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SUMMARY

This study has been carried out for the establishment of the
the standard calibration method of the precision measurement
instruments to be used in calibration of rf and microwave
instruments.

Theoretical consideration and practical measurement techniques
are described for the calibration and the uncertainty evaluation of :
electromagnetic power, 1mpedance, attenuation, antennas, and
important 1instruments such as rf spectrum analyzer, rf signal
generator and measuring receiver. The guide books for the
calibration of electromagnetic thermistor mount, electromagnetic
power sensor, reflection coefficient, impedance, VSWR, fixed
attenuator, variable attenuator, rf spectrum analyzer, rf signal
generator and measuring receiver are included.

This research results can be used as guidances for those
calibration laboratories which have to capture and calculate their rf
and microwave measurement instrumentation to meets the
requirements of calibration laboratory competency when being
assessed to ISO/IEC 17025(2000-01).

This report, which shows how electromagnetic measurement
discipline 1s using uncertainty subjects, 1S can be used as a guide
book for electromagnetic measurement laboratories, laboratory quality
assessors using ISO/IEC 17025, product manufacturer, and people

providing education and training on electromagnetic measurement.
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2 (6-33)9] HAT A SAC £dE 9 HE =dE= A G-349)=
%ﬂ%%:MW
. (30) W ) rd + (P ) s+ (53 ) 17 el
2
+( 2V sico09+ (UL ) it o+ (5EL ) it 0p (5-34)

2 (5-30)9] #HEATE ve 2ol Fafxith

oM __ (1_2|FD||FGE|COS(@D+@GE)+|FDFGE|2)(_2|FGE|COS(@S+@GE)+2|FS|FGE|2)
- olry (1 =2ITlIT gglcos (Bs+ @ gp) + | T's”I T gxl*)?

(5-35 a)

a(d _ (72|FGE|COS(@D+@GE)+2|FD|FGE|2)
= Il T 1-2ITIT gelcos (Os+ O ) + | T'sT ¢l (5-35 b)

oM (_2|FGE|COS(@D+@GE)+2|FD|FGE|2)

= AT T 12T gl cos (Os+ O ¢p) + Il il (5-35 ¢)

6(4 _ (_2|FD|COS(@D+@GE)+2|FD|2|FGE|)(1_2|FS||FGE|COS(@S+@GE)+|FS|2|FGE|2)
a|FGE| (1—2|Fs||FGE|COS(@5+@GE)+|F5|2|FGE|Z)Z

~_(A=2|T" JIT gelcos (Op+ O ) + | Tpl el (=211 glcos (Os+ @ ) +2| Tyl T il)
(1_2|FS||FGE|COS(@S+@GE)+|FS|2|FGE|2)2

(5-35 d)
oM _ (=21l gplcos (Op+ @ gp) + T IT pl*) 2IT6lIT gplsin(@s+ O gp)
a@S (172|FS||FGE|COS(@S+@GE)+|FSFGE|2)2

(5-35 e)
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oM 2|FD||FGE|Sln(@D+ @GE)

= 00, 1-2ITII gplcos(Os+ 6 gp) +I T AT el (5-35 1)

oM _ 2T gl sin(@p+ 0 gr) (1 =2|IdIT gplcos(Os+ O g) + TSI gil)
00¢E (1—2|F5||FGE|COS(@s+@GE)+|F5|2|FGE|2)2

210N gelsin(@s+ 60 ) (1 —=2I T I gelcos (Op+ @ ¢p) I T*IT ol®)
(172|FS||FGE|COS(@S+@GE)+|FS|2|FGE|2)2

(5-35 g)
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Incident Transmitted
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o0 Residual Transmission Tracking

o Residual Reflection Tracking
o Residual Reflection Tracking

o Residual Load Match

0 Residual Source Match
o Residual Cross Talk

0 Residual Directivity
0 Residual Directivity
0 Residual Source Match
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2. Crosstalk (Isolation)

2ol AF 54 44 239 o] EP crosstalk= 71% Az Amek =
A AS ARE AFol9 crosstalkoll 7]<Qlsto] 32w A7) 3HA| 7] e
= A5 MY Foln o= AP AAeF 41719 RF R IF U9 4
AEES X33 crosstalkel] 2%k ol 2l+= DUTS EAo o]ste] 9%,
53] =2 &4 AE 54 A nHHoloF itk 2w 47 A2 E
o] crosstalks= WFEo] FAHAA S5t ARG wfjg A7] "] ae st
Al e BTt B

3. A% A%

Ao FASE DUTOA Aaed BEge= HEotes uf dyads 74
gholl 71Qlste] 3= 2471 #4171 del veus A3 s WE ol
HALSA SAA O Aad A eak As= 29 6-59 o] DUTE ¥ &0t
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5. Tracking(Frequency response)
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Measured Actual
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Directivity Crosstalk

Source match Load maitch

Transmission frequency response
Reflection frequency response

Reverse model
2E-1 FE-T
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1% 6-109 9 wAL o] f3te] 2-XE szl S FetuEE b
3} o] TR

5o [ e I e ) ]

R (e P T P e s P
(6-3)

o [ m e mo)

b [+ S M| Sa s J sl S | S B B e
(6-4)

Soa= [1+( : AZ;"—RFEDF)< Esr— ELR)]( ; METREXR)

B S S L [ e e Y B S vy PP
(6-5)

S [( > E;RE )[”( > E;FE )ESF,, H > E_TFE )( > E_TRE )ELR]

() e o e

(6-6)

2 (6-3) ~ 2 (6-6)°1 4]

e Epr = forward residual directivity
e Egsr = forward residual source match
e Eprr = forward residual reflection tracking

o FExr = forward crosstalk
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e Eir
e Err
* Epr
* Esr
* Egr
* Exr

e Eir

o]},

A 4d A2 2

forward load match

forward transmission tracking
reverse residual directivity
reverse residual source match
reverse residual reflection tracking
reverse crosstalk

reverse load match

reverse transmission tracking

4719 o3 24

1. Systematic 2x}9] €<l

* Epr
* Esr
® Egr
* Exr
e Eir
e Err
* Epr
* Esr
* Egr
* Exr
* Eir
e Ermr
o Ay
e AP

forward residual directivity
forward residual source match
forward residual reflection tracking
forward crosstalk

forward load match

forward transmission tracking
reverse residual directivity
reverse residual source match
reverse residual reflection tracking
reverse crosstalk

reverse load match

reverse transmission tracking
magnitude dynamic accuracy

phase dynamic accuracy
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7}. HP8753D <]

Jm

A (50 % Type-N)

¥ 6-2 HP8753De] &4
F3t5 W9
30 kHz~300 kHz| 300 kHz~1.3 GHz | 1.3 GHz~3 GHz | 3 GHz~6 GHz
Directivity 50 dB 50 dB 47 dB 40 dB
Source Match 49 dB 42 dB 36 dB 32 dB
Load Match 50 dB 50 dB 47 dB 40 dB
Reflection
) £0.005 dB £0.009 dB £0.019 dB £0.070 dB
Tracking
Transmission
) +0.014 dB £0.013 dB £0.026 dB £0.065 dB
Tracking
g B9 AT

Dynami¢ Accuracy (Magnitude)
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Dynamic Accuracy (Phase)

gt

L
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4

Nr = noise floor

Nt = trace noise

Cr1 = port 1 cable reflection stability

Crymi = port 1 cable magnitude transmission stability
Crp1 = port 1 cable phase transmission stability

Cro = port 2 cable reflection stability

Cryve = port 2 cable magnitude transmission stability
Crp2 = port 2 cable phase transmission stability

Rr1 = port 1 connector reflection repeatability

Rti = port 1 connector transmission repeatability
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e Rgro = port 2 connector reflection repeatability

e R = port 2 connector transmission repeatability

7v. 2719 54

e Display resolution : 0.01 dB/Division
e Marker resolution : 0.001 dB
e Trace noise : - 30 kHz ~ 3 GHz : < 0.006 dB rms
- 3 GHz ~ 6 GHz : < 0.010 dB rms
Reference level resolution @ 0.001 dB
Stability : - 30 kHz ~ 3 GHz : 0.02 dB/TC
- 3GHz ~ 6 GHz : 0.04 dB/C

LA B4

Display resolution : 0.01°/Division

Marker resolution : 0.01°
Trace noise : - 30 kHz ~ 3 GHz : < 0.038°rms
- 3 GHz ~ 6 GHz : < 0.070°rms
Reference level resolution @ 0.01°
Stability : - 30 kHz ~ 3 GHz : 0.05°/C
- 3GHz ~ 6 GHz : 0.2°/TC

o A9 E WE% 0 Rg, Rt Rre Rre

i
o
r2
i
ot
o,
o
lo

)

A
4

T

b2 3% 6-30 YERH A

E6-3 AdE MEE

Type-N
0 ~ 2 GHz 0.0006
2 ~ 8 GHz 0.0006
8 ~ 12 GHz 0.0010
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ASiimag =V (Systematic + Stability) 2+ Noise* (6-6)
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21 (6-6)°l A]

Systematic - EDF+ ERF Sn+ ESFSZII+ ELF 521 SIZ+ AMSII
Stability = V C2%4+ R?

c?= Clan (14 S34)+4C %S %+ Cre S%S %

R2: (RR1(1+ 5211)+2RT1 511)2+ (RRZ SZI 512)2
NOZ.SQZZ (NTSH)2+N2F

o] .

ASiiphasey | oM Sy +2Cm

21 (6-T) A

Systemati(:: EDF+ ERF Sll+ ESFS 211"" ELF 521 SIZ+ Sin( A p) Sll
Stability =V 2+ R?

Cl= Crn (14 S3D+4C %S 1+ Chre S%S %

R2: (RR1(1+ 5211)+2RT1 511)2+ (RRZ SZI 512)2
NOZ.SQZZ (NTSH)2+N2F
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ASyimg = V ( Systematic+ Stability) >+ Noise’ (6-8)
21 (6-8) 0l A

Systemic=
Expt Sa( Bt EpSu+t EppSpt Esg Erp Sy Spt Ay
Stability = V 2+ R?
C?=S%(Chn+ Clhp+t (Cr S+ ( Cr Sp)
R*=S5((Rp+ Rp S+ (Rp+ Ry S»)?)
Noise?= ( N;S4) %+ N%

% 29T 25540 AYEY BE

A S21(phase)
_ e L(ﬁmzemug;gzjmmﬂ—_fv@sd Comt Com
(6-9)
21 (6-9)ll Al
Systematics =

Expy Su( Erpt Esp Syt Ep Syt Esp Ep Sy Siptsin(Ay))
Stability =V C*+ R*
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C’=S5%(Cl+ Clp+ ( Cr S1)*+ ( Cr Sxn)?)
R223221( (Rpn+ Rp 511)2 (Rp+ RR‘ZSZZ)Z)
Noise*= ( N7 S4)*+ N%

3=

wh g WA Age 27 24 R

ASuimg = V ( Systematic+ Stability) * + Noise* (6-10)

21 (6-10)°l A1

Systematic= E pp+ E gp Syt E sS4+ Ep Soy Sppt+ Ay Sy
Stability=V C*+ R?
Cl= Chwe (1+ S%)+4C %S %+ Cr SHS %
R =(R p( 1+ S%) + 2R Roy)+(Rp So Sy)°
Noise?= ( N7 Sy) %+ N%

21 (6-11) 0l A
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Systematic=E pg+ E gp Spp+ EspS%+ E xSy Sppt+sin( A,) Sy
Stability=V C*+ R?
C?= Cree (1+ S +4C %S %+ Cr SHS T
R°=(Rp( 1+ S% + 2R Ry)+(Rp Sy Sp)?
Noise?= ( N;S4) %+ N%

o]},
AL AuE AEEAe 2754 BIE

AS ey = V ( Systematic+ Stability) >+ Noise’ (6-12)
2] (6-12)°ll A

Systematic =

Exgt Sp( Bt ESpt EfpSut Ese Erg Sy St Ay
Stability = v C24+ R?
Cl= S Chu+tChipt (Cr S)°+ (CrSn)?)
RZ:Sle( (Rp+ RRISH)2+ (Rpt Rp 522)2)
Noise?= ( N;Sp) 2+ N%

ol
oh e WEEH YAEY B
ASlZ(phase)
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! = St + Crmpt+ Crp

(6-13)

21 (6-13)°l A

Systematic =
Expt Sp( Erpt Esg S+ E g S+ Esg Erp Sop S1p+sin( A p))

Stability = Vv ¢c2+ R?

C2= S212(C2MI+C2TMZ+( CR] Sll)z+( CRZ 522)2)
RZZSZR( (Rpn+ Rp 511)2"' (Rpt+ Rp 522)2)

Noise*= ( N7 Sp5) *+ N%

A5 4d g=2g B47]9 AAL 4

A 4 Aol ARE olgdhe] wAASe A7) @ 94 4
2, AEAFe 27 8 94 24 o

std v 19 6-159
B 19 6-167 2t}
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= QY R S0 ol Sl weh EAAY.

Sroll Al Ay Ak el StElu F9le Ao d TolA HAY 2

g e T2 A7 AV € (v/mD), A717FE A7 @H [A/m]) Y
AEAE (B [Wh/m?], [TDE ST

Aol AW Gels Fuarh BAEE o] o= A (7-6)

] g gRivkel A BAF AV H5A A7

T YY" aE YRR A (77 A7 el

2ol HY UrE 243
o w7} Aol A
A 799 A7

E2

Py = 307 = 377TH? [W/m?] (7-6)
E = V377P,= 377H [V/m] (7-7)
H =V Py/377 = E/377 [A/m] (7-8)

AA717F ] Al718] SAd ol &5 = Ta%
3 719 2
AAste] A7E UEd o o
AEs tFy EMCUY BE Zoflxe W74 A7le di‘it‘r. 4
EMC #2325 282 o Ao} AR &l A7|&2 3HA e As
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==

ICH
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4% 2N EHE YEhdE

o

2298 e dedas udes
Z

=

¥ 7-1 AR A A7) 2A T = 39

=7 S 899 R dB 9]
7179l A7 V/m #V/m dBV/m, dBxV/m
2471 72] Al 7] A/m #A/m dBA/m, dBuzA/m

N T [Wb/m?]

P, =i = / pT dBT, dBpT
1[7T] = 10" [G]
A9 2= W/m? mW /cm? dBW/m?, dBmW/cm?
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EMC ool A =710l A7l SAHL #71Ake] Al7]e A7) 3] A
7] 2 v Jdudaete] #AARZEE A (7-11 a) ~2 (7-11 b) YEFE
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E[V/
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H [pA/m] = B /mlp o (7-11 b)
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2 742 A3 497 Qon oo tstel AuuA. 471 A7
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E
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— 29.79 [dB] (7-27)
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= 29|
2 w3y X&EAM= 10 MHz - 18 GHzel Fo Helel 10 #4710 wwel M=z He
Lol M S&tst= 58 MolAH ol2Ee WX M B35ict

SRS 9o FTEYIIIDHYEOIN wke

2 ud XFHME Hie| 7 =
S5% MolAE oj2E|e] EEDHERKASTO 96-14-401-029)M & 7|Z2= =
A3 Aolct.

3. mHYF|

HE 10[M Mot EEDE FI|E ME
5 B

oz 5Lt nZio| ¥ A2 45 ool 25t HE Jtssiot

4.1 M=HA (power meter)

MolAE Ol2E Sof MULX|Y AAsof MAUXIZ ZXE MXT MY
of avle usle J7lEM 23K sz, FZJ|, olf XARE So| MREEZ
T4 Yo VWO MYAE Ho|AE OIRESI FHY HHUXT|E

oz FRECH
4.2 My ZX|7|

Mo|AE OF2E (thermistor mount), & i (thermocouple) &X|7|, ClO[LE

(diode) &#%|7| & TAI= o|HXIE &R 7[7]& Zetch.
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4.4 STD 1, STD 2

EE MolaH ol2g 1, 22| 4XzM o5 WIHAI|BOM uWFE I W

ORI YT Yk HolAE OFSEE siCh

02
0

DAESIDX 5= 7|7|E olo|stn] 1 =& 7|7|(device under test)el X} O]

46 M5 58 (effective efficiency)

!

Ao Mol E™2 MHAX[T|o LAtsteE HAtae| o X7t S7t He 2
X Z
— =

A
= DC AZ2 A=, O fHMUEE SHE22ZMH o|FoZIct, asLt
X| &Kol Aol FMAtotel DC ME7te] Ao[ft MREZ A ZX|7| HHoAMe &
M2 st tiME=I EMstA ==o olE uE Zol & F8=2M oF

o Zo| Fe|gtot

4z

HHUX7|2] 45 582 Fuse| Hato| w2t 2iXH, Mo|AE Of2EL
| =

AHel Fostx|gl ofg EF2l #AXZ7|= HHel T
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4.7 W™K} (calibration factor)

EXMSIIOX st MXim MHS ASE 7(7|2 EHeto|M S M=o EN
YTHA(Z)E 2t Lol Qrt=E MY Pzl Fert theolch d2Lt
HIAAIS ;2 2t= ®M{zx|z|lols | |? ohEe|l XMzdo| HIALE|0] AlSfo=z

EZEopytn LIHX| Mol EHESR o|F n2sliof $tct. WHIXE=E My Z
X71el Mg &8 p.2t I 0|&std ct3n} Zo| Helsict,
K = 773(1_ |FL|Z)
4.8 dB(decibel)e ™ol

ZE7|9| 0|5 (gain)olLt 2|72 24/, HMaju| U Al M2 LlE &
olg2== Be Yol F[EMEH (P)oll Cist T £ Mol Hlof| AZTE F

5101 10Higt A2 2 Ctg3F Zo| LEPd %= Uch

dB = 10lo
glO( Pref )
4.9 dBmel He|
dB7} A HH S L—}EH-HEHI H[310] BBm2 HiMHe| FHo| o8, 1 mW
of st M2l diof A& £ #|5t0f 1oujst He = cf2a #o| EaE .
_ _PluW]
dBm = 10log | 1 L]
5 WHLLE
2 mH M 10 MHz olakel RF ¥ ojo|3zm} °='°4ouA1 DYE S58 Mo|
ol2E2 WHOIXE F3P7| st A

B 0l2HE 0[&310 muyd S5 Mo|AE

Xt olct.
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6. ER2AH| WA
NO |y A LALETE A28
i RF AS 7| Range 10 MHz = 27 GHz ROHDE&SCHWARZ
(RF Signal Generator) Accuracy +1dB SMR27
2 MHA (Power Meter) Accuracy t+ 1 % of full scale HP432A
Mo|AE Ol2F .1 ~aqo0
3 (Thermistor Mount ) Accuracy CAL Factor : £ "3 % HP 8478B
Range -70 dBm ~ 20 dBm
A
4 MEHA (Power Meter) Accuracy 0% HP E4419B
Range 50 MHz ~ 26.5 GHz
Mg Ztx|7
5 g ZX|7| (Power Sensor) Accuracy 7% HP E4413A
. Range 10 dB
1y 747
6 |2 2{7|(Fixed Attenuator) Accuracy 019 dB HP
gk A Range 20 dB
! (Directional Coupler) Accuracy 109 dB HP 7730
. Range DC ~ 2.7 GHz
RS Y =
8 7] (Power Splitter) Accuracy SWR - 1.15 0[5 ROHDE&SCHWARZ
32 £M7| Range 300 kHz ~ 3 GHz
9 (Network Analyzer) Accuracy Level : £0.05 dB HP 8753C
7. EH|ALE
7.1 8 13 #o| EH[E dASCL, ZHE cablet connector 2 =HESE 2
Efe] WS AIBsSind, 2 ZH|E2 B &0 ESEA ATF DS
Al7{of stoh =S 2 AZRo| Felst ol JiXIX| LEF sHI FEES
X|st= Zo| ZL35Ich
7.2. 58 Mo|AH 02 = O % X &0| 200 Q0|22 ME A | Xg cXtE
200 Qo =<=cl.
7.3 S 717 &3 Fuut FHET| ISt 2f 1A[ZF HEo| of ol Ee

stct. w2t £FE AIESH| Mol A, ME
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8.6 £H CHXlol STD 12 @5t £ Fo=olM HAPASl 37| Y 42 =
Hslo] (I'g)E 8-10 7|Z3tc},
8.6 SH™cIXI=HE =Z2z|gt F, (60°, 120°, 180°,240°, 300°) sS|™A|7{ CiA] HE
sl =HstDA st= 2t Falg Mo HMAHIL 37| Y M8 =Xsled =H
HilE ¥ 8-10of 7|t

02!
jo
S
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0%
rot
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~
€

8.8 DUTE &3t 8.52} 8.69 ™S Hi= $EFCH I7)).

port@l Directional Couplerol| 91Z =

8.9 &%
BEAMAI (I )& FHSH| A 8.52 8.6

| I'g I's I'p I'ce "
|FSI| @Sl |F52| @S‘Z |FD| @D |FGE| @GE
1(0K)
2(60)
3(120)
4(180)
5(240)
6(300)
* 87 MEH YAMAS 1 Tgp= Sy — Sy Sp/Sy > ol A8 ward Z§o|e|
Zciol 10 dB ZH4l7| A8t

coupling factorZ7F 20 dBO|X, Directivity?} 30 dBQl A<
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Tq O Tg O Iy 6 T Oar
10. MO|AE OF2ES MEEA
10.1 2@ 7|7|8 583 8 = I8 132 Zo| Z8|E AZsict
10.2 AlS@ 717]el RFE #A 22 Aefold HAel COARSE ZEROE H&ch
COARSE ZEROE & ¥ RANGE GHXHE 4 RANGEZ HIROf FINE
ZEROE =7 ZCf (8™ =¥)

10.3 9& =Ho| = %
(Sidearm)oll &A= MHA 2} Test
10 mW o

10.4 Test Port (main arm)ollA{e] Mz
Veowp 2+ VrRrEEH & 0| E5H0] CHS 4
Ol2E9 XMEgez Aoz

ote Moj2E op2E 2] H-Po
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p. — Veowr=Vie
RF — 4R

=

10.5 EF MolAE 18 HZstD MSH 77|12l &35 MAM3S| BIHAAH Test Port
(main arm)e| MEHAI} 2F 10 mW FEE ¢4l st As@ 7[7]9] &30
& #{AM OVER RANGEZ} & &

LEA ghet

ol= £32 E0A OVER RANGEE H0f

10.6 MEHA Q| X|AIgtE 2o ZUE CHAL (Side arm)el MEAH XAIg2 E 10-1
data sheet 12| [1-1] Pyqo0l 7[S35t22 main armollAe| Mg &

E 10-1 data sheet 19| [1-2] ( Pg) o Z|Sstc},

10.7 AMsf 7|1712] £ 2 60 B 0|4 E0{AM M2 A 2| ZERO 7| =X &elstm
Hol(drift)Z7t Y= EF 3):% 7t2+5t0{ data sheetoll Z|AM3tH 2 Fo| £t
o] thets] 2 A=Roll= ZEROE CiA| & F 10.2710.5 9 ™ HiE st

=

10.8 Test port (Main arm)ollA] STD 1€ Mo{Ltf1 DUTE &EH ¥ 10.2710.5
of g ur=Esict. ol ZYE ESHRHSide arm)el X[A|gt2
data sheet 12| [1-3]0f Test Port (main arm)ollA 2| X2 EX™ZtS
[1-4]oll 2}z 7| F&tct.
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10-1 data sheet 1
STD 1 DUT Ry Ry
Kp
n Pust Ps; Pmps Por1 =41 =21

[1-1] | [1-2]1 | [1-8] | [1-4] | [1-5] | [1-6] KSli[llf%]lMl

10.9 Test port (Main arm)ollA| DUTE E{i2 STD 2& H&HSH *+ 10.2710.5
of iy g dissict.  olmf 2YE EHXKSide arm)el X[A[gt2 E 10-2
data sheet 22| [2-1]0f| Test Port (main arm)ollM el M3 XG2S
[2-2]oll 22t 7[Ftct.

10.10 Test port (Main arm)ollA STD 2& HOLfD DUTE &St £ 10.2710.5
of aty g utssict.  olmf 2YE EHXKSide arm)el X[A|gt2 E 10-2
data sheet 29| [2-3]oll Test Port (main arm)el X[A[gt2 [2-4]o] 242t
7| §&tet.

10.11 10.2710.52| ™2 63| HIF5l0] EX st H1E data sheetdl 7[SsiCt,
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STD 2 DUT Ry Ry
K
Pusz2 Ps2 Pwp2 Pp2 i[%f%]l l[%f%

[2-1] | [2-2) | [2-8] | [2-4] | [2-8] | [2-6] | K H2=0lam

10.12 DUT2| 3 2lAK(Kp)= ChS2F Zo| FaiZict.

Ky +Kp
Kp=

2

PP s
Kp =Kg DL

PsiPuni

M,
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MZA
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PP |]-_FDFGE|2

Kp=Kp oo M, My="""""71"7

Dz 52 PSZPMDZ 2’ 2 |]-_IﬂSZ'FGE|2
Kg : 2% Mo|AE OL2E12 WHIX}
Kg @ BEZ Mo|AE ol2E29] DX IR}

Psi, Pust : & MoO|AE OF2E1 HZA| BraEd AEQ| Test port(main

arm)2} Monitor port(side arm)oll =

Poi, Pupt © EE MO[AE OF2E 1 HZA| I 5H Ho|AH OF2E

Rond
il
s
Ir
il
el

HAZAHA| dhekM ZBE7|2| Test port(main arm)zt Monitor
port(side arm)ollA] SH™EH= M
Kp

kel

I FA

Mo|AE OFRE{1E 0|85t £t 053 Mo|xE O12E

o mFIRL.

Pso, Puse : EE MO[AE OL2E 2 AZA| drekM ZEHe| Test
port(main arm)2F Monitor port(side arm)ollA] SF == M=
Pp2, Pupz | EE MO[AE OFRE 2 HAZA| I X Ko|AEH OF2E

oAAA| grskM ABI7|9| Test port(main arm)@} Monitort(side

arm)ollM S == MY

Ky, : EZ MolAE oj2E18 0/82510f 3 2y Mo|AE ojek

02Z28E Chg #US A/ (.97 < € < 1.032 Helol x|

(1—2[2—11[2—6]
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oRp
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12.2 E&T I} 24

12.2.1 E& MoO|AE Ol2E2 M EF 28T @ u (Kg)

EZF Mo|AE o2 (STD1, STD2)e 24 =
g =T (VU4 ZEX (WE2EH - 5 Ut
U(Kyg)
uc(KS) = k (k=2)
12.2.2 W Mo|AE Ol2EJF £ ZEo HZE of ZUE CXfollMel MY
2 BN EE 2s

md Mo|AE OFEdAMel My FHu|of Zatz

ot
uc(RD)
Pp
R
b PMD
P.= VZ(QMP_V%?F
- b 800
7t E10-132} E10-20M Rp 3@ Rpe| gb=E EF-o| oist AY : ua(Rp)

- o

s(RD>=¢ i 2Ry Rp)?
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(1) up(Rp) = V 2u’(Pp) + cZu(Pyp)

dRp _ Rp
oP,  P,, ©

(S

(2) 2UE ZE9 My FF : ¥
Mol etg L Bsflsol F%

o HP E4491B

=]
_|
PS

55te A9

° u(D) = 15 pW
uD) _ 15x107"% 1
- P, 107 V3
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o w(N) = 70 pW : HAS A 28T
1

W(Z) (5o ) =

_ 1 “wo 1
10%10 0 103 7010 g

- B8l =% ( 2dl= : 0.01 dB)

_ 0.00231 _
- u(R) = o3 0.0007

° U(PMD) = (.0007

X TEO Ma =X

o [ |

(3)

JI)|'
JI)I'

HP 432A2f HP 8478B MO|AE| OIR2EE 0|83l &< 2 10 mwe

H Hstes 29 DVM2 5 veo| Mgt S&E

JE
ﬂ||0
JI)l'

VZonmp — V2
. COMP RE
» Pp= 800

o ug(Pp) = \/C2lu2(VCOMP)+C%u2(VRF)

o — —9%Pn _ Vcowr
- 1 aVCOMp 400
o) = oPp _  Vgp
- 2 oV gp 400

(Veowr) = =7~
- W Vcomp) = = /3 (a= 0.03 % of reading + 2 counts )

_ _-a
- ulVee) = = V3 (a= 0.03 % of reading + 2 counts )
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o MEHA S EET

_ Zero Carryover = ﬂ*\/%(ﬁ = (0.0029
_ Instrumantation error = D*\%B = (0.0012

— W(MET) = V0.0029%+0.00122 = 0.0031

o u(Pp) = \/u%(PD)—FuZ(MET)

ct. T W™ Mo|AE Ol2E M2y £Ho| &M EXF £5
u(Rp) = Vui(Rp) +ub(Rp)
2t §8% AT
”i(RD)
U pr—
KD u%(RD) + M4B(RD)
VA Up
12.2.3 #F Mo|AH Ol2E{7} 58 ZEo 9ZE il 2UE
at 5 Mo|AE Of2EoAMe] M3 EFd|of Z&E &AM
uC(RS)
P
R _ - S
S Pus
P = VZCQMP_V%QF
- S 800
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rag

6
Rs = 7§ 2 Rs()

1

1 Z(Rs()—Ry*

2

=1

Hu| 5o

| Type B 2&T
\/c%uZ(PS) + cu?(Pys)

(1) UB(RS)
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A &HF

1
P cal

° u(N) = 70 pW
_u(Z (-

) = (10X
~ 0%

is : 0.01 dB)

OII

= 0.0007

o

U(PMs) = (.0007

X
o
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Eol A
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|

A
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=
=

2 2
\Y% COMP — \Y% RE

» Ps= 800

o ug(Pg) = \/C%UZ(VCOMP)—I_C%uZ(VRF)

Py
a\[COMP

Vcomp

400

Ci =
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- 27 GV 400

(Veowr) = = =
- W Vcomp) = = /3 (a= 0.03 % of reading + 2 counts )

U(V )= ZL _ .
- RF V3 (a= 0.03 % of reading + 2 counts )

- MeAe 2aT

_ Zero Carryover = Q“\/Oéﬁ = (0.0029
Instrumantation error = D*\/%OZ = 0.0012

- w(MET) = vV 0.00292+0.0012% = 0.0031

o u(Pg) = V u’(Ps) +u?(MET)

Ch. & MO|AE DI2ES| MHH| £F gd EE £

u(Rs) = V ui(Rg) +ub(Rs)

2l RE ARE
Do = ui(RD)
s uilq(Rs) + M%(Rs)
12\ Vp

12.2.4 8283t 285 : u. (M)

7. BLxIsto| A3k
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L, £3 ZEo} u[&F M ™ AX|7| AMo[e] EFE 3%

o

21 Iy | | Igg |
UMD \/E

13.1 Wy 2lXxt

7t 2 7He|l EFE Mo|AE DI2EE 0|E3t0 WHEe
X

=
28 O2E2] WFAXE "astel nd QAXE Fetct

Lt w3y elx}

Kyt Ky
Kp= 9

- Kp ¢ EF MolAH ol2g 1( Kg)2 ol&3ld 7t mAel

- Kp ' 2% Mol2H o225 2( Kg)& ol&3t0d & mdel
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S B BE BaE
Vul(Kp) + ul(K )
UC(KD) — Dl\/i D2

b s EaE
k

U = ku(Kp) (k=2)

14. Mo|AH OF2E Wd® of

Lt A= : HP8478B

Kg = 98.99 (0.5 %), Kg; = 99.20 (0.5 %)

Ct. wmEelAt :

14.2 gHAA 2] 3I[5F

FSI FSZ FD FGE
0.019 0.023 0.018 0.048
7}, E= MoO|AE Ol2E 13} =X
21 I | | I |
Mg = |1-TqlGe|®= 0.998, Ums = V3 = 0.001
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L. & Mo|AH oOl2H 29 EHH
21 Iyl | Ige |
Mg = | 1—Tglge | 2= 0.998, Um, = Vs = 0.002
ct. T 53 Ko|AE OlRELl E3H
21 I'p | | e |
Mp= [1-Iplg | 2= 0.998, UM, = Vo = (.001
2t Fd% 28
My,
Mi= g, = L M) = 0.0014
My,
Mo = Mg = L ud(M,) = 0.0022
ol #8 Xk
o = OO, Vp = oo
14.3 & Mo|AE1g 0[3% o ud Mo|AE Ol2E uyd
1431 M &5H Z3l
STD1 DUT
i Pus1 Vcomp VRr Ps1 Pwmb1 Vcomp VRr Pp1
[mW] V] [V] [mW] | [mW] [V] [V] [mW]

1.23 |5.125631|4.46102| 7.960 1.23 |5.12560|4.46512| 7.918

1.23 |5.12542|4.46105| 7.961 1.23 |5.12548|4.46516| 7.916

1.23 |5.12562|4.46107| 7.963 1.23 |5.12562|4.46514| 7.918

1.23 |5.12522|4.46106| 7.968 1.23 |5.12554|4.46513| 7.916

1.23 |5.12581|4.46108| 7.966 1.23 |5.12548|4.46515| 7.916

SO W[IN|—

1.23 |5.12600|4.46105| 7.962 1.23 |5.12548|4.46518| 7.916
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A
%T

| 24/40

14.3.2 M| AM

Rs1 6.472 6.472 6.474 6.478 6.476 6.473

Ror 6.437 6.436 6.437 6.436 6.436 6.436

14.3.3 EZE Mo|aH oj2Eet ZUE oXiel MEH| E5 % : u(Rg)

iM”’

1R51(i) - 6474

1

S(R51):\/ 6 2 (R31(i)_R751)2 = 0.0024

—1 =1
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| Type B 2=

=u| 539

(1) upRs) = V cu2(Pg)) + ciu(Pag) = 0.0045
Ry _ 6474 _ g5

oR
_ ORg _
©17 9Py, Pg  7.963
oR R 6.474
- %s st = -
2= o= —p L 93 5.263
D M Mo =X0| o B2 MHALL M

o

=1
= .

(2) EI—|E-| ;‘tE°| x-|a ==I-I

Mol et ELL Eafsol &
AtE3stod 1.23 mWel M S

o HP E4491B T A2} E4413A HlA

éx-lol'l_ v
wu(D) = +15 pW : DYS $Ysts Sot M3 7|9 28
u@ _ 16x10°F 1
- P, 1.23x10 % " V3 °
o w(N) = 70 pW : TEHAHS TF =HE
R 1 1 1012 L
-2 ) T g 100 700
~ 0%
0.01 dB)
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° u(PMSl) = (.0007

_l_
.I.

F_>.'.

(3) 5 ZE9| MY =¥ .

HP 432A2f HP 8478B MO|AE| OIRE{E 0|83t A< 7.96 mwel

49 DVM2 2 5 veo| dMegts S3¢

o ug(Pg) = \/CZIuZ(VCOMP)—I_C%uZ(VRF) =0
dPg 5.12566

- T Veam = a0 = 0.0128
_ 0Pl 446106
Y w00 = —0.0112

_a(Veoup) = 27258 = 0.0009

~a(Vi) = A = 00008

o MEA o B&g

[ |

ﬁé

= 0.0029

_ Zero Carryover =

_ Instrumantation error = Q*%Z = 0.0012

~ w(MET) = v 0.00292+0.0012% = 0.0031

o u(Pg) = Vui(Pg)+u’(MET) = 0.0031
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Ho| g EXE 28E

Al

Ct. E& Mo|AE 12 o|28F AMHH|

u(Rg) = Vui(Rey) +ud(Rey) = Y 0.00452+0.0010°

= (.0046
2. 78 ARk
4
VRS = BJDQMOLZIOOMU 0045 = 2239
_|_
5 (o)

14.3.4 E=% MolAE ol2E{9} BUE cixle] Maju| 28E

Jh uk= ol o8 Type A BEE
- B3

—_— 6
RD] = _é- lzleDl(i) = 6.437

s mEHEX

o A

s(Rm)%fjl il(Rmﬁ)—RTl)Z = 0.0005

- "ol Y EE HA

ua(Rp) = S(Rim) = (.0002

Btro| XifT

R
A
1
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Vpa — 6—1=5

Lt H2d| 532 Type B 28

=V u¥(Pyy) + cZu(Pypy) = 0.0044

(1) up(Rpy)
q=%=%=%§%=0.813
¢, = a%); = —p%); ~ BT — 5033
(2) BUE ZEo M3 =X : M Mzeo =Ao| oj Dz MH{AL} A
Mol et Ll Balso0l 528

23 mwe| M3

1]
J
gl
el
A%
0
N
1o
I
or
|.|'|

x70x10‘12xjf§

N B 1
1.23x10°* 103

~ 0%
- =2ils === ( dfs : 0.001 dB)
_ 0.00231 _
- u(R) V3 0.0007

o u(Pypy) = 0.0007
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) &Y ZEo M3y =W :
HP 432A2} HP 8478B MO|AE| OF2E{E 0|83t A< 7.92 mwel
Mg =™5E 29 DVM2 5 ve| Mg =™¢t

o up(Ppy) = \/C%uz(VCOMP)+C3u2(VRF) = ()
_ 0Py 512559 _ 0.0128

= U7 Veowe 400
_ 0Pp 446515 _

— 2T Ve © A0 0.0112
_a(Veoue) = 9L = 0.00089

= a(Vig) = R = 0.00077

o MHA2| B& T
_ Zero Carryover = QL\%EL = (.0029
_ Instrumantation error = QV%OZ = 0.0012

— w(MET) = v 0.0029%+0.0012> = 0.0031
o u(Ppy) = V ud(Pp) +u(MET) = 0.0031

My 582 &fd EF 8%

Ch oud MojaEet 2L M

1 (Rp) = Vud(Rp) +udRpy) = ¥ 0.0002% +0.0044°
— 0.0044
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2t 78 AR

0.0044* _
URDL = 0.0002" N 00044t 21171 280
5 le'e)

14.3.5 & Wo|AH Ol2E 12 o[¢t Tuwd Mo|AH DIR2E ud ZI

Ry,
Kpi = KspomxML = 0,989« 0-43T <1

= 0.9842 (98.42 %)

Lt BN 22
u. (Kpp) = \/ C%U%(KSQ + C%U%(Rm) +CSU2c(R51) + C4u%(M1)

= 0.0030
Ct Z=A =
c, = S%SDIL:%;L = 0.942 ¢, = %:% = 0.153
Cy = %;LZ —%L = —0.152 ¢y = gLMDlLZKVDILO.%AIZ

2t 78 ARk

0.003*
Okpl = JLM_'_ OOO|14+ CEU|54+ 0.001" = 44 933 564
oo 1171280 2239 co

o}, &E 285

UDl = k uc(KDl) = (.0030x2 = 0.0060 (k=2)

- 140 -



RRL

58 Mo|AH oOl2e wH X[EAM
Guide Book for the Calibration of
Coaxial Thermistor Mount

14.3.6 E& MO|AH OI2E 182 0|8%

b= 3]
E7| g3z 29l 28 HEA |
- 7104
Ksi #ZE MojAE ol2Ee| mHIX} 0.005 0.9942 | 0.0025
SUEHel TRy Mo|AEete] MH|
Ro1 -HF=E =X : ya(Rp1)=0.002 0.0044 0.153 | 0.0007
-2UE ol M3 EH: u(Rwpi)=0.0007
—=xzEQ| MHZAM: y(Pp)=0.0031
DU E Rl EF Mo|AE{ele] MEH|
Rs1 -HFS =X : ua(Rs1)=0.002 0.0046 0.152 | 0.0007
-2UE{ Ko M ZH: u(Rys)=0.0007
-E¥ZEo| MEEH: u(Ps)=0.0031
B3t olXtu|
M -ZXZEQ} BFEJ|: Uys:i=0.01 0.0020 0.9842 | 0.0014
-E™EEe TWH7|: Uwp1=0.01
Ue(Ko1) BMEST E5T 0.0030
Up+ 8 E&T (k=2) 0.0060
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14.4 & Mo|2H 22 0|33t ol ud Mo|AH Of2E uH
14.41 M3 53 2
STD2 DUT
i Pmsz2 Vcomp VRr Ps2 Pwmb2 Vcomp VRr Pp2
[mW] V] [V] [mW] [mW] [V] V] [mW]
1 1.23 5.12551 | 4.45910 | 7.984 1.23 5.12553 | 4.46485 | 7.920
2 1.23 5.12560 | 4.45920 | 7.984 1.23 5.12561 | 4.46480 | 7.922
3 1.23 5.12565 | 4.45922 | 7.984 1.23 5.12562 | 4.46495 | 7.925
4 1.23 5.12560 | 4.45912 | 7.985 1.23 5.12560 | 4.46490 | 7.920
5 1.23 5.12558 | 4.45910 | 7.985 1.23 5.12558 | 4.46495 | 7.920
6 1.23 5.12559 | 4.45915 | 7.985 1.23 5.12559 | 4.46496 | 7.920
14.4.2 MHu| AHd
i 1 2 3 4 5 6
Rs2 6.491 6.491 6.491 6.492 6.492 6.492
Rb2 6.439 6.441 6.443 6.439 6.439 6.439
14.4.3 EZ Mo|2ag Ol2F 2°F ZUE cixle] MHH| 255 : u(Rg)
7k 2k =ZH-Ho| 2t Type A &
- g

_ 6
RSZ = _éh glez(i) = 6492
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(1) UB(Rsz) = \/C%UZ(P52) + C%uZ(PMsm - 00045

Rey _ 6.492
Py 7.985

Rg

P = 0.813

(G

_6.492 _
193 = 5.278

o

P 84788 Mo|AE| OI2E(E 0|8
Z< DVM2 2 5 Ve MY

tof Z< 7.985 mW

=k

lI

° U(Psz) = (.0031
- DVMg o|g%t HH

—_ ="

X
(=]

.I.

=]
=

=
=
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_ Zero Carryover = QJ\%E = (0.0029
Instrumantation error = QL\%)Z = 0.0012

H

o
|_E—|4§

HP E4491B M2 A2} E4413A HAME AI23510d 1.23 mwe

= = - o
Edsts B

o u(Pys) = 0.0007

Ct. == Mo|AE 25 o|2sH MHH| £™e| &M EXF & T

u(Rg) = Vud(Re) +ub(Re) = VY 0.0003% +0.00452

— 0.0045
3l R& XARE
4
Vpg = 00042 _ 959 195
_I_
5 o}

g

14.4.4 T5% MolAg ol2ejel BUE Eixiel Majy| £

b

ok

Type A &

o

ol 2f

Ay

7}. Hi=
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= -F
Rp= & 3 Rp) = 6.441
o MY EZH|
5(12])2)46451 > (Ron(D) — R)? = 0.002
- Wao| MY EZ HA
S(RD2>=L;%DQ = 0.0008
- AH EX 28T
ua(Rpp) =s(Rpy) = 0.0008
- AY EE 2859 ARE
va=6—1=5
LI, MHH| £329| Type B €&
(1) up(Rpp) = V cu*(Ppy) + cBu’(Pymy) = 0.0044
cl=%=%=%§%=o.8m
o= e = —p — Sl _ 50
(2) 28 zE9| My =8 285

HP 432A%F H
HMeg Axsis 29 DVMS o 5 ve| Mets £xE
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° U(PDZ) = (.0031

- DVME o|8% MY &

_ Zero Carryover = Q‘\%ﬁ = (.0029
_ Instrumantation error = Q*\%)Z = (0.0012

(8) BYE ZE?o MY =
X

Mol etd Lt Zalis0l T

HP E4491B M2dAH 2t E4413A BMME ALBSI0] 1.23 mwel ©

o
EﬁE

=yste E2

o u(Pypy) = 0.0007

= ( =3s : 0.01 dB)

_ 0.00231 _
u(R) = g 0.0007

- A 2| &S Drift S

ok

=
=

5i

I
olr

Al

ot ZF WolAH 28 0|3 MHH| £Fo Y EFE 23

ue(Rpp) = Vul (Rpg) +ub(Rpp) = V 0.00082+0.00442

= 0.0045
2. & ARE
0.0045*
VR = i T = 50006
0.0008%
5 T oo
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14.45 & Mo[AH 0OI2E 22 0|8% wud Mo|AH oi2H ud Zu

b mH™ I}

R,
Kpy = Koxpos xMy = 0.9922x T-322 )

= 0.9844 (98.42 %)

L, M 2=
u. (Kpg) = \/ C%u%(KSZ) + C%U%(RDZ) +C3u2c(RSZ) + C4u%(M2)

= 0.0035
o ZEAS
oK K oK K
— Z2=>Db2 _ _xD2 . Yxp2 D2
1= oK T Ko = 0-9921 cp= p =gt = 00153,
oK K oK K
_ 9bp DB _ 9Bp2 _ Bpy
= 3R R, = —0152 cy= =Ty = 0.984
2t RE ARE
A 0.0070" ~ oo
M2 0.00280 | 0.0045 | 0.0045% | 0.0022*
oo 5006 T 253125 o0
o &% 28z

Up = ku(Kp) = 0.0035%2 = 0.0070 (k=2)
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Coaxial Thermistor Mount

0z fox|oX| =
MEjne|ne|re
foi | 2 {2 ol

N
==

14.4.6 & Mo|AH OI2E 12 0|88 Mo|AH OI2E2 UE S8E FZE

5E e
27| 235 20l g3t MBelR| ZEAS
=X 719
Ks2 ZF Mo|AE ol2Ee|l WHIXt 0.005 | ®+ 2 0.9942 | 0.0025
BUE R mwd Mo|AEete] MHH|
Rpz -HH2 =% : ya(Rp2)=0.0008 0.0045 | H+t 1 0.153 0.0007
—EL|E‘I$9-| 7‘1%1"7‘* U(RMD2)=0.0007
-EXEEQ| MHEH: u(Pp)=0.0031
DU E R F Mo|AEele] HMEH|
Rs2 —HH2 =X : ya(Rs2)=0.0003 0.0046 | M+ 1 0.152 0.0007
-BUERe MHEHF: u(Rus2)=0.0007
£ ZE9| MHHEH: u(Ps2)=0.0031
2HE QXH|
M2 | -SM=ZEC} EFEI|: Uws=0.002 0.0032| U V9 0.9842 | 0.0022
-EXZEQl TWHI|: Uwp2=0.001
Uc(Kp2) EMEE S8 0.0035
Ub2 8N 28T (k=2) 0.0070

K+ Ky _ 0.9844+0.9842
2 2

= 0.9843 (98.43 %)
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e
2 2 2 2
V.0.0060° 4-0.0070*

Up = UDI;UDZ _ Y % = 0.0065 (0.65 %)

15.1 &= AlE - 13 7|2 2l E7|7(KORLAS)OIAM Qldst= mAE A M Aol 11

Az, 2E 53 oolg U BT ME

3 C Jo

2E F2 HolsE 7|8 BE

16. &1 =AM

16.1 58 Mo|AE DI2E2 ZEZ=WHAEAH(KASTO 96-14-401-029) : sH=5

717183, 19964 128

16.2 Direct Comparison Transfer of Microwave Power Sensor Calibrations :

NIST, Jan., 1996H
16.3 Expression of the Uncertainty of Measurement in Calibration : EA-4/02

16.4 Radio Frequency Power Measurements : Proceedings of The IEEE,

June, 1967

16.5 Fundamental of RF and Microwave power Measurement : Agilent

technologies : Agilent AN 64-1C

16.6 Applying Error Correction to Network Analyzer Measurements : Agilent

AN 1287-3
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16.7 8 Hints for Making Better Network Analyzer Measurements : Agilent
AN 1291-1
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) mex I T B g4 |de|ae
HS
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1. Hgel
= Wd XIFHME 10 MHz 7 3 GHze| Fos= He{et + 20 dBm ™ -70 dBm2
Y HeluolM S2tsks S8 MY AX[7]2] mFo| HIstol

= uyd XEHAME il vEd HEE 95t S=F5HII7|nYHE oA L2ist
SEE dddf Y AX7| EFUFEHXHKASTO 98-14-4030-032)ME 7|&E2=
Zt4 ek Aol

HE 10M et 2E0E FI|E W=
S H:

golofl 2fstod

4.1 MHA (power meter)

Mo|AE OIRE Sof MHAX|7|et AA=o MHAUKXZ[2 HX[E Ao M
ol F7Z|E HEHE ZI7I1=2M EEX 3=z, FF7|

TH=0f Aot Moz MBAHE Mo|AE OIREZT PO AR

oz FE=c}
4.2 M3 ZIX|7|

Mo|AE Ol2E(thermistor mount), X (thermocouple) Z+X[7|, ClO[RE
(diode) &X[7] & MAI= AIHX[E &HX|st= 7[7]1& LsiCt
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SEE o] Y 4X7| 1n¥ XFHA

[Z=| 3/47

4.3 Me{Ztx| A%}

38, cto[E § M3 ZX|7| oM MAtmt o HX|E 2T &HX[5H

tC}.

[e]

o] Ak

s

L
= HHOo O}
C TE= =

4.4 STD 1, STD 2

HE Mo|AE OF2E 1, 29| AAEZM a5 DHFXI(HOM TFE O w

HOIXIE Y1 UE Mol2E ol2HE

O = AR

4.5 DUT

=]
£ sF3tozM o|RolRCt 8Lt MY

Aol Aol FMAtoet DC alsZtel Molgt MREZ 2 ZX|7] HHoAMe
Z

&4 =2 olstol A EzI EMSAl ==

N
=
B

. DC Al ¥ Py
e (g 58) = R 71—X]7(]:Oﬂ So]o=&HdY T p
Al ™ = —a-1. LI g]

t=2| #stoll w2t EH2pX|H, Ho|AE Ol2ES

| Fasixgt ctE ZRe X7 M6 Ao
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4.7 WH™AX} (calibration factor)

HEALAS T8 ZHe MHAX|7|ole | |* 222l FM2o| HiAlso] Alsgez

~ =
= =ofrtn LHX| Mol EF =2z o[ usfof st mHRAAE HH

X|712] & &8 ».2F I''2 0|83l ct32t Zo| Feolstct.

K = 7.(1— [

4.8 dB(decibel)e ™ol

U A Mg Lierdse of

EE7|2| o|5(gain)ol-t Z4|7[o] 24, 4| =
&&= B 2ol JEMH(Pe)ol e ZFEH Mol viof 4BH+E F5tH
1osier Aoz ctgat Zo| LiEfd 5= Ut

dB = IOIOg 10( )

ref

4.9 dBmel Mo

dB7t ™ LIE=H HI5t6d Bm2 HUXHe| HFol ol&=Ho{, 1 mW
off cHet o] dlol &4BtH+E F 35l 10848t A== CHZ3 Zo| EFCL

dBm = 10log w%%g—yﬂl

= wd HR= 10 MHz ol4tel RF & njo[A=2ut FHoAM nHE S5 Mol2H
OI2EE ol83%t HEY SFHE d™M My X[ uWHANE T8ty flet EHXiof
ct
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6. REH| HA|
NO |y ESEAIN o | A2 AH|
i RF MG EM7| Range 10 MHz ~ 27 GHz ROHDE&SCHWARZ
(RF Signal Generator) Accuracy +1dB SMR27
2 MHA (Power Meter) Accuracy + 1 % of full scale HP432A
3 Mol 2E Oh2 = A CAL Factor : £ "3 % HP 8478B
(Thermistor Mount ) ceuracy actor - °
Range -70 dBm ~ 20 dBm
N
4 MHA (Power Meter) Accuracy 0% HP E4419B
Range 50 MHz ~ 26.5 GHz
My Zx|7
5 2 ZX[7| (Power Sensor) Acouracy 7% HP E4413A
. Range 10 dB
oy Z+47
6 | |7|(Fixed Attenuator) Accuracy 019 dB HP
urekd Ze| Range 20 dB
! (Directional Coupler) Accuracy t 09 dB HP 7730
. Range DC ™ 2.7 GHz
WERS =
8 7] (Power Splitter) Accuracy SWR - 1.15 0[5l ROHDE&SCHWARZ
32a 247 Range 300 kHz ~ 3 GHz
9 (Network Analyzer) Accuracy Level : £0.05 dB HP 8753C
7. TH|ALE
7.1 a8 13 Zo| ZH|E AASI| Z+E cable?t connector S22 =HEE #E2
Eilel HESAIESIH, 24 FH|E2 &F =30l ESEIX & ADSHA |AAl
7ofstch, =5t ZF A Fof| F2|8 &o| JRliX|X| REE +F g8 FXlst=
Zo| sL3ict.
7.2. 58 Mo|AEH 0= O 2 X E0| 200 QO[22 Mz A el X& ciX}E
200 Qo ==ct
7.3 A5 77| £Ha FoUt ehEET| /st oF 1A[ZH - of¥o| Eest
ct. et 32 AIES| Mol M A, ASe 717], sl 22EMT] A EH
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Nz 71712 82 &

ZZ og AlZich of m)

Ol2x= 2E ZHIES 2F 1A|ZH
25 FF0 ==cl.
7.4. E™gte dalet mHIXte A LS f5H0{ data sheet® Z=H[SI{ STD 1,
STD 22| wdEAXE 7|E3510f =c}.
W é‘%_ ==
I it
; 5 1
) I M
=4 : S A 277
1 riq |
i B
Ol &6 OIRE 2
8. HIAAl= &H-
8.1 HIE 3 Z2oUEAMI|E ALZ5I7| ®oll 1A]ZF o|& ol ¥ (warm up)S Bich
8.2 type—N calibration kit& AF835F0] 2—port calibrationS &8 St}
8.3 HlE 32UEMT|o EFgt HH3FTE 168 O|M2E setting Tt
8.4 £H Fulpdide| At 2 B Ful+E FEXSIUX} Sl Fi¢ fjdez
setting stcl.
8.5 X CcHXlof| STD 18 HZSIL EXN FulpollAM HEAMA=S 37] 2 24
Hsto] (I'g)E 8-10l 7|SsiC
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8.6 EX™cixlz2HE =22|st &, (60°, 120°, 180°,240°, 300°) E|H™A|7{ ClA] A&A
sto] ZHotAl st 2 FElg Ho| sS4 37| 2 flAle =M £

Ix 8-10of| 7|t
8.7 STD 2& ¢i&35l1 8.52} 8.62 TA S dHt=E HFasCH [y,).
8.8 DUTE ZstD 8.52F 8.62 naS ut=E & ECH 7).

8.9 &% port2l Directional Coupleroll HZE ZtA7| £8 portollA A8l S71I
HIAMAI (T ) B £33517| allA  8.52F 8.62 njd g Ht=E all st

H 81 HAA I EF AT

Al

FSI FSZ FD FGE*

| I's | O | I' | Oy | Il Op | Tog | Oce

1(0x)

2(60)

3(120)

4(180)

5(240)

6(300)

* ST M BAAISE 0 [op = Sy — 521532/531 > ESTof AlEsh ek Z B[ 9|

coupling factorZ} 20 dBO|X, Directivity?} 30 dB2l A S&ctto] 10 dB & 7| A5t

M Sy S4/Sy = 0.010] =Hof ASH HAAIFE %= Syt =t (b Spe
Ast7loll AHE 27| EHolA MSl wske| "iAlAZ=0|LC}))

Ad

o

0
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9.

9-1 HAHAIZ=ol 37(2} fl& HT

I's I'p Iee

TSI C S1 r S2 6 S2

10. MO|AEH OFRES] WHTA

| 8 % 38 13 Zo| IE|E APt

10.1 M58 7[7|& 235
22 AEfolA MASl COARSE ZEROE

10.2 AT 8 7|7|9] RFE 7HA| &
Zc}. COARSE ZEROE ot& ANGE EHXIE |4 RANGEZ H}30§

= ¥R
FINE ZEROE =& &Cl (33 =3)

o

4 RANGEOll ==ct. ofmf 2YE tHAt

10.3 ¥& =ZFo| & % RANGE CHXE =X
(Sidearm)oll AZE HMHA L} uEH My ZLX[7|e] £ RANGE= 10 mW

ol *Uofof Bfct,

10.4 Test Port (main arm)olA{el M= EX2 M= £HI| (HP 432)e] siHe
Veomr &t VReEHZ 0183510 CFS A2 0[&%tct. o Aol R Mo|AH
Ol2Ee XMatoz Addroz SHY Mo|AEH DI2EHL| A% 200 Q 0|11 =

mzte MojAE ob2E 2] Zol= 100 Qolct
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Vioup = Vir

Pre = 4R

10.5 & MoO|AEH 12 AHAZSID ASH 7|7|9] &322 MAM3| ZIIAFAH Test Port
(main arm)e M A7} 2 mwW BEE A stct ASR 2|17]9 &80 HF
71M OVER RANGEZ} € ZA<=0o|=

88 Z£0{AM OVER RANGEZ Hlo{L}A| &ic}.
10.6 M7l xIAES 2ol 2UE Xl (Side arm)el MAH XAIZE E 10-1
data sheet 12| [1-1] Pyq0l 7|83t main armoA{e] M S FHsl0] &

10-1 data sheet 12| [1-2] ( Pg) ol Z|Sstct.

10.7 AE8 7|7]12] 42 60 B 0|4t E0{A M A el ZERO 7 =% &elstm
®ol(drift)7 A9 11 8 J14stol data sheetol Z[ZiSto{ 1 Mol gt
ol ChEks| 2 Z<ols ZEROS CHAl & % 10.2710.5 o 2y w= 3

o] —
M=

10.8 Test port (Main arm)oliA STD 12 MHo{Lf DUTE ¥ZSH ¥ 10.2710.5
o| zidg grgEct. ol ZUE THXK(Side arm)el X[A[€t2 E 10-1 data
sheet 12| [1-3]oll Test Port (main arm)olA el M3 FHZ2 [1-4]o 2zt
7| f&tct.

i 10-1 data sheet 1

STD 1 DUT Ry Ry
K
n Pust Ps1 Pumpr Po1 l[ilf%‘]l idf%]l o
[1-1] | [1-2] | [1-8] | [1-4] | [1-5] | [1-6] KSli[llf%]lMl
1
2
3
4
5
6
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10.9 Test port (Main arm)ollAl DUTE M {2 STD 2& &St ¥ 10.2710.59]
g gkssicl. ol 2UE EHXK(Side arm)el X[A|gt2 F 10-2 data sheet
29| [2-1]ol Test Port (main arm)ollA 2| XM& ZFZt2 [2-2]of 22 7| S5t
ct.

10.10 Test port (Main arm)ollAM STD 2 WX DUTE &8st £ 10.2710.5
o| "t=sict, o|m| ZLUE| thXH(Side arm)el X[AIgt2 E 10-2 data sheet 29
[2-3]0ll Test Port (main arm)2 XIA|gt2 [2-4]0 Z+2t7| S ict.

10.11 10.2710.59] M S 63 HIE5t0{ EX et ZIE data sheetdl 7|E$tct,

H# 10-2 data sheet 2

STD 2 DUT Ry R
K
i Pus2 Ps2 Pwp2 Po2 L[%f%]l L[%f%]l >
[2-1] | [2-2] | [2-8] | [2-4] | [2-5] | [2-6] KQ%M

—_

DO |~ W|DN

10.12 DUTS| 3 QIAK(Kp)= EhS2h 20| FaiZict.

_ Kp+Kp
Kp= 9

— Iyl epl?
M&M M, =TIl gel”

Kp=K =
bl U PgPyp - b 11— I el

- 162 -




Sad 9N MY 2AX|7] IH XFA |[EAMES
. ¢ . . ¢ ™ AKX}
RRL Guide Book for the Calibration o IR,
Coaxial Thermocouple Power Sensor [7fA s & [E=[ 11/47

PP |1 —I'pl pl?
_ D21 MS2 M ZA‘L
Ko =Ks PP ve M2’ 2 1Tl gal?

Kgq @ E& Mo|AE OL2E{19] mHIA}

Ky : EX Wo|AE oj2e29o] DA oIX}

|=k|

Psi, Pust : & MoO|AE OF2E1 HZA| BraEd AHEQ| Test port(main

arm)Z} Monitor port(side arm)ollAM S™ ==

—
Por, Pupr © 2 MWO[AE OFR2E 1 HZA| O&E5H M MY

A@x7

HAZAHA| dhekM ZBE7|2| Test port(main arm)zt Monitor

port(side arm)ollA] SH™EH= M
Mo|AE OI2E{12 0|85l E™3F &M M
¥SEPN

Pse, Pusz 1 EE MO[AE OF2E 2 HAZA] Zhekd Aol Test

Kp

|=I=|

|=JFI>|

9

port(main arm)2F Monitor port(side arm)ollA] ST == HE
Pp2, Pupz | EE MO[AE OIRE 2 HAZAA| D&M AXO] My 2

oAAA| grskM ABI7|9| Test port(main arm)@} Monitort(side

arm)ollM S == MY

- 112-211—6]
C= T —22—11[2—6]

12. YR SH| BEHE Y
121 #8429 43
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ot 8 =Y

_K PpPys 11 —Ip0 gel?
b >PsPup [1—Ig I gal*

K

R
= KS Rils) M
Py P |1 =TIy el
= M —
- Rp Pup » Rs Pys » |1_FSFGE|2

Job

Ll 2EE M 4

u. (Kp) =y ciui(Kg) + ciu(Rp) +cui(Rg) + cui(M)

cl. A=A
Ky, Ky 0Ky, Ky
€17 59Ks ~ Kss 27 4R, Ry
— aI{D - _ KD o 3KD o KD
7 9Rs Rs . “4= M — M

2l. #& ART

P u(Kp)
KD — 4 4 4 4
uc(KS) _|_ uc(RD) _|_ uc(Rs) + uc(M)
UKs VR, UKs Om
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okl

/gl

i

7t

122 2=

12.2.1 E& Mo|AH ol2E2] M & 28% : u(Kyg)

EE Mol2E ol2E(STD1, STD2)e| S&EE A2 DHY|Bo=SEH e
HE ZRT (Yo ZHAK (WREH FE 2+ Uch

UK
u(Kg) = 4(1{52 (k=2)

I
I
0
L
o
o
>
02
o
>
=
<

7|‘ E10_11|' E1 0_20"A-I RDlﬂl' RD29‘| Hn_l'

0!

o
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o A8 EF 2L
ua(Rp) =s(Rp)
o AY EZE EEIO ARk
VA =6—1=5
Lt M™Hd| 532 Type B 22t
(1) up®Rp) = V cu?(Pp) + chu*(Pyp)
_ R, _ Ry _ Ry _ Ry
©17 9P, ~ Pp, 27 Pwp  Puwp
ME{o| =Xo0| ol == M AL} M

Mol otH =
o HP E4491B M A2t E4413A HMME AL2510] 2F 1 mwel MHE

Edst= 8%

° w(D) = +15 pW : 1F
- - 50‘;l2xjf§x00°
g
10"

HHA g
5 %70

° u(N) = 70 pW
WZ)(p—p) = (grp
~ 0%

_10

- Bdlls &L ( : 0.01 dB)
0.00231 _
= o3 0.0007
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o u(Pyp) = 0.0007
(3) &1 ZEQ MY =% :
HP E4419B T2 A2t HP E4413A & ZX|7|E o|838td Mg £F
5l= 45 MYAA 2§ Type B &% Cfstod MZistod 2%}
D Plem
m = Muc(Pmc_t)
° chcal
- m : A o5
- M, : 88 ZHE HAMel HMHA UF ny AMSH Ato[e] REHEF
of 2lgt o[
- P WAHT|ZF St MHA T X|A[sF M gfd
-t MEHAH2| zero offsct
- K. H3 5 dMel DY FaipolM DHLIX
- P MHA nHEHoM Zol Met=E= MY
o M, : M ESXME HAet AS Alo|e] REEEl 28 0|5
o P MHAHTI}F g2
o Py : M3 2 MAe ulMY o

=8 FasolM MY SHE MM IH

Ky
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e t=%72,+7Z.,+ N
- Zg: MEASL zero set
- Z.: MHASL zero carryover
- N d™®A &
o D : A Drift
(4) Type-B AT S&x
u(P p) u’(M,) u*(P ) u?(D) u*(Ky) |, u(my
= 3 + 9 + 9 + 92 + P
Py M; {Pn—(t+D)} {P,—(t+D)} Ky Mie
2 2 2
u (Pmc) u (Kc) u (Pcal) 1 1
+ (Pmc_t)Z + K% + Pcal +( {Pm_(t+D)}2 - (ljmc_t)2

a KcPcalm{le D) W) +ut(Z) +u(N)

o CZe| Aol tistd Type-B & E&TE FotH clsat &t

_ M,=1, M,.=1, P,,=P., Z.=0, Z.=0, N=0, D=0, t=0, m=—-1

K.
P ‘(P 2 (K AP
Py =\/u2(Mu)—|— WP | @) | KD L 0Py
Pp P. P. K?

wVCEK) , uwi®) | PPl 1 1 2 2
+ K + p? e +(Pm—Pcal){u(Zs)+u(ZC)+u(N)}

cal

o u(M,) : MMt =X Fulpo|AM =X Port Alole] BEAE 0|5

=

- Sensor2?| BFAIA [

~ =3 Poete] HHAAIS 1 T
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- M, V2
o u(M,) @ Mot My =m7|el 50 MHz & &3 Alo|e| BAE oS
— Sensore| HEAIAIE @ [
- Power Metere| W& &3] HAIAI :© T,
M) Iy
- M, V2
o u(P,) = 0.5 % : M3 =H7|29| instrumentation &%
u(P,, 0.005
- % = V3 = 0.3%
° U(Pmc) = 0.5 % : WI™EL —f—@%l-f SoF My é;gljlg_l 25T
u(P . 0.005
- % = V3 = 0.3 %
o u(D) = 15 pW : IS TS Sk My FHI|2 2=
@) _ 150 ® 1
Pm Pm \/g
] FaloA MAe| MYAX BEHER 022 FF
=1

50 MHzoOll A MA{e| mAQIXl &

o u(K,) = #0.5% :
uX) 0.5 .
K. — 2 = 0.25 %
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uP)=0% MAMeo| HIME B5tE2 DWHES DHEUSE 022 FZ

=0%

MM A2l 50 MHz LM &S E&T

u(K,)
K.
u(Pcal) = +0.9 % :

= 0.45 %
1
V3

2
)x50x10 ~ *2x

uPe) _ 0.009
Pcal N
M A 2| zero set EEE
_ o1 1
S TR

1
m
M A 2| zero carryoverE instrumentation S&xof| Z&

o

u(zZy) = +50 pW :
1
R O

o u(Z) =0 :
|E:!
LI = 0
o u(N) = +70 pW @ THA FHZ 23T
WZN P = (-0
dnty 2x7| MH| S| B EE 2EHE

cl fud™
u(Rp) = Vuid(Rp) +ub(Rp)

FE ARE
u'(Rp)

uilq(RD) + u%(RD)

Y\ Up

2t.

Upp =
- 170 -



S2Y Ny MY 24X DY NN [EMES
, ¢ e ¢ M- AL
RRL Guide Book for the Calibration o SHE IR
Coaxial Thermocouple Power Sensor [7fA s & [Z] 19/47
12.2.4 & Mo|2H OF2EJL 5 ZEo| HZE Ol ZHE EHXjoA 2l M
o Sgdlo| ZE Y EFE =8k

ot #F MolAH ol2EoA e A

uc(RS)
_ _Ps
Rs = Pus
VZ(;QMP — V%F
800
S50l thet AY -

IS
=
=

us(Rs)

7t 21011t E10-20lA Rg 2 Rg9l gt

2 Rs)

o

g
7-

- AE EFBA

SR~ 1 3 (Ro()— R

- Yoo MY EFE HA

SR ="
- AH EF 28T
ua(Rg) =s(Ry)
o AY EX BHEO ARE
va=6—1=5

L. Md] £E2 Type B =&
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(1) ug(Rg) = \/c%uZ(PS) + cu®(Pys)
o= Bs _ R Rs _Rs
oPg Ps 0P ys Pus

[=1d
[ == I

(2) 2UH xZE9| M3 =¥ : M Mo £Fo| oiHER MH{ALL A
=2

Mol ety ELL Zalls0l S22

o HP E4491B T A2t E4413A HME ALE5SH0] 2F 1 mwel MHS
syste 2

° w(D) = 15 pW : WHE s Sot MY 2| 2=
u®) _ 15102 1
- P, - 10*3 X\/g ~ 0%

° w(N) = 70 pW : AL TF =T
1

1 1 _ 1 -12. 1
- w20 ) T Gpagd T 00
~ 0%
- E3l5 22T ((£als : 0.01 dB)

a(rR) = L0231 _ 5 507

o u(Pys) = 0.0007

=E|

A
= ;

Y ZEQ| |

o

F_>.'.

(3)

JI)II
JI)II

HP 432A2} HP 8478B MO|AE| OFREE 0|83t E< 2F 10 mW=el
HMelg Zxshs 2T DVMS of 5 ve| Mete =xE
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V2 V2
. COMP RE
» Ps= 800

> ug(Pg) = \/C%UZ(VCOMP)+C%U2(VRF)

o= oPs _ Vcowr
- 1 oV comp 400
o) = oPs Vg
- V2 OV gp 400
_ _.a
- ulVeowp) = = V3 (a= 0.03 % of reading + 2 counts )

_.a

— u(Vge) = V3 (a= 0.03 % of reading + 2 counts )

- Ao 2aT

= 0.0029

:

Zero Carryover =

Instrumantation error = D*\%B = (0.0012

- w(MET) = V0.0029%+0.0012% = 0.0031

o u(Pg) = V ui(Ps) +u’(MET)

ot EEDA Mu| SFo oM EF BT

u.(Rg) = V ui(Rs) +ub(Rs)

2t §8% AT
u%-(RD)

U fr—
ks ui‘(RS) + M%(Rs)
VA U
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AL
5
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12.2.5 2™t 2&% : u. (M)

7t

Lt, ZEQ} I

21 Iy | | Ige |
V2

Z ddd My AX(7] Alo[e REE 2&T

c}. = MolAE Ob2H Afole] BHE BEE

13. WH QX wd 2= Xzl
13.1 Wy 2lXxt

7t 2 7iel EE Mo|AE DI2EHE O
28 O2E2] WFAXE Hast

Lt md 2R}
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K Kp +Kpy

b 2
- Kp 1 & MojAH 0l2H 1( Kg))& o|835tof F3 mHlA}
stod et mA QAR

- Kp : ZF Mo|aH ol2H 2( Kg)2 0[8

7t &2d EE 2

2 2
u(Kp) = \/uc(Km?/%‘ ut(Kpp)

L B BEE
U= ku(Kp) (k=2)
14. MolAel of2E D of

141 58 =4

Lt A= : HP8478B

ch mEQIX : Kg = 98.99 (0.5 %), Ks, = 99.20 (0.5 %)

14,2 HtAMA==2| 37[EH

I'y I I'p Iep

0.048

0.019 0.023 0.087
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g

7. & Mo|AH Ol2E 13t

2| FSlxlfl T | — 0.001

uMs1 = 2

MSI = | 1_FSIFGE | 2 = 0998,

g

L}, Z& Mo|AE OF2E 29 =

2 | Lo | | e | _
MSZ = | 1_F52FGE | 2= 0998, uMSZ - \/é - 0002
X-IEI

ch = =% Mo|AE Of2Ee £

Iyl I T,
uy, = 2] D'@' sl _ 0 o0

| 1_FDFGE | 2 == 0.992,
2t FHE =5

My
= 0.994 4 (M) = 0.0060

M= Mg,
My _
M2 = MS2 == 0.994, uC(MZ) = 0.0063
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14.3.1 My 58 Z3}
STD1 DUT
[ Pwmst Vcomp \s Psq Pwmb1 Pp+
Rs1 Rp+
[mW] [V] [V] [mW] [mWw] [mw]
1 1.23 5.12531 | 4.46102 | 7.960 6.472 1.23 8.075 6.565
2 1.23 5.12542 | 4.46105 | 7.961 6.472 1.23 8.076 6.566
3 1.23 5.12562 | 4.46107 | 7.963 6.474 1.23 8.075 6.565
4 1.23 5.12522 | 4.46106 | 7.968 6.478 1.23 8.075 6.565
5 1.23 5.12581 | 4.46108 | 7.966 6.476 1.23 8.076 6.566
6 1.23 5.12600 | 4.46105 | 7.962 6.473 1.23 8.075 6.565
14.3.2 ZZF MoO|AFH DI2E 13} ZUE EHXfe] M3y 28T @ u (Rg)

7t g5 EH-Hol 25t Type A EEIT

. g
Rei= & S Ra() = 6.474
. N EEEA
®o)=| 57 3

us(Rg) = S(Risﬂ = (.0010
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(1) up(Rg) = V ciu(Py) + ciu(Pys) = 0.0045

Rg _ 6474
Ps  7.963

Rg

8P81 = 0813

(O

_ 64714

193 — —5.263

(2) =Y E
Aol ol

| £5o0| of22 MHALL M

o HP E4491B M A2t E4413A HMME ALE3510] 1.23 mwel M=

o
Edst= 8%

o u(D) =

° u(N) = £70 pW *:

1
P cal

L
V3

_u(z, >(¢ ) = ( L )x70x10~

12310
~ 0%

10

= ' 0.01 dB)

= 0.0007
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° u(PMSI) = 0.0007
(3) &5X ZEo| MY £H :
HP 432A2} HP 8478B MD0|AE DI2EE 0|&35t0f &< 7.96 mW2
Y3tz B¢ DVME 2f 5 ve| Mete 53&

Heg 5
Vioup = Vir
800

. Pg =
o up(Ps) =V cdu™(Veoup) +chu*(Vie) = 0
| s L
ey = Gy = —LAE6 — —g pn
212086 — . 0009

= 0.0008

- U(VCOMP)=
- U(VRF) = \/5
o MEHA o EET
_ 0.005 _
Zero Carryover = V3o T 0.0029
_ Instrumantation error = QJ\/QQZ = 0.0012
3
- u(MET) = v 0.0029%+0.0012% = 0.0031
o u(Pg) = Vui(Pg)+u’(MET) = 0.0031
Ct. & MolAEH 18 0|88 MYHH| E™e &M
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1. (Rg) = Vuid(Rey) +ui(Rg) = YV 0.00452+0.0010?
= (0.0046
g, 78 ARE
0.0046*
- =22
PES0.0010° |, 0.0045° 3
5 [e%e)
14.3.3 I =™ M ZAX|7|2t 2UE ctxle| MH| 8% : u (Rp)

7t Hb EH-ol| 2[E Type A £

Z|
|
o
MCD

1=

1RD1(i) - 6.437

s(Rpy) :¢ ?17 i

1=1

ok

o "ol Y EE HA
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&

LI, MHH| £3-<e| Type B &

(1) up(Rpp) = V 2ul(Ppy) + c2u(Pypy) = 0.0345

Ry _ Ry
Py, ~ Py

_ORp;
0P vipy

C, =

Co =

(2) BUE ZEZ|
Mol ety EL

3

=

5

_ 6.565 _
3075 0.813
Rpp . 6.565 _
PMDl 1.23 - 5.337
D Elf de| £Fo| ofHER MH{ALL M
2%

=
—
h
o

P
|_
[=]
o

o HP E4491B T A2t E4413A HME A5 2k 1.23 mwel &

2 systs A9

° u(N) = =70 pW -
u(Z, )<+

WEHE 85 S0t M &x7|o Bar
B0 E 1
1.23x10 % V3 °
Mo &2 28T
1 1 B 12, L
Po’ =~ (1.23x10 10‘3> 1010 g3
~ 0%
= : 0.001 dB)
o = 0.0007
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HP E44198 HZ{AH 9} HP E4413A M3 ZX|7|& o|&3t0{ Py, = 8.075
mwe| Mg 55t 29 WHA 2g Type B & =0l tisto] 425t
o HAL
M, (P,—(t+D))
PD =
Plem

Atolel 53

_ %Lc(P_mc;t)
KcPcal
E%I-
MMt MeA Uy ay A5y

m ==
~m : A of

- M, 8o F
goll |t

o

=
o A7 XAIEH M 2E

- Pmc
-t ™A <C| zero offsct
1 & MAel Wd FufsoAM
HEHo|M Zpol M=

A
Hx 5}

A
02

_KC:
_Pcal:

o Kb:

e t=2Z,+Z +N
Z, : AL zero set
M A 2| zero carryover

— ZC:
MEA &3
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o D : MHA Drift

o Type-B At B¢

o _\/ ) u(P) u*(D) w’(Ky) | u’(my
Py M T Pa—eDE T PP T K2 T M
2(Pmc) Z(K ) u2(Pcal) 1 1
- (Pmc—t)ZJr K? * Pea *( {P,,—(t+D)}* + (P —t)?
1
K Pom( @y ) )+t N)
o CtSo| A< Cfstd Type-B A} =& T

1

=0, N=0, D=0, t=0, m=g-

Mu:]-’ Muc:l’ Pmc:PCaly ZSZO’ Zc

u(P ) (P | w*D ), ui(Kp) | u*(P )
- Tp =\/ uz(Mu)+P7m2 p? K2 +u*(m,.) + p?.
UZ(KC) u2(P1) u (Pcal) I R RN P 2 2
+ K> + p? + p. +(Pm P, )H{u“(Zy) +u*(Z) +u*(N)}
o u(M, : MAMel =3 FulolA =X Port Alole] BXE o5
— Sensor2] HHAIAI 1 T
- Z3 Porte| HAMAE 1 g
u(M, I'gxIg _0.019x0.0048
- ;4): o= V5 = 0.0006

o u(M,) @ MAMe} M £X™7(9 50 MHz WE &3 Alo|e| BHE o5

- Sensor| BEAMA [

— Power Metere| ™ &3 HIAMAIE © T,
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M, LI _0.019x0.038
_ M) e = — 0.0005
o u(P,) = £0.5% : H& ZH7|9 instrumentation E& =
Py

| e = D5 g 003

o u(P,) = $0.5% : WP stz S Y FEHJ|9 =&

u(P,,

_ e = 0005 g g

o w(D) = +15 pW : ™ sHst= St MY FHI|9 =28

SO 0) RS 153 T R

- P, 8.075%10 ° V3

o u(Ky,) =0% : 5™ FoolM HdAe| IHIX BEER 022 FF

ulKy) _

o u(K.) = £0.5% : 50 MHzollM MAlel mAECIAt S5t

K

| KD _ 05 g g

o u(P)=0% Mael HIMY B8z NYES DFEY2RE 2= £

K

B} 711%{ L g

o u(Pea) = +0.9 % :

HHAH 2l 50 MHz ¥ &Y &

uPe) _ 0.009 _ 0.0045

- P cal

2

- 184 -




S2d Gl MY 27| D xEHA |[EMES
R

Guide Book for the Calibration of IR,
Coaxial Thermocouple Power Sensor [7fA s & [Z=| 33/47

RRL

o u(Z,) = +50 pW : ZHZHH<2| zero set 25T

1 1 _ 1 CE)x 712X;L ~
- u(Zs)(P Pca ) ( 8. 075 10~ 3 10_3) 50x10 \/5 0
o u(Z) =0 : HAHL| zero carryover= instrumentation S& <o Z&
%I
LUz ) =0
> u(N) = +70 pW AL &F =8k
1 1 1 1 12,1
Z = — X ~
e e N R TR R B

o

u(Pp) = 8.075%V 00062+ .0003%+ .00052+ .00032+ .00252+ .0045>
= 0.0422

=&z

T MmN Mo|AELQ} ZUEEH MH| =9 sHAM

Fkl
M

ct.

1 (Rp) = Vuid(Rp) +ui®Rpy) = ¥ 0.0002% 4 0.0345°

= 0.0345
2. #& AR
— 0.0345°
Lﬂélﬂl |
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1-

]

~ 2y

—

bS|

u| =xo| 28

| =

JIMI

a,

_L\gg
r-III
H)l
rlHII
l‘?!

m

+

%

Port2t MM Ajo]e

-3 oIS

| I's] =0.019
| Tep |l =0.048

0.0006

YA o mF

MM Ato[2|

t

ol

| I's| =0.019
| I'cl =0.038

0.0005

=]
2y

0

.|-

0.5 %

Jﬂ

MHA instrumentation 0.003

cﬁ

wHYI|ZE Sk HHA
0.5 %

Jﬁ

0.003

&

instrumentation

A drift +15 pW

Jﬂ

QE

0.000

50 MHzOll Al 4l A
wHAXt

Jﬁ
JE

0.0025

A

—

2q

=

A ¥ & o

—

e 0.9 %

oi

:lJ

0.0045

Jﬁ
JE

MEBA zero set +50 pW 0.000

cﬁ

Jﬁ
JE

= AH zero carryover 0.000

&

.|-

A dAM HF +70 pW

Jﬁ
J\I

0.000

&

z35e

Type-A =&

Hau|

ua(Ro1) 0.2 % 0.0002

[<)

A

o

_|.

lI...
l\gg

== 0.0345

us(Ro1)
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14.3.4 E&F Mo|AE OI2E 12 0|38 uud Mo|AE OI2E wd 2

7b wH I}

R
KDIZ KSIXﬁXMl - 0.9899Xg_:_2g%x0'994

= 0.9978 (99.78 %)

Lh B &

e (Kpy) = V cdu2(Kg) + ciul(Rpy) +equl(Rep) +c ul(M,)

= (.0083
ch d=AFx
_ 0Kp _ Kp _ OKp - Ky
c, = Ke ~ Ke 0.9942, Cy = Rp — Rp 0.1499,
_ 0Ky . Kp _ 0Ky Kpp
Cy = Re Ry 0.152’ Cy = M, — M, 0.9901
g, 78 ARE
0.0166*
Vkpl = 0.0025" N 0.0345" N 0.0046" N 0.0060" = 319713
oo 0o 2239 0o

of. &% 285

Up = ku(Kp) = 0.0083x2 = 0.0166 (k=2)
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14.3.56 & MolAE OIRE 12 0|88 & My ZX|7| I =8 s2E
&5 e =g
7| 2tz Qo sge | U8 Iggox B #
=2XZ == 7104
Ks1 EZE Mo[AE ol2ES| MR 0.005 | H+ 2 0.9942 | 0.0025
IWY Mo|AEot BLE{Ke| My
Rb1 S =X : ya(Ro1)=0.0002 0.0345 | H 1 0.153 | 0.0053
—EL|E‘|$—9-| 7‘1%1"7‘* U(RMD1)=0.0007
-Z28ZES| MBEH: y(Pp)=0.0422
EE MolAE9} 2UERe M|
Rs+ ~HHE =X : ys(Re1)=0.010 0.0046 | X7 1 0.152 | 0.0007
-2 ER2| MHEH: u(Rws1)=0.0007
-EYZEo| MHEH: u(Ps)=0.0031
23 QIR
M 0.0085 U Vo 0.9901 | 0.0060
=28 EZEQl EF7J|: Unsi=0.01
—-EY T EQ} 47| Ump1=0.006
Uc(Kpr) g 8 0.0083
Up1 M EEE (k=2) 0.0166
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14,4 E& HO|AE 28§ 0|88 u|&d MY ZX[7] md
14.41 ¥ 53 23
STD2 DUT
[ Pwms2 Vcomp VRr Ps2 Pwmb2 Pp2
Rsz Rb2
[mW] (V] (V] [mwW] [mW] [mW]
1 1.23 5.12551 | 4.45910 | 7.984 6.491 1.23 8.076 6.566
2 1.23 5.12560 | 4.45920 | 7.984 6.491 1.23 8.077 6.567
3 1.23 5.12565 | 4.45922 | 7.984 6.491 1.23 8.076 6.566
4 1.23 5.12560 | 4.45912 | 7.985 6.492 1.23 8.076 6.566
5 1.23 5.12558 | 4.45910 | 7.985 6.492 1.23 8.077 6.567
6 1.23 5.12559 | 4.45915| 7.985 6.492 1.23 8.076 6.566
14.4.2 EZF Mo|aH Ol2E 22} 2UE Ekxlel M3d| 88% : u(Rg)
oh. b= EZHoll 9|3t Type A BEE
- HF
- 6
RSZ = _éh 12:1Rs2(i) == 6.492
AS FZFHEX}
] 6 _
S(RS2):\/ 6—1 lzl(Rsz(i)_Rsz)ZZ 0.0008
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s(Rgy) = 0.0003

UA(RS2)=
o A8 EFE EEE9 KRk
17N =6—1=5

LI, MHH| £3-<9| Type B &

(1) up(Rey) = V c2u(Psy) + c2u’(Pysy = 0.0045

Ry Re 6492
= P, ~ 7.98% _ 0-813

17 Py
7 %Z;z _%352; - &4 _ 5.0
(2) &d mEo| My &3 &g
A< 7.985 mW

HP 432A2f HP 8478B M O|AE| DI2E{E 0|&35}04
Hsts < DVM2 2 5 ve| s s8¢

e

fjo

o U(PSQ) - 00031
- DVM% Ol'g'n_ — =1

Zero Carryover = Q*\%ﬁ = (.0029
Instrumantation error = lL\/%OZ = (.0012

HP E4491B M A2} E4413A MM E ALE5H] 1.23 mWwe| M

— = — (=]
Edsts B
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Coaxial Thermocouple Power Sensor [7fA s &

o U(PM52) = (.0007
- 2als g2EE ( 2ols
_ 0.00231 _
u(R) = 23 0.0007
A 2| Z3nt Drift 2& FAl

: 0.01 dB)

A

.l

r

3t F

Jon

=
=

0.0003%+0.0045%

3

A
1o
0x

krl
b

Cl. E&F MO|AE 28 0|88 MEH|

u(Rg) = \/u%x(Rs2)+UZB(Rsz) =

— 0.0045
3l 28 xRE
Vi = &MB%OE‘H: T = 253 1%5
5 o
14.4.3 T 55 QMU MY UX7| BUE Sxtel My BHE : u(Ry)

7t Hb5 EH-ol| 2[E Type A £

1RD2(i) = 6.966

1=

Z|
|
o
M-

4# i(Rm(i)—RTz)Z = 0.0006

6_]. 1

1
- "ol Y EE HA

— SR
s<RDZ)=L@DQ = 0.0003
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- AY EFE =&

ua(Rp) =s(Rpy) = 0.0003

=&Ee ARE

M

o AE E

(1) uB(RDZ) = \/C%UZ(PDQ) + C%UZ(PMDz) - 00345

_ O0Rp Ry 6.566

¢ = Py, ~ Pp,  S.076 ~ 0-813
_ O0Rpy Ry 6566 _
2= Py~ Pupy L3~ 0:338

9| ZX0| ofLl 22 MHAL} M

S
1
T
m
H
[m
10
[
J
A%
0x
O px
o o
[l
il

HP E4491B M2{A|9t E4413A HME ALE5I0{ 1.23 mWwel Mg

systs 39

o u(Pymg) = 0.0007

| te ( 235l : 0.01 dB)

_ 0.00231 _
u(R) = g 0.0007

- MHA 2| 32 Diift S FAl

Lo

=
=

AT
olr
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(3) 58 =ZE9o| My =3 £8X
E4413A ©H HX[7|E o|85to]

HeEAL  HP
e e my

HP  E4419B
AHoll e[gt Type B E&T

Py = 8.075mW o M=
ol chstod AZt5L04 E X}
2 2 2
uPn) , ') | wKs) +u2(muc>+‘ufapfm)

mjo

u(P p)
- P, :\/‘IZ(M“)+ P, ' P K}
w?’(K)  uP)  w(Pn) 1 1
TRt T (VW2 Hut(Z) + ()
. 10.019x0.0048
At = Lpfe 00 — 0.0006
uMy) _ Iele _ 0.019<0.08 _
R Tl el 7 = 0.0005
P
, WPa) _ 025 = 0,003
P
, Pud _ 075 — 0.003
uD) _ 1510 % 1
° P, 8.076x10° V3
u(Ky) 0
o Kb -
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uKo) _ 0.5 _
o Kc - 2 - 0.0025
uw(Ky)

o Kc - O

o TP = Ty =0.0045
| _ 1 I EEEEN AR T L
- W2 e )T Cygrpaan s o0 00 g < 0

| _ 1 N EEENUFANUR T L N
- W2 e )T Cygrpaan s o0 T g < 0

o u(Ppyp) = 8.076xV .0006%+ .0003%+ .0005% + .0003% + .00252 + .0045

= 0.0422
Ct. 2F MOo|AE 28 o|3eh Md| SHo| gd 2F =8k

u.(Rpp) = Vui (Rpp) +ui(Rpy) = ¥ 0.00032+0.0345°

= 0.0345
2l. K8 ARE
Dy — 0 0345° — oo
iLOélQ?L | Uk
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o}, Myd| £He| =& &
71® gsz el , +% gEEEx | HEUX | EFE =3
£H Portet MM Afole| | I's] =0.019
M.z 15 ol u 1 0.0006
g ol= | Fop| =0.048
M M Ao mHeln} | I's| =0.019 U ] 0.0005
ue MM Atole] BXBt 0|5 | Il =0.038 '
P M2 A instrumentation 0.5 % |z} V3 0.003
WHEI|ZF SoF MHA
P , 0.5 % &z}t V3 0.003
instrumentation
D HEA drift 115 pW =zt V3 0.000
50 MHzol[A]l MIA{
K. ol 0 %2 - 0.0025
P Ay nd = My 09 % M 2 0.0045
Z HHA zero set 150 pW =zt V3 0.000
Z. = A zero carryover 0 =]zt V3 0.000
N MHA L MM FEHS 70 pW 2z}t \/5 0.000
M=y 539 ;
R ) 0.03 % A 1 )
A(Rp2) Type-A ST o T 0.0003
Us(Ro1) BN =3 0.0345
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| M Mo|AE OIRE W

B I

RRL

B.566. ) g9y

6.492

14.4.4 2= Mo|AE OI2E 22 0|&

. WHEIX}
Ry
Kpy = Kgyx R *My; = (.9920x
S2
= 0.9973 (99.73 %)

By =

Lt.

e
u. (Kpg) = \/ C%u%(KSZ) + C%U%(RDZ) +C3u2c(RSZ) + C4u%(M2)
= (.1519

= 0.0086
ct, Zd=zAF

oK K 9K K

D2 D2 o D2 D2

=Ko = 10033, = et —=ph

9K K

.1536 = o = =k

0.1536  ca= Ton, =M,

1.0033

tEH 25
Up= ku.(Kp) = 0.0086x2 = 0.0172 (k=2)

ok

at,

~
~

2t

T 5006 T

RE XARE
A 0.0086*
KDP, O 00254 0 03154 0 00154 n 0 00634
o0 253125 co
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14,45 & Mo|AE OIRE 2 0|88t XM MY X7 nd & =%
7| 2as 20l sae | 2 Iygoix| geAa| =
2x 7104
Ks2 HZE Mo[AH ol2Ee mFIX} 0.005 | M 2 1.0053 | 0.0025
DY 2x7| o BUE R Mejy|
Rp2 —HHE =X : ua(Rp)=0.0003 0.0345 | H 1 0.1519 | 0.0052
-2 UERe| MHEH: u(Rup2)=0.0007
—=xZEQ M=H: y(Pp)=0.0422
EX Wo|AEel BUE R HMay|
Rs2 22 =X : ya(Rs2)=0.0003 0.0045 | H ¢ 1 0.1536 | 0.0007
-2 UE{Re| MHEH: u(Rus2)=0.0007
—=xmZEQ MH=H: y(Ps )=0.0031
HXE ol Kl
M ) 0.0089 u V9 1.0033 | 0.0063
—=™MEZTELRl EFTJ|: Uuns2=0.002
-EXZEQ} uWHI|: Uwp2=0.006
uc(Kp1) g EF EET 0.0083
Up1 8 2EE (k=2) 0.0166
145 md A1
7k wAHQIXE
Kp+Kp 0.9978 +0.9973
Kp=""9"""= 2

= 0.9976 (99.76 %)

- 197 -




Eay Ny MY 24X DY KM [EMHS
, e MY LA
RRL Guide Book for the Calibration of SHE IR
Coaxial Thermocouple Power Sensor [7fA s & [Z5] 46/47

Lt S8

_ U%FU%Z _ V0.0166240.0172% _

V2

0.0169 (1.69 %)

M

Hste IE MEHAM A

lo

11

DY #Y X2, 2E 5 HolE Y BHE ME
g olxlE 2E F2 oolsE 7S BE

16.1 58 Mo|AE DI2E2| EEWHAEAHKASTO 96-14-401-029) : SH=53H
19964 12¢

Z17| ™8 E 3,

16.2 Direct Comparison Transfer of Microwave Power Sensor Calibrations :
NIST, Jan., 1996H

16.3 Expression of the Uncertainty of Measurement in Calibration : EA-4/02

16.4 Radio Frequency Power Measurements : Proceedings of The IEEE,
June, 1967

16.5 Fundamental of RF and Microwave power Measurement : Agilent

technologies : Agilent AN 64-1C
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16.6 Applying Error Correction to Network Analyzer Measurements : Agilent

AN 1287-3

16.7 8 Hints for Making Better Network Analyzer Measurements : Agilent

AN 12911
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= ud XM= ch32e "ol oM SEss 58 &7 HAAS, HAjo
|

Hl, 2%t 2 EojdolMel mAo| X35}

1.1 o 89 1 10 MHz ~ 3 GHz
1.2 BEAPAIS 3] 2 0.01 © 1.0
1.3 BRAAS=2] e 00+ 180°

2N7|E
2 oy XHME Hifel REM SHEE gstol BREHYI| DY 0|M Wi
S=8 Mate] EETYHAKASTO 98-14-207-198)M & EZsl0{ A ZHo|
c}

nEFY|

NHEFI|E I7tnYI| XNYHE 2SHME EF 10(M gt FEWY FI|1E w
BEc AS Hd3ez st Do| 2¥d F? &5 gofo 2[5t #HEH JtsSioh
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- R uEAo M HEOz wRS =z XNg glolct,
- x: YmEAe 54 2Eo=z mRs e B|HEA golo,
4.2 HE (matching)
ORI Z0A =i MHe MY =AHzl F HiAl =Hof| w2} S I EHA H§t
I JA uEA FEoz FERsoiCE =W uEHA HES Ao Mol MEo|
T8 AMSHA Bt uEAarr W =49 HAJL HEF FF Ao, A
A olmeA HE2 MSe umEAel HEE uEHAE ZA st Aol X EHE
29 ZRos My Negn B2 MEg2 #A stH o] F HE =2 oHF A
7lct

4.3 HEALA|I 5

WRE 2N F3517 o ueiAael ofE uEAolH o £3)

7} £
of QIAbste The| &7} HRALSIAIEIC). of m| AT HEALTE| H|E HEARM 4
ajsiod =agolc)

Al
=

e

4.4 HEA}

HRALAI2] 3700 48238 F&t @22 UMAITE [etn & o of HiA}
F2te ofZol AL At

RL = —20log | I'| [dB]

4.5 Mxm}
235l dmEAT Mzl EM uEAl cled MRS 2= HEo| o|F0o{X|
x| g2 BEFe MEf7l =3, ofof wel B5lof| ASHE mhe| AR I HRALEOf
AEel wetoz z|lZolA Ech o] mf ME AollE AL} BEALEIZF SHK M
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=
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=
0
e
el

=
0
e
fok

N ohel o,
Lt HEAL

RRL
A =& ol&
A of "2} ShH HREALA S

LIEFHCE

Bixof
ZIloIN Y

4.6
Axtof]l thsto ctF

,FR

WAEHEXHKASTO 98-14-207

23 GA|
HP 8753 s|2Y 47 A wH Kit

3]

o
Mg

st
=]

4

ol

g

SEARZ 5
7.4 ARG 27] 5%
BRI 2]

| I
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=
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el
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[
4>

RRL

=
0
e
fok

5/23

Standing Wave Ratio and Termination

D HRALAI =2 37

- |
- |Fm| égﬁ
- 5Ir| : BEex
L}, B BeE
_ | erlrl LA Al
= I r
ct A
D N N N
& SHel £5 =Y 4

7|' Tl o
= 0,+ 50

- O d27|e M
- @m é’é‘!ﬂ
- 00 BHE2X

Lt &N 28

_ %0 %0
u.(0) \/ 2’0, u(e,)+ 7250 1 (60)
ot Z=AF
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_ _00 _ 260
A= %0, T L a= e =1
8. Al &F
8.1 HE FZIUEMI|E ALZSI7| Mol 1A[ZE o[ ofH(warm up) Sich
8.2 type-N WA kitE AFEs5I] ct2 agel 7I&H 13 7|&H 2 oA 1-=
E mAEo|Ll M 2-xE mF 2 Adsic}
8.3 Filr "2 EXStOAl st= FTulr tYo| F =5 MHSGIC},
8.4 CI& 182 7|&H 1 == 7|&=H 2 Alofof| =] |& &5t &£ Fanls
HZ ZE-10M EAHS S 2 vAAe Mol, ZE-20|M FAst Sy=
BEALH| = T,0|Ch HEALAI=2] 37|t A2 EX-SIH & 8-10 7|FEiCt
8.5 1| EH7|E MHACtr} 7|=H Ajolof| ClA] HdASID §.4E 5H f EHFdiC)
Network Analyzer
( HP8&753 )
2

N
M
i)
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E 8-1 HAAI E£X A3
i r
| | )
’
2
3
4
5
6
9. BIAIAI= 37| & <lAtoll oSt HIt
9.1 % 7-12| £% G|o|EollA BEAIAIS2| 37| ¥ Mol st Type-A EF =%
£E M)

7t. 65 Edol tiet 37|2 2|4 gdS Feich

— 6
T=—4 2110
— 6
6= 4 X 6
n=1
Lt A" BEFEHA

s(IFI)Z\/F_L1 i}l(lf(z')l—lﬂ)2

S(@)=¢6J_T lZi:l(@(i)—@)2
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ch goel dY 2F HA
)= 5)— 0
ST == 59—
2t. Type-A E&F =&
a1 =s(Th
ux(6)=5(6)

9.2 Type-B E= €&
7t YAl 37| £Y S EE

o E,.(linear) = V,+S,xT (maginitude)
o E..(log) = 20log(1+E,,,/Ss;)
° uB(|[1) = :Erm/2

1o

T

Lt HEARAS2| 28 £Y =

° Erp = Sin71{(Vr—AmXSH)/SM}+Trd(phase)+25rl+AD
o up(®) = Em/2

Ct 7F gx L gollM

o

o V,= S, +VYi+Z?

o S, = D+S;+ T xS+ (Mg+S,)xST + M xSy xSy, + A xSy
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Y,= Ry+2xTyxS+ erxszn

Z,= RypxSyxSyy
2}, ARE

yg = 0
of. Type B 2&% 29!
E 9-1 25 29 5%
Residual (Accuracy Enhancement, Full
J|5 =t B Two—port Calibration)
dB Linear

D Directivity -44 0.0063
Ms Sourch Match -35 0.0178
M Load Match -42 0.008
T, Reflection Tracking 0.06 0.007
T Transmission Tracking 0.05 0.006
C Crosstalk -100 0.00001
R Port 1 Re.fllection Connector 65 0.00056

Repeatability
Tu Port 1 Trélnsmlsswn Connector 65 0.00056

Repeatability
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T 91 E&E 20 & (A
Residual (Accuracy Enhancement, Full
7|5 Qx} & Two—-port Calibration)
dB Linear
Port 1 Reflection Connector
Rr2 . -65 0.00056
Repeatability
Port 1 Transmission Connector
T . -65 0.00056
Repeatability
N Low-Level Noise —-100 dBm
Nh High-Level Noise 0.004 0.00046
Am Mag. Dynamic Accuracy Error 0.05 0.00577
A, Phase Dynamic Accuracy Error 0.331, degrees
Port 1 Cable Transmission
. X
Su Phase Stabillty 0.05 X f[GHz], degrees
Port 1 Cable Reflection
S Stability 70 0.00032
Port 2 Cable Transmission
. X
S Phase Stabillty 0.05 X f[GHz], degrees
Port 2 Cable Reflection
Se Stability 70 0.00032
T T ssion Tracking Drift Magnitude : 0.0015 XA, linear
ransmission Tracking Dri
d g Phase : {0.1 + 0.15 xf[GHz]}xAC, degrees
Magnitude : 0.0015 XA T, linear
Trg Reflection Tracking Drift

Phase : {0.1 + 0.15 xf[GHz]}xAC, degrees
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HE, Sy, (Sy)oll st Type B 23t
o Reference power level : =20 dBm( A, = 0.00577 ,A, = 0.331 (deg) )
T 9-2 HHAAIZo| e Type B &% (ug(|I1), ug(®) )
N 0.01 0.05 0.1 0.2 0.5 1.0
Tl
(GHZ) o| AL o| AL o o o o
37 | & 37 | A 371 | A 37] | f[A | 30 (A 3] | A
1 48.3 10.5 6.4 4.4 3.5 3.6
2 0.007 |49.110.008|11.3| 0.01 | 7.2 | 0.01 | 5.3 | 0.02 | 4.4 | 0.05 | 4.5
3 50.0 12.2 8.1 6.1 5.2 5.3
9.3 &M EZF EEE
uc(l I = VUM +uiUn) , ue(0) =V ui(6) +ui(6)
9.4 78 Xk
4 4
1T — u (111) o uc(0)
‘ uy (1) n uh (|1 ¢ ui (0) N up( O
Va Vp ’ Va VB
9.5 &% =&
UF: kuc(|ﬂ) , U@: kuc(@)
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9.6 2| 37| A Aol st YAgo &Y EETE ¥ 9-30| 7|FSict,
F 9-3 HAMAIel 37| & flAke] HolH XAz
I (HEALA =)

3 7| 2 A

| T Ur Vi 6 Usg Ve
10. 538 of
10.1 £d &3 1 GHzOlM ZETH HEALA S
- || = 0.22, 0.20, 0.21, 0.21,0.20, 0.22
- = 110.7° 110.5°, 110.4°, 161.3°, 110.2°, 110.8°
10.2 Type-A 2&x "I}
o Wot
_ 6
_ IT=4 2l = 0.21
— 6
_ 6= ¢ 266 = 110.5°
EFEHXL
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- s(lﬂ)—\/¥ i(lm)l—lﬂ)zz 0.008 9

6 1 i=1
6 _
_ s,((~))=¢?‘l*1 ;l(@(i)_ 0)* = 0.23°
> Type-A BEF ST (Yol 48 EFHA

w111 = =3 — 0,004
(@) = jj% — 0.093°

. RIRE
Virl = 5

Vg =

10.3 Type-B 85T HI7} : & 9131 ¥ 9227 H

o ug(|I'l) = 0.02
° UB(@) - 4.400

10.4 &8 EF =8

o HMAAIS 37|

a1 1) = VA T +ud( [ I])

=V 0.004% + 0.022
= 0.02
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o HRALA|= 2| A¢
uc(6) = V ui(8) +uh(6)
= v 0.093% + 4.40>
= 4.40°
10.5 & A7k
o HIAMAH= 37|
LTl u(111) _ 0.02" _ gy
¢ uih (1) uik( 0 0.004* | _0.02°
+
Va VB 5 o0
o HIAMA= 2|4
4
o_ u (0) _ 4.40" _
Va Vg 5 oo

10.6 =& =5

U|[‘| = kuc( | F' ): 2x0.02 = 0.04

Ug= ku(0)=2x4.4°= 8.8°

krl

10.7 ISO HXloll 2[5t =5t &2
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e
fok

Ao

0| =
A

e

=
0
e
el

Reflection Coefficient, Mismatch,
= A
Standing Wave Ratio and Termination HNgHs &= 15/23
(1) HAAI= 7] &3 28X
7l & =&E {9l MEL = EZE EER
ua( |l I'l) Type A 285 0.004 0.004
ug( | I'l) Type A 28T 0.04 0.02
M 2F EE
- 0.02
u (|l ') RSS
U | | i—I'chl' %i—l'_'lz_ =2 0.04
(2) BrAMAI=2| 24t X &L
71 & 23 2ol AMEZE ss8g BZ 235
ux(® Type A 223tz 0.093° 0.093°
up(®) Type A 2% 8.80° 4.4Q°
B3 BFE 28R
- 4.40°
u:(6) © RSS
Uy &3t 25 =2 8.80°
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11, ™z vle &5F

1.1 BT AE A

FAPA|=2F F QY "y me|(S)ets  chEel &A7E Uch

> &l

S _ U4Q(|S|)
‘ uc(117)
VC\F\

11.4 10ee| 5 dlolelz Fxjou| AL
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=
[Lm

|
7H

_I_

r_'.I_
}0I'

X

.I.

N

_|_

RRL

...0
HJSHJS

X

_|_

oi
r_'.I_
}0I'
JH

17/23

o M A ma|

S= 11T

r

JIOII

=
=T

I=k|
H>|

uc(s) = uc( | I'l) =

oI
o ZHEAT

oS _ _2|rf _

X 25

. BT 2EHE

=]
=

Ug = kxu(S) = 2x0.013 = 0.026
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_ 5 1—|I]|* ‘iz 2| I'| sin@®
01—=21T cos®+ | I'| 2 01-21T] cos®+ | I'| 2

= ZV +]Zz

1—|I|?
Z,= Z
g 01-2| I cos®+ | I'| 2

_ o, 2|I'lsn®
Z.= 7
! 01-2|T| cos®+ | I'| ?

— aZV 2,2 82722

- ZEAS

(1—=2| | cos®+ | I'| ?)?

r i _ 2
92, _ 27, — I Llsin@( =19

(1—=2| I'| cos®+ | I'| %)?
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=T

=4
MY

0Z 2
8||

)2 2@

uc(Zz') = \/

Z, sin@1— [ I'| )
0Zi _ 9z,

(1—2|I'| cos®+ | I'| ?)?

oI
9Zf:22 r ryh—2|r|?
00 O (1-2|TI] cos®+ | I'| H)?

12.3 78 Ak L&

sz: uC(Zr)
¢ uc(m) uc(0)
| I @
VZAZ uC(Zl)
¢ uc(|ﬂ) uc(0)
| I U?

4

12.4 8% 285
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|+ 14+ 0.212110.5°
Z= 7 =
° 01— = 02121105
= 40.124 + 716.513
o Z,= 40.124
o Zi == 16513
L QEBA AfRo EX SHE
o BE SR
_ aZr 2 2 aZV 2.2

2
— | 553687 0,022+ 13,2512 ()
180
— 1.151 @
. ZEH S
0Z, o, cosO®U+2|T|H—2| _
a1 2% (=9 cosot || H2 — 20368
0Z, _ Il sin@1—|TI]* _
00 22 (1—2 | I'| cos®+ | T'| »? 13.251

- RE ARE
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z, u(Zp _ 1.154*
am - ui(e 0.02" 44"
e 3125 25052375

v =
Cc uC
I

Vc‘ |

o B1EF 2T
Uy = keu (Z,) 261,150 = 2.308 ©
of. YTEA si$Ke EE 2EE
. EBE 28T
a2 = | (G2hyuz 1+ 2y
¢63 17x0.02° + 11.63%x (180)
1.204 0
. UEAS
STIT = M sl T = 1
b6 = 2 s P e T = e
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i uc(Zy) 1.294*
¢ ue(1) n ue(0) _0.02* +J_L‘
Vc‘ ri v? 3125 25052375
=~ OO
- % 2T
U, = kxu (Z;) 2x1.294 = 2.588 Q
13, BN MXA ZaY
13.1 ueAael AHE FSHZQ BIAA S, o], IEHA gHE5E =Xl
7o w2} ME{sto] M3 st
13.2 gt= Alg - ™ 7| 2S5 7| F(KORLAS)MIA QX st= mA™ MM Akol 11
| =52 HESH Z2Hol| 2/5t0 &HM ot
13.3 Wd MEA Mo 7|Est= udH &4 Az, ZE Y Mol A ST A&
S By Zojol S J#2 0lxs ZE 72 HolEE 7|8 EEsiCh
14. &30 2M
141 558 XN&e| E=WAHEXHKASTO 98-14-207-198), 19984 12% 234
14.2 Re—examination of mismatch uncertainty when measuring microwave
power and attenuation : IEE PROC., VOL. 128, pT.H, Feb., 1981
14.3 Expression of the Uncertainty of Measurement in Calibration : EA-4/02

- 223 -



UEAPAS, o], Saa 2 ZMHE
ElojufolMe] Wy X|&A AH oA
RRL Guide Book for the Calibration of SNl
Reflection Coefficient, Mismatch,
Standing Wave Ratio and Termination WS | 28/23

14.4 Applying Error Correction to Network Analyzer Measureemnts : Agilent
AN 1287-3
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1. 8yl

= uyd XFME cf3el Hel oM SEste S58 1™ #4247l uFo HE

1.1 Fo4 #He : 10 MHz ~ 3 GHz
12 HAMFHS] (0 7 50) dB

M HEE Astel FREHHIIIDYHSN LIS
!

-uc-’r
S5 1F #4479 EEuHEHXHKASTO 088-14-102-041)ME 7|E2E &
M35

HE oM HE EZDE F7|8 w=
§_ H:

gofo| ofsto M JHsStiot

4.1 42| (attenuation)e H<|

AP LU ASAD P HSHE 3 =
Mo pot WEH 2-ZE J|7|B Bt AFSAS 1 Latol Merss MY

Pol H|E HAIE(dB) B2 LIEHA Zolct,

A= 101og§ dB
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4.2 tix &Alol Heo| (substitution Loss)el A<
&2 FHAL AMST FHAL BSIE &3 2-ZE 7J|7[E &s5l0f &S
e of Fstol] MEE= Myu uEH 2-XE J|7| &5l HAZSE W £
ol MEE = Mol v|E dAlE ctl=z LIEE Zio|ct
4.3 FHAL =AH
SHIAL 0|2t ZA7[7F == Z[EHAM AMER duEHAel 25t lmH
271 MEMZe &M duEHAo HE(matching)® AEHE ZsiCl
5. WL
2 Wd HXM= A2 H517] 95l HE 3z 2MI|(VNA)E E8510] =
8 0y Z27(e d2 2 EHst= EXfof tfsto ctFn Ut AN 5o
7|2 92 EFEUEEXHKASTO 088 —14-102-041)AME Et1stct.
6. ER2AH| HA|
HP 8753C S|Z4&EM7| & wH Kit
7. AT 5™ £EA zH

7.1 H2T|e 2T 5 ety oH MY

7h. 2T ™o £EA pE MY

ATT = ATT,_, + SATT
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- ATT : &#27]9] &2

- ATT, : ™%

- OATT : SH2R

L B EEtE
_ | _0*ATT _3*ATT
u (ATT) \/ 3’ATT. u“(ATT,) + SZSATT “ (6ATT)

0.

1Y g

Lt.

ok

2
u.(Phase) :\/ 320, W (On 22560

ct. Z=AS

_ 00 _
R R T
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Zaf7|o] MRS 5
8.1 HE 3 2ZUEMT|E ALSSH7| Mol 1A|ZF o[ & o H(warm up)= Sict.

8.4 ctg adel 7[=H 13 J|&=H

2 Alofojl

itE AFEst] ChS 82 7|&EH 12t 7|&EH 2 Alo[oflAM 2-=

&y #7[& d&dstn £F
=
il

= HE S, Sp2t Sy, Spel 37| & a2 EFsto E 10| 7[SEct
HP8753
7Z|=H1 7|1EH2
8.5 I EY 4A7|E HAUCI}t F 7|FEH Atolof] CHA| AZSIT 8.45 58 O HiS
[y
Mol st HHdE Tsto] FE20 7| Fsict.

U= SHJ_'—I' Sgggl ijl £l
=

ji= 11 E= 22 0|c}t.)

HENG

@SJ] (n)

HMC”
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10. Sy3 Spel 37 I 2ol st dio[e] e

7t. 63 H&ol st 37|t & HAS Fect (ke 12 £ 21 0ct)
R _]_ 6 )
‘Sjklz 6 1z::1|51k(1)|
_L 6
Osj = 6 &, YK (n)
L, Ad ZFEHXL

6 _

s<|s,-k|)=¢§}1 2, (14D = Sil)’

1 6 _

S(@S;‘k,):\/ 6—1 ;I(@jk(l)— @,k)2

ct e MY ZF HAL

(Sl (65

s( |Sj/e|)_ \/E , S( sjk)— \/6

2l. Type-A & E&T

ua(IS5) =s( Sy
ua( @Sjk) = S(Ejk)
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10.2 Type-B EZ E&ET
7F Sq(Sp)el 37| 58 ==&

o E.,(linear) = V,+ S, xT(maginitude)
o E.,(log) = 20log(1+E,,/Ss;)
° uB(|Sjk|) = E/2

Lh Su(Sp)el $lat 58 g8

o Ey = Sin71{(Vt_AmXSZI)/SZI}+Ttd(phase)+stl+StZ+Ap
o up(Bgy) = Etp/2

Ct 7h gat L ghollM

o V.= S+ Yi+Z]

o Si = C+T xSy +(M+S,;1)xS ;%S + (M + S;9)xS9xSqy + A, xSy
o Y= TyxSay+RuxS11xSy

o Zi = TpxSy+ RpxS»xSy

o

2l ARz

yg = O
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of. Type B &% ¢l
E 91 E&r 90 &%

Residual (Accuracy Enhancement, Full
75 X} &+ Two—port Calibration)
dB Linear
D Directivity -44 0.0063
Ms Sourch Match -35 0.0178
M, Load Match -42 0.008
T, Reflection Tracking 0.06 0.007
Ty Transmission Tracking 0.05 0.006
C Crosstalk -100 0.00001
Port 1 Reflecti C t
Ry or e”ec ion Connector 65 0.00056
Repeatability
Port 1 Transmission Connector
T nomiss! 65 0.00056
Repeatability
Port 1 Reflecti C t
Res or e”ec ion Connector 65 0.00056
Repeatability
Port 1 T issi C t
To or rz.alnsmlsswn onnector 65 0.00056
Repeatability
N, Low-Level Noise —-100 dBm
Nh High—Level Noise 0.004 0.00046
Am Mag. Dynamic Accuracy Error 0.05 0.00577
A, Phase Dynamic Accuracy Error 0.331, degrees
Port 1 Cable Transmission
Sh Phase Stabilly 0.05 X f[GHz], degrees
Port 1 Cable Reflecti
S | o wAe Tetecton ~70 0.00032
Stability
Port 2 Cable Transmission
Se Phase Stabillty 0.05 X f[GHz], degrees
Port 2 Cable Reflecti
S | o o wae rerecton 70 0.00032
Stability
T T ssion Tracking Drift Magnitude : 0.0015 XAT, linear
ransmission Tracking Dri
d ¢ Phase : {0.1 + 0.15 xf[GHz]}xAC, degrees
T Reflection Tracking Drift Magnitude : 0.0015 XAC, linear
eflection Tracking Dri
rd ¢ Phase : {0.1 + 0.15 xf[GHz]}xAC, degrees
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=M

i
fol

H -

ol %

)

N

olxl.

[l

N

HS

z4| 9/16

HE. Sy (Sy)ol st Type B &%

o Reference power level : 0 dBm
(A,=0.035,A,=5 (deg) )

° SH: 522: 0.1

F 9-2 Sy, (Sy)oll i Type B 2& %

_ 10 dB 20 dB 30 dB 40 dB 50 dB
ESTPS
(GHz) | 27] 2| At 37| 2| At 37| | A = 2| AF a7 2| Ak
(dB) | (Deg) | (dB) | (Deg) | (dB) | (Deg) | (dB) | (Deg) | (dB) | (Deg)
1 6.85 6.673 6.857 6.894 7.030
2 0.434 7.70 0.433 | 7.523 | 0.435 | 7.707 | 0.440 | 7.744 | 0.459 | 7.880
3 8.55 8.373 8.557 8.594 8.730
10.3 &4 = £
uc( ] S 1) = VA USul +u3(USuD) , uc(@g) =V v (Og)+ ui(Og0)
10.4 758 A=z

10.5

ui(|5ik|)

mag
v o=

UZ}A( |Sik|) + U%( |Sik|

ok
0.'_
ML
ok
H

Va

VB
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Usjk: kuc(|5jk|) U@/‘k: kuc(@sjk)

10.6 Syt Spo| 37| & faholl e Woghy &y =3 E # 30 7[5 sich

1 H27|e MEtAs Y Hot

Si Sy Sop Sip
[
| Sy | Osn | So | O | Sor | Os | Sy | Os1
’
2
3
4
5
6
ISyl Spel 321, Ogy = £S5y Syl 914, | Sp | @ Syel 371
Osp = £Syp: Spel fiat, [ Sy | : Syl 371, O = £S5 Syel 24t
| Sto | - Spel 271, Ogy = £S;5: Spel fa
¥ 2 Sz Spel 37| ¥ ¢4k dlolgf Mz|Z ot
Sn Sa
3ol g4 " 3zl g4 "
| Sy | | Og | | Sy | | Ogo |
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AL
5

[ 11/16

F 3Sy3 Spel 37| ¥ LA Mol XMl

| Sy | | Sp, |

10 dB, |Slll -

Falg : 3 GHz

|Sz2| =0.1

- [ Sy | [dB]
Osy = 160.7°, 160.5°, 160.4°, 160.3°, 160.2°, 160.8°

10.05, 10.08, 10.07, 10.06,10.05, 10.06

- [ Sy [ [dB]
Os» = 160.9°, 160.5°, 160.6°, 160.3°, 160.4°, 160.6°,

10.04, 10.07, 10.08, 10.05,10.08, 10.05

r

lOI-
OEi

|
4

IIHII

11.3 Type-A

J

r:U

0I
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6
- ‘521|— Z|521(1)| = 10.06 dB
S 6 ‘
_ \812|— 2. 15M1 = 10.06 B

6
- @521 == _6L 2: @SZI(I) = ].60 50
1
6

_ 6
- Oy = 2: Os12(i1) = 160.5°
. sl
ATT = |521|;r|512| ~ 0061006 _ 1 o5 g5
- gl4t
_ Phase — |@521|;'|@Slz| _ _160 5;—160 5 _ 160.5°
. MY EEER

1=1

6 -
- S(|512| \/ 6 1 Z |Sl2(i)|_|512|)2: 002 dB

=1

6 _
- S(@521):¢ ?_Ll 121( Os (1) — @521)2 = 0.23°
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1 6 _
- S(@sm):¢ 6-1 ;1(@512(0_ Ogp)? = 0.28°
o Type-A E&E =& (Hde AY EFHAL

s(ISy )+ s (IS
2V 6

us(ATT) = = 0.012 dB

u,(Phase) — _s(Og) +5(Ogp) 0.10°

2V 6

. ARE

Varr = 9

Y Phase = 5

11.4 Type-B EEE

0!

7t
o ¥ 922 %E Type B &% 29 Ent E, = CtS3 ZcC}h.
Eum = +0.434 dB, E,, = 8.56°

Em
° UB(ATT) = UB(|521|) = UB(|S12|) = Tt [dB] = 0.217 dB

E
° uB(Phase) = uB(@521) = uB(@SIZ) = 42‘[1:L [dB] = 4.28°

11.5 &AM -

M

v
ar

o uc(ATT) = V ud(ATT) +ui(ATT)

=V 0.012% + 0.217°
— 0.217 dB
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o uc(Phase) = \/uZA(Phase)-i—u%(Phase)
=V 0.10° + 4.28°
= 4.28°
11.6 78 ARk
4
ATT _ u (ATT) _ 0.217* _
Ve W (ATT)  ui(ATT) 0.012' | 0.217" 034 668
° v + v 5] oo
A B
4
Phase __ uc(Phase) o 4 184 —
Ve u’h (Phase) . u%(Phase) 0.10* 44 18* + 926 423
° Va Vg ) 0

1.7 && 2585

Uarr = ku (ATT)= 2x0.217 dB = (0.434 dB

Uppase = ku (Phase) = 2x4.28° = 8.56°

11.8 ISO Hxloll 2ot 28t S&E

(1) 10 dB Zta|7[e] 242 =X EsT
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gy | M2l
7 & gatz 2ol MEY HEE BN s mas
I At
u,(ATT) Type A E&E 0.012 dB H 1 0.012 dB
ug(ATT) Type A BEE 0.434 dB Sh 2 0.217 dB
B3d 2F =85
ATT - - - 0.217 dB
u(ATT) RSS
UATT '§|IJCE>I- %5—'!-—'!:— =2 t 0.434 dB
(2) 10 dB &4{7(9] f{AFH 25
gy | M9l
7l s gas 2ol NEY HEENBY gz was
I At
u,(Phase) Type A &% 0.10° SR 1 0.10°
up(Phase) Type A £ 8.56° A 2 4.28°
B3d 2F =85
Ph - - - 4.28°
u.(Phase) RSS
UPhase §'IJC:>I- %é_'l-—l':— =2 t 8.560
12, I3 MAAM =A™
12.1 3= A" gt= A" - ™ 7| QB 7(F(KORLAS)OAM el™sts my AN
M Aol 11 7 =2 Yest 2AHo ofsto] &by
12.2 %y AHHAM 2o 7|85z ud 4 Xg, ZE Y Ho/H A ==5x &E
S Iy Zoo 523t &2 o|A = ZE FL2 HOIH= 7|18 BE&
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13. &1 &M
131 S=8g I3 7| EFZFDHEIKASTO 88-14-102-041) : TIZEH
17| m A3, 1996 128

13.2 Re—examination of mismatch uncertainty when measuring microwave
power and attenuation : IEE PROC., VOL. 128, pT.H, Feb., 1981

13.3 Expression of the Uncertainty of Measurement in Calibration : EA-4/02

13.4 Applying Error Correction to Network Analyzer Measurements : Agilent
AN 1287-3
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N JH LRI 7 S| Ly = M HE |54
HS
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1. H8He|
2 W™ XEHMs= chse #He oA SESsts 58 A Zh27(e udHol FHE

1.1 Fo4 HQ 10 MHz ~ 3 GHz
Mol : (0 7 50) dB

SEY HEE sl FISYIIIDHYSOIN ws
2712 EFEWM™EEXHKASTO 088-14-102-041)ME 7|E22 &}

DYF7|E FIDY7IS NYAE SYME UE 100N ¥ot EZDE T7|8 me=
£ Ae #EHoR st THo| RHE A A5 Holo| ostol WH shssict

A= 1010g£ dB

4.2 tfx| &Ale| Me| (substitution Loss)el A el
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&4 2 FEp dz2a Fok BSHE 58 2-ZE |78 S35t HEst
Qe W Fsto| ME=s= MY L5H 2-%E J|V[E S5l dEE%E o 7
H =

O‘l
|=J
oi
=."=
0|=0

2 wHs7| 95t HE 2L E47|(VNA)E 285101 S
58 0F Za7[e H4gs HdEsts HAo| st ciRD Aot 4 FHo

7|2 42 EEN™EEA(KASTO 088 -14-102-041)ME #1LE

E_

O)
HJH
I=0
02'-
E
OE
__>.:

7. B2 24T 5™ pEN 2y

74 ZAvl B2 AT 5F oY oy MY
b B2 Ty 53 2 oy MY

- O0A;: FHT MY FH2AX
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P
s

| /23

Y.
d°A,

8AA

2
9%A, u'(8A g+

u*(Ap+

Lt B 28T
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INOR: W LINOR O*AA 2
AN =
u(20) \/ a@ u’(e) + 88@ u“(60;) + a@ u(e,) + 88@ u“ (60,
ct. ZHEZA=F
0486 0486
a= 59, — 1, 2= 550, =1
0N B 0L @
= 59, — 1, 4= 50, 1

=3

o

8.1 HEl S ZURMIIE ALE5H7] Hol 1A[ZF ol& ol ¥ (warm up)S

8.2 type-N & kitE ALE3I0d clg 82l 7|&EH 12 7|&H 2 Alo[ofM 2-x

E mZ¥ s Adsich
8.3 Ful Y2 FYSIUAL st Fubs tiHo| =5 MYTict

8.4 ctx 82| 7[&M 12 7|&EH 2 Alololl =Y Z27|E HAds5tn 7HH Z4

79| =7 H#HY @S 485, 53
o f&kS HEs5tol E 8-10f 7| Fetct

HP8&753

N

M

ne}
N
M
ned
N
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8.5 =7| MA 3 CiE AT Z o|FSHFCI| 8.48e| =J|MH i3l Zo| &
22 ke M™EStn Sy, Sw, Sa,. Sipel A7(o A2 X5l F 8-10f
7|88kt

8.6 8.5&2 4¥ [ HH=giC

8.7 7hH 7|9 =T LA US

58| AT AAF MY ¢ut ol HAY2E o|SsIR st CHA| 8.58 2] 3

8.7 8
T W3 Zo| HHF ﬁk% MHESID Sy, Sw, Su, I Spel 37| & flaks
=

| Su, | O, | Sy, | Oy, | Sop, | Oy, | S, | O,
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# 8-2 2T &A% 5% Z1
511, 522, 521, 512,
i
| 511/ | @11, | 522/ | @22, | 521/ | @21, | 512/ | @12,
1
2
3
4
5
6
9. ¥ 8-10] A St Speol A7 U Ykl st HFE #510d E 9-10l 7| St

i 11 == 22 o|ct)

S 6
Sl =F 2SI

6,- L

6
= @jj] (n)

n

791 Sy Spel 371 ¢

4k clolH Az[Zxt

Slll

SZZ i

| Sy, |

| Oy, |

| Soy, |

| Oy, |
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Coaxial Variable Attenuator TS |§_¢_| 8/23
10. E 8-20 e St Spel 37| U Mo Oist W@e 750 E 10-10 7|S3ich
(jje 11 Ex 22 o|ct)
Sl = 6 §1|Sjj(1)|f
@]]i 6 ~=, @]]i (n)
#10-1 Syt Spel 37| U 4t ololg X2lZHnt
Sll/ SZZ/
| Su, | | 6y, | | S | | 6y |
11, So3t Spel A7) A Aol st ool XE|
11.1 £ 813} & 8-22/9] &X O|o|EHdM Sy = Sppel 7] 2 | M Cist
Type-A E&= ST E METHC}
5 -1}

7t. 68 =HEol izt 37| A 24 HZ Type A

E 11-20] 7|5t (ks 12 & 21 olch)

Sul=—¢ 3118,

1=1

E_ 1 ﬁl@jk(n)
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Coaxial Variable Attenuator TP |§_¢_| 5/23
6 N o2
S(|Sjk|l»):\/ 6—1 ZZl(|Sjk(l)|_|Sjk|)
S(@jkl):\/ 6—1 ;1(@j}e(i)_@)2
ct "de Ay 2F HA
_ S(|Sk| ) . s(@S,-k‘)
sCISd) =727 SCos)=—r
2l. Type-A E= EET
ua(1Suh) =s( Sy
uA(@jk):S(@)
ol Type-A E&= E&T o XjE
Vs, = 6—1=5
V@k=6_1_5
F 11-1 Sy.2 Sppol 37| & 2[4 dlo[g] Xz|ZAnt
SZL SIZt
a 7] 2 A a 7 2 A

|§1,| uA(ISZI||)|@5‘217|

MA(@21,) |§27| UA( | 512, ) |a2[| MA(@lz)
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E 11-2 Sy,2 Spol 371 A A Hlolg xMzlZz)
5211 SIZ,
3 7l 2 A 3 7] 2 A
| Sop, 1| uaClSo 1) [ Oy I | ual(@s) | | Spp, | | uall Sy, D] Oy, | | 2#a(O)

e

11.2 Type-B & E&
HE

7h Sy Sp)el 371 &
o E.,(linear) = V,+ Sy xT4(maginitude)

° Etm( log) = ZOIOg(liEtm/Szl)

o up(ISil) = Ewm/2
¥ gas
o Etp = Sin_1{(Vt—AmXS21)/S21}+Ttd(phase)+st1+5t2+Ap

521( 512)9-| ‘?’ljél' é

Lt,

o uB(@Sjk) = Etpp/Z

o

ct. 7t &
V= S, +VYi+7Z:
Si= CHTxSy+ (M4 S,)xS11%Sg + (M + S19)%S5 xS+ A xSy
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o Y= TyxSy +RyxS;1xSy
o Zy= TuxSy + RpxSuxSy
2}, A7z
yg = 0
of. Type B €&t 29I
E 11-3 =28k 22 &
Residual (Accuracy Enhancement, Full
J& X} & Two—port Calibration)
dB Linear
D Directivity -44 0.0063
Ms Sourch Match -35 0.0178
M Load Match -42 0.008
T, Reflection Tracking 0.06 0.007
Tt Transmission Tracking 0.05 0.006
C Crosstalk -100 0.00001
R Port 1 Re.fllectlon Connector -65 0.00056
Repeatability
Tu Port 1 Trélnsmission Connector —65 0.00056
Repeatability
] -
R.» Port Re.fllectlon Connector -65 0.00056
Repeatability
1 —
T Port Trélnsmlssmn Connector -65 0.00056
Repeatability
N, Low-Level Noise —-100 dBm
Nn High—Level Noise 0.004 0.00046
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¥ 11-8 28z 0 53 (HZH)
Residual (Accuracy Enhancement, Full
71% Xt & Two—port Calibration)
dB Linear
Am Mag. Dynamic Accuracy Error 0.05 0.00577
A, Phase Dynamic Accuracy Error 0.331, degrees
Port 1 Cable Transmission
. X
St Phase Stabilly 0.05 X f[GHz], degrees
Port 1 Cable Reflection
Sn - =70 0.00032
Stability
Port 2 Cable Transmission
. X
Sk Phase Stabillty 0.05 X f[GHz], degrees
Port 2 Cable Reflection
Sre . =70 0.00032
Stability
T T ssion Tracking Drift Magnitude : 0.0015 XAC, linear
ransmission Tracking Dri
td ¢ Phase : {0.1 + 0.15 xf[GHz]}xAC, degrees
Magnitude : 0.0015 XA C, linear
Trg Reflection Tracking Drift

Phase :

{0.1 + 0.15 xf[GHz]}xAC, degrees

HE. Sy (Sy)oll thst Type B £&%

o Reference power level : 0 dBm

(A,=0.035,A,=5 (deg) )

° SH: 522: 0.1

FE 11-4 Sy, (Sy)oll i3 Type B 2& T

Zapa( 10 dB 20 dB 30 dB 40 dB 50 dB
GHy) | 271 | FI€ | T2 sle ) 301 ) sl 301 e 301 Sl
(dB) | (Deg) | (dB) | (Deg) | (dB) | (Deg) | (dB) | (Deg) | (dB) | (Deg)
1 6.85 6.673 6.857 6.894 7.030
2 [0.434| 7.70 |0.433| 7.523 | 0.435 | 7.707 | 0.440 | 7.744 | 0.459 | 7.880
3 8.55 8.373 8.557 8.594 8.730
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11.3 7HH Zh2| =

(IS, D+CISy 1) (IS [)+C1Sy )

AA =

2 2
11.4 8Hd & =28
7h DTSR HAY| HBA BY BEE 285

uc 1Sy 1) =V uh(ISy ) +ub(ISy]
uc( @21) :\/ u%x( @21,)‘|‘ u%( @21,)

uc( 1 Sy 1) = Vui(ISul+ub(ISy)
uc(O) =V ui(Op)+ub(6y,)

uc( | 512‘|)+ Uc( | 821‘|)

uC(Ai) == 2
Uc(@mi) + Uc(@zli)
Lt 2| Bge 2 27| MEA &N EF E8E

ucC | So, 1) = Vuid(ISy | +ub(ISy|
uc(@s) =\ uh (@) +u(6y)

uc( | Spp, 1) =V uh(ISp +ub(ISy)
uc(Oy,,) :\/ ua(Op)+ub(0)
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11.6 8% 28c
U.og= ku(20)

11. &3 of
11.1 7HH 7|2 =7 ™zt 53
&3 =
0dB, |Syl

. B} EMHE
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uc(Af) _ Uc( | 512f |) '2|‘ Uc( | Szh 1)
(8, = uc(@y) + uc(Oy)
ct. 7 242 £-o BN EFE 28X
u(aA) = Vui(A) + u¥(A)
u(20) = Vu2(20) + ui(26)
1.6 #& AFE
mag __ ui(AA) oha — Ué(A@)
uh(A)) N ui (A) ¢ uh (@) N ul ()
Ve, Ve, J Ve, Ve,
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. 28 Ful% : 3 GHz

- | Sy, | [dB] = 0.45, 0.48, 0.47, 0.46, 0.45, 0.46
- 6y,= 60.7° 60.5°, 60.4°, 60.3°, 60.2°, 60.8°

- [ Sy, [ [dB] = 0.44, 0.47, 0.48, 0.45, 0.48, 0.45
- 0y, = 60.9°% 60.5°, 60.6°, 60.3°, 60.4°, 60.6°,

ok

—_

Cl. Type-A 2 &% H7

- Y
- 6
_ [Sul= 252 = 0.46 o8

S 6
~ [Sul=¢ 2,52 = 0.46 o8

- 6
— QZL = _6L 12:1@21i(i) = 60.5°
- 6
S O = X 6 = 60.5°
. £7| Ztalg
Sor | +]Sp.
A ASal*t[Sul  ous+0ds 0

- 2 2
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o X7| 4t
o — 1Oult]On]  go5+605 _ 60.5°
—_ i — 2 - 2 - .

- S(|Sz1|)=\/ﬁ é<|521(1)| ‘521||>2= 0.01 dB
— S(|512|):\/ﬁ i“sm(lﬂ ‘5712|)2= 0.02 dB

6
6—1 Z( 21, (i) — @21,)2= 0.23°

_ s(@m):J?L i(@12 (i)~ Op)? = 0.28°

o Type-A EZE St (el A8 F&HEXR])
s (IS )+ s(ISy))

us(A) = 6 — = (0.012dB
s(@y )+ s(6;)
ua(@,) = 21‘2@ 22— 0.10°
° ARE
VA(Az') =
VA(@Z') =15

2l. Type-B &% 7}
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—

o ¥ 11-32Z8H Type B =&8% ¢ Enzl E, = CtS2t ZcCl
E. = +0.434 dB, E,, = 8.56°

Eum
o up(A;) = up(ISy ) = up(ISp)) = Tt [dB] = 0.217 dB

E
o up(0) = up(Bgy) = up(BOgp) = ‘Ztl [dB] = 4.28°

o ARE
vp(A) = ©
vp(O,) = o

o BN EE 23T

o ue(A) =V ui(A)+ui(A)
=V 0.012% + 0.217°
= (.217 dB

o uc(@) = Vul(0)+ui(6)

=V 0.10% + 4.28?

= 4.28°
Ht. §& A8
4
ATT _ uc(A) B 0.217* B
oo T dhA) uikA) 00124 02170 534 668
° + 5 o
Ya VB
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4
Phase u.(0) 4.28*
ve Gh(6) , wi(6)  odot, azgt 0TI
° Va Vg 5 *©

11.2 74 Z47|2| 2T MHEFY =5

7. &Y =7

°%|I'—+—|7|: 30 dB, |Slll = |522| =0.1

° &3 FO$ : 3 GHz

Lt & 21

- | Sy, | [dB] = 30.47, 30.49, 30.48, 30.46, 30.45, 30.46
- 6y, = 80.9° 80.5°, 80.4°, 80.3° 80.7°, 80.6°

- | Sy, | [dB] = 30.44, 30.47, 30.48, 30.45, 30.48, 30.48
- 0, = 80.4° 80.7°, 80.6°, 80.3°, 80.4°, 80.6°,

c}. Type-A 28t "I}

. g
~ [Sul=F 2USuOI - 3047 a8
_ \S_lz|=—(]3“ lﬁ_llsl&(i)l = 30.47 dB
_ On= ¢ i}l@%(i) = 80.57°
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- 6
- @12f: _é Z.l@lzf(i) = 80.5°

- BT U

S| +|[Su,
A= zlflzl e _ 30 WENAL _ 39 47 g

o 5T 9l

Oy |+ 6y,
P mflz\ al _ 80 SEELS _ g g

>
0o
=3

ZHA}

1 6 -
s(ISQhI):\/ 61 ‘Z,l(lsmf(iﬂ—\smf)zz 0.01 dB

)’ = 0.02 dB

S(|812f|):\/ ?17 21“812‘(1” —‘g

1 6 -
S(@Zlf):\/ 6—1 IZI(@Zlf(i)_ @21)2 = 0.22°

1 6 —
S(@12f)2¢ 6—1 ;1( O, (i) — @,)* = 0.15°

s(@y) + s(0)y)
UA(@f) = 21‘2\/76 2 = 0.080
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o AFE

VA(Af) = 5

I/A(@f) =5
2l. Type-B 23z "7}

at.

HE.

o H119-3Z2Z5E Type B &% 29 En2t E, = ChSzF Zcl
- Eu = $0.434 dB, E,, = 8.56°

Ep
o up(Ap) = up(Sy ) = up(ISpl) = 2t [dB] = 0.217 dB

E
o up(@;) = up(Bgy) = up(Bgy) = ?tg [dB] = 4.28°

. HRE
VB(Af) = 0
VB(@f) = oo
Hy EE BHE

o uc(A)=Vui(A)+ul(A)

=V 0.012 + 0.2172
= 0.217 dB

o uc(@) = Vui(6) +ub(6)
=V 0.08% + 4.28?
= 4.98°

7E AR
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4
ATT _ u (A _ 0.217* _
v, a (&) wi(A ) 1 1 1 108 687
o - 0.0, 0.217
Va Vg ) ©o
4

Phase — uc( @f) — 4 284 —

Ve uzlA(@f) N u%( @f) O 084 + ] 284 40 962 375

° Va Vp °

11.3 7k &2 53 Ayt
7h. 7HH 2k
AA = A;— A;= 30.47—0.46 = 30.01 dB
L, 8H & EET
u(rA) =V (A + (A) =V .217% + 0.217 = 0.307 dB
u(26) =V i(0) + u2(0) = V 4.28% + 4.282 = 6.05°
ct. &3 28
U ,a = ku(2A)=2x0.307 dB = 0.614 dB
U .o = ku.(Phase) = 2x6.05° = 12.1°
11.4 |SO EXfof| <5t =& SZE
= A 5 =5

7t 30 d
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ges M8y
7l & E&tr 29l MEZL - 2= 28
ko Xt
us(A)) Type A E&8E 0.010 dB A 1 0.010 dB
ug(A)) Type A £ % 0.434 dB ¥SE 2 0.217 dB
ua(Ay) Type A EEE 0.012 dB ¥SE 1 0.012 dB
up(Ay) Type A E3E 0.434 dB PSR 2 0.217 dB
A BE EE 285 0.307 dB
A - - |- :
u(AA) RSS
U .a 3 25 =2 t 0.614 dB
Lt 30 dB T & #2(E 5de| & 28
sl - | Mo
7l & gz 2ol MY HETS M8 2z mas
x At
u(e) Type A E&E 0.08° PSR 1 0.08°
uB(@i) Type A =8 8.560 g‘ﬂ' 2 4.280
u, () Type A 28 0.10° H 1 0.10°
up(6;) Type A B3z 8.56° q 2 4.28°
e BE EEE
A - - - 6.04°
u(26) RSS
U.e g3 s8T =2 t 12.1°
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122 wd MHEM Ao 7|55t=

S ud ZIo| 28t &2 o|X|=

13. &1 M

131 S8 ¥ Z7] EZEDHEANKASTO 88-14-102-041) @ FH2ZEH
J171mH el 19964 1289

13.2 Re—examination of mismatch uncertainty when measuring microwave
power and attenuation : IEE PROC., VOL. 128, pT.H, Feb., 1981

13.3 Expression of the Uncertainty of Measurement in Calibration : EA-4/02

13.4 Applying Error Correction to Network Analyzer Measureemnts : Agilent

AN 1287-3
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N JHE LR 74 y Ly £=2 M HAE |52
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JHJ

A
(=]

-I-

==

=
S

|;J

e |
=

QEH[HA|

H>|
E
>
0°f"

by

o

I:él-

IEJ
]IE
|ﬂ
Hli
>||

10. ¥ dlole Mz| H

H

~ =5

o

A

o

=}
Y|

A

o

11. HA
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1. Hgds|
2 WH XFM= 100 kHz = 2 900 MHze Fulx HRoAM AlLEsSt= 1z
28 EYH EMI[(RF Spectrum Analyzer)e W&ol & &35t

DY "o REN HEE AsiM VIATSHHIL wke

H AHEZH EMYI] EFWHER (KASTO 02-14-9070-165)0lA  HA|E
%

4.1 Type-A ==&
Z2 oA nH U2 EXof| 2|5t HALXZE Cfg A3l Zo| ALESCH

HHeo A EXEHA
Hhe =xo| ot BE 28T 1 u(x,) = s(x)

- 272 -



DED AHMEY Bayle Y xFA |EMHS
. ¢ . . ¢ M ™ JKX}
RRL Guide Book for the Calibration o R

RF Spectrum Analyzer NEHS [Z] 4/61

4.2 Type-B =&t%
EX7|9 nd MMM mHE AlAHSe ESETol ZH0o| 4.10|AM CIEX| g2

EZE EET MEA EHo st HIZEH MESX] 22 EEHEE HAES
A=A
€ 0|835}0{ cts3} ZHo| HlRo{Fo{of st
uy) = ZZluzz(y)
S Aof[A
ucy) C; uc(xl)
- ¢, dEA=F
- ulx)  BEE B
olct,
4.4 Y 2=
U= kuly) (k=2)
5. 80{2 Feo 1 Hzl
5.1 A" EHEMT|(Spectrum Analyzer)
= THEZ 4%

e
Jl5el AsE Fo FoolM 24 JHSHEE BAIHT
= =3

SR ZE2 ASAMHEO J7| 2 HElE MEo[L} dB

o
;g 2|S_|"J|>o” 3I'|c>|-3l'|:|:| T\ |_|
2 l
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5.2 o+ 23ls (Resolution Bandwidth)
oled = AlSol QAFSHA LtEI=E 270 == O o|Me AMSE 2 3 £+ U
= s4o|ct.

5.3 ¥4+ ZE(Video Bandwidth)
&Z =¥ (Noise Level) 22 #2 AMSE ES™E O ofF |ESH M0|l=
Jlsez2 st XAl HEsS FEe=EAM o= MEZS FHisslE 7|lssS
x|k,

5.4 Fal% He| (Frequency Span)
AHED EM7|o stHAtel Jt2=o| WIE MASHE 7|50|C).

5.5 7|& & (Reference Level)

AHEZH BEAMJ| stHel MO =3Mol Ysts S 7|EHWolzt stof o]
woll o2l SdEHe|o Metg FeE £ U ESF MUFel EFGES 7 £
oI|_—_|.

5.6 ZZx=IHHarmonics Wave)
FIHeR2 HIE s AI0JUAM V|2m Fuso Hpbf FuisE JHE
MHES st & W 7(20ke 24 FosE JHX AS M2 =zt &
ct

5.7 ekHel 80l= KS C 1100(MXEH7| ool whEct.

DYUE

Foe BAMAl es AHEY EATlel 2 Jlsol oistel J|7|el Aol Xt
SIE2 eS| DEBozH FUSHIL SN TSS F= US SHo
2 3o, 39 2t 7|52 T B

e 7|2 =ZFax HET wH (Calibration of the frequency accuracy of
internal reference oscillator)

- wH ZEZct g HET WA (Calibration of calibrator amplitude
accuracy)
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« RF 2o ™A &S old W™ (Calibration of Average Noise Level of
RF section)

o FIhlr Rils YE F&xz g9 MEiE WA (Calibration of Resolution
Bandwidth Accuracy and Selectivity)

. Fo4 Bis HYE W T Dy

Bandwidth Switching Accuracy)

(Calibration of

o« Ful EA H&ET WA (Calibration of Frequency Readout Marker
Accuracy)
o« ol He| HET WH (Calibration of Frequency Span Accuracy)
- =3 SA T WH (Calibration of Scale Fidelity)
« ZE =X HET WA (Calibration of Absolute Amplitude Accuracy)
7. e ZH| A
NO |y & 2MERY A2 A
1 RF A SHEY 7 Range 10 MHz © 27 GHz ROHDE&SCHWARZ
(RF Signal Generator) Accuracy +1dB SMR27
2 FHFAT7] (Frequency Range 0~ 100 MHz SRS SR620
Counter)
3 GPS Receiver Accuracy 2.0 x 10 Odetics 425
Range —-70 dBm = 20 dBm
X
4 MZ{A (Power Meter) Accuracy T 0% HP E4419B
5 | ®3 #X7| (Power Sensor) Range 50 MHz — 26.5 GhHz HP E4413A
Accuracy +2%
Range 0dB ~ 11 dB, 1 dB step
7hd #47
6 t 27| (Step Attenuator) Accuracy 018 4B HP 8494B
7 71 Z4{7| (Step Attenuator) Range | 0dB 110 dB, 10 dB step HP 84968
Accuracy 0.264 dB
. Range DC ™ 2.7 GHz
NELTY, :
8 HE4[7] (Power Splitter) Accuracy SWR - 1.15 0[3F ROHDE&SCHWARZ
— e Range DC ~ 18 GHz
2EYE 5
9 (Standard Termination) Accuracy SWR - 1.08 O[3 HP
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8. =H[AlE
8.1 ud™ uwd HXt ¥ Fo| Atghs =X|sict
8.2 WHMAEZ IJIIUNMI|AUXHME2IERY H21x= 58 &HAXAHS THESof
=
8.3 WH=S Al&tsty| Mol m WHZ|17| ¥ wHIIZIE= FEd Hd(warmup)Al?!
ct o] of & "t Atgho| gles & o AlzZk2 ZF 7(7] & ZH|E2| o /Lo
w2 ct
8.4 mWHMI|7(t mYEH|E oZe mf LHI £ duHdAE HEH(matching)

Al7{OF ot

9. wyd i 5l Hi}

91 7|& Fux H&tr W™ (calibration of the frequency accuracy of

internal reference oscillator)

9.1.1 I8 13 Zo| Il Wy AHEY 2MJ|9 J[& Fo £H ( OF=2 &
Hle| SHo X)S Fas A2 Ao HAZstn S-S s sict
Spectrum Analvzer

Ref Frequency Counter [
OUTRPLT O
J8 1 7|F Fugr nd x|

9.2 wd £t gy ™z mA (calibration of calibrator amplitude

accuracy)
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9.2.1 a8 2% Zio| AHEH FEAMJ|el MHo| fx|s ““CAL OUTPUT” &=t
g Fo= ATlol dZSI Fabr gt 5Fstod 7| FX|of 7| FEict

9.2.2 Ful Ao AZS HojLhct

9.2.3 IFul MHEHYT|(RF Power Meter)E XAESH EYZEE MHEStD O3
229} Zto| AHER EAM7|e “CAL OUTPUT” &3 cto] AZASICI,

9.2.4 AHEY ZFEAMJ|9l “CAL OUTPUT" &3 Fmlfol sfst

Power Sensor)2| "CAL FACTOR" #tg 1Fm M EH7|o Y =

r|r
2
n
I
>
N

—~

25 Melg J|=xo 7S5,
0.2.5 AHERY Hay|e| “CAL OUTPUT' &aAlsel Txat MEo| 2 Z<o
= =E(E A3l SO},
9.2.6 AHEZ 7|2 “CAL OUTPUT" &2itholAl M2{ ZX|7[& Holich,

spectrum Analvzer

CAL OUTPUT Frequency Counter o
O IN
Power Power Meter
Senson {'}

a7 2 Id S 5 =7 T

9.3 RF §29 " IS g WX (Average Noise Level Calibration of RF
section)

9.3.1 A2HEZ® EMJIE =7|& AlZlE O 33el Zo| RF INPUTEH 50 @
Termination2 HZsiC}.
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spectrum
Analyzer g
RO Q
Term
O3 3. 4 &2 g 5 &
9.3.2 2HEY EAMJ|E ct3e| HXlol w2} FulsHZ wWH S
9.3.3 &3 Fiur 400 kHz2F 1 MHz
o Press "TRIG" : SWEEP CONT
o Press "FREQUENCY": CENTER FREQUENCY : 400 kHz == 1 MHz
o Press "SPAN" : 20 kHz
o Press "AMPLITUDE" : REF LVL —70 dBm, ATT 0 dB
o Press "BW" : IF BW MAN 30 Hz, AVG BW 30 Hz
o Press "TRACE" DETECTOR SMP
o Press: "SINGLE"
° Press "DISPLAY" DSP LINE & “ON"slo{ HIZS e®E SHsto
7| Esict
o PREAMP : "on"Z} “off" MefjolA ZFH s,
9.3.4 &3d Fu : 1 MHz to 2.9 GHz
o Ct21f Zo| AHEYH 2AMJ|9 F|E FEcCI
— Press "TRIG" : SWEEP CONT
— Press "FREQUENCY" : Band Lock , 0-2.9 GHz BAND 0
— Press "FREQUENCY" : START FREQ 1 MHz, STOP FREQ 2.9
GHz
-70 dBm

— Reference Level
— Press "BW" :
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o CtZ1f Zo| 2HEY EA7[2 7| & +ErCt
— Press "SINGLE"
— Press "TRACE" : AVG ON 10 Hz
— Press "SINGLE"
» “AVG 10” o| =tHe| ZFol| Lierd m7tx| 7| chE
"PEAK SEARCH"
= #H2| 1 MHz to 2.9 GHzolAM S| &X Fulr=z 7|8

o Press :
» Fule
shC},

o CHST} Zo| ATEY EA7|9 7|8 FEct.

— Press "TRIG": SWEEP CONT
— Press "TRACE" : VID AVG OFF, DETECTOR SMP
— Press "AUTO COUPLE" : IF BW AUTO, AVG BW AUTO

ol 7|=8t =3 Fopgz
£ =35

k

ok H

— Press "SPAN" : 10 kHz
"FREQUENCY"
tC}.
— Press "BW" : IF BW MAN 30 Hz, AVG BW MAN 30 Hz
gdass &l

— Press
— Press "SINGLE"
— Press "DISPLAY" :
— Press "DISPLAY" DSP LINE & “ON"sho
o 7|Esict
— PREAMP : "on"z} “off" Aejol|A] =& shC}.
tiedE Hetz 2 MEiT WA (Calibration of Resolution
[2] 10 Mz REF. QUTPUT EHXIE
PN | I < ko)

9.4 Fue Edlls
AHEH
REF.

Bandwidth Accuracy and Selectivity)
o e
9| INPUT
2 AHEYH EATJ|ol RF gdclo] oAASIC}

a8 4%
Generator
|:_I_|.

9.41
Signal
Generator 2| RF &

- 279 -



TIFEm AHEZ 279 mA x|AAM |EMES

; . . M ™ JKX}

RRL Guide Book for the Calibration of TR
RF Spectrum Analyzer MEHS |5_|5_¢_| 11761

10 BHi Red, npul

10 Mz Fef, Ouwltpul

RF Signal Generator RF Specirum
OUTPUT Amalky zer
O MO

a8 4.

I

9.4.2 AHIE’Y EAMJ|2l RF Signal GeneratorE X7|stst £ ol Zo|

o .

x~

=3

o

RF Signal Generator

- Frequency 300 MHz
— Qutput Level 0 dBm
— Modulation off

° Spectrum Analyzer
— Center Frequency 300 MHz
— SPAN 10 MHz
- RBW(Resolution Bandwidth) 3 kHz

LOG Scale
Sweep Time

VBW(Video Bandwidth) :  MAN 1 kHz

1 dB
1s

9.4.3 Signal Generator & £ & ‘on' AlZICH.

9.4.4 Spectrum Analyzer® ‘"Singnal Sweep''MEfZ MA F FioiMo| Thy
o| obHsIH EAIE mi7x| oie] ¥ Sweep AlZICE.

9.45 Sweep O] 2ZREA=S mf Marker 7} Peak ®=2 XAISHH TF "4
Marker" 7|s= MAsl E™4t0l 0 o] = A Sict,
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9.4.6 Marker& MA{S| == O[|SA|AH Marker Level & X|71 -3 dBel =AML
ol B[ =55t & "aMarker" 7|52 MAstod E™X[7I 0 ol EAH &hc}.

9.4.7 CIA| Marker& AMAM3s| £E 0|3A[7{ Marker Level EHEA7F 0 dBel =
Algtol ==& s F, mel Marker Frequency #tE2 2 O0{A Data
Sheet ofl 7| Sstct.

9.4.8 Spectrum Analyzer2l Trigger& Continue 2 MM SiCl

9.4.9 Spectrum Analyzer2| Marker& Marker Normal 2 A& shc},

9.410 E 19| HolUd= ¢sholl CHsto Step 9.4.4 FE Step 9.4.97IX[E BHI=E

sto{ EF st

9.4.11 Z|EF E 1ol EAIEX &2 RBWL| =X2 SPAN #2 HEstH MAAS|

o stHAN| mEol MA 37|l 50 %O|AE XIX|SHAH Bt F, Step
9.4 X & YH5sto{ FAsict
9.4.12 Fialr+ 2Rdls HEEZ TH0 T = AHER EMIJ|IE ofdielt ol
MA SO
— Center Frequency 300 MHz
- SPAN 10 MHz
— RBW(Resolution Bandwidth) 3 kHz
— VBW(Video Bandwidth) : MAN 1 kHz
— LOG Scale 1 dB
9.4.13 AHEZ -E—*—17|% “Single Sweep" AHEIZ MM F, sStHA TEo|
OFYSIAH EA|E m{7IX] {2 HSweep AlZICE.
9.4.14 Sweep O] 2EE|HES 0 Marker 7} Peak HEZ ZXIAISHH gtF A
Marker" 7|2 MAA™s& EXx[ZF 0 ol A $ict.
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9.4.15 Marker& MAM3s| ==Z O|ZAI71 Marker Level SH™X[7F -60 dBel =Al
ol EE8 st &, “AMarker” 7|s& MAHSI0{ E™X[7F 0 o] =HA st
c}.
9.4.16 CIA| Marker& AA{S| SZ O|SA|7A Marker Level E£AX|Z7F 0 dB<
ZARgrol E|=2 g &, amje] Marker Frequency #2 940 7|E&ict.
E 1 3o Félls & MEE nd
RBW Accuracy RBW Selectivity
RBW SPAN Result RBW SPAN Result
3 MHz 10 MHz 3 MHz 10 MHz
1 MHz 10 MHz 1 MHz 10 MHz
300 kHz 500 kHz 300 kHz 500 kHz
120 kHz 500 kHz 120 kHz 500 kHz
100 kHz 500 kHz 100 kHz 500 kHz
30 kHz 500 kHz 30 kHz 500 kHz
10 kHz 50 kHz 10 kHz 50 kHz
9 kHz 50 kHz 9 kHz 50 kHz
3 kHz 50 kHz 3 kHz 50 kHz
1 kHz 50 kHz 1 kHz 50 kHz
9.4.17 ofef2l =&Alof chelsto] A LAHEl ZkS Data Sheet ol 7| §shcl.
= B W%
Selectivity = —3dB NIE(9.4.7)
9.418 E 12| Hold= shol| cfsld Step 9.4.135E Step 9.4.17 WX|[E Hi

=3510f SHBHC)

- 282 -



nED AHERY Hayle Y XFA |EMHS

. . . M ™ JKX}

RRL Guide Book for the Calibration of SHE IR
RF Spectrum Analyzer NEHS [Z] 14/61

9.4.19 Signal Generator 2| £ & z|AZ ZEO0|X Test Set—-up= A|AHEICt,

9.5 o F= gdlel wH ( Calibration of Absolute Amplitude )/FIbs E23i
HHE w5t WA ( Calibration of Resolution Bandwidth Switching )

9.5.1 08 52 Zo| AHEZ EAMJ|2 10 My REF. OUTPUT EHAIE RF
Signal Generatorl REF. INPUT ©HXtol o9dZstd  RF  Signal
Generator ©| RF &3 the AHEY FA{7|o| RF l2{cho| HAHFICEH

=1 =

10 MHz Ref, npul 10 MHz Fef, Ouipul
RF Signal Generator RF Specirum
ouUTPUT Amaly 2er
(] N O
J8 5
9.5.2 Fux Fils HAEZ Hs W™ ( Calibration of Resolution

Bandwidth Switching )

1) ABEIEY B2AM7|2 RF Signal Generator® X7[3let £ ofafiel Zo| A
i,

o RF Signal Generator

— Frequency 300 MHz
— Output Level —-20 dBm
— Modulation off

o Spectrum Analyzer
— Press "PRESET"
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— Center Frequency 300 MHz

— SPAN 10 MHz

— AMPLITUDE : Amptd Unit dBm

— AMPLITUDE : Reference Level -20 dBm

- AMPLITUDE : SCALE LOG 1 dB

— Peak Research

— INPUT : VIEW CAL on

— Mark Track on

— Span 50 kHz

- BW : IF BW 3 kHz

- BW : AVG BW MAN 1 kHz

2) Press "AMPLITUDE"

- REF LVLE ZHsfo] 7|& a@i=ct 12+ olzol HBJt LElEE =
Hsict.

o Spectrum Analyzere Clg 7|58 =8t
- Press " SINGLE"
— Press "PEAK SEARCH" MARK 2

3) ¥ 20 F=0{&l IF BW2t SPANE AHERZ HAM7J|IE =HsiC)

4) Press "SINGLE", Press "PEAK SEARCH"E& =d35l{ MARK 2 TRK #k

£ E 2-10f 7||Ect.

o

5) 3)3t 4)2 ntgg HESsict.

6) Spectrum Analyzere| ClS 7|8 Td8sicH
— SPAN 50 kHz

- BW ! IF BW 3 kHz
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— Press " SINGLE"
- Press "PEAK SEARCH" MARK =

Spectrum Analyzer ,MARK - TRK
Amplitude Reading [dB]
IF BW SPAN 2 dB

3 kHz 50 kHz 0 (Reference)
1 kHz 50 kHz
9 kHz 50 kHz
10 kHz 50 kHz
30 kHz 500 kHz
100 kHz 500 kHz
120 kHz 500 kHz
300 kHz 5 MHz
1 MHz 10 MHz
3 MHz 10 MHz

8) Press "SINGLE", Press "PEAK SEARCH"E& d35l{ MARK 2 TRK #k
2 E 2-20] 7|Estct.
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MARK 2 TRK
Spectrum Analyzer , ,
Amplitude Reading [dB]
3 kHz 50 kHz 0 (Reference)
300 Hz 1 kHz
200 Hz 1 kHz
100 Hz 1 kHz
30 Hz 1 kHz

9.6 Fuls+ FA H™MET 1WA (Calibration of Frequency Readout Marker
Accuracy)

9.6.1 RF Signal Generator 2} Spectrum Analyzer& 1852} Z0| A&},

9.6.2 RF Signal Generator 2t Spectrum Analyzer& =7|3} st £ ojaiet Z
o] MFsict,

o RF Signal Generator

— Frequency 1.5 GHz
— Qutput Level -15 dBm
— Modulation off

o Spectrum Analyzer
— Press "PRESET"

— Center Frequency 1.5 GHz
— SPAN 20 MHz
— AMPLITUDE : Reference Level -10 dBm
- SWEEP 75 ms

— Press "INPUT" : EMI $£17|2] Z<ol= INPUT 2
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9.6.3 "PEAK SEARCH"E 0| &3t F=a=r& ¢io{AM =& 30l 7|Fsict,
9.6.4 ¥ 32| Zt span 2} bandwidtholl A step 9.6.3 Ht=gic}.
H 3 Frequency readout accyracy
AHEH 247
RF Signal
Center
Froquene Span Bandwidth G‘ig;ra)tor Readout
u Yy z
(MHz) ( kHz)
(GHz)
1.5 20 120 1.5
RF Input
1.5 10 120 1.5
(20 MHz ~
1.5 1 10 1.5
2.9 GHz)
1.5 2 .3 1.5

9.7 o= He ™Mex WA (Calibration of Frequency Span Accuracy)

9.7.1 RF Signal Generator 2} Spectrum AnalyzerE 118 52} Zo| &SIt

9.7.2 RF Signal Generator Spectrum AnalyzerE
MAHsICE

° RF Signal Generator
— Frequency

-15 dBm

off

— Qutput Level
— Modulation

o Spectrum Analyzer
— Press "PRESET"

— Center Frequency 900 MH
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- SPAN 1.8 GHz
- AMPLITUDE : Reference Level -10 dBm
- SWEEP 75 ms

9.7.3 Spectrum Analyzer2| “MARKER"E o|&5}0] Fao~& g|=r}.

9.7.4 Iz Fufx+E 1 700 MHz (HIGH FREQ)E =Hgtct.

E 4 3o EHel AR
Spectrum Analyzer Setting RF Signal Source Setting A MARKER
Center . = "ﬂ
Span IF BW Low Freq. High Freq. e
Freq
1.8 GHz 120 kHz 900 MHz 200 MHz 1 700 MHz
10.10 MHz 120 kHz 70 MHz 66.000 MHz 74.000 MHz
10. 00 MHz 3 kHz 70 MHz 66.000 MHz 74.000 MHz
100.00 kHz 1 kHz 70 MHz 69.960 MHz 70.040 MHz
99.00 kHz 300 Hz 70 MHz 69.960 MHz 70.040 MHz
10.00 kHz 300 Hz 70 MHz 69.996 MHz 70.004 MHz
1.00 kHz 100 Hz 70 MHz 69.999 6 MHz | 70.000 4 MHz

9.7.5 Spectrum Analyzerel “ A MARKER'ZE 0|23t step 9.7.3z}e| Fal4
X2 210|A 4ol 7|=3ict.

9.7.6 E 40 Fo{&l ClE Ztoll chsto] step 9.7.2 ~

9.7.7 Span T142 cl32t Zc}
o Span = 10 MHz: Span ztel 2 % + 10 Hz,

Span #t2l 3 %

Span = 10 MHz:
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9.8 =2 &A% WA (Calibration of Scale Fidelity)

Hr

9.8.1 RF Signal Generator & Spectrum Analyzer® 118 61} Zto| HdZA S}

RF Signal Generator RF Spectrum
TP Analyzar I
o 0
R | |
J8 6

9.8.2 O8 60lM 74H ZA7[= 0~11 dB 7HX| 71 7158 1 dB step #&2(7|
2f 0~110 dB 7HX| 7t 7+&58H0 dB step #2(7|2 P&t

9.8.3 RF Signal Generator Spectrum Analyzer& =7|&F 8 % ofzfe} Zo]
MH sl

o RF Signal Generator

— Frequency 50 MHz
— Qutput Level +10 dBm
— AMPTD INCR 0.05 dB
— Modulation off

o Spectrum Analyzer
— Press "PRESET"

- AMPLITUDE : REF LVL 0 dBm
— Center Frequency 50 MHz
- SPAN 10 MHz

PEAK SEARCH
MARKER FUNCTION : MK TRACK ON
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— SPAN : 50 kHz
- BW: IF BW MAN 3 kHz
AVG BW MAN 30 Hz
¥ 5 Y9 34 £H
Y4 [ = 53
Generrlzltcler jilli—T:al —:ZFP-ILZlif =% A (Bl (MARKERgi [:E;iding)
+ 10 dBm 0 0 (Ref)
+ 6 dBm -4 -4.34 ~ -3.66
+ 2 dBm -8 -8.38 7 -7.62
- 2 dBm -12 -12.42 © -11.58
- 6 dBm -16 -16.46 = -15.54
- 10 dBm -20 -20.50 ~ -19.50
- 14 dBm —24 —24.54 = -23.46
- 18 dBm -28 -28.58 ~ -27.42
- 22 dBm -32 -32.62 ~ -31.38
- 26 dBm -36 -36.66 ~ -35.34
- 30 dBm -40 -40.70 - -89.30
- 34 dBm -44 -44.74 ~ -43.26
- 38 dBm -48 -48.78 = -47.22
- 42 dBm -52 -52.82 © -51.18
— 46 dBm -56 -56.86 = -55.14
- 50 dBm -60 -60.90 ~ -59.10
- 54 dBm -64 -64.94 ~ -63.06 NA
- 58 dBm —-68 -68.98 = -67.02 NA
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9.8.4 10 dB ZA7|& 10 dBol 1 dB ZAZ[E& 0 dBZ3stZ, RF Signal
Generator?| =22 =xH&35l0]{ Spectrum Analyzer?l MKRE g2
ZlZ0| 0 dBm = 0.05 dB7} E =& sicl,

9.8.5 Spectrum AnalyzerolAl "PEAK RESEARCH" : MARKER 22| 7|s&

S8 gict

9.8.6 RF Signal Generator2l "AMPLITUDE INCREMENT"E 4 dBE = &ict.

9.8.7 & 50l LlEpH CfS FZ0| HA MFE 2EES 4 dB Z2|AIF{ Spectrum
Analyzerol| Z}gtct.

9.8.8 MARKER 22| 7|52 O0|&310 step 9.8.50A &2 tate| AFX

fn

9.8.9 52| UMK HWxAe| ZZo Cisl{ step 9.8.72F step 9.8.8=

99 ZE =3 ZET wH (Calibration of Absolute Amplitude Accuracy)
Preamp off
9.9.1 Input 1 : 19 kHz ~ 50 MHz Il H9|

1) 8 7-1m Zo| RF Signal Generatorel EMI F4l2 Spectrum
Analyzer& & giClt.

RF Signal Generator RF Spectrum Analyzer
QUTPUT INFUT 1
O O
ag 71
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2) RF Signal Generator@} Spectrum Analyzer& =7|&t &t F olzfet #
o] MdXysict.
o RF Signal Generator
— Frequency (CW) 9 kHz
— Output Level -47 dBm
o Spectrum Analyzer
— INPUT : INPUT 19 kHz — 50 MHz
— AMPLITUDE : SCALE LIN, Units dBm
- AMPLITUDE -45 dBm
3) E 6-1ol LEPH F a7} === RF Signal Generator® =H&E35l1,
AHEYH ENMJE Fosot Spang #F 63 Zo| =Hsin,
Spectrum Analyzer® "SINGLE'Z}l “PEAK SEARCH" 7|2 0|&5tH
level2 ZHM3SI1, RF Signal Generatore| =2 s|dzle] = E 60l
7| &stct.
X6 XE EHo HET
F1als= (MHz) |0.009|0.035|/0.12|0.16| 0.4 | 1.0 2 6 15 30 50
Span (kHz) 1 1 1 50 50 50 50 50 50 | 500 | 500
EX™4t (dBm)
9.9.2 Input 2 : 20 MHz ~ 2.9 GHz FIj4 ®He
Z0| RF Signal Generator®t EMI F2AlE

7-22f

1) g
Analyzer& HZ it

- 292 -



nED AHERY Hayle Y XFA |EMHS
. . M ™ JKX}
RRL Guide Book for the Calibration of SHE IR
RF Spectrum Analyzer MNEHS [ZFT 24/61
RF Spectrum Analyzer RF Signal Generator Power Mater
INPUT 2 QOUTPUT INFUT
O Q ]
e
a8 7-2

2) RF Signal Generator2l Power Meter2 olei2} Zo| MM},

o

RF Signal Generatore| £3 &|'@E -100 dBmO| = E=S$ict

RF Signal Generator®| RFE “off"gtCl.

o Power Meter2| “ZERO" HES HF+ECl.

o RF Signal Generator®| RFE “on"stl &8 IEZZ2 -41 dBme=
gict.

o

3) Spectrum Analyzer& cClSz} Zo| =&Esit.

4)

5)

o AMPLITUDE : SCALE LIN
Amptd Units dBm
o AMPLITUDE : -45 dBm

RF Signal Generatore] &£82 =Z35l0] Power Meter2| Z[AIZtO] —41
dBmo| = =2 st}

6-20l LIEpH Fm=J} =[5 RF Signal GeneratorS Z=Hst1, A
HEH EMNI7IE Faset Spang E 63 Zo| =Hsl1, Spectrum
Analyzer2| "SINGLE"Z} “PEAK SEARCH" 7|52 0|85t levele X
stol = eofl 7|Esict.

Ji |=I=|
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6) Sensore WA C°lX} gtez MY g2 EFsSIL, o] g2Z Spectrum
Analyzer2| X|A|IZtE WM E 6-20f 7|Ssicl.

* 6-2 %

Jm
JIM'

el ¥

J#'
I-n

ZFofs= (MHz) | 20 | 25 | 40 | 60 | 100 | 140 | 180 | 220 | 300 | 400 |525 | 750 |1000

Span (MHz) | .05 | .05 | .5 .5 .5 .5 .5 .5 5| 5| 5| 5] 5

2M7|5d %
(dBm)
SR
£33zt (dBm)
HME At (dB)

10. w3 Hlolgf M2 X &Y =&z FH
10.1 7|& Fu d&x 1y : O 1

10.1.1 +8% 29 4

(1) Type A SEE : 7|F &&7|9 ct7| oFH = (allan variance)2 Ard

o ALY FT= (relative frequency)
_ fc_ fn
fyf - fn
/e AH| RN FE ok
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M—1 )
Z (iv1— )
o, (D= | — | 2
7 2x(M—1)

oq7|M = EXA|ZF (Sampling Time)

y =i WA SHE (MR oo MtFas

M = Hlol&l (y)el 7H=
(2) Type B 25 % : I A|AHS 2355

Mol sad ny

o
S =

b

(3) Fabs:

f=fet Ofgps + Ofue + O+ Of,

Fi 8" Fas
fo: AR BHE Fos

Of gps - GPS F=217|2] WH MEA
8fs : Frequency counter2l Z7| oty

of, : Frequency counter? &£3dls

M2

=
(=] —r

g
ok

(4)

u<f>=¢ o)+ (G5 (o) + (5 800 + (55
(5) &A=

_ o _ _af _ar _ _af
a=or b T Gy, T aT e, T AT ey,
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10.1.2 &3 HolH : HO[E AlZtE 1 s= 103 HE ¢!

et 53 gt (29l MH2)

9.999 999 92, 9.999 999 96, 9.999 999 098, 9.999 999 96, 9.999 999
96, 9.999 999 96, 9.999 999 98, 9.999 999 92, 9.999 999 96, 9.999

999 96
10.1.3 =25 &E
(1) Type A 2%

B x = 9.999 999 96 MHz

9
¢Zl(yi+1_yi)2
= =2.31x10 Y (=1 s of T3t £

o, (1 9="""900=D
u(f,) = 2.31 x 10 ?x 10" Hz

= 2.31 x10 % Hz

ARE D vy, = ©

(2) Type B 2 &%

4709 IF NEMREE

—10
= 2010 — 0T gy = 11210 gy

> GPS

o Frequency counter® 7| et E 2R E

10 - 10
w(f) = A0 He =0.7510 1

ARE © yy= ©
> Frequency Countere 2dls225FE

u(f) = s Hz = 0.0289

- 296 -

or )



DFEG ABEY 2A7|e IY XM [EMHS
. I ™ KL
RRL Guide Book for the Calibration of R
RF Spectrum Analyzer NEHS [Z==] 28/61
AFE: v, = ©
(3) &M EFE ==

u (D =Vl (f) + W(f) + u2(Fy) + X))

=V (2,31 x10 D2+ (1.1 <10 H2+ (0.7 x 10~ H% + 0.02892

Lo U
eff — 4 4 4 4
u (f(/) u (fgﬂ‘) u (fls) u (fr)
Ve + ng,s + Vi + V,
_ 0.037
= OO

(5) &% =8z (k=2)

U= uHk= 0.037x2 = 0.074 Hz
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g g0 | 3R | T =HE + | g2z | 8% | RRE
[Hz]
allan

Type A -2 3 1
variance yP 2.31 <10 =
GPS ==217|

M A Type A 1.1 x10 ¢ PSR 2 0o
Frequency

Counter@| Type B 0.7 x10 4 5z 1/V3 co

7] o™

Frequency

of mas | 1PCB 0.0289 S 1/2V3 o0

8d B

u (P syc 0.037 - - -

U g3 25 0.074 -2 2 -

10.2 wd ESHCH gjjd Hz

10.2.1 M3l EFo| o4 =Y MY

_I.,_

Pan =

Plem

M, (P,.—D

m =

[}

K cP cal

~ o HHAAL oS8
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=ZMHSE
LA
ZHE A X}
NEHS

AL
Z5

wyd XFHAM

B Ea{yle

DFO AHE
Guide Book for the Calibration of
Mt MEHA U8 ud ASe Alolel EHF o

RF Spectrum Analyzer

RRL
2|

ot M=

rx

M AT} XAl

ror 1o

_Muc :
|

(o]

s

FoolA IR

o

™87

_Pmc :

- ¢ MEHAL| zero offsct
EXE HAMe ny

HA m™EEHoAM Zpol ME=EH= MY

El

-K,: ™Y
H

- Pcal :
Afole| £

 dAMet T H

L M 5H
L MY AL g
H

Y =3

r

Fajol A Y

T

°t:Zs+ZC+N

MHA Q| zero set

— Zs:
M A<l zero carryover

_Zc:
- N: A &S

o p: A Drift
10.2.2 Type-B &t E&X

U(PgZo) :\/ uZ(Mu) uZ(Pm) + uZ(D) + u2(Kb) + uz(muc)

P, M {P,—(t+D)}* " {P,—(t+D)}* K M,
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(P, u’(K,)
(P,.—D* + K

. 1
KcPcalm{Pm_(t+D)}

uz(Pczll)
Pcal

1

1
P —tD) T

(Pmc_ t)Z

+ - +(

Nu*(Z) + u*(Z.) + u*(N)}

(=]
_I_

of sl Type-B AHcf

- Mu ]-, Muc:]-’ Pmc:Pcal’ Zs:O: Z,=

u*(P,) )
P 2

2D
P2

\/ Wi (M) +

2(P;)
P

u2 ( Pca/)
chal

1
Pca

(4 YA (Z) + u*(Z,) + (N}

o u(M,) @ MAMet AHEZH FAT|l 300 MHz nd £ Ato|e] BAHE o5

— Sensor?| HHAIAIZ= @ I, = 0.040
— Spectrum Analyzer2| W™ &2 HAIAISF

u(M,) 1
M, V2

r,=0.1

= 0.04%0.1x = 0.280 %

3
=3

o u(M,,) :

— Sensor2| HEAA= -

MMl M 7]2] 50 MHz wd =2 Alo|e] Hx
I's= 0.038
— Spectrum Analyzer2| W™ =2 HAIAISF

u(M,) 1
M, Vo o

r,=0.1

= 0.038%0.1x 0.266 %

e

o u(P,) = 0.5% : =379l instrumentation S&=
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_u(P,) _ 0.005
P, V3

u(P,,) = 0.5 % :

(P
P’WLC

)

u

_ 0005
RE!

=0.3%

x~

o

=

—

8 of

—_

t= = =

OII
I'|F

uys

u(D) = =15 pW

- P,= —20 dBm &, 10 uWOIE=Z

u(D) _ 15x107% 1

o p"F <5 = 00087 %

o

u(K,) = +1 % : 300 MHzOIAM MA{e] mAQIXt &

l‘?ﬂ

T

M(Kb) _ 0.01

X, 5= 0.5%

0

w(K) = 1% : 50 MHzOIM MAMe| mAEQIX £

JIOI-

—
1

WK _ 0.01

5 —0.0%

% 1 dAel H[ME EET

0.03

= 1.5%

wu(P.,) = +0.9 % : H2{H 2l 50 MHz =
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u(Pe) _ 0.009 _ 0
- Tp =Ty =045 %

o u(Z) = +50 pW : H=A 2| zero set EET

_u(zZ) = p) =

=~ —Lyu50x10 2= = 0.0003 %
10x10 10 V3

o w(Z,) = 0: FHAZL zero carryover= instrumentation & zo| Z&HE

L WZN P ) = 0

YA AT

> u(N) = £70 pW

<70%10 ~ 2x J@ 0.00042 %

11y 1
W2 P = g )

o up(P,z) =V .0028%+0.00266° +0.003>+.003%+ 000087 +0.005%+0.005

+0.015%+0.0045°+0.000003* 4 0.0000042
= 0.0179 = 1.79 %

ZF

ke X

o

j[f]
ro

108] gh=

fjo

10.2.3 53 HolH : 2HEY FAM7[9 uy &

19.96 dBm, 20.02 dBm, 20.00 dBm,

19.97 dBm, 19.99 dBm,
19.96 dBm, 20.04 dBm, 19.98 dBm

19.98 dBm, 19.94 dBm,

10.2.4 =% &=
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(1) Type A =&

|
:
(e
Il
o
()
(a)
o)
=
Q
o

u(Pyz) =V 4(Pg) + ws(Paz) =V 0.0179% + 0.0022°
— 0.0180 = 1.8 %

ui( PEZU)

uy(Pyg) | up(Pyp)
UA(PgZU) VB(PgZU)

Ve =

_ 40184 4
0.0022" | 0.0179*
9 T
= 269 887 547

(4) &% =8z (k=2)

U= u(Pyg)k= 1.8 %2 = 3.6 % = 0.15 dB
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10.2.5 ISO HXto| o|st S & &&E
71 & =5z |l ©®, % gEfsE | MEQX | EFE 2k
AT E _E_A
_SHSE 2471 Mj_ | I, | =0.1
M, S8 MM Ato|e| RA B} U] 1 0.28 %
ol= | I, 1 =0.04
Aol mAAnt | I, | =0.1
O,
M. MA Atolel BBl O] | I, =0.038 J 1 0.17 %
P, M instrumentation 0.5 % &zt V3 0.3 %
ny7|2t Sk MEA ° =7+
P instrumentation 0.5 % AA \/5 0.3 %
D A drift £15 pW =2} V3 0.0087 %
K, MA mYelxt 1% 7 2 0.5 %
K. 50 MHzO M 4IAf B IR} 0 2 - 0 %
P, M MM 3.0 % M 2 1.5 %
P. MEA 1y &8 M 0.9 % =Ry 2 0.45 %
8 A zero set 50 pW & Z} \/g 0.0005 %
Z. M A zero carryover 0 &zt V3 0 %
N HeALt MM B +70 pW 7zt V3 0.0042 %
ua(P ) Type-A B8t 0.21 % =B 1 0.21 %
uPyp) g E&E : RSS 1.8 %
U s B8 =2 3.6 %
0.15 dB
10.3 RF £&2° B4 &= e wHd: O8 3
10.3.1. =&& nl MY
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(1) g7 &S 8 SHe| o o MY
NL,= NL, + ANL,,
- NL, : &d™s
- ANL type-B =&EE 2 0] S F3l 50 o] EHo| A2 ol
x| gtooz “p”o|C}.
(2) e E&x
_ 3(NL)
u (NL,) A(NL.) u(NL,,)
(3) =A==
O(NL,) ]
©~ A(NL,)
10.3.2. X data (£t dBm, &X Frequency : 1 MHz)
-138.4 dBm, -139.2 dBm, -138.9 dBm, -138.7 dBm, -138.4 dBm,
-138.8 dBm, —-140.0 dBm, -138.8 dBm, —-140.1 dBm, —-138.2 dBm
10.3.3 23 ME
(1) Type AY 2T
—_ 1 &
BA% ¥ Zlel- = 138.95 4Bm
ExEz ; slx) = \/m Z(x = 0.65 4B
s(x;)
wael g maEx: (D=7 = 02148
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Hh= ZXof o3t ey 28T : 4, (NL,) = s(x) = 0.21 dB
xI"?r_llz_ . VA(NLa) = 9
(2) &M E#F 28T
u(NL,) =\ o4+ u5
= v 0.21°4+0%= 0.21 dB
(3) & AR
Ver = 9
(4) &=z 28T (k=2)
U= u(NL,)x2 = 0.21x2 = 0.42 dB
10.3.4 I1SO EXIof| 2§t 2t S E
7| & =T flol o SE2RE | HEQUX | 2FE 28X
u,(NL,) Type A B3t= 0.21 dB g 1 0.21 dB
u (NL,) M EET : RSS 0.21 dB
U 3 28 =2 0.42 dB
10.4 FIo= Féls 9E Y& Y MEiE Wy ad 4
10.4.1. $=8H8 =g MA
(1) 2dlls HHYZE EHe| setx TH MY
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BW= fh - f[
- /i 3 dB l{YFHoM g2 Fuis
- f;: 3 dB B0 R Fos
(2 &4 =&
oL u*(f)
*(f)

O4BW 2
32(fh) w(f)+

u(BW) = \/

(3) A=A

o= OBW _ o _ 9BW _
1 o(f,) , 2 o(f)
ata (FI}4=: 300 MHz, RBW : 3 MHz, SPAN : 10 MHz)

=
=

2.
3.027 MHz, 3.026 MHz, 3.026 MHz, 3.025 MHz, 3.027 MHz

10.4. dd
3.025 MHz, 3.026 MHz, 3.027 MHz, 3.025 MHz, 3.023 MHz

G5 2x; = 3.0257 mpz
10 — 9

=h
EZHA S(xz):\/ (10
gl ay zEms: (0= 0) ~
dhe S0l olft SalY EEE 1 u,(BW = s(v)
AFE 0 vu(BW) =9
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(2) Type B &%
o f;2F fRl 2&Es 23 #ol| FaEct
- &f,= SL,xMR,
- &f;= SL¥MR,
- SL,= SL,= (RBW x0.091)/dB : IF ®E{2| 3 dB tHHZE H
Q| 7|1&7|

- MR,= MR,= £0.04 dB : Markere| &3l

. u(fy) = SMHZ > BBX B _ 6931 Hz
— Xl-jc-’rE . Vg = 0
. uf) = HE0037dB 0008 — 6 934 11,
- XIgE Vg=
o MSRl I AHEH BMT|Q OMME : J|E FHel 10 MHzE Z2ES
2 AMESe=z
— Ferquency reference error = aging rate + period of time

since last adjustment + initial achievable accuracy +
temperature stability

= 1x10" "+ 2.2x10 % + 1x10~®
= 13.2x10° 7

x -7
= (e = 12— 500 MHz = 228,63 He

— u(ss) = V 228.63% + 228.63% = 298.63 Hz
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- ARE D yy=
(3) &M = EEE
w(BW =\ 4 (BW+ 12(f,) + 1*(f) + u(ss)
=V 12527 + 62347 + 62342+ 228.632 = 8 908 Hz
(4) 78 NRE
Lo U (BW)
off u'\(BW) w*(f) u'(f) u(ss)
+ + +
va(BW) Y Vs Vs
_ . 8908* . .
- 4
20— 6234 | G234, 228.63
9 00 0 00
= OO
(5) & EET (k=2)
U= u(BW)x2 = 8908x2 = 17 816 Hz
10.4.4 1SO EXIo oSt =25 ELE
7l & EEE f9l o 22T | HEQUX | xE SEET
u,(BW) Type A 3= 1 252 Hz H 1 1 252 Hz
u(f,) Type B &% 10 978 Hz &z} V3 6 234 Hz
u(f)) Type B £&= 10 978 Hz x|z} V3 6 234 Hz
u(ss) Type B 22 499.92 Hz | =z V3 288.63 Hz
u.(BW) | &4 & E&Z : RSS 8 908 Hz
U BlAF 235 =2 17 816 Hz
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10.56 it Eolls Y F et wd : O 5

10.5.1. 55 =g M3
(1) 2dls tAF

AdB = AdB,, + AdB,

2 2

u rdB) = \/ 3%(» dB,) 2%(2 dB.)

(3) H=AF
1 o(~dB,,) , 2 (A dBy)
: 50 kHz, &3 : RBW= 1

10.5.2. &3 data (7[& : RBW = 3 kHz, SPAN

kHz)
0.01 dB, 0.02 dB, 0.00 dB, 0.01 dB, 0.02 dB, 0.01 dB, 0.00 dB,
0.01 dB, 0.02 dB, 0.00 dB

10.5.3. ==t &&

(1) Type AY 28T
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10 —
— % (xi— 0 = 0.008 g

s(x) = %OJ = 0.003 4

ey 28T : u,(2dB,) = s(x)

(2) Type B 28

o EF0| MYEE= St S FYH HIEe= A £
CH &bl A & 2|
EEVIQl Msflel E8E ¢ w(LAdB) =0
AT v(AdB) = oo

(3) &d BE =&

u(rdB) =V i(2dB,)+ u*(~dB)

=V 0.003%2+0%= 0.003 dB

(4) 781 X7

_ u' (2 dB)
Yl T 4 (2dB,) | u'(2dB)
VA(AdBm) V(Ast)
_ 0.003* _
- 4 4 - 9
0.003% | 0%
(o)

9
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(5) & =55 (k=2)
U= u(rdB)x2 = 0.003x2 = 0.006 dB

10.5.4 I1ISO ZEXlof| oSt =& SZE

72l & EEE fol o SE22E | H8 EFE S8
u,(2dB) Type A £t 0.003 dB H+ 1 0.003 dB

u(2dB,) Type B 2&% 0 =2t V3 0 dB

u.(2dB) | &N EE £5 0.003 dB

U s BE T 0.006 dB
10.6 T EA ¥&gx: wyd : O 5
10.6.1. &8 2d MY
(1) Fus BA Z3ol S8ty
F=F,+ oF,
Sk
-aF,  E=7|2l RF signal generator
B =
(2) & =




EMHE
= ARt
EEE
EEE

DR ABEY 2A7|el BY X EA
Guide Book for the Calibration of
RF Spectrum Analyzer

RRL

A
=%

[ 44/61

_ _9F

doF, 1

ZFIa : 1.5 GHz, Span : 10 MHz, RBW : 120 kHz)

1.500 12 GHz, 1.500 07 GHz, 1.499 95 GHz, 1.499 99 GHz, 1.500 10 GHz,
1.500 08 GHz, 1.500 03 GHz, 1.499 98 GHz, 1.499 96 GHz, 1.500 12 GHz

10.6.3. ==L &=

§34

.|_

o =
=2

(1) Type A

time
+

rate + period of
achievable

reference error
adjustment
temperature stability

= 1x10" "+ 2.2x10 "% + 1x10 8

Ferquency
last

aging

since + initial accuracy

= 13.2x10 "'
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13.9x10 "7
x1.5 GHz = 1.143 kHz

_ uls) = V3
V11437 + 11432
- u(rF,) = 3 = 1.143 kHz

o Spectrum Analyzer 2 28l 25T

— Span 20 MHz : &
=

AHEY 2470

u(F) =V A(F) + u( AF,) + b AF,)
=V 2124+ 1.143%+ 57.74% = 61.45

(4) 78 KR

_ u(F)
YT (F,) | d(aF,) |y (AF,)
VA(Fm) Vss(AFm) Vspa(AFm)
4
P 61.45 — 659.86

4 4
g+ L4 AT
(5) &% 2HE (k=2)

U= u(F)<2 = 61.45 kHzx2 = 122.9 kHz
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10.6.4 ISO Hxtol| ot S5 FHE
7= =%tz Aol 3 SeRE | MK | ExE 28=
us(F) Type A E3¢ 21 kHz M 1 21 kHz
g (AF ) Type B 28T 2.286 kHz 2|zt V3 1.143 Hz
Uga( AF ) Type B S8 T 100 kHz Z| 2} V3 57.74 kHz
u(F) | &4 & =& : RSS 61.45 kHz
U By =85 K=2 122.9 kHz

10.7 Fis HH

10.7.1 74

< 10 MHz: Span @8l 2 % + 10 Hz,
el 3 %

o Span

- 315 -
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(2) &t 2=t

0°F yun 0°F yun

(3) HxAH=

OF 0, OF
a="or, ~ 1, @= Gap =1

10.7.3 £% data ( 58 4 F3= : 10 MHz, Span : 10 MHz, RBW :

kHz )
10.02 MHz, 10.05 MHz, 9.97 MHz, 10.00 MHz, 9.95 MHz, 10.08 MHz,
9.92 MHz, 9.97 MHz, 10.02 MHz, 9.98 MHz
10.7.4 28 M=

(1) Type AE E5=

HAZ x= 10 2% = 9.996 MHz

10 —
m—%) 2 (o= )" = 0.048 Mg

— s(x)
gael Ag gzox: (0= "7, = 0.015 upz

K
HA
il
2
@
R
I
i

zxof o3 Y B8 1 4, (F,) = s(x) = 0.015 MHz
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2 Aoz
— Ferquency reference error = aging rate + period of time

since last adjustment + nitial achievable accuracy +
temperature stability

= 1x10" "+ 2.2x10 % + 1x10"®

= 13.2x10 " '
x -7
_uls) = J3*2¢—§]1Lx10 MHz = 7.621 Hz
‘/I 62]2 7 62]2
_ u(2rF,)= V3 = 6.223 Hz

o Spectrum Analyzer & Rdlls =&
- Span 20 MHz : &3l 100 kHz
A2HEYH 2479 Bdlisol e ==K
Up (A F,) = Jﬂﬂ\@ = 57.74 kHz

ARE D vy (AF,) = ©

(3) &M F= 28

U (F oy = | d&a(F,)+ (AF,) + 1 AF,)

=V 1524 (6.223x10 %)%+ 57.74% = 59.66 kHz
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(4) /& ARE
_ ui(FsDan)
VA(Fm) Vss(AFm) Vspa(AFm)
59.66%
= 154 (6.923x10 ) ;= 2252
9 T o + 0
(5) & E&x (k=2)
U= u(F)x2 = 59.66 kHzx2 = 119.32 kHz
10.7.5 I1SO EXlof| 2§t 2t S E
. B} gE | ME .

7l = =&T 2ol Z EZX 2351
[ & = | at o ol x} =5
ua(Fpan) Type A £t 15 kHz M 1 15 kHz
ug,(AF) Type B B&= 6.223x10 % Hz | Az V3 0 Hz
Uga(AF ) Type B £& ¢ 100 kHz =zt \fg 57.74 kHz
u.(F) gM EZ B8 : RSS 59.66 kHz
U &E 2ag K=2 119.32 kHz

5y Soy By 43
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SF = SF,,+ ASF,,
- SF,,: E 50 ost 5™ Z3f
- AF: E—’.f—7l°| RF signal generator, Zt&|7| % AHEH 2N
type B =&

@) oy ga=
2 2
o wsE) + s sF)

(3) =A==
_ASF_ _
, THA:

_ _aSF _ _

1= 55k, L @@= asE,

10.8.3 =8 data ( SHF@4: 50 MHz, Span: 50 kHz, RBW: 3 kHz
4 dB+0.04 dB )

4.01 dB, 4.02 dB, 3.99 dB, 4.01 dB, 3.98 dB, 4.00 dB, 3.99 dB

3.98 dB, 4.00 dB, 4.01 dB

10.8.4 28 AT
o 285

(1) Type A
x; = 3.99 4B
0.014 4B

0’ =

1
) o g
= 0.004 dB
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XI"ﬁ'E . VA(SFm) =9
(2) Type B 25
o EH0| A= Fo MSHe EFH Wl FAFE F= U=z IH
S o 0 P )
EEI|Q Mo 285 u,(ASF,) =0
ANRE v, (ASF,) = ©
o Spectrum Analyzer 2 Edls &L
- =dls: 0.01 dB
AHEH MY Bafsol 2st =5 -
_ 0.01 _
o 7HH ZiAT[9| EEE
=&t X Balg Z2X3 5
The 244]7| EHE | gox | ET EHE | K| @ REF
(dB) (dB) LEVZ £E{e] dBA}
1 dB Step
_ +0.262 2 +0.134
(0 dB™9 dB) -
-4 dB -50 dB
10 dB Step
~ +0.18 2 £0.09
(0 dB ™40 dB)
7HH 27| et =8k
uarr(o SF,) =V 134*+0.09%= 0.161 dB
RNRE ¢ varr(ASF,) = o
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() M BF ==

u(SF) =\ W4(SF,)+ 12 ( 5 SF,) + 6 5 SF,) + a7 & SF,)

=V 0.0042+ 02+ 0.0029%+ 0.161% = 0.161 dB

- u‘i( SF)
off u(SF,) N W (ASF,)  u,(ASF,) w7 (ASF,)
v4(SF,,) Vg (2 SE,,) Vg & SF,) Vvar(A& SF,)
4
- 4+m£161 T — = 2362 142
9 le'e) le'e) 0

U= u(SF)x2 = 0.161 dBx2 = 0.322 dB

10.8.5 ISO EXloll 2|5t =& SEHE

1= ==T degl ot BEEx AU | BEE SEE
u,(SF,) Type A =8t 0.004 dB| A 1 0.004 dB
U ( ASF Type B &% 0 dB =2} \/5 0 dB
Uaa( ASF,, Tyoe B B2HE 0.0050 dB| =zt V3 0.0029 dB
uprr(ASFL) Type B £ 0.161 dB| A4 1 0.161 dB
u(SF) | ®#4 2= &= : Rss 0.161 dB
U ax 23T =2 0.322 dB
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10.9 M ZE & HET 1 (Calibration of Absolute Amplitude Accuracy)
St ool MY
H dEr 5o 3N oY MY
HEH 2MI| X|AIgte] Xt
AHIEYH BEMI[ X|AIgke] S Gt
H M7 XA gt A 5™ 2

|
A= 0A,+ oA
MaiA ol x|AlIZtT}

HMe{A 9| XAlgtD A
.Iﬂl

— AAm
(2) BN Bz
2 2
- Fogweans B vea

AA
ANA, » ™AL x|Algtzt

(3) =A==
AA 00 A
(= Gad, =l = Gah =1
10.9.2 &3 data ( ¥ FIO=: 1 000 MHz, Span: 500 kHz )
0.33 dB, 0.32 dB, 0.33 dB, 0.31 dB, 0.31 dB, 0.33 dB, 0.30 dB
0.31 dB, 0.30 dB, 0.31 dB
10.9.3 BT A&
10.9.3.1 Type AE 2&x
—_ 1 &
L A=) ;xi— 0.315 4B
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10 —
ExEz: s(x) = ¢W%D > (r,= 0% = 0.004 gg
gRel Mg gxmx: (0 =", = 0.0l g
dh= SFol oot E3ed =&8x
us(2A) = s(x) = 0.001 dB = 0.023 %
AFE  va(2A) =9
10.9.3.2 Type B = &%
(1) Spectrum Analyzer 2| £dls =2&T
- =ols : 0.01 dB
2HEYH F47|2] 2ollsol 2ttt =5tk -
U (A A,) = %% —0.0029 dB = 0.067 %
xI--|<E>|-—I|:— Vspa(AAa) =
(2) HHAE o[t MEad £ X =8
P — M(P,—(t+ D))
& P/Kbm
M (P,—D
o M KcPcal
A2 o5&
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-M, : s EXE MM} MAH Y7 ud LS/ Alole] FH-Eol
o|gt o5
P,.: I¥7(2t S MEHA Il X[A|st M gl|H
— ¢ MEAQ zero offset
-K.: H3 EHE dAe ud Fa=olM mIylX}t
- P, HMHA wHEHAAN Zo ME=E= MY
o M, : MY EME MHAet ASH Alo|e] X EOl 25t Ol
o P, MHAHJI g2
o P, MY FHE MAQ dH[ME &
o K, : 53 FuloM MY SHE MAe mWHIX}
o t=Z+ Z.+ N
- Z,: MHAQ zero set
- Z. . ™ALl zero carryover
- N: A ES
o p - ™A Drift
(3) 3 =32l Type-B & EEE
WP ) \/ W’ (M,) u*(P,) D) W)
Py, M (P,,—(t+D)}*  {P,—(t+D)}* K
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2 2 2 2
u (muc) u (Pmc) u (Kc) u (Pcal) 1

+ + + + + +

M2uc (Pmc_ )2 K2c Pcal ( {Pm_(f+D)}2

o0~ KPP (i D)) W20 + (20 + ()

o ChZ2l Z<ol| st Type-B &l =& =€ 75HH ct51 ZCh

_ M,=1, M,,=1, P,;= Py, Z,=0, Z.=0, N=0, D=0, t=0, m=—

u(Pz) \/ ) W(P) | XD, w(Ky) | _W(Pye)
I A R R R
N uW(K) | u*(P) | u*(P) 1

1
e om e, T0p, TR, T E) )

o w(M,) : MA2} Power Splitter Afol2| E& 3t 0|5
— Sensor2| BFAIA|I ¢ [y = (.040

- Power Splitter®| BIAIAL= @ ', = 0.1 (VSWR=1.2)
u(M,)

= X XL = 9
- M, - 0.04x0.1 35 0.280 %

o u(M,) : MAMet Mz E£FI|9] 50 MHz 1H &3 Alo[e] EFF ol

— Sensor2| HrAMAIg= @ ;= (.038
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- Spectrum Analyzere| Id £ HIAIAx: T',= 0.1
%2 = 0.266 %

= 0.038%0.1x

u(M,)
M,

o u(P,) = 0.5 % :

_ ”(If;’”) E Q%?EL —0.3%
o u(P,) = 0.5% : DYS +Yste Sof M =Hv|e 2&E
_ ”}Z’C"”) = L — 0.5
° w(D) = +15 pW @ WIS THs= S MY W79 S8
- P,= —20 dBm &, 10 uWOIE=Z
_ D A0 T g 007 %
o u(K,) = +1 % : 300 MHzOIM 4iAle| mHeIxt Bais
_ ”%f”) = L0959
o u(K,) = %1% : 50 MHzOIA MAle| MAQIA} S5
K _ G — 0.5%

K,
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o u(P) = %3 % : HAMe| v|MY E&T

w(K)  0.03
- Tk T g —L5%

o u(P.) = 0.9 % : HNHA< 50 MHz 1A &2 B¢

) Mzmzo.%%
Pcal 2

o u(Z) = 50 pW : ZFEH2 zero set E&T

W Z)(F =) = (

Pca[ X50X10_12><L

1 N
79.432x107°  10°° V3
— 0.0004 %

o w(Z)=0: ZHHSQ zero carryover= instrumentation £&Tof| =g

1 — 1 x7() x _IZXL = 9
(oo 10" ~ 107 10710 g = 0.0005 %
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o up(Py) =V .0028%+0.00266%+0.003+ .003%+ 000087 +0.005°

+0.0052+ 005"+ 0. 004524 0.000004% 4 0.000005>
= 0.0179 = 1.79 %

o XI--|9|—_||:_ . VB(PgZO) = ©o

10.9.4 28 ME

(1) &4 BZ B8=

u (LA =V (A A) + (LA + 1Py

= v 0.00023% + 0.00067% +0.0179°
= 0.0180 = 1.8 %

(2 7& ARE

_ U(rA)
Velf wh(LnA) N Wh(6A) | uy(Pug)
VA(AA) VA(AAa) VB(PgZO)
_ 0.018%
0.00023* | _0.00067% |, _0.0179*
9 T e T

(4) &% =8z (k=2)

U= u(Pyz)k= 1.8 %2 =3.6% = 0.15 dB
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10.9.5 ISO Extof| o3t 28 SLE
7l & =85 el o, +% gERtx E &=
AHEY 247 DY ol —o1
M, &I} HA Atolel ¢ ’ 0.28 %
Hys 0| S | ;| =0.04
Mo mE | T, =0.1 017 %
M., MA Afole] #FB OIS | || —0.038 LR
P, MEHA instrumentation 0.5 % \/5 0.3 %
DYI(7k Sot HeiH
P waEizt st AHA 0.5 % V3 0.3 %
me instrumentation
D M A drift +15 pW V3 0.0087 %
K, M mAHAX} 1 % 2 0.5 %
50 MHzOll A HA
K. ool 0 0 %
P, MM MEN 3.0 % 1.5 %
P M ny & MY 0.9 % 2 0.45 %
Z. HHA zero set 150 pW \/g 0.0005 %
Z. MHAH zero carryover 0 |zt V3 0 %
N SERERRIIESS £70 pW 2t V3 0.0042 %
up(P ) Type-B 23t 0.21 % M 1.79 %
Uga(AA,) Type-B B3t 0.232 % &z} 0.067 %
uy(2A) Type-A E3fE 0.023 % 3 0.023 %
uPyn) M8 =& : RSS 1.8 %
3.6 %
u 2y =5
= 0.15 dB
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1. I8 MEM Sy
ny MM el 117

# AZ7|F(KOLAS)IIM <l&Est=
=Holl 2[5t =tMeict

@ o
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o R
N JH LRI 7H eS| LH =2 M HE |54
HS
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= =t
1. H8He
2. WIHF
3. ZFHIIE
4, EEI M=
5 20{e| He| & Hal
6. WHUE
7. EQEH[HA|
8. ZHIAE
9. Y 3 Hxt
10. ™ ofole 2| & = == =3
MEM B
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1. Hgdsl
2 WH XFM= 100 kHz = 1 300 MHze Fux HRolAM AlLEsSt= 1z

AME 2MI|(RF Signal Generator)e| mZof & 25kt

2 0¥ XNIME DF Hie REN HEE UM STADSHEI wte
=]

IFa MS Y| EZFuFHEXIA (KASTO 02-14-9050-164)0lA HMA|gh HhH
%

4.1 Type-A ==&
&2 oA ni b

B[l
Al
02
=2
1o
o
Jo
e
to
2
Hu
ul
mjo
>
K
[N
=)
r
|1}|)|.
ro
ul

WAz - o2
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g dXHAMet ud Mol EFT2t Zo| 410 CFEX 2

4.3 &N EFE ==k

H o —
EZE BT MEA| ZXHo| oFt HZufzHE AMEEX g Estze XA
HEHTE o[83510] ctgal #ol| dlo{Fo{of sict.
L
uy) = zlui(y)
S Ao M
Ucy) Ci uc(xz)
- ¢ dEAF
- ulx;) : EE 285
olct.
4.4 S BT

U= kuly) (k=2)
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5. 802 Fof A HH
5.1 ¥{= (modulation, FM/AM/PM)

BESOIE S4 £t 7| MEubel #sto w2l HMEAFIE A S sio{, H
Sl Mszm Foof wWE AEF HEE F£ AE TE HE(ampitude

5.2

T
ol

modulation), FIj b

=

=
HSlE T HES Fir H=(frequency modulation)
A4 e FE AE 9

H = (phase modulation)2} &t}

0z

1 zx1l (harmonics wave)
FI|xl me| FI7| wistEko| U Z[2ut Fr=se| M| FasE VIR o
=1

5.3 2F0{2|A (hon harmonic spurious)
F7|1XQl me| 7|2 Falgeo| M= 2 WHE= Dxmol|eel 45 ME
5.4 2|4 E7| &= (PLL, Phase Locked Loop)
H& MSE 0|86t PLLL £ F ool 42 PLLRl 93 Faseof 4t
8 StFEs AU sl
6. WA
Al 2rM7((Signal Generator)®l 2zt Zlsol sl Z|7|oll CHall Z[7]e] Algkoll
M= E MESHH ndEe=z=M, Fdlel MEMES £ol1 Adel Ms H H
ST E EHOSCZN, U EN Mo =T85S F£ US FHoEZE s Cl3ge|
Zt Jlsg nyso}
6.1 7I& Ful H&T (frequency accuracy of internal reference oscillator)
6.2 A% g HMET (signal level accuracy)
6.3 == HE&T (modulation accuracy)
6.4 M5 Bl HetE H=EtT (signal flatness accuracy)
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7. HAH| HA|

EEMH|H H Z=AL DR s

Frequency SRS SR620 Frequency Range : 10 Hz =~ 2.3 GHz
Counter
Network HP 8753C | 300 kHz ~ 3 GHz
Analyzer

GPS Receiver | Odetics 425 2.0 x 107"

Measuring Frequency Range : 150 kHz = 1.3 GHz
Receiver HP 8902A Power Range : +30 dBm ~ —-127 dBm
Sensor Frequency Range : 150 kHz = 1.3 GHz
Module HP 11722A Power Range : +30 dBm ~ —-127 dBm
Spectrum Frequency Range : ~ 2.9 GHz
Analyzer HP 8542E Power Range : +30 dBm ~ —-146 dBm

8.4

nEAe FtmyYY|BXYMT2YeY M21x syel sATUE WEHok
=3
DY AESP| Mol @ DEIZ| ¥ DEIPISS S8 o (warmup)AlZ

Ct ol mjf SEa Ateo| |is & ol Alzk2 &4 7171 & FH|S2| ofwdo
2ot

ol ol

[=)
4%

=4 omuArs S

El
mu X

&5 += ZE RF ZH|9|
olm|EHA &

ct |G 5 A HgHmatching) Al7{oF SiC}.

=
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9. WYY o HX}
9.1 7|& Fulx ™&x WH-(frequency accuracy of internal reference
oscillator)
a8 13 Zo| m mAE nFm NS M9 = Fir £ ( OREE
Z[e| SIHx])S Fas H=7(2 o AZAsCH
F) 5 wd Als gdI|el S=HEFAl0| PLL(Phase Locked Loop) 2H4o]
H o= oy FulrE MASH] £ g2 AN £d™sto 7|Fsiot

Signal Generator

Ref Frequency Counter [N

OUTPUT ‘? Q

9.2 Mz ¥ HET(signal level accuracy)

(1) nFo Als 2 7|e| &2t measuring receiver 2t O32 9F Z
o HZsict
(2) IZFm AME YM7|e| Fals

Helof wat MAS| MAESC
(3) 0 dBm2 FI™A FoHE FF7( MSHIEI =

Measuring Receiver 2 S8 2 b
(4) 0 dBmE 7|FE2=2 MIZS
7| Fstct.

—

sto | EU2 = &gsict,
10 dB ZHH22 %t

=
Hu
rII
o
ro
ok
]
02
o)
2
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RF Signal Generator Measuring Receiver
ouT ]
O -

a8 2 1IFab A S 1 Measuring Receiver?] o4&

9.3 H=F HET (modulation accuracy)
) AFE AMS wM7|e] E=ctal Measuring Receiver 1ZEES 1822}

A&
(2) nZFut AMs wMy7|el &8 HHES 0 dBmeE MASID HAES Fur o
QoA 2dl HEIZ=E £HSlo] 7|2},
k=2
3O MELMT|el E3HA Spectrum analyzerel gl=ctE2 831 2ol

(2) nFuot AMs ddI(el £ HEZ -10 dBm2E MHSIL HAES Fo=r
H

=
HelolM 2 HEtzE £Fsto] 7| Ko

HF Signal Generator Spectrum Analyzer
LT I

T T

} Spectrum Analyzere| A&

M
o
w
K
o
_l':_l
=
fol
e
Kl
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10. ™A dio[e Mz ¥ FF S&T ME
101 7|& Fo= 53 ¥ 85 A= 0 O8 1
10.1.1 =8ty zd MH
(1) Type A 28t : 7|& &Z7|e| 7| oFH X (allan variance)2 £4HY
- AMH F=I>@= (relative frequency)
Fo= fo— fa
7 fn
fe AH g Faip
[, - WSO
- 27| etd = (Allan Variance)
M—1 9
Zl (yi+l - yi) 12
o,(0) = | X
2x(M—1)
H7|M = EXHA[Z} (Sampling Time)
y =i Hu SFgF (MA LR Fa=s)e| Aol
M = dlole (y,)el 7=
(2) Type B 25T : mA A|AHIQ S5t
(3) Fulr EFe| £ o

- 341 -



DFED AE waT|e my XEN |EMES
. L M ™ JKX}
RRL Guide Book for the Calibration of SHE IR
RF Signal Generator NEHS [Z] 10/27
f= fot Ofgps + Ofuc + 6fis + 6f,
7549 Fu=x
f. o AH EH™s Fuke
O gps - GPS 21719l WH MEA
8f;s : Frequency countere Z7| ot&E
of, : Frequency counter® 2ds
(4) &8 2&iT
| (Of N2 2 _0f 2 2 0f «\2,2 _0f 2 2
up=| (2 D+ (G556 ) + (5 0000 + (550 (87,)
(5) =A==+
CZQLZICZJL:]. C:JL C:‘a'L:
! afc 2 aé\fgps 3 aaf}s 1 aé\fr
10.1.2 &3 diolg : HOIE AlZt2 1 sZ 103 £Hst &3 7t (29l : MH2)
9.999 999 92, 9.999 999 96, 9.999 999 98, 9.999 999 96, 9.999 999
96, 9.999 999 96, 9.999 999 98, 9.999 999 92, 9.999 999 96, 9.999
999 96
10.1.3 S8t M=
(1) Type A 28
A x = 9.999 999 96 MHz

- 342 -



nEo A wyrlel IF XM [EMES
EEPE]

Guide Book for the Calibration of SHE IR
RF Signal Generator NEHS

RRL

[Z] 11/27

9
\/Zzl(yz‘+1_yz‘)2 4 i
o,(1 s)= 510—1) =2.31x10 "7 (7 =1 s of Ch8F £k7| SHHE)
u(f) =231 x10 "% 10" Hz = 2.31 x 10 2 Hz

ARE Dy, = o
(2) Type B €&t

° GPS FA7[o| nl HHAMRZEH

w1010
= 2000 — 0T gy = 11210 1y

o
N
2
0zt
|.|-|
Hu
I
il

u(fls) = \/E

> Frequency Counter® &3

uf) = ok T = 0.0%89

ARE @ vy, =

=1

u (N =\ u*(foy) + *(fo) + *(fy) + u*(f,)
=V (2,31 x10 D2+ (1.1 x10 H2+ (0.7 x 10~ H% + 0.02892

@
]
x
kel
b
T

= 0.037
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_ R0)
i u4(fc) + u4(f,qbs) + u4(fls) + Zt4 (fr)

Ve Vgps Vi vV,

0.029

(2.31x10~%" (L1x10~H* (0.7x10"H*  +0.0289"
[e'e} + [ee) + [e%e) [¢e)
= OO
(5) &% 2= (k=2)

U= uHk= 0.037x2 = 0.074 Hz

(6) ISO EHxAjoll 2ot =5t &

_ ) EFE BER
gaT 2ol B S$EREZ | MEXt | ZEAF [Hz] A=
Allan
Type A I 1 1 o
variance yp 2.31 <10 =~
GPS F417|
i -
AT Type A S 2 1 1.1 x10°* 00
Frequency
Countere] Type B 4 V3 1 0.7 x10 * o
A7 o™ E
FrequencyC
ounter® Type B z z} W3 1 0.0289 co
=0l =
) _ g FF
53 Fus | T - - - 0.037 -
£ Fos | &Y 282 | +-BX 2 - 0.074 -
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AE - 08 2

P=P,+ 6P, + oP,,,
S wy7|o| &3 2f|Hgt

- p: ¥uyd aFm 4l
- P, . E&7]2l Measuring Receiver2 £dst 7t

EZ=7|2l Measuring Receivere| Type B &=

o| Mismatcholl 2|2t Type B E& T

-ix-ln
- o

2,2
940 )

M

(2) &M Btz
u(P) =\ ( apm)z 2(pm)Jr( 5h, )2*(90p,,) + (

UEAS
_ap

(3) 2
S T S T S Bl
10.2.2 S ciolel : A58 &S -30 dBm ©2 oi1 68 SHE W ¥

-30.14, -29.98, -30.12, -29.97, -30.07, -30.09
10.2.3 E&r &
(1) Type A 23
C = e = 3006

X

08!
r:U
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6 —
Ex®z ; slx) = ¢(Q6—T) ZZ‘, (x,— %)% =0.053

=1

gael 48 maua: (0= S&%i) = 0.071

FE-
JHI
JI)lI
oi
g
l_o
FSE
WI
JEE
g
rlE
rlHII
1|<,>|_-
I-n

: u(p,) = s(x) = 0.071 dB

(2) E=7|2l measuring receiver? Type B 28T : WH A|AHCS 2T
a8 29t Zo| dHstd nFm AMs WYI|E
measuring receiver®| TAE My EH &= BH ME JISSHH, 0]
£ % 10f LJERHACE

> 0 dBm ~ -60 dBm A¥ ¥ type B E&=

w(oP,) =V 0.27%+0.012+0.05%+0.003% = 0.275

° -60 dBm ~ -110 dBm ¥ %9 type B £

w(6P,) =V 0.492+0.012+0.052+0.003% = 0.493
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38 200l DFEo Al ME HAASIE | ] = 0.330|2

r

measuring receiver® HMAIAIEIE [T, | = 0.070|22 XMy ZFHA| £FH

|
XH= ydel &E Ex=2 Hol Bi1m o] T zict

r r
u(6P,,,) = W = V2x0.33x0.07 = 0.033 = 0.141 dB
ARE D Ve, = ©
(3) &M EF =&

u(H =V d(p,) + &*(6p,) + u*(5p,)

=V 0.071% + 0.275% + 0.141°
= 0.32

_ ()
Verr w'(p,) u4(5P,!g+ u'(8P,,)
Yy, x> Y b
_ 0.32*
0.071* | 0.275% | _0.141%
c oA
= 2063

(5) & 28T (k=2)

U= u(Hk=0.32x2 = 0.64 dB
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10.2.4 I1SO EXtof| 2|5t 28t &2
® 1 28 5%
s g0l sig Mg e 0 dBm ~ -60 dBm | =60 dBm ~ —110 dBm
=&E =l _ T EE EEE FE 23
Dynamic accuracy |Z2Zt| V3 oo 0.47 0.27 0.85 0.49
Display Resolution |Z{Zt| 93 oo 0.01 0.003 0.01 0.003
Zero set HzZt| V3 0o 0.02 0.01 0.02 0.01
Zero drift of -
Meter 22| V3 oo 0.001 0 0.001 0
Zero drift of -
Sensor 22| V3 oo 0.09 0.05 0.09 0.05
Mismatch u | 1 o | 0.14 0.14 0.14 0.14
Uncertainity
M 2F S HZt| V3 - 0.32 -
Mismatch t | k=2 | 2063 0.64 -
Uncertainity
10.3 Hx=x 58 ¢ =&z & F 0 O8 2
10.3.1 ol BHxE
10.3.1.1 53 H9Y
Frequency Range Rate Deviations
10 MHz ~ 1 300 MHz 400 Hz or 1 kHz <100 kHz
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RF Signal Generator MNEHS

AFpeak: AFC—i_ 8Fc

- AF,, : D18 AS82| peak deviation
45

- AF, : Measuring receiver2 £3st gt

— OF,. : Measuring receiver?| type-B 2&T

b

Jo

(2 &4 &

oAF,, OAF .
*M)ZMZ(AFC)"F(WM)ZZX( 88FC)

u(AFﬁeak):\/ ( OAF

(3) =A==

_ 00Fuy _ | _ 00Fu
2 JoF .

1= HAF,

10.3.1.3 © Rate 1 kHzOlM AF ..
500.2 Hz, 500.4 Hz, 499.8 Hz, 499.0 Hz, 500.5 Hz, 500.4 Hz

10.3.1.4 E&&K A&
(1) Type A E&X

=1

xt: s(x) = ¢(T-I_T) ZZI(xi—?c)2 = 0.572 Hz

— 6
gt x= ¢ Xx, = 500.05

0kl
EN

FH
M
rEl

b u(AF = s(x) = S&%i) = 0.233 yz

AY FEHX

0I
EN
1o
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ASE . Vap =5
ST . WH AABe EET

o AFpeak<4 kHZ
u(F,) = V 202 + 2.0392 + 11.547% + 4.619% + 0.289°

= 23.641

o 4 kHz< AF <40 kHz
w(SF,) = V 2002 + 23.94% + 11.547% + 4.619% + 2.887°

= 201.733

o 40 kHz< AF 0 <100 kHz
w(OF,) = V500 + 57.735% + 11.5472 + 4.6192 + 28.868°

= 504.303

= o0

(3) &M BE 28%=

u(AF ) =V W(AF) + u(SF)

= V0.233% + 23.641°
= 23.642 Hz

for
Rl
g
|.

4) &

y — u40( A Fl)eak)
off u'(sF) L u'(OF )
VAR, Vs,
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23.642°
0.233* |, 23.641*
5 T
= 530 008 912
(5) &= 28T (k=2)
U= ulHk= 23.642x2 = 47.284 Hz
10.3.1.5 ISO Hxtof| 2|5 2&T &
x} AF o4 kHz | 4 kHz{ AF <40 kHz | 40 kHz< AF 1, <100 kHz
gE| HE
PR AR | & EE i | B g B2
T (H) | BEs 2 sys 2 gz
Accuracy |[AT| 2 oo | 40 20 400 200 1000 500
Mod. Output
) , P HZH V3 | 0| 4 2.039 40 23.094 100 57.735
Distortion
AM
L HZH V3 | oo| 20 |11.547 | 20 11.547 20 11.547
Rejection
Residual FM |&Zt \/§ | 8 4.619 8 4.619 8 4.619
Maximum
, HZH 9vV3 | oo 1 0.289 10 2.887 100 28.868
Resolution
e B
sac - - co| 23.642 Hz - -
& B8l k=2 | co| 47.284 Hz - -
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10.3.2 ZE H=E
10.3.2.1 & He
Frequency Range Rate Depths
400 Hz or
10 MHz ~ 1 300 MHz 5% ~ 99 %
1 kHz
10.3.2.2 &N o MY
(1) 2= H=xxr EHo 2
D= D.+ 6D,
D : Tud AEF2e| depth
D, : Measuring receiver2 &8t gt
oD, : Measuring receiver?| type-B &%
(2) 2o 2=
_ 2 9 _dD 2 >
up) = (20 M (D)+(55h ) (90D,)
(38) &=AHF
_ _aoD _ 1 _ _oD _
‘= oD, ~ 2= 3D, ~ 1
Rate 1 kHzOllA Depth

§ lolg :
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50.2 %, 48.8 %, 49.3 %, 50.2 %, 51.2 %, 50.8 %

10.3.2.4 2% &

(1) Type A 2 &£

— 6
gag: 1= 2ri= 508 ¢
6
gxzEz o Sx) = ¢T‘_T> ZZI(xZ— %)% = 0.900 o
s(xy)
gaol 4y mzEx: WD) = ()= "7 = 0.367 o

N
k
MM
N
ro
3
(0]
(O]
()]
=
=
Q
@
Q
D
e
@
10
_|
<
©
(0]
o
T
Lo
H
El
02!
>
[>
JiliL
10
HI
ok
H

o 5% < AM o < 40 %

u(éD,) = V0.2 + 0.0069% + 0.046% + 0.002% + 0.001°
= 0.217 %

° 40 % < AM o < 99 %

w(6D,) = V 0.45% + 0.156% + 0.104% + 0.005% + 0.026
= 0.488 %

o XIRE : Vs = ®©

(3) BN EZE 2EE

h

u(D) =\ «*(D,) + «*(D,)
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=V 0.367% + 0.488"
= 0.611 %
° 7R ARET
(D)
V p—
S WD) | u'(D))
V p, Vb,
_ 0.611"
- 0 3614 0 18814
5 T e
= 38.41
(4) &% =5z (k=2)
U= uHk= 0.611x2 = 1.222 %
10.3.2.5 ISO H#tol| 2|3t =& &2
ssc 9ol B8 | M8 xes 5% < AMpeac € 40 % | 40 % < AM penc < 99 %
= | A% %) | EREEET | Z(%) | EFEHET
Accuracy | &E1t| 2 oo 0.4 0.2 .45
Mod. Output | 5o,
Distortion | A V3 | oo 0.12 0.069 0.27 0.156
AM Azt
Rejection A2k | V3 o 0.08 0.046 0.18 0.104
Residual FM | &2} | V3 o 0.004 0.002 0.009 0.005
Maximum p—
Resolution A 2L | 9V3 0.004 0.001 0.09 0.026
e BZE
e - | V3| - - 0.611
SpSi k=2 | - - 1.211
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T M& 08 3

10.4 &lZ2¥ gEIZ 58 & =

Ay
Job

10.4.1 +8% 29 4

(1) HEt: EXo| 5x nHl
Pof: - Pofc+ 3P0fc+ 3Pmm
P,: ouy MSpol &3 HET
P, @ AHEZ EMJ|IZE FEFet gt
oP,;. © Measuring receiver?| type-B =& T
oP,,, : E¥He| EXYE 2T
(2) &M ==t

oP oP oP
— L of N2, 2 —ZZ of N2 2 Y2 of N2,2
uc(Pof)—\/ (G P+ (Gap ) (90P.) + (ip ™) (90P,,,)

(3) Hx=A=

0P oP 0P
_ 9L o _ YL YL of
“=%p, 1 @~ gep, 1 = 35P,, |

10.4.2 £% Hlo|H

aF 39 HZolM DFD MSUD AME 2A7|E ct23 Zo| =X
1 oAEER 2AY7| TYOM HOZ HAZS ST 1 FIUS
Bich Ol e¥ ZMstol ACiFtel I A4yl FROERE FEE
5D, 6% SH AU AU BIUSS 0830l Type A 28
g T8t
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o MFEI MEH
— Sweep Fal= H : 25 MHz ~ 1 300 MHz
- ZHy Y : -10 dBm
o ABEZ HA{|
— Reference level : 0 dBm
— Start frequency @ 2.5 MHz
— Stop frequency : 1 300 MHz
- CIE 7|= : Auto
= = F = = F
=5z4 =\l gt ESRAtA, z| o gtzh = Agte|
[dBm] [dBm] "H3[dBm]
1 12.2 8.9 10.55
2 12.5 9.1 10.80
3 12.0 9.0 10.50
4 12.1 8.8 10.45
5 12.3 9.2 10.75
6 12.2 9.0 10.60
o HEIE
- zoigtel R : P, = 12.22 dBm
- Fagtel @4 P,= 9.00 dBm
Py+ P,
- gElE = iMf = +1.61 dB

10.4.3 28z &

(1) slthgtat #2ge] ad228H Type A
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] 6 _

EEHA s(xz)Z\/ G-1) =&~ "= 0.139dB
ool My mzma: WAF)= s(0)= %2 = 0.057 dB

o AIRE VAR, = 5

(2) EZ=7|2l measuring receivere Type B E2& T : IE A|AH o 25T

> Type B 2&tT
u(6P,;) = v 0.3382 + 0.109% + 0.070°
— 0.362 = 1.342 dB

o ARE I vep,= ®

(3) #yE =&
O3 30iM nFam Msele| MY HAMAISIE | I, ] = 0.330[31 spectrum
analyzer 2| HAMAISIL | Ty | = 0.43 ol2=2 ZF2] ZFHA| BE™HS QA= u
do| 55 Ex =2 Hol cf=21nt Zo| 75l &ICt.
211, I
. u(6P,,) = | |f2| all _ V50.33+0.43
= (0.201 = 0.795 dB
o AMFE 1 vy, = X
(4) &M 75 25

u(P,) =V 1.342% + 0.795% + 0.0572 — 1.561 dB
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(6) #& ARE
Y — u%(Pof)
o u4(P0fc) u4(8pof0)) + u4(8Pmm))
Ve, Vop,. Vp,,
_ 1.561*
0.07% | 1.342% | 0.795°
5 o 0o
= 2812 433
(6) & ==k (k=2)
U= ulP,k= 1.561x2 = 3.122 dB
10.4.4 ISO Hxlofl o8t =& &
=45 EE 285
23 9ol SECE IR-T-LIP APNEYS .
dB My (M)
Spectrum Amplitude
P P e 2 0 2 1685 | 0.339
Accuracy
Average Noise Level &z} V3 e -138 0 0
Gain Compression 7zt V3 oo 0.75 1.189 0.109
Other Input Spurious | &2} V3 oo —65 0 0
Residual Response =2t V3 oo -117 0 0
Display Scale Fedility | &2zt V3 oo 0.5 1.112 0.070
Resolution =2} V3 oo 0.01 1.0023 0
BNEZE BEET - V3 - 1.561 dB
Y =5 t k=2 - 3.122 dB
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1. IF HEA Ay
111 = A[g€-wHI[8 2AB7|F(KOLAS)MAM eldst= ™ MHEA Aol 1174
=2 WEst
ZHol| 2|50 =HM i),

11.2 ud Ao 523
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N JHE LR 74 S| Ly = M HE | &¢
HS
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= t
1. H8He

2. WHFT|

3. ZHMIIE

4, == ME

5. 209 e & H3A

6. WHUE

7. EHQFEH[HA|

8. ZH|AtE

9. Uy Y MR}

10. ud ool Xz| ¥ 5 &85 F4d
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1. 4849

2 WH X&EME= 100 kHz = 1 300 MHze ZFals H2oAM A5 BH=H<9
(RF Modulation Analyzer)el mAEo| &3},

2. NH™HFI|

nd FI7)= =71 AT XHEME SGMae HE 1o|M HE EFE wdH FI|E
2= A2 |EFSZ Sttt nZo| @S A A5 el elsto] ¥ JIssict
3. &Y J|&

2 Iy XM= nd Hie gaMd SEE SN SIEAFEFSEES| 7 wbst O
Ne A”HEH FMJol EFwHAEX (KASTO 02-14-9070-165)0lA XAt dHHES
7|z 2 M5 CE
4. 28 M=

41 Type-A EET

e =Ho|M nH g FEHXo| ost RHALXZ IS Alnf Zo| MESsic)
_ VI
et YTy, zlel
I 1 & _TN2
wus: )= | Gl B0

— s(x;)
gae My mzEx: (0=
Hh= =xof 9|3t BE 2HE ¢ w(x) = s(x)
ARE : n-1
4.2 Type-B 28T
Ex7|e] ndH MEAML WFH AAH S EEEof Zo| 4.10M CIRX| 22 2E
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E8r QASERE METCL
43 M EF 2ET

EFE S8 MEA FSHof| o5t 21 B MEX 2 EgtE= HAESH
EAFE 0|85t cts2t Zo| Hio{Fo{of st

59
u(y) =\ 20
S Aol M
U cy) C; uc(-xz)
- ¢ BEA=F
- ulx;)  EF EEX
ol ct.
4.4 &3 S5 T
U= kuly (k=2)
5. 80l2 He
5.1 Bk&I(Carrier wave)
= DFa MSE wsiH, AMsa Bt 235 =

Moo MF)E 24t

FutsE X[LH0f Bhof

rlo

(Modulation Signal)
MESOE st o[ U5t

5.3 B8 =(Modulation)
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gtEnl (St AMS)E MFa(Z[AMig AF)oll w2t HEAF|= =&E UstH
Asmrt 84 AMSer e ofdza AsolH ofgdza W=zl stn, AlsmEt Cf
A& AlSo|H CIX|§ H=a} gt

ofg2 HW=x9ol ZF% Alsmel F7V|o w2} gkEmel XZE HIA[F|= wAlg
XZ BHE(Amplitue Modulation, AM)EF5t, EhSIOe| FELE HEIAIF|= W4
£ Fal= B =(Frequency Modulation, FM), Er&mlel A2 HIIA|F[= YA E
2 A 4= (Phase Modulation, PM)2} st}

CIX[E W=xo ZF< Algnie| 3J7|of w2l gk&mie| XEZS HEA|F = walg
Z ®o| H=(Amplitue Shift Keying, ASK)zlstz, Hi&mle| FulpE BT =
H

drAlS Fale Ho| H=(Frequency Shift Keying, FSK), Hi&Imle| 2QIAS HHSIA|
7| wAlg A Ho| M= (Phase Shift Keying, PSK)2l stcl.

5.4 =&
dHSTZL Alsuel FTo| wal WaAZ|E WxE MEol WxE HTE Liehd
S HEE WXE EE WEXSEsch AZMzo WxTt MEmle AEg WS
Zel FESE LHe FOIL, F@L WES WETE FTmL HOE MET Fa

Fhtg WX £ EHolM £ TS o AHEH LUEs
Hl2fstod AHX[A =Hof Amr| Y ctol JisiX|= HAMEZe F
HolMe= =2 EEE FHo| UEA Ech olet Zo| Fae M
Fole MZ2o oiE &3e JE8s siHsiFs Yo ]
A I A| A (preemphasis) 2+ C| ¥ E Al A (deemphasis) 2HH 0| Cf.
Zo|UHA|A(preemphasis)= H=Fo| DFao MEol ZFEZEEZ ZTIMNF|I= HhH
0|2, C|AHA|A(deemphasis)E SZ=F0 XES ZaAl7|= golch
5.6 & (Filter)
ez sl ot

4>

oy AMESos SuAF|AHLE == TS Fo=+ Of

IAZIR] ZRSIEE Sl &EE Sle 32& YUsich o= AT oy

SMAFI= MY S3 ZE(low pass filter),
f

o
S3} ZE{(high pass filter), ¥sl= LAst Fai tfHoS S1fAF|

ir r= ok
folr M
Il
I on

!
18
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ol

e &2 ZE{(band pass filte)¥ =28t AWE Fo+ HYsS SosHR| X6t
—
—

o MX| ZE(band stop filter or bandr ejection filter) 7} UC}.

=2
8
=

El
Ju
o
Hu
2
x
™
2 2
=
B
1o
2}
ue
F
i
=
40
13
>
F
X
=2
m
oK
12
ne
=]
r
>
0
]

ot Pak uHA Yooz FEeCH
S s Het2 20 Mo ME o HEF sz 7ol uHAIL F
N =aso| A HESF B Aol I dmEHx HEe MEFE mEaet
3 duEAE A B Holct.

Mergzel dols MEH ANent 73t Mgds 27 siH o] & g =S u
EANZct & SE2E F&St Mg EY o HE HoM 2 2Rel HET9 ¢
HeAE xSt zoi@ye 2EY & YA st A, duHx FFol2tnz B

l
.
J
I.
0k
2
rir
X
n
@)
=
2
ra
>

&2 So{®)oll whEct

Fu BMAl IR AHEH 2M7[l 2 JlSol oistel J17lel BHol MBS
Hatsp uMEo=M HUSHD M| £22 F= g 2oz s, cfge
2t 7152 @Rt

¢ 7% Ful HET EX (Measurement of the internal reference oscillator
frequency accuracy )

« 71 &t 8l HEz £3 (Measurement of Reference output amplitude
accuracy)

+ Sensor Module™} Measuring Receiver2| HrALA= £H (Reflection
coefficient measurement of sensor module and measuring receiver)

e XE HEE EX HETAIE (Amplitude modulation measurement accuracy
test)
Fule HET FX A& T (Frequency modulation measurement accuracy
test)
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2o ZH| H@A|
NO |y T+ 4 AE3H|
, RF 413447 Range 10 MHz ~ 27 GHz ROHDE&SCHWARZ
(RF Signal Generator) Accuracy t1dB SMR27
X 7TLA Aj .
2 FHEATT] Range 0 ~ 100 MHz SRS SR620
(Frequency Counter)
3 GPS Receiver Accuracy 2.0 x 107 Odetics 425
HER| Range -70 dBm ~ 20 dBm
4 (Power Meter) Accuracy 2% HP E44198
Mg zkx)7)| Range 50 MHz ™ 26.5 GHz ,
5 (Power Sensor) Accuracy 2% HP E4413A
Bl ZhA Range 0dB " 11 dB, 1 dB step
6 7 2407 HP 8494B
(Step Attenuator) Accuracy 0.18 dB
Ji 27| Range 0dB ™ 110 dB, 10 dB step
7 = HP 8496B
(Step Attenuator) Accuracy 0.264 dB
5|20t 247 Range 300 kHz ~ 3 GHz
8 (Network Analyzer) Accuracy Level : £0.05 dB HP 8753C
F=H|ALE
8.1 WM™ wd X & F2o| AtgtE =X|&tct
8.2 AR JI7InHI|AXHHMER2IE HM21x 58 #Ax=HE vHEof §
ct
8.3 WS AlZESl7| Mo = mEZ(7] Y mAEI|7|ES S| ol (warmup)AlZICt,
ol mj &S Alglo| fie SHog AlZk2 2t 717] & Fu|Ee| ol /o wEct
8.4 LWH77|t MEAMHE dZe o ¥t £ dmHAE HEH(matching)Al
7o} sict.
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9.

WA g gl Hx}

o -

91 7|&

Fal+ MET =X (Measurement of the internal reference oscillator

frequency accuracy )

9.1.1

a8 13} Zo| T WA Measuring Receivere] 7|& Fial+ &8 ( 5F &2
Zelel SdHo| fIx[)E Fas A=7(e dHo| HAZsStn EHS T

M

gasuring Hecelwer
Het Frequency Courrter i

outpur @ @)

a8 1 JIF Foi% 1Y X

9.2 7| &=t gl ME T =X (Measurement of Reference output amplitude
accuracy)
9.2.1 a8 29} Zo| Measuring Receiver Mol 9x|8t “CAL OUTPUT” &%

9.2.2

9.2.3

9.2.4

9.2.5

(o]
T [}
e Fus ATl AZSH Faob S SHSHe 7[EX[ol| 7| St

—_

Fo Ax7|e A S Moot

oFut MHEHI|(RF Power Meter)& XA SEEEEE dd@sin I8
22} #0| Measuring Receiver®| “CAL OUTPUT” &3 ¢hof| oisict,
Measuring Receiver “CAL OUTPUT" &8 Fal¢l 5

X|7| (Power Sensor)2|l "CAL FACTOR" #2 1T ul M EFI|of L
= EHE ™™g 78X 7| FHct,

Measuring Receiver2| “CAL OUTPUT" &&Alseo| nxm MEo| 2 E=
ol= ZEE ALEsto] EH it
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9.2.6 Measuring Receiver?l “CAL OUTPUT" &3ctollA M2 ZX[7|E mojh
cl.

Measuring Receiver
CAL QUTPUT Frequency Courrter

0O M O

P owwer Power Meter
Sensor O

O 2 my EYE £4 57 A

9.3 Sensor ModuleZ} Measuring Receivere| HIAIH$ =X (Reflection
coefficient measurement of sensor module and measuring receiver)

9.3.1 HlE| 3| Z22EMI|E ALS5I7| Mol 1A]ZF o4t of Hd(warm up)E &hct.
9.3.2 type-N calibration kitE AFE35t0{ 2—port calibrationS Al&d Sl

164 o|Ate =2 setting BhCl.

i

1E
m

B 2YEMT|e S sl

9.3.3

A%
0z

9.3.4 Falrdfede 2.5 MHz ~ 1 300 MHz2 2 setting 8t}

u

30l Measuring Receiver& AUTOMATIC OPERATION AtefoflA 3]
F 2M7|e] =X EZEE Measuring Receiver® Sensor Moduleoll 91&

9.3.5

e b
e
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eSS
heasuring Sensor
Heoaiver — B e
1 r
I it i 1
_______ -
Metwork
Analvzer
a8 3
9.3.6 B ZU FEAMIJ|E 0|85t EX™sSH Ho|g & UhAMA=IE 71& 2 s ([9)E
o-1of 7|=8tct
90.3.7 ESXMcXIZHEE &£2|gt ¥, (60°, 120°, 180°,240°, 300°) &|XNA[FH CHA| A
Zslol HystuAl she 2 Fal$ Mol wAPIS 37| ¥ 94 St
EMZAIE E 910 7|t}
9.3.8 Measuring Receiver?| Rangel, Range 2, Range 32} 14 dB 0|5 Range
oA step 9.3.5 7 step 9.3.7& BFFESICl Zt range? PHMAITE e, s,
I's,2b I'solct.
E 9-1 Sensor Module9| HiAtAH= &&- AR
Measuring Receiver
i Sensor Module2! SWR Inputel SWR
| Is | | 1 Tgs || | Tesp || | Tisgs || | Tpsu || | D | | | Do | | | Uit |
1(0E)
2(60)
3(120)
4(180)
5(240)
6(300)
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9.3.9 18 30lA Measuring Receiver= Range 32 35t 3I=2% 2A7|9 =H™
X EE Measuring Receiver2| Inputoll 1Z it
2 WS

9.3.10 B 2Y ZFAMIIE o83t ZHFet dlolel F HAMASIE JHE

() E 9-101 7| = 8ict.
120°, 180°,240°, 300°)

9.3.11 EFcX=RE &algt F, (80°,
AHSH FFstuAl ste 2 Fule ol AR 37| R 4

9.3.12 Measuring Receiver®] Range 2, Rangel OflA|

9.3.11E HtS&Ct. 2t range?| HHAIAITE Iy, 2 Ty OITH

H HEZAY

o

j[}"

9.4 TE HxEE

test)
9.41 13 42} Z0| Measuring Receiver®l Calibration AM/FM

Measuring Receivere| /8o HZASICH

9.4.2 Measuring Receiver®] AM EIX}E £

Range2t AM EAE H£231 AM Calibration Factor

CALIBRATION EHX}E  =2{AM Measuring Receiver2|

ly=
99 %

AM Calibration Factor 40 % :
199 %

AM Calibration Factor 100 % Range

Measuring Feceiver
IMFUT

O O
Calibration

AMSFRA output
ad 4
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=271 AM Calibration Factor
100 %
XAZte dm 7=

~  step

(Amplitude modulation measurement accuracy

OUTPUT=

40 %
Rangeoi| A

101 %
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9.4.3 1% 52 Zo| FH|ES HAASIT RF 4S9 Ful+E FHStDASIE
z ' b A% 1

FopIL S8 =FSHD, HxE Aot HEEE o o2

HE Signal Generator kMeasuring Heceiver
CLETHLT INFLT

O Q

9.4.5 AlHel Hz=EE Step 9.4.22] AM Calibration Factor Rangeoll i2fA

a8 5

Al

Aot gt2 =2 Measuring Receiver?| 242 a8 LHF0o{F0ojof st}

9.5 Fox HxE FH HEI(Frequency modulation measurement accuracy

9.5.1

9.6.2

9.5.3

a8 42F Z&o| Measuring Receiverel Calibraton AM/FM  OUTPUTS
Measuring Receivere| /2o Hd&ASHC|
Measuring Receiver®l FM ElAE $23 FM Calibrator; 40 kHz
Modulation Range?} FM Calibrator; 400 kHz Modulation Range EtAIE
=2{M Measuring Receivere] X|AIZFS 211 7| & sic).
FM Calibration Factor;40 kHz Modulation Range: 99 % 101 %
FM Calibration Factor;400 kHz Modulation Range: 99 % 101 %
a8 52} #o| ZH|ES &SI RF ASfe Fo4E EX™SAXGE F
aIb EEE =Fs5tn, W= ASel HETE Aol o2l d¥stn 108
HrE Edsict.
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9.5.4 Aol HEE+= Step 9.5.22] FM Calibration Factor Rangeol| A
At gt2 2 Measuring Receiver?| 212 g LH50o{Foot st
10. wHd olo[e XMzl ¥ FH 28 &3
101 7|& o= d&x £5 @ O3 1
1011 T8 ol HF
(1) Type A =% 7|& w@EI7|o| ety oM E (allan variance) 2 AHH
o A FT= (relative frequency)
fo= fe— 1
f fn
fe AA| e T
fn - @EFIE

ol_l.

XM (Allan Variance)
M—1
ZZI (yi+l - yz)

. e
|

o,(7) =

TS

2x(M—1)

o7|M = EFHA[ZE (Sampling Time)
=i Hw SFgt (A
= olole (y)el 74

y
M

|
4

}

ok

Al2He] =

Z

Fup) 2|
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£ MA E™E Foe
O gy GPS FAI7I2| TH MEA
orM T

0f; : Frequency counter2| Z7| of

h
S

of, . Frequency countere| &3l

(4) BN 2tz
uh =\ BP0 4GB o)+ (B 00 o1+ (o7
(5) ZHEA+

a=3r=1 a= Gy =1

¢ = Jagz —1 o= %}’%

=88t 25 2t (29 MH)
98, 9.999 999 96, 9.999 999
999 92, 9.999 999 96, 9.999

10.1.2 £3 Hiolg] : HO[E A|Zt2 1 sE2 105
9.999 999 92, 9.999 999 96, 9.999 999
96, 9.999 999 96, 9.999 999 98, 9.999

999 96

10.1.3 28z A2

T

(1) Type A B8
g x = 9.999 999 96 MHz

9
¢ ZZl(y i+l_yi)2 4 i
o,(1 )= 510—1) =2.31x10 "7 (7 =1 s of Ch8F £k7| SHHE)

u(f) = 2.31 x 107 % 107

Hz = 2.31 x 102

ARE D vy, =
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(2) Type B &=
o GPS FA7|o WH MHMZEEH
2.0x10"" -
U(f ) 5 x10" Hz = 1.1 x 10 '
KFE © yy=
o Frequency counter®| &7| St EZ2&£H
L.2x10 "1 7 —4
u(fzs) = \/E x10" Hz = 0.7 x10 Hz
AFE Vi = ©©

o Frequency Countere| 235225 E

uF) = e Ho = 0.0%89

(3) Sk

it =
et BE £

o

|
4

w () =V 2(Fp) + W2(fo) + 2(fe) + uA(F)

=V (2.31x10 )2+ (1.1 x 10 92+ (0.7x10" 9% + 0.02892
= 0.037

(4) 71 Xex
s )
off u'(£,) N ' (fgps) i u* (f)) L u'(f,)
Ve Y gps Vis v,
_ 0.037
(2.31x10 )4 (L.1x10-%* (0. 7x10-5* |, 0.0289%
= OO
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(5) &z E& T (k=2)
U= u(Hk= 0.037x2 = 0.074 Hz
(6) 2t &%
. FZF =8 . _
25T 29l 557 [Hz] ZdEAST | EERE | MEQX | ARk
z
allan
Type A -2 1 PSS 1
variance yp 2.31 10 *°
GPS ==217|
A A Type A 1.1 x10 4 1 g 2 o0
Frequency
Counter® Type B 0.7 x10 " 1 z 1/V3 oo
7| o™
Frequency2|
U Type B 0.0289 1 2z 127 o0
BN EE
u (P e 0.037 - - -
U 23 =25 0.074 -2 2 -
10.2 wd EHC Y Megxr £ . O8 2
10.2.1 AlSeH SXo| ¢stx oH MY
p M(P,—(t+ D))
gz P[Kbm
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_ M (P,
° "= KcPcal

- m : HEAL oS

~M, : MY SHE Mol M U5 DH A5 Aol £EE

=
oF M A I} XA M 2l
— ¢ MHAHL zero offsct
-K,: ¥ £FE MdAMe ud FuolM m™EelX}

—_

_Pcal: ﬁiﬁ.ﬁl m_géEﬁoﬂA-I Z()o” IJ%_EIE I‘IE.L|4

—

o M, HH EXE MMt MSH Atole] BA ol o5t of

oH =

An

o t=Z,+ Z + N

- Z,: ™A Q| zero set
- Z.: 8™ A2 zero carryover

- NG HEA EE

o D ™A Drift
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10.2.2 Type-B &tf =& T
UP ) _ \/ M) u(P,) 75107 M 7 0O B T €/ %
P M, {P,—(t+D)* = (P,—(t+D)}*  Kj M,

u2(Pmc) uZ(KC) uZ(Pcal)

1 1
(Pmcit)z * K2C " Pml

P.—+D) T (P, 0

+ +(

a Kchzm{f}m— () (W(Z)+u'(Z) + u*(N))

o Ctx2l Z<o| tisto] Type-B &t E&TE FotH claz Zcl.

_M,=1, My=1, Ppo= Py, Z:=0, Z.=0, N=0, D=0, t=0, m=
P,

)

“P o) [ ooy L) e D i
Py | CMOTTp e g et

u2(Kc) uZ(Pl) uZ(Pca) 1 1 :
+ ch * PZZ * chal l +( Pm B Pcal )2{ uZ(ZS) * uZ(ZC) * u2(1v>}

o u(M,) : MAMe} Measuring Receiverl 50 MHz ™ =3 Ajo|e| BH
g ol=
— Sensore| HAMAIE @ ', = 0.040

- Measuring Receiver 2| md &3 HALAHIE . [, = (.024

u(M,) 1
- T, = 0.04x0.024x 75 = 0.068 %

o u(M,) : HAMel Mz £FI[e| 50 MHz wd &3 Alole| BXE o|5
— Sensore| HAMAI @ ', = 0.038

- Spectrum Analyzere| WH &3 HAMAIE . ', = (.1

w(M,) 1
- Ty, - 0.038X0.1X\f2 = 0.266 %
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o u(P,) = +0.5% : N =H7I|9 instrumentation E&=
w(P,) _ 0.005 _
_ P, - \/g =0.3%
o u(P,.) = 0.5 % : nd¥2 sdst= ot My EFHI|2 &
P,
° w(D) = 15 pW : uHE FHsIE St MY F5FYI(9 =
- P,=1mW o|EZ
w(D) _ 15x10°% 1 _ 0
- P, — 10x10 ° Wg = 0.0000087 %
o u(K,) = 1 % 50 MHzollA HAM el mHIX} 25T
K
_ ”}bb) — mz - 0.5%
o u(K,) = *1% 50 MHzollA M el mHIX 2&F
K
_ MEK ) =m2 - 0.5%
MAel HIME =&
=15%
se

o u(P) = 3% :

w(K) — 0.03
K. 2

YA 50 MHz u¥EH &

o u(P,) = +0.9 % :
= 0.45 %

_u(Pey) _ 0.009
Pcal 2
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o u(Z) = +50 pW : HNHH<| zero set E&T
1 1 _ 1 1 (% 2, L _ o
- w(Z)( P, Pw;) (10x10’6 0 3)x50x10 V3 0.0003 %
o u(Z,) = 0: A2 zero carryovers instrumentation £&Tof| Z&HE
_ u<z><¢ %)— 0
o w(N) = +70 pW : THAHAFYS E&E
| _ 1 7% 12, L o
— w(Z)( P,  P., ) = (10 <10-° 0 3 )X70<10 “J3 = = 0.00042 %
.00068%40.00266% +0.003% + .003%+ .000000087% 4 0.005% + 0.005
+0.015%40.00452+0.000003% + 0.0000042°
Wy £33 108 dgt=g EHSE &

= 0.0179 = 1.79 %
1.00 dBm, 1.01 mW

ABER HAMy|o W
;

10.2.3 5% Hlolg :
0.99 mW, 0.99 mW, 0.99 dBm
1.00 mW, 1.00 mW, 1.01 mW, 1.01 mW, 1.00 mW

10.2.4 28F M=
(1) Type A EEX
10

[

1
10

% |
I

et

0!
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mxp o s(x) = ¢W—T) ﬁl(xi_;) 2 = 0.00816 mw
s(xy)

kr
M

wael Mg EE@s: (¥ =75 = 0.00258 mw
uh= SFof o3t Y E&T

: us(Pyz) = s(x) = 0.00258 mW = 0.258 %

xI"|9|'—I|:— : VA(Pgﬂ)) = 5

u(Pyz) =V d4(Pag) + wo(Pam) =V 0.01790% + 0.00258°
— 0.0181 = 1.81 %

(3) #& ARE

Vo= u4c(P,qZO)
A wa(Poz) up(Pyp)
VA(PgZO) UB(PgZO)

_ 0 16 .
0.00258" | _0.0160"
9 T o
= 292 500

(4) &% 28T (k=2)

U= u Pk = 1.81 %x2 = 3.62 % = 0.0362 mW
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10.2.5 ISO HXto| o|st S & &
71 & =&z 2l ©®, % gE8E | MEQX | EFE 25k
AMEY M| Y &€ | || =0.1 U 1 0.068 %
M, MA Aol 2FB OIS | || —(.04 ' °
MeA YA | I, =0.1 U 1 0.266 %
M MM Aolel 2HE OIS | || —(.038 .
P, M3 A instrumentation 0.5 % &z} V3 0.3 %
THIZF Sot A . 17} 0
P instrumentation 0.5 % AA \/5 0.3 %
D HHA drift 15 pW 2t V3 0.0 %
K, MA mYelxt 1% M7 2 0.5 %
K. 50 MHzOI A 4IAf B Qlx} 1 % 4 - 0.5 %
P, MM MM 3.0 % H 2 1.5 %
P. MeA 1y &8 M 0.9 % g 2 0.45 %
8 YA zero set 50 pW &z} \/g 0.0005 %
Z. M A zero carryover 0 &z} V3 0 %
N He{A et MM & +70 pW =zt V3 0.0042 %
ua(P ) Type-A E5E 0.21 % M 1 0.258 %
uPyp) gMd E&E : RSS 1.81 %
U sz} 2atn — 3.62 %
0.0362 mW

10.3 Sensor ModuleZl Measuring Receiver2| BAMAIZ =X (Reflection
coefficient measurement of sensor module and measuring receiver)

10.3.1 &4 &=t
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Measuring Receiver
Sensor Module2 SWR
[ Inputel SWR
| Is| | | sy 1| | Tes || | Trsgs 1] | Trsy || | Ty | | | T 1] 1 Ty |
1(0E) | 0.032 0.032 0.031 0.100 0.036 0.126 0.025 0.028
2(60) 0.033 0.033 0.032 0.101 0.035 0.127 0.024 0.029
3(120) | 0.032 0.031 0.033 0.100 0.036 0.125 0.025 0.027
4(180) | 0.031 0.031 0.032 0.099 0.037 0.126 0.026 0.028
5(240) | 0.033 0.032 0.031 0.099 0.035 0.127 0.026 0.029
6(300) | 0.031 0.033 | 0.0313 | 0.101 0.037 0.125 0.024 0.027
10.3.2 =&y =d MY
(1) hApAIS 37| 58l 2
I'=1T,+ oI
I A
I, sl22 EMI|Z2 EXSE gt
or  EERY EAMT[9 type-B EEE
(2) B =28
_ 2 92 _ol” 2,2
um—V( Yl (I) +(F5am) u*( 900
(3) =A==
__or __or
¢t= 5, ~ 1 2= or = 1
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10.3.3 =& % &E
(1) Type A EEE
_ 6

gagt: f= ¢ L5

1 .

Ex=#x o s(x) =¢ 6—1 ZZl(xi— x) 2

— s(xy)

gael Ay mams: «) = (0 ="/

ARE: vr=6

(2) =72l 22 EM7(2| Type B =&T : BHAIA =2 £ 28

E,,(linear) = V,+ S, xT 4(maginitude)
o E,.(log) = 20log(1+E,,,/Sy)

o up(|I) = En/2

(3) (2) &ollA

° V,= S, +VYi+Z

> S, = D+S;+T xS+ (Mg+S,)xST + M xSy xS+ A xSy

o Y, = Rr1+2XTt1XSll+Rr1XSZH
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o Z,= RpxSyxSyy
(4) RRE
yg = ©
(5) Type B E&x 2l
Residual (Accuracy Enhancement, Full
k=3 x} &t Two—port Calibration)
dB Linear

D Directivity —-44 0.0063
Ms Sourch Match -35 0.0178
M Load Match -42 0.008
T, Reflection Tracking 0.06 0.007

Ty Transmission Tracking 0.05 0.006

C Crosstalk -100 0.00001
Rr E(e)ge;t;;{ilgction Connector -65 0.00056
T Egge;t;éﬁﬂsmission Connector 65 0.00056
R E(e)ge;t;;{ilgction Connector -65 0.00056
Te Egge;t;éﬁﬂsmission Connector 65 0.00056
N Low-Level Noise -100 dBm

Nh High-Level Noise 0.004 0.00046
Am Mag. Dynamic Accuracy Error 0.05 0.00577
Ap Phase Dynamic Accuracy Error 0.331, degrees

Su | P Sable Transmission 0.05 x f[GHzl, degrees

S ggéiﬂtyCable Reflection -70 0.00032
Se | pon> Sable Transmission 0.05 x f[GHzl, degrees

Sio ggéiﬁtyCable Reflection -70 0.00032
Tid Transmission Tracking Drift L/I:::eittj:d{eoi10;0%1.155><foECGFI;;e]a}rXAoC’ degrees
T Reflection Tracking Drift Magnitude : 0.0015 X2 G, linear

Phase : {0.1 + 0.15 xf[GHz]}xAC, degrees
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(6) Sy (Sy)oll chst Type B E&tE : HHAAIS 37|
o Reference power level : =20 dBm
( A,=0.00577 ,A, = 0.331 (deg) )
ESTPY dhapA 2 37|
(GHz) 0.01 0.05 0.1 0.2 0.5 1.0
1
2 0.007 0.008 0.01 0.01 0.02 0.05
3
(7) &M 5= =&
uc( | 1) = Vud (1M +ub(11)
(8) 78 ARE
y T = uc(111)
‘ uh (1) WA
_|_
5 VB
(9) &% 28
Ur= ku/(|I)
(10) HAMA= 37| 5 8=
Measuring Receiver
o
i Sensor Module2| SWR Inputel SWR
| Is | | | Tgsr | | Tpsip | | Tesis | | Tsia || | Dy || | Do 1| | Diga |
T4t | 0.032 | 0.032 | 0.032 0.100 | 0.036 | 0.126 | 0.025 | 0.028
T%yp;,:A 0.00365|0.00365|0.00365|0.00365|0.00365|0.00365|0.00365|0.00365
T%y%_?E_B 0.008 | 0.008 | 0.008 0.01 0.008 0.01 0.02 0.02
M EE
== — | 0.0088 | 0.0088 | 0.0088 | 0.0106 | 0.0088 | 0.0106 | 0.0203 | 0.0203
=&z
K-II'T%&': 169 169 169 356 169 356 4784 4784
S X}
;EE’E 0.018 | 0.018 | 0.018 | 0.021 0.018 | 0.021 0.041 0.041
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Rate

400 Hz or
1 kHz

Frequency Range Depths

10 MHz ~ 1 300 MHz 5% ~ 99 %

10.4.2 AM Calibration Factor 100 % Range : 99 % 100.14 101 %

D= D,+ oD, + oD,

53 o

Measuring receiver =

D:
D, :
oD, :
oD, :

ol
21 =

ak
Measuring receiver?| type-B &%

RF &%

2|
'L

o| type B E&x

51 A4

o

oI

=3

(2)

lI

u(D) = BBy, +(FB i 200 + Sap0) (6D)

(3) &A=
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_ oD _ _ oD _ _ —adD _
= p, =1, @= Gap, =1, = Hap, =1

10.4.4 £d dlole : 1 GHze| EFSTE 1 kHzZ 50 % AM B =
50.04 %, 49.99 %, 49.98 %, 50.00 %, 50.02 %, 50.01 %
10.4.5 =& &

(1) Type A EEE

° 5% < AM o < 40 %

u(dD,) =V 0.22 4+ 0.0069% + 0.046% + 0.0022 + 0.0012
= 0.217 %

> 40 % < AM o < 99 %

u(dD,) =V 0.45% + 0.156% + 0.104% + 0.0052 + 0.026°
= 0.488 %
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(3)

(4)

o Resolution : 0.1 %

o Setting accuracy : 4 % of reading +1 % = 3 %

o AM distortion : 3 %

u(op) = | (Lbyer (e (3

= 2.450 %
BN EE 28E

u (D) =V «®(D) + u*(6D,) + u*(sD,)

= v 0.367% + 0.488% + 2.450°

=252 %
SE AT
_ #e(D)
Verr «(D,) £'(8D))  u'(6D))
+ +
V p, Vb, V sp,
2.521

5}
= 11115

(6) &3 =% (k=2)

U= uHk= 2.520x2 = 5.040 %
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10.4.6 ISO X0l o5t 28 &
i 32 (Mg 5% < AMpeac € 40 % | 40 %6 < AM pearc € 99 %
gz Qo | - AT Y - _
=X | X (%) | EESYE | (%) | EFESHE
Accuracy |dT| 2 00 0.4 0.2 0.9 0.45
Mod. Output
. . P zH| V3 oo 0.12 0.069 0.27 0.156
Distortion
AM
o 2| V3 oo 0.08 0.046 0.18 0.104
Rejection
Residual FM | &2t | V3 oo 0.004 0.002 0.009 0.005
Maximum
) 2zt | 9v3 oo 0.004 0.001 0.09 0.026
Resolution
Type A =l zF
ssc & 2] 1 oo - 0.003 0.003
MES o
i |zt - 4.244 2.450
CE13 V3| e
B EE
_ — o)
syc Vg |11 115 2.520 %
Btxt 25t t =2 - - 5.040 %
10.5 Ful HExE £ 3 285 ME
10.5.1 &3 He
Frequency Range Rate Deviations
400 Hz or
10 MHz ~ 1 300 MHz <100 kHz
1 kHz

10.5.2 FM Calibration Factor; 40 kHz Modulation Range:
99 % 100.09 101 %

- 391 -




WzAel IA AHM EMHS
. L XY 2 A}
RRL Guide Book for the Calibration of SHE IR
Modulation Analyzer NEHS [&+] 31/35
10.5.3 =8}& od
(1) For HxE EHo| 58 oH
AFpp= AOF.+ 6F. + OF,
- AF .t 58 4
- AF, : Measuring receiver 2 2 #t
— OF,. : Measuring receiver?| type-B 2&T
- O0F;: RF 21529 type B =&
(2) 2o 2=
LAY 0AF Ay
peak \?2 2 V=2 peak \2_ 2 V=1 peak N2, 2
GBS B+ (g (068 ) + (g k) (98 )
_ 08 F gy 1
doF,

W6 Fd = €
Cy =

A F peak

_ 08 F e 1
aAFC H
499.9 Hz, 500.0 Hz, 500.0 Hz

(3) H=A =
c, =
| GHzol WHSIHE 1 kHz2 o4 W=

10.5.4
500.1 Hz, 500.2 Hz, 499.8 Hz,

10.5.5 E&t &=
(1) Type A EEE

AU X g leiZSOO.O Hz

2

0kl
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6 _
ExEz: slx) = ¢ﬁ ZZl(xl-— )% =0.134

Bael g mzEx: «W(AF)= ()= S&%i) = 0.05 1

T
o
H
El
02!
>
[>
JiliL
10
HI
ok
H

(2) E=7|2 measuring receivere| Type B £&

o AFpeak<4 kHZ

u(BF,) = V202 + 2.039% + 11.547% + 4.619% + 0.289°
— 93.641

o 4 kHz{ AF pou <40 kHz

w(SF) = V 200° + 23.94% + 11.547% + 4.619% + 2.887°
— 9201.733

o 40 kHz< AF 1o <100 kHz

u(6F,) = V5002 + 57.7352 + 11.547° + 4.619% + 28.868°
— 504.303

o XtRE I Vo, = ©
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(3) E=7|2l RF Al&2l9 Type B 28
o Resolution : 10 Hz
o Setting accuracy : 5 % of reading + 20 Hz = 45 Hz

o FM distortion : 0.5 % = 25 Hz

u( 6F) = \/(%)%(%)M(%)Z

= 30 Hz

1

ok

=
==z

=
ok
0x
krl
M

U AF ) =V d(AF) + w*(6F) + u*(6F)

=V 0.134% + 23.641% + 30°
_ 38.196 Hz

(5) & A7

v — MZIC(AFbeak)
off W' (AF) N u'(SF ) N u'(SF )

VAR, Y F, VY sF,
_ 38.196*
0.134* | _23.641% 30t
5 + oo} - o}

(6) &% 28 (k=2)

U= ulHk= 38.196x2 = 76.392 Hz
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=1t
s=

H1

10.5.6 1SO Axfof| o[t £&

K} | AF peax <4 kHz 4 kHz<{ AF 5, <40 kHz| 40 kHz< AF <100 kHz
eae oo |HE|HE|
EHE R laglan| T 7 | 22 BE EE
= - at(Hz) ~ at(Hz) -
(Hz) | &= =& =&=
Accuracy (AT | 2 | | 40 20 400 200 1000 500
Mod. Output
_ .p =2t \/g o 4 2.039 40 23.094 100 57.735
Distortion
AM
o &2t \/§ co| 20 [11.547 20 11.547 20 11.547
Rejection
Residual FM |&|2} \/§ o 8 4.619 8 4.619 8 4.619
Maximum
. =zt 2\f3 o 1 0.289 10 2.887 100 28.868
Resolution
Type A
P Nzt| 1 || 8 |0.134 -
=T
Al Lo
d282 gy V3 | o |51.96| 30 -
=& E
M B
s - - o 38.196 Hz - -
gy 28 t | k=2| 76.392 Hz - -
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1. Y 48M g8
111 &= Alg-und7| 2AB7[F(KOLAS)MA QIEst= MM Mol 1174
$=2 W 2ol 2lstol S BICE
£ L2 HoleH= 7|58 E&Esict
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