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How Do | Choose the Right Switching Frequency for My Design?

The motivation: smaller size and lower cost

How switching frequency impacts external components - a look to key design formulas

Duty cycle limitations from min ON time and min OFF time

Load step response

Efficiency and power loss

Junction temperature

EMC/EMI performance

Recap/Q&A




Motivation: Achieving Smaller Size and Lower Cost Solution

Example: 5A Buck
Switching
Frequency

Solution Size
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 150kHz g




Formula Refresher: Buck Circuit g Inductor current waveform

Ilnd Ipeak = lour + Al/2

Design Constraints:

UVLO I ouT
; AIL
- Ipeak Avl N
Peak current

o1 Example: For 40% Inductor Ripple Current
—| DriverH 4‘4‘— .
I _ W, -V, .. )xTon
| $_|W VOUT | L - 1N0_4T;ZUT
A 1 Lt — lout, . Ay
e — Cp2—or AV, <100mV ESR<—&
__ | DriverL 4' . QZ —— IN AVIN IN e
Al
- P 1 S i
<i_3 ® 1GND —_ COUT - (B*st*AVOUT) AVOUT< 10mV
. ESR < AX;UT
Q1 Duty-Cycle = =2 _ :
Vin V... ripple:
Ton = 2% AV,,,~Al, (ESR + 1 /(8*F4,*Co))
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Component Shrink Often Drives Higher Switching Frequency

Component Sizing Component Sizing Dejé%/”ldea:"p'e:
o Inductor
12V to 3.3V at 2A 24V to 5V at 5A i
10mVpp Output
Ripple
100mV Input Ripple
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Capacitance (uH)
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1.5 uH

100kHz 500kHz 2MHz
Cout (uF) mCin (uF) Lmin (uH)

100kHz 500kHz 1MHz

Cout (uF) mCin (uF) Lmin (uH)




Coll Size vs. Fsw and Current: 12V to 3.3V 2A

ms Power Inductor Family

Power Solutions Experts

AT2010 AT2: 14
20x16x1.0mm) (25x2.05 2A 100kHz 3
33uH

o] | o] Eij E

' 1.4 mm)

R A D SO S SN RN RO

AY3020 AY4020 7XTXSMMAY1(50 AY1265
(3.5x32x1.8mm) (445x4.” 51.8mm) (11x10x/4.8mm) (13.5x 12.6 x 6.2 mm)

2A 500kHz

g 8 B8 B B

AL4020 AL5030 AL5050 AL6050 AL6060
(41x4.1519mm) 55x53x29mm) (55x53x4.8mm) (6.6x64x48mm) (6.6x6.4x58mm) i

2A 2MHz —

j ‘ h
ﬁ 1.5uH ] | L4

SE2512 SE4030 SE5040 SE6040
(25x2.0x1.2mm) [4.0x4.0x3.0mm) (4.9x4.9x4.0mm) (6.0x6.0x4.0 mm)

-Shielded |

© Semi




Colil Size vs. Fsw and Current: 24V to 5V 5A

ms Power Inductor Family
Power Solutions Experts

AT2010 AT2512 AT2514 5A 100kHz
(20x16x1.0mm) (25x20x1.2mm) (2.5x2.0x 1.4 mm) 22|J.H

S S SRR SRR SO SO 2

=SS

Sssas———

2]

o

AY3020 AY4020 ~ AY1050 AY1265
(35x32x1.8mm) (445x4.1x1.8mm) (11x10x4.8mm) (73.5x 12.6 x 6.2 mm)

4pH 4
E R82 ;

AL4020 AL5030 AL5050 AL6050 AL6060
(41x41x19mm) (55x53x29mm) (55x53x4.8mm) (6.6x6.4x4.8mm) (6.6x6.4x58mm)

- o 7y

™ 50 1‘ L 4

SE2512 SE4030 SE5040 SE6040
(25x2.0x1.2mm) (4.0x4.0x3.0mm) (4.9x4.9x4.0mm) (6.0x6.0x 4.0 mm)

@ Semi-Shielded [




Motivation for High Switching Frequency: Inductor Size & Losses

Inductor DCR and Power Inductor DCR and Power
Loss, 12V to 3.3V at 2A Loss, 24V to 5V at 5A

(5]0]0] °]0]0]
825mW

7X7X5mm 22008
|
480mW — 7% of Pout 13 x 13 x 6mm

4.7 uH

(o))

400

DCR (mQ) or Power Loss (mW)
(o)
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5x5x 3mm 2.2 uH
25x2x1.2mm 33m 21m 4% 4x2mm

100kHz 500kHz 2MHz 100kHz 151010145 V4 2MHz

EDCR (mQ) = Power Loss (mW) Lmin (uH) EDCR (mQ) ®Power Loss (mW) Lmin (uH)




Solution Size Example: 12V to 3.3V at 2A

e geSizing 100kHz e

— 5
’g Low ESR Type Simple Al-Elco for damping
E‘: ‘_" \ S e
(_) R
=
s P
S
= AN
S demriw
0 _—_—._-——_
100kHz 500kHz 2MHz ERl——
mCout (uUF) mCin (uF) ®mLmin (uH)
Inductor DCR and Power F
Loss, 12V to 3.3V at 2A ;
_ Notes:
o

2 « Cout ESR must be below 12mQ!
100kHz 500kHz 2MHz « Assume effective MLCC capacity ~50% at used voltage

= DCR (mQ) ® Power Loss (MW) ® Lmin (uH) « IC Example is MPQ4572 — 60V, 2A Sync. Buck mps
250/45mQ (2.5mm x 3mm FC-QFN)



EV-Board Schematic MPQ4572

L3 sizing:
100kHz = 33pH

R8 for EMC R8 500kHz = 6.8uH

0 2MHz = 1.5pH
c4 |
= L3
VIN U - 0.1uF 15uH our 3.3V
T g - 2 2808
C12  R23 " @ o c5 1 coa lcop B 11 D vour
0.1uF/100V 10/0603 R1 NS R3 | 22uF | 22uF C2C [ C2D [ C2E| C2F
——— VWA 1nF | 10nF | 1nF | 10nF
1 100k R6 10 1 GND
= > s 20k R4 = = = = = L]
EN[ | EN F8 AN —
D1 R2 §R5 41.2k R4=24kQ -
MPQ4572
% NS 7.68Kk
o ezT52CeVE L L Freg R11 Fsw Vout (V)| R4 (kQ) | R5 (kQ)
PG D High if Vout - 3 o cREQLS AAA— T 76.8kQ 400kHz 3.3 [41.2(1%)] 13 (1%)
H H - 0,
within+/-10% 10 R11] C6 28kQ | 1MHz 5 [41.2(1%)]7.68 (1%)
1%% ) Freq=400kHz 76.8k| NS 12.1kQ | 2.2MHz 12 [41.2(1%)[2.94 (1%)
4.9V s vCe ccmisyncol M ’ DCCM!SYNCO R15 0
1 c3 o § R10 —'RV1V6¥—0 vout C10 R20
1uF G 100k A — WA+
—_— AN
- 1
_ - ____ o | 2] R180 C11 R21
' JP2 R190 —
| AN I —AAN 0.1uF 10 =
' NS = = =

Cout(100kHz) = 2x 1210 22uF + 100uF 4V 100pF 4TPB100M 70mQ
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Real World Picture: Switch, Vout Ripple, Inductor Current at 100kHz

Conditions:
12V to 3.374V at 2A
L = 33uH (120mOhm)

Cout = 2x 22uF 1210 + 1x 100uF (7OmOhm)
85% Efficiency
1.2W Power Loss

@EE 10.0mVA&IChd][ 500mA Q8

L = ETQPSN330YFM

M[4 00ps| A| Chl S 6 90V
11122.60 %

Power Loss (W)

Ch1 Freq
101.4kHz

Ch4 Pk-Pk
840mA

Ch4 Mean
2.01 A

Ch3 Pk—-Pk
23.8mv

6 Dec 2019
16:27:10

100mV ey

Ch4[ 500mA Q8

M[ lOOp.sl A| Ch4 S

11122.60 %

IIQA

Ch1 Freq
104.2kHz

4 Ch4 Pk—Pk

2.14 A

Ch4 Mean
1.13 A

Ch3 Pk—-Pk
314mv

6 Dec 2019

nnes




Same 100kHz Design with 100puF 15mQ Output Capacitor

Conditions:
12V to 3.374V at 2A Power Loss (W)

L = 33uH (120mOhm)

Cout = 2x 22uF 1210 + 1x 100uF (15mOhm)
85% Efficiency

1.2W Power Loss 0 !

Tek Stop | —i ]
RS RSP M RS R IS IS IR IS I TA: 11.2mv T1A: 13damv
: : 1@ 5.00mV - @:
Ch1 Freq Ch1 Freq
101.4kHz 103.1kHz
Ch4 Pk-Pk . Ch4 Pk—-Pk
860MA 2.24 A
Ch4 Mean Ch4 Mean
2.01A 1.18 A
Ch3 Pk-Pk 1 Ch3Pk-Pk
.............................................. 13 Pk Spiy
£, PRI DTS PUUTE PUUTE PUUTE PUUUE DU ST S Ch1 i i : .M100 W
Ch1| 5.00V M[4 00ps| A| Chi 7330V l | 100ps | I AI
@K 10.0mVA&Ch4[ 500mA O 6 Dec 2019 CEE 100mV A&Ch4[ S00mA QS 6 Dec 2019
1122.60 % 17:29:20 1(20.00 % 17:35:34

L = ETQP5N330YFM m|:5

Cout = EEFCX0J101R 7.3 x 4.3 Xx 1.9 mm



Real World Picture: Design at 500kHz

Conditions: Power Loss (W)
12V to 3.374V at 2A

L = 6.8uH (68mOhm)
Cout = 2x 22uF 1210
86.6% Efficiency
1.05W Power Loss

Load Step 500mA to 2A

,m . - F
. J : : TN AD 140mV
: S : @: —148mV
................................................... ‘:
N Chi Freq Ch1 Freq
503.9kHz 516.1kHz
Ch4 Pk—Pk Ch4 Pk—Pk
770mA 2.14 A
Ch4 Mean Ch4 Mean
2.01A 1.23 A
Ch3 Pk—-Pk Ch3 Pk—-Pk
: 6.21mv 326my
[y NP I T S S TP SN T S
Chi1| 5.00V M[l uups| A| ch1 I 4 20V
(i€ 5.00mVA\EIChd] S00mA QF 11 Dec 2019 100mV "By 11 Dec 2019

N 13:06:58 N 15:31:34 :
Very low Vout ripple Good load step response HEEE




Real World Picture: Design at 2MHz

Conditions:
12V to 3.374V at 2A
L =1.5uH (56mOhm)
Cout = 2x 10uF 0805
82.5% Efficiency
1.42W Power Loss

Tek Stop B

R I ———

PO O SR U WO TN O OO0 SN O SO0 SN OO0 OO N OV OO T OO TN OO YOO O YOO TR O YOO TN SO SOOR. % WO W SN WU NN T TN N T S 1

IA
@

5. OOmV’\;Bw

Ch4[ 500mA Q¥

M[200ns| A| Chi 7 830V
i1[20.00 % |

Very low Vout Ripple!

Power Loss (W)

5.30mV
2.90mv

Ch1 Freq
2.037MHz

4 Chd Pk—-Pk

833mA

Ch4 Mean
2.01A

1 Ch3 Pk-Pk

6.59mV

6 Dec 2019
20:45:26

L = MPL-AT2512
Cout = IMK212AB7106KG

Load Step: 500mA to 2A

gy w29 pum @R gwai Vi m gns e ou o sow gosdy vee oo o sz miUE sl o b gmeas

cm[ 10.0 V M[100ps| A| Chd T 105p4

@B 100mV V&Chd[ S00mAQH

Ch1 Freq
2.003MHz
Low
resolution

Ch4 Pk—Pk
2.22 A

Ch4 Mean
1.14 A

Ch3 Pk—-Pk
386mv

6 Dec 2019
21:01:59

Excessive deviation - Cout not enough




Efficiency Curves for 12V to 3.3V

Results for MPQ4572 65V, 2A

95 % 3W
Sync. Buck (250mQ/45mQ )
Real world 2MHz_ efflc:lenc_y_ IS 90 % AN —— oW
lowest due to switch transition 7 s g
losses APV T
- 85% /'{ Jrl"v/i — 2MHz 1.5uH — 2W
Calculation shows lowest DCR a4 Al TS~ \
loss in coil for 2MHz setup _ /W [ I ;:':\\ g
= R 5
3 80 % : 5W 3
How do losses split up? = /i - i 1.4 =
1.4W: / R B - 5
IC-FET Ron: 520mW oo S A C s W
Coil DCR: 230mW e e m
Coil AC: ~150mW
Remaining 500mW are 200 SR T .
transition losses and IC st
supply losses. YT eet MRt i
65 % ow

0OA 05A 1A 15A 2A
load current 5



Conditions:

Efficiency Curves for 24V to 3.3V

100kHz: 33puH 120mQ 7 X 7mm
500kHz: 6.8uH 68mQ 4 x 4mm
100 % e a AVl 1.5MHz:L 2.2uH 70mQ 2.5 x 2mm

95 %

100kHz 33pH ==&
90 % 100kHz 33uH
500kHz, 6.8uH

85 %

80 %

75 %

efficiency
total power lo

70 %

R / Rt e 1W Higher Loss
60 % SR OO S S N NN U o S N VO Do osw from 100kHz to

e rom 2

o
°° L]
.............

55 %

.................... ‘....'
3/338::33!!8. oooooooooo
50 % )
0A 05A 1A 15A 2A 25A
load current
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Calculating Die Temperature

Method: Characterize PG-Pin Body Diode

Conditions:

12V to 3.3V at 2A
Using MPQ4430 — 40V, 3.5A Low Ig Sync Buck

1. Measure V_diode at two temperature points, 25°C
and 100°C
« Use same Vin as in application
Calculate temperature coefficient

« MPQ4430 has Tc=-1.55mV/K at 1mA current 121 vce
Measure V_diode at No Load —1mA T o
Measure V_diode at specified load condition — 1 = PG
Die Temperature is AVdiode / Tc °C above ambient. Lies
PG is one
Calculating Temperature Coefficient DIOde_ drop 2] swe
negative 3
: e
[] 1 PHASH]
(N Vdiode at 25°C Temp Coefficient = 8.2kQ scho
g A V(diode) / (100°C-25'C) . |+ e
> 1

9V block battery

a

Vdiode at 100°C

25'C 100'C

Example: MPQ4430 PG-Pin body diode has

-1.55mV/K at 1mA current.



Switching Frequency Effect on Thermals
Die Junction Temperature, 12V Die Junction Temperature, 24V Measured using method
to 3.3V at 2A to 3.3V at 2A described in previous slide

500kHz 2MHz 500kHz 2MHz
TJ mLmin (uH) TJ mLmin (uH)




Duty-Cycle Limitations: Tgoy min

Ton min IS the shortest OFF-ON-OFF sequence for high side FET.
(Charge FET Gate - Sense Current - Discharge Gate)

Vour The higher the Fg,, the lower the max. Vin for
on min*Fsw fixed frequency operation

For given Voyr and Tonmin: VIN,max = T

Example:
|/
F — OUT min TON,min Of 100nS
SW,max TDN’min*VIN’max Vout = 33V
Vin,max = 36V
Max. Fsw < 0.92 MHz
In real world effective Example:
duty-cycle is Ton min Of 100ns
Vout = 3.3V
D.C.real = Vo /(Viy* M) Vin,max = 36V

and n=80%
Max. Fsw < 1.15MHz




Duty-Cycle Limitations: Togr min

Toremin IS the shortest OFF-ON-OFF sequence for Low side FET.
(Charge FET Gate - Sense Current - Charge BST-Cap - Discharge Gate)

For given Voyr and Togg min : VIN min = Vour The higher the Fg,,, the lower the max. Vin
’ Sy e JSm Il for fixed frequency operation.

v . 1 Example:
— ourt
Fswmax = (1 - 7 ) Tyr Tore min Of 100NnSs

Vout = 3.3V
VIN,min = 3.8V

Max. Fsw < 1.3MHz

In real world drop across FETSs, Coall
and PCB trace will require lower
Fsw.

Modern ICs fold back Fsw at low input voltage down to Drop-Out Mode.




Alternative Solution

Operate the circuit with higher Al _L, increase from 40% to 50% or 60%

EFFICIENCY %

94

92

90

88

86

84

82

80

78

76

74

500 kHz Inductance Comparison 4 7pH vs. 2. 2uH
Efficiency vs Load Current

i — |

H\

- e e

W

—

!

-~

-~

/

._..--—-'-/

— 3-MPQ4436 24V to 5V 500kHz CCM 4uH7 MPS AL5030

10-MPQ4436 24V to 5V 500kHz CCM 2uH2 MPS AL4020 6A Cout MLCC 30uF Cin22uF OsCon

I I I

I I

I

1 1.5 2

25

3 3.5

LOAD CURRENT [A]

4

45 5

TOTAL POWER LOSS [W]

ile  Vertical Timebase Trigger Display Cursors Measure Math Analysis  Ulilities Help

C1 (CER o (o)
5000 midiv 100 m iy 500 nsidiv [Stop 0.0my
0.0 mY offset | =40.00 my S0.0kS 10GSis |Edge Positive

TELEDYNE LECROY

Example with 500kHz using 2.2uH: Al_L=2.44A; Ipk=6.22A instead of 2A and 6A respectively.

Cout of 3x 10uF (25V, 1206)



Impact on EMI/EMC

Pre-Compliance measurements for Conducted

Emission (voltage-method acc. to CISPR25)
tested with MPQ4430 EVB

For Customer Use Only mps



Example: MPQ4430

R5 for EMC
RE
i______________g____u_'lCINQisfordamping _ '\*’2’6‘"‘\‘ LCA
1uH 47uH| the input C and L Ut - L3
IVEM'GEV_:aBV 11 1 ! P 2 N BST 0.1uf 4 TuH 3-4V 2-8A Load
cINT| CINg | C1A | CIB | CIC | C1D S0 rr b vouT
I L CINT_| CINZ_| CIN3 | CIN4_| CINS | CING _| 47uF[ 4 TuF +C|Ni_:1CIuF::1DuF::D_1uF::D_1uF c2a | 2B coc
| NS NS NS NS | 1uF | NS 12107 1210 22uF [ 1210 | 1210 | os03 | 0603 R A 22uE ]l 22uF ]t
aND 50V | sov || 63V | 50V | 50OV | 50V | BOV 1210 12107 NS
| Ot = 1T 100K 25v | 28v 5END
I = Input EMI Filter = = = MPQ4430GL =
____________________ l evo 1.05v 5 | ex £B |15 RIAKZ | §R3 -
0.12V Hyst R 10
R2 —
NS 768k c5 10pF
P Vout (V) | R7(kQ) | R8(kQ)
18 41.2(1%)| 33 (1%)
il C ctto 5-18Y
4OV 35A LOW |q Sync. BUCk SYNC O SYNC g G;:-RS; if:muse 25 41.2(1%)| 19.6 [1%)
. . BIAS ’ 33 41.2(1%)| 13 (1%)
= R4 Fsw l
3 x 4mm Flip-Chip QFN 1 prrase o R TR
243k0 350kHz 0.1uF
P P 12 41.2 (1%)] 2.94 (1%)
z - 16 FREQ Ik T HighifVout oo
82k0 1MHz Freq=450kHz withint/-10%
R4 R6
36.5k0 2MHz 191K y o 5 100K
27k 2 5MH S8 ; <
‘ 2 2 veo 2
c3 s
4 TnF
g; i ImF
Soft Start = ~7 =

R9 4.7nF->03Tms
g 0 = C8 10nF->08ms
NS 22 nF->1.76ms
Tss=CsgnF]x0.08ms
N

For Customer Use Only mps



Level in dBpy

AVG Level @Spectum Ovenvien

Conducted Emissions (CE) From 100kHz — 108MHz

450 kHz

R4 = 191 kohm

Main Coil: MPL-AL-5030 4R7
55x5.3x2.9 mm

Configuration
Vout of 3.4V 2.8A
R8 = 7.68 kohm

960 kHz

191 kohm

Main Coil: MPL-AL-4020 2R2
41x4.1%x1.9mm

R4 =

1900 kHz

R4 = 191 kohm

Main Coil: MPL-AL-4020 1RO
41x4.1x1.9mm

All Test are Average

1.9MHz
+10dB

+7.5dB

450kHz

ow
s

B0 = B0
g
55 — T 55 -
52,5 g 525
50 — - a0
47,5 475
45 — 45 —
25 | — 225 |
40 40 —
375 375
35 - 3E
1n5 - - Rt i My - 125 -
SR 450kHz 5 1
275 275
24 5
225 - 960kHZ 22,5 o
20 — 20
17,5 175
15 — 1.9MHz 15 -
125 125
1 - 10
75 75
8 a -
25 ‘ 2,5 L
o o —
-85 ‘ -2,5
5 5
75 ‘ 75 N
-0 -0
25 ‘ 25 V™ u
-18 18
175 75 ‘
-20 - M -20
-22,5 - I -22,3 ‘
-25 -2
=275 ‘ -27.5 ‘
-30 T T T T T T T T T T T T T T -30 T T T T T T T
100K 200k 300k 400K 500k FOOK  qM M IM AM SMOEM  BM qOM 200 30M oM 75 M &0 M &5 M 30 M 05 M 100 M 105 M 108 M

T AVG Limit @CE_EM 68026 Automotive Voltage OEM

A6 Level @Spectrum Overien@001_MPRA4Z0_Yin 24 480kHz 3A_MPL-ALS030-9R7
G Level @Spectrum Overvien@002_MPO4430_Vin 24 950kHz 34_MPL-AL-A020-2R2

For Customer Use Only

Frequency in Hz

L AMG Level @Spectrum Ovenew

S AVG Limit @CE_EM 56025 Automotive Woltage DEM

UG Lewel @Spestrum Oveniew@001_MP Q4430_Vin 29V 920kHz 34_MPLAL-5030-9R7
o AVG Lewel @Spectrum Oveniew@00Z_MP 04430_Vin 24V 060kHzZ 34_MPLAL-4020-2R2

Fraquency in Hz

mes



CE From 100kHz — 30MHz 1 - _

Configuration z 60
Vout of 3.4V 2.8A s
R8 = 7.68 kohm 5 an
C5= 33pF e
42,5 - -
40 —
450 kHz S
R4 = 191 kohm 125 - - — - - - e o
Main Coil: MPL-AL-5030 4R7 30
5.5 % 5.3 X 2.9 mm 7]
15 - 960kHz
960 kHz 175 1.9MH2
R4 = 191 kohm e
Main Coil: MPL-AL-4020 2R2 10 -
41x4.1x1.9mm 3’355:
2.5 |
D —
1900 kHz 25 ‘
R4 = 191 kohm __f; ] |
Main Coil: MPL-AL-4020 1RO 40
4.1x4.1%x1.9mm 125 - |
15 —
-17.5
_20 —
=245 M Pdyp L ‘u % Lol Il |IlfI I|I
.25 — ’ b | AR Y
S275 |
'3D T T T T T [ T T T T T T I T
100 k 200k 300k 400k 500k 700k 1M 2 I AM S M BM M o10m 20 M 3um
SOANG Level @Spectrum Ovenrier T WG Limit (@CE_EMN 55025 Automotive Woltage OEM ’ ’

CoANG Level @Spectrum Ovenisn@001_MWPO4930_Vin 290 430kHZ 34_MFPL-AL-5030-4R7

-'-.‘-AVG Lewel @Spectrum Ovenden@O02_PO4430_Vin 240 060kHz 24_MPL-AL-4020-2R2
For Customer Use Only



CE From 70MHz — 108MHz [e= = =

z B0
Configuration R
Vout of 3.4V 2.8A i
R8 = 7.68 kohm 475 -
> 45 —
C5= 33 pF el
AN 450kHz
450 kHz 3 -
R4 = 191 kohm ns | I
Main Coil: MPL-AL-5030 4R7 a1 R
55x5.3x2.9mm 25
225
20
17,5 4
gRao—kH1291 conm 15 Automotive
= 125 - OEM Limit
Main Coil: MPL-AL-4020 2R2 10 -
4.1x4.1x1.9mm =
25 -
0 |
1900 kHz 25 - L ] L M H,U L
R4 = 191 kohm -5 7 1k J‘ﬁ W il
Main Coil: MPL-AL-4020 1RO [ESSE | | \JO 4 N
41x4.1%1.9mm a5 ML AL P SDAS
.15 —
-175 A
.ED —
225
_25 -
-275 A
=30 T T T

T T T T
TOM 75 M 20~ 35 hd a0 kA a3 b 100 M 10504 108 M
Frequency in Hz

CANWG Lewel @Spectrum Owernview SAWE Limit @CE_EN 85025 Automotive Waoltage OEM

"L AWG Level @Spectrum Ovendew@001_MPO4430_Vin 24V 430kHz 34_MPL-AL-5030-4R7
For Customer Use Onl y L AMG Level @Spectum Owenien@00Z_MPO4430_Vin 240 O60kHz 34_MPL-AL-4020-2R2



CE From 70MHz — 108MHz =

z (1]
Configuration S 6
Vout of 3.4V 2.8A §
R8 = 7.68 kohm 475 -
— 45 —
C5= 33 pF el . a
40 — .
IS
450 kHz 35 —
R4 = 191 kohm 35 7
Main Coil: MPL-AL-5030 4R7 e
5.5x5.3%x2.9mm 25
225
o - o i - B . = g
R4 = 191 kohm e 1.9MHz 10dR
Main Coil: MPL_AL_4020 2R2 ‘.U - e ———— R —— - 960kHZ
4.1x4.1x1.9mm = "‘ ”
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7 ' 1 ; - 450kHz 7.5dB
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_25 —
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Frequency in Hz

CAWG Level @Spectrum Oweneigw S AWG Limit @CE_EH 85025 Automotive Waoltage OEM

L AVGE Level @Spectrum Oueniem@01_MPRI4E0_Vin 2% 430kHz 34_MFL-AL-5030-4R7
For Customer Use On |y MG Level @Spectrum Overviewi@00Z_MPQ4430_Vin 24% 960kHz 34_MPL-AL-4020-2R2



How About Spread Spectrum Frequency Modulation?

Example with MPQ4313:
45V 3A Synch. Buck with SSFM + Reduced EMC Filtering

MC Input Filter

For Customer Use Only mps



440kHz vs 1MHz vs 2MHz — Low Frequency Radiated Emissions

Pegal indEpY

Note 1MHz config needs a
bit more input filter

1 T 1 T T
100k 200k 300k 400k 6ddk

10 M 200 20m
Frequens inH:
Conditions:

440kHz: IHLP2525 6.5 x 6.5 x 3mm 6.8uH 54mQ

1MHz: AY5030 5 x 5 x 3mm 3.3pH 32mQ
2MHz: AY4020 4 x 4 x 2mm 1.5pH 35mQ




440kHz vs 1MHz vs 2MHz High Frequency Radiated Emissions

Pegel ind Byl

CISPR15 Level 5 FM Band Limit
18 —

In theory, the noise level should

16 —

14 M1

n
12 —

i T ’w M M“ VM'LM

increase by 3dB for double Fsw
with Spread Spectrum.

With fixed frequency it would be an
iIncrease of 6dB.

The increase in noise level is offset

Conditions:
440kHz: IHLP2525 6.5 x 6.5 x 3mm 6.8uH 54mQ

1MHz: AY5030 5 x 5 x 3mm 3.3pH 32mQ
2MHz: AY4020 4 x 4 x 2mm 1.5pH 35mQ

o0 M O M ol b 90 1

slightly as the inductor (antenna)

o size and height reduced also with
Frequens inHr SWltChlng frequenCy




440kHz vs 2MHz High Frequency Radiated Emissions

Conditions:
L: IHLP2525-6.8uH
Frequency Spread Spectrum

30
28 -

26 —
24

. 2MHz PK
0 - ) +5dB to 6dB

18 ] 1 Pt mapErmeE

440kHz PK
T8 £y 4 J
e Tl Jﬂlh{l _LIHuM \ s

Pegel ind Byl

CISPR15 Level 5 Li

12 OEM AV Limit \ L£48 10 6dB
10—

o 440kHz AV

E —

4 —

2 —

0

Note: for a deeper dive into EMC/EMI, check out our webinar, “Automotive EMI Benefits of Spread Spectrum” at monolithicpower.com/webinars




48V

Vin

24V

12V

SV

Recommended Switching Frequency vs. With Higher Switching Frequency:
Input Voltage and Load Current

@felpglolelpl:la|MSIVA-I < Smaller, Lower Cost
SVl [e W MeISIS{=I * Higher at higher input voltage

EMC * Higher in higher frequency bands

Load Step
Response

 Improved

Thermal Rise * Higher

100kHz

500kHz 1MHz 2MHz AMHzZ
Fsw




Please submit questions through the "Q&A” menu option in
the Zoom app

This webinar and others will be available for on-demand streaming at:

MonolithicPower.com/webinars

mPs Products Applications Design Support About MPS Contact

Quad 12V Power Module :
The MPM54304 simplifies multi-rail system designs by integrating inductors, - : N . 2019 World Electronics
and providing programmable sequencing, V., and frequency via I’C and MTP 2 N\ Achievement Awards

Learn More
Power Management /
Voltage Converter
of the year

Learn More

Power Modules Magnetic Monolithic ICs Motor
Integrated I Position & DC-DC, BMS, LED, Solutions
Inductor s Ao Current E Fass, Sansors 2 Smart Motor Modules &

Motor Drivers, Automotiv 4 )
Evaluation Kits

Configurable, Step Down, Sensors




Thermal Resistance

Thermal Resistance® 0,4 0.c

QFN-16 (3mmx4mm)

JESDOT-7 i, 48 ...... 11 ...°C/W

Thermal Characterization Parameter 0. = 41°
QFN-16 (3mmx4mm) Wy aa =41°CIW

EV4430-L-00A ......ccc.cc.5uevvecce . °CIW 03¢ = 5°CIW

4) Measured on JESD51-7, 4-layer PCB.
5) Measured on EV4430-L-00A, 6.35cm * 6.35cm size, 20z, 4-
layer PCB.

7 114.3mm
A o
A 1 1
| ,E _I'_|_ 44 oospnan |
JESD51-7 i |
PCB I I
TOP i i
e : r I | mer Use Only
N . '
'q\) : "E" : kM PEIRIN WSYML o GND , PG
Copper e @ @ @ @ @
areain —_ | | E ! a . o o e
inner Layer [, TTTTTT 5
v . -~




Copper Losses AC (Skin & Proximity Effect)

1000

100

mQ

10

——Coll [Skin + Proximity]

—Wire [SKin]

e

/ Same as straight wire

Measured Values

10

KHz

100 1000




Inductor AC Winding Loss Real of Impedance of 9.6pH

103 1 2 /
//
/
102 //
< 107 —~
Q S
FI 0 //'
X 10 —
— ===
i
101
10-2
102 103 104 10° 106 107
fIHz
memmms TR1: Real(Impedance)
Tracel Trace2
Frequency
Cursor 1 223.938 Hz 44.360 mOhm
Cursor 2 1.012682 MHz 2.139 Ohm
Delta C2-C1 1.012458 MHz 2.095 Ohm




Inductor AC Winding Loss

Real of Impedance of LQS6045 2.2uH

10° 1 2
102
c 107 ~
O §e
; /
¥ 10° %
— _—
101 ,//
102
102 103 104 10° 106 107
flHz
mmmmsm TR1: Real(Impedance)
Tracel Trace2
Frequency
Cursor 1 223.938 Hz 16.259 mOhm
Cursor 2 1.035029 MHz 312.641 mOhm
Delta C2-C1 1.034805 MHz 296.381 mOhm




