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MxL76125

22V, 15A, Synchronous Buck
Regulator with 2-Bit VID

Description

The MxL76125 device is a synchronous step-down
regulator combining the controller, driver, bootstrap diode,
and MOSFETs in a single package for point-of-load
supplies. The MxL76125 device is rated for 15A load. A
wide input voltage range from 5V to 22V allows for single
supply operation from industry standard 5V, 12V, and 20V
rails.

With a proprietary emulated current mode constant
on-time (COT) control scheme, the MxL76125 device
provides extremely fast line and load transient response
using ceramic output capacitors. The controller does
not require any external loop compensation, which
simplifies the circuit implementation and reduces the
overall component count. It also provides 0.1% load
and 0.1% line regulation, and maintains constant
switching frequency. A selectable power saving mode
enables operation in discontinuous conduction mode
(DCM) at light loads, thereby significantly increasing the
converter efficiency.

The MxL76125 has a 2-bit VID, meeting the core rail
requirements of MaxLinears MxL317xx Wi-Fi 7 SoCs.
The VID allows the Wi-Fi 7 SoC to optimize performance
while minimizing power consumption in both active and idle
states by dynamically changing the output voltage of the
MxL76125.

A host of protection features, including overcurrent,
over temperature, overvoltage, short-circuit, and UVLO,
helps achieve safe operation under abnormal operating
conditions.

The MxL76125 device is available in a RoHS compliant,
green/halogen-free space-saving 4mm x 5mm QFN package.

FEATURES
= 15A step-down regulator
o Low V|y operation from 4.5V to 5.5V
o Wide single input voltage from 5V to 22V
o V|y operation from 1V to 22V with external 5V bias
o >0.6V adjustable output voltage
o 2-bit VID for MaxLinear Wi-Fi 7 SoCs
o Adjustable VID resolution through RRer
= Proprietary constant on-time control
o No loop compensation required
o Stable operation with ceramic output capacitors
o Programmable on-time > 40ns
o Constant 200kHz-1.25MHz frequency
Selectable forced CCM or CCM/DCM operation
= Qutput over-voltage, over-current and over-temperature
protections
= Power-good flag with low impedance when power is
removed
= Precision enable
= Programmable soft-start time
= 4mm x 5mm QFN package

[m]

APPLICATIONS

MaxLinear Wi-Fi SoC core rail
Puma® and AnyWAN® based CPE
Servers

Distributed power architecture
FPGA, DSP and processor supplies
Base stations, switches/routers

For more details about the ordering information,
“Ordering Information” on page 20.
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Figure 1. MxL76125 Typical Application Diagram

Figure 2. Efficiency at V|y=12V and Fgy = 1TMHz




MxL76125

Absolute Maximum Ratings

These are stress ratings only and functional operation of
the device at these ratings is not implied. Stresses beyond
these ratings may cause permanent damage to the device.
Exposure to any absolute maximum rating condition for
extended periods may affect device reliability and lifetime.

PVING VIN e From -0.3V to 25V
VG oo From -0.3V to 6.0V
BST . From -0.3V to 31V®
BST-SW..ooiiiiiee e From -0.3V to 6V
SW From -1V to 25V(1@
All other pins......ooevviiiiiiiiiiiee, From -0.3V to Vg + 0.3V
Storage temperature...........cccceviennee From -65°C to 150°C
Power dissipation ........cccccccoiiiiiiiiiineennenn. Internally limited
Lead temperature (soldering, 10 second).................. 300°C
ESD rating (Human body model-HBM)....................... +2kV
ESD rating (Charged device model-CDM)................ +500V

Electrical Characteristics

Operating Conditions

These are the conditions under which the device is
intended to function.

PV N e From 1V to 22V
V[N ceee et From 4.5V to 22V
VGG cnnmnmrrnemeeee e e e e e e e e From 4.5V to 5.5V
SW, e From -1V to 22V®
PGOOD, TON, SS,EN.......ccccevveeeene. From -0.3V to 5.5V
Switching frequency ................. From 200kHz to 1.25MHz®
Junction temperature range (Ty)......... From -40°C to 125°C
Power dissipation max at Tpo = 70°C ........cccvveeernnnee. 2.46W
Package thermal resistance,

junction to ambient, Oa ...ccvocoeriieie e 21°C/W®
Junction-to-bottom thermal

characteristic parameter, Wg .....ccccvevverieeeiieeennn 7°C/W®
NOTES:

1. No external voltage applied.

2. SW pin can go +5V away with respect to the steady state value during switch
transition, for 50ns.

3. Typical.

4. Thermal simulation data.

Specifications are for operating junction temperature of T; = 25°C only; limits applying over the full operating junction
temperature range are denoted by a . Typical values represent the most likely parametric norm at T; = 25°C, and are
provided for reference purposes only. Unless otherwise indicated, PVIN is not connected, V|y = 12V, SW = AGND = PGND

=0V, Cycc = 4.7uF.

Parameter Conditions

Symbol

Power Supply Characteristics
Vcc regulating 5 12 22
VN Input voltage range . \%
Vg tied to Viy 4.5 5.0 55
lvin V)N supply current Not switching, V|n = 12V, Vg = 0.7V o - 0.8 1 mA
. Not switching, Voo = Vin =5V, .
lvee Ve quiescent current Vig = 0.7V 0.8 1 mA
(IVIN VN supply current Fsw = 1MHz, V|y = PV|y =12V . 18.9 20 21 mA
lorFr Shutdown current Enable = 0V, PV|y = V|y = 12V - - 1 pA
Enable, FCCM and CCM/DCM Modes of Operation
VIH_EN EN pin rising threshold for FCCM ) . 1.8 19 20 v
_FCCM operation
\F/ECN'\—AHYS— EN pin hysteresis for FCCM operation | - 50 - mV
EN pin rising threshold for CCM/DCM | _
VIH_EN _DCM operation ¢ 2.9 3 3.1 v
VEN_HYS_ EN pin hysteresis for CCM/DCM ) 100 3 mv
DCM operation
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MxL76125

Electrical Characteristics (Continued)

Specifications are for operating junction temperature of Ty = 25°C only; limits applying over the full operating junction
temperature range are denoted by a e. Typical values represent the most likely parametric norm at Ty = 25°C,
and are provided for reference purposes only. Unless otherwise indicated, PVIN is not connected, V|y
SW = AGND = PGND = 0V, Cycc = 4.7uF.

= 12V,

Symbol Parameter Conditions
VID Levels
VIRer IREF pin voltage - 544 556 569 mV
VID1 = 0b0, VIDO = 0b0, Rggf = 56.2kQ 1% -10 0 10 nA
VID1 = 0b0, VIDO = Ob1, RRef = 56.2kQ +1% -10.1 -9.91 -9.72 HA
IFB FB pin sourcing current
VID1 = 0b1, VIDO = 0b0, Rggf = 56.2kQ 1% 9.72 9.91 10.1 pA
VID1 = 0b1, VIDO = Ob1, RRef = 56.2kQ 1% 19.44 19.82 20.2 HA
- VID logic low threshold - - 0.4 \%
- VID logic high threshold 2.4 - - \%
Undervoltage Lock-Out UVLO
) \,/C,C UVLO start threshold, 4.00 4.05 4.40 v
rising edge
- Ve UVLO hysteresis 100 170 - mV
Feedback Reference Voltage
VN = 5V-22V, Vg regulating 0.597 0.600 0.603 Y%
Veg Feedback reference voltage | VIN = 4.5V-5.5V, Vg tied to Viy 0.596 | 0.600 0.604 v
x:z - iéﬁ?sYé\\/’f\‘;Crg%;‘;:t;ggle 0594 | 0.600 0.606 v
} DC load regulation CCM operation, closed loop, 0.1 j %
- DC line regulation applies to any Cout £0.1 - %
Programmable Constant On-Time
- On-time 1 Ron = 1.82kQ, PVjy = 12V - 78 - ns
- f corresponding to on-time 1 | Voyt = 0.8V, Load = 11.5A, Efficiency = 81% - 1 - MHz
- On-time 2 Ron = 8.66kQ, PVy = 12V - 275 - ns
- f corresponding to on-time 2 | Voyt = 3.3V, Load = 8.4A, Efficiency = 94% - 1 - MHz
Minimum Off-Time
- Minimum off-time - - 250 350 ns
Soft-Start
Iss_CHARGE Charge current - -14 -10 -6 pA
Iss piscHARGe | Discharge current Fault present 1 3 - mA
Vcc Linear Regulator
Output voltage VN = 6V-22V, | oap = 0-30mA 4.8 5.0 5.2 \Y
Voo Dropout voltage ILoap = 0-30mA 100 300 490 mv
3 239DSRO1
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MxL76125

Electrical Characteristics (Continued)
Specifications are for operating junction temperature of T; = 25°C only; limits applying over the full operating junction

temperature range are denoted by a e. Typical values represent the most likely parametric norm at Ty = 25°C,
and are provided for reference purposes only. Unless otherwise indicated, PVIN is not connected, V|y = 12V,
SW = AGND = PGND = 0V, Cycg = 4.7UF.
Symbol Parameter Conditions Min Typ Max Units
Power Good Output
- Power good threshold -10 -7.5 -5 %
- Power good hysteresis - - 1 4 %
- Power good de-assertion voltage Maximum ISINK = 1mA - - 0.2 Vv
Power good, unpowered (V|y = 0) ISINK = 1mA - 0.5 \Y
'I:;vxr/iesgnggood assertion delay, > ) ms
E;v:;:ig;)od de-assertion delay, 65 ) s
OVP Detect
- OVP trip high threshold VEg rising. Specified as % of VRer 115 120 125 %
- OVP trip low threshold Vgpg falling. Specified as % of VRgp - 115 - %
- OVP comparator delay VEpg rising 0.5 1 3.5 us
) E:;arl\)// Otltt)at;éne?/:nriower stage from an Vg rising ) ) 35 us
Protection: OCP, OTP, Short-Circuit
- Hiccup timeout - 102 105 107 ms
- OCP threshold (Valley current) - - 20 - A
- Current limit blanking - - 100 - ns
- Thermal shutdown threshold Rising temperature - 138 - °C
- Thermal hysteresis - - 15 - °C
* % of Vgef
- Feedback pin short-circuit threshold ¢ Short-circuit is active 50 60 70 %
* Soft-start completed
MxL76125 Output Power Stage
- High-side MOSFET Rps(on) Ips = 2A - 9 - mQ
- Low-side MOSFET Rpg(on) Ips = 2A . 3.6 . mQ
- Rated output current 15 - - A
Thermal Resistance
Junction to package top 37.4 - °C/W
Junction to package bottom 5.6 - °C/W
4 239DSRO01
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MxL76125

Pin Configuration

SW_ SW__ sw
M61 1157 4]
PVIN[17; i13|PGND
PVIN|18; {12|PGND
PVIN|19' 11lpenD
3
BST |20 | vee
..... 23 .
an F] [
3
,,,,,,,,,,,,,,,,,,,,,,,,, w VIDO
IREF NC AGND TON VID1 PGOOD

Pin Functions

Figure 3. MxL76125 Pin Configuration (Top View)

Pin Number Pin Name Type Description
1 FB Analog Input to the feedback comparator. The reference is fixed at 600mV.
2 IREF Analog VID reference current setting pin. Connect a 56.2kQ resistor to AGND.
3 NC None Not connected.
4 AGND Analog Signal ground for control circuitry. Internally connected to AGND pad.
5 TON Analog Constant on-time programming pin. Connect a resistor to AGND.
MSB of the 2-bit VID reference. Connect a pulldown resistor, Ry|p1 to AGND. It should
6 VID1 Input .
not be floating.
7 PGOOD dor:tif]“t' open Power-good output. Open drain to AGND. Low Z when IC unpowered.
8 VIDO Input LSB of the _2-b|t VID reference. Connect a pulldown resistor, Ry pg to AGND. It should
not be floating.
9 VIN Analog Supply input for the regulator’'s LDO. Connect to PVIN at CIN.
The output of regulators LDO. It requires a 4.7pF VCC bypass capacitor. For V=5V,
10 vee Analog VCC should be tied to VIN.
11,12,13 PGND Power Ground of the power stage. Internally connected to source of the low-side MOSFET.
14,15, 16 SwW Power SWItCh node. Internally it connects source of the high-side MOSFET to drain of the low-
side MOSFET.
17,18, 19 PVIN Power Input voltage for power stage. Internally connected to drain of the high-side MOSFET.
20 BST Analog H|gh-§|de driver power supply pin. Connect a 1uF boot-strap capacitor between BST and
SW pins.
Precision enable input. The voltage level decides FCCM and CCM/DCM modes of
21 EN Input . . “ - R
operation. For details, see “Electrical Characteristics” on page 2.
Soft start pin. Connect an external capacitor between SS and AGND to program the
22 SS Analog .
softstart rate based on a 10pA internal source current.
23 AGND PAD Analog Signal ground for control circuitry.
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MxL76125

Typical Performance Characteristics

Unless otherwise specified: V|y = 12V, Vout = 0.8V, Fsw = 1MHz, VCC = 5.0V internally generated, Coyt = 265pF,
L = 150nH (DCR = 0.15mQ), Cgr = 470pF, Rgr = 0Q, Rpg1 = 4.99kQ, Rpgo = 15kQ, FCCM mode of operation,
TamsienT = 25°C, and no airflow. Efficiency data includes inductor losses.

Efficiency
100 100
95 95
o
%0 % m
T &5 g 85 ff—\/—\
g ? 80
g & —VOUT = 0.8V ] —VOUT=0.8V
‘O =]
&L—:) 75 —VOuT = 1v :E_I 75 —VOuT =1V
u —VOUT = 1.2V —VOUT = 1.2V
70 150nH, DCR = 0.15mQ (0.8V, 1V) —VOUT = 1.5V 70 150nH, DCR = 0.15mQ (0.8V, 1V) —VOUT = 1.5V
65 200nH, DCR = 0.26mQ (1.2V - 1.8V) —VOUT = 1.8V 65 200nH, DCR = 0.26mQ (1.2V - 1.8V) —VOUT=1.8V
330nH, DCR = 0.165mQ (3.3V) VOUT = 3.3V 330nH, DCR =0.165mQ (3.3V) VOUT = 3.3V
60 60
0 3 6 9 12 15 3 6 9 12 15
Load (A) Load (A)
Figure 4. Efficiency at 5V Input in FCCM Figure 5. Efficiency at 5V Input in DCM
(VIN and VCC are shorted) (VIN and VCC are shorted)
100 100
95 95
90 o [
g 85 g 85 /’f
g z
S 80 —VOUT = 0.8V S 80 —VOUT=0.8V
S 75 —VOuUT = 1V g —VOUT = 1V
pi 150nH, DCR =0.15mQ (0.8V) —VOUT = 1.2V b 75 150nH, DCR =0.15mQ (0.8V) —\VOUT = 1.2V
70 200nH, DCR = 0.26mQ (1.0V, 1.2V) —VOUT = 1.5V 70 200nH, DCR =0.26mQ (1.0V, 1.2V) —VOUT = 1.5V
300nH, DCR =0.145mQ (1.5V, 1.8V) —VOuT =18 300nH, DCR =0.145mQ (1.5V, 1.8V) —VOUT = 1.8V
65 470nH, DCR = 0.32mQ (3.3V) VOUT = 3.3V 65 470nH, DCR =0.32mQ (3.3V) VOUT = 3.3V
620nH, DCR =0.42mQ (5.0V) —\VOUT =5V 620nH, DCR =0.42mQ (5.0V) —VOUT =5V
60 60
0 3 6 9 12 15 3 6 9 12 15

Load (A)

Load (A)

Figure 6. Efficiency at 12V Input in FCCM

Figure 7. Efficiency at 12V Input in DCM
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MxL76125

Startup Sequence

EN
2V/div v

PGOOD
5V/div frs

Vour
400mV/div jveur

LOAD
10A/div [

13

1ms/div

Prebias Voltage 204V

Vour|m
200mV/div [

o

400us/div

Figure 8. Power-up: loyt = 15A at 0.8V

Shutdown Sequence

Figure 9. Startup with Prebias Voltage of 400mV:
IOUT =20mA

Steady State Voyr Ripple

Al [] 9|
ENf2 Lov/div |2
2v/divf sw
o LR
10v/div [ " W 1 I ~ A
Vour | N [ l o | | | |
SmV/div fuour ! NV u ¢ g \: N N
Vour | T——
400mV/div |7 L
PGOOD 5 LOAD
5V/div - fes 10A/div oo
10ps/div 1us/div
Figure 10. Power Down: Ioyt = 15A at 0.8V Figure 11. Steady State Voyt Ripple: loyt = 15A,
Vout = 0.8V
DVS
] | N
viDO VIDO
5V/div fvioo VviDo
viD1 v
sV Nﬁ‘/‘N MWWV “\ - LA
;,/ ‘“\L / \
/ H / \
zOmV\;% v;:nm MY, ”‘,’”v.‘fﬂ/ A AL A ZOvaZW w ................. / \.‘M”" " VAAAAAAAAAA A
LOAD LOAD
10V/div [ toao 10V/div friomo
10ps/div 10ps/div
Figure 12. DVS: Voyt = 0.8V to 0.85V and Back; Figure 13. DVS: Voyt = 0.8V to 0.85V and Back;
louT = 0A; Settling Time = ~4us louT = 15A; Settling Time = ~4us
239DSRO01
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MxL76125

Load Transients

10mV/div Jvour W

Vour M

lout
4A/div fioms

40ps/div

VUT

o
20mV/div fvour

lout

4A/div oo

20us/div

Figure 14. Load Transient from 1.5A to 13.5A and Back in

FCCM (Coyt = 350uF)

FCCM-DCM Transition

Figure 15. Load Transient from 1.5A to 13.5A and Back in

DCM (Cour = 350pF)

Short Circuit Recovery
FB pin momentary shorted with AGND

o
s 11 DR ]
1ov/div fsy

Vour -~ .

ol
50mV/div fvour

A
o
e

)
L
A

i

[

I
|

40us/div

sw
10V/div

VDUT
400mV/div

1

30ms/div

Figure 16. FCCM Mode to DCM Mode and Back:

lout = 100mMA

Over Current Protection

Figure 17. Short Circuit Hiccup and Recovery

Line Regulation

7] |

o LTI

2

10V/div

4ps/div

0.85
0.84
0.83
0.82
0.81
0.80
0.79

Output Voltage (V)

0.78
0.77
0.76
0.75

~

9 11 13 15 17 19 21 23
Vin (V)

Figure 18. Shutdown during Over Current

Figure 19. Line Regulation
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MxL76125

Load Regulation

Ton Vs Ron Correlation

0.85
0.84
0.83
0.82
0.81
0.80

0.79

Output Voltage (V)

0.78
0.77
0.76

0.75
0 3 6 9 12 15
Load Current (A)

250
200
- 150
=
g
= 100 —expected
---TA=105C
_______ —TA=25C
50 p=
—TA=-40C
0
0 1 2 3 4 5 6 7

Ron(KE)

Figure 20. Load Regulation

Frequency vs loyTr

Figure 21. Ton vs Ron Correlation: Igyt = 15A

Vgp Variation with Temperature

1200
— 1000
N
T
=3
> 800
C
Q
>
g 600
—
.
2
‘£ 400
£
3
Y200

0

0 3 6 9 12 15
Load (A)

0.603
0.602
0.601

0.600 //\

0.599

Feedback Pin Voltage (V)

0.598

0.597

-40 -20 0 20 40 60 80 100 120
Temperature (°C)

Figure 22. Switching Frequency vs IOUT

Thermal Derating Curves

130

120

110

100

90

TAMBIENT (oc)

80

70 —VOuT = 0.8V
—VOUT = 1.8V

60
—VOUT = 3.3V

50

1 3 5 7 9 11 13 15
Load (A)

Figure 23. Vg Variation across Temperature: oyt = 0A

130
120
110
100
90
80
70

TAMBIENT (oc)

60

—VOuUT=0.8V

50 —VOUT = 2.5V

40 —VOUT = 5V
30

1 3 5 7 9 11 13 15
Load (A)

Figure 24. Maximum Ambient Temperature vs.
Load Current, V|y =5V

Figure 25. Maximum Ambient Temperature vs.
Load Current, V| = 12V
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MxL76125

Functional Block Diagram

VIN vce PGOOD
Voo UVLO BANDGAP BIAS v
4.25V.
Vee LDo
s BST
10pA
PVIN
ss +
POWER GOOD
0.6V—- (NORMAL OP) LEVEL

LENSW SHIFT

POWER GOOD AND Wsw

(NO POWER) ENSW

relil ’ ADAPTIVE
Vee
0.555V—= DEAD-TIME
TON
COT CONTROL LOOP CONTROL s
T DRV
DELAY ~ I Zero Cross T
If 8 consecutive HICCUP PGND
- SW—+ ZCD, then DCM. =
Vi=12xV, 0.36V- =
" v If one non-ZCD,
V=118 x Veer exit DCM
3v—-
—Il Forced CCM
or CCM/DCM
1.9V N
TL >—enLoo

Rum -

EN AGND NC

IREF VID1 VIDO TON

Figure 26. MxL76125 Functional Block Diagram
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MxL76125

Applications Information

Detailed Operation

The MxL76125 device is a 15A synchronous step-down
switching voltage regulator with a 2-bit VID. MOSFETSs,
controller, driver, and bootstrap diode are combined in a
single package for point-of-load supplies. The output voltage
and VID step size are adjustable by external components.
The 2-bit VID functionality is targeted to meet core rail
requirements of MaxLinears MxL317xx Wi-Fi 7 SoCs.
The VID enables the Wi-Fi SoC to dynamically change the
output voltage to switch between active and power saving
idle states.

The MxL76125 uses a proprietary emulated current-mode
constant on-time (COT) control scheme. The on-time (Ton)
is programmable by an external resistor (Ron) and is
inversely proportional to V|N. The latter feature offers nearly
constant switching frequency over a large V)y range. The
emulated current-mode control allows you to use ceramic
capacitors (low ESR) in the output filter.

The MxL76125 can operate in both, forced continuous
conduction mode (FCCM) for low switching ripple and power
saving discontinuous conduction mode (DCM) at light loads.
The mode is set by EN voltage levels, as described in the
“Enable Input” section.

Enable Input

The enable input (EN) is a high impedance input pin
and accepts a tri-level signal. The voltage levels and
corresponding functionalities are as follows:

® EN < 1.7V: The MxL76125 is off.

m 2.0V< EN < 2.8V: The MxL76125 runs in FCCM
mode at all loads.

® EN > 3.1V: The MxL76125 runs in DCM at light
loads.

FCCM Mode

This mode is active when the EN pin voltage is between
2.0V and 2.8V. The pin voltage can be controlled by an
external signal. Alternatively, it can be derived from V.
For a well-regulated supply (V|n), a resistor divider can be
used. In order to account for any small variations in V|,
MaxLinear recommends you to set the EN voltage to 2.5V.
For wide range of V|, circuits as shown in Figure 27(a) and
27(b) can be used.

DCM/CCM Mode

To enable DCM operation at light loads, ensure that the
EN pin voltage is from 3.1V to 5.5V. Like the FCCM mode,
the voltage can be controlled by an external signal or can
be derived from Vy by using a resistor and a Zener diode,
as shown in Figure 27(c). This is valid for the entire range
of V|ny. However, for a well-regulated V), you can use a
resistor divider. To account for any small variations in V|,
MaxLinear recommends you to set the EN voltage to 4V.

V|N VIN VIN
%10 kQ %10 kQ 10 kQ
) EN EN
"> ">
24.9 kQ
] L1 L1
'ZXZener EN 73 Zener |2§ Zener
2.2V 3.6V
3.6V
49.9 kQ
A\ v v

(a) EN signal for FCCM
mode — option1

(b) EN signal for FCCM
mode — option2

(c) EN signal for
CCM/DCM mode

Figure 27. Options to Select FCCM or CCM/DCM Mode
using V|n

Programming the Soft Start Time

Figure 28 on page 12 shows a block diagram of the soft-
start functionality. During soft start, the feedback reference
voltage, VRepr, is tied to the SS pin. This pin forces 10pA
current into Cgg, between the pin and AGND. Vggr is the
same as Vggs and increases linearly as follows:

dVRer _ dVcss _ 10pA i og = Vrgp < 590mV (1)
dt dt Css ’

When the Vgg voltage reaches 590mV, VRer connection
shifts from the SS pin to 0.6V, and soft start completes. For
a given soft start time (tsg), the required value of Cgg is as
follows:
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MxL76125

Applications Information (Continued)

Vee

10pA

VRer
0.6V
Css 590mV- D
l i L<|_ ENSW

SS

Figure 28. Start Soft Block Diagram

Soft start occurs in the following conditions:
® EN toggles from low to high.
® EN is high and VCC rises above the UVLO threshold.
m A fault occurs and the hiccup timer expires.

Pre-Bias Startup

The MxL76125 device can power up with a pre-charged
output. During soft start, initially, both FETs are tri-stated.
Once VRgfr exceeds Vgg, the control loop takes over and
switching starts to regulate the output. The MxL76125 starts
in DCM to ensure that the output is not discharged. Figure 9
on page 7 shows a typical pre-bias startup waveforms.

Programming the Output Voltage

The feedback reference, VRer is internally fixed to 0.6V. To
obtain the desired output voltage, (VouT), use a feedback
divider (Rrg1-Rgg2), as shown in Figure 1 on page 1.

0.6

VOUT - 0.6

VREF _ Rrp2

= Rppz = Rppy X

3

Vour Repi + Regz

MaxLinear recommends that the value of Rggq is 4.99kQ.
However, you can change it as per VID resolution
requirement, as described in the “VID Functionality”
section.

VID Functionality

Nominal output voltage is set by an appropriate choice of
feedback resistors, as described in the “Programming the
Output Voltage” section. The output voltage can be varied
from nominal in fixed step (50mV typical), by using VIDO and
VID1 pins, as listed in Table 1. For more information about
logic high/low voltage levels of these pins, see “Electrical
Characteristics” on page 2. These pins have high input
impedance and are required to be pulled to appropriate
levels externally. If unused, these pins should be connected
to ground or pulled down with external resistors, Rypx-

Figure 29 shows the VID functional diagram. VID
implementation includes an IDAC. The reference current
liRer is set by an accurate internal reference (V|ggr) and an
external resistor Rger. These are related as follows:

Virer
RRer

IReF “

The recommended value of Rrgf is 56.2kQ. Iggr and VID
govern current sourced by FB pin (Igg), as listed in the
following table.

Table 1. VID vs Vgyr for VID step being 50mV
(RrB1 = 4.99kQ), RReF = 56.2k0)

VID1 VIDO VOUT FB Current, Irg
0 1 Nominal + 50mV -lrer

0 0 Nominal 0

1 0 Nominal - 50mV lIREE

1 1 Nominal - 100mV 2xliger

Note: + Igg implies current flowing out of the FB pin and -Igg implies
current entering into the FB pin.

In steady state the feedback node voltage (Vgg) is controlled
to a fixed reference (VRgr). As a result, when Igg flows out
of the FB pin, current through Rgg4 is reduced by the same
amount. Therefore, the voltage across Rgg1 is reduced by
IesxReg1. The output voltage also decreases by the same
magnitude. Hence, the VID step size, AVyp is expressed in
terms of Rggq1 and Iggg as follows:

Virer
AVyip = Rgpy X Iirer = Rrp1 X R )
REF
VIDOEZA—+
L IDAC
VID1E4
LIIREF Vour
Virer |
FB
Rvioo Rvip1 Rea
ViRer
IREF FB
R
Recr FB2

Figure 29. MxL76125 VID Functional Diagram
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Applications Information (Continued)

Similarly, if Igg flows into the FB pin (as listed in the fist

line of Table 1 on page 12) the current through Rppg1

is increased by the same amount as Igg. Therefore, the
voltage across Rggq is increased by IrgxRgg1. The output

voltage also increases by the same magnitude.

Wi-Fi 7 SoC Design Example
B Target nominal output voltage = 800mV.
m VID step size = 50mV.
® Feedback reference voltage = 600mV (VRgE).

From Figure 1 on page 1:

RFBZ 600mV RFBZ
= = =
RFBl + RFBZ 800mV RFBl

3 (6)

From (5) and (6), for Rger = 56.2kQ), the recommended
feedback resistors are: Rrpgy = 4.99kQ and Rggo = 15kQ.

Power Good (PGOOD) Function

Figure 30 shows a simplified functional block diagram for
the PGOOD pin. This pin is an open drain output and has
active high logic. Therefore, this pin needs to be pulled up.
The pull-up voltage can be tied to the VCC or some external
supply. During regular operation the PGOQOD is high, if the
VEg = 92.5% of the Vrgr (555mV). The PGOOD assertion
delay is typically 2ms. The typical waveform of the PGOOD
during different intervals of operation is shown in Figure 31.

555mV —+ PGOOD

65us delay

Short Circuit detection
360mV—

2yus delay

N

OVP detection

2us del
Vi=720mV _|_ us delay

Vi =690mV

VCC VCC-UVLO detection

65us delay
4.25V— -

Figure 30. PGOOD Function Block Diagram

Vee
EN
—> 1 &—Turn ON delay

Soft start

Vssm~— 7 it el
Both LS and HS off
Vsw \
—
,,,,, S I 4bN _ e
‘\ 600mV '\
A
VFB 555mV Vs = Vss 555mV
—__K—Fall delay
rise delay 2us typ. rise delay

PG 2ms typ. 2ms typ. 1

Figure 31. OVP Response and PGOOD Waveform during different Voyt Conditions
(a) VCC =0, (b) Soft Start, and (c) OV Fault
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MxL76125

The PGOOQOD is de-asserted in any of the following events:
m During soft start.

® During output short circuit. Vpg < 360mV (60% of
VRrer). PGOOD de-assertion delay = 2ps.

® Qutput under voltage condition (369mV < Vg <
555mV). PGOOD de-assertion delay = 65ps.

m [f OVP is detected (Veg = 720mV). PGOOD
de-assertion delay = 2ps.

® VCC < UVLO threshold (4.25V typical). PGOOD
de-assertion delay = 65ps.

m If Viy = Ve = 0 (The MxL76125 is unpowered).
m |f Ty > 138°C (over temperature fault).
m Over current protection is triggered.

m If the EN is low, the delay from the EN going low
to PGOOD low is up to 350 ns.

The PGOOD pin is low impedance when the MxL76125 is
unpowered. It ensures that the device does not give any
invalid PGOOD signal if the input supply is removed.

Operation

A typical application schematic is shown in Figure 1 on
page 1. The external components that require appropriate
selection for a given application are the input capacitance
(CiN), the output filter components (Coyt - LouT), and the
switching frequency (or Ton) selection resistor (Ron). All
other component values in the typical application schematic
are recommendations for safe operation of the device.

Programming the On-Time (Ton)
For a given switching frequency (Fsw) required value of
Ton is as follows:

_ Vour
VIN X 106 X FSW X T]

Q)

Ton

Where 1 is the converter efficiency.

The MxL76125 allows you to set Toy by using resistor Ron.
The corresponding relation is expressed as follows:

Ton — 2.5 X 1078

Ron = Viy X
oN = Vin 3.45 x 10-10

®)

Table 2 lists the values of Royn for different Voyt at
Vin =12V, Fgw = 1TMHz, and lgyT = 15A. It uses efficiency
numbers from Figure 2 on page 1.

Table 2: Rony Recommendation for Vi = 12V

Vout n% Fsw (MHz) Ron kQ
0.8V 78.8 1 1.82
3.3V 91.2 1 9.31

Note that during soft start, the MxL76125 operates with
minimum Tgp, which is typically 55ns.

Selection of the Output Filter Inductor (LoyT)

A larger inductor offers smaller switching ripple in inductor
current and in VouT, but at cost of larger physical size. To
balance size andripple currentmagnitude, the recommended
peak to peak ripple (Al) is 25%-40% of full load. The
inductance is calculated as follows:

_ Vin — Vour) _ Vour
Few X Al Vin

©)

Lour

Example:

For Viy= 12V, VOUT =0.8V, IOUT = 15A, FSW =1MHz and
Al = 5A, from (9) LOUT =150nH

Selection of the Output Capacitor (Coyr)

The output filter capacitor is designed considering unloading
transient overshoot, loading transient undershoot, and
steady state ripple specifications, individually. The final
capacitance is maximum of the three values meeting these
specifications.
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Filter capacitor design for meeting switching ripple
specifications

In this analysis, parasitic inductance and resistance of the
output filter capacitor are neglected.

In steady state the inductor ripple current is filtered by Coyr.
The charge which produces switching ripple in Coyrt is the
area under the shaded triangle as shown in Figure 32.
Mathematically:

= CoyrAVsy = = X
Qcour = Cour SW =3 X Ty

(10)

where, the AVgyy is the peak to peak switching ripple in the
Vout- Hence, the minimum capacitance to meet steady
state Voyr ripple is as follows:

c - AL,
OUTRIPPLE = 8% Fgyy X AVgy

1y

Note that the regulator runs as expected when the steady
state switching ripple on the FB node is below 50mV. From
this an upper bound on AVgyy for Cgg # 0 is as follows.

AVgy < 50mV (12)

VOUT,ac >

AV
2 -

Figure 32. VoyT Switching Ripple

Filter capacitor design for meeting transient overshoot
specifications

The transient overshoot happens when the load current is

A
|
AIL: A Inductor current
: : Load current
v |
|
|
Aljaql
|
|
|
|
N _____
time
Figure 33 Inductor Current during Unloading
_____________ NN
A :\/ Y
| |
| |
| |
! :
|
Aljaq) !
|
: Inductor current
A : Load current
Al | |
v I !
| ' !
t=0 t=1t t=t, time

Figure 34. Inductor Current during Loading

Filter capacitor design for meeting transient under-
shoot specifications

The transient undershoot occurs when the load current
rapidly increases. In this case, the load current slew rate is
larger than the inductor current ramp up rate. In a COT
controlled converter, when Voyrt drops, the off duration
shrinks to its minimum value (Torpmin) and Ton remains
unchanged. Worst-case for transient undershoot is when
the inductor current is at its valley and loading event starts.
In this case, the required output filter capacitance is as
follows:

0.5 X (t; —ty) X Aljgaq +0.25 X Al X t,

rapidly reduced (load throw off event). In this situation, the Couruv = AVoy (14
load slew rate (SR) magnitude is larger than the inductor e
current falling rate, as shown in Figure 33. In a cOT  Where, the load current transition time is:
controlled converter, the maximum overshoot in the output Al
voltage can happen, when the load throw-off occurs .= % (15)
immediately after start of a TON pulse. Accordingly, the
required capacitance is as follows: and the inductor current transition time is:

__! Al L Al L

Cour ov =2 AVoy X (Alload +T) x <VOUT) t, = (TL + AIload) X Ton (16)
13 — oN ) _
(Ton X Aligaa)  (Aligaa)? (13 Vin (TON + TOFFMIN) Vour
AVoy  SRAVyy
239DSRO1
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Selection of Input Capacitor (Cy)

The input current to the converter is discontinuous in nature.
Input capacitors (Cj\) are required to supply choppy AC
currents while maintaining the DC supply voltage. For a
given input voltage ripple (AV|y), the required input
capacitance, as a function of duty cycle ratio (D) is as
follows:

Dx(1—-D)xI
C]N > ( ) load (17)

Net r.m.s. current in Cjy is:

L X Fsw X Iout

1-D \/ 2
Icinrms = lload X +/D X (1 = D) x Jl +— ( ot ) (18)

Considering the space constraint and depending on the
application, these capacitors are typically a combination of
electrolytic capacitors, ceramic capacitors (MLCC), and/or
SP capacitors. Typical combinations of the PVIN capacitors
are as follows:

PVin = 12V, Voyt = 0.8V Example: POSCap 1 x 270uF,
MLCC’s 2 x 22uF or 4 x 10uF, 2 x 2.2uF.

The MLCC’s must have low ESR and ESL. To reduce
switching spikes across the FETs, inductance in loop
formed by these ceramic capacitors and FETs should be
minimized.

Feed-Forward Capacitor (Cgg) and Feed-Forward Re-
sistor (Rgf)

These two are connected in series and placed across Rrg1
as shown in Figure 1 on page 1. With this, the Vout to
Vg open loop transfer function is as follows:

Ves(s)  Rep 1+ (Rpp1 + Rpp) Crrs

Vour(s) ~ Rrp1 + Regz 1+ (% + RFF) CppS
1 2

(19)

It shows that,

B Cgf introduces a low frequency zero (w;) and
high frequency pole (wp), which gives phase
boost in a range of frequency from ®,/10 to 10wp.

m With increase in Rgp, the frequency of both the
pole and zero reduces.

m With Rgg = 0, ratio of v, and wp (<1) is the same
as the feedback attenuation ratio. With increase
in Reg, this ratio moves towards unity. Therefore,
for low Voyr, phase boosting is not helpful.

As a rule of thumb, Cgr should be selected such that o, is
5 times of buck output filter resonance frequency, and
Rer << Rggy. Hence,

v LoutCout

20
5 X Rgpy (20)

Cer =

You must use manufacturers DC derating curves to
determine the effective capacitance corresponding to Voyr.
A load step test and/or a loop frequency response test
should be performed. From this Cgr can be adjusted to get
damped transient load response.

The frequency of the pole in (19) should be below the
switching frequency, Fgy to add gain margin. Hence,

REr (21)

- ZHFSWCFF
In the MxL76125, the Cgf also decides the Vgyt transition

rate during DVS. The corresponding time constant, tpys,
is as follows:

Tpvs = Rpp1 X Cpr (22)
Wi-Fi 7 SoC Design Example

For the parameters given in the Wi-Fi 7 SoC design example
on page 13 and tpys = 2ys, from (22):

Rrr = 0 and Cgr = 400pF
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Device Protection

Overvoltage Protection (OVP)

The OVP detection is based on the FB pin voltage. The
OVP threshold is set to 720mV, which is 1.2 times VRgf.
When the FB voltage exceeds the OVP threshold, an
internal overvoltage signal is asserted with a typical delay of
2ps. This signal latches off the high-side FET, turns on the
low-side FET and de-asserts PGOOD. The low-side FET
remains on to discharge the output capacitor until the FB
voltage drops to 690mV (1.15 x VReg). Then low-side FET
also turns off to prevent complete discharge of Voyt. Both
FETs remain latched off until the V| or EN is recycled. Note
that the OVP protection is designed to protect the SoC. If
a strong external source is connected to the output, the low
side MOSFET can be damaged.

Overcurrent Protection (OCP)

The OCP threshold is referred to inductor valley current. If
the valley current exceeds the programmed threshold, the
locp for four consecutive switching cycles, the regulator
enters hiccup mode. In this mode, switching is turned off
for hiccup timeout period. Following the hiccup timeout, a
soft start is attempted. If the OCP persists, hiccup timeout
repeats. The regulator remains in hiccup mode until the load
current is reduced to ensure that the valley current is below
the programmed value. The OCP threshold is internally set
to 20A (typical).

Short-Circuit Protection (SCP)

If the output voltage drops below 60% of its programmed
value (that is, FB drops below 0.36V), the regulator enters
hiccup mode. The hiccup mode persists until short-circuit is
removed. Note that the SCP is activated only after PGOOD
goes high. Therefore, during short circuit the SCP turns off
the device the first time, but in subsequent hiccups the OCP
turns off the device.

Over Temperature Protection (OTP)

The OTP is triggered when the junction temperature reaches
138°C (typical). The protection feature turns OFF both
power FETs until the junction cools down to 123°C. After
this, soft start is initiated and regular operation resumes.

Thermal Design

The proper thermal design is critical in controlling device
temperatures and in achieving robust designs. There are
several factors that affect the thermal performance, such as
the temperature rise of the device in the package. This is a
function of the thermal resistances of the MxL76125 inside
the package and the power being dissipated.

For more information about thermal resistances, see
“Electrical Characteristics” on page 2. Note that the
values are obtained from simulation. Since your actual
board design could be different, the thermal resistances in
your actual and final board design may differ to the values
listed in that section. The package thermal derating curves
are shown in Figure 24 and Figure 25 on page 9.
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Package Description
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= D3 =
= ] | —
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(
i L] | | W Mm.Mm [
D % e2(4X) e1(4x) b 2
Top View Bottom View
JEDEC OUTLINE N/A LEAD FINISH |EPEeEanE
PKG CODE VQFN Pure Tin PPF
SYMBOLS MIN NOM MAX Y, X N/A
A 0.80 0.85 0.90
C Al 0.00 0.02 0.05
N A3 0.203 REF
[l b 0.15 0.20 0.25
4.90 5.00 5.10 NOTE:
C 3.90 0 :('JO:SC 4.10 1. All dimensions are in millimeters
e : 2. Dimension b applies to metallized
el 0.40 BSC terminal and is measured between
e2 IO];“I:'BBSS(;: 0.15mm and 0.30mm from the
Al e3 : terminal tip. If the terminal has the
' A3 D2 1.30 1.35 1.40 optional radius on the other end of
D3 2.44 2.49 2.54 the terminal, the dimension b should
A D4 2.44 2.49 2.54
- : : . not be measured in that radius area.
= 2 E2 2.25 2.30 2.35 3. Bilateral coplanarity zone applies to
|7 E3 1.77 1.82 1.87 the exposed heat sink slug as well
3|12 E4 0.83 0.88 0.93 as the terminals.
=11 L 0.25 0.30 0.35
[N
|d]® L1 0.40 0.45 0.50
0.20 - -
Side View S 0.85REF
S1 0.20 REF
S2 0.35 REF
S3 0.20 REF
S4 0.41 REF

Document # Revision

POD-00000167 A
Figure 35. MxL76125 Package Description

7\ 18 239DSRO01
MAXLINEAR
N



MxL76125

Land Pattern and Stencil Design
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Figure 36. MxL76125 Land Pattern and Stencil Design
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Ordering Information

Part Number Operating Temperature Range Lead-Free Package E,gﬁigmg
MxL76125-AQB-R -40°C <Ty<125°C Yes 4mm x 5mm (QFN) Tape and Reel
MxL76125-EVK-1 MxL76125 Evaluation Board.

Note: For more information about part numbers, as well as the most up-to-date ordering information and additional information on environment rating,
go to www.maxlinear.com/MxL76125.
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