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TPIC74100-Q1 Buck/Boost Switch-Mode Regulator

Michael Weitz Mixed Signal Automotive

ABSTRACT

This document explains the features and benefits of the TPIC74100 buck/boost switch-mode regulator,
which has been designed for automotive power-management applications.

It is meant as a guideline to achieve a good configuration of the device.

The configuration of the device is dependent on the individual application. Important topics required for
this evaluation are covered. The different operating modes of the device are explained. Help for the
selection criteria of external components is given and example calculations are included. In addition, there
are rules and hints for an optimized layout and some information about evaluating the thermal condition
within the application.
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Introduction

The TPIC74100 is a buck/boost switch-mode regulator with integrated switches. It regulates the output
voltage to a fixed value of 5 V. Depending on the input voltage, it steps up (boost mode) or steps down
(buck mode) the input voltage. The feedback loop for the regulation circuit is internal. The regulator is
using voltage-mode control. As the switches are already integrated, the external components are reduced
to capacitors, resistors, and an inductor.

In addition to this primary functionality, the TPIC74100 provides circuits to supervise the input and the
output voltage. It provides protection against overcurrent, short-circuit, and overtemperature conditions.

As an additional feature, the generated output voltage can be switched to a separate device pin. If the
device is enabled, voltage is supplied to a primary/permanent output voltage pin and a
secondary/nonpermanent output voltage pin. The secondary output voltage has a supervision functionality
implemented to prevent the primary voltage from dipping.
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Figure 1. Schematic With Typical External Components
2 TPIC74100-Q1 Buck/Boost Switch-Mode Regulator SLIAO83B—May 2007 —Revised September 2010

Submit Documentation Feedback
Copyright © 2007-2010, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLIA083B

13 TEXAS
INSTRUMENTS

www.ti.com

Description

2 Description

2.1 Features and Benefits

Switch-Mode Regulator With Integrated Switches
— Less board space

— Lower cost

— Higher EMI performance

— Improved protection off the integrated switches
Buck/Boost Mode

— Wide input voltage range (ideal for automotive applications where the power supply must stay
stable during the start of the engine-cranking pulse)

Low-Power Operation Mode
— Conserves battery power during conditions with low load current
Second Output Voltage With Enable Function

— The primary/permanent output voltage can be switched to a second pin, which acts as a second
output voltage with enable function.

— Soft-start for second output voltage implemented

— Conserve battery power by disabling second output voltage under certain conditions
— Vgt Voltage is protected from failures of the 5Vg line

Device Enable Function

— Conserve battery power during system shutdown by disabling the device

Enhanced EMI Performance

— Programmable frequency modulation — spread spectrum

— Programmable slew rate

Supervision Functionality

— Supervision of input voltage, programmable under-voltage detection threshold, and open-drain
output for generation of alarm signal

— Supervision of output voltage, programmable delay timer, and open-drain output for generation of

reset signal, e.g., for supervisor microcontroller
Current Limit
— Protection in case of overcurrent and short-circuit conditions
Thermal Shutdown
— Protection in case of overtemperature conditions
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Operating Modes

Start-Up

It is important to consider the separate specification for the input voltage V.., during start-up of the device
(setting ENABLE pin from low to high). The device is not able to start up with the lowest specified input
voltage.

During start-up, the device internal power supply V. is fed by the input voltage at V... After start-up, it
is fed by the output voltage and is no longer dependent of the input voltage (see the TPIC74100 data
sheet in the Electrical Characteristics section, parameter V.., Start-up condition voltage).

Continuous — Discontinuous Conduction Mode

Whether the device operates in buck or in boost mode, there is a differentiation between continuous and
discontinuous conduction mode. For buck and boost mode operation in continuous conduction mode, the
function of the inductor current (1) is a triangle. In buck mode, the average current of I, equals the output
load current lo; in boost mode, it equals the input current 1,

As long as the minimum current in the inductor, 1, (min), is greater than 0 mA, the regulator operates in
continuous conduction mode. There are two unique stages that the power stage assumes during
continuous conduction mode: on stage and off stage. The current flow in the inductor is continuous.

At all other times, the regulator operates in discontinuous mode. There are three unique stages that the
power stage assumes during discontinuous conduction mode: on stage, off stage, and idle stage. The
current flow in the inductor is discontinuous.

Continuous conduction mode

" Laverage

Discontinuous conduction mode

ff/\ffff—//\————Afff*/* Y-

tOFF tIDLE

Figure 2. Continuous and Discontinuous Conduction Modes

The frequency response of the regulator changes between the two modes. Continuous conduction mode
is considered the main operation condition. The transition threshold of the average inductor current
(I average) DEtWeEeEN the two modes is determined by the peak-to-peak value of the ripple current in the
inductor (dl,). Within a certain range, it can be modified by selection of the inductance (see Section 3.1).
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Buck Mode
In buck mode, the device is stepping/converting down the input voltage, SO Viver > Vour-

Figure 3 shows the equivalent schematic for the on and off phases while operating in continuous
conduction buck mode. The on and off phases relate to the status of the high-side switch, Q1, which is
connected to the input voltage Vy = Vyiver

Buck Mode: t Buck Mode: t .
Vin
L

‘ Vour
[
o

ESR

Rload Rload

p Cout

Figure 3. Equivalent Schematics — Buck Mode

During the on phase, the current in the inductor is increasing; during the off phase, it is decreasing. The
average current in the Inductor is equal to the output load current (Ior). As long as the inductor current is
higher than the output load current, the output capacitor (Coyr) is charging. If it is lower than the output
load current, Co; is discharging.
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2.2.4 Boost Mode
In boost mode, the device is stepping/converting up the input voltage, SO Vgiver < Vour-

Figure 5 shows the equivalent schematic for the on and off phases while operating in continuous
conduction boost mode. The on and off phases relate to the status of the low-side switch, Q3, which is
connected to the ground pin.

Boost Mode: t Boost Mode: t ..

\ VN

ESR

RIoad Rload

p Cour

Figure 5. Equivalent Schematics — Boost Mode

During the on phase, the current in the inductor is increasing; during the off phase, it is decreasing. The
average current in the inductor is equal to the input current (I,y = l4er)- During the on phase, the output
capacitor (Cqy7) is discharging; during the off phase, Cor is charging.

Discharge Charge
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Figure 6. Ideal Boost Converter, Continuous Conduction, I, and Vq,; vs Time
Var o _Te ] To=toy+1 | average = |
= = — = Laverage — 'IN
V|N TP tON 1 _ D P ON OFF
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2.2.6

2.2.7

Transition Buck / Boost Mode

The transition between buck and boost mode is
done automatically and has almost no impact
on the output voltage (Vqur)-

Device Startup

These points must be considered:

» Output voltage tolerance increases to worst
case value of +3% instead of +2% during the
transition between the two modes.

e Output current capability decreases with
decreasing input voltage (V) in boost
mode.

Boost Mode

The increased output voltage tolerance is
specified for the transition phase from buck to
boost and from boost to buck.

» Transition from boost to buck occurs during
increasing V..., VOItage at the threshold of
5.8 V (typical).

e Transition from buck to boost occurs during
decreasing V. Voltage, within the so-
called crossover window, from 5.8 V (typical)
down to 5 V (typical).

The exact threshold for the transition between
the modes is dependent on the input voltage
Vaiver the load current | r, and the external
components.

Buck Mode

The increased tolerance during the transition is
primarily required for conditions with low load
currents. Ripple of the output voltage in general
improves for higher load current conditions.

Figure 7. Mode Transition

Low-Power Mode

To increase the efficiency at low output load currents, the device can be switched into a low-power
operation mode. Output load currents are considered low if the device operates in discontinuous
conduction mode.

During normal operation with no low-power mode activated, the device is works in pulse-width modulation
(PWM) mode. The switching frequency remains constant, and regulation is accomplished by variation of
the duty cycle. In low-power mode, the device is working in pulse-frequency modulation (PFM) mode.
Regulation is accomplished by variation of the switching frequency.

There is no reduced load current capability for the output load in PFM mode. Efficiency is lower and output
voltage ripple is larger than in PWM mode for higher load currents. Low-power mode functionality is
implemented for buck-mode operation. In boost-mode conditions, the device automatically operates in
PWM mode. When low-power mode is enabled, the transition between buck and boost is also a transition
between PWM mode and PFM mode.

Secondary Output Voltage

The secondary output voltage (5Vg) can be switched on and off while the device is enabled. Internally, the
primary output voltage Vo is shared to the 5Vg pin.
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Figure 8. Primary and Secondary Output Voltage Terminals

An internal charge pump drives the internal FET that shares the primary output voltage on the Vg pin to
the 5Vg pin. Protection is implemented to prevent the primary output voltage from dropping below its
specified value while the secondary output voltage is enabled. An explanation of the block diagram in
Figure 8 is given by the following example:

The device is enabled, and output voltage Vo is up and stable.
5Vg is enabled (pin 5Vg_ENABLE is set high) with load resistance connected to 5Vg.

If output voltage Vo drops below typical (Vour — 100 mV), the charge pump of the V5g FET is
switched off, and the FET remains on for a while as the gate voltage slowly drops.

If Vour drops below the RESET threshold of 4.65 V (typical), the FET of the secondary output voltage
5Vg is switched off (the gate is drawn to ground level).

A deglitch time ensures that a device reset does not occur if Vo, drops to the reset level during the
V5g turn-on phase.

If Vour is rising above typical (Voyr — 100 mV), the charge pump of the V5g FET is switched on and
drives the gate of the 5Vg FET on.

In summary, the 5Vg output current is limited by a PFM. Modulation is realized by two-point control loop
monitoring the primary output voltage Vg
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2.2.8

Other Operating Conditions/Modes
Overvoltage Protection Circuit for Vqour

The overvoltage protection circuit for Vo, prevents the output voltage from rising above the specified
boundaries. It activates during operation in discontinuous conduction mode at very low load currents.

In discontinuous mode, the minimum on time t,, determines the minimum amount of energy that is
pumped into the inductance. Once in the inductance, the energy is transferred to the output terminal, Vqyr.
In other words, every triangle of the inductor current in discontinuous conduction mode (see Figure 2)
transfers a minimum amount of energy to the output. If the output load current consumes less than this
amount, the output voltage would rise without the protection circuit.

The overvoltage protection circuit monitors the output voltage and skips the ON phase (that is, it does not
switch on the high-side FET Q1) if Vo is higher than 5.08 V (typical). By skipping the ON phase, a PFM
mode is realized within the operation in PWM mode.

Synchronous/Nonsynchronous Mode

To prevent the current in the inductance from reverting during the OFF phase at low load currents
(discontinuous conduction mode) in buck mode, the low-side FET Q2 is not switched on. Current flow
during OFF phase is through the free-wheeling diode of the low-side FET Q2 and the external Schottky
diode. A reverting current in the inductance would add losses and decrease efficiency. When this occurs,
the regulator is working in nonsynchronous mode.

If the peak current measured in the high-side FET Q1 exceeds 450 mA (typical), the low-side FET Q2 is
switched ON during the OFF phase (see Figure 3). Voltage drop across the diode is now reduced to the
voltage drop across the ON resistance of the low-side FET Q2 (RDS ON). In this case, the regulator is
working in synchronous mode with an increased efficiency.

Slew Rate Control

The slew rate settings control the input current rate of the high-side FET Q1 in buck mode. Buck mode is
the most critical mode, because of the high ripple currents at the input terminal V... The slew rate control
gives the option to improve EMI performance by selecting slower slew rate settings or to improve
efficiency by selecting faster slew rate settings (see typical oscilloscope plots of different slew rate setting
in the data sheet).

Peak Current Limit

In buck mode, the peak current limit circuit monitors the current flow through the high-side FET Q1, which
is connected to the V., terminal. If a current higher than the peak current limit threshold of 2 A (typical) is
detected, FET Q1 is switched off. There is a turn-off delay for the FET of 100 ns (typical). FET Q1 can be
turned on again in the next cycle of the switching period. In low-power mode, the peak current limit is
reduced to 1 A (typical).

In boost mode, the gate of the high-side FET Q1 is pulled down if the peak current limit threshold of
2 A (typical) is detected. The average current limit is dependent of the external configuration (e.g.,
capacitor size at Vo1, RDS ON of the inductor, etc.). It is slightly higher in boost mode than in buck mode.

The slope of the inductor current determines the actual peak current. The slope of the inductor current can
become very large if the inductor is operated in saturation. If the peak current limit is meant as short-circuit
protection for the application, an inductor with appropriate saturation current (Is,r) must be selected.
Otherwise, the inductor could be destroyed under a short-circuit condition (see Section 3.1).
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2.3

231

2.3.2

233

2.3.4

EMI performance

Modulation of the Switching Frequency

Modulation of the switching frequency can improve the EMI performance by spreading the emitted
spectrum of the switch-mode regulator (frequency spread-spectrum method).

The switching frequency of the regulator can be modulated with the clock modulator frequency. This
modulation frequency can be selected with an external resistor from the R,,,4 pin to the GND pin.

By modulating the switching frequency, its spectral line sweeps back and forth accordingly in the
frequency spectrum. The nonmodulated spectral line of the switching frequency is transformed into a
spectral band by modulation, causing emitted peak values to decrease. The speed of the sweep is
adjusted with the modulator frequency, while the span of the sweep remains constant.

It is not possible to switch on the modulation if the device is already enabled. The check for an external
resistor connected to R4 is only performed once when the device is enabled.

Selection of the Slew Rate

The slew rate of the regulator can be programmed in four stages. Depending on application requirements,
device operation can be optimized for EMI performance or for high efficiency. Faster slew rates result in
higher efficiency, and slower slew rates result in better EMI performance.

Adjustment of the Ripple Current

Another way to improve the EMI performance is to reduce the ripple current in the inductor. The ripple
current can be adjusted by the selection of external components.

External Schottky Diode

The external Schottky diode optimizes the regulator for EMI performance and efficiency. It is required for
stable operation and placed between pins L1 and PGND.

In buck mode, the voltage drop at the low-side FET Q2 during the off period is determined by its on
resistance (rpsen)- The voltage drop is limited by the forward voltage of the internal diode of the FET Q2
(free-wheeling diode). There is a dead time when both switches are OFF during the transition from ON to
OFF. During the dead time, the voltage drop is defined by the forward voltage of the internal diode or the
external Schottky diode. With the lower forward voltage of a Schottky diode, the voltage drop is reduced.

For high-power applications, a lower voltage drop means increased efficiency. The fast response time of
the Schottky diode also has a positive effect on EMI performance. In addition, part of the overall thermal
dissipation loss is transferred from the TPIC74100 to the external Schottky diode.

10
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3 Selection of External Components

3.1 Inductor

Inductance

 Recommended inductance range: 22 uH to 100 uH

» Define the tolerable ripple current (e.g., dl, = 0.2 x lo,r) and calculate the inductance.
» Another option is to calculate the ripple current at a given inductance.

* The size of the ripple current (dl,) determines the threshold for the regulator to operate in continuous or
discontinuous conduction mode, which might impact EMI behavior (see Section 2.2.2).

e A larger inductance value results in lower current ripple, better EMI performance, but it also results in
slower response to fast load transients, due to the larger amount of stored energy in the inductor.
(VIN B VOUT) X VOUT (VIN B VOUT) X VOUT

Buck Mode: L=
vk vode fsw X dlf X Vi fsw X L X Vi

di, =

(VOUT B VIN) X VIN
fsw X dIL X VOUT

(VOUT B VIN) X VIN
fsw x L x VOUT

Boost Mode: L = di, =
DC Resistance (DCR)
* Low DCR is required to reduce losses and achieve high efficiency.

Saturation Current (lsar)

» For a short-circuit proof design, the saturation current (ls,;) of the inductor should be equal to or
greater than the internal peak current limit.

Root Mean Square (RMS) Current (Igys)

» The RMS current in the inductor causes the temperature of the inductor to rise a specific amount
above ambient temperature.

Buck Mode: I\ average = lour lems_L = lrws_our

VIN

lems_our = L X oy, = 0.29 x dI,

0.29 X Vg, ; X (1 - VOUT)

Boost Mode: I average = Iin lrms_1 = lruis_driver

I . = =X dl = (VOUT _ VIN) x VIN
RMS_driver 3 L 3 X L X fSW X VOUT

3.2 Input Capacitor

An external filter capacitor is required at the input terminal V,..,. The capacitor needs to support peak
currents to reduce voltage ripple at V.., and minimize noise. For the input capacitor, buck mode causes
much more stress than boost mode. The following key parameters need to be considered for the selection
of C.

Capacitance

» For most applications, the requirements for high RMS current rating and low ESR determine the
minimum available capacitance.

 Recommended capacitance is 22 yF to 470 yF.

Equivalent Series Resistance (ESR)

» Low ESR required to reduce voltage ripple at the input Ve

* Alow-ESR aluminum or tantalum-type capacitor with ESR < 200 mQ is recommended.
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Voltage Rating

» Approximately 1.5 times the maximum applied voltage at V., for an aluminum-type capacitor
» Approximately two times the maximum applied voltage at V., for a tantalum-type capacitor
Equivalent Series Inductance (ESL)

» Choose low ESL capacitors to avoid potential problems with ringing in the lower MHz range.
RMS Current Rating

* RMS value of the input ripple current (Igvs aiver) N€ats up input capacitor C,y due to it is internal ESR.
This rating is especially critical in buck mode.

\% Vi — V
Buck Mode: lams_aiver = lour X /D-D2?= lour X \/ our (Vin out)

(Vin)?

I
Worst Case: D = 50%.Viy = 2 X Vour:  laus giver = —5r

2
] _1 _ (VOUT B VIN) X VIN
Boost Mode: s aier = 3 X Al = 357~ fow X Vour
Y,
Worst Case: D = 50%Vour = 2 X Vv’ s wnr = T35 Lo T

In parallel to the filter capacitor at the input terminal on V.., a fast ceramic-type capacitor is
recommended for EMI performance reasons.

3.3 Output Capacitors

An external filter capacitor is required at the output pins Vo r and 5Vg. The capacitors must support the
peak currents to reduce voltage ripple at Vq,; and minimize noise. For the output capacitor, boost mode
causes much more stress than buck mode. Filtering of the output voltage is done by Cgr at the Vg pin.
The on resistance of the 5Vg FET (rpg(n) limits the filter capability of C,,. The following key parameters
must be considered for the selection of Cyyr and Cgy,.

Capacitance

» Capacitance influences the output voltage ripple, but the ESR of the capacitor has more influence (see
the following formulas).

« Recommended capacitance Cq; is 22 uF to 470 uF.
* Recommended capacitance C,, is 1 pF to 100 pF.
+ Total capacitance (Cqyr + Csyg) must be equal or less than 470 uF.

Equivalent Series Resistance (ESR)

» Low ESR is required to reduce voltage ripple at V.

* Alow ESR aluminum or tantalum type capacitor is recommended.

* Ripple of the output voltage is mainly determined by the ESR value.

Buck Mode:  dVoyr = dVeer counr + 0Veour = Al X [ ESRegyr + =——t———
- 8 X Cour X fsw
Boost Mode: dVoyur = dVESRfCOUNT + dVeour
V
IOUT x|1- =
qv _ lour X D _ Vour
cout — =
Cour X fsw Cour X fsw
lour di lour X Vour |, dl,
dVESRfCOUTfMAX = (1 D + > X ESRcour = Vi + ) X ESRcount
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Voltage Rating

» Approximately 1.5 times the output voltage at V; for an aluminum type capacitor

» Approximately two times the output voltage at Vq; for a tantalum type capacitor
Equivalent Series Inductance (ESL)

» Choose low ESL capacitors to avoid potential problems with ringing in the lower MHz range.
RMS Current Rating

* RMS value of the output ripple current lzys our heats up the output capacitor (Coyr) due to its internal
ESR. This rating is especially critical in boost mode.

\%
0.29 X Vg,; X (1 - °UT>
VIN

las_ our = o = 0.29 x dI,
SW

Vour — V D
Boost Mode:  lgys our = lour X /%N”“ =lor X /75

3.4 Stability Considerations

Buck Mode:

The TPIC74100 is a voltage-mode controlled regulator with fully integrated feedback loop, error amplifier,
and compensation. No further external components are required.

The main external influence to the frequency and phase response of the TPIC74100 is determined by the
output filter. Inductor and output capacitor should be selected within the following range:

Inductor L (inductance): Min: 22 uH Max: 100 yH
Capacitor Cour (capacitance): Min: 22 uF Max: 470 uF (Cour + Csyy)

Series resistance of the output capacitor:

ESR. 22 yH =L <68 uH
22 yF 2 Cyyr £ 470 yF: Min: 50 mQ Max: 500 mQ
68 yH > L <100 yH
22 UF = Cyr < 33uF: Min: 100 mQ Max: 500 mQ
33 UF =2 Cyyr £ 470uF:  Min: 50 mQ Max: 500 mQ

The following values are recommended by TI for best performance:
e L=33uH

e C=47yF

* ESR: =50 mQ to 100 mQ
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3.5 External Schottky Diode

DC Blocking Voltage/Reverse Voltage (Vg)
e Vg 2 maximum input voltage at V., terminal
 Recommendation: Vg 240V

Feed Forward Voltage
e Maximum voltage drop at 125°C < 0.4V

Average Rectified Forward Current (lp)
* |y 2 maximum specified load current lo;
» For a short-circuit proof design, I must be greater than the internal peak current limit.

See Section 2.3.4.

3.6 Modulator Frequency

Selection is done via external resistor at pin R, to GND. The resistor is checked only once when the
device is enabled. If no resistor is detected, the functionality is disabled. This means the modulation
cannot be enabled while the device is operating.

Table 1. Modulator Frequency

Minimum Switching Frequency Maximum Modulation Frequency
Rmod f(mod) f f
(SW_MIN) (SW_MAX)
0 kQ 0 kHz f(swﬁmw) = f(SW) f(SWﬁMAX) = f(SW)
12 kQ 28 kHz (typ) fsw_miny = fiswy — modulation span fsw_max) = fsw) + modulation span
24 kQ 56 kHz (typ) fsw_miny = fiswy — modulation span fsw_max) = fsw) + modulation span

The external resistor determines the period T, it takes for the switching frequency f,, to sweep from
the modulation minimum frequency to the modulation maximum frequency. Modulation minimum and
maximum frequency and resulting modulation span (maximum modulation frequency — minimum
modulation frequency) are not dependent on the modulation frequency.

Modulation of the switching frequency increases EMI performance (see Section 2.3.1).

3.7 Slew Rate Selection

The pins SCRO and SCR1 do not support full input voltage range of V... (See the maximum ratings
specified in the data sheet). Usually they are connected to V. 0r Vour.

Table 2. Slew Rate Selection

SCR1 SCRO SRQ1 EMI Performance Efficiency
GND GND Slowest slew rate Best case Worst case
GND HIGH Slow slew rate
HIGH GND Fast slew rate
HIGH HIGH Fastest slew rate Worst case Best case
14 TPIC74100-Q1 Buck/Boost Switch-Mode Regulator SLIAO83B—May 2007 —Revised September 2010
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3.8

3.9

3.10

3.11

3.12

Input Voltage Monitoring Threshold

Voriver Vour
O @)
Upper Limit Threshold: 2.5V (typ)
Lower Limit Threshold: 2.3 V (typ) 500 kQ
Hysteresis 200: mV (typ)
A
R2 o ® O MCU Input
+
AIN o
R1 _

Figure 9. SVS Circuit

Total resistance (R1 + R2) determines additional leakage current.

— Vdr\ver — AIN
lcakage = A1+ D) R1 = (R1 + R2) x V.

Reset Timer Delay
Program the desired delay time to assert RESET low after output voltage Vo, has exceeded

4.65 V (typical) by an external capacitor at REST. Delay may be programmed in the range of 2.2 ms to

150 ms.

RESET delay = (Crest/1 NF) x 1 ms — 1 nF is equivalent to a delay of 1 ms

Pullup Resistors

Pullup resistors at Ay and RESET are usually connected to Voyr OF Vo4 Aoyr and RESET do not
support full input voltage range of V.., (Se€ maximum ratings specified in the data sheet).

Miscellaneous

Vlogic
 During startup, Vo4 is ~ Vg but not higher than ~6 V (start up condition Ve > 5 V).
+ If the device is operating, Vo IS ~ Vour (supplied by Vo).

Example Calculations
Application Conditions

Vriver: 15Vto40V — Device operating in buck and boost mode
Vir typr 12V — Typical V., Voltage for application
o lour: OAtolA — Output load over full specification range
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Inductor L
e Maximum ripple current: dl =0.2 % lg,r=0.2x 1A =200 mA
» L for typical input driver voltage Ve = Vg yp = 12V
Viu—Vour) XV, 12V-5V)x5V
Buck mode: = Vo = Vour) X Vour = ( ) = 38 uH
fow X L x Vi 380 kHz x 200 mA x 12V
— Selection: L =33 pH
* Check worst-case ripple current over operating conditions
Buck mode, worst case: Vin = Variver max = 40 V
dl, = Vi =Vou) xVour - (4OV=5SV)XEV 05 a
fow X L x Vi 380 kHz x 33 uH x 40 V
Boost mode, worst case: Vv = Vour/2
Vour — Vi) X V V 5V
dlL - ( ouT IN) IN — ouT — — 100 mA
fow X L X Vour 4xfsyxL 4 x380kHz x 33 uH
— Worst case: buck mode, dI, = 350 mA
*  RMS current Igys:
Buck mode, worst case: lrms_our = 0.29 x dI, =0.29 x 350 mA = 102 mA
Boost mode, worst case: lrms_driver = 73 X dl. = %5 x 100 mA = 33 mA
— Worst case: buck mode, lgys * 100 mA
* Saturation current lgag:
dl dl 350 mA
Buck mode, worst case: | pear = I + ?L = loyr + ?L =1A+ —— =1.18A
\Y,
V=2 =25V, Iy=2 X loyr lour max = ~500 MA
Boost mode, worst case: ) " o oum
(includes margin, specified is 200 mA for Ve, = 2 V)
dl dl 100 mA
IL,peak:|L+?L_I|N+?L:2X0.5A+ 2 :105A
— Isar # 1.2 A, considering short-circuit protection some added margin
Input Capacitor C,y
* RMS current rating lzys
Buck mode, worst case: Vin =2 X Vour, lrws_driver = lour/2 =1 A/2=05A
Boost mode, worst case: lrms_driver = 3 X dI. = %5 x 100 mA = 33 mA
— Worst case: buck mode, Igys > 0.5 A
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Output Capacitor Cqyr

!

!

RMS current rating lzys

Buck mode, worst case: lrms our = 0.29 x dI, = 0.29 x 350 mA = 102 mA
Boost mode, worst case: Vin = Vaiver min = 1.5V
lout max * 350 MA (specified 200 mA, additional margin)
Vour =V 5V—-15V
I w=lour X [ —N=350mA x [2¥X— =2V = 535 MA
RMS_out ouT V|N 1.5 V

— Worst case, boost mode, Igys > 0.5 A

Output voltage ripple: — defined dVq r < 200 mV
Buck mode, minimum capacitance Cg:

Cour = e X g iV X Toy S0 MAX g 500 mY x 380 KkHz ~ > 0"
Buck mode, maximum ESR for Cg1:
dVEsr _cour  200mV
ESRcout = — = =570mQ
di 350mA
Boost mode, minimum capacitance Cgyy:
VIN = Vdriverﬁmin = 15 V! IOUTﬁmax * 350 mA
(specified 200mA, additional margin)
V
|oUTX(1—VIN) 350mAx(1—@)
c _ ouT _ 5V — 6.4 uF
out dVeour X fow 100 mV x 380 kHz S H
Boost mode, maximum ESR for Cg
dv
ESReoyr = ESR_COUT_MAX _ 200 mV — 164 mQ
lour X Vour  dI, (350 mA x5V _ 100 mA)
TV Tt 15V 2

Regarding output ripple voltage: required capacitance is much lower than recommended

range of 22 pyF to 470 pF.
ESR is the critical parameter for output voltage ripple.
Required ESR for dVg r £ 200 mV of 164 mQ is within recommended range for stability.
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4 PCB Layout

4.1 Thermal Pad of the Package
The TPIC74100 package is the PWP 20-pin PowerPAD™ plastic small-outline package.

The device package has a thermal pad for optimized transport of the heat from the device. For maximum
efficiency, the thermal pad must be attached to a heat spreader (copper area) by using a low thermal
impedance attachment method (solder paste or thermal conductive epoxy). In most applications, it is
suggested that the ground plane be used as the heat spreader (best compromise between space and
performance).

If this needs to be done with the help of thermal vias, use the complete space of the thermal pad for
placing several thermal vias.

’« »Hk—w

QHDHHHHHHHHH?,QW3
o o}

L/ 450 6,60

lg 2: 4,30 6,20
i A
@HHHHHHHH]HO_

Figure 10. PWP Package With Thermal Pad

0.18 mm
(square) package Solder Pad
H Component Traces
y [ 1.5038 mm to 1.5748 mm
Component Trace
2 Plane (2-0z Cu)
] 1.0142 mm to 1.0502 mm
Ground Plane
« -
4 Plane 1.5748 mm Thermal Via (1-0z Cu)
| [ 0.5246 mm to 0.5606 mm
\ Thermal Isolation Power Plane
Power plane only (1-0z Cu)
A [— 0.0 mm to 0.071 mm
\ Board Base and Bottom Pad

Package Solder Pad
(bottom trace)

Figure 11. Thermal Vias With Multilayer Board (Side View)

In Figure 11, the thermal via is connected to the internal ground plane. In such a case, the addition of an
additional heat spreader on the bottom side is strongly recommended. Copper areas on top or bottom of
the board offer much better thermal impedance than internal copper areas.
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4.2 Components Placement

The placement of some of the components is critical to the converter efficiency and stability and to the
EMI performance of the system. Components need to be placed according to Table 3.

Table 3. Component Placement Priority List

Priority Comment Component
¢ Inductor L
+ Output capacitors Coyr and Cgyg
1 Place as close as possible to the device pins « Input capacitor Cyyer

« External Schottky diode
* Viogic Capacitor

2 Place close to the device pins » Bootstrap capacitors Cp,y and Cpogr

» Pullup resistors for Agyr and RESET
« Capacitor at REST

* Resistance at Ryoq

* Resistor divider at Ay

3 Least critical components

4.3 Traces — Routing

All power traces should use available space for maximum with of the trace. Length of the power traces is
critical for EMI radiation. Keep connection traces of the most critical components (Priority 1 components in
Table 3) as short as possible. Avoid routing through different layers. Consider the use of more than a
single via if a layer switch is required for a power trace.

4.4 Ground Concept
Using a two-layer ground concept is recommended.

Power ground is connected with the PGND pin. All external components in the power path must connect
directly to this power ground layer, including the inductor, input capacitor, output capacitor, 5Vg capacitor,
and external Schottky diode.

The second ground layer is connected with the GND pin and the remaining GND pins of the external
components, such as the capacitor at V.. and REST, and resistors at Ay, and R;q4.

Both ground layers are connected to each other at a single location close to PGND and GND of the
device.
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5 Thermal Analysis
5.1 Terms and Definitions
Maximum power dissipation, Ppya:
Timax) — Maximum allowable junction temperature
Pomax) = (Tymax) — Ta)/Resa Ta — Ambient temperature
Rgia — Thermal resistance junction to ambient
Junction temperature, T;:
T, — Junction temperature
T,=Pp X Rgja + Ty Po — Power dissipation
Ty = (Pn—Pour) X Resa + Ta P — Input power
Pour — Output power
T,=(1-n/100%) X Py X Rgja + Ta n — Efficiency N = (Pour/Pi) x 100%
The thermal resistance junction to ambient Ry;, is specified for systems placed in still air environment
unlike the thermal resistance junction to moving air Rg,,.. Several factors have a strong impact on the
RSJA'
T,=Tc+ (Wi X (Py = Pour) Y. — Junction to top of the package thermal metric
5.2 Package
The TPIC74100 package is the PWP 20-pin PowerPAD plastic small-outline package.
For correct attachment of the thermal pad, certain trace widths, copper size, thermal vias, etc., the
following values have been modeled for this package:
*  Rga 32.63°C/W
* Y, 0.607°C/W
See the Texas Instruments application report PowerPAD™ Thermally Enhanced Package (literature
number SLMAO0Q2).
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5.3 Thermal Calculations Example

Application Conditions

e Input: Viy = Vgiver = 12 V

e Output: Vour =5V, lgur=1A

» Efficiency: n = 80% (estimated)
* Ambient: 100°C

Calculations

P Voyr X |
Py = —920 X 100% = ~UT 0V x 100% = 5\’%%/0“ x 100% = 6.25 W

T,= (1= ) x Py x Rgps + To = (1 — 39% ) & 6.25W x 32.63°C/W + 100°C = 140°C
J 100% IN 0JA A 100% . .

— As explained in Section 5.1, this is a rough estimation.

— For a closer estimation, the case temperature of the device is measured in the application.
Measured case temperature T.: T, # 132°C

T,=Tc + (Wi x (P — Pour)) * 132°C + (0.607°C/W x (6.25 W — 5 W)) # 132.8°C

This junction temperature is still calculated based values out of a model, but it gives an accurate
estimation of the real junction temperature.

Calculations need to be continued accordingly for the external components. In particular, the capacitors for
the in and output terminal and the inductor heat themselves due to internal losses.
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6 Summary

The sequence of the following questions might help evaluate the exact requirements for the individual
power-supply application. Knowing the exact requirements makes is easier to start designing with the
TPIC74100. This list does not cover everything, but the most important points to be considered are:

1. Will the device operate in buck mode, boost mode, or in both modes?
* May influence the selection of external components
2. Is the continuous/discontinuous mode threshold important?
« Depends on load current and does influence EMI performance
e Can be influenced by the inductance of the inductor
3. Is short-circuit protection required?
< Inductor needs to be selected with appropriate saturation current
4. Low-power mode operation?
¢ When to enable (verify load current conditions)?
5. What are the efficiency and EMI performance requirements?
« External Schottky diode?
» Resistor for modulation?
e Slew rate control?
« Add some fast ceramic-type capacitors?
6. Is ripple of the output voltage important?
* Low-ESR output capacitor
« Optional, place capacitors in parallel
7. Is the RMS current capability of the input and output capacitors sufficient?
e Verify for input capacitor, especially in buck mode
< Verify for output capacitor, especially in boost mode
8. Is the second output voltage at 5Vg required?
« Additional output capacitor at pin 5Vg
9. Layout?
e  Critical components as close as possible to the device?
e Power traces at maximum width?
10. Is high-temperature range required?
e Thermal pad attached to heat spreader?
« External components verified; self heating due to RMS current?
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Understanding Buck Power Stages in Switch-Mode Power Supplies (SLAV057)
Understanding Boost Power Stages in Switch-Mode Power Supplies (SLVA061)
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