ZA3020LV
2A Step-Down,PWM,Switch-Mode
Vimicro DC-DC Regulator

General Description Features

The ZA3020LV is a monolithic step-down
switch-mode regulator with internal 0.18 Internal Power MOSFET Switch

Power MOSFETSs. It achieves 2A continuous Stable with Low ESR Output Ceramic
output current over a wide input supply range capacitors

2A Output Current

with excellent load and line regulation. ® Up to 95% Efficiency
® 20uA Shutdown Mode
® Fixed 380kHz frequency
Current mode operation provides fast transient ® Thermal Shutdown _
response and eases loop stabilization. ® Cycle-by-cycle over current protection
® \Wide 4.75to 15V operating input range
® Output Adjustable from 1.22 to 13V
Fault condition protection includes cycle-by-cycle ® Programmable under voltage lockout
current limiting and thermal shutdown. In : évalllabtl_e '”BS p":j ,S&O 1abl
shutdown mode the regulator draws 25pa of supply valuation Board Available
current. Applications
® DVD, Car Electronics, GPS
The ZA3020LV requires a minimum number of ® Distributed Power Systems
readily available standard external components. ® Communication Productions
® Efficient Pre-Regulator for Linear Regulators
® Computer (Lan Card, Modem, Monitor,
Mother Board, Sound Card.)).
® Battery Charger. Phone, Databank, Toys,
LED Display, Satellite Receiver...
Typical Application Circuit
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2A Step-Down,PWM,Switch-Mode
Vimicro DC-DC Regulator

Fctional Block Diagram

ZA3020LV BLOCK DIAGRAM
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Functional Description

The ZA3020LYV 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.
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2A Step-Down,PWM,Switch-Mode
Vimicro DC-DC Regulator

Absolute Maximum Ratings (Note 1)

IN Voltage ---------====mmmmmm oo -0.3Vto 16V

SW Voltage ----------- -- -- e -1V to Mn +1V

BS Voltage ----------=-=-=mmmm oo Vsw-0.3V to Vsw +6V
All Other PiNS —-----mmmmm oo -0.3to 6V

Junction Temperature e e 150°C

Lead Temperature ----------=-=-=-mmmmmmmmmmmomee 260°C

Storage Temperature ----------------=-=-=----m-mo-uum--- -65°C to 150°C

Recommended Operating Conditions (Note 2)

Input Voltage VCC -----------=-=-=--mmommemm oo 4.75V to 15V
Operating Temperature -20°Cto +85°C

ESD Susceptibility
(Human Model) -----------=--mmmmmmmmmmm oo 2kv

Package Thermal Characteristics(Note3)

Thermal Resistance, B 1A (8 PIN SOIC)-=----=--========mnnmmmmmmmmmmeee 105°C/W

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

| Parameters | Condition | Min | Typ | Max | Units |
Feedback Voltage 475V =V, = 15V 1.184 | 1.222 | 1.258 "]
Upper Switch On Resistance 0.25 0
Lower Switch On Resistance 10 0
Upper Switch Leakage Ve =0V Ve =0W 10 1Ty
Current Limit 2.4 2.95 A
Oscillator Frequency 320 380 440 | KHz
Short Circuit Frequency FB =0V 42 KHz
Maximum Duty Cycle FB = 1.0V a0 U
Minimum Duty Cycle FB = 1.5V 0 a
Enable Threshold 0.7 1.0 1.3 W
Uﬁder Upltage Lockout Threshold 50 95 30 Y
High Going _
Under Uqltage Lockout Threshold 200 my
Hysteresis
Shutdown Supply current Ve =0V 25 50 A
Operating Supply current Ven=0V: Vep =1.4V 1.0 1.5 m
Thermal Shutdown 160 *C

Note 1. Exceeding these ratings may damage the device.
Note 2. The device is not guaranteed to function outside its operating rating.
Note 3. Measured on 1" square of 1 oz. copper FR4 board.
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2A Step-Down,PWM,Switch-Mode
Vimicro DC-DC Regulator

Pin Functions

BS 1 ] O ] 8 NIC
IN 2 [ ] 7EN
sw 3] ] 6 COMP
GND 4 [] ] 5 FB

# Mame | Description

1 BS High-Side Gate Drive Boost Input. BS supplies the drive for the high-side n-channel MOSFET awitch.
Connect a 0.1uF or greater capacitor from SW to BS o power the high-side switch.
2 N Power Input. M supplies the power fo the 1C, as well as the step-down converter switches. Drive IN

with a 4. 75V to 15V power source. Bypass IN to GND with a suitably large capacitor to eliminate noise
on the input to the 1IC. See inpuwl Capacitor.
3 SW Power Switching Output. SW iz the switching node that supplies power to the output. Connect the

outpul LC fiter from SW to the output load. Mote that a capacitor is required from SW to BS to power
the high-side switch.

L GMND Ground.

5 FEB Feedback Input. FBE senses the output voltage to regulate that voltage. Drive FB with a resistive
voltage divider from the output voltage. The feedback threshold is 1.22V. See Setting the Outpu!
Voltage.

51 COMP | Compensation Mode. COMP is uzed to compensate the regulation control loop. Connect a seres RC
network from COMP to GHND to compensate the regulation control locp. See Compensaliionr.

7 EN Enable Input. EMN is a digital input that tums the regulator on or off. Drive EN high to tum on the
requlator. drive it low to turn it off. For automatic stafup, leave EN unconnected.

8 MiC Mo Connect

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:

Vre = Vour* R1/ (R1 + R2).

Thusthe output voltageis:

Vour=1222* (R1+R2)/RL

A typical value for R1 can be as high as 100k, but a typical value is 10k {1. Using that value,
R2 is determined by:

R2 =R1* (VOUT —1.222) /1.222(k{}).

For example, for a3.3V output voltage, R1is10k{t, and R2is 17k i},

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 10uF. The capacitor can be electrolytic,
tantalum or ceramic. However since it absorbs the input switching current it requires an
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ZA3020LV

2A Step-Down,PWM,Switch-Mode
DC-DC Regulator

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 * (fic/ fsw Y2
Where VrirrLe is the output ripple voltage, Vinis the input voltage,fic 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:

VRrippLE ~= . Al * Resr
Where VrippLE is the output voltage ripple, . &l is the inductor ripple current, and Resr is the equivalent
seriesresistance 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.

Table 1: Schottky Diode Manufacturers

Manufacturer

Website

Diodes, Inc.

www . diodes.com

Fairchild Semiconductor

www fairchildsemi.com

General Semiconductor

WWW. Qensemi.com

Intermational Rectifier

wwww. irf.com

On Semiconductor

WWW. ONsemi.com

h|en | de s P ha] = | 3%

Pan Jit Internaticnal

www . panjit.com.tw

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 (C¢,) 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:
Avt = (Ves Voyt) *Aea*Acs*RL

Where AvLis the loop gain, Vksis the feedback threshold, 1.22V, Vour is the regulated output
voltage, Aea is the error amplifier voltage gain,Acsis the current sense gain, and R is the
load resistance, or Vout /Loap -

Simplifying the equation:

Avi =Aea *Acs *( Vs / lLoaomax) ~= 1663 / Loapmax)

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,fr1=fc / A..
The dominant pole occurs when Gu/ 2* J1 *fr1 *Cc =Aga, Where Guis the error amplifier
transconductance. This Cc can be determined by:

Cc ~=306 *AvL/ fc ~= 6.8 / l.oapmax) (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 =Rc *Cout

Solving for R¢:

Rc = RL*Cqoyr / Cc=Vout * Coyt/ ILoapmax) *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/Re.

Inductor

The inductor is required to supply constant current to the o utput 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.

Table 2: Inductor Manufacturers

# | Manufacturer Website

1 | Sumida Corporation www.sumida.com
2 | Toka, Inc. warw loko.com

3 | Coilcraft, Inc. wwrw .coilcraft.com

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 = (Vour) * (Vin-Vour) / Vin* £ * . 241

Where Vouris the output voltage, Viy is the input voltage, f is the switching frequency, and
.M is the peak-to-peak inductor ripple current.
Table 4 gives a list of inductors for the various inductor manufacturers.

Vout R2 Ll. .
minimum
1.22v | OK 6.8uH
1.5V 2.32K 6.8uH
Table3. Recommended
coponertsfor sandard 1.8V 475KW | 10uH
output VOltageS' 2.5V 10.5 KW 10uH
3.3V 16.9 KW 15uH
5.0V 30.9 KW 22uH
o
Sto IE’T/UT T 22UE
TouFSy —1: _|; VIN BS
- L1
Figurel. ZA302LV ENABLE | VoW —pg OUTPUT
withM ur ata 22uF/10V snuroownd T EN  zA3000LV s 25v2A
D1
Ceramic Output i
. '—B - / CUU\
Capaditor. GAND COomP 15k SPRUFIoV
ﬁ R1 0.22uFwurata 1210
c 10K
% 10nF
con
100pF —[ R
10K -
L= —+ .
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Table 4. Inductor Selection Guide

Package Dimensions
Value | Max Max Core Core (mm}
VendoriModel {uH) I (A) | DCR (L) Type Material W L H
Sumida
CR7S 10 23 0.070 Cpen Feqrite 7.0 78 55
CRTS 15 1.8 0.080 Cpen Ferrite 7.0 T8 8.5
CR7S 22 1.5 0.110 Cpen Ferrite 7.0 7.8 5.5
CDH74 10 275 0.056 Cpen Ferrite 73 8.0 5.2
CDH74 15 21 0.083 Open Ferrite 7.3 BO 5.2
CDH74 22 1.7 0.130 Cpen Ferrite 7.3 8.0 52
CDRHEDZ28 6.8 16 0.053 Shielded Fedite 5.5 57 5.5
CDRHED28 10 13 0.065 Shielded Ferrite 55 57 55
CDRHEDZ28 15 11 0.103 Shielded Ferrite 5.5 57 55
CDRHED28 6.8 2.3 0.031 Shielded Fedite 6.7 6.7 3.0
CDRHED28 10 1.7 0.065 Shielded Ferrite 6.7 6.7 3.0
CDRHEDZ28 15 16 0.057 Shielded Ferrite 6.7 6.7 3.0
CDRHEDZE 22 1.3 0.096 Shielded Fedrite 6.7 6.7 3.0
CDRHED38 6.8 2.3 0.031 Shielded Fedite 6.7 6.7 40
CDRHED38 10 20 0.038 Shielded Ferrite 6.7 6.7 4.0
CDRHE&D38 15 16 0.057 Shielded Ferrite 6.7 6.7 410
CDRHED38 22 1.3 0.096 Shielded Fedrite 6.7 6.7 40
CDRH104R 6.8 4.8 0.027 Shielded Ferrite 101 10.0 3.0
CDRH104R 10 4.4 0.035 Shielded Ferrite 101 10.0 3.0
CDRH104R 15 36 0.050 Shielded Ferrite 101 10.0 3.0
CDRH104R 22 28 0.073 Shielded Fedite 101 10.0 3.0
Toko
DS3LC Type A | BB 201 0.068 Shielded Ferite 50 50 3.0
DS3LC Type & | 10 177 0.090 Shielded Fermite 50 50 3.0
DE3LC Type A 15 1.40 0.142 Shielded Ferrite 50 50 3.0
DS3LC Type A 22 1.15 0.208 Shielded Fedite 5.0 50 3.0
DFsC B.& 1.79 0.050 Shielded Ferrite 7.6 T8 |
D75C 10 163 0.055 Shielded Feqrite 7.6 76 5.1
D7sC 15 1.33 0.081 Shielded Ferrite s 76 51
D75C 22 1.09 0115 Shielded Ferrite 76 Fls] 8.1
D042 10 4.3 0.0265 Shielded Ferrite 10.0 10.0 4.3
D042 16 3.3 0.0492 Shielded Fedile 10.0 10.0 43
D104C 22 25 0.0265 Shielded Ferrite 100 100 4.3
D10FL 10 225 0.051 Open Fedite ay 11.5 40
D10FL 15 2.00 0.066 Open Ferrite av 11.5 440
D10FL 22 1.83 0100 Open Ferrite a7 115 40
Coilcraft
DO3308 10 24 0.030 Open Ferrite a4 13.0 3.0
DO3308 15 20 0.040 Open Feqrite a4 13.0 30
DO3308 22 1.6 0.080 Open Ferrite a4 13.0 3.0
DO3316 10 38 0.020 Open Fedite a4 13.0 51
DO3316 15 3.0 0.040 COpen Ferrite a4 13.0 51
DO3316 22 26 0.080 COpen Ferriie a4 13.0 5.1
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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.

Vin 4.75V to 15V
Py

ZA3020LV

2A Step-Down,PWM,Switch-Mode
DC-DC Regulator

8

=11.

Vsw Comp

GND B

7 Enable

6

ZA3020LV/SO8

— Cca

ZA3020LV Demo Board BOM

Item Quantity Reference Part

1 2 CN1 4 Pin Connector
CN2 4 Pin Connector

2 1 Chb 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 ul ZA3020LV/SO8
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Vout | Jumper L1
Tables. connection | minimum Re
Recommended -~ oo
componentsfor 1.22v J1 Su 4.7K
gandard output 1.5V J2 6.8uH 4.7K
voltages.
1.8V J3 10uH 4.7K
2.5V J4 10uH 10K
3.3V J5 15uH 10K
5.0V J6 22uH 10K

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

PLASTIC SO PACKAGE
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SYMBOLS DIM.ENSION IN MILLIMETER (mm) DIMENSION IN INCH (inch)
Min Nom Max Min Nom Max
A 1.40 1.60 1.75 0.055 0.063 0.069
Al 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
§] 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.
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