MICROCHIP

MIC261203

28V, 12A HyperLight Load® Synchronous
DC/DC Buck Regulator

Features

HyperLight Load® Efficiency: Up to 80% at 10 mA

HyperLight Load® Architecture Enables

- High Delta V Operation (V|\ = 28V and
Vour = 0.8V)

- Small Output Capacitance

Input Voltage Range: 4.5V to 28V

Output Current Up to 12A

Up to 95% Efficiency

Adjustable Output Voltage from 0.8V to 5.5V

+1% Feedback Accuracy

Any Capacitor™ Stable: Zero ESR to High ESR

600 kHz Switching Frequency

Power Good (PG) Output

Foldback Current Limit and “Hiccup Mode”
Short-Circuit Protection

Supports Safe Startup into a Pre-Biased Load
—40°C to +125°C Junction Temperature Range
28-Lead 5 mm x 6 mm VQFN Package

Applications

Distributed Power Systems
Communications/Networking Infrastructure

Printers, Scanners, Graphic Cards, and Video
Cards

General Description

The MIC261203 is a constant-frequency, synchronous
DC/DC buck regulator featuring adaptive on-time
control architecture. The MIC261203 operates over a
supply range of 4.5V to 28V. It has an internal linear
regulator that provides a regulated 5V to power the
internal control circuitry. MIC261203 operates at a
constant 600 kHz switching frequency in continuous
conduction mode and can be used to provide up to 12A
of output current. The output voltage is adjustable
down to 0.8V.

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

The MIC261203 offers a full suite of features to protect
the IC during fault conditions. These include
undervoltage lockout to ensure proper operation under
power-sag conditions, thermal shutdown, internal soft
start to reduce the inrush current, foldback current-limit,
and “hiccup” mode short-circuit protection. The
MIC261203 includes a Power Good (PG) output to
allow simple sequencing.

Package Type
MIC261203
28-Lead 5 mm x 6 mm VQFN (JL)
(Top View)
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MIC261203

Typical Application Circuit
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MIC261203

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings t

PV 0 PGIND .o oeeeee oo ee et 0.3V to +29V
VIN L(o 3 = €1\ B PSSP OSUPPUUN -0.3V to PV|N
PV 0y VD 10 PGND w..ooooeeeeoeee oo eeee oo eeeee et 0.3V to +6V
sz, VCS BO PGIND ...t e e e e e e e e aaaaas —-0.3V to (PV|N + 03V)
BT OIS PSP UR RO -0.3V to +6V
VST 10 PGIND .....ooooe oo oot 0.3V to +35V
VFB! VPG BO P GIND .o e e e e e e e aaraaea—————— 0.3V to (VDD + 03V)
VN E0 PGIND ..o eeee oo eeee e e e 0.3V to (V) + 0.3V)
L €I (o ] ] N 5 SR —-0.3V to +0.3V

Operating Ratings

SUPPIY VOIRAGE (PVNy VIND - -reerreeertetieiteaite sttt ettt sttt bttt eae et et sbe e et enbe e sebeeneeneneen +4.5V to +28V
PVpD, VoD SUpPPly VOIage (PV DD, VD)« ««erreertrtrmrearitinieaaie et siee et stee st sne ettt sne e esneennee e +4.5V to +5.5V
ENADIE INPUL (VEN) +eetvreeteemmtiitt ettt ettt e bttt e bt et e bt s e bt e bt ehe e e bt e e aeen bt e neneene e e 0V to V|y
Maximum POWET DISSIPAION.......cueiiiiiiiiie et e e e e e e e e e e s e s e et e e e e e eeeeeeaaaaeaeeeeasaaaasannsntntnrnnnrennes Note 1

T Notice: Stresses above those listed under “Absolute 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. Devices are ESD sensitive. Handling precautions recommended. Human body
model, 1.5 kQ in series with 100 pF.

I Notice: The device is not guaranteed to function outside its operating ratings.

Note 1: Ppwax) = (Tymax) — Ta)l/Bya, where 8,5 depends upon the printed circuit layout. A 5 square inch 4 layer,
0.62”, FR-4 PCB with 2 oz. finish copper weight per layer is used for the 6 4.

ELECTRICAL CHARACTERISTICS

Electrical Characteristics: PV|y = V|y = Vgn = 12V, VggT — Vgw = 5V; Ta = +25°C, unless noted. Bold values valid
for —-40°C < T, < +125°C. (Note 1)

Parameter |Symbo|’ Min. ’ Typ. ’ Max. ’ Units ’ Conditions
Power Supply Input

Input Voltage Range PV\}'I“N 4.5 — 28 VAR

Quiescent Supply Current la — 450 750 MA | Vgg = 1.5V (non-switching)
Shutdown Supply Current IsHDN — 5 10 MA  |VEy =0V

Vpp Supply Voltage

VDD Output Voltage VouTt 4.8 5 5.4 V VN =7V to 28V, Ipp =40 mA
VDD UVLO Threshold UVLOy | 3.7 4.2 4.5 \Y, Vpp Rising

VDD UVLO Hysteresis UVLOnys — 400 — mVvV |—

Dropout Voltage Vpo — 380 600 mV | (Vin—Vpp) Ibp =25 mA

DC/DC Controller
Output-Voltage Adjust Range Vout | 0.8 | — | 5.5 | \% |—

Reference
0.792 0.8 0.808 0°C =T, <+85°C (+1.0%)
Feedback Voltage VEB \
0.788 0.8 0.812 —40°C < T; < +125°C (+1.5%)
Load Regulation . . 0.25 . % lout = 3A to 12A (Continuous
Mode)
Line Regulation — — 0.25 — % V|y = 4.5V to 28V
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MIC261203

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Characteristics: PV = V|y = Vg = 12V, VggT — Vgw = 5V; Tp = +25°C, unless noted. Bold values valid
for -40°C < T < +125°C. (Note 1)

Parameter Symbol | Min. Typ. Max. | Units Conditions
FB Bias Current Irk — 50 500 nA |Vgg=0.8V
Enable Control
EN Logic Level High — 1.8 — — \% —
EN Logic Level Low — — — 0.6 \% —
EN Bias Current lEN — 6 30 MA | Vgy =12V
Oscillator
Switching Frequency fsw 450 600 750 kHz | Note 2, Vgg = 0V
Maximum Duty Cycle DCpax — 82 — % Note 3, Vgg = 1.0V
Minimum Duty Cycle DCuin — 0 — % |—
Minimum Off-Time torFMIN) — 300 — ns |—
Soft-Start
Soft-Start Time tss | — ‘ 5 ‘ — ‘ ms ‘ —
Short-Circuit Protection
. 18.75 26 37 A |Vgg=0.8V,T;=+25°C
Current Limit Threshold lLimeTh) — — -
17.36 26 37 A |Vgg=0.8V, T;=+125°C
Short-Circuit Current Isc — 6 — A Vg =0V
Internal FETs
Top MOSFET Rps(on) — — 13 — mQ |lgy =3A
Bottom MOSFET Rpg(on) — — 53 — mQ |lgy =3A
SW Leakage Current — — — 60 MA  |Vgn =0V
V|n Leakage Current — — — 25 MA  |[VEny =0V
Power Good (PG)
PG Threshold Voltage — 85 92 95 | %Vourt | Sweep Vgg from Low to High
PG Hysteresis — — 5.5 — | %Vourt | Sweep Vg from High to Low
PG Delay Time — — 100 — s | Sweep Vgg from Low to High
PG Low Voltage — — | 70 | 200 | mv Ii"éefﬁ \r;FA? <0.9x Vnowm,
Thermal Protection
Overtemperature Shutdown — — 160 — °C | Tyrising
Overtemperature Shutdown R
Hysteresis T T 15 T S

Note 1: Specifications are for packaged products only.
2: Measured in test mode.
3: The maximum duty cycle is limited by the fixed mandatory off-time (togg) of typically 300 ns.
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MIC261203

TEMPERATURE SPECIFICATIONS

Parameters ‘ Sym. ‘ Min ‘ Typ. ‘ Max. ‘ Units ‘ Conditions
Temperature Ranges
Max. Junction Temperature TymAX) — — +150 °C |—
Storage Temperature Range Ts -65 — +150 °C |—
Lead Temperature TLEAD — — +260 °C | Soldering, 10 sec.
Junction Temperature Range T, —40 — +125 °C |—
Package Thermal Resistances
Thermal Resistance, VQFN28-Ld | 0,0 | — | 28 | — [°cw [—

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.
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MIC261203

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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MIC261203
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MIC261203
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Die Temperature*: The temperature measurement was taken at the hottest point on the MIC261203 case mounted on
a 5 square inch 4 layer, 0.62", FR-4 PCB with 2 oz. finish copper weight per layer, 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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MIC261203
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FIGURE 2-45: Enable Thresholds. FIGURE 2-48: Enabled into Short.
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FIGURE 2-52: Output Recovery from
Thermal Shutdown.
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FIGURE 2-53: Switching Waveforms;
IOUT = 12A.
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FIGURE 2-49: Short Circuit.
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FIGURE 2-50: Output Recovery from Short
Circuit.
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FIGURE 2-51: Peak Current Limit
Threshold.
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FIGURE 2-54: Switching Waveforms;
IOUT = 0A.
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FIGURE 2-55: Transient Response.
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3.0 PIN DESCRIPTIONS

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

TABLE 3-1:

PIN FUNCTION TABLE

Pin Number

Pin Name

Description

PVDD

5V Internal Linear Regulator (Output): PVDD supply is the power MOSFET gate drive
supply voltage and created by internal LDO from V. When V| < +5.5V, PVDD
should be tied to the PVIN pins. A 2.2 uF ceramic capacitor from the PVDD pin to
PGND (Pin 2) must be place next to the IC.

NC

No connect.

4,9,10, 11,12

SwW

Switch Node (Output): Internal connection for the high-side MOSFET source and
low-side MOSFET drain. Due to the high-speed switching on this pin, the SW pin
should be routed away from sensitive nodes.

2,5,6,7,8,21

PGND

Power Ground. PGND is the ground path for the MIC26903 buck converter power
stage. The PGND pins connect to the low-side N-Channel internal MOSFET gate
drive supply ground, the sources of the MOSFETSs, the negative terminals of input
capacitors, and the negative terminals of output capacitors. The loop for the power
ground should be as small as possible and separate from the Signal Ground (SGND)
loop.

13, 14, 15,
16,17, 18,19

PVIN

High-Side N-internal MOSFET Drain Connection (Input): The PV operating voltage
range is from 4.5V to 28V. Input capacitors between the PVIN pins and the power
ground (PGND) are required and keep the connection short.

20

BST

Boost (Output): Bootstrapped voltage to the high-side N-channel MOSFET driver. A
Schottky diode is connected between the PVDD pin and the BST pin. A boost
capacitor of 0.1 pF is connected between the BST pin and the SW pin. Adding a small
resistor at the BST pin can slow down the turn-on time of high-side N-Channel
MOSFETs.

22

CS

Current Sense (Input): The CS pin senses current by monitoring the voltage across
the low-side MOSFET during the OFF-time. The current sensing is necessary for
short circuit protection. In order to sense the current accurately, connect the low-side
MOSFET drain to SW using a Kelvin connection. The CS pin is also the high-side
MOSFET’s output driver return.

23

SGND

Signal ground. SGND must be connected directly to the ground planes. Do not route
the SGND pin to the PGND Pad on the top layer, see PCB layout guidelines for
details.

24

FB

Feedback (Input): Input to the transconductance amplifier of the control loop. The FB
pin is regulated to 0.8V. A resistor divider connecting the feedback to the output is
used to adjust the desired output voltage.

25

PG

Power Good (Output): Open Drain Output. The PG pin is externally tied with a resistor
to VDD. A high output is asserted when Vo1 > 92% of nominal.

26

EN

Enable (input): A logic level control of the output. The EN pin is CMOS-compatible.
Logic high = enable, logic low = shutdown. In the off state, supply current of the
device is greatly reduced (typically 5 pA). The EN pin should not be left open.

27

VIN

Power Supply Voltage (Input): Requires bypass capacitor to SGND.

28

VDD

5V Internal Linear Regulator (Output): VDD supply is the power MOSFET gate drive
supply voltage and the supply bus for the IC. VDD is created by internal LDO from
V|N- When V) < +5.5V, VDD should be tied to the PVIN pins. A 1.0 yF ceramic
capacitor from the VDD pin to PGND pins must be place next to the IC.
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40 FUNCTIONAL DESCRIPTION

The MIC261203 is an adaptive ON-time synchronous
step-down DC/DC regulator with an internal 5V linear
regulator and a Power Good (PG) output. It is designed
to operate over a wide input voltage range from 4.5V to
28V and provides a regulated output voltage at up to 7A
of output current. An adaptive ON-time control scheme
is employed to obtain a constant switching frequency
and to simplify the control compensation. Overcurrent
protection is implemented without the use of an
external sense resistor. The device includes an internal
soft-start function which reduces the power supply
input surge current at start-up by controlling the output
voltage rise time.

4.1 Theory of Operation

The MIC261203 is able to operate in either continuous
mode or discontinuous mode. The operating mode is
determined by the output of the Zero Cross comparator
(ZC) as shown in the Functional Block Diagram.

4.2 Continuous Mode

In continuous mode, the output voltage is sensed by
the MIC261203 feedback (FB) pin via the voltage
divider R1 and R2, and compared to a 0.8V reference
voltage VRrer at the error comparator through a low
gain transconductance (g,,) amplifier. If the feedback
voltage decreases and the output of the g,,, amplifier 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 ESTIMATION? circuitry:

EQUATION 4-1:

t ___Vour _
ON(ESTIMATED) Vy % 600kHz

Where:
Vout = Output voltage.
V|n = The power stage input voltage.

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
torrviny, Which is about 300 ns, the MIC261203
control |OgiC will apply the tOFF(MIN) instead. tOFF(MlN) is
required to maintain enough energy in the boost
capacitor (CggT) to drive the high-side MOSFET.

The maximum duty cycle is obtained from the 300 ns
torFMINY:

EQUATION 4-2:
Dy = ’_L@;Fﬂy_@ - 1,3_(%)2
S S
Where:

ts = 1/600 kHz = 1.66 ps

It is not recommended to use MIC261203 with an
OFF-time close to toprguiny during steady-state
operation. Also, as Vgyt increases, the internal ripple
injection will increase and reduce the line regulation
performance. Therefore, the maximum output voltage
of the MIC261203 should be limited to 5.5V and the
maximum external ripple injection should be limited to
200 mV. Please refer to the Setting Output Voltage
section for more details.

The actual ON-time and resulting switching frequency
will vary with the part-to-part variation in the rise and fall
times of the internal MOSFETSs, the output load current,
and variations in the Vpp voltage. Also, the minimum
ton results in a lower switching frequency in high V to
Vourt applications, such as 24V to 1.0V. The minimum
ton measured on the MIC261203 evaluation board is
about 100 ns. 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.

Figure 4-1 shows the MIC261203 control loop timing
during steady-state operation. During steady-state, the
gm amplifier senses the feedback voltage ripple, which
is proportional to the output voltage ripple and the
inductor current ripple, to trigger the ON-time period.
The ON-time is predetermined by the tgy 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 Vgrgg, the
OFF period ends and the next ON-time period is
triggered through the control logic circuitry.

I A

aur AN
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Vout 4 i i

V \\H\/ VA VA\: AVouripn = ESRcou "Bl g

1

Vesd ! i g
| 1

. . R R2
Vier?” T T ST T Ay BNouTp] iRz
1

|
L »-

T Ll
|

HSDA

1
Trigger ON-lime !I Vib is below Vref

MO0,

Control Loop Timing.

- -
Estimated ON Time

FIGURE 4-1:
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Figure 4-2 shows the operation of the MIC261203
during a load transient. The output voltage drops due to
the sudden load increase, which causes the Vg to be
less than Vggg. This will cause the error comparator to
trigger an ON-time period. At the end of the ON-time
period, a minimum OFF-time torr(miN) is generated to
charge Cggt because the feedback voltage is still
below Vreg. 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 in MIC261203 converter.

lout Full load
No load

VOUT

TorFmin)

FIGURE 4-2:

Unlike true current-mode control, the MIC261203 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. The MIC261203 control loop has the
advantage of eliminating the need for slope
compensation.

Load Transient Response.

In order to meet the stability requirements, the
MIC261203 feedback voltage ripple should be in phase
with the inductor current ripple and large enough to be
sensed by the gm amplifier and the error comparator.
The recommended feedback voltage ripple is
20 mV~100 mV. 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 the
Ripple Injection section for more details about the
ripple injection technique.

4.3 Discontinuous Mode

In continuous mode, the inductor current is always
greater than zero; however, at light loads the
MIC261203 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 4-3. During this period, the
efficiency is optimized by shutting down all the
non-essential circuits and minimizing the supply
current. The MIC261203 wakes up and turns on the
high-side MOSFET when the feedback voltage Vg
drops below 0.8V.

The MIC261203 has a zero crossing comparator 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 MIC261203 automatically powers
down most of the IC circuitry and goes into a low-power
mode.

Once the MIC261203 goes into discontinuous mode,
both LSD and HSD are low, which turns off the
high-side and low-side MOSFETs. The load current is
supplied by the output capacitors and Vot drops. If
the drop of Vg1 causes Vg to go below VRgr, 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, then a tgy pulse
is triggered before the drivers are turned on to avoid
any possible glitches. Finally, the high-side driver is
turned on. Figure 4-3 shows the control loop timing in
discontinuous mode.

I crosses 0 and Vme>0.8.
Discontinuous Mode starts.
I / Vre<0.8. Wake up from
L [ Discontinuous Mode,
B S D
: L -
VFB : x':. : o
T e S e
] [
1 | 1 -
1 I | i
ZC 4 | P
1 : |
I
]
1 >
1 | : |
1 ] ]
V. T L
1 I
S .
8 g
1 Estimatgd Z)N;." me
VLSDT ] o
FIGURE 4-3: Control Loop Timing

(Discontinuous Mode).

During discontinuous mode, the zero crossing
comparator and the current limit comparator are turned
off. The bias current of most circuits are reduced. As a
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result, the total power supply current during
discontinuous mode is only about 450 pA, allowing the
MIC261203 to achieve high efficiency in light load
applications.

44 Vpp Regulator

The MIC261203 provides a 5V regulated output for
input voltage VIN ranging from 5.5V to 28V. When
ViN < 5.5V, Vpp should be tied to the PVIN pins to
bypass the internal linear regulator.

4.5 Soft-Start

Soft-start reduces the power supply input 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 MIC261203 implements an internal digital
soft-start by making the 0.8V reference voltage Vrer
ramp from 0% to 100% in about 5 ms with 9.7 mV
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. Vpp must be powered up
at the same time or after V|y to make the soft-start
function correctly.

4.6 Current Limit

The MIC261203 uses the Rpgon) of the internal
low-side power MOSFET to sense overcurrent
conditions. This method will avoid adding cost, board
space and power losses taken by a discrete current
sense resistor. The low-side MOSFET is used because
it displays much lower parasitic oscillations during
switching than the high-side MOSFET.

In each switching cycle of the MIC261203 converter,
the inductor current is sensed by monitoring the
low-side MOSFET in the OFF period. If the peak
inductor current is greater than 26A, then the
MIC261203 turns off the high-side MOSFET and a
soft-start sequence is triggered. This mode of operation
is called “hiccup mode” and its purpose is to protect the
downstream load in case of a hard short. The load
current-limit threshold has a fold back characteristic
related to the feedback voltage as shown in Figure 4-4.

w
o

N
3,1

N
o

N
o

o

CURRENT LIMIT THRESHOLD (A)
o

0

0.0 0.2 04 0.6 0.8 1.0
FEEDBACK VOLTAGE (V)
FIGURE 4-4: Current-Limit Foldback
Characteristic.

4.7 Power Good (PG)

The Power Good (PG) pin is an open-drain output that
indicates logic high when the output is nominally 92%
of its steady state voltage. A pull-up resistor of more
than 10 kQ should be connected from PG to VDD.

4.8 MOSFET Gate Drive

The Functional Block Diagram shows a bootstrap
circuit, consisting of D1 (a Schottky diode is
recommended) and Cggt. This circuit supplies energy
to the high-side drive circuit. Capacitor Cggy is
charged, while the low-side MOSFET is on, and the
voltage on the SW pin is approximately OV. When the
high-side MOSFET driver is turned on, energy from
Cpgst is used to turn the MOSFET on. As the high-side
MOSFET turns on, the voltage on the SW pin increases
to approximately V|y. Diode D1 is reverse-biased and
Cggr floats high while continuing to keep the high-side
MOSFET on. The bias current of the high-side driver is
less than 10 mA, so a 0.1 yF to 1 pF is sufficient to hold
the gate voltage with minimal droop for the power
stroke (high-side switching) cycle, ie.
ABST = 10 mA x 1.67 ps/0.1 yF = 167 mV. When the
low-side MOSFET is turned back on, Cggt is
recharged through D1.

Asmall resistor Rg, which is in series with CggT, can be
used to slow down the turn-on time of the high-side
N-channel MOSFET.

The drive voltage is derived from the Vpp supply
voltage. The nominal low-side gate drive voltage is Vpp
and the nominal high-side gate drive voltage is
approximately Vpp — Vpjope. Where Vpgpge is the
voltage drop across D1. An approximate 30 ns delay
between the high-side and low-side driver transitions is
used to prevent current from simultaneously flowing
unimpeded through both MOSFETs.

© 2022 Microchip Technology Inc. and its subsidiaries
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5.0 APPLICATIONS INFORMATION

5.1 Inductor Selection

Values for inductance, peak, 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. Generally,
higher inductance values are used with higher input
voltages. Larger peak-to-peak ripple currents will
increase the power dissipation in the inductor and
MOSFETs. Larger output ripple currents will also
require more output capacitance to smooth out the
larger ripple current. Smaller peak-to-peak ripple
currents require a larger inductance value and
therefore 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 20% of the
maximum output current. The inductance value is
calculated by Equation 5-1:

EQUATION 5-1:

I = Vour* (Vinewaxy=Vour)
Vinowax) X Fsw* 20% x 1o yroax)

Where:

fsw = Switching frequency of 600 kHz

20% = Ratio of AC ripple to DC output current
ViN(max) = Max. power stage input voltage

The peak-to-peak inductor current ripple is:

EQUATION 5-2:

Vour * Vinewaxy=Vour)

A[ =
LEpy Vinaaxy X Sswx L

The peak inductor current is equal to the average
output current plus one half of the peak-to-peak
inductor current ripple.

EQUATION 5-3:

Iyeky = Lourmax) ™ 0-5 X Alypp)

The RMS inductor current is used to calculate the 12R
losses in the inductor.

EQUATION 5-4:

2

_ 2 AIL(PP)
I rmsy = JIOUT(MAﬂ T

Maximizing efficiency requires the proper selection of
core material and minimizing the winding resistance.
The high frequency operation of the MIC261203
requires the use of ferrite materials for all but the most
cost sensitive applications. Lower cost iron powder
cores may be used but the increase in core loss will
reduce 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 magnetics vendor. Copper loss in the inductor
is calculated by Equation 5-5:

EQUATION 5-5:

_ 2
Pivpucrorccvy = Iurmsy > Rwinpive

The resistance of the copper wire, Ry nping, increases
with the temperature. The value of the winding
resistance used should be at the operating
temperature.

EQUATION 5-6:

Pyinpiner = Rwinpiveoec) >
(1+0.0042 x [Ty, — Tpo])
Where:
Tw = Temperature of wire under full load
Tyooc = Ambient temperature
RwinDING(20°.c) = Room  temperature winding
resistance (usually specified by the manufacturer)
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5.2 Output Capacitor Selection

The type of the output capacitor is usually determined
by its equivalent series resistance (ESR). Voltage and
RMS current capability are two other important factors
for selecting the output capacitor. Recommended
capacitor types are ceramic, low-ESR aluminum
electrolytic, OS-CON and POSCAP. The output
capacitor’s ESR is usually the main cause of the output
ripple. The output capacitor ESR also affects the
control loop from a stability point of view.

The maximum value of ESR is calculated:

EQUATION 5-7:

AV ourcpp)
L(PP)

ESR-oyr <

Where:
AVoyT(pp) = Peak-to-peak output voltage ripple
Al (ppy = Peak-to-peak inductor current ripple

The total output ripple is a combination of the ESR and
output capacitance. The total ripple is calculated in
Equation 5-8:

EQUATION 5-8:

AVourwpy =

Al 2
i} + (Al % ESR )2
/\/(COUTXfSWX 8 L(PP) cour

Where:
Court = Output capacitance value
fsw = Switching frequency

As described in the Theory of Operation section, the
MIC261203 requires at least 20 mV peak-to-peak
ripple at the FB pin to make the g,,, amplifier and the
error 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 capacitors 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
method should be applied to provide the enough
feedback voltage ripple. Please refer to the Ripple
Injection section for more details.

The voltage rating of the capacitor should be twice the
output voltage for a tantalum and 20% greater for
aluminum electrolytic or OS-CON. The output capacitor
RMS current is calculated in Equation 5-9:

EQUATION 5-9:

I _ Al ppy
COUT(RMS) e

The power dissipated in the output capacitor is:

EQUATION 5-10:

2
Ppissccoury = Lcourrms) X ESRcour

5.3 Input Capacitor Selection

The input capacitor for the power stage input V|y
should be selected for ripple current rating and voltage
rating. Tantalum input capacitors may fail when
subjected to high inrush currents, caused by turning the
input supply on. A tantalum input capacitor’s voltage
rating should be at least two times the maximum input
voltage to maximize reliability. Aluminum electrolytic,
OS-CON, and multilayer polymer film capacitors can
handle the higher inrush currents without voltage
derating. The input voltage ripple will primarily depend
on the input capacitor’'s ESR. The peak input current is
equal to the peak inductor current, so:

EQUATION 5-11:

AViy = Iypry * ESRciy

The input capacitor must be rated for the input current
ripple. The RMS value of input capacitor current is
determined at the maximum output current. Assuming
the peak-to-peak inductor current ripple is low:

EQUATION 5-12:

Teverms) = Lourax) X NP x (1 =D)

The power dissipated in the input capacitor is:

EQUATION 5-13:

2
Pprssceivy = Lemvrmsy < ESReqy
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5.4 Ripple Injection

The Vg ripple required for proper operation of the
MIC261203 g,, amplifier and error comparator is
20 mV to 100 mV. However, the output voltage ripple is
generally designed as 1% to 2% of the output voltage.
For a low output voltage, 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 g,,, amplifier and error
comparator can’t sense it, then the MIC261203 will lose
control and the output voltage is not regulated. In order
to have some amount of Vg ripple, a ripple injection
method is applied for low output voltage ripple
applications.

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

1. Enoughripple at the feedback voltage due to the
large ESR of the output capacitors.

As shown in Figure 5-1, the converter is stable without
any ripple injection.

L
| !SW Y

MIC261203 R12 Cour

V-

R2 ESR

~

Enough Ripple at FB.

"

FIGURE 5-1:
The feedback voltage ripple is:

EQUATION 5-14:

R2
AVegery = 713 1o < ESRcour* Mlypp)

Where:
Al pp) = Peak-to-peak inductor current ripple

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

The output voltage ripple is fed into the FB pin through
a feedforward capacitor Cgf in this situation, as shown
in Figure 5-2. The typical Cgg value is between 1 nF
and 100 nF.

SwW

MIC261203 R13 Te Cour
f

FIGURE 5-2:

With the feedforward capacitor, the feedback voltage
ripple is very close to the output voltage ripple:

Inadequate Ripple at FB.

EQUATION 5-15:

AVpgpp)~ ESR X AL (pp)

3. Virtually no ripple at the FB pin voltage due to
the very-low ESR of the output capacitors.

In this situation, the output voltage ripple is less than
20 mV. Therefore, additional ripple is injected into the
FB pin from the switching node SW via a resistor Ry
and a capacitor Cyy, as shown in Figure 5-3.

sSW
Cin
MIC261203 Re H R12 Te Cour
R2% ESR
| ‘ !
~
FIGURE 5-3: Invisible Ripple at FB.
The injected ripple is:
EQUATION 5-16:
_ 1
AVippppy = Viy* Kppyx D x(1-D) o —

% R1//R2
bV Ry, +RU/R2

Where:

V|n = Power stage input voltage
D = Duty cycle

fsw = Switching frequency

T= (R1//R2//R|NJ) X CFF
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In Equation 5-17 and Equation 5-18 it is assumed that
the time constant associated with Crg must be much
greater than the switching period:

EQUATION 5-17:

If the voltage divider resistors R1 and R2 are in the kQ
range, a Cgg of 1 nF to 100 nF can easily satisfy the
large time constant requirements. Also, a 100 nF
injection capacitor Cjyy is used in order to be
considered as short for a wide range of the
frequencies.

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

Step 1. Select Cgr to feed all output ripples into the
feedback pin and make sure the large time constant
assumption is satisfied. Typical choice of Cgg is 1 nF to
100 nF if R1 and R2 are in the kQ range.

Step 2. Select R\  according to the expected feedback
voltage ripple using Equation 5-19:

EQUATION 5-18:

X :AVFB(PP)X Jswx T
bty Viv  Dx(1-D)

Then the value of Ry is obtained by:

EQUATION 5-19:

RINJ:(RI//R2)><( ! -1)
KDIV

Step 3. Select C)\y as 100 nF, which could be
considered as short for a wide range of the
frequencies.

5.5 Setting Output Voltage

The MIC261203 requires two resistors to set the output
voltage as shown in Figure 5-4.

i/
FIGURE 5-4:
Configuration.

Voltage Divider

The output voltage is determined by Equation 5-20:

EQUATION 5-20:

R1
vV =V (1 + —)
our FB* 7
Where:
VFB =0.8V

A typical value of R1 can be between 3 kQ and 10 kQ.
If R1 is too large, it may allow noise to be introduced
into the voltage feedback loop. If R1 is too small, it will
decrease the efficiency of the power supply, especially
at light loads. Once R1 is selected, R2 can be
calculated using:

EQUATION 5-21:

oy = VepxRI
VOUT_ VFB

In addition to the external ripple injection added at the
FB pin, internal ripple injection is added at the inverting
input of the comparator inside the MIC261203, as
shown in Figure 5-5. The inverting input voltage V|y, is
clamped to 1.2V. As Vgyr is increased, the swing of
Vny Will be clamped. The clamped V), reduces the
line regulation because it is reflected as a DC error on
the FB terminal. Therefore, the maximum output
voltage of the MIC261203 should be limited to 5.5V to
avoid this problem.

I .SW

INTERNAL
RIPPLE
INJECTION

COMPEMSATION

COMP Vi B
] ~
Vrer @
0.8v
FIGURE 5-5: Internal Ripple Injection.

5.6 Thermal Measurements

Measuring the IC’s case temperature is recommended
to insure it is within its operating limits. Although this
might seem like a very elementary task, it is easy to get
erroneous results. The most common mistake is to use
the standard thermal couple that comes with a thermal
meter. This thermal couple wire gauge is large, typically
22 gauge, and behaves like a heatsink, resulting in a
lower case measurement.
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Two methods of temperature measurement are using a
smaller thermal couple wire or an infrared
thermometer. If a thermal couple wire is used, it must
be constructed of 36 gauge wire or higher then (smaller
wire size) to minimize the wire heat-sinking effect. In
addition, the thermal couple tip must be covered in
either thermal grease or thermal glue to make sure that
the thermal couple junction is making good contact with
the case of the IC. Omega brand thermal couple
(5SC-TT-K-36-36) is adequate for most applications.

Wherever possible, an infrared thermometer is
recommended. The measurement spot size of most
infrared thermometers is too large for an accurate
reading on a small form factor ICs. However, a IR
thermometer from Optris has a 1 mm spot size, which
makes it a good choice for measuring the hottest point
on the case. An optional stand makes it easy to hold the
beam on the IC for long periods of time.

DS20006661A-page 24
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6.0 PCB LAYOUT GUIDLINES

To minimize EMI and output noise, follow these layout
recommendations.

PCB Layout is critical to achieve reliable, stable and
efficient performance. A ground plane is required to
control EMI and minimize the inductance in power,
signal and return paths.

The following guidelines should be followed to insure
proper operation of the MIC261203 regulator.

6.1 IC

» A 2.2 yF ceramic capacitor, which is connected to
the PVDD pin, must be located right at the IC. The
PVDD pin is very noise sensitive and placement
of the capacitor is very critical. Use wide traces to
connect to the PVDD and PGND pins.

* A 1.0 pyF ceramic capacitor must be placed right
between VDD and the signal ground SGND. The
SGND must be connected directly to the ground
planes. Do not route the SGND pin to the PGND
Pad on the top layer.

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

» Use fat traces to route the input and output power
lines.

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

6.2 Input Capacitor

* Place the input capacitor next.

» Place the input capacitors on the same side of the
board and as close to the IC as possible.

» Keep both the PVIN pin and PGND connections
short.

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

* Use either X7R or X5R dielectric input capacitors.
Do not use Y5V or Z5U type capacitors.

» Do not replace the ceramic input capacitor with
any other type of capacitor. Any type of capacitor
can be placed in parallel with the input capacitor.

« If a Tantalum input capacitor is placed in parallel
with the input capacitor, it must be recommended
for switching regulator applications and the
operating voltage must be derated by 50%.

* In “Hot-Plug” applications, a Tantalum or
Electrolytic bypass capacitor must be used to limit
the over-voltage spike seen on the input supply
with power is suddenly applied.

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 CS pin should be connected directly to the
SW pin to accurate sense the voltage across the
low-side MOSFET.

« To minimize noise, place a ground plane
underneath the inductor.

* The inductor can be placed on the opposite side
of the PCB with respect to the IC. It does not
matter whether the IC or inductor is on the top or
bottom as long as there is enough air flow to keep
the power components within their temperature
limits. The input and output capacitors must be
placed on the same side of the board as the IC.

6.4 Output Capacitor

» Use a wide trace to connect the output capacitor
ground terminal to the input capacitor ground
terminal.

* Phase margin will change as the output capacitor
value and ESR changes. Contact the factory if the
output capacitor is different from what is shown in
the BOM.

» 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 Optional RC Snubber

* Place the RC snubber on either side of the board
and as close to the SW pin as possible.
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7.0 EVALUATION BOARD SCHEMATIC
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FIGURE 7-1: Schematic of MIC261203 Evaluation Board (J11, R13, R15 are for Testing Purposes).
TABLE 7-1: BILL OF MATERIALS
Item Part Number Manufacturer Description Qty.
C1 Open — — —
12105C475KAZ2A AVX
C2,C3 |GRM32ER71H475KA88L Murata 4.7 yF Ceramic Capacitor, X7R, Size 1210, 50V 2
C3225X7R1H475K TDK
C15 Open — — —
12106D107MAT2A AVX
Céé1%5, GRM32ER60J107ME20L Murata 100 uF Ceramic Capacitor, X5R, Size 1210, 6.3V 3
C3225X5R0J107M TDK
06035C104KAT2A AVX
C%1%7’ GRM188R71H104KA93D Murata 0.1 yF Ceramic Capacitor, X7R, Size 0603, 50V 3
C1608X7R1H104K TDK
0603ZC105KAT2A AVX
Cc8 GRM188R71A105KA61D Murata 1.0 uF Ceramic Capacitor, X7R, Size 0603, 10V 1
C1608X7R1A105K TDK
0603ZD225KAT2A AVX
C9 GRM188R61A225KE34D Murata 2.2 yF Ceramic Capacitor, X7R, Size 0603, 10V 1
C1608X5R1A225K TDK
06035C472KAZ2A AVX
C12 GRM188R71H472K Murata 4.7 nF Ceramic Capacitor, X7R, Size 0603, 50V 1
C1608X7R1H472K TDK
C14 B41851F7227M EPCOS 220 pF Aluminum Capacitor, 35V 1
C11, C16 | Open — — —
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TABLE 7-1: BILL OF MATERIALS (CONTINUED)

Item Part Number Manufacturer Description Qty.
SD103AWS MCC
D1 SD103AWS-7 Diodes, Inc. |40V, 350 mA, Schottky Diode, SOD323 1
SD103AWS Vishay
L1 |HCF1305-1R0-R st"s‘if]’aegn 1.0 pH Inductor, 21A Saturation Current 1
R1 CRCWO06032R21FKEA Vishay Dale |2.21Q Resistor, Size 0603, 1% 1
R2 CRCWO06032R00FKEA Vishay Dale |2.00Q Resistor, Size 0603, 1% 1
R3 CRCWO060319K6FKEA Vishay Dale | 19.6 kQ Resistor, Size 0603, 1% 1
R4 CRCWO06032K49FKEA Vishay Dale | 2.49 kQ Resistor, Size 0603, 1% 1
R5 CRCWO060320KOFKEA Vishay Dale | 20.0 kQ Resistor, Size 0603, 1% 1
RGF’“R;“’ CRCW060310KOFKEA Vishay Dale | 10.0 kQ Resistor, Size 0603, 1% 3
R7 CRCWO06034K99FKEA Vishay Dale |4.99 kQ Resistor, Size 0603, 1% 1
R8 CRCWO06032K87FKEA Vishay Dale |2.87 kQ Resistor, Size 0603, 1% 1
R9 CRCWO06032K006FKEA Vishay Dale | 2.00 kQ Resistor, Size 0603, 1% 1
R10 CRCWO06031K18FKEA Vishay Dale | 1.18 kQ Resistor, Size 0603, 1% 1
R11 CRCWO0603806RFKEA Vishay Dale | 806Q Resistor, Size 0603, 1% 1
R12 CRCW0603475RFKEA Vishay Dale | 475Q Resistor, Size 0603, 1% 1
R13 CRCWO06030000FKEA Vishay Dale | 0Q Resistor, Size 0603, 5% 1
R15 CRCWO060349R9FKEA Vishay Dale |49.9Q Resistor, Size 0603, 1% 1
R16, R18 | CRCW06031R21FKEA Vishay Dale | 1.21Q Resistor, Size 0603, 1% 2
R20 Open — — —
U1 MIC261203YJL Microchip éi\éi(geAgl:ljlygﬁ:nght Load® Synchronous DC/DC
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8.0 PCB EVALUATION BOARD LAYOUT

FIGURE 8-1: Evaluation Board Top Layer. FIGURE 8-3: Eval. Board Mid-Layer 2.
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FIGURE 8-2: Eval. Board Mid-Layer 1 FIGURE 8-4: Evaluation Board Bottom
(Ground Plane). Layer.
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9.0 PACKAGING INFORMATION

9.1 Package Marking Information

28-Lead VQFN* Example
° °
M xxx Muic
XXXXXXXXX 261203YJL
WNNN 2G7S

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

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

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information. Package may or may not include
the corporate logo.

Underbar (_) 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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28-Lead VQFN 5 mm x 6 mm Package Outline and Recommended Land Pattern

28-Lead Very Thin Plastic Quad Flat, No Lead Package (PKA) - 5x6x0.9 mm Body [VQFN]
With Multiple Exposed Pads and Fused Terminals; Micrel Legacy QFN56-28LD-PL-1

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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Microchip Technology Drawing C04-1120 Rev A Sheet 1 of 2
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28-Lead Very Thin Plastic Quad Flat, No Lead Package (PKA) - 5x6x0.9 mm Body [VQFN]
With Multiple Exposed Pads and Fused Terminals; Micrel Legacy QFN56-28LD-PL-1

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

Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Number of Terminals N 28
Pitch e 0.65 BSC
Overall Height A 0.00 0.02 0.05
Standoff A1 0.80 0.85 0.85
Terminal Thickness A3 0.20 REF
Overall Length D 5.00 BSC
Exposed Pad Length D2 2.15 2.20 2.25
Exposed Pad Length D3 1.35 1.40 1.45
Exposed Pad Length D4 3.65 3.70 3.75
Overall Width E 6.00 BSC
Exposed Pad Width E2 2.90 2.95 3.00
Exposed Pad Width E3 1.575 1.60 1.625
Exposed Pad Width E4 2.40 2.45 2.50
Exposed Pad Width E5 2.85 2.90 2.95
Terminal Width b 0.25 0.30 0.35
Terminal Length L1 0.35 0.40 0.45
Terminal Length L2 0.45 REF
Terminal Length L3 0.15 REF
Terminal to Exposed Pad K1 0.25 REF
Body Edge to Exposed Pad K2 0.575 REF
Exposed Pad to Exposed Pad K3 0.035 REF
Exposed Pad Offset K4 0.40 REF
Exposed Pad to Exposed Pad K5 0.35 REF

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated
3. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-1120 Rev A Sheet 2 of 2
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28-Lead Very Thin Plastic Quad Flat, No Lead Package (PKA) - 5x6x0.9 mm Body [VQFN]
With Multiple Exposed Pads and Fused Terminals; Micrel Legacy QFN56-28LD-PL-1

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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RECOMMENDED LAND PATTERN

Units| MILLIMETERS Units MILLIMETERS
Dimension Limits| MIN | NOM | MAX Dimension Limits| MIN | NOM | MAX
Contact Pitch E 0.65 BSC Contact Pad Spacing C2 5.80
Center Pad Width X2 3.70 || Contact Pad to Center Pad G1 0.12
Center Pad Width X3 2.20 || Contact Pad to Contact Pad G2 | 0.35
Center Pad Width X4 0.90 ||Center Pad to Center Pad G3 | 0.35
Center Pad Length Y2 1.60 || Contact Pad to Center Pad G4 | 0.35
Center Pad Length Y3 2.83 || Contact Pad to Center Pad G5 | 0.60
Contact Pad Width X1 0.30 || Center Pad to Center Pad G6 | 0.13
Contact Pad Length Y1 0.40 || Thermal Via Diameter \ 0.30
Contact Pad Spacing C1 4.80 Thermal Via Pitch EV 1.00

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during
reflow process

Microchip Technology Drawing C04-3120 Rev A
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APPENDIX A: REVISION HISTORY

Revision A (April 2022)

* Converted Micrel document MIC261203 to Micro-
chip data sheet DS20006661A.

* Minor text changes throughout.
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NOTES:
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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.

Part Number X XX -XX
Device Temp. Package Media Type
Range
Device: MIC261203: 28V, 12A HyperLight Load® Synchronous
: DC/DC Buck Regulator
pomperature v = _40°Cto +125°C
ange:
Package: Jb = 28-Lead VQFN
Media Type: TR = 1,000/Reel

Examples:
a) MIC261203YJL-TR: MIC261203,
—40°C to +125°C Temp.
Range, 28-Lead VQFN,
1000/Reel
Note 1:  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
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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.
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please visit www.microchip.com/quality.
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China - Suzhou
Tel: 86-186-6233-1526

China - Wuhan

Tel: 86-27-5980-5300
China - Xian

Tel: 86-29-8833-7252

China - Xiamen
Tel: 86-592-2388138

China - Zhuhai
Tel: 86-756-3210040

ASIA/PACIFIC

India - Bangalore
Tel: 91-80-3090-4444

India - New Delhi
Tel: 91-11-4160-8631

India - Pune
Tel: 91-20-4121-0141

Japan - Osaka
Tel: 81-6-6152-7160
Japan - Tokyo
Tel: 81-3-6880- 3770

Korea - Daegu
Tel: 82-53-744-4301

Korea - Seoul
Tel: 82-2-554-7200

Malaysia - Kuala Lumpur
Tel: 60-3-7651-7906

Malaysia - Penang
Tel: 60-4-227-8870
Philippines - Manila
Tel: 63-2-634-9065
Singapore

Tel: 65-6334-8870

Taiwan - Hsin Chu
Tel: 886-3-577-8366

Taiwan - Kaohsiung
Tel: 886-7-213-7830
Taiwan - Taipei

Tel: 886-2-2508-8600

Thailand - Bangkok
Tel: 66-2-694-1351

Vietnam - Ho Chi Minh
Tel: 84-28-5448-2100

EUROPE

Austria - Wels
Tel: 43-7242-2244-39
Fax: 43-7242-2244-393

Denmark - Copenhagen
Tel: 45-4485-5910
Fax: 45-4485-2829

Finland - Espoo
Tel: 358-9-4520-820

France - Paris

Tel: 33-1-69-53-63-20

Fax: 33-1-69-30-90-79
Germany - Garching

Tel: 49-8931-9700

Germany - Haan
Tel: 49-2129-3766400

Germany - Heilbronn
Tel: 49-7131-72400

Germany - Karlsruhe
Tel: 49-721-625370

Germany - Munich

Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Germany - Rosenheim
Tel: 49-8031-354-560

Israel - Ra’anana
Tel: 972-9-744-7705

Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781
Italy - Padova

Tel: 39-049-7625286
Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Norway - Trondheim
Tel: 47-7288-4388

Poland - Warsaw
Tel: 48-22-3325737

Romania - Bucharest
Tel: 40-21-407-87-50
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
Sweden - Gothenberg
Tel: 46-31-704-60-40
Sweden - Stockholm
Tel: 46-8-5090-4654

UK - Wokingham
Tel: 44-118-921-5800
Fax: 44-118-921-5820
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