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MAX16602

Absolute Maximum Ratings

AVDD1P8 tO AGND ..o -0.3V to +2.4V
DVDD1P8 t0 DGND .....ecvveeeeeeeeeeeeeeeeeeeeean -0.3V to +2.4V
Vpp3pP3 t0 DGND ... -0.3V to +4V
SNS_PS_BIAS to DGND ....-0.3V to Vpp3p3 + 0.3V
CORE_SENSE_P to AGND................ -0.3V to AVpp1pg + 0.3V
PMBUS_A, PMBUS D,

PMBUS_C to DGND ....cccevvveene. -0.3V to Vpp3p3 + 0.3V
SVID_A, SVID_D to DGND... -0.3V to AVpp1pg + 0.3V
SVID_C 10 DGND ... -0.3V to + 2.4V
GPIO_0, GPIO_1,

GPIO_2 to DGND (Note 1).............. -0.3V to Vpp3p3 + 0.3V
IC 0 DGND .ottt -0.3V to +7.5V
OEN, OVP, VR_HOT, FAULT to DGND ................ -0.3V to +4V

PWRGD_CORE, VSA_ PWRGD to DGND .........cccccocoviiiiiiciinee.

............................................................... -0.3V to Vppap3 + 0.3V
PIN_ALERT to DGND ........cc.ccccvunene -0.3V to Vpp3ap3 + 0.3V
CORE_SENSE_N to AGND............... -0.3V to AVpp1pg + 0.3V

Note 1: Not higher than +2.4V if used for analog input functions.

VR1BHCH&UAIDT - Fa 7L
BELE2L—9-FyTtyh

VSA_SENSE_P, VSA_SENSE_N to AGND
........................................................ -0.3V to AVpp1pg + 0.3V

ADDR, PROG to AGND .................... -0.3V to AVppqpg + 0.3V
PWM_<7:0>, PWM_VSA, TSENSE_<3:0>,

TSENSE_VSA to DGND.............. -0.3V to Vpypp1ps + 0.3V
ISENSE_<7:0>, ISENSE_VSA

tOAGND ..o -0.3V to AVppqpg + 0.3V
VX110 PGND ..o -0.3V to Vpp3p3 + 0.3V
VN, SNS_IN_P, SNS_IN_N to AGND............... -0.3V to +13.7V

AGND t0 DGND ....oooiiiiiiiieiicsie e -0.3V to +0.3V
PGND t0 DGND ....ocuiiiiiiieieeeiee e

Junction Temperature (T)
Storage Temperature Range..........ccccceecvveenn. -65°C to +150°C
Peak Reflow Temperature Lead-Free ...........c.ccccveenne. +260°C

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.

Package Information

56 QFN

Package Code G5677+2
Outline Number 21-100073
Land Pattern Number 90-0455

THERMAL RESISTANCE, FOUR-LAYER BOARD

Junction to Ambient (6 a) 29.5°C/W

2.6°C/W

Junction to Case (8,¢)

For the latest package outline information and land patterns (footprints), go to www.maximintegrated.com/jp/packages. Note that
a“+”, “#”, or “-” in the package code indicates RoHS status only. Package drawings may show a different suffix character, but the

drawing pertains to the package regardless of RoHS status.

Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer board.
For detailed information on package thermal considerations, refer to www.maximintegrated.com/jp/thermal-tutorial.
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MAX16602

Electrical Characteristics
(Circuit of Typical Application Circuit, Vaypp1ps = Vpvpp1ps = 1.8V, Vppaps = 3.3V, V| = 12V, ISENSE_ input = 10pA/A, T =-40°C to +105°C,

VR1BHCH&UAIDT - Fa 7L
BELF1L—% - FvTtvh

unless otherwise noted. Typical values are at Tp = +25°C. All devices 100% tested at Ta = +25°C. Limits over temperature guaranteed by design.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
SUPPLY VOLTAGES AND SUPPLY CURRENT
Vv ,
Bias Supply Voltage V/I?)\\//IIDD?)?;Z 1.7 1.9 \Y
Range
VpD3pP3 3.0 3.6 V
1.8V Bias Supply Current lavpD1P8 * System operational 52 mA
Ipvbp1P8
Vbp3ps3 Bias Supply lvpD3p3 | 1.8V switcher off (VX = 3.3V) 500 WA
Current
OUTPUT-VOLTAGE RANGE AND ACCURACY
5mV mode CORE and VSA | 0.25 1.52 \Y
Output-Voltage Range
10mV mode CORE only 0.5 2.3 V
1.0V to 1.52V -0.5 +0.5 %
Vout vsa |Ta=0°Cto+85°C 0.8V to 0.995V -5 +5 mV
0.25V to 0.795V -8 +8 mV
1.5V to 2.3V -0.5 +0.5 %
DC Set-Point Tolerance
1V to 1.49V -0.52 +0.52 %
VouT core |Ta=0°Cto+85°C 0.7V to 0.995V -5 +5 mV
0.5V to 0.695V -8 +8 mV
0.25V to 0.495V -9 +9 mV
0xD8[5] = 0, 0xD8[1] = 1,
RLoapLINE | Range 0xD3[7] = 0, 0.516 0.98 mQ
Range 1 RDES = 920, LSB = 748“0
Accuracy Ta =0°Cto +85°C -2.3 +2.3 %
0xD8[5] = 0, 0xD8[1] = O,
RLoapLINE | Range 0xD3[7] = 0, 0.397 0.753 mQ
Range 2 RDES = 920, LSB = 575“0
Accuracy Ta =0°Cto +85°C -2.3 +2.3 %
0xD8[5] = 0, 0xD8[1] = O,
) RLoapLINE | Range 0xD3[7] =1, 0.316 0.600 mQ
DC Load Line Range 3 RpEs = 73.25Q, LSB = 4.58,Q
Accuracy Ta =0°Cto +85°C -2.3 +2.3 %
0xD8[5] = 1, 0xD8[1] = 1,
RLOADLINE | Range 0xD3[7] = 0, 0.1735 0.325 mQ
Range 4 RDES = 920, LSB = 244“0
Accuracy Ta =0°Cto +85°C -3 +3 %
0xD8[5] = 1, 0xD8[1] = O,
RLoapLINE | Range 0xD3[7] =1, 0.108 0.197 mQ
Range 5 Rpes = 73.25Q, LSB = 1.43pQ
Accuracy Ta =0°Cto +85°C -5 +5 %
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Electrical Characteristics (continued)
(Circuit of Typical Application Circuit, Vaypp1ps = Vpvpp1ps = 1.8V, Vppaps = 3.3V, V| = 12V, ISENSE_ input = 10pA/A, T =-40°C to +105°C,

unless otherwise noted. Typical values are at Tp = +25°C. All devices 100% tested at Ta = +25°C. Limits over temperature guaranteed by design.)

Shutdown

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
CORE_SENSE_P, ICORE_ CORE_SENSE_P =23V, CORE_SENSE_N =0V,
VSA_SENSE_P Leakage SENSE_P. | VSA_SENSE_P =152V, VSA_SENSE_N =0V, 90 A
Current IVSA_SENSE_P OEN=0
VID TRANSITION SLEW RATE
Slow, including soft-start 5 +5 o
CORE Slew-Rate CORE_SR | (CORE_SRgw = CORE_SRpgT7/4) °
Accuracy (Note 2)
Fast (CORE_SRggT = 27mV/ps) -5 +5 %
Slow, including soft-start 5 +5 y
- 0
VSA Slew-Rate Accuracy \(/Sc/)-\t_eSZ? (VSA_SRgLw = VSA_SRFgT/4)
Fast (VSA_SRggT = 10.7mV/pus) -5 +5 %
SWITCHING FREQUENCY
o CORE switching-frequency range,
CORE Switching fsw_core 0.1667us switching period step 300 857 kHz
Frequency
CORE switching-frequency accuracy -10 +10 %
Low-switching frequency 599 667 735 kHz
VSA Switching Frequency fsw vsa
- High-switching frequency 720 800 880 kHz
SUPPLY UVLO
Vpp1pg UVLO Vpp1ps_UvLO | VDD1ps rising, 50mV (typ) hysteresis 1.62 1.64 1.66 V
Vpp3p3 UVLO Vpp3p3_uvLo | VDD3p3 rising, 50mV (typ) hysteresis 2.87 2.91 2.95 V
V)N rising, 1V (typ) hysteresis, 0xD9[5] = 0,
0xD9[3:0] = 0 9.6 10.1 10.5 \Y,
12V Input UVLO VIN UVLO V)N rising, 1V (typ) hysteresis
- 0xD9[5] = 1, 0xD9[3:0] = 0
VN divider RV|N_Top = 4.75kQ, 9.7 102 106 v
RVIN_BOT =19.6kQ
SNS_PS_BIAS Power-stage supply undervoltage threshold
Undervoltage VPs_BIAS_UV rising; 60mV (typ) hysteresis 1.52 1.55 1.58 v
VIN_UVLO Delay to
Shutdown tdviN_uvLo 5 s
SNS_PS_BIAS
Undervoltage Delay to tdsns_ps_BIAS 5 us

www.maximintegrated.com/jp
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Electrical Characteristics (continued)
(Circuit of Typical Application Circuit, Vaypp1ps = Vpvpp1ps = 1.8V, Vppaps = 3.3V, V| = 12V, ISENSE_ input = 10pA/A, T =-40°C to +105°C,

unless otherwise noted. Typical values are at Tp = +25°C. All devices 100% tested at Ta = +25°C. Limits over temperature guaranteed by design.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
OUTPUT OVERVOLTAGE AND UNDERVOLTAGE PROTECTION
5mV mode 180 200 220 mV
Output Overvoltage- Vovp_coRre, |Referred to VID setting,
Protection Threshold Vovp vsa | 10mV (typ) hysteresis 10mV mode, 230 250 270 mV
- CORE only
Fixed Umbrella v Referred to CORE_ SmV mode 2.41 2.50 2.59 \Y
Overvoltage-Protection \L/JM—OVP—CORE’ SENSE_P, VSA_SENSE_P, | 10mV mode,
Threshold UM_OVP_VSA | 7y (typ) hysteresis CORE only 2.41 2.50 2.59 v
Overvoltage to OVP Delay tov_DELAY Delay from VoyT > VTH to OVP asserted 700 ns
OVERCURRENT PROTECTION
OCP Timeout and Hiccup t 5 ms
Mode On-Time ocP
Hiccup Mode Off-Time tHiccuP_OFF 45 ms
. 0xD8[0] = 0, LSB = 2.76A
gORE tPBS'F'tV; ocp | ocp_code (0xD3[3:0]) from 0 to 11 27.58 57.94 A
urrent-Limit Range

ver Phase ’ POCP_COREPI 0xDeg[0] = 1, LSB = 5.52A 55 16 is1s | A

ocp_code (0xD3[3:0]) from 0 to 11 ' '

0xD8[0] = 0,

|pocp_c = (27.58A + 2.76A x ocp_code) x n_ph

7 and 8 phase systems with ocp_code > 5 will be 21.58 347.64 A
CORE Positive OCP clamped at n_ph =6
System Current-Limit IPocP_CORE
Range OXDS[O] =1,

IPOCF’_C = (55.16A + 5.52A x ocp_code) x n_ph

7 and 8 phase systems with ocp_code > 5 55.16 695.28 A

will be clamped at n_ph =6

Range 27.58A to 38.62A -25 +25

Range 41.38A to 46.90A -20 +20

Range 49.66A to 52.42A -17 +17

Range 55.18A to 60.68A -15 +15
CORE Positive OCP Range 66.20A to 82.76A 125 +12.5 %
Accuracy

Range 88.28A to 107.58A -10 +10

Range 110.36A to 151.7A -8 +8

Range 154.48A to 187.60A -6 +6

Range 193.10A to 695.28A -5 +5
CORE Negative OCP 0xD3[4] = 0, wrt POCP 0xD8[0] = 1 -33
Current-Limit Ratio to 5
CORE Positive OCP ?
Current Limit 0xD3[4] = 1, wrt POCP 0xD8[0] = 1 -16.66

www.maximintegrated.com/jp
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Electrical Characteristics (continued)

(Circuit of Typical Application Circuit, Vaypp1ps = Vpvpp1ps = 1.8V, Vppaps = 3.3V, V| = 12V, ISENSE_ input = 10pA/A, T =-40°C to +105°C,
unless otherwise noted. Typical values are at Tp = +25°C. All devices 100% tested at Ta = +25°C. Limits over temperature guaranteed by design.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Range -9.18A to -11.94A -35 +35
Range -12.86A to -16.54A -30 +30
_ Range -17.46A to -20.21A -22 +22
CORE Negative OCP Range -22.04A to -25.72A -20 +20 %
Accuracy
Range -27.56A to -31.24A -15 +15
Range -33.07A to -47.77A -12.5 +12.5
Range -51.44A to -231.53A -10 +10
VSA Positive OCP ) L
Current-Limit Range lpocp_vsa | Four typical selections: 23.5A, 28A, 35A, 40A 23.5 40 A
VSA Negative OCP
Current Limit to o
VSA Positive OCP INocp_vsa | (Note 3) -100 %
Current Limit
VSA OCP Current-Limit POCP and NOCP -20 +20 %
Accuracy
APS THRESHOLD
Fast Threshold Accuracy APS threshold range: 8A to 70A -12.5 +12.5 %
POWER GOOD (CORE and VSA)
5mV mode (CORE) -240 -218 -196 mV
Referred to
Power-Good Threshold, | VpwRrGD CORE: VID, 9mV (typ) 5mV mode (VSA) -257 -234 -211 mV
Deasserting VPWRGD VSA .
=" | hysteresis 10mV mode, 330 -296 270 mv
CORE only
FAULT DETECTION
Power-Stage .
Fault-Detector Threshold VTS_TH TSENSE_ pin to GND 300 mv
Power-Stage Fault-
Detector Propagation tTS/FAULT Delay from TSENSE to FAULT 2 us
Delay
OUTPUT PINS (PWM_, OVP, FAULT, PWRGD_CORE, PWRGD_VSA)
Logic-high voltage, | =2mA 1.5 V
PWM_ Output VM g9 9¢. LOAD
- Logic-low voltage, I pap = 2mMA 0.13 \Y
Output-Low Voltage VoL OVP, Ff\ULT, PWRGD_CORE, PWRGD_VSA, 04 Vv
ILOAD =4mA
Output-High Leakage | OVP, FAULT, PWRGD_CORE, PWRGD_VSA; ] A
Current LK conditions = output in Hi-Z; pulled up to 3.6V H

www.maximintegrated.com/jp

Maxim Integrated | 6



http://www.maximintegrated.com/jp

MAX16602

VR1BHCH&UAIDT - Fa 7L
BELF1L—% - FvTtvh

Electrical Characteristics (continued)
(Circuit of Typical Application Circuit, Vaypp1ps = Vovpp1ps = 1.8V, Vppaps = 3.3V, VN = 12V, ISENSE_ input = 10pA/A, Ta = -40°C to +105°C,

unless otherwise noted. Typical values are at Tp = +25°C. All devices 100% tested at Ta = +25°C. Limits over temperature guaranteed by design.)

PARAMETER | SYMBOL CONDITIONS MIN TYP MAX UNITS
OUTPUT ENABLE (OEN)
\Y Input logic-high 0.9 \Y,
OEN Thresholds I pL 0giee
VL Input logic-low 0.6 \%
Valid enable-signal pulse width 0.2 us
OEN Filter tEILTER Valid shutdown-signal pulse width 0.2 us
Digital OEN toggle filtering 200 us
PMBus INTERFACE
ViH Input logic-high, PMBUS_C, PMBUS_D 2.1 \Y,
PMBus Input Logic
VL Input logic-low, PMBUS_C, PMBUS_D 0.8 \Y,
. Output low voltage, PMBUS_D,
PMBus Output LOgIC VPMBUS_OL WUS_A, |LOAD = 4mA 0.4 Vv
Maximum PMBus
Operating Frequency fPmBUS 400 kHz
VR_HOT
VB oot VTsense = 1.145V ) .
VR_HOT Accuracy (VR_HOT threshold at 105°C) 3 +3 C
Temperat.ure Zone 3 %
Hysteresis
Output-Low Voltage VoL VR_HOT, I paD = 24mA 0.3 \%
3.3V to 1.8V SWITCHING REGULATOR
Set-Point Output Voltage VpD1ps Switcher output voltage 1.8 1.85 1.9 \%
Maximum Output Current lvx_AVE L =1.5uH, VXoN TiME = 1.15ps 500 mA
Switcher VX On-Time 4 typical selections: 0.70pus, 1.15pus, o
Accuracy VXoN_TIME 1.70us, 2.26us 10 +10 %
TELEMETRY
INPUT CURRENT SENSE
ADC Resolution 10 bit
External current-sense mode 200 mV
Differential Input Voltage
Range AVSNS_IN RseNsSE mode 57.5 mV
Rsense mode, extended range 115 mV
Update Rate 64 us

www.maximintegrated.com/jp
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Electrical Characteristics (continued)
(Circuit of Typical Application Circuit, Vaypp1ps = Vpvpp1ps = 1.8V, Vppaps = 3.3V, V| = 12V, ISENSE_ input = 10pA/A, T =-40°C to +105°C,

VRI3HCEKVAIOY -7 a77)LHA]
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unless otherwise noted. Typical values are at Tp = +25°C. All devices 100% tested at Ta = +25°C. Limits over temperature guaranteed by design.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Gain -0.8 +0.8 %
External current-sense Offsot
mode set, .
LSB = 259.4pV 4 *4 LSB
Gain -0.6 +0.6 %
Accuracy Rsense mode Offset
LSB =68.66uV | 4 LSB
Gain -0.6 0.6 %
RseNsSE mode, Offsot
extended range set, -
LSB = 129.7pV 4 *4 LSB
PIN_ALERT Delay 32 us
PIN_ALERT Output Low _
Voltage VoL ILoaD = 24mA 0.3 V
SYSTEM ADC
Input voltage (Note 4) 16 ms
Input current, phase-input current 16 ms
Update Rate CORE output voltage 8 ms
CORE phase-output current 16 ms
Temperature 16 ms
Resolution 10 bits
Temperature, Gain 0.8 +0.8 %
Ta=0°Cto+85°C Offset -4 +4 LSB
Input voltage, Gain 09 +0.9 %
Tp=0°C to +85°C
VN =7V to 13V
0xD9[4] = 0 Offset -5 +5 LSB
CORE output voltage, | ©ain 0.9 +0.9 %
Accuracy TA=0°Cto+85°C Offset -6 +6 LSB
CORE phase-output Gain 15 +15 %
current, Tp = 0°C to
+85°C Offset -4 +4 LSB
PWM duty-cycle Gain 1 +1 %
measurement
Tp=0°Cto +85°C
PWM duty cycle = )
0% 1o 50% Offset 4 +4 LSB
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Electrical Characteristics (continued)
(Circuit of Typical Application Circuit, Vayvpp1ps = Vovpp1ps = 1.8V, Vppaps = 3.3V, VN = 12V, ISENSE_ input = 10pA/A, Ta = -40°C to +105°C,

VR1BHCH&UAIDT - Fa 7L
BELF1L—% - FvTtvh

unless otherwise noted. Typical values are at Tp = +25°C. All devices 100% tested at Ta = +25°C. Limits over temperature guaranteed by design.)

PARAMETER | CONDITIONS MIN TYP MAX UNITS
VIN_ADC
Resolution 10 bits
Gain, o
SNS VINtiedto vy | 0° +0.9 &
Gain,
Input voltage, | gNS_VIN tied to
Ta __0 Cto+85°C | oytermal divider 0.9 +0.9 %
Accuracy ViN = 7V10 13V RvIN_Top = 4.75kQ,
0xD9[4] = 1 RyiN BOT = 19.6kQ
(Note 4) -
Offset
LSB = 15.625mV -5 +5 LSB
Referred to VN
loyuT ADC CORE
Intel 0x15 Update Rate 64 us
Resolution 9 bits
0XE7[2:0] = 000 LSB 1.27 A
Range 0 to 603A Gain -1.0 +1.0 %
Ta=0°Cto+85°C Offset 5.7 +57 A
0XE7[2:0] = 001 LSB 637 mA
Range 0 to 301A Gain -1.35 +1.35 %
TA =0°C to +85°C Offset -4 +4 A
0XE7[2:0] = 010 LSB 425 mA
Accuracy Range 0 to 201A Gain -1.35 +1.35 %
TA=0°Cto+85°C Offset 36 +36 A
O0XE7[2:0] = 011 LSB 318 mA
Range 0 to 150A Gain -1.35 +1.35 %
TA=0°Cto+85°C Offset 35 +35 A
0XE7[2:0] = 100 LSB 255 mA
Range 0 to 120A Gain -1.35 +1.35 %
TA=0°Cto+85°C Offset 34 +3.4 A
loyT ADC VSA
Intel 0x15 Update Rate 64 us
Resolution 9 bits
OxDA[4:3] = 01 Gain 78.125 mA
Accuracy Range 0 to 37.1A Offset -1.0 +1.0 %
Ta=0°Cto +85°C Offset 45 +4.5 LSB
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Electrical Characteristics (continued)

(Circuit of Typical Application Circuit, Vayvpp1ps = Vovpp1ps = 1.8V, Vppaps = 3.3V, VN = 12V, ISENSE_ input = 10uA/A, Ta = -40°C to +105°C,
unless otherwise noted. Typical values are at Tp = +25°C. All devices 100% tested at Tp = +25°C. Limits over temperature guaranteed by design.)

Note 2: Slew rate specification is guaranteed for the internal DAC. Performance of the output voltage of the regulator depends
on the compensation and might be limited from the maximum bandwidth possible for the specific application.

Note 3: See the VSA Overcurrent Protection section to calculate actual threshold based on design parameters.

Note 4: The input voltage can be acquired by the system ADC if the PMBus command 0xD9[4] = 0. it Is otherwise acquired
from a faster and dedicated VIN_ADC.
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s
IREEERIE

(VIN = 12V, 6 + 1 phase configuration, fgyy (CORE) = 500kHz, inductor (CORE) = 100nH CL1208-6, inductor (VSA) = 180nH,
fsw (VSA) = 660kHz, Vyp (CORE) = 1.8V, Vyp (VSA) = 0.85V, Tp = +25°C, unless otherwise noted.)

CORE VOLTAGE vs. LOAD CURRENT

VSA VOLTAGE vs. LOAD CURRENT

WITHAPS ON AND APS OFF 10002
2.1 0% 06 0.860 = 04
% ERROR
— APSOFF
20 — APSON  { 04
0.855 0.2
— = Vout vsa
s 1.9 0.2 _ = % ERROR -
& & 2 | =3
218 % 00 & 5 0.850 00 &
3 & = v, &
= &5 OUT_VSA 4
17 \ 02
0.845 02
1.6 Vour Ccore ~ 04
(APS ON/OFF)
15 ‘ ‘ 06 0.840 04
0 100 200 300 400 500 0 5 10 15
LOAD CURRENT (A) LOAD CURRENT (A)
CORE OUTPUT LOAD TRANSIENT CORE OUTPUT LOAD TRANSIENT
(lour = 75ATO460A) oo (lour =4ATO3894) -
e T T LI [ T
AT TR T T TS YARTIC AR TR
e 10 1L ESELALU A LLELRL AL R R T R TR TR TR
i LA LU L | PWIMO-5 o ML PWMO-5
A T TR T EX TR TR TR EETTATETINE AT
TR N eSO R TERRSTERITICOAIEY [ S N N T T TATTRTTATTAIRTI
| Vout _core ‘ Vout core
‘ 100mVidiv | 100mVidiv
!
*M
460A | 380A - '
75A el : Tl llour core i 1 lout_core
200A7div m 200A7div
20ps/div 20ps/div
VSA LOAD TRANSIENT VSA LOAD TRANSIENT
(lor=5ATO0ACOM) (or=5ATO20ADCM)
# |
A %
- ki
IW“M Vout vsa A e il Vout vsa
Y !WW L 20mVidiv r\N\W\NIY\IWW\NWW Wb I \N«\‘N\W\“\WIW 20mV7div
20A 20A
L lout vsa t lout vsa
5A 10A/iv 5A 10A/div

50us/div
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IR (BB E)
(VIN = 12V, 6 + 1 phase configuration, fgyy (CORE) = 500kHz, inductor (CORE) = 100nH CL1208-6, inductor (VSA) = 180nH,
fsw (VSA) = 660kHz, Vyp (CORE) = 1.8V, Vyp (VSA) = 0.85V, Tp = +25°C, unless otherwise noted.)

STARTUP WITHOEN

Sr (EN toc07 tocO:
e s o| PWMO-5 e o | PWMO-5
—— : = S E— —
=P — | PAMVSA T — 3] PYMVSA
o —— L —f OEN s I L —| OEN
j————————u|PWRGD_CORE —————— | PWRGD_CORE
—— PWRGD_VSA —— PWRGD VSA

1.8V Vout_core 1.8V e VOUT CORE
/ 500mV/div / 500mV/div

0.9v Vour vsa 0.9v ___—-—/ Vout vsa
| L L | 500mVrdiv . ; S | s00mVidiv

ov ov
200ps/div 200ps/div
CORE APS TRANSITION CORE APS TRANSITION

6PHTOTPHDCM (o7 =28) 6PHTO4PHTOPH(our=2A)
n «| PWMO el L1 © o PWMO
v I PWM1 o L L L L L L L ) PWMA
) PWM2 fd L L] ) PWM2
S ) | PWM3 e 00 O = PWM3
e «| PWM4 e «| PWM4

= Ul <lpwims wd LT - «|PwWMs

‘ Vout core WMWW Vour core
wmm«mmmwmmmmmw 20mVidiv o M i | 20mVidiv

50us/div Sps/div
CORE APS TRANSITION
2PHTO 1PHCCMTO1PH DCM (lor =2A) SVID_FAST16VTO18V
toct Sy T T N Ny A W)
i o| PWMo w F_T] E
T ST ‘ Pt ‘
T T o Pwm2 | PWMO-5
| PWM3 i
o] P4 ‘ SVID_D
- | PWM5 ———————ISVID A
- ! SVID_C
T | / Vout_Core
VouT_CoRE A 50mV/div
WWWWWNmeMWWW 20mVidiv ,
1.6V
50ps/div 2us/div
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(ViN = 12V, 6 + 1 phase configuration, fgyy (CORE) = 500kHz, inductor (CORE) = 100nH CL1208-6, inductor (VSA) = 180nH,
fsw (VSA) = 660kHz, Vyp (CORE) = 1.8V, Vyp (VSA) = 0.85V, Ta = +25°C, unless otherwise noted.)

; PWMO0-5
+|svib_p
i SVID_A
“IsviD_C
1V -
'\\h\
\ 5
N m v
\\
N
16V i o S UL
2ps/div
SVID_DECAY 1.83Vto 1.6V
(lout =20A, 0xD6[2:0]=000)
" pwMo5
: . . ifsvibp
= |sviD_A
THV ! SVID_C
Vout core
50mV/div
1.6V
Sps/div
INTERNAL SWITCHER
OUTPUT VOLTAGE vs. LOAD CURRENT oot
1.90 =
1.89 /\\
188 > \
?;f \ \ ton =1.7us
>
=0.7us
186 ton \\ J
=1.15
1.85 fon s
L=1.5pH
1.84
0 0.2 0.4 06

LOAD CURRENT (A)
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SVID_DECAY 1.83Vto 1.6V
(lout = 3A, 0xD6[2:0]=000)

toc14

S

TN
1Ll
Ll PWMO0-5

e

Il It
112

LI SVID_D

«|SVIDA

1.83v [

1.6V

T 7| SVID_C

Vout core
50mV7div

el

100
95
90
85
80
75

EFFICIENCY (%)

70
65
60
55
50

20ps/div

INTERNAL SWMITCHER
EFFICIENCY vs. LOAD CURRENT

toc16

ton = 0.7us ton = 1.15us

||

=

ton = 1.7us

//

y/4

~=

L=1.5pH

0.2 04 06
LOAD CURRENT (A)
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RDESICEERETZ4EU. INICEDATBLVA20DCT A
VICBEILIE TV T4 7 BRI RESNEIRpEsE
MNAERIFIAVVRIBEDER (1TmMA = T00A IoyT) T
EFgESIN. HIMEHIL—7ILISENSEE S D&% ZDEIC—E
SERLSICBHILET . CDTF—F T I FISEERMNICE
RE—RTHDH. BRI—THEOENTEOZRET
BCENARETI . COEOGERE. BARDLCTAILYIC
EED_ER—IEHETIOIFERINET, I B
RIN—T -T2 TDINTGA—% (Rp.Fz) ZBEYICERET S
CETRBTEXILHEIL—TZ2RESEZHIC. L]
X/ THE(modRamp_opt) ZHEARMEICRETEET,
BEYIRIEMEOSEAEF EEAFIEOEI Y aVICEEH
INTVWET,
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BELF1L—Y-FyStYh

VDAC

CLOSED = DROOP
OPEN = NO DROOP OCP CLAMP

\ .
f + A8 A2B_OUT

Fov —"—— _

CORE_SENSE_N
Vem OPEN = DROOP

CORE_SENSE_P
CLOSED = NO DROOP AMS_BLOCK

AMS_CLK
CLK L 10
Ll
FIGURE 1A. CORE VOLTAGE-CONTROL LOOP
ISENSE_0
ISENSE_1
ISENSE_6
+ + ISENSE_7
ISENSE_[7:0] X % B
i ISENSE - IAVG
;] s VCM_CURR é+
o o] o o
Rocr
® Rp
A3_IN I
A2B_OUT A3_OUT AMS_CLK
J—'—'_—S a yPWM
Ve Fz o
VCM
X8
, :

FIGURE 1B. CORE CURRENT-CONTROL LOOP

X1. COREDHIfEIIL—F
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HROFRE . BEEHEIL—TFDTZ— 7> 7 (A2) DDC
TAVETIVIIERETEZIEICEDITVWET , DTV
FATDEET M Y ELUCAIBRpEsIENEE HIC.FT5D
HABERZEWNVID - Voup IKHULTERIL—TICIESS
NBEREREVET A7V TDRICENBREENT S
ZET BEBRORIL—TETFARAIT—TILENET,

AE1.8VL¥aL—%

AVRNA—Z-FNARF. AVIO—FHBLVRAY—IEN
ERDTINA RNCINA 7 ABRZWIET 21.8VRAYF T -
LF¥aL—E2ABLTWET . cDLF21L—%1E. DCME
—RTEES B ARID T4 —RTAT—RICK B AV RFRE
EEFEEFERTZEICLD. BEFERSBERERD
WA T3 IVERN SHERMICEHEREITS>IENFIEET
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Vpp1pshU77LVAEET.BVLDEWGE. BEED L
FIPWMAE SRR L. ERIFETAAVICARDE T . N
ICED BRIFAIDSA VT I %=RBUTEATAILY -
AVFUHEBRIERNE I EEDA VBN TIT S
&L ERIFETIEAZICRD, TRIFETIZA >V F V5 ERZzE
OIS 2HICEBRBEAVICRDET, ZD%. Vpp1psh'
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VR1BHCH&UAIDT - Fa 7L
BELE2L—9-FyTtyh

1.8VZTESET LA, FTRIFICFETIEA T ZHR LT,
ZOLFaL—4TiE FHENERG RREREZ B
LI 3fehic AT ERVDEDICB > fcEEICDHE
RIFETOA Y ZHFRAILE T BRAFEERIE. X1 THET
SETE VYV ITIRY—MIEEA VKREEREETDE
AHIRICK > THREARS N E— 7 BRHIRERABDDT ¢
—RT7AT—RICE->THREIENE T,

X1

| (Vbp3p3 — Vpp1ps) < ton
VX_MAX(DC) = 2L

BEEDAVREIFPROGO Y FUAICK > TERICHRES
NEIH . PMBusL Y ZH0xD6[7:6] CHRETEXI,EH
EA VB OHELEEMBIE]. 15us TR VYU 5EIF
1 5uHTT,
1.8VLFaL—%ER/NROMIITBRUNDEEE T
DOENAVF V5. 22D22uF MLCCHEAOYFVH.2
DDOANAVFT VY TEHET MTIT OFHEER EPHE
EIERBEHDEFAATDT.BVNA 7R Z2ERT 25
BlE. 100QDIEHMZ N U TVXZEVDpD3p3lcERi T 52 &
T 1.8VLFaL—9%ET(AT—TILTEXEY,

ANEBHEVY—

MAX16602(F ANEAE Y —Z2WE L TED. VR13.HC
YVa1—2aVeEBRETEITEBEROANITER
REBEMICED . ERREOBEZRFLANSENIE
REBRTEXT K. BRREZ Y THS5DEBRES
IESEERIHIEHAETIAANBERVINALT
(E>35) TREESNE I ALBREADBEDERRE
(3 PMBusZ /M UCHRAE T ZENTEX T ADTEBIDE
PRI I3 PMBuUs X 7clESVID THRAH T ZEMNTEXT,
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ANBHE Y —
H21d ANRHIENEERUIOSE EBRRET > 7 2R
BUTRFEICZFERUISSE DEMDENVERLTWET,

ANBRBIEZERT 5
BRORAANERERRKIINAT—ILEEHNSATEE
EYEEZEHUET,

n2:

IIN_RSENSE = AVPROT_IN_MAX/IIN_MAX
[IN_RSENSED{E L. GUIEIEPMBusL ¥ X%0xD4
[15:13]TEIRULEITAVPROT IN MAXIETIN_
RSENSEMD:&EIR T U TE0MVEiZ100mVELE T,

ANBRBRET VT2 ERT 358G
ANBRRET V72 ERT 5B EI1E GUIDIIN_
RSENSEZEIRA £/ (@PMBusL ¥ 24 0xD4[15:13]
TERLEI.0xDE[6:0]DIIN_MAX_FSICZILRT —
IWANBTRIEZRELETLIIN_.MAX_FSOEFRL NI
T, SNS_IIN_PA 5SNS_IIN_ND A H8#F R 200mV D
TIWRT—IVBEDD DB LS ICHMTIFEBRERIRLET,

®3:
IIN_MAX_FS x Rsgnse = 200mV / Current_Sense_Gain

VR1BHCH&UAIDT - Fa 7L
BELE2L—9-FyTtyh

ZZT.Current_Sense_Gainld. BR&HT7 > T DT+ >
(B MAX40010LDIHEX12.5V/V) B ERDT
AV DETT ANDRENSEIF. BRARANEREEIRT S
ERBRH 7Y 7 THRINZANERESICEDVWTRE
LET . INICED . EBHDBEZRANICTEEXT,

VAT LKEED

AVpp1ps (E>3).DVDD1P8 (E>5).Vppap3 (£>18)
NENZNDEBED YT 7D NRBEZBZ 55 MAX16602H%
AR =TI > T FIEZ AR L. $9800us TR T L
IR EEREIBTENBEIDESHDER SN T
d—REN T EICCORE_SENSE_P&HK&U'VSA_SENSE_
PEVHA—TUDESHDIERESNE T IV O—FICX
A NMEE. VN (E35) ESNS P BIAS(Ey38) 1%
NZNOEREEOVI 7V NREZBRAZE VAT AR/
—RUx7-A4%—=TIL(OEN) EBICIGE T 2 EEmHEE
TIOENDIN\A TR fc i, T/ R EREY — T~
2ZFRBLET MDD T A — LB I NARWEE. BN
BRREDTETRICEN EFDFHBRLET,

IN—RYL7 A Z—T)%ZE2FEBE. SVIDINAN T I T«
TICD LF2L—F1EVcoreEVSADL —/L%,PROG
[C& > THBICRESNICREEEE TEED LREKTIT
5 EIFET,

RSENSE
+12V_SRC

SNS_VIN

MAX16602

SNS_IIN_P
SNS_IIN_N

FIGURE 2A. CURRENT SENSE RESISTOR CONFIGURATION

RSENSE
UP TO +17V_SRC _ VDDH
RVIN_TOP
SNS_VIN
MAX16602 RVIN_BOT
MAX40010
SNS_IIN_P CURRENT SENSE
AMPLIFIER
SNS_IIN_N
FIGURE 2B. CURRENT SENSE AMPLIFIER CONFIGURATION

X2, ASERREAT 3>
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PWRGD_CORE&PWRGD_VSADOE=IF. #NZ2hod
AN =5y ROVIDEEICELRELEBICTZY—hENE
T HENEREEBERUICKELTWSIBE. Ba1/aSetVID
ANV REZELVRICOALF2L—IaVh FHBLE
T VRBOOTM EOTRHRWEE Y — T Y XICDWTIH K3%
SRUTIEE L,

OENEYZO—IlcLTLFal—9&TFT+AIT—TILUTz
Bl EBLRESZHRIRT DHICPREH200us (£
xME) DE. TNARISBEEBUEEAEIC.ANY—KNE
HENBYICEET 2DICT D RBRREEERI’ERS
N2&>5.CORENEEENTBBRICIE (VCORE SENSE P -
VCORE _SENSE N) < O.5VET.VSAHEE T BERICIE
(VvsSA_SENSE P - VvSA_SENSE_N) < O.5VET.LFa
L—2 3y B LWL SR> TWET,

EEIEV vy N OVICET I

MAX166020> ,O0—28LOHR—hENBYFILD
AN—RNBARICIF ROKLSBEIRY — T > XDHKIHE
AEnxd,

IND=7vT

OEN.Vpp1pPs.VDD3P3. VINB K T'SNS_PS_BIASDH
IKlF =T VR EDIBEIFHDEFEA.ETDERGEIE
feen &NATRENEEL. BEICCORETIX (VCORE
SENSE_P - VCORE_SENSE_N) < 0.5V\VSATI&(Vysa_
SENSE_P - VVSA SENSE N) < 0.5VDEEICDHT/NA
A UE,

VR1BHCH&UAIDT - Fa 7L
BELE2L—9-FyTtyh

NI—=5o>

OENIC|Z200ns ((XRAE) DF T )y F - TAILIDHD . F
OEE&IDEVWAO—ESICFHELEFRAEHDT VT -
T EFEHT2HIF MOERNZVT -5 DR
BT BRIICOENDRMICO—ICRBRENH D ET,0EN
TEMBRO—ESIREHRINDIE LFaL—FiF <L
H200us (R &EfE) E. BiEg LE A
AAYFVT-E—R

AYRNA—Z-FINA RUE T I T« T IRAIB D & E AT BE
REFGEBEE—RN(CCM) TEIMET 22 BEREERTE
(APS72: &) P CPUNHITI BSVIDOTY Y RICRES BEAR
EFREEETE—R(DCM) TEIMETBZEHTEFXT,
DCMZEBMICUTIGE Ry F VI RIS BRERICIEL
FILET,DCMA 71y MEEIL. PMBus(decm_offset_core,
OxB3[6]) EIRTEF T DCMA T Y NEEZELHTE
FBEHBAEEDYYTIUVFELEDEITH RAMYF VI
FKEISELBDET, —RIIC. Ry Fo 7 RIREDMEWNIE
EMENELELET,

VIDE ERE / TEE

MAX16602(. VIDEE EF3K / TREICEALTVR13.HC
ARRITEML, T 71 - E—REFSORERLRLTOSVIDIY
VRERBUEIAEEEEERD L FE /TSRS, Electrical
CharacteristicsDFRICHARRARE SN TWETD,

+12V, VDD3P3,

VDD1P8, VCCIO

VCCIO_READY i
OEN N

PWRGD_VSA

VBOOT (VSA)

|

i

INTERNAL ALERT :
(VSA) |
|

|

|

|

VCORE (VCCIN)

VBOOT (VCCN)

PWRGD_CORE

INTERNAL ALERT

us (typ)

(Vca)

td (vsA) = ~800us + POWER-STAGE DETECTION + tON_DELAY (VSA)
td (CORE) = ~800us + POWER-STAGE DETECTION + tON_DELAY (CORE)

X 3. VcoRp&VsaDREEN Y — T~ X
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EIRIKRE

AT/\A Xl COREEB LVVSARBICPSO.PS1.PS2. & &
OPS3OV Y REHR—NUTWETD,
BEBEMEYT1>7 (APS)

MAX16602(3. L2l —YDshREF RIS Bl 7
IT 4 T IRAIREOBERBMAEY 70 7 (APS) HlEA
ARETIL,APS PSOEBMICT B&. 7T+ 7B EISE
AEEAY Y KRG UTRFERICK > THIEIE. APS PSI
B LVAuto DCMDRE THBRSINZIR/IMEEZFTIETSE
B ENTRETIAPS PS1EESICLIZEE.CPUNS
SetPS2OV Y RDBFETEINBWED. L¥aL—% i3 i<
EH2HBDCCMTEIMEL £, Auto DCMEE RN U5
B APSERE FTc(FCPUNHITT 5SetPSTEIBEIEN S
AENTWBE, LFalL—73EaRmRIcEBDCMTEE
bi—g-o

K. BASNSBFRRETOEREE—R

VR1BHCH&UAIDT - Fa 7L
BELE2L—9-FyTtyh

APSHERETIE RD2DDEIEZERLE T,

o APS_SlowDRHEI Y =7 > (IEIRR) DRTEIC
ERENET,

o APS_FastDRfEIL. AIHEMDREICERSNETT,

BEERMNIEZITAPS FastBEZBA L. T/\1
BEICSMBEEWMELET . TIY I EESNcHAER
MRADABHT Y NOEALICH L TAR<EH200us
. APS_SlowRi{E% Fal>/fckExkchhid. A hA—>
FAEBEERLET ZORDOMEBY TV T DIRE
I&. 20usDEERICTIONFT,APS_Fast&EAPS_Slow
DRAEIE.PROGYFUAICE>TTYEYRNEINET
M. PMBuszFAWCHAE I ZIEHTEEXT,
NEBBOIZMC Ry F I BREN D AR BN
ICIFIEDAT7 Y MOIIZ SN THABEEIRIBEHICUNE S
FOITIEDFT,

APSE—REKE R BEE—R
1x—7) BRIRRE L CAPS_PS1E&E TG UTc A DK
APS_PS0O

TAAI—J)L | ZIECCMENE

APS_PS1

1%x—7) BEHREPAuto_ DCMDERE It U T AIHE DR

TAAT—TI)L | 21 HCCMENE

1x—7) BEaARFD 1#EDCMEIE

Auto DCM

TAAI—7J) | BERERKOIEHCCMEIE

8-PHASE

6-PHASE

4-PHASE

OR OR OR
7-PHASE 5-PHASE 3-PHASE
OPERATION OPERATION OPERATION

1-PHASE
CCM
OPERATION

1-PHASE
DCM
OPERATION

2-PHASE
OPERATION

ALL PHASE - 6 PHASE

6 PHASE OR 5 PHASE - 4 PHASE

4 PHASE OR 3 PHASE - 2 PHASE

APS_SLOW 6
APS_SLOW_4
APS_SLOW_2
ILoAD < APS_SLOW_X
— APS_SLOW_1

2 PHASE - 1 PHASE CCM

APS_SLOW_DCM

1 PHASE CCM -> 1 PHASE DCM

APS_FAST_Xor

SETVIDFASTISLOW APS_FAST_1 1PHASE - ALL PHASE
—> APS_FAST_2 2 PHASE > ALL PHASE
APS_FAST_4 4 PHASE - ALL PHASE
APS_FAST_6 6 PHASE - ALL PHASE

Note: Phases always shed to the next lower even phase count

4. APSDIRRER] (1B RIHI)
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KIS U T BRAEMNU L& EICISERDOAIE % R R A
YU BRNEBA U E EITIEEEICA T T B ENRIRET
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I CEBWICENHESERZENTESZLSIC. HBENETE
MY 275 ETY. COREEIL. PMBusL Y X50xB4
T EEOERATTI>7E(100%. 95%. 90%. 85%)
EEBEULICREVET . COHIH 7 —FFTI/F v+ TR E

VR1BHCH&UAIDT - Fa 7L
BELE2L—9-FyTtyh

BREICEVWT. RAT—Y VT ENc&BOERIREEE
(%lpy x Rpp)WEULLRBESICEHISNE T, Tk
D EBRDEISERDENERDERZ EHEICERL. BN
INSYRERL—RATSBEZZETRHINT VAERETES
T H4id. BETHABREBRHETRESNIRAT VIR
IZIGCTATEDMMRICTIN 2 BERERERUTVNED,
R4

1
Steering%;
l = N, lout

PH

2

EXERY/INZVZX(OCR)

IV hA—Z-FIN\A RF ERZAMEERE OB LRER
DEHB(HE2WINTVR)ZHETIERERY/INTVR
(OCR)HEEZ RE L TWET, CDHEEE X, ATREREN
VRRAYFU I RAREPZFDE R IIATH>TH AR
BEIGERBICERNTVAZHIZLET,

ETF1—T4 - YAUINEHREEDOY T 7LV IBEHINOCRT
AvIICE>THRESN. AHERICEEESZ D2 E1<
MEORIEZR/NCUET,OCRIE EMMEDERIVY
RICBMHEDERCZITTHREEERBRZHEHDIE
TEMELE T, ik D FUBERNFIELN STEET
3B EET.RoCRIGE PMBuUsL Y 29 DOxB4 TR
ESINZOCRT AV %RHETEET,

Steering%y

ot [ [ ]

A2_OUT /

P
AMS_REF

AMS_CLK | |

PWM

-

X5. AMSOEIE

www.maximintegrated.com/jp

Maxim Integrated | 26



http://www.maximintegrated.com/jp

MAX16602

VCOREDRELEE=HV VYT
dvhO—ZICIKIE LFa2L—YDREEENEFTDE=
S DI=DHICE DL EDL>TVET,

REFD 7 A —IL NMEH
MAX16602(&. Vpp1pg UVLODIE T, & KOOENAYZ
5 E S AR T A — LN EETULET,

Vppipg UVLOD#E T T/I\A RFRDT A =)L F v
TEITVWET,

e ISENSEEVHEHERDAVDDEEKLTWLWSM

e ADDR&KUVPROGIETIIDEN B TH DN
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OENDIZ EMNDE. . FTINARIGUTDOT7A—I)LN-F vy

EEITULET,

o MBENIBHERICTSENSENERHINTULERLAE
SH

o BHEOMEHIEEA (BHEREREOPWME >, B
BIE. BLUREUBHET/I\A XA TOPWMEY D4EH1K)

o BENERDT7A—ILL

INSO7A—)LhOnWFnhhREEnHBE T —-
750 PUB LFaL—YREEBLEEA 74 —ILNE
STATUS_MONITORINGL ¥ X7 OxFOICEEFZK SN KT,

VcoRrge/V7—+7v K (PWRGD_CORE)
Vcorg/\7—+ 7w R{ES (PWRGD_CORE) (& VcorReh®
BEEEREFIIRRIGEESNLSVIDOV Y RICENI VY
UfeC BRI IeDIERSNZ T I TA4 7 I\ A DA =T
KL >HEITI,PWRGD _COREL. E2EIRFDVIDEBEBH
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IKIETFT T =R ESNEFAD . ROWTNHODRELUZIHE
I EF 7 —hEhET,
o HABEMN ASHDEHTAMBEICT T DTFAE
FADOREZ TE->5EE,
o AISHADTYF - TA—)LEDIRHEENHE
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BERERZE (OCP) DT 7 A LANI)LIE. PROGTEIRL
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ENANA—T > THBIEMNHBLIEERIC. ZOHANT
HY—hENFET (EHEFOT7A—ILEHESR) VAT A
DLFa2L—yavh AXN—RNBAERD T +—)L MM
KHIcE=ZYZh. v hO—ZOFAULT CEMESNE I, &2
BLUERIZSBLTLIZE L,

L#1L—> 3 hicVeore®TSENSE £/ (3 TSENSE
VSAEYDOWEFNHh D O—IcidE CIEY vy T OV U,
BESICFAULTZA—Ic7ILT oY ULEI FAULTIEO—ICZ
yFINfeFFERD Vpp1psE/zidVpp3p3sEBRAT
B5ETDHIIFPTEEXY,

®2. L¥al—ravREERRBESHKFOIVYMA—F-7A4—IL DEE

OUTPUT SIGNAL(S) SHOWING SYSTEM SYSTEM LOGGED IN
PROTECTION FEATURE FAULT SHUTDOWN LATCHED OFF FAULT LOG
Configuration Resistors Svstern does not
Out of Range Detected at FAULT y N/A Yes
start

Startup

PWRGD_CORE
\C/)(c;:%ﬁi;i’-:;\éira)ge-omput (if output drops below threshold) Yes. Fie;:: after No Yes (after 5ms)

P OCP_FLAG (if enabled)

V Average-Output PWRGD_CORE
OCC:)(IDDR(%CM) 9 P (if output drops below threshold) No No Yes (after 5ms)

OCP_FLAG (if enabled)

Yes, if

VSA Average-Output OCP P.WRGD—VSA Yes Yes PWRGD_VSA

(if output drops below threshold)

deasserts

PWRGD
12VUVLO (when output drops below threshold) Yes No Yes
Umbrella OVP, VcoRrg, and | OVP, PWRGD_CORE,
VSA Rails PWRGD_VSA Yes Yes Yes
Output OVP, VcoRre, and OVP, PWRGD_CORE,
VSA Rails PWRGD_VSA Yes Yes ves
Output Undervoltage PWRGD_CORE or PWRGD_VSA No No No
Vpp1pg UVLO (1.8V) Yes No No
Vppap3 UVLO (3.3V) Yes No No
Overtemperature Warning VR_HOT No No No
Overtemperature Fault FAULT Yes Yes Yes
SNS_PS_BIAS Undervoltage Yes No No
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VR1BHCH&UAIDT - Fa 7L
BELF1L—% - FvTtvh

R3. LF¥al—raviKIRESHHOENERTA—ILDTE

OUTPUT SIGNAL SYSTEM SYSTEM LOGGED IN
POWER-STAGE FAULT SHOWING FAULT SHUTDOWN LATCHED OFF FAULT LOG
Power-Stage Detection Faults at Startup
(Power-Stage Population: PWM Open; PWM [
Shorted on Same Power-Stage; ISENSE (acl::t'io\\/gl-l-ccw) SYSteZt::teS not N/A Yes
Shorted to Vpp; TSENSE Unconnected on
Populated Power Stage)
Power-Stage Faults at Startup FAULT System does not N/A Yes
(active-low) start
qugr-Stage Cygle-by-CycIe Clamp OCP None No No No
(Sinking or Sourcing Current)
qugr-Stage Cygle-by-CycIe Shutdown OCP FAULT Yes Yes Yes
(Sinking or Sourcing Current) (active-low)
Power-Stage OTP Shutdown F.AULT Yes Yes Yes
(active-low)

Power-Stage Boost UVLO (Undervoltage FAULT Yes Yes Yes
Lockout on Boost Supply) (active-low)

FAULT
Power-Stage VX Short-to-Ground or VppH (active-low) Yes Yes Yes

FAULT
Power-Stage VppH OVLO (active-low) Yes Yes Yes
Power-Stage Vppy UVLO None Yes No Yes
Power-Stage Vpp UVLO None Yes No Yes
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VSADEIE

VSARIEY—FTIF v

VSARIHZ =7 F v I& VCORED T —F T/ F ¥ &
LI ED T RIL—TnBhEEA (R6ESE),
LFE/ TREG6EE X1y FU I BRBIS2EED
D.PROGY+ A THRNCRESNEIH PMBusL YR
STHETEET,

VSADHHENE

VSADICE]
VSADEEEEICDWTIE.VCOREDEY 3V THEAL
TWEY,

VSADERIRRE

VSAL —JUIE. PSO.PS2.PS3. 8L UV'T 171 DEIRIREE
ZEHR—RMUTWET,

DCM®DENME

VSA[EB(ICIE. VCOREL RtkICHERET 27O 7N 7L
BREEIIL—7 - A7y MABEHINTWEI A7y NS
PROGYFUA CHEAICRESNET A PMBusL Y%
OxB3[6] CHETZXT,
VSAYFIADTATZITILINTGA—H

Ay FU I ERBEREEREIZ.PROGYFIAICLST
ERICRESND/TA—FD—EER>TVET,
VSADREEE=YIVYT
VSADIXT—-Jy R
VSADBEAICIFWIZILEE/NNT—- TV RESHIHHD.
VCOREDPHDERRICEMEL T,

VSADBETIRE
VSADBERREF. TV cEDE—V BRI ZV T =
BALTWEY. 77713 RpH vsaADimFEEEEY T 7
LY ABEZL BT 2 TEEILE D,

VR1BHCH&UAIDT - Fa 7L
BELE2L—9-FyTtyh

E(/—227)DOCPHEREHEINEE PWM_VSAIZRD
2AYF T YA )LET(OCPIREENE L LIS RELT)
O—(CER¥ESNFET e B V7) DIBRERREDIRMHEL
TWETLADOCPHBEENIEE. PWM _VSAIZ—ED
A VEEFEIORE. I\ ICEREENET,

®5:

o (Vin—Vour)X(tp_comp +tp_ps) |

LPK = 3 +lpocp_vsa
ZZC.

tp compid. BRI/ (L — 5 DBERM T,
tp psld. BARDPWMASVXE TOELERE T,
IpocP Vsl Electrical CharacteristicsiCFeBE1TTNE T,

BOOCPEHEIFEHR . REMELD (K ET)ERDET,
RETGA—FITIGUIcOCPRIEDHEEZE LTSI
HeZESRUTLIES L,
X6:
Vout ]
~25mV ~Modgg x xtgy —t
TR (VIN W <K, —iIN“Vour
RpH L

VN =V _
X[VOUTxtSW_tZJ+ IN~VouT _ViN-Vour
VIN 2L VIN

NOCP =

xtgw

ZZTC,

ModRR = L¥aL—4ZHFD LFRE /TR
RpH = 15000 (fX3=1E)

K| = iR T > 10uA/A (RRE)

11 = 10ns (fXZ&(E)

to = 60ns ((R&EAE)

ISENSE_VSA

VSA_SENSE_P

VSA_SENSE_N

Vbac

| PWM_VSA

ISENSE_VSA

X6. VSADFIEIL—F
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VSADBEERE

VSAENIE AMEBEICEBRITDEIEKE . BEDTYT
LZ0VPEEAT BEIED2DDOVPEBEZ KA TWLE
FOVPOEEIF.VCORETHBBLIZHDEREKR T,

T FIRE

RBERLBDIRE

ICCMAX DB, CPUDZERIC &L DRTE L FF,ICCMAX
EOCPOLYRT B F UA LS TRESNET, OCPIX
—RRIZICCMAX &L D 20% =< RE L F 9, AR ERD KM
EERTREREIRICEDWT EAT AV~ NBHREE
BOMR RN LD BDERBABERELE T, ZOH
HIDICiE, AV — NBARDT— Y —McRBEINT
WS RhE RS EIREREEATEXT,

(ItHDECENR

MAX166027% 5 EDMAEHICERE T 255 &R D
BETIMEDMMBEICH UV HEDMERY V3> Zi
BU MOMEEEIETI T TICT2REDHD XTI
TV TATICY BT FET YT« T IO HIHE
(PWM)E>ET STV ROBICTKQDIEHZ#E LU E T,
ERUBWIEDTSENSES K UNISENSEE >V (3 R £ D
FRICLE T RARZ BT BRI YavEZnenEE
V=T REERELTVWET,

HATEDEHE
HABE(Coyum) PEZRETD I DOEEE LT EETH
BBRORKHFRA—/\—2a1—k (VOV_MAX) N ES

R4, (HHRCEEPWM* OEEIS—T VR

VR1BHCH&UAIDT - Fa 7L
BELE2L—9-FyTtyh

T R7IE FIEDA—/N— 72— MEEE BT DT E
BRENBEDORIMEZRLTWET,

R7:
AQoFE LOAD:'STEPZX Lour 1 _ 1
- 2 VouT Npy  SLEW_RATE
AQQOFF_LOAD
= Court >

IsTep xRLL +Vov_max
T CouTPTRNFHIF BELF2L—F TEEATRER
BRATBBICLK>TREZIEEHNFT (H8ZSHR),
=®8:

1
2xmxR xCout
1
=C >
out 2xnxR L ><(O.4><fSW)

Fc_VOLTAGE_LooOP =

FERA—N=2a—HHIBRFEHRZ6EDEREF=
EZTHFULSVATLDA VTV ZADMIEH =D
100NH, EAD 7V . B RKEBRATVIH200A. RKHFR
A== 2 —rHB0MVET B E BRI BERER/IND
CouTlEMI750uF D EIFC VOLTAGE LOOPERHT
[EHIQ00UFD B ERD  CNHAREEREBZDERIT AU
BHDEZRIRT 2ZET.HRDIESDEP/NA T REE
ICLD RN BHEREBRICH LT R LORBER
e ZENTEET,

e hses O L OPULATED BY LAYOUT FIRING SEQUENCE
2 2,1 2,1
3 3,1,2 2,1,3
4 3,4,2,1 2,4,1,3
5 3,4,2,1,0 2,4,1,0,3
6 3,4,2,1,50 2,54,1,0,3
7 3,4,2,1,0,5,6 2,54,6,1,0,3
8 3,4,2,1,50,6,7 2,54,6,1,0,3,7

*PWMxDEVZTESR (BRI 3> 2IdPWM2TERED) o
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REBMEDER

VATLDEBENTA—SE REBNTRELE T,
ADDRESVIDEPMBuUs® 7 RL A% EIR L, PROGIF =
AICERESND Y FUAZRRLE T, ELWVEHEE IR
MTRESNB/TA—YIE REESBU TSV RE
JXTA—%1% OENAO—DEICPMBUS TRETE X T,
INSORER ZOBDOENIILTUY RSN BTE
EBDES A

TIFIINGA—F DEEEHFIR
AIAROIY hO—S5E@RED. MAX16602[3ZNET
HMFF L TW R TORIEIL —TBRERA LTV ET R

VR1BHCH&UAIDT - Fa 7L
BELE2L—9-FyTtyh

o ZHHZRD_EFE /THEE(0.4V/us~1.9V/us.
0.1V/us LSB)

o AMSOD_EFZ /T (0.125V/us~1.0625V/ps.
0.0625V/us LSB)

o EFIL—7DYO(8.4kHz~45 5kHz)

o BEIL—TDEO(9.6kHz~159.2kHz)
(RIL—T12UDERDH)

e Rp (1950~3770Q.65Q LSB(TRIL>Y)
~162.5Q LSB(LRAIL>Y))

e Rocr(1.5kQ~17k0Q. 5000 LSB)
VSALFxalL—%

DINGA—=INT I TV TEIRTEDLDITIRDE U,
VCORelLFalL—%
o XAvF U REKE(300kHz~857kHz)
o BfHRE(0.105mOQ~0.979mQ) . &P &R TV T DEE

MlldzREZSML TSV,

o JZXTLDOCP(30A~695A),.FFillldR7ZZRULT

=12

o APSOEZERELEEERE

o RAYFVYUEKH(660kHzE IF800kHzZ)
o ZHBOLFR/THI(0.4V/us~1.9V/us.

0.1V/us LSB)

o HEHIL—TDEN(8.4kHz~45.5kHz)
e Rp(1.04kQ~5.07kQ. 130Q LSB)
LEDIRTA=FE PROGYFUATEHI

CREShEY

M. PMBusA V45 —7 1 —RACRAETEXI . T 7AIMD
TFIAE WKOWDIRENZCPUICRBE(L S NIZERTE
NEENTED. FOEFE. HDIWEOITHRFAETHEL

ESEN
#&=5. ADDREPROGOT—TIL
1 RESISTOR | cobe | SWDADDRESS | ipngecs’ 1%RESISTOR | CODE | SCENARIO

(kQ) (CORE/VSA) (kQ)

1.78 0 0/1 0/1 1.78 0 0
2.37 1 0/1 1/2 2.37 1 1
3.16 2 0/1 2/3 3.16 2 2
4.22 3 0/1 3/4 4.22 3 3
5.62 4 0/1 4/5 5.62 4 4
7.5 5 0/1 5/6 7.5 5 5
9.76 6 0/1 6/7 9.76 6 6
13 7 0/1 7/8 13 7 7
17.4 8 2/3 8/9 17.4 8 8
23.2 9 2/3 9/10 23.2 9 9
30.9 10 2/3 10/11 30.9 10 10
41.2 11 2/3 11/12 41.2 1" 11
54.9 12 2/3 12/13 54.9 12 12
73.2 13 2/3 13/14 73.2 13 13
97.6 14 2/3 14/15 97.6 14 14
127 15 2/3 0/1 127 15 15

FEPMBUs®OMSBY RLR(F, 2 FUADREICKHL T T0F2F1011c2D E I MSB_PMBuskw k (OxDE[7]) =Y %&£ MSB%Z
TTOFFTONCA == RLUTRIRTEXT,
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R6. BEROL VY LA HREE

LOW_RDES VR13_LL A2_HI_GAIN RpES DCLL_LSB DCLL_MIN DCLL_MAX
0xD3[7] 0xD8[1] 0xD8[5] Q) (uQ) (mQ) (mQ)
0 0 0 92 5.750 0.397 0.753
0 0 1 92 1.917 0.132 0.251
0 1 0 92 7.475 0.516 0.979
0 1 1 92 2.492 0.172 0.326
1 0 0 73.25 4578 0.316 0.600
1 0 1 73.25 1.526 0.105 0.200
1 1 0 73.25 5.952 0.411 0.780
1 1 1 73.25 1.984 0.137 0.260

Eilow_rdeslIOICRIFIDHNENH D E T, low_rdes = 1HRERT TUT—2 30 Tld.MAX16601 DFERZ SIRET<KZE W,
K7. AT LDBETRHIE

ocp_hc | ocp_th 1-PH 2-PH 3-PH 4-PH 5-PH 6-PH 7-PH 8-PH
0xD8[0] | 0xD3[3:0] | CONFIG | CONFIG | CONFIG | CONFIG | CONFIG | CONFIG | CONFIG | CONFIG
0 0000 28 55 83 110 138 165 193 221
0 0001 30 61 91 121 152 182 212 243
0 0010 33 66 99 132 166 199 232 265
0 0011 36 72 108 143 179 215 251 287
0 0100 39 77 116 154 193 232 270 309
0 0101 e 83 124 166 207 248 290 331
0 0110 44 88 132 177 221 265 265 265
0 0111 47 94 141 188 235 281 281 281
0 1000 50 99 149 199 248 298 298 298
0 1001 52 105 157 210 262 315 315 315
0 1010 55 110 166 221 276 331 331 331
0 1011 58 116 174 232 290 348 348 348
1 0000 55 110 165 221 276 331 386 441
1 0001 61 121 182 243 303 364 425 485
1 0010 66 132 199 265 331 397 463 530
1 0011 72 143 215 287 359 430 502 574
1 0100 77 154 232 309 386 463 541 618
1 0101 83 166 248 331 414 497 579 662
1 0110 88 177 265 353 441 530 530 530
1 0111 94 188 281 375 469 563 563 563
1 1000 99 199 298 397 497 596 596 596
1 1001 105 210 315 419 524 629 629 629
1 1010 110 221 331 441 552 662 662 662
1 1011 116 232 348 464 579 695 695 695

FEIPMBuUsOY Y RT200K_C_REPORT(0xDI[7]) 1 Z TICERE L TWSIHE, LORDYIR—NERI2MFICHRD £, ZDfsH B
T U DBUA/AD2 D DEBNRELINICT ZHENBHDET,
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+&8. YATFLDBAERFIE.Rpes = 73Q

VR1BHCH&UAIDT - Fa 7L
BELF1L—% - FvTtvh

ocp_hc | ocp_th 1-PH 2-PH 3-PH 4-PH 5-PH 6-PH 7-PH 8-PH
D8[0] D3[3:0] | CONFIG | CONFIG | CONFIG | CONFIG | CONFIG | CONFIG | CONFIG | CONFIG
0 0000 28 55 83 110 138 165 193 221
0 0001 30 61 91 121 152 182 212 243
0 0010 33 66 99 132 166 199 232 265
0 0011 36 72 108 143 179 215 251 N/S
0 0100 39 77 116 154 193 232 270 N/S
0 0101 4 83 124 166 207 248 N/S N/S
0 0110 44 88 132 177 221 265 265 265
0 0111 47 94 141 188 235 N/S N/S N/S
0 1000 50 99 149 199 248 N/S N/S N/S
0 1001 52 105 157 210 262 N/S N/S N/S
0 1010 55 110 166 221 276 N/S N/S N/S
0 1011 58 116 174 232 N/S N/S N/S N/S
1 0000 55 110 165 221 276 331 386 441
1 0001 61 121 182 243 303 364 425 485
1 0010 66 132 199 265 331 397 463 530
1 0011 72 143 215 287 359 430 502 N/S
1 0100 77 154 232 309 386 463 541 N/S
1 0101 83 166 248 331 414 497 N/S N/S
1 0110 88 177 265 353 441 530 530 530
1 0111 94 188 281 375 469 N/S N/S N/S
1 1000 99 199 298 397 497 N/S N/S N/S
1 1001 105 210 315 419 524 N/S N/S N/S
1 1010 110 221 331 441 552 N/S N/S N/S
1 1011 116 232 348 464 N/S N/S N/S N/S

N/S: L TWRWZ EZRULE T, ERFIRN ATV E—REEHBEEZBITWET,

FEPMBusd~Y > RT200K_C _REPORT(0xD9[7])1& 1 ICERE L TWBIEE. EORDTFR—NERI2MEICEDFT, ZDicsH. BRIERE
TAVHBUA/AD2DDEHREULINICT DENHD T,
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VRI3HCEKVAIOY -7 a77)LHA]

BELE1L—9-FyTtyh

#+9. MAX16602xD7 7V 75—y -oF A
SCENARIO # PROJECT IC REVISION

0 Test Scenario MAX16602
1 Xilinx® Versal, 8 x MAX20778, 200Apax —

2 Reserved MAX16602
3 Reserved MAX16602
4 Reserved MAX16602
5 Reserved MAX16602
6 _ _

7 J— J—

8 8 x MAX20780, 0.85V, 320AmAx MAX16602
9 Broadcom®, 12 x MAX20780, 529A\AX MAX16602
10 12 x MAX20779, 460Apax Project MAX16602
1 — —

12 Reserved MAX16602
13 8 x MAX20778, 0.9V, 320Apmax MAX16602
14 3 x MAX20778, 0.9V Project MAX16602
15 8 x MAX20778, 0.9V Project MAX16602

FEFLWEY 3V RBBEAFEHRENGD UEIDY FUAZEHET,

PMBus{ % —7 1 —ADEE
MAX166020>YhO0—ZICIK. BERLF2L—FYDE
AUV I EHEEE Y R— TRV UTIL N
(PMBus) ##&# L TWE T, ZOPMBus1 ¥ —Jx—X
[&.SMBus 3.1t H Ty b EHR—MLTVWETZ
DAEFDEMICDWTIE www.smbus.orgz=£R LT
EEVWLITDSMBuUs 3. T#EEN T R—hShTWET (E
MAIFEZY T BRI V3V ES),
o 1 DDIMMSIFEICKLDERNARSMBUST KL AZRE
o SMBus/\1/\T—DCHHRICHE# (3.1.3)
e LUITDOSMBusZH NI/ ZEYR—K,
- I\ h/T—=REAH(5.5.4)

- N1~/ —REHBL(5.5.5)

- N1 h%E(5.5.2)

- N1 RE(BS.3)

YR I —DF oy UEEE Y IR—N (5.4)

PMBUS AEVIC&KZPMBALERTH#{ESDEH

7 I\l/xﬁ¢,9&7’|:||\:|}w¢ﬂm ~U7%WL(5.6)

PMBuUsEHEROHR—RDHIH (MAX20778%2EDYF

VDAY —NEBHEEREIFERD)

Broadcomi&. Avago Technologies D& SRFEFIZETY,
Xilinxi&., Xilinx, Inc. D& $FEIETI,

www.maximintegrated.com/jp

EZHI VTR

MAX16602MPMBusH >%—7 1 —2%FHWT U TOE

AU IEREBBIENTEET,

VATL LRIV

o VRATFTLTA—I)N-OT(BRKREDDIATL-TA—I
NERFRITRE 7A4—/Lh- A7 D7+ —)L
DRI NBEICZ U7 URITNIERSRW)

e SVIDOY (@BELDDSVIDAVYRERAO—RERR
FIARE L. BB HRE)

e PROGERELIRITERESINI/INTA—H
o EHEYE

o X—hH—-FYa1—)LDID

o X—H— FV1—-ILOHR/ES

o T/\1XRID

o FINAMRADIEY Y

o ANEBE
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VCORE L¥a2L—%

BEHERDI7A—ILN-RFT—H X
L¥aL—FDRAT—HR
NFVLADAY—NEHERDT /1

VIDO—R (SVIDZElZPMBus THE)
E—oER VT IINAR)
HAEFR(FaTIL-IN1TR)

HABE(FaTIL-INAR)

AItEEAETR

NIEADER

ANER

ANER

ROERDHNEDERE

AIHERE

BAEEI—R(SVIDE/FPMBUSTHKE)

VIDA 7t vk (SVIDZEclZPMBuUs THRE)
VSALFxal—%

VSALF 2L —9DRT—H R

VIDO—R (SVID&/zIEPMBuUs TR E)
BAEEI—R(SVIDE/FPMBUSTHRE)

VIDA 7tk (SVIDE/c(ZPMBUSTRE)
VSABHED7A—ILh- AT —H X

BEE=ZSYVY

I1—-YREDRE

I—HREF REREAEY (NVM) I 7AYSALLE
T MTPZOY'SY7ILNVMIE, 7« —ILRTOIEIEH8[E
AEETI NVMD IOV SI VT EEBRTIT> T XEYD
WY 7OV IV = RT DRENHDEFI NVMET
OV 227928 LUTOFIEICHEWET,

1) A 7REEZEINML, OENZO—IT{RFF,

2) 2TOLYRYEBHIDEICKTE,

3) WRITE_PROTECTZF+4AIL—T)l,

4) STORE_USER_ALL%Z%E{T.

5) REICHUTWRITE_ PROTECTZAX—T Lo
STORE_USER_ALLOVYYRIF HELIRYDEAR%
RTEEUHOI—Y AR - AEYO—HIT BUEBICIE—T
35E5MAXT16602ICIERULET, I—H - ARTICEZIAE
n3E MAX16602FBHFDI—H - ARNFDIET/NT—F
w7 UET, NI . COREEVSADEADL VR |ERAS
nE9,
STORE_USER_ALLIF7EIXTOEAAICHIRZINTLE
I CDANY RDBRRATVNMGELIGE . T/ X (L3
YV REREJECTUE Y,

www.maximintegrated.com/jp

VR1BHCH&UAIDT - Fa 7L
BELE2L—9-FyTtyh

REUVEEREDSHAS

RN N FVAOGUIEIERZEDIETTF RN 771

JVICRETCELET . RETFAMN T7MILIE RELTLE

REBEZINNZ B BUICELIZFELRDICICGRAAEFERS

EMTEXTRETFAN T7AMILDFAH I T OFIE

TITWEY,

1) INAF7REEZEINML. OENZO—IT{R .

2) WRITE_PROTECT%ZF+4XI—7 )L,

3) ¥FILDGUID[Load from Filel Ry >&T7 w7,

4) MHEICIHUT.WRITE_PROTECTZA%—7)l,

A FENTZEREIE.STORE_USER_ALLOV Y RZEZEST

FBETIENVMITKAWICIEFREFESINE T A

HlE i RE

BUT ol fEHEse & PMBusf > 9 —7 1 —ATAH—/\—F

ARTEXT,

e SVIDZKRLAEPMBuUs LSB7 RLA%ZERE.PROGH
FUADDRERTEL I RAYTERET B/\TA—5,

VcorelFal—%

o HHEBEENCOREPVZ7LVABEZEREXET S

DACO—REE. £/ldVIDO—R)

A==y IHENEE

VCOReLFaL—%%> vy NI T21HDOENTE

S LFalL—yDOBERICHFERTEE

Ty bk RAVMRE

VR_HOT (BEHEWRE) DRIE

RBRRENEE

OCPE—R

VSALFalL—%

o HBHEE(VSADYU 7 7LV RAEEREEHRETDDAC
O—RE&E. £/zlEVIDO—R)

o A—N—rOvIHHERE

o VSALFalL—9%Ivyhy I BcHDOENES
(L¥aL—H5DEHECHERTEE)

o YhM RAVIERTE

o RAHANERE

BaE R

MAX16602(¢. U TOERRICEGE U TWET,
e Intel VR13.HC PWMf{t#k.rev 1.7

e Intel SVIDZORI)L{E#k rev 1.91
PMBusfttk.rev 1.2
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F—5 -1

PART TEMP RANGE PIN-PACKAGE
MAX16602GGN+ -40°C to +105°C 56 QFN-EP*
MAX16602GGN+T  -40°C to +105°C 56 QFN-EP*

+F8 (Pb) 71— / ROHS#H/ Wy 7 — V%R UK T,
"EP = /TR ©
T=7—7&U—Lo
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