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SILICON MONOLITHIC
INTEGRATED CIRCUIT

PRECISION WIDE RANGE VOLTAGE
AND CURRENT REGULATOR

This unique "“floating” regulator can deliver hundreds of volts
— limited only by the breakdown voltage of the external series
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)

i o L SUFFIX
) . +3.
Excellent Load Voltage H?gulatlon, 0.03% +3.0 mV (Max) CERAMIC PACKAGE
® Excellent Current Reguiation, 0.2% + 1.0 mA CASE 632

® 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
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FIGURE 2 — 0-TO-40 Vdc, 0.5-AMPERE REGULATOR
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FIGURE 3 — O-TO-25 Vdc, 0.1-AMPERE REGULATOR
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MAXIMUM RATINGS (Tp = +25°C unless otherwise noted)

Rating Symbol Value Unit
Auxiliary Voltage Vaux 30 Vde
Power Dissipation {Package Limitation) Pp 750 mw
Derate above Tg = +50°C ICATN 6.0 mw/»C
Operating Temperature Range Ta 0to +70 °C
3 Storage Temperature Range Tsig | —B5to +150 °C

ELECTRICAL CHARACTERISTICS (Tp = +25°C, Vaux = +25 Vdc unless otherwise noted)

Characteristic Definition Characteristic Symbol Min | Typ | Max | Units
| A Auxiliary Voltage (See Notes 1 & 2) Vaux 21 — 30 Vdc
{Voltage from pin 14 to pin 7)
MC1466" . i Auxiliary Current laux — 9.0 12 | mAdc
48 Internal Reference Voltage VIR 173 | 182 | 19.7 | Vdc
{Voltage from pin 12 to pin 7}
Reference Current (See Note 3) lref 08 1.0 1.2 | mAdc
e input Current — Pin 8 Ig — 6.0 12 | pAdc
L' T é 3
i T l_\ £ "2 | Power Dissipation Po — — | 360 | mw
- L st Input Offset Vohage, Voitage Control Viov 0 15 40° | mVdc
Amplifier {See Note 4}
. s Load Voltage Regulation AViov — 1.0 3.0 mVy
v ™ 0R FOUY
MC1466 (See Note &) AVyefVref | — | 0.015 | 0031 %
Line Voltage Regulation AVigy — 1.0 3.0 my
{See Note 8) AVrefVref | — | 0.015 | 0.03 %
oL é:: v 4 Temperature Coefficient of Qutput TCVO - 0.01 — | %/"C
S N A ) Voltage (Tp = 0to +75°C)
Input Offset Voitage, Current Control Vigi 0 15 40 | mVdc
_ - Amplifier (See Note 4)
PUSJE T U (Voltage from pin 10 to pin 11)
11 |
1; MC1466*
P J ”"F o ‘ Load Current Regulation A | — o2 | = =
;?? SR {See Note 7) Alref — | — |10 | mAde

*Pins 1 and 4 no cannection.
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NOTE 1:
The instantaneous input voltage, Va,yx, Must not exceed the
maximum value of 30 voits for the MC1466. The instantaneous
value of Vg, must be greater than 21 volts far the MC 1466 for
proper internal regulation.
NOTE 2:
The auxiliary supply voltage Va,x, must “float” and be electri-
cally isolated from the unregulated high voltage supply, Vin.
NOTE 3:
Referance current may be set to any value of current less than
1.2 mAdc by applying the relationship:

lref (mA) Ry k)
NOTE 4:
A built-in offset voltage (15 mVdc nominal is provided so that
the power supply output voltage or current may be adjusted to
zera.
NOTE 5:
Load Voltage Regulation is a function of two additive compo-
nants, AVjoy and AV ef, Where AVqy isthe change in input offset
voltage {measured between pins 8 and 9) and AV e is the
change in voltage across R2 (measured between pin 8 and
ground). Each component may be measured separatety or the
sum may be measured across the load. The measurement pro-
cedure for the test circuit shown is:
a. With 51 open (I4 = 0} measure the value of Vjg, (7) and
Vref (1
b. Clg:o! Al, adjust R4 so that |4 = 500 pA and note Vigy (2)
and Vgt (2).
Then AVigy = Vigy (1) ~ Viav (2}
% Reference Regulation =

Vref (1) — Vref @1 10005 = AVref (1000,
Vref (1) Vief

Load Voltage Regulation =
AViet
= {100%} + AVjqy-
Vief {100%) iov
NOTE 6:
Line Voltage Regulation is a function of the same two additive
components as Load Voltage Regulation, AV g, and AV ef (see
Note 5). The measurement procedure is:
a. Set the auxiliary voltage, Va,x. to 22 volts. Read the value
of Vigy (1) and Vreg (1),
b. Change the V4, to 28 volts and nete the value of Viov (2)
and Vief (2). Then compute Line Voltage Regulation:
AVigy = AVigy (1) = Vigy (2)
% Reference Regulation =
i -V
Wref (11 — Vref ) (1009, — 2Vref (1000,
Vet (1) Veef
Line Voltage Regulation =

V
AVref 1100%) + aVigy.
Vref

NOTE 7:

Load Current Regulation is measured by the following

procedure:

3. With 2 open, adjust R3for an initial load current, IL{1}- such
that V, is 8.0 vde.

b. With S2 closed., adjust Ry for Vy = 1.0 Vdc and read L2y
Then Load Current Regulation =

U2 ~ Wl 00, 4 et
It

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

FIGURE 5 — BLOCK DIAGRAM
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FIGURE 6 — TYPICAL CIRCUIT CONNECTION
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NORMAL DESIGN PROCEDURE AND DESIGN CONSIDERATIONS
1. Constant Voltage: 6. The RC network (10 pF, 240 pF, 1.2 k{}} is used for compen-
For constant voltage operation, output valtage Vg is given by: sation. The values shown are vatid for all applications. How-
Vg = (et (R2) evet, the 10 pF capacitor may be omitted if f; of Q1 and Q2 is
where RZ is the resistance from pin 8 to ground and lpef is the greater than 0.5 MHz.
output current of pin 3. 7. For remote sense applications, the positive voltage sense ter-
The recommended value of l;gf is 1.0 mAdc. Resistor R1 sets minal (Pin 9} is connected to the pasitive ioad terminal through
the value of lref: a separate sense lead; and the negative sense terminal (the
Lo = 8.5 ground side of RZ) is cannected to the negative load terminal
ref = R_1 through a separate sense lead.
where R1 is the resistance between pins 2 and 12, 8. Cp may be selected by using the relationship:
2. Constant Current: Co = {100 uF) Iy {max). Where || {max] i the maximum load
For constant current aperation: current in amperes. .
{a} Select Rg for a 250 mV drop at the maximum desired reg- 8. C2 is necessary for the internal compensation of the MC1466.
ulated output current, Imax. 10. For optimum regulation, current out of Pin 5, I5 should not
{b) Adjust potentiometer R3 to set constant current output at exceed 0.5 mAdc. Therefore select Q1 and Q2 such that:
desired value between zero and Imgx- 'max < 0.5 mAde
3. If Vjp is greater than 20 Vde, CRZ, CR3, and CR4 are necessary Bip2 ’
to protect the MC1466 during short circuit or transient where: Imax = maximum short-circuit load current {mAdc)
conditions. 81 = minimum beta of Q1
4. In applications where very low output noise is desired, R2 may B2 = minimum beta of Q2
be bypassed with C1 (0.1 uF to 2.0 uF). When R2 is bypassed, Although Pin 5 will source up to 1.5 mAdc, I > 0.5 mAdc will
CR1is necessary for protection during short circuit conditions. result in a degradation in regulation.
5. CRS is recommended to protect the MC1466 from simultane- 11. CR6 is recommended when V, > 150 Vde and should be rated
ous pass transistor failure and output short circuit. such that Peak Inverse Voltage > V.

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

8 9
CR2

Q2

c1

onﬁI R2 R4

This design consideration prevents R2 from being destroyed
by excessive discharge current from Cq. Components Q2 and
R4 should be selected such that:

4 = — and
R wan

Vego of Q2 = 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
CR1 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 = VB2), the output voltage, {V12 — V7),
is at a value that is twice the drop across either of the two
diode strings: V]2 — 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
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yields a good working PNP from a lateral device working
at a collector current of only a few microamperes. Its base
voltage (V) is derived from a temperature compensated
portion of the diode string and consequently the overali
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 V|2, making the AVRE'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 k1), then RR (in kQ) = V. 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 'l mW/mA and 2) bias current for the voltage control
amplifier is 3 uA, 1emperature dependent, and is extracted
from the reference current. The reference current should

FIGURE 8 — VOLTAGE CONTROLLED CURRENT SOURCE

b
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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
emitier 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 voitage will be zero when the reference voltage
is zero. Without Rpg, 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 small
signals as:

gm = e + RE (1)
where
0.026
re =~ —— and
IE

RE = added emitter degenerating resistance.

For Ig =0.5 mA,
= l—1=75A/1 (2)
EASTTESTSE )

FIGURE 9 — VOLTAGE CONTROL AMPLIFIER

FIGURE 10 — CURRENT CONTROL CIRCUIT
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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 tise, eventually gaining complete
control of Q9 and limiting output current to a value of
V2/RS. I 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 ta constant-current change-over requires only a few
millivolts the voltage regulatien 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 zera milliamperes is guaranteed by the inclusion
of another emitter offsetting resistor.

FIGURE 11 — V| CURVE FOR 0-TO-40 V,
0.5-AMPERE REGULATOR

V, VOLTAGE {(VOLTS)
N
[=]

+ + + t
1 0.2 03 04 05
I, CURRENT (AMPERES)

MOTOROLA LINEAR/INTERFACE DEVICES

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5779808/MC1466L.html

MC1466L

Transistor Q% and five diodes comprise the essential The analysis thus far does not consider changes in VR
parts of the output stage (Figure 12). The diodes perform due to output current changes. If I increases by 500 mA
an “OR” function which allows only one mode of operation the collector current of Q9 decreases by 1.25 mA, causing
at a time - constant current or constant voltage. However, the collector current of Q5 to increase by 30 uA. Accord-
an additional stage (Q9) must be included to invert the ingly, IR will be decreased by ~0.30 uA which will drop
logic and make it compatible with the driving requirements the output by 0.03%. This figure may be improved con-
of series pass transistors as well as provide additional gain. siderably by either using high beta devices as the pass
A 1.5 mA collector current source sets the maximum de- transistors, or by increasing IR. Note again, however, that
liverable output current and boosts the output impedance the maximum power rating of the package must be kept
to that of the current source. in mind. For example if IR = 4 mA, power dissipation is

Note that the negative (substrate) side of the MC1466 is

Pp=20V(BmA)+ (11 Vx3mA)=193 mW. (5)
7.25 volts lower than the output voltage, and the reference

regulator guarantees that the positive side is 11 volts above This indicate; that the circuit may bfa_safely operated up
the output. Thus the IC remains at a voltage (relative to to 118°C using 20.‘_’{’]‘5 at the auxiliary supply voitage.
ground) solely dependent on the output, *“floating’’ above If, however, the auxiliary supply voltage is 35 volts,

and below Vo. VCE across Q9 is only two or three VBE’s Pp=35V (8 mA)+26 V(3 mA)=358mW. (6)
dependi ) ) .

cor;”ﬁ::llr:fi:: the number of transistors used in the series pass 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 Vyef. In

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: this case, however, these voltages change due to changes in
) the internal regulator’s voltages, which in turn are caused
gmT = (400) 300 mA/volt = 120 A/volt. (3) by changes in Vayy. Note that line voltage regulation is
not a function of Vj,. Note also that the instantaneous

For a change in current of 500 mA the output voltage value of Vax must always be between 20 and 35 volts.

will drap only: Figure 6 shows six external diodes (CR] to CRg) added

0.5 for protective purposes. CR| should be used if the output

AV =—1 =42mV. (4) voltage is less than 20 volts and CR2, CR3 are absent. For

120 Vo higher than 20 volts, CRj should be discarded in favor

FIGURE 12 — MC1466 OUTPUT STAGE of ‘CRZ and CR.3. Diode CRq prevents IC failure if tbc

series pass transistors develop collector-base shorts while

- Preregulated the main power transistor suffers a simultaneous open emit-
18v

ter. If the possibility of such a transistor failure mode
seems remote, CR4 may be deleted. To prevent instant-
Y aneous differential and common mode breakdown of the
\r current sense amplifier, CR5 must be placed across the
current limit resistor Rg.
Load transients occasionally produce a damaging reversal
t 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 CR}, CR3, CR3,and CRg
may be general purpose silicon units such as IN4QQ1 or
equivalent whereas CR4 and CRg should have a peak inverse
voltage rating equal to V;j, 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.

From Voltage

From Currant Control Amplifier

\( Contral Amplifier
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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 C,, has been increased to
1000 uF following the general rule:

Co =100 uF/A 1.

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 MI413. Looking at Figure 3. we see that if the
output is shorted. the transistor will have a collector cur-
rent of 100 mA, 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.

Lo this respect (Safe Operating Area) the foldback cireuit
of Figure 14 is superior for handling high voltages and yel
is short-circuit protected. This is due to the fact that load
current is diminished as cutput voltage drops (VCE increases
as V', drops) as seen in Figure 15, By careful design the
load current at a short, Ige can be made low enough such
that the combined VE (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 R2 (k§2) = Vg
03[l ]
Vo Lisc

= o
R (k)= - - Vo

0.25

RSC= (iayise

FIGURE 13 — SAFE AREA CURVE FOR THE MJ413
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FIGURE 14 — A 200 V, 0.5-AMPERE REGULATOR WITH CURRENT FOLDBACK
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The terms IgC and Ig correspond to the short-circuit
current and maximum available load current as shown in
Figure 15.

FIGURE 15 — TYPICAL FOLDBACK PERFORMANGE
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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 valt zener (CR1) between pin 9 and pin 7. Tu 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 INDIC ATOR

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 tum on. The 1 mA current supplied by pin 8 will now be
shunted to base of Q1 thereby providing a mode signal output.

FIGURE 16 — REMOTE SENSE

MC1466L
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FIGURE 17 — A 0-TO-250 VOLT, 0.1-AMPERE REGULATOR
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FIGURE 18 — 0-TQ--40 Vdc, 0.5-AMPERE REGULATOR WITH MODE INDICATOR
MPS6565
14 QR EQUIV
* T +50 Vdc
‘
01
uF | 2N4922
13 —O—{ OR EQUIV
25 Vdc MC1466L E %1 0k
O L
|
7 10 !
1N4A001 # as
T OR EQUIV
d8 b3 092
Vg 4 l
—i¢ + -8+
Ro 1N4001 L Vo
R
40k OR EQUIV SO uF I L -
—_ Q1+ _ _ =
Ry Mode signal output

*Select Q1 such that Vego -~

Vo

MOTOROLA LINEAR/INTERFACE DEVICES
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L4E D l L3L7253 0082089 S l

SECTION 19
PACKAGE OUTLINE DIMENSIONS

T-40-20

whnloaded from Elcodis.com €electronic components distributor

K SUFFIX LP, P, Z SUFFIX
| ome || x| METAL PACKAGE % WCHES PLASTIC PACKAGE
THET R CASE 1-03 ows [ v |y | O CASE 29-04
7 | 108 ] RgJA = 45°C/W (TYP) L4 s 0 5 L 005 RgJA = 200°C/W (TYP)
T (TO-3) i [ o5 | oot | oo (TO-226AA/TO-92)
1 Y<il 41 | 048 | 0016 | 0019 |
i T SAMETER Y AND SURFACE W ARE CATUNS. e “
u‘a E%-— 0312 | — 2 POSITIONAL TOLERANCE FOR HOLE O: 742 | 268 | 00% | 0.105 - ﬁgucsmorrfmtmmzom v
ol | Heemmall pest teu I R
= = 3. POSITIONAL TOLERANCE FOR LEADS: S o 0 4rs 812
= ol it HenemoWVelto] o | e Lo RIB O e evon o
n a0 — Jows| = 057} FROM SEATING PLANE.
o [ 050 [ 0015 1 0001 3 CONTROLLNG DWM: INCH.
—— A . 8 )
P' ¢ P S A
i b "
= f ¥
€ /— o ) W swmmF T.
SEATING PLANE I~ ) K
ft———  F T—j [
[} : -|D
a v —ﬂ‘-ﬁf @g’
N 2 s SET.AA
H Y 1 r g l‘—T“ c
Gy Y
v s ~In
G, H SUFFIX VELUMETERS i@: KC, T SUFFIX
METAL PACKAGE wn 1;‘::; ?“7:3 Eg Efx-;g PLASTIC PACKAGE
CASE 79-05 e Tow o] CASE 221A-04
RgJA = 185°C/W (TYP) il L] Rgp = 65°CW (TYP)
(TO-39) 42 | 266 | 0095 | 0.6 | (TO-220AB)
80 | 393 0110 | 0.155
NOTES: %6 | 056 | oow | ooz}’
1. %%MMDMWNGPEHM 1270 | 1427 | 0500 | 0562 NOTES:
2 CONTROLLING DIMENSION: INCH. AR o WWWEWNMW
3‘%"5'05{‘ J MEASURED FROM DIMERSION A 254 1 a4 010 LI 2. CONTROLLING DIMENSION: NCH.
; 204 | 279 | 0000 [ 0010 ] 5 o4z DERNES A ZONE WHERE ALL BODY AND
“’w"»"f'o.“m:zgm“’ %":‘mwm;f 15 Tt Tous T0 | ot AAEGULARTES A ALLOWED
5. DIENSION F APPLIES BETWEEN DXMENSION P i T3 S5
AND L DIMENSION D APPUES BETWEEN T 7w = Lo (7] S
e s o =
BEYOND DIMENSION K MINIMUM. B = F G =
. 4TS P 2 B - e
L § iJc < ! f
= 1 s a v
Er E- F L ' i 12 v
(I —1 011019
i !
zd i
I :ﬂ s
v - J
[}
palt
N e
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PACKAGE OUTLINE DIMENSIONS (continued)

T SUFFIX DT-1 SUFFIX
N_| WX PLASTIC PACKAGE PLASTIC PACKAGE
oo ey CASE 314D-02 CASE 369-03
0470 | 0.180
NOTES: X I 1
1. DIMENSIONING AND TOLERANCING PER ANS! K Y Y NOTES:
Y14.5M, 1962, 1. IMENSIONING AND
2 CONTROLLING DIMENSION: INCH. PER ANSE Y14.5M, 1982,
2. CONTROLLING DIMENSION: INCH,

—

"Il_ 7

<
e Y ———{

et~ —f

< !
/ J
1 G J
f-—

J .
Dsn ——l H—p| |a— J
038004} ®[ 1] 0 @) G b
[ MRLMETERS | DT SUFFIX H, G SUFFIX
o] PLASTIC PACKAGE METAL PACKAGE
8% CASE 369A-03 CASE 603-04
g DPAK R0JA = 160°C/W
084 | 0%4 | {TO-100)
o | 00 | 0045
s Twa ] 368 NOTES: ’ NOLET:;JS WITHIN 0.18 mem (0.007) RADIUS OF TRUE
046 | 053 | o0 | oom D ToLERAKCING POSITION AT SEATING PLANE AT MAXUUM
2 L 2 CONTROLLING DIMENSION: INCH. MATERAL CONDITION.
521 | 5@ | 025 [ 0215 ]
g::: cfs :ﬁ o.ias All JEDEC Dimensions and Notes Apply.
089 | 127 | 00% | o0
42 [ — fom| —

J.L

622
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MOTOROLA SC {TELECOM} T.Qp- 90 L4E D l b3IL?253 0082091 3 l

PACKAGE OUTLINE DIMENSIONS (continued)

G SUFFIX DP2, D, J, L, N SUFFIX
o METAL PACKAGE CERAMIC PACKAGE
CASE 603C-01  om | W CASE 620-10
RgjA = 150°C/W (TYP) A RgJa = 100°C/W (TYP)
(TO-100) NOTES:
1. LEADS WITHIN 0.13 mm (0.005) RADRUS OF TRUE
POSITION AT SEATING PLANE AT MAXIMUM
X MATERIAL CONDITION.
Y HoTES: . 2. gm g:o&)'(( goorrcn N LEAD NOTCH IN
I—i—% 1. LEADS WITHIN 0.18 mm (0.007) RADIUS OF TRUE 0170 | 3 GM "L* TO CENTER OF LEADS WHEN FORMED
P I = J 17l = [om POSITION TO DIM, “A” & “H" AT SEATING PLANE PARALLEL
@ | 3% | 406 | 01e | 0160 AT MAXIMUM MATERIAL CONDITION. 4. Dit “A” AND “B" DO NOT INCLUDE
R 1050 102 | 0010 | 0040 | 2 LEAD DIAUNCONTROLLED BEYOND DIM K" MIN. / 004 GLASS RUN-OUT.
o 5. O1M “F" MAY NARROW T 0.76 mm (0.030)
A ] WHERE THE LEAD ENTERS THE CERAMC BODY.
B rc
! i 1 .‘/
[
= | 0
TR T !
Fl K
waa ! |H-FFH—
nue
lt————— A —————] ¢ [+ L—>

=
Nj(/ J’X/
)

N, P1 SUFFIX L SUFFIX
PLASTIC PACKAGE . CERAMIC PACKAGE
CASE 626-05 CASE 632-08
ReJa = 100°C/W (TYP) | e RgJA = 100°C/W (TYP)
NOTES: (TO-116)
1. LEAD POSITIONAL TOLERANCE: NOTES:
[F e ®[1A®[e @ X 1 Y 1. DIMENSIONING AND TGLERANCING PER ANSH
2 DMENSION L TO CENTER OF LEADS WHEN FORMED 254 85C 0,100 BSC Yi4.5M, 1962,
1 PARALLEL 1] 038 | 0008 | 0015 2. CONTROLLING DIMENSION: INCH,
20 | 03 | 008 | ao2 1 PACKAGE CONTOUR OPTIONAL {ROUND OR SQUARE 318 | 431 | 012% | 0470 3. DIMENSION € TO CENTER OF LEAD WHEN
92 | 343 | atis | 0% CORNERS). 62 8SC 0300 8SC FORMED PARALLEL.
16285C 0300 85C 4. DIMENSIONS A AND B ARE DATUMS. | e | 15 [ 4. DIM F MAY NARROW T0 0.76 (0.030) WHERE THE
| - ] 1 - [ IF 5. DMENSIONING AND TOLERAKCING PER ANSI N | o051} tot [ 0020 | 0040 LEAD ENTERS THE CERAMIC BODY.
N | o16 | vo1 | 00% | 0040 Y145, 1982,
Ny S '
' ¢ T l—r’H L9 ™M ™Mo e
D 8 m . 7
@) Jdod }
A e
noTed —>{Fle— [ |
i ] g | /
4 j

§ 4
SEATHG L
e u— ¥
F:l a N~ ‘l
Dun

Jun
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PACKAGE OUTLINE DIMENSIONS (continued)

MLLFAETERS INCHES
oM | MY | MAX | W | pax
18.16_| 1958 | 0915 | 0770
101 680 | 0240 | 0260
363 | 463 | 0145 | 0185
38 | 053 | 0015 | 0021
02 ]_178_| 0040 | 0070
254 BSC 0.100 BSC
32 ]_241 | 0052 | 00%
20 | 038 | 0008 | 0015
52 | 343 | 0415 | 0435
76285C 0300 8SC
il o [ 1¢ [ o | 1
033 | 101 | 0.015 ] 003

N, P, N-14, P2 SUFFIX
PLASTIC PACKAGE
CASE 646-06
RgJA = 100°C/W (TYP)

NOTES:

1. LEADS WITHIN 0.2 mm (0.005} RADIUS OF TRUE
POSITION AT SEATING PLANE AT MAXIMUM
MATERIAL CONDITION,

2. DIMENSION “L" YO CENTER OF LEADS WHEN
FORMED PARALLEL

3. DIMENSION “B" DOES NOT INCLUDE MOLD

FLASH,
4 ROUNDED CORNERS OPTIONAL.

N, P SUFFIX
PLASTIC PACKAGE
o m’-‘”k‘r"ﬁ"fx HES CASE 648-08
g | 05 ) o0 lomo]  Rgya = 100°C/W (TYP)
35 | 685 [ 0250 | 0210
69 | 444 | 0145 | 0435
391053 | 0015 | 0021 | nores:
102|177 | 0040 | 0070 | 1, DIMENSIONING AND TOLERANCING PER
250B5¢ 0.160 8¢ ANSH Y145M, 1992,
1.27 85C 0050 85C 2, CONTROLLING DIMENSION: INCH,
021 | 038 [ 0008 T 0016 | 3 DIMENSION “L" TO CENTER OF LEADS WHEN
280 | 330 | 0110 ] 0120 FORMED PARALLEL.
L; 750 | 774 1026 ] 0306 | 4 DIMENSION "B DOES NOT INCLUDE MOLO
ol [ 1° ['a 1° FLASH,
S T ost| 10t [ 002 [ 068 ] s aouNpeD CORNERS OPTIONAL
po—T A}y
AN A _{
18 9
b B \
o . {
PRV PRy H—:-'—IVL
F
c r'— L
I ! \ s
H r.— -K J—onflea— \—'M
G |
—obu-D 165t
025 (0.010) @

P SUFFIX
CIEEES TS PLASTIC PACKAGE
{ DB | M | MAX | MIN | MAX | CASE 648C-02
1880 | 2134 | 0.740 | 0840
510 | 660 | 0240 NOTES:
69 | 463 1 0145 | 0185 | 1. LEADS WATHIN 0.13 mm (0.005) RADIUS OF
38 | 053 | 0015 | 0021 TRUE POSITON AT SEATING PLANE AT
02 ] 178 | 0040 | 0070 | MAXIMUM MATERIAL CONDITION.
254 BSC 0.100 BSC 2. DXMENSION “L“ TO CENTER OF LEADS WHEN
38 | 241 | 0015 | 0085 FORMED PARALLEL.
20 1 038 | 0008 | 0015 3. DIMENSION “B” DOES NOT INCLUDE MOLD
92 | 343 | 0115 | 0435 FLASH.
7.6285C 0300 BSC
4. ROUNDED CORNEAS OPTIONAL.
4| 'l L1200 T 5. EXTERNAL LEAD CONNECTION, BETWEEN 4
N[ o] 1o1] 005 oo ] AKDS, 12 AND 13 AS SHOWN,
1% 9
8
o ]
Atk
A
/—ms L‘-l
¥ \

~aflers Mﬁ f—

J-8, J, JG, U, Z SUFFIX
CERAMIC PACKAGE
CASE 693-02
RgJA = 100°C/W (TYP)

NOTES:

1. LEADS WITHIN 0.13 mm (0.005) RAD OF TRUE
POSITION AT SEATING PLANE AT MAXIMUM
MATERIAL CONDITION.

2. DIMENSION “L* TO CENTER OF LEADS WHEN
FORMED PARALLEL.

624
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PACKAGE OUTLINE DIMENSIONS (continued)

M r—l L

A, B, N, P SUFFIX J, L SUFFIX
S S PLASTIC PACKAGE CERAMIC PACKAGE
| DM | TE“A_ ::475 :9“15 CASE 707-02 CASE 726-04
0 6% om0 [om| ROJA = 100°C/W (TYP) R = 100°C/W (TYP)
0JA
158 | 457 | 0140 | 0160
% | 056 | 0014 | 0022
F) T 0008 | 00 HOTES:
Q2] 152 0.060 a8 0125 | 0.170 1, LEADS, TRUE POSITIONED WITHIN 0.25 mm
20 | 030 | 0008 | 0012 162 0.300 BSC {0.010) DIA. AT SEATING PLANE, AT MAXIMUM
292 | 343 ﬁ M | ¢ |15 e [ 15 MATERIAL CONDTION.
76285C oezoo ascs' N [ o5 | ipjomefom] 2 m rLo CENTER OF LEADS WHEN FORMED
+ 3'51 ‘13;& 0020 | Olw 2 DIV "A" & “B" INCLUDES MENISCUS,
— & “F" DIMENSION IS FOR FULL LEADS. “HALF"
NOTES: 7 L LEADS ARE OPTIONAL AT LEAD FOSITIONS 1,9,
1. POSIIONAL TOLERANCE OF LEADS (D), SHALL BE ”W?? Y 10, AND 16,
WITHIN 0.25mm(0.010} AT MAXIMUM MATERIAL
CONDITION, LN RELATION TO SEATING PLANE
AND EACH OTHER.
2. DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL. " D
2. DIMENSION B DOES NOT INCLUDE MOLD FLASH. T
ANOAAOAMNNO
[» . _II!' VQVEVUQV?
UUUUUTUY : GL— ok
T 7
' M ¢
— = =i
¢ K
N K : A —m
- Fu FAGL—D””‘\W74 M I _.L,,‘ JL,, e
D SUFFIX D SUFFIX
o D CASE 751-03 PLASTIC PACKAGE
A [ PLASTIC PACKAGE CASE 751A-02
2 S0-8, SOP-8 $0-14
s RgJA = 190°C/W (SO-8) RgJA = 145°C/W (TYP)
g ;‘n RgJa = 160°C/W (SOP-8)
K | 010 580 | 620 | 025 | 024 N(:.Timsmwons‘\mnamemmmsmrm
B » R | 025 | 050 | 0o0t0 | 0019 DATUM SURFACE.
: m :2; :ﬁ gﬁ:; 2. :;osmo&;l.munmcs FOR D DIMENSION
I 4 PLACES):
HOTES: [*ozs 000 @[T]8 Gla O
o ?ILA;‘TEJTAS[SOUNRSF w“ ARECATUMS ANDTISA 3 %omra# TOLERANCE FOR P DIMENSION
) [Foz000100 ®e @]
% : :’fﬂ&"s‘:} TOLERARCE FOR D DIENSION Q8 4 DIMENSIONING AND TOLERANCING PER ANS!
(410 0010 ®T1[e GOIA O] Y145M, 1962
5 FOSTONAL TOERAICE R P ONEHSON 2?&%@"&%‘?@’32&%@%
_ KM
le—(A— 4 DIMENSIONING AND TOLERANCING PER ANSH —{A]- ! ﬂ?,"i-,’.‘.,‘é” MOLD FROTRUSION 015 0006
RA A 5. CONTROLLIG OIMENSION: MLLMETER. ﬂ A0 1
0 0 6 DIMENSION A AKD 8 DO NOT INCLUDE MOLD
PROTRUSION. K g
B L 7. MAXIMUM MOLD PROTRUSION 0,15 (0.006) > 11
o . PER SIDE. ® 7
g_g_H_B_E_4
. o ok . e
=1 =,
_1 % ______ 1 y[F
T o {_j D+|}e-un e e F—ef L%
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DW SUFFIX

PLASTIC PACKAGE CASE 762-01
| DM | CASE 751G-01 PLASTIC MEDIUM
SO-16L ) POWER PACKAGE
B SiP-9
2 000 BSC
% ] 0@ | o0 [ oo
K .10 | 025 | 0.004 | 0009 HOTES:
e am AN syt o
P 1006 | 105 | 03% |04 ] ,, T ARE.
KOTES: 2. POSIMONAL TOLERANCE FOR
075 ] 075 ) 000 1. DIMENSIONS A AND B ARE DATUMS AND TS A LEAD COMERSON D:
DATUM SURFACE, [ s0z 00 OT1AE)
2. DiMENSIONING AND TOLERANCING PER ANSI 2. FOSIONAL TOLERANCE FOR
Has, 1s&2 @)
3. CONTROLLING DIMENSION: MLLMETER. .
\ 4. DIMENSION A AND B DO NOT INCLUDE MOLD OMENSION 0:
PROTRUSION. (3] ¢ s 6@ 7120
5. MAXIMUM MOLD PROTRUSION 0.15 (0.006) AND TOLERAIGHG PER ANS
PER SIDE. YIS, 192,
._@_. DMENSION: WILLIETER.

0.25 (0,010 Ti8
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