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Miniaturized Ku—band transceiver based on 3D integration technology

Liu Haodong , Wu Hongjiang, Yu Xiaohui,Ma Zhangang
(The 13th Research Institute , CETC , Shijiazhuang 050051 , China)

Abstract: With silicon-based 3D integrated module and multilayer hybrid pressing printed circuit board(PCB) technique, a miniaturized
Ku-band transceiver was designed, and meanwhile its principle project and approach were expounded. The transceiver employed 3D in-
tegrated structure. Radio frequency (RF) and intermediate frequency (IF) chips and their periphery circuits were integrated in 3D het-
erogeneous integrated module. Outer circuit board was made of a mixed —laminated multi—layer PCB. The transceiver used ball grid
array (BGA) to connect 3D module and PCB. Signal transmission structure was optimized to reduce transmission loss and improve
isolation among the channels. Product test indicates that the transceiver meet the requirements of inter—channel amplitude consisten-
cy, intra—band flatness, noise factor and other indicators. Besides, the transceiver has conformed to practical needs such as minia-
turization, high integration, high consistency and high producibility.
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0 ’ ’

PCB B4 80%
) N N ° N , BGA

, ; N LC .

s , N N
N PCB ,
N N N N ) 1/3;

=21 , . PCB . .

) 2022 48 5 —119

http://www.chinaaet.com



FiX5 30

http://www.chinaaet.com

o (Low Voltage Differential Signaling , LVDS) ,
1 o
1 o 2
. 1561, 2.1
, 28.5 dBm=1.5 dB (Micro —Electro —Mechanical System , MEMS)
o , s GaAs |
, GaN | (Complementary Metal Oxide
s Semiconductor , CMOS) N .
b [7]O
b 2 o
, 30 dB s s
N , LC .
9 o 5 9
SR
RFi : — o [
—| mima | s e o S| o
HilEyFEH _
A
L0in2
| [ e |
TEW I
BESmE H—i B
ﬁ;&ﬁaiﬁ% Eﬁ?!iih‘i B
RFig | il e e wih || o IFout
e [ o I o (é >— sewt [ | ok [
e I R U ; .
50 013 B i E o)
0 LR R
+H'c'f’;=.1|;u¢ .s‘z-mzr;af.suw—l:l—l i
RFin | figa | | &k [ | e e e [Fout
™ x ) i é >_ sl [ ok >_’
CEWrET i i i
o || M | S
Jl‘-x#ﬁ;ﬁ'ﬁi 'ﬂaﬂ.aﬁai“l—m—l L
RFin'| i s 2350 SR I IFout
—> e [ [ POF ok [ ek {> >
fiE A i
HSVpr——1 sy
65V EE > 5V
T3V, 5V —I A |
e Hfm
ke g —
e, FERAE
o LV DS¥ 46t —L
J}Jh\‘i-i-_. IHHC i
Wiz + |rJJ.fﬁu?a-.'lill *
— >
ZIHE - .
T BFout o T iR R’Fin
S TE e 7 L T2k
Ty Uil
1

120—www.ChinaAET.com

http://www.chinaaet.com



http://www.chinaaet.com %’ﬁﬁ%ﬂﬁ

LC o
2.2.3
LVDS ,
2
- (Transistor — Transistor Logic ,
, BGA ; TTL) A A ’
LVDS LVDS
I o L ,
(Monolithic Microwave Integrated Circuit , MMIC)
b ’ 3 .
2.2 JEEE AN EENERE
2 -2 . 1 - deEE L U 7 3
| TFFe + I_, — #TjtTiL il TG R Eh |—"I +5V/-5 ¥ |
’ — FE) | 45 Vs V|
FFRAF] -
100 kHz 500 kHz , -1~4 dBm, -
28.5 dBm#1.5 dBm, R e | LIS || s
' TTL ——__5 Vi0
50 dbec o S
5
| B LR e +5 Vo |
) . EIECE = TTL -
' 3
GaAs , 28 dB, 2924
30 dBm, 0.6 A, ,
2.2.2 , 5
JLC 8~12 dBm, )
. , 0 dBm,
N 25 dB, 1dB 14 dBm,
10 dB ,
N N B o , 14 dBm 5
( 30 dB+2 dB) . ( 25+3 dB) ., ( .
51 dB+3 dB) ; 213
) 2.3.1 PCB
50 Q ; )
90° , , ,
20 dB ; ) A4 )
, - 90° ,
/ - ’
© ) lxJo

) 2022 48 5 —121

http://www.chinaaet.com



FiX5 30

http://www.chinaaet.com

s 0.3 mm o
2.3.2 - ; ,
, 2.3.3
PCB s BGA
6(a) - -
1 6(b) - - °
:(1) - s 400 pm
5(2) - ;(3) - ror, , 800 pm ;
b 4 b ’
3 , , (-3 , BGA
0.15 dB, -15dB, .
b o 7
2.4
SMA , J30)
3
0 45 9 (rmami} '
4 - _
107 or
— — — Sy
-0.051
~. . s
_20 -“"‘._‘\- 22 /—\
. 0.1}
% \-'\ e 8 Sz
& -30 > ” & -0.15}
@ N/ D 02t
-40t §\ /
-0.25
-50 : : : - - : 03 : : : : : :
fo15 fo-1 f-05 fy f+0.5 f+1 fo+15 fo15 fy1 f-05 fy  f+05 fyrl fy+15

f/ GHz
(a)S11,522

122—www.ChinaAET.com

flGHz
(b)S21

http://www.chinaaet.com



http://www.chinaaet.com %’ﬁs_’ﬁ%ﬂﬁ

(a) - - (b) - -
6
-10¢ or
S 0.05 Sa1
,,,,,,,,,, s “Ulor
20l 22
@ o O
=] =
& -30f = -0_15-\
& b
@ ? o2}
-40}
-0.25}
.50 L N N N N L 03 " N L n " "
15 fp1 05  fy  fpt05  fy#l  f#15 15 fo-1 108 fy  fr05  fy+l fy+1S
fl GHz fiGHz
(a)S11,822 (b)s21
7 _ _
0.
Sa1
-0.05}
o o O
& -301 s -015;
ﬂ%h #
@ 02t
40}
-0.25¢
-50 : - - : - : -0.3 * : : : * :
f-15  fg-1 05 fy  f*05  f#l fy+15 for1.5  for1 05 fy  fr05  fpF1 fp+15
f1GHz f1GHz
(a)S11,822 (b)s21
8 - —
(1) ; (5) ;
(2) R R R R R (6) 150 wm
(3) 90° N , , ,
; 9(a) , 9(b)
(4) ; , 1 o

) 2022 48 5 —123

http://www.chinaaet.com



FiX5 30

http://www.chinaaet.com

34r
EAMIAS
3r — — — 2
e R
2t === R 2
Jan]
o
= 31k
e
30f
29

28 * : ’ * ; :
15 fol £y05  fy  f#0.5 fy*1 f+15

f/GHz
(a)
9
1
/dB =70 =80
/ns (3020) 25
/ns (30+20) 25
/dB <7 <5.6
/dB =18 =22
/dB =40 =50
, =90 dB,
25 ns,
<5.6dB, =22 dB, =50 dB,
- 9(a) 2
R 2
" o
, 3/5,
1/2,
4
.PCB .BGA
, Ku
100 GHz, ,
Ka s PCB
; s BGA

124—www.ChinaAET.com

307

— -

HrtizhE / dBm
[L¥] [%]
o w

L]
~l

o8 . . . . . .
15 fo-1 f05 o f+05 fo#l fy+15
fI GHz

(b)

PCB ,
) T/R

[M]. : ,2007 : 349-350.
[2] KUANG K,KIM F,CAHILL S S.RF and microwave micro—
electronics packaging| M].Heidelberg : Springer, 2010 : 18-22.

[3] , . - X
[1]. ,2020, 18(1): 109-
114.
[4] , , , .C
[1]. ,2020,20(4) : 040302.
[5] , Ku [J1.

,2016,29(8):36-38.
[6] , .
[J1 ,2006,28(8):11-12,21.
[7] ZHAO Y Z,WANG S D.A novel 3D T/R module with MEMS
technology [ C|//Proceedings of International Conference on

Integrated Circuits and Microsystems.Chengdu , China , 2016 :
286-289.

[8] , . [J].
,2013,42(2):103-106.
[9] . [D].
,2014.
[10] , , . D -
[C// .2020
( ),2019 : 831-834.
[11] , ) (1.
,2013,42(2):103-106.
[12] .Ka [C1//
2017 ( )
( 128 )

http://www.chinaaet.com



FiX5 30

http://www.chinaaet.com

89.17% , ,2014,50(8):72-76.
4 484 5.523 [4] . [M]. : .
, 69 2010.
5.653 o1 L . 2008,
. 19(1):48-61.
Eps=11.251 .17.191 , o] : : : [M].
,2009.
Eps R s 171 ’ ’ >
100% . [J]. ,2017,45(6): 113-117.
3 (8] ; ) ;o
[J1. ,2017,29(5):103-107.
DBSCAN ST DBSCAN [9] FRANKR. Clustering of flight tracks|C].Proceedings of the
»ST DBSCAN DB- American Institute of Aeronautics and Astronautics.Atlanta ;
SCAN ATAA ,2010.
° ’ [10] .MichelineKamber [M].
’ ° ,2007.
[11] , . : [M].3
: ,2012.
) [12] BOWLES M.PYTHON [M].
° DBSCAN , , , . : ,2017.
\ [13] , . k —means
) o [J]. ,2015,43(6): 136-141.
R [14] , . DBSCAN [J].
,2020, 19(4):219-223.
[1] , , .DBSCAN [15] : DBSCAN
1. ,2019,29(5) : 44-48. D - ,2017.  [m]
(2] , , ) DBSCAN ( :2021-11-15) :
1. ,2018,24(12); : B .
77~87. (1984-), , , E
[3] , . DBSCAN [J]. : °

[13] , , .. BGA
[C]// .2017
( ),2019 ; 1522-1525.
(

128—www.ChinaAET.com

(1997-), .
(1964-), , ,

(1983-), , )

:2022-02-27)

http://www.chinaaet.com



http://www.chinaaet.com

hRAX 7= BR

ZAEH A, KRBT FE & W EAEER BT (o THA LAY
&, LAZKRT|H @R BETIM. LARFNDATFIZE L. ILh.
FFRATIE S ML, RERTPFERZ, FE—WEFENLE TR
TG AEE A KFERB L,

AEHA, AL LEZRBE T B2 HEE (CNKL). 773K
FHifRS-F 6. F AP SR E (45 ). DOAT. £E (&5 A4&
T8N IST B AFEFARIR M SR B 52038 A LK.

st F ik BB B AT A SRR R LA . AR FAA, KT
PRI —4) ok Bk AT R IE B ARz

R

CRETFRORNHD) Jn
F E TR R REH R A R NPT

http://www.chinaaet.com





