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HM1493

RS D S |Wide Range Synchronous Buck Controller for QCZ.0|

Feature

Wide Input Voltage Range: 10V to 30V
Up to 93% Efficiency

CC/CV Mode Control

Fixed switching frequency 130kHZ
Internal QC2.0 Fast Charging Function

Supports Quick Charge 2.0 specification

@ Class A: 5V/9V/12V Output Voltage

® Meet Chinese Telecommunication Industrial
Standard YD/T 1591-2009

® Support USB DCP applying 2.7V on DP line and
2.7V on DM line

® Support USB DCP applying 1.2V on DP line and
DM line

® Automatic selection of DP/DM mode for an at

attached device

Complaint with Apple and Samsung devices

Thermal Shutdown

Short Circuit Protect, Over Current Protect

UVLO, OVLO

Available in SOP-8L Package

Description

The HM1493 is a synchronous buck controller
with a fast charge protocol controller, and follows
Quick Charge 2.0 specification.

HM1493 can operating with an input voltage
range from 10V to 30V, the HM1493 achieves
2.5A continuous output current with excellent load
and line regulation. The switching frequency is
fixed 130kHz.

HM1493 can support the full output voltage range
of Class A. It also can support USB BC compliant
device, Apple/Samsung devices and automatically
detects whether a connected powered device is
Quick Charge 2.0 capable before enabling output
voltage adjustment.

The HM1493 requires a minimum number of
readily available standard external components.
Other features include cable compensation, UVLO,
OVLO, over current protect and thermal shutdown.

The HM1493 converters are available in the in-
dustry standard SOP-8L packages.
Application

® Car Charger / Adaptor

® Wall-Adapter/ Power Plugs, Outlets

® Mobile/Tablet Power Bank

® USB Power Output Ports

Typical Application Circuit
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*The output voltage is set by R3 and R4: Vour = 0.505V « [1 + (R3/R4)].
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Pin Assignment and Description

TOP VIEW PIN NAME DESCRIPTION
8 7 6 5 .
H H 1 EN ON/OFF Control (High Enable)
2 (O] Current sense
3 VIN Input Supply Voltage
4 SW Switch Node
O 5 GND Ground
I:I |:| |:| |:| 6 FB Feedback
1 2 3 4 7 DM USB DM data line input
SOP-8L 8 DP USB DP data line input

Absolute Maximum Ratings (Note 1)

@  INPUL SUPPLY VOIAGE ...ttt e e e e e e e e e e e e e e e e ennes -0.3V ~ 35V
@  SW VOIAGE .ot e e e e e e e e e e e e e aaaaan -0.3V ~ (VIN + 1V)
@  DIM/DP Pin VORAGE. ... eeei ettt ee e et e e et e e e e e e nee e e emeeeeenneenns -0.3V ~ 6V
® Operating Temperature Range (NOtE 2).........coocuiiiiiiiiiiee e -40C ~ +85C
® Storage Temperature RANGE........coooiiiiiiiiii e -65°C ~ +150°C
® Junction Temperature RANGE. ........coooiiiiiiiiiiieee ettt e e e e e e e e e e e e eas +150C
Lead Temperature (Soldering, 10 SEC.)...ccciiiuiiiiiiiiiiie e +265C

Note 1: Stresses beyond those listed Absolute Maximum Ratings may cause permanent damage to the device. Expo-
sure to any Absolute Maximum Rating condition for extended periods may affect device reliability and lifetime.

Note 2: The HM1493 is guaranteed to meet performance specifications from 0°C to 70°C. Specifications over the —
40°C to 85°C operating temperature range are assured by design, characterization and correlation with statistical proc-
ess controls.
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Electrical Characteristics
Operating Conditions: Ta=25C, V§=12V,, unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN TYP MAX | UNITS

Buck DC/DC
Vin Operating Voltage Range 10 30 \Y
lo Quiescent Current lLoap=0A 10 15 20 mA
IsHpN Shutdown Current 110 150 WA
VuvLo Input UVLO Threshold 4.25 4.5 \Y
AVuvio UVLO Hysteresis 50 100 mV
Ves Regulated Voltage 0.505 V
les rFeenetdback Pin Input Cur- 0.05 uA
Ves Current Sense Voltage 80 mV
lout Constant Output Current | Rcs=33mQ, Vour=4.0V 24 A
fosc Oscillator Frequency 130 kHz
DC Max Duty Cycle 100 %
RpreT Ros(on) of P-Channel FET 65 mQ
RNFET Ros(on) of N-Channel FET 30 mQ
Tsp Thermal Shutdown Temperature Rising 125 C
ATsp ;I'e?g;rirslal Shutdown Hys- 30 °
High Voltage Dedicated Charging Port (HXDCP)
VDAT-REF Date Detect Voltage 0.25 0.325 0.4 Vv
Teurcror-w | DP High Glitch Filter Time 1000 1250 1500 ms
TeutchomL | DM Low Glitch Filter Time 1 ms
If:'LTGC:V _?iLrJr:zut Voltage Glitch Filter 20 40 60 ms
Rom-pwn DM Pull-Down Resistance 20 kQ
DCP 1.2V Charging Mode

\?jggzg’ DM_+v line output 108 | 12 | 132 v

:?rI]Dp_;g;/nDcl\e/lJ,ZV line output 58 kO
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Pin Functions

EN (Pin 1): ON/OFF Control Pin.

CS (Pin 2): Current Sense Pin. The output current is programmed by connecting resistors, R1: loyt = Vcs/
R1. (V¢sis usually 80mV.)

VIN (Pin 3): Main Supply Pin. The HM1493 operates from 10V to 30V unregulated input. It must be
closely decoupled to GND, with a 100uF or greater ceramic capacitor to prevent large voltage spikes from
appearing at the input.

SW (Pin 4): Switch Node Connection to the output inductor.
GND (Pin 5): Ground Pin.

FB (Pin 6): Feedback Pin. Receive the feedback voltage from an external resistive divider across the out-
put. In the adjustable version, the output voltage is fixed. The Output voltage is set by R3 and R4:

Vour = 0.505V « [1 + (R3/R4)].

DM (Pin 7): USB DM data line input.

DP (Pin 8): USB DP data line input.

Block Diagram
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Application Information

Quick Charge 2.0 High Voltage Dedicated
Charging Port (HVDCP) Specifications

The HVDCP specification details a simple method
for a downstream device to request a higher volt-
age from the upstream AC/DC adapter while main-
taining USB battery Charging 1.2 compatibility and
allowing compatibility with other specifications that
use the USB ID pin or communicate on USB
VBUS. There is Class A of HVYDCP upstream de-
vices, class A must be capable of outputting 5V at
the beginning, and then 9V or 12V. These voltages
are based on the capabilities of the downstream
device. The downstream device will request an
output voltage for the HVDCP.

Quick Charge 2.0 Interface

The HM1493 supports the full output voltage range
of Quick Charge 2.0 Class A (5V, 9V, or 12V. It
automatically detects either Quick Charge 2.0 ca-
pable powered devices (PD) or legacy PDs compli-
ant with the USB Battery Charging Specification 1.2
and only enables output voltage adjustment ac-
cordingly.

The HM1493 with DP and DM short-circuited the

normal handshake between the AC/DC adapter and
powered devices (PD) as described in the USB
Battery Charging Specification 1.2 can commence.
After HM1493 starts monitoring the voltage level at

DP. If DP continuously stays above 0.325 V for at
least 1.25 seconds and will enter Quick Charge 2.0
operation mode. If voltage at DP drops any time
below 0.325V resets 1.25 seconds timer and stays
in USB Battery Charging Specification 1.2 compati-
bility mode with a default output voltage of 5V.

Once HM1493 has entered Quick Charge 2.0
operation mode, a 19.53kQ pull-down resistor is
connected to DM. As soon as the voltage at DM has
dropped low (<0.325V) for at least 1 ms starts ac-
cepting requests for different AC-DC adapter output
voltages by means of applied voltage levels at data
lines DP and DM through the powered device.

Table1: HVDCP Voltage and Status

DP DM VOUT(V)
0.6 0.6 12
3.3 0.6 9
0.6 GND 5

Thermal Protection

The total power dissipation in HM1493 is limited

by a thermal protection circuit. When the device
temperature rises to approximately 125°C, this cir-
cuit turns off the output, allowing the IC to cool.
The thermal protection circuit can protect the de-
vice from being damaged by overheating in the
event of fault conditions. Continuously running the
HM1493 into thermal shutdown degrades device

reliability.

Current Limit

Current limit detection occurs during the off-time by
monitoring the current through the low-side switch
using an external resistor, Rcs. The current limit
value is defined by Rgs. If during the off-time the
current in the low-side switch exceeds the user
defined current limit value, the next on-time cycle
is immediately terminated. Current sensing is
achieved by comparing the voltage across the low
side FET with the voltage across the current limit
set resistor Rcs. For example, the current limit
value is 2.4A by the Rcs =33mQ. The current limit
value rises when the set resistor Rcs rises. The
maximum output current is set by Rcs: Res (kQ) =
Ves/luax (A).

Setting Output Voltage

The output voltage is set with a resistor divider
from the output node to the FB pin. It is recom-
mended to use divider resistors with 1% tolerance
or better. To improve efficiency at very light loads
consider using larger value resistors. If the values
are too high the regulator is more susceptible to
noise and voltage errors from the FB input current
are noticeable. For most applications, a resistor in
the 10kQ to 1MQ range is suggested for R4. R3 is
then given by:

R3 =R4 ¢ [(Vour / Vrer) — 1]
where Vggr is 0.505V.
Inductor Selection

For most applications, the value of the inductor will
fall in the range of 4.7uH to 47uH. lts value is cho-
sen based on the desired ripple current. Large
value inductors lower ripple current and small
value inductors result in higher ripple currents.
Higher V|y or Vour also increases the ripple current
and value inductors result in higher ripple currents.

-5-
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HM1493

Higher V|y or Vour also increases the ripple current
as shown in equation. A reasonable starting point
for setting ripple current is Al.=1000mA (40% of
2.5A).

’ ;

Vour
———V 1- =
(f)(L) OUT{. ViN

Al =

The DC current rating of the inductor should be at
least equal to the maximum load current plus half
the ripple current to prevent core saturation. Thus,
a 3.5A rated inductor should be enough for most
applications (2.5A + 1000mA). For better effi-
ciency, choose a low DC-resistance inductor.

Different core materials and shapes will change
the size/current and price/current relationship of an
inductor. Toroid or shielded pot cores in ferrite or
perm alloy materials are small and don’t radiate
much energy, but generally cost more than pow-
dered iron core inductors with similar electrical
characteristics. The choice of which style inductor
to use often depends more on the price vs. size
requirements and any radiated field/EMI require-
ments than on what the HM1493 requires to oper-
ate.

Output and Input Capacitor Selection

In continuous mode, the source current of the top
MOSFET is a square wave of duty cycle Vour/V|n.
To prevent large voltage transients, a low ESR
input capacitor sized for the maximum RMS cur-
rent must be used. The maximum RMS capacitor
current is given by:

[Vout (Vin — Vour :]]1" ?

Vin

This formula has a maximum at V\y = 2Vour, Where
lrms = lout/2. This simple worst-case condition is
commonly used for design because even signifi-
cant deviations do not offer much relief. Note that
the capacitor manufacturer’s ripple current ratings
are often based on 2000 hours of life. This makes
it advisable to further derate the capacitor, or
choose a capacitor rated at a higher temperature
than required. Always consult the manufacturer if
there is any question.

Cin required lrms = lomax

The selection of Coyr is driven by the required ef-
fective series resistance (ESR). Typically, once the
ESR requirement for Coyt has been met, the RMS
current rating generally far exceeds the IRIPPLE(P
-P) requirement. The output ripple AVoyris deter-
mined by:

Where f = operating frequency, Coyr = output ca-
pacitance and AlL = ripple current in the inductor.
For a fixed output voltage, the output ripple is high-
est at maximum input voltage since AIL increases

with input voltage.

Aluminum electrolytic and dry tantalum capacitors
are both available in surface mount configurations.
In the case of tantalum, it is critical that the capaci-
tors are surge tested for use in switching power
supplies. An excellent choice is the AVX TPS se-
ries of surface mount tantalum. These are specially
constructed and tested for low ESR so they give
the lowest ESR for a given volume.

Efficiency Considerations

The efficiency of a switching regulator is equal to
the output power divided by the input power times
100%. It is often useful to analyze individual losses
to determine what is limiting the efficiency and
which change would produce the most improve-
ment. Efficiency can be expressed as: Efficiency =
100% - (L1+ L2+ L3+ ...) where L1, L2, etc. are the
individual losses as a percentage of input power.
Although all dissipative elements in the circuit pro-
duce losses, two main sources usually account for
most of the losses: V\y quiescent current and IR
losses. The Viy quiescent current loss dominates
the efficiency loss at very low load currents
whereas the I°R loss dominates the efficiency loss
at medium to high load currents. In a typical effi-
ciency plot, the efficiency curve at very low load
currents can be misleading since the actual power
lost is of no consequence.

1. The V\y quiescent current is due to two compo-
nents: the DC bias current as given in the electrical
characteristics and the internal main switch and
synchronous switch gate charge currents. The
gate charge current results from switching the gate
capacitance of the internal power MOSFET
switches. Each time the gate is switched from high
to low to high again, a packet of charge AQ moves
from VIN to ground. The resulting AQ/At is the cur-
rent out of VIN that is typically larger than the DC
bias current.

In continuous mode, lgateche = f (Qr+Qg) where Qr
and Qg are the gate charges of the internal top and
bottom switches. Both the DC bias and gate
charge losses are proportional to VIN and thus

-6-
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their effects will be more pronounced at higher
supply voltages.

2. I’R losses are calculated from the resistances
of the internal switches, Rgw and external inductor
R.. In continuous mode the average output cur-
rent flowing through inductor L is “chopped’ be-
tween the main switch and the synchronous
switch. Thus, the series resistance looking into
the SW pin is a function of both top and bottom
MOSFET Rps(ony and the duty cycle (DC) as fol-
lows: Rsw = Ros(onyror X DC + Rpsonsor X (1-DC)
The Rpsony for both the top and bottom MOS-
FETs can be obtained from the Typical Perform-
ance Characteristics curves. Thus, to obtain I°R
losses, simply add Rsw to R and multiply the re-
sult by the square of the average output current.
Other losses including Ciy and Cour ESR dissipa-
tive losses and inductor core losses generally ac-
count for less than 2% of the total loss.

Board Layout Suggestions

When laying out the printed circuit board, the fol-
lowing checklist should be used to ensure proper
operation of the HM1493. Check the following in

your layout.

The power traces, consisting of the GND
trace, the SW trace and the VIN trace should
be kept short, direct and wide.

Put the input capacitor as close as possible
to the device pins (Viy and GND).

SW node is with high frequency voltage
swing and should be kept small area. Keep
analog components away from SW node to
prevent stray capacitive noise pick-up.

Connect all analog grounds to a command
node and then connect the command node
to the power ground behind the output ca-

pacitors.
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Packaging Information

SOP-8L Package Outline Dimension

D

1.0 ¢

D

H

L

b

———

]

|

%{_

c

#

Symbol Di-mensions In Millimeters I?imensions In Inches
Min Max Min Max
A 1.350 1.750 0.053 0.069
A1 0.100 0.250 0.004 0.010
A2 1.350 1.550 0.053 0.061
b 0.330 0.510 0.013 0.020
0.170 0.250 0.006 0.010
D 4.700 5.100 0.185 0.200
E 3.800 4.000 0.150 0.157
E1 5.800 6.200 0.228 0.244
e 1.270(BSC) 0.050(BSC)
L 0.400 1.270 0.016 0.050
] 0° 8° 0° 8°
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