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ESD Impacts on Low Dropout Voltage Circuit

student : Zon-Lon Lee Advisors - Dr. Ke-Hong Chen
Dr. Ya-Hsiang Tai

Industrial Technology R & D Master Program of
Electrical and Computer Engineering College
National Chiao Tung University

Abstract
The thesis proposes a low-dropout (LDO) regulator with ESD Impacts. Thus, the content

of this thesis contains two parts:The first part discusses the design of a low-dropout regulator.
With the exponentially incteasing of portable battery-powered electronic equipments, such as
mobile phones, digital’cameras and so on, power management has becoming more and more
important and popular. The design.of low dropout regulators 1s widely used in power
management since'it has a better load transient'response, less output noise, and few off-chip
components compared to the design of switch-mode regulators.

Stability isian iniportant issue in the design of DO linear regulators. In the conventional
architecture, the'key factors affecting the system stability are the wide load current range and
the value of the output capacitor! Therefore, there exist many proposed compensation
techniques to stabilize and improve the-whele.system=According to the type of output
capacitor, LDO regulators can.be simply classified iato two groups: LDOs with off-chip or
on-chip output capacitor. These LDO linear regulators with off-chip capacitor need a large
capacitance at output node to generate a dominant pole at low frequency to achieve the
stability. They are mostly used for supplying-the system with the characteristic of low
quiescent current at light loads owing to the current efficient buffer used in the LDOs. The
other LDO regulators use an on-chip small output capacitor based on the Miller-compensated
technique. Thus, the capacitor can be integrated into the chip, which has the advantage of the
saving the footprint area. This type of capacitor-free LDOs is well suited as a stable dc
voltage supply for portable electronic devices.

The second part of this thesis discusses how ESD impacts the low-dropout regulators. In
some situation, the latent damage of electrostatic discharge in a power MOSFET can't easily
find out immediately. Eventually, in order to make sure a good reliability and long lifetime of
power MOSFETs, the ESD protection circuit design is needed to prevent ESD damages in a
power MOSFET design. This thesis provides the reliability engineers of integrated circuit a
most important concept of ESD design of power IC. The improvement of the ESD will

enhance the reliability of integrated circuit in power IC designs.
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fﬁ@“ﬁ ﬁoﬁ;ﬁ%@%ﬁqgi} , = % v ﬁs?
7(2.6) ¢

Efficiency :M

- X
(g #+ T Vi (2.6)5

TEQDRE TN PN R 7

. Zr o2l B . s , o ne .-
T ]Ij‘r ;_iﬁ\ /.;{:‘;’\\ y ;E‘ K§ 'i%’&«?

Foreg ehFl g 2 - o
N L

S
e o©

d 3‘(2,6)?)‘1—%— IR A
é Ay

¥ Loz
Efficiency



2.2.6 ﬁ;f] 418 zx & (Qutput accuracy)

%?]5 TR R R Ao (2, O MR RELRR Bh L B0
RFAM Gy > A tAMEASF(AW) > § i\"?\;’% & F(AVur) ~ %
< B E;%’(AV()REF) P4 s Bgﬁ/ﬁfﬁa%%(AVom) NRUELA L 4 1Ny
X (AVores) ~ BB B#c(AVie)--% » 4cB(2-6) o

A% Y%
2Vt ? Vi LR LDR

Pass ? Vout

B ANy Element

Rpit-? Ripy A

Ryt ? R

M

Y276 H A

AV | #AV, b + \/A ot AV H AV F AV

Accuarcy ~ z = x100% (2.9)5"
(o]

BN TREL L L L R ARG N DR TRGH EL

T = Bgmﬁf}*ﬂ? %(iﬂi?ﬁi SRR ) S TIEE AL o ipU A 4}

?@mﬁﬁii

R
Vout + AVo ref — [1 + o Jx (Vref + AVref )



R :
AV, :[1+ ol )xvref (2.10)3"

fb2

B (2107 @3] S RRAEL § 2 RP I IR
Boom P E BRI VNELE A o

BoRAM A Banp L e o e RI(2T)

mp
V,, O O VAV, ka

R

be}‘% AEAgmp>>1 ’ ;Iz‘__" 2 J‘r\: @ fi" Eﬁ%’% :

_ AVEA(bel + bez)
gmprbZ

AVo LEA

10



B S AT et L 04 > 4oB(2-8) -

Emp

Vin O

b
%5l

TR ]

Ll

AEA

be 1 :l:Abe 1

11

1) B TR

)ngﬂg_& L

O VOiAVo’R

(2.11)5"

G



2.2.7 #7135 &(Transient response)
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Simulation Units
Technology TSMC 0. 3b um 2P4M
Supply voltage 3.5~b.5 V
Output voltage 3.3 v
Load transient response 19.4°@ To= 0. ImA-200mA my
3ImV @ To= 200mA-0. ImA
PSR
F=20KHz 50 dB
F=1MHz 67
F=1. 5MHz T2
Load Regulation 0.24 @ To= 0. 1mA-200mA | mV/mA
Line Regulation 0.254@ Vin= 0V-5.5V, Io=| mV/V
200mA
Power Consumption (no load) 551 uW
Active Area 400x500 um’

%\' 4_1 3 fé:*;é&% °
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