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 ZA3020LV
2A Step-Down,PWM,Switch-Mode

DC-DC Regulator 

 
General Description 
 
The ZA3020LV is a monolithic step-down  
switch-mode regulator with internal 
 Power MOSFETs. It achieves 2A continuous 
 output current over a wide input supply range 
 with excellent load and line regulation. 
 
 
Current mode operation provides fast transient  
response and eases loop stabilization. 
 
 
Fault condition protection includes cycle-by-cycle  
current limiting and thermal shutdown. In 
shutdown mode the regulator draws 25µa of supply  
current. 
 
 
The ZA3020LV requires a minimum number of 
 readily available standard external components. 
 
                                                                                                                                   
 

 
 
Typical Application Circuit 
 

 
 

ZA3020LV 

 

Features 
 
l 2A Output Current 
l 0.18 Internal Power MOSFET Switch 
l Stable with Low ESR Output Ceramic 

capacitors 
l Up to 95% Efficiency 
l 20uA Shutdown Mode 
l Fixed 380kHz frequency 
l Thermal Shutdown 
l Cycle-by-cycle over current protection 
l Wide 4.75 to 15V operating input range  
l Output Adjustable from 1.22 to 13V 
l Programmable under voltage lockout 
l Available in 8 pin SO 
l Evaluation Board Available 

Applications 
 
l DVD, Car Electronics, GPS 
l Distributed Power Systems 
l Communication Productions 
l Efficient Pre-Regulator for Linear Regulators
l Computer (Lan Card, Modem, Monitor, 

Mother  Board, Sound Card…) 
l Battery Charger  Phone, Databank, Toys, 

LED Display, Satellite Receiver… 
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Fctional Block Diagram 
 

 
 

 
 
 
 
Functional Description 
 
The ZA3020LV is a current-mode step-down switch-mode regulator. It regulates input 
voltages from 4.75V to 15V down to an output voltage as low as 1.22V, and is able to supply 
up to 2A of load current. 
The ZA3020LV uses current-mode control to regulate the output voltage. The output 
voltage is measured at FB through a resistive voltage divider and amplified through the 
internal error amplifier. The output current of the transconductance error amplifier is  
presented at COMP where a network compensates the regulation control system. 
The voltage at COMP is compared to the switch current measured internally to control 
the output voltage. 
The converter uses an internal n-channel MOSFET switch to step-down the input 
voltage to the regulated output voltage. Since the MOSFET requires a gate voltage greater 
than the input voltage, a boost capacitor connected between SW and BS drives the 
gate. The capacitor is internally charged while the switch is off. An internal 10 switch from 
SW to GND is used to insure that SW is pulled to GND when the switch is off to fully charge 
the BS capacitor. 
 
 

ZA3020LV BLOCK DIAGRAM 
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Absolute Maximum Ratings (Note 1)  
 
IN Voltage -------------------------------------------------     -0.3V to 16V  
SW Voltage ------------------------------------------------    -1V to VIN +1V  
BS Voltage ------------------------------------------------     Vsw-0.3V to Vsw +6V 
All Other Pins  ----------------------------------------------    –0.3 to 6V 
Junction Temperature ------------------------------------  150°C 
Lead Temperature ----------------------------------------   260°C  
Storage Temperature ------------------------------------   -65°C to 150°C 
Recommended Operating Conditions (Note 2) 
 

Input Voltage Vcc ------------------------------------ 4.75V to 15V 
Operating Temperature ------------------------------ -20°C to +85°C 
 

ESD Susceptibility 
(Human Model) --------------------------------------- 2kV 
 

Package Thermal Characteristics(Note3) 
 
Thermal Resistance,  JA (8 PIN SOIC)------------------------------------105°C/W 

 
Electrical Characteristics (Unless otherwise specified Circuit of Figure1, VEN=5V, 
VIN=12V, TA=25 C)  
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Pin Functions 

 
 

 
Applications Information 
 
Setting the Output Voltage 
The output voltage is set using a resistive voltage divider from the output voltage to FB. 
The voltage divider divides the output voltage down by the ratio:  
VFB = VOUT * R1 / (R1 + R2). 
Thus the output voltage is: 
VOUT = 1.222 * (R1 + R2) / R1. 

A typical value for R1 can be as high as 100k , but a typical value is 10k . Using that value, 
R2 is determined by: 
R2 = R1 * (VOUT – 1.222) /1.222(k ). 
For example, for a 3.3V output voltage, R1 is 10k , and R2 is 17k . 
Input Capacitor 
The input current to the step-down converter is discontinuous, and so a capacitor is required 
to supply the AC current to the step-down converter while maintaining the DC input voltage. 
A low-ESR capacitor is required to keep the noise at the IC to a minimum. Ceramic 
capacitors are preferred, but tantalum or low-ESR electrolytic capacitors may also suffice. 
The input capacitor value should be greater than 10µF. The capacitor can be electrolytic, 
tantalum or ceramic. However since it absorbs the input switching current it requires an 
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adequate ripple current rating. Its RMS current rating should be greater than approximately 1/2  
of the DC load current. 
For insuring stable operation CIN should be placed as close to the IC as possible. Alternately a 
smaller high quality ceramic 0.1uF capacitor may be placed closer to the IC and a larger 
capacitor placed further away. If using this technique, it is recommended that the larger 
capacitor be a tantalum or electrolytic type. All ceramic capacitors should be places close to the 
ZA3020LV. 
Output Capacitor 
The output capacitor is required to maintain the DC output voltage. Low ESR capacitors 
are preferred to keep the output voltage ripple low. 
The characteristics of the output capacitor also effect the stability of the regulation control 
system. Ceramic, tantalum, or low-ESR electrolytic capacitors are recommended. 
In the case of ceramic capacitors, the impedance at the switching frequency is  
dominated by the capacitance, and so the output voltage ripple is mostly independent of 
the ESR. The output voltage ripple is estimated to be:  
VRIPPLE ~= 1.4 * VIN * ( fLC / fSW )̂ 2 
Where VRIPPLE is the output ripple voltage, VIN is the input voltage,fLC is the resonant 
frequency of the LC filter,fSW is the switching frequency. 
In the case of tantalum or low-ESR electrolytic capacitors, the ESR dominates the impedance 
at the switching frequency, and so the output ripple is calculated as: 
VRIPPLE ~= . I * RESR 

Where VRIPPLE is the output voltage ripple, . I is the inductor ripple current, and RESR is the equivalent 
series resistance of the output capacitors. 
Output Rectifier Diode 
The output rectifier diode supplies the current to the inductor when the high-side switch is off. 
To reduce losses due to the diode forward voltage and recovery times, use a Schottky 
rectifier. 
Choose a rectifier who’s maximum reverse voltage rating is greater than the maximum 
input voltage, and who’s current rating is greater  than the maximum load current. 
Table 1 provides a list of manufacturer’s and their websites. 

 

Compensation 
The output of the transconductance error amplifier is used to compensate the regulation 
system. Typically compensation capacitors, CC sets the dominant pole. The compensation 
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resistor sets a zero that should have the same frequency as the pole set by the load 
resistance and the output capacitor. If the output capacitor is not ceramic type, then there 
may need to be another capacitor from COMP to GND (CCA) to compensate for the zero 
produced by the output capacitor and its ESR. 
One of the critical parameters is the DC loop gain. This can be determined by the equation: 
AVL = (VFB /VOUT) *AEA *ACS *RL 

Where AVL is the loop gain, VFB is the feedback threshold, 1.22V, VOUT is the regulated output 
voltage, AEA is the error amplifier voltage gain,ACS is the current sense gain, and RL is the 
load resistance, or VOUT /ILOAD . 
Simplifying the equation: 
AVL =AEA *ACS *( VFB / ILOAD(MAX) ~= 1663 / ILOAD(MAX) 

Another critical parameter is the desired crossover frequency. 
This should be approximately one-fifth of the switching frequency or approximately  fC = 
75kHz. This and the loop gain determines the frequency of the dominant pole,fP1 =fC / AVL. 
The dominant pole occurs when GM / 2* Л *fP1 *CC =AEA, where GM is the error amplifier 
transconductance. This CC can be determined by: 
CC ~= 306 *AVL / fC ~= 6.8 / ILOAD(MAX) (nF). 
The zero of the compensation network is determined by the compensation resistor RC. 
RC should be at the same frequency as the pole due to the output capacitor and the load 
resistor. Or:RC *CC =RL *COUT 

Solving for RC: 
RC = RL * COUT  / CC =VOUT * COUT / ILOAD(MAX) *CC 

If non-ceramic capacitors are used, the second compensation capacitor is required to 
compensate for the zero formed from the capacitor and its ESR. The second 
compensation capacitor can be determined by: 
RC * CCA = COUT * RESR 

Solving for  CCA: 
CCA= COUT* RESR/RC. 
Inductor 
The inductor is required to supply constant current to the output load while being driven by 
the switched input voltage. A larger value inductor will result in less ripple current that will 
result in lower output ripple voltage. However, the larger value inductor will have a larger 
physical size, higher series resistance, and/or lower saturation current. Choose an inductor 
that will not saturate under the worst-case load conditions. 
Table 2 provides a list of manufacturer’s and their websites. 

 
A good rule for determining the inductance to use, is to allow the peak-to-peak ripple current 
in the inductor to be approximately 30% of the maximum load current. Also, make sure that 
the peak inductor current (the load current plus half the peak-to-peak inductor ripple current) is 
below the 2.4A minimum current limit. 
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The inductance value can be calculated by the equation: 
L = (VOUT) * (VIN-VOUT) / VIN* f * . I 
 
Where VOUT is the output voltage, VIN is the input voltage, f is the switching frequency, and 
. I is the peak-to-peak inductor ripple current. 
Table 4 gives a list of inductors for the various inductor manufacturers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Vout R2 L1 
minimum 

1.22V 0 K 6.8uH 

1.5V 2.32K 6.8uH 

1.8V 4.75 KΩ 10uH 

2.5V 10.5 KΩ 10 uH 

3.3V 16.9 KΩ 15 uH 

5.0V 30.9 KΩ 22 uH 

Figure 1.  ZA302LV 
withMurata 22uF/10V 
Ceramic Output 
Capacitor. 

Table 3.  Recommended 
coponents for standard 
output voltages. 

V IN BS 

V SW  

FB 
C OMP GND 

EN 

L1 

D1 

R2 

R1 
10K 

C OUT 
22uF/10V 
Ceramic  
Murata 1210  

C C 
10nF 
R C 
10K - 

10nF 
5 to 15V 

INPUT  

C IN 
10uF/25V 

ENABLE 
SHUTDOWN 

C B 

OUTPUT 
2.5V/2A 

10.5K 

C CA 
100pF  

ZA3020LV 15uH 

0.22uF 

0.22uF 
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Table 4.  Inductor Selection Guide  
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ZA3020LV Demo Board Schematic 
 
This board is laid out to accommodate most commonly used Inductors and Output Capacitors; and to be 
programmed for most standard Output Voltages.  F or the required Output voltage solder blob the appropriate J1-6 
jumper. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ZA3020LV Demo Board BOM 
 
 
 

 
 
Item Quantity Reference Part 
______________________________________________ 
 
1 2 CN1 4 Pin Connector 
  CN2 4 Pin Connector 
2 1 Cb 10nF  0603 
3 1 Cc 10nF 0603 
4 1 Cca 100pF 0603 
5 1 C1 10uF 35V 1210 
6 1 C4 22uF 10V Y5V 1210 
7 1 D1 B230/SM 2A 30V Schottky 
8 1 L1 15uH 
9 2 RC 10K 1% 
  R1 10K 1% 
10 1 R2a 2.32K 1% 
11 1 R2b 4.75K 1% 
12 1 R2c 10.5K 1% 
13 1 R2d 16.9K 1% 
14 1 R2e 30.9K 1% 
15 1 U1 ZA3020LV/SO8 

  

  

L1 
  

5 V   

  
R2e   0 R2a   

RC 
  

C1   

U1   

ZA3020LV/SO8  

1 
  2 
  3 
  4 
  

5 
  

6 
  

7 
  

8 
  BS 

  
Vin 

  Vsw 
  

GND 
  

FB 
  

Comp 
  

En 
  

NC 

   

Enable 

   

J5   

Cc 
  

R2d   

R1   

J3   

Vin 4.75V to 15V 
  

CN2 
  

1 
  2 
  3 
  4 
  

1.8V 

  

Enable  
  

C4   J6   

1.22V 

  

Cb 
  

J1   

3.3V 

  

2.5V 

  

CN1   
1 
  2 
  3 
  4 
  

J2   

1.5V 

  

R2b   

Cca   

J4   D1   

R2c   
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Vout Jumper 
connection 

L1 
minimum RC 

1.22V J1 6.8uH 4.7K 

1.5V J2 6.8uH 4.7K  

1.8V J3 10uH 4.7K 

2.5V J4 10 uH 10K 

3.3V J5 15 uH 10K 

5.0V J6 22 uH 10K 

 
Refer to the ZA3020LV Datasheet’s Table 3 Inductor Selection Guide for choosing L1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5.  
Recommended 
components for 
standard output 
voltages. 
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OUTLINE DIMENSIONS 
 
 
PLASTIC SO PACKAGE 
 
 

                 
 
 

DIMENSION IN MILLIMETER (mm) DIMENSION IN INCH (inch) SYMBOLS Min Nom Max Min Nom Max 
A 1.40 1.60 1.75 0.055 0.063 0.069 

A1 0.10 - 0.25 0.040 - 0.100 
A2 1.30 1.45 1.50 0.051 0.057 0.059 
B 0.33 0.41 0.51 0.013 0.016 0.020 
C 0.19 0.20 0.25 0.0075 0.008 0.010 
D 4.80 4.85 5.05 0.189 0.191 0.199 
E 3.80 3.91 4.00 0.150 0.154 0.157 
e - 1.27 - - 0.050 - 
H 5.79 5.99 6.20 0.228 0.236 0.244 
L 0.38 0.71 1.27 0.015 0.028 0.050 
θ 0 - 8 0 - 8 

NOTICE: 
This datasheet contains new product information. Vimicro Corporation reserves the rights to modify the product 
specification without notice. No liabillity is assumed as a result of the use of this product. No rights under any 
patend accompany the sale of the product. 

 


