ﬁ FEELING
TF
High Frequency PWM Controller With Short Circuit Restart

Halogen
Free

General Description

The FP5003, a high performance monolithic IC, includes adjustable frequency oscillator, error
amplifier for pulse width modulation (PWM) control, 1.0V precision voltage reference, under-voltage
lockout circuit (UVLO), variable pulse duty control (DTC) circuit and programmable auto-restart timer
for short circuit shutdown protection (SCSAR). Built-in totem-pole transistors pair drives MOS directly
at high frequency operation with high efficiency. It is very easy to design a DC-DC converter using a

few external components. The typical application example is shown below:

Features

» Wide Operating Voltage Range:3.6~30V

Reference Voltage Precision: 2%

Output Source / Sink Current up to 100mA

Totem-Pole Output for MOS Drive

Oscillator Frequency:Max.1.5MHz

Variable Duty Control (DTC)

Under Voltage Lockout Protection Function (UVLO)

Short Circuit Shutdown Protection / Auto Re-start Function (SCSAR)
Package:SOP-8L / MSOP-8L / SOP-8L (EP)

V V.V V V V V V

Typical Application Circuit
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Function Block Diagram
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Pin Descriptions

SOP-8L Name | No. [1/0O Description
Top View ouT 1 O |Totem-pole Transistor Pair Output
Vee 2 P |IC Power Supply
COMP 3 O |Error Amplifier Feedback Output
FB 4 | |Error Amplifier Inverting Input
SCSAR | 5 I [Short Circuit Protection Input
DTC 6 | |Duty Control Input
Frequency Adjustment. Connect a Resistor
RT 7 | |Between This Pin and GND to Adjust PWM
Frequency
GND 8 P |IC Ground
SOP-8L (EP)
Top View Name | No. [1/0O Description
ouT 1 O |Totem-pole Transistor Pair Output
Vee 2 P |IC Power Supply
COMP 3 O |Error Amplifier Feedback Output
FB 4 I |Error Amplifier Inverting Input
Bottom View SCSAR | 5 | [Short Circuit Protection Input
DTC 6 | |Dead-Time Control Input
Frequency Adjustment. Connect a Resistor
RT 7 | |Between This Pin and GND to Adjust PWM

Frequency

GND 8 P |IC Ground

EP 9 P |Exposed PAD. Must connect to GND
MSOP-8L Name | No. |[1/0O Description
Top View ouT 1 O |Totem-pole Transistor Pair Output
ouT BT FH GNo Vee 2 | P |ICPower Supply
Voo [CIIZ] 71T RT
COMP 3 O |Error Amplifier Feedback Output
covp [CIIE] [6TT] pTC
FB L] [5TT7 scsAR FB 4 I |Error Amplifier Inverting Input
SCSAR | 5 I [Short Circuit Protection Input
DTC 6 | |Dead-Time Control Input
Frequency Adjustment. Connect a Resistor
RT 7 | |Between This Pin and GND to Adjust PWM

Frequency

GND 8 P |IC Ground
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FP5003

Marking Information

SOP-8L & SOP-8L (EP)

'; FP5003
9Fa-86L

Halogen Free
Lot Number
Internal ID
Per-Half Month
Year

MSOP-8L

FP5003
9Fa-86L

Halogen Free
Lot Number
Internal ID
Per-Half Month
Year

Halogen Free: Halogen free product indicator

Lot Number: Wafer lot number’s last two digits

For Example: 13286

Internal ID: Internal Identification Code n
Per-Half Month: Production period indicated in half month time unit
For Example: January — A (Front Half Month), B (Last Half Month)

February — C (Front Half Month), D(Last Half Month)

Year: Production year’s last digit
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FP5003
Ordering Information
Part Number Operating Temperature Package MOQ Description
FP5003DR-LF -20°C ~ +105°C SOP-8L 2500EA Tape & Reel
FP5003XR-LF -20°C ~ +105°C SOP-8L (EP) 2500EA Tape & Reel
FP5003TR-LF -20°C ~ +105°C MSOP-8L 2500EA Tape & Reel
Absolute Maximum Ratings
Parameter Symbol Conditions Min. Typ. Max. Unit
Power Supply Voltage Vee 30 \%
Output Voltage Vo 30 \Y
Source / Sink Output Current lo +150 mA
Junction Temperature T; +150 °C
SOP-8L (Ta<25°C) 570 mw
Allowable Dissipation SOP-8L (EP) (TAa<25°C) 600 mwW
MSOP-8L (Ta<25°C) 400 mw
Ton +130 | °C/W
Thermal Resistance SOP-8L
Tic +38.8 | °C/W
Ton +120 | °C/W
Thermal Resistance SOP-8L (EP)
Tuc +388 | °C/W
Toa +260 °CIW
Thermal Resistance MSOP-8L
Tuc +60 °CIW
Operating Temperature Range -20 +105 °C
Storage Temperature Range -65 +150 °C
Lead Temperature (soldering, 10
+260 °C
sec)

IR Re-flow Soldering Curve

‘C
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DB i e e o 5
i -1.2°C [ sec
@ 210 fmnnn- (
2 180 fmmnnanany i
g +0.23°C / sec ;
o I ’
5 ' :
g : ;
T +3.4°C | sec .
: :
25 H '
t t —H— » Sec
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FP5003
Recommended Operating Conditions
Parameter Symbol Conditions Min. Typ. Max. Unit
Supply Voltage Vee 3.6 30 \%
Operating Temperature -20 +105 °C

DC Electrical CharacteristiCs (Vee= 6V, To=25°C, unless otherwise specified)

Parameter Symbol Conditions Min. Typ. Max. Unit
Reference
Output Voltage Vrer  |COMP Connected to FB 0.98 1 1.02 \Y,
Input Regulation AVrer |Vec=3.6Vto30V 2 12.5 mV
Output Voltage Change with AVRrer/ |Ta=-20°C to 25°C -10 -1 15 mV/V
Temperature Vrer |Ta= 25°C to 85°C -10 -2 10 mV/V
Under Voltage Lockout
Upper Threshold Voltage VuppER 3
Lower Threshold Voltage Viow 2.8
Hysteresis Vhys 100 200 mV
Short-Circuit Protection
SCP Standby Voltage Vs |Vcowr<1.5V 0.2
SCP Threshold Voltage Vi |Vcowr>1.5V 0.7
SCP re-start Charge Current Irsc Vcomp > 1.5V 20 MA
SCP re-start / Hold Time Trs/ Thowp|Vcomp > 1.5V 1/32 Ratio
SCP Comparator 1 Threshold
Voltage Veoue ) "o Y
Oscillator
Frequency f Rr=100K 260 KHz
Standard Deviation of Frequency A\f 15 KHz
Frequency Change with Voltage | Af/ AV [Vce=3.6V to 30V 1 KHz
Frequency Change with Ta=-20°C to 25°C | %

YAN\R AN

Temperature Ta= 25°C to 105°C | %
Voltage at RT VRt 1 \%
No liability is assumed as a result of the use of this product. No rights under any patent accompany the sales of the product.
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FP5003
DC Electrical Characteristics (Continued)

Parameter Symbol Conditions Min. Typ. Max. Unit
Duty-time Control
Output (Source) Current Isource |V o1)=1.5V 0.9%IrT 1.2xIrr

Duty Cycle=0% 0.5 0.7
Input Threshold Voltage VrH
Duty Cycle=100% 1.3 1.5

Error Amplifier
Input Voltage VN Ve =3.6V to 30V 0 1.5 \Y
Input Bias Current Isias -160 -500 nA
Output Voltage Swing Positive Vpos 1.5 2.3
Output Voltage Swing Negative VNeG 0.3 0.4
Open-loop Voltage Amplification Avo 80 dB
Unity-Gain Bandwidth BWuy 15 MHz
Output (Sink) Current Isink V)= 1.2V, COMP =1V 600 800 pA
Output (Source) Current Isource Vi )= 0.8V, COMP =1V -100 -150 MA
Output
Output Low Voltage VoL lo=100mA 1.7
Output High Voltage VoH lo=100mA 4.4
Total Device
Standby Supply Current Off State| Istanpsy 3.5 4.0 mA
Average Supply Current lave  |Rt =100k 3.8 5 mA
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Typical Characteristics

OSCILLATOR FREQUENCY OSCILLATOR FREQUENCY
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PWM TRIANGLE WAVE AMPLITUDE OUTPUT DUTY CYCLE
VOLTAGE Vs
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Figure 12
Figure 11

1 —
This datasheet contains new product information. Feeling Technology reserves the rights to modify the product specification without notice.
No liability is assumed as a result of the use of this product. No rights under any patent accompany the sales of the product.

Website: http://www.feeling-tech.com.tw Rev. 0.9

9/19



FEELING
J7TECHNOLOGY

Function Description

FP5003

Voltage Reference
The FP5003 includes a 2.5V reference regulator to supply its own internal circuits. Also, a
resistive divider is included to divide the 2.5V reference voltage to 1.0V as the precision reference

voltage for the error amplifier's non-inverting terminal and SCP comparator's 1.0V threshold voltage.

Error Amplifier
The error amplifier compares the feedback voltage, divided from DC-DC converter output, with
the 1.0V reference and generates the error signal for the PWM comparator. The relation between Voyr

and Vrer are shown below (see Figure 13).

R1
Vour = (1 + @j * VRer

Compensation
Network

R1
Vour

To PWM
Comparator

+

VREF =10V

FP5003

Figure 13. Error Amplifier with Converter Feedback Resistors

Note:
It is necessary to check the converter total open loop gain and phase shift from Bode plot before

compensation network adjustment. Finally, let the system works stability.
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Oscillator / PWM Comparator
The oscillator frequency (fosc) can be adjusted from 20KHz to 1.5MHz by the resistor connected

to Rr pin. The relation between the oscillator frequency and Rt value can be determined by the graph

shown in Figure 1.

The internal oscillator output is a triangular waveform. Its minimum and maximum voltage levels
are approximately 0.7V and 1.3V respectively (see Figure 14). The PWM comparator compares the
triangular waveform with the signals from output voltage of error-amplifier and the DTC voltage. The
PWM comparator output controls the output stage of totem-pole transistors pair off or on whenever the

triangular wave is greater than the both input signals or less.

DTC
0OsC

PWM B
TOTEM-POLE

Vee

V.
Charge

SCSAR —| Current

-

Standby stage Hold-stage

Re-start
stage

Figure 14. PWM Timing Diagram
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Duty Control (DTC)

DTC main function is to limit PWM duty cycle to less than 100%. The source current of duty

FP5003

control current Ipr at DTC pin is the same as the one of Ry. The source current Ipt flows through a
resistor Rpt, connecting between DTC pin and GND, generating a bias voltage Vpr. This Vpr voltage is
further compared with the output waveform of oscillator in the PWM comparator. The PWM duty cycle
begins from 0% when Vpr sets at 0.7V or less, and 100% when Vpr sets at 1.3V or greater. Engineer
can choose a resistor Rpr for a specific limitation of PWM duty cycle D. According to the following
equation, we can choose a Rpt for a maximum duty cycle.
Rpt = (Rt +1250)x (0.6 xD +0.7)

For example:

R+ is 33KQ for oscillator frequency, and we assume the allowable maximum duty cycle is 75%.

Rpt = (33K+1250) x (0.6x0.75+0.7) = 39.38K

When a 39.38KQ resistor is used as Rpr, the maximum limitation of PWM duty cycle is 75%.

A capacitor (Cpr), parallel connecting with the resistor Rpr as shown in Figure 15, is used to

implement the soft-start function during power on. The soft-start time equation is:

~t
RorCor

Vor = lpr +Rpr|1-€

2.5V

From Error Amplifier

+“— DTC Vot PWM
6 COMP

= = FP5003

Figure 15. Soft-Start Circuit

Note:

Cpr is discharged by internal circuit every time when UVLO or SCP becomes active.
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Under Voltage Lock-out (UVLO) Protection
When the power supply turns off, the output of FP5003 also turns off and resets the SCP latch

FP5003

whenever the supply voltage drops under the UVLO off threshold voltage. It is a simple protection
function when the supply voltage can not maintain at a stable operating condition. The UVLO

hysteresis voltage avoids an internal false trigger whenever power noises or spikes appear.

Short-circuit Shutdown and Auto Re-start Protection (SCSAR)
FP5003 includes short-circuit shutdown and auto re-start protection function (see Figure 16),
which turns the power MOS off to prevent damage when the converter output is over loading or short

circuit.

25V

leh ScP
—<narge COMP3,

2
Ich: <
¢ argelG' |discharge f1 N

() >

Cscp /ﬁ R
(5\ SCSAR [\ OT
; 4 sScP To Output

1 From Error J Drive Logic
Amp
Q1

1.5V; o
it

Figure 16. SCSAR Protection Circuit

\
o)
w
/
5}
wn

0.7V/0.2V
Low High

PWM
Comparator

>

When error amplifier output voltage is lower than 1.5V, SCP comparator 1 output will keep in
high state, Q1 is turn-on, and Cscp can not be charged. When short circuit occurs, the COMP pin of
error-amplifier would rise to larger than 1.5V. SCP comparator 1 output changes to low state and Cscp
is charged by Icharce current. Once Cscp is charged to higher than 0.7V threshold, SCP comparator 2
output will change to high state and Q2 is turned-on to keep Q1 off in latch mode. Meanwhile, the
source current of Cscp would change to half of original current for the first shutdown phase that will turn
FP5003's output off and pull DTC pin to low. The SCP function of FP5003 is released if short circuit
condition is removed before SCP comparator 2 outputs and turning on Q2.

When Cscp voltage is greater than 1.4V of SCP comparator 3, the output of S-R Latch would
turn on Q3 and change SCP comparator 2's output from 0.7V to 0.2V. When SCP comparator 3 is

active, Cgcp is discharged until SCP comparator 2 is released from the latch state, output of FP5003 is

T ————— ————  ——— ——— —  ——  — ——  —  ——  ———— —— —— —— ————————————  — NN i —
This datasheet contains new product information. Feeling Technology reserves the rights to modify the product specification without notice.
No liability is assumed as a result of the use of this product. No rights under any patent accompany the sales of the product.

Website: http://www.feeling-tech.com.tw Rev. 0.9

13/19



FEELING
J7TECHNOLOGY

active and DTC pin is working in soft-start state or limitation of duty cycle. Cscp discharging time from

FP5003

1.4V to 0.2V is the second shutdown phase. After this phase, FP5003 would be released from

shutdown state and re-start the normal operation. Figure 17 is a relation description about SCSAR pin
and the other pins of FP5003.

Short Circuit
SCP Comparator 1 Threshold Voltige/oied \y\
1.5V /

COMP ¥
VI - —— — — — — — - Pt ——— — —_— e ———— - 1.4V
VTH1

I TH1 ~ | TH3
VCscpr VTH3
0.2V
our /MMM
DTC —/
/
Vee -/ X—_3.0V

A 4

A A

-~

Vi I 'Y
14 14

x

4
Al

: VH‘
NORMAL OPERATION SHUTDOWN T "\ \PHASEZ
PHASE1
RE-START

Figure 17. Shutdown and Re-start waveform

The equations are shown below for shutdown and re-start time calculation:
AUTO RE-START time equation:

t _ V1 xCsep
RE-START — |
TH1
SHUTDOWN time equation:

(Vriz = Vi) x Cscp + (Vriz = Ving ) Csce

1:SHUTDOWN = tPHASE1 + tPHASE2 = | |
TH2 TH3

1 —
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Output Transistors

FP5003

The output of the FP5003 is a totem-pole transistor pair, which provides current source and sink
capability for driving the external MOSFET directly. A basic drive method is shown in figure 18.
When PWM operation frequency is different, the both of on and off time of MOSFET also are

different.

ISOURCE

oscC

)

DTC

SCP
Control

Circuit ,i' zz
FP5003

/77 /77

Figure 18. MOSFET Output Driving Cricuit

Note:
It is very important to choose a suitable MOSFET for high frequency operation. The larger
capacitance between gate and source of MOSFET makes more switching loss under the same

condition such as high frequency operation, supply voltage and driving current.
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Typical Application
Application Example: V\y = DC 5.0V~ 24.0V
VOUT =DC 33\/, IOUT: 2.0A
vin,
1+ c1 4
A~ 100uF /35V A< C2
0.1uF R1 10
—1 L2 4.7uH
= IC1 +3.3V Vout
tout onp |2
2 vce RT z RT
comp 3 | comp prC 18 DTC cs + co
4 g gop FB—SCP 100uF/6.3V Tuuwe.sv
T~ c6 FP5003
303
|+ ca R3 _| c3 R2
1 AT~ 3.3uF > 56K —T~ 0.1uF p 43K
~T~C5
R6
102 6.8K
R5 12K 1% =
FB .
R7 cr
R4
51K 1%

Note:

2K 103

This is a basic circuit of FP5003 example. C4 is a short circuit and re-start timing capacitor

(Cscp). The purpose of R3 and C3 is soft-start duty control (Rprc*Cprc). R2 is for adjustable oscillator

frequency (Rt). R5 and R4 are feedback bias resistors for Voyr. C5-R6-C6 establish compensation

network for close loop stability.

This datasheet contains new product information.
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FP5003

Package Outline

SOP-8L
0.203TYP.
HHHH =
g
(] == 35
g‘ iB ~
o
® [
k_ i L 3
0k |
|| H ,
.y 4 ~ ﬂ/
0.406TYP. L__m
D
= A
0 2| <«
Q: - ] SEATING PLANE
b L
[ A[0.101MAX ]
UNIT: mm
Symbols Min. (mm) Max. (mm)
A 1.346 1.752
A1l 0.101 0.254
A2 1.498
D 4.800 4.978
E 3.810 3.987
H 5.791 6.197
L 0.406 1.270
e° 0° 8°
Note:

1. Package dimensions are in compliance with JEDEC outline: MS-012 AA.

2. Dimension “D” does not include molding flash, protrusions or gate burrs.

3. Dimension “E” does not include inter-lead flash or protrusions.

This datasheet contains new product information.
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FP5003
SOP-8L (EP)
D1
0.203TYP,
HHHF = H{H BB
== O |
OLo—_ _: g__; \\
\ i ; J
00 ) HHHH
osos, +270me, \ ooosE PO )
D
: g <
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UNIT: mm
Symbols Min. (mm) Max. (mm)
A 1.346 1.752
A1l 0.050 0.152
A2 1.498
D 4.800 4.978
E 3.810 3.987
H 5.791 6.197
L 0.406 1.270
0° 0° 8°
Exposed PAD Dimensions:
Symbols Min. (mm) Max. (mm)
E1 2.184 REF
D1 2.971 REF
Note:
1. Package dimensions are in compliance with JEDEC outline: MO-178 AA.
2. Dimension "D” does not include molding flash, protrusions or gate burrs.
3. Dimension “E” does not include inter-lead flash or protrusions.
No liability is assumed as a result of the use of this product. No rights under any patent accompany the sales of the product.
Website: http://www.feeling-tech.com.tw Rev. 0.9
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UNIT: mm
Symbols Min. (mm) Max. (mm)
A 1.100
A1 0.000 0.150
A2 0.750 0.950
D 3.000 BSC
E 4.900 BSC
E1 3.000 BSC
L 0.400 0.800
L1 0.950 REF
0° 0° 8°
Notes:

1. Package dimensions are in compliance with JEDEC outline: MO-187 AA.
2. Dimension “D” does not include molding flash, protrusions or gate burrs.

3. Dimension “E1” does not include inter-lead flash or protrusions.
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This datasheet contains new product information. Feeling Technology reserves the rights to modify the product specification without notice.
No liability is assumed as a result of the use of this product. No rights under any patent accompany the sales of the product.

Website: http://www.feeling-tech.com.tw Rev. 0.9
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