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Multiphase, Fixed-Frequency Controller for
AMD Hammer CPU Core Power Supplies

General Description

The MAX8707 is a multiphase (3-/4-phase), interleaved,
fixed-frequency, step-down controller for AMD Hammer
CPU core supplies. Interleaved multiphase operation
reduces the input ripple current and output voltage ripple
while easing component selection and layout placement.
The MAX8707 includes active voltage positioning with
adjustable gain and offset, reducing power dissipation
and bulk output-capacitance requirements.

The MAX8707 is intended for two different notebook
CPU core applications: stepping down the battery
directly or stepping down the +5V system supply to
create the core voltage. The single-stage conversion
method allows these devices to directly step down
high-voltage batteries for the highest possible efficien-
cy. Alternatively, 2-stage conversion (stepping down
the +5V system supply instead of the battery) at higher
switching frequency provides the minimum possible
physical size.

The MAX8707 features dedicated differential current-
sense inputs for each phase and includes a fifth pair of
current-sense inputs to provide an accurate voltage-
positioning slope and average current-limit protection
using a single current-sense resistor. The MAX8707 also
has two dedicated inputs that provide differential remote
voltage sensing.

The MAX8707 provides an analog input for setting the
suspend voltage and a slew-rate controller for transi-
tions between VID codes or the suspend voltage. The
controllers reduce the transition slew rate during startup
and shutdown, providing soft-start with minimal input
surge current and damped soft-shutdown without nega-
tive output undershoot. The MAX8707 includes output
fault protection—undervoltage, nonlatched overvoltage,
and thermal overload—and an independent voltage-
regulator power-OK (VROK) output.

The MAX8707 has a selectable switching frequency,
allowing 200kHz, 300kHz, or 600kHz per-phase opera-
tion. The MAX8707 is available in the low-profile, 40-pin,
6mm x 6mm thin QFN package. Refer to the MAX8702/
MAX8703 for compatible drivers.

MAXIMN

Features

4 3-/4-Phase Interleaved Fixed-Frequency
Controller

¢ +0.75% VouT Accuracy Over Line, Load, and
Temperature

4 5-Bit On-Board Digital-to-Analog Converter
(DAC)—0.80V to 1.55V

4 Adjustable Suspend Voltage Input

4 Active Voltage Positioning with Adjustable Gain
and Offset

Accurate Lossless Current Balance
Accurate Droop and Current Limit
Remote Output and Ground Sense
Output Slew-Rate Control
Power-Good Window Comparator

Selectable 200kHz/300kHz/600kHz Switching
Frequency

* & & o oo o

Output Overvoltage and Undervoltage Protection
Thermal Fault Protection

2V £0.7% Reference Output

Soft-Startup and Shutdown

* & & o

Ordering Information

PART TEMP RANGE PIN-PACKAGE

MAX8707ETL  -40°C to +85°C 40 Thin QFN 6mm x 6mm

Applications
AMD Hammer Desknote Computers

Multiphase CPU Core Supplies
Voltage-Positioned Step-Down Converters
Notebook/Desktop Computers

Servers

Pin Configuration appears at end of data sheet.

Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAX8707

Multiphase, Fixed-Frequency Controller for
AMD Hammer CPU Core Power Supplies

ABSOLUTE MAXIMUM RATINGS

VEC 1O GND .o, -0.3V to +6V SHDN to GND (Note 1)

DO-D4 t0 GND.....ooiiiiiiiiiciicec e -0.3V to +6V REF Short-Circuit Duration

SKIP, SUS, VROK, ILIM(AVE)to GND..........cc.ccove. -0.3V to +6V Continuous Power Dissipation (Ta = +70°C)
SUSV, OFS, OSCto GND........cc.ccvnenn. -0.3V to +6V 40-Pin 6mm x 6mm Thin QFN

CSP_, CSN_, CRSP, CRSN to GND -0.3V to +6V

VPS, FBS, CCV, REFto GND ..........
ILIM(PK), TRC, TIME to GND ..........
PWM_, DRSKP to PGND .................
PGND, GNDS t0 GND ......cccoiiiiiiiiiiiiice

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to

-0.3Vto (Ve + 0.3V)
-0.3Vto (Ve + 0.3V)
-0.3Vto (Vcc + 0.3V)
-0.3V to +0.3V

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

Operating Temperature Range
Junction Temperature
Storage Temperature Range
Lead Temperature (soldering, 10s)

-0.3Vto +14V
Continuous

(derate 26.3mW/°C above +70°C)......ccceviiiiiiiiannn, 2.105W
-40°C to +85°C

Note 1: SHDN can be forced to 12V for debugging prototype boards using the no-fault test mode, which disables fault protection.

ELECTRICAL CHARACTERISTICS
(Circuit of Figure 1. Vcc = VSADN = 5V, OSC = REF, Vyps = VFBs = VcRsN = VcRrsp = Vesp_ = 1.20V, Vsysy = 0.8V, OFS = SUS =

GNDS = PGND = SKIP = GND, D0O-D4 set for 1.20V (D0-D4 = 01110). Ta = 0°C to +85°C, unless otherwise specified. Typical values

are at Ta = +25°C.)

PARAMETER SYMBOL | CONDITIONS MIN TYP MAX | UNITS
PWM CONTROLLER
Input Voltage Range Vce 4.5 55 \
DAC codes from 0.75 +0.75
Includes load- 1.10V'to 1.55V %
DC Output Voltage Accuracy VouTt regulation error DAC codes from
(VPS = FBS) 0.80V to 1.075V 20 +20
SUS = Vce -20 +20 mV
SUSV Input Range Vsysv 0.4 2.0 Vv
SUSV Input-Bias Current Isusv Vsusy = 0.4V to 2V -0.1 +0.1 PA
OFS Input Range Vors Negla.tive offsets 0 0.8 v
Positive offsets 1.2 2.0
\Y =
@OS;T:/ oAt\</300F_ SB'VAVOFS Vors, 0131 0125 -0.118
Ors GAl AoFs AVouT/ AVOFS, AVOFS = VOFS-VREF, W
Vors = 1.2V 1o 2V -0.131  -0.125 -0.118
OFS Input-Bias Current lOoFs Vors = 0to 2V -0.1 +0.1 PA
GNDS Input Range VGNDS -200 +200 mV
GNDS Gain AGNDS -AZ\E)%%T\// SA\\//%';‘“%Z'S < 200my 095 100 105 | VN
GNDS Input-Bias Current IGNDS -2 +2 pA
FBS Input-Bias Current IFBS CRSP = CRSN, CSP_ = CSN_ -10 +10 pA
o OSC = GND 180 200 220
?ngtcg‘gggeireq“emy Accuracy fsw |OSC = REF 270 300 330 | kHz
OSC = Vcc 540 600 660
2 AKXV




Multiphase, Fixed-Frequency Controller for
AMD Hammer CPU Core Power Supplies

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1. Vcc = VSADN = 5V, OSC = REF, Vyps = VFBs = VcRrsN = Vcrsp = Vesp_ = 1.20V, Vsysy = 0.8V, OFS = SUS =
GNDS = PGND = SKIP = GND, D0-D4 set for 1.20V (D0-D4 = 01110). Ta = 0°C to +85°C, unless otherwise specified. Typical values

are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
RTIME = 143kQ (6.25mV/us) -10 +10
RTIME = 47kQ (19mV/us) to 392kQ
-15 +15
TIME Slew-Rate Accuracy (2.28mV/us) %
Startup and shutdown, RTIME = 47kQ 20 +20
(4.75mV/us) to 392kQ (0.57mV/us)
BIAS AND REFERENCE
: Measured at Vg, VPS and FBS forced
Quiescent Supply Current (Vo) lcc above the regulation points 7 12 mA
Shutdown Supply Current (Vcc) lcc(sHDN) | Measured at Ve, SHDN = GND 0.05 10 pA
Reference Voltage VREF Vcc=4.5Vto55V,IRetr=0 1.986 2.000 2.014 \Y
) IRer = O to 500pA -2 -0.2
Reference Load Regulation AVREF mV
IREF = -100pA to 0 0.21 6.2
FAULT PROTECTION
Measured at VPS PWM (SKIP = GND)
with respect to or SKIP mode when 150 200 250 mV
Output Overvoltage-Protection y unloaded output Vour < VTRIP
Threshold OVP | voltage, rising edge, [ SKIP = Voc and
- 1.70 1.75 1.80
8mV hysteresis VouT > VTRIP v
Minimum OVP level 1.1
ggltg;t Overvoltage Propagation tovp VPS forced 25mV above trip threshold 10 us
Output Undervoltage-Protection Ve Measured at VIPS with respect to 70% of the .30 +30 mv
Threshold unloaded nominal output voltage
Output Undervoltage )
Propagation Delay tuvp VPS forced 25mV below trip threshold 10 us
Measured from the time when VPS reaches
VROK Transition Blanking Time tBLANK | the target voltage, slew rate set by RTIME 20 us
(Note 2)
Undervoltage measured at VPS with
respect to 87.5% unloaded output voltage, -30 +30
falling edge, 15mV hysteresis
VROK Threshold mV
Overvoltage measured at VPS with respect
to 112.5% of the unloaded output voltage, -30 +30
rising edge, 15mV hysteresis
VPS forced 256mV outside the VROK trip
VROK Delay tVROK thresholds 10 us
VROK Output Low Voltage ISINK = 3mA 0.4 \
VROK Leakage Current High state, VROK forced to 5.5V 1 pA

MAXIM
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MAX8707

Multiphase, Fixed-Frequency Controller for
AMD Hammer CPU Core Power Supplies

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1. Vcc = VSHDN = 5V, OSC = REF, Vyps = VFBs = VcRrsN = VeRsp = Vesp_ = 1.20V, Vsysy = 0.8V, OFS = SUS =
GNDS = PGND = SKIP = GND, D0O-D4 set for 1.20V (D0-D4 = 01110). Ta = 0°C to +85°C, unless otherwise specified. Typical values
are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Vce Undervoltage-Lockout Rising edge, hysteresis = 20mV, PWM_
Threshold VUVLOWVCO) | isapled below this level 4100 425 445 v
Thermal-Shutdown Threshold TSHDN Rising edge hysteresis = 15°C +160 °C
DROOP AND TRANSIENT RESPONSE
DC Droop Amplifier Offset -1.5 +1.5 mV
DC Droop Amplifier Alvps / (N x AVCRS), VWPS = VCRSN = 1.2V,
Transconductance Gm(vpPs) | VCRsP - VCRsN = -60mV to +60mV, 194 200 206 usS
(CRS Sense Enabled) N = number of phases enabled
DC Droop Amplifier Alyps / (ZAVecs), Versp = Ve,
Transconductance Gm(vpPs) | Vvps = VcsnL = 1.2V, 194 200 206 uS
(CRS Sense Disabled) Vesp_ - Vesn_ = -60mV to +60mV

Current-sense gain (Acs = 10 typ) divided
Transient-Droop Transresistance RTRANS by the voltage preamplifier 4.75 5.0 5.25 kQ
transconductance (Gm(TRC) = 2ms typ)

Measured at VPS with respect to steady-
Transient Detection Threshold state VPS regulation voltage; falling edge, -30 -25 -20 mV
5.5mV hysteresis (typ)

CURRENT LIMIT AND BALANCE

Current-Sense Input Preamplifier

Offeos CSP_ - CSN_ 20 +20 mv
ILIM(AVE) Input Range VREF VREF
(Adjustable Mode) VILIMAVE) 10 02 v

ILIM(AVE) Average Current-Limit
Threshold Voltage VAVELIMIT | CRSP - CRSN; ILIM(AVE) = Vcc 22 25 28 mV
(Positive, Default)

ILIM(AVE) Average Current-Limit VILIM(AVE) = VREF - 0.2V 7 10 13
Threshold Voltage VaveLimiT | CRSP - CRSN mV
(Positive, Adjustable) VILIM(AVE) = VREF - 1.0V 46 50 54

ILIM(AVE) Average Current-Limit

Threshold Voltage (Negative) CRSP - CRSN; ILIM(AVE) = Vce -30 -25 -20 mV
ILIM(AVE) Input Current lILIM(AVE) -0.1 +0.1 pA
ILIM(AVE) Current-Limit Default 3 Ve Vce Vv

Switchover Threshold -1.0 -0.4

ILIM(PK) Peak Current-Limit VoKL Sii;(;,gs_“‘gmc [P = SomV > % % iy
Threshold Voltage (Positive) 8V / VLIM(PK) VPKLIMIT = 50mV 40 50 60

ILIM(PK) Peak Current-Limit CSP_ - CSN_, RiLiM(PK) = RTRC x 8V / 60 50 40 mv
Threshold Voltage (Negative) VPKLIMIT, VPKLIMIT = 50mV

4 MAXIN




Multiphase, Fixed-Frequency Controller for
AMD Hammer CPU Core Power Supplies

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1. Vcc = VSADN = 5V, OSC = REF, Vyps = VFBs = VcRrsN = Vcrsp = Vesp_ = 1.20V, Vsysy = 0.8V, OFS = SUS =
GNDS = PGND = SKIP = GND, D0-D4 set for 1.20V (D0-D4 = 01110). TA = 0°C to +85°C, unless otherwise specified. Typical values

are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
ILIM(PK) Idle Current-Limit y For - GO, Vs > /1\/2\/ ) . 6 mV
Threshold Voltage (Skip Mode) IDLE ILIMPK) = RTRC PKLIMIT,
VPKLIMIT = 50mV
CSP_, CRSP -0.2 +0.2
Current-Sense Input Current pA
CSN_, CRSN -1.0 +1.0
Current-Sense Common-Mode CRSP. CRSN, CSP_. CSN._ 0 5 v
Input Range
. Vee -
Phase Disable Threshold CSP4 3 Vee - 1 04 V
CRS Sense Input Disable Vee -
Threshold CRSP 8 Vee-1 gy v
LOGIC AND I/O
Logic Input High Voltage VIH SHDN, SUS 2.4 \
Logic Input Low Voltage ViL SHDN, SUS 0.8 \
SHDN No-Fault Threshold To enable no-fault mode 11 13 \
D0-D4 Logic Input High Voltage 0.8 \
D0-D4 Logic Input Low Voltage 0.4 \
) Vce -
High (Vce) oo
OSC 3-Level Input Logic Levels V \
velinput -ogic -ev OSC Medium (REF) 18 22
Low (GND) 0.4
SKIP | t Logic Level V High 12 \
nput Logic Levels KIP
put=eg S Low (GND) 08
Logic Input Current SHDN, SKIP, SUS, OSC, D0-D4 = 0to 5V -1 +1 uA
Logic Output High Voltage VOH PWM_, DRSKP; ISOURCE = 3mA Vgi v
Logic Output Low Voltage VoL PWM_, DRSKP; IgiNK = 3mA 0.4 \
MNAXIW 5
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MAX8707

Multiphase, Fixed-Frequency Controller for
AMD Hammer CPU Core Power Supplies

ELECTRICAL CHARACTERISTICS

(Circuit of Figure 1. Vcc = VSHDN = 5V, OSC = REF, Vyps = VFs = VcrsN = VeRsp = Vesp_ = 1.20V, Vsysy = 0.8V, OFS = SUS =
GNDS = PGND = SKIP = GND, D0-D4 set for 1.20V (D0-D4 = 01110). Ta = -40°C to +85°C, unless otherwise specified.) (Note 3)

PARAMETER | symBoL | CONDITIONS MIN MAX | UNITS
PWM CONTROLLER
Input Voltage Range Vce 4.5 5.5 \
DAC codes from
-1.0 +1.0
Includes load- 1.10Vto 1.55V %
DC Output Voltage Accuracy Vout regulation error DAC codes from 30 30
(VPS = FBS) 0.80V to 1.075V hd ihe
SUS = Vce -25 +25 mV
SUSV Input Range Vsusv 0.4 2.0 Vv
OFS Inout R v Negative offsets 0 0.8 y
nput Range F
P 9 OFS Positive offsets 1.2 2.0
AVOUT / AVOFS; AVOFS = VOFS, ) )
Vors = 010 0.8V 0.131 0.118
OFS GAIN AOFS | VIV
AVouT / AVOFS; AVOFS = VOFS - VREF, ) )
VOrs = 1.2V to 2V 0.131 0.118
GNDS Input Range VGNDS -200 +200 mV
) AVouTt/ AVGNDS,
GNDS Gain AGNDS -200mV < VGNDS € +200mV 0.95 1.05 VIV
o OSC =GND 180 220
Switching Frequency Accuracy fow 0SC = REF 270 330 KHz
(Per Phase)
0OSC = Vce 540 660
RTIME = 143kQ (6.25mV/us) -10 +10
RTIME = 47kQ (19mV/us) to 392kQ
-15 +15
TIME Slew-Rate Accuracy (2.28mV/us) A
Startup and shutdown, RTIME = 47kQ 20 420
(4.75mV/us) to 392kQ (0.57mV/us)
BIAS AND REFERENCE
: Measured at Vcc, VPS and FBS forced
Quiescent Supply Current (Vce) Icc above the regulation points 12 mA
Shutdown Supply Current (Vcc) lcc(SHDN) | Measured at Vcc, SHDN = GND 10 PA
Reference Voltage VREF Vcc=45Vto55V, IREr=0 1.98 2.02 V
) IREF = 0 to 500pA -2 mV
Reference Load Regulation AVREF
IREF = -100pA to O 6.2 mV
FAULT PROTECTION
Measured at VPS PWM (SKIP = GND)
, with respect to or SKIP mode when 150 250 mV
Output Overvoltage-Protection Vovp unloaded output VouT < VTRIP
Threshold voltage, rising edge
' " | SKIP = V¢c and
i 1.70 1.80 Y
8mV hysteresis VouT > VTRIP

6 MAXIN




Multiphase, Fixed-Frequency Controller for

AMD Hammer CPU Core Power Supplies

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1. Vcc = VSHDN = 5V, OSC = REF, Vyps = VFs = VcrsN = VeRsp = Vesp_ = 1.20V, Vsysy = 0.8V, OFS = SUS =
GNDS = PGND = SKIP = GND, D0-D4 set for 1.20V (D0-D4 = 01110). Ta = -40°C to +85°C, unless otherwise specified.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN MAX UNITS
Output Undervoltage-Protection Measured at VPS with respect to 70% of the
Threshold Vuve unloaded nominal output voltage 40 +40 mv
Undervoltage, measured at VPS with
respect to 87.5% of the unloaded output -40 +40
voltage, falling edge, 15mV hysteresis
VROK Threshold mV
Overvoltage, measured at VPS with respect
to 112.5% of the unloaded output voltage, -40 +40
rising edge, 15mV hysteresis
VROK Output Low Voltage ISINK = 3mA 0.4 Vv
Vce Undervoltage-Lockout Rising edge, hysteresis = 20mV, PWM_
Threshold VUVLONVED) | icabled below this level 410 445 v
DROOP AND TRANSIENT RESPONSE
DC Droop Amplifier Offset -2 +2 mV
DC Droop Amplifier Alyps / (N x AVCRs); Vvps = VCRSN = 1.2V,
Transconductance Gm(vPs) | VCRsP - VCRSN = -60mV to +60mV, 190 210 uS
(CRS Sense Enabled) N = number of phases enabled
DC Droop Amplifier Alyps / (2AVcs), Vcrsp = Ve,
Transconductance Gm(vps) |Vvps =Vcsne = 1.2V, 190 210 uS
(CRS Sense Disabled) Vesp_ - VesnL = -60mV to +60mV
Current-sense gain (Acs = 10 typ) divided
Transient-Droop Transresistance RTRANS | by the voltage preamplifier 4.50 5.25 kQ
transconductance (Gm(TRC) = 2mS typ)
CURRENT LIMIT AND BALANCE
Current-Sense Input Preamplifier CSP. - CSN._ 25 w25 mv
Offsets
ILIM(AVE) Input Range VREF VREF
Y vV
(Adjustable Mode) ILIM(AVE) 1.0 -0.2
ILIM(AVE) Average Current-Limit
Threshold Voltage VavELIMIT | CRSP - CRSN; ILIM(AVE) = Vcc 20 30 mV
(Positive, Default)
ILIM(AVE) Average Current-Limit VILIM(AVE) = VREF - 0.2V 5 15
Threshold Voltage VaveLmit | CRSP - CRSN mV
(Positive, Adjustable) VILIM(AVE) = VREF - 1.0V 44 56
ILIM(AVE) Average Current-Limit ) B ) )
Threshold Voltage (Negative) CRSP - CRSN; ILIM(AVE) = Voe 81 19 mv
ILIM(AVE) Current-Limit Default 3 Vce v
Switchover Threshold -0.4
MNAXIW 7
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MAX8707

Multiphase, Fixed-Frequency Controller for

AMD Hammer CPU Core Power Supplies

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1. Vcc = VSHDN = 5V, OSC = REF, Vyps = VFBs = VcrsN = VeRsp = Vesp_ = 1.20V, Vsysy = 0.8V, OFS = SUS =
GNDS = PGND = SKIP = GND, D0-D4 set for 1.20V (D0-D4 = 01110). Ta = -40°C to +85°C, unless otherwise specified.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN MAX UNITS
ILIM(PK) Peak Current-Limit VorLiir gif’h;(;g?ﬂ;’m [V = SomY > * mv
Threshold Voltage (Positive) 8V / VLIM(PK) VPKLIMT = 50mV 40 60
ILIM(PK) Peak Current-Limit girh;(l;’rgs—NﬁTRC % 8V / VPKLIMIT 60 40 mv
Threshold Voltage (Negative - ’ ) )
ge (Neg ) VPKLIMIT = 50mV
- >

ILIM(PK) Idle Current-Limit v gsp— CS_NF;’ Vs*j%\—/;'\fv’ ) 8 iy
Threshold Voltage (Skip Mode) IDLE ILIMPK) = NTRC PKLIMIT,

VPKLIMIT = 50mV

CSP_, CRSP -0.2 +0.2
Current-Sense Input Current LA

CSN_, CRSN -1.0 +1.0
Current-Sense Common-Mode CRSP. CRSN, CSP_. CSN._ 0 5 N
Input Range
Phase Disable Threshold CsPa 3 vee | v
CRS Sense Input Disable Ve
Threshold CRSP 8 -04 v
LOGIC AND I/O
Logic Input High Voltage VIH SHDN, SUS 2.4 \
Logic Input Low Voltage ViL SHDN, SUS 0.8 \Y
D0-D4 Logic Input High Voltage 0.8 vV
D0-D4 Logic Input Low Voltage 0.4 \

) V

High (Vce) i g i

OSC 3-Level Input Logic Levels V \
putog OSC " 'Medium (REF) 18 22

Low (GND) 0.4

SKIP Input Logic Levels V High 12 \
ut Logic Leve
put-og SKIP- TLow (GND) 08

Logic Output High Voltage VOH PWM_, DRSKP; IsoURCE = 3mA V(())i Vv

Note 2: VROK is blanked during the transitions, when the internal target is being slewed. See the Output-Voltage Transition Timing
section. VROK is reenabled in tBANK (20us) after the transition is completed.

Note 3: Specifications to Ta = -40°C are guaranteed by design and are not production tested.
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Multiphase, Fixed-Frequency Controller for
AMD Hammer CPU Core Power Supplies

Typical Operating Characteristics
(Circuit of Figure 1. ViN = 12V, Ve = 5V, SUS = SKIP = GND, SHDN = V¢, Vsusy = 0.80V, Ta = +25°C, unless otherwise specified.)

EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT
(Vout = 1.525V) (Vour = 1.300V) (Vour = 1.000V)
. T ;W T ;. O T
V\N:BV\ % V|N:8V\ % Vi = 8V %
90 ] 90 90
T NN SN
/ s 7 N T
— — = —
9 )% = )i "N = i+
5 O '/” Viy =12V 5 O VA un=12v 5z ¥ Y
= 774 N = /Rl 2 A =12y
S 7/ S / i s U
E 70 / / 3 E 70 /AR =70 /7
//A Vi = 20V IVA Vin = 20V & / .
60 7 / 60 // 60 /
/ / /7/ ,///
50 / 50 / 50 /
1 10 100 1 10 100 1 10 100
LOAD CURRENT (A) LOAD CURRENT (A) LOAD CURRENT (A)
SINGLE-PHASE NO-LOAD SUPPLY CURRENT
OUTPUT VOLTAGE DEVIATION EFFICIENCY vs. LOAD CURRENT
LOAD CURRENT vs. INPUT VOLTAGE
% vs- - (Vour = 0.800V) (4-PHASE FORCED-PWM MODE)
T T 3 g g
ViN=12V S g 200 g
0 g & m—
\ 2 90 Vin=8V iy =12V HiHE lpias g
Z \ Nl 1 = 150 "\
i} N Vour = 1.00v S %4 E \
2 = 80 A =
= -40 = > L4 =
=2 N 2 el =
L — o
= \ s / Y | = 100 IN =N
5 60 N £ P4 S
= = 70 A ViN =20V >
= Vour =1.30V \ ] / =
=2 o
o 80 \ / 2
NGO 60 /4 50
-100 \ 4
SKIP=SUS =V SKIP-V,
120 5 o . Ve
0 20 40 60 80 01 1 10 100 0 5 0 15 20 2%
LOAD CURRENT (A) LOAD CURRENT (A) INPUT VOLTAGE (V)
NO-LOAD SUPPLY CURRENT
vs. INPUT VOLTAGE OUTPUT OFFSET VOLTAGE REFERENCE VOLTAGE
(1-PHASE PULSE SKIPPING) vs. OFS VOLTAGE DISTRIBUTION
10 ; . 150 . 50 -
SKIP = GND E g g SAMPLE SIZE =100 |2
2 ] ] E §
; P ogw AN T = :
z | = N z
- BIAS = t <o
Z 6 = ' . = 3
£ =0 L =
= & Al =
= 4 S I | 42
S -50 + +
3 g N l l %
2 S 0 \ : 10
liv = 15uA ’ N unoernen
\ > ] ™ Recion
0 -150 : 0
0 5 10 5 20 2% 0 05 10 15 20 1990 1995 2000 2005 2010
INPUT VOLTAGE (V) OFS VOLTAGE (V) REFERENCE VOLTAGE (V)
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MAX8707

Multiphase, Fixed-Frequency Controller for
AMD Hammer CPU Core Power Supplies

Typical Operating Characteristics
(Circuit of Figure 1. VN = 12V, Ve = 5V, SUS = SKIP = GND, SHDN = V¢, Vsusy = 0.80V, Ta = +25°C, unless otherwise specified.)

OUTPUT OFFSET VOLTAGE VPS TRANSCONDUCTANCE CURRENT-SENSE VOLTAGE DIFFERENCE
DISTRIBUTION DISTRIBUTION vs. LOAD CURRENT
50 r r = 70 T T = 0.6 &
0.800V | SAMPLE SIZE=100 |3 SAMPLE SIZE = 100 g g
1550V | g 60 S =05 :
g ¥ s - -
= = 50 g 04
Q@ = & —
% 30 % 10 E 0.3 v
g g & 02 /|
& 5 30 2 /
= 2 = % 01 /
= 2 2 = /
3 > £ 0 S
10 <
10 i 04
0 . H I 0 L 02
-5 -3 -1 1 3 5 195 197 199 201 203 205 0 5 10 15 20 25
OUTPUT OFFSET VOLTAGE (mV) TRANSCONDUCTANCE (uS) LOAD CURRENT (A)
STARTUP WAVEFORM STARTUP WAVEFORM SHUTDOWN WAVEFORM
(NO LOAD) (20A LOAD) (NO LOAD)
MAX8707 toci3 MAX8707 toc14 MAX8707 toc15
T % R S ORI o ‘ -
3.3V A 3.3V 3.3V
0 ricid 0 — : A 0 A
5V : 1 B 5V : e S A e
0 frennion 0 b , B 0 B
2 : )} sttt Al : c 13V
0 Jmmenn 0 \mumwwmm}{ W“\\
v : - 1D v D 0 c
0 - - 0 MM o D
E E
F F
0 E
G G :
200us/div 200us/div 200us/div
A. SHDN, 5V/div E. VROK, 10V/div A. SHDN, 5V/div E. VROK, 10V/div A. SHDN, 5V/div D. DL1, 10v/div
B. DRSKP, 10V/div F.DL1, 10V/div B. DRSKP, 10V/div F.DL1, 10v/div B VROK, 10V/div E. INDUCTOR CURRENT
C. REF, 2V/div G. INDUCTOR CURRENT C. REF, 2V/div G. INDUCTOR CURRENT C. OUT, 1v/div (IL1), 10A/div
D. OUT, 1V/div (IL1), 10A/div D. OUT, 1V/div (IL1), 10A/div
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Multiphase, Fixed-Frequency Controller for
AMD Hammer CPU Core Power Supplies

Typical Operating Characteristics (continued)

(Circuit of Figure 1. VN = 12V, Ve = 5V, SUS = SKIP = GND, SHDN = V¢, Vsusy = 0.80V, Ta = +25°C, unless otherwise specified.)

LOAD TRANSIENT
(Vour = 1.30V)
MAX8707 toc16
65A Cow R
A
10A * o panis
1.30v by e . B
12V ' Y
C
20A NJ\NW\NMMW it D
10A -
\ . i
20ps/div
A lpyr=10ATO 65A, C. LX1, 10V/div

50A/div
B. Vour, 100mV/div

D. INDUCTOR CURRENT
(IL1), 10A/div

DEEP-SLEEP TRANSITION

MAX8707 toc19

3.3V

1.300v

20us/div
D. INDUCTOR CURRENT
(IL1), 10A/div
E. INDUCTOR CURRENT
(IL3), 10A/div

|OUT 20A

A DPSLP 5V/div
B. OFS, 200mV/div
C. Vour, 25mV/div

MAXIW

30A

1.00V

12V

10A

3.3V

1.30V

0.80v
5V

LOAD TRANSIENT
(Vour = 1.00V)

MAX8707 toc17

M e e W
wmmm B

| LD

[ it

WNNM\NNM-V

AR D
W T

20us/div

A oyt =0TO 30A, C. LX1, 10V/div
50A/div D. INDUCTOR CURRENT
B. Vour, 50mV/div (IL1), 10A/div

SUSPEND EXIT TRANSITION

MAX8707 toc20

s LI A

20ps/d|v

D. INDUCTOR CURRENT
(IL1), 10A/div

E. INDUCTOR CURRENT
(IL3), 10A/div

WMWW%

A. SUS, 5V/div
B. Vigu, 500mV/div

C. DRSKP, 5V/div

TRANSIENT PHASE REPEAT
MAXB707 toc18
70A : -
WJ ' !
0A s S
1.30v S :

20V Mot ﬁ i i
\ i [
o P M%~WML—— °
20A

10A M/\\““JN\\F\ D

Vi =20V

2us/div
A.lout=0TO0 70A,
100A/div
B. Vour, 100mV/div

C. LX1, 10V/div
D. INDUCTOR CURRENT
(IL1), 10A/div

SUSPEND TRANSITION
(SKIP = SUS)

MAX8707 toc21

33v | W

. ...r .......... L,,__,__ A

1.30V

0.80vV

T e e e

200ps/div

D. INDUCTOR CURRENT
(It1), 10A/div

E. INDUCTOR CURRENT
(IL3), 10A/div

A. SUS, 5V/div
B. Vigur, 500mV/div

C. DRSKP, 5V/div
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MAX8707

Multiphase, Fixed-Frequency Controller for
AMD Hammer CPU Core Power Supplies

Typical Operating Characteristics (continued)

(Circuit of Figure 1. VN = 12V, Ve = 5V, SUS = SKIP = GND, SHDN = V¢, Vsusy = 0.80V, Ta = +25°C, unless otherwise specified.)

SUSPEND TRANSITION
(SKIP = SUS)
3.3V

U WTMWMWW

D
E
100us/div
A. SUS, 5V/div D. INDUCTOR CURRENT
B. Vour, 500mV/div (IL1), 10A/div

C. DRSKP, 5V/div E. INDUCTOR CURRENT
(IL3), 10A/div

MAX8707 toc22

1.30v

0.80v

5V

12

SUSPEND TRANSITION
(SKIP = GND)
MAX8707 toc23

33V [ et ]

0 AR :
1.30V B 8
0.80V .

5V :

0 et

40us/div
D. INDUCTOR CURRENT
(IL1), 10A/div
E. INDUCTOR CURRENT
(IL3), 10A/div

A. SUS, 5V/div
B. Vigur, 500mV/div

C. DRSKP, 5V/div

D3 (200mV) VID TRANSITION

MAX8707 toc25

33V B :
(| E e biiidaed A
1.30V B

: MWWMWWWW\WWWWD

20ps/div
C. INDUCTOR CURRENT
(IL1), 10A/div
D. INDUCTOR CURRENT
(IL3), 10A/div

A. D3, 5V/div
B. Vigur, 200mV/div

3.3V

1.30v
1.275V

D1 (25mV) VID TRANSITION

MAX8707 toc24

P

A

TR

A

B

20

A. D1, 5V/div
B. Vigur, 25mV/div

s/div

C

C. INDUCTOR CURRENT

(IL1), 10A/div

D. INDUCTOR CURRENT

(IL3), 10A/div
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Multiphase, Fixed-Frequency Controller for
AMD Hammer CPU Core Power Supplies

Pin Description

PIN NAME FUNCTION

Low-Voltage VID DAC Code Input. The D0-D4 inputs do not have internal pullups. These 1.0V logic inputs
are designed to interface directly with the CPU. In normal mode (Table 4, SUS = GND), the output voltage
is set by the VID code indicated by the logic-level voltages on DO-D4. In suspend mode (SUS = high), the
output voltage tracks the voltage at SUSV.

2 D3 Low-Voltage VID DAC Code Input

D4 Low-Voltage VID DAC Code Input (MSB)

N.C. No Connect. Leave open. Pin internally connected.

Pulse-Skipping Indicator Input. When pulse skipping, the controller blanks the VROK upper threshold.
3.3V or V¢ (high) = 1-phase pulse-skipping operation (phases 2, 3, and 4 disabled)

5 SKIP GND = multiphase forced-PWM operation

The controller automatically enters forced-PWM mode during startup, shutdown, and the no-CPU VID

mode.

Shutdown Control Input. This input cannot withstand the battery voltage. Connect to V¢ for normal
operation. Connect to ground to put the IC into its 50nA (typ) shutdown state. During the startup and
=——=— | shutdown transitions, the output voltage is ramped at 1/4th the output-voltage slew rate programmed by
RTIME. After completing soft-shutdown, the drivers are disabled—DRSKP and PWM_ are pulled low.
Forcing SHDN to 11V~13V disables both overvoltage-protection and undervoltage-protection circuits, and
clears the fault latch. Do not connect SHDN to >13V.

Suspend Control Input. When the controller detects a transition on SUS, the controller slews the output
voltage to the new voltage level determined by SUSV (SUS = high) or DO-D4 (SUS = low). The controller
blanks VROK during the transition and another 20us after the new target voltage is reached. When SUS is
high, the offset (OFS) is automatically disabled.

7 SUS

Suspend-Mode Voltage Input. Connect to the output of a resistive voltage-divider from REF to GND to
8 SUSV provide an analog voltage between 0.4V to 2V. The output voltage is set by the voltage at SUSV when SUS
is high.

Average Current-Limit Threshold Adjustment. The controller uses the accurate CRSP-to-CRSN current-
sense voltage to limit the average current per phase. When the average current-limit threshold is
exceeded, the controller internally reduces the peak inductor current-limit threshold (ILIM(PK)) at 2% of
IPKLIMIT per ps until the average current remains within the programmed limits. When the accurate current
sensing is disabled (CRSP = Vcc), the average current-limit circuit is disabled and ILim(avE) should be
connected to Vce.

The average current-limit threshold defaults to 25mV if ILIM(AVE) is connected to Vcc. In adjustable mode,
the average current-limit threshold voltage is precisely 1/20th the voltage difference between ILIM(AVE)
and the reference: (VREF - ViLIM(AVE)) / 20 for a range of 1.0V (VRgF - 1V) to 1.8V (VRgr - 0.2V). The logic
threshold for switchover to the 25mV default value is approximately Vcc - 1V.

9 ILIM(AVE)

Adjustable Offset Voltage Input. For 0 < Vors < 0.8V, 1/8th the voltage at OFS is subtracted from the
output. For 1.2V < VoFs < 2.0V, 1/8th the difference between REF and OFS is added to the output.
Voltages in the range of 0.8V < Vofrs < 1.2V are undefined. The controller disables the offset amplifier
during suspend mode (SUS = high).

10 OFS

MAXIM 13
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MAX8707

Multiphase, Fixed-Frequency Controller for
AMD Hammer CPU Core Power Supplies

Pin Description (continued)

PIN

NAME

FUNCTION

11

0sC

Oscillator Select Input. OSC is a 3-level logic input for selecting the per-phase switching frequency.
Connect to GND for 200kHz, connect to REF for 300kHz, or connect to Ve for 600kHz per phase.

12

GNDS

Ground Remote-Sense Input. Connect GNDS directly to the CPU ground-sense pin. GNDS internally
connects to an amplifier that adjusts the output voltage, compensating for voltage drops from the regulator
ground to the load ground.

13

TIME

Slew-Rate Adjustment Pin. Connect a resistor from TIME to GND to set the internal slew rate. A 47kQ to
392kQ corresponds to slew rates of 19mV/us to 2.28mV/us, respectively, for all suspend voltage
transitions.

IVNew —VorD !

t =
TRAN(SUS) dVrARGeT /dt

where dVTARGET / dt = 6.25mV/us x 143kQ / RTIME is the slew rate. For soft-start and shutdown, the
controller automatically reduces the slew rate by 1/4th. For all dynamic VID transitions, the rate at which
the VID inputs (D0-D4) are clocked sets the slew rate, as long as it is less than the dv/dt set by RTIME.

14

ILIM(PK)

Peak Inductor Current-Limit Threshold Adjustment (Cycle-by-Cycle Current Limit). If the voltage across the
current-sense inputs (CSP to CSN) exceeds the peak current-limit threshold, the controller immediately
terminates the respective phase’s on-time. Connect a resistor RiLim(Pk) from ILIM(PK) to GND to set the
cycle-by-cycle peak current-limit threshold:

R _ 8V x RTRC
LIMEPK) = lpkLiMIT Res

where Rcs is the resistance value of the current-sense element (inductors’ DCR or current-sense resistor),
RTRC is the resistance between TRC and REF, and IpkimIT is the desired peak current limit (per phase).

15

CCV

Voltage Integrator Capacitor Connection. Connect a 470pF x (4 / npn) or greater capacitor from CCV to
analog ground (GND) to set the integration time constant.

16

TRC

Transient-Voltage Preamplifier Output. Connect a resistor (RTRrc) between TRC and REF to set the
transient droop based on the voltage-positioning requirements. TRC does not affect the DC steady-state
droop. Choose RTRc based on the equation:

R R
Rrrc = Acs TRANSRCS
NPHRDROOP(AC)

as defined in the Design Procedure (page 33). If voltage positioning is not required, RTRc is determined
by the stability requirements. TRC is high impedance in shutdown.

14
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Multiphase, Fixed-Frequency Controller for

AMD Hammer CPU Core Power Supplies

Pin Description (continued)

PIN

NAME

FUNCTION

17

REF

2.0V Reference Output. Bypass to GND with a 0.22uF to 1uF (max) ceramic capacitor. The reference can
source 500pA for external loads. Loading REF degrades output-voltage accuracy according to the REF
load-regulation error.

18

VROK

Open-Drain Power-Good Output. After power-up, VROK remains high impedance as long as the output
voltage remains in regulation. The controller blanks VROK (high impedance) whenever the slew-rate
control is active (output-voltage transitions). VROK is forced low during startup and shutdown. In pulse-
skipping mode (SKIP = high), the upper VROK threshold is disabled.

19

GND

Analog Ground. Connect the MAX8707's exposed pad to analog ground.

20

PGND

Power Ground. Ground connection for the driver control outputs (PWM_) and driver skip output (DRSKP).

21

Vce

Analog Supply-Voltage Input. Connect Vcc to the system supply voltage (4.5V to 5.5V) with a series 10Q
resistor. Bypass to analog GND with a 1uF or greater ceramic capacitor, as close to the IC as possible.

22

PWMH1

PWM Driver Control Output for Phase 1. Logic low in shutdown.

23

PWM2

PWM Driver Control Output for Phase 2. Logic low in shutdown.

24

PWM3

PWM Driver Control Output for Phase 3. Logic low in shutdown.

25

PWM4

PWM Driver Control Output for Phase 4. Logic low when disabled (CSP4 = Vcc) and in shutdown.

26

Driver Skip Control Output. Push/pull logic output that controls the operating mode of the skip-mode driver ICs.
DRSKP swings from Vcc to PGND. When DRSKP is high, the driver ICs operate in forced-PWM mode. When
DRSKP is low, the driver ICs enable their zero-crossing comparators and operate in pulse-skipping mode.

27

FBS

Remote Feedback Sense Input. Connect FBS to the CPU output sense point. To minimize output-voltage
errors due to any resistance in series with the FBS input, the controller generates an FBS input bias
current equal in magnitude and opposite in polarity to the VPS output current. FBS is high impedance

in shutdown.

28

VPS

Voltage-Positioning Transconductance-Amplifier Output. Connect a resistor Ryps between VPS and FBS to
set the DC steady-state droop (load line) based on the required voltage-positioning slope (see the
Voltage-Positioning Amplifier section).

Rvps = RbrooP / (RSENSE x GM(VPS))
where RDROOP is the desired DC voltage-positioning slope, RSENSE is the current-sense resistor, and
Gm(vps) = 200uS. RSENSE is the accurate sense resistor used to generate current-sense voltage (CRSP,
CRSN). When CRSP is connected to V¢, the input to the transconductance amplifier is the sum of the
current-sense voltage (CSP_, CSN_) inputs. When the inductors’ DC resistances (RDCR) are used as the
current-sense elements (for lossless sensing), Rvps should include an NTC thermistor to minimize the
temperature dependence of the voltage-positioning slope. To disable voltage positioning, short VPS to
FBS. VPS is high impedance in shutdown.

29

CRSN

Negative Current-Sense Resistor Input. CRSN is the negative differential input used for accurate sensing
of the phase 1 inductor current. Connect a current-sense resistor between CRSP and CRSN for accurate
voltage positioning and current limit. Float CRSN when not used (CRSP pulled up to Vce).

MAXIM
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Pin Description (continued)

PIN NAME FUNCTION
Positive Current-Sense Resistor Input. CRSP is the positive differential input used for accurate sensing of

30 CRSP the phase 1 inductor current. Connect a current-sense resistor between CRSP and CRSN. If current-sense
resistors are used on all phases (CSP_, CSN_), this additional current-sense (CRSP, CRSN) feature can be
disabled by connecting CRSP to Vcc and floating CRSN.
Positive Current-Sense Input for Phase 1. This input should be connected to the positive terminal of the

31 CSP1 current-sense resistor or of the DCR sensing filtering capacitor, depending on the current-sense method
implemented.

32 CSN1 Negative Current-Sense Input for Phase 1

33 CSN2 Negative Current-Sense Input for Phase 2
Positive Current-Sense Input for Phase 2. This input should be connected to the positive terminal of the

34 CSP2 current-sense resistor or of the DCR sensing filtering capacitor, depending on the current-sense method
implemented.
Positive Current-Sense Input for Phase 3. This input should be connected to the positive terminal of the

35 CSP3 current-sense resistor or of the DCR sensing filtering capacitor, depending on the current-sense method
implemented.

36 CSN3 Negative Current-Sense Input for Phase 3

37 CSN4 Negative Current-Sense Input for Phase 4
Positive Current-Sense Input for Phase 4. This input should be connected to the positive terminal of the

38 CSP4 current-sense resistor or of the DCR sensing filtering capacitor, depending on the current-sense method
implemented. Connect CSP4 to V¢ for fixed 3-phase operation.
Low-Voltage VID-DAC Code Inputs. The DO-D4 inputs do not have internal pullups. These 1.0V logic

39 Do inputs are designed to interface directly with the CPU. In normal mode (Table 4, SUS = low), the output
voltage is set by the DO-D4 VID-DAC inputs. In suspend mode (SUS = high), the output voltage tracks the
voltage at SUSV.

40 D1 Low-Voltage VID-DAC Code Inputs

Detailed Description

+5V Bias Supply (Vcc)
The MAX8707 requires an external +5V bias supply in
addition to the battery. Typically, this +5V bias supply is
the notebook’s 95%-efficient, +5V system supply.
Keeping the bias supply external to the controller
improves efficiency and eliminates the cost associated
with the +5V linear regulator that would otherwise be
needed to supply the PWM circuit and gate drivers. If
stand-alone capability is needed, the +5V bias supply
can be generated with an external linear regulator.

16

The +5V bias supply must provide Vcc (PWM con-
troller) and VpRry (FET gate-drive power), so the maxi-
mum current drawn is:

IBIAS = ICC + IDRIVE

where Icc is provided in the Electrical Characteristics
table and IDRIVE is the driver’s supply current dominat-
ed by fsw x QG (per phase) as defined in the driver’s
data sheet. If the +5V bias supply is powered up prior
to the battery supply, the enable signal (SHDN going
from low to high) must be delayed until the battery volt-
age is present to ensure startup.

MAXIN




Multiphase, Fixed-Frequency Controller for
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Switching Frequency (OSC)
OSC is a 3-level logic input used to set the per-phase
switching frequency. Connect OSC directly to GND,
REF, or Vcc for 200kHz, 300kHz, and 600kHz opera-
tion, respectively. High-frequency (600kHz, OSC =
Vce) operation optimizes the application for the small-
est component size, trading off efficiency due to higher
switching losses. This may be acceptable in ultra-
portable devices where the load currents are lower.
Low-frequency (200kHz, OSC = GND) operation offers
the best overall efficiency at the expense of component
size and board space.

Interleaved Multiphase Operation
The MAX8707 interleaves all the active phases—result-
ing in out-of-phase operation that minimizes the input
and output filtering requirements, reduces electromag-
netic interference (EMI), and improves efficiency. The
multiphase controller shares the current between multiple
phases that operate 90° out-of-phase (4-phase opera-
tion) or 120° out-of-phase (3-phase operation). The high-
side MOSFETs do not turn on simultaneously during
normal operation. The instantaneous input current is
effectively reduced by the number of active phases,
resulting in reduced input voltage ripple, ESR power loss,
and RMS ripple current (see the Input-Capacitor
Selection section). Therefore, the controller achieves high
performance while minimizing the component count—
which reduces cost, saves board space, and lowers
component power requirements—making the MAX8707
ideal for high-power, cost-sensitive applications.

Transient Phase Repeat
When a transient occurs, the response time of the con-
troller depends on its ability to quickly respond to the
output-voltage deviation and slew the inductor current
to the new current level. Multiphase, fixed-frequency
controllers typically respond only to the clock edge,
resulting in a delayed response from the actual tran-
sient event. To eliminate this delay time, the MAX8707
includes transient phase repeat, which allows the con-
troller to immediately respond when heavy load tran-
sients are detected. If the controller detects that the
output voltage has dropped by 25mV, the transient
detection comparator immediately retriggers the phase
that completed its on-time last. The controller triggers
the subsequent phases as normal—on the appropriate

MAXIM

oscillator edges. This effectively triggers a phase a full
cycle early, increasing the total inductor-current slew
rate and providing an immediate transient response.

Feedback-Adjustment Amplifiers

Voltage-Positioning Amplifier (Steady-State Droop)
The multiphase controllers include a transconductance
amplifier for adding gain to the voltage-positioning
sense path. The current-sense inputs differentially
sense the voltage across either a single current-sense
resistor (CRS sensing enabled) or the inductor's DCR
(CRS sensing disabled). The VPS amplifier's input is
generated by sensing either a single phase (CRS sens-
ing) and multiplying by the number of active phases, or
by summing the current-sense (CS_) inputs of all active
phases (CRSP = Vcc). The transconductance amplifi-
er's output connects to the regulator’s voltage-posi-
tioned feedback input (VPS), so the resistance between
VPS and the output voltage-sense point (FBS) deter-
mines the voltage-positioning gain:

VOoUT = VTARGET - RvPS IvPs

where the target voltage (VTARGET) is defined in the
Nominal Output-Voltage Selection section, and the
transconductance amplifier's output current (lvps) is
determined by the current-sense voltage and the num-
ber of active phases (npH):

IvPS = MPH (VCRSP - VCRSN) GM(VPS)
when CRS sensing is enabled, or:
lvps = X (Vcsp_ - VCSN_) GM(VPS)
when CRS sensing is disabled (CRSP = V).

where Gm(vPS) is typically 200uS as defined in the
Electrical Characteristics table. To avoid output-voltage
errors caused by the VPS current flowing through para-
sitic trace resistance or feedback fliter resistance, a
second transconductance amplifier generates an equal
and opposite current on the FBS input.

Disable voltage positioning by shorting VPS directly to FBS.

17

LOLBXVIN



8l

1nouIy uoneolddy JewueH gy /0/8XVIN Piepuels | ainbi

WwixXvw

MAX8707

[ —
>—
VID INPUTS ]
>—
>—
N
SE‘P—‘—OFF (VRON) o]
Rrre
2.0kQ
Crer
0.22uF VVV
|l oo
RiLimAvES
RiLmavez 49.9kQ
150kQ2
= RoFst
182kQ2
Rors2
20kQ
5V RiLimpk) =
200kQ T
RvRok _L_/\/\/\/_
100kQ
3-LEVEL PIN B>
DPRSLPVR »
REF

Rvps
Cenps 6.49Q
1000pF
Renos L Crss
10Q —  1000pF
P RrBs
_,_—| 10Q

\
00 cC
D1
D2 GND
D3
P1
D4 CS

_ CSN1
SHON
SKIP
CRSP
TRC
REF CRSN
CSN2
MAXIM
MAX8707
ILIM(AVE) o5
PWM2
PWM1
0Fs DRSKP
PWM3
PWM4
cev
ILIM(PK)
TIME
VROK
0SC
sus CSN3
SUSV
CSP3
CSN4
GNDS
vpS CSP4
FBS PGND

8V T0 20V
PWR INPUT

5V BIAS
\

BST1

Vb

@ BST2 Vg

CPU REMOTE-SENSE CONNECTIONS

Cvect
Cosnt R [ - DH1 TSET
CRSP 1.0uF
] 47000F I I
pr— ® LX1 ——
- | N AXIN RTSET1 .
Romsense MLt (P Maxs702 o
1.0mQ H2 AGND b
%——— DH2 = VvV
12 = DRHOT 7S >
Lx SHON |<———— VRON
DL2 SKIP [
PWM1 &
PGND PWM2 4—‘
Cvpn2
4.7uF
Ceov 8V 10 20V N N N |
_| 1000pF PWRINPUCT ii |}—<|7
W Rvce2
] BST1 Vpp 10Q
@—{BST2 Voo
Cvecz
T [ |pHt TSET
- | | maxam T
Cooms 1" maxsoz =
aroopF —=Ccss | Rgps | DL fiserz
1 TO,ZZMF Nea
=3 AGND
e }:: DH2 —

[<&—— VRON

Lx2 P
ol PWM1
PWM2
PGND DRHOT
SHON
UTPUT
(CPU CORE SUPPLY)

saljddng Jomod 9109 NdIH JowwieH any
40J 139]jos3u0) Aouanbai4-paxi4 ‘@seydiyiniy



Multiphase, Fixed-Frequency Controller for
AMD Hammer CPU Core Power Supplies

Transient-Droop Amplifier
The MAX8707 controller includes a transient-droop
transconductance amplifier to handle the instantaneous
load transients typical of CPU applications. The tran-
sient-droop amplifier sets the correct voltage-positioning
slope during a load transient, complimenting the slower
steady-state voltage-positioning amplifier. The current-
sense inputs differentially sense the voltage across the
CSP_ and CSN_ current-sense element (inductor's DCR
or current-sense resistor). The transconductance amplifi-
er’s output connects to the regulator’s transient-response
input (TRC), so the resistance between TRC and the ref-
erence voltage (REF) determines the transient voltage-
positioning gain as defined in the Multiphase,
Fixed-Frequency Design Procedure section.

If voltage positioning is not required, RDROOP is
defined by the maximum output-voltage sag with the
worst-case transient load (AVouT / AlouT) and is sub-
ject to stability requirements. TRC is high impedance in
shutdown.

Differential Remote Sense
The multiphase controllers include differential, remote-
sense inputs to eliminate the effects of voltage drops
down the PC board traces and through the processor’s
power pins.

The MAX8707 GNDS amplifier adds an offset directly to
the target voltage, adjusting the output voltage to coun-
teract the voltage drop in the ground path. Connect the
feedback sense (FBS), voltage-positioning resistor
(Rvps), and ground-sense (GNDS) inputs directly to the
processor’s core supply remote- sense outputs.

Integrator Amplifier
An integrator amplifier forces the DC average of the
VPS voltage to equal the target voltage. This transcon-
ductance amplifier integrates the feedback voltage and
provides a fine adjustment to the regulation voltage
(Figure 2), allowing accurate DC output-voltage regula-
tion regardless of the output ripple voltage. The integra-
tor amplifier has the ability to shift the output voltage by
+100mV (typ). The differential input voltage range is at
least £60mV total, including DC offset and AC ripple.
The integration time constant can be set easily with an
external compensation capacitor at the CCV pin. Use a
470pF x (4 / npH) or greater ceramic capacitor.

The MAX8707 disables the integrator by connecting the
amplifier inputs together at the beginning of all transi-
tions done in pulse-skipping mode (SKIP = high). The
integrator remains disabled until 20us after the transition
is completed (the internal target settles) and the output
is in regulation (edge detected on the error comparator).

MAXIM

Table 1. Component Selection for
Standard Multiphase Applications

DESIGNATION

MAX8707
AMD HAMMER
COMPONENTS

Circuit of Figure 1

Input Voltage Range

7V to 24V

VID Output Voltage (D4-D0)

1.50V (D4-D0 = 00010)

SUSV Suspend Voltage

(SUS = High) 0.80v

Maximum Load Current 80A
4 phases

Number of Phases (nTOTAL) (1§)MA><8705 + (2) MAX8702
0.56uH, 1.6MmQ

Inductor (Per Phase)

Panasonic ETQP4LR56WFC

Switching Frequency
(Per Phase)

300kHz (OSC = REF)

High-Side MOSFET
(NH, Per Phase)

Siliconix (1) Si7892DP

Low-Side MOSFET
(NL, Per Phase)

Siliconix (2) Si7356DP

Total Input Capacitance (CiN)

(8) 10uF, 25V

TDK C3225X7R1E106M
Taiyo Yuden
TMK325BJ106MN

Total Output Capacitance
(Cour)

(6) 330pF, 2.5V, 9mQ
Sanyo 2R5TPE330M9

Current-Sense Resistor
(RSENSE)

1.0mQ
Panasonic ERUIM1WTJ1MOU

When voltage positioning is disabled (VPS = FBS), the
transient droop must be less than the 280mV minimum
adjustment range of the integrator amplifier to guaran-
tee proper DC output-voltage accuracy.

Offset Amplifier
The multiphase controllers include a fifth amplifier used
to add small offsets to the voltage-positioned load line.
The offset amplifier sums directly with the target volt-
age, making the offset gain independent of the DAC
code. This amplifier has the ability to offset the output
by £100mV. The offset is adjusted using resistive volt-
age-dividers at the OFS input. For inputs from 0 to 0.8V,
the offset amplifier adds a negative offset to the output
that is equal to 1/8th the voltage appearing at the OFS
input (VOFFSET = -0.125 x VOFs). For inputs from 1.2V
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Table 2. Component Suppliers

MANUFACTURER

WEBSITE

Bl Technologies

www.bitechnologies.com

Central Semiconductor

www.centralsemi.com

Coilcraft

www.coilcraft.com

Coiltronics

WWwWw.coiltronics.com

Fairchild Semiconductor

www.fairchildsemi.com

International Rectifier

www.irf.com

Kemet www.kemet.com
Panasonic WWW.panasonic.com
Sanyo WWW.SECC.CO.jp

Siliconix (Vishay)

www.vishay.com

Sumida www.sumida.com
Taiyo Yuden www.t-yuden.com
TDK www.component.tdk.com
TOKO www.tokoam.com

Table 3. Operating-Mode Truth Table

N OUTPUT
SHDN SuUs SKIP OFS VOLTAGE OPERATING MODE
Low-Power Shutdown Mode. PWM_ outputs are forced low,
GND X X X GND and the controller is disabled. The supply current drops to
10pA (max).
D0o-D4 Normal Operation. The no-load output voltage is determined
Vi ND ND ND or REF
ce G G GND or (no offset) | by the selected VID DAC code (D0-D4, Table 4).
Pulse-Skipping Operation. When SKIP is pulled high, the
DO-D4 MAX8707 immediately enters pulse-skipping operation
Vee GND Vee GND or REF (no offset) | allowing automatic PWM/PFM switchover under light loads.
The VROK upper threshold is blanked.
0to0 0.8V DO-D4 Deep-Sleep Mode. The no-load output voltage is determined
Vce GND X or (plus offset) by the selected VID-DAC code (D0-D4, Table 4) plus the
1.2Vto 2.0V P offset voltage set by OFS.
Y Suspend Mode/One Phase Skip. The no-load output voltage
Vce Vce X X is determined by the suspend voltage present on SUSV,
(no offset) . ) .
overriding all other active modes of operation.
Fault Mode. The fault latch has been set by either UVP or
Vce X X X GND thermal shutdown. The controller remains in FAULT mode
until Vcc power is cycled or SHDN toggled.
X =Don't Care

MAXIM
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to 2V, the offset amplifier adds a positive offset to the
output that is equal to 1/8th the difference between the
reference voltage and the voltage appearing at the
OFS input (VOFFSET = 0.125 x (VREF - VOFS)). With this
scheme, the controller supports both positive and neg-
ative offsets with a single input. The piecewise linear-
transfer function is shown in Figure 3. The regions of
the transfer function below zero, above 2.0V, and
between 0.8V and 1.2V are undefined. OFS inputs are
disallowed in these regions, and the respective effects
on the output are not specified.

The controller disables the offset amplifier during sus-
pend mode (SUS = high).

Nominal Output-Voltage Selection
The nominal no-load output voltage (VTARGET) is defined
by the selected voltage reference (VID DAC or SUSV)
plus the offset voltage and remote ground-sense adjust-
ment (VGNDS) as defined in the following equation:

VTARGET = VDAC + VOFFSET + VGNDS
when SUS = GND

where VDAC is the selected VID voltage during normal
operation (SUS = low, Table 4), and VOFFSET is the offset
voltage defined by the OFS pin (Figure 3). In suspend
mode (SUS = high), the offset voltage amplifier is disabled
and the target voltage tracks the SUSV input voltage:

VTARGET = VSusV + VGNDS
when SUS = Vcc

The MAX8707 uses a multiplexer that selects from one of
three different inputs (Figure 2)—the output of the VID
DAC, the SUSV suspend voltage, or ground (controller
disabled). On startup, the MAX8707 slews the target volt-
age from ground to either the decoded DO-D4 (SUS =
low) voltage or the SUSV voltage (SUS = high).

DAC Inputs (D0-D4)
During normal forced-PWM operation (SUS = low), the
DAC programs the output voltage using the D0-D4
inputs. DO-D4 are low-voltage (1.0V) logic inputs,
designed to interface directly with the CPU. Do not leave
D0-D4 unconnected. DO-D4 can be changed while the
MAX8707 is active, initiating a transition to a new output-
voltage level. Change D0-D4 together, avoiding greater
than 50ns skew between bits. Otherwise, incorrect DAC
readings may cause a partial transition to the wrong volt-
age level followed by the intended transition to the cor-
rect voltage level, lengthening the overall transition time.
The available DAC codes and resulting output voltages
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Figure 3. Output Offset Voltage vs. OFS Input Voltage

are compatible with the AMD Hammer (Table 4) specifi-
cations.

Suspend Mode
When the processor enters low-power suspend mode,
the processor sets the regulator to a lower output voltage
to reduce power consumption. The MAX8707 includes a
buffered suspend-voltage input (SUSV) and a digital
SUS control input. The suspend voltage is adjusted with
an external resistive voltage-divider from REF to SUSV to
analog ground. The suspend-voltage adjustment range
is from 0.4V to 2.0V (VREF).

When the CPU suspends operation (SUS = high), the
controller disables the offset amplifier, overrides the 5-bit
VID-DAC code set by D0-D4, and slews the output volt-
age to the target voltage set by the SUSV voltage. During
the transition, the MAX8707 blanks both VROK thresh-
olds until 20us after the slew-rate controller reaches the
suspend-mode voltage. Once the 20us timer expires, the
MAX8707 (SKIP pulled low) automatically switches to the
1-phase, pulse-skipping control scheme, forces DRSKP
low, and blanks the upper VROK threshold.

Output-Voltage Transition Timing
The MAX8707 performs mode transitions in a controlled
manner, automatically minimizing input surge currents.
This feature allows the circuit designer to achieve nearly

MAXIN
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Table 4. AMD Hammer Output-Voltage VID DAC Codes (SUS = GND)

D4 D3 D2 D1 Do OUTPU-I-(\\I,)OLTAGE D4 D3 D2 D1 Do OUTPUT(\\II)OLTAGE
0 0 0 0 0 1.550 1 0 0 0 0 1.150
0 0 0 0 1 1.525 1 0 0 0 1 1.125
0 0 0 1 0 1.500 1 0 0 1 0 1.100
0 0 0 1 1 1.475 1 0 0 1 1 1.075
0 0 1 0 0 1.450 1 0 1 0 0 1.050
0 0 1 0 1 1.425 1 0 1 0 1 1.025
0 0 1 1 0 1.400 1 0 1 1 0 1.000
0 0 1 1 1 1.375 1 0 1 1 1 0.975
0 1 0 0 0 1.350 1 1 0 0 0 0.950
0 1 0 0 1 1.325 1 1 0 0 1 0.925
0 1 0 1 0 1.300 1 1 0 1 0 0.900
0 1 0 1 1 1.275 1 1 0 1 1 0.875
0 1 1 0 0 1.250 1 1 1 0 0 0.850
0 1 1 0 1 1.225 1 1 1 0 1 0.825
0 1 1 1 0 1.200 1 1 1 1 0 0.800
0 1 1 1 1 1.175 1 1 1 1 1 No CPU*

*No-CPU Mode: The controller enters the no-CPU mode by ramping down the output voltage to OV with the shutdown slew rate.
When exiting the no-CPU mode, the controller ramps the output up to the new VID output voltage using the startup slew rate. In no-
CPU mode, the controller remains in standby so VID transitions may be detected.

ideal transitions, guaranteeing just-in-time arrival at the
new output-voltage level with the lowest possible peak
currents for a given output capacitance.

At the beginning of an output-voltage transition, the
MAX8707 blanks both VROK thresholds, preventing the
VROK open-drain output from changing states during
the transition. The controller enables the lower VROK
threshold approximately 20us after the slew-rate con-
troller reaches the target output voltage, but the upper
VROK threshold is enabled only if the controller remains
in forced-PWM operation. If the controller enters pulse-
skipping operation, the upper VROK threshold remains
blanked. The slew-rate (set by resistor RTIME) must be
set fast enough to ensure that the transition can be
completed within the maximum allotted time.

When transitions occur in pulse-skipping mode, the
MAX8707 sets OVP to 1.75V and disables the integrator
at the beginning of all transitions. OVP remains at 1.75V
and the integrator remains disabled until 20us after the
transition is completed (internal target settles) and the
output is in regulation (an error-comparator edge is
detected).

MAXIM

The MAX8707 automatically controls the current to the
minimum level required to complete the transition in the
calculated time. The slew-rate controller uses an inter-
nal capacitor and current source programmed by
RTIME to transition the output voltage. The total transi-
tion time depends on RTIME, the voltage difference, and
the accuracy of the slew-rate controller (CsLEw accura-
cy). The slew rate is not dependent on the total output
capacitance, as long as the surge current is less than
the current limit set by ILIM(AVE) and ILIM(PK). For
voltage transitions into and out of suspend mode, the
transition time (tTRAN) is given by:

| VNew - Voup |

t =
TRANISUS) =g -~

where dVTARGET / dt = 6.25mV/us x 143kQ / RTIME is
the slew rate, VoLD is the original output voltage, and
VNEW is the new target voltage. See TIME Slew-Rate
Accuracy in the Electrical Characteristics for ts gw lim-
its. For soft-start and shutdown, the controller automati-
cally reduces the slew rate by 1/4th:
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4V
LTRAN(START) = ITRAN(SHDN) = —dvTAT:gEGTE/Tdt

For all dynamic VID transitions, the rate at which the
VID inputs (D0-D4) are clocked sets the slew rate, with
a maximum slew-rate limit set by the RTiME value. The
practical range of RTIME is 47kQ to 392kQ correspond-
ing to slew rates of 19mV/us to 2.28mV/us, respectively.
The output voltage tracks the slewed target voltage,
making the transitions relatively smooth.

The average inductor current per phase required to
make an output-voltage transition is:

C
L == x(dVrapger /dY)
MpH
where dVTARGET / dt is the required slew rate, CouUT is
the total output capacitance, and npH is the number of
active phases.

Suspend Transition
(Forced-PWM Operation Selected)
When the MAX8707 enters suspend mode while config-
ured for forced-PWM operation (SKIP pulled low), the
controller ramps the output voltage down to the pro-
grammed SUSV voltage at the slew rate determined by
RTIME. The controller blanks VROK (forced high imped-
ance) until 20us after the transition is completed—internal
target voltage equals the SUSV voltage. After this blank-
ing time expires, the controller automatically shuts down
phases 2, 3, and 4 (DRSKP pulled low), and enters sin-
gle-phase, pulse-skipping operation. VROK monitors only
the lower threshold in skip mode.

When exiting suspend mode (SUS pulled low), the
MAX8707 immediately activates all enabled phases
(DRSKP driven high) so the output voltage may be
ramped up at the slew rate set by RT|ME. The controller
blanks VROK (forced high impedance) until 20us after
the transition is completed—internal target voltage
equals the selected VID-DAC voltage.

Suspend Transition
(Pulse-Skipping Operation Selected)
If the MAX8707 is configured for pulse-skipping opera-
tion (SKIP = high) when SUS goes high, the MAX8707
immediately disables phases 2, 3, and 4 (DRSKP pulled
low) and enters pulse-skipping operation (Figure 5). The
output drops at a rate determined by the load and the
output capacitance. The internal target still ramps as
before, and VROK remains high impedance until the
new target is reached plus an extra 20us. After this time
expires, VROK monitors only the lower threshold.
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When exiting deeper sleep (SUS pulled low), the
MAX8707 starts to slew the internal target up towards
the new target. The controller remains in skip mode
while the output voltage is higher than the internal tar-
get. As the internal target approaches the output volt-
age, the MAX8707 activates all enabled phases
(DRSKP driven high) so the output voltage may be
ramped up at the slew rate set by RTiME. The controller
blanks VROK (forced high impedance) until 20us after
the transition is completed.

Forced-PWM Operation (Normal Mode)
During soft-start, soft-shutdown, and normal operation—
when the CPU is actively running (SKIP = low, Table 5)—
the MAX8707 operates with a low-noise, forced-PWM con-
trol scheme. Forced-PWM operation forces DRSKP high,
instructing the drivers to disable their zero-crossing com-
parators and force the low-side gate-drive waveforms to
constantly be the complement of the high-side gate-drive
waveforms. This keeps the switching frequency constant
and allows the inductor current to reverse under light
loads, providing fast, accurate negative output-voltage
transitions by quickly discharging the output capacitors.

Forced-PWM operation comes at a cost: the no-load +5V
bias supply current remains between 10mA to 200mA
per phase, depending on the external MOSFETs and
switching frequency. To maintain high efficiency under
light-load conditions, the controller switches to a low-
power pulse-skipping control scheme after entering sus-
pend mode.

Light-Load Pulse-Skipping Operation
The MAX8707 includes a light-load operating-mode con-
trol input (SKIP) used to disable extra phases and
enable/disable the driver’s zero-crossing comparator.
When the driver’s zero-crossing comparators are enabled
(DRSKP pulled low), the controller forces PWM_ low for
the disabled phases so the driver pulls DL_ low when its
current-sense inputs detect zero inductor current. This
keeps the inductor from discharging the output capaci-
tors and forces the controller to skip pulses under light-
load conditions to avoid overcharging the output. When
the zero-crossing comparators are disabled, each con-
troller maintains PWM operation under light-load condi-
tions (forced PWM).

After the MAX8707 enters suspend mode while config-
ured for forced-PWM operation (SKIP pulled low), the
controller automatically switches to the pulse-skipping
control scheme 20us after the target voltage reaches
the programmed SUSV voltage.

When pulse-skipping operation is enabled, the con-
troller terminates the on-time when the output voltage
exceeds the feedback threshold and when the current-
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Figure 5. Suspend Transition in Pulse-Skipping Operation (SKIP = SUS)
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