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These design calculations and the nomenclature follow the T1 LM5022-Q1 Detailed Design
Procedure. Items with orange background are actual selected components and values.

This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License.

Boost Converter Calculations: 48V 120W using LM5022-Q1 Controller

Vinmin=10.5 Vi 10pi=25 I,,.:.:=2.5 1n:=0.9 V4:=0.5

Output Voltage Setting

1.25
Vfb_min:: 1.225 Vfb_maz:: 1.275 Vdiv_v“atio 2:4—8:0_026

tol,:=0.001 TCR:=25 Ty ange =60

Rppy=1.3-10°  Rypy ini=Rpp, » (L—tolg) — (Rppy + TCR+ 107+ T, ,,.) =1.297+10°

1.303.10°

RFBl_maa: ::RFBl + (1 + tOlR> + <RFBl TCR- 10_6 range)
Ryppy=48.7-10°  Rppy ini=Rppy+ (1—toly) — (Rppy+ TCR10"°-T,,,,.) =4.858 10"

Rppsy maz=Repa+ (1+1t0lg) + (Rppy» TCR-107°-T,,,,,.) =4.882+ 10"

RFBl_mam + RFBQ_min

Vout_min 1= Vfb_min : ( ) =46.887

RFB 1_max

RFBl_min + RFB2_mam

Vout_maz = Vfb_maa: ° ( ) =49.278

RFBlfmin



Switching Frequency

<1 —-8-107° 'fs_nom)
fenom*5.77-107"

=4.194.10*

fs nom:=400+10° t0l 4y, =.1375 Ry carei=
R;:=42.2.10° Ry ini=Ryp+ (1—tolg) — (Ry» TCR-107°-T,,,,,.) =4.209- 10"
Ry papi=Ry+ (L+tolg) + (R TCR-107°-T,,,,.) =4.231- 10"

1
8:10°+5.77-10 """ Ry 1o

fs_min ==( (1—tolsys.) =3.421-10°

1
8:10°+5.77-10"" Ry in

fs_ma:r = ( (1+t0lfosc> =4.534-. 105

Power and Duty Cycle

Pt min =V out. min * Loug = 117.216 Pt maz =V out maz* Tous=123.195
P out_min out_mazx
Py mini=———=130.24 Py, magi=————=136.883
n n
Ly min'=—=5.21 T e i=—22% = 13.036
n_maz n_min
Dmm l_ (Vout_min I Vin_mam + Vd) —0.472 Dmam — (Vout_maa: - Vin_min + Vd> —0.789

Voutjm'n + Vd Vout?maa: + Vd



Inductor and Currents

Coilcraft SER2918H-153KL 15uH 10% DCR=2.86mJ{2? Isat=21.9A Irms=28A

Lypm=15-10"°  tol;:=0.1 Lyin =Ly * (1—tol) =1.35-107"

=219 I 0=28 Ly =Ly + (1+t01;) =1.65-107°

I sat_ra
Vi i D \% D..
A IL_min l_ n_min maz | _ 1.107 A IL_mam — in_max min_ | _ 2.557
Lmax f s_max Lmin f s_min
Al 3 AL o\
I Lrms_min = \/I in_min2 + 1—_27rm) =5.214 I Lrms_mazx = \/I in_mam2 + —
Al Al
ILPk_min =1 in_min + — 6.488 I Lpk_max *= I n_mazx + é = 13.59
1 I
Ik op o _Lpkmar ) 0oy T rms.op = _Lrmsmaz g 466
sat_rat rms_rat
Aly o Al
min = ———=0.085 K, = —0.49
I Lrms_mazx I Lrms_min

Output Capacitor and Output Voltage Ripple

=13.037

Kemet C1812C335K1RAC7800 3.3uF X7R 1812 100V 10% 20% DC Bias Derating

tolo:=0.1  DC,;,s:=0.2 Qty:=3 Crom=3.3-107°
Coutmin'=QtY*Crom+ (1—tolg) » (1—=DCl;) =7.128 107"

Cout_maz=QtY * Crop» (1 +t0lg) « (1= DChig) =8.712-107°

D, I AV,
max  “out —0.809 AVpercent ot V out_mazx

f s_min* Cout?min out_mazx

=0.016

AVout_mam =



Current Sense Resistor Calculations

VCL_nom :=0.5 VCL_min = 0434 VCL_ma:n :=0.55 ILIM:: 20

Lyin* fs min VoL min
RSNS min_cale ‘= L = =0.011
I <Vout7maa: T Vinfmz'n) *3 Doy + Linin* f smin*Lrov
L *fs max* Ver mae
RSNS maz_cale '~ e T = =0.017
I <Vout7min T Vinfmz'n) *3* Doyt Linaz* f s.maz*LLiv

VISHAY WSHM2818R0200FEA RES 0.02 OHM 1% 7W 75PPM 2818
tolp,,s:=0.01 TCRRe,s:=75
RSNS =20- 10_3 RSNS_min = RSNS i <1 — tOlens> — <RSNS * TCRRsns ° 10_6 ° Trange> =0.0197

RSNS_ma:E = RSNS " <1 + tOlens> + <RSNS ° TCRRsns -107°. Trange> =0.0203

PAY o
I Rsns_rms_min ‘= \/D min * (I ka_min2 + % -1 Lpk_min * Al L_mam) =3.616

Al L_min 2

I Rsns_rms_max ‘= \/D mazx ° (I ka_ma:r2 + -1 Lpk_mazx* Al L_min] =11.584

2 - 2 — 9 o
PRsns_min *= IRsns_Tms_min . RSNS_min =0.258 Pl:’.s'n,.s;nmlz' = Iln’sn,.s;r/n,&u71,(1.’1! T Rb’:\“‘b;m(u' =2.723

Current Sense Filter

1
R, :=499 Cq:=470.107"2 = =6.786.10°
S1 CS fCS 9 '7T'R51 'CCS




Slope Compensation Resistor

V. T R )
R min. cate = CL—Z;" 10L_IGMD SNS_min _1.121.103 tolpg:=0.001
° * max
V. —I; R
RS2_ma:L'_calc = CLJZZ; 10L_IéVID ONF e =6.783. 103 TCRRS =25

Rg,:=1.69-10° Ry min=Rgo
RSZ_ma:L' ::RSQ

RSl_min =Ry

RS 1_maz *= RS 1

Current Limit Trip Point

- (1—tol Rgy:TCRpg+107°.T, ) =1.6858.10°
< R5> <5 RS g

1+tolpg) + (Rgy» TCRpg+107°-T. 1.6942.10°

( Trange) =
(1—tolps) —

(Rg1*TCRpg-107°-T 497.753

range>

1+tolpg) + (Rg, * TCRpg-107%-T ) =500.248
< RS) < S RS g

VC’L_min —45. ]_()4’ max <RS2 mazxr + RSl _mazx + 2000>
IrRiP mini= =14.049
RSNSJmm;
-6,
VCL_maa: —45-10 mm <RS2 mint RSl _min + 2000)
ITRIP_ma:n = =23.392
RSNS_min
100
3 pH
T 22 JH ‘L
‘% 15 pH \
2 1 10 |.:IH Ba
% S8 4
% 47 uH \
= }
33pH {
1 SER2918H
0.1 1 10 100

Current (A)



Slope Compensation Comparison

R V.
=1.254.10" S, s i= SNS_mI(/w in_maaw

max min

A RSNS_min * Vin_min
n_min°*— T

=3.757.10"

S

Se min=4510"f, i+ (Rs1_min+ Rso_min+2000) =6.441 10"

Se maz=4510""f, 100+ (Rs1_maz+ B2 mas+2000) =8.558+ 10"

Want slope compensation ramp ratio of 1, or at least 0.5 (Se/Sn)

e_max

=6.823

Se min
SC — =1.714 Scratio_ma:r =

ratio_min =
n_max n_min

Loss Calculations

VISHAY SQJA92EP-T1_GE3 MOSFET
Rps ON maz=0.0095-1.3=0.012 t,:==10.10"° t;:=25-107" Q,=45-10"°
Ic:=0.004 Io=Qy* fs maz="0-02 Pg oz =Vin maz* (Loc+Iac) =0.61
Py maz=0-5Vip min* Lin_maz* (tr+5) * fs_maz=1.086

Poonp._maz=Dumaz* Lin_maz” * Bps_oN_maz=1-656

Pl"Eﬁl;mu,(r = P.S'H —mazx + P(f()i\‘l)Juu;lf =2.742

NOTE: the FET selected above failed during testing at full load and low line, likely due to
operation outside of the FET SOA. The FET below is the chosen replacement and did not fail

during testing.

VISHAY SUM70060E MOSFET

Rps ON maz=0.0062-1.3=0.008 t,:==44.107° t;:=18-107" Q,=81-10"°
I-:=0.004 Ioe=Qy* fs max=0.037 Pg oz =Vin maz* Ioc+1Igc) =1.018
Py 1mazi=0-5Vip min* Lin_maz® (trF5) * Fis_mae=1.924

2
PCOND_mam =Dpge Iin_mam ‘ RDS_ON_ma:E =1.081

o—t — =4
Pl"Eﬁl‘Juu,J‘ '_P.S'H —mazx +P(f()i\“l)7’!ll(1.’lf =3.005



Diodes Inc. SDT5H100P5-7 Schottky Rectifier
P1)71/1<1;1: = V(] * I(,,,/ =1.25

Inductor losses estimated by Coilcraft online loss calculator @ 50degC, max lin & fs
Py 1100:=0.554 Almost all loss is due to winding DCR

P10ss maz=PrL maz T D maz T PreT maz T L0 maz T PRsns maz = 8-549
P

out_max

Nest = =0.935
i P outfmax'i_P LOSS_mazx

Under Voltage Lock Out

Vspmin=122  Vgp mae:=1.28 tolguy=0.01  TCRp,,:=100

Ryypori=1.47-10° Ryyyiop=10- 103

RUVbot_min ::RUVbot 3 (1 - tOlRuv> - <RUVbot s TCRRuv . 10_6 . Trange) =1.446- 103
Rirviot_maz=Rovior* (1+t0lgy,) + (RUV,,ot -TCRp,,+107-T, . ge> —1.494.10°
RUVtop_min = RUVtop T <1 - tOlRuv> - <RUVtop ° TCRRuv -107°. Trange> =9.84.10°
Riviop mazi=Ruviop* (1+t0lgu) + (Riviop TCR e+ 107+ Ty ) =1.016 - 10°
R +R )
Vuovio_min=Vsp_min* ( LVbot maz UVtOp‘mm) =9.258
RUV bot_maz
R nt+R
VUVLO_mam = VSD_ma.r ° ( Uvopr mmin UVtop_ma:r) =10.271
RUV bot_min
Soft Start
Is§ min=T+10""  Igg 1gpi=13:107" Vss orr min+=0.344 Vss_ orF_maz=0-75
Cgq:=100-107"
Ciss min'=Css+0.9+0.85="7.65.10"
Ciss maw=Cgg+1.11.15=1.265-10"
Y in* Css_mi v, .C
tSS_min L SS_OFF_min SS_min —0.002 tss_mam oL SS_OFF_mazx SS_mazx —0.014

I SS_mazx I SS_min



