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L5963

Dual monolithic switching regulator with LDO and HSD

PowerSS0-36

PowerSS0-36
(slug-up)

(exposed pad)

Features

e Two step-down synchronous switching voltage
regulators with internal power switches:
— Wide input voltage range (from 3.5 V to 26 V)
— Internal high-side/ low-side NDMOS
— 1V minimum output
— 3.0Aload current
— 250 kHz free-run frequency
— 250 kHz < f <2 MHz synchronization range
— Integrated soft-start
— Independent hardware enable pins
— Independent power supply
— 180° PWM output phase shift
— Programmable switching frequency divider
by 1, 2, 4 or 8 between the two DC/DC
regulators
— Power good function
e One standby / linear regulator
— Output voltage programmable with external
resistor divider

— 250 mA maximum current capability
— Backup function
— Power good function
e One high side driver
— 0.5V maxdrop@0.5A
— Protected against short to ground and

Datasheet - production data

o Extremely low quiescent current in standby
conditions

e Power good / adjustable voltage detector
outputs to realize customized power up/down
sequences

Description

L5963 is a dual step-down switching regulator
with internal power switches, high side driver and
a low drop-out linear regulator that can operate as
standby regulator or normal LDO.

All the regulators can be connected directly to the
vehicle battery. In addition to an adjustable
voltage detector, voltage supervisors are
available.

The two DC-DC converters can work in free-run
condition or synchronize themselves to an
external clock. DC/DCs' PWM outputs have a
180° phase shift.

The high operating frequency allowed by the
synchronization input helps to reduce AM and FM
interferences and grants the use of small and low
cost inductors and capacitors.

This IC finds application in the automotive
segment, where load dump protection and wide
input voltage range are mandatory.

A slug-up package option is available for
applications which require heatsink use.

In standby condition the device guarantees
extremely low quiescent current (25 pA typical @
-40°C<T<85°C)

Table 1. Device summary

battery, loss of ground and battery, Order code Package Packin
unsupplied short to battery J g
e Programmable under voltage battery detector L5963D-EHX PowerSS036 Tube
— Under voltage threshold adjustable through L5963D-EHT (exposed pad) Tape & Reel
dedicated pin (VDIN)
o Load dump protection L5963U-KBX PowerSS036 Tube
e Independent thermal protection on all L5963U-KBT (slug-up) Tape & Reel
regulators
¢ Independent current limit on all regulators
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Overview

The L5963 integrates two switching mode synchronous step down converters, a linearly
regulated power supply, a protected high side driver and voltage detectors. To guarantee a
robust operation, all the outputs have independent thermal protection and current limitation.

The two switching mode synchronous step-down converters employ voltage mode control
and feed forward functions to provide good load regulation and line regulation. Each
converter has its own enable. The users can adjust the output voltage of the two converters
by an external resistor divider. If the converters need to work with a frequency different from
the free running frequency, in order to consider EMC performance in system level, they can
be synchronized to an external clock by applying it on the SYNCIN pin. The frequency
should be higher than half of the free running frequency. If there are more than one L5963 in
the system they can work in Master-Slave configuration, to make sure all the L5963 have
the same operating frequency of the Master device. This Master-Slave function is
implemented by a dedicated pin SYNCOUT which always gives the operating frequency of
DC/DCH1 (for details, see the next chapter)

A dedicated voltage detector is integrated in the first switching converter to monitor DC/DC1
output. When the output voltage of DC/DC1 goes above the threshold, SW10K is released
and goes back to high with configurable delay set by a capacitor on the SW1OKDLY pin.

The linear regulator can work as standby regulator with low |, or as a non-standby regulator.
Connecting its enable ENLDO to its supply VINLDO the regulator works as a standby
regulator, while connecting ENLDO to signal lower than 5 V the regulator works as non-
standby regulator, with higher load capability but also higher quiescent current.

In standby state, i.e. only the linear regulator is powered and works as a standby regulator,
with a load below 100 pA the device has a quiescent current of just 25 pYA.

The small drop-out voltage of the linear regulator allows its use with low operating supply
voltage.

In many cases, the linear regulator has to provide voltages to devices which need the reset
function, like a MCU: this is provided by the LDOOK output, that is pulled low when
VOUTLDO goes below a threshold. Once VOUTLDO returns above that threshold, with a
specified hysteresis, LDOOK goes back to high with a configurable delay set by a capacitor
on pin LDOOKDLY.

The high side driver is enabled by a dedicated pin and has a very low drop-out voltage.
Protection circuits, like independent thermal protection, OCP, OVP and some special
protections (loss of GND, SPU, short to supply and so on), are implemented to make it very
robust (see next chapter for details).

L5963 also embeds a voltage monitor (VDOUT), adjustable by means of an external resistor
divider, that can be used to sense the battery or other voltages in the system. Sensing
voltage is fed to pin VDIN. For instance, VDOUT might be used to monitor the output of
DC/DC2, realizing in this way the Power Good function for that block. VDOUT is pulled low
when voltage on VDIN goes below the specified threshold. Once VDIN returns above that
threshold, with a specified hysteresis, VDOUT goes back to high with a configurable delay
set by a capacitor on pin LDOOKDLY

Two different packages are available. The PowerSSO-36 slug-down allows to dissipate the
heat on the board and reduce the application size. The slug has to be connected to the
ground plane. This is the package suggested for standard applications. When this is not
enough, because the L5963 is used as pre-regulator for high consuming applications and
both the 2 DC-DC are working at high currents, the PSS0O36 slug-up allows the use of a
heat-sink to make easier power dissipation.
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2 Block diagram

Figure 1. Block diagram
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3 Application diagrams

Figure 2. Example of a typical application diagram
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Figure 3. Example of usage of two regulators in the same application
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4 Pins description
Figure 4. Pinout configuration
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Table 2. Pins description

Pin # Name Type Function
1 TAB n.a. Device slug terminal. To be connected to ground
2 PGND1 Ground Switching regulator 1 power ground
3 ENSW1 Input Switching regulator 1 enable. 1.8/3.3 V compatible
4 BS1 Supply Switching regulator 1 boosted supply
5 PWM1 Output Switching regulator 1 switching output
6 ENHSD Input Enable for High Side Driver. 1.8/3.3 V compatible
7 VINSWA1 Supply Switching regulator 1 supply voltage
8 SYNCOUT Output External synchronization output (push-pull)
9 SYNCIN Input External synchronization input DRAFT
10 FRDIV Input/output | Switching frequency divider setting
11 VDOUT Output Voltage detector output (open drain)
12 FBSW1 Input/output | Switching regulator 1 feedback voltage
13 COMP1 Input/output | Switching regulator 1 compensation
14 SGND Ground Ground for linear blocks
15 VDIN Input Voltage detector threshold setting
16 VINHSD Supply High Side Driver supply
17 HSD Output High Side Driver output
18 VDDLY Input/output | Voltage Detector delay setting
19 FBLDO Input/output | LDO feedback voltage
20 VOUTLDO Output LDO output
21 LDOOK Output LDO voltage detector output (open drain)
22 LDOOKDLY Input/output [ LDOOK delay setting
23 VINLDO Supply LDO supply
24 COMP2 Input/output | Switching regulator 2 compensation
25 FBSW2 Input/output | Switching regulator 2 feedback voltage
26 SWGND Ground Low-power switching ground
27 VBAT Supply Common linear blocks supply voltage
28 SW10OKDLY Input/output [ SW10OK delay setting
29 TEST n.a. Pin for testing purposes. To be left unconnected
30 SW10K Output Switching regulator 1 voltage detector output (open drain)
31 VINSW2 Supply Switching regulator 2 supply voltage
32 ENLDO Input LDO enable. 1.8/3.3 V compatible
33 PWM2 Output Switching regulator 2 switching output
34 BS2 Supply Switching regulator 2 boosted supply
35 ENSW2 Input Switching regulator 2 enable. 1.8/3.3 V compatible
36 PGND2 Ground Switching regulator 2 power ground
DoclD028553 Rev 1 11/45




Electrical specifications L5963
5 Electrical specifications
5.1 Absolute maximum ratings
Table 3. Absolute maximum ratings
Pin name / Parameter Value Unit
symbol
VBAT
oP Operating input voltage -0.3 to +26 \%
VINop
VBAT
MAX Maximum transient supply voltage -0.3 to +40 \%
VINmax
PGND1/2,
SGND, Ground pins voltage -0.3t0 +0.3 \%
SWGND, TAB
ENLDO LDO enable pin voltage -0.3 to +40 \%
Vpinop Other pins operating voltage -0.3to +3.6 \Y
Vpinmax Other pins voltage -0.3to +4.6 \Y
Top Operating ambient temperature 40 to +105 c
range
Tstg Storage temperature range -55 to +150 °C
TJ- Junction temperature 150 °C
5.2 Thermal data
Table 4. Thermal data (slug-down configuration)
Symbol Parameter Board Value Unit
Rth ja-2s 2s 53 °C/W
Rih j-a-2s2p | Thermal resistance junction-to-ambient 2s2p 27 °C/W
Rih j-a-252pv 2s2p+vias 22 °C/W
Table 5. Thermal data
Symbol Parameter Value Unit
Rihjcase | Thermal resistance junction-to-case 1.5 °C/IW
12/45 DoclD028553 Rev 1 Kys




L5963 Electrical specifications
5.3 Electrical characteristics
VBAT - VIN =14.4 V, T, = 25 °C unless otherwise specified.
Table 6. Electrical characteristics
Symbol Parameter Test conditions Min | Typ | Max | Unit
Inputs and controls
Standby mode
VBATop VBAT operating range VOUTLDO = 1.2 V/100 mA 3.5 - 26 \%
VOUTLDO = 3.3 V/100 mA 4 - 26 \Y
Shutdown mode - 1.5 2
lq Total quiescent current WA
Standby mode; lload po = 100 pA - 23 28
Overvoltage shut-down .
OVypar threshold on VBAT VBAT rising 27 29 31 \Y,
Undervoltage shut-down VBAT falling
UYVBAT | threshold on VBAT VDOUT forced to 0 V 2013 33
Hysyy Hysteresis on UVygaT - - 0.1 0.5 V
ENmin Mln voltage for enable pins 16 ) ) Vv
high level
ENmax Max voltage for enable pins ) ) 1 vV
low level
fswgypyo = fsWgyy1 0 - 30
Thresholds of value of resistor fswgyyo = fswgy1/2 60 - 70
RrrDIV connected between FRDIV pin kQ
and ground fSWSWZ = fSWSW1/4 110 - 115
fSWSWZ = fSWSw1/8 180 - [¢)
Voltage detector
Voltage Detector input voltage
THRypiN threshold - 0.9 | 094 | 098 \Y
Voltage Detector input voltage
Hysvoiy hysteresis ) ) 30 40 mv
Vmaxypoyt | VDOUT saturation voltage =1 mA in VDOUT pin - - 0.1 \
lvopLy VDDLY output current - 6 9 12 MA
THRyppLy |VDDLY threshold - 2.1 2.3 25 \Y,
Linear regulator
VEBLDO Feedback voltage lioag = 100 mA 990 | 1000 | 1010 | mV
Undervoltage shut-down .
UVipo threshold on LDO VINLDO decreasing - 2.2 24 V
Hys po Hysteresis on UVLDO - - - 100 mV
LdR| po FBLDO load regulation 10 MA < ljgaq < 250 mA - 5 - mV
3.5<VINLDO <26 V
LnR FBLDO li lati - 1 - \Y
nR po O line regulation lload = 100 mA m
Kys DoclD028553 Rev 1 13/45




Electrical specifications L5963
Table 6. Electrical characteristics (continued)
Symbol Parameter Test conditions Min | Typ | Max | Unit
AVegpo/ |FBLDO Undershoot/overshoot | MA <> 250 mA lload transition 5 i ° %
3 ()
Veeoo  |© 8 <> 18 V VINLDO transition 5 | - 5
VOUTLDO =3.3V
Vdo| po Drop-out voltage lload = 250 mA - 270 | 320 mV
VOUTLDO decreasing of 100 mV
Ishort, po VOUTLDO shorted to ground - 350 | 420 mA
Short circuit current limit _
Ishortsr.gy VOUTLDO (st-by) shorted to ) 65 80 mA
ground
I . lload = 50 mA, 10 Hz < f < 10 kHz
PSRR| po | Power supply rejection ratio 1 Vac,, on VINLDO - 70 - dB
, 20 Hz < f< 20 kHz
NLpo Output noise lload = 5 mA - 100 - Y
Thermal shut-down . o
TSD,po temperature Temperature rising 150 160 - C
Hysteresis on thermal °
HYSTSDLDO | shutdown temperature ) 5 ) 15 ¢
Co Output capacitance - 3 - - uF
ESR Output capacitor ESR - - - 0.2 Q
Voltage detector on LDO
THR_ pook / | LDOOK threshold as o
VeBLDO percentage of FBLDO voltage 91 94 97 o
Hys pook | Hysteresis on LDOOK - - 90 - mV
Vmax_ pook | LDOOK saturation voltage =1 mA in LDOOK pin - - 0.2 \%
Tglitch_ pook | Glitch filter time for LDO-OK - 5 12 20 us
lLpookpLy |LDOOKDLY output current - 7 10 13 MA
THR_ pookpLy | LDOOKDLY threshold - 2 2.2 24 Vv
Switching regulators (1), @
VEBSwx Feedback voltage lioad = 100 mA 980 | 1000 | 1020 | mV
LdRgwy |FBSWx load regulation 50 MA <ljggq< 1A - 1 - mV
LnRgwy FBSWx line regulation 3.5V <VINSWx <26 V - 1 - mV
Undervoltage shut-down .
UVsw1 threshold on SWA1 VINSW(x decreasing - 2.8 3 \
Hysswi1 Hysteresis on UVgyy1 - - 0.15 - V
Undervoltage shut-down .
UVswo threshold on SW2 VINSWx decreasing - 2.8 3 V
Hysswo2 Hysteresis on UVgy2 - - 0.15 - V
AVegswx/ | FBSWx pin 500 mA < 1.5 A lload transition -5 - 5 %
Vesswx | undershoot/overshoot® 8 <> 18 \V VINSWx transition 5 | - 5 | %
14/45 DoclD028553 Rev 1 Kys
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Table 6. Electrical characteristics (continued)

Symbol Parameter Test conditions Min | Typ | Max | Unit
llimgyy1 Peak current limitation on sw1 |- 25 3 3.5 A
llimgw2 Peak current limitation on sw2 |- 3 3.5 4 A
fsw Free-run switching frequency |- 225 250 275 kHz
fsync Switching frequency range 50% duty-cycle wave on SYNC pin | 250 - 2000 | kHz
Ronyg High side MOS on resistance x::\l;Wx > 35 V;including bonding - 85 - mQ
Ron g Low side MOS on resistance | Including bonding wires - 105 - mQ
Free run frequency
n Efficiency VOUTSW1/2=5V, lload =2.5A - 90 - %
VOUTSW1/2=5V; lload=1A 93
AVEgswy / At | FB pin slope at turn-on Including bonding wires - 0.95 - Vims
TSDgwx | Thermal shutdown temperature | Temperature rising 150 | 160 - °C
Hysteresis on thermal o
HySTsDSWx | sputdown temperature ) 5 ) 15 C
THRswiok ! | SW1OK threshold as ) o
VEBsw1 percentage of FBSW1 voltage 91 4 7 %
Hysswiok |Hysteresis on SW10K - - 35 50 mV
Vmaxswiok | SW10OK saturation voltage I=1mA in SW10K pin - - 0.2 \Y,
Tglitchsw10k | Glitch filter time for SW1-OK | - 9 13 17 Us
Iswiokpry | SW1OKDLY output current - 6 10 13 MA
THRsw1okpLy | SW1OKDLY threshold - 2 22 24 \Y
ton-min®) | Minimum on time - - 20 - ns
High side driver
Vdropysp | Output saturation lioag = 0.5A - 140 | 170 mV
Ishortysp | Short circuit current limit - 0.7 1 1.3 A
Thermal shut-down - o
TSDusp temperature Temperature rising 150 | 160 - C
Hysteresis on thermal o
HYSTSDHSD | shutdown temperature ) 5 ) 15 C
1. Test guaranteed by application measurements.
2. Tests involving switching frequencies higher than 1 MHz are guaranteed by design.
3. Not tested at ATE.
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L5963

Figure 5. PSSR LDO 50 mA load vs. frequency
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Figure 6. Efficiency vs. output current
(VIN =14V, fsw = 2 MHz)
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Figure 7. Efficiency vs. output current
(VIN =14V, fsw = 250 kHz)
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Functional Description

6.1

6.2

6.2.1

6.2.2

)

Functional Description

Operative modes

L5963 has three main operative modes:

¢  Shutdown mode: all enable pins are low and the device is completely off. In this
condition the quiescent current is typically 1.5 pA.

e Standby mode: the linear regulator is configured as stand-by regulator by connecting
ENLDO directly to VINLDO. In this condition the quiescent current is typically 25 pA.

¢ Normal mode: the linear regulator works as LDO and/or other blocks (DC/DC or HSD)
are turned on.

Blocks functional description

Unregulated supply input voltage (VINLDO)

This terminal provides the power for internal circuitry to bias band-gap reference, standby
regulator and other circuitry in the device.

If backup function is needed, an external capacitor connected to this pin shall be charged
through an external diode which is used to block reverse discharging. With backup function,
when the system battery is removed or drops too low suddenly, the internal bias and
regulator can operate correctly for a certain time, which avoids MCU to work abnormally and
allows MCU to have enough time to turn-off.

Low voltage warning monitor (related pins: VDIN, VDOUT, VDDLY)

An external voltage can be sensed through the VDIN pin. This voltage is scaled using an
external resistor network and compared with an internal threshold to detect a low voltage
condition (Figure 8.). Once the input voltage is below the threshold, the low voltage warning
output terminal (VDOUT) is pulled low after the designed glitch-filtering (~12 ys). VDOUT is
an open drain output. If the input returns above the threshold with the specified hysteresis,
VDOUT is released after a defined delay, it is determined by the capacitor on pin VDDLY.
The threshold is fixed to 0.95 V typ.

The capacitor on the VDDLY pin sets the VDOUT delay. A current source (~9 pA) on this pin
charges the external capacitor to generate the required delay, programmable by adjusting
the value of the capacitor.

This voltage monitor can also be used to monitor DC/DC2 output. Changing the ratio of the
external resistor divider the low voltage warning threshold can be adjusted.
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Figure 8. Low voltage warning monitor & delay schematic
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6.2.3

6.2.4

6.2.5
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Power-good reset (related pins: LDOOK, LDOOKDLY)

LDOOK monitors the regulator output VOUTLDO. Its circuit topology is the same as the
voltage detector one (Figure 8). lts threshold is fixed to 95% typ of the feedback voltage,
and the hysteresis is always ~2% typ. Pin LDOOK is an open drain output, and pin
LDOOKDLY is used to adjust the delay in the release of LDOOK output.

Power-good function of DC/DC1 (related pins: SW10K, SW10KDLY)

SW10K monitors DC/DC1 output. Its circuit topology is the same as the voltage detector
one (Figure 8). lts threshold can't be adjusted, it is always 95% typ of the feedback voltage,
and the hysteresis is ~35mV typ. Pin SW10OK is an open drain output, and pin SW1OKDLY
is used to adjust its delay.

Over voltage shutdown

Two internal over voltage shutdown (OV) blocks are included in L5963. One (OV1) senses
VBAT pin, the other (OV2) detects VINLDO pin.

If VBAT gets too high, to prevent any damage, DC/DC1, DC/DC2 and the high-side driver
are disabled by OV1. They will be turned on once VBAT returns below the detection
threshold with the specified hysteresis.

If linear regulator works as a non-standby regulator and VINLDO gets too high, to prevent
any damage the LDO is disabled by OV2. It is turned on once VINLDO returns below the
detection threshold with the specified hysteresis.

On the contrary, the linear regulator works as a standby regulator, OV2 doesn't intervene
and the regulator continues to work even if VINLDO increases.

3
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L5963 Functional Description
6.2.6 Power ground (PGND1 and PGND2)
PGND1 pin and PGND2 pin are power ground references for the DC/DC1 and DC/DC2
respectively. All switching nodes are referred to these two pins.
6.2.7 Signal ground (SGND)
This pin is the ground reference for standby regulator, HSD and internal bias.
6.2.8 PWM signal ground (SWGND)
This pin is the ground reference for signal part of DC/DC1 and DC/DC2.
6.2.9 TAB
TAB is connected to the device substrate.
This pin must be connected to GND to guarantee the substrate is always at the lowest
potential to avoid parasitic activation.
6.2.10 Linear regulator

3

Figure 9. Linear regulator diagram
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The linear regulator has two operative modes: standby mode and non-standby mode. Its
output voltage is set by an external resistor divider through the feedback pin FBLDO.

As a standby regulator, the current capability is reduced to 50 mA and the quiescent current
minimized.

In this case, the external resistor divider should be in the Mega ohm order to reduce total
quiescent current.

As a non standby regulator, it has higher load capability (up to 250 mA).
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Connecting ENLDO pin directly to its supply VINLDO (it should be higher than 5 V), the
regulator works as a standby regulator. Once ENLDO is ever higher than 5V, the regulator
works as a standby regulator till VINLDO is powered down, to reset a flag stored in an
internal register.

Figure 10. Enable timing for standby regulator (ENLDO pin connect to supply directly)
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The linear regulator works as a non-standby regulator if ENLDO is <5 V.

GAPGPS00958
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6.2.11

3

Figure 11. Enable timing for linear regulator (pin ENLDO isn't connected to VINLDO)
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The linear regulator operates with output voltages down to 1.2 V, and offers a maximum
dropout voltage of 500 mV at rated load current.

This regulator has an independent thermal protection and a current-limiting circuit.

It should be always supplied (by VINLDO) with a voltage not lower than 3.5 V because, even
if not used, it gives the common supply to all internal blocks which have to stay alive when
the battery drops too low (backup functionality).

High-side driver (HSD)

The HSD pin is the output of the high side driver. It has a dedicated enable pin ENHSD.
Following protections are implemented:

Over-current protection

Short to supply

Short to ground

Short through the load to -1 V
Unpowered short to supply
Loss of ground

Over voltage protection

DocID028553 Rev 1
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Thermal protection
The HSD has an independent thermal shutdown protection.

If the local die temperature exceeds the thermal shutdown detection threshold, the HSD is
disabled. It is enabled once the local die temperature falls below the detection threshold with
the specified hysteresis. The invoking of thermal shut down on HSD does not directly affect
any other outputs or circuitry in the IC.

Short to ground

The high side driver output is protected against shorts to ground. The faulted output returns
to its pre-fault operating condition once the fault is removed.

Short to supply

The high-side driver is protected against shorts to battery. In such an event, the IC is not
damaged. External components connected directly to the IC are not damaged by such
exposure.

Loss of ground protection

The high side driver is protected against excessive leakage current to an external ground
during a loss of supply ground (i.e. ground is open). During this event, the HSD is disabled
and the IC is not damaged.

Loss of battery protection (Unpowered shorts to battery, SPU)

The high-side driver is protected against unpowered shorts to battery. In such an event, in
typical applicative conditions, the IC will not suffer any damage.

Below-ground protection

The HSD output can be brought below ground by the inductive load. In this case, Power
PMOS is turned on to charge the output, protecting itself.

3
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6.2.12 Switching regulators
Figure 12. Switching regulators diagram
l SYNCOUT
SYNC >05*fosc
fosc
-
—O\lc . PWM1 CLK
SYNCIN —svne | o VINSWA1
Sawtooth generatol VINSW1
(with feedforward e
Frequency Divider|
FRDIV
—EAB) @ V3V3(PWM1)——pt BS1
Dnve;\l\ |: s5mQ
Soft-Start ERROR
" QP PWM1
T VREF i >
n
VFBSW2
FBSW1 I PGND1
COMP1
ENSWI )_@M(PWMU
. OCP Amy
or} ,
393
8
=5 IREF G
ik
-4 Protect Blocks
(UVLO Dump,STG,OTP) \
VBAT O — — —— — ————— e —— = —)SWGND
Protect Blocks
(UVLO Dump,STG,OTP)
ENSW2 )_@MPWMZ)
PWM2 CLK
VINSW2
Sawtooth generator| VINSW2
(with feedforwarg
& VSVS(F\MNM, = C BSZ
l Dr\ve,r\l\
85mQ
—> Soft-Start ERROR
It \AvP l/I/
PWM2
T VREF V2
105mQ
VFBSW2
FBSW2 [ Driver PGND2
COMP2
ocP Amf q
CE IREH]
GAPGPS00960

3

L5963 embeds two synchronous DC/DC converters that incorporate all the control and
necessary protection circuitries to satisfy a wide range of applications. DC/DC1 and
DC/DC2 are enabled by pin ENSW1 and pin ENSW2 respectively. The two switching

converters employ voltage mode control and feed forward function to provide good load
regulation and line regulation.

DocID028553 Rev 1
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Both switching regulators can operate up to a 100% duty cycle. Once every four switching
periods, the PWM output is forced low for 100ns typ to refresh the bootstrap capacitor.
Their features include:

e  Wide input voltage range (from 3.5V to 26 V)

e  Minoutputof 1V

e 250 kHz free-run frequency and synchronization range from 250 kHz to 2 MHz. The
voltage feed forward is implemented in all frequency range

¢ Internal 85 mQ high-side and 105 mQ low-side switching MOSFET
e Upto 3 Aload current capability

e  Power ok (SW10K) output

e Internal soft start function to minimize startup inrush current
e  Pulse-by-pulse current limiting (OCP)

e Discontinuous mode detection (DMC)

e  Over temperature protection (OTP)

e  UVLO with stop threshold at 2.8 V (typ)

e Load dump protection

e  Externally adjustable compensation

e  Stable with ceramic output capacitors

Oscillator/switching frequency

The internal oscillator provides a constant frequency clock of 250 kHz. The switching
frequency of DC/DC1 and DC/DC2 are determined by the internal frequency clock and the
external synchronization clock.

When no clock is applied to the SYNCIN pin or the synchronization clock is lower than

125 kHz (half of the internal clock), the two switching regulators work both with the internal
250 kHz clock. When the SYNCIN pin has a synchronization clock larger than 125 kHz, the
external synchronization clock is adopted.

There is a phase shift of 180° between PWM1 and PWM2, and the frequency of PWM2 can
be the same, 1/2, 1/4, 1/8 of PWM1 one. The division factor is programmed by FRDIV pin.
The switching clock of DC/DC1 can be sent out by pin SYNCOUT to synchronize another
device, in view of reducing EM disturbance.

Internal high-side and low-side Power MOSFET / Bootstrap structure

The two synchronous switching regulators don't need the external Schottky diode. Each of
them integrates a high-side and a low-side n-channel Power MOSFET, which allows a very
low drop voltage under high load current operation (up to 3 A).

The Bootstrap structure is used to drive the high-side n-channel Power MOSFET. A
Bootstrap capacitor of about 47 nF is needed.

Internal soft start function (SS)

To reduce the inrush current during startup, an internal soft start is implemented. The total
soft start time is about 400 ys and it doesn't change with operating frequency.

3
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Pulse-by-pulse current limiting (OCP)

The current in the upper MOSFET is monitored and if it exceeds the pulse-by-pulse over-
current threshold (ILIM) then the upper MOSFET is turned off. Normal PWM operation
resumes on the next oscillator clock pulse. DC/DCs’ embed leading edge blanking to
prevent falsely triggering the pulse-by-pulse current limit when the upper MOSFET is turned
on. The blanking time is about 100 ns, so the minimum switching on time should be bigger
than 100 ns:

Equation1

£>1OOnS:fSW< D__Vor 1
Ssw 100ns V, 100ns

From the above equation, when the input and output voltage are already known, the
switching frequency should be within the range of the above equation, otherwise the OCP
function is not guaranteed. Pulse-by-pulse current limiting is always active. The threshold of
OCP is about 3.7 A.

Low-Side Over Current Protection (LS OCP)

LS OCP protects DC/DCs by limiting inductor current, when either the load is too high at
high frequency or when the output of the converter is shorted to ground.

The current in the low-side MOSFET is monitored and, if it exceeds the pulse-by-pulse
overcurrent threshold (ILIM), it prevents the turning on of the high-side MOSFET in the
successive switching period.

In high frequency and high load conditions, the inductor current cannot decrease even if HS
OCP is triggered due to the blanking time, which results in the inductor current getting
higher and higher every switching period. If inductor current reaches LS OCP threshold, that
is set to a level higher than HS OCP one, PWM switching is stopped, waiting for the inductor
current to decrease to a lower value. PWM switching will recover as soon as LS OCP is
released.

If high load and high frequency conditions remain, for instance in case of a short circuit
being present on the regulator output, another LS OCP will occur. Upon removal of the short
circuit PWM switching will immediately recover, bringing the regulator back to normal
operation.

Discontinuous Mode Detection (DMD)

In order to save quiescent current when switching regulators are working in light load
condition, L5963 embeds a Discontinuous Mode Detection (DMD) circuit: DMD prevents
inductor current to continuously flow to ground during T by turning off LS MOSFET and
leaving PWM in tristate.

Over temperature protection (OTP)

Each DC/DC has its own OTP, which detects the local temperature and shuts down the
regulator when temperature reaches the specified threshold.

Dump protection

If the voltage on VBAT supply exceeds the over-voltage shut-down threshold, DC/DCs are
disabled. Once VBAT returns to working conditions, the output recovers to the normal state.
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Under voltage lock out (UVLO)

The UVLO circuit generates the shutdown signal to turn off DC/DCs when VBAT is lower
than the specified threshold. They are turned back on once VBAT goes above the detection

threshold with the specified hysteresis.

3
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Application information

Output inductor (Lo)

The value of the output inductor (Lo) is usually calculated to satisfy the peak-to-peak ripple
current requirement. For the best compromise of cost, size and performance, it is suggested
to keep the inductor current ripple between 20% and 40% of the maximum current.

For example, if Al = Ijijppie = 0.3 X louT(max)-
Where, loyT(max) is the maximum output current.

Then, the inductor value can be estimated by the following equation:

Equation 2

L> Vour (1_ VOUT\
fSWXAILL V )

IN (max)
Where, fgy is the switching frequency, V|y(max) is the maximum input voltage.
If Vout = 3.3V, ViNmax) = 26 V, fsyw = 250 kHz, Al_ =0.3x3A=0.9A

Equation3 33 a3

2—'3x[1——'j pH =128pH
250x10°x 0.9 26

The next higher available value should be used, so L = 15 pH.

The peak current flowing in Inductor is I peak) = louT(max) * AlL/ 2.

If the Inductor value decreases, the peak current increases. The peak current has to be
lower than the current limit of the device.

An inductor having saturation current higher than the device current limit has to be chosen.
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Output capacitors (COUT)

Output capacitors are selected to support load transients and output ripple current, as well
as to get loop stability.

The amount of voltage ripple can be calculated by the output ripple current flowing in the
Inductor:

Equation4
Al,

AV, =ESRx Al + ———L
o § L+8>< COUt X fSW

Usually the first term is dominant. However, if a ceramic capacitor (which is recommended)
is adopted, the first term on the above equation can be neglected as the ESR value is very
low.

For example, in case Vy,;: = 3.3V, Vi, =14V, fgy =250 kHz, Al, =0.3x3A=0.9A, in order
to have a AV = 5%V =0.165 V, a 4.7 pF ceramic capacitor is needed. In case of not
negligible ESR (electrolytic or tantalum capacitors), the capacitor is chosen taking into
account its ESR value.

In the above example, if a 100 yF with ESR = 100 mQ electrolytic capacitor is chosen, the
voltage drop on ESR dominates and the voltage ripple is 90 mV.

The output capacitor is also important to sustain the output voltage during a load transient.
In general, minimizing the ESR value and increasing the output capacitance results in a
better transient response. The ESR can be minimized by simply adding more capacitors in
parallel, or by using higher quality capacitors. If ceramic capacitors are chosen, in presence
of a fast load transient the output voltage will change by the amount.

Equation5 , )
AV E « Iout(mam -1 out(min)

out — 2 C % Vom

out

Where:

lout(max)» lout(min) refer to the worst case load in the system and AV, is the tolerance of the
regulated output voltage, 5% of V.

For example, Vout =5V, Vin = 14V, loymax) =1-9 A, lout(min) = 0-9 A, L =22 pH

Equation6
Cout = L y lout (max)2 — lout (min)

2
=176 uF
2 AVout x Vout

So two 10 yF ceramic capacitors in parallel are needed.

The output capacitor is also important for loop stability: it fixes the double LC filter pole and
the zero due to its ESR. In Section 7.5: Compensation network, it will be illustrated how to
consider its effect in the system stability.

3
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7.3

7.4

7.5

)

Input capacitors (Cy)

The input capacitors must be chosen to support the maximum input operating voltage and
the maximum RMS input current required by the device.

The input capacitors must deliver the RMS current according to below equation:

Equation7
q Irms ZIO\[DX(1—D)

Where lo is the maximum DC output current and D is the duty cycle. This function has a
maximum at D = 0.5 and it is equal to 1,/2.

Equation 8
D Vout + Va

~ Vin — Vgh + Vai

Vg is the voltage drop across the low side DMOS, and Vg, is the voltage drop across the
high side DMOS.

For example, with 20% duty cycle, the input/output current multiplier is 0.400. Therefore, if
the regulator is delivering 3 A of steady-state load current, the input capacitor(s) must
support 0.400 x 3 A or 1.2 Arms.

Ceramic capacitors can deliver quite a bit of current but their total capacitance is relatively
low. Electrolytic capacitors typically offer much more capacitance than ceramic capacitors,
but can typically deliver a current of 100 to 500 mArms. So a good design will employ both
types of capacitors with the ceramic capacitors placed closest to the input pins of the device.
As a result, ceramic capacitors which have very low ESR and inductance are the best for
filtering the high frequency switching noise, and electrolytic capacitors are typically able to
provide more current over extended periods of time where VIN would otherwise droop.

Bootstrap capacitor (CBOOT)

A bootstrap capacitor must be connected between the BOOT and SW pins to provide
floating gate drive to the high-side MOSFET. For most applications 47 nF is sufficient. This
should be a ceramic capacitor with a voltage rating of at least 6 V.

Compensation network

The compensation network has to assure stability and good dynamic performance. The loop
of the device is based on the voltage mode control, compatible with TYPE Ill compensation
network (Figure 13). The error amplifier is a voltage operational amplifier with large
bandwidth, which is much larger than the closed-loop one.
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Figure 13. Closed loop system with TYPE lll network
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The above figure shows the closed loop system with a TYPE Il compensation network and

presents the closed loop transfer function. See the guidelines for calculation of TYPE Il
network below:

1. Choose a value for R4, usually between 2 k and 5 kQ.

2. Choose a gain (Ry/R4) that shifts the Open Loop Gain up to give the desired
bandwidth. This allows the 0 dB crossover to occur in the frequency range where the
Type Il network has its second plateau in the gain. The following equation calculates
an R, that accomplishes this, given the system parameters and a chosen Ry.
Equation 9
DWB AV,
b= x —=%xR,
I:LC VIN
3. C2is calculated by placing the zero at 50% of the output filter double pole frequency:
Equation 10 1
2" rxRyx Fg
4. C1 can be calculated by placing the first pole at the ESR zero frequency:
Equation 11 ) c,
k 2x 7w xR,x Cyx Fegp— 1
5.

Set the second pole at half the switching frequency and also set the second zero at the
output filter double pole. This combination brings the following equation:
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Equation 12
R — R1 . C :;
3 F ’ 3
SW - T X Rsx EW
2xF¢

The figure below shows the asymptotic Bode gain plot for the TYPE Il compensated system
and the gain and phase equations for the compensated system

Figure 14. TYPE lll compensated network diagram
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Here an example of calculating the external components network step by step.

Suppose the requirements for a dc-dc regulator are the following:

Input voltage minimum Vin(min)

Input voltage maximum Vin(max)

Input voltage typical Vinyp)

Output voltage buck regulator 1- VBUCK 1

Converter switching frequency, fsw

Maximum output current on buck regulator 1-VBUCK 1
Maximum ripple current IRipp|e

Load transition requirement

Assume TYPE Il Compensation network.

STEP 1 - Calculate the inductor value

8V

26V

14V

Min =475V, Max = 5.25V
250 kHz

3A

0.3* Iyt

500 mA < 1.5Ain At=TBD

Using Equation 13, to find the inductor value, assume inductor ripple current of 0.9 A.

Equation 13

v. (v )

out

5

> out 1—
Fow % AILL Vin(

max)

3
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The next higher available value should be used, so L = 22 pH.
STEP 2 -Inductor peak current

Using Equation 14, the peak inductor current is:

Equation 14 I (peak) = loutmax) * Al /2 =3 A +(0.9/2) A= 3.45 A

STEP 3 - Calculate the output capacitance

Using Equation 15, the output capacitance is:

Equation 15 %
lout (may® = lout iy 222 X107 1.5°~0.57

X
AVout X Vout 2 5<y0 X 5 X 5

L
Cout ZEX =176|JF

So choose two 10 pyF ceramic capacitors in parallel, and the voltage ripple is within the spec.

Equation 16
Al 0.9

8xC_ xf_  8x20x10°x250x10°

out sw

AV,, = ESR x Al + =225mV

(ESR can be neglect due to ceramic cap)

3

DoclD028553 Rev 1




L5963

Application information

3

STEP 4 -Calculate loop compensation values.

Using Equation 17 to determine the "double pole™

E tion 17
quation 1 1

C21x\JL-Cpy 2x314x4/22x10° x 20x10°°

=7.59 kHz

LC

Using Equation 18 to determine the zero due to the ESR of the output capacitor C,;; with
ESR =10 mQx:

Equation 18 1 1

oo = = =796kHz
BR T 2rxC,, x ESR 2x3814x20x10°x10x10°

DBW = f; = 0.14 x fg,, = 35kHz
Choose R1 = 5 kQ, using Equation 19:

Equation 19
Ra= R _ 9K 40500
Vout _1 §_
VREF 1
R4 =1.24 kQ
PWM modulator gain.
Equation 20 v 14
Gain IN_

modulator — AVOSC ﬁ

Where Vy is the typical input operating voltage, AV g is the saw-tooth peak-to-peak value.

Using Equation 21:

Equation 21 DBW AV, 35k 1.5
=—— x —9€ ¥y R1= ——x— x5k=2.46k
fo oV, 759k 14

R2

R2 =2.4 kQ
Using Equation 22:

Equation 22 ’ 1
Ca2= = 3 =175x10°F
rx R2xf, 314x24x10°x759x10°
Choose C2 =16 nF
Using Equation 23:
Equation23 ] 16x10°
Cl= - s ~833x10°F
2rxR2xC2 xf.q — 1 2x314x2.4x10°x16x10° x 796x10° -1
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Choose C1= 82 nF.
Using Equation 24:
Equation 24
R3= Rt _ ok 3 =3230Q
fow 250x10°
2xf . 2x 7.59x10°
Choose R3 =330 Q.
Using Equation 25:
Equation 25
3= = =3.86x10°F
nxR3xfy, 3.14x330x250x10°
Choose C3 = 3.9 nF.
This is a table to summarize components value for different output voltage cases:
Table 7. Components value for different output voltage cases
Vour(V) | Fsw (Hz) | Lo (uH) | Co (uF) | R1 (kQ) |R2 (kQ) | R3 (Q) | R4 (kQ) | C1 (pF) | C2 (nF) | C3 (nF)
5 2M 2.7 4.7 4.99 1.2 220 1.24 33 5.6 0.68
250k 22 2x10 4.99 2.4 390 1.24 82 16 3.9
33 2M 2.2 10 4.99 1.5 180 2.15 56 6.2 0.82
- 250k 15 2x10 4.99 2 470 215 100 16 3.3
12 2M 1.5 2x10 4.99 1.8 160 24.9 100 5.6 1
. 250k 6.8 2x10 4.99 1.2 680 24.9 150 16 2.2
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3

Thermal design

The system design and maximum power that can be managed should take into account the
IC thermal resistance junction to ambient which depends on the PCB design.

The temperature inside the IC (junction temperature) should not exceed 150 °C or one or
more of the thermal shut-down protections will intervene.

The total power dissipation is approximately given by the sum of the power dissipation of the
two dc-dc regulators and the linear regulators:

Pd = Pdpwm1 + Pdpwm2 + Pdido
Where:
Pdisspc/pc = lloadpgpe x Voutpepe X (1-n)/m;
n is the efficiency, as shown in Figure 6 and 7.
PgissLpo = lload| po x (VINLDO-VOUTLDO)
The junction temperature is estimated in this way:

T; =Ty + Pd X Ripja

Where:
T, is the maximum ambient temperature;

Rihj-amb is the junction to ambient thermal resistance, as defined in Table 4: Thermal data
(slug-down configuration).

L5963 comes in two different package options, slug-up and slug-down, to meet power
management requirements and give flexibility in different board configurations (see
Section 9: Package information). The slug has to be connected to the ground plane,
whenever possible.

According to below formula and considering TSD_TH thermal shutdown minimum threshold
at 150 °C, maximum suggested power dissipation, for a slug-down configuration, can be
easily retrieved:

Pbiss_suggested = (TsHD = Tamb) / Rihj-a

Table 8. Maximum suggested power

Symbol Tamp 105 °C Tamb 80 °C
Rihj-a-2s 0.85W 1.32W
Rih j-a-2s2p 1.66 W 26 W
Rih j-a-2s2pvias 2.05W 3.2W
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It is possible to improve performance and application thermal behavior, adopting some
expedients:

e  Use the bottom layer as heat-sink
e Inner layer tracks are sunk to the ground plane

e Use large paths for ground connections, instead of narrow and long paths with sharp
corners, and transfer all ground connections to other layers by a proper number of vias

e Place compensation network very close to the chip to reduce noise

e Put coils and capacitors close to the pins, and build output path with large and short
tracks

With the layout configuration shown in Figure 15, a Ry, of 13°C/W has been reached.

Figure 15. Layout configuration example
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Inner Layer

I Cu 100um
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9 Package information

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at: www.st.com.
ECOPACK® is an ST trademark.

9.1 Package variation

This device use package Variations Option B to define exposed pad (see Table 9) or slug-up
(see Table 10) dimensions.
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PowerSS0-36 (exposed pad) package information

Figure 16. PowerSS0-36 (exposed pad) package outline
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Table 9. PowerSS0-36 exposed pad package mechanical data
Dimensions
Ref Millimeters Inches(!)
Min. Typ. Max. Min. Typ. Max.
S} 0° 8 0 8°
o1 5° - 10° 5° 10°
62 0° - - 0°
A 2.15 - 245 0.0846 0.0965
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Table 9. PowerSS0-36 exposed pad package mechanical data (continued)
Dimensions
Ref Millimeters Inches(!)
Min. Typ. Max. Min. Typ. Max.
A1 0.0 - 0.1 0.0 - 0.0039
A2 215 - 2.35 0.0846 - 0.0925
b 0.18 - 0.32 0.0071 - 0.0126
b1 0.13 0.25 0.3 0.0051 0.0098 0.0118
c 0.23 - 0.32 0.0091 - 0.0126
c1 0.2 0.2 0.3 0.0079 0.0079 0.0118
D@ 10.30 BSC 0.4055 BSC
D1 VARIATION
D2 - 3.65 - - 0.1437 -
D3 - 4.3 - - 0.1693 -
0.50 BSC 0.0197 BSC
E 10.30 BSC 0.4055 BSC
E12) 7.50 BSC 0.2953 BSC
E2 VARIATION
E3 - 2.3 - - 0.0906 -
E4 - 29 - - 0.1142 -
G1 - 1.2 - - 0.0472 -
G2 - 1 - - 0.0394 -
G3 - 0.8 - - 0.0315 -
h 0.3 - 0.4 0.0118 - 0.0157
L 0.55 0.7 0.85 0.0217 - 0.0335
L1 1.40 REF 0.0551 REF
L2 0.25 BSC 0.0098 BSC
N 36 1.4173
0.3 - - 0.0118 - -
R1 0.2 - - 0.0079 - -
S 0.25 - - 0.0098 - -
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Table 9. PowerSS0-36 exposed pad package mechanical data (continued)

Dimensions
Ref Millimeters Inches(")
Min. Typ. Max. Min. Typ. Max.
Tolerance of form and position

aaa 0.2 0.0079

bbb 0.2 0.0079

cce 0.1 0.0039

ddd 0.2 0.0079

eee 0.1 0.0039

ffff 0.2 0.0079

999 0.15 0.0059

VARIATIONS

Option A

D1 6.5 - 71 0.2559 - 0.2795

E2 4.1 - 47 0.1614 - 0.1850
Option B

D1 4.9 - 5.5 0.1929 - 0.2165

E2 4.1 - 47 0.1614 - 0.1850
Option C

D1 6.9 - 7.5 0.2717 - 0.2953

E2 4.3 - 5.2 0.1693 - 0.2047

1. Values in inches are converted from mm and rounded to 4 decimal digits.

Dimensions D and E1 do not include mold flash or protrusions. Allowable mold flash or protrusions is ‘0.25

mm’ per side D and ‘0.15 mm’ per side E1. D and E1 are Maximum plastic body size dimensions including

mold mismatch.
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PowerSS0-36 (slug-up) package information

Figure 17. PowerSS0-36 (slug-up) package outline
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Table 10. PowerSS0-36 slug-up package mechanical data
Dimensions
Ref Millimeters Inches(")
Min. Typ. Max. Min. Typ. Max.
A 2.15 2.45 0.0846 0.0965
A2 2.15 2.35 0.0846 0.0925
al 0 0.10 0.0039
b 0.18 0.36 0.0071 0.0142
c 0.23 0.32 0.0091 0.0126
D®? 10.10 10.50 0.3976 0.4134
E@ 7.4 7.6 0.2913 0.2992
e 0.5 0.0197
e3 8.5 0.3346
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Table 10. PowerSS0-36 slug-up package mechanical data (continued)
Dimensions
Ref Millimeters Inches(")
Min. Typ. Max. Min. Typ. Max.
F - 23 - - 0.0906 -
G - - 0.10 - - 0.0039
H 10.10 - 10.50 0.3976 - 0.4134
h - - 0.40 - - 0.0157
k 0° - 8° 0° - 8°
L 0.55 - 0.85 0.0217 - 0.0335
M - 4.3 - - 0.1693 -
N - - 10° - - 10°
(0] - 1.2 - - 0.0472 -
Q - 0.8 - - 0.0315 -
S - 29 - - 0.1142 -
T - 3.65 - - 0.1437 -
U - 1.0 - - 0.0394 -
X See VARIATIONS
Y See VARIATIONS
VARIATIONS
Option A
X 41 - 4.7 0.1614 - 0.1850
Y 6.5 - 71 0.2559 - 0.2795
Option B
X 4.1 - 4.7 0.1614 - 0.1850
Y 4.9 - 5.5 0.1929 - 0.2165
Option C
X 4.3 - 5.2 0.1693 - 0.2047
Y 6.9 - 7.5 0.2717 - 0.2953
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1. Values in inches are converted from mm and rounded to 4 decimal digits.

2. "D”and “E" do not include mold flash or protrusions Mold flash or protrusions shall not exceed 0.15 mm per

side (0.006”)
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94 Package marking information
Figure 18. PowerSS0-36 (exp. pad) marking information
&7 ()
Marking area
| ws:\ Last two digits
Q | | | | | | | | O ES: Engineering sample
<blank>: Commercial sample
/ \
PowerSSO_—36 TOP VIEW
(notin scale) GAPG2904151300PS_ES
Figure 19. PowerSS0-36 (slug up) marking information
O Marking area
O
| Q\Ex Last two digits
‘ ES: Engineering sample
Y/ Q <blank>: Commercial sample
PowerSSO_—36 TOP VIEW

(notin scate) GAPG2904151555PS_ES

Note: Engineering Samples: these samples are clearly identified by last two digits ‘ES’ in the

3

marking of each unit. These samples are intended to be used for electrical compatibility
evaluation only; usage for any other purpose may be agreed only upon written authorization
by ST. ST is not liable for any customer usage in production and/or in reliability qualification
trials.

Commercial Samples: Fully qualified parts from ST standard production with no usage
restrictions.
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Table 11. Document revision history

Date

Revision

Changes

29-Oct-2015

1

Initial release.
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IMPORTANT NOTICE - PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST's terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2015 STMicroelectronics — All rights reserved
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