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ABSTRACT

Special Project Title High voltage power supply . for
Helium - Neon Laser

Name Mr.Chatchavarn Thaiuboon
Mr.Surakait Uttamachai

Special Project Advisor
Dr.Aree VWichainchai

Mr.Wichit Sirichort

Department Applied Physics
Acadamic Year 1992
Abstract

Switching power supply is power supply using high

frequency switching principle. PWM control circuit
generates high frequency signal to drive power
transistor of converter circuit. Then we obtain high

frequency 25 KHz , low voltage AC 12 volts is transferred
by the step-up high frequency transformer. High
voltage AC 500 volts is rectified by the output
rectifier , to DC output high voltage , and
feedback to PWM control circuit to control output
current (5.1 mA). Then through multiplier circuit for
step -up voltage to 4 kilovolts . Helium - Neon Laser

was operated.
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8 0.130 0.133 16510 0.6281 16510 8

9 0.116 0.119 13090 0.7925 13090 9
10 0.104 0.1C3 10350 0.9985 10380 10
11 0.092t 0.0948 8230 1.261 8226 11
12 0.0829 0.0847 6530 1.588 6529 12
13 0.0741 0.0757 5180 - 2.001 5184 13
14 0.0667 0.0682 4110 2.524 4109 14
15 0.0595 0.0609 3260 3.181 3260 15
16 0,0332 0.0515 2580 1.020 2581 16
17 0.0176 0.0188 2050 5.054 2052 17
18 0.0125 0.0437 1620 6.386 1624 18
19 0.0380 0.0391 1290 8.0:16 1289 19
20 0.0340 0.0351 . 1020 10.13 1024 20
21 0.0302 0.0314 812 12.77 T 8123 21
22 0.0271 0.0281 640 16.20 610.1 22
23 0.0244 0.0253 511 20.30 510.8 23
24 . 0.0218 0.0227 404 25.67 404 24
25 0.0195  0.0203 320 32.37 320.4 25
2 0.0174 . 0.0182 253 41.02 252.8 26
27 0.0157 0.0164 202 51.44 201.6 27
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29 0.0127 0.0133 128 81.21 127.7 - 29
30 0.0113 0.0119 100 103.7 100 30
31 0.0101 0.0108 79.2 130.9 79.21- 3l
32 0.0091 0.0098 64 1c2 64 - 32
a3 0.0081 0.0088 50.4 205.7 50.4 33
34 0.0072 0.0078 39.7 2613 39.69 31
35  0.0064 0.L370 314 330.7 31.36 35
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Voltage (Volts)
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LT/SG1525A, LT/SG3525A
r" /\D  LT/SG1527A, LT/SG3527A

TECHNOLOGY Regulating Pulse Width
Modulators

FEATURES ’ DESCRIPTION
= Undervoltage Lockout with Hysteresis The LT1525A and LT1527A are improved general pur-
= Guaranteed 1% 5.1V Reference pose switching regulator control circuits. Included on the

w Guaranteed 10mV/ 1000 Hr Long Term Stability chip are a trimmed 1% voltage subsurface zener refer-
= Latching PWM ence, oscillator, comparator and high current class B

= 3V to 35V Operation totem pole output drivers. Included in the design of the

= 100Hz to 400kHz Oscillator LT1525A are easy synchronization to an external clock,

= 400mA Source and Sink Current soft-start and adjustable deadtime control. A shutdown
pm allows instantaneous shutdown.

The LT1525A and LT1527A difier onIy in their output
logic phasing. The LT1525A has a low output during the

ﬂPPLICﬂTIOﬂS “off'* state, while the LT1527A nas a high output during
= Switching Power Supplies the “‘off’’ state. Both devices have undervoltage lockout
= Motor Speed Control with about 0.5V hysteresis, giving refiable operation even
= Power Converters with slowly varying supplies.

The combination of improved {eaturss and advanced
processing for high refiability mzke Linear Technology's
switching regulators a supreme choice.

» =TT T T
Vpgs l 13
15
- REFENENCE -~ e I
W REGULATOR v | |
o A | e LT1525A Start-Up
D 12—t INTERNAL
GAGUND 12 p l I 0
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LT/SG15258A, LT/SG3525A
LT/SG1827A, LT/SG3527A

ABSOLUTE MAXIMUM RATINGS

PRCKAGE/ORDER INFORMATION

(Note 1) | ORDER PART
Sup'pl|y Volttage (=) o +40V T0P VIEW NUMBER
Logicinputs .... ............ —0.3Vto +5.5V T
Analoginputs .................. —0.3V10 +Vin s et LT15250) |
Output Current, Source or Sink ............ 500mA wiweut ] 5] + v LT1527A) |
Reference Output Curent ................. 50mA sunc 3] 2 oureut s LT3525A0
Oscillator Chargirz Current ... ... ... ... SmA e mrroic [ LT3527AJ
sower Dissipatior: 2 T: = +25°C (Note 2). . . 1000mW exc s[5 v LT3525AN
Thermal Resistarizz Junction to Ambient . .. 100°C/W -l [sroe LT3527AN
ower Dissipatior zt T- = +25°C (Note 3).. . 2000mW e Ao | gpisosa)
“hermal Resistar.zz JunctiontoCase .. . ... 60°C/W vsz-zact ] s | SG1527AJ
Operating Tempe~z:.-¢ Range ' 5G3525A
1525A, 1527TA  ............ —55°Cto150°C  ; UTELE el soweriston | 2 oeoTA)
3525A,3527A ... ... 0°Cto70°C R e gt | SG3525AN |
Storage Temperz:_s Range ... . . .. —65°C10150°C T | SG3527AN !
Lead Temperature Soidering, 10sec.) ..... +300°C ] 5
RECOMMENDED OPERATING CONDITIONS
{Note 4)
[nputVoltage (+Vv i ... ... ... +8Vto +35vV  ReferenceloadCugrent ............. OmAto 20mA
Collector Supply V= :zge(Vg) ... .. +4.5Vto +35V  Oscillator Frequency Range. . . . . . .. 100Hz to 400kHz
Sink/Source Loez Current Oscillator Timing Resistor . . .. ........ 2kQ10 150k Q2
(Steady State) ............... OmAto100mA  Oscillator Timing Capacitor . . ... . .. 0.001xF t00.1uF
Sink/ Source Lozz Current (Peak) . . . . . OmAto400mA  DeadtimeResistorRange .............. 09to 5009
GLGCTRICRL CHﬁBHCTGRISTKS Vin = + 20V unless otherwise noted
: LT15254 $61525A !
PARAMETER CONDITIONS LTi527A SG1527A [ UNITS
' OMIN TYP  MAX MIN TYP  MAX
REFERENCE SECTION | N B
Ostout Voltage T,=25C . 505 510 515 | 505 510 515 . v
~¢ Regulation Vi, = 8V 0 25V ° 5 10 i 02 | my
¢ Reguiation T, = OmE o 20mA . EE EE
{emoerature Stabur, P 20 50 ; 20 90 mv
" "z Dutput Variatiz® Line. Loas &nd Tempera_u;é - :‘o“ 5Q ERREY : -_5 0—‘ 51 5.2 Y
.mon Circuit Curre~: Vegp=0 7=225C - : - _ﬁ - T(ﬁu -17 W—TUO _______ H_I;:\ .
-out Noise Voltage 10Rz2 7= 10517 T, 25 C ‘ 2200 a0 200 pVims
TTTOTTYT W 60 50 | MW/

=g Term Stapility 1,=125C

)
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LT/SG1625A, LT/SG3525A =

LT/SG1527A, LT/SG3527A »

R

€LECTRICAL CHARACTERISTICS

LT1525A $G1525A
PARAMETER CONDITIONS LT1527A SG1527A UNITS
MIN TYP MAX MIN TYP MAX
OSCILLATOR SECTION (Nots 6)
Initiat Accuracy T,=25°C (Note 6) 2 . 6 2 6 %
v2720¢e Stability Viy =8V to 35V . 05 1 03 1 %
“empe-ature Stability . 3 6 3 6 %
W=~ 7 Frequency =150kQ. Cy=0.14F ° 100 100 Hz
“ax~um Frequency Ry =2kQ, Cs=1nf ° 400 400 " kHz
Cur-ert Mirror lpy = 2mA ° 1.7 20 22 1.7 20 2.2 mA
smplitude ] 30 35 30 35. V.
2 sieigth T,=25"C 03 05 1 03 05 1 us
~¢ Tnreshold 1 e 12 20 28 1.2 20 28 v
$,~c input Current’ Sync Voltage = 3.5V ° 1.0 25 1.0 25 mA
ERROR AMPLIFIER SECTION (Vgm -5 ) '
1-z.: Ottset Voltage A ° 65 5 05 5 mvV
1~2.j: Bias Current ° 02 3 1 10 uh
1724: OHset Current . 0.5 1 uh
=C Ooen Loop Gain R = 10MQ ® 70 80 60 75 dB
Sz Bandwidth Product Ay=008B. T,=25°C (Note 5) 1 2 1 2 MHz
..... "~ Low Level ® 02 05 02 05 v
..... : High Level ° 38 56 38 56 v
Zom~on Mode Rejection Vem=1.5V105.2V e 75 90 60 , 75 dB
Suo2'y Voltage Rejection Vi =8V to 35V . 7% 90 50 60 dB
PWM COMPARATOR
*:ir:mum Duty Cycle ] 0 0
W.ex:mum Duty Cycle ° 45 49 45 49
‘sou? Threshold Zero Duty Cycle (Note 6) ° 06 09 0.6 09
niput Thresholg Max Duty Cycle (Note 6) ° 33 36 33 36
‘n54t Bias Current ° 0.05 1.0 0.05 1.0
SOFT-START SECTION :
Sz%-Stant Current Vsuutpown =0V ° 25 50 80 25 50 80
Sch-Start Voltage Veuutouym = 2V ° 04 06 04 06
Sr.uicown input Current Veuutoown = 2.5V [ 04 10 04 1.0
OUTPUT DRIVERS (Each Output) (V¢ = 20V) v
Urze-voltage Lockout Hysteresis 02 06 1 02 06 1
Z.out Low Leve! loy = 20mMA . 0.2 04 02 04
lsxuy = 100mA [ 1.0 2.0 1.0 20
Guiout High Level lsgurce = 20mA LI 18 19 18 19
'SOURCE = 100mA [ 17 18 17 18
Uncervoliage Lockout Veomp and Vss = High @ 6 7 8 6 7 8
Co:.ector Leakage V¢ = 35V (Note 7) . 200 200
Rise Time Ci = 1nF, T,=25°C (Note 5) 100 600 100 600
Fe: Time C; = 1nF. T,=25-C (Note 5) 50 300 50 300
Snutdown Delay Vsp =3V, Cs=0. T,= 25°C (Note 5) 02 05 02 05
TOTAL STANDBY CURRENT
14 20 14 2

Suoply Current

Vm = 35\/

o]
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LT/SG1525A, LT/SG3525A
LT/SG1627A, LT/SG35627A

ELECTRICAL CHARACTERISTICS

LT3525A SG3525A
PARAMETER CONDITIONS LT3527A S63527A UNITS
MIN TYP MAX MIN TYP MAX
REFERENCE SECTION
Output Voltage Tj=25°C 5.05 510 5.15 5.00 510 5.20 v
Line Regulation Vin=_8V to 35V . 5 10 1020 mv
ioad Regulation 1. =0mA to 20mA ] 20 50 20 50 mv
Temperature Stability ° 20 50 20 50 mv
Tstal Output Variation Line. Load, and ’remperamre ° 495 51 525 495. 5.25 v
Srort Circuit Current Vagr =0, T,=25°C ‘ 80 100 | ¢ 8 100 mA
0.tput Noise Voltage 10Hz = f=< 10kHz, T,=25°C 40 200 : 40 200 uVrms
Lang Term Stability 1,=125°C 1 0 | 20 50 mvV/khr
"OSCILLATOR SECTION (Note 6)
initial Accuracy T,=25°C (Note 6) 2- 6 2 6 %
voltage Stability Vin=8V 1o 35V ° 05 2 1 2 %
Temperature Stability ° 3 6 3 6 %
Minimum Frequency Ry =150k, Cy=0.14F ° 100 100 H2
**zximum Frequency Ry=2kQ, Cy=1nF . 400 400 kH2
Current Mirror lar=2mA ° 1.7 20 22 1.7 20 22 mA
Cack Amplitude . 30 35 ‘ 3.0 35 v
Clock Width T,=25°C 03 05 1.0 03 05 1.0 us
Sync Threshold | 12 20 28 12 20 28 v
Sync Input Current Sync Voltage = 3.5V . ° 1.0 25 10 25 mA
ERROR AMPLIFIER SECTION (Vgy =5.1V) ] ‘ '
\rput Otfset Voltage ® 2 5 2 10 mvV
\nput Bias Current ° 1 3- 1 10 pA
input Offset Current - ® 0.5 1 wh
9C Open Loop Gain Az 10MQ ® 70 8 60 75 aB
" Gain Bandwidth Product Ay =008, T;=25°C (Nole 5) ' 12 12 MHz
Qutput Low Level ' ® 02 05 02 05 v
* Qutput High Level ® 38 356 38 56 v
1 (smmon Mode Rejection Vew=1.5Vto 5.2V . 7% 9D 60 75 d8
Supaly Voltage Rejection Viy=28V1o 35V ° 75 20 50 60 c8
Wi COMPARATOR R
Winrnum Duty Cycle o 0 | 0 %
Mzymum Duty Cycle . e 45 2 .45 4 %
"t Threshold Zero Duty Cycle (Note 6) e! 06 09 i 06 09 v
"4t Threshold Max Duty Cycle (Note 6) ® 33 36 P 33 36 v
“.Jt Bias Current ° 005 1.0 i 005 1.0 wh
SOFT-START SECTION
5@ Start Current VSHUTDOWN =0V ® 25 50 80 25 50 80 pA
%7 Start Voitage Vsuutoown = 2V ° 04 06 . 04 06 v
%s\'\uldown input Current Vuutoown = 2.5V ° 04 1.0 04 1.0 mA

LINEAR TECHNOLOGY CORPORATION
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LT/SG1525A, LT/SG3525A &

LT/SG1527A, LT/SG(3527A i

€LECTRICAL CHARACTERISTICS

, LT3525A $63525A
PARAMETER CONDITIONS LT3527A 5635274 UNITS
MIN TYP  MAX MIN TYP  MAX

QUTPUT DRIVERS (Each Output) (V¢ =20V)
Undervoltage Lockout Hysteresis 02 06 02 06 | v %
Output Low Level / Igink = 20MA . ® 02 04 02 04 v

Ik = 100mA ‘e 10 20 10 20 v
Output High Level Ispunce = 20mA ‘e 18 19 18 19 v

Isource = 100mA ‘e 17 18 17 18 v
Undervoltage Lockout - Vegump and Vgg = High ‘e, 6 7 8 6 7 ° 8 v
Collector Leakage =35V (Note 7) (e 206 200 wA
Rise Time | CL=1nF. T,=25°C (Note 5) : 100 600 100 600 ns
Fall Time CL= InF. T;=25°C (Note 5) . 50 300 50 300 ns
Shutdown Delay Vsp=4V, Cs=0, T,= 25°C (Note 5) 02 05 02 05 | s
TOTAL STANDBY CURRENT -
Supply Current. J Viy = 35V le] M. o220 | 420 | mA

The @ denotes the specifications which apply of the full operating

temperature range.

Note 1: Values beyond which damage may occur.
Note 2: Derate at 10mW/ °C for ambient temperatures above +50°C.
Note 3: Derate at 16mW/ °C for case temperatures above + 25*C.
Note 4: Range over which the device is functional and parameter limits

are guaranteed.

Note 5: These parameters. although guaranteed over the “2commended
operating conditons, are not 100% tested in proguction.

Note 6. Tested ai fa5c = 40kHz (R7=3.6kN. Cy=0.01.F =-=00Q).

Note 7: Applies 1o 1525A/3525A only. due to polarity ¢° <_tput puises.

TYPICAL PERFORMANCE CHRRACTERISTICS

Oscillator Charge Time vs Ry

Oscillator Discharge Time
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7/SG1525A, LT/SG3525A

1/5G1527A, LT/SG3527A

1esT CIRCUIT

1 O
REFERENCE 0
REGULATOR

FLIP- v
FLOP Q—I cc
I
Ve
13
i
OSCILLATOR A 1}-9—0UT A -
i O
]
1 o
ouT B 1
.GND
SOFT-START
5.04F
Ok
O O Vi
SHUTDOWN
16 Pin Cavity DIP (J) 16 Pin Molded DIP (N)
S
e X%
| T e
AEAREAE T |
o I i) B 1 B e
aam
EE0
nAY ! i
l UJL'JLUL!]I;JUJL'JEJ K1 J 0% Q53 R X3 B 84 QU S Ry A |
U Ay 14 080) .
. L, - Y MAX -_:.-;
T R -
- ‘ SLALANT r-' 7_{
- P
i |
‘l [, ° __l ba L
. Lo e T
hpmgm L Tl 11 Ol e o L
IR mas ' I Sun LA
- ot 4 .l boesoor 1245,
i2%%0a 0 MA, Wl 0080
. Tjmax Oy e ! . T 1c
: L1/SG1525A0 | 150“C | 100-C/W | 60-C/w " LT/SG3525AN | 105°C | 100°C/W | 60-C/w
L Lsersara [ L7/5635278N
| L1/563525A) | 150C | 100°C/W | 60°C/W
- LT/563527A
—

Linear Technology Corporation
1630 McCarthy Bivd., Milpitas, CA 95035-7487  (408) 942-0810
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Cyoche by {nte:
Tnnut oS¢ Duty -cycle Cunent-ted  Ovet vyele Over. Bulk e
Device voltage Ouiput Output trequency  adjustment Reannnte Satt ufxratiun cuntent cutient vollape line am
Manufacturce autnber rempe  vonfiguration curtent faiige range unfol! san vapability wensinp timn wensing  senise pmu ¢
Fatchald 75340 2510 Single 1-A peak Nt ‘Nt Nu No No Yes Nu No Ko N
v ended applicable  apphcable ’ .
Fervann ZN1066 +3V Pushi-pull 120mA USHzww  Ulo 1M Yes Yeu Nu Yoy Yes Yes No Ne
. single U0 Wit .
Motorola - MC340 1010 Push-putt 50 mA SWHsw Ui HR Yeu Accuinp Nu Avcomp Nu Accump  Nu No
uyv 100 L2 [3V} Latd (28]
Prihps TDAIUGYD W 1u Single 40 mA MHzw . O v8% Yo Ye» Yeu Yes Yoy Yo No Yo
30 Ve 100 ke
Signeticy RLESS60 10 lo Single 40 mA SO He o Ot 989 Yo Yes Yes JYes Yo Yer No Ye
X Ve 100 kHz L -
NEASo! 10 to Swungle 40 mA 50 Hs 10 010 98% No Avcomp Yes Nu No No No Ye |
Ve 100 bHz . Envg 1
NE3562 10 Single U mA S0 Hz to L0 Y5Y Yes Yoo - Yes Yeal Yes Veu Yer tee
30 ve push-pull 1 hnA e, ' '
25503 1010 Single 40 mA M Hew U o 8% Yes Yes Ye» Yest Yes Yer Yes Yoty
NV push-pull W ma SO0 KH, :
Silwon SGIsNH 8w Push-pull I mA 30 hHe 0to45% Ye» No Nu Yer © Na Nu No Nt
Generxl 0V :
SGI52S  Bw  Mshepal 20 mA  IWHe U d5% No No N No No Ny !
sV HX) WH, i
$G3526 Ew | Push-pull I0mA 1 Hewo o 310507 No Yos No No Ye No
LY  single W LMz 4 i
ended ’ |
Texu TLdys Tw Pusti-pufl 125 mA Nuot Not No No Nu Yes Nu Yes No N
Instrutnents WV sngle applicable  applivable ' !
. ended : i
TL4Y? T Single SU0 mA Not Not Yeu Yer No *+ Ye No Yo No No
WV applicable  applicable

*Fur V- greater than 18 V, device must be up:mcd n current-led inude.
INESS62 and NESS0) have Papability tv accumolate nuinber of gve ciiment isivnces porunit lime
$Accumplistt externally

NANY AT mwu muu Tm d"lmumsmmm
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George C. Chryssis in High - Frequency Switching Power

Supplies , McGraw-Hill ,1989.

Daniel M. Mitchell in DC-DC Switching Regulator Analys

is ,pp. 36-49 , McGraw-Hill ,1988

Earl D. Gates in Introduction to Electronics ,pp. 229

,Delmar Publishers Inc. , 1987

Marty Brown in Practical Switching power supplies
design , Academic Press Inc , New York , 1990
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