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L5963

Automotive dual monolithic switching regulator with LDO and HSD
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(slug-up)

PowerSSO-36

(exposed pad)

Featuress

e AEC-Q100 qualified
e Two step-down synchronous switching voltage
regulators with internal power switches:
— Wide input voltage range (from 3.5V to 26 V)
— Internal high-side/ low-side NDMOS
— 1V minimum output
— 3.0 Aload 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
¢ One high side driver
— 0.5V maxdrop@0.5A
— Protected against short to ground and

%&

Datasheet - production data

¢ Independent current limit on all regulators

e 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, _Ioss of ground and battery, Order code Package Packing
unsupplied short to battery 59630 -EHX PowerSS030 Tube
. ProSraémmatl)tle untcri]er vr?ltl?jgedt_)at;tetr)}ll dtitecto:] L5963D-EHT (exposed pad) Tape & Reel
— Under voltage threshold adjustable throug .
dedicated pin (VDIN) L596SU-KBX | PowerSSO36 Tube
Load dump protection L5963U-KBT (slug-up) Tape & Reel
[ ]
pP _ [5963Q-VOY Tray
¢ Independent thermal protection on all 5963Q.V0T VQFPN-48 Tane & Reel
regulators - ape & Ree
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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 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/DC1.

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 I, 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 a voltage 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 pA.

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.

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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L5963 Application diagrams

Figure 3. Example of usage of two regulators in the same application

VBatt

22007 357
& 2
i u1
P L5963
VBatt D4 Yoour sl © =

27

s
3
£
w00 23 (e ey 2. ur 1o
1206 R
oUTLDO - ause 2 enpo j:uw ?::
T wovour ok 21| | pook 5D
22 | pooKDLY
£
2on
ras 1
compt | AAA—
14 e
uswt
T VINSW1 )»r

- w0
LKL 3 | enswt FBSW1 (12 ~r—]
w

TS 1 J— s 4o
28 swiokoly  pwm [ 288
P st |4 cwsl o RR L., L. L.
P | e doon [ aowesv [ sovsv
2

aworm 94 syNg N PGND1

out swi

sscaxour 8§ syng our

SO

g\/\/\— FROIV
Rk
comp [l | ARA—
311 vinswz )»“‘i
)
35

VBatt

-4

cz3 c2s e swz ENSW2 rBsw2 |25 MR

J0uF SO 3000 501 VY _‘{

B F Raz 134K Ri3 9K
1 VY P

out swz

Pwmz 2
3

3
BS2 o8 o0 =
Lo BT Rt
PGND2

wwoe 1| ypour VvoIn | 15_vons
)»—& vopLY
]
s

sow 16| e Hsp |17 _uso our

o 6 pypsp

SGND
SWGND
N.C.

14
26
w2 |

VBatt

chI: C:I
olf 35 | goonr sov”
TeP1

q_

ut
_ - 15963
e 3 2
VBatt Yoour 3 E =
T 2} ynoo  voutLoo (22 our o1
B0 32 | enLDO o
fie grso aauew] oo
wo vour o 21 | | s FBL0O

)»—i LDOOKDLY
&
2o
s
comp1 M
oo
o

st 7
VINSW1 e
@ o oz e 3 12 - VA
5= SR S o | et cosw1 F
pour s6)_soursov] soone sov R ek s 200
swvour o 30 | g0k Q_W

AR out swi 1

281 swiokoLy  Pwm1 (-2
o 4 C15. C16. R33 0
oo =50 crs 2 Tcu Tcm Tc:z
lermsov 1 lzaopsor oo [ aoweav [ aovssv
2

e L PGND1
waxon 8| syne out %
s
W FROIV
s paxc
VBatt comp2 (24 )»—'\f:l AA—
TI 1 31 vinswz = 3
c23 c2e enswy 35 25 e
WM ENSW2 FBSW2 AN
E ] [ Rag 400
33 our swz +
PWM2 X
o o e g0
ss2 24| -
P T T EY
R E
wnoe 1| yoour VOIN |15 von
Q 181 vopLy
El
2on
sow 16| yinso s | 17_tsoour

sumso 6 pyusp

SWGND

SGND
N.C.

14
26
2

GAPGPS01436

3

DoclD028553 Rev 2 9/49




Pins description

L5963

4

10/49

Pins description

Figure 4. PowerSS0-36 pinout configuration
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Table 2. PowerSS0-36 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
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Table 2. PowerSS0-36 pins description (continued)

Pin # Name Type Function
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
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 SW10KDLY 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
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Figure 5. VQFPN-48 pinout configuration
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Table 3. VQFPN-48 pins description
Pin # Name Type Function
1 BS2 Supply Switching regulator 2 boosted supply
2 ENSW2 Input Switching regulator 2 enable. 1.8/3.3 V compatible
3 NC N.C. Not connected
4 NC N.C. Not connected
5 PGND2 Ground Switching regulator 2 power ground
6 PGND2 Ground Switching regulator 2 power ground
7 PGND1 Ground Switching regulator 1 power ground
8 PGND1 Ground Switching regulator 1 power ground
9 NC N.C. Not connected

10 ENSW1 Input Switching regulator 1 enable. 1.8/3.3 V compatible

11 NC N.C. Not connected

12 BS1 Supply Switching regulator 1 boosted supply

13 PWM1 Output Switching regulator 1 switching output

14 ENHSD Input Enable for High Side Driver. 1.8/3.3 V compatible

15 SYNCOUT Output External synchronization output (push-pull)
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Table 3. VQFPN-48 pins description (continued)

Pin # Name Type Function
16 SYNCIN Input External synchronization input
17 VINSWA1 Supply Switching regulator 1 supply voltage
18 VINSWA1 Supply Switching regulator 1 supply voltage
19 FRDIV Input/output | Switching frequency divider setting
20 VDOUT Output Voltage detector output (open drain)
21 FBSW1 Input/output | Switching regulator 1 feedback voltage
22 COMP1 Input/output | Switching regulator 1 compensation
23 SGND Ground Ground for linear blocks
24 VDIN Input Voltage detector threshold setting
25 NC N.C. Not connected
26 VINHSD Supply High Side Driver supply
27 VINHSD Supply High Side Driver supply
28 HSD Output High Side Driver output
29 HSD Output High Side Driver output
30 VDDLY Input/output | Voltage Detector delay setting
31 FBLDO Input/output | LDO feedback voltage
32 VOUTLDO Output LDO output
33 VOUTLDO Output LDO output
34 NC N.C. Not connected
35 LDOOK Output LDO voltage detector output (open drain)
36 LDOOKDLY Input/output | LDOOK delay setting
37 VINLDO Supply LDO supply
38 COMP2 Input/output | Switching regulator 2 compensation
39 FBSW2 Input/output | Switching regulator 2 feedback voltage
40 SWGND1 Ground Low-power switching ground
41 VBAT Supply Common linear blocks supply voltage
42 SW10KDLY Input/output | SW10K delay setting
43 TEST n.a. Pin for testing purposes. To be left unconnected
44 SW10K Output Switching regulator 1 voltage detector output (open drain)
45 VINSW2 Supply Switching regulator 2 supply voltage
46 VINSW2 Supply Switching regulator 2 supply voltage
47 ENLDO Input LDO enable. 1.8/3.3 V compatible
48 PWM2 Output Switching regulator 2 switching output
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Electrical specifications L5963
5 Electrical specifications
5.1 Absolute maximum ratings
Table 4. 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 \%
VINpmax
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 5. Thermal data (PowerSS0O-36)
Symbol Parameter Board Value Unit
Rth j-a-2s 2s 53 °C/W
_ Thermal resistance junction-to-ambient (Max) 5
Rin j-a-2s2p (slug down configuration) 2s2p 27 cw
Rih j-a-2s2pv 2s2p+vias 22 °C/W
Rihj-case | Thermal resistance junction-to-case (Max) 1.5 °C/W
Table 6. Thermal data (VQFPN-48)
Symbol Parameter Board Value Unit
Rih j-a-2s 2s 66 °C/W
Rihj-a-2s2p | Thermal resistance junction-to-ambient (Max) 2s2p 32 °C/W
Rih j-a-2s2pv 2s2p+vias 26 °C/W
Rin j-case Thermal resistance junction-to-case (Max) 2.2 °C/W
14/49 DoclD028553 Rev 2 Kys




L5963 Electrical specifications
5.3 Electrical characteristics
VBAT = VIN =14.4 V, T, = 25 °C unless otherwise specified.
Table 7. 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
lg 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 | hreshold on VBAT VDOUT forced to 0 V 20| 3 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
fswgyyo = fsWgyy1 0 - 30
Thresholds of value of resistqr fswgyo = fSWep1/2 60 - 70
RErDIV connected between FRDIV pin kQ
and ground fswswz = fsWgw1/4 110 - 115
fSWSWZ = fSWSW']/S 180 - o0
Voltage detector
Voltage Detector input voltage
THRypiN threshold - 0.9 | 094 | 0.98 \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 23 25 Vv
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 2 15/49




Electrical specifications L5963
Table 7. Electrical characteristics (continued)
Symbol Parameter Test conditions Min | Typ | Max | Unit
AVegpo/ |FBLDO 5 mA < 250 mA lload transition -5 - 5 o
Vesioo | Undershootiovershoot") 8 <> 18 V VINLDO transition 5 | - | s °
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
- . 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 o1 94 7 %
Hys pook | Hysteresis on LDOOK - - 90 - mV
Vmax pook | LDOOK saturation voltage =1 mAin LDOOK pin - - 0.2 \
Tglitch_ pook | Glitch filter time for LDO-OK - 5 12 20 Ms
lLpookpLy |LDOOKDLY output current - 7 10 13 MA
THR pookpry | LDOOKDLY threshold - 2 22 24 \Y
Switching regulators(®
VEBSwx Feedback voltage lioag = 100 mA 980 | 1000 | 1020 | mV
LdRgwyx | FBSWx load regulation(® 50 MA < ljgaq < 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 \
Hyssw1 | Hysteresis on UVgyq @ - - 015 | - Y%
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 | %
16/49 DoclD028553 Rev 2 Kys
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Electrical specifications

Table 7. 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(3) 50% duty-cycle wave on SYNC pin | 250 - 2000 | kHz
Rongs rHeigir;tzi:selzg)OS on x::\gWX > 3.5 V; including bonding ) 85 ) ma
Ron g Low side MOS on resistance(® | Including bonding wires - 105 - mQ
Free run frequency
n Efficiency®) VOUTSW1/2 =5 V; lload = 2.5A - 90 - %
VOUTSW1/2 =5 V; lload = 1 A 93
AVEgswy / At | FB pin slope at turn-on(®) Including bonding wires - 0.95 - Vims
TSDgwx | Thermal shutdown temperature | Temperature rising 150 | 160 - °C
soowe | soerionsme | 1K
Vet | percantage of FSW1 votage | o1 | o4 | o |
Hysswiok |Hysteresis on SW10K - - 35 50 mV
Vmaxswiok | SW10OK saturation voltage I=1mA in SW10K pin - - 0.2 V
Tglitchsw10k | Glitch filter time for SW1-OK |- 9 13 17 ps
Iswiokpry | SW1OKDLY output current - 6 10 13 MA
THRsw1okpLy | SW1OKDLY threshold - 2 2.2 24 \
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
TSDusp ;I;hncj‘r)rgztzr::t-down Temperature rising 150 | 160 - °C
T e IHEE
1. Not tested at ATE.
2. Tests involving switching frequencies higher than 1 MHz are guaranteed by design.
3. Test guaranteed by application measurements.
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Figure 6. PSRR LDO 50 mA load vs. frequency
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Figure 7. Efficiency vs. output current
(VIN =14V, fsw = 2 MHz)
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Figure 8. 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:

e  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 9.). Once the input voltage is below the threshold, the low voltage warning
output terminal (VDOUT) is pulled low after the designed glitch-filtering (~12 pys). VDOUT is
an open drain output. If the input returns above the threshold with the specified hysteresis,
VDOUT is released after a defined delay, determined by the capacitor on pin VDDLY. The
threshold is fixed to 0.95 V typ.

The capacitor on VDDLY pin sets 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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Functional Description L5963

Figure 9. Low voltage warning monitor & delay schematic
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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 9). 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 9). 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 the 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 10. 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 11. 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.
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Functional Description

6.2.11

3

Figure 12. Enable timing for linear regulator (pin ENLDO isn't connected to VINLDO)

VINLDO

ENLDO Normal mode

Standby mode

___Shutdown

VTH2

VTH1

Shutdown
- - - == o = >

EN1

(Enable standby
regulator)

EN2

(Enable
common LDO)

t

GAPGPS00959

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

DoclD028553 Rev 2
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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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Functional Description

6.2.12 Switching regulators
Figure 13. Switching regulators diagram
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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.
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