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AUTOMATIC ROUTH TRACKING SYSTEM

Mongkhol Puhattasuan

Satit Khamphet

Surapan Airphaiboon(Advisor)
2001

ABSTACT

The Pocket Personal Computer is possibly applied in the control system. This project uses
visual basic programming language to draw a map of defined path for robot’s motion. User directly
draw a map on Pocket Personal Computer ‘s monitor screen . The robot uses 2 direct current motors

for moving. All devices in this project are controlled by the 89C51 micro controller.
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Ry = (Voo =Vee )/ Ie

R,=(5-2)/100 uA

R, =30 KQ

Voo 1V 2V 3V 4V 5V
R,=1K | Vwhite 4.7V 4.7V 4.7V 4.7V 47V
V black 4.7V 47V 47V 47V 47V
R,=5.6K | Vwhite 46V 4.4V 42V 42V 38V
V black 4.6V 4.4V 42V 4.6V 40V
R,=10K | V white 4.4V 42V 3.8V 36V 34V
V black 4.4V 42V 42V 42V 42V
R,=20K | Vwhite 40V 3.7V 3.0V 3.0V 25V
V black 4.2V 42V 4.0V 4.0V 36V
R,=30K | Vwhite 3.8V 3.2V 26V 1.5V 0.5V
V black 40V 4.0V 39V 3.7V 35V
R,=47K | Vwhite 3.2V 2.8V 1.8V 0.6V 06V
V black 3.0V 2.8V 2.4V 20V 1.2V

e W\ 1V 2V 3V 4V 5V
Ibias VR, oV 0.6V 1.8V 2 N 3.6V
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Ibias = (VR,/100)
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R, AV = (Vblack - V white)

R, = 1K 0 0 0 0 0
R,= 5.6K 0 0 0 0.4 02
R, = 10K 0 0 0.4 0.6 0.8
R,= 20K 0.2 0.5 1 1 1
R,= 30K 0.2 0.8 1.3 2.2 3
R,= 47K 0.2 0 0.6 1.4 0.6
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Inputs Function
C=H ; D=L Forward
Ve = H C=L-; D=H Reverse
C=D Fast Motor Stop
V., =L C=X ; D=C Free Running Motor Stop
H=High(1) L=Low (0)
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Option Explicit

Private bExit As
MenuBarLib.MenuBarButton

Private SigOldX, SigOldY, SigMoves,
SigCounter As Integer

Private SigData As String

Dim Instring As String

Private BuffStore(0) As String

Dim BUFFER As Variant

Dim PressMouse As Boolean

Dim A As Integer, B As Integer

Dim Aa As Integer, Bb As Integer
Dim C As Integer, D As Integer

Dim P As Integer, Q As Integer

Dim Pp As Integer, Qq As Integer
Dim N(10) As Integer, M(10) As String
Dim I As Integer, ARR As Integer
Dim J As Integer, K As Integer

Dim G As Integer, F As Integer

Dim S As String, T As String

Dim E As Integer, Z As Integer

Private Sub Form_Load()
Set bExit = MenuBar.Controls.AddButton
("bEXxit")
bExit.Caption = "Exit"
ClearButton_Click
Comma1.Settings = "9600,N,8,1"

Comm!1.CommPort =1

Comm1.PortOpen = True
Comml.InputLen = 1
[=0
J=1
F=0

End Sub

Private Sub Labell Click()

End Sub

Private Sub MenuBar ButtonClick(ByVal

Button As MenuBarLib.MenuBarButton)
App.End

End Sub

Private Sub ClearButton_Click()
SignatureBox.Cls
SignatureBox.ForeColor = &HDDDDFF
SignatureBox.ForeColor = &HO0
SigMoves =0

Z=0

F=0

Textl.Text=""
Text2. Text=""
End Sub

Private Sub SignatureBox_MouseDown

(ByVal Button As Long, ByVal Shift As



Long, ByVal x As Double, ByVal y As
Double)
A=y
B =x
Aa=y
Bb=x
PressMouse = True
End Sub
Private Sub SignatureBox_MouseMove
(ByVal Button As Long, ByVal Shift As
Long, ByVal x As Double, ByValy As
Double)
If PressMouse Then
SignatureBox.DrawLine B, A, x, y,
&HFF&
P = Abs(y - Aa)/8
Q= Abs(x-Bb) /12
Pp=(y-Aa)/8
Qq=(x-Bb)/12
D = Round(P)
C = Round(Q)
B=x
A=y
Textl. Text=C
Text2.Text=D
End If
End Sub
Private Sub SignatureBox_MouseUp(ByVal
Button As Long, ByVal Shift As Long,

ByVal x As Double, ByVal y As Double)

If C>D Then
N(I) = C 'MOVE DISTANT X TO
ARRAY
IfQq <0 Then'X
If M(I - 1) ="U" Then
M(I) ="L" 'MOVE DIRECTION
(LEFT) TO ARRAY
Elsc
M(D) = "R"
End If
Else
If M(I - 1) = "U" Then
M(I) ="R" 'MOVE DIRECTION
(RIGHT) TO ARRAY
Else
M(I) ="L"
End If
End If
Else
N(I) =D 'MOVE DISTANTY TO
ARRAY
IfPp<0Then 'Y
M(I) = "U" 'MOVE DIRECTION
(UP) TO ARRAY
Else
M(I) ="D" 'MOVE DIRECTION
(DOWN) TO ARRAY
End If



End If Comm1.OutBufferCount =0

PressMouse = False BUFFER ="T"
Lnd Sub Comm1.Output = BUFFER
Privatc Sub Commandl_Click() i Elsc
ARR =1 . Comm1.0OutBufferCount = 0
Comm1.OutBufferCount =0 BUEEER = "S"
BUEEER =T Comm!.Output = BUFFER
Comm1.Output = BUFFER End If
Call CHECKRUN Loop While (F + 1) <N(J)
Call CHECKIN . Instring = "S"
End Sub End Sub
Public Sub CHECKIN() Public Sub CHECKRUNI()
J=1 F=2
Do While ARR >] Do While F < N(J)
If Instring = "S" Then Instring = Comm1.Input
J=J+1 If Instring = "T" Then
Call CHECKDIR F=F+1
Call DELAY Comm]1.OutBufferCount = 0
Comm1.OutBufferCount = 0 BUFFER = "T"
BUFFER ="T" Comm1.Output = BUFFER
Comm1.Output = BUFFER Else
Call CHECKRUNI1 Comm1.0OutBufferCount = 0
End If BUFFER ="S"
Loop Comm1.Output = BUFFER
End Sub End If
Public Sub CHECKRUN() Loop
Do Instring = "S"
Instring = Comm1.Input End Sub
If Instring = "T" Then Public Sub DELAY()

F=F+1 Do



Instring = Comm1.Input
Loop While Instring = "S"
End Sub
Public Sub CHECKDIR()
G=J-1
If M(G) = "U" Then
If M(J)="L" Then
Comm1.OutBufferCount = 0
BUFFER ="L"
Comm1.Output = BUFFER
Else
Comm1.OutBufferCount = 0
BUFFER ="R"
Comm].Output = BUFFER
End If
Elsc
If M(G) ="D" Then
If M(J) ="L" Then
Comm1.OutBufferCount = 0
BUFFER ="R"
Comm!.Output = BUFFER
Else
Comm1.OutBufferCount = 0
BUFFER ="L"
Comm].Output = BUFFER
End If
Else
If M(G) = "L" Then
If M(J)="U" Then

Comm1.OutBufferCount =0

BUFFER ="R"
Comml.Output = BUFFER
Else
Comm1.OutBufferCount = 0
BUFFER ="L",
Comm1.Output = BUFFER
End If
Else
If M(G) = "R" Then
If M(J) = "U" Then
Comm1.OutBufferCount =0
BERERER): "T=4
Comml.Output = BUFFER
Else
Comm!.OutBufferCount =0
BUFFER'= "R"
Comm1.Output = BUFFER
End If
End If
End If
End If

End If
End Sub
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ORG 0000H
MAIN:

MOV SCON,#52H
MOV TMOD.,#20H
MOV TH1,#0FDH
MOV RO,#00H
MOV R1,#00H
MOV R2#00H
SETB TR1

MOV P1#0FFH
MOV P2 #0FFH
MOV A #00H
MOV SBUF,A
JNB TL$

CLR TI

START:

MOV RO,#10H
JNB RL$

MOV A,SBUF

CLR RI

« 3k sk sk sk sk sk ok ok ok sk ok ok ok ok sk ok ok sk ok ok skok ok skokokokoskokosk sk ok sk ok k
5

%k sk kskokoskosk sk ok kok sk ok sk kkk

CINE A#L',L31
CALL DELAY4
CALL DELAY4
CALL DELAY4
CALL DELAY4
MOV P2,#00001010B
CALL DELAY4
CALL DELAY4
CALL DELAY4

CALL DELAY4

CALL DELAY4
CALL DELAY4
CALL DELAY4
CALL DELAY4
MOV P2,#0FFH
CALL DELAY4
CALL DELAY4
CALL DELAY4
CALL DELAY4
LIMP STOP
L31:CJNE A#R',STOP

MOV P2 #0FFH
CALL DELAY4
CALL DELAY4
CALL DELAY4
CALL DELAY4
MOV P2,#00000101B
CALL DELAY4
CALL DELAY4
CALL DELAY4
CALL DELAY4
CALL DELAY4
CALL DELAY4
CALL DELAY4
CALL DELAY4
MOV P2 #0FFH
CALL DELAY4
CALL DELAY4
CALL DELAY4
CALL DELAY4

« 3k 3k ok 3k sk sk ok ok ok sk ok ok skok ok sk sk ok k ok ok
s

STOP:



CINE A #S',CHECK
MOV P2,#0FFH
MOV A#S'
MOV SBUF,A
INB TL$
CLR TI
LIMP START
R ———
CHECK:MOV P2,#00001001B
CALL DELAY4
CALL DELAY4
RUN:INB P1.3,F5
CALL F1
CALL F3
MOV P2,#00001001B
CALL DELAY!I
SIMP RUN
F5: JB P1.2,F9
F10:DEC RO
CINE RO,#00H,F6
MOV P2,#0FFH
CALL DELAY4
CALL DELAY4
CALL DELAY4
CALL DELAY4
MOV A AT
MOV SBUF,A
INB TL$
CLR TI
LIMP START

« % 3k ok ok ok ok skok ok kok sk osk skok sk kk kok
’

F6:CALL F7

LIMP STOP
e ——
F1:JB P1.0,F2

MOV P2,#00000000B

CALL DELAY]

SIMP F1
F2:RET
T ——
F3:JNB P1.1,F4

MOV P2,#00000000B

CALL DELAY]1

SIMP F3
F4:RET
S
F7:JB P1.2,F8

MOV P2,#00001001B

CALL DELAY]

SIMP F7
F8:MOV P2,#00001001B

RET
R
F9:MOV P2,#00001101B

CALL DELAYS

MOV P2,#00001001B

JB P1.2,F9

LIMP F10
T ———
DELAY1:MOV R5#0AH
DELAY2:MOV R6,#0AH
DELAY3:DINZ R6,DELAY3

DINZ R5,DELAY2
RET



<ok sk ok sk oK ok ok sk ook oKk ok sk ok ok skok
bl

DELAY4:MOV RS5,#00H
DELAY5:MOV R6,#0BH
DELAY6:MOV R7,#0BH
DELAY7:DINZ R7,DELAY7

DINZ R6,DELAY6

DJNZ R5,DELAYS

RET:
R
DELAY8:MOV R5.#02H
DELAY9:MOV R6,#02H
DELAYA:DJNZ R6,DELAY A

DJNZ R5,DELAY9

RET

END
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L298

DUAL FULL-BRIDGE DRIVER

s OPERATING SUPPLY VOLTAGE UP TO 46 V

= TOTAL DC CURRENT UPTO 4 A

= LOW SATURATION VOLTAGE

s OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuit in a 15-
lead Multiwatt and PowerSO20 packages. It is a
high voltage, high current dual full-bridge driver de-
signedto acceptstandard TTL logiclevels and drive
inductive loads such as relays, solenoids, DC and
steppingmotors. Two enableinputs are provided to
enableor disable the deviceindependentlyof the in-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

y
"ﬁm.
~NZ

PowerS0O20

Multiwatt15

ODRDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (PowerS020)

nectionof an externalsensing resistor. An additional
supplyinputis provided so that the logic works at a
lower voltage.

ouT3 OUTs

1 2 3 &
int? Iné
s i 24 o

1 F
in2 In3
o—4~ o]
EnA EnB
o168 " ‘2)
1 15
SENSE AO——4% I b— O SENSE B e
L]:SA Rsg
Jenuary 2000 113




L298

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Power Supply 50 \Y
Vss Logic Supply Voltage i Vv

V},Ven Input and Enable Voltage -0.3to 7 Vv
lo Peak Output Current (each Channel)
— Non Repetitive (t = 100ys) 3 A
—Repetitive (80% on -20% off; ton = 10ms) 25 A
—DC Operation 2 A
Vsens Sensing Voltage -1102.3 \
Ptot Total Power Dissipation (Tcase = 75°C) 25 W
Top Junction Operating Temperature —251t0 130 °C
Tstg, Tj Storage and Junction Temperature —40 to 150 €
PIN CONNECTIONS (top view)
/ j ~=< 15 CURRENT SENSING B
gzl 11— = W~ OUTRUT 4
‘@' 13 Loy OUTPUT 3
gk Coo e 3, (NPUT 4
1w e v ENABLE B
10 ==r2Z T 5 o AINRUT 3
9 Fasrai oy LOGIC SUPPLY VOLTAGE Vgg
TVIultiwatt15 P —
7 ety INPUT 2
6 "> ENABLEA
SAIRAAAATTY INPUT 1
4 3 SUPPLYVOLTAGE Vg
fh < SN OUTPUT 2
W 2 T T3 oUTPUTH
\ I‘ A )| O — CURRENT SENSING A
Z TAB CONNECTED TO PIN 8 DY95IN240A
/
GND [ 1 20 1 GND
SenseA [ 2 19 ] SenseB
N.C——]*3 183 =] N.C.
outt [ 4 17 ] Out4
out2 | 5 PowerSO20 1 =] out3
Vs:E==)6 15 1 Input4
Inputil’ =1 7 14 ] Enable B
Enable A [ 8 13 1 Input3
Input2 1 9 12 1 vss
GND [ 10 11 ] GND
D95IN239
THERMAL DATA

Symbol Parameter PowerS020 Multiwatt15 Unit

Rinj-case | Thermal Resistance Junction-case Max. - 3 °C/W

Rthj-amb  |Thermal Resistance Junction-ambient Max. 13 (%) 35 °C/W

(*) Mounted on aluminum substrate

2/13
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L2938

PIN FUNCTIONS (referto the block diagram)

MW.15 PowerSO Name Function
1316 219 Sense A; Sense B |Between this pin and ground is connected the sense resistor to
control the current of the load.
2:3 4,5 Out 1; Out 2 Outputs of the Bridge A; the current that flows through the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voltage for the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
5,7 7.9 Input-1; Input2 TTL Compatible Inputs of the Bridge A.
6;11 8;14 Enable A; EnableB [TTL Compatible Enable Input: the L state disables the bridge A
(enable A) and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VSS Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10; 12 13;15 Input 3; Input 4 TTL Compatible Inputs of the Bridge B.
13; 14 16;17 Out 3; Out4 Outputs of the Bridge B. The current that flows through the load
connected between these two pins is monitored at pin 15.
- 3;18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs = 42V; Vss = 5V, Tj = 25°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vs Supply Voltage (pin 4) Operative Condition Vip +2.5 46 V
Vss Logic Supply Voltage (pin 9) 4.5 ) i’ V

Is Quiescent Supply Current (pin4) |Ven=H; IL=0 Vi=L 13 22 mA
Vi=H 50 70 mA
Ven =L Vi =X 4 mA
Iss Quiescent Current from Vss (pin 9) |Ven =H; 1L =0 Vi= 24 36 mA
Vi=H 7 12 mA
Ven = L Vi =X 6 mA
Vi Input Low Voltage -0.3 1.5 \Y
(pins 5,7, 10, 12)
ViH Input High Voltage 2.8 VSS \%
(pins 5, 7, 10, 12)
liL Low Voltage Input Current Vi=L -10 pA
(pins 5,7, 10, 12)
lin High Voltage Input Current Vi=H < Vss-0.6V 30 100 HA
(pins 5,7, 10, 12)
Ven = L |Enable Low Voltage (pins 6, 11) -0.3 15 \Y%
Ven = H |Enable High Voltage (pins 6, 11) 23 Vss \Y
len=L [|Low Voltage Enable Current Ven =L -10 pA
(pins 6, 11)
len =H |High Voltage Enable Current Ven = H< Vss 0.6V 30 100 HA
(pins 6, 11)
VcEesat(H) |Source Saturation Voltage IL=1A 0.95 1.35 157 V
I =2A 2 2.7 \
Veesar) |Sink Saturation Voltage IL=1A (5) 0.85 1.2 1.6 \"
IL=2A (5) 1.7 2.3 \
Vcesat |Total Drop IL=1A (5) 1.80 3.2 \%
IL=2A (5) 4.9 \
Vsens  |Sensing Voltage (pins 1, 15) -1 (1) 2 \Y
Ky 313




L298

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
T1 (Vi) |Source Current Turn-off Delay 0.5Vito0.91.  (2);(4) 1.5 us
T, (Vi) |Source Current Fall Time 091 to0.11L  (2);(4) 0.2 us
T3 (Vi) [Source Current Turn-on Delay 0.5Vito 0.11L  (2);(4) 2 us
T4 (V) |Source Current Rise Time 011 t00.91.  (2);(4) 0.7 us
Ts (Vi) |Sink Current Turn-off Delay 0.5Vito 0.91.  (3);(4) 0.7 us
Te (Vi) |Sink Current Fall Time 091 to0.11.  (3);(4) 0.25 us
T7 (Vi) |Sink Current Turn-on Delay 0.5Vito0.91.  (3);(4) 1.6 us
Tg (Vi) |Sink Current Rise Time 0.11L to0.91L  (3);(4) 0.2 us
fc (Vi) |Commutation Frequency IL=2A 25 40 KHz

T1 (Ven) |Source Current Turn-off Delay 0.5Vento0.91L  (2); (4) 3 us

T2 (Ven) |Source Current Fall Time 091 to0.11L  (2);(4) 1 us

T3 (Ven) |Source Current Turn-on Delay 0.5Vento 0.11L  (2); (4) 0.3 us

T4 (Ven) |Source Current Rise Time 0.1l to0.91.  (2); (4) 0.4 us

Ts (Ven) |Sink Current Turn-off Delay 0.5Vento 0.91L  (3);(4) 2.2 us

Te (Ven) |Sink Current Fall Time 091 to0.11.  (3);(4) 0.35 us

T7 (Ven) |Sink Current Turn-on Delay 0.5Vento 0.91L  (3); (4) 0.25 us

Tg (Ven) |Sink Current Rise Time 0.11 t00.91.  (3);(4) 0.1 us

1) 1)Sensing voltage can be -1V fort < 50 psec; in steady state Veens min > —0.5 V.

2) Seefig. 2.
3) Seefig. 4.

4) The load must be a pureresistor.

Figure 1 : Typical Saturation Voltage vs. Output

Figure 2 : Switching Times Test Circuits.

INPUT

ENABLE

Current.
6-6418
Vsar
)
ey
20 58 = H
L
20
16 //’ .
1.2 //
08
0.4
0 04 08 12 16 20 24 Io(A).

4/13

VooV Vgak2V

$-885271

Note : For INPUT Switching, set EN = H

For ENABLE Switching, set IN =H

9




L298

Figure 3 : Source Current Delay Times vs. Input or Enable Switching.

IL i

Imax(2A)

90% -~

10%

Ven; (4V)

LT

50% ¥~ —=mmmm e

Y

¢

B
Ly

5-5853/2

Figure 4 : Switching Times Test Circuits.

INPUT

ENABLE
o

Vss.sv  Vgmé2V
O O

S 589471

Note :

%

For INPUT Switching, set EN =H
For ENABLE Switching, set IN= L

5113
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Figure 5 : Sink Current Delay Times vs. Input 0 V Enable Switching.

L4

imax(2A)
Ve i, S i "

Vi (&V)
50%

Imax(2A)
80°% -

0% -

(4V)
0% e
L
S-10667 e
Figure 6 : Bidirectional DC Motor Control.
Vg
o
-L“"F o1 2 P~y
AL M -
02 04 ’ v 7
; i i LI o Inputs Function
Ven=H C=H;D=L Forward
WC i W nn C=L;D=H Reverse
2 0o Cc=D Fast Motor Stop
Io Ven =L C=X;D=X Free Running
t Xon s Motor Stop
12 L298N L=Llow H =High X = Don'tcare
n
. Yen
TO CONYROL B 8 1
o o e
DI YO DA:1A FAST RECOVERY DIODE {t, €200ns)
S-586772
6/13 K’I




L298

Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel 4

and channel 2 with channel3.

ENABLE
o= J
INT
o 5
IN 2 7

Py

APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE

ThelL298integratestwo poweroutputstages(A; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
monor differenzialmode, dependingon the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output: an
externalresistor (Rsa ; Rsg.) allows to detect the in-
tensity of this current.

1.2. INPUT STAGE

Eachbridgeis driven by means of four gates the in-
putof whichare In1; In2; EnAand In3: In4 : EnB.
TheIninputs setthe bridge state when The En input
ishigh;; a lowstate ofthe Eninputinhibitsthe bridge.
All the inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as nearas possible to GND pin. When the large ca-
pacitor of the power supply is too far fromthe IC, a
second smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be grounded near the negative pole of Vs that must
be nearthe GND pin of the I.C.

7

Each input must be connected to the source of the
driving signals by means of a very short path.

Turn-On and Turn-Off : Before to Tum-ON the Sup-
ply Voltageand beforeto Turnit OFF, the Enablein-
put must be driven to the Low state.

3. APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
The external bridge of diodes D1 to D4 is made by
four fast recovery elements (tr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.

The sense outputvoltage can be used to controlthe
current amplitude by chopping the inputs, or to pro-
vide overcurrent protection by switching low the en-
able input.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
neverbe overcome.

When the repetitive peak current needed from the
load is higher than 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An extemnal bridge of diodes are required when in-
ductive loads are driven and when the inputs of the
ICare chopped; Shottkydiodeswould be preferred.
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This solution can drive until3 Ampsin DC operation Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. motor control circuit where the current is controlled

OnFig8itis shownthedriving ofa twophasebipolar DY the .C. L6506.
stepper motor ; the needed signals to drive the in-

puts of the L298 are generated, in this example,

from the IC L297.

Fig9 shows an example of P.C.B. designed forthe
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.

This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.
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Figure 9 : Suggested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).
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Figure 10 : Two Phase Bipolar StepperMotor Control Circuit by Using the Current Controller L6506.
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DiM. — sl OUTLINE AND
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
A 5 0.197 MECHANICAL DATA
B 2.65 0.104
C 16 0.063
D 1 0.039
E 25045 0.55 | 0.019 0.022
F | 066 0.75 1 0.026 0.030
G [ 1.02 [ 127 [1.52 | 0,040 | 0.0 | 0.060
G1 [17.53 [ 17.78 | 18.03 | 0.690 | 0.700 | 0.710
H1 | 196 0.772
H2 20.2 0.795
L [ 219 [ 222 [ 225 | 0862 | 0.674 | 0.886
L1 [ 217 [ 221 [ 225 [0.854 | 0.870 | 0.886
L2 |17.65 18.1 | 0.695 0.713
13 [17.25] 175 [17.75 | 0.679 | 0.689 | 0.699
L4 [ 103 [ 107 | 109 | 0.406 | 0.421 |0.429
L7 | 265 29 |0104 0.114
M | 425 | 455 | 485 [0.167 [0.179 |0.191
M1 | 463 | 508 | 553 | 0.182 |0.200 | 0.218
s | 19 26 |0075 0.102
S1 | 19 26 | 0075 0.102 Multiwatt15 vV
Diat | 3.65 3.85 | 0.144 0.152
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s MIN Tn:(: MAX. | MIN ;:rc: MAX OUTLINE AND

7 - - : - - - 0.197' MECHANICAL DATA
B 2.65 0.104

o 1.6 0.063

E | 049 0.55 |0.019 0.022

F | oes 0.75 | 0.026 0.030

G | 114 | 127 | 14 |0.045| 0050 | 0.055

&

G1 | 17.57 [ 17.78 | 17.91 | 0.692 | 0.700 | 0.705

H1 19.6 0.772

H2 20.2 0.795
L 20.57 0.810

L1 18.03 0.710

L2 2.54 0.100

L3 |17.25| 17.5 | 17.75 | 0.679 | 0.689 | 0.699

L4 10.3 | 10.7 | 10.9 | 0.406 | 0.421 | 0.429

o

L5 5.28 0.208
L6 2.38 0.094
7. [i5%s 29 |0.104 0.114
Sty 26 |0.075 0.102 ;
s1 | 19 26 |0.075 0.102 Multiwatti5 H
Dia1 | 3.65 3.85 | 0.144 0.152
. H1
P f 3
‘r " f \ﬁf
h
L Dia. 1 ¥/
i |
—r
B
Lzl
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\\ 1I—
&
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DIM. mm inch
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. OUTLINE AND
A 36 0.142 MECHANICAL DATA
al 0.1 0.3 | 0.004 0.012
a2 3.3 0.130
a3 0 0.1 0.000 0.004
b 0.4 0.53 | 0.016 0.021
(o 0.23 0.32 | 0.009 0.013
D(1) | 15.8 16 0.622 0.630
D1 9.4 9.8 |0.370 0.386
E 13.9 14.5 | 0.547 0.570
e 1.27 0.050
el 11.43 0.450
E1(1)] 10.9 11.1 ] 0.429 0.437
E2 2.9 0.114
E3 5.8 6.2 | 0.228 0.244
G 0 0.1 | 0.000 0.004
H 1556 15.9 | 0.610 0.626
h 11 0.043 JEDEC MO-166
L 0.8 1.1 | 0.031 0.043
N 10° (max.)
S 8° (max.)
i L o] 151 Liiagh\ PowerS020
(1) "D and F” do not include mold flash or protrusions.
- Moldflash or protrusions shall not exceed 0.15 mm (0.006").
- Criticaldimensions "E”, "G" and "a3"
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General Description

The LM124 series consists of four independent, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power sup-
ply current drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, DC gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tems. For example, the LM124 series can be directly operat-
ed off of the standard +5V power supply voltage which is
used in digital systems and will easily provide the required
interface electronics without requiring the additional + 15V
power supplies.

Unique Characteristics

B In the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a sin-
gle power supply voltage

® The unity gain cross frequency is temperature
compensated

B The input bias current is also temperature
compensated

NNational Semiconductor

LM124/LM224/LM324/LM2902
Low Power Quad Operationai Amplifiers

December 1994

Advantages

m Eliminates need for dual supplies

B Four internally compensated op amps in a single
package

m Allows directly sensing near GND and Vgyt also goes
to GND

® Compatible with all forms of logic

® Power drain suitable for battery operation

C062INT1/¥2EINT/Y22NT/P2LINT

Features
| Internally frequency compensated for unity gain
®| Large DC voltage gain 100 dB
| Wide bandwidth (unity gain) 1 MHz
(temperature compensated)
® Wide power supply range:
Single supply 3V to 32V
or dual supplies +1.5Vto £16V

siaylidwy [euonesadQ penp Jamod mo-

®m Very low supply current drain (700 pA)—essentially in-
dependent of supply voltage

® Low input biasing current 45 nA
(temperature compensated)

® Low input offset voltage 2 mV
and offset current 5nA

® Input common-mode voltage range includes ground

| Differential input voltage range equal to the power sup-
ply voltage

® Large output voltage swing OVtoV*t — 1.5V

Connection Diagram

Dual-In-Line Package
CUTPUT A INPUT Q™ INPUT L' GND INPUTI® NPUT 3™ QUTPUT)

" 13 12 11 10 9 t

B)

1 ,z ) ‘ s 6 1
GUTPUT 1 INPUT 1™ INPUTI® v* INPUT2" INPUT 2™ OUTPUT2
TL/H/9299-1
Top View

Order Number LM124J, LM124AJ, LM124J/883°",
LM124AJ/883%, LM224J, LM224AJ, LM324J, LM324M,
LM324AM, LM2902M, LM324N, LM324AN or LM2902N

See NS Package Number J14A, M14A or N14A

*LM124A available per JIM38510/11005
**LM124 available per JM38510/11005

outT 4
ING-

oLT -
N 1=

N4

N1+

N2 N3+

IN3-
T3

TL/H/9299-32
Order Number LM124AE/883 or LM124E/883
See NS Package Number E20A

w2-
our2

0JTPUT 1 :‘ ° f“: OUTPLT 4
INPLT 1= [:7 ‘!: INPUT 4~
INPLT 1o :’ :b INPUT 4+
e LM124W  ——p
INPLT 24+ |:: #3 INPUT 3+
INPLT 2 1:7 [ INPUT 3-
outeLT 2 oUTPUT 3

TL/H/9299-33
Order Number LM124AW/883 or LM124W/883
See NS Package Number W14B

©1995 Navonal Semiconductor Corporation  TL/H/9299

RRD-B30M115/Printed in U. S. A.



0.5¢ = V1
ap 00L 0§ 00l §9 00L 9 00L S9 00L S9 00l S9 (N2 OV AS = | A '2062IT)
AOEOIAG = , A

oley uonosley
Ajddng Jemog

ap 0L 05 S8 59 S8 0L S8 S9 S8 0L S8 0L Oegc =L SiztuonRely
'‘NG'L = L AOIA0 = WOA '0Q 8PON-UoWwWoy
0:52 = VL'(ALL O} AL = Op) uten abeyjop
w
AW/A 00+ S2 00+ S2 00t 0§ 00+ S2 oo.F 0S 00} 0S Wz 2 HASL = A [BUBIS 861
L L0 gz 7 & ) e Lo il G ) z'L § 0 AS = LA
Vi € gL € Sl € Sl € Sl B Sl € Sl (A9Z = |, A20BZWT) AOE = | A

sdwy dO IV uQ o = 1y
ebuey einjesadwe N4 1870

eung Addng

v
A |SE= A 0 [st—,A 0 [SH—4A 0 [SH= A 0 [Sh=4A 0 [st—,A T S >.N8N§._v.w%%| \F,
m £ =+

(2 @10N) abuey abejjon
9PON-UOoWwWo) Indu|

0.5 = Y]
vu 05 S 05 S o¢ 5 oe S St 2 ot 4 ‘A0 = WOA (=DNI| - (4N

|

juaung jesyQ 1ndu)

052 =Vl (9 810N)
wu 0se  sv 0se  Sv 0S+  S¥ 00t S¥ 08 ov 0S 02 'AQ = WA (=NIj 10 ()N JsLNg seIg nduy
AW L 4 L 4 S g € 2 € I 4 I 0.52 = Y1 (g e10N) abeyjoA 185430 Indu|

xew dAL uin| xew dAL uin| xew dAL upy xew dAL un| xew dAL uin| xew dAL upy
sjyun - suojjjpuo) Jaj9weleyd
2062 PZEWT YZTWT/PTLINT VYZEWT VFZZWT VPZLNT

P3IBIS BSIMIBYIO SSBJUN '(¥ BION) ‘A0S + = , A solsualoeIRYyD [B211109|]

0,52} + 01 0,55 — VYZLNT/P2LIN

0658+ 0} 0.5 — VY2eWT1/v2eiN

0.0+ 01 0.0 VYZEWT/¥2ENT
0,58+ 01 Q.07 — ebuey aimesedwa Bunesedo

snonunuop snonujuoy 0:52 = VLPUBAGL'S A

z z (01 ©10N) B0URIBIOL O (2 ®10N) (soyydwy euQ)
oS >.mw,o_ e o AND 03 #N0AID-Woys Inding

I8P Junow 8deyins Bullep|os Jo spoyiew Jayo

104, Aiiqeliey 19npoud U0 198)3) Jiey L pue spoyieyy Bununopy 80BLNSG,, 0GY-NV 985 MW 008 MW 008 abesoeq sulnQ |lews

MW 09z} MW 09z} dia Aunen

0.022 0.022 (spuooas g|) paseyuj MW OELL MW OE 1L diQ PepION
0,512 0512 (spuodas og) eseyd Jodep (1 @10N) uonedissiq Jemod

abexoed aunQ |lewg )

0,092 0,092 (spuooas o) Buuep|og Vw05 vw 0§ (€ 810N) (A€'0— > Nip)
ebexoed eui-uj-jeng jueun) yndu)
uonewioju| Buuepjog A9Z+ OV AE0 AZE+ OV AE'0— ebeljoA Indu
0.092 0,092  (spuooas g} ‘Bunep|og) eimesedwe | peer| A9 AZE ebeyjo 1ndu jenueseyg
0,05} + 01 0,59 0,05} + 010,59 abuey einjesedwo | obei0)g A9 AZE 4+ 'ebeijop Addng

2062 VYZEWT/VYZZWI/VYZLINT 20621 VYZEWT/VYZZNT/VPZLINT
YZEW/YZTWT/V2EINT YZEWT/¥ZZNT/PZLNT

(6 @10N)

'suoneay10ads pue Ajjiqelieae 10 $10INqLIIS|Q/39110 SIIES 10}ONPUOD|WIS [EUOHEN 243 Joeju0o aseald ‘paJinbai aue $991A9p payvads doedsolay /el §]

sbuney wnuwixey synjosqy




AW | 00L § 0z S oz S 0z S 0z S 0z S UH0L=Td'As = ,A| T0A
= ]
; vZ €2 82 Iz 82 /g 8z /2 8z /2 82 2| wiok=Tdl (oo L A'2062WT) Bumg
ez 9z 9z 9z 9z 92 vz =Ty AOE = ,A| HOA| ebeijop indino
e Ty
AW/A St St se Sl sz se (ALL 01 AL = Buimg Op) uren ebejjop
ASL+ = A |eubig ebie
(A92 = | A'2062W1)| (£ ®10N) 8buey abeyjop
N g LN 02— ,A 0 12— LA 02— 4A 0 [g— A 02— ,A 0 AGE+ = ,A|  SPOW-UOWIIOD 1du]
vu | 005 oF 005 oY 00e  of 00z  ov 00k o 00L  OF (=)NIj o (+)Ny) Wwauny seig 1ndu
HuQuaung
J/vd
/¥ ot ol ot 00€ 0l 002 0 00z 0} ub X sy 19540 Indu|
vu | 00z &¥ oSt 004 Sz og o A0 = WOA (=Nl — (+)Nyy u8Lng jesyO Indu)
yuQ ebeyjon
-l
Oo/N L 2 L oe Z 0z L oz L 50 = Sy 19540 1ndu]
AW ol 6 L S 14 v (g @10N) ebejjoA 1850 Indu|
vw | 09 o 09 oy 09 o 09 or 09 or 09 oy 0.52 = YL'AGL = | A(2810N)| punoi o} oo 1oys
0:52 = YL 'AW 002 = OA'ASL = | A
e s +
v 0s ¢ 05 gt 0s gt 0s el 05 2t 0s gt ‘N0 = NA'AL = _Rip
0:52 = YL'AZ = OA'ASL = A
0z ol 0z o0l 0z 0l 0z 0t 0z ot 0z o Fo= NAAL = Rial suis
LA 0.52 = VL'AZ = OA'AGL = A
230 T b =+
or oz or 0z or 0z or 02 or 0z oy 0z ‘A0 = _NIA‘AL = , Nip| saunog]| weuns ndino
(peusajey nduy) (8 @10N) Buyjdnog
G ozt s Ja Ozt Vel ¢k 0:52 = VL'ZHY 02 0V ZH) L = §|  Jeyydwy-o-sendwy
xeWw dAL uiy| xew dAL wip| xew dAL uiN| xew dAL uiyl xew  dAL ulw| xew dAL ui
sjun Suo|}|puo) Jajawedsed
206ZW YZEWT YZZWT/VZLNT VYZEWT VPZZWI VIZLNT

(PonunuOD) peieys esimIaYIO SSBJUN (p DION) AQ'G + — A wo_uw_._QuUN.—Nco _NO_._HOQ_N




2-6626/H/1L =

i

SLNNI

90

(eyndwy yoe3) Wiedbe|q oleWaYIS

'4d 00} YiM S3UBS Ul U §'1 ‘|opow Apoq UBWNH 0k 910N

“suonedyyoads AW vz LN JO) XvZISLIY O Jojes pue suoedyads Aejjiw VVZLNT 40} XVVZ1SL3Y O} Jajay 6 310N

10 asay) q e Aesis Bia Buneuibiuo jou si Buiidnoo Jey; ensul ‘sluBLOdWOD [BUIBIXE J0 Awixoud 0y enQ :g ajoN
“LAJo epnjiubew ay) jo yuepuadapul *(2062W1 10} A9Z +) eBewep 1noym AZg + 0} 06 ued sindui

0 ueyl 0J0w Ag aaebau 0B 0) pemoje eq Jou pinoys abeyjoa [BuBis 1ndui Joyyo jo e6e1j0A epow-uowWwWod \ndul oyl iz @1oN
; ! 81 Jue.Nd sy "ebels Indul gNd @Yl 0 enp D] 8y} JO INO §1 JueLND Ndul ay) Jo UONDBIIP BYY 9 9ION
'A9Z OF AS WOl | A "20621 20 (AS'L — | A 01 AQ) @BUBJ 8POW-UOWIOD INdu! [Inj BY} JAO PUB 'AQE OF AG WO , A UM U0 = SH ‘Ab'L =~ OA ig 910N
"0.58+ 5 Y1 5 0.0v— Ol pajwi| 8. sUONEOYIRdS ZOBZWT Yl PUB 'D.0Z+ S YL S 0.0 O} pajiw | @s@ suoneodyoeds

aimesodwal YrgeW1/vZENT 2 "0.58+ 5 YL 5 0.5z~ O) palwi| 8se suoedyioads ainjeiadwa) 1€ "YP22N1/2eINT 84l UM "VVZLNT/PZLINT 841 40} D521+ S VI S 0.55— O Pallw| 8Je sUOIEOYIDAdS BSBYL iy AION
(0,52 18) AE'0— uey) Jojealb BNjeA € 0 SUINjes UIEBE ‘aAlEBaU SEM LoIyM ‘aBEII0A INdul DY) UBYM USIIQRISa-0) [[iM SBIEIS INdINO [eLOU U ©AIONUSEP 10U SI 1YL "aARBBaU UBALP
obue| € 104 punoib 0} o) [ana] aBEYOA | A BU} 0} 0B 0} sdwe do ey Jo $8BEIOA INAINO By} BSNED UED UOIOE JOIsISUE) SIY) “diy D) BY} UO UORIE JOISISUBJ} OIliSEIEd NN [BJBIE| OS[E §I 218y} ‘UOIOR BPOIP SI} O} U NIppe U 'sdwejo
8poip indut se Bunoe Aqaisy) pue peseiq piemio) Buiwooaq SI0ISISURL dNd Indul 8u) Jo uoyounl 95BQ-J0}02)|02 8Y} 0} @Np §1 1] aAReBau UBALP s! spea) Indut 8y JO AUE 1B BBEII0A BY) UBYM 1SiX8 AUO [IW JUBLIND INdUI SIY] i€ DION
"SJ81|JWE |2 UO SLIOYS SNOSUEYNWIS WOJ} 1INS) UED UORERAISSIP 8AION.ISAQ "UONINIISP [BNJUSAS 9SNED pUB sBue) uonedissip Jomod auy) PB0X3 UBD §}IN0JI0-1OYS SNONURUOD ‘AGL + JO §599x0 Ul abeyjoa A|ddns o senjea Jy SE
J0 apnjiuBew ay) Jo it pul YW o Al x01dde §11UB.1JND INAINO WNWIXBW By} 'PUN0JB O} SIINYJIO 1OYS BULBPISUOD UBLYA "LOHONASEP [BNIUSAS pue Buneay enisseoxe 98NEO UBD | A 0} INAING BUI WOJj SINOLID LOYS :Z 910N
“Undu2 peje.Bajul oy} ul pajedissIp st Yolym Jomod By} 2oNPaJ 0} 4O BjBIMES O} JeyIdWE By} MOjIE O} ‘B|qISSOd BJaYM

0.05} + B UO paseq pajesap q UBD Yz LW1/vZ N PUB Y¥Z2W1/¥22NT 8yl Juaique Jie |s e ul Bunesado ‘pJeoq oo
288 JO SOUBISIS3I [eLBY) B pUE 2.neJadWa) UONOUN| WNWIXBW O,5Z | + © UO Paseq Pajesep 8 1SnW 2062W1/VYZEWT/VZEWT oul ‘saineiadway ybiy 1o Bunesedo Jo4:L ajoN

"8210uaNnbay) Joybiy e sasee.oul 9ouRIORAED JO BdA) SIY) SB Pajdsjep oq ued AjjeoidA) siyy sped |

W0q Jo Jayia Inq '(0.52 1) A’} - | A St aBues 86e)|0A apow-uowwoo ay) jo pus seddn ey (0.5 18) AC"
‘saull Indul 8y1 uo sisixo abueyo Buipeo] Ou 0s INdINO By} JO B1.}S BY) JO

ndul Ue JeY) UOHEIND BWN By} JO) (SALPIBAD

'S10siS@) [BUJDIXD 8SN—SJ81j!idWE JNOJ ||B JO [210} By} S LONEdISSIp By L “a.neiadwa) UoROUN! WNWIXew
pajuud e ul paJap|os a21Aap ayj Joj saldde yoiym M/D.

ASL = _A'AO = _Nip

8 S 8 S 8 S 8 S 8 S Gl ot AL+ = NIp g

- ASL A'NO = _NIA
= = _
0¢c 0!} Qcii 0t 0¢ ot 0¢ (o]} 0c Ol 0c'.. 0t N .z_> AZ = Op | ooinog | 1ueung inding
xew dAL uiy | xew dAL uiw | xew dAL uiw | xew dAL uw | xew dAL uw | xewy dAL uy
sjun suopj|puod 19j2weled
C06CWT YZENT PZZWIT/VZLENT VYZENWT 4244\ VPZILNT

(ponunuoD) pajels esmIouI0 ssejun (¥ 81ON) AO'G + = | A solisiiajoeley |eold3o9|g




Typical Performance Characteristics

Input Voltage Range
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Output Characteristics
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Output Characteristics
Current Sinking
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lo = OUTPUT SINK CURRENT (mAgc)

Vo = OUTPUT SWING (Vp_p) CMRR ~ COMMON-MODE REJECTION RATIO (dB) 1o = SUPPLY CURRENT ORAN (i
b = mAnc)

lo® = OUTPUT CURRENT (mApc)

cs88s58838s8
/

Supply Current

4 -
Pl
Q|
3
2 —
=57
1Ty = 0% T0 +125%C g
r‘='-55°|c‘—‘
0 10 2 )

V* = SUPPLY VOLTAGE (Vo)

Common Mode Rejection
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1 = FREQUENCY (Hz)

Large Signal Frequency
Response

f = FREQUENCY (Hz)

Current Limiting
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Typical Performance Characteristics (m2902 only)

Input Current

100

2

= 75

=

]

& 50

=

2
T -

L~ T,=+25°C

% 25 B A

z

0
0 10 20 30

V¥~ SUPPLY VOLTAGE (Vpe)

Application Hints

The LM124 series are op amps which operate with only a
single power supply voltage, have true-differential inputs,
and remain in the linear mode with an input common-mode
voltage of 0 Vpc. These amplifiers operate over a wide
range of power supply voltage with little change in perform-
ance characteristics. At 25°C amplifier operation is possible
down to a minimum supply voltage of 2.3 Vpe-

The pinouts of the package have been designed to simplify
PC board layouts. Inverting inputs are adjacent to outputs
for all of the amplifiers and the outputs have also been
placed at the corners of the package (pins 1, 7, 8, and 14).
Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
test socket as an unlimited current surge through the result-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

Large differential input voltages can be easily accommo-
dated and, as input differential voltage protection diodes are
not needed, no large input currents result from large differ-
ential input voltages. The differential input voltage may be
larger than V+ without damaging the device. Protection
should be provided to prevent the input voltages from going
negative more than —0.3 Vpg (at 25°C). An input clamp
diode with a resistor to the IC input terminal can be used.
To reduce the power supply drain, the amplifiers have a
class A output stage for small signal levels which converts
to class B in a large signal mode. This allows the amplifiers
to both source and sink large output currents. Therefore
both NPN and PNP external current boost transistors can
be used to extend the power capability of the basic amplifi-
ers. The output voltage needs to raise approximately 1 di-
ode drop above ground to bias the on-chip vertical PNP
transistor for output current sinking applications.

For ac applications, where the load is capacitively coupled
to the output of the amplifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias current and prevent crossover distortion.

Voltage Gain

160 i
= R =20k
2 =
=z B
S » R =20kD
w
¢ g
g
o
>
1
2 40
2

0

0 10 2 30

V*~ SUPPLY VOLTAGE (Vpe)
TL/H/9299-4

Where the load is directly coupled, as in dc applications,
there is no crossover distortion.

Capacitive loads which are applied directly to the output of
the amplifier reduce the loop stability margin. Values of
50 pF can be accommodated using the worst-case non-in-
verting unity gain connection. Large closed loop gains or
resistive isolation should be used if larger load capacitance

" must be driven by the amplifier.

The bias network of the LM124 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of from 3 Vp¢ to 30 Vpg.

Output short circuits either to ground or to the positive pow-
er supply should be of short time duration. Units can be
destroyed, not as a result of the short circuit current causing
metal fusing, but rather due to the large increase in IC chip
dissipation which will cause eventual failure due to exces-
sive junction temperatures. Putting direct short-circuits on
more than one amplifier at a time will increase the total IC
power dissipation to destructive levels, if not properly pro-
tected with external dissipation limiting resistors in series
with the output leads of the amplifiers. The larger value of
output source current which is available at 25°C provides a
larger output current capability at elevated temperatures
(see typical performance characteristics) than a standard IC
op amp.

The circuits presented in the section on typical applications
emphasize operation on only a single power supply voltage.
If complementary power supplies are available, all of the
standard op amp circuits can be used. In general, introduc-
ing a pseudo-ground (a bias voltage reference of V* /2) will
allow operation above and below this value in single power
supply systems. Many application circuits are shown which
take advantage of the wide input common-mode voltage
range which includes ground. In most cases, input biasing is
not required and input voltages which range to ground can
easily be accommodated.




Typical Single-Supply Applications v+ = 5.0vpg)

Non-Inverting DC Gain (0V Input = 0V Output)

Wi wl——— — — —
O Vo
@
2
5
o
2
2
R2
GAIN= 1+ —
R1
12: = 101 (AS SHOWN)
*R not needed due to temperature
— independent Iy 0 Vi (mV)
TL/H/9299-5
DC Summing Amplifier Power Amplifier
(ViN's 2 0 Vpc and Vg = Vpc) A1
R 910k
100k e AV
+V, +
¢ 100k v
v
0V7
N 1/4 LM124A
R3
Sk Vo
+Vin O— A AAN—
V3 O Ry
Vo = 0 VpgforViy = 0Vpg
Vg b Ay = 10 =
100k TL/H/9299-7
TL/H/9299-6
Where: Vg = Vy + V3 — V3 = V4
(V4 + V) 2 (V3 + Vy)tokeep Vg > 0 Vpe
LED Driver “BI-QUAD” RC Active Bandpass Filter
R1
O 100k
20 mA \r o
8 —%( by cl
G? NSL102 330 pF
O
1/4 LM124A I
= A2 {H] RS
TUnezse-s 100k % - 470k
R4
10M
L AAA 1/8 LM124A
R3 €2
100k g 330 pF +
s
B RE
470k
= AAA- —O Vo
1/6 LM124A -
R7
100k
+ - ~“AA—O V*
€ -
e it} —
fo = 1 kHz 100k 100F
Q=50
Ay = 100 (40 dB) = =

TL/H/S299-9




Typical Single-Supply Applications v+ = 5.0 vpe) (Continued)

Fixed Current Sources

- I = (_.) Iy TL/H/9299-10
R2
Current Monitor
R1® (v
0.1 Fy
A\ We
Ry
R2
100 =
Vo
V(1)
Vo = B8
A3 °" w4
Tk v s vt —2v
*(Increase R1 for I, small)
= TUH/9298-12

Voltage Follower

—O Vo

+Vin O Vo = Vin

TL/H/9299-14

Lamp Driver

Driving TTL

TL/H/9299-11

Pulse Generator

R1
m

INS14

TL/H/9299-13

TL/H/9299-15




Typical Single-Supply Applications (v* = 5.0 vpg) (Continued)

Squarewave Oscillator

R1
100k

M

c
0.001,F

TUH/9299-16
High Compliance Current Sink
| i
| "3 B
e lo
+Vin O ——
Re Z (POLYCARBONATE OR T
1 ' POLYETHYLENE) =
lo = 1 amp/volt Viy -
(Increase Rg for I small) TL/H/9299-18

HIGH Z)y
LOW Zoyt

Comparator with Hysteresis

Ve

TL/H/9299-20

+Vem

ZNQZQ'H
*h 5 AT 100 nA J

Pulse Generator

R1
30k INS14

Low Drift Peak Detector

[
Wwf

TL/H/9299-17

[

% l

R1
™

Vo =V

AUX AMP

INPUT CURRENT
COMPENSATION

TL/H/9299-19

Ground Referencing a Differential Input Signal

TL/H/9299-21




Typical Single-Supply Applications v+ = 50 vpe) (Continued)

Voltage Controlled Oscillator Circuit
0.05F

100k

v 1/4 LN124R - l—-l r—l

51k
+ 1/4 LM123A @—O 0UTPUT 1
> 51k
R/2 v+
g 50k 21k = O +
100k
— b
QO QUTPUT 2

yo 5
e

“Wide control voltage range: 0 Vpg < Vg < 2 (V+ ~1.5 Vpe)

TL/H/9299-22

Photo Voltaic-Cell Amplifier

Rl
M
AVN—

ACROSS IT)

[
leeLe l
—O Vo
(CELL HAS OV ]9

TL/H/9299-23

AC Coupled Inverting Amplifier

Ry
100k

—A WV

R
Ay = R—:(As shown, Ay = 10)

TL/H/9299-24
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Typical Single-Supply Applications v+ = 5.0 voc) (Continued)

AC Coupled Non-Inverting Amplifier

R1 R2
100k M

High Input Z, DC Differential Amplifier

R2
100k
R4
100k
1/4 LM124A

+Vz O +

R1 R4
For E = E (CMRR depends on this resistor ratio match)

v—1+R4(v Vi)
(S a3 V2~ V1

As shown: Vg = 2(Vp — V4)

Vo

TL/H/9299-25

TL/H/9299-26

TL/H/9299-27

1




Typical Single-Supply Applications (v* = 5.0 vpg) (Continued)

High Input Z Adjustable-Gain
DC Instrumentation Amplifier

R1
100k

R3 R4
100k 100k
GAIN ADJUST
—O Vo
RE R7
100k 100k
IfR1 = R5 & R3 = R4 = R6 = R7 (CMRR depends on match) L/R9209-28
Vo= - el I )
o™= A2 (V2 1
As shown Vg = 101 (V, — V4)
Using Symmetrical Amplifiers to Bridge Current Amplifier
Reduce Input Current (General Concept) Vrer
Ry
1/4 LM124A p—O +Vo ==
1/4 LM124A Vo
i
4
= R

Ford <<1andR;>>R

&\ Ry
Vo = Vrer (E)‘E

TL/H/9299-30

“h 8 AT 50 nA

1/4 LM124A

AUX AMP

INPUT CURRENT
COMPENSATION

TL/H/9299-29
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Typical Single-Supply Applications v* = 5.0vpg) Continued)

Bandpass Active Filter

1/4 LM124A

R7 R8
100k 100k
fo = 1kHz

A Q=25
\

TL/H/9299-31




Physical Dimensions inches (millimeters)

0.200 10.005
(5.080+0.127)
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0022 § -y
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MAX TYP En ETRE —
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Detail A
E20AREV O
Leadless Chip Carrier Package
Order Number LM124AE/883 or LM124E/883
NS Package Number E20A
0.785
{19.939)
MAX
o (9] 3] 2] 7] [io] [s] [&]
(0.635)
-7 0220-0.310
(5.588-7.874)
U [2] G e TsT T [
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Ceramic Dual-In-Line Package (J)
Order Number LM124J, LM124AJ, LM124AJ/883, LM124J/883, LM224J, LM224AJ or LM324J
NS Package Number J14A
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Physical Dimensions inches (milimeters) (Continued)

03350364 )
! {85096 738 |

|
1“o13 12 o110 9 B,I
LA 0 aa

1
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Molded Dual-In-Line Package (N)
Order Number LM324N, LM324AN or LM2902N
NS Package Number N14A




LM124/LM224/LM324/LM2902

Low Power Quad Operational Amplifiers

Physical Dimensions inches (millimeters) (Continued)
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b
_/ DETAIL A
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0.015 20

Ceramic Flatpak Package
Order Number LM124AW/883 or LM124W/883
NS Package Number W14B

0.012
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W148 (REV J)

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

to the user.

2. A critical component is any component of a life

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

effectiveness.
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