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Abstract

The concept of this project is about the working process of the robotic arm collaborating with the
keypad controlled by the user. The process can be divided into 2 modes. The first one is the automatic mode.
In this mode. the robotic arm moves from its home point to the first position to grab an object. After that. it
returns to its home point again then moves to the second position to lay the object down. Finally. the arm
will come back to its home position. The robotic arm will keep moving in this sequence until it is stopped or
changed its moving pattern by the user. The other is manual mode. The user can control the robotic arm
directly through the keypad. The language which is used in programming for controlling the robotic arm is

assembly computer language.
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Source Code @15 UMIAILANUVUN

ORG 0000H

MAIN: MOV A#OOH
MOV P2,A
SETB P2.4
SETB P2.5
LCALL SCAN KEY
CINE A #OFFH,CHECK _HOME
LIMP MAIN

CHECK_HOME: CINE A #0DH,CHECK BEGIN
LCALL HOME
LCALL GRIPPER
LIMP MAIN

CHECK_BEGIN: CINE A#OEH.CHECK_END
LCALL MEMO_BEGIN
LIMP MAIN

CHECK_END: CINE A#0FH,CHECK_AUTO
LCALL MEMO_END
LIMP MAIN

CHECK_AUTO: CINE A#I0H.KEY PRESS

CLOSE_LOOP NOP



LCALL HOME
LCALL GRIPPER
LCALL OPEN_GRIPPER
LCALL AUTO_BEGIN
LCALL GRIPPER
LCALL HOME
LCALL AUTO_END
LCALL OPEN_GRIPPER
LCALL HOME
SIMP CLOSE_LOOP

KEY PRESS: LCALL SELECT_PO
CWLL OPEN_COUNT
LCALL DRIVE M
LCALL DELAY
LCALL KEY OFF
LCALL DELAY
LIMP MAIN

SCAN _KEY: MOV A #0FFH
MOV P1.#0FFH

KEY ROWI: CLR P1.7

KEY 0: IB P1.0O,KEY 1
MOV AH#OIH
SIMP EXIT KEY



KEY 1:

KEY ROW2:

KEY 5:

KEY_ROW3:

KEY_8:

JB
MOV
SIMP
B
MOV
SIMP
JB
MOV

SIMP

SETB
CLR
B
MOV
SIMP
)
MOV
SIMP
B
MOV
SIMP
B
MOV

SIMP

SETB
CLR

1B

P1.1.KEY 2
A#02H

EXIT _KEY
P1.2KEY 3
A#O3H
EXIT_KEY
P1.3,KEY ROW2
A#04H

EXIT_KEY

P1.7

P1.6
P1.0,KEY 5
A#05H
EXIT KEY
P1.1.KEY 6
A HO6H
EXIT KEY
P1.2,KEY_7
A#OTH
EXIT KEY
P1.3,KEY ROWS3
A,#08H

EXIT KEY

P1.6
P1.5

P1.0,KEY 9



KEY 9:

KEY _ROW4:

KEY ROWS

MOV
SIMP
JB

MOV
SIMP
B

MOV
SIMP
JB

MOV

SIMP

SETB
CLR
JB
MOV
SIMP

JB
MOV
SIMP
JB
MOV
SIMP
B

MOV

SIMP

A HO9H
EXIT KEY
PI.IKEY A
A#0AH
EXIT_KEY
P1.2KEY B
A#OBH

EXIT KEY

P1.3.KEY ROW4

A #0CH
EXIT KEY

P1.5

P1.4
P1.0,KEY D
A#0DH
EXIT _KEY
P1.1.KEY E
A#OEH
EXIT KEY
PI.2KEY F
A.#OFH

EXIT_KEY

P1.3, KEY ROWS

A #10H

EXIT KEY



EXIT KEY: RET

DE_MEMO: MOV A #00H
MOV 30H.A
MOV 31H.A
MOV 32HA
MOV 33H.A
MOV 34H.A
MOV 35H.A
MOV 36H.A
MOV 37H,A
MOV 38H.A
MOV 39H.A
MOV 3AHA
MOV 3BH.A
RET

HOME: NOP
SETB P0.0

MOTOR 2 CW: SETB PO.1
CLR P0.2



MOTOR_2_CCW:

CLR

CLR
SETB
CLR
CLR
CLR
CLR

JNB

SETB
CLR

CLR

LCALL
MOV
MOV
CINE

SETB
CLR

CLR

SETB
SETB
CLR
CLR
CLR

P0.3

P0.0,STOP_MOTOR 2

P0.4
P0.5

P0.6

COUNT
A #00H
A TLO

A#00H,MOTOR_2_CW

PO.1
P0.2

P0.3



CLR P25
INB P0.0.STOP_MOTOR 2
SETB P0.4
CLR P0.5
CLR P0.6
LCALL COUNT
MOV A#00H
MOV A.TLO
CINE A#00H,MOTOR_2 CCW
LIMP MOTOR 2 CW
STOP MOTOR 2: SETB P2.4
SETB P2.5
MOTOR 3 CW: CLR P0.1
SETB P0.2
CLR P0.3
SETB P2.0
CLR P2.1
SETB P2.2
CLR P23
CLR P2.4
CLR P2.5

JNB P0.0.STOP_MOTOR 3



MOTOR_3_CCW:

CLR
SETB

CLR

LCALL
MOV
MOV

CINE

CLR
SETB

GIFR,

CLR
CLR
SETB
CLR
CLR
CLR

JNB

CLR
SETB

CLR

LCALL
MOV

MOV

P0.4
P0.5
P0.6

COUNT
A#OOH
A.TLO

A#00HMOTOR 3 CW

PO.1
P0.2

P0.3

P25

P0.0.STOP._MOTOR 3

P0.4
P0.5

P0.6

COUNT
A #00H

A, TLO



CINE A#00H,MOTOR_3_CCW

LIMP MOTOR_3 CW
STOP_MOTOR_3: SETB P2.4
SETB P2.5
MOTOR_4 CW: SETB PO.1
SETB P0.2
CLR P0.3
CLR P2.0
SETB P2.1
SETB P2.2
CLR P2.3
CLR P24
CLR P2.5
JNB P0.0.STOP MOTOR 4
SETB P0.4
SETB PO.5
CLR P0.6
LCALL COUNT
MOV A.#00H
MOV A.TLO
CJNE A#00H.MOTOR 4 _CW

MOTOR 4 CCW: SETB PO.1



SETB P0.2

CLR P0.3

SETB P2.0

SETB P2.1

SETB P2.2

CLR P2.3

CLR P2.4

CLR P2.5

INB P0.0.STOP_ MOTOR 4

SETB P0.4

SETB P0.5

CLR P0.6

LCALL COUNT

MOV A #00H

MOV ATLO

CINE A,#00H,MOTOR_4 CCW

LIMP MOTOR 4_CW
STOP_MOTOR_4: SETB P2.4

SETB P2.5
MOTOR_|_CW: CLR PO.1

CLR P0.2

CLR P0.3



SETB P2.0

CLR P2.1

CLR P2.2

CLR P2.3

CLR P2.4

CLR P2.5

JNB P0.0,STOP. MOTOR_|

CLR P0.4

CLR P0.5

CLR P0.6

LCALL COUNT

MOV A #00H

MOV ATLO

CINE A#00HMOTOR 1 CW
MOTOR_1_CCW: CLR P0.1

CLR P0.2

CLR P0.3

CLR P2.0

CLR P2.1

CLR P2.2

CLR P23

CLR P2.4

CLR P25

JNB P0.0.STOP_MOTOR |



CLR P0.4

CLR P0.5

CLR P0.6

LCALL COUNT

MOV A.#00H

MOV ATLO

CINE A#00H,MOTOR 1 CCW

LIMP MOTOR 1 CW
STOP_MOTOR _I: SETB P2.4

SETB P2.5

RET
GRIPPER: SETB P2.0

SETB P2.1

CLR P2.2

SETB P2.3

CLR P2.4

CLR P2.5

SETB P0.4

CLR P0.5

SETB P0.6



LCALL COUNT
MOV A #00H
MOV A.TLO
CJINE A #00H,GRIPPER
STOP_GRIPPER: SETB P24
SETB P2.5
RET
OPEN_GRIPPER: CLR P2.0
SETB P21
CLR P2.2
SETB P23
CLR P2.4
CLR P2.5
SETB P0.4
CLR P0.5
SETB P0.6
LCALL COUNT
MOV A#00H
MOV ATLO

CINE

A #00H.OPEN_GRIPPER



STOP_O_GRIPPER:

SETB P2.4

SETB P2.5

RET
COUNT: MOV TMOD.#00000101B

MOV THO,#00H

MOV TLO,#00H

SETB EA

SETB ETO

SETB - TRO

MOV R2,#60
TWO: MOV R3,#100
THREE: NOP

NOP

DINZ R3,THREE

DINZ R2,TWO

CLR TRO

CLR ETO

RET




SELECT PO:

MS_I_1:

MS 1 2:

MS 2 1:

MS

o
[89]

MS 3 I:

NOP

CJNE
CLR
CLR
CLR
SIMP

CINE
CLE
CLR
CLR
SIMP

CINE
SETB
CLR
CLR

SIMP

CINE
SETB
CLR
CLR

SIMP

CINE

CLR

AHOTHMS 1 2
P0.4
P0.5
P0.6

END_MS

AH02HMS 2 1
P0.4
P0.5
P0.6

END MS

AH03HMS 2 2
P0.4
P0.5
P0.6

END MS

AHO4HMS 3 1
P0.4
P0.5
P0.6

END_MS

AH#OSHMS 3 2
P0.4



MS 3_2:

MS 4 1:

MS_4 2:

END_MS:

SETB
CLR

SIMP

CJINE
CLR
SETB
CLR
SIMP

CJNE
SETB
SETB
CLR

SIMP

CJNE
SETB
SETB
CLR

SIMP

RET

P0.5
P0.6

END_MS

AHO6HMS 4 1
P0.4
P0.5
P0.6

END_MS

AHOTHMS 4 2
P0.4

P0.5

P0.6

END_MS

A#OSH.END_MS
P0.4
P0.5
P0.6

END_MS



OPEN_COUNT: MOV TMOD.#00000101B
MOV THO.#00H
MOV TLO.#00H
SETB EA
SETB ETO
SETB TRO
RET
DRIVE M: NOP
MOTOR!_CW: CINE A#01HMOTOR1_CCW
CLR P2.0
CLR P2.1
CLR P2.2
CLR P2.3
CLR P2.4
CLR P25
MOV R1#01H
LIMP EXIT_DRIVE
MOTOR1_CCW: CINE A#02H.MOTOR2_CW
SETB P2.0



MOTOR2_CW:

MOTOR2_CCW:

CLR
CLR
CLR
CLR

CLR

MOV

LIMP

CJNE
CLR
SETB
CLR
CLR
CLR
CLR

MOV

LIMP

CINE
SETB
SETB
CLR
CLR

CLR

R1,#02H

EXIT _DRIVE

A#03HMOTOR2_CCW

P2.0

P2.1

R1,#03H

EXIT DRIVE

A #04H.MOTOR3 CW

P2.0

P2.1



MOTOR3_CW:

MOTOR3_CCW:

CLR

MOV

LIMP

CJNE
CLR
CLR
SETB
CLR
CLR
CLR

MOV

LIMP

CJNE
SETB
CLR
SETB
CLR
CLR

CLR

MOV

R1.,#04H

EXIT DRIVE

A#OSHMOTOR3 CCW

P2.0

P2.4

B2

R1,#05H

EXIT_DRIVE

AH#O6HMOTOR4 CW

R1.#06H



MOTOR4_CW:

MOTOR4 CCW:

MOTOR45 CW:

LIMP

CJINE
CLR
SETB
SETB
CLR
CLR

CLR

MOV

LIMP

CJINE
SETB
SETB
SETB
CLR
CLR
CLR

MOV

LIMP

CINE

CLR

EXIT DRIVE

A#0TH.MOTOR4 CCW

R1,#07H

EXIT_DRIVE

A#08H.MOTOR45_CW
P2.0
P2.1

P

[§9)
[3S)

R1.,#08H

EXIT DRIVE

AH#09H.MOTOR45 CCW
P2.0



MOTOR45_CCW:

MOTOR6_CW:

MOTOR6_CCW:

CLR
CLR
SETB
CLR
CLR

LIMP

CJINE
SETB
CLR
CLR
SETB
CLR
CLR

LIMP

CJNE
CLR
SETB
CLR
SETB
CLR
CLR

LIMP

CINE
SETB

SETB

EXIT DRIVE

A#OAH.MOTOR6 CW

EXIT DRIVE

A #0BH.MOTOR6 CCW

EXIT DRIVE

A#0CH.EXIT DRIVE

P2.0



CLR P2.2
SETB P2.3
CLR P2.4
CLR P2.5
LIMP EXIT _DRIVE
EXIT_DRIVE: RET
KEY OFF: MOV P1,#11110000B
JNB P1.4KEY OFF
JNB P1.5KEY OFF
JNB ‘P1.6KEY OFF
JNB P1.7.KEY OFF
RET
DELAY: MOV RO.#0FFH
DINZ RO.$
RET
MEMO_BEGIN: CLR TRO
CLR ETO
MOV A #00H



DO M1 _CW:

DO _MI1_CCW:

DO M2 CW:

DO_M2_CCW:

DO M3 CW:

DO M3 CCW:

DO_M4 CW:

MOV

CINE
LCALL

SIMP

CJINE

LCALL

SIMP

CINE

LCALL

SIMP

CJNE
IVCALL

SIMP

CJNE
LCALL

SIMP

CJINE
LCALL

SIMP

CINE

LCALL

ARI

A#01H.DO_M1_CCW
MEMO M

END DO M

A#02H,DO M2 CW
MEMO_MI
END DO M

A#03H.DO M2 CCW
MEMO_M2

END_DO M

A#04H,DO M3 CW
MEMO_M2
END DO M

A #05H.DO M3 _CCW
MEMO_M3

END DO M

A#06H.DO_ M4 CW
MEMO_M3

END DO M

A.#07H.DO_M4 CCW

MEMO M4



SIMP END DO M

DO M4 CCW: CINE A#0SH.END DO M
LCALL MEMO_M4
SIMP . END_DO M
END DO M RET
MEMO_MI: MOV 30H,R1
MOV 31H,TLO
MOV 32H,THO
SIMP END_MEMO
MEMO_M2: MOV 33H.R1
MOV 34H,TLO
MOV 35H,THO
SIMP END MEMO
MEMO_M3: MOV 36H.R1
MOV 37H.TLO
MOV 38H,THO
SIMP END MEMO
MEMO_M4: MOV 39H.R1
MOV 3AH,TLO

MOV 3BH,THO



SIMP END_MEMO

END_MEMO: RET

MEMO_END: 57 TRO
CLR ETO
MOV A H#OOH
MOV ARI

END DO _MI_CW: CINE A#01H,END DO _MI CCW
LCALL MEMO_END_MI
SIMP END_END DO M

END DO MI1_CCW: CINE A#02H,END DO_M2 CW

' LCALL MEMO_END MI

SIMP END END DO M

END DO M2 CW: CINE A#03H.END_DO M2 CCW
LCALL MEMO_END M2
SIMP END_END DO M

END DO M2 CCW: CINE A#04H,END DO M3 CW
LCALL MEMO_END_M2
SIMP END END DO M

END DO M3 _CW: CINE A#05H.END DO M3 CCW



LCALL.

MEMO_END_M3

SIMP END_END_DO_M
END_DO_M3 CCW: CINE A#06H.END_DO M4 CW

LCALL MEMO_END_M3

SIMP END_END_DO_M
END DO M4 CW: CINE A#07TH.END DO M4 CCW

LCALL MEMO_END_M4

SIMP END_END_DO M
END_DO_M4_CCW: CINE A#08H,END_END DO M

LCALL MEMO_END M4

_SIMP END_END_DO_M

END_END_DO M RET
MEMO_END_MI: MOV 40H.RI

MOV 41H.TLO

MOV 42H,THO

SIMP END_MEMO_END
MEMO_END M2: MOV 43HRI

MOV 44H,TLO

MOV 45H,THO

SIMP END_MEMO_END



MEMO_END_M3: MOV 46H.R1
' MOV ATH.TLO
MOV 48H.THO
SIMP END_MEMO_END
MEMO_END_M4: MOV 49HRI
MOV AAH.TLO
MOV 4BH.THO
SIMP END_MEMO_END
END_MEMO_END: RET
AUTO_BEGIN: MOV A #00H
RECALL M1 CW: MOV A#OTH
CINE A30HRECALL M1 _CCW
LCALL RE_M1 CW
STMP RECALL_M2 CW
RECALL_M1_CCW: MOV A#02H
CINE A30HRECALL M2 CW
LCALL RE_M1_CCW
SIMP RECALL M2 CW
RECALL M2 _CW: MOV A#03H



RECALL_M2 CCW:

RECALL M3 CW:

RECALL M3 CCW:

RECALL M4 CW:

RECALL M4 CCW:

CJNE
LCALL

SIMP

MOV
CJINE
LCALL

SIMP

MOV
CINE
LCALL

SIMP

MOV
CINE
LCALD

SIMP

MOV
CINE
LCALL

SIMP

MOV
CINE
LCALL

SIMP

A33H.RECALL M2 CCW
RE_M2 CW

RECALL M3 CW

A HO4H
AJ33HRECALL M3 CW
RE_M2_CCW

RECALL M3 CW

A HOSH
A36HRECALL M3 CCW
RE M3 CW

RECALL M4 CW

A H#O6H
AJ36H.RECALL M4 CW
RE M3_CCW

RECALL M4 CW

A#0TH
A39H.RECALL M4 CCW
RE_M4 CW

END _RECALL M

AH#0SH
AJ39H.END RECALL M
RE M4 CCW

END RECALL M



END RECALL M: RET

RE_MI1_CW: CLR P2.0

CLR P2.1

CLR P2.2

CLR P23

CLR P2.4

CLR - P25

CLR P0.4

CLR P0.5

CLR P0.6
Ml CW _L: LCALL OPEN_COUNT
PE M1 CW L: MOV ATLO

CINE A31HPE M1 CW L

CLR ETO

CLR TRO

SIMP HI RE_MI1_CW
HI RE M1 _CW: CLR P2.0

CLR P2.1

CLR P2.2

CLR P23



CLR P2.4

CLR P2.5

CLR . P0.4

CLR P0.5

CLR P0.6
M1 _CW_H: LCALL OPEN_COUNT
PE_ M1 _CW H: MOV A.THO

CINE A32HPE_ M1 _CW _H

CLR ETO

CLR TRO

SIMP END RE M1 CW
END RE Ml _CW: RET
RE_M1 _CCW: SETB P2.0

CLR P2.1

CLR P22

CLR P2.3

CLR P2.4

CLR P2.5

CLR P0.4

CLR P0.5



CLR P0.6

M1 _CCW L: LCALL OPEN_COUNT
PE_ M1 _CCW L: MOV A.TLO
CINE A3IHPE M1 CCW L
L ETO
LR TRO
SIMP HI RE M1 CCW
HI_RE_MI1_CCW: SETB P2.0
CLR P2.1
CLR P22
CLR P23
CLR P2.4
CLR P2.5
CLEC ) PO.4
CLR P0.5
CLR P0.6
M1 _CCW _H: LCALL OPEN_COUNT
PE_MI_CCW H: MOV A.THO
CJNE A32H.PE MI_CCW _H
CLR ETO
CLR TRO

SIMP . END_RE MI_CCW



END RE MI_CCW:

RET

RE M2_CW:

M2 CW_L:

PE M2 CW_L:

HI RE M2 CW:

CLR
SELB
CLR
CLR
CLR
@GR

SETB
CLR

CLR

LCALL

MOV
CINE
CLR
CLR

SIMP

CLR
SETB
CLR

CLR

P04
P0.5

P0.6

OPEN COUNT

ATLO
AJ34HPE M2 CW L
ETO

TRO

HI RE_ M2 _CW



CLR P2.4

CLR P2.5

SETB P0.4

CLR P0.5

CLR P0.6
M2 CW_H: LCALL OPEN_COUNT
PE_M2 CW _H: MOV A.THO

CINE A35H.PE M2 CW H

CLR ETO

CLR TRO

SIMP END RE M2 CW
END RE_M2 CW: RET
RE_M2 CCW: SETB P2.0

SETB P2.1

CLR P2.2

CLR P2.3

CLR P2.4

CLR P25

SETB P0.4

CLR P0.5



M2 _CCW L:

PE M2 CCW_L:

HI RE M2 CCW:

M2 _CCW _H:

PE_ M2 CCW_H:

CLR

LCALL

MOV
CJNE
CLR
CLR
SIMP

SETB
SETB
CLR
CLR
CLR
CLR

SETB
CLR

CLR

LCALL

MOV
CJNE
CLR
CLR

SIMP

P0.6

OPEN_COUNT

ATLO
A,34HPE M2 CCW L
ETO

TRO

HI RE M2 CCW

P2.1

P0.4
P0.5

P0.6

OPEN_COUNT

A.THO

A.35H.PE_M2 CCW_H
ETO

TRO

END RE M2 CCW



END RE M2 CCW: RET

RE M3 CW:

M3 CW L:

PE M3 CW L:

HI_RE_M3 CW:

CLR
CLR
SETB
CLR
CLR
CLR

CLR
SETB

CLR

LCALL

MOV
CINE
CLR
CLR
SIMP

CLR
CLR

SETB

P2.0

P0.4
P0O.5

P0.6

OPEN_COUNT

ATLO
A37HPE_M3 CW L
ETO

TRO

HI RE_M3 CW



CLR P23

CLR P2.4

CLR P2.5

CLR P0.4

SETB P0.5

CLR P0.6
M3 _CW_H: LCALL OPEN_COUNT
PE_M3_CW _H: MOV A,THO

CINE A38H,PE M3 CW H

CLR ETO

CLR TRO

SIMP END _RE M3 CW
END RE_M3_CW: RET
RE_M3_CCW: SETB P2.0

CLR P2.1

SETB P2.2

CLR P2.3

CLR P2.4

CLR P2.5

CLR P0.4



M3 CCW_L:

PE M3 CCW L:

HI RE_M3 CCW:

M3_CCW_H:

PE_M3 CCW_H:

SETB

CLR

LCALL

MOV
CJNE
CLR
CLR

SIMP

SETB
CLR
SETB
CLR
CLR

CLR

CLR
SETB

CLR

LCALL

MOV
CINE
CLR
CLR

P0.5

P0.6

OPEN_COUNT

ATLO
A,37TH.PE_M3 CCW_L
ETO

TRO

HI RE_M3 CCW

P0.4
P0.5

P0.6

OPEN_COUNT

A,THO
A38H.PE M3 CCW_H
ETO

TRO



SIMP

END RE M3 CCW

END RE_M3 CCW: RET
RE_ M4 CW: CLR P2.0
SETB P2.1
SETB P2.2
CLR P2.3
CLR P2.4
CLR P2.5
SETB P0.4
SETB P0.5
CLR P0.6
M4 CW L: LCALL OPEN_COUNT
PE_ M4 CW L: MOV A,TLO
CINE A3AH.PE M4 CW L
CLR ETO
CLR TRO
SIMP HI RE_M4 CW
HI RE_M4 CW: CLR P2.0
SETB 2.1
SETB P2.2



CLR P2.3

CLR P2.4

CLR P2.5

SETB P0.4

SETB P0.5

CLR P0.6
M4 CW_H: LCALL OPEN _COUNT
PE_M4.CW_H: MOV A.THO

CINE AJ3BH.PE M4 CW_H

GOR\ = ETO

CLR TRO

SIMP END RE M4 CW
END RE M4 _CW: RET
RE M4 CCW: SETB P2.0

SETB P2.1

SETB P2.2

CLR P2.3

CLR P2.4

CLR P2.5

SETB P0.4



M4 CCW_L:

PE_M4 CCW_L:

HI_RE M4 _CCW:

M4_CCW_H:

PE_M4 CCW_H:

SETB

CLR

LCALL

MOV
CJNE
CLR
CLR

SIMP

SETB
SETB
SETB
CLR
CLR

CLR

SETB
SETB

CLR

LCALL

MOV
CJINE
CLR

CLR

PO.5

P0.6

OPEN_COUNT

ATLO
A3AH.PE M4 CCW L
ETO

TRO

HI RE M4 CCW

P23
P24

D245

P0.4
PO.5

P0.6

OPEN_COUNT

A THO
A,3BH.PE M4 CCW H
ETO

TRO



SIMP

END RE M4 CCW

END RE M4 CCW: RET
AUTO_END: MOV A#00H
RECALLE M1 _CW: MOV A#01H
CINE AAOH.RECALLE_M1 CCW
LCALL RE_E Ml CW
SIMP RECALLE_M2 CW
RECALLE_MI1_CCW: MOV AH#02H
CINE A40HRECALLE M2_CW
LCALL RE E_MI1_CCW
SIMP RECALLE M2 CW
RECALLE M2 CW: MOV A#03H
CINE A43H.RECALLE M2_CCW
LCALL RE_E M2 _CW
SIMP RECALLE M3 CW
RECALLE M2 CCW: MOV A#04H
CINE A43HRECALLE M3 CW
LCALL RE_E M2 _CCW
SIMP

RECALLE_M3 CW



RECALLE M3 CW: MOV A#05H
CINE A46H.RECALLE M3 CCW
LCALL - RE_E M3 CW
SIMP RECALLE M4 CW
RECALLE_M3 CCW: MOV A#06H
CINE A46H.RECALLE M4 CW
LCALL RE_E_M3_CCW
SIMP RECALLE M4 CW
RECALLE M4 CW: MOV A#0TH
CINE AA49H.RECALLE M4 CCW
LCALL RE_E M4 CW
SIMP’ END RECALLE M
RECALLE M4 CCW: MOV A,#OSH
CINE AA9H.END RECALLE M
LCALL RE E_ M4 CCW
SIMP END RECALLE M
END RECALLE M: RET
RE E MI_CW: CLR P2.0
CLR P2.1
CLR P2.2
CLR P2.3



CLR P2.4

CLR P2.5

CLR P0.4

CLR P0.5

CLR P0.6
END M1 CW_L: LCALL OPEN _COUNT
PE_E MI CW_L: MOV ATLO

CINE AAIHPE E Ml CW L

CLR ETO

CLR TRO

SIMP HI RE_E Ml CW
HI RE E MI_CW: CLR P2.0

8L R P2.1

CLR P2.2

CLR P23

CLR P2.4

CLR P25

CLR P0.4

CLR P0.5

CLR P0.6

END M1 CW_H: LCALL. OPEN_COUNT.



PE_E MI_CW_H: MOV A.THO

CINE A42HPE E M1 CW_H
CLR ETO
CLR TRO
SIMP END RE_E MI_CW
END RE E_MI1_CW: RET
RE_E M1_CCW: SETB P2.0
CLR P2.1
CLR P2.2
CLR P2.3
CLR P2.4
CLR P25
CLR P0.4
CLR P0.5
CLR P0.6
END M1 CCW_L: LCALL OPEN_COUNT
PE_E_MI_CCW_L: MOV A.TLO
CINE A41HPE E M1 CCW_L
CLR ETO
CLR TRO

SIMP HI RE_E_MI1_CCW



HI RE_E_MI_CCW: SETB P2.0

CLR . P2.1

CLR P2.2

CLR P2.3

CLR P2.4

CLR P25

CLR P0.4

CLR P0.5

CLR P0.6
END M1_CCW_H: LCALL OPEN_COUNT
PE_E M1 CCW_H: MOV A,THO

CINE A42H.PE E M1 CCW_H

CLR ETO

CLR TRO

SIMP E_RE E_MI CCW
E_RE E_MI_CCW: RET
RE E M2 CW: CLR P2.0

SETB P2.1

CLR P2.2

CLR P2.3



END M2 CW_L:

PE_E M2 _CW_L:

HI RE_E_M2 CW:

END M2 CW_H:

CLR

CLR

SETB
CLR

CLR

LCALL

MOV
CINE
CLR
CLR

SIMP

CLR
SETB
CLR
CLR
CLR

CLR

SETB
CLR

CLR

LCALL

P0.4
PO.5

P0.6

OPEN_COUNT

A,TLO
A44HPE E M2_CW_L
ETO

TRO

HI RE_E_M2 CW

P0.4
PO.5

P0.6

OPEN_COUNT



PE_E M2 CW_H:

MOV

A, THO

CINE A45HPE E M2 CW _H
CLR ETO
CLR TRO
SIMP E RE_E M2 CW
E RE E M2 _CW: RET
RE_E_M2 CCW: SETB P2.0
SETB P2.1
CLR P22
CLR P2.3
CLR P2.4
CLR P2.5
SETB P0.4
CLR P0.5
CLR P0.6
END M2 CCW_L: LCALL OPEN_COUNT
PE_E M2 CCW_L: MOV A,TLO
CINE A44HPE E M2 CCW L
CLR ETO
CLR TRO
SIMP HI RE_E M2 CCW



HI RE_E_M2_CCW:

END M2 CCW_H:

PE_E_M2 CCW_H:

E RE E_M2_CCW:

SETB

SETB

CLR

CLR

CLR

CLR

SETB

CLR

CLR

LCALL.

MOV
CINE
CLR
CLR

SIMP

P2.0

P04
P0.5

P0.6

OPEN_COUNT

A.THO
A45HPE E M2 CCW_H
ETO

TRO

E RE E M2_CCW

RE E M3 _CW:

CLR
CLR
SETB

CLR

P23



END M3 CW_L:

PE_E M3 CW_L:

HI RE_E M3_CW:

END M3 CW_H:

CLR

CLR

CLR
SETB

CLR

LCALL

MOV
CJNE
CLR
CLR

SIMP

CLR
CLR
SETB
CLR
CLR

CLR

CLR
SETB

CLR

LCALL:

P0.4
P0.5

P0.6

OPEN_COUNT

A.TLO
A4THPE E M3 CW_L
ETO

TRO

HI RE_E_M3 CW

P0.4
P0.5

P0.6

OPEN_COUNT



PE_E_M3 CW_H: MOV A.THO
CINE A48H.PE E M3 CW_H
CLR ETO
CLR RO
SIMP E RE_E M3 CW
E_RE E M3_CW: RET
RE_E_M3_CCW: SETB P2.0
CLR P2.1
SETB P2.2
CLR 2.3
CLR P2.4
CLR P25
CLR P04
SETB P0.5
CLR P0.6
END M3 CCW_L: LCALL OPEN_COUNT
PE_E M3 CCW_L: MOV A TLO
CINE A4THPE_E_ M3 CCW_L
CLR ETO
CLR TRO
SIMP HI RE_E M3 CCW



HI RE_E M3 CCW: SETB P2.0
CLR P2.1
SETB P2.2
CLR P2.3
CLR P2.4
CLR P2.5
CLR P0.4
SETB P0.5
CLR P0.6
END M3 _CCW H: AR OPEN_COUNT
PE_E_M3 CCW _H: MOV A, THO
CINE A48H.PE E M3 _CCW_H
CLR ETO
CLR TRO
SIMP E RE_E M3 CCW
E RE_E M3 CCW: RET
RE E M4 CW: CLR P2.0
SETB P2.1
SETB P2.2
CLR P2.3
CLR P2.4



END M4 CW _L:

PE_E M4 CW_L:

HI RE_E M4 _CW:

END M4 CW_H:

PE_E_M4 CW_H:

CLR

SETB
SETB

CLR

LCALL

MOV
CJINE
CLR
CLR
SIMP

CLR
SETB
SETB
CLR
CLR

CLR

SETB

SETB

CLR

LCALL

MOV

P0.4
P0.5

P0.6

OPEN_COUNT

ATLO
A4AHPE E M4 CW L
ETO

TRO

HI RE_E M4 CW

P0.4
P0.5
P0.6

OPEN_COUNT

A THO



CINE A4BH.PE_E M4 CW H

CLR ETO

CLR TRO

SIMP E_RE E M4 CW
E_RE_E M4 CW: RET
RE_E_M4 CCW: SETB . P2.0

SETB P2.1

SETB P2.2

CLR P2.3

CLR P2.4

CLR P2.5

SETB P0.4

SETB P0.5

CLR P0.6
END M4 CCW_L: LCALL OPEN COUNT
PE_E M4 CCW_L: MOV A.TLO

CINE AA4AHPE E M4 CCW_L

CLR ETO

CLR TRO

SIMP HI RE_E M4 CCW



HI RE_E_M4_CCW: SETB P2.0

SETB P2.1

SETB . P2.2

CLR P23

CLR P2.4

CLR P25

SETB P0.4

SETB P05

CLR P0.6
END M4 CCW_H: LCALL OPEN_COUNT
PE_E M4 CCW_H: MOV A.THO

CINE A4BH.PE E M4 CCW_H

CLR ETO

CLR TRO

SIMP E RE_E M4 _CCW
E_RE E_M4_CCW: RET

END
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CHAPTER 2

el R SR R SR R R R e
Components and Specifications

The SCORBOT-ER III system consists of the mechanical arm and the electronic
controller.

The Robot Arm

The SCORBOT-ER III is a vertically
articulated robot. It has a base joint
- which rotates the arm in a horizontal
plane, three joints which rotate the
robot’s links in a vertical plane, and a
wrist roll joint which rotates the
gripper (see Figures 2-1 and 2-2).

The body of the robot is the main
frame, which contains five of the six
motors.

The links (upper arm and forearm)
and the joints enable the desired
movements of the gripper.

The gripper is the end effector of the
robot arm. For the gripper to reach
the desired position, some or all of the
axes must move,

Figure 2-1: Robot Joints

The gripper fingers open and close in parallel. Various kinds of pads and end
effectors, such as an air brush or a vacuum gripper, can be attached to the gripper
by means of the @ 4 mm (0.16") holes in the gripper fingers (see Figure 2-3).
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Figure 2-2: Robot Arm Segments

GRIPPER
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GRIPPER RUBBER

FINGER PAD
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Figure 2-3: Gripper (Removal of Rubber Pads)
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The following table gives the technical specifications of the SCORBOT-ER I1I robot

arm.

Table 2-1: SCORBOT-ER III Robot Arm Specifications

Item

Specification

Mechanical Structure

Working Envelope:
Axis 1: Base Rotation
Axis 2: Shoulder Rotation
Axis 3: Elbow Rotation
Axis 4: Wrist Pitch
Axis 5: Wrist Roll

Maximum Working Radius

Gripper Opening

Vertically articulated
5 axes plus gripper
Control of 8 axes simultaneously

3dl)

+ 130° / -35°
+130°
+130°
Unlimited

610 mm (24.4")

75 mm (3") without rubber pads
65 mm (2.56") with rubber pads

Maximum Work Load 1 kg (2.2 1b.)
Transmission Gears, timing belts and lead screw
Actuators 6 DC servo motors with closed-loop
control
Feedback Optical encoders on all axes
Hard Home Fixed reference position on all axes
Repeatability + 0.5 mm (£ 0.02")
Maximum Speed 330 mm/sec. (13"/sec.)
Weight
Robot Arm 11 kg (24 1b.)
Controller Skg(111b.)
USER'S MANUAL SCORBOT-ER Il 2-3
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Motors

The five axes and the gripper are operated by DC servo motors. The direction of
motor revolution is determined by the polarity of the operating voltage: positive
DC voltage turns the motor in one direction, while negative DC voltage turns it in
the opposite direction. Each motor has closed-loop control; that is, an encoder
circuit provides the controller with feedback on the extent and direction of the
movement of the motor.

Encoders

An optical encoder mounted on each motor continuously monitors the positions,
direction and velocity along the path of movement. The encoder produces an
electric pulse according to the rotation of the motor shaft on which it is mounted.
The number and rate of the pulses are measured by the controller which then
compares the actual position with the desired position, and makes any necessary
adjustments. See Appendix E for more details.

Microswitches

Five microswitches are fitted onto
the mechanical arm. When the
robot assumes the position in which
the microswitch on each joint is
depressed (by the cam), this
predetermined position is known as
hard home. This is the point of
reference for robot operation.
Whenever the system is turned on,
the robot should be reset to this hard
home position. Refer to the Home
Menu in the section, “SCORBASE
Level 2,” in Chapter 4.

Transmissions

Several kinds of transmission are
used to operate the links of the
mechanical arm. Toothed gears
move the robot base and shoulder.
Toothed gears and timing belts
move the robot elbow. Timing belts

Figure 2-4:. Robot Arm Transmissions

SCORBOT-ER Il USER’S MANUAL
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and a toothed gear differential unit at the end of the arm move the wrist. A lead
screw coupled directly to a DC servo motor causes the gripper to open and close.

Robot Cable

The main cable of the robot contains 50 leads divided into six groups (one for each
motor). Each group contains eight leads:

- 2 leads supply voltage to the motor.
2 leads receive pulses from the optical encoder (channel 0 and channel 1).
1 lead carries the signal from the microswitch.
1 lead supplies voltage to the encoder (Vi gp).
- 1 lead provides the ground for the microswitch.
1 lead provides the ground for the encoder.
All commands, both operational and control, are transmitted through this cable,
which is the sole connection between the robot arm and the controller. The cable

runs from the robot base to the D50 connector marked ROBOT on the rear panel
of the controller. See Appendix D for more details.
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Table D-1: Wiring to Motors, Encoders and Microswitches

Molex 12 Pin Encoder Printed
Robot Arm Signals D50 Connector Connector Circuit (PC500)
Motor # Encoder  Microswitch# | Colors Pin# | Colors Pin# | Pad#
1 - white 50
+ grey/green 17
Z = white 49
+ white/green 16
3 - white 48
+ orange/brown 15
4 e white 47
+ orange/green 14
5 - white 46
+ orange/grey 13
Grp - white 45 grey 8
+ orange/blue 12 yellow 7
1 GND white 33 1
P, white/grey 5 3
1 Vigp yellow 11 2
Py brown 2 4
2 GND white 32 1
P, white/orange 21 3
Py grey 1 4
3 GND white 31 1
P, brown/blue 4 3
Py green 36 4
4 GND white 30 1
P, green/brown 20 3
4 VigD yellow 26 2
Py orange 35 4
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Molex 12 Pin Encoder Printed
Robot Arm Signals D50 Connector Connector Circuit (PC500)
Motor # Encoder  Microswitch# | Colors Pin# | Colors Pin # Pad #
5 GND white 29 1
P, green/blue 3 3
S VLED yellow 9 2
PO blue 18 4
Grp GND white 28 black 12 1
P, grey/blue 19 green 11 3
Py white/blue 34 brown 9 4
1 GND white 33
MS brown 23
2 GND white 32
MS grey 7
3 GND white 31 white 1
MS orange 24 white 2
4 GND white 30 blue 3
MS green 8 blue 4
5 GND white 29 orange 5
MS blue 6 orange 6
not connected grp GND white 28
MS brown/grey 22
D4 SCORBOT-ER Il USER'S MANUAL
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Single Axis Wiring

In addition to the six motors
on the robot arm, the
controller can control two
other motors, which can.be P1 PO MOTOR- MOTOR®
used for operating
mechanical equipment and
accessories such as
conveyors and rotary tables.

The additional motors are
connected to the D9 female
connectors, marked
MOTOR 6 and MOTOR 7 on
the controller’s front panel.

For additional information
about SCORBOT-ER III
motors, see Appendix F, Figure D-2: Motor Wiring
“The Motor Kit.”

Figure D-2 shows the leads to the motor and encoder. Table D-2 details the wiring
in the D9 connector which connects a motor and the controller,

Table D-2: Single Axis Wiring with D9 Connector

Lead Color in D9 Connector Encoder Circuit

Function External Cable Pin # (PC500) Pad #
Power Motor (+) red 1

Power Motor (-) green 9

Phototransistor 0 brown 8 4
Phototransistor 1 white 6 3
VLED yellow 3 2
Ground Logic (GND) black 5 1

Microswitch orange 4

Note: GND and Vj g, are always connected to pads 1 and 2, respectively, on the
encoder printed circuit (PC500). GND is also connected to the shield on the D9
connector. The phototransistors, Py and P, are always connected to pads 4 and 3,
respectively.
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APPENDIX E

The Optical Encoders

The SCORBOT-ER III uses two kinds of optical encoders. The encoders on motors
1 through 5 differ from those on motors 6 through 8.

Figure E-1 shows the two kinds of encoder disks.

The encoder disk with six slots
(at left) is used on the robot arm
motors.

- The encoder disk with three
slots (at right) is used on the
gripper and accessories such as
the conveyor, rotary table or
linear slide base.

Figure E-1: Encoder Disks

Figure E-2 shows the encoder circuitry. It comprises a printed circuit board
(PC500), two LEDs, and two phototransistors (P and P).

The circuitry of the two kinds of encoders differs in two ways:

1. Difference in the height of the
electronic components above the
printed circuit board surface.

In the encoder with a six-slot
disk the components are 8.2 mm
+ 0.1 mm above the board.

In the encoder with a three-slot
disk the height is 6.7 mm
+ 0.1 mm.

It is extremely important to maintain
the exact height of the components.
Figure E-3 shows how to measure

PHOTOTRANSISTOR
Figure E-2: Encoder Circuitry
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the distance between the board and
the LED or phototransistor.

2. Difference in the colors of the I-—T/LED or phototransistor
-]

printed circuit boards.

In the encoder with a six-slot
disk, there is no solder mask

h

covering the board. The board
is a beige color.

In the encoder with a three-slot

\bourd

disk, the mask is green and the Figure E-3: Height of Electronic Components

number 3 is printed on the

board.

Figure E-4 shows how the circuitry
fits into the encoder housing.

Figure E4: Encoder Assembly

E-2
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TOSHIBA TA7257P

TOSHIBA BIPOLAR LINEAR INTEGRATED CIRCUIT SILICON MONOLITHIC

TA7257P

BRIDGE DRIVER

The TA7257P is a Full Bridge Driver for blashed DC Motor
Rotation control.

Forward Rotation, Reverse Rotation, Stop and Braking
operations are available.

It's designed for Loading and Reel Motor driver for VTR
and Tape Deck, and any other consumer and industrial
applications.

TA7257P have Operation Supply Voltage terminal and
Motor Driving Supply Voltage terminal independently
therefore Servo control operation is applicable.

FEATURES HSIP7-P-2.54

e Output Current Up to 1.5A (AVE.), and 4.5A (PEAK). Weight : 1.88g (Typ.)

® 4 Function Modes (CW, CCW, STOP and Brake) are Controlled by 2 Logic Signals Fed Into 2 Input
Terminals.

e Build in Over Current Protector and Thermal Shut Down Circuit.

e Operating Voltage Range : Vcc (opr) = 6~18V, Vs (opr) = 0~18V

BLOCK DIAGRAM

Vee
)]
E 6) Vs
x x
L0 3) oumt
CONTROL
N2 (2

(5) our2
THERMAL PROTECT
s : 1
I OVER CURRENT IL

(a) GND

S80910EBA1

@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
It is the responsibility of the buyer, when utilizing TOSHIBA products, to observe standards of safety, and to avoid
situations in which a malfunction or failure of a TOSHIBA product could cause loss of human life, bodily injury or
damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operati::g ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.

The products described in this document are subject to the foreign exchange and foreign trade laws.

The information contained herein is presented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA CORPORATION for any infringements of intellectual proper% or other rights of the third
parties which may result from its use. No license is granted by implication or otherwise under any intellectual
property or other rights of TOSHIBA CORPORATION or others. "

@ The information contained herein is subject to change without notice.
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TOSHIBA

TA7257P

PIN FUNCTION
PIN No. SYMBOL FUNCTIONAL DESCRIPTION
1 IN1 Input terminal
2 IN2 Input terminal
3 OouT1 Output terminal
4 GND GND terminal
5 OouT2 Output terminal
6 Vs Supply voltage terminal for Motor drive
7 Ve Supply voltage terminal for Logic
FUNCTION
IN1 IN2 OouT1 OouUT2 MODE
1 1 L L Brake
0 1 L H CW/CCW
1 0 H L CCW/CW
0 0 Stop
MAXIMUM RATINGS (Ta = 25°C)
CHARACTERISTIC SYMBOL RATING UNIT
Peak Ve (MAX) 25
ly Voltage
Peak Supply Voltag Operate | Vec (opr) 18 \Y
PEAK 1o (PEAK) 4.5
Output Current AVE. o (AVE) 15 A
Power Dissipation Pp 12.5 (Note)| W
Operating Temperature Topr -30~75 °C
Storage Temperature Tstg -55~150 °C

(Note) Tc = 75°C
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TOSHIBA TA7257P
ELECTRICAL CHARACTERISTICS (Ta = 25°C)
TEST
CHARACTERISTIC SYMBOL| CIR- TEST CONDITION MIN. | TYP. | MAX. | UNIT
CUIT
Vce = 18V
v C " lcc Output OFF stop mode - 6.5 13 "
Supply Curren ] — Ve = 18V 0 0 m
cc2 Output OFF CW/CCW mode
Upper | VgqU — 0.7 1.0
\Y/ = = 0.
sion Voltage [L2er | Vsik cc =18V, 10 =0.1A — o605 ]|
eturation YoR29 [Upper | Vsp0 Vce = 18V, Ig = 1.1A — { 191 14
Lower | VsoL cc=rtev.lo="1 — | 09| 13
Output Transistor |Upper | 1 U — _ 100
—_ =18V
Leakage Current |Lower | I L Yo li — — 100 HA
VIN (H) . _ 30 | — | —
Input Voltage 1, 2 — |T; = 25°C, pin® and pin @ Vv
i 9 VIN (1) : ; — | — | 08
] VE U — \%° | —
Diode Forward Voltage VF L — |IF=1.0A — 135 | — Vv
Limiting Current Isc —_ - — 3.5 e A
Input Current IIN — — e 1 10 pA
Pp - Ta TRANSIENT THERMAL RESISTANCE
16 300
Rth I
Rth (o) = 6°C/W 100
Rth (-a) = 100°C/W s gg !
12 I I I &£ 1
\ INFINITE HEAT SINK = 10 — t
X & : =t
\ > H Pp=1W
z gl—— 10°C/W HEAT SINK A a Fﬂ- i
[=]
B 20°C/W N \\ 001 0.1 1 10 100 1000
HEAT SINK \\ \\ PULSE WIDTH t (s)
4 ~ <
\\ ~L \\
~ N
NO HEAT SINK ~ \\ \
.
00 50 100 150 200
Ta (0O
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TOSHIBA TA7257P

APPLICATION NOTE

(1) Input circuit
Input circuit is shown in Fig.1. It's a "Low active” type voltage comparator that's one input
connect to Input terminal (pin ®, or @) and the other to built-in temperature compensated

voltage reference (VTH = 1.4V Typ.)
If a voltage above VN (H) fed into the Input Terminal that means "Logic 1" and less than

VIN (L) oF connect to GND means "Logic 0”.

/ Input comparator
v 0——-1
\o-—a———w—@ Reference voltage (V1 = 1.4V)
V>VIN(H) @pin is as well as
V<VINQ I ®pin
i)

Fig.1

(2) Basic application circuit

w3 O Vcc
(=)
-\ 7 G
o——@
Control

input signal TA7257P

o——) 5
i

(Note 1) Fig.2 shows the basic application circuit.

Optimum values of the C, R depend on the inherent constant of a motor and
parasitic C, R values around the circuit.
Normally, recommended to use 0.1 »«F and 33 ().

(Note 2) Utmost care is necessary in the design of the output line, Vs, Vcc and GND line
since IC may be destroyed due to short-circuit between outputs, air contamination
fault, or fault by improper grounding.

(Note 3) Be careful when switching the input because rush current may occur.

When switching, stop mode should be entered or current limitation resister R
should be inserted.

(Note 4) The IC functions cannot be guaranteed when turning power on of off.

Before using the IC for application, check that there are no problems.

Fig.2
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TOSHIBA TA7257P

(3) Additional diode

i) If the braking operation is so loose, connect a additional diode between each output to GND,
(See Fig.3)

ii) If the back electromotive pulse generated in output coil is so strong.
Internally connected back electromotive suppression diode may be damaged by this pulse.
In such a case connect a additional diode between each output to Vcc. (See Fig.4)

iii) In case of mounted on radiators, do not use silicon rubber.

O Vcc O Vce

D H—
TA7257P TA7257P %@
(5— (5)
x —_?_ X X
i ” '®
Fig.3 Fig.4
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TOSHIBA

TA7257P

OUTLINE DRAWING

HSIP7-P-2.54
. 16.00.2
23.240.2
N i B
\\_// 2
ol o &
sl & ©
of 2| o
3 b i
il
o
J
*
I B
]
i
—_ —
o =
2.54] 1.210.1
17.010.2

(o O O o O Y O O |

Weight : 1.88g (Typ.)

Unit : mm

0i0.2

L

| P

[ | 0.1
0.6-9.05
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LM339, LM239, LM2901,
LM2901V, NCV2901,
MC3302

AT B

Quad Single Supply
Comparators

These comparators are designed for use in level detection, low—level
sensing and memory applications in consumer, automotive, and
industrial electronic applications.

e Single or Split Supply Operation

e Low Input Bias Current: 25 nA (Typ)

e Low Input Offset Current: +5.0 nA (Typ)

e Low Input Offset Voltage

e Input Common Mode Voltage Range to Gnd

e Low Output Saturation Voltage: 130 mV (Typ) @ 4.0 mA

e TTL and CMOS Compatible

e ESD Clamps on the Inputs Increase Reliability without Affecting
Device Operation

MAXIMUM RATINGS
Rating Symbol Value Unit
Power Supply Voltage Vee Vdc
LM239/LM339/LM2901, V +36 or +18
MC3302 +30 or 15
Input Differential Voltage Range VbR Vdc
LM239/LM339/LM2901, V ) 36
MC3302 30
Input Common Mode Voltage Range Vicmr | =0.3to Ve Vdc
Output Short Circuit to Ground (Note 1.) Isc Continuous
Power Dissipation @ Tp = 25°C Pp
Plastic Package 1.0 W
Derate above 25°C 8.0 mW/°C
Junction Temperature Ty 150 °C
Operating Ambient Temperature Range Ta °C
LM239 —25to +85
MC3302 —40 to +85
LM2901 —40 to +105
LM2901V, NCV2901 —40 to +125
LM339 0 to +70
Storage Temperature Range Tstg —-65 to +150 °C

1. The maximum output current may be as high as 20 mA, independent of the
magnitude of Vcc. Output short circuits to Ve can cause excessive heating
and eventual destruction.

© Semiconductor Components Industries, LLC, 2001 1
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SO0-14
14 D SUFFIX
1 CASE 751A
PDIP-14
N, P SUFFIX
CASE 646
14
1
PIN CONNECTIONS
U/
output2 [1 14 ] Output 3
Output 1 [ 2] 13 ] Output4
1% E 2] Gnd
- Input 1 [Z E + Input 4
+Input1E E]—lnpuM
- Input 2 E:l: étg +Input 3
11-Input2|z‘4 zl-lnputs

(Top View)

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 6 of this data sheet.

DEVICE MARKING INFORMATION

See general marking information in the device marking
section on page 6 of this data sheet.

Publicafion Order Number:
LM339/D



LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

Vee 9 9 +Input ipt 9§ Output
\L r_ ./
£
y
" Lo .

NOTE: Diagram shown is for 1 comparator.

Figure 1. Circuit Schematic

ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdg, Ta = +25°C, unless otherwise noted)

LM239/339 LM2901/2901V MC3302
Characteristic Symbol Min Typ Max Min Typ Max Min Typ Max Unit
Input Offset Voltage (Note 3.) Vio - 20 | #5.0 - +2.0 | +7.0 - +3.0 | 20 | mVdc
Input Bias Current (Notes 3., 4.) lis = 25 250 = 25 250 - 25 500 nA
(Output in Analog Range)
Input Offset Current (Note 3.) o - 50 | +50 - +5.0 | 50 - +3.0 | 100 nA
Input Common Mode Voltage Range VicMR 0 - Vee 0 - Vee 0 - Vee \V}
-15 -1.5 -1.5
Supply Current lcc mA
R, = = (For All Comparators) N 0.8 20 & 0.8 20 — 0.8 20
Ry = =, Vgc =30 Vde - 1.0 25 - 1.0 25 - 1.0 25
Voltage Gain AvoL 50 | 200 | - 25 100 < 25 | 100 - | vimv
R 2 15kQ, Vgc = 15 Vde
Large Signal Response Time - - 300 - - 300 - - 300 - ns
V) = TTL Logic Swing,
Vet = 1.4 Vdc, VR = 5.0 Vde,
R =5.1kQ
Response Time (Note 5.) - - 3 - - 18 - - 1.3 - us
VR = 5.0 Vdc, R =5.1 kQ
Output Sink Current Isink 6.0 16 — 6.0 16 - 6.0 16 — mA
V; (=) 2+1.0 Vdc, V|(+) =0,
Vo <1.5Vdc
Saturation Voltage Vsat = 130 400 - 130 400 - 130 500 mV
V(=) = +1.0 Vdc, Vy(+) =0,
lsink 4.0 MA
Output Leakage Current loL - 0.1 - - 0.1 - - 0.1 - nA
V,(+) 2+1.0 Vdc, V(=) =0,
Vo = +5.0 Vdc

2. (LM239) Tiow = -25°C, Thigh = +85°
(LM339) Tiow = 0°C, Thigh = #70°C
(MC3302) T|°w =-40°C, Thigh =+85°C
(LM2901) T|ow =-40°C, Thigh = +105°
(LM2901V) Tiow = —40°C, Thigh = +125°C
(NCV2901) Tiow = —40°C, Thign = +125°C. Guaranteed by design. NCV prefix is for automotive and other applications requiring site and
change control.
3. At the output switch point, Vo = 1.4 Vdc, Rg < 100 Q 5.0 Vdc < V¢ <30 Vdc, with the inputs over the full common mode range (0 Vdc to
VCC -1.5 VdC)
4. The bias current flows out of the inputs due to the PNP input stage. This current is virtually constant, independent of the output state.
5. The response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger signals, 300 ns is typical.

Http://onsemi.éorh
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

PERFORMANCE CHARACTERISTICS (Vo = 5.0 Vdc, Ta = Tiow 10 Trign [Note 6.])

LM239/339 LM2901/2901V MC3302
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
Input Offset Voltage (Note 7.) Vio = - 19.0 - - +15 - - +40 | mVdc
Input Bias Current (Notes 7., 8.) 1T} - = 400 - - 500 - - 1000 | nA
(Output in Analog Range)
Input Offset Current (Note 7.) ho - - |#150 | - - |x200 | - - | 4300 | nA
Input Common Mode Voltage Range VicMR 0 - Vee 0 - Vee 0 - Vee V]
-20 -20 -20
Saturation Voltage Vsat - = 700 - - 700 - - 700 | mv
Vi(-)2+1.0 Vdc, V|(+) =0,
lsink <4.0 mA
Output Leakage Current loL - - 1.0 - - 1.0 - - 10 HA
Vj(+) 2+1.0 Vdc, V|(-) =0,
Vo =30 Vdc
Differential Input Voltage Vip - - Vee - - Vee — - Vee Vdc
All V;20 Vdc

6. (LM239) Tiow = —25°C, Thigh = +85°
(LM339) Tiow = 0°C, Thigh = +70°C
(MC3302) Tjow = —40°C, Thjgh = +85°C
(LM2901) Tiow = —40°C, Thign = +105°
(LM2301V) Tiow = —40°C, Thigh =+125°C
(NCV2901) Tiow = —40°C, Thigh = +125°C. Guaranteed by design. NCV prefix is for automotive and other applications requiring site and
change control.
7. At the output switch point, Vo = 1.4 Vdc, Rg < 100 Q 5.0 Vdc < V¢ < 30 Vdc, with the inputs over the full common mode range (0 Vdc to
Ve —1.5 Vdc).
8. The bias current flows out of the inputs due to the PNP input stage. This current is virtually constant, independent of the output state.
9. The response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger signals, 300 ns is typical.

+ Vcc
R3
10k 10k
Vi, o0—vWA— -
n R;e{ b o Vo
+ Vgg O— YW +
R2 —0 Vg
Vm' VW "

mkim . Ve Rt
Vgt =

= Vec R1
Reet +R1 ref = &
H,ef +R1
R3 = R1// R/ IR2
R2 =R1//R
__RURa vV 1 Pee _
W= ——————m” R+ R2 0(max) = Vo(min)] Amount of Hysteresis Vy
= m e v,
R2 > Rref [/ R1 H= R24Ra [Vomay = Voymin]
Figure 2. Inverting Comparator Figure 3. Noninverting Comparator
with Hystersis with Hysteresis

http://onsemi.com
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NORMALIZED OFFSET VOLTAGE

1.40

1.20

0.80

0.60

LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

Typical Characteristics
(Vec = 15 Vdc, Tp = +25°C (each comparator) unless otherwise noted.)

48
42 —
—_ —
P / E . ] /
/ | 36 A I /’
7 ] L—T Ta=+25"C__L—
i g 2 — | //
» 24 /;' Ta=+125°C
A = 18 — |
L~ 5
» Z 12
“ )
- 60
0
-50 -25 0 25 50 75 100 125 0 40 8.0 12 16 20 24 28 32
Ta, AMBIENT TEMPERATURE (°C) Ve, POWER SUPPLY VOLTAGE (Vdc)
Figure 4. Normalized Input Offset Voltage Figure 5. Input Bias Current
8.0
=/ T = 425°C
E A
% 6.0 TA = -55°C /
E 50 4
2 / Tp = +125°C
= 40 4
= /
o.
5 30 4
9 /
o 20 / 7
1.0 // //
0 //
0 100 200 300 400 500
Vsay, OUTPUT SATURATION VOLTAGE (mV)
Figure 6. Output Sink Current versus
Output Saturation Voltage
Vee
Ry
Vin R

Viet o
R1

Rg = Source Resistance

i

bl J

R1 = Rg
Vec RL T1=T2=0.69RC
Logic Device v) kQ = (ig_
CMOS |1/4 MC14001} +15 100 i
R2=R3=R4
TTL  |1/4 MC7400 | +5.0 10

Figure 7. Driving Logic Figure 8. Squarewave Oscillator

http://onsemi.com
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

APPLICATIONS INFORMATION

These quad comparators feature high gain, wide
bandwidth characteristics. This gives the device oscillation
tendencies if the outputs are capacitively coupled to the
inputs via stray capacitance. This oscillation manifests itself
during output transitions (VoL to Von)- To alleviate this
situation input resistors < 10 kQ should be used. The

10k

-

iwa-s
s

5k
R3

D1 prevents input from going negative by more than 0.6 V.
R1+R2=R3
RS ? =
R3< 10 for small error in zero crossing

Figure 9. Zero Crossing Detector
(Single Supply)

addition of positive feedback (< 10 mV) is also
recommended. It is good design practice to ground all
unused input pins.

Differential input voltages may be larger than supply
voltages without damaging the comparator’s inputs.
Voltages more negative than —300 mV should not be used.

Vin(min) = 0.4 V peak for 1% phase distortion (A©).

Vi, Vin(min)
Vee s o
:% 10k
Vi —oVo yeol l
|
== Vo t o
VEE e A6
Vee L1 —

Figure 10. Zero Crossing Detector
(Split Supplies)
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HD74LS1 51 @ 1-of-8 Data Selectors/Multiplexers {with strobe)

This data selector/multiplexer contains fulton chip binary

decoding to select the desired dste source. The HD74LS1561

aloct:omo{-clg&ndanwwmdhulmobohmw&
mstbenalowlogkhvoltouwbhﬂ:l:d«ia.l\highhnl
nmcnroboforeesﬂnwmhiw,ondeYommbn.

@PIN ARRANGEMENT

TEIEEEEE

- X
2

Data

Inpats
?
EBLOCK DIAGRAM ,
B ::n
rode c
1Ewbb
Do
D
D2
o {00 oll WFUNCTION TABLE
: \ Inputs Outputs
SELECT STROBE
De Y w
Lﬁ C B A s
X X X H L H
o :—D—fsl , L L L L De D
tBiaary L L H L D D
L H L L D2 D:
L H H L Da D
H L L L Ds Ds
H L R L Ds Ds
H H L L Ds De
H H H L D D
H; high level, L; low level, X; irrelovant
WELECTRICAL CHARACTERISTICS (Ta=—-20~+75C)
Item Symbol Test Conditions min typ® max Unit
Vin 2.0 N = A
Input voltage Vi — - 0.8 v
Vou Vee=4.75V, Vin=2V, Vi.=0.8V, fou=—400pA 2.7 o - v
Output voltage Vou Vec=4.75V, V=2V, ToL=4mA = = 0.4 v
Vie=0.8V Jor=8mA = - 0.5
I Vee=5.25V, Vi=7TV = = 0.1 mA
Input current I Vee=5.258V, Vi=2.7V = = 20 uA
In. Vee=5.25V, Vi=0.4V - - -0.4 mA
Short-circuit output current Ios Vee=5.25V —20 - —100 mA
Supply current °° fec Vec=5.25V - 6.0 10.0 mA
Input clamp voltage Vix Vee=4.75V, Iin=—18mA - - —-1.5 A\

® yoc=SV, Ta=25°C

* Joc is measured with all outputs open and all inputs at 4.5V.
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HD74LS151

ESWITCHING CHARACTERISTICS (Vcc=5V, Ta=25C)

Item Symbol Inputs ' Outputs Test Conditions min l typ |, max {-Unil
v [ABC L m_ e
tPuL (4 Level) - 18 30 |
trin A B, C W |7 23
tPHL (3 Lﬂgl) ! | 20 32
1 26 42
. Strobe Y ' v e —
. tPEL - 20 32
Propagation delay time Ct=15pF. RiL=2kQ |- } r -
17 4% § ] == 15 24
Strobe w ; t
tPHL . 4- L 18 30
t = 20 32
PLR D v | e e
tPaL i 1 B 16 %
j‘ LN D W = 32
T em - 12 | 20 |
ETESTING METHOD
1) Test Circuit Waveform
T U
¥ee r’——-
/ 0% %% o
13V 13V
N Ty 4 N,
i 1p12 [
PC. E \ Voa
Zoa =0 ¥ g 13v 13v
B 3 \___. Vor
; trm trin
/_ Ves
Out-sl -phaze
Derput 1av 13v
/ Vor
Notes) 1. Input pulse; 277 ;y<15ns, 17277 <6ns, PRR=1NHz,
duty cycle=50%
2. Cy includes probe and jig capacitance.
3. All diodes are 152074 @
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Philips Semiconductors Product specification

4-to-16 line decoder/demultiplexer 74HC/HCT154

—

FEATURES The 74HC/HCT154 decoders accept four active HIGH
. . . o binary address inputs and provide 16 mutually exclusive

o 16-line demultiplexing capability active LOW outputs.
 Decodes 4 binary-coded inputs into one of 16 mutually  The 2-input enable gate can be used to strobe the decoder

exclusive outputs to eliminate the normal decoding “glitches” on the outputs,
o 2-input enable gate for strobing or expansion or it can be used for the expansion of the decoder.
o Output capability: standard The enable gate has two AND’ed inputs which must be
o Igc category: MSI LOW to enable the outputs.

The “154” can be used as a 1-to-16 demultiplexer by using
GENERAL DESCRIPTION one of the enable inputs as the multiplexed data input.

The 74HC/HCT154 are high-speed Si-gate CMOS devices When the other enable is LOW, the addressed output will
and are pin compatible with low power Schottky TTL follow the state of the applied data.

(LSTTL). They are specified in compliance with JEDEC

standard no. 7A.

QUICK REFERENCE DATA
GND=0V; Tamp=25°C; t,=t=6ns
TYPICAL
SYMBOL |PARAMETER CONDITIONS UNIT
HC HCT
tpuu trLn | Propagation delay An, Er'to. ¥ CL=15pF;Vec=5V 11 13 ns
C input capacitance 3.5 3.5 pF
Cpp power dissipation capacitance per package | notes 1and 2 60 60 pF

Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in pW):
Pp = Cpp % Vec? x fi+ X (CL x Vc? x fo) where:
f, = input frequency in MHz
f, = output frequency in MHz
T (CL x Vcc? x fo) = sum of outputs
C, = output load capacitance in pF
Vcc = supply voltage in V

2. For HC the condition is V; = GND to Vce
For HCT the condition is V; = GND to Vg — 1.5V

ORDERING INFORMATION
See “74HC/HCT/HCU/HCMOS Logic Package Information”.

September 1993 2



Philips Semiconductors

Product specification

4-to-16 line decoder/demultiplexer

74HC/HCT154

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,2, 3,4,5,6,7,8,9,10,11,13,14,15,16,17 Yoto Y1s outputs (active LOW)
18,19 Eo, [ enable inputs (active LOW)
12 GND ground (0 V)

23,22, 21,20 Agto A3 address inputs

24 Vee positive supply voltage

%]
%Gl
%G
%[
AO
A0
A
0
A0
% (@)
0[]
o[z

7Z87438

Fig.1 Pin configuration.

28 ——— Ao Yo o— 1

Yip—2
2 A| . 3
2] —— A

Y4 j0—18

18 —C¥Ep
19—} E ) Yis P— V7

7287484

Fig.2 Logic symbol.

xrv

AN H
P
44—
gle £
I8l oavanswn=-0
BRI
il

ALAARAN LS
[HAKRARAAS

L
EEL,

5
AnAn

T
5
=

-

72874881 7Z98337

(a) (b)

Fig.3 IEC logic symbol.

23 |22 {21 }20

DECODER

Eﬁh%%hhnﬁhhhhhhh

v {2 [s [« s |8 [7 J8 |9 fro [11 [13 ra s [18 |17

Fig.4 Functional diagram.

7287434
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Philios Semiconductors

Product speciﬁcation

74HC/HCT154

4-to-16 line decoder/demultiplexer

FUNCTION TABLE

OUTPUTS

Y12 | Y13 | Yia | Yas

Yo | Ya1

Yo

Ys

¥

Yo

Ys

Ya

Y3

Yz
H
H
H

H

H

Y

Yo

INPUTS

A3

Az

X |X [H |H

X |X |H |H
X |X |H |H

H [H |H |H

H |H |H [H

X
X
X

L

Ag | Aq

X

&= ZE

E

-

Eo

Note

HIGH voltage level
L =LOW voltage level

H=

1.

don't care

X =

Yis
7287438

777

Yig

Hingi

.‘ |

Y2

i

m

18t

442

¥

Y10

1]
$|
%

il

Fig.5 Logic diagram.
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