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High Performance Low Cost Off-line PWM Power Switch

FEATURES

® High Precision 5V Default Output

Up to 50kHz Switching Frequency

® Integrated with 500V MOSFET and High
Voltage Startup Circuit

Integrated Sense Resistor, Low System
Cost

Support Ultra-low Input Voltage (>15V)
Support Buck&Buck-Boost Topology
On/OFF Peak Current Mode Control

Lower Standby Power Dissipation(<50mW)
Built-in Soft Start Circuit

Ultra-low VDD Operation Current

Built-in Protections:

B Overload Protection (OLP)

B On-Chip Thermal Shutdown (OTP)

B Cycle-by-Cycle Current Limiting (OCP)
[ |

Abnormal Over Current Protection
(AOCP)

B Leading Edge Blanking (LEB)

®E VDD UVLO 9

® TO-92, SOT23-3 Package Availableo

<

&

APPLICATIONS

® Small Home Applianc

GENERAL DESCRIPTION

KP311B is a low cost, highly integrated PWM
power switch for non-isolated buck and bUCk_V

convertor applications. ° o

KP311B integrates a 500V power with
ON/OFF PWM controller in one ¢ e IC can
achieve high precision 5V Qiefl output at full
range AC input. In KPg11 ff_min is set to
20us with frequency ji ion to improve EMI
performance. The built-in green mode
control for light ero loadings, which can

achieve | n 50mW standby power
dissipation.

KP3Q?.tegrates multiple protections: Under
V&e ckout (UVLO), Cycle-by-cycle Current
iting (OCP), On-chip Thermal Shutdown (OTP),
bnormal Over Current Protection (AOCP),
Overload Protection (OLP) Short Load Protection

(SLP), etc.

® Linear Regulator g placement
TYPICAL APPL N CIRCUIT
. Buck Buck-Boost
+ o YYN i + + J_ K1 ° -
.\ *Option L T *Option
Drain GND VDD oc Drain GND VDD
£ DC _L
nput /‘\ KESUIE AN “T~ Output Input ‘T RESHE § el Ol?tcput
- : O = - —1— o +
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Pin Configuration

Drain GND VDD
TO-92

Marking Information
Y: Year Code

WW: Week Code, 01-52
Z: Serial Number, 1-9 or A-Z

F: Control Number, 1-9 or A-Z, a-z

P

SOT23-3 00

.\

Y: Year Cod %

WW: Weg] =52

Z: Serial eW1-9 or A-Z

F:C er, 1-9 or A-Z, a-z

3
IVBLP [ ]
YWWZF . VB
‘Q YWWZF
I o
1.2 3
TO-92 SOT23-3
Typical Output Power Table(" \l’
Product Package Maximum Output Current @ 85-265 Vac,5V("
" N
KP311B TO-9 150mA
KP311B S 130mA
(1) The maximum output& is limited by junction temperature.
Pin DescriRt_iag
TO-92 SOT23-3 | Pin Name | /0@ Description
1 ‘ 1 Drain P Drain of Internal High-Voltage MOSFET
® 2 VDD P Chip Power Supply Pin, Output feedback pin
3 GND G Chip Ground
(2) |- Input; O — Output; P — Power; G — GND.
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Ordering Information

Part Number® Description
KP311BLPA TO-92, Pb free in Tape, 2000 Pcs / Box
KP311BLGA SOT23-3, Halogen free in T&R, 3000 Pcs / Reel

(3) Suffix "A" — Tape & Reel

Block Diagram

Error
vDD[ |

128ms
Over Current
Vref —= Detection

Toff Control J’:D—_'

Tonmax Control

—> OLP

Drain

Light Load
Control

Ton>—kP”

COM < AN\ VVV
P OCP
le——

POR

; 4.38V

OLP —>
OTP

“JL_| disable

com[™
p | AOCP
e

On-Chip OTP

4
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Absolute Maximum Ratings®

Parameter Value Unit
VDD — GND Voltage Range -0.3to7 \Y
Drain — GND Voltage Range -0.3 to 500 Vv
Package Thermal Resistance (TO-92) CIW

Package Thermal Resistance (SOT23-3)

Maximum Junction Temperature

Storage Temperature Range -65to 1 ‘C
Lead Temperature (Soldering, 10sec.) % C
ESD Capability, HBM (Human Body Model)®) $ kV
Maximum Internal MOSFET DC Drain Current o A
Maximum Internal MOSFET Pulse Drain Current A
(Duration below 100us)

(4) Stresses beyond those listed under Absolute Maximum Ratings u.se permanent damage to the device.

These are stress ratings only, which do not imply functional @Rer3@&n of the device at these or any other

conditions beyond those indicated under Recommepd ating Conditions. Exposure to absolute-

maximum-rated conditions for extended periods may @lfect ce reliability.

(5) JEDEC document JEP155 states that 500-V HBE; allows safe manufacturing with a standard ESD control

process.

Recommended Operation Cwns

Parameter Value Unit
Operating Junction Temperat vv -40to 125 ‘C
Operation Switching F, § 40 to 50 kHz
Electrical Ch@ristics (Ta = 25°C, unless otherwise specified)
Symbol Parameter Test Conditions Min Typ. | Max | Unit
Power RET Section (Drain Pin)

oo VbD (H;{?r:‘e\;f'é%%‘?éDD Charging Drain=40V, VDD=0V | 1.1 2 36 | mA
rain_leakage | Drain Leakage Current HV=500V, VDD=6V 80 MA
VDrain_on HV-Startup Voltage 14 Y

:
Ruson | oo Drain-Source On | (Drain)=50mA 25 0

www.Kiwiinst.com

DS_KP311B_REV1.0_EN ©Kiwi Instruments Corp. Confidential




/N

IKiI\vI

INSTRUMGENTS

/

KP311B

High Performance Low Cost Off-line PWM Power Switch

Supply Voltage Section (VDD Pin)

(6) Guaranteed by design.

\*‘"

&
&
¢

N\

N

Vbb_oN VDD Startup Voltage 4.87 \%
Vbb_op VDD Regulation Voltage Full Load 5.43 5.44 556 \%
Vbb_oFF VDD Under Voltage Lockout Enter 4.38 \
Oscillator Section °
TorF_miN Minimum Turn Off Time VDD=5.46V 17.5 20 2 us
Ton_max Maximum Turn On Time 0 é Vi
To_oLp Over Loading Debounce Time VDD=4.9V ms
Internal Current Sense Section
Ties Leading Edge Blanking Time o 400 ns
lpeak_iimit Peak Current Limit 200 210 220 mA
lpeak_aocp | AOCP Current Limit ° 250 mA
To_ocp 8;/(:trr0| g:lr:/nt Detection and Q 200 ns
Over Temperature Protection Q
Tso Thermal Shutdown(® 155 C

DS_KP311B_REV1.0_EN
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Characterization Curves
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Operation Description

KP311B is an un-isolated PWM switch controller
integrated with a high voltage(500V) power
MOSFET. It can be applied for Buck, Buck-Boost
convertor in small home appliances and linear
regulator replacement. The IC utilizes the
ON/OFF current mode PWM control to regulate a
5V default output with high precision and low cost.
At the same time, KP311B supports ultra-low
input voltage (>15V) under normal load.

® Ultra-low Operation Current

KP311B standby operating current is very small,
which reduces the VDD hold-up capacitance
requirement and is helpful for the system cost.
Normally  0.1-1yF  ceramic  capacitor s
recommended.

® Oscillator with Frequency Jitter

In KP311B, the minimum turn-off time is fixed to

Torr_min (typically 20us). To improve system Eh&

performance, KP311B operates the system\
+5% frequency jitter around setting frequ

actual applications, the system hing
frequency is determined by the | ditions
and the comparison between Itage and
output voltage reference, orks in the

frequency-regulation m d*

® Current Li 'and Leading Edge
Blankin Ié
o\

The curr imit circuit detects the differential

voltage e power MOSFET as the input of the

arator. When the sampled differential

exceeds the threshold value, the power

SFET is turned off until next time cycle. To

avoid unexpected turn-off of power MOSFET, an

internal leading edge blanking circuit is built in.

During the Ties (typically 400ns), the cycle-by-

cycle current limiting comparator is disabled and
high voltage MOSFET cannot be turned off.

® Green Mode Operation

In light/zero load condition, the system usually
works in DCM mode, so the main power
dissipation is proportional to the inductor geak
current. In KP311B, the IC can automatj

reduce the peak current limit under ligh
conditions, which can achieve lower m

o

@
KP311B incorporates% tart function, which
shold of OCP current
gest soft start time is Tss

d
w
standby power dissipation.

® Soft Start

slowly increases t

) load Protection (OLP) / Short
odd Protection (SLP)

f overload or short circuit occurs, output voltage
and VDD will decrease. If this fault exists for more
than Tp op (typically 128ms), the protection will
be triggered, the IC will stop switching and enter
auto-recovery mode as mentioned below.

® Abnormal Over Current Protection
(AOCP)

Under heavy load or output short conditions, the
inductor current will increase sharply. To avoid
this high current causing system components
damage, KP311B integrates an abnormal over
current limit function AOCP (typically 250mA).
When the detect current is higher than this
threshold value, the internal power MOSFET is
turned off immediately and keeps for 2 cycles.

® On Chip Thermal Shutdown (OTP)
When the IC temperature is over Tsp (typically
155°C ), the IC will shut down and enters auto-
recovery mode as mentioned below.

DS_KP311B_REV1.0_EN
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® Auto Recovery Mode Protection

When OTP or OLP fault occurs, the IC enters
auto-recovery mode and VDD oscillation mode. In
this mode, the power MOSFET is disabled and
the VDD hold-up capacitor voltage will oscillate
between Vpp on (typically 4.87V) and Vop ofF
(typically 4.38V). After the oscillation is timing for
511 cycles, the IC will reset and start up the
system again. If the fault still exists, the system
will repeat the above actions; If the fault is
removed, the system will resume normal
operations.

Application Information
® Inductor Calculation

In order to ensure stable system operation,
KP311B is recommended to work under light
CCM condition, which means inductor current
ripple A lis close to Max CS-PK (210mA). Detalil
calculation shows below:

L=(Vo+Vf)*Toff_min/ Al
Vo: Output Voltage;

Vf: Forward voltage on freewheel; ge;

Toff_min: Internal Toff-min‘e:
A | : inductor currépple,Z* (locp-lo_max)

under CCM cqadid

For exam ke 5V-130mA as the output spec,

lo_max t to 1.2 times of the normal output

#\ OmA):

V+0.7V)*20ps / (210-160)mA/2=1.1mH.

Choose L=1mH & Isat>210mA as the specific
inductor parameter demand.

® Output Capacitor and Dummy Load
Selection

Output Capacitor Selection: For 5V-150mA
application, Output capacitor is chosen between
100uF-220uF according to actual output voltage

ripple. \

Dummy Load Selection: Heavy dummy @®

suppress the output voltage from roa‘ , but
se the

too heavy dummy load wouldﬁ
standby power loss. So, nged e balance
among load regulation and s ower loss.

(J
Usually, 1k-2k dum sis recommended in
KP311B system fo output regulation and
low dummy dr loss (10-15mW),

® PCB Guideline

°
P Qt design has significant impact on the
sUpply operation, system reliability, EMC

thermal performance. Figure 1 shows some
Qr

5
&

ecommended suggestions, these should be
considered for actual application:

1. The main power loop (Loop1&Loop2) should
be as small as possible, and the trace should
be wide for better efficiency performance.

2. Feedback Routing (Loop3): a) Put the
feedback loop out of the main power loop,
and minimize this loop area as small as
possible; b) Do not route chip VDD line too
long and beneath the IC, otherwise system
may not operation normally; c) Put the
components of this loop close to IC as much
as possible, and far away from the power
inductor; d) Place the output feedback point
at the positive of the output capacitor, and do
not route this line beneath the power inductor,
in case coupled high-frequency noise
interrupts system normal operation.

3. Place VDD capacitor close to the IC to
ensure the VDD loop is small.

4. Others: a) If adding the filter inductor, need to

DS_KP311B_REV1.0_EN
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make sure power inductor is far away from
filter inductor, to avoid the coupling has bad
impact on EMC; b) Increase copper area at
IC Drain side for better thermal dissipation if
PCB area is enough.

roEsoosgsoon \
+| Loop 3 ™~ + o

|
L
S0
Ol 1+ — — — — |
L | DC Output

AN =~ o
Loop 2 9 I
HL
|

pc Inputl Drain VDD GND

Typical Application Diagram °
® Buck Convertor (5V/150mA) ‘Q

o D1, 4 FF1MS

FR1 D3 D4

L o— DD

—0 \/+
150V ™~ +
4.7R/2W 1N4007 1N4007 L2
m.mlm 1.5mH

c1 c2 Drain VDD GND D2 ca >R1
90-265Vac T —L -

S20F 220 KP311B 600V/1A ~ g 5V-150mA

450V 450 220uF 1k

U1 nev

vo o& + =

<
&

O
N

Y
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Package Dimension

Dimensions in Millimeters

Dimensions in Inches

Symbol

Min Max Min Max

A 3.300 3.700 0.130 0.146
A1 1.1 1.400 0.043 0.055
b é 0.560 0.015 0.022
c 7360 0.510 0.014 0.020
D 4.300 4.700 0.169 0.185
D1 qg 3.430 4.300 0.135 0.169
E. 4.300 4.700 0.169 0.185

2500 TYP 0.098 TYP

e 4.700 5.300 0.185 0.209
L 11.000 15.000 0.433 0.591
¢ - 1.600 - 0.063
h 0.000 0.380 0.000 0.015
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Package Dimension

SOT23-3

E1

Dimensions In Millimeters

Dimensions In Inches

Symbol : :
Min Max Min Max

A - %Po - 0.053
A1 0.000 Q 150 0.000 0.006
A2 1.000 1.200 0.039 0.047
b 0.300 0.500 0.012 0.020
c 0.100 0.220 0.004 0.009
D 2, 3.020 0.111 0.119
E 1.700 0.059 0.067
E1 600 3.000 0.102 0.118
e 0.950 (BSC) 0.037 (BSC)
el ® 1.800 2.000 0.071 0.079
L \ 0.300 0.600 0.012 0.024

° 0° 8° 0° 8°
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Tape Information

TO-92
P AP
JIL JI
g
5
s g | P2 P1
\ - B
I ) N
2 jA[j) """"""""" i(/\ """"""""" ‘\/ """"""""" 1
)» - 09// 1 ~
| ' PO
’/
|
N N
= =

Tape Dimensions

Symbol Dimensions (mm) L Symbol Dimensions (mm)
T 3.5£0.1 W2 1.0 MAX
P 12.7+0.3 H 19.0215
PO HO 16.0£0.5
P2 L1 2.5MIN
Ah . DO 4.0+0.2
w 18.0%52 P1 3.85+0.3
e 6.0+0.5 AP 0+1.0
W1 9 9.0+0.5
A
Packing Quantity
P' gev Pcs/Box Boxes/Carton Pcs/Carton
-92 2000 10 20000
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Tape and Reel Information

SOT23-3

KP311B

B
54.4
Tape Dimensions
Symbol Dimensions (mm) Symbol Dimensions (mm)
E 71.750.10 W 8.00£0.10
F 3.50+0.05 P 4.00+0.10
P2 2.00+0.05 A0 3.26+0.10
1503340 BO 3.30+0.10
001 1.05+0.05 KO 1.40+0.10
P 4.00+0.10
Packing Quantity
Package Pcs/Reel Reels/Box Boxes/Carton Pcs/Carton
SOT23-3 3000 10 4 120000
www.kiwiinst.com
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Disclaimer

Kiwi reserves the right to make any change to its product, datasheet or specification without any notice. Users shall
obtain the latest information before placing an order. Kiwi herein makes no guarantee or warranty, expressed or
implied, including without limitation the warranties of merchantability, fitness for any purpose or non-infringement of
third party rights, nor does Kiwi convey any license or permission including without limitation the intellectual property
rights of Kiwi or any third party. Users should warrant that third party intellectual property right or other right i t
infringed when integrating Kiwi products into any application or in use. Kiwi will not assume any liability arisingx
any said application or use, and especially disclaim any liability including without limitation any consed® ré
incidental damage. Without written declaration, Kiwi products are not designed for use in surgical device &
the body or other life sustain systems. This disclaimer supersedes the disclaimers in previous versions.o

<
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