MOTOROLA

E SEMICONDUCTOR MC1466L
TECHNICAL DATA

PRECISION WIDE RANGE

PRECISION WIDE RANGE VOLTAGE VOLTAGE and
AND CURRENT REGULATOR CURRENT REGULATOR
This unique “floating’’ regulator can deliver hundreds of volts SILICON MONOLITHIC
— limited only by the breakdown voltage of the external series INTEGRATED CIRCUIT

pass transistor. Qutput voltage and output current are adjustable.
The MC1466L integrated circuit voltage and current reguiator is
designed to give “laboratory” power-supply performance.

® Voltage/Current Regulation with Automatic Crossover

Excellent Line Voltage Regulation, 0.03% +3.0 mV (Max)

m | ; 03% +3. L SUFFIX
Excellent Load Voltage Regulation, 0.03% +3.0 mV (Max) CERAMIC PACKAGE
CASE 632

.

.

® Excellent Current Regulation, 0.2% + 1.0 mA
® Short-Circuit Protection

® Output Voltage Adjustable to Zero Volts

¢ Internal Reference Voltage

® Adjustable Internal Current Source

TYPICAL APPLICATIONS
FIGURE 1 — 0-TO-15 Vdc, 10-AMPERES REGULATOR FIGURE 2 — 0-TO-40 Vdc, 0.5-AMPERE REGULATOR
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MC1466L

MAXIMUM RATINGS (Tp = +25°C unless otherwise noted)

Rating Symbol Value Unit
Auxiliary Volitage Vaux 30 Vde
Power Dissipation {Package Limitation) Pp 750 mw
Derate above T = +50°C 1/8)A 6.0 mwW-rC
Operating Temperature Range TA Oto +70 °C
Storage Temperature Range Tstg —65to +150 °C

ELECTRICAL CHARACTERISTICS (Tp = +25°C, Vaux = +25 Vdc uniess otherwise noted)
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Characteristic Definition Characteristic Symbol Min | Typ | Max | Units
. T Auxiliary Voltage (See Notes 1 & 2) Vaux 21 — 30 | Vdec
{Voltage from pin 14 to pin 7)
i, Auxiliary Current laux — 9.0 12 | mAdc
R EnU
Internal Reference Voltage VIR 173 | 182 [18.7 | Vdc
{Voltage from pin 12 to pin 7}
Reference Current (See Note 3) lref 0.8 1.0 1.2 | mAdc
+- Input Current — Pin 8 ig - 6.0 12 | pAde
R
et T i’” 2 | Power Dissipation Pp — — | 360 | mwW
R e Input Offset Voltage, Voitage Control Viov 0 15 40° | mVdc
Amplifier {See Note 4}
S e Load Voltage Regulation AViov — 1.0 3.0 mvV
(See Note &) AVietVref | — | 0.015 | 0.03 %
Line Voltage Regulation AVioy — 1.0 3.0 mV
{See Note 6) AVrefVrgf | — | 0.015 | 0.03 | %
é’:# V! Temperature Coefficient of Output TC\;0 — 0.01 — | %/C
it 2 Voltage {TA = 0to +75°C)
Input Offset Voitage, Current Control Vioi 0 15 40 | mVde
. Amplifier (See Note 4)
el B (Voltage from pin 10 to pin 11)
l L
L. MC1466*
|
M "¢ | Load Current Regulation A | — o0z | — | =
l—?? $ WI " {See Note 7) Alpef — — 1.0 | mAdc

*Pins 1 and 4 no cannection.
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NOTE 1:
The instantaneous input voltage, Va,x, must not exceed the
maximum value of 30 voits for the MC1466. The instantaneous
value of Vg, must be greater than 21 volts for the MC1466 for
proper internal regulation.
NOTE 2:
The auxiliary supply voltage Va,x, must “float” and be electri-
cally isol from the ur lated high voltage supply, Vj,.
NOTE 3:
Reference current may be set to any value of current less than
1.2 mAdc by applying the relationship:

855
lref (MA) = —S00 _
ref (MA) = & k)

NOTE 4:

A built-in offset voltage (15 mVdc naminall is provided so that
the power supply output valtage or current may be adjusted to
ze10.
NOTE 5:

Load Voltage Regulation is a function of two additive compao-
nents, AVioy and AV ef, where AVqy isthe change in input offset
voltage {measured between pins 8 and 9) and AVef is the
change in voltage across R2 (measured between pin 8 and
ground). Each component may be measured separately or the
sum may be measured across the load. The measurement pro-
cedure for the test circuit shown is:

a. With S1 open (l4 = 0) measure the value of Vg, (1) and

Veef (1 é i

b. Close 51, adjust R4 so that I = 500 pA and note Viov (2)
and Vit (2).

Then AVioy = Vigy (1) = Viov (2)
% Reference Regulation =

Load Voltage Regulation =
AV,
et (100%) + AVigy.
Vref
NOTE 6:
Line Voltage Regulation is a function of the same two additive
components as Load Voitage Regulation, AVjoy and AV ef (see
Note 5). The measurement procedure is:
a. Set the auxiliary voltage, Vayx, 10 22 volts. Read the value
of Vigy (1) and Vyef (4).
b. Change the V,,x to 28 volts and note the value of Viov (2)
and Vyef (2). Then compute Line Voltage Regulation:
Viov = AViov (1) = Viov (2)
% Reference Regulation =
=V \4
Wret (1 = Vret @il 100, - 2Vref (1005,
Vref (1) Veef
Line Voltage Regulation =

Vel (100%) + avigy.
Vref

NOTE 7:

Load Current Regulation is measured by the following

procedure:

a. With S2 open, adjust R3 for an initial load current, IL{1), such
that Vj is 8.0 Vde.

b. With S2 closed, adjust R for Vg = 1.0 Vdc and read IL(2)-
Then Load Current Regulation =

Ue) — )l (1004) 4 g
L

where lref is 1.0 mAdc, Load Current Regulation is specified
in this manner because et passes through the load in a
direction opposite that of load current and does not pass

7 - Veet (21} av s ;
Nref (1) ~ Veef (2)1 [100%) = 2vref (100%) through the current sense resistor, Rg.
Vref (1) Vref
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MC1466L

FIGURE 6 — TYPICAL CIRCUIT CONNECTION
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NORMAL DESIGN PROCEDURE AND

. Constant Voltage:
For constant voltage operation, output voltage Vg is given by:
Vo = (lref) (R2)
where R2Z is the resistance from pin 8 to ground and leef is the
output current of pin 3.
The recommended value of lrgf is 1.0 mAdc. Resistor R1 sets
the value of Iref:

loaf — 8.5
ref = R
where R1 is the resistance between pins 2 and 12. 8
2. Constant Current:
For constant current operation:
{a} Select Rg for a 250 mV drop at the maximum desired reg- 8.
ulated output current, imax- 10
{b) Adjust potentiometer R3 to set constant current output at
desired value between zero and Imax-
3. If Vi is greater than 20 Vdc, CR2, CR3, and CR4 are necessary
to protect the MC1466 during short circuit or transient

conditions.
. In applications where very low output noise is desired, R2 may
be bypassed with C1 {0.1 uF to 2.0 uF). When R2 is bypassed,
CR1 is necessary for protection during short circuit canditions.
. CRS is recommended to protect the MC1466 from simultane- 11.
ous pass transistor failure and output short circuit.

Fins 1 and 4 no connection

DESIGN CONSIDERATIONS

The RC network (10 pF, 240 pF, 1.2 k) is used for compen-
sation. The values shown are valid for all applications. How-
ever, the 10 pF capacitor may be omitted if . of Q1 and Q2 is
greater than 0.5 MHz.

. For remote sense applications, the positive voitage sense ter-

minal (Pin 9} is connected to the positive load terminal through
a separate sense lead; and the negative sense terminal (the
ground side of R2) is connected to the negative load terminal
through a separate sense lead.

. Co may be selected by using the relationship:
Co = (100 uF) I {max). where I (max) is the maximum load
current in amperes.
C2 is necessary for the internal compensation of the MC1466.
. For optimum regulation, current out of Pin 5, I5 should not
exceed 0.5 mAdc. Therefore select Q1 and Q2 such that:
'max . o5 made
B182
where: Imax = maximum short-circuit load current {mAdc)
B1 = minimum beta of Q1
B2 = minimum beta of Q2

Although Pin 5 will source up to 1.5 mAdc, | > 0.5 mAdc will
result in a degradation in regulation.
CR6 is recommended when V > 1506 Vdc and should be rated
such that Peak inverse Voltage > Vg.

12. In applications where R2 might be rapidly reduced in value, it
is recommended that CR3 be replaced by (2 and R4.

R

ol |

01MFI ;R2

9

CRA2

Q2

R4

This design consideration prevents R2 fram being destroyed
by excessive discharge current from Co. Components Q2 and

R4 should be selected such that:

e =2

10
Veeo of Q2

—and

= Vg
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OPERATION AND APPLICATIONS

This section describes the operation and design of the MC1466 voltage and current regulator and also provides information

on useful applications.

THEORY OF OPERATION

The schematic of Figure 5 can be simplified by break-
ing it down into basic functions, beginning with a simplified
version of the voltage reference, Figure 7. Zener diodes
CRI and CRS with their associated forward biased diodes
CR2 through CR4 and CRé6 through CR8 form the stable
reference needed to balance the differential amplifier. At
balance (VB| = VB3), the output voltage, (V]2 — V7).
is at a value that is twice the drop across either of the two
diode strings: V12 — V7 =2 (VCR] + VCR2 + VCR3 +
VCR4)- Other voltages, temperature compensated or other-
wise, are also derived from these diodes strings for use in
other parts of the circuit.

The voltage controlled current source (Figure 8) is a
PNP-NPN composite which, due to the high 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 base
voltage (VB,) is derived from a temperature compensated
portion of the diode string and consequently the overall
current is dependent on the value of emitter resistor R1.
Temperature compensation of the base emitter junction
of Q3 is not important because approximately 9 volts
exists between VB, and Vi3, making the AVBE’s very
small in percentage. Circuit reference voltage is derived
from the product of IR and RR; if IR is set at 1 mA
(Rl = 8.5 k), then RR (in k2) = V5. Other values of
current may be used as long as the following restraints are
kept in mind: 1) package dissipation will be increased by
about 11 mW/mA and 2) bias current for the voltage control
amplifier is 3 A, temperature dependent, and is extracted
from the reference current. The reference current should

FIGURE 8 — VOLTAGE CONTROLLED CURRENT SOURCE
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MC1466L

be at least two orders of magnitude above the largest ex-
pected bias current.

Loop amplification in the constant voltage mode is
supplied by the voltage controlled amplifier (Figure 9), a
standard high gain differential amplifier. The inputs are
diode-protected against differential overvoltages and an
emitter degenerating resistor, RQS, has been added to one
of the transistors. For an emitter current in both Q5 and
Q6 of 1/2 milliampere there will exist a preset offset volt-
age in this differential amplifier of 15 mV to insure that
the output voltage will be zero when the reference voltage
is zero. Without R(ys, the output voltage could be a few
millivolts above zero due to the inherent offset. Since the
load resistor is so large in this stage compared with the
load (Q9) it will be more instructive to look at the gain on
a transconductance basis rather than voltage gain. Trans-
conductance of the differential stage is defined for smatl
signals as:

gm= - o (1)

where
0.026
e~ —— and
IE
RE = added emitter degenerating resistance.

For Ig=0.5 mA,

1 1
= _ =75mAjvolt. (2
104+30 134 mA/fvo :

gm

FIGURE 9 — VOLTAGE CONTROL AMPLIFIER
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This level is further boosted by the output stage such that
in the constant voltage mode overall transconductance is
about 300 mA/volt. '

A second differential stage nearly identical to the first
stage, serves as the current control amplifier (Figure 10).
The gain of this stage insures a rapid crossover from the
constant voltage to constant current modes and provides
a convenient point to control the maximum deliverable
load current. In use. a reference voltage derived from the
preregulator and a voltage divider is applied to pin 10
while the output current is sampled across Rg by pin 11.
When 1] Rg is 15 mV below the reference value, voltage
V] begins to rapidly rise, eventually gaining complete
control of Q9 and limiting output current to a value of
V2/Rs. M V2 is derived from a variable source, short
circuit current may be controlled over the complete out-
put current capability of the regulator. Since the constant-
voltage to constant-current change-over requires only a few
millivolts the voltage regulation maintains its quality to
the current limit and accordingly shows a very sharp
“knee™ (1% +1 mA, Figure 11). Note that the regulator
can switch back into the constant voltage mode if the
output voltage reaches a value greater than VR. Operation
through zero milliamperes is guaranteed by the inclusion
of another emitter offsetting resistor.

FIGURE 11 — V, CURVE FOR 0-TO-40 V,
0.5-AMPERE REGULATOR
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Transistor Q9 and five diodes comprise the essential
parts of the output stage (Figure 12). The diodes perform
an “OR” function which allows only one mode of operation
at a time - constant current or constant voltage. However,
an additional stage (Q9) must be included to invert the

logic and make it compatible with the driving requirements
of series pass transistors as well as provide additional gain.
A 1.5 mA collector current source sets the maximum de-
liverable output current and boosts the output impedance
to that of the current source.

Note that the negative (substrate) side of the MC1466 is
7.25 volts lower than the output voltage, and the reference
regulator guarantees that the positive side is 11 volts above
the output. Thus the IC remains at a voltage (relative to
ground) solely dependent on the output, ‘‘floating’’ above
and below Vo. VCE across Q9 is only two or three VBE’s
depending on the number of transistors used in the series pass
configuration.

Performance characteristics of the regulator may be approx-
imately calculated for a given circuit (Figure 2). Assuming
that the two added transistors (Q12 and Q13) have minimum
betas of 20, then the overall regulator transconductance will
be:

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

For a change in current of 500 mA the output voltage

will drop only:

0.5
AV=— =42mV. (4)
120
FIGURE 12 — MC1466 OUTPUT STAGE
Preregulated
L‘_“ e ——

18v
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Fram Current Control Amplifier

Contral Amplitfier

Y

The analysis thus far does not consider changes in VR
due to output current changes. If I increases by 500 mA
the collector 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 =~0.30 uA which will drop
the output by 0.03%. This figure may be improved con-
siderably by either using high beta devices as the pass
transistors, or by increasing IR. Note again, however, that
the maximum power rating of the package must be kept
in mind. For example if IR = 4 mA, power dissipation is

PD=20V(8mA)+{11 VX3 mA)=193 mW. (5)

This indicates that the circuit may be safely operated up
to 118°C using 20 volts at the auxiliary supply voltage.
If, however, the auxiliary supply voltage is 35 volts,

Pp=35V(8mA)+26V (3mA)=358mW. (6)

which dictates that the maximum operating temperature
must be less than 919C to keep package dissipation within
specified limits.

Line voltage regulation is also a function of the voltage
change between pins 8 and 9, and the change of Vief. In
this case, however, these voltages change due to changes in
the internal regulator’s voltages, which in turn are caused
by changes in Vaux. Note that line voltage regulation is
not a function of Vj,. Note also that the instantaneous
value of Va,x must always be between 20 and 35 volts.

Figure 6 shows six external diodes (CR| to CRg) added
for protective purposes. CR| should be used if the output
voltage is less than 20 volts and CR3, CR3 are absent. For
Vo higher than 20 volts, CR§ should be discarded in favor
of CRy and CR3. Diode CR4 prevents IC failure if the
series pass transistors develop collector-base shorts while
the main power transistor suffers a simultaneous open emit-
ter. If the possibility of such a transistor failure mode
seems remote, CRq may be deleted. To prevent instant-
aneous differential and common mode breakdown of the
current sense amplifier, CRg must be placed across the
current limit resistor Rg.

Load transients occasionally produce a damaging reversal
of current flow from output to input Vo > 150 volts (which
will destroy the 1C). Diode CRg prevents such reversal
and renders the circuit immune from destruction for such
conditions, e.g.. adding a large output capacitor after the
supply is turned “on™. Diodes CRy, CR3, CR3,and CRg
may be general purpose silicon units such as IN40O1 or
equivalent whereas CR4 and CRg¢ should have a peak inverse
voltage rating equal to Vi, or greater.

APPLICATIONS

Figure 2 shows a typical 0-t0-40 volts, 0.5-ampere regu-
lator with better than 0.01% performance. The RC network
between pins 5 and 6 and the capacitor between pins 13 and
14 provide frequency compensation for the MC1466. The
external pass transistors are used to boost load current, since
the output current of the regulator is less than 2 mA.

MOTOROLA LINEAR/INTERFACE DEVICES

3-105




MC1466L

Figure 1 is a O-to-15 volts, 10-ampere regulator with the
pass transistor configuration necessary to boost the load
current to 10 amperes. Note that Cg has been increased to
1000 uF following the general rule:

Co =100 uF/A If.

The prime advantage of the MC1466 is its use as a high
voltage regulator, as shown in Figure 3. This 0-to-250 volts
0.1-ampere regulator is typical of high voltage applications,
limited only by the breakdown and safe areas of the output
pass transistors.

The primary limiting factor in high voltage series regula-
tors is the pass transistor. Figure 13 shows a safe area curve
for the MJ413. Looking at Figure 3, we see that if the
output is shorted. the transistor will have a collector cur-
rent of 100 A, with a VCE approximately equal to 260
volts. Thus this point falls on the dc line of the safe arca
curve. insuring that the transistor will not enter secondary
breakdown.

tu this respect (Safe Operating Areu) the foldback circuit
of Figure 14 is superior for handling high voltages and yet
is short-circuit protected. This is due to the fact that load
current is diminished as output voltage drops (V| increases
as Vy drops) as seen in Figure 15. By careful design the
load current at a short. IgC can be made low enough such
that the combined VCE (Viy) and 1§ still falls within the
de safe operating area of the transistor. For the illustrated
design (Figure 14), an input voltage of 210 volts is compa-

tible with a short circuit current of 100 mA. Yet current
foldback allows us to design for a maximum regulated load
current of 500 mA. the pertinent design equations are:
Let R72 (k2) = Vo
b
o= 0"‘,,5 ’ Ik 1 ]

Vo lisc
R} ckm=|‘fa Vo

0.25

RSC=(i-ayise

FIGURE 13 — SAFE AREA CURVE FOR THE MJ413
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The terms Igc and Ik correspond to the short-circuit
current and maximum available load current as shown in
Figure 15.

FIGURE 15 — TYPICAL FOLDBACK PERFORMANCE
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Figure 16 shows a remote sense application which should
be used when high current or long wire lengths are used. This
type of wiring is recommended for any application where the
best possible regulation is desired. Since the sense lines draw
only a small current, large voltage drops do not destroy the
excellent regulation of the MC1466.

TRANSIENT FAILURES

In industrial areas where electrical machinery is used

the normal ac line often contains bursts of voltage running
from hundreds to thousands of volts in magnitude and only
microseconds in duration. Under some conditions this en-
ergy is dissipated across the internal zener connected be-
tween pins 9 and 7. This transient condition may produce
a total failure of the regulator device without any apparent
explanation. This type of failure is identified by absence
of the 7 volt zener (CR1) between pin 9 and pin 7. To pre-
vent this failure mode the use of a shielded power
transformer is recommended, as shown in Figure 6. In
addition, it is recommended that Cl, C3 and C4 be
included to aid in transient repression. These capacitors
should have good high frequency characteristics.

If the possibility of transients on the output exists, the
addition of a resistor and zener diode between pins 9 and
7 as shown on Figure 17 should be added.

VOLTAGE/CURRENT MODE INDICATOR

There may be times when it is desirable to know when the
MC1466 is in the constant current mode or constant voltage
mode. A mode indicator signal circuit can be easily added to
provide this feature. Figure 18 shows how a PNP transistor has
replaced a protection diode between pins 8 and 9 of Figure 2.
When the MC1466 goes from constant voltage mode to constant
current mode, Vo will drop below Vg and the PNP transistor
will turn on. The 1 mA current supplied by pin 8 will now be
shunted to base of QI thereby providing a mode signal output.

FIGURE 16 — REMOTE SENSE
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MJE340 OR EQUIV

FIGURE 17 — A 0-TO-250 VOLT, 0.1-AMPERE REGULATOR
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FIGURE 18 ~ 0-TO--40 Vdc, 0.5-AMPERE REGULATOR WITH MODE INDICATOR
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SECTION 19 T-QD-20
PACKAGE OUTLINE DIMENSIONS

K SUFFIX LP, P, Z SUFFIX
 ome | o | wax METAL PACKAGE % WOHES PLASTIC PACKAGE
_' =21 CASE 1-03 ows v | e |k Y CASE 29-04
TENTE RgJA = 45°CW (TYP) i Tsn fomfom)  Roya = 200°C/W (TYP)
(= - (TO-3) 21|05 | oots | oo (TO-226AA/TO-92)
] fl Y 41 | 043 | 9016 | 0019 |
! 5215 NOTES: 15 | 139 | 0.045 | 0055 | NOTES:
. 14.89 BSC 1, DAMETER V AND SURFACE W ARE DA - 254 — -} 0100 1. CONTOUR OF PACKAGE BEYOND ZONE “P" 18
i 782 - | 0312 | — 2. POSITIONAL TOLERANCE FOR HOLE @: 42 | 268 | 0005 | 0105 UNCONTROLLED.
| e IUC O Prent ea i
: = = 3. POSITIONAL TOLERANCE FOR LEADS: 5 L= = 0 hUs a1
| 2 | CELIOI IO O O O v 270m
n | s — o] = {0.5% FROM SEATING PLANE.
39 | 050 [ 0015 | 0070 1 3. CONTROLLING DiM: INCH.
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G, H SUFFIX TS F KC, T SUFFIX
MAX g
METAL PACKAGE wn 1;'?; ?“7:3 Eg ] PLASTIC PACKAGE
CASE 79-05 o o] CASE 221A-04
RgJa = 185°C/W (TYP) sl mlimlosl  Ryjp = 65°CW (TYP)
(TO-39) 42 | 268 | 0096 | 008 (TO-220AB)
80 | 393 0110 | 0.155
NOTES: 56 | oot | 00 |
|.mmmommmmm 1270 | 1427 | 0500 § 0562 NOTES:
2 CONTROLLING DIMENSION: BNCH. L BEIC] i ‘-WWTMWNMW
3 UmeMUREDmOMmMENS(ONA 254 _%_ g,g L:ig 2 CONTRblUNG DIMENSION: INCH.
m"n"ﬂs"m,- A 000 | 0110 | 3 pywZ DEFINES A ZONE WHERE ALL BODY AND
‘mmwzo?&ﬁuswzowmrgf 53 [0 1101 LeAD RREGULARTIES ARE ALLOKED.
AUTOMATIC HANDUNG. 47 | 0000 | 0050 |
Wlmmummhmugmuﬁwm =Tl - low Ea -y
UNCONTROLLED IN DIMEN: B e F € b
] BEYOND DIMENSION K MIMUM. jj /_ = 1_1 s
\,
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PACKAGE OUTLINE DIMENSIONS (continued)
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INCHES
MIN | MAX
0572 | 0613

0390 | 0415
0.170 | 0180

0025 | 003

T SUFFIX
PLASTIC PACKAGE
CASE 314D-02

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANS!
Y14.5M, 1952,
2 CONTROLLING DIMENSION: INCH.

SEATHG
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la—
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DT-1 SUFFIX
PLASTIC PACKAGE
CASE 369-03

1. DIMENSIONING AND TOLERANCING
PER ANSE Y1454, 1982,
2. CONTROLLING DIMENSION: INCH,

J.L

4
1 re—G J 3 la— H
o m——l f— H—p| |j— J
NIETORES G b
WAUWETERS | WNCHES
DT SUFFIX DM [ MIN | MAX | WIN | HAX H, G SUFFIX
PLASTIC PACKAGE 51| 939 ] 033 [ 0310 METAL PACKAGE
NN R AR CASE 603-04
- CASE 369403 S CsEo
088 | 0 1 DPAK - T [ — | o 8JA = 160°C/W
0. ) Y 0406 | 0433 | 0018 | 0013 {TO-100)
114 | 000 [ 0 564 85C 0730 B5C
T e NOTES: ot o] ekos wmaNes 0007) RADIUS OF TRUE
057 | 106 042 ‘ 737 | 114 | 0029 | 0045 N 0.18 mom (0
ode T o5 oo T oo D A LERAKEING 1200 [ Tuso | — ] FOSTONATSEATHG LANE AT kUM
260 | 259 | 0102 § 0414 y . 5 {1270 | 0250 | 0500 TERIAL CONDITION.
0 12 ol 2 CONTROLLING DIMENSION: INCH. L n 2 1s
51 ] 56 | o5 [ 05 = T [~ T o
064 | 088 | 00%5 | o 9 | 355 | 406 | 0300 | 010 -
o5t | — (oo | — 0254 102 T goio | 000 ALl JEDEC Dimensians and Notes Apply.
089 | 177 | o0% | oo
42 - 0179 { ~ f— A —oy
r._ B — c
= {°
e
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PACKAGE OUTLINE DIMENSIONS (continued)

Nl =
[ BIYIE

e i o A A L g

G SUFFIX DP2, D, J, L, N SUFFIX
METAL PACKAGE CERAMIC PACKAGE
ETERS INCHES
CASE 603C-01 ow | e | | MR CASE 620-10
Rgja = 150°C/W (TYP} A ‘3‘?3 ‘;-9‘; g-m gg . Rgya = 100°CW {TYP)
(T0'1 00) - .08 - 0200 NOTES:
584 BSC 0200 BSC 03 | 053] 0015 [ 00 1. LEADS WITHIN 0.13 mm (0.005) RADRUS OF TRUE
712 ] 086A| 0028 | 0.034 140} 178 | 0055 ) 04070 POSITION AT SEATING PLANE AT MAXIMUM
T3 | 14| 0029 [ 0.045 254 BSC 0.100 B5C MATERIAL CONDITION.
0 | — |00 | — 051 [ 114 | 000 1 0048 2. PACKAGE INDEX: NOTCH N LEAD NOTCH IN
6% |20 | 0250 | 0500 | NOTES: 020 | 030 | 0008 } 0012 CERAMIC OR INK DOT.
W] %° B5C 1, LEADS WITHIN 0.18 mm (0.007) RADIUS OF TRUE 316 | 432 ] 025 1 0.170 3. DM "L" TO CENTER OF LEADS WHEN FORMED
9 | = ] 1277 | — ] 0o POSITION TO DIM, “A” & “H" AT SEATING PLANE PARALLEL.
@ | 356 | 408 [ 0140 | 0160 AT MAXIMUM MATERIAL CONDITION. 4 DIM “A” AND "B" DO NOT INCLUDE
R_] 0254 102 | 0010 | 0.040 2. LEAD DIA UNCONTROLLED BEYOND DIM K™ MIN. GLASS RUN-OUT.
- 5. DIM “F* MAY NARROW TO 0.7 mm (0.030)
A — WHERE THE LEAD ENTERS THE CERAMIC BODY.
[ rC
E} P B /
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weat |FF-HFE—
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N, P1 SUFFIX L SUFFIX
PLASTIC PACKAGE . CERAMIC PACKAGE
CASE 626-05 - m.mm muasx IRCHES CASE 632-08
N | MAX
RgJa = 100°C/W (TYP) 1905 | 1994 1 0750 | 0385 RgJA = 100°C/W (TYP)
X 2| 2] 0245 0280 (TO-1186)
NOTES:
' 394 | 608 | 0155 | 0200
1. LEAD POSITIONAL TOLERANCE: ____ 39 | 050 | 0015 | 0020 | NOTES:
[$]connw ®[1{A @@ 140 | 165 | 0055 | 0.065 1. DIMENSIONING AND TOLERANCING PER ANSL
2 DIMENSION L TO CENTER OF LEADS WHEN FORMED 254 8SC 0,100 BSC Yi45M, 1962,
PARALLEL 1] 038 | 0008 | 0015 2. CONTROLLING DIMENSION: INCH.
3 PACKAGE CONTOUR OPTIONAL {ROUND OR SQUARE 318 | a3 | 0426 | 0070 3. DIMENSION € TO CENTER OF LEAD WHEN
CORNERS). .62 BSC 0300 8SC FORMED PARALLEL.
4 DIMENSIONS A AND B ARE DATUMS. T I I I 4. DIM F MAY NARROW TO 0.7 {0.030) WHERE THE
5. [SMENSIONING AND TOLERANCING PER ANS! N | o5t} tot [ 0020 [ 0040 LEAD ENTERS THE CERAMIC BODY.
YI4SM, 1982.
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PACKAGE OUTLINE DIMENSIONS (continued)

N, P, N-14, P2 SUFFIX N, P SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
MILLBIETERS | WNCHES CASE 646-06 MILUMETERS | _iNCHES CASE 648-08
| DM | MN | MAX | MIN | MAX o | oM | MiN | MAX | MIN | MAX ] o
1a16_| 1958 | 0715 | 070 Rgsa = 100°C/W (TYP) g0 | vass Tow o]  Rgya = 100°C/W (TYP)
10 | 660 | 0240 | 0260 35 | 686 | 0250 | 0270 |
369 | 463 | 0.145 | 0185 .69 444 ) 0145 | 0.475
.38 | 053 [ 0018 | 0021 | nomes: 39 | 083 1 0015 [ 0021 | wores:
02 | 178 | 0040 | oot 1. LEADS WITHIN 0.13 mm (0.005) RADIUS OF TRUE 102 | 177 | 0040 | 0070 1. DIMENSIONING AND TOLERANCING PER
54 BSC 0.100 BSC POSITION AT SEATING PLANE AT MAXIMUM .54 BSC 0.100 B5C ANS! Y145M, 1962,
2 ) 241 | 0052 T o0 MATERIAL CONDITION, .27 BSC 0.050 BSC 2. CONTROLLING DIMENSION: INCH.
20 [ 03 | o008 | 0015 2. DIMENSION “L" TO CENTER OF LEADS WHEN 021 | 038 [ 0008 | 0015 | 3. DIMENSKON “L” TO CENTER OF LEADS VWHEN
52 | 343 | 0415 | 0.435 FORMED PARALLEL. X g-g 32 ;;g gg: FORMED PARALLEL.
762 BSC 0.500 BSC 3. DIMENSION “B" DOES NOT INCLUDE MOLD ] . ; 4. DIMENSION “B” DOES NOT INCLUDE MOLD
At o T [ oo [ i FLASH, Ml ¢ Tl ¢ | i FLASH,
039 ] 1011001570038 | 4 ROUNDED CORNERS OFTIONAL. s ' ost] 10t [ 002 | 008 ] 5 ROUNDED CORNERS OPTIONAL

ALV
14 8

’ DA ANAA
3 \ 18 9 '
O ] D B =
: : ° J 4
A NOTE4 ——l L—F c r__ L
—=F [ | \ s
r Ja| ) [T] e
iR
H r— -K J—onllee— M
] G |
—e{l-D 165t
ful——fo [#loz5000 @ 12 @]
P SUFFIX J-8, J, JG, U, Z SUFFIX
RS | Ticies PLASTIC PACKAGE CERAMIC PACKAGE
om | [ | CASE 648C-02 CASE 693-02
. X — 0,
810 | 660 | 0240 NOTES: RgJA = 100°C/W (TYP)
89 | 469 1 045 ] 0185 | " [eans wimkin 0.13 mm (0.005) RADIUS OF
38 1 053 | 0015 | 0021 TRUE POSITON AT SEATING PLANE AT
'g%ué'n oo 1 0t 4 MATERIAL CONDITION. NOTES
X . DIMENSION *L° QF LEADS WHEN :
38 | 201 [ 0015 [ 081 2 pomes punuig CHVTER OF LEADS 1.LEADS WITHIN 0.13 mm (0.005) RAD OF TRUE
2o LA | 3 ;ivNsION “B" DOES NOTINCLUDE MOLD POSITION AT EATIG PLARE AT HAXIUM
48 { o8 0. FUASH. ERAL :
18285 0300 85C 4, ROUNDED CORNERS OPTIONAL 2.DIMENSION "L" TO CENTER OF LEADS WHEN
e Jwlelw 5. EXTERNAL LEAD CONNECTION, BETWEEN 4 FORMED PARALLEL.
il o] worfoosTosd] ™ ppy aano 3 as svow,
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PACKAGE OUTLINE DIMENSIONS (continued)

A, B, N, P SUFFIX J, L SUFFIX
R | PLASTIC PACKAGE | G CERAMIC PACKAGE
oM | T’M_;x"’ 1 W CASE 707-02 CASE 726-04
o ore [om| RoJA = 100°C/W (TYP) RgJA = 100°C/W (TYP)
e PR
i L%tﬁcﬁ e Toms T om NOTES:
@] 152 | 0.060 l‘fsz ssé °-1°7g°° s&‘:n 1, LEADS, TRUE POSITIONED WITHIN 0.25 mm
T Sh o Lo 7 RV
L 182 asts‘ oezoo ascs' N [os1 | iplom ol 2 % TO CENTER OF LEADS WHEN FORMED
1 I
| 3'51 15 | oo | Olw 1FDlM"A":"B"INCLUDEShENISCUS.
- 4 "F" DIMENSION IS FOR FULL LEADS. “HALF*
HOTES: i N LEADS ARE OPTIONAL AT LEAD POSITIONS 1.9,
1 TOLERANCE OF LEADS (D}, SHALL BE iy ””? ' 10, ARD 18,
WITHIN 0.25mm{0.010) AT MAXIMUM MATERIAL
CONDITOH, WRELATON 10 SEATING PLANE
AND EACH OTHE
2 AWRENSION L 10 CENTER OF LEADS WHEN
FORMED PARALLEL. " DN
2 DIMENSION B DOES NOT INCLUDE MOLD FLASH. T
ANOOAOOANA
[ ® _II!' VQVEVUQV?
UUUUUUU:} ‘ GL— m"f'-‘“'
T 7
' L é
R —
¢ 1
Ny K —-/ \—m
~ Fu F—-Ial-—"""'\ﬂ;n Vil 9+
D SUFFIX D SUFFIX
on ::.'m CASE 751-03 PLASTIC PACKAGE
A [aw PLASTIC PACKAGE CASE 751A-02
3 S0-8, SOP-8 $0-14
s RgJA = 190°C/W (SO-8) RgJA = 145°C/W (TYP)
g ;11 RgJA = 160°C/W {SOP-8) Y
: °'°1° s | 50 | 078 | 0oa 1#31&;@5&3 RCAEND § ARE DATUMS ANDTIS A
p i en Lo o] A Lox 1 oo Lo Lo d ﬁm&;‘;mum FOR D DIMENSION
s [+lozs 0o @118 Gla 0l
1. O'iaer:'s?usF ARNDB AREONTUS ANDTISA ey TOLERANCE FOR P BMENSION
\TUM SURI :
[onnn®le @l
% : s’mﬂsﬂ' TOLERANCE FOR D DENSIOK IS n mmer:"snomm AND TOLERANCING PER ANS!
[+ oseno @1l Gfa O Y145M, 1982.
5 FOSTONAL TOLRANCE R ONENSON B SRS AN 300 ot NGLUDE oD
e o @) PROTRUSION.
e—{A]— 4. DIMENSIONING AND TOLERANCING PER ANSI —{A}- " ﬁ’}"é?‘.,‘é” HOLD PROTRUSION 0.15 (000
Yi45M, 1982, AR R
RHE 5. CONTROLLING DIMENSION: MILUMETER.
0 0 6. DIMENSION A AKD B DO KOT INCLUDE MOLD " '
PROTRUSION, =
B Lo 7. MAXIMUM MOLD PROTRUSION 0.15 (0.006) P 1M
® . PER SIDE. ® ?
) L U I
__IGH R —-l RX45° gl c "l[““x“'
s {j%l L | Lt lem A=
B —n—_;l o Ik ma M F Lk D->”4—“H- K S ] F—sl L—EJ
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DW SUFFIX
PLASTIC PACKAGE
10 CASE 751G-01
! S0O-16L

= 7!&5.:& Moigso 0012
K | 010 | 025 | oo 008
] i I
P 1006 | 105 [ 03% | 045 | pores.

075 ] 075 | 000 1. DIMENSIONS A AND B ARE DATUMS AND TIS A

DATUM SURFACE,
2. DIMENSIONING AND TOLERANCING PER ANSI

Y145M, 1982,

3. CONTROLLING DIMENSION: MILLIMETER.

4. DIMENSION A AND 8 DO NOT INCLUDE MOLD
PROTRUSION.

5. MAXIMUM MOLD PROTRUSION 0.15 {0.006)
PER SIDE.

[+]025 0019 @8 @]
L"L

0.5 {0.010)

T8

HOTES:

LED
(4]

CASE 762-01
PLASTIC MEDIUM
POWER PACKAGE

SiP-9

AND C ARE DATUMS.

1. DIMERSIONS
AND T- IS A DATUM PLANE.
2 POSIONAL FOR

02 0010 @] T AD)
FOR
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