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AVeeter NetwotkAnalyzer (VNA) meas\'$es the reflection andtransmissionbehavior of a device unC*er test
(.*Utr acrsss a e*nfiprir*d f,req**eey ra$.gs.

The NanoVNA V2 is a tu/o port T/R (transrnission/reflectioa) VNA rvtrich caft 11leasure fhe S naraeneters 51i
aad 52 1 *f a '{*t'* p*rt aae'iw*rk , *r t?N* xE*rf,{i*s **t?xte*!. {S i U * f a *ue p*t'; a**v*rk.

Pf {opticnel}

tsefore afly fireasurernent$ are g:erfonned, tlae vt{Amw8be +alibrared.
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The fol{owiag bl*ck c}iagram shovss ahighlev*1,*r,eiview *f &e sy$t€r"e.
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The NaaoVNA V2 is a siagie scvitclaed seceiver 1 VA. 1Vhitra the diagram si?oli/s oniy two eiaalraels selectable b,y
the receive rnixer through SW_RECV, a third channel, the refersnce channel, is provided by setting SW*ECAL
to the "open circuit" position. By controlling these two switches the receiver is able to observe.efer*rlce,
reflssted and tlrru signals.
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Catribra'hcn must l:e per-icr:::ed rvhenever the &equeacy raego io be measured is r,bax'g*d. trfrIirea caiii:ratio:r is
activated, tlee left side of &e screefl siaould str1ow 'oCx" afid '0D".

C&amgi:ag the &equrocy swesp raege always cXears &e actave ca3i.B:ratioe, af a;+y.

The caiibration procedure is as follows:

1" R.eset currer:t oalibration state. Select nrellu itear G,AL _'R€SET ard then -*CAUBRATE.

2. Attach a SMA coaxial cahle to pofi 1.

3" (OptieerailAttach a S&4A aoaxiai cahle to por8 2.

4. Connect OPEN standard to port 1 cable and click =>OPEN. Wait for nrenu item highlight.

5. Connect SHORT standard to port 1 cable and click -'SHORT. Wait for rnenu rtem highlight.

6. Connect LOAD standard to port 1 cable and click _+LOAD..Wait for menu itern highlight.

7. (Optional) Connect the TF{RU standard beJweea the port tr and pori 2 aable- e+ds, and click +T'hlRU.

L Click **DONE.

9. Specify ttre dataset irumber (0 to 4) and save. e.g. ---+$AVE 0.

{-Sl*1A

Measurirlg a ealibration standard

Measr.rring the THRU standard

Note that there is no need to wait for the plots to fully update after connecting a calibration standard. Clicking
any of the OPEN, SHORT, LOAD, THRU calibrationmenu items will perform a full sweep with 2x averaging.
Once the sweep is complete the corresponding menu item will become highlighted, and you may proceed to the
next calibration standard.
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3. START fi"eqxe*aay 2" ST6F freqaaer:ey

The START ftequency and STOF frequeucy are shown at the bottoru of the display.

3. S*trarker

The markerposition for each traee is displayed as a sfiall aumbered triangle, The selected marker caa be nroved to any ofthe
measured points iB the follovr;ng waysr

* Drag a marker cn tlre rcuch panel - best to use a sfyfus far this.

o Fress and hold the JOG LEFT or JOG RIGHT bufions.

4, Calibration status
Displays the saved srot rumber of the calibration being used and the error correction applied.

. C0 Cl C2 C3 C4: Each indicates rhat the corresponding calibration data is loaded.
o D : krdicates that porf I 3-terrn ercr mcdel is eppiied.

5. Ref'erenee positiqn

Indicates the refervnce position of the cc'respending trace. Ymr can change ihe positioa vrith:

DISFLAY *SeALE *REFERESCE P&SlT"lOt{.

6. f!{arker statt.ls

The active markei that is selected and oas nrarker that ryas previously active are displayed tr:p right.

7. Trace status

The status of eathtrace fonnat aadthe rahre corresposdingts tlre artive marker are displayed.

For example, if the display is shcwing: C!-fO LOGirp,G 10dB/ 0.02d8 , read ir as follows:

Channei CHO (reflection)

Format LGCMAG

Scale is l0dB

Cunent value is 0.02d8

For active traces, the channel name is tighlighted.
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"Wwsxry,* dispflay

Up to four h'aces can be displayed one of,which is the active trace.

You can turn on/offtraces as needed. The menu items 0ISPLAV _uTRAeE -+TRACE m altrow you to activate
as well as turn on/off traces.

When atrace is active, its chanrael name at the top of the soreen is highlighted. In the image above, TRACE 0 is
the active trace.

Clicking DISPLAY ---+TRACE --TRAGE n on the cunent active trace will turn it off. Clicking arry other
tnace activates it.

Tnace format

Although each trace can have its own displayed format, you can only change the format of the active
trace.

To assign a format, set the trace to active (see above) then select: Dl$Pl-AY -'FORIMAT

The description and unit of measurement of each format is as follows:

" LOGMAG : Logarithm of absolute value of measured value (dB per div)

. PHASE : Phase in the range of -180 " to + 180'(90 degree default)

. DELAY : Delay (pico or nano seconds)

. SMITH : Smith Chart (lmpedance scale is normalized during calibration)

. SWR : Standing Wave Ratio (can be scaled to show 1, A.1 or 0.01 per div)

. POLAR : Polar coordinate format (lmpedance scale is normalized during calibration)

. LINEAR : Absolute value of the measured value

I : EE. {'-'ir
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." R€&L : R*ei pagt of ffileaslcfed S perare,leter

* lffi&S : lm*ginary '*aTt *€ ffieesl,l"*c3 S parer:'l*ten

. RES|STANC E : Reslstance csmponen't of tFre mieasuened irnpedaffice (ohms per dlv)

. REACTA${CE : Reactance c*rffip*stent *'fr tl'l* r?neasured Err'lpedanc* {o*'tm:s p*r dEv}

Tnaee ehar:raef,

The $rlanovNAV2 l'las two cl'lanslels, C!'NS and CH3, conesponding to ports 1 ar:d 2.

eH0 is the S pararneter S{1, whifle eH{ is the S panameter S21.

Eaoh traee can be set to disptray data from either ehannel.

To change the channetr used by the currently active trace, select

BISPLAY -'CHANi{EL -+eH0 R.EFtE$T sr BI$FIAY -'OHAi{MEt -+eF{{ Tfi{RGUGi{.
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Tflxmc domain spsrafiom

The NaaoVNAV2 can sirnulate time domain reflectonnehry by traasforming frequency domain data.

Select DESPLAY ='TRAN$FOR.|1fi -'TRANSF&RM ON to csnvert mreasured data to the timee doalaie.

if TRANSFCIR.fS Oftl is enablod {Iaverted white text on black background), the measuremont data is
immediately converted to the time donaain and displayed. The relationship between the time dsmain ancl the
frequency domain is as follows.

" Increasing the maximucr frequency increases the time a'esolution

u The shorter the measurement frequorcy interval {ie, the lower the maximun &equeacy), ttre longer the
rnaximlrntime length

For this reasor! the maxirnurn time length and time resolution are in a trade-of,f relationship. In ottrer words, the
time length is the distance.

" trf you want to increase the maximum measurement distance, you need to lower the frequency spacing
(frequency span lsweep points).

" If you want to measure the distance accurately, you need to increase the frequency span.

!{!NT - {Jse a lower ffequency to measure a longer length and a higher frequency to measure a shorter length
and adjust accordingly for accurate results.

Time domain bandpass

In bandpass mode, you can simulate the DUT response to an impulse signal.

NOTE: The trace fonnat can be set to LINEAR, LOGMAG or SWR.

The followrng is an example of the impulse response of a bandpass filter.
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TErre* 4*r*a'r* E*zw ys*w* l',mpual*.x

ln low-pass iaode, you oa& siemulate ?DR, In trowgass m.ode, tfuo starf &equeiacy meut ba set to 5* kEfu, aiad ti:.e
stop {requenoy mllst he set aocordiag to the distance to be iaeasurecl.

The frace fcrmat calbe setto REAL.

Examples *f lrnpulse respoxtso in opera state and Larpulse respo&se im short state are showir helow

CIpem Shoffi

Tir:ne do*nain low pass step

The trace fonnat can be set to REAI.

Example measurements of Step response are shown below.

Open $hotr
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Capaeitivs e*?ert Bnduetive slasnt

Capaeitive diseontinuity (G ire parallel) lmduetive diseontimuity (L im series)
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1- am* * *maan wA{a* *'"8d

The range that can be measured is a frraite nuimb+r, and &ere :'s a mil"ircr*a fi'eqr.leacy alrrd a maximum frequency
Awimdow can be used to srgrcoth cult this discontieruclis rrieasurement d,ata aird reduce ringing.

Ttrrere are &ree Xevels of wiacl*w!:ag.

. w?t${ln4UM (rao window, ie: same as rectangular window}

' NORI$.AL {equivalent to Kaiser windcw P 
: 5)

. MAXIM{'| M (equivalent to Kaiser window F 
: X3)

hml},llMuh& provides the highest resolutiocl aad 8*IAXI[blufu? pror.ides the trrigbest dpmmio l.ange. F*&RIffiAL is in
the middle.

Set*lxtg tise veloe$ty facter 6n the tiraee derarairn

The transmission speed of electromagnetic waves in the cable varies depending on the material. The ratio to the
transrnission speed of electromagnetic waves in vacuurn is called the Veloeity Factor. This is always stated in the
cable specifications.

In the time domain, the displayed time can be converted into distance. The waveLength shortening ratio rised for
distance display can be set with DISPLAY -' TRANSFOR.M -" VELOGITY FAGTOR .

For example, if you measure the TDR of a cable with a wavelength reduction rate of 670/o, specTfy 67 for
the t EtOelTY FACTOR. (Do not uss the decimal point).
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Two AilF435S EF syntlaesizers, ptrus one Si5351, prcvide the stirnul;:s and n O sig:aa1s. Tlre Si5351 covers
&equenoies up to tr40kfFtrz, arid tlae rest are ccvered by ttre ADF4350s.

Direetianal **uspier

The couptrer is based on a lVheatstone bridge rearranged so that input and DUT ports are referenced to ground.
The coupled signal exists as a difference signal and is extraeted by balms. Two stages of balx.Els are uscd to
achieve the necessary commoo mode rejeetion ratio.

RcecEven

The receiver consists of a ADB342 mixer and an op-arnp based baseband amplifier.

The mixer downconverts the RF signal to a low but nonzero intennediate frequency (typicaily lZkTIz). Tho IF
signal is digitized using the built in 12 bit ADCs on the GD32 mieroconholler.

Firntware on the rnicroconfi'oller digitially detects the phase and magnitude of the IF, and thus RF signal, wtrrich
results in superior accuracy compared to VNAs using a phase and magnitude detector trC that does the detection
in the analog domain.



, -,.LIoi .s-efletqf.eei sn jl,eV,25,,20:t9-, 1"i;'t3:'$0 F,r'.rl

- 

_ _-- 1AA
175
170
1G5

"t15

141
149
135
130

115
110
.1*5

€o
25
BA

75
76

BA

45
40

15
10
5

0 2,54C.000 s,c:i,n;o 7,5ci,0:l 10 000,00u 195!0,000 15,ooo,000

Frequency (Hz)

RL (dB) RP ()

17,50C,000 20,ooo,ooo 22,500,000 25,ooo,0co

Conrment:

Date,
Mode:

Analyserr
Scan

Start:
Stop:
samples r

Overscan:

Calibration
Samples:
Overgcan:

!,'1l.e:

LL/25/79 1-1 :13 Ai,4

Reflection
miniv-}dA / nini radio solutions - minivN-A

100000 / 7ao,o00

24999345 / 24 ,999 ,346
1094

1

200 0

1

REFL minilTtdA. ca1

i{P

@DL2SBA2A13 vnalJ Version 2.8.6c hlftl/ I v n ai.dlzsba. cafi I

:; -2


