Advanced Power

Electronics Corp. APE1806M-HF-3

PWM Control 2A Step-down Converter

Features Description
The APE1806M-HF-3 consists of a step-down switching regulator
H  Input Voltage from 3.6V to 20V with PWM control. This device includes a reference voltage
m Output Voltage from 0.8V to V¢c source, oscillation circuit, error amplifier, and internal P-channel
. MOSFET switch.
m  Duty Ratio: 0% to 100% PWM control The APE1806M-HF-3 provides low-ripple power, high efficiency,
B Oscillation Frequency: 330kHz typ. and excellent transient characteristics. The PWM control circuit
. . can adjust the duty ratio linearly from 0 up to 100%. This
B Soft-start (SS), Current Limit (CL), Enable Functions. converier also cont{/ains an error Zlmplifier ciFr)cuit as well as a
B Thermal Shutdown Function. soft-start circuit that prevents overshoot at startup.
. . An enable function, over-current protection (OCP) and short-circuit
B Short Circuit Protection (SCP). protection (SCP) are built in, and when an over-current or
B  Built-in Internal P-channel MOSFET Switch. short-circuit event happens, the operating frequency is reduced.
- Also, an internal compensation block is built in to minimize

Low ESR output capacitor (Multi-layer chip the external component count.

Using the internal P-channel MOSFET, and adding an
external coil, capacitors, and a diode, the APE1806M-HF-3 can
function as a step-down switching regulator. With its small
SO-8 package and low current consumption, it serves as an
ideal power supply unit for portable devices.

Since this converter can accommodate an input voltage
up to 20V, it is also suitable for operation from a typical AC

capacitor (MLCC)) application.

m RoHS-compliant, halogen-free SO-8 package.

adapter.
Typical Application
VCC+12V
o " | _APE1806_
* * FB VSSjl
ON/OFF 2 7 | =
l ﬁ;{)k| EN  vss - o VOUT=3.3V2A
=C2 C3 3 6 o
22ur | 01uF T COMP SW
Ccé 4 5
0.1uF VvCC  sw c
option 4 C8
L P A 220F T 0.1uF
- N N 15k 2200pF

Ordering information

APE1806M-HF-3TR RoHS-compliant, halogen-free SO-8, shipped on tape and reel (3000 pcs/reel)
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Advanced Power
Electronics Corp.

APE1806M-HF-3

Absolute Maximum Ratings

Ve PIN Voltage (Vcec)
Feedback PIN Voltage (Vg
ON/OFF PIN Voltage (Ven)

Switch PIN Voltage (Vsw)
Power Dissipation (Pp)

Storage Temperature Range (Tgy) ---------------------
Operating Temperature Range (Top) ------------------
Operating Supply Voltage (VOP) --------------meememm
Output Current (loyT)

Peak Current (lpeax)
Thermal Resistance from Junction to Case (Rthg)
Thermal Resistance from Junction to Ambient (Rthya)

(at TA =25 °C)

Vgs-0.3Vto Vgg+ 22V

Vgs-0.3Vto Vee
Vs-0.3Vto Ve + 0.3V
Vss-0.3V to Vo + 0.3V
Internally Limited

-40°C To 150°C

-20°C To 125°C

+3.6V to +23V

0 to 3.5A

6A

25°C/W

70°C/W

Note. Rth 4, is measured with the PCB copper area (connected to SW pins) of approx. 1 in 2 (multi-layers)

Electrical Characteristics

(Vin=12V, Tp=25°C unless otherwise specified)

Parameter Symbol Conditions Min | Typ | Max |Units
Feedback Voltage Vis lour=0.1A 0.784 | 0.8 [ 0816 | V
Quiescent Current lcca Vre=1.2V force driver off 3 5 mA
Feedback Bias Current [ lour=0.1A 01 ] 05 | uA
Shutdown Supply Current Isp Ven =0V 2 10 uA
Current Limit e 3.0 - A
Line Regulation AVoutNour |Vee = 4V~20V, lour=0.2A 05 1.0 %
Load Regulation AVoutNour |lour = 0.1 10 2A 0.15| 0.3 %
Oscillation Frequency Fosc SW pin 260 | 330 | 400 | kHz
EN Pin Logic input Vs High (regulator ON) 2.0 - y
threshold voltage VsL Low (regulator OFF) - 0.8

. IsH Ven=2.5V (ON) 20 uA
EN Pin Input Current
lst Ven=0.3V (OFF) -10 uA
Soft-Start Time Tss 0.3 4 8 ms
Vee=5V, Vre=0V 100 | 150
Internal MOSFET Rpson Roson mQ
Vee=12V, Vre=0V 70 | 100
lour = 1A 92
Efficiency EFFI Vour =5V %
lout = 2A 92
Thermal shutdown Temp TSD 125 °C
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Advanced Power
Electronics Corp. APE1806M-HF-3

Pin Configuration

(Top view)
FB| 1 L] 8 | Vss
EN [2] 7] Vss
Comp [ 3] [ 6]sw
vee [4] 5 ]sw

APE1806M-HF-3

Pin Descriptions

PIN SYMBOL PIN DESCRIPTION
Vss GND Pin
FB Feedback Pin

Power-Off Pin
H : Normal operation (step-down)

EN
L : Step-down operation stopped
(All circuits deactivated)
Comp Compensation pin
SW Switch Pin. Connect external inductor and diode here.
Vee IC Power Supply Pin
Block Diagram SW
=
Oscillator | | Reference Voltage
Vee [ Clrclwt with Soft Start
| - q PWM Switched
Control Circuit FB
Thermal ] |
Shutdown Current Vss
Vv Limit
EN
= r
| . L
EN Comp

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.
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Typical Application Circuits

1. MLCC
veCrav L APE1806
’ ’ FB  VSS jj
J ON/QT?F% 1R0‘t)k | 2len  vssPH = L VOUT=3.3V2A
= 3
S TouF 1 COMP  SW g
Ccé 4
0.1uF VCC SW
=T = 15k 2200pF
VOUT = VFBx (1+ g;)
VFB =0.8V; R2 suggested value 0.8kQ ~ 3.0kQ
Compensation Capacitor Selection (MLCC)
VIN Vour R3 Cc7 C1
12V 5.0/3.3/25V 15k 2200pF inF
12V 1.8/1.5V 10k 4700pF inF
5V 3.3/2.5V 15k 2200pF inF
5V 1.8/1.5V 8.2k 4700pF inF
2. Aluminum Capacitor
VEC+H2v L APE1806
s s FB  VSS
J ON/OF% 21 EN VSSB—J?‘ :|))_91)UH VOUT= 5V2A
ir 3 6 1 2 o
"470u ) COMP SW - IR
§8 uF VCC  sSw B§4o 30k 1nF
ptlon R3 C||7 70UF 0 1UF
= = = iy 1 R2
3ok 1o0F | = B I
VOUT= VFBx (1+ 12 ) N .

VFB=0.8V; R2 suggested value 0.8kQ ~ 6.0kQ

Compensation Capacitor Selection (Al capacitor)

VIN Vour R3 C7 C1
5-16V 5.0/3.3/2.5/1.8V 3.9K 10nF inF
L1 recommended value (Vin=12V ,lout=2A)
Vour 1.8V 2.5V 3.3V 5V
L1 22uH 22uH 33uH 33uH
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APE1806M-HF-3

Functional Description

PWM CONTROL

The APE1806 consists of a DC/DC converter that employs a pulse-width modulation
(PWM) system. In converters like the APE1806, the pulse width varies from 0% to
100%, according to the load current. The ripple voltage produced by this switching can
be easily removed using a filter because the switching frequency remains constant.
Therefore, these converters provide low-ripple power over a broad range of input

voltage and load current.

RDS(ON) CURRENT LIMITING

The current limit threshold is set internally.

Setting the Output Voltage

The application circuits shown on the previous page use the APE1806 adjustable-output

version. The external resistor sets the output voltage according to the following equation:

RL
VOUT =0.8V x (14— Ej

Table 1 Resistor selection for setting output voltage

VOUT R2 R1
1.3k 6.8k

5V
5.6k 30k
1.5k 4.7k

3.3V
5.6k 18k
2.2k 4.7k

2.5V
5.6k 12k
1.8V 2k 2.5K
1.5V 2.2K 2.0k
1.2V 3k 1.5k

PCB Layout Guidelines

1) If you need low T¢ and Tjor high power dissipation, the dual SW pins (5 and 6) on
the SO-8 package are internally connected to the die pad, and the PCB layout should

allow for the maximum possible copper area at the SW pins.

2) Connect C3 to VCC PIN as closely as possible to get good power filter effect.

3) Connect R4 to VCC PIN as closely as possible.
4) Connect ground side of C2 and D1 as closely as possible.
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Typical Characteristics

VFB vs. VIN ICCQ vs. VIN
0.815 6.0
0.810 | 5.0
0.805 | _.40
T
= =
@ 0.800 W 8 3.0 L
< B 3]
0.795 | 2.0
0.790 | 1.0
0785 o 7 11 13 15 17 19 21
3 5 7 9 11 13 15 17 19 21 35 9 31 ®
Vin(V) Vin(V)
FOSC vs. VIN FOSC vs. Temperature
380.0 350.0
370.0 |
340.0
360.0
5 3500 (@ 5 %00
g g
T 3400 © S 320.0
3300 | 310.0
320.0
300.0
310.0
300.0 290.0
3 5 7 9 11 13 15 17 19 21 20 0 20 40 60 80 100 120
Vin(V) Temp ()
VFB vs. Temperature ICCQ vs. Temperature
6.0
0.815
0.810 50 ¢
40 |
0.805 <
3 —— 5
g 080 G g—e—o—0—0—0—0—9¢
s ‘N\‘\Q o
0.795 20 |
0.790 1.0 |
0.785 ——— 0.0
20 0 20 40 60 80 100 120 -20 0 20 40 60 80 100 120
Temp (C) Temp (<C)
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Typical Characteristics (MLCC)

Output Ripple
(Vin=12V, Vour=5V, lour=2A)

Tek (% [ — ]
I U A 13.6mv
| L Y
L2
~ S
sw A
T
il S0y WER 20 omve UM T 00us A Ch1 7 680V
Chd| 2.00 A DA
(63,40 %
Load Transient Response
(Vin=12V, Vour=5V, loyr=0.1~2A)
Tok (£1E [ i ]
i -4 Ar 85.0my
e - 88.0mV
=
Sw
............ ’ :
R ™S00 v WEE Toomy L umB.ooms A Chd & 1.20A
Chal 2.00 A0
163,40 %
Efficiency
(Vin=12V, Vour=5V)
100%
90% = =
80% I‘//
—~ 70%
B3
= 60%
8 O,
5 50%
£ 40%
% 30%
20%
10%
0%
0.0 0.5 1.0 1.5 2.0
lout (A)

Power-on test waveform
(Vin=12V, Vour=5V, lout=2A)

Tek Z1k |  —— m—
g g g Ta: 120my
1@ 518V
/ ......... Vour
s Vi
e
[ e T S S
g\chﬂ 5.00V 8Ch2 5.00V G&M4.00ms Al Ch3 & 3.20 V]
®E 1.00V &chd[ 2.00 A%
60.40 %
EN PIN on test waveform
(Vin=12V, Vour=5V, loyr=0.2A )
Tek {#E [ i ]
. la: 140my
v jmi so4v
Vour
VIN
o ;
i
B 5.00V_wihZ 500V WM1.00ms A Ch3 7 4.02V
EE .00V Achd] 2.00A 6
5340 %
Efficiency
(Vin=12V, Vour=3.3V)
100%
90% = =
80% //Q—f
9 70% f
‘5 60% 1
& 50%
-:% 40%
W 30%
20%
10%
0% 4
0.0 0.5 1.0 1.5 2.0
lout (A)
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Typical Characteristics (Al capacitor)

Output Ripple
(V|N=12V, VOUT=5V! IOUT=2A)

Power on test waveform
(VIN=1 2V, VOUT=5V’ IOUT=2A )

Tek (£ |  — — Tek 21k |
: : : i i g v
Vour(AC) ki T SR R S
: : ) y
SW USRI - . Chi sE IN
: 312.6kHz
SW
1 -
ISW st - P i ISW
Bty MT.00s A Ch1 7 280V I 500y SCha S0y aMaoome A Chi T 3TEV
[IE[ 20.0mV~aCha 2.00 A Q6 WEE[ 1.00V_&Ch4[ 2.00 A QR
[49.80% 1i++[0.00000 s
Load Transient Response EN PIN on test waveform
(V|N=12V, VOUT=5V! IOUT=0'1 ~2A) (V|N=12V, VOUT=5V! IOUT=2A)
, x ]
Tak 15 e e LARTREN SRS N BTt Tk L. T y Al 470V
b @ -24.0mv ) @:V15.1 v
Vour i ;F : out
R T A e e S S Tf ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
our( )B' : sSw
!
VI
sSw
1 : ISW
SR S — et
[ T RS S S et . (-
Chil 500V MERE 100mV \AMG. Doms Al Tha 7 1:324 “Chi| 5.00V &[@EF 5.00V &M10.0ms Al Ch3 S 1.08V
Ch3] 1,00V WCha| - 2.00 A% Ch3| 1.00 V B‘;‘Ch‘l‘ 2.00 A an
47 [480.000us ) ) i+~ [3.48000ms
Efficiency Efficiency
(Vin=12V, Vour=5V/3.3V) (Vin=5V, Vour=3.3V/2.5V)
VIN=12V VIN=5V
100% 100%
90% = 90% F A
80% r/?r 80%
0% F 70%
g 60% | S
y e
_5 50% _5 50%
£ 40% S 40%
" s0u .
. —=—Vout=5Y 80% —a—Vout=2.5V
20% ——Vout=3.3V || 20% —a—VIN=3.3V
10% 10%
0% 0% :
0.0 0.5 1.0 1.5 20 0.0 05 1.0 15 2.0
lout (A) lout (A)
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Package Dimensions: SO-8

- D > Millimeters
l:l l:l l:l Iy SYMBOLS [ mMIN | NOM | MAX
| | A 135 | 155 | 1.75
8 7 : 6 5 Al 0.10 | 0.18 | 0.25
i B 0.33 | 041 {051
: E1l E C 0.19 | 022 | 0.25
i D 4.80 | 4.90 | 5.00
1 i El 3.80 | 3.90 | 4.00
© 2 '’ 4 E 5.80 | 6.15 | 6.50
'j H i j B L 038 | 071 | 127
" e ' 0 0 |[4.00 |8.00
- > ‘<—B e 1.27 TYP
i \
isininhE
AIT N> \
DETAIL A L / 0

1. All dimensions are in millimeters.

2. Dimensions do not include mold protrusions.

1N

(&

DETAIL A

Marking Information: SO-8

4 H HH
l

Product: APE1806

v Package:
1806M M = RoHS-compliant, halogen-free SO-8
YWWSSS < Date/lot code (YWWSSS)

Y: Last digit of the year
WW: Work week

@)
|j |j |j |j SSS: Lot code sequence
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