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ABSTRACT

This thesis presents a new topoloées of delta modulation technique and an improved
inverter waveform of delta modulation scheme. Pulse width modulation (PWM) signals are
synthesized by using R-C multivibrator base and it is applied to the gate driver circuit of 1 (I) static
PWM inverters. This circuit has the capability to maintain a near constant fundamental voltage of
the output waveform of the inverters. Analysis for the effect of changing delta modulator proposed
topologies type parameters such as amplitude of sinusoidal reference, integrator time constant and
hysteresis band width have been performed. Additionally, the comparison PWM voltage pattern and
characteristic of harmonic spectra having proposed topologies type of delta modulator and inverter
performance investigation are also given. In this thesis, the performance of proposed delta modulator

is illustrated, both by PSpice simulated and experimental resuits.
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2 32
tp -t RC]n 1+ R2 (+Vsal ( Vsal ))]
\ Rl (+ Vsal)
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7= RC ln 1+ R2 (+V.mt |E (_Vsal) + In 1+ R2 (—Vsal N (+Vsal )) (4.18)
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KEYWORD : Converter control

ABSTRACT : This paper presents a new topologies of delta modulator (DM) for static
PWM inverter application and an improved inverter waveform of delta modulation. The tuned
and the multi-integrator DM are the two schemes proposed for PWM waveform synthesis so
far{2). The methods were found useful for variable speed PWM inverter-fed ac drives and
minimization of harmonic in delta modulated inverters. However it was observed that dunng
tuning and filtering process, fundamental output voltage of the inverter reduced. With an aim to
overcome this effect, a new topologies of delta modulator which combines the advantageous
features of both the variable slope of integrator and variable hysteresis window DM in one
modulator is proposed. Pulse-width modulation (PWM) signals are synthesized by using R-C
multivibrator base. Therefore, the proposed DM consisted a few component and another achieved
objective are mimmized of control circuit complexity. The topologies has the capability to
maintain a constant fundamental voltage of the output waveform of the inverters and the PWM
switching frequency to be ncar constant for all PWM pulses at any amplitude reference signal.
The performance and cost of this modulator is better than other DM topologies so far reported.
Experimental results confirming the feasibility of the proposed modulator.

t

INTRODUCTION

Sinusoidal pulse-width modulation (SPWM) is one of the most commonly used
modulation technique in static inverters. The implement of the SPWM switching strategy for
inverter varies according to the needs of control, optimization, harmonic reduction, and
implementation involvements. The primary objective of most switching strategies is provide low
harmonic, low number of commutations, and easy control of the inverter output voltage. The
delta modulated switching strategy provide most of these features without much implementation
complexities as required in that of SPWM switching strategy. Delta modulation provides inherent
constant ¥/f control for a preset frequency rang of operation and low commutation rates for high
modulation. These features arc inhercntly obtained in the DM switching strategy without
feedback complexity as used in most PWM inverter switching.

In recent years delta modulators have gain popularity for application in voltage source
inverters(VSI). The DM offers the opportunity of on-line harmonic minimization [1] of pulse-
width modulated inverters without conventional optimized processes. The advantages of DM for
on-line control of various inverter waveform are their simple implementation and versatile
performances. In single and double integrator DMs are the two schemes proposed for PWM

EPE 2003 - Toulouse ISBN : 90-75815-07-7
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waveform synthesis so far{1]. The methods were found the fundamental voltage magnitude is
low. Also, when the modulating frequency is increased, pulse dropping phenomena occurs. Hence
_ it is not suitable for wide range of variable frequency application. However, using tuned filter or

variable slope of integrator, pulse dropping phenomena can be minimized [2] with reduction of
the fundamental output voltage.

The integrator of the modulator in a delta modulated inverter control greatly affects the
voltage waveform patterns, fundamental voltage and spectral components. The performance of
DM with tuned intcgrator and different type of filters suffers from low fundamental voltage. The
previous topology can not provide constant fundamental voltage and the variations in switching
frequency over the fundamental period of the modulation signal. As a consequence, the load
current ripple exists. This effect may result in an increasc in additional loss, sub-harmonic. To
overcome these problem a new topologies and low cost of DM by combines the advantagcous
features of both the variable slope of integrator and hystersis band DM in one modulator is
proposed in this paper. The topologies has the capability to maintain a constant fundamental
voltage of the output waveform of the inverters and the PWM switching frequency to be near
constant for all PWM pulses at any amplitude reference signals.

The block diagram of 2 conventional DM is shown in Fig.1(a). Two basic components of
the modulator are the hysteresis quantizer and the filter integrator. For inverter operation the input
to the modulator is a sine wave to produce an error signal. The error signal is quantized by the
hysteresis quantizcr producing the modulated output which is the switching signal for the
inverter.

- Fignal
1 Filser I J
Inscgracor > N1V .

(a) Block diagram of a conventional DM.

Hysteresis

Quandrer

E vV Modulated
Sine Wave Signal [ I Owtput Signal
Signal p———
v E—i v A
' c 'y
Signal
-
Fllter
Imtagreior .
A

(b) Block diagram of proposed DM.

Fig.1. Block diagram of existing delta modulator.(a) Conventional DM.(b) Proposed DM.
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PROPOSED SCHEME

The block diagram of the ncw scheme is shown in Fig. 1(b). In this paper, an easy but
versatile scheme of improved the fundamental voltage and harmonic content of the inverter by
changing the filter integrator characteristics with do not affect the fundamental voltage, and
controls the hysteresis window of the quantizer to attain the same order of reduced harmonics and
at the same time maintains a ncar constant magnitude of the fundamental component of output
voltage, the synchronization carrier signal and hysteresis window with the sine wave signal is
inserted into the basic block diagram of the DM. As the time constant of the filter integrator
(slope) and window size of hysteresis changes, this results in increase of the ripple frequency of
the carrier signal. Hence the dominant ripple frequency harmonics shift to higher frequency
dornain [3].

Typical carrier signal obtained from the theoretical analysis of variable slope of
integrator DM and variable hysteresis window width modulator, the simulation are shown in Fig.
2.and Fig.3 respectively. Fig.4 shown the simulation corresponding modulated output signal for
the variable hysteresis window width DM. From the Figs 3 the variation of slope of the carrier
signal by are evident.

(2) (b)

Fig.2. Typical carrier signals of vanable slope DM for Frequency = 50 Hz,
Window:Width = 3.0V.
(a) Slope = 2000 V/sec. (b) Slope = 4000 V/sec.

(2) (b)

Fig.3. Typical camier signals of variable window width DM for Frequency = 50 Hz,

Slope = 4000 V/sec.
(a) Window Width = 1.0V. (b) Window Width=0.5 V.

EPE 200) - Toulouse ISBN : 90-75815-07-7
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(a) (b)

Fig.4. Typical DM-P'WM modulated output signals of variable window width DM for
Frequency = 50 Hz, Slope = 2500 V/sec.
(a) Window Width = 1.0 V. (b) Window Width=0.5 V.

ANALYSIS

I. ANALYSIS OF DELTA MODULATION

The mathematical expressions for parametric model can be derived. The more detail of
the analysis can be found in {4). From Fig. 5, the switching points is

"y b AH,
0 S T,

t, =2r—+In- A
- s N sinld, +—2-1-)

M

and we can found the number of pulse per cycle is expressed as

; 3 2 172
) Sol X e 1—(V—".) 1+ 42| Ze @)
4dr, K Ug

d = hysteresis window,
T, = integrator time constant,
V= amplitude of sine wave signal,

where,

The modulation index can also be defined as :

M= _;.,_‘!'f’_s_ (3)
T,V
where,

g = reference angular frequency

V = supply voltage

EPE 2003 - Toulouse ISBN : 90-75815-07-7
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al 3
4
Fig.5. Capacitor voltagc, consisting of exponentially rising and dccaying scgments, following the

sine wave signal with maximum deviation d.
II. HARMONIC ANALYSIS OF DELTA MODULATED WAVEFORM
The switching points of the modulated wave allow one to write the Fourier series of the

4)

inverter modulated wave as follows

2Vdc Z(_l) (s-m né, smne,,)

=1,2,...

sz S0

Amr 4 2.

)

i+l

(cos n6, —cosnb,.,)

Where,
N = number of pulse per cycle.
8,= awt; = 27ft, is the ith pulse position in radian

(K
4 is the dc supply voltage of the inverter,

n is the order of the harmonics,
a, & b, are the n the order Fourier coefficients

The fundamental voltage of the modulated wave can be obtained from equations (4) and (5) as
(6)

2V N i+l
a = Z(— 1) (sin n8, —sinnb,,)
(7

T a2,

—cos nf,,)

i(— 1) (cos no,

i=l,2..

and, ¥, =+a,” +b

Where, V, is the fundamental voltage.

ISBN : 90-75815-07-7

P3

EPE 2002 - Toulouse



101

Frequeacy = 50 Hx Frequency = 50 Hx
Window Width = 1V - Wiadow Widh = 1V
Slope = 2500 V/sec Slope = 3000 V/sec
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Fig.6. Spectra of variable slope integrator conventional DM-PWM modulated wave
for frequency = 50 Hz, Window Width=1V. :

(6a) For slope = 2500 V/sec. !

(6b) For slope = 4000 V/sec.

Fig.7. Spectra of both variable slope integrator and window width of proposed DM-
PWM modulated wave for trequency = 50 Hz.

(7a) For slope = 3000 V/sec, Window width=1V.

(7b). For slope = 6500 V/sec, Window width=0.5V.

Fig.6(a) and 6(b}) show two spectra of standard modulator with vary slope of integrator or
tuned DM modulated wave for 50 Hz operation with hysteresis window 1.0V and slope of 2500
V/sec and 4000 V/sec respectively. These spectra show that due to increase of slope the
harmonics between 3" and 17" , reduce substantially. However, the fundamental also reduces
from 0.6 p.u. to 0.3 p.u.. The spectra of proposed modulator for similar variation the both of slope
of integrator and hysteresis window width from 1.0V to 0.5V and slope of integrator from 3000-
6500 V/sec at 50 Hz are shown in Figs 7(2) and 7(b) respectively. These spectra of Figs 7(a) and
7(b) show that the harmonics between 3™ and 39® are reduced due to slope of integrator and
window width variation but fundamental remains constant at 0.6 p.u..

EXPERIMENTAL RESULTS

In this section the theoretical results obtained in the previous sgctions are examined
practically. Fig. 8 shows the circuit used to generated the switching signal for examining the
operation in which R,= 10 kQ, R,= 100 kQ, R= 100 kQ and C = 0.14F. The proposed circuit is
used to be cither a square wave generator with varied frequency from 10Hz -10 KHz when
input to ground is applied, this square wave generator is also called a free-running or astable

EPE 200) - Toulouse ISBN : 90-75815-07-7
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multivibrator, or a delta modulator which is improved fundamental voltage and minimization of
barmonic in delta modulated inverters when there is sin wave input signal. According to
_ reference (2] , for variable hysteresis window, the window width is varied by changing the value
of R,and for time constant DM or slope of integrator operation, the integrator parameter R . The

experimental waveforms for variable slope with frequency of 50 Hz and window width = 3.0V
are shown in Fig. 9. Fig. 10 shown the experimental waveforms for variable hysteresis window

for frequency of 50 Hz and slope = 4000V/sec.

M e j.

=T
L l—%_’_

(8a) Conventional DM circuit [5].

Fig.8. Experimental delta modulaior circuit for producing the switching signals.

(8b) Proposed DM circuit.

T

4

T 1 T v

i,

‘

()

®)

Fig.9.Carrier signal and DM-PWM pattern for varying slope of integrator
with frequency = 50Hz and window width = 3.0V.

(a) Slope =2000V/sec. (v) Slope =8000V/sec.

Fig.10.Carrier signal and DM-PWM pattern for varying hysteresis window
with frequency = S0Hz and slope = 4000V/sec.
(a) window width = 1.0V.(b) window width = 0.5V.
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Delta PWM Control ﬁ
i e L
! J’l‘ 0 n o
oy A
D

'
v TIS K R's
- } -

SWTreTI——y

Fig.11. Block diagram of delta modulated static PWM inverter systems.

In order to verify the feasibility and performance of the modulator and confirm key
predicted waveforms, the proposed DM modulator was tested on a 1-¢ IGBT static half-bridge
inverter having dc voltage V;=100V. The proposed delta modulator signal is applied to the “ Fuji
Electric ” gate drives. In crder to observe the “ dead time” between the upper and lower IGBTs
of the same leg of the inverter, CMOS NAND logic is implemented. The load consists of
inductance of 15 mH, and a resistor of 8 Q in series connection. The fundamental frequency is
50 Hz. A block diagram of delta modulated static PWM inverter systems as shown in Fig.11.
Relevant experimental results are shown in Fig.12 and Fig.13. The DM-PWM pattern in Fig. 9
with varying slope of integrator is applied to the gate driver of the 1-¢# IGBT static half-bridge
inverter without LC filter. The spectrum of their corresponding inverter output voltage are shown
in Fig.12. These spectrum show that as the slope increases lower order harmonics are reduced and
the dominating harmonics shift to thethigher frequency domain. It is specially important to note
that the magnitude of fundamental component of the output waveform™of the inverters remains
constant at 60V. The DM-PWM pattern in Fig.10 with varying hysteresis window is applied to
the gate driver of the l-¢ IGBT static inverter without LC filter. The spectrum of their
corresponding inverter output voltage are shown in Fig.13. It can be seen from these spectrum of
Fig.13 that as the window width is varied from 1.0V to 0.5V, the dominating ripple harmonics
shift to higher frequency domain. However , the fundamental component of the output waveform
of the inverters remains constant at 60V., thus eliminating the problem of varying the slope of
integrator or tuncd DM operation. Experimental results confirming the feasibility of the proposed
modulator.

Veitage (V)

Voitaga(V)
00 T T

T !

80 1 20 40 e 860~ 80 100
Harmonic Order
(b)

Fig.12. Spectrum of DM-PWM inverter output voltage with modulation index M =0.6,
frequency = SOHz and window width = 3.0V.
(a) Slope = 2000V/sec. (b) Slope = 8000V/sec.
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Voltuge (V)

8

&

3

2 404 @ &®w 0 I

Harmonse Orcer

(a)

Fig.13. Spectrum of DM-PWM inverter output voltage with modulation index M =0.6,
Frequency = 50Hz and slope = 4000 V/sec.
(a)window width = 1.0V (b) window width = 0.5V

25 T T T T T T L} T T

S \ B

*: ——————w
~~ Proposed DM\ 4
| —— Conventional DM

e,

1 P = W o7 84 DLY 9

N
(=]

< -
=) w
T

Conmutation / Cycle
o

Anplitude Sinewave Signal (volts)

Fig.14.”"A comparative of variation in'number of commutations with amplitude sine wave signal
between standard DM and proposed DM.

Fig.14 shows the comparative in the number commutations between both the topologies
with a given hysteresis band and switching frequency. From the figure, we notice the following.
The proposed DM is capable of a near constant number of pluses per cycle of the modulation
signal at any amplitude reference signal or modulation index..

s o A ek : B e a0, FORRROR 13 50
“~&-1~VMAVY¢A¢;¢f§h~J4 "[;,,//’/”’_—s\\\\\<i

(a) O]

Fig.15. Experimental waveforms of the inverter output voltage and current with

frequency = SOHz, slopc = 300V/sec and window width = 0.5V. (a) unfilteréd (b) filtered
output voitage waveform (Upper trace) ; scale x: 5ms/DIV, y: S0V/DIV

output current waveforin ( Lower trace); scale x: Sms/DIV, y: 3A/DIV
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Fig.15(a) shows tke experimental waveforms of the inverter output voltage and load

current. The unfiltered output current waveform for RL load is nearly sinusoidal, Fig. 15(b) shows

... the experimental waveforms of the inverter output voltage and load current with L-C filter, L= 1

- mH, C = 330 4F and RL load. This figure demonstrates the cffectiveness of the proposed DM in

‘producing near sinusoidal quality load voltage and currents for UPS applications. Experimental
results confirming the feasibility of the proposed modulator.

CONCLUSION

The problem of low fundamental output voltage in tuned slope integrator DM is
improved by using a new topologies of DM which controls the slope by changing the filtcr
integrator characteristics and controls window of the quantizer to attain the same order of reduced
harmonics and at the same time maintains a constant magnitude of the fundamental component of
output voltage by combine the advantageous of both the variable slope and window width DM
in pne modulator. The topology has the capability to maintain a constant fundamental voltage of
the output waveform of the inverters and the PWM switching frequency to be near coastant for
all PWM pulses at any amplitude reference signal.-This paper also reports a simple and low cost
analog implementation topology for DM for inverter control.
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40A, 600V, UFS Series N-Channel IGBT
with Anti-Parailel Hyperfast Diode

The HGTG20N60B3D is a MOS gated high voltage
switching device combining the best features of MOSFETs
and bipolar transistors. The device has the high input
impedance of a MOSFET and the low on-state conduction
loss of a bipolar transistor. The much lower on-state voltage
drop varies only moderately between 25°C and 150°C. The
diode used in anti-parallel with the IGBT is the RHRP3060.

The IGBT is ideal for many high vollage switching
applications operating at moderate frequencies where low
conduction losses are essential.

Formerly develcpmental type TA49016.

Ordering Information
PART NUMBER PACKAGE BRAND
HGTG20N60B3D TO-247 (G20N6083D

NOTE: When ordering, use the entire part number.

Symbol

:

106
HGTG20N60B3D

' 9% " DeCember 2001

Features

* 40A, 600V at Tg = 25°C

* TypicalFall Time. . .................. 140ns at 150°C
* Short Circuit Rated

* Low Conduction Loss

* Hyperfast Anti-Paralle! Diode

Packaging

JEDEC STYLE TO-247

COLLECTOR
(BOTTOM SIDE METAL)

FAIRCHILD SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS

4,364,073 4,417,385 4,430,792 4,443,931
4,598,461 4,605,948 4,620,211 4,631,564
4,682,195 4,684,413 4,694,313 4,717,679
4,803,533 4,809,045 4,809,047 4,810,665
4,888,627 4,890,143 4,901,127 4,904,609

4,466,176 4,516,143 4,532,534 4,587,713
4,639,754 4,639,762 4,641,162 4,644,637
4,743,952 4,783,690 4,794,432 4,801,986
4,823,176 4,837,606 4,860,080 4,883,767
4,933,740 4,963,951 4,969,027

©2001 Fairchild Semiconductor Corporation
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HGTG20N60B3D
Absolute Maximum Ratings T¢ = 25°C, Unless Otherwise Specified
: HGTG20N60B3D UNITS

CONBCION 10 EMMOr VOIBOO . . . - - .. e e e saansnaneetsansnanannnnnnnnnnnnnes BVces 600 v
Collector 10 Gate Voage, RGE = TMQ .. .. evvuennnererrenaennenaeenonnns BVCGR 600 v

Collector Curment ContinuOUS. .. ... ... vveneerrerrossrnsroceanssesenananns Ic2s 40 A

ALTC= 11000 Lo it et e eia e Ic110 20 A
Average Diode Forward Cument 8t 110%C. . .. ..ceviieienn i lavG) 20 A
Collector Current Pulsed (NOME 1) . . ... v v v vevsneennnnnnneseseenessminmneeennn IcM 160 A
Gata 1o Emitter Votage CONBNUOUS. . . .. cuuve e et rrnriresuereranenenerecee VGES 120 v
Gal6 10 EMMEr VoRage PUISEd . . . ..o vennnnnenenrenseeeaanssaneneeeaenees VGEM 130 v
Switching Safe Operating Area at Te = 1509C ... . ..ovieenniiiiniiiinn.s. .. SSOA 30A at 600V
Power Dissipation Total at TC = 25%C ... oo vveriernenniinneiii i Pp 165 w
Power Dissipation Derating Te>25%C .. ....oveeevniniiininns, e 1.32 wrc
Operating and Storage Junction Temperature RaNge . .. ....o.eieniinnn.. T, TstG -40to 150 °c
Maximum Lead Temperature for SOIering ... ..euveereeareneenvenrinernsenannnn T 260 °c
Short Circuit Withstand Tima (Note 2) atVge = 15V. .. .o veiiiiniiniinncnn o tsc 4 Bs
Short Circuit Withstand Time (Note 2) at Ve =10V .. .coivvivviiiiiiinn, 1sc 10 ns

CAUTION: Stresses above those kisted in “Absoiute Maximum Relings” mey cause permanent damage fo the device. This is 8 stress only rating and operation of the
device ol these or any other conditions above those indicated in the operational sections of this specification is not implied.
NOTES:

1. Repetitive Rating: Pulse width limited by maximum Junction temperature.

2. Veg = 360V, Te = 125°C, Rg = 2540

Electrical Specifications T = 25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Callector to Emitter Breakdown Voitage BVers Ig = 250pA, Vg = 0V 600 - - v
Collector to Emitter Leakage Current Ices Vce = BVces Tc=25°C - - 250 A
Tc = 150°C C . 2.0 mA
Collector to Emitter Saturation Voltage VCE(sAT) Ic=lc110. Tc=25°C - 18 2.0 v
Ve = 15V Tc =150°C - 21 25 v
Gate to Emitter Threshold Voltage VeEmH) | lc = 250uA, Vee = VoE 30 5.0 6.0 v
Gate to Emitter Leakage Current IGES VGE = 20V / - 1 +100 nA
Switching SOA SSOA Te = 150°C VCE = 480V 100 ] - A
Vee = 15V, Ve = 600V 30 - - A
t Rg = 10Q,
L = 45pH
Gate to Emitter Plateau Voltage vGep Ic=lc110. Vce = 0.5 BVCEs - 8.0 - v
On-State Gate Charge QaioN) Ic=lc110. Vgg = 15V - 80 105 nC
Vce=0.5BVcEs |vge =20V 3 105 135 nC
Current Tum-On Delay Time tgoN;l T¢ = 150°C, - 25 - ns
Current Rise Time tq Ice=Ic110 - 20 - ns
Current Tum-Off Delay Time t4(OFF)! zCE - ?’58\/8\/‘:55- - 220 275 ns
Current Fall Time t R((;;E= 100, - 140 175 ns
Tum-On Energy Eon L = 100pH - 475 - w)
Tum-Off Energy (Note 3) EofFF - 1050 - pd
Diode Forward Voltage Vec lgc = 20A - 15 1.9 \'/
Diode Reverse Recovery Time tr lec = 20A, digg/dt = 100A/us - - 55 ns
Igc = 1A, digc/dt = 100A/us - - 45 ns
‘Thermal Reslstance Resc IGBT - - 0.76 °cw
Diode - - 1.2 ocw

NOTE:

3. Tum-Off Energy Loss (Eqef) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and ending
at the point where the collector cuirent equals zero (Icg = 0A) The HGTG20N60B3D was tested per JEDEC standard No. 24-1 Method for
Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Tum-Off Energy Loss. Tum-On losses include
diode losses. :

©€2001 Fairchild Semiconductor Corporation HGTG20N60B3D Rev. B
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HGTG20N60B3D

Typical Performance Curves

< 100 . < 100 T 7 T
E PULSE DURATION = 250us E Vee =15V [ 1V Vog = 10V
& DUTY CYCLE <0.5%, Vg = 10V / y ' '
[3 1 3 PULSE DURATION = 25038
21" ] 3" V'~ DUTY CYCLE <0.5%, T¢. = 25°C
pot Tc = 150°C & VGe ™= 9V
E | . E w / P e
w Te = 25°C e

c P / Vgg = 8.5V
R |
['4 3 g 40
2 Te=-4°C e Vog = 8.0V
o bl
Y 2 — 3 20
b‘ —o‘ v Vge = 7.5V
O. ‘:.' il VGE = 7.0V
_‘xu" 0 L ol T T

4 6 8 10 12 0 ) 4 [) ] 10
VGE: GATE TO EMITTER VOLTAGE (V) Vce, COLLECTOR TO EMITTER VOLTAGE (V)
FIGURE 1. TRANSFER CHARACTERISTICS FIGURE 2. SATURATION CHARACTERISTICS
50 100
40

\ Vge™ 15V
"

! O
S

T T
PULSE DURATION = 2508 Te = 25°C
DUTY CYCLE <0.5%, Vgg = 15V
s
A |

Icg, DC COLLECTOR CURRENT (A)

Ice, COLLECTOR TO EMITTER CURRENT (A)

\ r Te =150°C
10 20
. 0
25 50 75 100 125 150 3 3 2 ~ p 5
Tc, CASE TEMPERATURE (°C) VcE, COLLECTOR TO EMITTER VOLTAGE (V)
FIGURE 3. DC COLLECTOR CURRENT vs CASE FIGURE 4. COLLECTOR TO EMITTER ONS_TATE VOLTAGE
TEMPERATURE
5000 — s
FREQUENCY = 1MHz w e " s
Cies < w
o § 480 m— 122
3 K Vce = 600V 5
4 w S
=z 3000 E 360 9 E
£ z \ E
- E
g 2000 E o .| ll VeE = 400V 3 g
B c
NS v E
1000 3 120 To = 25°C 433
- \-!-- 8 'g(REF) = 1.685mA g
0 ~ w Ry = 30Q2 >
0 5 10 15 20 25 s ¥ . ot PP = b
Vg, COLLECTOR TO EMITTER VOLTAGE (V) Qg, GATE CHARGE (nC)
FIGURE 5. CAPACITANCE vs COLLECTOR TO EMITTER FIGURE 6. GATE CHARGE WAVEFORMS
VOLTAGE

©2001 Fairchild Semiconductor Corporation HGTG20N60B3D Rev. B



109

HGTG20N60B3D

Typical Performance Curves (Continued)
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HGTG20N60B3D

Test Circuit and Waveform

>

FIGURE 18. INDUCTIVE SWITCHING TEST CIRCUIT

Handling Precautions for IGBTs

Insulated Gate Bipolar Transistors are susceptible to
gate-insulation darnage by the electrestatic discharge of
energy through the devices. When handling these devices,
care should be exercised to assure that the static charge built
in the handler’s body capacitance is not discharged through
the device. With proper handling and discharge procedures,
however, IGBTs are currently being extensively used in
production by numerous equipment manufacturers in military,
industrial and consumer applications, with virtually no damage
problems due to electrostatic discharge. IGBTs can be
handled safely if the following basic precattions are taken:

1. Prior to assembly into a circuit, all leads should be kept
shorted together either by the use of metal shorting
springs or by the insertion into conductive material such
as “"ECCOSORBD™ LD26" or equivalent.:

2. When devices are removed by hand from their camiers, the
hand being used should be grounded by any suitable
means - for example, with a metallic wristband.

3. Tips of soldering irons should be grounded.

4. -Devices should never be inserted into or removed from
circuits with power on.

5. Gate Voltage Rating - Never exceed the gate-voltage
rating of Vggm. Exceeding the rated Vg can result in
permanent damage to the oxide layer in the gate region.

6. Gate Termination - The gates of these devices are
essentially capacitors. Circuits that leave the gate open-
circuited or floating shou!d be avoiced. These conditions
can result in turn-on of the device due to voltage buildup
on the input capacitor due to leakage currents or pickup.

7. Gate Protection - These devices do not have aninternal
monolithic zener diode from gate to emitter. If gate
protection is required an external zener is recommended.

o N

- -

—»{ EofFF |EoN |-
Vce

890%

Ice 1% =
'«ornn—-ﬂ»"l:_ﬁvl:— tq
n - taonp

FIGURE 19. SWITCHING TEST WAVEFORMS

Operating Frequency Information

Operating frequency information for a typical device (Figure 13)
is presented as a guide for estimating device performance
for a specific application. Other typical frequency vs collector
current (Icg) plots are possible using the information shown
for a typical unit in Figures 4, 7, 8, 11 and 12. The operating
frequency plot (Figure 13) of a typical device shows fygax ¢ oF
fmAx2 whichever is smaller at each point. The information is
based on measurements of a typical device and is bounded
by the maximum rated junction temperature.

fmax1 is defined by fax1 = 0.05/(tg(oFF) ta(oN))-
Deadtime (the denominator) has been arbitrarily held to 10%
of the on- state time for a 50% duty factor. Other definitions
ara possible. ty(oFF) and tyony are defined in Figure 19.

Device turn-off delay can establish an additional frequency
lirniting condition for an application other than T jm. ty(oFF)!
is important when controlling output ripple under a lightly
loaded condition. .

fmax2 is defined by fax2 = (Fp - Pc)(EoFr + Eon)- The
allowable dissipaticn (Pp) is defined by Pp = (Tym - Tc)/Reuc-
The sum of device switching and conduction losses must
not exceed Pp. A 50% duty factor was used (Figure 13)
and the conduction losses (P¢) are approximated by

Pc = (Vee x Ice)/2.

Eon and Eqgf are defined in the switching waveforms
shown in Figure 19. Eqy is the integral of the instantaneous
power loss (Icg x Vcg) during turn-on and Egff is the
integral of the instantaneous power loss during turn-off. All

tail losses are included in the calculation for Eqgf; i.e. the

collector current equals zero (Icg = 0).

©2001 Fairchild Semiconductor Corporation
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General Description

The LF351 is a low cost high speed .JFET input operational
amplifier with an intemally timmed irput offsel voltage
(BI-FET ™ technology). The device requires a low supply
current and yel maintains a ‘arge gain bandwidth product
and a fast slew rate. In addition, well matched high voltago
" JFET Input devices provide very low input blas and offset
cumrents. The LF351 is pin compatible with the standard
LM741 and uses the same offsat voltage adjustmant drcuit-
ry. This feature allows designers to iminediately upgrade the
overall performance of existing LM741 designs.

The LF351 may be used in appiications such as high speed
integrators, fast D/A convorters, sample-and-hold circuits
and many other circuits requiring low input offset voltage,
low Input bias current, high input impedance, high slew rate
and wide bandwidth. The device has low noise and offset
voltage drift, but for applications whero these requirements
are critical, the LF356 is recommended. If maximum supply

NNational Semiconductor

LF351 Wide Bandwidth JFET Input Operational Amplifier

curent Is Important, however, the LF351 is the better
choice.

Features

| Intemally trimmed offset voitage
= Low input bias current

® Low Input noise voitage

10 mV
50 pA
25 nV/Hz

® Low input noise curent 0.01 pA/HZ
® Wide gain bandwidth 4 MHz
® High slew rate 13 V/ps
® Low supply current 1.8 mA
= High Input impedance 10120y
® Low total harmonic distortion Ay =10, <0.02%

Ry =10k, Vo =20 Vp-p, BW=20 Hz-20 kHz
® Low 1/f nolse corner
u Fast seltling ime t0 0.01%

50 Hz
2ps

Typical Connection

_yu

TU/H/5648-11

Connection Diagrams

Simpllﬂed Schematic

Vec O

Yo

INTERNALLY

TUH/5848-12

8
b— NC

2 s
INPUT =——ip —a

3 s
INPYT ==y = OUTPUT

5
= BALANCE

TUH/5648-13

Order Number LF351M or LF351N
See NS Package Number MOSA or NOSE

©1995 Nasional Seniconduckor Corporstion  TL/H/ 564
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Typical Performance Characteristics (continved)
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Typlcal Performance Characteristics
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Typical Applications

Supply Current indicator/Umiter

v
© Vour switchos high when Rglg > Vp

Ultra-Low (or High) Duty Cycle

Pulse Generator

mne Al

v

)
>
S
5 1.

]

AA

%(l

%!I

v-

* LouTPuT HIGH = RIC lr\*“’——zysi
43 -Vg
2vg - 78

* LouTPUT LOW = R2C lnm

where Vg = V+ + |v-|
*low leaksge cupacitor

sy

o TOSYSTEM
7 VOLTAGE CommecTION

TO CONTROL CRCUITAY

RESET

INTEGRATE 1 LHINT

Parasitic b put capacitance C1 = (3 pF for LF351
phus any additonsl leyout

with feedb and creates
hgh frequency pole. To

that R2C2 = R1C1.

add C2 such

Long Time integrator

TL/H/5648-10

*Low leakage capacitor
* 50k pot used for less sensitive Vog adjust

L)
1
Vout * 3¢ _'/" Vin O
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