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ABSTRACT

In this thesis, analysis and design of a Zero-Voltage-Switched (ZVS) Quasi-Resonant
(QR) boost converter arepresented. Equations resulted from the' analysis are used in circuit

design. Experimental results are given to confirm validity of the design.
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2.2 Zero-Voltage-Switched Quasi-Resonant Boost Converter
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1,(T,)=1(1~cosa) (2.30)
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Under voltage lockout(UVLO) and 5V bias generator
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VCO
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: NORM:200kS /8
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Filters =0ffsets =Record Length= sTrigger=s
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4.6 dszanEmvuasdudlavesnssdulvfuerdnnvesases

4.6.1 U5zAnENWY939939 Open-loop

M99 4.4 LAl 5eTNTNNV0979957 Open-loop (1) HARIYTEANTAIMYBI2905

usasu lrlihduna 7, =10V () uasalszdninimveeasesiusediulnih
dunm V, =12V

Ve (V) | 1(A) v, (V) I, | R(Q) | dssdnFam %
1.67 15 0.99 15 88
10 3.6 15 1.98 7.5 82.5
5.75 15 3.05 5 79.6
(n)
Ve V| (A Vo) 1A - R ()| “dsgdntam %
1.37 15 0.98 15 89
12 2.87 15 1.8 oL/ 86
4.47 15 3.02 5 84.4
()
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4.6.2 sz ansmnvee13a3H Closed-loop

M35199 4.5 uanIlse@NTNINUD929939 Closedloop _ () waRIUTEANTNINUDII9959

usaau T8 =107 2 () uerasdszAnsnimuosasesiiussiu i

BuUNR ¥, =12V

Ve (W) | I(A) V, (V) I, | Ry(Q) | szdiniamu
1.74 14.99 1.04 15 89.6
10 3.61 14.97 2.0 7.5 82.9
5.75 14.95 3.05 5 79.6

(M)



4.6.3 3uitlavesussiluluerdina

Ve (W) | L(A) V, (V) I, | R (Q) | dszdninm%
1.4 15.00 1.05 15 93.75
12 2.87 14.99 2.05 7.5 89.2
4.47 14.97 3.03 5 84.6
)
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Smoothing : ON | CH1 | ==ve==w Main 1 10K Mode @ AUTO
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Delay !
Hold' OfF :

B.0ns
MINIMUM

U 4.8 S Wavoulseiu Wibierdnavesisesiusadu ldhauna v, =107

wagnszud WMo Hpgsga
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_EE CORES
' |
! E Magnetic Parameter
| Cors constant C, 034989 mm™'
| _—n EMHective magnetic pass length ¢, 124 mm
e Etlective cross sectional area A, 253 mm?
EMective cora volume v, 43700 mm®
Canter log oroa A, 352 mm?
85207 Minimum cross sectionsl atea A, 352 mm?
{Cantar leg)
.,‘I-_"“___'_I Winding arca of cora AL 400 mam?
I | E[ o Approx. Weight 218 g/paw
§ ’ S i . Unt: anvm 4
- i
’L 1 NS "
I WO A e e e P h y
- Em—p— AM& N et | Ak Core loss (Max)
1 _ A ., I el S - | o anpitn. '\ \JAOME. J0e e
| G20 EE56/85A / 6700 125% e - V—Jl)_ o 219
1 / - > - y ~ - % - \
. P d PG / \ PR LA | N N,
s value :
§ i -
L 2 - e S a)
- RAniiW L1020 ;
= |
1w -
. p : &3 @8] 4 =
'Y »
g IN\\ SR inn
¢ Ly - : VH<
£ \ by 7
3 i g5 :
q 3 I - =
N a g | e
A Y ')
w a—l- # n a '\
|
- L]
W 2 4 b B ? 4 T W 2 a4 T W 2
Total gap length (mm} Al volue {nH/N")
23C AL = 898G *™" (nH/N) NI shows the point whore the exciting current is
G = 24495X%AL "™ (mm), axtendad
100C AL = S07.1%G *M™ (nH/NT i da s
G~ 1852.3%AL '™ (mm) 56
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mand a1 Joyadieq veswnules lsAuuy EE

il EE CORES

Shape code
w2613 | |
1138
EEV6/14K
EE10/162
E2809A |
192
o | 1
D‘ A
T 1asss
__w1“
0s0782 | 127 14 m | 520 | &
i 052569 | 149 | 781 | 17600 et L | m | ss | - [ =
068917 145 57.2 14100 137 137k‘ . C 248 | 7 -....-.- -.-"__‘
4215W] 054243 | 180 | 978 |17600| 180 | 180 BC | 275 | 869 | 5 -
2/4220W) 041512 | 236 | 978 | 23000 25 25 BC | ws | 18 56 -
047780 | 165 | 787 |13000| 159 ww ¢ | m | es0 | ~ -
feA | o3ss24 | 232 | s9s | 20800 23 m B | 206 | 106 | — -
oazemr | 26 | %63 | 21700 23 213 c| ® | m | = )
o389 | 33 | 124 |4a3r00| 32 3 cC | 40 | 28 | 8 | -
6/47n | o397 | 39 | 107 | 36400 | 382 329 B | 22 | 188 - -
: 049137 | 377 | 185 |ea0| 3% 32 L | taso | 384 | — - |
M8: Minimum cross soctional arna  B; Back ares  C; Center leg area  L; Side leg area
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m3ei 0.2 Jeyad1en vosunumles lsduuy ETD

Summary EER CORE!

TYPE 1

i "

| 1624025

‘m@ i

e ‘@;_g,”

1 sgﬁm\?

14.5:0:0 40

15 5t0 20 &

17.120.20

0: 15,540.26 294 6.15
247£6020 | 1984040 | 1734026 | 318 | 188+030 | 485
223zmwi 1495030 | 149s030 | 325 | 165:040 | 535 | ETOW
i | 247020 11814040 | 585 | gD«
490+050 | 3123030 | 17.24026 | 17.2%0.25 | 364 | 2274020 | €00 | JS
5364100 | 183:0.20 | 1795040 | 175:040 | B | 11.1:030 | 543
6602050 | 2842040 | 2473040 | 206:030 | 417 | 1903030 | 640
B0.0:080 | 3254040 | 2004050 | 240:050 | 582 | 2204030 | 100 |
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y 1 3 Ld
msai n.2(de) Toyadeg vewnunled sy ETD

EER CORES
TYPE 3 TYPE 4
- r_. - 3
_ x ['“ — 1 3
Scek= a— < /w b Ql < s +
(ﬁk \\\\\ //// o 5
¢ YN~ - :
: -y —
1 i ’i, L h’ . )
1. 7 1 - =
i - | -
- : 0 Bl B
i 1 ! = L =
§ i § =
), lososr | as9[ w8 | 3| N2 o)) ~ | -
, 4 70 4 145 7 N L=
i : 57,4 o
> r;' 79 F -
: s i e
% ) ‘:-3\ o I\ : 1
1] 0.50604 17300 P 865 | — e
0.74141 Ak "’_E P 4&\_\;@ 2%7 | 671 32 -
o JR OO | 9 ‘ & .
0.75038 138 : = 1 oyl 69.7 3| 442
, : ffan ! ;
‘r o £
i 048266 202 | 8§73 | 19600 189 189 c 219 95.0 — -
0.46860 233 | 109 | 25400 235 20 8 282 129 — -
0.59208 175 | 103 | 18100 174 173 B 04 908 7 -
E » 4 1:. c.l' F e i
_EERag/52 ||  owss627 242 | 134 | 32500 232 230 L 449 167 0 | -
EERS3/A7 || 035469 255 | s04 | 23100 252 252 € 252 17 - -
& 038038 | 334 | 127 | 42400 = 334 £ B | 4w | 220 - -
_ EERB0/es | 039587 403 | 160 | 64300 | 394 394 c ™ | 328 - -

Note:  Minimum cross sectional aroa B;ﬂ;ﬁm C: Center log area  L: Side log srea
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wes YUAFUHIY vinadurhugudnans P oa oy -
. 4 nunniaalng
AWG # Audnan Wosauanu
1'1'11‘1’12
mm mm

44 0.0503 0.06604

0.00199
43 0.0564 0.07366

0.00250
42 0.0633 0.08128

0.00314
41 0.0711 0.09144

0.00397
40 0.0798 01041

0.00500
39 0.0897 0.1143

0:00631
38 0.1008 0.1295

0.00799
37 0.1130 0:1448

0.01003
36 01270 0.1626

0.0127
35 0.1422 0.1778

0/0159
34 0.1600 0.1981

0.0201
33 0.1803 0.2235

0.0255
32 0.2032 0.2489

0.0324
31 0.2261 0.2743

0.0401
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L4 3y 1 9 ] I'd
(o7 YUIAAUAIU VAT URIUEUINAN T
; A Wunnihdalnd
AWG # Auina HoTIWRUIU

mm2

mm mm

30 0.2540 0.3048
0.0507

29 0.2870 0.3404
0.0647

28 0.3200 0.3759
0.0804

27 0.3607 0.4191
0.1022

26 0.4039 0:4699
0.128

25 0.4547 0.5232
0.162

24 0.5105 0.5817
0.205

23 0.5740 0:6502
0.259

22 0.6426 0.7214
0.324

21 0.7239 0.8052
0.412

20 0.8126 0.8966

0.519
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wes YAFURIY YA uruguinae P
. 4 Aunnhdalng
AWG # gudnae Weswauiu

mfnz

mm min

19 0.9119 1.003
0.653

18 1.024 1.118
0.823

17 1.151 1.247
1.040

16 1.290 1.389
1308

15 1,450 1557
1.652

14 1.628 1.737
2.082

13 1.829 1.943
2.627

12 2,052 2,172
3.308

11 2.304 2431
4.168

10 2.588 2.720

5.261
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application

UC1861-1868
UC2861-2868
UC3861-3868

: Unitrode Products
from Texas Instruments

=

— |

Resonant-Mode Power Supply Controllers

FEATURES

¢ Controls Zero Current Switched (ZCS)
or Zero Voltage Switched (ZVS)
Quasi-Resonant Converters

o Zero-Crossing Terminated One-Shot
Timer

¢ Precision 1%, Soft-Started 5V
Reference

» Programmable Restart Delay
Following Fault

* Voltage-Controlled Oscillator (VCO)
with Programmable Minimum and
Maximum Frequencies from 10kHz to
1MHz

¢ Low Start-Up Current (1501A typical)
s Dual 1 Amp Peak FET Drivers
* UVLO Option for Off-Line or DC/DC

DESCRIPTION

The UC1861-1868 family of ICs is optimized for the control of Zero Current
Switched and Zero Voltage Switched quasi-resonant converters, Differ-
ences between members of this device family result from the various com-
binations of UVLO thresholds and output options. Additionally, the
one-shot pulse steering logic is configured to program either on-time for
ZCS systems. (UC1865-1868), or off-time for ZVS applications (UC1861-
1864).

The primary control biocks implementediinctude an error amplifier to com-
pensate.the overall system loop.and to drive a voltage controlled oscillator
(VCQ), featuring programmable-minimum and maximum frequencies. Trig-
gered-by the VCO, the one-shot generates pulses of a programmed maxi-
mum_width, which /can be-modulated by the Zero Detection comparator.
This circuit facilitates “true” zero current or-voltage switching over various
line, load, and temperature changes, and is also able to accommodate the
resonant components' initial tolerances.

Under-Voltage Lockout is-.incorporated: to. facilitate safe starts upon
power-up. The supply current during the under-voltage lockout period is
typically less than 150pA, and the outputs are actively forced to the low

Applications state. (continued)
Device 1861 1862 1863 1864 1865 1866 1867 1868
UVLO 16,5/10.5 16.5/10.5 36014 36014 16.5/10.5 16.5/10.5 36014 36014
Outputs Altarnating Parallel Alternating Parallel Alternating Parallel Alternating Parallel
“Fixed" Off Time Off Time Off Time Off Time On Time On Time i OnTime On Time
BLOCK DIAGRAM
Fault |15 T TEauitii g
o\ and Bias and
Loglc 5V-Gen Py
Soft-Ref1s Precision
Reference
NI [2 >__ o2 _4 [5] Sig Gnd
Y g UvLo
13} Vee
E/A Out| 4 1_—_
Range| 6 5
. One Steering FET A Out
Rmin {7 VCcoO
Shot Loglc Drivers o
Cveco(s [14]B Out
Zero [10 {12] Pwr Gnd
0.5V
RC|9
UDG-92)18

|_Pin numbers refer to the J and N packages.

SLUS289 - OCTOBER 1998




DESCRIPTION (cont.)

UVLO thresholds for the UC1861/62/65/66 are 16.5V
(ON) and 10.5V (OFF), whereas the UC1863/64/67/68
thresholds are 8V (ON) and 7V (OFF). After V¢ exceeds
the UVLO threshold, a 5V generator is enabled which
provides bias for the internal circuits and up to 10mA for
external usage.

A Fault comparator serves to detect fault conditions_and
set a latch while farcing the output drivers low. The Soft-
Rof pin serves three functions: providing soft start, re-

ABSOLUTE MAXIMUM RATINGS

A7 T- IR {7 AR ] 22V
Qutput Current

Source or Sink (Pins 11 &14) ., ... ..o i e 0.5A

DCPulse (0.5148) .. v v el el e 1.5A
Power Ground Voltage ... ... ooviov o o 0.2V
Inputs (Pins 2, 3, 10, &15) , oo v vl =04 t0 7V
Error Amp Qutput Current .. ..., . oot it hon o +2mA
Power Dissipation ... ......oiamcimreed e 1w
Junction Temperature (Operating). . . cooovcnn v i 150°C
Lead Temperature (Soldering, 10 seconds) ., .. .\ v, 300°C

All voltages are with respect to signal ground and all-.currents
are positive into the specified terminal. Pin numbers refer to
the J and N packages. Consult Unitrode Integrated Circuits da-
tabook for information regarding thermal specifications and
limitations of packages.

DIL-16, SOIC-16 (Top View)
J or N, DW Packages

\“/
5V| 1 ES]Sofl-ﬁef
NIf 2 EFeult
INV] 3 EB Out
E/A Out| 4 EVcc
sig Gnd[ s EPwr Gnd

E] A Out
EZero
5] re

62

UC1861-1868
UC2861-2868
UC3861-3868

start delay, and the internal system reference.

Each device features dual 1 Amp peak totem pole output
drivers for direct interface to power MOSFETS. The out-
puts are programmed to alternate in the
UC1861/63/65/67 devices. The UC1862/64/66/68 out-
puts operate in unison alllowing a 2 Amp peak current.

CONNNECTION DIAGRAMS

PLCC-20-& LCC-20(Top View)
Q &L Package
PACKAGE PIN FUNCTION
FUNCTION PIN
Soft Ref 1
5V 2
NI 3
INV 4
3 21,2019 E/A Qut 5
) -/ mE Sig Gnd__ g
n
s 7 BMIN 8
8 18 Cvco 9
7 15E ;C }? 1
ero
8 14
NC 12
9 1011 12 13 NG 15
A Qut 14
Pwr Gnd 15,
Pwr Gnd 16
vee. 17
B Qut 18
NC 19
Fault 20 |
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UcC1861-1868
UC2861-2158
UC3861-34168

ELECTRICAL CHARACTERISTICS Unless otherwise stated, all specifications apply for ~55°C<Ta<125°C for the
UC186x, —25°C<Ta<85°C for the UC286x, and 0°C<TAs70°C for the UC386x, Vcc=12V, Cvco=1nF, Range=7.15k, RMiN=86.6K,
C=200pF, R=4,02k, and Csr=0.1uF. Ta=TJ.

PARAMETER TEST CONDITIONS T min [rve [max Junirs
5V Generator
Output Voltage 12V < Vec £ 20V, —10mA s (o< OmA 4.8 5.0 5.2 \4
Short Circuit Current _[Vo=0V -150 -15 DA
Soft-Reference
Restart Delay Current V=2V 10 20 35 A
Soft Start Current V=2V -650 | =500 | 350 | upA
Reference Voltage TJ=25°C, 10 = 0A 495 | 500 | 5.05 \
12V < Vece 520V, —2000A < To < 200pA 4.85 5.15 v
Line Regulation 12V s Ve s-20V 2 20 mV
Load Regulation —200uA < 10 S 200pA 10 30 mv
Error Amplifier (Note 3)
Input Offset Voltage [vem = 5V, Vo = 2V, 10 = 0A -10 10 | mv
Input Bias Current lvem=ov 2.0 | -03 pA |
Voltage Gain chm =5V, 0.6V < Vo=<3.7V, lo=0A 70 100 dB
Power Supply Rejection Ratio Jch =5Y, Vo= 2V, 12V < Vee S 20V 70 100 dB
Error Amplifier (Note 3) (cont.)
Common Mode Rejection Ratio _ |0V s Vem s6V, Vo =2V 65 100 dB
Vourt Low Vip = =100mV, lo = 200pA 0.17 | 0.25 3
Vourt High ViD= 100mV, lo = ~200pA 3.9 4.2 Vv
Unity Gain Bandwidth (Note 4) 0.5 0.8 MHz
Voitage Controlled Osclilator
Maximum Fregquency VID (Error Amp) = 100mV, Tu=25°C 450 | 500 550 | kHz
VID (Error Amp) = 100mV 425 575 | kHz
Minimum Frequency Vio (Error Amp) = =160mV, Ty = 25°C 45 50 55 kHz
ViD'(Error Amp) ==100mV 42 58 kHz
One Shot
Zero Comparator Vth 045 [ 050 | 055 \'
Propagation Delay {Note 4) 120 | 200 ns
Maximum Pulse Width VZzero = 1V 850 ! 1000 | 1150 ns
Maximum to Minimum Pulse VZERO =0V UCx861 — UCx864 2.5 4 5.5
Width Ratio VZERO = 0V -UCxB65 —~ UCx868.<55°C to +85°C 4 55 7
VzerOo =0V UCx865 - UCx868, +125°C 3.8 5.5 7
Output Stage
Rise and Fall Time CLOAD = 1nF (Note 4) 25 45 ns
Output Low Saturation 10 = 20mA 0.2 0.5 )
10 = 200mA 0.5 2.2 \
Output High Saturation lo = -200mA, down from Vce 1.7 2.5 \
UVLO Low Saturation 1o =20mA 0.8 1.5 \
Fault Comparator
Fault Comparator Vth 2.85 | 3.00 | 3.15 )
Delay to Qutput (Note 4) (Note 5) 100 | 200 ns
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UC2861-2868
UC3861-3868

ELECTRICAL CHARACTERISTICS Unless otherwise stated, all specifications apply for ~55°C<TA<125°C for the
UC186x, —25°CsTas85°C for the UC286x, and 0°C<TAs70°C for the UC386x, Vcc=12V, Cveo=1nF, Range=7.15k, RMIN=86.6k,

C=200pF, R=4.02k, and Csr=0.1uF. Ta=T..

PARAMETER TEST CONDITIONS ~ 'min ] Tve [ max Junits
uvLO

Vce Turn-on Threshold UCx861, UCx862, UCx865, UCxB866 15 16.5 18 \
UCx863, UCX864, UCXB67, UCX868 7 180 9 v

Vee Turn-off Threshold UCx861, UCX862, UCX865, UCXB66 95 [105 [ 115 V
UCx863, UCx864, UCx867, UCxB66 6 | 70 | 8 v

lcc Start Ve = Voc(on) = 0.3V 150 | 300 | uA

lce Run ViD = 100mV 25 32 mA

Note 1: Currents are defined as positive.into.the. pin.

Note 2: Pulse measurement techniques are used to insure that TJ = TA,

Note 3: VID = V(NI) ~ V(INV).

Note 4: This parameter is not 100% tested in production but guaranteed by design.

Note 5: Vi=0to 4V tr(Vi).-10ns

APPLICATION INFORMATION

UVLO & 5V GENERATOR (See Figure 1): When  power
is applied to the chip and Vce is less than the upper
UVLO threshold, lcc will be less than 300uA; the 5V gen-
erator will be off, and the outputs will be actively held low.

When Vce exceeds the .upper UVLO threshold, the 5V
generator turns on. Until the 5V pin-exceeds 4.9V, the
outputs will still remain low.

The 5V pin should be bypassed to signal ground with a
0.1uF capacitor. The capacitor should have low-equiva-
lent series resistance and inductance.

FAULT AND SOFT-REFERENCE (See Figure 1): The
Soft-Ref pin serves three functions: system-reference, re-
start delay, and soft-start. Designed to source or-sink
200uA, this pin should be used as the input reference for
the error amplifier circuit. This pin requires a bypass ca-
pacitor of at least 0.1uF. This yields a minimum soft-start
time of 1ms.

Under-Voltage Lockout sets both the fault and restart de-
lay latches. This holds the outputs low and discharges
the Soft-Ref pin. After UVLO, the fault latch is reset by the
low voltage on the Soft-Ref pin. The reset fault latch re-
sets the delay latch and Soft-Ref charges via the 0.5mA
current source,

tpd =t(Vo=6V)—t(Vi=3V)

The fault 'pin is input to.a high speed comparator with a
threshold of 3V. in the event of a detected fault, the fault
latch is 'set and the outputs are driven-low. If Soft-Ref is
above 4V, the delay latch is set. Restart delay is timed as
Soft-Ref is discharged by 20pA. When Soft-Ref is fully
discharged, the fault'latch is reset.if the fault input signal
is low. The Fault pin can be used as a system shutdown
pin.

It.a fault-is detected during soft-start, the fault latch is set
and-the outputs are-driven low. The delay latch will re-
main reset until Soft-Ref charges to 4V. This sets the de-
lay latch; and restart delay is timed. Note that restart
delay-for a single fault'event is longer than for recurring
faults-since Soft-Ref must be discharged from 5V instead
of 4V.

The restart delay to soft-start time ratio is 24:1 for a fault
occurring during normal operation and 19:1 for fauits oc-
curring during soft-start. Shorter ratios can be pro-
grammed down to a limit of approximately 3:1 by the
addition of a 20kQ or larger resistor from Soft-Ref to
ground.

A 100kQ resistor from Soft-Ref to 5V will have the effect
of permanent shut down after a fault since the internal
20pA current source can't pull Soft-Ref low, This feature
can be used to require recycling Vcc after a fault. Care
must be taken to insure Soft-Ref is indeed low at start up,
or the fault latch will never be reset.
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. UC1861-1868
UC2861-2868
UC3861-3868
APPLICATION INFORMATION
Vee —
On/Ott 5V Generator] 5V 5V
Vith* (IC Blas) L
< 4.9V . Inhlbit Output(s) (UVLO) =
Pwr Gnd Slg Gnd
Inhibit Qutput(s) (Fault)
FaultH S s
3.ov Fault Delay
Lateh i Latch
0.2v Soft-Start
H> . 8 9_)@?0 or :0.54A
Soft-Ref
}ggnlé Precision
5V Zener
= Restart
= = Delay 20uA
*UCx861/62/65/66 thresholds are 16.5V and 10.5V.
UCx863/64/67/68 thresholds are 8V and 7V, UDG-92020

5V
5.0V
Soft
Soft-Ref Start
3v -
Fault

Restart: .. ...
Delay

Output(s) LOW /_/5// 4

UDG-92021-1

Figure 1, UVLO, 8V, fault and soft-ref,
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From
Feedback
and
Reference
One Shot Pulse
(Rescnant Time}
b,
A
Lo
= UDG-92022-1
VGO

One Shot l l , | | —

Minimum Maximum Zero Controlled
Pulse Pulse Pulse

UDG-92023-1

Figure 2. Error Amp, Voitage Controlled Oscillator, and One Shot



APPLICATION INFORMATION
Minimum oscillator frequency is set by Rmin and Cvco.
The minimum frequency is approximately given by the
equation:

43

Fun &2 53—
MN= Ru * Cveo
Maximum oscillator frequency is set by Rmin, Range &
Cvco. The maximum frequency is approximately given by
the equation:

33

(Run !/ Range ) o Cyeo

Fuax =

67

UC1861-1868
UC2861-2868
UC3861-3868

The Error Amplifier directly controls the oscillator fre-
guency. E/A output low corresponds to minimum fre-
quency and output high corresponds to maximum
frequency. At the end of each oscillator cycle, the RC pin
is discharged to one diode drop above ground. At the be-
ginning of the oscillator cycle, V(RC) is less than Vthi
and so the output of the zero detect comparator is ig-
nored, AfterV(RC) exceeds Vth1, the one shot pulse will
be terminated-as soon as the zero pin falls below 0.5V or
V(RC) exceeds Vth2, The minimum one shot pulse width
is approximately given by.the equation:

Tow(min) 0.3 . R C.
The maximum pulse width is approximately given by:

Tow(max) 1.2 R C.
STEERING LOGIC
UCx861, 63 UCx862, 64
0y One_Shot
out A Fault-Latch
UvVLO 0.5Q
Output
0.5Q
Fault Latch -«»—-Eg CHYE
Wk Pwr-Gnd
UDG-92013 UDG-92014

The steering logic is configured.on the UC1861,63to result in
dual non-overlapping square waves at outputs A & B. This is
suited to drive dual switch ZVS systems.

UCx865, 67
n_ vee
One Sfmt._..1 a>T __—_g Stk
.,
Fault Latch ~—-q Out B
uvLo e Pwr Qnd
UDG-92015

The steering logfc is configured on the UC1865,67 ta resuit in
alternating pulse trains at outputs A & B. This is suited to drive
dual switch ZCS systems.

The steering logic is configured on the UCT862,64 to result in
inverted pulse trains occurring identically at both output pins.
This is suited to drive single switch ZVS systems. Both outputs
are available-to drive the same MOSFET gate. It is advisable to
Join-the pins with 0.5 ohm resistors.

UCx866, 68

UDG-92016

The steering logic is configured on the UC1866,68 to rest. in
non-inverted pulse trains occurring identically at both ouout
pins. This is suited to drive single switch ZCS systems. Both
outputs are available to drive the same MOSFET gate. It is ad-
visable to join the pins with 0.5 ohm resistors.
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APPLICATION INFORMATION (cont.)

Internal One Shot _ﬂ H H [—1_

Out A

I e B e

UCx862,64 —U U U

L
o s o) s
e

UCx866,68

Figure 3. Current waveforms.

UCx861,63

UCx865,67

uoG-e 7

UNITRODE CORPORATION
7 CONTINENTAL BLVD « MERRIMACK, NH 03054
TEL (803) 424-2410 » FAX (603) 424-3460
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FAIRCHILD
SEMICONDUCTOR®

FQA24N50F
500V N-Channel MOSFET

General Description

These N-Channel enhancement.modespower fleld effect
fransistors are produced using Fairchild's propdetary,
planar stripe, DMOS technology.

This advanced technology has been especially tailored 1o
minimize on-state resistance, provide superior-switching
performance, and/withstand high energy pulse-in (the
avalanche and commutation mode. THese devices are well
suited for high' efficiency switch mode-power supplies,
where the body diode isused such.as phase-shift ZVS,
basic fuil-bridge'topology.

September 2001

FRFET™

Features

24A, 500V, Rpg(on) #0.200@Vgs = 10V
Low/gate charge ( typical @@ nC)

Low Crss (Aypical 55 pF)

Fast switching

100%. avalanche tested

+. Improved dv/dt capability

Fast recevery body diode( max, 250ns )

L -

D
A
¥ fj:f” ' g
o 1038
6os FQA Serias .-
Absolute Maximum Ratings’ 7,25 unss stnewise notas
Symbol Parameter FQAZ4NEOF Units
Voss Drain-Source Voltage 500 v
Ip DrainCurrent - Conlinuous (T¢ =25°C) 24 A
- Continuious (T s 1007 C) 15.2 A
Iom Drain Cuent - Putged .\ (Note 1) 96 A
Vass Gate-Source Vollage +30 v
Eas Single Pulsed Avalanche Energy (Mote.2) 1100 mJ
lar Avalanche Cutrent ) (Note 1) 24 A
Ear Repetitive Avalanche Energy (Note 1) 29 mJ
dvidt Peak Diade Recoyery dv/dt (Nota 3] g 15 Vins
Pp Power Dissipation (To=.25°C) 2080 w
- Derate above.25°C 233 wWrc
Ty Tste Operating and Storage Temperature Range -55 to +150 *C
T Maximum lead temperalure for soldering purposes, N
i % 300 c
1/8" from case for 5 seconds
Thermal Characteristics
Symbol Parameter Typ Max Units
Rgic Thermal Resistance, Junction-to-Case - 0.43 ‘Cw
Rgcs Thermal Resistance, Case-to-Sink 0.24 - ‘CW
Rgua Thermal Resistance, Junction-to-Ambient - 40 “cw

©2001 Fairchid Semiconduclor Corporation

Rev. A2, Seplember 2001
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Electrical CharacteristicCs  r. =25 uness otherwise notes

Symbol | Parameter | Test Conditions [ Min | Typ | Max | units
Off Characteristics
BVpgs | Drain-Source Breakdown Voltage Vgs =0V, Ip =250 uA 500 - - Vv
ABVpgs | Breakdown Voltage Temperature o
I aT, | Coeflicient Ip = 250 yA, Referenced to 25°C | - 0.53 - vre
lDSS VDS =800V, Vgg=0V - - 50 HA

Zero Gate Voltage Drain Current Vs =400V, T = 126°C - = 00 WA
lessF Gate-Body Leakage Current, Forward | Vgg =30V, Vpg =0V - - 100 nA
lgssr Gate-Body Leakage Current, Reverse | Vgg=-30V,Vpg =0V - - -100 nA
On Characteristics
Vesan) | Gate Threshold Voltage Vps = Vs, Ip = 250 pA 30 | - 5.0 v
Rps(on) | Static Drain-Source

On-Resistance Ves= 10V, Ip =12 A - | 0158 | 0.2
9rs Forward Transconductance Vo =80 V,Ip=12A {Nots 4) - 22 - S
Dynamic Characteristics
Ciss Input Capacitance Vigs = 25V, Vs 50V, — | 3500 | 4500 | pF
Coss Output Capacitance f= 1.0 MHz - 520 670 pF
Cres Reverse Transfer Capacitance - 55 70 pF
Switching Characteristics
tacon) Turn-On Delay Time Voo =250V, I 5 24 A, - 80 170 ns
t Tum-On Rise Time Rg=25Q -~ | 250 | 500 ns
ta(om Tum-Off Delay Time - 200 400 ns
t Tum-Off Fall Time (Note 4,8 [T 185 320 ns
Qg Total Gate Charge Vps =400V, Ip =24 A, - 90 120 nC
Qgs Cate-Source Charge Vgs =10V -~ 23 - nC
Qgd Gate-Drain Charge (Note 4,8) [ 52 [( nC
Drain-Source Diode Characteristics and Maximum Ratings
Is Maximum Continuous Drain-Source Diode Forward Current - - 24 A
Ism Maximum Pulsed Drain-Source Diode Forward Current - - 96 A
Vsp Drain-Sourge Diode Forward Voltage | Vgs#0 Vi lg =24 A - - 1.4 \4
tr Reverse Recovery Time Vs =0V, ig=24 A, - - 250 ns
Q, Reverse Recovery Charge dig / dt = 100 Alus WNotedy, I 111 - uc
Repetitive Rating : Pulse width limRed by maximum junction temperature

2. L= 3.dmH, lag = 24A, Vpp ® 80V, Rq » 26 Q, Starting T, = 25°C
3, lgy S 24A, didt < 380Als, Vpp < BVpgg Sterting T, =25°C
4

Notes:

1

s: Pulse Test: Pulse width S 30045, Duty cydle 2%
5 of

©200% Fairchlid Semiconductor Corporation Rev, A2, Seplember 2001
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Typical Characteristics
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Gate Charge Test Circuit & Waveform

Vas
Same Type |
as DUT
12V 10V Qg V
¥
re— Qg Qg
x)
" F DuT
3mA
Vg
° Charge

Resistive Switching Test Circuit & Waveforms

R, V
Vos )——MA—o oq

90%

10%

A

8 I |
L ; s} o Sl

Unclamped Inductive Switching Test Circuit & Waveforms

L BVDSS
S i s U G
.3 s
AS

[o]
2
4“,

5
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Peak Diode Recovery dv/dt Test Circuit & Waveforms

put <+
et
M%) Vos
(-
AN
o
lso <a
o
L
£15
Driver
Re
Same Type
E9 as DUT ?: Voo
ﬂ.ﬂ Ves + dv/dt controfled by Ry
*lsp controlled by pulse penod
(o,
v [ 5 - Gate puise Wiath !
¢ " Gate Pulse Period 10V
( Driver) I

lew s Body Diode Forward Current

( éffT ) / \ dydt
|RM_1_ V

Body Diode Reverse Current

Vos

{DUT) Bady Diode Remﬁ\/\’__r
Vspo Voo
N\ ! 4

T
Body Diode
Forward Voltage Drop
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Package Dimensions
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IMPORTANT NOTICE

Texas Instruments and its subsidianies (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are soid
subject to the terms and conditions of sale supplied at the time of order acknowledgment, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its products to the specifications applicable at the time of sale in accordance with
TI's standard warranty. Testing and other quality control techniques are utilized to the extent Tl deems necessary
to support this warranty. Specific testing of all parameters of each.device is not necessarily performed, except
those mandated by government requirements.

Customers are responsible for their applications using Tl components,

In order to minimize risks associated-with. the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tlassumes no liability forapplications assistance or customer productdesign. Tl does not warrant or represent
that any license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Ti covering or relating to.any. combination, -machine, or process in which such
products or services might be or are used. Tl's publication of information regarding any third party's products
or services does not constitute T!'s approval, license, warranty or endorsement thereof.

Reproduction of information in-T! data books or data sheets is permissible only. if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations and natices. Representation
or reproduction of this information with alteration voids alf warranties provided for an assaciated T1 product or
service, is-an unfair and deceptive business practice, and T! is not responsible nor liable for any such use.

Resale of Ti's products or services with statements different from or heyo aramelers stated by Tl for
that product-or service voids all.express-and any.implied warranties for the associated Tl product or service,
is an unfalr and deceptive business practice, and Tl is-hot responsible nor liable for any such use,

Alsa see: Standard Terms and Conditions of Sale for Semiconductor Products, www.ti.com/sc/docs/stdterms.htm

Mailing Address:
Texas [nstruments

Post Office Box 655303
Dallas, Texas 75265

Copyright © 2001, Texas Instruments Incorporated
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STTH3003CW

HIGH FREQUENCY SECONDARY RECTIFIER

MAJOR PRODUCT CHARACTERISTICS

IF(av) 2x15A

VRRM 300V

T} (max) 175°C

VF (max) TtV

trr (max) 40 ns

FEATURES AND BENEFITS
s COMBINES HIGHESTRECOVERY AND

REVE

RSE VOLTAGE PERFORMANCE

A2
K

At

TO-247

w ULTRA-FAST, SOFT AND NOISE-FREE
RECOVERY

DESCRIPTION

Dual ce

nter tap-Fast Recovery Epitaxial Diodes

suited for Switch Mode Power Supply and: high
frequency DC to DC converters.

Packaged in TO-247 this device is intended for
secondary rectification.

ABSOLUTE RATINGS (limiting values, per diode)

Symbol Parameter

Value

Unit

VRRM

Repetitive peak reverse voltage

300

IF(RMS)

RMS forward current

30

IF(AV)

Average forward current Tc=135°C
6=05

Perdiode 15
Perdevice 30

lFsm

Surge non repetitive forward current tp'="10 ms sinusoidal 140

IRsM

Non repetitive peak reverse current tp =20 us square 7

Tslg

Storage temperature range

-65 +175

°C

Tj

Maximum operating junction temperature

+175

°C

October 1999 - Ed: 5A

1/5

79



80

STTH3003CW
THERMAL RESISTANCES
Symbol Parameter Value Unit
Rihg) | Junction to case Per diode 2.0 °CIwW
Total 1.05
Rih (o) Coupling 0.1
STATIC ELECTRICAL CHARACTERISTICS (per diode)
Symbol Parameter Tests conditions Min. ["Typ. | Max. Unit
IR* | Reverseleakage VR'=300 V. Tj=25°C 40 HA
current 7= 125°C 20 400
VE™ | Forward voltage drop | lr= 15A Tj'=25°C 1.25 v
Ti = 125°C 085 ( 1
Pulsetest: * tp=5ms, 8<2%
** tp =380 s, § < 2%
To evaluate the maximum gonduction losses use the following equation :
P =0.75x IFav) + 0.017 IE4RMS)
RECOVERY CHARACTERISTICS
Symbol Tests conditions Min. 'y Typ. { Max. |/ Unit
trr F=05A. Ir=025A IR=1A| Tj=25°C 30 ns
E=4A dl/dt=-50 Alus Vg=30V 40
tfr IF= 15A" diF/dt=100 A/us Tj=25°C 300 ns
VEp VFR = 1.1x VF max. 3.5 v
Stactor_| Voc =200V F=15A Tj=125°C 0.3 -
lrw | dIF/dt= 200A/us 8.5 A

2/5




STTH3003CW

Fig. 1: Conduction losses versus average current
(per diode).

P1(W)
20 I TR Sy Py S
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4 4 % % -
2 IF(av)(A - ]
07 I 1( ‘)(.) ISJQILI 1“’1

0 2 4 8 8 ~ 10 12 14 16 18. 20

Fig. 3: Relative variation of thermal impedance
junction to case versus pulse.duration.

Fig. 2. Forward voitage drop versus forward
current (maximum values, per diode).
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Fig.. 4. Peak reverse recovery current versus
dIr/dt(90% confidence, per diode).
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Fig. 5: Reverse recovery time versus dif/dt (90%
confidence, per diode).
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Fig. 6: Softness factor versus dle/dt (typical
values, perdiode).
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Fig. 7: Relative variation of dynamic parameters
versus junction temperature (reference: Tj = 125°C).

Fig. 8: Transient peak forward voltage versus
dir/dt (90% confidence, per diode).
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Fig. 9: Forward recovery time versus dig/dt (90%
confidence, per diode).
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STTH3003CW

PACKAGE MECHANICAL DATA
T0-247

; DIMENSIONS o
REF. : Milllmeters 3 lnches §

: 3M|n ‘Typ Max  Min. 'Typ Max
(A4Sl B T0Aer J
(.D..i.22001 12,60 10,086
e oso 0015

L] Coolmg method by conduction (C)

n Recommended torque value: 0.8 N.m.
w Maximum torque value: 1.0.N.m.

» Epoxy meets UL 94,VQ

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the consequences of
use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of STMicroelectronics, Specifications mentioned in this publication are subject to
change without notice. This publication supersedes and replaces all information previously supplied.

STMicroelectronics products are not authorized for use as cntical components in life support devices or systems without express written ap-
proval of STMicroslectronics.

The ST logo is a registered trademark of STMicroelectronics
© 1999 STMicroelectronics - Printed in ltaly - All rights reserved.

STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - China - Finland - France - Germany - Hong Kong - India - ltaly - Japan - Malaysia
Malta - Morocco - Singapore - Spain - Sweden - Switzerland - United Kingdom - U.S.A.

http:/lwww.st.com
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STPS30L40CG/CT/CW

LOW DROP POWER SCHOTTKY RECTIFIER

MAIN PRODUCTS CHARACTERISTICS

IF(av) 2x15A
VRRM 40V
Tj (max) 150 °C
Ve (max) 0.50V

At P

FEATURES AND BENEFITS

» VERY SMALL CONDUCTION LOSSES
n NEGLIGIBLESWITCHING LOSSES

n LOWFORWARD VOLTAGE DROP

s LOWTHERMAL RESISTANCE

u AVALANCHERATED

DESCRIPTION

Dual center tap schottky rectifiers suited for
Switched Mode Power ‘Supplies and high
frequency DC to DC converters.

Packagedin TQ:247, TO-220ABand D?PAK these

D*PAK

STPS30L40CG

devices are intended for‘use in low voltage, high TO-220AB TO-247
frequency inverters, free-wheeling. and. potarity STPS30L40CT STPS30L40CW
protectionapplications.

ABSOLUTE RATINGS (limiting values, per diode)

Symbol Parameter Value Unit
VRRM | Repetitive peakreverse voltage 40 v
IFRMS) | RMS forward.curreént 30 A
IFav) | Average forwardicurrent Tc=135°C | Per diode 15 A

$=0.5 Perdevice 30

IFsm Surge non repetitive forward current | tp = 10 ms Sinusoidal 220 A

IRRM | Repetitive peak reverse current tp=2 ys square F=1kHz 1 A

IRsM | Non repetitive peak reverse current | tp = 100 us square 3 A

Tstg | Storage temperaturerange -85to+150  °C

Tj Maximum operating junction temperature * 150 °C
dVidt | Critical rate of rise of reverse voltage 10000 Vips

o dZt;t < 5177(1—}_—-5)- thermal runaway condition for a diode on its own heatsink

July 1999 - Ed: 3A

1/6
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STPS30L40CG/ICT/CW

THERMAL RESISTANCES

Symbol Parameter Value Unit
R g-o) | Junctionto case Per diods 1.60 °C/wW
Total 0.85
Rin(c) Coupling 0.10 °C/W
When the diodes 1 and 2 are used simultaneously :
A Ti(diode 1) = P(diode1)x Rin(-c)(Perdiode)+ P(diode 2) x Rin(c)
STATIC ELECTRICAL CHARACTERISTICS (perdiode)
Symbol Parameter Tests Conditions Min-| Typ. | Max. | Unit
IR | Reverseleakage Tj=25°C VR = VRRM 360 | uA
cyfgm Tj =100°C 20 50 mA
VE" | Forward voltage drop | Tj.=28°C IF = 15A 0.55 \%
Ti=125°C lr=15A 0:42/( 0.50
Tj=25°C lF="30A 0.74
Tj=125°C lF='30A 0.557) 0.67
Pulsetest: * tp=380us,4<2%
To evaluate the conduction |osses use the following equation :
P =0.330 xIFav) + 0.011 |F2(RMS)
Fig. 1: Average forward power dissipation versus Fig." 2: Average.. current: versus ambient
average forward current(per diode): temperature (8=0:5)(per diode).
2 PF(av)(W) IF{av)(A)
J LT T =02 I 18 | T T
=01 RN 16 RU-a)=RU-c)
10 5= 0.05 A 17
YR A 14 T
MV = ]
8 7 T 1201 _ i
+— =T =
/ 7 /' 10 Rth{)-a)=15 C; -
6 T i »
L/ = 8 !
4 o] 6 1 -
Zl 1 4t i‘E .
uy’~ 2k 5 . 2r Tamb(+C) P
=) h — - &= am
. 1 IF(av)A 7T o 58T T bt
0 2 4 6 8 10 12 14 16 18 20 0 25 50 75 100 125 150
26 IS7i




STPS30L40CG/CT/CW

Fig. 3: Non repetitive surge peak torward current
versus overload duration {(maximum values) (per
diode).

Fig. 4: Relative variation of thermal transient
impedance junction to case versus pulse duration.
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200 T . all
180 :
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Fig. 5: Reverse leakage current versus reverse
voltage applied (typicalvalues) (perdiode).
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Fig. 7: Forward voltage «drop versus forward
current (maximum values) (per diode).
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° T [ b =
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Fig. '6: Junction capacitance versus reverse
voltage applied (typical values) (per diode).

C{pF)
2000 FAMHz
T)=25°C
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. iam
500 : ]
200 =
VR(V)
1007 7 5 10 20 50

Fig. 8: Thermal resistance junction to ambient
versus copper surface under tab (Epoxy printed
circuit board FR4, copper thickness: 35um)
(STPS30L40CGoniy).
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STPS30L40CG/CT/ICW

PACKAGE MECHANICAL DATA

TO-220AB
DIMENSIONS

REF. Millimeters Inches
W2 A, Min, Max. Min. Max.
o N A 440 | 460 [ 0173 | 0.181
= |y e C 173 | 1.32 | 0.048 | 0.051
/e Ls ¢ D 240 | 2.72 | 0.094 [ 0.107
| 3 N E— 1049 T 0.70 170.019710.027
; F 0.61 0.88 | 0.024 | 0.034
; L6 F1 114 ] 1.70 | 0044 | 0066
L E F2 114 | 1,701 0.044 | 0.066
£ & SRR G 4985 | 515 1.0.194 | 0.202
: G 240 | 270 |.0.094 | 0.106
£1 ! | L9 » HZ 70 10.40 | 0.393 | 0.409

. iy L2 16.4 typ. 0.645 typ.
‘ 14 L4 13 14 0.571 [ 0.551
E L5 266 | 295 | 0104 0.116
44 | L6 ] 15.25 [ 1575 | 0.600 | 0.620
o4 il L7 6.20 | .6.60 || 0.244 | 0.259
g o L9 350 | 393 | 0137 | 0.154

e M 7.61yp. 0.102 typ.
Diam. | 3.75_1 3.85 [ .0.147 | 0.151

s Cooling method: C

m Recommendedtorque value: 0.55m.N
s Maximum torque value : 0.70 m.N

4/6
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STPS30L40CG/CT/ICW
PACKAGE MECHANICAL DATA
D?PAK
DIMENSIONS
Eﬁ REF. Millimeters Inches

"’*‘AT" Min. Max. | Min. | Max,
£ R I A 440 | 460 | 0.173 | 0.181
b W g ; AT 249 | 269 | 0.008 | 0.106
~N A2 | 0.03 | 0.23 | 0.001 | 0.009
B 0.70 | 0.63 | 0.027 | 0.037
. L i B2 144 | 1.70 | 0.045 | 0.067
Lo l C 045 | 060 | 0.017 | 0.024
BT C2 123 | 1.36. | 0.048 | 0.054
if l & D 895 | ©9.35 | 0.352 | 0.368
o E~_ [ 10.00 | 10.40 | 0.393 | 0.409
4 el R G 488 | 528 | 0.192 | 0.208
T 15,00 | 15.85 | 0.500_ | 0.624
' £ A 2 .07 | 1.40 | 0.050 | 0.055
3 140_] 1.75 [ 0.055 ] 0.069
A2l M 2.40 | 8.20 | 0.094 | 0.126

R 040 typ: 0.076typ.

V2 W e i 0%

¢ V2
ol

* FLATZONE NOLESSTHAN 2mm

u Cooling method : by conduction(method C)

FOOT PRINT (in millimeters)
D?PAK

. 16.90

: [::]- .......
10.30] <ot v i . —-_-_{::]--- _Jioa

8.90

g
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STPS30L40CG/CT/CW
PACKAGE MECHANICAL DATA
TO-247
DIMENSIONS
v REF, Millimeters Inches
) b Min. | Typ. { Max. | Min. | Typ. { Max,
B A | 4.85 5.15 [0.191 0.203
e Parr 7D [2.20 2.60 |0.086 0.102
A~ E ]040 0.80 {0.015 0.031
- F 1.00 1.40 [0.039 0.055
— s Rl F1 3.00 0.118
F2 2.00 0.078
LSI F3/12.00 2.4040.078 0.094
. F4 1 3.00 3.40{0.118 0.133
L G 10.90 0.429
H 11545 156.7510.608 0.620
L 119.85 20.15(0.781 0.793
3 L1370 4.30.10.145 0.169
L2 18.50 0.728
L3 |14.20 14.8010.559 0.582
L4 34.60 1.362
L5 5.50 0.216
—— M |.2.00 3.00 {0.078 0.118
V. 5e 59
V2 60° 60°
Dia. { 3.55 3,65 10.139 0.143
u Cooling method: C
s Recommendedtorque value: 0.8m.N
s Maximumtorque value : 1.0m.N
Ordering ty pe Marking Package Weight Base qty Delivery mode
STPS30L40CT STPS30L40CT - | TO-220AB 29 50 Tube
STPS30L40CG STRPS30L40CG D%PAK 1.8g 50 Tube
STPS30L40CG-TR | STPS30L40CG D?PAK 1.8g 500 Tape & reel
STPS30L40CW STPS30L40CW T0-247 449 30 Tube

u Epoxy meets UL94 VO

Information furmished is believed to be accurate and reliable. However, STMicroslactronics assumes no responsibility for the consequences of
use of such information nor for any infingement of patents or otherrights of third parties which may result fromitsuse No hicense ts granted by
implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications mentioned in this publication are subject to
change without notice. This publication supersedes and replaces all Information previously supplied.

STMicroelectronics products are not autharized for use as critical component in life support devices or systems without express written ap-
proval of STMicroelectronics

The ST logo is a registered trademark of STMicroelectronics
© 1999 STMicroelectronics - Printed in ltaly - All rights reserved.

STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - China - Finland - France - Germany - Hong Kong - india - ltaly - Japan - Malaysia
Malta - Morocco - Singapore - Spain - Sweden - Switzerland - United Kingdom - U.S. A,

http://www.st.com
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msfgavaumsiemnIma q

#[n-1]
Initial condition : V., =0

State equation : C, —q’—VC =1

dat
dy 1
dt Cy
1"
VC =— ],df
|
I
=—t+V
Cp €(0)
VC = -1—'1‘
CR
V.C
“Taff
fL=v.=V
V,C
TOI . O]l R
f[n-7,] s
Initial condition: [ 10T
VC(O) =
. d
State equation : [, EI L =y
d
Cs —C—J;VC =1,
d? d
gl = e
2 —
Ly 'd_zlL Lok
dt C,
d2 IL — ]1
drt " LC, LGy
2 ' sy
[L(.v)S _[L(O)S_ L{0) LRCR = LC,S
I
]L(S)S2 + Ko /
L,C,  LpC.S
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I &*

I, (8 +0%) = K

I I’
75 (8+ 0?)
I,y =1 (1-cosor)

vn [, =1 ~1 coswt

d

CRE[VC =1 -1
d

CRZVC =] -1 +1 coswt
%VC =—Lcosa)t

R

/i 12
Ve'=— Icos widt
R 11
I, sin
= —C—;—; ol + VC(O)

_EiL
it

Vewy=tz,smai+V,

sinot +V,

i L=>V.=0
ILZ, sinelj; +V, =0
sin@l, = 13
IIZVI
ol =sin" o
]IZH
sin” (;ZO j
Ih a
Iy=— AL RS
@ @
i[n-1]

Initial condition : [, =7 (1-cosa)

State equation : L, %IL =-V,
a;.h
L
dt L,

LT

R

VO
= _Zt-i-ll‘(o)
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V
Iy = —zit+1, (1-cosa)

ne,=1,=0

I (l—cosa)——LIiQ—T23 =0
R

&TB =1 (1-cosa)
R
Ly (1-cosa)
23 =""‘——V_'—
o

A5 -1
Ts =]2)1+le+T23+Ts4
~ Ty =T -1 =T,

msfigavanmsdudunauazioidnm
EI = VI]I TS

E,=V, l]‘IL dr +7} ’ifILdt
I 1

1 2

h )
[1,dt = [I(1-¢os ) df
[

sin ot
e }
A @

il

sin™t| - Lo 3 Jo.
[lZﬂ ]lZn

sin”! _ LRV, +10R0V.
ZHVOIO ZnVOIO

e |~ 8|~

I

@ 1

E'_

|
b
N—

_|..
Sh
| O

g |~ & |~
f L
R .
+
|_l____|

¥ vt

,;[[Ldt =’!——io;-+ I,(1-cosa)dt

Pt
2L

+1,(1-cosa)t
R



2
Yoln +1 (1-cosa)T,,
2L,
_ Vo Ly, (1-cosa) LI, (1-cosa) +1 (1-cosa) Ly, (1-cosa)
2L, Y, v, v,

1, (1-cosa) LyJ (1-cosa)

LI (1-cosa)

=1,(1—-cosa)7’23(1—5j

I (1-cosa)T,,

+1 (1-cosa)—=
2 v v,

1

2
_ I (1=cosa) LI (1~cosa)
= 5 v
2
%[(1 c0sa)(1-cosa)]
2
L /] l:l 2 cosaF.cos” a]
2 0]
= Led, [l —21cosa+{, cos a:l
2V
_ L4 | VoloZy 5200104, =) ANAER ) Ve
W |on vy, Vs
LM 2M M & }
=—b| ——~——C0Ssa+—cos a
2o r ¥ r
AN M(1+cos2a) 2M
=2 AL ZA = cosa
20 2 4
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