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Step-Down DC/DC Controller TLE 6389
A~ RoHS
Qualified

1 Overview

1.1 Features é

+ |Input voltage range from < 5V up to 60V “‘E

« Output voltage: 5V fixed or adjustable (7V to 15V)
» Output voltage accuracy: 3%

» Qutput current up to 2.3A

* 100% maximum duty cycle

- Less than 120pA quiescent current at low loads"
+ 2JA max. shutdown current at device off (TLE 6389-2 GV)
» Fixed 360kHz switching frequency

» Frequency synchronization input for external clocks

» Current Mode control scheme

+ Integrated output under voltage Reset circuit

» On chip low battery detector (on chip comparator)

» Automotive temperature range -40°C to 150 °C

» Green Product (RoHS compliant)

+ AEC qualified

' dependend on external components

a_aw;: S_ENiﬂ?_E srrrc; jif RIOm 22F 60Q &';T LmE-SRTa'ta.m
o £
Type Package Description
TLE 6389-2 GV PG-DS0O-14-1 adjustable
TLE 6389-2 GV50 PG-DS0O-14-1 5V, RO-Hysteresis <<
TLE 6389-3 GV50 PG-DS0O-14-1 5V, RO-Hysteresis 1V

Datasheet Rev. 2.1 1 2007-08-13
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1.2 Short functional description

The TLE 6389 step-down DC-DC switching controllers provide high efficiency over loads
ranging from 1mA up to 2.5A. A unique PWM/PFM control scheme operates with up to
a 100% duty cycle, resulting in very low dropout voltage. This control scheme eliminates
minimum load requirements and reduces the supply current under light loads to 120uA,
depending on dimensioning of external components. In addition the adjustable version
TLEG6389-2 GV can be shut down via the Enable input reducing the input current to
<2uA. The TLE 6389 step-down controllers drive an external P-channel MOSFET,
allowing design flexibility for applications up to 12.5W of output power. A high switching
frequency and operation in continuous-conduction mode allow the use of tiny surface-
mount inductors. Output capacitor requirements are also reduced, minimizing PC board
area and system costs. The output voltage is preset at 5V (TLE6389-2 GV50 and
TLE6389-3 GV50) and adjustable for the TLE6389-2 GV. The version TLE6389-2 GV50
features a reset function with a threshold between 4.5V and 4.8V, including a small
hysteresis of typ. 50mV. In the version TLE6389-3 GV50 the device incorporates a reset
with a typ. 1V hysteresis. Input voltages of all TLE 6389 can be up to 60V.

1.3 Pin Configuration (top view)
ENABLE /
si_ENABLEL O [ 14 |cs
FB| 2 13 |VS
VOUT| 3 12 |GDRV
GND| 4 11 |BDS

Datasheet Rev. 2.1 2 2007-08-13
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1.4 Basic block diagram
ENA Sl-
Vs BLE Sl GND
RO
VouT L 4 Battery Sense and
Internal Power ™1 Undervoltage Reset |
| | Supply and :
iasi SO
BDS Biasing i
I
| A N
I
FB PWM/PFM | 1 | 5o G
: Regulator i_ DRV
I
Cs |
I
I i
I
COMP .-
I
Clock t
Voltage f i ock generator Syne
-#  Reference |-———--coo-o T
Block
TLE 6389GV
GND
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1.5 Pin Definitions and Functions
Pin No Symbol |Function

1 ENABLE | Active-High enable input (only at adjustable version, TLE6389-2 GV)
for the device.
The device is shut down when ENABLE is driven low. In this shut down-
mode the reference, the output and the external MOSFET are turned off.
Connect to logic high for normal operation.

1 SI_ENA | Active-High enable input (only at 5V version, TLE6389-2 GV50 and

BLE TLE6389-3 GV50) for SI_GND input.

SI_GND is switched to high impedance when SI_ENABLE is low. High
level at SI_ENABLE connects SI_GND to GND with low impedance. SO is
undefined when SI_ENABLE is low.

2 FB Feedback input.
1. For adjustable version (-2GV) connect this pin to an external voltage
divider from the output to GND (see the determining the output voltage,
application section).
2. At the 5V fixed output voltage version (-3GV50 and -2GV50) the FB is
connected internally to an on-chip voltage divider. It does not have to be
connected externally to the output.

3 VOUT Buck output voltage input.
Input for the internal supply. Connect always to the output of the buck
converter (output capacitor).

GND Ground connection. Analog signal ground.

5 SYNC Input for external frequency synchronization.
An external clock signal connected to this pin allows switching frequency
synchronization of the device. The internal oscillator is clocked then by the
frequency applied at the SYNC input.

6 SI_GND | SI-Ground input.
Ground connection for SI comparator resistor divider. Depending on
S|_ENABLE this input is switched to high impedance or low ohmic to GND.

7 Sl Sense comparator input.
Input of the low-battery comparator. This input is compared to an internal
1.25V reference where SO gives the result of the comparison. Can be
used for any comparison, not necessarily as battery sense.

8 COMP | Compensation input.
Connect via RC-compensation network to GND.

9 SO Sense comparator output.

Open drain output from SI comparator at the adjustable version (TLE6389-
2GV),

Pull down structure with an internal 20k pull up resistor to VOUT at the
5V version (TLE6389-2 GV50 and TLE6389-3 GV50).

Datasheet Rev. 2.1
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Pin No Symbol |Function

10 RO Reset output.
Open drain output from undervoltage reset comparator at the adjustable
version (TLE6389-2 GV),
Pull down structure with an internal 20kQ pull up resistor to VOUT at the
5V version (TLE6389-2 GV50 and TLE6389-3 GV50).

11 BDS Buck driver supply input.
Connect a ceramic capacitor between BDS and VS to generate clamped
gate-source voltage to supply the driver of the PMOS power stage.

12 GDRV Gate drive output.
Connect to the gate of the external P-Channel MOSFET. The voltage at
GDRYV swings between the levels of VS and BDS.

13 VS Device supply input.
Connect a 220nF ceramic cap close to the pin in addition to the low ESR
tantalum input capacitance.

14 CS Current-sense input.

Connect current-sense resistor between VS and CS. The voltage drop
over the sense-resistor determines the peak current flowing in the buck
circuit. The external MOSFET is turned off when the peak current is
exceeded.

Datasheet Rev. 2.1
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2 Absolute Maximum Ratings
Item Parameter Symbol | Limit Values |Unit | Remarks
min. | max.
Device supply input VS
2.1 Voltage Vvs -0.3 61 Vv —
2.2 Current Iys - - -
Current sense input CS
2.3 Voltage Ves -0.3 61 \Y [Vys- Vegl < 0.3V
2.4 Current Ies - - -
Gate drive output GDRV
2.5 Voltage Vepry |—0.3 |61 Vv -0.3V < |Vyg-
Vepryl < 6.8V,
-0.3V < |Vgps -
Veoryl < 6.8V
2.6 Current IspRy - - - limited internally
Buck driver supply input BDS
2.7 Voltage Veps -03 |61 Vv -0.3V < |Vyg-
Vgps| < 6.8V
2.8 Current Igps - - -
Feedback input FB
2.9 Voltage Veg -03 |68 \
2.10 Current Ieg - - -
Enable input SI_ENABLE
2.1 Voltage Vg enag |[— 0.3 |61 Vv TLEG389-2 GVA50,
£ TLE6389-3 GV50
212 Current I enaBL | — - -
e
SI-Ground input SI_GND
213 Voltage Vs enp |—0.3 |61 Vv
2.14 Current Iy anp | — - -
Enable input ENABLE
2.15 Voltage Venagie | — 0.3 |61 Vv TLE6389-2 GV
2.16 Current IenaBle | — - -
Datasheet Rev. 2.1 6 2007-08-13
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2 Absolute Maximum Ratings (cont'd)
Item Parameter Symbol | Limit Values |Unit | Remarks
min. | max.
Sense comparator input Sl
217 Voltage \ -03 |61 Vv
2.18 Current Iy - — -
Sense comparator output SO
2.19 Voltage Vso -03 |6.8 Vv
2.20 Current Iso - — - limited internally
Buck output voltage input VOUT
2.21 Voltage Vvour -03 |15 Vv TLE6389-2 GV
2.22 Voltage Vvour -03 |6.8 Vv TLE6389-2 GV50,
TLE6389-3 GV50
2.23 Current LyouT - - mA
Compensation input COMP
2.24 Voltage Veor |—0.3 |6.8 Vv
2.25 Current Icomp - - mA
Reset output RO
2.26 Voltage Vro -03 |6.8 Vv
2.27 Current Ino - — mA | limited internally
Frequency synchronization input SYNC
2.28 Voltage Vayne -03 |6.8 Vv
2.29 Current Isyne - — mA
ESD-Protection
2.30 Electrostatic discharge | Vegp -15 |15 |kV |HBMY,
voltage pin VOUT
2.31 Vesp -2 2 kV HBM™, all pins
except VOUT
2.32 Vespepu | —500 | 500 |V CDM?

Datasheet Rev. 2.1
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Item Parameter Symbol | Limit Values |Unit | Remarks
min. | max.

Temperatures
2.33 Junction temperature T, -40 150 |°C -
2.34 Storage temperature Tig -50 150 |°C -

T ESD susceptibility HBM according to EIA/JJESD 22-A 114B.

2 ESD susceptibility CDM according to JESD 22-C101.

Note: Stresses above the ones listed here may cause permanent damage to the device.

Note:

Datasheet Rev. 2.1

Exposure to absolute maximum rating conditions for extended periods may affect
device reliability.

Integrated protection functions are designed to prevent IC destruction under fault
conditions described in the data sheet. Fault conditions are considered as
‘outside” normal operating range. Protection functions are not designed for
continuous repetitive operation.
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3 Operating Range
Item Parameter Symbol | Limit Values |Unit | Remarks
min. | max.
3.1 Supply voltage range | Vg 5 60 V
3.2 Output voltage adjust | Vot 7 15 V TLE 6389-2 GV
range TLE 6389-2 GV
3.3 Sense Resistor Reense | 10 47 m< | Calculation see
section 7
3.4 PMOS, on+off delay tonsoff - tmin- ns tmin= Vvout/
delay 300 " (Vvs*fsw)
3.5 Buck driver supply Caps 220 - nF
capacitor
3.6 Buck inductance L1 a7 - MH | recommended
value
3.7 Buck inductance L1 22 100 MH
3.8 Buck output capacitor |Cqr 100 - uF
39 Junction temperature | T, -40 150 °C
Thermal Resistance
3.10 Junction ambient Rinj-a 140 K/W | Footprint only
3.11 Junction pin Rinj-o 50 KIW |-

" A too high PMOS on+off delay might cause an instable output voltage

Note: Within the functional range the IC operates as described in the circuit description.
The electrical characteristics are specified within the conditions given in the
related electrical characteristics table.

Datasheet Rev. 2.1 9 2007-08-13
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Electrical Characteristics

OV < Vyg <48V; -40°C < T;<130°C;

All voltages with respect to ground; positive current defined flowing into the pin; unless otherwise specified

Item Parameter Symbol Limit Values Unit | Test Condition
min. |typ. | max.
Current Consumption” TLE6389-2 GV50 and TLE6389-3 GV50
41 Current ly/s 80 [150 |pA | Vg =48V,
consumption of VS PFM mode;
4.2 70 |85 MA | Vyg=13.5V;
PFM mode;
T;=25°C
43 Current |S|_ENABL 9 30 I.]A VVS = 48V,
consumption of £ Vsi enasLe = 48V,
S|_ENABLE PFM mode;
consumption of Vvour = 5.5V;
PFM mode;
T;=25°C
Vyour = 5.5V,
Va1 > Vs nighs
PFM mode;
46 Current lg 02 |05 [pA |Vyg=13.5V;
consumption of Sl Vs enasLe = H;
VSl = 10V ,
PFM mode;
Datasheet Rev. 2.1 10 2007-08-13
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Electrical Characteristics (cont'd)
oV < Vyg <48V; -40°C <T,<150°C;

All voltages with respect to ground; positive current defined flowing into the pin; unless otherwise specified

Item Parameter Symbol Limit Values Unit | Test Condition
min. |typ. |max.
Current Consumption’ TLE6389-2 GV (variable)
4.7 Current /s 80 [150 |pA | Vg =48V,
consumption of VS Venasie = Hs
PFM mode;
Vour 27V
48 Current 70 |85 MA | Vyg=13.5V;
consumption of VS Venasle = H;
PFM mode;
T;=25°C;
49 Current 2 MA | Venage=0V;
consumption of VS T, <105°C
410 Current len 9 30 MA | Vyg =48V,
consumption of Venasle = H;
ENABLE PFM mode;
411 Current l\out 140 1220 |pA | Vour =8V,
consumption of Vys = 13.5V;
Va1 > Vg, nighs
PFM mode;
412 Current g 02 |05 [pA |Vyg=13.5V;
consumption of Sl Venasle = H;
VSl = 10V ,
PFM mode;
T;=25°C
413 Current leg 0.2 |05 [|pA |Vyg=13.5V,
consumption of FB Veg = 1.25V,
VenasLe = H;
PFM mode;
T;=25°C

Datasheet Rev. 2.1
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Electrical Characteristics (cont'd)
OV < Vyg <48V; -40°C <T,<150°C;

All voltages with respect to ground; positive current defined flowing into the pin; unless otherwise specified

Item

Parameter

Symbol

Limit Values

min.

typ.

max.

Unit

Test Condition

Buck Controller

414

415

416

Output voltage

VVC)UT

485 |5.00 515

TLE6389-2 GV50,
TLE6389-3 GV50;
Vys=138.5V& 48V;
PWM mode

Ioytr = 0.510 2A;
Rsense = 22mMQ;
Ry = 0.25Q;

Ry =0.1Q;

475 |5.00 5.25

TLE6389-2 GV50,
TLE6389-3 GV50;
Vys = 24V;PFM;
Iyt = 15mMA;
Rsense = 22mQ;
Ry = 0.25Q;

R, =0.1Q;

3.8

TLEG6389-3 GV50;
Vys decreasing
from 5.8V to 4.2V;
|, oap = OMA to
500mA;

Rsense = 22mMQ;
Ryt = 0.4Q;

R ;=0.1Q;

417

FB threshold
voltage

VFB, th

1.225|1.25 [1.275

TLE6389-2 GV

418

Output voltage

VVC)UT

9.7 |10.0 [10.3

TLE6389-2 GV,
Calibrated divider,
see section 7.3;
Vyg = 13.5V & 48V;
Ioytr = 0.510 2A;
PWM Mode;
Rsense = 22mMQ;
Ry = 0.25Q;

R ;1 =0.1Q;

Datasheet Rev. 2.1
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Electrical Characteristics (cont'd)

SV < Vyg <48V; -40°C < T; < 130°C;

All voltages with respect to ground; positive current defined flowing into the pin; unless otherwise specified

Item Parameter Symbol Limit Values Unit | Test Condition
min. |typ. |max.

419 Output voltage VouT 95 [10.0 |105 |V TLE6389-2 GV;

Calibrated divider,
see section 7.3;
Vyg = 24V,

Iyt = 15mMA;
PFM Mode;
Rsense = 22mMQ;
Ry = 0.25Q;

R ;=0.1Q;

4.20 Buck output VouT Ves, 7 Vv TLE6389-2 GV,
voltage adjust th supplied by VS
range only, complete

current to supply
the IC drawn from
VS,

no reset function 2

4.21 Buck output VouT 7 15 Vv TLE6389-2 GV,
voltage adjust current to supply
range the IC drawn from

VS and VOUT, as
specified, ?

422 Buck output Vvout 0.97* 1.03* TLE6389-2 GV,
voltage accuracy Vour Vour PWM mode 2

_nom _nom

423 Buck output VouT 0.95* 1.05* TLE6389-2 GV,

voltage accuracy Vour Vout PFM mode 2
_nom _nom
Datasheet Rev. 2.1 13 2007-08-13
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4 Electrical Characteristics (cont'd)

SV < Vyg <48V; -40°C < T;<130°C;

All voltages with respect to ground; positive current defined flowing into the pin; unless otherwise specified

Item Parameter

Symbol

Limit Values

min.

typ.

max.

Unit

Test Condition

4.24 Line regulation

| AVyour |

35

mV

TLE6389-2 GV50,
TLE6389-3 GV50,
Vys =9V to 16V,
lour = 1A;

Rsense = 22mL2;
PWM mode

4.25 Line regulation

| AVyour |

50

mV

TLE6389-2 GV50,
TLE6389-3 GV50,
Vys = 16V to 32V,
lout = 1A;

Rsense = 22m&;
PWM mode

4.26 Line regulation

AVVOUT/
VVOUT

2.5

%

TLE6389-2 GV,
Vys =12V to 36V,
Vyour=10V

lour = 1A;

Rsense = 22m&;
PWM mode

Datasheet Rev. 2.1
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4 Electrical Characteristics (cont'd)

SV < Vyg <48V; -40°C < T; < 130°C;

All voltages with respect to ground; positive current defined flowing into the pin; unless otherwise specified

Item Parameter Symbol Limit Values Unit | Test Condition
min. |typ. |max.
427 Load regulation AVyour! 40 mV/ | TLE6389-2 GV50,
Al oap A TLEG389-3 GVa0,
lOUT = OSA tO 2A,
4.28 8* mV/ | TLE6389-2 GV,
_nom/ Vys= 13.5V & 48V,
V RSENSE = 22mQ
429 Gate driver, Vys — 0 02 |V VENABLE/SI ENABLE
4.30 Gate driver, Vvs 6 82 |V VENABLE/SI ENABLE
PMOS on VGDHV = 5 V
CBDS = 220 nF
CGDRV = 47nF3)
4.31 Gate driver, Vys — 2.75 4 Vv Decreasing (Vy,g-
UV lockout Vaps Vgpg) until GDRV
is permanently at
VS level
432 Gate driver, IspRy 1 A PMOS dependent;
peak charging 2)
current
4.33 Gate driver, IspRy 1 A PMOS dependent;
peak discharging 2)
current
4.34 Gate driver, 1 45 |60 ns VENABLE/SI ENABLE
gate voltage, rise =5V
t|me CBDS = 220 nF
CGDRV = 47nF
Datasheet Rev. 2.1 15 2007-08-13
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Electrical Characteristics (cont'd)
OV < Vyg <48V; -40°C <T,<150°C;

All voltages with respect to ground; positive current defined flowing into the pin; unless otherwise specified

Item Parameter Symbol Limit Values Unit | Test Condition
min. |typ. | max.
435 Gate driver, I 50 |65 ns VENABLE/SI ENABLE
gate voltage, fall =5V
t|me CBDS - 220 nF
4.36 Peak current limit |V = 50 |70 |90 mV
threshold voltage | Vyq
Ves
437 Oscillator fosc 290 |360 |420 |kHz |PWM mode only
frequency
4.38 Maximum duty dyax 100 % PWM mode only
cycle
4.39 Minimum on time |ty 220 400 (ns PWM mode only
4.40 SYNC capture Afgyne 250 530 |kHz |PWM mode only
range
441 | SYNC trigger level |Vgynen |4.0 \% 2)
high
4.42 | SYNC trigger level 08 |V 2)
low
Reset Generator
4.43 Reset threshold Vyour.rr |35 [365 |38 |V TLEG6389-3 GV50;
Vy oyt decreasing
4.44 45 (46548 |V TLEG6389-3 GV50;
Vy oyt INCreasing
4.45 Reset headroom | Vg eap | 80 mV | TLE6389-2 GV50;
Vour(Vs=6V,
| oap=1A)
-Vvout Rt
4.46 Reset threshold Vyour rT |45 |4.65 |48 |V TLEG6389-2 GV50;
Vy oyt Increasing/
decreasing
4.47 Reset threshold AVyour, 50 mV | TLE6389-2 GV50
hysteresis =T 2)
Datasheet Rev. 2.1 16 2007-08-13
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Electrical Characteristics (cont'd)

SV < Vyg <48V; -40°C < T; < 130°C;

All voltages with respect to ground; positive current defined flowing into the pin; unless otherwise specified

Item Parameter Symbol Limit Values Unit | Test Condition
min. |typ. |max.
4.48 Reset threshold Ves rT 1.12 \Y TLEG389-2 GV,
Vyout decreasing
4.49 1.17 \Y TLEG389-2 GV,
Vy oyt increasing
4.50 Reset output pull | Rgq 10 |20 |40 kQ | TLE6389-2 GV50,
up resistor TLE6389-3 GV50;
Internally
connected to Vg1
4.51 Reset output High | Vg 4 0.8* \Y TLE6389-2 GV50,
voltage Vyour TLEG6389-3 GV50;
lro=0mA
4.52 Reset output Low | Vo 02 |04 |V lro, L=TMA;
voltage 2.5V <Vyout < Vg
453 Reset output Low | Vgo 02 |04 |V lro, 1=0.2mA;
voltage 1V < Vyour < 2.5V
4.54 Reset delay time |t 17 |21 25 ms | TLE6389-2 GV
TLE6389-3 GV50
455 Reset delay time |t 4 70 82 |100 |ms |TLE6389-2 GV50
456 |Resetreactiontime |t 10 |ps |?
Overvoltage Lockout
4.57 Overvoltage Vvour, ov Vour \Y TLE6389-2 GV50,
threshold _nom! TLE6389-3 GV50;
V Vy oyt iNnCreasing
+0.1
4.58 Overvoltage Ves ov Veg Vv TLEG389-2 GV,
threshold h nom Vyout INcreasing
N
+0.0
2
Datasheet Rev. 2.1 17 2007-08-13
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Electrical Characteristics (cont'd)

SV < Vyg <48V; -40°C < T;<130°C;

All voltages with respect to ground; positive current defined flowing into the pin; unless otherwise specified

Item Parameter Symbol Limit Values Unit | Test Condition
min. |typ. | max.
ENABLE Input
threshold ON
4.60 Enable OFF- VeNaBLE, 08 |V
threshold OFF
SI_ENABLE Input
threshold ON
462 Enable OFF- VeNaBLE, 08 |V
threshold OFF
SI_GND Input
463 Switch ON Raw 50 100 (1230 |Q Vg enasle = 9V,
resistance lsi_anp = SMA;
Battery Voltage Sense
464 Sense threshold Vi low 1.22 |{1.25 |1.28 |V Vyg decreasing
4.65 Sense threshold Vi, high 1.33 Vv V5 increasing
4.66 Sense threshold Vsinys |90 |80 |120 |mV
hysteresis
467 Sense output pull | Rgg 10 20 |40 kQ2 | TLE6389-2 GVA0,
up resistor TLE6389-3 GV50;
Internally con-
nected to V,,out
4.68 Sense out output | Vgq 0.8" Vv lson =0mA
High voltage Vyout
4.69 Sense out output | Vo 02 |04 |V lsoL = TMA;
Low voltage 2.5V < VyouTs
Vg <1.13V
4.70 04 | Vyour!|V lso =0.2mA;
N 1V < Vyour<2.5V;
Vg <1.13V
Datasheet Rev. 2.1 18 2007-08-13
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Electrical Characteristics (cont'd)

SV < Vyg <48V; -40°C < T; < 130°C;

All voltages with respect to ground; positive current defined flowing into the pin; unless otherwise specified

Item Parameter Symbol Limit Values Unit | Test Condition
min. |typ. |max.
Thermal Shutdown
471 | Thermal shutdown | Tigp 150 [175 |200 |°C |2
junction
temperature
472 | Temperature AT 30 K 2)
hysteresis

" The device current measurements for |, and |5 exclude MOSFET driver currents.

2 Not subject to production test - specified by design

Datasheet Rev. 2.1
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5 Typical Performance Characteristics

Current consumption | vs. temperature T,
at enabled device and V,,s=13.5V
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Current consumption lyg vs. temperature T,
at enabled device and V,,4=48V
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Current consumption |, 7 vVs. temperature
T, at enabled device and V,,5;7=5.5V
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Internal oscillator frequency foge
vs. temperature T,
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Minimum on time t,;,, (blanking)
vs. temperature T,
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Peak current limit threshold voltage V|,
vs. temperature T,
110

Lim
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I 100
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Gate driver supply Vs - Vgps
vs. temperature T,
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Output voltage V\,qr vs. temperature T;in  Lower Reset threshold Vg g1
PFM mode (V,5=24V,l ,,4=19mA,-3GV30) vs. temperature T, (-2GV)
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Lower Reset threshold V, o1 gt
vs. temperature T, (-:3GV50)
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Internal pull up resistors Rzy and Ry,
vs. temperature T, (-3GV50)
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Lower Sense threshold VS,, low
vs. temperature T,
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6 Detailed circuit description

In the following, some internal blocks of the TLE6389 are described in more detail. For
the right choice of the external components please refer to the section application
information.

6.1 PFM/PWM Step-down regulator

To meet the strict requirements in terms of current consumption demanded by all Body-
and 42V PowerNet applications a special PFM (Pulse Frequency Modulation) - PWM
(Pulse Width Modulation) control scheme for highest efficiency is implemented in the
TLE 6389 regulators. Under light load conditions the output voltage is able to increase
slightly and at a certain threshold the controller jumps into PFM mode. In this PFM
operation the PMOS is triggered with a certain on time (depending on input voltage,
output voltage, inductance- and sense resistor value) whenever the buck output voltage
decreases to the so called WAKE-threshold. The switching frequency of the step down
regulator is determined in the PFM mode by the load current. It increases with increasing
load current and turns finally to the fixed PWM frequency at a certain load current
depending on the input voltage, current sense resistor and inductance. The diagram
below shows the buck regulation circuit of the TLE 6389 .

' cs VFB, OV, VREF VREF
Current- Over-
sense Voltage
Amplifier Lockout

Vv§

I/\—/\. Blanking

VREF J\\
:D; . T )
- I
VFB V s

Error

PWM
Amplifier } 4 Comparator
Level-
y

Wake- shift

(1
Slope- VREF . Comparator BDS
compensation -
VFB, WK | MUX
PWM
SYNC |
— LI

Oscillator

GDRV

MODE

Figure 1 Buck control scheme

The TLE 6389 uses a slope-compensated peak current mode PWM control scheme in
which the feedback or output voltage of the step down circuit and the peak current of the
current through the PMOS are compared to form the OFF signal for the external PMOS.
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The ON-trigger is set periodically by the internal oscillator when acting in PWM mode
and is given by the output of the WAKE-comparator when operating in PFM mode. The
Multiplexer (MUX) is switched by the output of the MODE-detector which distinguishes
between PFM and PWM by tracking the output voltage (goto PFM) and by tracking the
gate trigger frequency (goto PWM). In PFM mode the peak current limit is reduced to
prevent overshoots at the output of the buck regulator. In order to avoid a gate turn off
signal due to the current peak caused by the parasitic capacitance of the catch diode the
blanking filter is necessary. The blanking time is set internally to 200ns and determines
(together with the PMOS turn on and turn off delay) the minimum duty cycle of the
device. In addition to the PFM/PWM regulation scheme an overvoltage lockout and
thermal protection are implemented to guarantee safe operation of the device and of the
supplied application circuit.

6.2 Battery voltage sense

To detect undervoltage conditions at the battery a sense comparator block is available
within the TLE 6389. The voltage at the Sl input is compared to an internal reference of
typ. 1.25V. The output of the comparator drives a NMOS structure giving a low signal at
SO as soon as the voltage at S| decreases below this threshold. In the 5V fixed version
an internal pull up resistor is connected from the drain of the NMOS to the output of the
buck converter, in the variable version SO is open drain.

The sense in voltage divider can be switched to high impedance by a low signal at the
S|I_ENABLE to avoid high current consumption to GND (TLE6389-2 GV50 and
TLE6389-3 GV50 only).

Of course the sense comparator can be used for any input voltage and does not have to
be used for the battery voltage sense only.

6.3 Undervoltage Reset

The output voltage is monitored continuously by the internal undervoltage reset
comparator. As soon as the output voltage decreases below the thresholds given in the
characteristics the NPN structure pulls RO low (latched). In the 5V fixed version an
internal pull up resistor is connected from the collector of the NPN to the output of the
buck converter, in the variable version RO is open collector.

At power up RO is kept low until the output voltage has reached its reset threshold and
stayed above this threshold for the power on reset delay time.
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7 Application information

Note: The following information is given as a hint for the implementation of the device
only and shall not be regarded as a description or warranty of a certain
functionality, condition or quality of the device.

71 General

The TLE 6389 step-down DC-DC controllers are designed primarily for use in
Automotive applications where high input voltage range requirements have to be met.
Using an external P-MOSFET and current-sense resistor allows design flexibility and the
improved efficiencies associated with high-performance P-channel MOSFETs. The
unique, peak current-limited, PWM/PFM control scheme gives these devices excellent
efficiency over wide load ranges, while drawing around 100uA current from the battery
under no load condition. This wide dynamic range optimizes the TLE 6389 for
automotive applications, where load currents can vary considerably as individual circuit
blocks are turned on and off to conserve energy. Operation to a 100% duty cycle allows
the lowest possible dropout voltage, maintaining operation during cold cranking. High
switching frequencies and a simple circuit topology minimize PC board area and
component costs.

7.2 Typical application circuits

Note: These are very simplified examples of an application circuit. The function must be
verified in the real application

R =
- SENSE
‘N 47mQ M L, =47 H Vour

-

C|N1= T ¢ =
100 F __CEDS: D1 100 /F
20nF —t —

M1 Infineon BSO613SPV
Infineon BSPG13P

D1 Motorda MBRD380

L1: EPCOS B82479-A1473-M
Coileraft DO3340P-473

1" 14 12 |12
BDS cs GDRV B

'S TLE63892GV50

8
TTE

S covp QME Electralythic
S_GND S BNABLE SYNC GND RO 22nF 680Q &rfrr Low ESR Tartaum

|6 I1 |5 |4 | 10
N

Figure 2 Application circuit TLE6389-2 GV50 and TLE6389-3 GV50
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g covp _|8 220F gm; Em: rolythic
SLGND ENABE SWC GND [] Reg=  Cour LOWESR Tantaum
|6 |1 [5 J_ 830 47KQ
*‘to UG L
Figure 3 Application circuit TLE6389-2 GV
7.3 Output voltage at adjustable version - feedback divider

The output voltage is sensed either by an internal voltage divider connected to the VOUT
pin (TLE6389-2 GV50 and TLE6389-3 GV50, fixed 5V versions) or an external divider
from the Buck output voltage to the FB pin (TLE6389-2 GV, adjustable version). Pin
VOUT has to be connected always to the Buck converter output regardless of the
selected output voltage for the -2GV version.

To determine the resistors of the feedback divider for the desired output voltage Vr at
the TLEG389-2 GV select Rz, between 5kQ and 500k and obtain Rgg, with the
following formula:

Vour
Regi = Regae [\,—v - 1)
FB, th

Vg Is the threshold of the error amplifier with its value of typical 1.25V which shows that
the output voltage can be adjusted in a range from 1.25V to 15V. However the integrated
Reset function will only be operational if the output voltage level is adjusted to >7V.
Also the current consumption will be increased in PFM mode in the range between
1.25V and 7V.
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7.4 S|_Enable

Connecting SI_ENABLE to 5V causes SI_GND to have low impedance. Thus the Sl
comparator is in operation and can be used to monitor the battery voltage. SO output
signal is valid. Connecting SI_ENABLE to GND causes SI_GND to have high
impedance. Thus the S| comparator is not able to monitor the battery voltage. SO output
signal is invalid.

7.5 Battery sense comparator - voltage divider

The formula to calculate the resistor divider for the sense comparator is basically the
same as for the feedback divider in section before. With the selected resistor Rg,, the
desired threshold of the input voltage V  , and the lower sense threshold Vg, ,, the
resistor Rg4 Is given to:

VIN,Uv_l

SI1 — 812 %

SI, low

For high accuracy and low ohmic resistor divider values the On-resistance of the
SI_GND NMOS (typ. 100€2) has to be added to Rg5,.

7.6 Undervoltage reset - delay time

The diagram below shows the typical behavior of the reset output in dependency on the
input voltage V,,, the output voltage Vo or Veg.
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Figure 4 Reset timing

7.7 100% duty-cycle operation and dropout

The TLE 6389 operates with a duty cycle up to 100%. This feature allows to operate with
the lowest possible drop voltage at low battery voltage as it occurs at cold cranking. The
MOSFET is turned on continuously when the supply voltage approaches the output
voltage level, conventional switching regulators with less than 100% duty cycle would fail
in that case.

The drop- or dropout voltage is defined as the difference between the input and output
voltage levels when the input is low enough to drop the output out of regulation. Dropout
depends on the MOSFET drain-to-source on-resistance, the current-sense resistor and
the inductor series resistance. It is proportional to the load current:

V, =1 +R +R

drop LOAD (RDS(ON}PMOS SENSE INDUCTANCE)
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7.8 SYNC Input and Frequency Control

The TLE 6389’s internal oscillator is set for a fixed PWM switching frequency of 360kHz
or can be synchronized to an external clock at the SYNC pin. When the internal clock is
used SYNC has to be connected to GND. SYNC is a negative-edge triggered input that
allows synchronization to an external frequency ranging between 270kHz and 530kHz.
When SYNC is clocked by an external signal, the converter operates in PWM mode until
the load current drops below the PWM to PFM threshold. Thereafter the converter
continues operation in PFM mode.

7.9 Shutdown Mode

Connecting ENABLE to GND places the TLE6389-2 GV in shutdown mode. In
shutdown, the reference, control circuitry, external switching MOSFET, and the oscillator
are turned off and the output falls to 0V. Connect ENABLE to voltages higher than 4.5V
for normal operation. As this input operates analog the voltage applied at this pin should
have a slope of 0.5V/3us to avoid undefined states within the device.

7.10 Buck converter circuit

A typical choice of external components for the buck converter circuit is given in figure
2 and 3. For basic operation of the buck converter the input capacitors Cy, Cino, the
driver supply capacitor Cgpg, the sense resistor Rgenge, the PMOS device, the catch
diode D1, the inductance L1 and the output capacitor Coyt are necessary. In addition for
low electromagnetic emission a Pi-filter at the input and/or a small resistor in the path
between GDRV and the gate of the PMOS may be necessary.

7.101 Buck inductance (L1) selection in terms of ripple current:

The internal PWM/PFM control loop includes a slope compensation for stable operation
in PWM mode. This slope compensation is optimized for inductance values of 47uH and
Sense resistor values of 47mQ for the 5V output voltage versions. When choosing an
inductance different from 47uH the Sense resistor has to be changed also:

R Q
SENSE 3
————— = (0,5...1.0)x10" =

Increasing this ratio above 1000 €/H may result in sub harmonic oscillations as well-
known for peak current mode regulators without integrated slope compensation.
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To achieve the same effect of slope compensation in the adjustable voltage version also
the inductance in pH is given by

g
VO

4

“Vout ‘RSENSE) <Ll< (4-»0 X 10 ’ RSENSE)

4 H
2.0x10 ==V
2 ¥

ouT

The inductance value determines together with the input voltage, the output voltage and
the switching frequency the current ripple which occurs during normal operation of the
step down converter. This current ripple is important for the all over ripple at the output
of the switching converter.

Al = (Vix—=Vout) " Vour
fow - Vin - L1

In this equation fg, is the actual switching frequency of the device, given either by the
internal oscillator or by an external source connected to the SYNC pin. When picking
finally the inductance of a certain supplier (Epcos, Coilcraft etc.) the saturation current
has to be considered. The saturation current value of the desired inductance has to be
higher than the maximum peak current which can appear in the actual application.

7.10.2 Determining the current limit

The peak current which the buck converter is able to provide is determined by the peak
current limit threshold voltage V| ,,, and the sense resistor Rggyge- With @ maximum peak
current given by the application (logak py=l0ap+0-9Al) the sense resistor is calculated
to

R VYLIM

SENSE 2- IPEAK,PWM

The equation above takes account for the foldback characteristic of the current limit as
shown in the Fig. 'Output Voltage vs. Load Current’ on page 24/25 by introducing a factor
of 2. It must be assured by correct dimensioning of Rggyse that the load current doesn’t
reach the foldback part of the characteristic curve.
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7.10.3 PFM and PWM thresholds

The crossover thresholds PFM to PWM and vice versa strongly depend on the input
voltage V,, the Buck converter inductance L1, the sense resistor value Rggyse and the
turn on and turn off delays of the external PMOS.

For more details on the PFM to PWM and PWM to PFM thresholds please refer to the
application note “TLE6389 - Determining PFM/PWM current thresholds”.

7104 Buck output capacitor (C 1) selection:

The choice of the output capacitor effects straight to the minimum achievable ripple
which is seen at the output of the buck converter. In continuous conduction mode the
ripple of the output voltage can be estimated by the following equation:

v

1
. = Al- (R + )
Rippl ESRCOUT
PP 8- fsw ’ COUT

From the formula it is recognized that the ESR has a big influence in the total ripple at
the output, so low ESR tantalum capacitors are recommended for the application.

One other important thing to note are the requirements for the resonant frequency of the
output LC-combination. The choice of the components L and C have to meet also the
specified range given in section 3 otherwise instabilities of the regulation loop might
occur.

7.10.5 Input capacitor (Cjy,) selection:

At high load currents, where the current through the inductance flows continuously, the
input capacitor is exposed to a square wave current with its duty cycle V5 ;/V,. To
prevent a high ripple to the battery line a capacitor with low ESR should be used. The
maximum RMS current which the capacitor has to withstand is calculated to:

’ 1 Al 2
L. =1 . ﬂ.J1+_.(—j
RMS LOAD T

Vi 3 M2 -Tioap

For low ESR an e.g. Al-electrolytic capacitance in parallel to an ceramic capacitance
could be used.
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7.10.6 Freewheeling diode / catch diode (D1)

For lowest power loss in the freewheeling path Schottky diodes are recommended. With
those types the reverse recovery charge is negligible and a fast hand over from
freewheeling to forward conduction mode is possible. Depending on the application (12V
battery systems) 40V types could be also used instead of the 60V diodes. Also for high
temperature operation select a Schottky-diode with low reverse leakage.

A fast recovery diode with recovery times in the range of 30ns can be also used if smaller
junction capacitance values (smaller spikes) are desired.

7.10.7 Buck driver supply capacitor (Cgpg)

The voltage at the ceramic capacitor is clamped internally to 7V, a ceramic type with a
minimum of 220nF and voltage class 16V would be sufficient.

7.10.8 Input pi-filter components for reduced EME

At the input of Buck converters a square wave current is observed causing
electromagnetical interference on the battery line. The emission to the battery line
consists on one hand of components of the switching frequency (fundamental wave) and
its harmonics and on the other hand of the high frequency components derived from the
current slope. For proper attenuation of those interferers a n-type input filter structure is
recommended which is built up with inductive and capacitive components in addition to
the Input caps C,y; and C,y,. The inductance can be chosen up to the value of the Buck
converter inductance, higher values might not be necessary, the additional capacitance
should be a ceramic type in the range up to 100nF.

Inexpensive input filters show due to their parasitrics a notch filter characteristic, which
means basically that the low pass filter acts from a certain frequency as a high pass filter
and means further that the high frequency components are not attenuated properly. To
slower down the slopes at the gate of the PMOS switch and get down the emission in the
high frequency range a small gate resistor can be put between GDRV and the PMOS
gate.

7.10.9 Frequency compensation

The external frequency compensation pin should be connected via a 2.2nF (>10V)
ceramic capacitor and a 680 Q (1/8W) resistor to GND. This node should be kept free
from switching noise.
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711 Components recommendation - overview

Device |Type Supplier Remark

Cini Electrolytic /Foil type various 100uF, 60V

Cing Ceramic various 220nF, 60V

L1 B82464-A4473 EPCOS 47uH, 1.6A, 145mQ
B82479-A1473-M EPCOS 47uH, 3.5A, 47mQ
DO3340P-473 Coilcraft 47uH, 3.8A, 110mQ
DO5022P-683 Coilcraft 68uH, 3.5A, 130mQ
DS5022P-473 Coilcraft 47uH, 4.0A, 97mQ

M1 BSO 613SPV Infineon 60V, 3.44A, 130mQ, NL
BSP 613P Infineon 60V, 2.9A, 130mQ, NL
SPD09P06PL Infineon 60V, 9A, 250mQ, LL

Cegps Ceramic various 220nF, 16V

D1 MBRD360 Motorola Schottky, 60V, 3A
MBRD340 Motorola Schottky, 40V, 3A
SS34 various Schottky, 40V, 3A

Cout B45197-A2107 EPCOS Low ESR Tantalum, 100uF, 10V

Ccouwp | Ceramic various see 7.10.9.

712 Layout recommendation

The most sensitive points for Buck converters - when considering the layout - are the
nodes at the input, output and the gate of the PMOS transistor and the feedback path.

For proper operation and to avoid stray inductance paths the external catch diode, the
Buck inductance and the input capacitor Cyy4 have to be connected as close as possible to
the PMOS device. Also the GDRYV path from the controller to the MosFet has to be as short
as possible. Best suitable for the connection of the cathode of the catch diode and one
terminal of the inductance would be a small plain located next to the drain of the PMOS.

The GND connection of the catch diode must be also as short as possible. In general the
GND level should be implemented as surface area over the whole PCB as second layer,
if necessary as third layer. The feedback path has to be well grounded also, a ceramic
capacitance might help in addition to the output cap to avoid spikes.

To obtain the optimum filter capability of the input pi-filter it has to be located also as
close as possible to the input. To filter the supply input of the device (VS) the ceramic cap
should be connected directly to the pin.

As a guideline an EMC optimized application board / layout is available.
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Dimensions in mm

Figure 5 Outline PG-DSO0-14-1 (Plastic Green Dual Small Outline)

Green Product (RoHS compliant)

To meet the world-wide customer requirements for environmentally friendly products
and to be compliant with government regulations the device is available as a green
product. Green products are RoHS-Compliant (i.e Pb-free finish on leads and suitable
for Pb-free soldering according to IPC/JEDEC J-STD-020).
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9 Revision History

Version Date Changes
Rev. 2.0 2006-08-24 | Final Datasheet TLE 6389-2/-3

Rev. 2.1 2007-08-13 | Initial version of RoHS-compliant derivate of TLE 6389-2/-3

— page 1: AEC certified statement added

— page 1 and page 36: RoHS compliance statement and
green product feature added

— page 1 and page 36: Package changed to RoHS
compliant version

— Legal Disclaimer updated
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