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MITSUBISHI GENERAL PURPOSE ICs

USER’S GUIDE

OPERATIONAL AMPLIFIER, PRE AMPLIFIER

Mitsubishi Pin For

Function Generic No. Pin Replacement Mitsubisht Recommended (Features}
Single op amp 741 M51802P/M5F741P ®M51802L/P [single in line package ]
" -
4557, 4558, 4559 | M5218P/M5R4558P oM5218L  [Sompatible with 4557, 4558, 4559
358/2904 M5223P/M5N358P ®M5223L  [single in line package ]
Dual op amp
| oMs216P/L [ iah, sument cutput
324/2902 M5224P/M5N324P
JFET Input op amp 072, 082 M5221P/M5T082P ®M5221L  [single in line package]
Switching op amp AM5201
2M5209
Dual High Voltage op amp
AM5210
AM5219
Dual Low noise pre-amp
AM5220
Quad low noise ope amp AMb5228
JAN
Dual low noise J-FET Ms238
Input op amp
AM5240P

Note : & Mitsubishi original, ® Functional equivalent

VOLTAGE COMPARATOR

Function Generic No.

Mitsubishi Pin For
Pin Replacement

Mitsubishi Recommended (Features)

Single comparator

Low input current
[high output dnive, including re"erence]
with hysteresis, Vgc1 7~6.5V .

AMS5E1201L

AM51202L

[Low Input current
high output dnive, Vcc1 7~6.5V.

AM51203L high output drive, Vcc3~28V

Low input current ]
including refference with hysteresis

Low input current
AM51204L [hlgh output drive, Vcc2.5~28V]

Low input current
[stablhzed power supply terminal ]
including refference with hysteresis

AMSE1205L

AM51206L [Low input current

stabilized power supply terminal

AM5123TL

Dual comparator

AM51200P

AMSE1207L

AM51922L

AM51923P/FP

AM5233

Quad comparator

AM51209P

AM51924P/FP

AM5234

Note : & Mitsubishi original, ® Functional equivalent

1—4
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MITSUBISHI GENERAL PURPOSE ICs

USER’S GUIDE

VOLTAGE REGULATOR

Mitsubishi Pin For

Function Generic No. Pin Replacement Mitsubishi Recommended (Features)
Variable Dual AM5230L
Variable Single AMB231TL
AM5235L
3-Terminal Variable AM5236
78L M5278LXX
SW Control 494 M5T494P

Note : & Mitsubishi original, ® Functional equivalent

DISPLAY DRIVER

Function Generic No. &ﬁg;?c?r::no{ Mitsubishi Recommended (Features]
5-Step bar indicator AM51903L [Llnear mode operatlon]
Including AC-DC t
AM51906P log gc;g conver er]
Including AC-D!
6-Step bar indicator AM51911L ;3&%.}3%..: C com’e"er]
log scale
Including AC-DC rt
aM51912L  [iow current eomvenen
linear scale
Including AC-DC
am51907P  [iow current o oM
8-Step bar indicator ::ils:;ar:e AC-DC converter:
AM51909P  [iow current ]
linear scale
9-Point level indicator AM51910P [2 Inputs ind|cator]
12-Point level indicator AM51901P [23-Mode lndlca(or]
Note : & Mitsubishi original, ® Functional equivalent
MITSUBISHI
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MITSUBISHI GENERAL PURPOSE ICs

USER’S GUIDE

TIMER
Function Generic No., g}}sggiﬂcmgg L * Mitsubishi Récommended (Features] =
555 M51841P/M5E555P * M51848P/MS5ESS5AP[1igh speed guaranty o)
Single timer *M51848L [%:%:t:t?frﬁ:?\eagi:ii?i:‘cémpatible]
2aM51843P  [Large supply voltage apphication ]
Duel tmer 556 © M51847P/MSESSBAP (1120 2500 381 Yrmpaure)
AM51849L  [Long time capability~50hours ]
AM52051P

Counter timer

Low power dissipation
AMb58479P [supe?ior noise m?mumty, extremely ]
broad time-delay range (50ms~480h)

Low power dissipation
AM58482P [supeﬁor noise in?mumty, extremely ]
broad time-delay range (50ms~480h)

Long timer AM51845L
Note ! & Mitsubishi original, ® Functional equivalent
MOTOR DRIVER
Function Generic No. Mitsubishi Pin For Mitsubishi R ded {Feal o)

Pin Replacement

Motor control

Position control

AM51660L [Radlo control servo]

F-G Servo AM51970L [Slngle n hne]
ams1728L (e ing
PLL Servo

AMS1971L,FP

Bi-directional driver

AM51781SP

2-Phase brushless
AM51781FP
AM51724P

3-Phase brushless

‘ AM51714P
AMS54540AL  [lotmax/1o0 6A/%01A]
aM54541L  [lotmax/1o£084/£024)
aM54542L  [loimax/lo®1.2/203A)

+1.2A/%+03
4M54543L [Ir\?(or(r:)ar)%/rg(m"g %a:ctlgn A
| /lot1 2A/%0 3A

AMS54544L [r\%:)rtncarxl))r:king function ]

lo(max)/lo1 2A/#0 2A
AMbE4545L [MoTc?'xbraking function

lo¢ )/1o£0 7A/%£0 15A
AMB54546L [Mo%arxbrakmg function

lo( )/lo£0 6A/£0 15A

AM54547P [Bumai)r(i error amp, motor braking function.
! /g1 2A/£0.3A

AM54548L VI ra%ng function ]

op amp and decoder

+ +
aM54549L  [9BPrking function )

dual bi-directional, thermal shutdown

Note : & Mitsubishi original, ® Functional equivalent




MITSUBISHI GENERAL PURPOSE

ICs

USER’S GUIDE

MOTOR DRIVER

S i gh%?;;g T e Racammended (Festurse) -
o (IR
. AMS54549AL
AMS54641L
Bi-directional driver AME4642L
AM54648L
AM54648AL
AM54649L
AM51714P
AM51722P,FP
F-V Servo
AM51723P,FP
Note : & Mitsubishi original, ® Functional equivalent
ANALOG SWITCH
Rumcon | GenerioNo. | . Mitaubishi Pin For * * Mitsublshi Recommended {Features)
Analog SW AMS51320P [Vldeo SW, 2 inputs 3ch]
AM51326P  [Video SW, 2 inputs 3ch)
aM51321P  [Video SW, 3 inputs 3ch)
Bipolar SW 4aM51327P [ Video SW, 3 inputs 3ch)
AM51329P
AM51551P/FP[ Audio SW, 2 inputs 2ch)
40168 M4016BP
4066B M4066BP
CMOS sw 4051B M4051BP
4052B M4052BP
4053B M4053BP
Note : A Mitsubishi original, ® Functional equivalent
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MITSUBISHI GENERAL PURPOSE ICs

USER’S GUIDE

TRANSISTOR ARRAY .
Function: . \mﬁc No. : Hg‘s“ﬂ:‘;&:‘;‘m’ o ‘:, o Mitsubishi Recommanded (Feahzr‘a'sf]
~M54512L g?r?;fe in line package]
2064 254532P [1.5A darlington, with clamp diode]
4-Unit Tr array
AMB54567P :ngﬁ(qil;“ggtti?; leth clamp dJode]
amsase8L (300 e package)
AM54516P  [500mA darlington
5-Unit Tr array AM54521P [500mA darlmgton]
AMB54529P/AP{320mA with strobe ]
aM54527P  [(150mA with clamp diode )
AM54533P 320mA with clamp diode]
6-Unit Tr array SMS4534P gﬁgrgaovgéh wee d'Ode]
AMS54578P 700mA with clamp diode’)
AM54539P  700mA with clamp diode ]
! AMB4571P [350mA printer dnver]
AMB54514AP  [50mA NPN dnver )]
AMS54515P  [[16mA NPN driver]
4AM54517P  [(400mA darlington
AM54519P  [400mA darlington ]
2003 ® M54523P
2001 L M54524P
2002 o M54525P
2004 o M54526P
AM54528P [150mA darlington with clamp]
7-Unit Tr array
AMS54530P [400mA darlington with clamp]
AM5E4531P [«aopmA darlington with clamp]
AM54535P [150mA with clamp and strobe]
AM54536P [150mA with clamp and strobe]
AMS54537P [320mA non-darlington drlver]
aM54538P  [[350mA and motor driver ]
AM54560P  [(150ma source darlington ]
AM54561P [SOOmA source darllngton]
aMsaseep (400 gerelr

Note : & Mitsubishi original, ® Functional equivalent
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MITSUBISHI GENERAL PURPOSE ICs

USER’S GUIDE

TRANSISTOR ARRAY

Function Generic No. y‘::’gg::&g::g . Mitsubishi R ded (Festures)
SMSASTEP/FP{ST soive)
7-Unit Tr array AM54577P/FP(3mA non-darlington’)
AM54580P ;é)rolr__nLA source darllngton]
AMS54513P  [50mA NPN driver]
amsasz2p (e daioen
2982 ®M54562P
2981 ®M54563P
AM54564P  [500mA source dariington for FL)
8-Unit Tr array AM545§5P ﬁ.op'[]f«._»- acme]
AM54569P  [30mA PNP array ]
AM54581P
AM54583P
AM54584P
AM54;’:85P
AM54586P
Note | & Mitsubishi original, ® Functional equivalent
MITSUBISHI
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USER’S GUIDE

MISCELLANEOUS
" Function - Generio No. - ggsggggfgg:g * Mitsubishi Re ded (Features). -
AM6E222
Electonic Volume Control
AM5E241L
Voltage Defector AMS232L
Volume Control AM50601P
Disk Drive AM51017AP
Servo Motor Position Control AM5E1660L
Dual Channel Electronic ATT AMSE1623AL
AM5E172L
Zoro ot igger e ams1743P
AM5174P
Warning driver - AM51920P
Car cooler control AM5E1950L
Flasher control AM51961L
4-BIT A-D Converter AM52670P,FP
Dual differential amp 3054 M5109P
8-Digit display driver AM54940P
T omasaarAP
AM54975P
8-BIT Latched driver
AM54976P
9-BIT Latched driver AM54970P
12-BIT Latched driver AMbE4977P
Sir.\gle chip CMOS AM50800-XXXSP/M50802-XXXP
speech synthsizer AMB50805-XXXP,FP/M50806-XXXP,FP

Note : & Mitsubishi original

, ® Functional equivalent

1—10
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MITSUBISHI GENERAL PURPOSE ICs

ORDERING INFORMATION

ORDERING INFORMATION

Function and style may be specified by using the following simplified alphanumeric code.

1. FOR MITSUBISHI ORIGINAL PRODUCTS

Example : M _5_ 4§ 1& A _I?_

M ! indicates the product is a Mitsubishi Electric integrated circuit.
5 ! industrial/consumer
(Operating ambient temperature range is —20~+75C, standard)
9 ! High-reliability type
A single or two-digit alphanumeric code indicates circuit type and series name.
0 : CMOS
1~2 . Linear circuit
3 CTTL
10~19 : Linear circuit
20~29 | Linear circuit
32~33 : TTL (equivalent to the TI SN74 family)
41~47 | TTL and others

48~49 | |IL

84 . CMOs

85 . p-channel silicon gate MOS

86 . p-channel aluminum gate MOS

87 . n-channel silicon gate MOS

88 : p-channel aluminum gate ED-MOS
89 : COMS

$0~S2 : Schottky TTL (equivalent to the TI SN74S family)

This group consists of a two- or three-digit serial number to indicate the type of
circuit within the series.

Consists of a single letter which indicates the difference of outer appearance or
some part of the device specifications as listed below.

(1) For linear circuits, this is one letter of the alphabet, chosen in
alphabetical order but not including | or O, which is used to flag devices
for which parts of the specifications differ.

(2) For devices with identical specifications having only pin-bending direc-
tion differences, an R is assigned to this group following group (5).

(3) When this group designation is not required, the next group is shifted to
the left to follow group (5) immediately.

Package style
K . Low melting point glass sealed ceramic-type package

L
SL } . Plastic molded SIP (Single In-line Package)

TL

:P } . Plastic molded DIP (Dual In-line Package)
2; } . Plastic molded FLAT package

S . Metal-sealed ceramic

MITSUBISHI —n
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ORDERING INFORMATION

2. FOR SECOND SOURCE PRODUCTS
Example :_nlll_ 5 K 4116 S-2

M : Mitsubishi integrated prefix

Indicates application and temperture range

§ ! Standard industrial/commercial
(0~++70/75C or —20~+85TC)

9 ! High reliability

Sales designation of original source using 1 or 2 alphabetical characters.
C ! Motorola’'s MC series

G : General Instrument's seuies

K . Mostek’s MK series

L : Intel's series

M ! Mitsubishi products

T ! Texas Instrument's

W : Western Digital’s series

Circuit function identification code of the original source type name.

Package style

K : Low melting point glass sealed ceramic-type package
P : Plastic molded package

S | Metal sealed ceramic package

Electrical characteristics identification code using 1 or 2 digits.
PACKAGE CODE

Package style may be specified by using the following simplified alphanumeric code
Example :16 P 4
-

Number of pins

Package structure

K : Low melting point glass-sealed ceramic
P ! Molded plastic

S . Metal sealed ceramic

Package outline

2 . FLAT 5A . ZIP

2W : FLAT wide 6 : FLAT quip

4:DIP 7 . SIP with fin

4B : Shrink DIP 9 ! SIP with fin

5:8IP 9B : Shrink SIP with fin
MITSUBISHI
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MITSUBISHI GENERAL PURPOSE ICs

QUALITY ASSURANCE AND RELIABILITY TESTING

1 INTRODUCTION

IC & LSI have made rapid technical progress in electrical
performances of high integration, high speed, and sophisti-
cated functionality. And now they have got boundless wider
applications in electronic systems and electrical ap-
pliances.

To meet the above trend of expanding utilization of IC &
LS|, Mitsubishi considers that it is extremely important to
supply stable quality and high reliable products to cus-
tomers.

Mitsubishi Electric places great emphasis on quality as a
basic policy “Quality First”, and has striven always to im-
prove quality and reliability.

Mitsubishi has already developed the Quality Assurance
System covering design, manufacturing, inventory and de-
livery for IC & LSI, and has supplied highly reliable pro-
ducts to customers for many years. The following articles
describe the Quality Assurance System and examples of
reliability control for Mitsubishi General Purpose ICs.

2. QUALITY ASSURANCE SYSTEM

The Quality Assurance System places emphasis on built-in
reliability in designing and built-in quality in manufacturing.
The System from development to delivery is summarized in
Figure 1.

2.1 Quality Assurance in Designing

The following steps are applied in designing stage for new

product.

(1) Setting of perfomance, quality and reliability target for
new product.

(2) Discussion of performance and quality for circuit de-
sign, device structure, process, material and package.

(3) Verification of design by CAD system to meet standar-
dized design rule.

(4) Functional evaluation for bread-board device to confirm
electrical performance.

(5) Reliability evaluation for TEG (Test Element Group)
chip to detect basic failure mode and investigate fai-
lure machanism.

(6) Reliability test (In-house qualification) for new product
to confirm quality and reliability target.

(7) Decision of pre-production from the standpoint of per-
formance, reliability, production flow/conditions, pro-
duction capability, delivery and etc.

2.2 Quality Assurance in Manufacturing
The quality assurance in manufacturing are performed as
follows.

(1) Environment control such as temperature, humidity and
dust as well as deionized water and utility gases.

(2) Maintenance and calibration control for automatized
manufacturing equipments, automatic testing equip-
ments, and measuring instruments.

(3) Material control such as silicon wafer, lead frame,
packaging material, mask and chemicals.

(4) In-process inspections in wafer-fabrication,” assembly
and testing.

(5) 100% final inspection of electrical characteristics,
visual inspection and burn-in, if necessary.

(6) Quality assurance test
-Electrical characteristics and visual inspection, lot by
lot sampling
-Environment and endurance test, periodical sampling.

(7) Inventory and shipping control, such as storage en-
vironment, date code identification, handling and ESD
(Electro Static Discharge) preventive procedure.

2.3 Reliability Test

To verify the reliability of a product as described in the Mit-
subishi Quality Assurance System, reliability tests are per-
formed at three different stages of new product develop-
ment, pre-production, and mass-production.

At the development of new product the reliability test plan
is fixed corresponding to quality and reliability target of
each product, respectively. The test plan includes in-house
qualification test, and TEG evaluation, if necessary. TEG
chips are designed and prepared for new device structure,
new process and new material.

After the proto-type product has passed the in-house qual-
ification test, the product advances to the pre-production. In
the pre-production stage. The specific reliability tests are
programmed and performed again to verify the quality of
pre-production product.

In the mass production, the reliability tests are performed *
periodically to confirm the quality of mass production pro-
duct according to quality assurance test program.

Table 1 shows an example of reliability test program for
plastic encapsulated IC & LSI.

Table 1 TYPICAL RELIABILITY TEST PROGRAM
FOR PLASTIC ENCAPSULATED IC & LSI
Group Test Test condition

1 Solderability 230°C, 5sec Rosin flux
Soldering heat 260°C, 10sec.

2 Thermal shock —55C, 125°C, 15cycles
Temperature cycling —65C, 150°C, 100cycles

3 Lead fatigue 250gr, 90°, 2arcs
Shock 1500G, 0. 5msec.

20G, 100~2000Hz

4 Vibration X, Y, Z direction
. 4min./cycle, 4cycles/direction
Constant acceleration 20000G, Y direction, Imin

5 Steady-state operation Ta=Toprmax, Vccmax
life 1000hours

g | High temperature Ta=150"C, 1000hours
storage life
High temperature and o

,; hi;’h humi‘;ny 85°C, 85%, 1000hours
Pressure cooker 121°C, 100%, 100hours

A MITSUBISHI
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2.4 Returned Product Control

When failure analysis is requested by a customer, the
failed devices are returned to Mitsubishi Electric via the
sales office of Mitsubishi using the form of “Analysis Re-
quest of Returned Product”

Mitsubishi provides various failure analysis equipments to
analyze the returned product. A failure analysis report is

RETURNED PRODUCT —I
¥

ISSUE ANALYSIS REQUEST
FOR RETURNED PRODUCT

l

generated to the customer upon completion of the analysis.
Failure analysis result enforces to take corrective action for
the design, fabrication, assembly or testing of the product
to improve reliability and realize lower failure rate.

Figure 2 shows the procedure of returned product control
from customer.

FAILUREANALYSIS [
r———=— 7
|
I VISUAL INSPECTION l
| ¥ I
| ELECTRICAL |
| CHARACTERISTICS TEST
| Y |
CLASSIFICATION OF |
| FAILURE MODES |
: ACCEPTANCE |3 |
5 |
| &
o |
| 3 |
|
ERNAL VI
| | smuLaTion TEST T o SAL |
I — 1 I
| ELECTRICAL CHIP ANALYSIS I
|  lonanacTERISTICS TeS |
| REJECTION I -
lacceptaNcE | __ | —_———d
~i CONFIRMATION OF
L F_A"-_UREFAUﬂE___I
(——@VESTIGATION oF CAU@:( PROCE S SRD )
REPORT
GENERATION[=]
PRELIMINARY
CORRECTIVE ACTION
CONFIRMATION
OF QUALITY
REPORT TO
CUSTOMER (
FIXED CORRECTIVE AGTION

PREVENTIVE MEASURES

Fig.2 PROCEDURE OF RETURNED PRODUCT CONTROL
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QUALITY ASSURANCE AND RELIABILITY TESTING

3 RELIABILITY TEST RESULTS

The reliability test results for Mitsubishi General Purpose
ICs are shown in Table 2, Table 3 and Table 4.

Table 2 shows the result of endurance tests of steady-state
operation life and high temperature storage life test for rep-
resentative types of General Purpose ICs, Operational
Amplifier, Voltage Comparator, Timer, Motor Driver, Voltage
Regulator and Transistor Array. From Table 2, the combined

Table 2 ENDURANCE TEST RESULTS

failure rate of Mitsubishi General Purpose ICs is calculated
0.045%/1000hours (60% confidence level) at maximum rat-
ing of operating condition.

Table 3 shows the result of environment test of temperature
cycli'ng, high temperature/high humidity and pressure cook-
er test for the same type of products as of endurance tests.
Table 4 shows the results of mechanical tests for repre-
sentative products of various package types.

1—16

Test Steady-State Operation Life High Temperature Storage Life
Test Condition Ta=Toprmax. Vcc=Vccmax Ta=150C

Application Type Number \ [Number of Samples| Device Hours |Number of Failures|Number of Samples| Device Hours |Number of Failures
M5216P 22 22,000 0 22 22,000 0
M5216L 22 22,000 0 22 22,000 0
M5218P 66 66, 000 0 44 44, 000 0
M5218L 66 66, 000 0 44 44, 000 0
M5223P 44 44, 000 0 22 22, 000 0
M5223L 44 44, 000 0 22 22,000 0
M5224P 22 22,000 0 22 44, 000 0
M5228P 44 44, 000 0 22 44, 000 0
M5209P 22 22,000 0 22 22,000 0
M5209L 22 22,000 0 22 22,000 0
M5210P 44 44, 000 0 22 22,000 0
Operational M5210L 22 22,000 0 22 22,000 0
Amplifier M5219P 44 44, 000 0 44 44, 000 0
M5219L 44 44, 000 0 22 22,000 0
M5220P 22 22,000 0 22 22,000 0
M5220L 22 22,000 0 22 22,000 0
M5221P 22 22,000 0 22 22,000 0
M5221L 22 22,000 0 22 22,000 0
M5238P 22 22,000 0 22 22,000 0
M5238L 22 22,000 0 22 22,000 0
M5240P 22 22,000 0 22 22,000 0
M5201P 22 22,000 0 22 22,000 0
M5201L 22 22,000 0 22 22,000 0
M51802P 48 48, 000 0 50 50, 000 0
M51802L 48 48, 000 0 50 50, 000 0
M5233P 44 44,000 ' 0 44 44, 000 0

Voltage M5233L 44 44, 000 0 22 22,000 0’
Comparator M5234P 22 22,000 0 22 22,000 - 0
M51204TL 66 132, 000 0 50 50, 000 0
M51209P 22 22,000 0 22 22,000 0
Timer M51848P 70 158, 000 0 22 22,000 0
M51848L 70 158, 000 0 22 22,000 0
Motor M51970L 22 22,000 0 22 22,000 0
Driver M54543L 44 88, 000 0 22 44, 000 0
M5230L 66 66, 000 0, 44 44,000 0
Voltage M5231TL 40 40, 000 0 22 22,000 0
Regulator M5236L 44 44, 000 0 22 22,000 0
M5278L 44 44, 000 0 44 44, 000 0
Transistor M54519P 40 40, 000 0 44 44, 000 0
Array M54523P 44 88, 000 0 22 44, 000 0
LED Level M51903L 22 22,000 0 22 22,000 0
Indicator M51906P 22 22,000 0 22 22,000 0
Voltage M5222P 22 22,000 0 22 22,000 0
Control M5222L 22 22,000 0 22 22,000 0
Amplifier M5241L 22 22,000 0 22 22,000 0
Yotage | M5232L 22 22, 000 0 22 22, 000 0
MITSUBISHI
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Table 3 ENVIRONMENTAL TEST RESULTS

Soldering Heat
Test Thermal Shock High Temperature/High Humidity Pressure Cooker
Temperature quilng ’
Test 260°C, 10sec
Condition —55C, 125, 15cycles 85, 85% 1000hours 121°C, 100%RH  240hours
Type —65C, 150°C, 100cycles
Application Number Number of Samples| Number of Failures [Number of Samples| Number of Failures [Number of Samples| Number of Failures
M5216P 22 0 22 0 22 0
M5216L 22 0 22 0 22 0
M5218P 44 0 66 0 44 0
M5218L 44 0 44 0 44 0
M5223P 22 0 22 0 22 0
M5223L 22 0 22 0 22 0
M5224P 22 0 22 0 22 0
M5228P 22 0 22 0 22 0
M5209P 22 0 22 0 22 0
M5209L 22 0 22 0 22 0
M5210P 22 0 22 0 22 0
Operational M5210L 22 0 22 0 22 0
Amplifier M5219P 22 0 44 0 22 0
M5219L 22 0 22 0 22 0
M5220P 22 0 22 0 22 0
M5220L 22 0 22 0 22 0
M5221P 22 0 22 0 22 0
M5221L 22 0 22 0 22 0
M5238P 22 0 22 0 22 0
M5238L 22 0 22 0 22 0
M5240P 22 0 22 0 22 0
M5201P 22 0 22 0 22 0
M5201L 22 0 22 0 22 0
M51802P 22 0 44 0 22 0
M51802L 22 0 44 0 22 0
M5233P 44 0 44 0 22 0
Voltage M5233L 22 0 22 0 22 0
Comparator M5234P 22 0 22 0 22 0
M51204TL 22 0 44 0 22 0
M51209P 22 0 22 0 22 0
Timer M51848P 22 0 44 0 22 0
M51848L 22 0 44 0 22 0
Motor M51970L 22 0 22 0 22 0
Driver M54543L 22 0 44 0 22 0
M5230L 44 0 44 0 22 0
Voltage M5231TL 22 0 40 0 22 0
Regulator M5236L 22 0 22 0 22 0
M5278L 22 0 44 0 22 0
Transistor M54519P 22 0 22 0 22 0
Array M54523P 22 0 44 0 22 0
LED Level M51903L 22 0 22 0 22 0
Indicator M51906P 22 0 22 0 22 0
Voltage M5222P 22 0 22 0 22 0
Control M5222L 22 0 22 0 22 0
Amplifier M5241L 22 0 22 0 22 0
potage, M5232L 22 0 44 0 22 0
MITSUBISHI 1—17
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Table 4 MECHANICAL TEST RESULTS

Shock
Test Solderabilty Lead Fatigue Vibration
Test . Constant Acceleration
Package Condition See Table | See Table | See Table 1
Pin Count Type Number Number of Samples| Number of Failures |Number of Samples| Number of Failures |Number of Samples| Number of Failures

5P5 M51204TL 22 0 15 0 22 0
M5218P 44 0 15 0 0

0
8P4 M51802P 22 0 15 0 22
M5218L 44 0 15 0 0

0
8PS M51848L 22 0 15 0 22

9P9 M54543L 22 0 15 0 22 0
10P5 M5241L 22 0 15 0 0
M5224P 44 0 15 0 0

0
14P4 M51906P 22 0 15 0 22
M5240P 44 0 15 0 0

0
16P4 M54519P 22 0 15 - 0 22

TO-92L M5278L 44 0 15 0 22 0

4 FAILURE ANALYSIS
Accelerated reliability tests are applied to observe failures
casued by temperature, voltage, humidity, current, mecha-
nical stress and those combined stresses on’ chips and
packages.
Examples of typical failure modes are shown below.
(1) Wire Bonding Failure by Thermal Stress
Figure 3, Figure 4 and Figure 5 are example of a failure
occurred by temperature storage test of 225C ,
1000hours.

Fig.3

Micrograph of
lifted Au ball trace
on Al bonding pad

Fig.4
Au-Al plague formation
on bonding pad

Fig.5
Lifted Au wire ball base

Au-Al intermetallic formation so-called “Purple plague”
by thermal overstress makes Au wire lift off from alumi-
num metallization. The activation energy of this failure
mode is estimated approximately 1.0eV and no failure
has been observed so far in practical uses.

Aluminum Corrosion Failure by Temperature/Humidity
Stress.

Figure 6, Figure 7 and Figure 8 are an example of cor-
roded failure of aluminum metallization of plastic en-
capsulated IC after accelerated temperature/humidity
storage test (pressure cooker test) of 121°C, 100%RH,
1000hours duration. )

Aluminum bonding pad is dissolved by penetrated wa-
ter from plastic package, and chlorine concentration is
observed on corroded aluminum bonding pad as shown
in Figure 8. )

Fig.6
Micrograph of corroded
Aluminum metallization
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Fig.7
Enlarged
micrograph
of corroded
Aluminum
bonding pad

Lo

distribution
on corroded
Aluminum
bonding pad

(3) Destructive Failure by Electrical Overstress
Surge voltage marginal tests have been performed to
reproduce the electrical overstress failure in field uses.
Figure 9 and Figure 10 are an example of failure
observed by surge voltage test. The trace of destruc-
tion is verified as the aluminum bridge by X ray micro

analysis.
TS T Fae
ST TTUUSYRGE Y | Micrograph of surge

<~DESTRUCTION | voltage destruction

-

Fig.10
Aluminum trace
of destructive spot

(4)  Aluminum Electromigration
Figure 11 shows an open circuit of aluminum metalliza-
tion in high current density region caused by acceler-
ated operation life test. This failure is due to aluminum
electromigration. Voids and hillock have been formed
in aluminum metallization by high current density op-
eration.

Fig.11

Voids and
hillocks
formation

by Aluminum

5 SUMMARY
The Mitsubishi quality assurance system and examples of
reliability control have been discussed. Customer’s interest
and requirement for high reliable IC & LSI are increasing
significantly. To satisfy customer's expectancy. Mitsubishi
as an IC vendor, would like to make perpetual efforts in the
following areas.

(1) Emphasis on built-in reliability at design stage and re-
liability evaluation to investigate latent failure modes
and acceleration factors.

(2) Execution of periodical endurance, environment and
mechanical test to verify reliability target and realize
higher reliability.

(3) Focus on development of advanced failure analysis
techniques. Detail failure analysis, intensive corrective
action, and quick response to customer’s analysis re-
quest.

(4) Collection of customer's quality data in qualification, in-
coming inspection, production and field use to improve
PPM, fraction defective and FIT, failure rate.

Mitsubishi would highly appreciate if the customer would

provide quality and reliability data of incoming inspection or

field failure rate essential to verify and improve the quality/

reliability of IC & LSI. L

MITSUBISHI
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PACKAGE OUTLINES

TYPE 3P5 3-PIN MOLDED PLASTIC SIP

4.3MAX

3.3MAX

9.0MIN

Dimension in mm

2.5MAX

TYPE SOT-89L 3-PIN TRANSISTOR

Dimension in mm

4.5+0.1
1.6%0.1 1.5+0.1 -
co.2 co.2
- L
- — yz% -
o n} .
H ] .1 s
1) » H +
& ~ >
Y :,,f\& i
wz 23
S2 g Ly j— L
1.5+0.1 |[1-5<0.1 .42 %
0.4%0.07 0._5.19. 07 0.4+0.07
e
® ©]
120 MITSUBISHI
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PACKAGE OUTLINES

TYPE TO-92L 3-PIN TRANSISTOR Dimension I mm
$5.1MAX
x
<
2 )
| %
0.8 s
Z ! d d z
S| o5 I 0.5
]
O
R
1.27 1.27
41 w0
x
s #g#: -
Sy Q09 .
TYPE 5P5 5-PIN MOLDED PLASTIC SIP Dimension in mm
+0.5
1.7 +%2
1.6+02 1.97+0.2
T
b
+ 1
31O <] 3
Tzr H)
S3
z
2 -
' p¢
® ® y i
0.5+0.1 o
L +0.
2.54+0.25 12403 0-27 _p.0s 0.7+0.1
[ — )
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PACKAGE OUTLINES

TYPE 8P2S 8-PIN MOLDED PLASTIC MINI FLAT ’ Dimension in mm

0.4%0.1 1.27
0. 395 0. 395
-~

6.2

off H Heli

<
<
o
Lo
1.27X3=3.8] S

TYPE 8P4 8-PIN MOLDED PLASTIC DIP Dimension in mm

6.3+0.15

| 0 S S |
® @
7.62+0.3
4-SMAx ____J
0.5MIN |3MIN o_zngg;
0.5+0.1
} 7.6~10
+0.3 +0.3
15201 1 07
2.54+0.25
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PACKAGE OUTLINES

TYPE 8P5 8-PIN MOLDED PLASTIC SIP Dimension in mm
l 19753 ' 2.840 2
) 1 T
wal
Sk
(-3 -K
1 :
- J
— Y 0.07
0) 2 54+0.25 05+0.1® 0.2775:0¢
‘ 12793 | 12501
é:r —rrrr—r n=:%
_TYPE 9P9 9-PIN MOLDED PLASTIC SIP Dimension N mm
. I — 5
\ hﬁf ]
22.867 03
¢3.4%2 16,001
ﬂ R1.7
?@ = -
e e 2
o g
[+
i
U | g
® ® Cy
2.54+0.25 0.6%0.1 0.6+0.1 ‘ 0.8+0.1
1.4+0.1 3.5+0.1
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PACKAGE OUTLINES

TYPE 10P2 10-PIN MOLDED PLASTIC FLAT _ Dimension in mm
) ® ® -

sl 57
O gl o
} } 0.15+0.07
ou. ®
045103 1.27+0.25
sitds |5l d
TYPE 10P2-C 10-PIN MOLDED PLASTIC FLAT Dimension in mm

"RAAAA"

O
NELELE
1.27+0.1 | | l 0.45+0.1 / 5.3+0.3

["2)
o
o
=T H -
w
I o
ot — . A\
6.13+0.3 g : £
13£0. vz 0.5+0.2 s
wn
c o
o
8.12+0.3
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PACKAGE OUTLINES

TYPE 10P5 10-PIN MOLDED PLASTIC SIP Dimension in mm
25.2703 2.840.2
So| %
O O |+ : |
<z ® —
=3
! -
g
2 |
® 2.54+0.25 05+0.1 °'27t813g
' 12793 1.240.1
/—C—-J L-.-JA
U /
TYPE 12P5 12-PIN MOLDED PLASTIC SIP Dimension in mm
0.31403 2.80.2
/‘
O O|.% :
z 3| 2
, 2 S
| | - -
H ;
@ ;L
— +0. 1
0.5%0.1 0.2575 05
12153 .20, 1
[ \
\ /
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MITSUBISHI GENERAL PURPOSE ICs

PACKAGE OUTLINES

TYPE 12P9 12-PIN MOLDED PLASTIC SIP Dimension n mm
— : 3 —
Lot ] e/
30.487 03
+0.2
$3.47 23 0.6

@
(A
A\
B
il Y

6MIN l B-02
1.4+0.2

@
2.54+0.25 0.6+0.1 0.6+0.1 0.8+0.1
14103 '
A0
3.5+0.2
TYPE 12P9B 12-PIN MOLDED PLASTIC SIP Dimension in mm

1]
~——

2. 3H0.5

—0.2
$3.440.1 160.1 - 2— $1.740.1
__#3.4%0.1 +0.1
L
1 U J2—R3.10.1
N o~
S| o
- il F [
o‘ ~N @
vl O S| =
~N
S
- o~
= P~
i
3 I _V'
I FA0S
s 0.440.1
o™
@ < L
0.60. 1 - 0.8%0. 1
.20 3.3+0.1
'&——-1
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PACKAGE OUTLINES

TYPE 14P2 14-PIN MOLDED PLASTIC FLAT Dimension in mm
(@) ’ ®
O
® s - @
0.45+0.1 1.2740.25
I
—t ’ 5.340.2 l
9.440.2 .‘ﬁh 15.340.3
TYPE 14P2-C 14-PIN MOLDED PLASTIC FLAT Dimension in mm
®
AAAAARSR
of B B BE 8 B
1.27+0.1 0.45+0.1 53403
i v amax  0:1540.05
9.4+0.3 g ﬁ 0.5+0.2 l 0.05MIN I
812+0.3
¢ MITSUBISHI
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MITSUBISHI GENERAL PURPOSE ICs

PACKAGE OUTLINES

TYPE 14P2S 14-PIN MOLDED PLASTIC MINI FLAT Dimension in mm

0.4+0.1
0. 395

6.2

TYPE 14P4 14-PIN MOLDED PLASTIC DIP Dimension in mm
19753
| o I T o N e O o Y e B s |
ol
™
L g ) L Lal
7.62+0.3
x
<
H
0 SMIN Z
3
2.54+0.25 0.5+0.1 )
' 15483
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PACKAGE OUTLINES

TYPE 14P5A 14-PIN MOLDED PLASTIC ZIP

1.27+£0.25

®

Dimension in mm

4l
wn N
x| oo
< + !
2| =
“l s
L3
aZ
o5
z
b
@
o~y f +0 07
021790l
1240.2
2.55+0 3
e

TYPE 16P2-B 16PIN MOLDED PLASTIC FLAT

®

A RRAAAAR

)

JUHHHHEE

Dimension in mm

®
+0.3
1.2740.25 0.45_¢13 5.3%0.5
! ! r‘—l
4
+0.5 — ;
8402 o~ - Jh \ i
S o~ ﬁé
I 2| <| ~| B 5.9%0.5
3 3 o o
e 20 9 9§ ! ] ’
< 2 2 0.6%0.2 0.6%0.2
Y e 1 1
K l—H—U “ II—H—:IJ 7.3%0.5
- [ = g =y = gy = Ry = R S ‘-
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 MITSUBISHI GENERAL PURPOSE ICs

PACKAGE OUTLINES

TYPE 16P2-C 16-PIN MOLDED PLASTIC FLAT

“9RRAAARE"

O
~BHEEEHE He

‘_ 1.27£0.2
| ™

0.45+0.1

©w
E-y
I+
e
N
8+0.1
75+0.1

1.

Dimension in mm

5.3+0.2
&8
SIS
Tl
2 -
° L
2
0.540.2 2
i I
o
8.12+0.3
1

TYPE 16P4 16-PIN MOLDED PLASTIC DIP

6 3+0.15

Dimension in mm

7 62+0 3,
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PACKAGE OUTLINES

TYPE 18P4 18-PIN MOLDED PLASTIC DIP Dimension i mm
24203
® © ]
[ a1
=
o
Ol s
o«
©
(J T IJCJTCJ0t I 0. J L JiLJd
® @
7.62+0 3
I H M 4.5MAX ; ;
0.5MIN {3MmIN ] 0.27+9-01
0.5+0.1  7.6~10
1 5+0.3
57003 2.54+0.25
TYPE 20P4 20-PIN MOLDED PLASTIC DIP Dimension in mm
0s
T
@ (W)
MO Mo O
Ol %
©
J 0 [ NN NN N N R SN B SN N SN SENS R S
® (1]
7.62+0.3
4.5MAX f
2 | [
0.5MIN | 3MIN | 02755 ||
0540.1 15+0.3 | +0.3
2.54+0 25 T '2—01 '—0.1 7.6~10
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MITSUBISHI GENERAL PURPOSE ICs

PACKAGE OUTLINES

Dimension in mm

TYPE 22P4 22-PIN MOLDED PLASTIC DIP

, 28%0-3

|
o

@
o o e e Y e 0 e e B o Y o

: e

50 S 5 5 5 0 0 6 i
@

8.9+0.15

@
10.16+0.3
i A
5.5MAX T
SMIN | 2-8MIN . 0-27f8jg;
2.54+0.25 5+0.1 ) 10~ 14
TYPE 24P2T7-C 24-PIN MOLDED PLASTIC FLAT Dimension in mm
@q (&)
1
® a | ®
0.8TYP 0.4%0.1
T
| 9.4+0.2 ij Ef
\ © + 1 '
S [\
\ ‘ ____—J\ — J &
_ 0.5+0.2 c2
I
° 8.12+0.3
o 1
‘ MITSUBISHI
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PACKAGE OUTLINES

Dimension in mm

TYPE 24P2W 24-PIN MOLDED PLASTIC FLAT

RARRAAARAARE

Of
0
A TTEEEELLEEER

s 0.5%0.2 z8 58
15+0.2 + > 20 cSo
8 + |
5 ©
e 11.9340.3 | s

Dimension in mm

TYPE 28P4B 28-PIN MOLDED PLASTIC DIP(LEAD PITCH 1.778mm)

L8.9_+_0.!5
e

|—10. 16 0. 3 -

5 swax ——)
- 0.27+0.07
M %% 005
L 5MIN §2-8MIN off——————
_Jl 0.27%%-%7
1.778£0.25 ' 1+0.3 10~14
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PACKAGE OUTLINES

TYPE 30P4B 30-PIN MOLDED PLASTIC DIP(SHRINK)

+0.5
28 2

|

hﬂﬂf‘lﬁﬂ_ﬂmﬂﬂﬁnﬁﬁh‘l

) O O

8.9+0.15

L SN B Ny S S R W e g S Ry 0 S g Sy s gy e gy §

Dimension in mm

® ®»
10.16+0.3
5.5MAX T 1
0 27+0.07
2.8MIN %7005
10~ 14
TYPE 32P4B 32-PIN MOLDED PLASTIC DIP (SHRINK) Dimension in mm
28153
® ‘ @
nNnNnNnonnNoonannonOn
) O Ol :
0 R
® @®
10.16 0.3
= i
l | i 5.5MAX 7
b e _ 0.272 307
10~ 14

1.778+0.25
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PACKAGE OUTLINES

TYPE 32P4B-A 32-PIN PLASTIC DIP(SHRINK) Dimension in mm
@ @
nONnNoNOArsrsnnOnnn
e Ol 3
OO OO O S OO O g
® ®
2103 10.16+0.3
l[ "’ Comad ] | p— Z =< \‘ ......
s <
\ 0 2 H )
o | D D = - |
A !
0 | =l ety
‘ g 1.78+0.25 0.540.1 10~14
s
,+0.3
0.1
TYPE 36P2R-A 32-PIN MOLDED PLASTIC FLAT Dimension-in mm
® ®
Ol ¢
l I 1
UUUUIJUIJUU UuuE UIJIJ
0.4+0.1
0. s+o 15
....... ; m
_I1_I1_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬁ_ﬂ_ﬂ_ﬂ_ﬂ nnm P4 ‘043; S\ 7\,
- 10 MIN 0. 05
150, 2 B 58
P 0.5%0.2| im?
11.9340.3 e
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MITSUBISHI GENERAL PURPOSE ICs

PACKAGE OUTLINES

TYPE 60P6-B 60-PIN MOLDED PLASTIC FLAT Dimension in mm

N

13.2+0.2

19.8+0.3

13.2%0.2 T
19.8+0.3

0.85+0.2
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QUICK REFERENCE TABLE OF OPERATIONAL AMPLIFIERS

5 Maximum Ratings Electrical Characteristics (Typical characteristics)
] i o Operating supply| Load | Allowable power | Circuit | Input offset | Inputbias | Slew | Gan bandwidth| Input-referred Package . Inter- !
% Type No Circuit Function Features voltage range | current |  dissipation | current |  voltage current | rate product noise voltage Outlinge
2 Voo I Pq lcc | Vio lg SR fr Vi products
< (v) (mA)] (mw) | (mA)| (mV) | (nA) | (V)| (MHz) | (zVrms)
- ® No latch-up L: 8-pin P. 8-pin
Single with offset @ Built-in protection circuit ot _ 360(L) _ SiP DIP
M51802 adjusting pin against output short circuit £2~£18 625(P) 1.7 ! 150 0.3 0.7 @ m 741
® Easy offset adjustment
Dual large-current _ : 1.8 L* 8-pin SIP
M5216 (Headphone ®Large-current, high output | 4, 45| 4909 [(WPHERI Ly 51 5 | qg0 | 30| 10 |[Re=TKQ 4556
] ® High-speed 800/625/440 p
] amplifier) at
e M5218/ Dual low-noise ® Large-current 2.0 4557
5 9 +2~+18 | £50 | 800/625/440 | 3.0 0.5 100 2.2 7 Rs=1kQ \ {P: 8-pin DIP 4558
o | M5R4558P | general-purpose ® High-speed Flat 4559
1
© Mm
§ M5223/ Dual single power ® Both input and output pins 3~36 | +50 |800/625/440| 0.7 | 2.0 30 0.6 1 — - 8- ‘ 358
8 M5N358P | supply can be operated from 0V - . ) . : ﬁ:m F’i)_'/r\“r 2904 |
(GND) P, 14-pin
M5224/ Quad single power ® High voltage B b 324
M5N324P supply ® Low power dissipation 3~36 =+50 | 700/550 1.2 2.0 30 0.6 1 \ 2002
FP- 14-pin
* o - 2.0 4136
M5228 Quad low-noise o Large-curmet +2~+18 | +50 | 700/550 | 6.0 | 0.5 | 100 | 2.2 7 |(Re=1ka||™"T 6554
general-purpose ® High-speed Flat 4741
* igh withstand | @ High withstand voltage Veo=+25V 1.2 |L8pnsP
M5209 Dual high withstan igh withstand voltage Voo=22V | 4, 455 | 450 |go0/e2s/a40| 3.5 | 0.5 | 300 |6.5| 20 |[Rg=2.20 4562
voltage ® Low-noise, high-speed F?at
* i = 1.0
2 | M5210 Dual high S/N © High withstangd voltage Voo =225V | 45 405 | 450 |aoo/es/ad0| 4.0 | 0.5 | 700 |6.5| 20 |(Rg=2.2a)|P:s-pinDip | 2043
3 (microphone amplifier) ® Low noise, high-speed F?at
g 0.9 ﬂﬂm‘
@ Low noise, high-speed _
[} ‘ 42425 | + =
9| M5219 Dual 77dB S/N @ High withstand voltage Veo=£25V +2~+425 | +50 | 800/625/440 | 3.5 0.5 300 6.5 20 (qu/z.\ 2kQ ) ep -0 4562
0.75 mint FLAT
® Low noise, high speed ot + e
M5220 Dual 83dB S/N @ High withstand voltage Voo=25V +2~+425 | +50 | 800/625/440 | 4.0 0.5 700 6.5 20 (EﬁAf\ 2kQ ) ! ‘ 2043
® High input impedance i 2.2 L 8-m@
mﬁls/zp Dual general-purpose|  (1000MQ) +5~+18 | +50 | 800/625/440| 3.0 | 5.0 | 30PA | 13 3 (R5=100k0 ) sip ggg
® High-speed Flat ] g."g—pm m
5% ® Low noise, high-speed 1.6 FP 8-pn |
L | M5238 Dual 73dB S/N ® High input impedance ~ +5~+18 | 50 | 800/625/440| 4.5 5.0 30PA 20 6 (R%=2.2kQ ) mini ‘ -
i3 (1000MQ) RIAA FLAT
* ® Low noise, high-speed 0.9 16-pin
s - +Ee+ + =2. DIP —_
M5240P Dual 82dB S/N @ External phase compensation pin *5 18 | 50 1000 10 10.0 | 200PA | 40 18 (g AiZkQ )
L: 8-pl®
3 * Dual input switching @ Operational amplifier equiva- 2.0 i!';_pm
°a (general-purpose lent to the M5218 is built-in +2.5 " Zikarlow m _
cE> M5201 switching operational ® Gain can be set independently ~+18 £50 | 800/625/440| 2.3 0.5 100 2.2 7 (:Sa t ) FP:8-pin |
o amplifier) @ Small switching shock noise lei?AiT ‘

SYUILIINdINY

TYNOILLYY3dO 40 NOILLONNA A8 X3ANI

$J1 ¥VANIT IHSISNSLIN

%: New product



LIITI
IHSIBNS1IW

/

INTERCHANGEABLE PRODUCTS OF OPERATIONAL AMPLIFIERS

-35 Mitsubishi Interchangeable products of other manufacturers
%’g Circuit function Type No. JRC NEC Matsushita Toshiba Hitachi Tokyo Sanyo ROHmM TI NSS FC MOTO
M5216L NJM4556S(9L)
Dual large-current | \oo160 | NJMA556D | 4 PCA556C
operational ampli-
fier *
MB5216FP | NJMA4556M | . PC4556G
NJM4558S(9L) ANG551(9L) | TATS567S(9L)
MS218L |\ massas(9L) ANGSB5(9L) | Tarmesiac) LAGSSS(SL) | BATIS(SL)
Dual general-pur- | M5218P NJM4558D | #PCA4557C | AN4558 TA75557P TLA4S58P #Aétsss
8C | ANB552 TA7!
pose low-noise | MSRASS8P | NJMASSID | “ECi2oes | ANERbs 6556| Taseangn | A17458) | LAGISED | BAMSSE | RMICSS s nass8TG | (MC1458)
operational ampli- * B
NJM4558M AN4558S * | TA75558F
fier
M5218FP | |\ ecom| #PC4558G mggggg TA5559F LA6458M | BA4558F
g msatoL | VWMARSOUL ooal)
%_ Dual low-noise NJMA560S(9L)
€ | operational ampli- NJM4562D
G|,
2 | ier M5219P NUMA4560D LM833
=
9
< M5220L NIM20ATS(3L) ANB557(9L)
2 | Dual low-noise - NJIM20438(9L)
O | operational ampli-
NJM2041D
fier M5220P NUM2043D ANB558 LM833
NJIMO72S(9L)
M5221L NJMOE2S(0L) ANG581
Dual J-FET input | M5221P NJMO72D | xPC803C TLO72
F
operational amplhi- | M5T082P NJMO082D | . PC4082C AN1082 HA17082 BA0B2 TLO82 LF353
frer * NJMO72M
M5221FP | " " eom | #PC4082G | AN1082S
M5223L NJM2904S(9L) ANB561(9L) LA6358S(3L) | BA718(9L)
Dual single power | M5223P nPC358C | AN1358 BA728 LM358
M
supply operational | MsN3ssp | NWMZ904D | ooiosic| anessz | TA7S39BP | HATTO04PS | LAGSSE | b jo3sg | LMI%BP | LM3S8 Lm2o04 | MLM3S8
ampher ;»75223FP NJM2904M| . PC358G | AN1358S | TA75358F BA728F
# BA10358F

L. SIP (8-pin), P: DIP(8-pin), (9L): SIP(9-pin), FP- mini FLAT (8-, 14-pin)
%: New product
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INTERCHANGEABLE PRODUCTS OF OPERATIONAL AMPLIFIERS (CONTINUED)

'—;.SF Mitsubishi Interchangeable products of other manufacturers
2 §r Circuit function Type No. JRC NEC Matsushita Toshiba Hitachi Tokyo Sanyo ROHmM TI NSS FC MOTO
. M5224P nPC324 AN1324 TA75902P LM2902 LM324 nA324
Quad single msn3zap | NIMZ02D | boasic | ANese4 | TA7sszap | MATZO02PS | LAG324 | BAIO324 | aoun | Lm2002 | wAze0z | MLM2902
power supply
operational
amplifier M5224FP NJM2902M| PC324G | AN1324NS | TA75902F LA6324M BA10324F
Quad M5228P :mgggg «PC4741 | AN6554 BA14741 | RC4136 1« A4136
_ | general-purpose
Q | low-noise
b= ! NJM2058M
3 | operational M5228FP NJM2059M #PC4741G| AN6554NS
€ [amplifier
e *
'S | Dual J-FET input, | M5238L
2 | low-noise
© | operational *
2 | amplifiers M5238P
o
Dual J-FET input, High S/N M5240P
operational amplifier
*
Dual input switching M5201L
general-purpose
operational amplifier ;5201 P

L: SIP (8-pin), P: DIP (8-pin), (9L): SIP (9-pin), FP: mini FLAT (8-, 14-pins)

*:

New product
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HOW TO CHOOSE OPERATIONAL AMPLIFIERS

How to choose operational amplifiers
Choose operational amplifiers according to the following
categories of usage.
@® By basic circuit configuration of operational amplifiers
(1) Dual power supply operational amplifiers
M5218/M5R4558P, M5219, M5220...
(2) Single power supply operational amplifier
M5223/M5N358P, M5224P/M5N324P
0 By functional type of operational amplifiers
(1) High voltage operational amplifiers
M5209, M5219, M5210, M5220 (Vcc=~+25V)
(2) Low-noise operational amplifiers
M5219, M5220, M5240 (S/N=77~83dB)
(3) High-speed operational amplifiers
M5209, M5210, M5219, M5220,
M5221/M5T082P, M5238
(SR=6.5~13V/ us)
(4) Large-current operational amplifiers
M5216 (I ,p=2100mA)
(5) High input impedance operational amplifiers
M5221/M5T082P, M5238
(Bi-FET operational amplifier Rj=1000M Q)
Method of choosing operational amplifiers according
to the features of each type shown above is explained in
the following.

1. Dual power supply and single power supply
operational amplifiers

A dual power supply operational amplifier is one of the
most popular operational amplifiers, represented by old
types 709 or 741 or the more recent type 4558
(Mitsubishi’s M5218/M5R4558P) and is usually used at
a supply voltage of Voc = 15V. As shown in Fig. 1, tow
power supplies of positive and negative voltages are
applied to GND, and the device is used mainly at near
GND level. In this case, Vx and Vy are residual voltage,
generated inside an operational amplifier. Fig. 2 shows
the relationship between the input and output of ampli-
fiers, and voltage gain Ay, i.e., ratio of output Vo against
input Vj, is determined by ratio of externally connected
resistors Rz/R;. On the other hand a single power supp-
ly operational amplifier is used by applying a single
power supply and amplification operation for GND level
input is made possible. As shown in Fig. 3, the signal
can be activated up to GND level.

Residual voltage Vx of +V¢c is generated as in dual
power supply type operational amplifiers. Fig. 4 shows
the input and output characteristics. ( Refer to operation-
al logic in the indevidual data of M5223/M5N358P,
M5224/M5N324P for details.)

Care must be taken with a single power supply oper-
ational amplifier that only a single power supply is ap-
plied. The output DC bias level is not determined auto-
matically and an operational amplifier is activated only
to GND level. It operates in the same way as a dual
power supply operational amplifier operates within the

activated range. To sum up, basic DC output levels for
both types of amplifiers must be determined by the vol-
tage of non-inverted input (+input). In other words, a
single power supply operational amplifier can be used
with level-shifted voltages just as a dual operational
amplifier used GND level as its basic DC level.

§ Vx
- —
% —T _li'Vcc
4 T
<
[+
Q
ov GND
w
< %
2 i
[ -
3 J] —Vece
——Y_ _
v
Fig. 1
[ tVo ___ J_ - +Vee
Vx
—Vo. Ry
Ay= IV R,
=+ Vi
-V,
Vi v
o
= _T_ w
Ry
w
2
< At
2 —-—
Q
w
[
<
2
3
< GND
. 7T
Fig. 3
Vx
_________ —Vce

Operation up to Vi=GND
level possible
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HOW TO CHOOSE OPERATIONAL AMPLIFIERS

2. High voltage operational amplifiers

Qrdinary amplifiers accept maximum supply voltage of
Vce+18V and are usually used at VocE15V, but, Vet
20V or above is used for audio amplifiers for a wider
dynamic range. Mitsubishi has a variety of products for
the M52XX ‘series of operational amplifiers such as the
M5209, M5210, M5220, which garantee maximum supply
voltage of V25V suitable for audio preamplifiers.

3. Low-noise operational amplifiers

To satisfy low-noise specifications required in audio
equipment, the M52XX series includes the M5209,
M5210, M5219 and M5220. The M5209 and M5210 are
suitable for high S/N microphone or line amplifiers. The
M5219 and M5220 have suppressed 1/f noise,
pulse-related noise and low-wave noise and are suit-
able for EQ amplifiers of stereo equipment and tape
decks. The M5238, M5240 are low-noise Bi-FET oper-
ational ampilifiers.

4. High-speed operational amplifiers

The M52XX series includes the M5209, M5210, M5219
and M5220, which have characteristics of high-speed as
well as high-voltage and low-noise, and SR=6.5V/ ¢s
typ. The SR stands for slew rate and is a parameter to
indicate high speed in an amplifier and is related to
high frequency distortion such as 20kHz in processing
fast-rising signals and in audio circuits.

Gain bandwidth product fr is also a high-frequency
parameter of an operational amplifier as well as slew
rate SR. This parameter indicates the limit of amplifica-
tion capacity of an operational amplifier in small signal
and indicates the frequency at which voltage gain is 1
(Gy=0). It is an important parameter for determining
the gain and frequency characteristics of an operational
amplifier. For example, when an amplifier of Gy=40dB
is designed, the M5209 of fr = 20MHz becomes an
amplifier with a bandwidth of 200kHz and the
M5218/M5R4558P becomes an amplifier with a band-
" width of 70kHz. Choose the most suitable operational
amplifier according to usage.

% Gvo
A M5209, M5219
3 M5210, M5220
2| wmszis/
G| M5R4558P
w
Q| _Gv=4ae__ TMHz
5 ] 20MHz
Ie) ]
> [
0dB 11
FREQUENCY f (Hz){ /
200kHz
70kHz

Fig. 5

5. Large-current operational amplifier

The M5216 is a large-current operational amplifier with
load current I =1 100mA and is suitable for applica-
tions that require large-current, for example, for head-
phone drive, relay circuit or LED.

6. High input impedance operational amplifier

The M5221/M5T082P, M5238 Bi-FET operational ampli-
fiers are high input impedance operational amplifiers,
and have characteristic of input impedance Rj= 1000
MQ typ. The device is suitable for application that is re-
lated to high input impedance, such as sample-hold cir-
cuit or various types of filters. \

:  MITSUBISHI
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TEST METHOD OF OPERATIONAL AMPLIFIERS

M Test method of operational amplifiers
(1) Circuit current I¢c

+Vce

% If output pin current is maintained at 0 and in quies-
cent state, the circuit needs not be a voltage follower
as shown above.

(2) Input offset voltage V,o, supply voltage rejection
ratio SVRR

V
M T+ ee
MA
-
10k 10k
—Vce
V,
o VIO=T|FOO_ (Vcc.‘t15V)
[ ) SVRR=-VTO(J)—(-):>?V§~2~ (Vo]'. VcCi17.5V)
Vo2: Vooi12.5v
* SVRR

Measure change of offset V,o when Vec==%125 and
+17.5 (where Rg=10kQ ).

(3) Input bias current lg, input offset current o

+Vee +Vee

1MQ

+y

* "l="wig
v
®* 5=y

® o= | +|B__|B |

(4) Common phse input voltage width Vcm, common
phase signal rejection ratio CMR

10MQ

® Veom DC input voltage when output Vo becomes
+10V or — 10V by applying DC input vol-
tage to V.

® CMR Measure Vo by applying AC input signal
0dBm to V.

_ Vin
CMR=20log —
1000

(5) Voltage gain

° Gvo=20 Iog Avd
Rs+Ri % Vi—Vi

Avd Rs Voi—Voz
20
=103X 77—
Vo1—Vo2
_ 2x10?
Voi1—Voz

Example Vo1 —V2=0.2V—>100dB

% Measure DC voltage gain by using NULL amplifier.

DUT output is maintained at =10V by varying (—) in-
put of NULL amplifier between +10V and —10V, and
output Vo is the DUT input voltage, multiplied by Rs+
Ri/Rs times.

MITSUBISHI
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TEST METHOD OF OPERATIONAL AMPLIFIERS

(6) Maximum output voitage Voum

* DUT is used in open status without feedback and out-
put Vg is measured by applying + 1V to an input. In
this case, the output is saturated when an input is 1V
as open gain is high.

(7) Gain bandwidth product fy, voltage gain Gy

+Vee 1000p

Vo
+
2.2
H R.
2kQ
® f;: Frequency where Gyo=0dB
Gvo 6dB/OCT

Gy fm————

0dB

* Measure frequency characteristics of voltage gain Gy
when a feedback of 100% (1M Q) is applied for DC
and feedback is open (1000pF/470 ) for AC. The fr
can be simply obtained by multiplying voltage gian of
1kHz by frequency.

(8) Slew rate SR

Vo

2k 100p

* Measure high-speed capacity of DUT by reading on
an oscilloscope and output pulse response (rising
speed) by inputting pulse step in a voltage follower
circuit of 100% feedback.

(9) Input-referred noise voltage Vy;

BAND PASS FILTER

_/L_—:\V Vao
——-o0

10Hz~30kHz(—3dB)

(10) Isource: Isink (Single power supply operational
amplifier)

+7.5v
o)

—7.5V

{ H Isource
I
L Isink

__Vo
Isource, Isink= 500

vo/dt(V/ us)

A
\ 0

MITSUBISHI
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M51802L.,P

INTERNALLY PHASE COMPENSATED OPERATIONAL AMPLIFIERS

DESCRIPTION

The M51802L, P are semiconductor integrated circuits de-
signed for a high-gain, high-stability operational amplifier.
No phase compensation is required and the devices come
with offset adjusting pins and are suitable for home use and
industrial equipment.

FEATURES

® Built-in capacitor for phase compensation
® No latch-up

® Built-in protection circuit for output short circuit

® Easy offset adjustment

APPLICATION

Amplifier for measuring instrument, DC amplifier, various
types of operational circuit, comparator, multi-vibrator, and
oscillator.

RECOMMENDED OPERATING CONDITIONS
Supply voltage range Voo (4V), Vee(—V) 4~18V
Rated supply voltage Vee(4V), Vee(—V) 15V

APPLICATION EXAMPLES

An operational amplifier employs feedback and has a varie-
ty of functions by the configuration of feedback -circuits.
Note (1) shows a method adjusting offset voltage.

PIN CONFIGURATION (TOP VIEW)

OFFSET ADJUSTMENT [T]
INVERTED INPUT 2]
NON-INVERTED INPUT 3]
Vee E

OFFSET ADJUSTMENT [5]
outpuT[6]

Vee E

NC|8

120815

NC : NO CONNECTION

OFFSET ADJUSTMENT [ 1 ]
INVERTED INPUT| 2}

8 |NC

Vee

6 ]ouTPUT

[ 5 | OFFSET ADJUSTMENT

NON-INVERTED INPUT

Vee

dco8LS

8-pin molded plastic SIP

8-pin molded plastic DIP

EQUIVALENT CIRCUIT
L ! <.|’> Vee
' Yo Re ZR7 Rs
I’J YDz
Qs Qu3
INVERTED INPUT N Ton 2); ’j oy
{.Qa
NON-INVERTED De
INPUT r-tﬂs Q18 1
Q17 R
_|_ Rn QP OUTPUT
o L! T Ds ! iERn
Os:{{ © o Q6 onj r
Qia —'I::)zz
Ra2 Q15
1!03 ‘\T—E‘
Qs 4
RS ¥Yo0: Rg R0 1) 4
<
4 VEE
OFFSET OFFSET
ADJUSTMENT  ADJUSTMENT
MITSUBISHI
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M51802L,P

INTERNALLY PHASE COMPENSATED OPERATIONAL AMPLIFIERS

ABSOLUTE MAXIMUM RATINGS (Ta=25¢, unless; otherwise noted)

Symbol Parameter Condinions Ratings Unit
x:: Supply voltage —1?8 z
Vid Differential input voltage = +30 \Y
Vic Common phase input voltage +15 \'

o 360(M51802L),
Pg Power dissipation 625(M51802P) mwW
Ke Thermal derating Ta=25C ;' 265 (('\:i; 1880022:)) mw/C
Topr Operating temperature —20~+75 c
Tstg Storage temperature —40~+125 ‘C
ELECTRICAL CHARACTERISTICS (Ta=25C, Voo=+15V, Vee=—15V)
! Limits .
Symbol Parameter Test conditions Unit
: Min Typ Max
Vio Input offset voltage Rg<10kQ ) 1.0 5.0 mV
lie Input bias current 150 500 nA
lo Input offset current 30 200 nA
Rin Input resistance Input frequency f=1kHz 1.0 MQ
Gy 'Voltage gain R =2k, Vo==£10V 86 100 dB
Vorp Maximum output voltage width Ru210kf2 *12 £14 \"
RL22kQ +10 +13
Vic Common phase input voltage range +12 +13 v
CMRR Common phase signal rejection ratio Rg=<10kQ 70 0 dB
SVRR Supply voltage rejection ratio Rg<10kQ 80 150 1A
Pg Power dissipation R =00 50 85 mwW
i Transient response |- g Mo Vin=20mV, R,=2k02, C_ <100pF - 0.3 £8
Kov Overshoot ’ 5.0 %
SR Slew rate R.=2kQ 0.5 V/us
2—10 MITSUBISHI
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M51802L,P

INTERNALLY PHASE COMPENSATED OPERATIONAL AMPLIFIERS

TYPICAL.

INPUT BIAS CURRENT 15(/A) POWER DISSIPATION Pg(mw)

MAXIMUM OUTPUT VOLTAGE WIDTH Vopp(V)

CHARACTERISTICS (Ta=25TC, Voc=+15V, Vee=—15V, unless otherwise noted)

THERMAL DERATING
(MAXIMUM RATING)

750

M51802P
| M51802

N

600

N

450

M51802L

300

~

N
\

0 25 50 75 100 125

0.5

0.4

0.3

0.2

0.1

AMBIENT TEMPERATURE Ta(C)

INPUT BIAS CURRENT
VS AMBIENT TEMPERATURE

0 15 30 45 60 75

AMBIENT TEMPERATURE Ta(C)

MAXIMUM OUTPUT VOLTAGE
WIDTH VS FREQUENCY

30

25

20

\

\

N\

5
10 100 1k 10k 100k ™

FREQUENCY f(Hz)

INPUT OFFSET VOLTAGE V,o(mV) .

VOLTAGE GAIN GV(dB)

MAXIMUM OUTPUT VOLTAGE WIDTH Vopp(V)

INPUT OFFSET VOLTAGE
VS. AMBIENT TEMPERATURE

-5

0 15 30 45 60 75

AMBIENT TEMPERATURE Ta(C)

VOLTAGE GAIN
VS FREQUENCY RESPONSE

100
N
8 \

N
60 \\
40 \\
m N
0
1 10 100 1k 10k 100k

FREQUENCY f(Hz)

MAXIMUM OUTPUT VOLTAGE
WIDTH VS LOAD RESISTANCE

32

28

24

20

16 /

0.1 57 1 3

5 7 10

LOAD RESISTANCE (kQ)
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M51802L,P

INTERNALLY PHASE COMPENSATED OPERATIONAL AMPLIFIERS

POWER DISSIPATION Pg(mw)

#A)

INPUT BIAS CURRENT  I;g(

INPUT OFFSET CURRENT ;o (nA)

POWER DISSIPATION VS,
SUPPLY VOLTAGE

100
80
60
40
20
’/
4
0
0 2 4 6 8 10 12 14 16 18 20,
SUPPLY VOLTAGE Vco(+V), Vee(—V)
INPUT BIAS CURRENT VS
SUPPLY VOLTAGE
0.5
0.4
0.3
0.2
,—‘/7 T
0.1
0

50

40

30

20

02 4 6 8 10 12 14 16 18 20

SUPPLY VOLTAGE Vgo(+V), Vee(—V)

INPUT OFFSET CURRENT VS
SUPPLY VOLTAGE

d/
[/

0 2 4 6 8 10 12 14 16 18 20

SUPPLY VOLTAGE Vec(+V) Vee(—V)

1

VOLTAGE GAIN GV (dB)

INPUT OFFSET VOLTAGE Vo(mV)

VOLTAGE GAIN VS
SUPPLY VOLTAGE

00

L]
/
80 P

60

40

20

0 2 4 6 8 10 12 14 16 18 20

SUPPLY VOLTAGE Vcc(+V), Vee(—V)

INPUT OFFSET VOLTAGE VS
SUPPLY VOLTAGE

0 2 4 6 8 10 12 14 16 18 20

SUPPLY VOLTAGE Vec(+V) Vee(—V)

2-12
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M51802L,P

INTERNALLY PHASE COMPENSATED OPERATIONAL AMPLIFIERS

N

APPLICATION EXAMPLES

An operational amplifier employs feedback and has a varie-
ty of functions by the configuration of feedback circuits.
Note (1) shows a method adjusting offset voltage.

(1) Inverted amplifier
: R1

Wy

€

dein

e,=—R.Cy at

DEFINTION OF ABBREVIATED TERMS

(2) Integrator

Ci,,
W

Rf

W

~Ri-Ri __ -1
Req= Rf+Ri €= RiCs feln dt

Note (1) Method of adjusting input offset voltage

R2

~AAA

(1) Set ey, to equal OV.
(2) Adjust Ry=10kQ so that e,=OV.

CMRR : Common phase signal rejection ratio. Ratio of SR . Slew rate. Time in which output is increased
output voltage against allowable common phase from normal value of 10% to 90% against step
input voltage and ratio against differential gain. input and ratio of the voltage (voltage between

Gy . Voltage gain. Ratio of output voltage against in- 10% to 90%).
put voltage required to change the output vol- SVRR : Supply voltage rejection ratio. Ratio of input
tage from OV to a fixed 'value in an open loop offset voltage change to supply voltage change.
circuit. tr, Koy - Transient response. Response against pulse in

g . Input bias current. Average current supplied to an open loop amplifier circuit.
two input pins when output voitage is set at OV. Vic : Common input voltage range. Common input vol-

lio - Input offset current. Difference of current sup- tage range in which an amplifier operates nor-
plied to two input pins when output voltage is set mally.
at Ov. Vio : Input offset voltage. Voltage between input pins

Pd . Power dissipation. DC power required to set no when output voltage is set at OV.
load output at OV in quiescent state. Voep ! Maximum output voltage width. Maximum output

Rin - Input resistance. Resistance of an integrated cir- voltage obtained without being clipped.
cuit measured at one differential input pin by
grounding the other input pin.

MITSUBISHI
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DUAL LARGE-CURRENT OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE)

MITSUBISHI LINEAR ICs

M5216L, P, FP

DESCRIPTION

The M5216 is a semiconductor integrated circuit disigned as
a high-output and high-speed operational amplifier for use
in high-performance headphone amplifiers and mizer ampli-
fiers found in cassette decks.

The device comes in an 8-pin SIP, DIP or FP and it con-
tains two circuits for yielding a high internally phase-com-
pensated gain, a high current capacity and a high slew rate.
It can be widely used as a general-purpose dual amplifier in
electronic equipment. In addition, it can be used in a single
power supply format and employed in conditions where the
supply voltage is low. These are features which make this
device ideal for headphone amplifiers in portable products.

FEATURES
o Large current capacity .............................. ILP=+100mA
® High power output
.................... Po=40mW(typ.)(@Vcc=6V, RL=320)
Po=27mW(typ.) [ @Voc=20V(+10V) ]
Ro+R,=100Q+8Q
® High slew rate, high fr - SR=3.0V/ s, fr=10MHz(typ.)

® Low noise(Rg=1KkQ )FLAT «eeerereeees Va=1.8 #Vrms(typ.)
® Low supply voltage drive possible -« Veo24V(E2v)
©® High allowable power «:«:seereereremeeereeees P4=800mW(SIP)

Pq=625mW(DIP), Pq=440mW(FP)

APPLICATION

High-performance headphone amplifiers in VTRs, tape
decks and stereo cassette tape recorders with bulit-in
radios; also as a large current high speed, general-purpose
operating amplifier in other electronic products and equip-
ment.

RECCOMENDED OPERATING CONDITION
Supply voltage range--- +2V~=+16V(dual power supply)

PIN CONFIGURATION (TOP VIEW)
SIP

[8](+) POWER SUPPLY

ch2 7] ouTpPUT 2
&E INVERTED INPUT 2
[5] NON-INVERTED INPUT 2
[4](—) POWER SUPPLY
ohl 3] NON-INVERTED INPUT 1
@Z INVERTED INPUT 1

[T]outPuT 1

DIP, MINI FLAT
(+) POWER

ouTPUT 1[1] 8] SUPPLY

INVERTED INPUT 1 !A; OUTPUT 2
NON-INVERTED L. A

INPUT 1 [6]INVERTED INPUT 2

(—) POWER NON-INVERTED
SUPPLY 4] INPUT 2

8-pin molded plastic'SIP

<«*

8-pin molded plastic FP

+4v~+32V(single power supply) (MINI FLAT) 8-pin molded plastic DIP
Rated supply voltage ........................................ i15v
EQUIVALENT CIRCUIT
(+)
- - - - - _ - POWER
SUPPLY
| b s
| R‘i
INVERTED INVERTED
INPUT 1 _INPUT 2
NON- t D 5)+ NON-
INVERTED INVERTED
INPUT 1 INPUT 2
-
| C]
R3 Cio2
(4) ~Vee
I (=)
R POWER
SUPPLY
MITSUBISHI
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MS5216L, P, FP

DUAL LARGE-CURRENT OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE)

ABSOLUTE MAXIMUM RATINGS (1a=257C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vce Supply voltage +18 v
Ip Load current +100 mA
Vid Differential input voltage =+30 \"
Vic Common input voltage *+15 v
P4 Power dissipation 800(SIP)/625(DIP)/440(FP) [ mw
Kg Thermal derating Ta=225C 8(SIP)/6.25(DIP)/4.4(FP) |mwW/C
Topr Ambient temperature —20~+75 c
Tstg Storage temperature —55~+4125 ‘c

ELECTRICAL CHARACTERISTICS (T3=25C, Vcc==%15V)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
lcc Circuit current Vin=0 4.5| 9.0 mA
Vio Input offset voltage RsZ10kQ 0.5| 6.0 mV
ho Input offset current 5| 200 nA
lie Input bias current 180 | 500 nA
Rin Input resistance 0.3 5 MQ
Gvo Open loop voltage gain R_.22kQ,Vo==x10V 86 110 dB
Vom Maximum output voltage R.210kQ £12]*13.5 \Z
R_.22kQ +10.5 +11
Vem Common input voltage width +12 +14 \
CMRR Common mode rejection ratio RsZ10kQ 70 90 dB
SVRR Supply voltage rejection ratio Rs<10kQ 30 150 | pV/V
P4 Power dissipation 135 270 mw
SR Slew rate Gy=0dB, R_.=2kQ 3.0 V/us
fr Gain bandwidth product 10 MHz
Vi Input referred noise voltage Rs=1kQ, BW=10Hz~30kHz 1.8 »Vrms
TYPICAL CHARACTERISTICS
THERMAL DERATING * VOLTAGE GAIN VS.
(MAXIMUM RATING) FREQUENCY RESPONSE
— 1000 140 Veec==115V
2 R.=2kQ
E a0 M5216L =~ 120
< ~ 100 N\
M5216P (.')> \
5 600 I\ , 80
E <
§ w00 M5216FP \ é 6 \’
% ~ \ N & \
[a) \ \\\ . ’_<_ 40 N
& 200 B ) \
: B ;=
a ¥
% 25 50 75 100 125 ) 0790 700 ik 10k 100k 1M IOM
AMBIENT TEMPERATURE T, (C) FREQUENCY f (Hz)
MITSUBISHI
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MS5216L, P, FP

DUAL LARGE-CURRENT OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE)

CIRCUIT CURRENT VS. CIRCUIT CURRENT VS.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
10— 10 T
3 Vin=0 — Vccji'5V
£ < Vin=0
E 3 E s
38 3
A s o
z ~—~——
w w \
o
o /// 8 ——
=4 =
v =,
g I 3!
o o
06 £10 20 T 20 40 60 80
SUPPLY VOLTAGE Vcc (V) AMBIENT TEMPERATURE T, (C)
INPUT OFFSET VOLTAGE VS. OUTPUT VOLTAGE / LOAD CURRENT
AMBIENT TEMPERATURE PEAK VS. LOAD RESISTANCE
3 25 - VU 120
E \,;:izli](fv E» 12b=TkHz £
2 2.0 S THD=1% 100 7,
< 0 Vo =
& > - 150 ¥
g s \ / 4.7 p - 80
5 5 A INo—#Em 2SS, TIouT a
o < 8l 47k /2> 1o e
> 10 5 \ 375007 2r ley &
b 0 33003 i o
a > & 7 [
L 5 | 3
o 0.5 T + 40
[ 5 \ e, 2
2 o 14 9
zZ 0 20
—20 0 20 40 60 80 100 200 500 1k 2k 5k
AMBIENT TEMPERATURE T, (C) LOAD RESISTANCE R, (Q)
MAXIMUM OUTPUT VOLTAGE MAXIMUM OUTPUT VOLTAGE
= VS. SUPPLY VOLTAGE = VS. FREQUENCY RESPONSE
2 20 — 2 32 T T T
H RL=1500 § Veo=15V R.=2kQ
> " >c> ]
g 10 —_ w 24 RL=150Q
: — g
- -
SN 5
E 0 = i 16
2 | 2 \
2 =
© 10 ™~ 3 s X\
s T °
) ™~ s \
2 2 \
< —20 X 0
s +2 +6 +10 +14 +18 § 1 10 100 1k 10k 100k 1M
SUPPLY VOLTAGE Ve (V) FREQUENCY f (Hz)

, . MITSUBISHI
2—16 ELECTRIC



MITSUBISHI LINEAR ICs

M5216L, P, FP

DUAL LARGE-CURRENT OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE)

APPLICATION EXAMPLE FOR A HEADPHONE
AMPLIFIER (DUAL POWER SUPPLY TYPE)

INVERTED INPUT TYPE
150k Q.
+Vee
470 gk 7
o—HFwW— R
o

IN

HEADPHONE
M5216 HEAD
L 0.022,F

Ru

—Vee ;
7T

(Note) For a single power supply type, (+) input pin voltage level is
shifted at Vcc/2 and output must be used by AC connection by
means of a capacitor

APPLICATION EXAMPLE FOR A HEADPHONE
AMPLIFIER (SINGLE POWER SUPPLY TYPE)

NON-INVERTED INPUT TYPE

POWER OUTPUT Po (mWw)

HEADPHONE AMPLIFIER CIRCUIT
Po—Vc¢c CHARACTERISTICS

[ Ta=25C
- f=1kHz
L THD=39% —1 _
Ry=32Q
200 (Ro=0)
100 |
Ry=8Q
] (Ro=10Q) - s
L. >
/ % .
Ry=320Q
10 —ASFAPA-(Ro=1200)
2\ Ry=8Q T
(Ro=92Q)
Rn=8Q
(Rol=47lQ)
1
4 6 8 10 12 14 16 18 20 22 24
(£2) (F4) (x6) (X£8) (£10) (%12)

SUPPLY VOLTAGE Vg (V)

HEADPHONE AMPLIFIER CIRCUIT
THD—Po CHARACTERISTICS

Tia5C
10 - f=1kHz I
- Vee=-+9V )
Ry=8Q
(Ro=10Q)
1.0 Ry=32Q
(Ro=10Q)
0.1
™~ S J
~ — A T
-
0.01
0.1 1 10 100

POWER OUTPUT Po (mw)

COUNTERMEASURE AGAINST

If oscillation occurs due to load condition, substrate wir-
ing condition, instability of power supply after the M5216
is mounted on the equipement, the following preventa-

Capacitance of 10 ~ 100pF
=" may be effective for preventing
osclllation in some circuits

— Ro

+ 150p == Comparatively hght
load is effective for
3300 preventing high

frequency oscillation.

4.7 HVee 8
+ a}
470 I
+ Rol0Q 4 4704 E
— HEADPHONE z
0.022 LOAD 2
Ry @
47k o)
— W I
10kQ 3
Gy=20dB o
1kQ 3
2
47 uF <
I
-
<
'_
0
}_
OSCILLATION
VOLTAGE GAIN VS.
FREQUENCY RESPONSE
_ tive circuit is recommended.
8 4
>
0]
z 30
<
0}
w
Y —
<
3
g 1w
10 100 1k 10k

FREQUENCY f (Hz)

Ro is recommended because it is effective for pre-
venting capacitative load oscillation and controlling cur-

rent when load is shorted.

MITSUBISHI

ELECTRIC

2--17




MITSUBISHI LINEAR ICs

M5218L, P, FP/M5R4558P

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE)

DESCRIPTION
The M5218/M5R4558P are simiconductor integrated circuits
designed for a low noise preamplifier in audio equipment

and a general-purpose operational amplifier in other elec-,

tronic equipment. Two low noise operational amplifier cir-
cuits displaying internal phase-compensated high gain and
low distortion are contained in an 8-pin SIP, DIP or FP for
application over a wide rage as a general-purpose dual
amplifier in general electronic equipment.

The devices have virtually the same characteristics as the
4557, 4558, 4559 and 741 operational ampilifiers.

The units can also be used as a single power supply type
and amplifier in portable equipment. It is also suitable as a
headphone amplifier because of its high load current.

FEATURES
® High gain, low distortion
........................... GVO=1 1 OdB, THE=0.001 5%(typ.)
® High slew rate, high fr
.................................. SR=2.2V//IS, fT=7MHz(typ.)
® Low noise(Rg=1KQ)FLAT +-rrreeeeerees Vni=2pVrms(typ.)
RIAA -erevrereneenns VN|=1 ptVrms(typ.)
® Operation with low supply voltage
...................................................... Vcc24V(iZV)
® High load current, high power dissipation
................................ |1p=i50mA, Pd=800mW(SIP)
Pg=625mW(DIP), P4=440mW(FP)
APPLICATION
General-purpose amplifier in stereo equipment, tape decks,
and radio stereo cassette recorders; active filters, servo
amplifiers, operational circuits in other general electronic
equipment. '

RECOMMENDED OPERATING CONDITIONS

PIN CONFIGURATION (TOP VIEW)
SIP

[8](+) POWER SUPPLY

ch? 7] ouTPUT 2
&E INVERTED INPUT 2
5] NON-INVERTED INPUT 2

[4](—) POWER SUPPLY

chl 3] NON-INVERTED INPUT 1
1/ 2| INVERTED INPUT 1
1] ouTPUT 1
DIP, MINI FLAT

(+) POWER
SUPPLY

!A; OUTPUT 2

L. %E INVERTED INPUT 2
NON-INVERTED

INPUT 2

OuTPUT 1{1]

INVERTED INPUT 1
NON-INVERTED

—) INPUT 1
—) POWER
SUPPLY

8-pin molded plastic SIP

8-pin molded plastic FP

Supp|y voltage range «-«r-sereerrenenreeeniiinn +o~116V (MINI FLAT) . .
Rated supply voltage ««--«-wswesessesermsimiesninnas +15v 8-pin molded plastic DIP
BLOCK DIAGRAM (+)
- - - - POWER
| SUPPLY
I I 8) +Vec
R; Rio
. ‘ Qs
I Qs K Qios |
INVERTED Qn
INVERTED,
INPUT 1 Qio1 E\IPUT D
_ @ o
5 5)+ NON-
NON- Qio A
INVERTED Rs R, |NI\‘QEPRJTI'52
INPUT 1| |
I
C1 p Q'IZ
Qs
Q4 Qs
Cz Rs3 R4
—Vece
(=)
POWER
- R SUPPLY
OUTPUT 1 . OQUTPUT 2
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MITSUBISHI LINEAR ICs

M5218L, P, FP/M5R4558P

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE)

ABSOLUTE MAXIMUM RATINGS (Ta=25C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage +18 \
Ip Load current +50 mA
Vid Differential input voltage +30 v
Vie Common input voltage +15 \Y
Pg Power dissipation 800(SIP)/625(DIP)/440(FP) { mwW
Kg Thermal dirating Ta=225C 8(SIP)/6.25(DIP)/4.4(FP) |mW/°C
Topr Ambient temperature —20~+75 ‘c
Tstg Storage temperature —55~+125 c

ELECTRICAL CHARACTERISTICS (Ta=25¢C, Vco=%15V)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
lcc Circuit current Vin=0 3.0 6.0 mA
Vio Input offset voltage Rs<10kQ 0.5 6.0 mV
ho Input offset current 5 200 nA
he Input bias current 500 nA
Rin Input resistance 0.3 5 MQ
Gvo Open loop voltage gain R_.22kQ,Vo==10V 86 110 dB
Vom Maximum output voltage Ru210kQ £12 x4 \2
R 22kQ +10 +13
Vem Common input voltage range +12 +14 \Y
CMRR Common modetrejection ratio RsZ10kQ 70 90 dB
SVRR Sypply voltage RsZ10kQ 30 150 | uV/V
Pd Power dissipation 90 180 mw
SR Slew rate Gy=0dB, R_.=2kQ 2.2 V/us
fr Gain bandwidth product 7 MHz
Vi Input referred noise voltage Rs=1kQ, BW.10Hz~30kHz 2.0 uVrms
TYPICAL CHARACTERISTICS
THERMAL DERATING VOLTAGE GAIN VS.
(MAXIMUM RATING) FREQUENCY RESPONSE

A 1000 140 Voo 15V

3 M5218L s o e

~ 800 3 N\

ﬂ? > 100 N

L coofMo218e o] \

0 | \ z 80

= M521 <

§ 8FP N 8 GO \

8 400 J \ ~ ¢ \

[a] \ NSO [ 40 N

& 200 SN o \

3 \\":\\ > 20

g 2

0o 25 50 75 100 125 01 10 100 1k 10k 100k 1M 10M
AMBIENT TEMPERATURE T4 (TC) FREQUENCY f (Hz)
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MITSUBISHI LINEAR ICs

'M5218L, P, FP/M5R4558P

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE)

INPUT OFFSET VOLTAGE Vo (mV)

MAXIMUM OUTPUT VOLTAGE Vom (V)

CIRCUIT CURRENT Icc (mA)

AMBIENT TEMPERATURE T, (TC)

MAXIMUM OUTPUT VOLTAGE
VS. SUPPLY VOLTAGE

CIRCUIT CURRENT VS. CIRCUIT CURRENT VS.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
5 5 T
VEn =£ —_ Veec==%15V
‘é Vin=0
4 - 4
_8 \
3 =" 3 -
fK o« \
o
2+ o} 2
0
=
1 3
«
9
0 0
0 +10 +20 —20 0 20 40 60 80
SUPPLY VOLTAGE Ve (V) AMBIENT TEMPERATURE T, (C)
INPUT OFFSET VOLTAGE VS. OUTPUT VOI TAGE / LOAD CURRENT
AMBIENT TEMPERATURE PEAK VS. LOAD RESISTANCE
2.5 -+ 12 —r— 100
Voc==%15V = Veo=%15V | 2
Rs=10kQ g f =1kHz o &
2.0 S 10} THD=1% 2 80 VS
2 B 1 .
.5 w 8 v 4.7, 150K — 60 E
[0 /1 e o 2 l our o
< / 3 AL 5
.0 3 6 440 &
8 AN £
] £ / N 2
0.5 2 a4 20 ©
['R N a
5 N <
2 e
o (o]
0 2 —— 0o~
—-20 0 20 40 60 80 100 200 500 1k 2k 5k

LOAD RESISTANCE R, (Q)

MAXIMUM OUTPUT VOLTAGE
VS. FREQUENCY RESPONSE

S
20 m— T3
R.=2kQ %
s
10 — Pl W 24f Veo=it1sV \
R =2kQ !
// E - \
L [¢)
0 Z s
\ E 1
[
\\ 35 \
N o g
\ g
~ E N
< o !
+2 +6 *10 +14 +18 s T 10 100 1k 10k 100k 1M

SUPPLY VOLTAGE V¢ (V)

FREQUENCY f (Hz)
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MITSUBISHI LINEAR ICs

M5218L, P, FP/M5R4558P

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE)

APPLICATION EXAMPLES TYPICAL CHARACTERISTICS (Vcc==15V, RIAA)

(1) Stereo Equalizer amplifier circuit +Gy=