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INDUCTION MELTING

sompong pholamnuasuk
Prapas prisuvanna Advis?@

1888

Abstract

In this thesis begin to éevelop the furnace for metal melting.
First, by rectifying alternating current into direct current by let
it pass rectifiervand filter. "Then return it intoc high frequency
alternating current by power transistor. Switching it into
rectangular wave. Pass it to high frequency transforme; and then to
coils. Alternating magnetic field will occur through thegfurnace and
induce voltege in substance that want to melt. The current will flow
in substance. Current density 1is high in phe surface .and
exponentially decrease deep into the substance. Shain depth ( § )
will have the reiation % = y(p/(pfe)) and efficigncy of coil ( )
is 1 » 1/(1+J(f:/(prw) +» Control of power that pass coils achieves
by adjusting the freguency of switching apparatus or adjust the
voltage of power supply. From this point, it is expected to hsve

-

the excess development that provide the suitable efficiency end price.
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MTMENOS, MTPSNOS
MTM8N10, MTP8N10
MTM10NOS5, MTP10NO5
MTM10NO6, MTP10NOG|

I)usu..nur s Data Sheet

N-CHANNEL ENHANCEMENT MODE SILICON GATE
TMOS POWER FIELD EFFECT TRANSISTOR
These TMOS Power FETs are designed for low voltage, high

speed power switching applications such as M!ching regulaton. :
converters, solenoid and relay drivers.

® Silicon Gate for Fast Switching Speeds — Switching Times
Specified at 100°C

® Designer's Data — Opss VDS(on)r SQA and VGsith)
Specified at Elevated Temperature

® Rugged — SOA is Power Dissipation Limited

® Source-to-Drain Diode Chamctenzed for Uso With lnductwo
Loads

8.0 and 10 AMPERE
_ N-CHANNEL TMOS
~ POWER FET -

"DS{on) = 0.5 OHM
80 and 100 VOLTS

DS{on) = 0.28 OHM

50 and 60 VOLTS
MTMSNOS A
MTMEN10 Gy c
MTMIONOS - f 5
ST 1006 -

’ (o1
- ¥ 3
CESE 195 (e x
TO-25444 =a s
MAXIMUM RATINGS {103 TYPE) an (o
MTM or MTP f o D SR
Rets Symo ol I oNos | 1ow06 | 8noz | enio | U™ b ' 5 i
Drain-Source Voliage vVpss 50 60 80 100 | Vdc s
Drain-Gate Voltage VbGR 50 60 80 100 Vde Ve
(Rgs = 1.0 MQ) ¥ &
Gate-Source Voltage Vgs 320 Vac ’T—-',
Drain Current Adc ‘._—’.t ¥
Continuous Ip 10 N B8O 4
Pulsed Inm 28 20 e
Gate Current — Pulsed oM 15 Adc ‘:({“
Total Power TPy Watts e St R
Dissipation @ Tg = 25°C ' 75 - ! —IJ'—--.
Derate above 25°C T 06 w7ec’ by
Operating and Storage T Tsig -65 10 150 5 *c
Temperature Range
LOLTERS £
THERMAL CHARACTERISTICS , o T T T
Thermal Resisince Rguc : 1.67 °c/W s 2
Junction to Case 3 E
Maximum Lead Temp. for T 2786 *c
Soldering Purpases, 178~
from case for 5 seconds .

Designer's Data for *‘Worst Case’’ Conditons -

The Designer's Dats Sheet permits the de ign of most circuit irely from the
information presentec. Limit dats — representing device ch istics boundaries — are

given to facilitate “worsi case” design.

i)
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MTM/MTP8NOS, 10/10N05, 06 &

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

B __ Cheracteristic [ symbot | Min |
OFF CHARACTERISTICS S
Drain-Source Breakdown Volage ¥ V(BRIDSS Vdc
(VGs=0.lp=50mA) MTM10NOS /M TP 10NOS W -
3 MTM10NO6 /MTP 10NOG 60 -
MTMSNO8/MTPENO8 i 80 -_
MTMBN10/MTPEN10 100 - : :
Zero Gate Voltage Drain Current Ipss mAdc
(Vps = 0.85 Rated Vpgs, Vgs = 0) — - 0.25
(T =100°C) ] : - 25
Gate-Body Leakage Current Igss - 500 nAdc
(VGs = 20 Vde, Vps = 0)
ON CHARACTERISTICS®
Gate Threshold Voltage VGSith) Vde
{lp=1.0mA Vpsg=Vgs) " .0 45 {
(T} = 100°C) a ¢ 1.5 40
Static Drain-Source On-Resistance . 'DS(on) Ohms
VGs = 10 Vde, Ip = 5.0 Adc) MTM1ONOS7MTM 10NOS - 0.28
MTP 10NOS5 /MTP 10NO6 5
(VGs = 10 Vde, Ip = 4.0 Adc) MTMENOB/MTMSN 10 - 050
MTPBNOB/MTPEN 1D ;
Drain-Source On-Voltage (Vgg = 10 V) Vpsion) : Vdc
{ip = 10 Adc) MTM 10NOS /MTM10NOS — 34
MTP10NOS/MIP 1ONO6 = N f
{ip = 5.0 Adc, T = 100°C) MTMBNO8, MTMEN10 - © 28 '
: MTPENOB/MTPBNTO ) : : i
{ip = 8.0 Adc) MTM10ONOS, MTM10NOS A - 48
y MTPIONOS /MTP 1CNOS 3 "
flp = 4.0 Adc, Ty= 100°C) MTMENO8 /MTMBN 10 ! - 40
MTPBNOS /MTPEN 10 ]
Forward Transconductance . Ois mhos
(Vps =15V, Ip=50A) MTM 1ONDS5 /MTM10NO6 25 -
MTP1ONOS/MTP10ONOE 4 i
(Vps=15V,Ip=4.04) MTMENOR /MTMBN 10 . 15 "\
MTPENOB/MTPBN IO
DYNAMIC CHARACTERISTICS ' ‘ i
input Capacitance i Ciss S —- 400 pF {
Qutput Cepecitance Vps=25V.Vgs=0.1=1.0MH:) Coss — 350
Reverse Transier Capacitance ‘Creg . - — 100 c
SWITCHING CHARACTERISTICS”® (T = 100°C) ; 7L .
Tf:m-?n Delsy Time ps = 25 V, Ip = 0.5 Rated Ip, td(on) - 50 ne i
Rise Time ﬂgen = B0ohmie ty - , 120 2 > o
Turn-Off Delay Time See Figures 1 5nd 2) td{olf) — 50
Fall Time ; ; [ L 60 ) i ‘
SOURCE DRAIN DIODE CHARACTERISTICS® A : ‘
Cheracteristic Symbol | "\ Typ Unit §
Forward On-Voltage lig = Reted Ip, Vsp 1.9 Vdc i
Forward Turn-On Time .~ } VGs=0. ton 200 ns i
Reverse Recovery Time ire 300 ns {

*Pulse Test: Puise Width <300 us. Duty Cycle 2%,

FIGURE 1 — SWITCHING TEST CIRCUIT FIGURE 2 — SWITCHING WAVEFORMS

Voo - ‘onﬂ L ot

AL 2 Vout td(on) = ldiott) > |e
90% 90% i
f
Output, Ve o 10% I
Inverted l
s0% - |

A s0%
Input, Vi Pulse Width
S ———— 3 0%

>
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MTM/MTP8NO8, 10/10N05, 06

Ip. DRAIN CURRENT (AMPS)

Ip. DRAIN CURRENT (AMPS)

S{on). DRAIN-TO-SOURCE RESISTANCE (OHMS)

TYPICAL CHARACTERISTICS
ON-REGION CHARACTERISTICS

FIGURE 3 — MTMEBNOE, MTMBN10 FIGURE 4 — MTM10N05, MTM10N08
MTPBNOB, MTPEN10 MTP10NOS, MTP10NO6
10 . —— y—
Vgs = 20 Volis o/ Vgs = 10 Volts [ Vgg= 20 Vais / : E
/ 4 9.0 Vols ™ / P Vs = 12 Velis
a p. Z |
80 16 +
/ & A 10 Vois
£ =25 —r
60 / 8.0 Volts = / |
= £ n 9.0 Volts
/ ) b / S0 s i
78 1y=25% -3 JJ, 8.0 Vons
40 / o A
2 7.0 Volis =80 7/ T
T E 7.0 Volt
20 60 Vohs 240 e 6.0 Volts
50 Volts 5.0 Volis
0 - - 0 1
0 20 40 60 80 0 0 20 40 8.0 8.0 10
Vo3, DRAIN-TO-SOURCE VOLTAGE (VOLTS) ; Vps. DRAIN-TO.SOURCE VOLTAGE (VOLTS)
TRANSFER CHARACTERISTICS
FIGURE 6 — MTMENOS, MTMEN10 FIGURE 6 — MTM10NO5, MTM10NO6
MTPBNOS, MTPEN1D MTP10NOS, MTP10NOE
10 14
1 4 M-/ — A A
Vpg =10V IJ=~56°1:-.—./ 12 - - 'r yAVA lo
-~ 7 ol U 40 v 97 50y FoprTye2eer | ]
25%C ./ @0 /N L
r 7/ 4 / Fo—1,=100°C
60 100°C -+ o/ =< 1574
// g 8.0 ]//
i # Se0
z
&40
20 77 ‘éz i 77
- V..
0 Y . -\
) 2045) - 49 6.0 80 10 . 20 40 60 .. 80 10 12 14
VG5, GATE TO SOURCE VOLTAGE (VOMTS) Vgs. GATE YO SOURCE VOLTAGE {VOLTS)
ON-RESISTANCE versus DRAIN CURRENT
FIGURE 7 — MTMSNOS. MTMBN 10 FIGURE 8 — MTM10NOS, MTM10N06
MTPENOE, MTPEN10 'MTPIONOS, MTP10NO6
05 Z 05
Vgs =10V 5l 2 I"AT
b Ty 100°¢ é L Vgs =10V /Z
04 804 : //
e = Ty=100°C |~
03 = &0
E
8670 | 2 25°C - ——
02 @ 02
£ |
> | “55°C S Fawe
(B} = g1 -t
-
&
F > E o
o 20 40 X} 80 . 10 0 30 60 80 12 15
g, DRAIN CURKENT (AMPS) - Io. DRAIN CURRENT (AMPS)

oS b it g
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MTM/MTP8NO8, 10/10N0S, 06

FIGURE 9 — GATE-THRESHOLD VOLTAGE
VARIATION WITH TEMPERATURE

TYPICAL CHARACTERISTICS

FIGURE 10 — CAPACITANCE WARIATION

8 12 l 1000 7 ]
3 t !
N Vos = Vg5 Ty=25°C
§ ! Ip=1.0mA il Vgs = 0
- B =10 MH2
& B ol\
=90 = 600
g A
(-] -
€ en Bt 3 a00 :
g \ o ’\~.~ L=
E \\ ‘\._ l —
® 080 - 200 = Coss
b N N -
- i od
S 0 i i
Z00
> -850 -25 0 .25 50 754" 100 425 1850 v, ) 20 R 49 50
T;. JUNCTION TEMPERATURE (°C) 70s-ORAINTO.SOURIRYINGAEE (VOLTS)
— THERMAL RESPONSE.
FIGURE 11 — MTMBNOZ, MTMEN10, MTM10NOS, MTM 10N06
g 3 I =
—4 07 Iln. 5 . —
g L i -
§o Hibeos P
s o =014 —
> - . - ’lgl, 4
= ol 2=00 - =t -+ Rgygith = i R - I
i ; i - i Raal =1 57°Cw whae ssay
oo =00 D curves anmv 45 powwe: =@us
&y SINGLE PULSE " o Pl oo St u
£ = Rk Arag vme a1, qHgi
‘G.U) 2 ty - g o =
£ onf DUTY LYELE. 0 4,715 Mo 5 TC = P Bpac’
x I " - g A - -
=4 4
g BT IRER [HlH]Ii” FiSi |
001 002 003 W05 w01 02903 L@ 1050 <2pl 120 .80 10 X030 % a0 20w 1000
. TIME tmg) :
FIGURE 12 — MTMBNOB, MTMBN 10, MTM1ONOS, MTM10NOS
g T P o =
% =~ S b i 3. 'H =y
er +{o=g5 T + - I
g s . = T
T T Y ]
g‘ CE D=02 ﬂ = -
5 22 0 =014 = 3 ,
-t o
e =005 | 4t=T" LA o Rg)ctth = ntr) Rg e -k
L3 e t Rguc = 1 B7°C/W Miax 3
(12 "'D:OUI“.E = J. D curves apply tor pawe
= o8 - " j=— Pulse aim shown
E”J — g 1 :ndmnuu,
g DUTY CYCLE © = 1974, Stok) = TC = Pigns Ba et
.;m L L LTIT o1 11 1T ' b 3 i
g PENHE S P ED I it
001 002 003 005 0f 02 03 05 " jo ' 20 30 590 10 2 X S0 10 xm 300 00 '000
1. TIME (ms)
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MTM/MTP8NOS, 10/10N0S, 06

Ip. DRAIN CURRENT (AMPS)

1g. DRAIN CURRENT (AMPS)

-

SAFE OPERATING AREA INFORMATION
MAXIMUM RATED FORWARD BIASED SAFE OPERATING AREA

FIGURE 13 — MTMBNOB, MTMBN 10
MTPBNOS, MTMBN10

P - ] 4 - o — 1
2 : t'\mq,‘.';‘ 7

- -y N

10 -— 10 ms

- Y 10 my
- o g

1DS{on) Limit = — — “\\
Package Limit —— —
Thermal Limil ————— PN
10 SRy L ;
333 T 8|
MIM/MTPSNIC ==
MTM/MTPENODS F== g
Tg=25°C 13113
0.2] YGS = 20 V. Single Pulse f l 1
1.0 10 100

Vps. BRAIN-TO-SOURCE WOLTAGE (VOUTS)

FORWARD BIASED SAFE OPERATING AREA

The dc data of Figures 13 and 14 is Based on'a case
temperature (T¢) of 25°C and amaximum junction tem-
perature (T may) of 150°. The actual junction temper-
ature depends on the power dissipated in the device
and its case temperature, For various Rulse widths, duty

cycles, and case temperatures, the peak allowable drain

current (ipp) may be calculated with the aid of the fol-
lowing equation: ' J
= 5 LlelKL:_TC
IDM Ipt2s C)[Po =~ owes r(t)_]
where ;
ID(25°C) = the dc drain current at TC = 25°C from
: Figures 13 and 74, ;
Tiimax) = rated maximum function temperature.
Tc = device case temperature. i

FIGURE 15 — MAXIMUM RATED SWITCHING
SAFE OPERATING AREA

32
“ MTM/MTP10NOS
2 + ——t
MIM/MTP | BH0E ——ed
i ;
Ty €150°C T 10
1 T
NTM/SLTPENDS —ar!

80

0

0 20 “Q &0 80 100

Vos. DHAIN-T0-SOURCE YOUTAGE (VOUTS)

FIGURE 14 — MTM10NOS, MTM10NO6
® ° MTPIONOS, MTM10NOE

S

LE

g bl =t
g —--—-;-- — '-'gm'_:\
e e TﬁN\
S
£ 10 .
S F-Vgs=20V 0 m
= —VGs = AN
= I Single Pulse AN
» | Tc=25°C
2 ¥ Y
105(gn) Limit =~ mm o il N urwiuw'mro's_ i
Package Limit wmem = e
BT MTM/MTP10NOG
T PR M~ ) Lt Il
10 0 )

Vogs. BRAIN-TG-SOURCE VOLTAGE (vOUTS;

Pp = _rated power dissipation at Tc = 25°C.

= rated steady state thermal resistance.

r(t) = nermalized thermai response from
Figures 11 or 12.

SWITCHING SAFE OP_ERATING AREA

i The switching safe operating area (S0A) of Figure 15
s the boundary that the load line may traverse without
ingurring damage to the MOSFET. The fundamental
limits are the peak current, Ipyj and the breakdown
voltage, V(BR)DSS. The switching SOA shown in Figure
15 is applicable for oth turn-on and turn-off of the
devices for switching timas less than one microsecond.
The power averaged over a complete switching cycle
must be less than; : i

Tiimax) - ¥¢
Raic

»

[

o
[
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@ MOTOROLA

TL494
TL495

Spéciﬁcations and Applications

SWITCHMODE

Information PULSE WIDTH MODULATION
CONTROL CIRCUITS
SWITCHMODE
PULSE WIDTH MODULATION SILICON MONOLITHIC
CONTROL CIRCUITS INTEGRAYED CIRCUITS
The TL494 and TL495 are fixed frequency, pulse width modu- x
lation control circuits designed primarily for Switchmode power TLas4
supply control. These devices feature:

" Complete Pulse Width Modulation Control Circuitry =
¢ On-Chip Oscillator With Master Or Slave Operation h l })
® On-Chip Error Amplifiers .

@ On-Chip 5 Volt Reference " N SUFFIX
® Adjustable Dead-Time Control PLASTIC PACKAGE
® Uncommitied Output Transistors For 200 mA Source Or Sink CASE 648-05
® Output Control For Push-Pull Or Single-Ended Operation
® On-Chip 39 Volt Zener (TL4S5 Only)

@ Output Sloe_ring Control {TL485 Only) CERA:M‘CU:FA'&AGE
CASE 620-02
PIN CONNECTIONS % Tiass
TL4S4 TL48E
18 i | |
1
N SUFFIX
PLASTIC PACKAGE
CASE 707-02
18
1 '
J SUFFIX
CERAMIC PACKAGE
CASE 726-01
" ORDERING INFORMATION
Temperature
Deovice Range Package
TL4S4CN 0To70°C  |Plastic DIP
TL4S4CJ 0 To 70°C Ceramic DIP
TLAS4IN - 25 To 85°C Plastic DiP
TLA94L - 26 To 86°C Ceramic DIP -
TLASAMY ~66 To 125°C | Ceramic DiP
The TL494C/495C are specified over the commercisi operating
range of 0°C to 70°C. The TL4941/495| are specified over the in- TL495CN 0 To 20°C Plastic DIP
dustrial range of —25°C to 85°C. The TL494M is specified over the TL495CS 0 To 70°C Ceramic DIP
full military range of ~55°C 10 125‘9. TUAS6IN - | =25 To B5C Plastic DI
TLA95L) - 25 To 85°C Ceramic DIP

MOTOROLA LINEAR/INTERFACE DEVICES

4-214 =




TL494, TL49S . .

FIGURE 1 — BLOCK DIAGRAM

‘ Steering Control Output Control Vee
3 9
> {13) 13(14) ' T
66} [ EfB)’_
—D Q at
R‘:‘% i Oscibator ¢ . 9(8) o
+ - 1p-
A CTI 5151 Dead-Time F]:p b
— _Comparulor - o g a2 | vt 7'
~0.12 ¥ 0
° —t o 10(10)
4(4) -0 7‘. v
Dead-Time o
Control Ui S . =
R 12012}
- " PWM, *
= TA Compsrstor > I
~0.7 Reference -
Regulator 14016)
Ref. Out.
sz
"1 1 lzm {33 15n7)L lwua) 115), 27
é 4 vz iGND
Error Amp Feedeck/P W .M, Error Amp = # = TL484
1 Comgparstor tnput 2 i (#) = TL495
FIGURE 2 — TIMING DIAGRAM i
Capacitor Cy ~ f 7
Foedbeck/P.W.M. Coms. ’/é // / A [;V777 7"\7/ 7/ /
2] it v 1
Dead-Time Controt 2% g x -
Fiip-Flop ! : %
Clock input : i
Flip-Ficn: 3 *
a S—_—— S— S
frores BT 1
a —— — Lt ]

e L LT T LI L T
et LU LI LT

\
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TL494, TL49S

Description M

The TLA94/495 are fixed-frequency pulse width mod-
ulation contro! 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, RT and Ct. The oscillator frequency is
determined by: :

{ - 1.1
Ot "RreCy

Output pulse widih modulation is accomplished by
comparison of the positive sawtooth wavelorm 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-fiop clock-input tine is in its
low state. This happens only during that portion of time
when the sawtooth voltage is greater than the controt
signals. Therefore, an increase in control-signal ampli-
tude 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 smplifier inputs.
or the feedback inpul. The dead-tme control compar-

ator has an effective 120 mV input offset which limits |

the minimum output 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 controf grounded, and 48% with it connected
1o the reference fine. Additional dead time may be im-
posed on the output by setting the dead time-control
input to a fixed voltage, ranging between O to 3.3 V.
The pulse width modulator comparator provides a
means for the error amplifiers to adjust the output puise
width from the maximum percent on-time, established

by the dead time control input, down 1o zero, as the *

voltage at the feedback pin varies from 0.5t0 3.5 V. Both )

error amplifiers have a common-mode input range from
~0.3V1to (Vce - 2V), and may be used to sense power-
supply output voltage and current. The error-amplifier
outputs are active high and are ORed together at the
non-inverting input df 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-fiop and inhibits the
output transistors, 01 and Q2. With the output-control
connected to the reference line, the pulse-steering flip-
flop directs the modulated pulses 1o ¢ach of the two
output transistors alternately for push-pull operation.
The output frequency is equal to half that of the oscil-
lator. Output drive can also be taken from Q1 or Q2,
when single-ended operation with 3 maximum on-time
of less than 50% is required. This is desirable when the
output transformer has & ringback winding with a catch
diode used for snubbing. When higher oltput-drive cur-

_rents are required for single-ended operation, Q1 énd

Q2 may be connected in parallel, and the output-mode
pin must be tied to ground to disable the flip-tiop. The
output frequency will now be equal to that of the
osciliator.

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 an operating tem-
perature range of 0 to 70°C. )

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

FIGURE 3 — FUNCTIONAL TABLE

inputs four
OQutput Stesring 5 Output Function : =
Contro! Control osc
Grounded Open Single-ended P.W.M. at Q1 and Q2 1
At Vgt Open Push-pull operation ) 0.5
At Veef N V) <04V Single-snded P.W.M. at Q1 only . 1
At Vigs Vi >24V Single-ended P.W.M. at Q2 only 1

Sec Enginesring Bulletin £8100 for further information.

.
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TL494, TL495

MAXIMUM RATINGS [Full operating ambient tamperature range applies unless otherwise notsd.)

Rating Symbot TL4%4M TLASAUTLASS) | TLASAC/TLASSC | Unit
Power Supply Voltage . Vee 42 42 42 v
Coliector Output Voltage Vg1, Vo2 42 42 42 \4
Collector Output Current (each trapsistor) Ict. ey 250 250 250 mA
Amplifier Input Voltage Vin Vee + 3.0 Vee + 3.0 Vee + 3.0 v
Power Dissipation @ Tp, © 45°C Pp 1000 1000 1000 mwW
Operating Junction Temperature Ty 150 160 150 (S
Operating Ambient Temperature Range Ta ~551to0 125 - ~2510 85 0to 70 *C
Storege Tempersture Range lﬂJ ~651t0 +150 —B51t0 +150 - 65 to + 150 <
THERMAL CHARACTERISTICS
Characteristics . Symbol | J Suffix Ceramic Package | N Suffix Plastic Package Unit
Thermal! Resistance, Junction to Ambient RaJA 100 80 ' ‘C
Power Dersting Factor VarIA 10.0 . 125 mWrC
Derating Ambient Tempersture TA 50 45 °C
RECOMMENDED OPERATING CONDITIONS
TLA94/TLAL9S
* Condition/Vslue “Symbol Min Typ Max Unit
Power Supply Voltage - Vee 7.0 - 15 40 v
" | Cotlector Output Voltage Vei. Ve —_ 30 40 v
Collector Output Current {each transistor) i ez - 2 200 mA
Amplifier Input Voltage Vin -03 |- Vee - 2.0 v
Current Into Feedback Terminal .. -— - 0.3 mA
Reference Output Current Iref — —_ 10 mA
Timing Resistor Ry 1.8 30 500 kN
Timing Capacitor CT 0.47 1.0 10,000 nF
Ostillator Frequency tose 1.0 40 200 kHz

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

noted.
. TLA94M T1494C, 'TL495C 1 .
Characteristic Symbol | Min | Typ [ Max | Min | Typ | Mex | unit

REFERENCE SECTION .

Reference Voltage Vief 475 5.0 5.26 { ~4.75 5.0 5.25 v
(i = 1.0 mA)

Refersnce Voltage Chenge with Tempersture AVref (AT) — 0.2 2.0 — 1.3 26 %
[ATA = Min to Max)

Input Regutstion Regiine — 2.0 25 - 2.0 25 *mVv
Voe = 7.0 Vio 40 V)

Output Regutation Regioad |~ — 8.0 15 — 3.0 15 | mv
{ig = 1.0 mA to 10 mA)

Short-Circuit Output Current Isc 10 35 50 — 35 - mA
(Viaf = OV, Tp = 25°C)
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TL494, TL495 -

ELECTRICAL CHARACTERISTICS (Veg = 15V, fgse = 10 kHz unless otherwise noted,)
For typical values Ta = 25°C, for min/max values Ta is the operating ambient temperature range that applies uniess ctherwise

noted,
TLASAM: TLAS4C, VTLASEC, |
Charascteristic Symboi Min l Tyy ! Max Min ] Typ ' hltamex Unh
OUTPUT SECTION .
Coltector Off-State Current Ictoth) - 2.0. 100 - 2.0 e HA
Vee = 40V, Veg = 40 V)
Eminer Off-State Current ' I5(off) — — ~150 - — ~1en BA
Vee = 40V, Ve = 40V, VE = 0 V)
Coliector-Eminter Saturation Voltage Vsat(C) — 1 1.5 - 1.1 13 v
Common-Emitter .
Vg = 0V, iC = 200 mA} :
Emitter-Follower Vsat(E) - 1.5 2.5 - 4 15 28 v
(Ve = 15V, Ig = -200 mA) J
Output Control Pin Current locL ~ 10 — -1 0 - HA
Low State
{Vpgc < 04 V)
High State . 3 locH = 0.2 35 -— 0.2 s mA
Voc = Vret)
Output Vohtage Rise Time {Ta = 25°C) i _ 100 200 — 100 .o ns
Common-Emitter (See Figure 13) &
Eminer-Follower (See Figure 14) —. 100 200 - 100 2082 ns
Output Voltage Fall Time (T4 = 25°C) 4 - 25 100 —_ 25 [+ ns
Common-Emitter {See.Figure 13}
Eminer-Follower {See Figure 14) _— 40 100 ~— 40 1c0 ns .
TLAS4/TL49S q
Characteristic Symbol Min 1 Typ ’ Max Unit
ERAOR AMPLIFIER SECTIONS
Input Otéset Voltage Vio _ 2.0 10 i mv
Vo (Pin3) = 25 V)
tnput Offsat Current %) —_ 5.0 250 nA -
VO (Pin 3) = 25V} .
{nput Bias Current hg -— 0.1 1.0 i uA
Vo (Pin 3) = 2.5 V)
input Common-Mode Voltage Range VicR . -03 —_ Vece - 20 v
Voo = 2.0Vio 40 V)
Open-Loop Vohage Gain AvoL 0 05 P - d8
Vo = 30V,Vp = 0610 3.5V,
R = 200}
Unity-Gain Crossover Frequency fc —_ 350 — kHz
(Vo = 05t 35V, R = 2.0kN)
Phase Margin st Unity-Gain om —_ 65 . - deg.
Vg = 05t 3.5V, R = 2.0 k) . ) .
Common-Mode Rejection Ratio CMRR 65 80 da
Voo = 40 V)
Power Supply Rejection Ratio PSRR — 100 i — 4 dB
{aVoe = 33V, Vo = 25V, R = 20k .
Output Sink Current o~ 03 0.7 -— mA
Vo (pin3) = 07V .
1 OCutput Source Current o+ -20 -4.0 - mA
VO (Pin 3) = 3.6V}

.
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TL494, TLA95 .

ELECTRICAL CHARACTERISTICS (Ve = 15 V. losc = 10 kHz unless otherwise noted.)
For typical values To = 25°C, for min/max values Tp is the operating smbient temperature range that applies unless otherwise

noted.
TLASA/TLASS
Charscteristic Symbol Min I Typ ‘ Max Unit
PWM COMPARATOR SECTION (Test Circuit Figure 12}
input Threshold Voitsge VTH - 35 - 45 v
{Zero duty cycle)
Input Sink Current - 03 0.7 -— mA
V (pin3) = 07 V]
DEAD-TIME CONTROL SECTION (Test Circuit Figure 12)
Input Biss Current {Pin 4) % (DN - -20 -10 BA
{Vjn = 010 5.25 V)
Maximum Duty Cycle, Each Output, Push-Pull Mode OCmax Ny : %
{Vin = OV, CT = 0.1 uF, Ry = 12101} 45 4 50
{Vin, = OV, Cy = 0.001 gF, RT = 30 k) —_ a5 50 .
Input Threshold Voltage (Pirr &) VTH : v
{Zero Duty Cycle) - 28 33
{Maximum Duty Cycle} 0 - —_
OSCIRLLATOR SECTION
Frequency fose - 40 - kHz
(CT = 0.001 pF, Ry = 30 k) )
Standsrd Deviation of Frequancy® ofose —_ 39 —_— %
{CT = 0.001 uF. Ry = X0 k1)
Frequency Chenge with Voltage Afgse (AV} - 0.1 - %
(Vg = 7.0 Vic 40V, TA = 25°C)
Frequency Change with Tempersture Afose (AT) — -— 12 %
{ATA = Tiow 10 Thigh {T = 0.01 uf, Ry = 12K
TLASS
Characteristic Symbol Min | Tro | M Unit
STEERING CONTROL
Input Current Low s —_ -25 -200 pA
Vipin 13) = 04 V) ;
Input Current High IsTH pA
ViPin 13) » 24 V] —_ 25 - 200
{ViPin 13) = Vret} - 75 -
ZENER CHARACTERISTICS
Zener Breskdown Voltege Nz - 33 — v
(iz = 20 mA)
Sink Current laz .- 03 - — mA
{V(pin 15} = 1.0V}
TOTAL DEVICE
Standby Supply Current icc mA
{Pin B st Vegy. All Other Inputs end Outputs Open} .
Veg = 15V - 66 10
VeC = 40 V) - 70 15
Average Supply Current ’ - _ 7.0 - mA
{ViPin 4) = 2.0 V) (Ses Figure 12.) ’
(Ct = 0.001, Ry = 120, Vee = 15V
* Standard devistion is @ of the otk 'mbmioﬂnbo\n(hlmnﬁdﬁwdbomtmb'muh.'-
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TL494, TL4S5

ELECTRICAL CHARACTERISTICS (Vce = 15V, foge = 10 kHz untess otherwise noted.)

For typichl values Ta = 25°C, for min/max values Tp is the operating ambient tempersture ran|

ge that applies unless otherwise

noted.
TLASATLASS
Charascteristic’ Symbo! Min Typ Max Unkt
PWM COMPARATOR SECTION (Test Circuit Figure 12) t
Input Threshold Voltage VTH -_ 35 - 45 v
(Zero duty cycle)
fnput Sink Current - 03 0.7 - mA
v (pin 3) = 07V .
DEAD-TIME CONTROL SECTION (Test Circuit Figure 12}
T 1nput Biss Current (Pin 4} B (DT — -2.0 -10 aA
{(Vin = 010 5.25V)
Maximur Duty Cycle, Each Output, Push-Pull Mode OCmax [ %
Vin = OV, C7 = 6.1 uf, Ry = 12 k) -85 L 50
(Vi = OV, Cy = 0.001 uF, Ry = 30 k) — 45 50
input Throshold Voltage (Pin &) VTH \'
(Zero Duty Cycle) \ f -— 28 a3
(Maximum Duty Cycle) 0 —_ —
OSCILLATOR SECTION
Frequency fosc - 40 —_ kHz
{CT = 0.001 pF, Ry = 30 kf1}
Standard Devistion of Frequancy® olose - 3.0 — %
(Cr = 0.001 wF, Ry = 30 KM
Frequency Change with Voitage. Alosc (AV) — 0.1 - %
(Veg = 7.0Vio 40V, Ta = 25°C)
Frequency Changs with Temperajure Blosc (AT) ' L~ 12 %
(ATA = Tiow 10 ng‘h) (T = 0.01 uf, RT = 12K
TL495
Characteristic Symbol Min l Typ Max Unht
STEERING CONTROL
Inpyt Current Low IsTL - -25 ~200 pA
Vipin 13) = 04 V)
tnput Current High ISTH BA
(Vipin 13} = 24 V) : —_ 25 200
(V{pin 13) = Vref! = 5 -
ZENER CHARACTERISTICS
Zener Breskdown Voltege vz —_ 39 —_— v
iz = 20 mA}
Sink Current az - 0.3 - mA
{Vipin 15} = 1.0 V) > v
TOTAL DEVICE
Standby Supply Current e - mA
{Pin 6 at Vyet, All Other inputs and Outputs Open)
vge = 65 V) —_ 55 10
Vee = 40V) —_ 7.0 11
Average Supply Current - -— 7.0 — mA -
ViPin 4) = 20 V) (See Figure 12.) ‘
{CT = 0.001, Ry = 120, Vee = 15 V)

» Standard devistion is s messure of the statisticsl distribution about the masn 88

derived from the formuls, ¢ «
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. TL494, TL495 -

FIGURE 4 — OSCILLATOR FREQUENCY FIGURE $ — OPEN LOOP VOLTAGE GAIN AND PHASE
versus TIMING RESISTANCE versus FREQUENCY
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FIGURE 6 — PERCENT DEAD TIME versus FIGURE 7 - PERCENT DUTY CYCLE versus
OSCILLATOR FREQUENCY DEAD-TIME CONTROL VOLTAGE
10 %
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PV = 1Y ] Vgg = 15y —
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FIGURE 8 — EMITTER-FOLLOWER CONFIGURATION, FIGURE 9 — COMMON-EMITTER CONFIGURATION
OUTPUT-SATURATION VOLTAGE DUTPUT-SATURATION VOLTAGE
vorsus EMITTER CURKENT versus COLLECTOR CURRENT
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TL494, TL495

FIGURE 11 .— ERROR AMPLIFIER CHARACTERISTICS

FIGURE 10 — STANDBY-SUPPLY CURRENT
versus SUPPLY VOLTAGE

1cC, SUPPLY CURRENT (mA}
s 15

gl B =

Error Amplifier
Under Test

Other Error
Amplifier

L3 W

‘Feedback

Tarmins!
{Pin 3)

FIGURE 13 — COMMON-EMITTER CONFIGURATION
TEST CIRCUIT AND WAVEFORM

Each
| Output o
Transivior

b 24

15 ) 5 »
g, SUPPLY VOLTAGE V)

= L]

FAIGURE 12 — DEAD-TIME AND FEEDBACK CONTROL

TEST CIRCUIT
Ve = 1SV 9= .
150 150
W 2w
Vee
Onsmsrismned Cumn Tome ct —0 Output 1
Test £l
inputs -
{ Coredback <
> €2 0 Output 2
FH or 13
= Laa Steering = o
[ Hz ¢ Cohtrol {Openl) TLass
r i '-1; o VZ}—— 0 (Opan) | Ontv
Fr — Ret
Onsgpxat Out
S0k 3 Comwol

FIGURE 14 — EMITTER-FOLLOWER CONFIGURATION
TEST CIRCUIT AND WAVEFORM
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TL494, TL495 -

Vel

Vo
Yo Output

‘ Voltage of
System

R1 ::

NEGATIVE OUTPUT VOLYAGE R

R
Vo = - Vrel'ﬁ'z‘

RZi POSITIVE DUTPUT VOLTAGE VQ
- R d
= VO = Vigf. (1 +31) To Output
S o Rz Vohage of
System
FIGURE“IG — DEAD-TIME CONTROL CIRCUIT FIGURE 17 — SOFT-START CIRCUIT
Output
Control T—‘—T_—L T +
SR 2 = Cs
Output Vit |43 Output Vet 1, 1 -
o—o o7 : o—{a o7
R
ud & 3 Ay 3 Rs
6 si _] 1
30k I 0.001
- 1 20
Max % on Time, Esch Qutput ~ 45 - Ry
1 —
* Rz
RAGURE 183 — OUTPUT CONNECTIONS FOR SINGLE-ENDED AND
PUSH-PULL CONFIGURATIONS
»
v
Cy . ct

-

cc .
e N S Iy

Conto - y
Gmm Control

Cz) c2

O~ Of —0

Single Ended Configuration Push-Pull Configuration
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FIGURE 19 — SL.AVING TWO OR MORE CONTROL CIRCUITS FIGURE 20 — OPERATION SITH V| > 40 V USING -

4223
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MNMOTOROLA LINEAR/INTERFACE DEVICES

INTERNAL ZENER {TLLS5 ONLY)
Vet
6 Rg Yoo
R
T Master Vin >40V
c
Ry T 5V
Ref
= 2 Rz
Vrel 3 J
i3 4 Slave -._i
{Additional -
Cr Circuits} .
FIGURE 21 — PULSE-WIDTH MODULATED PUSH-PULL CONVERTER
- . 4
+Vip = 80to 20V = '
O
12 +Vg = 28V
: e lp =02A
+ vVee —0
2 2¢
e '
jen8— comp TLa34 *150 L4 '
0.01 0011 15 ¥V L
= 4% 4| gy
16 T sV
+  OC Vit DT Cr Ry Gnd EV _E2 v‘v‘
3] 18] 4| 5] &] 7] 8] 10 ‘
¢ 4 240 S
&7k ) 10 % ::1“ S
47x3$  10k$ 0001 1
o i o
Al copacniors in pf
L—35mH@03A
T4 —.Primary: 20T C.T. #28 AWG. o
Secondery: 120T C.T. #38 AWG
Core: Ferroxcube 1408P-100-3C8
TEST CONDITIONS WESOLTS |
Line Regutation Vin = 8010 20V 0= 0.01% ;
Loed Regulation Vin = 128V, Ig = 0.2 10200 mA - S0l  0.02% )
Output Ripple Vin = 126 V, Ig = 200 mA A m¥PP¥° PARD,
Short Circuit Current Vin = 128V, R = 0.1 00 250 A l
Efficiency Vin = 126 V, I = 200 mA - %
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TL494, TL495 ,
. ’
FIGURE 22 — PULSE-WIDTH MODULATED STEP-DOWN CONVERTER
+Vin = 101040 V TIP 324 1.0 mH @ 24 +Vg = 50V
o— Yy —0
LFL 0 =104
’ @
'S 150
4} 47 &
12 8l n 0a.L
T M
vee Cl €2 ¢ompl3 §
2
iy —O—'—il
. 1 $ 5.1k 5.1k J
50 I + —0— VWA———(
= TL494 14
50 vV . v .
ref +
15 - MAgso oy T
= —O0— v
. L1 5.1k
Cr At D.T.0.C.Gnd E1 E2
+| s0
s |6 4 13]7]18}w0 | 10 v
3 150
<
0.001 T a7 k
4- 4 *—O0
301
All capacitors in uF
TEST CONDITIONS RESULTS
Line RegMation Vin = 10Vtod0 V 4mv  0.28%
Load Regufation .Vin = 28V,ig = 1.0 mA 10 1.0 mA 30mv  0.06%
Qutput Ripple Vin = 28V,Ilp = 1.0A 65 mVP-P  PARD.
Short Circuit Current Vin = 28V, R = 010 1.6 amps
Efficiency Vin=28V.lp ='1.0A 1%
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