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Physical Dimensions inches (millimeters) unless otherwise noted

0.940 —0.980
—(23.88 — 22.89) |=e—
0.800-0.815 | DiA 0.250 —0.350
120-3201“20‘701 - = (6.350—8.890)
0.107-0.123 '
2.718—3.124
' ) | Yy v —
0.025 T * 0.445 - 0.522
{0.635) 15 SEATING PLANE {11,30—13.26)
UNCONTROLLED LEAD DIA % | |‘_ 0.036 —0.043 ?
MAX —| |0, 955—1 usa
0.420-0.440
(10.67—11.18)
0.151 ~0.161
{3.835—4.089) f
DIA TYP O T 0.970—
ss-0178 Q) sz
{8.191 4 547) BE® fea. il
RTYP 0.210~0.220 | f j
(5.334—5.5688) —
| 0.655-0.675
(16.64—17.15)
1.177-1.197
(29.90—30.40) |

FCOZA (REV G

Aluminum Metal Can Package (KC)
Order Number LM7805CK, LM7812CK or LM7815CK
NS Package Number KC02A

Sgd )55 (5,590 Wy a5 ()50 (edo ) gl t (SS9 8 Sl V-F-F S

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

oy DTd0-D 2D | 0.350-D 350 )
[6.10=6.50] [8.38~5.88]
0.100-0,120 b.185-0.153
A ——
[2.54-3.05] /' |5.78-3.83]
| B b
0018
0.400 Jpgan [2.28-2.79] 0.190-0.210
16,16 28] __:_E___rl | [msm
/ 0.048-0.055 _T
-/ 0.130-0.160 [1.22-1,40]
BN #1 (D - [3.20-4.06) TYP
1.005-1.035 0.027-0.037
[26.53-26.29] N [0.89-0.94]

e

“‘" ‘H /\ (0 525-0.555 0.015 S0 [0-38 13001
l [13.34-14 |D]
;l

0.175-0.185
[4.43-4.70] }L _r_f'
* ol -
0.088-0.052 0.005 0018 (267 100
Li22-5.37] SEATING FLANE
TAPERED
SIDES 19

038 (REV L}
T0-220 Package (T)
Order Number LM7805CT, LM7812CT or LM7815CT
NS Package Number T03B

L9 55 (6,500 anly 45 (ol yRo (yialen) gl t (oK 5 olasl 1 1-F-0) IS
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IN4007 5410 S Oledbl - Y-

Axial Lead 1N4001
Standard Recovery Rectifiers thru

This data sheet provides information on subminiature size, axial lead 1 N4°07
mounted rectifiers for general-purpose low—power applications.

. P 1N4004 and 1N4007 are
Mechanical Characteristics Maotorola Preferred Devices

+ Case: Epoxy, Molded
« Weight: 0.4 gram (approximately)
+ Finish: All External Surfaces Corrosion Resistant and Terminal Leads are

LEAD MOUNTED

Readily Solderable RECTIFIERS
« Lead and Mounting Surface Temperature for Soldering Purposes: 50-1000 VOLTS
220°C Max. for 10 Seconds, 1/16” from case DIFFUSED JUNCTION

« Shipped in plastic bags, 1000 per bag.

« Available Tape and Reeled, 5000 per reel, by adding a “RL" suffix to the
part number

« Polarity: Cathode Indicated by Polarity Band
« PMarking: 1N4001, TN4002, TN4003, TN4004, TN4005, 1N4006, 1N4007

CASE 59-03
DO-41
MAXIMUM RATINGS
Rating Symbol | TN4001 | TN4002 | 1N4003 | TN4004 | 1N4005 | TN4006G | TN4007 | Unit

“Peak Repetitive Reverse Voltage VRRM 50 100 200 400 600 800 1000 Volts
Working Peak Reverse Voltage VRWM
DC Blocking Voltage VR

“Mon—Repetitive Peak Reverse Voltage YRSM 60 120 240 480 720 1000 1200 Volts
(halfwave, single phase, 60 Hz)

*RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700 Volts

*Average Rectified Forward Current s} 1.0 Amp
(single phase, resistive load,

60 Hz, see Figure 8, Ty =75°C)

*Mon—Repetitive Peak Surge Current IFam 30 {for 1 cycle) Amp
(surge applied at rated load
conditions, see Figure 2)

Operating and Storage Junction Ty —65to +175 °C
Temperature Range Tstg

ELECTRICAL CHARACTERISTICS™
Rating Symhbol Typ Max Unit

Maximum Instantaneous Forward Voltage Drop VE 093 1.1 Volts
(iF="1.0 Amp, Tj=25°C) Figure 1

Maximum Full-Cycle Average Forward Voltage Drop VEAV) — 08§ Volts
(lo="10Amp, TL=75°C, 1inch leads) '

Maximum Reverse Current (rated dc voltage) =] pA
(T)=25C) 0.05 10
(Ty=100°C) 1.0 50

Maximum Full-Cycle Average Reverse Current IR(AV) — 30 pA
(lo="10Amp, TL=75°C, 1inch leads)

*Indicates JEDEC Registered Data

Preferred devices are Motorola recommended choices for future use and best overall valus.

4
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1N4001 thru 1N4007

PACKAGE DIMENSIONS

—l-l Ll— B MOTES:
1. ALL RULES AND NOTES ASSOCIATED WITH

JEDEC DO-41 OUTLINE SHALL APPLY.
2. POLARITY DENOTED BY CATHODE SAND,
3. LEAD DIAMETER NOT CONTROLLED WITHIN F

T DAMENSION
—rjl— 1)
K MILLIMETERS INCHES
F DIM| BN MAX MIN MAX
A 407 | 520 | 0160 | 0305
L ‘ B I04 | Z71 | 0080 | 0407
i 071 033 | 0038 | 003
T _+_'ﬂ_ F — 1.ar -— | 0080
1 —{ K | 274 — | 1100 —
F

CASE 59-03
(DO-41)
ISSUEM
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BC547 jgimm 3ily S OleMbl -Y-Y

THE BC546 THROUGH BC550 ARE NPN SILICON PLANAR CASE T0-92F
EPITAXTAL TRANSISTORS FOR USE IN AF SMALL SIGNAL
AMPLIFTER STAGES AND DIRECT COUPLED CIRCUITS.
THEY ART COMPLEMENTARY TO BC556 THROUGH BC560.

THZ BC549, BC550 ARE CHARACTERIZED BY LOW NOISE

FIGURE. it
CEB

ABSCLUTE MAXIMUM RATINGS BC546 BC547 BC548 BC549 BCSS50
Collector-Base Voltage YoRO 8oV 507 30V 307 507
Collector-Emitter Voltage (VBE=0) VoRS 8OV 50V 30V 30V 50V
Collector-Emitter Voltage (IB=0) VoED 65V 45V 307 307 457
Emitter-Base Voltage VERO 6v &Y 5V 5V 5V
Collector Current . Iz 100m4A

Collector Pesk Current ItM 200mA

Total Power Dissipation (TA<250C) Piot 500mW

= derate 4nW/oC above 250C

‘ Operating Junction & Storage Temperature Tj, Tstg -55 to 1500C
ELECTRICAL CHARACTERISTICS (TA=259C unless otherwise noted)

PARAMETER SYMBOL| MIN TYP MAX | UNIT| TEST-CONDITIONS|
Collector-Base Breakdown Voltage BVeR0 Ic=10ps Ig=0
BC546 80 k)

BCS4T 50 v
BC548 30 v
BC549 30 v
BC550 50 v

Collector-Emitter Breakdown Voltage | BVgES I(}=10]m VR =0
BC546 80 v
BC547 50 v
BC548 30 i
BC549 30 v
BC550 50 v

Collector-Emitter Breakdown Voltage | LVCED Ic=2mA(Pulsed)
BC546 65 v | Ip=0
BCS4T 45 v

- BC548 30 v

BC549 30 v

BC550 45 v i

O)
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BCH46,547 2 v L
BC548,549,550 5 v
Collector Cutoff Current IcRO 15 niA Vop=30V IE=0
> PA V=30V IE=0
Tp=1500¢
Collector-Emitter Saturation Voltage VCE(sat) 0.07 0.25| V Io=1CmA Tgp=0.5mi
0.22 0.6 | v Ic=100mA Ip=SmA{Pulsed)
Collector-Emitter Knee Voltage VCEK 0.3 0.6 |V Ig=1CmA, IB=valus at
. L : which Ig=11lmA VeoEp=1V
Base-Emitter Sdturation Voltage VBE(sat) 0.7 v | Ig=10mA Ip=0.5mA
0.9 v Ig=100mA Ip=SmA({Pulsed)
Base-Emitter Voltage VRE 0.58 0.63 0.7 | ¥V Ig=2mA VCE=5V
0.68 0.77 |V Ip=10mA VCE=S5V
Current Gain-Bandwidth Product fp
250 MHz | Ip=1CmA VoR=5V
Collector-Base Capacitance Cob 2.7 4.5 pF | Vop=10V Ig=0 f=1MH=z
Noise Figure uiy Ipo=0.2mA VCE=SV
BC546,547,548 : 2 10 |dB_| Rg=2Kn f=lkHz
BC549,550 _ 1.4 4 |dB | af=200Hz _
Noise Figure ) NF 10=0.2mA VGE=5V {_5 &
BC549 only 1.2 4 |dB |Re=2Kn f=30Hz-15kHz -
BC550 only 1.2 3% laB 2
Flicker Noise Voltage Referred toBase| En - | Ic=0.2mA VCE=5V *
BC549,550 only i _0*1?5 - }ﬂ' Ro=2KL f:.l’OHZ-Eﬂﬁz e L
FLICKER NOISE MEASUREMENT
Teansistor under test Amplifier Band-Pass Filter ““AF Valve Voltmeter ‘
10 He 50 He
104

> o s LA
§ > D “EF il Xl

Feedback (vy = consr) . | N 1]

oy



PGS Az 0 www.kandoocn.com calw 4 word B o3 5 g
Judled Jolo uled +QVV\—FPFIYP+ o «AVFPPTPALY o VPP YYFIY S0 i L L

D.C, CURRENT GAIN (HFE) AT VCE=SV TA=250C . N
BC546, BCSAT BCH46, BCSAT h
BO548 BC548 BCS548
“ @ 1o ' . BCE49, BOSSO . Bg_s‘_&e_f‘g{-j?gg_ﬁ i
, HFE GROUP A . EFE GROUP B HFE GROUP ¢
MIN - TYP MAX - TMIN  TYP MAX MIN TYP MAX
0.0lmA 90 _ 170 . 290
2mA 110 170 . 220 200 300 450 420 520 800
100mA 100 ' 160 270

h - PARAMETERS AT IC=2mA VCE=5V f=lkHz Ta=25°C

h - PARAMETER sympor, | FE GROUP A | FHFE GROUP B | HFE GROUP C | ...
MIN TYP MAX| MIN TYP MAX |MIN TYP MAX|- |
Input Impedance hie 1.6 2.7 4.5] 3.2 4.5 8.5 & 8.7 15} K
i Voltage Feedback Ratlo hre 1.5 2 3 110"4
Small Signal Current Gain hie 125 190 260 240 330 500 | 450 580 900
output ﬁ.dmttance hge 18 30 30 60 60 110| pu

TYPICAL CHARACTERISTICS AT Ta=259C (Pulse Test)

D.C. CURRENT GAIN VBE AND VYCE(sat)
vs_COLLECTOR CURRENT vs COLLECTOR CURRENT
T ]'\ E | i
HFE% I II m vl Tt
’ 12 i i
i | iy Eoo '
1.0 - !
vee [ |
0.6 : ]' | T mat
1o | I | i l P
0.4 Lt b
] VeEsat) H
n-2 ’ Ll @ |cn20 IB i .-E'
| ! [ 11 i .i
0 T T T 1111 i il
0.1 1 10 00
Ic (mA) K E

oY
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TYPICAL CHARACTERISTICS (Tp=259C UNLESS OTHERWISE SPECIFIED)

COMMON EMITTER _ ' CURRENT GAIN — BANDWIDTH PRODUCT
OUTPUT CHARACTERISTICS VS COLLECTOR CURRENT Sy
c ' | fri | [T s
{I'I'IA* T E EuA {MHZ’ . | |r i
1.5 s : 300 h VCE=:V.
L AuA
Lt —
o Pt N
1.0 H—f——- T : : 3uA 200 /, .\\
| i 2 il
05 [} —— - 100 /f
_ 'B-tua :
0 : 0
0 1 2 3 4 5 0.1 1 10 100
VEE (v) I (mA)
COLLECTOR CUTOFF CURRENT h—PARAMETERS (NORMALIZED)
vs AMBIENT TEMPERATURE VS COLLECTOR CURRENT )
200 | 7 10 K==SE B B o Sk
100 __-—J—- S — s ~ \\
N [— — 1 y i \‘ -
Iceo — — — \\\ Vee-5V
{nAI . // | i he {N) '\‘ \\ :i! f=1KHz
: | hre L [N ~
0= A Vg3V = N AL
_;_.__,_ - - |E= — \,.. /
——— A i
| / i 1O hee — R —
y, ._._i _‘,.-ll"'—-.r " M
1 — 7z o - t ]
—f — , hoe
| hoe . .
/. § -""‘"-‘- \'L
S N
0.1 -4 0.2
0 40 80 120 160 0.1 1 10
Ta {°c) g {mA) . |
EQUIVALENT NOISE VOLTAGE AT BASE Bnggo?.t:(?Tg:rf:ﬁ;:ng
B vs COLLECTOR CURRENT e T
En | H 7 "r T TTTTI NF i CE= ‘
V) ! / Vee=sV NG f=30—15K Hz'
ad Rg1okl 7Y f=10—50Hz @INC | [Tl Re500a] | |
0.15 14{“‘ / 3 N |
- N,
SR = j Rg=2Ka AN J
i | /) - Re=1K
0.10 ‘\ﬁ.‘\ -‘ uy’ 2 AN R 6
ot - - N Rg=2Ka:
A "G - oy v
N yerl I 1 b Rgoskih = C
0.05 — G : [E
BC549 — ’ BCS549]
= | f
BCS50 e tT"] Rg=10Ka BL550:
oy 2 0 =
0
10 100 1000 10 100 | " 1000
lc &.IA} - ¢ {p ..--,. - T ]

of
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LM324 ol OT Sl coledb] ¥

LOW POWER QUAD OPERATIONAL AMPLIFIERS

= WIDE GAIN BANDWIDTH : 1.3MHz

= INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND

LARGEVOLTAGE GAIN : 100dB

= VERY LOW SUPPLY CURRENT/AMPLI : 375uA

= LOW INPUT BIAS CURRENT : 20nA

= LOW INPUT OFFSET VOLTAGE : 5mV max. N D
ifor more accurate applications, use the equivakent parts DIP14 S014
LIM124A-LM224 AL M3244 which feature 3mV max) (Plasfic Package) (Plastic Micropackage)

= LOW INPUT OFFSET CURRENT : 2nA

= WIDE POWER SUPPLY RANGE
SINGLE SUPPLY : +3V TO +30V
DUAL SUPPLIES 1 £1.5V TO 15V

TSSOP14
(Thin Shrink Small Outline Package)

DESCRIPTION ORDER CODES

These circuits consist of four independent, high Part Temperature Package
gain, internally frequency compensated operational Number Range N D P
amplifiers . They operate from a single power supply LM124 55°C. +125°C R . R
over awide range of voltages. Operation from split LM224 4.113”(:, +05°C . . .
power supplies is also possible and the low power o

supply current drain is independent of the magni- LM324 0°C, +70°C M R
tude of the power supply voltage. Example : LM224N

PIN CONNECTIONS (top view)

Output 1 1 14 Output 4

]

Inve rting Input 1 13  Inverting Input 4

=
ﬁ K

[

11 r1rrrirri

Non-mverting Input 1 12 Non-mverting Input 4

Vet 4 vee -

Lh

Non-mverting Input 2 10 Non-mverting Input 3

(=%
WO

Inverting Input 2 Inverting Input 3

NN [N N N [ N B N B O

(==}

Output 2 7 Output 3

IAA
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Vee
L]
ORNG
y joua 4uA 1004
Q5
Cc
. 2 3
Invertmg Q Q
input Q1 Q4
7 7 v
T Q11
Non-mverting
input D Ny, Output
Ql 3
rl\tgl 0 '4[1112
Q8 Q3
50pA
" 7 e 7 e 3 = GND
ABSOLUTE MAXIMUM RATINGS

Symbeol Parameter LM124 LM224 LM324 Unit

Ve Supply Voltage 116 or 32 W

A Input Voltage -0.3 to +32 W

Vig Differential Input Voltage - (*) +32 +32 +32 W
Pt Power Dissipation N Suffix 500 500 500 myv

D Suffix - 400 400 myy

- Cutput Short-circuit Duration - (note 1) Infinite

lin Input Current — (note &) 50 50 50 mA
Toper Operating Free Air Temperature Range -85 to +125 | -40to +105 0 to +70 °C
Teig Storage Temperature Range -65 to +150 | -65to +150 | -B5to +150 °C

N4
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ELECTRICAL CHARACTERISTICS
Vee™ = +5V, Vec = Ground, Vo = 1.4V, Tamb = +25°C (unless otherwise specified)

Symbol Parameter LWN - LM224 - LM324 Unit
Min. Typ. | Max.
Vo | Input OffsetVoitage (note 3) my

Tamb = +25°C 2
LM324

LM324

io |I'IDLIt Offset Current na
Tamp = +25°C 2 30
Tmin. = Tamb = Tmax. 100

lig Input Bias Current (note 2) nA
Tamb = +25°C 20 130
Tmin_ = Tamb = Tmax. 300

A LE!I'QE Signal VDHE’QE‘ =ain vimy
(Vo' = +15V, R = 2K, Vo = 1.4V to 11.4V)
Tamp = +25°C a0 100
Tmin. = Tamb = Tmax. 25

SVR | Supply Voltage Rejection Ratio (Rs < 10kQ) dB
(Ve = 5V to 30V)
Tamb = +25°C 65 110
Tmin. = Tamb = Tmax- 65

loc Supply Current, all Amp, no load mé

Tan'lb = +25°C V{:C = +5Y 1.2
Voo = +30V

Trin. £ Tamb £ Tmas. Voo = +5Y
Voo = +30V

1"-"'i|:m |I'IDLIt Common Mode VD“EIQE REHQE V'

(Voo = +30V) - (note 4)
Tamb = +25°C 0 Ve -1.5
Trin. = Tamb = Tmas. 0 Veo -2

CMR Common-mode Rejection Ratio (Rs = 10k) dB
Tamk = +25°C 70 a0
Trin, = Tamb = Tmax G0

|source Output Current Source (Vig = +1V) ma
Vee = +10V, W, = #2V 20 40 70

lsink Qutput Sink Current (Vig = -1V)
oo = 19V, W, = +2V 10 20 i
Voo = +15V, Vo = +0.2V 12 a0 uA

Tmin. = Tamb = Tmax-

W0 =] =JCn

1.2

=0 =0
N N =
]

oy
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ELECTRICAL CHARACTERISTICS (continued)

LM124 - LM224 - LM324
Symbol Parameter - Unit
Min. Typ. Max.
Vou High Level Output Voltage v
(Voo = +30V
Tams = +25°C R = 2kQ 26 27
Tmin- = Tarr'% = Tmax- 26
Tams = +25°C RL=10kQ 27 28
Tmin. < Tarr'b < Tmax. 27
(Voo = +8V, Ry = 2kQ)
Tams = +25°C 35
Tmin- = Tarr'b = Tmax- 3
Voo Low Level Outgut Woltage (R = 10k) mV
Tamb =+25°C 5 20
Tmin. < Tarr'b < Tmax. 20
SR Slew Rate Wius
WVee =18V, Vi = 0510 3V, Re = 2k, CL = 100pF,
unity gain) 0.4
GEP ain Bandwidth Product MHz
Voo = 30V, T = 100kHz, Vi = 10mV
F = 2k, C. = 100pF 1.3
THD Total Harmonic Distortion %o
f=1kHz, Ay = 20dB, Ry = 2k2, Vo = 2V,
CL = 100pF, Vee = 30V 0.015
€n Equivalent Input Noise Voltage nv
f="1kHz, R; = 1000, Ve = 30V 40 JHz
DVia Input Offset Voltage Drift 7 30 uviec
Dlio Input Offset Current Drift 10 200 pASC
VolNVe2 | Channel Separation (note 5) dB
1kHz = f < 20kHz 120

Motes : 1. Short-circuits from the output to Ve can cause excessive heating if Ve = 15V, The maximum output current
is approximately 40mA independent of the magnitude of Vec. Destructive dissipation can result from simulta-
neous short-circuit on all amplifiers.

2. The direction of the input current is out of the IC. This current is essentially constant, independent of the state
of the output so no loading change exists on the input lines.

IV =14V, Ry =00, 5V = V™ =30V, 0 =V, = V™ - 1.5V

4. The input commaon-mode voltage of either input signal voltage should not be allowed to go negative by mare
than 0.3V. The upper end of the common-mode voltage range is Vec™ - 1.5V, but either ar hoth inputs can go
to +32V without damage.

. Due to the proximity of external components insure that coupling is not originating via stray capacitance he-
tween these external parts. This typically can be detected as this type of capacitance increases at higher fre-
quences.

6. This input current only exists when the voltage at any of the input leads is driven negative. It is due to the
collector-base junction of the input PMP transistor becoming forward biased and thereby acting as input di-
odes clamps. In addition to this diode action, there is also NPN parasitic action on the |C chip. this transistor
action can cause the output voltages of the Op-amps to go to the Vee voltage level (or to ground for a large
overdrive) for the time duration than an input is driven negative.

This is not destructive and normal output will set up again for input voltage higher than -0.3V.

OA
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INPUT BIAS CURRENT
versus AMBIENT TEMPERATURE

IB (nd) 24 " T T
21 L IDI —
18 bl T
15 E “i il
12 Rl = e
9 z 4 R
2w B
° 5 2 |- 1
[ ]
’ Zw T N
0 [} | A
-55-35-15 5 25456585105 125 T CIE-N I W e e
AMBIENT TEMPERATURE ( C) TEMPERATURE {°C}
INPUT VOLTAGE RANGE SUPPLY CURRENT
1 ¢ LI
Ve
-
/ E 3 ma ks
21 - - T
w = i
< Nagative / e
5 Z L
= § —] b i
E / E Taum =0 C 10 +125 €
/ 2 I _,.-l-""'
L § 1 11 | TEIIIIIJ ='55| c
POWE ] 10 20 30
" SUPPLY VOLTAGE W POSITIVE SUPPLY VOLTAGE (V)
GAIN BANDWIDTH PRODUCT . com ODE REJECTION RATIO
‘;“WM g 1 ml I
= g "
E 1.30 / \k -4 et | r
3 1.25 < E - LUK L ‘
[ 1.2 b, 5 AL IRt
e N o +15V
115 \ g T
[=] i1 3 -erhF" !
g , i daeg
§ 1.05 = € 1 {
z A 3 1o}
a 1 g k] 15V
=z 85 E » !
- 9 © m ow om0 M
-55.35-15 5 25 45 65 85 105 125
AMBIENT TEMPERATURE [°C} FREQUENCY [Hz)

AR
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OPEN LOOP FREQUENCY RESPONSE LARGE SIGNAL FREQUENCY RESPONSE
w 04 uF ama » 100 kG
: 140
128 Vi
= m " ml
i 108 \ By = 15 N
= . \\ = o . > L ki
o - = [~ ] =
o Vic=+30V & Z T -
g ] BEOCE Tamb < +125°C E HAYEE A
5 5 T\ T
3« 1 I 1 O A
> : iy
50 Mdc=+1010 +15V & E my A : s
-SCE Tymps +125°C \ Ti] i J‘ m
0 1 L4 1 » ik 1o i
1010 198 10w 0k 180k 1EM 10M 1k ™ 100K ™
FREQUENCY (Hz) FREQUENCY (Hz)
VOLTAGE FOLLOWER PULSE RESPONSE OUTPUT CHARACTERISTICS
= {CURRENT SINKING)
w 4 1 I T » v+ _+BY 3 E
4 RL>2 k@ E V= :
K3 )‘ Vde-+16V "'%“'“ -
=] _ vi _ 30V n
| 2
u 1 = LH
' z
- n v
)0 P e vgde Ve
g 3k E -
= B i 'ID
E 2 2 HAr Vo
1 .T - =
2 B o [ | Tun= 4255 |
E 0 " a2 X W 0001 oM B 1 10 e
- TIME (s} OUTPUT SINK CURRENT (mA)
VOLTAGE FOLLOWER PULSE RESPONSE OUTPUT CHARACTERISTICS
{SMALL SIGNAL) {CURRENT SOURCING]
508 : z e T
. 8, ,
5 450
E iy £ Jr
] o e 8 !
"_ ] _I_ =1 E 5
g e -
% i
] =
E Quiput w3
5 g !
o 0 ?Tb=+ 52 1] t
Vm--tm\f g
158 £ 1
U 1 2 1 & 5 6 7 4 E o oom w1 Wm0
=
TIME {us) ©  QUTPUT SOURCE CURRENT {mA)
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INPUT CURRENT VOLTAGE GAIN
100 150
HL=20H1
E L = 178
z L —
E b IIL 2 ki:
g % & w
=
3 //Tm g
T = 4
g - =T Tatnb> 5w
= =
b 10 . | "n " 10 8 1
POWER SUPPLY VOLTAGE [V} POWER SUPPLY VOLTAGE [V}
POWER SUPPLY & COMMON MODE Avd {dB) LARGE SIGNAL VOLTAGE GAIN
REJECTION RATIO 120
w (dB) 120 z
g s g
z§ 10 =0 w115 —
2; 105 < /.--"
ok 100 o) A
°F o 2 110 -
a“ - L~
8w S | 3
E:g 85 & 105
B2 g w
[ i <]
o :
70 < 100
-55-35-15 5 25 45 65 B85 105125 55 35-15 5 25 45 B5 B0 105125
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)
TYPICAL SINGLE - SUPPLY APPLICATIONS
AC COUPLED INVERTING AMPLIFIER AC COUPLED NON-INVERTING AMPLIFIER
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TYPICAL SINGLE - SUPPLY APPLICATIONS

NON-INVERTING DC GAIN

DC SUMMING AMPLIFIER

e, 100k
o—
Ay =1 +%
- 10k (A5 shown By = 101) :
I S 100k 1/4 _EOO
o a LM124
e, 100k _
— o—____
Az =)
a1 10 o €, 100k
10k o— ==
T . 100k
a e, (mV) L T
e, 100K
o— 1+

€ =8 tEx-Ba-8y
where (g4 + €2) = (E3 + &)
to keep e, =z OV

HIGH INPUT Z ADJUSTABLE GAIN DC
INSTRUMENTATION AMPLIFIER

LOW DRIFT PEAK DETECTOR

)

——
1k
. Ig [Lm12g %
& ¥ e
2 I 2 Z
e B0 WF = 5
o =s = 2 b o
2N 929 D.0DUF
=5 Galn adjust " j
2k £ /H} RS 2
100kLL
I R
_ 1ML =]
if Ry = Rsahd 1;]19 - Irputcurrm.'lt
2R Iz coMmpensation
Ba=[1+"—"]
. Ra2 d * Polycarbonate or palysthyiens
As shown e, =901 (g2 - eq)

Y
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USING SYMMETRICAL AMPLIFIERS TO REDUCE INPUT CURRENT (GENERAL CONCEFPT)

1, g [LM124 —O®o

- Aux. amplifier for input
Is current compensation

al
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TYPICAL SINGLE - SUPPLY APPLICATIONS

ACTIVER BANDPASS FILTER HIGH INPUT Z, DC DIFFERENTIAL AMPLIFIER

R4 Ra
For—=—
Rz

(CMRR depends on this resistor ratio match)

2o (1+ %J (ez— eq)

As shown e = (ez - e1)
Fo = 1kHz

Q=50
Ay, = 100 (40dB)

VOLTAGE GAIN AND PHASE vs FREQUENCY

40
1 180
Phase (Deg) 1120
m -
£ 0
5
Vee=30V
20 | RL=2K
CL=100pF
Tamb=25°C

= LARGE VOLTAGE GAIN : 100dB

= VERY LOW SUPPLY CURRENT/AMPLI
375pA

= LOW INPUT BIAS CURRENT : 20nA

= LOW INPUT OFFSET VOLTAGE : 2mV

= LOW INPUT OFFSET CURRENT : 2nA
= WIDE POWER SUPPLY RANGE
SINGLE SUPPLY : +3V to +30V
DUAL SUPPLIES : +1.5V to +15V

Applies to : LM124-LM224-LM324

** Standard Linear Ics Macromodels, 1993
" CONNECTIONS

T INVERTING INPUT

* 2 NON-INVERTING INPUT

*30UTPUT

* 4 POSITIVE POWER SUFPPLY

* B NEGATIVE POWER SUPPLY

DINR 15 18 MDTH 400E-12
VIP 4 18 2.000000E+00

FCP 4 5VOFP 3.400000E+01
FCN 5 4 WOFN 3.400000E+01
FIBP 2 5 WVOFN 2.000000E-03
FIBN 5 1 VOFP 2.000000E-03
* AMPLIFYING STAGE

FIP 5 19WVOFP 3.600000E+02
FIN 5 19WOFN 3.600000E+02
RG1 19 5 3.652997E+06
RG2 19 4 3.652997E+06

SUBCKTLM124 1 3 24 5 (analog)

s Ak

MODEL MDTH D IS=1E-8 KF=3.104131E-15

CJO=10F

* INPUT STAGE

CIP 2 5 1.000000E-12
CIN 15 1.000000E-12
EIP 105251

EIN165 151

RIP 10 11 2.600000E+01
RIN 1516 2.600000E+01
RIS 11 15 2.003862E+02
DIP 11 12 MDTH 400E-12
DIN 15 14 MDTH 400E-12
VOFP1213DC O
VOFN13 14 DCO

IPOL 135 1.000000E-05
CPS 11 15 3.783376E-09
DINMN 17 13 MDTH 400E-12
VIN 17 5 0.000000e+00

CC 19 5 6.000000E-09
DOPM 19 22 MDTH 400E-12
DONM 21 19 MDTH 400E-12

HOPM 22 28 VOUT 7.500000E+03

VIPM 28 4 1.500000E+02

HONM 21 27 vOUT 7. 500000E+03

VINM 5 27 1.500000E+02
EQUT 26231951
VOUT2350

ROUT 26 3 20

COUT 3 5 1.000000E-12
DOP 19 25 MDTH 400E-12
VOP 4 25 2.242230E+00
DON 24 19 MDTH 400E-12
VON 24 5 7 922301E-01
ENDS

#¥
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PACKAGE MECHANICAL DATA
14 PINS - PLASTIC DIP

1
\_[ 5 -
1[ . b1
7 !b = B Ia . E
D
o I e O O e O O O
m 8
[T
1 7
I I ;
PACKAGE MECHANICAL DATA
14 PINS - PLASTIC MICROPACKAGE (SO)
L | a |
sl S A
el E

|
|I'II'II'II'II'II'I['I

[ ]

gouoodod

0



PGS Az 0 www.kandoocn.com calw 4 word B o3 5 g
Judled Jolo uled +QVV\—FPFIYP+ o «AVFPPTPALY o VPP YYFIY S0 i L L

PACKAGE MECHANICAL DATA
14 PINS - THIN SHRINK SMALL OUTLINE PACKAGE

55
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LM7812 5Ly ,6M, Solbls cledbl —Y-F

LM78XX
Series Voltage Regulators

General Description

The LMT8XX series of three terminal regulators is available
with several fixed output voltages making them useful in a
wide range of applications. One of these is local on card
regulation, eliminating the distribution problems associated
with single point regulation. The voltages available allow
these regulators to be used in logic systems, instrumenta-
tion, HiFi, and other solid state electronic equipment. Al-
though designed primarily as fixed voltage regulators these
devices can be used with external components to obtain ad-
justable voltages and currents.

The LMTEXX series is available in an aluminum TO-3 pack-
age which will allow over 1.0A load current if adequate heat
sinking is provided. Current limiting is included to limit the
peak output current to a safe value. Safe area protection for
the output transistor is provided to limit internal power dissi-
pation. If internal power dissipation becomes too high for the
heat sinking provided, the thermal shutdown circuit takes
over preventing the IC from overheating.

Considerable effort was expanded to make the LMT7BXX se-
ries of requlators easy to use and minimize the number of
external components. It is not necessary to bypass the out-

put, although this does improve transient response. Input by-
passing is neaded only if the regulator is located far from the
filter capacitor of the power supply.

For output voltage other than 5V, 12V and 15V the LM117
series provides an output voltage range from 1.2V to 57V

Features

® Cutput current in excess of 14

® |nternal thermal overload protection

® No external components reguired

® Cutput transistor safe area protection

B |nternal shor circuit current limit

B Available in the aluminum TO-3 package

Voltage Range

LM7805C bYW
LM7a12C 12V
LM7815C 18V

Connection Diagrams

Metal Can Package
TO-3 (K)
Aluminum

DUTRPUT ~GND

™,

WPUT —
OE007745-2
Bottom View
Order Number LM7805CK,
LM7812CK or LM7815CK
See NS Package Number KC02A

Plastic Package
TO-220 (T)

DuUrFUT
Gho

EE— T

e

DE00774E-3

Top View
Order Number LM7805CT,
LM7812CT or LMT815CT
See NS Package Number TO3B

Y
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Absolute Maximum Ratings (Note 3) Maximum Junction Temperature
If Military/Aerospace specified devices are required, (K Package) 150°C
please contact the National Semiconductor Sales Office/ (T Package) 150°C
Distributors for availability and specifications. Storage Temperature Range -65°C to +150°C
Input Voltage Lead Temperature (Soldering, 10 sec.)

(Vg = 5V, 12V and 15V) 35V TO-3 Package K 3o0c
Internal Power Dissipation (Note 1) Internally Limited T0-220 Package T 230°C
Operating Temperature Range (T,) 0°C to +70°C

Electrical Characteristics LM78XXC (Note 2)

0°C =T, = 125°C unless otherwise noted.

Output Voltage 5V 12V 15V
Input Voltage (unless otherwise noted) 10V 19v 23V Units
Symbol Parameter Conditions Min | Typ |Max Min | Typ |Max Min | Typ | Max
Vo Output Voltage Tj=25C,EmA =], < 1A 48 5 52115 12 125|144 15 1586 A
Po=15W, 5mA =, < 14 475 525|114 126 [14.25 15.75 A
Vi = Vin = Visas (TE<V,, =20) (145 =V, = (175=V,, = A
27) 30)
AVg Line Regulaticn lg = 500 Tj=25C 3 50 4 120 4 150 mt
mA
AV, (7T=WV,=£25) | 145=V, =30) (175=V, = A
30)
0°C=Tj=+125°C 50 120 150 mW
AV (B=V,=<20) (15 =V, = 27) (185 =Vy = N
30)
lo = 1A Tj=25°C 50 120 150 m
AV (7.5 <V, =20 (146 =V, = (177 =V = A
27) 30)
0°C=Tj=+125°C 25 60 75 m
AV (8=V,=12) (16 =V, =22) | (20 =V, =26) A
AVg Load Regulation Tj=25°C |5mA=l,=15A 10 50 12 120 12 150 m'
250mA =l = 25 60 75 mW
750 mA
EmAlo=1A DC=Tj= 50 120 150 m
+125°C
la Quiescent Current | |, < 14 Tj = 25°C § 8 8 mA
C=Tj=+125°C 85 85 85 mA,
Alg Quiescent Current | 5 mA < 15 = 1A 0.5 0.5 05 mA
Change Tj=25°C 1o = 1A 1.0 1.0 1.0 mA,
Vi = Vin = Vigax (TH5=V,,s20) | (14.8 <V =27) (179=Vy = A
30y
lo =500 mA, 0°C =Tj = +125°C 1.0 1.0 1.0 mA,
Vi = Vin = Vigax (T=V,=25) | (145=V,=30) (17.5=Vy = A
30)
Vi Output Noise T, =25°C, 10 Hz = f =< 100 kHz 40 75 90 ny
Yeltage
Ripple Rejection lo=1A Tj=25°C| 62 &0 55 T2 54 70 dB
AV or
AVour f=120 Hz | I, <500 mA 62 55 54 dB
C=Tj=+125C
Vanre = Vi = Vigax 8=V, =18) (15 =V, = 25) (185=V, = A
28.5)
Rgo Dropout Voltage Tj=25C, lgur = 1A 20 2.0 2.0 W
Output Resistance | f = 1 kHz § 18 19 me2

#4
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Electrical Characteristics LM78XXC (Note 2) (Continued)

0°C =T, = 125°C unless otherwise noted.

Qutput Voltage 5V 12v 15V
Input Voltage (unless otherwise noted) 10v 19v 23V Units
Symbol Parameter Conditions Min | Typ | Max | Min | Typ |Max Min | Typ |Max
Short-Circuit Tj=25C 2.1 1.5 1.2 A
Current
Peak Output Tj=25C 24 24 24 A
Current
Average TC of 0C=T=+125C, I = 5mA 0.6 1.5 1.8 m\/°C
VGLT
Ving Input Voltage
Required to Tj=25C. lg = 1A 75 14.6 17.7 W
Maintain
Line Regulation

Mote 1: Thermal resistance of the TO-2 package (K, KC)is typically 4°CAN junction to case and 25°CAW case to ambient. Thermal resistance of the TO-220 package
(T} is typically £*°CAN junction to case and 50°CAW case to ambisnt.

Note 2: All characteristics are measured with capaciter across the input of 0.22 pF, and a capacitor across the output of 0.1pF. All characternstics except noise voltage
and ripple rejection ratio are measured using pulse techmigues [ty = 10 ms, duty cyele £ 5%). Output voltage changes due to changes in internal temperature must
be taken inte account separately.

Note 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. For guaranteed specifications and the test conditions, see Elec-
trical Characteristics.
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Maximum Average Power Dissipation Maximum Average Power Dissipation
25 25
[ D3 L l l T0-220
L L INFINITE : .l 1 Joz2
_ HEAT SINK _ _ INFINITE HEAT SINK |
s - g ; ]
- + = — T
= =
= + — =2 L e I
= \JHITH 10 CW HEAT SINK =
2 ﬁ""b-\i 1 2 u [
=1 10 1 ! (= I 5 N L I
x i\'\;\_ \ = T WITH 10 CAW HEAT SINK
= | T = ] |—
g NO HEAT SINK ™ & gl il
™~ ND HEAT SINK
— ]
0 3 0 P
75 -80 -25 0 25 &0 75 10G 125 i 25 50 15
AMBIENT TEMPERATURE{ C) AMBIENT TEMPERATURE | C)
DE007T745-5 DE007745-E
Peak Output Current QOutput Voltage (Normalized to 1V at T, = 25°C)
15 T T T 1 777
oVpyr = 100 my = Vi = Vour =W
3 —l | 4 gH]I]E T 1T |EIUI'5'“A_F —1
[ = [
= _ = 1+ — 1
= 25 é _"‘"n.\ I
: , — 0495 T
g 2
€I
=] = 04950 T 1
oo ! 7 =
= [ = 0.985 —T— T
=9 o
E 1 +7j= 1257 g N i
> ‘ . 3 0980
0.5 — 4+ = |
{ Z 0975 1
0 | | =
0.970 . .
1] § 10 15 20 25 3 35 -75 -50-25 0 25 50 75 100125 150
INPUT TO DUTPUT DIFFERENTIAL (V) JUNCTION TEMPERATURE { C}b
DSIITTEET S
Ripple Rejection Ripple Rejection
10— 90
T ! '
M ! T i
z ¥ VouT = 5 THH = .
S | - ouT g 20
= : min T =
= f 1 n =z
2 60 = B
2 ‘I. Jlr m\_‘_‘ M| = I
o . f s T\ O
= , N 2
T a0 T Vour <15V R "
= | ST 1 : F=120 Hz
B Vin-Vour = BVpe + 3.5 Vims i R T ) ST T =B Vpp+ 16 Vims
T S - = IN-VouT =2 Vpe
out | lgut = 1A
-Ti=25 ¢ ' [ Tj=25°C
o Lolioimn Ly | l 50 ; s ! ;
10 100 ik 10k 100k L] § 10 15 20 25
FREQUENCY (Hzl QUTPUT VOLTAGE (V]
CE00774E-2 D500T74E-10
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Qutput Impedance Dropout Voltage
1 . r N X P
E'u"m- v %EUUT_U = Vgt = 100 My
_ [Vour=%v  — 1 2 [ |
= :IDUT'Eﬂﬂmﬂ._ ” = I b igyT 1A
N L / S |
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—= (23,88 — 24.80) [——
DA
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m_# _"\ b s

(0.635) 0.135 SEATING PLANE (11.30-13.26)
UNCONTROLLED LEAD DIA m L“ 0.038—0.043 1,
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KGO (REV )

Aluminum Metal Can Package (KC)
Order Number LM7805CK, LM7812CK or LM7815CK
NS Package Number KC02A
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PhYSiCﬂl Dimensions inches (millimeters) unless otherwise noted (Continued)
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LIFE SUPPORT POLICY

o \
SEATING PLANE

+0.01%

L 105 e |25?‘°'25]

-0.58

TO3E (REW L)

T0-220 Package [T]

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

2. A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.
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