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ABSTRACT

This project presents Security Cameras System for take pictures in the room ,car park or
dangerous area and use Video Switcher for select video signal from cameras and sending signal to
display on monitor and recording in hard disk of computer.

This camera movement control system can adjust direction of camera movement with stepping

motor and this Security Cameras System can control from Control room.
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with 10 Decoded Outputs

with 8 Decoded Outputs

General Description

The CD4017BM/CD4017BC is a 5-stage divide-by-10 John-
son counter with 10 decoded outputs and a carry out bit.
The CD4022BM/CD4022BC is a 4-stage divide-by-8 John-
son counter with 8 decoded outputs and a carry-out bit.

&National Semiconductor

CD4017BM/CD4017BC Decade Counter/Divider

CD4022BM/CD4022BC Divide-by-8 Counter/Divider

March 1988

Features
B Wide supply voltage range
® High noise immunity
H Low power
TTL compatibility

3.0V to 15V

0.45 Vpp (typ.)

Fan out of 2 driving 74L
or 1 driving 74LS

DECODED QUTPUT ™1* RESET

DECODED QUTPUT W cLocx
DECODED OUTAUT 27 CLOCK ENABLE
DECODED OUTMUT ¥° CARRY-QUT
OECODED OUTPUT "7 DECODED OUTPUT 9™

DECODED DUTPUT X" OECODED DUTPUT “¥~

FFERFEEFFE

| P P P O

Vgy OECODED OUTMUT “¥

TL/F/5950-1
Top View

These counters are cleared to their zero count by a logical ™ Medium speed operation 5.0 MHz {typ.)
*1" on their reset line. These counters are advanced on the with 10V Vpp
positive edge of the clock signal when the clock enable sig- 8 Low power 10 pW (typ))
nal is in the logical ‘0" state. | Fully static operation
The configuration of the CD40178M/CD40178C and . .
CD4022BM/CD4022BC permits medium speed operation Applications
and assures a hazard free counting sequence. The 10/8  m Automotive
decoded outputs ara normally in the logical “0” state and go  m Instrumentation
10 the logical 1" state only at their respeclive time slot. g pedical electronics
Each decoded Putpui remains high for 1 full clock cycle. m Alarm systems
The carry-out signal completes a full cycle for every 10/8 . N

. ) . . B [ndustriat electronics
cleck input cycles and is used as a ripple carry signal t¢ any K
succeeding stages. B Aemote metering
Connection Diagrams

CD4017B CD4022B
Duat-In-Line Package Dual-In-Line Package

DECOBED OUTPUT T~ U Yoo DECODED DUTPUT 11~ U % oo

Order Number CD40178 or CD4022B

OECODED DUTPUT "D~ RESET

DECODED OUTPUT " 2” CLOCK

DECODED QUTPUT "5~ CLOCK EMABLE
CECODED OUTPUT "9~ CARRY-OUT
NC DECODED QUTPUT “4”

DECODED OUTPUT "3~ DECODED DUTPUT -7

w e o o e fe I~ |-

o e T e
R RERIE]

L1

<
a

TL/F/5950-2
Top View

©1995 Nabonal Samicondue tor Corporation TL/F/5950
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Absolute Maximum Ratings (Notes 13 2)
If Miitary/Aerospace specified devices are required,

Recommended Operating
Conditions (Note 2)

please contact the National S Sales
+
Office/Distributors for availability and specifications. :DC SI"\‘I‘"::V Voltage (Vpp) +3 VDCO':’ v 15 :DC
DG Supply Vohage (Vpp) —0.5Vpgto +1BVpg (;p” f° age Vit rure Range (T2 © VoD Voo
B perating Temperature Range
Input Voltage (Vi) 0.5 Vpcto Vpp +0.5 Ve CD4017BM, CD4022BM ~§5°C to +125°C
Storage Temperature (Ts} —65Clo +150°C CD4017BC, CD40228C —40°Cto +85°C
Power Dissipation {Pp)
DuakIn-Line 700 mw
Small Qutline 500 mwW
Lead Temperature (T )
(Soldering, 10 seconds) 260°C
DC Electrical Characteristics cp40178m, cD40228M (Note 2)
Symbol Parameter Conditions —5s°¢ + 25 +125°C Units
Min Max | Min Typ Max Min Max
Ipp Quiescent Device | Vpp = 5V, VIN = Vpp or Vss 5 0.3 5 150 pA
Current Vpp = 10V, V|y = Vpp Or Vss 10 05 10 300 phA
Vpp = 15V, Viy = Vpp Or Vgs 20 1.0 20 600 pA
Vou Low Level ligl < 1.0 pA
Output Vottage | Vpp = 5V 0.05 0 0.05 005 | V
Vpp = 10V 0.05 o | o005 005 | V
Vpg = 15V 0.05 0 0.05 0.05 v
Vou Migh Level ilo[ < 1.0 pA
Output Voitage Vop = 5V 4.95 4.95 5 4.95 v
Voo = 10V 9.95 9.95 10 9.95 v
Vpp = 15V 14.95 1495 15 14.95 v
ViL Low Level ||0E < 1.0 pA
Input Voltage Vop = 5V, Vg = 0.5V or4.5V 156 15 1.5 v
Vop = 10V, Vg = 1.0V or 9.0V a0 3.0 30 | WV
Vpop = 15V, Vg = 1.5V or 13,5V 4.0 4.0 40 v
Vi High Level il < 1.0 pA
Input Voltage Vpp = 5V, Vp = 0.5V or 4.5V 3.5 35 a5 v
Vpp = 10V,Vg = 1.0Vor90v | 7.0 7.0 7.0 v
Vpo = 15V, Vg = 1.5V or 135V | 11.0 11.0 11.0 v
loL Low Level Output | Vpp = 5V, Vg = 0.4V 0.64 051 | 088 0.36 mA
Current (Note 3) | Vpp = 10V, Vg = 0.5V 16 13 | 225 09 mA
Vpp = 15V, Vo = 1.5V 42 34 88 24 mA
IoH High Level Output | Vpp = 5V, Vg = 4.6V —0.25 —02| —-0.36 —0.14 mA
Gurrent (Note 3) | Vpp = 10V, Vg = 8.6V —0.62 -05| -09 —-0.35 mA
Vpg = 15V, Vg = 13.5V —18 -15| —35 -1 mA
N Input Current Vpp = 15V, V|y = OV ~0.4 —-10-5| -0 —1.0}| pA
Vpp = 15V, Viy = 15V 0.1 10-5 0.1 1.0 pA
DC Electrical Characteristics cpo178c, cD4022BC (Note 2)
Symbol Parameler Conditions —4rc + 25 +85C Units
Min Max Min Typ Max Min Max
Ipb Quiescent Device Vpp = 5V 20 05 20 150 pA
Current Vpp = 10V 40 1.0 40 300 pA
Vpp = 15V 80 5.0 80 600 nA
VoL Low Level llo] < 1.0pA
Output Voltage Vop = 5V 0.05 0 0.05 0.05 v
Vpp = 10V 0.05 0 0.05 0.05 v
Vpp = 15V 0.05 0 0.05 0.05 v
VoM High Level ligl < 1.0 pA
Output Voltage Vpp = 5V 495 4.95 5 4.95 v
Vpp = 10V 995 9.95 10 9.95 v
Vpp = 15V 14.95 14.95 15 14,95 v

Note 1: “Absolute Maximum Ratings" are those valuas bayond which the safety of the device cannot ba guaranteed, they are not meant to imply that the devices
i istics™ provides

should be operated at these limits. The Lable of °F

operation.

ded Operating C

Nete 2 Vgg = 0V unless otherwise specified.
Nete 3 I, and Igy ars tested one output at a time.

" and “Electrical C

ions for actual device




DC Electrical Characteristics cp4o178c, CD40228C (Note 2) (Continued)

Symbol Parameter Conditions —40°C +25 +85°C Units
Min | Max Min Typ Max Min Max
Vi Low Level llol <1.0uA
Input Voltage Vpp = 5V, Vo = 0.5V or 4.5V 15 156 1.5 v
Vpp = 10V, Vg = 1.0V or 9.0V 3.0 2.0 3.0 v
Vpp = 16V, Vo = 1.6V or 13.5V 4.0 4.0 4.0 v
Vin High Level [lo] < 1.0ua
Input Voltage Vpp = 6V. Vg = 0.5V ord 5V 3.5 as a5 v
Vpp = 10V,Vo = 1.0Vor9ov | 7.0 7.0 7.0 v
Vpp = 15V, Vo = 1.5V or 13.5v | 11.0 11.0 11.0 v
oL Low Level Output | Vpp = 5V, Vg = 0.4V 0.52 0.44 0.88 0.36 mA
Current (Note 3) | Vpp = 10V, Vg = 0.5V 1.3 1.1 225 0.9 mA
Vpp = 15V, Vg = 1.5V 36 3.0 8.8 24 mA
loH High Level Output | Vpp = 5V, V = 4.6V -0.2 -0.16 | —0.36 —0.12 mA
Current {Note 3) | Vpp = 10V, Vg = 9.5V -05 -04 | -09 -0.3 mA
Vpp = 15V, Vp = 13.5V —1.4 —-1.2 —3.5 —1.0 mA
N Input Current Vpp = 15V, Vjy = OV -0.3 -10-5} —03 —-10| pA
Vpp = 15V, Viy = 15V 0.3 10-5 | 03 10 | pA

MNote 1: "“Absolute Maximum Ratings” are those values beyond which the safety of the device cannot ba guaranteed, they are not meant to imply that the devices
should be operated at these limits. The table of *Recommended Operating Conditions™ and “Electrical Characteristics™ provides condtions for actual device

operation.

Note 2 Vgg = OV unless otherwise specified.
Note X Ig and loy are tested one output at a time.

AC Electrical Characteristics”
Ty = 25°C, Gy = 50 pF, R = 200k, tcy and tg = 20 ns, unless otherwise specified

Symbol l Parameter I Conditions [ Min [ Typ I Max Units
CLOCK OPERATION
teHt, tein Propagation Delay Time
Carry Out Line Vpp = 5V 415 800 ns
Vpp = 10V 160 320 ns
Vpp = 15V 130 250 ns
Carry Out Line Vpp = 5V 240 480 ns
Vpp = 10V C_ = 15pF 85 170 ns
Vpp = 15V 70 140 ns
Decode Qut Lines Vpp = 5V 500 1000 ns
Vpp = 10V 200 400 ns
Vpp = 15V 160 320 ns
triHs tTHL Transition Time Carry Qut
and Decode Out Lines
trLH Vpp = 5V 200 360 ns
Vpp = 10V 100 180 ns
Vpp = 15V 80 130 ns
trHL Vpp = 5V 100 200 ns
Vpp = 10V 50 100 ns
Vpp = 15V 40 80 ns
foL Maximum Clock Frequency Vpp = 5V Measured with 1.0 2 MHz
Voo = 1OV } Respect to Carry 25 5 MHz
Vpp = 15V Qutput Line 3.0 & MHz
twi twH Minimum Clock Vpp = 5V 125 250 ns
Pulse Width Vpp = 10V 45 90 ns
Vpp = 15V 35 70 ns
tou o Clock Rise and Vpp = 5V 20 us
Fali Time Vpp = 10V 15 us
Vpp = 15V 5 us
tsu Minimum Clock Inhibit Vpp = 5V 120 240 ns
Data Setup Time Vpp = 10V 40 80 ns
Vpp = 15V 32 65 ns
CiN Average Input Capacitance 5 7.5 pF




AC Electrical Characteristics*
Ta = 25°C, C_ = 50 pF, A = 200k, ¢y and oy, = 20 ns, unless otherwise specified

Symbol | Parameter [ Conditions Min Typ | Max Units
RESET OPERATION
tPHL, tPLH Propagation Delay Time
Cary Out Line Vpp = 5V 415 800 ns
Vpp = 10V 160 320 ns
Vpp = 15V 130 250 ns
Cary Qut Line Vpp = 5V 240 480 ns
Vpp = 10V CL = 15pF 85 170 ns
Vpp = 15V 70 140 ns
Decode Qut Lines Vpp = 5V 500 1000 ns
Vpp = 10V 200 400 ns
Vpp = 15V 160 320 ns
tw Minimum Reset Vop = 5V 200 400 ns
Pulse Width Vpp = 10V 70 140 ns
Vpp = 15V 55 110 ns
tREM Minimum Reset Vopp = 5V 75 150 ns
Removal Time Vpp = 10V 30 60 ns
Vpp = 15V 25 50 ns
*AC Parameters are guaramteed by DC correlated tesling.
Timing Diagrams
CD4017B
RESET \
CLock "—\
ENABLE
v 0 / o\
' [ / \
? ,_\z r_;
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g m
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CARAY-
out \ !
TL/F/5950-3




Timing Diagrams (Continued)
CD4022B
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Logic Diagrams
CD4017B

g e e £ »*

tuoce o
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R A
RESIY o“—{)p_(b )| |
ves
H] 5 4 1 0
B * 7 - B3
Teminal No. 8 = GND TL/F/5050-5
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Physical Dimensions inches (millimeters)
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CD4017BM/CD4017BC Decade Counter/D
CD4022BM/CD4022BC Divide-by-8 Counter/Divider with 8 Decoded Outputs
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LIFE SUPPORT POLICY

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 2. A critical component is any component of a life

systems which, (a) are intended for surgical implant support device or system whose failure to perform can
inte the body, or (b} support or sustain life, and whose be reasonably expected to cause the failure of the life
failure to perform, when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can effectiveness.
be reascnably expected to result in a significant injury
to the user.
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ﬂNational Semiconductor

CD4066BM/CD4066BC Quad Bilateral Switch

General Description

The CD4066BM/CD4066BC is a quad bilatera! switch in-
tended for the transmission or multiplexing of analog or digi-
tal signals. It is pin-for-pin compatible with CD4016BM/
CD4016BC, but has a much lower “ON" resistance, and
“ON" resistance is relatively constant over the input-signal
range.

Features

B Wide supply voltage range 3V to 15V

® High noise immunity 0.45 Vpp (typ.)

B Wide range of digital and +7.5 Vpgak
analog switching

m "“ON'" resistance for 15V operation 8002

® Maiched "ON" resistance
over 15V signal input

m “ON" resistance flat over peak-to-peak signal range

| High “ON"/“OFF" 65 dB (typ.)
output voltage ratio @ fig=10 kHz, B =10 k02

B High degree lineanty 0.1% distortion (typ.)
High degree linearity @ fig=1 kHz, Vig=5Vpp,
High degree linearity Vpp—Vss =10V, B =10 k2

ARoN=50 (typ)

June 1992

B Extremely iow “OFF” 0.1 nA (typ.)
switch leakage @ Vpp—Vgs=10V, Ty =25"C

® Extremely high control input impedance 10120(typ.)
B Low crosstalk —50 dB (typ.)
between swilches @ f;s=0.9 MHz, A =1 kQ

m Frequency response, switch “ON" 40 MHz (typ.)

Applications
B Analog signal switching/muitiplexing
+ Signal gating
= Squelch contrel
* Chopper
* Modulator/Demodulator
+ Commutating switch
m Digital signal switching/multiplexing
m CMOS logic implementation
B Analog-to-digital/ digital-to-anatog conversion
m Digital control of frequency, impedance, phase, and an-
alog-signal-gain

Schematic and Connection Diagrams
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Absolute Maximum Ratings (Noes 12 2)
If Military/ Aerospace specHled devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Supply Voltage (Vpp)
Input Voltage (Vi)
Storage Temperature Range (Tg)
Power Dissipation {Pp)
Dual-In-Line
Small Cutline
Lead Temperature (T|)
(Soldering, 10 seconds)

~0.5Vto +18V
-0.5VtoVpp+0.5V
~65°C to +150°C

700 mwW
500 mw

300°C

Recommended Operating
Conditions (Note 2)
Supply Voltage (Vpp)
Input Voltage (Vin)

Operating Temperature Range (Ta)

CD4066BM
CD4066BC

DC Electrical CharacteristiCs co4os6sM (Note 2)

IVto 15V
OVtoVpp

-55"Cto +125°C
—40°Cto +85°C

- o, + o,
Symbol Parameter Conditions 55°C ¢ +125°C Units
Min | Max | Min Typ Max | Min | Max
Ipo Quiescent Device Current | Vpp=5V 0.25 0.01 0.25 75 pA
Vpp= 10V 05 0.01 0.5 15 pA
Vpp=15V 10 0.01 10 30 RA
SIGNAL INPUTS AND OUTPUTS
Voo — Vi
Ron “ON" Resistance AL=10k to—u
Ve=Voo. Vis=Vss to Vpp
Vpp=5V 800 270 | 1050 1300 | 0
Vpp=10V 310 120 | 400 550 | A
Vpp= 15V 200 80 240 320 Q
Vpp — Vi
ARgN A"ON” Resistance RL=10kQ o 2088
Between any 2 of Ve=Vop. Vis=Vss 0 Vpp
4 Switches Vpp=10V 10 1]
Vpp=15V 5 1]
s Input or Qutput Leakage | Vo=0 +50 +0.1 150 +500| nA
Switch “OFF” Vig= 15V and 0V,
Vos=0V and 15V
CONTROL INPUTS
Vilc Low Level Input Voltage Vis=Vss and Vpp
Vos=Vpp and Vss
lg= 110 pA
Vpo=5V 1.5 225 1.5 1.5 v
Vpp = 10V 3.0 45 3.0 3.0 %
Vpo=15V 4.0 6.75 4.0 4.0 v
Vine High Level Input Voltage | Vpp=>5V 35 35 275 35 \
Vpp =10V (see note 6) 7.0 7.0 55 7.0 v
Vpp=15V 11.0 10| 825 11.0 v
M tnput Current Vpp—Vss =15V 101 +10-5| 101 +1.0 | pA
Vop2Vis2Vss
Vpp2Vg2Vss
DC Electrical Characteristics cpsoseac (Note 2)
Symbol Parameter Conditions —4rc +25¢C +e5c Units
Min Max Min Typ Max Min Max
bp Quiescent Device Current Vpp=5V 1.0 0.01 1.0 75 pA
Vpp=10V 20 0.01 20 15 pA
Vpp =15V 4.0 0.01 4.0 30 A




DC Electrical Characteristics (Continued) cD40668C {Note 2)

—40° +25°C + 85°
Symbol Parameter Conditions oe ¢ Units
Min | Max { Min | Typ 1 Max | Min | Max
SIGNAL INPUTS AND OUTPUTS
Vpp— V.
Ron “ON” Resistance R =10 k2 1o 2255
Ve =Vpp. Yss to Vpp
Vpp=5V B850 270 1050 1200 n
Vpp=10V 330 120 400 520 n
Vph=15V 210 80 240 300 n
Vpp—V
ARgn | A“ON" Resistance RL=10 k) to 258
Between Any 2 of Veo= VYoo, Vis=Vss to Vpp
4 Switches Vpp=10V 10 0
Vop=15¥ 5 [1]
s Input or Output Leakage | Vo=0 +50 +0.1 +50 +200| nA
Switch “OFF”
CONTROL INPUTS
Ve Low Level Input Voltage | Vis=Vgg and Vpp
Vos=Vpp and Vsg
hs= £ 10pA
Vpp=5V 15 2.25 1.5 1.5 v
Vpp=10V 3.0 45 3.0 3.0 v
Vpn =15V 4.0 6.75 4.0 4.0 v
Vihe High Level Input Voltage | Vpp=5V 35 35 2.75 35 v
Vpop= 10V (See note 6) 7.0 7.0 55 7.0 V'
Vpp =15V 1.0 11.0 8.25 1.0 v
N Input Current Vpp—Vss =15V 0.3 +10-5| +03 £1.0 [ pA
Von2Vis2Vss
VppzVe2xVss
AC Electrical Characteristics™ 1,—25'C, t, = ;= 20 ns and Vgg = 0V unless otherwise noted
Symbol Parameler Conditions Min Typ Max Units
tonL, tPLH Propagation Delay Time Signal Y =Vpp, C_= 50 pF, (Figure 1)
input 1o Signal Cutput Ry =200k
Vpp=5V 25 55 ns
Vpp= 10V 15 35 ns
Vpp= 15V 10 25 ns
tpzn, tp2r Propagation Delay Time Ry =1.0 kY, C =50 pF, (Figures 2 and 3)
Control input to Signal Vpp=5V 125 ns
Output High Impedance to Vpp=10V 60 ns
Logical Level Vpp=15V 50 ns
teHz, tPLz Propagation Delay Time RL=1.0 kft, C| =50 pF, (Figures 2 and 3)
Control input to Signal Vpp =5V 125 ns
Cutput Logicai Level to Vpp=10V 60 ns
High impedance Vpp=15V 50 ns
Sine Wave Distortion Ve=VYpp=5Y, Vgg= -5V 0.1 %
R =10k, Vig=5Vp.p, =1 kHz,
(Figure 4)
Frequency Response-Switch Vo=Vpp=5VY,Vgg= -5V, 40 MHz
“ON" {Frequency at —3 dB) Ry =1kf}, Vig=5Vpp,
20 Log1o Vos/Vos (1 kHz)—dB,
(Figure 4)




AC Electrical CharacteristiCs”® (Contnued) To=25°C, t,=t= 20 ns and Vgg = 0V unless otherwise noted

Symbol Parameter Conditions Min Typ Max Units
Feedthrough — Switch “OFF" Vop =50V, Vcoc=Vss= — 5.0V, 1.25
(Frequency at —50 dB) RAL=1k, Vj5=5.0Vp p, 20 Logyg,
Vos/Vis= --50 dB, (Figure 4)
Crosstalk Between Any Two Vop = Vgay=5.0V; Vs = Vg =5.0V, 0.9 MHz
Switches (Frequency at — 50 dB) A1 k6L, Viga)=5.0 V., 20 Logyo,
Vos@)/Vis = —50 dB {Figure 5)
Crosstalk; Control Input to Vpp =10V, A =10k, Ry=1.0 ke, 150 mvp
Signal Output Vo =10V Square Wave, G| =50 pF
(Figure 6)
Maximum Control Input Ry = 1.0 k2, C; =50 pF, (Figure 7}
Vos(p= %z Vos(1.0 kHz)
Vop=5.0V 6.0 MHz
Vpp=10V 8.0 MHz
Vpp=15V 8.5 MHz
Cs Signal Input Capacitance 8.0 pF
Cos Signal Output Capacitance Vpp=10V 8.0 pF
Cios Feedthrough Capacitance Vo=0V 0.5 pF
Cin Control tnput Capacitance 5.0 75 pF

*AC Parametars are guaranteed by DC comelated testing.

Mote 1: “Absolute Maximum Ratings™ are those values beyond which the safety of the device cannot be guaranteed, Thay are not meant te imply that the devices
should be operated at lhesa limits, The tables of “Ascommended Operating Conditions™ and “Electrical Characteristics” provide conditions for actual device
operation.

Note 2 Vg5 =0V unless otherwise specified.

Note X These devices should not ba connected o circuits with the power “ON".

Note 4: In sl cases, thers is approximately 5 pF of proba and jig capacitance in the output; however, this capacitance is inchuded in G wheraver it is specified.
Note 5 Vg is the voltage at the in/out pin and Vg is the voltage at the out/in pin. Vg is the voltage at the control input.

Note & Conditions for Viuc: a) Vig =Vpp. los = standard B series loy b) Vis =0V, loi = standard B series lp_.

AC Test Circuits and Switching Time Waveforms
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AC Test Circuits and Switching Time Waveforms (continued)
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Typical Performance Characteristics

“ON” Reslistance vs Signal
Yoitage for Ty, =25°C
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Special Considerations

In applications where separate power sources are used to
drive Vpp and the signal input, the Vpp current capability
should exceed Vpp/R| (AL = effective external load of the 4
CD4066BM/CD4066BC bitateral switches). This provision
avoids any permarent current flow or clamp action of the
Vpp supply when power is applied or removed from
CD4066BM/CD4066BC.

In certain applications, the externai load-resistor current
may include both Vpp and signal-line components. To avoid
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of Temperature for
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drawing Vpp current when switch current flows into termi-
nals 1, 4, 8 or 11, the voltage drop across the bidirectional
switch must not exceed 0.8V at Tp<25°C, or 0.4V at
Ta>25°C (calculated from Ry values shown).

No Vpp current will flow through R if the switch current
flows into terminals 2, 3, 9 or 10.
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CD4066BM/CD4066BC Quad Bilateral Switch

Physical Dimensions inches (millimeters) (Continued)

610810 318

-0
l__ I —
L]
e
amiiune
[y
LT
0.909—p 3
X AT e
{8t Trp f—— ey
[N ama_ua
" a0 L= LT T
[ T -
o E b ! e rems
AR e iesn | =
[YYI T S | - ALae

[F-=11

LIFE SUPPORT POLICY
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Dual-In-Line Package (N)
Order Number CDA056BMN or CD4066BCN
NS Package Number N14A

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 lite, and whose
failure 1o 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.

Nationsl Semiconductor
Corporation

1111 west Bardin Aoad
Arfington, TX 76017

Tel: 1{800) 272.395%
Fax: 1{800) 737-7018

Nationsl Semiconductor

Europe

Fax;
Email:
Deutsch Tel:
English  Tel:
Francais Tel:
hakane  Tel:

(+49} 0-180-530 85 86
cnfwge @levm2.nec.com
(+49) D-180-530 85 85
(+49) D-180-532 78 32
(+49) 0-180-532 93 50
(+49) 0-180-534 18 B0

National Semiconductor
Hong Kong Ltd.

13th Floor, Slraight Block,
Ccean Centra, 5 Canton Rd.
Tsimshatsui, Kowloon

Hong Kong

Tel: (852) 2737-1600

Fax: (852) 2736-9960

Nationsl Semiconductor
apan Lid.

Tel: 81-043-299-2308
Fax: 81-043-295-2408

Nabional 0oes Not assuma any

for use of any G

itry e, o Circuit patant icensd s ars vpled and National rasarves the right gt any time withoul nolice to change said circukry and speciications.
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L297

STEPPER MOTOR CONTROLLERS

» NORMALMWAVE DRIVE
w HALF/FULL STEP MODES
= CLOCKWISE/ANTICLOCKWISE DIRECTION

® SWITCHMODE LOAD CURRENT REGULA-
TION

® PROGRAMMABLE LOAD CURRENT
m FEW EXTERNAL COMPONENTS

» RESET INPUT & HOME OUTPUT

= ENABLE INPUT

DESCRIPTION

The L297 Stepper Motor Controller |C generates
four phase drive signals for two phase bipolar and
four phase unipolar step motors in microcomputer-
controlled applications. The motor can be driven in
half step, normal and wawe drive modes and on-
chip PWM chopper circuits permit switch-mode
control of the current in the windings. A feature of

DIP20 S020

ORDERING NUMBERS : L297/1 (DIP20)
L297D (SO20)

this device is that it requires only clock, direction
and mode input signals. Since the phase are gen-
erated internally the burden on the microprocessor,
and the programmer, is greatly reduced. Mounted
in DIP20 and SO20 packages, the L297 can be
used with monolithic bridge drives such as the
L298N or L293E, or with discrete transistors and
darlingtons.

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Supply voltage 10 )
Vi input signals 7 3
Pt Total power dissipation {Tamp = 70°C) 1 w
Tstg, Tj | Storage and junction temperature -40 fo + 150 °C

TWO PHASE BIPOLAR STEPPER MOTOR CONTROL CIRCUIT
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L297

PIN CONNECTION {Top view)

L297/1

L297D

BLOCK DIAGRAM (L297/1 - L 297D}
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L297

PIN FUNCTIONS - L2971 - L297D

N° NAME FUNCTION

1 SYNC Output of the on-chip chopper oscillator.

The SYNC connections The SYNC connections of all L297s to be
synchronized are connected together and the oscillator
components are omitted on all but one. If an external clock source
is used it is injected at this terminai.

2 GND Ground connection.

3 HOME Open collector output that indicates when the L297 is in its initiai
state (ABCD = 0101).

The transistor is open when this signal is active.

4 A Motor phase A drive signal for power stage.

5 INH1 Active low inhibit control for driver stage of A and B phases.
When a bipolar bridge is used this signal can be used to ensure
fast decay of load current when a winding is de-energized. Also
used by chopper to regulate load current if CONTROL input is low.

6 B Motor phase B drive signal for power stage.

7 C Motor phase C drive signal for power stage.

8 INH2 Active low inhibit controi for drive stages of C and D phases.
Same functions as INH1.

9 D Moter phase D drive signal for power stage.

10 ENABLE Chip enable input. When low (inactive) INH1, INH2, A, B, Cand D
are brought low.

11 CONTROL Control input that defines action of chopper.

When low chopper acts on INH1 and INH2; when high chopper
acts on phase lines ABCD.

12 Vs 5V supply input.

13 SENS; Input for load current sense voltage from power stages of phases
CandD.

14 SENS, Input for load current sense voltage from power stages of phases
A and B.

15 Vet Reference voltage for chopper circuit. A voltage applied to this pin
determines the peak load current.

An RC network (R to V¢, C to ground) connected to this terminal
16 0osC determines the chopper rate. This terminal is connected to ground
on all but one device in synchronized multi - L297 configurations.
=1/0.69 RC
17 CW/CCW Clockwise/counterclockwise direction control input.
Physical direction of motor rotation also depends on connection
of windings.
Synchronized internally therefore direction can be changed at any
time.

18 CLOCK Step clock. An active low pulse on this input advances the motor

one increment. The step occurs on the rising edge of this signal.

4
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PIN FUNCTIONS - L297/1 - L297D (continued)

N° NAME FUNCTION

19 HALF/FULL HalfAull step select input. When high selects half step operation,
when low selects full step operation. One-phase-on full step mode
is obtained by selecting FULL when the L297's translator is at an
even-numbered slate.
Two-phase-on full step mode is set by sefecting FULL when the
translator is at an odd numbered position. {The home position is
designate state 1).

20 RESET Reset input. An active low pulse on this input restores the
translator to the home posttion (state 1, ABCD = 0101),

THERMAL DATA
Symbol Parameter DIP20 | 8020 | Unit
Rinjamb Thermal resistance junction-ambient max 80 100 °C/W

CIRCUIT OPERATION

The L297 is intended for use with a dual bridge
driver, quad darlington array or discrete power
devices in step motor driving applications. It re-
ceives step clock, direction and mode signals from
the systems controller (usually a microcomputer
chip) and generates control signals for the power
stage.

The principal functions are a transiator, which gen-
erates the motor phase sequences, and a dual
PWM chopper circuit which regulates the current in
the motor windings. The translator generates three
different sequences, selected by the HALF/FULL
input. These are normal (two phases energised),
wave drive (one phase energised) and half-step
{alternately one phase energisedtwo phases en-
ergised). Two inhibit signals are also generated by
the L297 in half step and wave drive modes. These
signals, which connectdirectly to the L298’s enable
inputs, are intended to speed current decay when
a winding is de-energised. When the L297 is used
to drive a unipolar motor the chopper acts on these
lines.

An input called CONTROL determines whether the
chopper will act on the phase lines ABCD or the
inhibit lines INH1 and INH2. When the phase lines

4/11

are chopped the non-active phase line of each pair
(AB or CD) s activated (rather than interrupting the
line then active). In L297 + 1298 configurations this
technique reduces dissipation in the load current
sense resistors.

A common on-chip oscillator drives the dual chop-
per. It supplies pulses at the chopper rate which set
the two flip-flops FF1 and FF2. When the current in
a winding reaches the programmed peak value the
voltage across the sense resistor {connected to
one of the sense inputs SENS1 or SENS;z) equals
Vrer and the corresponding comparator resets its
flip flop, interrupting the drive current until the next
oscillator pulse arrives. The peak current for both
windings is prcgrammed by a voltage divider on the
Vref input.

Ground noise problems in multiple configurations
can be avoided by synchronising the chopper os-
cillators. This is done by connecting all the SYNC
pins together, mounting the oscillator RC network
on one device only and grounding the OSC pin on
all other devices.

q
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MOTOR DRIVING PHASE SEQUENCES

The L297’s translator generates phase sequences Clockwise rotation is indicate; for anticlockwise ro-
for normal drive, wave drive and half step modes. tation the sequences are simply reversed RESET
The state sequences and output waveforms for restores the translator to state 1, where ABCD =
these three modes are shown below. In ail cases 0101.

the translator advances on the low to high transis-

tion of CLOCK.

HALF STEP MODE
Half step mode is selected by a high level on the HALF/FULL input.

100 e ——l l_—l
é]mﬁ ¢ l———-l_ l_—
—{Tli e T /.
HOME 0100 Omno

’ T TN e T e T

LTS T 3

NORMAL DRIVE MODE
Normal drive mode (also called "two-phase-on” drive) is selected by a low level on the HALF/FULL input
when the translator is at an odd numbered state (1, 3, 5 or 7). In this mode the INH1 and INHZ outputs

remain high throughout.

1001 m:no A —’_l_r—l_.’_\__r—
UL SRR N R e S N
. El B /' < | 1 ] L 1
001 - oo o u L_I _|_[

HOME

511

g
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MOTOR DRIVING PHASE SEQUENCES (continued)

WAVE DRIVE MODE

Wave drive mode (also called "one-phase-on” drive) is selected by a low level on the HALF/FULL input
when the translator is at an even numbered state (2, 4, 6 or 8).

e . Im . I
o ] b M Igm! !
oo z | | 6 o010 . M M
L] o 2 .

-84

ELECTRICAL CHARACTERISTICS (Refer to the block diagram Tamb = 25°C, Vs = 5V unless otherwise
specified)

Symbol Parameter Test conditions Min. Typ Max. Unit
Vs Supply voltage (pin 12) 4.75 7 v
lg Quiescent supply current {pin 12) | Outputs floating 50 80 mA
Vi Input voltage Low 0.6 \%
(pin 11, 17, 18, 19, 20)
High 2 Vs
l; Input current Vi=L 100 pA
(pin 11,17, 18, 19, 20)
Vi=H 10 pA
Ven Enable input voltage (pin 10) Low 1.3 \
High 2 Vs v
len Enable input current (pin 10) Ven=1L 100 pA
Ven = 10 pA
Vo Phase output voltage le = 10MA Voo 0.4 Vv
(pins 4,6,7,9)
lo= 5mA VoH 39 v
Vinh Inhibit output voitage (pins 5, 8) lo = 10mA Vinh L 0.4 v
la= 5mA Virh H 39 Vv
Vsync | Sync Output Voltage lo = 5rmA VsyNC H 33 Vv
la = S5MA VsyNc v 08

9
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ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test conditions Min. Typ Max. Unit
lieax Leakage cumrent {pin 3) Vee=7V 1 pA
Vsat Saturation voltage (pin 3) I=5mA 0.4 vV
Vo Comparators offset voltage Ver= 1V 5 my

(pins 13, 14, 15)
lo Comparator bias cumrent -100 10 pA
{pins 13, 14, 15)
Vret {nput reference voltage (pin 15) 0 3 A"
toik Clock time 0.5 us
ts Set up time 1 us
th Hold time 4 s
tr Reset time 1 us
trck | Reset to clock delay 1 us
Figure 1.
- /~
oLk
CWICCW
HALF STEP/
FULL STEP tg, ty
RESET 58848
il 'ReLK
|
"_l 7M1
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APPLICATION INFORMATION

TWO PHASE BIPOLAR STEPPER MOTOR CONTROL CIRCUIT
This circuit drives bipolar stepper motors with winding currents up to 2A. The diodes are fast 2A types.

Figure 2.
osY QY
R
-< T
C 7K1 L6210
GND ] l les | b2 p3a] o«
05C | |
cew [2 6 2 Y 4
cwiCe 17 4 A 5 3 IOI ||
Crock Lt ] 7 | | ;
HALFIFOLL c 07 ]
—1" 7 L STEPPER
N L297 o L298N “',3 S
RESET 1 9 12 13 | i WINCINGS
ENABLE } o | o | l;
v —
_rej__ﬂ " M LTI S wjos |
N3 134 ) 15 Jlus osmnel
|
| SENSE _d | |
SENSE 2 —_—]—]—]2
CONTROL HOME
SYNC. 5-904674
Eﬂsn Rs2
Rg Rg,-050
DY toD8 = 2A FAST DIODES
Figure 3 ; Synchronising L297s
1 1
SYNC SYNC
L297 L297
Vg 0sc 0sC
12 16 16
5y R
O—4
C
osaarm I

8/11
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MECHANICAL DATA

OUTLINE AND

DIM. mm inch
MIN. | TYP. | MAX. | MIN. | TYP. | MAX,
at 0.254 0.010
B 1.39 1.65 | 0.055 0.065
b 0.45 0.018
b1 0.25 0.010
D 254 1.000
E 8.5 0.335
e 254 0.100
e3 22 .86 0.900
F 71 0.280
! 393 0.155
L 33 0.130
z 1.34 0.053

DIP20

-
r
D
o B e o B e
. | 1
) =
1 L

AN N N N [ N N N N

4
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OUTLINE AND
MECHANICAL DATA

mm inch
DIM.

MIN. | TYP. | MAC | MIN. | TYP. | MAX.
A 2.35 2.65 | 0.093 0.104
A1 0.1 03 | 0.004 0.012
B 0.33 0.51 | 0.013 0.020
c 0.23 0.32 | 0.009 0.013
D 126 13 0.496 0.512
E 74 7.6 |0.291 0.299

e 1.27 0.050
H 10 10.65 | 0.394 0.419
h 0.25 0.75 | 0.010 0.030
L 0.4 1.27 | 0.016 0.050

K 0" (min.)8" (max.)

S020

— hx 45° ’

=P

NOOOAOHANT

20

1

11

Toooooooon

SO20MEC
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by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this publication are subject to
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LMS555/NES55/SA555

Electrical Characteristics

(Ta =25°C, Vce = § ~ 15V, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
Supply Voltage Vce - 4.5 - 16 \'
Supply Current (Low Stable) {Note1) f VCC =3V, RL = _ 3 6 mA
u urrent (Low Stable) (Note
PP ce VCcc =15V, RL=w - 7.5 15 mA
Timing Error (Monostable)
initial Accuracy (Note2) ) o
Drift with Temperature (Note4) ACCUR RA = 1kQ to100k2 10 3.0 A’Q
Drift with Supply Voltage (Noted) AUAT | = 0.pF 50 Ppm/°C
AvaVce ) 0.1 0.5 %N
Timing Error (Astable) )
intial Accuracy (Note2) ACCUR § Ra = 1k to 100kQ 225 - %
Drift with Temperature {(Note4) AVAT C=0.1puF 150 ppm/°C
Drift with Supply Voltage (Note4) AVAVCC 03 %NV
Voe = 15V 90 [ 100 | 110 Vv
Control Voltage Ve
Ve =5V 26 | 333 | 4.0 Vv
Threshold Volt v vee = 15V - | 100} - v
res oltage
© 9 i Vce =5V - 3.33 - Y
Threshold Current (Note3) ITH - - 0.1 0.25 pA
Tri Vot V Vcec =5V 1.1 167 | 22 Vv
rigger e
gger vollag R Vec=15v 45 | 5 | 56 | V
Trigger Current TR VTR=0V 0.01 20 pA
Reset Voltage VRST - 0.4 0.7 1.0 \
Reset Current IRST - 0.1 04 mA
Vce =15V
ISINK = 10mA - 0.06 | 0.25 Vv
Low Qutput Voltage VoL ISINK = 50mA 03 | 0.75 Y
Vcec =5V
- . 0.
ISINK = 5mA 0.05 35 Vv
Vce = 15V
ISOURCE = 200mA 125 - \
High Output Voitage VOH ISOURCE = 100mA 12.75 | 133 v
Vce =5V _
ISOURCE = 100mA 275 | 33 v
Rise Time of Output (Noted) iR - - 100 - ns
Fall Time of Cutput (Note4) tF - - 100 - ns
Discharge Leakage Current ILKG - - 20 100 nA

Notes:

1. When the output is high, the supply current is typically 1mA less than at Vcc = 5V.

2. Tested at Vcc = 5.0V and Ve = 15V.

3. This will determine the maximum value of Ra + RB for 15V operation, the max. total R = 20MQ, and for 5V operation, the max.

total R = 6.7MQ.

4. These parameters, although guaranteed, are not 100% tested in production.
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Application Information

Table 1 below is the basic operating table of 555 timer:

Table 1. Basic Operating Table

Threshold Voltage Trigger Voltage Discharging Tr.
VIEIN 6) g (%fr) (PIN 2)9 Reset(PIN4) | Output(PIN 3) (PILQ 7)9
Don't care Don't care Low Low ON
Vih > 2Vec/ 3 Vth > 2Vee / 3 High Low ON
Vec/3<Vih<2Vee/3 | Vec/3<Vth<2Vecl/3 High - -
Vth <Vceec/ 3 Vth<Vce/ 3 High High OFF

When the low signal input is applied to the reset terminal, the timer output remains low regardless of the threshold voltage or
the trigger voltage. Only when the high signal is applied to the reset terminal, the timer's output changes according to

threshold voltage and trigger voltage.

When the threshold voltage exceeds 2/3 of the supply voltage while the timer output is high, the timer's internal discharge Tr.
turns on, lowering the threshold voltage 1o below 1/3 of the supply voltage. During this time, the timer output is maintained
low. Later, if a low signal is applied to the trigger voltage so that it becomes 1/3 of the supply voltage, the timer's internal
discharge Tr. turns off, increasing the threshold voltage and driving the timer output again at high.

1. Monostable Operation

Trgger oiscH(_7

Figure 1. Monoatable Circuit

1V/dbv, Suaidiv
] | I | |
L
Output ; o
% =1) el
LY yaR iy

R,=9.1kl, R,=1k@, C1=0.01uF, Vec=5V

Figure 3. Waveforms of Monostable Operation

10"
w ] N
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T
5 /
m‘m‘ 10 10* w0 w0 10 w 10

Time Delay(s)

Figure 2. Resistance and Capacitance vs.
Time delay(id)
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Figure 1 illustrates a monostable circuit. In this mode, the timer generates a fixed pulse whenever the trigger voltage falls
below Vee/3. When the trigger pulse voltage applied to the #2 pin falls below Vee/3 while the timer output is low, the timer's
internal flip-flop turns the discharging Tr. off and causes the timer output to become high by charging the external capacitor C1
and setting the flip-flop output at the same time.

The voltage across the external capacitor C1, VC1 increases exponentially with the time constant =RA*C and reaches 2Vcc/3
at td=1.1RA*C. Hence, capacitor C1 is charged through resistor Ra. The greater the time constant RAC, the longer it takes
for the V| to reach 2Vec/3. In other words, the time constant RAC controls the output pulse width.

When the applied voltage to the capacitor Cl reaches 2Vcc/3, the comparator on the trigger terminal resets the flip-flop,
turning the discharging Tr. on. At this time, C1 begins to discharge and the timer output converts to low.

In this way, the timer operating in the monostable repeats the above process. Figure 2 shows the time constant relationship
based on RA and C. Figure 3 shows the general waveforms during the monostable operation.

It must be noted that, for a normal operation, the trigger pulse voltage needs to maintain a minimum of Vce/3 before the timer
output turns low. That is, although the output remains unaffected even if a different trigger pulse is applied while the output is
high, it may be affected and the waveform does not operate properly if the trigger pulse voltage at the end of the output pulse
remains at below Vcc/3. Figure 4 shows such a timer output abnormality.

1¥/div, S0ma/div

[ Trigger

%

[oure
ol ] ] 1
/4 Threshold r" //L /
2hva / e

R, =9.1k0, R =1k, C1=0.01uF, Vec=5V

Figure 4. Waveforms of Monostable Operation (abnommal)

2. Astable Operation

\ \ \ o
4 10 I\ N N, N
RESET \ \ \; &
g N N A, % N
" RNV
'g o1 N, ) A N N
5 A ANANAN \
ouTt ant N M, N N,
GND \ \ \ \
m 1E3 AN N
100w 1 10 100 1k 10k 1R
\[/ T Frequency(Hz)
L
Figure 5. Astable Circuit Figure 6. Capacitance and Resistance vs. Frequency
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1Vidiv, Hhna/div

R,=1k2, R,=1k, R,=1kW, C1=1uF, Vee=SV

Figure 7. Waveforms of Astable Operation

An astable timer operation is achieved by adding resistor Rp to Figure 1 and configuring as shown on Figure 5. In the astable
operation, the trigger terminal and the threshold terminal are connected so that a self-trigger is formed, operating as a multi
vibrator. When the timer output is high, its internal discharging Tr. turns off and the V| increases by exponential

function with the time constant (RA+Rp)*C.

When the VC1, or the threshold voltage, reaches 2Vec/3, the comparator output on the trigger terminal becomes high,
resetting the F/F and causing the timer output to become low. This in turn turns on the discharging Tr. and the C1 discharges
through the discharging channel formed by R and the discharging Tr. When the V1 falls below Vcc/3, the comparator
output on the trigger terminal becomes high and the timer output becomes high again. The discharging Tr. turns off and the
V(i1 rises again.

In the above process, the section where the timer output is high is the time it takes for the V(1 to rise from Vec/3 to 2Vec/3,
and the section where the timer output is low is the time it takes for the V| to drop from 2Vce/3 to Vee/3. When timer output
is high, the equivalent circuit for charging capacitor Cl1 is as follows:

+
- _Vel(0-)=Vce/3

11

Voo == Cl

dvc1 VCC—V(O-)

= (N

c
1 gt R, +Rp

Ve (09 = Vee/3 ()

t
2 '(_(RA+RB)C1]
Ve = Vel 1-3e 3

Since the duration of the timer output high state(ty) is the amount of time it takes for the VCI{t) to reach 2Vcc/3,
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- _—_—————tH
2 | (Ry+RgC1

1 —58 (4}

_2 _
Ve =3Vee " Voo

tyy = C4(Ry +Rp)In2 = 0.693(R, +Rg)C, (5)

The equivalent circuit for discharging capacitor C1, when timer output is low is, as follows:

B
t
+
c1 TCI(0-)=2Vcc/3 - % R,
<
dv
C1 1 B
Ci— +RA+RBvc1—0 (6)
1
2 Ry +Rp)CT
Ver =5V _ o 7)

Since the duration of the timer output low state(t} is the amount of time it takes for the V¢1(t) to reach Vec/3,

W
1 2 '(RA+RD)C1
Voo (8)
cC

tL = C1(RB+RD)In2 =0.693(RB+RD)C1 (€))]

3Vce ™3

Since RD is normally RB>>Rp although related to the size of discharging Tr.,
tL=0.693RBC1 (10$)

Consequently, if the timer operates in astable, the period is the same with
"T=tg+tL.=0.693(RA+RB)C1+0.693RBC1=0.693(RA+2RB)C1' because the period is the sum of the charge time and discharge

time. And since frequency is the reciprocal of the period, the following applies.

_ 1.44 (11

_1
frequency, f= 7 (RA+2RB)C1

3. Frequency divider
By adjusting the length of the timing cycle, the basic circuit of Figure 1 can be made to operate as a frequency divider. Figure
8. illustrates a divide-by-three circuit that makes use of the fact that retriggering cannot occur during the timing cycle.
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Absolute Maximum Ratings (TA = 25°C)

Parameter Symbol Value Unit
Supply Voltage Vee 16 vV
Lead Temperature (Soldering 10sec) TLEAD 300 °C
Power Dissipation PD 600 mw
Operating Temperature Range

LM555/NESS55 TOPR 0~+70 °C
SA555 -40 ~ +85

Storage Temperature Range TsTG -65 ~ +150 °C
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1V by, 25usdiv

O s uiaada XTI LTS (X2 3 SYTNR SATERE TRS L] £

Output I

B Il o —

R,=9.1kQ, R, =1kQ, C1=0.01uF, Vec=5V
Figure 8. Waveforms of Frequency Divider Operation

4, Puise Width Modulation

The timer output waveform may be changed by modulating the control voltage applied to the timer's pin 5 and changing the
reference of the timer's internal comparators. Figure 9 illustrates the pulse width modulation circuit.

When the continuous trigger pulse train is applied in the monostable mode, the timer output width is modulated according to
the signal applied to the control terminal. Sine wave as well as other waveforms may be applied as a signal to the control
terminal. Figure 10 shows the example of pulse width modulation waveform.

_ (Control Trigger]
/ [Fries
~ AT
= ¥
_jTreshold ] 1 foipes )
N A | ]
1/
(LI 1 /

R,=9.1k€}, R =1k(}, C1=0.01uF, Vcc=5V

Figure 9. Circuit for Pulse Width Modulation Figure 10. Waveforms of Pulse Width Modulation

5. Pulse Position Modulation

If the modulating signal is applied to the control terminal while the timer is connected for the astable operation as in Figure 11,
the timer becomes a pulse position modulator.

In the pulse position modulator, the reference of the timer's internal comparators is modulated which in turn modulates the
timer output according to the modulation signal applied to the control terminal.

Figure 12 illustrates a sine wave for modulation signal and the resulting output pulse position modulation : however, any wave
shape could be used.
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1Vidiv, 100us/div
|

Contrel I |

[ Trigger -

1 1@“ n
1A janannnan ]
WURERRR
(Rl i I
| i1 BEIEATITEEIL

R,=3.9k(1, R =1kG3, R =1k£, C1=0.01uF, Vee=5Y

e am— m——T

Figure 11. Circuit for Pulse Position Modulation Figure 12. Waveforms of pulse position modylation

6. Linear Ramp
When the pull-up resistor RA in the monostable circuit shown in Figure 1 is replaced with constant current source, the V1

increases linearly, generating a linear ramp. Figure 13 shows the linear ramp generating circuit and Figure 14 illustrates the

generated linear ramp waveforms.

1V/div, 28unidiv
=T T
) Trigger
4 —8) A =
RESET Ve / /’ |
~. DISCH s 4 V4 |
C2 TRIG : 1
THRES ‘ 1
Output [mcpm
3 )out
L

R1=47k(}, R2=100k(}, R =2.7k(}, R, =1k}, C1=0.00uF, Voo=5Y

Figure 13. Circuit for Linear Ramp Figure 14. Waveforms of Linear Ramp

In Figure 13, current source is created by PNP transistor Q1 and resistor R1, R2, and RE.

v -V
CC E
=& B qp
C
Re
Here, VE is
Ry
Vg = VBE*E;IR_ZVCC (13)
For example, if Vce=15V, RE=20k(, R1=5kW, R2=10k, and Vg=0.7V,
VE=0.7V+10V=10.7V
Ic=(15-10.7)/20k=0.215mA
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When the trigger starts in a timer configured as shown in Figure 13, the current flowing through capacitor C1 becomes a
constant current generated by PNP transistor and resistors.
Hence, the VC is a linear ramp function as shown in Figure 14. The gradient S of the linear ramp function is defined as

follows:

\")
S = _E_F‘_E (14)

Here the Vp-p is the peak-to-peak voltage.
If the electric charge amount accumulated in the capacitor is divided by the capacitance, the VC comes out as follows:

V=Q/C (15)

The above equation divided on both sides by T gives us
vV_aoT
T ¢C (16)
and may be simplified into the following equation.
S=I/C n

In other words, the gradient of the linear ramp function appearing across the capacitor can be obtained by using the constant
current flowing through the capacitor.

If the constant current flow through the capacitor is 0.215mA and the capacitance is 0.02uF, the gradient of the ramp function
at both ends of the capacitor is § = 0.215m/0.022p =9.77V/ms.

10
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Mechanical Dimensions

Package

6.40 +0.20
0.252 +0.008

1 1

i |
#1[] BE:
O

7.62
0.300

LJ

| ——

|_0-155-

Dimensions in millimeters

8-DIP

AERHE
] slel Je
A 2o g
slal 2|2
o o
o
2 | g|&
= | g%
28| 82
N s [+)] o I
B2
o~
5.08 3.30 £0.30
0.200 MAX 0.130 10012
3.40 +0.20 0.33
0.134 +0.008 0.013 MIN
0.10
0.25io.05

0.004
0.010 io.ooz
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Mechanical Dimensions (Continued)

Package
Dimensions in millimeters
0.1~0.25
1 55 £0.20 MiN 0.004~0.001
0.061 +0.008
glg
Ovo
#10T] O (T#s T '
§ o|8
] mul A | I
o [a) o |
nm mu S
wigl TG l | e
#a[ T T oS L gls
- D
S|S
(o)
6.00 +0.30 1.80 R|§
0.236 +0.012 0.071 MAX ~lo
o |o |
Q —_
(o)) 3] o g
gg 53 3.95 +0.20 =]
38|83 0.156 0.008 2 %
2=
L d
572 g
0.225 °©
0.50 +0.20 f =
0.020 10.008
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Ordering Information

Product Number Package Operating Temperature
LM555CN 8-DIP
0~+70°C
LM555CM 8-SOP
Product Number Package Operating Temperature
NE555N 8-DIP 0~ +70°C
NE555D 8-SOP
Product Number Package Operating Temperature
SA555 8-DIP
-40 ~ +85°C
SA555D 8-SOP

13
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DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATICN OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT PCLICY

FAIRCHILD'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 FAIRCHILD SEMICONDUCTCR
CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. Acritical component in any component of a life support
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be
or (b) support or sustain life, and (c) whose failure to reasonably expected to cause the failure of the life support
perform when properly used in accordance with device or system, or to affect its safety or effectiveness.

instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www fairchildsemi.com

11/29/02 0.0m 001
Stocki# D Sx000000x
© 2002 Fairchild Semiconductor Corporation



[S72

ULN2001A-ULN2002A
ULN2003A-ULN2004A

SEVEN DARLINGTON ARRAYS

= SEVEN DARLINGTONS PER PACKAGE

a OUTPUT CURRENT 500mA PER DRIVER
(600mA PEAK)

a OUTPUT VOLTAGE 50V

e INTEGRATED SUPPRESSION DIODES FOR
INDUCTIVE LOADS

« OUTPUTS CAN BE PARALLELED FOR

HIGHER CURRENT

TTL/CMOS/PMOS/DTL COMPATIBLE INPUTS

= INPUTS PINNED OPPOSITE OUTPUTS TO
SIMPLIFY LAYOUT

DESCRIPTION

The ULNZ2001A, ULN2002A, ULN2003 and
ULNZ2004A are high voltage, high current darlington
arrays each containing seven open collector dar-
lington pairs with common emitters. Each channel
rated at 500mA and can withstand peak currents of
600mA. Suppression diodesare included for induc-
tive load dniving and the inputs are pinned opposite
the outputsto simplify board layout.

The four versionsinterface toall common logic fami-
lies:

ULN2001A General Purpose, DTL, TTL, PMOS,
CMOS

ULN2002A 14-25V PMOS

ULN2003A | 5V TTL, CMOS

ULN2004A 6-15vV CMOS, PMOS

These versatile devices are usefuifor driving a wide
range of loads including solenoids, relays DC mo-
tors, LED displays filament lamps, thermal print-
heads and high power buffers.

The ULN2001A/2002A/2003Aand 2004 A are sup-
plied in 16 pin plastic DIP packages with a copper
leadframe to reduce thermal resistance. They are
available also in small outline package (SO-16) as
ULN2001D/2002D/2003D/2004D.

September 1998

DIP16

ORDERING NUMBERS: ULN2001A/2A/3A/4A

ORDERING NUMBERS: ULN2001D2D/3D/4D

PIN CONNECTION

GNO

m 16 OuT

10 OUT

5-1877:11

7

g COMMON FREE
WHEELING DIODES

1/8




ULN2001A - ULN2002A - ULN2003A - ULN2004A

SCHEMATIC DIAGRAM

I——I——ocm
1050 y—OouT
IN '
) '
|
] 2.2x0) 3kn ?
: |
e - ———— -4
. EACH DRIWWER 8- v9nt
Series ULN-2001A Series ULN-2002A
(each driver) (each driver)
i——u—omu COM
170 T—Ooour 050
IN ) IN
! ! 1
I x {
I %L nn | | 22k0)
1 1
1 ! ]
L - ————— ——— - L - ————————
EACH DRIVER 3-8 EACH DRIVER
Series ULN-2003A Series ULN-2004A
(each driver) (each driver)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vo Qutput Voltage 50 vV
Vin Input Voltage (for ULN2002A/D - 2003A/D - 2004A/D) 30 \
le Continuous Collector Current 500 mA
Iy Continuous Base Current 25 mA
Tamb Operating Ambient Temperature Range - 20 to 85 °C
Tsig Storage Temperature Range ~55to 150 °C
Tj Junction Temperature 150 °C
THERMAL DATA
Symbol Parameter DiP16 S016 Unit
Rinjamb | Thermal Resistance Junction-ambient Max. 70 100 “C/wW
2/8 "I




ULN2001A - ULN2002A - ULN2003A - ULN2004A

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. | Unit | Fig.
lcEx Qutput Leakage Current Ve = 50V 50 pA 1a
Tamb = 70°C, Vce = 50V 100 |_1A 1a
Tarnb =70°C
for ULNZ2002A
Vee = 50V, Vi = 6V 500 pA 1b
for ULN2004A
Vee = 50V, V; = 1V 500 pA 1b
VeEsat Collector-emitter Saturation Ic = 100mA, I = 250pA 0.9 1.1 vV 2
Voltage Ic = 200 mA, 1z = 350uA 1.1 1.3 vV 2
Ic = 350mA, Ig = 500pA 1.3 1.6 v 2
lion) Input Current for ULN2002A, V, = 17V 0.82 1.25 mA 3
for ULN2003A, V; = 3.85V 0.93 1.35 mA 3
for ULN2004A, V| = 5V 0.35 0.5 mA 3
Vi =12V 1 1.45 mA 3
ligot) input Current Tams = 70°C, Ic = 500pA 50 65 pA 4
Viion) Input Voltage Vce = 2V A 5
for ULN2002A
Ic = 300mA 13
for ULN2003A
Ic = 200mA 24
Ic = 250mA 27
Ic = 300mA 3
for ULN2004A
Ic = 125mA 5
lc = 200mA 6
lc = 275mA 7
lc = 350mA 8
hee DC Forward Current Gain for ULN2001A
Vce = 2V, Ic = 350mA 1000 2
Ci Input Capacitance 15 25 pF
teLH Turn-on Delay Time 0.5 Vi to 0.5 V, 0.25 1 us
teHL Tum-off Delay Time 05Vito 0.5V, 0.25 1 us
Ir Clamp Diode Leakage Current | Vg = 50V 50 HA 6
Tamb = 70°C, Vg = 50V 100 LA 6
Ve Clamp Diode Forward Voltage g = 350mA 1.7 2 \ 7
K’l 3/8




ULN2001A - ULN2002A - ULN2003A - ULN2004A

TEST CIRCUITS
Figure 1a. Figure 1b.
oPFEN YcE
1
CEX
5-572%
Figure 2. Figure 3.
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Figure 4. Figure 5.
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Figure 6. Figure 7.
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

Figure 8: Collector Current versus Input Current

lc DF6INA53

(mA) | /
Tj=25°C

500

400 /
Max
300 / /

200 ,/ / /
100 / / TYPICAL
/

0 100 200 300 400 500 Ib{uA)

Figure 10: Peak Collector Current versus Duty
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Figure 9: Collector Current versus Saturation
Voltage
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Figure 11: Peak Collector Current versus Duty
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

DIP16 PACKAGE MECHANICAL DATA

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
at 0.51 0.020
8 0.7 165 0.030 0.065
b 05 0.020
b1 0.25 0.010
D 20 0.787
E 85 0.335
e 2.54 0.100
e3 17.78 0.700
F 7.1 0.280
| 5.1 0.201
L 33 0.130
z 1.27 0.050
aened gy N— |
=] —
- b1
7 _JlLL ' B | ° ) E
ed z
D
(1111110 0r
[® »
LA
1 8
HEERNEERERE RN
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

5016 PACKAGE MECHANICAL DATA

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 1.75 0.069
al 0.1 0.25 0.004 0.009
a2 1.6 0.063
b 0.35 0.46 0.014 0.018
b1 0.19 0.25 0.007 0.010
C 0.5 0.020
cl 45 (typ.)
D 9.8 10 0.386 0.394
E 5.8 6.2 0.228 0.244
e 1.27 0.050
e3 8.89 0.350
F 38 4.0 0.150 0.157
L 0.4 1.27 0.0186 0.050
M 0.62 0.024
S B (max.)
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the conse-
quences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No
license is granted by implication or ctherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this
publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. STMi-
croelectronics products are not authorized for use as critical components in life support devices or syslems without express written
approval of STMicroelectronics.
The ST logois a registered trademark of STMicroelectronics
€ 1998 STMicroelectronics — Printed in ltaly — Al Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - Canada - China - France - Germany - Htaly - Japan - Korea - Malaysia - Malta - Mexico - Morocco - The Netherlands -
Singapore - Spain - Sweden - Switzerand - Taiwan - Thailand - United Kingdom - U.5.A
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