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Abstract: A cascading injection locked S-band Voltage—Controlled Oscillator(VCO) array is
proposed in this paper. It facilitates the VCO array configuration and enhances its scale by using
cascading injection—locked method instead of traditional single order injection method. All VCOs are
cascaded by coupling network. At the same time, it is easy to increase the stage of cascaded circuits. A
reference signal is injected into the first VCO. The second VCO is locked through the signal coupled from
the output of the previous VCO. Each reference signal is injected into the VCO through its voltage tuning
port. It locks the output frequency and decreases the phase noise. Multiple VCOs are locked by one
signal through coupling in between. Two cascading injection-locked VCO arrays are designed,
fabricated, and measured. The VCOs output identical frequencies with similar phase noises. The phase
noise of each VCO is near to =105 dBc/Hz, when the phase noise of the source is —107.28 dBc/Hz. The
injection—locking method is simple and low—cost, which has future applications in phased arrays.

Keywords: injection-locked; cascade; Voltage—Controlled Oscillator; phase noise; locked-

bandwidth; injection ratio
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Fig.3 Schematic of cascading injection—locked circuit
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Fig.4 Injection locking of two and six cascading VCOs
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Fig.5 The measurement diagram of cascaded VCOs
&5 G VCO MRAE ]
1 VCO BUERHERETE AT Z L
Tablel Changes in VCO locking characteristics with injection power
injection power coupling/dB
cr B 30 15
of first stage/dBm the amplitude of tuning voltage/mV  locking bandwidth/MHz  the amplitude of tuning voltage/mV  locking bandwidth/MHz
-10 34 0.7 45 3.1
-5 47 0.8 67 3.4
0 59 0.9 73 3.7

R LU AN [ 5t A 15 5 5 6 T ABE VCO Har i AR RS2 e, 3T 2 AN [R] TS B VR A A R . An K] 6(a) T
7N, PO Hittite HMC-T2220 7€ 50 kHz £ 100 kHz (1) 45 2% fls # T #H 8¢ 43 5l 1 -105.16 dBc/Hz F1-109.70 dBc/Hz,
Agilent E8267C W 24 -107.28 dBe/Hz M-116.32 dBc/Hz., 1] UL Agilent f i 5 (4 AH I 0 T Hittite f05 I 09 AH I o 72
AR BT AR, AT AR 7 M 75 B 5 6] [R]RE (9 VCO L BE H#E AT 1 ABIE B, An3R 2 R, Bl VCO Y% H AH g
B2 TR S IR A A . 4SR5 S DR A MR B AIG, Bl VCO A% M5 5 AR B Ik . VCO B g ik ABliE, Wikl 6



& ABEH PSR TFERSRE 521 %

OV, BEETEARAI N, 5 VCO RYFHMEFEAR . A BOIRTEA VCO HLEE I, BEETEA DR, VCO M
i AR AR o 18T 6(b) i Xk LE T R BELRS 5 19 2% AP AT RE G U AR 5 2 M 50, XETEABIUE VCO M M 75 HE A 3 A7
S
2 VCO ki At
Table2 Output phase noise of VCO

phase noise/(dBc-Hz™")

power/dBm Hittite

Agilent
@50 kHz @100 kHz @50 kHz @100 kHz
-10 -100.61 -105.97 -103.16 —-109.65
-5 -101.21 —-106.05 -105.21 -110.37
0 —-102.47 —-109.91 —-105.35 -110.68
o0 — S0KHz 100KHz ] g 80 0
r Hittite VCO  -p- -0- coupler 50kHz 100 kHz
Agilent VCO & == —90 } first -m- -o- 1=
_ i\ﬂ a5 _ 90 second - A -v- 60
R i A - e rrerny- e e B LU 2 a . . N
Ul - A S i o SRS = oz leof : A I 1770 =
2 by R alois v i el ST e B
= » 50 kHz 100 kHz {1202 B0l 1g0 2
3 Hittite source -m- -o- o 3 0 resistance 50 kHz 100kHz 7780 5
‘S _100 | Agilent source - A -v- 5 2 first - P 2
‘Z’ —_— .'"."-. | S—— i ....... ~140 ; 5 1201 second - A -v- 179 ;
PopATEE el e
- p— = N my— — - - v—— = v— - == \ Q7130'=.---_...__._ |":"'~*100
120 160 B e @ e =
L L L -140 L L - -110
-20 -15 -10 -5 0 -10.0 =75 -5.0 2.5 0
power /dBm power/dBm
(a) the phase noise of source and injected circuit (b) the phase noise of cascading circuit
Fig 6 The output phase noise
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