MICROCHIP

MIC21LV33

36V Dual Phase, Advanced COT Buck Controller with
HyperLight Load® and Phase Shedding

Features

.

Input Voltage Range: 4.5V to 36V

Input Down to 2V when Vpp = 5V from External
Supply

Adjustable Output Voltage from 0.6V to 28V
Adaptive Constant On-Time Control:

- High DeltaV operation

- Any Capacitor™ stable

0.6V Internal Reference with +1% Accuracy

Ripple Injection from Third Node Allows Greater
than 50% Duty Cycles

HyperLight Load® and Automatic Phase Shedding
Ability to Interface with External MCU

Accurate Current Balancing Between Phases
Accurate 180° Phasing of Outputs

100 kHz to 1 MHz Switching Frequency per Phase

High-Voltage Internal 5V LDO for Single-Supply
Operation

Secondary LDO to Improve System Efficiency
Supports Start-up to Pre-Bias Output
Remote Sense Amplifier for Tight Output Regulation

Droop Feature to Support Adaptive Voltage
Positioning (AVP) for Improved Load
Transient Response

Precision Enable Function for Low Standby Current

External Programmable Soft Start to Reduce
Inrush Current

Lossless Rpgon Current Sensing with NTC
Temperature Compensation or Resistor Sensing
Method

Programmable Current Limit and Hiccup Mode
Short-Circuit Protection

Thermal Shutdown with Hysteresis
-40°C to +125°C Junction Temperature Range
Compact Size 5 mm x 5 mm 32-Pin VQFN Package

Applications

.

Distributed Power Systems

Communications/Networking Infrastructure
Printers, Scanners, Graphic and Video Cards
FPGA, CPU, Memory, GPU Core Supplies

General Description

The MIC21LV33 is a constant on-time, dual phase,
synchronous buck controller featuring a unique adaptive
on-time control architecture with HyperLight Load® and
phase shedding features enabled. The MIC21LV33
operates over an input supply range from 4.5V to 36V
and can be used to supply up to 50A of output current.
The output voltage is adjustable down to 0.6V with an
ensured accuracy of 1% at the FSB pin. The device
operates with programmable switching frequency from
100 kHz to 1 MHz per phase.

The Hyper Speed Control® architecture supports ultra-
fast transient response under medium to heavy loads.
The soft start is also programmable externally with a
capacitor, thus enabling safe start-ups into heavy loads.
The MIC21LV33 has a remote sense amplifier for
accurate output voltage control.

The MIC21LV33 offers a full suite of protection features
to ensure protection of the IC during Fault conditions.
These include undervoltage lockout to ensure proper
operation, programmable soft start to reduce inrush cur-
rent, overvoltage discharge, Hiccup mode short-circuit
protection and thermal shutdown.

The MIC21LV33 is available in a 32-pin 5 mm x 5 mm
VQFN package with a -40°C to +125°C operating
junction temperature range.

Package Type
MIC21LV33
32-Pin 5 mm x 5 mm VQFN* (ML)
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*Includes Exposed Thermal Pad (EP); see Table 3-1.
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MIC21LV33

Typical Application Circuit
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Application circuit based on Rpggn current sensing without temperature compensated ILIM, Phase Shedding and Droop.

Temperature compensation can be done using NTC resistors (refer to Section 4.0 “Functional Description”).
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MIC21LV33

Functional Block Diagram
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MIC21LV33

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings’

VINBO PGIND ...ttt bbb bt bbb bt e bttt e et ee bt eae et et enas -0.3V to +40V
VDDs OUTS 0 AGND ...ttt b ettt et e bt e bt et ea e et s ae e nbe e nenne s -0.3V to +6V
PVDD t0 PGIND ...ttt sttt h et b e e h et eh et eae et he et et eb et ne e -0.3V to +6V
L NV (o 72X € | TSRS -0.3V to (V|y + 0.3V)
SW1, SW2, CSP1, CSP2 t0 PGND .....oiiiieiiiiiieeie sttt sttt st e e e sae e steasneeenee e -0.3V to (V|y + 0.3V)
BST1 10 SW1, BST2 10 SWW2 ..ottt sttt ettt et e s e et e e s nteeseesseeenseesneeeneesseeeneeensee e -0.3V to 6V
DH1 to SW1, (] 2 (o TR 1 AT T VSW1,2 -0.3Vto VBST’],Z + 0.3V
ILms FREQ, SS, RIP_INJ, FBS, DROOP, PG, CSH, PSH, TEMP, DR to AGND ..........cccceevnennen. -0.3V to (Vpp + 0.3V)
o) QYA I (o X ] | SRR -0.3V to +14V
CSN1, CSN2, GFB, PGND 0 AGND.....cueiiiiiiiiieiee st stie et stee st et e et essaeeaeesteeeseeeseessaeenseensenneeen -0.3V to +0.3V
Maximum Junction TEMPErATUIE (T 5) . ...eeeueeiiiiiieeiie ettt ettt et r e et e bt s esbeenaneenrees +150°C
StOrage TEMPEIATUIE (Tg) . e uvieiueerrieitieeteee ettt ettt se e sr e s e e bt e en e e e e seneeneenre e -65°C to +150°C
Lead TEMPEIrAtUIE (TLEAD) +«+-reerrrerrreersremmueerrtateeaetateeateeareesteeeaseesaeeebeeaae e e bt e eaee e bt e sbne e st e neb e e neeeesneeabeeeaneenenanean +300°C
ESD RAUNGM (HBM) ..ottt ettt et et e e e et ee e e s s een et erees e ee e eeeeeeneen. 2000V
ESD RANG (1) (M)t ettt e et e et ee et et s et n et en e e en e 200V

Operating Ratings*

SUPPIY VOIRAGE (VN +vveereermrientieett ettt ettt ettt ettt et b et sh e et e e s b e et e e bt e e bt e eaeeeereesbeeenennee e 4.5V to 36V
PVDD, VDD PINVORAJE ... e s 4.5V to 5.5V
(O 18 IS 10 Y] c=To [T OSSO PP 0.6V to 5.5V
EXTVDD PiN VOIAGE ..ottt ettt ettt ettt et e eaeaeeeeeeaesaa e snssbsteseeeeaeeeeaesaaasnnnsnsnsnnen 0V to 13V
SW1, SW2, CSP1, CSP2 PiN VOIAGE .....ooiuiiiiieiiiiit ettt sttt ettt neenne e 0V to VN
ILms, FREQ, SS, RIP_INJ, FBS, DROOP, PG, CSH, PSH, TEMP, DR 10 AGND ......ccccceciiiiiiiiiiienceieeeee 0V toVpp
[ g R I | 2 (03X 1 PSPPSRI 0V toVpp
DH1 t0 SW1, DH2 10 SWW2 ...ttt sttt e ettt e sa e e e e bt e e sae e e s ebeeeeas e enseeesneeeensaeeenns 0V toVpp
ENabIe INPUL VOIAGE (VEN) -+t rvreerrrerrieriie ettt ettt ettt ettt ettt bttt e b e ettt e n e e bt e et eesaeeeere e 0V to VN
JUNCHON TEMPEIATUIE (T ). ccueiiiiieeiieetie ettt ettt ettt st e et sbeenan e e nbeeeaneenren e -40°C to +125°C

T Notice: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operational sections of this specification is not intended. Exposure to maximum rating conditions for
extended periods may affect device reliability.

1 Notice: The device is not ensured to function outside its operating ratings.

Note 1: Specification for packaged product only.
2:  Ppax) = (Tymax) — Ta)/6ya, where 6, depends upon the printed circuit layout.
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MIC21LV33

ELECTRICAL CHARACTERISTICS(!)

Electrical Characteristics: V| = 12V; Vot = 1.2V, fgy = 500 kHz/phase; Vst — Vg = 5V; Tp = +25°C; unless noted.
Boldface values indicate -40°C < T < +125°C.

Parameters Symbol ‘ Min. ‘ Typ. ‘ Max. ‘ Units ‘ Conditions

Power Supply Input

Input Voltage Range VN 4.5 — 36 \Y

Quiescent Supply Current Iq — | 5000 | 8000 MA  |Vggg=+1.5V, V) =36V

Shutdown Current Isp — 25 50 MA  |Power from V |\ = 36V,
Ve = OV

Vpp and EXTVDD

Vpp Voltage Range Vbp 4.8 5.1 5.4 vV  |V|N=6Vto 36V, lypp =20 mA
(Note 5)

Vpp Undervoltage Lockout Upper Vobuv R 3.7 4.2 4.5 V  |Vpp rising

Threshold

Vpp UVLO Hysteresis Vbbuv_HYs — 600 — mV  |Hysteresis

Vpp Regulation AVpp — 1 25 % |VIN =24V,
lypp from 1 mA to 40 mA
(Note 5)

Vpp Regulator Dropout Voltage VbRroP vDD — 0.8 1.05 vV |VIN=5.5Y, lypp =25 mA

EXTVDD Switchover Voltage Vso Evbp 4.5 4.7 4.9 VvV |V|\ =24V, EXTVDD rising,
lvpp = 40 mA

EXTVDD Switchover Voltage Vso Hys — 250 — mV  |Hysteresis

Hysteresis

EXTVDD Dropout Voltage VbRroP_EVDD — 250 — mV  |Vextvop = 5V, lypp =40 mA

EXTVDD Leakage Current I k_EvDD — 0.1 — MA  |VexTypp = 14V, Vgy = 0V

Soft Start

Soft Start Source Current ‘ Iss ‘ 0.9 ‘ 1.2 ‘ 1.7 ‘ MA ‘

DC-DC Regulator

Output Voltage Adjustable Range ‘ Vour ‘ 0.6 ‘ — ‘ 28 ‘ \% ‘Note 2

Reference and Remote Sensing Amplifier

Feedback Regulation Voltage VEBS-GFB 0.594| 0.6 | 0.606 V  |-40°C =T, < +125°C, measured
with EA in servo loop

FBS Bias Current IFgs — 2 — nA  |Vggg = +0.6V (Note 2)

GFB Bias Current IcFB — 12 — HA

Remote Sense Amplifier Gain GRrsa — 1.00 — VIV

Enable

Enable Upper Threshold Voltage VEN_TH 1.1 1.2 1.35 V  |Enable Rising

Enable Hysteresis VEN_HYs — 65 — mV

Enable Bias Current lEn — 100 200 nA  |Vgy =12V

Note 1:

Specification for packaged product only.

2: Ensured by design and characterization. Not production tested.

Measured in Test mode.

3:
4: The maximum duty cycle is limited by the fixed mandatory off-time of typically 360 ns.
5

Limited by maximum junction temperature T; = 125°C.
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MIC21LV33

ELECTRICAL CHARACTERISTICS!!) (CONTINUED)

Electrical Characteristics: V| = 12V, Vgoyt = 1.2V, fgyw = 500 kHz/phase; Vst — Vg = 5V; Ta = +25°C; unless noted.
Boldface values indicate -40°C < T; < +125°C.

Parameters Symbol ‘ Min. ‘ Typ. ‘ Max. ‘ Units ‘ Conditions

On Timer

Nominal Switching Frequency per |  fswnom_pH 450 500 550 kHz |V|y =12V, VoyuTts =5V,

Phase RFREQ =40.2 kQ

Minimum SWItChlng Frequency fSWM|N_PH — 100 — kHz V|N = 12V, VOUTS = 5V,

per Phase Rrreq = 200 kQ

Maximum Switching Frequency fswmax_pH — 800 — kHz |V|y=12V, VoyuTts =5V,

per Phase Rrreq = 25.5 kQ

Minimum On-Time ToNMIN — 60 — ns |Measured in application
(Note 2)

Minimum Off-Time ToFEMIN — 360 — ns |(Vggg =0V

Maximum Duty Cycle Dpax — 85 — %  |fsw =400 kHz per phase
(Note 4)

Minimum Duty Cycle DM|N — 0 — % VFBS =+1V (Note 2)

Current Limit

ILIM Source Current lcL 8.64 | 9.6 |10.56 MA

ILIM Source Current Tempco TCicL — 0 — | ppm/°C |Note 2

Nominal Current Limit Threshold ViLm_ TH 142 156 174 mV  |Rjm = 60.4 kQ

Voltage per Phase — 47 — mV  |Rjym = 105 kQ

— 250 — mV RILIM =21kQ

Negative Current Limit Threshold VILIM_NTH 60 75 90 mV  |Rjm = 60.4 kQ

Voltage

Zero-Crossing Detection

Zero-Crossing Detection Threshold Vzep TH ‘ -10 ‘ —4 ‘ -2 ‘ mV

Current Sharing Amplifier

CSH Operating Point VCSH_OP 1.154| 1.19 1.226 \% VCSN1 = VCSN2 = VCSP1 =
Vespe =0V

Current Sense Amplifier(s) Gain Gesa — 8 — VIV | As reflected on CSH pin and
DROORP pin

Current Sense Input Voltage Ves -120 | — +120 | mV |-40°C <T;=<+125°C

Range

Phase to Phase Current Balance Alpy — 5 — %  |Using equal sense resistors on

the bottom, equal inductances,
fSW =500 kHZ, V|N = 12V,
Vour =5V,

VCSP1-VCSN1 =-120 mV,
VCSP2 - VCSN2 =-120 mV

Note 1:

Specification for packaged product only.

2: Ensured by design and characterization. Not production tested.

QR

Measured in Test mode.
The maximum duty cycle is limited by the fixed mandatory off-time of typically 360 ns.
Limited by maximum junction temperature T; = 125°C.
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MIC21LV33

ELECTRICAL CHARACTERISTICS!!) (CONTINUED)

Electrical Characteristics: V| = 12V, Vgoyt = 1.2V, fgyw = 500 kHz/phase; Vst — Vg = 5V; Ta = +25°C; unless noted.
Boldface values indicate -40°C < T; < +125°C.

Parameters

Symbol

‘ Min. ‘ Typ. ‘ Max. ‘ Units ‘

Conditions

Adaptive Voltage Positioning (AVP), i.e., DROOP

Vproop at No Load VbRP NLOAD | — 10 — mV  |Measure DROOP voltage ~ 0V
when Vegpy—Vegng = 0V,
Vesp2 — Vosng = OV

VDROOP at Maximum Positive VDRP(PMAX) — 0.96 — \Y Measure DROOP Voltage ~1.2V

Range when
Vespt — Vesnt = =120 mV,
Vesp2 — Vogng = —120 mV

Ripple Injection

Ripple Injection Pulse Width trw(rI) — 100 120 ns

Ripple Injection Prepositioning Igias — 4.8 6 pMA  |Force VRyiping = OV,

Current Vgg = 0V, measure current

Injection Driver ON Resistance Rpsongng) — 50 — Q

Internal MOSFET Drivers

DHx On-Resistance, High State RoN DHH — 25 4.5 Q |lsoyrce = 0.1A

DHx On-Resistance, Low State RoN pHL — 1.6 3.2 Q |lgink =0.1A

DLx On-Resistance, High State RoN DLH — 25 4.5 Q |lsource =0.1A

DLx On-Resistance, Low State Ron bLL — 0.8 1.5 Q |lgnk =0.1A

SW, VIN and BST Leakage

BST Leakage ILEAK(BST) — — 10 [JA VIN =36V

VIN Leakage ILEAK(V|N) — — 50 HA V|N =36V

SW Leakage ILEAK(SW) — — 20 MA VlN =36V

Power Good (PG)

PG Threshold from Low to High VpG TH 83 88 93 | %Vour |VEss rising

PG Threshold Hysteresis VpG HYs — 7 — | %Vour |VEgs falling

PG Delay tb PG — 100 — us  |Vegsrising

PG Low State Voltage Vpg L — 70 200 mV  [Vegs < 90% x Vnowm:
lPG =1mA

PG Leakage Current ILEAK(PG) — — 100 nA |Vpg =5.5V

Phase Shedding

Phase Shedding Exit Threshold VpsH_ExIT 190 | 244 300 mV  |Vpgy = 0.96V, Vproop ramp-up
(Note 3)

Phase Sheddlng Entry Threshold VPSH_ENTRY 150 195 240 mV VPSH =0.96V, VDROOP
ramp-down (Note 3)

DROOP High-to-Low Transition tTRAN_HL — 30 — pus  |MIC21LV33 sheds the

Time secondary; moving Vpgy TH
from high to 0 mV, the delay of
the action is measured

PSH Current IpsH 9 10 11 MA

PSH Current Tempco TCipsH — 0 — | ppm/°C |Note 2

Note 1:

Specification for packaged product only.

2: Ensured by design and characterization. Not production tested.

3: Measured in Test mode.

4: The maximum duty cycle is limited by the fixed mandatory off-time of typically 360 ns.
5: Limited by maximum junction temperature T; = 125°C.
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MIC21LV33

ELECTRICAL CHARACTERISTICS!!) (CONTINUED)

Electrical Characteristics: V| = 12V, Vgoyt = 1.2V, fgyw = 500 kHz/phase; Vst — Vg = 5V; Ta = +25°C; unless noted.
Boldface values indicate -40°C < T; < +125°C.

Parameters Symbol Min. | Typ. | Max. | Units Conditions

Output Overvoltage Protection (DR)

OVP Threshold Vovp_TH 0.64 | 0.67 | 0.69 V  |OVP is activated after UVLO
goes high and Vgg soft start

OVP Deglitch Timer tDEGLITCH — 12 — us

DR Output High Rpson RoN_DRH — 30 — Q |Ipr=10mA

DR Output Low Rpson RON_DRL — 25 — Q Ipr =10 mA

DR Rise Time tR DR — 160 — ns |CLoap =1 nF (Note 2)

Temperature Sense

Thermal Sense Gain Gts — 6 — | mV/°C

Thermal Sense Offset Voltage Vos Ts — 1.8 — V  |ViN=Vpp =5V (Note 2)

Thermal Sense Nonlinearity TsnL — 16 — °C  |TEMP =-40°C to +125°C,
ensured by design and
measured at characterization

Thermal Shutdown

Thermal Shutdown Threshold Tsp — 160 — °C |T,Rising (Note 2)

Thermal Shutdown Hysteresis Tsp Hys — 20 — °C  |Note 2

Note 1:

Specification for packaged product only.
2: Ensured by design and characterization. Not production tested.

3: Measured in Test mode.
4: The maximum duty cycle is limited by the fixed mandatory off-time of typically 360 ns.
5

Limited by maximum junction temperature T; = 125°C.
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MIC21LV33

TEMPERATURE SPECIFICATIONS

Parameters Symbol ‘ Min ‘ Typ. ‘ Max. ‘ Units ‘ Conditions
Temperature Ranges
Operating Junction Temperature Range T, -40 — +125 °C Note 1
Maximum Junction Temperature T,ABSMAX) — — +150 °C
Storage Temperature Ts -65 — +150 °C
Lead Temperature TLEAD — — +300 °C | Soldering, 10s
Package Thermal Resistance
Thermal Resistance, 5 mm x 5 mm, 0,c — 2 — °C/W |Junction to Case
32-Lead VQFN
Thermal Resistance, 5 mm x 5 mm, CRTN — 34 — °C/W | Junction to Ambient
32-Lead VQFN

Note 1: The maximum allowable power dissipation is a function of ambient temperature, the maximum allowable
junction temperature and the thermal resistance from junction to air (i.e., Ta, T, 04). Exceeding the
maximum allowable power dissipation will cause the device operating junction temperature to exceed the
maximum +125°C rating. Sustained junction temperatures above +125°C can impact the device reliability.
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MIC21LV33

2.0

TYPICAL PERFORMANCE CURVES

Note:

The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore, outside the warranted range.
The following curves are obtained in the typical application board with Rggnsg EVB number
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MIC21LV33

Note: Unless otherwise indicated, V|y = 12V; Voyt = 1.5V, fg = 500 kHz/phase; Vggt — Vgw = 5V; Tp = +25°C.
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MIC21LV33

Note: Unless otherwise indicated, V|y = 12V; Voyt = 1.5V, fg = 500 kHz/phase; Vggt — Vgw = 5V; Tp = +25°C.
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Temperature.
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MIC21LV33

Note: Unless otherwise indicated, V|y = 12V; Voyt = 1.5V, fg = 500 kHz/phase; Vggt — Vgw = 5V; Tp = +25°C.
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MIC21LV33

Note: Unless otherwise indicated, V|y = 12V; Vgyr = 1.5V; fgw = 500 kHz/phase; Vggt — Vgw = 5V; Ta = +25°C; Cgg

= 20nF.
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FIGURE 2-25:
Temperature.
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Temperature.
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FIGURE 2-27:

Soft Start with Enable

(Vin =12V, loyt = 0A).
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FIGURE 2-28: Soft Start with Enable
(Vin =12V, loyt = 5A).
Ven | f Vin=24V ¢
5Vidiv [T Vour =5V .|
¢ . lour=0A |
¢ oii: Ta=25°C:
Vswi
20V/div (3%,
Vout
2Vidiv
NI oL
o S —
: 2 ms/div ;
FIGURE 2-29: Soft Start with Enable

(Vin =24V, loyt = 0A).
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FIGURE 2-30: Soft Start with Enable

(Vin = 24V, loyt = 5A).
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MIC21LV33

Note: Unless otherwise indicated, V|y = 12V; Vgyr = 1.5V; fgw = 500 kHz/phase; Vggt — Vgw = 5V; Ta = +25°C; Cgg

= 20nF.
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louT = 0A
...... oL onE-
IL1
10A/div 3
I2 I
10A/div Dl 4 msidiv
FIGURE 2-31: Pre-Bias Start-up

(V/N = 12\/, VOUT = 15\/, VPREBIAS = 05\/)
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FIGURE 2-32:

Current Limit per Phase.

FIGURE 2-35:
Phasing (loyt = 0A).

Switching Waveforms

Vour
2v/idiv [T}

Vswi | |
10V/div 3§

Vsw2
10Vidiv |-

\

“Noyr=5V. .. ..
Vour Short to GND

s o]

In 7
5A/div

4 ms/div

FIGURE 2-33:
(V/N = 12V)

Vout Short and Recovery

] T
P— [t ] huu 1 — — -
BE 4
10Vidiv | L
Vsw2 :
10v/idiv B
e |
5A/div (3] 1/ ™
2 ’
5Aidiv ] Vour=5vV i 1
!QUT =10A 4 pstidiv :
FIGURE 2-36: Switching Waveforms

Phasing (Ioyt = 10A).
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MIC21LV33

Note: Unless otherwise indicated, V|y = 12V; VouT = 1.5V, fgw = 500 kHz/phase; Vggt — Vgw = 5V; Tp = +25°C ; Cgg
= 20nF.
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FIGURE 2-37: Load Transient without FIGURE 2-40: Load Transient with Droop
Droop (Vi =12V, loyr= 1A to 11A). (Vin = 24V, loyr= 1A to 11A).
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FIGURE 2-38: Load Transient without FIGURE 2-41: Load Transient with HLL
Droop (V/N =24V, IOUT_ 1A to 17A) Mode (V/N =12V, IOUT_ 1A to 11A)
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FIGURE 2-39: Load Transient with Droop FIGURE 2-42: Load Transient with HLL
(Vin =12V, loyr= 1A to 11A). Mode (Viy = 24V, loyr = 1A to 11A).
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Note: Unless otherwise indicated, V|y = 12V; Vgyr = 1.5V; fgw = 500 kHz/phase; Vggt — Vgw = 5V; Ta = +25°C; Cgg
= 20nF.
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FIGURE 2-45: Power-up W/th V,N and 1 2A FIGURE 2-48: Thermal Shutdown
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Note: Unless otherwise indicated, V|y = 12V; Vgyr = 1.5V; fgw = 500 kHz/phase; Vggt — Vgw = 5V; Ta = +25°C; Cgg

= 20nF.
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FIGURE 2-49:

Switching Waveforms

Phasing and Current Sharing with Rpson
Sensing (V/N =12V, VOUT =15V, IOUT = OA)

FIGURE 2-50:
Phasing and Current Sharing with Rpson
Sensing (VIN = 12\/, VOUT = 15\/, IOUT = 40A)

Switching Waveforms
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3.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 3-1.

PIN FUNCTION TABLE

TABLE 3-1:

Pin
Number

Symbol

Description

1

CSN2

Current Sense Return pin for Phase 2. Connect Kelvin connection from the low-side FET
source to CSN2 to avoid ground drops due to high current.

CSP2

Current Sense Positive pin for Phase 2. Connect Kelvin connection from the low-side FET
drain to CSP2 to avoid ground drops due to high current.

CSN1

Current Sense Return pin for Phase 1. Connect Kelvin connection from the low-side FET
source to CSN1 to avoid ground drops due to high current.

CSP1

Current Sense Positive pin for Phase 1. Connect Kelvin connection from the low-side FET
drain to CSP1 to avoid ground drops due to high current.

ILIM

Current Limit Adjust Input pin. Connect a resistor from ILIM to AGND to set the current limit.
Refer to Section 4.5.4 “Current Limit” for more details. Both channels share same current
limit threshold.

CSH

Average Current Sense Voltage Output pin. Used for current sharing; see Section 4.5.1
“Current Balancing between Phases”, Section 4.5.11 “Adaptive Voltage Positioning
(AVP), Also Known as Droop Function (Recommended for CCM Only)” and

Section 4.5.13 “Telemetry Knobs”. Connect 100 pF from CSH to AGND.

EN

Active-High Enable Input pin. 36V compatible with 1.2V precise threshold. Pull EN to GND
to disable the buck converter output. Connect to VIN for always on operation. EN can be
used for power sequencing and as a UVLO adjustment input. For a precision UVLO, put an
appropriate sized resistor divider from VIN to AGND and tie the midpoint to the EN pin.

VIN

Input Voltage to Controller pin. Connect to VIN through 1.21Q resistor. Connect 1 yF
capacitor from this pin to PGND.

VDD

5V LDO Output pin. Bias supply for the MIC21LV33 control logic circuit. Connect a minimum
2.2 yF low-ESR ceramic capacitor from VDD to AGND.

10

AGND

Analog Ground pin. Reference node for all control logic circuits inside the MIC21LV33.
Connect AGND to PGND at one point.

11

EXTVDD

Auxiliary LDO Input pin. Connect to a supply higher than 4.7V (typ.) to bypass the internal
high-voltage 5V LDO or leave unconnected/connect to ground when the EXTVDD pin is
not used. Connect a 2.2 uF low-ESR ceramic capacitor between EXTVDD and AGND.
EXTVDD can be connected to an external supply.

12

PSH

Phase Shedding Threshold Programming pin. Connect a resistor from PSH to AGND. The
voltage drop across the resistor decides the phase shedding threshold.

13

TEMP

Die Junction Temperature Sense Output pin from Internal Diode. Connect a 1 yF capacitor
from the TEMP pin to AGND.

14

ouTs

Output Voltage Sense pin. It is required to connect the OUTS pin to output through a 10 kQ
resistor and decouple to ground with a 100 nF capacitor for Vo1 < 5V. For Vo1 > 5V, itis
required to connect the OUTS pin through a resistive divider from Vg1 to AGND. The OUTS
pin will set the correct frequency adaptive to output voltage.

15

DR

Gate Driver Output pin for Output OVP Discharge MOSFET. One single event of overvoltage
over the OVP upper threshold for a duration longer than 12 uys sets DR = High. The
MIC21LV33 has to be restarted by EN or VIN cycling.

16

BST1

Phase 1 Bootstrap Capacitor and Diode Connection pin. BST1 pin is the supply voltage input
for the Phase 1 high-side MOSFET driver. Connect a 0.1 yF low-ESR ceramic capacitor
between the BST1 pin and the SW1 pin. Connect the cathode of an extern