JMITEK Preliminary Datasheet MT5083

20A Fully Integrated Synchronous Boost Converter

DESCRIPTION

The MT5083 is a high efficiency fully integrated
synchronous Boost converter with built-in main
switch and synchronous switch. The device has

20A switch peak current capability and provides

FEATURES

H MT5083: 3V to 30V Input Range
3V to 30V Output Voltage

Integrated 30V Rating 12mQ Main and Synchronous
Power Switches with 20A Peak Current Capability

output voltage up to 30V. Synchronous rectification ® Adjustable Input UVLO through EN pin
. - B Low Quiescent Current 70pA
increases efficiency, reduces power losses and
i ] B | ow Shutdown Supply Current 3.5pA

eases thermal requirements, allowing the MT5083 . /

o o B Resistor or Inductor DCR Current Sensing
to be used in high power step-up applications. The m Adjustable Frequency from 50kHz {6 2MHZ
3V to 30V input voltage range supports a wide B Programmable Soft-start
range of battery and AC powered inputs. The 70uA ® Programmable Mode
no load quiescent current extends operating run High: FPWM; Low: PSM/PWM
time in battery-powered systems. The operating B Cycle-by-Cycle Current Limit
frequency can be externally set for a 50kHz to 1IMHz B Thermal Shutdewn
range, as for operation mode: B QFN4x47221'Rackages
=Mode pin: Low is automatic PSM/PWM mode. W Pb-Free ROHS compliant
=Mode pin: High is Forced PWM mode.

APPLICATIONS

The MT5083 implements a programmable soft-start

. . L B USB.TypeC-PD and Thunderbolt Port for PCs
function, an adjustable cycle by cycle switching

o ) W, Industrial Battery Powered POS Terminals
peak current limit function and thermal shutdown .
) _ _ ) B Quick Charge Power Banks
protection. The MT5083 is available in a small 22 L
B Electronic Cigarette
pin 4mmx4mm QFN package. B Hi Power Bluetooth Speaker
R17 Vin Fég Vin
OR
Vour VH e V0435, v o—W—p—— VH N 6Vt0 8.4V,
R5 c2 el lca Lo 1 cu R4 T c2 ISPl s L o
ar Lagr Tisopr 3 sonse | 22Fxa 47R L 1yF Tisopr 3 g | 22MFx4
Css J_— R[] W = Css Ss ";';'8 -
100nF T ISN P 100nF T ISN R 4,
= L = MT5083
Vo DLRETSL MT5083 § 3.3uH 3.3puH
(Vin<5.5V)
i vec sw I vee sw
Co adlE Casr 0.1uF Co 4.74F Casr 0.1F
A FREQ BST —— Vour Wy FREQ BST ] Vour
R9 270K 12V/2A R9 270K 12VI2A
Cs 47nR\, Rs 1K ouT ° o Cs AIZnF Rs 1K ouT o °
1 ComP R10 200K J_ i Ccomp R10 240K J_
Cp 220pF EN I Cp 220pF EN
R11L VN Ri1 Vvl
R2 14.7K B 150K Cour R2 14.7K B 100K Cour
o 22uFx4 o L 22uFx4
= . 3 gy L_AGND PGND Mode | = = . $ rg L_AGND PGND Modle_o =
T [ H: FPWM T H: FPWM
1nF—|—‘BEF wx L L L: PSM inE | Ree | 133K L 1 L: PSM
300k 300k
1-Cell Application 2-Cell Application
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JMITEK Preliminary Datasheet MT5083

20A Fully Integrated Synchronous Boost Converter

For example: Build 5V nominal output voltage from the minimum 3V input supply voltage. Select switching frequency
600kHz. Choose output capacitor to get less than 50mV ripple (1% of Vour) at maximum 4Amp output current. The

minimum output capacitor is 53uF required to limit the output voltage ripple.
| «D 4Ax V-3
COUT > OUT max max _ 5V —
AV x foe BV x1%x 600kHz

out

53uF

Multiple capacitors placed in parallel may be needed to meet the ESR and RMS current handling requirements.
Ceramic capacitors have excellent low ESR characteristics but can have a DC Bias effect, which will havesa streng
influence on the final effective capacitance. Capacitance deratings for aging,temperature and dc biassincrease the
minimum value required. The voltage rating must be greater than theoutput voltage with some telerance for output
voltage ripple and overshoot in transient conditions. For thisexample 4 x 22uF, 25V ceramicapaeitors with 5 mQof

ESR are used. The 40% derated capacitance is52.8uF, approximately equal to the calctlated minimum.

Setting Output Voltage

The MT5083 output voltage is set by an external feedback resistor divider carefully placed across the output, as
shown in Figure 6. Great care should be taken to route the VFB linetaway fromsnoise sources, such as the inductor
or the SW line. Also, keep the FB trace as short as possible to aveithnoise pickup. The typical value of the voltage
on the FB pin is 1.203V. The maximum allowed value forihe outpuisvoltage is 30V. Choose the bottom resistor
Rrs sot in the 2kQ~200kQ range to set the divider currentvat 6uA or higher. Typically select Rrs_sor=100kQ. The

value of top resistor Rrs_tor, depending on the neededhoutput voltage Vour, can be calculated usingEquation 10:

V. V, ;
RFB_TOP = RFB_BOT x[ \;UT —1] =100kQ x (120[;?:\/ -lj (Equation 10)

FB

Vour

Rrs_Top

FB

Res_got

Figure 6. Output Voltage Setting

TheConirol Loop Compensation

The series Rc-Cc filter at COMP pin sets the dominant pole-zero loop compensation. The resistor Rc in series with
a capacitor Cc creates a compensating zero. A capacitor Cciin parallel to these two components can be added to
form a compensating pole. In a step-up topology, the maximum crossover frequency is typically limited by the right-
half plane zero (RHPZ). The compensation design should be done at the minimum input voltage and full load when
the RHPZ is at the lowest frequency. The crossover frequency should also be limited to less thanl/4 of the RHPZ

frequency.

Rev. 0.21 M3 Technology Inc. 14
www.m3tekic.com Confidential
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20A Fully Integrated Synchronous Boost Converter

Table 1. Gives Rc, Ccand Ccavalues for certain inductors, input and output voltages providing a very stable system.
For a faster response time, a higher Rcvalue can be used to enlarge the bandwidth, as well as a slightly lower value
of Cc to keep enough phase margin. These adjustments should be performed in parallel with the load transient

response monitoring of MT5083.

Table 1. Recommended Compensation Network Values

Application lout mAx Fsw Inductor Rsense Cin Cour Rc Ccand,Cc1
1-Cell step-up to 5V 3.3uH 422uF | 4*22uF Ce=4TnF
_ p-up 5A 250kHz H 5mQ W W 1kQ -

Vin Range: 3V~4.35V ISAT=14.5A 16V 16V Ge1=220pF
1-Cell step-up to 9V 3.3uH 422uF | 4*22uF Ce=47nF
_ p-up 3A 250kHz H 5mQ W W 1kQ ©

Vin Range: 3V~4.35V ISAT=14.5A 25V 25V Ci=220pF
1-Cell step-up to 12V 3.3uH 422uF | 4*22uF Ce=47nF
_ p-up 2A 250kHz H 5mQ W W KO ¢

Vin Range: 3V~4.35V ISAT=14.5A 25V 25V Cc1=220pF
2-Cell step-up to 12V 3.3uH 422uF | 4*22pF CC=47nF
_ p-up 2A 250kHz H 5mQ W " 1kQ
Vin Range: 6V~8.4V ISAT=14.5A 25V 25\ Cc1=220pF

Thermal information

Implementation of integrated circuits in low-profile and fine-pitch surface-mount packages typically requires special
attention to power dissipation. Many system-dependent issues suchfas\thermal coupling, airflow, added heat sinks
and convection surfaces, and the presence of other heat-generating components affect the power-dissipation limits
of a given component.
Three basic approaches for enhancing thermal‘performance are listed below:

® Improve the power dissipation capability ofithe PCB design

) Improve the thermal coupling ofthe cemponent to the PCB

° Introducing airflow in the system

The maximum junction temperature (Ty) of the MT5083 devices is 160°C and worse case won’t excess 145°C, The
thermal resistance of the 20-pin QFN package is 8,a= 50°C/W, if the Exposed PAD is soldered. Specified regulator
operation is assured,to a maximum ambient temperature Ta of +85°C. Therefore, the maximum power dissipation
for the 20-pin QEN package it is about 1W.More power can be dissipated if the maximum ambient temperature of

the appli€ationiis lower.

TJ(MAX) —Ty _ 145°C -85°C _

P = 1.2W
D(MAX) Rysn 50°C /W

PCB Layout Recommendation
For designing the MT5083 a boost power supply, especially those operating at high output voltage and current

application, PCB layout is a very important in design step. To prevent radiation of high frequency noise (for example,
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20A Fully Integrated Synchronous Boost Converter

EMI), proper layout of the high-frequency switching path is essential. Minimize the length and area of all traces
connected to the SW pin to reducing the high frequency noise of coupling to GND plane to cause EMI or power

system unstable.

Check the following layout rules:

1. Put the input capacitors GND, output capacitors GND and the PGND of MT5083 in the same of power plane to
reduce impedance to avoid EMI and increase efficiency of power system.

2. The GND and PGND kept separate and used dot short skill to avoid noise coupling to GND toseause power
system unstable as MT5083 EV board PCB design.

3. ISP and ISN trace routing like a differential pail to shielding each other to filter the commen maede noise. And far
away the SW trace to avoid to be coupled that will cause the current limit protection circuit fault. Ensure accurate
current sensing with Kelvin connections at the sense resistor or the DCR of inductor.

4. Keep the switching node (SW and PGND) and boost node (BST) awaysfrem ‘sensitive small-signal nodes.

MT5083 QFN4x4-221

Top.layer Bottom Layer
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20A Fully Integrated Synchronous Boost Converter

MT5083 Application Schematic

Current Sensing Resistor:

R17 Vin %;7 Vin
R 3V104.35V Vi VH N 6V 108.4v.
Vour o_‘RS\N\'TCZ VH ISP VWV J_ c ° O_RW ISP 1l ca B3 Cin
ar Lur ==1800tp EERE%SE 220Fxd ar Lur Tisopr 3hese ] 22uFxa
Coo [ ]SS = Ce L8 A i}
100nFI ISN %:’1?8 100nFI ISN oR 4
= MT5083 L - MT5083 H
Varr D1 RB751 3.3pH 3.3u
(Vin<5.5V)
1L SW Il VCC SW.
Co 4.7uF vee CBSTIIO-]-IJF C"9 4.7uF - CBSTHO.luF y
M- uT Wy FRE! T
R9 270K FREQ et ' 12\\//le c 47Rg 270K © ’ 12vi2A
Cs47nF  Rs 1K . S 47nF Rs 1K QUT ? °
” "‘sv‘v COMP out R10 200K J_ ° COmMP R10 240K J_
Cp 220pF EN Cp 220pF EN
| RI1 V.Nl Ri1 VNt
R2 14.7K 150K c R2 14.7K 100K c
Wy FB 22;;:);4 1 b R L 22}?;;(4
= ow 3 R1L_AGND PGND Mode | = = . $0a; |_AGNDPGND Mode | =
T H: FPWM T H: FPWM
1nF—|_BfF ww L L ol e 1nF—|—BfF wi, L L o FeM
300k 300k
1-Cell Application 2-Cell Application
Application EVB'"BOM List
Qty Ref Value Description Package
4 Cin 22uF Ceramic Capacitor, 35V, X5R 1206
4 Cour 22uF Ceramic Capacitor, 35V, X5R 1206
1 L 3 3H Inductor, 3.3uH DCR=9m(2,744314330 SMD
R sense ,5mQ, PA1206FRE470R005L
1 R1 133k Resistor, +1% 0603
Vout=5VY 42.2kQ
1 R2 Vouls9V | 20.5KQ | o istor, 1% 0603
Vout=12V 14.7kQ R
Vout=20V 8.45kQ
1 R3(RrR) 300kQ Resistor, +1% 0603
1 R5(VeAT<55v VH 470 Resistor, +1% 0603
connect Vout)
1 R4(VgaT>55v VH 470 Resistor, +1% 0603
connect Vigar)
1 R6(Rs) 1kQ Resistor, +1% 0603
1 R10(VBAT<5.5Vv) 200 kQ Resistor, +51% 0603
1 R11(VBAT<5.5V) 150 kQ Resistor, +5% 0603
1 R10(VBAT>5.5Vv) 240kQ Resistor, +1% 0603
1 R11(VBAT>5.5v) 100kQ Resistor, +1% 0603
1 R9 270k Resistor, +1% 0603
2 R17,R18 0Q Resistor, +1% 0603
1 R1 S(RSENSE) 5mQ Resistor, +1% 1206
1 Cc2 1uF Ceramic Capacitor, 50V, X5R 0603
1 C4 180pF Ceramic Capacitor, 50V, X5R 0603
1 C9 4.7uF Ceramic Capacitor, 10V, X5R 0603
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1 C1(Crr) 1nF Ceramic Capacitor, 10V, X5R 0603
2 C3(Cast),C7(Css) 0.1uF Ceramic Capacitor, 50V, X5R 0603
1 C5(Cp) 220pF Ceramic Capacitor, 10V, X5R 0603
1 C6(Cs) 47nF Ceramic Capacitor, 10V, X5R 0603
1 D1(VBAT<5.5v) RB751 Diode, RB751
0 D1(VBAT>5.5V) NC Diode, RB751
1 Power IC MT5083 Boost DC/DC Converter QFN4x4_20L
Current Sensing DCR of Inductor:
b 3V 43\5:0 G 3\ 43\5?\7
R to4. SR 104,
VOUTW VH 1sp T Tl vav - o Vin W VH ISP T Lol R:sz' - J_ o
47R Lk TisopF[a. 7uF¥100R R 22uFx4 4.7R IluF Tis0pF]4.70E5 100R SUESSE 22uFx4
Ces [ SS = Css Ss =
100nF T ISN $Rs 35am 1000F ISN R 35am
. brRETS MT5083 T200R [ oV = MT5083 F200r [ >
11 o sSw 11 SW
c"9 4.7uF vee Casr ?,-“‘F 5'9 4.7uF vee Cast (I)I-luF
FREQ BST 1l Vour FREQ BST s Vour
R9 270K 12VI2A R9 270K 12VI2A
CoalnP RSIK . | omp VT 0 200K J_ SIS comr O N R 10 20k J_
I M 1T vy
Cp 220pF EN Cp 220pF EN
_p"p_I Ri1 VL _p"p_I R11 VN
R2 14.7K 150K Cour R2 14.7K 100K Cour
WA FB 1 22uFx4 N R L 22uFx4
= cy== 3 Rr1| AGND PGND Wode | = = .k N il _AGND BOND Mode |
e | Ree | 183K J=‘ I_°|I:| ;;’WM e | Ree | 188K I_O'Ij ggn/M
300k 300k
1-Cell Application 2-Cell Application
Application EVB BOM List
Qty Ref Value Description Package
4 Cin 22uF Ceramic Capacitor, 35V, X5R 1206
4 Cour 22uF Ceramic Capacitor, 35V, X5R 1206
1 L 3.3k Inductor, 3.3uH DCR=9m(?,744314330 SMD
R sense ,5mQ, PA1206FRE470R005L
1 R1 133kQ Resistor, +1% 0603
Vout=5V: 42.2kQ
Vout=9V 20.5kQ
1 R2 Resistor, +1% 0603
Vout=12V | 14.7kQ iston =1
Vout=20V 8.45kQ)
1 R3(R¢r) 300kQ Resistor, +1% 0603
1 R5(VBAT<55v VH 470 Resistor, 1% 0603
conngctVout)
1 R4(VeAwss 5y VH 470 Resistor, +1% 0603
connectVgar)
1 R6(Rs) 1kQ Resistor, 1% 0603
1 R10(VBAT<5.5v) 200 kQ Resistor, +51% 0603
1 R11(VBAT<5.5v) 150 kQ Resistor, 5% 0603
1 R10(VBAT>5.5Vv) 240kQ Resistor, +1% 0603
1 R11(VBAT>5.5v) 100kQ Resistor, +1% 0603
1 R9 270kQ Resistor, +1% 0603
1 R19 0Q Resistor, +1% 0603
1 R15(Rsense) 0Q Resistor, +1% 1206
1 R12(R.s1) 200Q Resistor, +1% 0603
1 R13(Rv.s2) 100Q Resistor, +1% 0603
1 c10 4.7uF Ceramic Capacitor, 25V, X5R 0603
1 C2 1uF Ceramic Capacitor, 50V, X5R 0603
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1 C4 180pF Ceramic Capacitor, 50V, X5R 0603

1 C9 4.7uF Ceramic Capacitor, 10V, X5R 0603

1 C1(Crr) 1nF Ceramic Capacitor, 10V, X5R 0603

2 C3(Cgst),C7(CsS) 0.1uF Ceramic Capacitor, 50V, X5R 0603

1 C5(Cp) 220pF Ceramic Capacitor, 10V, X5R 0603

1 C6(Cs) 47nF Ceramic Capacitor, 10V, X5R 0603

1 D1(VBAT<5.5v) RB751 Diode, RB751

0 D1(VBAT>5.5V) NC Diode, RB751

1 Power IC MT5083 Boost DC/DC Converter QFN4x4,20L
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PACKAGING INFORMATION
QFN4x4_221. PACKAGE OUTLINE DIMENSIONS

s D2 ki
| D | "7 b k2 el
o | |_| |_| |_J |I ] |I Afks
o k
; | i JEZ
‘ E1 [ D4 1
i | r |
A I LA I —
| F1 ks ; —
| E3 = D3 E:‘b(22x)
1 -
‘ ke | .
- MO0Mmmo _H e
s e(15x) L(16x) |
A
e B o B B H P B N
SYMBOLS MILLIMETERS INCHES
MIN. MAX: MIN. MAX.
A 0.70 0480 0.028 0.031
A1 0.00 0.05 0.000 0.002
b 0.20 0.30 0.008 0.012
D 3.90 4.10 0.154 0.161
E 3.90 4.10 0.154 0.161
D1 1.37 1.47 0.054 0.058
D2 1.33 1.43 0.052 0.056
D3 2.05 2.15 0.081 0.085
D4 0nz3 0.76 0.029 0.030
E1 0.69 0.80 0.027 0.031
E2 1.00 1.10 0.039 0.043
E3 0.75 0.85 0.030 0.033
K 0.35 0.45 0.014 0.018
k1 0.18 0.28 0.007 0.011
k2 0.80 0.90 0.031 0.035
K3 0.60 0.70 0.024 0.028
k4 0.40 0.50 0.016 0.020
k5 0.20 0.30 0.008 0.012
L 0.30 0.50 0.012 0.020
S 0.43 BSC 0.017 BSC
s1 0.48 BSC 0.019 BSC
s2 0.33 BSC 0.013 BSC
e 0.50 BSC 0.020 BSC
el 1.00 BSC 0.039 BSC
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LAND PATTERN INFORMATION
QFN4x4_22L

3.90

! 0.08 ©
----------------- Ao =-0.00 &
| 047
| ;
i 13097
! i 1.15
: H & } a
| 12
g8 | 8§ B3
(=] o -
0.50(15x%)
Note:
+ Dimensions in mm.
+ For reference only.
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