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Absolute Maximum Ratings

VpDH to Vss, VX_FAULT to Vgg (Note 1) veveem 0.3V to +19V VDD, VG 10 AGND oo 0.3V to +2.5V
VX 10 Vigg (DC) wovvrrrrerrrrrvveececsnisss 0.3V to +19V PWM, ISENSE, TS/FAULT

VX to Vgg (AC) (Notes 1, 2) -+v-rvevrreriiiiniiniiniin 10V to +23V EO AGND - ovevereieieieieeieie et 0.3V to Vpp + 0.3V
VDDH 10 VX (DC) -rvvvvvererieeinnnee -0.3V to +19V Vgg t0 AGND oo e 0.3V to +0.3V
VpDH to VX (AC) (Notes 1, 2) -rvvrnnniim 10V to +23V Peak VX Current (Note 3) - ---70A to +120A
BST to Vgg (DC) - -0.3V to +21.5V Junction Temperature (T ) e +150°C
BST to VSS (AC) (Note 2) ........................................ 7V to +25.5V Storage Temperature Range .............................. 65°C to +150°C
BST to VX Differential -+ oo 0.3V to +2.5V Peak Reflow Temperature Lead-Free oo +260°C
BST to V¢ Differential (DC) «-verevevvveens --=0.3V to +19V

BST to V¢ Differential (AC) (Notes 1, 2) -+ 0.3V to +23V

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

12 FC2QFN

Package Code F123A7F+1
Outline Number 21-100261
Land Pattern Number 90-100099
THERMAL RESISTANCE

Junction to Ambient (6 4) (Note 4) 8°C/W
Junction to Case (8;c_toP) 0.25°C/W

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.

Note 1: Input HF capacitors placed not more than 40 mils away from the Vppp pin required to keep inductive voltage spikes within
Absolute Maximum limits.

Note 2: AC is limited to 25ns.

Note 3: POCP and FASTPOCP_R limit the application below the peak VX current rating.

Note 4: Applicable only to the MAX16600 EV Kit in free space with no airflow.

www.maximintegrated.com/jp Maxim Integrated | 2
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Continuous Smart Power-Stage Thermal Design Current (TDC)
Ty = 115°C, 500kHz, VppH = 12V, no heatsink, PCB temperature is controlled at 95°C.

BLREL

U —WNE

VouT = 1.0V, NO LL (A)
AIRFLOW 6-PHASE APPLICATION
Ta=25°C Ta =55°C
OLFM 40 39
200LFM 45 42
400LFM 47 45

Electrical Characteristics

(See Typical Multiphase Application Circuit, VppH = 12V, Voc = Vpp = 1.8V, Ta = Ty = -40°C to +125°C, unless otherwise noted.
Typical values are at Ta = Ty = +32°C. All devices 100% tested at Tp = Ty = +32°C. Limits over temperature guaranteed by design.)

PARAMETER | SYMBOL CONDITIONS MIN TYP MAX | UNITS
SUPPLY VOLTAGES, SUPPLY CURRENT
Input-Supply Voltage Range VDDH 4.5 16 v
Bias-Supply Voltage Range Vees Vbb 1.71 1.98
Shutdown (PWM = 0,
TS/FAULT = 0, ISENSE = 0), 1.3 10
Input-Supply Current IDDH Ta=+32°C A
Inactive, no switching
(PWM = Hi-Z), Tpa = +32°C 650 2000
Shutdown (PWM = 0,
TS/FAULT = 0, ISENSE = 0), 3 6 MA
Tp=+32°C
Bias-Supply Current Icc + Ibb Inactive, no switching 3 6.5
(PWM = Hi-Z), Tp = +32°C '
mA
Load = 0, duty cycle = 15%, 44
fgw = 600kHz, Tp = +32°C
IREcoN SPECIFICATIONS
OA< IVX < +35A
(Note 5) 9.6 10 10.4
. ISENSE/ly/x,
Current-Sense Gain Al duty cycle < 20% +35A < lyx < WA/A
FASTPOCP_R 9.55 10 10.45
(Note 6)
Current-Sense Offset Duty cycle < 20%, no load -5 0 +5 MA
ILoap = 0A 5
IRECON Bandwidth ° MHz
ILoaD = 85A 10

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

(See Typical Multiphase Application Circuit, Vppy = 12V, Voc = Vpp = 1.8V, Tp = Ty = -40°C to +125°C, unless otherwise noted.
Typical values are at Tp = Ty = +32°C. All devices 100% tested at Ta = Ty = +32°C. Limits over temperature guaranteed by design.)

IS =R

BLREL

U —WNE

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
TEMPERATURE SENSOR
Temperature-Sensor .
Dynamic Range TRANGE (Note 7) -40 +125 C
(Note 7), Ty =-40°C to 0°C 2.859 3.163  3.466
Temperature-Sensor Gain ATEMP mV/°C
(Note 7), Ty = 0°C to +125°C 2.954 3.0835 3.213
Vrs/EauLT, 0°C | Ty =0°C (Note 7) 810 821 833
Temperature-Sensor Voltage mV
VrsiFauLT 125°C | Ty =+125°C (Note 7) 1190 1206 1224
Temperature-Sensor Bandwidth VTs/EAULT 144 kHz
PROTECTION FEATURES
ngi;'gl;"dem'tage Lockout VppH VLo | Rising Vppp, 200mV hysteresis 400 417 431 v
Rising Vpp, 60mV hysteresis 1.7
Vpp Undervoltage Lockout VDD uvLO - Vv
- Falling Vpp 1.47 1.52 1.57
'(fi;:g;dem'tage Lockout VasT uvio | Rising Vgst, 60mV hysteresis 147 156 162 v
Vpp Power on Reset (Falling) Vpp_POR Falling Vpp, 110mV hysteresis 1 V
Positive Current Limit (Rising) FasTPOCP R | Fer-Phase-nonlatched peak 82 88 93 A
current limit
Positive Current Limit (Falling) POCP Per-phase HS on inhibit level 75 84 92 A
Negative Current Limit NOCP Per-phase LS on inhibit level -50 A
FASTPOCP_ Propagation Delay tdrasTPOCP 15 ns
Overtemperature Protection/ . o
Shutdown TSHDN Rising threshold 160 C
HS_VXSHORT Threshold VhsvxsHRT_TH | HS on and VX shorted to Vgg VppH - 0.67 \%
LS_VXSHORT Threshold VIsvxsHRT_TH | LS on and VX shorted to VppH 0.2xVce \%
VX Short Fault Detect to ¢ 25 ns
VX_FAULT Low Delay VXFLB_LOW
VX_FAULT PIN
VX_FAULT Output Low VvxFLe_voL | Output logic-low (I = TmA) 90 mV
VX_FAULT Leakage Current IVXFLB_LK VX_FAULT =12V, Ta = +32°C 1 pA
TS/FAULT PIN
VTSEB IH Input logic-high 0.69 \Y
VTSFB IL Input logic-low 0.3 V
TS/FAULT Digital Threshold VTSFB_HL Output logic-high, (I = 1mA) \SD:I-}D?,- Vv
VTSFB_OL Output logic-low, (I = 10mA) 0.12 \Y
Fault Detect to TS/FAULT Low ¢ 535 ns
Delay TSFLB_LOW

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

(See Typical Multiphase Application Circuit, Vppy = 12V, Vgg = Vpp = 1.8V, Ta = Ty = -40°C to +125°C, unless otherwise noted.
Typical values are at Tp = Tj = +32°C. All devices 100% tested at Tp = Ty = +32°C. Limits over temperature guaranteed by design.)

BIEBRELVT—NE

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
PWM AND VX PIN
- Vpp
VPwMm_H Input logic-high 2023 Vv
PWM Input Levels Vewm L | Input logic-low 0\'/2;DX v
PWM input midlevel for VX three-state
VPWM_MID | ontrol 0.68 v
PWM Midlevel Hold Time tpwm_miD_HoLp | VX low to Hi-Z transition 50 ns
| Input current, PWM high 260 A
PWM Input Current PWM_H s
lPwM_L Input current, PWM low -430 A
Minimum VX On-Time tyx_MIN 34 ns
ISENSE PINS
V Input logic-high 0.81
ISENSE Input Levels ISRS_H V
VisNs_L Input logic-low 0.43

Note 5: Replica current tested in production. Actual current-sense gain tolerance validated in application.

Note 6: Guaranteed by design to 4-sigma

Note 7: Not production tested.

www.maximintegrated.com/jp
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(VppH = 12V, Ta = +25°C, fgyy = 400kHz, 6-phase configuration, inductor = CLH1110-6, unless otherwise noted.)
EFFICIENCY vs. LOAD CURRENT EFFICIENCY vs. LOAD CURRENT SYSTEM POWER DISSIPATION vs. LOAD CURRENT
0.6mQ LOADLINE oco1 NO LOADLINE 0.6mQ LOADLINE
9% o4 toc0 100 toc03
o ,——'\‘ /——\ g
M I ¥ 1 ]
=z
" o / . g
: oL/ / 1 3
€ w g 3
= I/ = 91 2 /
g ) & w £ 10
T l 2 g /
w9 589 =
I v 1.8V, APS ON : E
90  Your=t® 88 @
’ — ViouT = 1.8V, APS OFF T Vour=TAPSON 2 Vour=18V,APSON
89 | I 87 —— Voyr=1V,APS OFF = rour= &%
, ‘ ‘ ‘ e VouT = 1.8V, APS OFF
88 86 1 ‘ ;
50 100 150 200 0 50 100 150 200 0 50 100 150 200

LOAD CURRENT (A)

SYSTEM POWER DISSIPATION vs. LOAD CURRENT

NO LOADLINE

LOAD CURRENT (A)

HS_VXSHORT FAULT

LOAD CURRENT (A)

0 10603 (VX SHORT TO Vgg)
toc05
Oy {PWMs
\zgl P - | TS/FAULT
g v —i “|sys FauLT
g 0.9V |ttty FAULT
2 g r TS/FAULT
2 / o /”’__”h_‘__—1V/dIV
£ 1 - e lewm
5 / ov ——1 U 2Vidiv
B / L
& [ |
—— Vour=1V,APSON "‘ \5/\>/</d‘
—— VoyT=1V,APS OFF oV p—r— v
| |
1
0 50 100 150 200 2psfdiv
LOAD CURRENT (A)
MAX20790 FASTPOCP_R BIAS CURRENT I¢c + Ipp vs.
POSITIVE CURRENT LIMIT (RISING) SWITCHING FREQUENCY
t0c06 70 o
[ ETUTTETI NI PWM
5Vidiv = 60 //
BBA b v E /
20A/div 8 50
- *
. TSIFAULT o /
0.9V < [vidv = A
=z
1.8V Vast & /
Widiv 3 . /’
2 2
i AN o
OAi\]I 1 ’|y’u‘|1’ VX
o | LU 10V/div 10
0
0 200 400 600 800 1000

Sus/div
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4 VX FAULT VX_FAULTA =T RLA Y HH, ZDESEE>TICHSVppHANEIRESBEL . REIC LD
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PWMAF, 3> hA—ZD@ETRPWMHE A% ZEHRUE T,
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TA)LNMBEDSEMICOWTIE AL NMEHEFault IDDBEDEIYavyESBULTLIEE,
5 TSERULT | Y70y ayBEEN FIERT&SICHHEaNET,
Ty = (V1s/FAULT - VTs/FAULT: O°C)/ATEMP

= (VTs/FAULT - 821mV)/(3.0835mV/°C)

TS/FAULTIZ3> hA—ZD@EYIRTSENSEAAICEERLE T,

BRREEA IV S O—Z 0@ RISENSEATEV ICERLE T,
7 ISENSE ISENSEBMRIFVXERDERICTHEZNMNILHDTY,

IsENSE = lvx X TOpA/A
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COICIFMHIZ U7 A NEREREBOKEZRHATVE
G JAILIDRETBETS/FAULTA O—ICHRDET,ZD
#.TS/FAULTES#BZN U CFault_IDAO> ~O—3IC
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®1:

Maximum VX DC Phase Current =

lFasTPOCP_R +!POCP
2

AT IDYYTILHFASTOCP REPOCPOZELD
INEWESBTZTVTr— 3Tl K2R TEIIC AT
HCEDRRFEHEREZTAEITDEEICIVTIVEREE
BI2DRENGHDEIT, VT VEVTILISENSEE B &3 TE
YDERERBRREICL>TIThhaZEIERLTLES
W Electrical CharacteristicsDFIC$HBFASTPOCP_R
EPOCPDORRFEIL. 7 7TV — 3 FEPAEBER R DR
HEDIXSDODEDFAMEZIMKUTERESNTVET,

x2:

Maximum VX DC Phase Current =

IRIPPLE

| +
POCP 2
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=®3:
Maximum VX Negative DC Phase Current =

IRIPPLE
2
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EEICTIT14TIB>TWET (L¥al—yavyhEaM
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ITF4 T T NG EFY—T VA TD4DDBSTF v —
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IEWIFNHDUVLOEIEN Y v T D& MAX207901&
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VppHIEEEAY V7~

VDDHD EBBEEE % TR LZGHICAY— MR
DEMEZE LU TS/FAULT 2 7Y — h 3 2R E LB HME
Z5NTWES EIEHEMERICN YT T2E AV—RE
HEREAAYFoTEaE= 1D, 7AILMES (TS/FAULT
HO—IC92) = O—FITEDET,

EERHEBERE

FICICIFERERYREL T —HM W TWE T BRERH
E2IETS/FAULTE =N LTcrrasiEsslbcar kO
—SIESNET . ZEANVN—NEHERT N\ RADEBEZD
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INocP +
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H4:
_ Vrg/FAULT — VTs/FAULT, 0°C
! ATEMP

ZZTVTs/FAULTIETS/FAULTE Y TEHRIL/cBET,
VTs/FAULT. O°CEATEMPE Electrical CharacteristicsD 3R
MoFRAHLET,
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ISV RICGEELTAVMNO—SIEA X T EBEDRET
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—hEN AY—FNEHEDN T A NREERE U EER
LET.ERIIKIZCDESEFZY—rT 274 ERLTUL
FI.TVFEINBTAILNDRELU S ICEBIR—T
WITBICE. T7AILNZEIZY 7 UTVppDERBHRAZITS
REHHDET,
AN—RBHENIEZYFDTAILNERE UTEEIE. TS/
FAULTAO—ICBIETIFSNTRAYFUIDMELEUVE T,
TAILNREEON RS & BTUSRICAN—NEHEHN X
Ay Fo 7 z=BREU. TS/FAULTO 7 — MO RSN X T,
AN—KREAHEN TS/FAULTZO—IC 7Y —KUIIBED
AVhAO—ZOKRBICOVWTEIYMAO—ZDF =5 —h
ESRUTEE,
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JEX

FAULT NAME FAULT DESCRIPTION FAULT RESPONSE TS/FAULT FAULT_ID
BST_UVLO Boost Supply Undervoltage Lockout Shutdown, Latching Asserted
Vpp_UVLO Vpp Undervoltage Lockout Shutdown, Nonlatching Asserted
VDDH_UVLO Input Supply Undervoltage Lockout Shutdown, Nonlatching Asserted
. Positive Overcurrent: Valley positive current
POCP (Sourcing) limit that inhibits HS FET turn on Cycle-by-Cycle Clamp Not asserted N/A
A Negative Overcurrent: Peak negative current
NOCP (Sinking) threshold that disables the LS FET Cycle-by-Cycle Clamp Not asserted N/A
FASTPOCP_R Fast Posﬁnye OCP Rising: Peak positive VX Cycle-by-Cycle Clamp Not asserted N/A
current limit
HS_VXSHORT HS on and VX to Vgg Short Shutdown, Latching Asserted
LS_VXSHORT LS on and Vppy to VX Short Shutdown, Latching Asserted
OTP Overtemperature Protection Shutdown, Latching Asserted

SEERFOESRE ClIR@MIINE T A,

—»
| | .

— P tsTaRT1
|

-
|

| twaIr

L «

tsTART1 = 250ns
tHI = 250ns
twaIT = 37us

))

1. TS/FAULT:3EZvF DT ALK

T

tSTART2

|
:4—>:<—>:<—>,
| | |
|

ot ! to :

tSTART2 = 1.75us
tHI = 250ns
tLo = 250ns

_88_

K2. TS/FAULT :VXSHORTZ# bW v FENd 74/~

tHI tSTART2

tSTART1 = 250ns

tSTART2 = 1.75us
tHI = 250ns
tLo = 250ns

((

NOTE: THE FIRST PULSE INDICATES A VX FAULT. THE EXAMPLE ABOVE CAN BE THE CASE OF:
(A) 2 CONCURRENT FAULTS, ONE OF VX-SHORT TYPE, THE OTHER OF NONVX-SHORT TYPE, OR
(B) A SINGLE VX FAULT WITH RELATED FAULT_ID CODE.

X3. TS/FAULT :VXSHORTZ {52 vFEaNnsd 74/l k
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EFvTyh-LF¥al—yay - YRTFARE>T ALY
ATV NHEELGD, —EDEIEDERZHEL. ZFD
FIEEMONBEZERZETETHESEZIENTEX
FoINITED EDKSHBEBEHETHEYBAERORE/N
SVRERBIENTEET,
COMREZETOU I LT DAEICDODVWTH LR ZHIT BV
FOLAOOAVMOA—ZDT—FI—rESRIEEN,

#IRIKEPCBE&ET
ZDAX—RBARICO/ vy —Y FEICIE BIMNDRGR IR
EUTER/VYRDMEZSNTVWET, 2D/ RIFAGND/
Veslic BERRICERIN TWEITH. BRNESELTES
ZEEFBEHENTWERALFT2L—7 FEICIGEE+59
BRESANHZDT, /Ny T —Y FENSDEEE(ICL>T
IV NSRAANDEIEIIN T Yo ay
BENTIDES, COFEICEINIEYIHISPCBRETHE
DT ZEDFNICINZ CEMDER RN TET. PCBD
BED TS ENTEXTIRABIMIRMAPZETIARICT
FRRMREEXSOAT T T7E L TRULTWE T (EESHERFIE
Doy avESRUTLIEZIW,

PCBLA 7k

PCBLA 7 UKEILFa2L—5DEREICKESEELEI, A
ATV BSTOAYF VY KA VT FDEREICIEH
DOFEENBET ICOELICTELDLENHDETVXD/
H—=ICIEFKEFZ 12V ED) EEIRENH D dV/AtiIZ
10V/NSZBZET, ZD/NY =T EDIEHEBAT
THETDTIVR-TL—rTY—ILRTBEEHRUE
—a_o

AN—KMT—ERIC. EMBSLORELY—NE

LATZIONBEROA—/I\—-T71ILELHBEE BB LY
77 LY AFBEI R EFVLAOREBEICEBEVWEDE WL
<<’:7\¥T§i?} nxu‘|'EE‘ﬁ’f|$3_Z>7"_&)@FC2QFN@|/'f
FINDHARZAVICDOWTIE. YFVAILEBWEDEL
230N,

SEBREAIY T AV E—Y VXD EIR IS M ICE
DWGEBRULET VXDY Y XV T RARETEN VE—5
VRZEFDHONELLIAVT Y TYLICERUETVDDH
Eyh5403)LBIAIIC. 603 )L EBENGWE SIS %
BB LT W A AR AR B R HEIm DT Hhy 7Y
VIl — R EERRO Y T ENILY - OV Ty
YHIMEZFE T, CNSIFHFOY T HOEHMNPCBD XFHEID
HICBEWTLZEEW.BSTOYF YV HHICERUET.BSTE
VEVXEYNS40Z)LMAIC. 603 LB EBEN WK SIC
M= =10%

VXEEDRIKMIET1L—T127T

2AYF T ERDEHIRICEEA VT IIVANGHDE.
O—DSN\AANDEBEBFICVXICEER/\AINKELE
FHFOAY TP EICOE Y DELITEY BRI —T 47
E7 TCREBEULCBFEA VI VIVATELLUTLIEZ W%
SHERE{LTBIHDFC2QFNDLA 7 IRDHARTA Y
[CDWTIE. YFVAICBBEWEDELEE L,

5:
EVSgspike = VX(Abs Max)x | (Peak VX Current) x 25ns

ZZTVX(Abs Max)&l(Peak VX Current)(dAbsolute
Maximum Ratings®tE 7> 3V ICHREWET,

ERERDER BB R— R L7 I NDOHEBEIEICHREZ L,
BEA/NAMTDORIIE—MRHICEF/ FHWNED £, BE
AIRCIM20F/PISHELTH A< EH80% DT r L —
TAVITNHDET,

FR2. BEMNBT—AN-AVFIH 74PV T - AVF oY . FThy TV T - AV F o0&

DESCRIPTION VALUE TYPE PACKAGE QUANTITY
IC SIDE OTHER SIDE
Vpp Capacitor 0.47uF, 6.3V X7R, +125°C 0402 0 1
V¢ Capacitor 1uF, 6.3V X7R, +125°C 0402 1 1
Boost Capacitor 0.68uF, 6.3V X7R, +125°C 0402 1 0
Vpp Filter Resistor 10Q 1/16W 1% 0402 0 1
VppH HF Capacitor 4.7nF, 50V X7R, +125°C 0603 1 0
VppH HF Capacitor 4.7nF, 50V X7R, +125°C 0402 2 0
VppH MF Capacitor 1uF, 25V X7R, +125°C 0603 0 2
VppH Bulk Capacitor 10pF, 25V X5R 0805 0 1
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FRENBINF I —X TV r—>aVER
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VIN

DH 45V TO 16V

* CVDDH

L

CBsT
i VX1

VBIAS vee Vo
Cvcc:l: MAX20790
= VDD Vss
CVDD% AGND
PWM1 —— pwM BST
ISENSE1 <«——— |SENSE
TSENSE! <«—— TS/FAULT VX
VX_FAULT <-— VX_FAULT
[ ]
[ ]
[ ]
[ ]
Cvcc:l: MAX20790
= VDD Vss
CVDD% AGND
PWM(N) ——1 pwM BST
ISENSE(N) <«——— |SENSE
TSENSE(N) <——— TS/FAULT VX
VX_FAULT -— VX_FAULT

VIN

DH 45V TO 16V

* CvDDH

L

CBsT
—T— VX(N)

N-PH COUPLED
INDUCTOR
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F*—5 -5
PART TEMP RANGE PIN-PACKAGE
MAX20790GFC+ -40°C to +125°C 12 FC2QFN
MAX20790GFC+T  -40°C to +125°C 12 FC2QFN

+388 (Pb) 7 — /RoHSEEM/ Sy r —IZR UE T,
T=7—"7&Y—)l,
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