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MICROCHIP

MIC21LV32

36V Dual Phase,Advanced COT Buck Controller
Stackable for Multiphase Operation

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

» Novel Ripple Injection Method to Allow Greater
than 50% Duty Cycle Operation

* Operates in CCM, Stackable for Multiphase
Operation up to Eight Phases

 Accurate Current Balancing Between Phases

» Accurate 180° Phasing of Outputs

* 100 kHz to 1 MHz Switching Frequency per Phase
+ 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 MIC21LV32 is a constant on-time, dual phase
synchronous buck controller featuring a unique adaptive
on-time control architecture with stackable feature up to
eight phases. The MIC21LV32 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 FBS pin. The device operates with program-
mable 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 MIC21LV32 has a remote sense amplifier for
accurate output voltage control.

The MIC21LV32 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, Hiccup mode short-circuit protection and thermal
shutdown.

The MIC21LV32 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
MIC21LV32
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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MIC21LV32

Typical Application Circuits
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Application circuit based on Rpgop current sensing without temperature compensated ILIM and Droop.
Temperature compensation can be done using NTC resistors (refer to Section 4.0 “Functional
Description”).
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MIC21LV32
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MIC21LV32 Connected in 4-Phase Configuration
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MIC21LV32

Functional Block Diagram
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MIC21LV32

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings’

VINTO PGIND ..ttt bbb et ettt e et a et r b e e -0.3V to +40V
VDD, OQUTS 0 AGND ...ttt ettt ettt ettt h et a e eb e bt bt e h b et sa b et et b b e -0.3V to +6V
PVDD T0 PGND ...ttt ettt a bbbttt h e r e b e b b e e et et e -0.3V to +6V
EIN O AGIND ...ttt ettt ettt ettt et et e et e eae e et eae e eaeeneeeaeeneeeaeeneeeRe e eeeneenereenneeeeenee e -0.3V to (V|y + 0.3V)
SW1, SW2, CSP1, CSP2 10 PGIND ..ottt eeaeenee e e sneeeesaeenneeneas -0.3V to (V|y + 0.3V)
BST1 10 SW1, BST2 10 SW2 ..ottt ettt e st e e e s ee e eeseeeneeeee e eeeneeneeemnneeneeaneaneenenas -0.3V to 6V
DH1 t0 SW1, DH2 10 SW2 ... ettt e e e s -0.3V to (VgsTtx -Vawx + 0.3V)
I, vy FREQ, SS, RIP_INJ, FBS, DROOP, PG, CSH, NPI, APO, ONR to AGND ........cccceevinernnnne -0.3V to (Vpp *+ 0.3V)
EXTVDD t0 AGND ...ttt ettt ettt e eae e et eae e st eaeeeaeeaeesaeemeesaeaneeemeeneeaseenseaseenseaneenseeeseaneeaneennesnean -0.3V to +14V
CSN1, CSN2, GFB, PGND 0 AGND........ciitiitieiieieie ettt e e eae e te e e eaeeneeaaeeneeseeaneeseeeeaeees -0.3V to +0.3V
Maximum Junction TEMPErature (T ) ......ccooioiii e e s s +150°C
Storage TeMPEIAtUIE (Tg) ... o riuieiur et s e e s ee e e e e e e e ae e -65°C to +150°C
Lead TemMPErature (TLEAD) -+« - eereerererreririii et s e b s bbb sa b s e +300°C
ESD RANGM(HBM) ..o e 2000V
ESD RAtNG (NIMM) ... 200V

Operating Ratings*

SUPPIY VORAGE (VIN) e e e e e s s e e e ee e e s e e e e e e e e 4.5V to 36V
PVDD, VDD PINVOIRAGE ...t 4.5V to 5.5V
LU IS Ty Vo] = o =SSRV RTPRUPRPPN 0.6V to 5.5V
EXTVDD PN VORAJE .....ceoieiiieeiee ettt ettt e ea e et e san e e e ab e e e enn e e e nanee 0V to 13V
SW1, SW2, CSP1, CSP2 PiN VOIAGE. ... . eeieeiiie ettt et e sttt e e st e e s nee e e snaeaeanteeesaneeaesnneeeansaeennes 0V to V|y
ILIM, FREQ, SS, RIP_INJ, FBS, DROOP, PG, CSH, NPI, APO, ONR to AGND........cccceeeeiriiiieieenieeieeieee 0V to Vpp
DLT, DL2 10 AGND......ciiitii ittt ettt ettt e b e a ettt e b et e bt e b e e e ab e e bt e shb e et e e ehe e e aba b e e shbeenbeesabeenneennbeen 0VtoVpp
DHT 10 SW, DH2 10 SW2 ...ttt ettt b e bttt b et et e e ebe e s e b e e sbe e sabeb e e sbe e anbeenaeeenbeea 0VtoVpp
Enable INPUt VOIAGE (VEN) -+ eervreeerieeieiieiie ettt s s e e e s e e ee s oo e nesae e eeenneene e 0V to V|y
Junction Temperature(? (T ) et e e -40°C to +125°C

1 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:  Ppmaxy = (Tymax) — Ta)O,a, where 0,5 depends upon the printed circuit layout.
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MIC21LV32

ELECTRICAL CHARACTERISTICS(1)

Electrical Characteristics: V|\ = 12V; Voyt = 1.2V; fg\y = 500 kHz/phase; Vgst — Vsw = 5V; Ta = +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 VIN 4.5 — 36 \%

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

Shutdown Current Isp — 25 50 MA VN =36V, Vg =0V

Vpp and EXTVDD

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

Vpp Undervoltage Lockout Upper | Vppyy 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 | Vprop vbD — 0.8 1.05 Vo |ViN=5.5V, lypp =25 mA

EXTVDD Switchover Voltage Vso Evbb 4.5 4.7 4.9 VvV  [VN =24V, EXTVDD rising,
lypp =40 mA

EXTVDD Switchover Voltage Vso Hys — 250 — mV  |Hysteresis

Hysteresis

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

EXTVDD Leakage Current ILK_EVDD — 0.1 — MA  |VexTvop = 14V, Vey = OV

Soft Start

Soft Start Source Current | Iss | 0.9 | 1.2 1.7 | HA |

DC-DC Regulator

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

Reference and Remote Sensing Amplifier

Feedback Regulation Voltage Vegs.grs | 0.594 | 0.6 0.606 V  [-40°C < T;<£+125°C, measured
with EAin servo loop

FBS Bias Current leBs — 2 — nA |Vggs = +0.6V (Note 2)

GFB Bias Current lgFB — 12 — MA

Remote Sense Amplifier Gain Grsa — 1.00 — VIV

Enable

Enable Upper Threshold Voltage VEN TH 1.1 1.2 1.35 \% Enable rising

Enable Hysteresis VEN_HYS — 65 — mV

Enable Bias Current len — 100 200 nA  [Vegy =12V

Note 1:

Measured in Test mode.

Specification for packaged product only.
2: Ensured by design and characterization.

Not production tested.

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.

DS20006513B-page 6
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MIC21LV32

ELECTRICAL CHARACTERISTICS!!) (CONTINUED)

Electrical Characteristics: V|\ = 12V; Voyt = 1.2V; fg\y = 500 kHz/phase; Vgst — Vsw = 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 fswnom pH | 450 500 550 kHz |V|in=12V, Voyrs =5V,

per Phase Rrreq = 40.2 kQ

Minimum Switching Frequency fswMmIN PH — 100 — kHz |V|Ny=12V, Vours =5V,

per Phase - Rrreq = 200 kQ

Maximum Switching Frequency | fsywwmax PH — 800 — kHz |V|Ny=12V, Vours =5V,

per Phase - Rrreq = 25.5 kQ

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

Minimum Off-Time TOFFMlN —_ 360 —_ ns VFBS =0V

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

Minimum Duty Cycle Dmin — 0 — %  |Vegs = +1V (Note 2)

Current Limit

ILIM Source Current loL 8.64 9.6 10.56 MA

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

Coefficient

Nominal Current Limit Threshold ViLm_TH 142 156 174 mV  |Ryym = 60.4 kQ,

Voltage per Phase _ 47 _ mv  |Rium =105 kQ,

— 250 — mv R|L|M =21kQ

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

Voltage

Current Sharing Amplifier

CSH Operating Point VCSH_OP 1.154 1.19 1.226 V VCSN1 = VCSN2 = VCSP1 =
Vespz = OV

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

Current Sense Input Voltage Vcs -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,
VOUT =5V, fSW =500 kHz,
VlN = 12V,
Vesp1 — Vesni=—120 mV,
Vesp2 — Vesng= —120 mV

MIC21LV32 to MIC21LV32 Alpy pev — 8 — % |In stacking applications

Current Balance -

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.

© 2021-2022 Microchip Technology Inc. and its subsidiaries
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MIC21LV32

ELECTRICAL CHARACTERISTICS!!) (CONTINUED)

Electrical Characteristics: V|\ = 12V; Voyrt = 1.2V; fg\y = 500 kHz/phase; Vgst — Vsw = 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 Vegp1—Vesnt = 0V,
Vespz — Vesnz = 0V
Vproop at Maximum Positive VDRP(PMAX) — 0.96 — V  [Measure DROOP voltage
Range ~1.2V when
Vespt — Vesng =-120 mV,
Vespz — Vosng =-120 mV
Ripple Injection
Ripple Injection Pulse Width trw(rIy — 100 120 ns
Ripple Injection Prepositioning IgiaS — 4.8 6 MA  |Force VRiping = OV, Vgg = 0V,
Current measure current
Injection Driver On-Resistance Rbson(ng — 50 — Q
Internal MOSFET Drivers
DHx On-Resistance, High State RoN_DHH — 25 4.5 Q Isource = 0.1A
DHx On-Resistance, Low State RoN_DHL — 1.6 3.2 Q Isink = 0.1A
DLx On-Resistance, High State RoN_pLH — 25 4.5 Q Isource = 0.1A
DLx On-Resistance, Low State RoN pLL — 0.8 1.5 Q Isink = 0.1A
SW, VIN and BST Leakage
BST Leakage lLEAK(®BST) — — 10 MA V)N =36V
VIN Leakage ILEAK(VIN — — 50 MA |V =36V
SW Leakage lLEAK(SW) — — 20 MA |V)y =36V
Power Good (PG)
PG Threshold from Low-to-High Vb TH 83 88 93 | %Vourt |Vegs rising
PG Threshold Hysteresis VG Hys — 7 — | %Vour |VEss falling
PG Delay b pg — 100 — ps  |VEgs rising
PG Low State Voltage Vee L — 70 200 mV  [Vegs < 90% X Vnows
lpg =1 mA
PG Leakage Current ILEAK(PG) — — 100 nA |Vpg =5.5V
Stackability APO, NPI, ONR
High-Level Input Voltage for NPI ViHNPI 2.0 — — V  [Current = 0.5 mA
Low-Level Input Voltage for NPI ViLnpiy — — 0.8 V  [Current = 0.5 mA
High-Level Output Voltage for APO|  Voapoy — 4.7 — V  |Current=0.5mA
Low-Level Output Voltage for APO | Vo (apo) — 0.25 — V  [Current = 0.5 mA
High-Level Output for ONR VOH(ONR) — 4.5 — V  [Current = 0.5 mA
Low-Level Output for ONR VoL(ONR) — 0.25 — V  |Current=0.5mA
Leakage Current ILEAK — — 1 MA  [Vpp =5V
ONR Short Current ISHT(ONR) — 5.8 — mA

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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MIC21LV32

ELECTRICAL CHARACTERISTICS!!) (CONTINUED)

Electrical Characteristics: V|\ = 12V; Voyt = 1.2V; fg\y = 500 kHz/phase; Vgst — Vsw = 5V; Ta = +25°C, unless noted.
Boldface values indicate 40°C < T, < +125°C.

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

TEMPERATURE SPECIFICATIONS

Parameters Symbol | Min. | Typ. | Max. | Units | Conditions
Temperature Ranges
Operating Junction Temperature Range T, —40 — +125 °C |Note1
Maximum Junction Temperature T J(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, CETN — 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, ©;4). 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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MIC21LV32

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.

Note: Unless otherwise indicated, V|y = 12V; Vgoyt = 1.5V, fg\y = 500 kHz/phase; Vggt — Vg = 5V; Tp = +25°C.
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MIC21LV32

Note: Unless otherwise indicated, V|y = 12V; Voyt = 1.5V; fgyw = 500 kHz/phase; Vggt — Vg = 5V; Tp = +25°C.
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Note: Unless otherwise indicated, V|y = 12V; Vgoyt = 1.5V; fgy = 500 kHz/phase; Vggt — Vg = 5V; Tp = +25°C.
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MIC21LV32

Note: Unless otherwise indicated, V|y = 12V; Vgoyt = 1.5V; fsw = 500 kHz/phase; Vggt — Vgw = 5V; Ta = +25°C; Cgg
= 20nF.
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Note: Unless otherwise indicated, V|y = 12V; Vgyt = 1.5V; fsw = 500 kHz/phase; Vggt — Vg = 5V; Ta = +25°C; Cgg
= 20nF.
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Note: Unless otherwise indicated, V |y = 12V; Vout = 1.5V; fgw = 500 kHz/phase; Vgst — Vsw = 5V; Tp = +25°C; Cgg

= 20nF.
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Note: Unless otherwise indicated, V|y = 12V; Vgyt = 1.5V; fsw = 500 kHz/phase; Vggt — Vg = 5V; Ta = +25°C; Cgg
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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 4.5.2 “Current Limit” for more details. Both channels share the same
current limit threshold. When connected in a stackable application, all ILIM pins tied together,
sharing common resistor sized for voltage drop, corresponding to current limit per phase.

CSH

Average Current Sense Voltage Output pin. Used for current sharing; see Section 4.5.1
“Current Balancing Between Phases” and Section 4.5.9 “Adaptive Voltage Positioning
(AVP), also Known as Droop Function (Recommended for CCM Only)”. Connect 100 pF
capacitor from CSH to AGND. In stackable application, tie all CSH pins together.

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
appropriately 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 pF
capacitor from this pin to PGND.

VDD

5V LDO Output pin. Bias supply for the MIC21LV32 control logic circuit. Connect a minimum
2.2 uF low-ESR ceramic capacitor from VDD to AGND.

10

AGND

Analog Ground pin. Reference node for all control logic circuits inside the MIC21LV32.
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/connected to ground when the EXTVDD pin is
not used. Connect a 2.2 yF low-ESR ceramic capacitor between EXTVDD and AGND.
EXTVDD can be connected to an external supply.

12

NPI

Next Phase Input pin. Connect APO of previous MIC21LV32 to NPI for multiphase operation.

13

APO

Active Phase Output pin. Connect APO to the next MIC21LV32 NPI pin for multiphase
operation.

14

ONR

On-Time Request pin. It is an input or an output pin. Connect the ONR pins of all MIC21LV32
devices connected for multiphase operation. It is an output for the host and an input for the
secondaries. The ONR output on the host has a pull-up capability of ~1 kQ. When FBS is
connected to VDD, it is an input (secondary).

15

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 directly for Vot < 5V. For

Vout > 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 the output voltage.

16

BST1

Phase 1 Bootstrap Capacitor and Diode Connection pin. The BST1 pin is the supply voltage
for the Phase 1 high-side MOSFET driver. Connect the cathode of an external Schottky
diode to the BST1 pin and the anode of the Schottky diode to PVDD. Connect a 0.1 yF
low-ESR ceramic capacitor between the BST1 pin and the SW1 pin.

17

DH1

Phase 1 High-Side Gate Driver Output pin. Connect DH1 to the Phase 1 high-side
MOSFET gate.

© 2021-2022 Microchip Technology Inc. and its subsidiaries DS20006513B-page 17



MIC21LV32

TABLE 3-1: PIN FUNCTION TABLE (CONTINUED)
Pin e
Number Symbol Description

18 SWi1 Phase 1 Switch Node Output pin. Connect one terminal of the Phase 1 inductor to the SW1
node.

19 DL1 Phase 1 Low-Side Gate Driver Output pin. Connect DL1 to the Phase 1 low-side MOSFET gate.

20 PGND | Power Ground pin. PGND is the return path for the low-side MOSFET current and for the
low-side MOSFET driver. Connect all the PGND pins together and connect to the power
ground plane.

21 PVDD |PVDD is Supply pin for the Low-Side MOSFET Driver. Connect to VDD through a 2.2Q
series resistor. Connect a minimum 4.7 pyF low-ESR ceramic capacitor from PVDD to PGND.

22 DL2 Phase 2 Low-Side Gate Driver Output pin. Connect DL2 to the Phase 2 low-side MOSFET gate.

23 SW2 Phase 2 Switch Node Output pin. Connect one terminal of the Phase 2 inductor to the SW2
node.

24 DH2 Phase 2 High-Side Gate Driver Output. Connect DH2 to the Phase 2 high-side MOSFET gate.

25 BST2 Phase 2 Bootstrap Capacitor and Diode Connection pin. The BST2 pin is the supply voltage
input for the Phase 2 high-side MOSFET driver. Connect the cathode of an external Schottky
diode to the BST2 pin and the anode of the Schottky diode to PVDD. Connect a 0.1 yF
low-ESR ceramic capacitor between the BST2 pin and the SW2 pin.

26 PG Open-Drain Power Good Output pin. PG is pulled to ground when the output voltage is below
80% of the target voltage. Pull-up to VDD through a 10 kQ resistor to set logic high level
when the output voltage is above 90% of the target voltage.

27 RIP_INJ | Ripple Injection Node pin. Connect series RC network from the RIP_INJ pin to FBS for
injecting sufficient ripple for stable operation. Also connect a prepositioning resistor from this
pin to GND, which sets the RIP_INJ pin voltage to its steady-state value. There is a 4.8 yA
pull-up current when High-Z to preposition the common point of Ry and Cyy-

28 FBS Remote Feedback Input pin. Connect to the midpoint of a resistor divider from the output
voltage to GFB to set the desired output voltage. Connect the FBS pin to VDD to configure
MIC21LV32 as secondary in multiphase configuration.

29 GFB Ground Feedback Remote Sense pin. Connect Kelvin sense directly across the output
capacitor ground through the low-side FB resistor ground connection.

30 SS Soft Start Adjustment pin. Connect a capacitor from the SS pin to AGND to adjust the soft
start time. See more details in Section 4.5.5 “Soft Start”. Connect an optional resistor
across the SS pin to AGND for overshoot reduction during soft start.

31 FREQ |Frequency Programming Input pin. Connect to ground through a resistor set to the same
switching frequency for each phase.

32 DROOP | Analog Output DROOP pin. This pin is for implementing the “Adaptive Voltage Positioning”
feature. Connect a resistor from the DROOP pin to the feedback resistor divider. The
DROOP voltage is proportional with inductor current for load currents greater than OA.

— EP Exposed Pad pin. Connect it to AGND.

DS20006513B-page 18
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4.0 FUNCTIONAL DESCRIPTION

41 Control Architecture

The MIC21LV32 is an adaptive on-time, dual phase,
synchronous step-down DC/DC controller. It is designed
to operate over a wide 4.5V to 36V input voltage range
and provides a regulated output voltage at up to 50A of
output current. An adaptive on-time control scheme is
employed in order to obtain a constant switching
frequency and simplify the control compensation.

The MIC21LV32 has a differential remote sense ampli-
fier with unity gain for sensing output voltage. The
amplifier helps regulate the output voltage at target
level over the entire load range by avoiding parasitic
voltage drops on the PCB. The output of the differential
amplifier will be used as output voltage to the controller.
The output voltage is sensed across the MIC21LV32
device’s feedback remote sense FBS pin and ground
feedback remote sense GFB pin via the voltage divider,
and compared to a 0.6V Reference Voltage, Vrgr, at a
low-gain transconductance (g,,) amplifier. The output
of the g, amplifier, Vg, is then further compared with
another 1.2V reference, VRrer com. at the error
comparator. If the feedback voltage decreases and the
output of the g,,, amplifier is below 1.2V, then the error
comparator will trigger the control logic and generate
an on-time period. The on-time period length is prede-
termined by the Tonq and Tono generation circuitries
for Phase 1 and Phase 2, respectively.

EQUATION 4-1:

T _ VYour
ONEST) ™ T/ w71
ESD = Vin > fow
Where:
Vour = Output Voltage

Vi;y = Power Stage Input Voltage

few = Switching Frequency of Each Phase

The internal logic starts maintaining the same switching
frequency and phasing for each phase (180° for two
phases; for stackable applications, 90° for four phases;
60° for six phases; 45° for eight phases).

Figure 4-1 shows the MIC21LV32 control loop timing
during steady-state operation. During steady-state
operation, the g,, amplifier senses the feedback volt-
age ripple, which is proportional to the output voltage
ripple and the external ripple from the RIP_INJ pin,
injected to the FBS node at the turn-on instant of each
phase. When the output of the g,, error amplifier falls
below the reference voltage, an on-time period is
triggered. The on-time of Phase 1 is determined by the
Ton1 generator. The Phase 1 Topnq generator also
includes current sharing error between phases. The
Phase 1 high-side driver turns on the Phase 1 high-side
FET during Ton4¢. The Phase 1 high-side FET turn-off
instant depends on both the Ty estimation and current

sharing error. At the end of Phase 1 Tgy4, the internal
high-side driver turns off the Phase 1 high-side FET
and the low-side driver turns on the Phase 1 low-side
FET. The Phase 1 off-time period length depends upon
the feedback voltage error in the next cycle for
Phase 1. When the output of the g,,, error amplifier falls
below the reference voltage in the second cycle, the
Phase 2 on-time period is triggered. The on-time of
Phase 2 is determined by the Tono generator. The
Phase 2 Toyo generator also includes current sharing
error between phases. The Phase 2 high-side driver
turns on the Phase 2 high-side FET during Tono. The
high-side FET turn-off instant depends on both the Ty
estimation and current sharing error. At the end of
Phase 2 Ty, the internal high-side driver turns off the
Phase 2 high-side FET and the low-side driver turns on
the Phase 2 low-side FET. The duration of the Phase 2
off-time period depends upon the feedback voltage
error in the next Phase 2 cycle. The above cycles
repeat in a daisy-chain ring, and both phases support
the load current alternately and maintain output volt-
age. In steady state, Ton1 = Tong, Torr1 = Torre and
this way, the resulting phase difference is 180 degrees.
For a stackable configuration of four phases in a similar
way, Tont = Tonz = Tons = Tong @nd Torr1 = Torrz =
= Torrs = TorrFs generates a 90 degree phasing.

If the off-time period determined by the feedback volt-
age is less than the Minimum Off-Time, TorrmiNy,
which is about 360 ns, then the MIC21LV32 control
logic will apply the Torrquiny instead to either phase.
The minimum Topruiny Period is required to maintain
enough energy in the Boost Capacitor (Cgg) to drive
the high-side MOSFET.

The maximum duty cycle is obtained from the 360 ns
TorFMINY:

EQUATION 4-2:
Ts—Torrminy 360 ns
Dyax = =1-
T T
Where:
Ts = 1ffsw

It is not recommended to use the MIC21LV32 with an
off-time close to Torrgviny during steady-state opera-
tion. Equation 4-2 should be used to choose the Tg for
a lower switching frequency when the Dyax is reached,
if VIN is very close to VoyT, knowing that the buck
converter duty cycle equals Vo divided by V|y.

The actual on-time and the resulting switching
frequency will vary with the part—to—part variation in the
rise and fall times of the external MOSFETSs, the output
load current and the variations in the Vpp voltage. Also,
the minimum toy results in a lower switching frequency
in high Vy to Voyt applications, such as 28V to 1.0V.
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FIGURE 4-1: Steady-State Operation (FB
Ripple Shows Injected and ESR Ripple Only,
Reactive Impedances Neglected).

Figure 4-2 shows the operation of the MIC21LV32
during load transient. The output voltage drops due to
the sudden load increase, which causes the Vggg to
decrease and the output voltage of the g, amplifier,
Vgm, to be less than Vrer com- This will cause the
error comparator to trigger an on-time period. At the
end of the on-time period, a Minimum Off-Time,
Torr(miN), is generated to charge Cgsr, since the feed-
back voltage is still below Vggg. Then, the next on-time
period is triggered and applies Dyax due to the low
feedback voltage. Therefore, the switching frequency
changes during the load transient to deliver Dy ax and
zero duty cycle when high-current load disappears for
both phases, but returns to the nominal fixed frequency
once the output has stabilized at the new load current
level. With the varying duty cycle and switching
frequency, the output recovery time is fast and the
output voltage deviation is small in the MIC21LV32
converter. The phases will overlap during load transient
until the output voltage error is corrected. The transient
response is shown in Figure 4-3.
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FIGURE 4-2:
Response Timing.
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FIGURE 4-3:
Response.

Unlike true Current-mode control, the MIC21LV32 uses
the output voltage ripple to trigger an on-time period.
The output voltage ripple is proportional to the inductor
current ripple if the ESR of the output capacitor is large
enough. In order to meet the stability requirements, the
MIC21LV32 feedback voltage ripple must be in phase
with the inductor current ripple, and large enough to be
sensed by the g, amplifier and the error comparator.
The recommended feedback voltage ripple is 20 mV
to 100 mV. If a low-ESR output capacitor is selected,
then the feedback voltage ripple may be too small to be
sensed by the g,, amplifier and the error comparator.
Also, the output voltage ripple and the feedback
voltage ripple are not necessarily in phase with the
inductor current ripple if the ESR of the output capacitor
is very low. In these cases, ripple injection is required
to ensure proper operation.

MIC21LV32 Load Transient
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4.2 Start-up Into Pre-Bias Load

To get proper pre-bias start-up performance, the voltage
at the junction of Cj\y and R\ needs to be at its
steady-state value when the device starts switching.
This is done by biasing the RIP_INJ pin voltage using a
current source (Igas) at the RIP_INJ pin and a resistor
(Rgias) at the RIP_INJ pin before the device starts
switching. The Injection (INJ) driver will be in
High-Impedance mode before the device starts switch-
ing. This results in a voltage equal to Igas X Rpjas at the
RIP_INJ pin before switching starts. This voltage
charges the C\ cap to the value of Igjas * Rgjas. As the
C,ny takes time to charge to the final voltage, depending
on the CINJ x (RINJ + RFB(BOT))f the lBIAS must be
enabled before the switching starts. The MIC21LV32
has a POK delay of =4 ms (i.e., when EN is high, the
device starts switching after =4 ms). Therefore, this 4 ms
delay is enough to charge C)y, to the final value. Once
the device starts switching, the Ig a5 Will no longer have
any effect as the ripple injection driver will be either high
or low (the ripple injection driver will not be in
High-Impedance mode when the device starts
switching).

MIC21LV32 VDD VDb
INJ_ON T00 ns VOU_T_
= 1-SHOT leias
RIP_INJ
LoGIC —e=

V

o1
DH 1% DH INJECTION
DETECTION DRIVER
Raia

AGND

Cry

Reson|  Crr
Rn =
© J
q

Iy}

FBS

ReeeonZ

FIGURE 4-4: Circuit to Obtain Proper
Pre-Bias Start-up Performance and Ripple
Injection.

Igias is an internal current source. Rg|ag is an external
resistor from RIP_INJ to AGND. Rgjs can be
calculated using the formula below:

EQUATION 4-3:
5Vx100 ns x fop
Rpras= I
BIAS
Where:
5V =100 ns x fgy = Average Voltage on the RIP_INJ Pin

Note that as Rpgas is always present, it draws an
additional current from the INJ driver when the RIP_INJ
pin is 5V for 100 ns. This adds to the device’s Iq.
However, its contribution to the device’s I will be low
because this current will be present for 100 ns only.

4.3 Stability Analysis

The MIC21LV32 uses ripple-based constant on-time
architecture to generate switching pulses. The magni-
tude of the ripple needs to be in the range of 20 mV to
70 mV. In order to avoid ripple voltage variation with
input voltage, ripple voltage is injected from the third
node through the RIP_INJ pin. Figure 4-5 shows the
ripple injection at the FBS node with respect to the
reference voltage.

ON TIME
[ GENERATION

HSD I

CONTROL
LOGIC

Vour

LsSD

RIPPLE )
INJECTION 1
DRIVER Ring Ciny

FEEDFORWARD

Vrer_com(1.2V) i Vrer(0.6V) 8 GFB

A -

Regror)

Reggom)

o™

Cycle starts when VRer_com
VRer_com = Vgm

»
»

Fixed ON Time

FIGURE 4-5:
at FBS Node.

The output capacitors generally have three
components. The capacitive ripple lags the inductor
current ripple. The ESR ripple is in phase with the
inductor current. The ESL ripple effect is minimal in
low-voltage capacitors.

MIC21LV32 Ripple Injection

4.4 Ripple Injection Circuit
Components Selection

Follow the steps below for selecting the ripple injection
circuit components if low-ESR output capacitors are used.
The below procedures provide a good starting point for
selecting the ripple injection components. Final values
should be confirmed by laboratory measurements.

1. Calculate the product of Rj\y and Cgf for a given
injected Feedback Ripple Voltage, AVEg, using
the equation below. Choose AVgg in the range
of 40 mV to 500 mV. A good starting point for
AVEg is 50 mV.
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EQUATION 4-4:

EQUATION 4-9:

5V x 100 ns
Ry > Cpr= =" —

Where:
AV = Injected Feedback Ripple Voltage

Rgg> ——
Iss
Where:

Igg = Soft Start Current Source = 1.2 pA

2. Choose Cgf in the range of 0.47 nF to 10 nF.
Calculate Ry using the equation above.

4. Calculate the Top Feedback Resistor, Reg(top),
value using the equation below:

EQUATION 4-5:

w

1
ZXnXCFFX()AngLC

Reperop) 2

Where:

frc = LC Resonant Frequency = 1/(2 x = x sqrt
(LxCour)

h) Select Cjy using the below guidelines if
fco(esT) is low (typically below fg\y/15) when fcq
is limited by the minimum AVgg required in lower
Vour applications. Assume fcg = fgn/10.
Calculate the maximum Equivalent Series
Resistance (ESR) of the output capacitor using
Equation 4-10.

EQUATION 4-10:

5. Calculate Bottom Feedback Resistor, ReggorT),
value using the equation below:

AVour TRANS

ESR . R,
cour < —z

104D STEP

Where:
Mposp step = Magnitude of the Load Transient

AVour trans = Acceptable Output Voltage Deviation
N during Load Transient

EQUATION 4-6:
Regerop)
Rrpor) = P R
our 1}
VREF
Where:

Vour = Target Output Voltage
Vgrer = Reference Voltage = 0.6V for MIC21LV32

6. Estimate the crossover frequency using the
equation below. If fcoesT) is above fgw/5, lower
the Cgr value and repeat procedure 6.

EQUATION 4-7:

6
Riny % Crp y Vour * 10

nx LxCoyr Jsw

JeoEst =
Where:
L = Inductance
Cour = Output Capacitance
Vour = Output Voltage
fsw = Switching Frequency

7a) Select Cyy, using the below equation if fcoEsT)
calculated above meets Equation 5-11.

EQUATION 4-8:

1
Riny * feoEst

Civr>
INJ = 0.8 x

Add a resistor in parallel with the soft start capacitor con-
nected to the SS pln if ClNJ > CFF X (RFB(TOP)/RFB(BOT))‘
This ensures that there is no overshoot at the end of the
soft start. Use Equation 4-9 below to select the parallel

resistor value.

Calculate the output capacitance using Equation 4-11.

EQUATION 4-11:

1

Cour 2 —YF—7cn
7% fco X ESRcour

Calculate C)y using Equation 4-12.

EQUATION 4-12:

oy ESRcour Vour
INJTSFFE 2y xgx foox L~ 5V % 100 ns * foyr

Using too low a Cjyy may result in oscillations at the
beginning of the soft start. These oscillations can be
reduced either by using a higher C\\y or Coyt, by
reducing the feedback ripple.

4.5 Detailed Device Description

The MIC21LV32 always operates in CCM and both
phases support the load current equally at high loads.

451 CURRENT BALANCING BETWEEN
PHASES

One important benefit of the two-phase operation is the
thermal advantage gained by distributing the heat over
multiple devices and a greater PCB area. By doing this,
the system designer avoids the complexity of driving
parallel MOSFETSs and the expense of using expensive
heatsinks.

In order to achieve the thermal advantage, it is import-
ant that each phase carries the same amount of current
at any load level. In the MIC21LV32, both phase
currents are sensed across the low-side MOSFET,
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Rps(on), during off-time. The low-side MOSFET
current is tracked during off-time and held close to peak
value in the valley point. The average current informa-
tion is generated by summing all the phases’ sensed
currents and dividing by the number of phases (two for
two phases). An error current per phase is generated
by making the difference between the average current
information and each phase current, which is used to
modulate Toyn1 and Tongo in order to cancel the error in
the current sharing.

MIC21LV32

PHASET
DRIVER

LoGIC

“ose ~L ’_ilo-m
ST ' 1
DROOP. é é
CSH.
FIGURE 4-6: MIC21LV32 Current Sharing
Circuit.

452 CURRENT LIMIT

The MIC21LV32 uses the Rpgon of the external
low-side power MOSFET to sense overcurrent condi-
tions or a sense resistor inserted with the source of the
bottom FET can be used for more accurate results and
not requiring temperature compensation. The bottom
FET Rpson sensing method will avoid adding cost, use
of additional board space and power losses taken by a
discrete current sense resistor.

The current limit threshold can be programmed by
_connecting a resistance from the ILIM pin to AGND.
Both phases use the same current limit threshold.

MIC21LV32

CH1 SHORT

SS CONTROL|
< COMPARATOR

SHORT LIMIT
& HICCUP
CONTROL

DRIVERS
CONTROL
LoGIC

CH2 SHORT
ICOMPARATOR

FIGURE 4-7:
Circuit.

The MIC21LV32 forces a constant 9.6 pA current
through the ILIM setting resistor, tied from the ILIM pin
to AGND to program V| jm-

MIC21LV32 Current-Limiting

In each switching cycle of both phases of the
MIC21LV32 converter, the inductor valley current is
sensed by monitoring the Vpg voltage across the
low-side MOSFET during the off period. There is a
150 ns (typical) blanking period before each current
sense signal is considered for protection. The blanking
period improves noise immunity. If the valley low-side
MOSFET current is greater than the current limit
threshold current for seven consecutive cycles in either
phase, then the MIC21LV32 turns off the high-side and
low-side MOSFETs of both phases and a soft start
sequence is triggered after the hiccup timer has
expired. This mode of operation is called Hiccup mode
and its purpose is to protect the downstream load in
case of a hard short. Figure 4-8 illustrates the
MIC21LV32 operation during overload conditions.
When the load current is increased gradually, the
inductor current also increases, as shown in
Figure 4-8. When the load current is around the current
limit threshold, the high-side and low-side MOSFET
current can be higher than the current limit, as high-
lighted in Figure 4-8 as Case#1. In Case#1, even
though the low-side MOSFET instantaneous current
exceeds the current limit threshold for some duration,
the low-side MOSFET current is lower than the current
limit at the end of the 150 ns blanking time. This causes
the MIC21LV32 to not enter the current limit protection
and initiate the next high-side MOSFET turn-on cycle.
After the high-side MOSFET is turned on, the current
ramps up to a value that is determined by the operating
duty cycle and inductor value. When the high-side
MOSFET is turned off and the low-side MOSFET is
turned on, as shown as Case#2 in Figure 4-8, the

© 2021-2022 Microchip Technology Inc. and its subsidiaries

DS20006513B-page 23



MIC21LV32

current through the low-side MOSFET is higher than
the current limit after the blanking time of 150 ns for
seven consecutive cycles. This causes the MIC21LV32
to enter the current limit protection. As shown in
Figure 4-8, the inductor valley current is higher than the
current limit threshold as the MIC21LV32 senses the
low-side MOSFET current.

When the MIC21LV32 enters current limit protection,
both the high-side and low-side MOSFETs are turned
off for both phases for a hiccup time-out of 2 ms. The
inductor current flows through the body diode of the
low-side MOSFET for each phase until it falls down to
zero. The MIC21LV32 initiates the soft start after the
hiccup time-out, as shown in Figure 4-8.

FIGURE 4-8: MIC21LV32 Current Limit
Threshold Relationship to Output Current.

When multiple MIC21LV32 devices are connected in
parallel to support higher load current, all ILIM pins are
connected together and one resistor is connected from
ILIM to AGND to set the current limit. Only the host
device forces the 9.6 pA current from the ILIM pin. The
secondaries do not force any current, they just read
ViLm- All phases share the same V| value under
stackable phase configuration.

The MIC21LV32 current limit needs to be
temperature-insensitive when precise sense resistors
or Rpson of the low-side MOSFETSs are used.

Since the Rpgon resistance increases to about two
times, from 25°C to 125°C, an external NTC resistor is
required to program the current limit in this case. In
case regular precise sense resistors are used, no NTC
resistance is needed.

To realize a positive temperature coefficient from the
negative temperature coefficient of the NTC
resistance, the current limit per phase was internally
generated, as shown in Equation 4-13.

EQUATION 4-13:

0.3-0.25% Vi

1 =
LIM Rpson

Where:
Iy = Desired Current Limit per Phase
Vi = Programmable Voltage at ILIM Pin

From Equation 4-13, one can derive the V| value
through Equation 4-14.

EQUATION 4-14:

Viene= 1.2V =4 X Rpson > Iy

To program the target V| u voltage, Equation 4-15 is
used.

EQUATION 4-15:

Vieme=Ier > Ripm
Where:
Ic; = 9.6 pA (typical) Constant-Current Source at
ILIM Pin
Ry = Current Limit Threshold Voltage
Programming Resistance
EXAMPLE 4-1:  CALCULATION OF Ry

FOR BOTTOM MOSFET
Rpson CURRENT SENSING

» For Iy = 10A per phase, Rpson = 10 mQ at
25°C; using Equation 4-14,
Viim=12V-4*10mQ *10A= 1.2V -0.4V =0.8V
at 25°C.

» To get 0.8V on the ILIM pin with a 9.6 pA
constant current source, we need a
programming equivalent resistance of
Rium = 0.8V/9.6 pA = 83.3 kQ at 25°C.

* If the temperature increases to 125°C, then
Rpson at 125°C = 20 mQ at the same 10A limit.

+ Therefore, V) y=1.2V-4*20mQ * 10A=
1.2V - 0.8V = 0.4V at 125°C. Then,

Rim = 0.4V/9.6 yA = 41.7 kQ at 125°C.

As shown in Example 4-1, the sizing of current limit per
phase needs to be verified over temperature in order to
make sure Equation 4-13 and Equation 4-14 work
correctly, because it is necessary to always have:

EQUATION 4-16:

L.2V>4 % Rpson > L

For linearization and fitting the temperature coefficient
of the bottom MOSFET Rpgoy, a resistance network
from the ILIM pin to AGND, used with an NTC resistor,
is shown in Figure 4-9.
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FIGURE 4-9: Resistance Network Used

with Rytc Resistor for Linearization and Fitting
the Temperature Coefficient of MOSFET Rpson-

In case a temperature-independent resistor sensing is
used, a simple temperature constant standard
resistance is used on the ILIM pin.

453 NEGATIVE CURRENT LIMIT

The MIC21LV32 supports a cycle-by-cycle negative
current limit. The absolute value of the negative
current-limiting threshold is 50% of the programmed
current limit. If the negative low-side MOSFET current
is going to trigger a negative current limit, the low-side
MOSFET will be turned off and allow current through
the high-side MOSFET body diode. During this time,
the output voltage tends to rise, because this protection
limits the current to discharge the output capacitor. In
order to prevent a huge reverse current over the short
limit value, the low-side FET turns on after 500 ns,
maintaining negative current at programmed level.

454 PRECISION ENABLE (EN)

The precision Enable (EN) input is used to control the
regulator. The precision feature allows the simple
sequencing of multiple power supplies with a resistor
divider from another supply. Connecting this pin to
ground, or to a voltage lower than 1.2V (typ.), will turn
off the regulator. In this state, the current drain from the
input supply is 25 pA (typical) at a 12V input voltage.

The EN input has an internal pull-up of about 6 pA.
Therefore, this pin can be left floating or pulled to a volt-
age greater than 1.2V (typical) to turn the regulator on.
The hysteresis on this input is about 65 mV (typical)
below the 1.2V (typical) threshold. When driving the
enable input, the voltage must never exceed the abso-
lute maximum specification for this pin. Although an
internal pull-up is provided on the EN pin, it is a good
practice to pull the input high when this feature is not
used, especially in noisy environments. This can be
done easily by connecting a high-value resistor (1 MQ)
between the VIN and EN pins. The MIC21LV32 device
also incorporates an internal input Undervoltage Lock-
out (UVLO) feature. This prevents the regulator from
turning on when the input voltage is not high enough to

properly bias the internal circuitry. The rising threshold
is 4.3V (typ.) while the falling threshold is 3.9V (typ). In
some cases, these thresholds may be too low to
provide good system performance. The solution is to
use the EN input as an external programmable input
UVLO to disable the part when the input voltage falls
below a target lower threshold. This is often used to
prevent excessive battery discharge or early turn-on
during start-up. This method is also recommended to
prevent abnormal device operation in applications
where the input voltage falls below the minimum of 4.5V.
Figure 4-10 shows the connections to implement this
method of UVLO. Equation 4-17 and Equation 4-18
can be used to determine the correct resistor values.

EQUATION 4-17:

Vorr
Rrop=Rgor™ (ﬁ - 1)
ENTH ~ YENHYS
Where:
Rrop = Top Resistor of the VIN Voltage Resistor
Divider
Rpor = Bottom Resistor of the VIN Voltage Resistor
Divider

Vorr = Target VIN Voltage Below which the
Regulator Turns Off

Venty = Device Enable Upper Threshold Voltage

VENHYS Enable Threshold Hysteresis

EQUATION 4-18:

VEntH
Vov =Vorr > 37——7—
ENTH — VENHYS
Where:
Vorr = Input Voltage where the Regulator
Shuts Off
Voy = Input Voltage where the Regulator Turns On

Venuyst = Enable Threshold Hysteresis
Venty = Enable Upper Threshold Voltage

Due to the 6 pA pull-up, the current in the divider must
be much higher than this. A value of 20 kQ for RgoT is
a good first choice.

VIN

Rrop

EN

MIC21LV32 |

RBOT

FIGURE 4-10:
UVLO Connections.

External Programmable VIN
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455 SOFT START

Soft start reduces the power supply input surge current
at start-up by controlling the output voltage rise time.
The input surge appears while the output capacitor is
charged up. A slower output rise time will draw a lower
input surge current.

The MIC21LV32 features adjustable soft start time.
The soft start time can be adjusted by changing the
value of the capacitor connected from the SS pin to
AGND. The MIC21LV32 forces 1.2 pA current from the
SS pin. This constant current flows through the soft
start capacitor connected from the SS pin to AGND in
order to adjust the soft start time.

The soft start capacitor value for the desired Voyt
ramp-up time can be calculated from Equation 4-19.

EQUATION 4-19:

1.2 uAd x tgg

55 =
VREF

Where:
tss = Output Voltage Soft Start Ramp-up Time

456 VDD REGULATOR AND EXTVDD
LDO

The MIC21LV32 has an integrated high-voltage LDO
that provides a 5V regulated output from Input Voltage,
VN, ranging from 5.5V to 36V. When V| < 5.5V, Vpp
must be tied to the VIN pins to bypass the internal linear
regulator. The internal LDO powers the control circuitry
from the VDD pin and gate drive current from the PVDD
pin.

The MIC21LV32 also features an auxiliary low-voltage
LDO, which is powered by EXTVDD. When the voltage
on the EXTVDD is at 4.7V (typical) or higher, this
auxiliary LDO is enabled and powers all the internal
circuitry. At the same time, the main high-voltage LDO is
disabled. This increases the efficiency of the system by
reducing the differential voltage across the high-voltage
LDO, hence reducing the power losses in the LDO. In
general, the output of the buck converter is used as the
power supply for the auxiliary LDO by connecting the
EXTVDD pin to the output of the buck converter. The
maximum voltage that can be applied at EXTVDD is
limited to 14V. Figure 4-11 shows the internal 5V LDO
and EXTVDD connection in the MIC21LV32.

VDD 20tm PVDD

r Lol

I

AGND PGND

MIC21LV32 REG_lInternal 5V Block

Bypass_B

EXTVDD

I

t

-

I INj

I 12V LDO

| Bypass|  with
47v H Reverse

| Blocking

_________ | T AGND PonD

VDD Bypass =
MIC21LV32 REG_ With EXTVDD

FIGURE 4-11: MIC21LV32 EXTVDD.

Given that the EXTVDD is powered from the Vg1 of
the buck regulator, the Vg7 is noisy if there is a fast
changing load. When Vgytr > 5V + Vpropour, the
noise could be suppressed by a loop of 12V LDO. How-
ever, when Vgoyt = 5V, the 12V LDO works in Dropout
mode; there is no loop gain. The LDO acts just like a
resistor. It is not recommended to connect EXTVDD to

Fm—————

457  POWER GOOD (PG)

The Power Good (PG) pin is an open-drain output,
which indicates logic high when the output is nominally
over 88% of its steady-state voltage. A pull-up resistor
of more than 10 kQ should be connected from PG to
VDD. During soft start, the PG is held low and is
allowed to be pulled high after Vot is achieved over
88% of the target level.

458 SEQUENCING

The MIC21LV32 has a precision enable function. The
EN pin voltage will either enable/disable switching.
When the EN pin voltage is higher than 1.2V (typical),
the MIC21LV32 is put into operation. The internal
regulator will power up and start switching. Figure 4-12
shows the EN pin sequencing.
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VIN
EN ]
PVDD/VDD m
VDD UVLO
Biasready
— oy L
VOUT / \
Bypass
FIGURE 4-12: EN Pin Sequencing.

When the EN pin voltage is below the lower EN thresh-
old, the MIC21LV32 goes into Shutdown mode. When
in Shutdown mode, the MIC21LV32 stops switching
and all internal control circuitry switches off to reduce
the quiescent current. The EN pin, along with the
PGOOD pin, can be used for sequencing multiple
MIC21LV32 devices. It is recommended to power up
VIN before the EN signal.

459  ADAPTIVE VOLTAGE POSITIONING
(AVP), ALSO KNOWN AS DROOP
FUNCTION (RECOMMENDED FOR
CCM ONLY)

In some high-current applications, a requirement on a
precisely controlled output impedance is imposed. This
dependence of output voltage on load current is often
termed, “droop”, “load line” regulation, or Adaptive
Voltage Positioning (AVP).

The basic functionality of the AVP function is to achieve
a controlled output resistance for the buck regulator, so
that at OA load, the output is +£€% higher than the nom-
inal voltage and at maximum load, the output is -€%
related to nominal output value, as shown in
Figure 4-13.

S Vour

g AVour = Vour * 2¢

5 l

>

[

2

5

o)

0A OUTPUT CURRENT (A) loutax)

FIGURE 4-13: AVP Ideal Output Resistive
Characteristic.

It is necessary to achieve the resistive characteristic
above over the full frequency range of output loads.

Vourpo)
FIGURE 4-14: Vour Load Transient Error
without AVP/DROORP.

Vourpg)
FIGURE 4-15: Vour Load Transient Error
with AVP/DROOP.

Figure 4-14 and Figure 4-15 explain how the AVP
design window of +€ can be used to reduce the amount
of the output capacitor necessary to sustain the load
transient. Alternatively, the AVP can be used to improve
the error of the load transient if it is decided to keep the
same output capacitor.

The DROOP pin is an analog output, which provides a
voltage proportional to the output current in CCM
according to the formula in Equation 4-20.

EQUATION 4-20:

Vproop =Vesa—1.2V=8 * Rgpnsg > 11
Where:
Vesy = Voltage at CSH Pinin CCM
Rspnse = Current Sensing Resistance
I; = Inductor Current per Phase

Because the current sensing range is £120 mV, the
output voltage range of Vproop is 0V to 0.96V.
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The part of the schematic to implement the AVP for a
5V output is shown in Figure 4-16. The underlying
assumption is that the current sense is done using
sense resistors independent of temperature.

The sizing starts with the conditions: Vproop = 0V for

lOUT = 0A and VDROOP =600 mV for lOUT = lOUT(MAX)'
Depending on the voltage drop across the sense
resistors at loytgvax) the DROOP pin can have a
different value than 600 mV. We hypothesized that

Vbroor(1ouTMAX) = 600 mV.

Step 1: Sizing the resistors for getting (1+€) x Vot at
lOUT = 0A. Because VDROOP = O, we have VOUT
according to Equation 4-21:

EQUATION 4-21:

Repr

Vour= (1 ) X VREF

+
Rpppi + Rrpp\Rproop

As a first approximation, consider choosing Rgggs
small enough so that Rgggs||[Rproop ~ Rreg2, @and we
size Rrgg1. RreB2 and RraT t0 get the correct 5.00V
injection and stability.

Step 2: Sizing the resistors to have the trip of
VOUT x 2€ from lOUT =0Ato lOUT = lOUT(MAX) or from
VDROOP =0V to VDROOP =600 mV.

Then,
EQUATION 4-22:

_ Mrss
VREF
np * Vproormax) N Rpppy N Rppr
VREF Rrpp+ Rproop Rppr+ Reppr + Rppp2\Rproop

Where:

np = Number of 2-Phase Controller Devices
(np=1234)

If Roroop >> Rpggo in Equation 4-22, then we can
simplify the equation as shown in Equation 4-23 and
re-arrange as Equation 4-24:

EQUATION 4-23:

_ "p * Vproorpay) Regpy Repr
VrEF Rppp2t Rproop  Rrer* Rrmpi+ Rrpp2

2&

EQUATION 4-24:

Step 3: The Rgggs is slightly adjusted to get
Vour X (1+€) for loyr=0A. The result is in
Figure 4-16.

R Ciy

RIP_INJ vouT

Resr Cee
['I v T
MIC21LV32

Resst
c DROOP Roroor

Rereg2
1 1

FIGURE 4-16: AVP Implementation for 5V

Output with 2% AVP Range for DROOP Pin
Range 0V to 600 mV.

Equation 4-23 and Equation 4-24 can also have the
exact solution, the main difficulty being to find standard
resistors of 0.1% to respect the initial positioning of +€
for Ioyt = 0A and the 2€ move down for loyTmax)-

The example above was based on temperature-
independent current sensing using sense resistors. In
case the bottom FET is used, the Vproop is defined as:

EQUATION 4-25:

Vbroop=Vesu—1.2V=8x Rpsonws) * 1L

Where:
Rpsonesy = Low-Side MOSFET Turn-On Resistance

Considering the sensing current range of 120 mV, it
results that the operating maximum voltage value is:

EQUATION 4-26:

VDROOP(MAXOP) =120 mV x 8 =0.96V

Since Rpson(Ls) increases to about 2x at 125°C
related to the value at 25°C, it is necessary to choose
Rpson * loutmax) < 60 mV at 25°C in order to respect
the sensing range over temperature.

To desensitize the AVP related to the temperature
variation of Rpgon, a resistance network with an NTC
resistor needs to be used, as shown in Figure 4-17 on
the next page.

Rproor =
v R
np Y DROOP(MAX) FBT
RFBBZX(ZUX 7 — -
REF FBT " \FBB1 " 1\FBB2
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RIP_INJ Rmn  Ci VOUT

MIC21LV32

FIGURE 4-17: Use of an NTC Resistance
to Compensate the Rpgon Temperature
Coefficient on the DROOP Pin.

The idea in Figure 4-17 is that increasing DROOP volt-
age with temperature at the Ioytguax) (Positive tem-
perature coefficient) is compensated by the Rytc
(negative temperature coefficient) to keep the node of
the divider, Div_DROOP_ZeroTC, constant versus
temperature.

The rest of the calculations are similar to the afore-
mentioned case where the sensing current was
temperature-insensitive. In case the AVP is not
necessary, a 10 kQ, 1 nF series RC filter to ground can
be used to have a reading of the filtered output current.

4.5.10 MULTIPHASING (STACKING)

The MIC21LV32 can be configured for multiphase
operation up to eight phases. The MIC21LV32 has four
pins allocated for multiphasing. The APO pin of the
host controller is connected to the NPI pin of the next
secondary controller. The host and secondary CSH,
ONR pins are connected together. Once the host
finishes the on requests, it passes the control to the
next secondary through the APO pin. The current share
bus will maintain equal current sharing between host
and secondary controllers.

The ONR is a bidirectional pin. The desired secondary
controller's FBS pin is connected to VDD to program
the controller as secondary. This will make the ONR pin
of the secondary controller become input only. Second-
ary controllers accept ONR from the host controller and
serve the on-time request.

Figure 4-18 shows two MIC21LV32 devices connected
in a 4-phase configuration. The NPI and APO pins of
the MIC21LV32 are connected in a daisy chain to form
a stackable power supply up to eight phases.

vout

A
v

MIC21LV32
« Host

IC21LV32
Secondary
r | RIP_INJ
MIC21LV32 Connected in 4-Phase Configuration
FIGURE 4-18: MIC21LV32 Connected in

4-Phase Configuration.

In order to get a stricter control over behavior if one
member of the daisy chain is damaged or going to be
damaged, or is in short or thermal shutdown, several
measures were implemented.

1. The host is the only one programming the ILIM.
The secondaries are just reading the voltage on
ILIM; as a common point, they do not have any
programming current coming out.

2. The soft start pin is driven up with 1.2 pA from all
members of the daisy chain. When any of the
members of the daisy chain pulls down the SS
pin in case of thermal shutdown, or short circuits
more than seven cycles, a new automatic restart
is triggered on the falling edge of SS. Any of the
daisy chain members can keep low closed to 0
in the SS pin, and in that case, all members are
in High-Z and wait until SS is released to go up.
To illustrate if one member has the LDO not
coming up, this will keep the SS pin in low.
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3. To ensure that some timing mismatch between
chips is not creating a disorderly start, the delay
in the block, BiasReadyGen, is 3 ms for the host
and 1.5 ms (half) for the secondaries. The 3 ms
and 1.5 ms timeframes are the result of the
activity of a local oscillator and counter.

This way, if there is a slight difference between
different chips coming up, the secondaries are
ready when the host is waking up after 3 ms.

4. Thelogic input pin, NPI (Next Phase In), of each
part in the daisy chain has a 136 kQ resistor to
ground externally near the pin in the application.
This way, if the input is floating because of a bad
connection in the production line, it will be
pushed to 0V, which will stop any activity from
the chip to start. Also, NPl is active only on the
rising edge. If it is floating and with no rising
edge detected, the activity will stop.

5. When in daisy chain, the logic pin, ONR (On
Request), from the host as output is going in
each secondary ONR pin configured as an
input. In order to accommodate different VDD
rails from different secondaries and not to inject
too much current in one of the secondaries from
the host, the ONR pin as logic output has a 1 kQ
pull-up resistor inside. This way, the output ONR
is short-protected ~ 5 mA to ground and the
strength of the injection in the VDD rail of each
secondary is 2k = 1k + 1k. Special precautions
are designed inside so that this small injection
will not trigger latch-up.

6. Only the error amplifier of the host controller
regulates the output and feedback. The
secondaries are only serving the ONR coming
using the logic pins, NPl and APO, in sequence.
The secondaries also inject ripple in the
feedback in order to allow correct phasing and
regulation. All members in the daisy chain are
sharing the CSH pin to allow correct (equal)
current sharing.

7. If droop feature is required in multi-phase
operation, connect all the droop setting resistors
from the DROOP pins of all members in the
daisy chain to the lower bottom feedback
resistor of the host controller to achieve loadline
setting as in dual-phase operation.

4.5.11 FREQUENCY PROGRAMMING

The switching frequency per phase in CCM in
two-phase operation can be programmed by
Equation 4-27 below.

EQUATION 4-27:

201 x10°
Rereo™ Jsw prr

Where:
Rrrpp = Resistor Connects from FREQ Pin to AGND.

4.5.12 THERMAL SHUTDOWN

When the junction temperature of the MIC21LV32
reaches +160°C or above, the buck converter goes into
thermal shutdown. When the junction temperature falls
below +140°C, the MIC21LV32 buck converter soft
starts again.
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5.0 APPLICATION INFORMATION

5.1 Inductor Selection

Certain values for inductance, peak and RMS currents
are required to select the output inductor. The input and
output voltages, as well as the inductance value,
determine the peak-to-peak inductor ripple current.
Generally, higher inductance values are used with
higher input voltages. Larger peak-to-peak ripple
currents increase the power dissipation in the inductor
and MOSFETs. Larger output ripple currents also
require more output capacitance to smooth out the
larger ripple current. Smaller peak-to-peak ripple cur-
rents require a larger inductance value, and therefore,
a larger and more expensive inductor. Higher switching
frequencies allow the use of a small inductance, but
increase power dissipation in the inductor core and
MOSFET switching loss. A good compromise between
size, loss and cost is to set the inductor ripple current
to be equal to 20% of the maximum DC output current
contributed per phase. The inductance value of the
inductor in each phase channel is calculated by
Equation 5-1:

EQUATION 5-1:

Vour * (& > Vinauax) — Vour) * Ner

B Vinaax) < Ssw < 02 % ourpuay

Where:
fsw = Switching Frequency, 500 kHz

0.2 = Ratio of AC Ripple Current to
Maximum DC Output Current
Contributed per Phase

Vinaayy = Maximum Power Stage Input Voltage
Npy = Total Number of Phases
Eff = Efficiency of the Buck Converter
Tourmmax) = Maximum DC Output Current

The peak-to-peak inductor current ripple in each phase is:

EQUATION 5-2:

Vour * (EfF > Vinovax) = Vour)
Eff < Vinwaxy * fsw > L

Al pp) =

The peak inductor current per phase is equal to the
maximum average output current per phase, plus one
half of the peak-to-peak inductor current ripple, as
given in Equation 5-3.

EQUATION 5-3:

11 prwpr) = loutpPHmiax) + 0.5 % Al pp)

~ lourmax
lourpHaxy) = —— ——
Where:

TourpHMax) = Maximum Average DC Output Current
Contributed per Phase

Tourmmax) = Maximum Output Current
n = Total Number of Phases

The RMS inductor current in each phase is used to
calculate the I°R losses in the inductor per phase.

EQUATION 5-4:

|
_a >, Mypp)’
1, prwms) = | lourprmax)”™ + P

Maximizing efficiency requires selecting the proper core
material and minimizing the winding resistance. The
high-frequency operation of the MIC21LV32 requires the
use of ferrite materials for all but the most cost-sensitive
applications. Lower cost iron powder cores may be
used, but the increase in core loss reduces the efficiency
of the buck converter. This is especially noticeable at low
output power. The winding resistance decreases
efficiency at the higher output current levels. The wind-
ing resistance must be minimized, although this usually
comes at the expense of a larger inductor size. The
power dissipated in the inductor is equal to the sum of
the core and copper losses. At higher output loads, the
core losses are usually insignificant and can be ignored.
At lower output currents, the core losses can be a
significant contributor. Core loss information is usually
available from the magnetics vendor. Copper loss in the
inductor is calculated by Equation 5-5:

EQUATION 5-5:

_ 2
Pivpucroricw =1o_pr®MS)” > RwinpiNG

The resistance of the copper wire, Ry npinG: inCreases
with the temperature. The value of the winding
resistance used must be at the operating temperature
for accurate power dissipation estimation, as
calculated in Equation 5-6 on the next page:

EQUATION 5-6:

Rymoiveam = Rwinpmicaoee)  [1 +0.0042 X (Tr— Topec)]

Where:
Ty = Temperature of Wire Under Full Load
Trpec = Ambient Room Temperature

RyinpinGo°c) = Room Temperature Winding
Resistance (usually specified by the
manufacturer)
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5.2 Output Capacitor Selection

The output capacitor is usually determined by its capac-
itance and Equivalent Series Resistance (ESR). Voltage
and RMS current capability are two other important
factors in selecting the output capacitor. Recommended
capacitor types are ceramic, low-ESR aluminum electro-
lytic, OS-CON and POSCAP. The output capacitor's
ESR is usually the main cause of the output ripple volt-
age in steady state, while the total output capacitance
must be large enough to sustain and maintain the output
voltage during load transient to meet the desired load
transient output voltage requirement.

To determine the required output capacitance for a
two-phase buck converter in steady state, peak-to-peak
output ripple current as seen by the output capacitors
must be known. The peak-to-peak output ripple current
for single-phase, two-phase, four-phase, six-phase and
eight-phase buck converter is shown in Figure 5-1. The
graph shows that peak-to-peak output ripple current, nor-
malized by the maximum value, is a function of the duty
cycle. Since each channel is 180 degrees out of phase
with the other for a two-phase buck converter, the
two-phase peak-to-peak output ripple current is less than
that for a single-phase converter and the ripple current
effective frequency is doubled, as seen by the output
capacitor. This is the ripple reduction effect of two-phase
operation. In addition, at 50% duty cycle, the inductor rip-
ple currents from each channel cancel each other and
the output ripple current is close to zero.

More ripple reduction can be achieved similarly for multi-
phase operation by stacking MIC21LV32 devices up to 4
devices together for multiphase operation from 4-phase
up to 8-phase.

L1 |
= [
Z 1
E 09 —1-Phase
2 . —2-Phase
O 0s [\ —4-Phase
n_.' —6-Phase
o 0.7 L\ ——8-Phase
[ \
~ 0.6 \\ ,
2 WA
5 03 T
3 1
g 0.4 Y
o3 HAHS
2 v
E 0.2 PP ——
\ N A
9 01 W RERCENAASS
0 VIV »
0 01 02 03 04 05 06 07 08 09 1
DUTY CYCLE

FIGURE 5-1: Normalized Peak-to-Peak
Output Ripple Current vs. Duty Cycle.

The peak-to-peak output ripple current shown in
Figure 5-1 is normalized by the maximum value, which
is used as the normalizing factor for simplifying the
calculation of output ripple current.

The peak-to-peak output ripple current maximum value
and normalizing factor is calculated by Equation 5-7.

EQUATION 5-7:

Vour
Aloppimax) = T far

The approximate peak-to-peak output ripple current of
a given multiphase buck converter at a given duty cycle
can be determined from the corresponding normalized
value for the given multiphase buck converter in
Figure 5-1, multiplied by the normalizing factor, as
shown in Equation 5-8 below.

EQUATION 5-8:

Alopp = Aloppivormarizep) * Moppiax)

Where:

AIOPP(NORMAL[ZED) = Normalized Peak-to-Peak
Output Ripple Current Value for
Given Multiphase Buck
Converter at Given Duty Cycle
in Figure 5-1

The total output ripple voltage is a combination of the
ripple voltages caused by the ESR and output capaci-
tance. The output ripple voltage of the two-phase buck
converter in steady state can then be determined from
Equation 5-9.

EQUATION 5-9:

Wourwpr) = ‘\“(—1 = éIOP r 7 )2+ (Alopp < ESRcour)”
j ourT “Jsw.
Where:

AVourppy = Peak-to-Peak Output Ripple Voltage
Alppp = Peak-to-Peak Output Ripple Current
Coyr = Output Capacitance

few = Switching Frequency per Phase

ESRcour = ESR of Output Capacitor

The minimum output capacitance required for a
two-phase buck converter in steady state can be
estimated by Equation 5-10.

EQUATION 5-10:

Alppp
Cour = o5y, x f.
ourep) *Jsw

To meet the load transient requirement, the output
capacitance must also fulfil the criteria in
Equation 5-11. The output capacitance value chosen
must meet the criteria in both equations.
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EQUATION 5-11:

Al o4p
OUT(TRANS) * ® % fco
Where:
Alyoup = Output Load Current Step in Load

Transient

AVourrransy = Output Voltage Change in Load
Transient

fco = Crossover Frequency, Equal to
About fg/10

The maximum value of the overall ESR of the output
capacitor in steady state is calculated in Equation 5-12.

EQUATION 5-12:

AVourpp
ESRcour < —OUTPR)
Alopp

The maximum overall ESR value of the output capacitor
must also meet the load transient requirement and is
calculated in Equation 5-13. Then, the lower value must
be chosen for the output capacitor ESR.

EQUATION 5-13:

AV ouT(TRANS
ESRcour = — OUT(TRANS)

Alroup

As described in Section 4.1 “Control Architecture”,
the MIC21LV32 requires at least 20 mV peak-to-peak
ripple at the FBS pin to make the g,,, amplifier and the
error comparator behave properly.

Also, the output voltage ripple should be in phase with
the inductor current.

Therefore, the output voltage ripple caused by the
output capacitor’s value should be much smaller than
the ripple caused by the output capacitor's ESR. If
low-ESR capacitors, such as ceramic capacitors, are
selected as the output capacitors, a ripple injection
method must be applied to provide enough feedback
voltage ripple. Please refer to Section 4.4 “Ripple
Injection Circuit Components Selection” for more
details.

The voltage rating of the output capacitor should be
25% greater than the maximum output voltage. The
output capacitor RMS current is calculated in
Equation 5-14.

EQUATION 5-14:

s _ Algpp
COUT(RMS) = T
12

The power dissipated in the output capacitor is
calculated in Equation 5-15.

EQUATION 5-15:

_ 2
Ppissicour) = Llcourmms)” * ESRcour

5.3 Input Capacitor Selection

In addition to high-frequency ceramic capacitors, a
larger bulk capacitance, either ceramic or aluminum
electrolytic, should be used to help attenuate ripple on
the input and to supply current to the input during large
output current transients. The input capacitor for the
power stage input V| should be selected for ripple volt-
age at V|, capacitance, ESR, ripple current rating and
voltage rating. Tantalum input capacitors may fail when
subjected to high inrush currents caused by turning the
input supply on. A tantalum input capacitor’'s voltage
rating must be at least two times the maximum input
voltage to maximize reliability. Aluminum electrolytic,
OS-CON and multilayer polymer film capacitors can
handle the higher inrush currents without voltage
derating. Due to the ripple cancellation effect of the
two-phase buck converter, the input ripple voltage and
ripple current are smaller than those of the
single-phase converter, and the effective ripple
frequency seen by the input capacitor is twice the
switching frequency. The input ripple voltage depends
on the output current and input capacitor’s capacitance
and ESR. The steady state input voltage ripple can be
estimated by Equation 5-16.

EQUATION 5-16:

b DB 3]
V= A 2+ UL x ESReay

nx fspr* Cpy

Where:
Ioyr = Total Output Current
D = Duty Cycle per Phase
n = Total Number of Phases (n = 2,4,6,8)
k = 0123,...forD>k/nandk <n
fsw Switching Frequency per Phase
C;y = Total Input Capacitance

ESRqy = Equivalent Series Resistance of Input
Capacitor

The capacitance of the input capacitor can be
determined in Equation 5-17.

EQUATION 5-17:

o) (b2

n X fsgrx AVpy

Cy =

Where:
k = 01,23,...forD>k/handk<n
n = Total Number of Phases (n = 2,4,6,8)
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The ESR of the total input capacitance can be
determined in Equation 5-18:

EQUATION 5-18:

ESRciy < AVpy *

Iour

The input capacitor must be rated for the input current
ripple. The rated RMS value of the input capacitor cur-
rent is determined at the maximum output current.
Assuming the peak-to-peak inductor current ripple is
low, the RMS current rating of the input capacitor can
be estimated from Equation 5-19:

EQUATION 5-19:

k

‘ k 1
I ~ ] X/\‘(D—_)X[_—(D— _)]
civems) = Lourauax) }‘ Pl p

Where:
Tourmaxy = Maximum Output Current

k 0,1,2,3,.... for D > k/n and k < n, Maximum
Integer Less than nxD

Total Number of Phases (n = 2,4,6,8)

N
"

The graph in Figure 5-2 shows the normalized RMS
input capacitor current vs. duty cycle for single-phase,
two-phase, four-phase, six-phase and eight-phase
buck converter operation. Data are normalized to the
output current.
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FIGURE 5-2: Normalized RMS Input
Capacitor Current vs. Duty Cycle.

For a given multiphase buck converter operating at
duty cycle D, the input capacitor RMS current can also
be determined from the graph in Figure 5-2, together
with Equation 5-20 below.

EQUATION 5-20:

Temvrms) = Ieivrmsvorsy > loutpuax

Where:

Icivpmsvormy = Normalized RMS Input Capacitor
Current at given Duty Cycle for
Given Multi-Phase Buck Converter
from Figure 5-2

The power dissipated in the input capacitor can then be
computed from Equation 5-21:

EQUATION 5-21:

2
Ppisscci) = Lemvgms)” < ESR ey

The voltage rating of the input capacitor must be high
enough to withstand the high input voltage. The
recommended voltage rating is at least 1.25 times the
maximum input voltage.

54 Switch Power MOSFET Selection

The following parameters are important for MOSFET
selection:

» Voltage rating

+ Current rating

* On-resistance

» Total gate charge

The voltage rating for both the high-side and low-side
MOSFETSs in the buck converter is essentially equal to
the power stage input voltage, V|y. A safety factor of
30% should be added to the Viyax) While selecting
the voltage rating of the MOSFETs to account for

voltage spikes due to circuit parasitic elements, as
shown in Equation 5-22.

EQUATION 5-22:

Vpswaring) Z Vinpaaxy * 1.3

The peak switch current for both the high-side and
low-side MOSFET in the buck converter is the same, and
is equal to the peak inductor current in each phase, as
shown in Equation 5-23 on the next page.

EQUATION 5-23:

Toutmax) N Al pp)
n 2

Tswuspk) = Iswisipx) =
Where:
Tourpaxyy = Maximum Output Current
n = Total Number of Phases
Alppp) = Peak-to-Peak Inductor Current per Phase
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The RMS current rating of the high-side power
MOSFET in each phase channel is approximated in
Equation 5-24.

EQUATION 5-24:

Tovtmaxy =—
Iswrswmsy = —, x \/DMAX
Where:

Dyux = Maximum Duty Cycle

The maximum duty cycle of each phase channel is
calculated in Equation 5-25:

EQUATION 5-25:

Do Vourpuax
MAX™ w1
EfF = Vinoan
Where:
Vourmaxy = Maximum Output Voltage
Vinoayy = Minimum Input Voltage
Eff = Efficiency of Buck Converter

The RMS current rating of the low-side power MOSFET
in each phase channel is calculated in Equation 5-26.

EQUATION 5-26:

lourmayy =
IswLswems)= — X\/I_DMAX

Where:
Dyyx = Maximum Duty Cycle

The conduction loss of the high-side power MOSFET in
each phase channel is calculated in Equation 5-27.

EQUATION 5-27:

_ 2
Pconpus) = Lswrswms)” * Rpsons)
Where:
Rpsonws) = High-Side MOSFET On-Resistance

The conduction loss of the low-side power MOSFET in
each phase channel is calculated in Equation 5-28.

EQUATION 5-28:

_ 2
Pconps) = Lswrsiwms)™ * Rpsons)
Where:
Rpsonis) = Low-Side MOSFET On-Resistance

The switching loss of the high-side power MOSFET in
each phase channel is estimated in Equation 5-29.

EQUATION 5-29:

Tour,

Py ais) = Vivouax) > X (tp+tp) * fow

=0 § Ronpuu ™ Roms)
R=0cms) X —
= Voo = Vrrms)

(Ronprr + Reas)
7= O * E —
TH(HS)

Ocus)= 0.5 X Ogsus + OpHs
Where:

tp = High-Side MOSFET Turn-On Transition Time
tr = High-Side MOSFET Turn-Off Transition Time

Ocrs) = Switching Gate Charge of High-Side
MOSFET

Ogsus = Gate-to-Source Charge of High-Side
MOSFET

Ogpus = Gate-to-Drain Charge of High-Side MOSFET
Ronpun = High-Side Gate Driver Pull-up Resistance

Ronprr, = High-Side Gate Driver Pull-Down
Resistance

Rgus) = Gate Resistance of High-Side MOSFET

Vrnms) = High-Side MOSFET Gate-to-Source
Threshold Voltage

The high-side MOSFET output capacitance discharge
loss can be calculated in Equation 5-30.

EQUATION 5-30:

Peosss) = 0.5 % Cossas)(Vivaaax)* * fsw

Where:
Cosss) = High-Side MOSFET Output Capacitance

The total power dissipation of the high-side power
MOSFET in each phase channel is the sum of the con-
duction loss, the switching loss and the MOSFET output
capacitance discharge loss, as shown in Equation 5-31.

EQUATION 5-31:

Pps)=Pconpers) + Pswirs) + Pcossis)

The high-side power MOSFET in each phase channel
selected must be capable of handling the total power
dissipation. To improve efficiency and minimize the
power loss, the power MOSFET should be selected
with low on-resistance and optimum gate charge.

On the other hand, the power dissipation in the
low-side power MOSFET in each phase channel is
mainly contributed to by the conduction loss and there
is no switching loss for the low-side MOSFET in the
buck converter since the body diode of the low-side
MOSFET is forward-biased before the turn-on, and
after the turn-off of the low-side MOSFET, which makes
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the voltage across the low-side MOSFET equal to the
body diode’s forward voltage during the turn-on and
turn-off transition.

Apart from the conduction loss, low-side MOSFET
body diode forward conduction loss, body diode
reverse recovery loss and low-side MOSFET output
capacitance discharge loss also contribute to the
power dissipation in the low-side power MOSFET in
each phase channel.

The low-side MOSFET body diode forward conduction
loss during dead time is calculated by Equation 5-32.

EQUATION 5-32:

2 *loyrmax)

Ppppris)= , X Vemp) * tpr > fsw
Where:
Vrwp) = Forward Voltage of Low-Side MOSFET
Body Diode

tpr = Dead Time, which is about 20 ns

The low-side MOSFET body diode reverse recovery
loss is calculated by Equation 5-33.

EQUATION 5-33:

Ppporras) = Vineuax) * Orr@oLs) * fsw
Where:

Orreeprs) = Reverse Recovery Charge of Low-Side
MOSFET Body Diode

The low-side MOSFET output capacitance discharge loss
can be calculated in Equation 5-34.

EQUATION 5-34:

Peosss) = 0.5 % Cossws)(Vinanax)* * fsw

Where:
Cosssy = Low-Side MOSFET Output Capacitance

The total power dissipation of the low-side power
MOSFET in each phase channel is estimated in
Equation 5-35.

EQUATION 5-35:

Ppas)=Pconpas) T Peoprias) T Peporras) T Pcossis)

Since low-side MOSFETs can be accidentally turned
on by the high dV/dt signal at switching node, low-side
MOSFETs with high Cgs/Cgp ratio and low internal
gate resistance should be chosen to minimize the
effect of dV/dt inducted turn-on.

5.5 Bootstrap Capacitor

The MIC21LV32 device’s high-side gate drive circuits
are designed to switch the N-Channel external
MOSFETs. The MIC21LV32 shows two external boot-

strap diodes and each one is between the PVDD and
BST pins of each phase channel. These circuits supply
energy to the high-side gate drive circuits with one for
each phase. A low-ESR ceramic capacitor should be
connected between the BST pin and the SW pin of
each phase channel (refer to the “Typical Application
Circuits”). The bootstrap capacitors between the BST
and the SW pins, Cggt1 and Cggry, are charged while
the respective low-side MOSFET is turned on. When
the respective high-side MOSFET driver is turned on,
energy from Cggry is used to turn the MOSFET on. A
minimum of 0.1 pF low-ESR ceramic capacitor is
recommended between the BSTx and SWx pins. The
required value of Cggry can be calculated using
Equation 5-36.

EQUATION 5-36:

coo O Hs)
BSTx~ 1,
Y AVegsty
Where:
Ogmus) = Gate Charge of High-Side MOSFET in
Each Phase

AVegste = Delta Voltage Drop Across Cggt in Each
Phase, Generally 50 mV to 100 mV

5.6 Setting Output Voltage

The MIC21LV32 requires two resistors to set the output
voltage, as shown in Figure 5-3.

a =7
Remaote R1
Sense 0
g.. Amp 3 Amp ¥
Sain= R2
f Gain=1 =FE
- -—
I"'Illl'! F
0.ev
IF
FIGURE 5-3: Voltage-Divider
Configuration.

The output voltage is determined by Equation 5-37.
EQUATION 5-37:

V, v, (1 + R’ )

= X —_—
our REF R
Where:

VREF = 0.6V

A typical value of R1 can be between 3 kQ and 10 kQ.
If R1 is too large, it may allow noise to be introduced
into the voltage feedback loop. If R1 is too small, it
decreases the efficiency of the buck converter,
especially at light loads. After R1 is selected, R2 can be
calculated using the formula found in Equation 5-38.
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EQUATION 5-38:

v, x R1
Ro— L REF
Vour— VRrErF

5.7 AVP Droop Load Line Resistance

The AVP droop load line resistance can be calculated
by Equation 5-39.

EQUATION 5-39:

# AVouroroor) 4% Repnsg E v, REF) . Vour
LOADLINE = = =
Al - Rproor Vour”  Veer
Rrgp2
Where:
AVourmproopy = Change in Output Voltage with Load
Al k) = Total Change in Peak Inductor Current for
All Phases for a Given Change in Load
Current
Rspyse = Current Sense Resistance

Vrer = Reference Voltage (0.6V typical)
Vour = Output Voltage

Rproop = Resistance of Droop Setting Resistor Con-
nected at the DROOP Pin
Rrpp>, = Lower Bottom Feedback Resistance Value

5.8 Power Dissipation in MIC21LV32

The MIC21LV32 features two Low-Dropout (LDO)
regulators to supply power at the PVDD pin from either
VIN or EXTVDD, depending on the voltage at the
EXTVDD pin. PVDD powers MOSFET drivers and the
VDD pin, which powers the internal circuitry and is rec-
ommended to connect to PVDD through a low-pass
filter. In the applications where the output voltage is 5V
and above (up to 14V), it is recommended to connect
EXTVDD to the output to reduce the power dissipation
in the MIC21LV32, in order to reduce the MIC21LV32
junction temperature and to improve the system
efficiency. The power dissipation in the MIC21LV32
depends on the internal LDO being in use, gate charge
of the external MOSFETSs and switching frequency. The
power dissipation and the junction temperature of the
MIC21LV32 can be estimated using Equation 5-40,
Equation 5-41 and Equation 5-42.

Power dissipation in the MIC21LV32 is calculated in
Equation 5-40 when EXTVDD is not used.

EQUATION 5-40:

Pre=Viv* Ugrorar) + o)
Igrorar) = Qs * Ooasy T Qomsy T QowsyVsw

Where:

Igrorary = Total Average Gate Drive Current for All
Phases

Ip = Quiescent Current of MIC21LV32

Ocesiy = Gate Charge of High-Side and
O6si Low-Side MOSFETs in Phase 1

Ocusz» = Gate Charge of High-Side and
O61s2) Low-Side MOSFETs in Phase 2

Power dissipation in the MIC21LV32 is calculated in
Equation 5-41 when EXTVDD is used.

EQUATION 5-41:

Prc=Vexrvop * Ugorar) T 1p)
Where:

Vexrvpp = Voltage at EXTVDD Pin
(4.7V < Vexryop < 14V typically)

Igrorar) = Total Average Gate Drive Current for All
Phases

Quiescent Current of MIC21LV32

Iy

The junction temperature of the MIC21LV32 can be
estimated using Equation 5-42.

EQUATION 5-42:

Ty=Pic>x O+ 1y

Where:
T, = Junction Temperature of MIC21LV32
T, = Ambient Temperature

P;c = Power Dissipation of MIC21LV32

Junction-to-Ambient Thermal Resistance of
MIC21LV32 (34°C/W typical)

14

The maximum recommended operating junction
temperature for the MIC21LV32 is 125°C. Using the
output voltage of the same switching converter when it
is between 4.7V (typical) and 14V, as the voltage at the
EXTVDD pin, significantly reduces the power dissipa-
tion inside the MIC21LV32. This reduces the junction
temperature rise as illustrated further.

For a typical case of:

VIN = 36V, VOUT = 5V, lG(TOTAL) =20 mA, |Q =5mA
and maximum ambient temperature, Tp = 85°C.

When the EXTVDD is not used, the MIC21LV32

junction temperature is calculated as shown in
Equation 5-43.
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EQUATION 5-43:

Pye=36V % (20 mA + 5 mA)

P]C:O.9W
T;=0.9W x 34°C/W + 85°C
;= 115.6°C

When the EXTVDD is used and the 5V output of the
MIC21LV32 buck converter is used as the input to the
EXTVDD pin, the MIC21LV32 junction temperature is
calculated as shown in Equation 5-44. The junction
temperature is significantly reduced from 115.6°C to
89.3°C when the EXTVDD is used.

EQUATION 5-44:

T,=0.125W x 34°C/W + 85°C
T,=89.3°C

5.9 Thermal Measurements

It is a good idea to measure the IC’s case temperature
to make sure it is within its operating limits. Although
this might seem an elementary task, it is easy to get
false results. The most common mistake is to use the
standard thermal couple that comes with a thermal
meter. This thermal couple wire gauge is large, typically
22 gauge, and behaves like a heatsink, which results in
a lower case temperature measurement.

There are two methods of temperature measurement:
using a smaller thermal couple wire or using an infrared
thermometer. If a thermal couple wire is used, it must
be constructed of 36 gauge wire or higher (smaller wire
size) to minimize the wire heatsinking effect. In addi-
tion, the thermal couple tip must be covered in either
thermal grease or thermal glue to ensure that the
thermal couple junction makes good contact with the
case of the IC. Wherever possible, an infrared
thermometer is recommended. The measurement spot
size of most infrared thermometers is too large for an
accurate reading on a small form factor IC. However,
an IR thermometer with a 1 mm spot size is a good
choice for measuring the hottest point on the case. An
optional stand can be used to make it easy to hold the
beam on the IC for long periods of time. In addition, a
more advanced, convenient and accurate infrared
thermal camera can be used, although such equipment
is much more expensive.
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6.0 PCB LAYOUT GUIDELINES

Note: To minimize EMI and output noise, follow
these layout recommendations.

PCB layout is critical to achieve reliable, stable and
efficient performance. A ground plane is required to
control EMI and minimize the inductance in power,
signal and return paths. Use star ground technique
between AGND and PGND, and minimize trace length
for high-current paths.

Follow these guidelines to ensure proper operation of
the MIC21LV32 two-phase buck converter.

6.1 Integrated Circuit

* The 2.2 pF ceramic capacitor, which is connected
to the VDD pin, must be located right at the IC.
The VDD pin is very noise-sensitive, so the place-
ment of the capacitor is critical. Use wide traces to
connect to the VDD, PVDD and PGND pins.

+ Connect a 2.2 pyF ceramic capacitor to the
EXTVDD pin, which must be located right at the IC.

+ Connect the Analog Ground pin (AGND) directly
to the ground planes. Do not route the AGND pin
to the PGND pad on the top layer.

* Use thick traces and minimize trace length for the
input and output power lines.

» Keep the analog and power grounds separate,
and connected at only one location.

6.2 Input Capacitor

* Use parallel input capacitors to minimize effective
ESR and ESL of input capacitor.

» Place input capacitors next to the high-side power
MOSFETs for each phase channel.

* Place the input capacitors on the same side of the
board and as close to the IC as possible.

+ Connect the V|\ supply to the VIN pin through a
1.2Q) resistor and connect a 1 yF ceramic capaci-
tor from the VIN pin to the PGND pin. Keep both
the VIN pin and PGND connections short.

* Place several vias to the ground plane, close to
the input capacitors’ ground terminal.

» Use either X7R or X5R dielectric input capacitors.
Do not use Y5V or Z5U-type capacitors.

* Do not replace the ceramic input capacitor with
any other type of capacitor. Any type of capacitor
can be placed in parallel with the input capacitor.

* In hot-plug applications, use an electrolytic bypass
capacitor to limit the overvoltage spike seen on the
input supply when power is suddenly applied.

6.3 Inductor

» Keep the inductor connection to the switch node
(SW1, SW2) short.

* Do not route any digital lines underneath or close
to the inductor.

+ Keep the switch node (SW1, SW2) away from the
Feedback (FBS) pin.

+ Connect the CSPx pin and CSNx pin directly to
the drain and source of the low-side power MOS-
FET, respectively, and route the CSP and CSN
traces together for each phase channel to accu-
rately sense the voltage across the low-side
MOSFET to achieve accurate current sensing.

» To minimize noise, place a ground plane under
the inductor.

» The inductor can be placed on the opposite side
of the PCB with respect to the IC. There should be
sufficient vias on the power traces to conduct high
current between the inductor and the IC and out-
put load. It does not matter whether the IC or
inductor is on the top or bottom, as long as there
is enough heatsink and air flow to keep the power
components within their temperature limits. Place
the input and output capacitors on the same side
of the board as the IC.

6.4 Output Capacitor

» Use a wide trace to connect the output capacitor
ground terminal to the input capacitor ground terminal.
» The feedback trace should be separate from the
power trace and connected as close as possible to
the output capacitor. Sensing a long high-current
load trace can degrade the DC load regulation.

6.5 MOSFETs

+ MOSFET gate drive traces must be short and
wide. The ground plane should be the connection
between the MOSFET source and PGND.

+ Choose a low-side MOSFET with a high Cgs/Cgp
ratio and a low internal gate resistance to
minimize the effect of dV/dt inducted turn-on.

* Use a 4.5V rated Vgg MOSFET. Its higher gate
threshold voltage is more immune to glitches than
a 2.5V or 3.3V rated MOSFET.

6.6  Vourt Remote Sense

* The remote sense traces must be routed close
together or on adjacent layers to minimize noise
pickup. The traces should be routed away from
the switch node, inductors, MOSFETs and other
high dV/dt or di/dt sources.

6.7 RC Snubber

« Ifitis needed, place a RC snubber on either side
of the board and as close to the SW pin as possi-
ble.
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7.0 PACKAGING INFORMATION

71 Package Marking Information

32-Lead VQFN (5 mm x 5 mm) Example

N N

XXX MIC
XXXXXX 21LV32
YYWWNNN 2145256

Legend: XX..X Product code or customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code
@@ Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (&3)
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information. Package may or not include the
corporate logo.
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32-Lead Very Thin Quad Flat, No Lead Package (QLA) - 5x5x0.9 mm Body [VQFN]
With 3.3 mm Exposed Pad

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://iwww.microchip.com/packaging
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32-Lead Very Thin Quad Flat, No Lead Package (QLA) - 5x5x0.9 mm Body [VQFN]
With 3.3 mm Exposed Pad

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Units MILLIMETERS

DimensionLimits|  MIN | NOM | MAX
Number of Terminals N 32
Pitch e 0.50 BSC
Overall Height A 0.80 0.85 0.90
Standoff A1 0.00 0.02 0.05
Terminal Thickness A3 0.203 REF
Overall Length D 5.00 BSC
Exposed Pad Length D2 325 | 330 | 335
Overall Width E 5.00 BSC
Exposed Pad Width E2 3.25 3.30 3.35
Terminal Width b 0.18 0.23 0.28
Terminal Length L 0.35 0.40 0.45
Terminal-to-Exposed-Pad K 0.45 REF

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated
3. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-1285 Rev A Sheet 2 of 2
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32-Lead Very Thin Quad Flat, No Lead Package (QLA) - 5x5x0.9 mm Body [VQFN]
With 3.3 mm Exposed Pad

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://iwww.microchip.com/packaging
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RECOMMENDED LAND PATTERN

Units MILLIMETERS

DimensionLimits| MIN | NOM | MAX
Contact Pitch E 0.50 BSC
Optional Center Pad Width X2 3.35
Optional Center Pad Length Y2 3.35
Contact Pad Spacing C1 4.90
Contact Pad Spacing C2 4.90
Contact Pad Width (X32) X1 0.30
Contact Pad Length (X32) Y1 0.85
Contact Pad to Center Pad (X32) G1 0.35
Contact Pad to Contact Pad (X28) | G2 0.20
Thermal Via Diameter \4 0.33
Thermal Via Pitch EV 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during
reflow process

Microchip Technology Drawing C04-3285 Rev A
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APPENDIX A: REVISION HISTORY

Revision B (September 2022)

Updated document layout.
Minor corrections throughout.

Updated Applications, General Description,
Section 4.5.10 “Multiphasing (Stacking)” and
Section 5.2 “Output Capacitor Selection” to
include additional information.

Updated Section 1.0 “Electrical
Characteristics”, Section 3.0 “Pin
Descriptions”, Section 4.0 “Functional
Description”, Section 5.0 “Application
Information” and Section 7.0 “Packaging
Information” to better describe the part.

Updated the Electrical Characteristics(1) table.

Updated the following figures: Typical Application
Circuits, Functional Block Diagram, Figure 2-34,
Figure 2-35, Figure 4-4, Figure 4-5, Figure 4-11,
Figure 4-13, Figure 4-18, Figure 5-1 and

Figure 5-2.

Updated the following equations: Equation 4-4,
Equation 4-22, Equation 4-23, Equation 4-24,
Equation 4-26, Equation 5-8, Equation 5-16,
Equation 5-17, Equation 5-19, Equation 5-20,
Equation 5-25, Equation 5-39, Equation 5-43 and
Equation 5-44.

Revision A (March 2021)

Initial release of this document.
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. % % Xxx(
Device Junction Package Media Type
Temperature
Range
Device: MIC21LVv32: 36V Dual Phase, Advanced COT Buck Controller
Stackable for Multiphase Operation
Junction Y = —40°C to +125°C, RoHS-Compliant
Temperature
Range:
Package: ML = 32-Lead, 5 mm x 5 mm VQFN
Media Type: TR = 3300/Reel

Examples:

a) MIC21LV32YML-TR: 36V Dual Phase, Advanced COT Buck
Controller Stackable for Multiphase
Operation, —40°C to +125°C Junction
Temperature Range, 32-Lead
5 mm x 5 mm VQFN Package,
3300/Reel

Note 1: Tape and Reel identifier only appears in the catalog
part number description. This identifier is used for
ordering purposes and is not printed on the device
package. Check with your Microchip Sales Office for
package availability with the Tape and Reel option.
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Note the following details of the code protection feature on Microchip products:

. Microchip products meet the specifications contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is secure when used in the intended manner, within operating specifications, and

under normal conditions.

. Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code protection features of
Microchip product is strictly prohibited and may violate the Digital Millennium Copyright Act.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code protection does not
mean that we are guaranteeing the product is "unbreakable" Code protection is constantly evolving. Microchip is committed to
continuously improving the code protection features of our products.

This publication and the information herein may be used only
with Microchip products, including to design, test, and integrate
Microchip products with your application. Use of this informa-
tion in any other manner violates these terms. Information
regarding device applications is provided only for your conve-
nience and may be superseded by updates. It is your responsi-
bility to ensure that your application meets with your
specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at https://
www.microchip.com/en-us/support/design-help/client-support-
services.
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