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Application of Digital Weighing Machine
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Abstract

One of the most important thing in batches of process is weighing, the primary
step to produce more accurate product. So we have to care weighing step. But weighing
technologies are developing all the time to control process that we expect it to be, then we need to
find another way to got more benefit in weighing that comforting to user by automatic following
all material to have weight that we input value. It is criteria is to use the microcontroller to save
value we input, open the entry gate by controlling stepping motor and compare the weight with
input value. In weighing port of the project, Loadcell, Instrumentation Amplifier circuit, D/A

Converter will be used
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RIRRILAGE M3
ADD A,<BYTE> A=A+<BYTE>
ADDC A <BYTE> A=A+<BYTE>+C
SUBB A,<BYTE> A=A -<BYTE>-C
INC A A=A+1
INC <BYTE> <BYTE> = <BYTE> +1
INC DPTR DPTR = DPTR + 1
DEC A A=A-1
DEC <BYTE> <BYTE>=<BYTE>- 1
MULAB B:A=B*A
DIV AB A= Int{A/B]

B = Mod[A/B]
DA A Decimal Adjust

M51N 2.4 frFIMenaiAfAAI Y9I MCS-51
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ANL A<BYTE> A=A AND <BYTE>
ANL <BYTE>,A <BYTE>=<BYTE> AND A
ANL <BYTE>#DATA <BYTE>=<BYTE> AND #DATA

ORL A, <BYTE>

A=A OR <BYTE>

ORL <BYTE>,A

<BYTE>=<BYTE>OR A

ORL <BYTE>#DATA

<BYTE>=<BYTE> OR #DATA

XRL A, <BYTE>

A=A XOR <BYTE>

ORL <BYTE>,A

<BYTE>=<BYTE> XOR A
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gﬂ;m‘uﬁﬁa MY
ORL <BYTE>#DATA <BYTE> = <BYTE> XOR #DATA

CLR A A =00H

CPL A A=NOT A

RLA @ouslu Acc lumsdne 1 fia

RLC A @euslu Acc lmdne 1 faru
Carry

RR A @ouarlu acc limsun 1 fia

RRC A @ouarlu acc limeuan 1 Sary
Carry

SWAP A dav 4 Javunazaislu ACC

A3 19N 2.5 AFINNATINZUDI MCS-51
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MOV A,<SRC> A =<SRC>
MOV <DEST>,A <DEST>=A
MOV <DEST>,<SRC> <DEST> = <SRC>
MOV <DEST>,<SRC> DPTR = 16 fiamnsi
PUSH <SRC> PUSH <SRC> ifhaufin
POP <DEST> POP afinid <DEST>
XCH A,<DEST> wanAouA15EMIe A 1Ay <DEST>
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SETB C CY=1
SETB <BIT> <BIT>~=1
CLRC CY=0
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gﬂuuuﬁﬁa AINU
CPLC CY=CY
CPL <BIT> <BIT> = <BIT>
MOV C,<BIT> rodeyaludumnia BIT i cy
MOV <BIT>,C hedoyaludumis Cy i1 <BIT>
ANL C,<BIT> Yoyaludmnia CY AND iy <BIT>
ANL C/<BIT> JoyalufLm1UICY AND A1 not <BIT>
ORL C,<BIT> Yoyaludwmiis CY OR iU <BIT>
ORL C,/<BIT> doyaludwmiis CY OR AU not<BIT>
JC REL 95z lAnt1 CY =1
JNC REL 9znsglaad1 CY =0
JB <BIT>,REL wznsz laadian ludumis <BIT> =1
JNB <BIT>REL vznsg laadin ludumie <BIT> =0
JBC <BIT>,REL aznszIaadraludn = 1dundosdaiiy
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Bniindids (kg) Yoy 1949113995 A/D Converter
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vminfideants TSR 18 (2) wWosiFuannuAawain (%)
(2 T heanae S0 eanse
100 97 98 3.00 2.00
200 196 197 2.00 1.50
300 296 296 1.33 1.33
400 395 396 1.25 1.00
500 494 495 1.20 1.00
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700 691 693 1.29 1.00
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1100 1087 1088 1.18 1.09
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1600 1589 1588 0.69 0.75
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FLAG EQU  02FH

MODEA BIT  FLAG.0
MODEB BIT  FLAG.I
INITPORT  EQU  P3.1
NUM 1 EQU  30H
NUM 2 EQU 32H
NUM 3 EQU 34H
COUNT EQU 42H

BACK_NUMI EQU  36H
BACK_NUM2 EQU 38H
BACK _NUM3 EQU  40H
DIGIT10 EQU 44H
DIGITI EQU 46H
DIGITDOT  EQU  48H
DIGITNOW EQU  S0H

WEIGHT EQU 52H
WEIGHTNOW EQU  54H
ARC EQU 56H
CLEAR EQU 10
ENTER EQU I
ORG 0000H
START: CLR MODEA
CLR MODEB
SETB INITPORT
CALL DELAY_IMS
CALL DELAY_IMS
CALL DELAY_IMS
CLR INITPORT
MOV AHOH
MOV DIGIT10,A
MOV DIGITLA
MOV DIGITDOT,A
MOV DIGITNOW,A
MOV COUNT,A
MOV AH01H
MOV ARCA
CHECKINI:
JNB P1.4,END_CHECK
MOV APl
B P1.4,$
ANL A#OFH
CINE A#OCHNEXTIN
JMP SET A
NEXTIN:
CINE A#0DHNEXTIN1
IMP SET B
NEXTINI:
IMP END_CHECK
SET A: SETB MODEA

IMP END_CHECK



SET B: SETB MODEB

END_CHECK:
B MODEA MODE_A
JB MODEB,MODE B
IMP CHECKINI
MODE _B:
MOV AH#OH
MOV DIGIT10,A
MOV DIGIT1,A
MOV DIGITDOT,A
MOV DIGITNOW,A
MOV COUNT,A
GET: MOV A,DIGITI0
MOV DPTR#TABLE
MOVC A@A+DPTR
MOV NUM 1A
MOV A,DIGITI
MOV DPTR #TABLE
MOVC A@A+DPTR
MOV NUM 2,A
MOV A,DIGITDOT
MOV DPTR,#TABLE
MOVC A@A+DPTR
MOV NUM 3.A
SETB P3.0
CALL DELAY IMS
CLR P3.0
CALL DELAY IMS
CALL OUTLED
JNB P1.4,GET
MOV API
B P1.4,$
ANL AH#OFH
CINE A#OAH,NEXTI
IMP MODE_B
NEXT1: CINE AH#OFH,NEXT2
IMP MODE_B_|
NEXT2: MOV R2,DIGITNOW
CINE R2,#00H,NEXT3
IMP DO10
NEXT3: CINE R2,#01H,NEXT4
IMP DOI
NEXT4: CINE R2,#02H,NEXT5
IMP DODOT
NEXTS: JMP GET
DO10: MOV DIGIT10,A
MOV AH#OIH

MOV DIGITNOW,A



IMP

DOIl: MOV
MOV
MOV
IMP

DODOT: MOV
MOV
MOV
IMP

MODE_A:

B
MOV
INC
MOV
SUBB
CALL
INZ
IMP

STARTI1: IMP

SHOW: MOV
MOV
SETB
CALL
CLR
CALL
MOV
SUBB
MOV
DIV
;CALL
MOV
DIV
PUSH
MOV
MOV
MOVC
MOV
POP
MOV
DIV
PUSH
MOV
MOV
MOVC
MOV
POP
MOV
DIV
PUSH
MOV
MOV
MOVC

GET

DIGITI,A
A#O02H
DIGITNOW,A
GET

DIGITDOT,A
AH#O03H
DIGITNOW,A
GET

P1.4,STARTI
A,COUNT

A

COUNT,A
A#500D
OUTLED
MODE_A
SHOW

START

AH#0
COUNT,A
P3.0
DELAY_IMS
P3.0
DELAY_IMS
AP2

A#19D
B,#2D

AB
A2DTONUM
B,#10D

AB

ACC

AB
DPTR,#TABLE
A@A+DPTR
NUM 3,A
ACC

B,#10D

AB

ACC

AB
DPTR,#TABLE
A,@A+DPTR
NUM_2,A
ACC

B,#10D

AB

ACC

AB
DPTR,#TABLE
A,@A+DPTR



MOV NUM_1,A

POP Ace
CALL OUTLED

IMP MODE_A
OUTLED:

MOV PO,NUM |

CLR P1.5

ACALL DELAY IMS

SETB P1.5

MOV PO,NUM 2

CLR P1.6

ACALL DELAY_IMS

SETB P1.6

MOV PO,NUM 3

CLR P1.7

ACALL DELAY_IMS

SETB P1.7

RET
DELAY_1MS:

MOV RS,#OFAH : 250 LOOP
DELAY_IMS _I:

NOP

NOP

DINZ RS,DELAY IMS_1 ; 4 CYCLE

RET
A2DTONUM:

PUSH B

SUBB AH#17D

MOV B,#110D

MUL AB

MOV B,#228D

DIV AB

PUSH ACC

MOV AB

SUBB A#114D

ie LESHALF
HIGHHALF:

POP AGE

INC AccC

IMP ENDING
LESHALF:

POP ACC
ENDING:

POP B

RET
TABLE: DB 03FH,06H,5BH,04FH,066H,06DH,07DH,07H,07FH,06FH
MODE B 1:

MOV

A,DIGIT10



MOV
MUL
PUSH
MOV
MOV
MUL
MOV
POP
ADD
MOV
ADD
MOV
SETB

CALL

CLR

CALL

MOV

SUBB

MOV
DIV

MOV
MOV

SUBB

JC
MOV
SUBB
A [C]
MOV
MOV
JMP

DECNUM:
MOV
MOV

HAHA: JMP

CHECKIN2:
IMP

OPEN: MOV
MOV
DIV
MOV

CL: CLR
SETB
SETB
SETB
CALL
SETB
CLR
SETB
SETB
CALL
SETB
SETB

B,#100D
AB

ACC
A,DIGITI
B,#10D

AB

BA

ACC

AB
B,DIGITDOT
AB
WEIGHT,A
P3.0
DELAY_IMS
P3.0
DELAY_IMS
AP2

AH#1TD
B#2D

AB

B,A
A,WEIGHT
AB
CHECKIN2
A,WEIGHT
A3
DECNUM
AH#1

ARC,A
HAHA

A#3
ARCA

OPEN

CHECKIN1

A #4000H
B,ARC
AB

R7,A

P3.2
P3.3
P3.4
P3.5
DELAY_IS
P3.2
P3.3
P3.4
P3.5
DELAY 1S
P3.2
P3.3



CLR

SETB
CALL
SETB
SETB
SETB
CLR

CALL
DINZ

CHECK: SETB
CALL
CLR
CALL
MOV
SUBB
MOV
DIV

PUSH
SUBB
IC
POP
MOV
JMP

NOMAX:
POP

MAX: MOV
MOV
MOV
MOV
MUL
MOV
DIV
MOV
SUBB
[e
MOV
MOV
DIV
PUSH
MOV
MOV
MOVC
MOV
POP
MOV
DIV
PUSH
MOV
MOV
MOVC
MOV
POP
MOV
DIV

P3.4

P3.5
DELAY IS
P3.2

P3.3

P3.4

P3.5
DELAY IS
R7,CL

P3.0
DELAY_ IMS
P3.0
DELAY IMS
A,P2

A#19D
B,#2D

AB

ACC
A#120D
NOMAX
ACC

AH#O

MAX

ACC

B,A
WEIGHTNOW,A
A,WEIGHT
B,#8D

AB

B, #10D

AB
B,WEIGHTNOW
AB

CLOSE
A,WEIGHTNOW
B,#10D

AB

ACC

AB
DPTR,#TABLE
A,@A+DPTR
NUM 3.A

ACC

B,#10D

AB

ACC

AB
DPTR,4TABLE
A,@A+DPTR
NUM 2A

ACC

B,#10D

AB



PUSH
MOV
MOV
MOVC
MOV
POP
CALL
IMP

CLOSE: MOV
MOV
DIV
MOV

CL1: SEIB
SETB
SETB
CLR
CALL
SETB
SETB
CLR
SETB
CALL
SETB
CLR
SETB
SETB
CALL
CLR
SETB
SETB
SETB
CALL
DINZ

CHECK2:
SETB
CALL
CLR
CALL
MOV
SUBB
MOV
DIV
PUSH
SUBB
JC
POP
MOV
JMP

NOMAX2:
POP

MAX2: MOV
MOV

ACC

AB
DPTR,#TABLE
A@A+DPTR
NUM_1,A
ACC

OUTLED
CHECK

A#2000H
B,ARC
AB

R7,A

P3.2
P3.3

P3.4

P3.5
DELAY 1S
P3.2

P3.3

P3.4

P3.5
DELAY 1S
P3.2

P3.3

P3.4

P3.5
DELAY 1S
P3.2

P3.3

P3.4

P3.5
DELAY 1S
R7,CL1

P3.0
DELAY IMS
P3.0

DELAY IMS
A,P2

A#19D
B,#2D

AB

ACC
A#120D
NOMAX2
ACC

AH0

MAX2

ACC

B,A
WEIGHTNOW,A



MOV
SUBB
IC
MOV
MOV
DIV
PUSH
MOV
MOV
MOVC
MOV
POP
MOV
DIV
PUSH
MOV
MOV
MOVC
MOV
POP
MOV
DIV
PUSH
MOV
MOV
MOVC
MOV
POP
CALL
IMP

CLOSE2:
MOV
MOV
DIV
MOV

CL2:  SETB
SETB
SETB
CLR
CALL
SETB
SETB
CLR
SETB
CALL
SETB
CLR
SETB
SETB
CALL
CLR
SETB
SETB
SETB
CALL

A,WEIGHT
AB

CLOSE2
A,WEIGHTNOW
B,#10D

AB

ACC

AB
DPTR,#TABLE
A,@A+DPTR
NUM 3.A
ACC

B,#10D

AB

ACC

AB
DPTR,4TABLE
A,@A+DPTR
NUM 2,A
ACC

B,#10D

AB

ACC

AB
DPTR,#TABLE
A,@A+DPTR
NUM 1A
ACC

OUTLED
CHECK2

A#2000H
B,ARC
AB

R7,A

P3.2
P3.3
P3.4
P3.5
DELAY 1S
P3.2
P3.3
P3.4
P3.5
DELAY_IS
P3.2
P3.3
P3.4
P3.5
DELAY_IS
P3.2
P3.3
P3.4
P3.5
DELAY 1S



DINZ
JMP

DELAY_IS:
MOV

DELAY IS _I:
MOV
DINZ
DINZ
RET

END

R7,CL2
START

R5,#0FAH

R6,#08H
R6,$
RS,DELAY IS 1

: 250 LOOP

- 4 CYCLE
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National Semiconductor

MM54C922/MM74C922 16-Key Encoder
MM54C923/MM74C923 20-Key Encoder

General Description

These CMOS key encoders provide all the necessary logic
to fully encode an array of SPST switches. The keyboard
scan can be implemented by either an external clock or
external capacitor. These encoders also have on-chip pull-
up devices which permit switches with up to 50 k) on resist-
ance to be used. No diodes in the switch array are needed
to eliminate ghost switches. The internal debounce circuit
needs only a single external capacitor and can be defeated
by omitting the capacitor. A Data Available output goes to a
high level when a valid keyboard entry has been made. The
Data Available output returns to a low level when the en-
tered key is released, even if another key is depressed. The
Data Available will return high to indicate acceptance of the
new key after a normal debounce period; this two-key roll-
over is provided between any two switches.

An internal register remembers the last key pressed even
after the key is released. The TRI-STATE® outputs provide
for easy expansion and bus operation and are LPTTL com-
patible.

Features

50 k) maximum switch on resistance

On or off chip clock

On-chip row pull-up devices

2 key roll-over

Keybounce elimination with single capacitor
Last key register at outputs

TRI-STATE outpust LPTTL compatible
Wide supply range

Low power consumption

3V to 15V

Connection Diagrams

Pin Assignment for
Dual-In-Line Package

Pin Assignment
for SOIC

Pin Assignment for
DIP and SOIC Package
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WS & |- pata a0
ROW Y2 —] LS pataourc i : LLEL, Row Y4 = L pataoutc
L osciLLaTor = ¢ 18 |- xc
0SCILLATOR —- P pataouro YEYBOUNCE MasK=] 7 14} SUTFOTERTEE Row vs 2 LS paraouto
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Top View
P ono 14 L corumn x2
TL/F/6037-1 Order Number MM74C922
Top View TL/F/6037-2
Order Number MM54C922 or Tap Vg
MM74C922 Order Number MM54C923 or
MM74C923
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Absolute Maximum Ratings (ot 1)

If Military/Aerospace specified devices are required,
please contact the National
Office/Distributors for availability and specifications.

Voltage at Any Pin Vece — 0.3Vito Vg + 0.3V

Operating

MM54C922, MM54C923

MM74C

Temperature Range

922, MM74C923

Semiconductor

=55°C to + 125°C
—40°Cto +85°C

Sales

Storage Temperature Range
Power Dissipation (Pp)
Dual-In-Line
Small Outline

Operating Ve Range

Vee

Lead Temperature
(Soldering, 10 seconds)

DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise specified

—65°Cto t+ 150°C

700 mW
500 mW

3Vito 15V
18V

260°C

Symbol I Parameter l Conditions ] Min Typ I Max | Units
CMOS TO CMOS
' Positive-Going Threshold Voltage Voo = 5V, Iy = 0.7 mA 30 3.6 43 \
at Osc and KBM Inputs Voo = 10V, iy = 1.4 mA 6.0 6.8 8.6 \
Voo = 15V, iy = 2.1 mA 9.0 10 12.9 %
Vr— Negative-Going Threshold Voltage Ve = 5V, Iy =2 0.7 mA 0.7 1.4 20 \
at Osc and KBM Inputs Voo = 10V, iy = 1.4 mA 1.4 3.2 4.0 Vv
Vo = 15V, iy 2 21 mA 21 i) 6.0 \%
VING) Logical “1” Input Voltage, Ve = 5V 35 4.5 \
Except Osc and KBM Inputs Voo = 10V 8.0 9 Vv
Vee = 15V 12.5 13.5 v
ViN) Logical “0" Input Voltage, Vce = 5V 0.5 1.5 "
Except Osc and KBM Inputs Voo =10V 1 2 "
Vg = 15V 1.5 25 %
Ip Row Pull-Up Current at Y1, Y2, Voe = 5V, Vin = 0.1 Ve g =5 nA
Y3, Y4 and Y5 Inputs Vge = 10V —1o WU uA
Voo = 15V —22 —45 uA
Vout() Logical “1" Output Voltage Vo = 5V, lp = —10 pA 45 \
Voo = 10V, lp = —10 nA 4 \
MoeElloWle = 10 ui 18.9 1
Vour(o) Logical “0"" Output Voltage Voo = 5V, lp = 10 A 0.5 \Y
Ve = 10V, lp = 10 nA 1 \
Vee = 15V, 1o = 10 A 1.5 \
Ron Column “ON" Resistance at Voo = 5V, Vo = 0.5V 500 1400 O
X1, X2, X3 and X4 Outputs Vceo = 10V, Vo = 1V 300 700 0
Voo = 18V, Vg = 1.5V 200 500 0
lcc Supply Current Voo = 5V 0.55 1) mA
Osc at0V, (one Y low) Voo = 10V 1.4 1.9 mA
Vgg = 15V A% 2.6 mA
N Logical “1" Input Current Voo = 15V, Vjy = 15V
at Output Enable & 0 iy &
lIN(o) Logical “0" Input Current Voo = 15V, Viy = OV & a
at Output Enable i b.00g e
CMOS/LPTTL INTERFACE
VING1) Logical “1” Input Voltage, 54C, Voo = 4.5V Vies 1.5 \
Except Osc and KBM Inputs 74C, Vg = 4.75V Ve — 1.5 %
ViN() Logical “0” Input Voltage, 54C, Voo = 4.5V 0.8 \
Except Osc and KBM Inputs 74C, Vg = 4.75V 0.8 \
Vout() Logical “1" Output Voltage 54C, Vgc = 4.5V
2.4 \
lo = —360 uA
74C,Vge = 4.75V
lo = —360 uA . 3¢
Vour(o) Logical “0" Output Voltage 54C, Vg = 4.5V
0.4 \
lo = —360 nA
74C, Vg = 4.75V
lo = —360 A 94 J

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “'‘Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.




DC Electrical Characteristics

Min/Max limits apply across temperature range unless otherwise specified (Continued)

Symbol l Parameter l Conditions l Min l Typ ] Max Units
QUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current)
ISOURCE Output Source Current Vce = 5V, Vout = 0V, o ot
(P-Channel) T = 25°C e = o
ISOURCE Output Source Current Vce = 10V, VouTt = 0V, _8 S A
(P-Channel) Ta =25C
ISINK Output Sink Current Vce = 5V, Vout = Ve
(N-Channel) Ta = 25°C 1.78 28 A
ISINK Output Sink Current Vce = 10V, Vout = Ve, 8 16 mA
(N-Channel) Ta=25C
AC Electrical Characteristics™ Ta = 25°C, C_ = 50 pF, unless otherwise noted
Symbol Parameter Conditions Min Typ Max Units
tpdos tpd1 Propagation Delay Time to C_ = 50 pF (Figure 1)
Logical “0" or Logical “1” Vce = 5V 60 150 ns
from D.A. Voo = 10V 35 80 ns
Voo = 158V 25 60 ns
toH, t1H Propagation Delay Time from R = 10k, C_ = 10 pF (Figure 2)
Logical “0" or Logical “1" Vce = 5V, R = 10k 80 200 ns
into High Impedance State Ve =10V, C| %10 pE 65 150 ns
Vee = 15V 50 110 ns
tHo, tH1 Propagation Delay Time from Ry = 10k, C_ = 50 pF (Figure 2}
High Impedance State toa Vec =56V, Ry = 10k 100 250 ns
Logical “0" or Logical “1” Vce = 10V, Cp = 50 pF 85 125 ns
Veo = 15V 40 90 ns
CiNn Input Capacitance Any Input (Note 2) 5 75 pF
Cout TRI-STATE Output Capacitance Any Output (Note 2) 10 pF

*AC Parameters are guaranteed by DC correlated testing.

Note 1: “Absolute Maximum Ratings™ are those values beyond which the safety of the device cannot be guaranteed. Except for “"Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: Capacitance is guaranteed by periodic testing.

Switching Time Waveforms

ANY KEY

ANY OTHER
KEY

DATA
AVAILABLE

DATA
OUTPUT

Vee
Vee ————w “ ' ”——
0
T l‘ gl Pl
2o
3 |
Vee
05 Vgg 0.5 Vee \
0 |
— ’. —~— Tyd1

: td0

Vee
0.5 Vg

0

W

0.5Vge

TL/F/6037-3

T1 = T2 = RC, T3 = 0.7 RC, where R = 10k and C is external capacitor at KBM input

FIGURE 1

0.5 Ve

~— 104

——— — —

DATA OUT ( { TRISTATE
10%
VoL

Vee
TPUT v
ENABLE 05 Vee
0
HH
Vi
°" 90%
DATA OUT TRISTATE
0
TL/F/6037-4
FIGURE 2




Block Diagram

10k

JATA AVAILABLE

DATA
0SCEXTC l AVAILABLE
0R CLOCK

TRI-STATE

2817 INHIBIT KEY BOUNCE e CONTROL
COUNTER < ELIMINATION ‘j ST
I_sxrn ENABLE
i {>c
3
I__g Ls3
—oO0a
. - o cK
2704 DECODER
ACTIVE LOW OUTPUTS |
0
X4 J)xa (sz J)n Vee gg[“ :
o
—cK
) o~ I L INTERNAL
S e L] b
o = = & D
7 6 5 4
) sy e S [ —E%—OE ouTeuTS
ol Se K, Lk o cx
n @10 [ @ ' Q.
SPST \O '\o ENCODING
SWITEH Y3 LocIc L
o e So—0—¢ AND )
1 u o 13 12 2.KEY
“\O— .\O— "\O— 7. I—'\N\v—< ROLL OVER ) —O0D
Ne- Se- SNo—0 »— CK
13 @B 17 @6
\o-; ’\o—\ >\o—\- § o
> = & 0
ARRAY L\ f, Y
TL/F/6037-5
Truth Table
Switch 0 1 2 3 4 5 6 7 8 9 10 11 121181 M4/ b 16 17 18 19

Position [Y1,X1 Y1,X2 Y1,X3 Y1,X4 Y2X1 Y2,X2 Y2X3 Y2,X4 Y3,X1 Y3,X2 Y3 X3 Y3,X4 Y4,X1 Y4X2 Y4X3 Y4,X4 Y5*X1 Y5 X2 Y5°X3 Y5 X4

*

[cleoNoloNe]
[eNeNeNe
[eNeNalb o]
[=NeNoREap
=Nl =N}
OO =0 =

HCO P> AP
moomw>»

(=R = R =]

OO =
oO—+-000
OO0 =
S-S, &
O+ ofR .

e+ ADG

9
0
1
1
0

oo

of o L=

- 0000

S~ OO0

<O O 2 Q
- O O

*Omit for MM54C922/MM74C922




Typical Performance Characteristics

Typical lrp vs Viy at

Any Y Input
30
Ta=257C
5 —— Vpp = 18V
= s
= V4
-
o
a
e
i
= | VEC-IOV%
2
=
o
2
Vee =5V
10 15
Vee - Vin
TL/F/6037 -6
Typical Fscan vs Cosc
10k
NG i
il
N
Ik
= 1 t
T 1S T
=4 1 1
< ]
2
< N
100 E ,
i HC
1T b’ T N
‘ ! m
10 :
0.01 0.4 1 10
Cosg (kF)

Typical Applications

Synchronous Handshake (MM74C922)

llnt
MM74C922 =
xa KBM
X3
0
 x2
c
—x i TO DATA BUS
32110 Y1
a
7{6]s5]4 v2 ol
MM74
BlAajsfs Y3 = TACTE
flefolc Y4
0sc 0E i}
SYSTEM
CLOCK p= €K g
(SEENOTE3) |
- D

TL/F/6037-8

DATA AVAILABLE
(INVITATION)

ENABLE QUTPUT
{RESPONSE)

TL/F/6037-1C

Typical Rgn vs Vour at

Any X Output

i fVee=v Ta=125°C
S s
e
=
2 /
w25
g
E [
]
E a5 l i
E 1
o
St / // 10V
=2
o 05 ; —15V
o '4

0

[} 5 16 15
Vout (V)

TL/F/6037-7

Typical Debounce Period

vs CkBM
1
a 4 i)
a LTI
=
a
a
a 0.1 —
= e 4
aQ T 4 iy
= T
w
o
w
g oo
3
a |
a
0.001
01 1 10 100

Cyam (wF)

TL/F/6037-9

Synchronous Data Entry Onto Bus (MM74C922)

_"'L'mc
=T

MM74C022
Xa KBM
X3
X2 2
| x1 >
e ==
B f—>p
3f2{1]c Y1 i
716|5}4 v2 ’
DA
Blaja|s Y3
Flejo]c Y4
asc 0E
SYSTEM
CLOCK P>
(SEE NOTE 3)

:?I_"_'c

TO DATA BUS

DATA AVAILABLE

TL/F/6037-11

Outputs are enabled when valid entry is made and
go into TRI-STATE when key is released.

Note 3: The keyboard may be synchronously scanned by omitting the capacitor at osc. and driving osc. directly if the system clock rate is lower than 10 kHz.
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Typical Applications (continued)

Asynchronous Data Entry Onto Bus (MM74C922)

1 10C
-

MM74C922
x4 KBM
X3
A p——
x2 3
|——eeeeepy
| — x - T0 DATA BUS
L
3f2]11o vi .
—_—’
1]6]s5]4 Y2
DA DATA AVAILABLE
Blals]s Y3
Flefo]c Y4
osc] 0E
A0
4 1/6 74C04 TL/F/6037-12

Outputs are in TRI-STATE until key is pressed, then data is placed on bus.
When key is released, outputs return to TRI-STATE.

Expansion to 32 Key Encoder (MM74C922)

+5V

| MM74c922
X e
;i &5 ic 1]_»1oc
v X4 DA |— DATA AVAILABLE
ol1]2]3 1 Ao
is]6]7 Y2 g o1
8|9 jiofn XS cf—> o2 o
12 |13 |14 |15 Y4 b pf—> D3 (BUS
— T T F Y i
20 [ 21 [22 23 | ¥i
24 25 |26 |27 g,.—.) S
28 [ 29 | 30 | 31 lwuczo
22 0B $ 100 ka
Vee TL/F/6037-13
Theory of Operation

The MM74C922/MM74C923 Keyboard Encoders imple-
ment all the logic necessary to interface a 16 or 20 SPST
key switch matrix to a digital system. The encoder will con-
vert a key switch closer to a 4(MM74C922) or
5(MM74C923) bit nibble. The designer can control both the
keyboard scan rate and the key debounce period by altering
the oscillator capacitor, Cosg, and the key bounce mask
capacitor, Cpsk. Thus, the MM74C922/MM74C923’s per-
formance can be optimized for many keyboards.

The keyboard encoders connect to a switch matrix that is 4
rows by 4 columns (MM74C922) or 5 rows by 4 columns
(MM74C923). When no keys are depressed, the row inputs
are pulled high by internal pull-ups and the column outputs
sequentially output a logic “0”. These outputs are open
drain and are therefore low for 25% of the time and other-
wise off. The column scan rate is controlled by the oscillator
input, which consists of a Schmitt trigger oscillator, a 2-bit
counter, and a 2—4-bit decoder.

When a key is depressed, key 0, for example, nothing will
happen when the X1 input is off, since Y1 will remain high.
When the X1 column is scanned, X1 goes low and Y1 will go
low. This disables the counter and keeps X1 low. Y1 going

low also initiates the key bounce circuit timing and locks out
the other Y inputs. The key code to be output is a combina-
tion of the frozen counter value and the decoded Y inputs.
Once the key bounce circuit times out, the data is latched,
and the Data Available (DAV) output goes high.

If, during the key closure the switch bounces, Y1 input will
go high again, restarting the scan and resetting the key
bounce circuitry. The key may bounce several times, but as
soon as the switch stays low for a debounce period, the
closure is assumed valid and the data is latched.

A key may also bounce when it is released. To ensure that
the encoder does not recognize this bounce as another key
closure, the debounce circuit must time out before another
closure is recognized.

The two-key roll-over feature can be illustrated by assuming
a key is depressed, and then a second key is depressed.
Since all scanning has stopped, and all other Y inputs are
disabled, the second key is not recognized until the first key
is lifted and the key bounce circuitry has reset.

The output latches feed TRI-STATE, which is enabled when
the Output Enable (OE) input is taken low.




@ MOTOROLA

OCTAL BUFFER/LINE DRIVER
WITH 3-STATE OUTPUTS

The SN54/74L.S540 and SN54/74L.S541 are octal buffers and line drivers
with the same functions as the LS240 and LS241, but with pinouts on the
opposite side of the package.

These device types are designed to be used as memory address drivers,
clock drivers and bus-oriented transmitters/receivers. These devices are
especially useful as output ports for the microprocessors, allowing ease of
layout and greater PC board density.

Hysteresis at Inputs to Improve Noise Margin

PNP Inputs Reduce Loading

3-State Outputs Drive Bus Lines

Inputs and Outputs Opposite Side of Package, Allowing Easier
Interface to Microprocessors

Input Clamp Diodes Limit High-Speed Termination Effects

LOGIC AND CONNECTION DIAGRAMS DIP (TOP VIEW)
SN54/74L.S540
Voc

(0[] [18][7][1e1[15][14][*3][12] [1]

¥

Leleflsllells]lellz]elle] \é%
Ve SN54/74LS541

[20]1[we] (el 7161151 [+a]x3][ 2] [1]

>

Lol flellells]lellz]lelle]lto]
GND

GUARANTEED OPERATING RANGES

SN54/74L.S540
SN54/74L.S541

OCTAL BUFFER/LINE DRIVER
WITH 3-STATE OUTPUTS

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 732-03

20

N SUFFIX
PLASTIC
CASE 738-03

DW SUFFIX
SOIC
CASE 751D-03

ORDERING INFORMATION

SNS4LSXXXJ Ceramic
SN74LSXXXN  Plastic
SN74LSXXXDW SOIC

Symbol Parameter Min Typ Max Unit

Vce Supply Voltage 54 4.5 5.0 5.5 Vv
74 4.75 5.0 5.25

TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70

IOH Output Current — High 54 -12 mA
74 -15

loL Output Current — Low 54 12 mA
74 24

FAST AND LS TTL DATA

5-1




SN54/74LS540 e SN54/74LS541

BLOCK DIAGRAM

LS540 LS541
(1) 1)
o DS "] -
E2 E2 INPUTS OUTPUTS
r______i FE e E E 540 | LS541
' | o] 1 |E2|D|Ls
2 (18 @ ( L (18
D4 i) Y1 D4 g Y1 ==l il H L H
B L EEEE X [H X[ z z
Dy — _||—Y2 Dy = = Gl L
l_ ARl il I |_ s SR &
ﬂ‘Q | e ! !16) §4) | I !16) L = LOW Voltage Level
D3 i Y3 O3 i Y3 H = HIGH Voltage Level
5 e (15 5 St = 15 X = Immaterial
D4 LL1 ) Y4 D4 IJ—) Y4 Z =High Impedance
Tl et e g | R
e S ps & - (14) o
i1y [Emers fm g E @ NSNS
De Y6 0 Y6
o, 8 | sahralesiie) ® | I
7 D7
9 e 1 9 —_—
Dg BE J| (M) vg s L _____ _,l Ve
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
VIH Input HIGH Voltage 2.0 \ All Inputs
54 0.7 Guaranteed Input LOW Voltage for
ViL Input LOW Voltage = = \ Al Inputs
Vik Input Clamp Diode Voltage -0.65 | -1.5 \" Voe =MIN, |y =—18 mA
54,74 24 3.4 \% Vee =MIN, Igyg =-3.0mA
VoH Output HIGH Voltage
54,74 2.0 \% Vcce = MIN, Ioy = MAX, V)L =05V
54,74 0.25 0.4 v loL =12 mA Ve = Vee MIN,
VoL Output LOW Voltage VIN =V orViH
74 0.35 0.5 V loL=24 mA per Truth Table
VT+-VT_ | Hysteresis 0.2 0.4 ¥ " | YeTpMIN
I0ZH Output Off Current HIGH 20 pA | Voo =MAX, Vout=27V
lozL Output Off Current LOW -20 pA | Voo =MAX, VouT =04V
20 pA Vec=MAX, VIN=27V
lIH Input HIGH Current
0.1 mA Vcec=MAX,VIN=7.0V
L Input LOW Current -0.2 mA Vce = MAX, VIN=04V
los Short Circuit Current (Note 1) -40 -225 mA Ve = MAX
Power Supply Current o
Total, Output HIGH LS540 25
LS541 32 mA
I LS540 45 mA Vee = MAX
6c Total, Output LOW e
LS541 52 mA
LS540 52 mA
Total Output 3-State
LS541 55 mA

Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.

FAST AND LS TTL DATA
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SN54/74LS540 « SN54/74L.S541

AC CHARACTERISTICS (Tp =25°C)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH LS540 9.0 15
PLH Propagation Delay, LS541 12 15 =
t LS541 12 18 Vec =90V
bl CL =45pF
Output Enable Time LS540 15 25 R =667 Q
tPZH to HIGH Level T T = ns
: Output Enable Time LS540 20 38
PZL to LOW Level LS54 20 38 [s
; Output Disable Time LS540 10 18
Ehz to HIGH Level LS521 10 18 ne
CL=5.0pF
. Output Disable Time LS540 15 25
ELZ to LOW Level LS521 15 29 B
AC WAVEFORMS
Vee
RL
SWi1
TO OUTPUT
UNDER TEST
'A'AY
5kQ
I cL SW2
Vg = =
15V 1.9V
VE
tpzL tpLz
Vout 15V =15V
o VoL
05V SWITCH POSITIONS
Figure 3 SYMBOL SwW1 sw2
o tpzH Open Closed
VE tpzL Closed Open
15V 15V
VE 22 tpLz Closed Closed
tPzH tPHZ
e N 2VoH tPHZ Closed Closed
Vout 15V Fzmv
05V
Figure 4 Figure 5
FAST AND LS TTL DATA
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LF351 Wide Bandwidth JFET Input Operational Amplifier

General Description

The LF351 is a low cost high speed JFET input operational
amplifier with an internally trimmed input offset voltage
(BI-FET |IT™ technology). The device requires a low supply
current and yet maintains a large gain bandwidth product
and a fast slew rate. In addition, well matched high voltage
JFET input devices provide very low input bias and offset
currents. The LF351 is pin compatible with the standard
LM741 and uses the same offset voltage adjustment circuit-
ry. This feature allows designers to immediately upgrade the
overall performance of existing LM741 designs.

The LF351 may be used in applications such as high speed
integrators, fast D/A converters, sample-and-hold circuits
and many other circuits requiring low input offset voltage,
low input bias current, high input impedance, high slew rate
and wide bandwidth. The device has low noise and offset
voltage drift, but for applications where these requirements
are critical, the LF356 is recommended. |f maximum supply

current is important, however, the LF351 is the better
choice.

Features

m Internally trimmed offset voltage 10 mV
® Low input bias current 50 pA
m Low input noise voltage 25 nV/yHz
= Low input noise current 0.01 pA/yHz
m Wide gain bandwidth 4 MHz
m High slew rate 13 V/us
m Low supply current 1.8 mA
®m High input impedance 10120
m Low total harmonic distortion Ay=10, <0.02%

R =10k, Vo =20 Vp-p, BW=20 Hz-20 kHz

m Low 1/f noise corner 50 Hz
m Fast settling time to 0.01% 2 us

Typical Connection
Re
__—«M_.._.___

~Vee

TL/H/5648-11

Connection Diagrams

Simplified Schematic

Yee ©

INTERNALLY
TRIMMED

INTERNALLY
TRIMMED

~Vee O

TL/H/5648-12

Dual-In-Line Package

1 A\ 8
BALANCE —] — NC
2
INPUT — — v*
3 6
INPUT — — ouTPUT
ot 5
v — — BALANCE

TL/H/5648-13

Order Number LF351M or LF351N
See NS Package Number MO8A or NOSE

©1995 National Semiconductor Corporation
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage +18V
Power Dissipation (Notes 1 and 6) 670 mW
Operating Temperature Range 0°Cto +70°C
TiMAX) 115°C
Differential Input Voltage +30V
Input Voltage Range (Note 2) +15V
Output Short Circuit Duration Continuous

Storage Temperature Range —65°C to +150°C

Lead Temp. (Soldering, 10 sec.)

Oia
N Package 120°C/W
M Package TBD
Soldering Information
Dual-In-Line Package
Soldering (10 sec.) 260°C
Small Outline Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

ESD rating to be determined.

Metal Can

DIP

300°C
260°C

DC Electrical Characteristics mote3)

Symbol Parameter Conditions LESs] Units
Min Typ Max
Vos Input Offset Voltage Rs =10k}, To = 25°C 5 10 mV
Over Temperature 13 mV
AVpg/AT A =1
0s verage TC of Input Offset Rg=10kQ 10 LV/°C
Voltage
los Input Offset Current Tj = 25°C, (Notes 3, 4) 25 100 pA
T;< 70°C 4 nA
Is Input Bias Current Tj = 25°C, (Notes 3, 4) 50 200 pA
Tj< 270°C 8 nA
Rin Input Resistance Tj=25C 1012 0
AvoL Large Signal Voltage Gain Vg= %15V, Tp=25°C 25 100 V/mV
Vo=*10V, R .=2kQ
Over Temperature i1.5. V/mV
Vo Output Voltage Swing Vg= 115V, R =10 kQ L +13 4 \
Vem Input Common-Mode Voltage +1§ Y
Range Vg=+15V +11
—-12 \"
CMRR Common-Mode Rejection Ratio Rs<10kf) 70 100 dB
PSRR Supply Voltage Rejection Ratio (Note 5) 70 100 dB
Is Supply Current 1.8 34 mA




AC Electrical Characteristics (Note 3)

LF351
Symbol Parameter Conditions Units
Min Typ Max
SR Slew Rate Vg=*15V, Tp=25°C 13 V/us
GBW Gain Bandwidth Product Vg=+15V, Tp=25°C 4 MHz
en Equivalent Input Noise Voltage Ta=25°C, Rg=1000, 25 v/ Fz
f=1000 Hz
in Equivalent Input Noise Current Tj=25°C, f=1000 Hz 0.01 pA/yHz

Note 1: For operating at elevated temperature, the device must be derated based on the thermal resistance, 6 a.
Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.
Note 3: These specifications apply for Vg=+15V and 0°C<Ta<+70°C. Vs, |g and Ipg are measured at Voy=0.

Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to the limited
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pp. Tj=Ta+6ja Pp where 6ja is the thermal resistance from junction to ambient. Use of a heat sink is

recommended if input bias current is to be kept to a minimum.

Note 5: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. From

+15Vto +5V.

Note 6: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate
outside guaranteed limits.




Application Hints (Continued)

common-mode range again puts the input stage and thus
the amplifier in a normal operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both
inputs exceed the limit, the output of the amplifier will be
forced to a high state.

The amplifier will operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increase in input offset voltage
may occur.

The LF351 is biased by a zener reference which allows nor-
mal circuit operation on =4V power supplies. Supply volt-
ages less than these may result in lower gain bandwidth and
slew rate.

The LF351 will drive a 2 k2 load resistance to +10V over
the full temperature range of 0°C to +70°C. If the amplifier
is forced to drive heavier load currents, however, an in-
crease in input offset voltage may occur on the negative
voltage swing and finally reach an active current limit on
both positive and negative swings.

Precautions should be taken to ensure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed back-

Detailed Schematic

Vec O— S

wards in a socket as an unlimited current surge through the
resulting forward diode within the IC could cause fusing of
the internal conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize “pick-up’ and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capaci-
tance from the input of the device (usually the inverting in-
put) to AC ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin.
However, if the feedback pole is less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole time
constant.

< a8
an
as b
RS
| 4 o2
7 ¢4
a7 e—OVg
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S 20k
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