FEATURES

TECHNOLOGY

= Complete Step-Down Switch Mode Power Supply
with Configurable Array of Five LDOs

= Step-Down Switching Power Supply
- Adjustable 10% Accurate Output Current Limit
—Constant-Current, Constant-Voltage Operation
- Wide Input Voltage Range: 6V to 36V
-1.2V to 24V Output Voltage

® Configurable Output LDO Array
- Five 1.1A Parallelable Outputs
- Qutputs Adjustable from 0V to 24V
— Low Output Noise: 90yVgms (100Hz to 1MHz)

® 15mm x 15mm
BGA Package

x 3.42mm Surface Mount

APPLICATIONS

® FPGA, DSP ASIC and Microprocessor Supplies
m Servers and Storage Devices

® RF Transceivers

| t /\D LTV800]

36V|N. SA pModule
Regulator with 5-Output
Configuruble LDO Array

DESCRIPTION

The LTM®8001 is a 36V, 5A step-down pModule® regu-
lator with a 5-output configurable LDO array. Operating
over an input voltage range of 6V to 36V, the LTM8001
buck regulator supports an output voltage range of 1.2V
to 24V. Following the buck regulator is an array of five
1.1A linear regulators whose outputs may be connected
in parallel to accommodate a wide variety of load combi-
nations. Three of these LDOs are tied to the output of the
buck regulator, while the other two are tied together to
an undedicated input.

The low profile package (3.42mm) enables utilization of
unused space on the bottom of PC boards for high density
point of load regulation. The LTM8001 is packaged in a
thermally enhanced, compact (15mm x 15mm) and low
profile (3.42mm) overmolded ball grid array (BGA) pack-
age suitable for automated assembly by standard surface
mount equipment. The LTM8001 is available with SnPb
(BGA) or RoHS compliant terminal finish.

A7, LT, LTC, LTM, uModule, Linear Technology and the Linear logo are registered trademarks of
Linear Technology Corporation. All other trademarks are the property of their respective owners.
Protected by U.S. Patents, including 7199560, 7321203.
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ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION
(Note 1)
TOP VIEW
xlNOBIAS45 ............................................................ ggg Voura SETA Voura SETS SET2 Vours
IN45, BIASAD ..o
BIAS123 25V Vours m“ ojefe ofe o vours
.................................................................... |elfle®eeeee
FBO, RT, COMP, ILIM, VREF .veveveveeeeeeeeeeeeeeeeeeeeeeeas V —
Vog’m , COMP, ILIM, Vger 2gv SETS jeeeeeeee SETH
N |
RUN, SYNC, S5ttt BV | owt 939 9999 Shes [
SET1-5 (Relative to Voyr1-5, Respectively)............ +0.3V Vinag GND
BAKS6(|@ @ @0 © @ @ ® comP
Current Into SET1-5....ovveiee e +10mA o0 ole o s o -
Current Into RUN Pin ..o, 100pA .o o olle ® ® ® o o
Maximum Junction Temperature (Notes 2, 3)....... 125°C BANK 4
Peak Solder Reflow Body Temperature.................. 245°C (9.9 8jj®6 66060 Vino
Storage Temperature.........cccvevevevvnnee. -55°C t0 125°C (@ ® 6666060 BANK 1
leeoeoeoeeee
|
A B C D E F G H
BGA PACKAGE
121 PADS (15mm x 15mm x 3.42mm)
Tamax = 125°C, 64 = 16.1°C/W, 0¢pottom = 5.99°C/W, 0Jctop = 13.4°C/W, 05 = 4.98°C/W
6 VALUES DETERMINED PER JEDEC 51-9, 51-12
WEIGHT = 1.8 GRAMS
PART MARKING* PACKAGE MSL TEMPERATURE RANGE
PART NUMBER PAD OR BALL FINISH DEVICE FINISH CODE TYPE RATING | (SEE NOTE 2)
LTM8001EY#PBF SAC305 (RoHS) LTM8001Y el BGA 3 —40°C to 125°C
LTM80011Y#PBF SAC305 (RoHS) LTM8001Y el BGA 3 ~40°C to 125°C
LTM80011Y SnPb (63/37) LTM8001Y e0 BGA 3 ~40°C to 125°C
LTM8001MPY#PBF SAC305 (RoHS) LTM8001Y el BGA 3 -55°C t0 125°C
LTM8001MPY SnPb (63/37) LTM8001Y e0 BGA 3 -55°C t0 125°C

Consult Marketing for parts specified with wider operating temperature
ranges. *Device temperature grade is indicated by a label on the shipping
container. Pad or ball finish code is per IPG/JEDEC J-STD-609.

* Terminal Finish Part Marking:
www.linear.com/leadfree

* Recommended LGA and BGA PCB Assembly and Manufacturing
Procedures:
www.linear.com/umodule/pchassembly

* LGA and BGA Package and Tray Drawings:
www.linear.com/packaging
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LTM800 1
GLGCTRKHL CHHBHCTGRISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty =25°C. RUN = 3V unless otherwise noted (Note 3).

PARAMETER | CONDITIONS | MN TYP  MAX | UNITS
Buck Regulator
Minimum Vg Input Voltage ° 6 V
Vouto Output DC Voltage 0A < Iyt < 3A, Regg Open 1.2 Vv
0A < Igyt < 3A; Regg = 536Q 24 V
Vouto Output DC Current 6Y < Vo < 36V, Vgut = 3.3V 0 5 A
Quiescent Current Into Viyg RUN = 0V 0.1 1 HA
No Load 26 40 mA
Vouro Line Regulation 6V < Vino <36V, lgyr = 1A +0.5 %
Vouro Load Regulation Vino = 24V, 0A < IgyT < 5A +1.2 %
Vouto RMS Voltage Ripple Vino = 24V, lgyt = 5A 10 mV
Switching Frequency Ry =39.2k 1000 kHz
Rt =200k 200 kHz
Voltage at FBO Pin ®| 115 1.19 1.21 v
Internal FBO Resistor 10 kQ
RUN Pin Current RUN =1.45V 55 HA
RUN Threshold Voltage (Falling) 1.49 1.61 v
RUN Threshold Voltage (Rising) 1.63 1.75 v
ILIM Control Range 0 1.5 V
ILIM Pin Current 100 nA
ILIM Current Limit Accuracy ILIM =15V 5.1 6.4 A
ILIM = 0.75V 25 34 A
VRer Voltage 0.5mA Load 1.9 2 2.1 v
SS Pin Current 11 HA
SYNC Input Low Threshold fsync = 900kHz 0.8 v
SYNC Input High Threshold fsyng = 500kHz 1.2 v
SYNC Input Current SYNC =0V -0.1 HA
SYNC =2V 0.1 HA
LDO Array
SET1-5 Pin Current BIAS123 = BIAS45 = 2V, SETx = 0V, lgyT1-5 = TmA 9.85 10 10.15 HA
® | 9380 10 10.20 HA
Voutx — SETx Offset Voltage BIAS123 = BIAS45 = 2V, SETx = 0V, IgyT1-5 = TmA -4 4 mV
® 65 6.5 mV
Line Regulation for SET Current 1V < Vouro = Vings < 22V, Igytx = TmA (Note 4) ] 11 nA
Line Regulation for Voyt1-5 1V < Vouro = Vings < 22V, Igytx = TmA (Note 4) 0.25 mV
Load Regulation for SETx Current louti-5=1mAto 1.1A 25 nA
Load Regulation for Voyr1-5 loutt-5=1mAto 1.1A 34 mV
L4 52 mV
Minimum Load Current for Voyty-5 (Note 4) Vouto = Vings = BIAS123 = BIAS45 = 10V ° 500 HA
Vouto = Vings = BIAS123 = BIAS45 = 22V L4 1 mA
BIAS123, BIAS45 Dropout Voltage louTi-5 = 100mA 1.2 v
louT1-5=1.1A ° 1.6 v
Vouto to Vouri-3 and Va5 to Voyra-5 Dropout | loyty-5 = 100mA 100 mV
Voltage louti-5=1.1A ° 500 mV
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GLGCT“'C“L CHHRHCTGHBTKS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. RUN = 3V unless otherwise noted (Note 3).

PARAMETER CONDITIONS MIN TYP MAX UNITS
Maximum Vourg to Vouri-3 and Vings to louti-5 = 310mA 15 V
VouTs-5 Differential Voltage (Note 5) louti-5 = 125mA 22 v
BIAS123, BIAS45 Pin Current louti-5 = 100mA 6 mA

louti-5=1.1A L4 30 mA
Vour1-5 Current Limit (Note 5) Vour1-5 =-0.1V 1.3 A
Vouti-5 RMS Output Noise Vouti-s = 1V, loyT1-5 = 1.1A, 100Hz to TMHz 90 UVRms

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any Absolute
Maximum Rating condition for extended periods may affect device
reliability and lifetime.

Note 2: This pModule regulator includes overtemperature protection that
is intended to protect the device during momentary overload conditions.
Junction temperature will exceed 125°C when overtemperature protection
is active. Continuous operation above the specified maximum operating
junction temperature may impair device reliability.

Note 3: The LTMB001E is guaranteed to meet performance specifications
from 0°C to 125°C internal. Specifications over the full —40°C to

125°C internal operating temperature range are assured by design,
characterization and correlation with statistical process controls. The
LTM80011 is guaranteed to meet specifications over the full

-40°C to 125°C internal operating temperature range. The LTM8001MP

is guaranteed to meet specifications over the full -55°C to 125°C internal
operating temperature range. Note that the maximum internal temperature
is determined by specific operating conditions in conjunction with board
layout, the rated package thermal resistance and other environmental
factors.

Note 4: No minimum load is required if the respective linear regulator is
off, such as when Vgyro = 0V, Vina5 = 0V, BIAS123 = OV or BIAS45 = QV.
Note 5: The current limit may decrease to zero at input-to-output
differential voltages greater than 22V. Operation at voltages for Voyro,
Vings, BIAS123 and BIAS45 is allowed up to a maximum of 25V as long
as the difference between the linear regulator input and output voltage

is below the specified differential voltage. Line and load regulation
specifications are not applicable when the device is in current limit.

TYPICAL PERFORMANCE CHARACTERISTICS

(Ta =25°C unless otherwise noted. Configured per Table 1, where applicable.)

Efficiency vs Output Current,

Efficiency vs Output Gurrent,

Efficiency vs Output Current,

Vouro = 2.5V Vouto = 3.3V Vouto =5V
90 95 100
T —
\
85 ey m— —] 90 — 95
A T~ / \

80 £ B 85 / =t 90
= // /"—— = / / U S—— = ”/’——_'—*
= /' Re > / P & -~ e ———
> 75 /1—+ > 80 > 85 e e
[ ’ £} 7 o 2 -
z /K z /s = Vi
§ 70 Il E 75 7/ /’ E 80 7 ’,’
] II ¥} /| (¥} 4

65 [—7 70 # 75 7

! / /

60 Ving =12V | 65 4 Vino =12V | 70 / Ving =12V |
—— Vo = 24V —— V|\o = 24V —— Vo = 24V
====V|yo =36V ====V|yo =36V ====V|yo =36V

55 - - 60 65

0 1 2 3 4 5 0 1 3 4 5 0 1 2 3 4 5
VouTo CURRENT (A) VouTo CURRENT (A) VouTo CURRENT (A)
8001 Go1 8001 Go2 5001 603

8001fd

4 For more information www.linear.com/LTM8001

LY N


http://www.linear.com/LTM8001

LTMB800]1

TYPICAL PERFORMANCE CHARACTERISTICS

(Ta = 25°C unless otherwise noted. Gonfigured per Table 1, where applicable.)
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TYPICAL PERFORMANCE CHARACTERISTICS

(Ta = 25°C unless otherwise noted. Gonfigured per Table 1, where applicable.)
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TYPICAL PERFORMANCE CHARACTERISTICS

(Ta = 25°C unless otherwise noted. Gonfigured per Table 1, where applicable.)
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TYPICAL PERFORMANCE CHARACTERISTICS

(Ta = 25°C unless otherwise noted. Gonfigured per Table 1, where applicable.)
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TYPICAL PERFORMANCE CHARACTERISTICS

(Ta = 25°C unless otherwise noted. Gonfigured per Table 1, where applicable.)
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Vino (Bank 1): The Vjyo bank supplies current to the
LTM8001’s internal regulator and to the internal power
switches. This pin must be locally bypassed with an ex-
ternal, low ESR capacitor; see Table 1 for recommended
values.

GND (Bank 2): Tie these GND pins to a local ground plane
below the LTM8001 and the circuit components. In most
applications, the bulk of the heat flow out of the LTM8001
is through these pads, so the printed circuit design has a
large impact on the thermal performance of the part. See
the PCB Layout and Thermal Considerations sections for
more details. Returnthe feedback divider (Rpgg) to this net.

Vngs (Bank 3): Input to the LDOs connected to Vgyt4 and
Vours. Itmustbe locally bypassed withalow ESR capacitor.

Vourto (Bank 4): Switching Power Converter Output Pins.
Applythe outputfilter capacitorandthe outputload between
these pins and the GND pins. In most cases, an output
capacitance made up ofacombination of ceramic and elec-
trolytic capacitors yields the optimal volumetric solution.

BIAS45 (Pin A8): This pin is the supply pin for the control
circuitry of the LDOs connected to Voyts and Voyrts. For
the LDOs to regulate, this voltage must be more than
1.2V to 1.6V greater than the output voltage (see Dropout
specifications).

BIAS123 (Pin B8): This pin is the supply pin for the
control circuitry of the LDOs connected to Vout1-Vours-
For the LDOs to regulate, this voltage must be more than
1.2V10 1.6V greater than the output voltage (see Dropout
specifications).

SS (PinK4): The Soft-Start Pin. Place an external capacitor
to ground to limit the regulated current during start-up
conditions. The soft-start pinhasan 11pAcharging current.

SYNC (Pin K7): Frequency Synchronization Pin. This pin
allows the switching frequency to be synchronized to
an external clock. The Ry resistor should be chosen to
operate the internal clock at 20% slower than the SYNC
pulse frequency. This pin should be grounded when not
in use. Do not leave this pin floating. When laying out the
board, avoid noise coupling to or from the SYNC trace.
See the Switching Frequency Synchronization section in
Applications Information.

VRrer (Pin K8): Buffered 2V Reference Capable of 0.5mA
Drive.

RUN (Pin L4): The RUN pin acts as an enable pin and
turns on the internal circuitry. The pin does not have any
pull up or pull down, requiring a voltage bias for normal
part operation. The RUN pin is internally clamped, so it

may be pulled up to a voltage source that is higher than
8001fd
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PIN FUNCTIONS

the absolute maximum voltage rating of 6V through a
resistor, provided the pin current does not exceed 100pA.

FBO(PinL5): The LTM8001 regulates its FBO pinto 1.19V.
Connect the adjust resistor from this pin to ground. The
value of Rggg is given by the equation:

Repne 9
P80 = Vur -1.19

where Rgg is in kQ.

COMP (Pin L6): Compensation Pin. This pin is generally
not used. The LTM8001 is internally compensated, but
some rare Situations may arise that require a modifica-
tion to the control loop. This pin connects directly to the
input PWM comparator of the LTM8001. In most cases,
no adjustment is necessary. If this function is not used,
leave this pin open.

RT (Pin L7): The RT pin is used to program the switch-
ing frequency of the LTM8001 by connecting a resistor
from this pin to ground. The Applications Information
section of the data sheet includes a table to determine the
recommended resistance value and switching frequency.
When using the SYNC function, set the frequency to be

20% lower than the SYNC pulse frequency. Do not leave
this pin open.

ILIM (PinL8): The ILIM pin reduces the maximum regulated
outputcurrentofthe LTM8001. The maximum control volt-
age range is 1.5V. ILIM voltages above 1.5V have little or
no effect. If this function is not used, tie this pin to VRg.

SET1, SET2, SET3, SET4, SET5 (Pins L9, H11, G11, D11,
A9): These pins set the regulation point for each LDO. A
fixed current of 10pA flows out of this pin through a single
external resistor, which programs the output voltage of
the device. Output voltage range is zero to the absolute
maximum rated outputvoltage. The transient performance
can be improved by adding a small capacitor from the
SET pin to ground.

Vouri (PinsL10,L11), Vour? (PinsJ11,K11), Vours (Pins
E11,F11),Voyr4 (Pins B11,C11), Vgyts (Pins A10, A11):
These are the power outputs of the individual LDOs. There
must be a minimum load current of 1mA or the output may
not regulate. The internal LDOs are rated for positive volt-
ages betweentheirinputsand outputs. Avoid applications
wheretheinternal LDOs can experience a negative voltage,
even during start-up and turn-off transients

BLOCK DIRGRAM
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OPERATION

The LTM8001 consists of two major parts: the first is a
standalone nonisolated step-down switching DG/DC power
converter that can deliver up to 5A of output current. The
second partis an array of five parallelable 1.1A LDOs. The
DC/DC converter provides a precisely regulated output
voltage programmable via one external resistor from 1.2V
to 24V. The input voltage range is 6V to 36V. Given that it
is a step-down converter, make sure that the input volt-
age is high enough to support the desired output voltage
and load current. The linear regulator array consists of
five low drop-out regulators, of which three inputs are
dedicated to the buck converter’s output (Voyto) and two
tie to an undedicated input (V|ng5). Each individual linear
regulator may be set to a unique voltage through its SET
pin, or may be paralleled with other LDOs by tying their
respective SET and Vqyt pins together.

The LTM8001 step-down switching converter utilizes fixed
frequency, average current mode control to accurately
requlate the output current. This results in a constant-
voltage, constant-current output characteristic, making
the LTM8001’s step-down regulator well suited for many
supercapacitorand battery charging applications. As shown
inthe Typical Performance Characteristics, the current limit
works in both directions. The control loop will regulate the
currentinthe internalinductor. Once the Vyro output has
reached the regulation voltage determined by the resistor
fromthe FBO pinto ground, the voltage regulation loop will
reduce the output currentand maintain the output voltage.
The ILIM input may be used to set the maximum allowable
current output of the LTM8001. The analog control range
of the ILIM pin is from 0V to 1.5V. If the ILIM pin is raised
above 1.5V, there is little or no effect.

The RUN pin functions as a precision enable for the step-
down switching converter connectedto Voyro. Ifall Voyri-3
LDO inputs including BIAS are tied to Vgyrg, the RUN pin
will also implicitly enable or disable these LDOs as well. If
an external power source is applied to BIAS123 alone or
in combination with Vgyto, RUN will not disable Voyt1-3.
Refer to the Applications Information section Shorted
Input Protection if Voyrg is forced above Vyo. When the
voltage at the RUN pin is lower than 1.55V, switching is
terminated. Belowthe turn-onthreshold, the RUN pin sinks

5.5pA. This current can be used with a resistor between
RUN and V) to set hysteresis. Please refer to the UVLO
and Shutdown section in the Applications Information
for further details. During start-up, the SS pin is held low
until the part is enabled, after which the capacitor at the
soft-start pin is charged with an 11pA current source.

The LTM8001 is equipped with thermal shutdown circuitry
to protect the device during momentary overload condi-
tions. Itis setabove the 125°C absolute maximum internal
temperature rating to avoid interfering with normal speci-
fied operation, sointernal device temperatures will exceed
the absolute maximum rating when the overtemperature
protection is active. Thus, continuous or repeated activa-
tion of the thermal shutdown may impair device reliability.
During thermal shutdown, all switching is terminated and
the SS pin is driven low.

The switching frequency is determined by a resistor at
the RT pin. The LTM8001 may also be synchronized to
an external clock through the use of the SYNC pin. Please
see the Switching Frequency Synchronization section in
the Applications Information for further details.

The Vouri-5 linear regulators are easy to use and have
all the protection features expected in high performance
regulators. Included are short-circuit protection and safe
operating area protection, as well as thermal shutdown.
These linear regulators are especially well suited to ap-
plications needing multiple rails. Their architecture allows
their outputs to be adjusted down to zero volts. The output
voltage is set by a single resistor, handling modern low
voltage digital ICs as well as allowing easy parallel opera-
tion and simplified thermal management.

The linear regulators can be operated in two modes. One
mode has the BIAS123 and BIAS45 pins connected to the
linear regulator power input pins (Vgyrto and Viys5) which
givesalimitation ofabout 1.6V dropout. Inthe other mode,
the BIAS123 and BIAS45 pins can be tied to a voltage at
least 1.6V above their highest respective outputs. The linear
regulator power input (Voyto and Vings5) can then be set
to a lower voltage that meets the dropout requirement,
minimizing the power dissipation.

8001fd
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For most applications, the design process is straight
forward, summarized as follows:

1. Look at Table 1 and find the row that has the desired
input range and Voyto output voltage.

2. Apply the recommended Cyyo, Couto, Rrgg and Ry val-
ues. Note that ceramic and electrolytic capacitors are
recommended. These are intended to work in concert
to optimize performance and solution size; apply both
capacitors.

3. Apply the set resistors for the Vout1, Voute, Vourts,
Vouta and Voyts regulators. To set the voltage of each
linear regulator, use the equation

Regy = SLIX
10pA

where the value of Rgg is in Ohms. Note that there is
no minimum positive output voltage for the regulator,
but a minimum load current is required to maintain
regulation regardless of output voltage, (please see
Electrical Characteristics table). For true zero voltage
output operation, this minimum load current must be
returned to a negative supply voltage. If paralleling the
linear regulators, set the output of each regulator to
the same voltage by tying the SETx pins together and
applying a single resistor. The value of the single set
resistor is given by the equation:

R — VOUT
SET = 10pAen

where n is the number of regulators paralleled.

4. Applythe output capacitors forthe Vout1, Vout2, VouTs,
Voutsand Voyrs regulators. Aminimum output capaci-
torof2.2uFwithan ESR of 0.5Q or less is recommended
to prevent oscillations.

While these component combinations have been tested for
proper operation, it is incumbent upon the user to verify
proper operation over the intended system’s line, load and
environmental conditions. Bear in mind that the maximum
output currentis limited by junction temperature, the rela-
tionship between the input and output voltage magnitude
and other factors. Please refer to the graphs in the Typical
Performance Characteristics section for guidance.

The maximum frequency (and attendant Ry value) at
which the LTM8001 should be allowed to switch is given
in Table 1 in the fyyax column, while the recommended
frequency (and Ry value) for optimal efficiency over the
given input condition is given in the foprmaL column.
There are additional conditions that must be satisfied if
the synchronization function is used. Please refer to the
Switching Frequency Synchronization section for details.

Capacitor Selection Considerations

The Cjy and Coyr capacitor values in Table 1 are the
minimum recommended values for the associated oper-
ating conditions. Applying capacitor values below those
indicated in Table 1 is not recommended, and may result
in undesirable operation. Using larger values is generally
acceptable, and can yield improved dynamic response, if
necessary. Again, it is incumbent upon the user to verify
proper operation over the intended system’s line, load and
environmental conditions.

Ceramic capacitorsare small, robustand have very low ESR.
However, not all ceramic capacitors are suitable. X5R and
X7Rtypesare stable overtemperature, applied voltage and
give dependable service. Other types, including Y5V and
Z5U have very large temperature and voltage coefficients
of capacitance. In an application circuit they may have
only a small fraction of their nominal capacitance result-
ing in much higher output voltage ripple than expected.
Many of the output capacitances given in Table 1 specify
an electrolytic capacitor. Ceramic capacitors may also be
used in the application, but it may be necessary to use
more of them. Many high value ceramic capacitors have a
large voltage coefficient, so the actual capacitance of the
component at the desired operating voltage may be only
a fraction of the specified value. Also, the very low ESR of
ceramic capacitors may necessitate additional capacitors
for acceptable stability margin.

Afinal precaution regarding ceramic capacitors concerns
the maximum input voltage rating of the LTM8001. A
ceramic input capacitor combined with trace or cable
inductance forms a high Q (under damped) tank circuit.
If the LTM8001 circuit is plugged into a live supply, the
input voltage can ring to twice its nominal value, possi-
bly exceeding the device’s rating. This situation is easily

avoided; see the Hot Plugging Safely section. w0
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LTM8001 Table 1: Recommended Component Values and Configuration for Vgyrg (Ta = 25°C)

Vino | Vouro Cino Couto (CERAMIC) | Coyro (ELECTROLYTIC) Reo | fopmimaL | Rr(opmimar) | fmax | Rromin

6V 1036V | 1.2V | 10F, 50V, 1210 | 100pF, 6.3V, 1210 | 470pF, 6.3V, 9, Chemi-Con, Open | 200kHz | 200k | 250kHz | 169k
APXF6R3ARA471MH80G

6V1to 36V | 1.5V | 10pF, 50V, 1210 | 100pF, 6.3V, 1210 | 470pF, 6.3V, 9m<, Chemi-Con, 38.3k | 300kHz 140k 350kHz | 118k
APXF6R3ARA471MH80G

6V1to 36V | 1.8V | 10pF, 50V, 1210 | 100pF, 6.3V, 1210 | 470pF, 6.3V, 9m<, Chemi-Con, 19.6k | 350kHz 118k 400kHz | 102k
APXF6R3ARA471MHB0G

6V1to 36V | 2.5V | 10pF, 50V, 1210 | 100pF, 6.3V, 1210 | 330pF, 4V, 27mQ, 0S-CON, 4SVPC330M | 9.09k | 450kHz 90.9k 525kHz | 78.7k

6V 1o 36V | 3.3V | 10pF, 50V, 1210 | 100pF, 6.3V, 1210 | 330uF, 4V, 27mQ, 0S-CON, 4SVPC330M | 5.62k | 550kHz 75.0k 625kHz | 64.9k

7Vt 36V | 5V | 104F, 50,1210 | 1004F, 6.3V, 1210 | 1204F, 16V, 27mg, 0S-CON, 3.00k | 600kHz | 681k | 700kHz | 57.6k
16SVPC120M

10Vto 36V | 8V |10pF, 50V, 1210 | 100pF, 10V, 1210 | 120uF, 16V, 27m<, 0S-CON, 1.74k | 625kHz 64.9k 750kHz | 53.6k
16SVPC120M

15V to 36V | 12V | 10pF, 50V, 1210 | 47pF, 16V, 1210 |120pF, 16V, 27mQ, 0S-CON, 1.10k | 650kHz 61.9k 800kHz | 49.9k
16SVPC120M

22V to 36V | 18V | 10pF, 50V, 1210 | 22pF, 25V, 1210 |47pF, 20V, 45mQ, 0S-CON, 20SVPS47M | 715Q | 675kHz 59.0k 900kHz | 44.2k

28V to 36V | 24V 4.7uF, 50V, 10uF, 50V, 1206 | 47pF, 35V, 30m<, 0S-CON, 35SVPC47M | 523Q | 700kHz 57.6k 1MHz | 39.2k

1210

9Vto 15V | 1.2V | 10pF, 50V, 1210 | 100pF, 6.3V, 1210 | 470pF, 6.3V, 9m<, Chemi-Con, Open | 200kHz 200k 525kHz | 78.7k
APXF6R3ARA471MHB80G

9Vto 15V | 1.5V | 10pF, 50V, 1210 | 100pF, 6.3V, 1210 | 470pF, 6.3V, 9ImE, Chemi-Con, 38.3k | 300kHz 140k 650kHz | 61.9k
APXF6R3ARA471MH80G

9Vto 15V | 1.8V | 10pF, 50V, 1210 | 100pF, 6.3V, 1210 | 470uF, 6.3V, 9m<, Chemi-Con, 19.6k | 350kHz 118k 800kHz | 49.9k
APXF6R3ARA471MHB0G

9Vto 15V | 2.5V | 10pF, 50V, 1210 | 100pF, 6.3V, 1210 | 330pF, 4V, 27mQ, 0S-CON, 4SVPC330M | 9.09k | 450kHz 90.9k 1MHz | 39.2k

9Vto 15V | 3.3V | 10pF, 50V, 1210 | 100pF, 6.3V, 1210 | 330uF, 4V, 27mQ, 0S-CON, 4SVPC330M | 5.62k | 550kHz 75.0k 1MHz | 39.2k

9Vto 15V | 5V |10pF, 50V, 1210 | 100pF, 6.3V, 1210 | 120pF, 16V, 27m<, 0S-CON, 3.09k | 600kHz 68.1k 1MHz | 39.2k
16SVPC120M

10Vto 15V | 8V | 10pF, 50V, 1210 | 100pF, 10V, 1210 | 120uF, 16V, 27m<Q, 0S-CON, 1.74k | 625kHz 64.9k 1MHz | 39.2k
16SVPC120M

18V to 36V | 1.2V | 10pF, 50V, 1210 | 100pF, 6.3V, 1210 | 470uF, 6.3V, 9m<, Chemi-Con, Open | 200kHz 200k 250kHz | 169k
APXF6R3ARA471MHB0G

18V to 36V | 1.5V | 10pF, 50V, 1210 | 100pF, 6.3V, 1210 | 470pF, 6.3V, 9m<, Chemi-Con, 38.3k | 300kHz 140k 350kHz | 118k
APXF6R3ARA471MHB80G

18V to 36V | 1.8V | 10pF, 50V, 1210 | 100pF, 6.3V, 1210 | 470pF, 6.3V, 9ImE, Chemi-Con, 19.6k | 350kHz 118k 400kHz | 102k
APXF6R3ARA471MHB80G

18V to 36V | 2.5V | 10pF, 50V, 1210 | 100pF, 6.3V, 1210 | 330uF, 4V, 27mQ, 0S-CON, 4SVPC330M | 9.09k | 450kHz 90.9k 525kHz | 78.7k

18Vto 36V | 3.3 | 10pF, 50V, 1210 | 100pF, 6.3V, 1210 | 330pF, 4V, 27m<Q, 0S-CON, 4SVPC330M | 5.62k | 550kHz 75.0k 625kHz | 64.9k

18Vto 36V | 5V | 10pF, 50V, 1210 | 100pF, 6.3V, 1210 | 120pF, 16V, 27mQ, 0S-CON, 3.09k | 600kHz 68.1k 700kHz | 57.6k
16SVPC120M

18Vto 36V | 8V |10pF, 50V, 1210 | 100pF, 10V, 1210 | 120pF, 16V, 27m<, 0S-CON, 1.74k | 625kHz 64.9k 750kHz | 53.6k
16SVPC120M

18V to 36V | 12V | 10pF, 50V, 1210 | 47uF, 16V, 1210 | 120uF, 16V, 27mQ, 0S-CON, 1.10k | 650kHz 61.9k 800kHz | 49.9k
16SVPC120M

Note: An input bulk capacitor is required.
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Programming Switching Frequency

The LTM8001 has an operational switching frequency
range between 200kHz and 1MHz. This frequency is
programmed with an external resistor from the RT pin to
ground. Do not leave this pin open under any condition.
See Table 2 for resistor values and the corresponding
switching frequencies.

Table 2. Ry Resistor Values and Their Resultant Switching
Frequencies

SWITCHING FREQUENCY (MHz) Ry (k)
1 39.2
0.75 53.6
05 825
0.3 140
0.2 200

Switching Frequency Trade-Offs

Itisrecommended thatthe userapply the optimal Ry resis-
torvalue givenin Table 1 forthe inputand output operating
condition. System level or other considerations, however,
may necessitate another operating frequency. While the
LTM8001 is flexible enough to accommodate a wide range
of operating frequencies, a haphazardly chosen one may
result in undesirable operation under certain operating or
fault conditions. A frequency that is too high can reduce
efficiency, generate excessive heat or even damage the
LTM8001 in some fault conditions. A frequency that is too
low can result in a final design that has too much output
ripple or too large of an output capacitor.

Switching Frequency Synchronization

The nominal switching frequency of the LTM8001 is
determined by the resistor from the RT pin to GND and
may be set from 200kHz to 1MHz. The internal oscillator
may also be synchronized to an external clock through
the SYNC pin. The external clock applied to the SYNC pin
must have a logic low below 0.8V and a logic high greater
than 1.2V. The input frequency must be 20% higher than
the frequency determined by the resistor at the RT pin.
The SYNC pin must be tied to GND if the synchroniza-
tion to an external clock is not required. When SYNC is
grounded, the switching frequency is determined by the
resistor at the RT pin.

Soft-Start

The soft-start function controls the slew rate of the power
supply output Voyro voltage during start-up. A controlled
output voltage ramp minimizes output voltage overshoot,
reduces inrush current from the V,yo supply, and facili-
tates supply sequencing. A capacitor connected from the
SS pin to GND programs the slew rate. The capacitor is
charged from an internal 11pA current source to produce
a ramped output voltage.

Maximum Output Current Adjust

The LTM8001 features an adjustable accurate current
limit. To adjust the load current limit, an analog voltage
is applied to the ILIM pin. Varying the voltage between
0V and 1.5V adjusts the maximum current between the
minimum and the maximum current, 5.6A typical. Above
1.5V, the control voltage has no effect on the regulated
inductor current. Graphs of the output currentvs ILIM volt-
ages are given in the Typical Performance Characteristics
section. The LTM8001 provides a 2V reference voltage for
conveniently applying resistive dividers to set the current
limit. The current limit can be set as shown in Figure 1
with the following equation:
R2

liny =7.47 —5
MAX R1+R2

A convenient value of R1 may be 10k. In that case,

R2 - M kQ

VREF v

LTM8001 R1

ILIM

R2

= 800101

Figure 1. Setting the Qutput Current Limit, Iyax
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Load Current Derating Using the ILIM Pin

In high current applications, derating the maximum cur-
rent based on operating temperature may prevent damage
to the load. In addition, many applications have thermal
limitations that will require the regulated current to be
reduced based on the load and/or board temperature. To
achieve this, the LTM8001 uses the ILIM pin to reduce
the effective regulated current in the load. While ILIM
programs the regulated current in the load, it may also
be configured to reduce the regulated current. The load/
boardtemperature derating is programmed using a resistor
divider withatemperature dependant resistance, as shown
in Figure 2. When the board/load temperature rises, the
ILIM voltage will decrease.

Rv
VReF
R2 LTM8001 Rt Rt Rx Rnte Rt
ILIM
A B C D

R1
(OPTION ATO D)

Rv
Rx
8l

001 FO2

Figure 2. Load Current Derating vs
Temperature Using an NTC Resistor

Vouro Output Overvoltage Protection

The LTM8001 switching regulator uses the FBO pinto both
regulate the output voltage and to provide a high speed
overvoltage lockout to avoid high voltage output condi-
tions. If the output voltage exceeds 125% of the regulated
voltage level (1.5Vatthe FBO pin), the LTM8001 terminates
switching and shuts down switching fora brief period. The
output voltage at which output overvoltage protection en-
gages must be greaterthan 1.5V and s set by the equation:

VOUT =15V(1+ 1Ok )
Rrgo

where Regg is shown in Figure 3.

Ifthe output overvoltage protectionengages, the LTM8001
will stop switching. If this is due to some external power
source connected to Voyro, this source will be free to pull
up Vouro- If the Voyro voltage exceeds the Vyg input, an
internal power diode will clamp the output to a diode drop
above the input.

Vout —— Vour
LTM8001

FBO

Rrso

"= 8001F03

Figure 3. Voltage Regulation and Overvoltage
Protection Feedback Connections

Thermal Shutdown

If the part is too hot, the LTM8001 engages its thermal
shutdown, terminates switching and discharges the soft-
startcapacitor. Whenthe parthas cooled, the partautomati-
cally restarts. This thermal shutdown is set to engage at
temperatures above the 125°C absolute maximum internal
operating rating to ensure that it does not interfere with
functionality in the specified operating range. This means
that internal temperatures will exceed the 125°C absolute
maximum rating when the overtemperature protection is
active, possibly impairing the device’s reliability.

UVLO and Shutdown

The LTM8001 Vqyro Step-down regulator has an internal
UVLO that terminates switching, resets all logic, and dis-
charges the soft-start capacitor for input voltages below
4.2V. The LTM8001 also has a precision RUN function
that enables switching when the voltage at the RUN pin
rises to 1.68V and shuts down the LTM8001 when the
RUN pin voltage falls to 1.55V. There is also an internal
currentsource that provides 5.5pA of pull-down currentto
program additional UVLO hysteresis. For RUN rising, the
current source is sinking 5.5pA until RUN = 1.68V, after
which it turns off. For RUN falling, the current source is
off until the RUN = 1.55V, after which it sinks 5.5pA. The
following equations determine the voltage divider resis-
tors for programming the falling UVLO voltage and rising
enable voltage (Vgya) as configured in Figure 4.

_ Vena—1.084 UVLO
9.51A

__1.55R2
UVLO-1.55

R2
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The RUN pin has an absolute maximum voltage of 6V.
To accommodate the largest range of applications, there
is an internal Zener diode that clamps this pin, so that it
can be pulled up to a voltage higher than 6V through a
resistor that limits the current to less than 100pA. For
applications where the supply range is greater than 4:1,
size R2 greater than 375k.

Vin Vin
LTM8001 R2

RUN

R1

= 8001 F04

Figure 4. UVLO Configuration

Load Sharing

The Voyto step-down switching converter operates in
fixed frequency forced continuous mode, so it is able to
source and sink current. It is therefore not suitable for
load current sharing.

The linear regulators connected to Voyrt1-Vouts are inter-
nally ballasted and may be paralleled. To do this, simply
tie the Voyry and SETx terminals together. When the SET
pins of the regulators are tied together, the Rggt resistor
is determined by the equation:

_ Vour
SET ™ ne10pA

where n is the number of linear regulator outputs tied
together.

All paralleled LDOs must be active in order for this equa-
tion to be true, as it is assumed that all paralleled LDOs
are contributing 10pA to a single voltage set resistor. If
any LDO is off or inactive, it will be unable to contribution
its share of the set current and the output voltage will be
lower than expected.

When paralleling LDOs, tie all of the Vyty and all of the
SETx pins together. Examples are shown in the Typical
Applications section.

Input Precautions

The LTM8001 contains a step-down switching regulator
that operates at a user-selectable frequency in forced
continuous mode. Step-down switching regulators that
operate in forced continuous mode are capable of both
sinking and sourcing current to maintain output voltage
regulation

When the LTM8001 is sinking current, it maintains its
output voltage regulation by power conversion, not power
dissipation. This means that the energy provided to the
LTM8001 is in turn delivered to its input power bus.
There must be something on this power bus to accept or
use the energy, or the LTM8001’s input voltage will rise.
Left unchecked, the energy can raise the input voltage
above the absolute maximum voltage rating and damage
the LTM8001.

In many cases, the system load on the LTM8001 input
bus will be sufficient to absorb the energy delivered by the
UModule regulator. The power required by other devices
will consume more than enough to make up for what
the LTM8001 delivers. In cases where the LTM8001 is
the largest or only power converter, this may not be true
and some means may need to be devised to prevent the
LTM8001’s input from rising too high. Figure 5a shows a
passive crowbar circuit that will dissipate energy during
momentary input overvoltage conditions. The breakdown
voltage of the zener diode is chosen in conjunction with
the resistor R to set the circuit’s trip point. The trip point
is typically set well above the maximum Vy voltage under
normal operating conditions. This circuit does not have a
precisionthreshold, andis subjectto both part-to-partand
temperature variations, soitis not suitable forapplications
where high accuracy is required or large voltage margins
are not available.

The circuit in Figure 5b also dissipates energy during mo-
mentary overvoltage conditions, but is more precise than
that in Figure 5a. It uses an inexpensive comparator and
the Vper output of the LTM8001 to establish a reference
voltage. The optional hysteresis resistorin the comparator
circuit avoids MOSFET chatter. Figure 5¢ shows a circuit
that latches on and crowbars the input in an overvoltage

8001fd
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event. The SCR latches when the input voltage threshold
is exceeded, so this circuit should be used with a fuse, as
shown, or employ some other method to interrupt current
from the load.

As mentioned, the LTM8001 sinks current by energy
conversion and not dissipation. Thus, no matter what
protection circuitthatis used, the amount of power that the
protection circuit must absorb depends upon the amount
of power at the input. For example, if the output voltage is
2.5V and can sink 5A, the input protection circuit should
be designed to absorb at least 7.5W. In Figures 5a and 5b,
let us say that the protection activation threshold is 30V.
Then the circuit must be designed to be able to dissipate
7.5W and accept 7.5W/30V = 250mA.

LOAD
CURRENT

-

Vin Vouro _l
ZENER LTM8001
DIODE
. GND SOURCING
R

a LOAD

"= 8001 Fo5a

Figure 5a. The MOSFET Q Dissipates Momentary Energy to
GND. The Zener Diode and Resistor Are Chosen to Ensure That
the MOSFET Turns On Above the Maximum V,y Voltage Under
Normal Operation

LOAD

CURRENT
o Vin Vouto _l
OPTIONAL
HYSTERESIS < AL
RESISTOR VREF  GND SOURCING

LOAD

vy

Figure 5b. The Comparator in This Circuit Activates the Q
MOSFET at a More Precise Voltage Than the One Shown in
Figure 5a. The Reference for the Comparator is Derived from
the Vger Pin of the LTM8001

(S

"= 8001 FO5b

Figures 5a through 5¢ are crowbar circuits, which attempt
to prevent the input voltage from rising above some level
by clamping the input to GND through a power device. In
some cases, it is possible to simply turn off the LTM8001
when the input voltage exceeds some threshold. This
is possible when the voltage power source that drives
current into Voyt never exceeds Viy. An example of this
circuit is shown in Figure 5d. When the power source on
the output drives Vjy above a predetermined threshold,
the comparator pulls down on the RUN pin and stops
switching in the LTM8001. When this happens, the input
capacitance needs to absorb the energy stored within the
LTM8001’s internal inductor, resulting in an additional
voltage rise. As shown in the Block Diagram, the internal

LOAD

CURRENT
» Vin Vouto -0'\,04;|
/-L Ei’)“EE LTM8001 FUSE
Y scr GND SOURCING

LOAD

"= 8001 F05a

Figure 5¢. The SCR Latches On When the Activation Threshold is
Reached, So a Fuse or Some Other Method of Disconnecting the
Load Should be Used

LOAD

CURRENT
¢ Vi Vouto _l
LTM8001
RUN GND SOURCING

LOAD

100F ——

EXTERNAL
REFERENCE
VOLTAGE

"= 8001 F05d

Figure 5d. This Comparator Circuit Turns Off the LTM8001 if
the Input Rises Above a Predetermined Threshold. When the
LTM8001 Turns Off, the Energy Stored in the Internal Inductor
Will Raise V)y a Small Amount Above the Threshold.
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inductor value is 2.2uH. If the LTM8001 negative current
limit is set to 5A, for example, the energy that the input
capacitance must absorb is 1/2 LI2 = 27.5pJ. Suppose
the comparator circuit in Figure 5d is set to pull the RUN
pin down when Vtgip = 15V. The input voltage will rise
according to the capacitor energy equation:

1
EC(VINZ_VTRIPZ)=27-5UJ

If the total input capacitance is 10pF, the input voltage
will rise to:

27.5uJ=%10uF(\/|N2—15V2)
Viy = 15.2V

PCB Layout

Most of the headaches associated with PCB layout have
been alleviated or even eliminated by the high level of
integration of the LTM8001. The LTM8001 is neverthe-
less a switching power supply, and care must be taken to
minimize EMI and ensure proper operation. Even with the
high level of integration, you may fail to achieve specified
operation with a haphazard or poor layout. See Figure 6
forasuggested layout. Ensure that the grounding and heat
sinking are acceptable. A few rules to keep in mind are:

1. Place the RgeTy, Regg and Ry resistors as close as pos-
sible to their respective pins.

2. Place the Cyyo capacitor as close as possible to the Viyg
and GND connection of the LTM8001.

3. Place the ceramic Gyt capacitor as close as possible
to the Vourp and GND connection of the LTM8001. The
electrolytic Coyto capacitor may be farther from the
LTM8001. Place the remaining Coyy Output capacitors
as close as possible to the Voyry pins.

4. Place the Cyyg and Coyro capacitors such that their
ground currents flow directly adjacent or underneath
the LTM8001.

5. Connectall of the GND connections to as large a copper
pour or plane area as possible on the top layer. Avoid
breaking the ground connection between the external
components and the LTM8001.

6. Use vias to connect the GND copper area to the board’s
internal ground planes. Liberally distribute these GND
vias to provide both a good ground connection and
thermal path to the internal planes of the printed circuit
board. Pay attention to the location and density of the
thermal vias in Figure 6. The LTM8001 can benefit from
the heat sinking afforded by vias that connect to internal
GND planes at these locations, due to their proximity
to internal power handling components. The optimum
number of thermal vias depends upon the printed
circuit board design. For example, a board might use
very small via holes. It should employ more thermal
vias than a board that uses larger holes.

Cour4 Cours Cout2

GND |.||l||.||l|l ll GND
YRR
° ZOUM &0'”3 [ ) 1"”3 °
Cours | | Vouts SET4 SET3 SET2 Vour | |C
mE 0o 06060000000 = |Cour
SET5 © o o o o o o SET1
EE- () oooooooo—-Eﬂ
BIAS123 © o o o o o VREF ILim
BIAS45 2 © 0 000 0 00
= .0.0.GND.O.'.SYNCRT —
Viigs | o o o o o ? comp -ﬂ
o0 oo o000 o0 |[—
oooooo FBO I |
o0 0/leo e 0o 00 0o i
Vouto | o o o o @ SS RUN
-- o0 0o o000 0 o u
Ll L] L] L]
o © 0 0000000 ?/mo. tl
o0 00000000 O0C
.......
|-|-|kooooooooooo

GND
o THERMAL VIAS Cino
nnnnnnn

Figure 6. Layout Showing Suggested External Components,
GND Plane and Thermal Vias

Hot Plugging Safely

The small size, robustness and low impedance of ceramic
capacitors make them an attractive option for the input
bypass capacitor of LTM8001. However, these capacitors
can cause problems if the LTM8001 is plugged into a live
input supply (see Application Note 88 for a complete dis-
cussion). The low loss ceramic capacitor combined with
stray inductance in series with the power source forms an
underdamped tank circuit, and the voltage at the Vyg pin
of the LTM8001 can ring to more than twice the nominal
input voltage, possibly exceeding the LTM8001’s rating

8001fd

18

For more information www.linear.com/LTM8001

LY N


http://www.linear.com/LTM8001

LTMB800]1

APPLICATIONS INFORMATION

and damaging the part. If the input supply is poorly con-
trolled or the user will be plugging the LTM8001 into an
energized supply, the input network should be designed
to prevent this overshoot. This can be accomplished by
installing a small resistor in series to Vyg, but the most
popular method of controlling input voltage overshoot is
to add an electrolytic bulk capacitor to the Vyg net. This
capacitor’s relatively high equivalent series resistance
damps the circuit and eliminates the voltage overshoot.
The extra capacitorimproves low frequency ripple filtering
and can slightly improve the performance of the circuit,
though it may be physically large.

Shorted Input Protection

Care needs to be taken in systems where the Vqyro out-
put will be held high when the input to the LTM8001 is
absent. If the Vg is allowed to float and the RUN pin is
held high (either by a logic signal or because it is tied to
Vino), then the LTM8001’s internal circuitry will pull its
quiescent current through its internal power switch. This
is fine if your system can tolerate this state. If the RUN pin
is pulled low, the input current will drop to essentially zero.
However, if the Vyg is grounded while the Vgytg output is
held high, then parasitic diodes inside the LTM8001 can
pull large currents from the output through the Vyg pin.
Figure 7 shows a circuit that will run only when the input
voltage is present and that protects against a shorted or
reversed input.

Vi —"-}b Vi~ Vourto — Vout
pu—

- RUN T
= LTM8001 =
RT

% GND

= 8001 FO7

Figure 7. The Input Diode Prevents a Shorted Input
from Discharging a Backup Battery Tied to the Output.
It Also Protects the Circuit from a Reversed Input. The
LTM8001 Runs Only When the Input is Present

Charging Applications

The LTM8001’s internal switching step-down regula-
tor's CVCC operation makes it well suited for battery or
supercapacitor charging applications. A schematic of the
LTM8001 charging a supercapacitor and then distribut-
ing power to various loads through the onboard LDOs is
shown in the Typical Applications section. In this applica-
tion, the supercapacitor is charged through the step-down
switching regulator and not the LDOs. Each LDO is rated
for positive and differential voltages between its input
and output, but may experience a negative voltage during
start-up or turn-off transients if its output is connected to
a battery, supercapacitor or energized load. Avoid using
the LTM8001 in applications where the internal LDOs can
experience a negative voltage.

Thermal Considerations

The LTM8001 output current may need to be derated if it
is required to operate in a high ambient temperature. The
amount of current derating is dependent upon the input
voltage, output power and ambient temperature. The
temperature rise curves given in the Typical Performance
Characteristics section canbe used asaguide. These curves
were generated by the LTM8001 mounted to a 59cm?
4-layer FR4 printed circuit board. Boards of other sizes
and layer count can exhibit different thermal behavior, so
it is incumbent upon the user to verify proper operation
over the intended system’s line, load and environmental
operating conditions.

Forincreased accuracy and fidelity tothe actual application,
many designers use finite elementanalysis (FEA) to predict
thermal performance. To that end, the Pin Configuration
of this data sheet typically gives four thermal coefficients:

8 a: Thermal resistance from junction to ambient

8ychottom: Thermal resistance from junction to the bottom
of the product case

Byctop: Thermal resistance from junction to top of the
product case

Byg: Thermal resistance from junction to the printed
circuit board
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While the meaning of each of these coefficients may seem
to be intuitive, JEDEC has defined each to avoid confusion
and inconsistency. These definitions are given in JESD
51-12, and are quoted or paraphrased below:

B4a is the natural convection junction-to-ambient air
thermal resistance measured in a one cubic foot sealed
enclosure. This environment is sometimes referred to as
“still air” although natural convection causes the air to
move. This value is determined with the part mounted to
a JESD 51-9 defined test board, which does not reflect an
actual application or viable operating condition.

B4chottom IS the junction-to-board thermal resistance with
allofthe component power dissipation flowing through the
bottom of the package. In the typical pModule regulator,
the bulk of the heat flows out the bottom of the package,
but there is always heat flow out into the ambient envi-
ronment. As a result, this thermal resistance value may
be useful for comparing packages but the test conditions
don’t generally match the user’s application.

0,ctop is determined with nearly all ofthe component power
dissipation flowing through the top of the package. As the
electrical connections of the typical pModule regulator are
on the bottom of the package, it is rare for an application
to operate such that most of the heat flows from the junc-
tion to the top of the part. As in the case of 6¢pottom, this
value may be useful for comparing packages but the test
conditions don’t generally match the user’s application.

By is the junction-to-board thermal resistance where
almost all of the heat flows through the bottom of the
UModule regulator and into the board, and is really the

sum of the 6,¢pottom and the thermal resistance of the
bottom of the part through the solder joints and through a
portion of the board. The board temperature is measured
a specified distance from the package, using a two sided,
two layer board. This board is described in JESD 51-9.

Giventhese definitions, itshould now be apparentthat none
of these thermal coefficients reflects an actual physical
operating condition of a pModule regulator. Thus, none
of them can be individually used to accurately predict the
thermal performance of the product. Likewise, it would
be inappropriate to attempt to use any one coefficient to
correlate to the junction temperature vs load graphs given
in this product’s data sheet. The only appropriate way to
use the coefficients is when running a detailed thermal
analysis, such as FEA, which considers all of the thermal
resistances simultaneously.

A graphical representation of these thermal resistances
is Figure 8. The blue resistances are contained within the
gModule regulator, and the green are outside.

The die temperature of the LTM8001 must be lower than
the maximum rating of 125°C, so care should be taken in
the layout of the circuit to ensure good heat sinking of the
LTM8001. The bulk of the heat flow out of the LTM8001
is through the bottom of the module and the BGA pads
into the printed circuit board. Consequently a poor printed
circuit board design can cause excessive heating, result-
ing in impaired performance or reliability. Please refer to
the PCB Layout section for printed circuit board design
suggestions.
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JUNCTION @

|
JUNCTION-TO-AMBIENT RESISTANCE (JESD 51-9 DEFINED BOARD)

JUNGTION-TO-CASE (TOP)
RESISTANCE

CASE (TOP)-TO-AMBIENT
RESISTANCE

—

JUNCTION-TO-BOARD RESISTANCE

JUNCTION-TO-CASE ~ CASE (BOTTOM)-TO-BOARD
(BOTTOM) RESISTANCE RESISTANCE

BOARD-TO-AMBIENT
RESISTANCE

pMODULE DEVICE

8001 FO8

Figure 8. Thermal Resistances Among pModule Device Printed Circuit Board and Ambient Environment
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Five Qutput DC/DC pModule Regulator

' L1 (13.5)
BIAS45 BIAS123 Vinas Vst *
i
i Vino Vouri 12vi ' +
18V T0 36V LDO 1 300mA
10uF__|__ 510k SET1 120pF
= RUN Voumz 12V2
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L 12 | S121m 1210 1.21M 1.21M
= 68.1k < 953Q
TGOOkHZT - - - - = 8001 TAO2
Dual Input, 2.5V 5A DC/DC pModule Converter Using a Single LTM8001
(External 3.3V Turns On Before or Simultaneously with 12V)
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Supercapacitor Charger and Two Output Regulator
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Use Two LTM8001s to Implement a 2.5V gyt 10A DC/DC pModule Converter
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.
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Table 3. LTM8001 Pinout (Sorted by Pin Number)

PIN NAME PIN NAME PIN NAME PIN NAME PIN NAME PIN NAME
A1 GND B1 GND C1 GND D1 GND E1 GND F1 GND
A2 GND B2 GND C2 GND D2 GND E2 GND F2 GND
A3 VouTo B3 VouTo C3 Vouto D3 GND E3 GND F3 GND
A4 VouTo B4 Vouto C4 VouTo D4 GND E4 GND F4 GND
A5 VouTo B5 Vouto C5 VouTo D5 GND E5 GND F5 GND
A6 Vings B6 Vings C6 Vings D6 GND E6 GND F6 GND
A7 Vinas B7 Vinas c7 Vinas D7 GND E7 GND F7 GND
A8 BIAS45 B8 BIAS123 C8 GND D8 GND ES8 GND F8 GND
A9 SET5 B9 GND C9 GND D9 GND E9 GND F9 GND
A10 Vouts B10 GND C10 GND D10 GND E10 GND F10 GND
A1 VouTs B11 Vours C11 VouTs D11 SET4 E11 Vouts F11 Vouts
PIN NAME PIN NAME PIN NAME PIN NAME PIN NAME

G1 GND H1 GND J1 Vino K1 Vino L1 Vino

G2 GND H2 GND J2 Vino K2 Vino L2 Vino

G3 GND H3 GND J3 Vino K3 Vino L3 Vino

G4 GND H4 GND J4 GND K4 SS L4 RUN

G5 GND H5 GND J5 GND K5 GND L5 FBO

G6 GND H6 GND J6 GND K6 GND L6 COMP

G7 GND H7 GND J7 GND K7 SYNC L7 RT

G8 GND H8 GND J8 GND K8 VRer L8 ILIM

G9 GND HI GND J9 GND K9 GND L9 SET1

G10 GND H10 GND J10 GND K10 GND L10 Vouts

G11 SET3 H11 SET2 J11 Vour K11 Vout2 L11 Vours
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REVISION HISTORY

REV | DATE |DESCRIPTION PAGE NUMBER
A 09/13 | Update Features section 1
Update test conditions and limits 3,4
Correct input power pin name 11
02/14 | Add SnPb BGA package option 1,2
08/14 | Add MP-grade option 2,3
08/15 | Modified maximum Vgyr conditions 4
Amended Voyt RUN description 11
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Three Output DC/DC pModule Converter
|
Vings VouTto 1A8V
ViN v, v 1V
INO ouT1
9V 70 18V LDO1 “grpq 2.2A
RUN v,
BIAS123 step-Down |LDO2 “gPia ]
BIAS45 LTM8001 | SWITCHING T
COMP REGULATOR | .po 3 gg_;g ]
Ss _ 1.2V
VRer LDO 4 VggTTj 1.3A
ILIM <
SYNC Vours
GND RT 80005 Sersf— a7 | 10uF == F‘
4 60.4k ‘% 33.2k | __100uF|
= 118k 2 19.6k
:350kHZT - - "= 8001 TAO6
PART NUMBER | DESCRIPTION COMMENTS
LTM8026 36V, 5A Step-Down pModule Regulator with 6V < V) <36V, 1.2V < Vgyt < 24V, Adjustable Current Limit, Parallelable
Adjustable Current Limit Outputs, CLK Input, 11.25mm x 15mm x 2.82mm LGA
LTM8052 36V, 5A Step-Down pModule Regulator with BV < Viy <36V, 1.2V < Vout < 24V, -5V < Iy < 5A, Adjustable Current
Adjustable Current Limit Limit, CLK Input, 11.25mm x 15mm x 2.82mm LGA, Pin Compatible with
LTM8026
LTM8061 32V, 2A Step-Down uModule Battery Charger with Suitable for CC-CV Charging Single and Dual Cell Li-lon or Li-Poly Batteries,
Programmable Input Current Limit 4,95V <V <32V, G/10 or Adjustable Timer Charge Termination, NTC
Resistor Monitor Input, 9mm x 15mm x 4.32mm LGA
LTM8062A 32V, 2A Step-Down uModule Battery Charger with Suitable for CC-CV Charging Method Battery Chemistries (Li-lon, Li-Poly,
Integrated Maximum Peak Power Tracking (MPPT) for | Lead-Acid, LiFePQy4), User Adjustable MPPT Servo Voltage, 4.95V < V)
Solar applications <32V, 3.3V < Vgarr < 18.8V Adjustable, G/10 or Adjustable Timer Charge
Termination, NTC Resistor Monitor Input, 9mm x 15mm x 4.32mm LGA
LTM8033 36V, 3A EN55022 Class B Certified DG/DC Step-Down | 3.6V < Vi < 36V, 0.8V < Vgyr < 24V, Synchronizable, 11.25mm x 15mm x
IModule Regulator 4.32mm LGA
LTM4613 36V y, 8A EN55022 Class B Certified DC/DC Step- 5V <V €36V, 3.3V < gyt < 15V, PLL input, Vgyt Tracking and Margining,
Down pModule Regulator 15mm x 15mm x 4.32mm LGA
LTM8048 1.5W, 725VDC Galvanically Isolated pModule Converter | 3.1V < V) < 32V, 2.5V < Vgyt < 12V, T1mVp.p Output Ripple, Internal Isolated
with LDO Post regulator Transformer, 9mm x 11.25mm x 4.92mm BGA
LTC2978 Octal Digital Power Supply Manager with EEPROM 12G/PMBus Interface, Configuration EEPROM, Fault Logging, 16-Bit ADC with
+0.25% TUE, 3.3V to 15V Operation
LTC2974 Quad Digital Power Supply Manager with EEPROM 12G/PMBus Interface, Configuration EEPROM, Fault Logging, per Channel
Voltage, Current and Temperature Measurements
LTC3880 Dual Output PolyPhase® Step-Down DC/DC Controller | 12C/PMBus Interface, Configuration EEPROM, Fault Logging, +0.5% Output
with Digital Power System Management Voltage Accuracy, MOSFET Gate Drivers
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