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MICROCHIP M | C21 27A

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

Features General Description
* Hyper Speed Control® Architecture Enables: The MIC2127A is a constant-frequency synchronous
- High Input to Output Voltage Conversion buck controller featuring a unique adaptive on-time
Ratio Capability control architecture. The MIC2127A 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

- Any Capacitor™ Stable
- Ultra-Fast Load Transient Response

* Wide 4.5V-75V Input Voltage Range frequency from 270 kHz-800 kHz.

* Adjustable Output Voltage from 0.6V to 30V The MIC2127A features a MODE pin that allows the

* 270 kHz-800 kHz Programmable Switching Fre- user to select either Continuous Conduction mode or
quency Hyper Light Load (HLL) mode under light loads. An

+ Built-In 5V Regulator for Single-Supply Operation auxiliary bootstrap LDO improves the system efficiency

« Auxiliary Bootstrap LDO for Improving System by supplying the MIC2127A internal circuit bias power
Efficiency and gate drivers from the output of the converter. A

logic level enable (EN) signal can be used to enable or
disable the controller. The MIC2127A can start-up
monotonically into a prebiased output. The MIC2127A

* Internal Bootstrap Diode
» Selectable Light Load Operating Mode

* Enable Input and Power Good Output features an open drain power good signal (PG) that

* Programmable Current Limit signals when the output is in regulation and can be

+ Hiccup Mode Short-Circuit Protection used for simple power supply sequencing.

- Soft Start, Internal Compensation and Thermal The MIC2127A offers a full suite of protection features
Shutdown to ensure protection of the IC during Fault conditions.

These include undervoltage lockout to ensure proper

» Supports Safe Start-Up into a Prebiased Output . 7 !
operation under power-sag conditions, “hiccup” mode

Applications short-circuit protection, internal soft start of 5 ms to
« Networking/Telecom Equipment ;educe inrush current during start-up and thermal shut-
own.

« Base Station, Servers

- Distributed Power Systems The MIC2127A is available in a 16-pin 3 mm x 3 mm

i ) VQFN package, with an operating junction temperature
* Industrial Power Supplies range from —40°C to +125°C.

Typical Application
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*Output voltage follows input voltage when the input is below the target output voltage
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MIC2127A

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

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings t

VNG FREQ| 1 My SW 0 PGND veveerereseieseteteicict ettt —0.3V to +76V
VDD, PypDs FBy PG, MODE t0 AGND -+ +-vesvreseertrereerimaiterteateateesteaeesaeeae st e sessessaeseeesaeeseeseeseaesneenesseeseseneennas —0.3V to +6V
EXTVDD 0 AGND - +++++eveeserseerearerierseateteseesseseesseseeseeteaseeseasesseaseasesbeseeese s see e e e eae et ese et s eeeneereanesreanenre e sre s —0.3V to +16V
IS I (o TS 1 USSP P PP —0.3V to +6V
BST 0 AGND -+++vevrereererreemermeamearesiesueatestesee st eseesaeseesa et e e seese ettt e eseeb e s bt s e e e R e e se e e et e se et e bt et et er e b e re e e e neer e e —0.3V to +82V
EEN £O AGID -+ ++errereereeeremtestent et et ettt ettt ettt h et bt b e et h et h e h bRt R R et e b et ener e —0.3V to (V|y +0.3V)
DH, DL O AGND «+-vevvreereererreemtaresierieaiessessessessesaeseesseseeseestesesseeseasessessesreeresaeseeseenesee e e e e e eseeseereeee e —0.3V to (Vpp *+0.3V)
PP GND 1O AGNID +++t+rereertemeemtrieetate et sttt et stesb et et e b e e e eae stk e st b ek bt bt bR e e b e et e et et eb et e —-0.3V to +0.3V
JUNCHON TEMPEIALUIE ...t e e e ettt e e e et e e e e e s etb e e e eeesaaaeeeeesaaseeeeaansbsaeeeeeassnsaeaeaanns +150°C
Storage TeMPErature (Tg) ... .o et —65°C to +150°C
Lead Temperature (SOIAErNG, T0S) .......uiiiiieiiiieeeiiee e ettt e e ettt et e e st e e s ste e e smaee e e saeeeeaseeeesaneeesaeeesnneeeenneeeeanneeens 260°C
ESD RAUNGM ...t 1000V

1 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) - vveeee ettt e e s s 4.5V to 75V
SW, FREQ, iy EN ettt b ettt e bt e bt e e ae e re e nneere s 0V to V|y
Junction Temperature (T ) ... e —40°C to +125°C
Package Thermal Resistance (3 mm x 3 mm VQFN 16LD)

JUNCtion t0 AMDIENT (B4 ) .- v e 50.8°C/W
JUNCHON 0 CASE (B 40)- - veeueremeeer ettt s e s e e neene e eme e sensneene e 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, Voyt = 1.2V; VggT — Vsw = 5V, Ty = +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 \ Pvpp and Vpp shorted to V
(Vevop = Vvin = Vvob)
5.5 — 75
Quiescent Supply Current Iq — 1.4 1.8 mA | Vgg = 1.5V, MODE = Vpp,
no switching
— 300 600 MA | Vgg = 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 VpvoD 4.8 5.1 5.4 \ Vyin =7V to 75V,
Ipypp = 10 mA
Vpp UVLO Threshold VDD UVLO Rise 3.7 4.2 4.5 \ Vpp rising
Vpp UVLO Hysteresis VDD _UVLO_Hys — 600 — mV | Vpp falling
EXTVDD Bypass Threshold VEXTVDD Rise 4.4 4.6 4.85 Vv EXTVDD rising
EXTVDD Bypass Hysteresis VEXTVDD Hys — 200 — mV
EXTVDD Dropout Voltage — 250 — mV | Vextvop = SV, lpypp = 25 mA
Reference
Feedback Reference Voltage VRer 0.597 0.6 0.603 V T,=25°C
0.594 0.6 | 0.606 \ —40°C <T;<125°C
FB Bias Current (Note 3) Ir — 50 500 nA |Vgg=0.6V
Enable Control
EN Logic Level High VEN H 1.6 — — \
EN Logic Level Low VEN L — — 0.6 Vv
EN Hysteresis VEN_Hys — 100 — mV
EN Bias Current lEN — 6 30 MA | VN =12V
ON Timer
Switching Frequency fo — 800 — kHz |VEreq = Vvin, Vvin= 12V
230 270 300 VEReQ = 33% of Vyn,
Vyn = 12V
Maximum Duty Cycle Dmax — 85 — %  |VEreq = Vvin=12V
Minimum Duty Cycle Dmin — 0 — % |Veg>0.6V
Minimum ON Time tonMINy — 80 — ns
Minimum OFF Time toFF(MIN) 150 230 350 ns
MODE
MODE Logic High Level VMODE_H 1.6 — — \
MODE Logic Low Level VMoDE L — — 0.6 Vv
MODE Hysteresis VMODE_Hys — 70 — mV

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

ELECTRICAL CHARACTERISTICS (Note 1)

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

Hysteresis

Parameter Symbol Min. | Typ. | Max. | Units Test Conditions
Current Limit
Current-Limit Comparator VOEFESET -15 0 15 mV | Vgg=0.59V
Offset
I_m Source Current leL 90 100 110 MA  |VEg =0.59V
I_;m Source Current Tempco — 0.3 — pA/°C
Negative Current Limit — — 48 — mV
Comparator Threshold
Zero Crossing Detection Comparator
Zero Crossing Detection —24 -8 8 mV
Comparator Threshold
FET Drivers
DH On-Resistance, High RoHpuLL-UP) — 2 3 Q
State
DH On-Resistance, Low RDHpuLL pown)| — 2 4 Q
State
DL On-Resistance, High RovLpuLL-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| Leakage — — — 50 MA
SW Leakage — — — 50 pA
Power Good (PG)
PG Threshold Voltage VpG Rise 85 — 95 | %Vour | VEsg rising
PG Hysteresis VPG Hys — 6 — | %Vour | VEsg falling
PG Delay Time PG_R _DLY — 150 — Ms | Vg rising
PG Low Voltage VoL Pe — 140 200 mV | Veg <90% X Vyoms Ipg =1 MA
Thermal Protection
Overtemperature Shutdown TsHDN — 150 — °C | Junction temperature rising
Overtemperature Shutdown TSHDN_Hys — 15 — °C

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 V1.

3: Design specification.

TEMPERATURE SPECIFICATIONS

Electrical Specifications: unless otherwise specified, V|y = 12V, Vout = 1.2V; VggT — Vg = 5V, Ty = +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 CETN — | 50.8 — °C/W
16 Lead, - 5
3 x 3 mm VQEN Junction to Case 0,c 253 C/wW

© 2016 Microchip Technology Inc.
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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|M =1.3kQ, L=10 IJH, VEXTVDD = VOUT, TA =+25°C
(refer to the Typical Application circuit).

25 . 1.8
I o on <16 |
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£15 — N T
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2 3 0 [ emZon
o« 5 04 - E - 300 kHz
5 5 202 | Ven=Vu
3 = 0 HLL Mode
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).
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FIGURE 2-2: Input Supply Current vs. FIGURE 2-5: Input Shutdown Current vs.
Temperature. Input Voltage.
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5 0.2 | Vour=5v g' 280
- lour =0A -
3 Fsw =300 kHz 270
g- 01 Ven =V 260
- HLL Mode
0 f . 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, VV|N = 12V, fSW =300 kHZ, R|L|M =13 kQ, L=10 IJH, VEXTVDD = VOUT, TA =+25°C
(refer to the Typical Application circuit).

5.4 4.5
lpvop = 10 mA
53 ‘&"Rgﬂﬁ GND 4.3 Vyoo rising |
s S 441
© 5.2 %
g > 3.9
5 5.1 =
" S 37
S 5 8 Vop falli
o > 35 op fafling |
49 33 [1p=0mA
EXTVDD = GND
4.8 31
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: Pypp Line Regulation. FIGURE 2-10: Vpp UVLO Threshold vs.
Temperature.
5.4 4.8
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FIGURE 2-8: P Vol VS.
" GU : 8 vop Voltage vs FIGURE 2-11:  EXTVDD Threshold vs.
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FIGURE 2-9: Pypp Load Regulation.

FIGURE 2-12: Enable Threshold vs.
Temperature.
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MIC2127A

Note: Unless otherwise indicated, VV|N =12V, fSW =300 kHz, R|L|M =1.3kQ, L=10 IJH, VEXTVDD = VOUT, TA =+25°C

(refer to the Typical Application circuit).
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FIGURE 2-13: Enable Bias Current vs.
Temperature.
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FIGURE 2-16:
Temperature.

Iy Source Current vs.

Current Limit Comparator

FIGURE 2-14: Switching Frequency vs.
Input Voltage.
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FIGURE 2-17:
Offset vs Temperature.
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FIGURE 2-15: Switching Frequency vs.
Load Current.
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MIC2127A

Note: Unless otherwise indicated, VV|N = 12V, fSW =300 kHZ, R|L|M =13 kQ, L=10 IJH, VEXTVDD = VOUT, TA =+25°C
(refer to the Typical Application circuit).

100%
90% s
80% ”/
70% Ve
>
& 60% pee — Vour =1.0V ]|
:g 50% / T Vour=12v
E 40% — Vour=15V
30% ~ Vour =18V
20% Vour = 2.5V
— Vour = 3.3V
10% our ]
0% — 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).
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2]
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FIGURE 2-23: Efficiency vs. Output

Current (Input Voltage = 60V, CCM Mode).
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0 05 1 15 2 25 3 35 4 45 5
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FIGURE 2-19: Efficiency vs. Output
Current (Input Voltage = 12V, CCM Mode).
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FIGURE 2-20: Efficiency vs. Output
Current (Input Voltage = 24V, CCM Mode).
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§ 40% ]g ~ Vour = 1.5V
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(]
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).
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FIGURE 2-24: Efficiency vs. Output

Current (Input Voltage = 75V, CCM Mode).
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MIC2127A

Note: Unless otherwise indicated, VV|N =12V, fSW =300 kHz, R|L|M =1.3kQ,L=10 IJH, VEXTVDD = VOUT, TA =+25°C

(refer to the Typical Application circuit).

100%
90%
80%
S 70% |/
2 60% — Vour =5V
g 50% — Vour =3.3V
£ a00 M — Vour = 2.5V
w 30% — Vour = 1.8V
20% Vour = 1.5V
10% — Vour =1.2V
° — Voyr = 1.0V
0% Llliiirirninl

0 05 1 15 2 25 3 35 4 45 5
Load Current (A)

FIGURE 2-25: Efficiency vs. Output
Current (Input Voltage = 12V, HLL Mode).
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E) 50% = A =4 ~ Vour=3.3V
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b b | — Vour = 1.8V
30% i Vour = 1.5V
0/ our = I+
20% — Voyr=1.2V
0,
10% = Vour = 1.0V
0% LI LT il
0 05 1 15 2 25 3 35 4 45 5
Load Current (A)
FIGURE 2-28: Efficiency vs. Output

Current (Input Voltage = 48V, HLL Mode).

100%
90%
80% [l 2
o 70% [
g 60% Vour=5V |
o o A “Vour = i
&LE, 50% ~ Vour=3.3V
5 40% —Vgyr=25V
30% —Vour=18V
20% Voyur =15V |
— Voyr=1.2V
10% —Vour=10v |
0% L1 Ll

0 05 1 15 2 25 3 35 4 45 5
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FIGURE 2-26: Efficiency vs. Output
Current (Input Voltage = 24V, HLL Mode).
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10% 7 Vopr =10V
0% NN NN
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FIGURE 2-29: Efficiency vs. Output

Current (Input Voltage = 60V, HLL Mode).

FIGURE 2-27: Efficiency vs. Output
Current (Input Voltage = 36V, HLL Mode).
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FIGURE 2-30: Efficiency vs. Output

Current (Input Voltage = 75V, HLL Mode).
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MIC2127A

Note: Unless otherwise indicated, VV|N = 12V, fSW =300 kHZ, R|L|M =13 kQ, L=10 IJH, VEXTVDD = VOUT, TA =+25°C

(refer to the Typical Application circuit).

[
Vvin
20V/div
Vsw
20V/div - Vyn = 0V to-48V--
Vaur=5V
lour =0.1A "
Vout
2V/div
I -
2A/div S 10 ms/div S
FIGURE 2-34: Power-Up at Light Load in
HLL Mode (lpyt = 0.1A).
Vyiy =48V
V, =5V
e wour=2t

N
2vidiv (2

Vout
2V/div

||_ -
5A/Mdiv

Vpg B

5V/div : : 4 ms/div

Vyin I
20V/div . E
Vsw
20V/div Vyiy' = 0V to48V. -

Vour = 5V

lout. = 5A
Vour o
2v/div W——W
I, : : :
5A/div & : : .

: 10 ms/_div

FIGURE 2-31: Power-Up.
Vom — — = Vo aev e ov
20V/div Do Vour =5V

lour =5A
Vsw
20V/div

B
Vour
2V/div
I
5A/div 21 AR
10 ms/div

FIGURE 2-32: Power-Down.
Vvin
20V/div
20V/div - Vyn = 0V to'48V-

Vour=5V -

lour = 0.1A
Vour : : : : : : ;
2Vidiv 111
2A/div 10 ms/div : : : : 1
FIGURE 2-33: Power-Up at Light Load in

CCM Mode (IOUT =0. 1A)

FIGURE 2-35: Enable Turn-On/Turn-Off.

aH

Ven ;
2Vidiv  2F

Vyin =48V
VOUT = 5V .
loyt =5A"

Vour
2V/div

I
5A/div

Vpg —
5V/div s : 2 ms/div

FIGURE 2-36: _ Enable Turn-On Delay.

© 2016 Microchip Technology Inc.
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MIC2127A

Note: Unless otherwise indicated, VV|N =12V, fSW =300 kHz, R|L|M =1.3kQ,L=10 IJH, VEXTVDD = VOUT, TA =+25°C

(refer to the Typical Application circuit).

Ven U V=48V
2V/div S . Vour =5V
. loyr =5A
coour e
Vour
2V/div
I
5A/div
Vpg it
5V/div
E)I- i 2msdiv
FIGURE 2-37: Enable Turn-Off Delay.
Vyin = 48V
Vo = 5V
2V/div «
Vour
2V/div S
I
2A/div 3
Vpa : : :
5V/div & : 10 ms/div

FIGURE 2-38: Enable Turn-On/Turn-Off at
Light Load in CCM Mode.

= : ¥.\./|N ="‘_l§,""
Ve o Z02A
2V/div «

Vour : : :

2V/div

S
A/ 4 T

Voo BE- SR

SVidiv o 10 ms/div R
FIGURE 2-39: Enable Turn-On/Turn-Off at

Light Load in HLL Mode.

aH

Ve R -
2V/div
Vour / Vyin = 48V
2V/div , ; Vout=5V:
lout = OA
- OUT:PREBIAS = 2.5V
1
Vsw !
50V/div
B
I
2A/div

.. Ams/div

FIGURE 2-40: Enable Turn-On with
Prebiased Output (CCM Mode).

VENn S i : —
2vidiv. _f - oo
Vour R Vyiy =48V
2Vidiv ___..__/' Vour =5V -
T dour =0A
S OUT_PREBIAS = 2.5V
50Vidiv | - AL LR LL
v 4 ms/div S
FIGURE 2-41: Enable Turn-On with
Prebiased Output (HLL Mode).
A Vg =48V
. VOUT =5V .
lour = 0A
Ven .
1V/div B
Vour :
2vidiv [V
Vsw ..
50V/div |
... 8msdiv o
FIGURE 2-42: Enable Thresholds.
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MIC2127A

Note: Unless otherwise indicated, VV|N =12V, fSW =300 kHz, R|L|M =1.3kQ, L=10 IJH, VEXTVDD = VOUT, TA =+25°C
(refer to the Typical Application circuit).

v Vyin = Rising
VDD 1 =5V
1V/div };‘fj‘f - 3‘A’
E’I:
Vour : *
2V/idiv [T
Vsw :
5V/div 2] i
: 4 ms/div : : :
FIGURE 2-43: Vpp UVLO Threshold-
Rising.
Vuon : : o
) Vv = Falling
1V/div VXILTTE e
=0A
Vour
2V/div
Vsw
5V/div
(2]
- : 100 ms/div _ : :
FIGURE 2-44: Vpp UVLO Threshold-
Falling.
VEN : -
2Vidiv - B Vg‘" ;48\’
. Load = Short
Rium = 1.3 kQ
Vour T : T ISR U W |
500 mV/div :
I :
5A/Mdiv P
o o Amsdiv
FIGURE 2-45: Enable into Qutput Short.

Vyw =0V to 48V
- =5V
VV|N L(o)laJé = Short
20V/div RlLlM =13 kQ +
Vour 1 ki L o e o L
500 mV/div
I
5A/div % S
: 19 ms{div
FIGURE 2-46: Power-Up into Output Short.
Vyn =48V
Vour = 5V
2V/div
lout
5A/div (4
© 2ms/div
FIGURE 2-47: Output Current Limit
Threshold.
Vyin = 48V
Vour=5vV
Vour Load =-Short - -
2V/div Rim = 1.3 k-
4
I
5A/div .............................
ﬁ\ .............................
2 ms/div
FIGURE 2-48: Output Short Circuit.
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MIC2127A

Note: Unless otherwise indicated, VV|N =12V, fSW =300 kHz, R|L||V| =1.3kQ, L=10 IJH, VEXTVDD = VOUT, TA =+25°C
(refer to the Typical Application circuit).

Vour

100 mV/div

AC coupled Vyin =48V

ouT =5V
lour = 0A 10 2.5A.
lour 4] +
2A/div
: 100 ps/div :

FIGURE 2-52: Load Transient Response
(CCM Mode).

Vour ¥
100 mV/div
AC coupled

" Vyy =48V
. ouT = . :
louT = 0A to 2.5A

Vyin = 4?,V
=5
Vour ngé = Short
oVidiv Rium = 1.3 kQ
»-
I
5A/div
@\Z
- : 4 ms/div : : : :
FIGURE 2-49: Recovery from Output Short
Circuit.
Vour
200 mV/div | : : :
AC coupled Vyin =48V
I ouT =5V ! ;
louT = 0A to 5A
| ‘
ouT
2A/div O '
T , 100 ps/div o
FIGURE 2-50: Load Transient Response
(CCM Mode).
Vour b N"
200 mV/div | : : : : :
AC coupled i Vyin =48V - :
: our=BV - -
. lour=0Ato 5A
lout . +
2A/div P
. : 2 ms/div : :
FIGURE 2-51: Load Transient Response
(HLL Mode).

I
Py :
L [ 2msfdiv s
FIGURE 2-53: Load Transient Response
(HLL Mode).
Vout
100 mV/div |
AC coupled Vyin . =48V
- Vout =5V
loyr =25A 10 5A
L
| .
Ay ]
; : 100 ps/div
FIGURE 2-54: Load Transient Response
(HLL Mode).
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MIC2127A

Note: Unless otherwise indicated, VV|N = 12V, fSW =300 kHZ, R|L|M =13 kQ, L=10 IJH, VEXTVDD = VOUT, TA =+25°C

(refer to th

e Typical Application circuit).

Vour
50 mV/div

I
2Mdiv gy

Vsw
50 V/div [33

"Vyiy =48V
Vout =5V
o= 0A

AC coupled} .

I

Vour
50 mV/div [z
AC coupled

Vsw
50V/div B

I
5A/div

@

Load (CCM Mode).

Vyin =48V
Vour =5V
lout = 5A

2 ps/di

I

Vsw
50V/div

: Zips/di;v
FIGURE 2-55: Switching Waveform at No
Vyin =48V
WU G-

Vout “M’"‘JWMM
50 mV/divﬁ\

AC coupled}

2Adiv

10 ps/div

FIGURE 2-56: Switching Waveform at No

Load (HLL Mode).

FIGURE 2-57:
Load.

Switching Waveform at Full
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MIC2127A

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 PenD Power Ground
7 DL Low-side N-MOSFET Gate Driver Output
8 Pvbb 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 Vb Supply Input for the MIC2127A internal analog circuits
16 VN Supply Input for the internal high-voltage LDO
17 EP Exposed Pad

3.1 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 (Pgnp)

Psnp 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| 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-
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MIC2127A

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.

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
and Agnp to set the switching frequency of the con-
verter. Tie FREQ to V| to set the switching frequency
to 800 kHz. Refer to Section 5.1 “Setting the Switch-
ing 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 Agnp 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 Agyp to Pgnp at one
point on the PCB.

3.15 Bias Voltage Pin (Vpp)

Supply for the MIC2127A internal analog circuits. Con-
nect 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.

© 2016 Microchip Technology Inc.
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MIC2127A

4.0 FUNCTIONAL DESCRIPTION

The MIC2127A 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.

4.1 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 (Vgrgr) 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) = V*KQ%TF“‘
VIN ~Jsw
Where:
Vout = 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 (Vgy) is below the reference voltage
of the comparator (which is same as the error amplifier
reference (Vrgg)), 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 (torr(viny)
of the MIC2127A, which is about 230 ns (typical), the
MIC2127A control logic applies the torruin), instead.

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

EQUATION 4-2:
_ Isw—lorrmiINy _ 230 ns
Dyax = =1-
t t
N4 N4
Where:
tsw = Switching period, equal to 1/fgyy

It is not recommended to use the MIC2127A with an
OFF time close to torrviny 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 MOSFETSs. The
minimum controllable ON time (tongvin)) 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 Ilowers the switching
frequency in order to regulate the output to set value.

EQUATION 4-3:

\%4
ouT
% 2 oy X Ssw
IN

Where:

Vout = Output voltage

VN = Input voltage

fsw = Switching frequency

tonviny = Minimum controllable ON time (80 ns typ.)
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V. T
M\C2127A Triggers ON-Time event if

the error amplifier output (Vgu) is below Veer

Eshmatad ON-Time

MIC2127A Control Loop

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 Vgeg. This causes
the comparator to trigger an on-time event. At the end
of the ON time, a minimum OFF time torrgin) IS
generated to charge the bootstrap capacitor. The next
ON time is triggered immediately after the torrguin) if
the error amplifier output voltage (Vgy) is still below
Vger 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

S0 0 0onnon o

Lortuiny

FIGURE 4-2: MIC2127A Load Transient

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.

© 2016 Microchip Technology Inc.
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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 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

nverting input, VgM, is higher than its reference.
e HLL mode

44 The rting input, VgM, is lower than its reference. The
. | 2127A comes out of HLL mode

FIGURE 4-3:
Timing (HLL Mode).

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

MIC2127A Control Loop

4.3  Current Limit (I ;1)

The MIC2127A uses the low-side MOSFET Rpg(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 yA 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 (Vi) 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
(ICLIM + —2‘) *Rpscony * Vorrser
R =
CL
Iey

Where:

leum = Load current limit

Rps(on) = On-resistance of low-side power MOSFET

AlLpp = Inductor peak-to-peak ripple current

Voreser = Current-limit comparator offset (15 mV max.)
loL = 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) Vvariation 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(ony-

To improve the current limit variation, the MIC2127A
adjusts the internal source current of the current limit
(Icy) 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.

4.4 Negative Current Limit

The MIC2127A 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:
I _ 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, CggT; is charged while the low-side MOSFET
is on. When the high-side MOSFET driver is turned on,
energy from Cggt 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:
0
Cpsr = A‘G/_HS
BST
Where:
Qg ns = High-side MOSFET total gate charge
AVgst = Drop across the Cggr,
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)

The 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 ftransient gate current of the external
MOSFET.

4.7  Auxiliary Bootstrap LDO
(EXTVDD)

The 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|y is disabled to reduce power
consumption.

© 2016 Microchip Technology Inc.
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5.0 APPLICATIONS INFORMATION

5.1 Setting the Switching Frequency

The MIC2127A is an adjustable-frequency, synchro-
nous 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 Vin
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:

Jsw_aps = Jo XR, ¥R,

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 —
Vour =5V

— | R,=100kQ ]
I 700 lous = 5A =
= / | TN
z 600 PZ iy
] A1 Vi = 48V
s 500
o
Q
L 400 Vi =75V
2 Vi = 24V
§ 300
3
®” 200

50 500 5000

R, (kQ)
FIGURE 5-2: Switching Frequency vs. Ro.

5.2 Output Voltage Setting

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

MIC2127A

R1
COMPENSATION
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FIGURE 5-3:

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

Output Voltage Adjustment.

EQUATION 5-2:

R;
Vour = VREFX(] + 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 ampilifier bias current. If R,
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:

RI
K= v
our

VREF
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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
(PHskeT) is the sum of the power losses because of
conduction (PconpucTion), 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 = Pconpucrionws) * Pswensy ¥ Porrt Peos
P - %R
conoucrionnsy = Urmss))” > Rpscon_us)
Powinsy = 05 xViy X oap x (g +1p) Xfoy
Per = VINX erXfSW

1 2
Peoss = 3 x(Cosscusy + Cosssy X Vin)™ Xfsw
Where:

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

lL.oAD = Load current

fsw = Operating switching frequency

Q = 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, te = 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:

Temscusy = TLoap VD

ILoap 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:
- Qswus) * [Rpupure_upy+ Ruscare)]
R Vpp—V
DD~ VTH
EQUATION 5-8:
b= QSW(HS) x [RDH(PULLfDOWN) +RHS(GATE)]
F =
Vru
Where:
RpHPuLL-UP) = High-side gate driver pull-up
resistance
RpHpPuLL-pown) = 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
Qsw(ns) = Switching gate charge of the
high-side MOSFET which can be
approximated by Equation 5-9.
EQUATION 5-9:
QGS(HS)
Qswns) = — 7t Q6p(HS)
Where:
QgsHs) = High-side MOSFET gate to source
charge
QgpHs) = High-side MOSFET gate to drain charge

© 2016 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 greT)
is the sum of the power losses because of conduction
(PconpucTion(Ls)) @nd body diode conduction during
the dead time (Pp), as calculated in Equation 5-10.

EQUATION 5-10:
P

=P

LSFET CONDUCTION(LS)+PDT

2
Pceonpucrionws) = Urmses))” X Rpscon_Ls)

Ppr = 2xVpxIosp X tpr < fow

Where:
Rpson_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:

Ipmssy = TLoap >~ 1-D
Where:

lLoap =load current
D = operating duty cycle

5.4 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 lower 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=Your)

L= Vi xfowx 03 x I,
Where:
VN = Input voltage
fsw = Switching frequency
lFL = Full load current
Vout = Output voltage

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

EQUATION 5-13:

~ VourxViyn=Vour)
Vinxfswx L

Al L 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
I px = Troan+ )

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

Al
Iy rus = A/(ILOAD(MAX))z + M
12

Where:
lLoapMax) = Maximum load current

EQUATION 5-16:

(Repx1pp)+15mV

] =
L_SAT
- Rpsion)
Where:
ReL = Current limit resistor
loL = Current-Limit Source Current
(100 pA typical)
Rps(on) = 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
Pivpucrorccuy = U rus) * Rper

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 < A—‘;(I)UT*P L
L_PP
Where:
AVout 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:

Covr = g7
sw OUT_PP
Where:
Cout = Output capacitance value
fsw = Switching frequency
AVout pp = Steady state output voltage ripple

As described in Section 4.1 “Theory of Operation”,
the MIC2127A 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 wused 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 _ AIL?PP
C_OUT(RMS) — m

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

EQUATION 5-21:

2
PDIS(C_OUT) = (IC_OUT(RMS)) ><ESRC_OUT

© 2016 Microchip Technology Inc.
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