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Dual Tracking
Voltage
Regulators

Features

B Simultaneously adjustable outputs with one
resistor to +42V

B Load current — 200 mA with 0.04% load
regulation

W internal thermal shutdown at T, = +175°C

W External balance for £V, unbalancing

B 3W power dissipations

Description

The RM4194 and RC4194 are dual polarity
tracking regulators designed to provide bal-
anced or unbalanced positive and negative
output voltages at currents to 200 mA. A single
external resistor adjustment can be used to
change both outputs between the limits of £50
mV and £42V.

These devices are designed for local “on-car
regulation, eliminating distribution problems
associated with single-point regulation. To
simplify application the regulators require a
minimum number of external parts.

The device is available in three package types
to accommodate various power requirements.
The K (TO-66) power package can dissipate up
to3Wat T, = +25°C. The D 14-pin dual in-line
will dissipate up to 1W and the N 14-pin dual in-
line will dissipate up to 625 mW.
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RC4194

Voltage Regulators

Ordering Information

Operating
Part Number Package Temperature
Range
RC4194N N 0°C to +70°C
RC4194D D 0°C to +70°C
RC4194K K 0°C to +70°C
RM4194D D -55°C to +125°C
RM4194D/883B D -55°C to +125°C
RM4194K K -65°C to +125°C
Notes:

/883B suffix denotes Mii-Std-883, Level B processing
N = 14-lead plastic DIP

D = 14- lead ceramic DIP

K = 9-lead TO-66

Contact a Raytheon sales office or representative for
ordering information on special package/temperature
range combinations.

Functional Block Diagram

4194
+VourE \ z z] +Vs
>
nel2 3 20k 3] NC

+COMP | 3
saL[a ;J\I L_
-COMP | 5 10 | Ro
3 Thermal
$ 20K Shutdown
<
NC |6 9 INC
| - L
-Vs 3R E] -Vout

65-00207A

Mask Pattern

-Vourt

Die Size: 99 x 69 mils 65-01775A

Min. Pad Dimensions: 4 x 4 mils

Absolute Maximum Ratings

Supply Voltage
RC4194 ... 135V
RM4194 ..........oieercecerecceetseienenes +45V
Supply Input to Output Voltage Differential
RC4194 .....iiiiiiereeceteencccenicannens 35V
RM4194 ... 145V
Load Current
N Package.......cccccceivemienmmnecnneniinnne 100 mA
D Package.......ccoccevurrminennnniecnnnennne 150 mA
K Package ....ccccccreeemunnnenivnncniinenns 250 mA
Operating Junction Temperature Range
RC4194 ... 0°C to +125°C
RM4194.......cooieienae -55°C to +150°C
Storage Temperature
(27 Ty Te =3 -65°C to +150°C
Lead Soldering Temperature
{60 SEC) cucerreriierrecrercneennenne e +300°C
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RC4194

Thermal Characteristics

14-Lead 14-Lead 9-Lead TO-66
Plastic DIP Ceramic DIP Metal Can
Max. Junction Temp. 125°C 175°C 150°C
Max. P, T, <50°C 468mwW 1042mwW 2381mwW
Therm. Res 6, —_ 60°C/W 7°C/W
Therm. Res. 6,, 160°C/W 120°C/W 42°C/W
For T, >50°C Derate at 6.25 mW/°C 8.38 mW/°C 23.81 mW/°C

Electrical Characteristi

+125°C; RC4194: 0°C < T, < +70°C unless otherwise specified)

CS (45 < Voyr S Vyux Vi S -8V; || = £1mA; RM4194: -55°C < T, <

Parameters Test Conditions Min | Typ | Max Units

Line Regulation AV =01V, 0.04 | 0.1 | %V

Load Regulation 4194K: | <200 mA
4194D: I, < 100 mA 0.002 | 0.004 | %V, x|,
Vg =V, +5)V (MA)

Output Voltage Drift With

Temperature

Positive Output Vour = 5V 0.002 | 0.015 %/I°C
Negative Output Vour =35V 0.,003| 0.015 %I°C

Supply Current' (Positive) Vg=4V 00 Vo =0V, | =0 mA +0.8 | +25 mA

Supply Current? (Negative) Vg =1V, Vo =0V, IL=0 mA -1.8 | -4.0 mA
RM4194 +9.5 +45

Supply Voltage Vv
RC4194 +9.5 135

Output Voltage Scale Factor Reer = 71.5KQ, T,= +25°C Vg =1V,,, | 238 | 25 | 262 | kv
RM4194: Ry =715kQ, | =25 mA 0.05 42

Output Voitage Range \Y
RC4194: Ry =71.5kQ, | =25mA 0.05 +42

Output Voltage Tracking 0.4 | £2.0 %

Ripple Rejection F =120 Hz, T, = +25°C 70 dB

Iinput-Output Voltage Differential | || = 50 mA, T,= +25°C 3.0 \

Short Circuit Current Vg =30V, T, = 426°C 300 mA

Output Noise Voltage C, =4.7yF, V, =15V 250 RVous
F =10 Hz to 100 kHz

Internal Thermal Shutdown 175 °C

Notes:

1. The current drain will increase by 500AN,, . on positive side and 100pA/V, . on negative side.

2. The specifications above apply for the given junction temperatures since pulse test conditions are used.
3. Output voltage temperature drift guaranteed by design.
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RC4194 Voltage Regulators

Typical Performance Characteristics

Ripple Rejection Load Regulation vs. Output Current
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Section 9 RC4194

Typical Applications

Unbalanced Output Voitage — Comparator Application

\ 4 9——O To Additional Comparators

001:F i +Vour

(Typicaily 38 RM710s)

_VS v
(o -Vs
Rs C- -Vour = 6V
¢————0
4 AV To Additional Comparators
== ATF
I
A At Ro (k) = 25 (-Vour)
Q014F = = Adjust Ro for ~Vout = -6V (15k02)
- €5-00205A Re1 = Rez = 20k (see schematic)
1+Vour| = [-Vourt| RQ I R
Ra = = when |+Vout| > |-VouT|
Rg = = when |+Voutl < |-VouT!
For +Vout = 12 when ~Voyr = 6V
Ra= =
Rg = 20kn
High Output Application
2N4905 or equiv. R
0.1uF
& i
£ N 2N2297 or squiv ]
Vs Arn - ¢—0 +Vour
o- AAA- »> +Vs GND C+ Vour
p2 ..
60uF
au
-Vg a0 -
o AN 2 ¢ Vs Rs c- Ro ~Vour 9—o0 -Vour
0.14F 715K R ‘ 60uF
2N2297 or equiv. I =
v — Load Hequlza;i:\m
10mvV .
“Rsg ‘ @
Ro (k) = 25|Vo|
2N4914 or equiv.
0.7
*Rsc = _'_
sC

Note: Compensation and bypass capacitor connections should be close as possible to the 4194.
**Optional usage — not as critical as -Vo bypass capacitors.
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RC4194

Typical Applications (Continued)

Balanced Output Voltage — Op Amp Application

01 = +Vour = +15V
| - 9—0 To Additional Op Amps
- + .
C+ +Vour 4.7uF
+V§ Ot +Vg =
RM4104 o (Typically 180 741s)
-Vs O~ -Vs
Rs  C- GND Rg  -Vour
71.5K RS o To Additional Op Amps
1 03 q1 ~Vour = -15V
47uF
i I
001.F 1 =
= Ro(kn) =25 Vour
65-00204A
Digitally Controlled Dual 200mA Voltage Regulator
—O +Vg = +25V
0.014F
IL
L
*+Vour=4IgR1
0,001 7 |s
T [CoMPVs 16 +Vour (0 to +19.92V)
16 |13 o = |+10 .
COMP+Vs N S—g  2p, 1"
. ) \ RC4194TK =
0, R1 Rs
e
By - 249K NC
5|6]7|8]o 1111 I S~ COMP-VSGND To_vom {0 to -19.92V)
9 10uF
+
MSB l 4 Lss =
-vs- 25V
Binary inputs
OPTIONAL TRACKING
ADJUSTMENT
Adjust R2 for -19.82V at -Vgyr with all “1s” at binary inputs, i’ 6 o
then optionally adjust R3 for +19.92V at +Vgyr H Vo R3
£ RCNBATK | 00K 3
K BAL F—AAA-=-3 100K
\
\
| Vo- 1 -0
(—— |
65-01725A
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4194 Switchable Power Supply

The outputs of the 4194 can be simultaneously
switched on or off under logic control as shown
in Figure 1. In the “off” state, the outputs will be
forced to a minimum voltage, or about £20 mV,
rather than becoming open-circuit. the tumn-on
time, with the outputs programmed to £12V, is
approximately 200 uS. This circuit works by
forcing the R, pin to ground with an analog
switch. Refer to the 4194 internal schematic
diagram. A reference voltage that regulates
with respect to -V is generated at the Rg pin
by the zener diode Q12 and the buffer circuit of
Q11 and Q13. When the external 71.5k Rg
resistor is connected between the R pin and

-V,, a precision current of 100 pA is generated
which then flows into Q13's collector. Since
Q13's collector is tied to the R, pin, the 100 pA
current will develop a ground-referenced
voltage drop proportional to the value of R,
which is then amplified by the internal error
amplifier. When the analog switch in Figure 1
turns on, it effectively shorts out R, and causes
0V to be applied to the error amplifier. The
output voitage in the off state will be approxi-
mately £20 mV. If a higher value (50 to 100
mV) is acceptable, then the DG201 FET switch
can be replaced with a low-cost smali signal
transistor, as shown in the alternate switch
configuration.

c
T 0.001pF
+Vs o— +Vs Ce -
( c +Vour —-ro +12V
0.001 iF RCA194 4.TYF
Vs I
Vg O— Am__ RS Y our —r-o -12v
ATYF
71.5K Ro Gnd +
S * Alternate Switch Configuration
AR $ho — T omm
< 30K RC4194 A |
[ !
Loglc o— DG201 \ } ! |
Gnd 47K
..L | o 2N3904 iw( :
- R
854083

Figure 1. +12V Switchable Power Supply
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RC4194 Voltage Regulators
Compensation et

0.001 pF =
For most applications, the compensation T
technique shown in the data sheet is sufficient. Y OT Y & Vorl——0 Vour
The positive regulator section of the 4194 is 001 F T s
compensated by a 0.001 uF ceramic disc = v
capacitor from the C+ terminal to ground. The Ve O Y Ro Ry Pagd Vour
negative regulator requires compensation at . |
two points. The first is the C- pin, which should ned ns l aryF F
have 0.001 pF to the -V, pin, or case. A < = o1 =
ceramic disc is best here also. The second = T W
compensation point for the negative side is the
-V,ur terminal, which ideally should be a 4.7 uF L 0.014F
solid tantalum capacitor with enough reserve :_I_: Note:
voltage capacity to avoid the momentary - All Cap's Disc Ceramic
shorting and reforming which can occur with Except * = Solld Tantalum ssaz0t

tantalum caps. For systems where the cost of
a solid tantalum capacitor cannot be justified, it
is usually sufficient to use an aluminum capaci-
tor with a 0.03 pF ceramic disc in parallel to
bypass high frequencies. In addition, if the
rectifier filter capacitors have poor high fre-
quency characteristics (like aluminum electro-
lytics) or if any impedance is in series with the
+V,, and -V, terminals, it is necessary to
bypass these two points with 0.01 pF ceramic
disc capacitors. Just as with monolithic op
amps, some applications may not require these
bypass caps, but if in doubt, be sure to include
them.

All compensation and bypass caps should have
short leads, solid grounds, and be located as
close to the RM/RC4194 as possible. Refer to
Figure 2 for recommended compensation
circuitry.

Protection

In systems using monolithic voltage regulators,
a number of conditions can exist which, left
uncorrected, will destroy the regulator. Fortu-
nately, regulators can easily be protected
against these potentially destructive conditions.
Monolithic regulators can be destroyed by any
reversal of input or output voltage polarity, or if
the input voltage drops below the output volt-
age in magnitude. These conditions can be

Figure 2. 4194 Recommended
Compensation

caused by inductive loads at the inputs or
outputs of the regulator. Other problems are
caused by heavy loads at the unregulated
inputs to the regulator, which might cause the
input voltage to drop below the output voltage
at tum-off. If any of the preceding problem
conditions are present in your system, it is
recommended that you protect the regulator
using diodes. These diodes should be high
speed types capable of handling large current
surges. Figure 3 shows all six of the possible
protection diodes. The diodes at the inputs and
outputs prevent voitages at those points from
becoming reversed. Diodes from outputs to
inputs prevent the output voltage from exceed-
ing the input voltage. Chances are that the
system under consideration will not require all
six diodes, but if in doubt, be sure to include
them.

Brownout Protection

The 4194/4195 is one of the most easily ap-
plied and trouble-free monolithic ICs available.
When used within the data sheet ratings (pack-
age power dissipation, maximum output cur-

Raytheeon 9-71

Copyrighted By Its Respective Manufacturer



This Materi al

RC4194

Section 9
11
N
0.001 uF T =
+Vi c‘rl Wy C+ +Vour +—0 +Vour
001 F 4194 é
Vour -

Note:
AN Cap's Disc Ceramic es4202
Except * = Solid Tantalum

Figure 3. 4194 Regulator Showing
All Protective Diodes

rent, minimum and maximum input voitages) it
provides the most cost-effective source of
regulated +15V for powering linear ICs.

Sometimes occasions arise in which the 4194/
4195 ratings must be exceeded. One example
is the “brownout”. During a brownout, line volt-
ages may be reduced to as low as 75 VRMS,
causing the input voltage to the 4194/4195 to
drop below the minimum dropout voltage.
When this happens, the negative output voltage
can go to positive. The maximum amount of
current available is approximately 5 mA.

In general this is not enough current to damage
most ICs which the 4194/4195 might be supply-
ing, but it is a potentially destructive condition.
Fortunately, it is easy to protect against. As
shown in the typical application circuit below, a
diode, D, can be connected to the negative
output.

If a small signal silicon diode is used, it will
clamp the negative output voltage at about
+0.55V. A Schottky barrier or germanium
device would clamp the voltage at about +0.3V.
Another cure which will keep the negative
output negative at all times is the 1 mQ resistor

connected between the +15V output and the C-
terminal. This resistor will then supply drive to
the negative output transistor, causing it to
saturate to -V1 during the brownout.

Balanced Output (V, = $15V)

mMQ

+18V To +30V +15V at 100 mA

-18V To 30V

Heatsinking for 4194 and 4195

Voltage Regulators are power devices which
are used in a wide range of applications.

When operating these devices near their
extremes of load current, ambient temperature
and input-output differential, consideration of
package dissipation becomes important to
avoid thermal shutdown at 175°C. Both the
4194 and 4195 have this feature to prevent
damage to the device. It typically starts affect-
ing load regulation approximately 2°C below
175°C. To avoid shutdown, some form of
heatsinking should be used or one of the above
operating conditions would need to be der-
ated.*

The following is the basic equation for junction
temperature:

*In allowing for process deviations, the user should work
with a maximum allowable function temperature of 150°C.
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RC4194
T,=T,+P,0,, (1) Solve for |,
where T,-T, Vi X lo
T, = junction temperature (°C) I, = -
T = ambient air temperature (°C) 0, ,(Vin- Vour) (Vi = Vour)
P: = power dissipated by device (W) “o ™ (:UT N Tour "
0,, = thermal resistance from junction to Iy = 50°C-125°C _ 40x3.25x 10
ambient air ("C/W) 41.6°C/W x 10V 10

The power dissipated by the voltage regulator
can be detailed as follows:

Po=(Vin-Vour) X o + Vi X g ()
where
Vw  =inputvoltage
Vour = regulated output voltage
lo = load current
Iy = quiescent current drain

Let’s look at an application where a user is
trying to determine whether the RM4194 in a
high temperature environment will need a
heatsink.

Given:

T, at thermal shutdown = 150°C

T, =125°C
6, =41 .6°C/W, K (TO-66) pkg.
Vi =40V
Vour =30V
la =1mA + 75 pANy,; x 30V
=3.25mA*
T.l - TA
OJ-A =
Po
TJ - TA
Py =
0,4 = (vm = Vour) X lo+VinXlg

* The current drain will increase by SOuANV,, ., on positive
side and 100uA/V .. On negative side.

=50mA - 13 mA =~ 47 mA

If this supply current does not provide at least a
10% margin under worst case load conditions,
heatsinking should be employed. If reliability is
of prime importance, the multiple regulator
approach should be considered.

In equation 1, 8, , can be broken into the
following components:

0,,=0,c+0;5+0;,

where

6, = junction-to-case thermal resistance
6. s = case-to-heatsink thermal resistance
6;., = heatsink-to-ambient thermal resis-

tance
in the above example, let’s say that the user’s
load current is 200 mA and he wants to calcu-
late the combined 6, ; and 8, , he needs:
Given: |, =200 mA,

TJ - TA

0=
(Vin = Vour) X Ig + Vi X |

50°C - 125°C
10V x 200 mA + 40 x 3.25 x 10-3

= 11.75°C/W

Raythoen 9-73

Copyrighted By Its Respective Manufacturer



Section 9 RC4194

Given 6, =7.15°C/W for the 4194 in the K When using heatsink compound with a metal-to
package, metal interface, a typical 6, 5 = 0.5°C/W for the
K package. The remaining 6,_, of approxi-
0o + 0., = 11.75°C/W - 7.15°C/W mately 4°C/W is a large enough thermal resis-
tance to be easily provided by a number of
= 4.6°C/W heatsinks currently available. Table 1 is a brief

selection guide to heatsink manufacturers.

Table 1. Commercial Heatsink Selection Guide

No attempt has been made to provide a complete list of all heatsink manufacturers. This list is only

representative.
0,.,*(°C/W) Manufacturer/Series or Part Number
TO-66 Package

0.31-1.0 Thermalloy — 6441, 6443, 6450, 6470, 6560, 6590, 6660, 6690

1.0-3.0 Wakefield — 641
Thermalloy — 6123, 6135, 6169, 6306, 6401, 6403, 6421, 6423, 6427, 6442, 6463,
6500

3.0-5.0 Wakefield — 621, 623
Thermalloy — 6606, 6129, 6141, 6303
IERC — HP
Staver — V3-3-2

50-7.0 Wakefield — 690
Thermalloy — 6002, 6003, 6004, 6005, 6052, 6053, 6054, 6176, 6301
IERC — LB

Staver— V3-5-2

7.0-10.0 Wakefield — 672

Thermalloy — 6001, 6016, 6051, 6105, 6601
IERC — LA, uP

Staver — V1-3, V1-5, V3-8, V3-5, V3-7

10.0-25.0 Thermalloy —6-13, 6014, 6015, 6103, 6104, 6105, 6117

TO-99 Package

12.0 - 20.0 Wakefield — 260
Thermalloy — 1101, 1103
Staver — V3A-5

20.0 - 30.0 Wakefield — 209

Thermalloy — 1116, 1121, 1123, 1130, 1131, 1132, 2227, 3005
IERC —LP

Staver — F5-5

* All values are typical as given by manufacturer or as determined from characteristic curves supplied by manufacturer.
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RC4194 Volitage Regulators

Table 1. Commercial Heatsink Selection Guide — Continued

0;..*(°C/W) Manufacturer/Series or Part Number

30.0-50.0 Wakefield — 207
Thermalloy — 2212, 2215, 225, 2228, 2259, 2263, 2264
Staver — F5-5, F6-5

Dual-Inline Package

20 Thermalloy — 6007
30 Thermalloy — 6010
32 Thermalloy — 6011
34 Thermalloy — 6012
45 IERC —LIC

60 Wakefield — 650, 651

* All values are typical as given by manufacturer or as determined from characteristic curves supplied by manufacturer.
Staver Co., Inc.: 41-51 N Saxon Ave., Bay Shore, NY 11706
IERC: 135 W Magnolia Blvd., Burbank, CA 91502

Thermalloy: P.O. Box 34829, 2021 W Valley View Ln., Dallas, TX
Wakefield Engin Ind: Wakefield, MA 01880
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Schematic Diagram
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