MICROCHIP

MIC23099

Single AA/AAA Céll Step-up/Sep-Down Regulators
with Battery Monitoring

Features

* V|y Range from 0.85V to 1.6V

* VouT1 (step-up) Adjustable from 1.8V to 3.3V

* VouTo (step-down) Adjustable from 1.0V to Vgy14

. VOUT1/4OO mW and VOUT2/3O mA from a
Single Cell

» Minimizes Switching Noise in the Audio Band

 Step-up Regulator with Output Disconnect in
Shutdown

* VouT1, Above 90% Efficiency for 5 mA to 200 mA

* Anti-Ringing Control Circuit to Minimize EMI

* Turn-On Inrush Current-Limiting and Soft Start

+ Automatic Output Discharge

» Low-Battery Indicator

* Power Good (PG) Output

* Low Output Ripple < 10 mV

+ Short-Circuit and Thermal Protection

* 14-Pin, 2.5 mm x 2.5 mm x 0.55 mm Thin QFN
(TQFN) Package

* -40°C to +125°C Junction Temperature Range

Applications

¢ Audio Headsets
« Portable Applications

General Description

The MIC23099 is a high-efficiency, low-noise, dual
output, integrated power management solution for
single-cell alkaline or NiMH battery applications. The
synchronous boost output voltage (Voyt1) is enabled
first and is powered from the battery. Next, the synchro-
nous buck output (Vgyt2), which is powered from the
boost output voltage, is enabled. This configuration
allows Voyro to be independent of battery voltage,
thereby allowing the buck output voltage to be higher or
lower than the battery voltage.

To minimize switching artifacts in the audio band, both
the converters are designed to operate with a minimum
switching frequency of 80 kHz for the buck and 100 kHz
for the boost. The high-current boost has a maximum
switching frequency of 1 MHz, minimizing the solution
footprint.

The MIC23099 incorporates both battery management
functions and Fault protection. The low-battery level is
indicated by an external LED connected to the LED pin. In
addition, a supervisory circuit monitors each output and
asserts a Power Good (PG) signal when the sequencing
is done or deasserted when a Fault condition occurs.

Data sheets and other support documentation can be
found on the Microchip web site at: www.microchip.com.
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MIC23099

Package Type

Note: Thin QFN Pin 1 identifier = “A”.

(Top View)

N

< E « 2

= 2 = 0

-(/)- 'O' 'm' -&-

v 14 131 120 A1
PGND1[T3 (777777 T fojouT2

Va2t 1 (9]FB2

FB1[37 ¢ EP |} i8]AaGND

4 5 6y (7

Z
e P & B
-

14-Pin 2.5 mm x 2.5 mm QFN (FT)

Typical Application Schematic
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MIC23099

Functional Block Diagram
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MIC23099

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratingst

SUPPIY VOIRAGE (V]N) - -retereemreertienite ettt ettt sttt ettt ettt sb et e e s et et e bt ee bt e eae e st e nbeeenneenbeenes -0.3V to +6.0V
SWItCh VORAGE (VgI1): cerereeerieeiiiiie i -0.3V to +6.0V
SWItCH VORAGE (VGI2) - veer et e -0.8V to +6.0V
ENable VOIAgE (VEN) - vriveerriiriiniiciiiie st -0.3Vto Vy
FEedback VORAGE (VER) . veeretrtreetieiit ettt ettt ettt ettt sttt ettt e st be e e an e e b et e nreenaeenarean -0.3V to +6.0V
LED OUEPUL (V[ ED) -e+ererrereeretmmemteneeutemtsiteut et st sat et st s sa st tes ettt e st bbbt bt b s b et ee et st et et ee e bt bt ene bt e e -0.3V to +6.0V
POWET GOOT (VPG) «-ve e teemee it e e s e s sreeeeeneeenas -0.3V to +6.0V
AGND t0 PGNDT, PGNDZ ...ttt sttt ettt sttt ettt et e e st e e be e s heeambeebeeeseesbeesnbeenbeenneeanne -0.3V to +0.3V
Ambient Storage Temperature (Tg) ... ..ocuo e e e -65°C to +150°C
ESD HBM RAINGM ...t 2 kv
LIS T Y 1Y =g T SRR 200V

T Notice: Stresses above those listed under “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 indi-
cated in the operational sections of this specification is not intended. Exposure to maximum rating conditions for
extended periods may affect device reliability.

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

Operating Ratings?

Input Voltage after Start-Up (Vi) -« - oo +0.875V to +1.6V
ENADIE VOIAGE (VEN) +eeveermrtertrertiitit ettt sttt ettt ettt he e et ee ettt e et be e s e bt e bt eae e e nr e e e e e nnneeers 0V to Vi
LED OUtpUt (VLED) ......................................................................................................................................... 0V to VOUT1
Output Voltage RaANGE (VUT1) «-veevrerrerrrmmeieiee e stee e s +1.8V to +3.3V
Output Voltage RaNGe (VUTa) - veeerererriir ittt +1.0V to VouT1
Junction Temperature (TJ)(Z) ................................................................................................................... -40°C to +125°C
Junction Thermal Resistance

2.5mm X 2.5 MM Thin QFN-T4 (D) «eeeveeerreeatiatie ittt ettt sttt een et ser e e et e e nreenene e +70°C/W

2.5 mm x 2.5 MM Thin QFN-T4 (80) - ceeieiei i e e e +25°C/W

Note 1: The device is not ensured to function outside the operating range.
2 The maximum allowable power dissipation is a function of the maximum junction temperature (T ax)), the
junction-to-ambient thermal resistance (6,5) and the ambient temperature (T,). The maximum allowable
power dissipation will result in excessive die temperature and the regulator will go into thermal shutdown.
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MIC23099

TABLE 1-1: ELECTRICAL CHARACTERISTICS®

Electrical Specifications: unless otherwise specified, V| = Vgn = +1.25V; Voyrq = +1.8V; Voyro = +1.0V; Loyt4 = 6.8 pH;
LOUT2 =47 HH, COUT1 =47 HF, COUT2 =10 HF, TA = +25°C. Boldface values indicate -40°C < TJ <+125°C.

Symbol Parameter ‘ Min. ‘ Typ. | Max. ‘Units‘

Test Conditions

Input Supply (Vin)

VSTART(MW) Minimum Start-up Voltage — 0.75 0.9 \Y, V) rising, R oap = 5009,
loyt2 =0 MA
— 200 270 HA IOUT1’ IOUT2 =0mA (switching,
closed loop), measured at V)
| Quiescent Current — PFM with LED pin open
Q_PFM Mode — 126 — mA  [louT1 = 2 MA, loyTa = 10 MA
(switching, closed loop),
measured at V|y
IsHDN Shutdown Current — 0.02 2 MA  |VEy=0V, V=16V,
measured at V|y
Enable Input (EN)
ENnigH EN Logic Level High to 0.8 0.58 — V  |Vgy rising, regulator enabled
Start-up
ENow EN Logic Level Low — 0.5 0.2 V | Vgy falling, regulator shutdown
IENBIAS EN Bias Current — 0.3 1 MA | VgN = OV (regulator shutdown)
Ren_PD EN Pull-Down Resistance 3.0 4.0 5.0 MQ  |lgny = 0.5 pA into pin
Solution Efficiency
—_— 88 —_ V|N = 125V, VOUT1 = 18V,
VOUT2 = 10V, POUT1 =8 mW,
P =20 mW
System Efficiency % OuT2
—_— 92 —_ V|N = 125V, VOUT1 = 18V,

VOUT2 = 10V, POUT1 =80 mW,
POUT2 =20 mW

Note 1: Specifications are for packaged product only.
2: Ensured by design.

© 2016 Microchip Technology Inc.
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MIC23099

TABLE 1-1: ELECTRICAL CHARACTERISTICS® (CONTINUED)

Electrical Specifications: unless otherwise specified, V| = Vgn = +1.25V; Voytq = +1.8V; Voo = +1.0V; LoyT4 = 6.8 pH;
Loutz =4.7 uH; Coyt1 =47 UF; CoyuTte = 10 YF; Ty = +25°C. Boldface values indicate -40°C < T; < +125°C.

Symbol | Parameter ‘ Min. ‘ Typ. | Max. ‘Units‘

Test Conditions

Fault Conditions

V)y and Voyut1, VouTe Fault Conditions

VVIN_OFF VN Turn-Off Threshold 0.825 0.85 0.875 V |V falling, after start-up
Voltage
Vpg pLy(peg) PG Deglitch Delay, Vi Fault| 120 — 180 ms |V falling below 0.85V to
Vpg = Low
VPG_DLY(DEG) PG DeglItCh Delay, VOUT1’ 60 — 120 ms VOUT1 or VOUT2 falllng below
Vour? Fault 90% of target value to
Vpg = Low
TcoFF pLY Cool-Off Delay Time 750 1300 2250 ms |Vpg = Low to Vgyr1 enabled,
Coutt = 47 WF, Coyrz = 10 UF
Hiccup Cycles before — 15 — Cycles |Counts cool-off cycles
Latch-Off
ROUT1_DCHG OUT1 Active Discharge — 500 700 Q VEN =0V
Resistance
ROUTZ_DCHG OUT2 Active Discharge —_— 500 700 Q VEN =0V
Resistance
Power Good Output (PG)
90 92.5 95 %V \Y rising or fallin
VpG TH PG Threshold Voltage °"REF1| YREF1 ST ng
- 90 92.5 95 %VRrer2 | VRep2 rising or falling
Vpg_Low PG Output Low Voltage — 0.1 0.5 \Y Ipg = 1 mA (sinking), Vgy = 0V
lpc_LEAK PG Leakage Current -1 0.01 1 MA  |Vpg =1.8V, Vgy = 1.8V
trg_DLY PG Turn-On Delay 10 — 50 ms
LED Low-Battery Indicator Output (LED)
Vi BvD Low-Battery Threshold 1.15 1.2 1.25 V |V falling
Lg HvsT Low-Battery Hysteresis — — 31 mV |V rising
fLEDFLASH LED Flash Frequency 0.125 0.25 0.5 Hz V|N = 115V, VEN =1.15V
DLEDFLASH LED Flash DUty CyC'e 22.5 25 27.5 % V|N = 115V, VEN =1.15V
ILK_LED LED OUtpUt Leakage — 0.01 1 HA VLED = 40V, VEN =0V
Current
RLED(ON) LED Switch-On Resistance — — 25 Q V|N = VEN = 125V,
ILED =1.0mA
Thermal Protection
TsHp Thermal Shutdown — 150 — °C |Tyrising
TsHD HYsT Thermal Hysteresis — 20 — °C |Temperature decreasing

Note 1: Specifications are for packaged product only.
2: Ensured by design.
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MIC23099

TABLE 1-1:

ELECTRICAL CHARACTERISTICS(® (CONTINUED)

Electrical Specifications: unless otherwise specified, V| = Vgn = +1.25V; Vot = +1.8V; Voyo = +1.0V; Loyt4 = 6.8 pH;
Loutz =4.7 uH; Coyt1 =47 UF; CoyuTte = 10 YF; Ty = +25°C. Boldface values indicate -40°C < T; < +125°C.

Symbol Parameter ‘ Min. ‘ Typ. | Max. ‘ Units ‘ Test Conditions
Boost
Boost Reference (FB1)
Ve Feedback Regulation 0.579 0.6 0.621 vV |V|y=0.9Vto 1.5V, PWM mode
Voltage
lFB_B|AS FB Bias Current — 500 nA VFB‘] =0.6V
Tss_BoosT Soft Start Time — 5 — ms  |VouT4: 10% to 90% of target
value, RLOAD = 5009,
Cout1 =47 pF
Boost Internal MOSFETs
Rhs High-Side On Resistance — 200 — mQ  |lswq =100 mA, Vi = 1.25V
Ris Low-Side On Resistance — 140 — mQ  |lgwq =100 mA, V|y = 1.25V
Isw1_LEAK Leakage Current into SW1 — 0.01 2 MA  |Vgw =4.0V, VoyTq =0V,
VEN = OV, V|N =4.0V
RAR_BOOST Anti-Ringing Resistance — 80 140 Q
Boost Switching Frequency
fsw Switching Frequency 0.9 1.0 1.1 MHz (PWM mode
fswminy BoosT  |Minimum Switching 100 — — kHz |Poyt1 =20 mW (PFM mode)
Frequency®
DmIN_BOOST Minimum Duty Cycle — 15 — %  |Vggq =0.7V
DMAX_BOOST Maximum DUty CyCle — 85 — % VFB1 =0.5V
Boost Current Limit
IOUT(MAX)_BOOST Maximum OUtpUt Power —_— 450 — mwW VOUT1 > 18V, IOUT2 =0mA
ILim_NMOs Current-Limit Threshold 1.0 1.5 2.0 A |Vgg1=0.5V
(NMOS)
ILim_Pmos Current-Limit Threshold 1.5 25 3.0 A |Vgg1=0.5V
(PMOS)
IL|M_L|NEAR(PMOS) Linear Mode Current Limit 56 80 180 mA V|N =1.25V, VOUT1 =0V
(PMOS)
Boost Power Supply Rejection
— 50 — AV|Ny =200 mVp-p, f=217 Hz,
IOUT1 =PFM
— 50 — AV = 200 mVp-p, f=1.0 kHz,
PSRR (AV|N/AVouT1) dB louts = PFM
— 42 — AV = 200 mVp-p, f =20 kHz,
IOUT1 =PFM

Note 1:

2:  Ensured by design.

Specifications are for packaged product only.
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MIC23099

TABLE 1-1:

ELECTRICAL CHARACTERISTICS® (CONTINUED)

Electrical Specifications: unless otherwise specified, V| = Vgn = +1.25V; Voytq = +1.8V; Voo = +1.0V; LoyT4 = 6.8 pH;
Loutz =4.7 uH; Coyt1 =47 UF; CoyuTte = 10 YF; Ty = +25°C. Boldface values indicate -40°C < T; < +125°C.

Symbol Parameter ‘ Min. ‘ Typ. | Max. ‘ Units ‘ Test Conditions
Buck
Buck Reference (FB2)
VER2 Feedback Regulation 0.579 0.6 0.621 V. |Voyr1=1.8Vto 3.3V,
Voltage louT2 = 6 MA to 30 mA (+¥3.5%)
lFBZ_B|AS FB Bias Current — 1 500 nA VFBZ =0.6V
tss Soft Start Time — 0.1 — ms  |VouTe: 10% to 90% of target
value, IOUT2 =0 mA,
Courz = 10 pF
Buck Internal MOSFETs
Rus_BuCk High-Side On Resistance — 560 — mQ  |lswo =100 mA, Voytq = 1.8V
RLS_BUCK Low-Side On Resistance — 380 — mQ  |lgwo = 100 mA, Vgoyt1 = 1.8V
IswaLk_IN Leakage Current into SW2 — 0.01 2 MA  |Voyutq = 3.3V, Vgpo = 3.3V,
VEN = OV, VOUT2 = 3.3V
IswaLk_ouTt Leakage Current out of SW2 — 0.01 0.5 MA  |Voutq = 3.3V, Vg = 0V,
VEN = OV, VOUT2 =0V
Rar BUCK Anti-Ringing Resistance — 80 140 W
Buck Switching Frequency
fswminy Buck  |Minimum Switching 80 — — kHz |Pgoyt2 = 8 mW (PFM mode)
Frequency®
DMAX_BUCK Maximum Duty Cycle — 100 — % VFBZ =0.5V
Buck Current Limit
lout(MAx)_Buck |Maximum Output Current — 30 — mA
IL|M_PMOS Current-Limit Threshold — 80 120 mA VFBZ =0.5V
(PMOS)
Buck Power Supply Rejection
— 50 — AVOUT'I =200 mVp-p,
f=217 Hz, loyto = 10 MA
— 50 — AVOUT1 =200 mVp-p,
PSRR (AVour1/AVout2) 9B 1£=1.0 kHz, loyrp = 10 mA
— 42 — AVOUT'] =200 mVp-p,

f = 20 kHz, loyTe = 10 MA

Note 1:

2: Ensured by design.

Specifications are for packaged product only.
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MIC23099

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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FIGURE 2-31.: Power-Down Waveforms.
4
VEN D |
(500mVv/div) " i -
V= 1.3V, V= 1.8V
V PR 4 gttt VOUT2 = 1V’ I0UT1
(vidivy o oy, = 0A
OUTZ [ m———
(1V/d|V) AR AR
PG {
(1V/div) Y
Time (10ms/div)
FIGURE 2-32: Enable Turn-On.
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FIGURE 2-33: Enable Turn-Off.

FIGURE 2-34: Power-up with 50042 Load.
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FIGURE 2-35: LED Flash Frequency and
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FIGURE 2-36: Short-Circuit Cycles — Vgy1.
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FIGURE 2-43: Boost Switching Waveforms —
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FIGURE 2-47: Buck 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

Pin Function

PGND1

Power Ground 1: The Power Ground for the synchronous boost DC/DC converter power stage.

Vin

Battery Voltage Supply (Input): The internal circuitry operates from the battery voltage during start-up.
Once Vgt exceeds V), the bias current comes from Vgyt4. The start-up sequence is initiated once
the battery voltage is above 0.9V. The boost output (Vpoyt1) is powered up first, then the buck output

(Vouro) follows. If the battery voltage falls below 0.85V for more than 15 cool-off cycles, both outputs
are simultaneously turned off and an internal resistor discharges the output capacitors to 0V.

FB1

Feedback 1 (Input): Connect a resistor divider network to this pin to set the output voltage for the
synchronous boost regulator. Resistors should be selected based on a nominal Vggq = 0.6V.

NC

No Connect Pin (NC): Leave open, do not connect to ground.

PG

Power Good (Output): This is an open-drain, active-high output. When V|, Vegq or Vgg; is below its
nominal voltage, the Power Good output gets pulled low after a deglitch period. The PG pin will be
pulled low without delay when the enable is set low.

EN

Enable (Input): A logic level control of both outputs. The EN pin is CMOS-compatible.

Logic high = enable, logic low = shutdown. In the OFF state, the supply current of the device is greatly
reduced (typically 1 pA). When the EN pin goes high, the start-up sequence is initiated. The boost out-
put (Vout1) is powered up first, then the buck output (Voyt2) follows. When EN goes low, both outputs
are immediately turned off and the boost output (Voy11) is completely disconnected from the input
voltage. Then, both converters’ output capacitors are discharged to ground through an internal
pull-down circuit. The EN pin has a 4 MQ resistance to AGND.

LED

LED (Output): This is an open-drain output that is used for a low-battery indicator. Under normal
conditions, the LED is always on. If the battery voltage is between 1.2V to 0.85V, the external LED will
blink with a duty cycle of 25% at 0.25 Hz. The LED will be off if the battery voltage falls below 0.85V for
more than 15 cool-off cycles or the EN pin is low.

AGND

Analog Ground: The Analog Ground for both regulator control loops.

FB2

Feedback 2 (Input): Connect a resistor divider network to this pin to set the output voltage for the
synchronous buck regulator. Resistors should be selected based on a nominal Vg, = 0.6V.

10

ouT2

Output Voltage 2 (Input): If the EN pin is low or the Power Good output is pulled low, an internal
resistor discharges the VT2 output capacitance to 0V. Also, if the inductor current falls to zero, an
internal anti-ringing switch is connected between the SW2 and OUT2 pins to minimize the Switch node
ringing.

1

PGND2

Power Ground 2: The Power Ground for the synchronous buck DC/DC converter power stage.

12

SW2

Switch Pin 2 (Input): Inductor connection for the synchronous step-down regulator. Connect the
inductor between VT2 and the SW2 pin. Due to the high-speed switching on this pin, the SW2 pin
should be routed away from sensitive nodes, and trace length should be kept as short and wide as
possible to reduce EMI. If the inductor current falls to zero or EN is low, then an internal anti-ringing
switch is connected between the SW2 and Vo, pins to minimize the switch node ringing.

13

OouT1

Output 1 (Output): Output of the synchronous boost regulator and is the bias supply once Voyr1 is
greater than V,\. The boost output also serves as the supply input for the buck converter (Voyrs). If
the EN pin is low or the Power Good output is pulled low, an internal resistor discharges the VT4
output capacitance to 0V.

14

SW1

Switch Pin 1 (Input): Inductor connection for the synchronous boost regulator. Connect the inductor
between V|y and SW1. Due to the high-speed switching on this pin, the SW1 pin should be routed
away from sensitive nodes, and trace length should be kept as short and wide as possible to reduce
EMIL. If the inductor current falls to zero, an internal anti-ringing switch is connected between the SW1
and V|y pins to minimize the switch node ringing.

EP

GND

Exposed Pad (Power): Must make a full connection to a GND plane.
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4.0 APPLICATION INFORMATION

41 Overview

The MIC23099 is a dual output voltage, power
management IC (PMIC) that has excellent light load
efficiency, which operates from a single cell battery.
The PMIC has a synchronous boost regulator, a
synchronous buck regulator, inrush current limiting,
Fault detection, a low-battery monitor and warning
circuitry. The synchronous boost output voltage
(VouT1) is enabled first and is powered from the bat-
tery. Next, the synchronous buck output (Vgoyt2), which
is powered from the boost output voltage, is enabled.
This configuration allows Vgy1o to be independent of
the battery voltage, thereby allowing the buck output
voltage to be higher or lower than the battery voltage.

The boost regulator is a Current mode PWM design
that incorporates a high-efficiency PFM Light Load
mode, while the buck operates in PFM mode with con-
stant peak current control. The boost employs adaptive
pulse-width control that minimizes output ripple and
avoids output ripple chatter commonly found in conven-
tional micropower boost regulators. In addition, the
MIC23099 incorporates a frequency control scheme
that minimizes switching noise in the audio band.

The MIC23099 has an integrated low-battery monitor
function. The low-battery level is indicated by an external
LED connected to the LED pin. The LED is on when the
battery voltage is above the 1.2V threshold and flashes
when the battery voltage falls below the threshold. In
addition, a supervisor circuit monitors each output and
asserts a Power Good signal when the sequencing is
done or the Power Good output is pulled low when a
Fault condition occurs.

4.2 Boost Regulator

The high-efficiency, micropower synchronous boost
regulator operates from one alkaline or NiMH battery. It
offers true output disconnect to achieve a shutdown
quiescent current of less than 1.0 yA, extending battery
life.

The boost regulator achieves high efficiency over a wide
output current range by operating in either PWM or PFM
mode. PFM mode provides the best efficiency at light
loads and PWM mode at heavy loads. The operating
mode is automatically selected according to output load
conditions. In PWM mode, the switching frequency is
1.0 MHz, minimizing the solution footprint.

The Current mode PWM design is internally compen-
sated, simplifying the design. Current mode provides
excellent line and load regulation, as well as
cycle-by-cycle current limiting.

Also, an inrush current-limiting feature is provided to
reduce the inrush current, which minimizes the voltage
droop on the battery when the device is turned on.

4.3 Buck Regulator

The buck converter is designed to operate in PFM
mode with constant peak current control. When the
buck regulator high-side switch turns on, the inductor
current starts to rise. When the inductor current hits the
current-limit threshold, an RS flip-flop is reset, turning
off the high-side switch and turning on the low-side
synchronous switch. The low-side switch will remain on
until the inductor current falls to zero; at which time, it
is turned off. Both switches will remain off until the cycle
repeats itself when the buck feedback voltage falls
below the internal 0.6V reference and the internal
comparator sets the RS flip-flop Q output high.

4.4 Low-Battery Voltage Monitoring

The internal low input voltage monitor determines when
the input voltage is below the internally set 1.2V
(typical) threshold. When the input voltage falls below
the internally set threshold, the external LED con-
nected to the LED pin begins to blink at a frequency of
0.25 Hz with a duty cycle of 25%. The low input voltage
threshold of 1.2V has a £50 mV variation.

4.5 Anti-Ringing Control

Both the buck and boost converters have an
anti-ringing control circuit that minimizes the ringing on
the Switching node caused by the inductor, and the
parasitic capacitance of the Switch node when the syn-
chronous MOSFET turns off. When the inductor current
falls to zero, an internal anti-ringing switch is connected
across the inductor. This temporarily shorts the
inductor and eliminates the ringing on the Switch node.

4.6 True Micropower Shutdown

This shutdown feature disconnects the boost output
from the battery. This feature eliminates power draw
from the battery through the synchronous switch during
shutdown. In conventional boost regulators, there is a
catch diode that provides a current path from the battery,
through the inductor, to the output of the boost regulator
that can draw current even when the regulator is shut
down.

4.7 Power-up Sequencing

When the Enable pin (EN) voltage rises above the
enable threshold voltage, the MIC23099 enters its
start-up sequence. |Initially, the boost converter
high-side PMOS switch operates in Linear mode and
emulates a current-limited switch until the Output Volt-
age, Vout1, reaches V|y. Then, a fixed duty cycle clock
controls the boost converter until Vo141 reaches 1.6V.
When Vgyt4 is greater than 1.6V, the boost PFM
control circuitry takes over until the output reaches its
regulated voltage value.
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When Vgyrq reaches 92.5% of its nominal value,
VouT2 is enabled. The Power Good output goes high,
10 ms to 50 ms, after V1o reaches the programmed
value. Figure 4-1 waveforms detail the circuits’
operation.

4
V.EN N —————
(500mV/div) o "
V= 1.3V, Vg ., = 1.8V
V VOUTZ = 1V’ IOUT1 = A
S 2 lour, = 0A
(1v/div) .
VOL-JTZ R ]
(1V/Giv) [Pp————————— ... poar————— |
V
(1V/div) Dp——————
Time (10ms/div)
FIGURE 4-1: Power-up Sequencing.

4.8 Power Good (PG)

The Power Good (PG) circuitry monitors the battery volt-
age and Feedback pin voltage of the boost and buck
regulators. The PG pin output goes logic high when the
FB1 and FB2 pin voltages are both greater than 92.5%
(typical) of the internal reference voltage, and the input
voltage is greater than 0.85V (typical). To minimize false
triggering, the Power Good output has both a turn-on
delay and a falling deglitch delay.

4.9 Boost Switching Frequency

To reduce switching artifacts in the audio band, the buck
and boost regulators’ switching frequency is controlled
to minimize overlap. Figure 4-2 shows the boost switch-
ing frequency versus the output load current and
Figure 4-3 shows the buck switching frequency versus
the output load current.

The boost regulator operates in either PWM or PFM
mode. To avoid PWM to PFM chatter, the PWM entry
and exit points are not the same. When in PFM mode,
the output current needs to reach 90 mA to enter into
PWM mode and exits at 30 mA. The boost switching
frequency is greater than 100 kHz, with loads greater
than 20 mW.

1.2
= PWM
I
s 1
>
>
Z os
2
g
@ 06
'
g PFM
% 0.4
)
E / >-\
= 02
7] f V=12

VOUT1 = 1 8V
0 |
0 0.02 0.04 0.06 0.08 0.1
OUTPUT CURRENT (A)
FIGURE 4-2: Boost Switching Frequency

vs. Output Current.

4.10 Buck Switching Frequency

The buck converter is designed to operate in PFM
mode only. It has peak current control, which turns off
the high-side switch when the inductor current hits the
current-limit threshold. The cycle repeats itself when
the output voltage falls below its regulated value. As a
result, the switching frequency varies linearly with out-
put current, as shown in Figure 4-3. The buck switching
frequency is greater than 80 kHz with loads greater
than 8 mW.

350

300 /

e

250
PFM //

200 /
150

SWITCHING FREQUENCY (kHz)

100 -/
J— ¥OUT1 f :g\\;
50 o —
. |
0 0.01 0.02 0.03
OUTPUT CURRENT (A)

FIGURE 4-3:
vs. Output Current.

Buck Switching Frequency
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4.11 Low-Battery Detection and Output
Latch-Off

Figure 4-4 shows the low-battery power cycling
operation. If the battery voltage (V,y) drops below 0.85V
for more than 100 ms to 150 ms, the PG deasserts (goes
low) and outputs, Voyt1 and Voyro, are disabled. Then,
the 500Q2 active discharge resistors are enabled and
discharge Voyt¢ and Voyre to ground. Finally, the
MIC23099 enters a cool-off or Sleep period. After a
cool-off period of about 1.3 seconds, if the battery voltage
is above the 0.85V threshold, then the outputs will power
up again. This cycle repeats itself until the end of the 15th
cycle, when both outputs are latched off for the last time.

The outputs can be turned back on by recycling the
input power or by toggling the Enable pin. If the battery
voltage is still low, the MIC23099 will turn itself off again
after 15 power-up cycles.

- +
V= 0.8V, V1 = 1.8V, V = 1V
VIN | IOUM_OA’ Ioum_
(500mVirdiv)
Vours 5 T ,.........: ......................
(vidiv) -
alIIIJEI1I!Il||
VOUTZ
(1V/div) -
Veg 3 v . . . 3 ] h ]
(2V/div)
Time (4s/div)
FIGURE 4-4: Low-Battery Power Cycling.

4,12 Output Fault and Power Cycling

If either the Vo1 or VouT2 output is out of tolerance for
longer than the Power Good deglitch delay of between
60 ms to 120 ms, both outputs are disabled. The
power-down procedure is the same as the low-battery
Fault detection, as shown in Figure 4-5. The outputs can
be turned back on by recycling the input power or by
toggling the Enable pin. The latch-off feature eliminates
the thermal stress on the MIC23099 and the external
inductors during a Fault event.

V, = 1.3V, Vg, = 1.8V

i

v
Avidiv) @

VOUTZ 5
(1vrdiv)

N NN

PG |3

(1V/div) = S U s o W v b e e s o i S Bt iaman s
Time (4s/div)
FIGURE 4-5: Output Fault Power Cycling.

4,13 Boost Short-Circuit Protection

The low-side current limit protects the IC from transient
overload conditions, but not from a direct short to
ground. The high-side MOSFET current limit provides
the protection from a short to ground. In this Fault con-
dition, the high-side PMOS switch operates in Linear
mode and limits the current to approximately 80 mA. If
the short-circuit condition lasts for more than 30 ms, the
PMOS switch is latched off, as shown in Figure 4-6.
The outputs are not re-enabled until the input power is
recycled or the Enable pin is toggled.

Jg
v, | | V=13V 4
(Vidiv) T i Vour = 1.8V
! oo = 72MA
.Iu [ R S S T _—
(50mA/div)
.'r_
Vs_w1 I {
(1Vidiy) [reem—
OUTT (5 kgt
(1Vrdiv)
Time (40ms/div)
FIGURE 4-6: Power-up into Short Circuit.

4.14 Boost Overcurrent Protection

The boost converter has current-limit protection on
both the high-side and low-side MOSFETs. The
low-side MOSFET provides cycle-by-cycle current
limiting. When the peak switch current exceeds the
NMOS current-limit threshold, the low-side switch is
immediately turned off and the high-side switch is
turned on. Peak switch current is limited to approxi-
mately 1.5A. The low-side switch is allowed to turn on
again on the next clock cycle. If the overload condition
lasts more than 60 ms to 120 ms, both outputs are
disabled and the IC enters its Power Cycling mode.
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5.0 COMPONENT SELECTION

51 Resistors

An external resistive divider network (R1 and R2), with
its center tap connected to the Feedback pin, sets the
output voltage for each regulator. R1 is the top resistor
and R2 is the bottom resistor in the divider string. The
resistor values for the desired output voltage are calcu-
lated as illustrated in Equation 5-1. Large resistor
values are recommended to reduce light load operating
current and improve efficiency. The recommended
resistor value for R1 should be around: Rygp, = 150 kQ.

EQUATION 5-1: CALCULATINGRESISTOR
VALUES FOR THE
OUTPUT VOLTAGE

Rtop

o (Voo )
0.6V

EXAMPLE 5-1:

VOUTl =18V
VOUT2 =1.0vV
R1=150kQ
R2 =75 kQ
R3 =150 kQ
R4 =220 kQ2

EXAMPLE 5-2:

VOUTl =3.3V
VOUTZ =18V
R1=150kQ
R2 =33 kQ
R3 =150 kQ
R4 =75 kQ

In the case of the boost converter, Equation 5-1 sets the
output voltage to its PWM value, as shown in Figure 5-1.
The no load PFM output voltage is 2% higher than the
PWM value. This higher PFM output voltage value is
necessary to prevent PFM to PWM mode skipping, which
can introduce noise into the audio band.

1.84
1.83 \\
s 182 \
w81
e \ PWM
B 180
S
2 179 \
2
& 178
5 PFM \
O 177 V=12V —
\ Vours = 1.8V
1.76 P —
1.75
0 004 008 012  0.16 0.2
OUTPUT CURRENT (A)
FIGURE 5-1: Boost Load Regulation.

Figure 5-2 shows the buck load regulation.

1.0%
I 05%
4
o
'_
< 00% M
5 PFM
[O) \
w e —
o
)
g 0.5%
| Vi = 1.8V
Vourz = 1.0V
Ta=25°C
-1.0%
0 0.01 0.02 0.03
OUTPUT CURRENT (A)
FIGURE 5-2: Buck Load Regulation.

5.2 Inductor

Inductor selection is a balance between efficiency,
cost, size, switching frequency and rated current. For
most applications, inductors in the range 4.7 pyH to
6.8 yH are recommended. Larger inductance values
reduce the peak-to-peak ripple current, thereby reduc-
ing both the DC losses and AC losses for better
efficiency. The inductor’s DC Resistance (DCR) also
plays an important role. Since the majority of the input
current (minus the MIC23099 operating current) is
passed through the inductor, higher DCR inductors will
reduce efficiency at higher load currents.

The switch current limit for the MIC23099 is typically
1.5A. The saturation current rating of the selected
inductor should be 20-30% higher than the current-limit
specification for the respective regulator.

5.3 Input Capacitor

The step-up converter exhibits a triangular, or sawtooth,
current waveform at its input, so an input capacitor is
required to decouple this waveform and thereby reduce
the input voltage ripple. A 4.7 pF to 10 pF ceramic
capacitor should be sufficient for most applications. A
minimum input capacitance of 1 yF is recommended.
The input capacitor should be as close as possible to the
inductor, V|5 pin and PGND1 pin of the MIC23099.
Short, and wide PCB traces are good for noise
performance.

54 Output Capacitor

Output capacitor selection is also a trade-off between
performance, size and cost. Increasing the output
capacitor will lead to an improved transient response
performance. X5R and X7R ceramic capacitors are
recommended. For most applications, 10 uF to 47 pF
should be sufficient.

© 2016 Microchip Technology Inc.
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6.0 PACKAGING INFORMATION

6.1 Package Marking Information

14-Lead 2.5 mm x 2.5 mm FTQFN Example
W XXXXX V¥ 23099
WNNN 1017

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)
Www 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
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.
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6.2 Package Details

The following sections give the technical details of the packages.

TITLE

14 LEAD FTQFN 2.5x2.5mm PACKAGE OUTLINE & RECOMMENDED LAND PATTERN

DRAWING # [ FTQFN2525-14LD-PL-1 UNIT | MM
PIN# 1
IDENFICATION
2.500+0.050 R0.200
PIN 1 TRIANGLE el 100
BY MARKING '
r . UuuUU
D ¥
0.500 BSC. ¢ 1.10040.030
2.500+0.050 D d
L ‘ 5 o Exp.| PAD
11NN
TP VIEW BOTTOM VIEW
NOTE : 1, 4 NOTE : 3, 4
10, f
0.55%0.050 i i B
0.152 Ref. ]
0.000-0.050
SIDE VIEW
NOTE ' 1, 2, 3
NOTE:
1. ALL DIMENSIONS ARE IN MILLIMETERS.
2. MAX. PACKAGE WARPAGE IS 0.08 mm.
3, MAXIMUM ALLOWABE BURRS IS 0076 mm IN ALL DIRECTIONS,
4, PIN #1 ID WILL BE LASER MARKED.
S. RED CIRCLE INDICATE THERMAL VIA. SIZE IS 0.300-0.350 mm

IN DIAMETER AND SHOULD BE CONNECTED TO GND PLANE FOR
MAXIMUM THERMAL PERFORMANCE,

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 [ AND PATTERN

NOTE : S

m || =

Dafn

STACKED-UP

0.2500%0.020 0.2500%0.020
0.4000£0.020 —= O.3500i0.080—>T

f;DDDD ]7

]
270020050 O |« | o228 B5C 50040020 7

J_EDDDDT J_ T J

1.000£0.020 —— O.600i0.080———‘—L

2.700£0.050 1 2.600%0.020 i

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 (December 2016)

» Converted Micrel document MIC23099 to
Microchip data sheet DS20005684A.

* Minor text changes throughout document.
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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.

Examples:
PART NO. - X XXX - XX
T a) MIC23099YFT-T5: MIC23099, 14-Pin FTQFN,
Device Option  Package Media 500/Reel
Type b) MIC23099YFT-TR: MIC23099, 14-Pin FTQFN,
5,000/Reel

Device: MIC23099: Single AA/AAA Cell Step-up/Step-Down
Regulators with Battery Monitoring

Package: YFT = 14-Pin 2.5 mm x 2.5 mm FTQFN
Media Type: T5 = 500/Reel
TR = 5,000/Reel
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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, implicity or otherwise, under any Microchip
intellectual property rights unless otherwise stated.

Microchip received 1ISO/TS-16949:2009 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company'’s quality system processes and procedures
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

= ISO/TS 16949 =

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate, AVR,
AVR logo, AVR Freaks, BeaconThings, BitCloud, CryptoMemory,
CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KEELOQ,
KEeLoaQ logo, Kleer, LANCheck, LINK MD, maXStylus,
maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, Prochip
Designer, QTouch, RightTouch, SAM-BA, SpyNIC, SST, SST
Logo, SuperFlash, tinyAVR, UNI/O, and XMEGA are registered
trademarks of Microchip Technology Incorporated in the U.S.A.
and other countries.

ClockWorks, The Embedded Control Solutions Company,
EtherSynch, Hyper Speed Control, HyperLight Load, IntelliMOS,
mTouch, Precision Edge, and Quiet-Wire are registered
trademarks of Microchip Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any
Capacitor, Anyln, AnyOut, BodyCom, chipKIT, chipKIT logo,
CodeGuard, CryptoAuthentication, CryptoCompanion,
CryptoController, dsPICDEM, dsPICDEM.net, Dynamic Average
Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial
Programming, ICSP, Inter-Chip Connectivity, JitterBlocker,
KleerNet, KleerNet logo, Mindi, MiWi, motorBench, MPASM, MPF,
MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach,
Omniscient Code Generation, PICDEM, PICDEM.net, PICkit,
PICtail, PureSilicon, QMatrix, RightTouch logo, REAL ICE, Ripple
Blocker, SAM-ICE, Serial Quad 1/0, SMART-L.S., SQl,
SuperSwitcher, SuperSwitcher I, Total Endurance, TSHARC,
USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, and
ZENA are trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in
the U.S.A.

Silicon Storage Technology is a registered trademark of Microchip
Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology
Germany Il GmbH & Co. KG, a subsidiary of Microchip Technology
Inc., in other countries.

All other trademarks mentioned herein are property of their
respective companies.

© 2016, Microchip Technology Incorporated, All Rights Reserved.
ISBN: 978-1-5224-1222-9
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