
Å.Â. Åðîôååâ,  Â.À. Êàãàäåé,  Ñ.Â. Èøóòêèí  è äð. Ðàçðàáîòêà GaAs pHEMT-òðàíçèñòîðà    

Äîêëàäû ÒÓÑÓÐà, ¹ 2 (22), ÷àñòü 1, äåêàáðü 2010 

183 

 
rdj  621.372.544.2 
 
Е.В. Ерофеев,  В.А. Кагадей,  С.В. Ишуткин,  К.С. Носаева,  Е.В. Анищенко,  В.C. Арыков 
 

Разработка бездрагметального GaAs pHEMT-транзистора  
с субмикронным Т-образным затвором 
 

o!,"	
	…/ !	ƒ3�2=2/ !=ƒ!=K%2*, C%…%“2�� K	ƒ
!=��	2=�…%�% GaAs pHEMT-2!=…ƒ,“-
2%!= “ %�,�	“*,�, *%…2=*2=�, …= %“…%"	 Cu/Ge , Š-%K!=ƒ…/� ƒ=2"%!%� Ti/Mo/Cu “ 

,…%L %“…%"=…,  150 …�. p=ƒ!=K%2=……/L 2!=…ƒ,“2%! ,�	 �=*“,�=�…/L 2%* “2%*= 
360 �A/��, …=C! ›	…,	 C!%K%  ƒ=2"%!-“2%* 7 b , �=*“,�=�…3� *!32,ƒ…3 320 �q�/�� 
C!, …=C! ›	…,, V“,= 3 b. j%.--,!,	…2 3“,	…,  C% 2%*3 “%“2="  15 
a …= �=“2%2	 
10 cc!. l=*“,�=�…=  �=“2%2= 3“,	…,  C% 2%*3 “%“2=" = 60 cc!  C!,  V“, = 3 b. 
j����"/� “�%"=: GaAs,  pHEMT,  Š-ƒ=2"%!,  %�,�	“*,L *%…2=*2. 

 
l	
…=  �	2=,ƒ=!,  �%…%,2…/. ,…2	�!=�…/. “.	�  (lhq) 3›	 …= C!%2 ›	…,, 

�…%�,. 	2 ',!%*% ,“C%�ƒ3	2“  * *!	�…,	"%L �,*!%.	*2!%…,*	 [1$3]. n
…=*% " 2	.…%-
%�,, GaAs “3?	“2"3	2 ,'� …	“*%�*% !=K%2 C% ,“C%�ƒ%"=…,� �	
, " “%“2="	 �	2=,-
ƒ=!,, [4$6]. j C!	,�3?	“2"=�  �	
…%L �	2=,ƒ=!,, C% “!="…	…,� “ 2!=
,!,%……%L ƒ%%-
2%L 
  GaAs �,*!%.	*2!%…,*, �%›…% %2…	“2, C%"/'	……3� .	*2!%- , 2	C%-
C!%"%
…%“2�,  = 2=*›	 ƒ…=�,2	�…% �	…�'3� “2%,�%“2�. g=�	…= ƒ%%2%L �	›.	�	…2…%L 
!=ƒ"%
*, …= �	
…3� " 2	.…%%�,, GaAs pHEMT �%›	2 " ƒ…=�,2	�…%L �	!	 C%"/“,2� K/-
“2!%
	L“2",	 lhq [7]. j …	
%“2=2*=�  �	
, " GaAs-2	.…%%�,, �%›…% %2…	“2, "/“%*3� 

,--3ƒ,%……3� “C%“%K…%“2�,  �
	 �	
�,  "/“23C=  " !%, =*!	C2%!…%L C!,�	“,,  �%›	2 
C!,"	“2, * *%�C	…“=!,, C!%"%
,�%“2, " �=2	!,=	,  *!%�	 2%�%,  �	
� 	�*% %*,“ 	2“  
…= "%ƒ
3.	,  �2% " ,2%�	 3“%›… 	2 2	.…%%�,� C!%,ƒ"%
“2"= lhq , C!	
A " 	2 %“%K/	 
2!	K%"=…,  * !=ƒ!=K%2*	 
,--3ƒ,%……/. K=!�	!%" , C=““,",!3�?,. C%*!/2,L 
  �	
,. 

b !=K%2=. [8$10] C!	
“2="	… %�,�	“*,L *%…2=*2 …= %“…%"	 *%�C%ƒ,!,, Cu/Ge “ …,ƒ-
*,�  ƒ…=�	…,	�  C!,"	
	……%�% *%…2=*2…%�% “%C!%2,"	…, ,  "/“%*%L 2	!�%“2=K,�…%“2�� 
C=!=�	2!%",  �=
*%L �%!-%%�,	L C%"	!.…%“2, *%…2=*2…%L C%?=
*,,  = 2=*›	 …,ƒ*%L 
“2%,�%“2�� ,ƒ-ƒ= %2“32“2",  
!=�%!	……/. �	2=%". b“	 .2% 
	=	2 C	!“C	*2,"…/�  ,“-
C%�ƒ%"=…,	 %�,�	“*%�% *%…2=*2= Cu/Ge " 2	.…%%�,, GaAs �%…%,2…/. ,…2	�!=�…/. 
“.	�. 

b 
=……%L !=K%2	 C!,"	
	…/ !	ƒ3�2=2/ ,““	
%"=…,L .	*2!,�	“*,. C=!=�	2!%" C%-
…%“2�� K	ƒ
!=��	2=�…%�% GaAs pHEMT-2!=…ƒ,“2%!= “ %�,�	“*,�, *%…2=*2=�, …= %“…%"	 
*%�C%ƒ,!,, Cu/Ge , “3K�,*!%……/�  Š-%K!=ƒ…/�  ƒ=2"%!%�  …= %“…%"	 Ti/Mo/Cu. 

Š!=…ƒ,“2%! K/ “-%!�,!%"=… …= C“	"
%�%!-…/. “2!3*23!=. GaAs/AlGaAs/InGaAs,  
C%3�	……/. “ C%�%?�� �%	*3 !…%-3�	"%L .C,2=*“,,. o%“	 -%!�,!%"=…,  ,ƒ% !,, 
2!=…ƒ,“2%!= “ C%�%?�� �	ƒ/ �	2%
%�  "ƒ!/"…%L ,2%�!=-,, -%!�,!%"=,“� %�,�	“*,	 
*%…2=*2/ …= %“…%"	 Cu/Ge (122 …�/78 …�),  %“=›
	……/	 “ C%�%?�� .	*2!%……%-3�	"%�% 
,“C=!	…,  " "=*33�	. Š	!�%%K!=K%2*= %�,�	“*,. *%…2=*2%" C!%,ƒ"%
,=“� " ,…	!2…%L 
“!	
	 C!, 2	�C	!=23!	 T = 440 °C " 2	�	…,	 t = 3 �,…. 

Š-%K!=ƒ…/L ƒ=2"%! …= %“…%"	 Ti/Mo/Cu “ 
,…%L %“…%"=…,  150 …�   K/ “-%!�,!%"=… 
“ ,“C%�ƒ%"=…,	�  .	*2!%……%-3�	"%L ,2%�!=-,,. d  .2%�% ,“C%�ƒ%"==“� 2!	.“%L…=  
!	ƒ,“2,"…=  �=“*= …= %“…%"	 950 PMMA/LOR 5B/495 PMMA. j=›
/L “%L !	ƒ,“2= …=…%-
“,“  …= C%
%›*3 �	2%
%�  !	…2!,-3�,!%"=…, ,  “ C%“	
3�?	L “3'*%L C!, 2	�C	!=23-
!	 180 °C " 2	�	…,	 5 �,…. }*“C%…,!%"=…,	 C!%,ƒ"%
,=“� “ C%�%?�� “,“2	�/ .	*2!%…-
…%-3�	"%L …=…%,2%�!=-,, Raith-150TWO “ .…	!�,	L 30 *.b. 

o!% "	…,	 "	!.…	�% “%  495 PMMA %“3?	“2" %“� " lhaj:hoq (1:1) " 2	�	…,	  
60 “,  “!	
…	�% “%  LOR 5B $ " C!% ",2		 MF-319,  = …,›…	�% “%  $ " lhaj:hoq (1:3) 
" 2	�	…,	 30 “,  “ C%“	
3�?	L C!%�/"*%L " hoq , “3'*%L " C%2%*	 =ƒ%2=. 

d  2!="	…,  C%
ƒ=2"%!…%L %K=“2, ,“C%�ƒ%"=“  2!=",2	� …= %“…%"	 ,�%……%L 
*,“%2/. k,�%……=  *,“%2= (1,5 �) !=“2"%! =“� " 100 � 
	,%…,ƒ%"=……%L "%
/,  pH !=“-
2"%!= C%
K,!=“  
%K="	…,	�  NH4OH (30%) 
% ƒ…=�	…,  6,2. g=2	�  * !=“2"%!3 
%K=" -
%“� 2% H2O2 (2 � H2O2:100 � !=“2"%!= ,�%……%L *,“%2/). o%“	 C!,�%2%"	…,  !=“-
2"%! "/
	!›,"=“  " 2	�	…,	 2 � 
  3“2=…%"	…,  !="…%"	“,  " !=“2"%!	. 

n“=›
	…,	 ƒ=2"%!…%L �	2=,ƒ=!,, …= %“…%"	 Ti/Mo/Cu (20 …�/20 …�/400 …�) C!%,ƒ-
"%
,%“� �	2%
%�  .	*2!%……%-3�	"%�% ,“C=!	…,  " "=*33�	 C!, %“2=2%�…%�  
="	…,, 
=2�%“-	!/ 5×10$7 2%!!. 
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o=!=�	2!/ C%3�	……/. 2!=…ƒ,“2%!%" C% C%“2% ……%�3 2%*3 ,ƒ�	! ,“� “ C%�%?�� 
Tektronix 370A,  ,““	
%"=…,	 S-C=!=�	2!%" C!%,ƒ"%
,%“� …= ,ƒ�	!,2		 ZVA-40. 

m= !,“. 1 C!	
“2="	…% �,*!%“*%C,�	“*%	 ,ƒ%K!=›	…,	 GaAs pHEMT-2!=…ƒ,“2%!= “ 
Ti/Mo/Cu ƒ=2"%!%�  “ 
,…%L %“…%"=…,  150 …�. 

 

 
p,“. 1. l,*!%“*%C,�	“*%	 ,ƒ%K!=›	…,	 GaAs pHEMT-2!=…ƒ,“2%!= “ Ti/Mo/Cu ƒ=2"%!%�  

“ 
,…%L %“…%"=…,  150 …� 
 
 
 

m= !,“. 2 , 3 C!	
“2="	…/ DC- , RF-C=!=�	2!/ !=ƒ!=K%2=……%�% K	ƒ
!=��	2=�…%�% 
GaAs pHEMT-2!=…ƒ,“2%!=. 

 
 

 
p,“. 2.  b%�2-=�C	!…/	 .=!=*2	!,“2,*, K	ƒ
!=��	2=�…%�% GaAs pHEMT-2!=…ƒ,“2%!= 

 
d,…= %“…%"=…,  Š-%K!=ƒ…%�% ƒ=2"%!= Ti/Mo/Cu “%“2=",= 150 …�  C!, %K?	L ',!,…	 

ƒ=2"%!= 100 �*�. p=““2% …,	 ,“2%*-“2%* “%“2=" % 3 �*�. 
p=ƒ!=K%2=……/L K	ƒ
!=��	2=�…/L GaAs pHEMT-2!=…ƒ,“2%! ,�	 �=*“,�=�…/L 2%* 

“2%*= 360 �A/��,  …=C! ›	…,	 C!%K%  ƒ=2"%!-“2%* 7  b , �=*“,�=�…3� *!32,ƒ…3      
320 �q�/��  C!, …=C! ›	…,, V“,= 3 b. 
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p,“. 3.  g=",“,�%“2� *%.--,!,	…2= 3“,	…,  C% 2%*3 (1)  
, �=*“,�=�…%�% *%.--,!,	…2= 3“,	…,  (2) %2 �=“2%2/  

 
j%.--,!,	…2 3“,	…,  C% 2%*3 “%“2=", 15 
a …= �=“2%2	 10 cc!. l=*“,�=�…=  �=“-

2%2= 3“,	…,  C% 2%*3 “%“2=" = 60 cc! …= V“, = 3 b,  C!, �=*“,�=�…%L �=“2%2	 �	…	!=-
!,, “"/'	 100 cc!. 

hƒ�	!	……/	 DC- , RF-C=!=�	2!/ C%…%“2�� K	ƒ
!=��	2=�…%�% GaAs pHEMT-2!=…-
ƒ,“2%!= C!=*2,�	“*, …	 %2,�=�2“  %2 C=!=�	2!%" =…=%�,�…/. 2!=…ƒ,“2%!%" “ �	2=,-
ƒ=!,	L …= %“…%"	 ƒ%%2=. 

p=K%2= "/C%…	…= C!, C%

	!›*	 l,…,“2	!“2"= %K!=ƒ%"=…,  , …=3*, pt " “%%2"	2“2-
",, “ 
%�%"%!%�  13.G25.31.0011 %2 07  “	…2 K!  2010 �. " C%! 
*	 !	=,ƒ=!,, C%“2=…%"	-
…,  1 218 o!=",2	�“2"= pt. 
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Erofeev E.V.,  Kagadei V.A.,  Ishutkin S.V.,  Nosaeva K.S.,  Anichenko E.V.,  Arykov V.S. 
Design of non-precious metals GaAs pHEMT with submicron length T-shape gate 
 

The design results of completely Cu-metalized GaAs pHEMT with Cu/Ge based ohmic contacts and   
150 nm T-shape Ti/Mo/Cu gate are presented. The designed Cu-metalized pHEMT has a maximum drain 
current of 360 mA/mm, off-state gate-drain breakdown of 7 V, and transconductance maximum value 
of 320 mS/mm at VDS = 3V. The maximum stable gain value was about 15 dB at frequency 10 GHz. The 
current gain cut-off frequency of the copper metalized device was about 60 GHz at Vds = 3 V, and maxi-
mum frequency of oscillations was beyond 100 GHz. 
Keywords: GaAs,  pHEMT,  T-gate,  Ohmic contact. 
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