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AIC1571

5-bit DAC, Synchronous PWM Power
Regulator with Dual Linear Controllers

l FEATURES

e Provides 3 Regulated Voltages for Microproces-
sor Core, Clock and GTL Power.

¢ Simple Voltage-Mode PWM Control.

e Dual N-Channel MOSFET Synchronous Driver.
e Operates from +3.3V, +5V and +12V Inputs.

e Fast Transient Response.

e Full 0% to 100% Duty Ratios.

e +1.0% Output Voltage for VCORE and 2.0%
Output Voltage Reference for VCLK and VGTL.

e TTL Compatible 5-bit Digital-to-Analog Core Out-
put Voltage Selection. Range from 1.3V to 3.5V.

0.1V Steps from 2.1V to 3.5V.
0.05V Steps from 1.3V to 2.05V.

¢ Adjustable Current Limit without External Sense
Resistor.

e Microprocessor Core Voltage Protection against
Shorted MOSFET.

e Power Good Output Voltage Monitor.
o Over-Voltage and Over-Current Fault Monitors.

e 200KHz Free-Running Oscillator Programmable
up to 350KHz.

l APPLICATIONS

e Full Motherboard Power Regulation for Comput-
ers.

e Power Integrations for 3 Output Power System.

l DESCRIPTION

The AIC1571 combines a synchronous voltage
mode controller with two linear controllers as well
as the monitoring and protection functions in this
chip. The PWM controller regulates the microproc-
essor core voltage with a synchronous rectified
buck converter. One linear controller regulates
power for the GTL bus and the other linear con-
troller provides power for the clock driver circuit or
memory (1.8V)

An integrated 5 bit D/A converter that adjusts the
core PWM output voltage from 2.1V to 3.5V in 0.1V
increments and from 1.3V to 2.05V in 0.05V incre-
ments. The linear regulator uses an internal driver
device to provide 2.5V+2.5%. The linear controller
drives with an external N-channel MOSEFET to
provide 1.5V+2.5%.

This chip monitors all the output voltages. Power
Good signal is issued when the core voltage is
within £10% of the DAC setting and the other levels
are above their under-voltage levels. Over-voltage
protection for the core output uses the lower N-
channel MOSFET to prevent output voltage above
115% of the DAC setting.

The PWM over-current function monitors the out-
put current by using the voltage drop across the
upper MOSFET’s Rpsn), €liminating the need for a
current sensing resistor.
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ll ORDERING INFORMATION

AIC1571-CX ORDER NUMBER PIN CONFIGURATION
L
v PO =Rl s
viD4[ 2 | 23 |PHASE
vID3[3 | 22|LGATE
viD2[ 4 | 21]PGND
vID1[ 5 | 20 |ocsET
viDo[ 6 | [19]vSEN
PGOOD[ 7 | [18]FB1
FAULT 8 | [17]comp1
sso | [16]FB3
rRT[70 [15]cATES
Fe2[11 [12]ND
VIN2[12 EGATEZ

l ABSOLUTE MAXIMUM RATINGS
SUPPly VORAGE, VEC  wirerrsssmrrrrrencsnrarasssssmimmssasasasssssssmmmmssssssnsssnssssssessssssssnnennnens T 19V

PGOOD, FAULT and GATE Voltage  .cccccevevercicereneeeeeeenens GND -0.3V to V¢c +0.3V
Input, Output , or /O VORAGE  .cccviiiieeecriecier v e GND -0.3V to 7V
Recommended Operating Conditions

Supply Voltage; VCC coeerrer e s msesene e e e +12V+10%

Ambient temperature Range  .....ccccceveviiiiisiseceeneeennnnnnn 0°C~70°C
Junction Temperature Range .......ccccceevevnvveeeennssssssnnne. 0°C~100°C

Thermal Information

Thermal Resistance, 6
10 [ O o - Tor 1¢= o [ PP 100°C/W
SOIC package (with 3in® of (o70] o] o1=1 ) IR | ) &d 0747\

Maximum Junction Temperature (Plastic Package) ....ccccovviieiviirererninns 150°C
Maximum Storage Temperature Range ....c.cocvvveiiiiiiiicvrririennne: -65°C ~ 150°C
Maximum Lead Temperature (Soldering 10 SEC)  .ovvviviiieiviririririenererennnns 300°C

Bl TEST CIRCUIT
Refer to APPLICATION CIRCUIT.
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l ELECTRICAL CHARACTERISTICS (V..=12V, T,;=25°C, Unless otherwise speci-

fied)

PARAMETER TEST CONDITIONS |SYMBOL | MIN. | TYP. | MAX. [ UNIT
VCC SUPPLY CURRENT
Supply Current UGATE, LGATE, GATE2 lcc 1.8 5 mA

and GATES3 open

POWER ON RESET
Rising VCC Threshold Vocser=4.5V VCCrur 8.6 9.5 10.4 \
Falling VCC Threshold Vocser=4.5V VCCrnr 8.2 9.2 10.2 \
Rising VIN2 Under-Voltage VIN2thr 2.5 2.6 2.7 \Y
Threshold
VIN2 Under-Voltage Hys- VIN2uys 130 mV
teresis
Rising Vocsert Threshold VocseTH 1.3 V
OSCILLATOR
Free Running Frequency RT=0pen F 170 200 230 KHz
Ramp. Amplitude RT=open AVosc 1.3 Vpp
REFERENCE AND DAC
DAC (VIDO~VID4) Input Low VID, 0.8 \
Voltage
DAC (VIDO~VID4) Input VIDy 2 \
High Voltage
DACOUT Voltage Accuracy | VDAC=1.3V~3.5V -1.0 +1.0 %
FB2 Reference Voltage VReF2 1.245 1.270 1.295 \Y
FB3 Reference Voltage VREF3 1.250 1.275 1.300 V
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l ELECTRICAL CHARACTERISTICS (Continued)

PARAMETER TEST CONDITIONS SYMBOL | MIN. TYP. MAX. | UNIT
LINEAR CONTROLLER
Regulation 0 < lgatE2i3 < 10MA -2.5 +2.5 %
Under-Voltage Level FB2/3 falling FB2/3uv 70 80 %
PWM CONTROLLER ERROR AMPLIFIER
DC GAIN 76 dB
Gain Bandwidth Product GBWP 11 MHz
Slew Rate COMP1=10pF SR 6 V/uS
PWM CONTROLLER GATE DRIVER
Upper Drive Source VCC=12V, Vyeare=11V RucH 5.2 6.5 Q
Upper Drive Sink VCC=12V, Vygate =1V RuaL 3.3 5 Q
Lower Drive Source VCC=12V, Vi eatre=11V RieH 4.1 6 Q
Lower Drive Sink VCC=12V, V gate=1V RiaL 3 5 Q
PROTECTION
Vouts Voltage Over-Voltage | VSEN Rising OVP 112 115 118 %
Trip
OCSET Current Source Vocser=4.5Vpe locseT 170 200 230 HA
FAULT Sourcing Current Veaur=10V love 10 16 mA
Soft-Start Current Iss 11
Chip Shutdown Soft Start 1.0 \%
Threshold
POWER GOOD
Vourtt1 Upper Threshold VSEN Rising 109 110.5 112 %
VouTt1 Under-Voltage VSEN Falling 90.5 92 93.5 %
Vourtt Hysteresis Upper and Lower Thresh- 3 %
(VSEN/DACOUT) old
Psoop Voltage Low lpcoop=-4mA Vpcoop 0.5 Vv
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l TYPICAL PERFORMANCE CHARACTERISTICS

Tek HITH 16575 866 Acqs Run: 1GS/s Average
[ 58 - Tek Run: ge WEE
T Ueare : ' Ugare :
\ |
1+
] . Loare
b 28
k5 : et s ot
Ehi~ SV &u @i~ 5V M 50ns €hZz L 6.1V ChI S5V & @B 5V WM 50ns ChT L 5V

FIG.1 The gate drive waveforms
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Cucare=Create=Coare \
50 | Vec=12V // \
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40 e N —
< N R; Pull Down to GND —}
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0 Coare=2000pF @ AN
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FIG. 2 Bias Supply Current VS. Frequency FIG. 3 Rr Resistance VS. Frequency
PGOOD (5V/div) o | . |%PGOOD (5Vidiv) .

- SS (2V/div)

- Vour (1V/div) L/ — ;
m| Vour (1V/ Vours (1V/div) : o
| o ' o Vot (1VAdiv)

R2 . . - : :V\VOUT§
T ss@av - Vour (1V/div)
i ] Chi 2V 6 @B 1V WM25ms EXt 7 720mV
Em 1V B Ch2 2V M  Sms Ch2 -F 1.16 V Ref1 1v 2.5ms
Ref2 1v 5ms
F1G.4-1 Circuit 1---Soft Start Interval with 3 Outputs FIG.4-2 Circuit 2---Soft Start Interval with 3
and PGOOD Outputs and PGOOD
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l TYPICAL PERFORMANCE CHARACTERISTICS (CONTINUED)

FAULT

2+

VDAC=3.5V
_ ss

VDAC=2V 4

o{/ér; I;oad; . :: o
) Applied (Inductof Current /|~ © 0
7 VDAC=1.3v : 10A/div : R
N IURUE SUUDE SUDUE SUUIR. JODUE DUUTEIUNE SURNE S : : i : : : .
?{Ez Ty S sms ms m Ig?é 2nmzvvw ch]20ms T0V &M 10ms Ch1 v 10.8mv
FIG. 5 Soft Start Initiates PWM Output FIG. 6 Over-Current Operation on Inductor

1 Vour1
Vours (2mVidiv)

5A to 12A Load St

1A to 2A Load Step

¢hi— somvhe Wi T0mv WM 235us €h2 # 18.8mV

ehi— Zmvas TO0mv & M 235§ Ch2 7 16.2mv

FIG. 7 Transient Response of PWM Output FIG. 8 Transient Response of Linear Controller
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FIG. 9 DACOUT Voltage Accuracy (%) FI1G.10 Efficiency vs. Load Current (A)
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l TYPICAL PERFORMANCE CHARACTERISTICS (CONTINUED)
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FIG.12 Temperature Drift of 24 Different Parts
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l BLOCK DIAGRAM

AIC1571

VSEN PGOOD vce
9 0 Q
FB3 O -
110%
- A {
GATE3 0 | , =
+ I 3
0.3V
GATE2 O+ RS 0% | * O OCSET
) —‘ L ’7 200uA
.§6V VCC — < n
FB2 O Y V'NZ_OITJOI%/:/EEET o
INH'BITOCSET_ 115% *—
' + 0C1
LUV ¢ ,é > —0 PHASE
VIN2 OT— | v vce
vee LOGIC & = ] NS 0 UGATE
| LATCH l{
T A >
FAULT O+ SOFT OFF GATE CONTROL [
START -
10%% 5BIT TTL D/A + VCC
oo l\l\ o LGATE
ERROR OSCILLATOR
K K ¥ m \/vﬁ—o PGND
“Vi T i s " o
R e Loow
0 00000 o 0 o)
SS VIDO VID1VID2VID3 VID4 FB1 COMP1 RT
l PIN DESCRIPTIONS
Pin1: VCC: The chip power supply pin. It al- Table 1 specifies the VDAC volt-
so provides the gate bias charge age for the 32 combinations of
for all the MOSFETs controlled DAC inputs.
St}allgeelics. :?Ze\;:ommended supply Pin 7. PGOOD: Power good indicator pin.
9 ' PGOOD is an open drain output.
Pin 2: VID4: This pin is pulled low when the
Pin 3: VID3: converter output is +10% out of
Pin 4: VID2: the VDAC reference voltage and
Pin 5: VID1: the other outputs are below their
Pin 6: VIDO: 5bit DAC voltage select pin. TTL under-voltage thresholds. The
inputs used to set the internal PGOOD output is open for VID
voltage reference VDAC. When codes that inhibit operation. See
left open, these pins are inter- Table 1.
nally pulled up to SV and provide o, g AGLT:  This pin is low during normal op-

logic ones. The level of VDAC
sets the converter output voltage
as well as the PGOOD and OVP
thresholds.

eration, but it is pulled to VCC in
the event of an over-voltage or
over-current condition.
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Pin 9:

Pin 10:

Pin 11:

Pin 12:

Pin 13:

Pin 14:

Pin 15:

Pin 16:

Pin 17:

SS:

RT:

FB2:

VINZ:

GATE2:

GND:

GATES:

FB3:

COMP1:

Soft-start pin. Connect a ca-
pacitor from this pin to ground.
This capacitor, along with an in-
ternal 10uA (typically) current
source, sets the soft-start inter-
val of the converter.
Pulling this pin low will shut
down the IC.

Frequency adjustment pin. Con-
necting a resistor (RT) from this
pin to GND, increasing the fre-
quency. Connecting a resistor
(RT) from this pin to VCC, de-
creasing the frequency by the
following figure (Fig.3).

Connect this pin to a resistor di-
vider to set the linear controller
output voltage.

This pin is used to monitor the
3.3V supply. If, following a start-
up cycle, the voltage drops be-
low 2.6V (typically), the chip
shuts down. A new soft-start cy-
cle is initiated upon return of the
3.3V supply above the under-
voltage threshold.

Linear Controller output drive pin.

This pin can drive either a Dar-
lington NPN transistor or a N-
channel MOSFET.

Signal GND for IC. All voltage
levels are measured with re-
spect to this pin.

Linear Controller output drive pin.

This pin can drive either a Dar-
lington NPN transistor or a N-
channel MOSFET.

Negative feedback pin for the
linear controller error amplifier
connect this pin to a resistor di-
vider to set the linear controller
output voltage.

External compensation pin. This
pin is connected to error ampli-

fier output and PWM comparator.

Pin 18: FB1:

Pin 19: VSEN:

Pin 20: OCSET:

Pin 21: PGND:

Pin 22: LGATE:
Pin 23: PHASE:

Pin 24: UGATE:

AIC1571

An RC network is connected to
FB1 in to compensate the volt-
age control feedback loop of the
converter.

The error amplifier inverting in-
put pin. the FB1 pin and COMP1
pin are used to compensate the
voltage-control feedback loop.

Converter output voltage sense
pin. Connect this pin to the con-
verter output. The PGOOD and
OVP comparator circuits use
this signal to report output volt-
age status and for over-voltage
protection function.

Current limit sense pin. Connect
a resistor Rocser from this pin to
the drain of the external high-
side N-MOSFET. Rocser, an in-
ternal 200pA current source
(locser), and the upper N-
MOSFET on-resistance (Rpson))
set the over-current trip point
according to the following equa-
tion:

locser X Rocset
lPEAK =

Robs(on)

Driver power GND pin. PGND
should be connected to a low
impedance ground plane in
close to lower N-MOSFET
source.

Lower N-MOSFET gate drive pin.

Over-current detection pin. Con-
nect the PHASE pin to source of
the external high-side N-
MOSFET. This pin detects the
voltage drop across the high-
side N-MOSFET RDS(ON) for
over-current protection.

External high-side N-MOSFET
gate drive pin. Connect UGATE
to gate of the external high-side
N-MOSFET.
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l DESCRIPTION

The AIC1571 is designed for microprocessor
computer applications with 3.3V and 5V power,
and 12V bias input. This IC has one PWM
controller and two linear controllers. The PWM
controller is designed to regulate the micro-
processor core voltage (Vouri) by driving 2
MOSFETs (Q1 and Q2) in a synchronous recti-
fied buck converter configuration. The core
voltage is regulated to a level programmed by
the 5 bit D/A converter. One integrated linear

controller supplies the 2.5V clock power (Vouto).

The other linear controller drive an external
MOSFET(Q3) to supply the GTL bus
power(Vouyrs)

The Power-On Reset (POR) function continu-
ally monitors the input supply voltage +12V at
VCC pin, the 5V input voltage at OCSET pin,
and the 3.3V input at VIN2 pin. The POR func-
tion initiates soft-start operation after all three
input supply voltage exceed their POR thresh-
olds.

Soft-Start

The POR function initiates the soft-start se-
quence. Initially, the voltage on SS pin rapidly
increases to approximate 1V. Then an internal
10pA current source charges an external ca-
pacitor (Css) on the SS pin to 4V. As the SS pin
voltage slews from 1V to 4V, the PWM error
amplifier reference input (Non-inverting termi-
nal) and output (COMP1 pin) is clamped to a
level proportional to the SS pin voltage. As the

SS pin voltage slew from 1V to 4V, the output
clamp generates PHASE pulses of increasing
width that charge the output capacitors. Addi-
tionally both linear regulator’s reference inputs
are clamped to a voltage proportional to the SS
pin voltage. This method provides a controlled
output voltage smooth rise.

Fig.4 and Fig.5 show the soft-start sequence
for the typical application. The internal oscilla-
tor’s triangular waveform is compared to the
clamped error amplifier output voltage. As the
SS pin voltage increases, the pulse width on
PHASE pin increases. The interval of increas-
ing pulse width continues until output reaches
sufficient voltage to transfer control to the input
reference clamp.

Each linear output (VOUT2 and VOUT3) ini-
tially follows a ramp. When each output
reaches sufficient voltage the input reference
clamp slows the rate of output voltage rise. The
PGOOD signal toggles ‘high’ when all output
voltage levels have exceeded their under-
voltage levels.

Fault Protection

All three outputs are monitored and protected
against extreme overload. A sustained over-
load on any output or over-voltage on PWM
output disable all converters and drive the
FAULT pin to VCC.

10
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OVER CURRENT | —» INHIBIT

LATCH

LUV S Q )——I
L

AIC1571

oct R 5
COUNTER

0.2v A R FAULT LATCH

- vCe
- En N

3 POR R Q —0|
3.6V - FAULT
ov

Fig. 17 Simplified Schematic of Fault Logic

A simplified schematic is shown in figure 17. An
over-voltage detected on VSEN immediately
sets the fault latch. A sequence of three over-
current fault signals also sets the fault latch. An
under-voltage event on either linear output
(FB2 or FB3) is ignored until the soft-start inter-
val. Cycling the bias input voltage (+12V) off
then on reset the counter and the fault latch.

Over-Voltage Protection

During operation, a short on the upper PWM
MOSFET (Q1) causes Vour+ to increase. When
the output exceed the over-voltage threshold of
115% of DACOUT, the FAULT pin is set to
fault latch and turns Q2 on as required in order
to regulate Voyrq to 115% of DACOUT. The
fault latch raises the FAULT pin close to VCC
potential.

A separate over-voltage circuit provides pro-
tection during the initial application of power.
For voltage on VCC pin below the power-on re-
set (and above 4V), should VSEN exceed 0.7V,
the lower MOSFET (Q2) is driven on as need-
ed to regulate Vgyt1 to 0.7V.

Over-Current Protection

All outputs are protected against excessive
over-current. The PWM controller uses upper
MOSFET’s on-resistance, Rpson) to monitor
the current for protection against shorted out-
puts. Both the linear regulator and controller
monitor FB2 and FB3 for under-voltage to pro-

tect against excessive current.

When the voltage across Q1 (lp * Rpson)) €x-
ceeds the level (200pA « Rocset), this signal in-
hibit all outputs. Discharge soft-start capacitor
(Css) with 10pA current sink, and increments
the counter. Css recharges and initiates a soft-
start cycle again until the counter increments to
3. This sets the fault latch to disable all outputs.
Fig. 6 illustrates the over-current protection un-
til an over load on OUT1.

Should excessive current cause FB2 or FB3 to
fall below the linear under-voltage threshold,
the LUV signal sets the over-current latch if
Css is fully charged. Cycling the bias input
power off then on reset the counter and the
fault latch.

The over-current function for PWM controller
will trip at a peak inductor current (lpgax) deter-
mined by:

locseT x RocseT
lPEAK = ————

Robs(on)

The OC trip point varies with MOSFET’s tem-
perature. To avoid over-current tripping in the
normal operating load range, determine the
Rocser resistor from the equation above with:

1. The maximum Rpg(on) at the highest junction.
2. The minimum locser from the specification

11
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table.
3. Determine lpgak > loutuax) + (inductor ripple
current) /2.

PWM OUT1 Voltage Program

The output voltage of the PWM converter is
programmed to discrete levels between 1.3V to
3.5V. The VID pins program an internal voltage
reference (DACOUT) through a TTL compati-
ble 5 bit digital to analog converter. The VID
pins can be left open for a logic 1 input, be-
cause they are internally pulled up to 5V by a
70k () resistor. Changing the VID inputs during
operation is not recommended. All VID pin
combinations resulting in an INHIBIT disable
the IC and the open collector at the PGOOD

pin.

Shutdown
Holding the SS pin low with an open drain or
collector signal turns off all three regulators.

The VID codes resulting in an INHIBIT as
shown in Table 1 also shut down the IC.
Table 1 Vgyr1 Voltage Program (O=connected to GND, 1=open or connected to 5V)

For all package version
PIN NAME DACOUT PIN NAME DACOUT
VID4 | VID3 | VID2 | VID1 | VIDO | VOLTAGE | VID4 | VID3 | VID2 | VID1 | VIDO | VOLTAGE
0 1 1 1 1 1.30V 1 1 1 1 1 INHIBIT
0 1 1 1 0 1.35V 1 1 1 1 0 21V
0 1 1 0 1 1.40V 1 1 1 0 1 22V
0 1 1 0 0 1.45V 1 1 1 0 0 23V
0 1 0 1 1 1.50V 1 1 0 1 1 24V
0 1 0 1 0 1.55V 1 1 0 1 0 25V
0 1 0 0 1 1.60V 1 1 0 0 1 26V
0 1 0 0 0 1.65V 1 1 0 0 0 27V
0 0 1 1 1 1.70V 1 0 1 1 1 28V
0 0 1 1 0 1.75V 1 0 1 1 0 29V
0 0 1 0 1 1.80V 1 0 1 0 1 3.0V
0 0 1 0 0 1.85V 1 0 1 0 0 31V
0 0 0 1 1 1.90V 1 0 0 1 1 3.2V
0 0 0 1 0 195V 1 0 0 1 0 3.3V
0 0 0 0 1 2.00V 1 0 0 0 1 34V
0 0 0 0 0 205V 1 0 0 0 0 35V

Layout Considerations switching interval. The voltage spikes can de-

Any inductance in the switched current path grade efficiency, radiate noise into the circuit,
generates a large voltage spike during the and lead to device over-voltage stress. Careful

12
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component selection and tight layout of critical
components, and short, wide metal trace mini-
mize the voltage spike.

1) A ground plane should be used. Locate the
input capacitors (Cy) close to the power
switches. Minimize the loop formed by Cyy,
the upper MOSFET (Q1) and the lower
MOSFET (Q2) as possible. Connections
should be as wide as short as possible to
minimize loop inductance.

2) The connection between Q1, Q2 and out-
put inductor should be as wide as short as
practical. Since this connection has fast
voltage transitions will easily induce EMI.

3) The output capacitor (Cour) should be lo-
cated as close the load as possible. Be-
cause minimize the transient load magni-
tude for high slew rate requires low induc-
tance and resistance in circuit board

4) The AIC1571 is best placed over a quiet
ground plane area. The GND pin should be

+12V O—’\/\/—f—‘ H'__L

AIC1571

connected to the groundside of the output
capacitors. Under no circumstances should
GND be returned to a ground inside the Cy,
Q1, Q2 loop. The GND and PGND pins
should be shorted right at the IC. This help
to minimize internal ground disturbances in
the IC and prevents differences in ground
potential from disrupting internal circuit op-
eration.

5) The wiring traces from the control IC to the

MOSFET gate and source should be sized
to carry 1A current. Locate Cqyrs close to
the AIC1571 IC.

6) The Vcc pin should be decoupled directly to

}7 GATE2

SS

Voutz

GND

OCSET

UGATE

PHASE

LGATE |

PGND |

I Fower Plane Layer

I Circuit Plane Layer

GND by a 1uF ceramic capacitor, trace
lengths should be as short as possible.

+5V N

L Via Connection to Ground Plane

Fig. 18 Printed circuit board power planes and islands

A multi-layer printed circuit board is recom-

mended. Figure 18 shows the connections of

the critical components in the converter. The
Civ and Coyr could each represent numerous

physical capacitors. Dedicate one solid layer for
a ground plane and make all critical component
ground connections with vias to this layer.

13
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PWM Output Capacitors

The load transient for the microprocessor core
requires high quality capacitors to supply the
high slew rate (di/dt) current demand.

The ESR (equivalent series resistance) and
ESL (equivalent series inductance) parameters
rather than actual capacitance determine the
buck capacitor values. For a given transient
load magnitude, the output voltage transient
change due to the output capacitor can be note
by the following equation:

AVout = ESR x Alout + ESL x A'AOT“T . where

Alout is transient load current step.

After the initial transient, the ESL dependent
term drops off. Because the strong relationship
between output capacitor ESR and output load
transient, the output capacitor is usually chosen
for ESR, not for capacitance value. A capacitor
with suitable ESR will usually have a larger ca-
pacitance value than is needed for energy stor-
age.

A common way to lower ESR and raise ripple
current capability is to parallel several capaci-
tors. In most case, multiple electrolytic capaci-
tors of small case size are better than a single
large case capacitor.

Output Inductor Selection

Inductor value and type should be chosen
based on output slew rate requirement, output
ripple requirement and expected peak current.
Inductor value is primarily controlled by the re-
quired current response time. The AIC1571 will
provide either 0% or 100% duty cycle in re-
sponse to a load transient. The response time
to a transient is different for the application of
load and remove of load.

L x Alout L x Alout
tRSE=———, trPALL=———.

Vin—Vout Vout
Where Alout is transient load current step.

In a typical 5V input, 2V output application, a
3uH inductor has a 1A/uS rise time, resulting in
a 5uS delay in responding to a 5A load current
step. To optimize performance, different com-
binations of input and output voltage and ex-
pected loads may require different inductor
value. A smaller value of inductor will improve
the transient response at the expense of in-
crease output ripple voltage and inductor core
saturation rating.

AIC1571

Peak current in the inductor will be equal to the
maximum output load current plus half of in-
ductor ripple current. The ripple current is ap-
proximately equal to:

(Vin—=Vour) x Vout
fxLxVN

f = AIC1571 oscillator frequency.
The inductor must be able to withstand peak
current without saturation, and the copper re-
sistance in the winding should be kept as low
as possible to minimize resistive power loss

IRIPPLE =

Input Capacitor Selection

Most of the input supply current is supplied by
the input bypass capacitor, the resulting RMS
current flow in the input capacitor will heat it up.
Use a mix of input bulk capacitors to control the
voltage overshoot across the upper MOSFET.
The ceramic capacitance for the high frequency
decoupling should be placed very close to the
upper MOSFET to suppress the voltage in-
duced in the parasitic circuit impedance. The
buck capacitors to supply the RMS current is
approximate equal to:

1 VinxD 2
lrws = (1-=D)x /D X, [120uT + — x| ———
RMs = ( ) \/ ouT+ -5 | oL ]

, where D = Vour

IN
The capacitor voltage rating should be at least
1.25 times greater than the maximum input
voltage.

PWM MOSFET Selection

In high current PWM application, the MOSFET
power dissipation, package type and heatsink
are the dominant design factors. The conduc-
tion loss is the only component of power dissi-
pation for the lower MOSFET, since it turns on
into near zero voltage. The upper MOSFET has
conduction loss and switching loss. The gate
charge losses are proportional to the switching
frequency and are dissipated by the AIC1571.
However, the gate charge increases the
switching interval, tsywy which increase the upper
MOSFET switching losses. Ensure that both
MOSFETs are within their maximum junction
temperature at high ambient temperature by
calculating the temperature rise according to
package thermal resistance specifications.
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lout X VIN X tsw X f conducting during the dead time between the

Pupper = lout? x Rosionyx D + >

PLower = lout? X Rps(on) X (1-D)

The equations above do not model power loss
due to the reverse recovery of the lower
MOSFET's body diode.

The Rpson) is different for the two previous
equations even if the type devices is used for
both. This is because the gate drive applied to
the upper MOSFET is different than the lower
MOSFET. Logic level MOSFETs should be
selected based on on-resistance considera-
tions, Rpson) should be chosen base on input
and output voltage, allowable power dissipation
and maximum required output current. Power
dissipation should be calculated based pri-
marily on required efficiency or allowable ther-
mal dissipation.

Rectifier Schottky diode is a clamp that prevent
the loss parasitic MOSFET body diode from

turn off of the lower MOSFET and the turn on
of the upper MOSFET. The diode’s rated re-
verse breakdown voltage must be greater than
twice the maximum input voltage.

Linear Controller MOSFET Selection
The power dissipated in a linear regulator is :

PLINEAR = louTX (VIN2 — VouT)

Select a package and heatsink that maintains
junction temperature below the maximum rat-
ing while operation at the highest expected
ambient temperature.

Linear Output Capacitor

The output capacitors for the linear controller
provide dynamic load current. The linear con-
troller uses dominant pole compensation inte-
grated in the error amplifier and is insensitive to
output capacitor selection. Coyro and Couyts
should be selected for transient load regulation.

15
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[l APPLICATION CIRCUIT
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Circuit1 Motherboard Power application Circuit
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Circuit 2 Power Integration for 3-Output Power System
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l PHYSICAL DIMENSIONS

® 24 LEAD PLASTIC SO (300 mil) (unit: mm)

o SYMBOL MIN MAX
HHEAAAHAHAAHAHAH A 2.35 2.65
T A1 0.10 0.30
f B 0.33 0.51
O ” C 0.23 0.32
HHHHHHj iHHHH# D 15.20 15.60
) E 7.40 7.60

i (:E e 1.27(TYP)
= [si=]=l==i=]=]=]=]=]: g@m H 10.00 10.65
e TEe Lok L 0.40 1.27
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