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Abstract

The copper foil is widely used in many fields, such as copper clad laminates and current collectors of
lithium ion batteries. In order to meet the requirements of lighter weight, higher capacity and higher
energy density, the thickness of the copper foil will be reduced. However, in the actual production,
the thinner the copper foil is, the more likely it is to warp, also not conducive to positioning, cutting
and coating. The influence factors of the deformation for copper foil are mainly the additives and
electrolytic process parameters. The effects of influence factors on the copper foil were analyzed,
and the main ideas for the production of electrolytic copper foil with low warping were proposed.
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Figure 1. Warped copper foil
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B 7E R S T b, S0 SR AR K P s 3) 3B AR CURTE S SR, SSUR ARRLAR T B, HETT R 9 N . F1[2] 6

IINFRNE I 54 R A4, TR BB T BT, BEASESFe, BRAR A R RO R,
Ytk dkL, BRARRE(220) 2V A KR L Y B Ay, AT SRRl RE R o LR SR P IR R
HREEIREN(SP) . R L FE4F4E R (HEC). B L BE(PEG). Fit . WA, BilREE.

2.1.1.SP
SP £ FIE G277 P50 S oRiamAk 70, AT e B A o Z8R0S5 A [31WF 78 & B SP IR IR Fff 15 Cu®*
TEREE G, FHASH B i it R, PR OE S, RS PR
Tan 25 N4 7 R R ) SP GHESRISEI, SP I N AT4I4k ks, 2Bt SP, 4 2 11 5 i
(IR BT RS PRI R B, Q] 2. SP 54 &1 I st S ml sem sk A K07 =K, f8(220) B Al %41
A, MEIQADEA AR, I SP, HERHMFEEE G, IAE KT 0.2 ppm, WEG M, Wk 1.

% 5ppmSP, Sféady state,

15 minutes 45 minutes
Intial morphology . i‘
= pI ppm SP, ‘-iSteady state,
15 minutes 45 minutes

Figure 2. Effect of SP on the AFM morphology of copper foil matte side [4]
2. SP xHRASEEE AFM FZERAVSZ M

Table 1. Effect of SP on the internal stress and warpage of copper foil [2]
7= 1. SP XH$RTE MR 11K A2 R FO SN

¥ /1 (MPa)
SP 1% (ppm) S AR B (mm)
1] EIH 5428 1(Ao)
0.1 -114 -29 -85 >40
0.2 -154 -38 -116 Eeditt
1.0 -134 -27 -107 Eeditl

2.1.2. HEC

HEC & —FaAEB FACIKR LRI ek, AW . BB S2ma R v TR SEEH o R RS B fer F 5
AETREYS, A TR TENES, &5 JTmRIKES]. HEC 28y, LSS 1 1)
NGRS SN[ B

AT ZEN[TIFFFER I, HEC 12 I 4IbRkL. el AiRu IR . Tae-Gyu Woo %5 A\ [8]
W AANF & HEC XA G BRI IR, ik 3, HEC AR < 3 mg/L, BEIAERZ(111). (200)0 5@k
99, (220)i& 51655, HEC A& > 3 mg/L, (111). (200). (220)&5mias, 56k [1]0F 7t &k Bl HEC 2=
PEASER SR T G, /DB FLAEERIG, B INARSE ]R7T, AR TRt AT . M NEy 2 ppm, S i,
HEC X 4§ N 2 ) Josi i F2 B s, sk 2.
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Figure 3. Effect of HEC on orientation of copper foil [8]; (a) 0 mg/L; (b) 1
mg/L; (c) 2 mg/L; (d) 3 mg/L; (e) 4 mg/L

3. HEC X SEE A 820 5 (2) 0 mg/L; (b) 1 mg/L; (c) 2 mg/L;(d) 3 mg/L;
(e) 4 mg/L

Table 2. Effect of HEC on the internal stress and warpage of copper foil [2]
= 2. HEC XJ$RSE AR 1 B B2 FE B9S2

M % 7J(MPa)
HEC ] %(ppm) S AR B (mm)
SEI £l 5428 1(Ao)
1.0 -95 -35 -60 >20
15 -106 -51 -55 >40
2.0 -131 -53 -78 Gl
2.1.3. PEG

PEG /& —FhE &7 RIMEER, & 88 b RN, REReTE I S it e 1 HEp of
AR R FO], 38 SR B IR B AR AL, B B2 (P R, LR A FH AT DA B B 2 7 A 1)
BEFL JBRRD, BT DL B 2 1) Sk NS A1 AHERN R 5, SR ARSI AR T SP A HEC Buifs (7]

N PEG f#(220)23M34 0, dRiAR N, (L11)ZUARIZR G e — @ IR AL, T Sk A B 7 55
A — e R E (1], PiFh oy FE ) PEG XTI R s2mAH IR, PEG #IHI(111) B AR, {8 i 5
DL20)HL AR, nlEl 4. 76 PEGEFT, TEA%RIER, SH85 7RI 4 G IHTE iR T, FHAS
BB TR o B I A B K, RS AL BRI 3 8 pA% B AR NN A 2], ) B AR K TR KK,
YHAL SR, A SR A k. 1R PEG B AN4RE AR, Ik 3.

Table 3. Effect of PEG on the internal stress and warpage of copper foil [2]
7= 3. PEG J$ASEAI R 1 BB FZFE BIS2M0

P & 77 (MPa) it 2 E (mm)
PEG H & (ppm)
SEI ES] AN J1(Ao)
1.0 -67 -16 -51 >10
2.0 -59 -18 -41 >15
3.0 -88 =31 -57 >25
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Figure 4. Effect of HEC on orientation of copper foil [2]
4. PEG X {RSEER = BIS AT

2.1.4. Lk

M LICF AR R PUMELHARR, W BHE e BUE B ER: 1) 225/ ), e ES
JEETUIR: 2) S Anm AL 3) WNEES T, 3 IR AL, WP E S i A KA P R, HH AR AR AR
4) TEE R AE %, AR, BRAFH R R A K AR R [10]. fal HH &5 N [LL]BF 70 R DA 1 &
KT 6 mo/L, BE S SEIEMERAIfb g8 ; & EM TS TR MER, mTHmEE T e SR A0
FHTH AL, 2 AECATH, SREEECE R B RS T SRR, BEORN A, HRSE, 5.

YRS N[12] [13)WF7E R B, e s mfs4lith, (220)4045 (L1 SR FAAE . #iHFH &
THE R IR AL, B2 i FR AR I B T A A R T Ve A, i PR A, AR P I v iR R A
SUNFEREDD, ] 6. AR LA G, (EARFEISEE T, b 0 m) (220) e A, (112) & i H )
AR T RN, (LLL)BRRE A A, (220)H A BT . IR N, B Al AR
R RE, FITRIIREAG.

PRI AN il >
Figure 5. Effect of RE (CeSO4) on SEM morphology of copper foil [7]; (a) O
mg/L; (b) 3 mg/L; (c) 6 mg/L; (d) 9 mg/L

5. RE(CeSO4)53$RSEE E SEM FZ5RRISN; (2) 0 mg/L; (b) 3 mg/L; (c)
6 mg/L; (d) 9 mg/L

SRy N —
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Figure 6. Effect of RE(CeSO4) on grain orientation at different current densi-
ties [12]; (a) 2 A/Jdm2; (b) 16 A/dm2
6. TEIERERE T RE XERENEIIFING; (a) 2 A/dm2; (b) 16 A/dm2

2.1.5. BREX

WA R A — e oL AL . AL TR ISR, 38 I PR 2 R B T4 9 3R T ST e e L 4 i AR K [14], AR B
BT B o T B AN B [15] . BHRRBIAFAERDH] 1 AmoRL s i AR, (R 3 AR 0 B Al AR AR K
O E TR R IR R AT 2, 1G5 F AR ¥ F IR A% [16]. Meudre S8 A [L710F 70K B0, I B R J 4 )
I Ji H A L AR 1) BE A R R R Bl . I NI, TR R SRR PIHIE R, SRR ATE
T AL . PR (AEAE S B T IR SR T, PR IR, PRGSO SR, Al dihr, ks i
JIRETRIRIE, S s s A

/NHRESESE N [16]0F 70K I BA R 2> (2 1F (220) ds T ) A, XF(LAL)F — e fIER, CIriin A< 5%
2 H1(111) (200). (311)anTHIH A, SI(220) s E A AR, W 7.
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Figure 7. Effect of gelatin and CI™ on grain orientation of
copper foil [16]; (a) no additives; (b) 3 mg/L gelatin; (c) 60
mg/L CI”; (d) 3 mg/L gelatin + 60 mg/L CI™

[#7. BRERAN CI X4 SE BRI AR R A #2005 () ToiANinst;
() 3 mg/L BAAZ; (c) 60 mg/L Cl™; (d) 3 mg/L BARR + 60
mg/L CI™

Chang S¥ \[18]8F 7L AHL, e AN B I AR AL N AT, S YCTHIAR L, I 0 Py R R 2 A1
PINFRY A2 3 L I B A P2 T8 D T S8, 868 00 P 2455 R AR S s O R A i 22 5%, XA S
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ARV T A AR AT g . B SRR AR ORUR I R AN S R TR a6 B B N R 7T
i 2 BELASHR 96 P9 SL g9/, S B S 7 A AR T

2.1.6. TRER

R IRALE TR FR o — MR N BC A 77 AR SRR INFAE FH o BRI A A 50 51 & J B ek o
7, CAEEREE AN 5t 4 B T e S RIBC AL AL S 0[19], REPHMHAM &8 B FHOE IR, A R 57
WA PR E, AT AR AL, AR g g, RS, Sse. 4HE[20].

Tantavichet 55 A [2L1]B/F 52 & I AE B JOAR AR I A mh BRI N R JOR 36 I R bl FL S AR AL, ASEORR diokse 4 /)8,
(AFEFAA R TAFAERRR G, Wl 8(c); UMK S AE T RINAAE, —FHWWEIEH, 9% 2HNAS
FEREAR AT SE N 5, YRR T S5 ARBIR kS, 7E 20 b, PTRR BB 3950, W] 8. Muresan
S N [6]EFE VR I N ELFE AR R AE PN BV IN 700 o] DS i B4 J2 OV, an 3R THDREDRS FLBEL 3R At i i m), B
BRI, H9% 2 A ) TR R g 1) R . ) 7 s AEA s () FELRE R FE T, R ) A P 2 8 v P AR 97
(220) fis PR L A [18] o B IRAE FOBE BRI, W] LS 38 — O RE gl dnad B v i, Ja/b e g dn i 72
K%, W R[22] [23].
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Figure 8. Effect of thiourea on AFM morphology of copper foil [21]; (a) no additives; (b) 1 x
10° umol/L HCI; (c) 20 pmol/L thiourea; (d) 20 pmol/L thiourea and 1 x 10° umol/L HCl

8. BRARXTRSE AFM FZSRB9SNE; (@) FTRANF; (b) 1 x 10° wmol/L HCI; (c) 20 pmol/L
BifK; (d) 20 pmol/L HEARFA 1 x 10° pmol/L HCI

2.1.7.CI”

CI7E FLARAR 7 P E IR BN 1) CuP™ /e IR LFie 5ol Cu®, F45 CITJE Rk Cu™-Cl e fr i,
AN AR A T A, IHAE IR R TR B JE: 2) S A& g, iy &
By, PR CUPRIUIRE R, 3) 5 Cu® MK Cut, UL 7 RAE R Cu [24]. CIAEE B hnik cu®*
W JEPTRR, B [25]:
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st WMECIT s CuCly,: WH CuCl; vsSCE : AHLELT SCE HMRIFIFEAK FoA

CIRE IR T CuCl WL F 2, InRGUR; CIVREE S &, I 258 2 12kl i URR gt o)
[25]. ClI g Al R BRI 11[26], cesbe i Ssa ih o . Fh vk 25 N [241300 CITl Cu® s IR b
HFENT AR, BENRIR, S8 T ARSI, BEUHIERN 1, SRR %2 CIARAL/E RS B
A TR SR ELHRIE A R ST B

22. B IHIZEH

221 BHREE

SEEEN[27] [28] [291WF 7L R I, (RHMEE T, H8%E 25 T HES A BT (220) B Ll Al s ey R 2
T, 822 E T HAR % QL) BRI, R R P i A5 FR S S e 0] [ AR K AR Sy ) B AR
K, EEEMHBERERE T, WMz 207 ammae, K 9. miH, B R, kS
MR SHEMRIERIRERE, SIERAN . BIREER G, HINEETRER, FNSEEEN
AL ALASSEERIGIE 2, RN RIA[12].
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Figure 9. Effect of current density on grain orientation of copper plating [27];
(a) 3 A/dm?; (b) 9 A/dm?; (c) 15 A/dm?

9. zﬂiﬁﬂrﬁlﬁiﬂéﬁiﬁﬁﬁ%ﬁﬁlﬂﬂ\ £20; (a) 3 A/dm?; (b) 9 A/dm?; (c) 15
A/dm

2222, B

HLMRIR B T e i 7 B RGO B IR REIR R, S PR AR K R e, PR
PR P T S SR SRR AR AL, A0k AR X EAHA[S) R PR F AR FE S v, S AR A K, R A
HLRE, BAREBELRRIS 2, RERTH RIS R TR AHRVURRR S, BRI, (111).
(200)F11(220) & I A7 S W Bk B AN T4 i, B2 (LLL) b TR HES %, 50 IR 1) b TR Lm0 38 8, 4§56

2.2.3. itk
FEL LR AR 7 B 0 22 A S8 R PR, R AR R T B P 2 e B R A AL ki 2B K, BRAR R T ks 1R
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NARGE IR G /L, EEE M 2 R M AN A A B B S SR ) R 2 (AR i 2R A B 8, A
SEURFE TR AN AT, BRBAAREEAR 506 2 18] 1) di A% R G, B I (R A FERS , XA IO SRR TR Z A2 )7
TZHER[8]: T sk I Ak IR 2 P, IO R IATEAZ . AR M ) P A 5. R, R A
F— B 18] & 5 24T Ot -

VXS N [S0TWF 70 AL, 3 KB FLIA 5 S SSCPH BB AT AR 4 A A, A FELAR RIS I R A B AR AR R Tk
TR B AR, IR, R AR it R LA R 0 B AR

2.2.4. ¥

P I 5 2 WR e A S T30 B AR T i L B R 2, A EL 2 S HE R L gl g — e i [23] . A RN
R —H, TR, HEEAER Y. 1) SR A2 3 BIAN R R A B AR R B, A
R ARG BE: 2) PR A4, JAERE 2 R R EERERR L, R ER S5
TEPERNZELL, T S E SN SR E N S %, Ik T 20T 3) A =1
R TR AL T SR PR, ISR T IIERE T, U T EUR IR R AR, BRI
FEMAL[31] .

EHRPIBIS R R A I, MR B . Rt m, PR NG, BAIEREE R, W
Tk XS ERATES S b R DR S N T B R AR T AR AR N7 [31] . Hsiao [32]F1 Martins 5 A [33]W\ it A K 2>
SRR T SR, R e L AR W SRS SN o IR [12] R R 1A Uk 5 T R S
AR I FREE

3. BFSENNIER
3.1 B

FETCH MRS, B YOI f5 SR TR, BFFER L, mif B A st iiRe, 1N E
IBKHIIREN 1o HIB KM AR T AT 4G, bt (LI BRI AR, KEZRd2E R [34] [35]. 4
TR, AR snfb (E FRSS, DURIIRAL. AR FRAR[36] . 237 3AE N [37]7E AN 1 Fy TR AR, B 7E
I 2O RS AR RE R MR AN 20 i Ak 2% iR 1 [ 2 (R AT (S8 AR i, 5T RERRAR, 3 LT RESR T -
PEJR dr % 52 SN EEAC B, OO A L A7) o

32. EH

HLAAEA S R A A 23 O S5 e A I AR R R TCVR R, (45 AR TP AE A BE D, R IR o it AR
JE[2]. #A2TE e IR A7 se v] MR B4 i BB A% KR, R TR O R A (1 18] 55 5 P 46 i [38]
T SR AE A i R e R A 9 B L R R e, a1l B R [39], X M BRI Aok 2
AR T A K A T AH A AR K [40] o MU RE Rt N~k 75, E40 §1 = Th PR D0 e B2 77, 98/ Sl Tl AN =6 T
IR, PACINAREE . [FI, SOTEEREREIRE S, (RIEAR A, (R, Wb
N[44
4. G518

I g B (20) LA A, SR ) EE RN WS EE, JtHEREIR, aimEvs, Tdl
B, B sgile, LR, N8 SLRUREG b (A S E M AN 22, B
2 it A 2SR P S A IR R (LLL) it RO 1) SR e 5, oo ) AP A5 0 8 P 2 7R R T s>, Tl
RUHARTE . 25 B A0t B A S R S, 3R S RN 3 R P S o SR AR, AETCHR
TGRSO, BT ZERIET: PORIERE AP AR 3 HE N7 G5 A (BRI I EAMEAE A A% (1 B RS i
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