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Abstract

This paper presents an 24 GHz I/Q LO generator for a heartbeat measurement radar system. In order to improve the
mismatch performance between I and Q LO signals against process variation, a 24 GHz I/Q LO generator employing a
low-pass phase shifter and a high-pass phase shifter composed of inductors and capacitors is proposed. The proposed 24
GHz I/Q LO generator consists of an LO buffer, a low—pass phase shifter and a high-pass phase shifter. It was designed
using a 66 nm CMOS technology and draws 8 mA from a 1 V supply voltage. The proposed 24 GHz 1/Q LO generator
shows a gain of 7.5 dB, a noise figure of 2.3 dB, 0.1 dB gain mismatch and 4.3° phase mismatch between I and Q-path
against process and temperature variations for the operating frequencies from 24.05 GHz to 24.25 GHz.
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Fig. 1. Block diagram of 24 GHz 1/Q LO generator for

heartbeat measurement radar.
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Fig. 2. Simplified schematic of 24 GHz LO buffer.

II. HPFQ} LPF 7|8} 1/Q LO ZAMi7|

a9 18 4% wE 34 Aol

GHz 1/Q LO ¥A7|9 &8s HolFi it
GHz I/Q LO &A7]%= LO ¥} high-pass 91733 €]
719} low-pass $13HAN712 FAAHA Ut} A% vk
=4 doly] Alxvle ALg Fuk o] 2405 GHz

oA 2425 GHzZ 200 MHz W99 F3+E tF=
AUl A ="o|t),
JXn jXn X0 i Xn
In O—@I@—OOW In O——{ Out
i
(@ (b)

a2l 3. (a) Lowpass T-HIEQ =, () Hgh-pass T-HIEQI=
Fig. 3. (a) Low-pass T-network, (b) High-pass T-network.
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Fig. 4. Proposed I/Q LO generator with high-pass and
low-pass phase shifters.
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(b) simulated NF of 24 GHz I/Q LO generator.
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Tablel.  Performance summary of the designed 24
GHz 1/Q LO generator.

Condition TT, 25%=
Operating 2405 - 24.25 GHz
equency
Gain (dB) 75
S11 (dB) -189 < -10
Gain (dB) 75 (I-path) / 7.6 (Q-path)
NF (dB) 2.3 (I-path) / 2.3 (Q-path)
Gain/Phase 0.1 dB (Gain mismatch)
mismatch / 05% (Phase mismatch)
Current
consumption 8
(mA) @1V
Technology 65 nm CMOS
E 2 3F 4 2% Yol mE 24 GHz I/Q LO &
47le| M5 2ot

Table2.  Performance summary of the 24 GHz I/Q LO

generator agalnst process and temperature
variations.
. . Gain/Phase
S11 Gain NF mismatch
TT, -40% -19.0 8.0 1.8 0.1/05
TT, 25% -189 75 2.3 0.1/05
TT, 90%= -186 7.0 2.8 0.02/05
SS, -40% -179 79 19 0.02/4.0
SS, 25% -184 7.3 24 0.1/39
SS, 0% -186 6.7 30 0.1/39
FF, -40%= -19.7 78 1.8 0.1/4.3
FF, 25% -187 75 2.3 0.1/4.3
FF, 90%= -17.8 7.0 2.8 0.1/4.2
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