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BBegeHue

KiCad PCB Calculator — 3T0 Hab0p HHCTPYMEHTOB, IIOMOTAIOIIUX OIIPe/leTUTh ITapaMeTPhl KOMIIOHEHTOB
WIH IIPOYMX ITapaMeTPOB ITeYaTHOH M1aThl. KaTbKyJISITOp MMeeT CIe/IyIolre MHCTPYMEHTHL:

® Peryyaropsl
e [MMupuHa JOPOXKKU

® JJIeKTPHUUYECKUHU 3a30P
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JInHyda repegayy
® (CBY arTeHroaTop
* [IBETOBOM KOJ

e Kiraccel Ij1aT

KajlbKyJIITOPEI

PeryjisiTopsl

JTOT KaJbKYJIATOP IIOMOTaeT OIIPeJe/INTh COIIPOTUBJIEHNE PE3UCTOPOB, HEOOXOMUMBIX /IS JTMHEHHBIX
PeryJsiTopoB HaIIPsDKeHUS U PeTryJIITOPOB C HU3KUM I1aJleHHueM HallpsDKeHUs.

PCB Calculator

Perynsitopbl | LnpvHa OOPoXKKA | 3neKTpU4ecKWiA 3asop | JluHWA nepenayn | CBY aTTeHwaTop | LieeToBoi kop | Knaccel nnat

R1: |m KOM
R2: |10 KOM
® wvout: |12 B
Vref: |3 B
Vin VOUT
R1 Tun: | CTaHOaPTHLIA TUA =
Vref

| R2 PaccHnTath

CrabunusaTtop

®ain cTabunu3aTopos:
0b3op

DobasnTe cTabunuaatop

QopmMyna
Vout = Vref * (R1 + R2) / R2 ETTALETE

JUI cTaHZapTHOTO THIIA PeryyaTOPOB, BEIXOLHOE HalpsDKeHMe Vout sABisieTcd QYHKITHEN OT OIIOPHOIO
HanpspkeHud Vref ¥ conpoTHBIIeHUs pe3ucTopoB R1 v R2, 1 BEIUnucIgeTcd 1o GopMmyJie:

1 2
Vout = Vref - l I;rlR

B ciygae ¢ 3-X BBIBOJJHBIM THUIIOM PeryJIITOPOB, KOIQOUITMEHT ITOHMYKEHHUS HAIIPSDKEHUST 0CHOBBIBAETCS

Ha BeJIMUMHE CTabMILHOTO ToKa ladj, BEIXO Is11iero U3 BeiBoa Adj:

R1 + R2
R1

Vout = Vref - - Iadj - R2



OIOPHEIN TOK, 06BIYHO, He IpeBhImaeT 100 MKA B UM MOYKHO ITpeHeOpeyb, eIk He Tpe6GyeTcss BHICOKOM
TOYHOCTH.

UToOBI BBINIOJHUTL PacdéT, BBeAUTe IlapaMeTpbl peryiaropa Tun, Vref u, ecau 1otpebyercd, Iadj.
BribepuTe 110JIe, KOTOpPO€E TpebyeTcs paccuuTarh (OJHH U3 PE3UCTOPOB MM BBIXOJHOE HalIpsDKeHIe) U
YKa)KUTe OCTaBIIIKeCs [Ba SHAUEHU.

CBY aTTeHIOATOP

C momomtpio CBY KajJbKy/JIgTOpa MOYKHO BBHIUMCIUTHL HEOOXOJMMOE COIPOTHBJIEHHE PE3UCTOPOB IJIA
PAasIMYHBIX THUIIOB aTT€HI0ATOPOB:

® TI-06pasHbIN

* T-o6pasHbIi

¢ T-06pasHbIN MOCT

® Pe3UCTUBHBIN PasBeTBUTEb

YT0o6BI BOCIIOJIH30BAThHCSI 3TUM MHCTPYMEHTOM, CHauajla BHIOEpUTE THUII aTTEHI0ATOpa, a 3aTeM BBEIUTE
»KesraeMoe ocstabsieHue (B 1b) ¥ BX0O/THOM/BBIX0/THOM UMIIeIaHC (B OMax).

PCB Calculator

PerynATopsi | LUnpuHa OOPOXKK | 3nekTpuHecknit 3asop | JinHuAa nepegaqu | CBY aTTeHwaTop | LiseToBoid kog | Knacce nnaT

ATTEHHaTopbI: MapameTpbl: dopmMyna
M-obpazHein OcnabneHune ab . . . .
. Zi, desired input impedance in Q
T-obpa3Hblin Zin om
T-0BpasHblil MocT 1 i i
P out - o Zout desired output impedance in O

(® |Pe3MCTVBHLIA pa3BETBANTEND

3 Zin = Zout

PaccuyutaTh
3Ha4YeHnA
RZ  Z, R1 om Attenuation is 6dB
R2 Om
g - on Splitted attenuator
R CoofieHna: R_I - R2 - R3 = Zout/3
R3 Lot
E-Series

This calculator helps to identify combinations of standard E-series resistors that meet a required resistance,
optionally excluding several resistor values that are not available.



#E PCB Calculator — O X
Regulators RF Attenuators E-5eries  Color Code TransLine  Via Size Track Width  Electrical Spacing Board Classes
Inputs Solutions
Required resistance: kQ Simple solution: | 4KT7 | 220K0 | Error: | -0.04 | %
Exclude value 1: |:| kO 3Rsolution: | 4K7| (68K + 150K) | Eror: [ -002 | %
Bccludevalie2 [ |ka 4Rsolution: [ 100R+ 100R + 2K2+ 2K2 | Emor: | Exact | %
(@] OB @ OF2 OF4
Help
~
E-series are defined in IEC 60063.
Available values are approximately equally spaced in a logarithmic scale.
EZ24(5%): 1.01.1 1.2 1.3 1.51.6 1.8 2.0 2.2 2.42.7 3.0 3.3 3.6 3.9 4.3 4.7 5.1 5.6 6.2 6.8 7.5 8.2 9.1
E12(10%): 1.0 1.2 1.5 1.8 2.2 2.7 3.3 3.9 4.7 5.6 6.8 8.2
Eeg{20%): 1.0 - 1.5 - 2.2 - 3.3 - 4.7 - ®&.8 -
E3({50%): 1.0 - - - 2.2 - - - 4.7 - - -
El 1.0 - - - - - - - - - - -
« This calculator finds combinations of standard E-series (between 100 and 1MQ) to create arbitrary values.
# You can enter the required resistance from 0.0025 to 4000 kQ.
+ Solutions using up to 4 components are given.
The requested value is always excluded from the solution set. o

IIBeTOBOM KO/I

ITOT KaJbKYyJIATOP IIOMOJKET IIEPEeBECTH IIBETOBOM KO/ PE3UCTOPOB U OIIPENEUTh UX HOMUHAL YTOOBI
BOCIIOJIb30BAaThCA UM, CIIEpBa YKaKUTe mouWHocmb pesucropa: 10%, 5%, paBHO miM MeHbIe 2%.
Harmprmep:

e JKénTeiii drosieToBBIU KpacHbliit 30s10T0H: 4 7 X100 5% = 4700 OM +5%

¢ 1xOM, TouHOCTb 1%: KopuuHeBbIit YépHBIN UEpHBIN KopruuHeBbIii KopruyuHeBhI

PCB Calculator

PerynaTopsl | LUnpuHa nopomkK | 3nekTpuyeckwil 3asop | JIuHua nepegaqu | CBY aTTeHwaTop | LBeToBoi kog | Knacce nnaT

1-Amonocka 2-A Nonocka  3-A NOMOCKa 4-A Nonocka MHOMWUTEND To4HOCTB

TO4HOCTh
) 10% / 5%

o=

JIMHUA mepegadyu

Teopus JIMHUU Ilepefiaddl SIBJSIETCI OCHOBOM 3HaHMU 006 CBYU M IIPOEKTHPOBaHMU MHKPOBOJHOBBIX
YCTPOMCTB.



B 3TOM KaJIbKyJIITOpE MO>KHO BbIOpaTh OJMH M3 Pa3/IMYHbIX TUIIOB JIMHUU Iepefiad U 3a/1aTh KejlaeMble
rmapameTpsl. Peay3oBaHHBIE MOJEIM YacTOTHO-3aBUCHMBI, II03TOMY HX Pe3yIbTaThl PacXOMSITCI C
pe3ysibTaTaMu 60JIee IIPOCTHIX MOZiesIel Ha O4eHb BBICOKHX YaCTOTax.

ITOT KaJBLKYJSITOP B 6OJIBITIEH CcTeleHH 0CHOBaH Ha Transcalc.

Hipke yKasaHbI THUIIBI JUHUH IIepefad ¥ UCTOYHHKH, B KOTOPBIX OITHCHIBAIOTCSI MX MaTeMaTHYeCcKHe
MO/IeJIN:

° MI/IKpOHOJIO CKOBBI€ JIMHHUH:

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

¢ KoIlutaHapHBINM BOJIHOBO/.
¢ KomraHapHBIN BOJHOBOJ, C 3eMJITHOM I1JI0CKOCTEIO.
¢ JIpsAMOYIOJIbHBIN BOJHOBOJ,:

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

o KoakcuaJbHas JJUHUSL.
¢ (BsI3aHHAas MUKPOII0JIOCKOBAs JIMHUSA:

o 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.
¢ [loJsiockoBast JIMTHUAL

e Buragapa.


http://transcalc.sourceforge.net/

Perynatopsl

LnpuHa AopoMKI

Tun nnHrK nepena4qun:
) MMKpOV’IDJ’IOCKOEIhIe JNHWK

KonnaHapHbIA BOMHOBOL,
KonnaHapHbIA BOMHOBOL, C 3EMAHOIA MADCKOCTER
MpAMOYroNbHbIA BONHOBOL,
KoakcuansHas NTMHWUA
) CBAIAHHEA MUKPOMONOCKOBaA NNHWA

@ |[Monockosas NMHWSA

BuTas napa
a[ e ,ﬁ/l
'"3433!:.5/1_/
T W’ H

JnekTpU4ecKMiA 3azop | NluHua nepegaim

MapameTpel MOANOMKA

CBY aTTeHwaTop

LieeToBoi Kog

Er (4.6
TnD: |0,02
Rho: |1,72e-08
H 02
a 0,2
T 0,035

mu OTH. NPOB.: ‘1

|
|
|
‘ MM
|

I'Iapamerphl KOMMOHEHTa:

YactoTa: |1

MM =
MM -
My 2

Knaccel nnat

DU3N4HECKNE napameTpbi:

W [0.2 | |um -
L |s0 | [m -
4 AHanua CuuTes L

SNeKTpUHEeCcKUe NapamMeTphi:

z0: |s0 | lom 2
Ang_l: |O | pan o
PeaynbTaThi:

ErEff:

MoTepu B NPOBOAHMKE:
MoTepn B AW3NEKTpHUKeE:
rnybuHa NpoHMKHOBEHNA:

Via Size

The Via Size tool calculates the electrical and thermal properties of a given plated through-hole pad or via.

=§ PCB Calculator

Parameters

Regulators RF Attenuators E-Series  Color Code  TransLine  Via SiZ{,\\A"Track‘nl'-fidth Electrical Spacing Board Classes

Finished hole diameter (D): | 0.4

Plating thickness (T): | 0.035

Via length: | 1.6

Via pad diameter: | 0.6

Clearance hole diameter: | 10

zo:|50

Applied current: | 1

Plating resistivity: | 1.72¢-8

Substrate relative permittivity: | 45

Temperature rise: | 10

Pulse rise time: | 1

- m} *
Results
| T Resistance: 0.000573362 O
Voltage drop:  0.000573362 V
| mm_ Power loss:  0.000575362 W
| mm v Thermal resistance:  83.2937 “C/W
| Estimated ampacity: 2.9993 A
mm v
Capacitance: 0.589308  pF
| mim Rise time degradation: 32.9729 ps
| a - Inductance: 1.20723 nH
Reactance: 3.79262 0
| A
| Q-m
I |4 D >
*C
|ns
Reset to Defaults

IMTupuHa J0PO0’KKH

KaZIbKy/IaTop IIIMPUHBI OPOXKKU BBIUMCIAET IIIMPUHY IIPOBOLHMKA Ha ITIeYaTHOM IIaTe [JIA 3aJaHHOIO
TOKa U IIPUPOCTa TeMIlepaTypsl. McI1oab3yroTcs GopMysisl U3 craHgapTa I[PC-2221 (paree IPC-D-275).



PCB Calculator

Perynatopsl | LWnpuHa AOpoxKK | 3nekTpuyeckui 3asop | JIMHWa nepenaqw | CBY aTTeHwaTop | LiseTosol kep | Knaccel nnat
MapameTps: BHELIHWMI CNOil TPacCUpPOoBKIA:
Tok: |m A WinpuHa TpacCWpoBKN: | 0,300387 MM
MpeskilieHre TemnepaTyps: |10.0 °C TonwuHza TPaccpoBKK: | 0,035 MM
InuHa nposogHMka: |20 MM Mnouwaae nonepevHoro ceveqna: 0,0105135 MM X MM
ConpoTwenenne: 0,0327197 Om
YpeneHoe conpoTuenexve: |1.72e-8 Om/m
Mapenne Hanpamxenna: 0,0327197 =
. MoTepwu MowHocTh: 0,0327197 BatT
EcnW yKa3aTe MEKCWMankHLIR Tok, To ByaeT paccynTaHa coOTBETCTBYIOWARA WHPHHE
TPacCcUMpoBKM.
Ecnw ykasaTe OAHY TPAcCUPOBO4HYIO LIMPKMHY, TO BypeT paccHnTaH 4onycTuMbIRi B P17 ST RS S
MaKCWManbHbIi Tok. Takxe ByneT pacc4MTaHa WMPMHE APYrMX TPACCHPOBOK, AOMYCKAOWNX
AEHHLIA TOK. WnpuHa TpaccMpoBkm: |p,781437 MM
KOHTpONbHBIE 3Ha4YEHUWA BblASNEHBl KUPHBIM.
TonwwHa Tpaccupoekn: |0.035 MM
BLINWCNIEHWA CNPABEANVEL! NA TOKOB 00 35 A (BHewHWi) nnn 17,5 A (BHYTPeHHMit),
MOBLILEHWE TeMNepaTyps! 40 100 °C W wupuHa Ao 10 Mm (400 Mun). TR oY METEp I C3EiE IR LLRsL
Dopmyna u3 IPC 2221 ConpoTuenerne: 0,0125776 oM
1 = K*dT%% * (W*H)%72
rne: ( ) Mapenne Hanpaxenna: 0,0125776 =
1 = MaKCcMMalbHbIi TOK B A MoTepwu mowHocT: 0,0125776 BatT
dT = npeBbilleHWe TEMNepPaTYpPbl Bhille OKPY*alolen cpeisl B °C
W,H = wnprHa W TONWKWHE B MUA

JJIEKTPUYeCKHU 3a30p
JTa TabsmIia IoMoTaeT OIIpeieIMTh MUHHUMAIbHBIU 3330 MeKIy IIPOBOJHUKAMU.
B KaKmo# CTpoKe TaO/IMITEl YKa3aHO peKoMeHyeMoe MUHHUMaIbHOe PACCTOsTHHEe MeXKIy IIPOBOJHUKAMK

IJIs1 YKa3aHHOTO [AWalla3oHa HaIpPsDKeHWH (KakK [ IIOCTOSIHHOTO TOKa, TaK M JJII aMILIUTYABI
IIepeMeHHOr0 TOKa). ECIM Hy)KHO OIpe/e/IUTh 3HaUeHHUs /JI1 HalpsoKeHUs OoJiblile 500B, BBeguTe

3Ha4Y€HHE B I10JI€ CJIeBa U HA’KMHUTE KHOIIKY O6HOB8UMb 3HAUEHUS.

PCE Calculator
PerynATopsl | LUNpUHa OOPOMKM | 3NeKTpM4eckni 3asop | JIMHWA nepefayu | CBY aTTeHwaTop | LIBEToBOM KoL | Knaccel nnaT
MM - Mpumeyanue: anebHele (nz IPC 2221)
HanpsxeHne = 500B: Bl B2 B3 B4 A5 AB A7
500
0... 15B 0,05 0.1 0.1 0,05 0,13 0,13 0,13
LARLERCRTEREICE 16 ... 30B) 0,05 0,1 0,1 0,05 0,13 0,25 0,13
31... 50B 0.1 0.6 0.6 0,13 0,13 0.4 0,13
51 ... 100B 0.1 0.6 1.5 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 ... 250B 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
= 500B 0,25 2,5 12,5 0.8 0.8 1.5 0.8
* Bl - BHYTpEHHWE NPOBOOHUKN
* B2 - BHEWHWA NpoBoAHKK, bes nsonAuuMK, seicoTa Ao 3050M Haf ypOBHEM MOpA
* B3 - BHeWHWA NpoBoAHNK, Bes n3onALMK, BeicoTa Bellle 3050M Haj YpPOBHEM MOPA
* B4 - BHelUHWe NPOBOAHUKMN C MOCTOAHHBIM MOAMMEDHLIM NoKpeITUeM (Nwban BeicoTa)
* AS - BHelHWe NPoOBOAHUKN C KOHDOPMHEIM MOKPLITMEM MOBEPX MOHTaxa (n0bas BeicoTa)
* AG - BHellHMe KOMMOHEeHTEI Nailka/BoiBodsl, 6e3 NOKPEITHA
* A7 - BHEWHMWe KOMIOHEHThI NaAKa/BsiBosl, C KoHGOPMHEIM Nokpemuenm (nbas seicoTa)

Kiaaccel Iiat

Kinaccel 3¢ PpeKTUBHOCTH
B cranpmapre IPC-6011 o1ipesesieHo TpH Kiacca 3GPpeKTUBHOCTU
e Kiacc 1 "OOmme 3yleKTPOHHBIE YCTPOMCTBA' BKJIIOUAET HMOTPeOUTENHCKHE YCTPOMCTBA, HEKOTOPHIE

KOMIIBIOTEPHI U KOMIIbIOTEPHBIe KOMILIEKTYIOIIME, B KOTOPBIX BHEIIIHUM BUJ, HE Ba)KeH, @ OCHOBHBIE
Tpeb0BaHUS TPEeIBABJIAIOTCI K QYHKITMOHUPOBAHUIO 3aBEPIIIEHHOM ITeYaTHOU ILIaThL



Kimacc 2 "CoenpavsupoBaHHBIE 3JIEKTPOHHBIE YCTPOMCTBA' BKIKOYAET KOMMYHUKAIMOHHOE
060pyLOBaHUE, CJIOXKHYI0 0QUCHYI0 TEXHUKY, MTHCTPYMEHTHI, [JI51 KOTOPBIX BayKHBI BBICOKast TOUHOCTh
U pacIIMpeHHBIN CPOK CIY>KOBI, a TaKyKe >KesaTesJbHA, HO He 00s3aTesibHA, OecrpephIBHAsI paboTa.
JlOTIyCTUMEBI HesHaUNTeJIbHbIE 1eeKTHl BO BHEIITHEM BHJIeE.

Kitacc 3 "BBICOKOHAZEXHBIE 3JIEKTPOHHBIE YCTPOMCTBA' BKJIIOYAeT 0O0PYLOBAHHE M YCTPOMCTBA OT
KOTOPBIX TpebyeTcd HelpepblBHad 3QPeKTUBHOCTb, JUO0 3QGEeKTUBHOCTh, IIpefoCTaBisieMas II0
Tpe6oBaHUI0. OTKa3 060py0BaHUsI HellpreMIeM U QYHKIIMOHAIBLHOCTD [JOJ/DKHA IIPEe/i0CTaBIIAThC 110
IepBoMy TpebGOBaHMIO, HallpXMep B 000pYLOBaHUM IJI1 IIOLJep KaHUd >KU3HU WM B CHCTeMax
yIIpaBJieHUs II0JIETOM. IleyaTHbIe ILJIaThl 3TOTO KJlacca IIPUMEHHMEI B YCTPOMCTBAX, Ifle TpebyeTcs
BBICOKAas Ha/IEXKHOCTD U 6e30TKa3Has paboTa.

Tunel 11aT

B IPC-6012B Tax>ke OIIpe/iesIeHbl 6 TUIIOB I1eYaTHBIX I1IaT:

ITeyaTHBIe ILJIATHI 6€3 MeTaUIU3alluU CKBO3SHBIX KOHTAKTHBIX IVIOIAL0K (1)

© 1 OgHOCTOPOHHUE IIJIAThI

[TeyaTHBIE IJIATHI C MEeTAJUIU3AI[UEN CKBO3HBIX KOHTAKTHBIX IIOIIAI0K (2-6)

© 2 JIByXCTOPOHHUE ITeYaTHBIE IIJIaThI

© 3 MHOTOWIOMHBIe IleYaTHBIe IIaThI 6e3 NIyXUX WM BHYTPEHHUX I1epeX0/JHbIX OTBEPCTUN

© 4 MHOTOCJIOMHBIE IIeUaTHBbIe IJIaThI C INIyXUMU WIN BHYTPEeHHUMU I1epeX0HBIMU O TBEPCTUH

© 5 MHOTOUJIOMHBIE IledaTHbIE IIAThl C METAUIMYECKUM SIAPOM U 6e3 IIyXUX WM BHYTPEHHUX
IepeX0HbBIX 0TBEPCTHHI

© 6 MHOTOCJIOMHBIE ITeUaTHbIE IJIAThl C MeTa/UTN4YeCKHUM AAPOM U C INIYXHMHU WJ/IK BHYTPEHHHMU
IIepexoJHbIMHA OTBepCTI/Iﬁ

PCB

PerynAtopsl | LUMpWHa OOPOMKK | INEKTPWHECKWA 333cp | JIMHWA nepegayn | CBY aTTeHwaTop | LiBeToBoi Kog | Knacce naat

Calculator

|MM :| Npumeyanue: ANbHBIE
Knacc 1| Knacc 2| Knacc 3| Knacc 4| Knacc 5| Knacc 6
LlIMpUHa ROpOXeK 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.: (AMaMeTp - cBepno) - - 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. KoHT.nA.: (AwameTp - ceepno)| 1.57 113 0.9
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