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1/2/3-Phase Quick-PWM
IMVP-6.5 VID Controllers

General Description Features
The MAX17030/MAX17036 are 3/2-phase interleaved 4 Triple/Dual-Phase Quick-PWM Controllers
Quick-PWM™ step-down VID power-supply controllers ¢ 2 Internal Drivers + 1 External Driver

for IMVP-6.5 notebook CPUs. Two integrated drivers and .
the option to drive a third phase using an external driver
such as the MAX8791 allow for a flexible 3/2-phase con-
figuration depending on the CPU being supported. ) . o .
True out-of-phase operation reduces input ripple-current ¢ Efy;?ca::anl:gyPhase Selection Optimizes Active/Sleep
requirements and output-voltage ripple while easing ]

component selection and layout difficulties. The Quick- ¢ Transient Phase Overlap Reduces Output

PWM control provides instantaneous response to fast Capacitance

load-current steps. Active voltage positioning reduces Transient Suppression Feature (MAX17036 Only)
power dissipation and bulk output capacitance require- Integrated Boost Switches

ments and allows ideal positioning compensation for tan- Active Voltage Positioning with Adjustable Gain

talum, polymer, or ceramic bulk output capacitors.
) , Accurate Lossless Current Balance and

ghe I\/I?XZOSO/I\/I/S\XW?SG are mtenr(]jed for bulckmg Current Limit

own the battery directly to create the core voltage.
The single-stage conversion method allows this device Re['note Output and Ground Sense
to directly step down high-voltage batteries for the Adjustable Output Slew-Rate Control
highest possible efficiency. 4 Power-Good (IMVPQK), Clock Enable (CLKEN),
A slew-rate controller allows controlled transitions and Thermal-Fault (VRHOT) Outputs

between VID codes. A thermistor-based temperature ¢ IMVP-6.5 Power Sequencing and Timing
sensor provides programmable thermal protection. An Compliant

+0.5% VouTt Accuracy Over Line, Load, and
Temperature

4 7-Bit IMVP-6.5 DAC

> & & o

> &

output current monitor provides an analog current out- 4 Output Current Monitor (IMON)
put. perort|onaI to thg sum of the inductor currents, ¢ Drives Large Synchronous Rectifier FETs
which in steady state is the same as the current con- 7V o 26V Batterv Inout Rande
sumed by the CPU. . ) y . P 9
Applications 4 Adjustable Switching Frequency (600kHz max)
IMVP-6.5 SV and XE Core Power Supplies ¢ Underv_oltage, Overvoltage, and Thermal-Fault
Protection
High-Current Voltage-Positioned Step-Down - - .
Covartors g P Pin Configuration
310 4 Li+ Cells Battery to CPU Core Supply TOP VIEW P | = BN
Converters R x5 a2 £I1E 3558
Notebooks/Desktops/ServerS o gq 29‘ gg 2,7, ‘g@ ‘25,‘ ?l}‘ g% ‘22,‘ 21, L
PGD_IN| 31 120 | Pwm3
- - oolse: ¢ 1 ii9|Dmske
Ordering Information = P
p1f33: ;i8] PwAeD
PART TEMP RANGE PIN-PACKAGE D2 34 3 JAAXI 51:7: CLKEN
MAX17030GTL+ -40°C to +105°C 40 TQFN-EP* ] BT WIAX17030 L B TON
MAX17036GTL+ -40°C to +105°C 40 TQFN-EP* D4136: MAX17036 ARSI
; D537 ¢ © 114 | DPRSLPVR
+Denotes a lead-free(Pb)/RoHS-compliant package. oo A B
*EP = Exposed pad. Defss: i 113 | SHON
CSP1]39: RS A Y [
cont | 40 111 | csne
+0110211304105016517:18:1910]
THIN QFN
Quick-PWM is a trademark of Maxim Integrated Products, Inc. 5mm x 5mm
MAXIM 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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MAX17030/MAX17036

1/2/3-Phase Quick-PWM
IMVP-6.5 VID Controllers

ABSOLUTE MAXIMUM RATINGS

(Note 1)

Ve, VDD 10 GND L., ...-0.3V to +6V LXTIOBSTT i -6V to +0.3V
D0-D6, PGD_IN, PSI, DPRSLPVR to GND ...-0.3V to +6V LX2 10 BST2. i -6V to +0.3V
CSP_, CSN_, THRM, ILIMto GND.................. ...-0.3V to +6V DH1to LX1 .o, ...-0.3V to (VBsT1 + 0.3V)
PWRGD, CLKEN, VR_HOTto GND ........ccccooviiine. -0.3V to +6V DH2 10 LX2 oo -0.3V to (VBsT2 + 0.3V)
FB, FBAC, IMON, TIMEto GND ................. -0.3Vto (Vcc + 0.3V) Continuous Power Dissipation (40-pin, 5mm x 5mm TQFN)
SHDN to GND (Note 2).................. -0.3V to +30V UP 10 +70%C oo 1778mW
TONto GND .....oovvovii, -0.3V to +30V Derating above +70°C .........cc..co..... 22.2mW/°C
GNDS t0 GND ..o -0.3Vto +0.3V Operating Temperature Range ............... ...-40°C to +105°C
DL1, DL2, PWM3, DRSKP to GND ............. -0.3V to (Vpp + 0.3V) Junction Temperature ..........ccoooveeiiiiiie +150°C
BST1, BST2t0 GND ..o -0.3V to +36V Storage Temperature Range ...-65°C to +165°C
BST1, BST2 10 VDD oviooeeeoieeeee e -0.3V to +30V Lead Temperature (soldering, 10S) .....cccccoovvviiiiiiiiiiannn. +300°C

Note 1: Absolute Maximum Ratings valid using 20MHz bandwidth limit.
Note 2: SHDN might be forced to 12V for the purpose of debugging prototype breadboards using the no-fault test mode. Internal
BST switches are disabled as well. Use external BST diodes when SHDN is forced to 12V.

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 1, ViN = 10V, Vcc = Vbp = VSHDN = VPGD_IN = VPSI = ViLIM = 5V, VDPRSLPVR = VGNDS = O, Vcsp_ = VoSN =
1.0000V, FB = FBAC, Rreac = 3.57kQ from FBAC to CSN_, [D6-D0] = [0101000]; Ta = 0°C to +85°C, unless otherwise noted.
Typical values are at Tp = +25°C.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
PWM CONTROLLER
Vee, Vi 4.5 55
Input Voltage Range cc, oD \
VIN 7 26
DAC codes from
M FB -0. . %
casured at 0.8125V to 1.5000V 05 0.5 "
with respect to
GNDS; DAC codes from
FB Output Voltage Accuracy VB |includes load- 0.3750V to 0.8000V 7 il '
regulation error m
DAC codes from
(Note 3) 0'to 0.3625V -20 +20
Boot Voltage VBOOT 1.094 1.100 1.106 V
Line Regulation Error Vcc = 4.5V 10 5.5V, VN = 4.5V to 26V 0.1 %
FB Input Bias Current Ta = +25°C -0.1 +0.1 A
GNDS Input Range -200 +200 mV
GNDS Gain AGNDS | AVOUT/AVGNDS 0.97 1.00 1.03 VNV
GNDS Input Bias Current IGNDS Ta = +25°C -0.5 +0.5 pA
TIME Regulation Voltage VTIME RTIME = 147kQ 1.985 2.000 2.015 V
RTIME = 147kQ (6.08mV/us nominal) -10 +10
RTIME = 35.7kQ (25mV/us nominal) to
178KkQ (5mV/us nominal) 15 15
TIME Slew-Rate Accuracy %
Soft-start and soft-shutdown:
RTIME = 35.7kQ (6.25mV/us nominal) to -20 +20
178kQ (1.25mV/us nominal)
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1/2/3-Phase Quick-PWM
IMVP-6.5 VID Controllers

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, ViN = 10V, Vcc = Vpp = VSHDN = VPGD_IN = VPST = ViLIM = 5V, VDPRSLPVR = VGNDs = 0, Vcsp_ = VesN_ =
1.0000V, FB = FBAC, Rreac = 3.57kQ from FBAC to CSN_, [D6-D0] = [0101000]; Ta = 0°C to +85°C, unless otherwise noted.

Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Vin=tov, | FTON = 96;'7156k7?1 (000KHZ | 45 +15
Vg = 1.0V, per phase), s nomina
= measured at | Rton = 200kQ (300kHz ) o
On-Time Accuracy toN DH1, DH2, per phase), 333ns nominal 10 +10 %
?Qgtg\ﬁ’)m RTON = 308 25k (200kHz | 5
per phase), 500ns nominal
Minimum Off-Time torFF(MIN) | Measured at DH1, DH2, and PWM3 (Note 4) 300 375 ns
SHDN = GND, V|Ny = 26V, Vcc =Vpp =0
TON Shutdown Input Current ITON,SDN or 5V, TA = 425°C 0.01 0.1 HA
BIAS CURRENTS
) Measured at Vce, VDPRSLPVR = 5V, FB
I V I . 7 A
Quiescent Supply Current (Vce) ce forced above the regulation point 35 m
) Measured at Vpp, VDPRSLPVR = O, FB forced
Quiescent Supply Current (Vpp) IDD above the regulation point, Ta = +25°C 0.02 1 pA
Shutdown Supply Current (Vcg) lcc,spN | Measured at Ve, SHDN = GND, Ta = +25°C 0.01 1 pA
Shutdown Supply Current (Vpp) IpD,SDN | Measured at Vpp, SHDN = GND, Ta = +25°C 0.01 1 PA
FAULT PROTECTION
Skip mode after output reaches the
regulation voltage or PWM mode;
measured at FB with respect to the voltage 250 800 350 mv
Output Overvoltage-Protection v target set by the VID code (see Table 4)
Threshold ovp Soft-start, soft-shutdown, skip mode, and
output have not reached the regulation 1.45 1.50 1.55 v
voltage; measured at FB
Minimum OVP threshold; measured at FB 0.8
Output Oyervoltage— tovp FB forced 25mV above trip threshold 10 us
Propagation Delay
Output Undervoltage- Measured at FB with respect to the voltage | ) )
Protection Threshold Vuve target set by the VID code (see Table 4) 450 400 350 mv
Output Uhdervoltage- tuvp FB forced 25mV below trip threshold 10 us
Propagation Delay
CLKEN Startup Delay and Measured from the time when FB reaches
2 1
Boot Time Period 1800t the boot target voltage (Note 3) 0 60 00 He

MAXIM
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MAX17030/MAX17036

1/2/3-Phase Quick-PWM
IMVP-6.5 VID Controllers

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, ViN = 10V, Vce = Vpp = VSADN = VPGD_IN = VPST = ViLIM = 5V, VDPRSLPVR = VGNDS = 0, Vcsp_ = VCSN_ =
1.0000V, FB = FBAC, Rreac = 3.57kQ from FBAC to CSN_, [D6-D0] = [0101000]; Ta = 0°C to +85°C, unless otherwise noted.

Typical values are at Ta = +25°C.)

Input Range

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Measured at startup from the time when
PWRGD Startup Delay CLKEN goes low 3 6.5 10 ms
Measured at FB Lower threshold,
with respect to the | falling edge -350 -300 -250
. d It
CLKEN and PWRGD Threshold voltage target set | (undervoltage) mv
by the VID code Upper threshold,
(see Table 4), 20mV | rising edge +150  +200  +250
hysteresis (typ) (overvoltage)
CLKEN and PWRGD Delay FB forced 25mV outside the PWRGD trip 10 us
thresholds
CLKEN and PWRGD Transition ¢ Measured from the time when FB reaches 20 s
Blanking Time (VID Transitions) BLANK the target voltage (Note 3) H
CLKEN, PWRGD Output :
Low Voltage Low state, ISINK = 3mA 0.4 Y
CLKEN, PWRGD Leakage High-Z state, pin forced to 5V, Ta = +25°C 1 PA
Current
CSN1 Pulldown Resistance in SHDN = GND, measured after soft- 8 )
UVLO and Shutdown shutdown completed (DL = low)
Vce Undervoltage-Lockout Rising edge, 65mV typical hysteresis,
V] 4. 4.27 4.4 V
Threshold UVLO(VCC) controller disabled below this level 05 8
THERMAL PROTECTION
VRHOT Trip Threshold Measured at THRM with respect to Voc; 29 30 31 %
falling edge, typical hysteresis = 75mV
TROAT ______ | THRM forced 25mV below the VRHOT trip
VRHOT Delay tVRHOT threshold, falling edge 10 Hs
VRHOT Output On-Resistance RONVRHOT) | Low state 2 8 Q
VRHOT Leakage Current High-Z state, VRHOT forced to 5V, Ta = +25°C 1 pA
THRM Input Leakage ITHRM VTHRM = 0 to 5V, Ta = +25°C -0.1 +0.1 uA
Thermal-Shutdown Threshold TSHDN Typical hysteresis = 15°C +160 °C
VALLEY CURRENT LIMIT, DROOP, CURRENT BALANCE, AND CURRENT MONITOR
Current-Limit Threshold Volt VIME - ViLim = 100mV_ | 7 10 13
urrent-Limit Threshold Voltage
(Positive) ? VumiT | Vesp_ - Vesn_ VTIME - ViLim = 500mV 45 50 55 mV
ILIM = Vce 20 225 25
Current-Limit Threshold Voltage . o
(Negative) Accuracy VLIMITINEG) | VCsP_ - VesN_, nominally -125% of VumiT 4 +4 mV
Current-Limit Threshold Voltage
. 9 Vzx VGND - VLX_, VDPRSLPVR = 5V 0 mV
(Zero Crossing)
CSP_, CSN_ Common-Mode 0 ° v
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1/2/3-Phase Quick-PWM
IMVP-6.5 VID Controllers

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, ViN = 10V, Vce = Vpp = VSADN = VPGD_IN = VPST = ViLIM = 5V, VDPRSLPVR = VGNDS = 0, Vcsp_ = VCSN_ =
1.0000V, FB = FBAC, Rreac = 3.57kQ from FBAC to CSN_, [D6-D0] = [0101000]; Ta = 0°C to +85°C, unless otherwise noted.
Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Phases 2, 3 Disable Threshold Measured at CSP2, CSP3 3 ch - Vgi' v
CSP_, CSN_ Input Current Icsp, IcsN | TA = +25°C -0.2 +0.2 pA
ILIM Input Current lLim Ta = +25°C -0.1 +0.1 A
(1/N) x =(Vesp_ -
Vesn) at IFBAC = 0; | Tp = +25°C 05 +0.5
¥ indicates mv/
Droop Amplifier Offset summation over all hase
power-up enabled P
phases from 1 to N, Ta = 0°C to +85°C -0.75 +0.75
N=3

AlFBAC/AIZ(VesP_ - VesN)];

Droop Amplifier ¥ indicates summation over all power-up

Transconductance Gm(FBAC) enabled phases from 1to N, N = 3, 393 400 406 HS
VFBAC = VCsN_ = 0.45V to 1.5V
(1/N) x Z(Vcsp_ - Vesn_) at [IMoN = 0, v/

Current-Monitor Offset ¥ indicates summation over all power-up -1.1 +1

enabled phases from 1toN, N =3 phase

AlMON/A[Z(VesP_ - Vesn)l;
Current-Monitor G ¥ indicates summation over all power-up
Transconductance m(IMON) | onabled phases from 1 to N, N = 3,
Vesn. = 0.45V 1o 1.5V

1.652 1.6 1.648 mS

GATE DRIVERS

- High state (pullu 0.9 2.5
DH_ Gate-Driver On-Resistance RoN(DH) tEj)SST\7 LX_forced Lo?/v ~tate (E)pulldo?/\)/n) 07 5 Q
High stat Il 0.7 2
DL_ Gate-Driver On-Resistance RoN(DL) 7 & St atl e((pL:Idup) ) 008 07 Q
ow state (pulldown . .
DH_ Gate-Driver Source Current |IDHSOURCE) [B)SHT_ f?rf; d ftgr;‘zvt’o 5V 2.2 A
DH_ Gate-Driver Sink Current IDH(SINK) gSHT— f(_)rf;dftgrsézvt’o 5V 2.7 A
DL_ Gate-Driver Source Current | IpL(OURCE) | DL_ forced to 2.5V 2.7 A
DL_ Gate-Driver Sink Current IDL(SINK) | DL_ forced to 2.5V 8 A
DL_ falling, CpL_ = 3nF 20
DL_ Transition Time DL_' - l gC DL 3nF - ns
rising, CpL_ = 3n
. ) DH_ falling, CpH_ = 3nF 20
DH_ Transition Time DH Tising G = - > ns
_rising, CpH_ = 3n
Internal BST_ Switch Ron@sT) | lBsT_ = 10mA 10 20 o

On-Resistance

MAXIM 5
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MAX17030/MAX17036

1/2/3-Phase Quick-PWM
IMVP-6.5 VID Controllers

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, ViN = 10V, Vce = Vpp = VSADN = VPGD_IN = VPST = ViLIM = 5V, VDPRSLPVR = VGNDS = 0, Vcsp_ = VCSN_ =
1.0000V, FB = FBAC, Rreac = 3.57kQ from FBAC to CSN_, [D6-D0] = [0101000]; Ta = 0°C to +85°C, unless otherwise noted.

Typical values are at Ta = +25°C.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS

PWM3, DRSKP OUTPUTS
PWM3, DRSKP Output _ VoD -
High Voltages ISOURCE = 3mA 0.4V v
PWM3, DRSKP Output _
Low Voltages ISINK = 3mA 0.4 v
LOGIC AND I/O
Logic-Input High Voltage VIH SHDN, PGD_IN 2.3 \
Logic-Input Low Voltage VL SHDN, PGD_IN 1.0 V
Low-Voltage Logic-Input ViHLy | PST, DO-D6, DPRSLPVR 0.67 v
High Voltage
Low-Voltage Logic-Input v PSI, D0-D6, DPRSLPVR 0.33 v
Low Voltage LV ' ' ’

. Ta = +25°C; SHDN, DPRSLPVR, PGD_IN,
Logic Input Current PST. DO_D6 = 0 or 5V -1 +1 pA

ELECTRICAL CHARACTERISTICS

(Circuit of Figure 1, ViN = 10V, Vcc = Vpp = VSHDN = VPGD_IN = VPSI = ViLIM = 5V, VDPRSLPVR = VGNDS = O, Vcsp_ = VCSN_ =
1.0000V, FB = FBAC, RrBac = 3.57kQ from FBAC to CSN_, [D6-D0] = [0101000]; Ta = -40°C to +105°C, unless otherwise noted.)

(Note 5)
PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
PWM CONTROLLER
Vee, Vi 4.5 5.5
Input Voltage Range cc, oD \
VIN 7 26
Measured at DAC codes from o
FB with 0.8125V to 1.5000V 0.75 +0.75 %
FB Output-Voltage Accuracy Vi giggot o DAC codes from 10 +10
B 2> 0.3750V to 0.8000V
includes load- mV
regulation DAC codes from )
error (Note 3) 0to 0.3625V 25 +25
Boot Voltage VBOOT 1.085 1.115 V
GNDS Input Range -200 +200 mV
GNDS Gain AGNDS | AVOUT/AVGNDS 0.95 1.05 VN
TIME Regulation Voltage VTIME RTIME = 147kQ 1.985 2.015 \
RTIME = 147kQ (6.08mV/us nominal) -10 +10
RTIME = 35.7kQ (25mV/us nominal) to
178kQ (5mV. inal 19 19
TIME Slew-Rate Accuracy Q (5mV/us nominal) %
Soft-start and soft-shutdown:
RTIME = 35.7kQ (6.25mV/us nominal) to -20 +20
178kQ (1.25mV/us nominal)

MAXIN



1/2/3-Phase Quick-PWM
IMVP-6.5 VID Controllers

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, ViN = 10V, Vcc = Vpb = VSHADN = VPGD_IN = VPST = ViLiM = 5V, VDPRSLPVR = VGNDS = 0, VCcsp_ = VCSN_ =
1.0000V, FB = FBAC, Rreac = 3.57kQ from FBAC to CSN_, [D6-D0] = [0101000]; Ta = -40°C to +105°C, unless otherwise noted.)

(Note 5)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Vin = 10V, RTOth 92'7156@9 (600kHz | 18 +15
Vig = 1.0V, per phase), ns nomina
T measured at | RToN = 200kQ (300kHz ) o
On-Time Accuracy tON DH1, DH2, per phase), 333ns nominal 10 +10 7
fggtg\gv)m RTON = 303.25KQ (200kHz | 15
per phase), 500ns nominal
Minimum Off-Time torFF(MIN) | Measured at DH1, DH2, and PWM3 (Note 4) 400 ns
BIAS CURRENTS
. Measured at Vcc, DPRSLPVR = 5V, FB
Quiescent Supply Current (Vce) lcc forced above tﬁg regulation point ! mA
FAULT PROTECTION
Skip mode after output reaches the
regulation voltage'or PWM mode; 250 350 mv
o o | P ) measured at FB with respect to the voltage
utput Overvoltage-Protection Vovp target set by the VID code (see Table 4)
Threshold
Soft-start, soft-shutdown, skip mode, and
output have not reached the regulation 1.45 1.55 \
voltage; measured at FB
Output Undervoltage-Protection Measured at FB with respect to the voltage
Threshold Vove target set by the VID code (see Table 4) 480 350 mv
CLKEN Startup Delay and Boot i Measured from the time when FB reaches 20 100 S
Time Period BOOT the boot target voltage (Note 3) H
PWRGD Startup Delay '\C/'EEEK{ZC:):; lsct)i‘vrt“p from the time when 3 10 ms
Measured at FB Lower threshold,
with respectto the | falling edge -350 -250
voltage target set (undervoltage)
CLKEN and PWRGD Threshold by the VID code mV
(see Table 4), Upper threshold,
20mV hysteresis rising edge +150 +250
(typ) (overvoltage)
CLKEN, PWRGD Output _
Low Voltage Low state, ISINK = SmA 0.4 Y
Vce Undervoltage-Lockout Rising edge, 65mV typical hysteresis,
Threshold VuvLowveey controller disabled below this level 4.05 4.5 v
THERMAL PROTECTION
VRHOT Trip Threshold Measured at THRM with respect to Vec, 29 31 %
falling edge, typical hysteresis = 756mV
VRHOT Output On-Resistance RON(VRHOT) | Low state 8 Q

MAXIM
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MAX17030/MAX17036

1/2/3-Phase Quick-PWM
IMVP-6.5 VID Controllers

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, ViN = 10V, Vcc = Vpb = VSHADN = VPGD_IN = VPST = ViLiM = 5V, VDPRSLPVR = VGNDS = 0, VCcsp_ = VCSN_ =
1.0000V, FB = FBAC, Rreac = 3.57kQ from FBAC to CSN_, [D6-D0] = [0101000]; Ta = -40°C to +105°C, unless otherwise noted.)

(Note 5)
PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
VALLEY CURRENT LIMIT, DROOP, CURRENT BALANCE, AND CURRENT MONITOR
Current-Limit Threshold Volt VrmE - Vi = 100V 7 1o
urrent-Limit Threshold Voltage
Iy ¢ Vumim | Vesp_ - Vesn_ VTIME - ViLim = 500mV | 45 55 mv
(Positive)
ILIM = Vce 20 25
Current-Limit Threshold Voltage . o
(Negative) Accuracy VLIMITINEG) | VesP_ - Vesn_, nominally -125% of VLimIT 4 +4 mV
CSP_, CSN_ Common-Mode 0 ° v
Input Range
Phases 2, 3 Disable Threshold Measured at CSP2, CSP3 3 Vgi' v
(1/N) x X(Vcsp_ - Vesn_) at IFBac = 0; v/
Droop Amplifier Offset Y indicates summation over all power-up -1 +1 hase
enabled phases from 1toN, N =3 P
AIFBAC/AIZ(VCsP_ - Vosn)]; Z indicates
Droop Amplifier summation over all power-up enabled
Transconductance Gm(FBAC) phases from 1to N, N = 3, 390 407 WS
VFBAC = VcsN_ = 0.45V to 1.5V
(1/N) x X(Vcsp_ - Vesn_) at IFBac = 0; v/
Current-Monitor Offset ¥ indicates summation over all power-up -1.5 +1.5 hase
enabled phases from 1toN, N = 3 P
; AlIMON/A[Z(Vcsp_ - VesN)J; Z indicates
Current-Monitor Gm(IMON) | summation over all power-up enabled phases | 1.536 1.664 mS
Transconductance ( )
from1toN,N = 3,Vcsn = 0.45Vt0 1.5V
GATE DRIVERS
- High stat I 2.5
DH_ Gate-Driver On-Resistance RON(DH) E)?(Ie_d toDé;/ L 9 St at e((ptildup) ) > Q
ow state (pulldown
High stat Il 2
DL_ Gate-Driver On-Resistance RoN(DL) . 9 St a}[ e((pu”dup) ) i Q
ow state (pulldown .
Internal BST_ Switch B
On-Resistance RoN@sT) | 1BST- = 10mA 20 Q
PWM3, DRSKP OUTPUTS
PWM3, DRSKP Output _ VDD -
High Voltages ISOURCE = 3MA 0.4V v
PWM3, DRSKP Output _
Low Voltages ISINK = 3mA 0.4 v
LOGIC AND I/0
Logic-Input High Voltage VIH SHDN, PGD_IN 2.3 Y
Logic-Input Low Voltage ViL SHDN, PGD_IN 1.0 \
Low-Voltage Logic-Input BaT ML
High Voltage VIHLV PSI, DO-D6, DPRSLPVR 0.67 \Y
Low-Voltage Logic-Input Viv | PST, DO-D6, DPRSLPVR 0.33 v

Low Voltage

8
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1/2/3-Phase Quick-PWM
IMVP-6.5 VID Controllers

ELECTRICAL CHARACTERISTICS (continued)

Note 3: The equation for the target voltage VTARGET is:
VTARGET = The slew-rate-controlled version of Vpac, where Vpac = 0 for shutdown
Vbac = VBooT during IMVP-6.5 startup
Vpac = VvID otherwise (the Vyp voltages for all possible VID codes are given in Table 4).
In pulse-skipping mode, the output rises by approximately 1.5% when transitioning from continuous conduction to no load.
Note 4: On-time and minimum off-time specifications are measured from 50% to 50% at the DH_ pin, with LX_ forced to OV, BST_
forced to 5V, and a 500pF capacitor from DH_ to LX_ to simulate external MOSFET gate capacitance. Actual in-circuit times
might be different due to MOSFET switching speeds.
Note 5: Specifications to -40°C and +105°C are guaranteed by design, not production tested.

Typical Operating Characteristics
(Circuit of Figure 1. ViN = 12V, Ve = Vpp = 5V, SHDN = Ve, DO-D6 set for 0.95V, Ta = +25°C, unless otherwise specified.)
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MAX17030/MAX17036

1/2/3-Phase-Quick-PWM
IMVP-6.5 VID Controllers

Typical Operating Characteristics (continued)

(Circuit of Figure 1. ViN = 12V, Ve = Vpp = 5V, SHDN = Ve, DO-D6 set for 0.95V, Ta = +25°C, unless otherwise specified.)
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1/2/3-Phase-Quick-PWM
IMVP-6.5 VID Controllers

Typical Operating Characteristics (continued)
(Circuit of Figure 1. ViN = 12V, Ve = Vpp = 5V, SHDN = Ve, DO-D6 set for 0.95V, Ta = +25°C, unless otherwise specified.)
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MAX17030/MAX17036

1/2/3-Phase Quick-PWM
IMVP-6.5 VID Controllers

Pin Description

PIN

NAME

FUNCTION

CSN3

Negative Input of the Output Current Sense of Phase 3. This pin should be connected 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.

CSP3

Positive Input of the Output Current Sense of Phase 3. This pin should be connected 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.

To disable phase 3, connect CSP3 to Vcc and CSN3 to GND.

THRM

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

IMON

Current Monitor Output Pin. The output current at this pin is:
lIMON = GM(IMON) x XV(CSP_,CSN_)
where Gm(MON) = 1.6mS typical and ¥ denotes summation over all enabled phases.
An external resistor RiMoN between IMON and GNDS sets the current-monitor output voltage:
VIMON = ILOAD X RSENSE X GM(IMON) X RIMON
where RSENSE is the value of the effective current-sense resistance.

Choose RimoN such that VimoN does not exceed 900mV at the maximum expected load current IMAX.
IMON is high impedance when the MAX17030/MAX17036 are in shutdown.

ILIM

Current-Limit Adjust Input. The valley positive current-limit threshold voltages at V(CSP_,CSN_) are
precisely 1/10 the differential voltage V(TIME,ILIM) over a 0.1V to 0.5V range of V(TIME,ILIM). The
valley negative current-limit thresholds are typically -125% of the corresponding valley positive
current-limit thresholds. Connect ILIM to Vcc to get the default current-limit threshold setting of
22.5mV typ.

TIME

Slew-Rate Adjustment Pin. The total resistance RTimg from TIME to GND sets the internal slew rate:
Slew rate = (12.5mV/us) x (71.5kQ/RTIME)

where RTIME is between 35.7kQ and 178kQ.

This “normal” slew rate applies to transitions into and out of the low-power pulse-skipping modes
and to the transition from boot mode to VID. The slew rate for startup and for entering shutdown is
always 1/4 of normal. If the VID DAC inputs are clocked, the slew rate for all other VID transitions
is set by the rate at which they are clocked, up to a maximum slew rate equal to the normal slew
rate defined above.

Vce

Controller Supply Voltage. Connect to a 4.5V to 5.5V source. Bypass to GND with 1uF minimum.

FB

Feedback Voltage Input. The voltage at the FB pin is compared with the slew-rate-controlled target
voltage by the error comparator (fast regulation loop), as well as by the internal voltage integrator
(slow, accurate regulation loop). Having sufficient ripple signal at FB that is in phase with the sum
of the inductor currents is essential for cycle-by-cycle stability.

The external connections and compensation at FB depend on the desired DC and transient (AC)
droop values. If DC droop = AC droop, then short FB to FBAC. To disable DC droop, connect FB to the
remote-sensed output voltage through a resistor R and feed forward the FBAC ripple to FB through
capacitor C, where the R x C time constant should be at least 3x the switching period per phase.

12
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1/2/3-Phase Quick-PWM
IMVP-6.5 VID Controllers

Pin Description (continued)

PIN

NAME

FUNCTION

FBAC

Output of the Voltage-Positioning Transconductance Amplifier. Connect a resistor RFBaC between
FBAC and the positive side of the feedback remote sense to set the transient (AC) droop based on
the stability, load-transient response, and voltage-positioning gain requirements:

RFBAC = RDROOP,AC/[RSENSE X Gm(FBAC)]
where RDROOP,AC is the transient (AC) voltage-positioning slope that provides an acceptable
tradeoff between stability and load-transient response, GmFBAC) = 400uS typ, and RSENSE is the
effective current-sense resistance that is used to provide the (CSP_, CSN_) current-sense voltages.
A minimum Rproop,Ac value is required for stability, but if there are no ceramic output capacitors
used, then the minimum requirement applies to RESrR + RDROOP,AC, Where RESR is the effective
ESR of the output capacitors.
If lossless sensing (inductor DCR sensing) is used, use a thermistor-resistor network to minimize
the temperature dependence of the voltage-positioning slope.
FBAC is high impedance in shutdown.

10

GNDS

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

11

CSN2

Negative Input of the Output Current Sense of Phase 2. This pin should be connected 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.

12

CSpP2

Positive Input of the Output Current Sense of Phase 2. This pin should be connected 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.

To disable phase 2, connect CSP2 to Vcc and CSN2 to GND.

13

Shutdown Control Input. Connect to Vcc for normal operation. Connect to ground to put the IC into
the TuA (max at Ta = +25°C) shutdown state. During startup, the output voltage is ramped up at 1/4
the slew rate set by the TIME resistor to the boot voltage or to the target voltage.

During the transition from normal operation to shutdown, the output voltage is ramped down at 1/4
the slew rate set by the TIME resistor. Forcing SHDN to 11V~13V to enter no-fault test mode clears
the fault latches, disables transient phase overlap, and turns off the internal BST_-to-Vpp switches.
However, internal diodes still exist between BST_ and Vpp in this state.

14

DPRSLPVR

Deeper Sleep VR Control Input. This low-voltage logic input indicates power usage and sets the
operating mode together with PSI as shown in the truth table below. When DPRSLPVR is forced high, the
controller is immediately set to 1-phase automatic pulse-skipping mode. The controller returns to forced-
PWM mode when DPRSLPVR is forced low and the output is in regulation. The PWRGD upper threshold
is blanked during any downward output-voltage transition that happens when the controller is in skip
mode, and stays blanked until the slew-rate-controlled internal-transition-related PWRGD blanking period
is complete and the output reaches regulation. During this blanking period, the overvoltage fault
threshold is changed from a tracking [VID + 300mV] threshold to a fixed 1.5V threshold.

The controller is in N-phase skip mode during startup including boot mode, but is in N-phase
forced-PWM mode during the transition from boot mode to VID mode, during soft-shutdown,
irrespective of the DPRSLPVR and PSI logic levels. However, if phases 2 and 3 are disabled by
connecting CSP2, CSP3 to V¢, then only phase 1 is active in the above modes.

DPRSLPVR | PSI MODE

1 X Very low current (1-phase skip)

0 0 Intermediate power potential (N-1-phase PWM)

0 1 Max power potential (full-phase PWM: N-phase or 1 phase as set by user
at CSP2, CSP3)

MAXIM

13

9€0LIXVIN/OEOLEXVIN



MAX17030/MAX17036

1/2/3-Phase Quick-PWM
IMVP-6.5 VID Controllers

Pin Description (continued)

PIN

NAME

FUNCTION

15

This low-voltage logic input indicates power usage and sets the operating mode together

with DPRSLPVR as shown in the truth table below. While DPRSLPVR is low, if PSI is forced low, the
controller is immediately set to (N-1)-phase forced-PWM mode. The controller returns to N-phase
forced-PWM mode when PSl is forced high.

The controller is in N-phase skip mode during startup including boot mode, but is in N-phase forced-
PWM mode during the transition from boot mode to VID mode, during soft-shutdown, irrespective of
the DPRSLPVR and PSI logic levels. However, if phases 2 and 3 are disabled by connecting CSP2,
CSP3 to VCC, then only phase 1 is active in the above modes.

DPRSLPVR PSI MODE

Very low current (1-phase skip)

Intermediate power potential (N-1-phase PWM)

Max power potential (full-phase PWM: N-phase or 1 phase as set by user
at CSP2, CSP3)

1 X
0 0
0 1

16

TON

Switching Frequency Setting Input. An external resistor between the input power source and this pin
sets the switching frequency according to the following equation:

fsw = 1/(CtoN x (RTON + 6.5kQ))
where CToN = 16.26pF.
The external resistor must also satisfy the requirement [ViN(MINYRTON] = 10pA where VIN(MIN) is the
minimum V|N value expected in the application.
TON is high impedance in shutdown.

17

Clock Enable Open-Drain Logic Output Powered by Vap3. This inverted logic output indicates when the
output voltage sensed at FB is in regulation. CLKEN is forced high in shutdown and during soft-start and
soft-stop transitions. CLKEN is forced low during dynamic VID transitions and for an additional 20us after
the transition is completed. CLKEN is the inverse of PWRGD, except for the 5ms PWRGD startup delay
period after CLKEN is pulled low. See the startup timing diagram (Figure 9). The CLKEN upper threshold
is blanked during any downward output-voltage transition that happens when the controller is in skip
mode, and stays blanked until the slew-rate-controlled internal-transition-related PWRGD blanking period
is complete and the output reaches regulation.

18

PWRGD

Open-Drain Power-Good Output. After output-voltage transitions, except during power-up and power-
down, if FB is in regulation, then PWRGD is high impedance.

PWRGD is low during startup, continues to be low while the output is at the boot voltage, and stays
low until 5ms (typ) after CLKEN goes low, after which it starts monitoring the FB voltage and goes
high if FB is within the PWRGD threshold window.

PWRGD is forced low during soft-shutdown and while in shutdown. PWRGD is forced high impedance
whenever the slew-rate controller is active (output-voltage transitions), and continues to be forced
high impedance for an additional 20us after the transition is completed.

The PWRGD upper threshold is blanked during any downward output-voltage transition that happens
when the controller is in skip mode, and stays blanked until the slew-rate-controlled internal-transition-
related PWRGD blanking period is complete and the output reaches regulation.

A pullup resistor on PWRGD causes additional finite shutdown current.

19

Driver Skip Control Output. Push/pull logic output that controls the operating mode of the skip-mode
driver IC. DRSKP swings from Vpp to GND. 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. DRSKP goes low at the end of the soft-shutdown sequence, instructing the
external drivers to shut down.

14
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1/2/3-Phase Quick-PWM
IMVP-6.5 VID Controllers

Pin Description (continued)

PIN

NAME

FUNCTION

20

PWM3

PWM Signal Output for Phase 3. Swings from GND to Vpp. Three-state whenever phase 3 is disabled
(in shutdown, when CSP3 is connected to Vcc, and when operating with fewer than all phases).

21

BST2

Phase 2 Boost Flying Capacitor Connection. BST2 is the internal upper supply rail for the DH2 high-
side gate driver. An internal switch between Vpp and BST2 charges the BST2-LX2 flying capacitor
while the low-side MOSFET is on (DL2 pulled high).

22

LX2

Phase 2 Inductor Connection. LX2 is the internal lower supply rail for the DH2 high-side gate driver.
Also used as an input to phase 2’s zero-crossing comparator.

23

DH2

Phase 2 High-Side Gate-Driver Output. DH2 swings from LX2 to BST2. Low in shutdown.

24

DL2

Phase 2 Low-Side Gate-Driver Output. DL2 swings from GND to Vpp. DL2 is forced low in shutdown.
DL2 is forced high when an output overvoltage fault is detected, overriding any negative current-
limit condition that might be present. DL2 is forced low in skip mode after detecting an inductor
current zero crossing.

25

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.

26

VbD

Supply Voltage Input for the DL_ Drivers. Vpp is also the supply voltage used to internally recharge
the BST_-LX_ flying capacitor during the times the respective DL_s are high. Connect Vpp to the
4.5V to 5.5V system supply voltage. Bypass Vpp to GND with a 1pF or greater ceramic capacitor.

27

DL1

Phase 1 Low-Side Gate-Driver Output. DL1 swings from GND to Vpp. DL1 is forced low in shutdown.
DL1 is forced high when an output overvoltage fault is detected, overriding any negative current-
limit condition that might be present. DL1 is forced low in skip mode after detecting an inductor
current zero crossing.

28

DHA1

Phase 1 High-Side Gate-Driver Output. DH1 swings from LX1 to BST1. Low in shutdown.

29

LX1

Phase 1 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.

30

BST1

Phase 1 Boost Flying Capacitor Connection. BST1 is the internal upper supply rail for the DH1 high-
side gate driver. An internal switch between Vpp and BST1 charges the BST1-LX1 flying capacitor
while the low-side MOSFET is on (DL1 pulled high).

31

PGD_IN

Power-Good Logic Input Pin that Indicates the Power Status of Other System Rails and Used for Supply
Sequencing. During startup, after soft-starting to the boot voltage, the output voltage remains at VBOOT,
and the CLKEN and PWRGD outputs remain high and low, respectively, as long as the PGD_IN input
stays low. When PGD_IN later goes high, the output is allowed to transition to the voltage set by the VID
code, and CLKEN is allowed to go low. During normal operation, if PGD_IN goes low, the controller
immediately forces CLKEN high and PWRGD low, and slews the output to the boot voltage while in skip
mode at 1/4 the normal slew rate set by the TIME resistor. The output then stays at the boot voltage until
the controller is turned off or power cycled, or until PGD_IN goes high again.

32-38

D0O-D6

Low-Voltage (1.0V Logic) VID DAC Code Inputs. The DO-D6 inputs do not have internal pullups. These
1.0V logic inputs are designed to interface directly with the CPU. The output voltage is set by the VID
code indicated by the logic-level voltages on DO-D6 (see Table 4).

The 1111111 code corresponds to a shutdown mode. When this code is detected, The
MAX17030/MAX17036 initiate a soft-shutdown transition identical to the shutdown transition for a
SHDN falling edge. After slewing the output to OV, it forces DH_, DL_, and DRSKP low, and three-states
PWMS3. The IC remains active and its Vcc quiescent current consumption stays the same as in normal
operation. If D6-DO is changed from 1111111 to a different code, the MAX17030/MAX17036 initiate a
startup sequence identical to the startup sequence for a SHDN rising edge.

39

CSP1

Positive Input of the Output Current Sense 