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BOOST CONVERT CONTROL IC

GENERAL DESCRIPTION

The FP5138 is a boost topology switching regulator control IC for battery-used applications
field. The FP5138 includes a totem-pole single output stage for driving NPN transistor or
N-MOS, high precision reference (0.5V) for comparing output voltage with feedback ampilifier,
an internal dead-time control for controlling the minimum duty cycle, programmable soft start
with short circuit protection function and logic level control for operating mode or standby

mode.

FEATURES

" Wide supply voltage operating range: 1.8 to 15V
" Low current consumption: Operation Mode 5.5mA
Standby-by Mode 1pA

High speed oscillator frequency: 1MHz max.

" Programmable Soft Start function (SS)

" Short Circuit Protection function(SCP)

"~ Totem-pole output with adjustable on/off current
(for NPN transistors or n-channel MOSFET)

" Logic level control stand-by mode function

" Package: SOP8/TSSOP8/MSOP8

TYPICAL APPLICATION

" Digital Camera
" PDA
" Portable Equipment
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FUNCTIONAL BLOCK DIAGRAM
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MARK VIEW PIN DESCRIPTION
Name |No.| I/O Description
O :D FB 1 | |Error amplifier inverting input pin
Connected a capacitor
1 (7) | 5" | 2| ' |softstart and SCP function pin
Tl Vee 3 P |IC power supply
% a :I:l @ BR/CTL| 4 | |Output current setting and control pin
L = OouT | 5 O |Totem-pole output
= @ 1l @ GND | 6 | P |IC ground
— Capacitor and resistor connected for
OosC | 7 I o
the frequency of oscillation
COMP | 8 O |Error amplifier compensation output
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ORDER INFORMATION

Part Number Operating Temperature Package Description
FP5138D-LF -10°C ~ +85°C SOP8 Tube
FP5138DR-LF -10°C ~ +85°C SOP8 Tape & Reel
FP5138W-LF -10°C ~ +85°C TSSOPS8 Tube
FP5138WR-LF -10°C ~ +85°C TSSOPS8 Tape & Reel
FP5138T-LF -10°C ~ +85°C MSOP8 Tube
FP5138TR-LF -10°C ~ +85°C MSOPS8 Tape & Reel

IC DATE CODE DISTINGUISH

FP5138
UL =0T

Lead Free

Mass Production Version
Per Half Month

Per Half Month

Year
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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ABSOLUTE MAXIMUM RATINGS

Power supply voltage +15V
Output source current -50mA
Output sink current +50mA

Allowable dissipation

SOP8 Ta +25 570mw
MSOP8 Ta +25 400mwW
TSSOP8 Ta +25 400mwW
Operating temperature -10 +85
Storage temperature -55 +125
SOP8 Lead Temperature (soldering, 10 sec) +260
TSSOP8 Lead Temperature (soldering, 10 sec) +260
MSOPS8 Lead Temperature (soldering, 10 sec) +260
260 /10 sec
260 —+
210 — +0.23 /sec (1.2 /sec
180 —+
+3.4 /sec
25
| | | |

! ! ! !
15s 60s 190s 280s
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DC ELECTRICAL CHARACTERISTICS
Under Voltage Lock-Out section (U.V.L.O.)

PARAMETER SYMBOL | TEST CONDITIONS | MIN. | TYP. | MAX. | UNIT
Low threshold voltage Viow - - - 0.9 V
Upper threshold voltage VUPPER - 1.1 1.3 1.5 \%
Soft Start section (S.S.)
PARAMETER SYMBOL | TEST CONDITIONS | MIN. | TYP. | MAX. | UNIT
Input source current Iss Vgcp= OV -1.5 -1.0 -0.7 g A
Soft start threshold voltage VssT - 0.8 0.9 1.0 \Y
Short Circuit Protection section (S.C.P.)
PARAMETER SYMBOL | TEST CONDITIONS | MIN. | TYP. | MAX. | UNIT
Input source current Iscp Vscp= OV -1.5 -1.0 -0.7 uA
S.C.P. threshold voltage Vscp - 0.7 0.8 0.9 \%
Oscillator section
PARAMETER SYMBOL | TEST CONDITIONS | MIN. | TYP. | MAX. | UNIT
Oscillation frequency f Rr=3.0KQ,C+=270pF | 400 500 600 KHz
Frequency change with
voltage Af/ AV Vce=2V to 15V - 2 10 %
Frequency change with AfJ AT Taz0 to85 ) 5 ] %
temperature
Idle Period Adjustment section
PARAMETER SYMBOL | TEST CONDITIONS | MIN. | TYP. | MAX. | UNIT
Maximum duty cycle O R I N
Ve=0.8V
Total device section
PARAMETER SYMBOL | TEST CONDITIONS | MIN. | TYP. | MAX. | UNIT
Stand-by current IsTANDBY Pin4 is open or V¢c - - 1 MA
Average supply current lave Rg=390Q,Vc=0~20V - 5.0 10 mA
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DC ELECTRICAL CHARACTERISTICS (Cont.)

Error Amplifier section

PARAMETER SYMBOL | TEST CONDITIONS | MIN. | TYP. | MAX. | UNIT
Input threshold voltage VEg Vcomp=450mV 480 500 520 mV
Vt change with voltage AVeg / AV Vce=2V to 15V - 5 20 mV
Vt change with temperature | AVgg / AT Ta=-10 to85 - 1 - %
Input bias current I -- -1.0 -0.2 1.0 MA
Voltage Gain Av -- - 100 - VIV
Frequency bandwidth BW Av=0 dB - 6 - MHz
Output voltage | Positive Vpos - 0.78 | 0.87 - v
Swing Negative VNEG - - 0.05 0.2
Output source current lsource - -40 -24 MA
Output sink current lsink Veoup=450mV 24 40 - MA
Output section
PARAMETER SYMBOL | TEST CONDITIONS | MIN. | TYP. | MAX. | UNIT
Output high voltage VoH1 Rg=390Q), lo=-15mA 1.0 1.2 - \Y
Output high voltage Vors Re=7800, lo=10mA. | 08 | 10 | - Vv
Vee= 1.8V
Output saturation voltage VoL1 Rg=390Q), lo=15mA - 0.1 0.2 \Y
Output saturation voltage VoLz Re=75082, l=10mA, - 0.1 0.2 V
Vee= 1.8V
Output source current losource | Rg=390Q), Vo=0.9V - -40 -20 mA
Output sink current losink Rg=390Q), Vo=0.3V 30 40 - mA
Internal pull-down resistor Ro - 20 30 40 kQ
Output Current Setting / Control section
PARAMETER SYMBOL | TEST CONDITIONS | MIN TYP. | MAX. [ UNIT
Pin voltage Ver Rg=390Q 0.15 | 0.22 0.3 \Y
Input off condition lore - -20 - 0 MA
Input on condition lon - - - -45 MA
Pin current range Igr - -1.8 - -0.1 mA
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS (Cont.)
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TIMING WAVEFORM
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DETAILED DESCRIPTION

Voltage reference

A 1.25V regulator operating from VCC is used to power the internal circuitry of the FP5138. An
internal resistive divider provides 0.5V reference for the error amplifier, Soft-start (typ. 0.9V)
and SCP (typ. 0.8V) circuits.

Error amplifier
The error amplifier compares a sample of the dc-dc converter output voltage to the 0.5V
reference and generates an error signal for the PWM comparator. Output voltage of dc-dc

converter is setting with the resistor divider using the following expression (see fig12):

Vout = (1+ ﬂj *0.5
R2

vouT

R1 EnorAnm plifier

R2

FP5138
7 f
T

Figure 12. Error Amplifier with Feedback resistance divider

Oscillator

The oscillator frequency can be set between 20KHz and 500KHz by connecting a resistor and
a capacitor at OSC pin of FP5138 to ground. The oscillator frequency can be determined by
using the graph shown in Figure 9.

The oscillator output is a sawtooth wave with a minimum value of approximately 0.1V and a
maximum value of approximately 0.6V. The PWM comparator compares the oscillator voltage
with error amplifier output voltage; internal DTC voltage (typ. 0.6V) and soft start setting
voltage. When the sawtooth wave voltage is low than above three-output voltage, the output of
FP5138 is high (Turn on NPN transistor or NMOS).

Rev0.4 Apr. 01, 2004
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Under voltage lockout (UVLO)

The under voltage lockout circuits turn the output off and whenever the supply voltage drops
too low (approximately 0.9V at 25 ) for proper operation. A hysteresis voltage of 200mV

eliminates false triggering on noise and chattering.

Soft Start/ Short-circuit protection (S.S./S.C.P)
The soft start is functional after power on, and the interval of soft start time is determined by a
capacitor connected to SCP pin (pin 2). When soft start function finished, the internal soft start
voltage is setting high, but external SCP pin is setting low in order to change to short circuit
detection / protection function.
The time of soft start is following expression:

Tss=0.35*C|[uF |
The short circuit protection is functional due to a heavy loading drop and output of error
amplifier (COMP pin) is maintain a Vpos (typ. 0.87V), the capacitor is charged until SCP
threshold voltage (typ. 0.8V), then FP5138 output is disable (internal pull-low) and the
capacitor is discharged to low.

The time of short circuit protection is following expression:

Tscp = 0.8+ C[uF |

Rev0.4 Apr. 01, 2004
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Output transistor

The FP5138 has a totem-pole transistor with a 40mA source/sink current rating to drive an
external NPN transistor or NMOS directly. The driving current capability depends on a resistor
R that is connected to BR/CTL pin (Pin4) of FP5138. (see fig. 14)

FP5138
()

BRALTL

Control
01

Figure 13. Output transistor driving control circuit

BR/CTL pin can also use to control the output of FP5138 for disable or enable function of

system.
Control Pin Q1 BR/CTL Pin | Output Transistor Function Mode
Low Off Open Disable Stand-by
High On Bias Current Enable Operation

Rev0.4 Apr. 01, 2004
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APPLICATION NOTE (1)

FP5138

L1 20uH
Vin +12V D1 SCD34
2 OO P OVout +24V/1A
Ut
§ R1
FB  COMP R2
47K 1%
SCP  0SC [ L :
0.1uF 1
——vcc  GND T °2
A~C7 A~C5 R3 10 |E Q2 1 1
soouF/sy | OUF  —— BRICTL OUT AWV T T
0.1uF | 100uF/35V
FP5138
R4
L > R6
390 RS 6
® S T k1%
Q1 470pF
2N3904 “V
R7 47K
Control © VvV
Figure 14. DC12V to DC24V Boost Regulator
L1 20uH SCD34
Vin +2.5V ~ +6V c9 D1
2 Yy I( ﬂ_‘ OVout +3.3V
Ut 10uF
§ R1
FB  COMP R2
SCP  0SC [— L o 56K 1%
0.1uF 1
—— vcc  GND L2 = c2
1 1 R3 E Q2 20uH I
T BRICTL OUT A‘/\/\,—, —cs =~ c4
220uF/25V 10 0.1uF | 100uF/35V
FP5138
4
Rs | |ce R6
xS T k1%
Q1 70pF
2N3904
R7 47K
Control
Figure 15. DC2.5V~DC6V to DC3.3V SEPIC Regulator
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APPLICATION NOTE (2)

Figure 17. Charge Pump DC-DC Converter Circuits
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L1 33uH
Vin +3.3V Q1 AP2305 P—
Q Y YN oVout+1.8V
R1 <
U1 ; R2
1 8 R3 10K
'— FB  COMP § L
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2 ScP osc L T e
0.1uF
3lvec  np 2 o1
T~ C2 R4 p ﬁ SCD34 T~ c4
47uF 4 5 Q2 330uF
—= s BR/CTL OUT W\ {4 2Nao0s
1K
0.1uF
FP5138 L
R5 R6
499 ;
R7 L Ccé 3.9K
Q3 3.3K ;
2N3904 70pF
R8 4.7K
COnlI’O‘O_MA/_
Figure 16. DC3.3V to DC1.8V Buck Regulator
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2iscp  osc [ L cio 51K 1%
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3 e oo L8 = cn
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ol 4| grieme out 15 AP2304 ~cn = Cta A= cis
10 100uF 0.1uF 100uF
= ct6 =T c7 FP5138 ’1
0.1uF 0.1uF
R15
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APPLICATION NOTE (3)
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{

Il

]
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cs5 i c4
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Vi ey +15V v2 +5V - ¢ )] ( )
+ C8 + Co +
I 100uF/25V I ATUF/16Y I SoouFrev I Surnev
= = = = BCTL Q2
2N3904 R4
33K
L4 33um L5 33um
v3 +3.3V va

7.5V

100uF/16V 47uFI‘\6\/ TWWTC%
100uF/16V 47uF/16V

Ul
Q
R

Figure 18. Flyback Multi-output DC-DC Converter Circuits
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PACKAGE OUTLINE

SOPS8
0.008typ
H H H H b Y
x | |
A 7o)
—
o
[11] T .
o
@) | 1
¥
H L] H H I T )
0.164yp 0.050typ
I 4 ,ﬁjg
e 0
D A u
= - L
i
B y SEATI NG PLANE
T o A
<
g| 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
0 ° 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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MSOPS8
8 | —a
Inininl
I A
| -
D S ] B
I
O |
o Car
Mg
0@ Il |06 ES
N GAUE GENEP
L b | 6 5 - SEAT | NG NEE
- [ o L g
J L1
i
Y
<
=~ 0. 5
SYMBOLS MIN MAX
A - 1.10
A1 0.00 0.15
A2 0.75 0.95
3.00 BSC
E 4.90 BSC
E1 3.00 BSC
L 0.40 0.80
L1 0.95 REF
0 ° 0 8
NOTE:

1.JEDEC OUTLINE:MO-187 AA

2.DIMENSIONS “D” DOES NOT INCLUDE MOLD FLASH,PROTRUSIONS OR GATE
BURRS.MOLD FLASH,PROTRUSIONS AND GATE BURRS SHALL NOT EXCEED 0.15 PER
SIDE

3.DIMENSIONS “E1” DOES NOT INCLUDE INTERLEAD FLASH,OR PROTRUSIONS.
INTERLEAD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.25 PER SIDE.

4 DIMENSIONS “0.22” DOES NOT INCLUDE DAMBAR PROTRUSIONS.ALLOWABLE
DAMBAR PROTRUSIONS SHALL BE 0.08 MM TOTAL IN EXCESS OF THE ‘0.22°
DIMENSION AT MAXIMUM MATERIAL CONDITION.DAMBAR CANNOT BE LOCATED ON
THE LOWER RADIUS OF THE FOOT.MINIMIM SPAC BETWEEN PROTRUSION AND
ADJACENT LEAD IS 0.07MM.

5.DIMENSIONS “D” AND ‘E1’ TO BE DETERMINED AT DATUM PLANE H
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TSSOP8
J
]
S
EI_"F':H; ‘1“I*I=.m.,.. :‘._-_—JJ W
e .
SYMBOLS MIN NOR —
: : - 1.20
AT 0.05 - L
A2 0.96 1.01 06
D 2.90 3.00 310
: 6.40 BSC
ET 4.30 420 —
L 0.45 0.60 075
o° 5 : 8
NOTE:

1.JEDEC OUTLINE:MO-187 AA

2.DIMENSIONS “D” DOES NOT INCLUDE MOLD FLASH,PROTRUSIONS OR GATE BURRS.MOLD
FLASH,PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.15 PER SIDE

3.DIMENSIONS “E1” DOES NOT INCLUDE INTERLEAD FLASH,OR PROTRUSIONS. INTERLEAD
FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.25 PER SIDE.

4.DIMENSIONS “0.22” DOES NOT INCLUDE DAMBAR PROTRUSIONS.ALLOWABLE DAMBAR
PROTRUSIONS SHALL BE 0.08 MM TOTAL IN EXCESS OF THE ‘0.22° DIMENSION AT MAXIMUM
MATERIAL CONDITION.DAMBAR CANNOT BE LOCATED ON THE LOWER RADIUS OF THE
FOOT.MINIMIM SPAC BETWEEN PROTRUSION AND ADJACENT LEAD IS 0.07MM.
5.DIMENSIONS “D” AND ‘E1’ TO BE DETERMINED AT DATUM PLANE H
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PACKING SPECIFICATIONS

BOX DIMENSION

FTC Lo

FP5138

TUBE INSIDE BOX AND CARTON

{ 365

380mm

“

BOX 630mm 15 D D D D
:
i CARTO
190mm._| N LABEL FTC Logo
IVNSI DE BOX Y
TAPE AND REEL INSIDE BOX AND CARTON
Z 3 Bmm N
— e 3 6mm
3 2m BF T abel
A
O OO
5 om § C /RTON

N L BEL F T Cogo
4

PACKING QUANTITY SPECIFICATIONS

SOP 8 MSOP8 TSSOP8 SOP 8 MSOP8 | TSSOP8
100 80 160
2500 EA / REEL
EA/TUBE | EA/TUBE | EA/TUBE
100 TUBES / INSIDE BOX 4 INSIDE BOXES / CARTON

4 INSIDE BOXES / CARTON

LABEL SPECIFICATIONS

Tapping & Reel

D/C
Q'ty

Feeling Technology Corp.
Product
Lot No

FP5138
A3311C62

4Xx-XXL

Lead Free
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FP5138

CARTON
Feeling Technology Corp.
Product Type: FP5138
Lot No: A3311C62
Date Code: 4Xx-XXL
Package Type: SOP-8L
Marking Type: Laser
Total Q*ty: 10,000 Lead Free
SOP8
CARRIER TAPE DIMENSIONS
APPLICATION W P E F D D4
SOP8 19" 2 | 8.0£0.1 | 1.75:0.1 | 55£0.1 | 1.55:0.1 | 1.5'°%
APPLICATION Po P4 Ap Bo Ko t
SOP8 4.0£0.1 2.0+0.1 6.4+0.1 | 5.20+0.1 | 2.1£0.10 | 0.30£0.013
1
y D _Po =1 . |
L R
& -0 O O B O -0 |
Hee340439¢ ]
| = 5 -
P %— & | o || & :
] [
o/ 3 L
A0

L
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FP5138

REEL DIMENISIONS

O
"i K] _:__ : J,J.. L

S i x‘-_ !

T1 “:7/
REEL
APPLICATION MATERIAL A B C D T, T,
PLASTIC REEL
SOP8 330+0.1 62+1.5 12.75+0.15 2+0.6 12.4+0.2 | 2.0+0.2
(WHILE)
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MSOPS8

FP5138

CARRIER TAPE DIMENSIONS

APPLICATION W P E F D D,
MSOPS8 12.0+3 8.0 1.75+1.0 | 5.5+0.5 1.5%01 1.50

APPLICATION Po P, Ap Bo Ko t
MSOPS8 4.0+0.1 | 2.0+0.5 4.20 3.30 1.20 0.30+0.5

0 _ P

.
o500

i

e

1

EBao

=

Lo
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REEL DIMENISIONS

] (> Q
"i K] _:__ : J,J.. L
L i ; } g
T “:7/
REEL
APPLICATION MATERIAL A B C D T, T,
PLASTIC REEL s oz os
MSOP8 33041 62+1.5 12.75 2+0.15 12.4™ 16.8™
(WHILE)
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TSSOP8

FP5138
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TSSOPS8 12.0+0.3 8.00 1.75+1.0 | 5.5+0.05 | 1.5 1.50
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APPLICATION MATERIAL A B C D T,
PLASTIC REEL N
TSSOPS8 330 100 13.0™ 2+0.5 12.5
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