MICROCHIP

MIC2127A

75V, Synchronous Buck Controller Featuring Adaptive
On-Time Control

Features

Hyper Speed Control® Architecture Enables:

- High Input to Output Voltage Conversion
Ratio Capability

- Any Capacitor™ Stable

- Ultra-Fast Load Transient Response

Wide 4.5V-75V Input Voltage Range

Adjustable Output Voltage from 0.6V to 30V

270 kHz-800 kHz Programmable Switching
Frequency

Built-In 5V Regulator for Single-Supply Operation
Auxiliary Bootstrap LDO for Improving System
Efficiency

Internal Bootstrap Diode

Selectable Light Load Operating Mode

Enable Input and Power Good Output
Programmable Current Limit

Hiccup Mode Short-Circuit Protection

Soft Start, Internal Compensation and Thermal
Shutdown

Supports Safe Start-Up into a Prebiased Output

Applications

Networking/Telecom Equipment
Base Station, Servers
Distributed Power Systems
Industrial Power Supplies

General Description

The MIC2127A device is a constant-frequency
synchronous buck controller featuring a unique
adaptive on-time control architecture. The MIC2127A
device operates over an input voltage range from
4.5V-75V. The output voltage is adjustable down to
0.6V with an accuracy of £1%. The device operates
with  programmable switching frequency from
270 kHz-800 kHz.

The MIC2127A device features a MODE pin that allows
the user to select either Continuous Conduction mode
or Hyper Light Load (HLL) mode under light loads. An
auxiliary bootstrap LDO improves the system efficiency
by supplying the MIC2127A internal circuit bias power
and gate drivers from the output of the converter. A
logic level enable (EN) signal can be used to enable or
disable the controller. MIC2127A can start-up
monotonically into a prebiased output. The MIC2127A
device features an open drain power good signal (PG)
that signals when the output is in regulation and can be
used for simple power supply sequencing.

MIC2127A offers a full suite of protection features to
ensure protection of the IC during Fault conditions.
These include undervoltage lockout to ensure proper
operation under power-sag conditions, “hiccup” mode
short-circuit protection, internal soft start of 5 ms to
reduce inrush current during start-up and thermal shut-
down.

The MIC2127A device is available in a 16-pin
3mmx3mm VQFN package, with an operating
junction temperature range from —40°C to +125°C.
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MIC2127A

Typical Application
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MIC2127A

Package Type

MIC2127A
3 x 3 VQFN*
(Top View)

PG|1: '12| MODE
lm[2:  .-.. 1|FREQ
SW([3:. :Tl:  H10/EN

BST |4 ‘9| EXTVDD

* Includes Exposed Thermal Pad (EP); see Table 3-1.
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MIC2127A

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings 1

VINy FREQ LMy SW H0 PGND «vevereiesetiiiisieieit it —0.3V to +76V
Vaw 10 PGND (Transient < 50 NS) ..o e e e s e -5V
VDDs PyDDs FB, PG MODE t0 AGND -+vevreerrrerrrerteeareeitieireesseesttesteesieeasteesieeseneesisesreesaeeebeesseesneesanesneenens —-0.3V to +6V
EXTV/DD t0 AGND -+ ++vereseereeeseesueeaeaueaaseaueasseaseaaseaaeaaseaeeseeaaessaesaesseeaaeesseeaaesaeesseaseeaseaseeaaeasesaneasnssaeesenneaans —0.3V to +16V
BT 0 SV .ttt a e n e h e a et n et nn e —0.3V to +6V
BIST 10 AGND -v+veserrreererrumerueaeeaueaueeaueaeeaseasseaseaessaeeee e e e seesaeeseeaaeeseesaeeaeeeaeeeaeeaeeeaeeae e ereene e e aee e e rae e e eneeans —0.3V to +82V
EEN O AAGINID +ve+vveerreesmreereeritt et e sttt e bttt ettt ettt et h ettt a et bt a et b e nh et n e n e e nae e e nes —-0.3V to (V|y +0.3V)
DH, DL O AGND -+ -+ +eeesseesrerumeaueaseeaueaeesueeseaueaaessaeesae s e seeaaessaeaseeseeesseseeessesaeaneamesaeesanssaeansseeannens —0.3V to (Vpp +0.3V)
P GNID 10 AGND ++++++++ e trreemrerrte sttt et e sttt et e ettt ekt e bt et e sh e et eshe e et e e ehe e e bt e ehe e e bt ket n e e he e bt e nan et e e eenen e e —-0.3V to +0.3V
JUNCHON TEMPEIALUIE. ...ttt e e oot e et e e e e aeeee e e e e s aeeeeeaaamnseeeaeeaaneaeeanneeeaaeaannnneeaaeaannens +150°C
Storage TEMPEIAUNE (Tg) ...veeeureereiiieeette ittt ettt ettt sttt b e et et e sttt e sane e ne et een e e —65°C to +150°C
Lead Temperature (SOIAEING, T0S) ....cciuiiiiiiieiii ettt e et e et e s e e e st s e e e s be e e e anne e e nanes 260°C
ESD RAUNGM ..ottt ettt ettt ettt ee et n e n et 1000V

T Notice: Stresses above those listed under “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.

Note 1: Devices are ESD sensitive. Handling precautions recommended. Human body model, 1.5 kQ in series with
100 pF.

Operating Ratings'")

SUPPIY VORAGE (VN veeretemreeiteiiti ettt ettt ettt ettt ettt b ettt eb e e e e bt eneb e e et e e e et et e sne e r e e e enee 4.5V to 75V
SW, FREQ, [ s EN e e s 0V to V|
EXTVDD ...ttt ettt h e et ettt et b ekt e e Rt R e e Rt Rt e b e e e b e et e an e r e e aneen e nens 0V to 13.2V
JUNCioN TemMPerature (T ). .o e e e —40°C to +125°C
Package Thermal Resistance (3 mm x 3 mm VQFN 16LD)

JUNCHON 10 AMDIENT (B5) -+vevriveeieiie i s 50.8°C/W
JUNCHON 10 CSE (0 40) - evvremrierueiitie ittt ettt ettt ettt et et e e et et e et et s be e e bt e ne bt e sbeesane e sreeeaneeeenaneans 25.3°C/W

Note 1: The device is not ensured to function outside the operating range.
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MIC2127A

ELECTRICAL CHARACTERISTICS (Note 1)

Electrical Specifications: unless otherwise specified, V|y = 12V, Voyut = 1.2V; Vst — Vaw = 5V, Tp = +25°C.

Boldface values indicate -40°C < T; < +125°C (Note 2).

Parameter Symbol ‘ Min. ‘ Typ. | Max. | Units ‘ Test Conditions
Power Supply Input
Input Voltage Range VvIN 4.5 — 5.5 \Y Pyvpp and Vpp shorted to Vg
(Vevpp = Vvin = Vvpb)
5.5 — 75 —
Quiescent Supply Current la — 14 1.8 mA | Vgg = 1.5V, MODE = Vpp,
no switching
— 300 600 MA | VEg = 1.5V, MODE = Agnp,
no switching
Shutdown Supply Current lvIN(SHDN) — 0.1 5 MA  |EN=Low
— 30 60 MA  |EN =Low, V|y =Vpp =5.5V
Pvpp:Vpp and EXTVDD
Pyvpp Output Voltage VevbD 4.8 5.1 5.4 \Y Vyny =7V to 75V,
Ipypp = 10 MA
Vpp UVLO Threshold Vybb uvLo Rise | 37 4.2 4.5 \Y Vpp rising
Vpp UVLO Hysteresis VvbD_uvLO Hys — 600 — mV | Vpp falling
EXTVDD Bypass Threshold VEXTVDD Rise 4.4 4.6 4.85 \Y EXTVDD rising
EXTVDD Bypass Hysteresis VEXTVDD Hys — 200 — mv |—
EXTVDD Dropout Voltage — — 250 — mV | Vextvop = 5V, lpypp = 25 mA
Reference
Feedback Reference Voltage VRer 0.597 0.6 | 0.603 Vv T,=25°C
0594 | 0.6 | 0.606 \Y —40°C <T;<125°C
FB Bias Current (Note 3) 1= — 50 500 nA |Vgg=0.6V
Enable Control
EN Logic Level High VEN H 1.6 — — \ —
EN Logic Level Low VEN L — — 0.6 \Y —
EN Hysteresis VEN Hys — 100 — mvV | —
EN Bias Current lEN — 6 30 MA | VEy =12V
ON Timer
Switching Frequency fo — 800 — kHz  |Vereq = Vvin, Vuin = 12V
230 270 300 VERreq = 33% of Vyn,
Vyin = 12V
Maximum Duty Cycle Dpax — 85 — % VeEreaq = Vuin = 12V
Minimum Duty Cycle Dmin — 0 — % Vgg > 0.6V
Minimum ON Time tonMIN — 80 — ns —
Minimum OFF Time toFF(MIN) 150 230 350 ns —
MODE
MODE Logic High Level VMODE_H 1.6 — — \Y —
MODE Logic Low Level VMoDE L — — 0.6 \Y —
MODE Hysteresis VMODE_Hys — 70 — mvV | —

Note 1:

Specification for packaged product only.

2: The application is fully functional at low Vpp (supply of the control section) if the external MOSFETs have

low voltage V1n.
3: Design specification.

© 2016-2019 Microchip Technology
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MIC2127A

ELECTRICAL CHARACTERISTICS (Note 1)

Electrical Specifications: unless otherwise specified, V|y = 12V, Voyt = 1.2V; VggT — Vg = 5V, Tp = +25°C.
Boldface values indicate -40°C < T < +125°C (Note 2).

Parameter Symbol ‘ Min. ‘ Typ. | Max. | Units ‘ Test Conditions
Current Limit
Current Limit Comparator VoFFSET -15 0 15 mV | Vgg=0.59V
Offset
ILm Source Current lcL 85 100 115 MA | VEg =0.59V
I_m Source Current Tempco — — 0.3 — pASC | —
Negative Current Limit — — 48 — mV |—
Comparator Threshold
Zero Crossing Detection Comparator
Zero Crossing Detection — -24 -8 10 mV |—
Comparator Threshold
FET Drivers
DH On-Resistance, High RpHPuLL-UP) — 2 3 Q —
State
DH On-Resistance, Low RDHpuLL pown)| — 2 4 Q —
State
DL On-Resistance, High RoLPuLL-UP) — 2 4 Q —
State
DL On-Resistance, Low State | Rp| (puLL_pown) — 0.36 0.8 Q —
SW, VIN, and BST Leakage
BST Leakage — — — 30 MA | —
V|n Leakage — — — 50 MA | —
SW Leakage — — — 50 MA | —
Power Good (PG)
PG Threshold Voltage VpG Rise 85 — 95 | %VouT | VEg rising
PG Hysteresis VPG Hys — 6 — | %Vour | Vgg falling
PG Delay Time PG_R_DLY — 150 — us Vg rising
PG Low Voltage VoL pPc — 140 200 mV | Vgg <90% X VNowms

Ipg =1 mA

Thermal Protection
Overtemperature Shutdown TsHDN — 150 — °C Junction temperature rising
Overtemperature Shutdown TSHDN_Hys — 15 — °C |—
Hysteresis

Note 1: Specification for packaged product only.

2: The application is fully functional at low Vpp (supply of the control section) if the external MOSFETs have
low voltage V1n.

3: Design specification.
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MIC2127A

TEMPERATURE SPECIFICATIONS

Electrical Specifications: unless otherwise specified, V|y = 12V, Vout = 1.2V; VggT — Vaw = 5V, Ta = +25°C.

Parameters | Sym. ‘ Min. ‘ Typ. ‘ Max. | Units ‘ Conditions
Temperature Ranges
Storage Temperature Ts —65 — +150 °C
Junction Temperature T, —40 — +150 °C
Package Thermal Resistances
Thermal Resistance, Junction to Ambient CITN — 50.8 — °C/IW
16 Lead, - 5
3 x 3 mm VQFN Junction to Case 0,c — | 253 — C/W

© 2016-2019 Microchip Technology Inc.

DS20005676D-page 7



MIC2127A

2.0 TYPICAL CHARACTERISTIC 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, VV|N =12V, fSW =300 kHz, R|L||V| =1.3kQ, L=10 UH, VEXTVDD = VOUT, TA =+25°C
(refer to the Typical Application circuit).

25 — 1.8
= A T 16 |
E 20 + FosU; =300 kHz §, 1'4 EXTVDD = GND //
- Ven =Vun // - //
5 L g12 ——— —
£15 5 T
=3 o (8]
o / 208 —_—T | Vexrvoo = Vour
> i
o 10 S 0.6 | vyy=48v
o = U. VIN =
S n lour = 0A
2 g 5 0.4 E =300 kHz
g_ g' 0.2 [ Ven =V
2 - HLL Mode
£ 0
0 -50 -25 0 25 50 75 100
6 12 18 24 30 36 42 48 54 60 66 72 78 Temperature (°C)
Input Voltage (V)
FIGURE 2-1: Input Supply Current vs. FIGURE 2-4: Input Supply Current vs.
Input Voltage. Temperature (HLL Mode).
30 ‘ 600 V, 48V, with istor divid
— = » With resistor divider
E 25 \ ‘ %_— 500 b;ltuween V) and Agy,, at FREQ pin
bt EXTVDD = GND 2 (100 kQ and 60 kQ)
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5 J— < ]
© 45 S 300
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§ 10 2 200
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g. 5 | lour =0A 100
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(1] - 0
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FIGURE 2-2: Input Supply Current vs. FIGURE 2-5: Input Shutdown Current vs.
Temperature. Input Voltage.
0.7 350
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T 06 340 | and Ay, at FREQ pin
£ \ — 330 | (100 kQand 60 kQ)
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£ <
£ 04 " E 310
o S 300
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g 03 S 290
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- loyr =0A -
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% 01 Ven =V 260
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0 le 250
6 12 18 24 30 36 42 48 54 60 66 72 78 -50 25 0 25 50 75 100
Input Voltage (V) Temperature (°C)
FIGURE 2-3: Input Supply Current vs. FIGURE 2-6: Input Shutdown Current vs.
Input Voltage (HLL Mode). Temperature.
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MIC2127A

Note: Unless otherwise indicated, Vyy = 12V, fgy = 300 kHz, R iy = 1.3 kQ, L = 10 pH, Vextvpp = Vout, Ta = #25°C
(refer to the Typical Application circuit).
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loyop = 10 mA
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49 33 [p=0mA
EXTVDD = GND
4.8 3.1
6 12 18 24 30 36 42 48 54 60 66 72 78 50 25 0 25 50 75 100 125
Input Voltage (V) Temperature (°C)
FIGURE 2-7: Pvpp Line Regulation. FIGURE 2-10: Vpp UVLO Threshold vs.
Temperature.
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’;’G“RE t2'8' Pvpp Voltage vs. FIGURE 2-11:  EXTVDD Threshold vs.
emperature. Temperature.
5.2 — | 16
5 \. s VEXT\‘IDD=12V N
= — EXTVDD = GND 1.4
2438 s
Q ]
o T~ g 1.2
% 4.6 \\ § \\\ Vgy rising
= 7 \
>g 4.4 Vexrvop = 5V \ ° 1.0 \\\\\
o -,z, Vg falling —
4.2 Vyn = 48V Wog
4 Ven = Vyn
0 10 20 30 40 50 60 0.6
50  -25 0 25 50 75 100 125
levop (MA) Temperature (°C)
FIGURE 2-9: Pypp Load Regulation. FIGURE 2-12:  Enable Threshold vs.
Temperature.
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MIC2127A

Note: Unless otherwise indicated, Vyy = 12V, fgy = 300 kHz, Rj iy = 1.3 kQ, L = 10 pH, Vextvpp = Vout, Ta = #25°C
(refer to the Typical Application circuit).

EN Current (uA)

5.6
5.4
5.2
5.0
4.8
4.6
4.4
4.2
4.0

V=12V
Vey =5V

-50 -25 0 25 50 75 100 125

Temperature (°C)

140

-
[0
o

-
N
o

-
-y
o

-
(=3
o

©
o

ILIM Source Current (uA)

©
o

pd

~
o

-50 -25

0 25 50 75 100 125
Temperature (°C)

FIGURE 2-13:

Enable Bias Current vs.

Temperature.

Switching frequency (kHz)

320
310
300
290
280
270
260
250
240
230
220

6

/ lour =:A 7

I/ T

i

Il lour = 0A

/ Vour =5V

Fsw_serponir = 300 kHz
| Vexrvoo = Vour

Ven = Vun

Input Voltage (V)

12 18 24 30 36 42 48 54 60 66 72 78

FIGURE 2-14:
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FIGURE 2-15:
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FIGURE 2-16:
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MIC2127A

Note: Unless otherwise indicated, Vyy = 12V, fgy = 300 kHz, R iy = 1.3 kQ, L = 10 pH, Vextvpp = Vout, Ta = #25°C
(refer to the Typical Application circuit).

100%
90%
80%
70%
oy 0,
g 0% ~Vor =10V ||
S 50% ~Voyr=1.2V 7]
5 40% ~Voyr=15V
30% —Vour=1.8V ||
20% Ryt
10%
0% Moo
(]
0 05 1 15 2 25 3 35 4 45 5
Output Current (A)
FIGURE 2-19: Efficiency vs. Output
Current (Input Voltage = 12V, CCM Mode).
100%
90% o
80% =
70%
E 60% — Vour =1.0V
:g 50% # —vzlu,:=1.2v M
£ 40% —Vour=15V H
30% —Vour=18V
20% Vour =25V ||
— Vour =3.3V
0,
bl | LTV
(]
0 05 1 15 2 25 3 35 4 45 5
Output Current (A)
FIGURE 2-20: Efficiency vs. Output
Current (Input Voltage = 24V, CCM Mode).
100%
90%
80%
70% 2
Z 60% Zall = Vour = 1.0V
5 s50% — Vour =1.2V
g 40% ~ Vour = 1.5V
W 00, — Vour = 1.8V
20% Vour = 2.5V
. — Vour =3.3V
ol | ~Vour =5V
(]
0 05 1 15 2 25 3 35 4 45 5
Output Current (A)
FIGURE 2-21: Efficiency vs. Output

Current (Input Voltage = 36V, CCM Mode).

100%
90% B
80% 11
=l
70% Wi
>
§ 60% P —Vour =10V |
G 50% / ~Vour=1.2V |
5 40% — Vour=15V |
30% —Vour =18V |
20% Vour =25V |
o ~ Vour=3.3V |
12;’ — Vour =5V
(]
0 05 1 15 2 25 3 35 4 45 5
Output Current (A)
FIGURE 2-22: Efficiency vs. Output
Current (Input Voltage = 48V, CCM Mode).
100%
90% pamm=====as
80% T ":/,,_- asiREERRER
70% e e
3 60% T
g 50% =
£ 40% |
W oo _ —Voyr=1.0v = Vour=1.2V
—Vour=15V  — Vour = 1.8V
20%
Vour =25V — Vour =3.3V
10% — Voyr =5V
0% ‘ out ~
0 05 1 15 2 25 3 35 4 45 5
Output Current (A)
FIGURE 2-23: Efficiency vs. Output
Current (Input Voltage = 60V, CCM Mode).
100%
90% HHHHH
80% AP T
70% By sean —
T 60% |- A
2 50% T
£ 40% a
- 30% / /1 — Vour = 1.0V — Voyr =1.2v
° % — Voyr=1.5V — Vour = 1.8V
20% _
100 Vour = 2.5V — Vour =3.3V
% — Vour =5V
0% T T TS S Y B Y B A
0 05 1 15 2 25 3 35 4 45 5
Output Current (A)
FIGURE 2-24: Efficiency vs. Output

Current (Input Voltage = 756V, CCM Mode).
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MIC2127A

Note: Unless otherwise indicated, Vyy = 12V, fgy = 300 kHz, Rj iy = 1.3 kQ, L = 10 pH, Vextvpp = Vout, Ta = #25°C
(refer to the Typical Application circuit).

100% 100%
90% = 90%
80% 80%
L T0% | 70%
2 60% — Voyr =5V 2 60% a a = Vour =5V
g 50% ] - ~ Vour =3.3V 5 50% = L — Vour =3.3V
E 40% J ~ Vour =25V 2 40% A ol — Vour = 2.5V
w — Voyr =1.8V & ° y — Vour =1.8V
30% v sy Y 30% ﬂ#y /| o
20% | our = 1 f Vour = 1.5V
° = Vour=1.2V 20% = Vour=1.2V
10% — Vour = 1.0V 10% v =1ov7
0% L] 0% LM T
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5
Load Current (A) Load Current (A)
FIGURE 2-25: Efficiency vs. Output FIGURE 2-28: Efficiency vs. Output
Current (Input Voltage = 12V, HLL Mode). Current (Input Voltage = 48V, HLL Mode).
100% 100%
90% 90%
80% |{irvt i 80% e g
L T0% (- 70% s
s 60% L ! g 60% |- Siit
$ 50% | e S s0% |/ A TVor=W
E o out = 9 & o Pyl — Vour = 3.3V
5 40% —Vour=25V | i 40% Sl — Vour =25V |
30% ~Vour=18V 1 30% |[A\ A — Vour=18V -
20% Vour =15V | 20% [---M | | Vour = 1.5V
— Vour=1.2V o —Voyr=12v |
10% —Vour=10V | 10% = Vopr =10V
0% L 0% NN NN
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5
Load Current (A) Load Current (A)
FIGURE 2-26: Efficiency vs. Output FIGURE 2-29: Efficiency vs. Output
Current (Input Voltage = 24V, HLL Mode). Current (Input Voltage = 60V, HLL Mode).
100% 100%
90% [ 90%
80% | 80% znanauinil
70% ¥ 70%
> >
::: GDZA, LT ~ Vour =5V % 60%
© 50 ;’ Y] ~ Vour=3.3V s 50% Sy
£ 40% — Vour = 2.5V £ o
b Vi v 5 40% N v
30% \/ \\IIOUT ; 12\(, 30% |/~ ,/’ —Vour=5V  — Vour=3.3V
20% vouT = 1.zv 20% —Vour =25V — Vgyr =1.8V
o — Vour = I+ = _ =1.
12; . ‘_“V‘c‘ru"rf TIO‘V . 10% _ :’/th;= 13:’, Vour =1.2V |
0 o% LU il
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5
Load Current (A) Load Current (A)
FIGURE 2-27: Efficiency vs. Output FIGURE 2-30: Efficiency vs. Output
Current (Input Voltage = 36V, HLL Mode). Current (Input Voltage = 75V, HLL Mode).
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MIC2127A

Note: Unless otherwise indicated, Vyy = 12V, fgy = 300 kHz, R iy = 1.3 kQ, L = 10 pH, Vextvpp = Vout, Ta = #25°C
(refer to the Typical Application circuit).

Il Vvin
Vvin 20V/div
20Vidiv 4
Vsw . Vsw
20V/div "V = 0V to 48V - 20V/div -V = 0V to:48V -
. VOUT =5V VOUT =5V
- lour =5A _lout. =0.1A -
Vour T v :
H ouT
2V/div RN 2V/idiv
0 o
saidiv o I
. 10 ms/div 2A/div - : : 10 ms/div :
FIGURE 2-31: Power-Up. FIGURE 2-34: Power-Up at Light Load in
HLL Mode (loyt = 0.1A).
VVIN o - . : . : . ﬁ V\_/|N = 48\‘/.t0 OV - X VVIN = 43V
20V/div : Vour =5V : S Vour = 5V
loyt =5A loyr =5A
. VEN . +
Vsw 2vidiv 2}
20V/div )
B
Vour
2Vidiv Vour
2vidiv F
I - : :
| by O S
L S
sA/div [t - RS Vea 2t
10 ms/div | : 5V/div SR 4 ms/div :
FIGURE 2-32: Power-Down. FIGURE 2-35: Enable Turn-On/Turn-Off.
Vvin Ven
20V/div 2V/div
Vsw
20V/div - Vy =0V to'48V.-:
Vour =35V Y,
Clour =04A 2\?/[:1Tiv
Vour I
2vidiv 5A/div
I | Veg 3
2A/div . 10 ms/div : 5 : : b 5V/div g 2 ms/div : :
FIGURE 2-33: Power-Up at Light Load in FIGURE 2-36: Enable Turn-On Delay.

CCM Mode (Ioyr = 0.1A).
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Note: Unless otherwise indicated, Vyy = 12V, fgy = 300 kHz, Rj iy = 1.3 kQ, L = 10 pH, Vextvpp = Vout, Ta = #25°C
(refer to the Typical Application circuit).

VEN E VVIEN =48V
2V/div - Vour=5V
loyr =5A
S

Vout '
2Vidiv

I

5A/div

Vpe ap

5V/div ;

Bl' o 2msdiv
FIGURE 2-37: Enable Turn-Off Delay.
Vyiy =48V
Vour =5V

VEn loyur =0.2A
2Vidiv d
Vour

2Vidiv

.

2A/div - ©

Veg

5V/div 1;0 ms{div :
FIGURE 2-38: Enable Turn-On/Turn-Off at

Light Load in CCM Mode.

VEN
2Vidiv

Vout
2Vidiv

5V/div

au

vy zdsy
- VYout = -
Nour= Sy -
: <

2A/div [+ : : : :

1b_ ms/div : :

Ven +
2Vidiv
Vour SRR SN S VV|N:='48V
2Vidiv : Vout=5V: L
.. K .. R oyt =0A’ o .
Vout_presias = 2.5V
Vsw
50V/div
I [y
2A/div .
4 ms/div : : :
FIGURE 2-40: Enable Turn-On with
Prebiased Output (CCM Mode).
T
Ven
2Vidiv “
3
Vout SR Vyin =48V
2Vidiv Vour £ 5V
B _ oyt =0A
s : : Vour_preBiAs = 2.5V
Vew S
50V/div
I . @W
2Adiv ¢ ; 4 ms/div
FIGURE 2-41: Enable Turn-On with

Prebiased Output (HLL Mode).

VEN
1V/div

Vout
2V/div

Vsw
50V/div

FIGURE 2-39:

Enable Turn-On/Turn-Off at

Light Load in HLL Mode.

Bl
m.

2y

Wy =48V
. V.0'UT=.15V o
loytr =0A

&M

4 ms/div

FIGURE 2-42: Enable Thresholds.
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Note: Unless otherwise indicated, Vyy = 12V, fgy = 300 kHz, R iy = 1.3 kQ, L = 10 pH, Vextvpp = Vout, Ta = #25°C

(refer to the Typical Application circuit).

Vyy = Rising
Vvbp Vour =5V
1V/div i : : lout ‘= 0A
B
Vour
2Vidiv - [TF
Vsw -
sVidiv | .
" : 4 ms/div
FIGURE 2-43: Vpp UVLO Threshold-
Rising.
Vvop .
i V = Falling
1V/div V\t/)IlTT='5V3' €
lour =0A
Vout
2V/div
Vsw
5Vidiv
(2]
S 100 ms/div :
FIGURE 2-44: Vpp UVLO Threshold-
Falling.
Ven Vyn =48V ©
2Vidiv B : B ST 'VX|3T=5V L
Load = Short
Rim = 1.3 kO
Vout : : - A A A
500 mVIdR\
I
5A/div ] :
L o Amskdiv
FIGURE 2-45: Enable into Output Short.

Vyiy = 0V fo 48V
Vuin Load = Short
20V/div R||_|M =13kQ ¢
Vour 7 FE RN TR VRN WU U DY Y WOV S VOO e U U (R PO WL W
500 mV/div : : : : .
I
10 msl;div : : .
FIGURE 2-46: Power-Up into Output Short.
Vyin =48V
Vout =5V :
VOUT .R"-IM =1.3kQ -
2V/div
¢
». .
lout
5A/div 4
2-ms/div
FIGURE 2-47: Output Current Limit
Threshold.
Vv|N =48V e
L9% = Short
Ve e = L
2y Rum=13kQ:
«
I
5AId|V .....................
P SSUU AU UV | U | B
2 ms/div :
FIGURE 2-48: Output Short Circuit.
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Note: Unless otherwise indicated, Vyy = 12V, fgy = 300 kHz, Rj iy = 1.3 kQ, L = 10 pH, Vextvpp = Vout, Ta = #25°C
(refer to the Typical Application circuit).

Vyin' = 48V
Vour =5V
Vourt Load = Short
2Vidiv Rium =13 k&
-
I
5A/div
EX 8
- : 4 ms/div : : : :
FIGURE 2-49: Recovery from Output Short
Circuit.
Vour
200 mV/div | S
AC coupled| Vyin = 48V:
) Vour =5V :
lout = 0A t6 5A °
: ¢
ouT
2Adiv ] : '
- ) 100 ps/div o ) )
FIGURE 2-50: Load Transient Response
(CCM Mode).
Vour e N
200 mV/div | : : . : :
AC coupled Vyin- = 48V
; Vour=5v -
IOUT = 0A to 5A
uT
2Aldiv '
L 2msdive oo
FIGURE 2-51: Load Transient Response
(HLL Mode).

Vour
100 mV/div
AC coupled Vv =48V
out =5V
lour = 0A to 2.5A
lour b -
2A/div
. 100 ps/div
FIGURE 2-52: Load Transient Response
(CCM Mode).
Vour
100 mV/div | o
AC coupled| . Vyiy =48V
s . VOUT =5V . ;
: " loyt = 0A to 2.5A °
lout @ «
2A/div
L) Emsldive
FIGURE 2-53: Load Transient Response
(HLL Mode).
Vour
100 mV/div
AC coupled Vyin - =48V
Vour = 5V
lour=25At0 5A_
«
lout
TV P o
: : 1Q0 ps/div
FIGURE 2-54: Load Transient Response
(HLL Mode).
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Note: Unless otherwise indicated, Vyy = 12V, fgy = 300 kHz, R iy = 1.3 kQ, L = 10 pH, Vextvpp = Vout, Ta = #25°C
(refer to the Typical Application circuit).

Von =48V T g
Vour=5V - : : : : : v\éllTT =5V
S lour=0A lout = 5A
Vour
Vour ﬁ\ﬁNN ) o N f\,.. /NG 50 mV/div 2
50 mV/div - - - - - AC coupled :
AC coupled
VSW ; +
P TS T P Sohdiv __‘L__JL_JL
I -
PLYCTIVEN N
I
Vsw 5A/div
50 Vidiv (3 : @k
2psidiv o : ©i. . 2psldi
FIGURE 2-55: Switching Waveform at No FIGURE 2-57: Switching Waveform at Full
Load (CCM Mode). Load.
Y Vyiy =48V
VOUT =5V
S PRRR A =B
Vour WMW
50 mV/divlT' : i
AC coupled
I
2Adiv gyt
Vsw
50V/div
10 us/div
FIGURE 2-56: Switching Waveform at No

Load (HLL Mode).
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3.0 PIN DESCRI

PTION

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

TABLE 3-1: PIN FUNCTION TABLE

MIC2127A Symbol Pin Function
1 PG Open-drain Power Good Output Pin
2 ILim Current Limit Setting Resistor Connection Pin
3 SW Switch Pin and Current Sense Input for negative current limit
4 BST Bootstrap Capacitor Connection Pin
5 DH High-side N-MOSFET Gate Driver Output
6 PanD Power Ground
7 DL Low-side N-MOSFET Gate Driver Output
8 Pvbp Internal Low Dropout Regulators Output of the MIC2127A
9 EXTVDD Supply Input for the internal low voltage LDO
10 EN Enable Input
11 FREQ Switching Frequency Programming Input
12 MODE Light Load Mode Selection Input
13 FB Feedback Input
14 AGND Analog Ground
15 Vop Supply Input for the MIC2127A internal analog circuits
16 VN Supply Input for the internal high-voltage LDO
17 EP Exposed Pad

31 Power Good Output Pin (PG)

Connect PG to Vpp through a pull-up resistor. PG is low
when the FB voltage is 10% below the 0.6V reference
voltage.

3.2 Current Limit Pin (I ;)

Connect a resistor from Iy to SW to set the current
limit. Refer to Section 4.3 “Current Limit (ILIM)” for
more details.

3.3 Switch Pin (SW)

The SW pin provides the return path for the high-side
N-MOSFET gate driver when High-Side MOSFET
Gate Drive (DH) is low and is also used to sense
low-side MOSFET current by monitoring the SW node
voltage for negative current limit function.

Connect SW to the pin where the high-side MOSFET
source and the low-side MOSFET drain terminal are
connected together.

34 Bootstrap Capacitor Pin (BST)

BST capacitor acts as supply for the high-side
N-MOSFET driver. Connect a minimum of 0.1 yF low
ESR ceramic capacitor between BST and SW. Refer to
Section 4.5 “High-Side MOSFET Gate Drive (DH)”
for more details.

3.5 High-Side N-MOSFET Gate Driver
Output Pin (DH)

High-side N-MOSFET gate driver Output. Connect DH
to the gate of external high-side N-MOSFET.

3.6 Power Ground Pin (Pgpnp)

Pcnp provides the return path for the internal low-side
N-MOSFET gate driver output and also acts as
reference for the current limit comparator. Connect
Ponp to the external low-side N-MOSFET source
terminal and to the return terminal of Pypp bypass
capacitor.

3.7 Low-Side N-MOSFET Gate Driver
Output Pin (DL)

Low-side N-MOSFET gate driver output. Connect to
the gate terminal of the external low-side N-MOSFET.

3.8 Internal Low Dropout Regulators
output Pin (PVDD)

Combined output of the two internal LDOs (one LDO
powered by V|y and the other LDO powered by
EXTVDD). Pypp is the supply for the low-side
MOSFET driver and for the floating high-side MOSFET
driver. Connect a minimum of 4.7 pyF low ESR ceramic
capacitor from Pypp to Pgnp-

DS20005676D-page 18
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3.9 EXTVDD

Supply to the internal low voltage LDO. Connect
EXTVDD to the output of the buck converter if it is
between 4.7V to 14V to improve system efficiency.
Bypass EXTVDD with a minimum of 1 yF low ESR
ceramic capacitor. Refer to Section 4.7 “Auxiliary
Bootstrap LDO (EXTVDD)” for more details.

3.10 Enable Input Pin (EN)

EN is a logic input. Connect to logic high to enable the
converter, and connect to logic low to disable the
converter.

3.11  Switching Frequency
Programming Input Pin (FREQ)

Switching Frequency Programming Input. Connect to
mid-point of the resistor divider formed between V,y
and Agnp to set the switching frequency of the
converter. Tie FREQ to V| to set the switching
frequency to 800 kHz. Refer to Section 5.1 “Setting
the Switching Frequency” for more details.

3.12 Light Load Mode Selection Input
Pin (MODE)

Light Load Mode Selection Input. Connect MODE pin
to Vpp to select Continuous Conduction mode under
light loads, or connect to Agyp to select Hyper Light
Load (HLL) mode of operation under light loads. Refer
to Section4.2 “Light Load Operating Mode
(MODE)” for further details.

3.13 Feedback Input Pin (FB)

FB is input to the transconductance amplifier of the
control loop. The control loop regulates the FB voltage
to 0.6V. Connect the FB node to the mid-point of the
resistor divider between output and Agnp.

3.14 Analog Ground Pin (Agnp)

Agnp is the reference to the analog control circuits
inside the MIC2127A. Connect Agnp to Pgnp at one
point on the PCB.

3.15 Bias Voltage Pin (Vpp)

Supply for the MIC2127A internal analog circuits.
Connect Vpp to Pypp of the MIC2127A through a
low-pass filter. Connect a minimum of 4.7 yF low ESR
ceramic capacitor from Vpp to Agnp for decoupling.

3.16 Input Voltage Pin (V|y)

Supply Input to the internal high-voltage LDO. Connect
to the main power source and bypass to Pgyp with a
minimum of 0.1 yF low ESR ceramic capacitor.

3.17 Exposed Pad (EP)

Connect to the Agnp copper plane to improve thermal
performance of the MIC2127A device.

© 2016-2019 Microchip Technology Inc.
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40 FUNCTIONAL DESCRIPTION

The MIC2127A device is an adaptive on-time
synchronous buck controller, designed to cover a wide
range of input voltage applications ranging from
4.5V-5V. An adaptive on-time control scheme is
employed to get a fast transient response and to obtain
high-voltage conversion ratios at constant switching
frequency. Overcurrent protection is implemented by
sensing low-side MOSFET's Rpg(on), Which eliminates
lossy current sense resistor. The device features
internal soft-start, enable input, UVLO, power good
output (PG), secondary bootstrap LDO and thermal
shutdown.

41 Theory of Operation

The MIC2127A is an adaptive on-time synchronous
buck controller that operates based on ripple at the
feedback node. The output voltage is sensed by the
MIC2127A feedback pin (FB) and is compared to a
0.6V reference voltage (Vggr) at the low-gain
transconductance error amplifier (gy), as shown in the
Functional Block Diagram. Figure 4-1 shows the
MIC2127A control loop timing during steady-state
operation.

The error amplifier behaves as the short circuit for the
ripple voltage frequency on the FB pin, which causes
the error amplifier output voltage ripple to follow the
feedback voltage ripple. When the transconductance
error amplifier output (Vgy) is below the reference
voltage of the comparator, which is same as the error
amplifier reference (Vrgg), the comparator triggers and
generates an on-time event. The on-time period is
predetermined by the fixed toy estimator circuitry,
which is given by Equation 4-1:

EQUATION 4-1:
LON(ESTIMATED) = TV'O%T}?—
VIN ~JSw
Where:
Vour = Output voltage
VviN = Power stage input voltage
fsw = Switching frequency

At the end of the ON time, the internal high-side driver
turns off the high-side MOSFET and the low-side driver
turns on the low-side MOSFET. The OFF time of the
high-side MOSFET depends on the feedback voltage.
When the feedback voltage decreases, the output of
the gy amplifier (V) also decreases. When the output
of the gy amplifier (V) is below the reference voltage
of the comparator (which is same as the error amplifier
reference (Vggg)), the OFF time ends and ON time is
triggered. If the OFF time determined by the feedback
voltage is less than the minimum OFF time (torrgviny)
of the MIC2127A, which is about 230 ns (typical), the
MIC2127A control logic applies the torrguiny, instead.

The maximum duty cycle can be calculated using
Equation 4-2:

EQUATION 4-2:
D _ Isw—lorFmINy ;_230ns
MAX ~ P - T
SW sw
Where:
tsw = Switching period, equal to 1/fgy

It is not recommended to use the MIC2127A device
with an OFF time close to torr(vn) during steady-state
operation.

The adaptive on-time control scheme results in a
constant switching frequency over the wide range of
input voltage and load current. The actual ON time and
resulting switching frequency varies with the different
rising and falling times of the external MOSFETs. The
minimum controllable ON time (tonovin)) results in a
lower switching frequency than the target switching
frequency in high V\ to Vg ratio applications.

Equation 4-3 shows the output-to-input voltage ratio,
below which the MIC2127A device lowers the switching
frequency in order to regulate the output to set value.

EQUATION 4-3:

V
our
7 = lovoviN) X fsw
v

Where:

Vout = Output voltage

VN = Input voltage

fsw = Switching frequency

tonviny = Minimum controllable ON time (80 ns typ.)
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1
MIC2127A Triggers ON-Time event if
the error amplifier output (Vo) is below Veer

mhnlnln

—»!
Estimated ON-Time

MIC2127A Control Loop

Vrer
Ves
v
VDHT

FIGURE 4-1:
Timing.

Figure 4-2 shows operation of the MIC2127A during
load transient. The output voltage drops due to a
sudden increase in load, which results in the error
amplifier output (Vgy) falling below Vger. This causes
the comparator to trigger an on-time event. At the end
of the ON time, a minimum OFF time torrguin) IS
generated to charge the bootstrap capacitor. The next
ON time is triggered immediately after the torrviny if
the error amplifier output voltage (Vgy) is still below
VRer due to the low feedback voltage. This operation
results in higher switching frequency during load
transients. The switching frequency returns to the
nominal set frequency once the output stabilizes at new
load current level. The output recovery time is fast and
the output voltage deviation is small in the MIC2127A
converter due to the varying duty cycle and switching
frequency.

Full Load

No Load

Vrer
VFET \\/

1 0.0 mnnnn o

Loftuin

MIC2127A Load Transient

FIGURE 4-2:
Response.

Unlike true current-mode control, the MIC2127A uses
the output voltage ripple to trigger an on-time event. In
order to meet the stability requirements, the MIC2127A
feedback voltage ripple should be in phase with the
inductor current ripple and large enough to be sensed
by the internal error amplifier. The recommended
feedback voltage ripple is approximately 20 mV-
100 mV over the full input voltage range. If a low-ESR
output capacitor is selected, then the feedback voltage
ripple may be too small to be sensed by the internal
error amplifier. 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. For these applications, ripple
injection is required to ensure proper operation. Refer
to Section 5.7 “Ripple Injection” for details about the
ripple injection technique.
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4.2 Light Load Operating Mode
(MODE)

MIC2127A features a MODE pin that allows the user to
select either Continuous Conduction mode or Hyper
Light Load (HLL) mode under light loads. HLL mode
increases the system efficiency at light loads by
reducing the switching frequency. Continuous
Conduction mode keeps the switching frequency
almost constant over the load current range.

Figure 4-3 shows the control loop timing in HLL mode.
The MIC2127A device has a zero crossing comparator
(ZC Detection) that monitors the inductor current by
sensing the voltage drop across the low-side MOSFET
during its ON time. The zero crossing comparator
triggers whenever the low-side MOSFET current goes
negative and turns off the low-side MOSFET. The
switching instant of the high-side MOSFET depends on
the error amplifier output, which is same as the
comparator inverting input (see the Functional Block
Diagram). If the error amplifier output is higher than the
comparator reference, then the MIC2127A enters into
Sleep mode. During Sleep mode, both the high-side
and low-side MOSFETs are kept off and the efficiency
is optimized by shutting down all the nonessential
circuits inside the MIC2127A. The load current is
supplied by the output capacitor during Sleep mode.
The control circuitry wakes up when the error amplifier
output falls below the comparator reference and a toy
pulse is triggered.

Low side MOSFET current crosses

miim

MIC2127A Control Loop

]
™~

FIGURE 4-3:
Timing (HLL Mode).

The typical no-load supply current during HLL mode is
only about 300 pA, allowing the MIC2127A device to
achieve high efficiency at light load operation.

4.3 Current Limit (I ;)

The MIC2127A device uses the low-side MOSFET
Rps(on) to sense inductor current. In each switching
cycle of the MIC2127A converter, the inductor current
is sensed by monitoring the voltage across the low-side
MOSFET during the OFF period of the switching cycle,
during which low-side MOSFET is ON. An internal
current source of 100 pA generates a voltage across
the external current limit, setting resistor Rg) as shown
in Figure 4-4.

MIC2127A

Control
Logic

i

CURRENT

LIMIT
DETECTION

FIGURE 4-4:
Circuit.

MIC2127A Current Limiting

The I pin voltage (V| ) is the difference of the
voltage across the low-side MOSFET and the voltage
across the resistor (V| ). The sensed voltage V,  is
compared with the power ground (Pgnp) after a
blanking time of 150 ns.

If the absolute value of the voltage drop across the
low-side MOSFET is greater than the absolute value of
the voltage across the current setting resistor (V| ), the
MIC2127A triggers the current limit event. Consecutive
eight-current limit events trigger the Hiccup mode.
Once the controller enters into Hiccup mode, it initiates
a soft start sequence after a hiccup timeout of 4 ms
(typical). Both the high-side and low-side MOSFETs
are turned off during hiccup timeout. The hiccup
sequence, including the soft start, reduces the stress
on the switching FETs and protects the load and supply
from severe short conditions.

The current limit can be programmed by using the
following Equation 4-4.
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EQUATION 4-4:
AlLpp
(ICL1M+ 3 ) XRpscony t Vorrser
R =
CcL
Ier
Where:
leum = Load current limit
Rps (on) = On-resistance of low-side power MOSFET
AlLpp = Inductor peak-to-peak ripple current
Vorrser = Current-limit comparator offset (15 mV max.)
leL = Current-limit source current (100 pA typ)

Since MOSFET Rpg(on) varies from 30%-40% with
temperature, it is recommended to consider the
Rps(on) variation while calculating Rc| in the above
equation, to avoid false current limiting due to
increased MOSFET junction temperature rise. Also
connect the SW pin directly to the drain of the low-side
MOSFET to accurately sense the MOSFETs Rpg(on)-

To improve the current limit variation, the MIC2127A
adjusts the internal source current of the current limit
(L) at a rate of 0.3 yA/°C when the MIC2127A
junction temperature changes to compensate the
Rps(on variation of external low-side MOSFET. The
effectiveness of this method depends on the thermal
gradient between the MIC2127A and the external
low-side MOSFET. The lower the thermal gradient, the
better the current limit variation.

A small capacitor (C¢ ) can be connected from the I
pin to Pgnp to filter the switch node ringing during the
OFF time, allowing a better current sensing. The time
constant of Rg. and Cg should be less than the
minimum OFF time.

44 Negative Current Limit

The MIC2127A device implements negative current
limit by sensing the SW voltage when the low-side FET
is ON. If the SW node voltage exceeds 48 mV typical,
the device turns off the low-side FET for 500 ns.
Negative current limit value is shown in Equation 4-5.

EQUATION 4-5:
7 _ 48mV
NLIM = R
DS(ON)
Where:
INLIM = Negative current limit
Rps(on) = On-resistance of low-side power MOSFET

4.5 High-Side MOSFET Gate Drive
(DH)
The MIC2127A's high-side drive circuit is designed to

switch an N-Channel external MOSFET. The
MIC2127A Functional Block Diagram shows a

bootstrap diode between the Pypp and BST pins. This
circuit supplies energy to the high-side drive circuit. A
low ESR ceramic capacitor should be connected
between BST and SW pins (refer to the Typical
Application circuit).The capacitor between BST and
SW pins, CggrT, is charged while the low-side MOSFET
is on. When the high-side MOSFET driver is turned on,
energy from Cggr is used to turn the MOSFET on. A
minimum of 0.1 yF low ESR ceramic capacitor is
recommended between BST and SW pins. The
required value of Cggt can be calculated using the
following Equation 4-6:

EQUATION 4-6:
Cpsr = AQ; =
BST
Where:
Qg Hs = High-side MOSFET total gate charge
AVpsT = Drop across the CggT,

generally 50 mV to 100 mV

A small resistor in series with CggT can be used to slow
down the turn-on time of the high-side N-channel
MOSFET.

4.6 Low-Side MOSFET Gate Drive (DL)

MIC2127A's low-side drive circuit is designed to switch
an N-Channel external MOSFET. The internal low-side
MOSFET driver is powered by Pypp. Connect a
minimum of 4.7 yF low-ESR ceramic capacitor to
supply the transient gate current of the external
MOSFET.

4.7 Auxiliary Bootstrap LDO
(EXTVDD)

MIC2127A features an auxiliary bootstrap LDO that
improves the system efficiency by supplying the
MIC2127A internal circuit bias power and gate drivers
from the converter output voltage. This LDO is enabled
when the voltage on the EXTVDD pin is above 4.6V
(typical) and, at the same time, the main LDO that
operates from V| is disabled to reduce power
consumption. Connect EXTVDD to the output of the
buck converter if it is between 4.7V and 14V. When the
EXTVDD is tied to Vour, a voltage spike will occur at
the PVpp and Vpp during a fast hard short at Voyr.
Larger decoupling ceramic capacitors of 10 yF at PVpp
and Vpp are recommended for such a situation.
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5.0 APPLICATIONS INFORMATION

5.1 Setting the Switching Frequency

The MIC2127A device is an adjustable-frequency, syn-
chronous buck controller, featuring a unique adaptive
on-time control architecture. The switching frequency
can be adjusted between 270 kHz-800 kHz by chang-
ing the resistor divider network between V,y and Agnp
pins consisting of R4 and R,, as shown in Figure 5-1.

MIC2127A
Vin Vi
4.5V to 75V
R1
FREQ
R2
Acnp
FIGURE 5-1: Switching Frequency
Adjustment.

Equation 5-1 shows the estimated switching frequency.

EQUATION 5-1:

R,
Tsw aps = Jo Xm

fo is the switching frequency when R4 is 100 kQ and R,
being open; fg is typically 800 kHz. For more precise
setting, it is recommended to use Figure 5-2.

800 ‘
Voyr = 5V
—_ [ Ry=100kQ e —
:E 700 Iou'1r =5A =
= / N [
> 600
3 ,
c A /’/R _
g 500 )/ Pad V) =48V
g
& 400 V=75V
2 Vi = 24V
§ 300
3
@ 200
50 500 5000
R, (kQ)
FIGURE 5-2: Switching Frequency vs. R».

5.2 Output Voltage Setting

The output voltage can be adjusted using a resistor
divider from output to Agyp whose mid-point is
connected to the FB pin, as shown the Figure 5-3.

MIC2127A

R1
COMPENSATION
FB
+

Z o [ @
+ N4
SOFT- R2
Comparator START

Vrer
0.6V

FIGURE 5-3:

The output voltage can be calculated using
Equation 5-2.

Output Voltage Adjustment.

EQUATION 5-2:

R,
Vour = VREFX(I +IT)

Where:
VREF = 0.6V

The maximum output voltage that can be programmed
using the MIC2127A is limited to 30V, if not limited by
the maximum duty cycle (see Equation 4-2).

A typical value of R4 is less than 30 kQ. If Ry is too
large, it may allow noise to be introduced into the
voltage feedback loop. It also increases the offset
between the set output voltage and actual output
voltage because of the error amplifier bias current. If R4
is too small in value, it will decrease the efficiency of the
power supply, especially at light loads. Once Rj is
selected, R, can be calculated using Equation 5-3.

EQUATION 5-3:

R R,
? VOUT_1

VREF

DS20005676D-page 24

© 2016-2019 Microchip Technology Inc.



MIC2127A

5.3 MOSFET Selection

Important parameters for MOSFET selection are:

* Voltage rating
» On-resistance
» Total gate charge

The voltage rating for the high-side and low-side
MOSFETs is essentially equal to the power stage input
voltage V). A safety factor of 30% should be added to
the Viymax) While selecting the voltage rating of the
MOSFETSs to account for voltage spikes due to circuit
parasitic elements.

5.3.1 HIGH-SIDE MOSFET POWER
LOSSES

The total power loss in the high-side MOSFET
(PHsreT) is the sum of the power losses because of
conduction (PconpucTion)s switching (Psy), reverse
recovery charge of low-side MOSFET body diode
(Parr) and MOSFET's output capacitance discharge, as
calculated in the Equation 5-4.

EQUATION 5-4:

Pusrer = Pconpucrionas) * Pswas)+ Porr + Peos
P = 2% R
conpucrionwsy = Urmss))” * Rpscon us)
Psyimsy = 05 xViy xIpoap X (Ug + 1) X fop
Per = V]NX er XfSW

1 2
Peoss = 3% (Cosscusy * Cosscus) X Viy)™ xfsw
Where:

Rpson_Hs) = On-resistance of the high-side MOSFET
VN = Operating input voltage

ILoaD = Load current

fsw = Operating switching frequency

Qr = Reverse recovery charge of low-side

MOSFET body diode or of external
diode across low-side MOSFET

Coss(Hs) = Effective high-side MOSFET output
capacitance

Coss(Ls) = Effective low-side MOSFET output
capacitance

IRMS(HS) = RMS current of the high-side MOSFET
which can be calculated using
Equation 5-5.

tr tF = The high-side MOSFET turn-on and

turn-off transition times which can be
approximated by Equation 5-7 and
Equation 5-8

EQUATION 5-5:

Temscrsy = Iroap VD

I oap is the load current and D is the operating duty
cycle, given by Equation 5-6.

EQUATION 5-6:
D = Vour
Vin
EQUATION 5-7:
fo= QSW(HS) X [RDH(PULL vp) + RHS(GA TE)]
R Viop—V
DD~ "TH
EQUATION 5-8:
o= QSW(HS) X [RDH(PULL DOWN) +RHS(GATE)]
=
Vg
Where:
RpHpPuLL-UP) = High-side gate driver pull-up
resistance
RpHpuLL-bowny = High-side gate driver pull-down
resistance
Rus(GaTE) = High-side MOSFET gate resistance
V1H = Gate to Source threshold voltage of
the high-side MOSFET
QswiHs) = Switching gate charge of the
high-side MOSFET which can be
approximated by Equation 5-9.
EQUATION 5-9:
QGS(HS)
Oswus) = 5 T O6pus)
Where:
QgsHs) = High-side MOSFET gate to source
charge
QgprHs) = High-side MOSFET gate to drain charge

© 2016-2019 Microchip Technology Inc.
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5.3.2 LOW-SIDE MOSFET POWER
LOSSES

The total power loss in the low-side MOSFET (P sreT)

is the sum of the power losses because of conduction

(PCONDUCT|ON(LS)) and body diode conduction during
the dead time (Pprt), as calculated in Equation 5-10.

EQUATION 5-10:

Prsrer = Pconpucrionws) t Por
2
Peonpucrionisy = Urmss)) > Rpscon Ls)

Ppr = 2xVexIio p X tpr X fsw

Where:
Rps(on_Ls) = On-resistance of the low-side MOSFET
Vg = Low-side MOSFET body diode forward
voltage drop
toT = Dead time which is approximately 20 ns
fsw = Switching Frequency
IRMs(LS) = RMS current of the low-side MOSFET

which can be calculated using
Equation 5-11

EQUATION 5-11:

Tpmswsy = looap X N1 -D
Where:

lLoap =load current
D = operating duty cycle

54 Inductor Selection

Inductance value, saturation and RMS currents are
required to select the output inductor. The input and
output voltages and the inductance value determine
the peak-to-peak inductor ripple current.

The lower the inductance value, the higher the
peak-to-peak ripple current through the inductor, which
increases the core losses in the inductor. Higher
inductor ripple current also requires more output
capacitance to smooth out the ripple current. The
greater the inductance value, the Ilower the
peak-to-peak ripple current, which results in a larger
and more expensive inductor.

A good compromise between size, loss and cost is to
set the inductor ripple current to be equal to 30% of the
maximum output current.

The inductance value is calculated by Equation 5-12.

EQUATION 5-12:

Vour* Vin=Vour)

L= Vin*fswx0.3x 1y,
Where:
VN = Input voltage
fsw = Switching frequency
= = Full load current
VouTt = Output voltage

For a selected Inductor, the peak-to-peak inductor
current ripple can be calculated using Equation 5-13.

EQUATION 5-13:

Vour* Vin=VYour)
Vinxfswx L

Al pp =

The peak inductor current is equal to the load current
plus one half of the peak-to-peak inductor current ripple
which is shown in Equation 5-14.

EQUATION 5-14:

Al
L PP
Iy p = Tpoap+ —5

The RMS and saturation current ratings of the selected
inductor should be at least equal to the RMS current
and saturation current calculated in Equation 5-15 and
Equation 5-16.

EQUATION 5-15:

2
2 (Al pp)
Iy rus = A/(ILOAD(MAX)) T

Where:
lLoap(MAx) = Maximum load current

EQUATION 5-16:

(Rep x1pp) +15mV

I =
L_SAT
- Rpsiow)
Where:
ReL = Current limit resistor
leL = Current-Limit Source Current
(100 pA typical)
Rpson) = On-resistance of low-side power MOSFET
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Maximizing efficiency requires the proper selection of
core material and minimizing the winding resistance.
Use of ferrite materials is recommended in the higher
switching frequency applications. Lower-cost iron
powder cores may be used, but the increase in core
loss reduces the efficiency of the power supply. This is
especially noticeable at low output power. The winding
resistance decreases efficiency at the higher output
current levels. The winding resistance must be
minimized, although this usually comes at the expense
of a larger inductor. 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 magnetic’s vendor.

The amount of copper loss in the inductor is calculated
by Equation 5-17.

EQUATION 5-17:

2
PINDUCTOR(CU) = (ILiRMS) XRDCR

5.5 Output Capacitor Selection

The main parameters for selecting the output capacitor
are capacitance value, voltage rating and RMS current
rating. The type of the output capacitor is usually
determined by its equivalent series resistance (ESR).
Recommended capacitor types are ceramic, tantalum,
low-ESR  aluminum electrolytic, OS-CON and
POSCAP. The output capacitor ESR also affects the
control loop from a stability point of view. The maximum
value of ESR can be calculated using Equation 5-18.

EQUATION 5-18:

ESR< %
L_PP
Where:
AVoyt pp = Peak-to-peak output voltage ripple
Al pp = Peak-to-peak inductor current ripple

The required output capacitance to meet steady state
output voltage ripple can be calculated using
Equation 5-19.

EQUATION 5-19:

Cour = - “Lre
8xfsy>x AVour pp
Where:
Cout = Output capacitance value
fsw = Switching frequency
AVoyt pp = Steady state output voltage ripple

As described in Section 4.1 “Theory of Operation”,
the MIC2127A device requires at least 20 mV
peak-to-peak ripple at the FB pin to ensure that the gy
amplifier and the 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
ESR. If low-ESR capacitors, such as ceramic
capacitors, are selected as the output capacitors, a
ripple injection circuit should be used to provide
enough feedback-voltage ripple. Refer to the
Section 5.7 “Ripple Injection” for details.

The voltage rating of the capacitor should be twice the
output voltage for tantalum and 20% greater for alumi-
num electrolytic, ceramic or OS-CON. The output
capacitor RMS current is calculated in Equation 5-20.

EQUATION 5-20:

I _ AILiPP
C OUT(RMS) — m

The power dissipated in the output capacitor is shown
in Equation 5-21.

EQUATION 5-21:

2
Ppiscc oun = (IQOUT(RMS)) X ESR: our

© 2016-2019 Microchip Technology Inc.
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5.6 Input Capacitor Selection

The input capacitor reduces peak current drawn from
the power supply and reduces noise and voltage ripple
on the input. The input voltage ripple depends on the
input capacitance and ESR. The input capacitance and
ESR values can be calculated using Equation 5-22.

EQUATION 5-22:

I oup XD x(1-D)
€iv = N> fsw*x AV ¢
ESRCJN _ AI;IN ESR
L_PK
Where:
ILoaD = Load Current
IL Pk = Peak Inductor Current
AViNe = Input ripple due to capacitance
AViNesr = Input ripple due to input capacitor ESR
n = Power conversion efficiency

The input capacitor should be rated for ripple current
rating and voltage rating. The RMS value of input
capacitor current is determined at the maximum output
current. The RMS current rating of the input capacitor
should be greater than or equal to the input capacitor
RMS current calculated using Equation 5-23.

EQUATION 5-23:

Lo ivwms) = {roapaaax) X D x (1-D)

The power dissipated in the input capacitor is
calculated using Equation 5-24.

EQUATION 5-24:

2
Ppissic vy = Ue ivgus) < ESR¢ gy

5.7 Ripple Injection

The minimum recommended ripple at the FB pin for
proper operation of the MIC2127A error amplifier and
comparator is 20 mV. However, the output voltage
ripple is generally designed as 1%-2% of the output
voltage. For low output voltages, such as a 1V, the
output voltage ripple is only 10 mV-20 mV, and the
feedback voltage ripple is less than 20 mV. If the
feedback voltage ripple is so small that the gy, amplifier
and comparator cannot sense it, then the MIC2127A
loses control and the output voltage is not regulated. In
order to have sufficient Vg ripple, the ripple injection
method should be applied for low output voltage ripple
applications.

The applications are divided into three situations
according to the amount of the feedback voltage ripple:

1. Enough ripple at the feedback due to the large
ESR of the output capacitor (Figure 5-4). The
converter is stable without any additional ripple
injection at the FB node. The feedback voltage
ripple is given by Equation 5-25.

EQUATION 5-25:

R
2
AVFB(PP) = m x ESR x AILiPP

Al_pp is the peak-to-peak value of the inductor current
ripple.

L
SW LYY Y\
R1 COUT
MIC2127A
ESR
Rz
FIGURE 5-4: Enough Ripple at FB.

2. Inadequate ripple at the feedback voltage due to
the small ESR of the output capacitor.

The output voltage ripple can be fed into the FB pin
through a feed forward capacitor, Cgg in this case, as
shown in Figure 5-5. The typical Cgg value is between
1 nF-100 nF. With the feed forward capacitor, the feed-
back voltage ripple is very close to the output voltage
ripple, which is shown in Equation 5-26.

EQUATION 5-26:

AVigppy = ESRx AL pp

SW

ESR

L
Y'Y Y\
Ry _LCFF l
MIC2127A T Cour
FB
Re f

FIGURE 5-5: Inadequate Ripple at FB.
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3. Virtually no ripple at the FB pin voltage due to
the very-low ESR of the output capacitors.

In this case, additional ripple can be injected into the
FB pin from the switching node SW, via a resistor Ry,
and a capacitor Cyyy, as shown in Figure 5-6.

L
sSwW YN

%RNJ J_ l

Ry Crr
MIC2127A Ciny T Cour

T ESR

R f
FIGURE 5-6: Invisible Ripple at FB.

The injected ripple at the FB pin in this case is given by
the Equation 5-27.

EQUATION 5-27:

Vourx (1-D)

AV =T -
FB(PF) CrpxRynyxfsw

In Equation 5-27, it is assumed that the time constant
associated with the Cgr meets the criterion shown in
Equation 5-28.

EQUATION 5-28:

t2Toy

T= CFFX(RIHRZHRINJ)

The process of sizing the ripple injection resistor and
capacitors is:

1. Select Cjy, in the range of 47 nF-100 nF, which
can be considered as short for a wide range of
the frequencies.

2. Select Cgp in the range of 0.47 nF-10 nF, if R4
and R, are in kQ range.

3. Select Ry according to Equation 5-29.

EQUATION 5-29:

Ry, = Vour* (1 -D)
Crpxfowx 4 Veppp)
Where:
Vour = Output voltage
D = Duty cycle
fsw = Switching frequency

AVeg(pp) = Feedback Ripple

Once all the ripple injection component values are cal-
culated, ensure that the criterion shown in
Equation 5-28 is met.

5.8 Power Dissipation in MIC2127A

The MIC2127A features two Low Dropout Regulators
(LDOs) to supply power at the Pypp pin from either V
or EXTVDD depending on the voltage at the EXTVDD
pin. Pypp powers MOSFET drivers and Vpp pin, which
is recommended to connect to Pypp through a low
pass filter, powers the internal circuitry. 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
MIC2127A, to reduce the MIC2127A junction
temperature and to improve the system efficiency.

The power dissipation in the MIC2127A depends on
the internal LDO being in use, on the gate charge of the
external MOSFETs and on the switching frequency.
The power dissipation and the junction temperature of
the MIC2127A can be estimated using Equations 5-30,
5-31 and 5-32.

Power dissipation in the MIC2127A when EXTVDD is
not used.

EQUATION 5-30:

Pre = ViyxUgy+1p)

Power dissipation in the MIC2127A when EXTVDD is
used.

EQUATION 5-31:

Pic = Vexrvpp * Ugy+1p)
Ty = Q6 *fsw

96 = 96 us*9¢ 1s

Where

Isw = Switching current into the V| pin

lq = Quiescent current

Qg = Total gate charge of the external MOS-

FETs which is sum of the gate charge of
high-side MOSFET (Qg ng) and the
low-side MOSFET (Qg () at 5V gate to
source voltage. Gate charge information
can be obtained from the MOSFETs

datasheet.

Vextvpp = Voltage at the EXTVDD pin
(46 < VEXTVDD <14V typ)

The junction temperature of the MIC2127A can be
estimated using Equation 5-32.

© 2016-2019 Microchip Technology Inc.
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EQUATION 5-32:

T;= (Picx0,)+T,

Where:

T, = Junction temperature

Pic = Power dissipation

AN = Junction Ambient Thermal resistance

(50.8°C/W)

The maximum recommended operating junction
temperature for the MIC2127A is +125°C.

Using the output voltage of the same switching
regulator, when it is between 4.6V (typ.) to 14V, as the
voltage at the EXTVDD pin significantly reduces the
power dissipation inside the MIC2127A. This reduces
the junction temperature rise as illustrated in
Equation 5-34.

For the typical case of V=48V, Vour=5Y,
maximum ambient temperature of +85°C and 10 mA of
Isw. the MIC2127A junction temperature when the
EXTVDD is not used is given by Equation 5-33.

EQUATION 5-33:

P = 48V x(10mA + 1.5mA)

P = 0.552W
T, = (0.552W x 50.8°C/W )+ 85 °C
T, = 113°C

When the 5V output is used as the input to the
EXTVDD pin, the MIC2127A junction temperature
reduces from +113°C to +88°C, as calculated in
Equation 5-34.

EQUATION 5-34:

P = 5Vx(I0mA +1.5mA4)

P = 0.058W
T, = (0.058W x50.8°C/W)+85°C
T, =88°C
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6.0 PCB LAYOUT GUIDELINES

The PCB layout is critical to achieve reliable, stable and
efficient performance. The following guidelines should
be followed to ensure proper operation of the
MIC2127A converter.

6.1 IC

« The ceramic bypass capacitors, which are con-
nected to the Vpp and Pypp pins, must be located
right at the IC. Use wide traces to connect to the
Vpp, Pvpp and Agnp, and Pgnp pins respectively.

* The signal ground pin (Agnp) must be connected
directly to the ground planes.

» Place the IC close to the point-of-load (POL).

« Signal and power grounds should be kept
separate and connected at only one location.

6.2 Input Capacitor

* Place the input ceramic capacitors as closely as
possible to the MOSFETSs.

* Place several vias to the ground plane closely to
the input capacitor ground terminal.

6.3 Inductor

» Keep the inductor connection to the switch node
(SW) short.

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

» Keep the switch node (SW) away from the
feedback (FB) pin.

» The SW pin should be connected directly to the
drain of the low-side MOSFET to accurately
sense the voltage across the low-side MOSFET.

6.4 Output Capacitor

» Use a copper plane 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 closely 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 Pgpp.

Chose a low-side MOSFET with a high CGS/CGD
ratio and a low internal gate resistance to
minimize the effect of d,/d; inducted turn-on.

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

© 2016-2019 Microchip Technology Inc.
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7.0 PACKAGING INFORMATION

71 Package Marking Information

16-Pin VQFN (3 x 3 mm) Example
a a
]
2127A 2127A
WWNNN 42256

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 ()
can be found on the outer packaging for this package.

e, A, ¥V Pin one index is identified by a dot, delta up, or delta down (triangle
mark).

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 may not include
the corporate logo.

Underbar (_) and/or Overbar (7) symbol may not be to scale.
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TITLE

16 LEAD QFN 3x3mm PACKAGE OUTLINE & RECOMMENDED LAND PATTERN

DRAWING # | QFN33-16LD-PL-3 UNIT | MM
Lead Frame | NiPdAu Lead Finish | NiPdAu
3.00£0.050 e =]
PIN 1 DOT = =U0=llol—= xp:
Y MARKING T\ 02520050 —o| = Eh L T
® PUUT
1
j—j -
2 050 Bsc 5 -
1,700,050
3.00+0.050 * 5 c Exp. DAP
> c !
0.30?0.050 N NMNnN
TOP VIEW BOTTOM VIEW
NOTE' 1, 2, 3 NOTE: 1, 2, 3
0.40+0.05
0.850%0,050 — i B (. 0
0 O | & s
4+ g g g
{ — s o |8 O
) & O L= O “
0.000-0.050 —f 0.20£0.025 S i
of | DODO
SIDE VIEW o 1.70+0.05
NOTE! 1, 2, 3 n
i 2.72%0.05

NOTE:

RECOMMENDED LAND PATTERN

NOTE: 4, S

1. MAX PACKAGE WARPAGE IS 0.05mm.
2. MAX ALLOWABLE BURR IS 0.076mm IN ALL DIRECTIONS

3. PIN#1 1S ON
4. RED CIRCLE

TOP WILL BE LASER MARKED.
IN LAND PATTERN INDICATES THERMAL VIA. SIZE SHOULD BE 0.30-0.35mm IN DIAMETER AND SHOULD BE

CONNECTED TO GND FOR MAX THERMAL PERFORMANCE.
5. GREEN RECTANGLES (SHADED AREA) indicate SOLDER STENCIL OPENING ON EXPOSED PAD AREA. SIZE SHOULD BE

0.60x0.60mm IN SIZE, 0.20mm SPACING.

Note:

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

Revision D (March 2019)

The following is the list of modifications:

1.

Updated the I s Source Current and the Zero
Crossing Detection Comparator Threshold
values in the Electrical Characteristics (Note 1)
table.

Revision C (June 2018)

The following is the list of modifications:

1.

Updated Section 1.0 “Electrical Characteris-
tics”.

Minor editorial corrections.

Updated Current Limit values in Electrical
Characteristics (Note 1).

Updated content in Section 3.9 “EXTVDD” and
Section 4.7 “Auxiliary Bootstrap LDO
(EXTVDD)”.

Revision B (December 2016)

The following is the list of modifications:

1.
2.

Minor editorial corrections.
Updated the Product Identification System
page.

Revision A (December 2016)

+ Original 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. _|)$ l% Jll Examples:
Device Temperature Package Code Media Type a) MIC2127AYML-TR: 75V, Synchronous Buck

Controller Featuring
Adaptive On-Time Control,
—40°C to +125°C junction
temperature range, 16-LD
Device: MIC2127A: 75V, Synchronous Buck Controller Featuring VQFN package, 5000/reel
Adaptive On-Time Control

b) MIC2127AYML-T5: 75V, Synchronous Buck
Temperature: Y = Industrial Temperature Grade Controller Featuring
(-40°C to +125°C) Adaptive On-Time Control,
—40°C to +125°C junction
temperature range, 16-LD
VQFN package, 500/reel

Package: ML = 16 Lead, 3x3 mm VQFN
i . TR = 5000/reel
Media Type: T5 = 500/reel
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Note the following details of the code protection feature on Microchip devices:

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

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights unless otherwise stated.

Microchip received ISO/TS-16949:2009 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

= ISO/TS 16949 =

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate, AVR,
AVR logo, AVR Freaks, BitCloud, chipKIT, chipKIT logo,
CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo,
JukeBlox, KeeLoq, Kleer, LANCheck, LINK MD, maXStylus,
maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, Prochip
Designer, QTouch, SAM-BA, SpyNIC, SST, SST Logo,
SuperFlash, tinyAVR, UNI/O, and XMEGA are registered
trademarks of Microchip Technology Incorporated in the U.S.A.
and other countries.

ClockWorks, The Embedded Control Solutions Company,
EtherSynch, Hyper Speed Control, HyperLight Load, IntelliMOS,
mTouch, Precision Edge, and Quiet-Wire are registered
trademarks of Microchip Technology Incorporated in the U.S.A.
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