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First Member of the IMAXVYZ Family

Benefits

e One part for different input and output voltage ranges
e Reduces complete solution board area

e Reduces discrete parts count by 90%

¢ Minimal external L and C required

e Can be placed on the bottom of host PCB

e Compatible with conventional pick-and-place
equipment

Features
e Fully integrated controller, driver, FETs and passives

e Small footprint surface mount LGA
package:10x12mm

e Wide input low voltage range: 3.0V — 6.0V

Applications e Wide range programmable output: 0.75V — 4.0V
* Lowvoltage, high density systems with e High continuous output current: 15A
Intermediate Bus Architectures (IBA) from 3.0V to

e High current density: 80A/in®
o Efficiency up to 95%
¢ Remote voltage sense

6.0V
e Desktops, servers, portable computing
e Broadband, networking, optical and

communications systems e Output overcurrent protection

e Battery operated equipment * Remote enable (ON/OFF)

e Point of load regulators for high performance DSP, * Programmable fixed frequency operation from
FPGA, ASIC and microprocessor applications 300kHz to 500 kHz

e Advanced set-top boxes e Frequency synchronization

e Fast load transient response
e Extremely low profile: 1.42mm
e Wide operating temperature range —40 to 115°C

e UL60950 recognized, CSA C22.2 No. 60950-00
certified, and TUV EN60950-1:2001 certified

Description

The X3015P is a highly efficient point-of-load DC/DC power solution designed to deliver low voltages at high
currents in close proximity to loads. The X3015P integrates all the required active and passive components in a
single LGA package including a synchronous buck PWM controller, driver circuits and two low Rdsoy MOSFETS.
This high level of integration reduces the need for multiple external components, allowing for a selection of
optimum output filter components. Remote enable, fast transient response and output overcurrent protection are
just a few of the integrated features that minimize cost and time to market.

Model Input Input Output Output Output Ripple Efficiency
Voltage Current Voltage Current and Noise (5Vin, 3.3Vour, 15A)
(VvDC) (ADC) (VvDC) (ADC) (mV p-p) (%)
X3015P 3.0- 6.0 13 0.75- 4.0 15 25 91.5
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1. Absolute Maximum Ratings

Stresses in excess of the absolute maximum ratings may cause performance degradation, adversely affect long-
term reliability and cause permanent damage to the converter.

Parameter Conditions/Description Min Max Units

Operating Junction Temperature At 100% load -40 125 °C
Output Current (See Output Current Derating Curves) 15 ADC
Input Voltage Vin referenced to Pgnd -0.3 7.0 VvDC
Boost Voltage VBoosr referenced to Pgnd -0.3 6.5 VvDC
Frequency Adjust Voltage Freq voltage ref to —Vs -0.3 Vin +0.3 vDC
Voltage Sense +Vsto -Vs -0.3 Vin +0.3 VDC
Enable Voltage Referenced to -Vs -0.3 Vin +0.3 VvDC
Output Current Adjust Voltage OCP voltage referenced to -Vs -0.3 Vin +0.3 VvDC
Negative Voltage Sense Referenced to Pgnd -0.1 +0.1 VDC

2. Environmental and Mechanical Specifications

Parameter Conditions/Description Min Nom Max Units
Mechanical Shock JESD -B104 - B 1500 g
Sinusoidal Vibration JESD - B103-B 20 g
Ambient Temperature Range Measured on case (Tcase) -40 115 °C
Storage Temperature (Ts) -55 125 °C
Weight 0.4 grams
MTBF Per Telcordia TR-NWT-000332 4,052 kHrs
MSL JEDEC J-STD-020A Level 3 240 °C
Packaging/Storage JEDEC J-STD-033 Yes N/A
Shipping / Labeling JEDEC J-STD-113-B Yes N/A
Solderability J-STD-002 Cat 3 Yes N/A

REV. 3.0 JAN 14, 2004 www.power-one.com Page 2 of 19 ma Z



X3015P 15A DC-DC POL Data Sheet

7\ . 3.0V to 6.0V Input « 0.75V to 4.0V Output
Power-one

V( hanging the Shape of Power

3. Electrical Specifications

Refer to the 15A reference design described in Section 5. Specifications apply over specified input voltage, output load and
case temperature range of 0 to 115°C, unless otherwise noted.

3.1 Input Specifications

Parameter Conditions/Description Min Nom Max Units
Input voltage (Vi) Continuous 3.0 6.0 VDC
Transient Input Voltage Transient, 100ms 7.0 VDC
Input Current (at no load) Vinnowm, lout = OA, enable high 50 mADC

Vin M, louT max (Zin = 5mQ,

Input Reflected Ripple Current 10 x 22uF ceramic capacitors) 30 mA rms
Ramping Up 2.75 2.85 2.95
Undervoltage Lockout Ramping Down 565 575 59 VDC
3.2 Output Specifications
Parameter Conditions/Description Min Nom Max Units
User programmable (0.75)"
Output Voltage Range (Vour) Vour <0.7Vin 105 25 4.0 VvDC
. (Trim resistors < 0.1% tolerance to ) o
Output Voltage Setpoint Accuracy optimize sefpoint acouracy) 1.2 +1.2 YoVout
Output Current (lour) VinmiN 10 ViN max 0 15 ADC
Line Regulation VinmiN 10 ViN max +0.2 %Vout
Load Regulation lout min tO louT max +0.3 %Vout
) . To Output Regulation Band 15 20 ms
Turn-On Time Rise Time (10% to 90%) 5 ms
Maximum Admissible Output VinmiN 10 ViN max 5,000 uF
Capacitance lout min O louT Max
Dynamic Regulation Slew rate 10A/us
Peak Deviation 50 -100% load step change 5.0 %\Vout
Settling Time to 1% error band 200 us
. a2 Vinmin to Vinmax, lout min -
Output Voltage Ripple & Noise 0 louT max, BW=20MHz 25 40 mV p-p
Temperature Coefficient 0.03 %Vourt/°C
Duty Cycle Under Steady State Conditions 70 %o

can be set below 1.25V only by using an external voltage reference

2)Dependent on external L and C component values, refer to the 15A reference design
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3.3 Protection Specifications

Parameter Conditions/Description Min ‘ Nom | Max ‘ Units
Output Overcurrent Protection
Protection Type Non-Latching
Output Current Limit Threshold Output Current Limit Threshold’ 115 200 % louTt max
1)Dependent on output inductor ESR, refer to the 15A reference design
3.4 Feature Specifications
Parameter Conditions/Description Min Nom Max Units
Enable
Enable signal is low or the pin is
connected to Pgnd — module is OFF

Converter ON Venable is referenced to Pgnd 1.5 V., vDC

Open Circuit Voltage Enable pin is floating V, VDC
Converter OFF Von/off is referenced to Pgnd 0.75 VDC
Source Current Enable pin is connected to Pgnd 10 yADC

Output Voltage Trim

Default Output Voltage No trim resistor 25 VvDC
Trim Ranae With internal voltage reference 1.25 4.0 vDC

9 With external voltage reference 0.75 4.0 VDC

Maximum Output Voltage lout min O louT MAX 70 %V,

Switching Frequency Adjustment
Default Switching Frequency Vin nowm, louT max 270 300 330 kHz
Maximum Programmable
Switching Frequency Vin now, lout max 450 500 550 kHz
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4. Typical Performance Characteristics

4.1 Turn On and Turn Off via the Input Voltage

. Hi:
o

: Chi=vout — . /1 : 2
<ot CchZs=Vin H‘*—»: S :

+ _Ch1=Vout
/

Ch2=Vin

Input under H Input capacitor

...................... voltage
g g i g g g d g ‘lock-out : I \ y
i ... . inception TR S s O
" ? S = T e
= SRR RS :. | | | i ;i | | | : :
USSR IR SUUN ST JUUUE TUU DU T TR -'sodi'.thz”i.od'v”"'z'oo';is"""""""
500mvV. Ch2[ 2.00V |4.00ms Power Down: Vin = 5.0V (Disconnect Input), Vout = 2.5V, lout = 15A
Power-up: Vin = 5.0V (Slow rise). Vout= 2.5V, 15A
Figure 1. Turn on via Vin (slow rise) Figure 2. Turn off via Vin
—~—— g
:
L\— Ch1=Vin\ : i : : : S i
o PP < S gD I e g Ch1l=Vout
: : resmsenrsltgbni i - Chz =vin

.00V Ch2 _1.00V [2.00ms

Power-up: Vin = 5.0¥ {Hard Switch), Vout= 2,5V, lout = 164 500my  ch2| 1.00v_ [4.00ms|
Power Down: Vin = 5.0V (Slow Decay), Vout = 2.5V 15A

Figure 3. Turn on via Vin (fast rise) Figure 4. Turn off via Vin (slow decay)
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4.2 Turn on and Turn off via Enable Signal

I

| €h2=Enab

Ch = Vout

-' S00my

“Ch2[_1.00V_

\Z.dOms .

Enable (On): Vin=5.0V, Vout= 25V lout=15A

Figure 5. Turn on via Enable signal

4.3 Output Ripple and Noise

WKl 10.0mVeRE

2.00ps

Qutput Ripple: Vin =5.0V, Vout = 25V, lout = 15A (Ref. Design), Ta = 560(

Figure 7. Output Voltage Ripple, Vout=2.5V@15A
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-

. - .Chl1=Vout

500mv_ Ch2 1.00V (20005

Enable {Low): Vin = 5.0V, Vout = 2.5V, lout=15A

Figure 6. Turn off via Enable signal

H{

BN 10.0mv<ry T.00ps

Output Ripple: Vin = 5.0V, Vout = 1.3V, lout = 16A (Ref. Design), Ta=50C

Figure 8. Output Voltage Ripple, Vout=1.3V@15A
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4.4 Transient Response

= oo N RS

N\

"1BA

Ch2 = lout ] .

10A

Ch1100m¥{Div Ch12A{Div 400uS
Transient Response: Vin = 5.0V, Vout = 2.5V, lout 10- 15A, di/dt =10AlUS

[ Ch1=Vout

- Ch2=lout 1

~

10A

Ch1 50mv i Div Ch12AiDiv 400uS
Transient Response: Vin=33V Vout=1.3¥ lout 10- 154, dildt =10AuS

Figure 9. Vout=2.5V, 5A Load Step Change, 10A/us

4.5 Input Ripple Current

Figure 10. Vout=1.3V, 5A Load Step Change, 10A/us

o4

45mA p-p
% 30mA rms

T '2:00;11'5'
Input Ripple Current: Zin 5mR, Vin 5.0V, Vout 3.3V, lout 15A

o9

40mA p-p
2T mA rms

®EF 10.0mv Z.00s ' '

Input Ripple Current: Zin 5mR, Vin 3.3V, Vout 1.3V, lout 154

Figure 11. Input Ripple Current, Vin=5V, Vout=3.3V

REV. 3.0 JAN 14, 2004

www.power-one.com

Figure 12. Input Ripple Current, Vin=3.3V, Vout=1.3V
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4.6 Output Voltage Regulation and Ripple
Vout (V)
3.302
—\/in Min
3.300 m—\/in Nom

Gm—\/in Max

3.298 \
3.296

3.294

3.292 A

3.290

3.288

0.0 3.0 6.0 9.0 12.0

lout

15.0

(A)

V ripple
(mV p-p)
30

a—\/in Min

25 1  emmmm=\/in Nom
@m—\/in Max I —
20 A

15
ﬁv/

10

0.0 3.0 6.0 9.0 12.0 15.0

lout (A)

Figure 13. Load Regulation at Vout=3.3V

4.7 Efficiency and Power Dissipation

Efficiency lout = 15A

Vout N
321 o }% ,
3,
2.8
[~
2.6 - 2,
2.4

Figure 14. Output Ripple vs. Load at Vout=3.3V

1.84
1.6
1.4

N

~
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\
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3.6 4 44 48 652 56

6
Vin

Figure 15. Efficiency vs. Input and Output Voltage
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Power Dissipation lout = 15A

Vout

2.5

1.5

Figure 16. Power Dissipation vs. Input and Output Voltage
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4.8 Output Current Derating Curves

The curves give an indication of the output current
achievable with and without forced air cooling.
However in the final application the maximum current
is influenced by factors such as heat conduction
through the pads to the PCB, orientation, the
temperature of surrounding components and the
input voltage. To ensure the reliability of the
converter, care must be taken to guarantee that the

Output current rating at 50°C
Airflow = 200 LFM, TPCB =90°C

Vout 4 e
o
35
3
25 17
2
15
5.5 6

Vin

Figure 17. Output Current Derating at 50°C and 200LFM

Output current rating at 70°C
vout = Airflow =400LFM, Tpag =90°C
4 :

3.5

25} ‘ e 4673

Vin

Figure 19. Output Current Derating at 70°C and 200LFM
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maximum junction temperature is not exceeded
under any conditions. The figures are for the unit
mounted on reference design board that has six
layers of 20z copper. The location of the
measurement point for case temperature is specified
in the mechanical drawing in Figure 23. Refer to the
“X3015P  Application  Note” available from
www.power-one.com for more details.

Output current rating at 50°C
Airflow = 400 LFM, T = 90°C
PCB
vout 4 -
N
!
3.5 e
3 =
2.5 1
21 =
1.5
4.5 5 5.5 8
vin

Figure 18. Output Current Derating at 50°C and 400LFM

Qutput current rating at 70°C
Vout . Airflow = 200 LFM, Tpg =90°C
lout (A)
3.5
3 4
-
P
» d
25w
P/
21 ¢
o /
1.5 ?—-’/v O
{ b
3 3.5 6
Vin

Figure 20. Output Current Derating at 70°C and 400LFM

ress o SIDAXYZ



7\
POWEr-one-

X3015P 15A DC-DC POL Data Sheet
3.0V to 6.0V Input « 0.75V to 4.0V Output

V( hanging the Shape of Power

5. Typical Application Schematic and BOMs
Connect forVin 3.0 -4.0V
+Vin / Openfor Vin4.0-6.0V
o o ,J
Vboost V Vin i,  Optional
) > |, components
Cin _| | X3015P 5 'l
-Vin
o—i =
=
v B — L=
Controller Driver Vsw ,I;,O\B:
> —0
Enable 1
< — Trim 1
Freq a o I Coutgle | 1 Rtd
— 9
+Vs Bl
b ! R u
Pgnd , 5!
vs| ocp ¢ T J’
Open=0n i Reul 1/ Red
1 I Reducescurrent limit
-l 1
/ M / /
Increases switching frequency Increases currentlimit SignalGround
Figure 21. Schematic of Typical Application
Table 1. BOM for 15A Reference Design
Reference Designator Vendor Description Part Number Qty
Cout AVX 330uF/6V Case D TPSD337M006R0045 4
Cin Kyocera 10uF X7R 10V 1210 CM32X7R106M10AB 6
Lout BI 1.5uH, 18A, ESR 2.3mOhm HM73-301R5 1
DC-DC Converter Power-One 15A POL DC-DC converter X3015P 1
Rto/Rtu Calculated - Output Voltage Trim section 1% resistors (1)
Rco/Rcu Calculated - Output Current Limit section 1% resistors (1)
Total Number of
Components 12
Table 2. BOM for 7A Reference Design
Reference Designator Vendor Description Part Number Qty
Cout AVX 330uF/6V Case D TPSD337M006R0045 1
Cin Kyocera 10uF X7R 10V 1210 CM32X7R106M10AB 3
Lout BI 3.9uH, 10A, ESR 7.2mOhm HM73-303R9 1
DC-DC Converter Power-One 15A POL DC-DC converter X3015P 1
Rto/Rtu Calculated - Output Voltage Trim section 1% resistors (1)
Rco/Rcu Calculated - Output Current Limit section 1% resistors (1)
Re Calculated - Frequency section 1% resistors (1)
Total Number of
Components 6
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6. Feature Description

6.1 Enable

This function allows the X3015P to be turned on or
off remotely. When the Enable pin (#9) is pulled low,
the output is turned off and the unit goes into a very
low input power mode.

An open collector switch is recommended to control
the voltage between the Enable pin and the Pgnd pin
of the converter. The Enable pin is pulled up
internally, so no external voltage source is required.

If the Enable pin is not used, it can be left floating.

6.2 Vpoost Function

When X3015P is operating with the input voltage
lower than 4V, connect the Vgoost pin (#5) to V.
This improves internal MOSFET operation, making
the module more efficient.

Note: Vgoost may only be connected to Vi for input
voltages less than 4V.

6.3 Maximum Output Voltage vs. Input Voltage

The maximum steady state output voltage of the
converter shall never exceed 70% of the input
VOltage: Vinmin 2 VOUT/O-7-

See graph in Figure 22 for the output voltage ranges
at different input voltages.

Increase Voyr: Trim range 2.5V < Vgur < 4.0V

An external resistor (Ryy) is placed between the Trim
pin (#10) and the —Vs pin (#13, 14, 23) (pad RO3 on
the evaluation board). Value of the Ryy is
determined from the equation below:

Rty =1.25/ (Vour — 2.5) — 0.015, kQ,
where Vqur is the required output voltage.
Decrease Vgyr: Trim range 1.25V < Vgyt < 2.5V

An external resistor (Ryp) is placed between the Trim
pin (#10) and the +Vg pin (#11) (pad RO7 on the
evaluation board). Value of the Ryp is determined
from the equation below:

Rmp= 1.25/(2.5 - Vour) — 1.015, kQ
Decrease Voyr: Trim range 0.75V < Vgut < 1.25V

An external voltage reference >1.25V is required to
trim the X3015P below 1.25V. Two external
resistors are required for trimming and should be
0.1% tolerance to improve output voltage accuracy.
A 357Q resistor is placed between the Trim pin and
the +Vs pin and a resistor Rexr is placed between the
Trim pin and the positive terminal of the external
reference voltage (pad R10 on the evaluation board).
Value of the Rgxr is determined from the equation
below:

REXT = (VREF - 125) / (6 - 3.8*VOUT)! st

5.0
4.0 A where Vger is the external reference voltage.
/
397 /// Table 3. Sample Trim Resistance Values
- LT
=]
2 201 | Vour (V) Rexr () R (Q) Rru ()
1.25|_
1.0 4 Requires External Voltage Reference 1.0 569
el Lo L ] : (Vrer = 2.5V)
0.0 L T L T L T L T L T L T L T L T L T 1 3 27
30 33 36 39 42 45 48 51 54 57 60 )
Vin (V)
1.5 237
Figure 22. Output Voltage vs. Input Voltage
6.4 Output Voltage Trim 1.8 768
The output voltage is preset (default) to 2.5V. oY T R— None — factory default -------
The trim feature allows the user to adjust the output 3.3 1540
voltage from this default value.
4.0 820
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It is possible to adjust the output voltage of the
X3015P with an external voltage signal applied to the
Trim pin. Refer to the “X3015P Application Note” for
more details.

6.5 Switching Frequency Adjustment

The X3015P operates at a preset switching
frequency of 300kHz, but can be programmed up to
a maximum frequency of 500kHz by an external
resistor (Rg) placed between the Freq pin (#7) and
the —Vs pin (pad RO1 on eval board). Values of Rg
for various switching frequencies are listed on the
Table 4.

Table 4. Values of the Frequency Adjustment Resistor Re

Frequency Re (kQ2)
300 kHz o (factory default)
400 kHz 56
500 kHz 24

The benefit of switching the converter at a higher
frequency is the reduction of cost, size, and number
of output filter components. However, switching
losses increase at higher frequency that may lead to
efficiency degradation. Use the “X3015P Analysis
Tool” available from www.power-one.com to
compare designs at different switching frequencies.

The Freq pin can also be used for frequency
synchronization and modulation.  Refer to the
“X3015P Application Note” for more details.

6.6 Undervoltage Lockout

The undervoltage lockout circuit monitors the input
voltage applied to it and does not allow the X3015P
to turn on until the input voltage reaches 2.85V. At
that point, the X3015P initiates a soft start and
powers up.

6.7 Remote Voltage Sense

This provides improved load regulation by allowing
the unit to compensate for the voltage drop between
the converter and the load. Remote sense is
achieved by Kelvin connections routed from the +Vs
and -Vg pins of the X3015P to the corresponding
points at the load. To achieve optimal regulation and
reduce noise susceptibility, it is recommended that
these connections be routed adjacent to a ground
plane.

6.8 Overcurrent Protection

To provide protection from an output overload or
short circuit condition, the X3015P is equipped the

current limiting circuitry and can endure the fault
condition for an unlimited duration. When the output
current increases beyond the current limit setpoint
(between 115% to 200% of the full load), the X3015P
goes into the hiccup mode of operation.

Once the overload or short circuit is removed, the
converter automatically exits the hiccup mode and
continues normal operation.

6.9 Current Limit Adjustment

The current limit inception point is determined by the
ESR of the output inductor, the PCB trace resistance
from the Vgw pin (#21) to the output inductor, and the
resistance from the output inductor to +Vs pin. The
combination of these resistances acts as a sense
resistor (Rs) measuring the output current level.
Thus, the value of Rg can be determined from the
equation below:

Rs = ESRL+ Rrrace (Vsw -> L) + Rrrace (L -> +V5s)

Then, the current limit inception point is determined
from the equation below:

lc. = 0.103/Rs

The current limit adjustment allows greater flexibility
to set the output current limit inception point using an
external resistor.

Decreasing current limit inception point to I¢ p
An external resistor (Rgp) is placed between the
OCP pin (#6) and the Vgsw pin (pad R08 on eval

board). Value of the Rgp is determined from the
equation below:

Rcp = A * 22000/ (22000 — A), Q,
where A = (Ic.p * (367440 * Rs)) — 15800

Increasing current limit inception point to Ic .y

An external resistor (Rgy) is placed between the
OCP pin and +Vs pin (pad R09 on eval board). Value
of the Rgy is determined from the equation below:
Rcu = (15800 * B) / (15800 — B) Q,

where B = 22000 / ((Rs * 23.256 * Io.y) — 1)
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Notes:

Refer to the “X3015P Application Note” before performing the
calculations.

As the calculations require high accuracy, it is strongly
recommended to use the “X3015P Analysis Tool” to determine
values of R, and R,

6.10 Safety Considerations

The X3015P modules do not provide isolation from
input to output. The input devices powering X3015P
must provide relevant isolation requirements
according to all IEC60950 based standards.
Nevertheless, if the system using the converter
needs to receive safety agency approval, certain
rules must be followed in the design of the system.
In particular, all of the creepage and clearance
requirements of the end-use safety requirements
must be observed. These documents include
UL60950 - CSA60950-00 and EN60950, although

specific applications may have other or additional
requirements.

The X3015P modules have no internal fuse. |If
required, the external fuse needs to be provided to
protect the module from catastrophic failure. Refer
to the “Input Fuse Selection for DC/DC converters”
application note on www.power-one.com for proper
selection of the input fuse. Both input traces and the
chassis ground trace (if applicable) must be capable
of conducting a current of 1.5 times the value of the
fuse without opening. The fuse must not be placed
in the grounded input line.

In order for the output of the X3015P module to be
considered as SELV (Safety Extra Low Voltage),
according to all IEC60950 based standards, the input
to the module needs to be supplied by an isolated
secondary source providing a SELV also.
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7. Pinout Diagram

3
5

Function

Name 075

Input Voltage

ViN T

Input Voltage

Input Voltage

VN B@

VN 0.75

Input Voltage

Vin ﬂ @

Boost Voltage

VBoost 22

Current Trim

Frequency Adjust

OcP
Freq

Do not connect to any CCT net

N/C

User controlled turn on/off

Output Voltage Adjust

Enable 21
Trim J

Positive voltage sense

+Vsg

Do not connect to any CCT net

N/C

Negative Voltage Sense

Vs Pinout - Bottom View

Negative Voltage Sense

-Vs

Power Ground

Pgnd

Power Ground

Pgnd

Power Ground

Pgnd

Power Ground

Pgnd

Power Ground

Pgnd

Power Ground

Pgnd

Switch Voltage (Output to inductor or LC filter)

Vsw

Input Voltage

Vin

NDINDINDIN| === === | = b [ =
NI T NI I S I TS S S A i R E R R D e

Negative Voltage Sense

Vs

8. Pin Descriptions

Vin (Pin 1 = 4, 22): Input Voltage, 3 — 6V. Connect
to the input voltage source.

Pgnd (Pin 15 - 20): Ground. Connect to
ground/common.

+Vs (Pin 11): Positive Voltage Sense. Connect to
the positive point close to the load.

-Vs (Pins 13, 14, 23): Negative Voltage Sense.
Connect to the negative/ground point close to the
load. This pin is also used as signal ground.

Trim (Pin 10): Output Voltage Trim. If the pin is left
floating, the output voltage is set to 25 V. To
increase the output voltage, connect an external
resistor from the Trim pin to —Vs. To decrease the
output voltage, connect an external resistor from the
Trim pin to +V5g,

Enable (Pin 9): Enable Pin. TTL compatible
ON/OFF control. When the pin is left floating or
pulled higher then 1.5V, the output of the converter is
enabled (ON). When the pin is connected to Pgnd,
or pulled below 0.75V, the output of the converter is
disabled (OFF).

Freq (Pin 7): Switching Frequency Adjustment.
When the pin is left floating the switching frequency
is 300kHz. With 56kQ resistor connected to the -Vg
pin, the operating frequency is increased to 400kHz.
With 24kQ resistor the frequency is set to 500kHz.

OCP (Pin 6): Current Limit Adjustment. This pin
allows access to the positive terminal of the current
amplifier.  Current limit can be increased by
connecting a resistor to the +Vs pin and reduced by
connecting a resistor to the Vgy pin.

Vsoost (Pin 5): Boost Voltage. When operating with
input voltages below 4V, it is recommended to
connect the pin to V\y to improve efficiency of the
converter. Never connect Vgoost pin to V\y when
operating with input voltages in excess of 4V.

Vsw (Pin 21): Switch Voltage. This is the switch
voltage node. Connect to the output inductor with a
low impedance trace.

N/C (Pin 8 & 12): No connection. Do not connect
these pins to any point in the circuit.
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9. Mechanical Drawings
All Dimensions are in mm

Tolerances:
0.5-10 0.1
10-100 0.2
12.00
3.00 a‘ 1.42
Te popbel-one-
\\\\ oo ~ X3015P
6 Digit Lot Number
5.00 Rev: (3-Digits#)  YYWW - PH
Pin1 | ® Pinl|®
Top View Product Marking Side View
Tc = Case temperature measurement point
Figure 23. X3015P Mechanical Drawing
4.60 1.00
6.45 2.90 ] I~
4.55 1.50 1.50 x 5 1.50
<4'—05.‘ 2.00
\ p [(Jis) 8 07 b 05 B8 13—
2.75 | 2.40
I S 2"25 S 4.25 (x 1)
i
oD W
(x1) Y hol—— 1.25
f—27 1.75x 3 =
m(EEEs S— I
4.05
4.55 - (x 4)
6.45 Pad Sizes
1.00
(x 16)

Figure 24. Recommended PCB Layout (Refer to the “X3015P Application Note” for more details)
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10. Packaging

31.5+0.1/-0.0
/ 12.00
4.00 See Note 1 /
0.30+0.05 / ,©2.20 MIN
—f=— 2.00+.10 See Note 3 A
5T & |
b 1,75+0.10
RO.3 MAX b o]0 0O ‘ O
z /
B iy — H}g M(H H}g /Lﬂ {hg M(H 11.5040.10
/ +
Bo 10.50 Y Pas\ 24.00+0.30
—H = 090 — A
= RO.75
250 NOTES:
——f Ao=10.5 ’ 1. 10 SPROCKET HOLE PITCH CUMULATIVE TOLOERANCE +/_0.2
Bo=125 8.50 2. CAMBER IN COMPLIANCE WITH EIA 481
Ko Ko=1.9 . 3. POCKET POSITION RELATIVE TO SPROCKET HOLE MEASURED
SECTION A—A Ao AS TRUE POSITION OF POCKET, NOT POCKET HOLE.
Figure 25. Tape and Reel
322.6 REF
315.0 ‘
192.00 14.00
‘ 96.00 ,H 2.0 ref
’j:l:l:ll:l:l:lzj:l:l:l:l:l:lEj:l:ll:ﬂ:l:l:li‘
T 544 B0z e moixz
U eamasas u[]a BN | DEE B DL |
I|liaz = s lssmn = = ][ o s e 2w Q mum )|
B|lis= S salae=ian! ug (EETEE/E 28] ug Eefiras = aa il
LD | I e e e e )| il 2
JU e el e e e e s 2 3|
[ IS SR | /S e | (o o L n
[ Ve e e Ve e 2100
1| B0 | e |
i s ——t—— cwos _———— o . 2490 —
&:II:II:II:II:II:II:I:H:H:H:H:H:D:IE:H:II:H:]I:IE:I:"—/ '
j J1g 50l L X
3.0X45° - . -
CHAMFER INDICATES 9400 25.50 &
PACKAGE PIN#1 ORIENTATION
2 g
o y )
4l [T ; T‘J« ]
k34‘34 {4—25.4# 3
255, ©
Figure 26. JEDEC Tray
11. Ordering Information
Part Number Description Quantity of X3015P Part Number | Description Quantity of X3015P
X3015P-R1 JEDEC Tray 96 X3015P-K1 Evaluation Kit | 1 sample and eval board
X3015P-T1 Tape and Reel 1500 X3015P-K5 Sample Kit 5
Notes:

1. NUCLEAR AND MEDICAL APPLICATIONS - Power-One products are not authorized for use as critical components in life support systems,
equipment used in hazardous environments, or nuclear control systems without the express written consent of the respective divisional
President of Power-One, Inc.

2. TECHNICAL REVISIONS - Specifications are subject to change without notice
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APPENDIX A: Setup and use of the evaluation
board for testing and characterization of the
X3015P

A1. Purpose
This procedure explains the requirements for the

A4.2 Connection of Test Equipment

Pgnd is the device ground pin. The input and output
ground connections are tied to this pin.

Output voltage regulation measurements are
taken from the output voltage sense pins.

proper handling, setup, and testing of the X3015P
evaluation board. To determine unit power dissipation
measure averaged output voltage at
A2. Overview sense pins (before the inductor).
Certain conditions have to be met in order to test the
functionality of this device. The X3015P data sheet
determines both temperature and power limitations
involved in the testing and operation of the
device. These limitations must not be
exceeded. Prolonged operation at elevated
temperature or elevated power output can

result in the failure of the device.

User adjustable switch SW1
(Factory settings, Pin 3 & 8 ON)

RrEEERE . &

A3. References
All specifications are referenced against the
latest revision of the data sheet.

.‘ g 1S
U ﬂllﬂ

DO Adouo -

A4. Procedure

A4.1 Test Equipment
The input source powering the evaluation
board should be capable of delivering a
minimum of 20A and must have the
overvoltage protection.

—h— —.‘_(— COB cegciec11 é:l);
/6 POWEL-0ne

X30| 5P - EVALUATION CARD

.T'he positive output voltage is

The loads must be 30A capable and operate at voltages connected to the Vout pin.

down to 0.7V.

The positive input voltage is
Lead length between the input source and the evaluation connected to the Vin pin.
board and between the evaluation board and the load

should not exceed 3ft (1m). Output ripple is measured using the

O/P Noise Sense 50Q2 BNC

Additional input capacitance may be required under
specific conditions. The amount of capacitance required
is a factor of the input impedance, the input voltage, the
input voltage regulation, and the output current.

Input voltage measurements are taken
from the input voltage sense pins

Voltage reference input

NOTE: _ (for outputs below 1.25V)
Two 220pF tantalum capacitors C13 and C14 are

placed on the evaluation board for bench test
purposes only. This ensures that the source
impedance is always less than the input impedance
of the converter and satisfies the control loop stability
criteria. In normal operation the X3015P is powered
by a front-end supply located in close proximity, and
therefore does not require any additional input
capacitance.
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A4.3 Factory Settings and Output Voltage
Adjustments

To enable the evaluation board set EN (SW1 Pin1) to
OFF; to disable set SW1 Pin1 to ON position. The
factory setting is SW1 Pin1 OFF (enable).

Note:

To avoid damage to the device always observe the following:

e  Vout<0.7Vin

e  SW1 Pin8 should be ON only, if the input voltage is below
4V. If the input voltage exceeds 4V, the SW1 Pin8 should be
OFF

Factory Settings 1.3V
sSw1

: OFF _ON The evaluation board factory
Pin1| o setting for output voltage is
Pin2 [ o 1.3V (SW1 Pin3 ON).

Pin 3 °
Pin 4 When operating below 4V,

) b SW1 Pin8 should be ON to
Pin 5 ° activate VBOOST
Pin6 | o
Pin7 | o The_ evaluation boarq factqry

. setting for Vgoost is active
Pin 8 . (SW1 Pin8 to ON).

Settings for 2.5V
swi OFF _ON
Pin1| o The output of 2.5V (X3015P
Pin2 | o default) requires SW1 Pins 3
Pin3 | o to 7 to OFF.
Pin 4 °
Pin5| o
Pin 6 °
Pin7 °
Pin 8 | Check Vin

Setting for 3.3V
swi OFF _ON
Pin1| o To change the output to a set
Pin2 | o preprogrammed voltage of
Pin3 | o 1.3V, 1.5V, 1.8V or 3.3V a
Pin 4 single switch must be set ON
) hd of SW1 pins 3 to 6
Pin5 | o respectively, example shown
Pin 6 ° for 3.3V output.
Pin 7 (NOTE: Pin8 must be OFF as
[ J .
. Veoost should not be active
Ping | o for Vin>4V)

Settings for >2.5V

swi OFF ON
Pin 1 N To change the output voltage
Pin 2 to a voltage greater than the
® X3015P default (>2.5V), a
Pin3 | o resistor needs to be placed
Pind | o on pad RO3 (replacing the

Pin5 | o existing resistor used to
. generate 3.3V. Refer to the
Pin 6 ° data sheet to calculate value
Pin7 | o of the resistor).

Pin 8 | Check Vin

1.25V<Setting<2.5V

swi OFF ON
Pin 1 N To change the output voltage
Pin 2 to a voltage less than the
® default (1-25<VOUT<2-5V) a
Pin3 | o resistor needs to be placed
Pin 4 ° across pad RO7 (replacing

Pin5 | o the existing resistor used to
. generate 1.5V. Refer to the
Pin6 | data sheet to calculate value
Pin7 | o of the resistor).

Pin 8 | Check Vin

Settings<1.25V

swi OFF ON To achieve an output less
Pin1 | o than 1.25V, SW1 Pin3 and
Pin 2 pin 7 are set ON. An external
* voltage >1.25V is applied to
Pin3 . the Vger pins of the
Pind | o evaluation board. RO02 is
Pin5 | o replaced with a 357Q
Pin 6 resistor. R10 is required to
* set the output voltage. Refer
Pin7 ° to the data sheet to calculate
Pin 8 | Check Vin | Value of the resistor.

A4.4 Frequency and OCP Adjustments

To change switching frequency set SW1 Pin2 to ON,
and place a resistor on pad RO1. Refer to the data
sheet for value of the resistor.

To change the overcurrent protection inception point,
a resistor is placed on pad RO8 (to increase the
overcurrent threshold) or R09 (to decrease increase
the overcurrent threshold). Refer to the “X3015P
Analysis Tool” to calculate value of the resistors.

Note: Rs is typically 4.5 mQ for the evaluation board.

REV. 3.0 JAN 14, 2004 www.power-one.com Page 18 of 19 ma x !Z



X3015P 15A DC-DC POL Data Sheet
3.0V to 6.0V Input « 0.75V to 4.0V Output

7\
POWEr-one-

Changing the Shape of Power

A4.6 Measurements

Input voltage measurements should be taken at V)
sense pins to improve accuracy. Output voltage
should be measured at Voyr sense pins using a
standard voltage meter.

A4.5 Turn-on procedure

Before applying power to the evaluation board, set
the overvoltage protection of the input source to 7V
and ensure that the input voltage sense leads are
directly connected to the evaluation board terminals

to provide proper regulation and input voltage Measure noise on BNC with a standard coaxial lead

stability. (50Q, 20MHz bandwidth).
Start the input source at OV and slowly increase to Standard shunts should be used for -current
approximately 3V, then turn on load (preferably half measurements.
load initially).
A5. Evaluation Board Schematic and BOM
& |
Vin
[ E F BT R T I
i 3 5 8 ¢ S A 3 2
+ @'_@ vin 5 © e BX; i 4 4 -
EL‘ é='J: J: === S Trim 1_1 j =
Lm TTT] =@ o A
P9 EVSW X3015P A
g o6 v 5
ol s8] e B L5
BNC i_% VWAV ZS |_‘| vin
= 20] ¢ 8 7116] |5 4113 %
w [T ][] o PHLHWWTT 3
o P2 CO1 CO02 CO3 C04 CO5 CO7 C14 C13 COB CO9 C10 Ct1 C12 cos  DO1 R10 [:] [1]
P10 . .
— O ret O+
Figure 27. Evaluation Board Schematic
Table 5. X3015P Evaluation Board BOM
Reference Designator Vendor Description Part Number Qty
SWi1 8 way DIL switch 1
D01 Schottky Diode (optional) 0
Co6 1nF cap 1
C03, Co4, C05, Co7 AVX 330uF/6V Case D TPSD337M006R0045 4
Co1, C08, C09, C10, C11, C12 Kyocera 10pF X7R 10V 1210 CM32X7R106M10AB 6
co2 Not placed 0
C13,C14 AVX 220uF/16V Case V TPS227K016R0100 2
LO1 Panasonic 1.5uH, 20A, ESR 3.3mOhm ETQP6F1R8BFA 1
LO1 (alternative AVL part) (BI) (1.5uH, 18A, ESR 2.3mOhm) (HM73-301R5) (1)
1C01 Power-One 15A POL DC-DC converter X3015P 1
RO1 24kQ, 1% resistor 1
RO2 27Q, 1% resistor 1
R03 1.54kQ, 1% resistor 1
R04 7682, 1% resistor 1
R06 10kQ, 1% resistor 1
RO7 237Q, 1% resistor 1
R08... R10 1% resistors (calculated) (see data sheet)
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