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1 BsepeHue

KiCad PCB Calculator — 310 HaGOp UHCTPYMEHTOB, [IOMOTAIOIIUX OIPE/EUTh TAPAMETPhI KOMIIOHEHTOB HJIU IPOYMX MAPAMETPOB

nevaTHo! 1atel. KanpKysisaTop umeer ciaenyonye HHCTPYMEHTHI:

e Perynsaropst

¢ ITlupuHa KOPOXKKU

* DJIeKTpUYeCKUl 3a30p
* Jlunus nepepaun

¢ CBUY arteHioarop

¢ IIBeTOBOI KO,

e Kitaccel iat
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2 Kanbkynatopbl

2.1 Peryngaropsl

ot KaJIbKYJIATOP NMOMOIracT onpeae/iuTh COIIPOTUBJIEHUE PE3UCTOPOB, HeO6XOILI/IMI)IX JJ1A JIMHEWHBIX PETYIATOPOB HAIIPAKEHUA

" pPEryjATopoB € HU3KUM NMaACHUEM HAIIPAKECHUS.

culator

PerynaTopel | LUMpWHa SOPOMKK | JNekTpudeckui 3asop | JInHWA nepegadn | CBY aTTeHwoaTtop | LieeToBoi kog | Knacce naaT

R1: E KOM
R2: 10 KOM
® vout: |12 B
Vref: (3 B
Vin VOUT
R1 Tun: | CTaHAapTHLIA TUR =
Vref
R2 PaccymTats
J_ CrabununsaTop:

®aiin cTabunw3atopos:

0bzop

[NobasuTe cTabunuzatop
Dopmyna:
Vout = Vref * (R1 + R2) / R2 i@

JI7151 cTaHAapTHOTO TUIIA PETYJIATOPOB, BEIXOJHOE HATpskeHne Vout siBiseTcs (hyHKIUeN OT ONOPHOro HanpsikeHus Vref U conpoTUBIIeHUs
pesucropoB R1 u R2, u Beruncnsiercs no gopmyse:
R1+ R2
Vout =Vref . | ———
f R1
B ciyuae ¢ 3-X BBIBOJHBIM TUIIOM PETyJIsITOPOB, KO (DUIIMEHT MOHMKEHHsI HAMPSIKEHH I OCHOBBIBAETCSI HA BEIMUMHE CTAOMIILHOTO

Toka ladj, Beixonsiuero u3 BbiBoaa Adj:

R1+ R2

Vaut:VTef-( il

) + Iadj- R2

OnopHsIil TOK, 00bIYHO, He npeBbimaeT 100 MKA 1 UM MOXXHO NpeHeOpeyb, eciii He TpeOyeTcsi BBICOKOW TOYHOCTH.

UroOb! BBHIMOJHUTE PacuéT, BBEOWUTE mapameTpsl peryisitopa Tun, Vref u, ecnm norpedyercs, ladj. Beidepute mone, Kotopoe

Tp€6yeTCH paccunTaTthb (O,I[I/IH N3 PE3UCTOPOB UJIK BBIXOAHOC HaHpﬂ)KGHI/IC) 1 YKQKUTE OCTABIIUECSA NBA 3HAYCHUS.

2.2 LwnpwnHa BOpOXKU

KanpKkynarop muprHs! JOPOKKY BBIUUCIAET MIMPUHY TPOBOAHMKA HA IIEYaTHOM IIJ1aTe A71sI 33AaHHOTO TOKA M IPHPOCTa TEMIIEPATYPBI.

HWcnons3yrores ¢opmyiisl u3 crangapra IPC-2221 (panee IPC-D-275).
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PCBE Calculator

PerynaTopel | LUMpWHa SOPOMKM | 3nekTpudeckui 3azop | JlnHuA nepegaqn | CBY aTTeHwaTop | LiBeToBoi kopj | Knacce nnaT
MapaMeTpbi: BHELIHMA CROM TPaCcCHPOBKM:

Tok: |m A LWinpuka TpaccuposkM: | 0,300387 MM
MpessieHye TemnepaTyps:: |10.0 °C TonwwHa TpacCpoBKK: | 0.035 MM

LnwvHa nposofHuka: |20 MM = Mnowaae nonepeyHoro ceqedus: 0,0105135 MM X MM
ConpoTuenexue: 0,0327197 Om
YpenwHoe conpoTueneque: |1.72e-8 OM/m
MapgeHne HanpsxeHus: 0,0327197 B
. MoTepu MowHocTk: 0,0327197 BatT
Ecnmn YKa3aTbk M3KCUMa/IbHbIN TOK, TO Gy,ﬂET pacc4yMTaHa COOTBETCTBYOLIAS WWPUHE
TPaccUpOBKH.
EC/M yKa3aTk DAHY TPAcenpoBo4HYIO WHPMHY, TO ByaeT paccyuTaH AONYCTUMBIRA BT e
M3KCUMankHBIA TOK. Takxke ByieT paccynTaHa WMPUHS APYTUX TPAaCCHPOBOK, A0MYCKIIOLWNX
OaHHBLIA TOK. LlupuHa TpaccUpoBKK: |0,781437 MM
KOHTPONLHBIE 3HAYEHWA BbIASNEH KHUPHLIM.
TonuwHa Tpaccuposku: |0.035 MM
BoIMUCNEHWS CNPaBefInBbl AR TOKoB A0 35 A (BHewnui) wnn 17,5 A (BHyTperHMiA),
MoBLILEHME TeMNepaTypsl Ao 100 °C 1 wuprHa Ao 10 mm (400 mun). Mnowaas nonepedHoro cevenma: 0.0273503 LLI B L]
@opmyna ns IPC 2221 ConpoTuenexue: 0,0125776 Om
1= K * dT%% * (wH) 2725

rae: (¢ ) MageHne HanpaxeHua: 0,0125776 B
| = M3KCUManbHbIA TOK B A MoTepu mowHocTK: 0,0125776 BatT
dT = npeBsIWEHHE TEMNEPaTY LI BLILE OKPYKalolWel cpeikl 8 °C
W,H = WWpHHE W TONWLMHE B MUN

2.3 3JnekTpuyeckun 3asop

Ita Tab/MIa IOMOTaeT OIPeAeIUTh MUHUMAIBHBIN 3a30p MEXAy TPOBOIHUKAMU.

B KEDKHOﬁ CTpOKE Ta6J'II/IHI>I YKa3aHO pEKOMEHAYEMOE€ MUHUMAJIbHOEC PACCTOAHUE MEKY MTPOBOAHUKAMU JIA YKA3aHHOI'O JUAIlla30Ha
HaHpH)KCHI/Iﬁ (KaK JUIA TIOCTOAHHOI'O TOKA, TaK U JIA aMIUIUTYJAbl IEPEMCHHOI'O TOKa). Ecmu HYXHO ONPEAC/INTb 3HAYCHUSA IS

HarpspkeHust 6osbiiie SO00B, BBeiuTe 3HaUEHHUE B M0JIE CJIEBA M HAKMUTE KHONKY OOHO8UIMb 3HAUEHUS.

FPCE Calculator

PerynaTopsl | LUnpuHa fopokw | IMEKTPUHYECKMA 3a30p | Jlumna nepepadn | CBY aTTeHioaTop | LlseTosof koa | Knacce nnat

MM N MpumMeyanne: MMHHMans Hele 3HaYeHus (u3 IPC 2221)

HanpaxeHue = 500B: Bl B2 B3 B4 A5 A6 AT
500

0..158) 005 0,1 0,1 0,05 0,13 0,13 0,13

EEEITPRIE L 16...30B| 0,05 0.1 0.1 0,05 0,13 0.25 013

31..508] 01 0.6 0.6 013 013 0.4 013

51...1008] 0.1 0,6 15 0,13 0,13 0,5 0,13

101... 150B| 0.2 0.6 3.2 0,4 0,4 0,8 0,4

151...170B| 0.2 1.25 3.2 0.4 0.4 0.8 0.4

171... 2508 0.2 1,25 6,4 0,4 0,4 0,8 0,4

251...300B| 0.2 1,25 12,5 0,4 0,4 0,8 0,8

301... 500B| 0.25 2.5 12.5 0.8 0.8 1.5 0.8

> 5008 025 2.5 12,5 0.8 0.8 1.5 0.8

* Bl - BHYTpeHHWe NpoBOAHNKNA

* B2 - BHEWHWA NPoBOAHMK, Be3 M30nAUMK, BeicoTa Ao 3050M Hag YpoBHEM MopA

* B3 - BHEWHWA NPOBOAHWK, BE3 M30NALUWK, BLICOTA Bhille 3050M Haj YPOBHEM MOpA

* B4 - BHElWHNE NPOBOAHNKN C MOCTOAHHLIM MONMMEPHEIM NOKPLITUEM (Mi06an BuicoTa)

* A5 - BHElHWMe NPOBOAHNKN C KOH(OPMHBIM MOKPLITMEM NOBEPX MOHTaXa (niobas BbicoTa)
* A6 - BHELWHWE KOMMOHEHTEI NaiiKa/BrIBoAL, Be3 NOKpLITUA

* AT - BHELUHME KOMMOHEHTEI NalKa/BLIBO/AL], C KOH(OPMHLIM MOKpLITUEM (Miobas BeicoTa)

2.4 JlvHna nepepaun

Teopus MuHWK TIepeaun siBisieTcst OCHOBOM 3HaHui 00 CBY 1 mpoeKTHpOBaHUM MUK POBOJTHOBBIX YCTPOWCTB.

Barom KaJIbKYJIATOPE MOKHO BI)I6paTI) OJIMH U3 Pa3JIMYHbIX TUIIOB JIAHAN nepeaad v 3a4aTb JKeJIa€MbIC IapaAMETPHI. PeammzoBannbie
MOJEIIN YaCTOTHO-3aBUCHUMBI, TIO9TOMY MX PE3YJIbTAaThl PACXOOATCA C pE3yIbTaTaMu Oonee TIPOCTBIX MOHCHGﬁ Ha ouéHb BBICOKHX

Y4acToTax.
DTOT KAIBKYJIATOP B OOJIBINEH CTerieHn OCHOBaH Ha Transcalc.

Hmxe YKa3aHbl TUIIbI JIAHUI nepeaavd 1 ICTOYHUKHU, B KOTOPLIX OIUCBIBAIOTCS UX MATEMATUYECKUE MOIEIIN:



http://transcalc.sourceforge.net/
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® MI/IKpOHOHOCKOBI)Ie JIMHUU:

— H. A. Atwater, “Simplified Design Equations for Microstrip Line Parameters”, Microwave Journal, pp. 109-115, November
1989.

* KomutanapHelil BOJIHOBOJ,.
» KomuanapHsIil BOJHOBOJ, € 3€MJISIHOM MJIOCKOCTBIO.
¢ TIpsMOyronbHbIA BOJIHOBOJ;

— S. Ramo, J. R. Whinnery and T. van Duzer, “Fields and Waves in Communication Electronics”, Wiley-India, 2008, ISBN:
9788126515257.

o KoakcuanabHas JTUHUS.

e Cas3anHas MUKPOIIOJIOCKOBaA JIMHUA:

H. A. Atwater, “Simplified Design Equations for Microstrip Line Parameters”, Microwave Journal, pp. 109-115, November
1989.

M. Kirschning and R. H. Jansen, ”Accurate Wide-Range Design Equations for the Frequency-Dependent Characteristic of
Parallel Coupled Microstrip Lines,” in IEEE Transactions on Microwave Theory and Techniques, vol. 32, no. 1, pp. 83-90, Jan.
1984. doi: 10.1109/TMTT.1984.1132616.

Rolf Jansen, "High-Speed Computation of Single and Coupled Microstrip Parameters Including Dispersion, High-Order Modes,
Loss and Finite Strip Thickness”, IEEE Trans. MTT, vol. 26, no. 2, pp. 75-82, Feb. 1978.

S. March, "Microstrip Packaging: Watch the Last Step”, Microwaves, vol. 20, no. 13, pp. 83.94, Dec. 1981.

e IlonockoBast muHMA.

* Buras napa.

Calculator

PerynsTopel | LUMpUHaE OPOMKKM | 3nekTpudeckui 3azop | JMHWA nepepadn | CBY aTTeHioaTop | LipeToBoi kog | Knacce naaT

TUMN NUHAKM Nepenay MapaMeTphl NOANOKKM DUINHECKME N3P AMETPEI
MUKPOMOAoCKOBLIE NMHWN Er: |4.6 w: 0.2 MM a
KonnaKapHelil BonHoBOg TanD: |0,02 L: [s0 e -
KonnaHapHbIf BONHOBOA © 3eMAAHORA MAOCKOCTLID Rho: |1,72e-08
MpAMEYronLHsIA BONHOBOA H: (0,2 MM =
KoaKCMankHaa AWHKA a (0.2 MM &3 Ananus CuHTe3 4
CBA33aHHaA MMKDPOMOMOCKOBaA IMHWA T: (0,035 MM = .
SNEKTPMYECKNE NapaMeETPL
. mu oTH. npoB.: |1
@ [Nonockosan nuHKUA p z0: [s0 oM =
BuTas napa
Ang |: |0 pag *
MapaMeTphl KOMNOHEHTS
PeaynuTaThl
r YacToTa: |1 my 2 ErEff:
a s i’j MoTepw B NpoBoAHMKE:
1 _l_ Py MoTepy 8 AU3NeKTpuKe:
oI L:F |4 InyBrHa NpeHUKHOBEHUA:
4—«—:/ H
T w
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2.5 CB\ atreHroaTtop
C IIOMOLIBIO CBY KaJIbKYJIATOPA MOKHO BBIYUCIIUTD H606XOJII/IMOG CONPOTUBJIEHUE PE3UCTOPOB AJIS PA3JIMYHBIX TUIIOB ATTCHIOATOPOB!

o II-oOpa3Hbiit
 T-ob6pa3nbrit
* T-ob6pa3HbIil MOCT

* PesuctuBHBIN pa3BeTBUTEND

YToOBl BOCTIOIB30BATHCS TUM MHCTPYMEHTOM, CHaYasa BRIOEpUTE THIT aTTEHI0ATOpa, a 3aTeM BBEAUTE KelaeMoe ociiadieHue (B

1B) 1 BXOOHON/BHIXOAHOM MMIIeAaHC (B OMax).

Calculator

PerynaTopel | LUMpuHa fopoxku | 3nekTpudeckui 3azop | JluHua nepegaqn | CBY aTTeHwaTop | LiseToson kop | Knacce nnaT

ATTeHaTopkl NapameTphl Dopmyna

M-cBpasHei Ocnabnexne 3 . . . .
) cretnenne . Z;, desired input impedance in Q
T-oBpa3Hbii Zin Oom
T-o6pasnii mocT T— 50 ow  Zout desired output impedance in Q
@ |PeaucTuBHbLIN pa3seTBNTENL
PaccuMTaTh Los Zi" = zout
3HayeHus
R2 7, m o Attenuation is 6dB
Z R2 Om
n a3 o Splitted attenuator
R1
CoobieHns: R1 =R2 =R3 = ZDUt/3
R3 ot

2.6 LlBetoBOM KOp,

toT KaJIBKYJIATOP MOMOXKET MEPEBECTU L[BCTOBOI;'I KO pE3UCTOPOB U OMNPEACINTD UX HOMMUHAJ. YT100Bl BOCIIOJIL30BAThLCS UM,

criepBa yKaxure mourocms pe3nctopa: 10%, 5%, paBHo wim MeHbIle 2%. Hanpumep:
b b

» JKénteni ®uonerosiii Kpacueni 3omnotoii: 4 7 x100 5% = 4700 Om £5%

* 1xkOwm, Tourocts 1%: Kopuunesiii Y€pHsrii YepHbiii Kopuanessiii KopruneBsiit
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PerynaTopsl | LUMpvHa HOpOMKW | 3nekTpuyeckwii 3asop | JIMHWA nepepaqn | CBY aTTeHwatop | LIBETOBOIA KO | Knaccs nnat

1l-Anonocka 2-Anonocka  3-AMonocka  4-A Monocka MHo®NTEND To4HOCTE

To4HOCTH
10% / 5%

L

2.7 Knacchbl nnart

2.7.1 Knaccbl achheKTUBHOCTHU
B cranpapte IPC-6011 onpeneneno Tpu kiaacca 3¢ ek THBHOCTH

* Kitacc 1 O61ue 351eKTpoHHbIE YCTPOUCTBA” BKIIIOYAET MOTPEOUTENIbCKUE YCTPOUCTBA, HEKOTOPbIE KOMIIBLIOTEPHI M KOMITBIOTEPHBIE
KOMILTEKTYIOIIHE, B KOTOPBIX BHEIIHUI BHJ1 HE BasKEH, 8 OCHOBHBIE TPeOOBAHNSI IIPEbSBIISIOTCS K (PYHKIMOHUPOBAHUIO 3aBEPIIEHHOM

IeYaTHOM IUIATHL.

* Kiacc 2 ”Cretann3upoBaHHbIE SJIEKTPOHHbBIE YCTPOMCTBA” BKJIIOYAET KOMMYHHUKAIIMOHHOE 000PY/I0BaHKE, CIIOKHYIO OPUCHYIO
TEXHHUKY, HHCTPYMEHTBI, I KOTOPBIX BaXKHbI BBICOKAsl TOUHOCTh M PACLIMPEHHBIN CPOK CITy)OBbl, a TAKXKe jKelaTejbHa, HO He

o0s3arelbHa, OGecripepbiBHAs padoTa. [JormycTHMBl He3HAYMTENbHbIE 1e(DEKThl BO BHEITHEM BUJIE.

* Kiacc 3 ”BbicokoHaI€KHBIE SJIEKTPOHHBIE YCTPOWCTBA” BKIIIOYAET 000PYIOBAHUE U YCTPOICTBA OT KOTOPBIX TPeOYeTCsl HeNpephIBHAS
3 ek TUBHOCTS, MO0 3((PeK TUBHOCTH, pejocTaBIsieMas 1o TpedoBanmio. OTka3 000pyJoBaHMs HENpUEMJIEM U (DYHKIIMOHAIBHOCTh
JOJDKHA TIPEOCTABIATBCS 110 IEPBOMY TPeOOBaHMIO, HAIIpEMep B 0OOPYAOBaHUU [UIsl MOANCPKAHUS KU3HU WIM B CHCTEMAax
ynpaBjieHus1 oneéToM. IlevaTHble MIaThl 3TOro Kjacca MPUMEHUMBI B YCTPOKCTBAX, Iie TpeOyeTcsl BHICOKask HaOEKHOCTh U

6e30TKa3Hast padora.

2.7.2 Twnbl nnar

B IPC-6012B Ttakxe omnpeseneHbl 6 THIOB MeYaTHBIX IJIAT:

¢ TleyarHble MIaTH 0€3 META/UIM3ALMKA CKBO3HBIX KOHTAKTHBIX IUTOIIAI0K (1)
— 1 OgHOCTOpPOHHME TIIATHI
¢ TleuaTHbIE TUIATH C METAJUIM3AIMENR CKBO3HBIX KOHTAKTHBIX IUIOINAIOK (2-6)

-2 ,HByXCTOpOHHI/Ie II€YaTHBIC I1JIaThl

— 3 MHorocioliHble NevaTHble I1aThl 0e3 IIyXUX WK BHYTPEHHUX MEPEXOIHBIX OTBEPCTHI
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— 4 MHOrocC/IOiHbIE MeYaTHbIE TIATHI C TJIyXUMU WM BHYTPEHHUMU MIEPEXOJHBIMA OTBCpCTI/Iﬁ
— 5 MHOrocjI0MHbIe IeYaTHbBIE IIJIAThl C METAJINYECKIM AAPOM U 6e3 TJIYXUX WIM BHYTPEHHUX NEPEXOAHBIX OTBepCTI/Iﬁ

— 6 MHoroc10iHbIe NeYaTHbIE MIATHl C METAJUTMYECKUM SAPOM U C IIIyXMMH WIN BHYTPEHHUMH NEPEXOAHBIMU OTBEPCTHIA

B Calculator

PerynaTopkl | LUMpUHa JOPOMKM | 3NeKTpUYeckui 3azop | JIMHWA nepepadn | CBY aTTeHwaTop | LiBeToBod kop | Knaccel nnat

| e - ‘ MpuMeyanne: MEHHMANbHBIE 3HAYEHHA

Knacc 1| Knacc 2| Knace 3| Knacc 4| Knacc 5| Knacc 6

LlinpuHa aopoXxex 0.8 0.5 0,31 0,21 0.15 0.12

MuH. 3azop| 0.68 0.5 0,31 0,21 0,15 0,12

MNepex.oTs.: (AuameTp - cBepno) - - 0,45 0,34 0.24 0.2
MeTan. koHt.nn.: (auamerp - ceepno)| 1,19 0.78 0.6 0.49 0.39 0.35

Hemetan. kout.nn.: (auametp - ceepno)| 1,57 1,13 0.9
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