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Ml Direct Comparison Method

Definition

Py c,substitution

P;

CF =n.(1—1I'?) CF =

« calibration factor used to describe both the eff. efficiency and the mismatch
 calibration of RF sensor is transferring the eff. efficiency or cal. factor from
- a primary standard to a secondary standard (NMI » NMI)
- a secondary standard to a reference standard (NMI » secondary lab.)
- a reference standard to a power sensor (secondary lab. » industry)
 traceability: unbroken chain of comparisons from the standards of lower level to the
primary standard
« calibration factor is typically frequency dependent and can be stored in an EEPROM
memory of the sensor after calibration
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signal
generator

CFpyr = CFgq

Ml Direct Comparison Method

1—‘std

reference power
standard

power sensor to

be calibrated

1_‘DUT

PDC,DUT |1 o FGFDUle
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Ml Direct Comparison Method
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« general mismatch between generator and load
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Ml Direct Comparison Method

1—‘std
reference power PDC,std
standard
signal
generator power sensor to P
be calibrated bC,DUT
|»
1_‘DUT
* incident power :  transfer of the calibration factor :
P P . P
. = DC,DUT
Z )
WEET 201 — [GTq CF P
G'std put _ Fbipur
p p 1 CFsta P DC,std
,DUT = 7 P;
»ov °|1 = IsIpyrl? hotd
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Ml Direct Comparison Method

- transfer of the calibration factor CF from the reference standard to the calibration
factor CF; of the DUT power sensor :

Pocour 11— IIpyr|*
Ppcsta |11 — IgTgeql?

CFpyr = CFgq

Advantages Disadvantages
« avery simple method * generator repeatability
« only two devices are needed « generator time stability

- difficult to measure reflection coefficient of
a generator (nonlinear behavior)
» equations derived using linear network
theory do not work

1
IsIburl?

Pl=PZ0|1_
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Ml Direct Comparison Method

- transfer of the calibration factor CF from the reference standard to the calibration
factor CF; of the DUT power sensor :

CF — CF Ppc,pur | [¢]]
puT = “Fstd p >
DC,std | G's
Advantages Disadvantages
« avery simple method * generator repeatability
« only two devices are needed « generator time stability

- difficult to measure reflection coefficient of
a generator (nonlinear behavior)
» equations derived using linear network
theory do not work

R g

15RPTO01 RFMICROWAVE Training and Workshop, March 4-6, 2019, TUBITAK UME



T

Ml Direct Comparison Method

Accuracy Improvement

 inserting passive components improves source mismatch effect and the DUT mismatch
a) attenuator - improves mismatch, but decreases dynamic range
b) power splitter - holds effective source output power constant

monitoring power
sensor + meter

signal G

generator
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M | evelled Source Method

« monitoring and levelling power at port 2 through port 3
» port 2 of the power splitter becomes the effective source output

=372 e —— monitoring power

control : sensor + meter

1—‘std

reference power
standard

signal »
generator |
—
1
I
O

power sensor to
be calibrated

2
CFDUT :CFstd PDC,DUT PDC,Bstd |1_FDUTFG| » Cour

2
I:)DC ,std PDC ,3DUT |1 B Fstd FG |

Ppc 3std when ref. sensor connected

Poc aput when DUT sensor connected

PDC ,std

I:)DC,DUT
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M | evelled Source Method

« power splitter’s effective source match

Iggo = S22 — 821

* resistive power splitter S-parameters (Zo = 50 W)

0 0.5 05
S=[05 025 0.25 @
0.5 0.25 0.25 z o
Advantages Disadvantages
* broadband (DC to GHz) « temperature dependent properties
* better impedance match than coaxial * 6 dB loss (high dissipated power in high-
couplers power measurements)
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Ml | evelled Source Method

» instead of the power splitter, one can use other types of coupling devices
(large powers, waveguides, ...)

PORT 3 -
PORT 3 PORT 4 %
-

— X - PORT 4
DIRECTIONAL B By
COUPLER = ]
— — e @é- \

PORT 1 PORT 2 - "

schematic S

' Ll
PORT 3 PORT 4 PORT 1 E%a
L
.
PORT4 I ] PORT 3

e N e

PORT1 PORT2 PORT1 I I PORT 2

microstrip waveguide

PORT 2
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M | evelled Source Method

« calculating Iz, directly from S parameters sensitive to small measurement errors,
alternative measurements proposed:

J. R. Juroshek: NIST 0.05-50 GHz direct comparison power calibration system,

Conference on Precision Electromagnetic Measurements (CPEM2000), pp. 166-167,
14-19 May 2000, Sydney, Australia

K. Yhland, J. Stenarson: Measurement Uncertainty in Power Splitter Effective Source
Match, IEEE Trans. on Instrum. Meas., pp. 669-672, Vol. 56, No. 2, April 2007

K. Shimaoka: A new method for measuring accurate equivalent source reflection
coefficient of three-port devices, Conference on Precision Electromagnetic
Measurements (CPEM2010), pp. 589-590, 13-18 June 2010, Daejeon, Korea
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« monitoring and levelling power at port 2 through port 3
» port 2 of the power splitter becomes the effective source output

level Fem—————————

control :

v

monitoring power Ppc 3stg When ref. sensor connected

sensor + meter

Poc aput when DUT sensor connected

» 1—‘std

signal
generator | reference power Poc o
standard ’
ower sensor to
— P : PDC,DUT
be calibrated

CFDUT — CFstd

2
Poc our Poc 3st |1_FDUTFG| » Tour
Pocst Poc aour L~ g Ts|

DC,std  Tpc,3put std ™+ G
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M | evelled Source Method

HP Test & Measurement
Mathematical Model App. note 95-1

TWO - PORT
NETWORK

incident waves a,, a,, reflected waves b,, b,

all=V1+|1ZO bl:Vl—llzo n
Z“ZO 2VZ° b, =s,,a, +5,8,
a, =V2 +1,Z, h :V2 —-1,Z, b, =s,a, +5,,4a,
2./Z, ’ 2.2,
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M | evelled Source Method

HP Test & Measurement
App. note 95-1

Flow Graphs
« each port represented by two nodes

a, = wave coming into the device from another device at port n
b, = wave leaving the device at port n

<= Vs Zo
Ie +1
S t£g a, bZ
1 521 r. Z, - Z,
S11 S22 L™ 7, +Z,
r -4s-Zo
S 25 +Zu -4
b, 512 a,
b,
1
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M | evelled Source Method

@ SgaA Sce Sca = Sga >¢B
o O— —G = O 0O
Topographical Rules A B C A C
SpaA
@ Sga * ga
= O )
A B A B

G. H. Bryant: Principles of <
Microwave Measurements, BA
Peter Peregrinus 1993
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Mason’s Rule
* non-touching loop rule - simplified solution of any flow graph

Tk A :
Z e non-touching loops = separate loops that
S A do not touch at any node of the network

T

T, = path gain of the k™ forward path

A =1 -% (all individual loop gains)
+ X (loop gain products of all possible combinations of 2 non-touching loops)
- 2 (loop gain pruducts of all possible combinations of 3 non-touching loops)
+ ...

A, = the value of A non touching the k" forward path
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M Levelled Source Method

Flow Graph of A Real Resistive Splitter

N\
/ A

a, »° S13.7\532 N
/ / \ N U2

S I / 521 \\ I

111 Vs N |522
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Q. Zhang et al.: Direct Comparison Transfer of Microwave Power Sensor Calibration with an Adaptor:
Modelling and Evaluation, Progress in Electromagnetics Research Letters, Vol. 38, pp. 25-34, 2013
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M | evelled Source Method

Flow Graph of A Real Resistive Splitter

@ monitoring/levelling
ay ¢ r power meter
ag 4 ¥b8
1 1
S
b; s&22 % as
531 /ﬁ\ / \\523 @
7 513,783z
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Sit 7 21 N 5 r DUT power sensor
generator %’ ‘\i(zzl . “ std. power sensor
by S12 a; be

Q. Zhang et al.: Direct Comparison Transfer of Microwave Power Sensor Calibration with an Adaptor:
Modelling and Evaluation, Progress in Electromagnetics Research Letters, Vol. 38, pp. 25-34, 2013
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M | evelled Source Method

* power Py measured by a sensor (derivation using flow graphs)

Ppc = |b;|*CF

« calibration factor (I" = 0)

CFpyr = CFgq

4

PDC,DUT

P DC,std

ratio between powers to be derived using the flow graph method

v 23
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M | evelled Source Method

level e —————

control :

v

signal
generator

monitoring power
sensor + meter

Poc 3std when ref. sensor connected

reference power
I:)DC std
standard :

PDC,Std |b25td |2€Fstd

o 2
PDC,3std |b35td| CF3std
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Ievel o mmm—m—————— monltorlng power PDC,SDUT When DUT sensor Connected
control : sensor + meter
|

v

signal
generator !
|
! power sensor to P
l be calibrated DC,DUT
|
|
|
|
1
1—1DUT
2
Step 2 PDC,DUT . |b2DUT| CFDUT
_ 2
PDC,BDUT |b3DUT| CFBDUT
— 25
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* port econnected to the same sensor, i.e.,

Cl35tq = CF3pyr

R/

Ppc sta |bastal“CFseq Ppepur |bapur|?CFpyr

- _ 2
PDC,SStd |b35td|2CF35td PDC,BDUT |b3DUT| CFSDUT

N/
N/

Ckpyr = CFs

PDC,DUT

Clpyr = CFgq [
St

PDC,DUT |193DUT|2 PDC,SStd |b25td|2

td
Ppcapur |bz2purl® Pocsta |Dastal?
v 26
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M | evelled Source Method

* port econnected to the same sensor, i.e.,

Cl35¢q = CF3pyr

R/

Ppc sta |bastal“CFseq Ppepur |bapur|?CFpyr

- _ 2
PDC,SStd |b35td|2CF35td PDC,BDUT |b3DUT| CFBDUT

N/
N/

Ckpyr = CFs

PDC,DUT

Clpyr = CFgq [
St

PDC,DUT |193DUT|2 PDC,SStd |b25td|2

td
Ppcapur |b2purl? Poesta |Dastal?
v 27
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M | evelled Source Method

* port econnected to the same sensor, i.e.,

Cl35¢q = CF3pyr

R/

Ppc sta |bastal“CFseq Ppepur |bapur|*CFpyr

- _ 2
PDC,3Std |b35td|2CF35td PDC,BDUT |b3DUT| CFBDUT

N/
N/

Ckpyr = CFs

PDC,DUT

Clpyr = CFgq [
St

PDC,DUT |bBDUT|2 PDC,SStd |b25td|2

td
Ppcapur |b2purl? Pocsta |Daseal”
v 28
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M | evelled Source Method

path from port 2 (DUT/std sensor) to port 3 (levelling)

|b3DUT|2 |b25td|2

|b2DUT|2, |b35td|2

2 2
ax axbs _  |bzpyurl |bostadl
X - 2XZS - o1 —2std’_

ay bsay |bapyrl? |b3stal?

Mason'’s rule: find all direct paths, 1st order loops, 2nd order loops, ... and apply the rule

v 29
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M | evelled Source Method

path from port 2 (DUT/std sensor) to port 3 (levelling)

ay Ay b ay two paths from bgto a,:
_ r
ay bsay - P, =Sy
ag 4 ng P; = 53113523
1 1

Sii, // . \\\ 1 S22 La
A4 N DRI
b4 S12 ap be
transfer function
Ax S21[1 — (I3:833)] + S3117S23[1 — 0]
bs 1-2XL(D)+XLE2)-XLAB)+- 1-XL)+XL2)-XLEA3)+

v 30
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M | evelled Source Method

path from port 2 (DUT/std sensor) to port 3 (levelling)

ax Ay bs two paths from bg to a:
= r

ay bsay P, = Sa3;
ag 4 ng Py = 55110453
1 1
S
bs e == A a3
531 / \N 7 \\523
’ 513/)‘\532 S
C N I
s 17 So1 ‘o
111 e v 1922 1 [y
W2 o
b4 S12 ap be
transfer function
Ay S31[1 — (TgS22)] + §21TaS32[1 — 0]
bs 1-XL()+XL2)—-YXLB)+- 1-YL(A)+XL(2)—XLE3)+ -
v 31
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path from port 2 (DUT/std sensor) to port 3 (levelling)

ax _ ax bs [521(1 —[:S33) + 531Fr523]
S31(1 = TgS22) + $2114S3;

ay bs ay

PRl _531523>_
521 1 F"(S33 S,1 821532
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M | evelled Source Method

path from port 2 (DUT/std sensor) to port 3 (levelling)

let a, = b, and a, = b, b, ay (Sy1\[1—TTes
_ A _ (921 rle
o= () (=)

N/

Clpyr = CFgq

N/

after some manipulations

PDC,DUT |193DUT|2 PDC,Bstd |b25td|2

PDC,SDUT |bZDUT|2 PDC,Std |b35td|2

2
PDC,DUTPDC,BStd |1 _ l_‘DUTF62|

Clpyr = CFgq

— 2
PDC,BDUTPDC,std |1 FstdFezl

v 33
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level Fem—————————
control :

v

signal

monitoring power
sensor + meter

©
» 1—‘std

generator

: reference power
I standard

! power sensor to
' be calibrated

PDC,DUT PDC,3std |1_FDUTFG|2 » I

CFDUT — CFstd

2
I:)DC ,std PDC ,3DUT |1 B rstd FG |

Ppc 3std when ref. sensor connected

Poc aput when DUT sensor connected

PDC ,std

I:)DC,DUT
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Ml | evelled Source Method with Adpt / Att

problems

« DUT sensor may have an unmatched connector - adaptor has to be used

- diode sensors: above the square law, a solution is a mathematical correction, using
an attenuator

\ 4

mathematical model needed for removal of the adaptor / attenuator effect

Thermistors

Dffset the range using

Thermocouple square-law an attenuator

region

Diode detector square-law
region

Offset the range using
an attenuator

I I |
| | |
+30 +40  +50[dBm]

35
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Ppe 3std when ref. sensor connected

level e monitoring power

control : sensor + meter
I

Poc aput when DUT sensor connected

v

» 1_‘std

signal
generator | reference power | p
| standard DC.std
H adaptor or L power sensor to Poc our
attenuator be calibrated
|
» Larr » Lpur
2 2
CF — CF PDC,DUT PDC,Bstd 1 1- l-‘DUTSZZA _ 1-‘821-‘A—DUT
DC,3DUT * DC,std 21A std'e?2

l-‘A—DUT — SllA + 1-‘DUTS21A512A _ l-‘DUTSZZA‘S‘llA 36
A 4

FIFEL
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Ml | evelled Source Method with Adpt / Att

Flow Graph of A Real Resistive Splitter with an adaptor/attenuator

monitoring/levelling
power meter

DUT power sensor
std. power sensor

@

Sy 4l T
generator i 224, d @
1

Q. Zhang et al.: Direct Comparison Transfer of Microwave Power Sensor Calibration with an Adaptor:
Modelling and Evaluation, Progress in Electromagnetics Research Letters, Vol. 38, pp. 25-34, 2013

— 37
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standard directly connected to port 2 Ad aptor [ att
before the DUT

bystd . <521) 1 —1I5Tes

b3Std B 531 1-— FStdFBZ

DUT connected to port 2 with an adaptor/attenuator

bopur (& S214(1 — [} Te3)

= X
bSDUT 531) 1- SllAFeZ _ 1-‘DUT(SZZA _ 522A511AF82 + 521A512AF62)

Q. Zhang et al.: Direct Comparison Transfer of Microwave Power Sensor Calibration with an Adaptor:
Modelling and Evaluation, Progress in Electromagnetics Research Letters, Vol. 38, pp. 25-34, 2013

v 38
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bopur  (Sa1 Adaptor / att
S., X before the DUT

b3DUT

5214(1 —TTe3)
1 —S114le2 — Tpur(S224 — S2245114Te2 + S21481241¢2)

N7 . Pocour 1bspur|? Pocasta |bastal?
CFDUT_CFsth b 2 p b >
DC,3DUT | 2DUT| DC,std | BStdl

after some manipulations

2
P P 1—1 S — I,
M CF CFSt DC,DUT * DC,3std DUT*-22A e2*A-DUIT

PDC,BDUT PDC,Std SZlA(1 o FstdFBZ)

Fa—pur = 5114 + IpurS2145124 — IDUT52245114
v 39
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@t Levelled Source Method with Adpt / Att
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Q. Zhang et al.: Direct Comparison Transfer of Microwave Power Sensor Calibration
with an Adaptor: Modelling and Evaluation, Progress in Electromagnetics Research
Letters, Vol. 38, pp. 25-34, 2013

Y. Shan et al.: , Generic Model and Case Studies of Microwave Power Sensor
Calibration Using Direct Comparison Transfer, IEEE Trans. Instrum. Meas., Vol. 62,
No. 6, June 2013

T. Kang et al.: Direct comparison technique using a transfer power standard with an
adapter and its uncertainty, in Digest of the 2012 CPEM, Washington DC (USA), 2012,
pp. 728 - 729.

Y. Meng, Y. Shan: Measurement and Calibration of a High-Sensitivity Microwave Power
Sensor with an Attenuator, Radioengineering, Vol. 23, No. 4, 2014, pp. 1055-1060

T. Qiu et al., Microwave Power Sensor Calibration Using Direct Comparison Technique
With Different Adaptors, in Proc of the ISSNIP Conference, Singapore, April 2014

v 41
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Ml Practical Hints

Reference Standard
* intheory may be of any type (bolometric, thermoelectric, diode)
* in practice, bolometric meters are the most suitable

- mostly used is the thermistor principle

- they are RF/DC substitution devices

- relative stable characteristics

JER ~moU%
%flmfﬂ"“zo'fﬂ"ﬁ i;

e.g., HP R486A (waveg.)
A 4 43
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Vector Corrections 2R power splitter

1.100
1.050

S

e 1.000 s TP T A S R A A
0.950
0.900 = without correction

+ with vector correction

0.850°

r P P P r C
0 500 1000 1500 2000 2500 3000
frequency (MHz)

» both monitoring and std. (DUT) sensor directly at the splitter arms, vector correction
has only small influence

v 44
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Ml Practical Hints

3R power divider

£ £ 3
——=— without correction

Vector Corrections

1.100 + with vector correction
1.050
=
=  1.000: )
@) ﬁmww trttetttt +
0.950
0.900
0.850" : ' ' ' ' '
0 500 1000 1500 2000 2500 3000

frequency (MHz)

« both monitoring and std. (DUT) sensor directly at the splitter arms, vector correction
has visible effect

v 45
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Ml Practical Hints

Vector Corrections
« vector corrections etc. are fine, but bad connector repeatability can spoil all the effort
research conducted by NPL & Agilent in 2001, power sensors and power splitters

with different connectors evaluated
a) old precision connector
b) new precision connector (hex nut)
c) metrology grade connector

Conclusion

« calibration factor may change significantly with bad connectors

* need to measure connector repeatability for every connector pair forming part of a
measurement system

il I
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8481A Connector Repeatability
Precision Connector (1) & Test Port 1

100.6 %
100.4 % A
”
:‘5 1002% /W /I;\&\ /N\
7 \ 7
© e / 3 BAN ]
© Dl P — AN
L 1000 % S — i = -'- >
A A P e N P e e D R 2 h —
= IS 1T 71N | A—
E 99.8 % > > Y Y
= ==, SN 3
= \
(T
O 6% N AT
WA N\~
/¥
\[7
99.4 %
99.2 %
] ] L] L] i o] L] L] L | L
I I I I I I I I I I
o o o o Q [ o o Q U]

Measurement Frequency
\ 4
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8481A Connector Repeatability
Old Connector & Test Port 1

101 %
100 % -
E 9% N, ‘\ ..f‘/ \-L"\._ '
: S
D e LW 77 V/f
- \, 7 - f‘é
2 X N7 1
A \ N7 1
5 \ 7 \ /
2 T/ T
3 \/ \ I/
QO %% v |
|
‘1
U
95 % y 4 v
L\ 4
-
94 %
¥ ¥ e ¥ ¥ T ¥ ¥ ¥ ¥
(] (U] ] (V] (U] (U] (V] (U] (] (V]
© ~ < © © = o 3 © 2

Measurement Frequency
v 48
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Ml Practical Hints

Commercial Solutions
* highly linear thermistor power sensor + 2R power splitter in one block, calibration of

customer’s power sensors + update of the data in EEPROM memory, traceable to PTB

b <] > 488 {}
e.g., R&S NRPCxx
Generator — / B e B
Adapter S

RF cable

NRPC18 m_I]

« other vendors have similar solutions (similarly expensive)

A 4

49
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Ml Practical Hints

[ CMIPIIS Taals I - ] X

3 |D:\grajcjan\OneDrive\etalon vykonu\CMI PMS IND: rur NRV-Z3 (225033008 R =]

Data Explorer Database Measurement Journal Analysis

Do It Yourself

| New Power Sensor | | Load Power Sensor | | Save Power Sensor

General Characteristics Communication

* power measurement setup (pimp your PMS) = ==

er Type
[Rohde & Schwarz | |wrvezs |
Serial Numb
r— [da Frequency: 5 (MHz), Calibration Factor (1) - o x
Comment Id | Flat | Expand All Collapse All | Copy
Value Std Une Uss
|0-930000000 | [£.006500000 | [e.013000000 |
RF & Microwave Specification Description | Une Component | Une Percentage
Connector Type Gender CMI Calibration Certificate 0.006500000 100.000
NS0 v |Male v
[%l CMIPMS Tools I - | ®
5 |D:\grajejan\OneDrive\etalon vykonu\CMI PMS II\Database\Instruments\Power Sensors\NRV-Z5 (325039008) R E |
Data Explorer Database Weasurement Journal Analysis
Di\grajcjan\ GneDrive\etalon vykonu\CN Graph  Table
= | Data
Ll NRY-25 (825039008, S LNl

1.005 - -

T
T

0.995

o
©
©

0.985

Calibration Factor (1)

0975 - 1

0.065 I I | |
10! 10° 10° 102 10°
Frequency (MHz)
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Ml Direct Comparison Method

1—‘std

reference power

standard
signal
generator
power sensor to
be calibrated
1_‘DUT
DC,DUT |1 _FGFDUle
CFDUT — CFStd P M M = 1 T >
DC,std | —1q Stdl
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Ml Direct Comparison Method

Without Vector Correction

PDCDUT |1_I_'GI_'DUT|2
put std PDC,SmM T E

« Mismatch uncertainty (U-distribution)

u?(M) = 2|FG ”Fstd | + 2|FG ”FDUT |
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Ml Direct Comparison Method

With Vector Correction

P 1 — I pyrl?
CFoyr = CFypq——"""M M = | ¢ DUle
Ppc,sta 11— I s¢al
complex reflection coefficients considered
a = Re{l5q} d = Im{Ipyr}
b = Im{lq} e = Re{lg}
¢ = Re{lpyr} f = Im{lg}

real + imaginary is better for numerical calculations compared to the
magnitude + phase

Pocpur 1+ 2df —2ce + c?e? + d%e” + c*f* + d*f
Ppcsta 1+ 2bf — 2ae + a%e? + b%e? + a?f? + b2f?

v 54

Clpyr = CFgq
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Ml Direct Comparison Method

With Vector Correction

Pocpyr 1+ 2df —2ce + c?e? + d%e” + c*f* + d*f

CF = CF
but std Ppcsta 1+ 2bf — 2ae + a%e? + b?e? + a?f? + b?f*

« sensitivity coefficients:

&:FDUT &:FDUT &:FDUT

&: |:std &DDC ,std &DDC ,DUT

&FDUT &:FDUT &FDUT

S  OPb B

« normal probability distribution is assumed for real and imaginary parts of the
reflection coefficients
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M | evelled Source Method

monitoring power

P1.q When ref. sensor connected

level e ——————
control : Sensor + meter Pspur When DUT sensor connected
|
v 12,
: » I
signal s
generator ! reference power P
i el standard DC.std
I
|
I
ower sensor to
I—] POWer P
| be calibrated DC,DbUT

» Lpur

P
CFour =CFyq oc.our Fra Mo

DC,std I:>3DUT Ms

MM =

2

M D _ ‘1_FDUTFG‘
MS ‘1_Fster‘2

15RPTO01 RFMICROWAVE Training and Workshop, March 4-6, 2019, TUBITAK UME



T

M | evelled Source Method

« sensitivity coefficients :

C _ ICFpyr _ Chour Conpur = OCFpyr __ CFour
CFSTD
OCFgp  Chgp OPspur Paour
C _ OCFpyr _ CFour C _OCFyyr _ Chyyy
PDC,DUT P3std — -
OPocour Poc,our OPsgq Paste
OCFpyr Chour OCFpyr _ Chpyy

C — — —
TRt 8PDC,std I:)DC,std . aM M M M
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M | evelled Source Method

« standard uncertainty :

u* (CFDUT ) - CCFSTD2u2 (CFstd )"‘ CPDC,DUT2u2 (PDC,DUT )

+ CPDC,std 2U 2 (PDC,std )+ CP3Std 2U 2 (P3Std )

2. .2 2,.2
+CP3DUT u (P3DUT)+CMM U (MM )
« expanded uncertainty :

U (CFDUT ) =Kk U(CFDUT )

- 58
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Ml | evelled Source Method with Adpt / Att

P1.q When ref. sensor connected

level e monitoring power

control : sensor + meter
I

Psour When DUT sensor connected

v

signal
generator

» 1_‘std

reference power
standard

I:)DC ,std

H adaptoror |, power sensor to Psc pur
attenuator be calibrated
1
» Parr » Loyt
2 2
CF — CF PDC,DUT PSStd 1 1- l-‘DUTSZZA o FeZFA—DUT
put = mistd p P |S (1 — TyqTe)
DC,3DUT *std |°21A std*e2

l-‘A—DUT — SllA + 1-‘DUTS21A512A _ l-‘DUTSZZA‘S‘llA 59
A 4

FIFEL
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Ml | evelled Source Method with Adpt / Att

2 2

1

SZlA

1- 1_‘DUTSZZA _ eZFA—DUT
(1 _ 1_‘stdl_‘ez)

PDUT PBStd

CFpyr =|CFgq

P3DUT Pstd

V4

it has already been discussed

Effect of transmission
coefficient of the attenuator

— aC |:DUT

CS 21A as
21A ; ;

= MM, other parameters

0CF,,:
i = oMM
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