ELECTRONICS 3 POWER SUPPLY ANALYSIS AND DESIGN EXERCISE

No.1  Power Supply Analysis
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A) Using Schade curves, determine the following: Vin(NL), Vin(FL), Vsec(NL), Vsec(FL), lsec(FL), lpri(FL),  Ir(peak),
IE(rms), Ix(ave), Ie(surge), AVin(rms) max and AVin(pp) max.

B) Is the transformer correct for the job? Explain. Note that he transformer can run at its maximum rated current
without any problems - there is safety margin built in.

C) Verify all of step A results using mcap. The transformer parameters you have to specify for Microcap are: Lpri, Lsec,
coupling coef. Assume Lyyj is such that the transformer magnetising current is 10% of its full load current.

ﬂm :—VP”— = 5’1 zﬁ =10,75 |_.(mag = 0,1 X I, (FL) X h =0,1x4x L = 37,22 mA

Nsec Vsec(NL) Lsec 10’ 7 o pri ' 5

-2
= Vo 115 =8,2H L, = Lpﬁimﬁ =8,2 x (10,75)" =71 mH

W Ipri (mag) 1207Tx 37,22m [ONgee O
Assuming a coupling coefficient of 99.5%, the transformer uCap parameter values should read: 8.2, 71m, 0.995 in the value
field. Don't forget to add a series resistor in the secondary winding to simulate the transformer losses.
D) Determine the maximum heat sink thermal resistance allowed if the voltage regulator has Tj(max) = 150°C,
0;c = 1,5 °C/W and Ocs = 0,2 °C/W - assume T = 25 °C.

No.2  Power Supply Design

Design a DC power supply of +10V for a 0 to 5A load. Specify all of the components to be used. Don't forget to specify the
heat sinks required by the voltage regulator, the PNP transistor and the power MOSFETs. The LM113 is a precision
reference used to provide a more accurate current limit because Ve of the PNP is not known accurately. Set the current limit
above 5A, say around 6.5A, to guarantee voltage regulation right up to 5A. Do this problem without Schade curves using

R = (V.. v =V r1)) /1 e FL) I (ms) = | mox~/2  for diodes
| . (oc)x At AV, P
AV, (pry = ——— Ve () =V (bo) + —F—+ 2V I (0c) =0.62% 1. (rms)
FIL
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T N
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No.1 A) Transformer : Vgec(NL) = 10,7V

100

Vsee(FL) = 10V at lgee(FL) = 4A

Rs = (10,7-10)/4 = 0,175Q

First iteration

I \I/FILI(‘E;(!)I : J‘H g; Assume an initial value for Vijn(FL)
% ———— - 1
wi V(o) 2 Vin(NL) = 10.7 * 1,41 - 2 = 13.13V
“F=FFFHF =" THI =~ Let Vin(FL) =10 * 1,41 - 2 = 12,14V
% /all 6 R, = 12,14V / 2A = 6,07Q
;;:_,.'/- : Rs/R. = 0.175/6.07 *100 = 2.88%
Lo b WCR, = 120TT* 5000 * 6.07 = 11.44
0 s 15 We read Vin(FL)/Vin(NL) = 0.86
7 L 0 & Vin(FL) = 0.86 * 13.13 = 11.29V
///f" | ;g:'f;
60 //r// : B . .
o -—// ERAA » Second iteration
LA ! % Assume Vin(FL) = 11.29V and re-do
"'::4/d 1 40
50 L™ 1
s g . 50 R, = 11.29V / 2A = 5.64Q
s i @ Re/R. = 0.175 / 5.64 * 100 = 3.1%
40 - * @ WCR, = 120TT* 50004 * 5.58 = 10.5
— : 100 We read Vin(FL)/Vin(NL) = 0.85
3[}EH -1 0 1E] 100 1000 therefore
' ' wCRL (C IN FARADS, Ry IN OHMS) Vin(FL) = 0.85*13.13 = 11.16V final
10 — F
L 1. (rms) h
[ !+ (av0) afts
01
02
s = 10
i ol B B i il e — ——— gg— —
2 f"’" ——————— 10
30
100
1
1.0 2.0 3.0 50 7.0 10 Ei] 30 50 70 100 200 300 1000
40 . ! 0.02
sl 1= (peak) _ E-ns
a0l I F (an) | =T c:1
0.2
- 2 05 i':;
10 10 &£
= e ——— 2_0_3‘?*_
7 5.0
5 == 10
pense 30
3? li 100
1.0 20 3.0 50 7.0 10 20 3Cﬂ 50 70 100 200 300 500 700 1000
nCRL

From the diode current curves, we read at nGWCR. = 2 * 120TT* 5000 * (11.16 / 2) = 21 and Rs/nR. = 1.57%

IE(rms) = 2.75 * Ig(avg) = 2.75 * 1A = 2.75A
Ir(surge) = Vnu/Rs = 13.13/0.175 = 75 Ap
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wl NS A A“S’”L‘?I T Without Shade curves, we have:

: el eve ol AQ _ IxAt _2x(1/120)

S T [0 av R =22 - =5 T 2333y,
= 10 \\\‘ = Full-Wave 1201 H Ca  Cr >000u
s, - T2 B2 which always yields a larger value than the
5 Tso ——— . - TT T A TA ¥ T actual ripple voltage because we assumed
y NI that the capacitor discharges during an
g RN entire half cycle of the 60 Hz sinewave
I.:'- 20 \\\Q\‘ .
NN

10 . 3 From Schade curves, we read at

o TR Rs/RL = 3.1% and WCR_ = 10.5

05 Mo e,

N
03
o \&S:§ \Qta AVin(rms) = 6% of Vin(FL)
, \‘§Q\ 2 =0.06 * 11.16 = 0.67V
"o 20 30 50 70 0 % 50 70 100 00 300 500 w0 AVin(Pp) =2*1,73*0.67 = 2.32 Vep
.- @CRL
Transformer:  For a bridge rectifier, we have lsec(rms) = 1,414 * Ig(rms) = 1.414 * 2.75 = 3.89A max
Ve (noload) 10.7
| ) = g () x — 25 = | () x 20 = 3,89 x —— = 0.362A
115

pri pri

V., (o) =V, (00) + AV (i) + 2V =11.16 +0.5x2.32+2=14.32V, V., (ms =14.32/+/2 =10.13V

No.l B) Isec(rms) = 3,89A max from Schade curve calculations which is less than the maximum rated
value of 4A, therefore the 166N 10 transformer is fine for the job.

No.l C)
Initial surge current in transformer secondary winding at 2A DC Full Load
Lpri =8.2H, Lsec =71 mH, k=1.0
20.00 %
O [ R R R ' ------------------ b T T

INITIAL PHASE | 4.135m,28.307  5:259m,-28.625

0o 225 -45 -67.5 90

pl
10,00} - - 3 ! g e T e

-20.00 5SS AR R |

-30.00 5 nom 3.00m 6.00m 9.00m 12.00m 15.00m

(Rs)

NOTE: The maximum surge current is a function of the initial phase angle of V,; and also depends on the primary and
secondary inductance values — for the same voltage ratio the inductance ratio will be the same and if we use inductances 10
times smaller, the initial surge current will go up. Because the inductance slows down the rate of increase of the current, it
will never reach the maximum value calculated, that is ls,ge Mmax = Vi /Rs.
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1.0

8.2H, Lsec =71 mH, k

Settled Waveforms at 2A DC Full Load — Lpri
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Comparison of theoretical values and microcap values

lpri(rms)

0.362A

0.38A

Ipri(pk)

0.837A,
0.81A,
-0.91A,

lsec(rms)

3.89A

3.845 A,

Isec(PK)

9A,

9.27A,

Veec(rms)

10.13V

10.23Vv

Veee(PK)
14.32V,

14.18V,

Ripple

232V,

2.3V,,

V. (DC)

11.16V

11.48v

Theo

uCap
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Initial Surge of Primary Winding Current at 2A DC Full Load
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No.l D) From the pCap simulation, we have Vi, = 11,48V DC and AVi, = 2.3 Vpp

150'C C S
1.5'C/wW 0.2'C/IW

2A 5V 2A

11.48V ——>—| REGULATOR [—>— 5V

L

12.96W
25'C Preg =(11.48 - 5)*2A = 12.96W max at full load
? 8, (022 _15-0.2=795 °C/W
e 12.96
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No.2 Power Supply Design

25.67V

Assumed —» 4v,, /\
max V

21.67V
10.5A rms
max
- C
I lac
% % 27.67Vp
115V % g19 5(7J{/rms
60 Hz < min
2
3Nl
N

Rs 3A 3A

NOTE: from Hammond Idc = 0.62 x lac

T
max 3.5V J i t Q1
+1.92V - 3A 3A
+
Rs
Q3 only 47 typ 3V *Lii‘ Q2
starting 0.7v -
to conduct 0 mA
Rg B dropout Let thermal limit
03 oA +3V min - of LM317 be 0.5A
6.5A max +1.22V -
max ‘+5.42V— mA 0.2A to 0.5A
* LM317T
Idc J +4.92V - 0.2A [ 0.2A to 0.5A + 010 5A
P to 1.25V
0.5A
21.67V 16.25V 13V +25% safety ) I(‘) .
min min min margin A 210V
l { i -

An LM113 (Zener) precision reference IC is used in order to obtain a more accurate current limit. 1ts maximum current is rated at 50 mA and one should ensure that it is
not exceeded. 1, max = 0.7M + lcamax / rg min

SFH9520L Transfer Characteristics

e i
= 10’
g 150
= 3A
[ [ ]
ﬁ o 1
| il : :
—,D L 65C 4
1 # Note
] 1.V, =40V
7 2. 250U s Pulse Test
| ;
1 i |
10 1
\ 4 6 8

\
\

2.6V typ @ 150°C 3V typ @ -55°C

Linear Power Supply Exercise

‘\\-\."Q‘3 , Gate-Source Voltage [V]

Rev. 5/2/2003

The MOSFET Vg drive level is =3V typical at -55°C. Vg threshold ranges from —1V to -2V with a median
value of —1.5V, therefore let us assume that minimum and maximum values of Vgs will be £0.5V away from
the typical values. Hence the circuit must be able to provide a Vg value greater than 3.5V to ensure that the
MOSFET’s can deliver 3A each to the load. As long as there is no current limiting in Q1 and Q2, IR <
1.92V and Q3 is OFF. As the load current increases, lgrec goes up and this in turn increases Vsg of the
MOSFET’s because lgrec Rg = Vsg + IsRs when Q3 is OFF. To ensure enough drive for Vg, let Vsg = 3V be
reached with Izgg = 0.2A but set the thermal limit of Iggg to 0.5A.

2 2
Re = ﬂ =246 - 24Q std P = \ﬂ = ﬂ =1.22W Let Rg be 24Q , 3W
0.2A Rs 24
2 2
R, = ﬂ =0.640Q P = Vm;‘x = ﬁ =5.67W  LetRgbe 0.64Q , 10W
3A Rs 0.64

Transformer: From the circuit above, we need at least 19.57V and 10.5A. In the Hammond 165 series, we
have the 165518 (18V,10A) and the 165T22 (22V, 12A). The 165T22 will be selected because the 165518
has a voltage a little too low. We therefore have: Rs(trans) = (22.3 - 22) / 12 =25 mQ

V (0c) =+/2%223 -2V, =2954V V. (oc) =2 %22 -2V, —0.5AV,, =27.V
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Filter Capacitor: We assumed AV, = 4 Vpp at a maximum Ipc of 6.5A at the unregulated supply O/P.
c 0 AQ o xAt_ 6.5% (1/120 Hz)

AV e AV,
This will produce 3.6 Vpp maximum ripple at 6.5A and

=13542 UF  Let’s use three 5000 WF capacitors in parallel.

(PP)

V, (00) =4/2%223 -2V, =2954V  V, (oc) =+/2 %22 -2V, —0.5AV,,, =27.3V

Diode Bridge: Assuming Ipc = 6.5A max, we have It (avg) = 0.5 x 6.5 = 3.25A 165522 305V

lec (rms) = 6.5/0.62 = 10.48A and I (rms) = 0.707 X lg (rms) = 7.4A T

Maximum surge lggm = (31.5 - 2) /25 mQ = 1180A O? 31.5Vp 0A

PIV = 29.5V max from circuit shown beside éésg’z § § no load o
One should select diodes that can handle the above maximum currents and PIV. The § 295V
maximum surge will never reach 1180A because of transformer inductance. Select diodes Y - no load
that can handle Ig(avg) > 10A and PIV > 50V and simulate circuit to obtain actual surge
current — you must obtain winding inductance values from manufacturer or measure it to be
able to simulate accurately. =

. _ Ve (N _ 22.3 _ o . L

Fuse and switch: | ; = I X v 12 x 15 - 2.33 A, The “Little Fuse” application data says to use lnom = Imax/ 0.75 = 2.33/ 0.75 = 3.1A for a slo-blo

pri
fuse operating at 25 °C ambient temperature — if it operates at higher ambient temperatures, then the fusing current decreases and one must select a higher fuse rating.

Let’s use a 3A fuse assuming at 25°C. The switch must be able to handle 2.33A and the 115V.

LM113: Thisisa 1.22V precision reference IC with a maximum rated current of 50 mA.. It requires 0.5 mA typical to operate, therefore let’s use a bleeder resistor

across the EB junction of Q3 to provide say 1.5 mA to the LM113 when Q3 turns ON and Vgez = 0.7V. Rgeg = 0.7/1.5m = 467 theo and use 470 Q std

0.7 1 0.7 05
= +_c3 ™ - +—==17.37 mA which is well below the maximum of 50 mA.
BE hFE min 470 85

NOTE: the BD438 (PNP transistor Q3) data sheets specify hgg = 85t0 375 at Ic = 0.5A and Vg = -1V

The maximum current will be 1,

PNP transistor BD438 3A A
Ics max = 0.332A, asssume 0.5A for safety. The +1.92V -
worst case power dissipation for Q3 is then 0.640Q + ]+ Q2
— — — 21V T

Pys =Vegame | cama =5-92V x0.5A = 2.46W 470 s

50 — 25 N min at 2 46W

- 3 150 'C :
6., +6,, ~35=47.3 °C/W N
2.46 +4.02V - 0.332A 0.5 |

Use heat sink + insulator with less than 23.5°C/W e min . mex ' i
for safety. 240 max
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LM317T:

P., =(22.4-10)x0.5A=6.2W 7 S <
125-25 2l o
O +60, =——-5=11.13 °C/W 3A +1.92V - 3A
' 1l 1N4002
. WHEN
125'C C S < CURRENT
LIMITED
J I I typ. Q3{ o 0.2A1t0 0.5A
5C/W 24Q o02a 0.2At0 0.5A % l
5W 390 =
L
+
6.2W o5 27.3V at full load 22.4V 8#33 = o | g ov t_olOV
I P T 2.7k D
A =

We have to select a heat sink-insulator combination that has a thermal resistance of 11.1°C/W in order to current limit the LM317T at 0.5A. Note that the MOSFET’s go
into current limiting before the LM317T does because that occurs when l.q = 0.2A typical which corresponds to Vsg = 3V typical at 3A. The short-circuit current of the

6.2W
LM317T willbe I,,; =—————— =0.277A which means a short-circuit current of 6.277A in the load.
22.4V -0V
. TJ<1250CI Q3
VO A | %l VO A [} ON !
I=15,<8A 1 15,=15,=3A ! Q3 OFF :|51:|sz:
Q3 OFF 1 Q3 ON ! I, =1,<3A ' =3A !
+10V L ® +10V ® ®
0.2A ! 62A
: Po1 max occurs :
(boé 50 at short-circuit >/
77 where Vps is max Qf
<3 | of |
| ]
oV o L > oV e — >
0.277A 05A g 6.277A 6.5A 1 5ap
Regulator load regulation characteristics Power supply load regulation characteristics
Linear Power Supply Exercise Rev. 5/2/2003 © C. Sauriol

MOSFET’s SFH9250L
PQl max = PQ2 max :VDS max X ISmax
=(27.3-1.92-0)x3A = 76.14W
50 - 25
. +6 -0.61=1.03 °C/W
¢ T 76.14

150'C C S

i :

0.61'C/W

76.14W

25'C
A
Pick individual heat sinks with 8¢, < 0.5°C/W for

safety — this includes insulator thermal resistance.
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