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Intent of this Document

- Describe how | measured the important parameters of the HP4342A Q Meter and provide results.
- This is the classical instrument for measuring the Q factor, that | am fortunate to own.

- Will show how to build a low output impedance transformer, similar to the HP Q meter, giving
a very low impedance.

- Will show how to correct the decrease un Q reading caused by the source resistance. (Excel sheet)
For both HP4342A and Boonton 260A

- This complements my QEX article on Q factor measurements:
See: http://ve2azx.net/technical/Q-FactorMeas on LC _Circuits.pdf
and figure 1 below.
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Figure 1 — Block diagram of the classical O meter as used in the HP 43424,



Block Diagram of the HP4342A Q Meter

50:1
Transformer
Inductance
under test
Signal .| QRange .| Impedance
Generator "| Attenuator "| Converter
22 KHz to 70 MHz

The impedance converter provides a low impedance drive to the
transformer primary (less than 2 ). Injection voltage
The reflected impedance at the secondary is: 2 / 2500 = 0.8 milliohm Rs = source resistance

Ls = source inductance
The injection voltage varies with the Q range as follows:

Q Injection V

30 30 mV (as calibrated)
100 9mv

300 3mv

1000 0.9 mV

The Q Range attenuator must adjust levels according to the Q range selected.
To go from a Q range of 30 to 100 requires a level change of 100/30 = 3.333
Attenuation in dB = 20 * log(3.333) = 10.46 dB

To go from a Q range of 100 to 300 requires a level change of 300/100 = 3.000
Attenuation in dB = 20 * log(3.000) = 9.54 dB

Note that to go from a Q range of 30 to 300 requires a level change of 300/30 = 10
Attenuation in dB = 20 * log(10) = 20 dB = 10.46 + 9.54

The calibration is done at 30 mV with the Q range set at 30.
This gives 30 mix 30 = 900 mV full scale at the voltmeter input, on all Q ranges.
The voltmeter is adjusted to read 900 mV at 50 KHz.
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Measuring the Injection Source Flatness

At the transformer secondary

Boonton
»| 4200 =
Manual _ J . Power Meter
Frequency ource
set HEE) °° Freq HP 5334B
HP 4342A Q Meter > =
ouT req. Counter

SETUP FOR MEASURING SOURCE FLATNESS




Injection Source Flatness

Mostly automated test, using Labview Ref: HP5334B-Boonton4200-V5A.vi

[File Edit View Project Operate Tools Window Help

o |<2+| (L)) 1 | | 15pt Application Font |« I:@_vl@l@m +| Search Q,

HP4342A-SourceResponse-22KHz bt

Home/Student Edition | «




Injection Source Flatness

dBm

NOTE:
0.1 dB ---> 1% approx.
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HP4342A Source flatness @ 30 mV Q=30 range
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HP4342A Source flatness @ 3 mV Q=300 range
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Test of the Internal Q Range Attenuator

HP 4342A set at 100 KHz

LO Terminal
‘ 34461A DVM
AC mode

Q range dB reading Expected Error
1000 0.00 Ref. dB dB
300 10.40 10.46 - 0.06
100 20.00 20.00 0.00

30 30.38 30.46 -0.08




Verification of the Source Resistance: Rs and Induc  tance: LS (at the transformer secondary)

VNA OUT

Source

VNA IN terminal - The tests are done in S21 mode with the unknown impedance

GND connected in shunt. (across the source terminal)

- Rs varies from 1.8 milliohm at 100 KHz, to 14 milliohm at 10 MHz,
to 228 milliohm at 70 MHz. This comes from the transformer coupling
coefficient which is below the ideal value of 1 (About 0.8)

- Ls value is around 3 nH, (blue curve).

HP4342A Source Impedance: Red=Resistance Blue=Inductance nH ‘ SERIES and SHUNT IMPEDANCE CALCULATIONS
0s- o - aE 001z ‘* §21 mode is used. Data from .s2p file
e a & a4 B a) 1.832e-3 Z0=50 'Impedances of source and load.
045 | 9 b4t
» | Bl R=.RE[S21] ' Extract Re and IM parts of measured S21.
' | S re I=.IM[S21]
038 | A C=COMPLEX(R,I) Convert to a complex number
Rs | a)0.014
03 6 D)0 ' Select Zin SERIES connection. Not Used.
o oo | o . 4) 5}10-3153;'IH2 u ' Z=2*Z0*(1-C)/C ' Calculate Z in serial mode.
. o a)0. ]
& 1o [ b) 2.949 2 ) )
2ok ﬁ\n"h'.\z\n A i | 3 e ' Select Zin SHUNT connection. Used here.
(IR 3b ) 8)0.228 Z=0.5*Z0*C/(1-C) ' Calculate complex Z in shunt mode.
015 W 7 — : ol L1l 3 b)2919
/ L H MagZ=MAG(Z) ' Computes Impedance magnitude
01 7 2 Ls(nH) Rs=RE(2) ' Series Résistance
005 / | . Xs=IM(2) ‘ Series Reactance
fa 2 _fg___,,-/ | Ls_ MH=Xs/(2*PI*FREQ) ' FREQ in MHz
06 : muk : 0 Ls_nH=1000*Ls_uH
0.1 1 10 100
Freg (MHz)
& =Rs & =Ls_nH




0.1

Verification of the Impedance Converter and Transf  ormer Response

Source
terminal

0.1 load used
to test transmission
(S21)

S

Resistor connected

across source / gnd terminals

HP4342A Impedance Converter Response

18

d

o]

14

DE[S11]

04 ey

0.1 1 10
Freq (MHz)

100

Measured transformer turns ratio @ 100 KHz: 51

Cu tape wrapped on the
back of FR4 pcb

Raised
contact
points

HP4342A Transformer Response Red=50 ohm term, Blue=0.1 ohm term.
1) 1.004 MHz

-30
% a) -34.544

33 “1a b)-37.053

dB L o ‘1

35 L e T T 1b
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DE[S22]-20 385 =.

-45

-48
_51 n
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Freq (MHz)

& DB[S11]

-#- =DB[522]-20.385 & =DB[533]-20.385

It uses two emitter followers in cascade.

Note: Transformer response includes the impedance convert er 9
Ref: HP4342A-Imped Cvtr and Xfrm Tests.wsp



Testing the Low Impedance 0.1

Set-up to measure the resistance Rs and inductance

Termination Resistor

0.1 ohm Resistor Measured Rs (red), Ls in nH (Blue)
1

0.5
> £ A J& 1) 0.1 MHz
- i o B a) 0.099
oesk 2 | 09 b)oe2s
v | 2)1.004 MHz
=]
0.4 0.8 a)0.1
| b} 0.208
o | 07 3)10043MHz
a) 0.1
Rs | b) 0.233
0.3 0.5
| 4)51.85 MHz
| a)01m n
¥ 025 0.5 b) 0.253 o
0] o |
l | 5)69.945 MHz T
0.2 i 0.4 a) 0.108
b) 0.255
l \ 3b s /
0.15 5 4p] /o3 L Y
3 v
12 ZEH\N‘W ML ?EM-A-..-—-I B S (n )
. -
0.1% ] 8 =T 0.2
L Sa
2b a
0.05 \ | | 0.1
o LH-y ! 0
0.1 1 10 100
Freg (MHz)
-8 =Rz & =Ls_nH

- Rs (red) is very constant up to ~ 70 MHz at 0.1

Ls, in S21 mode with shunt connection

- Ls (blue) varies slightly between 0.20 and 0.25 nH

Such a small value is difficult to measure below 1 MHz

(XL = 1.6 mill

at 1 MHz).
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Simulations of Impedance Converter (Transformer D  river) .
For four different Transistors.

q

|N o L o6 o P °
Lo Flle=EiCatzshest Trasisor-S-Param2Nzadd-Sma-3v.s2p
-] =
@1

Flle=E\CatasheatsiTranslstor- S-ParamizNSEb-40mA-3v s2p

FR=1000 ciwn
a
g = i =
IN @& Flle=E-Datashest (Traslsior-S-Param2N3004-3mA-8v s2p
i
a k-
o
F=1000 o

a7 =
Flle=ECataEnes (T Isisior-5-Param2Nza0d-amA-Ey 52

F=1000 ohm
i ® OUT to Transformer
- T a8 = i 4
IN Flle=E iCatashest (Trawsisor-S-FaamNEald-amA-ay s2p
=
" b
F le=E0aEshects T ransisior-5-Paramsr Ree-40mA-8v 52p
ma
= R=1000ofm

@ OUT to Transformer
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Simulations of Impedance Converter Output Impedance
Using four different output transistors.

Ic=40mA Red=2N5320, Blue=2N5109, Green=BFR91, Orange=BFR96

20

g| 1) 51.625 MHz
m| a) 5.942
i b} 2,505
18 | €) 1.757
d) 1.354
16 !
14 I
il
12 I
o 1o | /
S |/
<
2 = ! }
£ =
g ¢ j|
E /
. AL
// 10 |
..--""'vT/ 1]
2 _-li"'-"" ~___a il
- Lt
1d
|:| 11
0.1 1 10 100
Freq (MH=z)
-# MAG[ZINZ] B MAG[ZIN4] & MAGIZING] -+ MAGI[ZING]
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Measuring the HP4342A Voltmeter Frequency Response

HP 3456A DVM

HP 4342A Q Meter

10 MHz
Clock
Computer Power
T? v v Amplifier
. 20 dB
Port 1| LOW 25 dB
HP8657B » Frequency S
ouT ampler
Adapter
0.02 MHz
= t01.00 MHz 0 mWmax
F=10.02 MHz ouT
to 11.00 MHz

Ref: http://ve2azx.net/technical/LFA/LowFregAdapter.htm

\4

50
In-line C DC OUT

SETUP FOR MEASURING FREQUENCY RESPONSE BELOW 1 MHz

AN
B . Set at min.
oonton (20 QF)
4200 j
Power Meter

HP 3456A DVM

Cor?%uter

HP 4342A Q Meter

50
In-line C DC OuUT

10 dB -
HP8657B Coupler >
F=1.00 MHz ouT
to 70.00 MHz

SETUP FOR MEASURING FREQUENCY RESPONSE ABOVE 1 MHz

Boonton
4200

Power Meter

V\
Set at min.
(20 pF)
=
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Measuring the Q Voltmeter Frequency Response
Using Labview to automate the measurements

14



Before adjustments

Note: 0.5 dB = 6%
1 dB=12%
1.5dB =19%

After adjustments

HP4342A Voltmeter Response

0.10 1.00 10.00 100.00
MHz
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Measuring DC Output Linearity at Q’s of 500 to 20

NOTE: A DVM connected at the Q Meter DC Output increases the resolution in Q Measurements and allows measuring Q’s above 1000.
Insure the DC output is properly calibrated.

00

Computer

HP8657B

F=10 MHz
Output level
setin 1 dB steps

Powe
AMP
1w

10 dB
Coupler

HP 3456A DVM

HP 4342A Q Meter

ouT

SETUP FOR MEASURING DC OUTPUT LINEARITY

ouT | 50 IZ

2 g In-Iine% %II C

: ™
CPLD : Coupler CAL

i =9.545dB

HP438A

Y Power =

Meter

DC OuUT

Set at min.

16



Measuring DC Output Linearity at Q’s of 500 to 20

Using Labview to automate the measurements

00
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Measured DC Output Linearity
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Measuring the HI Z Buffer Input Resistance (Rp)

Requires another Q meter, using delta Q mode for this measurement !
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Building my own Transformer

50:1 ratio needed: 50 turns and 1 turn will be used.

T68-6 Iron powder core provides L = 12 pH with 51 turns.

This will give -3 dB point at: 33 KHz when driven with a source resistance of 2.5 ohms.
F-3dB =2.5/(2* *L)

T68-6 frequency range is OK. #30 AWG wire is OK

20



Building my own Transformer

4-40 screw holding the
center brass post

50 turns #30 wire
on T68-6 core

Insulated spacer

ade1 np

(Iron powder) Primary Secondary
¥ in. Cu pipe cap
with center brass post
making the one turn
secondary
Primary Secondary

o

To center brass post

This insulator is
replaced with the
0.1 resistor for
S21 test with this load
(using a nylon screw)

'$81G080 T XOT

X
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dB

Building my own Transformer:
Frequency Response, Output Resistance and Inductan

Frequency Response

Rs

Note: 2 resistance on primary

0.1 load connected on the secondary

ce

Output Resistance and Inductance

Ls (nH)
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Comparing both Transformers

The Cu Cap Transformer has ~ 2.5 times higher resistance
The equations below predict the source resistance at all frequencies and may be used to correct the measured Q.
See: HP 4342A Q Meter Corrections.xls

Rs (ohms)

y =-2.4056E-13x° + 1.4121E-10x° - 3.0643E-08x* + 3.0416E-06x° - 6.9870E-05x2 + 3.2285E-03x + 6.1389E-03 Best Fit for Cu Cap
y =-1.2710E-13x5 + 7.9643E-11x° - 1.7756E-08x* + 1.7202E-06x? - 3.1669E-05x? + 1.4981E-03x + 1.9839E-03 Best Fit for 4342A

10.000

1.000

0.100

0.010

0.001

Measured Source Resistance Rs

i R

| ——HP4342A Rs

— Cu Cap Xfrm Rs
= Poly. (Cu Cap Xfrm Rs) =

- Poly. (HP4342A Rs) /;
: /;;/

: W
_// //
,..,a-"""f 5
= =T Iy

] I ~ -

:__fw“\./"-""ﬁ " }vlv‘— o~

LAY STV T

/ WNJW

I
0.1 1 10
MHz

100

Ref: SourceFlatness-30 - 3 mV-VM_FreqResp_After Adjmt_Source_Zs.xls
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Comparing both Transformers

Measured Frequency Response

Output Ls value ~ 3 nH.

Output Ls value ~ 5 nH.

The higher source inductance Ls probably caused
the increased S43 drop above 10 MHz
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Building my own Transformer - Improved Version ?

Using a smaller core, p =10 instead of 8, and a smaller pipe cap might help to increase coupling...

And provide a lower source resistance Rs.
Called the V2 transformer

% in. pipe cap
T50-2 core

AWG 30 wire

V2 transformer

# turns=51

L-13.7 pH

Q=15 @ 100 KH

65 mil plastic spacer
at bottom & top

¥4 in. pipe cap
T68-6 core

AWG 30 wire

# turns=50

L-13.1 pH

Q=13 @ 100 KHz
65 mil plastic spacer
at bottom & top
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V2 Transformer Tests

Frequency Response Output Resistance and Inductance
Rs
Ls (nH)
Very flat frequency response up to 70 MHz with 50 load Output Ls value very low ~0.6 nH @ 10 MHz
Response with 0.1 ohm is improved compared to previous xfrm. Rsis~80m from 10 to 70 MHz

But worse compared to HP4342A.
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All 3 Transformers Compared

HP documentation only mentions about 1 milliohm source resistance.
But the source resistance Rs goes up with frequency by a factor of 200 at 70 MHz, as shown below.
It is then important to apply proper corrections for the rising source resistance especially above 10 MHz.
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Correcting the Q readings on the HP4342A Ref: HP 4342A — Boonton 260A Q Meter Corrections.xl s
For the Source Resistance (Rs) value
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