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General Description

The MAX17007A/MAX17007B/MAX17008 are dual Quick-
PWM™ step-down controllers intended for general power
generation in battery-powered systems. The two
switched-mode power supplies (SMPSs) can also be
combined to operate in a two-phase single-output mode.
Constant on-time Quick-PWM operation provides fast
response to load transients and handles wide input/out-
put (1/O) voltage ratios with ease, while maintaining a rela-
tively constant switching frequency. The switching
frequency can be individually adjusted between 200kHz
and 600kHz with external resistors. Differential output cur-
rent sensing allows output sense-resistor sensing for an
accurate current limit, or lossless inductor direct-current
resistance (DCR) current sensing for lower power dissipa-
tion while maintaining 0.7% output accuracy. Overvoltage
(MAX17007A/MAX17007B only), undervoltage protection,
and accurate user-selectable current limits (15mV, 30mV,
45mV, and 60mV) ensure robust operations.

The SMPS outputs can operate in skip mode or in ultra-
sonic mode for improved light-load efficiency. The ultra-
sonic mode eliminates audible noises by maintaining a
minimum switching frequency of 25kHz in pulse-
skipping mode.

The output voltage of SMPS1 can be dynamically
adjusted by changing the voltage at the REFIN1 pin.
The device includes a 0.5% accurate reference output
that can be used to set the REFIN1 voltage. An external
5V bias supply is required to power the internal circuitry
and its gate drivers.

Independent on/off controls with well-defined logic thresh-
olds and independent open-drain power-good outputs
provide flexible system configurations. To prevent current
surges at startup, the internal voltage target is slowly
ramped up from zero to the final target with a slew rate of
1.3mV/us for SMPS1 at CSL1 and 0.65mV/us for SMPS2
at FB2. To prevent the output from ringing off below
ground in shutdown, the internal voltage target is ramped
down from its previous value to zero with the same
respective slew rates. Integrated bootstrap switches
eliminate the need for external bootstrap diodes.

The MAX17007A/MAX17007B/MAX17008 are available
in a space-saving, 28-pin, 4mm x 4mm, TQFN package
with an exposed backside pad. The MAX17007B
improves crosstalk performance over the MAX17007A.

Applications

GPU Core Supplies

2 to 4 Li+ Cells Battery-
Powered Devices

Notebook Computers
Low-Power 1/O Supplies

Quick-PWM is a trademark of Maxim Integrated Products, Inc.
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Features
Dual Quick-PWM with Fast Transient Response

4 Automatic Dynamic REFIN1 Detection and
PGOOD1/Fault Blanking

4 Fixed and Adjustable Output Voltages
+0.7% Output Accuracy Over Line and Load
OUT1: 0 to 2V Dynamic Output or Preset 1.05V
OUT2: 0.7V to 2V Range or Preset 1.5V

Resistor-Programmable Switching Frequency
Integrated BST Switches

4 Differential Current-Sense Inputs
Low-Cost DCR Sensing or Accurate Current-
Sense Resistors
Internally Coupled Current-Sense Compensation

4 Combinable Mode Supports High-Current
Dynamic Output Voltages

Selectable Forced-PWM, Pulse Skip, or Ultrasonic
Mode Operation

26V Maximum Input Voltage Rating
Independent Enable Inputs
Independent Power-Good Outputs

8v<|er;/oltage Protection (MAX17007A/MAX17007B
nly

Undervoltage/Thermal Protection
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4 Voltage Soft-Start and Soft-Shutdown
Ordering Information
PART TEMP RANGE PIN-PACKAGE
MAX17007AGTI+ -40°C to +105°C 28 TQFN-EP*
MAX17007BGTl+ -40°C to +105°C 28 TQFN-EP*
MAX17008GTI+ -40°C to +105°C 28 TQFN-EP*

+Denotes a lead(Pb)-free/RoHS-compliant package.
*EP = Exposed pad.

Pin Configuration
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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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MAX17007A/MAX17007B/MAX17008

Dual and Combinable QPWM Graphics
Core Controllers for Notebook Computers

ABSOLUTE MAXIMUM RATINGS

BST1, BST2t0 GND ...oooiiiiiiiicecccccee -0.3V to +34V
BST1, BST21t0 VDD oo oveeeeiieeeeceeeeeeeee -0.3V to +28V
TONT, TON2t0 GND .....ooviiiiiisieeeceecee -0.3V to +28V
VDD O GND ..o -0.3V to +6V
Vpp to Vee ...-0.3V to +0.3V
LXTt0 BSTT e -6V to +0.3V
X210 BST2. oo -6V to +0.3V
DH1 to LX1 -0.3V to (VBsTq1 + 0.3V)
DH2 to LX2 -0.3V to (Vg2 + 0.3V)
ILIMT, ILIM2, REFto GND ..........ccoeeee -0.3V to (Vcg + 0.3V)
CSH1, CSH2, CSL1, CSL2, FB2, REFINT to GND....-0.3V to +6V
EN1, EN2, SKIP, PGOOD1, PGOOD2 to GND......... -0.3V to +6V

DLItOGND ..ot -0.3V to (Vpp + 0.3V)
DL2to PGND ..o -0.3V to (Vpp + 0.3V)
PGND toO GND ....ooviiicceeeee e -0.3Vto + 0.3V
REF Short Circuit to GND ..........ccooviiiiiiiii Continuous

Continuous Power Dissipation (Ta = +70°C)

28-Pin TQFN T2844-1

(derate 20.8mW/°C above +70°C) ......ccccoeeevviinnn.n.
Extended Operating Temperature Range
Junction Temperature ............ccccoovviiiinnnn
Storage Temperature Range ..........c..ccoeveeennn.
Lead Temperature (soldering, 10S) .......ccoocvevviiiiiiiieenn.
Soldering Temperature ...........ccccoovevviiieiiieiiieeee

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

(VIN =12V, Vpp = Vce = VENT = VEN2 = 5V, VREFINT = 2V, SKIP = GND, Ta = 0 to +85°C, unless otherwise noted. Typical values are

at Ta = +25°C.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
PWM CONTROLLER
Input Voltage Range VIN 4.5 26 \
Quiescent Supply Current Output forced above regulation voltage,
IpD + | 1.7 2.5 mA
(Vbp, Veo) PD*CC T veng = Veng = 5V
Shutdown Supply Current Isson | EN1 = EN2 = GND, Ta = +25°C 0.1 5 LA
(Vbp, Vco)
RTON1 = RTON2 = 142 174 194
ViN = 12V, 97 5kQ (600kHz) (-15%) (+15%)
vosL1 =Vose = e - Rrong = 305 368
-Ti Note 1 Vcer= 1.2V » .
On-Time (Note 1) fon1, Tonz | Voc ‘ 200k (300kH2) (lo%) 3 (o | ™
separate or
combined mode | RTON1 = RTON2 = 425 500 575
302.5kQ (200kHz) (-15%) (+15%)
Minimum Off-Time toFFMIN) | (Note 1) 250 400 ns
TON1, TON2, Shutdown Supply ITON1, EN1 = EN2 = GND, VTON1 = VTON2 = 26V, 0.01 ’ A
Current lToNe | VDD =0 or5V, Ta = +25°C ' H
REFIN1 Voltage Range VREFIN1 (Note 2) 0 VREF V
FB2 Regulation Voltage VFB2 Adjustable mode 0.7 \
FB2 Input Voltage Range Preset mode 1.7 2.3 \
FB2 Combined-Mode Threshold Combined mode 3.8 V?\C/ ) Vgi' v
REFIN1 Dual Mode™ 38 Vcec-  Vee- v
Switchover Threshold ’ 1V 0.4
) IREFINT, REFIN1 = 0.5V to 2V,
REFIN1, FB2 Bias Current IFao Vg = 0.7V, T = +25°C 0.1 +0.1 HA
Measured at CSL1, REFIN1 = V¢,
VESLT |\ = 2V to 26V, SKIP = Ve (Note 2) 1043 1.05 1.057 v
SMPS1 Voltage Accuracy v REFIN1 = 500mV, |Ta = +25°C -12 +12
CSL1™ |SKIP = Vee Ta = 0°C to +85°C -20 +20 mv
VREFIN1 ——
REFIN1 = 2V, SKIP = Vcc -20 +20
Dual Mode is a trademark of Maxim Integrated Products, Inc.
2 N AXIV




Dual and Combinable QPWM Graphics
Core Controllers for Notebook Computers

ELECTRICAL CHARACTERISTICS (continued)

(VIN =12V, Vpbp = Vce = VENT = VEN2 = 5V, VREFINT = 2V, SKIP = GND, TaA = 0 to +85°C, unless otherwise noted. Typical values are

atTa = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Measured at CSL2, FB2 = REF,
SMPS2 Voltage Accuracy VcosL2 ViN = 2V to 26V, SKIP = Ve 1.489 1.5 1.511 Vv
Load Regulation Error ILoaD = 0 to full load, SKIP = Vcc (Note 3) 0.1 %
Line Regulation Error Vpp = 4.5V to 5.5V, V|N = 4.5V to 26V (Note 3) 0.25 %
CSL1 Soft-Start/-Stop Slew Rate SRss1 Rising/falling edge on EN1 1.25 mV/us
FB2 Soft-Start/-Stop Slew Rate SRss2 Rising/falling edge on EN2 0.63 mV/us
Dynamic REFIN1 Slew Rate SRDYN Rising edge on REFIN1 11.4 mV/us
INTERNAL REFERENCE
Reference Voltage VREF Vpp = 4.5V 1o 5.5V 1.990 2.000 2.010 \
Reference Lockout Voltage VRerVLO) | Rising edge, hysteresis = 230mV 1.8 \
Reference Load Regulation IREF = -10pA to +100pA 1.980 2.015 mV
FAULT DETECTION
) With respect to the internal target voltage
SMPS1 Overvoltage Trip (error comparator threshold); rising edge; 260 300 340 mvV
Threshold and PGOOD1 Upper VovP1, hysteresis = 50mV
Threshold VPG1_H - —
- D V . \Y
(MAX17007A Only) }/nlam|c transition REF + 0.30
Minimum OVP threshold 0.7 \
gMPsz lfdjus%tgblihl\/lodhe Id and v With respect to the internal target voltage
vervottage 1rip Thresnold an ovP2, 0.7V (error comparator threshold); 120 150 180 mV
PGOOD2 Upper Threshold VpPG2_H hvsteresis = 50mV
(MAX17007A Only) Y -
Output Overvoltage Fault
Propagation Delay tovp CSL1/FB2 forced 25mV above trip threshold 5 ys
(MAX17007A Only)
SMPS1 Undervoltage Protection v With respect to the internal target voltage
Trip Threshold and Lower VUVP1’ (error comparator threshold); falling edge; -240 -200 -160 mV
PGOOD1 Threshold PEIL | hysteresis = 50mV
SMPS2 Undervoltage Protection v With respect to the internal target voltage
Trip Threshold and Lower VUVPZ’ 0.7V (error comparator threshold); -130 -100 -70 mV
PGOOD2 Threshold PG2_L falling edge; hysteresis = 50mV
Output Undenvoltage Fault tuvp | CSL1/FB2 forced 25mV below trip threshold 90 205 360 us
Propagation Delay
UVP falling edge, 25mV overdrive 5
PGOOD_ Propagation Delay trcoob | OVPrising edge, 26mV overdrive 5 ys
Startup delay from regulation 20 205 360
PGOOD_ Output Low Voltage ISINK = 3mA 0.4 \
CSL1 = REFIN1, FB2 = 0.7V (PGOOD_ high
PGOOD_ Leakage Current IPGOOD impedance), PGOOD_forced to 5V, Ta = +25°C ! WA
Dynamic REFIN{ Transition Fault bla.nkmg initiated; REFIN1 deviation
. from the internal target voltage (error +50 mV
Fault-Blanking Threshold .
comparator threshold); hysteresis = 10mV
Thermal-Shutdown Threshold TSHDN Hysteresis = 15°C (Note 3) 160 °C
Vce Undervoltage Lockout Rising edge, PWM disabled below this level,
Threshold Vuvoqvee) hysteresis = 100mV 3.95 4.20 4.45 v
AKX 3
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MAX17007A/MAX17007B/MAX17008

Dual and Combinable QPWM Graphics
Core Controllers for Notebook Computers

ELECTRICAL CHARACTERISTICS (continued)

(VIN =12V, Vpp = Ve = VENT = VEN2 = 5V, VREFINT = 2V, SKIP = GND, TaA = 0 to +85°C, unless otherwise noted. Typical values are
atTa = +25°C.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
CURRENT LIMIT

CSH1, CSH2 0 2.3
Current-Sense Input Range \
CSL1, CSL2 0 2.3
Current-Sense Input (CSH_)
H_=GNDorVcec, TA = +25° -0.2 2 A
Leakage Current CSH_ = GND or Ve, Ta = +25°C 0 +0 H
Current-Sense Input (CSL_) B _ _ o
Leakage Current CSL_=CSL_= 2V, Ta = +25°C 1 pA
VesH_ - VesL_ Ta = +25°C 28 30 32
ILIM1 = ILIM2 = REF | Tp = 0°C to +85°C 27 30 33
Current-Limit Threshold (Fixed) VesumiT | VesH_ - Vest, ILIMT = ILIM2 = Ve 56 60 64 mV
VcsH_ - Vest, ILIM1 = ILIM2 = OPEN 42 45 48
VcsH_ - VesL, ILIM1 = ILIM2 = GND 13 15 17
Current-Limit Threshold e -1.2x
. V V, -V ,SKIP =V mV
(Negative) NEG CSH_- VCSL_ CcC VESLIMIT
Current-Limit Threshold v VesH_ - VesL, SKIP = GND or OPEN; ; mv
(Zero Crossing) ZX 1 ILIMT = ILIM2 = REF
) SKIP = open (3.3V); VcsL1 = VREFINT + 50mV;
Ultrasonic Frequency VesLo = Vigp + 50mV 20 kHz
i _Limi S V =V 50mV 22 33 46
Ultrasonic Current-Limit SKIP = open (3.3V) CSL1 REF1 + mv
Threshold VesLe = Vego+ 50mV 18 30 46
gjfrsrstnt—Balance Amplifier (GMD [V(CSH1,CSL1) - V(CSH2,CSL2)l atlcci =0 | -3 +3 mv
Alccl/A[V(CSH1,CSL1) - V(CSH2,CSL2)];
Current-Balance Amplifier (GMI) Vcel = VesLt = Vesle = 0.5V to 2V, and 180 S
Transconductance V(CSH_,CSL_) = -60.0mV to +60.0mV, H
ILIM1 = GND
GATE DRIVERS
DH1, DH2 Gate-Driver BST_ - LX_forced |Low state (pulldown) 1.7 4.0
. RON(DH) . Q
On-Resistance to 5V High state (pullup) 1.7 4.0
DL1, DL2 Gate-Driver High state (pullup) 1.3 3.0
. Ron(L) Q
On-Resistance Low state (pulldown) 0.6 2.5
DH1, DH2 Gate-Driver | DH_ forced to 2.5V, BST_ - LX_ forced to 10 A
Source/Sink Current DH 5V '
DL1, DL2 Gate-Driver
Source Current IDL(SOURCE) | DL_ forced to 2.5V 1 A
DL1, DL2 Gate-Driver
Sink Current IDL(SINK) | DL_ forced to 2.5V 2.4 A
) ) DH_ low to DL high 10 25 40
Driver Propagation Delay - ns
DL_ low to DH high 15 30 45

4 MAXIW




Dual and Combinable QPWM Graphics
Core Controllers for Notebook Computers

ELECTRICAL CHARACTERISTICS (continued)

(VIN =12V, Vpp = Ve = VENT = VEN2 = 5V, VREFINT = 2V, SKIP = GND, TaA = 0 to +85°C, unless otherwise noted. Typical values are

atTa = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
DL_ falling, CpL = 3nF 10 20
DL_ Transition Time — ? -mg DL n ns
DL_rising, CpL = 3nF 10 20
. ) DH_ falling, CpH = 3nF 10 20
DH_ Transition Time ns
DH_ rising, CpH = 3nF 10 20
Internal BST_ Switch _ _
On-Resistance RBsT_ IBsT_= 10mA, Vpp = 5V 6.5 11.0 Q
INPUTS AND OUTPUTS
. EN1, EN2 rising edge,
EN1, EN2 Logic-Input Threshold hysteresis = 300mV/600mV (min/max) 1.20 1.70 2.20 V
Logic-Input Current EN1, EN2, Ta = +25°C -0.5 +0.5 uA
. Vee -
High (5V) 03
Quad-Level Input-Logic Levels SKIP, ILIM1, ILIM2 Open (3.3V) 3.0 3.6 \
Ref (2.0V) 1.7 2.3
Low (GND) 0.4
) SKIP, ILIM1, ILIM2 forced to GND or V¢,
Quad-Level Logic-Input Current Th = 425°C 2 +2 pA

ELECTRICAL CHARACTERISTICS
(VIN = 12V, Vpp = Vce = VENT = VEN2 = 5V, VREFINT = 2V, SKIP = GND, Ta = -40°C to +105°C, unless otherwise noted.) (Note 4)

PARAMETER | symsoL | CONDITIONS MIN MAX | UNITS
PWM CONTROLLER
Input Voltage Range VIN 4.5 26 \
Quiescent Supply Current Output forced above regulation voltage,
oD + | 2.5 mA
(VbD, Vce) DD *ICC | Veng = Venp = 5V
RToN1 = RTON2 =
VIN = 12V, 97.5kQ (600kHz) 142 194
toNT vosit = Vosi2 = RTON1 = RTON2 = ns
On-Time (Note 1) {OND Veel = 1.2V, 200k (300kH2) 305 368
separate or
combined mode RToN1 = RToN2 =
302.5kQ (200kHz) 425 575
Minimum Off-Time torF(MIN) | (Note 1) 400 ns
REFIN1 Voltage Range VREFIN1 0 VREF V
FB2 Input Voltage Range Preset mode 1.7 2.3 \
FB2 Combined-Mode Threshold Combined mode 3.75 Vgi' v
REFIN1, FB2 Bias Current IREFINT, -0.1 +0.1 A
IFB2
M AXI/V 5
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MAX17007A/MAX17007B/MAX17008

Dual and Combinable QPWM Graphics

Core Controllers for Notebook Computers

ELECTRICAL CHARACTERISTICS (continued)
(VIN = 12V, Vpp = Voo = VENT = VEN2 = 5V, VREFINT = 2V, SKIP = GND, Ta = -40°C to +105°C, unless otherwise noted.) (Note 4)

PARAMETER SYMBOL CONDITIONS MIN MAX | UNITS
REFIN1 Dual-Mode 375 Vee - vV
Switchover Threshold 0.4
Measured at CSL1, REFIN1 = Vcc:
SMPS1 Voltage Accuracy VeosL ViN = 2V to 26V, SKIP = Vg (Note 2) 1.039 1.061 Vv
Measured at CSL2, FB2 = REF;
SMPS2 Voltage Accuracy VcosL2 ViN = 2V to 26V, SKIP = Vee (Note 2) 1.485 1.515 \Y
INTERNAL REFERENCE
Reference Voltage VREF | Vpp = 4.5V to 5.5V | 1.985 2.015 \
FAULT DETECTION
SMPST Overvoltage Trip Vovp1, With respect to the internal target voltage
Threshold and PGOOD1 e
VPG1_H (error comparator threshold); rising edge; 260 340 mV
Upper Threshold hysteresis = 50mV
(MAX17007A Only) y =
SMPS2 Overvoltage Trip With respect to the internal target voltage
Threshold and PGOOD2 Vovp2,
0.7V (error comparator threshold); 120 180 mV
Upper Threshold VPG2 H hvsteresis = 50mV
(MAX17007A Only) y =
SMPS1 Undervoltage Protection Vi With respect to the internal target voltage
Trip Threshold and Lower VUVP1’ (error comparator threshold) falling edge; -240 -160 mV
PGOOD1 Threshold PGIL | hysteresis = 50mV
SMPS2 Undervoltage Protection Vi With respect to the internal target voltage
Trip Threshold and Lower VUVPZ’ 0.7V (error comparator threshold) -130 -70 mV
PGOOD2 Threshold PG2L falling edge; hysteresis = 50mV
Output Undervoltage Fault REFIN1/FB2 forced 25mV below trip
Propagation Delay tuve threshold % 360 bs
PGOOD_ Propagation Delay tpgooD | Startup delay from regulation 90 360 us
PGOOD_ Output Low Voltage ISINK = 3mA 0.4 \
Vce Undervoltage Lockout Rising edge, PWM disabled below this level;
Threshold Vuwovee) hysteresis = 100mV 38 4.45 v
CURRENT LIMIT
CSH1, CSH2 0 2.3
Current-Sense Input Range \
CSL1, CSL2 0 2.3
Current-Limit Threshold (Fixed) Vesumim | VesH_ - VesL, ILIM1 = ILIM2 = REF 27 33 mV
SKIP = OPEN (8.3V);
Ultrasonic Frequency VesL1 = VREFINT + 50mV; 18 kHz
VesLe = Vrg2 + 50mV
i -Limi _ Vi =V 50mV 22 46
Ultrasonic Current-Limit KIP = OPEN (3.3V) CSL1 REF1 + Iy
Threshold VesLe = VFB2 + 50mV 18 46
8#;6{“'83'5‘”06 Amplifier (GMI) [V(CSH1,CSL1) - V(CSH2,CSL2) atlcci =0 | -3 +3 mv
6 A1




Dual and Combinable QPWM Graphics
Core Controllers for Notebook Computers

ELECTRICAL CHARACTERISTICS (continued)
(VIN = 12V, Vpp = Voo = VENT = VEN2 = 5V, VREFINT = 2V, SKIP = GND, Ta = -40°C to +105°C, unless otherwise noted.) (Note 4)

PARAMETER | symBoL | CONDITIONS | MmN MAX | UNITS
GATE DRIVERS
DH1, DH2 Gate-Driver BST_ - LX_forced to | Low state (pulldown) 4.5
. RON(DH) : Q
On-Resistance 5V High state (pullup) 4.0
DL1, DL2 Gate-Driver High state (pullup) 3
. RoN(DL) Q
On-Resistance Low state (pulldown) 2.5
) ) DH_ low to DL high 8 42
Driver Propagation Delay - ns
DL_ low to DH high 12 48
Internal BST_ Switch B _
On-Resistance ResT_ IBST_ = 10MA, VDD = 5V 12 Q
INPUTS AND OUTPUTS
. EN1, EN2 rising edge;
EN1, EN2 Logic-Input Threshold hysteresis = 300mV/600mV (min/max) 1.20 2.20 V
. Vce -
High (5V) 03
Quad-Level Input Logic Levels SKIP, ILIM1, ILIM2 Open (3.3V) 3.0 3.6 \
Ref (2.0V) 1.7 2.3
Low (GND) 0.4

Note 1: On-time and off-time specifications are measured from 50% point to 50% point at the DH pin with LX = GND, VgsT = 5V, and
a 250pF capacitor connected from DH to LX. Actual in-circuit times might differ due to MOSFET switching speeds.

Note 2: The 0 to 0.5V range is guaranteed by design, not production tested.

Note 3: Not production tested.

Note 4: Specifications at Ta = -40°C to +105°C are guaranteed by design, not production tested.

MAXI 7
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MAX17007A/MAX17007B/MAX17008

Dual and Combinable QPWM Graphics
Core Controllers for Notebook Computers

Typical Operating Characteristics
(Circuit of Figure 1, VIN = 12V, Vpp = 5V, SKIP = GND, Ta = +25°C, unless otherwise noted.)
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Dual and Combinable QPWM Graphics
Core Controllers for Notebook Computers

Typical Operating Characteristics (continued)
(Circuit of Figure 1, VIN = 12V, Vpp = 5V, SKIP = GND, Ta = +25°C, unless otherwise noted.)

SMPS2 MAXIMUM OUTPUT CURRENT NO-LOAD SUPPLY CURRENT NO-LOAD INPUT CURRENT
vs. TEMPERATURE vs. INPUT VOLTAGE vs. INPUT VOLTAGE
14 - 16 ‘ - 100 N
E ENT :HIGHJ§ ———N :H|GH§§
_ g 14 EN2 = LOW = o —TEN2 - Low JE
= i = — PWM MODE s L_PWM MODE g
z 1 = E 1 = = _ 1
£ 2 E
3 = 10 = ULTRASONIC MODE
= z 2
'é \\ % 8 § 1
5 > 6 g
g o =
5 S 4 ULTRASONIC MODE 0 SKIP MODE
| |
2 SKIP MODE
Vin=12V ‘ ‘
10 L 0 0.01
40 20 0 20 40 60 80 100 120 4 8 12 % 20 24 4 6 8 10 12 14 16 18 20 22 24
TEMPERATURE (°C) INPUT VOLTAGE (V) INPUT VOLTAGE (V)
REFERENCE VOLTAGE REFIN1 TO CSL1 OFFSET VOLTAGE SMPS1 PRESET 1.05V
vs. REFERENCE LOAD CURRENT DISTRIBUTION VOLTAGE DISTRIBUTION
2.05 o 90 . 90 0
: I R SAMPLE S1Z6 - 100 o L = SAMPLE SIZE - 100
= Ta=+25°C = ] g Ta=+25°C = 1 £
203 (] R z
= p-a <
& S 60 S 60
s 201 = =
S L o 50 - o 50 -
=) T ) )
£ 199 o o
& ) )
& 5 5
197 2 2
) o1 111 e
195 0 0O e r Ol 0 0O e r -1
20 0 20 4 60 8 100 50 30 -0 10 30 50 1045 1047 1049 1051 1053  1.055
REFERENCE LOAD CURRENT (A) OFFSET VOLTAGE (V) SMPS1 VOLTAGE (mV)
SMPS2 PRESET 1.5V COMBINED-MODE CURRENT BALANCE
VOLTAGE DISTRIBUTION vs. LOAD CURRENT SOFT-START WAVEFORM
30 . 50 N v - MéXWUOMtOCW
_ 3 3 ¥ i
T 485°C == SAMPLE SIZE - 1002 , 5V e .
25 | Th-+25°c=a | g A g 0 J qA
~ _ 2 40 / g 2y e — 5
5 —HIHT— = 0 ...[ :
£ E Vi 105V L — : ¢
= S % / ;
s | % / 15V W
z 15 HHIF = / 0 H D
a- ) - N
o Z v 0 ___/ 1.0 ;
S 10 HIHIHIH 5V : E
10 0 :
5 =lulislinlls rl ] - SMPST 5V i —1F
|'|_| SMPS2 0
1495 1497 1499 1501 1503  1.505 0 5 10 15 2 25 30 400us/div
SMPS2 VOLTAGE (mV) LOAD CURRENT (A) A EN1, EN2, 5V/div D. Vourz, 1V/div
B. REF, 2V/div E. PGOODT, 5V/div
C. Vo1, 1v/div F. PGOOD2, 5V/div
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MAX17007A/MAX17007B/MAX17008

Dual and Combinable QPWM Graphics
Core Controllers for Notebook Computers

Typical Operating Characteristics (continued)

(Circuit of Figure 1, VIN = 12V, Vpp = 5V, SKIP = GND, Ta = +25°C, unless otherwise noted.)

SMPS1 STARTUP WAVEFORM

(HEAVY LOAD)
MAX17007A tocl
5 b w ] A
oLt ‘
v B
o
1.05V C

louTt = 8A

200ps/div
E. PGOOD1, 10V/div
F.LX1, 10V/div
6. DL1, 10V/div

A. EN1, 5V/div

B. REF, 2V/div

C. Vour1, 500mV/div
D. ILx1, 10A/div

SMPS2 LOAD-TRANSIENT RESPONSE
(PWM MODE)

MAX17007A toc22
——

T

lout2 =2A TO 10ATO 2A
SKIP = 5V

n

2A R

12V [ it
| C
0 :

20us/div
A.Vouro, 50mV/div
B. ILxo, 10A/div

C. LX2, 10V/div

10

SMPS1 STARTUP WAVEFORM

(LIGHT LOAD)
MIAXI7007A 10620
5V R R :
oL — 3
Y L ‘ °
0
1.05V C
0
2A :
0 D
5V
0 E
12V F
0
5V
0 G
200us/div
A EN1, 5V/div E. PGOODT, 10V/div
B. REF, 2V/div F. LX1, 10V/div
C. Vour1, 500mV/div G. DL1, 10V/div
D. Ipx1, 5A/div
SMPS2 LOAD-TRANSIENT RESPONSE
(SKIP MODE)
MAX17007A toc23
15V | A
- lpur2=05AT0-8.5AT0 0.5A
Z ; ‘SKIP = GND
B
0A
v : i :
C
0 i

20us/
A.Vour2, 50mV/div
B. ILxo, 10A/div
SMPS1 OUTPUT OVERVOLTAGE
WAVEFORM

C. LX2, 10V/div

MAX17007A toc25
—

<9

1.05V

40us/div
A Vour, 1V/div
B. PGOOD1, 5V/div

C. DL1, 5V/div

SMPS1 SHUTDOWN WAVEFORM

VAX17007A toc21
—

5V y : S
| A
2v e ————
1.05V . . . B
] C
D
{E
F
G
s/div
A. EN1, 5V/div E. PGOOD1, 10V/div
B. REF, 5V/div F. LX1, 10V/div
C. Vour1, 500mV/div G. DL1, 10V/div
D. Ipx1, 5A/div
SMPS1 OUTPUT OVERLOAD WAVEFORM
MAX17007A t0c24
1.05V
1A
10A
2A V V \\"m—— B
12V RN i :
L L 0
0 | l I
5V louti=2ATO 15A
0 ~ o
5V
0 b i . E
200us/div
A.Vouri, 500mV/div D. PGOODT, 5V/div
B. ILx1, 10A/div E. DL1, 5V/div
C. LX1, 10V/div
/A1




Dual and Combinable QPWM Graphics

Core Controllers for Notebook Computers

Typical Operating Characteristics (continued)

(Circuit of Figure 1, VIN = 12V, Vpp = 5V, SKIP = GND, Ta = +25°C, unless otherwise noted.)
DYNAMIC OUTPUT VOLTAGE DYNAMIC OUTPUT VOLTAGE DYNAMIC OUTPUT-VOLTAGE TRANSITION

TRANSITION (PWM MODE) TRANSITION (SKIP MODE) (SKIP MODE-FORCED TRANSITION)

MAX17007A toc26
—

12V

; o I;%EFIN1 =1 h
¢ ]
0 12V i T012VT01V C 12V
: 0 | L " Il

MAX17007A toc27 MAX17007A t0c28
vy

PP : T : ! LA 1 AR A | T T
o 1.2V , 1.2V PP | PN S ot i A, TR | .O:U.-l:1..:.3./§..
: = ,
A _ ! L STV TN SO, 3
W o P : i oo .
Rerli =1V . Sugeaian M e
T01.2VT0 1V i : E - ouTt = : ol Lo

gl

5V i i~ A oy i ’ 0
. TN e
0 ™ ! . ’
20us/div 0
A. Vigur1, 100mV/div C. LX1, 10V/div _ 40us/div . 20us/div
B.luxt, 10A/div D. L1, 5V/div A Vours, 100mV/div C. LX1, 10v/dlv A.Vour1, 100mV/div C. LX1, 10V/div
B. I.x1, 10A/div D. DL1, 5V/div B. Ix2, 10A/div D. DL1, 5V/div
lourr =1A
REFINT=1VT0 1.2V TO 1V
SKIP = REF
Pin Description
PIN NAME FUNCTION
2V Reference Voltage Output. Bypass REF to GND with a 2.2nF ceramic capacitor. The reference
’ REFE can source up to 100pA. Loading REF degrades output-voltage accuracy according to the REF
load regulation error (see the Typical Operating Characteristics). The reference shuts down when
both EN1 and EN2 are low.
This four-level input determines the CSH1 to CSL1 current limit for SMPS1:
Ve (5V) = 60mV current limit
5 ILIMA Open (3.3V) = 45mV current limit
REF (2V) = 30mV current limit
GND = 15mV current limit
In combined mode, ILIM1 sets the current-limit threshold for both sides.
This four-level input determines the CSH2 to CSL2 current limit for SMPS2:
Vce (BV) = 60mV current limit
Open (3.3V) = 45mV current limit
REF (2V) = 30mV current limit
GND = 15mV current limit
In combined mode, ILIM2 is the current balance integrator (CCI) output pin. Connect a capacitor
3 ILIM2 (Cccl) between CCI and the output. The CCI capacitor value depends on the ILIM1 setting based
(CCl) on the following table:
ILIM1 Cccl at ILIM2 (pF)
Vee (BV) 120
Open (3.3V) 180
REF (2V) 220
GND 470
4 v, 5V Analog Supply Input. Bypass Ve from Vpp using a 10Q resistor, and to analog ground using a
ce 1uF ceramic capacitor.

MAXI
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MAX17007A/MAX17007B/MAX17008

Dual and Combinable QPWM Graphics
Core Controllers for Notebook Computers

Pin Description (continued)

PIN

NAME

FUNCTION

|

%)
P
e

Pulse-Skipping Control Input. This four-level input determines the mode of operation under normal
steady-state conditions and dynamic output-voltage transitions:

VpD (5V) = Forced-PWM operation

Open (3.3V) = Ultrasonic mode (without forced-PWM during transitions)

REF (2V) = Pulse-skipping mode (with forced-PWM during transitions)

GND = Pulse-skipping mode (without forced-PWM during transitions)
There are no dynamic transitions for SMPS2, so SKIP = 2V and SKIP = GND have the same pulse-
skipping behavior for SMPS2 without any forced-PWM transitions.
In combined mode, the ultrasonic mode is disabled, and the SKIP = open (3.3V) setting is identical
to the SKIP = GND setting.

TONA1

Frequency-Setting Input for SMPS1. An external resistor between the input power source and TON1
sets the switching period (Tsw1) of SMPS1:
Tsw1 = CToN (RTON1 + 6.5kQ)
where CTON = 16.26pF.
TONT is high impedance in shutdown.
In combined mode, TON1 sets the switching period for both SMPS1 and SMPS2.

TON2

Frequency-Setting Input for SMPS2. An external resistor between the input power source and TON2
sets the switching period (Tsw2) of SMPS2:
Tswz = CToN (RTON2 + 6.5kQ)
where CTON = 16.26pF.
Set TON2 to a switching frequency different from TON1. A 10% to 30% difference in switching
frequency between SMPS1 and SMPS2 is recommended.
TON2 is high impedance in shutdown.
In combined mode, TON2 may be left open.

REFIN1

External Reference Input for SMPS1. REFIN1 sets the feedback regulation voltage of CSL1. SMPS1
includes an internal window comparator to detect REFIN1 voltage changes that are greater than
+50mV (typ), allowing the controller to blank PGOOD1 and the fault protection, and force the output
transition, if enabled. When REFIN1 is tied to Vcc, SMPS1 regulates the output to 1.05V.

In combined mode, REFIN1 sets the feedback regulation voltage of the combined output.

CSL1

Output-Sense and Negative Current-Sense Input for SMPS1. When using the internal preset 1.05V
feedback divider (REFIN1 = Vcg), the controller uses CSL1 to sense the output voltage. Connect to
the negative terminal of the current-sense element. Figure 14 describes two different current-
sensing options—using accurate sense resistors or lossless inductor DCR sensing.

10

CSH1

Positive Current-Sense Input for SMPS1. Connect to the positive terminal of the current-sense
element. Figure 14 describes two different current-sensing options—using accurate sense
resistors or lossless inductor DCR sensing.

11

EN1

Enable Control Input for SMPS1. Connect to V¢ for normal operation. Pull EN1 low to disable
SMPS1. The controller slowly ramps down the output voltage to ground and after the target voltage
reaches 0.1V, the controller forces DL1 low. When both EN1 and EN2 are low, the device enters the
low-power shutdown state.

In combined mode, EN1 controls the combined SMPS output. EN2 is unused and must be grounded.

12

PGOOD1

Open-Drain Power-Good Output for SMPS1. PGOOD1 is low when the SMPS1 voltage is more than 200mV
below or 300mV above the target voltage, during soft-start, and in shutdown. After the SMPS1 soft-start
circuit has terminated, PGOOD1 becomes high impedance 200us after the output is in regulation.
PGOOD1 is blanked (forced high-impedance state) when a dynamic REFIN1 transition is detected.

13

DHA1

High-Side Gate-Driver Output for SMPS1. DH1 swings from LX1 to BST1. DH1 is low in shutdown.

12
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Dual and Combinable QPWM Graphics
Core Controllers for Notebook Computers

Pin Description (continued)

PIN NAME FUNCTION
Inductor Connection for SMPS1. Connect LX1 to the switched side of the inductor. LX1 serves as the
14 LX1 . . : .
lower supply rail for the DH1 high-side gate driver.
Bootstrap Capacitor Connection for SMPS1. The MAX17007A/MAX17007B/MAX17008 include an
15 BST1 internal boost switch/diode connected between Vpp and BST1. Connect to an external capacitor as
shown in Figure 1.
16 GND Ground. Analog and power ground connection for the low-side gate driver of SMPS1.
Low-Side Gate Driver Output for SMPS1. DL1 swings from GND to Vpp. DL1 is forced low after the
17 DL1 shutdown sequence has completed. DL1 is also forced high when an output overvoltage fault is
detected, overriding any negative current-limit condition that may be present. DL1 is forced low in Vcc
UVLO.
5V Driver Supply Input. Connect Vpp to Ve through a 10A resistor. Bypass to ground through a 2.2uF
18 VbD or greater ceramic capacitor. Vpp is internally connected to the BST diodes and the low-side gate
drivers.
Low-Side Gate-Driver Output for SMPS2. DL2 swings from PGND to Vpp. DL2 is forced low after the
19 DL2 shutdown sequence has completed. DL2 is also forced high when an output overvoltage fault is
detected, overriding any negative current-limit condition that may be present. DL2 is forced low in Vcc
UVLO.
20 PGND Power Ground for the Low-Side Gate Driver of SMPS2
Bootstrap Capacitor Connection for SMPS2. The MAX17007A/MAX17007B/MAX17008 include an
21 BST2 internal boost switch/diode connected between Vpp and BST2. Connect to an external capacitor as
shown in Figure 1.
20 LX2 Inductor Connection for SMPS2. Connect LX2 to the switched side of the inductor. LX2 serves as the

lower supply rail for the DH2 high-side gate driver.

23 DH2 High-Side Gate-Driver Output for SMPS2. DH2 swings from LX2 to BST2. DH2 is low in shutdown.

Open-Drain Power-Good Output for SMPS2. PGOOD?2 is low when the FB2 voltage is more than 100mV
below or 150mV above the target voltage, during soft-start, and in shutdown. After the SMPS2 soft-start
circuit has terminated, PGOOD2 becomes high impedance 200us after the output is in regulation.

In combined mode, PGOOD?2 is not used and can be left open.

24 PGOOD2

SMPS2 Enable Input. Connect to Ve for normal operation. Pull EN2 low to disable SMPS2. The
controller slowly ramps down the output voltage to ground, and after the target voltage reaches 0.1V,
25 EN2 the controller forces DL2 low. When both EN1 and EN2 are low, the device enters the low-power
shutdown state.

In combined mode, EN2 is not used and should be connected to GND.

Positive Current-Sense Input for SMPS2. Connect to the positive terminal of the current-sense element.
26 CSH2 Figure 14 describes two different current-sensing options—using accurate sense resistors or lossless
inductor DCR sensing.

Output-Sense and Negative Current-Sense Input for SMPS2. When using the internal preset 1.5V
feedback divider (FB2 = REF), the controller uses CSL2 to sense the output voltage. Connect to the

27 cste negative terminal of the current-sense element. Figure 14 describes two different current-sensing
options—using accurate sense resistors or lossless inductor DCR sensing.
SMPS2 Feedback Input. Adjust the SMPS2 voltage with a resistive voltage-divider between SMPS2

28 FB2 output and GND. Connect FB2 to REF for preset 1.5V output. Tie FB2 to Vg to configure the
MAX17007 A/MAX17007B/MAX17008 for combined-mode operation.

— EP Exposed Backside Pad. Connect to analog ground.
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MAX17007A/MAX17007B/MAX17008

Dual and Combinable QPWM Graphics
Core Controllers for Notebook Computers

R9
Cvee 4 0Q 44

T‘ +5V
Cvop

2.2uF
TuF $PWR Rroni &POWER GROUND
ol Voo Voo f o 200kQ2
GND TON1
— = ANALOG GROUND
AGND = TON2
1
1M1 | CURRENT | Rer m—2] 1Lt BST! Vin
ILiM2 | LIMIT MAXIM 7VT0 20V
Vee | 60mv MAXIZ007A Q;CIM y oo
OPEN |  45mv MAX170078
REF | 30mv 3 MAX17008 VPR TuH, 16A, 3mQ 1.2V/1.0V, 12A
oo | tsmy | REFR——]ILiM2 LX1
(ccn 17 + Cours Court-CER
DL1 4i DL 2x330uF = —5x 10uF
__ 5l % N1 gmmg CERAMIC
4-LEVEL SKIP PIN m———] SKIP PGND DR iy
11
— 10 PWR
EN CSH1 = 301k 10kQ
- P g 02
CSL
CREF T o Ry
22nF o _LF 100
REF BST2 — AGND Vin
— Cest2 7V T0 20V
Reerint = 80.6kQ RREFINt 23 T OWF | Cho
RReFiNg = 121kQ RREFIN3 8 DH2 | L2 Voute
RREFIN3 = 249kQ2 REFINT » Ni2 PWR  1uH, 16A 3mQ 15V, 12A
LX2 * o
- +0 Couta-
v iz DL2 194i DLy 2XB04F 5 10pF
N gmmg Q;CERAMIC
— — PWR PWR
26 PWR R6 RnTc2
+3.3V CSH2 * 301k 10k
27 0.22uF
100k cSL2 E % NNV
RS
< ® 12 PGOOD1 T Mnf 100
70 SYSTEM =60
POWER-G00D 2 28 CONNECT TO REF FOR
- FG00D2 FB2 “ REF EIXED 1.5v UTPUT

*LOWER INPUT VOLTAGES REQUIRE
ADDITIONAL INPUT CAPACITANCE.

Figure 1. MAX17007A/MAX17007B/MAX 17008 Separate-Mode Standard Application Circuit
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Dual and Combinable QPWM Graphics
Core Controllers for Notebook Computers

Table 1. Component Selection for Standard Applications

COMPONENT

(FIGURE 1)

VouT1 = 1.0V/1.2V AT 12A

Vout = 1.5V AT 12A
(FIGURE 1)

ViN = 7V to 20V
TON1 = 220kQ (270kHz)

ViN = 7V to 20V
TON2 = 180kQ (330kHz)

Input Capacitor
(per Phase)

(2x) 10pF, 25V
Taiyo Yuden TMK432BJ106KM

(2x) 10pF, 25V
Taiyo Yuden TMK432BJ106KM

Output Capacitor

SANYO 2R5TPE330MCC2

(2x) 330pF, 2.5V, 12mQ, C case

(2x) 330pF, 2.5V, 12mQ, C case
SANYO 2R5TPE330MCC2

Inductor

1uH, 3.25mQ, 16A
W(rth Electronics 7443552100

1uH, 3.25mQ, 16A
W(rth Electronics 7443552100

Schottky Diode

2A, 30V Schottky diode (SMA)
Nihon EC21QS03L

Central Semiconductor
CMSH2-40M

2A, 30V Schottky diode (SMA)
Nihon EC21QS03L

Central Semiconductor
CMSH2-40M

High-Side MOSFET

Fairchild Semiconductor
(1x) FDS8690
8.6mQ/11.4mQ (typ/max)

Fairchild Semiconductor
(1x) FDS8690
8.6mQ/11.4mQ (typ/max)

Low-Side MOSFET

Fairchild Semiconductor
(1x) FDS8670
4.2mQ/5mQ (typ/max)

Fairchild Semiconductor
(1x) FDS8670
4.2mQ/5mQ (typ/max)

Table 2. Component Suppliers

MANUFACTURER

WEBSITE

MANUFACTURER WEBSITE

AVX Corp.

WWW.avxcorp.com

Pulse Engineering www.pulseeng.com

Bl Technologies

www.bitechnologies.com

Renesas Technology Corp. WWW.renesas.com

Central Semiconductor Corp.

www.centralsemi.com

SANYO Electric Company, Ltd. | www.sanyodevice.com

Fairchild Semiconductor

www.fairchildsemi.com

Siliconix (Vishay) www.vishay.com

International Rectifier www.irf.com Sumida Corp. www.sumida.com
KEMET Corp. www.kemet.com Taiyo Yuden www.t-yuden.com
NEC TOKIN America, Inc. www.nec-tokinamerica.com TDK Corp. www.component.tdk.com

Panasonic Corp.

WWWw.panasonic.com

TOKO America, Inc. www.tokoam.com

Detailed Description

The MAX17007A/MAX17007B/MAX17008 standard appli-
cation circuit (Figure 1) generates the 1V to 1.2V/12A and
1.5V/12A chipset voltages in a notebook computer. The
input supply range is 7V to 20V for the specific applica-
tion. Table 1 lists component selections, while Table 2
lists the component manufacturers. Figure 2 shows the
combined-mode standard application circuit and Figure
3 is the MAX17007A/MAX17007B/MAX17008 functional

diagram.

The MAX17007A/MAX17007B/MAX17008B contain two
constant on-time step-down controllers designed for low-
voltage power supplies. The two SMPSs can also be
combined to operate as a two-phase high-current single-
output regulator. Constant on-time Quick-PWM operation

MAXI

provides fast response to load transients and handles
wide 1/O voltage ratios with ease, while maintaining a rel-
atively constant switching frequency. The switching fre-
guency can be adjusted between 200kHz and 600kHz
with external resistors. Differential output current sensing
allows output sense-resistor sensing for an accurate cur-
rent-limit, lossless inductor DCR current sensing for lower
power dissipation while maintaining 0.7% output accura-
cy. Overvoltage (MAX17007A/MAX17007B) and under-
voltage protection and accurate user-selectable current
limits (four different levels) ensure robust operations.

The MAX17007A/MAX17007B/MAX17008 feature a
special combined-mode configuration that allows high-
er current outputs to be supported. A current-balance
integrator maintains equal currents in the two phases,
improving efficiency and power distribution.

15

800Z I XVIN/GLOOLLXVIN/VLOOL EXVIN



MAX17007A/MAX17007B/MAX17008

Dual and Combinable QPWM Graphics
Core Controllers for Notebook Computers

T«—/\N\/—«
10Q g

#4 +5V
Cvop

R9
Cvee 4 %;Z-ZHF %7
uF PR POWER GROUND
15 Vee Vo 6
GND TON
— R "= ANALOG GROUND
AGND = Tonz F—x 290K
15
ILIM | CURRENT | C
PIN LIMIT (chC)l REF >—2 ILIM1 BSTI Vin
MAXIMN —L Cesry 7VT0 20V
Vee [ 60mV | 120 MAX17007A 13 0.1uF | Cint
OPEN| 45mv | 180 Wxi7o0rs  OHI g; L1
REF | 3omV | 220 MAX 17008 1 Ny | PWR  TuH, 164 3mQ
GND | 15mV | 470 2%%% % ° .
P
ILIM2 FUNCTIONS AS 3 174i
CCI OUTPUT IN VO“T>_| l_ '(Lclm)z oL N Du
COMBINED MODE o panD k2 !
——5kP
11 ot |12 il
® 301k 10kQ
EN2 MUST BE N %8122 : Vours
GROUNDED 25 9 oo 1.2/1.0V, 24A
CSL1 VIOV,
2C§EFF EN2 T ¢ /\/R\7/\/ ‘WC -
2N p— 1nF =+ Loutt OUT1-CER
R w2 ;AGND 10Q 4x330uF =—10x10uF
c_ Vin %mg ;;CERAMIC
— BST2 7V T0 20V PWR PWR
RReFiNt = 80.6kE2 RREFIN{ o3 ] 0uF | Cing
RRering = 121kQ RREFIN3 DH2 |
RRgiNg = 249KQ ] [ 2 Ni2 PWR  TuH, 16A, 3mQ
LX2 .
H=10V ,_i 19
L=12v DL2 4i D2
N2
2% PWR R6  Rwrce
+3.3V CSH2 + 301k 10kQ
R1 27 0.22uF
100k csL2 E = AAAY;
R8
120001 T MnF 100
— AGND
PGOOD2 NOT USED 24 28 CONNECT TO 5V FOR
PGOOD? < <
IIN COMBINED MODE B2 *5V COMBINED MODE OPERATION

*LOWER INPUT VOLTAGES REQUIRE
ADDITIONAL INPUT CAPACITANCE.

Figure 2. MAX17007A/MAX17007B/MAX17008 Combined-Mode Standard Application Circuit
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- CURRENT
BALANCE
Gm —4
TON2 *
TON1 o
COMBINE COMBINE
SKIP (FB2=Vce) (FB2=Vc)

ILIM1 oo a i ILIM2
CsHt CURRENT LIMIT 1 CURRENT LIMIT 2 CSH?
(FIGURE 8) (FIGURE 8)

CSLt csL2
CURRENT- \éﬁ;LREEYNT COMBINE o&%ﬁ CURRENT-

SENSEGAIN | ‘it (FB2=Vce) |~ |juir|  SENSEGAIN

oA
BST1 BST2
Y Y Y Y
DH 9 DH2
LX1 Lx2
PWM CONTROLLER 1 PWM CONTROLLER 2
Voo (FIGURE 4) MUX (FIGURE 4) Voo
DL1 A DL2
GND PGND
= oS - - COMBINE
58 MU (FB2- Vo)
] pum}
EN1 = = [ ]
—Csl2
TARGETT TARGET2 @— f2
REFINT v
SMPST TARGET SMPS2 TARGET |||
Vee DECODE DECODE — FB2
- (FIGURE 9A) (FIGURE 98)
REF 9.0V MAXIMN
REF MAX17007A
1 POWER-GOOD AND POWER-GOOD AND MAX170078
PGOOD = FAULT PROTECTION 1 FAULT PROTECTION 2 MAX17008 o 00np
(FIGURE 13) (FIGURE 13)

Figure 3. MAX17007A/MAX17007B/MAX17008 Functional Diagram
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+5V Bias Supply (Vcc, Vbp)
The MAX17007A/MAX17007B/MAX17008 require an
external 5V bias supply in addition to the battery.
Typically, this 5V bias supply is the notebook’s 95%-
efficient 5V system supply. Keeping the bias supply
external to the 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. If stand-alone capability is needed,
the 5V supply can be generated with an external linear
regulator such as the MAX1615.

The 5V bias supply powers both the PWM controllers
and internal gate-drive power, so the maximum current
drawn depends on the external MOSFET’s gate capaci-
tance, and the selected switching frequency:

IBIAS = 1Q + fsw1QG(SMPS1) + fsw2QG(SMPS2)
= 4mA to 40mA (typ)

Bypass Vcc with a 1uF or greater ceramic capacitor to
the analog ground. Bypass Vpp with a 2.2uF or greater
ceramic capacitor to the power ground. Vcc and VpD
should be separated with a 10Q resistor (Figure 1).

2V Reference
The 2V reference is accurate to £1% over temperature
and load, making REF useful as a precision system ref-
erence. Bypass REF to GND with a 2.2nF. The refer-
ence sources up to 100pA and sinks 10pA to support
external loads.

Combined-Mode Operation (FB2 = Vcc)
Combined-mode operation allows the MAX17007A/
MAX17007B/MAX17008 to support even higher output
currents by sharing the load current between two phas-
es, distributing the power dissipation over several
power components to improve the efficiency. The
MAX17007A/MAX17007B/MAX17008 are configured in
combined mode by connecting FB2 to Vcc. See
Figure 2 for the combined-mode standard application
circuit.

Table 3 lists the pin function differences between com-
bined mode and separate mode. See the Pin Description
for additional details.

Table 3. Pin Function in Combined and Separate Modes

PIN COMBINED MODE

SEPARATE MODE

Connect to Vcc to configure

Connect to REF for preset 1.5V, or use a resistor-

preset voltages supported

FB2 MAX1 ?OO?A/MAX1 7007B/MAX17008 for combined-mode divider to set the SMPS2 output voltage
operation
REFIN Sets the combined output voltage—dynamic, fixed, and Sets the SMPS1 output voltage—dynamic, fixed,

and preset voltages supported

supported

EN1 Enables/disables combined output Enables/disables SMPS1
EN2 Not used; connect to GND Enables/disables SMPS2
PGOOD1 Power-good indicator for combined output voltage Power-good indicator for SMPS1
PGOOD2 Not used; can be left open Power-good indicator for SMPS2
TON1 Sets the per-phase switching frequency for both SMPSs Sets the switching frequency for SMPS1
TON2 Not used; leave open Sets the switching frequency for SMPS2
ILIMA Sets the per-phase current limit for both SMPSs Sets SMPS1 current limit
ILIM2 (CCl) Current-balance integrator output; connect a capacitor from Sets SMPS2 current limit
CCl to the output
SKIP Only three distinct modes of operation; ultrasonic mode not Supports all four modes of operation
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SMPS Detailed Description

Free-Running Constant-On-Time PWM
Controller with Input Feed-Forward
The Quick-PWM control architecture is a pseudo-fixed-
frequency, constant-on-time, current-mode regulator
with voltage feed-forward. This architecture relies on
the output filter capacitor’s ESR to act as a current-
sense resistor, so the output ripple voltage provides the
PWM ramp signal. The control algorithm is simple: the
high-side switch on-time is determined solely by a one-
shot whose pulse width is inversely proportional to input
voltage and directly proportional to output voltage.
Another one-shot sets a minimum off-time (150ns typ).
The on-time one-shot is triggered if the error compara-
tor is low, the low-side switch current is below the valley
current-limit threshold, and the minimum off-time one-
shot has timed out. Figure 4 is the PWM controller block
diagram.

On-Time One-Shot
The heart of the PWM core is the one-shot that sets the
high-side switch on-time. This fast, low-jitter, adjustable
one-shot includes circuitry that varies the on-time in
response to battery and output voltage. In independent
mode, the high-side switch on-time is inversely propor-
tional to the battery voltage as sensed by the TON1 and
TON2 inputs, and proportional to the voltages on CSL1
and CSL2 pins:

SMPS1 On-Time tonN1 = Tsw1(VcsSL1/VIN)
SMPS2 On-Time tonz = Tsw2(VcsL2/VIN)

where Tswi1 (switching period of SMPS1) is set by the
resistance between TON1 and V|N, Tswz is set by the
resistance between TON2 and V|N. This algorithm
results in a nearly constant switching frequency despite
the lack of a fixed-frequency clock generator.
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Figure 4. PWM Controller Block Diagram
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Switching Frequency
The MAX17007A/MAX17007B/MAX17008 feature inde-
pendent resistor-programmable switching frequencies
for each SMPS, providing flexibility for applications
where one SMPS operates at a lower switching fre-
quency when connected to a high-voltage input rail
while the other SMPS operates at a higher switching
frequency when connected to a lower voltage rail as a
second-stage regulator. Connect a resistor (RTON)
between TON and V|N to set the switching period
Tsw = 1/fsw:

Tsw1 = CTON(RTON1 + 6.5kQ)
Tsw2 = CTON(RTON2 + 6.5kQ2)

where CTON = 16.26pF. A 97.5kQ to 302.5kQ corre-
sponds to switching periods of 1.67ps (600kHz) to 5ps
(200kHz) for SMPS1 and SMPS2. High-frequency
(600kHZz) 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 volt-
age supply. Low-frequency (200kHz) operation offers
the best overall efficiency at the expense of component
size and board space.

For continuous conduction operation, the actual switching
frequency can be estimated by:

fer = —Yout +Vpis
sw = Y,
ton(ViN + Veha)

where Vpis is the sum of the parasitic voltage drops in
the inductor discharge path, including synchronous
rectifier, inductor, and printed-circuit board (PCB) resis-
tances; VCHG is the sum of the resistances in the
charging path, including the high-side switch, inductor,
and PCB resistances; and toN is the on-time calculated
by the on-time block.

When operating in separate mode, it is recommended
that both SMPS switching frequencies be set apart by
10% to 30% to prevent the two sides from beating
against each other.

Combined-Mode On-Time One-Shot
In combined mode (FB2 = Vcc), TON1 sets the on-
time, and hence the switching frequency, for both SMPS.
The on-time is programmed using the TON1 equation,
which sets the switching frequency per phase. The effec-
tive switching frequency as seen on the input and output
capacitors is twice the per-phase frequency.

20

Combined-Mode Current Balance
In combined mode, the one-shot for SMPS2 varies the
on-time in response to the input voltage and the differ-
ence between the SMPS1 and SMPS2 inductor cur-
rents. The SMPS1 one-shot in combined mode behaves
the same way as it does in separate mode. As such,
SMPS2 regulates the current balance, while SMPS1
regulates the voltage.

Two identical transconductance amplifiers integrate the
difference between SMPS1 and SMPS2 current-sense
signals. The summed output is internally connected to
CCl, allowing adjustment of the integration time con-
stant with a compensation network (usually a capacitor)
connected between CClI and the output.

The resulting compensation current and voltage are
determined by the following equations:

Iccl = Gm[(VcsH1 - VesLi) - (VesHz - VesLe)]
Vcel = Vourt + IcciZecl

where Zcc| is the impedance at the CCI output. The
SMPS2 on-time one-shot uses this integrated signal
(Vccel) to set the SMPS2 high-side MOSFETs on-time.
When SMPS1 and SMPS2 current-sense signals (VCSH1
- VcsL1 and VesHe - VesL2) become unbalanced, the
transconductance amplifiers adjust the SMPS2 on-time,
which increases or decreases the SMPS2 inductor cur-
rent until the current-sense signals are properly bal-
anced. In combined mode, the SMPS2 on-time is given
by:

SMPS2 On-Time ton2 = Tsw2(VccI/VIN)

SMPS Enable Controls (EN1, EN2)
EN1 and EN2 provide independent control of output
soft-start and soft-shutdown. This allows flexible control
of startup and shutdown sequencing. The outputs can
be started simultaneously, sequentially, or indepen-
dently. To provide sequential startup, connect EN of
one regulator to PGOOD of the other. For example, with
EN1 connected to PGOOD2, OUT1 soft-starts after
OUT2 is in regulation.

When configured in separate mode, the two outputs are
independent. A fault at one output does not trigger
shutdown of the other.

When configured in combined mode (FB2 = Vcc), ENT
is the master control input that enables/disables the
combined output, while EN2 has no function and must
be connected to GND. The startup slew rate follows
that of SMPS1.

Toggle EN low to clear the overvoltage, undervoltage,
and thermal-fault latches.
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Soft-Start
Soft-start begins when EN is driven high and REF is in
regulation. During soft-start, the output is ramped up
from OV to the final set voltage at 1.3mV/us slew rate for
SMPS1, and 0.65mV/us for SMPS2, reducing the inrush
current and providing a predictable ramp-up time for
power sequencing:

VREFIN1 _ _VREFIN

t :t =
START1 = ISHONT = "G "= T3mV/us
tSTART2 = tSHDN2 = VB2 __ VrBo
SRgge  0.65mV/us

The soft-start circuitry does not use a variable current
limit, so full output current is available immediately. The
respective PGOOD becomes high impedance approxi-
mately 200us after the target voltage has been
reached. The MAX17007A/MAX17007B/MAX17008
automatically use pulse-skipping mode during soft-start
and use forced-PWM mode during soft-shutdown,
regardless of the SKIP configuration.

For automatic startup, the battery voltage should be
present before Vcc. If the controller attempts to bring
the output into regulation without the battery voltage
present, the fault latch trips. The controller remains shut
down until the fault latch is cleared by toggling EN or
cycling the Vcc power supply below 0.5V.

Soft-Shutdown
Soft-shutdown begins when the system pulls EN low, an
output undervoltage fault, or a thermal fault. During
soft-shutdown, the respective PGOOD is pulled low
immediately and the output voltage ramps down with
the same startup slew rate for the respective outputs.
After the controller reaches the 0V target, the drivers
are disabled (DL_ and DH_ pulled low) and the internal
10Q discharge on CSL_ activated. The MAX17007A/
MAX17007B/MAX17008 shut down completely when
both EN are low—the reference turns off after both
SMPSs have reached the OV target, and the supply cur-
rent drops to about 1pA (max).

Slowly discharging the output capacitors by slewing the
output over a long period of time (typically 0.5ms to
2ms) keeps the average negative inductor current low
(damped response), thereby preventing the negative
output-voltage excursion that occurs when the con-
troller discharges the output quickly by permanently
turning on the low-side MOSFET (underdamped
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response). This eliminates the need for the Schottky
diode normally connected between the output and
ground to clamp the negative output-voltage excursion.

Modes of Operation

Forced-PWM Mode (SKIP = 5V)
The low-noise forced-PWM mode (SKIP = 5V) disables
the zero-crossing comparator, which controls the low-
side switch on-time. This forces the low-side gate-drive
waveform to constantly be the complement of the high-
side gate-drive waveform, so the inductor current
reverses at light loads while DH maintains a duty factor
of VouT/VIN. The benefit of forced-PWM mode is to
keep the switching frequency fairly constant. However,
forced-PWM operation comes at a cost: the no-load 5V
bias current remains between 2mA to 5mA, depending
on the switching frequency.

The MAX17007A/MAX17007B/MAX17008 automatically
use forced-PWM operation during shutdown, regard-
less of the SKIP configuration.

Automatic Pulse-Skipping Mode

(SKIP = GND or 2V)

In skip mode (SKIP = GND or 2V), an inherent automatic

switchover to PFM takes place at light loads. This

switchover is affected by a comparator that truncates

the low-side switch on-time at the inductor current’s

zero crossing. The zero-crossing comparator threshold
is set by the differential across CSL_ and CSH_.

DC output-accuracy specifications refer to the threshold of
the error comparator. When the inductor is in continuous
conduction, the MAX17007A/MAX17007B/MAX17008
regulate the valley of the output ripple, so the actual DC
output voltage is higher than the trip level by 50% of the
output ripple voltage. In discontinuous conduction (SKIP
= GND or 2V and IouT < ILOAD(SKIP)), the output volt-
age has a DC regulation level higher than the error-com-
parator threshold by approximately 1.5% due to slope
compensation. However, the internal integrator corrects
for most of it, resulting in very little load regulation.

When SKIP = 2V, the MAX17007A/MAX170078B/
MAX17008 use forced-PWM operation during all dynamic
output-voltage transitions until 100us after the transition
has been completed—REFIN1 and the internal target are
within £50mV (typ) and an error-amplifier transition is
detected. Since SMPS2 does not support dynamic transi-
tions, SKIP = 2V and SKIP = GND have the same pulse-
skipping behavior without any forced-PWM transitions.

21

800Z I XVIN/ALOOLLXVIN/VLOOL EXVIN



MAX17007A/MAX17007B/MAX17008

Dual and Combinable QPWM Graphics
Core Controllers for Notebook Computers

When SKIP is pulled to GND, the MAX17007A/MAX17007B/
MAX17008 remain in pulse-skipping mode. Since the out-
put is not able to sink current, the timing for negative
dynamic output-voltage transitions depends on the load
current and output capacitance. Letting the output volt-
age drift down is typically recommended in order to
reduce the potential for audible noise since this eliminates
the input current surge during negative output-voltage
transitions. Figure 5 shows the pulse-skipping/discontinu-
ous crossover point.

Ultrasonic Mode (SKIP = Open = 3.3V)
Leaving SKIP unconnected or connecting SKIP to 3.3V
activates a unique pulse-skipping mode with a mini-
mum switching frequency of 25kHz. This ultrasonic
pulse-skipping mode eliminates audio-frequency mod-
ulation that would otherwise be present when a lightly
loaded controller automatically skips pulses. In ultra-
sonic mode, the controller automatically transitions to
fixed-frequency PWM operation when the load reaches
the same critical conduction point (ILOAD(SKIP)) that
occurs when normally pulse skipping.

An ultrasonic pulse occurs when the controller detects
that no switching has occurred within the last 30us.
Once triggered, the ultrasonic controller pulls DL high,
turning on the low-side MOSFET to induce a negative
inductor current (Figure 6). After the inductor current
reaches the negative ultrasonic current threshold, the
controller turns off the low-side MOSFET (DL pulled
low) and triggers a constant on-time (DH driven high).
When the on-time has expired, the controller reenables
the low-side MOSFET until the controller detects that
the inductor current dropped below the zero-crossing
threshold. Starting with a DL pulse greatly reduces the
peak output voltage when compared to starting with a
DH pulse.

Al Vin-Vour

INDUCTOR CURRENT ——

-

0 ON-TIME TIME——»

The output voltage at the beginning of the ultrasonic
pulse determines the negative ultrasonic current thresh-
old, resulting in the following equations for SMPS1:

Visonict = ILiRcst = (VRering - VosLt) x 0.65
(SMPS1 adjustable mode)

Visonict = ILfRcst = (1.05V - Vg 1) x 0.65

(SMPS1 preset mode)

where VcsL1 > VREFIN1 in adjustable mode, VcsL1 >
1.05V in preset mode, and Rcsq is the current-sense
resistance seen across CSH1 to CSL1.

Similarly for SMPS2:

Visonic2 = ILoRcs2 = (0.7V - Vg2 x 0.65
(SMPS2 adjustable mode)

Visonice =l oRcs2 = (1.5V - Veg o) x 0.65

(SMPS2 preset mode)

where VcsL2 > 0.7V in adjustable mode, VcsL2 > 1.5V
in preset mode, and Rcs2 is the current-sense resis-
tance seen across CSH2 to CSL2.

In combined mode, ultrasonic mode setting is disabled,
and the SKIP = open (3.3V) setting is identical to the
SKIP = GND setting.
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Figure 5. Pulse-Skipping/Discontinuous Crossover Point
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Figure 6. Ultrasonic Waveform
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Valley Current-Limit Protection
The current-limit circuit employs a unique “valley” cur-
rent-sensing algorithm that senses the inductor current
across the output current-sense element—inductor
DCR or current-sense resistor, which generates a volt-
age between CSH_ and CSL_. If the current exceeds
the valley current-limit threshold during the low-side
MOSFET conduction time, the PWM controller is not
allowed to initiate a new cycle. The valley current-limit
threshold is set by the four-level ILIM_ pin, with selec-
table limits of 15mV, 30mV, 45mV, and 60mV.

The actual peak current is greater than the valley cur-
rent-limit threshold by an amount equal to the inductor
ripple current (Figure 7). Therefore, the exact current-
limit characteristic and maximum load capability are a
function of the inductor value and battery voltage.
When combined with the undervoltage protection cir-
cuit, this current-limit method is effective in almost
every circumstance. See Figure 8.

In forced-PWM mode, the MAX17007A/MAX17007B/
MAX17008 also implement a negative current limit to
prevent excessive reverse inductor currents when VouT
is sinking current. The negative current-limit threshold is
set to approximately 120% of the positive current limit.

In combined mode, ILIM1 sets the per-phase current
limit for both phases.

MOSFET Gate Drivers (DH, DL)
The DH and DL drivers are optimized for driving moder-
ate-sized high-side, and larger low-side power
MOSFETSs. This is consistent with the low duty factor
seen in notebook applications, where a large VN -
Vout differential exists. The high-side gate driver (DH)
sources and sinks 1.2A, and the low-side gate driver
(DL) sources 1.0A and sinks 2.4A. This ensures robust
gate drive for high-current applications. The DH floating
high-side MOSFET driver is powered by internal boost
switch charge pumps at BST, while the DL synchro-
nous-rectifier driver is powered directly by the 5V bias
supply (VDD).

CURRENT-
- SENSE
GAIN
QUAD-LEVEL
LM DECODE *
1 VALLEY
— >~ CURRENT
+ LIMIT
= —
5
ju
(&)
S
S CSH -
a
= ZERO
ILimvAL) = ILoAD(MAX) (1 %R) CROSSING
CSL +
0 TIME —»
SKIP
Figure 7. “Valley” Current-Limit Threshold Point Figure 8. Current-Limit Block Diagram
AKX 23

800Z I XVIN/ALOOLLXVIN/VLOOL EXVIN



MAX17007A/MAX17007B/MAX17008

Dual and Combinable QPWM Graphics
Core Controllers for Notebook Computers

Output Voltage
The MAX17007A/MAX17007B/MAX17008 feature pre-
set and adjustable output voltages for both SMPSs, and
dynamic output voltages for SMPS1. In combined
mode, the output voltage is set by REFIN1, and all fea-
tures for SMPS1 output-voltage configuration and
dynamic voltage changes apply to the combined out-
put. Figure 9 is the SMPS target decode block diagram.

Preset/Adjustable Output Voltages

(Dual-Mode Feedback)

Connect REFINT to Vcc to set the SMPS1 voltage to
preset 1.05V. Connect FB2 to REF to set the SMPS2

Voo - 1V PRESET
(FB1=V¢c)
REFINT TARGET
——
REF (2.0V)
IR ey
10.5R
—  (A) SMPS1 TARGET DECODE
Veg -1V — — COMBINE
(FB2 =V¢e)
e ® >
FB2 +
PRESET
(FB2 = REF)
REF-0.3V — TARGET2
——
TARGET1
REF (2.0V)
—  (B) SMPS2 TARGET DECODE

voltage to preset 1.5V. The SMPS1 output voltage can
be adjusted up to 2V by changing REFIN1 voltage with-
out using an external resistive voltage-divider. The out-
put voltage of SMPS2 can be adjusted with an external
resistive voltage-divider between CSL2 and GND with
the center tap connected to FB2 (Figure 10). Choose
RFB2LO (resistance from FB2 to GND) to be approxi-
mately 10kQ and solve for RFB2H| (resistance from
CSL2 to FB2) using the equation:

VesL2
RFB2HI:RFBZLO( OC%/ -1)

The MAX17007A/MAX17007B/MAX17008 regulate the
valley of the output ripple, so the actual DC output volt-
age is higher than the slope compensated target by 50%
of the output ripple voltage. Under steady-state condi-
tions, the MAX17007A/MAX17007B/MAX17008s’ internal
integrator corrects for this 50% output ripple voltage
error, resulting in an output-voltage accuracy that is
dependent only on the offset voltage of the integrator
amplifier provided in the Electrical Characteristics table.

Dynamic Output Voltages (REFIN1)
The MAX17007A/MAX17007B/MAX17008 regulate the
output to the voltage set at REFIN1. By changing the
voltage at REFIN1 (Figure 11), the MAX17007A/
MAX17007B/MAX17008 can be used in applications that
require dynamic output voltage changes between two
set points. For a step-voltage change at REFIN1, the rate
of change of the output voltage is limited either by the
internal 9.5mV/us slew-rate circuit or by the component
selection—inductor current ramp, the total output capac-
itance, the current limit, and the load during the transi-
tion—whichever is slower. The total output capacitance
determines how much current is needed to change the
output voltage, while the inductor limits the current ramp

RsENSE2
LX2

MAXIM
MAX170074 DL2 _| Nip
MAX170078
MAX17008 GND

CSH2
CSL2
FB2

RrBaH

Figure 9. SMPS Target Decode Block Diagram
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Figure 10. Setting VOUT2 with a Resistive Voltage-Divider
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rate. Additional load current can slow down the output
voltage change during a positive REFIN1 voltage
change, and can speed up the output voltage change
during a negative REFIN1 voltage change.

Automatic Fault Blanking (SMPS1)
When the MAX17007A/MAX17007B/MAX17008 detect
that the internal target and REFIN1 are more than +50mV
(typ) apart, the controller automatically blanks PGOOD1,

blanks the UVP protection, and sets the OVP threshold to
max REF + 300mV. The blanking remains until 1) the
internal target and REFIN1 are within £50mV of each
other, and 2) an edge is detected on the error amplifier
signifying that the output is in regulation. This prevents
the system or internal fault protection from shutting down
the controller during transitions. Figure 11 shows the
dynamic REFIN1 transition (SKIP = GND) and Figure 12
shows the dynamic REFIN1 transition (SKIP = REF).
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Figure 11. Dynamic REFINT Transition (SKIP = GND)
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Figure 12. Dynamic REFIN1 Transition (SKIP = REF)

MAXI

25

800Z I XVIN/ALOOLLXVIN/VLOOL EXVIN



	Contact us

