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TRANSISTOR THERMAL EQUIVALENT CIRCUIT
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THERMAL RUNAWAY
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THERMAL RESISTANCE
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EXAMPLE (a) Find 8 for BJT in fig 8-6.
(b) What power is dissipated if the BJT is
operating at piont®c

Solution (a) Modify Eq.(8-1) for maximum values

) = T /P

JA J(max) D(max)
= 200 -25/1
= 175 °c/w

(b) At point°C , T = 75°¢c T, =200 %
form Eg. 8-1
= 200 - 75 /175
= 0.7 w

D(max)

EXAMPLE Consider the BJT in example befor
(a)-PD is maintained at 1 w in ambient air of 75c
What is TJ 7
(b) 1If PD must be 2 w in an ambient of 25°c
What new value of eJA is required 7
Solution (a) From Eq. (8-1)
T\=VII N5 °c
250°c
200 - 25 / 2
= 87.5°c/w

(b) eJA
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HEAT SINKING
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S | s DR | 1 4 vV
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Specifications and Applications
Information

. PRECISION WIDE RANGE VOLTAGE
‘ AND CURRENT REGULATOR

.. This unique “floating” reguiatar can deliver hundreds of voits

- limnted only by the ge of the senes

pass transistor. Output voltage and oulpul current are sdjustabie,

The MC1466 integrated Circuit vollage ana current regulator is
9 10 give “I Y power-supply pertormance.

. age/Currem R with A C

* Excelient Line Voltage Reguiation, 0.03% +3.0 mV (Max)

® Exceilent Load Vohage Regulation, 0.03% - 3.0 mV (Max)

LS - Current Regul 0.2% + 1.0 mA

® Shornt-Circuit Protection

# Output Voltage Adjustadle to Zero Voits

® intemal Reference Volage

* Agjustapie Internal Current Source

PRECISION WIDE RANGE
VOLTAGE and
CURRENT REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 632-us

ORDERING INFORMA TION

-
Device TiTooritis fangs | Package

| Cetemuc DIF

BICISEEL | | S it e

TYPICAL APPLICATIONS

FIGURE 1 - 0-TO-15 VOC, 10-AMPERES REGULATOR

FIGURE 2 - 0-TO40 VOC. 0.5-AMPERE REGULATOR
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MAXIMUM RATINGS (T = +25°C uniess otherwise noted)

! Rating Symuol Vase Unit %

Auxihary Voltage Vaux 30 Vac

Power D (Package 4 750 mw

Derate sbove Tp = ~ 188 6.0 mWAC

Operating Temperature Range Ta l 0w +70 <
| Storage Temperaiure Range | Tsig 1—65 10 + 150 C
ELECTRICAL CHARACTERISTICS (T4 = +25°C, Vayx = +25 Vdc uniess otherwise noted)

Characterstic Symool | Min | Typ | Max | Units

Auxiliary Voltage (See Notes 1 & 2) Vaux 2 -— 0 Vac

(Vortage trom pan 14 to pin 7)

Auxiliary Current lsux -— 9.0 12 | mAac

Internal Reterence Voltage VIR 173 | 182 [ 197 | Vac

(Voitage trom pin 12 10 pin 7)

Heterence Current (See Note 3) Irot o8 1.0 1.2 | mAoc |
| input Current — Pin 8 Iy — 12 1 wAdc |
| Power Dissipation Pp - - 360 | mw |
| Input Offset Voitage, Voltage Comtrol Viov 0 15 40 1 mvac |
} Ampiifier (See Note 4) {

Load Voitage Reguiation AViov - 1.0 30 | mv

(See Note 5) AVeiVref | — | 0015 (003 | =

Line Voltage Reguiauon AViow = |10 30| mv ;

(See Note 6) o AVigtVret | — (0015 (003 | &~ |

’

Temperaiure Coetficient of Output cho - | 0.00 - | wC

Voitage (TA = 010 +75%C) H
Input Oftset Vortage, Current Control Vioi [} 15 40 | mvac |
i de Amplihier (See Note 4) |
. W ! 3 amvoue/ 7"—?‘ (Voitage trom pin 10 to pin 11) '
» I - H
* [ T e i B i
ta 1o 3o LI s
Y- -o] NClaee S pa8 Rl :
; S : H | Load Current Reguiauon A — e
N T T " - 7
| o= " LS | (See Note 7) Alref — ! — {19 mace
e ey < s
fh., —o—e i b bl e
. N T =1 : 1 !
. il e
*Pins | and 4 no conmecnion.
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NORMAL DESIGN PROCEDURE

1 Lonetant Voltage:
01 CONIBNT VOILEQE OPETION, OUIDUL VOILBTE V18 QIVEN 0¥
Vo = lirat) (R2)
where R7 18 the resistance from pin 810 ground ara iref 13 NE
Guiput current of pin 3.
The recommended value of irgf 15 1.0 MAGS Resistor A sotS
he vaiue of irgf:
N
el '
whers R1 almmmﬂpms} ana 17
2 Constamt Current:
For constent current operation:
) Select Ry tor 8 250 mV drop at the maximum 0esifea reg-
wisied qutput current. Imax-
Ib) Adjst gotentiometer R3 10 set constant current output at
Gesired vaiue between ze/0 end | PR

3 WV, 18 graster than 20 Voc, CRZ, CR3, 41 Uit aiw necussaly

10 protect the MC1486 during snort circuit of transient
, condnions.

4" 1n spplications whers very (ow OUTDuL NOfse 18 Jesirad. A2 may
be Dypessed with C110.1 uF 10 2.0 WF). Wnen RZ s Lypassed,
CR1 15 necessary fOr DFOTECTION QUNNG SO Circuit conaitions.

L CAS 18 recommenced to orotect the MC1466 trom simuitane:
Ous pass ransstor faiure an0 OULOUT SNON Sirtuil

+

AND DESIGN CONSIDERATIONS

e

The RC network (10 pF. 240 pF 1.2 kil i3 used for COMpPen-
saiion. The vaiues snown are vaid for ail ApPICILONS. HOw-
ever. tne 10 pf capacitor may De omilied 1.0l Q1 ena Q2 &
qgrester than 0.5 MHz
For remote sense sppiications. the posilive vOitage sense ter-
minal (Pin 8) 18 cONnected (0 (e positve 1080 terminal tIhrough
« wwpalals sanss l8ad: and the negative sense terminal (the
arouna sige of R2) 1s connecied 1o the negative losd terminal
through & separate senss lesd.
Co may De selected Dy using the relstionsnip:
Co = (100 wF) I (max): WPer® iLimax) '* (Ne MaxsMUM 080
current in amperes.
C2is y tor the internal of the MC1486.
mwmm.cunmmmmasmm
axceed 0.5 mAoc. Thersiors saiect Q1 and Q2 such mat.
imax ¢ 0.5 mAdc
paz &5
where: imax = Meximum shor-circurt ioad current (mAdc)
$1 = mummum bew ot Q1
2 = munimum beta of Q2
Altnougn Pin § will source uo (0 15 mAdc, Is > 05 mAdc wall
result in & Gegraastion in reguilanon.

. CR6 15 recommenasd whnen Vo ~ 150 Vac ana should be rewed

sucn that Peak Inverse Voitage > ¥o.

12, in appucsnnns where R2 miaht De rapidiv requced in vaiue, it

a ov 02 and R4

- nat CR3 ne

4 -
7

This Gesign consmideration prevents R2 from being destroyed
by excessive Giscnarge cufrent trom Cgo. Components Q2 and
R4 shoulo be selectea such that:

M-EM
0

Veeo o1 02> Vo




OPERATION AND APPLICATIONS
mmmmmmwmdhmlﬂMmMm g and also provid

on useful appiicanons.

SUBJECT SEQUENCE

Theory of Operation
Applicauons

. Trannent Failures

Voltage/Current Mode Indicator

THEORY OF OPERATION

The schematic of Figure 5 can be umplified by break-
ing it down into basic 1 bep g with a sumplified
veruon of the vollage reterence, Figure 7. Zener diodes
CR1 and CRS with their assnciated forward biased diodes
CR2 through CR4 and CR6 through CRS form the stable
reierence needed 10 balaace the ditferenual amplifier. At
balance (Vg| = Vg2). the output voltage, (V]2 — V7),
18 at a value that is twice the drop across either of the two
diode stnngs. V12 — V7 =2 (VCR] * VCR2 * VCR3 +
VCR4)- Other voitag P p or other-
wise, are also denived from these diodes stnngs for use in
other parts of the circuit.

The voltage controlled current source (Figure 8) s a
PNP-NPN composte wiuch, due 10 the hugn NPN beta,

FIGURE 7 — REFERENCE VOLTAGE REGULATOR

yields a good working PNP from a lateral device working
at a collector current of only a few microamperes. Its ase
voltage (V) 1s derived from a temperature compensates
poruon of the diode stnng and consequenty the overall
current 1s dependent on the value of emutter resistor R

Temperature compensauon of the base emitter juncuion

of Q3 1s not ump because anp "M velty
exsts between Vﬂ-_, and V2, making the AV RE's very
small in p ge.  Circuit refl voltage 1s genvea

from the product of IR and RR; if IR s set at | mA
(R1 = 8.5 k), then RR Gin k2) = V. Other vaiues of
Current may be used as long as the following restruincs are
kept in mund. 1) package dissspation will be incicaseu oy
about || mW/mA and 2) bias current for the voltage controi
amplifier 15 3 gA, temperature dependent, and is extracted
from the reference current. The reterence current shouad

FIGURE 8 — VOLTAGE CONTROLLED CURRENT SOURCE
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pected bias current.

Loop amplification in the constant voltage mode 1s
supplied by the voltage controlled amplifier (Figure 9), a
standard high gun differenual amplifier. The inputs are
diode-protected aganst differential overvoltages and an
eimitter degeneraung reuistdr, ROS, has been added (o one
of the transistors. For an emitter current in both Q5 and
Qo of 1/2 milliampere there will exust a preset oifset voit-
age in this differenual amplifier of 15 mV to insure that
the output voltage will be zero when the reference voltage
is zero. Without RQS, the output voltage could be a few
mullivolts above zero due to the inherent offset. Since the
1oad resistor 15 so large in this stage compared with the
foad (Q9) it will be more instructive to look at the gain on
a transconductance basis rather than voltage gain. Trans-

cond: ol the diffi ial stage is defined for small
signais as:

Em e v RE b
where

0.026

fe = 1 and

RE = added emutter degenerating resistance.
For Ig =05 mA.

1
= — =75 mAlvolt. 2)
e r eyt ¢

FIGURE 9 — VOLTAGE CONTROL AMPLIFIER
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Thus level is further boosted by the output stage such that
in tie constani voltage mode overall transconductance is
abuus 25

A secona aiterenual stage nearly idenucal to the first
stage. saives s the current control amplifier (Figure 10).
Ihe gain of tnis stage wnsures a iapid crossover from the
CUNsiaill sGilage Lo constant current modef and provides
4 convemient point to control the maxmum deliveraole
load current. In use, a reference voltage denved from the
orereeulator and a voltage divider is applied to pin 10
while the output current 1s sampled across RS by pin 11.
When Iy Rg s 15 mV below the reterence value, voitage
V) bewns 0 rapidly nse, eventually gamng complete
control of Q9 and limiung output current to a value of
v2/RS. If V2 15 denved from a vanaole source, snort

L vl

y of the reg . Since the

Vollage 10 CONSLANL-CUTTENT CRANRE-OVer Tequires only a lew
nuilivoits tne voltage reguiation maintams 1ts quality 1o
the current limit and accoraingly ShOws a very snarp
“knee” {17 +1 mA. Figure 11). Note that the requiator
<an switch back into the coastant voltage mode :f the
SUlput Yoitage reacnes a vajue greater than Vi. Operation
tirough zero milliamperes is guaranteed by the inclusion
of anowner emutter olfsetung resistor.

FIGURE 11 — V, CURVE FOR 0-TOwO V,
05-AMPERE REGULATOR

V. VOLTAGE (VvOL1%)
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parts of the output stage (Figure 12). The diodes periorm
an “OR™ function which allows only one mode of opemm
ata ume - current or voltage. H

an addiuonal stage (Q9) must be included to invert IM
logic and make it compatible with the dnving requirements
of senes pass tranustons as well as provide addiuonal gain.
A 1.5 mA collector current source sets the de-

due 0 oulput current changes. If 1| increases by 500 mA
the coliector current of Q9 decreases by 1.25 mA, causing
the collector current of QS to increase by 30 uA. Accord-
ingly, IR will be decreased by 030 uA which will drop
the outpui by 0.03%. This figure may be improved con-
uderably by either using hugh beta devices as the pass

liverable output current and boosis the output umpedance
10 that of the current source.

" Note that the neganve (substraic) side of the MC1466 is
7.25 volts lower than the oulpul voliage, and the reference
regulaor guaranices that the posiuve side is 11 volts above
the outpul. Thus the IC remains at a voltage (relsove to
ground) solely dependent oo the owrpw, “‘noating’’ above
ndbdovvo.vcgmmumlymmeaE‘:
mpm“mmmdmmwhmewp-n
coanguranon.

Perf of the reg may be approx-
immely caiculated for a given circut (Figure 2). Assumung
that the two added transiscors (Qi2 and Q3 have mummam
bezas of 20, then the overall regulator ransconductance will
be:

8mT = (400) 300 mA/volt = 120 A/volt. 3)

For a cnange in current of 500 mA the output voltage
will drop only:

0.5
AVa—_ ad2mV. 4)
120
RIGURE 12 — MC1468 OUTPUT STAGE
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3, of by g IR. Note again, however, that
the maxumum power rating of the package must be kept
n nund. For example if IR = 4 mA, power dissipation is

PD=20V(8mA)+(11 Vx3mA)=193 mW. (5)

Thus indicates that the circuit may be safely operated up

10 118°C uung 20 volis at the auxiliary supply voltage,

If, however, the auxiiiary supply voltage 15 35 volts,
PpD=35V(8mA)+26V (3 mA)- ISBmW. (6)

which dictates that the m

must be less than 91°C 10 keep package dmnpuuon within

specified mis.

Line voitage regulation 1s also a function of the yoltage
change between pins 8 and 9, and the change of Vier. In
Uus case. however, these voltages change due to changes in
the internal regulator’s voltages, which in tum are caused
by changes in Vayx. Note that line voltage regulation 1s
not a funcuon of Vi,. Note also that the instantancous
value of Vyyx must aiways be between 20 and 35 volts.

Figure 6 shuws six external diades (CRy 10 CRg) added
ior protecuve purposes. CR | should be used it the output
voltage 13 less than 20 volts and CR), CR3 are absent. For
Vo tugher than 20 volts, CR) should be discarded in favor
of CR) and CR3 Dvode CR4 prevents IC faudure if the

senes pass snorts whule
e maun power mmru open emit-
ter. If the p lity of such a falure mode

seems remote. CR4 may be deleted. To prevent instani-
ancous differenuial and common mode breakdown of the
current sense amplifier, CRs must be placed across the
current lumut resistor Ry

Load transients occasionally produce a damaging reversal
ol cutrent tlow trom output 1o input Vo, > 150 volis (which
will destroy the IC). Diode CRg prevents such reversal
and renders the circuit immune from desiruction fursuch
conditions. €.g.. adding a large output capacitor after the
suppiy 18 wrned “on”. [noaes CRy, CR3, CR3,and CRs
may be general purpose silicon units such as IN4QOI or
equivalent whereas CR4 and CRg should have a peax inverse
voltage raung equal (0 V,p or greater.
APPLICATIONS

ﬁmzm-wmm.o.s-mmm
lator with beiter than 0.01% performance. The RC network
between puns 5 and 6 and the capacitor between pins 13 and
14 provide frequency compensaton for the MC1466. The
external pass ransistors are used 10 boost load current, since
the output current of the regulalor is less than 2 mA.

pass y to boost tne oad
current 1o 10 arnpeul. Note that Cg has been increased 1o
1000 uF following the general rule:

Co = 100 uF/A IL.

The pnime mu\u;Jol the MC1466 is us use as a high
voltage regulator, as shown in Figure 3. This 0-10-250 volts
0.1-ampere regulator 1s typical of high voltage applications,
lumuted oniv by the breakdown and sale arcas ol the output
pass ransistors.

The prumary limiting factor in high voltage senes regula-
tors 1s the pass transistor. Figure 13 shows a sale area curve
for the MJ413. Looking at Figure 3, we see that i the
output is snorted. the transistor will have 4 collector cur-
rent of 100 mA. with a VCE approxumately equal to 260
volts: Thus this point falls.on the dc line of the sale arca
curve. insunng that the transistor will not enter secondary
breakdown,

In tis respect (Safe Operating Area) the foldback circunt
of Figure 1413 supenior 1or handling fugh voltages and vei
is short<icuit protecied. This is due 1o the fact that load
current is dimimishied as output voltage drops (VCE increases
as Vg drops) as seen 10 Figure 15. By careful design the
load current at @ shori, I§Ccan be made low enougn sucn
that the combined VCE (Vyn) and 15 suill falls within tic
dc saie operating ares of the transistor. For the illusirated
design (Figure 14), an input voltage of 210 volts is compy

FIGURE 14 — A 200V, 0.5-AMPERE REGULATOR WITH CURRENT FOLDBACK

IOIGDECK. AUUWS WS Wr wwaigas tus =

Lomgpremescn:

current of 500 mA. the perunent design equaboas are:

- COLLECTON CURRENT (AMPERES)

a0t

Let Ry (k) = Vo A
i o‘s l_k__ll

a
Rj (k) = T Vo

0.25

RSC* (T=a)ise

FIGURE 13 — SAFE AREA CURVE FOR THE MJ413
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The terms ISC and I P 10 the shor

the normal ac line often contains bursts of voltage running

current and maximum avauable load current as shown in fromh ds 10 ds of volts in and only

Figure 15. ( 0 microseconds in duration. Under some conditions this en-
FIGURE 15 — TYPICAL FOLDBACK PERFORMANCE €rgy is dissipated across the i | zener d be-

| y i Ay tween pins Yand 7. This may prod

3 T T Y " i a total failure of the regulator device without any app

> - This type of tailure 1s identified by absence

s - /: 4 of the 7 volt zener (CR1) between pin 9 and pin 7. To pre-

o 180 3 1 / 1 ' i vent this failure mode the use of a shielded power

3 ! ' / ] ] t 15 rec i, as shown in Figure o. In

2 i / : 1 d TN d that Cl, C3 and C4 be

> 100 T / T I ] included to aid in transient repression. These capacitors

5 T ' : + i should have good high frequency charactensties.

. - - — ‘ If the possibility of transients on the outputexists, the

> ! 2 ! | dd ol a resistor and zener diode between pins 9 and

o V { | | | | 7 as shown on Figure 17 should be added.

o ‘sc 200 400 ® 800 800
lg. OUTPUT CURRENT (magc)

Figure 16 shows a remote sense applicanon which should
be used when hugn current or long wire lengihs are used. This
type of winag is ior any ap wiere the
beal possible reguianon is desired. Since (he sense lines draw
oaly a small current, large voltage drops do not desuoy the
exceuent regulanon ol the MC1466.

TRANSIENT FAILURES
In industnal areas where electnical machinery 1s used

VOLTAGE/CURRENT MODE INDICATOR

There may be mes when it 1s desirable 10 know when the
MC1466 is in the constant cusrent mode OF constant voltage
mode. A mode indicator can be casily added 10 provide uns
leawre. Figure |8 shows how a PNP transistor has replacu
a protecuon diode between pins & and 9 of Figure 2. Wnen
the MC1406 goes from constant voltage mode 10 constant
current mode, V, will drop below Vg and the PNP transisior
will um on. The | mA current supphied by pin § will now
be shunied 10 base of Q2 thereby wrning on the indicator
device 11.

FIGURE 16 — REMOTE SENSE
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FIGURE 17 — A 0-TO-250 VOLT, 0.1-AMPERE REGULATOR
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FIGURE 18 — 0-TO—40 Vac, 0.5-AMPERE REGULATOR 1T WCDT INDICATOR
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