®
AOTSHIP 73420

Features General Description

® 2A Output Current The HT3420 is a monolithic synchronous
Wide 4.5V to 28V Operating Input Range buck regulator. The device integrates 95 mQ

® Integrated Power MOSFET switches MOSFETS that provide 2A continuous load

®  Output Adjustable from 0.925V to 0.8Vin current over a wide operating input voltage

® Up to 96% Efficiency of 45V to 28V. Current mode control

® Programmable Soft-Start provides fast transient response and cycle-

®  Stable with Low ESR Ceramic Output by-cycle current limit. An adjustable soft-
Capacitors start prevents inrush current at turn on.

® Fixed 340KHZ Frequency

® Cycle-by-Cycle Over Current Protection

® Short Circuit Protection

® |nput Under Voltage Lockout

® Package : SOP-8L

Applications
® Distributed Power Systems ® Green Electronics/ Appliances
® Networking Systems ® Notebook Computers

® FPGA, DSP, ASIC Power Supplies

Typical Application Circuit
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HT3420

Ordering Information

Part Number

Package

HT3420S

SOPS8

HT3420E

ESOP8

Pin Assignments

Pin Descriptions

TOP VIEW

BS [1
VIN [2]
sw [3]
GND [4]

©)

8] ss
7] EN

6] comp

5] FB

Pin Number

Name

Description

1

BS

Bootstrap. This pin acts as the positive rail for the high-side switch’s
gate driver. Connect a 0.01uF capacitor between BS and SW.

VIN

Input Supply. Bypass this pin to GND with a low ESR capacitor. See
Input Capacitor in the Application Information section.

SW

Switch Output. Connect this pin to the switching end of the inductor.

GND

Ground.

FB

Feedback Input. The voltage at this pin is regulated to 0.925V.
Connect to the resistor divider between output and ground to set
output voltage.

COMP

Compensation Pin. See Stability Compensation in the Application
Information section.

EN

Enable Input. When higher than 2.7V, this pin turns the IC on. When
lower than 1.1V, this pin turns the IC off. Output voltage is discharged
when the IC is off. This pin should not be left open. Recommend to put
a 100KQ pull up resistor to Vin for start up.

SS

Soft-Start Control Input. SS controls the soft-start period. Connect a
capacitor from SS to GND to set the soft-start period. A 0.1uF

capacitor sets the soft-start period to 15ms. To disable the soft-start
feature, leave SS unconnected.
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Block Diagram
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v
Absolute Maximum Ratings
Parameter Value Unit
Input Supply Voltage -0.3to 30 V
SW Voltage -0.3toV)y+0.3 \%
BS Voltage Vsw — 0.3to Vg + 6 \%
EN, FB, COMP Voltage -0.3 to 5. V
Continuous SW Current Internally limited A
Junction to Ambient Thermal Resistance (6,,) 87 /W
(Test on Approximately 3 in? Copper Area 10z copper FR4 board)
SOP-8L Power Dissipation Internal limit W
Maximum Junction Temperature 150 °C
Storage Temperature Range -65 to 150 °C
Moisture Sensitivity (MSL) Please refer the MSL
label on the IC package
bag/carton for detail

(Note: Exceeding these limits may damage the device., Even the duration of exceeding is very short. Exposure to
absolute maximum rating conditions for long periods may affect device reliability.)
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Recommended Operating Conditions
Parameter Min Max Unit
Input Supply Voltage 4.5 28 V
Operating Junction Temperature -20 +125%@ °C

(Note (1): Operating the IC over this voltage is very easy to cause over voltage condition to VIN pin, SW pin, BS pin & EN pin)

(Note (2): If the IC experienced OTP, then the temperature may need to drop to <125 degree C to let the IC recover.)

Electrical Characteristics
(Vin= 12V, Ta= 25°C unless otherwise specified.)

Parameter Symbol Test Conditions Min | Typ | Max | Unit
Feedback Voltage Veg 45V <Vy 28V 0.900|0.9250950| V
Feedback Overvoltage Threshold 1.1 V
High-Side Switch-On Resistance* 95 mg
Low-Side Switch-On Resistance* 95 mQ
High-Side Switch Leakage Ven = 0V, Vg = OV 10 uA
Upper Switch Current Limit* Minimum Duty Cycle 2.7 3.5 A
COMP to Current
Limit Transconductance Geowr 3.3 AN
Error Amplifier Transconductance Gea Alcovp = +10UA 920 uA/v
Error Amplifier DC Gain* Avea 480 VIV
Switching Frequency fsw 340 KHz
Short Circuit Switching Frequency Vg =0 120 KHz
Maximum Duty Cycle Duiax Ves = 0.8V 92 %
Minimum On Time* 220 nS
EN Shutdown Threshold Voltage Ven Rising 1.1 14 2 \
EN Shu_tdown Threshold Voltage 180 mv
Hysteresis
EN Lockout Threshold Voltage 2.2 2.5 2.7 \
EN Lockout Hysteresis 130 mV
Supply Current in Shutdown Ven =0 0.3 3.0 uA
IC Supply Current in Operation Ven = 3V, Vg = 1.0V 1.3 1.5 mA
Input UVLO Threshold Rising UVLO Ven Rising 3.80 | 4.05 | 4.40 V
Input UVLO Threshold Hysteresis 100 mV
Soft-start Current Vss = 0V 6 uA
Soft-start Period Css = 0.1uF 15 mS
Thermal Shutdown Temperature* Hysteresis = 25°C 160 °C

Note: * Guaranteed by design, not tested

4 of 15



®
“.I-g“lp HT3420

Application Description

J_CE

10nF

Vin=4.5 to 28V BS L1 Vout= 5V/2A
o » WM oy ’ f L )
R4 10uH
* . 100K % R
When Vin =15V o EN FB AAAS
3 6B UF low ESR i
. - S5 GND  COMP 44.2K c7
ECcapis o —_— 22uF
recemmanded ca T § R Xz
for Cin to 3 L 2.2nF cs 10K
0. 1uF — .
protect the IC 133 Option
from Vin spike.
HT3420 Circuit, 5V/2A output
ce
10nF
Vin=4.5 to 28V BS —|_ " L1 Vout= 5 V/2A
o VIN . ! Ny ")
10uH
R4
100K R1
"\When Vin »15v | | | | EN FB AMN o
268uF low ESR O 55 GND COMP 44.2K
ECcapis = 9 = 22uF
.,’; p ch x 2
recommanded cz 1 R2
for Cin to 01 F:: 2 InF C3 10K
pratect the IC A R3 Option
from Vin spike. 10k

HT3420 Circuit, 5V/2A output with EN function

Note: C2 is required for separate EN signal.
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Output Voltage Setting

ouT

R1

R2

Figure1. Output Voltage Setting

Figure 1 shows the connections for setting the output voltage. Select the proper ratio of the two
feedback resistors R1 and R2 based on the output voltage. Typically, use R2 = 10KQ and
determine R1 from the following equation:

Table1— Recommended Resistance Values

( Vour VOUT R1 R2
R1=R2 m"f (1 1.0V 1.0 KQ 12 KQ
LU 12V 3.0 KQ 10 KQ
1.8V 9.53 KQ 10 KQ
2.5V 16.9 KQ 10 KQ
3.3V 26.1 KQ 10 KQ
5V 44.2 KQ 10 KQ
12V 121 KQ 10 KQ

Inductor Selection

The inductor maintains a continuous current to the output load. This inductor current has a ripple
that is dependent on the inductance value: higher inductance reduces the peak-to-peak ripple
current. The trade off for high inductance value is the increase in inductor core size and series
resistance, and the reduction in current handling capability. In general, select an inductance value
L based on the ripple current requirement:

_ Vour *(Vin =Vour) )
Vinfsw loutmax KripeLe

Where V| is the input voltage, Vour is the output voltage, fsw is the switching frequency, loutmax iS
the maximum output current, and Kgrppie is the ripple factor. Typically, choose Kgrppe =~ 30% to
correspond to the peak-to-peak ripple current being ~30% of the maximum output current.

With this inductor value, the peak inductor current is loyt * (1 + Krippe / 2). Make sure that this
peak inductor current is less than the upper switch current limit. Finally, select the inductor core
size so that it does not saturate at the current limit. Typical inductor values for various output
voltages are shown in Table 2.

Vour | 1.0V | 1.2V |15V |18V |25V |33V | 5V | 9V
L |4.7uH|4.7uH|{10uH|10uH| 10uH | 10uH | 10uH | 22uH

Table 2. Typical Inductor Values
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Input Capacitor

The input capacitor needs to be carefully selected to maintain sufficiently low ripple at the supply
input of the converter. A low ESR Electrolytic (EC) capacitor is highly recommended. Since large
current flows in and out of this capacitor during switching, its ESR also affects efficiency.

When EC cap is used, the input capacitance needs to be equal to or higher than 68uF. The RMS
ripple current rating needs to be higher than 50% of the output current. The input capacitor should
be placed close to the VIN and GND pins of the IC, with the shortest traces possible. The input
capacitor can be placed a little bit away if a small parallel 0.1uF ceramic capacitor is placed right
next to the IC.

When Vin is >15V, pure ceramic Cin (* no EC cap) is not recommended. This is because the
ESR of a ceramic cap is often too small, Pure ceramic Cin will work with the parasite inductance of
the input trace and forms a Vin resonant tank. When Vin is hot plug in/out, this resonant tank will
boost the Vin spike to a very high voltage and damage the IC.

Output Capacitor

The output capacitor also needs to have low ESR to keep low output voltage ripple. In the case of
ceramic output capacitors, Resr is very small and does not contribute to the ripple. Therefore, a
lower capacitance value can be used for ceramic capacitors. In the case of tantalum or electrolytic
capacitors, the ripple is dominated by Regsg multiplied by the ripple current. In that case, the output
capacitor is chosen to have sufficiently low ESR.

For ceramic output capacitors, typically choose of about 22uF. For tantalum or electrolytic
capacitors, choose a capacitor with less than 50mQ ESR.

Optional Schottky Diode

During the transition between high-side switch and low-side switch, the body diode of the low side
power MOSFET conducts the inductor current. The forward voltage of this body diode is high. An
optional Schottky diode may be paralleled between the SW pin and GND pin to improve overall
efficiency.
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Stability Compensation

COM

COMP 1

COMP
COMPZ

Ccomp2 is needed only for high ESR output capacitor

Figure 2. Stability Compensation

The feedback loop of the IC is stabilized by the components at the COMP pin, as shown in Figure
2. The DC loop gain of the system is determined by the following equation:

0.925V
Apc = —— Ay, Geowr (4)
ouT
The dominant pole P1 is due to Ccoump1:
C;EA
3 5
1 277AenCcompi )
The second pole P2 is the output pole:
/
f —___our
P2 2mVourCour (6)

The first zero Z1 is due to RCOMP and CCOMP:

1
“ 2ﬂRCOMPCCOMPl (7)
And finally, the third pole is due to Rcomp and Ccowp2 (if Ccomp2 is used):
- ®
2R compCcompz

The following steps should be used to compensate the IC:

STEP1. Set the crossover frequency at 1/10 of the switching frequency via Rcowp:
272-VOUTCOUT fSW (9)
10G,Gopp © 0.925V

but limit Rcome to 10KQ maximum. More than 10 KQ is easy to cause overshoot at power on.

coMP —
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STEP2. Set the zero fZ1 at 1/4 of the crossover frequency. If Rcowp is less than 10KQ, the
equation for Ccowp is:

0.637
CCOMPI =——(F) (10)

Reowe X fC

STEP3. If the output capacitor’s ESR is high enough to cause a zero at lower than 4 times
the crossover frequency, an additional compensation capacitor Ccowp: is required. The
condition for using Ccomp is:

7% Cout x Resrx fs > 1 (11)

And the proper value for Ccowmp: is:

CourR
Coompa = ou;? ESRCOUT (12)
comP

Though Ccomp2is unnecessary when the output capacitor has sufficiently low ESR, a small value
Ccomp2 such as 100pF may improve stability against PCB layout parasitic effects

Table 4— Component Selection Guide for Stability Compensation

Vin Range Vout Cout Rcomp (R3) Ccomp (C4) | Ccomp2 (C5) Inductor

(V) V) (kQ) (nF) (PF) (uH)
5-12 1.0 3.3 5.6 none 4.7
5-15 1.2 39 4.7 none 4.7
5-15 1.8 22uF x2 5.6 3.3 none 10
5-15 2.5 Ceramic 8.2 2.2 none 10
5-15 33 10 2 none 10
7- 15 5 10 3.3 none 10
5-12 1.0

4.7
Sl
6.3V/ 10 6.8 680

EEEH 25 | 120mQ 10
5-28 3.3
7 -28 5
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Comp=3.3k/5.6nF L=10uH  '\Vout Overshoot vs Vout
- -¢- - Comp=3.3K/5.6nF L=4.7uH | (\in=12V, Cout=44uF, dlout =1A)
320 Comp=5.6k/3.3nF L=10uH
300 ——a—— Comp=8.2k/2.2nF L=10uH /
ggg - -A- = Comp=8.2k/2.2nF L=4.7uH <3
> 240 Comp=10k/3.3nF L=10uH — "
E, 220 | —— Comp=10k/2.2nF L=10uH g & _—
8 200 1 R /
< 180 . P
? 160 - i ks ’ // ="
S 140 N K
° 120 - —_— =
3 100 -
S 80 - $\‘—A"_, -
60 L -
40 [ [ [ [ [ [ [
0.5 1 156 2 25 3 35 4 45 5 55
Vout, V

Figure 3. Load Transient Testing vs Compensation Value
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Typical Performance Characteristics
(Vin=12V, Io=0 mA, Temperature = 25 degree C, unless otherwise specified)

Light Load Operation (No load) Heavy Load Operation (2A Load)
Vin=12V, lin=8.2 mA, Vout=3,3V Vin=12V, Vout=3,3V

Vout/AC K
20mvVi/div:t
I
1A/div
Vsw
10V/div 10V/div
2us/div
Startup Vin=12V, Vout=3.3V, lout=1A
through Vin. through Enable.
Vin -} Ven [ . f ...
10Vidiv | 2Vidiv | :
Vout | Vout
2vidiv | 2Vidiv |
L : L . :
TAIIV fonptionim 1AIdiV Tt
Vsw | Vsw :
10Vidiv | 10Vidiv |
dmsidiv. =~ - ' ) T 4dmsldiv
Short Circuit Protection Vin=12V
@] - E O—13.74 A fa)
||_ o [E20A ® /2724
0.5A/div [® oo A340mA | A420mA
e : 0.5A/div
SHORTCIRCUT
Vsw Tl i f :f" e (A Vsw
ovarv I IIDADICHINNEIE.  vovean
4s/div | 10us/div
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EFFICIENCY vs LOAD CURRENT

OUTPUT VOLTAGE (3.3V) vs LOAD CURRENT
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Package Information (All Dimensions in mm)

SOP-8L

nAAn

-

VIEW B

WITH PLATING

3k

BASE METAL
SECTION A4

GAUGE PLANE
SEATING PLANE

@

Symbol Dimensions In Millimeters
Min Max
A 1.35 1.75
Al 0.10 025
B 0.33 0.51
C 0.17 025
D 470 510
E 3.70 4.10
e 1.27BSC
H 5.80 6.20
L 0.40 127
6 0 8
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IPC/JEDEC J-STD-020D.1 Moisture Sensitivity Levels Table

SOAK REQUIREMENTS
Accelerated Equivalent '
eV eV
FLOOR LIFE Standard 0.40-0.48 0.30-0.39
TIME TIME TIME
TIME CONDITION CONDITION
LEVEL (hours) (hours) (hours) CONDITION
L. <30 °C /85% 168 85 °C /85%
1 Unlimited NA NA NA
RH +5/-0 RH
<30 °C /60% 168 85 °C /160%
2 1 year NA NA NA
RH +5/-0 RH
<30 °C /60% 696> 30 °C /60% 120 168
2a 4 weeks ° ° 60 °C/ 60% RH
RH +5/-0 RH -1/+0 -1/+0
<30 °C /60% 1922 30 °C /60% 40 52
3 168 hours ° ° 60 °C/ 60% RH
RH +5/-0 RH -1/+0 -1/+0
<30 °C /60% 96> 30 °C /60% 20 24
4 72 hours ° ° 60 °C/ 60% RH
RH +2/-0 RH +0.5/-0 +0.5/-0
<30 °C /60% 72? 30 °C /60% 15 20
5 48 hours 60 °C/ 60% RH
RH +2/-0 RH +0.5/-0 +0.5/-0
<30 °C /60% 48’ 30 °C /60% 10 13
5a 24 hours 60 °C/ 60% RH
RH +2/-0 RH +0.5/-0 +0.5/-0
Time on Label <30 °C /60% 30 °C /60%
6 TOL NA NA NA
(TOL) RH RH

Note 1: CAUTION - To use the ‘“accelerated equivalent” soak conditions, correlation of damage response (including electrical, after soak and
reflow), should be established with the ‘“‘standard’”’ soak conditions. Alternatively, if the known activation energy for moisture diffusion
of the package materials is in the range of 0.40 - 0.48 eV or 0.30 - 0.39 eV, the ‘“accelerated equivalent” may be used. Accelerated soak
times may vary due to material properties (e.g .mold compound, encapsulant, etc.). JEDEC document JESD22-A120 provides a method
for determining the diffusion coefficient.

Note 2: The standard soak time includes a default value of 24 hours for semiconductor manufacturer’s exposure time (MET) between bake and
bag and includes the maximum time allowed out of the bag at the distributor’s facility. If the actual MET is less than 24 hours the soak
time may be reduced. For soak conditions of 30 °C/60% RH, the soak time is reduced by 1 hour for each hour the MET is less than 24
hours. For soak conditions of 60 °C/60% RH, the soak time is reduced by 1 hour for each 5 hours the MET is less than 24 hours. If the
actual MET is greater than 24 hours the soak time must be increased. If soak conditions are 30 °C/60% RH, the soak time is increased 1
hour for each hour that the actual MET exceeds 24 hours. If soak conditions are 60 °C/60% RH, the soak time is increased 1 hour for
each 5 hours that the actual MET exceeds 24 hours.

Copyright © 2008 by HOTCHIP TECHNOLOGY CO., LTD.

The information appearing in this Data Sheet is believed to be accurate at the time of
publication. However, HOTCHIP assumes no responsibility arising from the use of the
specifications described. The applications mentioned herein are used solely for the purpose of
illustration and HOTCHIP makes no warranty or representation that such applications will be
suitable without further modification, nor recommends the use of its products for application

that may present a risk to human life due to malfunction or otherwise. HOTCHIP’s products

are not authorized for use as critical components in life support devices or systems. HOTCHIP
reserves the right to alter its products without prior notification. For the most up-to-date
information, please visit our web site at http://www.hotchip.com.cn.
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