MICROCHIP

MIC2230

Dual Synchronous 800 mA/800 mA Step-Down DC/DC Regulator

Features

» High Efficiency: Over 96%

» Ultra-Low Quiescent Current: Only 28 pA

» Ultra-Low Shutdown Current: Less Than 1 yA
» Fast Transient Performance

* 2.5 MHz PWM Operation

» High Output Current Capability per Channel:
800 mA

* No Schottky Diodes Required

« Stable with 2.2 yH Inductor, 10 uF Ceramic
Capacitor

» Adjustable Output Voltage Down to 0.8V

* Built-In Soft-Start Circuitry

» Current-Limit Protection

» Automatic Switching into Light Load Mode
Operation

» /FPWM Pin allows Low-Noise Forced PWM Mode
Operation

» Power Good Output with Internal 5 A Current
Source allows Sequencing with Programmable
Delay Time

* Small Thermally Enhanced 3 mm x 3 mm
12-Lead TDFN Package

Applications

* MPU & ASIC Power

+ PDAs

 Digital Cameras

» PC Cards

* Wireless and DSL Modems

General Description

The MIC2230 is a dual output, high-efficiency
synchronous step-down DC/DC converter. The
MIC2230 is ideally suited for portable and embedded
systems that demand high power conversion
efficiencies and fast transient performance, while
offered in a very small package. The MIC2230 offers an
ultra-low quiescent current in light load mode, assuring
minimum  current draw from battery-powered
applications in standby modes. The MIC2230 is
designed to only require miniature 2.2 yH inductors
and 10 yF ceramic capacitors.

The MIC2230 features a selectable mode that allows
the user to trade-off lowest noise performance for low
power efficiency. Trickle mode operation provides
ultra-high efficiency at light loads, while PWM operation
provides very low ripple noise performance. To
maximize battery life in low-dropout conditions,
MIC2230 can operate with a maximum duty cycle of
100%.

The MIC2230 is available in a space-saving
3 mm x 3 mm 12-lead TDFN package with a junction
temperature range from —40°C to +125°C.

Package Types
MIC2230
3 mm x 3 mm TDFN (Fixed)
(Top View)
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MIC2230
3 mm x 3 mm TDFN (Adjustable)
(Top View)
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Typical Application Circuit
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MIC2230

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings t

SUPPIY VOIAGE, (VN +--veenreermrtamtteatteitee ettt ettt sttt bttt e e et e bt e bt e s e bt e bt e ehe e ekt e eae e et e e e heeean e e nbe e eareebeeseneenneeneneen +6V
[T aE=T o] (=T Yo 7= To = PRI +6V
(=g T o] (=R o] ¢= Lo = PRI +6V
LOGIC INPUL VORAGE, (VEN, VEPWIM):--+rcreeeeerererersemeserereeseneseaesseseseesesseseesessesenensssssesensssssesesessssssesesesessesesssensesesees 0V to V|
oS o] (=T i o] I OO PO PP P OT P UPPTOPR PPN +2 kV
Operating Ratings 11

10 o] oYY (o] r=To [T AN T TP U PP ST UPPTPPRPPTO: +2.5V to 5.5V

T Notice: Exceeding the absolute maximum rating may damage the device.
11 Notice: The device is not guaranteed to function outside its operating rating.

DC CHARACTERISTICS

Electrical Characteristics: Unless otherwise indicated, Tp = 25°C with V|y = Vent = Ven2 = 3.6V, VouT1, VouT2:
L =2.2 yH, C = 10 pF. Bold values indicate —40°C < T; < +125°C. (Note 1)

Parameters Sym. Min. Typ. Max. Units Conditions

Supply Voltage and Current

Supply Voltage Range VN 25 — 5.5 Vv —
UVLO (Rising) — 23 2.4 25 \% —
UVLO Hysteresis — — 100 — mVvV |—
/FPWM = LOW; VOUT']’
PWM Mode Supply — — 560 950 UA | Vours = 1.03 * Vyou (not
Current e
switching)
. /FPWM = ngh, VOUT1‘
Trickle Mode Supply . _ 28 50 MA  |VouTtz = 1.03 * Vyom (not
Current o
switching)
Shutdown Quiescent _
Current IQ_SD - 01 1 HA VEN - OV
Output Voltage Accuracy
Feedback Voltage Veg 0.780 0.8 0.820 V Adjustable
Output Voltage Vour -2.5 — +2.5 % Fixed Output Options
Feedback Bias Current Igias — 10 — nA | —
g“tp“t Voltage Line — — 0.1 0.5 % |25V<Vy<55V
egulation
VIN = 5V, IOUT =10 mAto 800 mA,
Output Voltage Load . . 05 . Y /FPWM = 0V
Regulation ’ ? ViN=3V; loyt = 10 mAto 800 mA,
/[FPWM = 0V
Ripple in Trickle Mode — — 40 — mv | ViN=3:8V; oyt =1 mA; Coyr =

10 pF, L = 2.2 pH.

Note 1: Specification for packaged product only.
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MIC2230

DC CHARACTERISTICS (CONTINUED)

Electrical Characteristics: Unless otherwise indicated, Tp = 25°C with V |y = Vgn¢ = VEn2 = 3.6V, VouT1, VouT2:
L =2.2 yH, C = 10 pF. Bold values indicate —-40°C < T; < +125°C. (Note 1)

Parameters Sym. Min. Typ. Max. Units Conditions

Logic Inputs

— 0.8 1.2 \Y On
EN Input Threshold —

0.3 0.7 — \% Off
EN Input Current N — 0.01 1 pA | —

— — 0.6XV|N V On
/FPWM Input Threshold —

0.3XV|N — — V Off
/[FPWM Input Current — — 0.01 1 MA | —
Protection
Current-Limit | wuw | 09 |12 ] 18 | A |—
Control
Maximum Duty Cycle ‘ DCmax ‘ 100 ‘ — ‘ — ‘ % ‘—
Oscillator
PWM Mode Frequency ‘ fewm ‘ 2.125 ‘ 25 ‘ 2.875 | MHz I—
Power Good
Power Good Reset — — 6.25 12 % Upper Threshold
Threshold — -14 -8.5 — % Lower Threshold
PGQOD Series . . 1 1.4 KO .
Resistance
PGOOD Pull-Up Current — — 5 — MA | Output within 8.5% of regulation
Power Switch
] ] — — 04 — Q Isw = 150 mA (PFET)
Switch On-Resistance
— — 0.35 — Q Isw = 150 mA (NFET)

Note 1: Specification for packaged product only.
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MIC2230

TEMPERATURE SPECIFICATIONS (Note 1)

Parameters ‘ Sym. ‘ Min. ‘ Typ. ‘ Max. ‘ Units ‘ Conditions
Temperature Ranges
Storage Temperature Range Ta -65 — +150 °C |—
Junction Operating Temperature T, —40 — +125 °C |—
Package Thermal Resistances
Thermal Resistance, 0a — 60 — ‘C/W | —
3 mm x 3 mm TDFN-12Ld 0,c — 15 — °C/W |—

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;, 84). Exceeding the
maximum allowable power dissipation will cause the device operating junction temperature to exceed the
maximum +125°C rating. Sustained junction temperatures above +125°C can impact the device reliability.
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MIC2230

2.0 TYPICAL PERFORMANCE CURVES
Note: The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.
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MIC2230
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MIC2230

3.0 PIN DESCRIPTIONS

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

TABLE 3-1: PIN FUNCTION TABLE

Adjustable
Version

Fixed Version Symbol Description

Feedback 2: For adjustable voltage options connect the exter-
1 — FB2 nal resistor divider network to FB2 to set the output voltage of
regulator 2. Nominal value is 0.8V.

Enable 2 input. Logic low powers down regulator 2. Logic high
powers up regulator 2. MIC2230 features built-in soft-start

2 2 EN2 circuitry that reduces in-rush current and prevents the output
voltage from overshooting at start up.
3 3 AVIN Analog Supply Voltage: Supply voltage for the analog control

circuitry. Requires bypass capacitor to GND.

4 4 SW2 Switch node for regulator 2, connected to external inductor.

5 5 AGND | Analog (signal) ground.

6 6 PGND | Power ground.

Forced PWM Mode Bar. Grounding this pin forces the device to

7 7 /[FPWM | stay in constant frequency PWM mode only. Pulling this pin
high enables automatic Trickle Mode operation.
8 8 SWA1 Switch node for regulator 1, connected to external inductor.

Supply Voltage: Supply voltage for the internal switches and
drivers. Requires bypass capacitor to GND.

Power Good Output. This output is pulled down unless the
regulator 1 output voltage is within +6.25% and —8.5% of

10 10 PGOOD |regulation. After the output voltage is in regulation, the output
starts to go high with an internal 5 pA current source. A delay
time could be programmed by tying a capacitor to this pin.

9 9 VIN

Enable 1 input. Logic low powers down regulator 1. Logic high
powers up regulator 1. MIC2230 features built-in soft-start
circuitry that reduces in-rush current and prevents the output
voltage from overshooting at start up.

Feedback 1: For adjustable voltage options connect to the
12 — FB1 external resistor divider network to FB1 to set the output
voltage of regulator 1. Nominal value is 0.8V.

Output Voltage 2. For fixed output voltage options connect

11 11 EN1

o L ouT2 OUT2 to the output voltage of regulator 2.

. 12 OUT1 Output Voltage 1. For fixed output voltage options connect
OUT1 to the output voltage of regulator 1.

EP EP EpP Exposed Thermal pad. Should be connected to the Ground

plane.

DS20005748B-page 10 © 2017 - 2022 Microchip Technology Inc. and its subsidiaries



MIC2230

40 FUNCTIONAL DESCRIPTION

41 Vi

V|Ny provides power to the MOSFETs for the switch
mode regulator section, along with the current limiting
sensing. Due to the high switching speeds, a 10 yF
capacitor is recommended close to V|y and the power
ground (PGND) pin for bypassing.

42 AV

Analog V| (AV|y) provides power to the analog supply
circuitry. AV|y and V| must be tied together. Careful
layout should be considered to ensure high frequency
switching noise caused by V,y is reduced before
reaching AV|y. A 1 yF capacitor as close to AV|y as
possible is recommended.

4.3 EN1

Enable 1 controls the on and off state of regulator 1. A
high logic on Enable 1 (EN1) activates regulator 1 while
a low logic deactivates regulator 1. MIC2230 features
built-in soft-start circuitry that reduces in-rush current
and prevents the output voltage from overshooting at
start-up.

44 EN2

Enable 2 controls the on and off state of regulator 2. A
high logic on Enable 2 (EN2) activates regulator 2 while
a low logic deactivates regulator 2. MIC2230 features
built-in soft-start circuitry that reduces in-rush current
and prevents the output voltage from overshooting at
start-up.

45 /FPWM

The Forced PWM Mode selects the mode of operation
for this device. Grounding this pin forces the device to
stay in constant frequency PWM mode only. Pulling this
pin high enables automatic selection of Trickle or PWM
mode operation, depending on the load. While /FPWM
is high and the load is below 100 mA, the device will go
into Trickle Mode. If the load is above 100 mA, PWM
mode will automatically be selected. Do not leave this
pin floating.

46 PGOOD

The Power Good Output is pulled down unless the
regulator 1 output voltage is within +6.25% or —8.5% of
regulation. When the output voltage is in regulation, the
PGOOD capacitor will be charged to AV,y by an
internal 5 pA current source through a 1 kQ resistor.
The charge time is approximately 1 ys per 1 pF of
capacitance. For example, a 390 pF capacitor at the
PGOOD pin will cause the PGOOD pin voltage to rise
from low to high in around 390 ps. APGOOD capacitor
is recommended to prevent large output voltage
transients from triggering the PGOOD flag
unexpectedly.

S5uA ;
1K e PGOOD Pin

M1

FIGURE 4-1: Power Good Circuit.

External Cap

4.7 FB1/FB2

The feedback pin (FB) provides the control path to
control the output. For adjustable versions, a resistor
divider connecting the feedback to the output is used to
adjust the desired output voltage. The output voltage is
calculated as follows:

EQUATION 4-1:

R1
Vour =V, (_ + 1)
our REF ™ 7
Where:
VREF =0.8V

The external feedback resistors add some quiescent
current consumption for adjustable versions. To reduce
battery current draw, high resistance values are
recommended in the feedback divider. A feed-forward
capacitor should be connected between the output and
feedback (across R1) because of the high resistance
value. The large resistor value and the parasitic
capacitance of the FB pin can cause a high frequency
pole that can reduce the overall system phase margin.
By placing a feed-forward capacitor, these effects can
be significantly reduced. Refer to the Feedback section
for recommended feed-forward capacitor values.

4.8 SW1/SW2

The switch (SW) pin connects directly to the inductor
and provides the switching current necessary to
operate in PWM mode. Due to the high speed
switching on this pin, the switch node should be routed
away from sensitive nodes.

4.9 PGND

Power ground (PGND) is the ground path for the high
current PWM mode. The current loop for the power
ground should be as small as possible and separate
from the Analog ground (AGND) loop.

410 AGND

Signal ground (AGND) is the ground path for the
biasing and control circuitry. The current loop for the
signal ground should be separate from the Power
ground (PGND) loop.

© 2017 - 2022 Microchip Technology Inc. and its subsidiaries
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MIC2230

5.0 APPLICATION INFORMATION
51 Input Capacitor

A minimum 2.2 pF ceramic is recommended on the V|
pin for bypassing. X5R or X7R dielectrics are
recommended for the input capacitor. Y5V dielectrics,
aside from losing most of their capacitance over
temperature, they also become resistive at high
frequencies. This reduces their ability to filter out high
frequency noise.

5.2 Output Capacitor

The MIC2230 was designed specifically for use with a
10 uF or greater ceramic output capacitor. The output
capacitor requires either an X7R or X5R dielectric. Y5V
and Z5U dielectric capacitors, aside from the
undesirable effect of their wide variation in capacitance
over temperature, become resistive at high
frequencies.

5.3 Inductor Selection

Inductor selection will be determined by the following
(not necessarily in the order of importance):

* Inductance

» Rated current value
» Size requirements

» DC resistance (DCR)

The MIC2230 was designed for use with a 2.2 yH
inductor.

Maximum current ratings of the inductor are generally
given in two methods: permissible DC current and
saturation current. Permissible DC current can be rated
either for a 40°C temperature rise or a 10% to 20% loss
in inductance. Ensure the inductor selected can handle
the maximum operating current. When saturation
current is specified, make sure that there is enough
margin that the peak current will not saturate the
inductor.

The size requirements refer to the area and height
requirements that are necessary to fit a particular
design. Please refer to the inductor dimensions on their
data sheet.

DC resistance is also important. While DCR is inversely
proportional to size, DCR can represent a significant
efficiency loss. Refer to the Efficiency Considerations.

5.4 Compensation

The MIC2230 is an internally compensated, current
mode buck regulator. Current mode is achieved by
sampling the peak current and using the output of the
error amplifier to pulse width modulate the switch node
and maintain output voltage regulation.

The MIC2230 is designed to be stable with a 2.2 yH
inductor with a 10 pF ceramic (X5R) output capacitor.

5.5 Feedback

The MIC2230 provides a feedback pin to adjust the
output voltage to the desired level. This pin connects
internally to an error amplifier. The error amplifier then
compares the voltage at the feedback to the internal
0.8V reference voltage and adjusts the output voltage
to maintain regulation. Calculating the resistor divider
network for the desired output is shown in
Equation 5-1.

EQUATION 5-1:
R2 = Rl
( oUT _ 1)
VREF
Where:
VREF =0.8V
Vout = The desired output voltage.

For adjustable versions, the FB bias current (10 nA
typical) should be a negligible fraction of the current
flowing in the feedback resistor divider. This improves
the accuracy of the output voltage setting. A small
current, in the range of a few microamperes, is typically
sufficient and does not significantly increase the
operating quiescent current in battery-operated
applications. This choice leads to high resistance
values.

If operating quiescent current is less of a concern,
lower resistance values can be used. Larger resistor
values require an additional capacitor (feed-forward)
from the output to the feedback. The large high-side
resistor value and the parasitic capacitance on the
feedback pin (~10 pF) can cause an additional pole in
the control loop. The additional pole can create a phase
loss at high frequencies. This phase loss degrades
transient response by reducing phase margin. Adding
feed-forward capacitance negates the parasitic
capacitive effects of the feedback pin. See Table 5-1 for
recommended feed-forward capacitor values.

TABLE 5-1: RECOMMENDED
FEED-FORWARD CAPACITOR
Recommended Cgg Toltaal l_=eedback
esistance
22 pF 1MQ-2MQ
47 pF 500 kQ - 1 MQ
100 pF 100 kQ - 500 kQ
180 pF 10 kQ - 100 kQ

Large feedback resistor values increase impedance,
making the feedback node more susceptible to noise
pick-up. A feed forward capacitor would also reduce
noise pick-up by providing a low impedance path to the
output. Refer to Table5-1 for recommended
feed-forward capacitor values

DS20005748B-page 12
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MIC2230

5.6 Efficiency Considerations

Efficiency is defined as the amount of useful output
power, divided by the amount of power supplied.

EQUATION 5-2:

Vour> IOUT) % 100

Efficiency % = (
Vin> 1y

Maintaining high efficiency serves two purposes. It
reduces power dissipation in the power supply,
reducing the need for heat sinks and thermal design
considerations and it reduces consumption of current
for battery powered applications. Reduced current
draw from a battery increases the devices operating
time and is critical in hand held devices.

There are two types of losses in switching converters:
DC losses and switching losses. DC losses are simply
the power dissipation of I2R. Power is dissipated in the
high-side switch during the on cycle. Power loss is
equal to the high side MOSFET Rpg(ony multiplied by
the Switch Current?. During the off cycle, the low side
N-channel MOSFET conducts, also dissipating power.
Device operating current also reduces efficiency. The
product of the quiescent (operating) current and the
supply voltage is another DC loss. The current required
driving the gates on and off at a constant 2.5 MHz
frequency and the switching transitions make up the
switching losses.

100 i
90| Trickle Mode 1 tds——i+
80 Zani NI
g 70
6 % T
= Tt FPWM Mode 1
LQ,_ W T
1 |
& 3 V. =36V
20 IN
¥l L=22pH
o Cour = 10WF
1 10 100 1000
LOAD (mA)
FIGURE 5-1: MIC2230 Efficiency
VOUT =1.575.

The figure above shows an efficiency curve. From no
load to 100 mA, efficiency losses are dominated by
quiescent current losses, gate drive and transition
losses. By forcing the MIC2230 into Trickle Mode
(/FPWM = High), the buck regulator significantly
reduces the required switching current by entering into
a PFM (Pulse Frequency Modulation) mode. This
significantly increases efficiency at low output currents.

Over 100 mA, efficiency loss is dominated by MOSFET
RDS(ON) and inductor losses. Higher input supply
voltages will increase the Gate-to-Source threshold on
the internal MOSFETSs, reducing the internal Rpg(on)-
This improves efficiency by reducing DC losses in the

device. All but the inductor losses are inherent to the
device. In which case, inductor selection becomes
increasingly critical in efficiency calculations. As the
inductors are reduced in size, the DC resistance (DCR)
can become quite significant. The DCR losses can be
calculated as shown in Equation 5-3.

EQUATION 5-3:

L_Pd = I,,,;” x DCR

From that, the loss in efficiency due to inductor
resistance can be calculated as shown in Equation 5-4.

EQUATION 5-4:

Vour*1our } « 100

Efficiency Loss = [1 f(
Vour*Ioyr+tL_P

Efficiency loss due to DCR is minimal at light loads and
gains significance as the load is increased. Inductor
selection becomes a trade-off between efficiency and
size in this case.

5.7 Trickle Mode Operation

Trickle Mode operation is achieved by clamping the
minimum peak current to approximately 150 mA. This
forces a PFM mode by comparing the output voltage to
the internal reference. If the feedback voltage is less
than 0.8V, the MIC2230 turns on the high side until the
peak inductor current reaches approximately 150 mA.
A separate comparator then monitors the output
voltage. If the feedback voltage is greater than 0.8V,
the high side switch is then used as a 10 pA current
source, never turning off completely. This creates a
highly efficient light load mode by increasing the time it
takes for the output capacitor to discharge, delaying the
amount of switching required and increasing light load
efficiency. While operating in this mode without any
load, the output voltage may rise over the nominal
operating voltage range. For applications that require
tight voltage tolerances, a minimum load of 150 pA is
recommended.

This load may either be used by the attached system,
by lowering the feedback resistors or by adding an
additional load resistor in parallel with the output
capacitor.

When the load current is greater than approximately
100 mA, the MIC2230 automatically switches to PWM
mode.

5.8 FPWM Operation

In forced PWM Mode (/FPWM = LOW) the MIC2230 is
forced to provides constant switching at 2.5 MHz with
synchronous internal MOSFETs throughout the load
current. In FPWM Mode, the output ripple can be as
low as 7 mV.
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6.0 MIC2230 EVALUATION BOARD SCHEMATIC
J1
+VIN 2.5V to 5.5V
U1 MIC2230YML
oo —]AVIN VINF—
1pFI I 10uF
EngD = 2|EN2 ENt L= o,
8 gFPWM PGOOD 2 'S |
L1 N L2 I c3 PGOOD
J3 —i— 2.2uH 2.2uH —T_ 390pF J5
VO2 t—NYV\—“swz SWIEE— Y Y Yo = VO1
1.8V 22C'§_|_ 2R3 R1g _|_2sz3 . 1.8V
P $549k . 549k $ p
ca FB2/Vo2 FB1/Vo1 2 o7
10pF J Ro L 10pF
T S 442k S| AGND PGND|® 442kS T
J2 r _l J6
GNDE—® i ¢ TGND
FIGURE 6-1: MIC2230 Adjustable Option (1.8V, 1.8V).
TABLE 6-1: BILL OF MATERIALS
Item Part Number Manufacturer Description Qty
C1 C1608X5R0J106K TDK 1Q WF Ceramic Capacitor, 6.3V, X5R, 1
Size 0603
c2 C1005X5R0J105K TDK 1 .pF Ceramic Capacitor, 6.3V, X5R, 1
Size 0402
c3 CO603Y391KXXA Vishay 390 pF Ceramic Capacitor, 25V, X7R, 1
Size 0603
C4.C5 0603ZD106MAT AVX 1Q pF Ceramic Capacitor, 6.3V, X5R, 5
Size 0603
CDRH2D11/HPNP-2 Sumida 2.2 pH, 1.1AlgaT., 120 mQ,
R2NC (1.2 mm x 3.2 mm x 3.2 mm)
2.2 UH, 900 mA ISAT'r 110 mQ,
L1, L2 LQH43CN2R2M03 Murata (2.6 mm x 3.2 mm X 4.5 mm) 2
i . 2.2 pH, 1.3AIgaT., 120 mQ,
EPL2014-222MLB Coilcraft (1.4 mm x 1.8 mm x 2.0 mm)
R2, R4 CRCWO06034423FT1 Vishay 442 kQ, 1%, Size 0603 2
R1, R3 CRCWO06035493FT1 Vishay 549 kQ, 1%, Size 0603 2
u1 MIC2230-AAYML Microchip 2.5 MHz Dual Phase PWM Buck Regulator 1
CDRH2D11/HPNP-2 . 2.2 pH, 1.1A IgaT., 120 mQ,
L1, L2 R2NC Sumida (1.2 mm x 3.2 mm x 3.2 mm) 2

DS20005748B-page 14
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7.0 PACKAGING INFORMATION

71 Package Marking Information

12-Lead TDFN* Example
[ J [ J
XX G4
XXXX 2230
NNNY BO9Y

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

e, A, ¥V 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 (_) and/or Overbar (7) symbol may not be to scale.

Note: If the full seven-character YYWWNNN code cannot fit on the package, the following truncated codes are
used based on the available marking space:
6 Characters = YWWNNN; 5 Characters = WWNNN; 4 Characters = WNNN; 3 Characters = NNN;
2 Characters = NN; 1 Character = N
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12 Lead 3 mm x 3 mm TDFN Package Outline and Recommended Land Pattern

TITLE
12 LEAD DFN 3x3mm PACKAGE OUTLINE & RECOMMENDED LAND PATTERN

DRAWING # | DFN33-12LD-PL-1 | UNIT | MM
Pin #1
Marking N 0.40%0,050
I PIN #1 1D
_ RO.15 TYP
P4 T -ﬁﬂ/@1
o D | o ]2
S o2 -
3.00 BS( o K
o D2 (=
el D |« (-
[ (=
|‘73-00 BSC—’l § 1.70£0.050
o
N
o
TOP VIEW BOTTOM VIEW
NOTE: 8, 2, 3 NOTE' 1, 2, 3

i
0.853:0.051 i
0.000-0.0500 ]

0.2030 Ref. ]

SIDE VIEW

NOTE: 1, 2, 3

NOTE:

1. MAX PACKAGE WARPAGE IS 0.0S MM

2. MAX ALLOWABLE BURR IS 0.076 MM IN ALL DIRECTIONS

3. PIN #1 IS ON TOP WILL BE LASER MARKED

4, RED CIRCLE IN LAND PATTERN INDICATE THERMAL VIA. SIZE SHOULD BE
0.30-0.35 MM IN DIAMETER AND SHOULD BE CONNECTED TO GND FOR MAX
THERMAL PERFORMANCE

S. GREEN RECTANGLES (SHADED AREA) indicate SOLDER STENCIL OPENING ON
EXPOSED PAD AREA. SIZE SHOULD BE 0.50x0.95 MM IN SIZE, 0.20 MM SPACING.

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging.
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POD-Land Pattern drawing # DFN33-12LD-PL-1

RECOMMENDED [ AND PATTERN

NOTE: 4, S
A A
ra | 00|
!
/] Q—:‘—Q /]
4 | 1
A | oy | 22
A ]
STACKED-UP
N 156+0.02 | S
0.48%0,02 3 | L12#0.02 G
3 Q o 0.60£0.02
= 3 S = | il
| 3 | OO ¥
n| 2 [ o
=g [ I i ]
S| & O-=0 T
olad | [ K ]
Nl s |
N D |y | 3
— ]
1.60£0.05 312
272 BSC | |
=
EXPOSED METAL TRACE SOLDER STENCIL OPENING

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 A (April 2017)
* Converted Micrel document MIC2230 to Micro-

chip data sheet template DS20005748A.
* Minor grammatical text changes throughout.

Revision B (March 2022)

» Updated the Package Marking Information draw-
ing with the most current information.

» Minor grammatical and formatting corrections
throughout.

» Updated Product Identification System with cor-
rect Tape and Reel values.
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, contact your local Microchip representative or sales office.

Device -XX X XX -XX
Part Number Output Temperature Package Media Type
Voltages Range
Device: MIC2230: Dual Synchronous 800 mA/800 mA
Step-Down DC/DC Regulator
Output Voltages: AA = Adjustable
(VouT1: Vout2) G4 = 1.8v/1.2v
GFH = 1.8V/1.575V
GS = 1.8V/3.3V
J4 = 25vi1.2v
S4 = 3.3v/1.2v
SS = 3.3V/3.3V
Temperature Y = —40°Cto +125°C
Range:
Package: ML = 12-Lead, 3 mm x 3 mm TDFN
Media Type: TR = 5,000/Reel

Examples:

a) MIC2230-AAYML-TR:

b) MIC2230-G4YML-TR:

¢) MIC2230-GFHYML-TR:

d) MIC2230-GSYML-TR:

e) MIC2230-J4YML-TR:

f) MIC2230-S4YML-TR:

g) MIC2230-SSYML-TR:

Note 1:

MIC2230, Adjustable Out-
put Voltages, —-40°C to
+85°C Temp. Range,
12-Lead TDFN, 5000/Reel

MIC2230, 1.8V/1.2V Out-
put Voltages, —40°C to
+85°C Temp. Range,
12-Lead TDFN, 5000/Reel

MIC2230, 1.8V/1.575V
Output Voltages, —40°C to
+85°C Temp. Range,
12-Lead TDFN, 5000/Reel

MIC2230, 1.8V/3.3V Out-
put Voltages, —40°C to
+85°C Temp. Range,
12-Lead TDFN, 5000/Reel
MIC2230, 2.5V/1.2V Out-
put Voltages, -40°C to
+85°C Temp. Range,
12-Lead TDFN, 5000/Reel
MIC2230, 3.3V/1.2V Out-
put Voltages, —-40°C to
+85°C Temp. Range,
12-Lead TDFN, 5000/Reel
MIC2230, 3.3V/3.3V Out-
put Voltages, —-40°C to
+85°C Temp. Range,
12-Lead TDFN, 5000/Reel

Tape and Reel identifier only appears in the

catalog part number description. This identifier is
used for ordering purposes and is not printed on
the device package. Check with your Microchip

Sales Office for package availability with the Tape

and Reel option.
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Note the following details of the code protection feature on Microchip products:

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

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

under normal conditions.

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

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

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

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS".
MICROCHIP MAKES NO REPRESENTATIONS OR WAR-
RANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED,
WRITTEN OR ORAL, STATUTORY OR OTHERWISE,
RELATED TO THE INFORMATION INCLUDING BUT NOT
LIMITED TO ANY IMPLIED WARRANTIES OF NON-
INFRINGEMENT, MERCHANTABILITY, AND FITNESS FORA
PARTICULAR PURPOSE, OR WARRANTIES RELATED TO
ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDI-
RECT, SPECIAL, PUNITIVE, INCIDENTAL, OR CONSE-
QUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY
KIND WHATSOEVER RELATED TO THE INFORMATION OR
ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS
BEEN ADVISED OF THE POSSIBILITY OR THE DAMAGES
ARE FORESEEABLE. TO THE FULLEST EXTENT
ALLOWED BY LAW, MICROCHIP'S TOTAL LIABILITY ON
ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION
ORITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF
ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP
FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applica-
tions is entirely at the buyer's risk, and the buyer agrees to
defend, indemnify and hold harmless Microchip from any and
all damages, claims, suits, or expenses resulting from such
use. No licenses are conveyed, implicitly or otherwise, under
any Microchip intellectual property rights unless otherwise
stated.

For information regarding Microchip’s Quality Management Systems,
please visit www.microchip.com/quality.
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