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» NCP1380 Inductor and Losses calculation for adapter ok
S
** Made by Stéphanie CONSEIL
* Rev: 2.0 12/22/2011
** Modifications: Version for WEB release
Corrected BO resistors calculation and OPP
Corrected Fsw calculation for Pout_limit
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HOW TO USE THE SPREADSHEET

This spreadsheet will calculate for you every parameter needed
to design a power supply using the NCP1380 or the NCP1379.
The zones underlined in pink need data from the user.

The zones underlined in yellow are calculation results.

INPUT DATA
Minimum AC input voltage: VINpin = 85 Maximum AC input voltage: VINax == 265
Maximum output power: Pout := 60 Output voltage: Vout := 19
Estimated efficiency: m = 0.85 Output diode forward voltage: 'Vf := 0.8
Switching frequency at maximum output power, low line: Fq = 45000
Mosfet Coss: Coss = 250-10 12
MOSFET Rdson at Tj =110 °C: Rgson110 := 0-77
Bulk voltage ripple: | VBulkRipple = 20
VINpinpe = VINpiny2
VCSmax = 0.8
VINpaxDe = VINmaxV2 lout := %
Minimum DC voltage including bulk ripple (for transformer calculation):
Vmin = VINminDC ~ VBquRippIe Vpin = 100.208
Total Propagation delay time: tprop := 150-10 :

Primary to secondary turn ratio calculation (Nps=Ns/Np)

MOSFET breakdown voltage: BVdss := 650



Derating factor for the MOSFET breakdown voltage: a:= 0.85

Leakage inductance ratio (Kgg = Ligax / L) Kleak1 := 0-005 Kjeak2 = 0.008
kleak3 = 0.01

Clamping diode recovery time overshoot: Vo = 20

V = BVdss-a
DSmax VDSmax = 5525

2 k
4 Pout 1 c
Pcond(kc) = E'Rdsonllo' .{V + }

2 ; V - VIN -V
M Vin min ( DSmax maxDC os)
2 k
4 Pout 1 c
Poonda(kc) = 342 '{v " (v ~VIN _V J
N Vi min DSmax maxDC 0s
min
k
Pout c
P k.):=k —_
Rclpl( c) leakl N ke 1
k
Pout c
P k.):=k —_
RprZ( c) leak2 N ke 1
k
Pout c
P k.):=k —_
RprS( c) leak3 N ke 1

ke:=12,125.4

The losses caused by the clamping resistor are plotted below for different value
of kleak.

w

I:’cond( kc) )

PRprl(kc)

~
(2]
-~

PRprZ(

PRprB(kc)l

From above graph, enter the value for the clamping coefficient:

Clamping coefficient (k; = Vamp / Viefiecd: ke =2



ke (Vout + VF)
Nps := ( Nps = 0.251

BVdss-a ~ Vg ~ VINpaxpe)

Enter your value for Nps: Nps,= 0.25

Ipk and Lp calculation including the dead-time

2.Pout( 1 Nps j jZ'POUt'COSS'FSW
- . v + + T

I =
Pk cin Vout+ Vf M lok = 3.317
Lo 2-Pout 4
P Ly, = 2.852 x 10
Iok MFsw
: — oaz. 10~ 6
Enter your value for Lp: AIWA._ 285-10
VCSmax
Rsensel =
Ipk Rsenseq = 0.241
Enter the normalized value for Rsense: Rsense := 0.23
Primary and secondary rms current calculation
I, L
_ pk"p _6
Tonmax = v Tonmax =9.433 x 10
min
Dmax = T0Nmax Fsw Dmax = 0-424
’ 1-D
max
ka
Ip. = - Ip. = 13.266
Ps Nps Ps
1
Isrms = IPs 5-(1 ~ Day) Ispps = 5811
D
max
loripc = Ipk ™, lpripg = 0.704
[ = le 2_ [ 2
priAC RMS priDC 'priAC =1.03
Auxiliary winding turn ratio
Desired value for VCC: | YCC= 14
Naux = ( _) Nyyy = 0.187
Vout + Vf

Output capacitor calculation




Desired Output voltage ripple: Vripple := 0.4
Vripple

| = [Isppre’ — lout®
CoutRMS = { ISrRms  — lout

Enter your choice of output capacitor:

RESR =

lcoutRms = 4878

Panasonic serie FM: Two 680 uF cap (3.29 A, 16m, 35 V)

-6 -3
Cout = 1360-10 AB\E\SRV:: 8-10
Timing capacitor calculation
logi= 20107 °

Y t
FB1 prop 1 Nps
T =|| ——— + VIN " Ly + + 77 [, C
sw_4th Kmsense maxDC ij p(VINmaxDC Vout + Vfﬂ p~-0S8

-5
Tow 4th = 1,052 x 10
10
V0= 65—| — |-V
Ct ( 3 j FB2 V= 1.833
| .(T +1010° 6)
Ct.— Ct\ sw dth Ct=2239x 10 1°
Vet
Designer value for Ct: Ct:= 200-10 12
MW

Switching frequency versus output power at a given input voltage

* The function named "Chrono" below allows to calculate the peak current and the
switching frequency for a defined output power and for a defined valley.
INPUTS: - Pout: the output power
- k: the operating valley (1st valley: k=0, 2nd valley: k=1, 3rd valley: k=2,
4th valley: k=3
- VIN: the input voltage in DC
OUPUT: a two line vector containing the peak current (1st line) and the switching
frequency (2nd line)

tX = Tt “_pCOSS



chrono(Pout,k,VIN) := |n « k
Lp~n
2-Pout
L Nps-L
«— -1 P + P
VIN  (Vout + Vf)

¢« —(1+2n)ty,

a <«

delta « b2 - 4-a-c
—b + /delta
2-a
1
Ip.{ Lp + NpS.Lp
VIN  (Vout + Vf)
Ip~Lp-Nps
tdemag < Vout + Vf
Ip-L
ton < %

Fsw «

} + (1 +2:n)-ty

ton-st

lorirms < 1P

Ip
Fsw

tdemag

IpriRMS

1.658

6.039 x 10

chrono(20.1,3,100) = 6

5.965 x 10
0.511

* The function below calculate the switching frequency and the corresponding valley for
a decreasing output power.
Indeed, as there is hysteresis for the valley lockout, for a given ouput power, we can
have two different couple of (Ipk,Fsw) delivering the same ouput power.
INPUTS: - Pmax: the starting output power

- Rsense: sense resistor

- VIN: the DC input voltage

- torop' the total propagation delay (curent sense + MOSFET)

(For this design: 300 ns).

At lowline, it can be neglected: putt,,, =0

- decr: decrementing calculation step for the output power
OUTPUT: a matrix containing the switching frequency, the peak current and the
operating valley at different output powers.
Line O: output power
Line 1: peak current
Line 2 : switching frequency
Line 3: valley number



ZD(Pmax,Rsense,VIN,t decr) =]j«o0

prop-

Pout <~ Pmax
while (Vg > 1.4)

n«>o
v <« chrono(Pout,n, VIN)

VIN-t

Vfb <~ (vo-Rsense - #Rsense}A
p

(break) if Vg, <14

mo’j <« Pout

ml’j <« V0

Mg j < I:adsonllo'("3)2

2
Mg j < %-COSS(WN - —VOL:\E;W) v
jej+1

Pout «— Pout — decr

while (1.2 < Vg, < 2.0)

n«1
v <« chrono(Pout,n, VIN)

VIN-tpon

L
p
(break) if (Vg <1.2) v (Vg > 2.0)

Vfb <« [vo-Rsense - -Rsense}4

mo,j <« Pout

ml,j < VO

m, ;< vy

m3,j<—n+1

m4’j < V2

Mg < RdsonllO'(Vg)2

vout + ijz
- .Vl

1
m. . < =-Cnee| VIN —
5 oss( Nps

6.

jej+1

Pout <« Pout — decr
while (0.9 < Vg, < 1.8)

ln . 9



v <« chrono(Pout,n, VIN)

VIN-tyron

L
p
(break) if (Vg <0.9) v (Vg > 18)

Vfb “«— [VO-Rsense - -RsenseJ-4

mo,j <« Pout

ml’j < V0

mz’j <~ Vl

m3’j<—n+1

m4’j <« V2

Mg i< RdsonllO'(V3)2

2
1 Vout + Vf
m, .« —C 4VIN- —— | v

jej+1
Pout < Pout — decr
while (0.8 < Vg, < 1.6

n«3
v <« chrono(Pout,n, VIN)

VIN-t

ﬂ-Rsense}A
Lo

(break) if (Vg <0.8) v (Vg > 1.6)

Vfb <« [VO-Rsense -

mo’j <« Pout

ml’j < VO

mz’j <« Vl

m3,j<—n+1

m4,j < V2

Mg < RdsonllO'(Vg)2

2
1 Vout + VFf
m. .« —C 4VIN- — | v
67 2 OSS( Nps j L

jej+1

Pout < Pout — decr

while (0.3 < Vi < 1.4) A (Pout > 0)

V < VCOL(Vip, VIN, tyrq0)

Pout2 “«— vO

(break) if Pouty <0.1




0.
Lj
2,

j

]

m, . \Y
4, <

m ¥ <« Poutz

m, . <V

1

m, .<V

2

m3,. « 1351

3

jej+1

Pout « Pout2

(continue ) if Pouty > Pout

Predicting the evolution of the switching frequency

Enter below the input voltage (rms) at which you want to see the frequency evolution (these

VINjgy = 115

Pout
decrp =—

PatVINminD =

PatVINmaxD =

voltage will also be used for the losses calculation)

PatVINmInD := ZD(Pout,Rsense,VIN|0W-\/§,tprop,deorp)
0 1 2 3 4
0 60 59 58 57 56
1 2.799 2.755 2.71 2.666 2.622
2 6.323-104 6.419-104 6.518-104 6.621-104 6.726-104
3 1 1 1 1 1
4 1.007-10-5| 9.913-106| 9.753-10-6| 9.594.10-6| 9.434.10-6
5 0.624 0.604 0.584 0.564 0.545
6 0.055 0.056 0.057 0.058 0.059
0 1 2 3 4
0 60 59 58 57 5¢€
1 2.39 2.353 2.316 2.279 2.24z
2 8.67-104| 8.796-104| 8.927-104| 9.061-104 9.2-10¢
3 1 1 1 1 ]
4| 8.602-10-6| 8.468-10-6| 8.334-10-6| 8.201-10-6| 8.067-10-¢
5 0.266 0.258 0.249 0.241 0.23:
6 0.656 0.666 0.676 0.686 0.69¢

PatVINmint := Z,(Rsense, VINjg, /2.

prop’ decrp)




v L 4 9 o4
0 2.009 2.059 2.112 2.167 2.22¢
1 0.955 0.955 0.955 0.955 0.95¢
PatVINminl =| 2 1.818-104| 1.863-104| 1.911.104| 1.961-104| 2.013-10¢
3 1.351-103| 1.351-103| 1.351.103| 1.351.103| 1.351-10°
4| 3.437-106| 3.437-10-6| 3.437.10-6| 3.437.106| 3.437-10+
5 0 0 0 0 C
0 1 2 3 4
0 2.385 2.445 2.507 2.573 2.64;
1 1.041 1.041 1.041 1.041 1.04
.104 .104 .104 .104 .10
PatVINmax! = |2 1.818-10 1.863-10 1.911-10 1.961-10 2.013-10
3 1.351.103| 1.351.103| 1.351-103| 1.351.103| 1.351.10
4| 3.745.106| 3.745.10-6| 3.745.10-6| 3.745.106| 3.745.-10-
5 0 0 0 0 (
6 0 0 0 0 (
Fsw versus Pout at VVINlow
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Tdemag versus Pout at VINlow
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OPP Calculation

9

Total propagation delay: tprop_OPP := 600-10

Output power capability at high line:



VCSmax N VINmaxDC'tprop_OPP

ka_max = Rsense Lp ka_max = 4.267
1 Nps

T =1 Ly + + m [L,-C

sw_max = 'pk_max-p (VleaxDC Vout + ij Vp-0SS

-5
Tow_max = 1.94 x 10

P SN 2t n

out_max =~ 5 "p pk_max Tsw_max Pout_max = 113.461
Ouput power limit wanted by the power supply designer: _

Lp-n
imit =
2-Pout_limit

a 1 Nps
limit = _Lp'(vm " Vout + ij
maxDC
Climit:= ™/ Lp"Coss

The corresponding peak current is:

2
“Dlimit Jblimit = 48imit Climit

| imit =
pk_“mlt 2'a|imit 'pk_limit = 3.06
The corresponding switching frequency is:
) 2'Pout_limit
Fow_limit = 5 4
Lplpk_llmlt ‘M st_limit= 7.054 x 10

OPP peak current reduction :

TR,
OPP = 100.| 1 _ PKIimit OPP = 28.291 %
Ipk_max

Primary to Auxiliary winding (Naux/Np) turn ratio: _

OPP lower resistor:

OPP

VOPP = -VCSmax-—— VOPP = -0.226
100

~Naux-VINpaxpc — VOPP

Ratio := Ratio = 297.05
VOPP




Rupperopp = Rioweropp-Ratio 5
Rypperopp = 2.971 x 10

RCD clamp calculation

Velamp = (BVdss-a ~ Vs — V'Nmach)

Vclamp = 157.733
We consider the leakage inductance equal to 1% of primary inductance.
Lleak = OOle
(Vout + Vf)
2'Vclamp'[vclamp - Nps
Relp = 2 Rjp = 1.756 x 10°
Ipk ‘Lieak Fsw
We consider a 20% ripple on VClamp to calculate Cclp:
_ Vclamp
CC'D = R..F. .02V -9
clp " sw¥4" Yelamp Cclp =6.327 x 10
(Vout + Vf)
PIV =—
Delp Nps 0s PIVpglp = 99:2
Startup resistor calculation
-6
— 3 -9 -3
lccp = 2:10 Qg :=17.10 treg :=10-10
Vecon =17 Vecoff = 9 Tstartup = 3
VCC =11

('CCZ + Qg":sw)'treg

Cveey = Cveey = 3.456 x 107 °
V -V,
CCon CCoff
Chosen value for Cvecel: Cveey = 4.7-10 6
Cveeq _5
lcveel = Vecon: T Icvee = 2663 x 10
startup
VIN /2
Rstart := __mnt" Rstart = 2.578 x 106
lcveer * lect

(VINpax 2 - vcc)2
Rstart

PRrstart == PRrstart = 0:051

*Half wave connexion




VINmin'\/_2

Rstart2 := S S—
lcveer + lect
Vleax'\ﬁ ]2
—— - VCC
PRrstart2 = B

Rstart2

Brown-Out Resitors Calculation

dc voltage at which the controller should start switching:

dc voltage at which the controller should stop switching:

6

IBO:= 10-10 VBO := 0.8

BO bridge lower resistor calculation:

VBO-(VpyikoN ~ VbulkoFF)
1BO-(VpyikoN ~ VBO)

RpoL =

BO bridge lower resistor calculation:

ReoL(Vbulkon ~ VBO)
VBO

RBou =
* MOSFET Heatsink Calculation

MOSFET Cgg at Vds = V,, = 25 V:

Power loss at minimum input voltage

PoondM0S = Reson110PRMS”
Junction temperature for MOS die :
Ambient temperature :

Heatsink calculation :

Junction to case coefficient (°C/W):
Case to heatsink coefficient (°C/W):

Tj -T
R _ max A R _R
0SA P 0CS 0JC
condMOS

* OQutput diode heatsink calculation

Diode forward voltage at low current:

Rstart2 = 8.205 x 10°

PRrstartz = 0-014

Vbulkon = 110

VbulkoFF = 70

4

6
RBOU =4x 10

- 10

Pcondmos = 1198
Timax = 110

Tp = 50

Rgga = 45.968

Vf g = 0.62



Diode dynamic resistance: Ry := 0.02

Junction temperature for diode die : Mimaxe 120
Ambient temperature : Jas= 50

Heatsink calculation :

RBJQ =2 RBQS =16

R B Timax = Ta R R

Losses calculation

lok_low = ZD(Pout, RsenSE,V|N|0W-\/5,tprop,decrp)l .

lok_low = 2:799
Fsw_low = ZD(Pout, Rsense,VINlo\N.\/E,tpmp,decrp>2 .
a Ipk_Iow"-p
low - VlNIow'\ﬁ sw_low djoyy = 0.31

i dlow
IPRMS_low = Tpk_low’ T3 IPRMS_low = 09
I
_pk_low |1
SRMS _tow = T ’g'(l = djow) ISRMS._low = 5-369

, 2 2
lCoutRMS_low = \ ISRMS_low — lout

ICoutRMS_Iow =4.342

* Power loss in RCD clamp

2
V
clamp
Pap=""%f . Peip = 1417
clp
* Power loss in sense resistor:
Psense := Rsense-Iprms Iow2 Psense = 0.186
* Power loss in Cout
Peout = Resg'| 2
Cout = "ESR"'CoutRMS_low Pcout = 0-151

* Power loss in MOSFET

MOSFET Cgg at Vds = Vg = 25 V: Coss = 25x 107 X



Power loss at minimum input voltage

2

P =R -Ip
condl dson110'FRMS_low Peondy = 0.624

*

Switching losses

3
2

Vout + Vf
L.Cos(ﬂ)j 'COSS'\IZ_S'FSW

2
Powi = 5(vm,ow-\/i +
Pgyy1 = 0.029

P =P +P
MOs1 = Peond1 + Pswi PuMosy = 0652

Vj = VINminpc: VINminpe + 9 - VINmaxpe

3
2 Vout + Vf 2
PSWS(Vi) = E(Vi + —-cos(ﬁ)j -COSS-\IZ_S-(ZD(Pout,Rsense,Vi,tprop,decrp)2

3
ZD(Pout, Rsense, V; ’tprop’ decrp)l, 0) .Lp.(ZD(Pout, Rsense, V; ,tp

P Vi):=R .
condS( |) dson110 3.V,

MOS power losses versus input voltage
1 T T

0.8

PcondS(Vi)O'6

Pswal( Vi) 0s

Puissance (W)

0.2

200 300

Vi

VIN (V)

* Power loss in output diode

Diode forward voltage at low current: Vfdg:= 0.62

Diode dynamic resistance: Rgy= 0.02



. 2
Pdiode := Vfd0~lout + Rd'lsRMS_Iow

Pdiode = 2.534
Junction temperature for diode die : Timax:= 120
Ambient temperature : Tas=50
Heatsink calculation :
ReIG= 2 Recs= 16
R B Timax = Ta R R
WOSAGT " pdigge - 0CS T TOIC Rgsag = 24.02

Peak inverse voltage :

Plvdiode = VleaxDC'NpS + Vout + Vf Plvdiode — 113.492

* Power loss in diode bridge and in bulk capacitor

-6
Bulk cap: := 100-
ulkcap: Cpyjkg = 100-10 ESRpyk := 0.360

Minimum bulk voltage (including ripple): Vmin2 := VlNIow"ﬁ _ VBquRippIe

Threshold voltage of one diode of the diode bridge: Vio = 0.74
Dymanic resistance of one diode of the diode bridge: Ryp == 0.07

(The diode bridge used is a KBU4K)

Line frequency: Fline = 50
| -d
. _'pk_low ¥low :
I|nmoy = f I|nmoy = 0.434
Diode conduction time:
. Vmin2
asin| ——
1 VlNIow'\/E 3

c™ - = 3

4Fline 2:7Fline t = 1.595x 10
| = lin # 1

2
PESRbulk = ESRpulk lbulkrRMS
_ PESRbulk = 0499
“”moy

ldiodeRMS = ——
v 3 Flinete lgiodeRMS = 0-887



lin

. moy .
Idlodemoy = T Idlodemoy = 0.217
lin 2
PdiodeIN = | =, "Vfo * Rd2'ldioderms |4 PiodelN = 0-863
2-lin

\/3'Fline'tc ””RMS = 1.255

* Transfo losses

Secondary winding DC resistance: Reecpc = 0.008-Q2

Secondary winding AC resistance: Rsecac = 0.03-2

Secondary winding DC resistance: RoriDC = 0.1-2

Secondary winding AC resistance: Ropriac = 0.18-Q2

Core loss: Peore = 0.-22W
Pegc = R | 2+ R tout”

sec = NsecAC 'CoutRMS_low * RsecDC’ out Pgec = 0.645 Q2
P .._R | 2 li 2 R li 2

pri = RpriAC'\'PRMS_low ~ "Mmoy ) * RpriDC "moy Ppri = 01310
P = Peae + Ppyri + P

transfo sec pri core Piransfo = ¥

* Total losses at max input power

Ploss = Ptransfo * PESRbulk + PdiodelN *+ Pdiode + Pyogp + Py + Psense + Pegye

Ploss =
. . . . Pout .
Estimated efficiency at low line: effi.= — 100 effi = a
Pout + PlOSS
* Synchronous rectification calculation
Mosfet : 1 MOS IRFS4321PBF BV = 150 V D2PAK
Rd . o - -3 — 12
Body diode voltage drop: Vi = 0.5
9

NCP4302 delay time: tdelay == 70-10

At minimum input voltage:



Pona = ISrms R
ON3 = SrRms "Rdsonz Pons = 1.013

Pd3 = Vf2-|0Ut' st'tde|ay Pd3 =4.974 x 10_ 3

P =P + P
SyncR ON3 ™ "d3 PSyncR =1.018

Total power loss with synchronous rectification

Ploss2 = Ptransfo + PESRbulk * PdiodeIN + Psyncr + Pmos2 + Pcip + Psense + Pooyt

Ploss2 = #
. - . . . Pout .
Estimated efficiency with SR: effi2:= ————— 100 effi2 = x
Pout + P|0552
* Compensating the power supply
FB pullup resistor inside NCP1380: Rpullup = 18-103
Current in the TL431 bridge: 'bridge = 250-10 ¢
Optocoupler transfer ratio: CTR:= 0.6
Optocoupler parasitic capacitance: Copto =2510 °
Desired Cross over frequency: f. == 800
Desired phase margin: PM := 60
25 4
Riower = o Riower = 1 x 10
bridge
Vout — 2.5 4
Rupper = - Rypper = 6:6 x 10
bridge
Vout
Rioad = ——
load lout
Vout + Nps-VINLinDC
R.q:=R .
&q l0ad"; \/out + Nps-VINminDC Req = 4.337
M'VINminpc Rioad
GO = GO =491
8-Rsense-(2-Vout + Nps-VINyinpe)
2-Pout-4-Rsense-(Vout + Nps-VINpinpc)
Ve =
c:
_ Lo Ve _
(1 + Resg Cour2-mfi){ 1 - 8-Rsense-V|NmmDC'(Z'N'f")
Gy (f) = Gg-

(1 + Req-Cout~2-7r~f-i)-(1 + Rpu”upcopto-zw-f-i)

180

T

PS := arg(Gy(f;)) PS = -98.718



Needed phase boost:

Boost:= PM — PS — 90

k := tan @+45 =
2 180

Boost = 68.718

k = 5.322

3
fpc = kA, fpc =4.258 x 10
fe
froi= 7 f,c = 150.306
1 -8
Coero = Cyero = 1.604 x 10
upper 'zc
1
C = -9
ole =
Pole = 3 R uttup foc Cpole = 2.077 x 10
Gy := 20-log( | Gy(fc)|) Gg = ~15.826
Roulluo' CTR
Rjed = ——P—— Rjeg = 1.746 x 10°
— GS
10 20
CTR
Hn:=R —
0 ullu
PITEP Rieg
f:=1,4..100000
( ESR™>out >[ 8-Rsense-VINinpC ( )}
Cour2-m )
. . I-p'Vc
(L + Rupper Czerg 2 f+1)-(1 + Resr-Coyr2-mf-i)| 1 - B Reense VIN, -
LX(f) = _GOHO

[1 + Rpu||up~(Cp0|e + Copto)-Z-ﬂ-f-i]-(Rupper-CZero-2-7T-f~i)-(1 + Req Cy



20-log( |Lx(f)|) 0

2o-|og( |G 1(f)| )

60 200
48 1160
36 —1120
24\\ 180
/\\—
12 — ] 40
-0 arg(
- 12 -1- 40
— 24 -1- 80
- 36 -1- 120
_ 48 - 160
- 60 — 200
1 10 100 1x10° x10* 1x10°
20, 45
™N\
™
0 N\ 0
\\\\\
\\
20 N\ 45
\\
\\« \\’l ~ \~~h arg(
\ " <~. ",—’
- 40 -90
- 60 - 135
- 80 - 180
3 4 5
10 100 1x10 1x10 1x10






Ict

1
Ct-(G.S - ?O-vfbj

V. t
Ip e | —2— s ViR | it v 508
4-Rsense Lp

VCOL(Vip, VIN, tyrgp) = |Fsw <

t
pe | —2 L vin2R | i v <08
4.Rsense LIO

1 2
Pout « E'Lp'lp ‘Fsw-m

Ip-L,-Nps
tdemag < :
9 Vout + Vf
Pout
Ip
Fsw

tdemag

2.389

0.87

VC01(0.8,100,0) = 4
2.609 x 10

3129 x 10" °

* The function below calculate the switching frequency and the corresponding valley for
an increasing output power.
Indeed, as there is hysteresis for the valley lockout, for a given ouput power, we can
have two different couple of (Ipk,Fsw) delivering the same ouput power.
INPUTS: - Pmin: the lowest starting output power

- Rsense: sense resistor

- VIN: the DC input voltage

- torop: the total propagation delay (current sense +MOSFET).

At lowline, it can be neglected: putt,,, =0
- inc: incrementing calculation step for the output power
OUTPUT: a matrix containing the switching frequency, the peak current and the
operating valley at different output powers.
Line O: output power
Line 1: peak current
Line 2: valley number



Z,(Rsense,VIN,tprOp,inc) =lj«o0

while (0.3 < Vg < 1.4)

V VCOl(Vfb,VIN,tprOp)

Pout « v0

(break) if (Vg > 1.4)

mO,j <« Pout

ml’j < Vl

m2’j <«— V2

m, . < 1351
3.]

I’Tl4’j < V3

je—j+1

Pout < Pout + 0.5
while (0.8 < Vg, < 1.6)

n«3
v « chrono(Pout,n, VIN)

VIN-t

&RsensejA
Lo

(break) if (Vg <0.8) v (Vg > L6)

Vip < (vo-Rsense -

mO,j < Pout

ml,j “V,

Mg j < RdsonllO‘(V3)2

1

Vout + V)2
Mout+ VI
Nps 1

je—j+1

Pout « Pout + inc
while (0.9 < Vi < 1.8)

n<«?2

v « chrono(Pout,n, VIN)

VIN-t
ro
Vip < (vo-Rsense - ¢~Rsense]~4

Lp




(break) it (Vip <0.9) v (Vfb > 1.8)

mO,j <« Pout

ml’j < V0

m2’j <«— Vl

m3’j<—n+1

I’Tl4’j < V2

2
Mg < RdsonllO'(Vg)
1
jej+1
Pout < Pout + inc

while (1.2 < Vg, < 2.0)

n«1

v « chrono(Pout,n, VIN)

Vfb <« (vo-Rsense -

Vout + ijz
- .Vl

Nps

VIN-tyron

Lp

~Rsensej~4

(break) if (Vg <1.2) v (Vg > 2.0)

mO,j < Pout

Mg j < RdsonllO'(V3)2

ms’j «— %'COSS'(V”\‘ -
je—j+1

Pout « Pout + inc

while (2.0 < Vg, < 3.2)

n<«<>o

v « chrono(Pout, n, VIN)
Vfb <« (VO-Rsense -

(break) if (vfb > 3.2)

mo’j <« Pout

m <V

mz’j <« Vl

Vout + Vf jz
- @ .Vl

Nps

VIN-tyron

Lp

~Rsense]~4



3,

m4’j < V2

6,]j

jej+1

m, .<n+1

Mg < RdsonllO‘(V3)2

1

Pout < Pout + inc

Vout + ijz
—_— .V1

Nps

PatVINmaxD := ZD(Pout,Rsense,VINhigh~\/§,tpr0p,decrp)
5 6 7 8 9 10
55 54 53 52 51 50
2.577 2.533 2.489 2.444 2.4 2.356
6.835-104 6.948-104 7.064-104 7.185-104 7.309-104 7.438-104
1 1 1 1 1 1
9.275-10-6| 9.115-10-6| 8.956-10-6| 8.796-10-6| 8.637-10-6| 8.477-10-6
0.526 0.508 0.49 0.472 0.455 0.437
0.059 0.06 0.061 0.063 0.064
5 6 7 8 9 10
) 55 54 53 52 51 50
4 2.205 2.167 2.13 2.093 2.056 2.019
bl 9.343-104 9.49-104| 9.643-104 9.8-104| 9.962-104| 1.013-10%
L 1 1 1 1 1 1
>| 7.933-10-6| 7.799-10-6| 7.666-10-6| 7.532-10-6| 7.398-10-6| 7.264-10-6
3 0.225 0.217 0.21 0.202 0.195 0.187
) 0.707 0.718 0.73 0.742 0.754

PatVINmax := Z(Rsense, VINpjgh/2,t

prop

decrp)

I an



ko) (0] l o) J 11U
> 2.286 2.351 2.42 2.493 2.57 2.652
> 0.955 0.955 0.955 0.955 0.955 0.955
! 2.069-104 2.128-104 2.19-104 2.256-104 2.326-104 2.4.104
3 1.351-108 1.351-103 1.351-108 1.351-103 1.351-108 1.351-103
5 3.437-10-6 3.437-10-6 3.437-10-6 3.437-10-6 3.437-10-6 3.437-10-6
) 0 0 0 0 0
5 6 7 8 9
2 2.714 2.791 2.873 2.959 3.051
1 1.041 1.041 1.041 1.041 1.041
4 2.069-104 2.128-104 2.19-104 2.256-104 2.326-104
3 1.351-108 1.351-108 1.351-108 1.351-108 1.351-108
6 3.745-10-6 3.745-10-6 3.745-10-6 3.745-10-6 3.745-10-6
J 0 0 0 0 0
J 0 0 0 0
Fsw versus Pout at VINhigh
1.2¢10°
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Tdemag versus Pout at VINhigh
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MOSFET conduction and switching losses versus Pout at VINhigh
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