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ALUMINIUM WELDING

Weerapong Chackrapoln
Thanapan Chanchaleam
Noppakhun Hongsuwan
Somsak Cheersirikul

2001

ABSTRACT

This paper presented the design and test report for aluminium welding. Initially the
rectifier and filter circuit change the alternating current 220 volts 50 Hz to direct current 310
volts. Subsequently the direct current will charge to high frequency pulse (about 25 kHz) by
power mosfet that it is inside of half-bridge converter, and controlled switching characteristic by
SG 3526 entire frequency and pulse width it receied data from output section to continue the
process. Finally, output voltage of aluminium welding is 50 volts (no load) and welding current

is about 40 amp.
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d‘ a a d' g 9 .ﬁ' d'
131911 Gl15TQﬂﬁgﬁﬂ‘ﬁﬂ'lWW"JﬂllﬂLiJ@ﬂ’J”ﬁJﬂ 20 kHz

Load(QY) | Vin (V) | lin (A) | Pin (W) | Vout (V) |lout (A) |Pout(W) | iss@vnamw
4 311 | 1.78 | 55358 47.8 11.95 | 540.56 97.6%
3.5 311 1.9 590.9 45 12.85 | 598.57 97.2%
3 311 2.1 653.1 43.5 14.16 | 602.08 92.18%
25 311 20 715.9 40.3 16.12 | 649.636 90.8%
2 311 2.8 870.8 38.4 19.2 737.28 84.66%
1.8 311 3.1 964. 1 37,7 20.94 789.6 81.9%
1.4 314 365|000 /353 2521 890.96 80.6%
1 311 49— N13062 31.9 3 R0 10N% 1 77.9%
0.6 31 48 | 14928 29.7 it NQ2 {1 73.86%

iz ansnlszansaviidaldiloniud 25 kiz

Load(€Y) | Vin (V)| lin (A) | Pin (W) | Vout (V) | lout (A). | Pout(Ww) | ilsz@nsnw
4 &1 1.69 | 525.59 445 7| "1.125° | 495.06 94.1%
35 311 1.8 559.8 427 12.4 529.4 94.5%
3 311 1.98| 1 615.78 40.2 13.4 538.68 87.97%
2.5 311 3% 684.2 39.4 1576 | 620.944 90.72%
2 311 2.5 771.5 S 18.55 | 688.205 88.51%
1.8 311 2.7 839.7 36.5 20.277 | 740.138 88.14%
1.4 a1 87 995.2 34.2 98 | 83575 83.94%
1 311 3.07 | 1057.4 30.3 30.3 978.09 79.78%
0.6 311 4.1 1275 23.6 39.3 928.26 72.79%




100

80

= a a -dlzv 2 = a
A1919N2 Eﬂqﬁﬂﬂ?:ﬁ@‘l’]ﬁﬂqW‘V]’m‘lﬁLN@F]’J’]EJC] 27 kHz

54

Load(€Q) | Vin (V) | lin (A) | Pin (W) | Vout (V) |lout(A) | Pout(W) |dsz@nsnin
4 311 167 |- 519.37 44.6 11.15 | 497.29 95.7%
85 311 1.80 | 559.8 43 12.28 | 528.28 94.36%
3 311 1.98 | 615.78 40.5 185 596.75 88.78%
2.5 il 997 || 6840 38.7 25.48 | 599.07 87.55%
2 311 2.3 | Zodwem 35 175 612.5 82.23%
1.8 311 | 2| 544X 32.5 18.05 586.8 78.81%
1.4 31 2.57| 799:27 29.2 20:85 | 609.02 76.19%
1 311 BN, x5 24.9 24.9 620.01 71.9%
0.6 311 8l 964.1 20.8 QPR P D0Y 64.2%

LYY [} a a %
auaa I NUENIHE I HNNIEENEMNAYANNMHNIUAITZA18Y

Y v o ' & a [ 1 ~ 4
n3 N 1. urasnNuFuUTTEnIeUsEansamnuANAumMUMTE AR Ainu

20 kHZ

(%)
A

60 -

40

20

0.3

0.6

1.4

1.8

2.5

3.5

» (Load)



55

4 [ TR ' ey ity @ 3=y { =
AR 2. uEAIANNTURUTIENI9U5E ANTAINALANNAUNMIUAITEAIRI NAINE
25 kHZ
(%)
A

100 -

80 : e
60

40

20

0.3 0.6 s 1.4 1.8 2 25, B 35

4 b, o ld ' S AS [ o 1 { =
319N 3. UEAIN NUFUINFIEHINYSLANTMNAVANUAMUMILAITEANI NAND

27kHZ

(%)
A

100 -

80 ~ 4
60

40

20

0.3 0.6 1 1.4 1.8 2 2:5 3 3.5



56

=\ L) o d’ a
5.3 msnagevlszansmwuaiimsisoniia
a a o & =) =t 1 @ o o
minagevdszAnEmuvasiimsien lasnSouiisuszniandanunagesnuuaswe
~ A A g
nuinioganawdn il
5.3.1 U5 ANTNINVBUATOUFDUYULNINTHBUNAIND 25 kHz

' R 4 A o Y 4 v
AunesmMyngegaimiesannsoi lvazidoun ldvn

Anszudgagansesannsose ldvaziinmsifoudio 50 uouil
@ o o & A 1w I
s MWV MMsgeNiiauniny 25 Taa¥
1Y uaJl kY 4 4 14
aaiueg ldmneseniynilu 1250 Taavi-uouil
daunszuamedumeanuduynla 4.6 nowi
9
v o ’a
atuay ldimesduynde 1430.6 Trasi-uowi

Musamuamlssaninmus unseusenil 1d lay
UszansaIn =87.37%
532 UszANTNINUDUATOUFDUVULHINTADUN 27 kHz

' s g a A o Y 2 Y
ﬂ'HW"IL’Jﬂﬁlﬂﬁ’ll’!ﬂﬂq@'ﬁ!ﬂmﬂiﬂﬂﬁ1ﬂ15ﬂﬂ11ﬂﬂlm31‘lﬁﬂhﬂ1‘lﬂ%1ﬂ

U s A ! FY o A A i
Anszudgigainsosannsatieldvnsiimsidouio 44 yowi)

o I'd 0 A =i UREZ d
usa U IynUsz Mmsiseuiisumny 22 Toan
[ :)‘ o 4 4 ]
daiuey ldmnesiovinmily 968 Tran-uowuil
1 a |
daunsziamIsIumamusunn s 3.8 uowi
[ :/I a 4 |
dofurz ldimnesounnie 1181.8 Tran-toui

(3 a a A A dy Y
?nll’]5ﬂﬂ’]u'Jmﬂ'lﬂizﬂﬂﬁﬂ'lwsﬂﬂxuﬂﬁﬂ\u“ﬁ@Uullﬂiﬂﬂ
Use@nsmw =81.9%
1 a a @ J 1 = 1 1 & a d? P 9
ﬂ']ﬂﬂ15ﬂ1u’3mﬂ’]ﬂ53ﬁﬂﬁﬂ’]7‘lﬂﬂﬂa1’l ﬂ’]ﬂ'J1ﬂ15qtyLﬁﬂﬁ'ﬁuﬁ"JuﬁuQ@’mLﬂﬂ‘Uu‘ﬂﬁu'ﬂUﬂa\1

g A a Y ad
L?J'mw"ﬂluﬂﬂi]'lﬂilﬂ'J'liJﬁﬂumﬂ"Uu



57

UNA 6

una gyl

v o

A a ¥ A A Al a A A dgl q’:
INATNAABUFOUNIUITI 1A 1HATDUFDUUNAIIYUUUTINFINIATIVU Y
A ) a A o A aq ¥ A A aq v ~ o Y v
Aunsareunu lamuilnd milsusumsiwounldaseurseunlemsmiloniilaelgvde
‘1'; 1 d' d' { £ ] a a' 9 a a nﬂ. 1 té
11an Ui UANTBUFDUUNAINBUV VA INT0L 1N s ANTMWAINIINN F991NT3
[ a a & ¢§ 9 a a =2 d' c; t:'
naa0einlszanin My unTouFoNAIT0 1N e ANTAINGID 97% NALD 20 kHz R
9 o a a A ~ Y
AMUATUNMUMTE 3.5 Tori tay UssanTnmvasiioylssunas 75%-85% NAUATUNIY
1 [ 4 1 N e 4
A32eg1ur21 0.3-0.6 ToHa UAZINAITIHANITNAABINEHLDNI YssANTNINYBUATDY
A 2 Vo Adq v Y & ~ o o Y '
Wowrzdiuegiuadildnudissusiamnsoieziimsdsnla mnwamsnaaessznud
PR s o a a 4 4 < { ~ A a a
anudiildsz@niamusunseuiiondgannen 25kHz Tuvasinudous Ussans

ATNITAATIATUATITNAANTINAAB

Tymuagmamandly

1. msgadeddsnulundenlatnnuige Wewinvinavaaia i auasiuye

$ 4

1 ' ° Y a 9 P! 9 ]
a3ﬂ"lmmuwﬂmﬂﬂﬂmuiauua:mmsawu
Y, A 9 i o Y o ot
Lm’J‘VlNLLﬂ"hJ mammwuaawuauﬂammm:ﬁmmzmswumammﬂwumuauﬁa‘u*n

SR pYl

o 1

1Y) 9 g = A a 1 ' ~ ] o Y a
Vi ﬂ'li‘Wu'ﬁllﬂ!,ﬂj'ﬁQﬂ'ﬂllﬂgﬁﬂﬂ'lf]ﬂ'i']ﬁ']u BUNNABIBINNA VlvliJlﬁil'IZﬁﬂJ'Vl"lﬂlﬂ'N%ﬂﬂﬂ

anudemela

[ 1

uuanand ly neassiundoudlasanudgeiidasidauniaeg sunumimuzay uas

v ] 1 v ]
TumsdSuussiudunnasisuissiunnmig neuudanssqiuduivetlesiunnudenie

°

9).i-59). ~ o '8 o 1 9 asiey A A
3. ﬂ']ﬁﬁlGIfW‘JJﬂ!tﬂﬁﬂlﬁu&?u1l@1ﬂw¢l'ﬂ‘llll'ﬂlﬂgﬁll ‘VI']Gl?‘fﬂiza"ﬂ‘ﬁﬂ’lwmﬂﬂlﬂi'ﬂﬁl‘ﬁ@ﬂﬁﬂa\3

[l [l
S 1 A

v 2 v = ool e
ummmn"l‘u mani%wammummmmw‘vmum‘nmmzﬁu



tdy 1d dl ¥ o U 24 lﬂl = 1 5 1 Y o ¥ c Y 1%
wnastiluenasnanulidmsunisldnuienisfinewintu lieugialnhlulgussleviamunisimn

Lidnsallag vedu Bnnanudlvinaudadlien uagdesdnddisdivaenaisynasandnistluly



 LINFINITY

MICROELECTRONICS

e

SG1526/5G2526/5SG3526

REGULATING PULSE WIDTH MODULATOR

DESCRIPTION

The SG1526 is a high performance monoalithic pulse width modulator
circuit designed for fixed-frequency switching regulators and other
power control applications. Included in an 18-pin dual-in-line package
are a temperature compensated voltage reference, sawtooth oscillator,
error amplifier, pulse width modulator, pulse metering and steering logic,
and two low impedance power drivers. Also included are protective
features such as soft-start and undervoltage lockout, digital current
limiting, double pulse inhibit, a data latch for single pulse metering,
adjustable deadtime, and provision for symmetry correction inputs. For
ease of interface, all digital control ports are TTL and B-series CMOS
compatible. Active LOW logic design allows wired-OR connections for
maximum flexibility. This versatile device can be used to implement
single-ended or push-pull switching regulators of either polarity, both
transformerless and transformer coupled. The SG1526 is characterized
for operation over the full military ambient junction temperature range of
-55°Cto+150°C. The SG252€ is characterized for operation from -25°C
to +150°C, and the SG3526 is characterized for operation from 0°C to
+125°C.

FEATURES

8 to 35 volt operation

5V reference trimmed to 1%

1Hz to 350KHz oscillator range
Dual 100mA source/sink outputs
Digital current limiting

Double pulse suppression
Programmable deadtime
Undervoltage lockout

Single pulse metering
Programmable soft-start

Wide current limit common mode range
TTLICMOS compatible logic ports
Symmetry correction capability
Guaranteed 6 unit synchronization

HIGH RELIABILITY FEATURES - SG1526

¢ Available to MIL-STD-883B and DESC SMD
¢ Radiation data available
¢ LMl level “S"processing available
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SG1526/85G2526/5G3526

ABSOLUTE MAXIMUM RATINGS

InputVoltage (Vo) e Sl i il i igie Logic'SinkCument - i s e e e 15mA
Collector Supply Voltage (Vo) Operating Junction Temperature
Logic Inputs ......cccoeverereennnnnnns ..-0. ; Hermetic (J, L Packages) ......cocoeveeeuiveeeitveeeeeeeeeann, 150°C
Analog Inputs 03VtoV, Plastic (N, DW Packages) .... 150°C
Source/Sink Load Current (each output) ....................... 200mA Storage Temperature Range ............................ -65°C to 150°C
Reference Load Current ............cccevveeeevnsvevn s 50mA Lead Temperature (Soldering, 10 Seconds) ................... 300°C
Note 1. Exceeding these ratings could cause damage to the device.
THERMAL DATA
J Package:
Thermal Resistance-Junction to Case, 6 PR s 25°C/W Note A. Junction Temperature Calculation: T, =T, + (P, x 8,,).
Thermal Resistance-~Junction to Ambient, 6 , ............. 70°C/W  Note B. The above numbers for 6 ,c are maximums for the limiting
N Package: thermal resistance of the package in a standard mount-
Thermal Resistance-Junction to Case, 8 ......c........... 30°C/rw ing configuration. The 6, numbers are meant to be
Thermal Resistance-~Junction to Ambient, 8, ............. 60°C/W guidelines for the thermal performance of the device/pc-
DW Package: board system. All of the above assume no ambient
Thermal Resistance-Junction to Case, 8 ................... 35°C/W airflow.
Thermal Resistance-Junction to Ambient, 6 Ui ot NG 90°C/wW
L Package:
Thermal Resistance-Junction to Case, 8 g s 35°CwW
Thermal Resistance-Junction to Ambient, 8 el i 120°C/wW
RECOMMENDED OPERATING CONDITIONS (Note 2)
Input Voltage ......... 8. &........ oo d . Eolz= | 7~ 8V to 35V Oscillator Timing Capacitor ..........ccceeveveeeeveeennn.. 1nF to 20uF
Collector Supply Voltage .............c........... .45V to 35V Available Deadtime Range at 40KHz ...................... 3% to 50%
Sink/Source Load Current (each output) .............. 0 to 100mA Operating Ambient Temperature Range:
Reference Load Current ...........ccc..ccooeeivveeecennr.. 0 to 20mA SGIS26/) phebdadalte Mg . MR -55°C to 125°C
Oscillator Frequency Range ... ...1Hz to 350KHz SG2526 ... PhY N - i B SRR -25°C to 85°C
Oscillator Timing Resistor ................cccoeveiennn. 2KQ to 150KQ SGB526pvrreved " N .00 KR ... 0°Cto 70°C

Note 2. Range over which the device is functional. °

ELECTRICAL CHARACTERISTICS

(Unless otherwise specified, these specifications apply over the operating ambient temperatures for SG1526 with -55°C < T A < 125°C, SG2526 with
-25°C < T, < 85°C, SG3526 with 0°C < T, <70°C, and Vi = 15V. Low duty cycle pulse testing techniques are used which maintains junction and case
temperatures equal to the ambient temperature.) §

Parameter Test Conditions ,SG1526/2526 - 563526 Units
Min. | Typ. [Max. | Min. [Typ. [Max.| .
Reference Section (Note 3)
Output Voltage T,=25C 4.95|5.0015.0514.90{5.00}5.10| 'V
Line Regulation V,=8135V 10 | 30 10 | 30 mV
Load Regulation |, =0to20mA 10 | 30 10 } 50 | mv
Temperature Stability (Note 9) Over Operating T, 15 | 50 15 | 50 mV
Total Output Voltage Range (Note 9) Over Recommended Operating Conditions 4.9015:0015.10 14.85{5.00|515| VvV
Short Circuit Current Veer =0V 50 | 125 50 | 125 | mA
Undervoltage Lockout Section
RESET Output Voltage Veer = 38V 02104 02§04 2V
RESET Output Voltage Vieer = 48V 24 | 48 24 | 438 \%
4/90 Rev 1.1 2/94 LINFINITY Microetectionics Inc.
Copyright © 1994 11861 Western Avenue « Garden Grove, CA 92841

2 (714) 898-8121 = FAX: (714) 893-2570



SG1526/5G2526/SG3526

ELECTRICAL CHARACTERISTICS (continued)
3 SG1526/2526 SG3526 ;
Parameter Test Conditions Min. | Typ. | Max. | Min, TTyp. |Max, Units
Oscillator Section (Note 4)
Initial Accuracy T,=25C 43|48 43 148 %
Voltage Stability V, =810 35V 05| 1.0 05| 1.0 %
Temperature Stability (Note 8) Over Operating T, St 10 51104 %
Minimum Frequency (Note 9) R; = 150KQ, C, = 20pF 1.0 1.0 Hz
Maximum Frequency R,=2KQ, C, = 1.0nF Cooo8s0 o 380} “KHz
Sawtooth Peak Voltage V, =35V 130} 35 30 |35 V
Sawtooth Valley Voitage vV, =8V 405110 4105110 Ve
Error Amplifier Section (Note 5)
input Offset Voltage R <2KQ 2 5 2110 | 'mv.
Input Bias Current -350 |-1000 -350 {2000f nA
Input Offset Current 35 | 100 35 4200} -nA
DC Open Loop Gain R 210MQ, T,=25°C 64 | 72 60 | 72 dB
High Output Voltage Vs = Voo 2 150mV, 1 o = 100uA 36 |42 3.6 {42 =V
Low Output Voltage Vene = Vows 2 1850mV, I = 100uA 02| 04 02 |04 \Y
Common Mode Rejection R, £2KQ 70 | 94 70 | 94 dB
Supply Voltage Rejection V, =8Vto 35V 66 | 80 66 | 80 dB
PWM Comparator Section (Note 4) .
Minimum Duty Cycle - Vbeensirion = 0:8V b 0 0 %
Maximum Duty Cycle N vrensain ) — BV 45 | 49 45 | 49 %
| Digital Ports (SYNC, SHUTDOWN, and RESET)
HIGH Output Voltage leoumce = 40pA 24 | 4 412414 v
LOW Output Voltage lgp = 3.6mA 02| 04 02 |04 Vv
HIGH Input Current V, =24V -125}-300 -1251-300] pA
LOW Input Current V, =04V -2251-500 -2251-500| pA
Current Limit Comparator Section (Note 6)
Sense Voltage R;<50Q, T,=25°C S0 | 100 | 110 | 80 | 100 {120| mV
Input Bias Current -3 | -10 -3 |-10] pA
Soft-Start Section :
Error Clamp Voitage RESET = 0.4V 01104 0.1 104 \%
C, Charging Current RESET = 2.4V 50 | 100 | 200 | 50 | 100 {200} pA
Output Drivers (each output) (Note 7)
HIGH Output Voltage leource = 20mA 1251135 125|135 v
loumee = 100mMA 12 | (18 121113 \%
LOW Output Voltage I = 20mA 0.2 1] 03 02 {03 \
lg = 100mA 1.714 2 1:2.] .2 v
Collector Leakage V=40V 50 | 150 50 {1560 pA
Rise Time C_= 1000pF 03| 06 03 | 0.6 ps
Fall Time C_= 1000pF 0.1] 02 01102 ps
Power Consumption Saction (Note 8)
Standby Current | SHUTDOWN = 0.4V [0 880 e e nlis0 | i mA
Note 3. | =0mA Note 7. V. =15V
Note 4. F . = 40KHz (R, = 4.12KQ +1%, C_ = .01uF £1%, R, = 0Q) Note 8. V, =35V
Note 5. V., =0to 5.2V Note S. These parameters, although guaranteed over the recom-
Note 6. V,,,=0to 12V mended operating conditions, are not tested in production.
4/90 Rev1.1 2/94 LINFINITY Microslectronics Inc.
Copyright © 1984 3 11861 Western Avenue « Garden Grove, CA 92841

(714) 898-8121 « FAX:(714) 893-2570



SG1526/8G2526/5G3526

CHARACTERISTIC CURVES
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FIGURE 1.
REFERENCE VOLTAGE VS. SUPPLY VOLTAGE
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CHARACTERISTIC CURVES (continued)
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APPLICATION INFORMATION

VOLTAGE REFERENCE

The reference regulator of the SG1526 is based on a temperature compensated PR T

zener diode. The circuitry is fully active at supply voltages above +8 volts., and e 0 e Sew
provides up to 20mA of load current to external circuitry at +5.0 volts. In systems

where additional current is required, an external PNP transistor can be used to vy 124 ——— Vrer
boost the available current. A rugged low frequency audio-type transistor should i

be used, and lead lengths between the PWM and transistor should be as short as 2 100F
possible to minimize the risk of oscillations. Even so, some types of transistors

may require collector-base capacitance for stability. Up to 1amp of load current &

can be obtained with excellent regulation if the device selected maintains high GUREAT

current gain. EXTENDING REFERENCE OUTPUT CURRENT

UNDERVOLTAGE LOCKOUT

The undervoltage lockout circuit protects the SG1526 and the power devices it controls from inadequate supply voltage. If
+V,, is too low, the circuit disables the output drivers and holds the RESET pin LOW. This prevents spurious output pulses
wh|le the control circuitry is stabilizing, and holds the soft-start timing capacitor in a discharged state.

The circuit consists of a +1.2 voit bandgap reference and comparator circuit which VRer
is active when the reference voltage has risen to 3V, or 1.8 volts at25°C. When t

the reference voltage rises to approximately +4.4 volts, the circuit enables the
output drivers and releases the RESET pin, allowing a normal soft-start. The $r 10 REET

comparator has 200mV of hysteresis to minimize oscillation at the trip point. When T0 DRVER A
+V, to the PWM is removed and the reference drops to +4.2 volts, the undervolt- v Jo.DRER B
age circuit pulls RESET LOW again. The soft-start capacitor is immediately Nakion
discharged, and the PWM is ready for another soft-start cycle. Fe2

The SG1526 can operate from a +5 volt supply by connecting the V. pintothe . ce 1g
+V,, pin and maintaining the supply between +4.8 and +5.2 volts. SIMPLIFIED UNDERVOLTAGE LOCKOUT

SOFT-START CIRCUIT

The soft-start circuit protects the power transistors and rectifier diodes from high

current surges during power supply tum-on. When supply voltage is first applied D10%A o in

to the SG1526, the undervoltage lockout circuit holds RESET LOW with Q3. Q1 +errer D

is turned on, which holds the soft-start capacitor voltage at zero. The second -&wor g:b

collector of Q1 clamps the output error amplifier to ground, guaranteeing zero duty

cycle at the driver outputs. When the supply voitage reaches normal operating ezt

range, RESET will go HIGH. Q1 turns off, allowing the internal 100pA current A

source to charge C,. Q2 clamps the error amplifier output to 1V, above the Procrvo ws%
SOFTSTART

it
Tt

02

voltage on C. As the soft-start voltage ramps up to +5 volts, the duty cycle of the
PWM Ilneariy increases to whatever value the voltage regulation loop requires for
an error null. Figure 10 gives the timing relationship between C; and ramp time - FiGuRE 1e.

to 100% dUty CyC|84 SOFT-START CIRCUIT SCHEMATIC

DIGITAL CONTROL PORTS VReF

The three digital control ports of the SG1526 are bi-directional. Each pin can drive |

TTL and 5 volt CMOS logic directly, up to a fan-out of 10 low-power Schottky gates. 340K 220K

Each pin can also be directly driven by open-collector voitage comparators; fan- ]

in is equivalent to 1 low-power Schottky gate. Each portis normally HIGH; the pin SWC
is pulled LOW to activate the particular function. Driving SYNC LOW initiates a 'ng"“ Qz = snuﬁ_iﬁw
discharge cycle in the oscillator. Pulling SHUTDOWN LOW immediately inhibits 1 O RESE

all PWM output pulses. Holding RESET LOW discharges arges the soft-start capacitor.
The logic threshold is +1.1 volts at 25°C. Noise immunity can be gained at the
expense of fan-out with an external 2K pullup resistor to +5 volts.

FIGURE 20.
DIGITAL CONTROL PORT SCHEMATIC
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Copyright © 1994 11861 Westem Avenue « Garden Grove, CA 92841
6 (714) 898-8121 « FAX: (714) 893-2570



SG1526/SG2526/SG3526

APPLICATION INFORMATION (continued)

OSCILLATOR

SG1526 | —{2 SYNC

I

FIGURE 21 - OSCILLATOR CONNECTIONS AND WAVEFORMS

The oscillator is programmed for frequency and deadtime with three components: R, C., and R,. Two waveforms are

generated: a sawtooth waveform at pin 10 for pulse width modulation, and a logic clock at pin 12. The following procedure
is recommended for choosing timing values:

1. With R, = 0Q (pin 11 shorted to ground) select values for R, and C, from Figure 7 to give the desired oscillator period.
Remember that the frequency at each driver output is half the oscillator frequency, and the frequency at the +V_terminal
is the same as the oscillator frequency.

2. If more dead time is required, select a larger value of R, using Figure 6 as a guide. At 40kHz dead time increases by
400nSec/ohm.

3. Increasing the dead time will cause the oscillator frequency to decrease slightly. Go back and decrease the value of R,
slightly to bring the frequency back to the nominal design value.

The SG1526 can be synchronized to an extemal logic clock by programming the oscillator to free-run at a frequency 10% slower

than the sync frequency. A periodic LOW logic pulse approximately 0.5uSec wide at the SYNC pin will then lock the oscillator
to the external frequency.

Multiple devices can be synchronized together by programming one master unit for the desired frequency, and then sharing
its sawtooth and clock waveforms with the slave units. All C_terminals are connected to the C, pin of the master, and all SYNC
terminals are likewise connected to the SYNC pin of the master. Slave R, terminals should not be left open nor should they
be tied to the +5V reference; at least 50K should be connected to each pin. Slave R, terminals may be either left open or

grounded.
ERROR AMPLIFIER
P Ro Ry VOLTAGE
VReF VREeF
K2 Ry POSITIVE R3
VOLTACE
el GND
vouT = \REF(—RiR;& VOUT = WREF (-%)
= (w%) = (%)
FIGURE 2A FIGURE 228

ERROR AMPLIFIER CONNECTIONS

The error amplifier is a transconductance design, with an outputimpedance of 2 megohms and an effective output capacitance
of 100 pF. Since all voltage gain takes place at the output pin, the open-loop gain can be shaped with shunt reactance toground.
For unity gain stability the amplifier requires an additional external 100 pF to ground, resuiting in an open-loop pole at400 Hz.

The input connections to the error amplifier are determined by the polarity of the switching supply output voltage. For positive
supplies, the common-mode voltage is +5.0 volts and the feedback connections in Figure 22A are used. With negative

supplies, the common-mode voltage is ground and the feedback divider is connected between the negative output and the
+5.0 volt reference voltage, as shown in Figure 22B.

4/90 Rev1.1 2/94 LINFINITY Microelectronics Inc.
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APPLICATION INFORMATION (continued)

OUTPUT DRIVERS

The totem-pole output drivers of the SG1526 are designed to source and sink 100mA continuously and 200mA peak. Loads
can be driven either from the output pins 13 and 16, or from the +V, pin, as required. Curves for the saturation voltage atthese
outputs as a function of load current are found in Figures 14 and 15.

Since the bottom transistor of the totem-pole is allowed to saturate, there is amomentary conduction path from the +V_ terminal
to ground during switching. To limitthe resulting current spikes a small resistor in series with pin 14 is always recommended.
The resistor value is determined by the driver supply voltage, and should be chosen for 200mA peak currents, as shownin

Figure 25.

+v ey O

RETURN
= RETURN O
FIGURE 23. FIGURE 24. FIGURE 25.
PUSH-PULL CONFIGURATION SINGLE-ENDED CONFIGURATION DRIVING N-CHANNEL POWER MOSFETS
SG1526 LAB TEST FIXTURE
-Bv OND +16V +¥y VRer +\%

OUTPUT A

OUTRUT 8
cs Ta TO
xia +£s —Cs

/\
CURRENT

st >

SWEEP s 1000 w2
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CONNECTION DIAGRAMS & ORDERING INFORMATION (See Notes Below)

Ambient = :
Package Part No. Temperature Range Connection Diagram
18-PIN CERAMIC DIP SG1526J/883B -55°C to 125°C +ERROR 1 ~ 180 v,
J - PACKAGE SG1526J -55°C to 125°C -ERROR 02 [ +v,
SG2526J -25°C to 85°C COMPENSATION []3 160 outPuTB
$G3526J 0°C to 70°C e e
RESET O5 1 Voo
-CURRENT SENSE O06  13[1 OUTPUTA
+CURRENT SENSE Q7 12[0 SYNC
18-PIN PLASTIC DIP SG2526N -25°C to 85°C SAuToown s 1R
N - PACKAGE SG3526N 0°C to 70°C R, Qe  1wfc,
18-PIN WIDE BODY SG2526DW -25°C to 85°C
PLASTIC S.0.1.C. SG3526DW 0°C to 70°C +ERROR [T]|1 1) == VS
DW - PACKAGE -ERROR [T |2 7 v,
COMPENSATION [T]|3 16 [T1 OUTPUTB
Gt O |4 15 0 GROUND
SET [(M|s 0] = = RV
- CURRENT SENSE [I]]s 13 [1J OUTPUTA
+CURRENT SENSE [T {7 12 13 SYNC
SHUTDOWN [ |s 1 R e
R, O]s 0D ¢,
20-PIN CERAMIC SG15261L/883B -55°C to 125°C " c
LEADLESS CHIP CARRIER SG1526L -55°C to 125°C ) 1 4.
2. +ERROR 12.
L- PACKAGE 3. -ERROR 4) 13. %’E
4. COMP EL 14. QUTPUT A
S. csouslnu b 15. ‘-VW\LECION
6. . 16. N.C.
s 7 17. GROUND
8. +CS. 8 b 18. OUTPUT B
9. SHUTDOWN 19. +V,
PR 9 10 11 12 13 20 Ve,

Note1. Contact factory for JAN and DESC product availability.
2. All parts are viewed from the top.
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PD - 50061C

GA200TD120U

Ultra-Fast™ Speed IGBT

"HALF-BRIDGE" IGBT DOUBLE INT-A-PAK

Features p—=o 3
« Generation 4 IGBT technology : | it V_gs = 1200V
e UltraFast: Optimized for high operating
frequencies 8-40 kHz in hard switching, >200 b2l { 1 \Y/ =23V
= ! E =
kHz in resonant mode G b
« Very low conduction and switching losses s oo i
« HEXFRED™ antiparallet diodes with uftra- soft @Vge =15V, lc =200A
recovery X b
« Industry standard package
« UL approved
Benefits
« increased operating efficiency
« Direct mounting to heatsink
« Performance optimized for power conversion: UPS,
SMPS, Welding -
« Lower EMI, requiies less snubbing
Absolute Maximum Ratings
Parameter Max. Units
Vees Collector-to-Emitter Vottage 1200 \
Ic @ Tc =25°C Continuous Collector Current 200
lom Pulsed Collector Current® 400 A
[ Peak Switching Cumrent, 400
lFa Peak Diode Forward Current 400
Vae Gate-to-Emitter Voltage +20 \'
VisoL RMS Isolation Voltage, Any Terminal To Case, t=1min 2500
Pp @ Tc=25°C | Maximum Power Dissipation 1040 w
Pp @ Tc=85°C | Maximum Power Dissipation 540
Ty Operating Junction Temperature Range -40 to +150 °C
1 Tsta Storage Temperciure Range -40 to+125
Thermal / Mechanical Characteristics
= [ Parameter I oWe. | Max | Units]
i Resc . Thermal Resistance, Junction-to-Case - IGBT : i : 012 | :
| Royc | Thermal Resistance, Junction-to-Case - Diode — 0.20 J °C/W i
Rgcs . Themmal Resistance, Case-to-Sink - Module 0.1 — i
s | Mounting Torque, Case-to-Heatsink ___: e i 0 e N
o 0 Moiniting Toigus Ceserto Temminal 12,830 S a0
I | Weight of Module e S e Q00T e R g
www.irf.com 1

4/23:2000
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GA200TD120U Lt

Electrical Characteristics @ T; = 25°C (unless otherwise specified)

i Parameter IMin. | Typ.| Max.| Units Conditions
V@rices Collector-to-Emitter Breakdown Volitage 1200 — | — Vge =0V, Ic= 1mA
Vce(on) Collector-to-Emitter Voltage i— | 23] 28 | Ve = 15V, Ic = 200A
i — |21 — | V {Vge=15V,lc=200A, T,;=125°C
Vaeqn) Gate Threshold Voltage :30| — | 6.0 Ic =2.5mA
DVgeyD7y| Temperature Coeff. of Threshold Vottage i — | 11| — |mV/°C| Veg = Vg, Ic = 2.5mA
Gre Forward Transconductance @® "~ 12611 — | S |Vee=25V,ic =200A
ilces Collector-to-Emitter Leaking Current — — | 20| mA | Vge=0V, Vce = 1200V
5 W 420 Vge = 0V, Vce = 1200V, Ty = 125°C
{Vem i Diode Forward Vottage - Maximum . — | 32| 41 \Y lg=200A, Vge =0V
: L= [6.13,.E2 I = 200A, Vge = OV, Ty = 125°C
ilaes | Gate-to-Emitter Leakage Curment i — | — 1 500| nA | Vge==+20V

Dynamic Characteristics - Ty = 125°C (unless otherwise specified)

Parameter Min. | Typ. | Max.| Units Conditions
Q Total Gate Charge (tum-on) — | 1660|2490 Ve = 400V Vae = 15V
Qge Gate - Emitter Charge: (tum-on) — | 280|420 | nC |ic=249A
Qqc Gate - Collector Charge (tum-on) — | 550 | 825 Ty=25°C
ta(on) Tum-On Dealay Time — | 636 | — Rag1 = 15Q, Raz=0Q,
t, Rise Tune — | 201 | — ns | lc=200A
| tgotn Tum-Off Delay Time — | 650 | — Vee = 720V
Fall Time — | 341 — Vge = =15V
Eon Tum-On Switching Energy | =14 | — | md
Eott (1) Tum-Off Switching Energy — | 4| —
Ew (1) Total Switching Energy — { 88 | 130
Cles input Capacitance — {37343 — Vge =0V
 Coes Output Capacitance — | 1660 — | pF | Vec =30V
Cres Reverse Transfer Capacitance — { 3227} -~ f=1MHz
e Diode Reverse Recovery Time — 1196 — ns | lc=200A
e Diode Peak ReverseCument — | 131 | — A Rgy = 15Q
o Diode Recovery Charge — |12833 — | nC | Rg2=0Q
{digegM/t | Diode Peak Rate of Fall of Recovery — | 1740) — | Alps | Voo =720V
During to di/dt»1294A/us

2 www.irf.com
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TR Rectifier GA200TD120U

120 .
\\N For both:
\\\ Duty cycle: 50%
100 Ty = 125°C
. \ ésinkd‘.go'c e
ate drive as specilie
S:-— 80 \ Power Dissipation = 160 W
= \
4
‘é’ [Square wave: ; \
0 , 60% of rated N
2 ! S} voliage : ! N
i e A N
He XA B e
- iy i a
- e o i
R © o ] : —
20: s lceal cic . e ~
| : il i I~
" — 1] n
0
0.1 1 10 100
f, Frequency (KHz)
Fig. 1- Typical Load Current vs. Frequency
(Load Current = lgug of fundamental)
1000 1000
< //" A
7= v r=t == N
< Vs 3 Ty=125°C
= T=12%C N AT, e 74
] 4 = =
8 20: V4 ,II
2 / E 7 7
S 1% = == B / /o Tj=2sC
3 A4 1,=25C o %4
2 74 7z ]
= /. / g 10 / =
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- / : e
/ o { I =
o | 1
VGe =15V 5 Vce =25V
e 80ps PULSE WIDTH : 80us PULSE WIDTH
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Vg - Collector-to-Emitter Voltage V) Vge. Gate-to-Emitter Voltage (V)
Fig. 2 - Typical Output Characteristics Fig. 3 - Typical Transfer Characteristics
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250 3.0
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Fig. 4 - Maximum Collector Current vs. Case Fig. 5 - Typical Collector-to-Emitter Voltage
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Fig. 11 - Typical Switching Losses vs.
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S
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e
<4 N Eon = [ Vee e dt
\\\\\\\ \\\\ 7

%
e N\ Erec:fVC lc dt
SO s
R 5 UIODE REVERSE \
. : RECCVERY ENERGY %
13 Il

Fig. 17c - Test Waveforms for Circuit of Fig. 18a, Fig. 17d - Test Waveforms for Circuit of Fig. 18a.

Defining Eon, ta(on). tc : Defining Eec. tr, Qrr, Iy
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International

IGR Rectifier GA200TD120U

‘‘‘‘ Vg GATE SIGNAL
DEVICE UNDER TEST

CURRENTD.WU.T.

\

VOLTAGE IND.UT.

CURRENT IN D1

E
£ o £

smanan

S g | e, NN |

i

Figure 17e. Macro Waveforms for Figure 18a's Test Circuit

14T L D.U.T. Bl L RS
1000V v O-GOOVI/ thices ©
sov= L S =
6000y F
100V
Figure 18. Clamped Inductive Load Test Circuit Figure 19. Pulsed Collector Current
Test Circuit
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GA200TD120U International

IGR Rectifier
Notes:

® Repetitive rating; Vge = 20V, pulse width limited by
mex. junction temperature.

@ Seefig. 17

)

For screws M5x0.8

@ Pulse width 50ps; single shot.

Case Outline — DOUBLE INT-A-PAK

U3 Pty - OO

“TAINGTH 0L =

3 3= . £85 (1905
SC (035¢) TIRTETD)
TG (c776r 320 (1.260)
,Iff'il {‘ 30.0 {1.181)
1 \ <
250 {0.95¢; ] ] i i "SE% (Ig,"l:‘.‘z\)
= N ; g
To) S« Suc 2 syl B o \’ 1.5 {1.240% L_ 1 |
o (;;),rzs:.av. Tag 10
175 {0689)
_i,_m
62.35 (2 47
o> zon
13 aey \ Dimensions are shown in millimeters (inches)
RIS
H e 2% \_ #6.75 (0.267) (,,
e SRR

International
IGR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, Califomia 80245, USA Tel: (310) 252-7105

IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd, Whyteleafe, Surrey CR3 OBL, UK Tel: ++ 44 (0)20 8645 8000
fR CANADA: 15 Lincoin Court, Brampton, Ontario L6T3Z2, Tel: (305) 453 2200

IR GERMANY: Saalburgstrasse 157, 61350 Bad Homburg Tel: ++ 49 (0) 6172 96590

IR [TALY: Via Liguria 49. 10071 Borgaro, Torino Tel: ++ 39 011 451 0111

IR JAPAN: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome. Toshima-Ku, Tokyo 171 Tel: 81 (0)3 3983 0086

IR SOUTHEAST ASIA: 1 Kim Seng Promenade, Great World City West Tower, 13-11, Singapore 237934 Tel: ++ 65 (0)838 4630

IR TAIWAN:16 FI. Suite D. 207. Sec. 2. Tun Haw South Road, Taipei, 10673 Tel: 886-(0)2 2377 3936

Data and specifications subject to change without notice. 4/00
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Material characteristics

7 T " %
Material Symbol| Unit | HS6Z | HS5Z | HS4Z | HS3Z | H52A | H52B | H52Z | HSTA| HS12Z
. . 5 :
. o ; ffe i 7] 50 130 20 80| 1200| 1200f 120
intial permeabilby gt | x20%1 *2o%! 29| 2096 20%| £0%| *0%| t2%| i15%
el S p e e gt Rl A o Y e e e 1 ] i
; <xe| <18 < a5 <osincials A4 Gl Do Al s el
: o 1A 40MHz i M P COSMHT] S iMit | 0 10AHz § 6 Mz
e el o o S TSy, 20 seblisec 0l izl alge g
I0OMHz | 10OMEL 10MHz, 13mHzl S MHz| 1 MHz|0.SMHz| C.SMHz | C.SMHz
Temperature factor ; : | i
—30~20"C 7/ .~ i | 3~=10] 1.3=1 0. 3~2
0=-557C g X i 0~2
20~70°C % ; 1220]  3~1G!  0~5 1.5~7{ 0.2~2| 0.2~
| 3 ! '
i | ! H
i Gauss| 20397 21001 25000 - 22001 3300 3ol el ees0] s
Saturation flux density Bs | 3 : - :
- L T~ b0 0\ < zsond g L e 350 ECH 25
y 3 ¥ T [ ¥ i L Z ]
{ Gauss| ~ M0or | 12001 13000 1600F 2200 0| teo| 1seof 1w
1 1 . 1
Residual flux density Br ; ' : ; - T :
EUINSTO/ 0y \Pois/ [EDifl7i ey ~" o | f1s0 10l %0
i : : 4 | | i
Oe | 12! A N Hslelliagle 4P | fos 015 s
Coercive force Lre | 3 - T i
: Alm | 960 800| 640 240 160 56 40 4 0
! i
G e L e AN | sl fos| <os| <04
oleren s ATl c R e L mT ! ! 104Hz| 10kHz| 100KHz | 100kHz
Disaccomodation factor g DF X107 < 50 < 0 < 30 < 20 <10 <2 <10 < 6 < 4
; ‘ ?
Curie temperature’ * p  OC ] C 1 >450 >450! >400 >350 >300 >250 >230 >200] >2W
Resistivity N Qcm | 10 L0 100 JONPwoe fsmn | s00 | sm 500
Density e g/erm’ | 4.3! 3l 43 4_5] 4.4 4.6 7 4.7% 47
1

Note i 1) The values were obtained with toroidal coces (FR25% /15¢/5).
2) The values were obtained at 2312 ‘C unless otherwise specifiec.
3) Initial permeability were measured at 10 kHz, 0.8 A/m.



H21B | H2Z |H23B|H24B| H24A| H24Z | H25Z |H28B | H49N | H43B | H45 HE3 | HE3B | H45A [ HE3A
2000 2000 3500 4000 5000 7000 12000 3500 1600 1700 2500 00 2000 2400° 1250
+20% | £20% | *£20%| £20%| *£20%| E25%| +30%| +20%| *20%| +20%| +20%| +20%| +20% +20% | £20%
<3.5 <2:5 <3.0 <15 < 40 o < 8 < 30 <. <58 <iifid <id <=5 <05 <3
100kHz | 100kHz | 10kHz | 100kHz | 100kHz | 10kiz| 10kHz| 100kHz | 100kHz | 100kHz | 100 4z | 100kHz | 100kHz 100kHz | 10CKkHz
i
0.5~210.4~1.2] 0~2.0| 0~1.5/-0.5~2| 0~2.0
Og-).5 Fr8—~3
0.5~210.4~1.2! 0~2.0| 0~1.5|-0.5~2| 0~2.0
4100 4200 4000 4400 4500 4000 4000 4700 5000 5300 4700 5200 5000 4300 4700
410 420 400 440 430 400 400 479 500 530 470 520 500 480 470
1100 200 S00 1500 1500 <00 &0 100 1500 1800 1600 1200 150 1200 316
110 &0 N0 150 150 0 % 100 150 180 100 120 150 120 310
0.20 0.15 0.30 0.13 0.13 2.13 0.05 5.20 0.186 0.20 0.16 0.16 0.16 C.16 C.25
24.0 12.0 24.0] 0.4 10. 4 10.4 4.0 160 12.8 16.0 12.8 12.8 12.8 128 20.0
<04 <0.4] <LO[ <LoOf--<10| <LO| <iLO| <c@8
10kHz 10kHz | 10kHz| 10kHz| 10kHz| 10kHz| 10kHz| 100kHz
<310] <20| <3G\ <3O} o<3.0] RAMNIOf &3 0
: —— -
~160 >170 >125 >145 >145 2125 >125 >2(.in >230 >220 >200 >230 (>2(53 >200 >7n
g = -
40) 350 2 2 i0 3 3 100 | 100 1000 100 100 100 i00 100
H | H i i
4.8 4.8 4.8]‘ 4.8 4.ai 49 43 4.5 4.8 4.8 4.3 4.8 4.8 4.31 4.7
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Pressman,A.lL, “ Switching Power Supply Design “,McGraw-Hill,1991
Cheryssis,G.,” High-Frequency Switching Power Supplies Theory and design “

McGraw-Hill, 1989
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