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The theme of ISOCC 2016 is "Smart SoC for Intelligent Things" Recent IT
industries suffer from the huge amount of information. The information requires
lots of attention to be used for human, robot, bio, and automotive industry. By
providing efficient technology, the information becomes reliable and trust worthy.
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Multi-Rate Clock and Data Recovery Circuits
For Display Interfaces

Ki-Hyun Pyun, Dae-Hyun Kwon, and Woo-Young Choi
Department of Electrical and Electronic Engineering, Yonsei University, Seoul 120-749, Korea

I INTRODUCTION

In display applications, the amount of video data rapidly
increases due to demands for higher resolution and frame rates,
and clock and data recovery (CDR) circuits that can cover
multiple data rates are very desirable. Conventional multi-rate
CDR circuits consist of the multiple VCOs [1],[2]. However, it

is very challenging to design VCOs having the same VCO gain.

To solve this problem, a multi-mode phase detector (PD) can
be used for multi-rate CDR. We propose a new multi-rate CDR
architecture based on a multi-mode rotational bang-bang phase
detector (MRBPD), which can operate at 3.5-Gb/s, 7.0-Gb/s
and 14-Gb/s.

. DESCRIPTION

Fig. 1 shows structure of our multi-rate CDR circuit having
MRBPD, charge pump, 8-phase VCO, and controller. The
controller generates 4-bit signal (TO, T1, T2, T3) depending on
FBDO and FBD1, which represent the data rate. The MRBPD
supports full-rate, half-rate and quarter-rate phase detection
enabling the multi-mode CDR operation.
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Fig. 1. Proposed multi-rate CDR circuit.

Fig. 2 shows timing diagram for three different data rates. If
the data rate is 3.5-Gh/s, the MRBPD operates as a full-rate
binary PD. In this case, controller operates in state 1. If the data
rate is 7.0-Gb/s, the MRBPD operates as a half-rate binary PD.
In this case, controller repeatedly operates in state 1 and state 3
back and forth. If the data rate is 14.0-Gb/s, the MRBPD
operates as a quarter-rate binary PD. In this case, controller
repeatedly operates in state 1, state 2, state 3 and state 4
rotationally.

This work was supported by the National Research Foundation of Korea
grant funded by the Korea government (MEST) [2015R1A2A2A01007772].
The authors are also thankful to IDEC for MPW and EDA software support.
Details of our multi-mode CDR will be presented APCAS 2016.
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Fig. 2. Timing diagram of multi-rate operation

I11. CHIP IMPLEMENTAION AND RESULTS

A die photograph of the CDR is shown in Fig. 2. It is
fabricated in 65nm Samsung CMOS process. The CDR
occupies 0.017mm?. Fig. 3 shows measured eye diagram of the
recovered output data with full/ half/ quarter-rate operations
respectively.
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Fig. 4. The eye diagram of recovered data.
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For Display Interface

High-Speed Serial Link Display Interface
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[ Multi-Rate CDR Circuit |
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Ki-Hyun Pyun, Dae-Hyun Kwon, and Woo-Young Choi
Department of Electrical and Electronic Engineering, Yonsel University, Seoul, Korea
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Multi-Rate CDR Design

| MRBPD Circuit ]

Measurement Results
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¢ Multi-rate CDR with multi-mode rotational BBPD is realized in 65-nm CMOS Technology.

A multi-mode rotational BBPD can support full-, half-, and quarter-rate phase detection.
 3.5-/7.0-/14.0-Gb/s data are successfully received with error-free condition.
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