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A phase noise reduction technique is presented in a three-stage
capacitor-less (CL) low dropout (LDO) regulator. This paper proposes
a simple RC network that reduces the noise from both bias generation
and inside the LDO. This LDO is applied to a conventional CMOS LC
oscillator and achieved 3 dB reduction of phase noise at 1 MHz offset
from 20 GHz output. The line and load regulations are, 90 μV/V and
0.013 μV/mA, and the output noise at 1 MHz is 6.6 nV/

√
Hz.

Introduction: Oscillators are essential for wireless and wired communi-
cation and the phase noise of oscillators should be low enough to guar-
antee secure and reliable data communication [1]. However, the phase
noise of the oscillator is greatly sensitive to supply noise. Therefore, it
is important to design a low noise low dropout (LDO) with high line
regulation and load regulation. A conventional low noise LDO makes a
narrow bandwidth (BW) to filter out the LDO noise by using a one-stage
error amplifier (EA) with an RC filter that ensures the loop stability at
the cost of small DC gain that results in poor load and line regulation.
Furthermore, they require large on-chip capacitors (140 and 250 pF) that
lead to a low BW for noise and ripple reduction [2]. For on-chip inte-
gration, the LDOs with small capacitors are preferred and a capacitor-
less (CL) LDOs is reported by placing a dominant pole inside the LDO,
which relaxes the size requirement of the load capacitor [3]. Addition-
ally, to enhance the load regulation and line regulation, a multi-stage
amplifier with a large gain LDO structure is required with compensation
techniques for stability. For example, a CL LDO with a three-stage topol-
ogy utilizes a nested Miller compensation and damping-factor-control
frequency compensation (DFC) for wide BW, but poor output noise is
observed in CL LDO configuration, of which the noise is not sufficiently
low for oscillator supply [4]. This paper proposes a noise reduction tech-
nique with a simple RC network that is applied to a three-stage LDO and
improves oscillator phase noise by more than 3 dB.

LDO design: Figure 1 shows the schematic representation of the pro-
posed LDO regulator in the 65 nm CMOS technology. The size of the
N-type MOS (NMOS) pass transistor set to (10 mm/280 nm) allows the
maximum load current of 100 mA. Rf1= 100 k�, Rf2 is designed to sup-
port various output levels by controlling the feedback factor with a fine
step. A four-bit control adjusting Rf2 from 100 k� to open is imple-
mented through serial peripheral interface (SPI) control.

The EA consists of three stages. By using three-stage EA, LDO can
obtain a higher gain compared to two-stage EA, but it consumes more
current. To reduce the gm of the first stage of EA, VB was set high. A
small gm and a large CM of 30 pF make unity gain frequency (UGF) low
because it is determined by gm/CM [5]. The low UGF allowed to reduce
the output noise of the LDO. In the output noise contribution, the noise
from M8, which is significant unlike the tail current source that would be

Fig. 1 Schematic representation of the proposed LDO regulator

(a) (b)

Fig. 2 Noise reduction technique in (a) transconductance-boosting circuitry
and (b) CMOS LC oscillator with the proposed LDO

Fig. 3 LDO output noise reduction by the proposed technique (a) load vari-
ation (0 mA, 15 mA, 100 mA), (b) process variation (ff, ss, ff), (c) sup-
ply variation (1.62 V, 1.8 V, 1.98 V), and (d) temperature variation (–40°C,
27°C,120°C)

suppressed by the differential pair, is the dominant problem. This noise
problem is significantly alleviated by the proposed RC network.

Proposed noise reduction technique design: Figure 2a shows the pro-
posed RC network implemented to the gate of M8 with RF = 500 k�

and CF = 9.6 pF. This network reduces noise contribution from M8 by
loading the signal at frequencies above 1/(2πRFCF) without changing
the bias current. The transfer function from vin to M8 drain current (iout)
is found by the following:

iout

vin
= − gm8

sRFCF

1 + sRFCF
, (1)

which is a high-pass filter in the signal path.
Additionally, the noise coming from vb, generated by the bias cir-

cuit, is filtered out by the low pass filter. Because the gate node of M6
becomes low impedance due to the large Miller capacitor (CM), vin is
considered as an AC ground and the transfer function from vb to iout is
found as shown in Equation (2),

iout

vb
≈ −gm8

1

1 + sRFCF
, (2)

which is a low-pass filter that suppresses the noise from the bias.
Figure 2b shows the schematic of the LC oscillator and the proposed

LDO. The LDO with 22 pF load capacitor (Cbypass) is connected to the
CMOS LC oscillator. VDD is 1.8 V, and the output voltage of LDO is
1 V and the Rf2 is set to open to have a unity gain for low noise.

Figure 3 shows the output noise comparisons of the LDO by the RC
network in various variations. The BW of the LDO is set to 30 kHz with
Itail = 300 nA, the output noise is seen lower significantly around the
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Fig. 4 Phase noise reduction in 20 GHz DCO by the proposed technique

Fig. 5 Open-loop AC response of LDO

Fig. 6 Layout

pole frequency of 33 kHz formed by RF and CF. As shown in Figure 4,
the phase noise of the LC oscillator is also improved by about 3 dB.

Figure 5 shows the AC response of the proposed LDO when VDD is
1.8 V, LDO output voltage is 1 V and load current is 15 mA. The LDO
is stable in several corners. The pole frequency of the RC network is
placed near UGF. The UGF is unaffected by the RC network, moreover,
the phase response is slightly improved by the feedforward path by the
RC network.

The active area is 430 μm × 190 μm as shown in Figure 6. The CL
LDO even with the small load capacitor of 22 pF has achieved the low
integrated output noise, comparable to that of LDO with a large off-
chip capacitor [6]. Using the proposed RC network, the output noise
at 1 MHz is reduced by 1/2 compared to the disabled RC network.
Also, using three-stage EA, the load and line regulation are improved
to 0.013 μV/mA and 90 μV/V respectively. When the load current is
changed from 1 to 100 mA in 1 μs, the variation of LDO output volt-
age is 31 mV. The FOM in Table 1 is specified according to [8]. Table 2
summarises our noise performance variation due to device mismatch.

Conclusion: A noise reduction technique in a three-stage CL low noise
LDO regulator is presented in this letter. A simple RC network reduces
the noise within the amplifier by the increased gm of the second stage and
the noise outside the amplifier coming from the bias by low pass filtering.

Table 1. Comparison of CMOS LDO regulators

[6] 2017
a

[7] 2019
a

This work
b

Process (nm) 130 500 65

Input Voltage (V) 1.05∼2.0 1.5∼5 1.25∼3

Output Voltage (V) 1.0 1.3∼4.8 1∼1.6

Dropout (mV) 29.7 200 >250

CLoad (pF) 106(off-chip) 5.1(on-chip) 22(on-chip)

ILoad,max (mA) 300 600 100

IQuiescent (μA) 14-120 >16.5 20-114

Load regulation
(μV/mA)

6 11 0.013

Line regulation
(μV/V)

440 156 90

Output noise
(1 MHz) (nV/

√
Hz)

- - 6.6

Integrated output Noise
(10 to 100 kHz) (μVrms)

80 - 80

Active area (mm2) 0.1825 0.082 0.0817

FOM
c

(fs) 12440 0.12 1.36

aMeasurement result.
bPost layout simulation result.
cFOM = (CL · �Vout · IQ )/I2

L,max

Table 2. Monte Carlo noise results of the proposed technique

Output noise

(1 MHz) (nV/
√

Hz)

RC_EN = 1 RC_EN = 0

Mean Deviation Mean Deviation

6.6 0.233 12.3 0.383

Integrated output Noise
(10 to 100 kHz) (μVrms) Mean Deviation Mean Deviation

83.48 0.882 82.81 0.946

The low noise CL LDO is utilized in supply noise sensitive circuits like
LC oscillators and the significant phase noise improvement is achieved
without scarifying load/line regulation performance by three-stage EA.

Acknowledgments: This work was supported by the Commercializations
Promotion Agency for R&D Outcomes (COMPA) grant funded by the
Korea Government (MSIT) (No. 2021I500). The EDA tool was sup-
ported by IDEC

Funding information: Commercializations Promotion Agency for R&D
Outcomes (COMPA) grant funded by the Korea Government (MSIT),
Grant No.: 2021I500

Conflict of interest statement: The authors declare no conflict of interest.

Data availability statement: Not applicable

© 2022 The Authors. Electronics Letters published by John Wiley &
Sons Ltd on behalf of The Institution of Engineering and Technology

This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited,
the use is non-commercial and no modifications or adaptations are made.
Received: 13 January 2022 Accepted: 8 February 2022
doi: 10.1049/ell2.12447

References

1 Ahn, T.W., et al.: Design of CMOS LC VCO with fast AFC technique
for IEEE802.11a/b/g eireless LANs. J. Inst. Electron. Eng. Korea, 43(9),
17–22 (2006)

ELECTRONICS LETTERS April 2022 Vol. 58 No. 8 wileyonlinelibrary.com/iet-el 307

 1350911x, 2022, 8, D
ow

nloaded from
 https://ietresearch.onlinelibrary.w

iley.com
/doi/10.1049/ell2.12447 by G

w
angju Institute of Science and T

echnology (G
IST

), W
iley O

nline L
ibrary on [08/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/iet-el


2 Fanori, L., Mattsson, T., Andreani, P.: A class-D CMOS DCO with an on-
chip LDO. In: ESSCIRC 2014-40th European Solid State Circuits Con-
ference (ESSCIRC), IEEE 335-338, (2014)

3 Torres, J. et al.: Low drop-out voltage regulators: Capacitor-less architec-
ture comparison. IEEE Circuits Syst. Mag., 14(2), 6-26 (2014)

4 Leung, K.N., Mok, P.K.: A capacitor-free CMOS low-dropout regula-
tor with damping-factor-control frequency compensation. IEEE J. Solid-
State Circuits, 38(10), 1691-1702 (2003)

5 Leung, K.N., Mok, P.K.: Analysis of multistage amplifier-frequency com-
pensation. IEEE Trans. Circuits Syst. I, 48(9), 1041-1056 (2001)

6 Duong, Q.-H. et al.: Multiple-loop design technique for high-performance
low-dropout regulator. IEEE J. Solid-State Circuits, 52(10), 2533-2549
(2017)

7 Park, J., Lee, B., Hong, S.-W.: An output capacitorless low-
dropout regulator with a low-V DD inverting buffer for the mo-
bile application. IEEE Trans. Ind. Electron., 67(10), 8931-8935
(2019)

8 Al-Shyoukh, M., Lee, H., Perez, R.: A transient-enhanced low-quiescent
current low-dropout regulator with buffer impedance attenuation. IEEE J.
Solid-State Circuits, 42(8), 1732-1742 (2007)

308 ELECTRONICS LETTERS April 2022 Vol. 58 No. 8 wileyonlinelibrary.com/iet-el

 1350911x, 2022, 8, D
ow

nloaded from
 https://ietresearch.onlinelibrary.w

iley.com
/doi/10.1049/ell2.12447 by G

w
angju Institute of Science and T

echnology (G
IST

), W
iley O

nline L
ibrary on [08/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://wileyonlinelibrary.com/iet-el

