
Features  
 

◇ Wide Input Voltage Range: 8V to 60V 
◇ Up to 96% ien y 
◇ Programmable Swit hing Frequ  
◇ Programmable Current Limit 
◇ Thermal Shutdown 
◇ 300µA Shutdown Current 
◇ Available in SOP-14L Pa age 
 

Applications  
 

◇  
◇  
◇ tri  vehi  
◇ Veh o  
◇ er 
◇ Con t power 
◇ Solar el tri  equipment 

HX1610 - AGC 

WideWide   RangeRange  SynchronousSynchronous  BuckBuck  ConverterConverter   

Description  

The HX1610-AGC i  a yn ronou  tep down          

from 8V to 60V. The HX1610-AGC hiev  up to 3.5A 

ording to the r tor value and the yn ronou  ar-
ite re provide  for a highly nt d gn. Cur-

 

The HX1610- -  and over-
- uit 

 

The HX1610-AGC requ  a minimum number of read-
ily available tandard external omponent . The 
HX1610-AGC onverter i  available in the indu ry 

dard SOP-14 ge.  

Typical Application Circuit  

Figure 1,  8V– 60V, Syn hronou  Bu  Converter 
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Pin Configuration  Absolute Maximum Ratings  

-air temperature unless otherwise noted(1). 

DESCRIPTION MIN MAX UNIT 

VIN, EN -0.3 65 V 

BOOST -0.3 72 V 

SW -1 65 V 

BOOST-SW -0.3 12 V 

  ILIM, FREQ -0.3 6 V 

(2) -40 120 ℃ 

Storage temperature TSTG -65 150 ℃ 

(1) 

device reliability.  
(2) 

exceed 120 ℃ 
 

Pin Functions  
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NAME NO. PIN FUNCTION 

SW 1 2 Regulator switching output. Connect SW to an external power inductor. 

OUT 3 Output voltage pin. 

ISK 4 Internal LDO output. 

EN 5 
EN Control Input. The external applied voltage need to be above 4.25V to enable the chip. The volt-
age need to be below 0.3V to disable the chip. When the EN pin connected with a capacitor, the EN 
pin voltage ranges from 4 - 5V under normal working condi on. 

FB 6 
Feedback Pin. Receive the feedback voltage from an external resis ve divider across the output. . 
The  Output voltage is set by R5 and R6: 
VOUT = VREF • [1 + (R5/R6)]. 

ILIM 7 
Tie an external resistor between this pin and ground to set max output current. The maximum out-
put current is set by RLIM:  

RLIM (kΩ) =32.5• IMAX (A). 

FREQ 8 
Tie an external resistor between this pin and ground to set the opera on frequency. The frequency 
is set by  R1: 
R1(kΩ)=20900/fosc (kHz). 

GND 9,13 14 Ground pin. 

BOOST 10 Bootstrap pin. Bootstrap capacitor is charged when SW voltage is low. 

VIN 11 12 
Main power supply Pin. Connect a local bypass capacitor from VIN pin to GND pin. Path from VIN pin 
to high frequency bypass capacitor and GND must be as short as possible. 

-0.3 12 V ISK  

，

,

,
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Recommended Operating Conditions  

SYMBOL PARAMETER  MIN TYP MAX UNIT 

VIN Input Voltage Range 8  60 V 

VOUT Adjustable Output Voltage Range    V 

TJ  -40  120 ℃ 

T Storage Temperature Range -65  +150 ℃ 

Electrical Characteristics  

A=25℃, CIN=100µF, COUT=470µF, L=47µH, unless otherwise noted. 

Recommended Component Selection  

Part Reference C1 C2 C3 C4 C6 C7 C11 C10 

Value 100µF 1µF 0.22µF 1µF 0.1µF 470pF 470µF 0.1µF 

Part Reference R2 R3 R4 R5 R6 D  L1 

Value 115K  20R 5R1 100K  11K  4148  47µH 

 

Operating Junction Temperature

15

+

4.5

SYMBOL PARAMETER  CONDITIONS MIN TYP MAX UNIT 

VIN Input Voltage Range  8 60 V 

VIN_UVLO Input UVLO Threshold VIN rising 5.5 V 

ISHDN Shutdown Current EN=0V 300 µA 

IQ Quiescent Current ILOAD=0A,VIN=24V, RILIM=130K 1.52 mA 

VRIPPLE(P-P) Output Ripple VIN=30V,IOUT=2.5A 200 mV 

RDSON-H High-side MOSFET on-resistance VBOOST — VSW=10V 68 mΩ 

RDSON-L Low-side MOSFET on-resistance VBOOST — VSW=10V 24 mΩ 

EFFI Efficiency VIN=20V, IOUT=2.5A 96.6 % 

fOSC Switching Frequency 8V < VIN < 60V, FREQ pin float 80 kHz 

TSD Thermal Shutdown Temperature 160 ℃ 

△TSD Thermal Shutdown Hysteresis 30 ℃ 

ILIM Limit current RILIM=115K 3.8 A 

fOSC Switching Frequency 8V < VIN < 60V, RFREQ=200kΩ 105 kHz 

VFB Regulated Voltage 1.17 1.2 1.23 V 

VISK Internal LDO Output Voltage Range 5 11 V 



REV 1 

HX1610 - AGC 

4 

Wide Range  
Synchronous Buck Converter 

Wuxi Hexin Semiconductor co, LTD 
: www.hxsemi.com   

Typical Characteristics  

Figure 2,  Input Voltage vs. Output Voltage, VOUT=5V Figure 3,  Input Voltage vs. Output Voltage, VOUT=12V 

Figure 4,  Input Voltage vs. Maximum Output Current,  
VOUT=5V, Rlim=130k 

Figure 5,  Input Voltage vs. Maximum Output Current, 
VOUT=12V, Rlim=130k 

Figure 6, Input Voltage  vs. E iency, VOUT=12V, IOUT=2.5A 

O
ut

pu
t V

ol
ta

ge
 (V

)  

O
ut

pu
t V

ol
ta

ge
 (V

)  

Input Voltage (V) Input Voltage (V) 

Input Voltage (V) Input Voltage (V) 

Input Voltage (V) 

ci
en

cy
 (%

)  
M

ax
im

um
 O

ut
pu

t C
ur

re
nt

 (A
)  

M
ax

im
um

 O
ut

pu
t C

ur
re

nt
 (A

)  

80

82

84

86

88

90

92

94

96

98

100

8 16 24 32 48 60

3

3.2

3.4

3.6

3.8

4

4.2

4.4

4.6

4.8

5

8 16 24 32 40 48 60
2.0

2.2

2.4

2.6

2.8

3.0

3.2

3.4

3.6

3.8

4.0

8 16 24 32 40 48 60

11.0

11.2

11.4

11.6

11.8

12.0

12.2

8 12 16 20 24 28 32 36 40 44 48 52 56 60
4.0

4.2

4.4

4.6

4.8

5.0

5.2

5.4

8 12 16 20 24 28 32 36 40 44 48 52 56 60



REV 1 

HX1610 - AGC 

5 

Wide Range  
Synchronous Buck Converter 

Wuxi Hexin Semiconductor co, LTD 
: www.hxsemi.com   

Application  Waveforms  

Vin=30V, Vout=12V, unless otherwise noted. 

Figure 7,  SW Switching & Vout  Ripple Waveform ( Iload=0A) Figure 8,  SW Switching & Vout  Ripple Waveform ( Iload=2.5A) 

Figure 9,  Power up（Iload=0A） 
The yellow line represents VIN, the blue line represents VOUT 

Figure 10,  Power up（Iload=2.5A） 
The yellow line represents VIN, the blue line represents VOUT 

Figure 11,  Power down（Iload=2.5A） 
The yellow line represents VIN, the blue line represents VOUT 

Figure 12,  Load Transient（1.25A -2.5A） 
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Figure 13,  Thermal, 30Vin, 12Vout, Iload=2.5A 

Functional Block Diagram  
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Application Information  

 

-
rises to approximately 160℃

the HX1610-AGC into thermal shutdown degrades device reliability. 

Current Limit 

The current limit value is de ned by RLIM. The inductor Current is limited cycle by cycle de ned the formula. For  
example, the peak current limit value is   4 A  by the  RLIM =130k. The current limit value rises when the set resistor 
RLIM rises. The maximum output current is set by RLIM: RLIM (k ) =32.5  IMAX (A). 

Oscillator Frequency 

The HX1610-AGC  oscillator frequency is set by a single external resistor connected between the FREQ pin and the 
GND pin. The resistor should be located very close to the device and connected directly to the pins of the IC (FREQ 
and GND). The oscillator frequency rises when there resistor R1 decreases. To determine the resist value for a given 

 

R1(k )=20900/fosc (kHz)  

 

The output voltage is set by two resistors R5, R6 and the given FB pin voltage. It is recommended to use divider  

 
VOUT = VREF  [1 + (R5/R6)]. 

 The chip sets the VREF  value to 1.2V. 

 

H to 100 H. Its value is chosen based on 
the desired ripple current. Large value inductors result in lower ripple current and small value inductors result in 
higher ripple currents. Higher VIN or VOUT 

△IL=1A (40% of 2.5A). 

 

  (2.8A +1A). For 
-resistance inductor. 

Toroid or shielded pot cores in ferrite or perm alloy materials are small and don’t radiate much energy, but general-

than on what the HX1610-AGC requires to operate.  

 
 

 
 

 
 

= ( )( ) ( ) 



IN

IN  = I -

 

 
 -

 

Where f = operating frequency, COUT = output capacitance and IL = ripple current in the inductor. For a 
fixed output voltage, the output ripple is highest at maximum input voltage since IL 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 capacitors are surge tested for use in switching power supplies. 
An excellent choice is the AVX TPS series of surface mount tantalum. These are specially constructed 
and tested for low ESR so they give the lowest ESR for a given volume.  

- 

2

2

The VIN quiescent current is due to two components: 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 Q moves from VIN to 
ground. The resulting Q/ t is the current out of VIN that is typically larger than the DC bias current. In 
continuous mode, IGATECHG = f (QT+QB) where QT and QB 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 their effects 

will be more      pronounced at higher supply voltages .

I2R losses are calculated from the resistances of the internal switches, RSW and external inductor RL. In 
continuous mode the average output current flowing through inductor L is “chopped” between 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 RDS(ON) and the duty cycle (DC) as follows: RSW = RDS(ON)TOP x DC + RDS(ON)

BOT x (1-DC) The RDS(ON) for both the top and bottom MOSFETs can be obtained from the Typical         Per-
formance Characteristics curves. Thus, to obtain I2R losses, simply add RSW to RL and multiply the  result 
by the square of the average output current. Other losses including CIN and COUT ESR dissipative losses 
and inductor core losses generally account for less than 2% of the total loss.
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OUT/VIN. To prevent large 
voltage transients, a low ESR input capacitor sized for the maximum RMS current must be used. The maximum RMS 
capacitor current is given by:  
 

This formula has a maximum at VIN = 2VOUT, where IRMS = IOUT/2. This simple worst-

or choose a capacitor rated at a higher temperature than required. Always consult the manufacturer if there is any 
 

OUT 
for COUT RIPPLE(P-P) requirement. The output ripple 

VOUT is determined by:  
 

 

  

 

  

  = [ ( )]  

 

= ( + )
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Board Layout Suggestions  

When laying out the printed circuit board, the following checklist should be used to ensure proper operation of the 
HX1610-AGC. Check the following in your layout.  
1. The power traces, consisting of the GND trace, the SW trace and the VIN trace should be kept short,    

direct and wide.  

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

3. 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.  

4. Connect all analog grounds to a command node and then connect the command node to the power 

ground behind the output capacitors . 
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Packaging Information  

SOP14 Package Outline Dimension: 

Symbol 
Dimensions In Millimeters Dimensions 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 

C 0.170 0.250 0.007 0.010 

D 9.800 10.200 0.386 0.402 

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  

Symbol 
Dimensions In Millimeters Dimensions In Inches 

Min Max Min Max 

A —— 1.750 —— 0.069 

A1 0.100 0.250 0.004 0.010 

A2 1.250 —— 0.049 —— 

B 0.310 0.510 0.012 0.020 

C 0.100 0.250 0.004 0.010 

D 8.450 8.850 0.333 0.348 

E 5.800 6.200 0.228 0.244 

E1 3.800 4.000 0.150 0.157 

e 1.270(BSC)  0.050(BSC)  

L 0.400 1.270 0.016 0.050 

 0  8  0  8  
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IMPORTANT NOTICE AND DISCLAIMER 
HEXIN PROVIDES RELIABLITY DATA (INCLUDING DATA SHEETS), APPLICATION OR OTHER DESIGN AD-
VICE, SAFETY   INFORMATION, AND OTHER RESOURCES ”AS IF” AND WITH ALL FAULTS, AND DIS-
CLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY AMPLIED 
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFINGEMENT 
OF THIRD PARTY INTELLECTURAL PROPERTY RIGHTS. 
RIGHT TO MAKE CHANGES 

Hexin reserves the right to make corrections, modifications, enhancements, improvements and 
other changes to its products and services at any time and to discontinue any product or service with-
out notice. 
WARRANTY INFORMATION 
Hexin warrants performance of its hardware products to the specifications applicable at the time of 
sale in accordance with its standard warranty. Testing and other quality control techniques are used 
to the extent it deems necessary to support this warranty. Hexin assumes no liability  for application 
assistance or customer product design. To minimize the risk associated with customer products and 
applications, customer should provide adequate and operating safeguards. 
LIFE SUPPORT 
Hexin’s products are not designed to be used as components in devices intended to be used as com-
ponents in devices intended to support or sustain human life. Hexin will not be held liable for any 
damages or claim resulting form the use of its products in medical applications. 
MILITARY 
Hexin’s products are not designed for use in military applications. Hexin will not be held liable for any 
damages or claims resulting form the use of its products in military applications. 

 


