wo 2019/196013 A1 | NI 000 0000 0 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
17 October 2019 (17.10.2019)

(10) International Publication Number

WO 2019/196013 A1l

WIPO I PCT

(51) International Patent Classification:
HO2H 7/122 (2006.01)

(21) International Application Number:

(72) Inventor: LI, Linjue; Room 901, Bldg. 10, No. 368, Xing-
hong Road, Minhang District, Shanghai 201100 (CN).

(74) Agent: LEE AND LI - LEAVEN IPR AGENCY LTD.;

PCT/CN2018/082528 Unit 2202, Tower A, Beijing Marriott Center, No. 7, Jian

(22) International Filing Date: Guo Men South Avenue, Beijing 100005 (CN).

10 April 2018 (10.04.2018)
English

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language:

(26) Publication Language: English

(71) Applicant: TEXAS INSTRUMENTS INCORPORAT-
ED [US/US]; 12500 Ti Boulevard, MS 3999, Dallas, TX
75243 (US).

(71) Applicant (for JP only: TEXAS INSTRUMENTS
JAPAN LIMITED [JP/JP]; 24-1 Nishi-shinjuku 6-chome,
Shinjuku-ku, Tokyo 160-8366 (JP).

(54) Title: BOOST CONVERTER SHORT CIRCUIT PROTECTION

114
W00 e, A
“ -
; 150~
| (E) g 1
| Iy <
VAN AN By
LMB 148
e ygy Hpmm -
U | oL e sw )
AR % -
106 152 108 190 i CHARGE
i PUMP
136 | voursvee 156
CONTROLLER N ! -
104\‘@ P 120~/ i
168 7 7 — ; VAN
y
130 164 ™~138 i M70 158
. !
102" v P2 160
VouT 168 S
/ i . |§—-»
134 j 1187
! 162
;_ VOUT
FIG. 1

(57) Abstract: A boost converter (100) includes a voltage output terminal (128), a power transistor (104), and short circuit protection
circuitry (114). The voltage output terminal (128) is configured to provide a boosted output voltage generated by the boost converter
(100). The power transistor (104) is configured to draw current through an inductor (112). The short circuit protection circuitry (114)
is configured to control current flow through the inductor (112) responsive to detection of a short circuit at the voltage output terminal
(128). The short circuit protection circuitry (112) includes an output switch (116) coupled to an input terminal (136) of the power
transistor (104) and connected to the voltage output terminal (128). The output switch (116) is configured to switch current flow from
the inductor (112) to the voltage output terminal (128). The output switch (112) is a negative (N) channel metal oxide semiconductor
field effect transistor (MOSFET).
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RBoost Converter Short Circuit Protection

BACKGROUND
G001 Boost converters are swilch-mode power supplies ihat generate an ouiput
voltage thal i higher than the input voltage. Boost converters are widely used in
appiications that operate with 3 low input voltage, such as battery powered applicgtions.
The boost converigr produces the stepped up oulput voltage by switching to ground the
output of an inductor coupled 1o the vollage inpul at 3 duly cycle selecled to produce the

boosied output voliage.

SUMMARY

[0002] Circuitry and a method for using a negalive (N) channel metal oxide
semiconductor field effect transistor (MOSFET) for short circuit protection in a boost
converter. In one example, a boost converter includes an inductor connection terminal, a
voltage output terminal, a power transistor, and a first N channel MOSFET. The power
transistor includes an input terminal coupled to the inductor conneclion terminal, and an
cuiput terminal coupled a ground reference. The first N channel MOSFET includes a
drain terminal coupled to the inductor connection terminal, and a source terminal coupled
to the voitage output terminal.

[0003] In another example, a boost converter includes a voltage output terminal, a
power transistor, and short circuit protection circuitry. The voltage output terminal is
configured 1o provide a boosied output voltage generated by the boost converter. The
power transistor is configured to draw current through an inductor. The short circuit
protection circuitry is configured o control current flow through the inductor responsive to
detection of a short circuit at the voltage oulput terminal. The short circuit protection
circuitry includes an output switch coupled to an input terminal of the power transistor and
connected to the voltage oulput ferminal.  The oulput swiich is configured to swilch
current flow from the inductor {o the voltage oulput ferminal. The outpul swilch is an N
channel MOSFET.
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[6804] In a further example, a maethod for boost converter short circuit protection
includes determining whether there is a short circuit at a voltage output terminal of the
boost converter. Responsive to determining that there is a short circuit at the voltage
output terminal, a first N channel MOSFET that draws current from an inductor is turned
off, and a second N chamnel MOSFET that is connected to the voltage output terminal

and couples the inductor to the voltage output terminal is turned off.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] For a detailed description of various examples, reference will now be made {0 the
accompanying drawings in which:
[0008] Figure 1 shows an example of a boost converier thal includes a negative (N)
channel metal oxide semiconductor field effect transistor (MOSFET) for output voltage
short circuit profection in accordance with the present disclosure;
[6007) Figure £ shows a timing diagram for operation of a boost converter that includes
an N channel MOSFET for oculput voltage short circuit protection in accordance with the
present disclosure; and
[0008] Figure 3 shows a flow diggram for a method for using an N channel MOSFET for
output voitage short circuit protection in a boost converter in accordance with the present

disclosure.

DETAILED DESCRIPTION
[0008] Certain terms have been used throughout this description and claims to refer to
particular system componenis. As one skilled in the art will appreciate, different parties
may refer o a component by different names. This document does not intend o
distinguish between components thai differ in name but not function. In this disclosure
and claims, the terms “including” and “comprising” are used in an open-ended fashion,
and thus should be interpreted to mean “including, but not limited {o... " Also, the term
‘couple” or “couples” is intended to mean either an indirect or direct wired or wireless
connection. Thus, if a first device couples {0 a second device, that connection may be
through a direct connection or through an indirect connection via other devices and
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connections. The recitation “based on” is intended to mean “based at least in part on.”
Therefore, if X is based on Y, X may be a function of Y and any number of other faclors.
[0016] If a boost converter lacks output short circuit protection, a short to ground on the
output terminal of the boost converter can short the boost converter input voltage to
ground through the inductor and other uncontrolled components in the path between the
converters input and cutput voltage terminals. Under such conductions, the inductor,
conductors, and/or other components of the boost converter may be damaged. Boost
converter cutput short circuit protection includes adding a switching device between the
inductor and the boost converter output terminal.  Some implementations add a positive
(P} channel metal oxide semiconductor field effect fransistor (MOSFET) between the
inductor and the boost converter output terminal, and dircuilry to detect output short
circuits and control the P channel MOSFET responsive to detected short. P channel
MOSFETs are relatively easy to control, but are less efficient than negative (N) channel
MOSFETs of equivalent size.

[0011] The boost converiers and associated control circuitry disclosed herein include an
N channel MOSFET as an over current protection switch between the inductor and the
output voltage terminal of the boost converter. Because fully opening the over current
protection switch immediately on detection of an output short circuit may cause g high
voltage transient (due o an increase in voltage as the inductor discharges) that can
damage components of the boost converter, the circuitry controliing the operation of the N
channel MOSFET allows for current to flow from the inductor through the N channel
MOSFET until the voliage across the inductor is substantially zero. Thereafter, the N
channel MOSFET is fully turned off 1o isolate the boost converter from the short circuit.
[0012] Figure 1 shows an example of a boost converter 100 that includes an N channel
MOSFET for outpul voltage short circuit protection in accordance with the present
disclosure. The boost converter 100 includes a controller 102, a power transistor 104, an
voltage input terminal 106, an inductor connection terminal 108, a diode 110, an inductor
112, short circuit protection circuitry 114, and a voltage output terminal 128. The power
transistor 104 may be an N channel MOSFET or a bipolar fransistor capable of
conducting substantial current. The power transistor 104 includes a controf terminal (e.g.,

a gate terminal) 164 that is coupled o the controller 102, an input terminal {e.qg., a drain
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terminal) 136 that is coupled to the inductor connection terminal 108, and an ouiput
terminal {e.g., a source terminal) 138 that is coupled {o ground.

[0013] The confroller 102 includes pulse generation circuilry 166 that generates a puise
signal 130 {o turn the power transistor 104 on and off. For example, the pulse generation
circuitry 166 may include pulse width modulation circuilry or pulse frequency modulation
circuitry that generates the pulse signal 130 based on a comparison of voltage at the
voltage output terminal 128 to a reference voltage (e.q., a voltage generated by a band-
gap circuit of the controller 102). The pulse generation circuitry 166 is coupled to the
control terminal 164 of the power transistor 104, The controller 102 also includes short
circuit detection circuitry 168 that detects a short circuit at the voltage output terminal 128.
For example, the short circuit deleclion circuitry 168 may include a comparaior that
compares the voltage at the voltage output terminal 128 to the voltage at the voltage input
terminal 106. If the vollage al the voltage output terminal 128 falis below the vollage at
the voltage input terminal 106, then a short circuit may be present at the voliage ouiput
terminal 128. When a short circuit at the voltage output terminal 128 is detected, the
controller 102 may turn off the power transistor 104,

[0014] The inducior 112 includes g terminal 152 that is coupled o the vollage input
terminal 106 and a terminal 154 that is coupled to the inducior connection terminal 108.
YWhen turned on, the power transistor 104 induces current flow in the inductor 112. When
the power transisior 104 is turned off the magnetic field about the inductor 112, produced
by current fiow while the power transistor 104 is turned on, collapses and the voltage at
the inductor connection terminal 108 rises above the voltage at the voltage input terminal
106. The diode 110 couples the inductor connection terminal 108 o the short circuit
protection circuitry 114, In some implementations of the boost converier 100, the dicde
110 may bhe replaced by an N channel MOSFET.

[00158] The short circuit protection circuitry 114 includes an N channel MOSFET 116
(also referred to herein as an "output switch™), a P channel MOSFET 118, an N channel
MOSFET 120, a P channel MOSFET 122 (also referred to herein as a “control
transistor”, and a dicde 124. When no short circuit is present at the output of the boost
converter 100, the N channel MOSFET 116 is fully turned on to provide a path for current

fiow from the inductor connection terminal 108, via the diode 110, 1o the voitage oulput
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terminal 128, When a short circuit is detected at the voltage oulput terminal 128, the N
channel MOSFET 118 operates as an oulput swilch to protect the boost converter 100,
The N channel MOSFET 116 protects the boost converter during an output short in two
ways. First, on detection of a short at the voltage ouiput terminal 128, turn-off of the N
channel MOSFET 116 is initiated, but the N channel MOSFET 116 is kept partially on to
allow the inductor 112 to discharge through the N channel MOSFET 116. By providing a
paih for discharge of the inductor 112, the N channel MOSFET 116 prevents a high-
voitage transient at the inductor connection terminal 108 that may damage components of
the boost converter 100. The time required to discharge the inductor 112 may be in a
range of a few milliseconds. Finally, after the inductor 112 has been discharged the N
channel MOSFET 116 is fully tumed off to prevent flow of current through the inductor
112 1o the voltage output terminal 128 thereby isolating the boost converter 100 from the
short circuit at the voltage output terminal 128.

[6016] The N channel MOSFET 116 includes an input terminal (e.g., a drain terminal)
140 that is coupled to the inductor connection terminal 108 via the diode 110, and an
output terminal (e.g., a source terminal) 142 that is coupled to the voitage output terminal
128. The N channel MOSFET 116 is controlled by the P channel MOSFET 118, the N
channel MOSFET 120, and the F channel MOSFET 122.

[0017] The P channel MOSFET 118 and the N channel MOSFET 120 are connected to
form a puli-up/puli-down circuit that drives the conirol terminal 144 of the N channel
MOSFET 116. Because the impedance of the conirol terminal 144 of the N channel
MOSFET 116 is relatively high, the P channel MOSFET 118 and the N channel MOSFET
120 may be relatively weak drivers. The P channel MOSFET 118 (low-side transistor)
and the N channel MOSFET 120 (high-side transistor) are controlled by a signal 134
generated by the controller 102. The signal 134 may be generated based on the state of
the voitage oufpul terminal 128 as delermined by the short circuit detection circuitry 168
of the controlier 102. A control terminal (e.q., a gate terminal) 172 of the P channel
MOSFET 118 and a control terminal {e.g., a gate terminal) 170 of the N chamnel
MOSFET 120 are coupled to the short circuit detection circuitry 168,

[0018] When no short is delecled at the voltage output terminal 128, the signal 134
tumns on the N channel MOSFET 120 and turns off the P channel MOSFET 118, An input
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terminal {e.g., a source terminal) 160 of the P channel MOSFET 118 is coupled {o an
output terminal (e.g., a source terminal} 158 of the N channel MOSFET 120. The input
terminal 160 of the P chamnel MOSFET 118 and the oulput terminal 158 of the N channel
MOSFET 120 are coupled o the control terminal (e.g., gate terminal) 144 of the N
channel MOSFET 1186, When tumed on, the N channel MOSFET 120 drives the control
signal 132, the control voltage applied to the N channel MCSFET 1186, to a voltage higher
than the voltage at the voltage output terminal 128 to turn on the N channel MOSFET
116. For example, the boost converter 100 may include a charge pump that generates a
voltage higher than the vollage at the voltage output terminal 128 when no short is
present at the output terminal 128, An input terminal {e.g., a drain terminal) 156 of the N
channel MOSFET 120 is coupled {o the charge pump.

[0019] When a short at the voltage oufpul terminal 128 is detecled, the signal 134 tums
on the P channel MOSFET 118 and tums off the N channel MOSFET 120, When the N
channel MOSFET 120 is turned off, and the P channel MOSFET 118 is turned on, the P
channel MOSFET 118 drives the control signal 132 to the voltage present on the voliage
ouiput terminal 128 {o tumn off the N channel MOSFET 118, An output terminal (2.9., &
drain terminal) 162 of the P channel MOSFET 118 i3 coupled to the voltage output
terminal 128. Because the P channel MOSFET 118 may be relatively small and weak,
the P channel MOSFET 118 may turn off the N channel MOSFET 116 relatively slowly.
Some implementations of the short circuit protection circuitry 114 may include an N
channel MOSFET as a pull-down and/or include a P channel MOSFET as a pull-up.
[0020] If on detection of a short circuit at the voltage cutput terminal 128, the N channel
MOSFET 116 is abruptly turmed off {i.e., current flow from the inductor 112 to the voltage
output terminal 128 is abruplly decreased), then in accordance with the inductor voltage
equation \»:LZ:—Z\ the voltage at the inductor connection terminal 108 may rise o a
voltage that can damage the boost converter 100 as the inductor 112 discharges. To
prevent a high-voltage transient at the inductor connection terminal 108, the P channe!
MOSFET 122 keeps the N channel MOSFET 116 on while the inductor 112 is
discharging (e.g., while the voltage at the inductor connection terminal 108 exceeds the
voltage at the voltage input terminal 106). A control terminal (e.g., gate terminal) 150 of
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the P channel MOSFET 122 is coupled to the voltage input terminal 108. An input
terminal (e.g., a source terminal) 146 of the P channel MOSFET 122 i3 coupled {o the
inductor connection terminal 108. An output terminal (e.g., drain ferminal) of the P
channel MOSFET 122 is coupled to the control terminal of the N channel MOSFET 116
via a diode 124,

[0021] YWhen the controller 102 detects a short at the voltage output terminal 128, the
controller 102 turns off the power transisior 104 and the N channel MOSFET 120, and
furns on the P channel MOSFET 118, which starts to turn off the N channel MOSFET
116. The change in current flow in the inductor 112 caused by turning off the power
transistor 104 and partially turning off the N channel MOSFET 116 causes the voltage at
the inductor conneclion iferminal 108 {(and the input terminal 146 of the P channel
MOSFET 122) to increase as the inductor 112 discharges. When the voltage at the
inductor connection ferminal 108 exceeds the vollage at the voltage input terminal 106 by
the threshold voltage of the P channel MOSFET 122, the P channel MOSFET 122 tumns
on and allows transient current o flow (i.e., routes current) from the inductor connection
terminal 108 to the control terminal 144 of the N channel MOSFET 116, thereby turming
on the N channel MOSFET 116 (e.g., preventing the N channel MOSFET 116 from being
fully turned off by the P channel MOSFET 118). As the inducior 112 discharges, and the
inductor current decreases {0 zero (see Fig. 2), the voltage at the inducior connection
terminal 108 falls to about the voltage al the voltage input terminal 106 {e.q.,. the voltage
across the inductor 112 falls below the threshold voltage of the P channel MOSFET 122),
and the P channel MOSFET 122 turns off. When the P channel MOSFET 122 turns off,
the N channel MOSFET 116 is turned off via the pull-down provided by the P channel
MOSFET 118. Thus, the P channel MOSFET 122 controls the N channel MOSFET 116
during a short event o allow the inductor 112 to discharge while protecting the boost
converter 100 from overcurrent damage.

(60221 In some implementations, the controller 102, the power transistor 104, the
voltage input terminal 106, the inductor connection terminal 108, the diode 110, the short
circuit protection circuitry 114, and the oulput terminal oulput terminal may be
components of a same integrated circuit.
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[6023] Figure 2 shows a ftiming diagram for operation of examples of the boost
converter boost converter 100 in accordance with the present disclosure. In Figure 2,
prior to time ty, the boost converter 100 is operating with no short circuit present at the
voltage oulpul ferminal 128. The pulses on the puise signal 130 cause the power
transistor 104 {o switch, the voltage at the inductor connection terminal 108 exceeds the
voitage at the voltage input ferminal 106 while the power fransistor 104 is turned off, and
the voltage at the voltage ouiput terminal 128 exceeds the voltage at the voilage input
terminal 106. At time ty, the voltage output terminal 128 i3 shorted to ground and the
voltage at the voltage output terminal 128 begins to drop towards ground. At time t4, the
voitage at the voltage output terminal 128 has dropped to equal the voltage at the voltage
input terminal 108, and at time {; the short circuit detection circuitry 168 of the controller
102 detecis the short circuit. Responsive o detection of the short circuit by the short
circuit detection circuitry 168, the pulse generation circuitry 166 discontinues generation
pulses on the pulse signal 130 to tum off the power transistor 104, and the short circuit
detection circuitry 168 sets the signal 134 {o tum on the P channel MOSFET 118 and tum
off the N channel MOSFET 120. Because the falling time of the control signal 132 is
fonger than the faliing time of the pulse signal 130, current flowing in the inducior 112
flows through the diode 110 and the N channel MOSFET 116 between time t; and time L.
The voltage at the inductor connection terminal 108 is equal {o the voltage at the voliage
output terminal 128 between time {; and time {5,

[0024] After ime {5, the voltage of the control signal 132 decreases {o the Miller plateau
voltage of the N channel MOSFET 118, and the voltage at the inducior connection
terminal 108 increases. When the vollage at the inductor conneclion terminal 108
exceeds the voltage at the voltage input terminal 106 by at least the threshold voitage of
the P channel MOSFET 122, the P channel MOSFET 122 tums on. Because the drain-
source resistance of the P channel MOSFET 122 is substantially smaller than the drain-
source resistance of the P channel MOSFET 118, the voltage of the control signal 132
stays at about the Miller plateau voltage of the P channel MOSFET 122 until no current is
flowing in the inductor 112 (i.e., the voltage across the inductor 112 is substantially zero
(2.g., within a threshold voltage of the P channel MOSFET 122 of zero voits)) at time 1.
Thereafter, the P channel MOSFET 122 and the N channel MOSFET 116 tum off.
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[6028] Figure 3 shows a flow diagram for a method 300 for using an N channel
MOSFET for ocutput voltage short circuit protection in a boost converter in accordance
with the present disclosure. Though depicted sequentially as a matter of convenience, at
least some of the actions shown can be performed in a different order and/or performed
in parallel. Additionally, some implementations may perform only some of the actions
shown. Operations of the method 300 may be performed by implementations of the
boost converter 100.

[0028] In block 302, the boost converter 100 is operating. The voltage at the voltage
output terminal 128 exceeds the voltage at the voltage input terminal 108, and the short
circuit detection circuitry 168 is monitoring the voltage at the vollage output terminal 128
to detect a short circuit.  For example, the short circuit deteclion circuitry 168 may
compare the voltage at the voltage oulput terminal 128 to the vollage at the voliage input
terminal 106, and identify a short circuit at the voltage oulput terminal 128 as being
present if the voltage at the voliage input ferminal 106 exceeds the voltage at the voltage
output terminal 128.

[6027] In block 304, if a short circuit has not been deteclted at the voltage oulput
terminal 128 (e.g., the voltage at the voltage oulput terminal 128 exceeds the vollage at
the voltage input terminal 108), then monitoring for a short circuit continues in block 302.
[0028] I, in block 304, a short circuit has been detected (e.q., the voltage at the voliage
input terminal 106 exceeds the voltage at the voltage output terminal 128), then, in block
308, the power transistor 104 is tumed off. For example, the puise generation circuitry
166 discontinues puise generation and sets the pulse signal 130 to deactivate the power
transistor 104.

[0028] In block 308, the N channel MOGFET 120 is turned off. For example, the signal
134 is set to deactivate the N channel MOSFET 120.

[00308] In block 310, the P channel MOSFET 118 is turmed on. For example, setling the
signal 134 to deactivate the N channel MOSFET 120 seis the signal 134 o activate the P
channel MOSFET 118. Tuming on the P channel MOSFET 118 pulis the control terminal
144 of the N charnel MOSFET 116 towards the voltage at the voltage output terminal 128
to turn off the N channel MOSFET 116.
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[6031] In block 312, after the power transistor 104 is turmned off, the voltage at the
inductor connection terminal 108 increases, and when the voilage at the inductor
connection terminal 108 exceeds the vollage at the voltage input terminal 106 by at least
the threshold voltage of the P channel MOSFET 122, the P channel MOSFET 122 is
turned on and current flows from the inductor connection terminal 108 {o the control
terminal 144 of the N channel MOSFET 116 turning on the N channel MOSFET 116.
[0032] In block 314, if the voltage across the inductor 112 is not zero, then the P
channel MOSFET 122 and the N channel MOSFET 116 remain on in block 312 to
discharge the inductor 112 through the N channel MOSFET 116.

[0033] i in block 314, ithe voltage across the inductor 112 is zero, then the P channel
MOSFET 122 and the N channel MOSFET 116 are turned off.

[0034] The above discussion is meant to be illusirative of the principles and variocus
embodiments of the present invention. Numerous variations and modifications will
become apparent o those skilled in the art once the above disclosure is fully appreciated.
it is intended that the following claims be interpreted to embrace all such variations and

rmodifications.
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CLAIMS
What is claimed is:
1. A boost converter, comprising:

an inductor connection terminat

a voltage output terminal;

a power transistor, comprising:
an input terminal coupled to the inductor conneclion terminal; and
an output terminal coupled a ground reference,

a negative (N} channel metal oxide semiconductor field effect transistor (MOSFET)
comprising:
a drain terminal coupled to the inductor connection terminal, and

a source terminal coupled {o the voltage output terminal.

2. The boost converter of claim 1, further comprising: a positive (P) channel MOSFET
comprising:
a source terminal coupled to the inductor connection terminal; and

a drain terminal coupled to a gate terminal of the N channel MOSFET.

3. The boost converter of claim 2, further comprising a diode that couples the drain
terminal of the P channel MOSFET to the gate terminal of the N channel MOSFET.

4 The boost converter of claim 3, further comprising a voltage input terminal, wherein
a gate terminal of the first P channel MOSFET is coupled to the voltage input terminal,

5 The boost converter of claim 4, further comprising an inducior comprising:
a first terminal coupled to the inductor connection terminal; and

a second terminal coupled to the voltage input terminal.
6. The boost converter of claim 1, wherein the N channel MOSFET is a first N

channel MOSFET, and the boost converter further comprises a second N channel
MOSFET, comprising:

11
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a drain terminal coupied to a charge pump; and

a source terminal coupled 1o a gate terminal of the first N channel MOSFET.

7. The boost converter of claim 6, further comprising a P channel MOSFET,
comprising:
a source terminal coupled to the gate terminal of the first N channel MOSFET,; and

a drain terminal coupied to the voltage output terminal.

8. The boost converter of claim 7, further comprising a controller, the controlier
comprising:
puise generation circuitry coupled to a control terminal of the power fransistor;
short circuit detection circuit coupled to:
the pulse generation circuitry;
the voltage output terminal;
a gate terminal of the second N channel MOSFET,; and
a gate terminal of the P channel MOSFET.

Q. The boost converter of claim 1, further comprising a diode that couples the input
terminal of the power transistor o the drain terminal of the N channel MOSFET.

10. A boost converter, comprising:
a voltage output terminal configured to provide a boosted output voltage generated
by the boost converter;
a power transistor configured to draw current through an inductor, and
short circuit protection circuitry configured to control current through the inductor
responsive {o a detection of a short circuit at the voltage output terminal, the
short circuit protection circuitry comprising:
an ouiput switch coupled {o an input terminal of the power transistor and
connected to the vollage output terminal, the oulpul switch
configured {o switch current from the inductor to the voliage cutput

terminal;

12
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wherein the outpul swiich is a negative {N) channel metal oxide semiconductor
field effect fransistor (MOSFET).

11.  The boost converter of claim 10, further comprising a control fransistor coupled to
the output switch and to the power transistor, the control transistor configured to route

current from the inductor to a control ferminal of the culput switch.

12. The boost converter of claim 11, wherein the control transistor is configured to
activate the output switch, responsive o the detection of the short circuit, until a volitage

across the inductor substantially equal {o zero.

13.  The boost cormwverter of claim 11, further comprising & voitage input terminal
coupled to a control terminal of the control transistor; wherein the voltage input terminal is
configured to be connecled to the inductor.

14, The boost converter of claim 10, further comprising a pull-up/pull-down circuit
configured to control the output switch, the pull-up/puil-down circuit comprising an output
coupled to a control terminal of the output switch.

15, The boost converter of claim 14, further comprising a controiler configured (o
detect the short circuit at the vollage output terminal of the boost converter; and

turn off the power transistor responsive {0 detection of the short circuit.

16.  The boost converter of claim 15, wherein the pull-up/pull-down circuit comprises:
a high-side transistor; and
a low-side transistor;
wherein the controller is configured to
turn o the low-side transistor responsive to detection of the short circuit at
the voltage output terminal, and
turn on the high-side transistor responsive to detection of no short circuit at

the voltage output terminal.

13
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17. A method for boost converter short circuit protection, comprising:
detecting a short circuit at a voliage cuiput terminal of a boost converter; and
responsive to a detected short circuit at the voltage output terminal;
tumning off a first negative (N) channel metal oxide semiconductor field
effect transistor (MOSFET) that draws current from an inductor; and
turning off a second N channel MOSFET that is connecled to the voitage
output terminal and couples the inductor to the volitage output

terminal.

18 The method of claim 17, further comprising:
responsive to the detected short circuit at the voltage output terminal;
turning off a third N channel MOSFET that pulis up a gate terminal of the
second N channel MOSFET; and
turning on a positive (P) channel MOSFET to pull down the gate terminal of
the second N channel MOSFET.

19.  The method of claim 17, further comprising tuming on a P channel MOSFET to
route current from the inductor to a gate terminal of the second N channel MOSFET
rasponsive to voltage at a drain terminal of the first N channel MOSFET being greater
than a voliage at a voltage inpul terminal of the boost converter by a threshold vollage of
the P channel MOGFET.

20, The method of claim 17, further comprising after tuming off the first N channel

MOSFET and prior to turning off the second N channel MOSFET, keeping the second N

channel MOSFET on until no current is flowing in the inductor.

14
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