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Introduction

Delay locked loops are widely used for minimizing the clock jitter, 
clock skew reduction, synchronizing the clock signals, and generating 
accurate clock phase. DLL is a more stable circuit compared to PLL 
circuits. �e reason behind this is that DLLs will only delay the input 
clock signal rather than generating a di�erent frequency with a VCO. 
�erefore, it will not accumulate jitter and making it a more stable 
system.

Current mobile devices do not use conventional double data rate 
(DDR) DRAM. �ey use low power DDR (LPDDR) DRAM. LPDDR2 
DRAM has been tested and commercialized with an operating 
frequency of up to 533 MHz [1]. �is frequency will be increased in the 
next generation LPDDR interface. �ere are di�erent reasons behind 
the clock signal speci�cation variations. Driving strength of pull-up 
and pull-down paths of CMOS logic circuits are di�erent, and this 
di�erence will increase with technology scaling. Also, PVT variation is 
another reason behind these variations.

Clock generators generate a reference clock with a 50% duty 
cycle. But duty cycle distortion will occur in the delay line of the DLL. 
Unfortunately, duty cycle distortion can even occur inside the DCC 
circuit itself [2,3]. �erefore, the use of a correction circuit like DCC is 
essential for DLLs being used in memory interface applications [4]. In 
addition to PVT variations, digital circuits su�er from di�erent noise 
sources such as signal coupling and supply and ground noises. As the 
clock frequency increases, accurate DCC operation becomes more 
severe. �is is because the timing margin tightens for high frequency 
operations.

In addition to these requirements, a low-power system is also 
very essential for mobile applications. Total power consumption is 
directly proportional to the number of building blocks operating at 
high frequency. �erefore, the number of blocks that operate at the 
same frequency as the clock signal must be reduced. �ese blocks for 
example include the delay line and phase detector (PD). Conventional 
DCC circuits fail to achieve this requirement and they even increase 
the delay line length. �erefore a DCC with a shorter delay line or a 
completely di�erent structure is required for achieving low-power 
consumption and low cost.

In this work we use a low power mixed signal duty cycle correction 
circuit. �is circuit is based on the conventional duty cycle corrector 
(DCC) and Pulse Width Control Loop (PWCL) structures [5-8]. �ese
type of duty cycle correctors are previously used in frequency multipliers
[9], Analog-to-Digital-Converters [10], and phase locked loops [11].

�e rest of this paper is organized as followed. In Para 4 we talk 
about the circuit diagram of the proposed DLL and DCC. In Para 5 we 
talk about the simulation and measurement results. Finally, conclusions 
are provided in Para 6.

Circuit Structure

Block diagram of the proposed DLL with DCC is shown in Figure 
1. In this structure DCC will receive the distorted clock signal and will
generate a 50% duty cycle clock at the same frequency. �is is done by
the closed loop operation of the DCC circuit. �e operation of the DCC 
circuit is as follows.

�is PWCL includes a push-pull control stage which adjusts 
the pulse width of the CK in with respect to the control voltage. �e 
push-pull control stage doubles the gain and accelerates the duty cycle 
correction. Unlike conventional structures, in this DCC two parallel 
control stages are used. �is makes this structure a fully di�erential 
structure and the system will bene�t from the advantages of a fully 
di�erential system like noise cancelation, etc. Besides, unlike the 
conventional DCC and PWCL structures, this fully di�erential control 
stage will use both falling and rising edges of the clock signal to create a 
50% clock signal. �is will improve the correction speed of this circuit. 
�e circuit structure of the control stage is shown in Figure 2.

�e second stage is a chain of clock bu�ers. �is inverter chain is 
used to drive the heavy load of the output loads. �e �nal stage is a 
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Figure 1: Block diagram of the proposed DLL.
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results show that the proposed DCC alone can correct the clock signals 
ranging from 100 MHz to 1 GHz with a duty cycle of 30%~70%. �e 
output of the circuit will be at the same frequency and has around 50% 
duty cycle. �e power consumption of the DCC alone is about 0.8 mW. 
�e corrected clock signal is fed to the DLL to lock on the phase of the 
duty cycle corrected clock signal. In Figure 7 shows the measurement 
results of the DLL. �ese measurements are done for the 800 MHz, and 
1.1 GHz signals. As you can see from these results, the output signal is 
locked on the duty cycle corrected clock signal. �e RMS jitter of the 
proposed structure is about 4 ps for a 1 GHz input clock signal. �e 
power consumption of the overall circuit is 1.2 mW. Finally, Table 1 
compares the circuit speci�cations of the proposed clock signal with 
conventional works.

Conclusions

A low power delay locked loop using a dual loop duty cycle corrector 
is presented. �e duty cycle corrector circuit receives a 30%~70% duty 
cycle clock signal and generates a clock signal with 50% ± 2% duty cycle. 
�e worst case power consumption of the overall circuit is 1.2 mW. 
�is circuit is fabricated in 0.18 um CMOS technology. Measurement 
results show that the RMS jitter of the proposed work is 4 ps

at 1 GHz input clock. �is circuit can be used in memory interface 
circuits where phase error and duty cycle error of the clock signal is an 
important factor.

 

Figure 2: Control Stage

Figure 3: Charge pump circuit details (DCC).

 

Figure 4: Delay cell used in VCDL.

Figure 5: Transient simulation results of the control signal.

di�erential charge pump. �is charge pump will generate two control 
signals (Vctrlp ,Vctrln), which each one corresponds to one of the 
control stages. One of these voltages will correspond to the falling edge 
of the input clock and the other one corresponds to the rising edge of 
the input clock signal. Circuit structure of the charge pump is shown 
if Figure 3.

�e rest of the circuit is the same as all conventional DLLs. �e 
50% duty cycle clock signal will be fed to the phase detector (PD). �en 
based on the phase di�erence of the corrected clock and the feedback 
clock a series of pulses will be generated. �ese Up and Down pulses 
will be received at the input of the charge pump and will generate 
an analog signal to set the delay of the voltage controlled delay line 
(VCDL) circuit. Finally the output of the VCDL will be a duty cycle 
corrected and phase corrected clock signal. In this VCDL a low voltage 
delay cell is used to delay the 50% duty cycle clock signal. �is structure 
is robust against duty cycle distortion. Circuit diagram of the delay cell 
is shown in Figure 4.

Simulation and Measurement Results

�e proposed DLL is fabricated using 0.18 um CMOS technology. 
Supply voltage of the proposed circuit is at 1.8 V. In Figure 5 shows 
the transient simulation of the control signal. We didn’t use any pad 
to measure this node because the capacitance of the pad and probes 
will load on this node and will a�ect the circuit behavior. �is signal 
shows the transient behavior of the DCC circuit from beginning to 
locking. As you can see this signal is settled in less than 10 ns. In Figure 
6 shows the simulation results of the DCC circuit. �e input clock to 
this circuit is a 30% clock signal running at 900 MHz. �e output of this 
circuit is a 50% clock signal running at the same frequency. Simulation 



Citation: Boghrati H, Ali M (2016) A 800 MHz-1.1 GHz 1.2 mW Delay Locked Loop with a Closed Loop Duty Cycle Corrector. J Electr Electron Syst 

5: 179. doi:10.4172/2332-0796.1000179

Page 3 of 3

Volume 5 • Issue 2 • 1000179J Electr Electron Syst
ISSN: 2332-0796 JEES an open access journal

3. Jang C, Yoo C, Lee JJ, Kih J (2004) Digital delay locked loop with open-loop

digital duty cycle corrector for 1.2Gb/s/pin double data rate SDRAM. IEEE

European Solid-State Circuits Conference: 379-382. 

4. Bae JH, Seo JH, Yeo HS, Kim JW, Sim JY (2007) An all-digital 90-degree

phase-shift DLL with loop-embedded DCC for 1.6Gbps DDR interface. CICC

Dig Tech Papers: 373-376. 

5. Navidi MM, Abrishamifar A (2011) A fast lock time pulse width control loop

using second order passive loop filters. Electrical Engineering (ICEE), 19th 
Iranian Conference pp: 1-5. 

6. Abrishamifar A, Navidi MM, Karimi Y (2014) A 200 MHz-to-1.4 GHz fast-locking 

pulse width control loop. International Journal of Electronics 101: 341-353. 

7. Sindhu M, Jamuna V (2015) Highly reconfigurable pulse width control circuit 
with programmable duty cycle. Electronics and Communication Systems

(ICECS): 303-309. 

8. Fenghao Mu, Svensson C (1999) High speed multistage CMOS clock buffers

with pulse width control loop in Circuits and Systems, ISCAS ‘99. Proceedings

of the 1999 IEEE International Symposium 2: 541-544. 

9. Navidi MM, Abrishamifar A (2011) A duty cycle corrector based frequency

multiplier. Electrical Engineering (ICEE): 17-19. 

10. ZHU Z, Liu M, Wang J, Yang Y (2013) A Fast-Locking, Low-Jitter Pulsewidth

Control Loop for High-Speed ADC in Very Large Scale Integration (VLSI)

Systems. IEEE Transactions on Very Large Scale Integration Systems: 99.

11. Wei C, Kuan TK, Liu LI (2015) A Subharmonically Injection-Locked PLL With

Calibrated Injection Pulse width. Circuits and Systems II: Express Briefs. IEEE 

Transactions 62: 548-552.

12. Bae JH, Seo JH, Yeo HS, Kim JW, Sim JY (2007) An all-digital 90-degree

phase-shift DLL with loop-embedded DCC for 1.6Gbps DDR interface. CICC

DigTech: 373-376. 

13. Nam JJ, Park HJ (2005) An all-digital CMOS duty-cycle corrector circuit with

a duty-cycle correction range of 15-to-85% for multi-phase applications. IEICE

Trans. Electron 88: 773-777.

14. Jang C, Yoo C, Lee JJ, Kih J (2004) Digital delay locked loop with open-loop

digital duty cycle corrector for 1.2Gb/s/pin double data rate SDRAM. IEEE

European Solid-State Circuits Conference: 379-382. 

Figure 6: Input and output clock to DCC (900MHZ with 30% in, 900MHZ with 

50% out).

Figure 7: Measured waveforms with the input clock frequency and duty cycle at (a) 

800MHz and 30% (b) 800MHz and 70% (c) 1.1GHz and 30% (d) 1.1GHz and 70%.

This work [12] [13] [14]

DCC Closed loop Closed loop Closed-loop Open-loop

Phase shift Fixed phase Multiphase N/A N/A

Frequency 

Range

800 MHz~1.1 

GHz

333 MHz~800 

MHz

N/A~1GHz 250 MHz~600 

MHz

Correction 

range

30%~70% 23%~76% 15%~85% 40%~60%

Duty error 48%~52% 47.8%~49% @ 

800 MHz

49.4%~50.6% 

@ 1 GHz

40.3%~50.7% @ 

600 MHz

Power 1.2 mW NA 8.2mW 10 mW

Supply 1.8 V 1.2 V 1.62 V 2.5 V

Process 0.18 um 0.13 um 0.18um 0.35 um

Table 1: Performance comparison with the state of the art.
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