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ABSTRACT

This project present a design of Laser Radar Speedometer using time of light in the
air. The laser modulated signals are sent in different times. The laser direction is opposite with
the target direction. The reflected signals in different delay time are calculated to a speed of

target movement. The speed is illustrated by a LCD display.
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Code 11)5unsun 1

$include "reg5l.h"

#define NumPulse 3

// Define I/Q Port

7/

tdefine LCD PO

#define CNT Pl

//at PO sfr LCD; // LCD display B-bit
//at Pl sfr CNT; // Pulse Counted

sbit RS = P376; // LCD Cmd/Data
sbit E = P3~7; // LCD Enable
sbit DR = P3°5; // Data Ready
sbit SW = P2~0; // Start Switch

sbit VCC = P2~7; // Enable Vcc

// Global Variable

’’

unsigned char LogPulse[NumPulse]:
unsigned char 1i;

float diff;

float speed;

void InitLCD{) {
unsigned int i;

LCD =
E = 0;
RS = 0;

0x00;

// Rising Time

for (i=0;i<255;i++} ;
for (i=0;1<255;i++) ;
for (i=0;i<255;i++) ;
for (i=0;i<255;1++) ;
for (i=0;1<255;1i++) ;
for (i=0;i<255;i++) ;
for (i=0;1i<255;i++) ;
for {(i=0;i<255;i++) ;
for {i=0;i<25%;i++) ;
for (i=0;i<285:i++) :
for (i=0;1i<255;i++) ;
for (i=0;i<255;i++) ;

RS = 0;

// Init LCD

LCD = 0x38;

E = 1;

E = 0;

for (i=0:;1<200;i++) ;
for (i=0;1<200;i++) ;
for (i=0:1i<200;i++)} ;
for (i=0;1i<200;i++) ;



// Display con without cursor
LCD = 0x0C;

E = 1;

E = 0;

for (i=0;1<200;1i++)
for (i=0;1i<200;i++) ;
for (i1=0;i<200;i++) ;
for (i=0;i<200;i++) ;

~

// clear display

ICD = 0x01;

E = 1;

E = 0;

for (i=0;i1i<200;i++) ;
for (i=0;i<200;1i++)

for (i=0;i<200;1i++)
for (i=0;1<200;i++)
for {i=0;i<200;i+4+) :
for (i=0;i<200;1i++) ;

- e ma

}

vold WriteLCD(unsigned char ch)
unsigned int i;
RS = 1;
LCD = ch;
E =1;
E = 0;
for (i=0;i<bh0;i++) ;

1

volid PrintLCD(unsigned char sttl])

unsigned char i;
for {(i=0;stt[i]!=0;1i++)
WriteLCD{stt([i]):
}

void GotoLCD(unsigned char addr)
unsigned int i;

RS = 0;

LCD = addr | 0x80;

E = 1;

E = 0;

for (i=0;i<50;1i++) ;

}

void delayx () {
unsigned char i,73;
for (i=0;i<255;i++)
for {j=0;3<255;j++)

r

}
vold main{void) {

InitLCD();
GotoLCD(0x00) ;
PrintLCD("Spd 000.");
GotoLCD (0x40) ;
PrintLCD("000 km/h");

f

{




whil

e (1)
VCC =

{
1;

// if press start button

if

(SW==

0y {

// gathering value

VCC = 0;

// enable Vcc

for (i1=0; i<NumPulse;i++) {

while (DR==1) ;
LogPulse[i] =
while (DR==0}

}
VCC = 1;

// HO ERROR

// wait for data ready

CNT; // put counted value into variable

r

// wait for data clear

// disable Vcc

if ((LogPulse([0]>=2)&&(LogPulse[0]<=62)) {

// find difference
diff = 0.0;

for (i=0;i<NumPulse-1;i++) {

diff += LogPulse[i+1]

}
diff = diff /

// calculate speed

- LogPulse[i];

(float) (NumPulse-1) :

diff = diff * 14.99999999999999999%e-9;

speed =

// display speed
GotoLCD(0x04) ;
PrintLCD("
GotoLCD (0x04) ;
WriteLCD('0' +
WriteLCD('0"' +
WriteLCD('0" +
WriteLCD({'.");
GotoLCD(0x40}) ;
WriteLCD('O"
WriteLCD('0"' +
WriteLCD('0Q"'

} else {
GotoLCD (0x04) ;
PrintLCD(" ") ;
GotoLCD (0x40) ;
PrintLCD(" ") ;
GotoLCD(0x40) ;
PrintLCD{"ERROR

{(SW==0) ;

{(unsigned

{(unsigned
+ {unsigned
PrintLCD(" km/h");

{3.6*3.0eB*diff)/((2*0.512)+diff);

")

{unsigned char) (speed*0.01));
char) (speed*0.1)%10);
{unsigned char)speed%10);

+ (unsigned char) (speed*10)%10};
char) (speed*100)%10);
char) (speed*1000) %10} ;

)i



Philips Semiconductors Product specification
— - " ]}

) HEF4069UB
Hex inverter
gates
DESCRIPTION
The HEF4069UB is a general purpose hex inverter. Each
of the six inverters is a single stage.
110 O4)2 o] [l [zl [11] o] [5] [e

Voo Is O Is Os I, O
) HEF4069UB

Ij Oy I, 0 I3 O3 Vss
17121 13] 1&] 151 18] 17
TTIA695

Fig.2 Pinning diagram.

YYYYYY

11}1s 10
HEF4063UBP{N): 14-lead DIL; plastic
(SOT27-1)
13116 2 HEF4063UBD(F): 14-lead DIL; ceramic (cerdip)
(SOT73)
HEF4068UBT(D): 14-lead SO; plastic
TTII6HE
(SOT108-1)

( ): Package Designator North America
Fig.1 Functional diagram.

FAMILY DATA, Ipp LIMITS category GATES

See Family Specifications for Viy/V unbuffered stages

Vbo

-
e

Fig.3 Schematic diagram (one inverter).
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Philips Semiconductors Product specification

| HEF4069UB
Hex inverter
gates
AGC GHARACTERISTICS
Vss = 0V Tams = 25 °C; C = 50 pF; input transition times < 20 ns
VGD SYMBOL | TYP. MAX. TYPICAL EXTRAPOLATION FORMULA
Propagation delays 5 45 90 ns 18ns + (0,55 ns/pF)C,
In = On 10 |tpnL 20 40 ns 9ns + (0,23 ns/pF)CL
HIGH to LOW 15 15 25 ns 7ns + (0,16 ns/pF)C,
5 40 80 ns 13ns + (0,55 ns/pF)C,
LOW to HIGH 10 teLH 20 40 ns 9ns + (0,23 ns/pF)C,
15 15 30 ns 7ns + {0,186 ns/pF) C_
Culput transition times 5 60 120 ns 10ns + (1,0ns/pF)CL
HIGH to LOW 10 tTHL 30 60 ns 9ns + (0,42 ns/pF)C,
15 20 40 ns 6ns + (0,28 ns/pF)C,
5 60 120 ns 10ns + (1,0ns/pF) CL
LOW to HIGH 10 tyLn 30 60 ns 9ns + (0,42 ns/pF)CL
15 20 40 ns 6ns + (0,28 ns/pF)C,
V";" TYPICAL FORMULA FOR P (W)
Dynamic power 5 600 f; + ¥ (f,Cy) % Vpp? where
dissipation per 10 4 000 f; + T {f;Cp) % Vpp? f; = input freq. (MHz)
package (P) 15 22 000 f; + ¥ {f,CL) x Vpp? fs = output freq. {MHz)
C, = load capacitance (pF}
¥ (f,CoL) = sum of outputs
Vpp = supply voltage (V)

January 1995 3



Philips Semiconductors

Product specification
HEF4069UB
inverter
Hex inve gates
7284367
5 500
VO ID
v (uA)
25 250
4
JIHA
T
Ii [ \ Fig4 Typical transfer characleristics;
¥ 11 ___ Vo ]
0 - \\ 0 _. _ _ lp (drain current);
0 25 vy 5 lo=0;Vpp=5V.
1284368
\\\
Vo Ip
(V) {mA})
1\
5 1 5
1
/ \
4 h !
/.’ \\ . Fig.5 Typical transfer characteristics;
\ ___Voi
0 L7 \.\ N o _ _ _ lp (drain current};
0 5 v, (V) 10 lp=0;Vpp=10V.
20 TZB4366.1
Y
0 5
» S
\
10 10
A
." 4
/ \
/ \
F \ Fig.6 Typical transfer characterislics;
X — Vo;
o d 2 0 _ _ lp (drain current);
0 0y 20 lo = 0: Vop = 15 V.
January 1995 4




Philips Semiconductors

Product specification

Hex inverter

HEF4069UB
gates

APPLICATION INFORMATION
Some examples of applications for the HEF4069UB are shown below.

In Fig.7 an astable relaxation oscillator is given. The oscillation frequency is mainly determined by R1C1, provided

R1 << R2 and R2C2 << R1C1.

@) Voo

1/6 HEF4069UR  1/6 HEF 40G9UB

Vss

_ D
czi R2
/4

7284373

{b) —- Yoo

. —ov

forward voltage
clamping diode

TITISM

The function of R2 is to minimize the influence of the farward voltage across
the protection dicdes on the frequency; C2 is a stray (parasitic) capacitance.
The period T, is given by T, = Ty + Ty, in which

ptV

v 2V -V,
Ty = R1C1 In—5—ST and T, = R1C1 1n 52251 where

ST 1o B}

Vgris the signal threshold level of the inverler. The period is fairly independent
of Vpp, Vst and temperature. The duty factor, however, is influenced by Vey.

Doty
i

Fig.7 (a) Astable relaxation oscillator using two HEF4069UB inverters; the diodes may be BAWG2; C2is a
parasitic capacitance. (b) Waveforms at the points marked A, B, C and D in the circuit diagram.

January 1995 5




Philips Semiconductors

Product specification

, HEF4069UB
Hex inverter
gates
1M 2|2on 1MQ
] !
2MHz
2,2k
—Do—ETUT giy
1/6 HEF4069UB 100 22 1/6 HEF4069UB
; pF ; pF (1 {1) This inverler is added to amplify the
2 s oscillator output voltage to a tevel
7Z84369 suffictent to drive other LOCMOS circuits.
Fig.8 Crystat oscillator for frequencies up to 10 MHz, using two HEF4069UB inverters.
7264251.1 7Z84257.1
50 20
'bp
{mA)
gain \\ /
(V0/V|) i5
typ /
typ)f
25 AN 10
ha
[,
5 7
/
>
0 0 0 5 10
0 > Pvppn ® Vpp (V) 15
Fig.9 Voltage gain (Vo/V)) as a function of supply Fig.10 Supply current as a function of supply voltage.
voltage.

January 1995 6

330k

1/6 HEF4069UB

1284370

Itis also an exampke of an analogue
emplifier using one HEF4069U/B.

Fig.11 Test set-up for measuring graphs of Figs 9

and 10.




Philips Semiconductors Product specification

. HEF406908
Hex inverter
gates
Rpias = DE0KN
| |
L S
Vob
0.47 ’iz input : | output >1—(-)|0 uF
Vi “ Coa,
{f = 1 kHz) :1-1 'o
: \Y
° 2ZB4363 S5
Fig.12 Test set-up for measuring forward fransconductance gy = di/dv; at v, is constant (see also graph
Fig.13).
7284354
10
9% Bl
-
(mA/V)
75 A A
o
/
7
ALY B
il
/ )4
A4
25
!
P4
/
V.
¥
A : average, 0
B : average + 2, 0 5 10 15
C : average - 2 s, where: VDD (v}
's' is the observed standard
deviation.
Fig.13 Typical forward transconductance gy, as a function of the supply voltage at Tamp, = 25 °C.
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Philips Semiconductors

Product specification

12-stage binary ripple counter

74HC/HCT4040

FEATURES

s Qutput capability: standard
* [cc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT4040 are high-speed Si-gate CMOS
devices and are pin compatible with “4040” of the “4000B"
series. They are specified in compliance with JEDEC
standard no. 7A.

The 74HC/HCT4040 are 12-stage binary ripple counters
with a clock input (CP), an overriding asynchronous
master reset input (MR) and twelve parallel outputs

QUICK REFERENCE DATA
GND =0V, Tymp=25°C;t, =t;=6ns

(Qg to Q44}. The counter advances on the HIGH-to-LOW
transition of CP.

A HIGH on MR clears all counter stages and forces all
outputs LOW, independent of the state of CP.

Each counter stage is a static toggle flip-flop.

APPLICATIONS

* Frequency dividing circuits
+ Time delay circuits

+ Control counters

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT

terl/ trun | propagation delay CL=15pF, Vg =58V

CPtoQp 14 16 ns

Q, to Qe 8 8 ns
frnax maximum clock frequency 90 79 MHz
C input capacitance 35 35 pF
Cro power dissipation capacitance per package notes 1 and 2 20 20 pF
Notes

1. Cpp is used to determine the dynamic power dissipation {Pp in pW):

Pp = Cpp x Vee? x £+ 3 (CL x Vee? x f) where:
f; = input frequency in MHz
f, = output frequency in MHz
¥ (C x Vee? x fy) = sum of outputs
C_ = output load capacitance in pF
Ve = supply voltage in V
fFor HC the condition is V), = GND to Vg
For HCT the condition is V| = GND to Vec - 1.5V

N

ORDERING INFORMATION

See "74HC/HCT/HCU/HCMOS Logic Package Information”.

December 1990



Philips Semiconductors

Product specification

12-stage binary ripple counter

74HC/HCT4040

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
8 GND ground {0 V)
9,7,6,5,3,2,4,13,12,14, 15,1 Qq to Qy4 parallel outputs
10 cP clock input (HIGH-to-LOW, edge-triggered)
114 MR master reset input (active HIGH)
16 Vee positive supply vollage
CTR12 '
o] Y [ B ml.  [C
os[7] 15] a1 [Ty -y U lereo L.e_
03] 14] % to-olcr :: - : ":—“
9% (7] 73] 0y ogf—z -2
o3 E 4040 E 0g % Ty la
a 11— un 1] Segt 12
1 1] MR P I [ 12
oy E E] cr Og ks | 14
Owf— EX
ano [v] (9] 00 u:_:‘ N
roanry
TN rreyars.
Fig.1 Pin configuration. Fig.2 Logic symbol. Fig.3 IEC logic symbol.
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Philips Semiconductors Product specification

12-stage binary ripple counter 74HC/HCT4040
FUNCTION TABLE
INPUTS OUTPUTS
A cP MR Qn
11 |mR 12-STAGE COUNTER T L no change
l L count
90 |a jaz |23 jas jos jos [0y Jog log jos0{04s X H L
yeeamme 1 17 l6 J6 {3 f2 Je 3 [z e bs Dy
Notes
- . . 1. H=HIGH voltage level
Fig.4 Functional diagram. L = LOW voltage level

X = don’t care

T = LOW-to-HIGH clock
transition

J = HIGH-to-LOW clock
transition

&—Do—r:n J T:Fz J__..____ ..._.-,.:;
o1 i 3
Y Y

Qg @y 7203881 Oy

Fig.5 Logic diagram.

1 12 84 128 268 512 1024 2048 4090

Fwe LLMLAS LU Lr i i i i L
MRt |
© M 1.1l
o o BT LT T G U W T T
Y ot T TG TG T T T T T, G
% —rriiiliilili

@ Ml
o _ . Tl
@ M1
o e B i S i M SN I
U — J1L_1L_"1L-L
o i N By I
Qo e e e ———— 11
L S 1

FIR2243

Fig.6 Timing diagram.
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Philips Semiconductors Product specification

12-stage binary ripple counter 74HC/HCT4040

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see "74HC/HC T/HCU/HCMOS Logic Family Specifications”.

Output capability: standard
lcc category: MSI

AC CHARACTERISTICS FOR 74HC
GND =0V, 1, =4=6ns; C_ =50 pF

Tams (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT |y WAVEFORMS
+25 —40to+85 | —40to +125 (\‘j;;
min. | typ. | max. | min. | max. | min. | max.
teuf ten | propagation delay a7 150 190 225 ns 2.0 |Fig7
CPto Q 17 30 38 45 4.5
14 26 33 38 6.0
tpr/ teen | propagation delay 28 100 125 150 ns 2.0 |Fig.7
Qn to Qg 10 20 25 30 4.5
8 17 21 26 6.0
tpHL propagation delay 61 185 230 280 ns 20 |Fig7
MR to 3, 22 37 46 56 4.5
B ) 18 31 39 48 6.0
trul/ tren | output transition time 19 75 95 110 ns 20 |Fig.7
7 15 19 22 4.5
6 13 16 19 6.0
tw clock pulse width 80 14 100 120 ns 20 |[Fig.7
HIGH or LOW 16 |5 20 24 45
14 4 17 20 6.0
tw master reset pulse 80 |22 100 120 ns 20 |Fg?
width; HIGH 16 |8 20 24 4.5
14 6 17 20 6.0
trem removal lime 50 8 65 75 ns 2.0 |Fig7
MR to CP 10 3 13 15 4.5
9 2 11 13 6.0
fnax maximum clock pulse |6.0 |27 4.8 4.0 MHz |2.0 (Fig.7
frequency 30 82 24 20 4.5
35 98 28 24 6.0

December 1990 5




Phitips Semiconductors Product specification

12-stage binary ripple counter 7T4HC/HCT4040

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see "74HC/HCT/HCUHCMOS Logic Family Specifications”.
Qutput capability: standard

lcc category: MSI

Note to HCT types

The value of additional quiescent supply current {Alcc) for a unit load of 1 is given in the family specifications.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

INPUT UNIT LOAD COEFFICIENT

cP 0.85
MR 1.10

AC CHARACTERISTICS FOR 74HCT
GND=0V;t,=t,=6ns; C_=50pF

Tamb {°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | v WAVEFORMS
+25 -40 to +85 | -40to +125 (3)0
. min. | typ. | max. | min. | max. | min. | max.
e/ trLy | propagation detay 19 40 50 60 ns 4.5 |Fig.7
CPloQq
ter/ trLy | propagation delay 10 20 25 30 ns 45 |Fig.7
Gy 10 Qpyq
teHL propagation delay 23 |45 56 68 ns 45 |Fig.7
MR to Q,
trad truy | output transition time 7 15 19 22 ns 45 |Fig.7
tw clock pulse width 16 7 20 24 ns 45 |Fig.7
HIGH or LOW
tw master reset pulse 16 6 20 24 ns 45 |Fig.7
width; HIGH
trem removal time 10 |2 13 15 ns 45 |Fig?
MR to CP
frax maximum clock pulse | 30 72 24 20 MHz (4.5 |Fig.7
frequency

December 1990 6



Philips Semiconductors Product specification

12-stage binary rippte counter 74HC/HCT4040

AC WAVEFORMS

{1h

o

Gpor Oy, Vi
ouTrUT

TusmaY |- TTLH tTHL

(1) HC :Vy = 50%: Vy = GND to Vec.
HCT:Vy = 1.3V V,=GNDto 3 V.

Fig.7 Waveforms showing the clock (CP) to output (Q,) propagation detays, the clock pulse width, the output
transition times and the maximum clock pulse frequency.
Also showing the master reset (MR) pulse width, the master reset to output (Q,) propagation delays and
the master reset to clock (CP) removal time.

PACKAGE OUTLINES
See "74HC/HCT/HCU/MHCMOS Logic Package Outlines™.

December 1990 7



SN54LS06, SN541.516, SN74L.506, SN74LS16
HEX INVERTER BUFFERS/DRIVERS WITH
OPEN- COLLECTOR HIGH-VOLTAGE OUTPUTS

SDLS020A — MAY 1590

® Converts TTL Voltage Levels to MOS SN54L506, SN34LS16.. . J PACKAGE
Levels SNT74LS06, SN74LS16 ... D OR N PACKAGE
e High Sink-Current Capability (TOP VIEW)
. :;\::i;glamping Diodes Simplify System :ﬁE . | 14 }Zﬁc
2 13
¢ Open-Collector Driver for Indicator Lamps 2Al] 3 12f) 8Y
and Relays 2¥[| 4 1]l 5A
® Package Options Include “Smali Outline” Al s 10[) 5Y
Packages, Ceramic Chip Carriers, and Il o[ 4A
Standard Plastic and Ceramic 300-mil DIPs GND] 7 sf] ay
description
SN54LS06, SN54LS16 ... FK PACKAGE
These monolithic hex inverier buffers/dnvers (TOP VIEW)
feature high-voltage open-collector outputs to O
interface with high-level circuits (such as MOS), or >z 9098
for driving high-current loads, and are also P g = | = | g |
characterized for use as inverter buffers for driving 2a [] 43 2 1 20 191 s(] 6v
TTL inputs. The ‘LS06 has a rated output voltage NC [1s 7 NC
of 30 V and the ‘LS16 has a rated output voltage 2y s 16[] 5A
of 15V. The maximum sink current for the NC 17 15[ NC
SN54LS06 and SN54LS16 is 30 mA and the 3A [18 14{} 5v
SN74LS506 and SN74LS16 is 40 mA. 9 10 11 12 13
CIC o

These circuits are compatible with most TTL
famities. Inputs are diode-ciamped to minimize
transmission-effects, which simplifies design.
Typical power dissipation is 175 mW and average
propagation delay time is 8 ns.

>00 > <
™

Z Z < =

NC — No intermal connection

The SN54L506 and SN54LS16 are characterized over the full military temperature range of —55°C to 125°C,
The SN74LS06 and SN74LS16 are characterized for operation from 0°C to 70°C.

fogic symbolt logic diagram (positive logic)
1 2
1A > op—=1 1 2
1A 1Y
2a 3 N 4 gy
3A .2 8 3y 3 4
2A 2Y
4 2 N8 g4y
sa 11 | N 10 5y 5 8 Ly
6a 13 | N 12 gy
T This symbot is in accordance with ANSI/IEEE Std 91-1984 and IEC aA S >: B ay
Publication 617-12, -
Pin numbers shown are for D, J, and N packages. 1 10
5A > 5Y
A 13 > 12 o

UNLESS QTHERWISE NOTED Ihis document conlains PRODUCTION
DATA mformation cmen as of gunrx:atm date. Produets conform to
speuﬁmms per the tarms of Texas instruments staidard warlang

does nol y include testi )

{‘ TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75765

parms.

Copyright @ 1880, Texas instruments Incorporated



SNS541.506, SN54L.516, SN74L506, SN74L.516
HEX INVERTER BUFFERS/DRIVERS WITH
OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

SOLSD20A - MAY 1990

schematic (each gate)

vee
1 k2
Output
Input
2 k2 2k
L L 4 L 3 & & GND

SUPPIY VORAGE, VO ottt ittt e e e e 7V
Input voltage, V) (see NOte 1) ... . e 55V
Output voltage, Vo (see Notes 1 and 2): SN54LS06, SN74LS06 ......... .. ...t 30V
SN5S4LS16, SNT4ALS16 ... ... ... 15V

Operating free-air temperature range: SN54LS06, SN54LS16 . ...................... -55°C to 125°C
SN74LS06, SN74LS16 ........ ... 0°C to 70°C

Storage temperature range

1 Stresses beyond those listed under "absolute maximurn ratings” may cause permanent damage to the device. This are siress ratings only, and
functional operation of the device al these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may aflect device reliability.

NOTES: 1. Voltage values are with respect to network ground terminal.

2. This is the maximum voltage that should be applied to any cutput when itis in the off state.

recommended operating conditions

SN54LS06 SN74LS06
SN54LS16 SN74LS16 UNIT
MIN NOM MAX| MIN NOM MAX
Vee Supply voltage 4.5 5 55| 4.75 5 5825 \
ViH High-level input voltage 2 2 v
Vi Low-level input voltage 0.8 0.8 v
'LS06 30 30
VoH High-leve! output voltage 'LS16 15 15 \Y
1oL Low-level output current a0 40 mA
Ta Operating free-air temperature -55 125 0 70 °C
PRODUCT PREVIEW information concermns products in tre formative or
design phase of Characienistic dala and other

*? TEXAS
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SN54LS06, SN541.S16, SN74LS06, SN74LS16
HEX INVERTER BUFFERS/DRIVERS WITH
OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

SDLSO20A — MAY 1990

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

SNS54LS06 SN74LS06
PARAMETER TEST CONDITIONST SN54L516 SN74LS16 UNIT
MIN TYPT mAx] MmN TYPl  max
Vik Ve = MIN, =-12mA -1.5 -15 A
i B 'LS06, Vou =30V 0.25 0.25
1oH vee = Min, VIL=08Y NSt Von= 5V 0.25 55| ™
. loL = 16 mA 025 04 0.25 04
VoL Voo = MiN, ViIH=2V I =30 mA 0.7 A
loL = 40 mA 0.7
Iy Voo = MAX, Vi=TV 1 1 mA
hH Ve = MAX, Vi=24V - 20 20| pA
Iy Voc =MAX, V=04V —0.2 —02| maA
lccH Voo = MAX . 18 18 mA
lcct Ve = MAX 1] ] mA

1T For conditions shown as MIN or MAX, use the apprapriate value specified under recommended operating conditions.
1 afl typical values are at Vo = 5 V, and Tp = 25°C.

switching characteristics, Voo = 5V, Ta = 25°C (see Note 3)

FROM TO
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS MIN TYP MAX| UNIT
tPLH 7 15
A Y RL=1104, CL=15pF ns
teHL 10 20

NOTE 3: Load circuit and voltage waveforms are shown in Section 1 of TTL Logic Data Book, 1988.

PRODUCT PREVIEW Inf tion products In
the formatlve or design phasc of development

.
ek U R *P Texas
discontinue these products without notice.
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POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3




HFBR-25X1 Receiver Pin # Function
1 Vo

DO NOT CONNECT 5§ 5 Ground

By,

vee 3 Vee

GROUND 1 Rp

vo 5 Do not connect
DO NOT GONNEGT B 8 Do not connect

Note: Pins 5 and 8 are for mounting and
retaining purposes only. Do not
electrically connect these pins.

Absolute Maximum Ratings

Parameter Symbol Min. Max. Units Reference

Storage Temperature Ts“ ~40 +85 °C

Operating Temperature Ta —40 +85 C

Lead Soldering Cycle Temp. 260 °C Note 1
Time T 10 sec

Supply Voliage Vee 0.5 7 A Note 2

Output Collector Current loav 25 mA

Output Collector Power Dissipation Pop 40 mw

Output Voltage Vo -0.5 18 \Y

Pull-up Voltage Vp -5 Vceo \Y

Fan Qut (TTL) N 5

Notes:
I. 1.6 mm below seating plane.
2. 1t is essential that a bypass capacitor 0.01 pF be connected from pin 2 to pin 3 of the receiver. Tutal lead length between both ends

of the capacitor and the pins should not exceed 20 mm.

Receiver Electrical/Optical Characteristics
0°C to 70°C, 4.75 V £ V¢ £5.25 V unless otherwise specified

Parameter Symbol | Min. Typ. Max. | Units Conditions Ref.
Input Optical Power Pgy -21.6 -9.5 dBm | Vo =05V Notes 1,
Level for Logic “0" Ioo = 8 mA 2,4
~21.6 -8.7 Vo,=05V
igr, = 8 m4, 25°C
Input Optical Power Preuy —-43 dBm | Vg, =5.25V Note 1
Level for Logic “1” Iop < 250 pA
High Level Output Current Ion 5 250 UA Vo= 18V,Pr =0} Note3
Low Level Qutput Current Voo 0.4 05 v oo = 8 mA, Note 3
) Pr = Praymiy
High Level Supply Toch 3.5 6.3 mA Voo = 525V, Note 3
Current Pr=0
Low Level Supply Current TeeL 6.2 10 mA Ve =525V Note 3
P = -12.5dBm
Effective Diameter D 1 mm
Numerical Aperture NA 1 o5
Internat Pull-up Resistor Ry, 680 1000 1700 (¢
Notes: ’

1. Opalcal flux, P (dBm) = 10 Log [P (nW)/1000 pW].

2. Mensured at the end of the fiber optic cable with large area detector

3. Rt is open.

4. Pulsed LED operation at Ir > 80 mA wili cause increased link tppy propagation delay time. This extended tp y time contributes to
increased pulse width distortion of the receiver cutpui signal.



Figure 11. Required 1 MBd Interface Circuit.

The HFBR-Z5X 2 receiver can not be overdriven when using the
required interface circnit shown in Figure 11,
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Figure 12. Guaranteed System Performance for the
HFBR-15X4/25X4 Link with Standard Cable.
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Figure 14. Guaranteed System Performance for the
HFBR-15X2/25X2 Link with Standard Cable.
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Figure 13. Guaranteed System Performance for the
HFBR-15X4/25X4 Link with Improved Cable.

Figure 15. Guaranteed System Performance for the
HFBR-15X2/25X2 Link with Improved Cable.



Philips Semiconductors

Product specification

Dual D-type ﬂip-flop with set and reset;

positive-edge trigger

FEATURES

+ Cutput capability; standard
e |cc category: flip-flops

GENERAL DESCRIPTION

The TAHC/HCTT74 are high-speed Si-gate CMOS devices
and are pin compatible with fow power Schottky TTL
(LSTTL). They are specified in compliance with JEDEC
standard no. 7A.

The 74HC/HCT74 are dual positive-edge triggered, D-type
flip-flops with individual data (D) inputs, clock (CP) inputs,
set (Sp) and reset {Rp) inputs; also complementary Q and
Q outputs.

74HC/HCT74

The set and reset are asynchronous active LOW inputs
and operate independently of the ciock input. Information
on the data input is transferred to the Q output on the
LOW-to-HIGH transition of the clock pulse. The D inputs
must be stable one set-up time prior to the LOW-to-HIGH
clock transition for predictable operation.

Schmitt-trigger action in the clock input makes the circuit
highly tolerant to stower clock rise and fall times.

QUICK REFERENCE DATA
GND =0V, Tymp=25°C;t,=4%=6ns
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
ten/ tpLp propagation delay CL=15pF; Vgc=5V
nCP to nQ, nQ 14 15 ns
nSptonQ, nQ 15 18 ns
nRp to nQ, nQ 16 18 ns
fonax maximum clock frequency 76 59 MHz
Cj input capacitance 35 35 pF
Cep power dissipation capacitance per flip-flop |[notes 1 and 2 24 29 pF
Notes

1. Cpp is used to determine the dynamic power dissipation (Pg in pW):

PD = CPD X V(;(;2 x f, + 2 (CL x Vcc2 x fo) where:
f; = input frequency in MHz
fo = output frequency in MHz
¥ (CL x Vee? x f,) = sum of outputs
C_ = output load capacitance in pF
Ve = supply voltage in V
2. For HC the cenditien is V; = GND to Vg
For HCT the condition is V)= GND to Vg - 1.5V

1998 Feb 23




Philips Semiconduclors Preduct specification

Dual D-type flip-flop with set and reset;

s . 7T4HC/HCT74
positive-edge trigger
ORDERING INFORMATION
TYPE PACKAGE
NUMBER NAME DESCRIPTION VERSION
74HC(T)74N | DIP14 plastic dual in-line package; 14 leads (300 mil) SOT27-1
74HC(T)74D 5014 plastic small outline package; 14 leads; body width 3.9 mm SOT108-1
T4HCT74DB SS0P14 | plastic shrink small outling package; 14 leads; body width 5.3 mm S0OT337-1
T4HCT74PW TSSOP14 | plastic thin shrink small outline package; 14 leads; body width 4.4 mm | SOT402-1
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1,13 1Rp, 2Rp asynchronous reset-direct input {active LOW)
2,12 1D, 2D data inputs
31 1CR, 2CP clock input {LOW-to-HIGH, edge-triggered)
4,10 1Sp, 25p asynchronous set-direct input {active LOW)
59 1Q, 2Q true flip-flop outputs
6.8 1Q, 2Q complement flip-flop butputs
7 GND ground (0 V)
14 Vee positive supply voltage
H U v, 4 S ]
1ip 1] 4] vee 'f;l;%n P | &
o] 510 210 s Af10 b &
1wcr 3] [1z] 20 220 Up oo ;g: e
H(d] 74 T_?]zfr --—-—--‘: ;g: cr r&- - e .
e 3] [19] 259 T b
3 - 2w "
1a[e] o] 20 "-'nT"D T
GNo |7 3:'& IzsaNY 11
Iresrrat
zeans
Fig.1 Pin configuration. Fig.2 Logic symbol. Fig.3 IEC logic symbol.
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Philips Semiconductors

Product specification

Dual D-type flip-flop with set and reset;

e , 7T4HC/HCT74
positive-edge trigger
FUNCTION TABLE
INPUTS OUTPUTS
Sp Rp cp D Q a
— L H X X H L
4
o2 L X X L H
2 |iD ‘D a 1al s
P S L L X X H H
1 1al s
a
®p
. INPUTS OUTPUTS
G ]zs, 3 — p put
D T T el So | Ro | CP | D | Qa1 | Qs
o Q
w faer ) L. H H T L L H
5|28l e H H 1 H H L
JEN LT Note
R 1. H=HIGH voltage level
L = LOW voltage level
X =don'{ care
T = LOW-to-HIGH CP transition
Q41 = state after the next LOW-to-HIGH CP transition
Fig.4 Functional diagram.

o
(1]

o

[
T
r_.—t
¢ E © > ¢ rrerizes
T .

Fig.5 Logic diagram (one flip-flop).
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Philips Semiconductors Product specification

Dual D-type flip-flop with set and reset;

. . 7T4HC/HCT74
positive-edge trigger
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see “74HC/HCT/HCIU/HCMOS Logic Family Specificalions”.
Output capability: standard
lec category: flip-flops
AC CHARACTERISTICS
GND=0V;t.=tt=6ns; C, =50 pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | v
+25 —40 to +85 | —40to +125 V) WAVEFORMS
min. | typ. { max. | min. | max | min. | max.
ten ! tpLy | propagation delay 47 175 220 265 |ns 20 |Fig.6
nCP tonQ, nQ 17 |35 44 53 45
14 30 37 45 6.0
teut/ teu | propagation delay 50 |200 250 300 |ns 20 |Fig.7
nSp to nQ, nQ 18 |40 50 60 45
14 34 43 51 6.0
tpu/ ten | Propagation delay 52 200 250 300 Ins 2.0 |Fig.7
nRp tonQ, nQ 19 40 50 60 45
15 34 43 51 6.0
try/ try | output transition time 19 |75 95 110 |ns 20 |Fig.6
7 15 19 22 4.5
6 13 16 19 6.0
tw clock pulse width 80 19 100 120 ns 2.0 |Fig6
HIGH or LOW 16 |7 20 24 45
14 6 17 20 6.0
tw set or reset pulse width | 80 19 100 120 ns 2.0 |Fig.7
LOW 16 |7 20 24 45
14 6 17 20 6.0
Lem removat time 30 K 40 45 ns 20 |FRg.7
set or reset 6 1 8 9 45
5 1 7 8 6.0
Ly set-up time 60 6 75 90 ns 20 |Fig6
nD to nCP 12 |2 15 18 4.5
10 2 13 15 6.0
1 hold time 3 -6 3 3 ns 20 |Fig6
nCP to nD 3 -2 3 3 4.5
3 =2 3 3 6.0
frmax maximum clock pulse 6.0 |23 4.8 4.0 MHz 2.0 |Fig6
frequency 30 69 24 20 4.5
35 82 28 24 6.0
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Philips Semiconductors Product specification

Dual D-type flip-flop with set and reset;

74HC/HCT74
positive-edge trigger

DC CHARACTERISTICS FOR 74HCT

For the DC charactenistics see “74HC/HCT/HCUMHCMOS Logic Family Specifications”.
Qutput capability: standard

lee category: flip-flops

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

INPUT UNIT LOAD COEFFICIENT
nD 0.70
nﬁo 0.70
nSp 0.80
nCP 0.80

AC CHARACTERISTICS FOR 74HCT
GND=0V;t,=4=6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
74HCT :
SYMBOL | PARAMETER UNIT | v/
+25 —40 to +85 | -40 to +125 (3;3 WAVEFORMS
min. | typ. | max. | min. | max. | min. | max.

ten/ toin | propagation delay 18 |35 44 53 ns 45 |Fig.6
nCP to nQ, nQ

ter/ ten | propagation delay 23 |40 50 60 ns 4.5 |Fig.7
nSp to nQ, NQ

teu/ trun | propagation delay 24 |40 50 60 ns 45 |Fig.7
nRp to nQ, nQ

tryu/ trp | output transition time 7 15 19 22 ns 4.5 |Fig6

tw clock pulse width 18 9 23 27 ns 45 |Fig6
HIGH or LOW

tw set or reset pulse width 16 9 20 24 ns 4.5 |Fig.7
LOW

trem removal time 6 1 8 9 ns 4.5 |Fig.7
set or reset

tsu set-up time 12 5 15 18 ns 45 |Fig6
nD to nCP

th hold time 3 -3 3 3 ns 4.5 {Fig.6
nCP to nD

fnax maximum clock pulse 27 54 22 18 MHz |45 |Fig.6
frequency

1998 Feb 23 6




Philips Semiconductors Product specification

Dual D-type flip-flop with set and reset;

pOSitive—edge trigger 74HC/HCT74

AC WAVEFORMS

b L T ~=| rn
nQ OUTPUT '
-~ 'TLH
The shaded areas indicate when the input is permiiled to
change for prediciable output performance, a8 OUTPUT
{1) HC :Vj=50%:V,= GND o Vee.
HCT: Viu=13V;V|=GND 1o 3 V. THL
TR =l

Fig.6 Waveforms showing the clock (nCP) to output (nQ, na) propagation delays, the clock pulse width, the nD
to nCP set-up, the nCP to nD hold times, the output transition times and the maximum clock pulse
frequency.

nCP INPUT

][_

!_vum

e —e| Pay—

_ }_ (1)
Rg INPUT b ]

nSp HPUT

= trom=]

ooy f-— - ‘pHL |
nQ OUTPUT vyt
—F e —=lptH [~
{1) HC V) =50%: V= GND o Vee.
HCT: V=13V, Vi=GND 1o 3 Vv, o OUTPUT -

AMGLYI

Fig.7 Waveforms showing the set (Hgnl and reset (nﬁn) input to output (nNQ, na) propagation delays, the set
and reset pulse widths and the nRp, nSp 1o nCP removal time.
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Philips Semiconductors

Product specification

Dual 4-bit binary ripple counter

74HC/HCT393

FEATURES

Two 4-bit binary counters with individual clocks

Divide-by any binary module up to 28 in one package

Two master resets to clear each 4-bit counter
individually

Output capability: standard
lec category: MSI

GENERAL DESCRIPTION

The 74HC/HCT393 are high-speed Si-gate CMOS devices
and are pin compatible with low power Schottky TTL
(LSTTL}). They are specified in compliance with JEDEC
standard no. 7A.

QUICK REFERENCE DATA
GND =0V, Tgqmp=25°C; t,=4=6ns

The 74HC/HCT393 are 4-bit binary ripple counters with
separate clocks (1?)75 and 2 EIS) and master reset (1MR
and 2MR) inputs to each counter. The operation of each
half of the “393" is the same as the “93” except no external
clock connections are required.

The counters are triggered by a HIGH-to-LOW transition of
the clock inputs. The counter outputs are internally
connected to provide clock inputs to succeeding stages.
The outputs of the ripple counter do not change
synchronously and should not be used for high-speed
address decoding.

The master resets are active-HIGH asynchronous inputs
to each 4-bit counter identified by the 1" and “2” in the pin
description.

A HIGH level on the nMR input overrides the clock and
sets the outputs LOW.

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
teul/ teen propagation delay CL=15pF; Vec=5V
nCP to nQy 12 20 ns
nQ to nQ,,4 5 6 ns
nMR to nQ, " 15 ns
frnax maximum clock frequency 99 53 MHz
o input capacitance 35 35 pF
Cep power dissipation capacitance per counter notes 1 and 2 23 25 pF
Notes

1. Cpp is used to determine the dynamic power dissipation (Pg in pW):

Pp = Cpp x Vo2 % fi + T (CL % Viee? x ) where:
f; = input frequency in MHz
f, = butput frequency in MHz
¥ {Cy x V2 x I,) = sum of outputs
C_ = output load capacitance in pF
Ve = supply voltage in V

2. For HC the condition is V) = GND to V¢
For HCT the condition is V) = GND 0 Ve — 1.5 V
ORDERING INFORMATION

See "T4HC/HCT/HCU/HCMOS Logic Package Information”,
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Philips Serniconductors

Product specification

Dual 4-bit binary ripple counter

74HC/HCT393

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,13 1CP, 2CP clock inputs (HIGH-to-LOW, edge-triggered)
2,12 1MR, 2MR asynchronous master reset inputs {active HIGH)
3,4,5,6,11,10,9,8 1Qp to 1Q3, 2Qp 10 2Q3 flip-flop outputs
7 GND ground (0 V)
14 Vee positive supply voltage
1=0jtice 105}—3 CTR4 )
1CP E U E Veo , 10 b2 2 ¢ ._‘
S er-e —
mn[z E!ﬁ 2 t MR :g?'—l" I, 11—
'00 E E 2HR ] t_" L] N _s
10, E 393 E 20,
tap 5] [10] 20, n—ojcr 200p—1 CTRe "
0 p—
105 9] 20, 2 Mif—1o 12 10
20;}—9 I cr-o eT e
ano? % 12—J2MR  20;}—s e B '_a
1Z93M7 r—
1283340
72913449
Fig.1 Pin configuration, Fig.2 Logic symbol. Fig.3 IEC logic symbol.
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Philips Semiconductors Preduct specification

Dual 4-bit binary ripple counter 74HC/HCT393

4-817 194 4

BINARY
mierLe  |'92] s n n
2 jima] coumren

‘03 s ¥

20g| 1y n

2CP
anr |90
BINARY
areLe [2921 9
12 {IMR COUNTER
-t ﬁv—.‘—.‘—- | e e Je o b e ]

1193362

r
!

723380

Fig.4 Functional diagram. Fig.5 State diagram.

COUNT SEQUENCE FOR 1 COUNTER

OUTPUTS
COUNT
Qo Q4 Q; Q;
0 L L L L
1 H L L L
2 L H L L
Q Q o a 3 H H L L
cr —D—o T T T A 4 L L H L
FFt FF2 FF3 FF4 5 H L H L
%o L "o ul 6 L H H L
un —>o— T b 1 i 7 H H H L
9 H L L H
7293381.1 Qg 04 Og Gy 10 L H L H
1 H H L H
12 L L H H
13 H L H H
14 L H H H
15 H H H H
Notes
Fig.6 Logic diagram (one counter). 1. H=HIGH voltage level

L = LOW voltage level
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Philips Semiconductors

Product specification

Dual 4-bit binary ripple counter 74HC/HCT393
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see "74HC/HCT/HCU/HCMOS Logic Family Specifications”,
Output capability: standard
lcc category: MSI
AC CHARACTERISTICS FOR 74HC
GND =0V, t,=t;=6ns; C_ =50 pF
Tamb {°C) TEST CONDITIONS
74HC '
SYMBOL { PARAMETER UNIT Vee WAVEFORMS
+25 -40to +85 | -40to +125 V)
min. | typ. | max. | min. | max. | min. | max.
teuL/ tpL | propagation delay 41 125 155 190 ins 2.0 |Fig.7
nCP to nQg 15 |25 31 38 4.5
12 |21 26 32 6.0
tenl/ teLh | propagation delay 14 145 55 70 ns 2.0 | Fig.7
nQ;, to nQ,,4 5 9 1 14 4.5
4 8 9 12 6.0
teHL propagation delay 39 140 175 210 |ns 20 |Fig.8
nMR to nQ, 14 |28 35 42 4.5
_ ) 11 24 30 36 6.0 _
truf truw | output transition time 19 |75 95 110 |ns 2.0 |Fig.7
7 15 19 22 45
6 13 16 19 6.0
tw clock pulse width 80 17 100 120 ns 2.0 |Fig.7
HIGH or LOW 16 |6 20 24 4.5
14 {5 17 20 6.0
tw master reset pulse 80 19 100 120 ns 2.0 |Fig.8
width; HIGH 16 7 20 24 4.5
14 {6 17 20 6.0
trem removal time 5 3 5 5 ns 2.0 |Fig.8
nMR to nCP 5 1 5 5 4.5
5 1 5 5 6.0
fnax maximum clock puise 6 30 5 4 MHz [2.0 |Fig.7
frequency 30 90 24 20 4.5
35 |107 28 24 6.0
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Philips Semiconduclors Praduct specification

Dual 4-bit binary ripple counter 74HC/HCT393

DC CHARACTERISTICS FOR 74HCT
For the DC characteristics see "74HC/HCT/HCU/HCMOS Logic Family Specifications”.

Qutput capability: standard
lcc category: MSI

Note to HCT types

The value of additional quiescent supply current {Alec) for a unit load of 1 is given in the family specifications.
To determine Alqe per input, multiply this value by the unit load coefficient shown in the table below.

INPUT UNIT LOAD COEFFICIENT
1CP 0.4
2CP 0.4
1MR 1.0
2MR 1.0

AC CHARACTERISTICS FOR 74HCT
GND=0V;t,=t=6ns; C, =50pF

Tamb (°C) TEST CONDITIONS
T4HCT
SYMBOL | PARAMETER UNIT |y
NIT WAVEFOR
+25 ~40 to +85 | -40 to +125 ‘:“;)C s
min. | typ. | max. | min. | max. | min. | max.
enu! teun | propagation delay 15 |25 31 i
opa 38
| nCP to nQ, " +8 [P
tet/ tpLn | propagation delay 6 10
y -
¥y 3 15 ns 4.5 (Fig.7
oL propagation delay 18 |32
40 i
o, 48 ns 45 {Fig.8
trh/ tnp | output transition time 7 15 16 22 ns 4.5 |Fig.7
tw clock pulse width 19 |1 24 i
e wid 29 hs 45 |Fig.7
tw master reset pulse 16 |6
20 i
width; HIGH 2 " 4o |Fias
trem removal time 5 0
— 5 i
e e 5 ns 4.5 | Fig.8
fmax maximum clock pulse 27 |48
22 i
heauenes 18 MHz {4.5 {Fig.7
December 1890 6




Philips Semiconductors Product specification

Dual 4-bit binary ripple counter 74HC/HCT393
AC WAVEFORMS
Vit
aCP INPUT vy 't
ML LY
aQ, QUTPUT 't
793382 C‘T‘HL -—i tTLh

(1) HC :Vy =50%; V= GND 1o Vg¢.
HCT: Vy=13V;Vi=GND to 3 V.

Fig.7 Waveforms showing the clock (nCP) to output (1Q,,, 2Q,) propagation delays, the clock puise width, the
output transition times and the maximum clock frequency.

nMR INPUT

nCP INPUT Vit

-—tpHi
nQ, OUTPUT ML
1203384

(1) HC :Vy = 50%: V|, = GND to Ve
HCT: Viy = 1.3V; V, = GND 1o 3 V.

Fig.8 Waveforms showing the master reset (n_MR) pulse width, the master reset to output {Q,)) propagation
detays and the master reset 1o clock (nCP) removal time.

PACKAGE OUTLINES
See "74HC/HCT/HCUHCMOS Logic Package Ouilfines’”.
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