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5. Gate Turn-off Thyristor .

Terms

. Symbols

Repetitive Peak
Off-State Voitage

Vorxu

Under specified conditions. maximmum allowable
instantaneous value of off-state voltage baving an
increase rate lower than the critical rate of rise of off-
state voltage applicable repeatedty to anode of GTO.

RMS On-State Current

ITRMS)

Maximum continuous RMS current flowable in
forward direction under specified conditions.

Repetitive Controllable
On-State Current

- Irem

Maximum allowable instantaneous value of on-state
current applicable repeatedly when to cause switching
from on-state to off-state by off gate current under
specified conditions.

Non-Repetitive
Controllable
On-State Current

ITcsm

Maximum allowable instantaneous value of on-state
current applicable without repetition when to cause
switching from on-state to off-state by off gate
current under specified conditions. '

(Non-Repetitive)
Surge On-State Current

Itsm

When device is in operation at specified junction
temperature, allowable non-repetitive peak current
flowable during one haif sine wave (1.5ms duration) in

| forward direction with resistive load.

[*¢ Limit Value

It

Scale to express forward non-repetitive overcurrent

.capacity with respect to current pulse of very short

duration (1.5ms unless otherwise specified). | szar;ds
for ampere in RMS value, and t for pulse durtion in
seconds. )

Critical Rate

of Rise of Cn-State Current

Y

di/dt

Under specified conditions, maximum allowatle
increase rate of on-state current without anv damage
to the device after triggering.

Repetitive Peak
Reverse Gate Voltage

VGam

Maximum allowabie instantaneous value of voltage
between cathode terminal and gate terminal for
applying reverse bias to gate-cathode junction.

Repetitive Average
Forward Gate
Power Dissipation

PGriany

Maximum average value of forward power dissi-

pation during one cycle allow4bie between gate terminal
and cathode terminal.

Repetitive Peak
Forward Gate
Power Dissipation

Porm

Maximum peak value of forward power dissipation
continuously allowable between gate terminal and
cathode terminal.
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Tearms Symbols Definitions
Repetitive Average PGRIAV) Maximum average value of reverse power dissipation
Reverse Gate during one cycle allowable between gate terminal and
Power Dissipation cathode terminal.
Repetitive Peak Paan Maximum peak value of reverse power dissipation
Reverse Gate continuously ailowable between gate terminal and
Pawer Dissipation cathode terminal.
Operating Junction Ti Temperature at junction which defined as basis of

Temperature

ratings and indicated by range of allowable tempe-
rature.

Storage Temperature

Tstg

Range of allowable temperature for storage of device.

Peak Off-State Current

TorM

Maximum instntaneous value of forward leakage
current for applving specified forward voitage under
specified conditions.

Peak On Kate Voltage

Vs

Maximum instantaneous value of on-state voltage
ubtained when repetitive controilabie on-state curtent
flows under specified conditions.

{XC Gate Trigger Current

{2y

Minimum value of DC forward gate current capable’of
triggering any GTO of the same type at specified
conditions.

DC Gate Trigger Voitage

Vor

Minimum value of DC forward gate voltage capable
of trivgering any GTO of the same type at specified
conditions.

Criticai Rate of Rise nf
Qff-Seate Voltage

dv/dt

Under specified conditions. minimum increase rate of
off-state voltage to cause switching of device fromoff-
state to on-state.

Haldineg Current

i

When device is in on-state under specified conditions.
critical value of on-state current below which the
device return to off-state.

Latching Current

Under specified conditions and load state. minimum
nn-state current required to keep on-state after
switching of device to on-state and removal of gate
signal.
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Terms

{Gate Controlled)
Turn-On Time

Symbols Detinitions
|
Under specified corditions with resistive luad cun-
nectad. time required for on-state current reach YUY,

of its final vaiue after the moment when {ite current

|
!
| .
! bat puise has reached 10, of its {inal value snd through the
‘ subsequent switching of device from off-stite o un-
l state. (Tt
Detay Time \ Time required fur vn-stace current o reach .UY, of its
} td final value after the moment when gate curfent puise
y has reached 109, of its final value.
. . b - . . . . .
Rise Time i Time required fur ua-state current o ceadh S0Y, (rom
Le i v .
| e, of its final vaiue.
) _ i
(Gate Countrolled) !
Tum-Orff Time |
! Lew !
|
| G
) s
- i | i 2
Scorage Lime ‘ ! 3
Z G 3
-]
b
Fall Time T
. i H
G ! 3
! &
Turmn-Off Gate Charye | 3
L} -
'; Qca
]
i
i
= < Py . . . . . .
Sceady scoe 'Cnder themaily steady stute walle device 13 conti-
‘ +
Thermai .moedance Rth 4 nuously eneryized. vaiue of temperuature didierence
-

between junction and case, per unit power dissipation
lat junction. Unitis C, W.
!
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OUTLINE DRAWING
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9y
o High controilable on-state current. 2641025218

e Lower on-state voltage due to non-doping =
heavy metal, . \,_/
e High off-state voitage and high reliability \ \_\g

due to glass-passivated chip.
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-123MIN.{6.811)
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45
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]

0{n.18}
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|

Weght : 93 (g)

BMAXIMUM ALLOCWABLE RATINGS

Items | Type | GEF20EL2
Reosetitive Peak Off-Scate Voitage | Vogew V1 1,200 D)
NS On-Seate Current Vo sy A 1 T =a0C
R::x-::..\e Caarreilabie On-State Current 1 Yl pSLATOAIAN) 200 12:
Non-Renezitive Coatrciiable On-State Curree Tyesw 1| A 280 (3;
Suspel Nonr Reperitive ) On-State Current Trsu | A 500 4
. Limit Value [*t | Alsec. | 183 ¢5i
Critical Rate of Rise of On-State Cigrent | disdt {Asusec] 3 200 6}
Remeztive Feax Reverse Gate Voitage | Vesew |V . 13 17}
eesitive Average Forward Gate Power Disspation]  Peruwn | W 12
Reeutree Peak Forward Gate Power Dissivation | Perw | W 6
e iverage Reverse Gate Power Dissizazion | Poyun ! W 20
Reoentive Seak Reverse Gate Power Dissivation Poaw |+ W | 1,300
Operating Junction Temperature T, T’ —40~+123
. Storaze Temperature Tue T 4 ~40~+125

No =
dt Vee=5V or Real
2 V=300V, Over :.huo( volu(et {00V, S Z12V. G2 0.47u7. Lo 0. 4pd. Lo=0.14H . f=1KHz.
3V, =400V, Over shoot voltage = (00N, Fen =12V, Co30.47p7. Le =270 H. Li=0. 1udl.
4 1.3msec conduction, Half sine wave, lc7cle.
3i .Zmsecconduction. i = RMS Value
T, 28A, digidtm4Aus, Gate puise width® [0us, Vo =800V,
f ".: value may be exceeded at the turn-off perod provided the Deak reverse gate power cissiSaton does net exzaec the riird Pl vaiss
Y L: revase vqitage Setween anode ard cm-.ode ahall not exceed e rated Veaw value

< b

BCHARACTERISTICS {T,=23T unless otherwvise spacified)

itams V Svmmais Lasss | Min, ¢ Twea, Maxo o Tait uzns
Pesx Off-State Current | Loau FmA Lo — b = L Vo= Ve, Zrg = 1000
Peak On-3tate Voltage | Vo vl = 1 = 1 3.3 1 LW =200A
DC Gate Trigger Current | Loy P mA | — | =} 800 | Va=2V,R.=
DC Gate Trigger Voltage cVoy I i A - 1
Criizzi Rate oi Rise of Off-State Voitace Fdvrdt  iViwsec) 1900 ! — ¢ — 4 Y =o0N T=i000 V=iV e A.=00
Holding Current | lu | A | - 4 | -t Ya=UYV
Latching Curvemt | 1L | A | - 6 | — | Va=2V
TurmOn Time ] ty esec. | — 1 1.0 1 4.0 | V=80V
(Deiay Time} 1y gsec. 1 o= 1 L) v = 1 1, =204
(Rise Times t, T lousee Vo= 4 2.0 4 = i l,=8A
Gate TumnOff Time 1 tea !ysec. i = ' 4.2 5.3 1 Va=300V. ine=200A .
(Storage Time) R Pousec. ! o— 1 4.) — | Ean=12V
(Fall Time) e, | wsec. | — v 0.3 0 = i Le=0.iuH
TurmrUa Gate Charge : ! Qea { «C ¢ = '+ 200 ' 200 ¢
Sreadv 3tate Thermal imoedance | Ruweee | TVW I = = 1 0.35 . Junction (o Cace




INSTANTANEOUS GATE VOLTAGE (V)

GFF200E

b B B 3
ON-STATE VOLTAGE CHARACTERISTICS
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FREIALILNOZFAERE
ON-STATE ENERGY PER PULSE
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National
Semiconductor

CD4047BM/CD4047BC Low Power Monostable/Astable

Multivibrator

general description

CD4047B is capabie of cperating in either the monosiable
or astable mode, It rezuires an external capacitor
{Setween pins 1 and 3} and an external resistor (Detween
pins 2 and 3} to determine the dutput pulse width in
the monosiable mode, and the output frequency-in the
astabie mode.

Astable operation is erabied by a high level on the
astable input or low level on the astable input. The
output frequency (at 50% duty cycle) at @ and Q
outputs is determined by the uming components.
A frequency twice that of Qis available at the Qsciilatoe
. Output; a 50% duty cycle is not guaranteed.

Monostable operation is obtained when the device is
wiggared by lgow-to-high t-ansition at + triggger input
or high-to-fow trarsition &t — triggér mput. The device
can be retriggerad by app'yving a simultaneous icw-to-
high transition o both the + trigger and retrigger inputs.

A high levei on Reset input resets the outputs Q to low,
Q 10 high.

- features
s Wide supply voltage range 3V to 15V
® High noise immunity 0.45 Vpp typ
s Low power TTL far. out of 2
compatibility driving 74L

or driving 74L.S
SPECIAL FEATURES
® Low power consumption: special ‘CMOS oscitlator
contiguration
* tAonostadble
operation

{one-shot) or astable (free-running)

8 True and complemented buffered outputs
o QOnly one external R and C required

MONOSTABLE MULTIVIBRATOR FEATURES

*®8 Positive or negative-edge trigger

® Qutiput pulse width independent of trigger pulse
dusation

8 Ret-iggerable option for puise width expansion
Long puise widths possibie using smait RC compo-
nents by means of exiernal counter provision

® Fast reccvery time essentially independent of pulse
width

@ Pulse-width 3sccuracy maintained at .duty Ccycles
approaching 100%

ASTABLE MULTIVIBRATOR FEATURES
®  Free-running or gatable operating modes
= 50% duty cycle
= Qsciliator output available
® Good astable frequency stability

typicai frequency = 2% + 0.03%/°C @

deviation 100 kHz
= =0.5% + 0.015%/°C @
10 kHz
. (circuits trimmed to frequency
applications VoD * 10V 210%)

Frequency discriminators
Timeng circusts

Time <2lay applications
Envefope detection
Freguency multiplication

Frequency division

block and connection diagrams

Ousi-in-Line ang 7lst Package
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Notes 1 ano 2)

Vap 9¢ Supoly Volusge
VN inPut Voitage
7g Storage Tempersture Range

absolute maximum ratings

£ S0 -18Vpe
-0 5 to Vpp * 0.5Vpe
-85°Ctg+150°C

recommended operating conditions

{Note 2}

Vnp dc Suooty Voitage
VN Irput Volitage
T A Operating Temperature Range

310 15Vpe
0te VpoOVoC

2p Package Dussipsuon 50C mwW CDa0478M —£55°C 10 +125°C
T_ Lead Tempersture (Soidaring, 10 secoadel 300°C Co40478C ~40°C 1z +85°C
.
4
dc electrical charactenstics CD40478M (Note 2)
~55°C C 125°C
PARAMETER CONDITIONS = | UNITS
MIN MAX MIN TYP MAX MIN MAX
100 Quiescent Device Current | Vpp = 5V 5 5 150 uA
Vpp = 1CV 10 10 300 A
Voo = 15V 20 20 800 A
VoL  Low Level Outout Voitage | l1gi< 1A
’ .| voo=sv 0.05 [+} 005 0.05 v
Voo = 10V .08 0 008 0.05 v
Vpp = 15V 0.05 ] 0.05 0.05 v
VOH  Migh Level Output Voltage | HQI< 1 WA
Voo = 5V 4.95 495 | 5 495 v
VoD = 10V 9.95 995 | 10 9.95 v
Voo * 15V 14.9% 14 95 15 L 14.95 v
viL Low Level Input Voltage VoD = V. VO = 0.8V or 4.5V 1.5 2.25 1.5 1.5 v
Vpp 10V, Vo= WV or 9V 30 4.5 3.0 3.0 v
VO * 15V, V0 = 1.5V or 13.5V 40 6.75| 40 4.0 v
Vin  High Level input Voitage | Vpp * 5V. VO=0.5Veordsv | 35 s | 2715 35 v
Ve = 10V, Vo= 1V or 9V 7.0 7.0 5.5 7.0 v
Vpp * ISV, Vo = 1.5V or 13.5v | 11.0 11.0 | 828 1.0 |- v
oL Low Levet Output Curreat | Vpp = SV. VQ = 0.4V 0.64 0.51 o.88 0.36 mA
VgD = 10V, Vo * 0.5V 1.6 13 2.25 0.9 mA
VoD ® 15V, Vg * 1.5V 42 2.4 a8 24 mA
oW High Level Qutput Current | VOp = SV. Vo * 4 6V -0.64 -0.51 | 088 -0.26 mA
VO * 10V, Vo = 9.5V -1.6 -13 | -225 -0.9 mA
VDD * 15V. Vg = 135V .2 -34 |-88 -2.4 mA
UN Inout Curent VDD * 15V, ViN® OV -0.1 -1075 -0 -10 A
Vpp * 1SV, Vin = 15V 0.1 1073 o1 1.0 2A
dec electrical characteristics CD20478C (Note 2)
—~40°C %°C 85°C
NOITION UNITS
PARAMETER CONDITIONS e | Max | win | Tve | max | MIN | MAX
'op Quiescent Device Cutremt | VDD * 5V 0 20 150 uA
. vpp * 10V 40 40 300 BA
X Voo * 15V . 80 80 600 uA
VoL Low Level Outout Voltage | Qi< 1 uA .
vpop * SV 0.05 0 0.0% 0.05 v
Vpp * 10V 0.0 .0 005 005 \'
‘Vog * 15V 005 ) 005 0.05 v
S ——
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dc electrical characteristics (Continued) CD32478C (Note 2)

TONS ~40°C 5°C 85°C —
CONDITION
PARAMETER on MIN | MaX | MIN | TYP | MaX | MIN | MaX unmg
VOK  Hign Level Output Voitage | (10 < 1 gA
Voo = SV 498 495 | s 495 v
Vop = 10V 995 995 10 9.95 v
VOO * 15V 14.95 14.95] 15§ 14.95 v
viL Low Level Input Voitage Voo * 5V, Vo =0.5Vord sy 1.5 2.25 18 1.5 v
VoD = 10V, Vg = 1V or 9V 30 45 3.0 10 v
Vpp = 15V, Vo » 1 5V or 13,5V 40 6.78| 40 4.0 v
Vim High Level [nput Yohtage Vpp =SV, Vg=0.5Vordasv 35 2.75 38 v
Voo = 10V, VO = 1V or 3V 7.0 5.5 7.0 "
Vop = 15V, Vo= 1.5V or 13.5V 1.0 8.25 110 v
Lo’} bow Levet Oueput Current | Vop = 5V, vV » 0.4V Q.52 Q.44 0.88 Q36 mA
VDO * 10V: Vg = C.5V 13 1 2.26 08 -
. Vpp * 15V, Vg = 1.5V 36 30 ' 88 2.4 ma
tOW  Hegh Levet Output Current | Vpp » SV, Vg = 4.6V -0.52 044 | 088 -036 mA
VDD = 10V, Vg = 9.5V -1.3 -11 | -2.25 0.9 mA
VDD = 15V, Vg = 13.5V -3.6 . -30 | -88 -2.4 mA
N input Cuerent Vpp = 15V, ViN = OV -0.3 -1075] 0.3 -1.0 BA
VoD = 15V, Vi = 15V 0.3 1075 03 10 L uA

Note 1: “Absolute Maximum Ratings™ sre those vafues beyond which the safety of the device cannot be guaranteed, they are not meant to imply
that the devices should be operated st these limits, The table of ""Recommended Operating Conditions” and "Electricai Characteristics” provides
conditions for actus! device operation.

Note 2: Vgg = OV uniess otherwise specified,

ac electrical characteristics cp40478

Ta =25°C, C_ = 50 pF, Ry = 200k, Input t, = tf = 20 ns, unless otherwise specified.

TYP
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PARAMETER CONDITIONS MIN MAX UNITS
tPHL. PPLH Propagation Delay Time Astadle, Vop = 5V 200 400 ~
Astable to Osc Qut Vpp = 10V 100 200 L
vpp = 15V 80 160 L
WPHL tPLK  Asuble, Asabie 10 Q, 8 VoD = 5V 550 ) ~
VDD * 10V 250 500 ~
YoD * 15V 200 400 %
PML. PLM * Trigger, - Trigger 10 Q, & VDD = SV 700 1200 ~
Vpo = 10V 300 600 . ~ o
Vopp = 15V 240 180 -
tPHL. PLM + Trigger, Retrigger 10 Q, 8§ Vpp * 5V 200 600 ~
Voo - 10V 178 300 ~
Vpp * 15V 150 750 ~
. PHLIPLK  Ren100.3 Vop * 5V 300 800 -
Vop = 10V 128 50 ne
Vpo * 15V 100 200 e
ITHL.ITLH  Tranution Time Q, 3, O Out VDD = 5V X 100 200 ~ ns
vpp = 10V 50 100 L
Voo * 15V 40 80 n
twi. tWH Minimum Input Puise Durstion Any Input I
' Vpp * 5V 500 120 o
Vpp * 10V 200 400 L) i
vYpp = 15V 160 320 m o
tagt, TFCL | * Trigger, Retrigger, Rise and Voo * 5V 15 us l
Fall Time Vpp = 10V 5 o !
. . vpo * 1SV H [ I
CIN Average Input Capacitance Any input H 78 of f
—



| Jogic diagram
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truth table

*Soecial input protecticon circuil 10 permit larger 1AOUtroltage swivgs

ﬂq_'c 1 aumr

TERMINAL CONNECTIONS TYPICAL QUTPUT
OUTPUT PULSE
FUNCTION INPUT PULSE PERIOD OR
TO Vpp TO Vss FROM .
T0 PULSE WIDTH
Astabie Multivibrator
Free-Running 4,5 6,1417.8.9 12 10, 11,13 tAl10, 11} = 4 40 RC
T Gati 4,6, 14 7.8,9 12 10, 11,1
rue Gating ) 8 3 tal13) = 2208€C
Complement Gating 6, 14 5.7.8.9 .12 4 10, 11,13
Monostable Multivibrator
—Positive-Edge Trigger 4,14 5.67.9.12 8 10, 11
Negative-Edge Trigger 4.8 14 €.7.9.12 6 10, 11 tm{10, 111 = 238 RC
Retrggerable 4,14 5676 8,12 10, 11
External Countdown” 14 5.6,7,8.9.12] (See Figure) (See Figure} (See Figure)

eyt
ik

Note: External resis10f between serminals 2 and 3. External capacitor Letween terminais 1 and 3.

* Typical Implementation of Externel Countdown Option

L]
=z
13emn
N . wi
“[zoota 3smtee

]’-uu

tEXT * (N = 11t * (tag » 1272)

o

S S
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typical performance characteristics

PERICD ACCURACY FOR O O AND 0SC DUT (*)

PERIOD ACCURACY 20K Q, 0, 0SC QUT (X)

-0 T \
r 4T i “casvy—t
1

Typical Q, 6 Osc Out Period
Accuracy vs Suppty Voltage
“Astadbie Mode Operation)

Ypp - SUPPLY YOLTAGE (V)

fo, @ R c
A 1000 kHz 22k 1C pF
8 100 kHz 22k 100 pF
C 10 kHz 220% 100 oF
O 1 kHz 220k 1000 of
€ 100 He 2.2M 1000 pF

Typieal Q, Q and Osc Out
Period Accurscy vs Tempersture
Astable Mode Operation.

H 1 T
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17 o news’ /
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A OOV ey, ww X
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Ta = AMBIENT TEMPERATURE ( C}

Trpcal Q, E, Pulse Wi.dth
Accurscy vs Supply Voltags
Monostable Mode Cperation

Z
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Vpg - SUMLY YOLTAGE V)
t\m R, c

A 2us 22k 10 pf
8 7 us 2% 100 oF
C BQus 220k 100 pF
D 550 . 220k 11000 pF
£ 55ms 2.2M 1000 pF

Typical Q and Q Pulse Width
Accuracy vs Temperature
Manostable Mode Operstion

11 {usvw/
!vuvuvll :

V: AT

-
T

PULSL WIDTH ACCURACY FOR @, O (%)

9. & R
A 1000 kHz 22k
B 100 kHz 22k
€ 10KMHz 220k
D 1khe 220¢

[
10 oF
100 pf
100 of
1000 pF .

-18
/'tsv o1 ] ] l
~88 -25 -5 23 S5 85 118 168
T4 - TEMPERATURE { C)
ta R (-
A 2um 22k 10 oF
8 7 us 22k 100 pfF
[ 60 ue 220k 100 oF
D 550us 220k 1000 pf

timing diagrams
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WMOTOROLA
SEMICONDUCTOR
TECHNICAL DATA

|
‘ MTM12NO08
Designer’s Data Sheet MTM12N10

Power Field Effect Transistor ' MTP12NO0S8

N-Channel Enhancement . MTP12N10
Mode Silicon Gare TMOS =

These TMOS Power FETS are desicned for mecium voltage. N TMOS POWER FETs
-agh speec powet switching applications such as switching regu- ! 12 AMPERES
.a10rs, converters, 50ianoid and relay drivers. . I rmSion) = 0.18 OHM
o Silicon Gate for Fast Switching Speads — Switching Times i v 8% and 100 VOLTS !
| .

Specitiec a 160°C
e Designer s Data — ings, VDS(on). VGSith) anae SO4 Specaibed
ai Elevatec Tempe-aiure
o Augged — SCA is Powe’ D'ssipation Limited C?
e Source-to-Drain Dioge Characterize€ for Use With inductive Loads

a’}

‘r‘:j :

MAXIMUM RATINGS ) ﬁifs"d

f i T MTM or MTP j : i
T A ]

‘
Rating ! Symbol Unit ¢
t i 12N08 | 12N10 : |
" Dran-Source Vortage Vpss B0 | 100 vdc MTM':sz i
! Drain-Gate Vohsge iRgs = @ M VDGR 80 | 100 vde. . CASE ‘04
| Gate-Sourcs Voltage vGs =20 Vae T?.ro_:, ;
: Drain Current — Continuous Ip 12 Adc g
H — Puised Inm 30 '
Tots: Power Dissipation @ T¢ = 25°C Pp 75 Watts
Oerste above 25°C 0.6 wC
Opsrating and Storage Temperature Range T Tsg -~ 65 to 150 < !
THERMAL CHARACTERISTICS !
, Thermal Resistance ; E cTwW !
Junction to Case ' Rgyc .67 .
| Junction to Ambient T10-204 LPATN 30 i
‘, 70-220 62.€ !
: Maximum Laac Temperature for Soidenng T 275 *c 3
. Purposes, 1 8" {rom case for 5 seconds : N
e ~

Demgrer’s Dota for “Worn Case” Londitions — The Des-gre’ 1 Dais S~wet [aras the cesia= of mogt Lircns am-e g {rom the infor=.atcn Dresentec.
S0US LU Lufves — WOPEATI "5 DOUALRI S 00 SAviSH SRETACYSTENIS «— B7% §iven L “AZHIIETS T wOeTt Cese” Ces.gn.




MTM'MTP12NO08, 10

ELECTRICAL CHARACTERISTICS /T¢ « 2672 uniess otherwse noted: ‘v ! -

¢ .. Charastonste Symbot Min | Max ' Unh l

OFF CRARACTERISTICS

" Drain-Source Breakcowr. Voliage ' V33088 ! ! Vde

t Ivgg = C.ip = 0.25 mA} MTM MTPI2NOS | 80 - AR
y | VTM MTP12N10 L .

. 275 Gate Vokage Drain Current i loss . mAge |

; ‘Vps = Rstez Vpgs. Vgs = 0 H H —_ ; 0.2 :

+  {Vpg = C.B Raec Vpes. Vgs = 0. 7_ « “25C J 1 - ' 1 i .

, Sae-Bodv Leskage Current, Forward N\ zo: « 20 Voo Vpg = O f IGSSF - \ 100 {  nade ~. 3

, Gate-30av Learage Current, F e ersa (Voge « 25 Vas. Vpg = 0) ; IGSSR - W0, nAde

ON CHARACTERISTICS®

" Gate Thresnoid Vonage ! Vgsuny | 2 i as voe -

| vps » Vgs.ip = 1 mA) | tows 0 a .

, Ty = 100C i i P
I Statc Dram-Source On-Resisonce {Vgg = Wl vos, Ip = £ Aded P tngion - iogas Ohm .
Orain-Soutce On-Vorage (Vgg = 10 V: VDSion} Vde ’

(ip = 12 Age) -— H 2.6 .
lip = € Adc, Ty = 10C°C) - 2.2 .
Forward Transconduciance (Vpg = 155 1o = £ A} ! 9Fs 3 — i mhos
DYNAMIC CHARACTERISTICS i
r i N A ™ :
1 Input Capacitance Vo * 25V.VGs + 0, i Cigs 1 15 800 of
i Gutput Capacitance A o 1 MHZ! | Cogs | — 1 400 !
;‘r Reverse Transter Capacitance i or Kpured ir Crgs ! e % 100 '
SWITCHING CRARACTERISTICS® (T = 00T
Turn-On Dalay Time A \ T taons - ' sC ] ns
Rise Time Tens = 28 V.ip = 0.5 Rated Ip t = | 150 !
= figen = 50 ohms) 1 T
i« Turn-Of Selay Time See Sigures 9, 13 and 14 dioH) b P00
. FaiTime y ! - {100
r n f
28t ¢ m
'Ta a! Gate Charge tyg = &£ Aated Vpss: L 09 17 {Typ!} k3 aC
Sate-Source Charge [ meRaeipVgg = i10V) | Qg 8 {Tyo! -
! Gate-Drain Charge : See Figure 12 ;' Qgq 3 (Typs -
SOURCE DRAIN DIODE CHARACTERISTICS®
P - i PR |
1' Forward On-Voltage 4 g = Asteo ip vsp p 1.2 {Typl b 5 i Vde |
; Forwarc Tum-On Time ; Vgs = 0) e l i ::e:!Y by stray ing:mance :_"“
: Aeverse Recovery Time : tr 3 328 Mypt | = i ns 1.
INTERNAL PACKAGE INDUCTANCE (TC-28¢: ~ '
internat Drain Inguciance Ly 3 {Typ) - nH
{Measured from the cONtac: screw or e header closer .
to the source pin and the centsr of the et o -
Interna! Source Inductance Ls 12.5 {Typi - ’
{Maasurac from the source Din, 0.25 o e package -
{_ te the source bond pad)
+ . INTERNAL FACKAGE INDUCTANCE (TO-228¢
| Internal Deain Inductance Lg LN
(Meesured from the contac: screw on @ w center of die) 3.5 {Typ} -
{Measureo from the arair fead 825 s aackage 10 center of diel 4.5 Typ} -
] Interna. Source Inauciance [ 7.5 {Typt - -
iMeasJrec from the sourte lesa 8.2 from oazxage 1o source bond pad.) J .

“Putse Tost. Pulse Wieth = 300 us Duty Svoe ¢ I\
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TYPICAL ELECTRICAL CHARACTERISTICS

§). DHAN CURRLNT (AMPS)
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Figure 1. On-Region Characteristics
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SAFE OPERATING AREA INFORMATION

£ v 43
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Figure 7. Meximu™ Rated Forward Bizsed Figure &. Maxi Rated Switching
Safe Opersting Ares Safs Ooerating Ares )
FORWARD BIASED SAFE OPERATING AREA The powe- averaged over a comple.e switching cycle -
The FEBSOA curves define the max:mum drain-to- musi be jess than:

source voitage and drain current that a oevice can safe'y Tt - Tc

handle when it is forward biased. or when it it on, or
being turned on. 3ecause these curves inc.uce the hmi-
tations of simultaneous high voliage anc high current,
up to the rating of the device, they ate especially useful
to designers of linear systems The curves are based on
2 case temperature of 25°C and a maximum junctiof tem-
perature of 150°C. Limitations for repertrve puises ai var-
igus case temperatures can be determinec by using the
thermai response curves. Motorola Aopiication Note,
ANSES, “Transient Thermai Resistance-Generai Data and
its Use'’ provides desiled instructions

Rasc

1, ML {ns)

SWITCHING SAFE OPERATING AREA E ; ro—a %

The switching safe operating area {SOA" of Figure 8 is - Ll TRV 7 N [N IR
the boundary that the load line may traverse without in- ; N 7 T 1| T -t
curring damage to the MOSFET. The' fundamentai iimits 5 16 26 0 5 105 - N K
are the peak current. ipp 2nd the breaxaown voltage, Ry, GATE RESISTANCE (D=MSi
V(gR)Dss. The switching SOA shown = Figure § is ap-
plicaole for both wrn-on and turn-off o° ine devices for Figure 8. Resistive Switching Time versus
switching times less than one microsecond. Gate Resistance

o
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LINEAR

TYPES TLC555M, TLC555C

{INTEGRATED LinCMOST™ TIMERS
CIRCUITS D2784. SEPTEMBER 1883
® Very Low Power Consumption . .. 1 mW TLCSSSM .. . JG PACKAGE

TypatVpp = 5V

® Capable of Very-High-Speed Operation
. . . Typically 2 MHz in Astable Mode

® Complementary CMOS output Capable of
Swinging Rail-to-Rail

® High Output-Current Capability
... Sink 100 mA Typ
. Source 10 mA Typ

® Output Fully CMOS-, TTL-, and
MOS-Compatible

® Low Supply Current Reduces Spikes Curing
Qutput Transitions

High Impedance Inputs . . . 1012 Q Typ
Single-Supply Operation from 2 to 18 V

Functionally Interchangeable with the
Signetics NES55; has Same Pinout

description

The TLC555 is a monolithic timiag circuit fabricated
using Ti’s LinCMOSTM process. Due to its high-
impedance inputs {typically 1012 Q), it is capable of
producing accurate time delays and oscillations while
using less expensive, smaller timing capacitors than
the NE555. Like the NE555, the TLC555 achieves
both monostable {using one resistor and one capacitor)
and astable {using two resistors and one capacitor}

TLCS55C . . . D, JG. or P PACKAGE
(TOP VIEW)

ano(1 U's vpD

TRIGEZ 7{JDSCH
out(]3 6{ ] THRES
RESET({s+ _ s[]JconT

functional block diagram

Voo RESET
18) |CONTROL {4)
b 5
3:“ 15}
{6) “QR1

THRESHOLD A 3)
OUTPUT

$ R

s R
Lo
12}
TRIGGER 3

I m

DISCHARGE

gno 'W!

Resat can override Trigger, which can override Threshold.

operation. In addition, 50% duty cycle astable operation is possible using only a single resistor and one capacitor.
The LinCMOSTM process allows the TLCS55 to operate at frequencies up to 2 MMz and be fully compatible with CMOS,
TTL, and MOS logic. It also provides very low power consumption {typically 1 mW at Vpp = 5 V) over a wide range

of supply voltages ranging from 2 voits to 18 volts.

Like the NE555, the threshoid and trigger leveis are normally two-thirds and one-third respectively of Vpo. These
levels can be altered by use of the control voltage terminal. When the trigger input falls below trigger level, the flip-
flop is set and the output goes high. If the trigger input is above the trigger levei and the threshold input is above
the threshoid level, the flip-flop is reset and the output is low. The reset input can ovaerride all other inputs and can
be used to initiate a new timing cycle. When the reset input goss low, the flip-flop is reset and the output goes low.
Whanever the output is low, a low-impedance path is provided between the discharge terminal and ground.

While the complementary CMOS output is capable of sinking over 100 mA and sourcing over 10 mA, the TLCS55
exhibits grestly reduced supply current spikes during output transitions. This minimizes the need for the large decoupling

capacitors required by the NESSS.

These devices have internal electrostatic discharge {ESD) protection circuits that will prevent catastrophic failures
at voltage up to 2000 volts as tested under MIL-STD-8838, Mathod 3015.1. Howaver, care should be exercised in
handling these devices as exposure to ESD may result in 8 degradation of the device parametric perfarmance.

All unused inputs should be tied to an appropriate logic level to prevent falss triggering.

The TLCS55M is characterized for operation over the full military temperature range of — 55°C to 125°C; the TLC555C ’

is characterized for operation from 0°C to 70°C,

’
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TYPES TLC555M, TECS55C
LinCMOS™ TIMERS

FUNCTION TABLE

TRIGGER THRESHOLD ODISCHARGE
RESET VOLTAGE' VOLTAGE' ouTPuY SWITCH
Low {rrelevant Irralavant Low On
High < /3 Vpo Irrelevant High Oftf
High > 1/3Vpp > 213 Vpo Low On
High > 13 Vpp < 213 Vpp As previousty established

tVoltages levels shawn sre nominal.

absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)

Supply voltage, Vpp (see Note 1) .. ... ... ... A A - ..o 18V
Input voltage range {any INPUL) & v v i v ittt it i ittt sttt e -03Vtoi18YvV
Continuous total dissipation at (or befow) 25 °C free-air temperature (see Note 2)................. 600 mw
Operating free-air temperature range: TLCSSSM . ... .. ... .. . it -55°C to 125°C
TUCS55C Y ~98. . ... --....... 9 W 0°C to 70°C
STOrage teMPErature FAMGE . . . o v\ o vv oo nteceae e sece e it e e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch} from case for 60 seconds: JG package .. ..........ccnvunnen 300°C
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds: D or P package ................. 260°C
NOTES® 1. All voitage vaiues are with respect to network ground termunal.
2. For operation sbove 25°C free-air reter to Dissi Derating Curves, Section 2. in the JG package, TLCS55M chips are sitay-
mounted.
electrical characteristics at 25°C free-air temperature, Vpp = 5 V to 15 V (unless otherwise noted)
PARAMETER TEST CONODITIONS 1 MIN TYP MAX | UNIT
Threshold vol fevel
reshold voltage level as a 66.7%
-] ge of supply voitage - A
Threshold current Vop =SV 10 pA
Tri it level
rigger voitage leve! as a 23.3%
i ge of supply 9
Trigger currant Vop =5V 10 I opA
Raset voltage level 0.7 v
Reset current Vpp =5V =10 pA
Control volt {i -circuit) as
voltags {open: Clr Ui a 66.7%
per ge of supply g
oL = 10 mA 0.1
Vpp = 15V loL = 50 mA 3.5
Low-level output voitage oL = 100 mA 1 v
loL = S mA 0.1
Vi =5V
Uy oL = 8 mA 0.18
iloH = -1 mA 14.8
Voo = 15V o = -5 mA 14
High-level output voltage o4 = —10 mA 12.7 v
Vop = 5V loH = -2 mA 4
lo = -1 mA 4.5
Supoly current Vog = 15V 369 2A
Vpp = 5V 170




TYPES TLC555M, TLC555C
LinCMOS™ TIMERS

operating characteristics, Vpp = 5 V. Ta = 25°C (unless otherwise noted)

PARAMETER TEST CONOITIONS MIN  TYP MAX | UNIT
Irutist errar of timing interval ;:0_ -R:‘: (‘O ::‘:"oo X, 1%
Supply voitage sensitivity Cyr = 0.1 4F, o1 wv
of timing interval See Figure 1 -
Qutput pulse rise tme Vpo = S V. R = 10 MQ, 20 ns
Output puise tait time C_ = 10 pF 20
Maximum frequency in Ra = 4700, Rg = 200 Q.

2.1 MHz

astable mode Cy = 200 pF

TYPICAL APPLICATION DATA

Voo

\ 8 22}
0.1 uF L c

>
Rag oPEN ;_D _g
(sxl (8) | Q
CONT Voo AL g

.

(4) 118
RESET —
7 Joiscw N « ] )
1 our p—e—9—ourtrur 8

>
P ® 1 rures Q.
‘ 2) | vaic »

- cL
er /= GNO 5
T T _.' Bl

FIGURE 1-CIRCUIT FOR ASTABLE OPERATION



MOTOROLA

TL494

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

The TL494 is a fixed frequency, pulse width modulation control
circuit designed primarily for Switchmode power supply control.
This device features:

® Complete Puise Width Modulation Controt Circuitry

¢ On-Chip Oscillstor With Master Or Slave Operation

® On-Chip Error Amplifiers

® On-Chip 5 Volt Reference

® Adjustable Dead-Time Control

® Uncommitted Output Transistors Rated to 500 mA Source Or
Sink

® Output Control For Push-Pull Or Single-Ended Operation

e Undervoltage Lockout

SWITCHMODE

PULSE WIDTH MODULATION

CONTROL CIRCUITS

SILICON MONOUTHIC
INTEGRATED CIRCUITS

N\
Non-inv E o Iuon-mv
nput a input
Iov tnv
Input 2 Elnaul
Vee -]
Compen/
rwM cm e
omo | 3 REF 14 |[Vger
Input
.01 Vv
g;:: a __{ 13 IOuuut
Controt
Control -
Cy l 5 |y 12 IVCC
Oscillator
H-rl 6 1" ICZ
Q2
I ? 10 IEZ
a1 j
cite 9 JE3

(top view)

J SUFRX
CERAMIC PACKAGE
CASE 620-10

The TL494C is specified over the commercial operating range
of 0°C to 70°C. The TL484! is specified over the industrial range
of —25°C to 85°C. The TL494M is specified over the full military
range of - 55°C to 125°C.

N SUFFIX
PLASTIC PACKAGE
CASE 648-08
ORDERING INFORMATION
Temperature
Device Range Package
TL494CN 0°t0 +70°C Plasuic DIP
TL4A94CJ 0°to +70°C Ceramic DIP
TL494IN ~-25°t0 +85°C |Plasuc DIP
TL4941y ~25°10 +85°C_|Ceramic DIP
TLaSeMJ -55°t0 +125°C | Ceramic DIP

559




TL494

FIGURE 1 — BLOCK DIAGRAM
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RAGURE 2 — TIMING DIAGRAM
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Dead-Time Control :
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TL494

MAXIMUM RATINGS (Full operating ambient temperature range applies uniess otherwise noted)

Rating | Symbol TLesec TLas4l TLas4M unit |
Power Supply Voltage | vee 42 42 i 42 v o
Coltector Qutput Volage Vel Ve2 42 42 42 v
Collector Output Current teach transistor) (1) IC1. Ic2 500 500 500 mA
Amoplifier Input Voltage Range - VIR -031042 -0.31042 -0.31042 v
Power Dissipation w Ta < 45°C Pp 1000 | 1000 1000 mwW
Opersting Junction Temperature Ty
Plastic Package - 125 125 -— °c
Ceramic Package 150 150 150 °C
Operating Ambient Temperature Range Ta 01070 -2510 85 ~5510 125 *C
Storage Temperature Range Tsig °C
Plastic Package . -551t0 125 -5510 125 -
Ceramic Package -65 10 150 ~65 to 150 -65 to 150
NOTE 1: Maximum thermal limns must be observed.
THERMAL CHARACTERISTICS
A Characteristics I Symbol N Suffix Plastic Package ! J.Suffix Ceramic Package | Unit
Thermal Resistance, Junction to Ambient 'RUA 80 ' 100 cW
Derating Ambient Temperature ; Ta 45 | 50 C
RECOMMENDED OPERATING CONDITIONS .
Condition/Value Symbol e Unit
Min Typ Max
Power Supply Vohage vee 7.0 15 40 v
Collector Output Voitsge Vel. Vo2 - 30 40 v
Collector Output Current (each transistor) ICy. IG2 - -— 200 mA
Amplifier input Voitage Vin -03 - Vee - 2.0 v
Current Into Fesdback Terminal LY -— - 0.3 mA
Reference Qutput Current I tref -_ - 10 mA
Timing Resistor | RT 1.8 30 500 &f)
Timing Capacitor Cr 0.0047 0.001 10 uF
Oscillator Frequency } fosc 1.0 40 200 kHz

N

b

ELECTRICAL CHARACTERISTICS (Vcc = 15V, Ct = 0.01 uF. RT = 12 kil unless otherwise noted.)

For typical values Tp = 25°C, for min/max vaiues Ty Is the operatify ambient temperature range that applies uniess otherwise

noted.
E, i TL484C } TL4S4M
> Mln[Tylen Mlnl'l‘vp[Mu

REFERENCE SECTION

Reference Voltage - Vref 475 5.0 5.25 4.75 5.0 5.25 v
{lg = 1.0 mA)

Line Reguistion Regline - 2.0 25 - 2.0 25 mV
Ve = 7.0 Vto 40 V)

Losd Reguiation Regioad —_ 3.0 15 - 3.0 15 mvV
(Ig = 1.0 mA to 10 mAl}

Short-Circuit Output Current isc 15 35 7% 15 35 75 mA

(Vigf = 0V}

561



TL494

ELECTRICAL CHARACTERISTICS (Vce = 15 V. CT = 0.01 uF, RT = 12 kQ uniess otherwise noted.)
For typicat values To = 25°C, for min/max vatues T4 s the operating ambient temperature range that apphes unless otherwise

noted.
! . TL4S4C,! TLAS4M
Characteristic Symbol ! T T Unit
I Min ¢ Typ | Max Min | Typ l Max
OUTPUT SECTION
Collector Off-State Current I teioth - 2.0 ; 100 — | 20 100 uA
IVee = 40 V. Veg = 40V ! ' X !
Emitter Off-State Current i Eoth  — - : - 100 bl - - 150 uA
(Vec = 40V, Ve =40V, Vg = 0 V) i ; ' !
Coliector-Emitter Saturation Voltage (2} VSATIC) - I' 1Tl 13 - 11 1.5 v
Common-Emitter i ! [
(VE = 0V.1c = 200 mA) '
Emitter-Foliower VSAT(E) | — | 15 ] 2.5 - 15 2.5 v
Ve = 15V, Ig = - 200 mA) ! ' | [ .
Output Control Pin Current loct - 10 - - | 10 — A
Low State {
(Voc < 0.4 Vi H
High State 10CH ~ 102 35 - 0.2 35 mA
VoG = Vret! -
Output Voitage Rise Time t o= 100 ; 200 - 100 200 ns
Common-Emitter (See Figure 13)
Eminer-Follower (See Figure 14) —_ 100 200 — 100 200 ns
Output Voltage Fail Time 1 A= YD 25 100 - 25 100 ns
Common-Emitter {See Figure 13)
Emmer-Follower (See Figure 14} | L — ! a0 ' 100 - 40 100 ns
Characteristic Symbol ! L it
- - U
o : Min t Typ i Max o
ERROR AMPLIFIER SECTIONS
input Offset Vohage . Vig - : 2.0 i 10 mv
VO (Pin31 = 25V1 X i !
Input Offset Current o ; - 5.0 250 nA
Vo iPin3) = 25V :
input Bias Current 8 i - e -0 -1.0 nA
VO (Pin3) = 25V] |
Input Common-Mode Voltage Range Vicr -0.3to -— - v
(VCC = 40V, Tp = 25°C) i Vee-2.0
Open-Loop Voitage Gain AvoL 70 95 - d8
{AVQ = 3.0V.VpQ = 0510 3.5V,
AL = 2.0 ki)
Unrty-Gain Crossover Frequency fc — 350 - kH2z
(Vo = 0.5t03.5V, R = 2.0 ki)
Phase Margin at Unity-Gain om - 65 - deg.
(Vo-= 0.510 3.5 V, R = 2.0 ki1)
Common-Mode Rejection Ratio CMRR 65 90 d8
(Vee = 40 V)
Power Supply Rejection Ratio PSRR - 100 —_— d8
{3Vee = 33V, Vg = 25V, Ry = 2.0 kid)
Output Sink Current lo- 0.3 0.7 - mA
(VO (Pin 3) = 0.7 V) .
Output Source Current [foRd " -2.0 i -4.0 - mA
(VO (Pin 3) = 3.5 VI 1

NOTE 2: Low duty cycie puise techniques are used Quring test to MaNtan JUNCiON tempPerature as close 10 smbient temperatures as possibie,
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ELECTRICAL CHARACTERISTICS (Vec = 15V, Ct = 0.01 uF, RT = 12 k2 unless otherwise notad.)

For typical values To = 25°C, for mirvmax values T4 is the operating ambient tempaerature range that appiies uniess otherwise

noted.
TLAS4 Unit
Characteristic Symbol
Min | Ty Max
PWM COMPARATOR SECTION (Test Circuit Figure 12)
.| Input Threshold Voitage VTH -_— 35 4.5 v
(Zero duty cycie) |
Input Sink Current - 0.3 0.7 -— mA
(Vipin 3) = 0.7 V)
DEAD-TIME CONTROL SECTION (Test Circuit Figure 12)
Input.Bias Current (Pin 4) - 18 (DT) - -2.0 -10 RA
(Vpin 4) = 010 5.25V}
Maximum Duty Cycle. Each Output, Push-Pull Mode OCmax %
{VPin4 = OV.CT = 0.01 uF, R = 12 k(1) 45 48 50
{VPin 4 = 0V, CT = 0.001 uf, Ry = 30 kQ) - a5 50
Input Threshold Vokagé (Pin 4) ’ VTH v
{Zero Duty Cycle) — 2.8 33
(Maximum Duty Cycle) 0 — -
OSCILLATOR SECTION
Frequaency fosc - 40 - kHz
{CT = 0.001 uF, RT = 30 k1) =
Standard iation of Freq y* ofoge —_ 3.0 - %
{CT = 0.001 uF, Ry = 30 k)
Frequency Change with Voitage Algse (AV) - 0.1 - %
(Veg = 7.0V 10 40 V. T = 25°C)
Frequency Change with Temperature afgsc (AT) —_ - 12 %
(ATA = Tiow 10 Thigh)
(CT = 0.01 uF. RT = 12 kA1)
UNDERVOLTAGE LOCKOUT SECTION
[lun-On Threshold (Ve Increasing, lref = 1.0 mA) Vih 5.5 6.43 7.0 v
TOTAL DEVICE
Standby Supply Current Icc mA
(Pin 6 at Vref, All Other Inputs and Outputs Open}
Vge = 15 V) — 5.5 10
Ve = 40V) — 7.0 15
Average Supply Current — — 7.0 — mA

{V{Pin 4) = 2.0 V] (See Figure 12)
(Ct = 0.0 uF, RT = 1200, Voo = 15 V)

CX) of the

563

aistnbution about the mean as denved from the formula, o« ~




TL4a94

FAGURE 4 — OSCILLATOR FREQUENCY

FIGURE 5 — OPEN-LOOP VOLTAGE GAIN AND PHASE

versus TIMING RESISTANCE . versus FREQUENCY
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AGURE 6 — PERCENT DEAD-TIME versus AGURE 7 — PERCENT DUTY CYCLE versus
OGQlMT?R FREQUENCY - DEAD-TIME CONTROL VOLTAGE
. RN SR R 7 1]
g ' | i fr s 1N L —
= 5 ! 2.0 2 oY vee =15y ||
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12 i o
g T — T : z > NCr = 001 uF T
o 1M ; !'r Zn AN fr=lomr |
H NSRRI Vi 7 ey - 0001 uf
9-\0 f e g T g Rt = 0K il
% 80 . : S0 By
e 0 i i i L : 1M T ; 1 > T \
Z 50 [ : 10 | R 7 2 N
& it g — 3 =
- R 1007 uf = N
& o g
= : o HA ™ -
cw 1 R ORREYIAY AV TaY =
a1 IRt T ' |
500 10K 10K 00 500K 0 19 20 30 35
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RGURE 8 — EMITTER FOLLOWER CONFIGURATION FIGURE 9 — COMMON EMITTER CONFIGURATION
OUTPUT SATURATION VOLTAGE versus OUTPUT SATURATION VOLTAGE versus
EMITTER CURRENT COLLECTOR CURRENT
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FIGURE 10 — STANDBY SUPPLY CURRENT
versus SUPPLY VOLTAGE
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FAGURE 11 — ERROR AMPUFIER CHARACTERISTICS

Error Ampldier

Under Test

Feedback
Terminal
{Pin 3

Otner Error
Amphitier

FIGURE 13 — COMMON-EMITTER CONFIGURATION

TEST CIRCUIT AND WAVEFORM
1%V
R
% 68
*>—e Ve
Esch C
Output Q =15 pF
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Hy

e X

vce SUPPLY VOLTAGE v

FIGURE 12 — DEAD-TIME AND FEEDBACK CONTROL

TEST CIRCUI
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FIGURE 14 — EMITTER-FOLLOWER CONFIGURATION
TEST CIRCUIT AND WAVEFORM
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FIGURE 15 — ERROR-AMPLIFIER SENSING TECHNIQUES

Vo
To Output

‘ Voitage of
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AGURE 18 — DEAD-TIME CONTROL CIRCUIT

Output '
Control
Ry
Output Veat 4
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R
T Ry

Max % on Time. Each Output ~ 45~ Ry
1 wy
R

Vet

NEGATIVE OUTPUT VOLTAGE R
v v Ry
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AGURAE 17 — SOFT-START CIRCUIT

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

< Q¢
_Q !
Output ————

Controt C
i to 500 mA
{ C2

0 < Voc < 0.4V _L/& &
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Single Ended Contiguration
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RGURE 19 — SLAVING TWO OR MORE CONTROL CIRCUNTS

AGURE 20 — OPERATION WITH Vi > 40 V USING

EXTERNAL ZENER
Vref
R
5 -
Rt Vv
. Master Vin >0 V
Ry .
Slave . ‘-;i
{Additionab
Circuits) .

FAGURE 21 — PULSE-WIDTH MODULATED PUSH-PULL CONVERTER

+Vin = 801020V

o—
!
12 9 +Vo =28V
1 i 1N4934 10 =02A
> VCC AN 71
2| _ Al ne ; 22
1MS Y 1 32 Ly [
2] comp Trase: K R |
0.01 0.01=% 15 / 11 TPl eg BV |
S (] 32| 25v 47k2 «] s
16 Tasv
*+ OCVRgr OT Cr Ry Gnd E! €2 .“7‘ g ]
13] 4] 4 sJ- 6 7J 9] 10 1N4934
AAA T4 | 4
v @It § 240 2
4..7 k J 10 I = ::|5k & b3
47k$  10kx3 0001 1
o s
Al capacitors m uF
L1 —35mH@03A
T1 — Primary: 20T C.T. #28 AWG -
Secondary: 120T C.T. #356 AWG
Core: Ferroxcube 1408P-L00-3C8
TEST CONDITIONS RESULTS
Line Reguiation Vin = 10Vto 40V 14mV  0.28%
Losd Reguistion Vin =28V, I0 = 1mAto1 A 3.0mvV  0.00%
Output Ripple Vin = 28V,lg = 1.0A 65 mV P-P  P.ARD.
Short Circuit Current Vin = 28V.R = 0.1 00 1.6 amps
Efficiency Vin = 28V.lg = 1A 71%

0
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RGURE 22 — PULSE-WIDTH MODULATED STEP-DOWN CONVERTER

1.0mH @ 2A

+Vin = 101040V P 324 +VQ = 50V
o— VY e o)
L’l 0 = 1.0A
A
>
. 150
%) a7k
12 8] n VWA
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- . 1 251k S 1} |
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VREF +
= i LB A MRES0 4oy T
. 16 51k
Cr Ry O.T. 0.C.GndEq E3
s |s |4 [13]7]8]0 +L %0
Twov
0 $ 150
P
0.001 .
00 T "
& & 4 -0
3.
o
All capacitors n uF
TEST CONDITIONS RESULTS
Line Regulation Vin = 80to 40 V 3.0 mv 0.01%
Load Regulation Vin = 126 V. Ig = 0.2 10 200 mA « 50mV  0.02%
Outout Ripple Vin.= 126 V. Ig = 200 mA 4 mVopP PARD.
Short Circuit Current Vin = 126 V. R_ = 0.1 1 250 mA
Efficiency Vin = 126V, 1g = 200 mA 72%
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Description

The TL494 is a fixed-frequency pulse width modula-
tion control circuit, incorporating the primary building
blocks required for the control of a switching power
supply. (See Figure 1.} An interpal-iinear sawtooth pscil-
Istor is frequency-programmable by two external com-
ponents, RT and Ct. The approximate oscillator fre-
quency is determined by:

1.1
RreCy

For more information refer to Figure 4.

fosc =

Output puise width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor Cy 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 ime
when the sawtooth voltage is greater than the control
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 signais are externa! inputs that can be fed

into the dead-time control, the error ampiifier inputs,
or the feedback input. The dead-time 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 controt 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.

Lo

.

(Y

The puise width modulator comparator provides a

” ,méans for the error amplifiers to adjust the output pulse

“width from the maximum percent on-time, established
by the dead time contro! input, down to zero, as the
voltage at the feedback pin varies from 0.5to 3.5 V. Both
error amplifiers have a common-mode input range from
-0.3Vto(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 of the puise-width modulator com-
parator. With this configuration. the amplifier that de-
mands minimum output on time, dominates control of
the loop.

When capacitor Tt is discharged. a positive pulse ts
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-steerning flip-
flop directs the modulated pulses to each of the two
output transistors alternately for push-pull operation.
The output frequency is equal to half that of the ‘osc-
lator. Output drive can alsa be taken from Q1 or @2,
when single-ended operation with a8 maximum on-time
of Jess 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 parallel, and the output-mode
pin must be tied to ground to disable the flip-flop. The
output frequency will now be equal to that of the
oscillator,

The TL494 has an internal. 5 V reference capabie of
sourcing up to 10 mA of load current for external bias
circuits. The reference has an internal accuracy of
=1.5% with a typical thermal drift of less than §0 mV
over an operating temperature range of 0 to 70°C.

FIGURE 3 — FUNCTIONAL TABLE

Input {
Output Output Function ﬁ \.
Control

Grounded Single-ended P.W.M. at Q1 and Q2 1
At Vegf Push-pull operation 0.5
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