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PWM CONTROL IC
WITH SCP/DTC FUNCTION

GENERAL DESCRIPTION

The FP5001, a 1-chip composed of open collector transistor output pulse-width-modulation
control circuits with an error amplifier and dead-time comparators (DTC), the FP5001 contains
a 1.0V precision voltage reference regulator, under-voltage lockout circuit (UVLO), short
circuit protection circuit (SCP), applied to offer space and low cost in many applications such
as the DC/DC converter and backlight inverter.

Using few external components, FP5001, a high performance integrated IC, is designed for a

control circuit. The circuit diagram of the typical application example is as below.

FEATURES
" Reference Voltage Precision: 5% (FP5001)
" Output sink current up to 100mA

" Low quiescent supply current

" Wide operating voltage range: 3.6~40V

" Variable dead-time control (DTC)

" UVLO protection function

" SCP protection function 2
" Oscillator Frequency: Max. 500KHz

" Package: PDIP8/ SOP8

TYPICAL APPLICATION CIRCUIT DIP8
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FUNCTIONAL BLOCK DIAGRAM
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MARK VIEW PIN DESCRIPTION
NAME | NO. | STATUS DESCRIPTION
ouT 1 O |Open Collector Transistor Output
:I:I VCC 2 P IC Power Supply
‘ COMP| 3 (0] Error Amplifier Feedback Output
‘ﬂ :I:I @ FB 4 I Error Amplifier Inverting Input
— M SCP 5 | [Short Circuit Protection Input
=0,
— ol :I:I DTC 6 I Dead-Time Control Input
1 O ; :

S :D @ RT 7 | |A resistance of Oscillator
= GND | 8 | P |ICGround
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ORDER INFORMATION

Part Number Operating Temperature Package Description
FP5001D -20°C~85°C SOP8 Tube
FP5001DR -20°C ~85°C SOP8 Tape & Reel
FP5001P -20°C 85°C PDIP8 Tube (1%)

IC DATE CODE DISTINGUISH

FP 5001
U=

L L bNulmer
MassP o dction Versa n

P eHalf Month
Yer
FOR EXAMPLE:
January A (Front Half Month), B (Last Half Month)
February C,D
March E.F And so on.

Lot Number is the last two numbers
For Example:

A3311C62
L otN um ber
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FP5001

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Vcc) +40V
Differential Input Voltage (Viq) +20V
Collector Output Voltage (Vo) +40V
Collector Output Current (lo) +150mA
Maximum Junction Temperature (T)) 150°C
Thermal Resistance Junction to Ambient (SOP package) 175°C/W
(PDIP package) 100°C/W

Power Dissipation (SOP8 package)

Ta=25°C 650mwW

Ta=70°C 550mwW
Operating Temperature Range -20°C ~ 85°C
Storage Temperature Range -65°C ~ 150°C
Lead Temperature (soldering, 10 sec) +230°C
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ELECTRICAL CHARACTERISTICS

FP5001

Electrical characteristics over recommended operating temperature range , VCC =6V , fosc =

70KHz ( unless otherwise noted )
Reference
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX|UNIT
Output voltage VRer COMP connected to FB 0.95 1 1.05 \Y,
Input regulation 4 VRer Vec=3.6 Vo400V 2 125 | mV
t(ztrﬁgt; ;/t%l:zge change with |, __n/ TAi'20°C: to 25"(3 -10 | -1 15 N
Ta= 25°C to 85°C -10 | -2 10
TAll typical values are at Ta =25°C.
Under voltage lockout
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX|UNIT
Upper threshold voltage Vipper |Ta=25°C 3 \%
Lower threshold voltage Viow Ta=25°C 2.8 \Y
Hysteresis Vhys Ta=25°C 100 | 200 mV
Reset threshold voltage Vreset Ta=25°C 21 | 255 V
TAll typical values are at Ta=25°C.
Short-circuit protection
PARAMETER SYMBOL | TEST CONDITIONS | MIN | TYP | MAX|UNIT
SCP threshold voltage V1H Ta=25°C 0.95 | 1.00 | 1.05 \Y,
SCP voltage , latched Viarch  |No pullup 2.4 \%
SCP voltage , UVLO operation Vorr 140 | 185 | 230 | mV
SCP voltage , UVLO standby Vstanoey |No pullup 60 120 | mV
Input source current Isourcr  |Ta=25°C -10 -15 -20 pA
\?c(jt:gceomparator 1 threshold Veowrq 15 Vv
TAll typical values are at Ta =25°C.
Oscillator
PARAMETER SYMBOL | TEST CONDITIONS | MIN | TYP | MAX|UNIT
Frequency f Ri¢= 100K 70 KHz
Standard deviation of frequency A f 15 KHz
Frequency change with voltage A fla vV |Vec=3.6V to 40V 1 KHz
Frequency change with temperature aflaT Ta=-20°C to 25°C - 04 KAz
Ta= 25°C to 85°C -4 | -02 KHz
Voltage at RT Vgt 1 \%

TAll typical values are at Ta=25°C.
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FP5001

Electrical characteristics over recommended operating temperature range , VCC =6V , fosc =

70KHz ( unless otherwise noted ) ( continued )

Dead-time control

PARAMETER SYMBOL | TEST CONDITIONS | MIN | TYP | MAX | UNIT
Output ( source ) current Isource  |Vomy=1.5V 0.9xlgr* 1.2%Igr | p A
Duty cycle =0% 0.5 0.7
Input threshold voltage i Vv
Duty cycle = 100% 1.3 1.5
TAIll typical values are at Ta =25°C.
FOutput source current at RT
Error amplifier
PARAMETER SYMBOL| TEST CONDITIONS MIN | TYP | MAX | UNIT
Input voltage VN Vce =3.6V to 40V 0 1.5 V
Input bias current Vaias -160 | -500 nA
Output voltage Positive Vpos 1.5 23 Vv
swing Negative VNEG 03 | 04 v
Open-loop voltage
amplification Avo 80 dB
Unity-gain bandwidth BWy 1.5 MHz
Output ( sink ) current lsink  [ViFy=1.2V , COMP =1V 600 | 1100 g A
Output ( source ) current Isource  |ViFe)=0.8V , COMP =1V -45 -70 b A
TAll typical values are at Ta =25°C.
Output
PARAMETER SYMBOL | TEST CONDITIONS MIN | TYP | MAX | UNIT
Output saturation voltage Vsar lo=10mA 0.8 1.2 \%
Vo=40V, Vcc=0 10
Off-state current lorr g A
Vo =40V 10
Short-circuit output current Isc Vo =6V 40 mA
TAll typical values are at T, =25°C.
Total device
PARAMETER SYMBOL | TEST CONDITIONS | MIN | TYP | MAX | UNIT
Standby supply current s(,)tzfafte IsTANDBY 1 1.5 mA
Average supply current lave R: =100k 1.2 1.5 mA

TAll typical values are at To=25°C.
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DETAILED DESCRIPTION

Voltage reference
A 2.5-V regulator operating from VCC is used to power the internal circuitry of the FP5001.
A resistive divider provides 1-V reference for the error amplifier and SCP circuits.

Error amplifier
The error amplifier compares a sample of the dc-to-dc converter output voltage to the 1V reference
and generates an error signal for the PWM comparator. The dc-to-dc converter output voltage is set
by selecting the error-amplifier gain (see Figure 1), using the following expression:

Vo = (1 + R1/R2) x (1 V)

3| COMP FP5001

Compensation
Network

R1
VI(FB)

,
Comparator

+

|

|

|

|

|

|

|

To PWM |

|

|

|

|

Vref =1V |
|
|
|

Figure 1. Error-Amplifier Gain Setting

The error-amplifier output is brought out as COMP for use in compensating the dc-to-dc converter
control loop for stability. Because the amplifier can only source 45 uA, the total dc load resistance

shouldbe 100k Q mor e

Oscillator/PWM
The oscillator frequency (fosc) can be set between 20 kHz and 500 kHz by connecting a resistor
between RT and GND. Acceptable resistor values range from 15 kQ to 250 kQ. The oscillator
frequency can be determined by using the graph shown in Figure 5.
The oscillator output is a triangular wave with a minimum value of approximately 0.7 V and a
maximum value of approximately 1.3 V. The PWM comparator compares the error-amplifier output
voltage and the DTC input voltage to the triangular wave and turns the output transistor off

whenever the triangular wave is greater than the lesser of the two inputs.
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Dead-time control (DTC)

DTC provides a means of limiting the output-switch duty cycle to a value less than 100%, which is

critical for boost and flyback converters. A current source generates a reference current (lpt) at
DTC that is nominally equal to the current at the oscillator timing terminal, RT. Connecting a resistor
between DTC and GND generates a dead-time reference voltage (Vpr), which the PWM/DTC
comparator compares to the oscillator triangle wave as described in the previous section. Nominally,
the maximum duty cycle is 0% when Vpr is 0.7 V or less and 100% when Vpr is 1.3 V or greater.
Because the triangle wave amplitude is a function of frequency and the source impedance of RT is
relatively high (1250 Q), choosing Rpr for a specific maximum duty cycle, D, is accomplished using
the following equation and the voltage limits for the frequency in question as found in Figure 11

(Voscmax and Voscmin are the maximum and minimum oscillator levels):

Rpr=(R¢+ 1250 ) [ D ( Voscmax - Vosemin) + Voscmin |
Where
Rpr and R; are in ohms, D in decimal
Soft start can be implemented by paralleling the DTC resistor with a capacitor (Cpr) as shown in

Figure 2. During soft start, the voltage at DTC is derived by the following equation:

- -t/RpTC

DTC
FP5001

Cpr T~ Rpr

Figure 2. Soft-Start Circuit

If the dc-to-dc converter must be in regulation within a specified period of time, the time constant,
RptCort, should be to/3 to to/5. The FP5001 remains off until Vpr ~ 0.7 V, the minimum ramp value.

Cor is discharged every time UVLO or SCP becomes active.

Undervoltage-lockout (UVLO) protection
The undervoltage-lockout circuit turns the output transistor off and resets the SCP latch whenever
the supply voltage drops too low (approximately 3 V at 25°C) for proper operation. A hysteresis

voltage of 200 mV eliminates false triggering on noise and chattering.
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Short-circuit protection (SCP)

The FP5001 includes short-circuit protection (see Figure 3), which turns the power switch off to
prevent damage when the converter output is shorted. When activated, the SCP prevents the
switch from being turned on until the internal latching circuit is reset. The circuit is reset by reducing
the input voltage until UVLO becomes active or until the SCP terminal is pulled to ground externally.
When a short circuit occurs, the error-amplifier output at COMP rises to increase the power-switch
duty cycle in an attempt to maintain the output voltage. SCP comparator 1 starts an RC timing
circuit when COMP exceeds 1.5 V. If the short is removed and the error-amplifier output drops
below 1.5 V before time out, normal converter operation continues. If the fault is still present at the

end of the time-out period, the timer sets the latching circuit and turns off the FP5001 output

transistor.
____________________________________________ -
| I
| I
| |
| I
| |
| I
| |
| |
: ScP |
Cscp | Comparator 2 |
|| SCP :
! 5 To Output |
1 | From Error Drive Logic |
| Amp |
| Qt |
| SCP Vref =1V |
| Comparator 1 ; |
| 1.5V I
| + |
| Q@2 |
l |
| I
| |
L - J

Figure 3. SCP Circuit

The timer operates by charging an external capacitor (Cscp), connected between the SCP terminal
and ground, towards 2.5 V through a 185-kQ resistor (Rscp). The circuit begins charging from an
initial voltage of approximately 185 mV and times out when the capacitor voltage reaches 1 V. The
output of SCP comparator 2 then goes high, turns on Q2, and latches the timer circuit. The
expression for setting the SCP time period is derived from the following equation:

Vscp = (2.5 + 0.185)(1 —e ™™ + 0.185

Where

7= RscpCscp
The end of the time-out period, tsce, occurs when Vscp = 1 V. Solving for Cscp yields:

Cscp=12.46 x tscp Where tis in seconds, C in pF.
tsce must be much longer (generally 10 to 15 times) than the converter start-up period or the

converter will not start.
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Output transistor

The output of the FP5001 is an open-collector transistor with a maximum collector current rating of
100 mA and a voltage rating of 40 V. The output is turned on under the following conditions: the
oscillator triangle wave is lower than both the DTC voltage and the error-amplifier output voltage,

the UVLO circuit is inactive, and the short-circuit protection circuit is inactive.

PARAMETER MEASUREMENT INFORMATION

15V

\
DTC A A A A A A A A~
osc /|

|
PWM /DTC ‘ |—“—"“—U—
Comparator _H |.| |.| |.| |.| “‘ hl |.| |_| |_| |_| |_| ‘
| |
ouT | \

SCP
Comparator 1

SCP

SCP Timing period

SCP
Comparator 2

oV

Figure 4. PWM Timing Diagram
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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PACKAGE OUTLINE

SOP 8
0.008typ
_— Te]
H H H H S
x
A 7o) 4
—
o
L T -
o
O T
J y L
H [ H H v T ~)
0. 164yp 0.050typ
0%
D A
h - L
( i
| Ll L)Y ¢ SEATING PLANE
o - A
<
— 0.004 ma|x
SYMBOLS MIN MAX
A 0.053 0.069
A1 0.004 0.010
D 0.189 0.196
E 0.150 0.157
H 0.228 0.244
L 0.016 0.050
o ° 0 8
NOTE:

1. JEDEC OUTLINE:MS-012 AA

2. DIMENSIONS “D” DOES NOT INCLUDE MOLD FLASH,PROTRUSIONS OR GATE BURRS.MOLD
FLASH,PROTRUSIONS AND GATE BURRS SHALL NOT EXCEED .15mm (.0.06in) PER SIDE

3. DIMENSIONS “E” DOES NOT INCLUDE INTER-LEAD FLASH,OR PROTRUSIONS. INTER-LEAD
FLASH AND PROTRUSIONS SHALL NOT EXCEED .25mm (.0.10in) PER SIDE.
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FP5001

PDIP 8
o]
M B
) “ ﬂ
TR -
i o
_I‘_\J
EI.GIHU'D_I
0100t p.
0By,

SYMBOLS MIN NOR MAX
A - - 0.210
A1 0.015 - -
A2 0.125 0.130 0.135
D 0.355 0.365 0.400
E 0.300BSC
E1 0.245 0.250 0.255
L 0.115 0.130 0.150
eo 0.335 0.355 0.375
o ° 0 7 15

Note:

0. JEDEC OUTLINE:MS-001 BA

1. “D”E1"DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS SHALL NOT
EXCEED .010 INCH

2. eB IS MEASURED AT THE LEAD TIPS WITH THE LEADS UNCONSTRAINED

3. POINTED OR ROUNDED LEAD TIPS ARE PREFERRED TO EASE INSERTIDN

4. DISTANCE BETWEEN LEADSINCLUDING DAM BAR PROTRUSIONS TO BE .005 INCH MININUM

5. DATUM PLANE H CONINCIDENT WITH THE BOTTOM OF LEAD, WHERE LEAD EXITS BODY.
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PACKING SPECIFICATIONS
BOX DIMENSION

TUBE INSIDE BOX AND CARTON

“ >
FTGhgo
- - 0000
:
© CARTNO
1otn | ; LBE FT dgo
TAPE & REEL INSIDE BOX AND CARTON
e 368 m 7/
3Bmm
3 enfin
/ FTC | abe
A
O O O
50"“ 5 CRDN
L AEL F Tlogo
A 4
PACKING QUANTITY SPECIFICATIONS
100 EA/ TUBE 2500 EA / REEL
100 TUBES / INSIDE BOX 4 INSIDE BOXES / CARTON
4 INSIDE BOXES / CARTON

LABEL SPECIFICATIONS

e  102mm ————— ¥

A Feeling Technology Corp.

Device Type FP5001 Total Qty XXXXX

Lot No. XXXXXXXX | Date Code XXX

74mm

PKG Type SOP8 aro 022
Marking Type INK
QC
Packing Date| 02/12/2003
\ 4
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CARRIER TAPE DIMENSIONS
APPLICATION W P E F D D;
SOP8 12.*0“’;_ 8.0+0.1 | 1.75+0.1 | 55+0.1 | 1.55+0.1 | 1.5%0%
APPLICATION Po P Ao Bo Ko t
SOP8 40+0.1 | 20£0.1 | 6.4+0.1 | 520+0.1 | 2.1£0.10 | 0.30+0.013
W.J
! 5 b 4 f H
! b - 4 & - - P
1 a - | R
2= =]

COVER TAPE DIMENSIONS

AD

Ko

CARRIER WIDTH 12 16 24
COVER TAPE WIDTH 9.3 13.3 213
(mm)
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REEL DIMENISIONS

g L2

1 =

) T
APPLICATION MATERIAL A B C D T, T,
SoP8 P'-A(svTF"fLE;EEL 330£0.1 | 62415 | 1275+0.15 | 2+0.6 | 12.4+02 | 2.0+0.2
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