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General Description

The MAX17009 is a 2-phase, step-down interleaved,
fixed-frequency controller for AMD's® serial VID inter-
face (SVI) CPU core supplies. Power-on detection of
the CPU configures the MAX17009 as two independent
single-phase regulators for a dual CPU core applica-
tion, or one high-current, dual-phase, combined-output
regulator for a unified core application. A reference
buffer output (NBV_BUF) sets the voltage-regulation
level for a North Bridge (NB) regulator, completing the
total CPU cores and NB power requirements.

The MAX17009 is fully AMD SVI compliant. Output volt-
ages are dynamically changed through a 2-wire serial
interface, allowing the switching regulator and the refe-
rence buffer to be individually programmed to different
voltages. A programmable slew-rate controller enables
controlled transitions between VID codes, soft-start limits
the inrush current, and soft-shutdown brings the output
voltage back down to zero without any negative ring.

Transient phase repeat improves the response of the
fixed-frequency architecture. Independently program-
mable AC and DC droop and selectable offset improve
stability and reduce the total output-capacitance
requirement. A thermistor-based temperature sensor
allows for a programmable thermal-fault output
(VRHOT). The MAX17009 includes thermal-fault protec-
tion, undervoltage protection (UVP), and selectable out-
put overvoltage protection (OVP). When any of these
protection features detect a fault, the controller shuts
down. True differential current sensing improves cur-
rent limit, load-line accuracy, and current balance when
operating in combined mode. The MAX17009 has an
adjustable switching frequency, allowing 100kHz to
1.2MHz per-phase operation.

Applications
Mobile AMD SVI Core Supply

Multiphase CPU Core Supply

Voltage-Positioned, Step-Down Converters
Notebook/Desktop Computers

Pin Configuration appears at end of data sheet.

AMD is a registered trademark of Advanced Micro Devices, Inc.
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Features

4 Dual-Output, Fixed-Frequency, Core Supply
Controller

4 Separate or Combinable Outputs Detected at
Power-Up

¢ Reference Buffer Output for NB Controller

¢ +0.4% VourT Accuracy Over Line, Load, and
Temperature

4 AMD SVI-Compliant Serial Interface

4 7-Bit On-Board DAC: 0 to +1.550V Output Adjust
Range

4 Dynamic Phase Selection Optimizes Active/Sleep
Efficiency

4 Transient Phase Repeat Reduces Output
Capacitance

4 True Out-of-Phase Operation Reduces Input
Capacitance

4 Integrated Boost Switches
4 Programmable AC and DC Droop

4 Programmable 100kHz to 1.2MHz Switching
Frequency

¢ Accurate Current Balance and Current Limit
4 Adjustable Slew-Rate Control

Power-Good (PWRGD) and Thermal-Fault
(VRHOT) Outputs

System Power-OK (PGD_IN) Input
Drives Large Synchronous-Rectifier MOSFETs
4V to 26V Battery Input-Voltage Range

Overvoltage, Undervoltage, and Thermal-Fault
Protection

Power Sequencing and Timing
4 Soft-Startup and Soft-Shutdown
< 1pA Typical Shutdown Current

> & & o <>

<*

<*

Ordering Information

PIN- PKG
PART TEMP RANGE PACKAGE CODE
MAX17009GTL+ -40°C to +105°C 40 TQFN-EP, T4055-1
5mm x 5mm

+Denotes a lead-free package.
*EP = Exposed pad.

Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim Direct at 1-888-629-4642,

or visit Maxim’s website at www.maxim-ic.com.
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MAX17009

AMD Mobile Serial VID Dual-Phase
Fixed-Frequency Controller

ABSOLUTE MAXIMUM RATINGS

Vo1, Vb2, Vee, Vopio to GND_....., -0.3V to +6V DHTto LXT o -0.3V to (VsT1 + 0.3V)
PWRGD t0 GND_.....occooooiiiiiiiiiiciiicc -0.3V to +6V DH2t0LX2 oo, -0.3V to (VBsT2 + 0.3V)
FBDC_, FBAC_, PROto GND_................... -0.3Vto (Ve + 0.3V) DLTtO GND_.iioiioiieiieiececcc e -0.3V to (Vpp1 + 0.3V)
GNDS2, THRM, VRHOT to GND_.......ooovieiviiiiien, -0.3V to +6V DL2to GND_...ccoooovieiiiiiie -0.3V to (Vpp2 + 0.3V)
CSP_, CSN_, ILIMto GND_........... ...-0.3V to +6V GNDS1, GNDS_NBto GND_.......cccoovvioiiiiiiein, -0.3V to +0.3V
SVC, SVD, PGD_INto GND_.........ooooveiiiiiii -0.3V to +6V Continuous Power Dissipation (Ta = +70°C)

NBV_BUF, NBSKP to GND_............
REF, OSC, TIME, OPTION to GND_ ....
BST1, BST2t0 GND_....ooioiiiiiiiiicceeeceee
BSTT 10 VDD oo
BST2 10 VDD2. oot

LX1 to BST1
LX2 to BST2

-0.3Vto (Voo + 0.3V)
..-0.3Vto (Vce + 0.3V)

Multilayer PCB (derate 35.7mW/°C above +70°C) .....2857mW
Single-Layer PCB (derate 22.2mW/°C above +70°C)..1778mW

-0.3V to +36V Operating Temperature Range .............c........... -40°C to +105°C
-0.3V to +30V Junction Temperature ............cooeeeiiiiiiiiiii +150°C
-0.3V to +30V Storage Temperature Range ..........cc.ccoeeeeen. -65°C to +150°C

-6V to +0.3V Lead Temperature (soldering, 10S) ........ccocovviiieiiiinienn, +300°C

-6V to +0.3V

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

ELECTRICAL CHARACTERISTICS

(Circuit of Figure 2, ViN = 12V, Voe = Vpp1 = Vpp2 = SHDN = PGD_IN = 5V, Vppio = 1.8V, PRO = OPTION = GNDS_NB = GNDS_ =
GND_, FBDC_ = FBAC_ = CSP_ = CSN_ = 1.2V, all DAC codes set to the 1.2V code, Ta = 0°C to +85°C, unless otherwise noted.

Typical values are at Tp = +25°C.)

PARAMETER | SYMBOL ‘ CONDITIONS MIN TYP MAX | UNITS
INPUT SUPPLIES
VIN Drain of external high-side MOSFET 4 26
Input Voltage Range VBIAS Vce, Vbob1, Vbb2 4.5 55 V
VDDIO 1.0 2.7
Vce Undervoltage-Lockout . . .
Threshold VUuvLO V¢ rising 50mV typical hysteresis 4.10 4.25 4.45 V
) Falling edge, typical hysteresis = 1.1V,
Vee Power-On Reset Vce faults cleared and DL_ forced high when 1.8 Vv
Threshold )
V¢ falls below this level
VbDIo Undervoltage-Lockout " . )
Threshold VDDIo rising 100mV typical hysteresis 0.7 0.8 0.9 \
. Skip mode, FBDC_ forced above their
Quiescent Supply Current (Vo) lcc regulation points 5 10 mA
Quiescent Supply Currents Skip mode, FBDC_ forced above their
(Vbb1, VDD2) IDD1, IbD2 regulation points 0.01 ! WA
Quiescent Supply Current (Vppio) IDDIO 10 25 PA
Shutdown Supply Current (Vcc) SHDN = GND 0.01 1 pA
Shutdown Supply Currents SHDN = GND 0.01 ’ UA
(VbD1, VDD2)
Shutdown Supply Current (VbDIO) SHDN = GND 0.01 1 pA
Reference Voltage VREF Vce = 4.5V 10 5.5V, no REF load 1.986 2.000 2.014 Vv
Sourcing: | = 0 to 500pA -2 -0.2
Reference Load Regulation — 9 REF H mV
Sinking: IRer = 0 to -100pA 0.21 6.2
REF Fault Lockout Voltage Typical hysteresis = 85mV 1.84 \
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AMD Mobile Serial VID Dual-Phase
Fixed-Frequency Controller

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 2, VN = 12V, Vcc = Vpb1 = Vppz = SHDN = PGD_IN = 5V, Vppio = 1.8V, PRO = OPTION = GNDS_NB = GNDS_ =
GND_, FBDC_ = FBAC_ = CSP_ = CSN_ = 1.2V, all DAC codes set to the 1.2V code, Ta = 0°C to +85°C, unless otherwise noted.

Typical values are at Ta = +25°C.)

PARAMETER | SYMBOL ‘ CONDITIONS MIN TYP MAX | UNITS
MAIN SMPS CONTROLLERS
DAC codes from 0.8375V to 1.5500V -0.4 +0.4 %
(E)Ncotg‘ff“t'vo'tage Accuracy VouT | DAC codes from 0.5000V to 0.8250V 4 v |
DAC codes below 0.4875V -10 +10
DC Load Regulation Eiet:woeiosfl\ljlllr%aZWM mode, droop disabled, 01 %
Line-Regulation Error Either SMPS, 4V < V|N < 26V 0.03 %N
GNDS_ Input Range VGNDS_ | Separate mode -200 +200 mV
Separate: AVOUT_/AVGNDS_,
GNDS_ Gain AGNDS. 'Ciﬁsgmez:\/f\'/“gj;/ivgﬁgg\’” 095 100 105 | VN
-200mV < VGNDS1 £ +200mV
GNDS_ Input Bias Current IGNDS_ -2 +2 pA
Combined-Mode Detection GNDS2, detection after REFOK, latched, 07 08 09 v
Threshold cleared by cycling SHDN
FBDC_ Input Bias Current IFBDCO_ | CSP_ = CSN_ -3 +3 pA
Rosc = 143kQ (fosc = 300kHz nominal) -5 +5
Switching-Frequency Accuracy fosc Rosc = 36.7k (fosc = 1.2MHz nominal) to | 5 75 %
432kQ (fosc = 99kHz nominal)
Maximum Duty Factor DmAx 90 92 %
Minimum On-Time tONMIN 175 ns
SMPS1-to-SMPS2 Phase Shift SMPS2 starts after SMPS1 o0 %
180 Degrees
RTiME = 143kQ, SR = 6.25mV/us -10 +10
Duringl RTIME = 35.7kQ to 357kQ, %
TIME Slew-Rate Accuracy transition SR = 25mV/js to 2.5mV/us -15 +15
Startup and shutdown 1 mV/uS
CURRENT LIMIT
Current-Limit Threshold Tolerance | VLmIT 2/\/CRSEPF_-_V\|/LC$\‘; 32'\?50)(1('\(;3'5': “ViLim), -3 +3 mV
Zero-Crossing Threshold Vzx VGND_ - VLx_, SKIP mode 3 mV
Idle Mode™ Threshold Tolerance VIDLE Vesp_ - VesnL, SKIP mode, 0.15 x VumiT -1.5 +1.5 mV
CS_ Input-Leakage Current CSP_and CSN_ -0.2 +0.2 pA
CS_ Common-Mode Input Range CSP_and CSN_ 0 2 \
Phase-Disable Threshold csp2 3 Yoo Yoy
Idle Mode is a trademark of Maxim Integrated Products, Inc.
MAXIV 3
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MAX17009

AMD Mobile Serial VID Dual-Phase

Fixed-Frequency Controller

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 2, VN = 12V, Vcc = Vpp1 = Vppz = SHDN = PGD_IN = 5V, Vppio = 1.8V, PRO = OPTION = GNDS_NB = GNDS_
GND_, FBDC_ = FBAC_ = CSP_ = CSN_ = 1.2V, all DAC codes set to the 1.2V code, Ta = 0°C to +85°C, unless otherwise noted.

Typical values are at Ta = +25°C.)

Trip Threshold

unloaded output voltage

PARAMETER | SYMBOL ‘ CONDITIONS MIN TYP MAX | UNITS
DROOP AND CURRENT BALANCE
o AlFBDC_/(AVCS.),
DC Droop Amplifier Gm(FBDC_) VEBDC :( VCSN) =12V 0.97 1.00 1.03 mS
Transconductance Vesp. - VeshL. = -60mV o +60mY
DC Droop and Current-Balance
Amplifier Offset IFBDC_/Gm(FBDC-) -1.5 +1.5 mV
AlFBAC_/(AVCS.),
AC Droop and Current-Balance
AmplifierpTransconductance Gm(FBAC-) | VFBAC = VCSN_ = 1.2V, 0.97 1.00 1.03 mS
Vesp_ - VESNL = -60mV to +60mV
AC Droop and Current-Balance
Amplifier Offset IFBAC_/Gm(FBAC-) 15 15 my
No-Load Positive Offset with Offset enabled, OPTION = REF or GND 125 mv
Offset Enabled
Measured at FBDC_ with respect to steady-
Transient Detection Threshold state FB_DC— regulaﬂqn voltage, Smv -32 -18 mV
hysteresis (typ), transient phase-repeat
enabled, OPTION = OPEN or GND
NB BUFFER
DAC codes from 0.8375V to 1.5500V -0.4 +0.4 %
EEX{J—E&F Output Voltage VNBV_BUF | DAC codes from 0.5000V to 0.8250V 4 4 }
m
DAC codes below 0.4875V to 0.0125V -10 +10
RTIME = 143kQ,
NBV_BUF Short-Circuit Current DAC code set to INBV_BUF = 7.0pA -10 +10
(Sets Slew Rate Together with 1.2V, VNBV_BUF — %
External Capacitor CNBV_BUF) = 0.4V and 2V RTIME = 35.7kQ 10 357k, 15 +15
INBV_BUF = 28uA to 2.8uA
GNDS_NB Input Range VGNDS_NB -200 +200 mV
. AVNBV_BUF/AVGNDS_NB,
GNDS_NB Gain AGNDS_NB -200MV < VGNDS.NB < 4200mV 0.95 1.00 1.05 VIV
GNDS_NB Input Bias Current IGNDS_NB -2 +2 pA
FAULT DETECTION
Normal operation 250 300 350 mV
. Measured at Output not in regulation
?h“rfsugo?(;’ervonage Trip Vove | FBDC., after a downward VID 180 18 190
rising edge transition v
Minimum OVP threshold 0.8
Output Overvoltage Fault- .
Propagation Delay tovp FBDC_ forced 25mV above trip threshold 10 us
Output Undervoltage-Protection VUVP Measured at FBDC_ with respect to 450 -400 2350 mv
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AMD Mobile Serial VID Dual-Phase
Fixed-Frequency Controller

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 2, VN = 12V, Vcc = Vpp1 = Vppz = SHDN = PGD_IN = 5V, Vppio = 1.8V, PRO = OPTION = GNDS_NB = GNDS_ =
GND_, FBDC_ = FBAC_ = CSP_ = CSN_ = 1.2V, all DAC codes set to the 1.2V code, Ta = 0°C to +85°C, unless otherwise noted.
Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Output Undervoltage Fault- tup | FBDC._ forced 25mV below trip threshold 10 us
Propagation Delay
Measured at
FBDC_ with .
respect to Lower threshold, falling 350 2300 250
edge (undervoltage)
PWRGD Threshold unloaded output v
voltage
15mV hysteresis | Upper threshold, rising +150 +200 +250
(typ) edge (overvoltage)
. FBDC_ forced 25mV outside the PWRGD
PWRGD P Del - 1
G ropagation Delay tPWRGD_ irip thresholds 0 us
PWRGD Output Low Voltage ISINK = 4mA 0.4 V
PWRGD Leakage Current IPwRGD_ | High state, PWRGD forced to 5.5V 1 PA
PWRGD Startup Delay and Measured from the time when FBDC_
" i ) tBLANK | reaches the target voltage based on the 20 ys
Transition Blanking Time
slew rate set by RTIME
e Measured at THRM, with respect to V¢, o
VRHOT Trip Threshold falling edge, 115mV hysteresis (typ) 29.5 30 30.5 %
TR | THRM forced 25mV below the VRHOT trip
VRHOT Delay tVRHOT threshold, falling edge 10 Ks
VRHOT Output Low Voltage ISINK = 4mA 0.4 \
VRHOT Leakage Current High state, VRHOT forced to 5V 1 pA
THRM Input Leakage -100 +100 nA
Thermal-Shutdown Threshold TSHDN Hysteresis = 15°C 160 °C
GATE DRIVERS
R High state (pullu 0.9 2.0
DH_ Gate-Driver On-Resistance RON(DH) BST_ - LX_forced | ™9 (pullup) Q
to 5V Low state (pulldown) 0.7 2.0
DL_ Gate-Driver On-Resistance R DL_, high state 0.7 2.0 Q
-Driv -Resi
- ON(DL) DL_, low state 0.25 0.6
DH_ Gate-Driver Source/Sink IpH_ | DH_forced to 2.5V, BST_ - LX_ forced to 5V 2.2 A
Current
DL_ Gate-Driver Source Current IpL DL_ forced to 2.5V 2.7 A
(SOURCE)
DL_ Gate-Driver Sink Current IDL_ (SINK) | DL_ forced to 2.5V 8 A
) tpH_DL | DH_ low to DL_ high 15 25 40
Dead Time - ns
toL_pH | DL_low to DH_ high 9 20 35
Internal Boost Diode Switch RoN BST1 to Vpp1, BST2 10 Vpp2; measure with 10 20 Q
10mA of current

MAXIM 5
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MAX17009

AMD Mobile Serial VID Dual-Phase

Fixed-Frequency Controller

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 2, VN = 12V, Vcc = Vpp1 = Vppz = SHDN = PGD_IN = 5V, Vppio = 1.8V, PRO = OPTION = GNDS_NB = GNDS_
GND_, FBDC_ = FBAC_ = CSP_ = CSN_ = 1.2V, all DAC codes set to the 1.2V code, Ta = 0°C to +85°C, unless otherwise noted.

Typical values are at Ta = +25°C.)

PARAMETER | SYMBOL ‘ CONDITIONS MIN TYP MAX | UNITS
2-WIRE SVI BUS LOGIC INTERFACE
SVI Logic Input Current SVC, SVD -1 +1 uA
. SVC, SVD, rising edge, 0.3 x 0.7 x
VI L | Threshol Vv
S ogic Input Threshold hysteresis = 0.15Vpp|o VDDIO VDDIO
SVC Clock Frequency fsve 3.4 MHz
START Condition Hold Time tHD,STA 160 ns
Repeated START Condition
]
Setup Time 1SU.STA 60 ns
STOP Condition Setup Time tSU,STO 160 ns
A master device must internally provide a
hold time of at least 300ns for the SDA
Data Hold tHD,DAT | signal (referred to the V| of SCK signal) to 70 ns
bridge the undefined region of SCL'’s falling
edge
Data Setup Time tSU,DAT 10 ns
SVC Low Period tLow 160 ns
SVC High Period tHIGH 60 ns
SVC/SVD Rise and Fall Time tR, tF Measured from 10% to 90% of Vppio 40 ns
Pulse Width of Spike Suppression Input f|lt§rs on SVD and SVC suppress 20 ns
noise spikes less than 50ns
INPUTS AND OUTPUTS
) SHDN, PGD_IN -1 +1
Logic Input Current — uA
PRO, OPTION -3 +3
Logic Input Threshold SHDN, rising edge, hysteresis = 225mV 0.8 2.0 \
. Vee -
High 04
Four-Level Input-Logic Levels OPTION Open 3.15 3.85 \
REF 1.65 2.35
Low 0.4
. Vce -
High 04
Tri-Level Input-Logic Levels PRO \
Open 3.15 3.85
Low 0.4
PGD_IN Logic Input Threshold PGD_IN 03 x 0.7 x v
VDDIO VDDIO
Low state, Ig|NK = 3mA 0.4
NBSKP Logic Output Voltage - Y
9 P ¢ High state, ISOURCE = 3mA Vgi

MAXIN



AMD Mobile Serial VID Dual-Phase
Fixed-Frequency Controller

ELECTRICAL CHARACTERISTICS

(Circuit of Figure 2, VN = 12V, Vcc = Vpp1 = Vppz = SHDN = PGD_IN = 5V, Vppio = 1.8V, PRO = OPTION = GNDS_NB = GNDS_ =
GND_, FBDC_ = FBAC_ = CSP_ = CSN_ = 1.2V, all DAC codes set to the 1.2V code, Ta = -40°C to +105°C, unless otherwise noted.)
(Note 2)

PARAMETER | SYMBOL ‘ CONDITIONS MIN MAX | UNITS
INPUT SUPPLIES
VIN Drain of external high-side MOSFET 4 26
Input Voltage Range VBIAS Vce, Vbob1, Vbb2 4.5 55 V
VDDIO 1.0 2.7
¥r(1;r(;SLrinocli§rvoltage-Lookout VuvLo V¢ rising 50mV typical hysteresis 410 4.45 \
¥Er%'gh§gderVO'tage'LOCkO“t VDDIO rising 100mV typical hysteresis 0.8 0.9 v
Quiescent Supply Current (Vce) Icc rsekglilrgti)dneﬁzi?sc_ forced above their 10 mA
Quiescent Supply Currents D1, 1DD2 Skip mgde, FBDC_ forced above their ’ UA
(VpD1, VDD2) regulation points, Ta = -40°C to +85°C
Quiescent Supply Current (VppIO) IDDIO 25 pA
Shutdown Supply Current (Vcc) SHDN = GND, Ta = -40°C to +85°C 1 PA
Shutdown Supply Currents SHDN = GND, Ta = -40°C to +85°C ’ UA
(Vbp1, VDD2)
Shutdown Supply Current (Vppio) Ta = -40°C to +85°C 1 pA
Reference Voltage VREF Vce = 4.5V 10 5.5V, no REF load 1.98 2.02 Vv
Reference Load Regulation S.ourlcmg: IReF = 0o S00pA 2 mV
Sinking: IRer = 0 to -100pA 6.2
MAIN SMPS CONTROLLERS
DAC codes from 0.8375V to 1.5500V -0.6 +0.6 %
(DNCOS‘fot'VO'tage Accuracy Vour | DAC codes from 0.5000V to 0.8250V 6 +6 N
DAC codes from 0.4875V to 0.0125V -15 +15
GNDS_ Input Range VGNDS_ | Separate mode -200 +200 mV
Separate: AVOUT_/AVGNDS_,
GNDS_ Gain AGNDS. ﬁgg@i\;: in\’jngJ—T /iJéggg"1Y' 0.95 105 | v
-200mV < VGNDS1 £ +200mV
Combined-Mode Detection GNDS2, detection EMEFOK, latched, 0.7 09 v
Threshold cleared by cycling SHDN
ROSC = 143kQ (fOSC = 300kHz nominal) -75 +7.5
Switching-Frequency Accuracy fosc | Rosc = 35.7kQ (fosC = 1.2MHz nominal) to | 10 10 %
432kQ (fOSC = 99kHz nominal)
Maximum Duty Factor DMAX 90 %
Minimum On-Time tONMIN 185 ns
During RTIME = 143kQ. SR = 6.25mV/us | -10 +10
TIME Slew-Rate Accuracy -~ RTIME = 35.7kQ to 357kQ %
transition ’ -15 +15
SR = 25mV/us to 2.5mV/us

MAXIM 7
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MAX17009

AMD Mobile Serial VID Dual-Phase
Fixed-Frequency Controller

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 2, ViN = 12V, Ve = Vb1 = Vpp2 = SHDN = PGD_IN = 5V, Vppio = 1.8V, PRO = OPTION = GNDS_NB = GNDS_ =
GND_, FBDC_ = FBAC_ = CSP_ = CSN_ = 1.2V, all DAC codes set to the 1.2V code, Ta = -40°C to +105°C, unless otherwise noted.)
(Note 2)

PARAMETER | SYMBOL ‘ CONDITIONS MIN MAX | UNITS

CURRENT LIMIT

Vesp_ - Vesn_ = 0.05 x (VREF - VILIM),

Current-Limit Threshold Tolerance ViMIT (VREF - ViLm) = 0.2V 0 1.0V -3 +3 mV
Idle Mode Threshold Tolerance VIDLE Vesp_ - VesnL, SKIP mode, 0.15 x VumiT -15 +1.5 mV
CS_ Common-Mode Input Range CSP_and CSN_ 0 2 \
Phase Disable Threshold CSP2 3 Vgi' v
DROOP AND CURRENT BALANCE
o AlFBDC_/(AVCSL),
Vesp_ - VesnL = -60mV to +60mV
DC Droop Amplifier Offset IFBDC_/Gm(FBDC_) -15 +15 mV

AlFBAaC_/(AVCSs),
Gm(FBAC_) | VFBAC_ = VCsN_ = 1.2V, 0.97 1.03 mS
Vesp_ - VesnL = -60mV to +60mV

AC Droop and Current-Balance
Amplifier Transconductance

AC Droop and Current-Balance

Amplifier Offset IFBAC_/Gm(FBAC-) -1.5 +15 mv

Measured at FBDC_ with respect to
steady-state
FBDC_ regulation voltage,

Transient-Detection Threshold ) -32 -18 mV
5mV hysteresis (typ),
transient phase repeat enabled,
OPTION = OPEN or GND
NB BUFFER
DAC codes from 0.8375V to 1.5500V -0.6 +0.6 %
NBV_BUF Output-Voltage VNBV_BUF | DAC codes from 0.5000V to 0.8250V 6 6
Accuracy mV
DAC codes from 0.4875V to 0.0125V -15 +15
RTIME = 143kQ,
NBV_BUF Short-Circuit Current DAC code set to INBV_BUF = 7.0pA -10 +10
(Sets Slew Rate Together with 1.2V, VNBV_BUF — %
External Capacitor CNBV_BUF) =0.4Vand2v | RTIME = 357kQ10 357k, 15 +15
INBV_BUF = 28UA to 2.8UA
GNDS_NB Input Range VGNDS_NB -200 +200 mvV
GNDS_NB Gain Acnps_ng | AVNBV_BUF/AVGNDS_NB, 0.95 105 | vV

-200mV < VGNDS_NB < +200mV

8 MAXIN




AMD Mobile Serial VID Dual-Phase
Fixed-Frequency Controller

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 2, ViN = 12V, Ve = Vb1 = Vpp2 = SHDN = PGD_IN = 5V, Vppio = 1.8V, PRO = OPTION = GNDS_NB = GNDS_ =
GND_, FBDC_ = FBAC_ = CSP_ = CSN_ = 1.2V, all DAC codes set to the 1.2V code, Ta = -40°C to +105°C, unless otherwise noted.)
(Note 2)

PARAMETER | SYMBOL ‘ CONDITIONS MIN MAX | UNITS
FAULT DETECTION
Output Overvoltage Trip Measured at FBDC_, )
Threshold Vovp_ rising edge Normal operation 250 350 mV
Output Undervoltage-Protection Measured at FBDC_ with respect to
\ -4 - v
Trip Threshold uve unloaded output voltage %0 350 m
V’\ci?ﬁ ?g;eicatt tEBDC— Lower threshold,
P falling edge -350 -250
unloaded output (undervoltage)
PWRGD Threshold voltage 9 v
15mV hysteresis U'?’per threshold,
(typ) rising edge +150 +250
yp (overvoltage)
PWRGD Output Low Voltage ISINK = 4mA 0.4 \
me Threshold Measured at THRM, with respect to V¢, 295 305 %

falling edge, 115mV hysteresis (typ)

VRHOT Output Low Voltage ISINK = 4mA 0.4 \

GATE DRIVERS

- High state (pullu 2.0

DH_ Gate-Driver On-Resistance RON(DH_) BST_-LX_forced g (pullup) Q
to 5V Low state (pulldown) 2.0

DL_ Gate-Driver On-Resistance R DL, high state 2.0 Q

-Driv -Resi

B ONPL) 5 ow state 0.6
. toH_DL | DH_low to DL_ high 15 40

Dead Time - ns
toL_pH | DL_ low to DH_ high 9 40

BST1 to Vpp1, BST2 to Vpp2, measured

Internal Boost Diode Switch RoN with 10mA of current 20 Q

2-WIRE SVI BUS LOGIC INTERFACE

SVI Logic Input Threshold E;’gei\éz :”%'ﬂ%id\?;'mo \/Obaxo \?E'LIXO v

SVC Clock Frequency fsve 3.4 MHz

START Condition Hold Time tHD,STA 160 ns

ggﬁjzatT?rcrﬂ]eSTART Condition tSU.STA 160 ns

STOP Condition Setup Time tSU,STO 160 ns
A master device must internally provide a hold

ppar | ITEELA e s e SOy |
region of SCL's faling edge

Data Setup Time tSU,DAT 10 ns

SVC Low Period tLow 160 ns

SVC High Period tHIGH 60 ns

SVC/SVD Rise and Fall Time tR, tF Measured from 10% to 90% of Vppio 40 ns

MAXIM 9
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MAX17009

AMD Mobile Serial VID Dual-Phase
Fixed-Frequency Controller

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 2, VN = 12V, Vcc = Vpp1 = Vppz = SHDN = PGD_IN = 5V, Vppio = 1.8V, PRO = OPTION = GNDS_NB = GNDS_ =
GND_, FBDC_ = FBAC_ = CSP_ = CSN_ = 1.2V, all DAC codes set to the 1.2V code, Ta = -40°C to +105°C, unless otherwise noted.)
(Note 2)

PARAMETER | symsoL | CONDITIONS MIN MAX | UNITS
INPUTS AND OUTPUTS
Logic Input Threshold SHDN, rising edge, hysteresis = 225mV 0.8 2.0 \
) Vce -
High oa Vv
Four-Level Input Logic Levels OPTION Open 3.15 3.85
REF 1.65 2.35 \
Low 0.4
. Vee -
High 0.4
Tri-Level Input Logic Levels PRO \
Open 3.15 3.85
Low 0.4
PGD_IN Logic Input Threshold PGD_IN 0.3 x 0.7 x v
VDDIO VDDIO

Note 1: When the inductor is in continuous conduction, the output voltage has a DC regulation level lower than the error comparator
threshold by 50% of the ripple. In discontinuous conduction, the output voltage will have a DC regulation level higher than
the error comparator threshold by 50% of the ripple.

Note 2: Specifications to Ta = -40°C to +105°C are guaranteed by design, not production tested.

tHDSTT tR
— -
SVC
lF
> - — =7
tsustp, tgF
SVD —
Vi
ViL

Figure 1. Timing Definitions Used in the Electrical Characteristics
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AMD Mobile Serial VID Dual-Phase
Fixed-Frequency Controller

Typical Operating Characteristics

(Circuit of Figure 2, VN = 12V, Vpp = Ve = 5V, Vppio = 2.5V, Ta = +25°C, unless otherwise noted.)

1-PHASE EFFICIENCY vs. LOAD CURRENT
(Vout = 1.2125V)

2-PHASE EFFICIENCY vs. LOAD CURRENT
(Vout = 1.2125V)

1-PHASE OUTPUT VOLTAGE vs. LOAD CURRENT
(Vour = 1.2125V, -1.2mV/A DROOP)

100 . 100 g 1.25 g
95 g 9% g g
E E 1.23 E
90 Py 90 — -
g ydlid g TN et
g 85 /' fJ = 85 Jf" \3 E’E’ 121 _\\
(&) (&) —
Z 8 o g % // 2 — .
= fl’ £ 4/ £ 119 -
£ 75 7 £ 75 / y gl —
o
70 Aot 70 /
// —VN=T7V // —VN=T7V 117
65 ) —V|y=12V 65 o —Vn=12V A
/‘ ‘ Vi =20V // Vi =20V Vin=12v
60 L I R 60 RN 115 L L
0.1 1 10 100 0.1 10 100 0 5 10 15 20
LOAD CURRENT (A) LOAD CURRENT (A) LOAD CURRENT (A)
1-PHASE OUTPUT VOLTAGE vs. LOAD CURRENT 1-PHASE EFFICIENCY vs. LOAD CURRENT 2-PHASE EFFICIENCY vs. LOAD CURRENT
(Vour = 1.2000V, NO DROOP) (Vour = 0.8000V) (Vour = 0.8000V)
1.25 5 100 g 100 g
g 95 g 95 g
123 ] E E
- 90 90
E . T :~\ — B
2 121 <8 il £ S
=i 5 S 5 ol
2 g % /] Z %
= =] /f/ 2 /
& 1.19 E x5 E 7 71
5 (W) (W) J
e //
70 s 70 A
117 ) —Vp =7V / — V=7V
65 7 —Vin=12V { 65 —Vin=12V {
V=12 /| Vig= 20V J V=20V
115 VNS 60 e 60 N
0 5 10 15 20 0.1 1 10 100 0.1 10 100
LOAD CURRENT (A) LOAD CURRENT (A) LOAD GURRENT (A)
1-PHASE OUTPUT VOLTAGE vs. LOAD CURRENT 1-PHASE SWITCHING FREQUENCY MAXIMUM INDUCTOR CURRENT
(Vour = 0.8000V, -1.2mV/A DROOP) vs. LOAD CURRENT vs. INPUT VOLTAGE
0.84 - 350 - 2 — —
g : Vour=1.2V —— PEAK CURRENT |2
0.83 Z 2 - - -DC CURRENT &
0.82 i =30 ] 27 E
= 081 s li =
Z 08 5 =
S 080 — % 250 I £ %
S 0.79 & =
— ~—
2 078 2 20 g 2
oD — T / >
S 077 ‘é =
0.76 < 150 —Vn=7V A e e i N Ee B B
| —Vin=12V ||
075 Viy =12V / ‘ ‘ Vi = 20V
0.74 ‘ 100 — 19
0 5 10 15 20 0.1 1 10 100 5 10 15 20 2

LOAD CURRENT (A)

MAXIW

LOAD CURRENT (A)

INPUT VOLTAGE (V)

11
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MAX17009

AMD Mobile Serial VID Dual-Phase
Fixed-Frequency Controller

Typical Operating Characteristics (continued)

(Circuit of Figure 2, ViN = 12V, Vpp = Vce = 5V, Vppio = 2.5V, Ta = +25°C, unless otherwise noted.)

MAXIMUM INDUGTOR CURRENT
vs. TEMPERATURE

29 ——— —
Viy=12V — PEAK CURRENT |2
[ Vour=1.2V ---DCCURRENT 2
27 g
=
= NN
£ % e —
oD
o
(o=
o
5 23
a
=
2 - — ==
19
40 20 0 20 40 60 80
TEMPERATURE (%)
REFERENCE VOLTAGE DISTRIBUTION
50 o
SAMPLE SIZE =150 8
— 40 z
&
= 30
o
&
w20
g I
w
10 I
) il
1995 1998 2000 2003  2.005
REFERENCE VOLTAGE (mV)
FBDC TRANSCONDUCTANCE
DISTRIBUTION
50 o
FBOCH SAMPLE SIZE = 150]%
FBDC? g
4% £
=
= 30
o
e
w20
o
=
>
10
0 :
0990 0995 1000 1005  1.010
TRANSCONDUCTANCE (mS)
12

SAMPLE PERCENTAGE (%) PER-PHASE CURRENT (A)

REFERENCE VOLTAGE (V)

20

15

10

70

60

50

40

30

20

10

2,002

2,001

2,000

1999

1998

CURRENT BALANCE vs. LOAD CURRENT

Vour=1.2V

MAX17009 toc11

/

/

|/

— lourt
o |QUT2

10 20 30
TOTAL LOAD CURRENT (A)

SMPS OUTPUT OFFSET
VOLTAGE DISTRIBUTION

40

- Vourt
L Vourz

SAMPLE SIZE = 150
g Vpac1 = Vpace =1.200V

IAX17009 toc14

OUTPUT OFFSET VOLTAGE (mV)

REFERENCE VOLTAGE vs. LOAD CURRENT

MAX17009 toc17

0 20

40 60
REF LOAD CURRENT (uA)

80

100

SUPPLY CURRENT (mA)

SAMPLE PERCENTAGE (%)

0.1

0.01

80

60

40

20

NO-LOAD SUPPLY CURRENT
vs. INPUT VOLTAGE

MAX17009 toc12

\

— I
— Ipp1 +Ipp2
Vour=1.2V [[o

L L i

5 10 15 20 25

INPUT VOLTAGE (V)

NBV_BUF OFFSET
VOLTAGE DISTRIBUTION

SAMPLE SIZE = 1502
Vpac_ng = 1.200V |

MAX1700

QOFFSET VOLTAGE (mV)

STARTUP WAVEFORMS (HEAVY LOAD)

MAX17009 toc18
—

i
i

. 200us/div
A. SHDN, 5V/div E. Vourz, 0.5V/div

B. I, 10A/div F. PWRGD, 5V/div

C. Vourt, 0.5V/div G. Vy_pur, 0.5V/div
D. ILxz, 10A/div

Vin=12V, Vgoor = 0.8V, ILoaD1 = ILoaD2 = 12A

MAXIMN




AMD Mobile Serial VID Dual-Phase
Fixed-Frequency Controller

Typical Operating Characteristics (continued)
(Circuit of Figure 2, ViN = 12V, Vpp = Vce = 5V, Vppio = 2.5V, Ta = +25°C, unless otherwise noted.)
STARTUP SEQUENCE WAVEFORMS SHUTDOWN WAVEFORMS 1-PHASE LOAD TRANSIENT (-1.2mV/A DROOP)

MAX17009 toc1 MAX17009 toc20 MAX17009 toc2
== A 33V P A T I
0 B e . 1
c 5V S— . - N i i G
0 _ T 12v : L
D L i ' l‘i‘\w‘ BTN\
0 TR SCESETTETTIT: KO SO0 SOUR NS A N i et
: 5V . : _ : 1
0 £ o m D 15A H-lu-H+ H&W&Wﬁ i H+»€+H»‘i4+|-: .
- el [e— LV PR PSR SUU S USRS U Y S b SUUUSRUNL W |1 V1
) - AR B L EZ:f'EEEEESAM\%M'E:"M
..... FFURE TR DRI W DO S 19V L — T SR - TR E SO e W Sl S
0 o i ; | : G [ IR S F o | 55
i NPT 33V T U | 1 C
3E N L | Leemimompommomend €0
0 rvedi] e, H 0 ettt 1 R P TR o T DTA T ah Aoy
400us/d|v 200ps/div 20us/div
A. SHDN, 5V/div E. PWRGD, 3.3V/div A. SHDN, 5V/div E. Voure, 0.5V/div A. Vouri, 50mV/div Vin=12V
B. Vv _BuF, 0.5V/div F. PGD_IN, 3.3V/div B. DL1, 10V/div F. Vngv_BUF, 2V/div B. I.x1, 10A/div ILoAD1 =3ATO 15ATO 3A
C. Vourt, 0.5V/div G. SVC, 2V/div C. Vourt, 05V/div G. PWRGD, 5V/div C. LX1, 10V/div
D. Voua, 0.5V/div H. SVD, 2V/div D. DL2, 10V/div
Vin =12V, VBooT = 1.0V, IL0AD1 = ILoAD2 = 3A Vin =12V, lLoaD1 = ILoAD2 = 3A
1-PHASE TRANSIENT PHASE REPEAT 1-PHASE LOAD TRANSIENT 1-PHASE TRANSIENT PHASE REPEAT
(-1.2mV/A DROOP) (NO DROOP) (NO DROOP)
MAX17009 toc?: MAX17009 toc23 MAX17009 toc2
r ! ﬁ ! . i y i‘ Y ' ’ — y ——
120 NG . o~ 12 MWM ' - . A
o [ P e b oY
e K SR s Y B
3 3 B forimadetn 1° R e e 3o
v v Foo s L 1. ..... 1o : [* ........................
0 C 0 .......... C 0 g | :
2us/div 20ps/div 2us/div
A Voury, 50mV/div - Viy =12V A Vours, 50mV/div - V=12V ANouTs, 50mV/div V=12V
B. ILx1, 10A/div ILoap1 =3ATO 15ATO 3A B. I.x1, 10A/div lLoap1 =3ATO 15ATO 3A B. Ipx1, 10A/div lLoap1 =3ATO 15ATO 3A
C. LX1, 10v/div C. LX1,10V/div C. LX1,10V/div
2-PHASE LOAD TRANSIENT 2-PHASE TRANSIENT PHASE REPEAT
( -1.2mV/A IJROOP) (-1.2mV/A DROOP)
MAX17009 toc25 MAX17009 toc26
sy " —
: L P
12V [y © $ A
st 15A fpreesd
g S I : : T B
..... 5 oo J , R Ve
.§. C 0 N .g. ..... C
20us/div 2us/div
A.Vour1, 50mV/div ViN=12V A.Vour1, 50mV/div Vi =12V
B. I x1, 10A/div ILoaD = 6A TO 30A TO 6A B. ILx1, 10A/div ILoap = 6A TO 30A TO 6A

C. Ixo, 10A/div C. Ixo, 10A/div
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MAX17009

AMD Mobile Serial VID Dual-Phase
Fixed-Frequency Controller

Typical Operating Characteristics (continued)

(Circuit of Figure 2, ViN = 12V, Vpp = Vce = 5V, Vppio = 2.5V, Ta = +25°C, unless otherwise noted.)

33V

12A

5V
12V

5V
12V

14

DYNAMIC OUTPUT-VOLTAGE
1-PHASE OUTPUT OVERLOAD 1-PHASE OUTPUT OVERVOLTAGE TRANSITIONS (LIGHT LOAD)
MAX17009 toc27 MAX17009 toc28 MAX17009 toc29
s TEEERRR . 33V 1 S 13V — 0 :
| - - A + N A
L. .é. .......... - 12A ................. 0162;¥
\'\ .;. celeenntinnd B Feieeee it B 13V
w ¢ sy b Mt c
u I 06V
L L CRRRA S A AR A RREINIT: 12V 12V
..... Gt ] ) D 13
L s Y E
St E
: \ R 120 %
SRR SRR C A CRRCTRT F 0 F 3 IS SIS
: i 25V
L TOTEL TN VRN st ien : | DL L L G
200us/div 200ps/div 100us/div
A PWRGD, 5V/div D. Vourz, 1V/div A PWRGD, 5V/div D. Voura, 1V/div A Vngy sur, 1V/div E. Viourz, 0.5V/div
B. Vour1, 1v/div E. DL2, 10V/div B. Vouri, 1V/div E. DL2, 10V/div B. LX1, 20V/div F.SVC, 5V/div
C. DL1, 10V/div F. Vngy_gur, 1V/div C. DL1, 10V/div F. Vnay_sur, 1V/div C. Vours, 0.5V/div G. SVD, 5V/div
Vin =12V, I.oant = 3A TO 30A, I pap2 = 3A Vin =12V, IL.oapt = 50mA, I ap2 = 3A D. LX2, 20V/div
Vin=12V, Vpacs = 1.3V 70 0.6V TO 1.3V,
ILoAD1 = ILoAD2 = 3A
DYNAMIC OUTPUT-VOLTAGE

TRANSITIONS (HEAVY LOAD)

MAX17009 toc30

13V

06V g
12V

13V

06V
12v

13V

06V
25V

- R ii SR L
e |

100ps/div
A Vgy_pur, 1V/div E. Vouro, 0.5V/div
B. LX1, 20V/div F. SVC, 5V/div
C. Vury, 0.5V/div G. SVD, 5V/div
D. LX2, 20V/div
Vin=12V, Vpags = 1.3V T0 0.6V T0 1.3V,
ILoAD1 = ILoAD2 = 10A

11V

08v

08V
13V

11v
12v

12V

25V
25V

PGD_IN FALLING TRANSITIONS

MAX17009 toc3
e ——

e b bbb T A A,
REANER RN RAREN AR
TR AT
SRR NI AT f ........ F
i G
10ps/div
A. Vgy_sur, 200mV/div E. LX2, 20V/div
B. Vour1, 200mV/div F. PGD_IN, 5V/div
C. Vouro, 200V/div G. PWRGD, 5V/div

D. LX1, 20V/div
ViN =12V, Voot = 1.1V, Vpact = 0.8V, Vpace =13V,
Vngv_Bur = 0.8V, ILoAD1 = ILoaD2 = 3A
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AMD Mobile Serial VID Dual-Phase
Fixed-Frequency Controller

Pin Description

PIN NAME FUNCTION

Open-Drain, Power-Good Output. PWRGD indicates when both SMPSs are in regulation.

PWRGD is forced high impedance whenever the slew-rate controller is active (output-voltage
transitions). After output-voltage transitions, except during power-up and power-down, if FBDC_ is in
regulation, then PWRGD is high impedance.

During startup, PWRGD is held low an additional 20us after the MAX17009 reaches the startup boot
voltage set by the SVC, SVD pins. The MAX17009 stores the boot VID when PWRGD first goes high.
The stored boot VID is cleared by rising SHDN.

PWRGD is forced low in shutdown.

When in pulse-skipping mode, the upper PWRGD threshold comparator is blanked during a lower VID
transition. The upper PWRGD threshold comparator is reenabled once the output is in regulation (Figure 4).

1 PWRGD

North Bridge Buffered Reference Voltage. This output is connected to the REFIN input of the NB
controller (switcher or LDO) to set the NB regulator voltage. The NBV_BUF output current is set by the
TIME resistor. The NBV_BUF current and the total output capacitance set the NBV_BUF slew rate:
2 NBV_BUF INBV_BUF = (7pA) x (143kQ / RTIME)

NBV_BUF Slew rate = INBvV_BUF / CNBV_BUF
INBV_BUF is the same during startup, shutdown, and any VID transition.
Bypass to GND with a 100pF minimum low-ESR (ceramic) capacitor at the NBV_BUF pin.

Shutdown Control Input. Connect high (2V to Vcg) for normal operation. Connect to ground to put the IC
into its 1A max shutdown state.

During startup, the SMPS output voltages and the NBV_BUF voltage are ramped up to the voltage set
by the SVC, SVD inputs. The SMPSs start up and shut down at a fixed slew rate of 1mV/us.

sve VD BOOT VOLTAGE (VBooT) | BOOT VOLTAGE (VBOOT)
(PRO = Vcc OR GND) (PRO = OPEN)
3 SHON 0 0 11 11
0 1 10 12
1 0 0.9 1.0
1 1 0.8 08

The MAX17009 stores the boot VID when PWRGD first goes high. The stored boot VID is cleared by
rising SHDN.

2.0V Reference Output. Bypass to GND with a 1pF maximum low-ESR (ceramic) capacitor. REF
4 REF sources up to 500pA for external loads. Loading REF degrades output accuracy, according to the REF
load-regulation error.

Current-Limit Adjust Input. The positive current-limit threshold voltage is precisely 1/20 of the voltage
5 ILIM between REF and ILIM over a 0.2V to 1.0V range of V(REF, ILIM). The ImiN minimum current-limit threshold
voltage in skip mode is precisely 15% of the corresponding positive current-limit threshold voltage.

Oscillator Adjustment Input. Connect a resistor (Rosc) between OSC and GND to set the switching
frequency (per phase):

fosc = 300kHz x 143kQ / Rosc
A 35.7kQ to 432kQ corresponds to switching frequencies of 1.2MHz to 100kHz, respectively.

Switching-frequency selection is limited by the minimum on-time. See the Switching frequency bullet
in the SMPS Design Procedure section.

6 0sC

MAXIM 15
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MAX17009

AMD Mobile Serial VID Dual-Phase
Fixed-Frequency Controller

Pin Description (continued)

PIN

NAME

FUNCTION

TIME

Slew-Rate Adjustment Pin. Connect a resistor RTiMme from TIME to GND to set the internal slew rate:
PWM Slew rate = (6.25mV/us) x (143kQ / RTIME)

NBV_BUF Slew rate = (7pA) x (143kQ / RTimME) / CNBV_BUF
where RTIME is between 35.7kQ and 357kQ for corresponding slew rates between 25mV/us to 2.5mV/us,
respectively, for the SMPSs, and NBV_BUF currents between 28uA and 2.8uA, respectively, for the
NBV_BUF.
This slew rate applies to both upward and downward VID transitions, and to the transition from boot mode
to VID mode. Downward VID transition slew rate can appear slower because the output transition is not
forced by the SMPS.
The SMPS slew rate for startup and shutdown is fixed at 1mV/us.
The NBV_BUF slew rate is the same during startup, shutdown, and normal VID transitions.

SVC

Serial VID Clock. During the power-up sequence and in debug mode, SVC is the MSB of the 2-bit VID DAC.

SVD

Serial VID Data. During the power-up sequence and in debug mode, SVD is the LSB of the 2-bit VID DAC.

10

THRM

Input of Internal Comparator. Connect the output of a resistor- and thermistor-divider (between Vcc and
GND) to THRM. Select the components so the voltage at THRM falls below 1.5V (30% of Vcc) at the
desired high temperature.

11

GNDS2

SMPS2 Remote Ground-Sense Input. Normally connected to GND directly at the load. GNDS2 internally
connects to a transconductance amplifier that fine tunes the output voltage compensating for voltage
drops from the regulator ground to the load ground.

Connect GNDS2 above 0.9V combined-mode operation (unified core). When operating in combined
mode, GNDS1 is used as the remote ground-sense input.

12

FBDC2

Output of the DC Voltage-Positioning Transconductance Amplifier for SMPS2. Connect a resistor RFBDC2
between FBDC2 and the positive side of the feedback remote sense to set the DC steady-state droop
based on the voltage-positioning gain requirement:

RreDC2 = RbroorDC / (RSENSE2 X Gm(FBDC2))
where RproopPDC is the desired voltage positioning slope and Gm(FBDC2) = 1mMS typ. RSENSE? is the
value of the current-sense resistor that is used to provide the (CSP2, CSN2) current-sense voltage.
To disable the load-line, short FBDC2 to the positive remote-sense point.
FBDC?2 is high impedance in shutdown.

13

FBAC2

Output of the AC Voltage-Positioning Transconductance Amplifier for SMPS2. The resistance between
this pin and the positive side of the remote-sensed output voltage sets the transient AC droop:

RFBAC2 = RDROOPAC / (RSENSE2 X Gm(FBAC2))
where RDRoOPAC is the transient (AC) voltage-positioning slope that provides an acceptable tradeoff
between stability and load transient response, Gm(Fac2) and RseNsE2 is the value of the current-sense
resistor that is used to provide the (CSP2, CSN2) current-sense voltage.
The maximum difference between transient (AC) droop and DC droop should not exceed +80mV at the
maximum allowed load current (DC droop is set at the FBDC2 pin).

Internally, V(FBDC2 - GNDS2) goes to the internal voltage integrator (slow DC loop), whereas V(FBAC2 -
GNDS2) goes to the error comparator (fast transient loop).
FBAC2 is high impedance in shutdown.

Note: The AC and DC droop cannot be different by more than +t3mV/A.

14

VDDIO

CPU I/O Voltage (1.8V or 1.5V). Logic thresholds for SVD and SVC are relative to the voltage at Vppio.

15

GNDS_NB

North Bridge Feedback Remote-Sense Input, Negative Side. Normally connected to GND directly at the
load. GNDS_NB internally connects to a transconductance amplifier that fine tunes the NBV_BUF output
voltage compensating for voltage drops from the regulator ground to the load ground.

16
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AMD Mobile Serial VID Dual-Phase
Fixed-Frequency Controller

Pin Description (continued)

PIN NAME FUNCTION

Negative Current-Sense Input for SMPS2. Connect to the negative side of the output current-sensing

16 CSN2 > o L . : L .
resistor or the filtering capacitor if the DC resistance of the output inductor is utilized for current sensing.

Positive Current-Sense Input for SMPS2. Connect to the positive side of the output current-sensing
17 CSP2 resistor or the filtering capacitor if the DC resistance of the output inductor is utilized for current sensing.
Connect CSP2 to V¢ to disable SMPS2. This allows the MAX17009 to operate as a 1-phase regulator.

Controller Supply Voltage. Connect to a 4.5V to 5.5V source. Bypass to GND with 1uyF minimum. A Vcc
18 Vce UVLO event that occurs while the IC is functioning is latched, and can only be cleared by cycling Vcc
power or by toggling SHDN.

North Bridge Skip Push-Pull Control Output. When NBSKP is high, the NB switching regulator is set to
forced-PWM mode. When NBSKP is low, the NB switching regulator is set to pulse-skipping mode. The
19 NBSKP NBSKP level is set through the serial interface during normal operation.

NBSKP is high in shutdown and during soft-shutdown.

NBSKP is high in startup until commanded otherwise.

20 DH2 SMPS2 High-Side, Gate-Driver Output. DH2 swings from LX2 to BST2. Low in shutdown.

SMPS2 Inductor Connection. LX2 is the internal lower supply rail for the DH2 high-side gate driver. Also

21 LX2 . , )
used as an input to phase 2's zero-crossing comparator.

Boost Flying-Capacitor Connection for the DH2 High-Side Gate Driver. An internal switch between Vpp2

22 BST2 and BST2 charges the flying capacitor during the time the low-side FET is on.

Supply Voltage Input for the DL2 Driver. Vppz is also the supply voltage used to internally recharge the
23 VDD2 BST2 flying capacitor during the off-time of phase 2. Connect Vppz2 to the 4.5V to 5.5V system supply
voltage. Bypass Vpp2 to GND with a 1pF or greater ceramic capacitor.

SMPS2 Low-Side Gate-Driver Output. DL2 swings from GND2 to Vpp2. DL2 is forced low in shutdown.
24 DL2 DL2 is also forced high when an output overvoltage fault is detected. DL2 is forced low in skip mode after
an inductor current zero crossing (GND2 - LX2) is detected.

Power Ground for SMPS2. Ground connection for the DL2 driver. Also used as an input to SMPS2’s zero-

25 GND2 crossing comparator. GND1 and GND2 are internally connected.

Power Ground for SMPS1. Ground connection for the DL1 driver. Also used as an input to SMPS1’s zero-

2 ND1 . .
6 G crossing comparator. GND1 and GND2 are internally connected.

SMPS1 Low-Side, Gate-Driver Output. DL1 swings from GND1 to Vpp1. DL1 is forced low in shutdown.
27 DL1 DL1 is also forced high when an output overvoltage fault is detected. DL1 is forced low in skip mode after
an inductor current zero crossing (GND1 - LX1) is detected.

Supply Voltage Input for the DL1 Driver. Vpp1 is also the supply voltage used to internally recharge the
28 VDD1 BST1 flying capacitor during the off-time of phase 1. Connect Vpp1 to the 4.5V to 5.5V system supply
voltage. Bypass Vpp1 to GND with a 1pF or greater ceramic capacitor.

Boost Flying-Capacitor Connection for the DH1 High-Side Gate Driver. An internal switch between Vpp+1

29 BSTI and BST1 charges the flying capacitor during the time the low-side FET is on.

30 LX1 SMPS1 Inductor Connection. LX1 is the internal lower supply rail for the DH1 high-side gate driver. Also
used as an input to phase 1’s zero-crossing comparator.

31 DH1 SMPS1 High-Side, Gate-Driver Output. DH1 swings from LX1 to BST1. Low in shutdown.

32 VRHOT Open-Drain Output of Internal Comparator. VRHOT is pulled low when the voltage at THRM goes below

1.5V (30% of Vcc). VRHOT is high impedance in shutdown.
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MAX17009

AMD Mobile Serial VID Dual-Phase
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Pin Description (continued)

PIN

NAME

FUNCTION

33

Protection Disable. PRO also sets the MAX17009 in debug mode.

Connect PRO high to disable OVP protection.

Connect PRO to GND to enable OVP protection.

When PRO is floated, the MAX17009 disables the OVP protection and also enters debug mode (see the
SHDN pin description). When PGD_IN is low in debug mode, the MAX17009 DAC voltages are set by
the 2-bit boot VID. When PGD_IN is high, the MAX17009 changes to serial VID mode.

34

CSP1

Positive Current-Sense Input for SMPS1. Connect to the positive side of the output current-sensing resistor
or the filtering capacitor if the DC resistance of the output inductor is utilized for current sensing.

35

CSN1

Negative Current-Sense Input for SMPS1. Connect to the negative side of the output current-sensing resistor
or the filtering capacitor if the DC resistance of the output inductor is utilized for current sensing.

36

PGD_IN

System Power-Good Input. Indicates to the MAX17009 that the system is ready to enter serial VID mode.
PGD_IN is low when SHDN first goes high, the MAX17009 decodes the boot VID to determine the boot
voltage. The boot VID can be changed dynamically while PGD_IN remains low and PWRGD. The boot
VID is stored after PWRGD goes high.

PGD_IN goes high after the MAX17009 reaches the boot voltage. This indicates that the SVI block is
active, and the MAX17009 starts to respond to the serial-interface commands.

After PGD_IN has gone high, if at anytime PGD_IN should go low, the MAX17009 regulates to the
previously stored boot VID.

37

OPTION

Four-Level Input to Enable Offset and Transient-Phase Repeat
OPTION OFFSET ENABLED TRANSIENT-PHASE REPEAT ENABLED
Vce 0 0
OPEN 0
1
1

REF
GND

1
0
1

When OFFSET is enabled, the MAX17009 enables a fixed +12.5mV offset on each of the SMPS VID
codes after PGD_IN goes high. This configuration is intended for applications that implement a load-
line. An external resistor at FBDC _ sets the load-line. The offset can be disabled by setting the PSI_L
bit to zero through the serial interface.

When OFFSET is disabled, the intended application has no load-line, and the FBDC_ pins are directly
connected to the remote-sense points.

Transient phase repeat allows the MAX17009 to reenable the current phase in response to a load
transient, even after that phase has finished its on-pulse.

38

FBACH1

Output of the AC Voltage-Positioning Transconductance Amplifier for SMPS1. The resistance between
this pin and the positive side of the remote-sensed output voltage sets the transient AC droop:

RrBAC1 = RDROOPAC / (RSENSE1 X Gm(FBAC1))
where RDROOPAC is the transient (AC) voltage-positioning slope that PROvides an acceptable tradeoff
between stability and load-transient response, Gm(Fsac1) and RSeNSE1 is the value of the current-sense
resistor that is used to PROvide the (CSP1, CSN1) current-sense voltage.
The maximum difference between transient (AC) droop and DC droop should not exceed £80mV at the
maximum allowed load current (DC droop is set at the FBDC2 pin).
Internally, V(FBDC1 - GNDS1) goes to the internal voltage integrator (slow DC loop), whereas V(FBAC1
- GNDS1) goes to the error comparator (fast-transient loop).
FBAC1 is high impedance in shutdown.
Note: The AC and DC droop cannot be different by more than +3mV/A.

18
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Pin Description (continued)

PIN NAME FUNCTION
Output of the DC Voltage-Positioning Transconductance Amplifier for SMPS1. Connect a resistor
RreDC1 between FBDC1 and the positive side of the feedback remote sense to set the DC steady-
state droop based on the voltage-positioning gain requirement:
39 FBDC 1 RFBDC1 = RDROOPDC / (RSENSE1 X Gm(FBDC1))
where RDROOPDC is the desired voltage-positioning slope and Gm(FBDC1) = TmMS typ. RSENSE1 is the
value of the current-sense resistor that is used to PROvide the (CSP1, CSN1) current-sense voltage.
To disable the load-line, short FBDC2 to the positive remote-sense point.
FBDC1 is high impedance in shutdown.
SMPS1 Remote Ground-Sense Input. Normally connected to GND directly at the load. GNDS1 internally
connects to a transconductance amplifier that fine tunes the output voltage compensating for voltage
40 GNDS1
drops from the regulator ground to the load ground.
GNDS1 is the remote ground-sense input in combined-mode operation.
EP EP Exposed Pad. Connect the exposed backside pad to GND1 and GND2.

Table 1 shows the component selection for standard applications and Table 2 lists component suppliers.

Table 1. Component Selection for Standard Applications

COMPONENT

VIN =7V TO 20V
VouT =1.0V-1.3V/18A PER PHASE

VIN = 4.5V TO 14V
VouTt_=1.0V-1.3V/18A PER PHASE

MODE

Separate, 2-phase mobile
(GNDS2 not high)

Separate, 2-phase mobile
(GNDS2 not high)

Switching Frequency

280kHz
(Rosc = 154kQ)

600kHzZ
(Rosc = 71.5kQ)

CIN_, Input Capacitor (per Phase)

(2) 10pF, 25V
Taiyo Yuden TMK432BJ106KM

(2) 104F, 16V
Taiyo Yuden TMK432BJ106KM

Cour_, Output Capacitor
(per Phase)

(2) 470uF, 2V, 6mQ,

low-ESR capacitor
NEC/Tokin PSGDOE477M6 or
Panasonic EEFUDOD471L6

(2) 330uF, 2.5V, 6mQ,
low-ESR capacitor
Panasonic EEFSDOD331XR

NH_ High-Side MOSFET

(1) Fairchildsemi

(1) International Rectifier

FDMS8690 IRF7811W
Qi (2) Vishay (2) Fairchildsemi
NL_ Low-Side MOSFET Si7336ADP FDMS8660S
3A, 40V Schottky diode
DL_ Schottky Rectifier Central Semiconductor None

CMSH3-40

L_ Inductor

0.45uH, 30A, 1.1mQ power inductor
TOKO FDUE1040D-R45M or
NEC/Tokin MPC1040LR45

0.22uH, 25A, 1mQ power inductor
NEC/Tokin MPC0730LR20

Note: Mobile applications should be designed for separate mode operation. Component selection dependent on AMD CPU AC and

DC specifications.

MAXIM
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Table 2. Component Suppliers

MANUFACTURER WEBSITE MANUFACTURER WEBSITE
AVX WWW.avXxcorp.com Pulse www.pulseeng.com
Bl Technologies www.bitechnologies.com Renesas WWW.renesas.com
Central Semiconductor www.centralsemi.com SANYO WWW.SECC.CO.jp

Fairchild Semiconductor www.fairchildsemi.com

Siliconix (Vishay) www.vishay.com

International Rectifier www.irf.com Sumida www.sumida.com
KEMET www.kemet.com Taiyo Yuden www.t-yuden.com
NEC Tokin www.nec-tokin.com TDK www.component.tdk.com
Panasonic WWW.panasonic.com TOKO www.tokoam.com

Standard Application Circuits

The MAX17009 standard application circuit (Figure 2)
generates two independent 18A outputs for AMD
mobile CPU applications. See Table 1 for component
selections. Table 2 lists the component manufacturers.

Detailed Description

The MAX17009 consists of a dual-fixed-frequency PWM
controller that generates the supply voltage for two inde-
pendent CPU cores. A reference buffer output
(NBV_BUF) sets the regulation voltage for a separate
NB regulator. The CPU cores can be configured as
independent outputs, or as a combined output based
on the GNDS2 pin strap (GNDS2 pulled to 1.5V - 1.8V,
which are the respective voltages for DDR3 and DDR2).

Both SMPS outputs and the NB buffer can be pro-
grammed to any voltage in the VID table (see Table 4)
using the SVI. The CPU is the SVI bus master, while the
MAX17009 is the SVI slave. Voltage transitions are
commanded by the CPU as a single-step command
from one VID code to another. The MAX17009 slews
the SMPS outputs at the slew rate programmed by the
external RTiMmE resistor. For the NB buffer, the slew rate
is set by the combination of RTIME and the total capaci-
tance on the output of the buffer.

By default, the MAX17009 SMPSs are always in pulse-
skip mode. In separate mode, the PSI_L bit does not
change the mode of operation, but removes the
+12.5mV offset, if enabled by the OPTION pin. In com-
bined mode, the PSI_L bit removes the +12.5mV offset
and switches from 2-phase to 1-phase operation. The
NB_SKP output always follows the state of PSI_L for the
NB regulator.

20

+5V Bias Supply (Vcc, Vbp)
The MAX17009 requires an external 5V bias supply in
addition to the battery. Typically, this 5V bias supply is
the notebook’s main 95%-efficient 5V system supply.
Keeping the bias supply external to the IC 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.

The 5V bias supply powers both the PWM controller
and internal gate-drive power, so the maximum current
drawn is:

IBIAS = IcC + fswQaG = 10mA to 60mA (typ)

where Icc is provided in the Electrical Characteristics
table, and fswQg (per phase) is the driver’s supply cur-
rent, as defined in the MOSFET'’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 voltage is present to ensure
startup.

Switching Frequency (OSC)
Connect a resistor (Rosc) between OSC and GND to
set the switching frequency (per phase):

faw = 300kHz x 143kQ / Rosc

A 35.7kQ to 432kQ corresponds to switching frequencies
of 1.2MHz to 100kHz, respectively. High-frequency
(1.2MHz) operation optimizes the application for the
smallest component size, trading off efficiency due to
higher switching losses. This may be acceptable in
ultra-portable devices where the load currents are lower
and the controller is powered from a lower voltage sup-
ply. Low-frequency (100kHz) operation offers the best
overall efficiency at the expense of component size and
board space. Minimum on-time (toN(MIN)) must also be
taken into consideration. See the Switching frequency
bullet in the SMPS Design Procedure section.
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Figure 2. Standard Application Circuit
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Interleaved Multiphase Operation
The MAX17009 interleaves both phases—resulting in
180° out-of-phase operation that minimizes the input and
output filtering requirements, reduces electromagnetic
interference (EMI), and improves efficiency. The high-
side MOSFETs do not turn on simultaneously during nor-
mal 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 MAX17009
ideal for high-power, cost-sensitive applications.

Transient-Phase Repeat
When a transient occurs, the output-voltage deviation
depends on the controller’'s ability to quickly detect the
transient and slew the inductor current. A fixed-fre-
quency controller typically responds only when a clock
edge occurs, resulting in a delayed transient response.
To minimize this delay time, the MAX17009 includes
enhanced transient detection and transient- phase-
repeat capabilities. If the controller detects that the out-
put 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
oscillator edges. This effectively triggers a phase a full
cycle early, increasing the total inductor-current slew
rate and providing an immediate transient response.

The OPTION pin setting enables or disables the tran-
sient phase-repeat feature. Keep OPTION OPEN or
connected to GND to enable transient-phase repeat.
Connect OPTION to Vcc or REF to disable transient-
phase repeat. See the Offset and Transient-Phase
Repeat (OPTION) section.

Feedback Adjustment Amplifiers

Steady-State Voltage-Positioning

Amplifier (DC Droop)

Each of the MAX17009 SMPS controllers includes two

transconductance amplifiers—one for steady-state DC

droop, and another for AC droop. The amplifiers’ inputs

are generated by summing their respective current-sense

inputs, which differentially sense the voltage across either
current-sense resistors or the inductor’s DCR.

The DC droop amplifier's output (FBDC) connects to
the remote-sense point of the output through a resistor
that sets each phase’s DC voltage-positioning gain:

VouT = VTARGET —RrFBDCIFBDC

22

where the target voltage (VTARGET) is defined in the
Nominal Output-Voltage Selection section, and the
FBDC amplifier's output current (IFBDC) is determined
by each phase’s current-sense voltage:

IFBDC = Gm(FBDC)VCS

where Vcs = Vgsp - VesN is the differential current-
sense voltage, and GM(FBDC) is typically 1TmS as
defined in the Electrical Characteristics table.

DC droop is typically used together with the +12.5mV
offset feature to keep within the DC tolerance window of
the application. See the Offset and Transient-Phase
Repeat (OPTION) section. The ripple voltage on FBDC
must be less than the 18mV (min) transient phase
repeat threshold:

AlLRSENSEGm(FBDC)RFBDC + AlLRESR <18mV

18mV
RFBDC S( —RESR)—RSENSEGm(FBDC)

Al

where AlL is the inductor ripple current, RESR is the
effective output ESR at the remote sense point, RSENSE is
the current-sense element, and Gm(FBDC) is 1.03mS
(max) as defined in the Electrical Characteristics table.
The worst-case inductor ripple occurs at the maximum
input voltage and the minimum output-voltage conditions:

VouTMIN) (MIN(MAX) = VOUT(MIN))
Vinvax)yfoscl

Al (MAX) =

To disable voltage positioning, set RFBDC to zero.

Transient Voltage-Positioning Amplifier (AC Droop)
The AC droop amplifier's output (FBAC) connects to
the remote-sense point of the output through a resistor
that sets each phase’s AC voltage-positioning gain:

VouT =VTARGET —RFBACIFBAC

where the target voltage (VTARGET) is defined in the
Nominal Output-Voltage Selection section, and the
FBAC amplifier’'s output current (IFBAC) is determined
by each phase’s current-sense voltage:

IFBAC =Gm(FBAC)VCS

where Vcs = Vesp - VesN is the differential current-
sense voltage, and GM(FBAC) is 1.03mS (max), as
defined in the Electrical Characteristics table.

AC droop is required for stable operation of the
MAX17009. A minimum of 1mV/A is recommended. AC
droop must not be disabled.
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The maximum allowable AC droop is limited by the rec-
ommended integrator correction range of £100mV and
on the DC droop:

100mV
1.03MSILOAD(MAX)RSENSE

|RrBAC —RFBDC|<

Differential Remote Sense
The MAX17009 controller includes independent differ-
ential, remote-sense inputs for each CPU core to elimi-
nate the effects of voltage drops along the PC board
(PCB) traces and through the processor’'s power pins.
The feedback-sense (FBDC_) input connects to the
voltage-positioning resistor (RFBDC_). The ground-
sense (GNDS_) input connects to an amplifier that
adds an offset directly to the target voltage, effectively
adjusting the output voltage to counteract the voltage
drop in the ground path. Connect the feedback-sense
(FBDC_) voltage-positioning resistor (RFBDC_), and
ground-sense (GNDS_) input directly to the respective
CPU core’s remote-sense outputs as shown in Figure 2.

GNDS2 has a dual function. At power-on, the voltage
level on GNDS2 configures the MAX17009 as two inde-
pendent switching regulators, or one higher current
two-phase regulator. Keep GNDS2 low during power-
up to configure the MAX17009 in separate mode.
Connect GNDS2 to a voltage above 0.8V (typ) for com-
bined-mode operation. In the AMD mobile system, this
is automatically done by the CPU that is plugged into
the socket that pulls GNDS2 to the Vpp|o voltage level.

The MAX17009 checks the GNDS2 level at the time
when the internal REFOK signal goes high, and latches
the operating mode information (separate or combined
mode). This latch is cleared by cycling the SHDN pin.

Integrator Amplifier
An internal integrator amplifier forces the DC average
of the FBDC_ voltage to equal the target voltage. This
transconductance amplifier integrates the feedback
voltage and provides a fine adjustment to the regulation
voltage (Figure 3), allowing accurate DC output-voltage
regulation regardless of the output-ripple voltage. The
integrator amplifier has the ability to shift the output
voltage by £100mV (min).

The MAX17009 disables the integrator by connecting
the ampilifier inputs together at the beginning of all VID
transitions done in pulse-skipping mode. The integrator
remains disabled until 20us after the transition is com-
pleted (the internal target settles), and the output is in
regulation (edge detected on the error comparator).

When voltage positioning is disabled (RFBDC_ = 0Q),
the AC droop setting must be less than the £100mV

MAXIM

minimum adjustment range of the integrator amplifier to
guarantee proper DC output-voltage accuracy. See the
Steady State Voltage-Positioning Amplifiers (DC Droop)
and the Transient Voltage-Positioning Amplifiers (AC
Droop) sections.

2.Wire Serial Interface (SVC, SVD)
The MAX17009 supports the 2-wire, write only, serial-
interface bus as defined by the AMD Serial VID
Interface Specification. The serial interface is similar to
the high-speed 3.4MHz 12C bus, but without the master
mode sequence. The bus consists of a clock line (SVC)
and a data line (SVD). The CPU is the bus master, and
the MAX17009 is the slave. The MAX17009 serial inter-
face works from 100kHz to 3.4MHz. In the AMD mobile
application, the bus runs at 3.4MHz.

The serial interface is active only after PGD_IN goes
high in the startup sequence. The CPU sets the VID
voltage of the three internal DACs and the PSI_L bit
through the serial interface.

During the startup sequence, the SVC and SVD inputs
serve an alternate function to set the 2-bit boot VID for
all three DACs while PWRGD is low. In debug mode,
the SVC and SVD inputs function in the 2-bit VID mode
when PGD_IN is low, and in the serial-interface mode
when PGD_IN is high.

Nominal Output-Voltage Selection

SMPS Output Voltage
The nominal no-load output voltage (VTARGET_) for
each SMPS is defined by the selected voltage refer-
ence (VID DAC) plus the remote ground-sense adjust-
ment (VGNDS) and the offset voltage (VOFFSET) as
defined in the following equation:

VTARGET = VFBDC = VDAC + VGNDS + VOFFSET

where VpAC is the selected VID voltage of the SMPS
DAC, VGNDS is the ground-sense correction voltage,
and VOFFSET is the +12.5mV offset enabled by the
OPTION pin, when the PSI_L is set high.

NBV_BUF Output Voltage
The nominal output voltage (VTARGET) for the NBV_BUF
is defined by the selected voltage reference (VID DAC)
plus the remote ground-sense adjustment (VGNDS), as
defined in the following equation:

VTARGET = WNBV_BUF =VDAC +VGNDS_NB

where VpDAC_ is the selected VID voltage of the
NBV_BUF DAC, and VGNDS_NB_ is the ground-sense
correction voltage. The offset voltage (VOFFSET) is not
applied to NBV_BUF.
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Figure 3. Functional Diagram
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7-Bit DAC
Inside the MAX17009 are three 7-bit digital-to-analog
converters (DACs). Each DAC can be individually pro-
grammed to different voltage levels through the serial-
interface bus. The DAC sets the target for the output
voltage for the SMPSs and the NB buffer output
(NBV_BUF). The available DAC codes and resulting
output voltages are compatible with the AMD SVI
(Table 4) specifications

Boot Voltage
On startup, the MAX17009 slews the target for all three
DACs from ground to the boot voltage set by the SVC
and SVD pin voltage levels. While the output is still below
regulation, the SVC and SVD levels can be changed,
and the MAX17009 sets the DACs to the new boot volt-
age. Once the programmed boot voltage is reached and
PWRGD goes high, the MAX17009 stores the boot VID.
Changes in the SVC and SVD settings do not change the
output voltage once the boot VID is stored. When
PGD_IN goes high, the MAX17009 exits boot mode, and
the three DACs can be independently set to any voltage
in the VID table through the serial interface.

If PGD_IN goes from high to low anytime after the boot
VID is stored, the MAX17009 sets all three DACs back
to the voltage of the stored boot VID.

When in debug mode (PRO = OPEN), the MAX17009
uses a different boot-voltage code set. Keeping
PGD_IN low allows the SVC and SVD inputs to set the
three DACs to different voltages in the boot-voltage
code table. When PGD_IN is subsequently set high, the
three DACs can be independently set to any voltage in
the VID table serial interface. Table 3 shows the boot-
voltage code table.

Table 3. Boot-Voltage Code Table

BOOT VOLTAGE BOOT VOLTAGE
SVC | SVD | _ (VsooT) __(VBoor)
(PRO=VccORGND) | (PRO = OPEN)
0 0 1.1 1.4
0 1 1.0 1.2
1 0 0.9 1.0
1 1 0.8 0.8
Offset

A +12.5mV offset can be added to both SMPS DAC
voltages for applications that include DC droop. The
offset is applied only after the MAX17009 exits boot
mode (PGD_IN going from low to high), and the
MAX17009 enters the serial-interface mode. The offset
is disabled when the PSI_L bit is set, saving more
power when the load is light.

MAXIM

The OPTION pin setting enables or disables the
+12.5mV offset. Connect OPTION to REF or GND to
enable the offset. Keep OPTION open or connected to
Vcc to disable the offset. See the Offset and Transient-
Phase Repeat (OPTION) section.

Output-Voltage Transition Timing

SMPS Output-Voltage Transition
The MAX17009 performs positive voltage transitions in a
controlled manner, automatically minimizing input surge
currents. This feature allows the circuit designer to
achieve nearly ideal transitions, guaranteeing just-in-time
arrival at the new output voltage level with the lowest
possible peak currents for a given output capacitance.
The slew rate (set by resistor RTIME) must be set fast
enough to ensure that 35.7kQ and 357kQ for corre-
sponding slew rates between 25mV/us to 2.5mV/us,
respectively, for the SMPSs.

At the beginning of an output-voltage transition, the
MAX17009 blanks both PWRGD comparator thresh-
olds, preventing the PWRGD open-drain output from
changing states during the transition. At the end of an
upward VID transition, the controller enables both
PWRGD thresholds approximately 20us after the slew-
rate controller reaches the target output voltage. At the
end of a downward VID transition, the upper PWRGD
threshold is enabled only after the output reaches the
lower VID code setting.

The MAX17009 automatically controls the current to the
minimum level required to complete the transition in the
calculated time. The slew-rate controller uses an internal
capacitor and current source programmed by RTIME to
transition the output voltage. The total transition time
depends on RTIME, the voltage difference, and the
accuracy of the slew-rate controller (CsLEw accuracy).
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. For all dynamic positive VID
transitions, the transition time (tTRAN) is given by:

IVNEW - VoLD|
(dVTARGET /dt)

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 the TIME Slew-Rate
Accuracy row in the Electrical Characteristics table for
slew-rate limits.

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:

tTRAN =

25
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