MICROCHIP

MIC2128

75V, Synchronous Buck Controller Featuring Adaptive
On-Time Control with External Soft Start

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 to 75V Input Voltage Range
» Adjustable Output Voltage from 0.6V to 30V
» 270 kHz to 800 kHz Programmable Switching
Frequency
* Built-in 5V Regulator for Single-Supply Operation
* Auxiliary Bootstrap LDO for Improving System
Efficiency
« Internal Bootstrap Diode
+ Adjustable Soft Start Time
» Enable Input and Power Good Output
* Programmable Current Limit
 Hiccup Mode Short-Circuit Protection
* Internal Compensation and Thermal Shutdown
+ Supports Safe Start-Up into a Prebiased Output
* AEC-Q100 Qualified (VAO suffix)

Applications

* Networking/Telecom Equipment
« Base Station, Servers

* Distributed Power Systems

* Industrial Power Supplies

» Automotive Power Supplies

Typical Application Circuit

General Description

The MIC2128 is a constant-frequency synchronous
buck controller featuring a unique adaptive on-time
control architecture with external soft start. The
MIC2128 operates over an input voltage range from
4.5V to 75V.The output voltage is adjustable down to
0.6V with a guaranteed accuracy of £1%. The device
operates with programmable switching frequency from
270 kHz to 800 kHz.

The MIC2128 features an external soft start pin (SS)
which allows the user to adjust output soft start time to
reduce inrush current from mains during start-up. The
MIC2128 features an auxiliary bootstrap LDO which
improves the system efficiency by supplying the
MIC2128 internal circuit bias power and gate drivers
from output of the converter. A logic level enable (EN)
signal can be used to enable or disable the controller.
The MIC2128 can start-up monotonically into a
prebiased output. The MIC2128 features an open drain
power good signal (PG) which signals when the output
is in regulation and can be used for simple power
supply sequencing purpose.

The MIC2128 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 and thermal shutdown.

The MIC2128 is available in a 16-pin 3 mm x 3 mm
VQFN package, with an operating junction temperature
range from -40°C to +125°C.
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MIC2128

Package Type
MIC2128
3 x 3 VQFN* (Top View)
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* Includes Exposed Thermal Pad (EP); see Table 3-1.

Functional Block Diagram
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MIC2128

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings t

ViNy FREQ I jpt, SW 0 PGND -vveeereseiesiie i —0.3V to +76V
Vaw 10 PGND (Transient < 50 NS) .......oiuiiiiiiiiiii e s s -5V
VDD, PyDDs FBy PG, SS 0 AGND --vvcveererereeesieeiee it s e s —-0.3V to +6V
EXTV/DD 0 AGND - ++c-veveerrerurereaeeaseett et eauteteesaeaaeesee e et ateeseesseea st eese b e eaeeeseeae e eee e e e sbeesaeseeeaneeaeesbeeseeseeeeeaanes —0.3V to +16V
BT 10 SV ettt h e bRt et bt er e nee et —0.3V to +6V
BIST 10 AGND -+vevreveereermeerreateatt et e et e et et e teete e e ae e et et e ettt e e seeeh e ea e e e b e R e ea e e e bt e et eee e e e et et et et st eee e ae e e e —0.3V to +82V
EEIN 0 AGNID <-+eeeemeemereeesme e ettt e e e er e e e a —0.3V to (V|y +0.3V)
DH, DL O AGND -+ ++x+vrveerereseeruerueereesmeeteaeesteeaeeateeaseeae e st aaeeseeeaeeaeeeeesaeebeesaesaaesreesbeabeebeessenneeneeneeaas —0.3V to (Vpp +0.3V)
e NI R (e N o TE TS OPAPR T —-0.3V to +0.3V
JUNCHION TEMPEIATUTE.......eeiitiee ettt et e oo bttt e e bt e et et e s e e et e st et e s e e e e an b e e e anne e e s +150°C
Storage TeMPErature (Tg) ... o i e e e —65°C to +150°C
Lead Temperature (SOIEriNg, 10S) ......uiiiiiieiiiee ettt et et e e et e e e sre e e e bt e e sane e e eneeeeanbeeeas 260°C
ESD RAUNGM ..ottt ettt 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(1)

SUPPIY VOIRAGE (VN - vreeemrermrieritiette sttt sttt ettt et bt et b e se ettt e st e see e e bt e bt eenae e e e e nenes 4.5V to 75V
SW, FREQ, [ s EN ettt et e aes e s enene e 0V to V|
EXTVDD .ttt h ettt h e h e et e et bt a e e R et 4Rt e ea bt Rt b et e nne e ne e et naneene e 0V to 13.2V
JUNCEON TEMPEratUre (T ). e e s —40°C to +125°C
Package Thermal Resistance (3 mm x 3 mm QFN-16)

JUNCioN t0 AMDBIENT (BJA) «vvrivrieririeieiiie i 50.8°C/W
JUNCHON 10 CASE (B 40) -+ veeueremeeer ettt e s s e s e e e e e sm e s e eme e e eeeneene 25.3°C/W

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

© 2016-2020 Microchip Technology Inc. DS20005620F-page 3



MIC2128

ELECTRICAL CHARACTERISTICS (Note 1)

Electrical Specifications: unless otherwise specified, V| = 12V, Voyr = 1.2V; VggT - Vgw = 5V, Ta = +25°C.
Boldface values indicate -40°C < T; < +125°C  (Note 4)

Parameter Symbol | Min. ‘ Typ. | Max. | Units ‘ Test Conditions
Power Supply Input
Input Voltage Range (Note 2) VviN 4.5 — 5.5 \ Pyvpp and Vpp shorted to V)
(Vevop = Vvin = Vvob)
5.5 — 75 —
Quiescent Supply Current la — 1.4 1.8 mA | Vgg = 1.5V, no switching
Shutdown Supply Current lvingsHDN) — 0.1 5 MA EN = Low
— 30 60 pA EN = Low, V|y = Vpp = 5.5V
PVDD,VDD and EXTVDD
Pvpp Output Voltage VpevbD 4.8 51 5.4 \ Vyin =7V to 75V,
Ipypp = 10 mA
Vpp UVLO Threshold VvDD UVLO Rise | 3.7 4.2 4.5 \ Vpp rising
Vpp UVLO Hysteresis VvDD_UVLO Hys — 600 — mV | Vpp falling, Note 5
EXTVDD Bypass Threshold VEXTVDD Rise 4.4 4.6 4.85 V EXTVDD rising
EXTVDD Bypass Hysteresis VEXTVDD Hys — 200 — mv |—
EXTVDD Dropout Voltage — — 250 — mV | Vextvop = 9V, Ipvpp = 25mA
Reference
Feedback Reference Voltage VREr 0.597 0.6 | 0.603 V T,=25°C
0.594 | 0.6 | 0.606 \ -40°C <Ty;<125°C
FB Bias Current (Note 3) Irg — 50 500 nA Veg = 0.6V
Enable Control
EN Logic Level High VEN H 1.6 — — V —
EN Logic Level Low VEN L — — 0.6 V —
EN Hysteresis VEN_Hys — 150 — mV  |Note 5
EN Bias Current lEN — 6 30 MA Ven = 12V
ON Timer
Switching Frequency faw — 800 — kHz | Vereq = Vvins Vuin = 12V
230 270 300 VEReq = 33% of Vyn,
Vyn = 12V
Maximum Duty Cycle Dpax — 85 — % VeEreq = Vyin = 12V
Minimum Duty Cycle Dmin — 0 — % Vgg > 0.6V, Note 5
Minimum ON Time tonMIN) — 80 — ns —
Minimum OFF Time toFF(MIN) 150 230 350 ns —
Soft Start
Soft Start Current Source lss | — [ 13 ] — | wa |—
Current Limit
Current-Limit Comparator VoOFFSET -15 0 15 mV  |Vgg = 0.59V
Offset

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 Vry.

3: Design specification.
Temperature limits apply for automotive AEC-Q100 qualified part.
5: Not production tested.

R
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MIC2128

ELECTRICAL CHARACTERISTICS

(Note 1)

Electrical Specifications: unless otherwise specified, Vg = 12V, Voyt = 1.2V; Vggt - Vgw = 5V, Tp = +25°C.
Boldface values indicate -40°C < T, < +125°C ~ (Note 4)
Parameter Symbol Min. Typ. | Max. | Units Test Conditions
ILm Source Current lcL 85 100 115 MA Vgg = 0.59V
I_m Source Current Tempco TCicL — 0.3 — MA/°C | Note 5
Negative Current Limit VNCLTH — 48 — mV —
Comparator Threshold
FET Drivers
DH On-Resistance, High RoHpPuLL-uP) — 2 3 Q —
State
DH On-Resistance, Low RDHpuLL pown)| — 2 4 Q —
State
DL On-Resistance, High RpLpuLL-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 lLkBsT) — — 30 MA —
V |\ Leakage ILkviN — — 50 MA —
SW Leakage lLK(SW) — — 50 }JA —
Power Good (PG)
PG Threshold Voltage VpG Rise 85 — 95 %Vout | VEg rising
PG Hysteresis VPG Hys — 6 — %VouTt | Veg falling
PG Delay Time PG_R DLY — 100 — V& Vg rising
PG Low Voltage VoL pG — 70 200 mV | Vgg <90% * Vnows
lpg=1mA
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 V1y.

3: Design specification.

R

5: Not production tested.

Temperature limits apply for automotive AEC-Q100 qualified part.
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MIC2128

TEMPERATURE SPECIFICATIONS

Parameters | Sym. ‘ Min. | Typ. | Max. ‘ Units | Conditions
Temperature Ranges
Operating Junction Temperature T, -40 — +125 °C |Note 1
Maximum Junction Temperature Tuvax)y| — — | +150 °C |—
Storage Temperature Ts -65 — +150 °C |—
Lead Temperature TLEAD — — | +260 °C | Soldering, 10s
Package Thermal Resistances
Thermal Resistance, | Junction-to-Ambient ST — 50.8 — °C/IW | —
16 Lead, 3x3mm | jynction-to-Case 0,c — 253 | — | °C/W |—
VQFN

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

DS20005620F-page 6 © 2016-2020 Microchip Technology Inc.



MIC2128

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, Vyy = 12V, fgyy = 300 kHz, Rg| = 1.5 kQ, L =10 uH, Vextypp = Vout, Ta = +25°C
(refer to the Typical Application Circuit circuit).

25 350 T T T
340 Vyi = 48V, with resistor divider |
< between V) and Ay, at FREQ pin
T 20 | I I = _ 330 (100 kQ and 60 kQ) T
_g, | — 3 320 EN = GND J
215 £ 310
= — | Vour = 5V § 300
o / loyr = 0A 5
g 10 Few =300 kHz O 290
e Ven = Vuin 'é 280
g 5 £ 270
2 260
-0 250
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 2-1: Input Supply Current vs. FIGURE 2-4: Input Shutdown Current vs.
Input Voltage. Temperature.
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FIGURE 2-2: Input Supply Current vs. FIGURE 2-5: PVDD Line Regulation
Temperature.
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EN = GND v, =5V
o ; . 48 EXTVDD
6 18 30 42 54 66 78 -50 -25 0 25 50 75 100
Input Voltage (V) Temperature (°C)
FIGURE 2-3: Input Shutdown Current vs. FIGURE 2-6: PVDD Voltage vs.
Input Voltage. Temperature.

© 2016-2020 Microchip Technology Inc. DS20005620F-page 7



MIC2128

Note: Unless otherwise indicated, VV|N = 12V, fSW =300 kHZ, RCL =15 kQ, L=10 UH, VEXTVDD = VOUT, TA =+25°C

(refer to the Typical Application Circuit circuit).
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MIC2128

Note: Unless otherwise indicated, VV|N =12V, fSW =300 kHz, RCL =15k, L=10 UH, VEXTVDD = VOUT, TA =+25°C

(refer to the Typical Application Circuit circuit).
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FIGURE 2-13: Switching Frequency vs.

Load Current.
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MIC2128

Note: Unless otherwise indicated, VV|N =12V, fSW =300 kHz, RCL =15kQ,L=10 IJH, VEXTVDD = VOUT, TA =+25°C
(refer to the Typical Application Circuit circuit).

100 - 100
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== ———r— | T
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g 40 — Vour = 1.8V :g 40 1 —Vour=25V _|
.;E) 30 — Vour = 1.5V E 30 xm" : :gz B
w20 20 — Your =
0 — Vour=1.2V 10 V ~Vour=12v |
0l Vour = 1.0V 0 4 Vour = 1.0V
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5
Output Current (A) Output Current (A)
FIGURE 2-19: Efficiency vs. Output FIGURE 2-22: Efficiency vs. Output
Current (Input Voltage=12V). Current (Input Voltage = 48V).
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0 out 0
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5
Output Current (A) Output Current (A)
FIGURE 2-20: Efficiency vs. Output FIGURE 2-23: Efficiency vs. Output
Current (Input Voltage = 24V). Current (Input Voltage = 60V).
100 100
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80 e 80 S
70 978 ——=== = — 70 I =
£ WAarZ=Z — Voyr =5V € e P P e s
2 50 /// —Vour=33V | by 50 1 AT — Vour =5V
= — Vour = 2.5V 5 L~ — Vour =3.3V
§ w /) T - a2 SVl
S Vour = 1.8V
g ¥ - N & 30 — Vour = 1.8V
w Vour = 1.5V w oV
20 our = 1+ _ 20 - — Vour=1.5V 4
10 “Vour=12v. | 10 — Vour =12V
0 , . VQ“T : 1"0V‘ 0 , ‘ Vour = 1.0V
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5
Output Current (A) Output Current (A)

FIGURE 2-21: Efficiency vs. Output
Current (Input Voltage = 36V).

FIGURE 2-24: Efficiency vs. Output
Current (Input Voltage = 75V).
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MIC2128

Note: Unless otherwise indicated, VV|N =12V, fSW =300 kHz, RCL =15kQ,L=10 |JH, VEXTVDD = VOUT, TA =+25°C
(refer to the Typical Application Circuit circuit).

5.1091
5.0991 || R e
S 5.0891 e ——— ==
3 5.0791 == —VnE12V
] — V=24V
f 5.0691 Cvmaev
§_ 5.0591 — Vi =48V
3 s5.0491 — V=60V |
— V=75V
5.0391 I N |
0 05 1 15 2 25 3 35 4 45 5
Output Current (A)
FIGURE 2-25: Load Regulation
(Vour=5V).
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10 ms/div
FIGURE 2-26: Vvin Turn-On.
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FIGURE 2-28:
Pre-biased Output.
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FIGURE 2-29:
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FIGURE 2-27:

VV/N Turn-Off.

FIGURE 2-30:

EN Turn-On Delay.

© 2016-2020 Microchip Technology Inc.

DS20005620F-page 11



MIC2128

Note: Unless otherwise indicated, VV|N =48V, fSW =300 kHz, RCL =15kQ,L=10 |JH, VEXTVDD = VOUT' TA =+25°C
(refer to the Typical Application Circuit circuit).

s : : : : : \zlsrdiv Vvbp
: 1Vidiv |

\ﬂ‘

Vout
. 2VIdiv =
. SUIR T TR SR ¥ vvo ovonrvanel B

Vpg
B 5_Vl9iv

. [ Vsw FFTTT T
200 ps/div 5A/div 5Vidiv . 20ms/div

FIGURE 2-31: EN Turn-Off Delay. FIGURE 2-34: VDD UVLO Threshold-
Rising.
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Vout
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Vow b 1 :
Vew 5Vidiv i - :
Sovidivi oL B TTTT—

hﬂ . ¥
x M
i n :

L Amsidivo - 100 msiiv
FIGURE 2-32: EN Turn-On with Prebiased FIGURE 2-35: VDD UVLO Threshold-
Output. Falling.

1S S S SR S SRS S 1

Ve e . . v | z .
Vidiv Co oo 2vidiv | + .

VOUT v e
2V/div

) -

3

Vsw ' R S 5
50V/div 10 ms/div 4 ms/div

FIGURE 2-33: Enable Thresholds. FIGURE 2-36: Enable into Output Short.
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MIC2128

Note: Unless otherwise indicated, VV|N =48V, fSW =300 kHz, RCL =1.5kQ,L=10 HH, VEXTVDD = VOUT' TA =+25°C
(refer to the Typical Application Circuit circuit).

Vyin

(VST S —

P

20v/d :,»“‘__/ . «

500 mVidiv

5A/div
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10 ms/div

FIGURE 2-37:

Power-Up ihto .Outp.u.t Shbn‘.

Vour F
2Vidiv

lout :
5A/div |

1) O

4ms/div:

FIGURE 2-38:
Threshold.

Output Current Limit

Vout
2V/div

I
5A/div
) 2 ms/div”
FIGURE 2-39: Output Short Circuit.

Vour |
2vVidiv |
3 A . A
I SRR DR REU FERR I RO
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B. T FFUNIUSPPR [ v N For—" N
g Amsld .
FIGURE 2-40: Recovery from Output Short
Circuit.
Vour J’
200 mV/gliv
AC coupled
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FIGURE 2-41: Load Transient Response

(IOUT: 0A to 5A)

Vour
200 mV/div.
AC coupled

lout
2A/div

-

L)

206 uslq:iv

FIGURE 2-42:

Load Transient Response

(IOUT =0A to 25A)
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Note: Unless otherwise indicated, VV|N =48V, fSW =300 kHz, RCL =15kQ,L=10 |JH, VEXTVDD = VOUT' TA =+25°C
(refer to the Typical Application Circuit circuit).

v Vour | g
2&1)1Inw¢1iv. o R TR NSRRI o muidiv
AC coupled ; : : : : coupled
P 7
: Y S A
..... V&J L
™ e Vi TR
lour | ‘ AR R
2Aldiv : : : : X X I e e . . . . . . . . .
: . . 5LAIdiv : : : : : :

EX ; : : : : ‘TWM
FIGURE 2-43: Load Transient Response FIGURE 2-46: Switching Waveform at No
(loyt = 2.5A to 5A). Load.

18 . V, ) : : ~
° somvidv v
I : : - : AC coupled -
5A/div | ! :

o
Vsw
50V/div |

3
50V/div

7
Voo | b . iy -

Smvidie L W el
L zpedive o RSN
FIGURE 2-44: Switching Waveform at No FIGURE 2-47: Switching Waveform at Full
Load. Load.
I
5A/div
Vsw |
50V/div
Vpu
50V/div |-

T
N
5Vidiv_|

FIGURE 2-45: Switching Waveform at Full
Load.
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3.0 PIN DESCRIPTION

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

TABLE 3-1: PIN FUNCTION TABLE

Pin Number Pin Name 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 Pvob Internal high voltage LDO Output of the MIC2128
9 EXTVDD Supply to the internal low voltage LDO
10 EN Enable Input
1 FREQ Switching Frequency Programming Input
12 SS Soft-Start time setting capacitor connection pin
13 FB Feedback Input
14 AGND Analog ground
15 Vop Supply for the MIC2128 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 I )y to SW to set current limit.
Refer to Section 4.3 “Current Limit (ILIM)” for more
details.

3.3 Switch Pin (SW)

SW pin provides return path for the high-side
N-MOSFET gate driver when 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 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)”
section 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)

Penp provides return path for the internal low-side
N-MOSFET gate driver output and also acts as
reference for current limit comparator. Connect Pgyp 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.

© 2016-2020 Microchip Technology Inc.
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3.8 Internal High Voltage LDO Output
Pin (Pypp)

Internal high voltage LDO Output of the MIC2128.
Pvpp is the supply for the low-side MOSFET driver and
for floating high-side MOSFET driver. Connect a
minimum of 4.7 yF low ESR ceramic capacitor from

Pypp to Penp-

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 pyF 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
and Agnp to set switching frequency of the converter.
Tie FREQ to V|y to set the switching frequency to
800 kHz. Refer to Section 5.1 “Setting the Switching
Frequency” for more details.

3.12 Soft-Start Time Setting Capacitor
Connection Pin (SS)

Soft-Start time setting capacitor connection pin.
Connect a ceramic capacitor from SS to Agyp to set
the output Soft-Start time. Refer to Section 5.3
“Setting the Soft Start Time” section 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 FB node to mid-point of the resistor
divider between output and Agnp.

3.14 Analog Ground Pin (Agnp)

Agnp is reference to the analog control circuits inside
the MIC2128. Connect Agyp to Pgnp at one point on
PCB.

3.15 Bias Voltage Pin (Vpp)

Supply for the MIC2128 internal analog circuits.
Connect Vpp to Pypp of the MIC2128 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)

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 Agyp copper plane to improve thermal
performance of the MIC2128.

DS20005620F-page 16
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4.0 FUNCTIONAL DESCRIPTION

The MIC2128 is an adaptive on-time synchronous buck
controller designed to cover a wide range of input
voltage applications ranging from 4.5V to 75V. An
adaptive on-time control scheme is employed to get
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 external
soft-start, enable input, UVLO, power good output
(PG), secondary bootstrap LDO and thermal shutdown.

4.1 Theory of Operation

The MIC2128 is an adaptive on-time synchronous buck
controller which operates based on ripple at feedback
node. The output voltage is sensed by the MIC2128
feedback pin (FB) and is compared to a 0.6V reference
voltage (Vrgp) at the low-gain transconductance error
amplifier (gm) as shown in the Functional Block
Diagram. Figure 4-1 shows the MIC2128 control loop
timing during steady-state operation.

The error amplifier behaves as 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 (Vggg), 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 the following Equation 4-1:

EQUATION 4-1:

LON(ESTIMATED) = VVO—XU;
VIN ~Jsw
Where:
Vourt = 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 g, amplifier (V) also decreases. When the output
of the gm amplifier (Vqy) is below the reference voltage
of the comparator (which is same as the error amplifier
reference (Vrer)) 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
(tOFF(N”N))Of the MIC2128, which is about 230 ns
(typical), the MIC2128 control logic applies the
tOFF(MIN) instead.

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

EQUATION 4-2:
_Isw—loFrFmIny 230ns
Dyryx = =1-
Lsw Lsw
Where:
tsw = Switching period, equal to 1/fgyy

Itis not recommended to use the MIC2128 with an OFF
time close to torr(vin) during steady-state operation.

The adaptive on-time control scheme results in a
constant switching frequency over 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 Vo ratio applications.

The equation below shows the output-to-input voltage
ratio, below which the MIC2128 lowers the switching
frequency in order to regulate the output-to-set value.

EQUATION 4-3:

VVOUT = toneuny *fsw
IN
Where:
Vout = Output voltage
VN = Input voltage
fsw = Switching frequency
tonviny = Minimum controllable ON time (80 ns typ.)

error amplifier output (V) is below Vger
o ]
—
Estimated ON-Time
FIGURE 4-1: MIC2128 Control Loop
Timing.

Figure 4-2 shows operation of the MIC2128 during load
transient. The output voltage drops due to a sudden
increase in load, which results in the error amplifier
output (Vgy) falling below Vggr. This causes the
comparator to trigger an on-time event. At the end of
the ON time, a minimum OFF time torrmmin) is
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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
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 MIC2128
converter due to the varying duty cycle and switching
frequency.

Full Load

No Load

toffmin

FIGURE 4-2:
Response.

MIC2128 Load Transient

Unlike true current-mode control, the MIC2128 uses
the output voltage ripple to trigger an on-time event. In
order to meet the stability requirements, the MIC2128
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 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 5.8
“Ripple Injection” for details about the ripple injection
technique.

42  Soft Start (SS)

Soft Start reduces the power supply inrush current at
start-up by controlling the output voltage rise time. The
MIC2128 features SS pin which allows the user to set
the soft-start time by connecting a capacitor from the
SS pin to Agnp- An internal current source of 1.3 pA
charges this capacitor and generates a linear voltage
which is used as the reference for the internal error
amplifier during Soft Start. Once the voltage on this SS
capacitor is above the internal fixed reference of 0.6V,
the error amplifier uses the fixed 0.6V as reference
instead of the voltage on the external SS capacitor.

4.3 Current Limit (I ;)

The MIC2128 uses the low-side MOSFET Rpgon; to
sense inductor current. In each switching cycle of the
MIC2128 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 R as show in the
Figure 4-3.

11T

MiC2128 o

Ly
Control WE

Logic

Pono

CURRENT LIMIT
DETECTION
ler
L B

R

FIGURE 4-3:
Circuit.

MIC2128 Current Limiting

The I pin voltage (V| m) is the difference of the
voltage across the low-side MOSFET and the voltage
across the resistor (Vr¢L ). The sensed voltage V| 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 (Vrcp),
the MIC2128 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

DS20005620F-page 18
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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.

EQUATION 4-4:
AlLpp
<]CL1M+ > ) *Rpscon T Vorrser
R =
CcL
]CL

Where:

ILim = Load current limit

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

Al pp = 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% to 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. It is also
recommended to connect SW pin directly to the drain
of the low-side MOSFET to accurately sense the
MOSFETs RDS(ON)'

To improve the current limit variation, the MIC2128
adjusts the internal current limit source current (I ) at
a rate of 0.3 yA/°C when the MIC2128 junction
temperature changes to compensate the Rpgon)
variation of external low-side MOSFET. The
effectiveness of this method depends on the thermal
gradient between the MIC2128 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 PGND to filter the switch node ringing during the
Off-time allowing a better current sensing. The time
constant of R and Cg should be less than the
minimum off time.

4.4 Negative Current Limit

The MIC2128 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:

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

45  High-Side MOSFET Gate Drive (DH)

The MIC2128's high-side drive circuit is designed to
switch an N-Channel external MOSFET. The MIC2128
Functional Block Diagram shows a bootstrap diode
between PVDD and BST pins. This circuit supplies
energy to the high-side drive circuit. Alow ESR ceramic
capacitor should be connected between BST and SW
pins (refer Typical Application Circuit).The capacitor
between BST and SW pins, Cggr, 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:
0

Cpsr = %
CBST

Where:

Qg s = High-side MOSFET total gate charge
AVegst = Voltage drop across the Cggr,
generally 50 mV to 100 mV

Asmall 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 MIC2128's low-side drive circuit is designed to
switch an N-Channel external MOSFET. The internal
low-side MOSFET driver is powered by PVpp. Connect
a minimum of 4.7 yF low-ESR ceramic capacitor to
supply the transient gate current of the external
MOSFET.

4.7 Auxiliar% Bootstrap LDO
(EXTVDD)

The MIC2128 features an auxiliary bootstrap LDO
which improves the system efficiency by supplying the
MIC2128 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 which
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 Vgoyr, a voltage spike will occur at
the PVpp and Vpp during a fast hard short at Vo
Larger decoupling ceramic capacitors of 10 uF at PVpp
and Vpp are recommended for such a situation.

© 2016-2020 Microchip Technology Inc.
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5.0 APPLICATIONS INFORMATION

5.1 Setting the Switching Frequency

The MIC2128 is an adjustable-frequency, synchronous
buck controller featuring a unique adaptive on-time
control architecture. The switching frequency can be
adjusted between 270 kHz and 800 kHz by changing
the resistor divider network between V\ and Agnp pins
consisting of Ry and R, as shown in Figure 5-1.

MIC2128
VIN Vin
4.5V to 75V
R1
FREQ
R2
AGND
FIGURE 5-1: Switching Frequency
Adjustment.

Equation 5-1 shows the estimated switching
frequency:

EQUATION 5-1:

R2
Tsw_apr = Jo* g,

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

800
= 700
I
x
> 600
o
c
$ 500
o
o
w 400
(=)}
£
5 300 J
S ! =5A
& 200 our,

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 Agnp whose mid-point is
connected to FB pin as shown the Figure 5-3.

MiC2128

VOUT

R1
COMPENSATION
FB
=

= 9m hef

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(] +§;)

Where:
VREF = 06V

The maximum output voltage that can be programmed
using the MIC2128 is limited to 30V, if not limited by the
maximum duty cycle (see Equation 4-2).

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

EQUATION 5-3:

R,
R, = p—
our

VREF
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5.3 Setting the Soft Start Time

The output Soft Start time can be set by connecting a
capacitor from SS to Agyp from 2 ms to 100 ms as
shown in Figure 5-4.

MiC2128

—

Iss

1.3 pA

)\ SS

COMPENSATION

J_ CSS
Comparator :|:
Veer (F 1
0.6V ? -
FIGURE 5-4: Setting the Soft Start Time.

The value of the capacitor can be calculated using
Equation 5-4.

EQUATION 5-4:
Cys = IS;X tsg
REF
Where:

Css = Capacitor from SS pin to Agnp

Iss = Internal Soft Start current (1.3 pA typical)

tss = Output Soft Start time

VRer = 0.6V

54 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 are essentially equal to the power stage
input voltage V|y. A safety factor of 30% should be
added to the Vyuax) While selecting the voltage rating
of the MOSFETSs to account for voltage spikes due to
circuit parasitic elements.

5.4.1 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 5-5.

EQUATION 5-5:

Pusrer = Peonpucrions) T Pswsyt Porr T Peosy
P - 2% R
conpucrionwsy = Urmss))” * Rpscon us)

Psyiusy = 05 xViy xIpoap X (g T 1p) X fop

Py = Viyx O, % fow

1 2
Peoss = 3% (COSS(HS) + Cosssy) XV in) xfsw

Where:

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

I 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 5-6.

tR, te = The high-side MOSFET turn-on and

turn-off transition times which can be
approximated by Equation 5-8 and
Equation 5-9

EQUATION 5-6:

Tpymssy = LLoap ™ VD

ILoap is the load current and D is the operating duty
cycle, given by Equation 5-7.

EQUATION 5-7:

p
p = Lour

V] N
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EQUATION 5-8:

_ Oswus) * Rpupurr_vry* Rusare))

t
R
VDD - VTH

EQUATION 5-9:

_ OQswimsy * Rpupure_ powny T Ruscare)]

IF
Viy
Where:
RpHPuLL-UP) = High-side gate driver pull-up
resistance
RpHPuLL-DowN) = High-side gate driver pull-down
resistance
Rus(GaTE) = High-side MOSFET gate resistance
V1h = Gate threshold voltage of the
high-side MOSFET
Qsw(Hs) = Switching gate charge of the

high-side MOSFET which can be
approximated by Equation 5-10.

EQUATION 5-10:

Oswns) = @ +O6p(ns)
Where:
QgsHs) = High-side MOSFET gate to source
charge
QgpHs) = High-side MOSFET gate to drain charge

54.2 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)) and body diode conduction during
the dead time (Ppt) as calculated in Equation 5-11.

EQUATION 5-11:

Prsrer = Pconpucrionws) * Por
2
Peonpucrionwsy = Urmses))” X Rpson Ls)

Ppp = 2xVexI oup*tpr X fsw

Where:
Rpson_Ls) = On-resistance of the low-side MOSFET
Vg = Low-sidle MOSFET body diode forward
voltage drop
tor = 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 5-12

EQUATION 5-12:

Trmscesy = Troap J1-D

ILoap is the load current and D is the operating duty
cycle.

5.5 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 5-13:

EQUATION 5-13:

Vour*(Vin=VYour)

L VINXfSWX 0.3 x 1y,
Where:
ViN = Input voltage
fsw = Switching frequency
lFL = Full load current
Vourt = Output voltage

For a selected Inductor, the peak-to-peak inductor
ripple current ripple can be calculated using
Equation 5-14.

EQUATION 5-14:

Vour* (Vin=VYour)

Al =
L_PP Viy*fowx L

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 5-15.

EQUATION 5-15:

Al
L PP
Iy px = Lroap ™ —5
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The RMS and saturation current ratings of the selected
inductor should be at least equal to the RMS current
and saturation current calculated in the Equation 5-16
and Equation 5-17.

EQUATION 5-16:

2
_ 2 (Al pp)
I rus = \Uroappax) + —5—

Where:
lLoabmax) = Maximum load current

EQUATION 5-17:

Rep xIep +15mV

I/ =
L _SAT
- Rpson
Where:
ReL = Current limit resistor
leL = Current-Limit Source Current (96 pA typical)
Rps(on) = On-resistance of low-side power MOSFET

Maximizing the 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 5-18.

EQUATION 5-18:

2
Pivpucrorccuy = Ur rus)” % Rper

5.6 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 5-19.

EQUATION 5-19:

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 ripple can be calculated using Equation 5-20.

EQUATION 5-20:

Al; pp
8xfsw*x AVour pp

Cour =

Where:
Cout = Output capacitance value
fsw = Switching frequency

As described in Section 4.1 “Theory of Operation”,
the MIC2128 requires at least 20 mV peak-to-peak
ripple at the FB pin to ensure that the gm 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 the enough
feedback-voltage ripple. Refer to the Section 5.8
“Ripple Injection” for details.

The voltage rating of the capacitor should be twice the
output voltage for a tantalum and 20% greater for alu-
minum electrolytic, ceramic or OS-CON. The output
capacitor RMS current is calculated in Equation 5-21.

EQUATION 5-21:

I _ A][;PP
C OUT(RMS) — m

The power dissipated in the output capacitor is shown
in Equation 5-22.

EQUATION 5-22:

2
Ppiscc oury = Ue ourmrms)” > ESR¢ our
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5.7 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 5-23.

EQUATION 5-23:

I oqup*Dx(1-D)
€ nxfowx AV ¢
ES RCJN _ AI;INJ;‘SR
L_PK
Where:

lLoAD = Load Current
= = Peak Inductor Current
AV\ne = 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 the Equation 5-24.

EQUATION 5-24:

Ie vwms) = ILoapaaaxy) X VP > (1-D)

The power dissipated in the input capacitor is
calculated using Equation 5-25.

EQUATION 5-25:

2
Ppisscc vy = Uc ivgms) < ESR¢ 1y

5.8 Ripple Injection

The minimum recommended ripple at the FB pin for
proper operation of the MIC2128 error amplifier and
comparator is 20 mV. However, the output voltage
ripple is generally designed as 1% to 2% of the output
voltage. For low output voltages, such as a 1V, the
output voltage ripple is only 10 mV to 20 mV, and the
feedback voltage ripple is less than 20 mV. If the
feedback voltage ripple is so small that the gm amplifier
and comparator cannot sense it, then the MIC2128
loses control and the output voltage is not regulated. In
order to have sufficient Vg ripple, 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 5-5). The
converter is stable without any additional ripple
injection at the FB node. The feedback voltage
ripple is given by Equation 5-26.

EQUATION 5-26:

R
_ 2
AV pper) = g, ESR* Al pp

Al|_pp is the peak-to-peak value of the inductor current
ripple.

MIC2128 R Cour

FB ESR
R,

FIGURE 5-5:

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

Enough Ripple at FB.

The output voltage ripple can be fed into the FB pin
through a feed forward capacitor, Cgg in this case, as
shown in Figure 5-6. The typical Cgfg value is between
1 nF and 100 nF. With the feed forward capacitor, the
feedback voltage ripple is very close to the output
voltage ripple which is shown in Equation 5-27.

EQUATION 5-27:

AV gppy = ESRX AL pp

sw LYY Y\
R: —LCFF l
MIC2128 T Cour
FB ESR
R, f
FIGURE 5-6: Inadequate Ripple at FB.

3. Virtually no ripple at the FB pin voltage due to
the very-low ESR of the output capacitors:
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In this case, additional ripple can be injected into the
FB pin from the switching node SW via a resistor Ry
and a capacitor Cyy, as shown in Figure 5-7.

L
SW ~

FB ESR

%R"“ R —Lc l
1 FF
MIC2128 T Cn T Cour
sz

FIGURE 5-7:

The injected ripple at the FB pin in this case is given by
the Equation 5-28:

Invisible Ripple at FB.

EQUATION 5-28:

Vourx (1-D)

AVrseer) = Crp* Ryny*Ssw

In the above Equation 5-28, it is assumed that the time
constant associated with the Crg meets the criteria
shown in Equation 5-29.

EQUATION 5-29:

2 Toy

T2 Cpp X (RIHRZHRINJ)

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

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

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

3. Select Ry, according to Equation 5-30.

EQUATION 5-30:

R _ Vour>x(—D)
INJ
Crp*Ssw* AV ppppy
Where:
Vout = Output voltage
D = Duty cycle
fsw = Switching frequency
AVEg(pp) =

Ind'ected Feedback Ripple (20mV to
100mV)

Once all the ripple injection component values are
calculated, ensure that the criteria shown in the
Equation 5-29 is met.

For high duty cycle applications with D > 40%, the

procedures to design the ripple injection circuit

components are as below:

1. For given feedback divider resistor values,
select Cgr such that the time constant formed by
Cgr and feedback divider is 50% of the switch-
ing period as given in Equation 5-31.

EQUATION 5-31:

Crr*Rpppp = 0.5%Tgy

Where Rpggq is the parallel combination of R1 and
R2, Rpgeq = (R1xR2)/(R1+R2)
2. Calculate Ry, using the Equation 5-30. Make

sure that the injected ripple voltage into FB pin
is in the range of 20mV to 100mV.

3. Choose C\y = 100nF or at least 10 times the
Cgg value."

59 Power Dissipation in MIC2128

The MIC2128 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 applica-
tions 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 MIC2128,
to reduce the MIC2128 junction temperature and to
improve the system efficiency.

The power dissipation in the MIC2128 depends on the
internal LDO being in use, gate charge of the external
MOSFETs and switching frequency. The power dissi-
pation and the junction temperature of the MIC2128
can be estimated using the Equation 5-32,
Equation 5-33 and Equation 5-34.

Power dissipation in the MIC2128 when EXTVDD is not
used:

EQUATION 5-32:

Pre = Viyx gyt 1p)

Power dissipation in the MIC2128 when EXTVDD is
used:

© 2016-2020 Microchip Technology Inc.
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EQUATION 5-33:

Pic = Vixrvpp * Ugy+1p)
Toy = Q6 *Ssw

96 = 96 ust 96 1s

Where:

Isw = Switching current into the V,y\ pin

Iq = Quiescent current (1.4 mA typ)

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 sz at 5V gate to
source voltage. Gate charge information
can be obtained from the MOSFETs
datasheet.

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

The junction temperature of the MIC2128 can be
estimated using Equation 5-34.

EQUATION 5-34:

T,=(Picx8,)+T,

Where:

T, = Junction temperature

Pic = Power dissipation

CATN = Junction Ambient Thermal resistance

(50.8°C/W)

The maximum recommended operating junction
temperature for the MIC2128 is 125°C.

Using the output voltage of the same switching
regulator, when it is in between 4.6V (typ.) to 14V, as
the voltage at the EXTVDD pin, significantly reduces
the power dissipation inside the MIC2128. This
reduces the junction temperature rise as illustrated
below.

For the typical case of Vyy = 48V, Voyt = 5V, the
maximum ambient temperature = 85°C and 10 mA of
Isw-

The condition where EXTVDD is not used is shown in
Equation 5-35:

EQUATION 5-35:

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

P = 0.552W
T, = (0.552W x50.8 °C/ W) + 85 °C
T, = 113°C

When the 5V output is used as the input to the EXT-
VDD pin, the MIC2128 junction temperature reduces
from 113°C to 88°C as calculated in Equation 5-36:

EQUATION 5-36:

Pie = 5V x(10mA + 1.5mA)

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

PCB layout is critical to achieve reliable, stable and
efficient performance. The following guidelines should
be followed to ensure proper operation of the MIC2128
converter.

6.1 IC

» The ceramic bypass capacitors, which are
connected to the Vpp and Pypp pins, must be
located right at the IC. Use wide traces to connect
to the VDD' PVDD and AGND’ PGND 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 close as
possible to the MOSFETSs.

* Place several vias to the ground plane close 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 close as possible
to the output capacitor. Sensing a long
high-current load trace can degrade the DC load
regulation.

6.5 MOSFETs

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

» 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.

© 2016-2020 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
im
XXXX 2128
WNNN 2256

Legend: XX..X Customer-specific information
Www 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¥V Pinone 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 (_) 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 g
PIN 1 DOT ~—3.00£0.050 —= xp.
PIN #1 1D CA
BY WARKNG | 0250050 —=] | LS SN
® PUUL
1
i____:) - r
2 050 Bsc 5 -
3.00+0,050 ] 0 = lézgfojg’jg
B d |
0.30£0.050 N NMNnN
TOP VIEW BOTTOM VIEW
NOTEr 1, 2, 3 NOTE: 1, 2, 3
0.40+0.05
0.850£0,050 — ) N B (. 0
" [ E é [ <
o
I I g o | i
i .l & O L= iy
0.000-0.050 0.20+0.025 ph i
of | DDOOO
SIDE VIEW o 1.70+0.05
NOTE: 1, 2, 3 n
° 2.72%0.05

NOTE:

1. MAX PACKAGE WARPAGE IS 0.05mm.
2. MAX ALLOWABLE BURR IS 0.076mm IN ALL DIRECTIONS
3. PIN #1 1S ON TOP WILL BE LASER MARKED.
4. RED CIRCLE 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.

RECOMMENDED LAND PATTERN

NOTE: 4, S

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 F (April 2020)

The following is the list of modifications:

1. Updated the Electrical Characteristics (Note 1)
table.

2. Updated Equation 4-6.

Revision E (August 2019)

The following is the list of modifications:

1. Updated the Features section.

2. Updated the Electrical Characteristics (Note 1)
table.

3. Updated the Product Identification System
section.

Revision D (March 2019)

The following is the list of modifications:

1. Updated the Functional Block Diagram.

2. Updated the Iy Source Current 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.

2. Added information to Section 3.9 “EXTVDD”
and Section 4.7 “Auxiliary Bootstrap LDO
(EXTVDD)”.

Revision B (January 2017)

The following is the list of modifications:
1. Updated Product Identification System section.

Revision A (September 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. X XX XX XXX Examples:

T —l_ —l_ —l_ a) MIC2128YML-TR:

75V, Synchronous Buck Controller
Device Temperature Package Code Media Type Qualification

Featuring Adaptive On-Time Control
with External Soft Start,
-40°Cto+125°Cjunctiontemp.range,
16-LD VQFN ki 5000/reel
Device: MIC2128: 75V, Synchronous Buck Controller Featuring QFN package, ree
Adaptive On-Time Control with External Soft Start b) MIC2128YML-TRVAO:

75V, Synchronous Buck Controller
Featuring Adaptive On-Time

. Control with External Soft Start,
Temperature: Y = Industrial Temperature Grade (-40°C to +125°C) Automotive AEC-Q100 Qualified.
16-LD VQFN package, 5000/reel
Package: ML = 16 Lead, 3x3 mm VQFN

Media Type: 'R = 5000/reel

Qualification: (Blank)
VAO

Standard Part
Automotive AEC-Q100 Qualified
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