MICROCHIP

MIC24045

12C Programmable, 4.5V - 19V Input,
5A Step-Down Converter

Features

4.5V to 19V Input Voltage Range
5A (Maximum) Output Current
12c Programmable Output Voltage:

- 0.64Vt05.25Vin5mV, 10 mV, 30 mV, and
50 mV Steps

High Efficiency (>95%)
12c Programmability of:

- Soft-Start: 0.16, 0.38, 0.76, and 1.5 V/ms
Ramp Rates

- Switching Frequency: 310 kHz, 400 kHz,
500 kHz, 570 kHz, 660 kHz, 780 kHz, 1 MHz,
1.2 MHz

- Current Limits for 2A, 3A, 4A, and 5A Loads
- Output Voltage Margining: 5%, +5%
- Start-Up Delays: 0 ms to 10 ms

+1% Output Voltage Accuracy over Temperature
(0.64V to 1.95V)

Supports Safe Start-Up with Pre-Biased Output
Extensive Diagnostics through 1°C Interface

Applications

Servers, Data Storage, Routers and Base
Stations

FPGAs, DSP, and Low-Voltage ASIC Power

Typical Application Circuit

General Description

The MIC24045 is an 12C-programmable, high-effi-
ciency, wide input range, 5A synchronous step-down
regulator. The MIC24045 is perfectly suited for multiple
voltage rail application environments, typically found in
computing and telecommunication systems. In the
MIC24045 various parameters can be programmed via
I2C, such as output voltage, switching frequency,
soft-start slope, margining, current limit values and
start-up delays. The wide switching frequency adjust-
ment range, valley current-mode control technique,
high-performance error amplifier and external compen-
sation allow for the best trade-offs between high effi-
ciency and the smallest possible solution size.

The MIC24045 supports extensive diagnostics and
status information through 1%C.

The MIC24045 pinout is compatible with the MIC24046
pin-strapping programmable regulator pinout, such that
I°C-based implementations can be easily converted
into pin-programmable ones.

The MIC24045 is available in a thermally efficient,
space-saving 20-pin 3 mm x 3 mm FQFN package,
with an operating junction temperature range from
—40°C to +125°C.
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MIC24045
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* Includes Exposed Thermal Pad (EP); see Table 3-1.
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MIC24045

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings 1

VINs VINLDO, VLX 10 AGND: ++-vvssseseeeesssaeressssaesssssssessssssssssssssessss s sssssesssss s ssssseesssssessssssssssnsssssssssssnas —0.3V to +20V
VDR VDDA 10 AGND-w--vsersersersreseeeieseseesesseseaessessessessassesesseseses e esse s eeeeess e es e eeseeaeeseee s en s saeeseneerenenen —0.3V to +6V
VINLDO T0 VDDA «vvrvveeereemeeeeesiseeemeeeeeeeeeeee s e e e s ee e esee e e e ee e e e e ee e ee e ene e —0.3V to +20V
VDDP L0 VDDA «-rvereeeereeeeeeeeeeeeeeeeeeeee e ee e eeeee e e ee e e ee e ee e ee e ee e —0.3V to +0.3V
VADRXs VSDA, VSCL O AGND rvsrsereeeesssarresssseeessssmsesssssasessssssesssssssesesssssessssssesesssssasssssssssssssssassssssssessssssnneees —0.3V to +6V
VBT 10 VX rrrrmeeereeeeeeeee e e e oo e e e e e e ee e e e e e een e —0.3V to +6V
VBT 10 AAGND w--vvrevreerereeesessiseeseeeeeeeeseee e s e s ee e e ee e ee e ee e e ee e ee e en e en e —0.3V to +26V
VEN B0 AGND «evrvsrerseeeeeesmesesseeeseeseseeesse s ee e s s eesee e se s es e ee e ee s ee e en e ee e ee s —0.3V to Vppa+0.3V,+6V
VG 0 AGIND vvevvreeeeeeeesseeeeseieeeeeeee e e ee e ee e e e e e —0.3V to +6V
VEOMP, VOUTSNS E0 AGND ++vvs++ereresssaesesssaessesssasesssssssessssssssssssss et ssssssssssssssesssssssssessnaas —0.3V to Vppa+0.3V,+6V
AAGND 10 PGND «vvrvveeeeeeeeeeseeeeseeeeeeee e e ee e e e ees e s e e ee et —0.3V to +0.3V
ESD Rating(")

HBM .o 2 kV
(o1 0] FSS OO 2 kV

1 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 indicated 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 recommended. Human body model, 1.5 kQ in series with
100 pF.

Operating Ratings'")

SUPPIY VOIAGE (VN VINLDO) «eeeeserererersrsenersnsnsenisisieieet sttt +4.5V to +19V
Externally Applied Analog and Drivers Supply Voltage (ViNLDO = VDDA = VDDP) «+-reerreerreerrrremeesieerineens +4.5V to +5.5V
ENabIEe VOIBGE (VEN) ---r veeerreiii it e e s e 0V to Vppa
Power-Good (PG) Pull-up VOIGE (Vpy PG)- -+ eerreerrrreseermnmnininiinininitiis s 0V to +5.5V
(O8] o U1 OFU 4 =Y o | PSR 5A

Note 1: The device is not ensured to function outside the operating range.

© 2016-2018 Microchip Technology Inc. DS20005568B-page 3



MIC24045

ELECTRICAL CHARACTERISTICS (Note 1)

Electrical Specifications: unless otherwise specified, V|y = Vinwpo = 12V; Cyppa = 2.2 UF, Cyppp = 2.2 uF, Tp =

+25°C. Boldface values indicate —40°C < T; < +125°C.

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

Vin Supply

Input Range VN 4.5 — 19 \Y —

Disable Current lving — 0.2 2 MA  [EN=0V

Disable Current lviNLDOQ — 0.6 1 mA |EN=0V
EN > 1.28V, ILIM<1:0> = 00,

Operating Current lvinop — 0.3 0.5 mA | OUTSNS =1.15x Voytnom)y
no switching, Tp =T, = +25°C
EN > 1.28V,

Operating Current lVINLDOOP — 4.5 7 mA | OUTSNS =1.15 x Voytnom)
no switching, Tp =T, = +25°C

Vbpa 5V Supply

Operating Voltage Vv 4.8 5.1 54 \ lvpbpa = 0 mAto 10 mA

Dropout Operation DDA 3.6 4.2 — V. |[Vinipo = 4.5V, lyppa = 10 mA

Vppa Undervoltage Lockout

Vppa UVLO Rising UVLO_R 31 35 3.9 \Y, Vppa Rising, EN > 1.28V
Vppa UVLO Falling UVLO_F 2.87 3.2 3.45 \Y, Vppa Falling, EN > 1.28V
Vppa UVLO Hysteresis UVLO_H — 300 — mvV |—

EN Control

EN Rising Threshold EN R 1.14 1.21 1.28 \% Initiates power-stage operation
EN Falling Threshold EN_F — 1.07 — V Stops power-stage operation
EN Hysteresis EN_H — 135 — mvV |—

EN Pull-Down Current EN_I 1 2 3 MA |Tp=T,;=+25°C
Switching Frequency

Programmable fo 270 310 350 | kHz |—

Frequency 0

Programmable foq 350 400 450 | kHz |—

Frequency 1

programmable foo 450 500 550 | kHz |—

Frequency 2

programmable fes 510 570 630 | kHz |—

Frequency 3

Programmable foa 590 660 740 | kHz |—

Frequency 4

Programmable fes 680 780 880 | kHz |—

Frequency 5

Programmable fs 850 970 1100 | kHz |—

Frequency 6

Programmable - 1050 1200 1350 | kHz |—

Frequency 7

Overcurrent Protection

HS Current Limit O IL|M_HSO 4.0 4.7 6.5 A —_—

HS Current Limit 1 ILIM_HS1 54 6.2 7.6 A —

HS Current Limit 2 IL|M_HS2 7.6 8.6 10.6 A —_—

Note 1: Specification for packaged product only.
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MIC24045

ELECTRICAL CHARACTERISTICS (Note 1)

Electrical Specifications: unless otherwise specified, V|\ = Vinipo = 12V; Cyppa = 2.2 WF, Cyppp = 2.2 F, Tp =
+25°C. Boldface values indicate -40°C < T; < +125°C.

ble Output Voltage

Parameter Symbol Min. Typ. Max. Units Test Conditions
HS Current Limit 3 ILim_Hs3 8.2 9.4 12.0 A |—
High Side FET
Current-Limit
Leading Edge-Blanking LEB T 108 - S
Time
LS Current Limit 0 |L|M_LSO 2.0 3.25 5.0 A —
LS Current Limit 1 lLim_Ls1 3.0 43 6.0 A |—
LS Current Limit 2 lLlM_LSZ 4.0 5.6 7.5 A —
LS Current Limit 3 |L|M_LS3 5.0 6.2 8.5 A —_—
OC Events Count for Clock Number.of.subsequent cycleg n
. INHICC DE — 15 — current limit before entering hiccup
Hiccup — Cycles .
overload protection.
Duration of the high-Z state on LX
Hiccup Wait Time t . 13.5V/ . ms before new soft-start.
P HICC_WAIT SS_SRx SS_SRx = SS_SR0, SS_SR1,
SS_SR2, SS_SR3
Power Switches
Low Side FET ON . V|N = V|NLDO = VDDP = VDDA = 5V,
Resistance Ris 16 21 ML VggrVix = BV, To = T, = +25°C
ngh Side FET ON . V|N = V|NLDO = VDDP = VDDA = 5V,
Resistance Riis 38 S0 | MOy Vi) =BV, TA= T, = +25°C
Pulse-Width Modulation (PWM)
Minimum LX ON Time TON(MIN) — 26 —_— ns TA = TJ =+25°C
VIN = ViNLDo = Vppa = 5V,
- . VouTtsns = 3V, 400 kHz setting,
Minimum LX OFF time TorFMIN) 90 145 190 ns Vour = 3.3V,
TA = TJ =+25°C
Minimum DUty Cycle DMIN — 0 — % VOUTSNS >1.1x VOUT(NOM)
Gm Error Amplifier
Error-Amplifier
Transconductance Gmea - 14 - ms | —
Error-Amplifier DC Gain Agp — 50000 — VIV |—
Error-Amplifier Source
Current Isk - 400 - WA —
Error-Amplifier Sink
Current Isnk - 400 - WA —
CQMP Output Swing COMP_H . 25 . Vv .
High
COMP Output Swing COMP_L . 08 . Vv .
Low
COMP-to-Inductor Cur- _ _
rent Transconductance Gmps - 125 - AV Vour = 1.2V, lout = 4A
Output Voltage DC Accuracy
Minimum Programma- .
ble Output Voltage MinOut T 0.64 - Voo~
Maximum Programma- MaxOut . 5.25 . Vv .

Note 1:

Specification for packaged product only.
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MIC24045

ELECTRICAL CHARACTERISTICS (Note 1)

Electrical Specifications: unless otherwise specified, V|y = VinLpo = 12V; Cyppa = 2.2 UF, Cyppp = 2.2 uF, Tp =
+25°C. Boldface values indicate —40°C < T; < +125°C.

Parameter Symbol Min. Typ. Max. Units Test Conditions
LSB for range 0.640V to
1.280V LSB1 — 5 — mvV |—
LSB for range 1.290V to
1.950V LSB2 — 10 — mvV |—
LSB for range 1.980V to
340V LSB3 — 30 — mvV |—
LSB for range 4.75V to
5 25\ LSB4 — 50 — mvV |—
4.75V <V)y <19V,
Output Voltage Accu- _ . o Vout = 0.64V to 1.95V
racy for Ranges 1 and 2 OutErri2 1 1 g Tp=T,=-40°C to +125°C,
lour = 0A
4.75V <V <19V for
Vout = 1.98V to 3.42V,
Output Voltage Accu- _ . o 6V < V|y <19V forVoyr =4.75V to
racy for Range 3 and 4 OutErrs4 15 15 % |5.25v,
Tp =T, =-40°C to +125°C,
lout = 0A
Load Regulation LoadReg — 0.2 — % lout = 0Ato 5A, Vour = 3.3V
Line Regulation LineReg — 0.1 — % |6V <V)y<19V, lgyr =2A
Internal Soft-Start
Reference Soft-Start _
Slew Rate 0 SS_SRO — 0.16 — Vims |Voyt = 0.64 to 1.28V
Reference Soft-Start -
Slew Rate 1 SS_SR1 — 0.38 Vims |Vgyt = 0.64 to 1.28V
Reference Soft-Start =
Slew Rate 2 SS_SR2 — 0.76 Vims |Vgut = 0.64 to 1.28V
Reference Soft-Start _
Slew Rate 3 SS_SR3 — 1.5 Vims |Voyt = 0.64 to 1.28V
Power Good (PG)
PG Low Voltage PG_VoL — 0.18 0.4 \Y l(pG) =4 MA
PG Leakage Current PG_l eak -1 0.02 1 MA | Vpg =5V
PG Rise Threshold PG_R 90 92.5 95 % | Vout Rising
PG Fall Threshold PG_F 87.5 90 92.5 % |Vout Falling
PG Rise Delay PG_R_DLY — 0.45 — ms | VoyT Rising
PG Fall Delay PG_F_DLY — 80 — ps | Vout Falling
Thermal Shutdown
Thermal Shutdown TsHDN — 160 — °C |—
Thermal-Shutdown o
Hysteresis TSHON_HYST | — 25 - C |-
Thermal Warning o
Threshold Trwin _ 120 o C |-
Note 1: Specification for packaged product only.
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MIC24045

ELECTRICAL CHARACTERISTICS (Note 1)

Electrical Specifications: unless otherwise specified, V|y = VinLpo = 12V; Cyppa = 2.2 UF, Cyppp = 2.2 uF, Tp =
+25°C. Boldface values indicate —40°C < T; < +125°C.

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

Efficiency
V|N = 12V, VOUT = 09V, IOUT = 2A,

Efficiency n — 82.3 — % |fg=400kHz, L=1.2 pH,
Tp =+25°C

I2C Interface

SDA, SCL Vi Vi 2 . . Vv Vbba ='5V (levels are 3.3V
compatible)

SDA, SCLV,, Vi L . 1 Vv Vbpa =.5V (levels are 3.3V
compatible)

SDA, SCL Input

HIgh/LOW I|H' |||_ -1 — 1 UA —

Current

SDA Output Low _

Voltage VOL — — 0.4 V lSDA =3 mA

Note 1: Specification for packaged product only.

© 2016-2018 Microchip Technology Inc.
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MIC24045

TEMPERATURE SPECIFICATIONS

Electrical Specifications: unless otherwise specified, V|y = VinLpo = 12V; Cyppa = 2.2 uF, Cyppp = 2.2 WF,

Tp = +25°C.
Parameters ‘ Sym. ‘ Min. ‘ Typ. ‘ Max. ‘ Units ‘ Conditions
Temperature Ranges
Junction Temperature T, -40 — +125 °C |—
Storage Temperature Range Ta -65 — +150 °C |—
Package Thermal Resistances
Thermal Resistance, 20LD 3x3 FQFN | 0,4 — 29 — | ow |—

DS20005568B-page 8
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MIC24045

20 TYPICAL CHARACTERISTIC 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.
Note: Unless otherwise indicated, V|y = 12V, fg = 660 kHz, Iy = I jm_1s3, L = 2.2 pH, Ty = +25°C.
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MIC24045

Note: Unless otherwise indicated, V|y = 12V, fg = 660 kHz, I\ = Ijm 53, L = 2.2 pH, Ty = +25°C.
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MIC24045

Note: Unless otherwise indicated, V|y = 12V, fg = 660 kHz, I = Im_Ls3, L = 2.2 pH, Tp = +25°C.
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FIGURE 2-13: Efficiency vs. Load Current.
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FIGURE 2-14: Efficiency vs. Load Current.
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MIC24045

Note: Unless otherwise indicated, V|y = 12V, fg = 660 kHz, I\ = Ijm 53, L = 2.2 pH, Ty = +25°C.
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FIGURE 2-19: Load Regulation: OUTSNS

Voltage vs. loyr.

1.802

Vour = 1.8V
f, = 660 kHz

S1.801 ™~
o ™~
g
= ~N—
° \_
S 18
(2]
=z
i
51.799
)

1.798

0 1 2 4 5
IOUT (A)

FIGURE 2-20: Load Regulation: OUTSNS
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FIGURE 2-21: Load Regulation: OUTSNS
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FIGURE 2-22:
Voltage vs. loyr.

Load Regulation: OUTSNS
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MIC24045

Note: Unless otherwise indicated, V|y = 12V, fg = 660 kHz, I = Im_Ls3, L = 2.2 pH, Tp = +25°C.

Vi
5V/div

. Vour: .
500 mV/div,

PG
P 5V/div -

H

2A/div

4 ms/div

FIGURE 2-23: Viy Turn-on (EN = Vppy, no
’c programming, registers default values for 22
version), Ry oap = 0.30.

Vi
5V/div

500 mV/div

L‘\m\___

PG
5Vidiv . I
i)
IL
2A/div
4 ms/div
FIGURE 2-24: Vy Turn-off (EN = Vppa),
RLOAD =0.30.
EN &
2Vidiv
Vour /
500 mV/div
PG
5Vidiv
IL )
2A/div:
2 ms/div
FIGURE 2-25: EN Turn-on, Ry oap = 0.3

EN
2Vidiv

Vout
500 mV/div

PG
5Vidiv

RS——

2A/div

80 us/div
FIGURE 2-26: EN Turn-off, R oap = 0.30.
EN
2V/div «
v,

ouT
500 mV/div

PG
5V/div

IL
2A/div

2 ms/div

FIGURE 2-27:
output ( Vpre-bias

EN Turn-on into pre-biased

=0.5V).

EN
2V/div.

Vour :
500 mV/div

5V/div

P

T
2A/div

2 ms/div

FIGURE 2-28:

EN Turn-on into pre-biased
output (Vpre_pias = 0.8V).
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Note: Unless otherwise indicated, V|y = 12V, fg = 660 kHz, I\ = Ijm 53, L = 2.2 pH, Ty = +25°C.

Vin
5Vidiv

| Vour /
500 mV/div \

==

PG
5V/div

IC T
2A/div

10 ms/div

Vour
1V/div

_' IL

5A/div
J AC coupled

lout

_[ } 5A/div

PG
5Vidiv

20 ms/div

FIGURE 2-29: Power-up into Short Circuit,
(EN = Vppp, no I2C programming, registers
default values for 2Z version).

FIGURE 2-32: Hiccup Mode Short Circuit
Current Limit Response.

lout
500 mA/div

PG
5V/div

Vour ;
1Vidiv

Sw
10V/div

100 ms/div

FIGURE 2-33: Thermal Shutdown
Response.

loutr -~

500 mA/div : I : :

PG
5Vidiv

Vout .
1Vidiv

sSw
10V/div

10 ms/div

EN
- 2V/div _
Vv
500 mV/div A
5Vidiv
I —
2A/div.
4 ms/div
FIGURE 2-30: Enable into Short Circuit.
Vour
1V/div
L -
5A/di
AC clt\;upled /
lout -
5A/div _~
PG
5VIdiv
1 ms/div
FIGURE 2-31: Output Current Limit
Threshold.

FIGURE 2-34: Recovery from Thermal
Shutdown.
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Note: Unless otherwise indicated, V|y = 12V, fg = 660 kHz, I = Im_Ls3, L = 2.2 pH, Tp = +25°C.

Vin
5V/div

Pl U Sl i

2 mV/div
AC coupled .

SwW
5Vidiv

1A/div

1 ps/div

PG Step from 0.5A to 5A
5V/div - , )

lout

5A/div f

Vourt e
100 mV/div
AC couple

|
A\

FIGURE 2-35: Switching Waveforms -
fs =660 kHz, oyt = OA.

IL
5A/div ’ '
80 ps/div
FIGURE 2-38: Load Transient Response

with I ing = lm_is3-

Step from 11.8V to 13.2V
Vin
2VIdiv g
Vour :

5mVidiv | |

AC coupled T

PG ' q
5Vidiv.

1 ms/div

Vin

5V/div ‘ ‘ - : E
MNVP\MF’\WW
2 mV/div

AC coupled R R .
2A/div

R [ o] s rsesone| o

5Vidiv 1 ps/div

FIGURE 2-36: Switching Waveforms -

fs = 660 kHz, loyr = 5A.

Step from 0.2A to 2A PG

5V/div

lout ¢
/ \ 2A/div
i } Vout
50 mV/div
AC coupled

IL
2A/div

80 ps/div

FIGURE 2-37:
with I in = ILm_iso-

Load Transient Response

FIGURE 2-39: Line Transient Response.
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Note: Unless otherwise indicated, V|y = 12V, fg = 660 kHz, I\ = Ijm 53, L = 2.2 pH, Ty = +25°C.

Frequency TR1: MagDB TR2: Phase
Curzor 1 19.730 kHz 0.000 dB 54,854 ©
Cursar 2 204 515 kHz 30,607 dB 0.000 "
delta C2-C1 184786 kHz 30,607 dB -B4.854 "
| H |
60 200
B0
150

TR1/dB
ofCH L

TR1; Mag(Gain)

FIGURE 2-40: Voltage Loop Gain Bode Plot, Voyr= 1.8V, f =570 kHz, L = 1.2 uH, Coyr = 266 uF,
Rcq = 2.85kQ), Ccq = 10nF, Ceo = 47pF (see Section 7.7, Compensation Design).

TR2: Phase(Zain)
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3.0 PIN DESCRIPTION

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

TABLE 3-1: PIN FUNCTION TABLE
MIC24045 Symbol Pin Function
1,2 VN Input Voltage Pin
3,4,13 PanD Power Ground Pin
5,6 LX Switch Node Pin
7 BST Bootstrap Capacitor Pin. A bootstrap capacitor is connected
between the BST and LX pins.
8 PG Power Good Open-Drain Output Pin
9 ADRO I2C Address Programming Pin 0
10 ADR1 12C Address Programming Pin 1
1 SCL I2C Clock Input Pin
12 SDA I2C Data Input/Output Pin
14 AGND Analog Ground Pin
15 COMP Transconductance Error Amplifier Output Pin. Connect the com-
pensation network from COMP to Agnp.
16 OUTSNS Output Sensing Pin
17 EN Precision Enable Input Pin
18 Vppa Internal Regulator Output Pin
19 Vppp MOSFET Dirivers Internal Supply Pin
20 V|NLDO Internal Regulator Input Pin
21 VN EP V\n Exposed Pad. Electrically connected to V.
22 Penp EP Pcnp Exposed Pad. Electrically connected to Pgyp.
23 LX_EP LX Exposed Pad. Electrically connected to LX.

3.1 Input Voltage Pin (Vy)

Input Voltage pin for the Buck converter power stage.
These pins are the drain terminal of the internal
high-side N-channel MOSFET. A 10 yF minimum
ceramic capacitor should be connected from Vy to the
Pgnp pins as close as possible to the device. A combi-
nation of multiple ceramic capacitors of different sizes
is recommended.

3.2 Power Ground Pin (Pgnp)

Low-side MOSFET source terminal and low-side driver
return. Connect the ceramic input capacitors to Pgyp
as close as possible to the device.

3.3 Switch Node Pin (LX)

Drain (low-side MOSFET) and source (high-side
MOSFET) connection of the internal power N-channel
FETs. The external inductor (switched side) and
bootstrap capacitor (bottom terminal) must be
connected to these pins.

34 Bootstrap Capacitor Pin (BST)

Supply voltage for the driver of the high-side N-channel
power MOSFET. Connect the bootstrap capacitor (top
terminal) to this pin.

3.5 Power Good Output Pin (PG)

When the output voltage is within 92.5% of the nominal
set point, this pin will go from logic low to logic high
through an external pull-up resistor. This pin is the drain
connection of an internal N-channel FET.

3.6 I2C Address Programming Pin 0
(ADRO)

Three-state pin (low, high and high-Z) for I2C address
programming. Together with ADR1, ADRO defines nine
logic values corresponding to nine I2C addresses.

3.7 I2C Address Programming Pin 1
(ADR1)

Three-state pin (low, high and high-Z) for I2C address
programming. Together with ADRO, ADR1 defines nine
logic values corresponding to nine I2C addresses.

© 2016-2018 Microchip Technology Inc.
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3.8 I2C Clock Input Pin (SCL)

The SCL pin is the serial interfaces Serial Clock
pin.This pin is connected to the Host Controllers SCL
pin.

The MIC24045 is a slave device, so its SCL pin accepts
only external clock signals.

3.9  I2C Data Input/Output Pin (SDA)

The SDA pin is the serial interface Serial Data pin. This
pin is connected to the Host Controllers SDA pin. The
SDA pin has an open-drain N-channel driver.

3.10 Analog Ground Pin (Agnp)

This pin is a quiet ground for the analog circuitry of the
internal regulator and a return terminal for the external
compensation network.

3.11 Transconductance Error Amplifier
Output Pin (COMP)

Connect a compensation network from this pin to
AGND-

3.12 Output Sensing Pin (OUTSNS)

Connect this pin directly to the buck converter output
voltage. This pin is the top side terminal of the internal
feedback divider.

3.13 Precision Enable Input Pin (EN)

The EN pin is compared to a 1.21V typical threshold to
determine the turn-on of the device. After reaching the
turn-on threshold, the I2C-programmable turn-on delay
counter starts. A 2 yA (typical) current source pulls
down the EN pin to prevent unwanted power delivery in
case of a floating EN input. A 135 mV typical hysteresis
prevents chattering when power delivery is started.

3.14 Internal Regulator Output Pin
(Vbpa)

Output of the internal linear regulator and internal sup-
ply for analog control. A 1 yF minimum ceramic capac-
itor should be connected from this pin to Agnp; @ 2.2 uF
typical value is recommended.

3.15 MOSFET Drivers Internal Supply
Pin (Vppp)

Internal supply rail for the MOSFET drivers, fed by the
Vppa pin. An internal resistor (10€2) between the Vppp
and Vppa pins is provided in the regulator in order to
implement an RC filter for switching noise suppression.
A 1uF minimum ceramic capacitor should be
connected from this pin to Pgnp; @ 2.2 YF typical value
is recommended.

3.16 Internal Regulator Input Pin
(ViNLDO)

This pinis typically connected to the input voltage of the
buck converter stage (V|y). If Vinupo and Vg are
connected to different voltage rails, individually bypass
V\NLpo to ground with a 100 nF ceramic capacitor.

3.17 PGND Exposed Pad (PGND_EP)

Electrically connected to Pgyp pins. Connect with
thermal vias to the ground plane to ensure adequate
heat-sinking. See the Packaging Information section.

3.18 V|yExposed Pad (Viy_gx)

Electrically connected to V| pins. If an input power dis-
tribution plane is available, connect with thermal vias to
that plane to improve heat-sinking. See the Packaging
Information section.

3.19 LX Exposed Pad (LX_EP)

Electrically connected to LX pins. See the Packaging
Information section.

DS20005568B-page 18
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40 FUNCTIONAL DESCRIPTION

The MIC24045 is a digitally programmable, 5A valley
current-mode controlled regulator featuring an input
voltage range from 4.5V to 19V.

Programmability is achieved by means of an
IZC-compatibIe serial digital interface, which can support
Serial Clock (SCL) rates up to 400 kHz (Fast mode).

The MIC24045 requires a minimal amount of external
components. Only the inductor, supply decoupling
capacitors and compensation network are external.
The flexibility in the external compensation design
allows the user to optimize their design across the
entire range of operating parameters such as input
voltage, output voltage, switching frequency and load
current.

4.1 Theory of Operation

Valley current-mode control is a fixed-frequency,
leading-edge-modulated PWM current-mode control.
Differing from Peak Current mode, in valley
current-mode the clock marks the turn-off of the
high-side switch. Upon this instant, the MIC24045
low-side switch current level is compared against the
reference current signal from the error amplifier. When
the falling low-side switch current signal drops below
the current reference signal, the high-side switch is
turned on. As a result, the inductor valley current is
regulated to a level dictated by the output of the error
amplifier.

As shown in the Compensation Design section, the
feedback loop includes an internal programmable ref-
erence (REFppc) and an output voltage sensing atten-
uator (R2/R1), which removes the need for external
feedback components and improves regulation accu-
racy. Output voltage feedback is achieved by connect-
ing OUTSNS directly to the output. The
high-performance transconductance error amplifier
drives an external compensation network at the COMP
pin. The COMP pin voltage represents the reference
current signal. The COMP pin voltage is fed to the val-
ley current-mode modulator, which also adds slope
compensation to ensure current-loop stability. Valley
current-mode control requires slope compensation at
duty cycles less than 50% for current-loop stability. The
slope compensation circuit is internal and it is automat-
ically adapted in amplitude depending upon the fre-
quency, output voltage range and voltage differential
(V|N - VOUTSNS)' The internal IOW_RDS(ON) power

MOSFETSs, the associated adaptive gate driver and the
internal bootstrap diode complete the power train.

Overcurrent protection and thermal shutdown protect
the MIC24045 from faults or abnormal operating
conditions.

4.2 Internal LDO, Supply Rails (V|
ViNLDo: Vppas Vbop)

VN pins represent the power train input. These pins are
the drain connection of the internal high-side MOSFET
and should be bypassed to Pgyp with a X5R or X7R
10 pF (minimum) ceramic capacitor, placed as close as
possible to the device. A combination of ceramic
capacitors of different sizes is recommended.

An internal LDO (biased through V| po pin) provides
a clean supply (5.1V typical) for the analog circuits and
the 12C interface at pin Vppa. The internal LDO is typi-
cally powered from the same power rail feed at V|y;
however, V|nLpo can also be higher or lower than Vy
and can be connected to any other voltage within its
recommended limits. V| po and Vppa should be
locally bypassed (see the Pin Description section). A
small series resistor (typically 2Q — 10Q) can be used
in combination with the V| po bypass capacitor to
implement a RC filter for suppression of large high-fre-
quency switching noise.

The internal LDO is always enabled and regulation
takes place as soon as enough voltage has established
between the V| po and Vppa pins. If an external
5V+10% is available, it is possible to bypass the inter-
nal LDO by connecting Vinipo, Vobpa and Vppp
together at the external 5V rail, thus improving overall
efficiency.

The MIC24045 does not require a separate supply for
the 12C interface and for the internal logic registers,
which are all powered from the Vpppa rail. An internal
Undervoltage Lock-Out circuit (UVLO) monitors the
level of Vppa and resets the interface and the internal
registers if the Vppp voltage is below the UVLO
threshold.

Vppp is the power supply rail for the gate drivers and
bootstrap circuit. This pin is subject to high-current spike
with high-frequency content. To prevent these from pol-
luting the analog Vppa supply, a separate capacitor is
needed for Vppp pin bypassing. An internal 10Q resistor
is provided between pins Vppa and Vppp allowing a
switching noise attenuation RC filter with the minimum
amount of external components to be implemented. It is
possible, although typically not necessary, to lower the
RC time constant by connecting an external resistor
between pins Vppp and Vppp.

© 2016-2018 Microchip Technology Inc.
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4.3 Enable (EN)

The EN pin starts/stops the power delivery to the out-
put. It does not turn off the internal LDO. The EN pin
does not act as a Reset signal for the 1’c registers, only
the Vppa UVLO circuit does.

Rising threshold is a precise 1.21V+70 mV. A 135 mV
typical hysteresis prevents chattering due to switching
noise and/or slow edges. A 2 pA typical pull-down cur-
rent with £1 pA accuracy prevents unwanted start-ups
if the EN pin is momentarily floating. To achieve auto-
matic turn-on as soon as enough voltage is present,
connect EN to Vppa.

4.4 Power Good (PG)

PG is an open-drain output. For asserting a logic HIGH
level, PG requires an external resistor connected to a
pull-up voltage (Vpy pg), Which should not exceed
5.5V. B

PG is asserted with a typical delay of 0.45 ms when the
output voltage (OUTSNS) reaches 92.5% of its target
regulation voltage. PG is de-asserted with a typical
delay of 80 ys when the output voltage falls below 90%
of its target regulation voltage. The PG falling delay
acts as a de-glitch timer against very short spikes. The
PG output is always immediately de-asserted when the
EN pin is below the power delivery enable threshold
(EN_R/EN_F). The pull-up resistor should be large
enough to limit the PG pin current to below 2 mA. The
PG is in a defined state once the Vppp voltage is
greater than about 1V, but with reduced current sinking
capability.

The PG is also immediately de-asserted (with no delay)
whenever an undervoltage condition on Vppa is
detected, or in thermal shutdown.

4.5 Inductor (LX) and Bootstrap (BST)

The external inductor is connected to LX. The high-side
MOSFET driver circuit is powered between BST and
LX by means of an external capacitor (typically 100 nF)
that is replenished from rail Vppp during the low-side
MOSFET ON-time. The bootstrap diode is internal.

4.6 Output Sensing (OUTSNS) and
Compensation (COMP)

OUTSNS should be connected exactly to the desired
point-of-load regulation, avoiding parasitic resistive
drops. The impedance seen into OUTSNS is high (tens
of kQ or more, depending on the selected output volt-
age value), therefore its loading effect is typically neg-
ligible. OUTSNS is also used by the slope
compensation generator.

COMP is the connection for the external compensation
network. COMP is driven by the output of the transcon-
ductance error amplifier. Care must be taken to return
the compensation network ground directly to Agnp.

4.7 Soft-Start

The MIC24045 features four different 12C-selectable
soft-start slew-rate values (0.16V/ms, 0.38V/ms,
0.76V/ms and 1.5V/ms). See the section Registers
Maps and 12C Programmability for the value vs. code
mapping. The internal reference is ramped up at the
selected rate. Note that this is the internal reference
soft-start slew rate and that the actual slew rate seen at
the output should take into account the internal divider
attenuation, as detailed in the Application Information
section.

4.8 Start-Up Delay

The MIC24045 features eight different 12C-selectable
start-up delays (from 0 ms to 10 ms). These represent
the added delays from the EN rising edge to the begin-
ning of the power delivery (soft-start). See the section
Registers Maps and 12C Programmability for the value
vs. code mapping.

4.9 Switching Frequency

The MIC24045 features eight different 12C-selectable
switching frequencies from 310 kHz to 1200 kHz. See
Registers Maps and 12C Programmability for the value
vs. code mapping. Also pay attention to voltage conver-
sion ratio limitations due to minimum toy and topg, as
stated in the Application Information section.

410 Pre-Biased Output Start-Up

The MIC24045 is designed to achieve safe start-up into
a pre-biased output without discharging the output
capacitors.

411 Thermal Warning and Thermal
Shutdown

The MIC24045 has a thermal shutdown protection that
prevents operation at excessive temperature. The ther-
mal shutdown threshold is typically set at +160°C with
a hysteresis of +25°C.

The MIC24045 features a Thermal Warning flag that is
readable through the 12C interface (register polling is
needed). The Thermal Warning flag signals the
approaching of thermal shutdown, so that appropriate
system-level countermeasures can be undertaken.

Note that a thermal shutdown event will not disable the
internal Vppp linear regulator, but only the power stage.
In this way, the 1°C interface remains powered and can
still be read throughout the duration of the thermal shut-
down.
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4.12 Overcurrent Protection

The MIC24045 features instantaneous cycle-by-cycle
current limit with current sensing both on the low-side
and high-side switches. It also offers a Hiccup mode for
prolonged overloads or short-circuit conditions.

Low-side cycle-by-cycle protection detects the current
level of the inductor current during the low-side MOS-
FET ON time. The high-side MOSFET turn-on is inhib-

ited as long as the low-side MOSFET current limit is
above the low-side current-limit threshold level. The
inductor current will continue decaying until the current
falls below the threshold, then the high-side MOSFET
will be enabled again according to the duty cycle
requirement from the PWM modulator.

The mechanism is illustrated in Figure 4-1.

LS OC Detected
HS Turn-on

Inhibited
1A

LS Current OK  |nhibited

LS OC Detected
HS Turn-on

HS Turn-on
is Enabled

Low-Side 8
Current-Limit— — 1— -
Threshold |

Resulting

Duty Cycle

Required

Duty Cycle

Valley CM clock
(HS OFF, LS ON)

Time

FIGURE 4-1:

The low-side current limit is programmable at four
different levels (for 2A, 3A, 4A, and 5A loads) in order
to optimize inductor size for different application
requirements. These levels are listed in Registers
Maps and 12C Programmability.

Since the low-side current limit acts on the valley cur-
rent, the DC output current level (Igyt), where the
low-side cycle-by-cycle current limit is engaged, will be
higher than the current limit value by an amount equal
to AlLpp/2, where AlLpp is the peak-to-peak inductor
ripple current.

The high-side current limit is approximately 1.4 — 1.5
times greater than the low-side current limit (typical val-
ues). The high-side cycle-by-cycle current limit immedi-
ately truncates the high-side ON time without waiting
for the OFF clocking event.

Aleading edge blanking (LEB) timer (108 ns, typical) is
provided on the high-side cycle-by-cycle current limit to
mask the switching noise and to prevent falsely trigger-
ing the protection. High-side cycle-by-cycle current
limit action cannot take place before the LEB timer
expires.

Hiccup mode protection reduces power dissipation in
permanent short-circuit conditions. On each clock
cycle, where a low-side cycle-by-cycle current-limit
event is detected, a 4-bit up/down counter is incre-
mented. On each clock cycle, without a concurrent
low-side current limit event, the counter is decremented
or left at zero. The counter cannot wrap-around below

Low-Side Cycle-by-Cycle Current-Limit Action.

0000 and above 1111. High-side current limit events
do not increment the counter. Only detections from
low-side current limit events trigger the counter.

If the counter reaches 1111 (or 15 events), the high
and low-side MOSFETs become tri-stated and power
delivery to the output is inhibited for a duration which is
dependent on the soft-start rate and can be calculated
with the following equation:

EQUATION 4-1:
. . _13.5V
Inhibited Time = 35 SRx
Where

SS_SRx = selected soft-start rate
(SS_SRx =SS_SR0, SS_SR1, SS_SR2
or SS_SR3).
See Electrical Characteristics table.

This digital integration mechanism provides immunity
to the momentary overloading of the output. After the
wait time, the MIC24045 retries entering operation and
initiates a new soft-start sequence.

Note that Hiccup mode short-circuit protection is active
at all times, including the soft-start ramp. In case of very
large output capacitors, consider slowing down the
soft-start slew rate to prevent start-up problems, espe-
cially if the load is completely discharging the output
capacitor during the hiccup wait time.

© 2016-2018 Microchip Technology Inc.
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CLOCK PULSE
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IDLE LOOP
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FIGURE 4-2:

Hiccup Short-Circuit Protection FlowChart.
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50 REGISTERS MAPS AND I°C PROGRAMMABILITY

The MIC24045 internal registers are summarized in Table 5-1, below.

TABLE 5-1: MIC24045 REGISTER MAP

iggi;t:; Rﬁg';f’ Type| B7 B6 B5 B4 B3 B2 B1 BO
Oh Status RO OCF ThSDF ThWrnF | Reserved EnS Reserved | Reserved | PGS
1h Setting 1 RW ILIM1 ILIMO Freq2 Freq1 Freq0 | Reserved | Reserved | Reserved
2h Setting 2 RW | Reserved | SUDIy2 | SUDIy1 SUDIy0 Mrg1 Mrg0 SS1 SS0
3h VOUT RW | VOUT7 VOUT6 | VOUT5 | VOUT4 | VOUT3 VOUT2 | VOUT1 |VOUTO
4h Command | RW | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | CIFF
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51 STATUS Register by power cycling. Status bits are set when the corre-

) ) o sponding Fault condition has occurred and return to
In the read-only STATUS registers, diagnostic informa- zero automatically once the Fault condition has
tion is provided. Bits can be F =latched (Flag) or ceased.

S = non-latched (Status). . . .

] ) ] Default bits value at power-up is zero, except for Bit 2
Elag bits are set when the corresponding Fault condi- (which will always be read as ‘1) and Bit 1, which is ‘1’
tion has occurred and do not return-to-zero once the if no Fault conditions are detected.

Fault condition has ceased. Flags can only be cleared
by writing ‘1’ in Bit 0 of the COMMAND register 4h, or

REGISTER 5-1: STATUS — STATUS REGISTER (ADDRESS 0h)

R-0 R-0 R-0 RO’ R-0 R'1 R-1 R-0
OCF ThSDF ThWrnF Reserved | EnS ‘ Reserved Reserved PGS
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

RC = Read-then-clear bit

bit 7 OCF: Over-Current Flag bit. OCF is set high whenever an over-current event occurs. Latched.

bit 6 ThSDF: Thermal Shut-down Flag bit. ThSDF is set high whenever a Thermal Shutdown occurs.
Latched.

bit 5 ThWrnF: Thermal Warning Flag bit. ThWrnF is set high whenever a Thermal Warning occurs.
Latched.

bit 4 Reserved: Flag bit. Always read as zero.

bit 3 EnS: Enable Pin Status bit. EnS reflects the logic value present on pin EN. Non-latched.

bit 2 Reserved: Status bit. Always read as ‘1’

bit 1 Reserved: Default status at POR is ‘1’ (no faults detected).

bit 0 PGS: Power-Good Status bit. PGS reflects the logic value present on pin PG. Non-latched.

REGISTER 5-2: SETTING 1 — SETTING 1 REGISTER (ADDRESS 1h)

RW-V RW-V RW-V RW-V RW-V uU-0 uU-0 uU-0
ILIM1 ILIMO Freq2 Freqg1 | FreqO ‘ Reserved ‘ Reserved Reserved
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

RC = Read-then-clear bit V = factory-programmed POR value")

Note 1: Default Status settings at power-up can be changed at the factory. Standard selections are described in
MIC24045 Default Settings Values at Power-Up. Overwriting default settings by I2C has no permanent
effect and values will return to factory default values upon power cycling.

2: Changing Setting 1 Register values while power delivery is enabled is not recommended. To change set-
tings by I2C, set EN pin low first, then write the new configuration, and finally, set EN pin high again to
resume power delivery.
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REGISTER 5-2: SETTING 1 — SETTING 1 REGISTER (ADDRESS 1h) (CONTINUED)

bit 7-6 ILIM<1:0>: MOSFET Current Limit bit. See the Current Limit selection in table below:
LM | iLivo TYP Low-Side TYP High-Side | Nominal Load
Current Limit (A) | Current Limit (A) | Current (A)
0 0 3.25 47 2
0 1 43 6.2 3
1 0 5.6 8.6 4
1 1 6.2 9.4 5
bit 5-3 Freq0 (Switching Frequency): See the Switching Frequency selection in table below:
Freq2 | Freq1 | Freq0 Fre(tl](:ez?cy
0 0 0 310
0 0 1 400
0 1 0 500
0 1 1 570
1 0 0 660
1 0 1 780
1 1 0 970
1 1 1 1200
bit 2-0 Reserved: Unimplemented bit. Read as ‘0.

Note 1: Default Status settings at power-up can be changed at the factory. Standard selections are described in
MIC24045 Default Settings Values at Power-Up. Overwriting default settings by I2C has no permanent
effect and values will return to factory default values upon power cycling.

2: Changing Setting 1 Register values while power delivery is enabled is not recommended. To change set-
tings by I°C, set EN pin low first, then write the new configuration, and finally, set EN pin high again to

resume power delivery.
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REGISTER 5-3: SETTING 2 — SETTING 2 REGISTER (ADDRESS 2h)

uU-0 RW-V RW-V RW-V RW-0 RW-0 RW-V RW-V
Reserved SUDIy2 SUDIy1 subyo | mMrgt | Mrgo | sst SS0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

RC = Read-then-clear bit V = factory-programmed POR value(

bit 7 Reserved: Unimplemented bit. Read as ‘0’. Writing to this bit has no effect.
bit 6-4 SUDIy<2:0>: Start-Up Delay bit. Delay to start power delivery from the rising edge of the EN signal.
See the Start-up Delay selection in table below:
SUDIy2 | SUDIy1 | SUDIy0 | Start-Up Delay (ms)
0 0 0 0
0 0 1 0.5
0 1 0 1
0 1 1 2
1 0 0 4
1 0 1 6
1 1 0 8
1 1 1 10
bit 3-2 Mrg<1:0>: Voltage Margins bit. These bits can be changed at any time during power delivery. See the

Voltage Margining selection in table below:

Mrg1 | Mrg0 | Change to nominal Vg1 Setting (%)
0 0 0%
0 1 -5%
1 0 +5%
1 1 +5%
Default at power-up is <0:0>
bit 1-0 S$S81<1:0>: Soft-Start Ramp Rate bit. See the Soft-Start Tamp Rates selection in table below:

Ss1 | SS0 ‘ Soft-Start Slope (V/ms)

0 0 0.16
0 1 0.38
1 0 0.76
1 1 1.5

Note 1: For all bits (except Margining bits Mrg<1:0>) the Default Status at power-up can be changed at the factory.
Standard selections are described in MIC24045 Default Settings Values at Power-Up. Overwriting default
settings by I2C has no permanent effect and values will return to factory default settings upon power
cycling. Default power-up status for Mrg<1:0> is <0:0>.

2: With the exception of Margining Bits Mrg<1:0>, changing Setting 2 register values while power delivery is
enabled is not recommended. To change settings by 12C, set EN pin low first, then write the new configuration,
and finally, set EN pin high again to resume power delivery.
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REGISTER 5-4: VOUT — VOUT REGISTER (ADDRESS 3h)

RW-V RW-V RW-V RW-V RW-V RW-V RW-V RW-V
VOUT? VOUT6 vouts | vout4 | vouTs | vouTt2 VOUT1 VOUTO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
RC = Read-then-clear bit V = factory-programmed POR value(

bit 7-0 VOUT<7:0>: VOUT register bits can be changed at any time during power delivery, provided that tran-
sitions from one code to another:

+ are done step-by-step, by small VOUT increments. The speed of the transition is left to the user
and limited by the I2C writing interface speed.

+ code transition shall take place only within the same VOUT Range. Crossing boundaries of
resolution ranges may cause VOUT glitches and it is not recommended.

See VOUT selection in table below:

VOUT Range |Step Size | Codes-decimal (hex)
0.640V to 1.280V| 5mV 0 (00h) to 128 (80h)
1.290V t0 1.950V| 10 mV |129 (81h)to 195 (C3h)
1.980V to 3.420V| 30 mV |196 (C4h)to 244 (F4h)
4.750V to 5.250V | 50 mV | 245 (F5h) to 255 (FFh)

Note 1: Default Status settings at power-up can be changed at the factory. Standard selections are described in
MIC24045 Default Settings Values at Power-Up. Overwriting default settings by I2C has no permanent
effect and values will return to factory default values upon power cycling.

2: The functionality of the MIC24045 at any output voltage selection is subject to limitations described in
Application Information.

REGISTER 5-5: COMMAND — COMMAND REGISTER (ADDRESS 4h)

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
Reserved Reserved Reserved Reserved | Reserved ‘ Reserved ‘ Reserved CIFF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

RC = Read-then-clear bit

bit 7-1 Reserved<7:1>: Writing to these bits has no effect to the device operation.

bit 0 CIFF: Clear Fault Flags bit. Writing ‘1’ to bit O will clear all Fault Flags. The CIFF bit is self-clearing and
it returns to ‘0’ as soon as the Fault Flags have been cleared.
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6.0 MIC24045 DEFAULT SETTINGS
VALUES AT POWER-UP

Part number MIC24045-XXYFL also designates
different default settings values at power-up, before
any 12c writing operation takes place. These values are
programmed at factory.

Different default settings are obtained by burning an
OTP memory (fuses). The XX code corresponds to a
certain combination of output voltage, switching
frequency, nominal load current and soft-start ramp
rate. Start-up delay and voltage margining always
default to O ms and 0%. The blank (all zeros) OTP
memory option has a special code (2Z).

The standard default settings are as shown in
Table 6-1. For availability of other default settings,
contact the nearest Microchip Sales Office.

TABLE 6-1: STANDARD DEFAULT SETTINGS

Full Part Number Code Vour (V) Frequency Load Current So?t?;i;?;i\te
MIC24045-2ZYFL 2Z 0.64 310 kHz 2A 0.16V/ms
MIC24045-DIYFL DI 1.0 780 kHz 5A 0.38V/ms
MIC24045-EIYFL El 1.2 780 kHz 5A 0.38V/ms
MIC24045-JFYFL JF 3.3 570 kHz 5A 0.38V/ms
MIC24045-KDYFL KD 5.0 570 kHz 3A 0.38V/ms

When power is cycled, the MIC24045
user-programmable  registers return to  the
factory-programmed  default  settings  values,
regardless of any prior settings through I2C bus. Note
that the EN pin does NOT act as a Reset signal for the
user-programmable registers, only the internal POR
(Power-on Reset) based on the Vppp voltage UVLO
does (see Functional Block Diagram).
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7.0 APPLICATION INFORMATION

71 Programming External UVLO

The EN pin can be used to program an automatic
turn-on of the MIC24045 when the Vg (or V\Lpo)
power rails have exceeded a desired threshold. This
programmable UVLO function is achieved as
described in Figure 7-1.

V\N
VinLDo
R2 Enable t
EN omparator
{]
Enable
EN_I E 35 mV Power
R1 2 pA EN R Delivery
Acnp 1.21V
FIGURE 7-1: Programmable External
UVLO Function.

The programmed V)y UVLO threshold Viy risg is
given by:

EQUATION 7-1:

Vi s = ENR <(1+ j;—i) + EN I xR2

where:

EN_R
EN_I
RI, R2

1.21V
2 uA
External resistors

To desensitize the V| UVLO threshold against varia-
tions of the pull-up current EN_I, it is recommended to
run the R1-R2 voltage divider at a significantly higher
current level than the EN_| current.

The corresponding Vi UVLO hysteresis, V|y pys, is
calculated as follows: -

EQUATION 7-2:

R2
Vv ys = 135 mV (1 + E)

7.2 Output Voltage Sensing

To achieve accurate output voltage regulation, the
OUTSNS pin (internal feedback divider top terminal)
should be Kelvin-connected as close as possible to the
point-of-regulation top terminal. Since both the internal
reference and the internal feedback divider's bottom
terminal refer to Agnp, it is important to minimize
voltage drops between the Agyp and the
point-of-regulation return terminal.

7.3  Voyt On-The-Fly Changes

It is possible to change the output voltage on-the-fly
during power delivery by writing a different value to
Register 5-4 (Address 3h). Note that Vo1 changes are
possible only within each Vot range, as specified in
the VOUT selection table in Register 5-4.

The transition from one particular Vgyr value to
another is under control of the 12C interface. The num-
ber of steps from one code to another and the speed of
the transition are left to the end user.

Single Write instructions separated by a Repeated
START (Sr) can be used to update Register 5-4 multi-
ple subsequent times, without releasing the 12C bus.
Please refer to the Single Write with Repeated Start
(Sr) section for more details.

The minimum tg; sTa specification (set-up time for a
repeated START condition), the SCL frequency and the
length of the Single Write message (3 bytes) dictate a
limitation on the maximum update rate of the VOUT
code at Register 5-4.

Ramping down the output voltage at no or light load
implies inductor current reversal (i.e., the MIC24045
will be sinking current from the output capacitor). The
larger the output capacitor value, the larger the reverse
inductor current will be for a given negative Vgt vari-
ation.The voltage steps and the ramping step rate
should be small enough to maintain a safe level of
reverse current magnitude. This is especially important
when using large output capacitors.

7.4 Inductor Selection and Slope
Compensation

When selecting an inductor, it is important to consider
the following factors:

* Inductance

» Rated Current value

» Size requirements

» DC Resistance (DCR)

» Core losses

© 2016-2018 Microchip Technology Inc.
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The inductance value is critical to the operation of
MIC24045. Because the MIC24045 is a valley
current-mode regulator, it needs a slope compensation
for the stable current loop operation where duty cycles
are below 50%. Slope compensation is internally
programmed according to the frequency, output
voltage and nominal load current selection, assuming
there is a minimum inductance value for the given
operating condition.

Table 7-1 lists the assumed minimum inductor values
recommended for stable current-loop operation. Note
that the minimum suggested inductance values should
be met when taking into account the inductor tolerance
and its change with current level.

TABLE 7-1: MINIMUM RECOMMENDED INDUCTANCE VALUES
Nominal Vout Minimum Inductance Ly (HH)
lout
3A-4A-5A | 0.64V-1.28V 1.27 0.97 0.78 0.68 0.58 0.49 0.39 0.29
3A-4A-5A | 1.29V-1.95V 1.96 1.51 1.21 1.06 0.91 0.76 0.61 0.45
3A-4A-5A | 1.98V-3.42V| 3.14 2.42 1.94 1.70 1.46 1.21 0.97 0.73
3A-4A-5A |4.57V-5.25V | 3.69 2.36 2.27 1.99 1.70 1.42 1.14 0.85
2A 0.64V-1.28vV| 2.52 1.94 1.55 1.36 1.16 0.97 0.78 0.58
2A 1.29V-1.95V | 4.07 3.13 2.50 2.18 1.87 1.56 1.25 0.94
2A 1.98v-3.42V| 6.53 5.03 4.01 3.52 3.02 2.52 2.01 1.51
2A 4.57V-525V| 9.14 6.99 5.60 4.91 418 3.49 2.80 2.10
— 310 400 500 570 660 780 970 1200

The slope compensation is also internally adapted to
the input-output voltage differential.

In practical implementations of valley current-mode
control, slope compensation is also added to any duty
cycle larger than 50% as part of improving current loop
stability and noise immunity for all input and output volt-
age ranges. Consequently, the MIC24045 adds internal
slope compensation signal up to 80% duty cycle.
Above this, no slope compensation is added. For this
reason, the PWM modulator gain exhibits an abrupt
change when the duty cycle exceeds 80%, possibly
leading to some increase in jitter and noise susceptibil-
ity. If operation around and above 80% duty cycle is
considered, a more conservative design of the com-
pensation loop might help in reducing jitter and noise
sensitivity.

Inductor current ratings are generally stated as
permissible DC current and saturation current.
Permissible DC current can be rated for a +20°C to
+40°C temperature rise. Saturation current can be
rated for a 10% to 30% loss in inductance. Ensure that
the nominal current of the application is well within the
permissible DC current ratings of the inductor,
depending on the allowed temperature rise. Note that
the inductor permissible DC current rating typically
does not include inductor core losses. These are very
important contributors of total inductor core loss and
temperature increase in high-frequency DC/DC
converters because core losses increase rapidly with
the excitation frequency.

When saturation current is specified, make sure that
there are enough design margins so the peak current
does not cause the inductor to enter deep saturation.

Pay attention to the inductor saturation characteristic in
current limit. The inductor should not heavily saturate,
even in current limit operation. If there is heavy satura-
tion, the current may instantaneously run away and
reach potentially destructive levels. Typically, fer-
rite-core inductors exhibit an abrupt saturation charac-
teristic, while powdered-iron or composite inductors
have a soft-saturation characteristic. Peak current can
be calculated with Equation 7-3.

EQUATION 7-3:

I —VourVin
I ppak = |:10UT+ VOUT( 2 xfy <L )}

As shown in Equation 7-3, the peak inductor current
decreases with the switching frequency and the induc-
tance. At a given lgyt load current, the lower the
switching frequency or inductance, the higher the peak
current. As input voltage increases, the peak current
also increases.

7.5 Output Capacitor Selection

Two main requirements determine the size and
characteristics of the output capacitor Coy7:

» Steady-state ripple

* Maximum voltage deviation during load transient

For steady-state ripple calculation, both the ESR and
the capacitive ripple contribute to the total ripple
amplitude.
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From the switching frequency, input voltage, output
voltage setting, and load current, the peak-to-peak
inductor current ripple and the peak inductor current
can be calculated as:

EQUATION 7-4:

Al _— L= VourVin
rep = PoUr\T F T

EQUATION 7-5:

Al
_ L PP
I peak = lourt —

The capacitive ripple AVgRc and the ESR ripple
AVR Esr are given by:

EQUATION 7-6:
_ AIL PP
AVre = 8 xfsxCour
EQUATION 7-7:

AV psg = ESR x Al pp

The total peak-to-peak output ripple is then
conservatively estimated as:

EQUATION 7-8:

AV =AVp o + AV psp

The output capacitor value and the ESR should be
chosen so that AVR is within specifications. Capacitor
tolerance should be considered for worst-case calcula-
tions. In the case of ceramic output capacitors, factor
into account the decrease of effective capacitance
versus applied DC bias.

The worst-case load transient for output capacitor cal-
culation is an instantaneous 100% to 0% load release
when the inductor current is at its peak value. In this
case, all the energy stored in the inductor is absorbed
by the output capacitor while the converter stops
switching and keeps the low-side FET on.

The peak output voltage overshoot (AVgyt) happens
when the inductor current has decayed to zero. This
can be calculated with Equation 7-9:

EQUATION 7-9:

L 2

AV, N I -V
our our our

// COUT L,PEAK

Equation 7-10 calculates the minimum output
capacitance value (Coytgvin)) needed to limit the
output overshoot below AVgT.

EQUATION 7-10:

2
L xIp ppax

2 2
AWourtVour) —Vour

COUT(MIN) =

The result from the minimum output capacitance value
for load transient is the most stringent requirement
found for capacitor value in most applications. Low
equivalent series resistance (ESR) ceramic output
capacitors, with X5R or X7R temperature characteris-
tics, are recommended.

For low-output voltage applications with demanding
load transient requirements, using a combination of
polarized and ceramic output capacitors may be most
convenient for smallest solution size.

7.6 Input Capacitor Selection

Two main requirements determine the size and charac-
teristics of the input capacitor:

» Steady-state ripple
* RMS current

The buck converter input current is a pulse train with
very fast rising and falling times so low-ESR ceramic
capacitors are recommended for input filtering,
because of their good high-frequency characteristics.

For ideal input filtering (assuming a DC input current
feeding the filtered buck power stage) and by neglect-
ing the capacitor ESR contribution to the input ripple
(typically possible for ceramic input capacitors), the
minimum capacitance value Cjyn) needed for a
given input peak-to-peak ripple voltage AV, |y can be
estimated as shown in Equation 7-11:

EQUATION 7-11:

Loy xD x(1-D)

Cineyy = AV, < fs

where:

D = the duty cycle at the given operating point
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The RMS current Iy rus of the input capacitor is
estimated as in Equation 7-12:

EQUATION 7-12:
Iy rus = Tour X ~D x(1-D)

Note that, for a given output current lgyt, the
worst-case values are obtained at D = 0.5.

Multiple input capacitors can be used to reduce input
ripple amplitude and/or individual capacitor RMS
current.

7.7

As a simple first-order approximation, the valley cur-
rent-mode controlled buck power stage can be mod-
eled as a voltage-controlled current-source feeding the
output capacitor and the load. The inductor current
state-variable is removed and the power-stage transfer
function from COMP to the inductor current is modeled
as a transconductance (Gmpg). The simplified model of
the control loop is shown in Figure7-2. The
power-stage transconductance Gmpg shows some
dependence on current levels and it is also somewhat
affected by process variations, therefore some design
margin is recommended against the typical value
Gmpg = 12.5A/V (see Electrical Characteristics).

Compensation Design

V Ll Vv
ML GMmps p by Jour
R2 — | C
Gm Error > out
Amplifier  —— Ru
B ESR
_@_ |V COMP
REF%+ Gmea Ccr
—_—C¢c <
§R1 <— Vour Range Rei —;—j7
Y%
FIGURE 7-2: Simplified Small-Signal Model of the Voltage Regulation Loop.
This simplified approach disregards all issues related The MIC24045 uses a transconductance
to the inner current loop, like its stability and bandwidth. (Gmga =14 mA/N) error amplifier.  Frequency

This approximation is good enough for most operating
scenarios, where the voltage-loop bandwidth is not
pushed to aggressively high frequencies.

Based on the model shown in Figure 7-2,
control-to-output transfer function is:

the

EQUATION 7-13:

5
v 27 x

Geogs) = = Gmpg xRy x s

Ve 1452

2r xf,

where: ’

fz, fp = The frequencies associated with the output
capacitor ESR zero and with the load pole,
respectively:

1

Iz = 2xxCoyr XxESR

1

Ip = XX Coyrx (ESRTR,)

compensation is implemented with a Type-Il network
(Rc1, Ccq and Cgy) connected from COMP to Agnp-
The compensator transfer function consists of an
integrator for zero DC voltage regulation error, a zero to
boost the phase margin of the overall loop gain around
the crossover frequency and an additional pole that can
be used to cancel the output capacitor ESR zero, or to
further attenuate switching frequency ripple. In both
cases, the additional pole makes the regulation loop
less susceptible to switching frequency noise. The
additional pole is created by capacitor Cg,.
Equation 7-14 details the compensator transfer
function He(s) (from OUTSNS to COMP).

EQUATION 7-14:

H = ___R_I___ xGm X.____I_____
¢S  RI+R2 EATS x(Cpp+ Cey)

I+8xRp; xCpy

C., xC
(148 xRg, xzS—=C2
Cep+Ce

X

DS20005568B-page 32

© 2016-2018 Microchip Technology Inc.



MIC24045

The overall voltage loop gain Tys) is the product of the
control-to-output and the compensator transfer
functions:

EQUATION 7-15:

Tysy = Geowsy X Hes)

The value of the attenuation ratio R1/(R1+ R2)
depends on the output voltage selection and can be
retrieved as illustrated in Table 7-2:

TABLE 7-2: INTERNAL FEEDBACK
DIVIDER ATTENUATION
VALUES
A
Vout Range R1/(R1 + R2) (A=1+R2/R1)

0.640V - 1.280V 1 1
1.290V - 1.950V 0.5 2
1.980V — 3.420V 0.333 3
4.750V — 5.250V 0.2 4

The compensation design process is as follows:

1. Set the Tys) loop gain crossover frequency fxo
in the range fg/20 to fg/10. Lower values of fyg
allow a more predictable and robust phase mar-
gin. Higher values of fyg would involve addi-
tional considerations about the current loop
bandwidth in order to achieve a robust phase
margin. Taking a more conservative approach is
highly recommended.

EQUATION 7-16:

S
Jxo zf)

2. Select R to achieve the target crossover fre-
quency fyxg of the overall voltage loop. This typ-
ically happens where the power stage transfer
function Gcg(s) is rolling off at —20 dB/dec. The
compensator transfer function Hcg) is in the
so-called mid-band gain region where C¢4 can
be considered a DC-blocking short circuit while
C¢ can still be considered as an open circuit, as
calculated in Equation 7-17:

EQUATION 7-17:

R :(R1+R2) 22 xCoyr Xfxo
cl RI Gmpy xGmpg

3. Select capacitor C¢q to place the compensator
zero at the load pole. The load pole moves
around with load variations, so, to calculate the
load pole, use as a load resistance R_the equiv-
alent value that yields the nominal output current
loyt of the application at the output voltage
Vout, as shown in: Equation7-18 and
Equation 7-19:

EQUATION 7-18:

~ Vour

R, =
L
loyr

EQUATION 7-19:

 Cour X(ESR +R))

CCI RC]

4. Select capacitor Cq to place the compensator
pole at the output capacitor ESR zero frequency
fz, or at > 5 fy, whichever is lower.

The C, is intended for placing the compensator pole
at the frequency of the output capacitor ESR zero,
and/or achieve additional switching ripple/noise
attenuation.

If the output capacitor is a polarized one, its ESR zero
will typically occur at low enough frequencies to cause
the loop gain to flatten out and not roll-off at a

—20 dB/decade slope around, or just after the
crossover frequency fxo. This causes undesirable
scarce compensation design robustness and switching
noise susceptibility. The compensator pole is then used
to cancel the output capacitor ESR zero and achieve a
well-behaved roll-off of the loop gain above the
crossover frequency.

If the output capacitors are only ceramic, then the ESR
zeroes frequencies could be very high. In many cases,
the frequencies could even be above the switching fre-
quency itself. Loop gain roll-off at —20 dB/decade well
beyond the crossover frequency is ensured, but even in
this case, it is good practice to still make use of the
compensator pole to further attenuate switching noise,
while conserving phase margin at the crossover fre-
quency. For example, setting the compensator pole at
5 fyxo, will limit its associated phase loss at the cross-
over frequency to about 11°. Placement at even higher
frequencies N x fyq (N > 5) will reduce phase loss even
further, at the expense of less noise/ripple attenuation
at the switching frequency. Some attenuation of the
switching frequency noise/ripple is achieved as long as
N x fxo < fs.
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For polarized output capacitor, compensator pole
placement at the ESR zero frequency is achieved, as
shown in Equation 7-20 below:

EQUATION 7-20:

)

R 1
Cour <ESR ™ C¢,

Cer =

For ceramic output capacitor, compensator pole place-
ment at N x fyg (N>5, N x fyg < fg) is achieved, as
detailed in Equation 7-21:

EQUATION 7-21:

)
Cer = 7
27 xRy XN X fyo—=—
CCI

7.8 Output Voltage Soft-Start Rate

The MIC24045 features internal, 12c programmable
soft-start, such that the output voltage can be smoothly
increased to the target regulation voltage. The soft-start
rate given in the Electrical Characteristics refers to the
error amplifier reference, and therefore the effective
soft-start rate value seen at the output of the module
has to be scaled according to the internal feedback
divider attenuation values listed in Table 7-2. To calcu-
late the effective output voltage soft-start slew rate
SS_SRpyr, based on the particular output voltage set-
ting and the reference soft-start slew rate SS_SRx
(x=0, 1, 2, 3 depending on selection), use the follow-
ing formula:

EQUATION 7-22:
SS_SRoyp = A xSS_SRx

where:

A = amplification (see Table 7-2 for A values.)

7.9 Minimum tgy and Minimum togg
Limitations

The valley current-mode control method utilized in the
MIC24045 allows very small minimum controllable ON
time (around 26 ns), so that it is possible to convert
from 19V down to very low voltages at high frequency.
Note that the high-side current limit circuit may not be
able to detect an overcurrent event if the ON time is
below the high side switch current limit leading edge
blanking time (LEB, see Electrical Characteristics).

Conversely, some minimum OFF time is needed for
valley current-mode modulator operation. This
torr(viny specification (see Electrical Characteristics)
may dictate a limit on the maximum attainable output
voltage for a given V|y voltage. The maximum
attainable output voltage (at no load) is calculated as
follows:

EQUATION 7-23:

Vouraaxy = Vinx (1 =fs X toppaminy)

It is advisable to use a safe headroom margin against
the calculated value of Voy(max) for DC load and good
dynamic performance.
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8.0 I°C INTERFACE DESCRIPTION

The I12C bus is for 2-way, 2-line communication
between different ICs or modules. The two lines are: a
serial data line (SDA) and a serial clock line (SCL).
Both lines must be connected to a positive supply via a
pull-up resistor. Data transfer may be initiated only
when the bus is not busy. MIC24045 is a slave-only
device (i.e., it cannot generate a SCL signal and does
not have SCL clock stretching capability). Every data
transfer to and from the MIC24045 must be initiated by
a master device which drives the SCL line.

The MIC24045 is a Fast mode device, supporting data
transfers at up to 400 Kbit/s.

The MIC24045 device assumes that the 12C logic levels
on the bus are generated by a device operating from a
nominal supply voltage of 3.3V (with £10% tolerance).
Therefore, V| and V|_are not related to the Vppp value
of the MIC24045. The SDA and SCL lines must not be
pulled up to the Vppa voltage of the MIC24045, but to
the 12C master interface supply voltage (3.3V nominal).

.y Y

SCL
Data line stable; Change of data
data valid allowed
FIGURE 8-1: Bit Transfer.

8.1 Bit Transfer

One data bit is transferred during each clock pulse. The
data on the SDA line must remain stable during the
HIGH period of the clock pulse as changes in the data
line at this time will be interpreted as control signals.

8.2 START and STOP Conditions

Both data and clock lines remain HIGH when the bus is
not busy. A HIGH-to-LOW transition of the data line
while the clock is HIGH is defined as the START (S) or
repeated START (Sr) condition. A LOW-to-HIGH tran-
sition of the data line while the clock is HIGH is defined
as the STOP condition (P). START and STOP condi-
tions are always generated by the master. The bus is
considered to be busy after the START condition. The
bus is considered to be free again a certain time after
the STOP condition. The bus stays busy if a repeated
START (Sr) is generated instead of a STOP condition.

I T T
SDA i i i | SDA
: T ! :
| ! | |
| | | I
T f I T t =
SCL | 5 | P i sa
START condition STOP condition
FIGURE 8-2: START and STOP Conditions.
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8.3 Device Address

The MIC24045 device uses a 7-bit address, which is
set in hardware, using three-state pins ADRO and
ADR1 (HIGH, LOW, or high Z). These two three-state
pins allow for nine different addresses, as described in
Table 8-1 below.

TABLE 8-1:  MIC24045 I12C ADDRESS
SETTING
ADR1 ADRO I2C Address
0 0 101 0000
0 1 101 0001
1 0 101 0010
1 1 101 0011
0 high Z 101 0100
high Z 0 101 0101
1 high Z 101 0110
high Z 1 101 0111
high Z high Z 101 1000

8.4 Acknowledge

The number of data bytes transferred between the
START and the STOP conditions, from transmitter to
receiver, is not limited. Each byte of eight bits is fol-
lowed by one Acknowledge bit. The Acknowledge bit is
a HIGH level put on the bus by the transmitter, whereas
the master generates an extra acknowledge-related
clock pulse. The device that acknowledges has to pull
down the SDA line during the acknowledge clock pulse,
so that the SDA line is stable LOW during the HIGH
period of the acknowledge-related clock pulse; setup
and hold times must be taken into account.

A slave receiver which is addressed must generate an
acknowledge after the reception of each byte.

Also, a master receiver must generate an acknowledge
after the reception of each byte that has been clocked
out of the slave transmitter, except on the last received
byte. A master receiver must signal an end of data to
the transmitter by not generating an acknowledge on
the last byte that has been clocked out of the slave

transmitter. In this event, the transmitter must leave the
data line HIGH to enable the master to generate a
STOP condition.

8.5 Bus transactions

8.5.1 SINGLE WRITE

The first seven bits of the first byte make up the slave
address. The eighth bit is the LSB (Least Significant
bit). It determines the direction of the message (R/W).
A ‘zero’ in the least significant position of the first byte
means that the master will write information to a
selected slave. A ‘1’ in this position means that the
master will read information from the slave. When an
address is sent, each device in a system compares the
first seven bits after the START condition with its
address. If they match, the device considers itself
addressed by the master as a slave-receiver or
slave-transmitter, depending on the R/W bit.

Command byte is a data byte which selects a register
on the device. The Least Significant six bits of the com-
mand byte determine the address of the register that
needs to be written.

The data to port is the 8-bit data that needs to be written
to the selected register. This is followed by the
acknowledge from the slave and then the STOP condi-
tion.

The Write command is as follows and it is illustrated in
the timing diagram below:

1. Send START sequence

Send 7-bit slave address

Send the R/W bit - 0 to indicate a write operation
Wait for acknowledge from the slave

Send the command byte — address that needs to
be written

Wait for acknowledge from the slave

7. Receive the 8-bit data from the master and write
it to the slave register indicated in step 5 starting
from MSB

8. Acknowledge from the slave

9. Send STOP sequence

ok w0bd

2

Data to port #
T T T T T T T T T T T T T T T T T T
SDA | S O|A|[O0O O A DATA 1 A|lP
| | | | | | ? % | | | | | % | | | | | | | ?
START condition R/W| ACK from ACK from ACK from
Slave Slave Slave

Data out from port

*DATA 1 VALID

FIGURE 8-3:

Single Write Timing Diagram.
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Note:  Writing to a non-existing register location
will generate a reject action (NACK) by the
MIC24045 after the command byte.

8.5.2 SINGLE WRITE WITH REPEATED
START (Sr)
In multi-master 12C systems, this bus transaction is the

recommended method to execute Vgyr on-the-fly
changes in multiple steps.

The sequence is the same as for the previous Single
Write transaction, except that at the end the master
issues a Repeated START (Sr) instead of a STOP (P),
and another (or more) Single Write operation takes
place until the master releases the bus with a STOP.
This way the master does not release the bus after the
first Single Write and can accomplish the Vqoyr
on-the-fly change in multiple steps, without interference
from other master devices.

The Single Write with Repeated Start (Sr) command is
as follows and it is illustrated in the timing diagram of
Figure 8-4 below:

1. Send START sequence

6. Wait for acknowledge from the slave

Receive the 8-bit data — DATA 1 from the master
and write it to the slave register indicated in step
5, starting from MSB

8. Acknowledge from the slave — The register is
updated with DATA 1

9. Send START sequence

10. Send 7-bit slave address

11. Send the R/W bit - 0 to indicate a write operation
12. Wait for acknowledge from the slave

13. Send the command byte — address that needs to
be written

14. Wait for acknowledge from the slave

15. Receive the 8-bit data — DATA 2 from the master
and write it to the slave register indicated in
step 13, starting from MSB

16. Acknowledge from the slave — The register is
updated with DATA 2

These steps (9 through 16) can continue as many
times as needed to write to the same register (or
another valid writable register as indicated in steps 5
and 13) without sending a STOP sequence. The

N

2. Send 7-bit slave address master will conclude the data transfer on the last write
3. Sendthe R/W bit - 0 to indicate a write operation operation by generating a STOP condition.
4. Wait for acknowledge from the slave
5. Send the command byte — address that needs to
be written
SCL 1 2\ [3) [4)| [5) [6) |7\ |8\ [9
Slave address Command byte
T T T T T T T T T T T ‘ T T T T T T T
SDA ’ S | | 0|A | 0 0 Register address | A | DATA 1 | A ‘
| | | | | | | | | | | | | | | | |
t t 4 t
START R/W| ACK from Slave ACK from Slave ACK from Slave
SCL 1\ (2| [3\ [4| |5\ [6| [7| [8| [9
Slave address Command byte
T T T T T T T T T T T T ‘ T T T T T T T
SDA | Sr | 0|A | 0 0 Re Address | A | DATA 2 | A ‘
| | | | | | | | | | | | | | | | | |
Fit 1 1
Repeated R/W| ACK from Slave ACK from Slave ACK from Slave
START
SCL 1 2\ [3| [4) [5) /6| |7\ |8\ [9
Slave address Command byte
T T T T T T T T T T T ‘ T T T T T T T
SDA | Sr | 0 | A | 0 0 Register Address | A | DATAN A | P ‘
| | | | | | | | | | | | | | | | | |
tt 4 ALK
Repeated R/W| ACK from Slave ACK from Slave f
START rom
Slave
STOP
FIGURE 8-4: Single Write with Repeated Start Timing Diagram.

Note:  Writing to a non-existing register location
will generate a reject action (NACK) by the
MIC24045 after the command byte.
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853 SINGLE READ 7. Send START sequence again (Repeated
This reads a single byte from a device, from a desig- START condl.tlon)
nated register. The register is specified through the 8. Send the 7-bit slave address
command byte. 9. Send R/W bit - 1 to indicate a read operation
The Read command is as follows and it is illustrated in 10. Wait for acknowledge from the slave
the timing diagram of Figure 8-5 below. 11. Receive the 8-bit data from the slave starting
1. Send START sequence from MSB )
2 Send 7-bit slave address 12. Acknowledge from the master. On the received
. o ) . byte, the master receiver issues a NACK in
3. Sendthe R/W bit- 0 to indicate a write operation place of ACK to signal the end of the data
4. Wait for acknowledge from the slave transfer.
5. Send the register address that needs to be read 13. Send STOP sequence
6. Wait for acknowledge from the slave
_ Slave address _ P Command byte _
T T T I T T I I I
SDA| S 0| A A |(cont.)
; L ; [ I I B Tﬂ e
- ACK fro
START R/W
condition Slave
ACK from Slave
B Slave address _ Data from register -
T I T T T I T I T T _
(cont.)| Sr 1] A DATA (first byte) AlP
e l l l l l l l l l l l l l
? A
(repeated) RIW STOP
START condition condition
ACK from Slave At this moment master-transmitter becomes master-receiver
and slave-receiver becomes slave-transmitter
FIGURE 8-5: Single Read Timing Diagram.

Note: Attempts to read from a non-existing
register location will generate a reject
action (NACK) by the MIC24045 after the
command byte.
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8.5.4 BLOCK READ (AUTO INCREMENT 5. Send the command byte — address that needs to
MODE) be read with Bit<6> set high to indicate the
This command reads a block of bytes, starting from a Aute-lncrement Read mode.
designated register that is specified through the com- 6. Wait for acknowledge from the slave
mand byte. Bit<6> of the command byte indicates the 7. Send START sequence again
Auto-Increment mode. If this bit is set, the address gets 8. Send the 7-bit slave address
incremented by one automatically and the registers are 9. Send R/W bit - 1 to indicate a read operation
read in o(rjdgr,tstartlng from the address provided by the 10. Wait for acknowledge from the slave
commana byte. 11. Receive the 8-bit data from the slave register
The BIock/A_ute-Ipcrement .Read eo_mmapd is as indicated in step 5, starting from MSB
fellows and it is illustrated in the timing diagram of 12. Acknowledge from the master receiver. On the
Figure 8-6. last byte, master receiver issues a NACK in
1. Send START sequence place of ACK to signal the end of the data
2. Send 7-bit slave address transfer.
3. Send the R/W bit - 0 to indicate a write operation 13. Repeat steps 11 and 12 until last byte
4. Wait for acknowledge from the slave 14. STOP sequence is sent
Slave address Command byte
SDA‘S‘ T T T T ‘O‘A‘ \1\ T T T T ‘A (Egn!)
t t X
START condition RW ACK from Slave
ACK from Slave
Slave address Data from register X Data from register X+1 Data from register X+n
Sr T 1A ‘ DA‘TA(l:rstby‘te) ‘ ‘A‘ ‘ DA‘TA(f‘irslb‘y(e) ‘ ‘A (cont) ‘ DA‘TA(fi‘rstby‘Te) ‘ AP
(repeated) t ?
START condition Rw STOP condition
ACK from Slave| At this moment master-tr becomes
and slave-receiver becomes slave-transmitter
FIGURE 8-6: Block Read Timing Diagram.
Note: If the master is using a non-existing regis-

ter location in the command byte, a reject
(NACK) will be generated by the
MIC24045.

In Block Read Auto-Increment mode, the master
receiver must signal an end-of-data to the transmitter
by not generating an acknowledge on the last byte that
has been clocked out of the slave. In this event, the
transmitter must leave the data line HIGH to enable the
master to generate a STOP condition.

If the master keeps reading beyond the valid
user-accessible register locations, the content of inter-
nal test registers will be streamed out until location
15 (Fh) is reached. After that, the read operation
wraps-around and restarts from register location Oh
and so on, until the master stops reading.
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8.56.5 BLOCK WRITE (AUTO-INCREMENT

MODE)

This command writes data to the designated register
and to all the following registers that are specified
through the command byte. Bit<6> of the command
byte indicates the Auto-Increment mode. If this bit is
set, the address gets incremented by one automatically
and the registers are written in order, starting from the
address provided by the command byte.

The Block/Auto-Increment Write command is as
follows and it is illustrated in the timing diagram of
Figure 8-7 below.

1. Send START sequence

2. Send 7-bit slave address

3. Sendthe R/W bit- 0 to indicate a write operation

»

8.

9
1

Wait for acknowledge from the slave
Send the command byte — address that needs to

be written with Bit<6> set high to indicate the
Auto-Increment Write mode.

Wait for acknowledge from the slave.
Receive the 8-bit data from the master and write

it to the slave register indicated in step 5,

starting from MSB.

Acknowledge from the slave

Repeat steps 7 and 8 until the entire data is sent

0. Send STOP sequence

Slave address Command byte Data to port Data to port | Data to port STOP condition
T T T T T T T T T T T T T T T T T T T T
sDA‘S‘ ‘0 A‘O 1 A‘ DATA 1 A‘ DATA 1 ‘A‘ ————————————— DATA 1 A‘P
f L L L L L ? L L L L L L L f 1 L L L L L L 1 Il L L L L ? Il L L *
START condition RIW | ACK from Slave ACK from Slave ACK from Slave ACK from Slave ACK from Slave

Data out from port

X DATA 1 VALID

* DATA 2 VALID

X DATA n VALID

FIGURE 8-7: Block Write Timing Diagram.

Note: If the master is using a non-existing
register location, a reject (NACK) will be

generated.

DS20005568B-page 40

© 2016-2018 Microchip Technology Inc.



MIC24045

9.0 PACKAGING INFORMATION

9.1 Package Marking Information

20-Lead FQFN*

Example

@ MM xXx
XXXXX
WNNN

O 2z
24045
8943

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)
W or WW Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code
@ Pb-free JEDEC® designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator ()

can be found on the outer packaging for this package.

e, A, V Pinone index is identified by a dot, delta up, or delta down (triangle

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.
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20-Lead FQFN 3 mm x 3 mm Package Outline and Recommended Land Pattern

TITLE
20 LEAD FQFN 3x3mm PACKAGE (Flip Chip) OUTLINE & RECOMMENDED LAND PATTERN

DRAWING # | FQFN33-20LD-PL-1 UNIT | MM

Lead Frame | Cu Lead Finish | Matte Tin
PIN# 1
IDENFICATION

0.2240.06 ~—~ CHAMFER
PIN 1 DOT 3.00£0.05 0.100%45'

BY MARKING _\ 0.25+0.05 -I—r— 1.35+0.05

uguuuu
1 0.50 Bsch ,—/[E:Em

r 0.33+0.05

0.77+0.05 d —‘—:t 0.2410.05 |0.46:0.05
0.64+0.05| ) \ jr”
[

D d
03005 (1 (1M NN

T Jea]
o.'lo«L
0.09:£0.02
TOP_VIEW 0.16:0.05

NOTE: 1, 2, 3 BOTTOM VIEW

NOTE: 1, 2, 3

3.00+0.05

0.33+0.02
0.45+0.02

—t+1.174+0.02 1+~

0852005 o.aoto.oe—-l;ll-—:] D j D

0.20+0.05 —_—
T
SEATING PLANE =D_D_D_D_D;ﬁ osrsoce] O O
0.00-0.05 0.203 Ref. j—\:’_ &
0.31+0.02

T
I,
0.45+0.02

SIDE VIEW 0]

NOTE: 1, 2, 3

1.95+0.02 2.20£0.05 2.60+0.05 3.20+0.05

RECOMMENDED LAND PATTERN

NOTE: 4, 5, 6, 7

NOTE:

1. MAX PACKAGE WARPAGE IS 0.05mm.

2. MAX ALLOWABLE BURR IS 0.076mm IN ALL DIRECTIONS.
3. PIN #1 (TOP) IS LASER MARKED.

4

. RED CIRCLES IN LAND PATTERN REPRESENTS THERMAL VIA AND SHOULD BE CONNECTED TO GROUND FOR
MAXIMUM PERFORMANCE.

5. GREEN RECTANGLES (SHADED AREA) ARE RECOMMENDED SOLDER STENCIL OPENNING ON EXPOSED PAD AREA.
6. BLUE COLOR AND PURPLE COLOR PADS REPRESENT DIFFERENT POTENTIALS. DO NOT CONNECT TO GROUND.
7. VIA SIZE is 0.30mm DIAMETER and 0.70mm PITCH.

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 (May 2016)

+ Original release of this document.

Revision B (October 2018)

» Packaging: Updated Part Marking Legend; Added
Note
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. l(% X XX %
Device Default Settings Lead Finish Package Code Media Type
Device: MIC24045: IZC-ProgrammabIe, High-Efficiency, Wide Input
Range, 5A Synchronous Step-Down Regulator
Default Settings: XX = Device code for default settings (see Table 6-1)
Lead Finish: Y =  Pb-Free with Industrial Temperature Grade
Package: FL = Flip-Chip QFN, 0.85 mm Thickness
Media Type: <blank>=  100/Tube
TR = 5,000/Reel

Examples:

a) MIC240452ZYFL-TR:

b) MIC24045EIYFL.:

¢) MIC24045KDYFL-TR:

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.

2C-Programmable, High-Effi-
ciency, Wide Input Range, 5A
Synchronous Step-Down
Regulator, 2Z Default Set-
tings, Industrial Temp. Range,
20-Ld FQFN, 5,000/Reel

12C-Programmable, High-Effi-
ciency, Wide Input Range, 5A
Synchronous Step-Down
Regulator, El Default Set-
tings, Industrial Temp. Range,
20-Ld FQFN, 100/Tube

12C-Programmable, High-Effi-
ciency, Wide Input Range, 5A
Synchronous Step-Down
Regulator, KD Default Set-
tings, Industrial Temp. Range,
20-Ld FQFN, 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, implicitly or otherwise, under any Microchip
intellectual property rights unless otherwise stated.

Microchip received ISO/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, BitCloud, chipKIT, chipKIT logo,
CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo,
JukeBlox, KeeLoq, Kleer, LANCheck, LINK MD, maXStylus,
maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, Prochip
Designer, QTouch, 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, CodeGuard,
CryptoAuthentication, CryptoAutomotive, CryptoCompanion,
CryptoController, dsPICDEM, dsPICDEM.net, Dynamic Average
Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial
Programming, ICSP, INICnet, Inter-Chip Connectivity,
JitterBlocker, KleerNet, KleerNet logo, memBrain, Mindi, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB,
MPLINK, MultiTRAK, NetDetach, Omniscient Code Generation,
PICDEM, PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon,
QMatrix, REAL ICE, Ripple Blocker, SAM-ICE, Serial Quad /O,
SMART-L.S., SQI, SuperSwitcher, SuperSwitcher Il, 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.

© 2016-2018, Microchip Technology Incorporated, All Rights
Reserved.
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