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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 Q). 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 range Injection V dBm (50Q)
30 30 mV (as calibrated) -17.45
100 9mVv -27.90
300 3mV -37.45
1000 0.9 mV -47.90

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 =
_ J Power Meter
Frequency, Sourceo gGND
Set
‘I Freq. _|HP 5334B
HP 4342A Q Meter oUT "|Freq. 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 |« IEIIE“&H&I

HP4342A-SourceResponse-22KHz bt

Home/Student Edition | «




Injection Source Flatness

dBm

-16.80

-16.90

-17.00

-17.10

-17.20

-17.30

-17.40

NOTE:
0.1 dB ---> 1% approx.

HP4342A Source flatness @ 30 mV Q=30 range

10,000 100,000 1,000,000 10,000,000 100,000,000
Frequency Hz

dBm

-36.6

-36.7

-36.8

-36.9

-37.0

-37.1

-37.2

HP4342A Source flathess @ 3 mV Q=300 range

10,000 100,000 1,000,000 10,000,000 100,000,000
Frequency Hz




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 Inductance: 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

05- " - aE 0 otz * 8§21 mode is used. Data from .s2p file

2 : & G 2) 13323 Z0=50 'Impedances of source and load.
045 i 9 b) 4.001

» | Bl R=.RE[S21] ' Extract Re and IM parts of measured S21.

| | D3 = IM[S21]
035 i e C=COMPLEX(R,!) ' Convert to a complex number

Rs | 2) 0.014
03 6 b)304S ' Select Zin SERIES connection. Not Used.
| 45185 MHz ' Z=2*70%(1-C)/C ' Calculate Z in serial mode.
g o0z S 5 a)0.133 o
! 1 | b)2.949 e . .

et AN | . " Select Zin SHUNT connection. Used here.

b WA b 71 5) 70.106 MHz PR . -

W T YO VINg, 3 S a)0.228 Z=0.5*Z0*C/(1-C) Calculate complex Z in shunt mode.
0.15 —— sOv 1l 5 b)2919
/ L H MagZ=MAG(Z) ' Computes Impedance magnitude
0.1 al 2 Ls(nH) Rs=RE(2) ' Series Résistance
005 / | . Xs=IM(Z) ‘ Series Reactance
1a 2 _3;____,.,-/ | Ls_ pH=Xs/(2*PI*FREQ) 'FREQ in MHz
0o : muk; - 0 Ls nH=1000*Ls_pH
0.1 1 10 100
Freg (MHz)
& =Rs & =Ls_nH




Verification of the Impedance Converter and Transformer Response

Source
terminal

0.1 Q load used
to test transmission
(S21)

S

0.1 Q Resistor connected
across source / gnd terminals

HP4342A Impedance Converter Response

18

d

14

DE[S11]
&,

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

o
v y)
L
]

1

:
36T b [0 AI

I N

ot

) M,

DB[S33]-20.385

-45

-48
_51 n

54

DBE[S22]-20 385,

-57

50

01 1 10 100
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 converter 9
Ref: HP4342A-Imped Cvtr and Xfrm Tests.wsp



Testing the Low Impedance 0.1 Q Termination Resistor

Set-up to measure the resistance Rs and inductance Ls, in S21 mode with shunt connection

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

0.5
> £ A J& 1) 0.1 MHz
i 4 o B a) 0.099
oesk 2 | 09 b)oe2s
¥ | 2) 1.004 MHz
=]
0.4 0.8 aj0.1
| b) 0.208
e | 07 3)10043MHz
a) 0.1
Rs | b) 0.233
0.3 0.5
| 4)51.85 MHz
a)0.1m 1]
w | Ll
2 035 0.5 b) 0.253 -
0] o |
l | 5)69.945 MHz T
0.2 " 0.4 a) 0.106
‘ I b) 0.255
3b
0.15 ) v 4b- 50 0.3
3a L Ls (nH)
1a 2a W A ? Pt ming =
. - E
0.1% ] 8 =T 0.2
L Sa
2b a
0.05 \ | | 0.1
0 U ! 0
0.1 1 10 100
Freg (MHz)
- =Rs = =Ls nH

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

- 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 milliQ at 1 MHz).
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Simulations of Impedance Converter (Transformer Driver).
For four different Transistors.

q

. e e 3] = P °
IN o %mmmr@ammmm
- F:]
@1

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

F=1000 ofm
a
3y = i =
IN & Flle=E-Datashest Trawmisior-S-ParameNIsd-SnA-8v 520
i
a k-
2l
Fi=1000 ofm

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

R=1000 ofm
% ® OUT to Transformer
T [o] = e e
IN Flle=E iCataSheet (Tr ansksior--Faram N a0d-amA-av_s2p
=
" 4
Fle=EDatashests T anssor-S-PaamErRes-40mA-3v 520
RS
= FE=1000c0m

& 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) 51.626 MHz
“:'| a) 6.942
i b} 2,505
18 | c) 1.797
d) 1.354
18 !
14 i ’
12 I
g | /
§ 1'] T {
s |
2 ]
o & f
3 1wa
= i
2 & /
-
3 /|
. A Ly
// 1o |1
L
e Lt
1d
|:| 11
0.1 1 10 100
Freq (MH=z)
-8 MAG[ZINZ] - MAG[ZINS] - MAGIZING] - MAG[ZING]
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Measuring the HP4342A Voltmeter Frequency Response

10 MHz HP 3456A DVM
Clock
Computer Power
T? v v Amplifier HP 4342A Q Meter
Lo 20 dB
Port 1| LOW
HP8657B |— 3| Frequency Sampler @
Adapter | 9YT In-line C DC OUT
0.02 MHz 30 mW max V\
F=10.02 MHz to 1.00 MHz
ouT
to 11.00 MHz Set at min
Ref: http://ve2azx.net/technical/LFA/LowFregAdapter.htm Boonton W
4200 —) —
Power Meter
SETUP FOR MEASURING FREQUENCY RESPONSE BELOW 1 MHz d

HP 3456A DVM

Computer
T? HP 4342A Q Meter

| 10dB R
HP8657B > Coupler > ;50(_2
n-line C DC OUT

F=1.00 MHz ouT
to 70.00 MHz

Boonton
4200

Power Meter

V\
Set at min.
(20 pF)
=

SETUP FOR MEASURING FREQUENCY RESPONSE ABOVE 1 MHz
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Measuring the Q Voltmeter Frequency Response
Using Labview to automate the measurements

File Edit View Project Operate Tools Window Help

51| 1] [5p AoptesionFon - B [ ] -

Home/Student Edition | <
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Before adjustments

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

After adjustments

dB

-0.5

1.0

15

2.0

0.5 -

0.0

HP4342A Voltmeter Response

0.01

0.10 1.00 10.00
MHz

100.00

dB

1.0 q

0.5

HP4342A Voltmeter Response

0.0

0.10 1.00 10.00
MHz

100.00
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Measuring DC Output Linearity at Q’s of 500 to 2000

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.

HP 3456A DVM

Computer
HP 4342A Q Meter

HP8657B i,c\’,lwpe IN | 10dB ouT | s00 ba
W Coupler x " In-line C . DC OuUT
F=10 MHz CPLD Coupler CAL
Output level OUT { =9.545dB Set at min.
setin 1 dB steps HP438A
y Power =
SETUP FOR MEASURING DC OUTPUT LINEARITY Meter
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Measuring DC Output Linearity at Q’s of 500 to 2000

Using Labview to automate the measurements

N =’ Edit Viea Projeci Dperic Took Windaw  Help

o> 42| ()| 11 | | 15pt Application Font |~ I:;._vnil\&“&l +| Search

Home/5tudent Edition | «

Q [?]
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Measured DC Output Linearity

15 HP 4342A DC Out Linearity Test
0% -f"_""“ﬁ-:h_ﬁ_a
T
1% ;“"“&.
-
: ™\
W -2% Ry
22 N
3%
y = -0.0548x* + 0.2367x" - 0.3767x" + 0.2488x - 0.0563
4%
-5%
0.5 1 1.5
Measured Q x1000




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 uH 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*1T*L)

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

. mini Ring Core Calculator1.2 EI = @

Info Tools Language (Sprache) Units Help
Riw 5} Cu [mre| ?

Ferroxcube Unknown Cores Air Cores
Iron Powder T .. - .. Ferrite FT .. - .. SIFFERIT
Color Frequency Range
68 ~|-6 - 2-50 MHz
pi= &
AL= 4.7 nH{N*
oD 1D h
0.690 in 0.370 in 0.190 in
Inductance Turns Length [wire] max. D [wire]
12 |llH ,| 51 2.986 ft # 24 AWG
Application
Frequency max. Flux
00033 [ MHz ~| XL= 2488 O ook |G
Voltage Flux
v 0 (6 -
Core Loss Temperature Rise
] mi/cm® n W ] °C

Calculating inductance by number of turns

Blr o000 H xL= 0000 Q

Supplier: AMIDON




Building my own Transformer

50 turns #30 wire
on T68-6 core
(Iron powder)
%,

% in. Cu pipe cap
. with center brass post
making the one turn
secondary

'Sa1 6080 UL X0L

- o -

This insulator is
replaced with the
0.1Q resistor for

S21 test with this load
(using a nylon screw)

4-40 screw holding the
center brass post

\-\

N\

]
74
<

L]

Saconin, |

\.




Building my own Transformer:

Frequency Response, Output Resistance and Inductance

Frequency Response

Cu Cap Xfrm 50 ohm load (red) and 0.1 ohm load (blue)

Output Resistance and Inductance

2 . . 1,004 Mz Cu Cap Xfrm (1 ohm at Prim) Measured Rs (red), Ls in nH (Blue)
g| 5 2)-35.151 dB v ; e D oaunz
; 2 [ e i el |, e
H & 2)69.736 MHz : | -
. i T 2)-34.885 dB 2)0.011
dB :}\\ V" b)-saszeds 08 { 1 gess
39 "\\ | 3) 10063 WHz
'\ 0T 4 a)00M
o N Rs | b} 5.213
g N 05 1 12 45185z
w, 2)0.233
a8 s \\ | B) 5.012 L
= N g 05 ‘ i .
£ ™ T v | 5 EOMEMH 5
g N n/\ﬂ | |sa 3} 0.391 Bt
a #® 04 J x s b)4se
\l\m\_\ 20 ‘
K - i i ia ¥ P
5t Note: 2 Q resistance on primary Ay e M A s Ls (nH)
5 T taf %
pp=—r—. G —
54 ’A 02 dp 4
!
57 A
/ 01 2
l[ 1a 2'5 _‘_%i_,-l"/ ‘
50 0 e — munil | 0
04 1 10 100 o1 1 10 100
Freg (MHz) Freq (MHz)
- DB[E21] - DB[E43] + R & Ls_H
0.1 Q load connected on the secondary 22



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)

Measured Source Resistance Rs

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-13x® + 7.9643E-11x5 - 1.7756E-08x* + 1.7202E-06x® - 3.1669E-05x2 + 1.4981E-03x + 1.9839E-03 Best Fit for 4342A

10000 v
| HP4342A Rs
N Cu Cap Xfrm Rs
1.000 = Poly. (Cu Cap Xirm Rs) =
- Poly. (HP4342A Rs) 7
i dl
0.100 - a4
g~ //
‘l‘___/ o
.;-—"-"’""Vl‘v/
| et
0.010 ) o] .
AL A NN "v V‘V’_’.‘NV‘AP’" v,v‘— o~
/"/\:WNJW‘F\
0.001 |
0.1 1 10 100
MHz

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

Measured Frequency Response

HP4342A Transformer Response Red=50 ohm term, Blue=0.1 ohm term.

=30

Cu Cap Xfrm 50 ohm load (red) and 0.1 ohm load (blue)

. 1)1.004 MHz : A 1)1.004 NHz
4 a)-34 544 2 o a)-35.151 dB
-3 Y1\[" b)-37.053 33 . g b)-36.612 dB
L K "‘”\ ; o 4 2)B9.736 MHz
36 —— 36 = L a)-34.385 dB
"\:h\ n ",\L\\ V"N by.saszsds
I's] 1b
@ 39 \ ! 3 ™
[=) \ \
o
) N, - ™,
5 .\\ g 2 N
a N i N
n 45 = a4
& M = N
8 ~ & h
g - o N
oo -4 [
&
i N
oz o ) 51
: Y |2
54 -54
57 57 IA
a8
60 60
0.1 1 10 100 0.1 1 10 100
Freq (MHz) Freg (MHz)
& =DB[322].20 385 & = DB[3331-20 385 -+ DB[E21] = DB[E43]

QOutput Ls va

lue ~ 3 nH.

OQutput 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

. mini Ring Core Calculator1.2 EI = @
Info Tools Language (Sprache] Units Help
Am £ Cu i ?
| Ferroxcube | Unknown Cores | Air Cores
Iron Powder T .. -.. | Ferrite FT .- .. | SIFFERIT

oD 1D h
0.500 in 0.303 in 0.190 in
Inductance Turns
49
Application
Frequency
=> XL =
Voltage
By
Core Loss
0 mylcm* 0

Calculating inductance by number of turns

B~ o000

H

max. Flux
2488 Q o0
Flux
0
Temperature Rise
W 1] 'C

Frequency Range
1-30 MHz

AL= 4.9 nH{N*

Length [wire] max. D [wire]
2.362 ft # 2 AWG

XL= 0.000 O

Supplier: AMIDON

Y2 in. pipe cap
T50-2 core

AWG 30 wire

V2 transformer
# turns=51

L-13.7 uH

Q=15 @ 100 KH

65 mil plastic spacer
at bottom & top

% 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

Cu Cap V2 Xfrm 50 ohm load (red) and 0.1 ohm load (blue)

Output Resistance and Inductance

Cu Cap Xfrm V2 Source Z: Red=Resistance Blue=Inductance nH

) 025 10
30 I 0 1)1.004 MHz = % i dk 1301 MHz
! a)-34.891 dB P ] 3 E a)2717e3
ElR i | E b) 5.402
= 1a g A f-| b)-36dB 0.225 o ) 5.
[— : bae I\ 2)69.736 MHz | 2) ;}-EDPU;gHz
e L a)-34.822 B 0.2 ' 8 '
b} 3.018
PJ bt b} -51.601 ¢B I )
Y | 3)10.043 Mz
39 oM 0.175 7 a)0.064
\\ Rs M | b) 0.579
=5 &2 \, 015 3, | &  4)51.85MHz
E h - | a) 0.078
c \ f b) 0.213 o
o 45 P 0125 | 5 =
g \ g '\ / 5)70.106 Mz '3
i a) 0.083
o N, |
T 48 \r 0.1 ,\V\ A 4 b)0208
\ 2b '\.-\2}: 4'5 -;r r\
-5 H 0.075 n a ]
“ A 7 Ls (nH)
v I |
54 0.05 ™ 1 2
I \>< /, |
M
57 \l N ] T o | |
12 _--‘?/ ““hT\ ‘t-b 5‘-b
v | et
e 0 T T T 0
0.1 1 10 100 0.1 1 10 100
Freq (MHz) Freq (MHz)
& DB[E21] = DB[E43] -+ =Rs & =Ls_nH

Very flat frequency response up to 70 MHz with 50Q load
Response with 0.1 ohm is improved compared to previous xfrm.
But worse compared to HP4342A.

QOutput Ls value very low ~0.6 nH @ 10 MHz
Rs is ~ 80 mQ from 10 to 70 MHz
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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.

Measured Source Resistance Rs
10.000 -
1.000 —_—HP4342A Rs
——Cu CapRs
Cu Cap V2 Rs dl
.-g /J/,/
S 0.100 v
] 'r —"
o I e
-
L] ,.fr
0.010 e e
AT~ "7 i A ="
L A AT
MNAA 2 Y
4 vy
0.001 !
0.1 1 10 100
MHz




Correcting the Q readings on the HP4342A

For the Source Resistance Rs and Ls values plus
Tuning Capacitor residual Inductance and Voltmeter parallel Rp

Ref: HP 4342A — Boonton 260A Q Meter Correctionsi.xls

Q Factor Rs, Ls and Lc Corrections for the HP4342A Q Meter

Ref- Q Factor Corrections for the source resistance xmcd

Required Data

Resonating Capacitor Residual Inductance

Jacques Audet
VE2AZX Dec-22
Rev4 Feb 17 2023

Ls = source Inductance (pH) Lc= 0.00122 pH
Ls= 0.003 pH Calculations Calculations
Frequency Q Capacitance| Reactance | HP4342A | Corrected | Corrected Corrected Inductor Voltmeter Rp
MHz Reading pF ohms Rs Curve | Q Reading |Inductance pH| Resonant Fr MHz ESR Q Curve MQ
0.1 300 1000 1591.5 0.002 302.9 2533.025 0.1000 5.254 51.331
1 1000 400 397.9 0.003 1017.5 63.322 1.0000 0.391 46.459
10 400 400 39.7 0.015 473.0 0.629 10.0335 0.084 17.139
20 300 300 26.4 0.030 458.0 0.207 20.2030 0.057 5.660
30 200 200 26.3 0.052 3316 0.137 30.4602 0.079 1.869
40 100 100 39.5 0.084 1271 0.154 40.5440 0.309 0.617
48.82 200 100 32.2 0.118 855.1 0.102 49.8191 0.037 0.232

28




HP 4342A Source Q factor vs Frequency

HP 4342A Source Q factor vs Frequency

14

12 s
_ 10 \\
S g 7 \
§ 6 // \
(e /’

4 -

2 —

0

0.1 1 10 100
MHz

Measuring the RF voltage at the transformer output is not a good idea because its output impedance is not purely resistive.

The source impedance is more reactive than resistive. (At 10 MHz the measured Q is over 12).

This means that the source reactance will decrease the apparent source voltage when the coil ESR is low.

An auto leveling circuit at the transformer output will increase the drive voltage by a factor of 1 to 12 approx, which will throw out

the Q measurement accuracy completely.

Note that the source inductance is small (3 nH) and that it only adds to the coil inductance being measured.

Only the source resistance will degrade the Q factor. 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 | measured.

It is then important to apply proper corrections for the rising source resistance especially above 10 MHz.

This document summarizes the tests that | did on the HP4342A: http://ve2azx.net/technical/lHP4342A_Q%20Meter_Tests1.pdf
It is much better to correct the Q readings.

Here is an Excel file that will help in doing the corrections:
http://ve2azx.net/technical/HP4342A_%20Boonton_260A_Q_Meter_Corrections.xls
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HP 4342A Tuning Capacitor Residual Inductance, using S21 measurement

1 >—‘ ]~ q
W Measured S2P file
@ M &9 SP1
File=E:\PROJETS\Q Meter Designs\TuningCapTests\HP4342A CapacitorTest-S21-470pF.S2P
il ® ) Equivalent Circuit
0

tl1 218ni L1 is adjusted to obtain the same resonant frequency. (210.56 MHz)

L= L1 =1.22 nH quite a low value !
QL is adjusted to obtain the same S43 depth, as with S21

o C1 is the tuning capacitor
C=470 pF —T—

Red=measured, Blue=Simulated GND
0 & 1}183.312 MHz
ﬁ!%ﬁgl a)-36.19 db
5 212k b) -34.675 dB
| | | 2) 210,563 MHz
-10 a) -43.862 dB VALLEY
M ||l \ ) ’GZ b) -43.534 dB
-15 = HH e 3) 230512 WHz
\\ i i i \_/ -’//f a) -35.972 dB
520 L b) -37.126 dB
- THRPails
D_ -
o) b
o Sl |- - -
\15 33/
35 PR
g
40 i ‘QJ‘F
. | ¥
|
50 : ! ;
10 100 1000

Freq (MHz)

- DB[S21] - DB[S43] 30




Q METER BASIC

CALCULATIONS
f=1 j‘(l";w_:: 20
IO6
XC:=
2-m-f-C

6
Rp:= QXC=7.958x 10

]
Zp = 100-Rp=7.958 % 10

XC
Rs:= — =7.058
Q
5= & = 0.07958
100
Pei= 0L _ 605
Rs + Zsl
fi=1 C =450
n IIJ{J
%= 2 rrc

5
Rpi= QXC=3537x 10

7
Zp:= 100-Rp=3.53Tx 10

m-—ﬂ—ozﬂ
=T =03

Zs = R _ 3.537x 1070
100

po— 100781 _ . 1s
= Rs+ 7Zsl

Q:= 1000

XC=7.958x% I03

Q= 1000

fin MHz, CinpF, Q factor,
Zs1 = Measured transfo series
resistive impedance @ f (MHz)

Zsl = 0.004

Capacitive reactance of capacitor C

Tuned circuit Parallel
Resistance

Impedance Converter Parallel Resistance for 1% error

Tuned circuit Series

Resistance

One turn transformer secondary highestest Series
Impedance for 1% error

Percent uncomected error from the transformer
secondary Impedance

fin MHz, CinpF, Q factor,

4al= 0.004 Zs1 = Measured transfo series
resistive impedance @ f (MHz)
XC = 353.678 Capacitive reactance of capacitor C

Tuned circuit Parallel
Resistance

Impedance Converter Parallel Resistance for 1%
error

Tuned circuit Series
Resistance

One turn transformer secondary highestest Series
Impedance for 1% ermor

Percent uncorrected eror from the transformer
secondary Impedance

A= 2-m-f-C

4
Rp:= QXC=7.958x 10
]
Zp= 100-Rp = 7.958 10
XC

0= —— =0318
Q

Rs —3
.= —— = 31831 x 10

Q=500

XC = 159.155

fin MHz, CinpF, Q factor,

Aily= 0130 Zs1 = Measured fransfo series
resistive impedance @ f (MHz)
Capacitive reactance of capacitor C

Tuned circuit Parallel
Resistance

Impedance Converter Parallel Resistance for 1% error

Tuned circuit Series
Resistance

One turn transformer secondary highestest Series
Impedance for 1% ermror

= ————— = 78.998 _ Percent uncorrected error from the transformer

100
100-Zs1
- Rs + Zsl
fi=50 Gs= 100
o
R ——

4
Rp:= QXC=1.592x 10

6
Zp,= 100-Rp = 1.592x 10

Bi= 5 =0

;= ﬁ—mo&zx o ?
5= 00

100-Zs1

= ———— =67.127
Rs + Zsl

Q=500

XC=31831

secondary Impedance

fin MHz, CinpF, Q factor,

Aisdi= 0130 754 _ Measured transfo series
resistive impedance @ f (MHz)
Capacitive reactance of capacitor C

Tuned circuit Parallel
Resistance

Impedance Converter Parallel Resistance for 1% error

Tuned circuit Series
Resistance

One turn transformer secondary highestest Series
Impedance for 1% ermor

Percent uncorrected error from the transformer
secondary Impedance
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The Transmission Method for Measuring the Q Factor

50 Q coax VNA port 2

VNA port 1
i — T
= DUT L S

Q Meter Z
Resonating ?_ C

Capacitor

Note that the Q Meter does NOT need to be turned ON.

Calculations are used to derive the R, L and C components as seen from the three insertion loss measurements.
(R is the ESR associated with the inductor)

This means that the additional inductance of the connecting wires of the L and C components is taken into account
In the Q measurement.
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The Transmission Method
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The Transmission Method

See: http://ve2azx.net/technical/Calc_Series-Par_RLC.xls

o]
— ]
s \ /
\
_s50 Minimum point
140 1 :50 = Resonant freq. 1680
FREQUENCY GENERATOR/ IMPEDANCE
DATA ENTRY G 7.079 7.118 7.156 e 50
f f Loss values in dB obtained after zeroing
ZONE LOSS (dB) 19.935 28.297 20.023 — with RLC components removed.
SERIES MODE RESULTS Q FACTOR= 223.53 PARALLEL MODE RESULTS
3 dB BANDWIDTH (KHz) 32
CALC.RESONANT FREQ
SERIES Ls in nH 4999.66 in MHz 7.1176 PARALLEL Lp nH 250.02
% OFF FROM MEAS.
SERIES Cs in pF 100.01 RESONNANCE -0.005 PARALLEL Cp pF 1999.86
Comments zone
SERIES Rs ohms 1.000 PARALLEL Rp ohms 2499.3
SERIES Xs ohms 223.592 PARALLEL Xp ohms 11.181

An error of 0.1 dB will give give about 1% error in the calculated Q

(Tested with Q around 220)
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