Advanced Power
~ Electronics Corp.

APE1705-HF-3

150kHz, 3A PWM Buck DC/DC Converter

Features
B Qutput voltage: Fixed 3.3V, 5V, 12V and

adjustable output (1.23V to 38.5V) versions.

ON/OFF shutdown control input.
Short Circuit Protection (SCP).
Operating voltage up to 40V.

Output load current up to 3A.
Low-power standby mode.

Built-in switching transistor on chip.
5-Lead TO-263 and TO-220 packages.

RoHS-compliant, halogen-free.

Typical Application

Fixed switching frequency, 150KHz *15%.
Voltage mode non-synchronous PWM control.

Thermal-shutdown and current-limit protection.

Description
The APE1705-HF-3 series consists of step-down DC-DC
converters with the ability to drive a 3A load without an
external switching transistor, saving board space.
The external shutdown function can be controlled by logic level
signals to put the device in standby mode. The internal compensation
allows feedback control for good line and load regulation without
external components. Thermal shutdown protection prevents
damage from excessive operating temperatures and output
current limiting protects the device from damage. Excess current
when VFB is below O.5V results in reduced switching frequency. The
APE1705-HF-3 series operate at a switching frequency of 150kHz,
allowing smaller sized filter components than with lower frequencies.
Output voltage has a guaranteed +4% tolerance under specified
input voltage and output load conditions, and a tolerance on
the switching frequency of +15%.
The APE1705-HF- 3 series are available with an adjustable output
voltage, or fixed output voltages of 3.3V, 5V or 12V, and are
supplied in either a 5-lead TO-263 or 5-lead TO-220 package.

VIN=24V L1 Vout=5.0V/3A
? 1L~~~ 2 9
APE1705-HF-3 47uH R1
e 4.7K
2
Sw 3
Cl 2=~ =cC2 4 Vss & D40a =<C3 ==C6
470uF 0.1uF FB 470uFT 0.1uF QR2
L—5 EN 1.5K
Ordering information , :
9 APE1705X-XX-HF-3IX o Packing Type:
T TR: Tape and reel for TO263-5L
S: TO263-5L 33: 3.3V
P : TO220-5L 50: 5.0V
PR: TO220-5LR 12: 12V
Blank: ADJ

Examples:

APE1705S-33-HF-3TR 3.3V fixed output in RoHS-compliant, halogen-free TO-263-5L,

shipped on tape and reel (800 pcs/reel).

APE1705PR-HF-3TB  adjustable output in RoHS-compliant, halogen-free TO-220-5LR, shipped in tubes.
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Electronics Corp.

APE1705-HF-3

Absolute Maximum Ratings

(at Tp = 25°C)

Characteristics Symbol Rating Unit
Maximum Supply Voltage Vee +45 V
ON/OFF Pin Input Voltage Ven -0.3t040 v
Feedback Pin Voltage (for ADJ version) Vs -0.3t0 20 V
Output Voltage to Ground (for Fixed version) Vour 0.7to0 45 V
Power Dissipation Internally limited PD (Ts-Ta)/ Rths W
Storage Temperature Range Tst -65 to +150 °C
Operating Temperature Range Top -40 to +125 °C
Operating Supply Voltage Vor +4.5 to +40 v
Thermal Resistance from Junction to case Rthic 35 °CIW
Thermal Resistance from Junction to ambient Rthua 25 °C/w

Note: Rtha is measured with a PCB copper area (must be connected to Vss pins) of approximately 3 in2 (Multi-layer).

Electrical Characteristics

(Unless otherwise specified, Ta=25°C, Vcc=12V for 3.3V, 5V, adjustable version and Vcc=18V for the

12V version. l.oap = 0.2A)

Characteristics Symbol Conditions Min | Typ | Max |Units
Quiescent Current lccg  [Vre=12V force driver off 4 8 | mA
. VFB=1.3V -50
Feedback bias current [ (Adjustable version only) -10 100 nA
EN pin=5V 200
Shutdown supply Current Isp Voc40V 100 300 UA
Oscillator frequency Fosc 127 | 150 | 173 | kHz
Oscillator frequency during F (Adjustable) When Veg<0.5V 60 kHz
short circuit protection S¢P (Fixed)When < Vour*40% 60 kHz
Max. Duty Cycle (ON) DC Vre=0V force driver on 100 o
0
Min. Duty Cycle (OFF) Veg=12V force driver off 0
- Peak current, no outside circuit
Current limit e V/ e5=0V force driver on 35 A
Load Regulation( AVout/Vout ) AVour |lout=0.2 10 3A 0.6 1.2 %
; lour=3A, no outside circuit 1.4
Saturation voltage Veat Ves=0V force driver on 1.3 G vV
L SW pin No outside circuit i
SW pin=0v Ieaka[g);e oy, |Vee=12V force driver off 200 | uA
SW pin=-0.8V current Vee=40V force driver off -5 mA
EN pin logic input threshold VL |Low (regulator ON) - 13 0.6 Vv
voltage Vi |High (regulator OFF) 20 |
EN pin logic input current lh  [Ven=2.5V (OFF) 01 5 A
u
EN pin input current IL  |Ven=0.5V (ON) -0.01] -1
Thermal shutdown Temp TSD 135 °C
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Advanced Power
Electronics Corp. APE1705-HF-3

Electrical Characteristics (cont.)

version Characteristics |Symbol Conditions Min | Typ Max |Units
4.5V < Ve < 40V
Output Feedback 0. 2A < lLoan< 3A 1.193 193 1.267 \Y
Vs .
APE1705-ADJ voltage Vout programmed /1.180 /1.280
for 3V
Efficiency n Vee =12V, lLoap=3A 74 %
4.75V < Ve < 40V 3.168 3432 | V
Output voltage V our 3.3
APE1705-3.3V| 0.2A < lLoan < 3A /13.135 13.465
Efficiency n Vee = 12V, lLoap=3A 75 %
7V < Ve < 40V 4.80 5.20 \Y;
Output voltage | Vour 5.0
APE1705-5.0V| 0.2A < lLorp< 3A 14.75 /5.25
Efficiency n Vee= 12V, lLoro=3A 80 %
15V < Ve <40V 11.52 12.48 \%
Output voltage V out 12
APE1705-12V 0.2A < loap< 3A /11.40 /12.60
Efficiency n Ve = 24V, loap = 3A 89 %

THIS PRODUCT IS SENSITIVE TO ELECTROSTATIC DISCHARGE, PLEASE HANDLE WITH CAUTION.

USE OF THIS PRODUCT AS A CRITICAL COMPONENT IN LIFE SUPPORT OR OTHER SIMILAR SYSTEMS IS NOT AUTHORIZED.
APEC DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT
DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.
APEC RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE
RELIABILITY, FUNCTION OR DESIGN.

©2010 Advanced Power Electronics Corp. USA 3/11
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Advanced Power
Electronics Corp.

APE1705-HF-3

Typical Application Circuits

(1) V|N=12V
VIN=12V L1 Vout=5,0V/3A
Q 1~~~ 2 [
APE1705-HF-3 33uH R1
I vee 47K
2
Sw 3
clL I} =c2 4 Vss & Di10n =}C3 =C6
470uF 0.1uF FB 470uF| 0.1uF @ R2
5 en 1.5K
ON/OFF = 1 N
¢ = = = =
(2) V|N:24V
VIN=24V L1 Vout=5.0V/3A
) 1~ 2 (]
APE1705-HF-3 47uH R1
L vee 47K
2
Sw 3
Cl 2~ =cC2 4 Vss & D40a =<C3 ==C6
470uF 0.1uF FB 470uFT 0.1uF QR2
=1 N 1.5K
_E= =
R1
Vout = VFB x (1+—), VFB = 1.23V, R2 = 0.7kKW ~ 3kW
R2
Vour R2 R1
5.0V 1.5k 4.7k
3.3V 1.5k 2.5k
2.5V 1.5k 1.5k

(3) Fixed Output Voltage Version

V0ut=5§)V/3A

VIN=24V
APE1705-HF-3 47uH
1 Vce
2 3
jo! i, 4 i:/ Vss B340A —
uF 0.1uF 470uF OluF
L1 recommended values (lout=3A,)
Vour 2.5V 3.3V 5V 12V
Vin=12V 33uH 33uH 33~47uH NA
Vin=24V 33uH 33uH 47uH 68uH
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Advanced Power
Electronics Corp.

APE1705-HF-3

Block Diagram

EN
229mv ’J] Vee
220mV —/— ——
CURRENT 1.235vV 25v || starT §
S%LI’ESCE | RererencE [ | REGULATOR upP
Cu_rri_-}nt ~
/l/l 150kHz m o
EBC OscC. COMz
CONTROL 3A
DRIJ\f/ER —E' SWITCH
1 SW
Thermal
= Shutdown —— 11 Vss
ADJ : R2=0Q, R1=OPEN
Pin Assignment
Name Description
Vee Operating voltage input
TO263-5L (Side View L
( ) SW Switching output
E} R Vss | GND pin
—T 1 5EN FB Output voltage feedback control
Metal —T 1 4 FB/OUT for ADJ version
Tab —) —T 711 3Vss
GND —T1 1
o —/— i\sl\c/\cl OUT | Output voltage feedback control
(Top View) EN ON/OFF Shutdown

TO220-5L (Side View)

—

[ ———5EN

TO220-5LR (Side View)

]

p—
f—

m—T— 5EN

Www.a-power usa.com

————
MTF‘;SI% O i ?3, \F/ZOUT Metal oTr—————————1 4 FB/OUT
GND —_————12SW Tab —) Q T—T——— 3Vss
————11Vcc GND 1 2 SW
T—T———1 1V
(Top View)
(Top View)
©2010 Advanced Power Electronics Corp. USA 5/11



Advanced Power
Electronics Corp. APE1705-HF-3

Functional Description

Pin Functions
Ve
This is the positive input supply for the IC switching regulator. A suitable input
bypass capacitor must be present at this pin to minimize voltage transients and to
supply the switching currents needed by the regulator.

Vss
Circuit ground.

SW
Internal switch. The voltage at this pin switches between (+Vcc — Vsar) and
approximately — 0.5V, with a duty cycle of approximately Vour / Vcc. To minimize
coupling to sensitive circuitry, the PC board copper area connected to this pin should
be minimized.

Feedback
Senses the regulated output voltage to complete the feedback loop.

EN
Allows the switching regulator circuit to be shutdown using logic level signals thus
dropping the total input supply current to approximately 100uA. Pulling this pin below
a threshold voltage of approximately 1.3V turns the regulator on, and pulling this pin
above 1.3V (up to a maximum of Vcc) shuts the regulator down. If this shutdown
feature is not needed, the EN pin can be wired to the ground pin.

Thermal Considerations

The TO-263-5L package needs a heat sink under most conditions. The size of the
heat sink depends on the input voltage, the output voltage, the load current and the
ambient temperature. The APE1705 junction temperature rises above ambient
temperature for a 3A load and different input and output voltages.

The data for these curves was taken with the APE1705 (TO263-5L package)
operating as a buck-switching regulator in an ambient temperature of 25°C (still air).
These temperature increments are all approximate and are affected by many factors.
Higher ambient temperatures require more heatsinking.

©2010 Advanced Power Electronics Corp. USA 6/11
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Advanced Power
Electronics Corp. APE1705-HF-3

Functional Description (cont.)

For the best thermal performance, wide copper traces and generous amounts of
printed circuit board copper (needs to be connected to the Vss pins) should be used in the
board layout, (One exception is the SW(switch) pin, which should not have large
areas of copper.) Large areas of copper provide the best transfer of heat (lower
thermal resistance) to the surrounding air, and moving air lowers the thermal
resistance even further.

Package thermal resistance and junction temperature increments are all
approximate. The increments are affected by a lot of factors. Some of these factors
include board size, shape, thickness, position, location, and even board temperature.
Other factors are: trace width, total printed circuit copper area, copper thickness,
single or double-sided, multi-layer board and the amount of solder on the board.

The effectiveness of the PC board to dissipate heat also depends on the size,
quantity and spacing of other components on the board, as well as whether the
surrounding air is still or moving. Furthermore, some of these components such as the
catch diode will add heat to the PC board and the heat can vary as the input voltage
changes. For the inductor, depending on the physical size, type of core material and the
DC resistance, it could either act as a heat sink taking heat away from the board, or it
could add heat to the board.

©2010 Advanced Power Electronics Corp. USA 7/11
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Advanced Power
Electronics Corp.

APE1705-HF-3

Typical Characteristics

Output Ripple
(Vin=12V, Vour=5V, lour=3A)

Tek (411 — —
u ; AL 20.8mV
; @t —1.2mv
Vour (AC) 9/\/‘\\/"\.\/
» et (08 k112
SW b SN DR B U6 SWwvE § T
1 +
[
e —— ,_._.—-—"—"_“—;--._._,___._F-——""""- e T—
Isw I
S I -M'z".'ﬁ'ﬁﬁ“é' A Chl 7 1,50V
20. 0mVAACh4] 2,00 A G4
126,40 %
Load Transient Response
(V|N:12V, VOUT:5V| IOUT:0-2~3A)
Tek #l | =" ] A -
bd & b omy
Vour (AC) B I

[T —— R T S

Isw
1 4
[T s TP PP oo
Chi 10,0V  ®iE loomy v.M4.00ms A Chd S 108 A
chi 1.00V %NChd] 2,00 AW
440 %

Efficiency
(V|N:12V, VOUT:5-0V)
Vin=12V

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

1

Efficiency(%)

00 05 10 15 20 25 30
lout(A)

Power on test wave

(Vin=12V, Vour=5V, lour=3A)

Tek (#11  —  —
v A 190V
¥ ®: =112V
Vour

i Vin
/4 é

I ——
I Isw
BRI T80V Woha S0y UMAnoms A Chi 7 710V
Chi 5,00V Ncha] 2.00 A &l
4380 %
EN on test wave
(Vin=12V, Vour=5V, lour=3A)
Tek {15 [ = 1 |
u
Vour
e SW
F |S\N
Ch1 5.00V WCh2 5000 M400ps, A Chi 7 1,08V
chi 1.00V WEN 2.00 A Ou
§1[3B.20 %
Efficiency
(V|N:24V, VOUTZS.OV)
Vin=12V
90%
80% ,/ —
70% l
g 60% I
§ 50% I
é 40% I
L 30% I
20% I
10%
0%

00 05 10 15 20 25 30
lout(A)
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Advanced Power

Package Dimensions: TO-263-5L

(o]

I

Electronics Corp. APE1705-HF-3
SYMBOLS Millimeters
. MIN NOM | MAX
I A 440 | 460 | 4.80
Li b 0.66 | 0.79 | 0.91
| L4 0.00 | 0.15 | 030
| c 036 | 043 | 050
| L1 229 | 254 | 2.79
] E 9.80 |10.10 | 10.40
E1 7.60
c2 125 | 135 | 145
L2 1.27
D 8.60 | 8.80 | 9.00
D1 5.90
e 1.70
L 14.60 | 15.20 | 15.80
0 o | 4 | &

e

___r c?

1. All dimensions are in millimeters.
2. Dimensions do not include mold protrusions.
y

—

PR

Marking Information: TO-263-5L

LOGO

\
1705S-X

>0

Product: APE1705
Package:
S = RoHS-compliant, halogen-free TO-263-5L

YWWSSS

XX = Output voltage (Adjustable = blank)

Date/lot code (YWWSSS)
Y: Last digit of the year
WW: Work week
SSS: Lot code sequence

©2010 Advanced Power Electronics Corp. USA
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Advanced Power
Electronics Corp. APE1705-HF-3

Package Dimensions: TO-220-5L

symeoLsl  Millimeters

PEESSY, g— MIN | NOM | MAX

‘ I — & A 407 | 445 | 4.82
= b 076 | 0.89 | 1.02

l - C 0.36 | 0.50 | 0.64

: D 14.22 |14.86 | 15.50

o E 9.78 |10.16 [ 10.54
e 157 | 1.71 | 1.85

el 6.68 | 6.81 | 6.93

F 114 | 1.27 | 1.40

] H AIEE I H1 5.46 | 6.16 | 6.86
H 31 | 229 274 | 318
! L 13.21 |13.97 | 14.73
o 5 i ! oP_ (1368 | 3.81 |3.94

! Q 254 | 273 | 2.92

. [ i
= il alle

N +jL_;ijLiL _£g1111+
—e1

1. All dimensions are in millimeters.
2. Dimensions do not include mold protrusions.

Marking Information: TO-220-5L

Product: APE1705
‘ Package:
ZOSP-XX - P = RoHS-compliant, halogen-free TO-220-5L
LOGO >
XX = Output voltage (Adjustable = blank)
YWWSSS
Date/lot code (YWWSSS)
Y: Last digit of the year
WW: Work week
SSS: Lot code sequence
©2010 Advanced Power Electronics Corp. USA 10/11

Www.a-power usa.com



Advanced Power
Electronics Corp.

APE1705-HF-3

Package Dimensions: TO-220-5LR

A
}';"1 =l g Millimeters
] SYMBOLS
Q ) 1 . MIN NOM | MAX
\_/ L] A 4.40 46 470
— b 0.70 0.80 0.90
D 8.40 8.70 8.90
0 di 1.00
VAL H2 d2 6.30
— T T 7 " E 9.91 10.16  |10.41
aBER e 1.60 1.70 1.80
=1 H il F 1.20 1.25 1.30
N H1 6.40
H2 20.8 21.60 22.4
_ H3 23.90 | 2470 [25.50
_J L__ i J1 3.7 4.50 5.3
b 1~ JL J2 8.40
| 12 0 250 | 2.0 3.00
{ el i
J ] [ |A 1. All dimensions are in millimeters.
| | 2. Dimensions do not include mold protrusions.
Marking Information: TO-220-5LR

1705PR-XX

Loco——> P

Product: APE1705
Package:
PR = RoHS-compliant, halogen-free TO-263-5LR

YWWSSS

XX = Output voltage (Adjustable = blank)

L)

Date/lot code (YWWSSS)
Y: Last digit of the year
WW: Work week
SSS: Lot code sequence
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