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gﬂﬁ 2.1 Phase Correct PWM

A5l Useleviiann PWM

g

Tusyuu digital Wuaslidoyayrniud High was Low #rdfasnisaziirszuy digital luauay
aunsalfidesnIugudedyy I analog 19U N1SAIUANAIINITIBIAGS, N15AIVANAINEFITES
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luszuu digital 9dlianansanduaugunsalwanilldases s1azdedld PWM Tunsaaunu Tae

azUTuATULIAIYBY High-Low (Duty cycle) fadnagnesialudl

- 50% Duty cycle wangaad1 AruLaafiiiu Hish 50% uae AruIa iy Low 50%
- 25% Duty cycle wangaudn Aruaafidiiu High 25% uaz Aruianfiddiu Low 75%

- 80% Duty cycle waungaa21u41 mMuaniiiiu High 80% was aruafiidu Low 20%

STANDARD PWM

PR AT BN SN~

50% Duty Cycle

25% Duty Cycle

Phase Correct PWM

50% Duty Cycle

JIHIHIHIHIFL\

25% Duty Cycle

5Ufl 2.2 Standard PWM ffu Phase Correct PWM

.

lunsufumunanasiinaiu nssudlwirfidrseanludsaunsaifiazarunuded §105u 50% Duty
cycle agvilifignediliu High 50% fatunszualniafisneeanlUazwiond 50% vosbeviun o

ihlUaunuueines asiliuainaivyudieninuda 50% vesaruiagedn



2.2 Microcontroller Arduino Uno R3

3Vl 2.3 Arduino UNO R3

Arduino 81177 (81-9-8-1 via 91g0Tu) Wuveinlulasreulnsiaednszna AVR Aidnnsweaun

2
@

WUy Open Source Aaiimsilamedayaiisan Hardware Lag Software #2 Uasn Arduino gnaanuuy

Yo Y e

1Al gauladne AaduR s dnsudiS usuin W vetlgldudamnsnsaulas Wandy Waudesen

e

NIFUasA isalusunsusiolaansay

FAANTEYRIVB3A Arduino lunsdegunsalidiumaty Aedldauainsadedsas
Sidnnsefindainaisuenudndonnaidrufiaun 1O vaiuesa (@jﬁ’aaenguﬁ 1) Wofionnuazain
amnsniaendeiuuasaasy (Arduine Shield) Usztanaiey (9faensguil 2) 444 Arduino  XBee
Shield, Arduino Music Shield, Arduino Relay Shield, Arduino Wireless Shield, Arduino GPRS Shield

Wudu sdeuivuesauuusse Arduino wdideulusunsuimunsslaas

A
£

Tuiilld Arduino UNO R3 Tissuufadiu-Microcontioller board 74 ATmega328 1u MCU

14
= =

wan edatlazdivn Digital 14 41 Sumn/id1wm wazilen Analog Bumwlddn 6 91,Run firud 16 MHz
USB Connector uay Power Jack DC &3 Concept 984 Arduino Board fvinunieauazaindiulunis

WenseliniuABuUNIADS duisose USB WnAuvesnauunesniaiuisa Run Tswnsui Board Ia



Microcontroller ATmega328
Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limits) 6-20V

Digital I/O Pins

14 (of which 6 provide PWM output)

Analog Input Pins 6
DC Current per I/0 Pin 40 mA
DC Current for 3.3V Pin 50 mA

Flash Memory

32 KB of which 0.5 KB used by bootloader

SRAM 2 KB
EEPROM 1 KB
Clock Speed 16 MHz

M1TNA 1 uanstayaved Arduino UNO R3

2.3 LCD wuv 12C

Wuae LCD sssuminlufinnwdaudiuusda 12C Bus fvhlsnnsldaulaasninddunasfan
WioUAU VR dmSuUSuAuldu9999 TusUuuv 12 agldanlunisi@euseriu Microcontroller 1ies 4

21 (WU Parallel 19 16 91) Teviililgauladienazazmnunn iy A11309 A1NAT N UENS



e +5VDC
3 SDA Serial Data
ScL

Serial Clock

A5 2 uansdeya 4 pin

ANIAAUANNTTLEAAINAYDIID LCD (120)

lunsmavpmiedsnu Inevialuae LCD vzildaumuny (Controller) oglufuda fl¥annsads
afmdsdmiuniuaunisvieuvesas LCD (120) Wwufieafiufuas LCD wuusssum WAd1ee) Aasvia
Adeiildlunismunuiundoutu udssfurssiigtuuilunisivdsdeya luunanuiiismsuyaiee

LCD 16x2 ﬁﬁﬂﬁda'ﬁa;&agﬂuuu 12C Alganiies 4 ildlunsidondawinuu

1. GND lu Ground l4iese1919 Ground ¥8452UU Microcontroller AU LCD

2. veC {ulidsaasiitoulfu LCD faunn +5vDC



3. SDA (Serial Data) Huwldlunisiudstoya

4. SCL (Serial Clock) Wundggaunfinilunsiudsdoya

n153u-dediayanuu 12C BUS

A

v

Control Byte
7 6 5 4 3 2 1 0

START| I I I I |A2 | Al | A0 [R/'W|ACK |dld|d|d|d|d|da]|d]|ack |sTOP

e DEVICE lD-——bi4—— ADDRESS —»| MODE (R RATA —»

UM 2.5 msudidaya 12

- MCU 2gynnnsdsaniugisusy (START Conditions) thauansnisvelda

- uaInmE ¥R IUAY (Control Byte) Bsusznau frusvia Ussdriagunsal Device 1D

H

Device Address Lay Mode Ium‘iﬁauwﬁaéﬂu"ﬁaga

4

- \ilogunsaliuns1udn MCU dosnisasiindadoe fidetdiaanus3us (Acknowledge) wiaudslif
MCU Suiideyanlddendeiugnees

2

- uazLiioAuganisaedaya MCU sesiovdianurdugn (STOP Conditions) tilauaniiugunsaii

AuganslaUa

N13LBNAD 2919 Microcontroller fiu LCD (12C)

[

dmsumsiausredmg1sE1Ing Microcontroller fiu LCD #ifiuase 12C PULAIUU N15EN

Toya91n Microcontroller asgnavaanunluguuuu 12C Tudsuesa 12 uazueiaaziinthndansdeya
Tenunluguuuuuni wiewuu Parallel tiellunisinseluding LCD Tneitswamdsildlunnsdany
70 LCD dandlainafuae LCD Mfuwuy Parallel Tnsdavlvajuedn 12 wieuReuMIMUANTEME
LCD wfien ¢ Sawvinifu Weasnazangiudt asesnelusewingme LCD fuuesn 12¢ T fnmsseliegils
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9n3UasaELiuliineg LD uay vasn 12C lafimsidausiamndmiumsivddayaifuuuu 4
Un v1ousialifie v1 P4 > DBA, P5 > DBS, P6 > DB6, P7 > DB7 Wa#a1 P2 > £ (Enable), P1 > RAW,
PO > RS saulufwidumudmivlsuaaiuiduvssindnes uag Switch Backlight 211995977

o d 7 o Y v W 5 fa & s £a o Y
dulumsldnugnivessadiiumuesa 12C uavgunselbidnmseindSoudesudn
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1. maslnAvade (P)

s

mdaluiniady (Average Power) wiadslnitiass Ae maslwfidluldiuess q Ml

dldw 2/
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waslvladunddunulszedhades P = EIcos® = 0 Watt

2. mMmaalniSuaniiv (Q)

k2

masliSuaniin (Reactive Power) igarmasliiusadumgsd ifindusursasiiaduiisivan

L vi%0 C Wuwas RLuag R-Cluhdsgeyde wheglusuresauuulmdnuazaunili

Q = ExI Sin O fwuhendu Var

3. maslWiiiusng (S)

@

o s & A o o 5 d‘l v | 3
maslnihusing (Apparent Power) Apidslnilianuaiidrelifursasivsingaiala

= & a0 b2 [l as nl as L] L7 = 5
fwmosuaruandiwesmlsnnuasimvesiidalniieaunuiasinisuanfivinannmes
S=Fxl Tvedu va

759

S = P% + Q7

2.5 M3iAN1a9 WA
anuwdsurndslnga ( Power Triangle)

19395 nsenaadulunsdlusnnszualwiisumaiuus sy agdiantiadniiniieedierne

Maslwiiade (P nydifiaes lurasifinssuadmdmdotwdh useiuluyn 90 eeen 2gilen

o o

maalWin3uendiv (Q) WesAnRsr nsdifaulursasinssuaiivinseanaansasullds 90 aeeq 9y
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2.6 NMINagLanN1wauUagn (AM)

A 1

mIueganwuy AM WWudsnmsiivendiigauazazmniian azuiuinanuivesdyyiunauniies

ArfuagganitAnuivesdyyudeys eliaunsandyyudeyaluldssaemdlna q ez

QI AM Ainegianudlaziinnuivhiuanuivesdyaanduni Inelivuiavisououuagnues

o 2

anaUdsuuUadlumunenuignvesdygyintoya
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uni 3

N1SDDNUKUUESS

as

Inssasvesindimesusznaumedilng g 3 dausedl
LasasAununasing(watt)
2.Microcontrollerkaganuaning

3299519889

3.11995A1U2UN1A8 WA

o A Y i
14 Current transformer uag Voltage transformer [od70anuuinveinseudiazusidy e

o o o as 2/ 13 ar é a =) = o
A&l Ingld 1IC1-B afedynia PWM io@nllaaind 1C3a uasld 1C2-A vinsuag

taanaLoNUAgA uazil IC2-B siwthitu Low pass filter tielilfLdwinm 0-5 vde

TR1
220vAC
—Qu)— 220VAC g

FS-12-090-C2
TRIAD MAGNETICS
Voltage Transformer

AC IN R6

150

TR2
CST-1008
TRIAD MAGNETICS
Current Transformer

R17

DEVICE R15 1K
UNDER 10K
TEST

+8V

SUT 3.1 29asrislndh
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Laun1sas1udygiaPWM

JUT 3.2 233585798 ayed PWM

5 v = = o PxY)
apduoud IC1-A azgafreduginglammben el SkHz way 1IC1-8 axlddayan

<o

i & o P P o o Y
auwmds tuazdyaaan Current Transformer iteas1idyaasyamaon ddygimann Current

¢ v o -

| & v u ¢ o X = & v < &
Transformer  witugud aglildmmsoesidud fdmyronfutuautisaan fagliidmmiingui

100% wazaylilammoo odnyIauatauign

2.8Un"5A0AE four-quadrant multiplier

U 3.3 2995 four-quadrant multiplier
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lowpass filter Tild19m 0-5 VDC @1 0 wihrufaslnoTad wazen 5 wirdurhasly 500 Sad
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3.2 Microcontrolleriazaaugnina

vhonlaguvasuswiummdsnuduaiaeauvu 10 In uazmuaumILanika

1.Iaanlelunsfuauazuansuarasliianiuaslco

sgfdzg

#include <Wire.h>
#include <LiguidCrystal I2C.h>
LiguidCrystal I2€ lcd(0x27, 16, 2):
float sensorPin = A0;
void setup()
{
led.bégin():
lcdisetCursar{0y-0).:
lcd.printin("RBower : Wi
+
void loop()
{
float value = {anzlogRaad(sensorPin)/2.046);
lcd.secCursar(2, D)
lcd.print (value):
1

U7 3.6 WaillilunsSuriuasuansmarsslui el CD

2.U83AArduino Uno wazaalCh

gﬂﬁ 3.7 vainArduino Uno WazaalCD
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Cap
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NIINAAILACHENITINAE D

4.18aN15NAaIUTUAN Input 910 Current Transformer

AT HAAINBNITNAA D

18

Input 270 Current Transformer(Vac)

Output 98323953A 18 WA (VdC)

0 0.32
0.5 0.80
1.0 1.36
1.5 1.76
2.0 2.32
25 2.72
30 3.8
35 3,84
4.0 4.48
4.5 472
5.0 4.96
55 5.12
6.0 5.12
6.5 5.12
7.0 5.12

A157197 3 NANSNAADY




4.28yeyreu PWM #2anunann IC1-B 41 Input Areineg

1. Input 1.0V

2. Input 2.0V

SUT 4.2 dyayias PWM 7 Input 2.0v
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3. Input 3.0V

4. Input 4.0V

3
U

U

]
N

0.4 &ygy1ed PWM 7 Input 4.0V
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5. Input 5.0V

6. Input 6.0V

VIR

SU 4.6 Ay PWM 7 Input 6.0V
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4.3 feygyruineananain IC2-A  Input A4

1. Input 1.0V

gﬂﬁ 4.7 &ugesiisenunann IC2-A # Input 1.0V

2. Input 2.0V

E‘Uﬁ' 1.8 &yaesdieanuiann IC2-A Input 2.0V
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3. Input 3.0V

4. Input 4.0V

gﬂﬁ 4.9 Faypynuiieanunann IC2-A 7 Input 3.0V

;Uﬁ' 4.10 Fyayauftoanunann 1C2-A 7 Input 4.0V
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5. Input 5.0V

6. Input 6.0V

il Nov 21, 2017, 2259
——————————— 0. 2. 2017, 22:59

gﬂﬁ 4.12 Fyayrnufiaaninann IC2-A 7 Input 6.0V
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4.4NdaUNT1IUENINAY99LCD

Inen1sdnassinnszuanse 0-5v liiuArduinosuan udthunulasuazdsioluiival COWoLae

ArMadbniin
L d
ANNAISLERS
Input(V) ﬁjﬁkmm | onamee]
0 0 0
0.5 49.86 50
1 101.17 100
=ty 152.00 150
2 202.35 200
Z5 288 68 250
3 304.99 300
5 356.30 350
i} 407.62 400
4.5 458.94 450
5 500.00 500
ﬁl'l'i'lﬂﬁfl- ANIFLLAPNNAYDIALCD
600 — — - — —
1
500 -
)
400
© f
E 300 —— ABUARINA
Blg 200 ! =l Aunniinaalnin
? |
Sz 100
€
°< 0 .
0 1 3 4 5 6
Input (V)
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ON Semiconductor™

1.5 A Adjustable Output,
Positive Voltage Regulator

The LM317 is an adjustable 3—terminal positive voltage regulator
capable of supplying in excess of 1.5 A over an output voltage range of
1.2 V to 37 V. This voltage regulator is exceptionally easy to use and
requires only two external resistors to set the output voltage. Further, it
employs internal current limiting, thermal shutdown and safe area
compensation, making it essentially blow—out proof.

The LM317 serves a wide variety of applications including local, on
card regulation. This device can also be used to make a programmable
output regulator, or by connecting a fixed resistor between the
adjustment and output, the LM317 can be used as a precision current
regulator.

Output Current in Excess of 1.5 A

Output Adjustable between 1.2 Vand 37 V

Internal Thermal Overload Protection

Internal Short Circuit Current Limiting Constant with Temperature
Output Transistor Safe—Arca Compensation

Floating Operation for High Voltage Applications

Available in Surface Mount D2PAK, and Standard 3—Lead Transistor
Package

® Eliminates Stocking many Fixed Voltages

Standard Application

Vin Vnul

e, LM317 O

Ry

240

'Adll Adjust
C[n* 1 K COH
01pF T T 10uF
Ry

O

* Cip is required if regulator is located an appreciable distance from power supply filter.
** Cp is not needed for stability, however, it does improve transient response.

R
_ 2
Vuut = 1.25V(1 +R—1) + IAdiH2

Since lag; is controlled to less than 100 A, the error associated with this term is
negligible in most applications.

LM317

THREE-TERMINAL
ADJUSTABLE POSITIVE
VOLTAGE REGULATOR

SEMICONDUCTOR

TECHNICAL DATA

T SUFFIX
PLASTIC PACKAGE
CASE 221A

Heatsink surface
connected to Pin 2.

D2T SUFFIX
PLASTIC PACKAGE
CASE 936
(D2PAK) .

1

Pin 1. Adjust
2. Vo

In

/

/,

/4

3

J

0
Y%

Heatsink surface (shown as terminal 4 in
case outline drawing) is connected to Pin 2.

ORDERING INFORMATION

Operating
Device | Temperature Range Package
LM317BD2T Surface Mount
Ty =-40°to +125°C
LM317BT Insertion Mount
LM317D2T Surface Mount
Ty=0°to +125°C 2
LM317T Insertion Mount

@ Semiconductor Components Industries, LLC, 2002 1

January, 2002 — Rev. 3

Publication Order Number:

LM317/D



MAXIMUM RATINGS

LM317

Rating Symbol Value Unit
Input—-Output Voltage Differential Vi-Vo 40 Vdc
Power Dissipation
Case 221A
Ta =+25°C Pp Internally Limited W
Thermal Resistance, Junction—to—Ambient AT 65 °C/W
Thermal Resistance, Junction—to—Case 8¢ 5.0 °C/W
Case 936 (D2PAK)
Ta = +25°C Pp Internally Limited W
Thermal Resistance, Junction—to—Ambient 0Ja 70 °C/W
Thermal Resistance, Junction—to—-Case Buc 5.0 °C/W
Operating Junction Temperature Range Ty —40to +125 °C
Storage Temperature Range Tstg —65 to +150 °C

ELECTRICAL CHARACTERISTICS (Vi-Vo=5.0V;lg=0.5 Afor D2T and T packages; T, = Tigw t0 Thigh [Note 1]; Imax and Ppax

[Note 2]; unless otherwise noted.)

Characteristics Figure Symbol Min Typ Max Unit
Line Regulation (Note 3), T4 = +25°C, 3.0V £ V|-Vg <40V 1 Regjine = 0.01 0.04 Y
Load Regulation (Note 3), Ta = +25°C, 10 MA £ 1g = Ipax 2 Regioad
Vo<5.0V - 5.0 25 mV
Vo250V - 0.1 0.5 % Vo
Thermal Regulation, Ta = +25°C (Note 6), 20 ms Pulse Regiherm = 0.03 0.07 % Vo/W
Adjustment Pin Current 3 Iadj — 50 100 HA
Adjustment Pin Current Change, 2.5V < V|-Vg <40V, 2 Aladi - 0.2 5.0 A
10 MA €I € lmax Pp € Pmax
Reference Voltage, 3.0 V V|-V <40V, 3 Viet 142 1.25 1.3 Vv
10 MA € lg € Imax: Pp € Pmax
Line Regulation (Note 3), 3.0 V< V|-Vg <40 V 1 Regjine - 0.02 0.07 %V
Load Regulation (Note 3), 10 mA < lg < Imax 2 Regioad
Vp<5.0V - 20 70 mV
Vpo25.0V - 0.3 1.5 % Vo
Temperature Stability (Tiow Ty < Thign) 3 Ts - 0.7 - % Vo
Minimum Load Current to Maintain Regulation (V|-Vg = 40 V) 3 I min - 3.5 10 mA
Maximum Output Current 3 Imax A
Vi-Vg £15V, Pp £ Ppax, T Package 1.5 2.2 =5
Vi-Vg =40V, Pp £ Pnayx, Ta =+25°C, T Package 0.15 0.4 -
RMS Noise, % of Vg, Ta = +25°C, 10 Hz < < 10 kHz N - 0.003 - % Vo
Ripple Rejection, Vg =10V, f = 120 Hz (Note 4) 4 RR dB
Without Cpy; = 65 =
Cadj=10pF 66 80 -
Long-Term Stability, T; = Tigh (Note 5), Tp = +25°C for 3 S - 0.3 1.0 %/1.0 k
Endpoint Measurements Hrs.
Thermal Resistance Junction to Case, T Package Reuc - 5.0 - °C/W

NOTES: 1. Tigw 10 Thign = 0° 10 +125°C, for LM317T, D2T.  Tigy to Thign = —40° to +125°C, for LM317BT, BD2T.

2. lmax=15A, Ppax=20W

3. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be taken into account separately.

Pulse testing with low duty cycle is used.

4. Cpgj, when used, is connected between the adjustment pin and ground.
5. Since Long-Term Stability cannot be measured on each device before shipment, this specification is an engineering estimate of average stability

from lot to lot.

6. Power dissipation within an IC voltage regulator produces a temperature gradient on the die, affecting individual IC components on the die. These
effects can be minimized by proper integrated circuit design and layout techniques. Thermal Regulation is the effect of these temperature gradients
on the output voltage and is expressed in percentage of output change per watt of power change in a specified time.

LI,

http:lionmsemi.com
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LM317

Representative Schematic Diagram

? t — 1oV,
j 5.6k
6.3V
N
A
125k } 200 13k
]
6.3V

105

= -AAAA
~
o

Vee

.

* Pulse testing required.
1% Duty Cycle
is suggested.

This device contains 29 active transistors.

VonVou
|‘|' 7 Vi Line Regulation (% /V) = —% X100 I‘l -~ Vou
==V ou! -- VoL
Vin Vout
o LM317 o—¢ o o
¢ Adjust
¥, R, S 240 .
b M 5 @ % oo M4 R
Ra
1%
iy * & O

Figure 1. Line Regulation and Alagj/Line Test Circuit

http://lonsemi.com
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LM317

Y V; v,
ol o LM317 ém @ e —0

- = Vg (min Load)
Ri U - - - Vg (max Load)
(max Load)
Q Adjust R, S 240 P RL
e 1 . M (min Load)
B s e @ G52 10uF ~—’%

3

* Pulse testing required.
Ro 1% Duty Cycle is suggested.
1%
l O
) Vg (min Load) - Vg (max Load)
Load Regulation (mV) = Vg (min Load) - Vg (max Load) Load Regulation (% Vg) = x100

Vo (min Load)

Figure 2. Load Regulation and Alpg;/load Test Circuit

Vin
== LM317 . 4
O Adjust
© oy ot “L
Ci" /T 0.1 }JF GD
Ry
1%

* Pulse testing required. = To Calculate Ry: Vgt = Isgr Ro +1.250 V
1% Duty Cycle is suggested. Assume lggr =5.25 mA

Figure 3. Standard Test Circuit

o o Lm317 o
f=120 Hz
240 i3
O Adj
Adjust R 2 1 1N4002 AL Vout =10V
+
Cin 7= 0.1 uF Co 7~ 10kF 60
X
RZ § :‘wﬁésk CAdj r‘l'\ 10 pF
- l

* Dy Discharges Cpg; if output is shorted to Ground.

Figure 4. Ripple Rejection Test Circuit

SR http://onsemi.com
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0.4
0.2

-0.2
0.4
-0.6
-0.8

AVt OUTPUT VOLTAGE CHANGE (%)

-1.0

70
65
60
55
50
45
40

| Adj, ADJUSTMENT PIN GURRENT (1A)

35

1.26

1.25

1.24

1.23

Vyef, REFERENCE VOLTAGE (V)

1.22

LM317

I out» OUTPUT CURRENT (4)

IL=05A
—) —
IL=15A
\\
Vip=15V
Vour=10V
-50 -25 0 25 50 75 100 125 150

T;, JUNCTION TEMPERATURE (°C)
Figure 5. Load Regulation

.,

v

Vin-Vout, INPUT-OUTPUT VOLTAGE
DIEFERENTIAL (Vdc)

I8, QUIESCENT CURRENT (mA)

-50 -25 0 25 °50g%75" 1100 “§125) 150
T,, JUNCTION TEMPERATURE (°C)
Figure 7. Adjustment Pin Current
’/ ""-...____\;
™~
\
-50 -25 0 25 50 75 100 125 150

T, JUNCTION TEMPERATURE (°C)

Figure 9. Temperature Stability

40
3.0
L T,=25°C
20 [E—\
IETNN
L] - ‘\
10— NS o
| g T _§5__C__
e
Ll
0 10 20 30 40
Vin-Vou, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (Vdc)
Figure 6. Current Limit
3.0 |
AVgy =100 mV
M IL=15A
2.5 ~_] —
i e
20 """'-—...: il
e T L
A
1.5 \\}\r‘\ o
' T~ T~ 200mA
\ \bl
20 mA
1.0 ~
50 25 0 25 50 75 100 125 150
T}, JUNCTION TEMPERATURE (°C)
Figure 8. Dropout Voltage
5.0
45 |
b T)=-55°C
i 7 425°C
i Fd o
2 (//4 [~ +150°C
25 ~
2.0
15 *?"
1.0 -Ié
05
0
0 10 20 30 40

Vin-Vou, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (Vdc)

Figure 10. Minimum Operating Current
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LM317

100 T
Cag =10 uF 120
g a0 i g
= ~ = 100
= = Without Cag ]
E " \_\___ Adj 8 g / _— Cag = 1UIp.F
= w - T
% I?t-l i _____,‘- =~ Without CAd
= 40 4
(218
B T = 0 V=15V
o L =500mA : o
£ 20 - o Vout=10V
f=120Hz o 20 L f= 120 Hz
TJ:ZIS s | T;=25°C
0 0 | 1 1
0 5.0 10 15 20 25 30 35 0.01 0.1 1.0 10
Vo, OUTPUT VOLTAGE (V) lo. OUTPUT CURRENT (A)
Figure 11. Ripple Rejection versus Output Voltage Figure 12. Ripple Rejection versus
Output Current
100 101
7z
—_ — v
S 80 Va I = 500 mA <] ¥ Vo= 15 Z
2 / N gi" ¥ 1fovv S = thszoéo VA =\ =
= out = = m =
S 60 /[ \ Ty= 25 3 T)= 25°C - —
- 1
w \ s 10 < |
T = —— ; = =
E 40 é Without CAdj /a: ~
E = T T
- S 102
g‘:: 20 \\ o = Cot=00 UF
\ Cagj=10 uF ~ —— = Adj =10 1
Without Cag J I
0 ] 103 I I
10 100 1.0k 10k 100k 10M 10M 10 100 1.0k 10k 100 k 10M
f, FREQUENCY (Hz) f, FREQUENCY [Hz)
Figure 13. Ripple Rejection versus Frequency Figure 14. Output Impedance
=
538 N\ g 3.0
o =
5215 2 20 N
o E = =
] 5 CL=1.0pF |\
25 0 Cp=1.0 iF; om 10—
g L="1.U 1 -Aa CAd]=10|.lF 7 =\
Z g 05 AN Cagj =10 uF 2w 0 d
2 0 * Z2 -1.0 k\ Y/
= = 7 = W Vip=15V
-0.5 >-20 Vi
V=10V [A \/“C"' =10V
=10 out = -3.0 L= InL =50 mA
=70 I, = 50 mA V Yoo Without Cpg; T = 25°C
W g5 T) = 25°C L=h o 159 :
g = Without Cag; = I
2= 407 S ac
=T 10 5 = 1.0
£5 05 Yin =8 05 / \L
26 S \
2 0 3 o
S] 0 10 20 30 40 0 10 20 30 40
t, TIME (us) 1, TIME (us)

Figure 15. Line Transient Response

Figure 16. Load Transient Response
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LM317

APPLICATIONS INFORMATION

Basic Circuit Operation

The LM317 is a 3-terminal floating regulator. In
operation, the LM317 develops and maintains a nominal
1.25 V reference (Viep) between its output and adjustment
terminals. This reference voltage is converted to a
programming current (Iprog) by R (see Figure 17), and this
constant current flows through R to ground.

The regulated output voltage is given by:

Ry
Vou = Veer\TF R, |+ g

Since the current from the adjustment terminal (Iag;)
represents an error term in the equation, the LM317 was
designed to control Iagj to less than 100 UA and keep it
constant. To do this, all quiescent operating current is
returned to the output terminal. This imposes the
requirement for a minimum load current. If the load current
is less than this minimum, the output voltage will rise.

Since the LM317 is a floating regulator, it is only the
voltage differential across the circuit which is important to
performance, and operation at high voltages with respect to
ground is possible.

Vin Vuut
O— LM317 b d

O Vout

Adjust

—
I g

Vout
Vier = 1.25 V Typical

Figure 17. Basic Circuit Configuration

Load Regulation

The LM317 is capable of providing extremely good load
regulation, but a few precautions are needed to obtain
maximum performance. For best performance, the
programming resistor (R}) should be connected as close to
the regulator as possible to minimize line drops which
effectively appear in series with the reference, thereby
degrading regulation. The ground end of R; can be returned
near the load ground to provide remote ground sensing and
improve load regulation.

External Capacitors

A 0.1 uF disc or 1.0 UF tantalum input bypass capacitor
(Cjy) is recommended to reduce the sensitivity to input line
impedance.

The adjustment terminal may be bypassed to ground to
improve ripple rejection. This capacitor (Cagj) prevents
ripple from being amplified as the output voltage is
increased. A 10 uF capacitor should improve ripple
rejection about 15 dB at 120 Hz in a 10 V application.

Although the LM317 is stable with no output capacitance,
like any feedback circuit, certain values of external
capacitance can cause excessive ringing. An output
capacitance (Cq) in the form of a 1.0 uF tantalum or 25 pF
aluminum electrolytic capacitor on the output swamps this
effect and insures stability.

Protection Diodes

When external capacitors are used with any IC regulator
it is sometimes necessary to add protection diodes to prevent
the capacitors from discharging through low current points
into the regulator.

Figure 18 shows the LM317 with the recommended
protection diodes for output voltages in excess of 25 V or
high capacitance values (Cp > 25 UF, Cag; > 10 UF). Diode
Dy prevents Cg from discharging thru the IC during an input
short circuit. Diode D> protects against capacitor Cagj
discharging through the IC during an output short circuit.
The combination of diodes Dy and D5 prevents Cagj from
discharging through the IC during an input short circuit.

Dy
i
1N4002
Vin Vout
LM317
+
Cin T

DZTCO

Adjust 1N4002

Figure 18. Voltage Regulator with Protection Diodes

http://lonsemi.com
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LM317

- PD(max) for Tp = +50°C =
S

o . S
=< 10 Free Air 30 &
=

g g ‘.\\“‘- Mounted - L~ &
Bz g , Vertically L~ 2.0 0z. Copper || 5 ¢ =
s 5 N =
3 5 \</ ‘ Minimum T log &
=B /| TNy SizePad L =
£Z 7 A l =
3= wp”s ] 15 2
HBFA B =

30 1.0
0 5.0 10 15 20 25 30
L, LENGTH OF COPPER (mm)

Figure 19. D2PAK Thermal Resistance and Maximum
Power Dissipation versus P.C.B. Copper Length

Dg*
<
1N4002
I
Vout Rsc Vina Vou 2 o
Vi, LM317 e ADA s LM317 Vg
32Viod0V | Vi (1) @
I i i ! |r52001 LT
: D Tantalum
Adjust 1 ] I
1N4001 ;
— ; Adjust 2 iy =
Current 1.0 D, 50k Voltage 10pF
Limit ) 1N4001 Adjust I
Adjust 1N4001 =
Q4 Y
Diodes D4 and Do and transistor Q, are added to USE p Output Range: 0<Vp<25V
allow adjustment of output voltage to O V. - 0<lpg<15A
Dy 0
* Dg protects both LM317’s during an input short circuit. 10V !
Q IN4001
2N5640
-10V

Figure 20. “Laboratory” Power Supply with Adjustable Current Limit and Output Voltage
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O— WMy [—O—"YWA—e——0 Iy

Vin 1.25 —_— V
in
! O
Adjust LM317

Dy
He 1N4001
100 D,
1N4001 Adjust
*To provide current limiting of Ig to the system
ground, the source of the FET must be tied to a 720 TTL
negative voltage below - 1.25V. ONEE40 Control
Vref Vret
F{1 P R2 < — o N
lomax + lpss Iops Veg* == Minimum Vg1 =1.25V
?ﬁ:i: _B }g;?:[;‘iséfss’ * Dy protects the device during an input short circuit.
Asshown 0 <lg < 1.0A.
Figure 21. Adjustable Current Limiter Figure 22. 5.0 V Electronic Shutdown Regulator
lout
Vin Vout Vin Vo Ry —_—
o—1  Lm317 <) O— M7 O o
240 1N4001
o IAdi
Adjust © 50 k Adjust ey
Ra + TR YIE’i Ll
10 pF out R, Adj
_ 128V
= R,
OMA<lo<15A
Figure 23. Slow Turn—-On Regulator Figure 24. Current Regulator
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PACKAGE DIMENSIONS

T SUFFIX

PLASTIC

PACKAGE

CASE 221A-09
ISSUE AA

T
e

c
T S——bl-q—
f

o
xR —-l-— > —
‘Ll

f
s 1 NN

NOTES:

SEATING 1
PLANE

2.
3.

D2T SUFFIX

PLASTIC
CASE

PACKAGE
936-03

(D2PAK)
ISSUE B

OPTIONAL

CHAMFER E

. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982,

CONTROLLING DIMENSION: INCH.
DIMENSION 2 DEFINES A ZONE WHERE ALL
BODY AND LEAD IRREGULARITIES ARE
ALLOWED.

INCHES MILLIMETERS
DIM| MIN MAX MIN | MAX
0.570 | 0.620 | 14.48 | 15.75

0.380 | 0.405 9.66 | 10.28

0.160 | 0.190 4.07 4.82

0.025 | 0.035 0.64 0.88

0.142 | 0.147 3.61 3.73

0.095 [ 0.105 242 266

0.110 | 0.155 2.80 3.93
0.018 | 0.025 0.46 0.64

0.045 | 0.060 1.15 1.52

0.190 | 0.210 4.83 5.33

0.100 | 0.120 2.54 3.04

0.080 | 0.110 2.04 2.79

0.045 | 0.056 1.15 1.39

0.235 | 0.255 587 6.47

0.000 | 0.050 | 0.00 1.27

A
B
c
D
F
G
H
J
K | 0500 | 0562 | 12.70 | 14.27
L
N
Q
R
S
T
u
A\

0.046 1.15

4 --—— | 0.080 2.04

TERMINAL 4
N\ fe— | —

NOTES:

Y14.5M, 1982.
. CONTROLLUING DIMENSION: INCH.

[ZR

AAND K.

ta

o

0.025 (0.635) MAXIMUM.

. DIMENSIONING AND TOLERANCING PER ANSI

. TAB CONTOUR OPTIONAL WITHIN DIMENSIONS

DIMENSIONS U AND V ESTABLISH A MINIMUM
MOUNTING SURFACE FOR TERMINAL 4.

. DIMENSIONS A AND B DO NOT INCLUDE MOLD
FLASH OR GATE PROTRUSIONS. MOLD FLASH
AND GATE PROTRUSIONS NOT TO EXCEED

INCHES MILLIMETERS

MIN MAX | MIN

0.386 | 0.403 | 9.804 [10.236

0.356 | 0.368 | 9.042

0.170 | 0.180 | 4.318

0.026 | 0.036 | 0.660

0.045 | 0.055 | 1.143

0.051 REF 1.295 REF
0.100 BSC 2,540 BSC
0539 | 0.579 [13.691 [14.707
0.125 MAX 3.175 MAX
0.050 REF 1.270 REF

0.000 | 0.010 | 0.000

0.088 | 0.102 | 2.235

0.018 | 0.026 | 0457

0.058 | 0.078 | 1.473

5°REF 5°REF
0.116 REF 2.946 REF
0.200 MIN 5.080 MIN
0.250 MIN 6.350 MIN

http:/lon
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@ MOTOROLA

Three-Terminal Adjustable
Output Negative Voltage
Regulator

The LM337 is an adjustable 3-terminal negative voltage regulator
capable of supplying in excess of 1.5 A over an output voltage range of
-1.2V to —37 V. This voltage regulator is exceptionally easy to use and
requires only two external resistors to set the output voltage. Further, it
employs internal current limiting, thermal shutdown and safe area
compensation, making it essentially blow—out proof.

The LM337 serves a wide variety of applications including local, on card
regulation. This device can also be used to make a programmable output
regulator, or by connecting a fixed resistor between the adjustment and
output, the LM337 can be used as a precision current regulator.

Output Current in Excess of 1.5 A

Output Adjustable between -1.2V and -37 V

Internal Thermal Overload Protection

Internal Short Circuit Current Limiting Constant with Temperature
Output Transistor Safe—Area Compensation

Floating Operation for High Voltage Applications

Eliminates Stocking many Fixed Voltages

Available in Surface Mount D2PAK and Standard 3-Lead Transistor
Package

Standard Application

O b ® +—0
IPROG l l

. Ro v, |+
Cn" == Cre —
1.0 uF Ry 1.01F

120
|Adji
Vin Vout
~Vip o—e—0——  LM337 o O gyt

*Gip, Is required if regulator is located more than 4 inches from power supply filter.
A 1.0 uF solid tantalum or 10 LF aluminum electrolytic is recommended.

**Cp is necessary for stability. A 1.0 1F solid tantalum or 10 wF aluminum electrolytic

is recommeded.
Ry
Vo =125V [ 1+ R,

Order this document by LM337/D

LM337

THREE-TERMINAL
ADJUSTABLE NEGATIVE
VOLTAGE REGULATOR

SEMICONDUCTOR
TECHNICAL DATA

T SUFFIX
PLASTIC PACKAGE
CASE 221A

Heatsink surface
connected to Pin 2.

Pin 1. Adjust
2. Vip
3. Vout

D2T SUFFIX
PLASTIC PACKAGE
CASE 936
(D2PAK)

Heatsink surface (shown as terminal 4 in
case outline drawing) is connected to Pin 2.

ORDERING INFORMATION

Operating
Device Temperature Range| Package
LM337BD2T Surface Mount
TJ=-40°to +125°C
LM337BT Insertion Mount
LM337D2T Surface Mount
Ty=0°to +125°C
LM337T Insertion Mount

© Motorola, Inc. 1996 Rev 1



MAXIMUM RATINGS

LM337

Rating Symbol Value Unit
Input—Output Voltage Differential Vi-Vo 40 Vdc
Power Dissipation
Case 221A
Ta =+25°C Pp Internally Limited W
Thermal Resistance, Junction—to—Ambient B8JA 65 °C/W
Thermal Resistance, Junction—to—Case 0Jc 5.0 °C/W
Case 936 (D2PAK)
Ta =+25°C Pp Internally Limited w
Thermal Resistance, Junction—to—Ambient 6JA 70 °C/W
Thermal Resistance, Junction-to—-Case 8Jc 5.0 °C/W
Operating Junction Temperature Range Ty —-40to +125 °C
Storage Temperature Range Tsig —-651to +150 °C

ELECTRICAL CHARACTERISTICS (|V|_Vg|=5.0 V; 1o = 0.5 A for T package; T, = Tiow 10 Thigh [Note 1]; Imax and Pmax [Note 2].)

Characteristics Figure Symbol Min Typ Max Unit
Line Regulation (Note 3), Tp =+25°C, 3.0V < |V|-Vp| <40 V 1 Regline . 0.01 0.04 YelV
Load Regulation (Note 3), Ta = +25°C, 10 mA < I < Ipax 2 Regioad
[Vol<5.0V - 15 50 mV
[Volz5.0V - 0.3 1.0 % Vo
Thermal Regulation, Ta = +25°C (Note 6), 10 ms Pulse Regtherm - 0.003 0.04 % Vo/W
Adjustment Pin Current 3 IAd] - 65 100 pA
Adjustment Pin Current Change, 2.5V < |V|-Vg| <40V, &e Alpdj - 2.0 5.0 HA
10 MA <L <lmax, PD < Pmax Ta = +25°C
Reference Voltage, Tp =+25°C, 3.0V < |Vj-Vp| <40V, 3 Vryef -1.213 | -1.250 | -1.287 \
10 MA <10 < Imax, PD < Pmax, TJ = Tiow 10 Thigh -1.20 1825 -1.30
Line Regulation (Note 3), 3.0 V < |V|-Vp| <40V 1 Redline = 0.02 0.07 Yo/
Load Regulation (Note 3), 10 mA £ 10 < Imax 2 Regjoad
[Vol<5.0V - 20 70 mv
[Vol|z5.0V - 0.3 1.5 % Vo
Temperature Stability (Tiow < TJ < Thigh) Tg - 0.6 - % Vo
Minimum Load Current to Maintain Regulation ILmin mA
(IVI-Vol<10V) -~ 1.5 6.0
(VI-Vo|<40V) ~ 2's 10
Maximum Output Current 3 Imax A
[VI-Vol| £ 15V, Pp € Pmay, T Package - 1.5 2.2
[VI-Vo| =40V, Pp £ Pmayx, Ty = +25°C, T Package = 0.15 0.4
RMS Noise, % of VO, Ta =+25°C, 10 Hz < f < 10 kHz N - 0.003 = % VO
Ripple Rejection, Vg ==10 V, f = 120 Hz (Note 4) 4 RR dB
Without Cagj o~ 60 -
Cadj=10 uF 66 77 -
Long—Term Stability, T = Thjgh (Note 5), Tp = +25°C for 3 S = 0.3 1.0 %/1.0k
Endpoint Measurements Hrs.
Thermal Resistance Junction—-to—Case, T Package ReJc - 4.0 - °C/W

NOTES: 1. Tigw to Thigh
2. lmax=15 %, Pmax=20W

= 0° to +125°C, for LM337T, D2T.  Tioy to Thigh = —40° to +125°C, for LM337BT, BD2T.

3. Load and line regulation are specified at constant junction temperature. Change in Vg because of heating effects is covered under the Thermal
Regulation specification. Pulse testing with a low duty cycle is used.

4.Cpgj, when used, is connected between the adjustment pin and ground.

5. Since Long Term Stability cannot be measured on each device before shipment, this specification is an engineering estimate of average stability from

lot to lot.

6. Power dissipation within an IC voltage regulator produces a temperature gradient on the die, affecting individual IC components on the die. These
effects can be minimized by proper integrated circuit design and layout techniques. Thermal Regulation is the effect of these temperature gradients
on the output voltage and is expressed in percentage of output change per watt of power change in a specified time.

MOTOROLA ANALOG IC DEVICE DATA
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Representative Schematic Diagram

. d * VI O Adjust
100 % 60
2.0k
2.5k
L 21k
* ? O Vout
l 10k
h 4 h 4
50k ™
r -
75 60k 100k BDG§ 15pF
AN~ +—\A\—9 L
18k § g -’l
4.0k
- -
Pay ok
L
3.0k
100pF ==
20k
qf 100k @
500% 2.4k % % 13 0.05
R N 4 0 Vin

This device contains 39 active transistors.

Figure 1. Line Regulation and Alpdj/Line Test Circuit

N @ & ©

|\|—|

Cin  1.0uF

* Pulse testing required.
1% Duty Cycle
is suggested.

——||—--V|H —”—“VOH
- ---- VoL

piEe SR

oV Line Regulation (%/V) = ———— x 100
EE |VOH|
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Figure 2. Load Regulation and Alpgj/Load Test Circuit

|||——

Rz% 1%

Cin 7= 1.0pF @
Adjust O

1.0 uF ._K
Ry 3 120

Col +

O

* Pulse testing required.
1% Duty Cycle is suggested.

l I'T ?L
max
Vin Vout % Load) |—[ - - - =V (min Load)
V| o—e—0— LM337 —O—@ +—o * O - - =Vp (max Load)

Load Regulation (mV) = V¢ (min Load) - V¢ (max Load)

Load Regulation (% Vq) =

Figure 3. Standard Test Circuit

Vo (min Load) - Vo (max Load)
Vo (min Load)

x 100

- H2 1“/0
+
Cin 7~ 1.0 uF CO = 1.0yF QOD
g % AL
Ry 120
Adjust ©
Vin Vout
o w3 o4 @ .
V
To Calculate Rp: Ro= (V_O _1 ) R
ref

This assumes |agjis negligible.

* Pulse testing required.
1% Duty Cycle Is suggested.

Figure 4. Ripple Rejection Test Circuit

\ t
= (¥
Ro 3 1% Chlj=~ AORE
| +
Cin == 1.0uF o Co =1.0pF ?RL @
Adjust R 3120 Drf K hao02
Vi Vout
o LM337 | & \

Vout=-125V

* Dy Discharges Cpg; if output is shorted to Ground.

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential orincidental damages. “Typical” parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in differentapplications and actual performance may vary over time. All operating parameters, including “Typicals”
must be validated for each customer application by customer’s technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
ordeath may occur. Should Buyerpurchase or use Motorola products for any such unintended or unauthorized application, Buyer shall indemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that

Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.
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Figure 5. Load Regulation Figure 6. Current Limit
- 02 4.0
&
L 0
% IL=05A =
= -0.2 — E 3.0
w [— |
& -04 = &
5 N 3 iC =
S -06 o 20 I \
=2
il
g 08 % < Ty=25°C
5 Vip=-15V IL=15A € 15 I
], -4 Vout=-10V 3 ’ —
3 - M—
?] -1.2 I
i 0
-50 -25 0 25 50 75 100 125 150 0 10 20 30 40
T,, JUNCTION TEMPERATURE (¢C) Vin-Vout . INPUT-OUTPUT VOLTAGE DIFFERENTIAL (Vdc)
Figure 7. Adjustment Pin Current Figure 8. Dropout Voltage
g 9
80 3.0 | I
wl
= 75 g - Vout =-5.0V
2 = AV =100mV
= 7 = \ wlos o~ ~
& S~ " 53 — S~ IL=15A
> 65 0 -y e
o 5= T ™~
= = [Tl §
Z 60 g Z 20 ~—_]
= s & e b= ~. o
5 = =k s B
3 58 ~L_ s00ma
2 50 315 ~—
2 s £ \b\%o mA
2
0 mA
40 1.0 :
-50 -25 O 25 50 75 100 125 150 56\ 257l 25 50 75 100 125 150
T, JUNCTION TEMPERATURE (°C) T, JUNCTION TEMPERATURE (°C)
J J
Figure 9. Temperature Stability Figure 10. Minimum Operating Current
P g 9
1.27
2 = 1.8
= £ 15
& 126 = pd
= i 14 7
g T 42 ppta
L T— [&] /
£ 125 B— = 10 Ty=25°C
& S 08 <
t &, 3
. 5 06
% iz o
ch @ 04
0.2
1.23 0
-50 25 0 25 50 75 100 125 150 0 10 20 30 40
Tj, JUNCTION TEMPERATURE (°C) Vin=Vout . INPUT-OUTPUT VOLTAGE DIFFERENTIAL (Vdc)
J in—Vout
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Figure 11. Ripple Rejection versus Output Voltage

Figure 12. Ripple Rejection versus Output Current

100 | | 100
g a0 Ciagj= 10 g % CAdj= 10 1F.
5 = WI h| (I; |
= = ithout Cadi
2 60 ; S g0 |
L f
= — Without CAgj w
o e
i
T 40 =
— o —
gi— [ Vin-Vout=50V = | \\,{mt_z 1150VV
e i HggUHTA £ 20— (=120 Hz
_TJ=25°C — TJ=ESCC
0 L gl L bl
0 -50 -0 -15 -20 -25 -30 -35 40 0.01 0.1 1.0 10
Vout OUTPUT VOLTAGE (V) lo. OUTPUT CURRENT (4)
Figure 13. Ripple Rejection versus Frequency Figure 14. Output Impedance
100 P ES 10 —
s Vin=-15V - — Vi, =-15V
Q o
S dnme | 500 IR0 ma
= L =500m w o QY =1 =s0Um >
= F AT Ty=25°C S ESCL=10pF = =
[ L VAd) B = L =
o N, 5 — T,=25°C B =
o 60 \ \ & . . il
o [ = -1 —.——vflg
& \\ = 1 Without Cagj = —
& 40— without Cadj \\\ E - — A
o ) T T
i < 102 = [ Cadj=101F
£, \\\ S _%‘ Adj Lo = —
0 10-3
10 100 10k 10k 100k 1.0M  10M 10 100 1.0k 10k 100 k 1.0M
f, FREQUENCY (Hz) 1, FREQUENCY (Hz)
P Figure 15. Line Transient Response Figure 16. Load Transient Reponse
= /4
= g = % 0.6 1 |
2 E 08 z 2 04 e
S & 06 A 3 & 5 [\ winou CAgj
TR 1 S
W 04 / 3 % 0 ¥ — <=7
==
< = 02 I~ Without CAgj } T E 02 Cagj= 10 uF \/
> 0 | ! | o
~ T L™ -0.4
=2 Cadj=10uF 06 3 2
& _ Vin=-15V
L =ik = & Vout=—10V
o < Vout 10V =z = ou
zx 0 IL_=50 mA S 5-05 IL =50 mA
: : S5 TN % 17
£ -0 i 3 E-10 \ g =21500uF
' CL=1.0 = Led
< é 40 L uF ] 15
<} 0 10 20 30 40 0 10 20 30 40
t, TIME (ps) t, TIME (us)
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APPLICATIONS INFORMATION

Basic Circuit Operation

The LM337 is a 3—terminal floating regulator. In operation,
the LM337 develops and maintains a nominal -1.25 V
reference (Vref) between its output and adjustment terminals.
This reference voltage is converted to a programming current
(IPROG) by R1 (see Figure 17), and this constant current flows
through R2 from ground.

The regulated output voltage is given by:

HZ
Vour = Veer |1+ o lag Bo

Since the current into the adjustment terminal (Iadj)
represents an error term in the equation, the LM337 was
designed to control Ipgj to less than 100 pA and keep it
constant. To do this, all quiescent operating current is
returned to the output terminal. This imposes the requirement
for a minimum load current. If the load current is less than this
minimum, the output voltage will rise.

Since the LM337 is a floating regulator, it is only the
voltage differential across the circuit which is important to
performance, and operation at high voltages with respect to
ground is possible.

Figure 17. Basic Circuit Configuration

T O + Vout
1
IPROG
+
Co
Adjust Vyef R1
Vino— LM337 C——s ¢——0 - Vout
Vout

Vref ==1.25 V Typical

Load Regulation

The LM337 is capable of providing extremely good load
regulation, but a few precautions are needed to obtain
maximum performance. For best performance, the
programming resistor (R1) should be connected as close to
the regulator as possible to minimize line drops which
effectively appear in series with the reference, thereby

degrading regulation. The ground end of R2 can be returned
near the load ground to provide remote ground sensing and
improve load regulation.

External Capacitors

A 1.0 pF tantalum input bypass capacitor (Cjn) is
recommended to reduce the sensitivity to input line
impedance.

The adjustment terminal may be bypassed to ground to
improve ripple rejection. This capacitor (Cadj) prevents ripple
from being amplified as the output voltage is increased. A
10 pF capacitor should improve ripple rejection about 15 dB
at 120 Hz in a 10 V application.

An output capacitance (CQ) in the form of a 1.0 uF
tantalum or 10 pF aluminum electrolytic capacitor is required
for stability.

Protection Diodes

When external capacitors are used with any IC regulator it
is sometimes necessary to add protection diodes to prevent
the capacitors from discharging through low current points
into the regulator.

Figure 18 shows the LM337 with the recommended
protection diodes for output voltages in excess of 25 V or
high capacitance values (Co > 25 uF, Cadj> 10 uF). Diode D4
prevents Co from discharging thru the IC during an input
short circuit. Diode Dp protects against capacitor CAdj
discharging through the IC during an output short circuit. The
combination of diodes D1 and D2 prevents Cadj from the
discharging through the |C during an input short circuit.

Figure 18. Voltage Regulator with Protection Diodes

N ' 1 1O
= (2 Cadj
+ T L
Cin % Co
Adj

just

Rq Da
1N4002
Vin —O—  LM337 = Vout
Vin Vout
L g
D1
1N4002

Figure 19. D2PAK Thermal Resistance and Maximum
Power Dissipation versus P.C.B. Copper Length

80 T T T T S
" PD(max) for Ta=+50°C =
2 s TO%S— FreeAr = 30 g
E S . [~ Mounted /4--"' &
3z g , Vertically P 200z Copper ||, « z
2c LA il ==l
|_;( tzs / // \\‘ I1Ze Fa | %
2= wllz . l 15 2
o= y R T o=
o

30 ? 1.0

0 5.0 10 15 20 25 30

L, LENGTH OF COPPER (mm)
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OUTLINE DIMENSIONS

&

D——I |-
|$}0010(0254®1T|44

T

CHAMFER i TERMINAL 4

et U —

|

T SUFFIX
PLASTIC PACKAGE
CASE 221A-06
ISSUE Y
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,
—T | SEATING 2. CONTROLLING DIMENSION: INCH.
= 3. DIM Z DEFINES A ZONE WHERE ALL BODY AND
—» B e — l C le— LEAD IRREGULARITIES ARE ALLOWED.
& T ———i-l—S
L INCHES MILLIMETERS
B A DIM | MIN [ MAX [ MIN | MAX
F) \ A | 0570 | 0620 | 14.48 | 15.75
Q T A = B | 0.350 | 0.405 | 9.66 | 10.28
d C [ 0.460 | 0190 | 407 | 482
¢ l 123 l u D [ 0.025 | 0.035 | 0.64 | 0.88
i F | 0142 | 0.147 | 361 | 373
H - = 1 T G | 0085 [ 0105 | 242 | 266
H 0.110 | 0.155 280 3.93
K 7 [ 0018 [ 0025 | 046 | 064
Z - K| 0500 | 0562 | 1270 | 14.27
L | 0045 | 0.060 | 1.15 | 152
N_| 0190 | 0210 | 483 | 538
| Q | 0100 | 0120 | 254 | .04
L <\ R R | 0080 | 0110 | 2.04 | 278
v | J S | 0045 | 0.055 | 1.15 | 1.39
T | 0235 | 0255 | 597 | 647
G —f [fe— U [ 0000 | 0.050 [ 0.00| 127
D V 0065 | - | 115 -
Z -~ om0 | - | 204
—J N ja—o
D2T SUFFIX
PLASTIC PACKAGE
CASE 936-03
(D2PAK)
ISSUE B
OPTIONAL NOTES:
1 DIMENSIONING AND TOLERANCING PER ANSI
Y145M, 1982,

CONTROLLING DIMENSION: INCH,

TAB CONTOUR DPTIONAL WITHIN DIMENSIONS
AANDK,

DIMENSIONS U AND V ESTABLISH A MINIMUM
MOUNTING SURFACE FOR TERMINAL 4.
DIMENSIONS A AND B DO NOT INCLUDE MOLD
FLASH OR GATE PROTRUSIONS. MOLD FLASH
AND GATE PROTRUSIONS NOT TO EXCEED
0.025 (0.635) MAXIMUM.

;s W

INCHES MILLIMETERS
| DM | MIN [ MAX | MIN | MAX

A | 0386 | 0.403 | 9.804 [10.236
B | 0.356 | 0.368 | 9.042 | 9.347
C | 0170 | 0.180 | 4318 | 4572
D | 0.026 | 0.036 | 0.660 | 0.914
E | 0.045 | 0.055 | 1.143 | 1.397
F 0.051 REF 1.295 REF.
G 0.100 BSC 2.540 BSC
H | 0539 | 0579 [13.691 [14.707
J 0.125 MAX 3.175 MAX
K 0.050 REF 1.270 REF
L | 0.000 [ 0010 | 0.000 | 0254
M | 0088 | 0.102 | 2.235 [ 2581
N | 0.018 [ 0.026 [ 0457 | 0.660
P | 0058 | 0078 | 1.473 | 1.981
R 5° REF 5° REF
S 0.116 REF 2.946 REF
] 0.200 MIN 5.080 MIN
v 0.250 MIN 6.350 MIN

How to reach us:

USA/EUROPE/Locations Not Listed: Motorola Literature Distribution;

P.O. Box 20912; Phoenix, Arizona 85036. 1-800-441-2447 or 602-303-5454

MFAX: RMFAX0 @ email.sps.mot.com — TOUCHTONE 602-244—-6609

INTERNET: http://Design—-NET.com
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TLO082
TLO82A - TL082B

GENERAL PURPOSE J-FET

DUAL OPERATIONAL AMPLIFIERS

B WIDE COMMON-MODE (UP TO V') AND
DIFFERENTIAL VOLTAGE RANGE

LOW INPUT BIAS AND OFFSET CURRENT
B OUTPUT SHORT-CIRCUIT PROTECTION

H HIGH INPUT IMPEDANCE J-FET INPUT
STAGE

B INTERNAL FREQUENCY COMPENSATION
LATCH UP FREE OPERATION
B HIGH SLEW RATE : 16V/jis (typ)

DESCRIPTION

The TL082, TLO82A and TL0O82B are high speed
J-FET input dual operational amplifiers incorpo-
rating well matched, high voltage J-FET and bipo-
lar transistors in a monolithic integrated circuit.

The devices feature high slew rates, low input bias
and offset current, and low offset voltage temper-
ature coefficient.

PIN CONNECTIONS (top view)

A

m

DIP8
(Plastic Package)

-

S08
(Plastic Micropackage)

P
TSSOP8
(Thin Shrink Small Outline Package)

ORDER CODE
Package
Part Number TernRg%ra;ure
g N|DI|P
TLO82M/AM/BM -55°C, +125°C ° ° °
TLO82I/AI/BI -40°C, +105°C ® ° °
TLO82C/AC/BC 0°C, +70°C ® . °

Example : TLO82CD, TLO82IN

N = Dual in Line Package (DIP& ) .
D = Small Outline Package (SO) - also available in Tape & Reel (DT)

P = Thin Shrink Small Outline Package (TSSOP) - only available in Tape
& Reel (PT)

1 [ g ] &
2 [ ] 7
3 [ (16
1 [

1 - Offset null 1

2 - Inverting input 1

3 - Non-inverting input 1
4-Veo©

5 - Non-inverting input 2
6 - Inverting input 2

7 - Output 2

8-Vee©

March 2002
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TLO82 - TLO82A - TL082B

SCHEMATIC DIAGRAM
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter TLO82M, AM, BM | TLO082l, Al, BI TLO082C, AC,BC | Unit
Vec | Supply voltage - note 1) +18 Y
Vi Input Voltage - note 2 +15 Y
Vig  |Differential Input Voltage - note % +30 v
Piot Power Dissipation 680 mwW
Output Short-circuit Duration - note 4 Infinite
Tc,per Operating Free-air Temperature Range -55 to +125 -40 to +105 0 to +70 °C
Tsg | Storage Temperature Range -65 to +150 °C

1. All voltage values, excegwd!fferennal voltage are with respect to the zero reference level (ground) of the supply voltages where the zero reference

level is the midpoint between Vgg* and Vi

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.

w

Differential voltages are the non-inverting input terminal with respect to the inverting input terminal.

4. The output may be shorted to ground orto either supply. Temperature and/or supply voltages must be limited to ensure that the dissipation rating

is not exceeded

211
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TLO082 - TLO82A - TL082B

ELECTRICAL CHARACTERISTICS
Vg = 15V, Tamp = +25°C (unless otherwise specified)

TLOBZBI,CI:VI,BI?(;,'GI,AM, TLO082C
Symbol Parameter pt Unit
Min.| Typ. | Max.| Min.| Typ.| Max.
Input Offset Voltage (Rg = 5082) mv
Tamp = +25°C TLO82 3 10 3 10
TLO82A 3 6
Vio TLO82B 1 3
Tonin Tambe S s TLO82 13 13
TLO82A ¥
TLO082B 5
DVj, |[Input Offset Voltage Drift 10 10 puv/°C
Input Offset Current - note ")
lio Tamp = +25°C 5 100 5 100 pA
Tmin = Tamb < Trax 4 10 nA
Input Bias Current -note 1
|!b Tamb = +2500 20 200 20 400 pA
Tmin = Tamb < Tmax 20 20 nA
Large Signal Voltage Gain (R = 2kQ, V, = +10V) VimV
Avq Tamp = +25°C 50 | 200 25 | 200
Tmin = Tamb < Trax 25 15
Supply Voltage Rejection Ratio (Rg = 50%) dB
SVR Tamp = +25°C 80 86 70 86
Trin= Tamb < Tmax 80 70
Supply Current, no load mA
lcc Tamp = +25°C 14 | 25 14| 25
Tmin < Tamb < Tmax 2.5 2.5
+
Viem |Input Gommon Mode Voltage Range iy ﬂg 1) “f1125 v
Common Mode Rejection Ratio (Rg = 50€2) dB
CMR Tamp = +25°C 80 | 86 70 | 86
Tmin = Tamb = Tmax 80 70
Output Short-circuit Current mA
los Tamp = +25°C 10.| 40 | 60 | 10 | 40 | 60
Trnin S Tamb SN 10 60 10 60
Output Voltage Swing Y,
Tamp = +25°C RL = 2kQ 10 | 12 10 | 12
B AL = 10kQ 12 | 185 12 | 135
Tiviin € Tarnp < Prax RL = 2kQ 10 10
RL = 10kQ 12 12
SR Slew Rate (T, = +25°C) Vius
Vin =10V, R = 2kQ, C| = 100pF, unity gain 8 16 8 16
: Rise Time (Tyymp = +25°C) 1S
! Vi, = 20mV, R, = 2k, C| = 100pF, unity gain 0.1 0.1
K Overshoot (Tymp = +25°C) %
- Vip = 20mV, Ry = 2k, C|_ = 100pF, unity gain 10 10
GBP Gain Bandwidth Product (Tymp = +25°C) MHz
Vin = 10mV, R = 2kQ, C_ = 100pF, f= 100kHz 25 4 25 4
Ri [|Input Resistance 1012 1012 Q
L4 3/11




TLO82 - TL082A - TL082B

TLOB%IQA;:\%QI,AM, TLO082C
Symbol Parameter i Unit
Min. | Typ. | Max.| Min.| Typ.| Max.
Total Harmanic Distortion (T, = +25°C), .
THD f= 1kHz, R_ = 2kQ,C = 100pF, A, = 20dB, %
0.01 0.01
Vo =2V
5 Equivalent Input Noise Voltage nV
n Rg=100%, f = 1KHz 15 15 JHz
@m |Phase Margin 45 45 degrees|
Channel Separation
Voi/V, 120 120 dB
01/ Vo2 AV =100
1.

4/11

The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature.
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TLO82 - TLO82A - TL082B

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE versus FREQUENCY

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE versus FREQUENCY
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MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE versus FREE AIR TEMP.
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TLO082 - TLO82A - TL082B

INPUT BIAS CURRENT versus FREE AIR
TEMPERATURE

LARGE SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION versus FREE AIR TEMP.
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AMPLIFICATION AND PHASE SHIFT versus
FREQUENCY
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TEMPERATURE
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TLO082 - TLO82A -TL082B

COMMON MODE REJECTION RATIO versus
FREE AIR TEMPERATURE
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TLO082 - TLO82A - TL082B

PARAMETER MEASUREMENT INFORMATION

Figure 1 : Voltage Follower

Figure 2 : Gain-of-10 Inverting Amplifier

10k Q
-1
= 1k Q e
172 eo— ]
TLO82 | O &
| %
- C, = 100pF R, =2
TYPICAL APPLICATIONS
100KHz QUADRUPLE OSCILLATOR
18k Q. *
WI:‘*B [~ J-0-15v
1k Q
{r 6cosmt
1k Q
1N 4148
18k Q2 *
43 +15V

* These resistors values may be adjusted for a symmetrical output

8/11
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TLO82 - TLO82A - TL082B

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC DIP

’.L.
J: - | _
A
= — bl
B |Bi
b L_ E
' = | |
o3 [4
Z
H
a1 M
8 §
) w
1 4
C ==& .
Millimeters Inches
Dim.
Min. Typ. Max. Min. Typ. Max.
A 3.32 0.131
al 0.51 0.020
B 1.15 1.65 0.045 0.065
b 0.356 0.55 0.014 0.022
b1 0.204 0.304 0.008 0.012
D 10.92 0.430
E 7.95 9.75 0.313 0.384
e 2.54 0.100
e3 7.62 0.300
ed 7.62 0.300
F 6.6 0260
i 5.08 0.200
L 3.18 3.81 0.125 0.150
z 1.52 0.060

4
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TLO082 - TLO82A - TL082B

PACKAGE MECHANICAL DATA

8 PINS - PLASTIC MICROPACKAGE (SO)

L

NN

a2

q
ST

el

e

D
pod
5

[ T—
T
W

b1

Millim eters Inches
Dim. "
Min. Typ. Max. Min. Typ. Max.
A 1.75 0.069
al 0.1 0.25 0.004 0.010
a2 1.65 0.065
a3 0.65 0.85 0.026 0.033
b 0.35 0.48 0.014 0.019
b1 0.19 0.25 0.007 0.010
C 0.25 0.5 0.010 0.020
cl 45° (typ.)
D 4.8 5.0 0.189 0.197
E 5.8 6.2 0.228 0.244
e 1.27 0.050
e3 3.81 0.150
F 3.8 4.0 0.150 0.157
L 0.4 1.27 0.016 0.050
M 0.6 0.024
S 8° (max.)
1011 Is72




TLO082 - TLO82A -TL082B

PACKAGE MECHANICAL DATA
8 PINS - THIN SHRINK SMALL OUTLINE PACKAGE

GAGEPLANE

H ’\I :1 ol
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E1
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=}

At 4%
BEAE - |

t

|
[0
Tt

33

PIN 1 IDENTIFICATION —/

Millimeters Inches
Dim.
Min. Typ. Max. Min. Typ. Max.
A 1.20 0.05
Al 0.05 0.15 0.01 0.006
A2 0.80 1.00 1.05 0.031 0.039 0.041
h 0.19 0.30 0.007 0.15
c 0.09 0.20 0.003 0.012
D 2.90 3.00 3.10 0.114 0.118 0.122
E ' 6.40 0.252
E1 4.30 4.40 4.50 0.169 0.173 0.177
0.65 0.025
k 0° 8° 0° 8°
| 0.50 0.60 0.75 0.09 0.0236 0.030
L 0.45 0.600 0.75 0.018 0.024 0.030
L1 1.000 0.039

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the
consequences of use of such information nor for any infring ement of patents or other rights of third parties which may resuit from
its use. No license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications
mentioned in this publication are subject to change without notice. This publication supersedes and replaces all information
previously supplied. STMicroelectronics products are not authorized for use as critical components in life support devices or
systems withoutexpress written approval of STMicroelectronics.

© The ST logo is a registered trademark of STMicroelectronics

© 2001 STMicroelectronics - Printed in Italy - All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - Canada - China - Finland - France - Germany - Hong Kong - India - Israel - ltaly - Japan - Malaysia
Malta - Morocco - Singapore - Spain - Sweden - Switzerland - United Kingdom - United States
© http:/lwww. st.com
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CD4066B
CMOS QUAD BILATERAL SWITCH

SCHS051B — REVISED AUGUST 2002

15-V Digital or £7.5-V Peak-to-Peak
Switching

125-Q Typical On-State Resistance for 15-V
Operation

Switch On-State Resistance Matched to
Within 5 Q Over 15-V Signal-Input Range

On-State Resistance Flat Over Full
Peak-to-Peak Signal Range

High On/Off Output-Voltage Ratio: 80 dB
Typical at fig = 10 kHz, R_ = 1 kQ

High Degree of Linearity: <0.5% Distortion
Typical at fig = 1 kHz, Vig =5V p-p,

Vpp - Vss =210V, R =10 kQ

Extremely Low Off-State Switch Leakage,
Resulting in Very Low Offset Current and
High Effective Off-State Resistance: 10 pA
Typical at Vpp —Vgg =10 V, T = 25°C
Extremely High Control Input Impedance
(Control Circuit Isolated From Signal
Circuit): 1012 Q Typical

Low Crosstalk Between Switches: —-50 dB
Typical at fig = 8 MHz, R = 1 kQ

® Matched Control-Input to Signal-Output

Capacitance: Reduces Output Signal
Transients

® Frequency Response, Switch on =40 MHz

(Typical)

® 100% Tested for Quiescent Current at 20 V
® 5-V, 10-V, and 15-V Parametric Ratings
® Meets All Requirements of JEDEC Tentative

Standard No. 13B, Standard Specifications
for Description of B-Series CMOS Devices

® Applications:

— Analog Signal Switching/Multiplexing:
Signal Gating, Modulator, Squelch
Control, Demodulator, Chopper,
Commutating Switch

— Digital Signal Switching/Multiplexing

— Transmission-Gate Logic Implementation

— Analog-to-Digital and Digital-to-Analog
Conversion

— Digital Control of Frequency, Impedance,
Phase, and Analog-Signal Gain

E. F, M, NS, OR PW PACKAGE

(TOP VIEW)
SIG A IN/OUT(] 1 o 14[] Vpp
SIG A OUT/N[] 2 13[] CONTROL A
SIG B QUT/IN[] 3 12[] CONTROL D
SIG B IN/OUT[] 4 11{] SIG D IN/OUT
CONTROL B[] 5 10[] SIG D OUT/IN
CONTROL C[] & 9[] SIG C OUT/IN
Vss[l 7 g[] SIG C IN/OUT

description/ordering information

ORDERING INFORMATION

ORDERABLE TOP-SIDE
Ta PACKAGET PART NUMBER | MARKING
CDIP-F Tube CD4066BF CD4066BF
PDIP-E Tube CD4066BE CD4066BE
Tube CD4066BM
-55°Cto 125°C |[SOIC-M CD4066BM
Tape and reel | CD4066BM96
SOP -NS Tape and reel | CD4066BNSR CD4066B
TSSOP - PW | Tape and reel CD4066BPWR CMO066B

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB
design guidelines are available at www.ti.com/sc/package.

Please he aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

{‘? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include
testing of all parameters.

mswTE
Copyright ©® 2002, Texas Instruments Incorporated



CD4066B
CMOS QUAD BILATERAL SWITCH

SCHS051B — REVISED AUGUST 2002

description/ordering information (continued)

CD4066B is a quad bilateral switch intended for the transmission or multiplexing of analog or digital signals. It
is pin-for-pin compatible with the CD4016B, but exhibits a much lower on-state resistance. In addition, the
on-state resistance is relatively constant over the full input-signal range.

The CD4066B consists of four bilateral switches, each with independent controls. Both the p and the n device
in a given switch are biased on or off simultaneously by the control signal. As shown in Figure 1, the well of the
n-channel device on each switch is tied to either the input when the switch is on or to Vgg when the switch is
off. This configuration eliminates the variation of the switch-transistor threshold voltage with input signal and,
thus, keeps the on-state resistance low over the full operating-signal range.

The advantages over single-channel switches include peak input-signal voltage swings equal to the full supply
voltage and more constant on-state impedance over the input-signal range. However, for sample-and-hold
applications, the CD4016B is recommended.

Switch

Control

CONTROL
vet oﬁDQQ E&"

Vss

L{% VDD

Vss

T All control inputs are protected by CMOS protection network.
NOTES: A. All p substrates are connected to Vpp.
B. Normal operation control-line biasing: Switch on (logic 1), Vg = Vpp; Switch off (logic 0), Vo =Vssg
C. Signal-level range: VSS < Vig <Vpp 92CS - 29113

Figure 1. Schematic Diagram of One of Four Identical Switches and Associated Control Circuitry

*ﬂ’ TEXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



CD4066B
CMOS QUAD BILATERAL SWITCH

SCHS051B — REVISED AUGUST 2002
T

|zomeinats T T bR R
absolute maximum ratings over operating free-air temperature (unless otherwise noted)T
DC supply-voltage range, (Vpp) (Voltages referenced to Vgg terminal) .................. —-0.5Vto20V
Input voltage range, Vig, allinputs ..o -05VtoVpp+0.5V
DG itipit Sument s, G0N O INPUL o vews omps oo v o e 5 0 2 G0 ¥ 20 ¥ S5 PEET PVES PR D S L 10 mA
Package thermal impedance, 0 (see Note 1): Epackage ............cooiiiiiiiiiienns. 80°C/W
Mpackage ........ccoiiiiiiiiiiiiiiiia 86°C/W
NSpackage .......ooiiiiiiiiiiaiiiiiinnns 76°C/W
PWpackage .........coiiiiiiiiiiinnnnnnnnn. 113°C/W
Lead temperature (during soldering):
At distance 1/16 + 1/32 inch (1,59 £ 0,79 mm) fromcasefor10smax ....................... 265°C
Storage temperature range, Tgtg .. .covvor i —65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are siress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

MIN  MAX | UNIT
VDD Supply voltage 3 18 \
TA Operating free-air temperature -55 125 °C

{'f TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



CD4066B
CMOS QUAD BILATERAL SWITCH

SCHS051B — REVISED AUGUST 2002

ﬁ

electrical characteristics

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

LIMITS AT INDICATED TEMPERATURES
PARAMETER TEST CONDITIONS V Y, 25°C UNIT
IN | ¥DD | _sse¢ | —40°c | 85°c | 125°C
vy | V) TYP MAX
0,5 5 0.25 0.25 7.5 7.5 0.01 0.25
Quiescent device 0,10 | 10 0.5 0.5 15 15| 001 05
IbD A
current 0,15 15 1 1 30 30 0.01 1
0, 20 20 5 5 150 150 0.02 5
Signal Inputs (Vjs) and Output (Vys)
Vc=VDD 5 800 | 850 | 1200 | 1300 | 470 1050
On-state resistance HL~10 EFetaEn
fon  (max) to Vpp - Vss 10 310 | 330 | 500 550 | 180 400 | ©Q
2
Vis = Vs o Vpp 15 200 | 210 | 300 320 | 125 240
On-state resistance ? 15
Argn  difference between RL=10kQ,Vc=VDD 10 10 Q
any two switches 15 5
Vc=Vpp=5VY,Vgg=-5V,
- Vis(p-p) =5V
THD 'ggt?;r:ﬁLmonlc (sine wave centered on 0 V), 0.4 %
RL =10k,
fig = 1 kHz sine wave
—3-dB cutoff Vc=Vpp=5V,Vsg=-5V, Vig(p-p) =5V
frequency (switch (sine wave centered on 0 V), 40 MHz
on) Rp=1kQ
_50-dB feed-through | /G = VSS =~5V: Vis(p-p) =5V
frequency (switch off) (sine wave centered on 0 V), 1 MHz
Rp =1k
Input/output leakage | Vg =0V, Vig=18V, Vog=0V;
lig current (switch off) | and 18 #04. | 20.1 +1 #1105 0.1 A
(max) Vg=0V,Vig=0V, Vgg=18V
Ve(A) =Vpp =5V,
—-50-dB crosstalk Vg(B)=Vgg=-5V, 8 MHz
frequency Vis(A) =5 Vp.p, 50-Q source,
RL =1kQ
RL =200 kQ, Ve =VpD, 5 20 40
Propagation delay Vgg =GND, C|_ =50 pF,
tpd  (signalinputto signal | Vis =10V 10 10 20 ns
output) (square wave centered on 5 V),
ty, tf=20 ns 15 7 15
Cig Input capacitance 8
Vpp=5V
Cos Output Vg = V5@ =5V 8 pF
Cios Feedthrough 0.5
*3 15
EXAS
INSTRUMENTS
4




electrical characteristics (continued)

CD4066B
CMOS QUAD BILATERAL SWITCH

SCHS051B — REVISED AUGUST 2002

LIMITS AT INDICATED TEMPERATURES
CHARACTERISTIC TEST CONDITIONS VDD B 25°C UNIT
-55°C | -40°C | 85°C f
V) 2 TYP MAX
Control (V¢)
5 1 1
: [lig| <10 pA,
ViLc ontrel g, Vis =Vss, Vos =VpD. and 10 2 2 2 v
low voltage (max)
Vis = VDD, VOs = Vss 15 5
5 3.5 (MIN)
Control input, .
VIHC Highi votiage See Figure 6 10 7 (MIN) v
15 11 (MIN)
Vis VDD, VDD -Vss =18Y, e
I Input current (MAX 15 18 | 0.1 +0.1 +1 +1 |+10-5 0.1 A
IN p (MAX) Vee < VoD - Vss u
Crosstalk (control input | Vg = 10 V (square wave), 10 50 —
to signal output) tr, tf=20 ns, RL =10 kQ
5 35 70
Turn-on and turn-off VIN = VDD, I, 1f =20 ns,
propagation delay C| =50 pF, R = 1 kQ 2 20 401 4B
15 15 30
Vis =VpD. Vss = GND, 5 8
Maximum contral igput | L =/ LK@IQIGND, [CL = 30F,
repetition rate Vg =10V (square wave 10 9 MHz
centered on 5 V), 1y, tf = 20 ns,
Vps = 1/2 Vgg at 1 kHz 15 9.5
Ci  Input capacitance 5 7.5 pF
switching characteristics
SWITCH INPUT SWITCH
Vbp OUTPUT, Vos
) Vis lis (mA) (V)
v) —55°C —40°C 25°C 85°C 125°C MIN  MAX
5 0 0.64 0.61 0.51 0.42 0.36 0.4
5 5 -0.64 -0.61 -0.51 -0.42 -0.36 4.6
10 0 1.6 15 1.3 143 0.9 0.5
10 10 -1.6 1.5 -1.3 =14 -0.9 9.5
15 0 4.2 4 3.4 2.8 2.4 1.5
15 15 4.2 —4 3.4 2.8 2.4 13.5
e R S e S e L L S S e T AT S T R P SO T e 4
B 1,
) EXAS
POST OFFIGE BOX 655303 ® DALLAS, TEXAS 75265 5




TYPICAL ON-STATE
Vs
INPUT SIGNAL VOLTAGE (ALL TYPES)

TYPICAL CHARACTERISTICS

VS

TYPICAL ON-STATE RESISTANCE

INPUT SIGNAL VOLTAGE (ALL TYPES)

CMOS QUAD BILATERAL SWITCH
SCHS051B - REVISED AUGUST 2002
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Vis — Input Signal Voltage - V
Figure 5
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CD4066B
CMOS QUAD BILATERAL SWITCH

SCHS051B — REVISED AUGUST 2002
T

TYPICAL CHARACTERISTICS

- 4 lis > CD4066B %
15 1 of 4 Switches 09

= Nis = Vosl

r
= llis|

92CS - 30966

Figure 6. Determination of ry as a Test Condition for Control-Input High-Voltage (V|yc) Specification

Keithley
VpD 160 Digital
Multimeter
10 kQ Eﬁ - 10 >
Range .
d X_y H.P.
Vss P!o_tter Moseley
. N 7030A
G-

92CS - 22716

Figure 7. Channel On-State Resistance Measurement Circuit

POWER DISSIPATION PER PACKAGE

V- Output Voltage — \'

TYPICAL ON CHARACTERISTICS VS
FOR 1 OF 4 CHANNELS 104 SWITCHING FREQUENCY
L rd
AMBIENT TEMPERATURE(T,)=25°C [ i 6 Ta = 25°C =]
3| vpp2.5 V,Vgg s -2.8V e = 4 A&
INPUT = TERM_ f,OUTPUT = TERM. 2 OKTiH <
113 11 LLlzipyret U ans Q /
fans simnsanmambnsnnay 113 103 A
2 hi 253 Wk & ia o . ”
: ' o 8 Supply Voltage Pt 7 =
: © ¢ 59 Vpp) =15V -
552 el 5 4 (Vpp) = /,
1 iasasiiiiiln = 2 ‘/XL/ /
: rfrdeet: 1 o 10
; TR y s S 102 / . I - =
s S 6 < 5V < DD
0 B 3 s S il 14
Ho i o 2 - H
-+ v — g 6
-1 0% Vis O St g e 2 1ot i W 12 |cD40ses| |
Ea o) Switches 5 g // =
;:_, 5 1 S g v d 13 i
2 kb : vss L nl' // .

o HEEH Al unused terminals are o2 2 / lvss“
SR e S connected to Vgg 10 : —
—3 e OB e e e s 2 4 6 2 2 4 6 3
3 2 1 0 1 2 3 4 b 10 10

V| - Input Voltage - V f - Switching Frequency — kHz
92CS - 30919 92CS -30920
Figure 8 Figure 9

‘E'P TEXAS
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CD4066B
CMOS QUAD BILATERAL SWITCH

SCHS051B — REVISED AUGUST 2002

TYPICAL CHARACTERISTICS

Cios
B ———- n
I I
| Mg™-5% Vpbp=5V |
I &— ©° I
C I C??fﬁfB . Vg =Vss O_\ Voo
| Switches | CD406((-T:B Vos
1 5 1 Vis=VDD O "4 5t 4
G T Vss=-5V T Cos Switches %
L 1 S
= - v
92CS -30921 A
Measured on Boonton capacitance bridge, model 75a (1 MHz) 92CS-30922
test-fixture capacitance nulled out All unused terminals are connected to Vgs.
Figure 10. Typical on Characteristics Figure 11. Off-Switch Input or Output Leakage
for One of Four Channels
VbD
Ve=Vobo— o +10V v VoD
CDA0B6B] 0 _/_\_ 8—| %
Vis O+
10f4 tr=tr=20 ns Vis [GDa0seB] Vos
Switches 10f4
200 kQ .
Vssi 50 pF 1kQ Switches 10 kO
VDD—/__\— = 3 éVss
tr=t;=20 ns 4 = =
92CS-30923 92CS-30924
All unused terminals are connected to Vgg. All unused terminals are connected to Vgs.
Figure 12. Propagation Delay Time Signal Input Figure 13. Crosstalk-Control Input to Signal
(Vis) to Signal Output (Vgg) Output

Q’ TeEXxAS
INSTRUMENTS
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CD4066B
CMOS QUAD BILATERAL SWITCH
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TYPICAL CHARACTERISTICS

VDD—/_—\—

tr=tf=20 ns

Vbp

Ve =Vpp O—| Q
Vpp O 034;658
Switches

vssi 50 pF

1kQ

92CS-30925

NOTES: A. All unused terminals are connected to Vgg.
B. Delay is measured at Vpg level of +10% from
ground (turn-on) or on-state output level (turn-off).

Figure 14. Propagation Delay
tpLH, tpHL Control-Signal Output

Rep
v
c _’{1 Rate }4_
tr=t;=20ns
Vos 90% =1
20| 10%\_ — ¢
I RLNPT
| Plnsl™
Vbb=10V
tr=t;=20ns  VCO—7 O Vos=1/2Vos
at 1 kHz
Vie =10V CD4066B
15 0171 of 4
Switches
1kQ

vssi 50 pF

92CS-30925

All unused terminals are connected to Vgg

Figure 15. Maximum Allowable Control-Input
Repetition Rate

Vpp

;

Inputs
4—
VDD .
o'\o—@—p <«
(o}
Vss [«
e

y

Vss 92CS-27555

Measure inputs sequentially, to both Vpp and ygs. Connect all unused
inputs to either Vpp or Vgg. Measure conirol inputs only.

Figure 16. Input Leakage-Current Test Circuit
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TYPICAL CHARACTERISTICS

D-D-O-D-O-® o DOOOOB—

Clock — = Pe d 4 % .
O . t PE J1 J2 J3 Jg J5] - External O__@_ = 1CD2401835 9
oRest gy CD4018B Reset 5 &

Q1 @2 ®Q1 -
<|SP é} 1/4 CD4GEGB—® (?

=
500000

Oy
o5 | 13cpdeeB | | F——————
CD4001B
113 CD40498B @ = @
o | g @ ® @
o>, HR
| Signal
ignal
_@@ﬂl:} ® 22T e aTat i ouus
Ch 11
Signal 61 o e anne o
gpum Sliatifie) 1 0N 1/6 CD4049B o Rl
” Z:::::Z @_1 g o g . A @) - Channel 2 o
© ®_ CD4066B 10 kQ
o Channel 4 @_ 1/4 CD4066B 3
@

27 Z Channel 3
Package Count 0 ka 0

2 -CD4001B 10 kQ

1 - CD4049B

3 - CD4066B

2 - CD4018B

O
- Channel 4
g Clock — Voo Dy g il O
Maximum 10kO
Allowable & 30% (Vpp - Vss)
. ss L —
Signal Level Chan1 Chan2 Chan3 Chan 4 ] %

92CM - 30928

Figure 17. Four-Channel PAM Multiplex System Diagram
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TYPICAL CHARACTERISTICS

5V
| | 0 Analog Inputs (5 V)
=5V / I

0O ? O O‘ipp=5¥

Vpp=5V >
[
= i CD4066B
Mo— [ 2
- SWpg
IN CD4054B v
s | SWc
¥ SWp
Digital
Control
Inputs
O O g S l
Vgg=0V k" | /
VEE = -5V VSS=-5V

Analog Outputs (£5 V)

Figure 18. Bidirectional Signal Transmission Via Digital Control Logic

CD4066B
CMOS QUAD BILATERAL SWITCH

92CS - 30927
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APPLICATION INFORMATION

Inapplications thatemploy separate power sources to drive Vpp and the signalinputs, the Vpp current capability
should exceed Vpp/R (R = effective external load of the four CD4066B bilateral switches). This provision
avoids any permanent current flow or clamp action on the Vpp supply when power is applied or removed from
the CD4066B.

In certain applications, the external load-resistor current can include both Vpp and signal-line components. To
avoid drawing Vpp current when switch current flows into terminals 1, 4, 8, or 11, the voltage drop across the
bidirectional switch must not exceed 0.8 V (calculated from rgp, values shown).

No Vpp current will flow through Ry if the switch current flows into terminals 2, 3, 9, or 10.

*9 TEXAS
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using T| components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does notwarrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which Tl products or services are used. Information published by Tl regarding third—party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tlis not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated T| product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.
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Texas Instruments

Post Office Box 655303
Dallas, Texas 75265
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