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MICREL

MIC28304

70V 3A Power Module

Hyper Speed Control™ Family

General Description

Micrel's MIC28304 is synchronous step-down regulator
module, featuring a unique adaptive ON-time control
architecture. The module incorporates a DC/DC controller,
power MOSFETSs, bootstrap diode, bootstrap capacitor
and an inductor in a single package. The MIC28304
operates over an input supply range from 4.5V to 70V and
can be used to supply up to 3A of output current. The
output voltage is adjustable down to 0.8V with a
guaranteed accuracy of £1%. The device operates with
programmable switching frequency from 200kHz to
600kHz.

Micrel's HyperLight Load® architecture provides the same
high-efficiency and ultra-fast transient response as the
Hyper Speed Control™ architecture under the medium to
heavy loads, but also maintains high efficiency under light
load conditions by transitioning to variable frequency,
discontinuous-mode operation.

The MIC28304 offers a full suite of protection features.
These include undervoltage lockout, internal soft-start,
foldback current limit, “hiccup” mode short-circuit
protection, and thermal shutdown.

Datasheets and support documentation are available on
Micrel's web site at: www.micrel.com.
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Hyper Speed Control™

Features
e Easyto use

— Stable with low-ESR ceramic output capacitor

— No compensation and no inductor to choose
e 4.5V to 70V input voltage
¢ Single-supply operation
e Power Good (PG) output
e Low radiated emission (EMI) per EN55022, Class B
¢ Adjustable current limit

¢ Adjustable output voltage from 0.9V to 24V
(also limited by duty cycle)

e 200kHz to 600kHz, programmable switching frequency

e Supports safe start-up into a pre-biased output

e —40°C to +125°C junction temperature range

e Available in 64-pin, 12mm x 12mm x 3mm QFN
package

Applications

¢ Distributed power systems

e Industrial, medical, telecom, and automotive

Typical Application
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Micrel, Inc.

MIC28304

Ordering Information

itchi Junction
Switching Lead
Part Number Frequency Features Package Temperature Finish
Range
MIC28304-1YMP | 200kHz to 600kHz HyperLight Load 64-pin 12mm x 12mm QFN —40°C to +125°C Pb-Free
MIC28304-2YMP | 200kHz to 600kHz | Hyper Speed Control | 64-pin 12mm x 12mm QFN —40°C to +125°C Pb-Free

Pin Configuration

Pin Description

fa)
oo Q r O O
29::2%z0p223282%
onolr  slis 'g"’j 8} g'll/ﬁ )“]rguﬁ‘} 3|32 ) {5} [ JANODE
GNDE . | i | i ____gr'_sa:ANODE
oND |3 | ElSwW
ILIM ﬁ_ [ .tL?_‘:SW
VIN[S I & SW
SWIe i 4 ISW
FREQ ‘j?"" T gsw
FREQ[® | sjsw
PGND[® | aZ|SW
PGND %0 E!:SW
PGND L1 I ‘EB-SW
PGND 22 [eine
PGND?j_B______ WVOUT
PVIN [ 74 ie:?:VOUT
PVIN )15 iaEGE'VOUT
PVIN j’-ﬁ ) g'5"\.u"C)UT
PVINi? %VOUT
PVIN ‘——ﬂm 2R AR) RO A A B B P e vouT
2 Z2 2 2 FFFFFFFFFFFFEFEFE
5 S ; 5 22 2 2 222 222
1a8a2a88888¢8¢8¢888
64-Pin 12mm x 12mm QFN (MP)
(Top View)

Pin Number

Pin Name

Pin Function

1,2, 3,54, 64

GND

Analog Ground. Ground for internal controller and feedback resistor network. The analog ground
return path should be separate from the power ground (PGND) return path.

4

ILIM

Current Limit Setting. Connect a resistor from SW (pin #4) to ILIM to set the over-current threshold
for the converter.

5,60

VIN

Supply Voltage for Controller. The VIN operating voltage range is from 4.5V to 70V. A 0.47uF
ceramic capacitor from VIN (pin # 60) to AGND is required for decoupling. The pin # 5 should be
externally connected to either PVIN or pin # 60 on PCB.

6, 40 to 48, 51

SW

Switch Node and Current-Sense Input. High current output driver return. The SW pin connects
directly to the switch node. Due to the high-speed switching on this pin, the SW pin should be routed
away from sensitive nodes. The SW pin also senses the current by monitoring the voltage across
the low-side MOSFET during OFF time.
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Micrel, Inc. MIC28304

Pin Description (Continued)

Pin Number Pin Name | Pin Function
Switching Frequency Adjust Input. Leaving this pin open will set the switching frequency to 600kHz.
7,8 FREQ . . I L2
Alternatively a resistor from this pin to ground can be used to lower the switching frequency.
Power Ground. PGND is the return path for the buck converter power stage. The PGND pin
connects to the sources of low-side N-Channel external MOSFET, the negative terminals of input
9t0 13 PGND : . . i
capacitors, and the negative terminals of output capacitors. The return path for the power ground
should be as small as possible and separate from the analog ground (GND) return path.
14 10 22 PVIN Power Input Voltage. Connection to the drain of the internal high-side power MOSFET.
2310 38 VOUT Output Voltage. Connection with the internal inductor, the output capacitor should be connected
from this pin to PGND as close to the module as possible.
39 NC No Connection. Leave it floating.
Anode Bootstrap Diode Input. Anode connection of internal bootstrap diode, this pin should be
49,50 ANODE connected to the PVDD pin.
52, 53 BSTC Bootstrap Capacitor. Connection to the internal bootstrap capacitor. Leave floating, no connect.
Bootstrap Resistor. Connection to the internal bootstrap resistor and high-side power MOSFET
55, 56 BSTR NIRRT -
drive circuitry. Leave floating, no connect.
Feedback Input. Input to the transconductance amplifier of the control loop. The FB pin is regulated
57 FB to 0.8V. A resistor divider connecting the feedback to the output is used to set the desired output
voltage.
58 PGOOD Powgr Good Output. Open drain output, an external pull-up resistor to external power rails is
required.
Enable Input. A logic signal to enable or disable the buck converter operation. The EN pin is CMOS
59 EN compatible. Logic high enables the device, logic low shutdowns the regulator. In the disable mode,
the input supply current for the device is minimized to 4pA typically. Do not pull EN to PVDD.
61. 62 PVDD Internal +5V Linear Regulator Output. PVDD is the internal supply bus for the device. In the
’ applications with VIN < +5.5V, PVDD should be tied to VIN to by-pass the linear regulator.
63 NC No Connection. Leave it floating.
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Micrel, Inc. MIC28304
. . . . 2
Absolute Maximum Ratings” Operating Ratings®
PVIN, VIN 10 PGND .....cceoeiiiieeieeeee e —-0.3Vto +76V  Supply Voltage (PVIN, VIN) ......ccccovriiiiiriieenn. 4.5V to 70V
PVDD, VANODE tOPGND ..o, —-0.3V to +6V Enable Input (VEN) ................................................. 0V to VIN
sz, VFREQ, V||_|M, VEN ........................ -0.3Vto (PV'N +03V) VSW! VFEQa VILIM; VEN ---------------------------------------------- OV to VIN
VBSTC/BSTR to VSW ................................................ -0.3Vto 6V Power Good (VPGOOD) ------------------------------- 0V to PVDD
Vastemstrto PGND ... ~0.3Vto82v  Junction Temperature (Ty) ....cccooovvvinnenncs —40°C to +125°C
Veg, Ve 10 PGND ..o ~0.3V to (PVDD + 0.3v)  Junction Thermal Resistance
PGND 10 AGND.........ooooeerreeeeerereeeeeereee ~0.3V to0 +0.3V 12mm > 12mm QFN-64 (6ja) «vvvverrrreeinnnnenns 20°C/W
Junction TemMPerature ..............oceeveeveeveereereereererenns +150°C 12mm x 12mm QFN-64 (6c)....cvovveiiiciiicine, 5°C/W
Storage Temperature (Tg)..cccovveeeerriveennnne —65°C to +150°C
Lead Temperature (soldering, 108).......ccccevviivreennnnn. 260°C
ESD Rating™.......oeoooeeeeeeeeeeeeeeeeeeeee, ESD Sensitive
Electrical Characteristics®
PVIN = VIN = 12V, Vout = 5V, Vest — Vsw = 5V; Ta = 25°C, unless noted. Bold values indicate -40°C < T, < +125°C.
Parameter Condition Min. ‘ Typ. | Max. ‘ Units
Power Supply Input
Input Voltage Range (PVIN, VIN) 4.5 70 \
Current into Pin 60; VFB = 1.5V (MIC28304-1) 0.4 0.75 A
m
Controller Supply Current® Current into Pin 60;VFB = 1.5V (MIC28304-2) 2.1 3
Current into Pin 60;VEN = 0V 0.1 10 HA
lout = 0A (MIC28304-1) 0.7
Operating Current mA
lout = 0A (MIC28304-2) 27
Shutdown Supply Current PVIN = VIN = 12V, Ven = 0V 4 uA
PVDD Supply®
PVDD Output Voltage VIN = 7V to 70V, lpypp = 10mA 4.8 5.2 5.4 \
PVDD UVLO Threshold PVDD rising 3.8 4.2 4.7 \
PVDD UVLO Hysteresis 400 mV
Load Regulation lpvop = 0 to 40mA 0.6 2 3.6 %
Reference®
Ty =25°C (£1.0%) 0.792 0.8 0.808
Feedback Reference Voltage Vv
-40°C =Ty <125°C (£2%) 0.784 0.8 0.816
FB Bias Current Veg = 0.8V 5 500 nA
Notes:
1. Exceeding the absolute maximum ratings may damage the device.
2. The device is not guaranteed to function outside its operating ratings.
3. Devices are ESD sensitive. Handling precautions are recommended. Human body model, 1.5kQ in series with 100pF.
4. Specification for packaged product only.
5. IC tested prior to assembly.
March 25, 2014 Revision 1.1



Micrel, Inc.

MIC28304

Electrical Characteristics'” (Continued)
PVIN = VIN = 12V, Vout = 5V, Vest — Vsw = 5V; Ta = 25°C, unless noted. Bold values indicate -40°C < T, < +125°C.

Parameter | Condition | Min. | Typ. | Max. ‘ Units
Enable Control
EN Logic Level High 1.8 Vv
EN Logic Level Low 0.6 Vv
EN Hysteresis 200 mV
EN Bias Current Ven = 12V 5 20 HA
Oscillator
FREQ pin = open 400 600 750
Switching Frequency kHz
RFREQ = 100kQ (FREQ pin-to-GND) 300
Maximum Duty Cycle 85 Y%
Minimum Duty Cycle Ves > 0.8V 0 Yo
Minimum Off-Time 140 200 260 ns
Soft-Start®
Soft-Start Time | 5 | ‘ ms
Short-Circuit Protection®
Current-Limit Threshold (Vcy) Veg = 0.79V -30 -14 0 mV
Short-Circuit Threshold Vg = 0V -23 —7 9 mV
Current-Limit Source Current Vrg = 0.79V 60 80 100 HA
Short-Circuit Source Current Vg = 0V 27 36 47 pA
Leakage
SW, BSTR Leakage Current | | 50 | pA
Power Good®
Power Good Threshold Voltage Sweep Ve from low-to-high 85 90 95 %Vour
Power Good Hysteresis Sweep Vrg from high-to-low 6 %Vout
Power Good Delay Time Sweep Ve from low-to-high 100 ps
Power Good Low Voltage Ves < 90% X VNom, lpg = TMA 70 200 mV
Thermal Protection
Overtemperature Shutdown Ty Rising 160 °C
Overtemperature Shutdown Hysteresis 4 °C
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Micrel, Inc. MIC28304

Electrical Characteristics'” (Continued)
PVIN = VIN = 12V, Vout = 5V, Vest — Vsw = 5V; Ta = 25°C, unless noted. Bold values indicate -40°C < T, < +125°C.

Parameter | Condition | Min. | Typ. | Max. ‘ Units
Output Characteristic
Output Voltage Ripple loutr = 3A 16 mV
Line Regulation PVIN = VIN = 7V to 70V, loutr = 3A 0.36 %
lout = 0A to 3A PVIN= VIN =12V (MIC28304-1) 0.75
Load Regulation %
lout = 0A to 3A PVIN= VIN =12V (MIC28304-2) 0.05
lout from OA to 3A at 5A/us (MIC28304-1) 400
500
lout from 3A to 0A at 5A/us (MIC28304-1)
Output Voltage Deviation from Load Step mV
lout from OA to 3A at 5A/us (MIC28304-2) 400
lout from 3A to 0A at 5A/us (MIC28304-2) 500
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Micrel, Inc.

MIC28304

Typical Characteristics — 275kHz Switching Frequency

Efficiency vs. Output Current
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R1 R11
R3 C10 C12
Vour VIN (Rin) R19 R15 (Top Feedback | (Bottom Feedback | (¢, (Cr) Cour
: Resistor) Resistor) !
V 7V 18V 16.5kQ 10kQ 1.9kQ AuF 2.2nF 2x47uF/6.3V
5 to 18 6.5 75ka | 357K 0 9 0.1u n x47uF/6.3
. . . 2.2 2 .
5V 18V to 70V | 39.2kQ 75KQ) 357K 10kQ 1.9kQ 0.1pF nF x 47uF/6.3V
. . 2 . 2.2 2 .
3.3V 5V to 18V 16.5kQ 75KQ 357K 10kQ 3.24kQ 0.1pF nF x 47uF/6.3V
3.3V 18V to 70V | 39.2kQ 75kQ 3.57k 10kQ 3.24kQ 0.1pF | 2.2nF | 2x 47uF/6.3V
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Typical Characteristics
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Micrel, Inc. MIC28304

Typical Characteristics (Continued)
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Micrel, Inc.

MIC28304

Typical Characteristics (Continued)
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Micrel, Inc.

MIC28304

Typical Characteristics (Continued)
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Micrel, Inc.

MIC28304

Typical Characteristics (Continued)

Line Regulation
vs. Temperature (MIC28304-2)

Switching Frequency
vs. Temperature (MIC28304-2)

Feedback Voltage
vs. Output Current (MIC28304-2)

1.0% 700 0.808
< 650 _
T s00 s
A % 580 — @ 0804
z <
o \ E 500 =
= 2 450 o
3 oo \ g 400 VIN =12V > 0800
5 o Vour=5V | 5 -
2 L 350 lour=0A —] Q
[ ] @
Z 300 a
W s | VIN =7VTO70V S a
Z 0% Ty =50V \ O 250 W 0.79 VIN=12v ——
- lour = 3A E 0 w Vour = 5.0V
Fsw = 600kHz = Fsw = 600kHz
| | | » 150
1.0% 100 0.792 L L
%0 25 0 25 80 75 100 125 50 25 0 25 50 75 100 125 00 05 10 15 20 25 30
TEMPERATURE (°C) TEMPERATURE (°C) OUTPUT CURRENT (A)
Line Regulation Efficiency (VIN =12V) Efficiency (VIN = 18V)
vs. Output Current (MIC28304-2) vs. Output Current (MIC28304-2) vs. Output Current (MIC28304-2)
0.4% 100 T 100 T
5.0V Few = 600kHz
0% o0 33V ]| 0 5.0V
€ o - / 6 ol P aav
= — . 80 7 25V A S & 7 -
Q (3% & // ‘A y i—_f / 25V
E 5 /, 18V g /// 1.8V
S 02% = 1.2v i
: 2. W/ R I -
xr 02% = te— 0. w .
w i 50 // h 50 //
Z 01% u {
- VIN = 12V to 70V //
04% Vour = 5.0V 40 40
Few = 600kHz Few = 600kHz
0.0% 30 L L L 30
00 05 10 15 20 25 30 0 05 1 15 2 25 3 35 4 0 05 1 15 2 25 3 35 4
OUTPUT CURRENT (A) OUTPUT CURRENT (A) OUTPUT CURRENT (A)
Efficiency (VIN = 24V) Efficiency (VIN = 38V) Efficiency (VIN = 48V)
vs. Output Current (MIC28304-2) vs. Output Current (MIC28304-2) vs. Output Current (MIC28304-2)
100 100 100 | |
o Fsw = 600kHz % Fsw = 600kHz | ) Fsw = 600kHz
5.0V |
3.3V - -
e 80 = oy ] g 80 5.0V g 80 i
> " 1.8V > ’ 3.3v - 5.0V
e "7 el & — 5 —
s // /|~ 0.8V 5 1.8V u 2.5V
g2 ® / ] g ® 12v | g 4 1.8V
'-'- e | e L~ :
T / o5 v 0.8V w5 | Wala /1-2V
/ r ' / / L~ 0.8V
40 Ve 40 / ~ 40 1/ :
4 /a iz
30 30 30 /i
0 05 1 15 2 25 3 35 4 0 05 1 15 2 25 3 35 4 0 05 1 15 2 25 3 35 4
OUTPUT CURRENT (A) OUTPUT CURRENT (A) OUTPUT CURRENT (A)
March 25, 2014 12 Revision 1.1



Micrel, Inc.

MIC28304

Typical Characteristics (Continued)

EFFICIENCY (%)

DIE TEMPERATURE (°C)
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vs. Output Current (MIC28304-2)
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* Case Temperature: The temperature measurement was taken at the hottest point on the MIC28304 case mounted on a 5 square inch PCB (see
Thermal Measurement section). Actual results will depend upon the size of the PCB, ambient temperature and proximity to other heat-emitting
components.
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MIC28304

Typical Characteristics (Continued)

Thermal Derating

Thermal Derating

Thermal Derating

3 3
3 \ N N N \ \
VIN = 12V
X | VIN = 12V \ vn|\1=12v
<
< \ _ < \ \ VIN = 18V = \ \
<, N \ VIN = 18V E,z \ \ \ E 2 N \ VIN =18V
= b= & A
i i c VIN = 48V
& c VIN = 48V o g VIN = 24V
g VIN = 48V VIN = 24V < VIN = 24V o )
3} e o [=} N
o 4 1 < !
g g Vour = 3.3V 9
a Vour =5V ] Fou = 600kHz PO ookt
;ivézsg%ikgz MIC28304-2 MIC28304-2
Ty = 125°C \ Tiwnx = |‘25°C T = 125°C \ \
1 d 0 0
° 25 40 55 70 85 100 25 40 55 70 85 100 25 40 55 70 85 100
MAXIMUM AMBIENT TEMPERATURE MAXIMUM AMBIENT TEMPERATURE MAXIMUM AMBIENT TEMPERATURE
(C) (°C) (°C)
Thermal Derating Thermal Derating Thermal Derating
3 3
[ \ T 3
\ \ VIN = 12V VIN = 12V N N \ VIN=I12V
VIN = 24V \
= = \ VIN =18V
=2 \ c 2 AN z N
E VIN < 24V \VIN BEY s N \VIN =18V =2
w w 4 \ /
e / x / w VIN = 24V
x [
3 \ 3] VIN = 48V 3 |
a1 |—VIN=48v a 1 | \ o VIN = 48V \
< | \ \ < l \ al \
9 Vour = 1.8V S Vour = 1.2V S Vour = 0.8V
Fow = 600kHz Foy = 600kHz 3 Fow 600KH
MIC28304-2 \ ficessn MiG283042
0 T, max =1 ?500 o i MAX = | T, :1|25°C \
0
s 40 % 7 & 100 2 40 55 7 85 100 25 40 55 70 85 100
MAXIMUM AMBIENT TEMPERATURE MAXIMUM AMBIENT TEMPERATURE MAXIMUM AMBIENT TEMPERATURE
() () e
Thermal Derating IC Power Dissipation Efficiency
vs. Output Current (MIC28304-2) vs. Output Current (MIC28304-2
3 T p
Vour = 12V
Fon= 600KHz \ ° T 100 |
MIC28304-2 8 | Vour=12V 95 |
_ | R3=232¢ 18VIN =~ R3 = 23.2kQ
< | Tiwx=125°C \ \ ) 7 | Fow = 600kHz AN i %0 — Zim
= ’ & / o 3 65 // ] 36VIN
E 6 g [
& VIN = 24V E / 36VIN > 80 I/ // . PN
3 | o5 A o4uN g P
o \ VIN < 48V \ 1} / ‘/ P 18VIN & I /4 0|VIN
o = o4 b o
< =70
g % = . _/ / / / - 2 II / :
-l = v "4 w g5 Vour=12V
5, g / Fow = 600kHzZ
= = 60 R3=232kQ —
0 \ e, e 55 I
25 40 55 70 85 100 0 50 I | |
MAXIMUM AMBIENT TEMPERATURE 0 ! 2 8 4 0 06 12 18 24 3 36
(°C) OUTPUT CURRENT (A) OUTPUT CURRENT (A)
March 25, 2014 14 Revision 1.1



Micrel, Inc. MIC28304

Functional Characteristics — 600kHz Switching Frequency
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Micrel, Inc.

MIC28304

Functional Characteristics — 600kHz Switching Frequency (Continued)

Enable Turn-On/Turn-Off
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Micrel, Inc. MIC28304

Functional Characteristics — 600kHz Switching Frequency (Continued)

Short Circuit Output Recovery from Short Circuit
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Micrel, Inc. MIC28304

Functional Characteristics — 600kHz Switching Frequency (Continued)

MIC28304-1 Switching Waveforms MIC28304-2 Transient Response
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MIC28304

Functional Characteristics — 600kHz Switching Frequency (Continued)

MIC28304-1 Transient Response
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MIC28304

Functional
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Functional Diagram
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MIC28304

Functional Description

The MIC28304 is an adaptive on-time synchronous buck
regulator module built for high-input voltage to low-output
voltage conversion applications. The MIC28304 is
designed to operate over a wide input voltage range,
from 4.5V to 70V, and the output is adjustable with an
external resistor divider. An adaptive on-time control
scheme is employed to obtain a constant switching
frequency and to simplify the control compensation.
Hiccup mode over-current protection is implemented by
sensing low-side MOSFET’s Rpson). The device features
internal soft-start, enable, UVLO, and thermal shutdown.
The module has integrated switching FETSs, inductor,
bootstrap diode, resistor and capacitor.

Theory of Operation

Per the Functional Diagram of the MIC28304 module, the
output voltage is sensed by the MIC28304 feedback pin
FB via the voltage divider R1 and R11, and compared to
a 0.8V reference voltage VREF at the error comparator
through a low-gain transconductance (gm) amplifier. If
the feedback voltage decreases and the amplifier output
is below 0.8V, then the error comparator will trigger the
control logic and generate an ON-time period. The ON-
time period length is predetermined by the “Fixed tON
Estimator” circuitry:

Vour

Eq. 1
ViN x fsw

tON(ESTIMATED) =

where Vgour is the output voltage, V|y is the power stage
input voltage, and fsy is the switching frequency.

At the end of the ON-time period, 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
period length depends upon the feedback voltage in most
cases. When the feedback voltage decreases and the
output of the g, amplifier is below 0.8V, the ON-time
period is triggered and the OFF-time period ends. If the
OFF-time period determined by the feedback voltage is
less than the minimum OFF-time torriny, Which is about
200ns, the MIC28304 control logic will apply the torrmin
instead. torrviny IS required to maintain enough energy in
the boost capacitor (Cgsy) to drive the high-side
MOSFET.

The maximum duty cycle is obtained from the 200ns
torFMINy:

ts —torrmN) _ 4 200ns

Eq. 2
ts ts a

Dmax =

Where:

ts = 1/fsw. It is not recommended to use MIC28304 with
an OFF-time close to torrmivyy during steady-state
operation.

The adaptive ON-time control scheme results in a
constant switching frequency in the MIC28304. The
actual ON-time and resulting switching frequency will
vary with the different rising and falling times of the
external MOSFETs. Also, the minimum toy results in a
lower switching frequency in high V| to Vour applications.
During load transients, the switching frequency is
changed due to the varying OFF-time.

To illustrate the control loop operation, we will analyze
both the steady-state and load transient scenarios. For
easy analysis, the gain of the g, amplifier is assumed to
be 1. With this assumption, the inverting input of the error
comparator is the same as the feedback voltage.

Figure 1 shows the MIC28304 control loop timing during
steady-state operation. During steady-state, the gn
amplifier senses the feedback voltage ripple, which is
proportional to the output voltage ripple plus injected
voltage ripple, to trigger the ON-time period. The ON-time
is predetermined by the toy estimator. The termination of
the OFF-time is controlled by the feedback voltage. At the
valley of the feedback voltage ripple, which occurs when
Vg falls below Vger, the OFF period ends and the next
ON-time period is triggered through the control logic
circuitry.
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Figure 1. MIC28304 Control Loop Timing

Figure 2 shows the operation of the MIC28304 during a
load transient. The output voltage drops due to the
sudden load increase, which causes the Vgg to be less
than Vgee. This will cause the error comparator to trigger
an ON-time period. At the end of the ON-time period, a
minimum OFF-time torrminy iS generated to charge the
bootstrap capacitor (Cgst) since the feedback voltage is
still below Vggr. Then, the next ON-time period is
triggered due to the low feedback voltage. Therefore, the
switching frequency changes during the load transient,
but returns to the nominal fixed frequency once the
output has stabilized at the new load current level. With
the varying duty cycle and switching frequency, the
output recovery time is fast and the output voltage
deviation is small.

FULL LOAD

IOUT --------------
1
TNO LOAD|

Y

"l

OFF(min}

Figure 2. MIC28304 Load Transient Response

Unlike true current-mode control, the MIC28304 uses the
output voltage ripple to trigger an ON-time period. The
output voltage ripple is proportional to the inductor
current ripple if the ESR of the output capacitor is large
enough.

In order to meet the stability requirements, the MIC28304
feedback voltage ripple should be in phase with the
inductor current ripple and are large enough to be sensed
by the g, amplifier and the error comparator. The
recommended feedback voltage ripple is 20mV~100mV
over 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 g, amplifier and
the error comparator. Also, the output voltage ripple and
the feedback voltage ripple are not necessarily in phase
with the inductor current ripple if the ESR of the output
capacitor is very low. In these cases, ripple injection is
required to ensure proper operation. Please refer to
“Ripple Injection” subsection in Application Information for
more details about the ripple injection technique.

Discontinuous Mode (MIC28304-1 only)

In continuous mode, the inductor current is always
greater than zero; however, at light loads, the MIC28304-
1 is able to force the inductor current to operate in
discontinuous mode. Discontinuous mode is where the
inductor current falls to zero, as indicated by trace (I.)
shown in Figure 3. During this period, the efficiency is
optimized by shutting down all the non-essential circuits
and minimizing the supply current. The MIC28304-1
wakes up and turns on the high-side MOSFET when the
feedback voltage Vgg drops below 0.8V.

The MIC28304-1 has a zero crossing comparator (ZC)
that monitors the inductor current by sensing the voltage
drop across the low-side MOSFET during its ON-time. If
the Veg > 0.8V and the inductor current goes slightly
negative, then the MIC28304-1 automatically powers
down most of the IC circuitry and goes into a low-power
mode.

Once the MIC28304-1 goes into discontinuous mode,
both DL and DH are low, which turns off the high-side
and low-side MOSFETSs. The load current is supplied by
the output capacitors and Vgyr drops. If the drop of Vour
causes Vgg to go below Vger, then all the circuits will
wake up into normal continuous mode. First, the bias
currents of most circuits reduced during the
discontinuous mode are restored, and then a toy pulse is
triggered before the drivers are turned on to avoid any
possible glitches. Finally, the high-side driver is turned
on. Figure 3 shows the control loop timing in
discontinuous mode.
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Figure 3. MIC28302-1 Control Loop Timing
(Discontinuous Mode)

During discontinuous mode, the bias current of most
circuits is substantially reduced. As a result, the total
power supply current during discontinuous mode is only
about 400uA, allowing the MIC28304-1 to achieve high
efficiency in light load applications.

Soft-Start

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

The MIC28304 implements an internal digital soft-start by
making the 0.8V reference voltage Vger ramp from 0 to
100% in about 5ms with 9.7mV steps. Therefore, the
output voltage is controlled to increase slowly by a stair-
case Vgg ramp. Once the soft-start cycle ends, the related
circuitry is disabled to reduce current consumption.
PVDD must be powered up at the same time or after Vi
to make the soft-start function correctly.

Current Limit

The MIC28304 uses the Rpgony Of the low side
MOSEFET and external resistor connected from ILIM pin
to SW node to decide the current limit.

MIC28304
PR
MIC28304 |
V'Nll— VIN ;
22pF L
x2
swW
R15
ILIM
|
c6 _
-1— PGND

Figure 4. MIC28304 Current-Limiting Circuit

In each switching cycle of the MIC28304, the inductor
current is sensed by monitoring the low-side MOSFET in
the OFF period. The sensed voltage V(ILIM) is compared
with the power ground (PGND) after a blanking time of
150ns. In this way the drop voltage over the resistor R15
(VCL) is compared with the drop over the bottom FET
generating the short current limit. The small capacitor
(C6) connected from ILIM pin to PGND filters the
switching node ringing during the off-time allowing a
better short limit measurement. The time constant
created by R15 and C6 should be much less than the
minimum off time.

The V¢, drop allows programming of short limit through
the value of the resistor (R15), If the absolute value of the
voltage drop on the bottom FET is greater than Vg.. In
that case the V(ILIM) is lower than PGND and a short
circuit event is triggered. A hiccup cycle to treat the short
event is generated. The hiccup sequence including the
soft start reduces the stress on the switching FETs and
protects the load and supply for severe short conditions.
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The short-circuit current limit can be programmed by
using Equation 3.

(lcum — Al pp) ¥ 0.5) xRps(on) + VoL

R15=
lcL

Eq. 3

Where:
lcum = Desired current limit

Rosony = On-resistance of low-side power MOSFET,
57mQ typically

Ve = Current-limit threshold (typical absolute value is
14mV per the Electrical Characteristics”)

Ic. = Current-limit source current (typical value is 80pA,
per the Electrical Characteristics table).

Al ppy = Inductor current peak-to-peak, since the inductor
is integrated use Equation 4 to calculate the inductor
ripple current.

The peak-to-peak inductor current ripple is:

Vout *(ViNgmax) — VouT)

Eq. 4
VIN(max) xfsw xL

Al pp) =

The MIC28304 has 4.7uH inductor integrated into the
module. The typical value of Rwinoinacr) Of this particular
inductor is in the range of 45mQ.

In case of hard short, the short limit is folded down to
allow an indefinite hard short on the output without any
destructive effect. It is mandatory to make sure that the
inductor current used to charge the output capacitance
during soft start is under the folded short limit; otherwise
the supply will go in hiccup mode and may not be
finishing the soft start successfully.

The MOSFET Rpgon) varies 30% to 40% with
temperature; therefore, it is recommended to add a 50%
margin to Icm in Equation 3 to avoid false current limiting
due to increased MOSFET junction temperature rise.
Table 2 shows typical output current limit value for a
given R15 with C6 = 10pF.

Table 2. Typical Output Current-Limit Value

R15 Typical Output Current Limit

1.81kQ 3A

2.7kQ 6.3A
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