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ABSTRACT

THE PURPOSE OF THIS REPORT ARE THE PART OF STUDIOUS AND
RESEARCH 1 PHASE UNINTERRUPTABLE POWER SUPPLY WHISH HAS
RATED 300 VA. THE GENERATED OF AC. VOLTAGE USE P.W.M. THECHNIQUE
TO GENERATE SINE- WAVE SIGNAL IN INVERTOR AND HAS INSULATED
GATE BIPOLAR TRANSISTOR ( IGBT ) WORKING AS SWITCHING DEVICE, AND
CHOOSE SWITCHING LIKE NATURAL MODULATION TO GENERATE 3 LEVEL
P.WM. SIGNAL. THIS POWER SUPPLY HAS 2 MODE OF WORKING. FIST
MODE IS IN NORMAL SISTUATION (NORMAL LINE) , INVERTOR IS BRING THE
ENERGY FROM NORMAL LINE TO BESTABLISH THE P.W.M. SIGNAL TO
SUPPLY LOAD. AND IN SECOND MODE IS THE WORKING IN SISTUATION
OF NORMAL LINE CAN NOT SUPPLY ENERGY TO INVERTOR (LINE OUTLET)
JINVERTOR WILL USR™ THE ENERGY WHICH BACKUP IN BATERRY TO
BSTABLISH P.W.M. SIGNAL. .
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General Description

The LM2900 sedies consists of four independent, dual input,
mtermally compensated ampfifiers which were designed
specifically to operate off of a single power supply voltage

&Nationat Semiconductor

February 1995

LM2900/LM3900/LM3301 Quad Amplifiers

Features

8 Wide single supply voltage 4 Vpe to 32 Vpg
Range or dual supplies +2 Vpo to £16 Vpg

® Supply current drain independent of supply voltage

TUH/7836-1

and to provide a large output voltage swing. These amglifi- & Low input biasing current 30 nA
ers make use Of a current miror to achieve the nondnvert- g High open-ocp gain 70 dB
ing input function. Application areas inchide: ac amplifiers, g wide bandwidth 2.5 MHz {unity gain)
RC active filters, low frequency tiangle. squarewave and | ooy ot voltage swing vt - 1) Vpp
pulse waveform generation circuits, tachometers and low In to compensated for urity gai
speed, high voltage digital logic gates. ® Intomafly frequency compe gamn
& Output shortcireuit protection
Schematic and Connectlon Dlagrams
Dual-in-Line and S.O.
- vt [ (g loes™ (2 ouT, L
1" 13 12 11 10 [ [
4
*
ouTPyT
"2
-RPUT
1Imh
v 1 F] 3 3 s [ 7
N * Nt [ GUT, ey, N~ GAD
TLMH/7936-2
Top View

Order Number LM2300N, LM3900M, LM3300N or LM3301N

See NS Package Number M14A or N14A

©1995 National Samiconduckr Comaration  TL/H/7538

ARD-G30M113/Pdnted inU. 8. A

siopyldwy pend LOESIN1/006EW1/0062W1



Absolute Maximum Ratings .

M Mititary/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

LM2300/LM3900 L M3301
Supply Voltago 32 VDC 28 VDC
+16Vpc 14 VDC
Power Dissipation {Ta — 25°C} (Note 1)
Moided DIP 1080 mW 1080 mW
$.0. Package 765 mW
Input Currents, InToriy” 20 mApg 20 mApg
Output Short-Gircuit Duration—One Amglifier Cortinuous Conlinuous
Ta — 25°C (Ses Application Hints)
Operating Temperatire Range —40°Cto +85°C
LM2800 ~40°C 1o +85'C
LM39C0 0°Cto +70°C
Storage Tempegature Rangs ~65°C to + 150°C —65°C to + 150°C
Lead Temperaturo {(Soldering, 10 sec.) - 260°C 260°C
Soldering Information
Dualdnine Package
“Soldering (10 soC.) 260°C 260°C
Small Outline Package
Vapor Phasa (60 sec.) 215°C 215°C
irdrared (15 sec.) 220°C 220°C

Ses AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of saldering surface mount
devices.

€SD toterance (Note 7) 2000V 2000V

Electrical Characteristics T, - 25'C. vt — 15Vpc, unless othecwise stated

LM2900 L3500 LM3301
Parameter Conditions Units
Min | Typ | Max | Min | Typ { Max | Min | Typ | Max
Open Voltage Gain Over Temp. ViV
m
Looe | yoitage Gain AVp — 10Vp 12 | 28 12 | 2.8 12| 28
Inverting input
Input Resistance 1 1 1 MQ
Qutput Resistance 8 8 9 . k2
Unity Gain Bandwidth laverting Input 25 25 25 MHz
Input Bias Cument Inverting Input, VT — 5 Vpg 30 | 200 30 | 200 30 {300} .
Inverting Input
Slew Rate Posilive Output Swing 0.5 105 0.5 v/
Negative Output Swing 20 20 2 ks
Supply Current RL — <o On All Ampifiers 621 10 62| 10 6.2 ] 10 | mApc
Output Vout High Ry — 2k, v~ — 0,
13. X 13.
Voltage vt - 150vpc Nt -0 5 135 35
Swing - _
Vout Low i — 10 pA, 0.00| 0.2 0.08| 0.2 0.09| 0.2
Vour High vt — Absolute |y~ — O,
Maximum Ratings |yt -0 29.5 295 26,0
RL — @,
Output | Source 6 | 18 10 18
Cumont | gy {(Note 2) 05113 05| 13 05| 13 mAgG
Capebility
IsINK VoL— 1V, iy~ —5pA 5 5 5




Electrical Characteristics (ote6), VT - 15 Vpg, unless otherwise slated (Continued)

‘ LM2900 LM3300 LMS301
Parameter Conditions Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Power Supply Rejection | To — 256°C,f — 100 Hz 70 70 70 dB
Miror Gain @ 20 pA (Note 3) 090 | 10 | 11 [090 | £0 | 1.1 {080 | 1 [ 110} ./ o
@ 200 A (Note 3) 090] 10} 11 |09 10| 1.1 1080} 1 1.10
AMirror Gain @ 20 pAto 200 pA (Note 3) 2 5 2 5 2 5 Y%
Mirror Current (Note 4) 10 | 500 10 | 500 10 | 500 | pApc
Negative Input Current | Tp — 25°C (Note 5) 1.0 1.0 1.0 MmApc
Input Bias Current Investing Input 300 300 nA
Note 1: For operaling at high tamperahres, the device must be derated based on 8 125°C nctk and a thermat reslstancs of 92°GVW

which applies lor the device soldered in 3 printed crultboaid.aperxlnghnMlkuﬁmThdenoeformSD package ig 131°C/W.

Note 2 The output curmant sink capabiity can be increasad for targe signal conditions by overdriving the inverting tnput. This is shown in the section on Typical
Charactecistics.

Note 3: This spac indicates the current gan of the current mimor which s usad as the non-inverting input.

Note ¢: input Vo match the g ard the Invert' g inputs occurs for a mirror curent (non-nverting tnput cuTeny) of approxrmately 10 pA. This is
theretore a typical desion centar for many of the -pﬂumon dmuits

Nete S: Clamp Uansistors Are Included on the 1 10 prevent the nput voltages fram ewinging below ground more than approxdmately ~0.3 Vpc. The negative input

curenis which may resutt from Sarge signal drive with Input coup g need to be externally Imited to values of appraximately 1 mA. Nogative input
Mmmoﬂmwﬂewnmmwwmmamvm Thhmummmmtapmbsmmmo(mhmwmm&ltmnmmm
of the input is 210 sraaller are alk d G mode current blasing can be used to prevent negative

input voltages; see for exampie, the "Dmgmnamr CGireut” in the apphications section.
Note 6: These spocs apply for —40°C £ T4 < +85°C, unless otherwise stated.
Note 7: Human body moded, 1.5 K1 in series with 100 pF.

Appiication Hints

Whan driving either input from a low-<mpedance source, a Unintentional signal caupling from the output to’the non-in-
Imiting resistor should be placed in series with the input verting input can cause osdillations. This is fikely only in
fead to limit the peak input current. Currents as large as breadboard hook-ups with long component leads and can
20 mA will not damage the devics, but the current mirror on be prevented by a more careful lead dress or by locating the
the non-inverting input will saturate and cause a loss of mir- non<nverting inpul biasing resistor close to the IC. A quick
ror gain at mA current levels—especially at high operating check of this condition is to bypass the non<nverting input
temperatures. to ground with a capacitor. High impedance biasing rosis-
Precautions should be taken to insure that the power supply tors used in the non-nverting input circuit make this input
for the integrated circuit never becomes reversed in polarity lsad highly suscepfible to unintentional AC signal pickup.
or that the unit is not inadvertently instalied backwards in a Operation of this ampiifier can be best understood by notic-
test socket as an unlimited curent surge through the result- ing that inpul currents are differenced at the inverting-input
ing forv. 3rd diode within the IC could cause fusing of the terminal and this difference cumrent then flows through the
internal conductors and result in a destroyed unit external feedback resistor to produce the output voltage.
Output short circuits either to ground or to the positive pow- Common-mode current biasing is generally useful to allow
er supply should be of short ime duration. Units can be operating with signal levels near ground or even negative as
destroyed, not as a result of the short circuit curvent causing this maintains the inpuls biased at +Vgg. Intemal clamp
metal fusing, but rather dus to the large increase in IC chip transistors (see nots 5) catch-negaftive input voltages at ap-
dissipation which will cause eventual {zike due to exces- proximately —0.3 Vpg but the magnituds of current flow has
sive junction temperatures. For example, when operating 10 be limited by the external input network. For operation at
fom a wellregulated +5 Vpg power supply at Tp — 25°C high temperature, this limit should be approximately 100 pA.
with a 100 k0 shunt-feedback resistor {from the output to This new “Norton” curent-differencing amplifier can be
the inverting inpul} a short directly to the power supply will used in most of the applications of a standand 1C op amp.
not cause catastrophic failure but the current magnitude wifl Performancs as a DC amplifier using only a single supply is
be approximately 50 mA and the junction temperature will not as precise as a standard 1C op amp opérating with epft
be above T, max. Larger feedback resistors will reduce the supplies but is adequate in many less critical applications.
current, 1* MQ provides approximately 30 mA, an open cir- New functions are made possible with this amplifier which
cuit provides 1.3 mA, and a direct connection from the out- are useful in single power supply systems. For example,
put to the non-inverting input will result in catastrophic fail- biasing can be designed separately from the AC gain as was
ure when the output is shorted to VT as this then places the showa in the “inverling amplifier,” the ‘‘difference integra-
base-emitter junction of the input transistor directly across tor” allows controlling the charging and the discharging of
the power supply. Shori-circuits t0 ground will have magni- the integrating capacitor with positive voltages, and the “fre-
tudes of approximately 30 mA and will not cause cala- quency doubling tachometer” provides a simple circuit
strophic failure at T —~ 25°C. . which reduces the ripple voltage on a tachometer output DC

voltage.




Typical Performance Characteristics
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Typical Applications (v* - 15vpc)
Inverting Amplifier Triangle/Square Generator

TL/H/7T936-3

TUWT936-4

Frequency-Doubling Tachometer *  Low Vjy — Vour Voltage Regulator

TUHWT836-6

Non-nverting AmpHfier

_R2 TUH/7938-8
TUH/7336-7 AT




Typical Applications (v* - 15 Vo) (Continued)

RAMP DOWN

AUX

Bi-Quad Active Filter
(2nd Degree State-Variable Network)

Ve O—

Low-Drift Ramp and Hold Circuit

2ERD
ORIFT
A4

(% ¥pc)

$

TL/H/738-10

410k

TLAH/7938-11




Typical Applications (v* - 15 vpc) (Continued)

Voitage-Controlled Current Source
{Transconductance Amplifier)

- 1 mANVOLT Vi
TUH/TI36-12
Hi Vi, Lo (Vi — Vg) Self-Regulator
vomizv, °<!4
N O a O Vg
Q1 & Q2 sbsorb H ViN
38V
- - - = TU/H/TE36-13

”

TL/H/T836-14




Typlcal Applications v+ - 15 Voc) (Continued)
Voitage Re_gulmor Fixed Current Sources

vt

Ve

§10

No — Vz + Ver)

b ——
TW/H/TIS-15
' Vottage-Controlied Current Sink
(Transconductance Ampiifier) Butfer Amplifier
v

l fo « 1 MASVOLT {Vy)

TUH/T836-18

Wy

- TUH/T938-17

Tachometer

Vooc — Alin
~Allows Vp 10 go 1o 2ero.

TUHTRIE-18
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Typical Applications (v* — 15 vpc) (Continued)
Low-Voltage Comparator Power Comparator

vt

No negative voftage Emit
property biased.

S 150

W2 Voo

=1
TUH/7936-24 TL/H/7936-25

Frequency Differencing Tachometer
94

Vooc - Alfy =12

TL/H/7836-26




Typical Applications (vt - 15 Vpg) (Contiued)

Frequency Averaging Tachomster
kLY

Vo
le'
Vooc — Al + 12)
GJ LD
Vi TLAH/TR6-27
Squaring Amplifier (W/Hysteresis) Bi-Stable Muttivibrator
v \'N

VARIABLE
RELYCTANCE
TRARSOUCER
TUH/T936-25
v TLUTBIE-28
Differentlator (Common-Mode “OR” Gate
Biasing Keeps input at + Vgg} 150t
v . v O—AAA—
v
75k
A
75K
8
5k
c
0.001,.F
3
Vno—'{ l—Wv
Vo
v Ay ——
2
o I LI ronvrmse0
“AND” Gate .- Difference integrator

{—A*B*C

YL/ 793632




Typical Applications (v* - 15 voc) (Continued)
Low Pass Active Filter

™
A

ouTPUT
BlAS
V' ADJUST

Staircase Generator

F
~
. v
L)
Vin
“2uplacle —

RESET

Vo

TUH/7836-35 - - -
had Vet * 0.5 Voo
i R
Vaoc = Vac l‘ + 8_3}
TWL/7936-35
Bandpass Active Filter

01,f

F1%

TLM/7936-37




Typical Applications v* - 15 Vpc) (Continued) .
Low-Frequency Mixer

(f2 -6

V>V,
TU/H/7936-38

Free-Running Staircase Generator/Pulse Counter

DIFFERENTIAL
INTEGRATOR

PULSE GEKERATOR vt

|
100 pF 1M é 13 3 L

ONE-SHOT W/
b INPUT COMPARATOR

Lwa3ee G
+ }——W\'——'O v

TL/H/7836-39

12




Typical Applications (vt - 15 vpg) (Continued)

Supplying Iy with Aux. Amp
(to Allow HI-Z Feedback Networks)

- =

P e

" '
AAN oV

0.001 pf

TRIGGER (8 v TUH/TB38 LY

Non-nverting DC Gain to {0,0)

OFFSET ADL

VU TL/H/TBD6-42

13




Typical Applicatlons v* - 15 vpc) (Continued)
Channel Selection by DC Controt (or Audio Mixer)

TL/H/T936 43




Typical Applications (v* - 15 vpc) (Continued)
Power Amplifler

v

. TL/H/TR6-44

One-Shot with DC Input Comparator
vb

Trips st Viy ~ 08 VY
Vigy must (sl 0.8 V¥ priorto ty

v
TUL/M/7836-45

High Pass Active Filter
470 pf

AT78 of 470 gF

o]

0
1 @ et Yo

fo = 1kt

TL/H/7836-46




Typical Applications v* - 15 Vpc) (Continued)

COKTAOL
weuT

SAMPLE o
a4

Wiy O

Sample-Hold and Compare with New +ViN

1:f

() wssw

Sawtooth Generator

Vaz Aai (Ve ~ Viewiooold
FOR, <1<y,

TL/H/TS36-48

O Yor = Vi (HOLD}
FORY <ttty

TUH/TE36 -47

bt

16



Typical Applications (v* - 15 vpc) (Continued)
Phase- ocked Loop

T

0081,F

Boosting 10 300 mA Loads

V* (15Vpc)

LA

TL/H/7B36-50

TUH/TOI6 49




Split-Supply Applications vt - +15Vpc&V™ ~ —15Vox)
Non-[nverting DC Gain
. +15.00 Vpe*

TUH/7E36-51

TL/H7TE36~52




Physical Dimensions inches (millimeters)
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LM2900/LM3900/LM3301 Quad Amplifiers

Physical DImensions inches (mitimeters) (Continued)
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MOTOROLA
=3 SEMICONDUCTOR ===y TL494
TECHNICAL DATA

SWITCHMODE SWITCHMODE
PULSE WIDTH MODULATION PULSE WIDTH MODULATION
CONTROL CIRCUITS CONTROL CIRCUITS
The Ti294 is a fixed frequency. pulse width modulation control SILICON MONOLITHIC
circuit designed primarily for Switchmode power supply control. INTEGRRTED CIRCUITS

This cev.ce features:

¢ Complate Pulse Width Modulation Control Circuitry

¢ On-Cr.p Oscitlator With Master Or Stave Operation

® On-Cn'p Error Amplifiers

¢ On-C* 2 5 Volt Reference .

® Adjus:able Dead-Time Control

¢ Uncormitted Output Transistors Rated to 500 mA Source Or
Sink

® Cutp_t Cc.uirol For Push-Pull Or Singte-Ended Operation

® Uncivrs 2 tage Lockout

J SUFFIX
CERAMIC PACKAGE
CASE 620

Naoe tny !

nput
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NPT E
1
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tnv
t"put 2 AAATVTR
vee

Camoens

T :':"\ul 3

vt

HEHRE

~0 v

]

Ry 16 ‘ l ] l l l I }
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Camwol Conteot
Cr | s 2 {vee
O latar N SUFAX H
ay E Ec 2 PLASTIC PACKAGE
‘_!C CASE 648
oz
Ground E Eﬁ 2
ar -
< E 2 Jes ORDERING INFORMATION
Temperature
1top viewl P Device Range Package
TL494CN , Plasuc DIP
TL494C 0te +30C | Coramic DIP
TLA94IN . . Plastic DIP
e TL4941) -2510 185C | (Ol o |
The TL233C s specified over the commercial oparating range .
of 0°C to 20°C. The TL494I is specdied over the industrial range TLI9IMJ 55 10 + 125 C; Ceramic DIP

of <25C to 85°C. The TL494M s specified over the full military
range of -55°C to 125°C.
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TL494

FIGURE 1 — BLOCK DIAGRAM
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FIGURE 2 — TIMING DIAGRAM
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TL494

Description

The TL494 is a fixed-frequency pulse width modula-
tion control circuit, incorporating the primary building
blocks required for the control of a swilching power
supply. (See Figure 1.} An internal-linear sawtooth oscil-
lator is frequency-programmable by two external com-
ponents, RT and CT. The approximate oscillator fre-
quency is determined by:

. 1.1
osc ~ AreCr

For more information refer to Figure 4.

Output pulse width modulation 1s accomplished by
comparison of the positive sawtooth wavetform across
capacitor Cy to either of two control signais The NOR
Gates, which drive output transistors Q1 and Q2. are
enabled orly when the ftip-tiop clock-input lise is «nits
fow state. This happens caly during that portion of tme
when the sawtooth voltage s greater than the control
signali Therefore, an «ncredse in control-signal ampli-
tude causes 3 corresponding linear decrease of oufput
pulse width. {Refer to the timing didgram shown in Fig-
ure 2.}

The contro! signals are external inputs that can be fed
into the dead-time control, the error amphtier «puts,
or the feedback input The dead-time control compar-
ator has an eHective 120 mV input offset which hnts
the minimum output dead time to approaimately the
first 4% of the sawtooth-cycle tme This would :esult
in a maximum duty cycle on a given output of 36° with
the output control grounded. and 48% w.h it connected
to the ceference hne, Additiona! dead time mgy be im.
posed on the output by setting the dead time-control
input to a fixed voltage, rangmg between 0 1o 33 V.

The pulse width modulator cOmparator pravidee,
means for the error amplifiers (o adjust the output pot-e
width from the maximum percent on.ime, establi,ne §
by the dead tme control input. down 10 2er0, 4s tn.
voltage at the feedback pin varizs from 0 51035V Bam
ercor amphfters have a common-mode input range fram
-0.3ViotVee - 2V). and may be used 10 sense gowe
supplv output voltage and current. The error-ampi.ive
outputs are active high and are ORed together at the
non-nvering (nput of the putse-width modulatar cnm
parator, With this cont:guration. the ampliiier that e
mands mirkmum output on time, Jom:nates contrat 1.
the loop.

When capac:tor C1 s discharged. 3 positive pulse:
generated cn the output of the Jdead-Lime2 compuaratar
which clocis the pulse.stear-ng fl-n-Hap 1ad aahit -
outpui teansistors, Q1 and Q2 With the cutput-curt-
connected 10 the reference bine, the puise-steer-ng
flop ditects the modulsted pulses to each oi the twa
output transistors alternately for push gull opetatine
The output frequency s equal 1o haif that of the o<t
fator Output dawve can also be taken from Q1 or Q2
when sing!2 ended operat-on with 4 Maaimum gn ..
of less tran 50°% «s requited This «s desizatie wher ir.
output transformer has a ningback wincing with a Cate ™
diode used ‘or sni.tbing When higher output-drive cu*
rents are required for single ended operation, Q1 4.t
Q2 may be connected n paralisl, and tre OULIpLt Mete
pin must be 1.ed to ground to d:sabie the fhptlup The
output frequency will now be equal tu that uf tre
coscitiator.

The TL434 has an internal 5 V reference capable of
sourcing up 10 10 mA of load current for externd! bias

circuits. The reference has an internal accuracy of
=25.0% with a typical thermal drift of less than 50 mV
oves an operating temperature range of 0 to 70°'C.

FIGURE 3 — FUNCTIONAL TABLE

Input '.9!! _ ]
Output Output Function fose ;
Controt H

Grounded Single ended PW M at O and Q2 1
At Vyof  Push pult operation " 0s
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TL4s4

-

MAXIMUM RATINGS (Fult operating amtient temperature range apphes ualess otherwise noted)

Reting Posymbot | Tlesac T vresa T Tlasm Unit
Power Supply Vohage i vee &2 ! 42 &2 v
Collecior Output Voltage j Ver. Ve 42 .l 42 42 v
Collector Output Current teach transistor) (1) . ey Ic2 500 i 500 . 500 mA
Ampltics Input Voltage Range H ViR | 021642 H Crwoe2 | 03042 v
Power Dissipation « T - &5 C j pp ! 1099 1 1000 ! 1000 mw
Operating Junction Temperature . T i .
Plastc Facrage . ! 129 X 125 — °C
Cerami Paciage . i 150 : 150 . 150 C
Operating Ambient Temperature Range : Ta C1c 20 25t085 ! 5510 125 ‘C
Storage Temperature Range Tag : i ‘C
Plastic Pachace c 8810325 10125 | -
Ceramuc Package U 651150 ' "ELw 180« 6510150
NOTE ¢ Llavimur therm.al hivuts meust b oliseaee
THERNAL CHARACTERISTICS
[ Characteristics Symbol N Sulfis Plastic Pachage : J Sutin Ceramic Package { Unit
} Thermat Resestance, Junchion 10 £mbient R.ja - LY : 100 cw
{ Detating Ambignt Tempersture Ta a8 : [¥e c
RECONMENDED OPERATING CONDITIONS
l Condition Valfue Symbol TLeSe - Unit .
i Min Typ : Max
: Power Supply Vcttage vee 10 15 : £0
; Cetlector Outzet Vollage Ve Ve - 0 . 40
' Cotlecior Outpat Current tesch transesiort fc1 IC2 = i - R 790 mA
E Ampidet ingyt Vo'tage Via c2 = . Nce 20 v
) Cuttent Into brecz achk Terming! by - - { £3] mA
! Beterence O 1 Careent T et - - 0 mA
! Tinung Resistor Ry 1¢ . 30 i <30 Ul—_‘
Tinwng Capactor TG T oo com | 10 W
L Oscittator Fregaency o Tew 1c ad i 22 kM

ELECTRICAL CHARACTERISTICS (Vee '8V €7 00V LF Ry 13441 uniess othernme noted )
fa: typical valuey T 25 C.tor min mar values To o5 the cperating amben! temperature range that apples ,nless otfierwise
noted

Yias4aCl TLasM
Charsctaristic . Symbot ¢ T T Unit
. ; Min ¢ Tep , M Min J Typ Man
REFERENCE SECTION
—— s o e e i -
! Reterence Votiage Vit 415 , s0 L) 37 ) 50 525 \4
! g 10 & {
tne Regutation Sedune - e ] - 1 20 25 mv
e 1CViedl Vi I
Ltoad Regulation “ecinga - ap ALY - 30 15 mv
" (g 1L mAio 10 mAl . . . :
i Stort-Curcunt Output Cuteent 1% % : a0 LT ) % mA
[ Mt OVi : |

MOTOROLA LINEAR INTERFACE DEVICES
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TL494

ELECTRICAL CHARACTERISTICS (Ve = 15 V. Cy = 001 wF. Ry = 12 &l unless otherase noted.}
For typical values Tg = 25 C, for min man values Ta is the operating ambien: temperaturs range that apphies unless otheras

noted,
h - Symbol TL494C. TL434M T
aracteristic ymbol ‘.
Min 1 Typ l Mac Min { Typ [ Max Unee |
OUTPUT SECTION
Coltector Ot-State Current iCtoth — 20 100 _ 20 160 uA o
(Ve = 40V, Vg - 30V ;
Emitter Off-State Current IE(oth - — 100 — _ 150 "A" |
(VCC = 40V.VC = 40V.Vg = 0 V) ‘
Cottector-Emutiar Saturation Voltage (2} VSATIC) - LR 13 - ¢ 15 v !
Common-Emitter ‘I
(Vg = 0V.Ic - 200mA) : ! _
Emitter-Follower VSATIEs -} %5 2% - ’ 15 25 v
(Vg = 15V.g - -200 mA) ¢ ! H f
Output Control Fin Current oL o~ Lo - - ! w0 - s !
Low State | ! ! |
Voc ~ 04 V) r 3 . i
High State i 'ocw i - i 02 | 35 - 02 3s ma
(Voc * Vret! ! | H ! ! }
Output Voltage Rise Tume i 1 ¢ — j wo ! 200 - i 00 : 200 ¢ e -
Common-Emitter (See Frgure 13! ‘ . : ' H i
Emutter-Follower (See Figure 141 . -~ 100 : 200 - 00 1 200 | ms
Output Voltage Fall Time ! M . — . ; 100 — % 1 e n.; e :
Common.Emitter [See Frgure 131 ! e : ! : i
Emitier Follower {See Figure 14) ! i . . - 40 ; W0 f ns
! S ymbot : TLa94 "
Charscteristic { Symbot —- - T !
- i Min : Typ Max : Unit
ERROR AMPLIFIER SECTIONS
Input Otfset Yoltage : Vio - . 20 10 Y .
Vo Pin 3l - 25V — . i
tnput Ottset Current : ho . - ; 50 . 250 i nA
Vo (Piapy = 25V : UG SRS X
tnput Bias Current h8 . - i 01 10 [T
VO (Pin 3t & 25V) ! i H .
Input Common-Mode Voitage Range . VICR ! 0310 | - ; - v '
(Vee = 40V, Ty = 25°C) ! i Vee 29 i ) i :
Open-Loop Voltage Gan f Avor 70 l 95 1 o i pran!
taVg 30V.vg 051035V. H ' |
AL - 20U ; ; ! : i :
Unity-Gain Crossover Frequency ; ‘c : - i 350 ! - j e ‘,
(Vo = 051t035V. R 204 ' - _1_ ;
Phase Margin at Unity Gain Om - ' 65 - ! deg |
(Vo + 05t 35V. AL 20un i i ) :
4 -4
Common-Mode Rejection Rato CMRR - 65 i 90 : aB
tvee = 40V ! : 0 i i
i —t
Power Supply Rejecton Ratio ! PSRR ; - H 100 - 9B
(avee » 3IV.vp  2SV.R 20un ¢ : : ;
Output Sink Current 0 E 03 T o1 " - A
Vo@®ny 07V | i
Output Source Current o- | 20 a0 - mA
Vo Pin3) - ISV A 1 |

NOTE 2 Low duty Cycla pulse technmues Jre used Ju

fenyg (€31 (0 Manfan JURCTION temperature 33 Close 1O amDd.ent Termgasatures o3 Jorsibile
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TL494

ELECTRICAL CHARACTERISTICS (Vee = 8V, CT » 0.0% uF, RT = 12 &kf2 unless otherwise noted.}
for typical vaiues Ta = 25°C, for min max values Ta 15 the operating ambient temperature range that applies unless otherwise
notfed.

TLas4 Unit
Characteristic Symbol
Min ] Typ ' Max
FWM COMPARATOR SECTION (Test Circut Figure 12) \
Input Threshold Voliage B . VTH —_ as 45 v
{Zero duty cycle)
Input Sink Cureent U 0.3 0.7 — mA
L ViFin3) = 0.7 V)
DEAD-TIME CONTROL SECTION {Test Cucurt Figure 12)
! input Bias Current (Pin 4] B (oT) - - 20 -10 HA
i (Vpinal = 010525 V)
Manimum Duty Cycle, Each Output, Push Pull Mode DCrax - N ) b
(VPing ~ OV.CT « 0.01 uf. Ry = 12042} 48 48 50
(Veing * OV.Cy = 0.001 uf, Ry « 30k —_ as %0
¢ input Threshold Votiage (Pin 4) Viu v
{2Zero Duty Cycle) — 28 33
{Maximuym Duty Cycle} ] -—_ —
OSCILLATOR SECTION ’
; frequency . fosc - 40 - kHr
| {CT = 0.001 uF. Ay » 30 4:)
: Standard Deviaton o! Frequency® Ao — 3.0 - %
[ (€7 ¢ 6,001 ,F. 87 - 30411
$
; Frequency Change with Voltage Mosc (av) —_ 0.1 - % :
: Ve = 7.0V1040 V. T4 = 25°C)
' frequency Change with Ter.petature Mosc (374 —_ — 12 ~
i AT = Tiow to Th-ghl
P (Cy = 0.01 .F. Ry = 12 k42
UNDERVOLTAGE LOCKOUT SECTION
Turn-On Threshoic IVEE Increasng, fey 3 C mA) Vi | 55 | ea I 1 v ]
TOYaL DEVICE
Ste~dbtiy Supply Current icc mA
Pan € a1 Vo, Al Othes inputs and Outputs Open)
Vee = 1ew -~ 5% 10
Ve : a0V — 70 15
Lvetage Supply Current - — 7.0 — mA
Y Wipina) ¢ 20V (See Figure 12}
i €Y - 0.01 uF. Ry = 12 ky1, Vee = 15V)
MR ATLET T I T X e OF P 32a et I 800 B0 uirs olaenat P Mg n A% Aetevat o (e arenta b ' s_ o ?
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]
i

) FIGURE 4 — OSCILLATOR FREQUENCY [FIGURE § — CPEN-LOOP VCLTAGE GAIN AND PHASE
. versus TIMING RESISTANCE versus FREQUENCY
m 1 b — 171 3 - ‘n — i
L5 T S T3 : LA : ]
_ U T T veeasvia 5 0 B ] Voo = 15V
S ¢y = 000 uf HA— — z '® « —
T 100€ [0, el L1 : 2 —L 1 AVg = 20V
I = = S C * # = 20 —9
= N 5T o i 1 = - g o » E
= |58 TH | Ha— : R N g ! =
g s HITH 1 < n PNV L 0
£ s | el 2 &
3 N 001 uf — s ® 0 ¥
= 1K S : : 8 b
3 = Eoh S — 1% %
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. rd
FIGURE % — PEACENT OEAD-TIME versus FIGURE 7 — PERCENT OUTY CYCLE versus
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2 5] T
" : R R : R
N 3 ) \ veeh sy ||
et =] ? : voc  Viet
Zu g ; v uey 001 uf
“ - n ix . Ar-dour L
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g v 1 s £ AN C
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Data Sheet-No. PD-6.021

INTERNATIONAL RECTIFIER | IR

HIGH VOLTAGE
MOS GATE DRIVER

IR2113

General Description Features

The IR2113 is a high voltage, high speed MOS- R Floating supply designed for boctstrap operation
gated power device driver with independent high side — Operating offset range from -5V to +600V
and low sice relerenced output channels. Proprietary — Cvkt immunity rated at +50Vins
HVIC and latch immune CMOS technologies ena- -~ Quiescent power dissipation of 1.56mW at 15V
ble ruggedized monolithic construction. Logic inputs Jé Wide output operating gate drive supply range
are compatible with standard CMOS.outputs or with from 10 to 20V .-
LSTTL outputs using pultup resistors. Qutput drivers X Separate fogic supply to interface with logic signal
use low impedance lotem-pole arrangement — Operating supply range from 5 to 20V
designed for low crossconduction current spike. — Logic and power ground operating offset
Propagation delays for the two channetls are matched range from -5 to +5V

to simplify use in high frequency application. The- H CMOS Schmitidriggered inputs with hysteresis
floating channel can be used to drive an N-chaghel and puli-gown
power MOSFET or IGET in the high side configura- M Cycle by cycle edgetriggered shutdown logic

tion that operates off hig rilupto 600 voits. M Undervoltage lockout with hysteresis for both
channels
Applications . & Output totem-pole driver designed ‘o crive
MOS-gated power devices
N High frequency switch-mode power supply — Peak cument capability at 2A minimum
) — Switching time of 25ns typical into 1000pt
& DC and AC motor drives ioad
E Matched propagation deiay time for both
X Electronic lamp ballast channels
. — Typical 120ns turn-on delay and S4ns turm-otf
E Battery charger celay
. "— Maximum rated matching differential of
N Induction heating and welding +10ns
E Laich immune CMOS. Withstand > 2A reverse
M Swilching amplifier current at l/O pins
Typical Connection Pinout Assignment
& ] v
Voo (] ™ (5] vs
¥po O——9 o el v [l
0 —
St RO . o ] N ]
CONTROL ' N
F—2 [ong | —:_—ﬁ N E m :3 Yo
| ek ([o8 vss (0] ] cou
bt = ~ (o
1
v .
For mecharcel sgecficanons see back pege

O T Y



IR2113

Absolute Maximum Ratings 4
Absoluts Maximum Ratings Indicate sustained limits beyond which damage to the device may occur.
All voltage parameters are absolute voltages refersnced to COM. |
The Therma!l Resistance and Power Dissipation ratings are measured under board mounted and still

air conditions. .
Symbod Parametac ] Min Max [ Vaitx
ve High Side Floating Suoply Absoluts Voltage -4 - Vg+20
vs Hich Side Flosting Supply Offzet Voltage -Vpg - 05 600
VHO High Side Output Voitage Vg <05 Vg +Q5
veo Low Sice Foea Supply Voitagd -0s 20 -
Vo Low Side Output Voltage -as Vco +0S v
Yoo Logic Supply Vorage 05 Vgg+20
Vss Logic Supply Otiset Voitage Vee - 20 Voo +05
viN Logic input Volage (HIN, UN & SD) Vsg 08 Vpo +05
dvghat Allowable Otffset Supply Vohsge Tharsient (Fig. 16) - 50 vins
PpD Package Powsr Dissipation @ Ta <= 25°C (Fig. 19) -— 15 w
P Thermal Resistance, Junction t©© Amblent - 7s <
T! . - Jun&don Tempeature | -S5 150
Ts Storage Temperatixe ~55 150 e
Ty Laag Temperzhure (Soldecing, 10 seconds) - 300

Recommended Operating Conditions
The Input/Output Logic Timing diagram is shown in Fig. 1. For proper operation the device should be used

within the

recommended conditions.

The Vs and Vgg offset ratings are tested with all supplies biased at 15V ditferential. Typical ratings at other
bias conditfons are shown in Fig. 2 and 3.

Symbol Parametar Min Max Unts

Vs High Side Foeting Suppty Absoluts Voltage Vg+10 Vg+20

Vs High Skds Flowting Supply Otfset Vorage -5 600

VHO High Side Output Yoltage Vg Vg

Veo Low Sice Fomd Supply Vorage 10 20 v

vio Low Side Output Volege 0 vee

Voo Logic Supply Voltage Veg+5 Vgg+20

Vss Logic Suppty Otfaet Voitage -5 5

Vin Logic input Vortage (HIN, UN & SD) Vgs Voo
Dynamic Electrical Characteristics
VBIAS (VCC. VBS, VDD) = 15V and Vgg = COM unless otherwise specified.
The dynamic electrical charactsristics are measured using the test circuit as shown in Fig. 1.

T’ - 25°C T’ - -85 to
180°C
Symbol | Pacameter Min | Typ | Max | Min | Mex [Units Text Concitions Retecence

ton Tum-On Propagsson Delay — 122150 — [ 200 Vg = OV Fig. 12
tont Turn-Of! Propegssion Detay . — | 94 {125 | — | 20 Vg = 600V
tag Shudown Propegetion Detey ) =110 || - | 23S Vg = 60CV
t Tum-On Rise Time — {233 |~|>s0 Ci = 10000t Frg. 13
Yy Tun-Oft Faft Time — | 7|25 | ~]|0|n Cf = 1000
Mo Detay Maxching, HSand 1STunOan | — | — | 50 | — | — | Htomr—Uon | Fig. 14
Mgy Osley Maxching. ¢Sand LSTum-0ft | — | — { w0 | — | — | Htort— 1ot |
DHlyy [Deesdme LSTUm-Of O HSTum-On | 16 | 28 | 38 | — | — Moot Fg. 15
Olon Deacttima, HS um-Off o LSTum-On | 16 | 28 | 38 | — | — UorHtor)
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Static Electrical Characteristics

VBIAS (VCC. VBS. VDD) = 15V unless otherwise specified.

IR2113

The VIN, VFH and lIN parameters are referenced 1o Vs and are applicable to all three logic Irput Pins: HIN, LIN and SO,
The VO and 10 parameters are referenced to COM or Vg and are applicablo to the respective Output Pins: HO oc LO.
Tl = 25°C T’ = =55 to
150°C
Pararmeter Hin | Typ | Max | Min | Mex |Unitx Test Sonditons Retference
Logic 1™ Input Voltage 11 - -} - Ypp = 5V
&4 —_ -— &8 — Yop =« oV
95 - - 10 - Vpp = sV
25| — | —~ ] =] v Voo « 2
viL Logic “0” Input Votage — | = [ =117 Voo = SV Fig. &
- —_ a8 - A6 Voo =~ oV
— | =18 | —-13s7 Vpo = 15V
—- ] =] =171 VoD = 20V
Yo High Level Output Vortage, Vgas-vO | — az? 1.2 - 15 v VIN = ViH. 10 = 0A Fio. 10
.1
VoL Low Levet Output Vortage, VO - - Qs - Q1 VIN = ViL. 1o = 0A v
K Cifset Suoply Leakage Currert - - O | — (2507 Vg = Vg & 600V Fg. S
icass Guescent Vgg Suopty Current - 25 | 20 | — | so0 ViN = Wiy o Vi Fig. 6
toce Quiescent Ve Suooty Curen — {80 |40 | — | 600 ]| pA YIN = ViH oc Vi Fig. 7
lopo Quiescer? Vpp Supply Current - H 30 —_ 60 VAN =V oc Vi
Iy + Logic "1” tnput Bias Current -~ |51 3] —=1{m ViN = 15V Fig. 8
N~ Logic ~0” nput Bias Cusrert -— -— 1 - G ViN = OV
Vgsyv+ | Vas Supply Undervottage Posrrve 77 | &7 | 97 | —~ -~
Gomng Threshold .
Vgsuv- | VBS Suppty Undervoliage Negative 73 ) &3 | 93 | — —_
Going Threshoid Fig. 9
Vecuv+|Vee Supply Undenoitage Positive 76 | a6 | 95 | — - v -
Gong Threshoid
Veocuv- | Yoo Suoply Undervorage Negat 1.2 82 9.2 - —_
Going Thrashold .
-+ Ouput High Shon Circurt Puised 2 - — -— —_ VOUT = OV. Viy = 15V,
Curent A PW <o 10 us
o- Output Low Shont Cirtuxt Putsed 2 —- - - - VOoUT = 15V. Vi = OV,
Current PW <= 10 us
Functional Block Diagram
TS T T et e e e e e e e — e ——— — T T e e st e S— Sy St it s, et St Sr—— .
!
| i L
[] W
Voo TR - =
1 wv h-l—' R Q
! A O P ASE R
lo — RUTR 3
L LEVEL
) ST

A

3
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Tyg!~al Performance Characteristics

ol
T B

SO

HO
1y

Vgs. LOGIC SUPPLY OFFFSET VOLIAGE (V)
8

ILEAX, OFFSET SUPPLY LEAKAGE CURRENT (uA)

.
.

Fig. 1 — Input/Output Timing Dlagram

u

Q

1 LB ] T
Voo - Vs » STO XV, Ty = 25°C

/

A

/

/

° u L] % )

Vo, FOED SUPPLY, VRDGE

th.s—umm;mvssmun
Offset Voitage ve. Ve Supply Voltage
(For Proper 1/O Logic Transttion)

Vs. OFFSET SUPPLY VOLTAGE (V)

Y114 Ve, HPUT LOGIC THIESHOLD (V)

1005 OVILSCLRT Vps VOUAGE SUPPLY CURRENT (A}

-9

-10

N

.
N,
N

N

10 br] ® 15 » 20
Vgs. AOGING SUPPLY VOLIAGE (V)

Fig. 2 — Mxximum Vg Negative

Offsat va. Ygg Supply Voltage

(For Proper /0 Logle Transttion)
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Typical Performance Characteristics
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Fig. 8 — Logic *1* Input Blas

Fig. 7 — Quiescent Y Supply
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Typical Performancs Characteristics

w0

oo, CELAY TIME (ns)

1 T 1 1
* G = YD . Vg = Vas = Vg = WY,
Ty = 29C

>\

0 Q u % 3 2

Youppy. SPAY YODEE (V)

Fig. 122 — Delxy Time va. Supply Voltzge
4

g8 0.8 @&

[LFWY, 1 F¥TS 1UGHE SI0E DELAY TIME {n3)
s B B &8 @

\ 8

.

tAg. ALSE AND FALL TIME {ns)

{ {1 [T 1
‘ Vs-Va:-Vw-ISV,q-m)f.

\ Tp=25C
\ i
\
* ;
N o

x ¢ NV D B € W &
Vg, OFFSET VOLDGE. (¥)

Fig. 12c — High Side Delay
Time ve. Vg Cilzet Yoliage

Yoo = Vps = .G - 0

e

T3 TOPEROURE Q

Fig. 130 — Rise and Fail TTme vs.

Tempersture
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Typical Performance Charactensucs

UN
% 5%
HIN HIN
UN
W o
Vg = O
Vg = OV W0 10%
Miyt
H %
Vs-GIIN
0 W%
KO i
TYPICAL DHLy = Dligy-= 25 13
TYPICAL Migq = Migt = 0 ns Flg. 15 — Desctime Waveform Definttions
Fig. 14 — Delxy Matching
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Typical Performance Characteristics

P. LOW VOLLAGE POWER DISSIPATION (W)

Pp MAXIMUM POWER DISSIPATION ]

0
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HilwEal)) e | £
a owma | = L
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! 19 2 s -
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Vm’“-Vs-le'-lSV o PO = Vgus - Wy
Bezwt 1
aoot p g by il
0o 00K e W MEG
' 1, SWITCHRIG FREQUBCY (Ho
F-g.iu-LvaolchPonf Flg. 18t — Low Yoltags Power
Dissipation va. Switching Frequency Dissipation Test Clrcuit
13
15
Rerid = biava.d 7'““- <
“ N HEXFET | TYPICAL | TYPICAL
12 \ SIZE t 0;
1 2 25 ns 17 ns
as - ~
\\ 3 38 ns 23 ns
o \ 4 53 ns 34 ns
o \ 5 78 ns 54 ns
“ 6 116 ns 4 ns
oa @ 15 1w w 1o 7S
Ta, AMSEXT TERPEAGURE (°T)
Fig. 19 — Madmum Power Fig. 20 — HEXFET Die St v
Dissipation va. Amblent Tempersture Switching Time (VBLAS = 15Y)
HEXFET =
TYPE | 100V | 200V | 300V | 400V
820 2000 | 1200 | 700 30
830 1600 | 1100 | 640 | 330 | Ta =25°CAND
840 | 1100| s20| sé0| z0| VBAS =1
7
P450 640 | S40| 400| 20
P460 490 | 450 | 340 | 230

Fig. 21 —

(fmax = Swiiching frequency & which Tj =
using typscal electncal and thermal ratings.

Meximem Switching Frequency, Imax ()

4

Timax and is derived from calculzsion
= operation at higher T3, !max should



Functlonal Description

The 1R2113.is a monolithic high vottage, high speed
two channel power MOSFET oc IGBT driver. Refer to
the section on Funcional Block Diagram for the intemal

. partitioning &t the various circuit blocks. The driver

translates logic input signals into coresponding “in-
phase” low impedancs outputs. The low side channel
output (LO) ks referenced 1o a fixed rail (VCC) and the
high sids channed cutput (HO) is referenced to a fioating
rail (Vgg) with offset capability up to 600Y.

Tha logic circuit provides the control pulses for the
two output channels corresponding to the logic Inputs
as indicated by the InputOutput Timing Diagram in
Fig. 1. The HO and LO outputs are in phase with the
HIN and LIN logic inputs. The two outputs will tum off
when the SD input switches high end the outputs will
remain off even after the SD input retumns to low until
the next rising edge of the respective inputs. In the cese
when VCG is below the undervolizge trip point the UV
Cetect circuit will send a shutdown signal to disable both
channels. Also a separate UV detect block is used to
dzable the high side channel when VBS is below its
own undervohiage trip point. The logic inputs use
Schmitt trigger circuits with a hysterstic band of
Q1-Vpp to provide high noise immunity and can accept
inputs with slow riss time. The logic circutt is referenced
1o its own logic supply to allow the use of a lower supply
vallage than the output operating suppty voltage. A high
noisa immunity VDYV CC levelshitting circuit is used
to translata logic signal to the output drivers. With a
+5V rated offset capability between the logic ground
(Vss) and power ground (COM), the logic circutt is
unaffected by the noise coupling generated by the
switching action of the output drivers.

Propagation detay for the two channeis are matched
using the low side delay circuit to simplify the timing
requirements of the control pulsea. The tum~on delay
is matched at 120ns for the low side channe! (Lton) and
the high side channel {Htgn) with Vg at OV since the
high side tum-on command is usually exscuted when
Vg is at or near OV. The tum-off delay is matched at
S4ns for the low side channel (Lic) and the high side
channel (Htf) with Vg at 600V sinca the high side tum-

" off command is usually exacuted after the high side

power MOSFET is “on™ and Vg is &t o¢ near jhe high
voltage rail.
Both channels use identical low cross-conduction

-totem pote output connecied transistors. The output

_common source configuration. Because of the toter.

driver consists of two N-channel MOSFETs with peak
aurrent capabllity above 2A and oa resistance of less
than 3 ohms (Fig. 10). One output MOSFET is
connecied as a source follower and the other in

pole ayTangemant the fise time is siowet than the fall
time driving capacitive load. For a typical 3300pf load
the fise and fall times are 50ns and 33ns respectively.

For the high side channel, narow “On" and “OH”
pulses triggered r f by the rising and the
fallng edge of HIN are generxied by the pulse
generator. The respective pulses are used to drive
separuie high voitage DMOS level transiaines that set
oc resat a RS latch operating off the floating rail. Level
shifting of the ground relerencad HIN signal is thus
accomplished by transpasing the signal references to
the ficadng rail. Because each high voltage DMOS level

IR2113

transtater is tumed on for only the duration of the short
“On" or “Off” pulses with each set or reset event, power
dissipation is minimized. False triggering of tha RS latch
from fast dvkit transients on the Vg noda g etfectively
differentiated from normal pulkdown putses through a
pulse discriminator circuit such that the high side
channef is essertially immune to any magnitude of dvidt
valua. Also the high voltage level shifting clreuit is
designed to funcion nommalty when the Vg node
swings mose than 5V below the COM pin. This condition
can oftan occur during the recirculation penod ¢f the
output free-wheeling diode.

Application Guldellnes
(Alzo soe Nots AN-9T8A, DT92-1, DT32-2,
D792-3, DT92-4, DT92-5 for detalls) ’
The IR2113 is typically used to drive two high voltage
N-channel power MOSFETS or IGBTs configurad In hatt-
bridge, dual-forward or othet topologles. The fomed rail
referenced outputls used to drive a low side connected
powsr MOSFET. The floating output channel i used

- to drive a power MOSFET in the high slde configuration

that requires an over-rail gate drive. Refer to the section
on Typical Applications for the various drcuit topologles
where the IR2113 Is applicable.

Typically, the floating supply ls derived from the fixed
supply using a bootstrap technique as shown in the
saction on Typical Connection. The charging diode must
have a voltage withstand capabifity higher than the peak
HV bus voltage. To minimize power dissipation a fast
recovery dlode is recommended. The value of the
bootstrap capacitor depends on the switching
frequency, duty cycle and gate charge requirement of
the power MOSFET. The voltage across the capacitor
should nat be allowed to drop below the under-voltage
lockout threshold, otherwise protective shutdown will
occut. A Q1 uF capacitor is usually suitable for
applications switching above 5 KHz

Supply bypass capacitors between Voo and COM
and between VDD and Vgg are required 10 supply the
transient cumrent needed for switching the capacitive
loads. These capacitors, together with the resscvoir
capacitoc across Vg and Vg, must be connected close
to the devica. A Q1 4F ceramic disk capacitor in paraliel
with & 1 i tantalum capacitor is recommendad foc VCC
bypass. A Q1 & ceramic disk capacitor is usually
adequats for the logic supply.

The outputs of the IRZ113 are designed to deliver gate
drives foc fast switching speed even foc high current
powerc MOSFETs with meistivety high gzts charge
requirement. The typical switching speed for various
standard power MOSFET stres Is shown in Ag. 20. To

-, minimize inductance_in the gate drive loop, each

MOSFET should have its own dedicated connection
going to Pin 2 and 5 of the IR2113 for the return of the
gate drive signal. For smaller power MOSFETs a sacles
gate resistor for each output Is recommendad to limit
swriching speed. The value of the ¢ais resisioc depends
on EMI requirement, switching losses and the
maxdmum allowable dvidt

The total power cissipation of the IR2113 ks a functon
of HV bus voltage, VO and Vpp vottages, switching
frequency, duty cycle, deliversd gate drives charge, and
operating Juncdon tsmperature. The total dissipation
can be divided into two categodes: High voitage and
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The high voltage dissipation can be cakulated by the
following formula:

PD(HY) = HVeiik* d + (VBon+VBot)*Qp-f

static
with HV the high vottags bus voltage, I k the leakage
current of Vg to ground, d the duty cycle of the high
side switch, Qp the pulsed charge of high voltage level
shifter, VBon the average voltage of Vg dugng the tum-
on pulse, VRotf the average voltage of Vg during the
tum-off pulse and 1 the switching frequency of the high
side channel. The level shifting losses are usually much
larger than the leakage losses such that the static term
can be neglected for most applications. Fig. 17 shows
the total high voltage dissipation as a function of
swilching frequency at various fixed Vg voltage {evel.
Note that the graph onty shows the high voltage power
dissipation per set or reset event at the particular fixed

-

dynamic

. R
—

Typical Applications

© Vs levei. Keep in mind that in actual application Vs is

swinging during the level shifting event.
The low voltage dissipation can be calculated by the
following formula:

PO{LY) = Vbias*IOipt + 2°Vbias*Cg*! + Vbiag*Qemos*!
- g N - >y
static dynamic

- with Viias the low voltage bias voltage assuming Vpp
= VCC = VBS, IQ1t the total quiescant current, Qg
the delivered gate charge per driven MOSFET, { the
switching frequency and Qemeg the switching losses
associated with the internal CMQS circuitry. The
quiescent losses are usually much smaller than the
cdynamic losses such that the static term can be
neglected. Fig. 18 shows the total low voltage power
dissipation as a lunction of switching frequency at
various load conditions. The switching losses

associated with internal circuitry (Qemgs) are shown in
the graph {or the case of “0 pt” loacing condition.
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Mechanical Specification
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