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Minimum Surface Conductor Thickness =a+ b -c

Where:

a = Absolute copper foil minimum (IPC-4562 nominal less 10% reduction).
b = Average copper plating thickness (e.g. 20um [787 pin] for Class 1 and Class 2; 25 ym [984 pin] for Class3).

¢ = A maximum variable processing allowance reduction.

Table 3-14 External Conductor Thickness after Plating

Plus average plating Plus average Maximum Variable .
Absolute Cu Min. for Class 1 and 2 plating for Class 3 | Processing Allowance Mlmmum_Surface
e s 2o Ay . Conductor Thickness after
(IPC-4562 less (20 ym) [787 pin] (25 pm) [984 pin] Reduction® (um) [pin] Processing (um) [win]
10% reduction) | FOR REFERENCE | FOR REFERENCE | FOR REFERENCE g (umj W
Weight'# (um) [pin]® PURPOSES ONLY | PURPOSES ONLY PURPOSES ONLY Class 1 &2 Class 3
1/8 oz. 4.60 [181] 24.60 [967] 29.60 [1,165] 1.50 [59] 23.1[909] 28.1[1,106]
1/4 oz. 7.70 [303] 27.70 [1,091] 32.70 [1,287] 1.50 [59] 26.2[1,031] | 31.2[1,228]
3/8 oz. 10.80 [425] 30.80 [1,213] 35.80 [1,409] 1.50 [59] 29.3[1,154] | 34.3[1,350]
1/2 oz. 15.40 [606] 35.40 [1,394] 40.40 [1,591] 2.00 [79] 33.4[1,315] | 38.4[1,512]
10z 30.90 [1,217] 50.90 [2,004] 55.90 [2,201] 3.00 [118] 47.91[1,886] | 52.9[2,083]
2 oz. 61.70 [2,429] 81.70 [3,217] 86.70 [3,413] 3.00[118] 78.7 [3,098] | 83.7 [3,295]
3oz 92.60 [3,646] 112.60 [4,433] 117.60 [4,630] 4.00 [157] 108.6 [4,276] | 113.6 [4,472]
4 oz. 123.50 [4,862] 143.50 [5,650] 148.50 [5,846] 4.00 [157] 139.5[5,492] | 144.5 [5,689]
Note 1. Starting foil weight of design requirement per procurement documentation.

Note 2. Reference: Average Cu Plating Thickness

Class 1 =20 um [787 pin] Class 2 =20 um [787 pin]  Class 3 = 25 um [984 pin]

Process allowance reduction does not allow for rework processes for weights below 1/2 oz. and above, the process allowance reduction
allows for one rework process.

For copper foil above 4 oz., utilize the formula provided in 3.6.2.15.

For foil weights not listed in Table 3-14, the absolute copper minimum shall be calculated using the following algorithms. For microns (um)
use [(34.3 X Weight) X 0.9] and for [uin] microinches use [(1.35 X Weight) X 0.9] X 1000.

& 3-3. IPC #r#EflE T J/> PCB B#RLERK , HEAMERKER
(7] — FL AR L 2 0 P ) 22 St SO AR 58 T3 TR I e 3 s 2 P, AR ER — N RO BT A 1L
B, I 4.

R 3-2 h%dE |, FAUES T L BB FUGE , PLE S VLR aG 45 R . EEAH & E N 1oz B ,
MR 3-2 H4 HBTHE. 1AL, BT 2 A0 s I S EUE R BIE N 25°C , RIH IR E R E N
TMP235 7& 0A L RS I SR B B R ATIR . 3R 3-3 Bon TR ERIZ R,

R 33 PFHREESH - ER (REB)E)

Note 3.

Note 4.
Note 5.

s ; ?ﬁﬁ%ﬁﬁ% : S
1 2 3

100mil KB4 42 -10.11% 22.22% 0.61% 4.24%
100mil 5 1) 7382 -13.09% 18.92% 6.69% 4.17%
200mil JEHB 5B 3.14% 1.70% 1.18% 2.01%
200mil H[a] 52 9.38% 8.68% 8.61% 8.89%
1750mil JE #4042 21.87% 18.80% 16.10% 18.92%
1750mil 8] 434 21.17% 18.51% 20.92% 20.20%

FERIARE RS | LR EA L 1R E TR, A 1750mil sE2eBRAh | LR L T B, &
3-1 TR B Hh B 1% S AR 4 i TR B 22 S B AN A BTG, (H 1750mil 7282k b iz 2= e L A i AR A5 B

HH T 7 A R 2 1E AU I 2 R B, DRI s T AR S 2 AR T b A R HE S R . EREAN I ST AR
WP RERFRET R |, 1075 2 Pk X —FHLWRER FEORE . REEZMRH SRS | R

AN A AR FTRE S8 T oK% 0.5m Q@ IRIEZE R . [ 3-4 \RoR 1 E2k AL BH I R R A AR 15 . 8mil

TR AT T L P L P KA o

F LY B B P AT 26 ST i 1 )
A
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Resistance vs. Current, Resistance vs. Current,
100 mil bottm tp df 100 mil center tap off
0.010 + 0.010
§ 0.008 — @ 0.008
@ 0,006 Y 0.006 ‘e
s 1 00mil, 1" g e 100l 1"
;s ——100mil, 2" g 0% e 100mil, 2"
* 0002 ~100mil, 3" * 0.002 100mil, 3"
0.000 0.000
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Current (A) Current (A)
Resistance vs. Current, Resistance vs. Current,
200 mil bottm tp df 200 mil center tap off
0.006 0.006
0.005 - 0.005
g 0.004 % 0.004 .
,% 0.003 [\ e 20001 [, 1" § 0.003 e 200 il 1"
% 0002 e 200mil, 2" g 0.002 L e 200mil, 2"
= 0,001 s 200mil, 3" = 0.001 200mil, 3"
0,000 - 1l 0.000
0 2 4 5] g 10 12 0 2 4 6 2 10 12
Current (A) Current (A)
Resistance vs. Current, Resistance vs. Current,
1750 mil botom tp df 1750 mil center tap off
0.0010 ‘ 0.0010 —+ —
,g: 0.0008 ‘ ~ - — @ 0.0008 |™ - —
@ 0.0006 ¥ 0.0006
5 ‘k — 1 750mil, 1" s — s 1750mil, 1"
1 0.0004 o & 0.0004 s
7 - e 1750mil, 2 i \ e 1750, 2
* 0.0002 1750mil, 3" % 0.0002 e 1750mil, 3"
0.0000 ! 0.0000 |
(1] 10 20 30 40 50 60 1] 10 20 30 40 50 60
Current (A) Current (A)

B 3-4. AR E RS R E

MIX ey LR B, XF/ANRAE , R R AR AT N (B , RS REE s 2 AR
. IXIRATREE T INA190 flf% = 25 7E i H BN MR . I ER I AR 2 M AR AU IR S B e TR 2R 1K RS, ol
100mil ZEZEAERZ) 0.1A B 454 22 4k, 200mil ZEZ: 7 K2 0.2A WAL HEARAL |, 1 1750mil 2E4: 7E K4
2.5A W FFIRLREAR . i EIX —HEGE R, FOARMAT AR, AL s 2 2wt 2 5o s . 7EAT ]
KB A 2 N, # B Z RS 28 v BH DA 5 s S AR S BT G A S (]

BJE, R AR IR B AR A R T IRk I FE A RGN AL DL XTSRS IR 2 Bt | Pl
HBLREN) ETHES . X TBUMNOZEL , kg e B SRS e i, JF HIREZZE AT el E FI Y PCB
MR AR A, AR B IR LGR A (LTS 2/, A e sl s |, IR S A AR B b RARER
HFATA A OO R R B 1 3-5 o TR .
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BT
Temperature vs Current, 100 mil Temperature vs Current, 200 mil

30 40

25 35
[ g3
3 20 3
215 220 |
i Bottm E’_ 15 e Bottm
E 10 Center § 10 — Center

5 5

0 ‘ 0 1

0 1 2 3 4 5 6 0 2 4 6 8 10 12
Current (A) Current (A)

Temperature vs Current, 1750 mil

NOMNOW W B
cw o n o

w— Bottm

=
w

Temperature (°C)

Center

—
o

L=

0 10 20 30 40 50 60
Current (A)

&iE
1750mil X 2PN # 28 ) L T Bk X 4

B 3-5. =ML ERRESHRAXRE

XEGERE T RORHIRE , MERE NIRRT =2 20°C. & 3-6 IR Z EIFIRatt. A, 9ERESRBAELk
B S EA AL AIR T IR o X PR BE AR AZ T T v (K 17 LR AT e AT SO I RIE R 2 B8, BUARIR
2, BPUSIRET ST k2 MR DL & NRE .
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3.2 BE=ENR

NT W R U P AR AR B AR 2R A R FE B AR OB X LR BT TR ORI R AR . TR I )
L % A ) B = L T e R TR, TR I T R = P SRR OB A b« AR BN R T IRIEE A =
FoF DL 5= IRM I , AT LU B AR A X T R IR A s X SR E] T AR T =R s, X
NN 3-6 F TR, 100mil B8 2022 1 1 s B NIR BV T Y 10284k, DRA A b 8 3 PR 0 4 7 3 T 3%
by (Vi

Resistance vs. Current, 100 mil
bottm tgp df

0018 -
0.016

— 0.014

S 0012 &

g 0.010

£ 0008 |

@ 0.006

& 0.004
0.002
0.000

w0 C

— 5
“55C
850

Current (A)

& 3-6. PUFRHEEE T A 100mil RIS HRXRE

3-6 KRR , SIS TR, BB N, XS PO SR UL Z A R — B . Gl 2
H IR AR TP IR B A o R AR, &1 3-7 Jeo T AL PHRE R B AR R O . B R AL OA I I A F
B

Maximum Resistance vs. Maximum Resistance vs.
Temperature, 100 mil Temperature, 200 mil
. 0.o12 _ D.007
5 0.008 / go00s |
g 2 0.004
£ 0.006 4
fé . e B0 TET) & (0,003 e BOTEITI
g - s Ce T 2 0.002 e C1E T
5 00 % 0.001
= g.000 : 2 0.000
o] 20 40 60 80 100 0 20 40 60 80 100
Ambient Te mperature (°C) Ambient Temperature (°C)
Maximum Resistance vs.
Temperature, 1750 mil

__ 0.0012

c

% 0.0010 —

5 0.0008 | s

2 0.0006

3 s B OTOM

E 0.0004

Center
= 0.0002
2 0.0000
0 20 40 60 80 100
Ambient Te mperautre (°C)
B 3-7. =MZLREENRAKHHASEE XA
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37 FIE R, BEEMEIRE TR, DR R B M. X2 R B R E R, RO
L T A A OB v, A5 B TARIRE , DMEHAT IERA AL HE . 5= IRIAE T —FF , ki T — R
I A PR ZE T L, 3k 3-4 R,

R 3-4. FHREANH - BEZE

R 0°C 25°C L 55°C 85°C s
100mil JE& &R 2 -49.51% -44.19% -37.75% -31.31% -40.69%
100mil =) 434 -45.34% -39.47% -32.25% -25.63% -35.67%
200mil k742 -39.70% -33.17% -25.74% -20.07% -29.67%
200mil = [a] 52 -42.29% -35.89% -28.71% -21.30% -32.05%
1750mil J& s 53 -13.72% -4.75% 6.39% 16.92% 1.21%
1750mil ) 532 -10.72% -1.29% 10.24% 21.46% 4.93%

R 3-4 PIVERER T RATREMI BTSRRI | Bk 1750mil 7252k DAAR ) i A7 328 e #8 o H AR Z2 82> o
1750mil 2L B KR % tHELAE 25°C Ab. JRPAZE T FE BELBEIR LA T w3 in e i B 1750mil 52k DLAM T 28
2k, 5l PCB filig T 2R , W14k i AR AR T FUE , PRISbREAE IR T A PN, e & 2 B e R
fETARR T s 25°C N A, IRAEIREETH R0 , W A P AN 2k
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114 B

4 TR A B

T3 RIS RIS |, WERTCIESE ETQJ%E’JE;QEF“L)&?E‘EHE%ﬁﬁLHTE&E%BEJX fE J”'JE;&
B 82 Hh A P B AR 2 7 i L BEL 3R R AN T AT o ANid, 181 4-1 SR 7 55— Ak oA BLE — R AR iR i E
WS e B R 7 e G BRI R BTN “ARCA B

'<—1000 (mil)—> <1000 (mil)—>

100 mil trace, 100 VIV
1 uv ‘mohms.
2 9.77 mOhms
3% 14.7 mOhms

¢ 120

3000 <(mild
&—2000 (mil)———™>
<1000 (mil>—>

8 il traco, S0 VIV,
3% 183 mOhms.

21934

Paul Stanfel
Copper Trace Shunt Rev. B
/2018
1§ TEXAS
INSTRUMENTS

B 4-1. ikA B HEK

TRER 2 (1SR 4-1) S0 100mil 2848 8 Bl IIK S 84 (9 2 ) |, Lk PCB il iR Z 15
M. 55 AN LR — AN IEH T 100mil 1528 , B INA190 ( 528 —AEOR 1 —FF ) 1 INA181 HE Tl & . INA181 H
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TR MTBOR 28 Sy BARAC T R it o 1288 F I8 T XA r A I BOR 38 (MO RIS ) R, AT{E
AL T HIEEER - 0.2V £ +26V SLREL R G AR A A U L a8 B AR FE. INAX181 R SIS AHAE DY AN i &
G A T P AR R T VCC (Y B BHL AR 25 X 2% 0 20V/V 50V/V. 100V/V B8 200V/V. I TCHC I3 2 Ha B ) 2% 7] 5
KRR R s D1 25 R 22, FERRARIRE . K INA181 15 INA190 BEAT LA JE R R T 43 W e 75 K% 78 A R 26 7 it 2 5
FEARBA T INA18T 45 545 PRI A A BEAT AR € th BEAIR A L A 45 X7 SR o X T il 2, 0 sl i 4Rk
LRESE . FHI , A P R AR S R A M U 25 P e i, T AN LS R R e o SRR A LAt i
LT REAT TR won , B 4-1 R =AM R 8mil Lk, S RS A r AR e 2k B
AN R VR TR L FR 2 o

R 4-1 BoR T RAY REMZE R 100mil AR ZE [ AR . 3% 3-1 th kgt 100mil b2k i 72 RO 1k
AL, M 4-1 FF R 7 RAT BRI 100mil ZELEMEOL. M2 AT—FE , “HUEIR 17 A1 “HERIR 27 Ko
(7 FSCAS PR AS [ FL R AR o

R 4-1.100mil EFERETLRRET 2

- . SH%%%E%H: i i

1 2 3
100mil ¥ BB Z | KR 1 -16.71% -20.29% -23.22% -20.07%
100mil 3 JEBHZ | IR 2 -18.25% -21.43% -24.64% -21.44%
100mil , HLEEHR 1 -38.87% - - -38.87%
100mil Ji& &8 734 -42.96% -44.08% -48.38% -45.14%
100mil i) 434 -38.53% -39.25% -39.15% -38.98%

HIME 5 [ — e AR L AR LU, IR ZE R E D, BRI A, WRE 2 AR IR SE R, R
TEDR B X ERE IR TATH , (EAF GG A F B ART RE S 7 AE A FIRIRZE . BEAh , 8K
IR 2 o5 AR KR 6], A i Bk 17 {3 A/ N ) 100mil B2 AR T8 1 1750mil BRI , BN
bR I 2 B DR L o PR AR AR KO [F] o RS SRR A RS | A RS U E A
O, I BRI A H BE 75 2R R 2k

2 L AR 0 5 T 4 S R AR T SRR AR RO Rk o 1] 31 R R B M ZRER WD, DR U A 5 S B
TRV P 27 e ] B AN O B AR 72 o S A PTG PP R vy P RO SR R BEAT RS | BEAE AT DATIIN S&4 ih 2k
Al . ZBZAARRPN , MRS AEE R, B, WE 3-4 trr , Laftitad B2, RN
Ao IXEWRE , RAEREAT IR A1), AR 2T BEATAE Rt . AE—LENEOLR | DR At RRE I RIEE I 5 )
Bl BbAh , W SRASE] B AR 1] TR LR R A AE R B 22 5, M IE 7 7 B R HE R B AR, LR RHE SRR &
FEAME . Foja , DOXRIT ST RAEASSCRE 5 RCHE R R 22 110 5 S A2 4L

T E P RAHE T AR AT | B DRI GSEhrrid . R 4-2 BoR T 4 MATRERIICE , AEERCEZE K
DRIE TR EEE i 2/ A v m M EIL R E , UL S Rl his sz e. S ES
T T 2.5A HFRAIL AN INA190 HI%H o S /MBI AL 18 HIZ A HE I A 0N 5 S B 2 IRV 3R 22 1 2
b XSRS AT 4-1 i) “EE” 100mil B & 3R1G .

& 4-2. %8 PCB B IRE A RS E

BE il R B R G RE ? WRHH R BRE ? REHSH
BORH 4 P % -1.85%
130 HudE 2 2 % -1.24%
FEAIIRL R 2 & [ -0.58%
EONERAL 2 & P -2.25%

B MBCERA TS S, b =AM TR A R R N . XM E AR, O ESERRR
e, SRR DA AN TR RO )RS S5 PR AT 1L SRR AN R AT I o FESEBR AT Th | AT I MR 2k (R I TR 3 2 061K, 2
PSS LR R BT B o 78 AR E HC Fe il & S BONET I SEPRIs AT /AT L. itk , 38 M =4
B EWAYIEER . I EIRATAT © SRR S SO R RS A 8], LRI )y aed g ik He
Mite ANFEMR , WRRIRZRO , (BAEME——FP R LS T R SEEL A 00
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RTINS R, 3 FRA R E S AR AR TR M 2R AR RN . ] DU X e O R, AT
)15 INAT9O g ol T Sebr B A, DRIE R 545 22 W 20 Lo v DU AR HE (A Rt . RSHERT 28—
ANELE 8 F T 3REL 3% 4-2 BRI 100mil 252k . (8 R HE IR A 0.1A A1 5A B8 10A. 5 F 19 DU ANk F 378 4l
T 1 0.01A. 2.5A, 5.5A F1 7A. X TR— IR | H2%4F INA190 i f20e 5 b Tl k. N 7 et
EHF AR DIGE , X BT THRA B H 1) 100mil ZEZEK kAT A 1 200mil ZFZE1) INA190 firH . 3£ 4-3 sk
4-4 TR TXINAIER . RERIEMRA B I HEBR 1 3545,

£ 4-3. 100mil KHELE R

REFESIL
IR BB 0.01A 2.5A 5.5A 7A
JRA B HLE R 1 5A -36.31% -1.16% 2.11% 4.03%
fRA B HLERIR 2 5A -12.72% -1.58% 1.46% 3.53%
JRAS A HLEE R 1 5A -98.76% -1.87% 1.98% 4.55%
FA B HLERHR 1 10A -20.52% -4.57% -1.49% 0.35%
JRA B HLEEAR 2 10A 15.20% -4.97% -2.12% -0.14%
RA A HLEEAR 1 10A -81.22% -5.25% -1.62% 0.85%
£ 4-4. 200mil LK 100mil KL R
BETH
B BABIER 0.02A 5A 10A 20A
fRAS A H R 1 5A -79.87% 18.01% 24.96% 49.92%
RRAS A HLERAR 1 10A -55.87% 13.92% 20.54% 44 .57%

I I A A RS HE A, o 1 mT A eT KR 4 0N F) rL K T A v . 100mil JZE2k TT AKLBE A L, [RIIS
TRIFAEURE T 55 20°C AOARNHE R BRI Bl P9 o Ao 5 S K 10 PRLIAL T LA SE Vs b 000 SR PRy PR, (L e DA BT /)
MR S, FTANE L EERRA K2, B ETIN RS B 2 32 B E R . IX R IEFIEOL , VX 5
N T2 AT e U B A HE SR TR AR
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WA HES R T BA Y R ERR L | DL 8mil k. % 4-5 FIFE 4-6 B T XM A4S 5. FT 8mil L)
PN A2 0.02A 1A,

R 4-5.100mil § B EHERHELER
* 3K U P I 2 SR i B AR | R X R L R N (G 2 R 2

. REBHE
LB BB wE 0.01A 2.5A 5.5A* 9.5A*
E K AR 1 5A 1in 800.08% 3.00% 4.57% 10.73%
2in 65.48% -0.64% 2.29% -
3in -28.81% 11.92% - -
LR 2 5A 1in 796.22% 2.47% 3.63% 10.24%
2in 81.88% -1.63% 0.75% -
3in -29.23% 10.39% - -

xR 4-6. 8mil KSR
* AT HLBRARCAE T 1.5A BUHIL , A = A LR AR AT 1.2A B L AR EE S AT

i H,
BB 0.005A 0.5A = 0.95A 1.5A. 1.2A*
JRA B BRI 1, 17 12.99% -0.72% 0.89% 3.51%
JEA B A 2, 17 4.06% -2.03% -0.45% 2.00%
JEA B R 2, 37 9.91% 1.59% 2.71% 3.58%
JA B R 1, T -1.85% -14.46% -12.97% -11.69%
WAk A R 1 -9.70% -8.71% -7.10% -5.83%

mJa, fEH] INAT8Y BEAT 7. Zd A2 5 T INA190 R |, ME— DO AE A T AR R s . X HLALAE
R HERCARAG AT 1 100mil 382k . 3 4-7 SR 13RS5 R .

# 4-7. INA181 BREGE R

REBE T
i et 0.01A 2.5A 5.5A 7A
FRA B HLERHT 1 5A -99.90% -0.12% 2.24% 4.47%
FRA B LR 1 10A -99.90% -2.93% 0.71% 1.44%
JFA B HLER R 2 5A -52.27% -0.89% 1.61% 3.66%
MR B LR 2 10A -27.50% -3.68% -1.32% 0.66%

AR A% AR s 1 T R R HESRURE T T UASBR Ao A — A FELBR AR R PO A v 3 5 RE 0% Y 100 [ — i A Al
HUBRAR A4t o ANid , P TARRIRRCA IR FE B AR, H1 T~ PCB i B I RIHEAS AN e 1 RS P 4 B35 AR

INA181 fEPERE LI FIBAL TS T EEM T INA190, X EME Al LUE AT INA181 SKACE INA190 FH3R15 2810
SRS /D AE I R M e 22 B AT DA e R
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fJa , AR B $R At 7L R E R AR TN BH AR . 3% 4-8 SoR IR A R, AT R
3-1.

% 4-8. FIEZEE L« BB 1 _EA 8mil T4k

N . SF*’&J&%E% 24 . _—

1 2 3
8mil -51.95% -53.64% -53.20% -52.93%
8mil J5 21 - - -568.01% -58.01%
8mil 77 A - - -51.80% -51.80%

BIRFEES | (HEE X AR R LR 51 R AL 1R 22 R i), 20U BRI . MWARRITEAR )32
LAAARTPEME (AMSEN ) X—FHLATBUE N, WER ROV Z AT IR R ZE R, B 052
DRI N2 R TR i SR A ] L BHL 22 57 A A2 B9 IR 52 A 22 R 2

FTA G R R N IR E B A RIS 2 HRZE 0 E , (HIXE INA1T90 A1 INA181 H2K I 1R 22 1 B IEH LR
I AL S0 SMT HIBH &S | T8 i FUE 5t 2 L

5 B4

PR LA W I R L 2T 2 U . — TR SR PR SCBURAS . 55— T 352 8 A 2 m] AAR K He
Wi, BAREUR TR . (BN AHER RS 5 UM E L BT - /£ PCB #ili& iRk |, A2 i 2 5 e
B OB, I HIREEAE A DL o AL 3 Bl FE AR AL T RE 2 5 L BEL 2

BRI 3 R BE & AN TG T 75 B RS BE S o B RO 28 v PR 5 BRI UM , M — OB Rl
VR EL RS JE R SR 2 o TX B w] T A B K L IAT A M — 32 2%

JiHh TR A LAk B T B S, AT DA R P A HE D R AME IS R 22 . R , T PCB fHili& i
ik e Ay AR L B AR R | DR RE A I ) r B OO % | B RHESR R R 2 W AR 2 . fE
TRORN , BAEFth A2 %, BRI e Jfi o 5 S BOLZTHIR , T 205 BUPME R 2= 1K

IR ZRIESE , — LSRR AE SEBLU BRI 4 7 ift L B IR A A BB RAIANRI A 045 it (AR ER P a] ) I, &1l
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