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L5964

Automotive monolithic dual 3.5 A step-down switching regulator

with LDO

LQFP64
(exposed pad up)

Features

e AEC-Q100 qualified

&F

e Two step-down synchronous switching voltage
regulators with internal power switches:

July 2019

Wide operating input voltage range (from
3.3Vto26V)

Output voltage selectable by external
divider (feedback voltage at 0.9 V)

0.9 V minimum output, maximum output
limited by maximum Duty Cycle

DC/DCs can work in Low Power Mode for
reduced current consumption in low output
Load

Internal high-side/ low-side NDMOS

270 kHz and 2.2 MHz selectable free-run
frequencies

125 kHz < f < 2.3 MHz synchronization
range at SYNCIN pin

Programmable current limits at 2 Aand 4 A
Independent hardware enabling pins
Independent supply inputs

180° phase shift between outputs

Synch out 90 ° phase shift vs DC-DC1

Programmable switching frequency divider
by 1, 2, 4, 8 between the two regulators

The two regulators can be paralleled

Datasheet - production data

Independent voltage supervisors/power-goods
with selectable thresholds through external pin:

— two available thresholds for UV/OV/PG
signals: 90-120-95% or 80-110-85%
(output voltage percentage)

Soft-start, thermal protection

One standby/linear regulator:

— Output selectable with external resistor
divider till 10 V

— Soft start, hardware enable pin
— 250 mA maximum current capability
— Standby operative mode

— Programmable power good thresholds
(85% or 95% output voltage percentage)

— Thermal protection

Microcontroller reset with programmable
duration, activated by output under voltage or
watchdog fault

External High Side Driver enable pin

One integrated window watchdog (5 ms <
window < 50 ms, with + 20% tolerance)

Short circuit protected outputs

Low external components number

Low EMI

Thermal shutdown junction temperature 150°C

Table 1. Device summary

Order code Package Packing

L5964L-VYY | LQFP64 exp. pad up Tray

L5964L-VYT | LQFP64 exp. pad up | Tape & Reel
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Description L5964

1 Description

L5964 is a dual step-down switching regulator with internal power switches and a low drop-
out linear/standby regulator, designed for car battery supplied applications. All the
regulators have independent supply voltages, enables pins, power goods and thermal
protections.

The switching regulators have selectable voltage supervisors and power goods, and
selectable current limits. The LDO has power good and fixed current limitation.

The PMIC finds application in different automotive systems, where load dump protection
and wide input voltage range are mandatory.

Typically, the regulator connected to the battery works at low frequency, while the one
connected to the pre-regulated voltage can make the most of the high frequency operation.
In this way the efficiency of the system is improved and the ability of the product to function
both as a pre- and post-regulator is exploited.

For the same reason, in applications where both regulators must be connected to a battery,
for example when powering a hub consisting of two USB ports, it is recommended to work at
the lowest frequency. The linear regulator that remains available can be used to power the
controller.

The two DC-DC converters can work in free-run condition, with frequency selectable
between two values, 270 kHz or 2.2 MHz, or synchronize themselves to an external clock
(SYNCIN pin). They are 180° out of phase, while the synchronization output signal
(SYNCOUT pin) is 90° out of phase with the first regulator. The phase shift simplifies the use
of two ICs in the same application (4 DC/DCs regulators).

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.

The two switching regulators can be used in parallel and increase the output current
capability up to 7 A.

The L5964 can work in two different modes, normal and microcontroller mode, based on the
condition of a hardware pin.

When the microcontroller mode is selected, some pins change functionality. For example,
the reset and watchdog functions are available. In this way the PMIC easily manages the
power management of a microcontroller.

The availability of power good and enable signals, however, makes easy to manage the
system power up sequence even without the presence of a microcontroller, since it is
possible to enable a voltage only when the previous voltage is stable and with a precise
delay.

The total quiescent current, when both DC/DCs and LDO are disabled, is less than 10 pA.

The product is available in LQFP64 with exposed pad up. This package is able to dissipate
power through an external heatsink.
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L5964 Description
Figure 1. Simplified, general block diagram
VINBUCK1 BS1
PGND1
ENBUCK BUCK1 PHASE1
PGDELAY1 Free rupniqg 270 kHz or 2.2 MHz FB1
Synchronization 125 kHz to 2.3 MHz COMP1
PGTH1 35A
OCPSET1 : PGOV1
WAKEL IGN_BUF
VINBUCK2 Bso
PGND2
ENBUCK2 .BUCK2 PHASE2
Free running 270 kHz or 2.2 MHz FB2
PGDELAY2 Synchronization 125 kHz to 2.3 MHz COMP2
PGTH2 35A
OCPSET2 PGOV2
VINLDO
VOUTLDO
ENLDO
PGTHLDO LDO FBLDO
250mA PGLDO
PGDELAYLDO
TJTEST Vot
MODE LOGIC CORE oltage UV/OV x
ENLPM supervisor
FREQSET
SYNCIN Frequency manager SYNCOUT
FDIVISION
_ RESET
WDI Window watchdog Reset
HSD_EN
VBAT SWGND AGND
GAPGPS03071
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Pins description L5964

2 Pins description
2.1 LQFP64 pins description
Figure 2. LQFP64 pinout (bottom view)
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Table 2. LQFP64 pin list
N# Pin name Pin type Pin description
1 MODE IN Working mode: Pin floating sets the working Mode to Normal; shorted to
AGND sets the Microcontroller Mode.
PGDELAY?2/ DC/DC2 Power good output delay time adjustable by connecting a
2 PWUPDELAY IN capacitor from PGDELAY2 to AGND. In Microcontroller Mode, a capacitor
sets the power up delay, from reset to watchdog input.
3 COMP2 IN/OUT | DC/DC2 Error amplifier output for compensation network connection.
DC/DC2 Output feedback. Connected to an error amplifier that compares
4 FB2 IN/OUT .
the feedback voltage to the internal reference voltage.
8/50 DS12453 Rev 2 Kys
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L5964 Pins description

Table 2. LQFP64 pin list (continued)

N# Pin name Pin type Pin description

5 SWGND1 GROUND | DC/DC analog blocks ground (Switching ground).

6 SWGND2 GROUND | DC/DC analog blocks ground (Switching ground).
Frequency divider setting to make DC/DC2 working at a frequency that is

7 FDIVISION IN 1/1,1/2, 1/4 or 1/8 of DC/DC1 one. If connected to ground puts the device
in Parallel Mode.

8 SUB GROUND | Device substrate ground.

9 VINBUCK?2 SUPPLY | DC/DC2 power supply connection.

10 VINBUCK?2 SUPPLY | DC/DC2 power supply connection.

11 BS2 ouT Boot-strap capacitor connection for DC/DC2.

12 PHASE2 ouT E:F:;)C(;grp:c\)/:‘i; (s)f[?ogne) .output (for external inductor and boot-strap

13 PHASE?2 ouT Eg:cigrp:g;ﬁ;itt?c?ni-output (for external inductor and boot-strap

14 ENBUCK1 IN DC/DC1 enable (active high).

15 ENBUCK2 IN DC/DC2 enable (active high).

16 PGTHA IN Power good threshold setting for DC/DC1. Pin floating sets the threshold
to 95% of Vout; shorted to AGND sets the threshold to 85% of Vout.

17 PGTH2 IN Power good threshold setting for DC/DC2. Pin floating sets the threshold
to 95% of Vout; shorted to AGND sets the threshold to 85% of Vout.

18 N.C. - Not Connected.

19 PGND2 GROUND | Power ground of DC/DC2. Connected to internal low-side source.

20 PGND2 GROUND | Power ground of DC/DC2. Connected to internal low-side source.

21| RESET | OUT | mpedance state. Openarain autput.

22 N.C. - Not Connected.

2| IGNBUF | OUT | o armal Mods i kept i high mpedance. Oper-crai outt,

24 N.C. - Not Connected.

25 N.C. - Not Connected.

26 uv2 ouT Under-voltage DC/DC2 signal. Open-drain output.

27 N.C. - Not Connected.

28 uv1 ouT Under-voltage DC/DC1 signal. Open-drain output.

29 PGND1 GROUND | Power ground of DC/DC1. Connected to internal low-side source.

30 PGND1 GROUND | Power ground of DC/DC1. Connected to internal low-side source.

31 N.C. - Not Connected.

2 | ocesers | w|Frosmmnat 0GP o rooncs P Toang s e overen

ﬁ DS12453 Rev 2 9/50

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

Pins description

L5964

Table 2. LQFP64 pin list (continued)

N# Pin name Pin type Pin description

33 OCPSET1 IN Programmable OCP setting for DC/DC1. Pin floating sets the overcurrent
threshold to 4A; shorted to AGND sets the threshold to 2 A.

34 PGOV2 ouT Over-voltage DC/DC2 signal. Open-drain output.

35 PGOV1 ouT Over-voltage DC/DC1 signal. Open-drain output.

36 PHASE1 ouT DC/DC_)1 power st_age output (for external inductor and boot-strap
capacitor connection).

37 PHASE1 ouT DC/DQ1 power stfage output (for external inductor and boot-strap
capacitor connection).

38 BS1 ouT Boot-strap capacitor connection for DC/DCA1.

39 VINBUCK1 SUPPLY | DC/DC1 power supply connection.

40 VINBUCK1 SUPPLY | DC/DC1 power supply connection.

41 FREQSET IN Programmable internal PWM frequency for DC/DC. Pin floating sets the
frequency to 2M Hz; shorted to AGND sets the frequency to 250 kHz.

42 TJTEST ouT Device junction temperature information.

43 PGLDO ouT LDO regulator Power good output. Open-drain output.

44 FB1 INJOUT DC/DC1 Output feedbagk. Connected to error amplifier that compares the
feedback voltage to the internal reference voltage.

45 COMP1 IN/OUT | DC/DC1 Error amplifier output for compensation network connection.
Power good threshold setting for LDO. Pin floating sets the threshold to

46 PGTHLDO IN 95% of VOUTLDO; shorted to AGND sets the threshold to 85% of
VOUTLDO.

47 AGND GROUND | Device analog ground.

48 SUB GROUND | Device substrate ground.

49 TAB - Device slug connection.

50 N.C. - Not Connected.

51 WDI IN Watchdog input from Microcontroller. Internal Pull Down.

52 FBLDO IN/OUT | LDO regulator output feedback.

53 VOUTLDO ouT LDO regulator output.

54 VINLDO SUPPLY | LDO regulator power supply.

55 VBAT SUPPLY | Dedicated high voltage supply for reference blocks.

56 HSD_EN ouUT Enable sflgn.al fo.r external High Side S\.NItC.h (active Iow).
Only active in microcontroller mode, high impedance in normal mode.

57 ENLPM IN Low Power Mode enable: pin floating enables the Low Power Mode;
shorted to AGND disables the Low Power Mode.

58 WAKEL IN Wake-up signal to enable DC/DC1 in OR internally with ENBUCK1 pin
(ignored in Normal Mode, active low in Microcontroller Mode).

59 ENLDO IN LDO regulator enable (active high).

10/50 DS12453 Rev 2 Kys
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L5964 Pins description
Table 2. LQFP64 pin list (continued)

N# Pin name Pin type Pin description

60 PGDELAYLDO IN LDO Power good output delay time adjustable by connecting a capacitor
to AGND.

61 SYNCOUT ouT External Switching clock output signal.

62 SYNCIN IN External clock |nput.con.nect|on. Connect an external clock at SYNCIN for
frequency synchronization.

63 N.C. - Not Connected.

PGDELAY1/ DC/DC1 Power good output delay time adjustable by connecting a

64 RSTDELAY IN capacitor from PGDELAY1 to AGND. In Microcontroller Mode, a capacitor

sets the power up delay, from reset to watchdog input.
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3

Block diagram

Figure 3. Block diagram

VBAT 3.3V SUPPLY BS2
VINLDO BANDGAP
1 v and BIAS VINBUCK2
I
+H— 1V ﬂ FBLDO CO(I:\ILIJPERRRE\"\IFLR
Control
and +
vouTLDO [ Driver -
SLOPE e 1 PHASE2
0.9V trrOR | COMPENSATION N
AMPLIFIER \/( Mis
o
re2 [ T 1 33V
10pA
TJTEST
FREQSET osc -2 180° BS1
SYNCIN SYNC | o°
BLOCK l VINBUCK1
SYNCOUT MUX s ST —
CURRENT
SE Control COMPARATOR
FDIVISION [} v and +':
%7 Driver
Logic > ] PHASET
0.9V SLOPE BUCK 1
g ERROR | COMPENSATION
AMPLIFIER — N Mis
N n ’
FB1 [} -
COMP1
PGTHLDO
PGDELAY1/RSTDELAY
PGDELAY2/PWUPDELAY
wpI [ Window Watchdog IGN_BUF
v
WAKEL PGLDO
ENLDO PGOV1
ENBUCK(1 PGOV2
ENBUCK2 uvi
uv2
PGTHLDO
PGTH1 Logic Core )
Voltage Supervisor
PGTH2 RESET
OCPSET2 =
OCPSET1 l HSD_EN
MODE HSD Driver 1. 50Q
ENLPM
I <
J.ﬁ_‘
|- |-
AGND SWGND GAPGPS03084
12/50 DS12453 Rev 2 Kys

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

L5964

Application diagrams
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Application diagrams

Figure 4. Application circuit (microcontroller mode)
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Figure 5. application circuit for parallel mode
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Electrical specifications L5964
5 Electrical specifications
5.1 Absolute maximum ratings
Table 3. Absolute maximum ratings
Pin name / symbol Parameter Value Unit
VBAT, VINBUCK1,2 VINLDO, . .
PHASE1 2 Maximum transient supply voltage -0.3 to +40 \%
ENBUCK2, WAKEL, ENLDO, .
HSD_EN Enable pins voltage -0.3 to +40 \Y
ENBUCK1 Enable pin voltage -0.3to +4.6 V
PGND1/2, AGND, SWGND, Ground pins voltage -0.3t0 +0.3 \%
TAB
VOUTLDO, PGLDO, LDO regulator output, Power Good 031t012 Vv
PGOV1,2, UV1,2 signals, under voltage signals ’
BS1,2 Boot-strap capacitor pins -0.3 to VINBUCK1,2 + 4.6 \%
FB1,FB2, FBLDO, COMP1-2, .
PGDELAY1-2, PGDELAYLDO Regulators pins -0.3t0 +4.6 \%
PGTHLDO, PGTH12,
OCPSET12,FREQSET,
SYNCIN, SYNCOUT, . .
EDIVISION, TJTEST, RESET, Other I/O pins maximum voltage -0.3to +4.6 \Y
MODE, WDI, IGN_BUF,
ENLPM
Top Operating ambient temperature 40 to +105 c
range
Tstg Storage temperature range -55 to +150 °C
T; Junction temperature 150 °C
14/50 DS12453 Rev 2 Kys
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L5964 Electrical specifications
5.2 Operating voltage
Table 4. Operating voltage
Pin name / symbol Parameter Value Unit
VBAT, VINBUCK1,2, VINLDO, L
PHASE1 2 Operating input voltage -0.3 to +26 \%
ENBUCK2 WAKEL, ENLDO, .
EN_HSD Enable pins voltage -0.3 to +26 \%
Enable pin voltage in normal mode -0.3 to +26 \%
ENBUCK1 : :
Erllable pin voltage in 0310 +5 Vv
microcontroller mode
VOUTLDO, PGLDO, LDO regulator output, Power Good 031010 Vv
PGOV1,2, UV1,2 signals, under voltage signals ’
BS1,2 Boot-strap capacitor pins -0.3to VINBUCK1,2+3.6| V
FB1, FB2, FBLDO, COMP1,2, .
PGDELAY1,2, PGDELAYLDO Regulators pins -0.3to +3.6 \%
PGTHLDO, PGTH12,
OCPSET12,FREQSET,SYNC
IN, SYNCOUT, FDIVISION, | Other I/O pins operating voltage -0.3t0 +3.6 \%
TJTEST, RESET, MODE,
WDI, IGN_BUF, ENLPM
Top Operating ambient temperature 40 to +105 oc
range
Tstg Storage temperature range -55 to +150 °C
T; Junction temperature 150 °C
5.3 Thermal data
Table 5. Thermal data (LQFP64)
Symbol Parameter Typ Max Unit
Rihjcase | Thermal resistance junction-to-case 1.25 1.6 °C/W
Kys DS12453 Rev 2 15/50
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54 Electrical characteristics
VVBAT =144V, VINBUCK1/2 =14.4YV, VVINLDO =144V, Tamb = 25 °C unless otherwise
specified.

Table 6. Electrical characteristics

Symbol Parameter Condition Min | Typ | Max | Unit
Battery Supply
Battery voltage
VVBAT | operating rompe ; 33 [144] 26 | v
I Shutdown mode xVBAT=V=VI\I>JLDO=VVINEKJ/CK1=VVIBUC;KII:I§:V74-4V sl A
SHUTDOWN | bower supply current ENLDO = VENBUCK1 = VENBUCKN2 ; M
Vwakeup=High
Vvear=VvinLDo=VvinBuCK1=VviBUCKN2=14.4V
| LDO standby mode =VENLDO ) 35 | 45 | uA
STANDBY_LDO | power supply current | Venguckt = VeEnsuckNz = LOW; Viyakeup =
High, No Load
oV isi
VBAT, Overvoltage lockout Vvear Rising 30 32 34 v
OVunsuck, threshold ;
Vunioo Vygar Falling 28 |30 | 32| Vv
Undervoltage lockout Vygar Rising 2.8 3 32V
UVVBAT | threshold .
Vygar Falling 27 29 (31| v
Buck converters Enable
Normal mode
v ENBUCK1/2 threshold, | VENBUCK1/2 Rising 15 117119 |V
EN1/2 -
oscﬂlator, BUCK On VENBUCK1/2 Falllng 1 1.3 16 \V;
ENBUCK1/2 leakage
lEN1/2_LEAKAGE | cuyrrent g VenBuck12 =14V - 1 2 | pA

Microcontroller mode

. High level duration of
En_Tmin ENBUCKA1 enable - 20 70 [ 150 | ps

ENBUCK1 leakage

lENT current - - 35| 5 | WA
WAKEL
v WAKEL Threshold, WAKEL Falling 08| 1 [ 13| V
WAKEL
BUCK1 On WAKEL Rising 15 (18] 21] v
WAKEL Leakage _
WAKEL | current WAKEL =0V - |15 ] 3 | pA

16/50 DS12453 Rev 2
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Electrical specifications

Table 6. Electrical characteristics (continued)
Symbol Parameter Condition Min | Typ | Max | Unit
Buck converter
Vvt Operating range - 3.3 - 26 \Y,
OVViNir2
HYSowinbuck | Hysteresis - - 0.4 - \Y
Undel’VO'tage lockout VV|NBUCK1/2 RISIng @ VOUt =12V 2.7 3.0 3.3 V
UVVinbuck | threshold -
VV|NBUCK1/2 Falllng @ VOUt =12V 2.6 2.9 3.2 V
Veg12 _vrB1/2 | Feedback voltage - 880 | 900 | 920 | mV
AV oppr | Load regulation Load=0.3Ato 1.5A - 0.1 - mV
AVL|NER_VFB1/2 Line regulation VV|N1/2 =3.3Vto26V - 0.1 - mV
AV / Load=05A < 1.5A,At=10 us -5 - 5 %
VFB1/2 VFB1/2 undershoot
FB1/2 VV|N1/2=8V<—> 18V, At=1ms -5 - 5 %
Ronys ng.h side switch on ) ) 90 | 110 | ma
resistance
Ronys Lovy side switch on ) ) 70 90 | ma
resistance
Vg /At |5 PT Slope at Tum- | g4 ctart time related 1] 2 |vims
Error amplifier
Error Amplifier ™
9m Transconductance ) L - ms
Oscillator
; Free-run switching FREQSET pin floating 2 | 22| 24 |MHz
osc
frequency FREQSET pin connected to AGND 0.24 (027 | 0.3 | MHz
Peak current limit
Switch peak current OCPSET1/2 Floating 3.7 | 4.8 - A
IPEAK_LIMIT | jimit >
OCPSET1/2 Connected to Ground®) 17 | 2 - | A
Low power mode
Buck1 or Buck 2 on, no loads
’ - 100 | 150 | pA
lq_ LPM Total quiescent current | 240 kHz <fg,, < 300 kHz
- in low power mode Buck1 and Buck 2 on, no loads - 1160 | 300 A
240 kHz < fg,, < 300 kHz H
Kys DS12453 Rev 2 17/50
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Electrical specifications L5964
Table 6. Electrical characteristics (continued)
Symbol Parameter Condition Min | Typ | Max | Unit
Power Good and Power Good Delay for BUCK1/2
PGOV1/2 threshold as PGTH1/2 pin connected to AGND 80 85 92 %
THre12 | B Voltage Percentage - -
9 9€ | PGTH1/2 pin Floating 90 | 95 |995| %
VPG1/2L PGOV1/2 VoItage Low IPGOV1/2 =1 mA - 0.1 0.2 V
PGOV1/2 Leakage
IPG1/2LEAKAGE | cyrrent 9 VeGov1z =5V - - 1| bA
th1/2 f[;i'ft’y forreportinga | ¢ = g5k on PGDELAY1,2 pin -l - s
PGDELAY1/2 Charging
IPG_CHARGE | oyrrent 7 110 | 13 | WA
PGDELAY1/2
VTHPGDLY12 | Threshold 1519 | 25| V
C =100 pF on PGDELAY1,2 pin
toai/2 _IF_’_ower Good Delay - p ) pi 10 | 20 | 25 us
ime trg1/2= C * VrHpaDLY1/2/ IPG_CHARGE
OV and UV for BUCK1/2 output voltage
OV Threshold as PGTH1/2 connect to ground 105 | 110 | 115 | %
THov1/2 Percentage
of FB1/2 Voltage PGTH1/2 Floating 115 1120 [ 125 | %
HYSovq2 | Hysteresis on OV1/2 PGTH1/2 pin floating/connected to AGND 4 6.5 8 %
¢ Glitch filter time for ) ) 5 ) s
OV1/2_GLITCH | ov/1/2 V]
UV Threshold as PGTH1/2 Connect to Ground 72 | 80 | 84 %
THyuvi2 Percentage
of FB1/2 Voltage PGTH1/2 Floating 82 90 94 %
HYSyv4/2 | Hysteresis on UV1/2 PGTH1/2 pin floating/connected to AGND - 2 4 %
VUV1/2L uv1/2 Voltage Low IUV1/2 =1mA - 0.1 0.2 \%
UV1/2 Leakage
luv_LEAKAGE | cyrrent 9 Vyviz =5V - - |1 | KA
Glitch Filter Time for
tuv1i2_GLITCH | yy1/2 - 5 | 65| 10 | ps
Synchronization
fsyne Frequency Range 50% Duty-cycle Wave on SYNCIN Pin 125 - 12300 | kHz
SYNCIN Low
i Threshold i ) I
SYNCIN High
) Threshold ) 2 ) ) v
- SYNCIN Pin Current VSYNC|N =3V 4 6 7.5 }JA
18/50 DS12453 Rev 2 Kys
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L5964 Electrical specifications
Table 6. Electrical characteristics (continued)
Symbol Parameter Condition Min | Typ | Max | Unit
FDIVISION Pin
Repi < 10 kQ Parallel Mode
Resistors connected to | 32 kKQ < Rep| <40 kQ fsweuck2=1"fsweucki
Repi FDIVISON pinto set 45 0 < Repi <76 kQ fsweuck2=1/2*fsweuck1

switching frequency of
DC/DC2

125 kQ < Rep; <160 kQ

fswauck2=1/4*fsweuck1

Reps > 270 kQ

fsweuck2=1/8"fswauck1

Thermal Shutdown for BUCK1/2

TSDgwy

Thermal shut-down
temperature

Temperature Rising

155 | 165 | 175 | °C

HysTtspswx

Hysteresis on thermal
shutdown temperature

Linear regulator (LDO) enable

ENLDO threshold,

VenLbo Rising

15117 | 19 \Y

VENLDO -
linear regulator on VenLoo Falling 1 13| 16 v
ENLDO threshold in -

VENLDO Standby mode VENLDO RISIng 5.0 5.5 6.0 V
ENLDO leakage VenLpo =14V

I 2 4 6 A

ENLDO current 4 MOhm internal pull down H

Linear regulator (LDO)

VvINLDO

Input voltage range

3.3 - 26 \Y

UVvinLDo

Overvoltage lockout
threshold on VINLDO

VV|NLDO Falllng

27 | 29 | 31 \

VEBLDO

Feedback Voltage

Load current = 250 mA (st-by mode)

980 | 1000 [ 1020 | mV

Load current = 50 mA (microcontroller mode)

960 | 990 (1020 | mV

AV| 0apR FBLDO

Load Regulation

AV po, Load Current = 0 mA to 50 mA,
VVOUTLDO =15V, Standby Mode

Load Current = 0 mA to 250 mA VVOUTLDO =
1.5V, Normal Mode

AVFBLDO! VV|NLDO =3.5Vto18 V,

AV|Ner FBLDO | Line regulation Load current = 50 mA - 1 - mV
AV / 5 mA < 250 mA Load Transition in At = TBD -5 - 5 %
VFB'—DO Undershoot/Overshoot
FBLDO 8 — 18 V VynLpo Transition in At = TBD -5 - 5 %
Co Output capacitance - 3 - - MF
ESR Output Capacitor ESR |- - - 0.2 Q
Kys DS12453 Rev 2 19/50
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Electrical specifications L5964

Table 6. Electrical characteristics (continued)

Symbol Parameter Condition Min | Typ | Max | Unit
VyvouTLpo = 3.3V, Load current = 50 mA - loz2s| 03 Vv
VyouTLpo decreasing of 100mV, Standby Mode ’ ’
VDROPOUT LDO Drop—out VoItage
- VvouTLpo = 3.3V, Load current = 250 mA - lo3sloa5]| v
VyouTLpo decreasing of 100mV, Normal Mode ’ '
Short circuit current VOUTLDO Shorted to Ground, Standby Mode - 70 - mA
ILMIT DO | jimit
VOUTLDO Shorted to Ground, Normal Mode - 380 - mA
Power supply rejection [Load Current = 50 mA, 10 Hz < f < 10 kHz ) )
PSRR00 | ratio 1Vac,, on VINLDO 50 dB
tSOFT_START Soft-start Period - 150 | 250 | 350 us
Thermal shutdown for linear regulator
Thermal Shut-down . o
TSD|po Temperature Temperature rising 155 | 165 | 175 C
Hysteresis on Thermal o
HYSts0L00 | Shutdown Temperature |~ ) 8 ) C
Power Good and Power Good Delay for linear regulator
PGLDO threshold as | PGTHLDO pin connected to AGND 83 | 87 | 91 %
THpgLDO | percentage
of FBLDO voltage PGTHLDO pin floating 94 | 97 |995| %
VPGLDOL PGLDO Voltage low IPGLDD =1 mA - 0.1 0.2 V
PGLDO leakage _
ILEAKAGE_PGLDO | ¢ rrent VpeLop =5V - - T | A
T Delay for reporting a _ .
PGLDO fault C = OpF on PGLDODELAY Pin - 1 2 VS
Glitch Filter Time for
T6LITCH_PGLDO | paL DO - 10 | 14 1 17 | ps
PGDELAYLDO
lpG_cHARGE Charging Current - 7 | 10 | 13 | pA
PGDELAYLDO
VTHPGLDODLY | threshold - 15| 2 | 25| V
Power Good Dela C =100 pF on PGLDODELAY Pin
DLYPGLDO | Time y _Cc*v | 15 | 20 | 25 | ps
toLypeLDo = C * VrrpeLpobLy IpG_cHARGE
High side driver enable
Vhsd_en Output voltage low Load =2 mA - 0.1 | 0.2 \Y
Window watchdog
Input high voltage - 2 - - V
Vwol
Input low voltage - - - 0.8 \%

20/50 DS12453 Rev 2
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L5964 Electrical specifications

Table 6. Electrical characteristics (continued)

Symbol Parameter Condition Min | Typ | Max | Unit
WDI minimum period |- - 5 - ms
Twp WDI maximum period |- 35 | 45 55 | ms
WDI Glitch immunity®) |- - | 100 | 150 | ns
RESET function
- Reset voltage IReseT =1 MA - 0.1 ] 0.2 \Y,
Fixed internal reset
Tinternal_reset time(® 0.8 1 1.2 | ms
- Delay time C =100 pF on PGDELAY1 Pin 15 20 25 V&
IGNITION BUFFER (IGN_BUF PIN)
IGNBUF Output leakage BUCK1 on, microcontroller mode - 0 1 MA
IGNBUF Output Voltage Low BUCK?1 off, microcontroller mode - 01 (025| V
1. Guaranteed by design.
2. Guaranteed by bench validation.
3. RESET time is the sum of Tipternal_reset @Nd Tyelay - Treset = Tinternal_reset + Tdelay-
5.5 Electrical characteristic curves
Figure 6. Efficiency at 250 kHz (V;, =14V, Figure 7. Efficiency at 2 MHz (V;, =5V,
Vout =5V) Vout = 3.3V)
100.00 ‘ ‘ 100.00 ‘ ‘
f = 250 kHz f=2MHz
Vin =14V Vin=5V
95.00 = vout=5v 95.00 I— vout=33V
Buck
90.00 90.00
5 % \ Buck
§ 85.00  85.00 \\
it i NN
80.00 80.00
75.00 75.00
70.00 70.00
0 05 1 15 2 25 3 35 4 0 05 1 15 2 25 3 35 4
Current (A) GADG2709170733PS Current (A) GADG2709170749PS
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Functional description L5964

6

6.1

6.1.1

22/50

Functional description

Block description

Switching regulators

The two switching step-down converters have their own enable. The output voltage of the
converters can be set by an external resistor divider, at the feedback pin.

To reduce the inrush current during startup, an internal soft start is implemented. The total
soft start time is about 900 ys and doesn't change with operating frequency.

Two free running frequencies can be selected by connecting FREQSET pin to ground
(270 kHz) or leaving it floating (2.2 MHz). In order to consider EMC performance or
synchronization needs at system level, the two DC/DCs can work with an external clock at
the SYNCIN pin: the applied frequency is automatically adopted.

If two or more L5964 are used together, they can work in Master-Slave configuration: the
function is implemented by a dedicated pin, SYNCOUT, which gives out the operating
frequency of DC/DC1 phase shifted of 90° if two DC/DCs are working with internal free
running frequency, otherwise SYNCOUT will follow SYNCIN pin (no phase shift). DC/DCA1
and DC/DC2 always have 180° phase difference. DC/DC2 switching frequency can be the
same or respectively 1/2, 1/4, 1/8 of DC/DC1 one: division factor is programmed by
FDIVISION pin by connecting an external resistor to AGND.

In free run mode, the frequency divider is active only at 2.2 MHz. If DC/DC1 is synchronized
with an external clock, the frequency divider is always active.

Figure 8. PWM frequency management

Internal CLK|  InternalPWM:
Oscillator 270 kHz or 2.2 MHz
MUX
Shift90° A SYNCOUT
]
B SELCLK
PWM1 INT/EXT
SYNCIN PWM1
Di Logic Syn.c
Logic PWM2
DC/DC 2
FDIVISION
DS12453 Rev 2 KYI
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Functional description

6.1.2

Both DC/DCs can work in Low Power Mode (LPM): it means that, if load current decreases
under I ppm enTRY threshold (light load case), then current consumption from VIN is
automatically decreased; in this way L5964 can supply devices requiring high current in
normal working mode and low current in stand-by condition. If load current increases above
ILpm ExiT device comes back to Normal Mode. LPM can be disabled via ENLPM pin (default
status is LPM enabled). If buck supply comes from battery, LPM works only in the lowest
frequency range (240 kHz < fg,, < 300 kHz).

Connecting FDIVISION pin to AGND through a resistor makes the two DC/DC converters
work in parallel, with doubled current capability up to 7A. In this case it is necessary to
connect the feedback pin of DC/DC2 to DC/DC1 FB1 pin and connect its output, through an
inductor, to DC/DC1 output (see Figure 5). In parallel mode Low Power Mode is
automatically disabled.

Low drop out (LDO) linear regulator

Linear regulator Normal Mode

If ENLDO voltage is lower than 5 V the LDO works in Normal Mode, with output current
capability up to 250 mA (see Figure 10 for reference).

The linear regulator shows quite low drop-out voltage, hence it can work with very low
operating supply. Its output voltage VOUTLDO can be set by an external resistor divider
connected to the feedback pin FBLDO. A dedicated power-good signal is available with 2
different selectable thresholds, which can be chosen acting on PGTHLO pin. If this pin is left
floating, the threshold is set to 95% of the output voltage. If the pin is connected to ACGND,
the threshold is set to 85% of the regulated voltage. The delay of this signal can be adjusted
by connecting a capacitor on PGDELAYLDO pin.

Figure 9. LDO diagram

ENLDO
VINLDO

GAPGPS03397

EN Control =N VINLDO
I ]
EN2 —_|
v h Stand-by regulator
= { T—E 1
EN1 -
Common regulator
| %
71/ VOUTLDO
[]
EN2 Ll_l
_[7
|
FBLDO

574
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Figure 10. Enable timing for LDO regulator in Normal Mode (ENLDO < 5 V)

ENLDO?

1
Standby mode threshold - - -~~~ ~-"~-"~- -~ -~ ~- - -~ ~- - -~ =~~~

|
Enable logic high threshold !

|
Enable logic low threshold |
|

EN1 )

(Enable stand-by '
regulator) :

~™y

EN24

(Enable common '
regulator) :

GAPGPS03396

Linear regulator standby mode

The linear regulator works as Standby Regulator when ENLDO is brought to a voltage
higher than 5.5 V typ. Usually, in this working mode, VBAT, VINLDO and ENLDO are
connected together, in order to switch on the standby regulator as soon as the battery
voltage is present.

Standby Mode is latched with the rising edge of ENLDO until the under-voltage threshold of
VINLDO is crossed, resetting the latch. An under-voltage of VBAT switches off the LDO.

In standby working condition the current capability is limited to 50 mA and current
consumption from VINLDO is minimized. In Standby mode an external divider with resistors
in the order of Mega Ohm is suggested, to further reduce supply current consumption.

If the power good, PGLDO, is used, it is recommended to connect it to VOUTLDO through a
pull-up, in order to get a clean signal.

3
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Functional description

3

Figure 11. Enable timing for standby regulator

VINLDO

UV theshold

ENLDO

Standby mode threshold

Enable logic high threshold
|

Enable logic low threshold |

|
|
T
|
EN1 |
|
( Enable stand-by :
regulator ) |
|
|
| | |
! |
EN2 4 ! / ! P t
( Enable common :
regulator ) | l
|
|
1 T _,E -
Shutdown ! | Standby mode : : Shutdown
Normal Normal
mode mode
GADG1306171545PS
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Functional description L5964

6.2 Working modes

6.2.1 Shutdown mode

If all the enable and wake up signals are not active, the device is in shutdown mode: all
circuits are in off condition and current consumption from supply line is very low (10 pA).

Figure 12. Shutdown Mode configuration

ENBUCK1

ENBUCK2

ENLDO L5964

WAKEL

v GAPGPS03076

6.2.2 Normal mode

Device working mode can be settled by shorting the MODE pin to AGND (Microcontroller
Mode) or leaving it open (Normal Mode).

Normal mode working condition allows each regulator to be turned ON/OFF by its enable
pin: Power Up sequence can be managed according to each regulator power-good signal
with programmable delay (PGDELAY1,2 and PGDELAYLDO) through an external capacitor
connected to the pin. The delay time is directly proportional to the capacitor value, as shown
by Equation 20.

In this configuration, WAKEL pin is ignored, since internally floating (see Figure 13).

Figure 13. ENBUCK1 internal block diagram in normal mode

|
ENABLE SIGNAL L engucK1/2

I_’_I

|

|

I3V

|

Bl

|

‘ w

! } ENABLE
} VBG_OK —

|

|

} ik PRE_EN

|

|

| ( l ) 0.4pA
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Figure 14. Output signals behavior in normal mode

ENABLEX |

{ vouTx

.......................................................................................................

! PGTHx !

: PGDELAYX :

i Slope l/Cext

PGx

GAPGPS03077

In the table below relationship between capacitor value at PGDELAY pin and delay duration
is shown:

Table 7. Relationship between capacitor value at PGDELAY pin and delay duration

C(PGDELAY1,2) 1nF 10nF 100nF 470nF 1uF 10pF

Power Good Delay Time 1/2 0.21ms 2.1ms 21ms 98.7ms 210ms 2.100s

Fault management

In case of under or over voltage detected at VINBUCK pin the correspondent DC/DC high
side is switched off and turned on automatically at next PWM if the voltage is back to normal
value. In case of under/over voltage at VBAT pin, both high side switches are turned off and
turned on automatically at next PWM when VBAT recovers to normal operating value.

To monitor DC/DC outputs, dedicated voltage detectors are integrated in L5964. There are 2
presets, which can be selected through PGTH12 pin, to decide detection voltage as output
percentage. Each DC/DC has its own preset (PGTH1 and PGTH2).

Table 8. 2 presets which can be selected through PGTH12 pin

PGTH pin status Prog/Threshold uv ov Pgood
Floating Prog1 90% 120% 95%
Shorted to AGND Prog2 80% 110% 85%

UV1/2 and OV1/2 outputs are available: power-good1/2 status can be derived consequently
(see Figure 15). Each power-good signal can be delayed by connecting a capacitor on
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Functional description L5964

6.2.3

28/50

PGDELAY1/2 pin. The LDO regulator has its own power-good signal PGLDO and
PGDELAYLDO, but it has no UV/OV detection.

In case of output under voltage the fault is only detected and the device doesn't take any
action. In case of output over voltage the High Side Power is switched off; when output
decreases under the over voltage threshold, High Side is turned on automatically at next
PWM. Under/over voltage information is available after filtering time at UV/OV pin; the fault
is not latched.

Figure 15. OV, UV functions

Vout

OverVolt
Oov_CcOoM
- Fer | ) ok }—{Jov
OV_thresh— |

\ No Fault 0O 0
PG_COMP Pgood [~  Overvoltage

0 1
Delay Undervoltage 1 0
Pgood high 1 1

UV_COMP UnderVolt wv
- Filter

GAPGPS03078

Pgood_thresh

UV_thresh

The over current protection, OCP, can be set for the two DC/DC, acting on pin OCPSET. It
works in the same way in both working modes.

Each DC/DC normally senses the output current and turn off the power stage when the peak
is equal to the reference (current control mode). In case of over current in the inductor it is
internally limited by control loop to the value set by OCPSET pin. When the pin is connected
to ground or is floating, the protection is respectively set to 2 A or 4A typ.

The over temperature (OT) protection works in the same way in both working modes: when
OT is detected Power stage is switched off. It is turned on automatically when temperature
decreases under low shutdown threshold. Each regulator has its own thermal sense and it is
independently switched off.

Microcontroller mode

Microcontroller Mode (MODE pin connected to AGND) has been thought for L5964 to
properly supply a Microcontroller; a dedicated power up phase is issued and main MCU
signals like Reset and Watch Dog are managed. In this mode the power-good delays are
used differently respect to normal mode: PGDELAY1 is used to generate Reset duration,
PGDELAY?2 to generate the Power Up delay (Tpy, from Reset rising edge to Watchdog input
WDI sensitivity). Only LDO power-good signal will be delayed according to PGDELAYLDO,
while power-good 1/2 signals (at PGOV1/2 pins) will show no delay.

In this configuration, ENBUCK1 should not be shortened to battery. In case the enable
signal is higher than 5V, an internal clamp to 5 V requires to supply this pin by an external
resistor divider.
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Functional description

3

Enable thresholds, Vy and V|, can be chosen by the user in order to be compatible with
different customer's requests.

R1 should be selected in order to satisfy the following equation:
R1 > (V(ENABLE_SIGNAL)_MAX-5V)/ILIM
Where Ilim is the maximum current permissible in ENBUCK1 pin, 1 mA.

R, is calculated from Vy, V|_and Ry in this way:

0.99 V + (R2//(29.13k * 0.8) + R1)

VH =
(R2//(29.13k + 0.8)) » 0.6

0.91V « (R2o//1 M + R1)
(R2//11 M)+ 0.6

VL =

GADG2905171620PS

WAKEL pin is active and, like ENBUCK1, can enable DC-DC1 with the opposite logic
(active low, in OR with ENBUCK1).

Watchdog input (WDI) is digitally checked by an internal counter. The device verifies the
correct WDI frequency range (between 20 Hz and 200 Hz): it means that WDI pulse has to
last at minimum 5 ms and maximum 50 ms (T\yp), otherwise a watchdog fail is detected and
a Reset will be issued (see Figure 17).

Figure 17 shows an example of Power Up phase: watchdog counter starts after the
established power up delay is expired (normally starts at each WDI falling edge) and is reset
at each WDI falling edge. If Typ is exceeded, then a WDI fail is detected.

Figure 16. ENBUCK1 internal block diagram in microcontroller mode
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Functional description L5964

Figure 17. Microcontroller mode power up phase
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In Microcontroller Mode, Reset and HSD_EN pins are active (in Normal mode they are in
high impedance state); HSD _EN pin is used to control an external PMOS High Side switch
and follows the Reset behavior: if reset is asserted the external PMOS is turned OFF.

The Table 9 shows the relationship between the capacitor value at PGDELAY pin and the
Reset/Power Up duration.

Table 9. Relationship between capacitor value at PGDELAY pin and Reset/Power Up

duration
C(PGDELAY1,2) 1nF 10 nF 100 nF 470 nF 1 uF 10 uF
Reset Time 1.21 ms 3.1ms 22 ms 99.7 ms 211 ms 2.101s

Power Up Delay, Tpy 0.21 ms 2.1 ms 21 ms 98.7 ms 210 ms 2.100 s

Pulsed Enable function

DC/DC1 enable pin (ENBUCK?1) is considered valid even if it goes low after a certain time
(pulsed enable). The following figure explains how the detection works: if the ENBUCK1
lasts for a time greater than En_Tmin (25 ys min - 125 ys max), then it is internally latched
and used to start DC/DC1. The regulator is kept in on condition, regardless of the
ENBUCK1 status. If the regulator is ON and there are additional pulses on ENBUCK1 they
are ignored. A Reset event can reset the internal Enable latch (Watchdog fail or under
voltage on DC/DC1 output).
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L5964 Functional description

Figure 18. Pulsed enable function
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WAKEL pin behavior is expected to be the same (but active low) and is managed in the
same way as ENBUCK1 pin to turn on DC/DC1. IGN_BUF is the level shifted non-inverted
version of ENBUCKH1 pin. It is an open-collector output.

Figure 19. Enable pin management

ENBUCK1

[ mputcircuit S [ ]1eN_BUF

_| Deglitch
) Filter(75 us typ)
WAKE_UP
D— Input circuit ~I>O_ l Buck1_UV et
WDI N
I:l— 100 ns WDLoa Reset SR-FF
Deglitch || ogic Block Reset
[ ] Y
RESET
OR (
D—O Buck1 Internal Enable\—__\
HSD_EN GAPGPS03081
‘Yl DS12453 Rev 2 31/50

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

Functional description

L5964

Fault management

In Microcontroller Mode, after power up phase, WDI is continuously monitored: if a WDI fail
occurs, the device reacts in the following way: a Reset is issued and, if ENBUCK1 is low
and WAKEL is high, DC/DC1 is turned off and restarted at the next enable rising edge.

A new power up phase is issued. Same behavior is expected in case of under voltage

detected at DC/DC1 output.

Figure 20. WD fail management in microcontroller mode ‘1’
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If ENBUCK1 is high or WAKEL is low and a WDI fault or under voltage fault occurs, L5964
generates a Reset (whose duration is Tg) and the DC/DC1 remains on (see Figure 21).
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L5964 Functional description

Figure 21. WD fail management in microcontroller mode ‘2’
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In Low Power Mode, WDI monitor is disabled and a Reset can be issued only in case of output
under voltage. When L5964 exits from LPM, Watchdog detection restarts after TPU time.
In Microcontroller Mode, if an Overtemperature occurs on DC/DC1, this converter turns off,
its output decreases and when reaches the UV threshold a Reset is asserted. Fault is
managed as described in Figure 20 and 21.
The table below resumes Fault Management for all regulators in all working modes.
Table 10. Fault Management for all regulators in all working modes
Working Mode Fault L5964 action
DC/DC high side is switched OFF after 10 us (typ) of filtering time.
Vout OV High Side turned on again when output voltage returns to normal
value (considering comparator hysteresis).
Vout UV No action (only detection after 10 ps (typ) of filtering time).
DC/DC high side is switched off and turned on again when temp
DC/DC: Over Temp becomes lower than shutdown threshold (considering hysteresis).
: No over temp protection in LPM.
Normal

Low Power Parallel mode Output short Pulse by pulse current sensing and limiting (HS and LS)

DC/DC high side is switched OFF after 5 ys (typ) of filtering time.
High Side turned on again when input voltage returns to normal
value (considering comparator hysteresis).

DC/DC high side is switched OFF after 5 s (typ) of filtering time.
High Side turned on again when input voltage returns to normal
value (considering comparator hysteresis).

VBAT/VINBUCK
ov

VBAT/VINBUCK
uv

3
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Table 10. Fault Management for all regulators in all working modes (continued)

Working Mode Fault L5964 action
Over Tem LDO is switched off and turned on again when temp becomes
P lower than shutdown threshold (considering hysteresis).
Outout short Current limit to 250 mA (normal mode).
P Current limit to 50 mA (Standby mode).
. It is only active in LDO Normal Mode. LDO switched off and
'\II‘DO' | VINLDO OV switched on again when VINLDO returns to normal value.
orma
Standby mode VBAT OV It i§ only active ip LDO Normal Mode. LDO switched off and
switched on again when VBAT returns to normal value.
VINLDO UV LDO switched off and switched on again when VINLDO returns to
normal value.
VBAT UV LDO switched off and switched on again when VBAT returns to

normal value.

MCU mode DC/DC - LDO

RESET is asserted in case of DC/DC1 UV/OV.
For all the other faults the action is the same as above.

Junction temperature information

L5964 provides at TJTEST pin a voltage directly proportional to the internal junction
temperature. The relationship is reported below.

Figure 22. TJTEST voltage vs junction temperature
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L5964 Functional description
In the table below detailed values are provided:
Note: Values coming from corners simulation at Ibias = 10 pA.
Table 11. TJTEST voltage vs junction temperature
Ti= | T= | T= | T= | Ti= | Ti= | T= | TE | TE | TE | Ti= | TiE |
-40°C | 0°C | 27°C |100°C | 110°C | 120°C | 130°C | 140°C | 150°C | 160°C | 170°C | 180°C
Min |1.637 [1.498 | 1.402 [1.135 | 1.097 | 1.06 | 1.022 | 0.984 | 0.946 | 0.908 | 0.87 | 0.832
Typ. [1.651 [1.515 | 1.421 |1.159 | 1.122 | 1.085 | 1.048 | 1.011 | 0.974 | 0.936 | 0.898 | 0.861 \%
Max |1.667 |1.535 | 1.443 (1.188 | 1.152 | 1.116 | 1.079 | 1.043 | 1.006 | 0.969 | 0.932 | 0.895
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Application information

Output inductor (L)

The value of the output inductor 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 load current.

For example, if a AlL = IR|PPLE =0.3x IOUT(MAX)'
Where, loyt(max) is the maximum output current.

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

1 Vour Equation 1

L> ——Vour (1 = ——)
faw AlL VIN (MAX)
Where, fgy is the switching frequency, Vyvax) is the maximum input voltage.
The peak current flowing in Inductor is I peak) = louT(max) + AL/ 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.

Output capacitors (Coyr)

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:

Equation 2
AVoutripeLey = AlL(ESR+ —8fSWCo )
uT

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.

C _ Al Equation 3
OUT (MIN) 8fsw* (Vour (rippLey — Al X ESR)

For example, in case Vou1=3.3V, V|y =14V, fgyy =250 kHz, Al_ =0.3x3.5A =1.05A, in
order to have a AVqyt = 5% * Vout =0.165V, a capacitor bigger than 3.3 pF is needed
ignoring the ESR of the capacitor. In case of not negligible ESR (electrolytic or tantalum
capacitors), the capacitor is chosen taking into account its ESR value. The ESR can be
minimized by simply adding more capacitors in parallel, or by using higher quality
capacitors.
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7.3

3

It is important to have a big enough output capacitor to sustain the output voltage during a
load transient. The regulator usually needs time to maintain the output voltage during load
transitions. Equation 4 shows the minimum output capacitance needed in this case. This
value does not take the ESR of the output capacitor into account in the output voltage
change. High quality capacitors or lower ESR capacitors are recommended.

The minimum output capacitance needed is also determined by the maximum energy stored
in the inductor when a high current to low current transition occurs. The capacitance must
be sufficient to absorb the change in inductor current as Equation 5.

Equation 4

_ (lout (maxy = lout (MiN)) X 2.5Tsw
Cout(miny = AV
ouTt

Equation 5

L | 2 - | 2
OUT (MAX) OUT (MIN)
COUT(MIN) 2 x

Vour x AVouyr

Where:

lout(max) @nd loyTviny refer to the worst case load in the system and AVgyr is the
tolerance of the regulated output voltage.

Generally, if the minimum output capacitance satisfies Equation 4 and Equation 5, it is
bigger enough to meet also Equation 3. However, the final output capacitance should be the
biggest one among them.

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 the below equation:

Equation 6
lrms > lout (Maxy VD(1 = D)

Where loyT(max) 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 loytmax)/2-

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 capacitor 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.
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Bootstrap capacitor (Cgg)

A bootstrap capacitor must be connected between the BSx and PHASEX 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 peak current mode control, compatible with external RC
compensation network. The error amplifier is a transconductance amplifier with large
bandwidth, which is much larger than the closed-loop one.

Figure 23. Basic control loop block diagram

Vin
« >
Pulse-width = I Vour
modulator N
I ESR %
RiLoap
= Cour I =
+— 0.9V 1 R
COMP gm = =R
Rc

Cc

[
1

The above figure shows the closed loop system with a RC compensation network. The
basic regulator loop is modeled as a power modulator, output feedback divider, and an error

amplifier. The loop transfer function is:

%HWJ
W
Z

GAPGPS03349

VRer Equation 7
L(s) = x Gyop (8) % Gga(s)

ouT

Where:
s is the angular frequency;
Vger is the internal reference voltage, 0.9 V;
Vour is the output voltage of the converter;
Gmop(s) is the transfer function of the modulator with Coyt and R gap-

Gmop(s) forms a pole and a zero by R| oap, the output capacitor (CoyT), and its ESR
as expressed in below equation:
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Guos (5) = ImmopRLoap (1 + SESR x Coyr) Equation 8
MOP (1*+sR 0ap Cour)
Immop = 3.6S
. Vour Equation 9
Rioap = |
OUT MAX
The dominant pole is
1 Equation 10
Towon = 2mCoyr (RLonp * ESR)
The zero is
1 Equation 11

f = —
MOD ™ omC oyt ESR

Gga(s) is the transfer function of the buck converter from control to output. It forms two
poles and a zero as expressed in the equation below:

Gen(s) = Imea fo (1+8RcCc) Equation 12
EA (1+s15Cc)(1+sR:C)

Where:
dmea is the transconductance of the error amplifier, 1mS.
ro is the output resistance of error amplifier.

The zero is

1 Equation 13

Toen = 2mx Ce X R¢

The option pole is

1 Equation 14

Toen = 2mx C xR¢
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Figure 24. Simplified gain plot

GAIN
(dB)
Closed Loop
Power |
modulator
Error
amplifier
Frequency

Voltage ' \ (rad)
divider I

ZMOD! GAPGPS03371

The zero fgp set by Cc and R¢ cancel the pole foyop set by R oap and Coyr:

The optional pole f g set by Ck and Rc to cancel the output capacitor ESR zero if it occurs
near the crossover frequency fc, where the loop gain equals 1 (0dB).

The power modulator has a DC gain set by g;mop X RLoap- 9mmop is transconductance of
modulator, it is about 3.6 S. The following equations allow to approximate the value for the
gain of the power modulator GAINyop(pe)-

Equation 15
GAINmop(pc) = 9mmop X RLoap

The total loop gain as the product of the modulator gain, the feedback voltage-divider gain,
and the error-amplifier gain at f¢ should be equal to 1. So

f Equation 16
pMDO
GAINmonp(rc) = GAINmop(pc) X f
c
The guidelines for calculation of network:
1. Choose a value for f,usually between fgy/5 and fgy,10.
2. Choose resistor divider R4 and R; to set the desired Voyr.
3. Calculate the value of R¢ as follows:
Equation 17

Vour
9mea X Veg ¥ GAINyop(rc)

RC:

4. Set the error-amplifier compensation zero formed by Rc and C¢ (f,ea) at the fyyop.
Calculate the value of C as follows:

1 Equation 18
Ce =
7 2mx fomoo X Re
40/50 DS12453 Rev 2 KYI
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3

5. Iff,uop is less than 5f, add a second capacitor, Cg, from COMP to GND and set the
compensation pole formed by Rc and Cr (f,ga) at the fop. Calculate the value of Cg
as follows:

] Equation 19

21 x f,mop X Re

Cr =

Power good delay time setting

The PGDELAY1 and PGDEALY?2 pins are multipurpose pin that provide a delay function of
power good output when chip is out of microcontroller mode. There is an internal 10 yA
current source to charge up the external delay capacitor.

The delay time is set by

Equation 20
Too= 2.2V c
DLY 10|JA DLY

Where:

CpLy is the external delay capacitor.

Watch dog delay time setting

The PGDELAY1 and PGDEALY?2 pins are multipurpose pins that do not provide a delay
function of power good output when chip is in microcontroller mode.

The PGDELAY1 set the reset duration time (Tr) and PGDEALY2 set the power up delay
time (TUP)'

Equation 21
To = 2.2V
R —10pA DLY
Equation 22
Tz 2.2V c
uP —10pA DLY
Where:
CpLy is the external delay capacitor.
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710

7.1
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Design step guide

The following exampile illustrates the design process and component selection. The design
conditions are given in below table

Table 12. Design process and component selection

Parameter Value
Input voltage, V|y 14 V-typ, 26 V-max
Output voltage, Vour 33V
Max - output current, 1o 35A
Load step output tolerance, AVqoyt 5% of AVoyr
inductor ripple, Al 30% of louT(MAX)
Current output load step, Alg 1A,1.5At005A
Converter switching frequency, fgy 250 kHz

Inductor ripple current

Equation 23
AIL = 03x IOUT(MAX) =03x35A=105A
Inductor
1 Vour 3.3V 3.3V Equation 24
L>——= Vour\1- = x\1 - ——)=11pH
fow AlL Vinwax)/ 250kHz x 1.05A 26V
Output capacitor
(lout (ax) = lout miny) X 2.5Tsw _ (1.5A- 0.5A) x 2.5 Equation 25
Cour = = = 60.6uF
AVour 0.05 x 3 3V x 250kHz
Equation 26
L _ lout max)2 ~ lour mivy2 _ 15p (1.5A)’ - (0.5A) _ q
Coutuiny = 5 % =—X = 27.5uF
2 Vour X AVour 2 00533V x33V

Choosing the bigger one and considering the standard capacitors, one 68 uF or two 33 uF
capacitors are recommended.

3
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7.16

717

3

Duty cycle
v 3.3V Equation 27
= OuT - =2¥ _ 9236
D Vin 14V
The crossover frequency f¢
Equation 28
fo= Jow _ 250KHZ _ 44 o1
8 8
RLoaD
v 33V Equation 29
Rioap= —2H- =-=—-=0.940
YO lour wax  3.5A
The pole of modulator
1 1 Equation 30
- - = 2 .54kH
Toon 21Cout(RLoap + ESR) ~ 6.28 x 66uF x 0.95Q z
Assume ESR =10 mQ
The zero of modulator
y 1 Equation 31
= = = 241kH
Jzmop 2mCout ESR ~ 6.28 x 66uF x 10mQ z
The DC gain of modulator
Equation 32
GAINMOD(DC) = gmMOD X RLOAD = 368 x 0.94 = 3.384
DS12453 Rev 2 43/50
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7.18 The modulator gain at f¢

¢ 254 KH Equation 33
GAIN = GAIN X _PMDO - 3 £ B2 _ 5275
MOD(fC) MOD(DC) o 3.384 x 31 3 kHz
719 External compensation network
. Vour _ 3.3V 3410 Equation 34
€ gmea X Vig X GAINyoprey  1mS x 0.9V x0.275
, 1 Equation 35
Ce= omx fmop XRo 628 x 2.54kHz x 13kQ 4.84 nF
, 1 Equation 36
Cg= = =50.8 pF
F™2mx fmop X Re 6.28 x 241kHz x 13kQ P
44/50 DS12453 Rev 2 KYI
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8 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.

8.1 LQFP64 (10x10x1.4 mm exp. pad up) package information

Figure 25. LQFP64 (10x10x1.4 mm exp. pad up) package outline
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Table 13. LQFP64 (10x10x1.4 mm exp. pad up) package mechanical data

Dimensions in mm

Symbol
Min. Typ. Max.
(S) 0° 3.5° 6°
o1 0° 9° 12°
e2 11° 12° 13°
o3 11° 12° 13°
A - - 1.49
A1 -0.04 - 0.04
A2 1.35 14 1.45
b - - 0.27
b1 0.17 0.20 0.23
c 0.09 - 0.20
c1 0.09 0.127 0.16
D 12.00 BSC
D1(N @) 10.00 BSC
D2 See VARIATIONS
e 0.50 BSC
E 12.00 BSC
E1MW @ 10.00 BSC
E2 See VARIATIONS
L 0.45 0.60 0.75
L1 1.00 REF
N - 64 -
R1 0.08 - -
R2 0.08 - 0.20
S 0.20 - -
Tolerance of form and position
aaa - 0.20 -
bbb - 0.20 -
cce - 0.08 -
ddd - 0.08 -

DS12453 Rev 2
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Table 13. LQFP64 (10x10x1.4 mm exp. pad up) package mechanical data (continued)

Dimensions in mm
Symbol
Min. Typ. Max.
VARIATIONS
Pad option 6.0x6.0 (T1-T3)()

D2 - - 6.61
E2 - - 6.61
D3 48 - -
E3 48 - -

1. Dimensions D1 and E1 do not include mold flash or protrusions.
Allowable mold flash or protrusion is “0.25 mm” per side.

2. The Top package body size may be smaller than the bottom package size by much as 0.15 mm.

Number, dimensions and position of shown groves are for reference only:

S

GADG2108170827PS
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8.2 Package marking information

Figure 26. LQFP64 (10x10x1.4 mm exp. pad up) marking information

H0ddoaaena0ddsad
O o7 O

Last two digits
ES: Engineering sample
<blank>: Commercial sample

—
I

HHH b0 HH

LQFP/TQFP 64 TOP VIEW
(not in scale)

didddagaaaddnids
HHHHHHHHHHHHH%%H

GAPG2204150842PS_ES

Parts marked as ‘ES’ are not yet qualified and therefore not approved for use in production.
ST is not responsible for any consequences resulting from such use. In no event will ST be
liable for the customer using any of these engineering samples in production. ST’s Quality
department must be contacted prior to any decision to use these engineering samples to run
a qualification activity.
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Revision history

Table 14. Document revision history

Date Revision Changes
04-Jun-2019 1 Initial release.
15-Jul-2019 9 Updated Table 1: Device summary on page 17;

Updated the first row of the Table 4: Operating voltage on page 15.
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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. For additional information about ST trademarks, please refer to www.st.com/trademarks. 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.

© 2019 STMicroelectronics — All rights reserved
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