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L6701

3 Phase Controller for VR10, VR9 and K8 CPUs

Features

= MULTI-DAC: VR9, VR10 AND K8 DAC
SELECTABLE THROUGH SINGLE PIN

s 0.7% OUTPUT VOLTAGE ACCURACY

= ADJUSTABLE REFERENCE OFFSET

= HIGH CURRENT INTEGRATED DRIVERS

= DYNAMIC VID MANAGEMENT

s ACCURATE FULLY-DIFFERENTIAL LOAD-
LINE CURRENT-SENSE ACROSS MAIN
INDUCTORS MAKES BOM INDEPENDENT
ON THE LAYOUT

s PRECISE CURRENT-SHARING AND OCP
ACROSS LS MOSFETS

s CONSTANT OVER-CURRENT PROTECTION

s FEEDBACK DISCONNECTION
PROTECTION

= PRELIMINARY OV PROTECTIO

s OSCILLATOR INTERNALLY rIXED AT
100kHz (300kHz RIPPLE) £EX7 ADJUSTABLE

s SS_END/PGOCDH SIGMNAL
s INTEGRATED R.-MOTE-SENSE 3UF =R
s PWSSO3c "2 SKAGE WITH EXPOSED PAD

Arniications

» HIGH CURRINT /RM/VRD FOR DESKTOP
/ SERVER, V/ORKSTATION CPUs

s HIGI! DENSITY DC / DC CONVERTERS

Order codes

PowerSS(C-26

Description

L6701 is ar e tricinely simple, law cost solution to
implemeart 2 three phase sten-down controller
with it te ygrated high-current drivers in a compact
~uve'SSO-36 pack~ye with exposed pad.

The device e bec's three selectable DACs: with a
single pin s possible to program the device to
work in compatibility with VR9, VR10 or K8
anclicauons managing D-VID with £0.7% output
vallage accuracy over line and temperature
variations. Additional programmable offset can be
added to the reference voltage with a single
external resistor.

Fast protection against load over current let the
system works in Constant Current mode until
UVP. Preliminary OVP allows full load protection
in case of startup with failed HS. Furthermore,
feedback disconnection prevents from damaging
the load in case of misconnections in the system
board.

Combined use of DCR and Rpg(yn) current
sensing assures precision in voltage positioning
and safe current sharing and OCP per each
phase.

Part number Package Packing
L6701 PowerSSO-36 Tube
L6701TR PowerSSO-36 Tape & Reel
Rev 1
December 2005 1/44
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1 Device Description L6701

1 Device Description

L6701 is multi-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 the modern high-current DC/DC converters and POLs
requirements. 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
equal 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 shows an effective output switching frequency increase: the 100kHz free-ruining
frequency per phase, externally adjustable through a resistor, results multiplied or the vt tput
by the number of phases so reaching 300kHz in free-running.

L6701 includes multiple DACs, selectable through an apposite pin, allowiry ¢cornpatibility with
both Intel VR9, VR10 and AMD Hammer specifications, also performirg 7, . ID transitions
accordingly. In particular for Intel CPUs, it allows to automaticall re cogiuze the CPU with a
single-wire connection, without any additional external componen:. by proper connecting the
selector pin to the proper CPU pin.

Precise voltage positioning (LL) is possible thanks te 2 accurate fully-differential current-sense
across the main inductors still using only two pirs for current-reading (pat. pend.): this makes
any BOM insensitive to the board layout s2ving time in the design stage.

The device internally balance the currem driven by each phase by sensing the voltage drop
across the LS MOSFET Rpg o). AC protection is effective with a threshold for each phase
causing the device to work in cunstant-current mode.

The controller provides ouiput voltage protections to avoid any load damage due to failed
components and/or feeuhack misconnections. Over-Voltage protects the load from dangerous
over stress latching irrediately the device by turning-on the lower driver and driving high the
FAULT pin. F: rihe more, preliminary-OVP protection also allows the device to protect the load
from dang<ious OVP when V¢ is not above the UVLO threshold. Under-Voltage protection
cause s the device to stop switching when set while Over-Current protection, with a threshold
fer eacn phase, causes the device to enter in constant current mode until the latched UVP.

L6701 implements soft-start increasing the reference up to the final value in 2048 clock cycles
in closed loop regulation. Low-Side-Less feature allows the device to perform soft-start over
pre-biased output avoiding dangerous current return through the main inductors as well as
negative spike at the load side.

The compact PowerSS0O-36 package with exposed thermal pad allows dissipating the power to
drive the external MOSFET through the system board.

4

4/44




L6701

2 Pins description and connection diagrams

2 Pins description and connection diagrams

Figure 1. Pins connection (Top view)
SGND O 1 @ 36 [J COMP
vee ez o _________ , B OFB
LGATE1 0 3 : 34 [ VSEN
PGND O] 4 1 (3 [ Cs-
LGATE2 ] 5 | | 2 st
LGATE3 ] 6 | | 81 [ ISEN1
BOOT1 [ 7 : : 30 [1 ISEN2
UGATE1 [] 8 1 129 [1ISEN3
PHASE1 O © | | 28 O FBG
BoOT2 O 10 | | 27 O FBR
UGATE2 [ 11 : : 26 [1 VID5
PHASE2 [] 12 1 ' 25 [1 VIDO
BOOT3 O] 13 | i 24 [0 VID1
UGATE3 [] 14 | | 23 [0 VID2
PHASE3 [ 15 | | 22 O VID3
SSEND / PGOOD [ 16 : : 21 [1 VID4
DAC_SEL Q17 ~~~~7=777777777 20 [1 REF_OUT
OSC/EN/FAULT [ 18 19 [0 REF_IN
2.1 Pin description
Table 1.  Pins description
Pin n° Name Function
All the ir te -nc! raferences are referred to this pin. Connect to the PCB Signal
1 SGND i
Grounc
5 VGG De ‘lue Power Supply and LS driver supply.
| Dperative voltage is 12V +15%. Filter with at least 1uF MLCC vs. ground.
3 LAATET Channel 1 I._S Driv.er Output.. . . o
A small series resistor helps in reducing device-dissipated power.
4 | PGND LS Drivers return path. Connect to Power ground Plane.
5 LGATE2 Channel 2 I._S Driv.er Output.. . . o
A small series resistor helps in reducing device-dissipated power.
Channel 3 LS Driver Output.
6 LGATE3 - Driver Suiput. o
A small series resistor helps in reducing device-dissipated power.
Channel 1 HS driver supply.
Connect through a capacitor (100nF typ.) to PHASE1 and provide necessary
7 BOOTH1 Bootstrap diode.
A small series resistor upstream the boot diode helps in reducing Boot capacitor
overcharge.
h I[1H i .
8 UGATE1 Channe . S drlv.er output . . . -
A small series resistors helps in reducing device-dissipated power.
Channel 1 HS driver return path.
9 PHASE1 It must be connected to the HS1 MOSFET source and provides return path for

the HS driver of channel 1.
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2 Pins description and connection diagrams L6701

Table 1.  Pins description (continued)
Pin n° Name Function
Channel 2 HS driver supply.
Connect through a capacitor (100nF typ.) to PHASE2 and provide necessary
10 BOOT2 Bootstrap diode.
A small series resistor upstream the boot diode helps in reducing Boot capacitor
overcharge.
11 UGATE2 Channel 2 HS drlv.er output. . . . -
A small series resistors helps in reducing device-dissipated power.
Channel 2 HS driver return path.
12 PHASE2 It must be connected to the HS2 MOSFET source and provides return path for
the HS driver of channel 2.
Channel 3 HS driver supply.
Connect through a capacitor (100nF typ.) to PHASES and nrovidc r.ecessary
13 BOOT3 Bootstrap diode.
A small series resistor upstream the boot diode helps 0 rizaucing Boot capacitor
overcharge.
14 UGATES Channel 3 HS drlv.er output. . ' -
A small series resistors helps in recuciny Jevice-dissipated power.
Channel 3 HS driver return path.
15 PHASE3 It must be connected to % 143 MOSFET source and provides return path for
the HS driver of char nel 2.
SSEND - Intel VR10 Mode. Soft Start END Signal.
Open Drair Output set free after SS has finished and pulled low when triggering
SSEND / any protacuor.. Pull up to 5V (typ) or lower, if not used it can be left floating.
16 PGOOD PGOL - intel VR9 & AMD Hammer Mode.
Opon Drain Output set free after SS has finished and pulled low when VSEN is
| ower than the relative threshold. Pull up to 5V (typ) or lower, if not used it can be
left floating.
DAC SELection pin.
| It allows programming the DAC table for the regulation. Internally pulled-up to 5V.
17 DAC SEL Short to GND to program VR9 DAC, leave floating to program K8 DAC while
- connect to GND through 82kQ to program VR10 DAC.
Information about the selected DAC is latched before the system start-up. See
Section 7.1 for connections to enable CPU auto-detection.
OSC: It allows programming the switching frequency Fgyy of each channel.
Switching frequency can be increased according to the resistor connected from
the pin vs. SGND with a gain of 4kHz/pA (see Section 14). Leaving the pin
floating it programs a switching frequency of 100kHz per phase (300kHz on the
18 OSC/EN/ |[load).

FAULT EN: Forced low, the device stops operations with all MOSFETs OFF: all the
protections are disabled except for Preliminary Over Voltage. When set low it
resets the device from any latching condition.

FAULT: The pin is forced high (5V) to signal an OVP / UVP FAULT: to recover
from this condition, cycle VCC or the OSC pin. See Section 13 for details.

6/44
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2 Pins description and connection diagrams

Table 1.  Pins description (continued)
Pin n° Name Function
Reference Input for the regulation.
19 REF_IN Connect directly or through a resistor to the REF_OUT pin. See Section 10.3 for
details. This pin is used as input for the protections.
Reference Output.
20 REF_OUT | Connect directly or through a resistor to the REF_IN pin. See Section 10.3 for
details.
VID4 Voltage |Dentification Pins.
21 to 26 to Internally pulled up by 12.5uA to 5V, connect to SGND to program a '0' or leave
VIDO. VID5 floating to program a '1'. They allow programming output voltage as specified in
’ Table 5, Table 6 and Table 7 according to DAC_SEL status.
Remote Buffer Non Inverting Input.
27 FBR Connect to the positive side of the load to perform remote sens=.
See Section 16 for proper layout of this connection.
Remote Buffer Inverting Input.
28 FBG Connect to the negative side of the load to perfc m remote sense.
See Section 16 for proper layout of this vonrestion.
ISEN3 LS Current Sense Pins.
29 1o 31 o These pins are used for currert L ale nce phase-to-phase as well as for the
ISENA system OCP. Connect thiough a resistor R gg\ to the relative PHASEX pin. See
S Section 9 and Sectic1 15.6 fur details.
Droop Current Serse non-inverting input.
30 CS+ Connect thrsugh Rpy-Cpy network to the main inductors. Directly connect to
outpur vcltage when Droop function is not required. See Section 10.1 and
Section 70.2 for details.
Lroop Current Sense inverting input.
Connect through resistor Ry to the main inductors common node. Leave floating
33 cS- when Droop Function is not required. See Section 10.1 and Section 10.2 for
details.
This pin also monitors the output for any feedback disconnection. See
Section 13.4 for details.
34 VSEN Remote Buffer Output. It manages OVP and UVP protections and PGOOD
(when applicable). See Section 13 for details.
a5 FB Error Amplifier Inverting Input. Connect with a resistor Rgg vs. VSEN and with an
Rf - Cg toward COMP.
Error Amplifier Output. Connect with an Rg - Cg vs. FB.
36 COMP ) ) ) o
The device cannot be disabled by pulling down this pin.
THERMAL Thermal pad connects the Silicon substrate and makes good thermal contact
PAD PAD with the PCB to dissipate the power necessary to drive the external MOSFETs.

Connect to the PGND plane with several VIAs to improve thermal conductivity.

4
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3 Maximum Ratings

L6701

3

Maximum Ratings

3.1  Absolute maximum ratings
Table 2.  Absolute Maximum Ratings
Symbol Parameter Value Unit
Ve to PGND 15 Y
VBooTx - VPHASEX Boot Voltage 15 Vv
VUuGATEx - VPHASEX 15 LV
LGATEx, PHASEX, to PGNDx -0.3toVgg +03 |V
VIDO to VID5 03105 | V
Al other Pins to PGNDx V.37 v
Positive Peak Voltage; T<20ns @ 600kHz 26 v
VPHASEX : —
Negative Peak Voltage; TBD \Y
3.2 Thermal data
Table 3. Thermal data o
Symbol Parametcr Value Unit
T4 | Dovios sotiered on 2609 50 Srard) 0 | om
Rthic Thermal Resistanzc Jur_ct_ion to Case 1 °C/W
Tymax Maximur J: <n:tic_rﬁ'emperature 150 °C
Tstg Storage_’e;perature Range -40 to 150 °C
Ty | |_L_'|’1_bﬂ.I0n Temperature Range 0to125 °C
- \ +Maximum Power Dissipation at 25°C
o il (Device soldered on 2s2p PC Board) 3.3 w
8/44 KY_I
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4 Electrical specifications

4 Electrical specifications

4.1 Electrical characteristics
Table 4.  Electrical Characteristics
(Voo = 12V+15%, T = 0°C to 70°C unless otherwise specified).
Symbol Parameter Test conditions Min. Typ. Max. Unit
Supply Current and Power-ON
HGATEx and LGATEx = OPEN
lcc VCC Supply current BOOTx = 12V 17 mA
- |
HGATEx = OPEN; '
I I ' 0.7 | A
BoOTx | BOOTX Supply Current | 5\ 1 SE+ 1o PGNDx; BOOTx = 12V m
Vg Turn-ON Ve Rising + 9.2 \Y
Vg Turn-OFF Vg Falling 7 \
Pre-OVP Turn-ON V¢ Rising | 3.8 \Y
UVLOOVP _
Pre-OVP Turn-OFF Ve Falling 3 V
Oscillator and Inhibit
F Main Oscillator A OSGC = OPEN M 90 100 110 kH
sW ain Oscillator Accuracy | yo~ _ OPEN; T = 0°C to 125°C z
OSCy Disable Thresholds 0.5 \Y
O5C = OPEN; liggny, = OHA 80 %
dpmax Maximum Duty Cyc'e
OSC = OPEN; I|SENX = 35].LA 40 %
AVosc PWMx R=iop Amriitude 3 \"
FAULT | Voltane at ®in OSC OVP Active 5 v
Reference ana DAC
AN o
FBR = Vour; FBG = GNDoyT;
our our 0.7 0.7 %
VR10 and VR9 DACs; Voyt > 1V
I vID Output Voltage Accuracy
FBR = VOUT; FBG = GNDOUT! 1 1 o
K8 DAC; Vout > 1V ) °
lvip VID Pull-up Current 25 uA
VID VR9 and VR10 Mode; Input Low 0.4 Y,
I K8 Mode; Input Low 0.8 v
VID Input Thresholds
VID VR9 and VR10 Mode; Input Low 0.8 \Y
IH K8 Mode; Input Low 2 v
IS74 9/44




4 Electrical specifications

L6701

Table 4.  Electrical Characteristics (continued)
(Voo = 12V£15%, T = 0°C to 70°C unless otherwise specified).
Symbol Parameter Test conditions Min. Typ. Max. Unit
Error Amplifier and Remote Buffer
Ag EA DC Gain 80 dB
SR Slew Rate COMP = 10pF to SGND 15 V/us
RB DC Gain 1 VIV
Remote Buffer Common
CMRR Mode Rejection Ratio 40 dB
Differential Current Sensing and Offset
locTH Over Current Threshold 35 uHA
Kiproop | Droop Current Deviation | Iproop = 0 to 105pA; Rp=5.1kQ -3 3 uA
lorrser | Offset Current 1N 1.5 13 uA
Gate Drivers
tRISE_UGA o BOOTx - PHASEx = 10V;
TEx HS Rise Time CUGATEx to PHASEX = 3.2,.% Q ns
lugaTtex | HS Source Current BOOTx - PHASEx = {uV 1.5
Rugatex | HS Sink Resistance BOOTx - PHASEy = 12V 25 Q
tRISE_LGA g VCC = 10V;
TEx LS Rise Time Ci gaT:x to PGNDx = 5.6nF 20 ns
I GATEX LS Source Current T\/GC =10V 1.5
RLeaTEx | LS Sink Resistar~e VCC =12V 1.8 Q
Protections
. VSEN Rising, VR10 and K8 Mode 1.85 1.9 1.95 \"
VP Ny 21 Vol P
o var oltage Protection 1y /seN Rising, VR9 Mode 205 | 21 | 215 v
=t
o FBR Rising, VR10 and K8 Mode 1.8 1.9 2.0 \"
pro.cyp | Preliminary Overvoltage | FpR Rising, VR9 Mode 2.0 2.1 2.2 Vv
| Protection
Hysteresis 300 mV
UVP Under Voltage Protection VSEN Falling; Below VID -475 -400 -325 mV
K8 and VR9 Mode;
P D |P D Threshold ’ -280 -230 -180 mV
§9 GOOD Thresho VSEN Falling; Below VID
Vssenp, | SSEND / PGOOD | = -4mA 0.4 y
PGOOD Voltage Low
10/44 1S7]
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5 Typical application circuit and block diagram

5

5.1

Application circuit

Typical application circuit and block diagram

Figure 2. Typical application circuit
VIN LiN
Y e+ p— to BOOT1
.—l—.c +— to BOOT2
IN
2 > to BOOT3
VCC 7 Vi
o—_|_ BOOTH1 i
L7 L L
= —_ 4 UGATE1 — HS1 ==
PGND —| l': =
(SGND 9 L1
I PHASE1 .
- 17
DAC_SEL Leaerd® K Lst
— 1— e
— |
18 31
r:,_ OSC/EN/FAULT ~ ISEN1 Risen ,/-'-
10 -
26 BOOT2 ViN
—_— VID5 J_ ’ J
A -
= z:g; UGATE2 L:'_-F”:Hb’ L
—= N
— AVID2 12 L2 Vcc_core
24 PHASE2 A Y
— VID1 i‘
—_— JVIDO 5 — Cour
LGATE2 _:,__| Ls2 LOAD
9 REF_IN Eo
- ISEN2) Risen = =
Y- =
- 13
Cos Ros S BOOT3 VIN
20 i~ J -
_ &R=TOUT 14 =
" CO UGATE3 _:,__| e HS3 I
36 o =
_JCOMP
15 L3
L PHASE3 ~~r—|
~F
'_
R LGATE3 | fe, LS3
L = I
FB ”
R
ISEN3, ISEN ; ] [] []
RFB cs 32 - CIPH
+, Y
34 33 ||
VSEN CS- —
Rp
27 I
FBR
28 16 PGOOD
FBG SSEND/PGOODI o
L6701 REFERENCE SCHEMATIC
= =
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5 Typical application circuit and block diagram

L6701

Figure 3. Typical Application Circuit: Fully Differential Current Sense (Pat.Pend.)
VIN LiN
O ’ YL —}—ep+— t0BOOT1
$p+— t0BOOT2
Ij 2 LC'N p— toBOOT3
(o]
GNDIN VCC 7 Vin
o—_|_ l BOOT{
1T L1z =
= - UGATET — | /<, Hs1 I
PGND 1 i =
(SGND 9 L1
L PHASE1 ~
- 17
DAC_SEL 3 -
LGATE1 — |ty LS
I
18 31
-L_:,_ OSC/EN/FAULT ~ ISEN1 Risen ,/-'-
10
& . BOOT2 ViN
) 11 - J =
22 UGATE2 — | /< HS2 I
S=y"103 1 i =
VID2 12 L2 ( Vee_core
24 PHASE2 ~ -%
SzpV1D! i.
VIDO 5 m | Cour
LGATE2 — | 1y LS2 | LOAD
19 'H
REF_IN 30 — —
. ISEN2 Risen ; | = —
™~ = 1
13
Cosmm Ros O  sooms = I_VE“_
*Okrer_ouT 14 - . =
a6 U1 UGATE3R __ — 'l 233 ;
compP - H
15 | L3
PHASE38 _ ~Y
Cr y
. -
R LG ATS3 Ls3
L $ ————k HEE
29
|SEN3I Risen ; ] []
Reg 30 B Crn
34 CS+ Cpn
" AVeEN Cen
33 Ro |
27 cs — []
FBR |
28 Ro
T
A\ FBG 16 PGOOD
- == SSEND/PGOOD o

0701 FULLY DIFFERENTIAL

REFERENCE SCHEMATIC
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5 Typical application circuit and block diagram

5.2

Block diagram

Figure 4. Block diagram
- - — oo N ™ o o
~— w L o L
EE o o EE o = EE & =
O < < < O < < < 0 < < <
o 6 T [0} o 6 T [0} O ¢ T [0}
m =} o - m =} o - m =} o -
vce vce PGND vce PGND vce PGND
VCC 4
PGND
Hs1 LSt HS2 Ls2 HS3 Ls3
PGND
SGND
LOGIC PWM LOGIC PWM LOGIC PWM
SGND ADAPTIVE ANTI ADAPTIVE ANTI ADAPTIVE ANTI
CROSS CONDUCTION CROSS CONDUCTION CROSS CONDUCTION
CURRENT SHARING CURRENT SHARING CURRENT SHARING
N\ CORRECTIO CORRECTIO! CORRECTION
5
w
ok M
OSC/EN/FAULT &__| %é
FECE AN
o
¢ PWM1 PWM2 PWM3
DIGITAL ? ?
SOFT START yee = ) L6701 ISEN1
SC/EN/FAULT, OCP2 L O\ SIDE MOSFET
| | ECENFAULT CONTROL LOGIC CL3RRENT READING ISEN2
DAC SEL | AND PROTECTIONS LR AND OVER CURRENT ISEN3
vio 8|
VD1 & _J OO a4 SSEND / PGOOD
VID2 53Q
— o <Zi = ¢ los OVP N\ Y SSEND / PGOOD
VID3 a5z UVP, PGOOD Co .
Yol L~ o
viD4a® IFE O \!_ 64k
3 QO | |
SEQ
VID5 &__| 2=s ¢DROOP - INFO¢ oRY "
'CUI RENT READING -
pAaC_SEL & —
+
‘:] REMOTE 64k
BUFFER 64K
ERROR
AMPL. -IE1 |
- T
= =z (an] o r + z o
) = % s &4 ) w & 2
(o] w o O n oW
I ui o >
[ -4
w
i
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6 VID Tables L6701

6 VID Tables

Table 5.  Voltage IDentification (VID) for Intel VR10 DAC.

VID4 | VID3 | VID2 | VID1 | VIDO | VID5 ng;;:tm VID4 | VID3 | vID2 | VID1 | VIDO | VID5 Vg::;:tm
o | 11 o] 1] o] 1 1.6000 T 1 o] 1] o] 1 1.2000
o | 1t o] 1] 1] o 1.5875 1 1o 1] 1o 11875
o | 1 [ o 1] 1] 1 1.5750 T 1 o [ 1 1] 11750
o | 1| 1] o] o] o 1.5625 1 11 ]o0o] o] o 11625
o | 1| 1] o] o] 1 1.5500 T 11 o] o] 1 L4509
o [ 1| 1] o] 1] o 1.5375 1 11 o 1| o7 11375
o | 1 [ 1] o | 1] 1 1.5250 1 1] 1] o 1_[7_ 1.1250
o | 1] 1] 1ol o 15125 11 1]« 1T ajo 11175
o | 1+ [ 1] 1] o] 1 1.5000 R 1.1000
o | 1+ 11 ] 1] o 1.4875 1 1 Lo e 1o OFF
IR EEEEERE 1.4750 1 NN ENEE OFF
1 o] o] oo o 1.4625 5100 oo o 1.0875
1 o] o] ol of 1 1.4500 T_o_ o o | o] o 1 1.0750
1 oo o 1o 14375 o ol o] o] 1] o 1.0625
1 o] o] o 11 1 4250 o oo ol 1] 1 1.0500
1 o] o] 1o [0 1.4125 o oo 1] o] o 1.0375
1 o o[ 1] o1 1.4000 o oo 1] o] 1 1.0250
1 o] o1 1o 1.3875 o oo 1] 1o 1.0125
BN ERE 1.3750 o oo 1|1 ]1 1.0000
1 o1l v ol ol o 1.3625 ol o 1] o] o] o0 0.9875
o 1 oo 1.3500 o o 1] o] o] 1 0.9750

li1_* o | 1] o] 1] o 1.3375 o o | 1] o] 1o 0.9625
T o[ 1[0 1] 1 1.3250 o [ o | 1] o ] 1] 1 0.9500
1 ol 11101l o0 13125 o o | 1] 1] o] o 0.9375
Lo | 1] 1] 0] 1 1.3000 o [ o | 1] 1] o] 1 0.9250
1 o |1 [ 1] 1o 1.2875 o o | 1] 1] 17]o 0.9125
T Lo [ 1 1 1] 1.2750 o [ o | 1 [ 1] 1] 1 0.9000
1 1o oo o 1.2625 o | 1 o] o] o] o 0.8875
1 1 ool o] 1 1.2500 o | 1 o] o] o] 1 0.8750
1 1ol o] 1]o 1.2375 o | 1 o] o] 1] o 0.8625
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L6701 6 VID Tables
Table 5.  Voltage IDentification (VID) for Intel VR10 DAC. (continued)
viD4 | vipa | vip2 | viot | vipo | vips | C“" | vipa | vips | vip2 | viD1 | vipo | vips | OV
Voltage (! Voltage (V)
T 11 [ oo 1] 1.2250 o ] 1 oo 1] 0.8500
11 [ ol 1[0 o 12125 o | 1 o] 1] o] o]l o83

1. Since the VIDx pins program the maximum output voltage, according to VR10.x specifications, the device automatically
regulates to a voltage 19mV lower avoiding the use of any external components to lower the output voltage. This improves
the system tolerance performance since the reference already offset is trimmed in production within +0.7%.

Table 6. Voltage IDentification (VID) for Intel VR9 DAC (VID5 doesn’t care)
VID4 | VID3 | VID2 | VID1 | VIDO | Output Voltage® | VID4 | VID3 | VID2 | VID1 | VIDO | Output Voltage(
o] o] o] o] o 1.850 11 0] o] o] o 1.450
o | o] o] o] 1 1.825 1t oo o] 1 w25
ol o] o] 1]o 1.800 1t 1o lol] 1]o 1.400
o [ o o] 1] 1 1.775 T o T 7 1375
ol o] 1] o] o 1.750 1 o | 1] ~1o 1.350
o | o] 1] o] 1 1.725 1 o | 0 | 1 1.325
o | o 1] 1o 1.700 1 o, 0 [ 1] o 1.300
o [ o[ 1] 1|1 1675 1o [ 1 [ ] 1.275
o | 1t o] o] o 1,650 J: 1o o] o 1.250
o | 1 [ o] o 1 1,625 1 1 o o | 1 1225
o | 1t o] 1 ]o 1,600 1 1o 1] o 1.200
o | 1o 1| 1 1575 RN ERE 1175
o | 1| 1] o] ol — 1550 1t 1] 1] 0] o 1.150
o | 1 [ 1] o 1 1525 N EEEEE 1125
o | 1] 1717 o 1.500 1 111 ] o 1.100
o | 1 i 1] 1 1475 N EEEEE OFF

1. Sincz th=2 V1Ox pins program the maximum output voltage, the device automatically regulates to a voltage 19mV lower
2o diny the use of any external components to lower the output voltage. This improves the system tolerance performance
cince ne reference already offset is trimmed in production within £0.7%.

4
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6 VID Tables L6701
Table 7.  Voltage IDentification (VID) for AMD Hammer DAC
VID5 | VID4 | VID3 | VID2 | VID1 | VIDO \?o‘:::;; VID5 | VID4 | VID3 | VID2 | VID1 | VIDO \%‘:::;';
ol o] o] o] o 1,550 ool o] o] o 1575
ol o] o] o] 1 1525 o o o] o 1 1,550
ol o] o] 1] o 1,500 o oo 1]o 1525
ol o o] 1] 1 1.475 o [ o | o] 1] 1 1,500
ol o] 1] 0] o 1.450 o o 1] o] o 1475
ol o 1] o0 1 1.425 o [ o | 1] o 1 1450
ol o | 1] 1] o 1.400 o | o | 1 1 | o | 125 |
o [ o [ 1 [ 1] 1 1375 0o | o | 1 | 11 v 1 1400
o | 1] 0] o] o 1.350 o | 1 o] clo 1375
o | 1] o] o] 1 1.325 o [ 1 [ o u | 1 1.350
o | 1] o] 1] o 1.300 o [1 0] 1[0 1.325
o | 1 [ o 1] 1 1275 o 1] o0 | 1] 1 1.300
o | 1 [ 1] o] o 1.250 To Tt [ 1 0] o 1.275
o [ 1 [ 1] o] 1 1225 Co |11 o | 1.250
o [ 1] 1] 1] o 1.200 ﬁ‘ o |11 ] 1] o 1225
o [ 1 [ 1 [ 1] 1 1175 o |1 | 1] 1] 1 1.200
"I T ool o ol Tis v To oo o 1475
1 o o ¢l ] 1125 1 o] o o] 1 1.150
1 1o ol 70 1.100 1t 1o lo] 1 ]o 1125
1 o L o | 1| 1 1.075 1 o] o 1] 1 1.100
1 To 1o o 1.050 1 o] 1] 0] o 1.075
T o [ 1 | o | 1.025 1t o | 1] o] 1 1.050
1 o1 1] o 1.000 1 o] 1] 1] o 1.025
1 o |1 | 1] 1 0.975 T Lo [ 1 [ 1] 1 1,000
1 [ 1o oo 0.950 1 1] o] o] o 0.975
111 o o[ 1 0.925 11 [ o] o 1 0.950
11 o 1] o 0.900 11 o 1] o 0.925
11 o | 1] 1 0.875 11 [ o [ 1| 1 0.900
11 1o o 0.850 111 o] o 0.875
11 1 o | 1 0.825 N EEEEE 0.850
11 1] 1] o 0.800 NI ERERE 0.825
NI EEERE OFF NI EEERE OFF
16/44 IS72
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4

Configuring the Device: DAC Selection

Multiple DACs need to be configured before the system start-up by programming the apposite
pin DAC_SEL. The embedded DAC allows to regulate the output voltage with a tolerance of
+0.7% recovering from offsets and manufacturing variations. In case of selecting VR9 and
VR10 Mode, the device automatically introduces a -19mV offset to the regulated voltage (see
Table 5 and Table 6) in order to avoid any external offset circuitry to worsen the guaranteed
accuracy and, as a consequence, the calculated system TOB. In case of selecting the K8 DAC,
VID5 gives the option to introduce +25mV offset to the regulation (See Table 7).

Output voltage is programmed through the VID pins: they are inputs of an internal DAC that is
realized by means of a series of resistors providing a partition of the internal voltage reference.
The VID code drives a multiplexer that selects a voltage on a precise point of the divicer “he

DAC output is delivered to an amplifier obtaining the voltage reference available c.v RE-_OUT.

According to the selected DAC, the device also changes the protection threchc'us as a
consequence of different CPU specifications, see Table 8 for details.

Table 8. L6701 Configuration

DAC_SEL OPERATIVE MODE Q ':.";‘Ppre' UVP PGOOD
|
-
OPEN AMD K8 +25mV (Driven by VIC5) 1.9V Fixed | -400mV -230mV
82kQ to GND Intel VR10 -10m"/ 1.9V Fixed | -400mV SSEND
GND Intel VR -79m"/ 2.1V Fixed | -400mV -230mV

Single-Wire CPU Automatic Detection

L6701 has been dr:siazd to automatically detect the Intel CPU connected by monitoring the
DAC_SEL pin srat Is at the start-up so modifying the DAC table accordingly (see Table 8). In
fact, by d.revtly connecting the DAC_SEL pin with #BOOTSEL pin of the CPU, the controller
automatically recognize the different technology steps of the CPU so modifying the DAC table
accurargly.

Sce CPU related documentation for further details about compatibility.
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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 Rpg (o)), maintaining fast switching transition.

The drivers for the high-side MOSFETs use BOOTX pins for supply and PHASEX pins for
return. The drivers for the low-side MOSFETs use the VCC pin for supply and PGND pin for
return.

The controller embodies a anti-shoot-through and adaptive dead-time control 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 the low-side MOCFET
turns off, the voltage at LGATEX pin is sensed. When it drops below 1V, the high-side MiOSIFET
gate drive is suddenly applied. If the current flowing in the inductor is negative, tiie aource of
high-side MOSFET will never drop. To allow the low-side MOSFET to turn-cr. eve in this case,
a watchdog controller is enabled: if the source of the high-side MOSFET coe: not drop, the low
side MOSFET is switched on so allowing the negative current of th2 ira 1c.or to recirculate. This
mechanism allows the system to regulate even if the current is n>yative.

Power conversion input is flexible: 5V, 12V bus or any bus th at allows the conversion (See
maximum duty cycle limitations) can be chosen freely

Power Dissipation

L6701 embeds high current MOSFET drivers for both high side and low side MOSFETSs: it is
then important to consider th2 power that the device is going to dissipate in driving them in
order to avoid overcoming e maximum junction operative temperature. In addition, since the
device has an exposed vad tu better dissipate the power, the thermal resistance between
junction and ambie:i. conisequent to the layout is also important: thermal pad need to be
soldered to the ~»C2 yround plane through several VIAs in order to facilitate the heat
dissipatic 1.

Twn riein terms contribute in the device power dissipation: bias power and drivers' power.

«  Device Power (Ppc) depends on the static consumption of the device through the supply

pins and it is simply quantifiable as follow (assuming to supply HS and LS drivers with the
same VCC of the device):

Poc = Ve Ucc+3 lgcorx*+ 3 lBooTx)

o  Drivers' power is the power needed by the driver to continuously switch on and off the
external MOSFETSs; 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 Pgyy dissipated to
switch the MOSFETSs (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:

External gate resistors helps the device to dissipate the switching power since the same power
Psw will be shared between the internal driver impedance and the external resistor resulting in
a general cooling of the device.
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Figure 5.

Dissipated Power

4000

L6701; Rgate=0; Rmosfet=0

3500 ~

3000 -

I I I I I |
—HS=1xSTD38NH02L; LS=1xSTD9ONH02L ||
— HS=2xSTD38NHO2L; LS=2xSTDYONHO2L |I— — —
HS=1xSTD55NH2LL; LS=1xSTD95NHO2L |!
- — — —
|
|

——HS=2xSTD55NH2LL; LS=2xSTD95NH02L
== HS=3xSTD55NH22L; LS=3xSTD95NH02L

o
8

2000 ~

Controller Dissipated Power [mW]

1500 -
1000 -
5001 | |
0 ! !
50 100 150 200 250 300 350 400 450 500 550
Switching frequency [kHz] == phase
L6701; Rhs=2.2; RIs=3.3; Rmosfet=1
6000 | | T | | | | | |
E. — HS=1xSTD38NH1Z..; L. & =1xSTDS0ONHOZL | | | |
= c00p | —HS=2xSTD38NmJ! ; LS=2xSTDIONHOZL | _ R
= HS=1xS1T55: r22L; LS=1xSTD9sNHO2L | [~ ] | i
2 —HS=2-STD35NH22L; LS=2xSTD5NHO2L | | | | |
S 4000 = HC=CTDE5NH22L; LS=3xSTDISNHOZL | — - — — 4 — — —— — — - — — 1
- | | | | | | | | |
o | | | | | | | | | |
B2000 | —— 4 - — - —— b - — 4 —— ——— -~ — 4 — — |- — — b — —
o | | | | | | | | |
5 | | | | | | | | |
- | l— — — [ —
2 | |
o |
£ | -1
Q
© |
:
50 100 150 200 250 300 350 400 450 500 550

Switching Frequency per phase [kHz]

4

19/44




9 Current Sharing Loop and Current Reading L6701

9

9.1

9.2

20/44

Current Sharing Loop and Current Reading

Current Sharing Loop

L6701 embeds two separate Current Reading circuitries used to perform Current Sharing and
OCP through ISENXx pins and Voltage Positioning (Droop Function) through CS+ and CS- pins
(See Section 10).

Current sharing control loop and connections are reported in Figure 6: the current read through
the Igeny PINS is converted into a current | j\gox Proportional to the current delivered by each
phase and the information about the average current lpayg = Zliyroyx / 3 is internally built into the
device. The error between the read current ljygox and the reference |y g is then converied into
a voltage that with a proper gain is used to adjust the duty cycle whose dominant value is set by
the voltage error amplifier in order to equalize the current carried by each phase.

Current Reading for Current Sharing

The current flowing trough each phase is read using the voltage crop across the low side
MOSFETs Rpgon) Or across a sense resistor in its series =n< it is internally converted into a
current. The trans-conductance ratio is issued by the oxeinai resistor Riggy placed outside the
chip between Iggny and the reading point (usually the LS MOSFET Drain).

The current sense circuit tracks the current inrormation for a time Trgrack centered in the
middle of the LS conduction time and hc'ds the tracked information during the rest of the
period. The current that flows from the Iggny pin is the current information used by the device to
perform current sharing and OCP eond it is given by:
o = Rason
ST Rigen
where Rps(on) is tre i resistance of the low side MOSFET and Ryggy is the trans-
conductance raais or connected between the ISENx pins and the LS Drain; lpyasey is the
current ce'ried by the relative phase and liyroyx is the current information signal reproduced
internzlly. Rigeny is designed according to the Over Current Protection: see Section 13.6 for
details

'IPHASEX = IINFOX

___________ ‘> IinFor
.’/ P . ‘: PWM1 Out 1
] ’ Al T I S Moo !
b . M — JUIL lpHASEX
Yy v .V S I K—P
AVG —‘—b lave : —
T ' LGATEX
U ' ko2 H >_|:'__|,':} A
1 PWM2 Out : ISENX | Rigen
! From EA /\/\ _____ L |ISENX N J'
‘> linFos
PWM3 Out H
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Output Voltage Positioning

Output voltage positioning is performed by selecting the reference DAC and by programming
the Droop Function and Offset to the reference (See Figure 7). The current (Iproop) Sourced
from the FB pin, directly proportional to the read current, causes the output voltage to vary
according to the external Rgg resistor so implementing the desired load-line resistance. The
current (lpg) sourced from the REF_IN pin causes the reference voltage to be offset according
to the resistance Rgg connected.

The output voltage is then driven by the following relationship:

Vout = VID+Ros-los—Reg - Ipbroor

Both DROOP and OFFSET function can be disabled: see Section 10.1 and Sectic1 10.5 for
details.

Figure 7. Voltage Positioning

IbrooP

16 lig
LS

1
VID 64k | | = D
l 3 £
D e e w—
REF_OUT REF_IN FB COMP| VSEN FBR FBG
— ——
— 1—
R | Re Ce
ﬁl I_ - — To Vcore
— (Remote Sense)
Cos Res

Load-Line (Dvoop Function - Optional)

This mathcd "recovers” part of the drop due to the output capacitor ESR in the load transient,
intreaic’'ng a dependence of the output voltage on the load current: a static error proportional to
tr& output current causes the output voltage to vary according to the sensed current.

Figure 8 shows the typical Current-Sense Circuit used to implement the Droop-Function in low-
cost application (saves component count). The current flowing across the three inductors is
read through the Rpy - Cpy filter across CS+ and CS- pins. Rp programs a trans-conductance
gain and generates a current Ig proportional to the average of the currents of the three
phases. The current Ig is then mirrored and, multiplied by three, sourced by the FB pin
(Iboroop)- Reg gives the final gain to program the desired load-line slope.

Considering the scheme reported on Figure 8, it is possible to observe that:

_lour 1+s-L/DCR DCR
CS = 3 'T+s Rpy Co,/3 Rp

Time constant matching between the inductor (L / DCR) and the current reading filter

(Rpy - Cpy/3) is required to implement a real equivalent output impedance of the system so
avoiding over and/or under shoot of the output voltage as a consequence of a load transient. It
results:
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Caution:
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22/44

L _ Reu Cpy _lour DCR

BCR- 3 lesT 3 Ry
The device forces Iproop = Icsx3, proportional to the read current, into the feedback resistor
Rgg implementing the load regulation dependence. The output characteristic vs. load current is
then given by (Offset disabled):

DCR
Vour = VID-Reg - Iproop = VID-Reg z—lour = VID=Ryy - lour

Where R|| is the resulting load-line resistance implemented by the system.

The whole power supply can be then represented by a "real" voltage generator with an
equivalent output resistance R | and a voltage value of VID.

Rgg resistor can be then designed according to the R | specifications as follow:
R
D

Ree = RiL 5eR

where Rp is typically designed to have lgg = 35pA at the maximum cuout current (OCP).

Droop function is optional, in case it is not desired, the Current Seise circuit can be modified so
that the device always read a null current (See Figure 8). o <c this, it is enough to connect
CS+ directly to the output voltage leaving CS- unconie :tzA. The reaction will keep CS+ and
CS- at the same voltage, always reading a null currznt and also assuring the FB disconnection
protection to be effective.

Figure 8. Droop Function Current Rvadng Network

L1 DCR1 L1 DCR1
PHASE1 — PHASEY o~~~
L2 DCR2 L2 DCR2
PHASE2 PHASE2 o~ m
L3 DCR3 ; L3 DCR3 v,
PHASE3 il Vo PHASES e ] TOUT
N
ilx|E
o | |

Cs-

les Ioroop les Ioroop
x3 x3
—_— —_—

Droop Function Enabled Droop Function Disabled

Fully-Differential Load-Line (Droop Function - Optional)

Fully-Differential current-reading for voltage-positioning allows the designer to save time in the
application fine-tuning since the BOM so obtained becomes layout-independent. The patent-
pending topology offered by L6701 allow implementing fully-differential current-sense still using
only two current-sense pins (CS+ and CS-). Figure 9 shows the typical Current-Sense Circuit
used to implement the Fully-Differential Droop-Function. The current flowing across the three
inductors is read through an Rpy - Cpy filter for each phase as well as an Rp is required for
each phase to program the trans-conductance-gain. As previously mentioned, a current Igg
proportional to the average of the currents of the three phases is internally generated, mirrored
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and, multiplied by three, sourced by the FB pin (Iproop)- Rrg gives the final gain to program
the desired load-line slope.

As before, the voltage positioning equations results (See Figure 9):

., _|._ . 1+s-L/DCR DCR
GS = 'OUT T35 Rpp Cpoy R

As a consequence:

L DCR
bR = e Cpy => les = IOUT"_R"E)“

The device forces Iproop = Icgx3, proportional to the read current, into the feedback resistor
Reg implementing the load regulation dependence. The output characteristic vs. load current is
then given by (Offset disabled):

DCR
Vour = VID-Reg - lproop = VID=3-Reg- = lour = VID-Riipir: lout

Where R prr is the resulting differential load-line resistance implementen b tre system. The
whole power supply can be then represented by a "real" voltage generain: with an equivalent
output resistance R | pjrp and a voltage value of VID.
Rgg resistor can be then designed according to the Load-Linz (R, pirr) specifications as
follow:
R Puoire B
FB~ 3 DCR’

where Rp is typically designed to have I;g = ¢5.A at the maximum output current (OCP).

Table 9 contains a quick-reference guide to design applications with typical and/or differential
current sense.

Figure 9. Fully Differeniiz! Load-Line Current-Reading (pat. pend.)

L1 DCR1
PHASE1 _ _ ___ ~Yy —1
PLASE2 | e Dc:m Vour
L3 DCR3
°HASE3 o Y —1 . . .
2Ll Fully Differential Current Reading
o |o []f for Load-Line
[1] I =
Cpy Rp
+—1I ——
I Ce
1 Cen Rp Re
—1I —— ——1—]
cS+ cs- FB compP
coccccccodccccccccnccccncccdccccccccfreccccadfes
>—{ Ics IprooP
x3
—
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Table 9. Comparison between different load-line implementations.

Fully-Differential LL Non-Fully-Differential LL
Layout-insensitive BOM Y N
- - L _ L Rpn Cpyy

Time-Constant Matching 5CR - Rpn CPH 5CR = 3

. . DCR OCP DCR
Rp Design (given OCP th.) RD = OCP- _Q.S_M_ RD = 5 .§§M_

. . R.L Rp Rp
Ry (given Rp and Rrp) R =3" QIE{QB ‘Res Ry = QﬁgB s

D D

Offset (Optional)

Positive offset can be added to the programmed reference kv connecting a Rpg resistor
between the REF_OUT and REF_IN pins. Referring 19 -/jure 7, a constant current
(los=11.5uA) is sourced from the REF_IN pin as scor as the device is enabled, so
programming a fixed voltage drop across Reg: thic vaitage is directly added to the programmed
reference giving the desired offset to the vuiv it voltage as follow:

Vos = Ros - los

Offset current is suddenly sourcen from REF_IN pin as soon as the device implements Soft-
Start: to avoid having ste >s uuiring soft-start, the introduction of Cog (in parallel to Rgg) is
required. The resulhng time constant need to be negligible with respect to the soft-start time as
well as long encuan to smooth the initial step. Typical values are in the range of few hundreds
of nF.

Offset func.ion can be easily disabled simply setting Rog = 0.

Ciiset automatically given by the DAC selection differs from the offset implemented through the

7 ~SET pin: the built-in feature is trimmed in production and assures +0.7% accuracy over
load and line variations.

Remote Voltage Sense

L6701 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 device
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.
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Maximum Duty Cycle limitation

To provide proper time for current-reading in order to equalize the current carried by each
phase, the device implements a duty-cycle limitation. This limitation is not fixed but it is linearly
variable with the current delivered to the load as follow:

T =

Duty Cycle limitation is variable with the delivered current to provide fast load transient
response at light load as well as assuring robust over-current protection.

Figure 10 shows the maximum output voltage that the device is able to regulate considering the
Ton limitation imposed by the previous relationship. If the desired output characteristic crosses
the limited-Toy maximum output voltage, the output resulting voltage will start to drop aiter the
cross-point. In this case, the output voltage starts to decrease following the resulting
characteristic (dotted in Figure 10) until UVP is detected or anyway until ligeny = 530A.

Figure 10. Maximum Duty Cycle limitation

Maximum Output Voltage Limited Top
Vour A Vour =
(
0.80 Vi e 080"\
-
0.40 V}y b 040 Vi eSS -

Limted-Tqy Output Char.
Desired output Char.
Resulting Output Char.

Limted-Tqy OuZptit Char.

UVP Threshold
— - > - >
T lout e lout
locp =3 X locpx locp = 3 X logpy
(lisenx = 351A) (liseny = 351A)
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