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1 BsepeHue

KiCad PCB Calculator — 310 HaG0p UHCTPYMEHTOB, [IOMOTAIOIIUX OIPE/EUTh [TAPAMETPHI KOMIIOHEHTOB HJIU IIPOYMX MAPAMETPOB

nevaTHo! 1athl. KanpKyssaTop umeer ciaenyomye HHCTPYMEHTHI:

e Perynsaropst

e IllupuHa KOPOXKKU

* DJIeKTpUYeCKUi 3a30p
* JluHus nepepaun

¢ CBUY arteHoarop

¢ IIBeTOBOI KOA,

e Kitaccel rat
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2 Kanbkynatopbl

2.1 Peryngaropsbl

toT KaJIbKYJIATOP MNOMOIracT Onpeac/iuTh COIIPOTUBJIEHUE PE3UCTOPOB, HeO6XOIlI/IMI)IX JJ1A JIMHEWHBIX PETYIATOPOB HAIIPAKEHUA

" PEryjATopoB € 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@

JI1s cTaHIapTHOrO TUIMA PETYJIATOPOB, BHIXOAHOE HampsbkeHue Vout sBisercs (yHKLIMel oT onopHoro HanpsukeHus Vref u co-
npotusieHus pe3uctopoB R1 u R2, u Bbuucisercs no gpopmyiie:
R1+ R2
Vout =Vref . | ———
f R1
B ciyuae ¢ 3-X BBIBOJHBIM TUIIOM PETyJISITOPOB, KO (DUIIMEHT MOHMKEHHsI HANPSIKEHH 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.

UTtoOB! BBIMOJIHUTH PacuET, BBEAUTE MapameTpsl peryisitopa Tun, Vref n, ecnu notpedyeres, ladj. Beibepute nose, kotopoe Tpe-

6yeTc;1 paccuuTaTtb (O,I[I/IH N3 PE3UCTOPOB UJIK BBIXOAHOC HaHpH)KeHI/IC) 1 YKQXUTE OCTABIINECA 1Ba 3HAYCHUS.

2.2 LwnpwnHa BOopoOXKU

Kanpkynarop IUpHHBI JOPOKXKHU BBEIYUCIAET HIMPUHY HPOBOAHMKA HA TIEYATHOH IUIaTe AJIs 3aJaHHOIO TOKA U NMPUPOCTa TeMIlepa-

Typsl. Micnione3ytotcs ¢opmynsl u3 ctanaapra [PC-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 IPOBOIHUKAMU.

B Ka)KJ]Oﬁ CTpOKE Ta6J'[I/II_[bI YKa3aHO pEKOMEHAYEMOE€ MUHUMAJIbHOE pACCTOAHUE MEKAY ITPOBOAHUKAMM JJIs1 YKA3aHHOT'O AUAIIa30-
Ha HaHpH)KGHI/Iﬁ (KaK JUIS1 IOCTOAHHOI'O TOKA, TaK U IJId aMIUTUTY/1bl IEPEMEHHOTO TOKa). Ecmu HYXHO OIIPEACIMTb 3HAYCHUS 1A

HarpspkeHust 6oibiire S00B, BBeiuTe 3HaUEHHUE B M0JIE CJIEBA M HAKMUTE KHONKY OOHO8UMb 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 uHWK TIepeaun siBisieTcst OCHOBOM 3HaHui 00 CBY 1 mpoeKTHpOBaHUM MUK POBOJTHOBBIX YCTPOWCTB.

Barom KaJIbKYJIATOPE MOKHO BLIGpaTI) OJIMH U3 Pa3JIMYHBbIX TUIIOB JIAHUAN nepeaayd v 3a4aTb JKeJIa€EMbIC IIapaMETPHI. PeammzoBannbie
MOJEJIN YaCTOTHO-3aBUCHUMBI, TIO9TOMY MX PE3YJIbTAaThl PACXOOATCA C pE3yIbTaTaMu 6oee TIPOCTBIX MOHCHGﬁ Ha oueHb BBICOKHX

Y4acToTax.
DTOT KAIBKYJIATOP B OOJIBIEH CTerieHn OCHOBaH Ha Transcalc.

Hmxe YKa3aHbl TUIIbI JIAHUR nepeaavd 1 UICTOYHUKH, B KOTOPBIX OIUCBIBAIOTCS UX MATEMATUYECKUE MOIECIIN:



http://transcalc.sourceforge.net/
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® MI/IKPOHOHOCKOBHG JIMHUU:

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

» KomutanapHelil BOJIHOBOJ,.
* KormutanapHsIil BOJIHOBOJ, € 36 MJISIHOM MJIOCKOCTBIO.
¢ TIpsMOyroibHBIIA BOJTHOBOJ;

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

e KoakcuanapHas JTUHUS.

e Cps3anHas 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.

¢ IlonockoBas nuHMA.

* 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 IIOMOIIBIO CB4Y KaJIbKYJIATOPA MOKHO BbIYUCIIUTH HCO6XOlII/IMOC COIIPOTUBJICHUE PE3UCTOPOB IJId PA3JIMYHBIX TUIIOB aTTEHIOA-

TOpOB:

* II-oOpa3Hbiit
* T-06pa3Hslii
¢ T-o0pa3Hbiii MOCT

* Pe3ucTUBHBII pa3BeTBUTENb

UYToObl BOCIIOJIB30BATHCSA TUM MHCTPYMEHTOM, CHayasIa BhIOEpUTE THIl aTTEHI0ATOpa, a 3aTeM BBEAUTE XkKeslaeMoe ociadieHue (B

1b) v BXOOHON/BRIXOAHOM MMIIeAaHC (B OMaXx).

lculator

PerynaTopbl | LUMpWHa AOPOMKM | 3NeKTpWYeckuiA 3asop | JluHuA nepepaqn | CBY atTeHwoaTtop | LiseTosod kopj | Knaccel nnaT

ATTEHIOATOPb: NapameTphl Dopmyna

M-cBbpaskemm Ocnabnenne ab . . . .
) Zin, desired input impedance in Q
T-oBpasHeii Zin oM
T-o6paskslii MocT _— =0 o  Zout desired output impedance in Q
@ |PeaucTuBHLIA pa3seTBANTENL
PaccuuTaTs S Zﬂ'. = le’Jt
3HayeHus
2z, o o Attenuation is 6dB
Z R2 Om
in -
- - Splitted attenuator
R1
CooblLeHmna: R1 = R2 =R3 = Zout/3
R3 Zat

2.6 LsetoBomn Kop,

toT KaJIbKYJIATOP IOMOXKET IEPEBECTH HBeTOBOfI KOl pE3UCTOPOB U ONPEACIUTh UX HOMUHAJL. Y008I BOCIIOJIL30BAThLCS 1M, CIiep-

Ba yKaxkute mounocme pesucropa: 10%, 5%, paBHo wim MeHblue 2%. Hanpumep:

o JKénteit uoneropsiit Kpacuerit 3omotoit: 4 7 x100 5% = 4700 Om +5%

¢ 1xkOwm, Tourocts 1%: Kopuunersiii Y€pHsiii Yepusiit Kopuanersiii 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 Knaccbl nnart

2.7.1 Knaccbl 3athpekTMBHOCTU

B cranpapre IPC-6011 onpeneneno tpu kiaacca 3¢ peKTHBHOCTU

e Kiacc 1 ”O0111ue 37eKTPOHHbIE YCTPOMCTBA” BKIIIOYAET MOTPEOUTEIbCKUE YCTPOUCTBA, HEKOTOPBIE KOMITBIOTEPHI U KOMITbIOTEp-
HBIE KOMIUIEKTYIOIVE, B KOTOPHIX BHEIHWIA BUJ HE BaXKeH, a OCHOBHBIC TPEOOBAHUS MPEIbABISIOTCA K (DyHKIIMOHHUPOBAHUIO

3aBEPIIEHHON ITEYaTHOM TUIATHI.

* Kiacc 2 ”Crenann3upoBaHHbIE SJIEKTPOHHbBIE YCTPOMCTBA” BKIIIOUAET KOMMYHUKAIIMOHHOE 000PY/I0BaHKE, CIIOKHYIO OPUCHYIO
TEXHHUKY, HHCTPYMEHTBI, Ul KOTOPBIX BaXKHbI BBICOKAsl TOUHOCTh M PACLIMPEHHBIN CPOK CITy)OBl, a TAKKe jKelaTejbHa, HO He

o0s3aresbHa, GecripepbiBHAs padoTa. [JormycTHMBl He3HAUMTENbHbIE 1e(DEKThl BO BHEITHEM BUJIE.

» Kiacc 3 "BbICOKOHA/IEKHBIE IEKTPOHHBIE YCTPOUCTBA” BKIIIOYAET 0OOPYAOBAHUE U YCTPOUCTBA OT KOTOPBIX TpeOyeTcs Hempe-
priBHAS 3(DHEKTHBHOCTD, JINO0 3(pheK THBHOCTD, TIpeIocTaBsieMast 1o TpeboBanuio. OTka3 000pyIOBaHUS HETIpUeMIIeM U (DYHK-
LIMOHAILHOCTD JIOJKHA MPEIOCTABIISATHCS 10 EPBOMY TpeOOBaHMUIO, HAPUMEP B 000PYAOBAHUM TS TIOICPKAHUS KU3HU UIN
B CUCTeMax yrpasjieHus nosnérom. [leyatHele iaTel TOro Kjacca NPUMEHUMBI B YCTPOICTBAX, Iie TpeOyeTcs BHICOKast HaIExK-

HOCTb 1 6e30TKa3Hast paboTa.

2.7.2 Twvnbl nnar

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

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

-2 ,HByXCTOpOHHI/Ie II€YaTHBIC I1JIaThl

— 3 MHoroc1oiiHble NevaTHble I1aThl 0e3 IIyXUX WK BHYTPEHHUX MEPEXOIHBIX OTBEPCTHI
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— 4 MHOroc/IOiHbIE MeYaTHbIE TIATHI C TJIyXUMU WM BHYTPEHHUMU MIEPEXOJHBIMA OTBCpCTI/Iﬁ
— 5 MHOrocjI0MHbIe IeYaTHbBIE IJIaThl C METAJINYECKIM AAPOM U 6e3 TJIYXUX WIM BHYTPEHHUX NEPEXOAHBIX OTBepCTI/Iﬁ

— 6 MHoroc10iiHble NeYaTHbIE MIATHl C METAJUTMYECKUM SAPOM U C IIIyXMMH WIN BHYTPEHHUMH NIEPEXOAHBIMU 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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