A\ AME

AMES5291

2A, 1MHz Sync Buck Converter

B General Description

The AME5291 is a synchronous buck converter with
internal power MOSFETS. It achieves 2A continuous out-
put current with a fixed frequency of 1MHz with excellent
load and line regulation. The device operates from an
input voltage of 3V to 5.5V and provides an output volt-
age from 0.8V to V,, making the AME5291 ideal for on-
board post regulation applications.

Internal soft-start minimizes the inrush supply current
at startup. The circuit protection includes cycle-by-cycle
current limiting, output short circuit frequency protection
and thermal shutdown these protect functions improve
design reliability.

This device is available in SOP-8/PP package with ex-
posed pad for low thermal resistance.

B Features

Input Voltage Operate from 3V to 5.5V
2A Output Current

100mW Internal Power MOSFET Switch
Stable with Low ESR Output Ceramic
Capacitors

Up to 95% Efficiency

Thermal Shutdown

Output Adjustable from 0.8V to V
Short Circuit Frequency Protection
Over Temperature Protection

Available in SOP-8/PP Package
Green Products Meet RoHS Standards

W Applications

o TV
® Distributed Power Systems
® Pre-Regulator for Linear Regulators
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AMES291 2A, 1IMHz Sync Buck Converter

B Typical Operating Circuit
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AMES5291 2A, 1MHz Sync Buck Converter

B Pin Configuration

SOP-8/PP

Top View

8 7 6 5 AMES291-AZAXXX
VCC
REF
GND
FB
EN
PGND
SW
IN

1 2 3 4

O Nk wNPR

* Die Attach:
Conductive Epoxy

Note:
Connect exposed pad (heat sink on the back) to GND.

B Pin Description

Pin Number | Pin Name Pin Description
1 Vee Supply Voltage. Bypass with 0.1uF capacitor to ground and 10W resistor to
V|N.
2 REF Reference Bypass. Bypass with 0.1uF capacitor to ground.
3 GND Ground. Connect the exposed pad to GND.

Feedback Input. FB senses the output voltage to regulate that voltage. Drive
4 FB FB with a resistive voltage divider from the output voltage. The feedback
reference voltage is 0.8V.

Enable. Internal pull high with a resistor. Pull EN below 0.4V to shut down the

EN
5 regulator.
6 PGND Power Ground. Internally connected to GND. Keep power ground and signal
ground planes separate.
v SW Power Switching Output. SW is the switching node that supplies power to the
output. Connect the output LC filter from SW to the output load.
3 IN Power-Supply Voltage. Input voltage range from 3V to 5.5V. Bypass with a

10uF (min.) ceramic capacitor to ground and a 10W resistor to VCC.
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AMES5291 2A, 1MHz Sync Buck Converter

B Ordering Information

AMES291 - X X X XXX

Output Voltage

Number of Pins

Package Type

Pin Configuration

Package Number of

Pin Configuration .
g Type Pins

Output Voltage

A

(SOP-8/PP)

.VCC Z: SOP/PP A: 8 ADJ: Adjustable
REF
GND
FB
EN
PGND
SW
IN

PN RA~ONE
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AMES5291

2A, 1MHz Sync Buck Converter

B Absolute Maximum Ratings

Parameter Maximum Unit
VIN, VCC, REF to GND -0.3V to +6V \%
Switch Voltage -1V to +6V \%
EN, FB to GND -0.3V to (VCC + 0.3V) \%
PGND to GND -0.3V to +0.3V \%
ESD Classification B*

Caution: Stress above the listed in absolute maximum ratings may cause permanent damage to the device.

* HBM B: 2000V ~ 3999V

B Recommended Operating Conditions

Parameter Symbol Rating Unit
Ambient Temperature Range Ta -40 to +85
Junction Temperature Range T; -40 to +125 °C
Storage Temperature Range Tsto -65 to +150
B Thermal Information
Parameter Package Die Attach Symbol [Maximum| Unit
Thermal Resistance* 19
(Junction to Case) tac
°cCl/w
Thermal Resistance SOP-8/PP Conductive Epoxy 84
(Junction to Ambient) Qa
Internal Power Dissipation Pp 1450 mwW
Maximum Junction Temperature 150
[0}
C
Solder Iron (10Sec)** 350

* Measure d,. on center of molding compound if IC has no tab.

** MIL-STD-202G 210F
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AMES5291

2A, 1IMHz Sync Buck Converter

M Electrical Specifications

V=5V, T,= 25°C unless otherwise noted.

Parameter Symbol Test Condition Min | Typ | Max | Units
Input Voltage Range Vin 3 5.5 \%
Supply Current No switching (EN=VCC) 450 mA
Shutdown Current lsHon Shutdown ENcoy) | VY 20 | 35 | m
:_/E;:hr;?jrvonage Lockout When SW starts switching 2 Y,
REF Voltage VRer Irer=0, V|N=3V to 5V 0.8 V
EN Voltage Hihg Logic High 2
VeN \%
EN Voltage Low Logic Low 0.4
Output Voltage Range Vout Wher;eussiisr;gr:ﬁeg;i\/:epeg back 0.8 VIN \Y
Output Voltage Line Regulation Vin=3V to 5V 0.08 %IV
Output Voltage Load Regulation OA<I oap<2A 0.12 %/A
(Férfgf’ii(pvg';ﬁe Ve Vin=3V to 5V 0.784| 0.8 |0816| V
FB Input Bias Current -0.1 0.1 mA
High-side Switch On Resistance | Rpson, ni V\n=5V 100
Low-side Switch On Resistance |Rpson,Low V\n=5V 80 m
High-side Switch Current Limit Duty cycle=1009%, High-side| 3.4 4.5
Low-side Switch Current Limit Vin=3V to 5V Low-side -1.3 A
Vsw=5V 10
Switch Leakage Current lswik V\n=5V mA
SW=GND| -10
g:g;igtnt;mlt Oscillation fosc.cL Vin=3V to 5V 1 MHz
??eoqrh e(:nu(:;ent Oscillation fosc.scr V=0V 120 KHz
SW Maximum Duty Cycle Dsw max Vsw=high-Z, V|y=3V to 5V 100 %
SW Minimum Duty Cycle tswon.MIN Vin=3V to 5V 15
6 Rev. A01
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AMES5291 2A, 1MHz Sync Buck Converter

B Electrical Specifications (Contd.)

Parameter Symbol Test Condition Min | Typ | Max | Units
Thermal Shutdown Temperature oTP When SW stgrts/stops TJ rising 160
switching °c
Thermal Shutdown Hysteresis OTH 20
Minimum On Time ton,miN 150 ns
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AMES5291

2A, 1IMHz Sync Buck Converter

M Detailed Description

The AMES291 high-efficiency switching regulator is a
small, simple, DC-to-DC step-down converters capable
of delivering up to 2A of output current. The devices oper-
ate in pulse-width modulation (PWM) at a fixed frequency
of 1IMHz from a 3V to 5.5V input voltage and provide an
output voltage from 0.8V to V,,, making the AME5291
ideal for on-board post-regulation applications. The high
switching frequency allows for the use of smaller exter-
nal components, and internal synchronous rectifiers im-
prove efficiency and do not use the typical Schottky free-
wheeling diode. Using the on-resistance of the internal
high-side MOSFET to sense switching currents elimi-
nates current-sense resistors, further improving efficiency
and cost.

Controller Block Function

The AME5291 step-down converters use a PWM cur-
rent- mode control scheme. An open-loop comparator
(Modulator) compares the amplified voltage-feedback sig-
nal against the sum of the amplified current-sense signal
and the slope compensation ramp. At each rising edge
of the internal clock, the internal high-side MOSFET turns
on until the PWM comparator trips. During this on-time,
current ramps up through the inductor, sourcing current
to the output and storing energy in the inductor. The
current-mode feedback system regulates the peak induc-
tor current as a function of the output voltage error signal.
Since the average inductor current is nearly the same as
the peak inductor current (<30% ripple current ). The
circuit acts as a switch-mode transconductance ampli-
fier. To preserve inner-loop stability and eliminate induc-
tor stair-casing, a slope-compensation ramp is summed
into the main PWM comparator. During the second half
of the cycle, the internal high-side P-channel MOSFET
turns off, and the internal low-side N-channel MOSFET
turns on. The inductor releases the stored energy as its
current ramps down while still providing current to the
output. The output capacitor stores charge when the in-
ductor current exceeds the load current, and discharges
when the inductor current is lower, smoothing the voltage
across the load.

Current Limit

The internal high-side MOSFET has a current limit of
4.5A (typ.). If the current flowing out of SW exceeds this
limit, the high-side MOSFET turns off and the synchro-
nous rectifier turns on. This lowers the duty cycle and
causes the output voltage to droop until the current limit
is no longer exceeded. A synchronous rectifier current
limit of -1.3A (typ.) protects the device from current flow-
ing into SW. If the negative current limit is exceeded, the
synchronous rectifier turns off, forcing the inductor cur-
rent to flow through the high-side MOSFET body diode,
back to the input, until the beginning of the next cycle or
until the inductor current drops to zero. The AME5291
uses a pulse-skip mode to prevent overheating during
short-circuit output conditions. The device enters pulse-
skip mode when the FB voltage drops below 300mV, lim-
iting the current to 4.5A (typ.) and reducing power dissi-
pation. Normal operation resumes upon removal of the
short-circuit condition.

Over Voltage Protection

The AMES5291 monitors a resistor divided feedback volt-
age to detect over voltage. When the feedback voltage
becomes higher than the target voltage for 12% (typ.),
the OVP comparator output goes high and the circuit
latches as the high-side MOSFET turned OFF and low-
side MOSFET turned ON cycle by cycle.

Soft-Start

The AMES5291 employ soft-start circuitry to reduce sup-
ply inrush current during startup conditions.

Thermal-Overload Protection

Thermal-overload protection limits total power dissipa-
tion in the device. When the junction temperature ex-
ceeds T,= +160°C, a thermal sensor forces the device
into shutdown, allowing the die to cool. The thermal sen-
sor turns the device on again after the junction tempera-
ture cools by 15°C, resulting in a pulsed output during
continuous overload conditions.
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AMES5291

2A, 1MHz Sync Buck Converter

Undervoltage Lockout

If VCC drops below 1.8V, the UVLO circuit inhibits
switching. Once VCC rises above 2V, the UVLO clears,
and the soft-start sequence activates.

Shutdown Mode

The EN pin has a internal pull high resistor connect to
VCC. To shut down the AME5291, use an NPN bipolar
junction transistor or a MOSFET to pull EN to GND.
Shutdown mode causes the internal MOSFETS to stop
switching, forces SW to a high-impedance state, and
shorts REF to GND. Release EN to exit shutdown and
initiate the soft-start sequence.

VCC Decoupling

Due to the high switching frequency and tight output
tolearance, decouple VCC with a 0.1nF capacitor con-
nected from VCC to GND, and a 10W resistor connected
from VCC to VIN. Place the capacitor as close to VCC
as possible.

Rev. A.01

M Application Information

Inductor Selection

Use a 2nH inductor with a minimum 2A-rated DC cur-
rent for most application. For best efficiency, use an in-
ductor with a DC resistance of less than 20mW and a
saturation current grater than 4A(min). For most designs,
derive a reasonable inductor value(L,,;) from the follow-
ing e;quation: LINIT:VOUT* (VIN - VOUT) / (VIN *LIR™ IOUT(MAX)
*

SWi

where f,, is the switching frequency (1MHz typ) of the
oscillator. Keep the inductor current ripple percentage
LIR between 20% and 40% of the maximum load current
for the best compromise of cost, size, and performance.
Calculate the maximum inductor current as:

= (1+LIR / 2) * |

lL(MAX)
Check the final values of the inductor with the output ripple
voltage requirement. The output ripple voltage is given
by:

VRIPPLE = VOUT' * (VIN - VQUT) * ESR / (VIN * .LFINAL * fSW)
Where ESR is the equivalent series resistance of the

output capacitor.

OUT(MAX)

Capacitor Selection

The input filter capacitor reduces peak currents drawn
from the power source and reduces noise and voltage
ripple on the input caused by the circuit's switching. The
input capacitor must meet the ripple current
requirement(l,,,) imposed by the switching currents de-
fined by the following equation:

IRMS = (1 / VIN) * (IOUT2 * VOUT * (VIN - VOUT))U2

For duty ratios less than 0.5, the input capacitor RMS
current is higher than the calculated current. Therefore,
use a +20% margin when calculating the RMS current at
lower duty cycles. Use ceramic capacitors for their low
ESR, equivalent series inductance (ESL), and lower cost.
Choose a capacitor that exhibits less than 10°C tempera-
ture rise at the maximum operating RMS current for opti-
mum long-term reliability. After determining the input
capacitor, check the input ripple voltage due to capacitor
discharge when the high-side MOSFET turns on. Calcu-
late the input ripple voltage as follows:

VIN_RIPPLE = (IOUT * VOUT) / (fSW * VIN * CIN)
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AMES5291

2A, 1IMHz Sync Buck Converter

Keep the input ripple voltage less than 3% of the input
voltage. The key selection parameters for the output ca-
pacitor are capacitance, ESR, ESL, and the voltage rat-
ing requirements. These affect the overall stability, out-
put ripple voltage, and transient response of the DC-to-
DC converter. The output ripple occurs due to variations
in the charge stored in the output capacitor, the voltage
drop due to the capacitor's ESR, and the voltage drop
due to the capacitor's ESL. Calculate the output voltage
ripple due to the output capacitance, ESR, and ESL as:

V V +V +V

RIPPLE — Y RIPPLE(C)

where the output ripple due to output capacitance, ESR,
and ESL is:

RIPPLE(ESR) RIPPLE(ESL)

Ve = Ipp! (8 X Coyr X fgy)
Verpieesr) = e X ESR
VRIPPLE(ESL) =(lpp/ toy) XESL or (I, / to) X ESL

whichever is greater and |, , the peak-to-peak inductor
current is:

IP-P = (VIN-VOUT) /fsw X L)] x VOUT / VIN

Use these equations for initial capacitor selection, but
determine final values by testing a prototype or evalua-
tion circuit. As a rule, a smaller ripple current results in
less output voltage ripple. Since the inductor ripple cur-
rent is a factor of the inductor value, the output voltage
ripple decreases with larger inductance. Use ceramic
capacitors for their low ESR and ESL at the switching
frequency of the converter. The low ESL of ceramic ca-
pacitors makes ripple voltages negligible. Load transient
response depends on the selected output capacitor.
During a load transient, the output instantly changes by
ESR * | ,,,- Before the controller can respond, the out-
put deviates further, depending on the inductor and out-
put capacitor values. After a short time, the controller
responds by regulating the output voltage back to its nomi-
nal state. The controller response time depends on the
closed-loop bandwidth. A higher bandwidth yields a faster
response time, thus preventing the output from deviating
further from its regulating value.

Output Voltage Programming

The output voltage is set by resistive divider according to
the following formula: V,; = 0.8 x (1+R1/R2)

Please keep R2 not larger than 25KW and select R1 us-
ing the formula.

10

Efficiency Considerations

Although all dissipative elements in the circuit produce
losses, one major source usually account for most of the
losses in AME5291 circuits: PR losses. The PR loss
dominates the efficiency loss at medium to high load
currents. The PR losses are calculated from the resis-
tances of the internal switches, Ry, and external induc-
tor R . In continuous mode, the average output current
flowing through inductor L is "chopped" between the main
switch and the synchronous switch. Thus the series re-
sistance looking into the SW pin is a function of both top
and bottom MOSFET Rosion and the duty cycle (D) as
follows:

RSW = (RDS(ON)TOP)(D) + (RDS(ON)BOTTOM)(l-D)

The Rys oy, for both the top and bottom MOSFETS can
be obtained from Electrical Characteristics table. Thus,
to obtained R losses, simply add Ry, to R_and multi-
ply the result by the square of the average output cur-

rent. Other losses including G, and C,,; ESR dissipa-

tive losses and inductor core losses generally account
for less than 2% total additional loss.

Thermal Considerations

In most application the AME5291 does not dissipate
much heat due to its high efficiency. But, in applications
where the AMES291 is running at high ambient tempera-
ture with low supply voltage and high duty cycles, such
as in dropout, the heat dissipated may exceed the maxi-
mum junction temperature of the part. If the junction
temperature reaches approximately 150°C, both power
switches will be turned off and the SW node will become
high impedance.

Thermal performance can be improved with one of the
following options:

® Increase the copper areas connected to
GND, SW, and V,,

® Provide thermal vias next to GND and V,, to
the ground plane and power plane on the
back side of PC board, with openings in the
solder mask next to the vias to provide
better thermal conduction.

® Provide forced-air cooling to further reduce

case temperature
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AMES5291

2A, 1MHz Sync Buck Converter

PC Board Layout Considerations

Careful PC board layout is critical to achieve clean and
stable operation. The switching power stage requires
particular attention. Follow these guidelines for good PC
board layout:

® Place decoupling capacitors as close to the
IC as possible. Keep power ground
plane(connected to PGND) and signal
ground plane(connected to GND) separate

® Connect input and output capacitors to the
power ground plane; connect all other
capacitors to the signal ground plane

Note:

Connect exposed pad (heat sink on the back) to GND.

Rev. A.01
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AMES5291 2A, 1MHz Sync Buck Converter

B Characterization Curve

Efficiency vs. Output Current Load Step
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AMES5291 2A, 1MHz Sync Buck Converter

B Characterization Curve

Vg vs. Temperature Frequency vs. Temperature
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AMES5291 2A, 1MHz Sync Buck Converter

B Date Code Rule

Month Code
1: January |7:July
2: February |8: August
3: March 9: September

4: April A: October
5: May B: November
6: June C: December

B Tape and Reel Dimension

SOP-8/PP
P
D
| |
PIN 1 —_

A w

Carrier Tape, Number of Components Per Reel and Reel Size
Package Carrier Width (W) Pitch (P) Part Per Full Reel Reel Size
SOP-8/PP 12.00.1 mm 4.0£0.1 mm 2500pcs 330£1 mm
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AMES5291 2A, 1MHz Sync Buck Converter

B Package Dimension

SOP-8/PP
TOP VIEW SIDE VIEW MILLIMETERS INCHES
SYMBOLS
D1 q MIN MAX MIN MAX
|:| |:| |:| |:| A 1.350 1.750 0.053 0.069
o : £l Al 0.000 0.150 0.000 0.006
! I A2 1.350 1.600 0.053 0.063
E2| | ! IR
o | C 0.100 0.250 0.004 0.010
| |

“““““ E 3.750 4.150 0.148 0.163
F’|N|;| I:I I:I I:I 3 = C E1l 5.700 6.300 0.224 0.248
L1 0.300 1.270 0.012 0.050
iA D Ni b 0.310 0.510 0.012 0.020
~ I D 4.720 5.120 0.186 0.202

-l IR e 1.270 BSC 0.050 BSC
b e q 00 80 00 80
2 E2 2.150 2.513 0.085 0.099
FRONT VIEW D1 2.150 3.402 0.085 0.134
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