSCILLATOR ASSEMBLY

REFERENCE BLOCK DIAGRAM 3
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs
Table 5-2. Post-Repalr Adjustment Procedures

PRINCIFLES OF OPERATION

General

The 10/20 MHz loop phase detector reference signal (at J1) and the
10/20 MHz leoop IF signal (at board pin 1) are attenuated and
amplified, respectively, and are sent te the phase detector formed by
CR1, CR2, CR2, and CRM. The phase detector combines the two signals
and outputs a difference signal which is filtered by a 5 MHz low-pass
filter and a 19 MHz broadband notch filter before entering the
integrator formed by &7, Q8, and @9.

The integrator output current is converted to veoltage by Q1l0. This
voltage is summed with a four-bit ROM-controlled BCD pretune current
in the resistor-dicde shaper. The resulting voltage is then filtered,
buffered, and used to drive the VCO so that it produces linear tuning
with constant loop gain.

The frequency range of the integrateor voltage is automatically
adjusted to maintain a constant lock range for the loop. The long
time constants associated with switching the RC leoop galin adjust are
accelerated by the speed-up circuilt during switching.

Loop Reference and IF Limiters

Before the 10/20 MHz loop IF (from the RF mixer) is compared against
the 10/20 MHz loop phase detector reference frequency within the
double balanced phase detector, the two signals are passed through
identical limiters. Frior to entering the limiters, the reference
signal is attenuaated by 3 dB and the IF signal is amplified by 8 dB
so that the two signals have amplitudes of about -3dBm to -5 dBm. The
limiters have adequate gain at this input level to produce sharp
limiting action over the 10 MHz to 20 MHz frequency range. The
outputs of the limiters are connected to the inputs of center-tapped
transformers, together with four PN junction diodes, form the high
level mixer/phasze detector.
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Yhase Detector

A high level mixer is used as the phase detector on this beard.
Switching both sides of the phase detector hard generates a very
linear slope. IF signals are suppressed by double balanced action so
that the main components at the output are dc phase and two times the
TP signal. The two signals from the limiters and the phase detector
output signal operate the lock acquisition circuitry.

Integrator

The phase detector's output signal passes through the 5 MHz low-pass
filter and a 19 MHz notch filter. The signal which enters the
integrator is either an ac difference frequency or a d¢ voltage (for
signals of the same frequency). In this latter case, the dc varies
between +-0.6 volts. The integrator has a large dec gain with a zero
located at about 7 kHz. The loop locks at a 90° phase difference when
the dc voltage reaches 0 volts. The integrator has only one driving
input when the difference frequency ig less than 200 kHz. This input
comes from the 5 MHz low-pass filter. If the difference signal 1is
greater than 200 kHz, an additional drive current (the primary driver
at this point) is supplied by the out-of-lock circuitry.

The integrator's output is proportional to the charge across its
feedback capacitor. The output level will be between 0 volts and some
positive level determined by the lock range limit control and 1imit
detector (set by the controller).

The integrator is actually a discrete component op-amp. It produces
output voltages in 8 ranges. These 8 ranges accommodate the widely
differing volatge-frequency sensitivity of the VCO caused as various
combinations of inductors are switched into the VC0O. Gain of the
integrator is maximum at de, but reaches unity between 250 kHz and
500 kHz. The high gain for close-in signals suppresses VCQ noise.

Lock Range Limit Control and Out-0f-Lock Detector

As inductors in the VCO are switched ON in parallel, the VCOs
sensitivity increases. As the VCO frequency is increased from 310 MHz
to 640 MHz by progressively switehing in inductors A, B, ¢, D, and E,
the oscillators' gain increases by a factor of four (12dB). To
maintain constant lock range, the positive voltage swing of the
integrator is limited by a 3-bit D/A converter controlled by the
signals that switch inductors C, D, and E, the most significant
frequency bits. The output of the D/A resistive ladder drives the
out-of-lock circuitry.
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The out-of-lock detector (U4} compares the D/A output against the
positive swing of the integrator. If the output becomes too positive,
an out-of-lock signal is generated. Loss of sighal or
oscillator-drift, causing the integrator to reach its positive
voltage limit, triggers this circuit and causes four things to
happen. It lights the out-of-lock LED, sends TTL LO signals back
through the motherboard to the microprocessor, enables the first dual
CMOS switeh and the two TTL trigger circuits, and enables the digital
diseriminator to cleock the mixer beat note, producing a pulse-width
medulated discriminator signal.

Resistor Diode Shaping Network

The VCO is controlled by warying the reverse biaz on a group of
varactor diodes which form part of the oscillator's tank circuit. An
increase in reverse bias causes a reduction in junction capacitance,
which increases the frequency. However, the frequency characteristic
of the tuning circuit is not a linear function of input veoltage.

A shaping circuit on the Phase Detector Board is used to linearize
the signal. The shaping circult consists of a ladder of diocdes which
are reverse blased at successively higher voltages. As the signal
level inecreases, the diodes hicome progressively forward biased,
presenting a lower impedance to the drive source. The tuning curve of

the VOO is thus approximated by the shaping circuits in a pilecewise
linear manner.

J-Bit BCD Pretune

The beat note of the difference of the loop IF down-converted
frequency and the reference frequency passes through a 7 MHz low-pass
filter to remove the RF sum frequency and leave only the difference
frequency. The pretune ensures that this difference freguency will be
less than 7 MHz by pretuning within 7 MHz of its locked frequency.
The pretune D/A converter is formed by quad comparator Ul3, JFET
switches Q1l7-Q20, and associated circuitry. The RS loop pretune
inputs accept TTL signals from the Controller Assembly (service sheet
5) to control the pretuning. The pretunes are weighted BCD currents
of 0.63mA, 1.25mA, 2.50mA, and 5.00mA. R85 allows the pretune
currents te he scaled up or down by 7% and allows for minimization of
dc offset. The collector of Ql2 injects the pretune current into the
resistor-dicde shaper.
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Loop Gain Adjust and Pretune (Speed-Up) Circuitry

The loop gain adjust c¢ircuit works on the same principle as the lock
range circuit. VCO inductor lines C, D, and E control gates that
activate the RC attenuator sections in the loop gain adjust circult,
ensuring that no phase shift occurs at the loop gain crossover
frequency. Because of the low frequency and large capacltors, diodes
CR29, CR30, CR31, and CR32 are used to speed up charging of these
capacitors during switching. R95 and CU49 keep loop gain as constant
as possible with any combination of inductors A, B, C, D, and E
switched on.

VCO (A8A2)

The VCO in the high frequency loop sections is a non-field-repairable
assembly; it is sealed and can only be repaired at the factory. The
VCO is coarsely tuned by a 5-bit code which switches inductors A,
B,,C, D, and E inside the VCO. A control voltage of -9 Vde to ~38 Vde
fine tunes the VCO to lock the loop. The output freguency of the VCO
extends from 310 MHz to 620 MHz, at +3 dBm fo -13 dBm (level depends
on frequency).

TROUBLESHOOTING

When a high frequency loops problem has been traced through the block
diagram troubleshocoting procedure to this assembly, use the following
procedure to isclate the cause of the problem.

1. Mount the A6A5 assembly on an extender board. Move the slide
switeh to the TEST position (up). This opens the loop.

Set the front panel frequency setting to 510.0 MHz. Connect a
counter to the front panel RF output of the generator Connect the
output of an adjustable power supply to AGAL:

+ terminal to TP1Y

- terminal to TPl (ground).

Set the power supply ocubtput voltage to approximately ¥4 volts. The
counter should read clese to 510 MHz. Sliowly decrease the poser
supply output to zero, and then increase the voltage to +8V.
Check that the frequency changes as shown in the table, below.
Voltage and frequency readings may not be exactly as shown, but
the amount and direction of change should be similar to these
values.
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Voltage VCo
to TPLH (Vde) TP2 (Vdec) Frequency (MHz)

~21.7 516.0
-17.1 509.6
-13.8 503.5

If these readings are correct, continue troublesheooting with step
4. Otherwise, there iz a problem from TP1l4 to TP2., Troubleshoot
to find the cause.

Monitor TP8 with the high impedance input of a counter. The
counter should read the difference signal from the phase
detector. Vary the adustable power supply so the RF output
frequency varies above and below 510 MHz. The counter should read
the absolute freguency error.

If operation of this circuit is neormal, continue troubleshooting
with step 5. Otherwise, there is a problem with the phase
detector circuitry.

Monitor TP7 (service sheet 12) with an oscillescope or TTL logic
probe. Vary the adjustable power supply so the RF ocutput variles
above and below 510 MHz. TP7 should be a TTL logic high (»2.4
Vdc) when the RF output is within 200 kHz of 510 MHz. At more
than 510.2 and less than 509.8 MHz, TP7 should become a TTL logic
low (<0.8 Vdc).

If operation of this cirecuit is normal, continue troublesheooting
with step 6. Otherwise, there is a problem with the out-of-lock
discriminator circuitry (bottom half of service sheet 12).
Troubhleshoot thiz circuiltry to find the cause.

Monitor U3 pin 7 (service sheet 12) with a scope. Vary the
adjustable power supply so the RF output is less than 510.3 MHz.
The output of U3 should be less than 0.5 Vdc.

Increase the RF output frequency to more than 509.7 MHz. The
output of U3 should be more than 3.5 Vdc.

If operation of this circuit is normal, continue troubleshooting
with step 7. Otherwise, there is a problem with The frequency
detector circuitry (top half of service sheet 12). Troubleshoot
this circuitry te find the cause.

Monitor TP3 (service sheet 12) with an oscilloscope. Vary the
adjustable power supply to increase the frequency of the RF
output to more than 511.0 MHz. The signal at TP3 should be a dc
level more negative than -3.0 Vde. This level willl become more
negative as the RF output frequency increases.

8-371
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i
Decrease the frequency of the VCO to legs than 509.0 MHz. The .’)
signal at TP3 should be a series of pulses with slow rise and
fall times at about a +4 Vde level. The level increases and the
pulses get smaller as the RF cutput frequency decreases.

If cperation of this ecireuit iz normal, continue troubleshooting
with step 8. Otherwise, there is a problem with the CMOS switch
(U7) or the circultry that drives it. Troubleshoot this cirecuitry
to find the cause.

Monitor TPA (ocutput of integrator) with an oscilloscope. Vary the
adjustable power supply to make the freguency of the VC0 signal
greater than 511.0 MHz. The waveform at TPA szhould be a de level
greater than +7.0 Vdc. Decrease the VCO frequency to less tan
499.9 MHz. The waveform at TPA should be a de¢ level near ground.
Pulse like those seen on TP3 may be visible on either of these
levels.

If these waveforms are not normal, there is a problem with the
integrator circuitry.
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CHANGES

2601A and above On the A8A4 schematic:

s ABA4Q7 - In the “Table of Transistor and Integrated Circuit Part Numbers”,
change the part number of §7 to 1854-1046.

2706A and above On the A6A4 schematic:

» ABA4 - Change the part number of the A6A4 schematic to 08662-60358.
2823A and above On the ABA1 schematic:

# ASA1 - Change the part number of the ASA1 schematic to 03662-60401.
2837A and above On the A6A4 Component Locator:

* R2, RS, R12 - In the left hand corner of the component locator change R2 to
C75, R8 to L24, and, delete R12.

On the ABA4 schematic:

« R2, B8, R12 - In the upper left hand corner of the schematic change
ATTENUATOR 3dB to 25 MHz LOW PASS FILTER. Delete R2, R3S,
and, R12 Add C75 100p to ground in place of R2 and add L24 560 nH in
place of RS,

rev.30SEP88
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Model 8663A Service

SERVICE SHEET 12
P/0 A6AL4 OUTPUT SUM LOOP PHASE DETECTOR ASSEMBLY

REFERENCE BLOCK DIAGRAM 3
Table U4-1. Recommended FPerformance Tests
After Adjustments or Repairs
Table 5-2. Post-Repair Adjustment Procedures

PRINCIFLES OF OPERATION

General

The frequency error-ceorrection c¢ircuitry on this board adis the phase
lock loop (PLL) in acguiring lock. The first dual CMOS switch (U8)
conhects the outputs of the limiters to the trigger circuits. The
trigger circuits produce TTL signals which are used by the ECL
frequency detector when the loop 1s unlocked. These signals clock the
frequency detector, which senses the direction of the frequency
offset to determine whether the VCO (service sheet 11) should be
driven up or down. The comparator produces a TTL logic level that
controls the direction of the VCO frequency change.

The out-of-lock discriminator signal (pin 5 of Ull) enables the
digital discriminator to clock the mixer difference signhal, preducing
a pulse-width medulated discriminhator signal at the output of ULZB.
This signal is modulated at a frequency which varies from 200 kHz to
2.5 MHz. A resultant sighal iz generated, and one of the second dual
CMOS switches (U7) is activated depending on the direction of the
frequency offset.

If the loop is out of lock by more than 2.5 MHz (400 ns), the
correction current stays on continuocusly. From an offset of 2.5 MH=z
down to 200 kHz, the discriminator modulates the correction current.
This speeds up switching time by a factor of two or three. Under 200
kHz (5 us) the correction signals are not necessary and the lock
acquisition circuitry 1s disabled.

Dual CMOS Switch No. 1 (U8)

This dual CMOS switch connects the reference and loop IF signal
inputs to the TTL trigger circuits. The switch itself is controlled
by the ocut-of-lock discriminator. It is disabled when the loops are
locked, preventing the TTL trigger circuits from being clocked and
reducing spuricus loop mixer signals.
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ECL Frequency Detector

The two output signals from dual CMOS switch No. 1 clock the ECL
frequency detector (U2) producing a HI at either pin 4 or pin 11 of
the device. A HI at one of the input pins 6 or 9 will produce a HI at
the respective output pin. The output pin will remain HI until reset
by a HI on the opposite input pin. It will again go HI with a HI
input at its respective input and will reset the opposite output.
Therefore, one of the output pins will be mostly HT (with some
glitches) while the other will be LO (with some glitches). The output
that is HT will depend upon which of the two frequencies is greater
{(that is, the direction of the frequency offset). The glitches are
removed by the differential low-pass filter. When locked, the ECL
frequency detector inputs are gated off by U9C and USD and the two
outputs end up in either a LO~HI,HI-LO or LO-LO state.

Comparator

Comparator U3 converts the filtered ECL frequency signal to a clean
TTL logic level. This TTL level in turn controls whether the VCO
(service sheet 11) is driven up or down. R141 provides a small amount
of positive feedback around the comparator. This serves to suppress
ogcillation by producing a dead zone and latches the comparator when
the locop is locked.

Programmable Inverter

The TTL frequency-direction logic level from the comparator is sent
through an exclusive-or gate which acts as a programmable inverter.
The RS loop requires a logie inversion here to drive the loop into
lock if the V€O frequency is below that required. The 05 loop
requires no inversion for the feedback level to lock the loop when
the frequency is above that of the reference. This is the only
difference between the two loops. The state of the programmable
inverter is set at pin 5 of the RS and 03 loop beards. Pin 5 is
allowed to float HI for the Reference Sum Loop assembly (service
sheet 8) and is tied LO for the Output Sum Loop assembly (service
sheet 12).
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7 MHz Low-Pass Filter

When the loop iz out of lock, a beat note appears at the output of
the mixer (service sheet 11). The 7 MHz low-pass filter removes the
sum signal and other mixing products and only allows a beat note
below 7 MHz to pass.

150 kHz Active High-Pass Filter

This circuit along with the dead zone in the TTL ftrigger circuit is
used toe prevent FM from triggering the cut-of-lock circuitry.

Out-0f-Lock Discriminator

The out-of-leck signal {(pin 5 of Ull) enables the final stage of the
digital discriminator and cleocks the difference signal from the
mixer. If the difference signal is greater than 200 kHz (<5 ug) pin 5
of Ull will always be high, enabling one-shot UlZB.

If the loop is ocut of lock by more than 2.5 MHz (<400 ns) pin 12 of
one-shot UlZB will always be low enabling the dual-0R gates and
current will be on continuouzly until the offset decreases to 2.5 MHz
{400 ns). Between 2.5 MHz and 200 kHz Ul2B preoduceszs U400 ns pulses to
modulate the correction current pumped into or out of the RC feedback
node. As the offset decreazes toward 200 kHz the pulse rate
decreasges.

When an offset of 200 kHz (5 us) 1is reached, one-shot Ul2A and flip
flop Ull disable one-shot ULZ2E and the inputs to the ECL frequency
detector. At this polint the difference signal from the mixer is

within the loop bandwidth and the loop will acquire leock by itself.

Dual CMOS Switch No. 2 (U7)

This circuit has one channel activated, depending on the out-of-lock
direction of the VCO, by one of the two AND circuits being modulated
by the discriminator signal. Thus, current 1is pumped into or out of
the RC feedback node of the op-amp integrator (service sheet 11).This
forces the output of the op-amp to ramp up or down in the correct
direction toward lock.

8-379/380




Model 8663A Service

05 _LOOP VCO
INDUCTOR SWITCH DRIVE —_—

FROM HF LDOPS CONTROLLER

FREQUENCY
ERRCR
CIRCUIT

12
FIO_AGA4

3!

Q5 LOOP PRETUNE,LDCK RANGE

AND LOOP GAIN CONTROLS >7L-.-T o s . e FUNDAMENTAL FREQUENCY BANG TO
5 LOoP

PHASE DETECTOR
AND ¥CO

FROM HF LOOPS CONTROLLER OUTPUT SECTION (320-840 MMz, AF=Q,l Hz}

05 LOOF PHASE DETECTOR REFERENCE |
FROM FM SUM LOOP {10-20 WHz, AFe0.| Hz}

P70 ABAS, ABA |

08 LOOP
WIXER LU
{320-640 MHz}

05 LOOP IF
Tio-z0 wiz) | 05 &8P

10
ABAS
0% LOOP MIXER RF
FROM RS LOOP {310-820 MMz,

AF=|0 MHI)

P/0 AGA4 PHASE DECTECTOR, OUTPUT SUM(OS}LOOP__

e R B

DUAL CMOS
| SWITEH KG.1 | | TT. TRIGGER DUAL CMDS

SWITCH NO.2
REFERENCE |
SIGNAL |

CURRENT
COMFARATOR SINK

FAEQUENCY
ERROR

ECL
FREQUENCY
CETECTOR BIGNAL

LOOP IF CURRENT
SIGNAL SOURCE |

I
I |
05 LOOP
Y ouT-0F-LoeK
A

DIFFERENCE 150 kHz TTL OUT-OF=LOCK
SIGNAL -‘:‘—‘—I T WHz LPF '“CJPIF\‘E TRIGGER DISCRIMINATOR :
| )

LOOP
QUT-0OF ~LOCK
(STATUS *07)

12
P10 _AGAA
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Figure 8-335. P/O A6A4 Output Sum Loop Phase Detector Component Locator
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CHANGES

On the A6A4 schematic:
* AG6A4R. 148 - Change the value of R148 to 1.33k.
®* AGA4VR?Z - Change the value of VR2 to 7.5V,
On the A6A4 schematic:

# A6A4 - Change the part number of the A&6A4 schematic to
08662-60358.
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NOTES
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