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EVALUATION KIT AVAILABLE

MAX77504

General Description

The MAX77504 is a synchronous 3A step-down DC-DC
converter optimized for portable 2-cell and 3-cell battery-
operated applications. The converter operates on an input
supply between 2.6V and 14V. Output voltage is ad-
justable between 0.6V and 6V with external feedback re-
sistors. The device features a low-lq SKIP mode that al-
lows excellent efficiency at light loads. The MAX77504
can be sychronized by driving the FPWM pin with an ex-
ternal clock.

Dedicated enable, power-OK, and FPWM pins allow sim-
ple hardware control. The SEL input easily configures
switching frequency, gain, and output active discharge op-
tion. Built-in undervoltage lockout (UVLO), output active
discharge, cycle-by-cycle inductor current limit, thermal
shutdown, and short-circuit protection ensure safe opera-
tion under abnormal operating conditions.

The MAX77504 is offered in a small 1.7mm x 1.7mm,
16-bump, 0.4mm pitch wafer-level package (WLP) or a
2.5mm x 2.5mm, 12-lead, 0.5mm pitch flip-chip QFN
(FC2QFN).

Applications

e 1-to 3-Cell Li+/Li-ion Battery-Powered Devices
Professional Radio, Handheld Computers

Mirrorless Cameras, DSLR, and Notebook Computers
Portable Scanners, POS Terminals, Printers
Space-Constrained Portable Electronics

Simplified Application Circuit

14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

Benefits and Features

e 3A Single-Channel Buck Regulator

e 2.6V to 14V Input Voltage

e 0.6V to 6V Output Voltage Range

e 0.5MHz to 1.5MHz Fixed-Frequency Switching
Options

High Efficiency, Low Iq Extends Battery Life

* 94% Peak Efficiency at 7.4V|N, 3.3VoyuT (2520
Inductor)

+ 10uA Isyp (12V|N, 1.8VouT)

* OUT Powers V| Automatically (VoyTt > 1.7V) for
Low Ig

Enable Pin (EN) for Direct Hardware Control

e Extenal Clock Synchronization Is Available Through
the FPWM/SYNC Pin

e Power-OK Output (POK) Monitors VoyT Quality (See
Ordering Information)

e Protection Features

+ Cycle-by-Cycle Inductor Current Limit

» Short-Circuit Hiccup Mode, UVLO, and Thermal
Shutdown Protection

+ Soft-Start

e FC2QFN or WLP Package Option
¢ 2.5mm x 2.5mm (0.6mm max. height) 12-Lead
FC2QFN, 0.5mm Pitch
* 1.7mm x 1.7mm (0.7mm max. height) 16-Bump
WLP, 0.4mm Pitch, 4 x 4 Array

All WLP Package Bumps (Except POK) Routeable on
a Non-HDI PCB

Ordering Information appears at end of data sheet.

19-100678; Rev 2; 7/20
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MAX77504

Absolute Maximum Ratings

SUP 10 PGND ... -0.3V to +16V
LX t0 PGND (DC) ..o -0.3V to +16V
EN 1O PGND ... -0.3V to Vgyp + 0.3V
BST to LX -0.3V to +2.2V
V| to PGND -0.3V to +2.2V
SEL 0 AGND w...ocooveeeee e -0.3Vto V| +0.3V
POK, FPWM/SYNC to PGND..-0.3V to Vjyn(Vsup + 0.3V, +6V)
OUT t0 AGND......ooovooeeeoeeeeeeeeeeeeeeeeee e -0.3V to +8V
FB 10 AGND.......oveeooeeeeeeeeeeeeeeeee oo -0.3V to +6V

14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

AGND t0 PGND ....coiiiiiiiiiiieeec e -0.3V to +0.3V
OUT Short-Circuit Duration...........ccccceeveiiicinicenene Continuous
LX Continuous Current (Note 1) ........ccccoeeerienieneennne 3.2ARMS
Continuous Power Dissipation (Multilayer Board, Tp = +70°C)

16 WLP (derate 17.26mW/°C above +70°C)............... 1381mwW

12 FC2QFN (derate 14.23mW/°C above +70°C)........ 1139mW
Operating Junction Temperature Range............. -40°C to +125°C
Junction TemMPpPerature ...........occceeeeeieeeeeiiee e eeee e +150°C
Soldering Temperature (reflow) ............ccocininieicieenene +260°C

Note 1: LX has internal clamp diodes to PGND and SUP. Applications that forward bias these diodes should not exceed the ICs

package power dissipation limits.

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.

www.maximintegrated.com
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MAX77504

Package Information

14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

16 WLP
Package Code W161L1+1
Outline Number 21-100334

Land Pattern Number

Refer to Application Note 1891

Thermal Resistance, Four-Layer Board:

Junction to Ambient (84) 57.93°C/W
Pin 1 COMMON DIMENSIONS
n E ) see Note 7
Indicator 1 Marking A 0.64 +0.05
A Me A1| 0.9 +0.03
/ A2 0.45 REF

AAAA D A3 0.04 BASC

b | $0.27 +0.03
D 1.688 +0.025
TOP VIEW SDE VIEW E 1.688 +0.025

D1 1.20 BASC

A3— E1 1.20 BASIC

toi
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j_?ilu AW Ul
FRONTVIEW
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g
=)
a
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- DRAWING NOTTO SCALE -

— D
(B8] D|OPHDD
2 e Qool—r d
B[O OO
AIOO 4L
12[3 4 Bb
BOTIOM VIEW

e 0.40 BASIC
) 0.20 BASIC

SE 0.20 BASIC

DEPOPULATED BUMPS:
NONE

NOTES

. Terminal pitch isdefined by terminal centerto centervalue.
Outerdimension isdefined by centerlinesbetween scribe lines.
Alldimensionsin milimeter.

. Marking shown isfor package orientation reference only.
Tolerance is+ 0.02 unlessspecified otherwise.
Alldimensionsapply to PbFree (+) package codesonly.

. Front - side finish can be either Black or Clear.

NoghwN =

maxim
integrated .

PACKAGE OUTLINE 16 BUMPS
WLP PKG. 0.4 mm PITCHW161L1+1

APPROVAL DOCUMENTCONTROLNO ‘E\/ ‘1/
A /4

21-100334

TE

www.maximintegrated.com
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MAX77504

12 FC2QFN

14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

Package Code F122A2F+2
Outline Number 21-100406
Land Pattern Number 90-100140
Thermal Resistance, Four-Layer Board:
Junction to Ambient (64) 70.23°C/W
-] Em SYMBOL MIN NOM MAX
[Zleee]q)
»—H TOTAL A 0.5 0.55 0.6
SEATING PLANE STAND OFF Al 0 0.02 0.05
MOLD THICKNESS A2 — 0.4 J—
1 L/F THICKNESS A3 0.152 REF
b 02 | 025 | 03
1 LEAD WOTH b1 on | o1 [ o2
PIN 1 CORNER__-1 BODY SIZE [ X ° 25 B5C
INDEX AREA > | Y E 2.5 BSC
g k LEAD PITCH :| g:: :z
L 0.3 0.4 0.5
0 LEAD LENGTH u 0.35 0.4 0.45
L2 1.05 1.1 115
PACKAGE EDGE TOLERANCE aag 0.1
iA ’:3) MOLD_FLATNESS cee o1
" COPLANARITY 0.05
® Emﬂ A LEAD OFFSET ; 0.1
TOP VIEW SIDE_VIEW

8X L

BOTTOM VIEW

—DRAWING NOT TO SCALE-

NOTES

MAXIM PKG CODE :

SECGE RN

PB—FREE.

REFER TO JEDEC M0—220

COPLANARITY APPLIES TO LEADS, CORNER LEADS AND DIE ATTACH PAD

BAN TO USE THE LEVEL 1 ENVIRONMENT—RELATED SUBSTANCES OF JCET SPECS.
FINISH: Cu/EP- Sn8~20s
F122A2F-2
MATERIAL MUST BE COMPLIANT WITH MAXIM SPECIFICATION 10—0131 FOR
SUBSTANCE CONTENT, MUST BE Eu ROHS COMPLIANT WITHOUT EXEMPTION AND

maxim
integrated..

TITLE:
PACKAGE OUTLINE, 12L FC2QFN
2.5%x2.5x0.55mm

APPROVAL DOCUMENT CONTROL NO.

21—-100406

A

For the latest package outline information and land patterns (footprints), go to www.maximintegrated.com/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/thermal-tutorial.

www.maximintegrated.com
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MAX77504

Electrical Characteristics
(Vsup = VEN = 12V, VEpwim = OV (SKIP mode), V= 1.8V, Ta = Ty = -40°C to +125°C, typical values are at Tp = Ty = +25°C, unless

otherwise noted.) (Note 2)

14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

PARAMETER SYMBOL ‘ CONDITIONS MIN TYP MAX UNITS
STEP-DOWN CONVERTER
SUP Valid Voltage
Range Vsup 2.6 14 \
SUP Undervoltage .
Lockout 9 Vsup-uvLo | Vsup rising 24 25 26 V
SUP Undervoltage
Lockout Hysteresis 300 mV
SUP Shutdown Current lSUP-SHON YsEgL(:; 0V (device disabled), T; = -40°C to 12 3 uA
Vout = 1.2V,
Rtop = 49.9kQ, 33
RpoT =49.9kQ
- Vout = 1.8V,
'LOQD = 0mA, SKIP | o 0p = 46.4KQ, 12 PA
Supply Current Isup mode RgoT = 23.2kQ
VouTt =3.3V,
Rtop = 459kQ, 14
RpoT = 102kQ
ILoaD = OmA, FPWM mode, no switching 1 1.5 mA
V| Regulator Voltage Vi Vsyp = 2.3V to 14V 1.8 \%
a Vour rising, 100mV hysteresis, POK = 1,
VL Power Input Switch Vswo | Vi input switches from SUP to OUT 16 17 175 v
Over Threshold ;
above this threshold
Vsup = 12V, ILoaD
=250mA, Ty = 0.594 0.6 0.606
25°C
FB Voltage Accuracy VEB FPWM mode Vsup = 2.6V to V
14V, I oap = OmA
0 3A, Ty = -40°C to 0.588 0.6 0.612
+125°C
FB Input Current IFB VEg = 0.6V 0.02 A
Measured from EN _
Total Startup Time tTsu rising edge to POK ai;rs_rsa-rnlf-l; =0 1.25 1.5 ms
rising edge P
High-Side DMOS On- _ _ _
Resistance RON-HS VL =1.8V, I x = 180mA, Vgyp = 4.5V 50 100 mQ
Low-Side DMOS On-
Resistance RoN-LS VL =1.8V, I x = 180mA, Vgyp = 4.5V 27 54 mQ
High-Side DMOS Peak
Current Limit ILx-PLIM 36 4 4.4 A
. Output overloaded (Voyt < 67% of
Low-Side DMOS Valley }
Current Threshold ILX-VALLEY ;arreg:ltl)éx]er:stgc;l?azelow where on-times 2 A

www.maximintegrated.com
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MAX77504

14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

Electrical Characteristics (continued)
(Vsup = VEN = 12V, VEpwim = OV (SKIP mode), V= 1.8V, Ta = Ty = -40°C to +125°C, typical values are at Tp = Ty = +25°C, unless

otherwise noted.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
ngh-Slde DMOS Inductor current ramps to at least
Minimum Current ILX-PK-MIN | in SKIP mode 500 mA
Threshold LX-PK-MIN !
Low-Side DMOS Zero-
Crossing Threshold Izx SKIP mode 40 mA
Low-Side DMOS
Negative Current Limit INEG mFPWM Mode -1.5 A
Threshold
Dropout condition (Vgyp < Vourt target);
Maximum Duty Cycle Dmax on-times extend for 16 clocks before LX 99 %
drives low for 200ns to refresh CgsT
FSW[1:0] = 0b00 0.475 0.5 0.525
Switching F ‘ FPWM mode, Ty = | FSW[1:0] = 0b01 0.7125 0.75 0.7875 MH
witching Frequenc o o z
g rrequency SwW -40°C to +85°C FSW[1:0] = 0b10 0.95 1 1.05
FSW[1:0] = 0b11 1.425 1.5 1.575
Minimum Switching
Frequency Fsw-MIN SKIP mode 1.2 1.43 1.7 kHz
Soft-Short Oytput Expressed as a percentage of target o
Voltage Monitor VOUT-OVRLD V. 66.7 %o
Threshold out
Switching stopped because output
Outout-Overloaded voltage has fallen to less than 67% of
Retp Timer tRETRY target and 15 LX cycles ended by current 15 ms
ry limit; time before converter attempts to
soft-start again
Active Discharge Between OUT and PGND, buck output
Resistor Rap disabled, ADEN = 1 100 Q
POWER-OK OUTPUT (POK)
V rising, expressed as a percentage
VPOK_RISE Ofo\ygUT-RgG P P 9 90 92 94
POK Threshold v tall q : %
v our falling, expressed as a percentage 88 9 92
POK_FALL | of VoUT.REG
POK Debounce Timer tPOK-DB Vourt rising or falling 12 us
POK = high (high impedance), Vpok =
POK Leakage Current Ipok BV, Tp = 25°C 1 MA
POK Low Voltage Vpok POK = low, sinking 1mA 0.4 \%
ENABLE INPUT (EN)
EN Logic-High
Threshold VEN_HI 11 v
EN Logic-Low Threshold VEN_LO 0.4 V
EN Leakage Current IEN VEN = Vsyp = 14V 0.1 1 A

www.maximintegrated.com
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MAX77504 14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

Electrical Characteristics (continued)
(Vsup = VEN = 12V, VEpwim = OV (SKIP mode), V= 1.8V, Ta = Ty = -40°C to +125°C, typical values are at Tp = Ty = +25°C, unless
otherwise noted.) (Note 2)

PARAMETER | SYMBOL ‘ CONDITIONS MIN TYP MAX UNITS
FPWM/SYNC
FPWM/SYNC Logic-
High Threshold VFPWM_HI 11 v
FPWM/SYNC Logic-Low
Threshold VFPWM_LO 0.4 v
FSWI[1:0] = 0b00
(0.5MHz) 0.394 0.690
FSWI[1:0] = 0b01 0526 0.920
Valid Synchronization F Ty=-40°C to (0.75MHz) MHz
Range (Note 3) SYNC-VALID | +85°C FSW[1:0] = 0b10 0.789 138
(1.0MHz) ’ ’
FSW[1:0] = 0b11
(1.5MHz) 1.05 1.84
THERMAL PROTECTION
Thermal Shutdown TSHDN Junction temperature rising +165 °C
Thermal Shutdown o
Hysteresis 15 C

Note 2: The MAX77504 is tested under pulsed load conditions such that Ta = T;. Min/Max limits are 100% production tested at Ta
= +25°C. Limits over the operating temperature range are guaranteed by design and characterization using statistical quality
control methods. Note that the maximum ambient temperature consistent with this specification is determined by specific
operating conditions, board layout, rated package thermal impedance, and other environmental factors.

Note 3: Synchronization specifications are only valid for product variants that include the feature. See the Ordering Information table
to find the availability of synchronization for each orderable part number.

www.maximintegrated.com Maxim Integrated | 11



MAX77504 14V Input, 3A High-Efficiency

Buck Converter in WLP or QFN

Typical Operating Characteristics
(Vsup = 7.4V, Vout = 3.3V, FPWM = 0, I_x.pLim = 4A, Ta = +25°C, unless otherwise noted. See the Typical Application Circuits

section for each VoyT configuration.)

LOAD CURRENT (A)

www.maximintegrated.com

EFFICIENCY vs. LOAD

LOAD CURRENT (A)

EFFICIENCY vs. LOAD

SUPPLY CURRENT 0.82V OUTPUT 0.82V OUTPUT
80 1oc01 100 1oc02 100 1oc03
Vgup = EN o |Vsup=33Y
0 7T
| 80 1IN
- 60 rPam=0 |/ N
E \\ Vour =33V ~ - 0
= %0 \ S Vsup = 3.0V L e P =1
[ Q 9 Vgup =37V 5 /
> 3 E 40 E 40 /
o
;5) % Vour=1.8V \\ ) ) /
T~ 20 FPWM = 0] 2
———— /
10 10 Fou = T50KHz] 10
0 0 L = 1uH (MURATA DFE252012F-1ROM) 0
0 5 10 15 0.001 0.01 0.1 1 0.001 0.01 0.1 1
SUPPLY VOLTAGE (V) LOAD CURRENT (A) LOAD CURRENT (A)
EFFICIENCY vs. LOAD EFFICIENCY vs. LOAD EFFICIENCY vs. LOAD
1.2V OUTPUT 1.2V OUTPUT 1.8V OUTPUT
100 1oc04 100 1oc05 100 10c06
Vgup =37V T NNy
%0 L %0 %0
| _~——— T
80 L - \ 80 / e / 80 HES ~\\
70 — 70 / 70 Vsup = 3.0V
s _ s S Vgup = 3.7V
< 60 /4 _Vgp=30V____ = | & 60 = || Vsup - L
5 Vsup = 3.7V 5 / FPum=1 5 Vsup =74V
=z 50 | — - _ |4 S T =z 50 =z i
% Vsyp = 7.4V % / %
2 4 2 4 2 4
= = =
w w / w
30 30 / 30
20 i 20 20 !
FPWM =0 i FPWM =0
10 Few = 750kHZ] 10 10 Few = TMHZ]
0 L = 1uH (MURATA DFE252012F-1ROM) 0 0 L = 1.54H (MURATA FDSD0412-H-1R5M)
0.001 0.01 0.1 1 0.001 0.01 0.1 1 0.001 0.01 0.1 1
LOAD CURRENT (A) LOAD CURRENT (A) LOAD CURRENT (A)
EFFICIENCY vs. LOAD EFFICIENCY vs. LOAD EFFICIENCY vs. LOAD
1.8V OUTPUT 3.3VOUTPUT 3.3VOUTPUT
100 toc07. 100 1oc08 100 toc09
o |Vsupz3Y gy o o |Vsp=74Y L
J
a0 FPWM =0 / N & [ & FPWM =0 /
. FPWM = 1
70 70 Vsyp = 3.7V 70 /
9 / FPWM =1 9 Vsup = 7.4V S /
g 60 g 60 Vsyp = 9V g 60
<] / g 2 /
5 50 / 5 50 5 50 /
e 40 e 40 i 40
& i & & /
30 / 30 30 /
20 20 p— 20
/ " /
10 10 Few = 1.5MHzA 10
0 0 L = 1.53H (MURATA FDSDO0412-H-1R5M) 0
0.001 0.01 0.1 1 0.001 0.01 0.1 1 0.001 0.01 0.1 1

LOAD CURRENT (A)
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MAX77504

Typical Operating Characteristics (continued)

(Vsup = 7.4V, Vout = 3.3V, FPWM = 0, I_x.pLim = 4A, Ta = +25°C, unless otherwise noted. See the Typical Application Circuits
section for each VoyT configuration.)

EFFICIENCY (%)

OUTPUT VOLTAGE (V)

OUTPUT VOLTAGE (V)

EFFICIENCY vs. LOAD

5.0V OUTPUT
100 toc10
% =il
80
Vsup = 7.4V
0 Vsup = 12V
60 Vsup = 14V
50
40
30
2 FPWM =07
10 Fow = 1.5MHz ]
0 L = 2.2uH (MURATA FDSD0415-H-2R2M)
0.001 0.01 0.1 1
LOAD CURRENT (A)
LOAD REGULATION
1.2V OUTPUT
130 tocl3
FPWM = 0
1.28
1.26 Vsup =3V
Veup =37V
121 b Vsup = 7.4V
122 “
1.20
1.18
116
0 1 2 3
LOAD CURRENT (A)
LOAD REGULATION
5.0V OUTPUT
520 loc16
FPWM =0
5.15
510
Vsup = 7.4V
5.05 sup = 12
Vsup = 14V
5.00
4.95
0 1 2 3

LOAD CURRENT (A)

www.maximintegrated.com

EFFICIENCY (%)

OUTPUT VOLTAGE (V)

OUTPUT VOLTAGE (V)

5.0V OUTPUT
100 tocidl
90 —
FPWM =0 /
80
/ FPWM = 1
70 /
60 /
50 /
40 /
30 /
20
10
0 Vgup =74V
0.001 0.01 0.1 1
LOAD CURRENT (A)
LOAD REGULATION
1.8V OUTPUT
1.95 tocld
FPWM =0
1.93
1.91
1.89 Vsup =3V
Vsup =3.7V
1.87 Veup = 74V
185
1.83
181 Hi—
1.79
177
1.75
0 1 2 3
LOAD CURRENT (A)
LINE REGULATION
0.6V OUTPUT
067 loc17
FPWM =0
0.66
lour = 0A
0.65 lout = 2A
064 lour = 34
063 m— e A
—
0.62
0.61
0.60
0.59
0 5 10 15

EFFICIENCY vs. LOAD

SUPPLY VOLTAGE (V)

OUTPUT VOLTAGE (V)

OUTPUT VOLTAGE (V)

OUTPUT VOLTAGE (V)

0.90
0.89
0.88
0.87
0.86
0.85
0.84
0.83
0.82
0.81
0.80

3.50

345

3.40

335

3.30

325

320

0.88

0.87

0.86

0.85

0.84

0.83

0.82

0.81

14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

LOAD REGULATION
0.82V OUTPUT
loc12
FPWM =0
Veup =3V
Vgup =37V
Vsup = 74V
L
0 1 2 3
LOAD CURRENT (A)
LOAD REGULATION
3.3V OUTPUT
loc1s
FPWM =0
D
1 Veup = 3.7V
Vsup = 7.4V
Vsup =12V
0 1 2 3
LOAD CURRENT (A)
LINE REGULATION
0.82V OUTPUT
loc18
FPWM =0
N
...mv—-M
lout = 0A
lout = 1A
lout =3A
0 5 10 15

SUPPLY VOLTAGE (V)
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MAX77504 14V Input, 3A High-Efficiency

Buck Converter in WLP or QFN

Typical Operating Characteristics (continued)

(Vsup = 7.4V, Vout = 3.3V, FPWM = 0, I_x.pLim = 4A, Ta = +25°C, unless otherwise noted. See the Typical Application Circuits

section for each VoyT configuration.)

LINE REGULATION LINE REGULATION LINE REGULATION
1.2V OUTPUT 1.8V OUTPUT 3.3vouTt
1.28 loc19 1.92 1oc20 loc21
FPWM =0 FPWM =0 349 ee=o
1.90
1.26 15 44
\>’: \>’: O e \>’: k
& POl ¢ 186 o] ———
o 124 2 2 3%
3 S 1m four = OA s -
= lour = 0A z ’ lout = 1A z :nm : ?ﬁ
2 12 lour=1 2 18 lour = 3A Z 33 oo = 3A
5 lour = 3A 5 5 or
© © 180 e
1.20 3.29
178
118 176 3.24
0 5 10 15 0 5 10 15 0 5 10 15
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V)
LIN5E OTIEC();S':-F"AJTION LOAD TRANSIENT RESPONSE LOAD TRANSIENT RESPONSE
- 22 0.6V OUTPUT » 0.6V OUTPUT »
52 FPWM=0 SLEW RATE = 5A/ps SLEW RATE = 5Aljs
517 /) g ——— | 50mV/div Vour "L— 50mV/div
s 7 [N | s 2
w
Q
512
§ lour=0A
S 507 out :
5 lour = 1A 25A
2 !
a lout = 3A | 1.5A " | T i
2 502 out e e Y 1A/div out o 1Aidiv
© % 15A
OA e T |
497 e ==
492 - -
6 3 10 12 14 100ps/div 100ps/div
SUPPLY VOLTAGE (V)
LOAD TRANSIENT RESPONSE LOAD TRANSIENT RESPONSE LOAD TRANSIENT RESPONSE
0.82V OUTPUT oz 0.82V OUTPUT e 1.2V OUTPUT o
SLEW RATE = 5A/jis SLEW RATE = 5A/jis SLEW RATE = 5A/jis
Vour |t /N-_ 100mVidiv Vour ‘\ 50mV/div VouT pemmamswn [e—————— 100mV/div
3A
1.5A RS R 15A
lour [ —— 1A/div lout . R 1A/div lout S 1A/div
5
0A - i T fre—— 0A
100psfdiv 100psfdiv 100psfdiv
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MAX77504

Typical Operating Characteristics (continued)

(Vsup = 7.4V, Vout = 3.3V, FPWM = 0, I_x.pLim = 4A, Ta = +25°C, unless otherwise noted. See the Typical Application Circuits
section for each VoyT configuration.)

VOUT

|OUT

VOUT

|OUT

VOUT

IOUT

LOAD TRANSIENT RESPONSE
1.2V OUTPUT

toc2!

SLEW RATE = 5A/us

100ps/div

LOAD TRANSIENT RESPONSE
3.3V OUTPUT

toc3

SLEW RATE = 5A/us

e

1.5A

0A =

100ps/div

LOAD TRANSIENT RESPONSE
5V OUTPUT

SLEW RATE = 5A/us

100ps/div

www.maximintegrated.com

100mVidiv

1Afdiv

200mVidiv

1Afdiv

200mVidiv

1A/div

VOUT

|OUT

VOUT

|OUT

Vour

VSUP

LOAD TRANSIENT RESPONSE
1.8V OUTPUT

toc29

SLEW RATE = 5A/us

S—— —
V-——-—l

1.5A

0A

100ps/div

LOAD TRANSIENT RESPONSE
3.3V OUTPUT

SLEW RATE = 5A/us

toc3:

N

o~

15A =
e

100ps/div

LINE TRANSIENT RESPONSE
0.6V OUTPUT

toc35.

FPWM = 1
SLEW RATE = 1Vius
MW

7.4V
e PR

3.7V

100ps/div

14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

200mVidiv

1Afdiv

100mVidiv

1Afdiv

20mV/div

2Vidiv

VOUT

|OUT

VOUT

|OUT

Vour

VSUP

LOAD TRANSIENT RESPONSE
1.8V OUTPUT

toc30

SLEW RATE = 5A/us

\~

3A

1.5A

100ps/div

LOAD TRANSIENT RESPONSE
5V OUTPUT

SLEW RATE = 5A/us
e s

\‘/-m

1.5A

0A

100ps/div

LINE TRANSIENT RESPONSE
3.3V OUTPUT

toc36

FPWM =
SLEW RATE = 1Vis
Moo

~ |

74V

3.7V

100ps/div

200mVidiv

1Afdiv

500mVidiv

1Afdiv

50mV/div

2Vidiv
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MAX77504

Typical Operating Characteristics (continued)

(Vsup = 7.4V, Vout = 3.3V, FPWM = 0, I_x.pLim = 4A, Ta = +25°C, unless otherwise noted. See the Typical Application Circuits
section for each VoyT configuration.)

STARTUP WAVEFORM

14V Input,

3A High-Efficiency

Buck Converter in WLP or QFN

STARTUP WAVEFORM SHUTDOWN WAVEFORM
3.3V OUTPUT (lgyt = 0A) 3.3V OUTPUT (lgyr = 1.6A) 3.3V OUTPUT (lgyt = 0A)
toc3: toc38 toc!
X Vey 2Vidiv
Vey [ o\ Ve [P — 9\//div 5
_-._/———\ _—/-_— \ Vour _\‘ 2Vidiv
Vour =2 2Vidiv Vour L_ 2Vidiv "
(T—— e | mesmsmeman
POK 2Vidiv
POK | [ POK e e 2V/dV
i 1Vidi
i ‘”‘ 1A/div Iix _W—— 2A/div fx "
ADEN =1 Vgyp = 7.4V ADEN =1 Vgyp =74V ADEN =1
500ps/div 500ps/div 2ms/div
SHORT-CIRCUIT RESPONSE SHORT-CIRCUIT HICCUP AND RECOVERY
3.3V OUTPUT 3.3V OUTPUT
tocd( tocd
SHORT APPLIED e iﬂORT APPLIED B
Vour < 2Vidiv Vour | \ 2V/div
ey
RECOVERY/
SHORT REMOVED
Vi R — L] | 10V/div Viy 3 ™ 10vidiv
-— HICCUP/RETRY
. | | |
] | 2V Lx 5 | 2A/div
20ps/div 20ms/div
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MAX77504 14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

Bump/Pin Configurations

16 WLP
TOP VIEW
(BUMP SIDE DOWN)
MAX77504
1 2 3 4
+ ~ ~ -~
Al ) ) )
BST SUP LX PGND
B (\»/} \l»//) (\»//) \1»/}
EN SUP LX PGND
TR OO,
FPWM/SYNC POK  AGND  OUT
D \/\ ’:} (\ ’:) (\ ’:) \\\ ’:}
SEL VL AGND FB
16 WLP
(1.7mm x 1.7mm x 0.7mm, 0.4mm BUMP PITCH)
12 FC2QFN
TOP VIEW
SUP  LX PGND
. IREEE
| __ T I R
gsTl 17 21 M1 101
R
- -— [ [ [
EN| 2!
MAX77504 L
FPWM/ 757} 19 |out
SYNC |-~ ==
POK[ 4 | L8 |r8
r—= r—~- r—~-
15 161 171
| | | | | |
SEL VL AGND
12 FC2QFN

(2.5mm x 2.5mm x 0.6mm, 0.5mm LEAD PITCH)
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MAX77504 14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

Bump/Pin Descriptions

PIN
16 WLP 12 FC2QFN

High-Side FET Driver Supply. Connect a 0.22uF ceramic capacitor between BST
A1 1 BST and LX

Buck Supply Input. Bypass to PGND with a 10uF ceramic capacitor as close to the
IC as possible.

NAME FUNCTION

A2, B2 12 SUP

A3, B3 11 LX Switching Node. LX is high-impedance when the converter is disabled.
A4, B4 10 PGND Power Ground. Connect to AGND on the PCB.
C3,D3 7 AGND Quiet Ground. Connect to PGND on the PCB.

Open-Drain, Power-OK Output. An external pullup resistor (10kQ to 100kQ) is
required to use this pin. Leave this pin unconnected if unused.

Cc2 4 POK

Low-Voltage Internal IC Supply Output. Powered from SUP or OUT depending on
D2 6 VL VouT- Bypass to AGND with a 2.2uF ceramic capacitor. Do not load this pin
externally.

Feedback Sense Input. Connect a resistor voltage divider between the converter's
D4 8 FB output and AGND to set the output voltage. Do not route FB close to sources of
EMI or noise.

Enable Input. Drive EN above VEN_H) to enable the buck output. Drive EN to
PGND to disable. EN is compatible with the SUP voltage domain.

Buck Mode Control and External Clock Synchronization Input. Drive FPWM/SYNC
above VEpwm_H to enable forced-PWM mode. Connect to ground to enable SKIP
mode. See the Mode Control (FPWM) section for more information.

B1 2 EN

Provide an external clock signal with a frequency inside the valid range (fsync-
C1 3 FPWM/SYNC | yaLID) to enable externally synchronized forced-PWM mode while the buck is
enabled. See the External Clock Synchronization (SYNC) section for more
information.

Not all MAX77504 versions include the synchronization feature. Consult the
Ordering Information.

Output Voltage Sense Input. Connect to the buck output capacitor. Do not connect

C4 9 ouT
anywhere else.

Configuration Selection Input. Connect a +1% selection resistor (Rgg| ) between
D1 5 SEL SEL and AGND to configure MAX77504 options. See the Configuration Selection
Resistor (SEL) section for more information.
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MAX77504 14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

Detailed Description

The MAX77504 is a small, high-efficiency 3A step-down (buck) DC-DC converter. The step-down converter uses
synchronous rectification and internal current-mode compensation. The buck operates on a supply voltage between
2.6V and 14V. Output voltage is set by external feedback resistors between 0.6V and 6V. The buck utilizes an ultra-low
quiescent current (Iq) SKIP mode (10pA typ for 1.8VoyT) that maintains very high efficiency at light loads.

Buck Regulator Control Scheme

The step-down converter uses a PWM peak current-mode control scheme with a high-gain architecture. Peak current-
mode control provides precise control of the inductor current on a cycle-by-cycle basis and inherent compensation for
supply voltage variation.

On-times (MOSFET Q1 on) are started by a fixed-frequency clock and terminated by a PWM comparator. See Figure
1. When an on-time ends (starting an off-time) current conducts through the low-side MOSFET (Q2 on). Shoot-through
current from SUP to PGND is avoided by introducing a brief period of dead time between switching events when neither
MOSFET is on. The inductor current is conducted through Q2's intrinsic body diode during dead time.

The PWM comparator regulates Vot by controlling duty cycle. The negative input of the PWM comparator is a voltage
proportional to the actual output voltage error. The positive input is the sum of the current-sense signal through MOSFET
Q1 and a slope-compensation ramp. The PWM comparator ends an on-time when the error voltage becomes less than
the slope-compensated current-sense signal. On-times begin again due to a fixed-frequency clock pulse. The controller's
compensation components and current-sense circuits are integrated. This reduces the risk of routing sensitive control
signals on the PCB.

A high-gain architecture is present in the controller design. The feedback uses an integrator to eliminate steady-state

output voltage error while the converter is conducting heavy loads. See the Typical Operating Characteristics sections
for information about the converter's typical voltage regulation behavior versus load.

VL SUP
— VLLDO ° o SWITCH-OVER CONTROL

EN +
— AGND @ o
ouT t ILX-PLIM VL
SLOPE ! BST
SEL CONFIGURATION COMPENSATION ILIM
DECODER Qi

_[FPwmisyne clocK | E

REFERENCE

s aH |

[ DIGITAL X

SOFT-START | | R Q- Locic
RAMP -
Vi Q2
+

FB m o

[=l}

Rcomp

Izx
Ceomp ILX-VALLEY
>

POK AGND PGND

b

Figure 1. Buck Control Scheme Diagram
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MAX77504 14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

Mode Control (FPWM)

FPWM is an active-high digital input that controls the buck converter's mode. Raise FPWM above Vepywnp Hi to enable
forced-PWM (FPWM) mode. Lower FPWM to AGND to enable SKIP mode. Always drive this pin to prevent mode chatter.

Some MAX77504 versions use the FPWM input for external clock synchronization (FPWM/SYNC). See the Ordering
Information to find which MAX77504 part numbers include the synchronization feature. See the External Clock
Synchronization (SYNC) section of the data sheet for a functional description of this feature.

SKIP Mode

SKIP mode causes discontinuous inductor current at light loads by forcing the low-side MOSFET (Q2) off if inductor
current falls below Izx (40mA typ) during an off-time. This prevents inductor current from sourcing back to the input (SUP)
and enables high-efficiency by reducing the total number of switching cycles required to regulate the output voltage.

When the load is very light and the output voltage is in regulation, then the converter automatically transitions to
standby mode. In this mode, the LX node is high-impedance and the converter's internal circuit blocks are deactivated
to reduce g consumption. Output voltage typically rests 2.5% above the regulation target in standby mode. A low-power
comparator monitors the output voltage during standby. The converter reactivates and starts switching again when Voyt
drops below 102% of regulation target. Inductor current ramps to at least I x.pk-miN (500mA typ) upon every switching
cycle.

FPWM Mode

The low-side MOSFET (Q2) current-limit threshold is INeg (-1.5A typ) in FPWM mode, which allows the converter to
switch at constant frequency at light loads. The buck has the best possible load-transient response in this mode at the
cost of higher Iq consumption. Use FPWM for applications that do not require low-lq and/or when heavy load transients
are expected. Switching frequency is fixed by an internal oscillator in FPWM mode. See Table 1.

Table 1. Buck Switching Frequency

FSWI1:0] SWITCHING FREQUENCY (fsw) (MHz)
00 0.5
01 0.75
10 1.0
11 1.5
A configuration resistor between SEL and AGND programs FSW[1:0]. See the Configuration Selection Register (SEL) section and
Table 2.

External Clock Synchronization (SYNC)

Select MAX77504 versions use the FPWM/SYNC input for external clock synchronization. See the Ordering Information
to find which MAX77504 part numbers include the synchronization feature.

Provide an external clock signal to FPWM/SYNC with a frequency inside the valid range (fsync-vaLID) to enable
externally synchronized forced-PWM (FPWM) mode. The valid lockable range shifts depending on the chosen internal
switching frequency (FSWI[1:0] programmed by Rgg| ). See the FPWM/SYNC section of the Electrical Characteristics
table for the guaranteed valid lock ranges versus FSW[1:0] choice. External synchronization can only happen after the
converter enables, soft-start finishes, and the external signal's frequency is valid.

An internal digital state machine (drawn in Figure 2) evaluates the external clock frequency on a cycle-by-cycle basis
to determine if the signal's frequency is within the valid range. If the logic detects 16 consecutive cycles within the valid
range then the buck immediately synchronizes the beginning of the next on-time with the rising edge of the external clock
on FPWM/SYNC. The converter maintains on-time synchronization as long as each subsequent external clock cycle
remains within the valid range. If the logic detects a single invalid external clock cycle (a rising edge that comes too fast
or too slow), then the converter immediately reverts back to its internal oscillator (FSW[1:0] programmed by Rgg| ). The
converter returns to SKIP mode when FPWM/SYNC asserts low for the debounce time, tpg-skip (5us typ).
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MAX77504 14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

FPWM/SYNC RISING EDGE
FPWM/SYNC = 0 FPWM/SYNC = 1 INSIDE VALID RANGE
16 CONSECUTIVE
FPWM/SYNC VALID RISING
FPWM/SYNC RISING EDGE EDGES

SKIP MODE
INTERNAL CLOCK

FPWM MODE
INTERNAL CLOCK

FPWM MODE
EXTERNAL CLOCK

FPWM/SYNC DEBOUNCED 0
(FPWM/SYNC = 0 FOR tpB-sKiP)

ONE INVALID FPWM/SYNC
RISING EDGE

Figure 2. External Clock Synchronization Behavioral State Machine

Applications using the external synchronization function must consider minimum on-time restrictions when providing the
external clock. The Switching Frequency Selection section details these restrictions. Minimum on-time restrictions are
valid regardless of whether the switching frequency is controlled with an internal or external clock.

Buck Enable Control (EN)
Raise the EN pin voltage above VEN Hj (or tie to SUP) to enable the buck output. Lower EN to PGND to disable.

VL Regulator

An integrated 1.8V linear regulator (V| ) provides power to low-voltage internal circuit blocks and switching FET gate
drivers.

SUP powers V| when VguT is set less than the switch-over threshold (Vgwo, 1.7V typical). If VoyT > Vswo, then the V|_
regulator power input switches from SUP to OUT after the buck soft-start ramp finishes and POK = 1. Switching V[ 's input
to OUT utilizes the buck's high-efficiency to power the linear regulator (as opposed to SUP) and improves the device's
total power efficiency.

Do not load V|_ externally. The V|_ regulator activates whenever EN is high. Connect a 2.2uF ceramic capacitor from V|
to ground on the PCB.

Soft-Start

The device has an internal soft-start timer (tgg) that controls the ramp time of the output as the converter is starting.
Soft-start limits inrush current during buck startup. The converter soft-starts every time the buck enables, exits a UVLO
condition, and/or retries from an overcurrent (hiccup) or overtemperature condition. 1ms ramp time is available and only
programmable at the factory.

Power-OK (POK) Output

The device features an active-high, open-drain POK output to monitor the output voltage. POK requires an external pullup
resistor (typically 10kQ to 100kQ). POK goes high (high-impedance) after the buck converter output increases above
92% (Vpok RISE) of the target regulation voltage and the soft-start ramp is done. POK goes low when the output drops
below 90% (Vpok FALL) Of target or when the buck is disabled.

www.maximintegrated.com Maxim Integrated | 21



MAX77504 14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

Output Voltage Connection (OUT)

OUT is an analog power input used to sense the buck's output voltage and optionally power the dedicated internal V|
regulator.

e The buck adjusts its own internal compensation ramp based on Voyr.

e The V| regulator's power input switches to OUT when VoyT > Vswo. See the V| Regulator section.

e The active discharge resistor (Rap) discharges the buck's output through the OUT pin when the buck is disabled and
ADEN = 1. See the Active Discharge Resistor section.

Connect OUT to the buck converter's nearest output capacitor. Do not connect OUT anywhere else. See the PCB Layout
Guidelines section for a layout example.

Configuration Selection Resistor (SEL)

Connect a +1% tolerance (or better) configuration selection resistor (Rgg|) between SEL and AGND to configure five
bits of options decoded in Table 2. See the Design Procedure (Choosing Rsg;) section for the procedure to select the
best configuration options for the buck converter's intended application.

The device evaluates the resistance between SEL and AGND whenever SUP is valid and EN transitions from logic 0 to
1. The decoded value of Rgg|_ latches until the next EN rising edge.

Active Discharge Resistor

The device integrates a 100Q active discharge resistor (Raop) between OUT and PGND that discharges the output
capacitor when the buck is disabled. This function is enabled/disabled using the ADEN bit. Use a configuration resistor
between SEL and AGND to program ADEN. See Table 2.

Rap discharges the output capacitor for 15ms when ADEN = 1 and the buck is disabled. The OUT pin returns to a high-
impedance state after this time.

Short-Circuit Protection and Hiccup Mode

The device has fault protection designed to protect itself from abnormal conditions. If the output is overloaded, cycle-by-
cycle current limit prevents inductor current from increasing beyond I x.pL M-

The buck stops switching if Vo falls to less than 67% of target and 15 consecutive on-times are ended by current limit.
After switching stops, the buck waits for treTRy before attempting to soft-start again (hiccup mode). While Voyr is less
than 67% of target, the converter prevents new on-times if the inductor current has not fallen below I x.vaLLEY- This
prevents inductor current from increasing uncontrollably due to the short-circuited output.

Thermal Shutdown

The device has an internal thermal protection circuit that monitors die temperature. The temperature monitor disables the
buck if the die temperature exceeds TsHqpN (165°C typ). The buck soft-starts again after the die temperature cools by
approximately 15°C.
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MAX77504 14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

Applications Information

Buck Enable Options

The MAX77504 offers two control options using the EN pin. See Figure 3 for suggested methods of controlling the buck
converter.

ALWAYS-ON HARDWARE CONTROL
CONFIGURATION CONFIGURATION
BUCK MAX77504 BUCK MAX77504
INPUT INPUT
N SuP —p———sup
EN ——»—EN
CONNECT } |} _,_
EN TO SUP DRIVE EN PIN
= = = =

Figure 3. Buck Enable Options

Always-On
Strap the EN pin to SUP to configure the device in an always-on configuration. See Figure 3 (left). The buck converter
activates whenever Vgyp is valid and Ty < TsHDN-

Hardware Control

Drive the EN pin externally to control the buck. See Figure 3 (right). The buck converter activates whenever Vgy >
VEN_HI (1.1V min), Ty < TsHpN, and Vsyp is valid.

FPWM/SYNC Clock Pulse Width Requirements

Applications using an external clock should choose a clock with close to 50% duty cycle. Keep clock duty cycles within
+25% of the clock period. For example, if the input clock has a period of 1us (i.e., 1MHz), a 50% duty cycle has a 500ns
pulse width and the clock should not exceed +250ns away from this. Valid on times in this specific case include 250ns to
750ns within the 1us period.
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MAX77504 14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

Design Procedure (Choosing RggL)

The configuration selection resistor (RSEL) sets five bits of configuration options decoded in Table 2. Choose RSEL[4:0]
carefully by following the procedure outlined in this section. See the Typical Application Circuits section for a list of known
good RSEL choices for common applications. Contact Maxim for help or questions with this procedure.

Table 2. Resistor-Set Configuration Bits

RSEL[4:0] NAME DESCRIPTION DECODE
MSB | Bit4 00 = 0.5MHz
FSW[1:0] Switching Frequency Control. Sets fgyy. 01 =0.75MHz
Bit 3 ' Lower fgyy requires more Coyt to maintain stability. 10 = 1.0MHz
11 =1.5MHz
Bit 2 Mid-band Gain Control. Sets Rcomp- 00 = 75kQ
. : . : . . . 01 =100kQ
Bit 1 GAIN[1:0] | Higher Rcomp increases gain and improves transient response, but requires 10 = 150kQ
i it i =

more CoyT to maintain stability. 11 = 200kQ

LSB | Bit0 ADEN Active discharge resistor enable. 0 f Disabled
1 = Enabled

Program these bits by choosing a configuration selection resistor (Rgg| ) with a tolerance of £1% or better using lookup Table 3.

Follow the design procedure to determine RSEL[4:0]. Use Table 3 to choose the corresponding Rgg| value.

Table 3. Configuration Selection Resistor (RggL) Lookup Table
RsgL (Q) — RSEL[4:0]

95.3Q or SHORT — 0x00

1620Q — 0x0B

30900Q — 0x16

200Q — 0x01 1870Q — 0x0C 36500Q — 0x17
309Q — 0x02 2150Q — 0x0D 42200Q — 0x18
422Q — 0x03 2490Q — Ox0E 48700Q — 0x19
536Q — 0x04 2870Q — OxOF 56200Q — Ox1A
649Q — 0x05 3740Q — 0x10 64900Q — 0x1B
768Q — 0x06 8060Q — 0x11 75000Q — 0x1C
909Q — 0x07 12400Q — 0x12 86600Q — 0x1D
1050Q — 0x08 16900Q — 0x13 100000Q — Ox1E
1210Q — 0x09 21500Q — 0x14 115000Q or OPEN — Ox1F
1400Q — Ox0A 26100Q — 0x15

For example, choose a 30.9kQ (x1% TOL) resistor to program RSEL[4:0] to 0x16. 0x16 (0b10110) decodes with the
following configuration:

e FSWI[1:0] = 0b10 (1MHz switching frequency)
e GAIN[1:0] = 0b11 (200kQ Rcomp)
e ADEN = 0b0 (active discharge disabled)

Table 3 indicates that a 30.9kQ selection resistor selects code 0b10110 (0x16).

The device evaluates Rgg whenever SUP is valid and EN transitions from logic 0 to 1. The decoded value of Rgg is
latched until the next EN rising edge.
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MAX77504 14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

Switching Frequency Selection
See the Typical Application Circuits section of the data sheet for a list of known good switching frequency choices for
common output voltages.

Program the converter's switching frequency (fsyy) using the external selection resistor (Rgg| ) to set the bits in FSW[1:0].
See Table 2, bits 3 and 4.

The converter's minimum on-time (toN-miN) limits the maximum fgyy choice. The required on-time (ton(REQ)) to regulate
a desired output voltage must be greater than the converter's minimum on-time to ensure stable operation.

toN(REQ) Z tON-MIN

Large step-down ratios (high V)N, low VoyTt) result in low duty cycles and require short on-times. High Fgyy (short
switching period) results in shorter on-times compared to lower Fgyy (long switching period). Generally, fast switching
frequency converters are desired due to their low output voltage ripple, small external component size, and high closed-
loop bandwidth.

Determine the application's target output voltage (VoyT) and maximum expected input voltage (ViN(MAX))- Start with the
highest Fsyy option (1.575MHz with tolerance) and compute the on-time required for stable operation (ton(REQ)) using
Equation 1.

Equation 1:
Vout
ViN(MAx) * Fsw

Compare tonREQ) With ton-miN (100ns max). If tonREQ) is less than 100ns, then reduce the Fgy to the next
slowest option and recompute. Always consider fgyy with tolerance using the guaranteed upper limit. See the Electrical
Characteristics table for more information.

ton(REQ) =

If the slowest fgyy choice (625kHz with tolerance) results in a required on-time that is less than ton-miN, then reduce the
application's maximum expected input voltage using external methods.

Example A (9V|N to 3.3VouT)

Choose fgyy for a 3.3V power supply operating from a 2s Li+ battery stack (9V max).

e Target Voyt =3.3V

® VINMAX) = 9V

Try the highest switching frequency first (1.5MHz typ, 1.575MHz max). Use Equation 1 to compute required on-time
(toN(REQ)):

¢ _ 3.3V
ON(REQ) ~ 9vx1.575MHz

The choice of 1.5MHz typical switching frequency is OK because ton(REQ) is greater than the upper limit of ton-mIN
(100ns max).

=232.8ns (OK)

Example B (12V|yN to 1.8Vour)

Choose fgyy for a 1.8V power supply operating from a 12V (£5%) supply rail.

e TargetVoyt =1.8V

® VINMAX) = 12V + 5% = 12.6V

Try the highest switching frequency first (1.5MHz typ, 1.575MHz max). Use Equation 1 to compute required on-time
(toN(REQ)):

¢ 18V
ON(REQ) ™ 12.6Vx1.575MHz

The choice of 1.5MHz typical switching frequency is not OK because ton(REQ) is shorter than the upper limit of ton-mIN
(100ns). Choose the next slowest fgy (1MHz typ, 1.05MHz max) and recompute Equation 1.

=90.7ns (not OK)
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t —____18v
ON(REQ) ~ 12.6Vx1.05MHz

The choice of 1MHz typical switching frequency is OK because ton(REQ) is greater than 100ns.

=136.1ns (OK)

Gain Selection

See the Typical Application Circuits section of the data sheet for a list of known good gain choices for common output
voltages and CoyT values.

Program the converter's mid-band gain by changing Rcomp using the GAIN[1:0] bitfield. Program GAIN[1:0] using the
external selection resistor (Rgg| ). See Table 2, bits 1 and 2.

The converter's mid-band gain is limited by the switching frequency (fsyy) choice and effective output capacitance (Coyr)
requirement. High gain (large Rconmp) results in better transient performance but requires additional CoyT for stability.
Low gain (small Rcomp) requires less CoyT at the expense of transient performance. Generally, converters with higher
gain are desired due to their fast transient response and high Vot regulation quality versus disturbances.

The choice of Rcomp and Coyt must not allow the closed-loop unity-gain bandwidth (fgyy) of the converter to exceed
20% of the switching frequency.

fBW <0.2x fSW

SUP Capacitor Selection

Choose the input capacitor (Cgyp) to be a 10pF nominal ceramic decoupling capacitor and place it as close to the SUP
pin as possible. Larger values improve the decoupling of the buck converter, but increase inrush current from the voltage
supply when connected. Cgyp reduces the current peaks drawn from the input power source during buck operation and
reduces switching noise in the system. The ESR/ESL of Cgyp and its series PCB trace should be very low. Ceramic
capacitors with X5R or X7R dielectric are highly recommended due to their small size, low ESR, and small temperature
coefficients.

All ceramic capacitors derate with DC bias voltage (effective capacitance goes down as DC bias goes up). Generally,
small case size capacitors derate heavily compared to larger case sizes (0603 case size performs better than 0402).
Consider the effective capacitance value carefully by consulting the manufacturer's data sheet. Refer to Application Note
5527: Temperature and Voltage Variation of Ceramic Capacitors, or Why Your 4.7uF Capacitor Becomes a 0.33uF
Capacitor for more information.

Output Capacitor Selection

Choose an output capacitance (COUT) based on the transient performance requirements with a minimum of 8uF
effective capacitance for stable operation.

Effective CoyT is the actual capacitance value seen by the buck output during operation. Choose effective Coyt
carefully by considering the capacitor's initial tolerance, variation with temperature, and derating with DC bias.

See the Typical Application Circuits section for recommended output capacitors for each use case.

Larger values of CoyT (above the required effective minimum) improve load transient performance, but increase the input
surge currents during soft-start and output voltage changes. The output filter capacitor must meet output ripple and load
transient requirements. The output capacitance must be high enough to absorb the inductor energy while transitioning
from full-load to no-load conditions. Calculate output voltage ripple (VR|ppLE(P-P)) to ensure the requirements are met:

VrippLe(p- p) = (LIR) | (8XfgyyxCour)
where LIR is the inductor current ripple. Compute LIR with Equation 2.
Equation 2:

_Vour* (VlN B VOUT)
ViN*faw * L
where V| is the application's input voltage and fgyy is the switching frequency. See Table 1.

LIR
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After taking careful consideration of the output voltage ripple, finalize the selection of the output capacitance based on
the transient performance requirements. See the Typical Application Circuits section for recommended output capacitors
for each use case that have a load transient performance of +5% overshoot and undershoot with a 1.5A load step (5A/
ys slew rate).

Ceramic capacitors with X5R or X7R dielectric are highly recommended due to their small size, low ESR, and small
temperature coefficients. All ceramic capacitors derate with DC bias voltage (effective capacitance goes down as DC bias
goes up). Generally, small case size capacitors derate heavily compared to larger case sizes (0603 case size performs
better than 0402). Consider the effective capacitance value carefully by consulting the manufacturer's data sheet.

Inductor Selection

Choose an inductor with a saturation current greater than or equal to the maximum peak current limit (I x-pLm)- Inductors
with lower saturation current and higher DCR ratings tend to be physically small. Higher values of DCR reduce buck
efficiency. Choose the RMS current rating of the inductor (the current at which temperature rises appreciably) based on
the system's expected load current.

Choose an inductor value based on the Vot setting. See Table 4.

Table 4. Inductor Value vs. Output Voltage

SUGGESTED COMPONENT
PART NUMBERS*

MURATA DFE252012F-1R0OM
MURATA DFE252010F-1ROM
SAMSUNG CIGT252010EH1ROMNE
COILCRAFT XGL4020-102ME

MURATA DFE252012F-1R5M
MURATA FDSD0412-H-1R5M
TDK SPM3015T-1R5M-LR
COILCRAFT XGL4020-152ME

MURATA FDSD0415-H-2R2M
COILCRAFT XGL4020-222ME

*List compiled circa 2019. Always consider the most recent inductor offerings for new designs to achieve best possible MAX77504
circuit performance.

Vout RANGE INDUCTOR VALUE (uH)

Voyut 1.3V 1

1.3V < Vout < 4.5V 15

VouT > 4.5V 22

The chosen inductor value (L) should ensure that the peak inductor ripple current (Ipgak) is below the high-side MOSFET
peak current limit (I_x-pLiM, 4A typ) so that the buck can maintain voltage regulation over load.

Use Equation 3 and Equation 4 to compute Ipgak. If IPEak is greater than the limit (I x_pL_v), then increase the inductor
value.

Equation 3:

_ Vour *[ViNnawax) ‘VOUT)
ViN(MAX) * faw X L

Equation 4:

lp-p

lpp

lpEAK = lLoAD * 5

where I oaD is the buck’s output current in the particular application (3A max), ViN(MAX) is the application's largest
expected input voltage (up to 14V), and fgyy is the chosen switching frequency. See the Switching Frequency Selection
section.
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Setting the Output Voltage

The IC uses external feedback resistors (RTop and RgoT) to set VoyT between 0.6V and 6V. Connect a resistor divider
between VoyT, FB, and AGND as shown in Figure 4. One percent tolerance resistors (or better) are recommended to
maintain high output accuracy. Choose RgoT to be 10kQ or greater. Calculate the value of Rtop for a desired output
voltage with Equation 5.

Vout _ 1
VFB

where VEg is 0.6V and VoyT is the desired output voltage.

Equation 5:

Rrop = Rpot *

ouT

MAX77504 g—_l_
a

FB

AGND

g v

Figure 4. External Feedback Network
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Table 5 lists common feedback resistor combinations for various output voltages. For voltages not listed, see the closest
output voltage in the table and take the RBOT value as a starting point. Then calculate RTOP using Equation 5.

See the Typical Application Circuits section of the data sheet for a list of known configurations for these output voltages.

Table 5. Common Feedback Resistor Values

OUTPUT VOLTAGE TARGET (V) Rtop (kQ) Rport (kQ)
0.6 SHORT OPEN
0.7 1.84 11.1

0.82 4.07 11.1
1.0 75 49.9
1.2 49.9 49.9
15 34.8 23.2
1.8 46.4 23.2
1.85 48.1 232

2.05 56.2 23.2
25 73.2 23.2
3.0 442 11.1
33 49.9 11.1
3.6 55.6 11.1
5.0 459 62.6
5.6 167 20
6.0 180 20

Table 6 suggests which typical application circuit corresponds to which range of output voltages. Use this table to
determine the Cgr, RggL, and CoyT values.

Table 6. Typical Application Circuit Reference

OUTPUT VOLTAGE TARGET (V) TYPICAL APPLICATION CIRCUIT REFERENCE

0.6 0.6V
0.6 <Vout <09 0.82v
0.9<Vout=<1.1 1.0v
1.1<Voyr=<14 1.2v
1.4 <Voyr=<2.1 1.8V
21<Voutr=<29 2.5V
29<Vouyr<4.0 3.3V
4.0<Vpoyr<55 5.0V
55<Vpoyr<6.0 6.0v
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PCB Layout Guidelines

Careful circuit board layout is critical to achieve low switching power losses and clean, stable operation. Figure 5 shows
an example PCB top-metal layout for the WLP version device, and Figure 6 shows an example PCB top-metal layout for
the FC2QFN version of the device.

Follow these guidelines when designing the PCB:

1.

2.
3

ok

Place the SUP capacitor immediately next to the SUP pin of the device. Since the device can operate up to 1.5MHz
switching frequency, this placement is critical for effective decoupling of high-frequency noise from the SUP pin.
Place the inductor and output capacitor close to the device and keep the loop area of switching current small.

Make the trace between LX and the inductor short and wide. Do not take up an excessive amount of area. The voltage
on this node switches very quickly and additional area creates more radiated emissions.

The trace between BST and CggT should be as short as possible.

Connect PGND and AGND together on the PCB. They must be the same net. Connect them together through a low-
impedance inner PCB ground layer close to the IC.

Keep the power traces and load connections short and wide. Use both top and inner PCB copper floods to reduce
trace impedance. This practice is essential for high-efficiency.

Place the V|_ capacitor ground next to the AGND pin.

Do not neglect ceramic capacitor DC voltage derating. Choose capacitor values and sizes carefully. See the Oufput
Capacitor _Selection section and refer to Application Note 5527: Temperature and Voltage Variation of Ceramic
Capacitors, or Why Your 4.7uF Capacitor Becomes a 0.33ufF Capacitor for more information.

L

LEGEND

I
I

|

|

|

|

I

| 0402
I

I

|

COMPONENT SIZES LISTED

o WAFER-LEVEL PACKAGE VERSION (WLP) IN IMPERIAL (METRIC)

o POK PULLUP NOT DRAWN.

® CHOOSE Cout CAREFULLY. SEE OUTPUT CAPACITOR SELECTION.

o CHOOSE PHYSICAL INDUCTOR CASE SIZE CAREFULLY. SEE INDUCTOR
SELECTION.

Figure 5. PCB Top-Metal and Component Layout Example (WLP Version)
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L
008 (2520

LEGEND

o0
L___"o0,

COMPONENT SIZES LISTED
IN IMPERIAL (METRIC)

I |
I I
| I
| I
| I
| |
I I
: 0402 |
. :
| |

® FLIP-CHIP QUAD FLAT NO-LEADS PACKAGE VERSION (FC2QFN)

o POK PULLUP NOT DRAWN.

® CHOOSE Cout CAREFULLY. SEE OUTPUT CAPACITOR SELECTION.

o CHOOSE PHYSICAL INDUCTOR CASE SIZE CAREFULLY. SEE INDUCTOR
SELECTION.

Figure 6. PCB Top-Metal and Component Layout Example (FC2QFN Version)

www.maximintegrated.com Maxim Integrated | 31



MAX77504
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Typical Application Circuits

All output voltage use cases are configured to optimize load transient performance (5% overshoot and undershoot at a

14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

5A/us slew rate) and phase margin of at least 45° across the entire input voltage range specified.

0.6V Output, 0.75MHz

CasT 0.22pF

1

DC INPUT
sup BST 10V (0402)
26VTO 7.5V
Csup 10uF __l_
MAX DC INPUT 25V (0603) MAX77504 » L 1pH g 06V00T
DERATED — 06V OUTPUT > A NAX
ENABLE —»—— EN out
Cout 4x 47pF
FPWM/SKIP/SYNC —»—————— FPWM/SYNC I 6V (0603)
FB
RsEL 1210Q BIAS —L
(1% TOL) -
RSEL[1:0] = 0x09 ——————— SEL
fsw = 0.75MHz 100k
Rcomp = 75kQ o 220F —— | VL POK POWER-OK
ACTIVE DISCHARGE ON <M AGND PGND
6V (0402)
v = -
0.82V Output, 0.75MHz
CsT 0.22pF
DC INPUT
sup BST 10V (0402)
26V T0 10V
up 104F __|_
MAX DC INPUT 25\’ (0603) ohg?\i(ggfgé X L TyH . 0.82V0UT
DERATED — : 3A MAX
ENABLE —»——] EN ouT
RTOP Crr 150F CouT 4x 4TyF
FPWM/SKIP/SYNC —»———— FPWM/SYNC o 4. 07ko 051F02 P I 6V (0603)
RSEL 1210Q BIAS R
(1% TOL) BoT
RSEL[1:0] = 0x09 ——————— SEL 11.1kQ
fsw = 0.75MHz 100k0
Reowp = 750 oo -] VL POK POWER-OK
ACTIVE DISCHARGE ON o (0;10“2) g; AGND PGND
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1.0V Output, 0.75MHz

14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

CasT 0.22pF
DC INPUT
26VT0 13V > SUP BST __|_1°V (0402)
Csup 10uF
25V (0603) MAX77504 L 1uH 1.0Vour
LX i
— 1.0V OUTPUT | > ViAX
ENABLE —»——] EN out
Rtop Crr 150F Cout 3x 47uF
FPWM/SKIP/SYNC —»———— FPWMISYNC 5 49.9kQ (0702 P Iav (0603)
RsEL 28700 BIAS
1% TOL
RSEL[1:0] = 0XOF ———— > (1% 1R SEL 75k0
fow = 0.75MHz 100k0
Rcowp = 200kQ N VL POK POWER-OK
ACTIVE DISCHARGE ON 6‘\’;(040“2) AGND PGND
v = -
1.2V Output, 0.75MHz
CsT 0.22pF
DC INPUT
26vTO 14y ™ Sup BST 10V (0402)
Csup 10uF
25V (0603) MAXT77504 L 1pH
12VOUTPUT X p--2VouT
= : | 3A MAX
ENABLE —»——] EN ouTt
Rtop Crr 150F Cout 3x 47pF
FPWM/SKIP/SYNC —————— FPWMISYNC 5 49.9kQ ozFoz P Iev (0603)
RS;L()/Z?I_QS BIAS RBoT —
RSEL[1:0] = 0X0F ——— ' — SEL 49.9kQ
fow = 0.75MHz 100k
Rcowp = 200k o 22F - | POK POWER-OK
ACTIVE DISCHARGE ON AGND PGND

v @ =

1
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1.8V Output, 1MHz

14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

CasT 0.22pF
DC INPUT
— SUP BST 10V (0402)
2.6V TO 14V
Csup 10uF __I_
25V (0603) l MAX77504 L 1.5uH 1 Vour
LX .
— 1.8V OUTPUT | P 0 MAX
ENABLE —»——— EN out
Rtop Crr 150F Cout 3x 22pF
FPWM/SKIPISYNC ————] FPWM/SYNC 46.4kQ (oiFoz)p Imv (0603)
FB
RsEL 36.5kQ
S%% TO0L) B Reot =
RSEL[1:0] = 0X17 —————— SEL 23.2kQ
fsw = 1MHz 100kQ
Rcomp = 200kQ . Ny VL POK POWER-OK
ACTIVE DISCHARGE ON o (040“2) g AGND PGND
2.5V Output, 1.5MHz
CBsT 0.224F
DC INPUT
— SUP BST 10V (0402)
2.6V TO 14V
Csup 10uF __I_
25V (0603) MAX77504 L 1.5uH
25VOUTPUT  LX p- 2-5VouT
= i | > A NAX
ENABLE —»——— EN ouTt
Rtop Crr 2.20F Cour 3x 22uF
FPWM/SKIP/SYNC —»———] FPWMISYNC 73.2kQ oToz P I 10V (0603)
FB
RS(E1L0/J ;5(;(8 BIAS ReoT —
RSEL[1:0] = 0XIF ——————® SEL 23.2kQ
fow = 1.5MHz 100k
Rcomp = 200kQ CvL2.20F Ny VL POK POWER-OK
ACTIVE DISCHARGE ON AGND PGND

v @ =

1
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Typical Application Circuits (continued)

3.3V Output, 1.5MHz

14V Input, 3A High-Efficiency
Buck Converter in WLP or QFN

CasT 0.22pF
DC INPUT
—» SupP BST 10V (0402)
2.6V TO 14V
Csup 10uF __I_
25V (0603) l MAX77504 L 1.5uH 33Vour
LX -
— 3.3V OUTPUT | >
ENABLE —»——— EN out
Rtop Crr 2.20F Cout 3x 22uF
FPWM/SKIP/ISYNC ———— FPWM/SYNC 49.9kQ (oTozj P I 10V (0603)
FB
RsEL 115kQ
S(E)]L% ToU BIAS RBoT —
RSEL[1:0] = OXIF —————— SEL 11.1kQ
fow = 1.5MHz 100kQ
RCOMP =200kQ CVL 2 20F _I__ VL POK POWER-OK
ACTIVE DISCHARGE ON o (040“2) AGND PGND
I v L1
5V Output, 1.5MHz
CssT 0.22pF
DC INPUT
— SUP BST 10V (0402)
2.6V TO 14V
Csup 10pF __I_
25V (0603) l MAXT77504 L 2.2uH
5V OUTPUT LX 5VOUT
= | P 3a A
ENABLE —»——— EN out
Rtop Crr 2.20F Court 2x 22pF
FPWM/SKIP/SYNC —————— FPWMISYNC 459kQ oToz P I 10V (0603)
FB
RSIEIEOZGQ;(S BIAS RBeoT —
RSEL[1:0] = 0XID ———————— SEL 62.6kQ
fsw = 1.5MHz 100kQ
Rcomp = 150kQ CuL 220 _I__ VL POK POWER-OK
ACTIVE DISCHARGE ON y AGND PGND

v @ =

1
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Typical Application Circuits (continued)

6V Output, 1.5MHz

14V Input, 3A High-Efficiency

Buck Converter in WLP or QFN

CasT 0.22pF
DC INPUT
— suP BST 10V (0402)
2.6V TO 14V —
Csup 10pF __I_
25V (0603) l MAX77504 L 2.2uH SVour
LX
— 6V OUTPUT | >
ENABLE —»——— EN out
Rtop Crr 2.20F CouT 2x 22uF
FPWM/SKIP/ISYNC ———— FPWM/SYNC s 252kQ (0%2') P I 10V (0603)
RSEL 86.6kQ
(1% TOL) BIAS Reor =
RSEL[1:0] = 0xID ——————— SEL 28kQ
fsw = 1.5MHz 100k
- VL POK POWER-OK
Rcomp = 150kQ Ow 220 [
ACTIVE DISCHARGE ON &V (0402) AGND PGND
YT

Ordering Information

PART NUMBER SOFT-START TTﬁwTéfn:s?AMP EXTERNAL CLOCK TER&CLOCK PIN-PACKAGE
MAX77504AAFC+T 1 Available 12 FC2QFN
MAX77504AAWE+T 1 Unavailable 16 WLP
MAX77504BAWE+T 1 Available 16 WLP

+Denotes a lead(Pb)-free/RoHS-compliant package.
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Revision History

REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 10/19 Initial release —

Updated the Electrical Characteristics table, Bump/Pin Descriptions table, Configuration
Selection Resistor (SEL) section, Design Procedure (Choosing Rsg; ) section, Output 9, 11, 18,
1 3/20 Capacitor Selection section, Setting the Output Voltage section, PCB Layout Guidelines 22-24, 26,
section, Figure 5, Typical Application Circuits section, and the Ordering Information table; 29-34, 36
added FPWM/SYNC Clock Pulse Width Requirements section, Table 6, and Figure 6
2 7/20 Updated the Ordering Information table 36
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