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Abstract—This paper presents a fast-lock dual-loop 

successive approximation register-controlled duty-

cycle corrector (SARDCC) circuit using a mixed 

(binary+sequential) search algorithm. A wider duty-

cycle correction range, higher operating frequency, 

and higher duty-cycle correction accuracy have been 

achieved by utilizing the dual-loop architecture and 

the binary search SAR that achieves the fast duty-

cycle correcting property. By transforming the binary 

search SAR into a sequential search counter after the 

first DCC lock-in, the proposed dual-loop SARDCC 

keeps the closed-loop characteristic and tracks 

variations in process, voltage, and temperature (PVT). 

The measured duty cycle error is less than ±0.86 % 

for a wide input duty-cycle range of 15–85 % over a 

wide frequency range of 0.5–2.0 GHz. The proposed 

dual-loop SARDCC is fabricated in a 0.18-µm, 1.8-V 

CMOS process and occupies an active area of 0.075 

mm
2
.     

 

Index Terms—Duty-cycle corrector (DCC), successive 

approximation register (SAR), clock duty, clock tree, 

duty cycle     

I. INTRODUCTION 

The duty cycle of an on-chip clock signal can be 

distorted due to integrated circuit (IC) process errors 

such as device mismatches in transistors. Therefore, 

duty-cycle correction (DCC) circuits [1-5], capable of 

correcting a clock with an arbitrary duty-cycle to a 50% 

duty-cycle clock, are widely used in high-speed digital 

circuits such as microprocessors, memories, and clock 

recovery applications to improve performance by using 

both the rising and falling edges of a clock signal. 

Among non-feedback [1] and feedback DCCs [2-5], the 

non-feedback DCCs cannot track PVT variations due to 

their open-loop characteristic, which causes low 

performance and limited applications. Feedback DCCs 

can be classified into three categories: analog [2], digital 

[3], and mixed-mode [4, 5]. Analog feedback DCCs 

usually require a long wake-up time and digital feedback 

DCCs usually have limited duty-cycle correction range 

and a relatively large error in duty cycle. In [5], a mixed-

mode feedback DCC using a successive approximation 

resistor (SAR) was introduced to achieve both fast duty-

cycle correction and low-power consumption. However, 

[5] achieved limited duty-cycle correction range of only 

40–60 % over a narrow frequency range of 0.3125–1.0 

GHz due to the limited resolution of the delay line based 

duty-cycle adjuster. In this paper, we propose a novel 

fast-lock dual-loop SAR-controlled DCC [7], shown in 

Fig. 1(a), to achieve a wider duty-cycle correction range, 

higher operating frequency, and higher duty-cycle 

correction accuracy. 

II. PROPOSED DUAL-LOOP SAR-CONTROLLED 

DCC ARCHITECTURE 

Fig. 1(a) shows the block diagram of the proposed 

fast-lock dual-loop SARDCC. It consists of a duty 

amplifier (DA), a level converter in the forward path. 

The feedback path includes a dual-loop: analog feedback 

loop and digital feedback loop. In the analog feedback 

loop, the charge pump (CP) generates the analog control 
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voltage Vctrl/Vctrlb proportional to the clock duty-cycle 

of the output clock (OUTCLK/OUTbCLK). The Vctrl/Vctrlb 

voltage is also used in the digital feedback loop to 

generate the digital control voltage VDctrl/VDctrlb. The 

digital feedback loop consists of a comparator, an 8-bit 

SAR, and an 8-bit digital-to-analog converter (DAC). 

The comparator generates the up or down signals 

depending on the CP outputs. The SAR has an operating 

clock (SAR_CLK) frequency that is 1/64 of the input 

clock frequency. This slow SAR using binary search 

scheme gives enough timing margin for the analog 

charge pump and DAC operation, resulting in wider 

duty-cycle correction range and minimized integrated 

errors in duty-cycle without increasing the lock time. By 

adapting binary search algorithm, the digital output 

Q[7:0] of the SAR is then used for the DAC input. The 8-

bit DAC provides the quantized bias current 

IDAC/IDACb to generate VDctrl/VDctrlb. The two 

control voltages, Vctrl/Vctrlb and VDctrl/VDctrlb, are 

then used for the DA to correct the clock duty-cycle of 

the input clock, INCLK/INbCLK. The DA shown in Fig. 

1(b) is a two-stage duty amplifier that consists of two-

cascaded differential pairs. The DA corrects external 

differential input clock signals with duty-cycle 

distortions and generates a small-swing 50% duty-cycle 

clock. Finally, the level converter, which acts as a small-

swing to full-swing converter, produces a full-swing 

output clock signal, OUTCLK/OUTbCLK. When the DCC 

is enabled, the analog and digital feedback block starts 

together at the same time. Since the analog feedback 

block has a fast duty-correction capability by increasing 

the gain of the CP, the output clock duty-cycle is 

corrected to 50% in about only 40 clock cycles in this 

design. Then the digital feedback block with an initial 

value of the 8-bit SAR Q[7:0]=[10000000] slowly 

replaces the analog feedback block. This replacement 

process is described in Fig. 2. 
Fig. 2(a) shows the flowchart of the proposed mixed 

search (binary+sequential) algorithm to replace the 

analog feedback loop with the digital feedback loop. Fig. 

2(b) shows the locking process of the proposed dual-loop 
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Fig. 1. (a) Proposed fast-lock dual-loop SARDCC, (b) Duty 

amplifier. 

 

 

 

(a) 
 

 

(b) 

Fig. 2. (a) Flowchart of the proposed dual-loop SARDCC 

using mixed search (binary+sequential) algorithm, (b) Locking 

process of the dual-loop structure. 
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structure. At the end of the binary search mode, the DCC 

enters into the sequential search mode automatically. By 

transforming the binary search SAR into a sequential 

search counter after the first DCC lock-in, the proposed 

dual-loop SARDCC keeps the closed-loop characteristic 

and tracks variations in PVT. This mixed search 

algorithm allows slow operation of the SAR, resulting in 

higher operating frequency and higher duty-cycle 

correction accuracy due to the increased timing margin 

for the analog CP and DAC operation. With a SAR 

operating frequency that is 1/64 of the input clock 

frequency, the replacement time of the proposed N-bit 

(i.e. N=8) SARDCC utilizing binary search scheme is 

only N-1=7 cycles, which is 64×7=448 input clock 

cycles. However, the replacement time of the 

conventional DCC using 8-bit sequential search scheme 

is 64×2(N-1)=8192 cycles, which is eighteen times 

longer than that of the proposed dual-loop mixed search 

SARDCC. The proposed 8-bit SAR structure [6] is 

shown in Fig. 3. When the binary search is done, this 

SAR is transformed into a counter by setting the Senable 

signal high. 

III. EXPERIMENTAL RESULTS 

Fig. 4 shows the HSPICE simulated operation of the 

proposed fast-lock dual-loop SARDCC with an input 

duty cycle of 80% at 1GHz. The analog feedback block 

first achieves a 50% duty-cycle clock within the analog 

DCC locking period of about 40 clock cycles (= 40 ns at 

1 GHz). Then the digital feedback block starts binary 

search to replace the analog feedback block without 

duty-cycle distortions during the digital DCC locking 

period. This dual-loop structure makes it possible to turn 

off the DCC without losing duty-cycle lock information. 

Fig. 5 shows the measured input and output clocks of 

the SARDCC at 1 GHz and 2 GHz, when the input clock 

duty-cycle changes from 15 to 85%. The proposed DCC 

achieved a maximum duty-cycle error of ±0.86 % for an 

input duty-cycle range of 15–85% over a frequency 

range of 0.5–2.0 GHz. As shown in Fig. 6, the proposed 

DCC achieves a measured peak-to-peak jitter of 16 ps at 

1 GHz. Fig. 7(a) shows the chip layout and die 

microphotograph of the proposed dual-loop SARDCC. It 

occupies an active area of 0.075 mm2 and consumes 3.8 

mW at 1.0 GHz. The SARDCC has been tested in a chip-

on-board (COB), shown in Fig. 7(b), assembly. A 

comparison of performance between the proposed dual-

loop SARDCC and other DCCs is given in Table 1. 

 

 

(a) 

 

 

(b) 

Fig. 3. (a) 8-bit SAR structure, (b) SAR unit. 

 

 

 

Fig. 4. Simulated operation of the proposed fast-lock dual-loop 

SARDCC. 
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IV. CONCLUSIONS 

We propose a novel dual-loop SAR-controlled DCC to 

achieve wide duty-cycle correction range and to 

minimize integrated errors in duty-cycle without 

increasing the lock time. A wider duty-cycle correction 

range and higher duty-cycle correction accuracy have 

been achieved by utilizing the mixed search (binary+ 

sequential) SAR that gives enough timing margin for the 

analog charge pump and DAC operation. The proposed 

dual-loop SARDCC, fabricated using a 0.18-µm 1.8-V 

CMOS process, occupies an active area of 0.075 mm2 

and dissipates 3.8 mW of power at 1.0 GHz. The 

measured duty cycle error is less than ±0.86 % for a wide 

input duty-cycle range of 15–85% over a wide frequency 

range of 0.5–2.0 GHz. 

 

(a) 
 

OUTPUT Duty Cycle 50.30%

INPUT Duty Cycle 20% INPUT Duty Cycle 80%

OUTPUT Duty Cycle 49.14%

 

(b) 

Fig. 5. Measured input and output clocks at (a) 1 GHz, (b) 2 

GHz. 

 

 

Fig. 6. Measured peak-to-peak jitter at 1 GHz.  
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Fig. 7. (a) Chip layout and die microphotograph, (b) test COB. 

 

Table 1. Performance summary and comparison 

 [1] [2] [5] This work 

Type 
Digital / 

Feedback 

Analog / 

Feedback 

Mixed-mode 

/ 

Feedback 

Mixed-mode 

/ 

Feedback 

Low-power standby 

mode support 
O X O O 

Process & Supply 
0.18 µm 
1.8V 

0.13 µm 
1.2V 

0.13 µm 
1.2V 

0.18 µm 
1.8V 

Operation 

Frequency 
0.8-1.2 GHz 

140–780 

MHz 

0.312–1.0 

GHz 
0.5–2.0 GHz 

Max. Duty-cycle 

Correction Range 

±20% 

- 

±25% @500 

MHz 

±20% 

- 

±35% @1 

GHz 

Max. Duty-cycle 
Error 

±1.4% 
- 

±1.6% 
@500 MHz 

±1% 
- 

±0.86% 
@2.0 GHz 

Chip Area 0.23 ㎟ - 0.048 ㎟ 0.075 ㎟ 

Power 
15 mW 

- 
- 

3.2 mW 
@1 GHz 

3.8 mW 
@1 GHz 

 



156 SANGWOO HAN et al : A 0.5–2.0 GHZ DUAL-LOOP SAR-CONTROLLED DUTY-CYCLE CORRECTOR USING A MIXED SEARCH … 

 

ACKNOWLEDGMENTS 

This work was partly supported by the IT R&D 

program of MKE/KEIT (No. 10039159). The chip 

fabrication was supported by IDEC. 

REFERENCES 

[1] S. K. Kao and S. I. Liu, “All-Digital Fast-Locked 

Synchronous Duty-Cycle Corrector,” IEEE Trans. 

on Circuits and Systems, Vol. 53, pp. 1363-1367, 

2006. 

[2] B. Kim, K. Oh, L. Kim, and D. Lee “A 500MHz 

DLL with Second Order Duty Cycle Corrector for 

Low Jitter,” IEEE Custom Integrated Circuits 

Conference, pp. 325-328, 2005. 

[3] J. C. Ha, J. H. Lim, Y. J. Kim, W. Y. Jung, J. K. 

Wee, “Unified all-digital duty cycle and phase 

correction circuit for QDR I/O interface,” IET 

Electronics Letters, pp. 1300-1301, 2008. 

[4] S. Han and J. Kim, “Hybrid duty-cycle corrector 

circuit with dual feedback loop,” IET Electronics 

Letters, Vo. 47, No. 24, pp. 1311-1313, 2011. 

[5] Y. Min, C. Jeong, K. Kim, W. Choi, J. Son, C. Kim, 

and S. Kim, “A 0.31-1 GHz fast-corrected duty-

cycle corrector with successive approximation 

register for DDR DRAM applications,” IEEE Trans. 

on VLSI Systems, Vol. 20, pp. 1524-1528, 2012. 

[6] G. Dehng, J. Hsu, C. Yang, and S. Liu, “Clock-

deskew buffer using a SAR-controlled delay-locked 

loop,” IEEE J. Solid-State Circuits, Vol. 35, No. 8, 

pp. 1128-1136, 2000. 

[7]  Sangwoo Han and Jongsun Kim, “Design of high 

performance CMOS hybrid duty-cycle corrector 

circuit,” 2012 SoC conference, A13, 2012. 

Sangwoo Han was born in Seoul, 

Korea, on 1985. He received the B.S. 

degree in the Department of Electronic 

and Electrical Engineering from 

Hongik University, Korea, in 2010 

and M.S. degree in Electronic 

Engineering from Hongik University, 

Korea, in 2012, respectively. He is currently pursuing the 

Ph.D. degree in the Department of Electronic and Electrical 

Engineering from Hongik University, Korea. His interests 

include low power and high-speed interface circuits. 

 

 

Jongsun Kim received the Ph.D. 

degree from the Electrical 

Engineering Department, University 

of California, Los Angeles (UCLA) 

in 2006 in the field of Integrated 

Circuits and Systems. He was a 

Postdoctoral Fellow at UCLA from 

2006 to 2007. From 1994 to 2001 and from 2007 to 2008, 

he was with Samsung Electronics as a senior research 

engineer in the DRAM Design Team, where he worked 

on the design and development of Synchronous DRAMs, 

SGDRAMs, Rambus DRAMs, DDR3 and DDR4 

DRAMs. Dr. Kim joined the School of Electronic & 

Electrical Engineering, Hongik University in March 2008. 

Prof. Kim’s research interests are in the area of high-

performance mixed-mode (analog & digital) circuits and 

systems design. Current research area includes high-

speed and low-power transceiver circuits for chip-to-chip 

communications, clock recovery circuits 

(PLLs/DLLs/CDRs), frequency synthesizers, signal 

integrity and power integrity, ultra low-power memories, 

power-management ICs (PMICs), RF-interconnect 

circuits, and low-power and high-speed memory 

interface circuits and systems. 

 

 

 

 

 


