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ABSTRACT

The DRV3201 boost converter is used to drive the external power MOSFETs. This type of converter
allows the DRV3201 to continue full operation of the external bridges down to a lower voltage than other
DC-DC converters. It is important to understand the requirements of the external components to power the
boost to ensure proper operation. This application report describes the boost converter for the DRV3201.
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1 Boost Converter

The output current capability of the Boost Converter can be configured with the external Rshunt_boost
resistor to 0.1 V/Rshunt_boost (please note that this resistor needs to be able to conduct the boost
switching current). In this way, the output current capability can be dimensioned to the needed current
determined by the PWM switching frequency and the gate-charge of the external power FETs. Tl
recommends choosing a coil having a current saturation level of at least 30% above the current limit level
set with the resistor Rshunt_boost .

The operation principle of the Boost Converter is based on a burst-mode fixed-frequency controller. During
the on-time, the internal low-side boost FET turned on until the current limit level is detected; the off-time
is calculated proportionally from a 2.5-MHz time-reference by sensing the supply voltage (VS) and the
output voltage (VBOOST). The formula for the calculated off-time is given in Equation 1, with f . = 2.5
MHz.

VS
VBoosT * f BoosT @

toff

For steady-state, the current in the coil will look as illustrated in Figure 1.
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Figure 1. Coil Current Waveforms in Steady State for Nominal, High and Low Battery Voltage

From this figure, the ripple current and the boost output current can be calculated as follows:
VS VS (VBOOST - VS) x VS
' ropte = v L Y
x f BoosT BOOST * f BoosT * VpoosT @

lgoosT = _Vs IL quriin — y | (Veoost = V8) x VS
V BoosT 27| Lx f goost * VeoosT

©)

fBoosT = 2.5 MHZz; (Vgoost —VS) =15V, ILcyriim = [&]

shunt _boost 4)
As Equation 3 shows, the boost output current capability for a given IL_curlim is the lowest for the
minimum supply voltage VS. So the boost output current capability needs to be dimensioned (by setting
IL_curlim with external Rshunt_boost) such that the needed output current (based on PWM frequency and
gate-charge of the external power FETs) can be delivered at the needed minimum supply voltage for the
application. Equation 5 gives IL_curlim as a function of IBOOST and VS:

VBoosT Vi - VS
IL. . =] x 290951 1/ | ZBOOST — *©
curlim BOOST VS /2 L x f BOOST 5)
For setting the IL_curlim, the minimum application supply needs to be used in this equation and IBOOST
according to Equation 5. The minimum application supply voltage which the DRV3201 can support is 4.75
V.

As shown by Equation 3, the boost output current capability increases for higher supply voltage VS. In
case the boost output current capability is dimensioned such that it can deliver the necessary output
current for the minimum supply voltage, it actually will deliver more current than needed for nominal supply
voltage. This will cause the boost voltage to increase. Therefore, a hysteretic comparator (low-level
VBOOST - VS = 14V, high level VBOOST — VS = 16 V) determines starting/stopping the burst pulsing,
as Figure 2 illustrates.

2 DRV3201 Boost Converter SLVA741—-November 2015

Submit Documentation Feedback
Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA741

13 TEXAS

INSTRUMENTS
www.ti.com Application Circuit for Boost Converter
VBOOST-VS
A '
16V
14V
| 1) When VBOOST-VS>16V, boost FET kept on untill | | | |
~ current limit reached. No off-time calculated untill | | 2)When VBOOST-VS<14V,
- | VBOOST-VS<14V : | | | new off-time calculated. :
( (( | Boost FET turned on after offitime passed
‘LS 1 ! T | : >
|
IL | | | | | |
Iouin = & | L |
0.1VRboost_shunt | __'__ ____________ T ___I |___|
| |
|
X | |
. 4o !
1~ e E | |
! | ! L ! | |
[ ! I | | I I I
| | | | | | | |
| | | | | |
! [ | bl | [ [
| | | AN | | |
o ! ! ! | (¢ | N\ ! ! ! >
) le— T )) [ e ] — > —> g
ton tor = VS / (Maoost * faoost) | | tor = . tor = VS / (Vaoos * fsoos)! on ty=vs/ (Voost * faoost)
V8 / (Veoost * faoost) |
tonttor = 1/ faoost ton+torr = 1/ facost

Figure 2. Boost Waveforms Showing Burst Pulsing Controlled by Hysteretic Comparator Levels

2 Application Circuit for Boost Converter

The recommended application for the Boost Converter is given in Figure 3. For the best performance a
Schottky diode and a 22-pH coil is required. The current limit for the internal FET (and hence the
maximum current in the coil) can be adjusted and is set to 0.1 V/0.33 Q = 303 mA in the recommended

application.
L | Battery Voltage
: DRV3201 vs |
| Circuit EH:
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| | L1
l SW I_II —
LI —
' l
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l —
| E BOOST&
l | 1
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Figure 3. Recommended Application Circuit for Boost Converter

All capacitors must be appropriately sized to handle the boost voltage. The following list shows the part
numbers for the primary components:

L1 = B82442A1223K000

D1 = SS28
Cl=1pF
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Boost Converter Noise Reduction

In addition to the boost capacitor C1, two bypass capacitors, C2 and C3, are placed to reduce the ringing
effect from the converter switching. Figure 4 shows the effect of adding two 0.1-pF bypass capacitors to
the boost ripple. The red trace is the rising edge of the boost ripple while the converter is switching. The
green trace shows the current sense output O1 to illustrate the possible coupling on the system. The first
diagram is taken from our DRV3201EVM without any bypass components and shows the coupling from
the converter switching to the boost output and the O1 current sense output. The addition of the bypass
capacitors in the second diagram show a decrease in the transient spikes on the boost output, and show
no coupling on the current sense output O1.

Tek  Stopped 1 Acgs Tek  Stopped

; {

Figure 4. Boost Output and Current Sense O1 Output, Before and After Bypass Capacitor

The layout for the boost converter is critical to the device performance for both regulation and noise
suppression. The most important consideration when laying out the boost converter is to keep all high
current loops small. Figure 5 and Figure 6 show the high current paths during the on and off states of the
boost MOSFET during regulation.
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Figure 5. High Current Path During Boost FET 'On’ State
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Figure 6. High Current Path During Boost FET 'Off' State
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In addition to these high current paths, the loops for high current transients must be kept small. Figure 7
illustrates the high current transient loops that exist when at the instant the boost FET is switched on or

off.
High Switching Transient
Current Return Paths
Batery Voltage I\ ' igh dvidt
DRV3201 Vs
Cifcuit
Blbcks

GNDA

Figure 7. High Switching Transient Current Return Paths

If required, an additional series RC snubber circuit can be added to the switch pin to further reduce noise
due to the effects of parasitic inductance and capacitance. For additional details on selection of snubber
components, refer to Minimizing Ringing at the Switch Node of a Boost Converter (SLVA255).
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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