
� 48�    � 2�                                   ��������	                                 Vol.48, No.2 

2019�      2�                        RARE METAL MATERIALS AND ENGINEERING                     February 2019 

 

�����2018-07-03 

���	����	
��
�51741501������	
��
�����20180550227� 


��
� ������1971������� !"# �$%#&�'���  ! 116024�()*0411-87403534�E-mail: jiaweiping_dl@ 

163.com 

 

��������	-
��
������ 

 

���

1,2

����

2

���	

1

��
�

2

��
�

2 

(1.  !"# ����  ! 116024) 

(2.  ! ����  ! 116622) 

 

�  ��+,-./0(1�23-456789:;<(1�23=">?@,-ABC>D4567EFGHIJ


KLMN67OPQR89STUVWXYHZ89[\]^A#_`aObc089*deX+,-./0fg

(1�23-456789h+,-./0ij(1�23-456789O�T="hklHm�noX 2Q89p�

O`q>rsOtuhvwOklxyz{S 

����+,-�./0fg(23�./0ij(1�23�4567�
KLMN 

�������TQ153.4        ������A        �����1002-185X(2019)02-0693-08 

 

�������additive manufacturing�AM	
�

�
�������������������� 

!"#$%&�'(�����
)*���+,-�

'(����-,./�01*234�56789

�

[1]

:;<-=� -������� electrochemical 

deposition-additive manufacturing�ECD-AM	

�;

<-=�%>?@����ABCDEF/GH?��

IJKLMNOPQ�����R��

[2,3]

:STUVW

������XY�� CAD MN�&?Z[\]?^

_`>?abcde<f CNC g�h��Y8f;<

-=�ijklmn(o?=�[pqrs?�tuv

wxy?z7{K?z|}~�hY8������@

��VW������@��?;���7���E7

��qr?�<�{��?��?|}?�J?���

h~���K#�r-����f�����Eh�

�

[4]

� �@¡¢i;<-=�T£¤���¥¦
@

§���(o��@¨©Qª�t���e«�¬­ 

®E��?E��?IJMNOPQ����t¯°

[5-7]

: 

±²;<-=�-�������³´Y8�µ¶

·�iIJ¸¹Bº»?Q&OP"#fMNQ��

��Av��¼½©0p¾34¿��-À�ÁÂ:

X
�����ÃÄ��Á34ÅÆÇÈ LIGA �É

ÊË��?VWÌÍÎ��/�;<-=�-��� 

���?Ï[ÍÎÐ���/�ÑÒ;<-=�-� 

������zÌÍ�/�;<-=�-�����

�

[8-13]

:¯*�ÓÔÕÖ�zÌÍ�/�;<-=�-

������ÅÆ�×�Ø��
@s¼dÑÙ�Ú

Û�ÑÒ;=�-�������Ü��
@Qs&Ý

Þ�Q&ÑÙ�ÚÛ�¼ß;<-=�-�����

�:zÌÍ�/�;<-=�-����T£zàÌÍ

�áâ���@ãä²åæLÝÞB?ÑÙBQ&Ú

ÛiçÛuv�è¼ßéAB(o�$@s¼dÑÙ

�ÚÛêSTëì¿g�Qí;îï�ð�ñ²çÛ

�òóôõö�;<-=�-����T£��÷iÌ

Í�Î	�áâ����ø?Ðù?úûhtü�ý­

��tþT£����i�;�Î���	=��e

«:±²zÌÍ�/�;<-=�-������!®


���tþ
��������34p���É��

;<-=�-������./�3478

[14,15]

: 

���������	
�-�
���� 


�
��
����������-������ 

zÌÍ�/�ÑÒ;=�-�������
�²

ÑÒ;=�f������K%>�KMN !��

$OP"#��!�tT£�Øi;=��KT£¤�

;îï¬ÚÛ�ÑÙ	E�Ñ�çÛ��!	�çÚÛ

9�ST;îïK����c�SV
����Û��

����^ mm	��E�;ð���̂ g�� _!

"�^g#$%&·g�ÑÙfçÛ��ñ¦ó�i;

'ø�l�()%�OP§�i;îïÒð*+,¡Ë



|694|                                           }~
K5�A#&                                           � 48� 

�/�=���-./içÛuv=�
fMNQ��

CADÍ&è\]é�01�2=�[�3TèÏ8�=

�4	�v5Ïv�[5Ï[Ð�éK�MN !: 

zÌÍ�/�ÑÒ;=�-�������±²;

îï@ÒðKBE�ðó�;<-=�T£¤=�,

/p�6�÷i;îï7w���8�KT£½ÑÙ

¼d�^9 µm :^; µm	?=�4����²ÑÙ

¼d	?Òð<=?Û��hÒðtþý>?���K

���@�zA�KEF/GH?��IJ�MN !

��$OP"#�ÅÆ�²�+ªBCDNOP��I

�	E[��ø�����sF/GH�OP¸¹Bº

»?¤s&MNOP��f"#:¬FG�HIJ�

X�+�K�MNOP��
 2D$ 2.5D��: 

20-ÀizÌÍÑÒ;=�-�������

+MNOP���34¤�ÞñÑÙ?;=�tþL

^?MNtþAAñ�&#�+�OP(oQ34�

ê�+
Ï����KL�MNOP��: 

RST

[16]

ÞñÑÙUdñÑÒ;=���?�K

��?ab�VhL^�OP(oQ34�
�e<

�tþL^�øQMWK?XAK�YWZKã��

KL�OP[\#:34¡®�ÑÙUdf�/�Á

��\�ÑÙUds�]�/�y?����E��

+���KL\#i X?Y A�������¨© 10

^0.1 mm?_W`d�����a1.5 mm�\#=�

[bcd�?Cefg���ªBCQhbc���

ifCe��j� 40 nm: 

Rajput hk

[17]

i-.�ÑÒ;=��øMNQ�

��tþ34¤�Z�Q;lñ=��m�OP: 

_no�p�;lfðT;îw�;ð�XH�­±

Aqr�p�s�=��m"t²ðT;îw�;ð�

X@=��mf;l���Á�:
�¼d 137 µm�

_KÑÙ�uÑÙ�t#9���§g�i 2~4 mm�

�ø
vº 1Xw�if¼d 230 µm?x 1.78 mm�

ÞL"#�yx 1.5 mm�XAK"#: z�{z|

Q;=�ÅÆi;îïÒð}=�8~�-.�/¡

Ë:��34¤¡®�fÞLã���LY��"#H

��ñ²XAKKã��IJY��t#�±²OP§

�it#uv�fgZ���;ð�fg(­�dy

��q��OPMNQ����K��: 

Haanhk

[18]

��;���¡?ÑÒ��;=�?

<-���tþð£�ñi��;�����?��?

��	��I(ozÌÍ�/�ÑÒ;=�-����

ÃÄQ34:É¤�i��;��I
�;���¡Ñ

Ò��[�<-��úû��[ê���Î:��¾d

� 290 µm� 2���ÑÙ;Û�/��ÑÒ;îï@

 ®��-.�;=��Z�i���!��I�PE?

ABS?����	ÑE
¸GG�� 430 µm?E��

28 µm�OP[º»�vº 2Xw:34�{u��i

��Y�ÌÍ� l�ST¡¢ÑÒ��;=�L^ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 1  ./0fg(2367O�mh�E��IJLMN 

Fig.1  3D copper microstructure prepared by localized jet deposi- 

tion: (a) pin-like part and (b) square-shaped part
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Fig.2  Copper pattern metallization on

 

polyethylene (PE) (a), acrylonitrile butadiene

 

styrene copolymer (ABS) (b), and soda lime glass (c)
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Fig.3  Ni-Cu folded multilayered deposit prepared by MJED with 

polishing
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Fig.4  Bulk porous metal Ni and porous metal Cu
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Fig.5  Basic principle diagram of maskless localized direct writing ECD-AM
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Fig.6  Nickel microstructure*(a) free hanging microstructure and 

(b) C type microstructure
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Fig.7  3D copper microstructure*(a) microcylindrical array

 

and 

(b) simple wall structure

[30]

 

 

K�;�9Ö�q�:;;�����;îï¤�O

P§�=�©çÛ��I:��34¡®�ªB��

;=�����T£÷i���>�;îïÒ���

@CD�y�=��m�=��m: 

Kamaraj h

[15]

iÃÄ�/�;=�T£^�34

¤�STÍ�;=�T£¤¹Q;Û<µ§�4�=

¦34É>?Y��@QîtþL^�;Û���Û

��Ó�;l	�OPWp:34�{u�ØÛ��Ó

�ñg�;=�T£¤§�=¦/>?®@�³´�O

P��s��Ó�K��E�;ð���8±²§�ö

ABC,�K����d�fg=�®@: 

DEF

[33]

�Chen h

[34]

�²7��OGH;Et

þ��I�;îw�ÂÒJK#�L=��& 3D ó

ô¿7Ü� ®;<- 3Dóô�¿(­�;<- 3D

óôI	vº 8 Xw:STIM�[§�NïÂÒJ

�Q&ÑÙ�ÚÛ	uOP§�Nï@Qs�ïO=

�©�;�Î�çÛ	I�ÂÒJP¤I�Ï�QR�

Ï�QR�´�ïl�¤ST´�UlÞ�Vïv�

W­X�¾�;luNï¤�OP[§�)%��6

�Zê=�i�;�ÎI�STg�Q&ÑÙ�òó

ô�	�å¦ó�@;<- 3D óô�����	A

B�[�ÏOP�#:¿(­� 3D óôI	=��

m¤EQ 3 �^x
�îtQ;<-����=��

�Y?����: 

200 µm 

a 

b 

200 µm 

5 µm 

a 

10 µm 

b 

×10

2

 Pa 



|698|                                           }~
K5�A#&                                           � 48� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 8  (1� 3D¦§¨©ª«� 

Fig.8  Schematic illustration of the electrochemical 3D printer
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Fig.9  Micro/nano metal integrated chip connection lines
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Abstract: Maskless localized electrochemical deposition-additive manufacturing technology is a new technique for manufacturing 

three-dimensional micro metal structures by applying electrochemical depositing principles and additive manufacturing methods without 

reliance on support or mask. The representative techniques which embody the core content and process features of the new technology 

were reviewed in this paper. The basic principles and research progress of the technology of maskless localized jet electrochemical 

deposition-additive manufacturing (Maskless Jet ECD-AM) and maskless localized direct writing electrochemical deposition-additive 

manufacturing (Maskless Direct Writing ECD-AM) were introduced. The characteristics, existing problems and future research trends of 

them were analyzed. 

Key words: maskless; localized jet electrochemical deposition; localized direct-write electrochemical deposition; additive manufacturing; 

micro metal structure 
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