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The 23rd Korean Conference on Semiconductors (KCS 2016) 

제23회 한국반도체학술대회 
 

2016년 2월 22일(월)-24일(수), 강원도 하이원리조트 
 

[Panel] 
CDC_201501054     주파수 체배기가 집적된 CMOS 기반 G-band 신호원 

주저자: 김정수 
지도교수: 이재성 

고려대학교 
 
[Panel] 
CDC_201501055     5-GHz Phase-Locked Loop Using Pseudo-Differential Delay Cell With  

Linear VCO Gain 
주저자: 김민규 
지도교수: 최우영 

연세대학교 

 
[Panel] 
CDC_201501056     Multi-channel neural recording system 

주저자: 장정우 
지도교수: 송윤규 

서울대학교 
 
[Panel] 
CDC_201501057     Application of the Common-Centroid Layout Method for High  

Randomness of  PUF 
주저자: 최강운 
지도교수: 홍종필 

충북대학교 
 
[Panel] 
CDC_201501058     High gain and low noise switched capacitor TIA for sensor readout  

circuits 
주저자: 정훈주 
지도교수: 정훈주 

금오공과대학교 
 
[Panel] 
CDC_201501059     Cross Coupled VCO의 구조에 따른 FoM 분석 

주저자: 고가연 
지도교수: 박창근 

숭실대학교 
 
[Panel] 
CDC_201501060     0.3-V Supply Charge pump circuit for 65 nm CMOS 

주저자: Heesauk Jhon 
지도교수: 최우영 

서강대학교 
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 The 23rd Korean Conference on Semiconductors(KCS 2016) 

5-GHz Phase-Locked Loop Using Pseudo-

Differential Delay Cell With Linear VCO Gain 
 

Minkyu Kim, Tongsung Kim and Woo-Young Choi 

Department of Electrical and Electronic Engineering, Yonsei University 

Seodaemun-gu, Seoul 120-749, Korea 

minkyu226@yonsei.ac.kr 

 

 
 There are great amounts of researches and development 
interests in high-performance phase-locked loop (PLL) circuits. 
Voltage-controlled oscillators (VCOs) with pseudo-differential 
delay cells have advantages of low jitter, low power, and multi-
phase output [1]. However, they have non-linear gain 
characteristics. In this study, we modified delay cell structures 
for the goal of linearizing VCO gain characteristics. Fig. 1 
shows the schematics of the conventional delay cell and newly-
proposed pseudo-differential delay cells. Fig. 2 shows post-
layout simulation result for VCO gain characteristics for both 
structures.  
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                   (a)                                           (b) 

Fig1. Schematic of (a) conventional (b) proposed delay cell 
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Fig2. Simulated VCO output frequency 

 Fig. 3 shows the overall PLL block diagram, which produces 

5-GHz clock signals with 156.25-MHz reference clock. Our 

PLL circuit is implemented in standard 65-nm CMOS 

technology. Fig. 4 shows the microphotograph of the 

fabricated chip. Fig. 5 shows measured VCO gain 

characteristics and time-domain output signals. These results 

prove that pseudo-differential delay cell has linearized VCO 

gain. The PLL consumes 4mW and have 4.1ps RMS jitter 

with 5-GHz output clock.  
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Fig3. Block diagram of designed PLL 
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Fig4. Chip microphotograph of PLL 
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Fig5. Measured (a) VCO output frequency (b) eye diagram  
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The 23rd Korean Conference on Semiconductor(KCS 2016)

5-GHz Phase-Locked Loop Using
Pseudo-Differential Delay Cell With Linear VCO Gain

Minkyu Kim, Tongsung Kim and Woo-Young Choi
Department of Electrical and Electronic Engineering, Yonsei University, Seoul, Korea

 5-GHz PLL with linear VCO gain in wide control voltage range is realized

PLL with Linear KVCO for High-Speed Interconnect Application

• Measurement Setup & Summary

Conclusion

Design of Linear KVCO Measurement Results

• Ring Type VCO

• Proposed Delay Cell

High-Speed Interconnect Applications

 High-speed electronic interconnect applications
- USB, SATA, DisplayPort, HDMI, etc.

 Low-power, low-jitter PLL at transmitter required

DisplayPort (5.4G)

SATA3 (6.0G) USB3.0 (5.0G)

HDMI (3.4G)
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<Conventional Pseudo-Differential Delay Cell>
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Pattern

Generator

Oscilloscope

Spectrum

Analyzer

156.25-MHz
Reference Clock

Input
Output

5-GHz Clock

Clock Speed [GHz] 5

Technology Standard CMOS 65-nm 
process

VCO architecture Ring VCO with 
pseudo-differential delay cell

Power consumption 
[mW] 4 (PLL core)

RMS jitter 
[ps] 4.1

Area [mm2] 0.0028
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<Measured eye diagram> <Measured VCO output frequency>

<Proposed Pseudo-Differential Delay Cell>

• Simulation Result

 Only PMOS control
Non-linear for higher control 
voltage

 Addition of NMOS control
Linear in wide range

 Linear pseudo-differential delay cell
High-speed, low-power, low-jitter PLL is achieved
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 Ring type VCO with differential delay cell is used widely for 
small-area, high-speed operation, but static-power

 Low-power VCO can be achieved by pseudo-differential delay 
cell, but non-linearity in certain control voltage range

<Ring VCO with differential delay cell>

 VCO has large portion for area, power, jitter, speed
 Small-area, high-speed, low-power, low-jitter VCO is described
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