MICR=EL

MIC94310

200mA LDO with
Ripple Blocker™ Technology

RIPPLE BLOCKER"™

A MICREL PRODUCT
I

General Description

The MIC94310 Ripple Blocker™ is a monolithic integrated
circuit that provides low-frequency ripple attenuation
(switching noise rejection) to a regulated output voltage.
This is important for applications where a DC/DC switching
converter is required to lower or raise a battery voltage but
where switching noise cannot be tolerated by sensitive
downstream circuits such as in RF applications. The
MIC94310 maintains high power supply ripple rejection
(PSRR) with input voltages operating near the output
voltage level to improve overall system efficiency. A low-
voltage logic enable pin facilitates ON/OFF control at
typical GPIO voltage levels.

The MIC94310 operates from an input voltage of 1.8V to
3.6V.

Packaged in a 0.88mm x 0.88mm 4-ball WLCSP, a 4-pin
1.2mm x 1.6mm Thin DFN, or a 5-pin SOT-23, the
MIC94310 has a junction operating temperature range of
—40°C to +125°C.

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

Features

e 1.8V to 3.6V input voltage range

e Active noise rejection over a wide frequency band
— >50dB from 10Hz to 10MHz at 200mA load

e Rated to 200mA output current

¢ Fixed output voltages

e Current-limit and thermal-limit protected

e Ultra-small 0.88mm x 0.88mm 4-ball WLCSP

e 1.2mm x 1.6mm 4-pin Thin DFN

e 5-pin SOT-23

¢ Logic-controlled enable pin
— —40°C to +125°C junction temperature range

Applications

e Smartphones/Smart books

e Tablet PC/notebooks and webcams

¢ Digital still and video cameras

¢ Global positioning systems

e Mobile computing

e Automotive and industrial applications

Typical Application
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Micrel, Inc. MIC94310

Ordering Information
Part Number Marking Code | Output Voltage Package'*? Lead Finish
MIC94310-4YCS 1z 1.2v 0.88mm x 0.88mm WLCSP Pb-Free
MIC94310-FYCS 2Z 1.5V 0.88mm x 0.88mm WLCSP Pb-Free
MIC94310-GYCS Z9 1.8v 0.88mm x 0.88mm WLCSP Pb-Free
MIC94310-DYCS Z8 1.85v 0.88mm x 0.88mm WLCSP Pb-Free
MIC94310-JYCS z7 2.5V 0.88mm x 0.88mm WLCSP Pb-Free
MIC94310-LYCS 3Z 2.7V 0.88mm x 0.88mm WLCSP Pb-Free
MIC94310-MYCS Z6 2.8V 0.88mm x 0.88mm WLCSP Pb-Free
MIC94310-NYCS Z5 2.85V 0.88mm x 0.88mm WLCSP Pb-Free
MIC94310-PYCS Z4 3.0V 0.88mm x 0.88mm WLCSP Pb-Free
MIC94310-SYCS Z3 3.3V 0.88mm x 0.88mm WLCSP Pb-Free
MIC94310-4YMT 31T 1.2v 1.2mm x 1.6mm Thin DFN Pb-Free
MIC94310-FYMT 32T 1.5V 1.2mm x 1.6mm Thin DFN Pb-Free
MIC94310-GYMT 31G 1.8V 1.2mm x 1.6mm Thin DFN Pb-Free
MIC94310-DYMT 31D 1.85V 1.2mm x 1.6mm Thin DFN Pb-Free
MIC94310-JYMT 31J 2.5V 1.2mm x 1.6mm Thin DFN Pb-Free
MIC94310-LYMT 31L 2.7V 1.2mm x 1.6mm Thin DFN Pb-Free
MIC94310-MYMT 31M 2.8V 1.2mm x 1.6mm Thin DFN Pb-Free
MIC94310-NYMT 31N 2.85V 1.2mm x 1.6mm Thin DFN Pb-Free
MIC94310-PYMT 31P 3.0v 1.2mm x 1.6mm Thin DFN Pb-Free
MIC94310-SYMT 31s 3.3v 1.2mm x 1.6mm Thin DFN Pb-Free
MIC94310-4YM5 V31 1.2v 5-Pin SOT-23 Pb-Free
MIC94310-GYM5 w31 1.8V 5-Pin SOT-23 Pb-Free
MIC94310-MYM5 Z31 2.8V 5-Pin SOT-23 Pb-Free
MIC94310-SYM5 X31 3.3V 5-Pin SOT-23 Pb-Free

Note:

1. Thin DFN A = Pin 1 identifier.

2. Thin DFN is a GREEN RoHS-compliant package. Lead finish is NiPdAu. Mold compound is Halogen Free.
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Pin Configuration
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0.88mm x 0.88mm 4-Ball CSP (CS)
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1.2mm x 1.6mm 4-Pin TDFN (MT)

Top View

NC VOUT
5-Pin SOT-23 (M5)
Top View
Pin Description
Pin Number Pin Number Ball Number Pin Name | Pin Function
(TDFN) (SOT-23) (WLCSP)
1 5 A2 VOUT Power switch output.
2 2 B2 GND Ground.
3 3 B1 EN Enable Input. A logic HIGH signal on this pin enables the part.
Logic LOW disables the part. Do not leave floating.
4 Al VIN Power switch input and chip supply.
- 4 - NC No Connect. Not internally connected.
EP _ _ ePad Exposed Heatsink Pad. Connect to ground for best thermal
performance.
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Functional Diagram
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Absolute Maximum Ratings®

el o1 Vo] v= o [c I VA7) -0.3to +4.0V
Output Voltage (Vout) «eeeeeeeeereinnns —0.3to Viy+0.3V or +4.0V
Enable Voltage (Ven) . oveeeererrenenn —0.3to V\y+0.3V or +4.0V
Lead Temperature (soldering, 10S).......cccccccvveeerriinnns 260°C
Storage Temperature (TS).......cccveeeeeeennnne —65°C to +150°C
ESD RANG® ...t 3kV

Electrical Characteristics®

Operating Ratings®

ST0 o] o] \YAY/0] 1= To =X AV/TN) F +1.8V to +3.6V
Enable Voltage (VEN) . ...oorrrrmrereeeiiiiiieeee e 0V to V|
Junction Temperature (Tj3) coccovvvvvvveeeeeennn. —40°C to +125°C
Junction Thermal Resistance
TDFN (038) «eevveeeeirrreeeiniireessireeessineeeeseneeeennens 173°C/W
WLCSP (038) cvveeeeirrrreeiiirreeeiiireessineeessieeeesnnens 250°C/W
SOT-23 (B30) veeeerrrrrremiirrrreeiirirrensnieeeesnreeeesnnens 120°C/W

VN = Ven = Vout + 500mV (V|N = Ven = 3.6V for Vour 2 3.1V); lout = 1mMA; Cout = 1HF (YCS, YMT), Cout = 10HF (YM5); Ta=25°C,

bold values indicate —40°C< T, £ +125°C, unless noted.

Parameter Condition Min. Typ. Max. Units
Input Voltage 1.8 3.6 \%
Output Voltage Accuracy | Variation from nominal Vour -3 +1 +3 %
Dropout Voltage VN to Vour dropout at 100mA output current 20 50 mV
Vin to Vour dropout at 200mA output current 40 100 mV
Load Regulation 1mA to 100mA 4 mV
Line Regulation VN = Vour + 500mV to 3.6V 0.01 0.5 %
Ground Current No load to full load 170 250 MA
Shutdown Current Ven = 0V 0.2 5 HA
f=100Hz, loytr = 100mA 85 dB
Vi Ripple Rejection f = 100kHz, lour = 100mA 68 dB
f = 1MHz, loytr = 100mA 57 dB
f=10MHz, lout = 100mA 50 dB
Current Limit Vout = OV 250 400 700 mA
Total Output Noise 10Hz to 100kHz 83 UVRrus
Turn-on Time 70 us
Enable
Input Logic Level 0.4 \%
Input Logic High 1.0 \%
Input Current 0.01 1 A

Notes:

3. Exceeding the absolute maximum ratings may damage the device.
4. The device is not guaranteed to function outside its operating ratings.

5. Devices are ESD sensitive. Handling precautions are recommended. Human body model, 1.5kQ in series with 100pF.

6. Specification for packaged product only.
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Typical Characteristics
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Typical Characteristics (Continued)
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Functional Characteristics
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Application Information

The MIC94310 is a very-high PSRR, fixed-output, 200mA
LDO utilizing Ripple Blocker technology. The MIC94310
is fully protected from damage due to fault conditions,
offering linear current limiting and thermal shutdown.

Input Capacitor

The MIC94310 is a high-performance, high-bandwidth
device. An input capacitor of 0.47uF is required from the
input to ground to provide stability. Low-ESR ceramic
capacitors provide optimal performance at a minimum of
space. Additional high-frequency capacitors, such as
small-valued NPO dielectric-type capacitors, help filter
out high-frequency noise and are good practice in any
RF-based circuit. X5R or X7R dielectrics are
recommended for the input capacitor. Y5V dielectrics
lose most of their capacitance over temperature and are
therefore, not recommended.

Output Capacitance

In order to maintain stability, the MIC94310 requires an
output capacitor of 0.47uF or greater for the Thin DFN
and WLCSP packages and 10uF or greater for the SOT-
23 package. For optimal ripple rejection performance a
1uF capacitor is recommended for the CSP and Thin
DFN packages, while a 10pF capacitor is recommended
for the SOT-23 package. The design is optimized for use
with  low-ESR ceramic chip capacitors. High-ESR
capacitors are not recommended because they may
cause high-frequency oscillation. The output capacitor
can be increased, but performance has been optimized
for a 1uF ceramic output capacitor and does not improve
significantly with larger capacitance.

X7R/IX5R dielectric type ceramic capacitors are
recommended  because of their temperature
performance. X7R type capacitors change capacitance
by 15% over their operating temperature range and are
the most stable type of ceramic capacitors. Z5U and Y5V
dielectric capacitors change their value by as much as
50% and 60%, respectively, over their operating
temperature ranges. To use a ceramic chip capacitor with
the Y5V dielectric, the value must be much higher than
an X7R ceramic capacitor to ensure the same minimum
capacitance over the equivalent operating temperature
range.

No Load Stability

The MIC94310 will remain stable and in regulation with
no load. This is especially important in CMOS RAM keep-
alive applications.

Enable/Shutdown

Forcing the enable (EN) pin low disables the MIC94310
and sends it into a “zero” off mode current state. In this
state, current consumed by the MIC94310 goes nearly to
zero. Forcing EN high enables the output voltage. The
EN pin uses CMOS technology and cannot be left floating
as it could cause an indeterminate state on the output.

Thermal Considerations

The MIC94310 is designed to provide 200mA of
continuous current in a very-small package. Maximum
ambient operating temperature can be calculated based
on the output current and the voltage drop across the
part. For example if the input voltage is 2.5V, the output
voltage is 1.8V, and the output current = 200mA. The
actual power dissipation of the Ripple Blocker™ can be
determined using Equation 1:

I:>D = (VIN - VOUTl) IOUT + VIN IGND Eq 1

Because this device is CMOS and the ground current is
typically <170puA over the load range, the power
dissipation contributed by the ground current is <1% and
can be ignored for this calculation.

Po = (2.5V — 1.8V) x 200mA

Pp = 0.14W

To determine the maximum ambient operating
temperature of the package, use the junction-to-ambient
thermal resistance of the device and the Equation 2:

Eq. 2

TJ(max) - TA j
CAVN

Pomax) = [

Timax) = 125°C, the maximum junction temperature of the
die, 6, thermal resistance = 173°C/W for the Thin DFN
package.

Substituting Pp for Ppuaxy and solving for the ambient
operating temperature will give the maximum operating
conditions for the regulator circuit.
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For proper operation, the maximum power dissipation
must not be exceeded.

For example, when operating the MIC94310-GYMT at an
input voltage of 2.5V and 200mA load with a minimum
footprint layout, the maximum ambient operating
temperature (T,) can be determined as follows:

0.14W = (125°C — TA)/(173°C/W)

Ta=101°C

Therefore, the maximum ambient operating temperature
allowed in a 1.2mm x 1.6mm Thin DFN package is
101°C. For a full discussion of heat sinking and thermal
effects on voltage regulators, refer to the “Regulator
Thermals” section of Micrel's Designing with Low-Dropout
Voltage Regulators handbook. This information can be
found on Micrel's website at:

http://www.micrel.com/ PDF/other/LDOBK_ds.pdf

For more information about Micrel's Ripple Blocker
products, please visit:

http://www.micrel.com/index.php/en/products/power-
management-ics/ldos/linear-power-filters.html

http://www.micrel.com/index.php/en/products/power-
management-ics/ldos/linear-power-filters/article/1-
mic94300.html

http://www.micrel.com/index.php/en/products/power-
management-ics/ldos/linear-power-filters/article/3-
mic94310.html
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Micrel, Inc. MIC94310
Evaluation Board Schematic
u1
MIC94310-xxYMT
J1 4 1 J3
VINE ! 4 VIN VOUT ! EVOUT
L Po—2en GND |2 L
C1 Cc2
1u/10V 1u/10V
J2
¢ BGND
Bill of Materials
Iltem Part Number Manufacturer | Description Qty.
C1,C2 GRM155R61A105KE15D Murata'” Capacitor, 1uF Ceramic, 10V, X7R, Size 0402 2
Ul MIC94310-xxYMT Micrel, Inc.®). | 200mA LDO with Ripple Blocker Technology 1
Notes:

7. Murata: www.murata.com.
8. Micrel, Inc.: www.micrel.com.
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Package Information and Recommended Landing Pattern®
_*_ 8 O‘T
—=| 0880:0050 |ew— 025
TOP VIEW BOTTOM VIEW
NOTE: 1,2 NOTE: 1,2
— 0,02520,05 (Backside coating)
‘_[ 4 030520025
_f f P , SEATING PLANE
SIDE VIEW RECOMMENDED LAND PATTERN
NOTE: 1,2 NOTE: 3,4

NOTE:

1. MAX PACKAGE WARPAGE IS 0.05 MM

2. MAX ALLOWABLE BURR IS 0.076MM IN ALL DIRECTIONS

3. NON-SOLDERMASK DEFINED PADS ARE RECOMMENDED FOR BOARD LAYOUT

4. SHADED RED CIRCLES REPRESENT CONTACT PAD AREA. GREEN CIRCLES REPRESENT
SOLDER MASK OPENING

4-Ball 0.88mm x 0.88mm WLCSP (CS)

Note:

9. Package information is correct as of the publication date. For updates and most current information, go to www.micrel.com.

September 11, 2014 12 Revision 2.1


http://www.micrel.com/

Micrel, Inc.

MIC94310
Package Information and Recommended Landing Pattern®® (Continued)
- 0.86%0.05
— 1,2040.05 — 0.25+0.05 —
| I PIN #1 ID
4 3 R0.10
B9
/ '
1.60£0.05 rd D.SD:::U.DS
f—
) 0.35:?:0.05 _[E] m
f
PIN 1 TRIANGLE—/ ! 2 "I_L'°5° BSC
BY MARKING
I0P VIEW BOTTOM VIEW
NOTE: 1, 2, 3 NOTE: 1, 2, 3
-1 0.8610.05 =
T + 0.60£0.02
0.55£0.05 =—Ht— 0.25+0.02
SEATING PLANE
0.00-0.05 0152 REF - I:] |~ RO.1S
— At
1.40 BSC | @ | 030£0,02 050+0,02
SIDE VIEW L———— 4
NOTE: 1, 2, 3 __I:l I:Iu.suto‘oe
— 1
0.50 BSC

NOTE: 4, 5

NOTE:

1. MAX PACKAGE WARPAGE IS 0.05mm.

2. MAX ALLOWABLE BURR IS 0.076mm IN ALL DIRECTIONS.
3. PIN #1 IS ON TOP WILL BE LASER MARKED.

4. GREEN SHADED AREL INDICATES SOLDER STENCIL OPENING (OPTICNAL) FOR IMPROVED THERMAL PERFORMANCE.
RECOMMENDED SIZE is 0.60mm x 0.30mm.

5. RED CIRCLE REPRESENTS THERMAL VIA & SHOULD BE CONNECTED TO GND FOR MAX PERFORMANCE. RECOMMENDED
DIAMETER is 0.30mm - 0.35mm.

4-Pin 1.2mm x 1.6mm Thin DFN (MT)
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Package Information and Recommended Landing Pattern®® (Continued)

2.90+0.10
-0.95 TYP
3 2 1
_— 10* TYP H —f—r
|:| | ‘ (2 PLCS) | S 9w
i Tl i - ar
¢—f——t—ft-—§ % —
| < o .
[ 3 — PLANE
— ] i +
H z
1 ¢ 5 LN s
0.250 {MINE ] lo e § _
TOP_VIEW SIDE VIEW

/‘-‘\ 1.90 BSC—=
|-—-—0.95 BSC

3.63+0.05

0.20 bsc
Gauge Plane
7
>
—

2.60+0.05—=

Jdo )
MO 5
10* TYP Qe 3
@ e FES 3
0.661+0.02
END VIEW
RECOMMENDED LAND PATTERN
NOTE:
1. PACKAGE OUTLINE EXCLUSIVE OF MOLD FLASH & BURR.
2. PACKAGE OUTLINE INCLUSIVE OF SOLER PLATING.
3. DIMENSION AND TOLERANCE PER ANSI Y14.5M, 1982.
4. FOOT LENGTH MEASUREMENT BASED ON GAUGE PLANE METHOD.
5. DIE FACES UP FOR MOLD, AND FACES DOWN FOR TRIM/FORM.

6. ALL DIMENSIONS ARE IN MILLIMETERS.

5-Pin SOT-23 (M5)
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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