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A 60-70 GHz Vector Sum Phase Shifter in 65nm CMQOS Technology
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Fig 1. Phased-arrays and beamforming technique for wireless systems
The phase shifter is a key component in the transmitter that Fig 5 b ricated V/SPS Mi&ophotograph
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Fig 2. Conventional Vector Sum Phase Shifter (VSPS) Frequency (GHz) 57 -71 60 -70
The phase of the output signal is controlled by synthesizing Phase Shift Range () 360
the modulated 1/Q signals Phase Resolution (bits) :
. : . Ce .. Gain (dB) -0.3~-3.9 0~-0.3
1/Q signals using vector sum require minimizing phase error and
. . . 3-dB BW (dB) 12.5 13.5
gain error for accurate synthesis of the modulated 1/Q signals RMS Phase Error () 057197 {7483
P RMS Gain Error (dB) 0.1-0.25 0.23 -0.73
& i | Quaraurs L - IP1dB -9.71 (@64GHz) -9.5 (@64GHz)
LE?-%—({M : 07 =T CdSJ[I]ZL :)DC (mW) 948 10
ﬁi Y| Chip Size (mm?) 0.171
14 i éqi i The 3-dB bandwidth i1s achieved wide bandwidth of 13.5 GHz
'E@{ e The measured RMS phase error is 1.7 — 4.63° over the 57-71 GHz
= . The measured RMS gain error 1s 0.23 — 0.73 dB over the 57-71 GHz
Small signal model
— Comparison Table & Conclusion —
. _ ] _ Technology 65nm 65nm 65Nm 65nm 65nm
: When a constant current condition, impedance invariance Quadrature Generation | TFQC Rl PPF* TFQC | Hybrid QC TFOC
Phase Equation by small Signal model Vector Modulation IVGA Gilbert-Cell IVGA IVGA Gilbert-Cell
A ved = ((gmg — gm7)—(lWng,8 —]Wng,7)) _ Frequency (GHz) 60— 70 56.8 —64.1 50 — 64 51 - 66.3 2575_ 2;1’
D, . . . . -
Gwlgasg +JwCga7 +JwCasgtiwCas7+Yasg+Yas 7+ Phase Shift Range () 360 360 360 360 360
N AAv,IIVGA ~ (Agmg — Agm7) — (iwcgd,S _jWng,7) Phase Res-olution (Bits) 5 5 6 5 5
) Wng,S _ jwcgd’7 Galin (dB) 0~-0.3 <8 <-5.8 '38(peak) -0.2--5.8
= A@Prvga = tan 1( ) 3-dB BW (dB) 13.5 7.3 14 15.3 1(27-34)
Agmg — Agm7 ' ' ' 8(55 - 63)
If WC. 10 = WC 5 A ~ 0 RMS Phase Error (°) | 1.7-4.63 |0.36-1.44 | <33 3-7 <3.07 (Sim)
T gds gd7 = 2P1vea RMS Gain Error (dB) | 0.2-0.73 |0.13-0.26| <05 | 0.25-0.72 | <1.91 (Sim)
= reduced phase variation (by eliminating Cgd (Parasitic Cap.)) P1dB (dBm) 95 146 N/A 023 87
Quadrature coupler (QC) Poc (MW) 10 14.5 18 5 32
_ _ —— .
: Provide orthogonal signals for the I and Q-path . IChF')phS'mF(_’ﬁ"‘) 2.1/ 0-95 0403 0403 0.314
*Poly Phase Filter
.C:\rrint reuse pa’;h 1 th £on The proposed VSPS achieved a acceptable RMS error and bandwidth
' _S the sources of Ms - Mg and the center tap ot the Tk, are with lower power consumption and a small chip area compared to
directly connected, the dc current can be reused other papers.
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