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LOW I 30 A, HIGH Vyy, DUAL OUTPUT,
SUPPLY AND BOOST CONTROLLER

Check for Samples: TPS43330-Q1 , TPS43332-Q1

FEATURES
e Dual Output Synchronous Buck Controller

Peak Gate Drive Current 1.5 A

Out-of-Phase Switching Between BuckA

and BuckB

Frequency Spread Spectrum (fgg)

(TPS43332 Only)

Independent Programmable Soft-Start

Inputs (SSA, SSB)

Independent Power-Good Indicators (PGA,

PGB)

Separate Enable Inputs (ENA, ENB)

Automatic Low-Power Mode Operation

(Active When SYNC Terminal is Low)

Switching Frequency fsy guck Range

150 kHz to 600 kHz Programmable Via

External Resistor

External Synchronization Range: 150 kHz

to 600 kHz

Low Current Consumption

— 30 pA (typ) With Single-Output
Operation in Low-Power Mode

— 40 pA (typ) With Dual-Output Operation
in Low-Power Mode

DESCRIPTION

Boost Controller for Low Input Voltage
Operation

— Peak Gate Drive Current 1.5 A

— Switching Frequency Equals fsw gyc/2
Input Voltage Range: 2 V to 36 V, Transients
up to 60 V

Internal Voltage Reference +1.5%

Very Low Leakage Current in Shutdown: Iy, <5
HA

Short Circuit, Over Current, and Thermal
Protection

Thermally Enhanced Package for Efficient
Heat Management

— 38-Pin HTSSOP (DAP) PowerPAD™
Package

APPLICATIONS

Automotive Systems

Infotainment

Navigation

— Instrumentation Dashboard Cluster
Multi-Rail DC Power Distribution Systems
— Electronic Control Units

The TPS43330/2 is a dual Synchronous Current Mode Buck controller designed for the harsh environments of
automotive applications and includes basic protection features such as thermal, soft-start and over current
protection. In addition there is a hon synchronous Voltage Mode Boost controller.

The TPS43330 provides a high efficient and fail safe power management solution for electronic control units. The
two-step down output voltages of the device are ideally suited to deliver uC core and 10 supply voltages. Due to
the very low quiescent current the controller is ideal for applications that require a supply to microcontrollers and
memories during ignition-off state. The seamless activation of the boost controller guarantees regulated supply
lines during vehicle cranking profile or negative transients.

During short circuit conditions of the regulator output, the current through the MOSFET’s can be limited for power
dissipation by activation of the current fold back concept. The two independent soft start inputs allow ramp up of
the output voltage independently during start up.

2 Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Figure 1. Block Diagram

ORDERING INFORMATION®

T; OPTION PACKAGE®@ ORDERABLE PART NUMBER
-40°C to 150°C Frequency Hopping Spread Spectrum OFF DAP TPS43330QDAPQ1
-40°C to 150°C Frequency Hopping Spread Spectrum ON DAP TPS43332QDAPQ1

@
@

web site at www.ti.com.

For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl

Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.
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ABSOLUTE MAXIMUM RATINGS®®

NO. VALUE UNIT
VIN, VBAT, Unregulated input voltage® -0.3 10 40 v
1.1 |ENA, ENB, .
GC2. DS Unregulated input voltage® 0.3 to 60 v
CBA, CBB, ; (3) K
1.2 GAL GB1 Unregulated input voltage 0.3 to 68 Y
1.3 |PHA, PHB Unregulated input voltage® -1.0 to 60 Y,
1.4 gg; SAZ, SBL, | current sensing signal voltage ©® -0.3t0 13 \Y
FBA, FBB,
COMPA, ENC,
15 COMPB. PGA. Input voltage -0.3t0 13 Vv
PGB, SYNC
DLYAB, RT,
GA2, GB2,
1.6 |GC1, VREG, Input voltage -0.3t08 \Y
COMPC, DIV,
SSA, SSB
1.7 |VIN-GC2 Input voltage -0.3t0 8 \%
1.8 |EXTSUP Charge pump supply or external supply voltage -0.3t0 13 \Y
1.9 |Gx1, CBx Input voltage PHx - 0.3to PHx + 8 \%
110 | T, Operating virtual junction temperature range, -40 to 150 °C
111 |Ts Storage Temperature Range -55 to 165 °C
1.12 | Tiead Lead temperature (soldering, 10sec) 260 °C
1.13 |ESD Electrostatic discharge rating \ Human-Body Model (HBM)(® 2.0 kv

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to GND.

(3) Absolute negative voltage on these pins not to go below —0.5 V for TBD ns.

(4) Absolute maximum voltage for less than 480ms

(5) Absolute negative voltage on these pins not to go below —1.0 V, and transients due to recirculation of an inductive load up to -2V for
TBDnS.

(6) The human body model is a 100-pF capacitor discharged through a 1.5-kQ resistor into each pin.

RECOMMENDED OPERATING CONDITIONS

NO. MIN MAX | UNIT

VIN, ENA, ENB, . ®

2.1 GC2. DS Unregulated buck supply input voltage 4.0 36 \%
DLYAB, RT,

2.2 | COMPC, SSA, Input voltage 0 5.25 \Y
SSB, SYNC, DIV

2.3 gg; SA2, SB1, Current sensing signal voltage 0 12 Y

24 |05 Thermal resistance, junction to ambient® 28| °C/W

25 |05 Thermal resistance, junction to case 10| °C/wW

26 |Ta Operating Free-Air Temperature range -40 125| °C

(1) The minimum operating voltage is based on the VIN voltage being reduced from 7V initially

(2) This assumes a JEDEC JESD 51-5 standard board with thermal vias — See Power Pad section and application note from Texas
Instruments SLMA0O2 for more information.

(3) This assumes junction to exposed thermal pad.

(4) This assumes Tp = T; — Power dissipation x 034 (junction to ambient).
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DC ELECTRICAL CHARACTERISTICS
VIN = 8V to 18V, TJ = -40C to 150C (unless otherwise noted)

NO. |TEST® ‘ PARAMETER ‘ TEST CONDITIONS MIN TYP MAX | UNIT
3.0 Input Supply
Boost Controller enabled, after initial start up
3.1 PT Vgat Supply Voltage condition is satisfied 2.0 36.0 \%
Boost Controller disabled ®
Device Operating Range Input voltage required for Buck regulator on 6.5 36.0 \
3.2 PT |Vn initial start up
Buck regulator operating range AFTER initial 4.0 36.0 v
start up
Vin Falling 35 3.6 3.8 \
3.3 PT Vin uv Buck Under Voltage Lockout
3.8 \Y
3.4 PT VinB-off Boost unlock threshold 8.5 \Y,
VIN=13V, BuckA: LPM, BuckB: off 20 0 A
35 PT | lqiom. Lo, (utescent Current: Ta = VIN=13V, BuckB: LPM, BuckA: off .
VIN=13V, BuckA, B: LPM 35 50 HA
VIN=13V, BuckA: LPM, BuckB: off 50 0 A
36 PT |l iom g;"é(%“'escem Current: Ty = VIN=13V, BuckB: LPM, BuckA: off "
VIN=13V, BuckA, B: LPM 60 80 HA
Normal operation, SYNC = 5V mA
. VIN=13V, BuckA: CCM, BuckB: off 5 6| mA
3.7 PT | lgues Quiescent Current: T, = 25°C®
VIN=13V, BuckB: CCM, BuckA: off 5 6 mA
VIN=13V, BuckA, B: CCM 7 7.5 mA
Normal operation, SYNC = 5V mA
. VIN=13V, BuckA: CCM, BuckB: off 55 6 mA
3.8 PT | lues Quiescent Current: T, = 85°C*
VIN=13V, BuckB: CCM, BuckA: off 55 6 mA
VIN=13V, BuckA, B: CCM 5 8 mA
3.9 PT Ihat_sh Shutdown current at T = 25°C BuckA, B: off, VBat=13V 5 10 HA
3.10 PT Ihat_sh Shutdown current at Ty = 125°C BuckA, B: off, VBat=13V 10 HA
4.0 Input voltage VBAT - Under voltage lock out
. See figure 11: threshold 4, VBat decreasing 1.8 19 2.0 \Y,
4.1 PT VBatuLvo Disable outputs —
VBat rising 2.4 25 2.6 \%
4.2 PT UVLOyys Hysteresis 500 600 700 mV
4.3 PT UVLO¢jter Filter time 5 ps
5.0 Input voltage VIN - Over voltage lock out
(based on VIN sense) Rising 45 46 47 \
5.1 PT Vovio Over Voltage shutdown -
Falling 43 44 45 \Y,
5.2 PT OVLOyys Hysteresis 1 2 3 \%
5.3 PT OVLO¥jter Filter time 5 ps
6.0 Boost Controller
6.3 PT | Vioost7-viN Boost Vout 7V DIV = low, VBat= 3.0V to 5V 7.0 \%
VBat falling — Boost enable threshold 7.5 8.0 8.5 \
Boost mode threshold . -
6.4 PT Vhoost7-th Boost Vout 7V VBat rising — Boost disable threshold 8.0 8.5 9.0 \Y,
Hysteresis 0.4 0.5 0.6 \Y
6.5 PT Vhoost10-VIN Boost Vout 10V DIV = open, VBat= 3.0V to 5V 10 \%
VBat falling — Boost enable threshold 10.5 11 11.5 \
Boost mode threshold - -
6.6 PT Vioost10-th Boost Vout 10V VBat rising — Boost disable threshold 11.0 115 12.0 \
Hysteresis 0.4 0.5 0.6 \

(1) PT = Production tested; CT = Characterization only, not production tested; Info = Information based on simulations and lab evaluation,
not production tested

(2) For VIN =4V to 7V the boost is disabled and controller operates as a buck regulator.

(3) Quiescent current specification does not include the current flow through the external feedback resistor divider. Quiescent current is
measured with no load on the output and at 25°C with VBat = 13V, unless otherwise specified in the test.

(4) Quiescent current specification does not include the current flow through the external feedback resistor divider. Quiescent current is
measured with no load on the output and at 25°C with VBat = 13V, unless otherwise specified in the test.
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DC ELECTRICAL CHARACTERISTICS (continued)
VIN = 8V to 18V, TJ = -40C to 150C (unless otherwise noted)

NO. |TEST® PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

6.7 PT | Vioostio-vin | Boost Vout 12V DIV = high, VBat= 3.0V to 5V 12 v
Boost Switch current limit

6.8 PT Vps Current limit sensing DS input with respect to PGNDA 0.175 0.2 0.225 \

6.9 Info tbs leading edge blanking 200 ns
Gate Driver for Boost Controller

6.10 Info | lgc1 peak Gate driver peak current Not production tested ® 15 A

6.11 PT Rps on Source and Sink driver IGC1 current for external MOSFET = 100mA 3 5 Q
Boost regulator Switching frequency

6.12 PT | fowBoost Divided from Buck switching freq fSV‘{(—BUZC kHz

6.13 PT Dgoost Boost duty cycle 0 90 %

Error Amplifier (OTA) for Boost Converters

COMPC = 0.8V; source/sink = 5pA,

6.14 PT gm Forward Transconductance Test in feedback loop 1.0 mmhos
7.0 Buck Controllers
7.1 PT VBuckas adj. output voltage range Closed loop 0.9 12 \
7.2 PT Vier, Viet Lpm | internal reference voltage Measure FBX pin, load = OmA 0.788 0.800 0.812 \Y,
Internal tolerance on reference -1.5 +1.5 %
7.3 PT Vsense V sense for forward OC in CCM Voltage drop between sense pins 60 75 90 mV
7.4 PT V sense for reverse OC in CCM Voltage drop between sense pins -90 -60 -30 mVv
7.5 PT V| Foldback gﬁtgﬁptsgﬂ back threshold during Decrease FBX and measure voltage at CompX 0.6 \Y,
76 PT tyead tsig]oeot through delay, blanking 50 100 200 ns
7.7 PT DC Duty cycle 35 94 %
7.8 PT | DCipm Duty Cycle LPM 80| %
7.9 PT | Veensetpm | LPM threshold TBD TBD| mVv
7.10 PT LPM delay Transition time ILoad = 5mA to 500mA in TBDus TBD TBD us
High Side external NMOS Gate Drivers for Buck Controller
7.11 PT | lox1_peak Gate driver peak current Not production tested ® 15 A
7.12 PT Rps on Source and Sink driver IGXX current for external MOSFET = 200mA 3 5 Q
Low Side NMOS Gate Drivers for Buck Controller
7.13 PT | lox2 peak Gate driver peak current Not production tested ® 15 A
7.14 PT Rps on Source and sink driver IGXX current for external MOSFET = 200mA 3 5 Q
Gate Driver for PMOS
7.15 PT Rps on PMOS OFF 10 20 Q
7.16 PT Ipmos_on Gate current Vin =13.5V, Vgs = -5V 10 mA
7.17 PT tdelay ON Turn ON delay C = 10nf 5 10 ps

Error Amplifier (OTA) for Buck Converters

COMPA, COMPB = 0.8V,

7.18 PT Gm Forward transconductance source/sink = 5pA, Test in feedback loop 1.0 mMhos
8.0 Digital Inputs: ENA, ENB, INHC, SYNC,
8.1 PT Vin Higher threshold VIN =13V 15 \
8.2 PT Vi Lower threshold VIN = 13V 0.7 \Y,
8.3 PT Rin_sync Resistance VSYNC =5V, SYNC: pull down to 0V 500 kQ
. VINHC = 0V enable Boost,
84 PT | Riinwe Resstance INHC: pulldown resistance 500 kQ
VENXx =0V,
85 PT | hienx Leakage current ENA, ENB: pullup current source 05 2] A
(5) Specified by design
(6) Specified by design
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DC ELECTRICAL CHARACTERISTICS (continued)
VIN = 8V to 18V, TJ = -40C to 150C (unless otherwise noted)

NO. |TEST® ‘ PARAMETER ‘ TEST CONDITIONS MIN TYP MAX | UNIT
9.0 Boost Output Voltage: DIV

9.1 PT | Viow Higher threshold Vrc(-:-f]z- \%
9.2 PT Vil piv Lower threshold 0.2 \
9.3 PT Voz piv open floating Vreg/2 \
10.0 | Switching Parameter — Buck DC-DC converters

10.1 PT fsw_Buck Buck switching frequency RT pin: GND 360 400 440 kHz
10.2 PT fsw_Buck Buck switching frequency RT pin: R7 = 60kQ 360 400 440 | kHz
10.3 PT fsw_adj Buck adjustable range using external resistor R7 (see equation) 150 600 | kHz
10.4 PT fsyne Buck synch. range External clock input 150 600 kHz
10.5 CT fss Spread Spectrum spreading External clock input 5 %
11.0 |Internal Supply VREG

11 T Veee Internal regulated supply VIN = 8V to 18V, EXTSUP = 0V 5.5 5.8V 6.1 \

Load Regulation IVREG = OmA to 100mA, EXTSUP = 0V 0.2 1.0 %
Internal Regulated supply EXTSUP = 8.5V 7.2 7.5 7.8 \Y

1.2 PT | Vresexrsur Load Regulation E;fsuuppzzog 5Avt0 lzms, 0.2 1 %
11.3 PT X:;;SUP- Switch over voltage :;/xRTEs%; ?;T]Ap itr‘]’glgggmé 4.4 46 48| v
11.4 PT Vextsup-Hys | Switch over hysteresis 100 mV
11.5 PT IREG-Limit Current Limit on VREG 100 mA
11.6 PT 'L*?niffEXTSUF’- Current Limit on VEXSUP :;/)?TESGU; g;é;% éopoons’i/;\'/e 125 mA
12.0 | Soft Start

121 PT lssx Soft Start source current SSA and SSB = 0V 0.75 1 1.35 HA
13.0 | Oscillator (RT)

13.1 PT Vgt Oscillator reference voltage 1.2 \
13.2 CT Spread Spectrum spreading 5 %
14.0 | Power Good / Delay

14.1 PT PGpuiiup Pullup for A and B internal pullup to Sx2 50 kQ
14.2 PT PGy Power Good Threshold -5 -7 -9 %
14.3 PT PGhys Hysteresis 2 %
14.4 PT PGrop Voltage drop IPGA=5mA 450 mV
14.5 PT IPGA=1mA 100 mvV
14.6 PT PGeak Leakage VSx2 =VPGx=13V 1 HA
14.7 PT tdeglitch Deglitch Time Power Good deglitch 2 16 us
14.8 PT | teiy Reset Delay Sﬁﬁ'gﬁfipg‘gg’{;f 15215 \//oﬂz'ge 1 300| ms
14.9 PT tdelay_fix Fixed Reset Delay No external capacitor, pin open 20 50 us
14.10 PT loh Activate current source Current to charge external capacitor 40 HA
14.11 PT ly Activate current sink Current to discharge external capacitor 40 HA
15.0 | Over Temperature Protection

15.1 CT Tshutdown shutdown threshold Junction temperature 150 170 °C
15.2 CT Thys Hysteresis 15 °C
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DEVICE INFORMATION
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TERMINAL FUNCTIONS

PULLUP/

ANALOG/

NO. NAME DOWN 110 DIGITAL DESCRIPTION
1 VBAT | A Battery Voltage sense for Boost Controller and Efficiency FET driver
2 DS | A Drain Source Current Sense for Boost FET (protection circuit)
3 GC1 (0] A Gate Driver Boost NMOS FET
4 GC2 (0] A Gate Driver Reverse Diode PMOS FET
5 CBA | A Bootstrap Capacitor — Buck Controller A
6 GAl (0] A Gate Driver — Buck Controller A
7 PHA (0] A Phase Information — Buck Controller A
8 GA2 (0] A Gate Driver — Buck Controller A
9 PGNDA (0] Ground | Power Ground Buck Controller A
10 SAl | A Current Sense — Buck Controller A
11 SA2 | A Current Sense — Buck Controller A
12 FBA | A Feedback Buck Controller A
13 COMPA (0] A Compensation Buck Controller A
14 SSA (0] A Soft Start for BuckA
15 PGA rzgi”sl:gr (0] D Power Good — Buck Controller A (internal pullup)
16 ENA gj“r'r'grﬁ’t | A ENABLE — Buck Controller A
17 ENB C'T}:'f':ﬁt | ENABLE — Buck Controller B
18 COMPC (0] A Compensation for Boost controller
19 ENC Ii:'g'?;\évrn | D Enable — Boost Controller, internal pulldown
20 SYNC PuII(_jown | D Synchronization Pin, internal pulldown
resistor
21 DLYAB (0] A Power Good Delay — Buck Controller A + B
22 RT (0] A Oscillator Pin (external Resistor to adjust freq.)
23 AGND (0] Ground | Analog Ground Pin
24 PGB r';lsji”sl:gr (0] D Power Good — Buck Controller B (internal pullup)
25 SSB (0] A Soft Start for BuckB
26 COMPB (0] A Compensation Buck Controller B
27 FBB | A Feedback Buck Controller B
28 SB2 | A Current Sense — Buck Controller B
29 SB1 | A Current Sense — Buck Controller B
30 PGNDB (@] Ground | Power Ground Buck Controller B
31 GB2 0] A Gate Driver — Buck Controller B
32 PHB (0] A Phase Information — Buck Controller B
33 GB1 0] A Gate Driver — Buck Controller B
34 CBB | A Bootstrap Capacitor — Buck Controller B
35 VREG (0] A Internal Power Supply Filter Cap, not supposed to power external circuitry
36 DIV | D Boost Output Voltage Seelction
37 EXTSUP | SPS;\S; External input for Buck gate drive supply
38 VIN | SPS;\:JeI; Supply Voltage, output of Boost controller and input voltage for Buck controller
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DETAILED
BUCK CONTROLLER

PWM Operation

The switch mode power supply (SMPS) operates in a
fixed frequency adaptive on time control pulse width
modulation (PWM). Switching frequency is set by an
external resistor or synchronized from an external
clock input. The architecture for the output control is a
totem-pole. The synchronous top N-channel
MOSFET is turned on, or is SET at the beginning of
each cycle. This MOSFET is turned off, or is RESET
when the PWM comparator resets the latch. Once the
high external FET is turned OFF, and after a small
delay (shoot-through delay) the low side external FET
is turned ON until the inductor current starts to
reverse or the start of the next cycle is imitated. The
low side FET will override every fourth cycle for 5% of
the duty cycle to enable the bootstrap capacitor to
replenish its charge. Asa result, the maximum
achievable duty cycle will be 98.75%. During dropout
at the maximum duty cycle, the buck will switch at
1/4" the normal switching frequency:

DESCRIPTION

Current Mode

The current mode control is a sequence, of
monitoring the output voltage and fed back to the
transconductance amplifier and comparing this to the
internal reference of 0.8V (typical). The inductor peak
current also resets the latch and is controlled by the
error amplifier output voltage on COMPA or COMPB
dependent on the respective converter. An increase
in the load output current causes a slight decrease in
the output voltage and this is reflected in the
feedback voltage on FBX terminals. This increases
the output voltage of the error amplifier on COMPA or
COMPB dependent on the respective converter, until
the average inductor current can support then new
load current.

Slope Comp
N—\ Current sense
PEEEN Amp
DTm ¥ M Sx1
A § RsX
- ]
Sx2

PWM comparator

Gx1 [— PwMm Q R
logic
Gx2 — generator S

VoutX

OTA FBx g
Gm %
+

Vref

£

COMPA/B

B
Figure 2. Current Mode Compensation
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The Buck regulator converter has slope
compensation implementation for stability with duty
cycles greater than 50%. The current sense amplifier
is summed with a corrective ramp generated at the
start of every period. This is compared with the error
amplifier output and the result is fed into a latch. The
latched output controls the buffer driver for the
external power switch.

The slope compensation is quadratic in nature. For
optimal performance, inductor must be choseb to
satisfy equation 1Equation 1.

Lxfsw. =200
Rs ()

Light Load PFM Mode

In Low Power PFM Mode the regulation topology is
based on a Hysteretic Mode regulator. The voltage
ripple on the output voltage is dependent on the
external components. The top switch will be enabled
to source current but the low side switch is disabled
in this mode. This prevents the current from reversing
and going negative, and the controller operates in
discontinuous mode.

The following restrictions apply in LPM operation:
* Max duty cycle is 80% (exceeding this duty cycle
causes the device to leave LPM)

Discontinuous mode (DCM) low-power mode (LPM)
entry threshold is shown in Figure 3.

N N N N\
N N N

P N U U\

0 N~ N~ N~ N~
_’TLS
- Ths <
0 2N N Ay
——T—

Figure 3. DCM Low-Power Mode

The criteria to enter low-power mode in DCM is
shown in Equation 2, Equation 3, and Figure 4.

D* = 0.3 for specific number of cycles for the
converter to enter low-power mode. The detection
is carried out using a 10X clock internal to the
device.

tys = On time for high side switch

t s = On time for low side switch

Vox(1-0.)
ILPM _(pxy2 Vi
Imax 2xVsenseCL*KFL (3)
Where,

I.pm = Threshold for entry into low-power mode
Imax = Maximum output current

Vo = Output voltage

V| = Input voltage

KgL = Current sense transconductance

Vsensec = Voltage threshold set for sense
resistor to trip current limit

VOUT

Voltdge threshold

Inductor Current

Moves closer
As load increase:
<«

Inductor Current

/

Detect this point

Figure 4. LPM Threshold

The control for low-power mode is based on output
voltage VO and Inductor current. The tON is adaptive
to load changes and detection of zero current in the
inductor.

* The low-side FET is always OFF
When VO falls below the threshold, the high-side

FET is turned ON for a duration defined by VI and
VO (see Equation 4).

k
ton= (seconds)
Vivo @)

The criteria to exit low-power mode is shown in
Equation 5.

lnom _ kxfswy

Imax  2%VsensecL*KrL (5)

The low-power mode exit threshold is higher than the
entry threshold; equating 5 and 7 for high VI gives

D= Hs*Ls \
t o) Equation 6.
* 2
Vo x(D*)* =kxf;
Where, 0*(D*) sw (6)
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In discontinuous mode (DCM), the following
assumptions are made to have LPM of 10% full
average load current: Assume the peak ripple current
in continuous conduction mode is 30% of full average
load current.

| = « lon+toFF

PKDCM PKnpp\eCCM t (7)
ton*torF

| =|, x ~N

OangCM PKDCM t (8)

| =l x D?

OangCM - PK'iPP|eCCM 7 (9)

2
ton*t
(D*)zz( ON OFFj

t (10)
2
_ _ 0.1 _ D
IOaVQDCMLpM =01 XIOaVQCCMFu”LOad _EXIPK“DDECCM _IPKrippleCCM * 2
(11)
0.66=(DLp")’ 12)
Dy py=0.8 (13)

The lower boundary for exit threshold always higher
than entry threshold. Higher boundary of exit
threshold is less than 25% of maximum load current.

Internal-Regulator/External (EXTSUP) Power

Power supply for the source and sink circuitry which
control the external power MOSFETS is derived from
an internal regulator. This is an internal regulator
powered from the VIN supply input or EXTSUP
terminal. An external power supply can be supplied
on the EXTSUP terminal, for when the system
requires low power dissipation operation with higher
range of the VIN supply, and regulation of the
VBUCKX output.

Q VIN EXTSUP
typ. 5.8V —» LDO typ. 7.5V —» LDO
VIN EXTSUP
[
typ. 4.6V
VREG

Figure 5. Internal Regulator Configuration

» If the EXTSUP terminal is open or less than 4.6V
(typical), the internal regulator supplies VREG
power from VIN. The internal regulator is a 5.8V

supply (typically).

e If the EXTSUP terminal is above 4.6V (typically)
the 5.8V regulator is turned OFF and a low drop
out linear regulator is activated and supplies the
VREG power from EXTSUP terminal.

» If the EXTSUP is less than 7.5V and greater than
4.6V, the 7.5V regulator is in drop out and the
VREG supply is approximately equal to EXTSUP.

Power Good (PGA, PGB) and Delay Function
(DLYAB)

The Power Good function (PGA and PGB) monitors
their respective buck regulated output voltages
(VBUCKA and VBUCKB). The operation is based on
detecting when the output voltage of the respective
regulator crosses the Power Good threshold PGthx.

The DLYAB terminal sets the frequency of an internal
clock, which is used to count the delay period before
the PGX terminals are asserted high.

1
foLyas=20x 7
delay (1 4)

Where,
tyelay =20/ fpLyas = CpLyas X ms/nF

The programmable Reset delay will work
independently for both Power Good Pins. Negative
voltage dips on Buck Controller A and/or B (within the
range of the adjusted power good delay) will not
affect each other. Each power good pin will be
released once the output voltage has recovered and
once the set delay time is reached. The two power
good function will operate independent for each
output rail. The Reset delay timer setting is common
to both supplies but with separate internal counters.

Buck Controller — Soft Start (SSA and SSB)

To limit the start-up inrush current, an internal soft
start circuit is used to ramp up the soft start voltage
from OV to the internal device reference of 0.8V
(typical). The initial start up for each controller is a
function of an internal pull up current (1 pA typical)
and the voltage ramp created by the capacitor on the
SSX terminals. The switch duty cycle starts with
narrow pulses and increases gradually as the soft
start pin voltage ramps up. Each Buck controller has
independent soft start circuitry. Alternatively the SSX
terminals can be used to function as a tracking
supply. This requires connecting the SSX pins
through a resistor divider from the other supply to
ground

AV _ lss xV

At Cgg s (15)

Where,

Iss = 1 A (typical)
AV = 0.8V
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Css is the selected capacitor for the time required
At

Enable VBUCKA and VBUCKB Controller (ENA
and ENB)

These are digital input level thresholds for the two
buck controller circuits. Forcing these terminals below
0.7V shuts down their respective buck converters in
the application. These terminals are high voltage
tolerant and can therefore be connected to voltages
up to 36V for implementation of self bias from the
main supply line. Both of these inputs have an
internal pull up current of approximately 0.5 pA.

Bootstrap Capacitor Input (CBA and CBB)

These terminals are the bootstrap capacitor inputs for
Buck switcher A and Buck switcher B respectively.
These capacitors act as the voltage supply for the
upper gate drive circuitry. The capacitors are
re-charged on every low side synchronous switching
action. In the case of 100% duty cycle for the upper
FET, the device will automatically reduce the duty
cycle to approximately 95% on every fifth cycle to
allow these capacitors to re-charge.

Phase Reference for High-Side Bootstrap Supply
(PHA and PHB)

These terminals provide a floating voltage reference
for the high-side FET gate drive circuitry for switcher
A and switcher B respectively. The phase input
terminal is used to detect the reverse current in the
converter using a second differential amplifier.

Current Sense BuckA and B (SX1 and SX2)

The current through the inductor is sensed by an
external resistor. The current sense resistor nodes
are fed into an internal differential amplifier for the
respective Buck Regulators. The common mode
range of the combined high-side and low-side current
sense inputs supports the entire output voltage
range.

Sense resistor selection for output current RsX = 75
mV/lOC

The current sense amplifier A, = 8.

Sense Resistor

o] T TR
- 1 GUx |" DCR Sensin;
el /—q\R{ VRegX
+ PWM|
Logic Ls] R | of —V|— Cout
—‘[>——Da'i

Comparator

=
Ve Current = I
—— . [sense_ext
Sensing
=
L=
S2/4
| Voot [Siope compensatior
——— — — 1 >
b3
f Veense X T
+ gm
/ :
Current Loop
(Inner Loop) Erfor v

Amp

Voltage Loop /

(Outer Loop)

Figure 6. Over Current Sensing and Control

TPS43330/2

|_
l < Inductor L
L

VBUCK X

) Sx2
Figure 7. DCR Sensing Configuration

Inductor DCR Current Sense

This is a lossless current sense approach using the
resistance of the inductor. The inductor consists of
inductance L and resistance DCR with a time
constant of the inductor given by L/DCR. Once these
parameters are know then the value of R1 is chosen
from Equation 16.

R1= L (Ohms)
DCRxC1 (16)

The voltage V. into the current sense amplifier of the
TPS43330 is determined by Equation 17.

VC=(V|—VO )% +|OCXDCR (Volts)

Y%
R1 XC1XfSWXV| (17)

From Equation 17 it can be seen that as the DC load
increases the second term loc x DCR dominates and
V¢ is dependent on this term. The over current is set
with V¢ not to exceed 60 mV.
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Regulated Output Sense Voltage Feedback (FBA
and FBB)

These are the input pins for the voltage output
feedback signals for buck regulator A and buck
regulator B respectively. The external resistor
network setting on these pins programs the desired
regulated output voltages for each switch-mode
converter. The output voltage setting is programmed
with a resistor divider from VBUCKXx to ground

VBUCKA=0.8Vx 1+E
R2

(18)

VBUCKB=0.SVx[1+R—3j
R4 (19)
Error Amplifier Outputs for VBUCKA and
VBUCKB (COMPA and COMPB)

The error amplifier outputs are part of the switching
regulator compensation nodes. The current
comparator trip point for each of these channels is
increased with the voltage on the error amplifier
output

External Clock Input (SYNC)

This terminal is for external clock input for switching
frequency synchronization of the buck converter. The
external clock if present can over-ride the internal
free running clock, by detecting TBD positive edges
of consecutive pulses and synchronization to the
external input signal. If the external clock input is
removed, the system will synchronize to the internal
clock signal of 400 kHz and low-power mode is
allowed in this mode of operation. The regulators will
operate with the external clock signal until the clock
pulse is removed or the pin is open. The transition to
the internal clock will be if there is a gap of TBD
positive edge clock pulses. The boost controller will
need a minimum of 6.5V to for startup operation. The
VBAT has to be higher than the boost mode
threshold to unlock the boost operation. Start up in
boost mode is NOT possible until both conditions are
satisfied.

Internal Clock (RT)

The operating switching frequency of the Buck
regulators can be selected by the resistor value on
the RT terminal. In this operation if there is an open
circuit condition the switching frequency will default to
400kHz.

X
foyy =— (X=24kQxMHz
SwW R7( )

10
10
foyy =24x

SwW R7

(20)

For example,
600kHz = 40 kQ

400kHz =60 kQ (R7 nom)
150kHz = 160 kQ

BOOST CONTROLLER

During regular operating conditions the integrated
Boost Controller is not active. The external
components of the Boost converter act as filter at the
input of a dual Buck Controller device. While the
Boost Converter is not active the device will turn on
an external MOS-FET in parallel to the diode of the
Boost Converter in order to improve efficiency. The
controller will need a minimum of 6.5V on the VIN
input pin to start up operation. The Vbat has to be
higher than the boost mode threshold to unlock the
boost operation. Startup in boost mode is not
possible until both conditions are satisfied.

Depending on the power consumption of the output
voltages there can be large current ripples generated
in Boost Mode. External Components need to be
dimensioned accordingly and/or maximum time in
Boost Mode has to be limited by the system. The
boost controller will need a minimum of TBDV to start
up the controller. The function of this circuitry is to
maintain a constant input voltage to the TPS43330
device during low battery crank in a vehicle or when
the boost controller is disabled and negative transient
on the VIN input line occurs. Once the VIN line
exceeds the setting for boost threshold (7V typical or
10V typical) the controller is disabled. During the
boost operation the switching frequency of the
converter is derived from the buck switching
frequency divided by 2.

The voltage mode Boost Controller does includes a
Drain-Sense monitor that will protect the external
components form over current.

Output Voltage Selector for Boost Converter (DIV)

This terminal selects the output voltage set point of
the Boost converter.

DIV = low — Boost converter Vout = 7V

DIV = open — Boost converter Vout = 10V

DIV = high — Boost converter Vout = 11V

Enable Boost Controller (ENC)

This is a digital input for the boost controller circuitry.
Boost Controller is disabled with ENC = low and
enabled with ENC = high. It has an internal pull-down
resistor.

Boost Switch Drain Voltage Monitor (DS)

This terminal monitors the drain voltage of the low
side boost regulator switch. If the voltage drop
exceeds 0.2V typical the gate control voltage on GC1
is disabled (turns OFF the FET). This prevents the
external FET from excessive power dissipation.
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Current sensing configurations are shown in Figure 8
and Figure 9.

Vbat

VIN

TPs43330/2 | BS ’
'_
GC1 3

Figure 8. External Drain-Source Voltage Sensing

Vbat

VIN

B
w R L

DS Rirur

Cirur i Risen

Figure 9. External Current Shunt Resistor

TPS43330/2

In method shown in Figure 8, the external FET must
be capable of conducting currents up to | = 0.225/R4g
on- In the method shown in Figure 9, the current is
detected using an external shunt resistor in series
with the FET. The current limit can be set by Iy =
0.225/R,sgn- Additional noise filter is required on the
sensing terminal to improve the performance of the
converter. These are components Cisgy and Rigen,
the values of these components are chosen such that
the filter time is less than 0.1 of the normal pulse
width of the converter.

The recommended time constant of filter is calculated
by Equation 21.

Risen*Cisen<0.1xtgn (Typical range for RISEN = 1kQ to 5kQ)
(21)

Boost Converter Compensation (COMPC)

The error amplifier is a transconductance amplifier
with the positive input connected to an internal
reference of 0.8V and the negative input from a
divider ratio of the input voltage. A compensation
network is connected from the COMPC terminal to
ground.

Thermal Shutdown

The TPS43330 protects itself from overheating with
an internal thermal shutdown circuit. If the junction
temperature exceeds the thermal shutdown trip point,
the voltage reference is grounded and the all
regulators are turned off. The part is restarted
automatically when the junction temperature drops
typically 15°C below the thermal shutdown trip point.

Frequency Hopping Spread Spectrum (FHSS)
(TPS43332 Only)

The mode of operation is for the switching frequency
to change from one value to another every cycle
within a set boundary range of +/-5% of the
fundemental  switching  frequency set. The
implementation includes a 4-bit up/down counter
which provides a random vector to set the charging
current (up to 16 different current souces) of the
capacitor which generates the ramp of the internal
oscillator circuit. The pusedo random repeatability of
the period is generated by a 12-bit linear feedback
shift register, which allows different random
sequences with a repeatability every 4096 cycles.

-
12 bit Linear Feedback Shift register

Counter
stage

Up/Do
wn Trim
<3:0>

Spread Vector

—
el
}i

Figure 10. Frequency Hopping Control Logic

14 Submit Documentation Feedback

Copyright © 2010, Texas Instruments Incorporated

Product Folder Link(s): TPS43330-Q1 TPS43332-Q1


http://focus.ti.com/docs/prod/folders/print/tps43330-q1 .html
http://focus.ti.com/docs/prod/folders/print/tps43332-q1.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSA82 &partnum=TPS43330-Q1 
http://focus.ti.com/docs/prod/folders/print/tps43330-q1 .html
http://focus.ti.com/docs/prod/folders/print/tps43332-q1.html

13 TEXAS
INSTRUMENTS

www.ti.com

TPS43330-Q1 , TPS43332-Q1

SLVSA82 —MARCH 2010

Table 1. Frequency Hopping Control

ON External clock input Not active Can use external signal to do spread spectrum

ON SYNC = Low Not active aDLtelYéﬁ It(:)zr:jsenter discontinuous mode and enter PFM mode
ON SYNC = High Active Operates in forced continuous mode

OFF Don't care Not Active Default state on power up

Clock Frequency Set by Resistor on RT
Terminal and Analog Modulation for Spread
Spectrum

The resistor value on the RT terminal will set the
clock frequency. An AC coupled signal on the RT to
generate white noise approximately less than +5%
range of the set value.

Simplified Application Diagram

Two buck controllers with external NMOS-FET step
down the battery voltage to two adjustable and
independent output voltage rails. An integrated boost
controller will boost the battery voltage for low voltage
conditions (for example during cranking).

The buck controllers will always operate in a forced

Buck-Boost Configuration

The buck regulators operate in a synchronous mode
with current mode control loop. This allows for
improved performance during input line voltage
excursions and achieves stable output voltage.
Common to both buck regulators:

* Reset delay timer setting (DLYAB)

» Oscillator frequency (RT)

» External synchronization (SYNC)

» Low power mode setting option ( SYNC = low)

Independent for each channel:

» External compensation (COMPA and COMPB)

* Adjustable output voltage settings (FBA and FBB)
e Current limit (SA1, SA2 and SB1, SB2)

» Enable/inhibit (ENA and ENB)

e Soft start (SSA and SSB)

» Power good (PGA and PGB)

Each buck regulator is switched 180 degrees out of
phase to minimize input ripple current. For reverse
battery conditions, the body diode of the external
boost converter NMOS-FET (Q5) in Figure 12 is
conducting. The fuse (S1) in Figure 12 needs to be
dimensioned to protect the external NMOS-FET (Q5)
of the boost converter.

The boost converter is a voltage mode controller. It's
designed for short boost cycles during battery voltage

continuous conduction mode for SYNC = 1 or clock
during normal operation. If low-power mode is
enabled (SYNC = 0), the device can enter
discontinuous conduction mode and transitions to
PFM mode at light loads (hysteretic control loop).

1
T ¥ Buck A
Iz = W e ! -
1 | : |
! i € T
L ! TPS43330 -

-

VBUCK B

Figure 11. Simplified Block Diagram

dips, for example during cranking. There is a
separate PMOS-FET (Q6) gate driver which controls
a FET in parallel to the diode (D1) of the boost circuit
in order to reduce the power losses. The FET will be
turned on during operation condition when the boost
mode is not active. The boost converter will have two
options to regulate the VIN input 7V and 10V through
EEPROM setting.

Another option of reverse battery protection is shown
in Figure 12.

TPS43330/2

Figure 12. Reverse Battery Protection Option for
Buck/Boost Configuration

The reverse battery protection diode (D2) protects the
fuse (S1) and the pin VBAT. Power loss over the
diode can be optimized by connecting a second
PMOS-FET (Q7) in parallel.
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Input Voltage / Car Battery Voltage

The Boost converter is activated when the input
voltage falls below 7V typical (DIV=Ilow). Operation in
Boost will cause high RMS current for the input filter.
To keep cost of external components low, boost
mode operation should be limited by the system
specification to a maximum time required by the
cranking pulse. Otherwise components at the input
need to be dimensioned accordingly.

Figure 13 represents the thresholds for input voltage
falling after power up The input voltage must cross
above the minimum Boost unlock threshold for the
Boost to be activated.

BUCK PWM

lioad >

LPM threshold BOOST OFF

PMOS - ON
ENC = low
DIV = low

DIV = open
BOOST OFF DIV = high
PMOS - OFF

BUCK LPM

lload <
LPM threshold

BUCK PWM
lioad > -
LPM threshold - BOOST OFF
PMOS OFF. =

Boost =7V
DIV = low

BUCK PWM ‘ ‘ BUCK LPM

BO BOOST OFF

PMOS OFF
> ENC = high

BUCK PWM

lload <
LPM threshold

lload > DT
LPM threshold e BOOST OFF

EMOS OFF Boost = 10V

DIV = open
BUCK PWM BUCK LPM

lload <
LPM threshold

BO 0 BOOST OFF
PMOS OFF

BUCK PWM
Boost =12V

BOO BOOST OFF DIV = high
PMOS OFF P ol

lioad <>
LPM threshold

T i T T Vbat
v v 7V 8V 10V 11V 12V 40v

[
| | L+ (Boost output voltage: 12V DIV = high)

‘ VBAT > 11.5V, ENC = high: LPM enabled
i VBAT < 11.0V, ENC = high: LPM disabled

L +{Boost output voltage: 10V (DIV = open)

s Boost unlock threshold for initial _startup 8.5V

— VBAT > 8.5V, ENC = low: LPM enabled
ffffffffff VBAT < 8.0V, ENC = low: LPM disabled
Boost output voltage: 7V (DIV = low)

{VIN_min, ENC = low: 4V

(S W )

(VBAT min = 2v

Figure 13. Operation Modes

Buck Controller

The buck converters are operation 180 degree out of
phase in order to reduce the current ripple at the
device input pin VIN. Operation of the buck
controllers is independent of boost mode operation. If
the boost converter is used, the output voltages will
also remain stable during cranking pulses. The output
terminals require filter capacitors with low ESR
characteristics in order to minimize output ripple
voltage.

Table 2. Mode of Operation

MODE OF

OPERATION DESCRIPTION

Current mode controller

PWM mode Source / sink mode operation (continuous

conduction mode)

Low-power PFM | Hysteretic mode, with load current range TBD

mode Source mode operation

Table 3. SYNC Pin Functionality

SYNC DEVICE STATUS

Buck controllers automatically switch between
PWM and PFM mode operation depending on
load current conditions

Low Buck controllers enter PFM mode at light
output load conditions

— Highest efficiency at light load
conditions

Buck controllers operate at internal oscillator
frequency

High LPM inhibited

— Fixed switching frequency (400 kHz)
also for light loads for noise control

Buck controllers are synchronized to external

External frequency, look for consecutive edges within
synchronization a specified time.
signal T
LPM is inhibited.
Open SYNC pin has an internal pulldown resistor,

same behavior as described for 'Low".

Buck Controller - Short Circuit Protection,
Over Current Limit, and Fold Back Current

The two buck controllers have over current limit and
short-circuit protection. The two sense pins for each
Buck Controller monitor the current drop of an
external current shunt in series with the output
inductor.

Over current limit is a cycle by cycle peak current
detection. If the current exceeds the programmed
threshold, the high side switch is switched off the rest
of the cycle.

A fold back current circuit is activated when the
output voltage falls below 75% of the set value. The
peak current limit is lowered proportional to the over
current or short circuit condition. The fold back
current limiting is enabled during soft start or tracking
(providing the FBX voltage is keeping up with the
SSX voltage) operation.

ENA and ENB terminals have internal pullups. SYNC
and ENC terminals have internal pulldowns.
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Table 4. Mode of Operation

ENABLE AND INHIBIT PINS DEVICE STATUS QUIESCENT CURRENT
BUCK BOOST SYSTEM STATUS at light current loads
ENA ENB ENC SYNC CONTROLLERS CONTROLLER ( g )
Low Low X Device shutdown Shutdown ~1 pA
) Low . BuckB: LPM enabled ~30 pA
Low High - BuckB running ——
High BuckB: LPM inhibited mA range
. Low Low . Boost disabled BuckA: LPM enabled ~30 pA
High Low - BuckA running ———
High BuckA: LPM inhibited mA range
Hiah High Low BuckA and BuckB BuckA/B: LPM enabled ~35 pA
i i -
9 9 High running BuckA/B: LPM inhibited mA range
Low Low X Device shutdown Boost disabled Shutdown ~1 pA
) Low . BuckB: LPM enabled ~50 pA (no boost)
Low High - BuckB running »
High BuckB: LPM inhibited mA range (no boost)
) High Low ) Boost for Vbat < BuckA: LPM enabled ~50 pA (no boost)
High Low - BuckA running — =
High 7V (tbd) BuckA: LPM inhibited mA range (no boost)
Hiah High Low BuckA and BuckB BuckA/B: LPM enabled ~60 pA (no boost)
i i -
9 9 High running BuckA/B: LPM inhibited mA range (no boost)

External Voltage Supply (EXTSUP)

This pin is used in conjunction with external
components for a capacitive charge pump circuit (see
circuit below). This is required when the input voltage
of the application is high and a low regulated output
supply is required. This terminal can also be used to
provide gate drive supply by another voltage source if
available in the application (see application notes).

TPS43330/2

VIN

EXTSUP

v { vBUCKx

- -
Rs1 Ri Tes T o

R2

Figure 14. External Charge Pump

Under-Voltage Lockout

The TPS43330 incorporates an under voltage lockout
circuit to keep the device disabled when the input
voltage VIN is below the UVLO start voltage
threshold. During power up, internal circuits are held
inactive until VIN exceeds the UVLO start threshold
voltage of 3.5V to 4V on VIN. Once the UVLO start
threshold voltage is reached, device start-up begins.
The initial start up voltage for the both the Buck and
Boost mode operation is approximately 6.5V on the
VIN terminal.

Over Voltage Shutdown Threshold

Above the over voltage threshold on VIN the buck
converters will be disabled, when the condition is
removed the converters will start up with a soft start
sequence.

Copyright © 2010, Texas Instruments Incorporated

Submit Documentation Feedback 17

Product Folder Link(s): TPS43330-Q1 TPS43332-Q1


http://focus.ti.com/docs/prod/folders/print/tps43330-q1 .html
http://focus.ti.com/docs/prod/folders/print/tps43332-q1.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSA82 &partnum=TPS43330-Q1 
http://focus.ti.com/docs/prod/folders/print/tps43330-q1 .html
http://focus.ti.com/docs/prod/folders/print/tps43332-q1.html

TPS43330-Q1 , TPS43332-Q1

SLVSA82 —MARCH 2010

13 TEXAS
INSTRUMENTS

www.ti.com

176my
M 176.0m
)

~ C2Pk-Pk -

TYPICAL CHARACTERISTICS

1 : €

1_’:, i g gy

Figure 15. Load Transients in PWM Mode (VIN=12V, VBUCK
A=5V)

C2 Pk-Pk
32.0mvV -
M 32.01m
o 510M

Figure 16. Load Transients in PWM Mode (VIN=12V, VBUCK B
=3.3V)

C2 Pk-Pk
28.0mv
M 28.20m

G 580M

R S @i 20.0mViE M 1.00us Ch3 S 5.6 V-
Cch3 20.0V ' : : ' :

Figure 17. Output Voltage Ripple (VIN=12V, VBUCK A=5V)

: e 20.0mVhE M 1.00us Ch3 S 5.6 V.
Cch3 20.0V . v : : . : :

Figure 18. Output Voltage Ripple (VIN=12V, VBUCK B=3.3V)

Tek
R R LI T e e D
1 ch2 position ] ch2 position
] -3.08div ] -2.84div
1 cn2scate 1 ch2 scale
5.0¥ "] 50.0mY
FreqiC4) 500.0kHz JFreq(Cd) 333.3kHz
Low q Low
resolution resolution
FreqiC2) 333.3kHz Freqic2) 7.757kHz
] Low ] Low signal
resolution amplitude
{Meanic2)  4.945v F Iveanicz)  -8.129mv
: ] = =
t Vou(de) -+ ] E Vo (@) -
2 I E 24
24 L i
ol by by by Ty by b b g g e w0 ol by by by Ty b s b bwwn g bwwy
Ch1 S0ov Ch2 sov M 200ms 1.0MS#s 1000nspt Ch1 S.0v Ch2 S0.0mY % Bw M 200ms 1.0MSks 1000ns Aot
A Runt Ch1 A Runt Ch1
Figure 19. Cranking Pulse at Input (VBUCK A=5V) Figure 20. Cranking Pulse at Input Transient Response (VBUCK
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TYPICAL CHARACTERISTICS (continued)

5,00V Ch2 500V M 200ms Chi =~ 3.4V

Figure 21. Cranking Pulse at Output Node of the Boost

£ 120
£
g 100
3 80
2
@ 60
[=2}
s
S 40
H
c 20
3
(2]
= 0
3
o

Figure 23. Peak current sense for Boost controller (VBAT at 3V,

VBAT3  _VBAT5
yd . _VBAT7
/[ 7~
s
==
0 2' 4 6 8

Boost DC Load Current (A)

5V, and 7V)

Input Current (pA)
w

Input Voltage (V)

Figure 25. Shutdown Input Leakage Current vs Input Voltage
VIN

Figure 22. Soft Start-Up (VIN=12V, VBUCK X=3.3V, 5V)

2 14

]

o 12 VBAT 7
£ 10

> 8 VBAT 3 VBAT 5

.

2 6

R

o

b 2

[=]

g o v .

o 0 1 2 3 4 5 6 7

Boost Load (A)

Figure 24. Output Current vs Different Input Voltages (VBAT at
3V, 5V, and 7V)
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90
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Supply Current (uA)
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Figure 26. Quiescent Current vs Input Voltage VIN (VBUCK A
Enabled)
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TYPICAL CHARACTERISTICS (continued)

100 0.9
VIN=14V
90 0.8
80 0.7 4
2 7 s 0.6 -
; 60 ; 0.5 4
g 50 :' 041
(i 0.3 1
2 40
g 0.2
o 30 0.1
20 0 : : . !
10 0 20 40 60 80
V_sense_peak (mV)
0
10 12 14 16 18 20 22 24 26 28 30 32 34 36
Input Voltage (V)
Figure 27. Quiescent Current vs Input Voltage VIN (VBUCK A Figure 28. Buck Regulator Foldback Current Limit
and VBUCK B Enabled)
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APPLICATION INFORMATION

This is a starting point and theoretical representation
of the values to be used for the application, further
optimization of the components derived may be
required to improve the performance of the device

Boost Converter

A Boost converter operating in continuous conduction
mode (CCM) has a right-half-plane (RHP) zero with
the transfer function. The RHP zero causes the
converter to respond to a circuit disturbance in the
opposite direction to that needed to support the
output load transition (positive feedback). This
complicates the loop compensation and limits the
converter bandwidth, and requires an increase in the
output filter capacitor.

The converter can de designed to operate in the
discontinuous conduction mode (DCM) with a smaller
inductance value of the inductor over the full range of
the operating conditions. This may be difficult to
achieve and other issues like instability may occur if
the converter enters CCM.

The converter can de designed to operate in the
discontinuous conduction mode (DCM) with a smaller
inductance value of the inductor over the full range of
the operating conditions. This may be difficult to
achieve and other issues like instability may occur if
the converter enters CCM.

VIN

|== ===

l OTA - gMea R1 :: Co
cowmp |
l Vref Resr

C1
%CZ | R2
R3
i
' - <

l———————

Figure 29. Compensation Circuit Components for
Boost Controller

Where,
For 7V boost —» R2 = 106kQ (typical) and R1 =
821kQ (typical)
For 10V boost — R2 = 106kQ (typical) and R1 =
1.2MQ (typical)

Discontinuous Conduction Mode (DCM operation)

The control to output transfer function for the boost in
DCM has a single pole. The energy in the inductor is
completely discharged during every switching cycle
(inductor current is reduced to zero). The small
inductor value for DCM compared to CCM operation
will shift the RHP zero frequency close to the
switching frequency, see Equation 22. In this mode
the RHP is not a factor for compensation of the
feedback loop, additionally the frequency of the pole
associated with the inductor is also increased to a
higher frequency derived from Equation 22.

Step 1: DCM Operation Inductor Selection

The maximum inductance to keep the boost converter
running in DCM over the full operating range is given
by Equation 22.

0-8XDCCMX(1'DCCM)2"( Vo )
IOmax

L = (Henries)
max 2foW (22)
Where,
Vi
D =1-
elell [VO+VD ] (23)

Vo = Output Voltage
lo-max = Maximum Output Current
V| = Minimum Input voltage
Vp = Forward voltage of Schottky diode
There are three elements of the output capacitor

which contribute to the its impedance (output voltage
ripple), the ESR, the ESL, and the capacitance.

Step 2: Duty Cycle in DCM
Drrr = 20 +VD )*lomax *fsw XL
DCM

3 (24)

Step 3: DCM Operation Output Capacitor Cg

During discontinuous conduction mode operation the
minimum capacitance needed to limit the voltage
ripple due to capacitor's capacitance is given by
Equation 25.

| 1 2L
Oma -
- Rimin*ts (Farads)

fsw*AVo (25)

CobcM-min =

Where,
R\ -minimum = Minimum load resistance
ts = clock period
fsw = switching frequency
AV= output voltage ripple desired
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The ESR of the output capacitor needed to limit the
output ripple voltage is given by Equation 26.

ESR< % (Ohms)

o (26)

Step 4: DCM Operation Input Capacitor C,

C|N_DCM:7AIE(D DCM (Farads)
4xfgw *AVripple 27)
Step 5: Input Current |,
Vi 2
1= *Dpem™*lo  (Amps)
2XLXfSW (28)

Continuous Conduction Mode (CCM) Operation

In continuous conduction mode of operation the RHP
zero complicates the loop compensation. This will
limit the bandwidth of the converter and may require
a larger value output filter capacitor to compensate
for loop response. The benefit of this mode is a lower
switch and inductor current compared to the DCM.
This results in a reduced power dissipation and size
of the power switch, input capacitor and output
capacitor. May be necessary to increase the output
filter capacitor value such that f ¢ < fryp.

Step 6: Duty Cycle in CCM
\J
Vo+Vp (29)

Dpcm=1-

Step 7: CCM Operation Output Capacitor
Selection

The minimum output capacitor required for a desired
output ripple voltage is given by Equation 30.

CceMmin > lomax x[1-v”“]x1 (Farads)
AVo Vo ) fsw (30)

Step 8: CCM Operation Input Capacitor Selection

The minimum input capacitor required for a desired
output ripple voltage is given by Equation 31.

= 0.25%Alomax

C|N—CCM_ (Farads)

fsw *AViripple (31)

Step 9: CCM Operation Inductor Selection

The minimum inductor value needed to ensure CCM
from maximum to 25% of maximum load is
determined by choosing value of the inductor to have
a ripple current of approximately 40% of the
maximum output load current at maximum input
voltage of the system.

Al =0.4xl5  (Amps) for Vimax (32)

To maintain CCM operation choose minimum load
current lo.pcm for this operation.

The inductor value is given by Equation 33.

in\/lN XDCCMx(1'DCCM) (Henries)
2xlo-pem*fsw (33)

Where,
VIN = Typical operating voltage

Choosing an inductor value less than the one
determined by Equation 33 may cause the converter
to go into DCM operation during low output currents.
This may not be a problem if the loop compensation
allows for good phase margin.

The ripple current flowing through the output
capacitor's ESR causes power dissipation in the
capacitor. Equation 34 gives the RMS value of the
ripple current flowing through the output capacitance.

D
|C-RMS=|OX1/E (Amps) (34)

Continuous inductor current mode operation, the ESR
needed to limit the ripple voltage to AVy volts
peak-peak is:
AVg

ESR<——9 __  (Ohms)
[ lomax +ﬂ]
1-Dmax 2 (35)
Input current for CCM is given by Equation 36.
-lo
=g (Amps) (36)

Current Sensing and Over Current Protection

The internal current sense threshold is 0.2V. The
peak converter current is TBD.

Step 10: CCM Operation Loop Frequency
Compensation

Use the following guidelines to set the frequency
poles, zeroes and crossover values:

» Crossover frequency at unity gain f. = fgu/5 or
frup/3 Which ever is the lower of the two values

e Select the zero f, = f./10
» Make the second pole fp; > 10 x f, (optional)
fLc=0.1*fRpp-zero  (H2) (37)
fRHP-Zero -\
fic (38)

The following requirements for compensating the loop
have to be satisfied for the control-to-output gain of a
CCM boost operation.
Where,

M = 10 for tantalum output capacitors

M = 15 for ceramic output capacitors

R3=2 <R1*R2  51ms)
Gm R2 (39)
Where,
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B = 3.3V/V (gain of 10dB) at the desired f,

Gm = Transconductance of the amplifier
1

= (Hz)
2nxfp4xR3 (40)
221 ()
21x0.1xfoxR3 (41)
fc=0.33xfRup.zero  (HZ) (42)
1 ViN
fi~= x—% (H
PN ToG! (43)
Where,
L = Inductor value
Co = Output capacitor
VN = Input voltage
Vo = Output voltage
2
RLmin _[ V|
fRHP-zero™ LI ’{VIN] (Hz)
m f6) (44)
frap=———— (H
SR omxCoxResr ) (45)

The compensation network (see Figure 30) is
calculated using Equation 46 through Equation 48.

1

fp1 (Hz)

" 2mxC1xRen (46)
1
fop=— ' (H
P2 coxrs (2 (47)
1
f=e ' H
2= omciRs P (48)
— 180
~
ad N
/ \
\___-’/ /\\‘_ 920

Gain - dB
Phase - °

-90

-180

]
|
|
|
|
|
|
fz

F — Frequency - kHz

< fp

Figure 30. Boost Converter Loop Compensation
for Stability Criteria

The Bode-Plot in Figure 30 is an illustration of
stability criteria and is used to ensure converter
performance based on the type of loop compensation
implemented

BUCK CONTROLLER

Step 1: Maximum and Minimum Duty Cycles

V
Dmax= Q
Imin (49)
V
DminzviO
|maX (50)

Step2: Selection of Current Sensing Resistor

A, (Ohms)

Current sense resistor=Rg=——+———
1.25X|Omax (51)

Step 3: Selection of Inductor

The following things must be considered when
selecting the value of the inductor for the application.
Benefits of Low Inductor value

e Low inductor value gives high di/dt, which allows
for fewer output capacitors for good load transient
response

» Gives higher saturation current for the core due to
fewer tunrs

» Fewer turns yields low DCR and therefore less
DC inductor losses in the windings

» High di/dt provides faster response to load steps

Benefits of High Inductor value

* Low ripple current leads to lower conduction
losses in MOSFETSs

* Low ripple; means lower RMS ripple current for
capaciotrs

» Low ripple; yeilds low AC inductor losses in the
core (flux) and windings (skin effect)

* Low ripple; gives contineous inductor current flow
over a wide load range

Factoring in the slope quadaratic compensation, the
following equation is used to determine the
recommeded inductor value for the converters.

L=Kg rX RS (Henries)
fsw

(52)
Where ,

Rg = Current sense resistor

fsw = Converter switching frequency

Kge r = Colil selection constant = 200

Step 4: Ripple Current based on Inductor Chosen

V, V,
AILrippIezﬁx['I*VO] (Amps)
SW I (53)
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Where,
V, = Input voltage
Al yipple = Inductor ripple current peak to peak
(typically 20% to 40% of maximum load current)

fsw = Converter switching frequency
Vo = Output voltage
L = Inductor value

The inductor RMS current is given by Equation 54.

2
AIers:\/loz"' 1(VOX(V| Vo )] (Amps)

12{ VixLxfgy (54)

Step 5: Selection of Output Capacitor Cq

The selection of the output capacitor will determine
several parameters in the operation of the converter,
the modulator pole, voltage droop on the out
capacitor and the output ripple. During a load step
from no load to full load or changes in the input
voltage, the output capacitor must hold up the output
voltage above a certain level for a specified time and
NOT issue a reset, until the main regulator control
loop responds to the change. The droop on the
output voltage can be determine by Equation 56. The
capacitance value determines the modulator pole and
the roll off frequency due to the LC output filter
double pole The output ripple voltage is a product of
the output capacitor ESR and ripple current (see
Equation 58).

Using Equation 55, the minimum capacitance needed
to maintain desired output voltage during high to low
load transition and prevent over shoot.
Lx (Omax2‘|0min2)
>—~ 2 (Farads)
2 2
Vomax”~-Vomin (55)

Where,
lo-max IS Maximum output current

lo-min IS Minimum output current

The difference between the output current
maximum to minimum is the worst case load step
in the system

Vo.max IS maximum tolerance of regulated output
voltage

Vo.min IS the minimum tolerance of regulated
output voltage

Co

Minimum capacitance needed for transient load
response, using Equation 56.
Co=ﬂ (Farads)

fsw XAVo (56)

Minimum capacitance needed for output voltage
ripple AVO specification, using Equation 57.

1 1

Co>———x———— (Farads)
8xfsw [VOripple]

Iripple (57)

The most critical condition based on the calculations
above indicates that the output capacitance has to be
a minimum of 33 pF to keep the output voltage in
regulation during load transients.

Additional capacitance de- ratings for temperature,
aging and dc bias has to be factored, and so a value
of 100 puF with ESR calculated using Equation 58 of
less than 100mQ should be used on the output stage.

Maximum ESR of the out capacitor based on output
ripple voltage specification.

AV
< Oripple

Resr (Ohms)

ripple (58)

Output capacitor root mean square (RMS) ripple
current. This is to prevent excess heating or failure
due to high ripple currents. This parameter is
sometimes specified by the manufacturer.

VouT Mmax-Vo)
lo- = Amps
e \/ExvlmaxxLOfoW (AmPs) (59)

Physical size, cost, temperature and voltage
characteristics are also important considerations and
will depend on the type of capacitor you use. The
chose of output capacitance and their repsective
dielectric material is important when designing the
converter.

The highest dielectric constants (Z5U and Y5V)
exhibit the most variation in capacitance with dc
voltage and temperature. The Y5V are available in
larger values but lose 75% of the capacitance at the
full dc voltage rating. The X7R and X5R show more
variation than NPO but less than Y5V and have a
good selection of small size, higher value capacitors.
The capacitors with X5R dielectric lose 20% of
capacitance at about 80% of the dc voltage rating.
The X7R dielectric loses 10% of capacitance.

Step 6: Input Capacitor Cjy

The TPS43330 requires an input ceramic de-coupling
capacitor type X5R or X7R and bulk capacitance to
minimize input ripple voltage on each Buck Regulator
input supply. The dc voltage rating of this input
capacitance must be greater than the maximum input
voltage. The capacitor must have an input ripple
current rating higher than the maximum input ripple
current of the converter for the application; this is
determined by Equation 60.

The input capacitors for power regulators are chosen
to have reasonable capacitance to volume ratio and
fairly stable over temperature. The value of the input
capacitance also determines the input ripple voltage
of the regulator, shown by Equation 61.
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Vo, Vimin-Vo

I-rRMs=lo (Amps)
Vimin Vimin (60)
=222 omax  (Farads)
fsw>Av (61)
Where,

AV, = Input voltage ripple desired

Step 7: Soft Start Capacitor Cgg

The soft start capacitor determines the minimum time
to reach the desired output voltage during a power up
cycle. This is useful when a load requires a controlled
voltage slew rate and helps to limit the current draw
from the input voltage supply line. Equation 62 has to
be satisfied in addition to the other conditions stated
in the soft start section of this document.

Step 8: Bootstrap Capacitor Selection Cggot

CBOOFA—\Q/ (Farads)

(63)
A CBoot ceramic capacitor must be connected
between the PH and BOOT terminals for the
converter to operate and regulate the desired output
voltage. It is recommended to use a capacitor with
X5R or better grade dielectric material and the
voltage rating on this capacitor of at least 25V to
allow for de rating.

Step 9: Current Loop Compensation (Buck
Regulator Controller Buck 1 and Buck 2)

Small Signal Model for Frequency Compensation

The TPS43330 uses a transconductance amplifier for
the error amplifier which supports three of the

CSS='32’\(/N (Farads) commonly used frequency compensation circuits.
(62) These compensation circuits are shown below as
Where, Typle 2A, 23,_arr1]q i%.bThg 'If;éphe 2 circuits nlwzt likely
- ; implemented in high bandwidth power supply designs
lss _1 HA (typical) _ using low ESR output capacitors. The Type 1 circuit
Css = selected- capacitor will be used with power supply designs with high ESR
AV = 0.8V (typical) output capacitors (RESR).
At = soft start time required
VO
|
R1 < VSENSE
gm ea COMP  Type 2A  Type 2B Type 1
R 2 Vref R esr R 3 C2 R3 C2 I
R C (0] —
) Cl=l I
= — = c 11: = I J—_

A
Ap pPm———————————— ~
~
NS
A, ~
~ R ~
8 I % N
\E | & ~
~
T A .
LY I T Y 2o, S
; : [ B W S
e
: ! y ! SN
f,

fZ 1
Frequency (Hz)

Figure 32. Frequency Response of the Type 2A and 2B Frequency Compensation
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The higher the bandwidth the faster the load transient
response. It is recommeded to place a pole at low
frequency, The following are the basic loop
compensation guidelines:

* In a loop response compensation it is desirable to
have the crossover frequency at one-fifth of the
switching frquency. fc < fgyw / 5, but can be fgy /
20 for highest switching frequency.

* Loop gain slope of -20dB/decade

» The first pole fp; should be close to 0 Hz, so low
frequency gain will be relatively high and help with
dc regulation with load and line regulation.

e The first zero f,; should be at the first control loop
pole [zero 1 compensation at f, = 1 / (2rVLCp)].

» The second pole at fP2 (pole 2 compensation at
fz1), created by capacitor C2, [pole 2 at fp, = 1/
(2nxCoxResRr)]-

The crossover frequency must be such that the error
amplifier gain is high enough to allow propoer
compenastion. Use Equation 64 through Equation 66
as a starting poingt to dertermine the crossover
frequency. Use the lower value from the calaculations
for an initial crossover frequency fc

fe=JP1*fp2  (H2) (64)
fc=,/fp1x fsw (Hz)
2 (65)
fc < fsw (Hz) for all cases
5 (66)

Once the crossover frequency is determined the gain
of the modulator at this frequency f; is given by
Equation 67.

_ 6.6xRLX(21TXfCXCOXRESR+1)
Gmod—fc -

(dB)
2mxfcxCox (I +Resr )+1 (67)

Current  loop
Equation 68.
1

AxRg (68)
Where,

A, = Current sense amplifier gain = 8 ( for
TPS43340)

transconductance is given by

Kcre=

Rs = Current sense resistor = 0.075 /(1.25 * Iy
max)
Voltage divider gain beta is given by Equation 69.
e Veet
Vo (69)
Where,

V,ef = Internal reference voltage (For TPS43340 =
0.8V)

Vo = Output voltage

Gain bandwith of converter (GBW) is given by
Equation 70.
5= GBWx2mxCo (ohms)
GmxKcrg*B (70)
Where,
GBW = The gain bandwidth. Typically the gain
bandwidth is between 1/5 to 1/20 of the fgy, to
cover the range of the switching frequencies.
gm = transconductance of error amplifier
Kceg = Current loop transcondutance
Co = Output capacitance
1

Cl=————— (Farads)
21mxR3%0.1xGBW (71)
=71 (Farads)
TXR3xfgyy (72)
R2
Ag=Gmg xR x——— (V/V
0 ea” ML R1+R2 ( ) (73)
Ar=Gmegx LR, _R2_ )
RL+R3 R1+R2 (74)
o= 1 . 1-D-0.5 (H2)
ZWXCOXRL ZUXLXfSWXCO (75)
1
fzi=—— (Hz
2= xR (12 (76)
1
fpp=—— (Hz) Type 2a
P2= yrxcoxrs (AT (77)
1
f,:2=W (Hz) Type 2a
2mxCox———L
R3xR| (78)
1
fopp=——————  (Hz) Type 1
P2 (@< +C2)R, (Hz) Typ 79)
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Design Equations

VBUCKA, VBUCKB

BOOST

COMMENTS

Duty Cycle D. (VBUCK A, B) -

- Vi
Dcom=1 [VO"'VD ]

Boost - Eq. 32

Eq.45 p=Yo
Boost CCM - Eg. 23 Vi _ 2(Vo +\p )XIOmaxfoW xL
Boost DCM - Eq. 24 Dbewm=
\0;

0.225 (Vds sensing)
Current limit sense resistor Rg s= 0.075 RdsoN Chose current limit of 25% more
-51 1.25%Iomin 0.225 . than maximum load

(External sense resistor)
Risen

v VBUCK A and VBUCK B, Rs is
Inductor selection L. =mx0ccw<1-0mw (Henries) | chosen based on current limit set
(VBUCK A, B) - Eqg. 52 = 200 *Rg for the application. Boost
Boost CCM - Eg. 33 fsw 0~8XDccmxm-DmM>ZX[IO\;"X] operation chose desired mode of
Boost DCM - Eq. 22 Lmax= 2ow = (Henries) DCM or CCM equation for

inductor selection

Indcutor ripple current. Vo Vo Typically the inductor ripple
(VBUCK A, B) - Eq. 53 Almppue=mx[1fvj (Amps) | Al =0.4xlg  (Amps) for ViNmax current is = 20% of maximum

load current

Output capactior Co.

lo Vin |, 1
C in > —axX x| 1. —N |x—— (Farads
CCMmin AVo [ v fow ( )

i 2%Al Ensure the ESR of the output
(VBUCK A, B) - Eq. 56 Co=——2— (Farads) oL capacitor is based on output
Boost CCM — Eq. 30 fsw>AVo tomax| Rt voltage ripple due to load steps
Boost DCM — Eq. 25 Covctmin®—— ) (Farace) ge ripp P
0.25xAl
Input capacitor Cy. C|N_CCM:$ (Farads)
(VBUCK A, B) - Eq. 61 o= 222 Blomax  (Farags) Sw A Vripple Based Input capacitor value on
Boost CCM -Egq. 31 fsw XAV c ___AxD pcum (Farads) input voltage ripple desired
Boost DCM - Eq. 27 N-DCM ™ 2 x oW *AVrippie
Soft start Cgg. Caa=lSS*A oy Can=lSS*AL o g Chose the soft start time required
- Eq. 62 SST AV (Farads) SSTT AV (Farads) At and then calculate Cgg
. Q Chose the amount of ripple
?OOtStrap capacitor Ceoot: C5001=—g (Farads) C5001=—g (Farads) based on FET gate charge and
Eq. 63 AV AV opearting VIN
Compensation resistor for pole GBWx21rxC To determine resistor R3 assume
(VBUCK A B) -Eq. 70 ' 3:-ﬂ 0] (Ohms) R3=ix R1+R2 (Oth) GBW = fsw/5 to fsw/zo over the
Boost- Eq. 39 GmxKcrp*p Gm R2 frequency range for buck
a9 controller
Compensation capacitor for zero. 1 = 1 C1 can be increased for faster
- Cl=————— (Farad . . L :
(B\{)%sztc_KEA’ E()) Eq. 71 2mxR3x0.1xGBW (Farads) 2mR3x0.1¥fc - Assume R3 settling time and noise immunity
qg. > 10kQ
) . The value of C2 is also critcal for
ggcrgﬁgn;;telon capacitor for 9 1 Farad 2= 1 buffering the noise on COMP pin
. = arads ;
(VBUCK A, B) - Eq. 72 <Raxtayy ( ) 2mx10%fcxR3 pggume R3 > | and sodthe f\;&;iue of capapltancz
Boost - Eq. 41 10kQ is a trade off between noise an
' gain band width
Pole at low frequency with high ; 1 (Hz)
dc gain. =1, 1D05 o) | P orxe xR z First pole is usually at lower
(VBUCK A, B) - Eq. 75 1 2mCoxR 2mxfgyxCo 2mxC1*Rea Where, frequencies
Boost - Eq. 46 Rea = 1MQ to 100MQ
Zero at control loop pole related
to output filter LC. foum 1 (H2) f= 1 (H2) Place zero near the pole due to
(VBUCK A, B) - Eq. 76 v 21 2mxC1xR3 27 5mxC1%R3 LC output filter
Boost - Eq. 48
Second pole for type 2a. 1 foo= 1
_ P2 —=—=o (H2) Place second pole at half
(VBUCK A, B) - Eq. 77 fpo=——- (Hz) Type 2a 2mxC2xR3 Y
2 2xR. switching frequency f
Boost - Eq. 47 TxC2xR3 (optional) g frequency fsw
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(VBUCK A, B) - Eq. 79

(2mxCo+C2)xR.

VBUCKA, VBUCKB BOOST COMMENTS
1
Second pole for type 2b fpo= 3R (H2) Type 2a i
L Not applicable
(VBUCK A, B) - Eq. 78 2mxCox R3xR, PP
1
Second pole for type 1 foo= (Hz) Type 1 Not applicable

Design Guide — Step by Step Design Procedure

The following example illustrates the design process and component selection for the TPS43330. The design

goal parameters are given in

the table below.

Parameter VBUCK A VBUCK B Boost
6V to 18V 6V to 18V 3V to 8V
Input Voltage VI
14V - typ 14V - typ 5V - typ
Input Ripple Voltage +0.5V +0.5V +0.1V
Output Voltage VO 5V+2% 3.3V+2% V£5%
Max - Output Current 10 2A 2A 4A
Min — Output Current IO 0.1A 0.1A 0.1A
Load step output tolerance AVO +0.2V +0.12V +0.5V
Current Output Load step AIO 0.1A to 2A 0.1A to 2A 0.1A to 4A
Converter switching frequency 400kHz 400kHz 200kHz
Schematic
2.5V t0 36V
10uH
.-VBAT I YN > pr . .
fJ :L 10uf L 10uf
1000uf
;r TOP-SW3 | ;r ;r
VBAT VIN
- DS EXTSUP 0 1uf
BOT-SW3 H el =
f DIV — -
= L GC2 VREG lﬁf
u
CBA CBB
topswil_, — [ o.1uf
VBUCKA - 5V, 2A 0.03 oun LT GAl GBI VBUCKB - 3.3V, 2A
° ° S . °
PHA
100uf €L L. e o €L 100uf
I BOT-SW1 GA2 TPS43330-Q1 GB2 = BOT-SW2 I
. L PGNDA PGNDB -
432k — SAl SB1 - 470k
SA2 SB2
FBA FBB
éf&Zk 150k
L v couma comrB| ¢ |
L 120pf =— = —=3.9nf I8k Hk  senf—— —— 180pf L
— PGA PGB —
5k sk
ENA AGND
I “ 100k - =
50 fﬂgsz COMPC DLYAB
p s6nf 8. i
o —
= = ENC SYNC =

Figure 33. EVM Schematic
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Selected Desigh Componenets

VBUCK A VBUCK B BOOST
PARAMETER (Vo = 5V, Io = 2A) (Vo =33V, Ip = 2A) (Vo = 7V, Io = 4A)
Duty cycle D 5 33
(VBUCK A, B) - EQ.45 =->.=0.357 =2220.2357 Dcom=1- =0.315
Boost CCM - Eq. 20 14 14 CCM™ 7403
Boost DCM - Eq. 21
Current limit sense resistor Rg Rs =0.075/ (1.25 * lomax) Rs =0.075/ (1.25 * lomax) .
-Eq.47 Rs = 0.03 Rs = 0.03 Not Applicable
Inductor selection L. 200 200 4
(VBUCK A, B) - Eq. 48 = xRg = *Rg Select lo.pcm —9.1 x lg, Where
fsw fsw Lcem =6 uH
Boost CCM - Eq. 33 ch L =10 uH
Boost DCM - Eq. 22 Where, L = 15 pH Where, L = 15 pH osel=10H
Indcutor ripple current. _ _ _
(VBUCK A, B) - Eq. 53  Aljippie = 0.42 A,  Aljippie = 0.42 A, Al gippe =16 A,
using higher L reduces ripple using higher L reduces ripple using higher L reduces ripple
Boost - Eq. 32
Output Capactior Co o=—2280 (rarads) o=—280_  (rarads) Cocmmin > Omax {«‘LN]XL (Farads)
(VBUCK A, B) - Eq. 56 faw *AVo - 63.3 faw *AVg - MNo | Vo) few
Boost CCM - Eq. 30 M= 63.3 UF Where Ccem = 11 pF,
Boost DCM - Eq. 25 Use CO = 100 uF Use Co = 100 pF Choose Cccm > 22 uF
Input Capacitor Cjy CiN= 0.25*Alomax (Farads) C|N=% (Farads) C,N_CCM=% (Farads)
(VBUCK A, B) - Eq. 61 fgw XAV, - fgw XAV, - fsw *AViripple
Boost CCM - Eq. 31 2.3 4F 2.3 4F Where Cpy = 10 pF,
Boost DCM - Eq. 27 Use Cyy = 10 uF Use Ciy = 10 UF Choose Cy\ = 22 uF
_1pAxAt _1pAxAt
= ss=
Soft start Cgg 0.8 0.8 Not appicable
- Eg. 62 Assume 8 ms for soft start Assume 8 ms for soft start
CSS =10 nF CSS =10 nF
Qg Qq
CBootzw (Farads) CBootzm (Farads)
Bootstrap capacitor Cggot . ) icabl
-Eq. 63 Assume voltage ripple of Assume voltage ripple of Not appicable
0.3V,external FET Qg < 30nC. 0.3V,external FET Qg < 30nC.
Cgoot = 0.1 pF Cgoot = 0.1 pF
_GBWx2mxCq _GBWx2mxCq R37=_B_xR1*R2
Compensation resistor for pole. R22—m R23‘m Gm R2
(VBUCK A, B) - Eq. 70 CFBTF =11.8k, CFB™F =155k, | \yhere, R1 = 821k, R2 = 106k
Boost - Eq. 39 assume GBW = fg/16. R22 = assume GBW = fgy/16. R23 = andB =33
11.8k 15k R37 = 28 8k
Compensation capacitor for zero. 1 1 C36=%
(VBUCK A, B) - Eq. 71 C8=——————— C26=——«———— 2mxR37x0.1xf¢
2mxR3%0.1xGBW =53 nF 2mxR3%0.1xGBW = 5.8 nF
Boost - Eq. 41 n n fc = 40kHz, C36 = 1.38nF
Compensation capacitor for 1 1 1
second pole. c2=— cC22=— Cc38=—
(VBUCK A, B) - Eq. 72 mxfgy XR22 _ g7 pF mxfgyw*xR23 _ 75 pF 2mx10xfcxR37 - 13 g pF
Boost - Eq. 41
Pole at low frequency with high
dc gain. fP1=; fP1=; fP,]:;
(VBUCK A, B) - Eq. 75 2mxCo*R — 31Hz 2mxCo*R — 31Hz 2xC36XReA = 26Hy
Boost - Eq. 46
Zero at control loop pole related
to output filter LC. 4= 1 4= 1 1= 1
(VBUCK A, B) - Eqg. 76 2mxC23%xR22 = 2 54kHz 2mxC26%xR23 = 2 45kHz 2mxC36%R37 = 4kHz
Boost - Eq. 48
( B -Ea. P2 omxC21xR22= 201kHz | 2 2mxC22xR23 = 142.6kHz | 2 2mxC38xR37 = 400kHz
Boost - Eq. 47
Second pole for type 2b f I B f I B ;
(VBUCK A, B) - Eq. 78 P2 2mxCoxR22 P2 2mxCoxR23 Not applicable
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fooz—
(VBUCK A, B) - Eq. 79 P27 (2mxCo+C21)xR

VBUCK A VBUCK B BOOST
PARAMETER (Vo =5V, |o = ZA) (Vo =3.3V, lO = ZA) (Vo =7V, |o = 4A)
Second pole for type 1 1 1

fpp=s————————— i
P2 (2TxCo+C22)xR_ Not applicable

Power Dissipation

The power dissipation is largely dependent on the
MOSFET driver current and input voltage. The drive
current is proportional to the total gate charge of the
external MOSFET.

Power dissipation buck regulator controller 1and 2 is
given by Equation 80.

PateDrive=Q9*Vpr*fsw  (Watts) (80)
Assuming both high and low side MOSFETs are

identical in a synchronous configuration, the total
power dissipations is given by Equation 81.

PuckControllert=2*Qg*fgyy xVIN - (Watts per channel) (81)
Dual channel controller the total power dissipation is
given by Equation 82.

PBuckController1&2=4%Qgxfgyy xVIN  (Watts) (82)

IC power consumption is given by Equation 83.

Ac=lgxVIN  (Watts) (83)

Boost regulator driver power dissipation is given by
Equation 84.

PaoostController =(VINSB-VSTBY)xlystgy  (Watts) (84)

Total power dissipation is given by Equation 85.
Protal=PBuckControlier1&2+PBoostController *Rc  (Watts) (85)

A

Power Dissipation (W)

25 50

Ambient Temperature (C)

Figure 34. Power Dissipation Derating Profile for
48-Pin QFP PowerPAD Package

PCB Layout Guidelines

Grounding and Circuit Layout Considerations

The TPS43330 has two separate ground terminations
(AGND and PGND) pins. The ground signal consists
of a plane to minimize its impedance. Try to separate
the low signal ground termination from the power
ground signal. The high power noisy circuits like the
output, synchronous rectifier, MOSFET driver
decoupling capacitor and the input capacitor should
be connected to the PGND plane. The AGND plane
should only make a single point connection to the
PGND plane.

The sensitive nodes like the feedback resistor divider,
oscillator resistor (to set frequency), current sense,
and compensation circuitry should be connected to
the AGND plane.

Keep the high-current carrying loops to a minimum by
ensuring optimal component placement. Ensure the
bypass capacitors are located as close as possible to
their respective power and ground pins.

Sensitive circuits such as sense feedback, frequency
setting resistor for the oscillator, current sense and
compensation circuits should not be located near the
dv/dt nodes; these include the gate drive outputs,
phase pins, and boost circuits (bootstrap).
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PCB Layout

Power Input
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Microcontroller
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O Connection to topside of PCB through vias

O Connection to ground plane of PCB through vias

. Power bus

© Voltage Output rails

Figure 35. PCB Layout
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