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Photovoltaic System

Nantapol Ruamsiriwatnakul
Boonchoo Sukwiwattanaporn
Panitan  Kantamas

Boonsong Piyachaiyotin

Dr. Werachat Khun-ngern Advisor
1998

ABTRACT

This report directly present the process how the solar energy is converted to  the
electrical energy as the 50 Hz alternating voltage for supplying the electrical equipments.
In this case study,the system compose of two PV Array,50 Watts each, are connected in series.
Then the direct current generating from the PV Array is supplied to the inverter for inverting the
direct current to the alternating current which sequently is step up to 220 Volt for the proper load.
Moreover, the batteries are really needed to back up for substituting the solar energy while out of
the sunlight. For the most effective system possibility, Matlab takes the important role to simulate

the performance of the system comparing the actual one
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9.3 3499 Control

1.y a0 Reference? la91A IC XR2206

Stopped d 18998/03/14 22:32:29
CH1=1V : ] : : : . Sms/div
DC 11 : H : 3 : H © (Smsydiv)

: NORM:200kS /3

%
=Traceli= P-P 2.600V Max  3.a40v Rms 2.182v
: Freq 50:76Hz : Duty 50:.3% : :

317 9.3 waRadayg I Sinel 19910 IC XR2206(1V/DIV,5ms/DIV)

2.c¥nyy 94 Sawtooth 11 14910 IC TL494

Stopped 3 1999/03/14 22:31:47
CHI=1Y i © 100us/div
DC 11 T © (100us/div)
: 1 NORM:10MS /s

SR

=Tracelz P—P  2.920V
Freq 13;89kHz:  Duiy 52.8%

31U 9.4 weraadaygy o Sawtooth 71148710 IC TL494(1V/DIV,50LLs/DIV)
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e PWM 7118910 IC TL494

Stopped g 1999/03/14 22:34:12
CH1=5v H ¢ 200us/div
DOj 11 © (200us/div)
___________ NORM SMS/s
=Tracel=s P-pP 10: 60V : Max 10:40¥V Rms 6.533V
Freq 13; 89kHz : Durty 27;8% : ]

31N 9.5 uaasd

YAINNDBNIINNTA3 1 Dead Time

18 PWM 7 18910 IC TL494(5V/DIV,200[1s/DIV)

Stopped I 1999/03/14 22:37:06
CH1=5v CH2=5V ] Sus /div
Dc; 1:1 ch 11 o (5us/div)

NO M 100MS! s

1 :
: I :
:T!’.??E.!:...P.-.? ..... 1,.34.2.!1".’ ........... ﬁ?ﬁﬂ....‘.?ﬁﬂﬂ.‘!’ ........... '3.".'?.?...5..‘.‘.5.3.".'..‘.
Freq —-— Duiy 0.0% : :
-Tracejz— P-pP 13.80v Hax 12:.40v Rms  9.460V
: Freq ——— Duty -—-— : :

7107 9.6 wansdaya o PWM 7189710 29937158370 Dead Time(SV/DIV.5 LLs/DIV)
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5. dy g IMABONNINITUIANT I 6N136

A1

Stopped 1999/03/14 22:39:16
CHI=BY : CHz=sv . ; : . 20us/div
‘3 L pe 11 1 . : :

"

=Tracel= P-P _ 11.80Y '  Ma:

: Freq 14,29kHz:
=Trace2= P-P 1i;80v
: Freq 14;20kHz:

31U 9.7 namsdayana PWM ldeon1InNasHennTIIGV/DIV 204Ls/DIV)

6.0 9NUNDBNINIITDUNIDI AT Yy TN

Stopped I 1988/03/14 22:40:42
CHI=SV  © CH2=8V . . : ; " Sus/div
DC 11 bC 11 I ; ; : (Busi{div)

: : : : < : 5 ~ NORM:100MS /s

-}l ....................................... e o5 AT S

| + il
Ti=Tracel= P-P  10:40Y - Max  9.800v . | Rms  7.080%
: Freq —p— . Duty —— :

=Trace2= P-P 10:60¥ Mait 10.00Y Rms 5.264Y

veii Freq  e— Duty 0.0% & oo i

9.8 uaasdayann PwM 71 18 ninasesdunesadyaa (5v/DIV,5Us/DLY)
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7.0y NNB8N9IN99I TN TR2113

Stopped
CH1=5V : CH2=5vV
DC 1:1 : DC 11

1999/03/14 22:42:10
Sus/div

© o Freq == pugy LD
=Trace2= P-P 14.60v : Max 12;.20v Rms 6.883Y
USRI 47 4: IOty o / oy Iy —e i N\

71N 9. 9uaasdyanui 1dnnsesdunn R2113 (SV/DIV,50Ls/DIV)

9.4 3395M1a4

L. danaoenanNssaende lurmuieesasesnu

Stopped 3 1999/03/14 235315
CH1=10.00%: : 3 + : : ©  Slus/div
DC 11 g : z : ; : (S0us/div)

NORM:20MS /s

I

3

IO 1 R O 1 i R R L G

- b0 Frea 14izekiz  puty 7zaiax

1WT9.10 uarmedayaaii Ifanaesids (10 VDIV, s0pLS/DIV)
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2. Fygnad ldnnssdadernuieasnseens

Stopped g 1999/03/15 00:04:05
CH1=10.00v: ; : ] ; ; T Sms7div
DC 11 : ; i ; : . (Bmsydiv)

NORM ZﬂﬂkS /s

=Tracel= p-b 14, .65V

‘1J n9.11 waasdganan lanmesssidadiomiugesnsesaanud (10v/DIv, Sms/DIV )

Y}

3. AYYIMLAAN EI”ISIﬁJuﬂ"r’l'lﬂ’N%ﬁﬂ'QO@N'lu’N‘i]iﬂiENﬂ’J"lllﬂLL’ﬁ?

Stopped 1993/03/15 00:04:37
CH1=10dBV: . kHz/div
DC 11
. : f .. 'T‘OR‘."f'_
iy

TN T RV TS N | CTRTR L LJ_“&L L i aana LY R T X

3U79.12 uarneens Tutindh 18 nmersidudonunsesnsesnnuinda
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sy v o w A 1 Y
4. Foyagyh IRansshdaserundeutas 12v220v

Stopped 1999/03/15 00:14:04

ORM{200KS /s

=Trace2= P
: Frikq

Rms  2.658V

CH2
YV /DIV

CH2 V/IV |

Y

1U#9.13 uaasdaya mi TR nnes fdawerundontas12v/220v (Prob* 100

1V/DIV, 5ms/DIV )

5. Ay anamansas lwaad Ianlseshsaderundoulad i

Stopped 3 1999/03/15 00:15:02
: CH2=10dBV A ; ; . 1kHz/div
DG 11 H 7 : : :

3U79.14 uanees Twinfi 1dnneesidaudemunsiouas ndh
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I SHAMINATDUSLUUIIN

MIvnaneamdszaninmyssszuuiotouns sy 24 Voits

_—

ainyailusyuy yu1a ran

0w 25W 40w 60W | 100 W

Output 910 battery |

UIIAYU (V) 235 | 235 235 | 235 | 235
|
ATZUA (A) ! g 3 41 48
e lvh (w) !} 42 l 70.5 96 | 112.8 |
Output 910 Inverter gmz’msﬂsmmmé i
| |
USIAU (Vrms) ’ 14,2057 13,0 0 12.1 113 | 10.6 }
NSTUE (A) : { AN e 6.8 8.2 {}
Ads lilsng (va) a7t 6413 | 7684 | 8692 ;
|
Voltage regulation(%) ) B 14.7 20.4 25 {
Output 910 Transformer W 'I {
U39 (Vrms) 260 235 210 187 168
A Tl (w) 2 45 57 65
Voltage regulation(%) 9.6 19 | 28 | 35

Efficiency(%) of Inverter and Transformer 76.2 63.83 60 53.2
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UNI-S®LAR,

UNI-POWER° SOLAR MODULES
Owner's Manual & Installation Guide

L R e e e

CAUTIONS

"UNI-POWERS® solar modules produce
DC electricity when exposed to light.
The voltage from one individualteav
module is not considered hazardous,
however if modules are connected in
senes to mcrease voltage or in pamllel
to Increase current the shock hazard
in&eases. When installing or working
around photovoltmc modules batte:ms
and refatcd electrical equiptient
observe mdustry standards and
practices as Well as manufacturer’s
safety recorimendations.

WARNINGS

- Cover the UNI-POWER modules
with an dﬁaiﬁ;ﬁe material before

ST o Sy

producing electricity while mak:uég the
connections and reduce the Ask of
electric shock or sparks.

e Use iri}s;ﬁgtgc—l“;ools and wear
rubber gloves when handling mod-
ules.

«  Observe safe electrical pran):'ticeS
atall times. Make connections in
well-véntifated Areas free from
flammable gas vapors and open
flames.

¢ Observe proper polarity when
connecting UNI-PO WER modules
into an electrical circuit. Reverse
connection will damagé the module
and may result in fire.

= Do not use any UNVI-POWER
module without blocking diode
protection to prevent reverse currents
from flowing into the module either
from a battery or from another
module in the circuit.

e on
* Do not attemnpt to concentrate

sunlight on the modules for increased
output. Doing so may cause damage
and will void the warranty.

Do not walk on the modules and
avoid dropping any sharp objects on
the face. .

«  Contact appropriate authorities
before installing UNI-POWER
modules to determine if permits and
mspecqons are required for your
partiCilar area.

*  Ground module frame and all
metal structures for all systems at any
voltage. Follow the requirements of
the National Electric Code or other
applicable code for yourlocation.

*  Module installation should be -
performed only by qualified pefsons.
If you are not famifiar with electrical
power equipment contact a trained

electrician to assist you with your
mstallation. 7~

DISCLAIMER OF LIABILITY

The information contained in this
manual is based on United Solar’s
knowledge and experience, but such
information and suggestions do not
constitute a warranty expressed or
implied. Because the methods of
installation, use and maintenance of
UNI-POWER solar modules are
beyond the control of United Solar,
United Solar assumes no responsibil-
ity and expressly disclaims liability for
any loss, damage or expense associ-
ated with the use, installation or
operation of the product. Any liability
of United Solar is strictly limited to the
Limited Warranty attached hereto.
United Solar reserves the right to
make changes to product specifica-
tions or to the instriction manual
without notice.

INSTALLATION
Mounting

Mounting holes on the aluminum
frame of the UNI-POWER modules
are provided that fit | /4 inch diameter
fasteners. (See Figure 1.) Mount the
modules using at least 4 fasteners
with lockwashers. Using the 4 middle
mounting holes provides the greatest
strength. Clearance between the
UNI-POWER module and a mounting
surface can be the minimum neces-
sary to prevent wire chafing.

Orientation

Pick a location with a maximum
exposure to sunlight. Avoid shadows,
especially during the middle of the

day. Orient the module so that the
surface will receive the maximum sun

" exposure over the year for your

particular site. Typically this is
achieved by tilting the module toward
the equator at an angle equal to the
latitude of the site plus 10 degrees.

To increase summer performance use
a shallower tilt angle, to increase
winter performance use a steepcr tilt
angle.

Wiring

There is a wiring junction box located
on the rear of each module. (See
Figure 2.) To access the junction box,
loosen the 4 captive screws and lift
off the cover. The junction box is
equipped with 4 knock-outs which will
accept either electrical conduit (1/27
trade size) or strain-reliefs. It is not
recommended to run wires through
the knock-outs without the use of
either strain-reliefs or conduit. You
may use any combination of knock-
outs which is most convenient for



your installation. Use a tool such as a
screwdriver to remove the knock-out.

UNI-POWER Solar Modules Specifications

v
Install either a strain-relief ora US-32 US-64.
conduit fitting. Follow the diagram in
Figure 2 to make your wiring connec- Rated Power (Watts) 32 64
tions. For connecting muitiple ; :
modules in series or parallel, refer to Operating Voltage (Volts) 15.6 15.6
Figure 3. Reposition the cover on the Operating Current (Amps) 2.05 4.1
Junction box and tighten the 4 screws. ——
] Open Circuit Voltage (Volts) 213 213
Blocking Diodes Open Circuit Voltage (Volts <
pi g B 10" C and 1250 Voma e 24.5 24.5
opert use of a suitable blocking i, = :
diode prevents reverse current flow Short Circuit Current (Amps) 2.55 5.1.
into 2 module from a battery, another Short Circuit Current (Amps)* 33 6.6
parallel-connected module or from 273 C and 1250 Wi = -
another charging source. Series fuse rating (Amps) 4 8
For 12 volt sy Stemms it is necessary to § Minimum blocking diode or
use a blocking diode in series with bypass diode rating ( Amps) 4 8
each module. One of the supplied
Jumpers may be used to install a Weight (Ibs./kgs.) 10.8/4.9 | 20.5/9.3
blocking diode in the module junction AN R T > W |, Ve
3 bl 4 e\ 3 eclrica. speciicanons (= 3%) are asea on measurements
box if desired, refer to Figure 3. performed at Standard Test Conditions of 1000 W/nt irradiance, Air
For higher voltage systems you may Mass 1.5, and Cell Temperature of 25° C after long-term stabilization.
use a single blockin g diode of appro- Performance may vary up to 10% from rated power due to low
priate rating in each series -connected temperature operation, spectral and related effects.
string of modules. Use an external * Refer t0 section 690-8 of the National Electric Code for an
termination box to mount the diode additional multiplying factor of 125% which may be applicable.
o Us—32 us-gs /
1 1. 46.3mm 46.3mm
> REREES) T 082
:oiuntin :g;r;tmq
Qles 23
e (a0 287
= = Groundin T Groundin
o &% V% | == &% £%%0mn
bros 95 ba (2—-90.187) beifoe] 8,_ (2-20.167)
e gl e FT
22.5mm 26.6mm
g~
<'l=) —
Sa3, M ~ ‘ 702.0mm !- 31.8mm
! TR - J"L‘a‘—‘(:g{" . (27.647) (1.257
382.7mm 741.2mm
(15.077) (29.187)

Figure |
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and any heat sink. Contact United
Solar Systemns for assistance.

Bypass Diodes

Every UNI-POWER module includes
a bypass diode across each cell, which
results in reduced power loss under
partial shadow conditions. When 2 or
more modules are connected in series,
a bypass diode can be installed in the
module junction box using the supplied
j\mgpg:_rs, providing further shadow
tolerance.” {See Figure 3.) Contact
United Solar Systems for assistance.

Charge Reguiation

The use of a charge regulator is
recommended in battery systems to
prevent the solar module from over-
charging the battery. Follow the
manufacturer’s instruction for installa-
tion of the regulator.

High Voitage Systems

UNI-POWER solar modules are
suitable for use in high voltage
systems up to 600 volts. Contact
United Solar Systemns for specific
design advice and assistance. Do not

For Single Module Connection

1 pmifamy
%1%\% '4%
s g HeS = v, o { nume W em s

Blocking

ﬁrl With Charge Controller

that contains blocking diode

Diode Fuse

Jumoper

Charge Controller

)
)

——

+

For Parallel Connection

0]

(O
z
—-— wameju s

Blockin Blocking |
Diode ? Diode Fuse
Jumpger Jumper | /
’4 (')
' J — (+)
For Series Connection
' A Jumper .
= = Jumper Jumper

‘ Bypass Diode
Jumper : if desired)

Bypass Diode
. (if desired)

=)
Blocking Diode ¢

Fuse

Figure 3



use UNI-POWER modules in
systems having an open circuit
voltage greater than 600 volts DC.

Wire Selection

Use insulated, stranded copper wire
rated at least 90° C for module-to-
module wiring. Allowable wire size
is 10-18 AWG. Wire insulation and
size should be chosen for maximum
temperature and environment.
Refer to the National Electric Code
section 690-8 or other recognized
standard.

Grounding

The frame of each module should be
connected to earth ground. A self-
threading grounding screw and cup
washer are provided with each
module that can be used to attach a
ground wire to the frame using the
grounding holes shown in Figure 1.
Module mounting fasteners can be
used for grounding purposes, in
which case a star lock washer must
be used to ensure a good electrical
connection to the module frame.
Consult the National Electric Code
or other recognized standard for
grounding requirements.

Maintenance

Check the wiring connections
periodically for tightness and corro-

- sion. Clean the front surface of the
modules as needed with mild soap
and water. Do not use abrasive~=
cleaners or solvents. Be careful
when washing the modules, as the
combination of water and electricity
may present a shock hazard. Wear
rubber gloves and disconnect the
amay from the batteries. Short
circuit the output of the modules or
wash at night.

BT
Warranty

Limited Warranty Ten-Year

United Solar Systems Corp. war-
rants the solar module against lost

power output as follows: Fora
period of ten (10) years from the
date of sale to the original purchaser,
modules returned by the original
purchaser to an authorized United
Solar Systems Distributor or Service
Facility which upon inspection are
determined to exhibit a power output
of less than 90 % of the Minimum
Rated Power specified at the time of
sale due to defects in materials or
workmanship will be repaired or
replaced, or, at the option of United
Solar Systems Corp., it will replace
such lost power by providing to
buyer additional modules to restore
total wattage of all defective mod-
ules 1n the user’s installation or
system to 90% of the Rated Power
output.

What is not covered by the
Warranty

This warranty does not apply to any
module which in the judgment of
United Solar Systems Corp. has
been subject to misuse, neglect or
accident or which has been damaged
through abuse, alteration, improper
installation or application, or negli-
gence in use, storage, transportation
or handling, or repaired by anyone
other than United Solar Systems
Corp. The warranty does not cover
any transportation costs for return of
module or for reshipment of any
repaired or replaced module, or cost
associated with installation, removal
or remstallation of modules.

Warranty Limitations

United Solar Systems Corp. shall
have no responsibility for damage to
persons or property or other loss or
injury resulting from defect in the
module or from improper use or
nstallation. Under no circumstances
will United Solar Systems Corp. be
liable for any incidental or conse-
quential damage. Any warranties
implied by law, including those of
merchantability and fimess for a
particular purposé are hereby
expressly disclaimed. The maximum
liability of United Solar Systems

Corp. is limited to the purchase price
of the system. Such liability shall be
limited in duration to twelve (12)
months from the date of original
purchase. This warranty is in lieu of
all other warranties, expressed or
mmplied. The purchaser’s exclusive
remedy shall be only as stated herein.
Some states do not allow limitations
on how long an implied warranty lasts
or the exclusion or limitation of
incidental or consequential damages,
so the above limitations or exclusions
may not apply to you.

Obtaining Warranty
Performance

Fill out and return the Warranty
Registration Card, if supplied with the
module, within thirty (30) days after
purchase. Failure to return the card
will not affect your rights under the
warranty so long as you can establish
the date on which you purchased the
module. If you feel you have a claim
under this warranty, first contact the
dealer who sold you the module or
any Authonized United Solar Systems
Distributor. Check local telephone
listings for location. The dealer or
distributor will give advice on handling
the claim. If further assistance is
required, write United Solar Systems
Corp. for instructions. The return of
any module will not be accepted by
the factory unless prior written
authorization has been given by
United Solar Systems Corp.

This warranty gives you specific legal
rights, and you may also have other
rights which vary from state to state. |

United Solar Systems Corp.

Sales/Customer Service Office
5278 Eastgate Mall

San Diego, CA 92121

(800) 397-2083

(619) 625-2080

fax (619) 625-2083

Corporate Office

1100 West Maple Road
Troy, M1 48084

(800) 843-3892
(810-3624170

fax (810) 3624442
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GENERAL DESCARIFTION

The XR-2208 ‘st z ~crolithic function generaior inte-
grated circuit <acadl= of procducing high quality sine,

scuare, rigngie, 2o and pulse waveiorms of high-siz

Hz 19 more hen ¢ C4HL,

on

gistoriicn,

FEATURES

Low-Sicz Wave Dicms-tion

Sxcallent Temperz-.-= Stability
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- AM/FM Generation
V/F Caoaversion
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: 1, or 75K ¢zneration. it Nas e t/cics!
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Aeeratift=fT ernporatute

Part Number

XR-2225i 1037C
XR-2208N C:o+7C°C
XR-22067 10 -706°C
XR-2206CN 10 =70°C

XR-2206C?

SYSTEM DESCRIPTIAN

The XA-2273 1s ccmorised of four funciional clocks: &
valiage~cantrcliea sscillzicr (YCD). 50 anaicg meitniier
3nd sine=snacer: 3 uaily gain bufsr smolifier; and a ser
oT currant swiicnes. ’

The VCQ sciuatly crocucss an Quitut requenrcy oGrar-
noral (9 an -ACul current, wnich is orocucad By s fesistor
irom ine im: mingle 10 grounc. The current nwvitcnes

raute one ci me liming pins current i< ine VCO conirotled
Sy.an FSKinTii Din, 10 2roduc2 an JuiTut frequency. With
‘rzouencies ¢an e

wa iming o LC CisCrele ouiTsl

:ngeoendenti 2raducss ‘or FSK G2m3znon ACDNCENCNS.

inc.. 733 Patomar Avenve, Sunnyvale Z4 22088

3 ° TWX 3iC-338-8233
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ELECTRICAL CHARACTERISTICS

Test Conditions? T

fqure 1,LVT =12V, Ty =25°, C =001
unlzss ctherwise scecified. $ open for

1=106xQ, 3

ngle, cicsza far sima wrzve

10k0, A3=25%0

‘ PARAMETER

B

XR-2206M I
| Mg L TYP. | MAX. [ M. | TYP | MAT-] UNIT CONDITIONS
E\IERAL CHARACTERLS <. e TSy |
i
Single Suppty Valtage : 10 25 1q 4
Sslit-Suzoly Voltaze | 5 =13 23 v
Suooly Current £ 12 17 mA Ay >i0xn
ECIL‘.’ATOF‘\ SECTION
*ax. Coerating Frequency 1 Q.5 Mz ! C = 1000 oF, Af1=ikn
Lowest Practical Frequency 0.01 1 Hz i C=30uF. Ay =2Mn
Frequency ccuracy 21 =4 > 1 %af iy fo =1/R)C
Temoerature Scazilicy V- - - =10 2335w : om/3C 0°C< T4 s 75°C,
’ Ay=Ar=I0xq
Sucaly Sensnivity 0.01 3.1 YAV ! Viow =10V, VyieH = 20V,
! Ay =Ry=20xQ
Sweeo Range 2000:1 fu = ‘Y@Ry=1k0
} ! iL2R =2M0
Sweeo Linearizy
l 10:1 Sween 2 2 % ' fo= i<z fy = 10 kHz
, 1000:1 Sweeo 3 } 3 % ' f =100 Hz, fiy = 100 xHz
M Qistonian Q.1 G.l % ! = 137 Ceviation
Reccmmendse Timing | |
Comconens 5
Timing Cacacitor: C He'o] 3.001 e Se= Figure 4.
Timing Resistors: 3y & Ay 2Cco i ! 8]
Triangle Sine Wave Qumut { See Note |, Figure 2.
Triangle Amctitude 1€Q mV/i% Figure 1, S; Coen
Sine Wave Amolitude 330 Ele] mV/x 0 Figure 1. Sy Closes
Max. Cutout Swing 8 ' l Voo
Qutout Imoedance 300 73
Trargia Uinaarity 1 %
Amctiteze Siaaoilicy cs af For i03Q: ! Sweeo
Sine Wave Amalirude Staaiiity <3CQ cam/*C Ses Nate 2,
Sine Wave Qistortion
WiRRSUT Agjustmans 2.3 k3 Ay =30.n
‘With Adjustment Q.4 1.a -3 % See Figures § anc 7.
Armplicude Moculatian
Inout Imoedance ! ica Q Q
Mc;aulation Range 1ca %
Carrier Sucoression ’ . 135 cs
Linearity 2 = For §5% modulation
Square-wave Quiout
~Amoiiude 12 Voo Measurect ac Pin 17,
Rise Time 250 Asec G_=10¢F
Fall Time , 0 Nrec Ce=r2s=s
Saturation Veitage | 22 3.2 v L= 2maA
Le2ak3ge Coxrent 4 a 0 e 1y = 28V
FSK Keving Lavet (Pin Q) 4 2.3 ol | v See sectian an circuit :cm.:;lsz'
Seference Sycass Vaitage 3 23 25 ‘ v Measurea 21 Pin i0.

Nore 1:  JuDu: 2motituge i Qirectt; orooar
Note 2:  For magximum amalituge saailicy |

31 10 (e renistance. Az
“Cuid Oe a cJsitive (2moerature coerticient reqnsior
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Figure 10: Ciccuit for Sine Wave Generation without Figure 12: Sinuscidal FSK Generator.
Exzernal Adjusament. (See Figure 2 for
Choice of R4.)
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Figure 1 Circuit for Sine Wave Generation with
Minimum Harmonic Distortion. (Rg

-~ _ Determines Qutput Swing — See Figure 2)




X2-2206 -
ors, .q‘
rasoeclively,

zn Se cfztzizd with two segarate {iming
=4 (0 the timing ?in 7 and 8§,
Fizure 12. Oepencing on the
21 7in 9, either cne or the ather

If Pin 9 is open-

Elate] Rq, conn
zs e.."‘.awn in
aclarity of ihe logic signal
i ihzse lirming resistors
eg or connected 0 @ cias voliage 22V, only Ay s
=d. Similariy, if the .2iiage level 3t Pin 9 is <1V,
anty Rq is acrivaizd. Thus. e outout frequency can te
weynd Senwesn Two levals iy and fo, as:

‘s ectivated.

iy =1/81Carziz=1/8,C

~)

For schii-sugpiy oCaration, =2 kaving volia
farznczd o V7. '

ge 3t 2in § is

QOutput OC Level Controt:

Tre 2c level 51 the

zzme as

Qutout ~'a 2) is socoraximartaiy
11and 12

3nd ground, 0 aive

ihe

e ¢c in 2. In Zfgures 10, Pin3
¢ zigsed migway bhetween VT

auinut dcievel of =V 7/2,

Zigs a2t

3n

APPLICATIONS INFORMATION

Sine Wave Generation
—_———

s Without External Adjustment:

Figure 10 shows ihe circuit connection for generaiing a
sinusaidal output from the XR-2205. The patenticmerer,

Ay at Pin T, provides the desirec irequency 'uning. The
maximum output swing is greater tan V7/2, and the
ivpical distartion (THD) is <2.5%. If lower sine wave

Zistortion is gesired, additionat adjustments can Se srovided
zs described in the {gilowing section.

The circuit of Figure 10 can te converted (0 solit<suooly
cgeration, simely oy reolacing all ground connecticns with
\/=. For <olit-sucoly ogerstion, 11—- Gn e directly ccanecizg
{0 ground.

- ’

With Exzernal Adius:ment:

The harmoric c:ntem of sinusaidal cuizut can be reduced
10 =0.5% Sy zdciticnal scjusiments as shown in Figure 11,
The porznticmerer, R, scjusts the sine-shagine resisior,

and Rg provides the fine adjustment for ihe waveform

‘symmetry. The sdjusiment grocegur? is zs foilows:

1. Set Rz 21 micgaint, znd aZiust R for minimum
gisicrrion,

7. ‘With Ra set 3s sbove, aciust P.g 0 furiher rsduce

distorzion.

Triangle Wave Generatian

The circuits of Figures a l_unvpr-:uj e

5
triangle wave cenerzrion, sn<ircuiting Pin 12

2., $; ccan). Am

r“c\e!y twicz ine sine wwave ouiput.

orexi-

FSK Generation

Figure 12 shews (ne circuit connectian ior sinuseidal SSK
signal ogeraticn, Mark :f'.d soace

r'ren nr’cies can 'o= inua~
snd 92 tNe cLidut is chase<contiducus during transitions.

The keying signal is zoclied w0 Pin Q.
canverted (G solit-sucoly operation by simoly reofacing
ground wiit: V7.

The circuit can oe

Pulse and Rzmp Ceneratian

Figure 13 shiows he circuit

for puise =nd famg wavetcrm

jeneraiicn. In Inis moce <i ageration, the-FSK keying 2r
minal (Pin G is :icr2g {0 ihe square-wave qurput (Pin 11},
and Ne circuit -uturf‘a.lcallv rrequemw -smift keys itself

eTwesn (wa seczrate re:uencxes curmu tne oomxveqcma

. 3Nd Negative-goin~s SUtSut wavelarms, The guise widin sng

cuty cycle can wgjustec from 1% 1o 99%. by (Ne chaice

oi Ay and A5 T values of A and Ry shouid be in the
ange oi ! <Q\a IMQ.

"
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Figure 1:  Basic Test Circuit. Figure 5:  Normalized Output Amplitude versus OC
Bias at AM [nput (Pin 1).
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Figure 2:

Output Amplitude as a Function of the

Fiqure &:

Trimmed Oistortion versus Timing

Yz v

Resistor, R, at Pin 3. Resistor.
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Figure 3:

Sucoly Current versus Supply Voltage,
Timing, R.

Figure 7:

Sine Wave Oistortion versus Operating
Frequency with Timing Capacitars Varied.
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Figure 4:

R versus Oscillation Frequency.

Figure 8:

Frequency Orift versus Temperature.
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PRINCIPLES OF QPERATION . whara Ve is in valis. The voltsae-ic-irequency comversion
3ain, K, :s3iven as:
Oescrigtion of Cantrals 853

K =3ilaVe =~ = M2
r.CC
Frequency of Operation: .
Tre irequency of oscilizzion, g, is defarmined oy ih2 CAUTION: For saie cserztion ¢f the circuit, I+ sncuid o2
2xi2rnal Uming capacitor, C. scross Fin 2 znd §, and Dy e fimitzg 10 €3 MA. . «
iming r2sistar. R, conneced w0 zithar Pia 7 or 8. The ira- C e e e s =l wasmenoas 2. 8
. —_— : | s . . .
SuJency is given as: Qutput Amglitude: -
1 . .
f,==0— Hz Miaximum QuIput amoiitucsa is xonaL C the
e external resisior; Ha, connsecied <se -purg 2)Ea
i ; i - BBLT _s=alitud =V. pess
and can be adjusied Gv varving 2itner A ar C. G 50.=V. pe3

i s w5 g : er <« of =MgicMyiencle, n2 T23k zmclitude ¢ roxi-
mances vaiuas of R, for 2 2ivan irequency range, 3r2 shgwn par < fcr iriarcle, ; uc’ s 3opro
fzr a2xzmole,

20

in Figure ¢ Tamoergturs znility is octimum for & k2 < <2
. 2 ¥ 4 i : | R~ =30 + 0 wouid orecuc? 2

2 < 200 Q. Rezommznzag veivas of.C ara from 1000 £F SN i %

——— == S A Qo T

0180 ar. Duliciut g=Tule

; = o

Amptitude Mcdulation:

Frequency Sween and Modulation: . . i
Cuiout zmclitues czn 22 mcoculsiagd Ty acclving 3 cc Dias

Frezuency of ascillation is sropormmional 12 tne total timing u,

Sl " 317 3 mogulaiing sign! 10 Pin 1. The internal imoecance 3t
Cuir=nt, i, Crawn i 7 A

- bt eSS P 4= Pt e NN C'.".:"_' Slinae yzrive

1N e 22 neﬁ vclizge 3t
Zigs at 1nis pin, caninin 22 volisef VT2 25 shown in Figurs
it Dias lavel =

corcacnes V 772, ihe chase of ihe
ignal is raverseg, and ihe :mohiius2 soes (hrough

2 lgw-imgedange coints,
Leritalracgec TN P2

" {7 xeying and
ol o Ride [R5,

fis progeriy is suitaoie
ss=Ccarrier AM generztion.
clitucs mocuisticon is 2pnroximaie

[ak¢-1 T rence ot

A
e}
current vziues, from 1 oA (0 3 MA. The frequency czn

e contrchies oy eoplying s Voo 0 the

sCrivated iming 2iMlassRg.un if TUENTY o7 L
ascillation is refatad to Ve ss: CACTION: AN conwni must 58 Used in 2oNuUnciian il
3 wetlr #uisied sucoly. since (he Cuigui &mclitude now
s i o %
= 5‘— A DA ~ becomes z function of /7,

EQUIVALENT
SCHEMATIC
CIAGRAM
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11484
1L435

Specificarinns and Applications
Information

SWITCHMODE

PULSE WIDTH MODULATICN

SWITCHMOOE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

The TL4Sd ang TLE3S are fixed frequency, ouise wictn modu-
fabien controi circunts designed primariiy {or Swichmode oower
sudoly control. These devices izature:

i » Comclete Puise Width Moduiation Controi Circuntry

v

Cn-Chio Cscaillator YWith Masier Or Siave Ogeration

.

Cn-Chip Errar Amaonliers

-

Cn-Chio S Voit Aelerence

Adjusiadle Dead-Time Control

Uncommitted Cutout Transisiors For 200 mA Source Or Sink

-

Quigut Cantrol For Pusn.Puil Or Singie-2ndeq Coerauon
On-Chig 38 Yolt Zener (TL42S Only)
Quiout Steenng Control {TL225 Onty)

.

CONTROL CIRCUITS

SILJCON MOMOUITHIC
INTEGRATED CIRCUITS

TL434

J SUFFIX

! CZRAMIC PACXAGE
| CASE 52002

PIN CONNECTIONS

TL494

N SUFAIX

PLASTIC PACKAGE

c.

CASE 348-05

o1

i / SUFAX
I CZRAMIC PACXAGE
! CASE 73501

N SUFFIX
— PLASTIC PACXAGE
CASE 707-92

= | | Temoerature f
) | ! Jevice H Range ) Picxage
2ol 5 { :
) — . TLe34aCN i 3To70C Plasuc OIP
; TLa4Cy . 3Ta 20°C . Ceramnic DIP
!
ToTL494: - {8 To 85'C < Plasue O1P
7 RE:T) -5 7a 385C Zeramec DIP
1
f i3amMy -5 70 i25°C Czramec OIP
The TLasal 135C ave soeciliagd gvar ine commersiat cgerzting
‘3nge of 0°C 10 70°C. The TL49¢L29S) are sosciiiea cyer tne in- P TLagsIN 370 73°C 2lasnc JiP
‘?Ulslhal fange of - 75°C 10 85°C. The TL494M is sceciiied over tne ' “Leeer ] 172 0°C Ceramic 2P
uth miinary range of - 35°C 1g 125
ry ge a 5°C 10 125°C. ) RETTIIN - IS To 3%C Plrsne DIP
L1158 -%37085C Tezeame TiP




TL484, TL4gsS

' FIGURE 1 — BLOCX D15GRAM .
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Cagacitor C1
Fe=abacuP ‘W M Caing.

S AL

AAA//A/f

Qead-Time Controt

Flio-Aloo
Coch Inout

mu_r_m

Flig-Flog

: L._:

JFTUJﬂMl;

<4wijTJ andp;

| ; T— i I g i 2 b | ‘
e PP L 0T
e LT T

—_
S U

MOTCPRQOLA LIN

EARIN



Oescrigtion

The TL434:495 jre fixed-Irequency oguise width mod-
\.altan cantrol circuit, incorporating the primary buiig-
~= ptocxs required {or the cantrol of a swilching power
vanwiy. (See Figure 1) Aninternel-linear 3awtootn os-
(-iatar is Irequency-pragrammanle By two external
ce-mgonents. 31 and C~ The ascillator Ireauency is
dricemined Dy

8]
fase = AT e CT

Cutost Quise width moculation is accomolished by

comwansan of the positive sawicoth waveform across -

cacz-tor Cy lo erther of two conural signals. The NOR
qat7z. which drive outout transistors QT and Q2. are
roalled oniy when the Hio-flop clock-ingut line is in its
‘ow state. This hapoens only during that portion of ime
~nen Ihe sawilooth voitage s greater than the control
w-angis. TherelGre, an increase in cantrol-signal amoli-
lude c3usas a carresconding linear decrease of qutcut
Duise wicin, (Refar to tne iming diagram showa 1 Fig-
e )

e cantroi signals are external inouts that can e fed
J tne dead-lim= controi, 'he srror amotthier inouts,
:ne feedback inout. The dead-tmez control comoar-
w Nas an 2Hective 120 mV input offset wmch bmits
ihe AvMrMum Qutoul czad bime (o agoroximately the
‘st 2%, of the sawtootn-cycis ime. This waould resuit
YT M 3ximum Culy Cycie on a given autout of 357 wiln
"he outet control grounded. and 48, with it cannecied
‘L ihe reference line. Additional dead time may oe im-
osad on the outout by setting the dead lime-ccontrol
‘tut 10 a fixed voitage. ranging detwe=n 0 1o 3. V.

The culse widih modulator comgaratar gravides 3
Teans lorthe error amoiifiers 1 adjust the outout ouise
#:G1n frorr the maximum cercent on-ume, 2si3dlisnad
Div iNe dead time controf ingut, Sown (g (ero. 3s he

voitage at the f==3back gin varias frsm 0.510 3.5V Sotn
error amolifiers have a <ommaza.-modeinoutrarge from
-0.1V1o(Veg -2V), and may De used to sense Jower-
sugsly autput veitage :nd zurr=nt. The arrcr.amonlier
Qulouts ar= active high and are ORed ogether at (he
nen-invering ingut of the pulse-width modulatar cam-
Sarator. Yith this configuration, the amolilisr tnat da-
Mancs Minimum outzut an Yme, Jominates cantral of
‘ne looo.

"When capacitar C1is cice~arged. a ocsitive guise s
32ner3ted an the gqutput of the dead-ime cam=arator,
whch clocks ihe puls=-ste=ring flio-floo ard inmbits the
Jutoul raasisiors. Q1 ang 22Z. With the outaut-contrat
2nnecizd 1o (he reference line, the gulse-sizesing Hio-
02 direcis the moduwialed ouises o =2cn of the v
Quioul transistars aiternately ‘or oush-oull operation
The outout requency is aqual 1 hail that of the asail-
‘ator. Qutout drive can also be taken from Q1 or Q2.
~fen single-2nded coeration with 3 Maximum gn-ume
2t 12ss than 33% s required. This 1s desirasle whan tie
JulQut transfarmer has 2 nnNgoack winding wsin 3 caten
Srode used for snubBiag. When nigher outgut-anve cur-
‘=nts are requiced lor singte-anced operanon, Q! an
2Z may oe coanectad in garallei, and the suiout-moce
2:n must Se tied 10 ground o disao’e the lig-llog. The
utsut [reguency wiil now de =2quat (o that of e
2scillator,

The TL434 435 has aninternal 5.0 V refer=nce cacacie
of sourcing uo ta 18 mA of load current for 2xtarnai bias
“Cuits. The reference has an accuracy of = 3, wuh a
inarmal drift of less than SO MV over an oos
2=-atur= range ot 0 to 70°C.

The TL49S contains an on-chio 29 voit zzner diode for
7150 voitage 300hications where V- is greater than ¢Q
vaits. and an outout steering control that cverrides (te
iatern3l contrsl of the ouisz-siaering Ha-{log. (R2fe- 13
\Ne tuaciional iable snown in Figure 3.)

J3aung tem-

FIGURE ] — FUNCTIONAL TABLE

! mouts i i |
: Quiout Sivering } Juidut Function ! {
! Zontrod Controt H 1 '
| Gerounded | Ogen i Singte—ndea 2 WM a1 Q1 3ma C2 i ' j,
| AUV, | Qoen { 2ush-ouit ogeraucn ’ ) 2.5 :
| Al Yay | ¥1<84Y | Singte-engez AW M 1t Q1 2w | ! i
L AU Vegy V124V Single-smcza O W M 3t Q7 amey | ! i

INTIAFLCE DIvicE

w



MAXIMUM RATINGS 17uu OCTratngG dmoeat t2moeraire range acolias ualess Jif=nviss noted.)

| Rating | Symool | TLesaM | TLigaiTLess | TU8¢CT35C | Unie |
| 2swer Suooly Voitags i ves | <2 | 47 | 42 v
| Cattector Dutcut Voltage | Ve veg | 12 i 2 i 42 v
! Collezor Qutout Current (eaen ransisiary U otestey =0 | 250 i 250 | ma
|_Amotifier Ingut Voltage I Via | Vec- o3 | vec-03 | vec - a3 | E
liwpr Oissigation v Ty < 45C | ) i 1050 [ 1000 | 1030 | mw
| Qoerating Junction Temoerature ! T, i 1% ! 153 i 150 I
f&evumg Ambient Temoeraturs fange i Ta i 2351125 | -1510 85 ] 7t 70 [
| Storage Temoerature Range i ‘stz i -5310 -1%0 | - 5510 <150 | -3 -150 - i 't
THEAMAL CHARACTERISTICS ’
. Charvctarics | Symooi . 4 Suiix Ceramic Picrage i N Sutfix Plastic Pickage : Unit
Thermai Aeasistance. Junchon to Amgrant - - T . 100 | 30 | oo H
o O |
n Power Qarating Facior i EPYFO 1.0 ; i2.5 | mwe 1
i Derating Amoient Temgeraturs t Ta i 20 i 15 I o J
AECOMMENDED OPERATING CONOIMONS N
: ] TL494: T35 i —E
ConditionVaive } Symoot | Min } Typ ) Max Unit |
>2war Suooly Valtage Lves 70 i ) i 0 ooV
Coltzcror Qutout Valtage Ve, e A | 0 | 20 i T}
Collector Quiow! Current (esen transiniors LR o ' | = | 200 | ma |
Amolifier Ingut Vortage ¥oal ’ gos } - H Meoh-Wo | v f
Curr2nt Intg Frraback Tarmunat i 'y - | L | 2.1 ! ma |
R=lerence Outcul Curreng i b - : 1 \ Hd omA |
Timing A=sistor 7 R 13 | 10 ; 300 P
Timag Caoacitor ¥ cs 3.7 ; ! | 2.200 oAk |
Js¢.ia10r Erequency 4 Jre ] ) ! 29 ] N U S5y =« x

ELECTRICAL CHARACTERISTICS L oy S
for 'voical values Ta = 25°C. far min m3ax values T

2sc * "7 Hz unless otheawise notez.)

a 13 {he QATeraung amoient temgeratyre f3nqe N3t 100li2s uniess gtnerwise
Anoteq.
: ! i TLésum | TU4sac, 1Tiagsc) !
.' ’
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FIGURE § — Q2SN LOOP VYOLTAGZ GAlN anD PHASE
versus FREQUENCY

FIGURE 4 — OSCILLATOR FREQUENCY
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FIGURE 10 — STANDEY.SUPPLY CURREXMT
versus SUPPLY YOLTAGE

10 T T
A |1+ 7 7]
T T T T
| 7
ERL ‘ ' > :
IV
= yooh P
. £, /| _—
s A T F T
AT
/ } | | ! { i i
"/ . | t i i !
) 30 ) s = 2 F s 2}

Teg. WPAY vDLTAGE

FIGURE 11 — ERACR AMPUIFIER CHARACTERISTICS FIGURE 127 — DEAD-TIME ANO FZZ0gACX CONTROUL

TEST CIRCUIT

1
y s Ltrme Ammatitier ? ;3: ’)/g
L ] N\ Yo Teae veo 1 |
|
§ > 0c1a Mime Q! e 5 Cutout )
~_I_°__- . I‘_::‘ ¢ = A .
3 p Ll I L
L — .. H =
v Y i Feeabecy 5 !
—0 Teemiam (7 k. Som—T %2 0uow 1
Pin ) O—q——, (44 Sl
= —le ? . E
= - Qo
—— —— i Ianteoe| Qoerme | TLiss
= ! & {rree W ! Qe
= —— ‘—',.‘l ¥ 3 Qe
g 1 > '
o — o Y~ e T 1AV Rael
! Amoldier | ——i Outouz —

FIGURE 13 — COMMON-ZMITTER CONFIGURATION

FIGURE 14 — DMITTER.SOLLOWER CONAGURATION
TEST CIACUIT AND WAVEFQRM

TEST CIACUIT AND WAVEFORM

2 XY,
: 1 ?
j Y 4
I [
\Eaen |
Duioue —. 9
[Tranemes = |
t ——— , —mven
3 it | :
: | 3 -
—_— I
!B? — Sor
]
-, L
ol |

MOTOROLA LiINEAR IMTZAFACSE JEVIC

23




FIGURE 15 — ZRROR-AMPUFIER SEMSING TECHNIQUES
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HV Floating MOS-Gate Driver IC

(HEXFET is a trademark of International Rectifier)

by Steve Clemente and Ajit Dubhashi

Introduction

The gate drive requirements for a power MOSFET or
IGBT utilized as a high side switch (drain connected to
- the high voltage rail, as shown in Figure 1) driven in full
enhancement, i.e., lowest voltage drop across its
terminals, can be summarized as follows:

l. Gate voltage must be 10-15V higher than the drain
voltage. Being a high side switch, such gate voltage would
have to be higher than the rail voltage, which is frequently
the highest voltage available in the system.

2. The gate voltage must be controllable from the logic,
which is normally referenced to ground. Thus, the control

signals have to be level-shifted to the source of the high -

side power ‘device, which, in most applications, swings
between the two rails.

3. The power absorbed by the gate drive circuitry should

not significantly affect the overall efficiency.

With these constraints in mind, several techniques are
presently used to perform this function, as shown in
principle in Table I. Each basic circuit can be
implemented in a wide variety of configurations.

International Rectifier’s IR2110 Gate Driver integrates
most of the functions required to drive one high side and
one low side power MOSFET or IGBT in a compact, high

.....................................................

v A ave
© O - 0

Figure 2. Block diagram of the IR2110

v+ High Voitage Rail

Gate

Source

-

Figure 1. Power MOSFET in high side configuration

performance package. With the addition of few
components, the IR2110 provides very fast switching
speeds (see Table II) and low power dissipation, and can
operate on the bootstrap principle or with a floating
power supply. Used in the bootstrap mode, the IR2110
driver can operate in most applications from frequencies
in the tens of Hz up to hundreds of kHz.

1. The Block Diagram of the IR2110

As shown in Figure 2, the IR2110 comprises a drive
circuit for a ground referenced power transistor, another
for a high side one, level translators and input logic
circuitry.

{
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TABLE [

i
METHOD BASIC CIRCUIT KEY FEATURES !
Full gate control for indefinite periods of time. I
Cost impact of isolated supply is significant (one i
FLOATING 1 GATE S required for each high side MOSFET). !
FLOATING SUPPLY DR"’E Level shifting a ground referenced sxgnal can be
GATE DRIVE tricky: Level shlfter must sustain full voitage, switch
SUPPLY l ) fast with minimal propagation delays and low power
LEVEL SHIFTER | o consumption.
OPTD ISOLATOR 1 o Opto isolators tend to be relatively expensive, limited
i T T in bandwidth and ngise sensitive.
Simple and cost effective but limited in many
’ - & respects.
= Operation over wide duty cycles requires complex
PULSE ” techniques.
TRANSFORMER | Transformer size increases significantly as frequency
- decreases.
l “%;D Significant parasitics create less than ideal operation
LngvaCIQE with fast switching waveforms.
13

PR —

T, Can be used to generate an ‘‘over-rail’’ voltage
controlled by a level shifter or to “‘pump” the gate
when MOSFET is turned on.

Voo In the first case the problems of a level shifter have
_J__ to be tackied.
CHARGE In the second case turn on times tend to be too long
PUMP o™ for switching applications.
1 o !mwsuoe In gxrélerfua.se, gate can be kept on for an indefinite

B period of time.

— [nefficiencies in the voltage muitiplication circuit
may require more than two stages of pumping.

~ "o mm

i Simple and inexpensive with some of the limitations
| I :” of the pulse transformer: duty cycle and on-time are
GATE | »-..f both constrained by the need to refresh the bootstrap
BOOTSTRAP —l— erN_EJ capacitor.
{ If the capacitor is charged from a high voltage rail,
] power dissipation can be significant.
e Viritnra Requires level shifter, with its associated difficultiers.
SHIFTER [ DEVICE !
i i
Gives full gate control for an indefinite period of
— time but is somewhat limited in switching
:,_f performance. This can be improved with added
CARRIER complexity
DRIVE
soP !
L L0A0 OR
== |Low sice
{ OSCILLATOR }-AZ] 0EVICE

Die Rise Fall
e Size Time Time
‘ REX-2 25ns 17ns
Typical switching times for

different HEXFET die sizes HEX-3 38ns 23ns
HEX-4 53ns 34ns

(Ve = 15V, test circuit as in
Figure %9a, without gate network) HEX-S 78ns 34ns
HEX-6 116ns 74ns




INTERNATIONAL RECTIFIER

Data Sheet No. PD-6.021 .
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_HIGH VAOLTAGE 2777
IR2113
MOS GATE DORIVER -
[ General Oescription Features
The [A2113 is a high voitage, hign speed MOS- K Fioating supply designed lor bootstran aceration
gated powsr devica driver with independent high side — Cperating cffset range from -5V to +3&CQV
and low side referenced outout channels. Propretary — Gvfdt Immunity, rated at +~5QVins
HVIC and latch immune CMOS technoiogies ena- — Quiescent pawer dissioation ¢t 1.6at at 1SV
ble ruggedized monoiithic construction. Logic inputs ‘Wide output coerating gata crive suppfy range
are campatible with standard CMOS outputs or with from 10 to 206V
LSTTL outputs using puikug resistors. Output drivers B Separate logic sunply ta interface with logic signai
use low impedance totem-pole arrangement — Qperating sugoty range from S to 20V
designed for low cross-conduction current Spika. — Logic and power ground operating offsat
Prooagation detays for the two channels are matched range from -3 to +5V
10 simalify use in high frequency aoglication. The M CMGCS Schmitt4riggered inouts with hysteresis
floating channei can be usad to drive an N<hannel and puitdown
power MOSFET or IGST in the high side configurz- M Cycle By ¢ycle edgericgered shutdown fogic
ticn that operates oif high voftage rail up to 600 voits. M Undervoftage lockout with hysteresis for both
), r /s channels
Applications B Qutput totem—pole driver designed to drive
¢ MOS-gated power devicas
B High frequency switch-mode power suppfy — Peak currem capaoility at 2A minimum
1 — Switching Yme cf 25ns typical imo 10CCpt
B DOC and AC matar drives toad
PG o H Matched propegation deiay time for both
B Electronic lamgp dailast § channeis
— Typical 120ns turn-on delay and 34ns turm-atf
H B8attery charger "T\ * " celay
— Maximum rated matching differantial o
¥ Induction heafing and welding - =i0ns
M Latch immune CMCS. Withstand >2A reverse
R Switching amglifier current at /O pins

Typical Connectfon

VOOC

SYSTEM

Pinout Assignment




IR2113

Absolute Maximum Ratings

Absolute Maximum Hatings indicate sustained limits beyend which damage 0 the

All voltage parameters are aosolute vaitages referenced to COM.

The Thermat Resistance and Power Qissioation ratings are measured under

air conditions.

device may oczur.

Soard mounted and still

{ Symooi | Parameter i Min | Max | Urits
I vg | ign Sice Floaung Suocly Acsoiuta \oitage | 35 ] Vg »20 |

[ vs | Hign Side Floanng Suoply Ottset \Voitage |  Ygg-05 | 300 ]

| Vvuo | Higa Sica Quiput Voitage i Y3 s | LERDE]

i Vee | Low Side Fixed Susaply Veitage i -5 | 0 -
i Vg | ‘ow Side Cutout Voitage | -3 | Veg -QS | v
L Vo0 | Loqic Succly Voitage J -15 | vgs-2 r

| vss | Logic Suoply Otfsat Voliage jveg-20 Veg ~05 |

I | Legic irout Voitage (HIN, LIN & SO) | Vsg -d5 | VYoo =45 |

.: sYgeat \ Allgwasta Cttsat Suoply Voltage Transient (Sig. '8) I - | <Q ] ins
i >n | Pacxage Power Oissication @ Ta <= 25°C {Fig. i) | - | 15 i N

i Fma i Thermal Aesisiance, Junciion 10 Amoient | - | s | TN
U T | Junction Tempaerature i -35 | 159 |

| Ts | Siorags Tamoerature ] == i s 1 5
| T | Lead Tamoeratura (Solcanng, 10 secands) | "y | 300 !

Recommended Operating Conditions

The Inout/Qutout Legic Timing diagram is shown in Fig. 1. For

within the recammended conditions.

The Vg and Vgg artset ratings are tested with ail supglies

J1as conditions are snown in Fig. 2 and &

n
ol

roger cgeration the cdevice snould be used

ciased at 15V gifferential. Typical ratings at other

[ Symoot | Parameter 1 Min Max | Units |
{ Vg | Hign Side Floaung Suopty Absotuta Voitage i Vg 10 Vg ~20 |
| vg | Hign Side Floating Supoty Offset Voitage 2 I %)
} Yuo | Hign Sics Qutput Voltage | vg ] 3 '
| Vec | cow Side Fixed Supgly Voftaga } 0 ] 20 v

Yo 'ow Side Output Voitage j Bl | Veo ‘

Yoo Logic Sucory Voltage | Vss -3 | Vss+20 |
i Vss tegic Suopiy Ctisat Voltage | F3 | 5 | ‘
1 Vin Logic Input Voitage (HIN, LIN & SD) | vss ! Voo i
Oynamic Electrical Characteristics
Vg1as (YCC. V8s, VDo) = 1SV and Vs = COM unless otherwise soecilied.
The dynamic elecincal cnaracteristics are measured using the test circuit as shawn in Fig. 11,

Tl 5 28*C T‘ = -5510
isg*Cc |
Symooi | Parametsr Min | Typ | Max | Min | Max |Unia | Test Condittons | Referenca

low Turn-On Prooagason Oefay | — |20 ] 1sa| — |25 i Vg - QY Fig. 12
jz,,ﬂ | Tum-Ott Procagauon Cetay | — | 34 125 | — | 220 f Vs = &0V
I"‘d | Shutdown Procegatan Oelay | — | 10|10 | - |zs ! Vg - 500V
1t | Tum-On Riss Time j — |2 ]3| - s Cy = ioooot | Fq. 13
n, Tuen-Oft Fad Time | — ] 7] 25| =] 0| as Ci_ = 10000t |
Mtyn Delay Manung, HS ana LS TunOn | — | — | w0 | — | — | Hon—toni | Fg i
| Mt | Oelay Matcning, 41S ana LS um-Oft | — | — e - - | Hig— Lot B
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Static Electrical Characteristics
VgIAS (VCC. VsS. Y00) = 1SV unless ctharwisa scecified.

T4 and IIN parameters are referenced to ¥gs and are apglicacte to afl three logic Input Pins: HIN, LIN and SQ.
The VO and 10 parameters are referenced o COM or Vs and are aoplicable !a the respective Qutput Pins: HO or LQ.

The Vi,

\

IR2113

T, = 25°C Tl = -35 ta
15Q°C
Symoot | Paameter Min | Typ | Max | Min | Max |Units Tast Sanditions Iquurenc-
Vi Lzgic "1 Inout Voitage 1t . - ] a —_ Voo = 3V
a4 - - 43 - Yoo = Qv
3B — | = [ | = Vog = 1SV
125 - - 123 - v Vog = ¢V
Vi Logic “0” ingut Voltage - - 1.8 —_ 1.z Vop = 5V Fig. 4
. — | =118 -1 1s o ~ 1OV
- - § = ) Vog = 1SV
- = 3] -] Voo = 20V
Vo Hign Laved Cutput Vonage, Yajas-¥O | — | a7 12 | = 15 v VIN = Vin, lQ = QA Fa. 10
i rrg.
[ Vel Low Lavel Quigut Voitage, VO — | =2 | = ] VIN = Vi, lg = CA 3
i Ctiset Sucoly Laaxaqge Curenmt — - | - 2%Q g - Vg = 800V Fig. 5
| ings | Quiescant Ygg Suoply Currant — |25 o | = | 50 ViN = Vig of Vi Sg. 5
i lece | Quiascant Ve Suooly Curremt | — [ 180 | 30 | — | 300 | A ViN = ViH oc Vi Fg. 7
\0po | Quiescant Vag Sucofy Current i — | 3 AN | ViN = ViH of Vit
N = | Legie "1 Inout Sias Current | - | s o) - e ViN = 18V Fig. 3
in— chqu: "3 lngut Sias Cuent | — ) = 1 - 10 ViN o= OV
Yasuy + | Vag Sueply Underwitage Positve 1.0 arz 87 - -
Gong Thrasnaid
VYasuv—- | Y3s Suopty Undervoitage Negqatrve 3 43 93 - -
Going Thresnoid Fig. 9
Veccuv + | Yoo Suosty Undervoitage Positive 75 E 6 - - Vi
Gorng Trasnoid
Vezuv- | Veg Sucoty Undervoitage Negaave 7.2 jf a2 il L) 1\ LS
Goaing Thrasnad
- Cwiout Hign Shont Circuit Puised 2 - - - - YouT = V. Vin = 1SV,
Cusrent x P <= 10 s
lo- Qutput Low Shont Circunt Putsad 2 = - - - YouT = ISV. ViN = OV,
Current PW <= 10 us

Functional Block Diagram
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0% L Yg = S0QY
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HEXFET | TYPICAL | TYPICAL
SIZE t i
2 25 ns 17 ns
3 33 ns 23 ns
4 33 s 34 ns
) 78 ns 54 ns
L 8 116 ns 74 ns

Fig. 20 — HEXFET Die Stzz vs
Switching Time (YBIAS = 1SVY)

HEXFET | HV= |

TYPE | 100v | 200v. | 300V | 400V

820 | 2000 | 1200 | 700 | 350

830 | 1600 | 1100 | 640 | 230 | Ty =25°C AND

a0 | 1| 30| se0| w0 Vews =1
) paso | 40| 40| 40| 250

Pas0 | 490 | 60| 40| 20

Fig. 21 — Maximum Switching Frequency, !max (kHz) i » )
(fmax = switching frequency at whicn Tj = Timuamudmdhwammﬂ
‘ mmmmmmmshwumu,tmsmd
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Functicnal Description

The IR2113 is a manalithic high voitage, high speed
'wo channel gawer MQSFET or IG8T driver. Refer to
the section on Functional Block Diagram for the intemal
partitioning &f the vdrious circuit tlocks. The driver
transtates logic input signals into corresponding “in-
ohasa'” low impedance outputs. The low side channel
autout (LO) is referenced to a fixed rail (VCC) and the
high side chanael outout (HO) is referenced to a floating
rail (Vgg) with offset capability up to &0CV.

The logic circuit provides tha cantrol pulses for the
two output channels corresoending to the logic inputs
as indicated by the InputOutput Timing Oiagram in
Fig. 1. The HO and LO outputs are in phase ‘with the
HIN and LIN logic inputs. The two outputs will tumn oft
when the SO inout swtches high and the outputs wiil
remain off even afiar the SO input returns to low until
the next rising edge of the respective inouts. in the case
when VCg is below the undervoltage trip caint the UV
detect circuit wil send a shutcown signal to cisable oatn
channels. Also a saoarate UV detect block is used 0
disable the high side cnannel when Yag is below its
own undarvoitage iip point. The logic inputs usa
Schmitt trigger circuits with a hysteretic band of
0.1-VYpQ to provide high naise immunity and can accegt
inputs with sicw nse time. The logic circuit is referenced
ta its own logic supgty to allaw the usa of a lower suppty
voltage than the output operating supery yoitage. A hign
naise immunity VooV oG level-shiiting circuit is used
to transiate logic signal to the outout drivers. YWith a
=3V rated offsat capabiiity between the logic ground
(Vss) and power ground (CCM), the logic circuit is
unafiected by the noisa coupling generated by the
switching actien of the output drivers.

Propagation delay for the two cnannels are matched
using the low side ceiay circuit ta simplify the timing
requiraments of the ccmtral puises. The tum-on delay
is matched at 120ns for the low side channel (Ltgn) and
the high sice channel (Htgn) with Vg at GY since the
high side tum-on command is usually executed wnen
Vg is at or near GV. The tum-orf defay Is matched at
34ns for tha low side channel (Loi) and the hign side
cnannal (Htgy) with Vg at SO0V sinca the high side turm-
oft command is usuaily executed aiter the high sice
power MOSFET is “"on” and Yg is at or near the high
voltage rail.

Soth channeis usa identical low crass-conduction
'ctem pola output connectad -transistars. The output
driver consists of two N-cnannei MOSFE T3 with peak

currant capanility abaove 2A and on_esistance af lass
than 3 onms (Fig. 10). One output MOSF=1 is
connecied as a source lollower and the other in
common source contiguratian. 8ecausa of the totem
pale arrangement the rise time is siower than the (ail
time driving capacitive ioad. For a typicai 3300pf load
the rise and fail imes are 50ns and 23ns respectivety.

For the hign side channei, narrew “On” and “Cft”
puisas triggered respeciivety by lhe rsing and the
falling adge of HIN are generated by the puise
generator. The respecive gulses are used o drive
separats hign voitage OMOS levet transtators that set
or resat a RS latch operating off the floating rail. Lavel
snifting of the ground referenced HIN signai is thus
accamolished By Tansoosing the signai referencss 0
the floating rail. Secause sach high vortage OMQOS tevet

IR2113

transtator is tumed on for anty the duration of the short
“On" or “Ci" pulses with sacn sat ar resst event, pawer
dissipation is minimized. False triggering of the RS latch
fram fast dv/dt transients on the Vg noda is effectively
differantiated from normal pulk-down puises through a
pulsa discriminatar circuit such that the hign side
channel is essamiaily immuna to arry magnitude of dvidt
value. Also the high voltags level shifting circuit is
dasigned to functicn narmaity ?en whnen the Vg nede
swings mere than SV beilow the COM pin. This candition
can often cccur during the recirculation pered of the
qutput free-whnesling dicde.

Applicaticn Guideiines
(Alsa see Appilcation Note AN-S78A, 075241, 0792-2,
0T32-3, 07324, OT92-5 for details)

The IR2113 is typically used to drive two high voltags
N-channel power MOSF=1s or IGSTs configured in haif-
tridge, duai-forward or ather topalegies. The fixed rail
referanced outcut IS used to drive a low side connected
pawar MOSFZ1. The floating output channel is used
to drive a pawer MOSFET in the high side comfiguration
that requires an cver-zil gata drive. Refer ta the section
an Typical Acgiications for the various circutt topoicgies
wnera the 182113 is applicable.

£ Typically, the floating suoply is derived frem the fixed

suopfy using a toatstrag technique as shown in the
sacuon an Typical Connection. The charging diode must
have a voitage withsiand capabiiity higher than the peak
HV bus voitage. To minimizs power dissipation a fast
recovery dioda is recammended. The vaiue cf the
bootstrap capacitor depands on the switching.
‘requena duty cycle and gata charge requiremeant.ot
1fig_power MOSFET. The voitage across the capacitor
snould not Be alicwed to drop belew the under-voltage
lockout thrasaald, otherwisa protecive shutdown wiil
ocur. 0.1 & capacitor s usually suitable for
aoplications switching ebove 5 KHz.

Suppty typass canacitors betwesn YCC and COM
and between Vpp and Vsg are required to suppfy the
lransiem current needed far switching the capacitive
loads. Thesa cagacitors, together with the resarvoir
cacacitor ecross Vg and VS, must ba connected close
to the device. A Q.1 »F ceramic disk caca anailet
with a 1 .~ tamaium casacitor is recommencded for VOO
Sypass. A Q.1 »F ceramic disk capacitor 1S usually

cdequata” 107 He Togte Sucply. -
8 CUDUS of (he IRZ113 are designed o deiiver gate

drives for fast switching speed even for high current
cower MOSFEI3 with reiattvely high gate charge
requirement. Tha typical switching speed for vanous
siandard power MOSFET sizes is shown in Fig. 20. To
munimize inductance in the gate drive loop, each
MOSFET snould have its ewn dedicated connection
going to Pin 2 and S of the IR2113 for the retumn of the
gata drive signal. For smailer power MOSFETS a senes
gate resistor for each output Is recommended to limn
swiching soeed. The value dof the gate resistor depencs
on EMI requirement, switching losses and the
maximum allowanle dvidt.

The toal pawer dissipation of the IR2113 fs a funcion
ct HY bus vortage, YOG and Vo voftages, swmtching
{requency, duty cycie, deifvered gsm drives charge, and
ocerating juncdon temperatura. The !otal dissipation
can be divided Into two ca(egonas: High voitage and
iow voftage swrtching.
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The high voltage dissipation can be czlculated by the
following fcrmuia:

PO(HV) = HV-lLK" d + (V8on +VBoi) Qp*f
G e N — y
static dynamic

sith HV the high voltage tus valtage, I K the leakage
current of Vg to ground, d the duty cycte of the high
side switch, Qp the puised chargs of high voltage level
shifter, Vagn the average voitage of Vg curing the turn-
cn pulse, V3gi the average voltage of Vg during the
turn-off gulse and f the switching frequency of the high
side channei. The level shifting losses are usuaily mucn
larger than the ieakage losses such that the static term
can de neglected for mest aoolications. Fig. 17 snaws
the total high voltage dissication as a functan of
switching frequency at various fixed Vg vcltage lavel.
Note that the graoh only shews the high voliage power
Zissipation per set or reset event at the particular fixed

Typical Applications

Vg level. Xeep in mind that in actual apglication Ve
swinging during the level snifting avent. N

The low voftage dissipation can be calculated by t
following formuta:

PRILY) = Vnjas*iCrgp + 2-Ynjag gt + Vhias*Qeme:
N——————— =

satic dynamic

with Vyjag the low voltage bias voitage assuming V¢
= Vg = Vas, IQigr the totai quiescent current, C
the delivered gate charge per cdriven MOSFZT, | t-
switching frequency and Qemgs ihe switching losse
associated with (ne internal CMQS circuitry. Th
quiescent iosses zre usually mucn smaller than
dynamic losses such ihat the static term can &o:
neglectad. Fig. i8 shows the total low voltage pawe
dissipation as a function of switching irequency 3
various load conditions. The swiiching losses
associated with intemmal circuitry (Qemos) are shown ir
the grapn for the casa of "0 pf*" loacding conditian.
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Mechanical Specification
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