MICREL

MIC24046

Pin-Programmable, 4.5V — 19V, 5A
Step-Down Converter

General Description

The MIC24046 is a pin-programmable, high—efficiency,
wide input range, 5A synchronous step-down regulator.
The MIC24046 is perfectly suited for multiple-voltage rail
application environments typically found in computing and
telecommunication systems. It can be programmed by pin
strapping various parameters, such as output voltage,
switching frequency, and current-limit values. The pin-

selectable switching frequency,

valley-current

mode

control technique, high—performance error amplifier, and

external

compensation allow for the best trade-offs

between high efficiency and the smallest possible solution

size.

The MIC24046 is available in a thermally—efficient, space-
saving, 20—pin 3mm x 3mm QFN package with an
operating junction temperature range of —40°C to +125°C.

Datasheets and support documentation are available on

Micrel’'s website at: www.micrel.com.

Features

4.5V to 19V input voltage range
¢ 5A (maximum) output current
High efficiency (>90%)
Pin-selectable output voltages:

- 0.7V, 0.8V, 0.9V, 1.0V, 1.2V, 1.5V, 1.8V,
2.5V, and 3.3V

1% output voltage accuracy

Supports safe start-up with pre-biased output
Pin-selectable current limit and switching frequency
Internal soft-start and thermal shutdown protection
Hiccup-mode short-circuit protection

Available in a 20-pin 3mm x 3mm QFN package
—40°C to +125°C junction temperature range

Applications

e Servers, data storage, routers, and base stations
e FPGAs, DSP, and low-voltage ASIC power

Typical Application
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Micrel, Inc. MIC24046

Ordering Information

Part Number Junction Temperature Range Package Lead Finish
MIC24046YFL —40°C to +125°C 20—Pin 3mm x 3mm QFN Pb-Free

Pin Configuration

o - 2

S5 3a¢

Z 0o 2 2

Ss540o

o REFHE
VIN i [15] comp
VIN i [14] AGND
PGND | 73] PGND
PGND [ 2 i | [1Z]|FREQ

LX 7] LM

VOSETO [9] {7
VOSET1 [10] |

20-Pin 3mm x 3mm QFN (FL)
(Top View)

Pin Description

Pin Number Pin Name | Pin Function

Input Voltage for the Buck Converter Power Stage: These pins are the drain terminal of the internal
high-side N-channel MOSFET. A 10 uF minimum ceramic capacitor should be connected from VIN to

1-2 VIN PGND as close as possible to the device. A combination of multiple ceramic capacitors of different
sizes is recommended.
3-4.13 PGND Low-Side MOSFET Source Terminal and Low-Side Driver Return: Connect the ceramic input

capacitors to PGND as close as possible to the device.

Switch Node: Drain (low-side MOSFET) and source (high-side MOSFET) connection of the internal
5-6 LX power N-channel FETs. The external inductor (switched side) and bootstrap capacitor (bottom
terminal) must be connected to these pins.

Bootstrap: Supply voltage for the driver of the high-side N-channel power MOSFET. Connect the

/ BST bootstrap capacitor (top terminal) to this pin.

Power Good (Output): When the output voltage is within 92.5% of the nominal set point, this pin will
8 PG 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.

Three-state Pin (Low, High, and High-Z) for Output Voltage Programming: Together with VOSET1,
VOSETO defines nine logic values corresponding to nine output voltage selections.

Three-State Pin (Low, High, and High-Z) for Output Voltage Programming: Together with VOSETO,
VOSET1 defines nine logic values corresponding to nine output voltage selections.

9 VOSETO

10 VOSET1
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Micrel, Inc. MIC24046

Pin Description (Continued)

Pin Number Pin Name | Pin Function

11 ILIM Three-State (Low, High, and High-Z) Current-Limit Selection Pin.
12 FREQ Three-State (Low, High, and High-Z) Switching Frequency Selection Pin.

Analog Ground: Quiet ground for the analog circuitry of the internal regulator and return terminal for
14 AGND !

the external compensation network.
15 COMP Transconductance Error Amplifier Output: Connect a compensation network from this pin to AGND.
16 OUTSNS Output Sensing: Connect this pin directly to the buck converter output voltage. This pin is the top side

terminal of the internal feedback divider.

Precision Enable/Turn-On Delay Input. The EN/DLY pin is first compared against a 507mV threshold
to turn-on the on-board LDO regulator. The EN/DLY pin is then compared against a 1.21V (typical)
17 EN/DLY threshold to initiate output power delivery. A 150mV typical hysteresis prevents chattering when
power delivery is started. A 2uA (typical) current source pulls up the EN/DLY pin. Turn-on delay can
be achieved by connecting a capacitor from EN/DLY to ground, while using an open-drain output to
drive the EN/DLY pin.

18 VDDA Output of the internal linear regulator and internal supply for analog control. A 1uF minimum ceramic
capacitor should be connected from this pin to AGND; 2.2uF nominal value recommended.

Internal Supply Rail for the MOSFET Drivers (fed by the VDDA pin): An internal resistor (10Q)
between pins VDDP and VDDA is provided in the regulator in order to implement an RC filter for

19 VDDP o ; . . - . L

switching noise suppression. A 1uF minimum ceramic capacitor should be connected from this pin to

PGND; 2.2uF nominal value recommended.

Input of the Internal Linear Regulator: This pin is typically connected to the input voltage of the buck
20 VINLDO converter stage (VIN). If VINLDO and VIN are connected to different voltage rails, individually bypass
VINLDO to ground with a 100nF ceramic capacitor.

PGND Exposed Pad: Electrically connected to PGND pins. Connect with thermal vias to the ground
PGND_EP PGND plane to ensure adequate heat-sinking. Follow recommendations as illustrated in the PCB Layout
Recommendations section

VIN Exposed Pad: Electrically connected to VIN pins. If an input power distribution plane is available,
VIN_EP VIN connect with thermal vias to that plane to improve heat-sinking. Follow recommendations as
illustrated in the PCB Layout Recommendations section

LX Exposed Pad: Electrically connected to LX pins. Follow recommendations as illustrated in the

LX_EP LX PCB Layout Recommendations section
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Micrel, Inc. MIC24046
Absolute Maximum Ratings” Operating Ratings®?
Vvins VVINLDO t0 AGND ....ovviviiiiiniiiiiiiiiana, -0.3V to +20V Supp|y Voltage (VVINa VVINLDO) ........................... 4.5V to 19V
Voors Vyopa 10 AGND ... -0.3Vto +6V  Externally Applied Analog and Drivers Supply Voltage
VUINLDO 10 VUDDA «eevereereeeeeereeseeeseeseeseeeseeseeeesen. ~0.3Vto +20V  (VVINLDO = VDDA = VYDDP) vovvevvseissiincisine 4.5Vt0 5.5V
VUDDP 10 VUDDA.rvererrerrereereseereeseeseseesseeseseeeeee ~0.3Vt0+0.3v  Enable Voltage (VenpLy) «oowevvveeisniiiiisiiinns 0V t0 Vvopa
VvoseTx, VFreq, Vium, T0 AGND ...l -0.3V to +6V Power-Good (PG) PU”'Up VOItage (VPU—PG) """" 0Vto 5.5V
Veer 10 Vis o _03Vio 46y OUIPULCUITENT .o 5A
BST LX . o o
Vst 10 AGND .ooooeoeoeseeeeseeeee e _0.3Vto 426y  Junction Temperature (T,).......... e ~40°Cto +125°C
Junction to Ambient Thermal Resistance

VEN/DLY to AGND ........ccuuvvneeee.n. -0.3Vto VVDDA + 0.3V, +6V 20-p|n 3mm x 3mm QFN (eJA)(s) 29°C/W
Veg tO AGND ..o -0.3Vto+6Y T T T T
VCOMPs VOUTSNS to AGND ........... -0.3V to VVDDA + 03V, +6V
AGND t0 PGND........ccoieeeeeeee e -0.3V to +0.3V
Junction Temperature ...........cccoeceeiiiiee e, +150°C
Storage Temperature (Ts)...cccovveeerieernennne —65°C to +150°C
Lead Temperature (soldering, 10S).......ccccevviiveeennnnen. 260°C
ESD Rating'”

[ 1= 2kV

Y1 150V

Electrical Characteristics®

Vuin = Vuinebo = 12V; Cvppa= 2.2uF, Cvppp = 2.2uF, Ta = 25°C, unless otherwise noted. Bold values indicate —40°C < T, < +125°C.

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

VIN Supply

VIN Input Range 4.5 19 \

IVINQ Disable Current EN/DLY = 0V 0.2 2 uA
Ta=Ty=25°C 35 42

IVINLDOQ Disable Current EN/DLY = 0V HA
—40°C<T;<+125°C 56

IVINOp Operating Current E(’)\VS Bv';t\g;ng?_?:/,:%lzszl;losg 1.15 x Vourom, 045 | 075 mA

IVINLDOOp | Operating Current Eg‘g svﬁtzr:nlgz'?,\\/;?r?l—szgf?o: 1.15 x Voutinom, 5.6 7 mA

VDDA 5V Supply

VDDA Operating Voltage EN/DLY > 0.58V, lvppa) = 0mA to 10mA 4.8 5.1 5.4 \

Dropout Operation Vinwpo = 4.5V, EN/DLY > 0.58V, lvppa) = 10mA 3.6 3.75 \

VDDA Undervoltage Lockout

UVLO_R VDDA UVLO Rising Vvopa Rising, EN/DLY > 1.28V 3.1 3.5 3.9 \

UVLO_F VDDA UVLO Falling Vvopa Falling, EN/DLY > 1.28V 2.87 3.2 3.45 \Y

UVLO_H VDDA UVLO Hysteresis 300 mV

Notes:

1. Exceeding the absolute maximum ratings may damage the device.
The device is not guaranteed to function outside operating range.
044 is measured on the MIC24046 evaluation board.

o MDD

Specification for packaged product only.

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

MIC24046

Electrical Characteristics® (Continued)
Vvin = Vuinwpo = 12V Cvppa= 2.2HF, Cvopp = 2.2HF, Ta= 25°C, unless otherwise noted. Bold values indicate -40°C < T, < +125°C.

Symbol ‘ Parameter | Test Conditions ‘ Min. ‘ Typ. | Max. | Units
EN/DLY Control
EN_LDO_R | LDO Enable Threshold Turns On VDDA LDO 507 580 mV
EN_LDO_F | LDO Disable Threshold Turns Off VDDA LDO 460 491 mV
EN_LDO_H LDO Threshold Hysteresis 16 mV
EN_R EN/DLY Rising Threshold Initiates power-stage operation 1.14 1.21 1.28 \
EN_F EN/DLY Falling Threshold Stops power-stage operation 1.06 \
EN_H EN/DLY Hysteresis 150 mV
EN_I EN/DLY Pull-Up Current Ta=Ty=25°C 1 2 3 HA
Switching Frequency
fsz (F:?ggr:azr?mab'e Frequency FREQ = High Z (open) 360 400 440 | KkHz
fso Programmable Frequency 0 FREQ = Low (GND) 500 565 630 kHz
fs1 Programmable Frequency 1 FREQ = High (VDDA) 700 790 880 kHz
Overcurrent Protection
ILim_Hso HS Current Limit 0 ILIM = Low (GND) 6.0 7.1 8.1 A
I Hs1 HS Current Limit 1 ILIM = High (VDDA) 8.1 9.3 10.3 A
ILm_Hsz HS Current Limit High Z ILIM = High Z (open) 9.3 10.5 11.9 A
LEB -Il_—ggd';EJ Igjl;]réegltahlli?r?g Time 108 ns
ILim_Lso LS Current Limit 0 ILIM = Low (GND) 3.0 4.6 6.3 A
I Ls1 LS Current Limit 1 ILIM = High (VDDA) 4.0 6.2 7.9 A
ILim_Lsz LS Current Limit Hi Z ILIM = High Z (Open) 5.0 6.8 8.6 A
. Number'of.subsequent cycleg in Clock

INHIcc_DE OC Events Count for Hiccup current limit befqre entering hiccup 15 Cycles

overload protection.
tHicc wAIT Hiccup Wait Time ngr:rtéc’:e?lz tshoit:it%r;t-.z state on LX So_:‘;étart

ime

Power Switches
ReotTom Bottom FET ON resistance x;gfvt’XV'L‘Lg&:T\:V:D[}"J: ZEE?:A =5, 16 21 mQ
Rrop Top FET ON resistance x;gfvt’XV'L‘Lg&:T\:V:D[}"J: ZEE?:A =5, 38 50 mQ
Pulse-Width Modulation (PWM)
Tonminy Minimum LX ON Time Ta=Ty=25°C 26 ns

Vvin = Vvinepo = Vvopa = 5V, Voutsns =
TorrMN Minimum LX OFF time 3‘;{;;2)'55\/:&?1”=(‘(‘)(\)/°'(‘3"_'§\79t“”9)’ 90 135 190 ns

setting),Ta = Ty=25°C
Dmin Minimum Duty Cycle Voutsns >1.1 x Vournom 0 %
October 14, 2015 5 Revision 1.1



Micrel, Inc.

MIC24046

Electrical Characteristics® (Continued)
Vvin = Vuinwpo = 12V Cvppa= 2.2HF, Cvopp = 2.2HF, Ta= 25°C, unless otherwise noted. Bold values indicate -40°C < T, < +125°C.

Symbol ‘ Parameter ‘ Test Conditions ‘ Min. | Typ. | Max. | Units
Gm Error Amplifier

Error-Amplifier
Gmea Transconductance 15 mmho
Aea Error-Amplifier DC Gain 50000 VIV

Error-Amplifier
Isr_snik Source/Sink Current —400 +400 WA
COMP_H COMP Output Swing High 2.4 Vv
COMP_L COMP Output Swing Low 0.8 Vv

COMP-to-Inductor Current
Gmps Transconductance Vour = 1.2V, lout = 4A 12.5 ANV
Output Voltage DC Accuracy

4.75V < ViN< 19V, Vour = 0.7V to 1.8V

OUtErr2 Output Voltage Accuracy for IN out 0 1 1 %

Ranges 1 and 2 Ta =Ty =—-40°C to 125°C, lout = 0A

o Vol A ; 4.75V s ViN< 19V, Vour = 2.49V to
OUtEr3 Rutput oltage Accuracy for 3.3V 15 15 %

ange 3
Ta =Ty =-40°C to 125°C, loyr = 0A
LoadReg Load Regulation lout = 0A to 5A 0.25 %
LineReg Line Regulation 6V< ViN< 19V, lout = 2A 0.1 %
Internal Soft-Start
SS_SR Reference Soft-Start Slew Vour = 0.7V, 0.8V, 0.9V, 1.0V, 1.2V 0.45 Vims
Power Good (PG)
PG_VoL PG Low Voltage lpgy=4mA 0.18 0.4 \
PG_ILeak PG Leakage Current Vpg =5V -1 0.02 1 A
PG_R PG Rise Threshold Vour Rising 90 92.5 95 %
PG_F PG Fall Threshold Vour Falling 87.5 90 92.5 %
PG R DLY | PG Rise Delay Vour Rising 0.45 ms
PG_F DLY | PG FallDelay Vour Falling 70 Hs
Thermal Shutdown
TsHon Thermal Shutdown 160 °C
TsHON_HYST Thermal-Shutdown Hysteresis 25 °C
Efficiency
- Vin =12V, Vour = 0.9V, loyr = 2A

Efficienc 82.3 %
" ciency fs = fsz = 400kHz, L = 1.2uH, Ta= 25°C
October 14, 2015 Revision 1.1



Micrel, Inc.

MIC24046

Typical Characteristics
Vvin = Vuinwpo = 12V; Cvppa= 2.2uF, Cvppp = 2.2uF, Ta = 25°C, unless otherwise noted.

Operating Current (Ip) VDD Voltage Low-Side Current Limit
vs. Input Voltage vs. Input Voltage vs. Input Voltage
20 5.3 T T 10
lyooa = OMA
~19 VDDA —_
- 5.1 1| Lo
:18 > - | f E luw = Hi-Z
f = 790kH 2 = 3
E 17 R o 49 lvooa = 10mA = X
i 16 S g Z7
D15 f = 565kHz B4z < | 7|
[¢] / N g S 6 Ium = VDDA
Z 14 Vs a 3]
Bl ~— 845 w
a /1 > 9 5 r
w f = 400KH. . @ _
8 12 z Switching 43 | = 4 lum = GND Vour =12V _|
1 Vour=1.0V _| o L=22uH
loyr = 0A 2
10 I — 41 3 T
4 6 8 10 12 14 16 18 20 4 6 8 10 12 14 16 18 20 4 6 8 10 12 14 16 18 20
INPUT VOLTAGE (V) INPUT VOLTAGE (V) INPUT VOLTAGE (V)
Enable Threshold EN/DLY Pull-up Current Operating Current (Ig)
vs. Input Voltage vs. Input Voltage vs. Temperature
1.3 3 20
<125 28 §19 "
= 26 18 ~
~ /
Q12 = f = 790kHz
3 g % = g ——
T 115 |—— ENABLE RISING 2 S — | £ —]
‘ﬁ | | N 22 —— % 6 —
SR I a e — 315 f = 565KHz
= 4 14 | -
W 1.05 7 G 18 Z 14 —
i 171 E | "]
a ENABLE FALLING 1.6 213
= 1 w = SWITCHING
w 1.4 g 12 f = 400kHz Vi = 12V
0.95 _ | | Vour = 1.0V
1.2 EN/DLY =0V | 11 | | ey
0.9 1 10 -
4 6 8 10 12 14 16 18 20 4 6 8 10 12 14 16 18 20 40 20 0 20 40 60 80 100 120 140
INPUT VOLTAGE (V) INPUT VOLTAGE (V) TEMPERATURE (°C)
i EA Output Current
FI‘EI: ?:r:e:::ﬁ?:e EA Transconductance Vs. TelF:'!perature
65 . P vs. Temperature 800
2
—~ %) —~ 600
g5 — €138 < -
5 o = 400
£ w = —
s Rroe S 16 &
Q Z T 200 SINKING
f—t g 1.4 8 0
» 35 I ——
»n g \\- =
| 1.2 =)
[ o 8 a -200 SOURCING
= Reorrom - () jn}
° A —] z 1 O -400 L4
E " é <
w 15 F o8 Vin=12V Y 600 |
Vj = 12V < Vour = 1.0V Vo= 12V
5 0.6 -800 -
40 20 0 20 40 60 80 100 120 140 40 20 0 20 40 60 80 100 120 140 -40 20 0 20 40 60 80 100 120 140
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
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Micrel, Inc.

MIC24046

Typical Characteristics (Continued)

VVIN = VVINLDO =12V, CVDDA= 22HF, CVDDP = 22“F, TA = 2500, unless otherwise noted.

Efficiency (VIN = 12V)
vs. Output Current

Efficiency (VIN = 5.0V)
vs. Output Current

Output Voltage (Vo1 = 0.9V)
vs. Output Current

100 0.91
9 — —_— _ 0,905
g N I — i E/
&\0’ \: &\0« I u
B 80 ——— 6 g 0.9
= § = =
w7 / w Vour = 3.3V Q o895
Q 3V 3] \vlgaiz 35V z
i N OE By 5
w60 £V w =12V 4 B o089
2V Wour =1.0v o
.0V our = 0.9V o
.9V Vour = 0.8V V=12V
50 §¥ _ 50 Vour = 0.7V 0.885 VIN —09v |
Vi = 12V : V=50V o
L=22uH | L=22uH
40 L L 40 0.88
0 1 2 3 4 5 6 0 1 2 3 4 5 6 1 2 3 4 5
OUTPUT CURRENT (A) OUTPUT CURRENT (A) OUTPUT CURRENT (A)
Output Voltage (Vgyr = 1.0V) Output Voltage (Voyr = 1.2V) Output Voltage (Voyr = 1.5V)
vs. Output Current vs. Output Current vs. Output Current
1.01 1.21 1.52
1.515
__1.005 _1.205 -
s < Z 51
w w w
G 1 G 12 © s
E h— E — E .
Q 0995 T— Q 1195 ~T— Q s
[ = = ——
2 2 2 1495
£ o099 (=S RE] =
3 3 3 149
0.985 Viy=12V 1.185 V=12V — Vi = 12V
Vour = 1.0V Vl::‘ur =12V 1.485 VI(:‘UT =15V |
0.98 1.18 1.48
0 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
OUTPUT CURRENT (A) OUTPUT CURRENT (A) OUTPUT CURRENT (A)
Output Voltage (Voyr = 1.8V) Output Voltage (Voyr = 2.5V) Output Voltage (Voyr = 3.3V)
vs. Output Current vs. Output Current vs. Output Current
1.82 2.52 3.33
1.815 2.51 3.32
s s s
o 18 o 25 w 3.31
2 1805 2 2
5 B 249 H 33
O g o )
e —— e 2.48 i 3.29
[ T — = 2. -
2 179% 2 2
5 E 247 E 328
o 179 o o
Vi=12v | 2.46 Vin=12V — 3.27 V=12V —|
1.785 Vour = 1.8V Vour = 2.5V (2.49V) VIC’)VUT _3av
1.78 2.45 3.26 |
0 1 2 3 4 5 0 1 2 3 4 5 1 2 3 4 5
OUTPUT CURRENT (A) OUTPUT CURRENT (A) OUTPUT CURRENT (A)
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Micrel, Inc.

MIC24046

Functional Characteristics

Vuin = Vuinwpo = 12V; Cvppa= 2.2uF, Cvppp = 2.2uF, Ta = 25°C, unless otherwise noted.

V,, Turn-On

. u

VIN L
(5Vrdiv)
VOUT 2
(500mV/div)
PG Bf”
(2Vidiv)
118
(5A/div)
Time (4ms/div)
Enable Turn-On
EN/DLY
(2V/div)
PG Dy . ,
(5Vvrdiv)
/
ol v, =12V
Vour E Vo, =12V
(500mV/div) Ry, = 0.240
out foy = 400kHz
(2A/div) L
Time (500us/div)
Enable Start-Up w/ Pre-Biased Output
EN/DLY
(2V/div) :
PG By
(5V/div) RN
z (S T
= AT v, = 12v
L Vor=12V
VOUT VPREBIAS = 06V .
(500mV/div) fow = 4|00kH‘z
Time (500us/div)

V,, Turn-Off

Vi O
(5V/div) |

=4

(2

ouT
(1V/div)

PG &

(svicv) R

Time (4ms/div)

Enable Turn-Off

EN/DLY
(2V/div)

PG D5

(5V/div)

V,, =12V

TV, =12V |
Ry, = 0.240

1 fo,, = 400kHz|

VOUT
(500mV/div)

ouT
(2A/div)

Time (500us/div)

Enable Start-Up w/ Pre-Biased Output

EN/DLY [
(2Vvrdiv)
PG D

(5Vrdiv)
vV, =12V
Vour = 1.2V

Vour E VPREBIAS =1.0V |
(500mVi/div foy = 400kHz
Time (500us/div)
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Micrel, Inc.

MIC24046

Functional Characteristics (Continued)
Vvin = Vuinwpo = 12V; Cvppa= 2.2uF, Cvppp = 2.2uF, Ta = 25°C, unless otherwise noted.

Power-Up into Short-Circuit

\Y; =]

IN
(5V/div)

PG
(5V/div)

VOUT
(500mV/div)

IOLJT

(5A/div)

Time (500ps/div)

LIM

Output Current Limit (I

u

e

= Hi-2)

Vi, st I i R
(500mV/div) _ : P
. V. =12V
(5V/div) e ;
| f,,, = 400kHz
(2A/d?3; | = Hi-Z
|
(2A/div)

Time (10ms/div)

Hiccup Mode Short Circuit & Output Recovery

u
4
Vour BE==="1" =
(1V/div) ! .
SV 1 -:' - 12¥
(3Vidw) I [T P 0 - Vo= 1.2V
T Ry = 1.2Q
IOUT n | 7 ‘ e
(5A/div)  E ! L=22uH
! fon = 400kHZ
|, o — ., |
(5A/div)

Time (20ms/div)

Enabled into Short-Circuit

]
EN/DLY
(2V/div)
PG O
(5V/div)
[ A
VOUT Y
(500mV/div)
IOUT
(5A/div)
Time (100ps/div)
Output Current Limit (I ,, = 0V)
LRI M A A
VQUT Zy V. =12V
(500mV/div) : \ _
PG}V.‘u:H‘.;A.AA.‘.‘H P
: L=22uH
(SVidiv) f,, = 400kHZ ¢
- Y
(2A/d?\lﬁ|3
(2AVdiv) _ : I
Time (10ms/div)
Thermal Shutdown & Thermal Recovery
NN
Vo, = 1.2V ¢
Ro=1:20 {.:
gy = 400kHz
V ........ _;_ ............
(500mV/div)
PG 3 bttt
(5V/div)
Sw 1
(10V/div)
| @ .
(2A/div) ‘ : 1 .
Time (200ms/div)
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Micrel, Inc.

MIC24046

Functional Characteristics (Continued)
Vvin = Vuinpo = 12V CVDDA= 22HF, CVDDP = 22“F, Ta= 25°C, unless otherwise noted.

Switching Waveforms (I, = 0A) Switching Waveforms (I, = 5A)
' .t ﬂ e ) all
Ll L Vin ﬁqlw""'/ Nn”"’“ ] r“\fr"‘“"”r
Vb 7 i i (AC-Coupled)
(AC-Coupled) [ V, =12V (200mV/div)
(200mV/div) Vo= 1.2V
IOUT = OA
.y, = 400kHz Vv, =12V
SW oy Vo = 1.2V
(5V/div) Sw | gy = 5A
Vour ot~ N I N N N (BVIdv) o fow = 400kHz
(AC-Coupled) ~ | ™ St ~ Voor i |
(5mV/div) (AC-Coupled) o}~ L™ TN | ol s
| (5mV/div) I s 74 " -
L |
(1A/dW) (1A/div)
Time (1us/div) Time (1us/div)
Load Transient Response Line Transient Response
PG n VOUT [P R e .+, .........................
(5V/div) /& (AC-Coupled) 1
V,, C = (20mV/div) :
(AC-Coupled) gzt PG B
100mV/di =1 : :
(100mVidiv) R|,,, 3110100240 (5V/div) oz \ ¢
V,, =10V TO 14V
V,.=12V
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Functional Description

The MIC24046 is a pin-programmable, 5A valley current-
mode controlled regulator featuring an input voltage
range from 4.5V to 19V.

The MIC24046 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 input
voltage and selectable output voltages range.

Theory of Operation

Valley-current-mode control is a fixed-frequency, leading-
edge modulated PWM current-mode control. Differing
from the peak-current-mode, the valley-current-mode
clock marks the turn-off of the high-side switch. Upon this
instant, the MIC24046 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” sub-section
within the Application Information section, the feedback
loop includes an internal programmable reference
(REFpac) and output voltage sensing attenuator (R2/R1),
which removes the need for external feedback
components and improves regulation accuracy. Output
voltage feedback is achieved by connecting 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 valley-current-mode
modulator, which also adds slope compensation to
guarantee 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 automatically
adapted in amplitude depending upon the frequency,
output voltage range, and voltage differential (Vyn —
Voursns). The internal low-Rpsony power MOSFETS,
associated adaptive gate driver, and internal bootstrap
diode complete the power train.

Overcurrent protection and thermal shutdown protect the
MIC24046 from faults or abnormal operating conditions.

Internal LDO, Supply Rails

(VIN, VINLDO, VDDA, VDDP)

VIN represents the power train input. These pins are the
drain connection of the internal high-side MOSFET and
should be bypassed to GND with an X5R or X7R 10uF
(minimum) ceramic capacitor, placed as close as

possible to the IC. A combination of ceramic capacitors of
different sizes is recommended.

An internal LDO (input = VINLDO) provides a clean
voltage supply (5.1V typ.) for the analog circuits at pin
VDDA. The internal LDO is typically powered from the
same power rail feed as VIN; however, VINLDO can also
be higher or lower than VIN, and can be connected to
any other voltage within its recommended limits. VINLDO
and VDDA should be locally bypassed (see Pin
Description). A small series resistor (typically 2Q-10Q)
can be used in combination with the VINLDO bypass
capacitor to implement a RC filter for suppression of large
high-frequency switching noise.

The internal LDO is enabled when the voltage at the
EN/DLY pin exceeds about 0.51V, and regulation takes
place as soon as enough voltage has established
between the VINLDO and VDDA pins. If an external
5V+10% is available, it is possible to bypass the internal
LDO by connecting VINLDO, VDDA and VDDP together
at the external 5V rail, thus improving overall efficiency.
An internal undervoltage lock-out circuit (UVLO) monitors
the level of VDDA.

VDDP 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
polluting the analog VDDA supply, a separate capacitor is
needed for VDDP pin bypassing.

An internal 10Q resistor is provided between VDDA and
VDDP 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 VDDA and VDDP.

Pin-strapping Programmability (VOSETO0, VOSET1,
FREQ, ILIM)

The MIC24046 uses pin-strapping to set the output
voltage (pins VOSETO, VOSET1), switching frequency
(pin FREQ), and current limit (pin ILIM). No external
passives are needed, such that external component
count is minimized. Each pin is a three-state input
(connect to GND for LOW logic level, connect to VDDA
for HIGH logic level or leave unconnected for high-Z).
The logic level of the pins is read and frozen in the
internal configuration logic immediately after the VDDA
rail has come up and stabilized. After this instant, any
change of the input logic level on the pins will have no
effect until the VDDA power is cycled again. The values
corresponding to each particular  pin-strapping
configuration are detailed in the Application Information
section.
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Enable/Delay (EN/DLY)

EN/DLY is a dual-threshold pin that turns the internal
LDO on and off, and starts/stops the power delivery to
the output. This is shown in Figure 1:

ENABLE LDO
COMPARATOR
VINLDOC}— EN_I il}—»
2pA
EN_LDO R
507mv ENABLE POWER
EN/DLYL

COMPARATOR
ENABLE
POWER
EN_RL-7150MV - e \vERY

1.21V

AGNDEll

Figure 1. EN/DLY Pin Functionality

The threshold for power delivery (EN_R) is a precise
1.21V x70mV. A 150mV typical hysteresis prevents
chattering due to switching noise and/or slow edges.

A 2pA typical pull-up current with £1pA accuracy permits
the implementation of a start-up delay by means of an
external capacitor. In this case, it is necessary to use an
open-drain driver to disable the MIC24046 while
maintaining the start-up delay function.

Power-Good (PG)

PG is an open-drain output that requires an external pull-
up resistor to a pull-up voltage (Vey pc) less than 5.5V for
being asserted to a logic HIGH level. PG is asserted with
a typical delay of 0.45ms when the output voltage
(OUTSNS) reaches 92.5% of its target regulation voltage.
PG is de-asserted with a typical delay of 70us 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/DLY 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 2mA.

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 100nF) that
is replenished from rail VDDP during the low-side
MOSFET ON-time. The bootstrap diode is internal.

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 voltage value),
therefore its loading effect is typically negligible.
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
transconductance error amplifier. Care must be taken to
return the compensation network ground directly to
AGND.

Soft-Start

The MIC24046 internal reference is ramped up at a
0.45V/ms 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.

Switching Frequency (FREQ)

The MIC24046 features three different selectable
switching frequencies: 400kHz, 565kHz, and 790kHz.

Pre-Biased Output Start-Up

The MIC24046 is designed to achieve safe start-up into a
pre-biased output without discharging the output
capacitors.

Thermal Shutdown

The MIC24046 has thermal-shutdown protection that
prevents operation at excessive temperature. The
thermal-shutdown threshold is typically set at 160°C with
a hysteresis of 25°C.

Overcurrent Protection (ILIM) and Hiccup Mode
Short-Circuit Protection

The MIC24046 features instantaneous cycle-by-cycle
current limit with current sensing on both 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 MOSFET
ON time. The high-side MOSFET turn-on is inhibited as
long as the low-side MOSFET current limit is above the
current-limit threshold level. The inductor current will
continue decaying until the current falls below the
threshold, where the high-side MOSFET will be enabled
again according to the duty cycle requirement from the
PWM modulator. The mechanism is illustrated in Figure
2.
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LS OC DETECTED
HS TURN-ON

LS CURRENT OK INHIBITED

HS TURN-ON Al

1S ENABLf/D/

LS OC DETECTED
HS TURN-ON
A INHIBITED

LOW-SIDE
CURRENT-LIMIT
THRESHOLD Y

"

RESULTING
DUTY CYCLE

REQUIRED
DUTY CYCLE I | | | | |

VALLEY CM CLOCK 4
(HS OFF, LS ON)

Figure 2. Low-Side Cycle-by-Cycle Current-Limit Action

The low-side current limit has three different
programmable levels (for 3A, 4A, and 5A loads), in order
to fit different application requirements. Since the low-
side current limit acts on the valley current, the DC output
current level (loyt) 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
values). The high-side cycle-by-cycle current limit
immediately truncates the high-side ON time without
waiting for the OFF clocking event.

A leading edge blanking (LEB) timer (108ns, typical) is
provided on the high-side cycle-by-cycle current limit to
mask the switching noise and to prevent falsely triggering
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 incremented. 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 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 the duration of three
times the soft-start time. This digital integration
mechanism provides immunity to momentary overloading
of the output. After the wait time, the MIC24046 retries

entering operation and initiates a new soft-start
sequence.
Figure 3 llustrates the hiccup mode short-circuit

protection logic flow. Note that hiccup mode short-circuit
protection is active at all times, including the soft-start
ramp.
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Figure 3. Hiccup Mode Short-Circuit Protection Logic
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Application Information

Programming Start-Up Delay and External UVLO

The EN/DLY pin allows programming of an external start-
up delay. In this case, the driver for the EN/DLY pin
should be an open-drain/open-collector type as shown in
Figure 4:

ENABLE LDO
COMPARATOR
VINLDOX
EN_LDO R
507mV
EN_I
2pA
ENABLE POWER
=l LULL: o COMPARATOR
ENABLE
c EN R POWER
OFF—I oLy 127y DELIVERY
AGND

Figure 4. Programmable Start-Up Delay Function

The start-up delay is the delay time from the OFF falling
edge to the assertion of the enable power delivery signal
and can be calculated as shown in Equation 1:

The programmed V\y UVLO threshold V|y_gise is given by:

R2

V|N_R|SE=EN_RX[1+EJ—EN_|XR2 Eq2

where:

EN_R=1.21V

EN_I=2uA

R1 and R2 = External resistors.

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

The corresponding Viy UVLO hysteresis VIN_HYS is
calculated as follows:

V|N_HYS =150mV - [1 + %\J Eq 3

Similar calculations also apply to the internal LDO

EN_RxCp.y activation threshold.
tsu pLY =—=g—+ Eq. 1 . oo
EN_I Setting the Switching Frequency
The MIC24046 switching frequency can be programmed
using FREQ as shown in Table 1:
where:
EN_R=121V Table 1. Switching Frequency Settings
FREQ Frequency
EN_I = 2uA Hi-Z (open) 400KHz
CpLy = Delay programming external capacitor 0 (GND) 565kHz
The EN/DLY pin can also be used to program an UVLO 1 (VDDA) 790kHz
threshold for power delivery by means of an external
resistor divider, as described in the following Figure 5.
ENABLE POWER
COMPARATOR
EN_LDO_R
507mVv
ENABLE
L 150mV, POWER
E;R1 Er;?\R’, J]- > DELIVERY
AGND
Figure 5. Programmable External UVLO Function
October 14, 2015 17 Revision 1.1




Micrel, Inc.

MIC24046

Setting the Output Voltage

The MIC24046 output voltage can be programmed by
setting pins VOSETO0 and VOSET1, as shown in Table 2.

Table 2. Output Voltage Settings

VOSET1 VOSETO0 Output Voltage
0 (GND) 0 (GND) 3.3V

0 (GND) 1 (VDDA) 2.5V (2.49V)
1 (VDDA) 0 (GND) 1.8V

1 (VDDA) 1 (VDDA) 1.5V

0 (GND) Hi-Z (Open) 1.2V

Hi-Z (Open) | 0 (GND) 1.0V

1 (VDDA) Hi-Z (Open) 0.9V

Hi-Z (Open) | 1 (VDDA) 0.8V

Hi-Z (Open) | Hi-Z (Open) 0.7v

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 AGND, it is important to minimize voltage
drops between the AGND and the point-of-regulation
return terminal.

Setting the Current Limit

The MIC24046 valley-mode current limit on the low-side
MOSFET can be programmed by means of ILIM as
shown in Table 3.

Table 3. Current-Limit Setting

ILIM L?:Vl\:rrséﬁi IYi?rI\Ii?y Ratggrg‘::tp”t
(Typical Value)

0 (GND) 4.6 A 3A

1 (VDDA) 6.2A 4A

Hi-Z (Open) 6.8 A 5A

Note that the programmed current-limit values act as
pulse-by-pulse current-limit thresholds on the valley
inductor current. If the inductor current has not decayed
below the threshold at the time the PWM requires a new
ON time, the high-side MOSFET turn-on is either delayed
until the valley current recovers below the threshold or
skipped. Each time the high-side MOSFET turn-on is
skipped, a 4-bit up-down counter is incremented. When
the counter reaches the configuration 1111, a hiccup
sequence is invoked in order to reduce power dissipation
under prolonged short-circuit conditions.

The highest current-limit setting (6.8A) is intended to
comfortably accommodate a 5A application.

Ensure the value of the operating junction temperature
does not exceed the maximum rating in high output
power applications.

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

The inductance value is critical to the operation of
MIC24046. Since the MIC24046 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 and output voltage selection, assuming
there is a minimum inductance value for the given
operating condition. Table 4 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 inductor
tolerance and its change with current level.

Table 4. Recommended Inductance Values at Viy = 12V

SETECTION FREQUENCY | ool iNCE
N 400kHz 0.97
v 1oy 565kHz 0.68
790kHz 0.49
400kHz 151
15V, 1.8V 565kHz 1.06
790kHz 0.76
400kHz 2.42
2.49V, 3.3V 565kHz 170
790kHz 121

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
voltage ranges. Consequently, the MIC24046 adds
internal slope compensation signal up to 60% 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 60%, possibly
leading to some increase in jitter and noise susceptibility.
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If operation around and above 60% duty cycle is
considered, a more conservative design of the
compensation 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
saturation, the current may instantaneously run away and
reach potentially destructive levels. Typically, ferrite-core
inductors exhibit an abrupt saturation characteristic, while
powdered-iron or composite inductors have a soft-
saturation characteristic. Peak current can be calculated
with Equation 4.

Eq. 4

1-Va/V
I, PEAK = {'o +Vo (ﬁﬂ

As shown in Equation 4, the peak inductor current is
inversely proportional to the switching frequency and the
inductance. The lower the switching frequency or
inductance, the higher the peak current. As input voltage
increases, the peak current also increases.

Output Capacitor Selection

Two main requirements determine
characteristics of the output capacitor Cq:

the size and

¢ Steady-state ripple
¢ Maximum voltage deviation during load transient

For steady-state ripple calculation, the ESR and the
capacitive ripple both contribute to the total ripple
amplitude.

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:

AIL_PP = Vo[‘hfvﬂ] Eq 5
S X L
Al_pp

IL.pEAK =0 + 5 Eq. 6

The capacitive ripple AVg ¢ and the ESR ripple AVg esgr
are given by:

Al_pp
AVR ¢ = = Eq. 7
RC =gy f. xCo q
AVR,ESR =ESR x AIL_PP Eq 8
The total peak-to-peak output ripple is then
conservatively estimated as:
AVR = AVR,C + AVR,ESR Eq 9

The output capacitor value and ESR should be chosen so
AVR is within specifications. Capacitor tolerance should
be considered for worst case calculations. 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
calculation 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 (AVoyr) happens
when the inductor current has decayed to zero. This can
be calculated with Equation 10:

V-

AVO - 0 CO L,PEAK -

Eqg. 10

Equation 11 calculates the minimum output capacitance
value (Copiny) needed to limit the output overshoot below
AVour.
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LxI2
ComiNy = L’PEQK 2 Eq. 11
(AVO + Vo) — VO

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 characteristics 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.

Input Capacitor Selection

Two main requirements determine the size and
characteristics of the input capacitor:

o 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 neglecting
the capacitor ESR contribution to the input ripple
(typically possible for ceramic input capacitors), the
minimum capacitance value Ciwin) needed for a given
input peak-to-peak ripple voltage AV, \y can be estimated
as shown in Equation 12:
lo xDx(1-D)

=== Eqg. 12
IN(MIN) AV, < fs q

where:
D is the duty cycle at the given operating point.

The RMS current |\ rus Of the input capacitor is estimated
as in Equation 13:

IlN, RMSZIO ><1ID><(1-D) Eq13

Note that for a given output current I, 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.

Compensation Design

As a simple first-order approximation, the valley-current-
mode-controlled buck power stage can be modeled as a
voltage-controlled current-source feeding the output
capacitor and 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 Figure 6. The power-stage
transconductance Gmps 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 = 12.5 A/V
(see Electrical Characteristics(S)).

L"_} Vi ol om I,
OUTSNS | e e

O
e e el o |
ESRZ
REFDAC L
! “] Le 0—%
2R1 [4—V, RANGE R, | = =

Figure 6. Simplified Small-Signal Model
of the Voltage Regulation Loop

This simplified approach disregards all issues related to
the inner current loop, like its stability and bandwidth.
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 6, the control-to-
output transfer function is:

V. " B J
GCO(S) = o) :Gmps X RL X# Eq 14
VC(S) 1+ S
27 x fp
where:

f and f = The frequencies associated with the output
capacitor ESR zero and with the load pole, respectively:
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The MIC24046 uses a transconductance (Gmgy =
1.5mA/V) error amplifier. Frequency compensation is
implemented with a Type-Ill network (Rgy, Cct, and Ccy)
connected from COMP to AGND. 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 Cgp. Equation 17 details the
compensator transfer function Hcgi) (from OUTSNS to
COMP).

1

< OmeA X 5 Cor + Ocz)

1
s =Ry R2

(1+S><Rc1 XCC1)

(1+S><Rc1 XCC1XCCZJ
Cci1+Ce2

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

TV(S) = GCO(S) XHC(S) Eq 18

The value of the attenuation ratio R1/(R1 + R2) depends
on the output voltage selection, and can be retrieved as
illustrated in Table 5:

Table 5. Internal Feedback Divider Attenuation Values

Vo Range RURI+R2) | (4 AR N
0.7V - 1.2V 1 1

1.5V - 1.8V 0.5

2.5V(2.49V) — 3.3V 0.333

The compensation design process is as follows:

1. Set the Ty loop gain crossover frequency fxo in the
range fs/20 to fs/10. Lower values of fyo allow a more
predictable and robust phase margin. Higher values
of fxo would involve additional considerations about
the current loop bandwidth in order to achieve a
robust phase margin. Taking a more conservative
approach is highly recommended.

f

S
fxo » o=

Eqg. 19
20 a

2. Select R¢y to achieve the target crossover frequency
fxo of the overall voltage loop. This typically happens
where the power stage transfer function Gco) is
rolling off at -20dB/dec. The compensator transfer
function Hgg is in the so-called mid-band gain region
where Cgy can be considered a DC-blocking short
circuit while Cg» can still be considered as an open
circuit, as calculated in Equation 20:

2nxCq x f

R1 GmEA 'Gmps

3. Select capacitor Cgq 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 value determined by the
nominal output current |y of the application, as shown
in Equation 21 and Equation 22:

Y

R_ -0 Eq. 21
lo
Co x(ESR+R

Coy = Co*(ESR+RL) Eq. 22

Rei

4. Select capacitor C¢, to place the compensator pole at
the point where the frequency of the output capacitor
ESR is zero, or at > 5 fxo, whichever is lower.

The Cc; 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 -20dB/decade
slope around or just after the crossover frequency #o.
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
frequency itself. Loop gain roll-off at —20dB/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
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frequency. For example, setting the compensator pole at
5 fo, Will limit its associated phase loss at the crossover
frequency to about 11°. Placement at even higher
frequencies N x fxo (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.

For polarized output capacitor, compensator pole
placement at the ESR zero frequency is achieved shown
in Equation 23:
1
Rer 1
CO X ESR Cc1

Cco = Eq. 23

For ceramic output capacitor, compensator pole
placement at N x fo (N> 5, N x fxo < f5) is achieved as
detailed in Equation 24:

CCZ = ! 1 Eq 24

2anc1xNfoO—C—
C1

Output Voltage Soft-Start Rate

The MIC24046 features internal analog 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 is referred 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 5. To calculate the effective output
voltage soft-start slew rate SS_SRoyr based on the
particular output voltage setting and the reference soft-
start slew rate SS_SR, use the following formula:

SS_SRpyt =A-SS_SR Eqg. 25

Where:

The value of A (amplification, A =1 + R2/R1) is given in
the right column of Table 5.

October 14, 2015

22

Revision 1.1



Micrel, Inc. MIC24046
Typical Application Schematic
VINS
CON3
CON6 c1
GND_INS 0_| I—;'
c6 22UF =
} PGND
c2
2.2uF “_| |_"
$100nF ¢ L1 VOUuT
1 . . N
— o © < mx 1.5uH -L c3 -L c4
z £ 2 2 x 100uF 100uF
of > 7 & B . L N
—1 VINLDO LX
?(;rOnF J__T GND_OUT
19 VDDP BST ?_—I— PGND
cs
Il 18 8 ==
[ 2 ”
= 7| envoLy vOsET0 }-2
GND
VOSET1 10
1DkRS § 8 = =
£ = GND
ENJ1-1 €—
PG J1-2 >
FREQ J1-3
ILIM J1-4
GND J1-5 ﬁ
G:D
Bill of Materials
ltem Part Number Manufacturer Description Qty.
Ct GRM31CR61E226ME15 Murata®® X5R, 22uF 25V 20%, Size 1206 Capacitor 1
C2,C7 | GRM155R71E104KE14 Murata X7R, 100nF 25V 10%, Size 0402 Capacitor 2
C3,C4 | GRM31CR60J107ME39 Murata X5R, 100uF 6.3V 20%, Size 1206 Capacitor
C5,C6 | GRM155R61C225KE11 Murata X5R, 2.2uF 16V 10%, Size 0402 Capacitor 2
c8 GRM1555C1H470JA01 Murata CO0G, 47pF 50V 5%, Size 0402 Capacitor 1
C9 GRM155R71E103KA01 Murata X7R, 10nF 25V 10%, Size 0402 Capacitor 1
R1 RC0402-2551F ANY Chip, 2.55kQ 1%, Size 0402 Resistor 1
R2 RC0402-103J ANY Chip, 10kQ 5%, Size 0402 Resistor 1
L1 XAL4020-152ME Coilcraft!”) SMT, 1.5uH, Isat = 7.1A lrus = 5.2A Inductor 1
U1 MIC24046YFL Micrel, Inc.®) Pin-Programmable, 4.5V — 19V, 5A Step-Down Converter 1
Notes:
6. Murata: www.murata.com.
7. Coilcraft: www.coilcraft.com.
8. Micrel, Inc.: www.micrel.com.
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PCB Layout Recommendations

Top Layer
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PCB Layout Recommendations (Continued)

Layer 2

Bottom Layer
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Package Information and Recommended Land Pattern®

PINg 1
IDENFICATION
0.22+0.06 CHAMFER
BY MaRKNG TN N 0.2640.06 ~}1.36:0.06 | e
° UUUU
1 0.50 BSC]:D E s
B _r 0.39:0.05
3.00£0.06
o.-nTu.us osszocs| | \E - Iag 0.24£0.05 lo.wio‘oﬁ
P a?
o.stro.us ﬂ-Lﬂ MmNnN
0.61
o.'n-L
0.0940.02
TOP_VIEW 016+0.05
WL 8% BOTTOM VIEW
NOTE: 1, 2, 3
0.3340.02
~ 1.1740.02 4 fAs0.08
0.30£0.05 1 0ol
0.850.06 0202008 Tr[ —
SEATING PLANE | O O g O Oy n.l;&n.ozl -
oS 0208 a7 3 (iwst002 220£0.05 2.80£0.06 3.20£0.05
A=
SIDE VIEW
NOTE: 1, 2, 3
0.7940.02 0.8640.02
0.3£0.02

RECOMMENDED LAND PATTERN

NOTE: 4, 6, 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.

20-Pin 3mm x 3mm QFN (FL)

Note:
9. Package information is correct as of the publication date. For updates and most current information, go to www.micrel.com.
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MICREL, INC. 2180 FORTUNE DRIVE SAN JOSE, CA 95131 USA
TEL +1 (408) 944-0800 FAX +1 (408) 474-1000 WEB http:/www.micrel.com

Micrel, Inc. is a leading global manufacturer of IC solutions for the worldwide high performance linear and power, LAN, and timing & communications
markets. The Company’s products include advanced mixed-signal, analog & power semiconductors; high-performance communication, clock
management, MEMs-based clock oscillators & crystal-less clock generators, Ethernet switches, and physical layer transceiver ICs. Company
customers include leading manufacturers of enterprise, consumer, industrial, mobile, telecommunications, automotive, and computer products.
Corporation headquarters and state-of-the-art wafer fabrication facilities are located in San Jose, CA, with regional sales and support offices and
advanced technology design centers situated throughout the Americas, Europe, and Asia. Additionally, the Company maintains an extensive network
of distributors and reps worldwide.

Micrel makes no representations or warranties with respect to the accuracy or completeness of the information furnished in this datasheet. This
information is not intended as a warranty and Micrel does not assume responsibility for its use. Micrel reserves the right to change circuitry,
specifications and descriptions at any time without notice. No license, whether express, implied, arising by estoppel or otherwise, to any intellectual
property rights is granted by this document. Except as provided in Micrel's terms and conditions of sale for such products, Micrel assumes no liability
whatsoever, and Micrel disclaims any express or implied warranty relating to the sale and/or use of Micrel products including liability or warranties
relating to fitness for a particular purpose, merchantability, or infringement of any patent, copyright, or other intellectual property right.

Micrel Products are not designed or authorized for use as components in life support appliances, devices or systems where malfunction of a product
can reasonably be expected to result in personal injury. Life support devices or systems are devices or systems that (a) are intended for surgical
implant into the body or (b) support or sustain life, and whose failure to perform can be reasonably expected to result in a significant injury to the user. A
Purchaser’s use or sale of Micrel Products for use in life support appliances, devices or systems is a Purchaser’s own risk and Purchaser agrees to fully
indemnify Micrel for any damages resulting from such use or sale.

© 2015 Micrel, Incorporated.
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