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1 BsepeHue

KiCad PCB Calculator — 310 Ha0Op UHCTPYMEHTOB, [IOMOTAIOIIUX OIPE/EIUTh TAPAMETPhI KOMIIOHEHTOB HJIU IIPOYMX MAPAMETPOB

nevaTHo! 1atel. KanpKyssaTop umeer ciaenyonye HHCTPYMEHTHI:

e Perynsaropst

¢ ITlupuHa KOPOXKKU

* DJIeKTpUYECKUi 3a30p
* Jlunus nepepaun

¢ CBUY arteHioarop

¢ IIBeTOBOI KO,

e Kitaccel riat
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2 Kanbkynatopbl

2.1 Peryngaropsl

ot KaJIbKYJIATOP NMOMOIracT Oonpeae/iuTh COIIPOTUBJICHUE PE3UCTOPOB, HeO6XOILI/IMI)IX JJ1A JIMHEWHBIX PETYIATOPOB HAIIPAKEHUA

1 pPEryjATopoB € HU3KUM MaACHUEM 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@

JI1s1 cTaHIapTHOrO TUIMA PETYJIATOPOB, BHIXOAHOE HampsbkeHue Vout sBisercs (yHKIMER oT onopHoro HanpsukeHus Vref u co-
nportusyieHus pe3uctopoB R1 u R2, u Beumncisiercs no gpopmyie:
R1+ R2
Vout =Vref . | ———
f R1
B ciyuae ¢ 3-X BBIBOJHBIM TUIIOM PEryJIsITOPOB, KO (DUIIMEHT MOHMKEHHsI HANPSIKEHH I OCHOBBIBAETCSI HA BEIMUUHE 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.

UrtoOb! BHIMOJIHUTH PacuéT, BBEAUTE MapameTpsl peryisitopa Tun, Vref n, ecnu notpedyeres, ladj. Beibepute nose, koTopoe Tpe-

6yeTCﬂ paccuuTaTtb (O,I[I/IH N3 PE3UCTOPOB UJIK BBIXOAHOC HaHpﬂ)KeHI/IC) " YKQXUTE OCTABIIMECA 1Ba 3HAYCHUSI.

2.2 LwnpwnHa BOpOXKU

Kanpkynarop MUpHHBI JOPOKXKU BEIYUCIAET HIMPUHY HPOBOAHMKA HA TIEYATHOH IUIaTe AJIs 33JaHHOIO TOKA U NMPUPOCTa TeMIlepa-

Typsl. Micnione3ytotcs ¢opmynst 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 TPOBOIHUKAMU.

B Ka)K,E[Oﬁ CTpOKE Ta6J'[I/II_[I>I YKa3aHO pEKOMEHAYEMOE€ MUHUMAJIbHOE PACCTOAHUE MEKAY ITPOBOAHUKAMMU [JIs1 YKA3aHHOT'O ANAIIa30-
Ha HaHpH)KGHI/Iﬁ (KaK A1 IOCTOAHHOI'O TOKA, TaK U JJId aMIUIMTY/1bl IEPEMEHHOIO TOKa). Ecmu HYXHO OIIPEACTIMTb 3HAYCHUS IJIA

HarpspkeHust 6oibiiie 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 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 PE3YJIbTAThl PACXOOATCA C pE3yIbTaTaMu Oonee TIPOCTBIX MOHCHGﬁ Ha ouéHb BBICOKHX

YacToTax.
DTOT KAIBKYJIATOP B OOJIBINEH CTerieHn OCHOBaH Ha Transcalc.

Hmxe YKa3aHbl TUIIbI JIAHUI nepeavd 1 UICTOYHUKH, B KOTOPLIX OIUCBIBAIOTCA UX MATEMATUYECKUE MOCIIN:



http://transcalc.sourceforge.net/
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* Microstrip line: ** H. A. Atwater, “Simplified Design Equations for Microstrip Line Parameters”, Microwave Journal, pp. 109-

115, November 1989.

» KorutanapHsiil BOJTHOBO,.

 KormutanapHsIil BOJHOBO]] C 36 MJISTHOM TIJIOCKOCTBIO.

* Rectangular waveguide: ** S. Ramo, J. R. Whinnery and T. van Duzer, “Fields and Waves in Communication Electronics”, Wiley-

India, 2008, ISBN: 9788126515257.

¢ KoakcnanbHas JIUHUSA.

* Coupled microstrip line: ** 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.

¢ JloJyiocKkoBas1 JIMHUS.

* Buras napa.

®

PerynaTtopl

LinpnHa AOPOXKM

Tun AMHAKM NepegaYn

MUKPONOAGCKOBLIE NUHUN

KONAaHapH.IA BONHOBOA

KONASHapHSIA BONHOBOJ C 38MNAHOA NNOCKOCTER
TpAMOYroNsHLIA BONHOBOA

K0aKCUaNEHaA NUHUA

CBA3aHHaA MIKPOMONOCKOBaA NNMHMSA

MonockoBas NUMHWA

BuTas napa

INeKTPNYECKMA 3a30p | JIMHWA Nepefadn

MapameTpsl NOANOKKKN
Er: (4,6
TanD: |0,02
Rho: |1.72e-08
H: (0,2
a: |02
T: (0,035

mu OTH. NpoB.: |1

MapaMeTpel KOMMOHEHTa

YacTora: |1

CBY aTTeHwaTop

LiBeToBOR Kog

MM
MM

MM

my

ar a4 e

Knaccel nnat

DU3NHECKME MNBP3METPHI

W: |0,2
L: |50
RUS Ananua
INEKTPMHYECKAE NapaMeETPb
Z0: |50
Ang_l: |0
PesynsTats

ErEff:

roTepy & NPOBOOHNKE:
roTepy 8 QM3NEKTPUKe:
InyBiHa NPOHUKHOBEHUA:

CuHTe3

MM

MM

Om

v

2.5 CB\ atreHraTtop

C TIOMOIIBIO CB4Y KaJIbKYJIATOPA MOKHO BbIYUCIIUTH HCO6X0,III/IMOC COIIPOTUBJICHUE PE3UCTOPOB IJIA PA3JIMYHBIX TUIIOB aTTEHIOA-

TOpOB:

* II-oOpa3Hbiit

* T-00pa3Hblii
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* T-ob6pa3Hbiil MOCT

¢ Pe3ucTUBHBIN Ppa3BETBUTE]Ib

YToObl BOCIIOIB30BATHCS STUM MHCTPYMEHTOM, CHAaYaIa BRIOEPUTE THIT aTTEHI0ATOPA, A 3aTeM BBEAUTE kKelaeMoe ociadieHue (B

1B) 1 BXOAHOI/BBIXOHON MMIIeIaHC (B OMax).

culator
PerynaTopsl | LUMPWHa JOPOMKK | 3NEKTPUHEcKMid 3asop | Jlumua nepepayn | CBY 3TTEHI0ATOP | LiseTosoi kog | Knacce nnaT
ATTeHIaTopbI: MapameTpbl: Dopmyna
) N-oBpasubii Ocnabnenne ab . . . .
i B Z;, desired input impedance in Q
T-oBpasHeil Zin oM
) T-obpaskbiii MocT T— 50 | ow Zoyt desired output impedance in Q
@ |PesucTuBHbIA passeTBNINTENL
PaccuuTats | | B Z"'" = ZDUt
3HaueHus
RZ 7, R | | om Attenuation is 6dB
Z R2 | | (o]
N R | | om Splitted attenuator
R1
CoobuieHnsa: RI = R2 = R3 = ZDUJ3
R3 Zue
v
2.6 LlsetoBOW KON,

ITOT KAIbKYJIATOP OMOXKET [IEPEBECTU LIBETOBOH KOJI PE3UCTOPOB U ONPEAEIUTb UX HOMUHAJL. UTOOBI BOCIIOIB30BAThCS MM, CIIEp-

Ba yKaxkute mounocmo pesuctopa: 10%, 5%, paBHo i MeHblie 2%. Hanpumep:

» JKéntei ®uonerossiii Kpacueiil 3om0toit: 4 7 x100 5% = 4700 Om £5%

* 1kOm, Tounocts 1%: Kopuunessiii YepHsiii YepHsiii Kopuunessiii KopruneBbiit

Perynatopsl

To4HOCTh
D) 10%/ 5%

@® (<= 2%

LnprHa LOpoMKK

1-A nonocka

wihite 9

2-A Monocka

3NEKTPU4ECKMA 3330p | JIMHWA Nepeaan

3-Anonocka  4-A Nonocka

Silver

CBY aTTeHwoaTop | LBeToBOA KOA | Knaccwl nnat

MHo)UTENL TouHOCTh
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2.7 Knaccbl nnar

|MM et

PerynaTopel | LUMpWHa LOPOXMKM | 3NeKTPUYECKMA 3azop | JIMHWA nepegadn

CBY aTTeHwaTop | LseTosol kog | Knaccel nnat

MpuMeyaHne: MHHHMANbHBIE 3HAYEHHA

Knacc 1| Knace 2 | Knace 3| Knace 4| Knacc 5| Knacc 6
Liupuna nopoxek| 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
Mepex.oTs.: (auameTp - ceepno) - - 0,45 0,34 0,24 0,2
MeTan. KoHT.nn.: (AuameTp - ceepno)| 1,19 0.78 0.6 0.49 0.39 0.35
Hemetan. kout.nn.: (auametp - ceepno)| 1,57 113 0.9 -
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