ﬁ L6711

3 Phase controller with dynamic VID and selectable DACs

Features

m 2A integrated gate drivers

m Fully differential current reading across
inductor or LS MOSFET

m 0.5% Output voltage accuracy

m 6 bit programmable output from 0.8185V to A\
1.5810V in 12.5mV steps TQFP48 (Exposoc Pea)
m 5 bit programmable output from 0.800V to U
1.550V in 25mV steps .
. Description
= Dynamic VID management

= Adjustable reference voltage offset The device: implements a thre> phase step-down
contreiicr witn a 120° phase-chiit between each
phase with integratea hiab current drivers in a

m 3% active current sharing accuracy

= Digital 2048 step soft-start coipact 7x7mm bod'v package with exposed pad.
= Programmable over voltage protection The device a1k =us selectable DAC: the output
m Integrated temperature sensor voltage rer.1es from 0.8185V to 1.5810V with

12.5mV/ <teps (VID_SEL = OPEN) or from 0.800V

Constant over current protection X
- P tu 1.550V with 25mV steps (VID_SEL = GND;

m Oscillator internally fixed at 1ECkHz (450kHz \'D5 drives an optional +25mV offset) managing
ripple) externally adjustabic dynamic VID with 0.5% accuracy over line and
m Output enable temp variations. Additional programmable offset

can be added to the voltage reference with a

m Integrated remo.= sernise buffer ; :
single external resistor.

m TQFP48 7«7 Package with expusea pad ) . .
The device assures a fast protection against load
over current and load over/under voltage. An
internal crowbar is provided turning on the low

Applications side mosfet if an over-voltage is detected.

= High currert VRM/VRD for desktop / Server / In case of over-current, the system works in
Works:ation CPUs Constant Current mode until UVP.

m_ izt density DC/DC Converters Selectable current reading adds flexibility in

system design.

Order codes

Part Number Package Packing
L6711 TQFP48 Tube
L6711TR TQFP48 Tape & Reel
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Typical application circuit and block diagram

Application circuit

Figure 1. Typical application circuit for LS MOSFET current sense
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L6711 Typical application circuit and block diagram

Figure 2.  Typical application circuit for inductor DCR current sense
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Block diagram

Figure 3.

Block diagram
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Pins description and connection diagrams

Pins description and connection diagrams

Figure 4. Pins connection (top view)
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2.1 Pin descriptions
Table 1. Pins description

N° Name Description
Chkannel 1 LS driver supply: it can be varied from 5V to 12V buses.

1 VCCDRZ1 | It must be connected together with other VCCDRX pins.

Filter locally with at least 1uF ceramic cap vs. PGND1.
| Channel 1 LS driver output.

2 LGATE1 . ) . . . . .

A little series resistor helps in reducing device-dissipated power.
! Channel 1 LS driver return path.

3 PGND1
Connect to Power Ground Plane.

4 vee Device supply voltage. The operative supply voltage is 12V +15%.
Filter with 1uF capacitor (Typ.) vs. SGND.

5 SGND | All the internal references are referred to this pin. Connect it to the PCB signal ground.
Offset programming pin, internally fixed at 1.240V.

6 OFESET Short to SGND to disable the offset generation or connect through a resistor Roggset t0
SGND to program an offset (positive or negative, depending on TC status) to the regulated
output voltage as reported in the relative section.

This pin is connected to the error amplifier output and is used to compensate the control

7 COMP
feedback loop.
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Pins description and connection diagrams L6711

Table 1.

Pins description (continued)

No

Name

Description

FB

This pin is connected to the error amplifier inverting input and is used to compensate the
voltage control feedback loop.

Connecting a resistor between this pin and VSEN pin allows programming the droop effect.

OVvP

Over Voltage protection setup pin: it allows programming the OVP intervention.
Internally pulled-up to 5V, it sources a constant 12.5uA current.
Leaving the pin floating the OVP threshold is set to 115% (Typ.) of the programmed voltage

Connecting a resistor Royp to SGND, it sets the OVP threshold to a fixed programmable
voltage (see relevant section for further details). Filter with 10nF vs. SGND in this case.

10

VSEN

Manages Over&Under-voltage conditions. It is internally connected with the output of the
Remote Sense Buffer for Remote Sense of the regulated voltage.

If no Remote Sense is implemented, connect it directly to the regulated voltage - vrd=: tc
manage OVP and UVP.

11

FBR

Remote sense buffer non-inverting input.
It has to be connected to the positive side of the load to perform 2 12m e sense.

12

FBG

Remote sense buffer inverting input.
It has to be connected to the negative side of the load to zerform a remote sense.

13

OUTEN

Output Enable pin; internally 3V pulled-up, it can b> pulied-up with a resistor up to 3.3V.

If forced to a voltage lower than 0.3V, the devi=e stops operation with all mosfets OFF: all the
protections are disabled in this conditior: oxcept pre-OVP.

Cycle this pin to recover latch fron: prctesuons; filter with 1nF (Typ.) capacitor vs. SGND.

14

CSsi1-

Channel 1 Current Sense Negative Input pin.

It must be connected thrcugh an Rg resistor to the LS mosfet drain (or to the LS-side of the
sense resistor placed in sevies to the LS mosfet) if LS mosfet sense is performed
(CS_SEL=0PEN). Ctherwise (CS_SEL=SGND), it must be connected to the output-side of
the output (nc'ucto. (or the output-side of the sense resistor used and placed between the
channel 1 inc'uctor and the output of the converter) through Rg resistor.

The 1et connecting the pin to the sense point must be routed as close as possible to the CS1+
ne.in order to couple in common mode any picked-up noise.

CS1+

Channel 1 Current Sense Positive Input pin.

It must be connected through an Rg resistor to the LS mosfet source (or to the GND-side of
the sense resistor placed in series to the LS mosfet) if LS mosfet sense is performed
(CS_SEL=0OPEN). Otherwise (CS_SEL=SGND), it must be connected to the phase-side of
the output inductor (or the inductor-side of the sense resistor used and placed between the
channel 1 inductor and the output of the converter) through Rg resistor and an R-C network
across the inductor.

The net connecting the pin to the sense point must be routed as close as possible to the CS1-
net in order to couple in common mode any picked-up noise.

16

CS2-

Channel 2 Current Sense Negative Input pin.

It must be connected through an Rg resistor to the LS mosfet drain (or to the LS-side of the
sense resistor placed in series to the LS mosfet) if LS mosfet sense is performed
(CS_SEL=0PEN). Otherwise (CS_SEL=SGND), it must be connected to the output-side of
the output inductor (or the output-side of the sense resistor used and placed between the
channel 2 inductor and the output of the converter) through Rg resistor.

The net connecting the pin to the sense point must be routed as close as possible to the CS2+
net in order to couple in common mode any picked-up noise.

8/50
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Pins description and connection diagrams

Table 1.

Pins description (continued)

No

Name

Description

17

CS2+

Channel 2 Current Sense Positive Input pin.

It must be connected through an Rg resistor to the LS mosfet source (or to the GND-side of
the sense resistor placed in series to the LS mosfet) if LS mosfet sense is performed
(CS_SEL=0PEN). Otherwise (CS_SEL=SGND), it must be connected to the phase-side of
the output inductor (or the inductor-side of the sense resistor used and placed between the
channel 2 inductor and the output of the converter) through Rg resistor and an R-C network
across the inductor.

The net connecting the pin to the sense point must be routed as close as possible to the CS2-
net in order to couple in common mode any picked-up noise.

18

CS3-

Channel 3 Current Sense Negative Input pin.
It must be connected through an Rg resistor to the LS mosfet drain (or to the LS-s'dr: of tie
sense resistor placed in series to the LS mosfet) if LS mosfet sense is performe-’
(CS_SEL=0PEN). Otherwise (CS_SEL=SGND), it must be connected to the »utnui-side of
the output inductor (or the output-side of the sense resistor used and pl~-uvd >etween the
channel 3 inductor and the output of the converter) through Rg resistal.

The net connecting the pin to the sense point must be routed =5 cinsc us possible to the CS3+
net in order to couple in common mode any picked-up noise.

19

CS3+

Channel 3 Current Sense Positive Input pin.

It must be connected through an Rg resistor to ti.e 'S mosfet source (or to the GND-side of
the sense resistor placed in series to the LS niosfet) if LS mosfet sense is performed
(CS_SEL=0PEN). Otherwise (CS_SEL=SCi\D), it must be connected to the phase-side of
the output inductor (or the inductor sil'e of the sense resistor used and placed between the
channel 3 inductor and the output f tha converter) through Rg resistor and an R-C network
across the inductor.

The net connecting the rin tu the sense point must be routed as close as possible to the CS3-
net in order to coug'2 in ,ccminon mode any picked-up noise.

20

TC

Temperature Cornorznsation pin.

Connect thrcught a resistor Ry and filter with 10nF vs. SGND to program the temperature
compe nsauun effect.

Shon to SGND to disable the compensation effect.

21

| CS_SEL

Current Reading Selection pin, internally 5V pulled-up.

Leave floating to sense current across low-side mosfets or a sense resistor placed in series to
the LS mosfet source. Maximum duty cycle is dynamically limited and Track&Hold is enabled
to assure proper reading of the current.

Short to SGND to read current across inductors or a sense resistor placed in series to the
output inductors. No duty cycle limitation and no Track&Hold performed in this case.

22

osc/
FAULT

Oscillator pin.

It allows programming the switching frequency of each channel: the equivalent switching
frequency at the load side results in being tripled.

Internally fixed at 1.24V, the frequency is varied proportionally to the current sunk (forced)
from (into) the pin with an internal gain of 6kHz/uA (See relevant section for details).

If the pin is not connected, the switching frequency is 150kHz for each channel (450kHz on the
load).

The pin is forced high (5V Typ.) when an Over/Under Voltage is detected; to recover from this
condition, cycle VCC or the OUTEN pin.

9/50
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Table 1. Pins description (continued)
N° Name Description
Voltage IDentification pins.
Internally pulled-up to 3V, connect to SGND to program a logic ‘0’ while leave floating (as well
23,24 VID5, as pull-up with a resistor up to 3.3V) to program a logic ‘1'.
to 28 VIDO-4 | They are used to program the output voltage as specified in Table 5 and Table 6 together with
VID_SEL and to set the OVP/UVP protection thresholds accordingly.
See relevant section for details about DAC selection.
VID_SELect pin. Through this pin it is possible to select the DAC table used for the regulation.
5 VID SEL Leave floating to use a VRD10.x compliant DAC (See Table 1) while short to SGND to use a
° - VRM-Hammer compliant DAC (See Table 3).
See relevant section for details about DAC selection.
30 SS END Soft start end signal. It is an open collector output, set free after finishing the soft start.
- Pull-up with a resistor to a voltage lower than 5V, if not used may be left floatig.
31 SGND | All the internal references are referred to this pin. Connect it to the PC'3 sigal ground.
32 PHASE3 Channel 3 HS driver return path. It must be connected to the HSE mas'et source and provides
the return path for the HS driver of channel 3.
Channel 3 HS driver output.
33 UGATE3 ) . . . . . .
A little series resistor helps in reducing device-diss rateu power.
Channel 3 HS driver supply. This pin supplics the relative high side driver.
34 BOOT3 | Connect through a capacitor (100nF Ty).) tc ine PHASES3 pin and through a diode to VCC
(cathode vs. boot).
Channel 3 LS driver return path.
35 PGND3
Connect to Power Grou:d Fane.
Channel 3 LS driver autout.
36 LGATE3 ) . ) o . ) .
A little serics recivtor helps in reducing device-dissipated power.
37 N.C. Not intzinelly connected.
Channel 3 LS driver supply: it can be varied from 5V to 12V buses.
38 VCCDR2 | It must be connected together with other VCCDRX pins.
Filter locally with at least 1uF ceramic cap vs. PGND3.
Channel 2 LS driver return path.
3¢ | FGND2 ver retumn p
Connect to Power Ground Plane.
\4 Channel 2 LS driver output
40 | LGATE2 , . Vet output. . o
A little series resistor helps in reducing device-dissipated power.
Channel 2 LS driver supply: it can be varied from 5V to 12V buses.
41 VCCDR2 | It must be connected together with other VCCDRX pins.
Filter locally with at least 1uF ceramic cap vs. PGND2.
42 PHASE? Channel 2 HS driver return path. It must be connected to the HS2 mosfet source and provides
the return path for the HS driver of channel 2.
Channel 2 HS driver output.
43 UGATE2 . . ,IV L . . . .
A little series resistor helps in reducing device-dissipated power.
Channel 2 HS driver supply. This pin supplies the relative high side driver.
44 BOOT2 | Connect through a capacitor (100nF Typ.) to the PHASEZ2 pin and through a diode to VCC
(cathode vs. boot).
10/50 1S7]
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L6711 Pins description and connection diagrams
Table 1. Pins description (continued)
N° Name Description
Channel 1 HS driver supply. This pin supplies the relative high side driver.
45 BOOT1 | Connect through a capacitor (100nF Typ.) to the PHASEL1 pin and through a diode to VCC
(cathode vs. boot).
Channel 1 HS driver output.
46 UGATE1 . . . . . . .
A little series resistor helps in reducing device-dissipated power.
47 PHASEL Channel 1 HS driver return path. It must be connected to the HS1 mosfet source and provides
the return path for the HS driver of channel 1.
48 N.C. Not internally connected.
THERMAL Thermal pad connects the silicon substrate and makes a good thermal contact with the PCB to
PAD PAD dissipate the power necessary to drive the external mosfets. Connect to the GND )Hleiic wth
several vias to improve thermal conductivity.
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Maximum ratings

Absolute maximum ratings

Table 2. Absolute maximum ratings
Symbol Parameter Value Unit
Vce, VCCDRXx | To PGNDx 15 %
VBOOTX | oot Voltage 15 Y
VPHASEX
VUGATEX 15 ! Vv
VPHASEX ()
050 |
LGATEX, PHASExX to PGNDx va\eh v
VIDO to VID5 il -0.3t05 Vv
All other pins to PGNDx -0.3t0 7 \%
VpHASExX Sustainable Positive Peak Voltage. T<20nS @ £J0kHz 26 \
CS3- Pin Maximum Withstanding Voltage Range +1500 \Y,
Test Condition: CDF-AEC-Q100-00Z"H 11nan Body Model”
OTHER PINS Acceptance Criteria: “Norma' ™=criornance” +2000 v
Thermal data
Table 3. Thermal daia
Symbol Parameter Value Unit
_|_ . . .
Thermal Resistance Junction to Ambient
Rohoa ) 40 °CIW
: (Device soldered on 2s2p PC Board)
Tmax Maximum junction temperature 150 °C
Tste Storage temperature range -40 to 150 °C
T3 Junction Temperature Range 0to 125 °C
ProT Max power dissipation at Ty = 25°C 2.5 W
1S7]
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Electrical specifications

4 Electrical specifications

Table 4. Electrical characteristcs
(Vec=12V+15%, T3 = 0°C to 70°C unless otherwise specified)

Symbol Parameter Test condition Min. | Typ. | Max. | Unit
Ve supply current
HGATEX and LGATEX open
| V I t 1 2 A
ce CC supply current | - pRx=VBOOTx=12V 8 3m
locpre | CEDRX supply LGATEX open; VCCDRx=12V 15 | 2 |lma
current
HGATEX open;PHASEX to
lgooTx | BOOTX supply current | PGNDx 1 ’ L5 | mA
VCC=BOOTx=12V ! ‘
_ 1
Power-ON
Turn-On VCC VCC Rising; VCCDRX=Ev 82 | 92 | 102 | Vv
threshold
Turn-Off VCC VCC Falling; \'CSORX=5V 65 | 75 | 85 | Vv
threshold
Turn-On VCCDRx VCCDRX kising
4.2 4.4 4.6 Vv
Threshold VCC=12V
Turn-Off VCCDRX VCCDRX Falling
40 | 42 | 44 | V
Threshold VCC=12V
Oscillator and inhibit
¢ i ';;urac OSC = OPEN 135 150 165 | kHz
osc_ U~ y OSC = OPEN; Ty=0t0 125°C | 127 178 | kHz
_O_UTE.||L OUtpUt Enable Input Low 0.3 V
| GUVEN,, |Threshold Input High 0.5 Vv
1 OSC = OPEN: CS_SEL =
OPEN; 72 80 %
IFg=0
dmax Maximum duty cycle
OSC = OPEN; CS_SEL =
OPEN; 30 40 %
IFB:105HA
AVosc Ramp Amplitude 3 \Y,
FAULT |Voltage at pin OSC OVP or UVP Active 470 | 5.0 | 5.30
1S7 13/50
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Table 4. Electrical characteristcs (continued)
(Vec=12V+15%, T3 = 0°C to 70°C unless otherwise specified)
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
Reference and DAC
VRD10.x DAC
-0.5 - 0.5 %
Output Voltage FBR = VOUT, FBG = GNDOUT
Accuracy HAMMER DAC
-0.6 - 0.6 %
FBR = VOUT, FBG = GNDOUT
VID, VID_SEL VIDx = GND
vip, - X 3 45 6 LA
lvip_seL | pull-up Current VID_SEL=GND
VID, VID_SEL VIDx = OPEN 3 v
pull-up Voltage VID_SEL = OPEN 4
VID VID, VID_SEL Input Low 0.4 Vv
'L | Threshold P '
VID |y Input High 0.8 \
Error amplifier
Ag DC Gain 80 dB
SR Slew-Rate COMP = 1MpF 15 V/us
Differential amplifier (remote buffer)
DC Gain - 1 VIV
CMRR Co.mm.on Moo.lu 40 4B
Rejection Rai'o
SR Slew Rate VSEN = 10pF 15 Vius
Differential cur-ent sensing and offset
lcsx Bias Current lLoap =0 50 LA
i ook Bias Current 50 LA
I ey —1
NFOx ~ 'AV( Cyrrent Sense 3 i 3 %
lave Mismatch
Over Current
locTH | Threshold lcsx-(OCP)-lcsx.(0) 30 35 40 | pA
Droop Current | opESET = TC = SGND
deviation from nominal _ -3.5 - +3.5 | A
value ||:B— 0to 75uA
IrB ILoap=0; lorrseT =100uA; i i i
TC = SGND 90 100 110 | pA
Offset Current
ILoap=0; lorrseT =100mMA;
TC Enabled 90 100 110 | wA
OFFSET pin Current
I 0 - 250 A
OFFSET | Range W
VOFFSET OFFSET pln Voltage IOFFSET =0to 250].LA 1.240 V

14/50
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Electrical specifications

Table 4. Electrical characteristcs (continued)

(Vec=12V+15%, T3 = 0°C to 70°C unless otherwise specified)
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
Thermal sensor
R1c=100kQ
TC Voltage at TC 0.612 | 0.645 | 0.677
VTC T = 270C RTC:50|(Q 0.593 | 0.625 | 0.656 \%

amb = Ryc=5kQ 0.530 | 0.558 | 0.586

Gate drivers

Sink Resistance

High Side BOOTx-PHASEXx=10V,;
IRISE HGATE | iop _ 15 30 | ns

Rise Time CHeaTEX t0 PHASEX=3.3nF
High Side

| BOOTx-PHASEx=10V 2 A

HGATEX | Source Current J
High Side ;

Rucatey | 2 BOOTx-PHASEX=12V; 15| 2z | 25 | @

Low Side VCCDRx=10V;
tRISE LGATE | i s . 30 55 | ns
Rise Time CLgaTEx 10 PGNDX=5.6r
| Low Side VCCDRx=10V 1.8 A
LGATEX | Source Current - '
R Low Side VCILR.=.2V 0.7 1.1 1.5 Q
LGATEX | Sink Resistance A\l ' ' '
Protections and SS_END
VSS_ENDL SS_END Vo!*age I.cw ISS_END = -4mA 0.4 V
ISS_ENDH SS_ENE Leakage VSS_END =5V 1 ].LA
UvP Und'er Vultage Trip VSEN Falling 55 60 65 %
Gver Voltage VSEN Rising; .
Threshold OVP = OPEN 112 115 118 %
L DVP
' Over Voltage VSEN Rising;
154 | 1.64 | 1.74 \%
| Threshold OVP = 90kQ. to SGND
Turn-ON Threshold VCC = VCCDRXx Rising 4 \Y,
Preliminary PreOVP Threshold FBR Rising 1.8
OVP
PreOVP Hysteresis 350 mV
15/50
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5 VID Tables
Table 5. Voltage IDentification (VID) Codes.
VID_SEL = OPEN (VRD 10.x DAC with -19mV auto-offset)
VID5 | VID4 | VID3 | VID2 | VID1 | VIDO O‘g};“t VID5 | VID4 | VID3 | VID2 | VID1 | VIDO O‘K/F;“t
0 0 1 0 1 0 0.8185 0 1 1 0 1 0 1.1935
1 0 1 0 0 1 0.8310 1 1 1 0 0 1 1.2060
0 0 1 0 0 1 0.8435 0 1 1 0 0 1 1.2185
1 0 1 0 0 0 0.8560 1 1 1 0 0 0 1.2310
0 0 1 0 0 0 0.8685 0 1 1 0 0 C 122135
1 0 0 1 1 1 [o08810| 1 1 0 1 1 1 1 112560
0 0 0 1 1 1 |08935| 0 1 0 11 1 1 |1.2685
1 0 0 1 1 0 |09060| 1 1 0 1 C 1 0 |1.2810
o | o] o 1 | 1] o [o09185] 0 1 )y |1 ] 1] o [1.2935
1 0 0 1 0 1 0.9310 1 1 0 1 0 1 1.3060
0o lo ] o | 1] o0 | 1 ]oeas| ol 10 1 | 0] 1 |13185
1 0 0 1 0 0 0.9560 1 { 1 0 1 0 0 1.3310
0 0 0 1 0 0 0.€6325 1_O_ 1 0 1 0 0 1.3435
1 0 0 0 1 1 0930 1 1 0 0 1 1 [1.3560
0 0 0 0 1 1 0.9935 0 1 0 0 1 1 1.3685
1 0 0 0 & 0 1.0060 1 1 0 0 1 0 1.3810
o | o] o] o _[ 1 [ o [10185] 0 1] o] o 1 | 0o [1.3935
1 0 0 0 0 1 1.0310 1 1 0 0 0 1 1.4060
o ol ¢ o] o 1 [1.0435] 0 1 ] o] o] o] 1 [14185
1 2o 0 0 0 [1.0560| 1 1 0 0 0 0 [1.4310
o [ o 0 0o | o 0 [1.0685| 0 1 0 0 0 0 [1.4435
Y 1 1 1 1 1 | oFfF | 1 0 1 1 1 1 | 1.4560
™o 1 1 1 1 1 OFF 0 0 1 1 1 1 | 1.4685
1 1 1 1 1 0 |10810]| 1 0 1 1 1 0 |1.4810
0 1 1 1 1 0 1.0935 0 0 1 1 1 0 1.4935
1 1 1 1 0 1 |11060| 1 0 1 1 0 1 | 1.5060
0 1 1 1 0 1 |11185| 0 0 1 1 0 1 | 15185
1 1 1 1 0 0 [1.1310] 1 0 1 1 0 0 |1.5310
0 1 1 1 0 0 [11435] 0O 0 1 1 0 0 |1.5435
1 1 1 0 1 1 |11560| 1 0 1 0 1 1 | 1.5560
0 1 1 0 1 1 |11685| © 0 1 0 1 1 | 1.5685
1 1 1 0 1 0 |11810] 1 0 1 0 1 0 |1.5810
Note: Since the VIDx pins program the maximum output voltage, according to VRD 10.x specs,
the device automatically regulates to a voltage 19mV lower avoiding use of any external
component to lower the regulated voltage. This improves the system tolerance performance
since the reference already offset is trimmed during production within +0.5%.
16/50 ‘ﬁ
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Table 6. Voltage IDentification (VID) Codes.
VID_SEL = SGND (Hammer DAC)
HAMMER DAC HAMMER DAC +25mV

VID5 | VID4 | VID3 | VID2 | VID1 | VIDO O‘K/F;“t VID5 | VID4 | VID3 | VID2 | VID1 | VIDO O‘z\tf)’“t
o | o] o] o | o | 1550 o | o] o] o | o] 1575
o | o] o] o] 1|15 o | o] o] o | 1| 1550
o | o] o] 1| o | 1500 o | o] o] 1| o0 | 1525
o | o | o[ 1| 1 |1475 o] o | o | 1| 1 | 150
o | o | 1] 0| o | 1450 o] o | 1] o0 | 0 | 475
ol o] 1] o 1|14 o[ o] 1| o 11450
ol o] 1] 1| o 1400 o | o 11 « | o] 1425
o | o | 1| 1| 1 |21375 o | s [ 1] 1| 1| 1200
o | 1] 0] 0o | o | 1350 o1 1| 0] 0 | o0 {1375
o | 1| o] o] 1135 :o_ T1 ] o0 o1 |1ss0
o | 1|0 | 1| 0 |130 ] o | 1] 0 [ 1| o0 | 1325
o | 1o | 1] 1|25 o | 1|0 | 1| 1 | 1300
o | 1| 1] o] o 120] o | 1] 1] o] o127
o |1 | 1] o1 |125 o | 1| 1[0 | 1| 1250
o | 1|1’ 17 0 | 120 o | 1] 1] 1| o125

~AAN
o | 11 1, 1| 1 |1175 o | 1| 1| 1| 1| 1200
1 AN 0

11 ¢ ;0| 0| o]1150 1 o]0 o0o] o0 |1175
T ol o] o] 1|11 1] o] o] o] 11180

1] of o] 1] o110 1] o] o 1] o |11

' 1 oo 1] 1|1075 1 o] o0 | 1] 1| 1100
1/ 0] 1| o0 | o 1050 1] 0| 1|0 | o107
10| 1|0 1|10 1] 0| 1|0 | 11050
1o | 1| 1] o | 100 1o 1|1 o0 | 1025
1| o | 1| 1| 1]o00975 1o | 1| 1] 1| 1000
1| 1] 0| 0| o]o09s50 1] 10| o0 o]o975
1| 10| o] 1 |o00925 1] 10| o0 | 10950
1| 1o 1] o | o900 1] 10| 1| 00925
1 | 1] 0| 1| 1]o0875 1] 10| 1| 10900
1| 1|10 o | o085 1] 1] 1|0 | o]o875
1 | 1] 1|0 | 1]o0825 1] 1] 1|0 | 10850
1 | 1] 1| 1| o o800 1] 11| 1| 0| o825
1 | 1] 1| 1| 1| OFF 1| 1] 1| 1| 1| OFF
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6 Device description

The device is a three phase PWM controller with embedded high current drivers that
provides complete control logic and protections for a high performance step-down DC-DC
voltage regulator optimized for advanced microprocessor power supply. Multi phase buck is
the simplest and most cost-effective topology employable to satisfy the increasing current
demand of newer microprocessors and modern high current DC/DC converters and POLs. It
allows distributing equally load and power between the phases using smaller, cheaper and
most common external power mosfets and inductors. Moreover, thanks to the 120° of phase
shift between each phase, the input and output capacitor count results in being reduced.
Phase interleaving causes in fact input rms current and output ripple voltage reduction and
show an effective output switching frequency increase: the 150kHz free-running frequency
per phase, externally adjustable through a resistor, results tripled on the output.

The controller includes multiple DACs, selectable through an apposite pin (Vib__SEL),
allowing compatibility with both VRD 10.x and Hammer specifications, & |9 performing D-
VID transitions accordingly. The output voltage can be precisely select>d, programming the
VID and VID_SEL pins, from 0.8185V to 1.5810V with 12.5mV hinarv steps (VRD 10.x
compliant mode - 6 BIT with -19mV offset already programme< duiing production) or from
0.800V to 1.550V with 25mV steps (VRM Hammer como'iaat mode - 5 BIT, VID5 programs
a 25mV positive offset in this case), with a maximm wicrance on the output regulated
voltage of £0.5% (+0.6% for Hammer) over tempcreture and line voltage variations.

The device permits easy and flexible systex design by allowing current reading across
either inductor or low side mosfet in fully 1ifcrential mode simply selecting the desired way
through the CS_SEL pin. In both casez, also a sense resistor in series to the related
element can be considered to improve reading precision. The current information read
corrects the PWM output 'n orde- to equalize the average current carried by each phase
limiting the error at +£3% 1\ 2r static and dynamic conditions unless considering the sensing
element spread.

The device provide.s a programmable Over-Voltage protection to protect the load from
dangerris ove! stress and can be externally set to a fixed voltage through an apposite
resisto: or it can be set internally with a fixed percentage, latching immediately by turning
OMN :he lower driver and driving high the FAULT pin. Furthermore, preliminary OVP
n-owection also allows the device to protect load from dangerous OVP when VCC is not
above the UVLO threshold.

Over-Current protection provided, with an OC threshold for each phase, causes the device
to enter in constant current mode until the latched UVP. Depending on the reading mode
selected, the device keeps constant the peak (inductor sensing) or the valley (LS sensing)
of the inductor current ripple.

The device drives high the FAULT pin after each latching event: to recover it is enough to
cycle VCC or the OUTEN pin.

A compact 7x7mm body TQFP48 package with exposed thermal pad allows dissipating the
power to drive the external mosfet through the system board.

3
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Current reading and current sharing control loop

7.1

Current reading and current sharing control loop

The device embeds a flexible, fully-differential current sense circuitry that is able to read
across both low side or inductor parasitic resistance or across a sense resistor placed in
series to that element. The fully-differential current reading rejects noise and allows placing
sensing element in different locations without affecting the measurement's accuracy. The
kind of sense element can be simply chosen through the CS_SEL pin: setting this pin free,
the LS mosfet is used while shorting it to SGND, the inductor will be used instead. Details
about connections are shown in Figure 5.

The high bandwidth current sharing control loop allows current balance even during load
transients: a current reference equal to the average of the read current (I5,c) is internally
built and the error between the read current and this reference is converted to a voltage that
with a proper gain is used to adjust the duty cycle whose dominant value is set b / tne
voltage error amplifier.

Figure 5.  Current reading connections selectable through CS_CE_ pin.

CS_SEL cs s IpHase

LGATEX PHASEX § - —
Rg
cSx- — Roro

C3x+
I IPHASt -

csx+ — ==

LS MOSFET Current Sense Inductor Current Sense

Low-side current reading

Leaving CS_St=! nin OPEN, the current flowing trough each phase is read using the voltage
drop aricss wz low side mosfets Rygon OF across a sense resistor in its series and it is
interna:'y converted into a current. The transconductance ratio is issued by the external
rasisior Rg placed outside the chip between CSx- and CSx+ pins toward the reading points
{s=e Figure 6 right). The proprietary current sense circuit tracks the current information for a
ime Trrack = Tsw/3 (Tsw = 1/Fgy) centered in the middle of the low-side mosfet
conduction time (OFF Time, see Figure 6 left) and holds the tracked information during the
rest of the period.

This device sources a constant 50uA current from the CSx+ pin: the current reading circuitry
uses this pin as a reference and the reaction keeps the CSx- pin to this voltage during the
reading time (an internal clamp keeps CSx+ and CSx- at the same voltage sinking from the
CSx- pin the necessary current during the hold time; this is needed when LS mosfet Rysoy
sense is implemented to avoid absolute maximum rating overcome on CSx- pin). The
current that flows from the CSx- pin is then given by the following equation (See Figure 6 -
right):

R R
dsON _ . _ "*dsON
R “lppasex = SOMA +1iypox Where:l oy = R “lpHasEX

lcgy. = S0pA +

9 9 .
Rgson is the on resistance of the low side mosfet and Rg is the transconductance resistor
used between CSx- and CSx+ pins toward the reading points; lppyasey iS the current carried
by the relative phase and I,\goy iS the current information signal reproduced internally.
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7.2

20/50

50uA offset allows negative current reading, enabling the device to check for dangerous
returning current between the phases assuring the complete current equalization. From the
current information of each phase, information about the total current delivered (Iproop =
linFo1 * linFoz + IinFog) and the average current for each phase (Iayg = (Ineo1 + lineo2 +
liInFo3)/3 ) is taken. ljneox is then compared to Iy to give the correction to the PWMx
output in order to equalize the current carried by the three phases.

Figure 6. Currentreading across LS mosfet: timing (left) and circuit (right) for each
phase.

IF'HASEX

| LSx
I PHASEX

IINFO)(

Trrack Tsw

Inductor current reading

Shorting CS_SEL pin to SGND, the current flow'i i ‘rbugh each phase is read using the
voltage drop across the output inductor or ac:o<s & sense resistor (Rgensg) in its series and
internally converted into a current. The traasconductance ratio is issued by the external
resistor Rg placed outside the chip betwean CSx- and CSx+ pins toward the reading points
(see Figure 5right).

The current sense circuit ¢ lv2y's racks the current sensed and still sources a constant 50uA
current from the CSx+ n1: this pin is used as a reference keeping the CSx- pin to this
voltage. To correctly "enoduce the inductor current an R-C filtering network must be
introduced in pe ra'le! to the sensing element.

The curiont trzi flows from the CSx- pin is then given by the following equation (See Figure
7):

L
1+s.- —
°'R

R, X

—_— ]
PHASEX
Ry |1+s-Ryre)-C9

lcgy. = SOpA+

Where IPasey iS the current carried by the relative phase.

Considering now to match the time constant between the inductor and the R-C filter applied
(Time constant mismatches cause the introduction of poles into the current reading network
causing instability. Moreover, it is also important for the load transient response and to let
the system show resistive equivalent output impedance), it results:

R, R_
Ryrc) CO2lcsy. = 5O”A+R_g “Ippasex = SOMA +1iypox Where liyeo, = IPHASEX'R_g

linFox IS the current information reproduced internally.

50uA offset allows negative current reading, enabling the device to check for dangerous
returning current between the phases assuring the complete current equalization. From the

574
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current information of each phase, information about the total current delivered (Iproop =
linFo1 Hlineoz + IInFog) and the average current for each phase (Iayg = (Ineo1 + lineo2 +

liInFo3)/3) is taken. ljneox is then compared to 15y to give the correction to the PWM output
in order to equalize the current carried by the three phases.

Since Rg is designed considering the OC protection, to allow further flexibility in the system
design, the resistor in series to CSx+ can be split in two resistors as shown in Figure 7.

Figure 7. Inductor current sense

CS_SEL

Design Equations:

L

R = — s
RC

g(RC) RL'Og

PHASEx

CSx+
50pA

Rgrc) *Raa = RY

lesx

CSx-
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8 DAC Selection

The device embeds a selectable DAC that allows the output voltage to have a tolerance of
+0.5% (0.6% for Hammer DAC) recovering from offsets and manufacturing variations. The
VID_SEL pin selects the DAC table used to program the reference for the regulation as
shown in Table .

Table 7. DAC Selection
VID_SEL Selected DAC

VRM / VRD 10.x DAC.

Output voltage ranges from 0.8185V to 1.5810V with 12.5mV steps (See Table 5).
Since the VIDx pins program the maximum output voltage, according to VFD 10 x
OPEN | SPecs. the device automatically regulates with —19mV offset avoiding use or any cxternal
component to lower the regulated voltage.

Since the -19mV offset is programmed during the production st2q >, 1.0 further error is
introduced to generate the offset since it is automatically racov=red during the trimming
stage.

VID5 Hamm. 2r DAC

OPEN |Output voltage ranges from 0.829./ .2 1.550V with 25mV steps (See Table 6).

SGND Output voltage ranges frem $.325V to 1.575V with 25mV steps (See Table 6).
SGND Since the +25mV cirse: Ic rrogrammed during the production stage, no further
error is introduced \ oznerate the offset since it is automatically recovered
during the trimming stage.

VID pins are inputs of a:* interiial DAC that is realized by means of a series of resistors
providing a partition 2. th= internal voltage reference. The VID code drives a multiplexer that
selects a voltags 7 @ precise point of the divider. The DAC output is delivered to an
amplifier obtaning the voltage reference (i.e. the set-point of the error amplifier, Vprog)-
Intern=i pu.'-ups are provided (realized with a 5uA current generator up to 3V Typ); in this
way, to rrogram a logic "1" it is enough to leave the pin floating, while to program a logic "0"
*i= enough to short the pin to SGND.

Programming the "11111x" code (NOCPU, VID5 is irrelevant), the device shuts down: all
mosfets are turned OFF and SS_END is shorted to SGND. Removing the code causes the
device to restart.

The voltage identification (VID) pin configuration also sets the Over / Under Voltage
protection (OVP/UVP) thresholds.

3
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Remote voltage sense

The device embeds a Remote Sense Buffer to sense remotely the regulated voltage without
any additional external components. In this way, the output voltage programmed is
regulated between the remote buffer inputs compensating motherboard or connector
losses. The very low-offset amplifier senses the output voltage remotely through the pins
FBR and FBG (FBR is for the regulated voltage sense while FBG is for the ground sense)
and reports this voltage internally at VSEN pin with unity gain eliminating the errors.
Keeping the FBR and FBG traces parallel and guarded by a power plane results in common
mode coupling for any picked-up noise.

If remote sense is not required, it is enough connecting the resistor Rgg directly to the
regulated voltage: VSEN becomes not connected and still senses the output voltage
through the remote buffer. In this case the FBG and FBR pins must be connected anwvay to
the regulated voltage (See Figure 8).

Warning: Theremote buffer is included in the tririning chain in order
to achieve +0.5% accuracy (0.6% for the Hammer DAC) on the
output voltage when the RB is usad: eliminating it from the
control loop causes the regulati.n 2rror to be increased by
the RB offset worsening the 1evice performances!

Figure 8. Remote buffer connections

COMP| VSEN

Cr

To Vcore
(Remote Sense)

To Vcore

RB used (up to +0.5% Accuracy) RB Not Used (Precision worsened)
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10

10.1

24/50

Voltage positioning

Output voltage positioning is performed by selecting the reference DAC and by
programming the different contributors to the Igg current (see Figure 9). This current,
sourced from the FB pin, causes the output voltage to vary according to the external Rgg
resistor: this allows programming precise output voltage variations depending on the
sensed current (Droop Function) as well as offsets for the regulation.

The three contributors to the Igg current value are:

e Droop Function (green);

e Offset (red);

e Integrated Temperature Compensation (fuchsia).

Moreover, the embedded Remote Buffer allows to precisely programming the o't ut voltage
offsets and variations by recovering the voltage drops across distribution lires.

The output voltage is then driven by the following relationship (Igpre=7 Sit: depends on TC
setting):

VID-Reg - lgg = VID —Reg - (Iproop *lorrser —I1c)

Figure 9. \Voltage positioning and droop functior,

E ESRDROP
. -
loEESET ’(_9 Vi
e, @< g S\
\‘ﬂ.
Viom
FB| e e e e o W Gk
il VMmN
Re C-
= PREMCSAN RESPONSE W THOUT DROOP
$* RESPONSE WITH DROCP

Droop function

MDroop function allows the device to satisfy the requirements of high performance
microprocessors, reducing the size and the cost of the output capacitor. This method
"recovers" part of the drop due to the output capacitor ESR in the load transient, introducing
a dependence of the output voltage on the load current: a static error proportional to the
output current causes the output voltage to vary according to the sensed current. As shown
in figure 4-right, the ESR drop is present in any case, but using the droop function the total
deviation of the output voltage is minimized.

The information about the total current delivered (Iproop) is sourced from the FB pin (see
Figure 9): connecting a resistor between this pin and VSEN (i.e. the output voltage), the total
current information flows only in this resistor because the compensation network between
FB and COMP has always a capacitor in series (Cg, see Figure 9). The voltage regulated is
then equal to:

Vout = VID=Reg Iproop
Where VID is the reference programmed through VIDx and VID_SEL (Only the Ipgroop
contribute to Izg has been considered).
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10.2

Since Iproop depends on the current information about the three phases, the output
characteristic vs. load current is given by:

R
- SENSE _
VID-Reg - lproop = VID—Reg- Rg “lout = VID=Rproop “ lout

Where Rggnsg is the chosen sensing element resistance (Inductor DCR or LS Rgson): lout
is the output current of the system and Rproop iS its equivalent output resistance (The
whole power supply can be then represented by a "real" voltage generator with a voltage
value of VID and an equivalent series resistance Rproop)-

Rgg resistor can be also designed according to the Rprgop Specifications as follow:

- Rg
Reg = Rproor ' |
SENSE

Figure 10. Voltage positioning with offset

loFFseT - (+) . IbroOP
+
»~
1.240V E 11 VID_ l+ ~
2
Py -]
-\
T(j- OFFSET FE COMP[ VSEN
POFFSE | Re Cr
I To Vcore
] (Remote Sense)
Reg

Offset

The OFFSET pin allows programming a positive or a negative offset (Vg) for the output
valage.

When the Integrated Thermal Sensor is disabled (TC = SGND) a resistor Roprset
connected vs. SGND increases the output voltage: since the pin is internally fixed at 1.240V,
the current programmed by the resistor Ropeset is mirrored and then properly subtracted
from the Igg current (see Figure 10) as follow (Only the IgpgeT coOntribute to Iz has been
considered):

L2490V ) _ yip 4 v

Vout = VID*Regloprser = VID'FRFB'(R
OFFSET

The device will add the programmed offset Vg to the output programmed voltage
(considering now also the droop effect) subtracting the relative offset current from the
feedback current Ig:

VID-Reg-lgg = VID=Reg - (Iproop ~lorrser) = VID + Reg - loprser ~Rproor “ lout
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10.3

26/50

Offset resistor can be designed by considering the following relationship (Rgg is fixed by the
Droop effect):

_ 1.240V
Rorrser = =y "Res
os

Offset automatically given by the DAC selection or by VID5 when VID_SEL=SGND differs
from the offset implemented through the OFFSET pin: the built-in feature is trimmed in
production and assures +0.5% error (+0.6% for the Hammer DAC) over load and line
variations while implementing the same offset through the OFFSET pin causes additional
errors to be considered in the total output voltage precision.

When the Integrated Thermal Sensor is enabled (see Figure 11 and following section). the
pin programs, in the same way as before, a negative offset. This is to compensa e ta
positive native offset introduced by the ITS. The effect of the programmed offce: on the
output voltage results (loprseT is now added to Igg and no more subtracted az before):

1200y _ iy

Vout = VID—Reg loprser = VID'_RFB'(R
OFFSET

Offset resistor is designed to compensate the ITS 1:a*iv2 offset as described in the following
section.

The Offset function can be disabled by’ chuorting the pin to SGND.

Figure 11. Voltage positioning with integrated thermal sensor

1:1 |2
VT1c=A+B-(T3-25) 4 ~
| IUH»SL\ _0_ ‘DRUUP
C)+
| h 1.240V F 1-1T VID
; l_ l,lo IFBl 1
- J‘
TC OFFSET FB COMP| VSEN
| ——+—
Rtc ROFFSET Re Ce
— To Vcore

(Remote Sense)

Integrated thermal sensor

Current sense elements have non-negligible temperature variations: considering either
inductor or LS mosfet sense, the sensing elements modify proportionally to varying
temperature. As a consequence, the sensed current is subjected to a measurement error
that causes the regulated voltage to vary accordingly.

To recover from this temperature related error, a temperature compensation circuit is
integrated into the controller: the internal temperature is sensed and the droop current is
corrected (according to a scaling external resistor R1¢) in order to keep constant the
regulated voltage.

3
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The ITS circuit subtracts from the Igg current a current proportional to the sensed
temperature as follow (see Figure 11, Only the Iproop and It contributes to Igg have been
considered):

R (Tmos)
_ sense(Tmos
Vout(Tiloyt) = VID —Reg- [ Rg ' IOUT_ITC(TJ):|

. [A+B-(T;—-25)]

where 1:(T)) = R
TC

where A and B are positive constants depending on the value of the external resistor Rt¢
(see Figure 12), T; is the device junction temperature and Tyog is the mosfet (or the used
sensing element) temperature.

The resistor Rt¢ can be designed in order to zero the temperature influence =0 tha output
voltage at a fixed current as follow:

R 0 (Ty e —25) R
SENSE MOS FB
. +—2=.B-(T,=25) =0
Rg ouT RTC J

—Reg -

Rg o) Vo

obtaining the following relationship: R =

. _ Rsense *lout .
where Rggnse is the sensing element resistanca value (at Tyog = 25°C), B is the constant
obtainable from

Figure 12, kt is the Temperature Coupiing Coefficient between the sensing element and the
Controller (it results Kt = (T3-25)/(Tyos-25)) and o is the Temperature Coefficient of the
sensing element. Since R ¢ 2opends from the constant B depending in turn from Ryc, an
iterative process is recued to properly design the Ry value. As a consequence of the
nature of the therma: s=risor, a negative offset is needed to compensate the native offset
introduced by thie 'I'S at a referenced temperature Tref and it is obtainable by connecting a
RoprseT res.ster vetween the OFFSET pin and SGND as follow:

A+B (T, ;- 25)

_ . ref”
WoreseT = re(Trer) = R
TC

To disable this function, short the pin to SGND.

Figure 12. Integrated thermal sensor constant vs. external resistor Ry¢

650 T T T T T T T T T T 200
6257777:77‘77:777:77‘ | | | | |
600 | - - - 1.901
575 1 1.80
550
525 1 1.70
500

1.60 |
475
450 150
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Dynamic VID transitions

The device is able to manage Dynamic VID Code changes that allow Output Voltage
modification during normal device operation.

OVP and UVP signals are masked during every VID transition and they are re-activated
after the transition finishes.

When changing dynamically the regulated voltage (D-VID), the system needs to charge or
discharge the output capacitor accordingly. This means that an extra-current Ip.p needs to
be delivered, especially when increasing the output regulated voltage and it must be
considered when setting the over current threshold. This current result:

| _ Cout dVour
D-VID dTyp

where dV gyt is the selected DAC LSB (12.5mV for VRD10.x or 25:n\' ior Hammer DAC)
and Typ is the time interval between each LSB transition.

Overcoming the OC threshold during the dynamic VID czuses the device to enter the
constant current limitation slowing down the output voitade dV/dt also causing the failure in
the D-VID test.

The way in which the device modifies the rcference depends on the VID_SEL status and
then on the kind of DAC selected.

Figure 13. Dynamic VID transition, VRD10.x DAC
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VID_SEL = OPEN.

Selecting the VRD10.x DAC, the device checks for VID code modifications on the rising
edge of a clock that is three times the switching frequency of each phase and waits for a
confirmation on the following falling edge. Once the new code is stable, on the next rising
edge, the reference starts stepping up or down in LSB increments (12.5mV) every clock
cycle (still 3-Fgyy) until the new VID code is reached. During the transition, VID code
changes are ignored; the device re-starts monitoring VID after the transition has finished on
the next rising edge available.

Warning: if the new VID code is more than 1 LSB higher than the
previous, the device will execute the transition stepping the
reference with a frequency equal to 3:-Fgy, until the new coric
has reached: for this reason it is recommended to care’u\'y
control the VID change rate in order to carefully cortiol tire
slope of the output voltage variation.

Warning: DVID sample and hold clock de:p21ras on the switching

frequency Fgy,. To correctly periorm DVID transition so
following the VID chang-= ratg, it is required to have at least 2
complete cycles i the v'pyp clock between every VID
transition. If the "/ID update-rate is, for example, 5us, the
minimum operating frequency results to be Fgy, > 133kHz.

Figure 14. Dyrami - VD Transition, Hammer DAC
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VID_SEL = GND.

Selecting the HAMMER DAC, the device checks for VID code modifications on the rising
edge of a clock that is the same frequency of each phase and waits for a confirmation on the
following falling edge. Once the new code is stable, on the next rising edge the reference
starts stepping up or down in LSB increments (25mV) every clock cycle until the new VID
code is reached. During the transition, VID code changes are ignored; the device re-starts
monitoring VID after the transition has finished on the next rising edge.

If the new VID code is more than 1 bit higher than the previous, the device will execute the
transition stepping the reference every switching cycle until the new code has reached

J
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Enable and disable

The device has three different supplies: VCC pin to supply the internal control logic,
VCCDRX to supply the low side drivers and BOOTx to supply the high side drivers. If the
voltage at pins VCC and VCCDRXx are not above the turn on thresholds specified in the
Electrical Characteristics, the device is shut down: all drivers keep the mosfets off to show
high impedance to the load. Once the device is correctly supplied, proper operation is
assured but the device can be controlled in different ways:

e OUTEN pin. It can be used to control the power sequencing in complex systems.
Setting the pin free, the device implements a soft start up to the programmed voltage.
Shorting the pin to SGND, it resets the device (SS_END is shorted to SGND in this
condition and protections are disabled except pre-OVP) from any latched condition and
also disables the device keeping all the mosfet turned off to show high impedcaiice to
the load. It can be then cycled to recover from any latched condition suciz s DVP and
UVP.

e NOCPU (VID [0;5]=11111x) In this condition (VID5 state is irrele e nt, the device is
disabled and keeps all the mosfet turned off to show high imnedance to the load.
Nevertheless, it waits for any VID code transition to powe~ up implementing a soft start.
During this condition, SS_END pin is shorted to SGNI..
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Soft start

During soft start, a ramp is generated increasing the loop reference from 0V to the final
value programmed by VID in 2048 clock periods as shown in

Figure 15. Once the soft start begins, the reference is increased: upper and lower MOS
begin to switch and the output voltage starts to increase with closed loop regulation. At the
end of the digital soft start, the SS_END signal is then driven high.

The Under Voltage comparator is enabled when the reference voltage reaches 0.6V while
Over Voltage Comparator is always enabled during soft start with a threshold equal to the
115% of the programmed reference or the threshold programmed by Rqyp (See relevant
section).

Figure 15. Soft start
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14.1

14.2

14.3

Output voltage monitor and protections

The device monitors through pin VSEN the regulated voltage in order to manage the OVP /
UVP conditions.

UVP protection

If the output voltage monitored by VSEN drops below the 60% of the reference voltage for
more than one clock period, the device turns off all mosfets and the OSC/FAULT is driven
high (5V). The condition is latched; to recover it is required to cycle Vcc or the OUTEN pin.

Programmable OVP protection

Once VCC crosses the turn-ON threshold and the device is enabled (CL'VE. = 1), the
device provides a programmable Over Voltage protection; when the: vaitage sensed
overcomes the programmed threshold, the controller permarzn:ly switches on all the low-
side mosfets and switches off all the high-side mosfets in orde- to protect the load. The
OSC/ FAULT pin is driven high (5V) and power supply ~r SUTEN pin cycling is required to
restart operations.

The OVP threshold is programmed through the OVP pin: leaving the pin floating, it is
internally pulled-up and the threshold is sct et 115% (Typ.) of the programmed output
voltage. Connecting the OVP pin to SGN/) {rough a resistor Rgyp the OVP threshold
becomes a fixed voltage as follow:

OVPTH =1.455 - ROVP ' 1’2"_;].&

Preliminary Q%P protection (Pre-OVP)

While "CC pi1s under the turn-ON threshold, a preliminary-OVP protection turns on the
low sid¢: mosfets as long as the FBR pin voltage is greater than 1.8V. This protection is
=r.~uled when VCC stays within the device turn-on threshold and the PreOVP turn on
thrashold and depends also on the OUTEN pin status as detailed in Figure 16 - left.

A simple way to provide protection to the output in all conditions when the device is OFF
(then avoiding the unprotected red region in Figure 16) consists in supplying the controller
through the 5Vgg bus as shown in Figure 16 - right.

Both Over Voltage and Under Voltage are active also during soft start (see the relevant
section).
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Figure 16. Output voltage protections and typical principle connections to assure
complete protection.

+5V_ . O—Ppt—
SB ——
v (OUTEN =1) |
ce Programmable OVP +12v o—p} vee
VSEN Monitored e
Vce TurnON - . I
I VCCDR1
PreOVP TurnON ._ I VCCDR2
VCCDR3

Over current

Depending on the current reading method selected, the device limits the Leak ur the bottom
of the inductor current entering in constant current until setting UVP cs br.low explained.

The Over Current threshold has to be programmed, by desig:iuny \he Rg resistors, to a safe
value, in order to be sure that the device doesn't enter OCP during normal operation of the
device. This value must take into consideration also thc extra current needed during the
Dynamic VID Transition Ip.y,p and, since the device 1zads across mosfets Ryson OF inductor
DCR, the process spread and temperature varie tions of these sensing elements.

Moreover, since also the internal threshalu spicads, the Rg design must consider its
minimum value loctiminy @s follow:

IOCPx(max) ) RSENSE&T\&‘()

Rg =
IOCTH(mir‘,

where lgcpX ic the current measured by the current reading circuitry when the device enters
Quasi Canstent Current (LS Mosfet Sense) or Constant Current (Inductor Sense), |ocpy
must b> calculated starting from the corresponding output current value Ioyrocp) as follow
(It »,,» Must also be considered when D-VID are implemented):

| Al |
OUTOCP) _~pp, DVID ) oy Side Mosfet Sense

L 3 2 73
ocPx T | AL
% + % + % Inductor DCR Sense

where Igyr(ocp) is still the output current value at which the device enters Quasi Constant
Current (LS Mosfet Sense) or Constant Current (Inductor Sense),Alpp is the inductor current
ripple in each phase and Ip.yp is the additional current required by D-VID (when applicable).
In particular, since the device limits the peak or the valley of the inductor current (according
to CS_SEL status), the ripple entity, when not negligible, impacts on the real OC threshold
value and must be considered.

3



https://www.application-datasheet.com/

L6711

Output voltage monitor and protections

14.5

1451

Low side sense overcurrent (CS_SEL=0PEN)

The device detects an Over Current condition for each phase when the current information
linFox Overcomes the fixed threshold of Ity (350A Typ). When this happens, the device
keeps the relative LS mosfet on, skipping clock cycles, until the threshold is crossed back
and [INFOx results being lower than the Igcy threshold. This implies that the device limits
the bottom of each inductor current ripple.

After exiting the OC condition, the LS mosfet is turned off and the HS is turned on with a
duty cycle driven by the PWM comparator.

Keeping the LS on, skipping clock cycles, causes the on-time subsequent to the exit from
the OC condition to increase. Considering now that the device, with this kind of current
sense, has maximum on-time dependence with the delivered current given by the following
relationship:

0.80 - Tsw Iproop = OMA

Tonmax = (0.80=Iprpoop - 3.8K) - Tgy =
: 0.40 Tay lproop = 105HA

Where Igy is the output current (Ioyt = Z:lppasex) and Ty is the switching period (Tgyy
zl/FSW)

This linear dependence has a value at zero loac 01 .80 -Tgyy and at maximum current of
0.40 -Tgy typical and results in two differanii over current behaviors of the device:

Ton Limited output voltage.

This happens when the maxi=iuri ON time is reached before that the current in each phase
reaches 10cpy (IiIneoxs ouTr)- Figure 17 shows the maximum output voltage that the device
is able to regulate concicering the Ty limitation imposed by the previous relationship. If the
desired output cheracteristic crosses the Ty limited maximum output voltage, the output
resultina vcliag 2 will start to drop after the crossing.

In this case, the device doesn't perform constant current limitation but only limits the
maximum ON time following the previous relationship. The output voltage starts to decrease
fo'lows the resulting characteristic (dotted in Figure 17) until UVP is detected or anyway until

Iproop =105uA.

Figure 17. TON limited operation

N\ \ox
Tolnestoyps | T~ e draeuiensic
[oZ = ¥y [eZ = W
— oy R kor
G-I Coea=ATpO
Maximum output Voltage b) TON Limited Output Voltage
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Constant current operation

This happens when the on-time limitation is reached after the valley current in each phase
reaches locpx (IinFox > locTH)-

The device enters in Quasi-Constant-Current operation: the low-side mosfets stays ON until
the current read becomes lower than Igcpy (Inrox < locTr) SKipping clock cycles. The high
side mosfet can be then turned ON with a Ty imposed by the control loop after the LS turn-
off and the device works in the usual way until another OCP event is detected.

This means that the average current delivered can slightly increase in Quasi-Constant-
Current operation since the current ripple increases. In fact, the ON time increases due to
the OFF time rise because of the current has to reach the Iocp, bottom. The worst-case
condition is when the ON time reaches its maximum value.

When this happens, the device works in Constant Current and the output voltage Cerrease
as the load increase. Crossing the UVP threshold causes the device to latch drivina high the
OSC pin (Figure 18 shows this working condition).

It can be observed that the peak current (Ipeak) is greater than lgcp, Lut it can be
determined as follow:

V,y —Vout V=V 't
_ IN MIN _ IN MIN
lpgak = 'ocpx+—|_ ~Tonyax = locpx * —- ,‘_—'0-40'Tsw

Where Vouty, is the UVP threshold, (ina.icuor saturation must be considered). When that
threshold is crossed, all mosfets are turne d off, the FAULT pin is driven high and the device
stops working. Cycle the power supply or the OUTEN pin to restart operation.

The maximum average currznt curing the Constant-Current behavior results:

Ipeak —lgcpy
Imax.tor = 3 lhia, = 3'(|ocpx+f)

In this particular situation, the switching frequency for each phase results reduced. The ON
‘ne is the maximum allowed (Tyapmax) While the OFF time depends on the application:

Ipeak —locpx 1
T F D R, SR AL Fr —
OFF
Vout TonMax+TOFF

The transconductance resistor Rg can be designed considering that the device limits the
bottom of the inductor current ripple and also considering the additional current delivered
during the quasi-constant-current behavior as previously described in the worst case
conditions.

Moreover, when designing D-VID compatible systems, the additional current due to the
output filter charge during dynamic VID transitions must be considered.

| ‘R | Al I,
Rg — OCPx(max) SENSE(max) Where IOCPX _ OUT(OCP)_ PP+ D-VID

locTHmin) 3 2 3
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Figure 18. Constant current operation
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Inductor sense over current (CS_SEL = SGND)

The device detects an over current when the I,\gox Overcome the fixed threancd locty.
Since the device always senses the current across the inductor, the I~ crossing will
happen during the HS conduction time: as a consequence of OCF (et xction, the device will
turn OFF the HS mosfet and turns ON the LS mosfet of that phzse until |j\goy re-cross the
threshold or until the next clock cycle. This implies that thc device limits the peak of the
inductor current.

In any case, the inductor current won't overcomr: (12 1gcpy Value and this will represent the
maximum peak value to consider in the OC ceciyi.

The device works in Constant-Curren, al a ine output voltage decreases as the load
increase, until the output voltage react.cs the UVP threshold. When this threshold is

crossed, all mosfets are turnea off, the FAULT pin is driven high and the device stops
working. Cycle the power suzply or the OUTEN pin to restart operation.

The transconductance resistur Rg can be designed considering that the device limits the
inductor current r'ople. peak. Moreover, when designing D-VID systems, the additional
current due 1o *t.e vutput filter charge during dynamic VID transitions must be considered.

_ IOUT(OCP)+AIPP+ lb-vip
locTHmin) 3 2 3

lon ‘R
D = OCPx(max) SENSE(max) where IOCPx
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Oscillator

The internal oscillator generates the triangular waveform for the PWM charging and
discharging with a constant current an internal capacitor. The switching frequency for each
channel, Fgy, is internally fixed at 150kHz so that the resulting switching frequency at the
load side results in being tripled.

The current delivered to the oscillator is typically 25uA (corresponding to the free running
frequency Fsw=150kHz) and it may be varied using an external resistor (Rogc) connected
between the OSC pin and SGND or VCC (or a fixed voltage greater than 1.24V). Since the OSC
pin is fixed at 1.24V, the frequency is varied proportionally to the current sunk (forced) from (into)
the pin considering the internal gain of 6KHz/pA.

In particular connecting Rogc to SGND the frequency is increased (current is sunk rom the
pin), while connecting Rpgc to VCC=12V the frequency is reduced (current is forced into the
pin), according to the following relationships:

6

1.237 kHz 74202 NG
Rosc Vs. GND: Fgy, = 150kHz + =—=——.6—= = 150kHz + =—=
0sc Sw Rosc(kQ) ~ pA Rosc(kQ)
7
12-1.237  _kHz _ . 6.457 - 10
Rosc Vs. 12V: Fgyy = 150kHz + =——"—— . 6—~ = 130khz + =————
0sc Sw Rosc(kQ) ~ pA Rosc (k)

Maximum programmable switching frzquicy depends on the Current Reading Method
selected. When reading across LS mosfzt, the maximum switching frequency per phase
must be limited to 500kHz to «'/oid current reading errors causing, as a consequence,
current sharing errors. Wt er: raading across the inductor, higher switching frequency can be
approached (device powi =t dissipation must be checked prior to design high switching
frequency systems).

Figure 19. R(gc Vs. switching frequency
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Driver section

The integrated high-current drivers allow using different types of power MOS (also multiple
MOS to reduce the equivalent Rysop), Maintaining fast switching transition.

The drivers for the high-side mosfets use BOOTXx pins for supply and PHASEX pins for
return. The drivers for the low-side mosfets use VCCDRXx pin for supply and PGNDx pin for
return. A minimum voltage of 4.6V at VCCDRX pin is required to start operations of the
device. VCCDRX pins must be connected together.

The controller embodies a sophisticated anti-shoot-through system to minimize low side
body diode conduction time maintaining good efficiency saving the use of Schottky diodes:
when the high-side mosfet turns off, the voltage on its source begins to fall; when the
voltage reaches 2V, the low-side mosfet gate drive is suddenly applied. When th2 'ow-side
mosfet turns off, the voltage at LGATEX pin is sensed. When it drops below 1V, e high-side
mosfet gate drive is suddenly applied.

If the current flowing in the inductor is negative, the source of high-side n.osfet will never
drop. To allow the turning on of the low-side mosfet even in thic cose a1 watchdog controller
is enabled: if the source of the high-side mosfet doesn't drop i< more than 240ns, the low
side mosfet is switched on so allowing the negative curren. of tne inductor to recirculate.
This mechanism allows the system to regulate even ii tr.e current is negative.

The BOOTx and VCCDRX pins are separated fron. 1C's power supply (VCC pin) as well as
signal ground (SGND pin) and power grc')nd (r SNDx pin) in order to maximize the
switching noise immunity. The separe.ea s.'cply for the different drivers gives high flexibility
in mosfet choice, allowing the use of lcgic-level mosfet. Several combination of supply can
be chosen to optimize perforriance and efficiency of the application.

Power conversion input is aiso flexible; 5V, 12V bus or any bus that allows the conversion
(See maximum duty cycle 'nnitations) can be chosen freely.

Power dissipation

Twou main terms contribute in the device power dissipation: bias power and drivers' power.
1he dirst one depends on the static consumption of the device through the supply pins and it
i3 simply quantifiable as follow:

Ppc =Vee - (lec + 3 - Iecprx * 3 * IBooTx)

Drivers' power is the power needed by the driver to continuously switch on and off the
external mosfets; it is a function of the switching frequency and total gate charge of the
selected mosfets. It can be quantified considering that the total power Pg,y dissipated to
switch the mosfets (easy calculable) is dissipated by three main factors: external gate
resistance (when present), intrinsic mosfet resistance and intrinsic driver resistance. This
last term is the important one to be determined to calculate the device power dissipation.

The total power dissipated to switch the mosfets results:

Psw =3 (Qg_Hs * VBooT * Qi _Ls - Vcepr) * Fsw

External gate resistors helps the device to dissipate the switching power since the same
power P gy, will be shared between the internal driver impedance and the external resistor
resulting in a general cooling of the device.lt is important to determine the device dissipated
power in order to avoid the junction working beyond its maximum operative temperature.
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Moreover, since the device has an exposed pad to better dissipate the power, also the
thermal resistance between junction and ambient is important.
Figure 16 shows the Switching Power for different kind of mosfets driven.

Figure 20. Controller power dissipated (Quiescent + Switching; Vcc = Veepr = Veoor
=12V)
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System control loop compensation

The control loop is composed by the Current Sharing control loop and the Average Current
Mode control loop. Each loop gives, with a proper gain, the correction to the PWM in order
to minimize the error in its regulation: the Current Sharing control loop equalize the currents
in the inductors while the Average Current Mode control loop fixes the output voltage equal
to the reference programmed by VID. Figure 21 shows the block diagram of the system
control loop.

Figure 21. Main control loop diagram
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The average current mode centrol loop is reported in Figure 22. The current information I
sourced by the FB pin flcwe into Rgg implementing the dependence of the output voltage
from the read curren:.

The system car b. modeled with an equivalent single phase converter which only
differerca is (he equivalent inductor L/3 (where each phase has an L inductor).The ACM
control 'vop gain results (obtained opening the loop after the COMP pin):

PWM - Zc(s) - (Rproop + Zp(S))

GLoop(s) =

Where:

e  Rgense is the mosfet Rygon Or the Inductor DCR depending on the sensing element
selected;

R . . . .
e  Rproop = % -Rg IS the equivalent output resistance determined by droop;

e Zp(s) is the impedance resulting by the parallel of the output capacitor (and its ESR)
and the applied load Ro;

e  Zg(s) is the compensation network impedance;

e Z/(s)is the parallel of the three inductor impedance;

e A(S) is the error amplifier gain;
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_4 VN
° PWM—5 AV

is the PWM transfer function where AVgc is the oscillator ramp
osc

amplitude and has a typical value of 3V

Removing the dependence from the Error Amplifier gain, so assuming this gain high
enough, the control loop gain results:

4 V Z:(S) Rs Zp(s
GLoop(S) = —z - mo— 3 -(—+ F\F:

5 AVgge Zp(s)+Z.(s) ‘Rg FB
With further simplifications, it results:

4 Vin  Zp(s) Ro+Rpgroop 1+s-Co:(Rprpop//RO "SR
GLooe(®) = 5 AVpsc Reg R 2 L L N\ R

Ro+ — . .= | =———+Cc- k¢ C—=
0 3 S Co 3+s [3-Ro+c sR+Co 3J+1

Considering now that in the application of interest it ca:” k¢ assumed that Ro>>R|;
ESR<<Ro0 and RprppoP<<Ro, it results:

4 Vin  Zg(s) 1+5-C0-(Rproop + ESR)

GLoop(s) = ¢~ '
5 AVOSC RFB 2 L L RL
S -C0»3fs-[m+Co-ESR+CO-?}+1
The ACM control loop gain is decigned to obtain a high DC gain to minimize static error and
cross the 0dB axes with a ~onistant -20dB/dec slope with the desired crossover frequency
ot Neglecting the efect or Zg(s), the transfer function has one zero and two poles.

Both the poles cre tixed once the output filter is designed and the zero is fixed by ESR and
the Dronn texis@ance.

To obta.n the desired shape an R-Cp series network is considered for the Zg(s)
‘nniementation. A zero at o =1/RgCp is then introduced together with an integrator. This
inwegrator minimizes the static error while placing the zero in correspondence with the L-C
resonance a simple -20dB/dec shape of the gain is assured).

In fact, considering the usual value for the output filter, the LC resonance results to be at
frequency lower than the above reported zero.

Compensation network can be simply designed placing w,=o, ¢ and imposing the cross-
over frequency oy as desired obtaining:

:RFB'AVOSC_§_(0_ L
F VN 4 T 3. (Rproop *ESR)
Co.l:
c. = 3
F RF

3
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Figure 22. Equivalent Control Loop Gain Block Diagram (left) and Bode Diagram

(right)
dB 4
..'. GLoor
Vcome ., .'..
[ — * ?... -
.‘ lélll'...llllllllll
PWM . ™

1574 43150



https://www.application-datasheet.com/

Layout guidelines L6711

18 Layout guidelines

Since the device manages control functions and high-current drivers, layout is one of the
most important things to consider when designing such high current applications.

A good layout solution can generate a benefit in lowering power dissipation on the power
paths, reducing radiation and a proper connection between signal and power ground can
optimize the performance of the control loops.

Integrated power drivers reduce components count and interconnections between control
functions and drivers, reducing the board space.

Here below are listed the main points to focus on when starting a new layout and rules are
suggested for a correct implementation.

18.1 Power connections.

These are the connections where switching and continuous curre 1 flcws from the input
supply towards the load. The first priority when placing compurents has to be reserved to
this power section, minimizing the length of each connection arid loop as much as possible.
To minimize noise and voltage spikes (EMI and losse2) these interconnections must be a
part of a power plane and anyway realized by wide an thick copper traces: loop must be
anyway minimized. The critical components, i.e. tha power transistors, must be located as
close as possible one to the other.

Figure 23 shows the details of the pov‘er connections involved and the current loops. The
input capacitance (C,y), or atieast a portion of the total capacitance needed, has to be
placed close to the power sr:ctioa in order to eliminate the stray inductance generated by
the copper traces. Low USR and ESL capacitors are preferred.

Use as much VIAs av pussible when power traces have to move between different planes
on the PCB: thi: reauces both parasitic resistance and inductance. Moreover, reproducing
the same high-current trace on more than one PCB layer will reduce the parasitic resistance
assoclated 10 that connection.

~cnnect output bulk capacitor as near as possible to the load, minimizing parasitic
inuuctance and resistance associated to the copper trace also adding extra decoupling
capacitors along the way to the load when this results in being far from the bulk capacitor
bank.

Figure 23. Power connections and related connections layout guidelines (same for
all phases).
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18.2

Power connections related.

Figure 24 shows some small signal components placement.

Gate and phase traces must be sized according to the driver RMS current delivered to
the power mosfet. The device robustness allows managing applications with the power
section far from the controller without losing performances. Anyway, when possible, it is
suggested to minimize the distance between controller and power section.

In addition, since the PHASEX pin is the return path for the high side driver, this pin
might be connected directly to the High Side mosfet Source pin to have a proper driving
for this mosfet. For the LS mosfets, the return path is the PGNDx pin: it can be
connected directly to the power ground plane.

Bootstrap capacitor must be placed as close as possible to the BOOTx and PHASEXx
pins to minimize the loop that is created.

Decoupling capacitor from VCC and SGND placed as close as possible to tt e iiivolved
pins.

Decoupling capacitor from VCCDRx and PGNDx placed as close s ncssible to those
pins. This capacitor sustains the peak currents requested by thc low-side mosfet
drivers.

Sensible components must be referred to SGND (when p-esent): frequency set-up
resistor Rogc, offset resistor Roppger TC resistor R- -~ and OVP resistor Rgyp

Star grounding: Connect SGND to PGND plan= i1 a single point to avoid that drops due
to the high current delivered causes errors in .he device behavior.

An additional ceramic capacitor is suzgusted to place near HS mosfet drain. This helps
in reducing HF noise.

VSEN pin filtered vs. SGND helps in reducing noise injection into device.

OUTEN pin filtered vs. 5GN'D helps in reducing false trip due to coupled noise: take
care in routing drivi.ig nct for this pin in order to minimize coupled noise.

PHASE pin spnikez. Since the HS mosfet switches hardly, heavy voltage spikes can be
observed cn *hz PHASEX pins. If these voltage spikes overcome the max breakdown
voltag= of *he pin, the device can absorb energy and it can cause damages. The
vlte ge spikes must be limited by proper layout; by the use of gate resistors, Schottky
diodes in parallel to the low side mosfets and/or snubber network on the low side
'nosfets, and cannot overcome 26V, for 20nSec, at Fgy, = 600kHz.

Boot Capacitor Extra Charge. Systems that do not use Schottky diodes might show big
negative spikes on the phase pin. This spike can be limited as well as the positive spike
but has an additional consequence: it causes the bootstrap capacitor to be over-
charged. This extra-charge can cause, in the worst case condition of maximum input
voltage and during particular transients, that boot-to-phase voltage overcomes the abs.
max. ratings also causing device failures. It is then suggested in this cases to limit this
extra-charge by adding a small resistor in series to the boot diode (one resistor can be
enough for all the three diodes if placed upstream the diode anode, see Figure 23).
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18.3
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Current sense connections.

Remote Buffer: The input connections for this component must be routed as parallel nets

from the FBG/FBR pins to the load in order to compensate losses along the output power
traces and also to avoid the pick-up of any common mode noise. Connecting these pins in
points far from the load will cause a non-optimum load regulation, increasing output

tolerance.

Current Reading: The Rg resistors have to be placed as close as possible to the CSx- and
CSx+ pins in order to limit the noise injection into the device; this is still valid also for the
Rg(ro)-Cg network used when sensing current across the inductor. The PCB traces
connecting these resistors to the reading point must use dedicated nets, routed as parallel
traces in order to avoid the pick-up of any common mode noise.

Figure 24. Device orientation (left) and sense nets routing (right: red for Lsenrce,
black for LSsense)
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It's also important to evoiu any offset in the measurement and, to get a better precision, to
connect the trace s as close as possible to the sensing elements. Symmetrical layout is also

suggested.

Small 1lteriing capacitor can be needed between VOUT and SGND on the CSx- line, placed
nezr the controller, allowing higher layout flexibility in the current sense connection.
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Embedding L6711-based VRDs...

When embedding the VRD into the application, additional care must be taken since the
whole VRD is a switching DC/DC regulator and the most common system in which it has to
work is a digital system such as MB or similar. In fact, latest MB has become faster and
powerful: high speed data bus are more and more common and switching-induced noise
produced by the VRD can affect data integrity if not following additional layout guidelines.
Few easy points must be considered mainly when routing traces in which switching high
currents flow (switching high currents cause voltage spikes across the stray inductance of
the traces causing noise that can affect the near traces):

Keep safe guarding distance between high current switching VRD traces and data buses,
especially if high-speed data bus to minimize noise coupling.

Keep safe guard distance or filter properly when routing bias traces for I/O subh-cveteins that
must walk near the VRD.

Possible causes of noise can be located in the PHASE connections, V.os ‘et gate drive and
Input voltage path (from input bulk capacitors and HS drain). Alac F=ND connections must
be considered if not insisting on a power ground plane. These ~unnections must be carefully
kept far away from noise-sensitive data bus.

Since the generated noise is mainly due to the swi*c~ing activity of the VRM, noise
emissions depend on how fast the current switch. o reduce noise emission levels, it is also
possible, in addition to the previous guidclines, 10 reduce the current slope and then to
increase the switching times: this will ause . as a consequence of the higher switching time,
an increase in switching losses that mu<* pe considered in the thermal design of the system.
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20 TQFP48 Mechanical data & package dimensions

Figure 25. TQFP48 Mechanical data & package dimensions

mm inch
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Revision history

Table 8. Revision History
Date Revision Changes
01-Jun-2004 1 First Issue
23-Nov-2004 2 Modificated the Paragraph 18.2 on the page 32/38.
26-Oct-2005 3 Added new paragraph 9.1.2 Warning 2.
18-Apr-2006 4 Updated graphic, Modified Tablel
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