
 



 



 

 



  ISOCC 2016 
             Chip Design Contest 

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. 

II. 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 (T0, T1, T2, T3) depending on 
FBD0 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-Gb/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.  

Quarter Rate

14 Gb/s

T0
1

T1
0

T2
0

T3
0

T0
0

T1
1

T2
0

T3
0

T0
0

T1
0

T2
1

T3
0

D1D2D0 D1D2D0 D3D4D2 D3D4D2 D5D6D4

State 1 State 2 State 3

Half Rate

7.0 Gb/s

T0
1

T1
0

T2
0

T3
0

T0
0

T1
0

T2
1

T3
0

T0
1

T1
0

T2
0

T3
0

D1D2D0 D1D2D0 D5D6D4 D5D6D4 D1D2D0

State 1 State 3 State 1

Full Rate

3.5 Gb/s

32/fCK

1/fCK

T0
1

T1
0

T2
0

T3
0

T0
1

T1
0

T2
0

T3
0

T0
1

T1
0

T2
0

T3
0

D1D2D0 D1D2D0 D1D2D0 D1D2D0 D1D2D0

State 1 State 1 State 1

T0 T3T1 T2

1 0 0 0

0 1 0 0

0 0 1 0

0 0 0 1

DA DE DB

D0 D1 D2

D2 D3 D4

D4 D5 D6

D6 D7 D0

State1

State4

State3

State2

Controller

 

Fig. 2. Timing diagram of multi-rate operation   

III. 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

2
. Fig. 3 shows measured eye diagram of the 

recovered output data with full/ half/ quarter-rate operations 
respectively.  
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Fig. 3. Photomicrograph of the proposed chip.  
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Fig. 4. The eye diagram of recovered data.  
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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. 

Receiver for Display Interface Applications 

[ Experimental Setup] 

Conclusion 

Multi-Rate CDR Design 

Measurement Results 

High-Speed Serial Link Display Interface 

• Continuous demand for high resolution and frame rate 

   Support the maximum data rate over 10Gb/s 
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• Multi-Mode Rotational Bang-Bang PD  

(MRBPD) 

• Controller  

• Frequency Divider  

• 8-Phase VCO  

• Charge Pump  

FHD

1920 x 1080

UHD

3840 x 2160

WSXGA

1680 x 1050

WQXGA

2560 x 1600

20Gbps

15Gbps

10Gbps

5Gbps

◆ 
60Hz

24bpp

◆ 
60Hz

24bpp

◆ 
60Hz

24bpp

Display Resolution

 V
id

e
o

 D
a

ta
 R

a
te

VESA standard 

pixel clock rates

N Hz = refresh rate

bpp = color bit

◆ 
60Hz

24bpp

• Support FHD 60Hz and UHD 30/60Hz 

   Need multi-rate CDR  

14 Gbps 

3820 x 2160 (60Hz) 

7.0 Gbps 

3820 x 2160 (30Hz) 

3.5 Gbps 

1920 x 1080 (60Hz) 

 < 16 : 10 aspect ratio video data rate 

>  

UHD FHD 

Phase-Locked 

Loop
Serializer Pre-Emphasis

EqualizerDeserializer Clock & Data

Recovery

C
h

a
n

n
e

l

Transmitter

Receiver

Input

Data

(Parallel)

Output

Data

(Parallel)

Clock

Clock

Transmitter

Output

(Serial)

Reciever

Output

(Serial)

[ Block Diagram of Serial Link ] [ Display Interface Trends ] 


	2016_ISOCC_CDC_편기현
	ISOCC_2016_CDC_PKH_2
	ISOCC_2016_CDC_PKH
	2016_ISOCC_CDC__Part2_panel_편기현

