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M54418P 2—53 M54560P 2—-217 M54741AP,S/P,S-1/P,S-2 2-—389
M54455L 2—58 M54561P 2—220 M54801P 2—393
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M54460L - 2—62 M54563P 2—226 M54812L 2—404
M54466L 2—64 Mb54564P 2—229 M54813L 2—406
M54468AL 2—68 Mb54565P 2—232 M54816P 2—408
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M54478P 2—86 Mb54572L 1 2—249 M54847AP 2—428
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M54503P 2—100 M54576P/FP 2—257 M54927pP 2—454
M54504P 2—102 M54577P/FP 2—259 M54928P 2—463
M54512L 2—106 M54578P 2—261 M54929pP 2—472
M54513P 2—108 M54580P 2—264 M54940P/FP 2—479
M54514AP 2—-110 M54581pP 2—267 M54956 P 2—484
M54515P 2—112 M54583P 2—270 M54959P 2—492
M54516P 2—114 M54584P 2—273 M54965ASP 2—499
M54517pP 2—17 M54585P 2—276 MB54967ASP 2—504
M54519P 2—120 M54586P 2—279 M54968ASP 2—509
M54521 P 2—123 M54590P 2—282 M54970P 2—514
M54522P 2—126 M54591P 2—285 M54972pP 2—521
M54523P 2—129 M54592pP 2—288 M54973P 2—526
M54524P 2—132 M54593P 2—291 M54974P 2—531
M54525P 2—135 M54594P 2—294 M54975P 2—537
M54526P 2—138 M54595p 2—297 M54976P 2—542
M54527P 2—14 M54596P 2—300 M54977P 2—547
M54528pP 2—143 M54597P 2—303
Mb54529P 2—145 M54598P 2—306
M54529AP 2—148 M54600P 2—309
Mb54530P 2—151 M54601P 2—315
Mb54531P 2—154 M54602P 2—318
M54532P 2—157 M54603P 2—321

. M54533P 2—160 M54604P 2—324
M54534P 2—163 M54605P 2—327
M54535P 2—166 M54610P 2—332
M54536P 2—169 M54640P 2—340
M54537P 2—172 M54641L 2—346
M54538P 2—175 Mb46421L 2—349
M54539P 2—178 Mb54643L 2—353
M54542L 2—181 M54644BL 2—356
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INDEX BY FUNCTION

BIPOLAR PROMS

Typ. |Access Inter-
L . IConfigu-{ Power Memory | Package | change-
Type No. Circuit Function ration | dissipation time Capacity | Outline | able Page
(mwW) | (ns) products
M54730AP,S-1 30 -
256-Bit (32X8) Field Programmable 16P4
M54730AP,S-2 B,S,TTL| 350 35 32X8 - 2—385
Read Only Memory 1681
M54730AP,S 50 -
M54731AP,S-1 30 -
256-Bit (32X8) Field Programmable 16P4
M54731AP,S-2 B,S,TTL| 350 35 32X8 - 2—385
Read Only Memory 1681
M54731AP,S ' 50 -
M54700AP,S-1 30
1024-Bit (256X4) Field Programmable 16P4
M54700AP,S-2 B,S,TTL| 400 35 256 X4 93417 | 2—381
Read Only Memory 1681
M54700AP,S 50
M54701AP,S-1 30
1024-Bit (256X 4) Field Programmable 16P4
M54701AP,S-2 B,S,TTL| 400 35 256X 4 93427 | 2—381
Read Only Memory ) 1681 .
M54701AP,S 50
M54740AP,S-1 30
4096-Bit (1024X4) Field Programmable 18P4
M54740AP,S-2 B,S,TTL| 600 35 1024 X4 93452 | 2—389
Read Only Memory 18s1
M54740AP,S 50
M54741AP,S-1 30
4096-Bit (1024X4) Field Programmable 18P4
M54741AP,S-2 B,S,TLL| 600 35 10244 93453 | 2—389
Read Only Memory 1881
M54741AP,S 50
BI-DIRECTIONAL MOTOR DRIVERS
Typical Electrical Characteristics(Ta=25C)
Supply Supply Rush Constant |, Interchange-
Type No. Circuit Function i 0“;;;;’: able Page
Voltage Current Current Current u products
(v) (mw) (mA) (mA)
M545421 Bi-Directional Motor Driver 12 6 1200 300 9P9 - 2—181
Bi-Directional Motor Driver with
M54543L 12 24 1200 300 9P9 BA6209 2—184
Brake Function
Bi-Directional Motor Driver with Brake
M54543AL 12 10 1200 300 9P9 - 2—187
Function and Thermal Shut Down Function
Bi-Directional Motor, Driver with
M545441 12 21 1200 300 9P9 - 2—190
Brake Function
Bi-Directional Motor Driver with Brake
M54544AL 12 10 1200 300 9P9 - 2—193
Function and Thermal Shut Down Function
Bi-Directional Motor Driver with
M54545L 12 5 1200 200 9P9 - 2—196
Brake Function
Bi-Directional Motor Driver with
M54546L 12 21 700 150 10P5 — 2—199
Brake Function .
Bi-Directional Motor Driver with
M54547P 12 4 600 150 16P4 - 2—202
OP Amp and Transister Array
M54548L Bi-Directional Motor Driver with 12P9 2—205
16 4 1200 300 -
M54548AL | Motor Speed Control 12P9B 2—208
M54549L | Dual Bi-Directional Motor Driver with Brake 12P9 2—211
16 25 1200 300 -
MB54549AL | Function and Thermal Shut Down Function 12P5 2—214
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INDEX BY FUNCTION

BI-DIRECTIONAL MOTOR DRIVERS (Coritinued)

Typical Electrical Characteristics(Ta=25C)

Supply Supply Rush Constant |y Interchange-
Type No Circuit Function rg";,dye able Page
Voltage Current Current Current utline products
(v) (mw) (mA) (mA)

Bi-Directional Motor Driver with

M54641L 10 7.5 800 150 8P5 - 2—346
Brake Function

Bi-Directional Motor Driver with

M54642L 10 7.5 ° 800 150 10P5 - 2—349
Brake Function

M54643L Bi-Directional Motor Driver 16 800 200 10P5 - | 2—353
M54644BL | Bi-Directional Motor Driver 16 2000 600 9P9 - 2—356
MB54645AL | Bi-Directional Motor Driver 18 3000 600 12P9B| - 2—359

Bi-Directional Motor Driver with

M54648AL 16 30 3000 00 - -
Motor Speed Control 8 12P98) 2-367

Dual Bi-Directional Motor Driver with Brake BAG6238A

M54649L . 12 19 1600 600 10P5 2—370
Function and Thermal Shut Down Function BA6248

BIPOLAR STEPPER MOTOR DRIVERS

Typical Electrical Characteristics(Ta=25C )

Supply | Low-level | High-level | Output |p, 00 Interchange-
Type No. Circuit Function Output Output with-Stand % able Page
Voltage Outline
Current Current Voltage products
(V) (mA) (mA) (v)
M54640P Stepper Motor Driver 45 ' 20 800 45 16P4 | PBL3717 | 2—340
M54646P Stepper Motor Driver 45 20 500 45 28P4B — 2—363
TRANSISTOR ARRAYS
Typical Electrical Characteristics(Tag=25C)
Input | Input Collector | Collector Package Interchange-
Type No. Circuit Function Vot c \ Withstand Current Outine able Page
oltage urren Voltage | duty ratio products
. (V) (mw) (v) (mA/%)
M54512L 4-Unit 50mA Transistor Array " 2 20 50/100 8P5 — 2—106
M54513P 8-Unit 50mA Transistor Array 2.5 0.7 40 50/100 18P4 — 2—108
M54514AP | 7-Unit 50mA Transistor Array 2.4 0.7 20 50/100 |- 16P4 - 2—-10
M54515P 7-Unit 16mA Transistor Array 0.75 1 17 16/100 16P4 — 2—1N2
M54516P 5-Unit 500mA Darlington Transistor Array 8 0.4 25 400/25 14P4 LB1288 2—-114
M54517P 7-Unit 400mA Darlington Transistor Array 8 0.4 25 400/15 16P4 | TD12605 | 2—117
M54519P 7-Unit 400mA Darlington Transistor Array 8 0.4 40 400/15 16P4 1R2403 2—120
M54521P 5-Unit 500mA Darlington Transistor Array 1.35 1 30 400/20 14P4 1R3403 2—123
- i i Arra
M54522P 8 ~Un|( 400mA .Darlmgton Transistor Array 8 0.4 40 | a00/15 18P4 _ 2—126
with Clamp Diode
M54523p | /_UNit S00mA Davlington Transistor Array | 5 gg 1 50 400/15 | 16P4 | ULN2003A | 2—129
with Clamp Diode )
Msas24p | /"Unit 500mA Darlington Transistor Array 1.4 1 - 50 400/15 | 16P4 | ULN2001A | 2—132
with Clamp Diode ‘
M54525p | /- Unit S00mA Darlington Transistor Array 17 0.9 50 400/15 |16P4 | ULN2002A | 2—135
with Clamp Diode
Ms4s26p | /- UNit S00mA Darlington Transistor Array 8 0.9 50 400/15 | 16P4 | ULN2004A | 2—138
with Clamp Diode
M54527P G-IUmt 150mA .Darllngton Transistor Array 7 0.3 40 150/90 14pP4 LB1274 . | 2—141
with Clamp Diode
MITSUBISHI
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TRANSISTOR ARRAYS (Continued)

Typical Electrical Characteristics(Tg=25C)

Input Input Collector | Collector Package Interchange-
Type No Circuit Function Vot c Withstand Current Outline able Page
oltage urrent Voltage | duty ratio products
(v) (mw) (V) (mA/%)
M54528P 7-.Un|t 150mA ~Darl|ngton Transistor Array 7 0.3 40 150/80 16P4 LB1275 2—143
with Clamp Diode
M54529P 5-Unit 320mA Transistor Array with Strobe 7 0.3 20 320/60 | 14P4 - 2—145
M54529AP | 5-Unit 320mA Transistor Array with Strobe 3.5 0.05 20 320/60 14P4 - 2—148
MB54530P ‘7-.Un|t 400mA .Darlmgton Transistor Array 8 0.4 40 400/15 16P4 1R2411 2—151
with Clamp Diode
M54531p | /-Un't 400mA Darlington Transistor Array 9 0.4 40 400/15 |16P4| IR2410 |2—154
with Clamp Diode .
Ms4s32p | 4-Unit I.5A Darlington Transistor Array 3 5 50 1250/10 | 16P4 | ULN20B4A | 2—157
with Clamp Diode
6-Unit 320mA Transistor Array _ _
M54533P with Clamp Diode and Strobe 7 0.3 20 320/50 16P4 2—160
6-Unit 320mA Transistor Array _
M54534P with Clamp Diode and Strobe 3.2 0.5 20 320/50 16P4 1R2425 2—163
7-Unit 150mA Transistor Array
M54535pP with Clamp Diode and Strobe 7 0.3 Vee 150/85 18P4 LB1260 2—166
Ms4536p | /Uit 1S0mA Transistor Array 3.2 0.7 Voo 150/85 |18P4|  — 2—169

with Clamp Diode and Strobe

M54537pP 7-Unit 350mA Transistor Array 3.2 0.8 20 350/60 16P4 - 2—172

7-Unit 350mA Transistor Array

M54538P and Motor Driver 3.2 0.8 20 350/45 18P4 - 2—175

Msasagp | B-Unit 700mA Transistor Array 3.2 0.8 20 #700/40 |16P4 | IR2420 |2—178
with Clamp Diode ’
7-Unit 150mA Source Type Darlington _ _ _ _ _

M54560P Transistor Array with Clamp Diode Vs—5V 0.2 40 160/75 | 16P4 2—217
7-Unit 300mA Source Type Darlington _ _ _ _ _

M54561P Transistor Array with Clamp Diode Vs—3.5V 0.15 40 300/20 |16P4 2—220

Msase2p | S-Un't 500mA Source Type Darlington 4 0.35 50 —400/15 | 18P4 | UDN2982A | 2—223
Transistor Array with Clamp Diode

Ms4s63p | oUnit S00mA Source Type Darlington 2.4 0.4 50 —400/15 | 18P4 | UDN29BTA | 2—226
Transistor Array with Clamp Diode

MB54564pP 8-Un|t. 500mA Source Type Darlington 4 0.35 50 —400/15 | 18P4 _ 2—229
Transistor Array

Msasesp | O Unit S0mA Transistor Array Voe—0.75 | —0.2 20 50/100 | 18P4 - 2—232
(“L” Active Input)

Msaseep | /,Unit 400mA Darlington Transistor Array | 3 | _g 3 50 400/15 |16P4 | TDG2304 | 2—234
(“L” Active Input)

Ms4se7p | 4-Unit 1.5A Darlington Transistor Array |\, 35 | _g 3 50° 1250/10 | 16P4 | TD62308AP | 2—237
with Clamp Diode

M54568L 4-Unit 30mA PNP Transistor Array Vee—0.8 —2 30 —30/100 | 10P5 - 2—240

M54569P 8-Unit 30mA PNP Transistor Array Vee—0.8 —2 30 —30/100 | 18P4 - 2—242

Ms4s71p | O-UNIt 350mA Transistor Array 9 2 43 350/20 [20p4| — |2—246
and Motor Driver

M54574p 4-Unit 700mA .Tran5|stor Array 9 3 43 350/20 16P4 _ 2— 253
with Clamp Diode B .
8-Unit 150mA Transistor Array '

M54575pP with Clamp Diode and Strobe 9 3 43 350/20 20P4 2—255
7-Unit 30mA Transistor Array 16P4

MSASTEP, FP | (.7 Chive Input) 3 0.06 30 50/100 | o0, 2—257

. 16P4
M54577l?, FP | 7-Unit 30mA Transistor Array 3 0.06 30 50/100 16P2 - 2—259
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TRANSISTOR ARRAYS (Continued)

Typical Electrical Characteristics(Ta=25C)
Input Input Collector | Collector Packa Interchange-
R . ge
Type No Circuit Function Voit c . Withstand Current Outhine able Page
oltage urren Voltage | duty ratio products
(v) (mA) (V) (mA/%)
6-Unit 700mA Transistor Array
. . * - -
M54578P with Clamp Diode and Strobe 3.5 0.5 20 700/40 | 16P4 2—261
Ms4sgop | /"UNit 150mA Source Type Darlington Vs—3.5 | —0.3 50 —150/80 |16P4|  — 2—264
Transistor Array
Msdsglp | o-Unit 500mA Source Type Darlington vs—3.6 | —0.3 50 —400/15 | 18P4 | UDN2580A | 2—267
Transistor Array with Clamp Diode
M54583P 8-Unit 400mA Darlington Transistor Array | Vgc—3.6 —0.3 50 350/10 18P4 — 2—270
M54584pP 8-Unit 350mA Transistor Array 3 0.8 20 250/50 18P4 — 2—273
Msasgsp | o-Unit S00mA Darlington Transistor Array | 5 gg 0.9 50 400/6 | 18P4| ULN2803A | 2—276
with Clamp Diode
Mms4sgep | o-Un't S0OmA Source Type Darlington Vs—3.6 | —0.3 50 —300/8 |18P4|  — 2—279
Transistor Array
M54590P 8-Unit H|g!1 Voltage 500mA Darlington Transistor 3.85 1 80 400/10 18P4 | ULN2823A | 2—282
Array with Clamp Diode .
M54591 P 8-Unit High Voltage 500m/§ Darlington Transistor 1.4 1 80 400/10 18P4 | ULN2821A | 2—285
Array with Clamp Diode
M54592p | S-Unt High Voltage S00mA Darlington Transistor 1.7 0.9 80 400/10 | 18P4 | ULN2824A | 2—288
Array with Clamp Diode
M54593p 8-Unit ngh Voltage SOOmA Darlington Transistor 8 0.9 80 400/10 18P4 | ULN2824A | 2—291
Array with Clamp Diode
M54s94p | F-Un!t High Voltage 1.5A Darlington 3 5 80 1250/4 | 16P4 | ULN2064B | 2—294
Transistor Array with Clamp Diode
4-Unit 1. 5A Darlington _
M54595P Transistor Array with Clamp Diode 8 5 80 1250/4 16P4 | ULN2067B | 2—297
Msasgep | ‘-Unt High Voltage 1. 5A Darlngton Transistor Voo—3.5 | —0.3 80 1250/4 | 16P4 | TD62308BP | 2—300
Array with Clamp Diode
msasg7p | Unit High Voltage S00mA Source Type 4 0.35 80 —350/8 | 18P4| UDN2984A | 2—303
Darhington Transistor Array
Msasggp | -Unit High Voltage S00mA Source Type 2.4 0.4 80 —350/8 |18P4 | UDN2983A | 2—306
Darlington Transistor Array
Ms4egop | VN High Voltage S00mA Saurce Type Darlington |3 6 | _g,3 80 —350/8 | 18P4 | UDN2580AT | 2—375
Transistor Array
4-Unit High Voltage 1. 5A Darlington _ _ _
M54661P Transistor Array with Glamp Diode Voc—3.6 0.3 80 1250/4 16P4 LB1205 2—378
* : Synchronous operation of 3 circuits
DISPLAY DECODER/DRIVERS
Typical Electrical Characteristics(Voc=5V, Ta=25C)
o . Cur}cuit Power | Low-level | High-level | Output Package Interchange-
Type No Circuit Function Family o Output Output | Withstand Outiine able Page
dissipation Current Current | Voltage products
(mw) | (mA) (mA) (v)
4-Bit Binary-to-Seven-Segment _ —
M54405P Decoder/Driver TTL 300 16 0.25 \ 15 16P4 2—42
M54406P BCD-to-Seven-Segment Decoder/Driver TTL 265 20 0.2 \ 15 16P4 — 2—46
8-Digit Fluorescent Display Driver 2 _ _ 30P4B/| _ _
M54940P/FP for Microcomputer L 150 10 35 DPIWA 2—479
8-Digit Fluorescent Display Driver 2 _ _ _ _
'M54844P for Microcomputer L 120 10 33 28P4 2—424
2-Digit BCD-to-Seven-Segment 2 _ _ _ _
M54847AP Decoder/Driver 1L 75 10 25 30P4B 2—428
M54480P RGB Decoder ECL 650 30 — 5.5 24P4 — 2—91
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CURRENT DRIVER/PERIPHERAL DRIVERS

Typical Electrical Characteristics(Voc=5V, Ta=25C)

Type No Circuit Function power ng"e‘(e' W“)Il':tpUt Fropagstion Package :::(:hange- Page
dissipation Cl:l:rzlr’\tt \;thsa‘lgre‘d time Outljne products

(mw) (mw) (v) (ns)
M54502P Dual AND Gate with Drive Transistor 430 300 30 — 14P4 — 2—96
M54503P Quadruple Current Driver 390 100 30 - 14P4 — 2—100
M54504P Dual NAND Gate with Drive Transistor 360 300 30 — 14P4 | SN75450N | 2—102
M54600P Dual Peripheral Positive AND Driver 150 300 30 20 14P4 | SN75450BN | 2—309
M54601P Dual Peripheral Positive AND Driver 150 300 30 18 8P4 | SN75451BP | 2—315
M54602P Dual Peripheral Positive NAND Driver 170 300 30 25 8P4 | SN75452BP | 2—318
M54603P Dual Peripheral Positive OR Driver 155 300 30 17 8P4 | SN75453BP | 2—321
M54604P Dual Peripheral Positive NOR Driver 185 300 30 26 8P4 | SN75454BP | 2—324
M54605P Dual Peripheral Positive NAND Driver 170 300 30 28 14P4 - 2—327

* 1o =0

HIGH SPEED DIVIDERS

Typical Characteristics(Ta=25C)
package Interchange-
Type No. Circuit Function Supply Count Input 298 able Page
Voltage |Frequency | Sensitivity | Output | Outline products
(v) (MHz) (dBm)
. - — Open — —
M54455L 1/4,1/8,1/40 High Speed Divider 5.0 30~130 200 Collector 8P5 2—58
M54459L | 1/20,1/100 High Speed Divider 5.0 30~130 180 8gﬁgcmr 8P5 - 2—60
. L 5.0
MS4460L | 1/10,1/100 High Speed Divider o0 30~130 180 pen or | 8P5 - 2—62
M54466L 1/10, 1/11 High Speed Divider with ECL Output 5.0 30~300 400 ECL 8P5 — 2—64
M54468AL | 1/256 High Speed Divider with ECL Output 5.0 80~1100 400 ECL 8P5 | TD6108 2—68
M54471P/L ** | 1/64 High Speed Divider with ECL Output 5.0 80~1250 400 ECL 8P4,8P5 2—70
M54472L 1/64 High Speed Divider with ECL Output 5.0 80~1100 400 ECL 8P5 | TD6107 2—72
M54473P/L | 1/256 High Speed Divider with TTL Output 5.0 80~1250 400 TTL 8P48P5 | TDB111 2—74
1/64,1/65, 1/128, 1/129 2-Modulus High '
M54475P 5.0 700~1000 400 ECL 8P4 | uPB566C | 2—76
Speed Divider with ECL Output
M54477P/L | 1/128, 1/136 2-Modulus High Speed 8P5 2—80
5.0 80~1000 100 ECL nPB562AC
M54477AP | Divider with ECL Output 8P4 2—83
M54478P 1/256 High Speed Divider with ECL Output 5.0 80~860 50 ECL 8P4 | SP4683 2—86
M54479P x| 1/64 High Speed Divider 5.0 700~1900 | 200 ECL 10P2-C 2—88
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PLL FREQUENCY SYNTHESIZERS

Typical Electrical Characteristics(Vcc=5V, Ta=25C)
Gircuit | SuPPly | Power | Output |Operation|s, . Interchange-
Type No. Circuit Function Famil . |withstand|_ ) g;;;\f able Page
Y | Voltage |dissipation| Voltage Frequency products
(V) (mw) (V) (MHz)
Msagz7p | PLL Frequency Synthesizer ECL/PL| 5 150 6 120 |16P4 - 2—1454
for Digital Tuning Systems
Msagzgp | FLL Frequency Synthesizer ECL/PL | 5 150 6 120 |22p4 - 2—463
for Digital Tuning Systems
Msagzop | PLL Frequency Synthesizer ECLAPL | 5 300 6 300 |16P4 2—472
for Amateur Radios
msagsep | oL Frequency Synthesizer ECL/PL | 5 200 6 1000 [16P4| — 2—484
for Personal Radios
Msagsgp | PLL Frequency Synthesizer ECL/PL| 5 100 6 500 |16P4 - 2—492
for Personal Radios
MBAEASP e Serial Input PLL Frequency Synthesizer ECL/IZL 5 350 6 1000 |20p4B 2—499
for VTR
MEIGTASP e Serial Input PLL Frequency Synthesizer ECL/IL 5 350 6 1000 |20P4B 2—504
for VTR
\ -
MSIHEASP e Serial Input PLL Frequency Synthesizer ECL/PL 5 150 6 1000 |20paB 2—509
for VTR
TUNER BAND SWITCHES
Typical Electrical Characteristics(Tag=25C)
Supply | Low-level | High-level | Output |5, . Interchange-
Type No. Circuit Function Output Output Withstand “%%| able Page
Voltage Outline
Current Current Voltage products
(V) (mA) (mA) (V)
M54570L Tuner Band Decoder/Driver 12 - —35 24 8P5 — 2—244
M54572L Tuner Band Decoder/Driver 12 30 —30 24 8P5 — 2—249
M54573L Tuner Band Decoder/Driver 12 30 —30 24 8P5 - 2—251
FREQUENCY COUNTERS
Typical Electrical Characteristics(Vec=5V, Ta=25C)
Circuit Package| M Cronange:
Type No. Circuit Function Family Power Receive Output Outllni able Page
. dissipation band Form products
(mw)
Frequency Counter with 5-Digit 2 Dynamic
24P4 - 2—412
M54820P | | ED Driver L 200 |sw lamp
CHANNEL SELECTORS
Typical Electrical Characteristics(Voc=5V, Ta=25C)
GCircuit Supply | Power [Low-level Output Low-level, ackage Interchange-
Type No. Circuit Function Family |Voltage|dissi Input | Withstand Output | 5 i able Page
i Current | Voltage | Current products
(V) | (mwW)| (mA) | (V) | (mA)
M54832P 8-Channel Selector 2L 4.5 18 - 12 20 16P4 - 2—416
M54833P 8-Channel Selector with Clock Out 2L 4.5 18 - 12 20 |16P4 - 2—418
M54834P 14-Channel Selector 2L 5 40 - 12 25 | 22P4 - 2—421
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FREQUENCY DIVIDER/OSCILLATORS

Typical Electrical Characteristics .
- Power (Vge=5V, Tg=257) ’ Interchange-
. Circuit | . = Package
Type No Circuit Function . dissipation| Count . able Page
Family Preset | Outline
. (mW)  |Frequency] Count Pin products
(MHz)
M54812L | 1/4,1/8,1/32 Divider/Oscillator 2L 85 % 1~4 1 - 8P5 - 2—404
M54813L | 1/4,1/16, 1/32 Divider/Oscillator 1L 85 % 1~4 1 - 8P5 - 2—406
M54816P | 14-Stage Divider/Oscillator 2L 60 [0.5~4.2] T} — 14P4 — 2—408
M54819L Presettable Divider 2L 27 0~0.8 "1 |-Available | 8P5 - 2—410

* [ Max Value
_f ! Indicates the count when “Low” changes to “High” "} Indicates the count when “High” changes to “Low”

LATCHED DRIVERS

Supply | Output | Output | Supply Current | Interchange-
Type No Circuit Function Voltage | Current | Withstand (mA) ) 5;;;:’: able Page
(V) (mA) |Voltage(V) | (Voe=5V, Tq=25C) products
M54970P 9-Bit Serial-input, Latched Divider 4.5~5.5 300 20 90 18P4 - 2—514
M54972P Bi-CMOS 8-Bit Serial-Input, Latched Divider 4~6 300 30 6% 16P4 - 2—521
M54973P Bi-CMOS 8-Bit Parallel-Input Latched Divider 4~6 300 30 10% 22P4 — 2—526
M54974P Bi-CMOS 12-Bit Serial-Input, Latched Divider 4~6 400 30 10% 26P4B-A - 2—531
M54975P Bi-CMOS 8-Bit Serial-Input, Latched Divider 4~6 300 30 1.2% 16P4 | UCN4820A | 2—537
M54976P Bi-CMOS 8-Bit Parallel-Input, Latched Divider 4~6 300 30 1.23% 22P4 | UCN4801A | 2—542
M54977P BI-CMOS 12-Bit Serial-Input, Latched Divider 4~6 200 30 13k 20P4 — 2—547

% ! Per 1 Qutput ON

TELEPHONES

Typical Electrical Characteristics(Voc =5V, Ta=25C)
Circuit . Interchange-
Type No Circuit Function . Power Supply | Output | Output [Fackage able Page
Family |dissipation| voltage | withstand | Current | Outline products
(mw) (V) | voltage(V) | (mA)
MB54193P/AP/BP| Telephone Tone Ringer TTL 50 300 45 +5 8P4 — 2—35
TAPE CONTROLLERS
Typical Electrical Characteristics(Tg=25"C)
. . | Supply | Power | Output | Output |5, Interchange-
Type No Circuit Function ’C:;:;:';'I; v i | Withstand rg;;;f able Page
oltage |dissipation: Voltage Current products
(v) (mw) (V) (mA)
M54410P Key Controller for Tape Deck TTL 5 270 7 10 16P4 — 2—49
M54886P | System Controller for Tape Deck 120 5 50 6 30 16P4 — 2—431
M54418P Tape Selector TTL 8~23 300 23 3 16P4 — 2—53
1—10 ‘ MITSUBISHI

ELECTRIC



MITSUBISHI BIPOLAR DIGITAL ICs

INDEX BY FUNCTION

REGISTER, LATCHES

Typical Electrical Charactenstics(Voc=5V, Ta=25C)
Gircuit - - o Interchange-
Type No Gircuit Function - Power |  Shift Set up |Holding|Transfer|Package| able Page
Family |gssipation|frequency| Clock | Time | Time | Time |Outine products
(mW)|(MHz) (ns) | (ns) | (ns)
M54403P | 5-Bit Right-Shift Left-Shift Register with Reset TTL 510 [0~10| '} | 30 | 0 | 35 |16P4 - 2—39
_}_ . Indicates the count when “Low” changes to “High”. _L . Indicates the count when “High” changes to “Low”
LEVEL DETECTORS
Typical Electrical Characteristics(T3=257C)
— o Interchange-
Type No. Circuit Function Supply Circuit Input Output " able Page
Voltage current Sensitivity Current | Outline products
(V) (mA) (mv) (mA)
M54101P Level Detector 12~16 9 - — 40 14P4 — 2—3
M54121L Earth Leakage Current Detector 14~18 2 20 1 8P5 — 2—7
M54122L Earth Leakage Current Detector 12(Min) 0.4 13 0.2 8P5 — 22—
M54123L Earth Leakage Current Detector 12(Min) 0.4 6.1 0.2 8P5 — 2—17
M54124L Earth Leakage Current Detector 12(Min) 0.5 6.5 0.2 8P5 — 2—23
M54125P Earth Leakage Current Detector 12(Min) 0.7 6.5 0.2 10P2-C — 2—29
MISCELLANEOUSS
Typical Electrical Characteristics(Voc =5V, Ta=25T)
... |Supply| Power |Low-level| Output |Low-levell, Interchange-
Ci it
Type No Circuit Function F;rr:ijl; Vot A Input  |Withstand| Output rg:;:‘f able Page
olftage "I Current | Voltage | Current products
(V) | (mwW)| (mA)| (V) | (mA)
Ms4gagp | & Digit Fluorescent Display Driver L [3.5~9| 30 | —0.2( 9 10 |28P4 - 2—424
For Microcomputer
Ms49i0p | 2F Magnetic Stripe Enocording PL  |45~95) 100 | 0.1 | 6 | 16 |16P4 - 2—440
Card Reder
Msag14Fp | 27 Magnetic Stripe Enocording Bi-CMOS| 4~6 | 5 |0.0001| 5 5 | 20p2 - 2—447
Card Reder
M54801P FM Diversity Receive Controller 1L 4.5~7| 210 — — 10 22P4 — 2—393
TIMER/COUNTERS
Typical Electrical Charactenstics(Vgc=5V, T3=25C)
Gircuit Interchange-
Type No. Circuit Function . Power Count Preset | Count Pacage| ;pje Page
Family |dissipation|Frequency Outline
(mW) | (MHz) | "@n9¢ | range products
Presettable Timer/Counter with 2 BCD BCD
* 0~0.1 24P4 — 2—400
Ms4811P 7 Segment LED Driver L 400 0 00~99 | 00~99
* I Worst Value
OTHERS
Typical Electrical Characteristics(Voc=5V, Ta=25C)
o ) Gircuit Supply| Power |Low-level Output L°w'|eve"Package Interchange-
Type No Circuit Function Family |vor ) . Input {Withstand Output | - able Page
oltage, dissipation ¢ ont Voltage | Current products
V) | (mw)| (mA) | (V) | (mA)
8-Bit Parallel Data Interface 1L
M 5 35 —0.4| 5.5 8 |42P4B| — 2—332
s4610P For Printer LSTTL
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CHARACTERISTICS

REFERENCE BY CURRENT VS. VOLTAGE CHARACTERISTICS

Maximum Current (mA)
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500

400
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Maximum Voltage (V)

, /594P. Wire Dot
¢ 5%P 4159P . and
s67p 9 jSQGP N Da‘$y N
| Plunger- 661P  Head
Relay .
T | 585P
[ ] ssop e 523P 590P
578p ¢ 574p so1p
Thermal Head || 2ue 592P i
T T e B1gP LY 525P [ 593,5‘, ‘Mi.n"
584P 517p| 519p || 526P ~ Printer
537Pe  § 521P -»{gg’ég o] 562P 597P°  Head
¢ 538P . .
520P ¢ 571P ¢ 531p . S64P - 598p
0(5339 4 ’ 563P 80P
534P 561P | B66RY ||581P
< s83p  |\586p
535p s27p  Lamp
1 s36p t '
1528 4 caom
i . Fluorescent
560P
S14AP
565P
¢ 568L $ 513p
5699
576 576FP
- Yeme sriee
LED
¢ 5121
® 515p
10 20 30 40 50 60 70 80
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QUICK REFERENCE

QUICK REFERENCE
1/0 Type
No. Type Number
Input Output
4 M54512L M54594P M54532p M54595P
M54516P M54521P
> M54529p M54529AP
M54527P M54533P
6 M54534P M54539P
M54571pP M54578pP
M54514AP M54515p
M54517p M54519P
1 “H” Active Current M54523P M54524P
M54525p M54526P
| 7 M54528P M54530P
M54531P M54535P
M54536P M54537P
M54538P M54577P
M54577FP
M54513p M54522P M54584P M54585P
8 M54590P M54591P M54592P M54593P
) “H Active Current g | M54562P M54597P M54563P
M54564P M54598P
4 M54567P M54596P M54661P M54574P
3 “L” Active Current 7 M54566P M54576P M54576FP
8 M54565P M54583P MB54575P
4 M54568L
, M54560P M54561P
4 “L” Active Current | M54580P
M54569P M54581P
| ® | msassep M54660P
MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

ORDERING INFORMATION

FOR MITSUBISHI ORIGINAL PRODUCTS

Example : M g_ 45 14 A P

5 ! indus

A single
0

1~2

3
10~19
20~29
32~33
41~47
48~49
84

85

86

87

88

89
S0~S2

circuit w
Consists
some pal

(1)

alp
for

(2)

the

K
L
sL
TL
P
SP
FP
GP
s

|

}

M ! indicates the product is a Mitsubishi Electric integrated circuit.

trial/consumer

(Operating ambient temperature range is —20~-+75C, standard)
9 | High-reliability type

or two-digit alphanumeric code indicates circuit type and series name.
. CMOS

. Linear circuit

CTTL

. Linear circuit

. Linear circuit

I TTL (equivalent to the TI SN74 family)

. TTL and others

ClIL

. CMOSs

. p-channel silicon gate MOS

. p-channel aluminum gate MOS

: n-channel silicon gate MOS

. p-channel aluminum gate ED-MOS

. COMS

! Schottky TTL (equivalent to the TI SN74S family)

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

ithin the series.
of a single letter which indicates the difference of outer appearance or
rt of the device specifications as listed below.

For linear circuits, this is one letter of the alphabet, chosen in

habetical order but not including | or O, which is used to flag devices
which parts of the specifications differ.

For devices with identical specifications having only pin-bending direc-
tion differences, an R is assigned to this group following group (5)
(8) When this group designation is not required, the next group is shifted to

left to follow group (5) immediately.

Package style

Low melting point glass sealed ceramic-type package

. Plastic molded SIP (Single In-line Package)

. Plastic molded DIP (Dual In-line Package)

. Plastic molded FLAT package

. Metal-sealed ceramic

1—14
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ORDERING INFORMATION

FOR SECOND SOURCE PRODUCTS

Example:

M 5 K 4164

S - 2

=

PACKAGE CODE

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

Example:

30 P 4

SHdmzrxemMmo >

Package style

K. Glass-sealed ceramic
P . Molded plastic

S ! Metal-sealed ceramic

M | Mitsubishi integrated prefix

Temperature range

5. Standard industrial/commercial
(0 to 70/75°C or —20 to 85C) .

9 . High reliability

Series designation of original source
using 1 or 2 alphabetical characters.
. Advanced Micro Devices
. Motorola's MC series
. Signetics
Fairchild
. General Instrument’s series
. Mostek’s MK series
Intel's series
. National Semiconductor
. Raytheon
Texas Instrument's
. Western Digital's series
Circuit function identification code of the
original source type hame.

—— Electrical characteristic identification code

using 1 or 2 digits.

Number of pins

Package structure

P . Molded plastic
S . Metal-sealed ceramic

Package outline

K : Low-melting-point glass sealed ceramic

0 : Chip carrier 4 . DIP/Shrink DIP 8: PGA
1:DIP 5:8IP, ZIP 9:SIP
2:s0pP 6: QFP
~—— Auxiliary outline code
"~ MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

SYMBOLOGY

SYMBOLOGY

Symbol Parameter Definition

BVceo Collector-base breakdown voltage when the emitter is open

BVcer Collector-emitter breakdown voltage when the specified resistor is connected between the base and the emitter

BVces Collector-emitter breakdown voltage when the base and emitter are shorted together

BVp Diode breakdown voltage The breakdown voltage of the diode

BVego Emitter-base breakdown voltage when the collector I1s open

BV, Input breakdown voltage The breakdown voltage of the input

BVo Output breakdown voltage The breakdown voltage of the output

C, Input capacitance Capacitance between the input and the ground terminals

CL Load capacitance Externally connected load capacitance

Co Output capacitance Capacitance between the output and the ground terminals

fmax Maximum clock frequency Maximum input repetition frequency for normal IC operation

F, Fan-in Number of similar inputs

Fo Fan-out Number of similar ICs which can be driven by an output

Gv Voltage gain Ratio of the output voltage to extremely small changes of the input voltage

H Indicates the high logic level Used in voltage and current suffixes to indicate the high potential level

hee Current amplification factor

1 Indicates current or input Currents flowing into ICs are taken to be positive and those flowing out as negative

las Total outflow current

lcc Supply current The current flowing into the Vcc supply terminal of a circuit

lcoL Low-level supply current Vec current when the inputs are such that the output is low

lccH High-level supply current Vec current when the inputs are such that the output is high

Ie Forward current Forward diode current

N Input current at maximum voltage The input current flowing when maximum voltage 1s applied to the IC input pins

I High-level input current The current flowing into an input when a specilied high voltage is applied

he Low-level input current The current flowing out of an input when a specilied low voitage is applied

lon High-level output current Current flowing in the load when the output is high or current flowing when a high level is applied

loL Low-level output current The current flowing into an output which is in the low state

los Short-circuit output current The current flowing out of an output which Is in the high state when that output is short circuit to
ground

loz Off-state output current The current that flows when the output is in the 3-state condition

Ir Reverse current The current that flows when a reverse voltage is applied

Is Supply current The current flowing into the IC from the Vs terminal

Ir ,Threshold current Current which lows when the threshold voltage is applied to the input

v+ Positive threshold current Current which flows when the positive threshold voltége 1s applied to the input

I+— Negative threshold current Current which flows when the negative threshold voltage 1s applied to the mput

L Indicates the low logic level Used in voltage and current suffixes to indicate the low potential level

o Indicates output

Pd Power dissipation Product of the supply voltage and the supply current

PRR Pulse repetition rate The rate of repetition of an applied pulse train

R, Input resistance The resistance expressed by V/|,

n Input resistance The resistance expressed by 4V\/4,

Ta Operating free-air temperature The temperature of the environment surrounding an IC

tf Fall time Time required to fall from the high to the low logic level

th Hold time The required hold time for a specified input after an input has changed

Topr Operating temperature The ambient temperature range for normal IC operation

tpd Propagation delay time Amount of time required from a change of input signal until the corresponding change in output, ex-
pressed as the average propagation time

terL Propagation delay time, high-to low- Amount of time required from a change of input signal until the output changes from high to low

level output

teuz Output disable time from High-level Amount of time required from a change of input signal until the output changes from high to high-
impedance

teLn Propagation delay time low-to high- Amount of time required from a change of input signal until the output changes from low to high

level output
teLz Output disable time from Low level Amount of time required from a change of input signal until the output changes from low to high-
) impedance
tew Pulse width
1—16 MITSUBISHI
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SYMBOLOGY

Symbol Parameter Definition

tezn Output enable time to a High level Amount of time required from a change of input signal until the output changes from high-
impedance to high .

tezL Output enable time to a Low level Amount of time required from a change of input signal until the output changes from high-
impedance to low

tr Rise time Time required to rise from the low to the high logic level

Ts(g Storage temperature The range of surrounding stroage temparature for an IC

tsu Setup time The required hold time for other inputs before a paricular input may be changed

trae High-to fow-level output transition ime ~ The time required for the output to change from high level to low level

trin Low-to high-level output transition time  The time required for the output to change from low level to high level

twr Write recovery time The penod between the end of a wrnite pulse and the beginning of the next cycle

Vece Supply voltage The voltage of power supply voltage over which the device is quaranted to operate within the spe-
cified hmits

Vce Collector-emitter voltage

Vce(sat) Collector-emitter saturation voltage

Ve Forward voltage Forwared voltage applied to a diode

V, Input voltage Voltage applied to an input

Vic Input clamp diode voltage The forward voltage applied to an input clamping diode

Vie Input emutter-emitter voltage The emitter-to-emitter voltage for a muiti-emitter transistor input

Vi High-level input voltage The range of input voltages that represents a logic high In the system

Vo Low-level input voltage The range of input voltages that represents a logic low in the system

Vo Output voltage Voltage applied to or apperaring at an output

Vou High-level output voltage Voltage at an output in the high- state

VoL Low-level output voltage Voltage at an output In the low state

Voo Output offset voltage The collector-emitter voltage when the collector current 1s 0

Ve Pulse amplitude The differance between the low level and high levelof a pulse

Vg Reverse voltage The high voltage applied to an output

Vs Supply voltage The voltage applied to the Vs pin

VT‘ Threshold voltage The input voltage beyond at which the output changes

Vr+ Positive-going threshold voltage The threshold voltage at which the output changes when the input 1s changing from low to high

V- Negative-going threshold voltage The threshold voltage at which the output changes when the input is changing from low to low

Zo Output impedance The load impedance which should be connected to such devices as pulse generators

MITSUBISHI 1—17
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MITSUBISHI BIPOLAR DIGITAL ICs

QUALITY ASSURANCE AND RELIABILITY

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 &
LSI, 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 Bipolar Digital 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.

(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 & LS.

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 —55°C, 125°C, 15cycles
Temperature cycling —65°C, 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
20000G, Y direction, 1min.
Ta=Toprmax, Vcc=Vcemax
1000hours

Constant acceleration

5 Operation life

High temperature Ta=150"C, 1000hours

storage life
2) Maintenance and calibration control for automatized i
@) ‘ a ¢ alibration col "0. or ‘ ‘ Hfgh tem!ae.ratu.re and 85°C, 85%, 1000hours
manufacturing equipments, automatic testing equip- 7 high humidity bias
ments, and measuring instruments. Pressure cooker 121°C, 100%, 100hours
=18 : . @ MITSUBISHI
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Fig.1 FLOW CHART OF QUALITY ASSURANCE SYSTEM

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

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.

MITSUBISHI —19
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| merurnep propuct |

ISSUE ANALYSIS REQUEST
FOR RETURNED PRODUCT
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FAILURE ANALYSIS [
I h
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! CLASSIFICATION OF |
| FAILURE MODES I
! ACCEPTANCE |§ |
| N
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OF QUALITY

CONFIRMATION

NO GO

REPORT TO
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FIXED CORRECTIVE ACTION!
PREVENTIVE MEASURES

Fig.2 PROCEDURE OF RETURNED PRODUCT CONTROL

3 RELIABILITY TEST RESULTS

The reliability test results for Mitsubishi Bipolar Digital 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 Bipolar Digital ICs, Transistor Array,
High Speed Divider, Motor Driver Peripheral Driver, Latch-
ed Driver, Programmable ROM and PLL Frequency Synth-
esizer. From Table 2, the combined failure rate of Mitsu-
bishi Bipolar Digital ICs is calculated 0.070% /1000hours
(60% confidence level) at maximum rating of operating
condition.

Table 3 shows the result of environment test of temperature
cycling, 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—20
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Table 2 ENDURANCE TEST RESULTS

it Steady-State Operation Life High Temperature Storage Life

Test Conditions Number Device Number | Test Condition Number Device Number

Circuit Function Type Number TalC)  |[Vec/VolVolts) San?ples Hours Failures TalT) Samples Hours Failures
Transistor M54519P 40 40 40, 000 0 44 44, 000 0
Array M54523P 75 50 44 88, 000 0 150 22 22,000 0
ME546594P 80 44 88, 000 0 22 22,000 0
High Speed | M54473L 75 5.5 44 44, 000 0 150 22 22,000 0
Divider M54477P 44 88, 000 0 22 22,000 0
Moter M54543L 75 15 44 44, 000 0 150 22 22,000 0
Driver M54548AL 16 44 44, 000 0 22 22,000 0
Peripheral | M54601P 125 5.25 38 38, 000 0 150 22 22, 000 0
Latched M54975P 75 6 44 44, 000 0 150 22 22,000 0
Driver M54977P 80 160, 000 0 22 22,000 0
Programmable | M54700AP 125 5.5 114 342, 000 0 150 22 22,000 0
ROM ME4741AP 76 228, 000 0 22 22,000 0
P"§" ,f;:;;:;gfv M54929P 75 5.5 44 44, 000 0 150 22 22, 000 0

Table 3 ENVIRONMENTAL TEST RESULTS

Soldering Heat
Test Thermal Shock High Temperature/High Humidity Bias Pressure Cooker
Temperature Cycling
260°C, 10sec
Test Condition ~55C, 125, 15cycles 85°C, 85% 1000hours 121°C, 100%RH  240~500hours
—65C, 150°C, 100~300cycles
Number Number Number Number Vee/Vo Number Number Duration Number
Application Type Number Samples Cycles Failures Sarr?ples (Volts) Fallures San?ples (hours) Failures
Transistor M54519P 22 100 0 22 40 0 22 240 0
Array M54523P 22 100 0 22 50 0 22 240 0
M54594P 22 300 0 44 80 0 22 500 0
High Speed | M54473L 44 300 o] 22 5.5 0 22 240 0
Divider M54477P 22 300 0 22 44 500 0
Moter M54543L 22 100 0 22 15 0 22 240 0
Driver M54548AL 22 100 0 22 16 0 44 500 0
Peripheral | M54601P 38 300 0 38 5.25 0 38 500 0
Latched M54975P 44 100 0 22 6 0 44 240 0
Driver M54977P 44 100 0 44 0 44 240 0
Programmable | M54700AP 38 300 0 38 5.5 [¢] 38 500 0
ROM M54741AP 38 300 0 38 0 38 500 0
PLLFrequency | M54929P 22 300 0 22 5.5 0 22 240 0
Table 4 MECHANICAL TEST RESULTS
Shock
Test Solderabulity Lead Fatigue Vibration
Constant Acceleration
Test Condition See Table 1 See Table 1 See Table 1
Package Pin Count Type Number  [Number of Samples| Number of Failures |Number of ples| Number of Failures |Number of Samples| Number of Failures

8P5 M54473L 22 0 15 0 22 0

oP9 M54543L 22 0 15 0 22 0

16P4 M54519P 22 0 15 0 22 0

24P4 M54820P 22 0 15 0 22 0

MITSUBISHI
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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.

(2) 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.

Fig.6
Micrograph of corroded
Aluminum metallization

Fig.7
Enlarged micrograph of corroded
Aluminum bonding pad

Aluminum bonding pad is dissolved by penetrated wa- Fig.8
ter from plastic package, and chlorine concentration is Cl distribution on corroded Aluminum
observed on corroded alumlnum bonding pad as shown )
bonding pad
in Figure 8.
) MITSUBISHI \
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(3) Destructive Failure by Electrical Overstress 5 SUMMARY
Surge voltage marginal tests have been performed to The Mitsubishi quality assurance system and examples of
reproduce the -electrical overstress failure in field uses. reliability control have been discussed. Customer's interest
Figure 9 and Figure 10 are an example of failure and requirement for high reliable IC & LSI are increasing
observed by surge voltage test. The trace of destruc- significantly. To satisfy customer's expectancy. Mitsubishi
tion is verified as the aluminum bridge by X ray micro as an IC vendor, would like to make perpetual efforts in the
analysis. following areas.

(1) Emphasis on built-in reliability at design stage and re-
Fig.9 liability evaluation to investigate latent failure modes
Micrograph of surge and acceleration factors.
voltage destruction (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-
Fig.10 coming inspection, production and field use to improve
Aluminum trace PPM, fraction defective and FIT, failure rate.

of destructive spot 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.

(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
electromigration
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APPLICATION NOTES

1. INTRODUCTION

LSTTL and TTL devices are designed for low power dis-
sipation, high speed, and a high fan-out. In addition, since
the DC noise margin is large and the output impedance is
low, these devices are strongly designed against AC noise
on the output pins. Use of these ICs permits the construc-
tion of IC-based systems which are more effective and
offer higher stability and reliability. Note that in general, ICs
have a small logic amplitude and accompanying the adv-
ances in switching speed, there are problems related to
noise, mounting, and wiring which have a great effect on
system design. Precautions to be taken with respect to
these matters are explained below.

2. TREATMENT OF ICs

2-1 Supply Voltage

The absolute maximum rating value of the supply voltage
indicates the permissible value with respect to surge vol-
tages added beyond the standard operating conditions and
spike voltages generated in an excessive condition. When
supply voltages above this value are continually applied,
excessive current will flow due to such causes as break-
down of the internal elements of the IC. The element may
generate heat and be destroyed or the internal wiring may
melt, and the function of the IC cannot be guaranteed.
Therefore, be sure to use supply voltages within the values

tion capacitance between the base and emitters of the
multiemitter transistor of the input acts a speed-up
capacitor to provide high-speed operation. It is also
good practice to make connections to nearby pins and
so wiring is simple. Note that since there is an increase
in the high-level output current of the output of the gate
of the previous stage, it is necessary to pay attention to
the fan-out of the gate of the previous stage. With the
exception of this point, this is the very best method.
Method in which connections are made to the IC power
supply (Fig. 1 (b))

The unused inputs become completely reverse biased
and this is the best method with respect to the noise
margin.

In this method, the inputs connected to the power
supply become grounded in terms of AC and whenever
the voltage level of the drive inputs changes, the junc-
tion capacitance of the inputs connected to the power
supply is charged and discharged and the operating
speed is slowed down by several percent. There is
also the fear of the inputs being destroyed by power
supply spikes and so it is desirable to avoid using this
method. However, when connections are made from
the power supply to the input pins via a resistor, such
connections strongly resist power supply noise for
which this method is the best.

designated in the recommended operating conditions (e.g., (3) Method in which connections are made to a power
Vee=5V110% or £5%). supply of approximately 3 to 3.5V (Fig. 1 (c))
2-2 Ambient Temperature The voltage applied to the inputs can be adjusted to
The ambient temperature is broadly classified into operat- the minimum necessary value, but there will still be the
ing ambient temperature and storage temperature. Operat- proiblems encountered in section (2) with respect to
ing ambient temperature (Topr) is generally divided into operating speed and wiring complexities.
the public use field at 0 to 75C or —20 to +75°C and the (4) Method in which the input leads are left open (Fig. 1
military use field at —55 to +125°C. Mitsubishi guarantees (d) and (e))
the electrical characteristics in the range of Topr=0 to 75C This is the simplest method, but while the potential of
or —20 to +75C. Therefore, it is necessary to pay careful the open inputs is a value close to the threshold vol-
attention at the time of system design that use is in this tage of the inpus and the base-emitter forward voltage,
range. Next, the storage temperature (Tstg) indicates the especially when the other driven inpus are high level,
ambient (enﬁperature range at which changes or deteriora- careful attention must be paid to noise on these open
tion of characteristics does not occur when the IC is stored inputs because of the threshold potential.
in a non-operating condition. Mitsubishi guarantees devices When the drive inputs are kept at low level for a long
over the range of —55 to +125C or —65 to +150C. These period (several tens of seconds), the charge that has
storage temperatures have been decided taking into gathered in the capacitance of the open inputs will be
account that the IC will be built into a machine and the con- discharged by the reverse-direction resistance
ditions under which the IC will be shipped (especially air (extremely high) of the emitter-base junction. Next,
freight). Careful attention must be paid to these tempera- when the drive inputs have become high level, the
tures, since, if they are exceeded, the IC may be destroyed capacitance of the open inputs becomes high level
or its reliability may drop markedly. while charging and as a result, the operating speed is
2-3 Treatment Of Unused Inputs slowed down somewhat. One practice that should be
(1) Method in which unused input pins are gathered avoided is leaving the unused inputs (including the
together and connected to other driven inputs within set/reset pins of flip-flops) in a wired condition without
the same gate (Fig. 1. (a)) applying a determined voltage since the wiring will act
In this case, since the inputs are always high or low as an antenna and the inputs will be susceptible to
level, the noise margin is not worsened and the junc- even small amounts of noise as a result.
MITSUBISHI
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A (5) Method in which connections are made to the output
B: pin of the gate (Fig. 1 (f))

In this method, when using one NAND gate for exam-
Co_@ — 3—0 ple, the gate input is grounded and the output is al-
ways maintained‘at high level; this output pin is con-

nected to the unused input pins. In this instance, output

::E) 0—}_ voltage Voy is about 2.4 to 3.5V in normal TTL, a value
GO (a) which is lower than the power supply value of section

5v IC power supply (2) above. Incomparison with section (2), the accumu-
A ‘Z lated charge in the input capacitance is held to a mini-
B: ) ] :‘I:""‘Okﬂ mum, and the switching characteristics and noise mar-

----- 4 gin will be under the same conditions as the input pins
@ }O used in the basic gate. There will not be the problem
c of the absolute maximum rating value of the input vol-

tage (5.5V for TTL) which occurred section (2), and ex-

g::}__ cepting the wiring complexities and the requirement of
[cham— ®) extra ICs, this is the best method.

3~3.5V 2-4 Abnormal Oscillations
A D This oscillation phenomenon is often seen in ICs with cur-
B::‘ ]7 rent sources. For example, when an input waveform with a

rise time of over 1 us is input to the gate, the output under-

@ 3,_0 goes an oscillation of several tens of MHz. When the rise
c time is slow, this oscillation occurs because of the long in-
o put application time in the vicinity of the threshold voitage.
E?_O_TD"* _ To prevent this oscillation, set the rise (fall) time of the in-
G?’: put waveform to less than 1 us. Furthermore, it is necessary

to insert a waveform shaping circuit to the input and correct

Ao— the rise (fall) time.
B o— )” 2-5 The Problem Of Output Load

Capacitance

Open—{
3——6 Induction noise on the transmission line is generally re-

moved by inserting a capacitor at the output of the IC or

between the transmission line and ground. This capacitor is

o
Do—-— .
E?.:Do— charged when the output is high level and is discharged
G° (d) through the output transistor when the output is low level.

o Note that when the capacitor is very large, excessive cur-
Ao——— )] pen rent will flow momentarily and cause deterioration of the IC.
Bo l The selection of this capacitor does have a relationship

I__}o with the period of the output of the IC, but in general a

value of less than 0.1uF is used. A commonly used method

o

for preventing the deteriorization of the IC is to insert a

3:: } small (protection) resistor in series between the output and

the capacitor.
() 2-6 Relationship Between The Clock
And The Data
The relationship between the trigger time of the clock input
and the data is specified for flip-flops or counters and shift

A °—D)_ registers made up of flip-flops. That is, the setup time (tsy)
Bo and the hold time (th) are shown in the recommended

operating conditions. Attention must be paid to these vari-
c D‘*—O ables since erroneous operation will occur if the IC is used

outside of this range.

OTmmo

il
L

(f
Fig.1 Methods of Processing Input Pins
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When the output level
of the driver is “L”

When the output level
of the driver is “H”

-

When the output level
of the driver is “L”

ToL Tt (—1.6mA) on Tt (404A) fmto 1 (—1.6mA, 401A)
= = 1/4 M53200P D_-’_ i 1/4 M53200P D___ 1/4 M53200P
(16mA) (0.4mA)
1/4 M53200P
1/4 M53200P | 1/4ms3200P | /
Tz (—1.6mA) Tz (40uA) . (—1.6mA, 404)
- 1/4 M53200P - 1/4 M53200P ) 1/4 M53200P
g (=1.6ma) Tiia (40:A) | (=1.6mA, 40uA)
- 1/4 M53200P 1/4 M53200P . 1/4 M53200P
i i i
! (—3.2mA) ' (804A) D (a2ma s0u)
! 1
- hn—  Hn— H
e iy 2 M53272P
M53272P M53272P
i N )
| T (—ama) 1 Tin (2008) D5 (~BmA, 20048)
- | — -

16—(1.6+1.641.6+3.2)=8mA drivable
Drivable Conditions Drivable Conditions
1. When the input currents of each of the 1
load circuitsndlffer
Motz 3 1o | m
2. When the input currents of each of the
load circuits is the same
Mot | 2Fo | | (3)

load circuits"diﬁer

lTon | =Fo |1 |

Fig.2 Calculation of the Number of Loads
by Input/Output Currents

3. PRECAUTIONS TO BE TAKEN FOR
SYSTEM DESIGN
3-1 Method Of Calculating Fan-out
The number of loads that can be driven by the circuit are
within the specified value range of the circuit output vol-
tage, VoL and Voy, and are found from the relationship be-
tween the output current of the drive circuit, lo. and lop,
and the input current of the load circuit, I and 1. The
value can be found from the relationship formulae shown in
formula (1) and formula (2), and if the number of loads within
this range is satisfactory based on these formulae, driving
of the ICs is possible. (See Fig. 2.)

[To | %él [ T | (When the output level of the drive
circuit is low |eve|) ................... (])
(=S S (When the output level of the drive
circuit is high level) -+ wesevesee: (2)

Here, if the load circuits are all identical circuits or they
have the same input current characteristics, and the num-
ber of loads is defined as Fouy when the output is high level
and as Fo, when the output is low level, formula (1) and for-
mula(2) will be as follows: '

] |OL| gFOL“ILI ........................... A RN (3)

] lon | =Fou l I l ................... i, PETPP PRI (4)
FoL and Foy each have equivalent cases as well as differ-
ences. Generally, in terms of system design, the worst-
case value is used for the number of fan-outs Fo. In this

400— (40-+40+40+-80)=2004A drivable
. W\hen the input currents of each of the
ot | 22, e |

2. When the input currents of each of the
load circuits is the same

10— (14+14142)=5 drisable
Drivable Conditions
Fo=Total sum of the input load coeffi-
cients (5)
(2)

(4)
Fig.3 Calculation of the Number of
Loads by Input Load
Coefficients
way, when the input currents of each of the load circuits are
the same, the number of loads can be easily found from
formula (3) and formula (4). In actuality, there are a large
number of cases where the input currents differ depending
on the circuit, and the calculation of the number of loads
must be found from formula (1) and formula (2) and becomes
extermely complex.
In the M53200P series, input load coefficients and fan-out
Fo values are used so that such complex circuit connection
relationships can be hadled simply. As a result, the calcula-
tion of the number of loads has been greatly simplified by
only performing addition and subtraction of the input load
coefficients and the fan-out Fg as shown in Fig. 3.
The input load coefficient may be described by setting the
maximum value of the basic input current of the basic gate
circuit to 1 and comparing the maximum value of the input
current of the other circuits such as flip-flops. This value
expresses the number of input loads of the circuit. In the
case where the fan-out Fo drives circuits of input load
coefficient 1, the number of circuits that can be driven is in-
dicated and the value has the same significance as the Fo
mentioned in formula (3) and formula(4).
In the case of the TTL M53200P series, the basic currnet is
L= —1.6mA and |, = 40uA, which is set as input load
coefficient 1.
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3-2 And Ties

In this instnace, the output pins of the circuits are simply
connected together and the operation of the AND function
can be accomplished. This type of connection is called a
“wired AND", “dot AND,” or “AND tie.”

When making AND ties, attention should be paid to the fol-
lowing matters as explained in the example of Fig. 4. From
among the several AND-tied (M) circuits, when only one of
the circuits is in the “ON” state (output low level) and the
remaining circuits are all in the “OFF” state (output high
level), (in terms of AND tie circuit function this combination
is the worst-case conditin for a circuit in the “ON” state)
current will flow into the output pin of this circuit in the
“ON” state. The currents that flow will not only be input
current Fg T.I of the fan-out Fo section connected as a
load, but also the total sum (M-1) « log of currents log
close to each of output short currents l;; from all circuits
(M-1) that are in the “OFF” state from among the circuits
connected as an AND tie.

“ON"  Siol  Foln I

Voo f _
“OFF” i; (M-—])|os._ -—

i
\
"
'
H
o)

\ 1
foRFr — | :
los'

i R -

(Dot AND) (Fan-out)

Slor=(M—1)*Tog + Forly

SloL<loL

From the diagram
From the specifications

To,—(M—1)-Tog

Therefore Fos T

R
Fig.4 Relationship Between AND Tie Connections
Fan-outs

Because of this the load currents lo, of the AND-tied circuit
will become a current greater than the specified value. lo,
is expressed in calculation formla(5).

ETO_L=(M_1).|‘(;+ Fotly rereereerenemnesnmsnnsnninsinsanenns (5)
When finding from this formula the number of fan-outs Fo
that can be driven in the case of AND ties, it is necessary
that E is smaller than the specified value E and so we

Elo_l.gl_c—): ......................................................... ()
and from formula(5) and formula (6) we get

To,—(M—1)Tog w

Fo< o s eererieeeenneiennis (7)
w

—_ Vec—Vou
However, los-=~99-

which is smaller than the general fan-out Fo<lo./l;..
Accordingly, in the case of making AND ties, it is necessary

to use reduced number of fan-outs from the AND ties. In

addition, when all of the AND-tied circuits are in the “OFF”
state, the collector load resistors Rg of the circuits will be in
a parallel condition and the combined resistance will be 1/
M. This has the role of pulling up output voltage Vou;
however, examination of the “OFF” state is not necessry.
3-3 Selection Of Load Resistors
For And Ties
When using AND-tied open collector gates or when using
the collector gates independently, the maximum load re-
sistance (R_(max)) and the minimum load resistance (R_
(min)) is found in order to guarantee the fan-out and values
are taken from within this range. The general formula used
to find R is shown below:
RL=#
RL
provided that Vg, is the voltage drop across R, Unit (V)
and Ig_ is the currnet flowing through R_ Unit (A)
The maximum load resistance (R (max)) is found when the
outputs are all in the high-level state. For example.' when
the number of fan-outs is expressed as M and the number
making up AND ties is expressed as N, (Fig. 5)
VaL=Vcc—Vou
and according to lg,=M-l+N-loy
RL(mf:1x>‘—‘—“vcc—voH
Me«liy+N-loy
The minimum load resistance (R_(min)) is found when one
of the outputs is in the low-level state and is expressed by
the following formula:
Vec—VoL
louimaxy—N-« | I |
Table 1 is compounded from these formulae.

Ri(min)

TTL loads

“Hr
Vi AN

lon [

.

Vi J \

lon (™

N —
N=4 M=4

Calculation formula

R —_ Voo—Vou
L(max) Meliu+N-lop

Example Vgc=5V, M=4, N=4
When loy=250uA, |x=40uA

. 5—=24 _
Rumax="g"g6076+0, 067 — 22419

Fig.5 Worst-case Conditions for Finding R_(max)
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Vec o
|
DD
. » -
g ’IL
D D
" i
) i
-~

Cne of the outputs is low level M=4
Calculation formula

Reemim=-———Yee=Vor
lormaxy—M- | I |

Example Veo=5V, M=4, lo, (max)=16mA

When lo,=1.6mA

= 5—24
Rumin="5 Go16+0. oosa — 4792
Fig.6 Worst-case Conditionp for Finding R.(min)

4. PROBLEMS RELATED TO MOUNTING
AND WIRING
4-1 Oscillations Due To Wiring
Impedance
This oscillation phenomenon is caused by the oscillation
due to the slow rise (fall) time of the input voltage men-
tioned in section 2-4. Approximately 1os/2 flows in the out-
put, and a loop can be made via the base resistor of the in-
put transistor of the IC by means of voltage fluctuations
from the power supply and the wiring impedance. This is
how the oscillation is formed. The oscillation frequency at
this time is about 25 to 50MHz. A preventive method is to
be cautious of the voltage fluctuations from the common im-
pedance of the power supply and insert a bypass capacitor
at the card unit so that the oscillation can be reduced.
4-2 Crosstalk Between Lines
When using single wires and twisted wires in the transmis-
sion line, crosstalk is roughly proportional to line length for
each kind of wire up to line lengths of about 1m and induc-
tion noise will increase. In this range, reducing the capaci-
tance between the signal line and the noise line will pre-
vent the crosstalk. Compared to single wires, twisted wires
reduce the induction noise voltage to about one half value.
When line lengths exceed 1m, lines other than twisted lines
will become saturated. Especially when single lines be-
come longer than 2m, positive pulses of 4V are superposed
on the high level. Caution is required in this regard since
there is a greater possiblity of destroying the input section
of the IC.

4-3 Wiring Precautions
One of the first precautions in wiring design is to insert a
ground line between signal line and signal line and it is
effective to establish a large ground line on one side. Also,
the basics of wiring is to have narrow print strips, wide in-
tervals, and short line fengths.
4-3-1 Supply Voltage
The supply vlotage is within the range of Voc =5V *5%
designated in the recommended operating conditions and
the power supply fluctuation rate and ripple are low.
Especially when using high-speen TTL, noise is generated
by current spike voltage and since the capacitance of the
power supply is increased, it is necessary to lower the im-
pedance of the power supply and supply line.
The measures to be taken of course deal with the power
supply itself. Insert steel titanate type capacitors (0.01 to
0.11F) having excellent high-frequency characteristics be-
tween the supply line and ground at suitable intervals (5 to
10 packages of IC) and lower the impedance with respect
to high frequencies.
4-3-2 Ground Line
Noise is generated by the common impedance of the
ground line, and when the ground line is grounded at a
multiple points, voltage is induced by the external electro-
magnetic field and there are many such cases where this
leads to noise. Measures to be taken for the ground line
are to use an exclusive ground plate and to completely
separate it from the grounds of other power systems and
electronic device systems. In addition, reduce the impe-
dance of the ground line, and use a one-circuit one-ground
system for the ground lines of each of the circuits.

4-4 Rationalization Of Transmission

Impedance :

Generally, a value of about 50 ohms is appropriate, but

when there is a lot of electromagnetic induction, it is desir-

able to transmit at high level even though the impedance
may become a little high.

4-5 Measures Against External Noise

Interference

4-5-1 Noise Due to Electromagnetic Induction

This noise occurs when:a magnetic field generated by cur-

rent flowing in a noise-generatig circuit crosses a signal

circuit. Measures that may be taken:

(1) Twist together the return wires of the circuit that is the
souce of noise and cancel the magetic field being
generated.

(2) Twist together the return wires of the signal circuit and
induce the voltages in the same direction to cause
cancellation.

(3) Increase the distance between the noise-generating
circuit and the signal circuit. )

(4) Establish a suitable magnetic shield between the two
circuits.

(5) Shorten the length of interfering wiring.
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4-5-2 Noise Due to Static Induction

This noise is generated when the noise-generating cirucit
and the signal are separated by some induction material
and the voltage levels differ. Measures to be taken:

(1) Increase the distance between the wires.
(2) Reduce the dialectric constant between the wires.
(3) Reduce the diameter and length of the wires.
(4) Reduce the potential difference between the wires.
(5) Establish a static shield.
4-5-3 Noise Due to Common impedance
When the signal circuit and the circuit of the source of
noise are joined by the common impedance of the ground
line, a voltage is generated in the ground line by the cur-
rent flowing in the noise source and this becomes the noise
signal. In addition, when the ground line is grounded at
multiple points, a closed circuit is formed mutually between
the ground lines, and when a voltage is induced within this
loop by the changes in the external magnetic field, this vol-
tage may become the noise signal. Measures to be taken
include:

(1) Completely separate the grounding system of the sig-
nal circuit from the power line grounding system of
other electrical devices.

(2) Reduce the impedance of the ground line.

(3) Use the one-circuit one-ground method for the ground
lines of each of the circuits.

Table 1 Selection of Load Resistors for AND Tie Con-

nections
(Vee=5V) (Umit: Q)
Fan-out Number of AND tie outputs (N)
mET/Ser 1 2 3 4 5 6 7 1~7
1 8965 | 4814 | 3291 | 2500 | 2015 | 1688 | 1452 319
2 7878 | 4482 | 3132 | 2407 | 1954 | 1645 | 1420 359
3 7027 | 4193 | 2988 | 2321 | 1897 | 1604 | 1390 410
4 6341 | 3939 | 2857 | 2241 | 1843 | 1566 | 1361 479
5 5777 | 3714 | 2736 | 2166 | 1793 | 1529 | 1333 575
6 5306 | 3513 | 2626 | 2096 | 1744 | 1494 | 1306 718
7 4905 | 3333 | 2524 | 2031 | 1699 | 1460 | 1280 958
8 4561 | 3170 | 2429 | 1969 | 1656 | X X 1437
9 4262 | 3023 | X X X X X 2875
10 4000 | X x X X X X | 4000 *
Ru(max) Ry (min)
X I Avoid this combination
* : When M=10, R (min) =0, but R_=4000Q Is recom-

mended for reason of guaranteeing the high level, etc
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TYPE 8P4 8-PIN MOLDED PLASTIC DIP Dimension in mm

+0.5
8.9 42

| U e B s B |

O

| SN g SN R S |

6.3+0.15

7.62+0.3

- [~

4.5MAX \ i
0.5MIN [3MIN 0.2779:-07
0.5+0.1 7 6~10
15203 153 '
2.54+0.25
TYPE 8P5 8-PIN MOLDED PLASTIC SIP Dimension 1n mm
19783 2.840.2

B 3
— Y
] I

ol
234 2
o~ z
) T
0
L’
1 :
: |
™
— v +0.07
0] 2.5440.25 0.5+0.1® 0.27_¢ 05
7 12703 i
22001 1.240.1

o
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TYPE 9P9 9-PIN MOLDED PLASTIC SIP Dimension in mm

+0.2
$3.4 0

3.0|3.0

+0.5
13.070-3

S)
e T
6.0MIN
¥
1.4+0.2

2.54+0.25 0.6+0.1 0.6+0.1 0.820.1
14201 3.5+0.1
TYPE 10P2-C 10-PIN MOLDED PLASTIC FLAT Dimension in mm

"RRAREA"

O

NEERLE
1.27+0.1 H 0.45+0.1 ’ 5.3+0.3

mimli

A~ N~ — 4

0.15+0.05

8+0.2
MAX 2
0.05MIN

6.13+0.3 0.5+0.2
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TYPE 10P5 10-PIN MOLDED PLASTIC SIP Dimension in mm
25.2103 2840.2

0.5
0.

6.3
8 3 MAX

NZ ]
=3 H
| -
=
® y
2.54+0.25 , 0.5+0.1@ 0.27fg'3g
‘ 12493 1.2+0.1
[ Con=d Coeed \
\ /
TYPE 12P5 12-PIN MOLDED PLASTIC SIP Dimension in mm
. 3031793 2.840.2
/\
O\, % :
z 9 >
: F
s
@ -t +0.1
0.50. 1 0.25_¢ 05
12193 1. 240.1
s \
\ Ji
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TYPE 12P9 12-PIN MOLDED PLASTIC SIP Dimension in mm

+0.5
3048753 g
+0.2
3.4 23
’ 0 1. 06
~+
..\\ -
2—R3.1£0.1 r
D - ,l
e o
Ol = |
+ml Y
Ty
o ™~
d [+
<
z| -
2
@ L
2.54+0.25 0.6+0.1 0.6+0.1 0.8+0.1
‘ 14703 ¢
-0
3.5+0.2
TYPE 12P9B 12-PIN MOLDED PLASTIC SIP(SHRINK) : Dimension in mm
+0.5
2.3753 .
1620. 1 _
$3.4+0. 1 | !01 2— $1.720.1
vV
] \_ J2—R3.1%0.1
o~ o~
S| o
- i H L—1
S | o
o —
i O gl =
é o~
=] T
fl I
1 ’ [
' =l
S 0.420.1
(32
@ < |
[ 0.60. 1 - 0.8+0.1
BREE=X 3.3+0.1
p—nt
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TYPE 14P4 14-PIN MOLDED PLASTIC DIP Dimension in mm
1919 3
1
Ol 3
°
| SN R NN R SN [ SN B AN B S | L@]
[ T\ x
:
~
0.5M|N§
| 2 54+0 25 01
Tt
TYPE 16P2 16-PIN MOLDED PLASTIC FLAT Dimension in mm
® ®
N

s «

p 7

0 us :

©

¥

STIRRLLS s
PO

0.5+0.2/

1.75%+0.1

0.8+0.1
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TYPE 16P4 16-PIN MOLDED PLASTIC DIP Dimension In mm
5 1903 -
[ M Mmoo r-—|

O
6 310 15

4 5MAX

3MIN

TYPE 1651 16-PIN METAL-SEALED CERAMIC DIP Dimension in mm
20 32MAX
O o e e e
y
L
L:;! | — T | | S— T
®
8.15MAX
1.2TMAX, | ___]___,1
E 1 4 2MAX [ ‘T 1 I
0 55MIN ‘ . T |
2 SMIN 0.2570- 0
2.54+0.25 762%) 38
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TYPE 18P4 18-PIN MOLDED PLASTIC DIP Dimension in mm

+0.5
24 _g5

@
o S s O e Y s Y o Y s S s o |

ol O [0

4.5MAX A
A !
"0.5MIN +0.07

3MIN 0.27%5-01
B B— 1
-
l 0.5+0.1 7.6~10
1 5+0.3
52007 2.54+0.25
TYPE 18S1 18-PIN METAL-SEALED CERAMIC DIP Dimension in mm
22.86+0.3
@_’
r=
]L_..' L J y
®
1.3740.2 7.87+0.3
3 ¥
) 3.07£0.6 ﬂp: | °
089+0.3 . 2
<
3.61+0. 4
1£0.45 0.25+0.8 ~
I | —fj2-22x0.8
0.46+0.05
2.54+0.15
+1.5
20.32+0.15 7.62_¢
e
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TYPE 20P2 20-PIN MOLDED PLASTIC FLAT Dimension 1n mm
@ )
HAHAAHAHAAHH _ r
O ; MIN 2
EEEEEEEEE —

O

0 ]5+0,07
1.274+0.2 0.45+0.1 S 7—0.05
T

0.5+0.2

3
L \ 2
!‘ 12.5140.2 %
TYPE 20P4 20-PIN MOLDED PLASTIC DIP Dimension in mm
® o)
A W e W s B ey N s S s N s Y o S B |
O i
OJJJ 00077
®
762+0 3
= ”\

I
i 4.5MAX

. B
i 0 SMIN | 3MIN
1 5+0 3 +0 3
2.54+0 25 —01
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TYPE 20P4B 20-PIN MOLDED PLASTIC DIP , Dimension in mm
@ o —
OO rr 7

o o
o >
O | 8
N A O 6 A I O L A—
® &
| 33
z IS
‘ 3
o x
/ ] 1‘ o g
z
b3
1.77840.25 0.48+0.1 1283
TYPE 22P4 22-PIN MOLDED PLASTIC DIP Dimension in mm
L 2103 -
2 "
o e e e O e 0 o M s B e B s B B
? O Of 3
56 5 5 5 s B 0 6 1@1
10.16+0.3
5.5MAX L ‘ )
2.8MIN __“1_0'_27tg:gg !
2.54+0.25 ] 10— 14

1—38 MITSUBISHI
ELECTRIC



MITSUBISHI BIPOLAR DIGITAL ICs

PACKAGE OUTLINES

TYPE 24P4 24-PIN MOLDED PLASTIC DIP Dimension in mm
S
@ ®
AN nNnnonOonn
)O of :
ICTDILJULJUUL]UULJU@ 15.24+0.3
\ ] 5.5MAX i 1 |
' +0.1
‘ 0.5MIN | 2-8MIN P00
0.5+0.1 )
| | 2sex0.2s "ig:% 15.2~17
>
TYPE 28P4 28-PIN MOLDED PLASTIC DIP Dimension in mm
%7073
@ ()]
onnononNonnnonnnn
)R ® - Of ¢
oo ouUuooooooog
® @
15.2440.3
5.5MAX .
+0.
tZ.BMIN %% 0.0
15.2~17
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PACKAGE OUTLINES

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

8.9%0.15

l=—10. 16+ 0. 3 —=|

- 0.27%%-97
o.5hain_J2-BMIN fe O

022558
[

0.5+0.1 —]
1.77840.25 T ,+0.3 10~14
—0.1
TYPE 28P4B-A 28-PIN PLASTIC DIP (SHRINK) Dimension in mm
® ®
imininisialssulinscsinsinininle]
w “
p % X
O O3 5 ¢
© e
0 [ U [ = N N N O ) ‘L
@ @ ~ w0
oo
oo
+ 1
8
o
- 2810:3
L :
T
- © =2
= JHNOHOAORG g
i 0
R
o L) \ NE ]
z 1.78+0.25 0.5+0.1
2 STE
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PACKAGE OUTLINES

TYPE 30P4B 30-PIN MOLDED PLASTIC DIP(SHRINK) Dimension 1n mm
215
mlalelalclnliclalalnleBnBnlale]
® ol :
| S ) D ) NN [y N G NG B N S G RN g NN G B G S R S g S gy G gy o @
®
10.16+0.3
= —
4 5.5MAX T 1
+0 07
0.5MIN | 2-8MIN -1 027905

1-%—0‘3
1.778+0.25 | |0 5+0.1 —0.1 10~14
>t +— <~

TYPE 32P2W-A 32-PIN MOLDED PLASTIC FLAT Dimension in mm

Teagnananneeased 2

| N

of g ,

O | &

LR LEEREREUEL o
| 127202 “t&]’ ® %%

o - B — B — S - - B — B e e

2+0.1
o
\

0.85+0.1

20.0%0.2
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PACKAGE OUTLINES

TYPE 42P4B 42-PIN MOLDED PLASTIC DIP(SHRINK)

Dimension in mm

+0.5
36 7
L— —0.2
-
l@ @
jalalsliniaininialsisinlnisialnintalnininl
w
) o oll
o
ooo0u0o00oo0o0ooguoaguouyg
oo

15 24+0 3

=
5.5MAX T
—1 +0 07
l 21
0 SMING 2 8MIN 0% 005 d

152 17 J
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M54101P

LEVEL DETECTOR

DESCRIPTION

The M54101P is a semiconductor integrated circuit contain-
ing a differential amplifier and Schmitt circuit suitable for
temperature control.

FEATURES
- @ Suitable for high precision temperature control circuits
® High output current, high breakdown voltage (Io=40maA,
Vo=30V)
® Wide operating temperature range (Ta=—20~475C)

APPLICATION
General purpose, for use in industrial and consumer equip-
ment

FUNCTIONAL DESCRIPTION

Designed for detecting minute changes in voltage and cur-
rent, this IC is especially suitable for temperature control
circuits using thermistors as sensors. Besides containing
the differential amplifier and Schmitt circuit necessary for a
control IC, it also employs a constant voltage circuit enabl-
ing usage of a 12~ 16V power supply source. Being an
open collector, output Os can be used to drive a relay or a
lamp. Further, in the output Og circuit is a diode limiter

PIN CONFIGURATION (TOP VIEW)

DIFFERENTIAL
AMPLIFIER INPUT B1 — [I

e,

GAIN
DIFFERENTIAL E «+ C | CONTROL
PINS

AMPLIFIER OUTPUT 01+ E

Voo [3]
“ @

SURGE
RBSoreinG PN 9P (5]
SCHMITT OUTPUT Os = E

aND 7]

DIFFERENTIAL
11] +— B2 AMPLIFIER INPUT
DIFFERENTIAL
10] — Oz AMPLIFIER
OuUTPUT
9] «+S; SCHMITT INPUT

8] ~s, hé(l)r}SE ABSORBING|

Outline 14P4

CIRCUIT SCHEMATIC

Vce

which can be used in case of relay overload. @ Vs
25k
5k
x
jl
4
4
4
14
(1) GND
Unit: Q
ABSOLUTE MAXIMUM RATINGS (1a=—20~+75C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vs Supply voltage 20 Vv
V, Input voltage Vee' (Note 1) v
Vio Differential input voltage (Note 2) +5 \
Vo Output voltage “H” level state 30 \%
lo Output current “L" level state 50 mA
Vg Reverse voltage 30 \"
Pd Power dissipation 500 mwW
Topr Operating temperature —20~+75 ‘C
Tstg Storage temperature —55~+4125 ‘C

Note 1 ! V¢ is value of voltage at pin 3.
2 © Voltage difference between inputs B; and B,
MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL 1Cs

M54101P

LEVEL DETECTOR

RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75C, unless otherwise noted)

Limits
Symbol Parameter - Unit
Min Typ Max
Vs Supply voltage 12 14 16 v
Vo Output voltage “H” level state Vs \%
loL “L" level output current VoL = 0.6V 40 mA
las Total output current (Note 3) —4 mA

Note 3 : This is the total of all output current (excluding pins 4, 7).

ELECTRICAL CHARACTERISTICS (Ta=—20~+75C, unless octherwise noted)

Symbol Parameter N Test conditions Temp (T) - lelis Umit | Test circuit
Min Typ Max
loc = —2mA Vs =12V
Vee Supply voltage Vg1 = Vg2 = 1.6V 7.8 9.6 Y 1
12,13, 14 Connected Vs =16V
Reg, Regulation 1 (Note 4) :ozc :;:2:;":;:;52 =1.6v 425 0.22 \% 1
Regz Regulation 2 (Note 4) :lzs TB,I:X‘C‘Z:n:c\t/:; =1.ev 25 0.22 \Y 1
hin Input bias current :/25 ! 1_;‘ \]/:20_0'3’;:;8 d :zz ; Z Zz 12; «A 2
Voo Output offset voltage (Note 5) ;/;' ! ; Y:zcjn]r;::ted zzz ; z ;z 005: v 3
—20 3.95 5.55
Voe =8.7V 25 3.75 5.15
75 3.35 4,95
Vg = 1.65V —20 3.25
Gy Voltage gain (Note 5) Vg2 = 1.6V Ve = 7.8V 25 3.15 \% 3
12,13, 14 Connected 75 2.85
—20 6.25
Vee = 9.6V 25 5.75
75 5. 45
—20 3.95 5.55
Vee =8.7V 25 3.75 5.15
75 3.35 4.95
Vg1 = 1.6V —20 3.25
Gv Voltage gain (Note 5) Vg2 = 1.65V Vee =7.8V 25 3.15 \] 3
12,13, 14 Connected 75 2.85
—20 6.25
Vee = 9.6V 25 5.75
75 5. 45
—20 3.75 4.45
Ve =8.7V 25 3.8 4.4
75 3.75 4. 45
—20 3.3
Vit Positive-going threshold voltage Vee = 7.8V 25 3.35 \ 4
75 3.3
—20 4.9
Vee = 9.6V 25 4.85
75 4.9
Continue to next page .
94 MITSUBISHI
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M54101P

LEVEL DETECTOR

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test conditions Temp (C) - lenf Uit | Test circuit
Min Typ Max
—20 3.15 3.85
Vee =8.7V 25 3.2 3.8
75 | 3.15 3.85
—20 2.75
V- . Negative-going threshold voltage Vee = 7.8V 25 2.8 \% 5
75 2.75
—20 4.25
Vec = 9.6V 25 4.2
75 4.25
—20 180
Vec =8.7V 25 100
o 75 80
lr+ Vr+" input current 0 200 A 4
Vee = 9.6V 25 110
75 90
lown “H" level output current Vs = 3.2V, Vg = 9.6V, Vou = 16V 250 uA 5
Voo “L” level output current Vg = 4.5V, Vec = 7.8V, lo. = 40mA 0.3 0.6 \% 4
Vo Output voltage Vg =3.2V,Vec =8.7V, [o = ImA 30 v 6
Va Reverse voltage Vos =0V, Ig=1mA 30 \Y 7
Ve Forward voltage Vop = 0V, Ig = 20mA 25 1.2 \ 7
Is Supply current :/; ! 1;, \::2 C;) r:r.\:\clt'e\gs =18V 25 13 mA © 8
* . Atypical value is at Ta=25C.
Note 4 : Conditions of Regulation 1 and Regulation 2 are set as follows -
Reg 1 = Vgt (Voo when Vg = 16V) — Vee, (Voo When Vg = 12V)
Reg 2 = Vgey (Vo when 1| = circuit current+2mA) — Vee, (Voo when I = circuit current+6mA)
5 : Al parameters are set at | Vo;—Vo, | .
s
TEST CIRCUITS
! ve 2 OPEN
T hn T
Val Vs —_— Vg
Vg O——1 By E,
OPEN— 0, o] %

e | o— By Eq
Ecc OPEN— O4 [}
Vee Ez

Vg &1 Vee E.

ELECTRIC

!
{— Op B, b———oVe: — o, B, —=0 Vs, [—OVe:
OPENS { — 0, 0, —} OPENS { — Og 0, ——} OPENS
Voo s, s - OPENS s, s L OPEN
GND GND Voo
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MITSUBISHI BIPOLAR DIGITAL ICs

M54101P

LEVEL DETECTOR

4 5 6
OPEN
OF}EN l OPEN
Vs Vs Vs
. —18, Ey|— OPENS{ — B, Eif— {—4 B, E }—
OPENS{ o, ol o, cl— OPENS | _{g, cl—
Voc O Vec  E,|— pOPENS VecO——— Voo Ez|— »OPENS Vec O——— Vo  E2f— OPENS
oo oPEN—{0p B, |— lon__ opeEN—Op  Bzf— o _oPEN—Op  Bof—
Os Oo}— 7/ ot Von0———-———0s Ozf— v Os 02—
OPEN—| S» S =" Vr+ OPEN—] Sz S Ve OPEN—] Sz Stf——o Vg
v GND Vs GND sl GND
) ] Il V° )
7 8 Vs
OPEN
| i
B Vs E}— Va1 0———— By Vs Eq
0, Cl— — O c Ea
Vee Ex}— —Vec Ez
O OPENS OPENS{ —0p  Bof—o0Ve
Os Oz}— —Os Ozf— }
PENS
Sz S b— —S: Sif— OPE
GND GND
APPLICATION EXAMPLES
Basic ON/OFF thermo-circuit
aTulal 1' [alalal £
Ey C E2 B0, S¢S, w 40
M54101P « RELAY ON
B, 01 Voc Vs Op Os G o2 30
|[RjRpE EpE)n) Z <
TI1 EE
g8 RELAY OFF
Ry R 12V RELAY &<
- ! g w10 AT = 1 5deg
VRz~ g9°° Lio~iev 0 . X .
Rs3 0 500 1000
g ™
VR RESISTANCE (Q)
Fig.l CIRCUIT Fig.2 EXAMPLE CHARACTERISTICS
The differential amplifier connections B, and B, are biased room-thermal circuit employing a NTC thermistor. Hys-
through the bridge consisting of Ry, Ry, Rs, Rp, temperature teresis temperature AT varies according to value of resist-
level setting variable resistor Vg, and thermistor TH. Figure ance inserted between pins E; * C and E, * C.
2 shows the special characteristics of an air-conditioner
MITSUBISHI
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M54121L

EARTH LEAKAGE CURRENT DETECTOR

DESCRIPTION
M54121L is a semiconductor integrated circuit functioning
as a highspeed ground fault circuit interrupter-amplifier.

FEATURES

® Easily meets JIS C 8371 specifications

® Excellent input current sensitivity to temperature char-
acteristics

Need for few externally connected components makes
unit economical

Highly resistant to noise and surges

Low power dissipation (Pg=32mW)

High input sensitivity (20mV at normal usage)

Has high packaging density for an 8 pin SIL

Wide operating temperature range (Ta=—20~75T)

APPLICATION

For use in high-speed ground fault circuit interrupters,
ground fault circuit interrupter alarms, and other relay ap-
plications.

FUNCTIONAL DESCRIPTION

For use in a ground fault circuit interrupter amplifiers, this
integrated circuit includes a differential amplifier circuit, a
Schmitt circuit, and a constant voltage circuit. It is con-
nected to the secondary of a zero current-transformer,
which detects current leakage in the input side of the dif-
ferential amplifier. The output signal of the differential
amplifier is integrated in an externally mounted capacitor.

PIN CONFIGURATION (TOP VIEW)

INPUT |\ — E

REFERENGE v, — IZ

VOLTAGE
GND E v
DIFFERENTIAL
AMPLIFIER Op +~ E
OUTRUT
SCHMITT INPUT S, — [5 ]

NOISE
ABSORBING PIN Na = E

ouTPUT O [T

Vs E REG

Outline 8P5

BLOCK DIAGRAM

[ ) ) I
INPUT IN (i N ST

¥ [amp @ (® Vs
Va(2 [~

REFERENCE !

%
ot E— e —
(o] GND

©

Having been dglayed, long enough to satisfy the character- _”‘l ,S_‘ :"z :

istics specified by JIS C 8371 for high-speed type ground ,‘-fg g gi' é

fault circuit interrupters, the signal is fed to the Schmitt cir- ég § Z% 3 BIAS: REFERENCE VOLTAGE

cuit. As long as input voltage remains below the preset E&J S g AMP,g%E;énﬂfmmfm

level Schmitt circuit output is maintained at “L” level. When ok é ! ST : SCHMITT CIRCUIT

a current leakage larger than the preset amount is de- % < REG : g%lg&?E REGULATING

tected, the output becomes “H” level and the thyristor, lo-

cated on the Schmitt circuit output, is driven.

ABSOLUTE MAXIMUM RATINGS (12= —20~+75C, unless otherwise noted)
Symbol Parameter Conditions Ratings Unit
Vs Supply voltage 20 \"
hin IN current Between IN—Vg 60 mA
Iin IN current Between IN—GND 30 mA
Iin IN current Between Va—IN —60 mA
lvm VR current Between Vg—IN 60 mA
Ivr Vg current Between VR—GND 30 mA
Ivr Vg current Between IN—Vg —60 mA
Is) Sy Input current 10 mA
Pd Power dissipation 200 mw
Topr Operating temperature —20~+75 ‘C
Tstg Storage temperature —55~+125 ‘C

MITSUBISHI 9y
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MITSUBISHI BIPOLAR DIGITAL ICs

M54121L

EARTH LEAKAGE CURRENT DETECTOR

RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75C, unless otherwise noted)

Symbol Parameter Unit
aral
Vs . Supply voltage 4 [ 8 \

ELECTRICAL CHARACTERISTICS (Ta= —20~+75C, unless otherwise noted)

Symbol Parameter Test conditions Temp (C) - Lfmuls Unit | Test circuit
Min Typ Max
3 Vin=3.21V, Vg = 3.25V —20 1.4
VooL “L” saturated output voltage Vs =18V Vin= 2.9V, Vg =3V 25 1.4 \ 1
Vin=2.66V, Vg = 2.7V 75 1.4
—20 3.3 5.8
Voo1 Differential amplifier output voltage 1 Vs = 16V, V|—Vg = 30mV 25 3 5.3 v 2
75 2.5 5
—20 6.2 8
Vob2 Differential amplifier output voltage 2 Vs = 16V, V|—Vg = 60mV 25 6.1 7.7 v 2
75 5.7 7.5
—20 7.2 9.2
Voba Differential amplifier output voltage 3 Vs =16V, Vg = 3V, V|y = 3. 16V 25 7.8 9.6 v 1
75 8.2 10.2
—20 1.52 2.2
Vot Positive-going threshold voltage (Note 1) | Vs = 16V 25 1.35 1.95 \ 3
75 1.05 1.73
—20 0.3 1.2
Vr— Negative-going threshold voltage (Note 1) | Vs = 16V 25 0.2 1 \'% 3
75 0. 05 0. 95
v “Vr+” input current (Note 1) Vs = 16V 25 5 uA 3
—20 —0.7
lo Output current Vs = 14V, Vg = 2V, Vo = 0.8V 25 —0.6 mA 3
75 | —0.35
Vic Input clamp diode voltage Vs = 16V, lic = 20mA 4.3 6.7 \ 4
Vioe Differential clamping voltage lipc = 50mA 0.4 2.1 \ 5
s Supply current Vs = 16V, Vg—V, Connected 25 2 3 mA 6
Vg4 S1 voltage Vs = 16V, Iy = 5mA 25 4.6 6.6 \ 7
* ! A Typical value is at Tq = 25C
Note 1 © V4, Vi are the voltages expressed in the chart at the right
2 ! When testing each parameter be sure to insert a 0. 01«F capacitor between Vg (pin 2) and GND (pin 3).
3 1 A3.9kQ resistor Is connected between pin IN and other pin V,
Vouf-=----
2
$
Vou -~
Vi— Vit
Va1 (V)

2—g MITSUBISHI
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M54121L

EARTH LEAKAGE CURRENT DETECTOR

TEST CIRCUITS
1

IN VR GNDOp S; Ng Os Vs

IN Va GNDOp S; Ng Os Vs
Vin Va S Vg 4 " Vs
OPEN 3.9k OPEN
Voou Voop12
Vooa v,
3
IN VRGNDOp 8; Ng Os Vg IN VRGNDOp S; Ng Os Vs
— ———
g 0 el Z M
OPEN g e w OPEN
o v Vos o
T+ Z001uF v
Vr— ;}; H \c
Vsi
5 6
IN VRGNDOp S; Ni Os Vs IN VRGNDOp S, Ng Os Vs
® ®vs
3oks VR
hoo! | OPEN OPEN
Vioc
Vi
7
IN VRGNDOp Sy Ng Os Vg
| fl\._v_J Vs
OPEN g SIOPEN
Vsi Note @ All resistor units are in ohms.
MITSUBISHI 2—9
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MITSUBISHI BIPOLAR DIGITAL ICs

M54121L

EARTH LEAKAGE CURRENT DETECTOR

\

APPLICATION EXAMPLE
® HIGH-SPEED TYPE GROUND FAULT CIRCUIT INTERRUPTER UTILIZING THE M54121L

Vs
@®HRE
16V ] RELAY
AC LINE o
Ry
i N R, SCR
AME>—(D)—Wv— Ozl CR2AM
, 2 |1 CRO3AM
zeT R,s TC ® CRO2AM
C ¢
GND T
R, = 3.9kQ, Ry = 39kQ, C, = 0.04xF, C, = 1uF, Cs = 1uF
TYPICAL CHARACTERISTICS
OPERATING TIME VS OPERATING TIME VS
INPUT VOLTAGE INPUT VOLTAGE
10000 —
7 Ry = 20k0 m;, ‘ Re = 8k0)
5 Ta=25C] nm— Ta = 25C
% 8 60Hz ] CHE 60Hz
£ E
~ 3
S 1000 = \
w .7: w )
s ° = \
o3 =10 ™
E 100 5
s 7 =
w
‘d_" 5 a 3
[¢) 3 o
10 s 1
10 3 57100 3 571000 3 57 10000 10 3 5 7100 5 7 1000
INPUT VOLTAGE V, (mVrms) INPUT VOLTAGE V, (mVrms)
' 2-10 ‘MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

MS54122L

EARTH LEAKAGE CURRENT DETECTOR

DESCRIPTION
M54122L is a semiconductor integrated circuit with ampli-
fier for a high-speed earth leakage circuit breaker.

PIN CONFIGURATION (TOP VIEW)

REFERENCE _,[1:
FEATURES voLTAGE
® Suitable for JIS C 8371 INPUT IN—[2]
® Good temperature characteristics of input sensitivity
current ano [3]
. . h . At e, = X X !
High input sensmvnt)f (Vy=13.5mV Typ.) RIFEERENTIAL 1+ 05 ‘-E
® Low external component count
® High noise and surge-proof LATGH INPUT S¢ —[5]
® Low power dissipation (Pq=5mW Typ.) and may be
used both as 100V and 200V. NGISE RBSORPTION NR"[E
® High mounting density by SIL package witoh 8 pins OUTPUT O __(—lJ
® Wide temperature range (Tag=—20~-+80C)
Vs [g] REG

APPLICATION

High speed earth leakage circuit breaker

Outline 8P5
FUNCTION

The M54122L circuit for the amplifying parts of earth leak-

age circuit breaker consists of differential amplifier, latch BLOCK DIAGRAM

circuit and voltage regulator. It is connected to the secon-

dary side of the zero-current transformer (ZCT) which de- v -
)

tects leakage current in the both input of the differential
amplifier. Signals amplified by differential amplifier are in-
tegrated by an external capacitor, and connects to the input
terminal of latch circuit with output suitable for the charac-
teristics of high-speed earth leakage circuit breaker. Latch
circuit keeps low in the output till the input voltage reaches GND(3

the fixed level, and output becomes high when the leakage { _;—‘
current more than fixed flows. It drives a thyristor con-

[AMP,

GENERATOR

REFERENCE VOLTAGE

. . . Vr IN Op Sc Ngr
nected to the output terminal of latch circuit. ww 5 25 5 Suz
Z< ETE [ ==
= 25 = 2=
= Z #g29° e Z <
g E= g = 8
w w = 5 2
o< a =
ABSOLUTE MAXIMUM RATINGS (Ta=—20~+80C, unless otherwise noted)
Symbol Parameter Conditions Ratings Unit
Is Supply current 8 mA
Between Vg—IN (Note 1) 250
lvm Vg terminal current Between Vg—GND 30 mA
Between IN—Vg (Note 1) —250
Between IN—Vg (Note 1) 250
In Iy terminal current Between IN—GND 30 mA
Between Vg—IN (Note 1) —250
lsc Sc terminal current 5 mA
Pd | Power dissipation 200 mw
Topr Operating temperature —20~+80 C
Tstg Storage temperature —55~-+125 C

Note 1 : Current value between Vg and IN, and bétween IN and Vj Is less than 1ms in the pulse width, and duty cycle is less than 12% In applying
AC current continuously, it is 100mArms in the off-state.
Remarks . GND terminal (pin 3) of the circurt is a basis of all the voltages except differential input clamp voltage of DC electrical characteristics, and
direction of current 1s plus (no signal) in flowing into the circurt and is minus (—signal) in flowing out of it Maximum value and minimum
one are shown as absolute value Please don't apply voltage whose standard 1s GND terminal in Vg and IN pin

MITSUBISHI 2—11
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MITSUBISHI BIPOLAR DIGITAL ICs

M54122L

EARTH LEAKAGE CURRENT DETECTOR

RECOMMENDED OPERATING CONDITIONS (Ta=—20~+80C, unless otherwise noted)

Symbol Parameter Limits Unit
Min Typ Max

Vs Supply voltage when latch circuit is off-state 12 \

Cvs External capacitor between Vs and GND 1 uF

Cos External capacitor between Os and GND 1 uF

ELECTRICAL CHARACTERISTICS (Ta= —20~+80T, unless otherwise noted)

Limits
Symbol Parameter Test conditions . Temp. (C) - + Unit  |Test circuit
Min Typ Max
—20 580 1
Is1 Supply current V=12V, Vg—V,=30mV 25 400 530 A 1
. 80 480 1
Vr Trip voltage Vs=16V, Va—V, (Note 2 ) ~20~+-80 10 | 13.5 17 | mVims 2
ltp1 Timing current 1 V=16V, Vg—V,=30mV, Vop=1.2V 25 —12 —30 LA 3
Loz Timing current2 Vs=16V, short circuit between Vg and V; 2% 17 37 uA 4
Vop=0.8V
Veo=1.4v 151=580A —20 —200 5
lo Output current Vos=0.8V 1s1=530uA 25 —100 uA 5
151=480:A 80 —75 5
Vsc-on | Sc on voltage (Note 3 ) V=16V 25 0.7 1.4 \ 6
lsc-on Sc input current Ve=12V 25 5 ©A 7
losL Output low-level current Vs=12V, Vo5 =0. 2V —20~+80 200 uA 8
Vic Input clamp voltage bl vg=12V, 1,c=20mA —20~+80 4.3 6.7 \ 9
Vioc Differential input clamp voltage lipc=100mA —20~+-80 0.4 2 \' 10
Vsm Maximum current voltage lsm=7mA 25 20 28 \ 11
Is2 Supply current2 (Note 4 ) VR—V; Vos=0.6V (Note 5 ) —20~+80 900 LA 12
r——* Latch circuit 1s off-state supply voltage :
Vs oFf" 25 0.5 \" 13
(Note 6 )
Ton Operational time (Note 7 ) Vs=16V, Vg—V,;=0. 3V 25 2 4 ms 14
*  Typical values are at Tq = 257C.
Note 2 : When standard value of voltage (60Hz) between Vg and V, is minimum, and output Os is low-level, or when standard value of voltage (60Hz)
between Vg and V, is maximum, and output Os is high-level, it is considered as a good one.
3 . When standard value of voltage Vsc~on” is minimum, and output Os is low-level, or when standard value of voltage Vsc on is maximum, and
output Os is high-level, it is considered as a good one.
4 : Supply current?2is necessary to keep high in output Os.
5 : After applying 30mV between Vi and V, and shorting between them, it is considered as a good one if standard value of Igr flows out of out-
ut Os.
6 : 2ﬂer :upply voltage applies 12V and output Os is high-level, it is considered as a good one in the standard value of supply voltage and in
the low-level of output Og
7 . Operating time is a time from applying fixed input till operating latch circuit in 0. 047«F between Op and GND.
\
2—12 4@ MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54122L

EARTH LEAKAGE CURRENT DETECTOR

TEST CIRCUIT

ELECTRIC

1 2 3
Va INGND O, S NR Os Vs Va IN GND Op Sc Nn Os Vs Va INGND Op S¢ Na Os Vs
1|
® ® 6 s 1 @ 9 ®Vs @®vs
100 OPEN 100 tros OPEN
o 047 0.047 0 047 Vos 0047 0.047
ﬂF m I I?‘ '947 A Voo #F;l; l0.047F
4 5 6
Ve IN GND Op S¢ Ng Os Vs Vn IN GND OD Sc Na Os Vs Ve IN GND Oo Sc Na Os Vs
(®) Vs ®)Vs
PEN OPEN PEN [{! oPEN OPEN
100 oPe OPEN. ° ‘° 100 3k Vos
troz Voo ° 0. 047 0.00
vi 0.047 0.047 0 047 Vi | 0.047 I\,sc 0 047
©F “ uF uF
7 8 9
Ve INGNDOp S¢ Na Os Vs Vs INGNDOp S¢c Ng Os Vs Ve IN GND 0., So Na Os Vs
(®Vs (é) (®Vs (®Vs
100 OPEN | OPEN 100 OPEN | OPEN OPEN OPEN
Vos osL_— 0 047
ho! 0 047
Vi ! 0L 0,047 v, Vost 0.047 N
Isc uF uF 0.047 uF Vv,
“ON" :I; MFJ:- r 1c
10 1 12
Vh INGNDOp Sc Np Os Vs Ve INGND Op Sg Na O¢ Vs Vs INGNDOp Sc Nn Os Vs
OO ©OON6
oo ! | - 100 OPEN [ OPEN 100 OPEN [Vgs
IDC —
OPEN 0.047xFlar 0(;3;
Vioc \"A 0.047 A 0.047u:F ,u.F
uF
13 14
Vi INGNDOp Sc Np Os Vs Va INGNDOp Sc Nm Os Vs
@ ® é) ®Vs &) ® ® 65 ®vs
OPEN “OFF" OPEN
1% v 100 0. 04 0 047 Note : The unit of resistance is ohm
Vi 0.047 0. 0471 0. 047 V, 0 047 Please insurt 0 01F between pin 1
IuF uF :L' I#F [ o
and pin 3in test.
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M54122L

EARTH LEAKAGE CURRENT DETECTOR

TYPICAL CHARACTERISTICS |
Vee VOLTAGE VS SUPPLY CURRENT 1 VS
SUPPLY VOLTAGE SUPPLY VOLTAGE
12 700
Ta=—25T — /
- 10 i 600 /
s - ///
o 25T 2 /
s st - 500
lél 6 5 400 Ta=—25C
£ £ WA et
9] 3 // 75T
> 4 s 300 /
8 T
> o
2 2 200
4] 100
8 10 12 14 16 18 20 5 10 15 20 25 30
SUPPLY VOLTAGE Vg (V) SUPPLY VOLTAGE Vs(V)
Ve voltage generates by the constant voitage circuit in IC
This is measured not by M54122L but by a special element
REFFERENGCE VOLTAGE VS BIAS CURRENT VS AMBIENT
SUPPLY VOLTAGE TEMPERATURE
2.5 T 1000
— Ta=175C
2 ‘
a 20 —~
> 25;’C E
w -25C z
< 15
5 =
] 4 500 ™
w o ™.
O 1.0 8 N
z S ~.
& < T~
L o5 a
u
o«
0 i
0 4 8 12 16 20 -40 -20 20 40 60 80 100
SUPPLY VOLTAGE Vs (V) AMBIENT TEMPERATURE T4 (TC)
DIFFERENTIAL AMPLIFIER
BIENT
OUTPUT VOLTAGE VS TIMING CURRENT VS AM
DIFFERENTIAL INPUT VOLTAGE TEMPERATURE
5 " -50
EEO 4 H I %
=
2w 3 - -30
<0 =
z
E Qo l [P \\
zZ> 2 =] 2 ~
ok o ~~
w n:. G} s
wi Ta=75C ] P ~
83 1 f s -0
25;6 -25¢C =
o )l 0
10 12 14 16 18 20 -40 -20 O 20 40 60 80 100
DIFFERENTIAL INPUT VOLTAGE AVi=Vg—Vy (mV) AMBIENT TEMPERATURE Ta(C)
- MITSUBISHI

ELECTRIC



MITSUBISHI BIPOLAR DIGITAL ICs

MS54122L

EARTH LEAKAGE CURRENT DETECTOR

OPERATING TIME VS AMBIENT

Os VOLTAGE VS Sc VOLTAGE TEMPERATURE
R
4.5
—~ ’Tg 4
2 ° Ta= >
2 25C | —5C °
RS % 75C - .
" w . 5
o 4 = -
E g 3 ,//
o Z
£
o 2 3.] 25
o 9
0 2 L
0.4 06 0.8 1 1.2 1.4 1.6 1.8 -5 -2 0 25 5 75 100
Sc VOLTAGE Vg (V) AMBIENT TEMPERATURE Ta(TC)
OUTPUT CURRENT VS TRIP VOLTAGE VS AMBIENT
Os OUTPUT VOLTAGE . TEMPERATURE
—400 T T 2
Ta=—25C
2 T e
2 300 £
© E
E B
E \ (B¢ \ CRNRYY i
8 ook \ < u
o T N
75C <
3 \\\‘ 58
= o
2 NN 2
= —100 ™ NS [
2 \ o 4
) \\ [
0 N oL L
0 2 4 —50 —25 [) 25 50 75 100
Os OUTPUT VOLTAGE Vos (V) AMBIENT TEMPERATURE Ta(C)
J
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MITSUBISHI BIPOLAR DIGITAL ICs

M54122L

EARTH LEAKAGE CURRENT DETECTOR

APPLIED EXAMPLE

® HIGH-SPEED EARTH LEAKAGE CIRCUIT BREAKER WITH M54122L

Supply voltage-circuit Amplifier Output circuit
N A
r R )
M54122L
e, - - 1
; - ! [ 1 1 !
Trip coil Ry Vs > - !
- T oS F} 1 R 83!
| N g5 AME 28 !
AC line 7 * C..l. H S g§ iy S5 |
G—1 T :'
ano? ; |
|
1
| : R,
R, - Note ¢
H SCR
I Cq ¥ CR2AM
RS CRO3AM
CR0O2AM

AC line{

Note 8 : Gate current must be selected.
Please select voltage resistance by AC supply voltage.

Supply voltage circuit is connected as a previous diagram.
Please decide constants Ry, Ry, C4 and Cs of a filter in
order to keep at least 12V in Vs, when normal supply cur-

OPERATING TIME VS
INPUT VOLTAGE

rent flows. 1333 Cy=0.047uF
In this case, please connect C, (more than 1u«F) and C, __ 500 Ta=25C
(less than 14F). ZCT and load resistance R_ of ZCT are E 300 60Hz
connected between input pin 1 and 2. In this case protec- < 00
tive resistance (Rp= 100 Q) must be insurted. Sensitivity g 7
current is regulated by R, and output of amplifier shows in = gg
pin 4. External capacitor C; between pin 4 and GND is used g
for noise removal. E 10
When large current is grounded in the primary side (AC v Z
line) of ZCT, the wave form in the secondary side of ZCT is ° 3
distorted and some signals doesn't appear in the output of
amplifier. So please connect a varistor or a diode (2 pcs.) 11 3 5710 305070100 300500 1000
10 ZCT in parallel. INPUT VOLTAGE  V; (mVrms)
Latch circuit is used to inspect the output level of amplifier
and to supply gate current on the external SCR. When input
pin becomes more than 1.1V (Typ.), latch circuit operates
and supply gate current in the gate of SCR connected to
the output pin 7.
Pin 6 can be used in the open state, but please connect
capacitor (about 0.047xF) between pin 6 and pin 7.
MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

MS54123L

EARTH LEAKAGE CURRENT DETECTOR

DESCRIPTION
M54123L is a semiconductor integrated circuit with ampli- PIN CONFIGURATION (TOP VIEW)

fier for a high-speed earth leakage circuit breaker.

FEATURES REFERENCE VOLTAGE Vg — [I
@ Suitable for JIS C 8371 INPUT N — 2]
® Good temperature characteristics of input sensitivity .

current GND  [3]
® High input sensitivity (V;=6.1mV Typ.) DIFFERENTIAL o "E
® Low external component count AMPLIFIER OUTPUT =0
® High noise and-surge-proof LATCH INPUT SC"E
® Low power dissipation (P4 =5mW Typ.) and may be

used both as 100V and 200V. VO ¥sE8Brion  Na—[6]
® High mounting density by SIL package with 8 pins ouTRUT o ‘_[z
® Wide temperature range (Ta=—20~+80C) N

N ey

APPLICATION

High speed earth leakage circuit breaker

Outline 8P5

FUNCTION

The M54123L circuit for the amplifying parts of earth leak-

age circuit breaker consists of differential amplifier, latch BLOCK DIAGRAM

circuit and voltage regulator. It is connected to the secon-

dary side of the zero-current transformer (ZCT) which de- s
VSF

tects leakage current in the both input of the differential
amplifier. Signals amplified by differential amplifier are in-
tegrated by an external capacitor, and connects to the input
terminal of latch circuit with output suitable for the charac-
teristics of high-speed earth leakage circuit breaker. Latch
circuit keeps low in the output till the input voltage reaches GND(3

the fixed level, and output becomes high when the leakage | —;J ;
current more than fixed flows. It drives a thyristor con- — . .

Pt

U<
Pt

3
¢
[
5
0o
5
a5
ouw
g
£
i
1
5
X
I\

C

. . . Vv IN O S N
nected to the output terminal of latch circuit. wy e dre T cwz
Q@ D =w> 55 925
Z< a Eog -0 =
us  Z GizZs <z =-=
ocd = ac20o = = Qg
wo 5= - S g
ke e g8 =
o« S =
ABSOLUTE MAXIMUM RATINGS (Ta= —20~+80TC, unless otherwise noted)
Symbol Parameter Conditions Ratings Unit
Is Supply current 8 mA
Between Vg—IN (Note 1) 250
Iva Vg terminal current Between Vg—GND 30 mA
Between IN—Vg (Note 1) —250
1
Between IN—Vp (Note 1) 250
hin Iy terminal current Between IN—GND 30 mA
! Between Vg—IN (Note 1) —250
Isc Sc terminal current 5 mA
Py Power dissipation 200 mwW
Topr Operating temperature —20~+80 c
Tstg Storage temperature —55~+125 C

Note 1 : Current value between Vg and IN, and between IN and Vj Is less than 1ms in the pulse width, and duty cycle 1s less than 12% In applying
AC current continuously, it 1s 100mArms in the off-state
Remarks : GND terminal (pin 3) of the circuit is a basis of all the voltages except differential input clamp voltage of DC electrical characteristics, and
direction of current is plus (no signal) in flowing into the circuit and is minus (—signal) in flowing out of it Maximum value and minimum
one are shown as absolute value Please don't apply voltage whose standard is GND terminal in Vg and IN pin

MITSUBISHI 217
ELECTRIC




MITSUBISHI BIPOLAR DIGITAL ICs

M54123L

EARTH LEAKAGE CURRENT DETECTOR
RECOMMENDED OPERATING CONDITIONS (T4 = —20~+80C, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Typ Max
Vs Supply voltage when latch circuit is off-state. 12 v
Cvs External capacitor between Vs and GND 1 uF
Cos External capacitor between Og and GND 1 uF
ELECTRICAL CHARACTERISTICS (T2 = —20~+80C, unless otherwise noted)
Limits . .
Symbol Parameter Test condrtions - ¥ Unit | Test circuit
Temp. (C)| Min Typ Max
—20 580 1
ls1 Supply current V=12V, Vg—V,=30mV 25 400 530 HA 1
80 480 1
Vr Trip voltage Vs=16V, Va—V, (Note 2 ) —20~+80 4 6.1 9 |mVims 2
lvo1 Timing current 1 =16V, Vp—V,=30mV, Vop=1.2V 25 —12 —30 A 3
Vs=16V, short circuit between Vg and V|
lto2 Timing current 2 s croult be " ' 25 17 37 §77.3 4
Vop=0. 8V
151=5801A —20 —200 5
Vsc=1.4V
lo Output current Voum0.8V 151=5301A 25 —100 ~A 5
oS Isr=4801A 80 | —75 5
Vscron Sc on voltage (Note 3 ) =16V 25 0.7 1.4 v 6
Isc-on' Sc input current Vs=12vV 25 5 A 7
losL Output low-level current Vs=12V, Vog, =0.2V —20~+480 200 A 8
Vic Input clamp voltage Vs=12V, [,c=20mA —20~+80 4.3 6.7 v 9
Vioc Differential input clamp voltage lipc=100mA —~20~+4-80 0.4 2 v 10
Vsm Maximum current voltage Isy=7mA 25 20 28 v n
Is2 Supply current 2 (Note 4 ) VR—V, Vos=0.6V (Note5) —20~+80 900 A 12
Latch circuit 1s off-state supply voltage.
Verorr Pply voltag 25 0.5 v 13
(Note 6 )
Ton Operational ime (Note 7 ) Vs=16V, Vp—V,=0. 3V 25 2 4 ms 14
* . Typical values are at T = 25°C.
Note 2 : When standard value of voltage (60Hz) between VR and V, 1s minimum, and output Os is low-level, or when standard value of voltage (60Hz)
between Vg and V, is maximum, and output Os is high-level, it is considered as a good one
3 ! When standard value of voltage Vsc on» is minimum, and output Os is low-level, or when standard value of voltage Vgcon~ is maximum, and
output Og is high-level, it is considered as a good one. -
4 © Supply current 2 is necessary to keep high in output Og
5  After applying 30mV between Vi and V, and shorting between them, it is considered as a good one if standard value of lgr flows out of out-
put Os.
6 © After supply voltage applies 12V and output Os is high-level, it is considered as a good one in the standard value of supply voltage and in
the low-level of output Og
7 1 Operating time is a time from applying fixed input till operating latch circuit in 0. 047xF between Op and GND.
- MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

MS54123L

EARTH LEAKAGE CURRENT DETECTOR

TEST CIRCUIT

ELECTRIC

1 2 3
Ve IN GND Op Sc NR Os Vs Va INGND Op Sc Ng Os Vs Va INGND Op Sc Na Os Vs
: 3
® ® 9 1 ) ® Vs (®) Vs
OPEN 100 OPEN 00 || [ oeen
1k
0. 047uF 0 047 @ Vi 0. 047uF Vos{o 047 0.047 0.047uF 0.047uF
AN [ R B
4 5 6
Va INGND Op S¢ Ns Os Vs Vi INGND Op Sc Np Os Vs Ve INGND Op Sc Ns Os Vs
é ®vs <!_> é I's ove ® Vs
——— | OPEN | OPEN [} OPEN | OPEN
100 |T Von OPEN OPEN * o 100 31 Voo
| TD2 0.047uF 0.047uF Vo 0.047 | °S| 0.047 v, 0 047 Voo 0047 0.047
IT e T I P Tow [T T ur
7 8 9
"Va IN GND Op Sc Na Os Vs Ve IN GNDOD So N,. Os Vs Ve IN GND oo Sc N,a Os Vs
1) (2 (8)Vs ¢ (®)Vs (8) Vs
OPEN OPEN OPEN 0 OPEN OPEN
100 100 lost — Ly 100 o 047 0.047
0047 0.047 VostL 0.047 1o ,,F
Vv \
! lsc- (:N’l7 -l,; I#F ! 0.047 J; IIJF Vic
10 11 12
VR INGND Oy Sc Ng Os Vs Vi INGNDOp Sc Na Os Vs Vs INGNDOp Sg Ni Os Vs
366558 I SToLs
1 — 1003 | OPEN | OPEN Hsw 100 3
hoc OPEN v | o M2
M 0.047 0.047 | lar 0.047
Vioc \ 0.047uF 047 Vi uF uF uF
I I
13 14
Ve INGND Op S¢ Np Os Vs Vi INGNDOp Sc Nr Os Vs
® ® é) (® Vs-ors d) ® ©® é) ® Vs
100 OPEN 100 oopiz . . ' .
0.0470.047 |Vos| 0.047 0.047 Note @ The unit of resistance is ohm )
\ uF  uF uF Vv, uF Please insurt 0 01«F between pin 1
I I I and pin 3in test.
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M54123L

EARTH LEAKAGE CURRENT DETECTOR

TYPICAL CHARACTERISTICS

Vec VOLTAGE VS ‘ SUPPLY CURRENT 1 VS
SUPPLY VOLTAGE SUPPLY VOLTAGE
12 I [ 700 J
Ta=—25T —~ /
SR [ —— < 600 / ’/
N EE%éE K}
8 8 25°C - 500 ///
> 4 75 - /
b
¢ ) Ta= -3¢
= [ (/A N2sc
) 3 / 75
5y > 300 A
3 -}
> &
2 ? 200
0 100
g 10 12 14 16 18 20 0 5 10 15 2 25 30
SUPPLY VOLTAGE Vs (V) SUPPLY VOLTAGE Vs (V)
Vec voltage generates by the constant voltage circuit in IC.
This is measured not by M54122L but by a special element
REFERENCE VOLTAGE VS BIAS CURRENT VS AMBIENT
SUPPLY VOLTAGE TEMPERATURE
2.5 I 1000
Ta=75C
2
= 2 ¢ <
w —25¢C z
2 s -
a & s00 ™~
5]
5 N
T~
o 5 ™~
o < T~
i oos @
oc
0 0
0 4 8 12 16 20 —40 —20 0 20 40 60 80 100
SUPPLY VOLTAGE Vs (V) AMBIENT TEMPERATURE T, (C)
DIFFERENTIAL AMPLIFIER
OUTPUT VOLTAGE VS TIMING CURRENT VS AMBIENT
DIFFERENTIAL INPUT VOLTAGE TEMPERATURE
2.5 w —50
3 » <
ﬁvo 2 :\E —40
52 B
%m] 5 - =30
<@ =
< z I~
EO & '\\
Z> 1 > =2 ~
) Ta=75C pe ™~
w a=—
&% N g \‘\
8205 S —10
o 25T L —o5C =
0 0
5 6 7 8 9 10 —40 —20 0 20 40 60 8 100
DIFFERENTIAL INPUT VOLTAGE .
AV, =Va—V,y (mV) AMBIENT TEMPERATURE Ta (C)
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MS54123L

EARTH LEAKAGE CURRENT DETECTOR

Os VOLTAGE VS

OPERATING TIME VS AMBIENT

Sc VOLTAGE TEMPERATURE
4.5
N
-~ 4
z ° Taz 25C -
5C |
>3 /75°c /2 ¥ K:
w 35
6 4 2 L~
< =
ar (29 3 //
o z
> >
w é ’//
o 2 [
g 25
0 2
0.4 0.6 0.8 1.2 1.4 1.6 1.8 —50 —25 0 25 50 75 100
Sc VOLTAGE Vs (V) AMBIENT TEMPERATURE T5(C)
OUTPUT CURRENT VS " TRIP VOLTAGE VS AMBIENT
Os OUTPUT VOLTAGE TEMPERATURE
—400 T T 10
\_LTF_]Z“
< \ E 8
3 —300 S
® \ | \ £ -
E ¢ B¢ I
E —200 I \‘ AN &
75C <
3 \\\ 54
= o
2 AN >
= —100 N \ N Q
2 [ 2 B
o N -
0 N 0 '
0 2 3 4 5 —50 —25 0 25 50 75 100
Os OUTPUT VOLTAGE Vos (V) AMBIENT TEMPERATURE T4 (TC)
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M54123L

EARTH LEAKAGE CURRENT DETECTOR

A\
APPLIED EXAMPLE

® HIGH-SPEED EARTH LEAKAGE CIRCUIT BREAKER WITH M54122L

Supply voltage circuit Amplifier Output circuit
A — ——
M54122L
: [mmommmmmeem oo G 7
rip coil
R Vol o e A —
™ o-1g2| [fsd An cH
I 58 o258 )7 T = |
AC line * CF 1, S8 238 - (-’0 i
T G—1 J |
3 |
GND] b 4 » i =
I | b4
I ¢ l 9
: ! ® £
e D~ ——0)-— et
D@ . 5
o iCa| . CR2AM
n R Jwoa Lo 3 CRO3AM
CR02AM
Cs C2 Lc,
AC line { :@:
ZCT
Note 8 : Gate current must be selected.
Please select voltage resistance by AC supply voltage
Supply voltage circuit is connected as a previous diagram.
Please decide constants Ry, R, C4, and Cs of a filter in OPERATING TIME VS
order to keep at least 12V in Vs, when normal supply cur- INPUT VOLTAGE
rent flows. 1000 T
In this case, please connect C4 (more than 1«F) and C, ggg %:25937/":_1
(less than 1xF). ZCT and load resistance R of ZCT are « 300 60Hz ]
connected between input pin 1 and 2. In this case protec- E
tive resistance (Rp =100 Q) must be insurted. Sensitivity “ 109
current is regulated by R, and output of amplifier shows in E §°
pin 4. External capacitor C, between pin 4 and GND is used g 3
for noise removal. §
When large current is grounded in the primary side (AC Z '9
line) of ZCT, the wave form in the secondary side of ZCT is g g
distorted and some signals doesn't appear in the output of
amplifier. So please connect a varistor or a diode (2 pcs.)
to ZCT in parallel. 1 3 5710 305070100 3005001000
Latch circuit is used to inspect the output level of amplifier
and to supply gate current on the external SCR. When input INPUT VOLTAGE  V; (mVrms)
pin becomes more than 1.1V (Typ.), latch circuit operates
and supply gate current in the gate of SCR connected to
the output pin 7.
Pin 6 can be used in the open state, but please connect
capacitor (about 0.047«F) between pin 6 and pin 7.
Capacitor C¢ between pin 1 and GND is used to remove
noise and is about 0.047«F.
MITSUBISHI
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MS54124L

EARTH LEAKAGE CURRENT DETECTOR

DESCRIPTION

The M54124L is a semiconductor integrated circuit consist-
ing of an amplifier for a high-speed earth-leakage circuit
breaker.

FEATURES

® Satisfies JIS C 8371

® Temperature-stable input current threshold

® High-input sensitivity (V+=6.5mV)

® | ow external component count

® Highly resistant to noise and power surges

® Low power dissipation (Pq= 5 mW typ)

® Can be used at 100V and 200V

® High-density mounting eight-pin SIL pacage

® Wide operating temperature range (Ta=—20~480C)

APPLICATION

High-speed earth-leakage circuit breakers

FUNCTION

The M54124L is a semiconductor integrated circuit for use
in the amplifier section of earth-leakage circuit breakers. It
consists of a differential amplifier, one-shot circuit, output
circuit and voltage regulator. It is connected to the secon-
dary side of the zero-current transformer, ZCT, and detects
leakage current in both inputs of the differential amplifier.
Signals amplified by the differential amplifier are integrated
by an external capacitor, and applied to the input pin of a

PIN CONFIGURATION (TOP VIEW)

vR+—[1]
iN—[2]
qrrnew ©° [
OUTPUT oD ‘—E
w[5
mB - [6]

REFERENCE
VOLTAGE

INPUT

APZLYSN

ONE-SHOT
MULTIVIBRATOR A

ONE-SHOT
MULTIVIBRATOR B

outrut 08+ [7]
vs [g]
Outline 8P5

one-shot multivibrator circuit having time-delay characteris-
tics that are suitable for high-speed earth-leakage circuit
breakers (such as specified in JIS C 8371). The one-shot
multivibrator circuit normally maintains a low output. When
the input current (earth-leakage) exceeds a specified
level, a one-shot high pulse is output to turn on an external-
ly connected thyristor.

BLOCK DIAGRAM
r - - - - - - - - ]
! [
VCC
OUTPUT - — —
r A
CIR
Va CUIT | Va
0 ! I = .
ONE-SHOT ONE-SHOT ) |
MULTIVIBRATOR A |MULTIVIBRATOR B| ) | REGULATOR
+ \ 1 1 | |
_ [
0 0 | |
| ﬁOMPARATOR | | |
Ll |
|
4 | |
T | '
Lo -
I -
« A |
L O—O— GO —— D ——— O
VR IN GND OD MA MB 0os VS
REFERENCE INPUT DIFFERENTIAL  ONE-SHOT ONE-SHOT OUTPUT
VOLTAGE AMPLIFIER  MULTIVIBRATOR MULTIVIBRATOR
' OUTPUT A B
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MS54124L

EARTH LEAKAGE CURRENT DETECTOR

OPERATION

Discussion refers to the block diagram, application exam-
ple, and operational waveform diagram.

* When an earth leakage current appears on the primary
side of zero-current transformer ZCT, leakage signal vol-
tage V| appears on the secondary side and is input at IN
with VR as the reference.

* In the half cycle when V,y is negative, capacitor Cya con-
nected to pin MA charges until V,y reaches the trip voltage
Vy (DC). If voltage Vya at pin MA does not reach the MA
threshold voltage, capacitor Cya discharges immediately at
a current greater than the charge current, when the charg-
ing current phase is completed. When Vy, reaches the MA
threshold voltage, capacitor Cya discharges at a small cur-
rent for a period time tco during which the output of one-
shot multivibrator A is high.

¢ During tco, the same operation takes place again at
capacitor Cyg, causing one-shot multivibrator B to trigger
current pulse of duration tos at output pin OS.

« Earth leakage currents are detected when the amplitude
of input voltage V,y exceeds the trip voltage V (DC) for
longer than the input detection time tya.

* The output current is used to turn on the thyristor that
opens the breaker contacts.

WAVEFORM DIAGRAM

EARTH LEAKAGE SIGNAL Vi

Vr(oc)

H
COMPARATOR |

] —
1 OUTPUT i L MA ON VOLTAGE
oD P /\ MA OFF VOLTAGE .
MA 0 N . i i
[ ll [ | [
ONE-sHoT i ) ] '
A1 OUTPUT Ml I
tma ™ (3ms) !
! 11 teo (85ms)/MB ON VOLTAGE !
i -
+ I'MB OFF vOLTAGE
- M N
MB 0 * i
: 1 1 Vos
0s 0 r! 'V
tyg* (3ms) ——H= =

*  tua - MA input detection time
tco - MA detector on time
tms - MB Input detection time
tos - OS output pulse width (MB detector on time)

Note. The values in the parentheses are typical values for reference only.

tos* (95ms)
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MS54124L

EARTH LEAKAGE CURRENT DETECTOR

ABSOLUTE MAXIMUM RATINGS (Ta=—20~+80C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Is Supply voltage 8 mA
Is(sa) Supply surge current (Note 1) 12 mA
Iin Input current - Between IN and VR (Note 2 ) —250~-250 mA
ha Input pin current Between VR and GND, and between IN and GND 30 mA
Voo OD applied voltage When external voltage is applied 6 \
Ima MA input current When external voltage Is applied 4 mA
Vos OS applied voltage When external voltage is applied \
Pd Power dissipation 200 mw
Topr Operating temperature I —20~+4-80 c
Tstr Storage temperature ] —55~+4125 C
Note 1 : The surge waveform The waveform of surge current Ig(sg) is shown on the left It is applied less than once per minute

OmA

Note 2 : Applies to currents between IN and VR with pulse widths less than 1 ms and duty cycles less than 12% If AC current is applied, the current
limit 1s 100mArms when the IC supply power is off
Remark : Circuit voltage at GND pin is 0V Current flowing into the circuit is positive (no sign) and the current flowing out from the circuit is negative

(negative sign), unless otherwise noted Maximum values of rated and specified values are shown in absolute values

RECOMMENDED OPERATING CONDITIONS (Ta=—20~-80C, unless otherwise noted)

Symbo! Parameter Limits Unit
Min Typ Max
Vs Supply voltage when output is off 12 v
Cvs Capacitance between VS and GND 1 uF
Cos Capacitance between OS and GND 1 nF
Cma Capacitance between MA and GND 0.1 ©F
Cme Capacitance between MB and GND 0.1 uF
Rin External resistor at IN 100 Q
ELECTRICAL CHARACTERISTICS (Voc=5V, Ta=—20~+80C, unless otherwise noted)
Limits

Symbol Parameter Test condition Temp Unit  |Test circuit

(‘c) Min Typ Max
Is Supply current Vs=12V, Viy=—15mV 800 ©A 1
Vr Trip voltage Vs=16V, Vi : 60Hz sine wave 4 9 | mVrms 2
lobL OD sink current Vs=16V, Viy=0mV, Vop=4V 25 120 240 mA 3
lopH OD source current V=16V, Vin=—15mV, Vop=4V 25 —75 —150 #A 3
Vman MA on voltage Vs=16V, Vin=—15mA 25 2.8 3.4 \ 4
VmaL MA off voltage Vs=16V, Vin=—15mA 25 0.8 1.2 \" 4
ImsL MB sink current V=16V, Viy=0mA, Vyg=1.6V 25 120 240 uA 5
ImeH MB source current Vs=16V, Vin=—15mA, Vye=1.6V 25 —75 —150 uA 5
losL 0OS sink current Vs=16V, Viy=0mA, Vos=0.2V | 200 #A 6

—20 —200
losH OS source current Vs=12V, Viy=—15mA, Vos=1.6V —+25 —100 #A 6

+80 —75
Vsm VS maximum current voltage 1s=7mA 25 20 30 \ 7
Vinc IN, VR input clamp voltage . Vs : open, Ii=2100mA 25 +0.4 +2.0 \% 8
\ VR clamp voltage Vs=16V, Iyg=20mA 25 4.4 6.6 \% 9
tma MA input detection time Vs=16V 1.7 4.0 ms 10
tco MA detector on time Vs=16V 40 100 ms 10
tve MB input detection time Vs=16V 1.7 4.0 ms 1
tos OS input detection time Vs=16V 60 150 ms 11

Note V| is the input voltage with Vi as reference V,y is applied to IN through resistor Ry
MITSUBISHI s
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MITSUBISHI BIPOLAR DIGITAL ICs

M54124L

EARTH LEAKAGE CURRENT DETECTOR

TEST CIRCUIT

(Cma=0. 1«F, CM_B=O. 11F, Rn=100Q, Diode are equivalent to MD234, unless otherwise noted)

2

VR IN GND OD MAMB OS VS

6 Vos

% Vg is the value of V,y at which OS turns on
(Vos>0.4V) as Vy is increased gradually

VR IN GNDOD MA MB 0OS VS

VR IN GNDOD MA MB OS VS

VR IN GND OD MA MB 0S VS

¥ twe=tvs —tma

Vin —1.85v
V — |
IN _l 1.85V 1 45V 1.45V]
B —— |
[ I 0.4v
Vie—H — F—o.4v Vos L _IL
L} d
tmi& oo tms tos
HI
- MITSUBIS
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MITSUBISHI BIPOLAR DIGITAL ICs

MS54124L

H LEAKAGE CURRENT DETECTOR

TYPICAL CHRACTERISTICS
TRIP VOLTAGE VS AMBIENT TEMPERATURE

TRIP VOLTAGE V; (mVrms)

MA DETECTOR ON TIME tco (ms)

2
0

MA INPUT DETECTION TIME
VS AMBIENT TEMPERATURE

1

MA INPUT DETECTION TIME tyax (ms)

0

—50 —25 0

160

140

120

100

80

25 50 75 100 125 150

AMBIENT TEMPERATURE T, (C)

MA DETECTOR ON TIME VS
AMBIENT TEMPERATURE

150

100

60
40

20

50

0

—50 —25 0

—400

OS OUTPUT PULSE WIDTH tog (ms)

25 50 75 100 125 150

AMBIENT TEMPERATURE T, (C)

OS SOURCE CURRENT VS
AMBIENT TEMPERATURE

1000

—50 =26 0

0
—50—25 0

25 50 75 100 125 150

AMBIENT TEMPERATURE T4 (C)

OS OUTPUT PULSE WIDTH VS
AMBIENT TEMPERATURE

25 50 75 100 125 150

AMBIENT TEMPERATURE T4 (C)

OPERATION TIME VS
INPUT VOLTAGE

ELECTRIC

700 RN

'i —1350 500 ;6;;25°C -
2 \ 300
g —300 £
° o
Re L 100
£ —250 \ w70
& N s
& 200 EY
57 N z 3
o N ]
w —150 lz
[§) s 10
o w 7
8 —100 a 5
» o )
[/ J—
8 —50

0 1

—5 —25 0 25 50 75 100 1 3 5710 305070100 300500 1000

AMBIENT TEMPERATURE T4 (C) INPUT VOLTAGE V, (mVrms)
MITSUBISHI




MITSUBISHI BIPOLAR DIGITAL ICs

MS4124L

EARTH LEAKAGE CURRENT DETECTOR

APPLICATION EXAMPLE

* A high-speed earth-leakage circuit breaker using the M54124L

POWER SUPPLY

M54124L

0 e £4

LOAD

2—28 MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

MS54125P

EARTH LEAKAGE CURRENT DETECTOR

DESCRIPTION

The M54125P is a semiconductor integrated circuit consist-
ing of an amplifier for high-speed earth leakage circuit
breaker.

FEATURES

® Satisfies JIS C 8371

® Temperature-stable input current trigger threshold (V «r
=9mV) ‘

® Capable of detecting a lost phase on the neutral line

® Economical, low external component count

® Highly resistant to noise and power surges

® Wide operating temperature range (Ta=—20~+80C)

APPLICATION

High-speed earth-leakage circuit breakers

FUNCTION

The M54125P is a semiconductor integrated circuit for use
in the amplifier section of earth-leakage circuit breakers. It
consists of a differential amplifier, one-shot circuit, output
circuit, current regulator, waveform regulator and delay cir-
cuit. The following description refers to the block diagram,
application example, and operational waveforms.

PIN CONFIGURATION (TOP VIEW)

weut 1Lk —[1] O 9] vs
BIASVOLTAGE VB [2] % 6] Rx RETENE
CAPACITOR Cuv MM [3 = %« IBL INPUT
ourrutout~[4] S 7] WF CAPACITOR Cwe
anD [5] 6] TD cAPACITOR Gro

Outline 10P2-C

BLOCK DIAGRAM
Vs RX IBL
OO
[ -
! |
I 1 BIA AVE-
| CURRSEN‘H FORM DELAY
| |source , REGULA CIRCUIT
VOLTAGE | COMPARATOR !
! REGU- | Vaur
LATOR |
e
——
cc Ve A Vikr !
1
67 OUTPUT
ML T CIRCUIT
COMPARATOR
! AMPLIFIER Q i
ILK vB M54125P MM OouT ~~GND
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" : » ' MITSUBISHI BIPOLAR DIGITAL ICs

, M54125P

’ ‘ - EARTH LEAKAGE CURRENT DETECTOR

ABSOLUTE MAXIMUM RATINGS (Ta=—20~+80C, unless otherwisé noted)

Symbol Parameter Conditions Ratings Unit
Is Supply voltage Average supply current frequency per cycle 0~6 mA
ls(sa) Supply surge current (Note 1) 0~12 mA
A4V k ILK Input voltage Pin VB serves as the voltage reference. —1.8~+41.8 \
VieL IBL Input voltage —0.3~6 \
Vout OUT applied voltage When external voltage 1s applied —0.3~4 \%
Pd Power dissipation 160 mwW
Topr Operating temperature —20~--80 c
Tstg Storage temperature —55~+125 C

Note 1 ! The surge current waveform Ig(sg) Is shown below It is applied less than once per minute

Is(se)

OmA

lus

40us

RECOMMENDED OPERATING CONDITIONS (Ta=—20~+80C, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Typ Max
Vs Supply voltage When output OUT is OFF 12 \
Average power suppl!
Is Supply current ge p PPl 5.6 mA
current per cycle
Cmm External capacitor MM 0.22 unF
Cwr External capacitor WF 1 uF
Cro External capacitor TD 6.8 uF
Rx External resistor Ry 27 kQ

Handling of unused pins when the abnormal voltage detection function is not used
* Pin9 Rx must be left open

* Pin6 TD must be shorted to GND

* Pin7 WF and pin 8 IBL may be left open or shorted to GND

7—30 MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54125P

EARTH LEAKAGE CURRENT DETECTOR

LEAKAGE DETECTION FUNCTION

When leakage current current |g appears on the primary
side of zero-current transformer, ZCT, leakage signal vol-
tage V| .k appears on the secodary side and is input at ILK
with bias VB as the reference. In the half cycle when V, k is
negative, capacitor Cyy connected to MM charges until
V|« reaches the DC trip voltage.

If the voltage at MM does not reach the MM positive
threshold voltage, when the charging phase is completed,
capacitor Cym discharges at a small current. The output
OUT is reset to the off state (in which output current flows
in) when Vyy descends to the MM negative threshold vol-
tage.

Earth-leakage currents are detected when the amplitude of
input voltage V, « exceeds the DC trip voltage V «r for lon-
ger than the detection time tyy. The output OUT turns on
for time toyr. The output current is used to turn on the thyr-
istor that opens the breaker contacts.

ABNORMAL VOLTAGE DETECTION
FUNCTION

Normally Vg, fixed amplitude AC supply that has been
rectified and divided by a resistor, is input to abnormal vol-
tage input IBL. When a fault occurs in the neutral line N,
successive peaks of Vg become alternately small and
large, with the levels determined by the load on the AC
power lines A and B.

When the amplitude of V,g_ exceeds the abnormal voltage
trip voltage Vg T, capacitor Cywr connected to pin WF dis-
charges. After the discharge shase is completed, charging
begins again.) When voltage Vyr at WF drops below the
WF threshold voltage, capacitor Crp at TD charges, and af-
ter delay time typ, when voltage Vyp at TD reaches the TD
threshold voltage, output OUT turns on, activating the cir-
cuit breaker. To avoid misoperation due to the effect of re-
peated one-shot noise that brings Vg above Vg, 1, the vol-
tage drops to the initial value only after time twe.

This abnomal voltage detection circuit is enabled only
when an external resistor Ry is connected to pin Rk to en-
able the current flow.

WAVEFORM DIAGRAM

1) Voltage waveform when earth leakage is detected.

PG ANAN

A\ ARWARWALE
|

|I

¥

T

! Vum
i

MM

: s MM positive threshold voltage

X MM negative threshold voltage

Note. Values in the parentheses are for reference only.

—
tum If—l !
(3ms)

ouT

toyr (45ms)

2) Voltage waveform when abnormal voltage is detected.

Vie.  Noise Varc (3.9V)

IBL o

Vwr ' WF threshold voltage
] §

WF g r
' = ' |
twe (55ms) | : ™ thresholds voltage |
Vrp T
| ' | [
™ l — : :
-
o trp (300ms)
ouT
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MITSUBISHI BIPOLAR DIGITAL ICs

M54125P

EARTH LEAKAGE CURRENT DETECTOR

ELECTR'CAL CHARACTERISTICS (Vcc=5V, Ta=—20~+80C, unless otherwise noted)

Limits Test
Symbol Parameter Test condition Temp Unit .
(c) Min Typ Max circuit
Vs=12V, 4V, k= 0 mV
I Supply current 1 Pin VS 0.7 mA 1
st upply curren out: “OFF"
Vs=16V, 4V, .,k=—15mV
Is2 Supply current 2 Pin VS Osut . HON"’LK 1.2 mA 1
" Vs=16V, Vikr i 60Hz
Vikr Trip voltage Pins ILK and VB 4 9 | mVrms
Test circurt 3
V=16V, 4V, k= 0 mV
I Sink current Pin MM vs 0.6y e 25 170 370 | wA 4
wm=0.
Vs=16V, 4V xk=—15mV
Imm— Source current Pin MM Vs —0.8V e 25 —110 —250 A 4
mm=0.
tvm Detect inhibit time Pin MM Vs=16V 1.7 4 ms 10
Vs=16V, 4V, k=0 mV
lou+ Sink current Pin OUT S K 150 uA 5
Vour=0.2V
—20 —200
) Vs=16V, 4Vjx=—15mV
lou— Source current Pin OUT Veur=0, 8Y 25 —100 KA 5
o 80 —70
tour Output pulse width Pin OUT Vs=16V 25 100 ms 10
Vsm Maximum current voltage | Pin VS 1s=3.5mA 25 20 26 \ 6
Vs=12V, Vi : OmV
Isa Supply current 3 Pin VS Vige=0V, OUT : “OFF” 1 mA
Test circuit 2
Vs=12V, Vi : —15mV
Isa Supply current 4 Pin VS Vis,=12V, OUT : “ON” 1.4 mA
Test circuit2
VaLT Trip voltage Pin IBL Vs=16V 3.6 4.1 \ 7
Vs=16V, V,g.=4.5V
hsL Input current Pin IBL N b 25 0.8 ~A
Test circuit 7
Vs=16V, Vig.=4.5V
lwr+ Sink current Pin WF Vom0, 5V 25 1 mA 8
wr=0.
Vs=16V, Vig.=0V
lwr— Source current Pin WF Vs —0.5v i 25 —22 —30 #A 8
'we=0.
twr Recovery time Pin WF Vs=16V 35 70 ms 1
Vs=16V, Vig.=0V
lro+ Sink current Pin TD Vs —0.5v ke 25 1 mA 9
r0=0.
) Vs=16V, Vig.=4.5V
lto— Source current Pin TD vs —0.5v b 25 —22 —30 A 9
10=0.
tor Delay time Pin TD Vs=16V 200 420 ms 12
APPLICATION EXAMPLE
AC POWER
M INPUT
J- N B
I. o 1]
Lvs e Le %w’-—()z*— // k *?ﬁ
)
DEUAY /
Toa) sousce REGUA cReuT / 1f Xz
ouKa
4
‘lj F 3 3 ¥
T
GND
”
A NB
LOAD
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MITSUBISHI BIPOLAR DIGITAL ICs

M54125P

EARTH LEAKAGE CURRENT DETECTOR

TEST CIRCUIT

(Cum=0. 22uF, CTD=6.8uF, Rx=27k {2, unless oterwise noted)

1

MD234 OR
EQUIVALENT

* 1S 1, IS 2 Measurement

* IS 3, IS 4 Measurement

I—:h—— ILK
vB
—i—{ Mm

~ HeTovr

Vour r GND

Vs Vs
AV
Vs — ILK Vs
-« Rx -—
RX | Is1,182 vB RX FWvA— 183,154
CMM
IBL - — —{ mMm IBL [
WF
WF |- ouTt WF
< T =, L
™ ——l Vour GND ™
r CTD

”

* 1 1S 2 is the value after OUT turns on (Vour>0.5V).

”

* 1 1S 4 is the value after OUT turns on

3 *Vikr 4 * lyum+ lum— Measurement
Vs Vs
VisL T AV k
ILK VS — ILK VS
vB RX I VB RX r-
CMM
—— mm IBL |- MM IBL |-
-  lum+
tr— out WF |- < | lyw— |4 OUT wF |
<+
Vour | r GND TD "l IVMM ‘— GND TD
* @ Vi xr Is the value of Vg when OUT turns on as Vig_ is
gradually increased
5 * |OU+, IOU— Measurement 6 * VSM Measurement
Vs
AVILK T
l—-—|n—— ILK vs : ILK vs
vB RX - vB RX
CMM
Io0U+ — — mMm BL - MM 1BL
->
A out WF |- - out WF
-
[ 1ou— | GND 0 GND ™
T Vour l—

MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54125P

EARTH LEAKAGE CURRENT DETECTOR

* VeLr, lisL Measurement / 8 * lwr+, lwr— Measurement
Vs Vs
ILK Vs _-T ILK VS ———j
I Rx I Rx
vB RX heL vB RX FAW—
-—
1 MM IBL A -1 MM IBL
W+ e 1VIBL
- our WF Vis - out WF —®
-
GND D + GND ™ [ twe— |
Vwe _l Ve -1-
% . Vg_r is the value of Vg, when VF=0. 5V
9 * ltp+, lro— Measurement 10 * tum, tour Measurement
Vs Vs
ILK VS __T Vitk D——r—{ LK VS ___T
] o
vB RX FWA— -4 vB RX |
c;MM
- MM IBL —H MM BL |-
4 our wr k- lrot VieL ﬁ—— out wF |
-«
GND ™D —® Vour <H GND ™
- Vi r
-1 T
r b
Vik 10ms 1.8V
| Y
0.5v
V,
our tOUT
tum
" * twr Measurement Ve 12 * trp Measurement Vs
(@)
ILK vs ] ILK VS
| Rx | Rx
vB RX FWA— ve RX
4 mm 1BL < Vi 1 MM IBL < VieL
CuF 0.5v CuF
q out WF — g 1€ out WF >——C||—<
3kQ D
GND ™ > Voo < I— GND ™ [
l Vour
V,
Viee = -=- 4.5V o 8L  —— 4.5v
Vro 0.5v Vour 0.5V 4
;I tro
twr
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MITSUBISHI BIPOLAR DIGITAL ICs

M54193P/AP/BP

TELEPHON TONE RINGER

DESCRIPTION
The M54193P/AP/BP is a semiconductor integrated circuit PIN CONFIGURATION (TOP VIEW)
consisting of a tone ringer for telephone handsets. The de-
vice withstands a maximum input voltage of 50V and is cap-
able of 45Vp_p output.
FEATURES Vee = (8] +~so  output
>
TRIGGER IN Vi— D +—HC
® Output voltage 45Vp.p T § HicH FREQ
® Built-in anti-resonance circuit LowrReQ  |LC— 3 “THRJ CONSTANT
® Variable oscillation frequency ConsTANT |1 p—~7] B [5] enp
® Built-in circuit prevents misoperation due to power
supply noise
® Built-in output compulsory turn off function, by means of
drop voltagd detection circuit. (M54193P/M54193AP)
When V¢c is less than Vors *, output is compulsoily Outline 8P4
set to “L” level, therefore tone cut off is improved
*  Vorpr=26V at M54193
Vorr=18.5V at M54193
APPLICATION
Analog telephone handsets
BLOCK DIAGRAM
Vr LC LR HC HR SO
- 2) - 3 - )--—7 - 6)—- -8
| f HIGH |
LOW 0sC AMP
Vee osc
! POWER SUPPLY 1
! (WITH Vo drop’
HYSTERESIS) dectigggiign
GND * % : Only M54193
1
1
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MITSUBISHI BIPOLAR DIGITAL ICs

M54193P/AP/BP

TELEPHON TONE RINGER

ABSOLUTE MAXIMUM RATINGS (Ta=—20~+75C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage 50 Vv
Iso Output current *+10 mA
Pd Power dissipation _ Ta=25¢ 625 mw

Ta=75C 300
Topr Ambient operating temperature —25~—+75 ‘c
Tstg Storage temperature —40~+4125 C

RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Min Typ Max
Vce Supply voltage 50 v
Iso SO output current +5 mA
CL External capacitor for low OSC 3900 56000 | 470000 pF
RL External resister for low OSC 100 1000 1800 kQ
Ch External capacitor for high OSC 1000 3900 6800 pF
Ry External resister for high OSC 100 330 1800 kQ
ELECTRICAL CHARACTERISTICS (12=25%C, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vece Operating voltage 50 \'
Vsi Startup voltage (Note 1) 17 20 23 \'
Vsus Sustaing voltage (Note 2) 10 12 . 16 \
Isi Startup current Vec=Vs 2.3 3.3 4.8 mA
ﬁ;s Operation sustaing current Vee=Vsus 0.7 1.1 1.6 mA
Vtr Trigger voltage 10 \'
Voo=Vsus~Vorr M54193P, M54193AP 1.8
Vo Output voltage Vee=Vorr~50V M54193P, M54193AP Vee—5|Vec—2 | Vec—1 v
Voo=Vsus~Vorr M541938P Voo—5 | Vee—2 | Voe—1
Vec=25V
fo Oscillator frequency accuracy C,=56000pF, R_.=100kQ -7 +7 %
C=3900pF, Ry=330k2
lcc Supply current Voe=50V 1.6 2.4 3.2 mA
M54193P 24 26 28
Vorr Output compulsion off voltage MEA193AP 6.5 8.5 20.5 v
Von Output on voltage MS4193P s 27 2 \"
M54193AP 18 20 22

Note 1 : The startup voltage is the supply voltage at which the tone ringer initiates oscillation.
2 The sustaining voltage is the supply voltage required to sustain the oscillation

SO OUTPUT WAVEFORM

14
" 1/fua

14,
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MITSUBISHI BIPOLAR DIGITAL

ICs

M54193P/AP/BP

TELEPHON TONE RINGER

TYPICAL CHARACTERISTICS

SUPPLY VOLTAGE VS POWER DISSIPATION CURRENT

i

e

—
HA\

POWER DISSIPATION CURRENT (mA)

SUPPLY VOLTAGE (V)

APPLICATION EXAMPLE

0.9 2.2k

@ o @ 0
[—’W\/—( 2) a : —
a7 Re 3 ()W
O 10u VY S R,
= D B R—T0
T 2 5 T"
Re
T
O
OSCILLATOR FREQUENCY SETTING The oscillator frequencies f,, fuq, fuz are determined by the above
_ 1 equations
W=7 g7.coR (HD)
fn= T575:CRn (H2) (Example) R_=1000kQ Ry=330k
fue=1. 24f,y; (Hz) C_=56000pF Cy=3900pF
fL=10.8Hz fy,3=513Hz
f42*636Hz
OUTPUT CIRCUIT EXAMPLE O—I
10kVR
PIEZOELECTRIC
BUZZER
8Q
MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54193P/AP/BP

TELEPHON TONE RINGER

USE OF TRIGGER IN (PIN2)

Normally TRIGGER IN is left open, but it can be used to in-

hibit oscillation or alter the startup voltage (Vsj).

When the M54193P is oscillating (Vsys < Vcc<30V), it can
be stopped by connecting pin 2 to potential V, through re-

sistance R,. (Vsus is the startup voltage.)

Vee O

M54193P

o o

GND O—

Fig 1

When Vgys <Vec < Vsij, the oscillation of the M54193P can

be initiated by Ig (10¢A<1g< 1 mA) from pin2.
(Vsi is the startup voltage.)

To start the oscillation at a lower voltage than the startup
voltage, pin 2 is connected to V¢ through Re as shown in

Fig.3.
Re must satisfy the condition :

10kQ<RE<ﬂs‘13JL(MQ)

“ T

M54193P

GND O

Fig 3

Use of a Zener diode can alter Vgj, in which case, Vg;j is

determined by :
VSi=VTR+VZ+1 ORE (RE MQ )

O

Vec O ’ —O0

1

R M54193P
)

GND O— : o)

0=V, =0.5v

0 SR <20kQ2

Fig 2

M54193P

Vir

GND O ¢ O

Fig.4
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MITSUBISHI BIPOLAR DIGITAL ICs

M54403P

5-BIT RIGHT-SHIFT LEFT-SHIFT REGISTER WITH RESET

DESCRIPTION

The M54403P is a semiconductor integrated circuit contain-
ing a 5-bit serial/parallel input serial/parallel output reversi-
ble shift register.

FEATURES

® Serial/paralle!l input——serial/paraliel output

® Depending on external connections shift left function
possible

® Mode control input provided

APPLICATION
General purpose, for use in industrial and consumer digital
equipment.

FUNCTION

This 5-bit shift register consists of 5 R-S-T flip-flops. It func-
tions as either a serial-in/serial (parallel)-out or a parallel-
in/parallel-out register depending on the condition of mode
control input (M/C). When mode control input (M/C) is
maintained in “L” with serial datum applied to serial input
(INg)), it functions as a right-shift register and data can be
read from outputs (Op~ Og). Mode control input (M/C)
maintained in “H”, parallel data applied to parallel input
(INA~INg), one bit of clock pulse is applied to clock input
(T), and then the parallel data appear at the outputs (O~
Og). Set mode control input in “H”, apply serial datum to
INg, connect Og and INp, Op and INg, O¢ and INg, Og and
INa respectively, and it functions as a left-shift register.

PIN CONFIGURATION (TOP VIEW)

cockineut T[] ~ 6] Voo

SERIAL INPUT o E :{_g] Ry RESET INPUT
INA— E_‘ [12] — 04
iNg — [4] % 13] = 0s

sl e~ 8 @ TR
o 3] i ~o0 |
INe = [7] E 50 ’
oo [B 5] —wo MODE CONTROL
Outline 16P4

When clock input (T) changes from “H” to “L”, data are
shifted one bit or parallel data are read. When reset input
(Rp) is “L”, all outputs (Oa~Og) are set “L” irrespective
of other input signals.

LOGIC DIAGRAM PARALLEL OUTPUTS
N
Oa Os Oc Op O Vee
r_— - - - —)——)—- (0 —@®—
'
qs: 1 _JST 1 —437 14 ’—QST 1__J [ 1
AT —T T T —~aT
R Rr_ 0 Ry O R N
! RYRDO T TRD TRD TR?D 0
RESET INPUT Rp I I
CLOCKINPUT T
1
1
DE CONTROL ol g I | |
MODE CONTRoT e D !
INsi  INa INg INg INp INg GND
—
SERIAL INPUT PARALLEL INPUTS

MITSUBISHI
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5-BIT RIGHT-SHIFT

MITSUBISHI BIPOLAR DIGITAL ICs

M54403P

LEFT-SHIFT REGISTER WITH RESET

FUNCTION TABLE

INPUTS OUTPUTS

Rp M/C T INg; INA INg INc INp INg Oa Os Oc Opb Og
L X X X X X X X X L L L L L
H L 1 H X X X X X H Qao Qgo Qco Qoo
H L t L X X X X X L Qao Qso Qco Qoo
H H 1 X a b c d e a b c d e

X ! Irrelevant (any input, including transition).

1 ! Transition from “L" to “H".

Qa0 Qgo, €tc. © The level of Qa, Qg, etc. respectively, before the 1 transtion of the clock

a, b, ¢, d, e ! The level of steady-state input at inputs A, B, C, D, or E, respectively.

ABSOLUTE MAXIMUM RAT'NGS (Ta = 0~75C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vce Supply voltage 7 v
\" Input voltage 5.5 v
Vo Output voltage High-Level output Vece \
Pd Power dissipation 800 mw
Topr Operating temperature 0~75 c
Tstg Storage temperature —65~-+150 C

RECOMMENDED OPERATING CONDITIONS (Ta=0~75¢C, unless otherwise noted)
Limits
Symbol Parameter - Unit
Min Typ * Max

Vce Supply voltage 4.75 5 5.25 v
Fo Fan out 10 —
fmax(T) | Maximum clock frequency (clock input (T) ) 0 10 MHz

ELECTRICAL CHARACTERISTICS (Ta=0~75C, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vin High-level input voltage 2 \2
VL Low-level input voltage 0.8 \%
Vic Input clamp voltage Vee =4.75V, lic = —12mA —1.5 \"
Vee =4.75V, =2V, =0.
Vou High-level output voltage ce 75V, Vi =2V, Vi = 0.8V 2.4 \
lon = —400uA
Vee =4. , =2V, =0.
VoL Low-level output voltage ce 7oV, Vin = 2V, Vi = 0.8V 0.4 v
lor = 16mA
V)= 2.4v 40
| High-level input current Vee = 5.25V

H gl p! cc V=45V 50 uA
he Low-level input current Vee =5.25V, vV, = 0.4V —1.6 mA
los Short-circuit output current Vee =5.25V, Vi = 4.5V, V, = 0V, Vo = OV —18 —57 mA
lcc Supply current Voo =5.25V, V| = 4.5V, V, = 0V 102 mA

—40 MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54403P

5-BIT RIGHT-SHIFT LEFT-SHIFT REGISTER WITH RESET

SWITCH'NG CHARACTERlSTlCS (Vee =5V, Ta=257C, unless otherwise noted)

Limut;
Symbol Parameter Test conditions mite Unit
Min Typ Max
f, Maximum clock frequenc
max u q 24 : Gy = 15pF, R, = 4000 10 MHz
teHL High-to-low-level and Low-to-high-level propagation delay from (Note 1) 35 ns
- ote
toLn clock input T, to outputs O, through Og 35 ns
TIMING DIAGRAM (Reference level = 15V) Note 1 : Test circuit

INg T Vee
INA~INg INPUT OUTPUT

ov Re

- ——— - 3V [
— PG DUT
T

ov 500 C.

Vou l
Oa~0¢

e =V, -
o 1 The pulse generator (PG) characteristics (T) - ty < 10ns, tf < 10ns,
£ 4 PRR = 1MHz, tpw = 15ns, V = 3Vp.p, Zo = 500
LA PHE The pulse generator (PG) characteristics (IN) . ty < 10ns, t; < 10ns,
PRR = 500kHz, tpw = 20ns, V = 3Vp.p, Zo = 50Q2.
2. All diodes used are high-speed switching diodes (trr < 4ns).
3. C includes probe and jig capacitance
MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54405P

4-BIT BINARY-TO-SEVEN-SEGMENT DECODER/DRIVER

DESCRIPTION

The M54405P is a semiconductor integrated circuit with a
4-bit binary-to-seven-segment decoder/driver. It contains a
TTL open collector output driver.

FEATURES

® High output breakdown voltage (Vo=15V)

® Output current (lo=16mA)

® Displays 16 characters (0,1~9,A, b, C, d, E, F)
' @ Zero-suppression input/output (RBI, BI/RBO)

® Lamp-test (LT) provided

APPLICATION ,
General-purpose industrial and consumer electronic digital
equipment.

FUNCTION

The M54405P is a 4-bit binary-to-7-segment decoder/driver
which can directly drive a mosaic type of display tube. In
particular, it features English alphabet indication when
numbers 10~15 are applied to inputs A, B, C and D in 4-bit
pure binary code. The circuitry employs a TTL configuration
and open collector outputs (15V breakdown voltage, 16mA
load current, active low) are used in the output stage so
that a display tube can be lighted directly. Auxiliary inputs
include the lamp test input (LT) which lights all the seg-
ments, regardless of the status of the inputs, the blanking
input (BI/RBO) that blanks the segments, and the ripple
blanking input (RBI) which blanks the segments only with a
decimal “0” and which can be used for zero masking.

PIN CONFIGURATION (TOP VIEW)

B—
BINARY CODE E
INPUTS

LAMP TEST INPUT LT — [3
BLANKING

INPUTRIPPLE  — ——
BLANKING BI/RBO + |4

OUTPUT
RIPPLE BLANKING mmr
inpuT  RBI— L5

-
A= [7]
GND [éj

Outline 16P4

SEGMENT
OUTPUTS

BINARY CODE
INPUTS

* . OPEN COLLECTOR OUTPUTS

LOGIC DIAGRAM

SEGMENT OUTPUTS

a d
13 —— - 12 - " -0
.

* * *

ol
ol

Vee

© .

ol
-
(Dl

¢
‘
o
‘-

+H

i

._
-
LA
==
s

-
Shas:
9
s
e
L g
So==
3
L

.1

1Y )
Q0

S

BINARY CODE INPUTS
% . OPEN COLLECTOR QUTPUTS

BI/RBO RBI GND
LA RIPPLE
LAMPIJELS} BLANKING  BUANKING INPUT
R

IPPLE
BLANKING OUTPUT
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MITSUBISHI BIPOLAR DIGITAL ICs

M54405P

4-BIT BINARY-TO-SEVEN-SEGMENT DECODER/DRIVER

FUNCTION TABLE

Decimal number of functon LT RBI | D [¢ B A BI/RBO 2 | b | o | @ | & | T | @ | Noe
0 H H L L L L H L L L L L L H
1 H X L L L H H H L L H H H H
2 H X L L H L H L L H L L H L
3 H X L L H H H L L L L H H L
4 H X L H L L H H L L H H L L
5 H X L H L H H L H L L H L L
6 H X L H H L H L H L L L L L
7 H X L H H H H L L L H H L H 1
8 H X H L L L H L L L L L L L
9 H X H L L H H L L L L H L L
10 H X H L H L H L L L H L L L
1 H X H L H H H H H L L L L L
12 H X H H L L H L H H L L L H
13 H X H H L H H H L L L L H L
14 H X H H H L H L H H L L L L
15 H X H H H H H L H H H L L L
Blanking X X X X X X L H H H H H H H 2
Ripple blanking H L L L L L L H H H H H H H 3
Lamp test L X X X X X H L L L L L L L 4
Note 1 : LT is normally kept high
RBI should be kept open or high with a decimal 0 output. DEFlNITlON OF SEGMENTS
2 1 When Bl is low, all the segment outputs are set high regardless of the status of the other inputs. a
3 1 When RBI, A, B, C, D are low, all the segment outputs are set high and BI/RBO is set low.
4 . When LT is low, all the segment outputs are set low. - —_
5! X lrrelevant. f B b

SEGMENT IDENTIFICATION

ol
ol

Hexadecimal
number

0 1 2 3 4 5

10

1"

Character

012345

Sk

5

A

s
(.

ABSOLUTE MAXIMUM RATINGS (Ta= —20~+75C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vce Supply voltage 7 \
V, Input voltage 5.5 v
lo Output current Output high 1 mA
Pd Power dissipation 500 mwW
Topr Operating temperature —20~—+75 ‘Cc
Tstg Storage temperature —65~-+150 ‘C

RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75C, unless otherwise noted)
Symbol Parameter - Limits Unit
Min Typ Max
Vee Supply voltage 4.75 5 5.25 \4
Vo Output breakdown voltage | Outputs a~g 15 v
loL Low-level state output current | Outputs a~3 16 mA
Fo Fan out Outputs BI/RBO 5 —
MITSUBISHI 243
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MITSUBISHI BIPOLAR DIGITAL ICs

M54405P

4-BIT BINARY-TO-SEVEN-SEGMENT DECODER/DRIVER

ELECTRICAL CHARACTERISTICS (Ta= —20~+470%, unless otherwise noted)

Limits
Symbol Parameter Test conditions - - Unit
Min Typ Max
\"™ High-level input voltage 2 \"
Ve Low-level input voltage 0.8 \"
Vic Input clamp voltage Veec =4.75V, lic = —12mA —1.5 v
Vee =5.25V, Viy =2V, V| = 0.8V
lon High-level output current (a~g) e " - 250 uA
Vou = 15V
Vou High-level output voltage (BI/RBO) Vee = 4.75V, low = —0.2mA 2.4 3.3 Vv
Vee =4.75V, Vi =2V, vV, =0.8V.
Voo Low-level output voltage (a~g) ce " * 0.22 0.4 \Y
lo = 16mA
N Vee =4.75V, Vig =2V, v, = 0.8V
Voo Low-level output voltage (BI/RBO) ce " v 0.22 0.4 Y
lo. = 8mA
Ik High-level input current (except BI/RBO) Vee =5.25V, V, = 2.4V 40 A
e Low-level input current (except BI/RBO) Vge =5.25V, V, = 0.4V —1.6 mA
[ Low-level current (BI/RBO) Voe =5.25V, V= 0.4V —4.2 mA
los Output short-circuit current (BI/RBO) Vee = 5.25V —4 mA
lcc Supply current Vee = 5. 25V 90 mA
* ! A typical value at Tg = 25C
SWITCHING CHARACTERISTICS (Voo =5V, Ta=25C, unless otherwise noted)
X Limits
Symbol Parameter Test conditions Unit
Min Typ Max
t A-a)| Output low-to-high, high-to-low propagation time,
pLn(A-8)| Outp -hign, high-to-low propagation ime CL = 15pF, R. = 28002 130 ns
ter (A-a)| from input A, RBI to outputs a thru g 130 ns
TIMING DIAGRAM (Reference level = 15V) Note 6 : TEST CIRCUIT
Vee
INPUT OUTPUT
/———\-----—~-—--35V R
INPUT 7 N
ov PG DuT :
teun tonL l
OUTPUT —=====35V 50Q Co
BI/RBO I
t - 4 Vou
PHL PLH 1. The pulse generator (PG) characteristics t; < 10ns, t; < 10ns, PRR
OUTPTT 35V = 1MHz, toy = 500ns, Vp = 3.5Vp.p, Zo = 5002
a~g 2 C_includes probe and jig capacitance.
Vou
—aa : MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54405P

4-BIT BINARY-TO-SEVEN-SEGMENT DECODER/DRIVER

APPLICATION EXAMPLES
7-SEGMENT DISPLAY DRIVE CIRCUIT

SUPPLY VOLTAGE

7 SEGMENT DISPLAY ELEMENT

r===n
[}

t 1
4
i

L&y |

1

1 |

|

1 ]

| I |
—_—

abcdetg
o—dRBI M54405P BI/RBO| p—
A B GCD LT

1]

Q, Q; Q3 Q4 Taa
HOLD T,.,M53275P HOLD LATCH

DECODER

D, D, D3 D4

o 9% o

"0" RESET

ABCD
*0" RESET ~—1— 1)
Roo)m53203P

Ta Teo

CARRY HEXADECIMAL COUNTER

OUTPUT
Connection to next-stage
M53293P count input (Ta)

COUNT INPUT »—

ZERO SUPPRESSION AND LIGHT CONTROL

10° 10? 10' 100
(DIGIT 4) (DIGIT 3) (DIGIT 2) “yn (DIGIT 1)
LhbAbld A4 by bhilbdd bbb Abdd
abcdef g abcdefg abcdefg abcdefg
RBI BI/RBO RBI BI/RBOp———RBI BI/RBO RBI BI/RBO M54405P
fABCD LT ABCD LT ABCD LT A BCD LT
P T 1T FTT
| — R —— —
BCD INPUTS BCD INPUTS BCD INPUTS BCD INPUTS
LAMP TEST e |
D S S 1
; 4/6M53205P :
DISPLAY TUBE _ s et tetaltet ettt ettt Stetetetteteetteedteddertod 4
LIGHT CONTROL PIN
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BCD-TO-SEVEN-SEGMENT DECODER/DRIVER

MITSUBISHI BIPOLAR DIGITAL ICs

M54406P

DESCRIPTION

The M54406P is a semiconductor integrated circuit with a
BCD-7-segment decoder/driver. It contains a TTL open
collector output driver.

FEATURES

® High output breakdown voltage (Vo=15V)

Output current (Io=20mA)

Characters 6, 7, 9 light a, f, d respectively.
Zero-suppression input (RBI) and input/output (BI/
RBO) provided

® Lamp test (LT) provided

APPLICATION
General-purpose industrial and consumer electronic digital
equipment.

FUNCTION

When the BCD code is applied to the BCD inputs (A, B, C,
D), the outputs (a~g) are set low in accordance with the
numerical value and, by connecting 7-segment display de-
vices to each of the outputs, it is possible to display the
characters given in the section “Displayed Characters.”
Open collector outputs are used for outputs (a~g) and,
since the breakdown voltage is equal to or greater than 15V
and the low-level output current is 20maA, it is possible to
drive directly a 7-segment LED used for anode-common
numerical display.

It is possible to blank unnecessary high-order zeroes from
significant numbers by setting the highest order input (RBI)
low and connecting the output (BI/RBO) to the next order
input (RBI) for each digit.

PIN CONFIGURATION (TOP VIEW)

s~ [] [E] Voo
Y R

LAMP TEST INPUT LT — [3] [14] 3
BLANKING INPUT/ _BI/

BCD INPUTS {

RIPPLE BLANKING RBO ++ {4 5 E —3a "
ouTRUT =R1 't SEGMENT
RIPPLE BLANKING RBI — E S E -5 OUTPUTS
INPUT o
G B
BCD INPUTS
A— E E —d

anD  [E] 9] ~3

Outline 16P4
% . OPEN COLLECTOR OUTPUTS

When the blanking input (BI/RBO) is set low, the outputs
(a~g) are set high regardless of the other inputs and the
display device is extinguished.

The outputs (5~E) are set low, regardless of the inputs
(BI/RBO, A, B, C, D), by setting the lamp test input (LT)
low, and the display device can be lighted and each seg-
ment tested.

Apart from numerals 6, 7 and 9, the M54406P is identical to
the M53247P in terms of electrical characteristics and pin
connections. For the application example, refer to the
M53247P. ‘ ‘

LOGIC DIAGRAM SEGMENT OUTPUTS
Vee " 3 b c d
r - —(16—(3 -2 -1 ]
* * *
I
1
' T T TTT T7
Py W > l |
1 T L PY T
hd
[
| 1
il 000
| A
!
GND A B c D BI/RBO [T
"BCD INPUTS BLANKING INPUT/ LAMP TEST EIL'ZF,’\"—E'NG INPU‘
* ! OPEN COLLECTOR OUTPUTS %'S%ETB LANKING NPT
r—t6 MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54406P

BCD-TO-SEVEN-SEGMENT DECODER/DRIVER

FUNCTION TABLE

Decimal number of function| LT | RBI D C B A BI/RBO a B < q e T g | Note
0 H H L L L L H L L L L L L H
1 H X L L L H H H L L H H H H
2 H X L L H L H L L H L L H L
3 H X L L H H H L L L L H H L
4 H X L H L L H H L L H H L L
5 H X L H L H H L H L L H L L
6 H X L H H L H L H L L L L L
7 H X L H H H H L L L H H L H 1
8 H X H L L L H L L L L L L. L
9 H X H L L H H L L L L H | L L
10 H X H L H L H H H H L L H L
11 H X H L H H H H H L L H H L
12 H X H H L L H H L H H H L L
13 H X H H L H H L H H L H L L
14 H X H H H L H H H H L L L L
15 H X H H H H H H H H H H H H
Blanking X X X X X X L H H H H H H H 2
Ripple blanking H L L L L L L H H H H H H H 3
Lamp test L X X X X X H L L L L L L L 4
Note 1 : L_lis normally kept high.
RBI is kept i i i .
2 When BI ?s g;ve,naﬁrt:lag:ez::le:tdciﬁxfsl gro: tr::;th irrespective of the status of the other inputs DEFINITION OF
3 . When RBI, A, B, C, D are low, all the segment outputs are set high and BI/RBO is set low SEGMENTS
4 : When LT is low, all the segment outputs are low a
5 1 X:lrrelevant
f ! b
. . s
d
CHARACTERS DISPLAYED
Decimal | ¢ 1 2 3 4 6 7 8 9 0 | n 12 | 13 | 14 | 15
01234586789 c Yt
—
ABSOLUTE MAXIMUM RATINGS (Ta= —20~+75C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vece Supply voltage 7 \"
V, Input voltage 5.5 \"
Vo Output current Output high (a~f) 15 \"
Pd Power dissipation 500 mwW
Topr Operating temperature —20~+75 C
Tstg Storage temperature —65~+150 C

RECOMMENDED OPERATING CONDITIONS (T4 =—20~+75C, unless otherwise noted)

Symbol Parameter Limits Unit

Min Typ Max
Vee Supply voltage 4.75 5 5.25 \'
Vo Output break down voltage| Outputs a~g 15 \'

loL Low-level state output current | Outputs a~g 20 mA
Fo Fan out Outputs BI/RBO 5 —
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MITSUBISHI BIPOLAR DIGITAL ICs

M54406P

BCD-TO-SEVEN-SEGMENT DECODER/DRIVER

ELECTRICAL CHARACTERISTICS (T2 = —20~+70%, unless otherwise noted)

Limits
Symbol Parameter Test conditions r Unit
Min Typ Max
Vin High-level input voltage 2 \'
Vi Low-level input voltage 0.8 \'
Vic Input clamp voltage (except BI/RBO) Voo = 4.75V, lic = —12mA —1.5 v
Von High-level output voltage (BI/RBO) Voo = 4.75V, loy = —200uA 2.4 3.7 \Y
) o Voo = 5.25V, Viy = 2V, V) = 0.8V
lon High-level output current (a~g) 250 A
Von = 15V
Vee =4.75V, Viy =2V, V, . = 0.8V
Voo Low-level output voltage (a~g) ce " * 0.27 0.4 \%
loL = 20mA
_ Vec =4.75V, Viy =2V, V= 0.8V
VoL Low-level output voltage (BI/RBO) e " v 0.3 0.4 v
lor =8mA
] High-level input t( t Bi/RBO) Voe = 5.25V vi=24v 40 A
igh-level input current (exce| =.
H gh-level input ¢ P cc V= 4.5v 50 M
e Low-level input current (except BI/RBO) Vee = 5.25V, V, = 0.4V —1.6 mA
m Low-level input current (BI/RBO) Voe = 5.25V, Vv, = 0.4V —4.2 mA
los Output short-circuit current (BI/RBO) Ve = 5.25V, Vo = OV —4 mA
lcc Supply current Vee = 5.25V 53 90 mA
* . A typical value at Tq = 25C
SWITCHING CHARACTERISTICS (Voo =5V, Ta=25¢, unless otherwise noted)
' Limits
Symbol Parameter . Test conditions Unit
Min Typ Max

teLm Output low-to-high, high-to-low propagation time, CL= 15pF, R, = 2800 100 ns

[ from input A, RBI to outputs @ thru g (Note 6) 100 ns
TIMING DIAGRAM (Reference level =1.5V) Note 6 : TEST CIRCUIT Voo

INPUT OUTPUT

INPUT y K
ov

teLn tonL PG

Y Y- I — I R.

====== Vou

OUTPUTS 500
BI/RBO l
Vo

teHL toLn

Co

) 1. The pulse generator (PG) has the following characteristics * ty < 10ns,
OUTPUTS tf < 10ns, PRR = 1MHz, tpw = 500ns, Vp = 3.5Vp.p, Zo = 50Q.
a~g 2. G includes probe and jig capacitance:
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MITSUBISHI BIPOLAR DIGITAL ICs

MS54410P

KEY CONTROLLER FOR TAPE DECK

DESCRIPTION o PIN CONFIGURATION (TOP VIEW)
The 54410P is a TTL integrated circuit semiconductor used
for controlling the function keys on tape decks.
eav—[1] 7 [ e
FEATURES
® Non-locking function keys can be used stop—~[2] i5]— o<
® No need to prevent bounce FF—[3 [12] — OFast
® Built-in pull-up resistors for input pins Z
® STOP mode set when power is switched on wpuTs | WEMO — [4] % EI_'OHW ouTPUTS
® Wired-AND connection and transistor drive possible for aw —[5 o :@—'Op._m
output A
PAUSE —+[§j [11] — Opause
APPLICATION mEc—[7 70— Orec
Tape decks, cassette recorders and VTRs
ano 8] 9]—AR INPUT
FUNCTION
The 54410P is configured so that the set and reset pins of .
) o . . Outline 16P4
the five R-S flip-flops serve as the input pins, and the
desired tape mode is controlled by setting these input pins
momentarily to low. Non-locking function keys can be used
and there is no need to prevent bounce.
The input pins contain pull-up resistors to achieve a high
noise margin even under open conditions.
The outputs have a resistive load, and both wired-AND
connection and transistor drive are possible. When the
power is switched on, the automatic reset function is
energized and the mode is set to STOP.
BLOCK DIAGRAM OuTRuTS
OrasT  Off Orw Orec Opause OpLay Voo
—— ———(5 - i3 O ) . i—%)
A A |
_ ()
—
T 0 1 0 0 1 0
S R s R R S R s R
VTR A
STOP  FF RW MEMO REC AR PAUSE PLAY GND
INPUTS
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MITSUBISHI BIPOLAR DIGITAL ICs

M54410P

KEY CONTROLLER FOR TAPE DECK

INPUT/OUTPUT EQUIVALENT CIRCUITS

(1) Input equivalent circuit

Ve O

6k Q

Req

(2) Output equivalent circuit

INPUT ©

1.5kQ
<

O Vee

$———O0 OUTPUT

Input pin Req
STOP. MEMO, REC. AR 8kQ
PAUSE 4kQ
FF. RW 2.7kQ
PLAY 1.6kQ

PIN NAMES AND FUNCTIONS

Pin name Function
STOP Stop command input pin
% FF FF (Fast forward) command input pin
é RW RW (Rewind) command input pin
é REC REC (Record) command input pin, effective only when 1t 1s set to low together with PLAY
E PAUSE Pause command input pin
PLAY Play start command 1nput pin, when set to low together with RE G , recording starts
Control MEMO Memory input pin
inputpin AR Recording prevention input pin
OFAasT Output pin that goes high in the FF or RW mode
OFF Output pin that goes high in the FF mode
% ORw Output pin that goes high in the RW mode
(;';3 OREC Output pin that goes high in the REC/PLAY ore REC/PAUSE mode
Opause Output pin that goes high in the PAUSE mode
OpLAY Output pin that goes high in the PLAY mode

OPERATIONS WITH EACH INPUT

Input signal OFasT OFfF ORw ORrec OpauSE OpLAY Output mode

STOP L L L L L L STOP mode

FF H H L L L L FF mode

RW H L H L L L RW mode

PLAY L L L L L H PLAY mode

PAUSE L L L L H L PAUSE mode
REC/PLAY L L L H L H REC/PLAY mode
REC/PAUSE L L L H H L REC/PAUSE mode

Note 1. Input signal operates at the { [ fall.

2. The output maintains the output state until the next input signal arrives

3. REC/PLAY indicates that REC and PLAY are simultaneously set to low.
4, REC/PAUSE indicates that REC and PAUSE are simultaneously set to low.
5. MEMO and AR are control input pins, and when MEMO s low, the ORrw output Is not set to high
Should the MEMO = be low when the Orw output s high, the ORrw output Is set to low.
When AR s low, the ORgG output 1s not set to high,

Should the AR be low when the OREec output i1shigh, the Oggc output 1s set to low.

MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

MS4410P

KEY CONTROLLER FOR TAPE DECK

OPERATIONS FROM OUTPOUT MODES

Present output mode STOP FF RW PLAY PAUSE REC/PLAY | REC/PAUSE MEMO AR
PLAY PAUSE REC/PLAY | REC/PAUSE | STOP STOP
STOP mode FF mode RW mode
mode mode mode mode mode mode
/
FF mode sTOP RW mode PLAY F F mode REC/PLAY F F mode F F mode F F mode
mode mode mode
REC/PLAY TOP
RW mode sToP F F mode PLAY RW mode EC/PL RW mode STO RW mode
mode mode mode mode
TOP PAUSE REC/PLAY | REC/PAUSE | PLAY PLAY
PLAY mode STO F F mode RW mode
mode mode mode mode mode mode
/ /PA PA
PAUSE mode STOP FF mode RW mode PLAY REC/PLAY | REC/PAUSE | PAUSE USE
mode mode mode mode mode mode
REC/PLAY £ /PA REC 'PLAY PLAY
REC/PLAY mode STOP FF mode AW mode REC/PAUSE REC/PAUSE | REC L
mode mode mode mode mode mode
/ B
REG/PAUSE mode STOP FF mode RW mode REC/PLAY | REC/PAUSE | REC/PLAY REC 'PAUSE | PAUSE
mode mode mode mode mode mode
When an input signal enters in the present output mode, the output mode given in the above table 1s established.
E . This indicates that the output mode does not change.
INPUT MULTIPLE PUSH OPERATIONS
A input signal B input signal Qutput mode A input signal B input signal Output mode
STOP FF. RW, REC, PAUSE, PLAY STOP mode PAUSE REC/PAUSE mode
W STOP mode REC PLAY REC/PLAY mode
FF REC, PAUSE F F mode PAUSE & PLAY REC/PAUSE mode
PLAY STOPmode PAUSE PLAY PAUSE mode
W REC, PAUSE RW mode The output modes In the above table are established v/ith multiple input signals A
BLAY STOP mode and B. When the multiple push input signal operation has been released, the input
signal released last 1s made effective and the corresponding output mode 1s

OUTPUT MODE WITH POWER SWITCH-ON

established.

When the power is switched on, all the outputs are set to
low and the STOP mode is established.

ABSOLUTE MAXIMUM RATINGS (Ta=—20~ +75%. unless otherwise noted )

(This does not apply to the REC/PAUSE and REC/PLAY modes.)

Symbol Parameter Condition Ratings Unit
Voo Supply voltage 7 \%
\ Inptu voltage Vece A%
Vo Output voltage When output i1s “high* Vvee \%
Pd Power dissipation 500 mwW
Topr Operating temperature — 20~ +75 C
Tstg Storage temperature —55- 1125 C

RECOMMENDED OPERATING CONDITIONS (Ta=—20~ +75%C, unless otherwise noted)
7 Limits
Symbol Parameter Unit
Min Typ Max
Vee Supply voltage 4.5 5 55 A\
Vec=5V +10% 10
loL Low-level output current mA
Vec=5V +20% 76
Vec=5V +£10% —16
10H High-level output current mA
Veec =5V +20% —1.4
MITSUBISHI s
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MITSUBISHI BIPOLAR DIGITAL ICs

M54410P

KEY CONTROLLER FOR TAPE DECK

ELECTRICAL CHARACTERISTICS (Ta=—20~+75C. unless othersie noted)

_]"I

FAST MODE SWITCHED

DELAY CIRCUIT WHEN
TO PLAY OPERATION

! 1

I

I

I

| LAMP
| "

1 "

i

1 "

] | G — " @
I

I

|

,—lq 5 ﬁ b o ﬂ BEECESHS,

»» FAST «« » Wl REC
L L L ! L L ouTPUT
) M54410P
T | INPUT
> >> MEMO‘<< l REC  GND

NO

T
114110

MEMORY SIGNAL

Limits
Symbol Parameter Test conditions Unit
Min Typ* Max
ViH High-level inptu voltage 2 \2
ViL Low-level input voltage 0.8 v
Vic Input clémp voltage Vec=4.5V, ligc=—12mA —-1.0 | —1.5 \Y
Vi(open) Input open voltage Voc=4.5V, I|I=0mA 3.2 \
VoH High-level output voltage Vee=4.5V, Vig=2V. ViL=0.8V 2.9 4.3 \%
lon=—0.4mA
VoL Low-level output voltage Voo=4.5V, Viu=2V, ViL=0.8V 0.25 0.4 v
loL=10mA
STOP. MEMO. REC. AR nput pins —1.4 | —2.3
PAUSE input pin —-1.9 | —3.3
hi Low-level input current — Vecc=5.5V, V=0V mA
FF, RW input pins —2.4 —4.2
PLAY input pin —3.5 | —6.0
lox High-level output current Vec=4.5V, Vp=0.9V —-1.6 | —2.6 mA
lce Circuit current Vec=5.5V- 54 90 mA
* . Typical values are at Tg=25C
APPLICATION EXAMPLE
RECORDING
RW PLAY  PAUSE SIGNAL BRAKE
FF SIGNAL SIGNAL SIGNAL SIGNAL SIGNAL
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MITSUBISHI BIPOLAR DIGITAL ICs

M54418P

TAPE SELECTOR

DESCRIPTION

The M54418P is a semiconductor integrated circuit consist-
ing of an automatic tape selector capable of switching a re-
cording equalizer and a bias voltage control.

FEATURES

® Recording EQ switch output pin can withstand 3 V posi-
tive or negative voltages.

Output voltage can be set freely to any value from 4 to
18V by adjusting the ratio of externally connected resis-
tors.

Built-in output current to mute output

REC INH input available to mute output

APPLICATION

Tape decks, radio cassette recorders, and other audio
equipment.

FUNCTION

The M54418P is a semiconductor integrated circuit consist-
ing of an automatic tape selector. It is capable of switching
Metal/CrO,/Normal recording equalization and the OSC
bias control voltage based on switches activated by cutouts
on the back edge of the cassette shell.

The emitter of the recording EQ switching output transistor
is connected to output pin and the collector to GND. As the
device operates as a reverse bias transistor, the recording
EQ switching pin withstands voltages up to 3V (low satura-
tion resistance Rg=10Q max at Ic= 3 mA).

PIN CONFIGURATION (TOP VIEW)

BIAS INPUT — [ 1 - E Voo VOLTAGE
ﬁINADS 889&\?" Metal «— E E—' Bias Out §§:¥ES$L
OUTPUT cro, 3] z [14] - REC INH PROMIBITION
ggglw‘\l:'gnl?lg?\iormal -— E o E — 120us/70us 2oai0e
ouTPuT t ~.~_ Metal/CrO2
sccorond ML) = [5] E [12] +— Metal/Cro, Maatorss
g‘?dITLClH'NG CrO,(L) ~—E %—' Metal(R) AECORDING
%&:LNEL) Peaking(L) ’—E 10| — CrO,(R) SWITCHING

e [E] 9]~ Peaking(R)| chiatnew)

Outline 16P4

The OSC bias control voltage is supplied by an external
power transistor connected at the BIAS OUT pin. The out-
put voltage can be set to any value from 4 to 18V by ad-
justing the ratio of externally connected resistors. The cur-
rent control circuit is built-in to meet the safety standards of
tape decks. The REC INH pin en