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ELECTRIC MOTORBIKE
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Dr. Werachet Khan-Ngermn Advisor
1997

TRACT
This  Electric Motorbike project is used DC-DC full bridge converter for
controlling motor speed. The switching equipment for the converter is IGBT which can
be turned on and turned off much faster and have lower conduction loss for on state
than transister and MOSFET. This project uses IR 2113 drives IGBT in full bridge
converter circuit. DC-DC full bridge converter can work in four quadrants. Therefore it
can both deliver energy to the motor and absorb energy from the motor. For this reason,

this project may be developed in order to conserve energy in the future times.
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2.5.1. Bipolar Voltage Switching PWM
& o a 9 o 9 o i’] 1 Y 2
¥ (T,, , T,) Wag (T, ,T,) segndagnamsinlihaunieutuiiugs il
pou dngazoon adunull
faygranldlumsadadd iAanamsSoufiougiladuamumaon  ( triangular

o q o 4
waveform ) iU control voltage (v, ) WO v > v, wild T, ,T, oou uaz lu

v W & ° =S y
nenauiY We v <v, wihld T, T, 00u lasmads Teszaunsomldeing

2.7 sgldaums

Ve = V. * t/(T,/4) 0<t<T/4 (2-8)
fiot=t, gl 27@) v,= v, azunnauns (2-8)
t, = (V! V) * T/4 (2-9)
Taogeingilil 2.7 svenuiluganad t veswdadg T, , T, w14
t, = 24+ AT, (2-10)
sy ez 18R Ty mnaums (2-10) Ao
D, =t /T, = YrQ+v V) (T., T (211)
unzez§Ams 13 D, Mnadndg T, T,
D, = 1-D, 3 (T, T (2-12)
Taoldams Ty 0z'ld Vg Vi, ugd 2.7 519z ldauns
V, = Vy=Vy = DV,-D,V, = (@D 1)*V, (2-13)

uNUA D, Inaums 2-11) lugums 2-13) a'ld
V, = (Vo/ Vi PVt = Ko (2-14)

o k=V,/V,=mni

vnaumsil szdudt v, udsiunseiy v mileudu Adlefuemlanaoead
(linear amplifir ) uAtifoevindufudoefiuuniang ( Blanking time) 719U
sznineeazosuvasaIndusazy Fuiuwarihilianuduiuives v fu v, iy
vy liiFudu (non linear) Bntioy

g1l 2.7 (d) sziuh v, inisnszlan efszndn +v, fu -v, Sulufinivesdeds

013UV Bipolar Voltage Switching PWM
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v, Va
d) o L T ; >t
(-Vai .
! (TA+'TB—) } )
On-state: (T4 _, Tp,) (T4 Tgy)
! 2 / ! i
| o Te) }
] I, ,
3 ) N L S Ter- A >y
{D4—, Dg i) W(DA+~DB—) L Y
I, >0 A "l\‘}‘ aane (Tq4.T5.)

|
Devices conducting: |
(Ta-, Tg4) |

(f]

I, <0
Devices conducting: Dg4.Dp) 0

(Da-.Dpy) (Tq-,Tpy) (T4 Tg-)
PWM with bipolar voltage switching.
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2.5.2 Unipolar Voltage Switching PWM

-] =y =y (] v . . P s a  da J
1379918139NDNOY1II Double — PWM Switching mmﬁumqﬂnsmmm‘m‘lmmaz

3 = P-1 ° 1 -1 = ] 1 ] 9 4' 4‘ 1
yninszgamugulasdase  Taslimsmhanudugmilowdn udezhilsneldanmiiiiog

é =t ' v W ] =: d. i é = ]
vilioou Bngazeon aduriuly udsziflusanmiidiognilioou dngezeoudasluin

Y

1 aalugil 2.8 () ,(c)

)

s o A r
vingd 2.8 (a) Fyanar v, 92 2 dyana Ao v, U v, FeszlSeuiisuny

v v v v

v

v, fafoatu TeedyanaiinSeudioui@iusn ldhdindudassy
wingd 2.8 lindfismeues i ssfluednlsfen v, =081 T,, uaz T,, 08147’1::1@:
Az v,=0 & T, uas T, oeumay Sronuantanezamnsmi T dhse Tosflunisyly
Y59 v, Mdnszlanszndn o uag v, iy
lugd 2.8 gUnfuammasuesgnuSoudioudy v uae —v_ tefisudaaiiy

TanunIuAuEIngl A Lag B Ada

T,, 99U lﬁi) Voo > Vi (2-15)

T, 98U iije Voot > Vai (2-16)
Frudnuusmsnanvessiadudasiai Idetinendeunds 14

D, = Yar(l+v/V.) T, (2-17)

D, = 1-D, $ Tos (2-18)

EY
NAFUNT (2-13) gnsondn IdsuRedulunsdin
V, = @DqI)*V, = (V,/V)*,., (2-19)

3 1 o 4 = a  da : 2 o 4
msgniususdueiymie v, lumsaladduntivzmiloununuy luTwars

U4 & o ) @ 12 :
Tandtae desulsduTaoasatiu v, (Lifiauunfalng)
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(T4, Dg.)
Tg.)

(Da-,
(T4, Tp-)
PWM with unipolar voltage switching.
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meuTiadins v, () lugums 3-1)  Aeusundeouifharunduvssneinesdufa
4 4 v © o ¢ ¢ o W v 3 & a 4 ¢
Judeiuaeanhve e inyuaaduuswlianguiatu Iagnssudveslan A
p v o ¢ v g a a a4 e ¢ &
nguerhsuad  gulvesduarndniluadveasimanasieeiimamileni ladastuly
L4
MUY
dA
V(=20 (32)
dt
& ' M A
e A () Aorduusunimini (linkages) uaz t Asnanlumsnyuvesneuiia -
¢ ¢ ' \ o o ¢ a cd &
MADIVBINDIADT MIAUAUNITVBIAazEINveIdni Tu Tsneszina Tradwmedu Ty
(] o o 3 4 o 1] 1) [] o []
AU NI Mwauns (3-2) e dA@/dt  sadludadiudaduusanivdnludes

TROINK uazAMITATRN OF) niezldn

Ve (1) =Ké(tho(t) (3-3)
= 1 $ ey * ﬂ' A
auyAlinszuavesiaaiinnedinas lifinfsdunsnfounlacuduusiladiiios
o ' i o a’: o
vnersineeiuenduy duusefladnoeiimng futuaums 3-3) fenanaii
VB (H)=K,o(t) (3-4)
4 Ll U H .3 L] A = g 1
oA liiduussvesilaslinmed  usidaveuniman Iihdunatuun Ismes
vowemeseiludadwmiunszugersiuoed
LM =KL (3-5)
A A 1 P a P4
iie K, e masiivewsiavsuoines
o w a o a ; o A da 4’ g o
masuFinaninavululsnestenaguuessdafifiatuuazanus uda
P, (1) =T, ()o(t) (3-6)
oo a = A. é’ 4 a’: ::‘ 1 [ Y a (5
fasnuFnaiinayululsmeiiinuaiiszsiolifiInaafidesgiuimarves
¢ 1o o -:y ] 4 A
voimesuafiautiundmezgyde i luvemes MIgReiisInUTATeANIY
2 1 A et L4 o o 4 P
nsdnnuminiiewnaniifidelsmes  usuBsamudisessulsiwes  nszuaiilva

lumdnves TnnesuasFams Fahysteresis) 91n31#i 3.2 uanadussinde 9
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o a 4
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A -
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T()  feussdaidesrusmsgadaiisannusudeaniu
A a A qgya o ' ' 4
T() AoussdiariveHnusasuswn a2umeeved Inaa

T, () foussiialvan

Tuganala q e uselavesweinessedoufuuasiineanasdnuiuras
y
Youstia T L), T,() uas T, (1) Au

dco(t)

T (1) = T,(t) + () + T —2 G-7)
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T, (1) = Tf(t)+TL(t)+Jd0:1Et) +Ba(t) (3-8)

4 r ) A’ - o) "’ H | 1 ar
die B AedulszdnivedaneaviSaduvscvemesuas Inaafidoogiumaives
¢ a . s a DY
usIAD; Tf(t) ﬂf]Nai?u‘UfJQVhﬂ‘Iﬂ‘l‘UU\’Tﬁﬁﬂuﬁz‘uaquﬂtﬂﬂiﬂﬂﬂﬂﬂ UHLIIATHUDIAULGS

o o < I’ Y a a o
m5qmulﬁun'laﬂuman‘nmmamamOiﬂﬂnumﬂaﬂﬂsmm

T T4 TL

\ '\'\ TvaaFananineny
/ / // INAIUDINBINDT

’ v F 4
311 3.2 uaawseiinan q ffinduse Inanvesvemes

2
auns (3-1), 3-4), 3-5) waz 3-8)  Whugeaumsiuguveslumaueinesnssud
t 4 [
asauazInaumsimariisimnsosznimsuaes lafuveueinesnszuanseld
[ 4 ¥
Tavldanlaansuresy (Laplace Transform) Maaesdnvesgaaumsiugunazidionld

-

Taiddy

’ Vi(s) - Vg (s) = (R, +sL,)L,(s) .G-9)
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V. (s) = K (). (-10)

T,(s) =K, (5) G-11)
T(5) + T,(5) + T, (5) = (B+sD)(s) 3-12)
R J+
B= RJ+LB (3-13)
RB+KK,
Q" A -]
aums (3-13) WuTawemsanlesiliisuveawsmenszuaaseludlonun@i T,
waz T, Heuilugud aums (3-13)  aansaouldlnudiy
K
Gy(s) = : (3-14)
R.B(t+7.8)+KK,
e T, = L/R, = Tnilapuauans (time constant) N19' W
T, = JIB = Iminsuauauinuna
dvusnuANTUBIB IR A 1TDY Tndnsusauaurine fhawnsodandla

wazaums (3-13) il

o(s) K,

Vis) R,(Js+B)+KK,

K

oSy 3-15

1S+1 8-15)

o RJ
R,B+KK,

Gy(s)=

Tuaums 3-15)  amed K enSonlduilumniiveuemesnsdiiesfadau

usadiaTnan Gs) mldily
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M TS e 1o KK
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4 ] a s 1
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W,(kg) W (kg) N(rpm) 1(A) V(Volt)
2 0.6 1120 13.5 24
2.25 0.7 1062 14.4 24
2.5 0.8 990 15 24
2.75 0.9 925 16 24
3 1 860 16.7 24
3.25 1.1 804 17.6 24
3.5 12 750 18.5 24
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384 140.49 36.58
400.8 141.21 35.23
4224 141.91 33.60
444 141.62 31.89
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Insulate Gate Bipolar Transistor (IGBT)
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QUAD 2-INPUT NAND GATE

vee

[ (3] [ 7] [l

MC54F00
MC74F00

[¢]

D

3 [5] [
=

QUAD 2-INPUT NAND GATE

FAST™ sCHOTTKY TTL

U

Exlln=s
IRE DR ROROIRE

GND

J Suffix — Case 63207 (Ceramic)

N Suffix — Case 646-05 (Plastic)
GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
vee Supply Voltage 54, 74 4.5 5.0 5.5 \'
4 -5

Ta Operating Ambient Temperature Range 3 4 05 gg 17205 °C
IoH Quiput Current — High 54,74 -1.0 mA
oL Output Current — Low 54,74 20 mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RAN

GE (unless otherwise specified)

LIMITS

SYmMBOL PARAMETER MIN VP MAX UNITS TEST CONDITIONS
Vi input HIGH Voltage 2.0 v Guaranteed Input HIGH Voltage
viL Input LOW Volitage 0.8 v Guaranteed Input LOW Voltage
VIK Input Clamp Diode Voltage -1.2 v Veg=MIN N =~18 mA

54,74| 2.5 I v Tionu=-10ma | Vec=480v
Vou Output HIGH Voltage oH £ €c
74 2.7 v IoH=~1.0mA | Vpg=4.75V
Vou Output LOW Voltage 0.5 \ IoL= 20 mA Vee = MIN
’ R 20 A Vee= MAX, VIN=27V
IIH Input HIGH Current a2 ce X. VIN =
0.1 mA | Vee=MAX, ViN=7.0V
TN input LOW Current -0.6 mA | Vee=MAX, ViN=05V
Output Short Circuit
105 |Carrent (Nate 2) -60 -150 | mA | Vec=MAX. Voyur=0V
Power Supply Current
) Total, Output HIGH .2.8 mA Vee = MAX, ViN = GND
cc Total, Output LOW 10.2 mA | Vcc= MAX, ViN = Open
NOTES:

1. Eor conditions shown as MIN or MAX, use the appropiate value specified under r

davice type.

2. Not more than one output should be shorted at a time, nor for more than 1 second.

dad 1 Aiei. for the appi

P 9

FAST AND LS TTL DATA
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QUAD 2-INPUT AND GATE

Yee

minininininin!

5|—EID—1—E]D—|
ES

e G BT b g b

J Suffix — Case 632-07 {Ceramic)
N Suffix — Case 646-05 (Plastic)

GUARANTEED OPERATING RANGES

GND

MC54F08
MC74F08

QUAD 2-INPUT AND GATE

FAST™ SCHOTTKY TTL

SYMBOL PARAMETER MIN TYP MAX UNIT
Vee Supply Voltage 54, 74 4.5 5.0 5.5 \
54 -55 25 125
Ta Opsarating Ambient Temperature Range 74 0 25 20 °C
10H Qutput Current — High 54,74 -1.0 mA
loL Qutput Current — Low 54,74 20 mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RAN

GE {unless othérwise specified)

SYMBOL PARAMETER MIN LITAQI;'S AKX UNITS TEST CONDITIONS
ViH input HIGH Voltage 20 \ Guaranteed Input HIGH Voltage
ViL Input LOW Volitaga 0.8 \ Guaranteed Input LOW Voltags
ViK Input Clamp Diode Voltage -1.2 v Vec= MIN, In=-18 mA
Vo Output HIGH Voltage 54,74 2.5 \ IoH=-1.0mA | Vcc =450V
72 2.7 v loH=~1.0mA | Vcc=475V
VoL Output LOW Voltage 0.5 \ loL =20 mA Vee = MIN
i Input HIGH Current 501 :: zzg ; mi; z:: ; :;:
HN Input LOW Current -0.6 mA | Voo = MAX, VIN=05V
los o e -60 -150 | mA | Vo= MAX, Voyr=0 V-
Power Supply Current

Ice Total, Output HIGH 8.3 mA Vee = MAX, VN = Open

Total, Qutput LOW 12.9 mA Vee = MAX, Vin = GNO
NOTES:
1. For conditions shown as MIN or MAX, use the appropiats value specified under r ded operating conditions for the applicabl

davice type.
2. Not more than ane dutput should be shorted at a time, nor for mors than 1 second.
FAST AND LS TTL D‘AT/.-\M ) R .

.48



won w

[ T

*=3

W mmy e

.

e

@ MOTOROLA

DESCRIPTION —The SN54LS/74LS164 isa high speed 8-Bit Serial-
In Parallel-Out Shift Register. Serial data is entered through a 2-Input

SN54LS164

SN74LS164

AND gate synchronous with the LOW to HIGH transition of the clock.

The device features an asynchronous Master Resat which clears the
register setting alf outputs LOW independent of the clock. It utilizes the
Schottky diode clamped process to achieve high speeds and is fully
compatible with all Motorola TTL products.

SERIAL-IN PARALLEL-OQUT

SHIFT REGISTER

LOW POWER SCHOTTKY

* TYPICAL SHIFT FREQUENCY OF 38 MHz

* ASYNCHRONOUS MASTER RESET

* GATED SERIAL DATA INPUT

* FULLY SYNCHRONOUS DATA TRANSFERS

* INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION
EFFECTS

LOGIC SYMBOL

t—da
L LR SmET REGISTER
PR ag 0y @3 03 04 05 05 0y
THITTTTT]
9 3 4 5 810111213
Vee =Pin 14
GND = Pin 7

PIN NAMES LOADING {Note a)
HIGH LOwW

A B OData Inputs 05 u.L. 0.25 U.L.

ceP Clock {Active HIGH Going 0.5 uU.L. 0.25 U.L.

Edge) Input

MR Master Reset {Active LOW) Input 0.5 U.L. 0.25 U.L.

Qg - Qy Qutputs {Note b) 10 U.L. 5(2.5) U.L.

NOTES:

8. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.8 mA LOW.
b. The Qutput LOW drive factor is 2.5 U.L. for Military {54} and 5 U.L. for Commercial
(74} Temperature Ranges.

CONNECTION DIAGRAM
DIP (TOP VIEW)

t] 1"

s

mEH

n

10

W

(e

J Suffix — Case 832-07 (Ceramic)
N Suffix — Case 546-05 (Plastic)

NOTE:

The Flatpak version has the same
pinouts {Connection Diagram} as the
Owval In-Line Package,

LOGIC DIAGRAM

g:ﬁD——oo-q-a

Q o Q F-D
“
[ ~ Cp [ [ [ Cp
ok

< r o

®m[

Vee = Pin 14
GND = Pin 7
O = Pin Numbers

MOTOROLA SCHOTTKY TTL DEVICES
5-136
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FUNCTIONAL DESCRIPTION — The LS164 is an edge-triggered 8-bh shift register with serial data entry and an
output from each of the eight stages. Data is entered serially through one of two inputs {A or 8); either of these inputs

can be used as an active HIGH Enable for data entry through the other input. An unused input must be tied HIGH, or
both inputs connected together.

Each LOW-to-HIGH transition on the Clock {CP) input shifts data one place to the right and enters into Qg the logical
AND of the two data inputs (A«B) that existed before the rising clock edge. A LOW level on the Master Reset (MR} input
ovarrides all other inputs and clears the register asynchronousty, forcing all Q outputs LOW,

at

MODE SELECT — TRUTH TABLE

OPERATING INPUTS QUTPUTS

MODE MR A 8 Qg Qy-Qy
Reset (Clear) L X X L L~t

H 1 I L Qg — g6

H 1 h L -
Shife 90 =38
H h ] L Qg —- Qg
H h h H Qg — G

L (13 » LOW Voltage Levels

H [n) = HIGH Voltage Levels

X = Don’t Care

Qn » Lower case letters indicate the state of the referenced input or
output one set-up tme prior, to the LOW to HIGH clock

transition.

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
4 54 4.5 5.0 5.5
Vee Supply Voltage 74 4,75 5.0 5.25 M
. ' 54 —55 25 125
Ta Operating Ambient Temperature Range 74 P 25 70 °C
10H Output Current — High 54,74 -0.4 mA
54 4.0
|} tput C =
oL Qutput Current — Low 74 8.0 mA
DC CHARACTERISTICS OVER CPERATING TEMPERATURE RANGE (unless otherwise specified)
LIMITS
SYMBOL PARAMETER N P MAX UNITS TEST CONDITIONS
ViH input HIGH Voitage 20 v Guaranteed Input HIGH Voltage for
Al Inputs
54 0.7 Guaranteed input LOW Voltage for
Vq_ Input LOW Voltage 74 08 v Al tnputs
VIK input Clamp Diode Voltage -0.65 { —-1.5 v Vee =MIN iy =—18 mA
54 2.5 3.5 v Ve = MIN, 1o = MAX, VN = Vi
VOH Output HIGH Voltage 2 73 35 v or Viy_per Truth Table
v o LOW Vol 54.74 0.25 0.4 v oL =4.0mA | Vcc = Ve MIN,
oL utput oitage on = A VIN= Vi or ViH
7 0.35 05 v oL =8.0m. per Truth Table
20 HA Vee=MAX VIN=2T7 V
[ Input HIGH C -
TH npu urrent 01 | mA |Vec=MAX ViN=7.0V
h Input LOW Current -0.4 mA Vee =MAX Viy =04 V
los Short Circuit Current ~20 —-100 mA Vee = MAX
Ice Power Supply Current 27 mA Vee = MAX

- MOTOROLA SCHOTTKY TTL DEVICES
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AC CHARACTERISTICS: T4 = 25°C

LIMITS
NI N N
SYMBOL PARAMETER N P AR UNITS TEST CONDITIONS
fMAX Maximum Clock Frequency 25 36 MHz
Propagation Delay Vee=586V
tPHL MB& 10 Output Q 2 36 ns CL=15pF
tPLH Propagation Delay 17 27 ns
PHL Clock to Output Q 21 32
AC SETUP REQUIREMENTS: Ty = 25°C . . . .
SYMBOL PARAMETER LTS UNITS TEST CONDITIONS
MIN TYp MAX
tw CP, MR Pulse Width 20 ns
tg Data Setup Time 15 ns Vee=56V
th Data Hold Time 5.0 ns
T AC WAVEFORMS

"The shaded areas ingicats whan the input is parmted change for predictatle ocutput performance,

MASTER RESET PULSE WIDTH,

CLOCK TO QUTPUT DELAYS MASTER RESET TO OUTPUT DELAY AND
AND CLOCK PULSE WIDTH MASTER RESET TO CLOCK RECOVERY TIME
l.,_ 1, an

t“—-l—-j v 13v 13

o» Jv.;v SKMVW Ztl.:v \_ ‘w_.l_lmv
> L'FHL-1 L—'M-—i : __L—}‘_"’“

13v 13v
I-—-lrm.-—i
Q
CONDITIONS: MR =H 13v
Fig. 1 Fig. 2

DATA SETUP AND HOLD TIMES

W g v

NS -]
C’W
TP S

D

Fig. 3
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TL494 —
TL435

Specifications and Applications

. SWITCHMODE
Information PULSE WIDTH MODULATION
CONTROL CIRCUITS
SWITCHMODE
PULSE WIDTH MODULATION SIICON MONOLITHIC
CONTROL CIRCUITS INTEGRATED CIRCUITS
The TL494 and TL495 are fixed frequency, pulse width modu-
TL494

lation control circuits designed primarily for Switchmode power

supply control. Thase devices feature:

o Complete Pulse Width Modulation Control Circuitry
® On-Chip Oscillator With Master Or Slave Operation

& On-Chip Error Amplifiers
® On-Chip 5 Volt Reference
® Adjustable Dead-Time Contro!

® Uncommitted Output Transistors For 200 mA Source Or Sink
® Qutput Control For Push-Pull Or Single-Ended Operation

® On-Chip 39 Voit Zener (TL495 Only}
® Qutput Steering Control {TL495 Onty)

N SUFFIX
PLASTIC PACKAGE
CASE 648-05

J SUFFIX
CERAMIC PACKAGE

CASE 620-02

PIN CONNECTIONS

TL4gS

NTE— |__v_]cz Geound[ 7
Q:
ME LEEH uE

TL4%4 TL495
Non-lnv T ENonJM
Input Inpug
Non-inw sl Noninv inv w tav N SUFFIX
s Kl ™ s ZH - /B e SRR, PLASTIC PACKAGE
. Compen. T CASE 707-02
imput 2 vee —'_f]::;m’w L 2]Vt \ 1
Compen
Cesg
WM Comp| 3 14| Vit ™ . 15)Vz
o =5 s
o Output Outout RAMIC PACKAGE
cf,‘:{:},'.E”4 eomw  1Le] H convor P cace 72601
Suosid
er[s 4 . 2] vee ar(e] ) Powined
G 2] vee ORDERING INFORMATION

: l E @ Tempaerature
[+1] Q2 Device Range Package
s3]
Ci|s [3
(] e 2 10] 2 TLS4CN |0 To 70°C Plastic DIP
(Top View! (Top View) TL494C) 0 To 70°C Ceramic DIP
TLA94IN -25 To 85°C Plastic DIP
TL4S41Y —-25 To 85°C Ceramic DIP
) TL4SAMY -55 To 125°C | Ceramic OIP
The TL494C/495C are specified over the commercial operating
range of 0°C to 70°C. The TL494Y/495! are specified over the in- TLAI5CN 0To 70°C Plastic DIP
fdl;mnal range of - 25°C 10 85°C. The TL494M is specified over the TL495CJ 0 To 70°C Ceramic DIP
I military range of —55°C °C.
v 8 to 125°C TL495IN —25 To 85°C Plastic DIP
TL4351) -25 To 85°C Ceramic DIP

i
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FIGURE 1 — BLOCK DIAGRAM
Steering Control Output Control Vee
(13)T 13114} T
6(6) 88
Oscillator al
9(9)
Rt e 3
1 Ct Dead-Time > §
= Comparator Qz| 0N
~0.12V =
o— — 10(10}
4{4) ~07V
Dead-Time \
Control - = =
. 12(12)
- P.W.M. I —0——
PL. 2 Comparator .
~0.7 mA Referénce
Regulator o 1 4°( 16)
- ) Ref. Out.
Rz
1y l 12(2) 313 15(17)l l‘ls(lﬂ) (15) nn
vz GND
Error AMp Feedback/P.W.M. Error Amp = # = TLa%4
1 Comparator input 2 (#) = TL4A9S

Capacitor CT
Feedback/P.W.M. Comp. \\l
=

Dead-Time Control —1

Flip-Flop
Clock Input

Flip-Flop
Q

Flip-Flop
a

Output Q1
Emitter

FIGURE 2 — TIMING DIAGRAM

NAAAAAAA

Qutput 2
Emitter

Output
Control

AR e
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TL494, TL495

Daescription

The TL434/495 are fixed-frequency pulse width mod-
ulation control circuit, incorporating the primary build-
ing blocks required for the control of a switching power
supply. (See Figure 1.) An internal-linear sawtooth os-
cillator is frequency-programmable by two external
components, Ry and Ct. The oscillator frequency is

determined by;
.

b1
os¢ ™ &y e C7

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor Ct to either of two control signals. The NOR
gates, which drive output transistors Q1 and Q2, are
enabled only when the flip-flop clock-input line is in its
low state. This happens only during that portion of time
when the sawtooth voltagp_i;_g_realer than the control
signals. Therefore, anTncrease in control-signal ampli-
tdde causes a corresponding linear decrease of output
pulse width, (Refer to the timing diagram shown in Fig-
ure 2.)

The control signals are external inputs that can be fed
into the dead-time control, the error amplifier inputs,
or the feedback input. The dead-time control compar-
ator has an effective 120 mV input offset which limits
the minimum oGtput dead time to approximately the
first 4% of the sawtooth-cycle time. This would result
in a maximum duty cycle on a given output of 96% with
the output control grounded, and 48% with it connected
to the reference line. Additional dead time may be im-
posed on the output by setting the dead time-control
input to a fixed voltage, ranging between 0 to 3.3 V.

The pulse width modulator comparatof provides a
means for the error amplifiers to adjust the output pulse
width from the maximum percent on-time, established
by the dead time control input, down to zero, as the

voltage at the feedback pin varies from 0.5 to 3.5 V. Both
error amplifiers have a common-mode input range from
~0.3Vio{Vee - 2V), and may be used to sense power-
supply output yoltage and current. The error-amplifier
outputs are active high and are ORed togather at the
non-inverting input of the pulse-width modulator com-
parator. With this configuration, the amplifier that de-
mands minimum output on time, dominates control of
the loop,

When capacitor Cy is discharged, a positive pulse is
generated on the output of the dead-time comparator,
which clocks the pulse-steering flip-flop and inhibits the
output transistors, Q1 and Q2. With the output-control
connected to the reference line, the pulse-steering flip-
flop directs the modulated pulses to.each of the two
output transistors alternately for push-pull operation.
The outpu‘t frequency is equal to half that of the oscil-
lator.Qutput drive can also be taken from Q1 or Q2,
when single-ended operation with a8 maximum on-time
of iess than 50% is required. This is desirable when the
output transformer has a ringback winding with a catch
diode used for snubbing. When higher output-drive cur-
rents are required for single-ended operation, Q1 and
Q2 may be connected in paraliel, and the output-mode
pin must be tied to ground o disable the flip-flop. The
output frequency will now be equal to that of the
oscillator.

The TL494/495 has an internal 5.0 V reference capable
of sourcing up to 10 mA of load current for external bias
circuits. The reference has an accuracy of =5% with a
thermal drift of less than 50 mV over ap operating tem-
perature range of 0 to 70°C.

The TL495 contains an on-chip 39 volt zener diode for
high voltage applications where Ve is greater than 40
volts, and an output steering control that overrides the
internal control of the pulse-steering flip-flop. (Refer to
the functional tabie shown in Figure 3.)

FIGURE 3 — FUNCTIONAL TABLE

Inputs fout
Output Steering- Output Function P =
Control Control osc
Grounded Open Single-ended P.W.M. at Q1 and Q2 1
At Vpef Open | Push-puit operation 0.5
At Veef Vi <04V Single-ended P.W.M. at Q1 only 1
At Vief Vi>24V Single-ended P.W.M. at Q2 only 1

See Engineering Bulletin EB100 for further information.

L
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TL494, TLASS

MAXIMUM RATINGS (Full operating ambient temperature range applies unless otherwise noted.)
Rating Symbol TLAS4M TLAG4LTLA9S! TL494C/TL495C | Unit
Power Supply Voitage vee 42 42 a2 v
Collector Output Voltage Ves. Ve 42 42 42 \
Collector Output Current {each transistor) 11, 1¢1 250 250 250 mA
Amplifier Input Voltage Vin Vee + 30 Vee + 3.0 Vee + 3.0 v
Power Dissipation @ T < 45°C Pp 1000 1000 1000 mW
Operating Junction Temperaturs Ty 150 150 150 *C
Operating Ambient Temperature Range TA ~55to 125 -25t085 Qto 70 ‘C
Storage Temperature Range Tstg -85 to +150 -85to +150 -65t0 +150 °’C
THERMAL CHARACTERISTICS
9 Characteristics Symbol | J Suffix Ceramic Package N Suffix Plastic Package Unit
Therfal Resistance, Junction to Ambient RgJA 100 80 ‘oW
Power Derating Factor 1RaJA 10.0 12.5 , | mwrc
{ Derating Ambient Temperaturs TA 50 45 c
RECOMMENDED OPERATING CONDITIONS
TL494/TL495
Condition/Vaiue Symbol Min Typ Max Unit
Power Supply Voltage vee 7.0 16 40 \
Collector Qutput Voltage Vet Vo2 —_ 30 40 v
Coliector Output Current (each transistor) 1. ez —_ - . 200 mA
Amplifier Input Volitage Vin -0.3 - vee - 20 \
Current into Feedback Terminal Ith, 2 - 0.3 mA
Reference Qutput Currant Iref — —_ 10 mA
Timing Resistor Rt 1.8 30 500 k1
Timing Capacitor Cr 0.47 1.0 10,000 nf
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vce = 15 V. fogc = 10 kHz unless otherwiss noted.)
For typical values Ty = 25°C, for min/max values Ty is the operating ambient temperature range that ap

noted.

plies uniess ofherwise

TL4%4M TLA4S4C, VTL4A95C L
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Unit

REFERENCE SECTION

Reference Voltage Vref 4.7% 5.0 5.25 4.75 5.0 525 | ..V
{lo = 1.0 mA)

Reference Voltage Change with Temperature AVief (AT) - 0.2 2.0 —_ 1.3 2.6 %
(ATA = Min to Max) -

Input Regulation Regline _ 29 25 - 20 25 mv
(Ve = 7.0Vto 40 V) )

Output Regulation Regload - 3.0 15 - 3.0 15 mv
(o = 1.0 mA to 10 mA) -

Short-Circuit Output Current Isc 10 | 35 50 - 35 - mA
(Vg = OV. Ta = 25°C) B

MOTOROLA LINEAR/INTERFACE DEVICES
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ELECTRICAL CHARACTERISTICS (Voc = 15 V. fogc = 10 kHz unless otherwise noted.)
For typical values Tp = 25°C, for min/max values Tp is the operating ambient temperature range that appligs unless otherwise

noted. .
TL494M TL434C, VTL4SSC, |
Characteristic Symbol | Min I Typ [ Max | Min J Typ { Max | Unit
OUTPUT SECTION
Collector Off-State Current Ic(off) - 20 100 —_— 2.0 100 #A
(Vee = 40V, Veg = 40 V)
Emitter Off-Stata Current Ietoff) - - -150 — — ~100 uA
(Vee =40 V. Ve = 40V, Vg = 0V)
Collector-Emitter Saturation Voltage Vsat(C) - 1.1 1.5 — 11 1.3 v
Common-Emitter
(Vg = 0V, Ic = 200 mA)
Emitter-Follower Veat(E) - 1.5 2.5 - 1.5 25 v
(Ve = 15V, lg = ~200 mA)
Qutput Control Pin Qurrent locL - 10 - —_ 10 - HA
Low State
Voc <04 V) ‘ §
High State locH - 0.2 35 - 0.2 35 mA
(Voc = Vief) -
Output Voltage Rise Time (T = 25°C) tr — 100 200 - 100 200 ‘ns
Common-Emittar (See Figure 13)
Emitter-Follower {See Figure 14) —- 100 200 — 100 200 ns
Output Volitage Fall Time (Tp = 25°C) tf - 25 100 _— 25 100 ns
Common-Emitter {See Figure 13)
Emittar-Follower {See Figure 14) -— 40 100 — 40 100 ns
TL4S4/TLA95
Characteristic Symbal Min | Typ Max Unit
ERROR AMPLIFIER SECTIONS
Input Offsat Voltage vVio - 2.0 10 mv
VO (Pin 3) = 2.5 V)
Input Offset Current o — 5.0 250 nA
(Vo (Pin 3) = 25 V)
input Bias Current iig - 0.1 1.0 BA
Vo (Pin3) = 25V)
Input Common-Mode Voltage Range VicR -0.3 - Vee - 20 v
(Vee = 7.0 Vo 40 V) 3
Open-Loop Voltage Gain AvoL 70 95 - dB
{AVo = 30V,Vg = 0.5t0 3.5V,
AL = 20k0)
Unity-Gain Crossover Frequency fc - 350 — kHz
(Vo = 051035V, R = 2.0 k()
Phase Margin at Unity-Gain om - 65 - deg.
Vo = 0.5t0 3.5V, R = 2.0 k1)
Common-Mode Rejection Ratio CMRR 65 30 dB
{Veg = 40 V)
Power Supply Rejection Ratio PSRR - 100 - d8
{AVee = 33V, Vg = 2.5V, Ry = 2.0 k)
Output Sink Current lo- 0.3 0.7 - -mA
(Vo (Pin 3) = 0.7 V)
Output Source Current o+ -2.0 ~-4.0 — mA
Vo (pin 3) = 3.5V}

MOTOROLA LINEAR/INTERFACE DEVICES
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TL494, TL495

ELECTRICAL CHARACTERISTICS (V¢ = 15 V. fosc = 10 kHz uniess otherwise noted.)

For typical values T4 = 25°C, for min/max values T is the operating ambient temperature range

that applies unless otherwise

noted.
TL494/TLA95
Characteristic . Symbol Mn | Typ | Mmx Unit
PWM COMPARATOR SECTION (Test Circuit Figure 12}
input Threshold Voltage VTH - 35 4.5 v
{Zero duty cycle)
Input Sink Current - 03 0.7 - mA
V {Pin3) = 07V}
DEAD-TIME CONTROL SECTION {Test Circuit Figure 12)
Input Bias Current (Pin 4) B (D) _ -2.0 -10 rA
{Vin = 010 5.25 V)
Maximum Duty Cycle, Each Output, Push-Pull Mode DCrmax ™ %
(Vin = OV, CT = 0.1 uF, Ry = 12kM) 45 48 50
{Vin = OV, CT = 0.001 uF, Ry = 30 k() — 45 50
Input Threshold Voltage (Pin 4) VTH v
(Zero Duty Cycle) —_ 2.8 3.3
{Maximum Duty Cycle) 0 _ -_
OSCILLATOR SECTION
Frequency fosc 5 40 - kHz
{Cr = 0.001 uF, RT = 30 k()
Standerd Daviation of Frequency*® afose i 3.0 - %
(CT = 0.001 F, RT = 30 kQ}
Frequency Change with Voltage afase (AV) - 0.1 - Y%
{(Veg = 7.0 V10 40V, Tp = 25°C)
Frequency Change with Temperature Afoge (AT) s — 12 %
{ATA = Tiow 10 Thigh! (T = 0.01 uF, Ry = 12k
LIS
Characteristic Symbol Min Typ Max Unit
STEERING CONTROL
Input Current Low ISTL —_ -25 ~200 HA
Vipin 13) = 04 V)
Input Current High ISTH HA
V(pin 13) = 24 V) - 25 200
{Vipin 13) = Vref) L. 75 -
ZENER CHARACTERISTICS 2
Zener Breakdown Voltage vz — 38 —_ \
{Iz = 2.0 mA)
Sink Current iRz —_ 0.3 — mA
{Vipin 15) = 1.0V} S
TOTAL DEVICE .
Standby Supply Current tcc mA
{Pin 6 8t Vcef, All Other Inputs and Outputs Open) [V
(Vge = 158 V) - 6.5 10
Vee = 40V) — 7.0 15
Average Supply Current _ - 7.0 - mA
(V(Pin 4) = 2.0 V) (See Figure 12.}
{Ct = 0.001, Ry = 12k}, Ve = 15V)

1 dlatributh

. dard deviation is 8 of the

about the mean as derived from the formula, o =

MQTOROULA LINEAR/INTERFACE DEVICES
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TL494, TL495

% DT, PERCENT DEAD TIME, EACH QUTPUT

VCE (SAT). SATURATION VOLTAGE (v}

FIGURE 4 — OSCILLATOR FREQUENCY FIGURE S — OPEN LOOP VOLTAGE GAIN AND PHASE
versus TIMING RESISTANCE versus FREQUENCY

EEE R e T, e ] i
Iy a - i e i
1 r, T BRI IR BRI % Voo = Vg
e e I S
F gt Tt T 3 = R =212 -
g G oA e —" H in \\ -a
1% ‘07 s 1 N C iV v \ AyoL .
3 = = =y &0 -8
g % = == gw AN .
g = 5 8 T~—T1—~1
3w == 3w \ ~i0
—— x
g I ¥y -1
}:lIl 1 l < O.
< - 0,¢ s g 2 -4
= : : 10} -1
T G s e o B 8 3 M s 15533 s s Tt o ~ 180
T & SCO Mk W SOk ok 2000 S0k 1M 19 10 100 Tt 0k 100k ™
RY, TMING RESISTANCE {1} 1, FREQUENCY (M2}
FIGURE 6 — PERCENT DEAD TIME versus FIGURE 7 ~— PERCENT DUTY CYCLE versus
OSCILLATOR FREQUENCY DEAD-TIME CONTROL VOLTAGE
10 50
oLt TTTI '

Yoo = 15V J Yoo = 18V~
o g oS e, ]
v =0V £ ) T -

i PN @ Y 2 \L\\ Ry = 10k _|

Cr = 0.001 uf 2 Cr = 0.001

: gy : \\ Kol

5 g \\

4 ,/ e 2 N

3 // al § \\

3 ,—"'./"‘ g ‘\

2 ERinlim— 001 uF -

1

0 0 .

100 1k 10k 100K 0 10 20 1) 15

fo, OSCILLATOR FREQUENCY () DEAD TIME CONTROL VOLTAGE {v)
FIGURE 8 — EMITTER-FOLLOWER CONFIGURATION, FIGURE 9 — COMMON-EMITTER CONFIGURATION
OUTPUT-SATURATION VOLTAGE OUTPUT-SATURATION VOLTAGE
versus EMITTER CURRENT versus COLLECTOR CURRENT
19 13 3 A
18 - vee = 15V — e 12 Veg = 15V —
i g -
=
8 == B - —_ L
15 ‘l/// é 09 —
o -
— 5 A

14 S 0 ]

{ =4 L1
13 4 o)) // .

8
|1 > ﬂ_ﬂ
14 [
5 10 150 0 % ° 50 100 150 20 =0
Ig, EMITTER CURRENT fma} ic, COULECTOR CURRENT (mA}

4, PHASE {DEGREES)
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FIGURE 10 — STANDBY-SUPPLY CURRENT
versus SUPPLY VOLTAGE

g

ICC. SUPPLY CURRENT [mA}
tBe 8
]

2
[~~~

<

>

50 W0

<

FIGURE 11 — ERROR AMPLIFIER CHARACTERISTICS

Error Amplifier
Under Test

Feedback
Terminal
{Pin 3)

Other Error
Amplifier

FIGURE 13 — COMMON-EMITTER CONFIGURATION
£TEST CIRCUIT AND WAVEFORM

2 5 30 » L]

Vg, SUPPLY VOLTAGE (V)

»

FIGURE 12 — DEAD-TIME AND FEEDBACK CONTROL

TEST CIRCUIT
vee = 15V
<150 < 150
> W 2W
vee
O——errrt Dead Time ct -0 Output 1
Test 3] 1.
input o
10 O Feedback 3
At c2 -0 Qutput 2
g}—— cr €2 '—‘1
= (Ra} Steeringl.—_—o (Open) } 1,
= Error Control } o 4,95
(o) Vz}————0 (Opem } ONY
£ )
Rel
{ Output Qut
50k 2 Control

(4]
2
a

IH

FIGURE 14 — EMITTER-FOLLdWER CONFIGURATION
TEST CIRCUIT AND WAVEFORM

15V

5V
Rt _o_jc
68 Each A
Qutpul
oy e Tronsittor
! VEE
Each C £
Output Q = i180f Ry C,
Transistor &3 16 pfF
— [ 1
W% 90% 90% — ;
vee Vee
10%. - 10% uw.j J 10%
t ] ,4—— P e 1 | T P—
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FIGURE 15 — ERROR-AMPLIFIER SENSING TECHNIQUES

Vref

Vo
To Cutput
Voitage of
System

NEGATIVE OUTPUT VOLTAGE A1

Ry
Yo = - Vrefﬁ'z'

POSITIVE OUTPUT VOLTAGE Vo
= VO = Vief (1 +—§~1) To Output
2 Voltage of
System
FIGURE 16 — DEAD-TIME CONTROL CIRCUIT FIGURE 17 — SOFT-START CIRCUIT
Output
Controt T +
<
R b4 = Cs
Output Vyet 4 ! Output Vret R -
o—Q Or o—Q Oy
R C >
T T A2 < Rg
6 5‘{
30k I 0.001
3 5 80
Max % on Time, Each Output = 45~ Ry
1+ -
A2

FIGURE 18 — OUTPUT CONNECTIONS FOR SINGLE-ENDED AND
PUSH-PULL CONFIGURATIONS

‘ < c1

———O—tq Q¢ l——0

—ET £ 24V < Voe < Vref ﬁ gl I t0 250 mA

g‘;"’"‘l -o— Output SN
ntro 1 to 500 mA l Controt
I C2 T2

—0— ——0

0&Vor 04V —EEZ —EEz 1 to 250 mA
——O————» Qg —o0

Single Ended Configuration Push-Pull Configuration
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FIGURE 20 — OPERATION WITH Viy > 40 V USING

FIGURE 19 — SLAVING TWO OR MORE CONTROL CIRCUITS
INTERNAL ZENER (TL495 ONLY)
Veef
Rs Vee
Master Vin >40V 12
Rt vz 5V
15 Ref
Vref Gnd
51
Stave = 7
{Additional
Circuits)
FIGURE 21 — PULSE-WIDTH MODULATED PUSH-PULL CONVERTER
+Vip = 801020V
O—— Y
|2gL +Vg = 28V
) IN4934 1o =02A
+ vee P
4. 225
J :; 4\4 b4 L kS
r—{(—‘-‘.‘ g0’ Comp TL494 ‘::50 up
0.01 0.0t/ 15 sV }
- $
- 4.7k S 4.= 5 50
3BV
—4+ OC Vief DT Cr Ry Gnd E1 E2 VA
13 \41 4 51- 6] 7] 9f 10 IN4934
o ! {
4 1t 240 3
47k ‘& 10 = 15k b3
47k 10kS 0.001
o 2 -0
All capacitors in uF
L1— 35mH@03A
T1 — Primary: 20T C.T. #28 AWG
Secondary: 120T C.T. #36 AWG
Core: Ferroxcube 1408P-L00-3C8
TEST CONDITIONS RESULTS
Line Ragufation N Vin = 8.0t0 20V 3.0 mV 0.01%
Load Regulation Vin = 126 V, 1o = 0.2t0 200 mA 50mV  0.02%
Qutput Ripple Vin = 128V, 1o = 200 mA 4O mvPP PARD.
Short Circuit Current Vin = 126 V,R_=0.10 250 mA
Efficiency Vin = 126V, g = 200 mA 2%

s
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PAGURE 22 — PULSE-WIDTH MODULATED STEP-DOWN CONVERTER

+Vin = 101040V P 324 10mH & 24 +Vg = 5.0V
e, AAA Q
Io=10A
4
47 ..
150
a7k
12&L 8l 1 o1k M
Vee €1 C2 compld 1.!"
2
- —o——%
50 + +* —-——c—‘ ‘: 51k 5;.1} f
= TL4S4 K
Sov Vret 4 = +
15 | $00 L
- —o— MRBS0 1oy T
] 16 5.1k
Ct Rt D.T.0.C.Gnd E1 E2
+| 50
s |6 |4 13]7]9]10 It Tiov
3 150
0.001 T 47k
@ < g —0 '
—_— 3 0.4 -
o x
All capacitors in uF
TEST CONDITIONS RESULTS
Line Regulation Vin = 10Vtodo Vv . 14mv  0.28%
Load Regulation Vin = 28V, 1o = 1.0 mA to 1.0 mA 3.0mV  0.06%
Qutput Ripple Vin = 28V, lg = 1.0A 65 mVP-P  PARD.
Short Circuit Current Vin = 28V, R = 0.1 Q 1.6 amps
Efficiency Vin = 28V,1g = 1.0A 71%
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High Speed Op

Technical Data

Features

e Very High Common Mode
Transient Immunity: 15000
Vius at Vepy = 1500V
Guaranteed (HCPL-4503)

» High Speed: 1 Mb/s

* T1L Compatible

« Guarantced ac and dc
Performance Over
Temperaturc: 0°C to 70°C

e Open Collector Output

* Recognized under the
Component Program of
U.L. (File No. E55361) for
Dielectric Withstand Proof
Test Voltages of 2500 Vac,
1 Minute and 5000 Vac, 1
Minute (Option 020).

* CSA Approved under
Component Acceptance
Notice No. § (File No.

LR 88324)

Description

These diode-transistor opto-
couplers usean insulating layer
between the light emitting
diode and an integrated photon
detector to provide electrical
insulation between input and
output. Separate connections for
the photodiode bias and output

=t

ocouplers

transistor collector increase the
speed up to a hundred times
over that of a conventional
photo-transistor coupler by
reducing the base-collector
capacitance.

The 6N135 is for use in TTL/
CMOS, TTL/LSTTL or wide

bandwidth analog applications.
Current transfer ratio (CTR) for

Outline Prawing

_ 9401 370

6NN135
6N136
HHCPL-2502
HCPL-4502
HCPL-4503

the 6IN135 is 7% minimum at
]l‘. = 16 HLA.

The 6N136 is designed for high
speed TTL/TTL applications. A
standard 16 mA 17TL sink
current threugh the input LED
will provide enough output
current for 1 TTL load and a 5.6
kQ pull-up resistor. CTR of the
6N136 is 15% minimum at

IF = 16 mA.

= " §90 (390! 013,007}
Y% eniem )
1] {¢]1 fs = T
TYPL NUMBER l f
OATE CODE 6.10 1.220)
HP  XXXX, - 7.36 1.290) € 60 { 2604
YYWNA] TEE (3
% N 5 TYP
RECOGNITION [
d <L) 2 3 4
ML{UTIU,‘ Y ==
i =l e 1781070 MAX f
— lo— 1,99 (0473 MAX. .
NCE sivee
I 47011851 MAX, -

HH

Losiiom
AN,
-_t" 2.92(.115) MIN.
0.761.030) .——! L—oss 1.025) MAX,
40 (055) 2281.000)
230110}

ANODE E}%, ; 7|ve

CATHODE E
NC E

DIMENSIONS IN MILLIMETRES AND [INCHES).

*See notes, following page.

CAUTION: The small junction sizes inherent to the design of this bipolar component increases the component’s susceptibilily
to damege from electrostatic discharge (ESD). It is cdvised that normal static precautions be taken in handling and assembly
of this component to prevent damage and [or degradation which may be induced by ESD.




The HCPL-2502 is suitable for
use in applications where
matched or known CTR is
desired such as in the feedback
path of switch-mode power
supplies. CTR is 15 to 22% at
IF = lﬁmA.

The FICPL-4502 provides the
electrical and switching per—
formance of the 6N 136 with
increased ESD protection.

The HCPL-4503 is an HCPL-
4502 with increased common
mode transient immunity of
15000 V/us minimum at Vg =
1500 guaranteead.

The HCPL-4504 is recommended ~

for IPM (Intelligent Power
Module) interfacing. The HCPL-
4504 is similar to the HCPL-
4503, but with increased speed
and CTR ( See HP sales
representatives for details ).

Applications

» Video Signal Isolaiion

» Line Receivers — High
common mode transient
immunity (>1000 V/is) and
low input-output capacitance
(0.6 pF).

» High Specd Logic Ground
Isolation — TTL/TTL, TTL/
LTTL, TTL/CMOS, TTL/

-~ LSTTL.

» Replace Slow Phototransis-
tor Isolators - Pins 2-7 ol ithe
6N135/6 series conform to pins
1-6 of 6 pin phototransistor
couplers. Pin 8 can be tied to
any available bias voltage of
1.5 V to 30 Vfor high speed
operation.

* Replace Pulse Transform-
ers — Save board space and
weight

¢ Analog Signal Ground
Isolation — Integrated photon
detector provides improved
linearity over phototransistor
type. .

Absolute Maximum Ratmgs

Storage Temperature* ...

..... -55°C to +125°C

Operating Temperature‘ ..............

Lead Solder Temperature*

............................... -55°C to 100°C

260°C for 10s

Average Input Current - Ig*

(1.6 mm below seating plane)
25 mAll

Peak Input Current — Ip* .....

50 mAl!

- (50% duty cycle 1 ms pulse width)

. Peak Transient Input Current —Iz* 10A
(<1 us pulse width, 300 pps)

Reverse Input Voltage — Vi* (Pin 3-2) ........ 5V
Input Power Dissipation* 45 mW)
Average Output Current — I5* (Pin 6) 8 mA
Peak Output Current* 16 mA
Emitter-Base Reverse Voltage* 5V
(Pin 5-7, except HCPL-4502/3)

Output Voltage* — V,, (Pin 6-5) -05Vto15V
Supply Voltage* — Vg (Pin 8-5) .cciviiesninnencnneeinrninnnns -05Vto 15V
Output Voltage — V,, (Pin 6-5) 05Vto20V
Supply Voltage — V¢ (Pin 8-5) -0.5Vto30V
Base Current —Iz* (Pin 7, except HCPL-4502/3) .....ccccovvurevenrens 5mA
Output Power Dissipation* 100 mW!

*JEDEC Registered Data (The HCPL-2502 and HCPL-4502/3 are not registered.)

CATHODL o———- 1

A
HCPL-4503
SHIELD

“*NOTE: FOR HCPL-45023, PIN 7 IS NOT CONNECTL S



Electrical Specificaiions

QOwer recommended temperature (T = 0°C to 70°C) unless otherwise specifiad. Sce note 13.

Parameter | Symbol| Device |Min |Typ.** {Max. | Units Test Conditions Fig. | Note
Current CTR* 6N135 7 18 | 50 | % |T.=25°C|Vp=04V L,=16mA | 1,2 511
Tracsier =05V Vec=45V 4
o~ 5 13 Vo =05\ cc

6N136 | 19 | 24 | 50 | % |Ta=25°C|Vo=04V .
HCPL 4502
HCPLA4503 ] 15 25 o=05V
HCPL-2502 | 15 18 22 % [Ty=25°C(Vp=04V
Logic Low Vor 6N135 0.1 0.4 V [Ty=25C|lg=11mA Ip =16 mA
3‘*&9“ 0.5 1,=08 mA Vee =45V
shage 6N136 0.1 0.4 V [Ta=25C|lp=30mA
HCPL-2502
HCPL-4502 0.5 Io = 24 mA
HCPL-4503
Logic High Tou™ 0.003 0.5 rA 1Ty =25°C Vo =Vec =565 \'
Output 001 | 1 T, =25°C | Vo= Voc =150 V| Ip=0mA | 6
Current
50
Logic Low TecL 50 200 | pA |Ip=16m4, Vo= Open, 13
Supply Current Vec=15V
Legic High _ 1 T, = 25°C [y = 0 mA, Vo = Open, 13
Supply Current | Iecy® 0.02 2 uA Vec= 15V
Ingut Forward 1.7 Ty = 25°C | 3
Yeltage Vi* 15 18 V [ Ip=16maA
[zput Reverse BVy* 5 v Ig=10mA
Breakdown
Yoltage
Temperature AVp
CeefTicient of -16 mV/ |[Ip=16 mA
Farward AT, °C
Vsltage =
L=put Cx 60 pF [f=1MHz,Vp=0V
Capacitance
Lzput-Output Iio 1 pA [45% RH, t =55, Vig=3kVdc, 6,
[zaulation Ty = 25°C 16
Veltage 2500 Vews |RH < 50%, t = 1 min,, G,
Viso M Ty = 25°C 14,
OPT. 020 | 6000 Vies 15
Resistance Rio 1012 Q |V =500Vde 6
(Input-Output)
Capacitance Cro 0.6 pF |f= 1 MHz [
(Input-Output) . .
Traasistor DC hpg 150 Vo=5VY,Ip=3mA
Current Gain 130 Vo=04V,Ib=20

*Por JEDEC mgistcre:i parts. **All typicals at T, = 25°C.




Swiichiny Specifications

Over racom: .ended temperature (Ty = ¢°C to 70°C), Voo =

5 V, I, = 16 mA unless otherwise epecified.

Parometer | Sym.| Devica | Min. | Typ. ¥ |Max. |Units ‘Test Conditions Fig. | Notel
Propagalion togn” 6N 135 0.2 1.5 $s Ty =25°C i 59 | 8¢9
Delay Time Ry =4.1kQ 1
to Logic 2.0
Low at Output

6N136 02 |08 Ty =25°C |
HCPL-2502 Ry=18%0
HCPL-4502 1.0
HCPL4503
Propagation tpui® | ~6N135 13 | 15 | ps | Ta= mcj 5.9, 1 889
Delay Time Ry =4.1kQ 11
to Logic 2.0
High at Qutput
6N136 0.6 0.8 Tpr=25C ‘ N
HCPL-2502 Ry =19kQ
HCPL-4502 1.0
HCPL4503
Common Mode  |ICMyl]  6N135 1 EVAs | Ry =43 k0| Iy =0 mA, T, = 25°C, 10 | 7.8
Transient Veu=10V, g 9
Immunity 6N136 1 Ry =19k Cp=15pF
at Logic High HCPI1-2502
Level Output HCPL4502
HCPL4503| 15 | 30 Rp=19kn|lp=0mA, T, = 25°C,
Vey = 1500V,
Cy, =15 pF
CommonMode  |ICMg1] 6N135 1 KVAs | R =4.1k0 |l =16 mA, T = 25°C, 10 | 7.8
Transicnt Veu=10V,, 9
Immunity 6N136 1 Ry =19k |CpL=155F
at Logic Low HCPL-2502
Level Output HCPL4502
HCPL45303| 15 | 30 Ry=10k0 |1, = 16 mA, Ty = 25°C,
Vew = 1500 V,>
CL =15 pF
Bandwidth BW | 6N135/6 9 MHz | See Test Circuit 7,8 10
HCPL-2502
*JEDEC registered specification for 6N135/6. **Al] typicals at T, = 25°C.
Notes: " L 4
1. Derate linearly above 70°C frec-air temperature at a rate of 0.8 mA~°C.
2. Derate linearly above 70°C frec-air temperature at a rate of 1.6 mA~C.
3. Derate linearly above 70°C free-air temperature at a rate 0f0.9 mW/~°C.
4. Derate linearly above 70°C free-air temperature at a rate of 2.0 mW/°C.
5. CURRENT TRANSFER RATIO in percent is dofined as the ratio of output collector current, I, to the forward LED input

current, I, times 100,
Device considered a two-terminal ¢
. Common mode transient immunity

ne

the common mode pulse, V., to assure

transient immunity in a Logic

mode pulse signal, Ve, to assure that the
1 TTL unit loa

. The 1.9 kQ load represents
. The 4.1 XQ2 load represents

. See Option 020 data sheet for more

(leakage detection current limit, L,

(leakage detection current limit, I,

. The frequency at which the ac output voltage is 3 .
. The JEDEC registration for the 6N136 specifies a minimum CTR of 15%. HP guarantees a minimum CTR of 19%.

_ In accordance with UL 1577, each optocoupl

device: Pios 1, 2, 3, and 4 shorted together and Pins 5,

6, 7, and 8 shorted together.

in a Logic High level is the maximum tolerable (positive) dV,/dt on the leading edge of

that the output wi

information.

<5 pA.

<BpA.

output will remzin in a
d of 1.6 mA and the 5.6 kQ pull.up resistor.
1 LSTTL unit load 0f 0.36 mA and 6.1 kQ pull-up resistor.

4B below its mid-frequency value, .

Il remain in & Logic High state (i.e., V9 > 2.0 V). Common
Low level is the maximum tolerable (negative) dV_,/dt on the trailing edge of the common
Logic Low state (i.e., V,< 0.8 ). .

. Use of a0.1 pf bypass capacitor connected between pins 5 and 8 is recommended.
. In accordance with UL 1577, each optocoupler is proof tested by applying an i

. This rating is equally validated by an equivalent ac proof test.

mode

nsulation test voltage 2 3000 V. for 1 second

er is proof tested by applying an insulation test voltage 26600V, for 1 second




Insulation Related Specifications

Parameter Symbol | Value | Units | Cocditions
" Min. External Air Gap L(101) >7 mm Measured from input terminals to output
(Clearance) terininals
Min. External Tracking L(192) >7 mm Measured from input terminals to output
Path (Creepage) terminals
Min. Internal Plastic 0.c8 mm Insulation thickness between emitter and
Gap (Clearance) detector
Tracking Resistance CTI 175 Volts | DIN IEC 112/VDE 0303 Part 1
Isolation Group 1lla Material Group DIN VDE 0109
(Per DIN VDE 0109)
15
Taemc _ - 40 ma _____e“ﬁ[
10 e Ve = OV - o .
’,f’ .| E —— 6N 135, HCPL -4502/3
’~ T s
[t - 30 mA 7
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] o Vo =04V
;' J B 2 7 by i M
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=
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4
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Figure 1. DC and Pulsed Transfer Characteristics.
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*JEDEC Registered Data ’ *

s -



Data Sheet No. PD-6.021

INTERNATIONAL RECTIFIER | IT€3R

HIGH VOLTAGE
MOS GATE DRIVER ;

IR2113

General Description

The IR2113 is a high voltage, high speed MOS-
gated power device driver with independent high side
and low side referenced output channels. Proprietary
HVIC and latch immune CMOS technologies ena-
ble ruggedized monolithic construction. Logic inputs
are compatible with standard CMOS outputs or with
LSTTL outputs using puit-up resistors. OQutput drivers
use low impedance totem-pole arrangement
designed lor low cross-conduction current spika.
Propagation delays for the two channels are matched
to simplify usa in high frequency application. The
floating channet can be used to drive an N-channel
power MOSFET or IGBT in the high side configura-
tion that operates off high voitage rail up to 600 voits.

Appiications

M High frequency switch-mode power supply
M OC and AC motor drives

R Electronic lamp ballast

W Battery charger

B Induction heating and welding

R Switching amplifier

Features

R Floating supply designed for bootstrap operation
— Operating offset range from -5V to +600V
— dvidt immunity. rated at +50Vins
— Quiascant power dissipation of 1.6mwW at 15V

H Wide output operating gate drive supply range
from 10 to 20V .-

B Separate logic supply to interface with logic signal

— Operating supply range from S to 20V

— Logic and power ground operating offset
range from -5 to +5V

CMOS Schmitt-triggered inputs with hysteresis

and pull-down

Cycle by cycle edge-triggered shutdewn logic

Undervoltage lockout with hysteresis for both

channels

Output totem-pole driver designed to drive

MOS-gated power devices

— Peak cumrent capability at 2A minimum

— Switching time of 25ns typical into 1000pt
load

B Matched propagation delay time for both
channels
— Typical 120ns turm-on delay and 94ns tum-off

delay
— Maximun rated matching differential of
+10ns

B Latch immune CMOS. Withstand > 2A reverse

current at /O pins

Typical Connection
Hy
1
Ypg O~—— 9 ™ § -
——m = s = ——0 @
SYSTEM | " g = LOAD
i (I 3 o
9 -_'.2 =3 veo p
|23
v

Pinout Assignment

] (1m0
Voo (] ™ (5] Vs
(o] oy (5] vg
o] ~ [
wim K [[Ow
vss (35 ] comt

=] — ;Eu:




IR2113

Absolute Maximum Ratings o
Absolute Maximum Ratings indicate sustained limits beyond which damage to the device may occur.
All voltage paramsters are absolute voltages referenced to COM.

The Thermal Resistance and Power Dissipation ratings are measured under board mounted and still

air conditions. .
Symbol Pararmeter Min Mxx ' Units
- High Side Floating SupPly Absciute Yoltage -Qs Vg+20
vg . High Side Floating Suppty Offset Voltage Vgg - 05 500
YHO High Side Cutput Voitage Vg 05 Vg +QS
Vee Low Side Ftesd Supply Voitagd -a5 20 .
Yo Low Side Cuput Voltage -5 Yo +05 v
Voo Logic Supply Yoltage -5 Ygs+20
vss Logic Supply Citset Voitage Vecc-20 Vee +05
Vi Logic Input Voitage (HIN, LIN & SO) Vgg =05 Voo +05
dvghat Allowedie Otfset Supply Voitage ransient (Fig. 16) - sQ Vins
PO Package Power Disipation @ TA <= 25°C (Fig. 19) - 18 W
Renla Thermal Resistance, Junction t0 Ambdlent - 75 “TIW
Ty Juncon Temperzture | =55 150
Ts Storsge Temperanse -55 150 <
T Lsad Temperature (Soldering, 10 seconds) - 300

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

within the

recommended conditions.

The Vg and Vsg offset ratings are tested with all supplies biased at 15V dilferential. Typical ratings at other
bias conditions are shown in Fig. 2 and 3

Symbol Parameter Min Max Units

Vg High Side Fioating Supply Absciuts Voitage Vg+10 V5+20

Vs High Side Floating Supply Otfset Voltage -5 600

VHO High Side Output Voitage Vg vg

Vee Low Side Fixed Supply Voitage 10 20 v

Yio Low Side Outpr Yoitage [} Yeo

Voo Logic Supply Yortage Vgs+5 Yss+20

Vss Logic Supply Offset Voitage -5 3

ViN Logic [nput Voitage (HIN, LIN & SD) Vss Voo
Dynamic Electrical Characteristics .
VBIAS (VCC. VBS, VDD) = 15V and Vgg = COM unless othérwise specified.
The dynamic electrical characteristics are measured using the test circuit as shown in Fig. 11.

. T’ = 25°C Tl = =58 to
150°C
Symbol ‘| Pacametar Min | Typ | Max | Min | Max |Units Test Conaltions Referance

ton Tum-On Propagation Detay — |120]150 | — | 200 Vg » OV Fig. 12
tott Tum-Off Propegation Delay s — | 94 | 128 | — | 20 Vg = 60OV
ted Shudown Propegation Deley * — {110 | 40| — | 235 Vg = 800V
t Tumn-On Rise Time — ]2 ]3| ~-1]5% Cy = 10000t Fig. 13
) Tom-Ott Fedl Time — 7|25 ] ~| 4} ns C = 1000pt
Mton Deixy Maxhing, HSand LS Tum-On | — | — | 0 | — | — |Hton~Uon| Fig. 14
Moo Delay Maxching, S and LSTom-Cft | — | — | 10 | — | — | Heet—lot}
DHlyn |Deactime LSTUm-CfHSTum-On | 16 | 28 | 36 | — | — Htomltart) Fg. 1S
Dlen Deadtime, HS Tum-Of B LSTWm-On | 18 | 28 | 38 | — | — (Uorritott)




-

IR2113
Static Electrical Characteristics
VBIAS (VCC. VBS. VDD) = 15V unless otherwise specified.

The VIN, VFH and IIN parameters are referenced lo VS and are applicable to all three logic Input.Pins: HIN, LIN and SD.
The VO and IO parameters are referenced to COM or Vs and ars applicable to the respective Output Pins: HO of LO.

T, = 25°C Tl = 5510
150°C .
Symbol | Pzrameter Min | Typ | Max | Min | Max | Units Test Londitions Reference
ViH Logic “1"” input Voitage a j - - ok - Voo = 5V
64 | — | - |63 | — Voo = 1oV
95 | - | — 10| — Voo = 1SV
26| = | — j133]| — v . Voo = 20v
Vi - |Llegic "0 Input Voitage - - 18 | — 17 VYoo = SV Fig. 4
- | =381 = |.38 Vop = 1V
-] - & - | &7 Vpp = 15V
— | -8 ] ~]7s Voo = 20V
Vo High Lavel Output Vottage, Vgjag-vO | — | @7 | 1.2 | — 15 v YIN = ViH. IO = 0A Fig. 10
Vou Low Lavel Output Voitage, VO -} = | a1 — f Qt VIN = VI, I0 = 0A
S Ctiset Supply Leakage Current - - S0 - 20| Yg = Vg « 500V Fig. 5
lcas Quiescent Vgg Supply Current — | 125 | 230 | — | S0 VIN = ViH of Vir_ Fig. 6
‘ace Quiescent Voo Suoply Currern — | 180 | 340 | — | 600 | uA VIN = Vi or Vi, Fg. 7
'Q0o Quiescent Vpp Supoty Current - 5 30 - &0 VIN = Vi or Vi
N+ Logic 17 Input Bias Current - 15 X - 70 VIN = 15V Fg. 8
N~ Logic “0” Input Bias Current - . 1 — 10 VIN = OV
vasuv + | Vas Supply Undervoitage Posnve T | a7 | 97 - -
Going Threshold N
Vasuv- | Vs Supply Uncervoitage Negative | 73 | 63 | 93 | — | —
Going Threshold Fig. 9
Yecuv + | Vee Supply Undervoitage Positive 75 186 | 95 | — - v i
Going Threshold
Yecuv- | Veg Suoply Undervoitage Negatve 72 1 82 | 92 | — -
Gowng Threshold
o+ Qutput High Short Circuat Putsed 2 - - -1 - VOuT = OV, Viy = 1SV,
Current A PW <= 10 us
1o~ Output Low Short Ciraumt Pulsed 2 - =1=7= VOUT = 15V, Viy = OV,
Cucrent PW <= 10 43 .
Functional Block Diagram
;_‘ ———————————————————————— — e e—————-
| 1
9 '
Voo ” B P
| RS a! ot T s |
] voorves ‘ s




IR2113 )
Typical Performance Characteristics

|

63 8 EB&-
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Typical Performancs Charactaristics
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Typical Performance Charactenstcs
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Typical Performance Characteristics
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Functional Description

The IR2113 is a monolithic high voltage, high speed
two channel power MOSFET or IGBT driver. Refer to
the saction on Functional Block Diagram for the intemal
partitioning 6t the various circuit blocks. The driver
transtates logic input signals into comesponding “in-
phasa” low impedance outputs. The low side channel
output (LO) Is referenced to a fixed rail (VCg) and the
high side channel output (HO) is referenced to a floating
rail {(Ygg) with otfsat capability up to 600V.

The logle circuit provides the control puises for the
two output channels comresponding to the iogic inputs
as Indicatad by the Input/Output Timing Diagram in
Fig. 1. The HO and LO outputs are in phass with the
HIN and LIN logic inputs. The two outputs will tumn oft
when the SD input switches high and the outputs will
remain off even after the SD input returns to low until
the next rising edge of the respective inputs. In the ¢case
when VCC Is below the undervoitage trip point the UY
detact circuit will send a shutdown signal to disable both
channels. Also a separate UV detect block is used to
disable the high side channel when Vgg is below its
own undervoltage trip point. The logic inputs use
Schmitt trigger circuits with a hysteretic band of
Q.1 +Vpp to provide high noise immunity and can accapt
inputs with slow rise time. The logic circuit is referenced
to its own logic supply to allow the usa of a lower supply
voltage than the output operating supply vottage. A high
noise immunity VDO/VCC level-shifting 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 circuit is
unaffected by the noise coupling generated by the
switching action of the output drivers.

Propagation delay for the two channels are matched
using the low side delay circuit to simplify the timing
requirements of the control puises. The turm-on delay
is matched at 120ns for the low side channel (Lton) and
the high side channei (Hton) with Vs at OV since the
high side turn-on command is usually exscuted when
VS is at or near OV. The turn-off delay is matched at
94ns for the low side channel (Lto) and the high side
channel (Hto) with Vg at 600V since the high side tum-

"oft command is usually exacuted after the high side

" power MOSFET is “on" and Vg is at or near the high
voitage rail.

. Both channels use identical low cross-conduction

-totem pole output connectad -transistors. The output
driver consists of two N-channel MOSFETs with peak
current capability above 2A and on resistancs of less
than 3 ohms (Fig. 10). One output MOSFET is
connectad as a source follower and the other in

. common source confiquration. Because of the totem

1 pole-arrangement the rise time is siower than the fall
time driving capacitive load, For a typical 3300pf lcad
the rise and tall times are 50ns and 33ns ty.

For the high side channel, narrow “On” and "“Off”
puises triggered respectively by the rising and the
faling edge of HIN are generated by the puise
generator. The respective pulses are used to drive
saparate high voitage DMOS level transiators that set

,or reset a RS latch operating oft the floating rail. Lavel
shifting of the ground referenced HIN signal is thus
accomplished by transpasing the signat raferences to
ﬁnﬂo&ngrail.Becaweeadl_highvdtageDMOSM
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IR2113

translator is turned on for only the duration of the short
“On” or “Off” pulses with each set or reset event, power
dissipation is minimized. Falss triggering of the RS lateh
from fast dvidt transients on the Vg node is effactively
differentiatad from normal pull-down pulses through a

.pulsa discriminator circuit such that the high side

channel is essantially immune to any magnitude of dvidt
vajue. Also the high voltage level shifting clreuit is
des'gnedtofuncdonnonnau'ygnwhenmoVsnode
swifigs more than 5V below the COM pin. This condition
can oftsn occur during the recirculation period of the
output free-wheeling diode.

Application Guldellnes
(Also see Nots AN-G72A, DT92-1, DT92-2,
DT52-3, DT92-4, DT92-5 for details)

The IR2113 Is typically used to drive two high vottage
N-channel power MOSFETs or IGBTs configured in half-
bridge, dual-forward or other topologies. The fbmed rail
referencad output is used to drive a low side connected
power MOSFET. The floating output channet is used

~to drive a power MOSFET In the high side configuration

that requires an over-rall gata drive. Refor to the section
on Typical Applications for the various circutt topologies
where the |1R2113 is applicable.

Typically, the floating supply is derived from the fixed

have a voltage withstand capability 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 gats charge requirement of
the power MOSFET. The voitage across the capacitor
shouid not be allowed to drop below the under-voltage
lockout threshold, otherwise protective shutdown wiil
occur. A 01 u4F capacitor is usually suitable for
applications switching above 5 KHz.

Supply bypass capacitors between Voo and COM
and between Vpp and VSg are required to supply the
transient current needed for switching the capacitive
loads. These capacitors, together with the reservoir
capacitor across Vg and Vg, must be connected close
to the device. A Q.1 .4~ ceramic disk capacitor in parallel
with a 1, tantalum capacitor is recommended for VoG
bypass. A 0.1 ,F ceramic disk capacitor is usually
adequats for the logic supply.

The outputs of the IR2113 are designed to deliver gate
drives for fast switching speed even for high cumrent
power MOSFETS with reiatively high gats charge
requirement. The typical switching speed for various
standard power MOSFET sizes is shown in Fig. 20. To
minimize Inductance_in the gate drive loop, each
MOSFET should have its own dedicated connection
going to Pin 2 and § of the IR2113 for the retum of the
gats drive signal. For smaller power MOSFETs a series
gats resistor for sach output is recommended to {Imit
switching speed. The value of the gata resisior depencis
on EMI requirement, switching losses and the
maximum allowable dvidt.

The totat power dissipation of the IR2113 Is a function
¢t HV bus voltage, VCC and Vpp voltages, switching
frequency, duty cycle, delivered gate drives charge, and
operating junction temperature. The total dissigation
can be divided into two categories: High voitage and
low voitage switching.

me ey o g s v e



T

R s

IR2113

The high voitage dissipation can be calculated by the
following formula:

PD(HV) = HVelik* d + (VBon +VBotl)*Qp-f
static ~ dynamic

with HV the high voitage bus voltags, I k the leakage
current of Vg o ground, d the duty cycle of the high
side switch, Qp the pulsed chargs of high voltage levei
shifter, Vaon the average voltage of Vg duting the tum-
on pulss, VBott the average voltage of Vg during the
tum-off pulse and f 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
switching frequency at various fixed Vg voltage level.
Note that the graph onty shows the high voltage power
dissipation per set or reset event at the particular fixed

Vs level. Keep in mind that in actual application Vg is
swinging during the leve! shifting event.
The low voltage dissipation can be caiculated by the
following formuta: ’
PO(LY) = Vbias*IOmt + 2-Vbias*Qg~f + Vpias*Qemos*f
\ - ” B v

static dynamic

- with Vias the low voitage bias voltage assuming Vpp

= VCC = VBs, IGiot the total quiescent current, Qg
the delivered gate charge per driven MOSFET, f the
switching frequency and Qcmos the switching losses
associated with the internal CMOS circuitry. The
quiescent losses are usually much smaller than the
dynamic losses such that the static term can be
neglected. Fig. 18 shows the total low voitage power
dissipation as a function of switching frequency at
various load conditions. The switching losses
associated with intemal circuitry (Qemos) are shown in
the graph for the case of "0 pf” loading condition.
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Typical Applications Continued .
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Typical implementation of an H-bridge with cycle-by-cycle current mode control
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TO-264
- MAXIMUM RATINGS (TG = 25°C unless otherwise noted)
Rating Symbol Value Unit
Collector-Emitter Voltage VCES 600 Vde
Coilector-Gate Voltage (RgE = 1.0 MQ) VCGR 600 Vde
Gate—Emitter Voltage — Continuous VGE +20 Vde
Colléctor Current — Continuous @ Tc=25°C Icos 50 Adc
— Continuous @ Tg = 90°C lcao 30
— Repetitive Pulsed Current (1) lcm 100 Apk
Total Power Dissipation @ Tg = 25°C Pp 202 Watts
Derate above 25°C 1.61 WreC
Operating and Storage Junction Temperature Range Ty, Tstg -55 to 150 °C
Short Circuit Withstand Time tsc 10 us
(VEC = 360 Vdc, VGE = 15 Vde, T = 25°C, Ra=200Q)
Therinal Resistance — Junction to Case — IGBT ReJc 0.62 °CW
: — Junction to Case — Diode RaJc 1.41
— Junction to Ambient ReJdA 35
Maximum Lead Temperature for Soldering Purposes, 1/8” from case for 5 seconds TL 260 °C

I

MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by MGY30N60D/D

Designers™ Data Sheet
Insulated Gate Bipolar Transistor
with Anti-Parallel Diode

N-Channel Enhancement-Mode Silicon Gate

Thi$ Insulated Gate Bipolar Transistor (IGBT) is co—packaged
with a soft recovery ultra~fast rectifier and uses an advanced
termination scheme to provide an enhanced and reliable high
voltage—blocking capability. Short circuit rated IGBT's are specifi-
cally suited for applications requiring a guaranteed short circuit
withstand time such as Motor Control Drives. Fast switching
characteristics result in efficient operations at high frequencies.

Co—packaged IGBT's save space, reduce assembly time and cost.

Industry Standard High Power TO-264 Package (TO-3PBL)

High Speed Eoff: 60 pJ per Amp typical at 125°C

High Short Circuit Capability - 10 s minimum

Soft Recovery Free Wheeling Diode is included in the package

Robust High Voltage Termination G
Robust RBSOA

MGY30NG60OD

Motorola Preferred Device

IGBT & DIODE IN TO-264
30 A @ 90°C
50 A @ 25°C
600 VOLTS
SHORT CIRCUIT RATED

CASE 340G-02, Style 5

Mouqting Torque, 6-32 or M3 screw

10 Ibfein (1.13 Nem)

(1) Pulse width is fimited by maximum junction temperature.

Designer’s Data for “Worst Case” Conditions — The Designer's Data Sheet permits the design of most circuits entirely from the information presented. SOA Limit

curves — representing boundaries on device characteristics — are given to facilitate “worst case” design.

Preferred devices are Motorola recommended choices for future use and best overall vaiue.

€ Motorola, Inc. 1995

@ MOTOROLA
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ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

Characteristic Symbol I Min | Typ | Max l Unit |
OFF CHARACTERISTICS
Collector—to—Emitter Breakdown Voltage BVCES Vde
(V& = 0 Vdc, Ic = 250 uAdc) 600 — -
Temperature Coefficient (Positive) —_ 870 —_ mv/°C
Zero Gate Voltage Collector Current ICES pAde
{VcE = 600 Vdc, Vg = 0 Vdc) - — 100
(VGE = 600 Vdc, VGE = 0 Vdc, Ty = 125°C) —_ - 2500
Gate-Body Leakage Current (VgE =+ 20 Vdc, VoE = 0 Vdc) lgeS - — 250 nAdc
ON CHARACTERISTICS (1)
Colleﬁctor—to—Enmter On-State Voltage VCE(on) Vdc
{(VGE = 15 Vdc, Ic = 15 Adc) - 2.20 2.90
(VGE = 15 Vdc, I = 15 Adc, T = 125°C) — 2.10 —_
(VGE = 15 Vdc, Ic = 30 Adc) — 2.60 345
Gate Threshold Voltage VGE(th) Vde
(VCE = VGE, Ic = 1 mAdc) 4.0 6.0 8.0
Threshold Temperature Coefficient (Negative) — 10 —_ mV/°C
Forward Transconductance (Vg = 10 Vde, Ig = 30 Adc) Ofe — 15 — Mhos
DYNAMIC CHARACTERISTICS
Input Capacitance Cies - 4280 — pF
: (VeE =25 Vdc, VG = 0 Vdc, — —
Output Capacitance f=1.0 MHz) Coes 225
Trarisfer Capacitance _ - Cres —_ 19 —
SWITCHING CHARACTERISTICS (1)
Tum-On Delay Time td(on) = 76 — ns
Rise Time tr —_ 80 -
Tum-Off Delay Time (Ve = 360 Vde, Ic = 30 Adc, td(off) = 348 —
VGE = 15 Vde, L = 300 pH " _
| Fall Time Rg =200, T, = 25°C) ts 188
Turn-Off Switching Loss Energy losses include “tail” Eoff — 0.98 1.28 mJ
Tum-On Switching Loss Eon —_ 2.00 —
;
~ Total Switching Loss Ets — 2.98 —
Tum~On Delay Time td(on) — 73 — ns
Risg Time tr — 95 —
Tum-Off Delay Time (Vo = 360 Vde, Ig = 30 Adc, td(off) — 394 —
VGE = 15 Vde, L = 300 pH — —
Fall Time Rg=209Q,T, = 1257) t 418
Tum-Off Switching Loss Energy losses include “tail” Eoff —_ 1.90 — mJ
Tum-On Switching Loss Eon — 3.10 —
Total Switching Loss Ets — 5.00 —
Gate Charge . Qr — 150 — nC
(Vo =360 Vdc, I = 30 Adc,
VGE = 15 Vidc) A - 30 -
: Qo — 45 —_
DIODE CHARACTERISTICS
Diode Forward Voltage Drop VFEC Vdc
(Iec = 15 Adc) — 1.30 1.80
(lgc = 15 Adc, T = 125°C) — 1.10 —
(IEC = 30 Adc) - 145 2.05
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2%. {continued)

Motorola TMOS Power MOSFET Transistor Device Data
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LECTRICAL CHARACTERISTICS — continued (T = 25°C unless otherwise noted)

MGY30N60D

Characteristic Symbol I Min I Typ J Max | Unit I
WODE CHARACTERISTICS — continued
Reverse Recovery Time trr — 153 —_ ns
(IF = 30 Adc, VR = 360 Vdc, ta - 82 -
dig/dt = 200 A/ys) tb — 74 —
Reverse Recovery Stored Charge QRR — 23 — pC
Reverse Recovery Time tr — 208 - ns
(IF = 30 Adc, VR = 360 Vdc, ta — 117 —
dIE/dt = 200 Aus, Ty = 125°C) T — 91 _
Fievefse Recovery Stored Charge QRR —_— 3.8 - pC
NTERNAL PACKAGE INDUCTANCE
Internal Emitter Inductance Lg nH
{Measured from the emitter lead 0.25” from package to emitter bond pad) - 13 —
! TYPICAL ELECTRICAL CHARACTERISTICS
60 1 L) i ¥ T 60 ¥ T T T / ¥
Ty=25°C VGe=20V 125V Ty=125°C Vge=20V / 125V
3 I @ gl ]
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Ve, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) VGE, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS)
Figure 1. Output Characteristics, Tj = 25°C Figure 2. Output Characteristics, T = 125°C
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Figure 3. Transfer Characteristics
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Figure 4. Collector—to—Emitter Saturation

Voltage versus Junction Temperature

Motorola TMOS Power MOSFET Transistor Device Data
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TOTAL SWITCHING ENERGY LOSSES (mJ) C, CAPACITANCE (pF)

TOTAL SWITCHING ENERGY LOSSES (mJ)

8000 — —
¥ Vee=0V Ty=25°C
6000 N
N
~~~J__ Cies
4000
L\
2000
[ Coes
v~
6 'Cres [~
0 5 10 15 20 25
GATE-TO-EMITTER OR COLLECTOR-TO-EMITTER VOLTAGE (VOLTS)
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Figure 7. Total Switching Losses versus
Gate Resistance
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Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential or Incidental damages. “Typical” parameters which may be provided in Motorola
data sheets and/or specifications can and do varyin different applications and actua! performance may vary overtime. Alloperating parameters, including “Typicals”
must be validated for each customar application by customer's technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
appfications intended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
ordeath may occur. Should Buyer purchase or use Motorola products for any such unintended orunauthorized application, Buyer shallindemnify and hold Motorola
and lts officers, employees, subsidiaries, affiliates, and distributors harmiess against all claims, costs, damages, and expenses, and reasonable attomey fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and. & are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Oppbrtunity/Affirmative Action Employer.

How to reach us:
N USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD-JLDC, 6F Sebu-Butsuryu-Center,
' P.0. Box 20912; Phoenix, Arizona 85036. 1-800-441-2447 or 602-303-5454 3-14-2 Tatsumi Koto~Ku, Tokyo 135, Japan. 03-81-3521-8315

MFAX: RMFAX0 @ email.sps.mot.com — TOUCHTONE 602-244-6609 ASIA/PACIFIC: Motorola Semiconductors H.K. Lid.; 88 Tal Ping Industrial Park,
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