MICROCHIP

MIC4043

Low-Voltage, Secondary-Side Shunt Regulator

Features

* ldeal for 1.8V Switching Converters
» Low-Voltage Operation:

- 400 mV Maximum Saturation Over Operating
Temperature Range

* Easyto Use
- Voltage In, Current Out

* 2% Voltage Tolerance Over Operating
Temperature Range

Applications
» Optically Isolated, Low-Voltage Power Supplies
» Low-Voltage Discrete Regulator Control

Package Type

MIC4043
4-Pin SOT-143 (M4)

FB GND
RB1D

1 2

IN SNK

General Description

The MIC4043 is a shunt regulator optimized for
secondary-side regulation in low-voltage power
supplies. Featuring an output stage guaranteed to
swing within 400 mV of ground, the MIC4043 can be
used in power supplies operating down to 1.8V, even
with opto-isolators requiring greater than 1.2V of
headroom.

In power supply applications, the MIC4043 normally
drives the LED of an optically isolated feedback circuit.
The MIC4043 monitors a resistively divided output
voltage and sinks error current through the
opto-isolator’s LED (secondary side); the
opto-isolator’s transistor (primary side) provides this
signal to the controller’s feedback input. The MIC4043
is also practical for other voltage-monitoring
applications requiring an open-collector output.

The MIC4043 replaces conventional ‘431-type shunt
regulators to allow low-voltage applications where
there is inadequate headroom for a 2.5V regulator in
series with an opto-isolator. Replacing ‘431-type
devices requires only a minor change to the way that
the resistive-divider values are calculated.
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MIC4043

Typical Application Diagram
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MIC4043

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings t

INPUL VOITBGE (V][] +eevveertreemreeitet ettt ettt ettt ettt e et h et e et e bt e et e h et et e e eae e e bt e eae e et et et e e b e eabeenbneeneeneneens +15V
OULPUL VOIAGE (VG K ) -vervveerrrermrrereearteitet it easee st estse st esteeebe e st et et e e sa et e be e eas e e b et ea e e e abe e ee bt e eaeesabeeseeeeaneeseeenbeennneenres +15V
OULPUL CUITENT (IGIK) - -vevveemreermrteteenttest sttt se e sttt she e et sb et e bt e ehe et e e e ae e e b et e ae e e bt e ee e e eae e ne bt e sbeeeaneene e e teennneenres 15 mA
ESD RaAtiNG (HBM; NOLE M) ...eiiiiiiieitiie ettt ettt e ettt e ettt e e st e e ettt e e ameeeesmseeeeaneeeeameeeeamneeeeaneeeeanseeesnneeannneennns 2 kV
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Operating Ratings

L] o1 Y o] e=To [N AN TP PP U U PO U OT PP OUPTURRTRN +10V
OULPUL VOIAGE (VG K ) -vervveerrrermrrereearteitet it easee st estse st esteeebe e st et et e e sa et e be e eas e e b et ea e e e abe e ee bt e eaeesabeeseeeeaneeseeenbeennneenres +10V

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.

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

Note 1: Devices are ESD sensitive. Handling precautions are recommended. Human body model, 1.5 kQ in series
with 100 pF. Machine model, 200 pF.

© 2020 Microchip Technology Inc. DS20006299A-page 3



MIC4043

ELECTRICAL CHARACTERISTICS

Tp = +25°C, unless noted.

1

Parameters Sym. Min. Typ. Max. Units Conditions
Reference Voltage (Note 1) VREF — 1.245 — Vv —
— — +1 —
Reference Voltage Tolerance — %
— — 12 —40°C < Tp < +85°C
— 35 65 lSNK =0mA
Supply Current loz B B 20 MA  |1gyk = 0 mA,
—40°C < Tp < +85°C
3.5 150 — 1mA< lSNK< 15 mA
Transconductance Alsnk! S
AVlN 2 . _ 1mA< lSNK <15 mA’
—40°C < Tp < +85°C
—_— 160 250 lSNK =15 mA
Output Transistor Saturation . mv R
Voltage . o 400 Isnk = 15 MA, 40°C < Tp <
+85°C
Vsnk = 5V, output transistor
o o 0.5 off
Output Leakage — MA

Vsnk = 5V, output transistor
off, -40°C < Tp < +85°C

Note 1:

Reference voltage is not referenced to ground.

The reference is between the IN and FB pins.

DS20006299A-page 4
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MIC4043

TEMPERATURE SPECIFICATIONS (Note 1)

Parameters

| Sym. | Min.

Typ. | Max. | Units | Conditions
Temperature Ranges
Operating Temperature Range Ta -40 — +85 °C |—
Storage Temperature Ts -65 — +150 °C |—

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., Tp, T, 6,a). Exceeding the
maximum allowable power dissipation will cause the device operating junction temperature to exceed the
maximum +85°C rating. Sustained junction temperatures above +85°C can impact the device reliability.

Test Circuits
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FIGURE 1-1: Compensation (Bode Plot) Circuit.
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FIGURE 1-2: Transient Response Circuit.
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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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MIC4043

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
1 IN Input: Supply voltage input.
2 SNK Sink (Output): NPN open-collector output.
3 GND Ground.
4 FB Feedback (Input): Feedback input from external voltage divider network.

© 2020 Microchip Technology Inc. DS20006299A-page 7
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40 FUNCTIONAL DESCRIPTION

The MIC4043 combines a gy amplifier, precision
1.245V reference, and a pass transistor in a single
package.

The operation of the MIC4043 is similar to conventional
shunt regulators such as the industry standard ‘431. In
a closed loop system, the MIC4043 maintains the
desired feedback voltage at the FB pin by sinking
current onto the SNK pin proportional to the error
voltage at the FB pin. The ratio of sink current to error
voltage is the transconductance of the device.

4.1 Reference

The MIC4043 uses a high-side reference. External
voltage dividers providing feedback to the MIC4043 will
be inverted when compared to those used with
‘431-equivalent devices.

4.2 Behavior

The external feedback voltage is compared to the
internal high-side 1.245V reference.

If the feedback voltage, Vg, is less than V |y — VRer,
the amplifier provides no drive to the sink transistor. If
the feedback voltages are greater than V |y — VRref, the
amplifier drives the pass transistor which sinks current
to ground.

5.0 APPLICATION INFORMATION

51 Replacement of ‘431-Type Devices

Because the MIC4043 uses a high-side reference,
external voltage dividers providing the feedback
voltage will be inverted when compared to those used
with ‘431-equivalent devices.

The industry-standard ‘431 is also typically used in
series with an opto-isolator LED. This configuration has
a voltage drop of at least 2.5V for the ‘431, plus 1.4V for
the LED (3.9V). More recent lower-voltage shunt
regulators require at least 1.25V of headroom in
addition to the 1.4V for the opto-isolator, for a total of
2.65V.

The MIC4043 removes the need to place the shunt
reference in parallel with the opto-isolator. The
MIC4043 combines a 1.245V reference in conjunction
with an error amplifier that drives an NPN output
transistor. The NPN ftransistor is connected in series
with the opto-isolator and regulates the drive current in
the opto-isolator. Unlike conventional shunt regulators,
the MIC4043 does not have to connect the shunt
reference in series with the opto-isolator, so the voltage
drop is just the saturation voltage for one transistor,
typically 160 mV at full load.

5.2 Compensation

The non-inverting side of the error amplifier is
connected to the high-side reference; the reference is
connected to the IN pin. The inverting side of the error
amplifier is brought out to the FB pin. For some
applications, no compensation is needed, but for most,
some resistor capacitor network is necessary between
the FB pin and GND pin. The value of the feedback
capacitance is application specific, but for most
applications 100 pF to 3000 pF is all that is needed.
Changing the feedback capacitor changes the loop
response; that is, phase and gain margin. An empirical
way to check overall system loop response, if a
network analyzer is not available, is to step load the
output of the systems from 10% to 100% of nominal
load. The resultant small signal response at the output
of the systems will provide an idea of which direction to
go based on the overshoot and settling time of Vo .

DS20006299A-page 8
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MIC4043

5.3 Voltage Detector

Figure 5-1 shows a simple voltage threshold detector
with a logic output.

Vrrip :1,245v[%+1)

VOUT E B-
(FROM POWER SUPPLY)
MIC4043 SR SR
LOGIC
NK
IN 8 Ooutpur
GND FBl—¢ DISABLED
! I~ ENABLED
SR2
j»ssm
FIGURE 5-1: Voltage Detector.

5.4 High-Current Regulator

For the high-current regulator shown in Figure 5-2,
headroom is equal to the saturation voltage of Q1 plus
the saturation voltage of the MIC4043 (Vsatminy =
200 mV).

Vo = 2.5V

IN out

R2
Vout =1 .245v[ﬁ+ 1)

- R1=33kQ,R2 = 33kQ
MIC4043

IN

R2
33kQ

400 1000pF

FIGURE 5-2: High-Current Regulator.
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6.1 Off-Line 1.8V/2A Power Supply
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FIGURE 6-1:

Off-Line 1.8V/2A Power Supply.
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1.8V/2A Output Bode Plot
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6.2 Off-Line 2.5V/2A Power Supply
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FIGURE 6-4:

Off-Line 2.5V/2A Power Supply.
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6.3 Off-Line 3.3V/2A Power Supply
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FIGURE 6-7: Off-Line 3.3V/2A Power Supply.
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6.4 Off-Line 5V/2A Power Supply
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FIGURE 6-10: Off-Line 5V/2A Power Supply.
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7.0 PACKAGE MARKING INFORMATION

71 Package Marking Information

4-Lead SOT143* Example
(Front)
XXXX RB1D
4-Lead SOT143* Example
(Back)
NNN 971

mark).

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¥V Pin one index is identified by a dot, delta up, or delta down (triangle

the corporate logo.

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

Underbar (_) and/or Overbar (7) symbol may not be to scale.

DS20006299A-page 14
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4-Lead SOT-143 Package Outline and Recommended Land Pattern

TITLE
4 LEAD SOT143 PACKAGE OUTLINE & RECOMMENDED LAND PATTERN

DRAWING # | SOT143-4LD-PL-1 | UNIT | MM
2.92+012 A
0.950 & _0.950
TYP. TYP. g
(2 ples)
g s / T =
- o 32
g -~ - = i
+H o~ =)
o « -
@ N J—/ SEATING PLANE
10° TYP 0.013(MIN)
(2 ples) 0.100(MAX)
10° TYP
0.760(MIN) 0.360(MIN) (2 ples)
0.840(A%) ) SIDE_VIEW
TOP_VIEW
0.~ 3‘
I 1.90 TYP
0.31 +0.1
8
DETAILED o -
L 3
\\_/ h
10° TYP 0.100 A -
(2 ples) - -
1 ZU?COUEQOO—O'OZ E
END VIEW — R S
8
NOTE: o I
1. Dimensions and tolerances are as per ANSI §
Y14.5M, 1982.

2. Package surface to be mirror finish. 1.70 TYP

3. Die is facing up for mold & trim/form.
Dimension are exclusive of mold flash

and gate burr. RECOMMENDED LAND PATTERN

Dimension are exclusive of solder plating.

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

Revision A (February 2020)

* Converted Micrel data sheet MIC4043 to Micro-
chip DS20006299A.

* Minor text changes throughout.
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NOTES:
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MIC4043

PRODUCT IDENTIFICATION SYSTEM

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

PART NO. X XX XX
Device Temperature Package Media
Range Type
Device: MIC4043: Low-Voltage, Secondary-Side Shunt
Regulator
Temperature _ 5 o .
Range: Y = —40°C to +85°C (Industrial)
Package: M4 = 4-Lead SOT-143
Media Type: TR = 3,000/Reel

Examples:

a) MIC4043YM4-TR: Low-Voltage, Secondary-
Side Shunt Regulator,
—40°C to +85°C Tempera-
ture Range, 4-Lead SOT-
143, 3,000/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.

© 2020 Microchip Technology Inc.
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NOTES:
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Note the following details of the code protection feature on Microchip devices:

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

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications 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.

Trademarks

The Microchip name and logo, the Microchip logo, Adaptec,
AnyRate, AVR, AVR logo, AVR Freaks, BesTime, BitCloud, chipKIT,
chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex,
flexPWR, HELDO, IGLOO, JukeBlox, KeeLoq, Kleer, LANCheck,
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