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Symptom

Low frequency HP8510C Sweep => Phase Lock Lost!

Sweeper
10MHz…50GHz

No control elements!



How to Operate the Sweeper without VNA?

AR488 GPIB 
Bluetooth 
Interface

Homemade Control Software +     GPIB Adapter



Don‘t forget to switch HP83651A from Analyzer to SCPI Mode

SCPI    Adr =  19



Problem Manifests Itself

• Sweeper works
correctly at 
2.35GHz 
and above

• Below 2.35GHz 
output
frequency is
exactly 100MHz
too low



Principle of Operation

HP Journal
April 1991

f < 2.35GHz
generated
by mixing YTO
with 5.4GHz VCO in 
Low-Band Module

YTO



Block Diagram Low-Band Module
from HP8360 Service Manual

10
0 

M
H

z 
re

fe
re

nc
e

• 5.4GHz VCO 
locking to wrong
harmonic of
100MHz 
reference

• No schematics
• Not serviceable

PLL

Sampler VCO
Replacement?



Possible Replacement Part

No way!!!



Taking closer Look

Low-Band 
Module



HP83651A RF Deck in Service Position (1)

Low-Band 
Module



HP83651A RF Deck in Service Position (2)

Low-Band 
Module 
Holder

J4



HP83651A Sweeper
Low Band Module

Publicly available Information

Image from Ebay



Block Diagram Low-Band Module
from HP8360 Service Manual
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Low-Band Microcircuit with Cover 
(HP Journal April 1991)



https://groups.io/g/HP-Agilent-Keysight-
equipment/files/All%20HP,%20Agilent%20a
nd%20Keysight%20instruments%20in%20f
olders%20by%20part%20numbers/A%2080
000%20to%2089999/836xxx

Reverse engineering by hp70000freak



SMA SMA



ALC     Pulse                LO                 IF               DET

Comparing to outside SMA Connectors
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modulator

mixer

PA

directional detector

LP
F

isolator



VCO reverse engineered by hp70000freak

E1

E4

E7

E6

E3

E2

E5

• Tuning voltage on 
E6 must be
negative!

• The more
negative, the
higher frequency



PLL

100MHz driver



Board Analysis (1)
by hp70000freak
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E3

E6

E5

E7

E4



Board Analysis (2)
by hp70000freak

E6

E5

E7

E1

E2
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E4



ALC      Pulse                LO                  IF               DET

StackupStackup
(mirrored) ALC      Pulse                  LO                     IF                 DET



100MHz driver
reverse engineered by hp70000freak

to
sampler



PLL reverse engineered by hp70000freak

from
sampler tuning

voltage

Jumper!!!



Analyzing
PLL and VCO
in Operation



Measuring VCO Voltages

5,4 GHz VCO is always ON even if not needed!



VCO

E1

E4

E7

E6

E3

E2

E5
Vcc +15V

Vtune

Sampler
Out -

Sampler
Out +

Sampler clock

Vee -15V

Bias +5V
Numbers =

Sub D15 pins ?

+1
5V+5

V

-1
5V

100MHz in

+ out - out



A20 / J4   to PLL - SubD15  Cable Pinning

A2
0

SubD15 SubD15

Numbers = Sub D15 pins ? YES !!!

From HP Service Manual



PLL Sub D15
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R6

R7

T1

T1 = 1853-0038
PNP
TO-39
1W at Tamb., 5W at Tcase
500mA max.
120V Bvceo
hfe 35 min at 5mA
Ft 150 MHz at 20mA
Vce sat 0.5V at 10 mA
Cob 8 pF max

from
sampler

tuning
voltage

R3



T1

R3

R5

R2
R1
R6
R7

R4
D1

J4

1

-0.51V

-40V

Sub D15



VCO Unlock
Detector
(on A20 board)

Working Reference Unit GPIB Diagnostics:

-10V

-0.51V

PLL, R4

51k

VCO
E6

VVCO  / 3.5
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High when in 
permissible
range

actual min. max.

Thanks for this, Staffan!My unit: -6,75V/3,5=-1,93V



Lock Detector

Connector to
Low Band Module



Troubleshooting (1)

i.e. VVCO is too negative at -6.75V



Troubleshooting (2)

loaded with
71,4 kΩ

-6.75V 
from PLL

to VCO



Troubleshooting (3)

VCO frequency vs. tuning voltage: ( target f0 = 5.4GHz )

in range
outside range
outside range

Remember:      -35V < Vtune < -1,8V by virtue of Lock Detector

• VCO micro-module is broken, likely varactor diode bias problem
• VCO can still be tuned to correct frequency at zero varactor current
• Output power still correct

Work-around should be possible

Lock Detector



Workaround (1)

Requirements:

• Shift VCO tuning voltage to +6.9V for locking to correct harmonic
• Make sure VCO tuning voltage never comes close to -6,5V or + 11.3V 

to prevent locking to wrong harmonic
• Varactor starts leaking at +8,6V, so better keep Vtune below +8V
• Keep PLL output voltage in permissible range -35V < Vtune < -1,8V to

trick lock detector



Workaround (2)
Output voltage of PLL circuit at J4 (4) 

Locked, 100MHz too high Unlocked

• PLL voltage oscillates at 20Hz if NOT locked positive feedback!!!
• -30V < VPLL < 0V under all conditions
• If NOT locked, tuning voltage must sweep through lock condition!



Workaround (3)
• Shift tuning voltage up by 30V with Zener diode D1 and bias resistor R1 
• Limit tuning voltage to -0.7V…+8V with 8V Zener diode D2
• R2 and C required for loop stability



Workaround plugged in 



Some Drawback

Condition
before repair

(set to 2.1GHz)

Condition
after repair, 

(set to 2GHz)



HP8510C is back alive below 2,4GHz …



… and up to 50GHz



44

Many thanks for your interest!

T. Baier DG8SAQ, June 2026

Another repair job

Why is the satellite
dish deaf?!?


