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Abstract

Ultrasonic wave is the high-frequency wave. Its frequency is
- :
more than“zo KHz that too much for human can hear. One property
\«.’ N
of Ultrasonic wave is well—directional. Then we can use it to ap-
A

,ply for many things. This thesis uses this property to build the
Distance Meter. IL wuses for investicating objects in closely*

area and can apply to use in the car for alarming the driver when

the car is too near the object.
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0.5 0.5 0
0.6 0.59 1,66
0,7 0.69 1,43
| 0.8 Q.78 1,25 iy
0.9 0.88 2,22
' . 1.0 0,98 2
: 1.1 1,12 1.82
, 1,2 1,21 0,83
1.3 1,32 1,52
1.4 1,42 1,43
1.5 1,52 1,33
1.6 1,62 1,25
1,7 1,73 1,76
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CLawT) CLumT) (%)
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2,3 2,32 0.87
2.4 2,42 0,83
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z.8 2. 80 0
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" 3.0 3.00 a
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3.3 3,31 g.30
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3.6 3.61 0,27
3.7 3,73 0.81
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P @aa widaunaaugay (Pa)

v @8 ratio of heat capacities
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@ MOTOROLA Quad 2input NOR Gate
Dual 4-input NOR Gate
Quad 2-Input NAND Gate
UB-SUFFIX SERIES CMOS GATES Mc14012UB
. . Dual 4-Input NAND Gate
The UB Series logic gates are constructed with P and N channel
enhancement mode devices in a single monolithic structure (Com- Mcl 4023“8
plementary MOS). Their primary use is where low power dissipation Trlpla 3-Inpul NAND Gate
and/or high noise immunity is desired. The UB set of CMOS gates
_ are inverting non-buffered functions. Mc1 4025"8
@ Supply Voltage Range = 3.0 Vdc to 18 Vdc Triple 3-Input NOR Gate
@ Linear and Qscillator Applications
e Capable of Driving Two Low-power TTL Loads or One Low-power
Schottky TTL Load Over the Rated Temperature Range.
® Double Diode Protection on All inputs
@ Pin-for-Pin Replacements for Corresponding CD4000
Series UB Sutfix Devices [ )
- L SUFFIX
N CERAMIC 3
o Wb CASE 632
1
LOGIC DIAGRAMS P SUFFIX
RANY PLASTIC
Al CASE 646
MC14001UB mcisoo2u MC14011UB ALl 4 r
Qusd 2-Input NOR Gate Dusl 4-Input NOR Gate Ousd 2-input NAND Gate ' A
-1 : % D— k]
| 3 - 3 2 2 D SUFFIX 1
- L] 5 3) SOIC 3
A ’:D.— . s ¢ g . CASE 751A 3
ry 6 3
9 = s A
[ 10
» % %— 13 - ORDERING INFORMATION
":Dv— 1 12 NG li:D_ e MC14XXXUBCP Pilastic
3 288 MC14XXXUBCL Ceramic
MC14XXXUBD  SOIC 3
MC14023U8 MC14025UB
MC14012UB . Ta = —55 1o 125°C for all packages.
Dust &-4nput NAND Gote Triple 3-input NAND Gate Tripte 3-Input NOR Gate ) H
L] 1 !
, 3 J
1 8 [ '
‘ 3 3 ' ¢
s This device contains protection clrcuitry to t
® 4 € . ¢ guard against damege due to high static 1'
B s voltages or electric fields. Howevst, precau- ’
1o 13 1" tions must be taken to avoid applications of H
n n any voltage higher than maximum rated i
12 12 10 2 10 voltages 1o this high-impedance circuit. For i
NC =~ 6.8 13 I proper operation, Vin 8nd Vout should be t
constrained to the range Vgg < (Vin of s
Vout) < VDD- &
Vpp = Pin 14 Unused inputs must always be tied 10 an ap-
Vgs = Pin? propriate fogic votiage tevet (e.g.. oither Vgg P
for All Devices or Vpp). Unused outputs must be left open. X
3.
. !
4
H
Y
£
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PIN ASSIGNMENTS
te .
MC14001UB Mc14002uUB MC14011UB
Quad 2-Input NOR Gate Dual &-Input NOR Gate Quad 2-Input NAND Gate
ate
> 7 ool 7 ool
101, Vop 14 1 3 Outy Voo 14 T in 1, Voo 14
ate 2cin2, th2pF=13 21, Outg 913 2cin2, n2p 13
’ 3Igou,  Im1pFo2 3cgm2, nag kD2 3cou, inippo2
4] Outg Outp — 11 43 in 34 in3g 011 ll:ou‘a OU‘D:"
ate 8T in 1g Oute =2 10 SCTind, n 25 10 5§ CHin1g Outc =10
6 tn 2 In2c 9 6 I Nne In1g g 6 in2g LET =11
e 78 vgg n1cPe v Vss NCDe 7 T vgg nte—8
MC14012uB MC14023UB MC14025uUB
Dual &-Input NAND Gate Triple 3-Input NAND Gate Triple 3-Input NOR Gate
FIX TN A/ L. 2.
MIC 1 £—{Out, Voo E 14 te{in1, Voo L: 14 Ll == LU Voo E 14
632 2T in 1,4 Outyg £ 13 2cgin2, n3cb—m 13 2cg!n2, In3ck—o 13
3CTin2, Inag 312 3 ing th2c > 12 Scintg th2cf> 12
ACin3, in3g 1t 4T in2g Inte 11 4C]In2p IntetF3n
FiX SCJin4, Iny2g [ 10 ST 1n3g Outc =5 10 sc—}In3g Outc =3 10
iIC 6CINC Intg 39 6 T outg Outa 9 6 L] Outy Outa 9
46 7 vge NC D8 L == RVA In3a s 7 =3 Vg n3 o
FIX
: NC = No Connection ,
S51A C
.
MAXIMUM RATINGS® (Voltages Referenced 1o Vgg)
- Symbol Parameter Value Unh
VoD {DC Supply Veltage ~051t0 +180 v
S. Vin: Vout | Input or Output Voltage (DC or Transient) ~05toVpp <05 v
hin. toyr [ Input or Output Turrent (OC or Yransient), per Pin =10 mA '
¢ Pp Power Dissipation, per Packaget 500 mw
75!9 Storage Temperature ~65t0 - 150 C
T Lead Temperature (8-Secondg Soidenng) 260 *C
try to
’r’y."c “Maximum Ratings are those values beyond which damage Io the device may occur.
ecau- tTemperature Derating: Plastic “P and D/DW™ Packages: ~ 7.0 mWrC From 65°C To 126°C
ns of H Ceramic “L" Packages: ~ 12 mW/C From 100°C To 125°C
rated
t. For
Id be
in Of
n ap-
'Vss
>pen.
Y
6-15
4
r—r—— e < - — s - T —m———p ey G G
T oy 4 g v -
L4
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CMOS UB-SERIES GATES
X
* ELECTRICAL CNARACTERISTICS (Voltages Referenced to Vss)
Characteristl Symbol | \o2 -55C 25°C 125°C Unit
lel
practesistic ym vde "ain | Max | Min | Typ# | Max | Min | Max
Output Voage 0" Level 5.0 —_ 0.05 — 0 005 — 0.05
Vin = VDD or o voL | 10 — | 005 — 0 005 | — | 005 | vdc
15 _ 0.05 —_ o] 0.05 —_ 0.05
1" Level 50 | 495 | — 495 5.0 — | a9 | — 1
Vin = 001 Vpp VOH 10 8.95 - 9.95 10 —_ 8.95 — vde
15 14,95 - 14.95 15 — 14.95 —_
input Voltage “0" Level
(Vo = 4.5 Vdc) 5.0 - 1.0 —_ 2.25 1.0 —_ 1.0 v
(VO = 9.0 Vde) ic 0| — 20 — 4.50 20 | — | 20 de
(Vp = 13.5 Vdc) 15 =i 25 — 675 25 -_— 2.5
"1 Level
(Vo = 05Vde) 50 | 40 - 4.0 2.75 - 40 —
(Vo = 1.0 Vdc) ViH 10 | 80 | — 80 | 550 — |eo | - |V*
(Vo = 1.5 Vdc) 15 125 _ 125 8.25 — 125 _
Output Drive Current
(VOH = 2.5 Vdc) Source 50 -1.2 - ~1.0 -1.7 —_ -07 -
{VOH = 4.6 Vdc) 10H 50 | 025 — -02 | -036 — | -014] — |mAdc
(Vou = 8.5 Vdc) 10 -0.62 —_ ~-0.5 -0.8 —_ -0.35 -—
{VOH = 13.5 Vdc) 15 -1.8 - -1.5 -35 —_ - 1.1 -
(VoL = 0.4 Vdc) Sink 50 0.64 - 0.51 0.88 — 0.36 -
(VoL = 0.5 Vdc) oL 10 16 | —~ 1.3 225 _ 0.8 - mAdc
(VoL = 1.5 Vdc) 15 4.2 - 3.4 8.8 —_ 24 —
input Current fin 15 — *0.1 — =0.00001| =0.1 — = 1.0 | pAdc
input Capacitance Cin — - —_ - 5.0 7.5 — - pF 3
(Vin = 0) 5
Quiescent Current IpD 50 = 0.25 - 0.0005 0.25 al 7.5 | uAdc
{Per Package)} 10 - 0.5 — 0.0010 0.5 - 15
15 —_ 1.0 — 0.0015 1.0 —_ 30
Tota! Supply Current**t IT 5.0 T = (0.3 pAKH2) { + IDp/N pAde
(Dynamic plus Quiescent, 10 7 = (0.6 uAKHZ) { 4 IpD/N
Per Gate, Cy =" 50 pF) 15 7 = (0.8 uAKHZ) ! + IDDN
#Data labefled “Typ™ is not 1o be used for design purposes but is
intended as an indication of the IC's potential performance.
) **The formuias given are for the typical characteristics only at 25°C.
$To caicutate total supply current at loads other than 50 pF:
“ H(C) = {50 pF) + (CL — 50) Vik
: where: I Is in uH (per package), C in pF, V = (VDD — Vgg) in voits,
t in kHz is input frequency, and k = 0.001 x the number of exercised 3
gates per package.
4
L
F
-
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SWITCHING CHARACTERISTICS® {CL = S0 pF, T, » 25°C)
Voo .
Charscteristic Bymbot Vde Min Typ # Max Unit °
Output Rise Time TLH L
TLM = (3.0 na/pF) CL+30m 50 - 180 380
TLH=1.508/pF)CL + 15 10 - 20 180
FTLH = (1.1 ma/pF) Cp + 10 ne 16 - [ 130
Output Fall Time THL ns
TTHL * (1.5 ne/oF) €| + 25 ng 5.0 - 100 200
THL * (0.75 na/pF) Cy + 126 s 10 - 50 100
STHL = (0.55 na/pF) C| + 8.5 ms 15 - 40 80
Propegation Delay Time PLH.PHL ”
tPLM. 1P ~ {1.7 n/pF) C + 30 ns 50 - 90 180
tPLH. tPHL = (0.86 nw/pF) CL+22ns 10 - §0 100
TPLH. tPHL = (0.50 ns/pF) C ¢ 15 ns N 15 - 40 80
“The tormutas given are for the typical characteristics only at 25°C.
R #Data {abelled "Typ™ is not to be used for design purposes but is 3
nt as an | of the IC's P
- FIGURE 1 ~ SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
1e 0D
4 A nput Output
Generator
S VoM
* X Output
v I Inverting
= Vou
? Vgg
SAN unused inputs of AND, NAND pates thust be ML TLH
connected to V. . ¥
All unused inputs of OR, NOR gates must be
£onnected to Vgg.
1
MC14001UB CIRCUIT SCHEMATIC MC1400ZUB CIRCUIT BCHEMATIC
. ' {172 of Devics Shown)
voo
Hew _
B 1 ] ) Yoo gia
N C - ] 3% —
* A | LE P S
HUs | plE s 3
3 a2 J
¢ L T ° Forw
o ST T
so— 2 ' l C, . U= U= U=l
=] . |
-Ja _'3 F Fu ves O ?
. Il "
vas
A}
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CMOS UB-SERIES GATES
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MEC34011UB CIRCUIT SCHEMATIC
(1/4 of Device Shown)

iavpp

e

'_Lﬂ—o 3,4.101
]

7Vsgs

MC14012U8 CIRCUIT SCHEMATIC

{172 of Devics Shown}
14Vpp
KT
2
2.9 J;J
3.10
410 J:]
h I;]
512
-l
Vs

MC1lmliB CIRCUIT SCREMATIC
(173 of Device Shown)

14 Vpp

511

4,212 D
3,813 o-.———J

Tvgs

EC025UB CIRCUIT SCHEMATIC

FIGURE 2 ~ TYPICAL VOLYAGE AND

FIGURE 3 - TYPICAL VOLTAGE

CURRENT TRANSFER CHARACTERISTICS| TRANSFER CHARACTERISTICS versus

{1/3 of Devics Shown)
TEMPERAYURE
1
Voo = 15V0C Tp = +25C 16
14Vpp s "R Uhaedbpt | - | _ Yoo = 15 V& Unsed ot
T oo ©m \\\ Vmss L& % g " ]Vss
w 3
o 10 Vide y g | w Nt
za I:' TS ~ e\ e gl 10 Ve a Ta= 4125C
inputs ] 10— =g TA= -
3 Neo h o & | 8 AN 4 Ty
&5.13 1 5 kTl 3 (Y)
Foset0 ¢ R A 60 § 2 i
i 3 all | A4 | Y15 vee S § 60} 50 voc
U= U U 54T ERREL ws | &
X 0
PP . L \Lovee_lpp £ R g
) ; JTUARSYKY. | 20 i l
0
7Vss 0 20 40 60 80 10 12 14 16 L e

Vin. INPUT VOLTAGE (V<)

Vi, NPUT VOLTAGE {Vec)

FIGURE 4 — TYPICAL OUTPUT BOURCE FIGURE 6 — TYPICAL OUTPUT SINK
CHARACTERISTICS CHARACTERISTICS
¢ 0 w s 7w 1]
g Vou = ~50vae A = g g e
g-z.o Gy = S0V, g 20 Vs = 10 Vec
s To= -55°C < A = lz’ !
E okt Ta= +25C v E eo L ﬁ]
E4e Ta - vizsT A 7/ g i A 2 Ta= -55C ]
3_eo 1 le i 3 > Ta= +25C |
z S == "RT z 40 € Ta= 4125
£ a0 Slove I T > 15 vee g 20 al, ]
-0 V74 1 o |
o -80 60 -40  -20 0 0 20 0 ] 30 10
Vis. DRAIN VOLTAGE (vec) Vos. DRAIN VOLTAGE (Vik)
6-18
e o vy - wr -
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@ See Page 6-5
HEX INVERTER
The MC14069UB hex inverter is constructed with MOS P-channel
and.N-channel enhancement mode devices in a single monolithic
structure. These inverters find primary use where low power L SUFFIX
dissipation and/or high noise immunity is desired. Each of the six ". CERAMIC
inverters is a single stage to minimize propagation delays, 9 hl [ i CASE 632
A ® Supply Voltage Range = 3.0 Vdc to 18 Vdc '
2 e Capable of Driving Two Low-Powes TTL Loads of One Low-Power
- t Schottky TTL Load Over the Rated Temperatur Range
! ® Triple Diode Protection on All Inputs (see Page 5-2) ‘F”SSSFTF I();(
H L I
) e Pin-for-Pin Replacement for CD4069UB 3 - CASE 646
H ® Meets JEDEC UB Specifications I
- 1
MAXIMUM RATINGS® (Voitages Referenced 10 Vgg)
(. 4. Symbol Parsmeter Valus Unit D SUFFIX
" (3 Vpp |OC Supply Voltage -0.5t0 +18.0 \4 " soic
K T CASE 751A
H Vin. Vout ] Input or Output Votisge {DC or Transient) -05tvpp +05| V ¥ .
\]
I tin. lout | nput or Output Current (DC or Transient), per Pin =10 mA
)‘ Po Power Dissipation, per Pnckapn‘ 500 mw ORDERING INFORMATION
Tsig |Storage Temperature -65to +150 °C MC14XXXUBCP  Plastic
Ty Lead Temperature (8-Second Soldering) 260 °C MC14XXXUBCL  Ceramic
“Maximum Ratings are those values beyond which damage K the device may occur. MCTAXXRUZD goic
tYemperature Derating: Piastic "P and D/OW™ Packages: — 7.0 mW/C From 65°C To 125°C Ta = -55100 125°C for all pachages.
. Ceramic “L” Packages: - 12 mW/'C From 100°C To 125°C
LOGIC DIAGRAM CIRCUIT SCHEMATIC
(1/6 OF CIRCUIT SHOWN) -
2
< PIN ASSIGNMENT
Vpp* Pin 18 Voo ‘
AR
4 vgg=Pin 7
1cJin1 Voo 14
6 2c—j0ut?t n6—o 13
Input® 3—0 Output 3cin2 Out8fED 12 i
8 sar—jount 2 nsEo 1
scin3 Out B 10
10 6 C—]out3 inaf3 9
Vss 7 t]veg owaf e
12 *Double diode protection on »ll
inputs not shown,
' FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
20 m r— —] == 20m
tnput 90N VYoo
Pulse by
v k
! Generator o Vss
PHL Ln
90 " Yo
Output SO%
10%
- Vou
- tTHL Tm
A
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ELECTRICAL CHARACTERISTICS (Voltages Relerenced to Vgg)
Voo -55°C 25°C 125°C
Characteristic Symbol Unit
aracterts 4 VEC TMin | Max | Min | Typ# | Max | Min | Max
Output Voltage “0" Level 5.0 - 0.05 -— 0 0.05 - 005
— Vin = VDD VoL 10 - 0.05 —_ 0 0.05 —_— 0.05 | Vdc
== 15 - 0.05 - 0 0.05 -— 005
“1" Leve! 5.0 4.95 - 4.95 5.0 - 4.95 -
Vin=10 VOH 10 9.95 —_ 9.95 10 — 9.95 - Vde
FIX 15 14.95 - 14.95 15 - 14.95 -
!IC Input Voltage “0" Level
532 (Vo = 4.5 Vdc) v 50 - 1.0 - 225 1.0 — 10 | v
(Vo = 9.0 Vdc) L 10 - 20 —_ 4.50 2.0 —_ 20
(Vo = 13.5 Vdc) 15 —_ 25 — 6.75 25 - 2.5
“1" Level
21X (Vo = 0.5 Vdce) 5.0 4.0 - 4.0 275 —_ 4.0 - Vo
i (Vo = 1.0 Vde) - VIH 1 J0 | 8o | — | 8o | 550 | — | 80 | — ¢
46 (VO = 1.5 Vdc) 15 12.5 - 125 8.25 — 125 —
Output Drive Current
(VOH = 2.5 Vo) Source 5.0 -3.0 - -24 ~42 — -1.7 —_
(VOH = 4.6 Vdc) loH 50 | -064| — -0.51 -0.88 - -036| — | mAdc
(VOH = 9.5 vdc}) 10 -16 - -13 ~2.25 - -09 —_
FIX {(VoH = 13.5 Vdc) 15 -=4.2 — -34 - 8.8 —_ -24 —
S (VoL = 0.4 Vdc) Sink 5.0 0.64 - 0.51 0.88 —_ 0.36 -
51A (VoL = 0.5 Vdc) oL 10 1.6 - 1.3 225 - 0.9 — | mAdc .
(VoL = 1.5 Vdc) 15 4.2 - 34 8.8 —_ 24 —
input Current tin 15 - =01 -— =0.00001] =0.1 — =10 | pAdC
Input Capacitance Cin — -—_ - - 5.0 75 —_ —_ pF
(Vin = 0) v
Quiescent Current oD 5.0 — 0.25 - 0.0005 0.25 —_ 75 uAdc
(Per Package) 10 —_— 0.5 — 0.0010 0.5 — 15
os. 15 - 1.0 — 0.0015 1.0 —_ 30
oS Total Supply Carent' T | 50 IT = (0.3 pAKHz) | + IDD® Adc
{Dynamic plus Quiescent, Per Gate) 10 = (0.6 pAKH2) t + IDDE
i (CL = 50 pF) 15 tT = (0.9 uAKHZ) 1 + IDD'6
Output Rise and Fall Times™* TLH ns
(C = 50 pF) tTHL
TLRATHL = (1.35ns/pF) Cp + 33 ns 5.0 — —_ — . 100 200 _
fTLHATHL = (0.60 ns’pF) € + 20 ns 10 —_— — —_ 50 100 —_ —
14 TLHATHL = (0.40ns/pF) Cp + 20 ns 15 — - —_ 40 80 —_
13 Propagation Detay Times™* PLH. ns
y2 (C = 50 pF) 1PHL
- tPLHAPHL = (0.90 ns#pF) CL + 20 ns 5.0 —_ —_ —_ ‘65 125 - -—
1" tPLHIPHL = (0.36 ns/pF) Cp + 22 ns 10 - - - 40 75 - -
10 tPLHAPHL = (0.26ns/pF) Cp + 17 ns 15 —_ - — 30 55 _ —
® #Data labelled “Typ™ is not to be used for design purposes but is
8 intended as an indication of the IC's potentiat performance.
**The formutas given are for the typical characteristics only at 25°C.
R 1To calcutate total supply current at loads other than 50 pF:
IT(CL) = IT(50 pF) + (CL - 50) Vtk )
where: it is in pA (per package). C in pF V = (Vpp - Vss)in volts,
. 1 in kHz ts input trequency, and k = 0.002.
o This device contains protection circuitry to guard against damage o the range Vgg < (Vin of Vout) « VpD-
s brecautions must be tawen ts avold appications of any vollags  Led Juputs must always be lied 1o an sppropriate wgic
[ 9. .
higher than maximum rated volteges to this high-impedance :’:g'::%e,:m (6.9., elther Vs of Vpp). Unused outputs must be
I circuit. For proper operation, Vi and Vgt should be constrained
L
M—
A
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BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER L SUFFIX
The MC14511B BCD-to0-seven segment latch/decoder/driver is con- CERAMIC
structed with complementan, MOS (CMOS} enhancement mode de- ™/ CASE 620
vices and NPN bipolar output arwers in a single monolithic structure,
The circuit provides the functions of a 4-bit storage Iatch, an 8421
BCD-to-seven segment decoder, and an output drive capabifity. Lamp
— A ; P SUFFIX
test (LTI, blanking {Bl), and latch enable {LE}inputs are used to test PLASTIC
the display, to turn-off or pulse modulate the brightness of the CASE 648
— display, and 10 store a8 BCD code, respectively. It can be used with
seven-segment light emitting diodes (LED), incandescent, fluorescent,
gas discharge, or liquid crystal readouts either directly or indirectly. 4 D SUFFIX
3 Applications include instrument (e.g., counter, DVM, etc.) dis- @' SoIC
5 play driver, computer/calculator display driver, cockpit display driver, k. . CASE 7518
g and various clock, watch, and umer uses. DW SUFFIX
PR S, ® Low Logic Circuit Power Dissipation “'« CASS?;:MG
toim ® High-Current Sourcing Outputs (Up 1o 25 mA) )
y G @ Latch Storage of Code ORDERING INFORMATION
I . .
Cag © Blanking | MC14XXXBCP Plastic
T it MC14XXXBCL Ceramic
Ly ¢ Lamp Tost Provision MCT4XXXBDW SOIC
® Readout Blanking on aBl llegal input Combinations MC14XXXBD  SOIC
e Lamp Intensity Modulation Capability TA = —55° 10 125°C for elt packages.
® Time Share (Multiplexing) Facilty
® Supply Voltage Range = 3.0V 18V PIN ASSIGNMENT -
# Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL. Load or Two HTL Loads Over the Rated
Temperature Range
@ Chip Complexity: 216 FETs or 54 Equivalent Gates
® Triple Diode Protection on all knputs
. A
MAXIMUM RATINGS® (Voltages referenced to Vgs)
Rating Symbol Value Unht
.. | DC Supply Voltage VDD -0.510 +18 \
" | tnput Vohage. Al Inputs Vin [-0Stovpp +05| V
DC Current Drain per input Pin ! 10 mA
Operating Temperature Range TA -5510 +125 °C
Power Dissipation per Packaget Pp 500 mwW
TRUTH TASBLE
Storage Temperature Range Ts_lg -65to +150 °C
. . 1Py OYIr e
Maximum Output Drive Current 1OHmax 25 mA L] ® JTi0C B alor « a e 1y DiSsiar
{Source) per Output » {2 L olv > a xf1 330 11 s .
B 3 » [ 3 Y2 2 » /0 0 0D O O C C. ®om
Maximum Continuous Output Power POHmax S0 mw o] v I 7fooe o 6lr v v v ¢ °
; (Source) per Output § ofvlideevaltioties
# POrmax = 10H (VDD - VoK) R R AT NI R
“Maximum Ratings are those values beyond whh damags to the device may ocour. ° ' vio v o 1fr o1 v oo N
1Tempecature Derating: Plastic “P and D/DW™ Packages: — 7.0 mW/C From 65°C To 125°C [ N Y b AN c e e e s
Ceramic "L™ Packages: - 12 mW/"C From 100°C To 125°C ry Y T iy o 0 0lt v v 1 vt a .
0 ) llvu"VIIQO:l [
This device contans circuitry 10 protect the nputs dganst damage due 10 high static et il e TN st et 1
voltages or electric fields, however, it rs advised that normal precautions be taken to ° ﬁ [ o'o €0 0o0C ¢ L
avoid applcation of any voltage hipher than maximum rated voltages 10 this high 1m. g : l MEIN : ‘: ;': : : g : : ; :;:
pedance circuit. A destructive high current mode may occur 1 V,, and Ve 8re not con- ] 1 1jv vy rjo oo 0ot e Mem
strained 10 the range Vg = [V, 0t Vo) & VDD. NI U NN -
Due 10 the sourcing capability of thes circurt, demage can occut 10 the device if Vpp 18 X » Don’t Core
soplied, #nd the outputs are shoried to Vsg and sre 2t & logical 1 (See Maximum ‘Depends upon the 8CD co0e pres 1ousty sop!ma .
Ratings}, when LE O
Unused inputs must siways be tied to an appropriate logic voltage level le.g, either *
Vgs or Vpgl. 4
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ELECTRICAL CHARAC'i‘ERlSTICS (Vottages Referenced 1o Vgs)
Characteristl .| Voo -55C 25°C 125°C Unh
arscteristic
Y vde [Taim ] Max | Min | Typ# | Max | Min | Max
Output Voliage “0" Level 5.0 0.05 - (1] 0.05 — 0.05
Vin = Vpp or 0 voL 10 - 0.05 - o 005 | — | 005 | vdc
15 -_ 0.05 -— 0 0.05 -— 0.05
“1" Level 5.0 4.1 - 4.1 457 —_ 4.1 _
Viq = 00r VpD Vo 10 9.1 - 8.1 9.58 — 9.1 — | vee
' 15 14.1 - 14.1 14.59 141 —
input Voltage # 0" Level
(Vo = 380105 vdce) v 5.0 —_— 15 — 225 15 — 15 | vde
(Vo= 8.8 or 1.0 Vdc) L 10 — 30 = 4560 | 30 | — | 30
(Vo = 138 or 1.5 Vdc) 15 - 4.0 — 675 | 40 | — 4.0
“1" Level
(Vo = 050r38 vdce) Vv 5.0 3.5 — 35 2.75 35 -— vde
(Vo = 1.0 or 8.8 Vdc) H w | 70 — 7.0 550 _ | 70} —
(Vo = 1.50r 138 vdc) 15 1 — 11 8.25 — 1 —
Output Drive Voltage VOH Voe |~
(lon = 0 mA) Source 5.0 4.1 — 41 4.57 -— 41 —
(loH = 5.0 mA} - - - 424 — - —
(lo = 10 mA) 39 —_ 38 412 - 35 -
(loH = 15 mA) — - - 3.94 —_— - —_
(IoH = 20 mA) 34 — 34 3.70 — 3.0 —_
(10K = 25 MA) — - - 354 - — -
(lon = 0 mA) 10 9.1 - 9.1 9.58 - 9.1 — | vac
(I0H = 5.0 mA) — — — 8.26 - - —
(lon = 10 mA) 90 — 9.0 9.17 —_ 8.6 —_
(IoH = 15 mA) - —_ - 9.04 - - —
(lox = 20 mA) v 8.6 o 86 8.90 = 8.2 —
(lon = 25 MA) — — — -8.70 —  § —
(lon = 0 mA) 15 141 —_ 14.1 14.59 _ 14.1 -_— Vde
{loH = 5.0 mA) - = —_ 1827 - — —
(loH = 10 mA) 3 3} 14 —_ 14 14.18 —_ 13.6 —
(IoH = 15 mA) = - - 14.07 - — -
(loR = 20 mA) = 13.6 —_ 13.6 13.95 —_— 13.2 —
(loH = 25 mA) — — — 13.70 — ¥ —
Output Drive Current loL ’ - mAdc
(VoL = 04 V) “Sink 5.0 0.64 _ 0.51 0.88 —_ 0.36 —
(VoL = 05V) . 10 | 16 - 13 | 225 — | os | —
(VoL = 15V) - ; 15 42 — 34 8.8 — 24 —_
oy
Input Current in .} 15 — =01 — |=000001f =01 — =10 | pAdc o
Input Capacitance . Cin — - -— -— 5.0 75 — — pF
Quiescent Current oD 5.0 -_— 50 0.005 5.0 — 150 | pAdc
{Per Package) Vin = 0 of VpD. 10 —_ 10 —_ 0.010 10 — 300
oyt = O pA 15 —_ 20 — 0.015 20 — 600
Tota! Supply Current™"t T 50 it = (1.9 pAKHZ) T + DD pAdc
(Dynamic plus Quiescent, 10 iy = (3.8 pAKHZ) { + oD
Per Package) 15 7 = (5.7 pAKHZ) + IDD
{Cp = 50 pF on all outputs, at
butfers switching)
#Noise immunity specified for worsi-case input combination.
Noise Margin for both “1" and “0” level =
1.0 Vde min @ Vpp = 5.0 Vdc
2.0 Vde min @ Vpp = 10 Vde
2.5 Vdc min @ Vpp = 15 Vdc
**The formulas given are for the typical characteristics only at 25°C.
4To calculate total supply current at loads other than 50 pF:
tT(CL) = }(50 pF} + 35 x 10-3 (C ~ 50) Vpp!
whete: Iy is in pA (per package), Cy in pF. Vpp in Vdc, and f in kHz Is input frequency.
Y
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MC14511B
SWITCHING CHARACTERISTICS® (C_ = 50pF,Ta " 25°C)
Voo
Charascteristic Symbol | vdc Min Typ Max Unit
Output Rise Time TLH ns
1TLH * (0.40 ns/pF) Cp + 20 ns 50 - 40 80
tYLH = (0.25 ns/pF) CL ¢+ 12.5ns 10 - 30 60
tTLH ® {0.20 ns/pF) Cy + 15 s 15 - 25 50
Output Fatl Time ns
1THL » (4.5 ns/pF) CL + 50 ns THL | 50 - 125 250
ITHL = (0.75 ns/pF) Cy_* 375 ns 10 - 75 150
tTHL = (0.55 ns/pF} Cp + 375 ns 15 - 65 130
Data Propagation Detay Time wLH ns
tpLy = (0.40 ns/pF) Cy 4620 ns 5.0 % 640 1280
tpLH = (0.25ns/pF) Cp + 237.5ns 10 ~ 250 500
ApLH = (0.20 n§/pF) L + 165 ns 15 B 175 350
tpHL = {1.3ns/pFI C + 655 ns PHL 5.0 - 720 1440
tpHy ® (0.60ns/pF} C + 260 ns 10 - 290 580
tpH = (0.35 ns/pF) Cp + 1825 ns 15 - 200 400
Biank Propagation Delay Teme PLH - ns
tpL = (0.30 ns/pF) Cy + 586 ns 5.0 = 600 750
tpLp = (0.25 ns/pF) C ¢ 187.5ns 10 ) 200 300
tpLH * (015 ns/pF) Cy 4 1425 ns 15 150 220
tpHL = 10.85 ns/pF) Cp + 4425 ns WHL 5.0 1 485 970
tpp * (0.450s/pF) Cy 4 1775 ns 10 - 200 400
e = (0.35ns/pF) €| 4 1425 ns 15 - 160 320
Lamp Test Propagation Delay Time . PLH ns
tpLH = (0.45 ns/pF} Cp + 2905 ns 5.0 4 313 625
tpLy * 10.25 ns/pF) Cp + 1125 ns 10 - 125 250
tprH = 10.20 ns/pF) €| + 80 ns 15 2 90 180,
tpu ={1.3ns/pF) C| +24Bns - PHL 50 4 313 625
tp * (045 ns/pF) Cp + 1025 ns 10 ] 125 250
L = 10.35 ns/pF) C + 725 ns 15 - 90 180
Setup Time k- tsy 5.0 100 -« - ns
10 a0 - -
15 0 - -
Hold Time ] i 5.0 60 - - ns
10 40 - -
15 0 - -
Latch Enable Pulse Width twi 5.0 520 260 - ns
10 220 110 -
15 130 65 -

“The {ormutas giaen are 1or the 1y Pical CharacTenstcy onty
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MC14511B

FIGURE 1 - DYNAMIC POWER DISSIPATION
SIGNAL WAVEFORMS

input LE tow, and Inputs D. @1 8nc LY hagh
10 respect 10 3 system clock,
Al pumuts connected to respective Cy toads

Any Output

FIGURE 2 — DYNAMIC SIGNAL WAVE FORMS

{a} tnputs D and LE low, and Inputs A, B, Bl and -L_Th-'h.

20 ns —ed .

] = 20 N3

inpu1 C

Vss
v LM

Output 9

tTLH TTHL

. {b] Input D low, Inputs A,.B, B and LT high.
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MC14511B

CONNECTIONS TO VARIOUS DISPLAY READOUTS

LIGHT EMITTING DIODE (LED) READOUT

Voo Voo

4

Common
Cathode LED
o
—=4

Common
Anode LED - -
S RAY

Inr 11 u_l

- Y- - =1V =
e

o L2
. . = Vss ’
-_L‘Vss -:L

FLUORESCENT READOUT

INCANDESCENT READOUT Vop

e
Lo VoD
v Gy i ‘
Coagn

Drrect
(Low Brightness)

13 U_[

b
111 Iu_l
Lol

4
3
,
Fuament J
Supply P

= Vss "= Vgg or appropriate
:E VS§ = voltage below VSS J
(CAUTION: Maximum working voltage = 18.0 \2]

1/4 Of MC140708

-
GAS DISCHARGE READOUT LIQUID CRYSTAL (LCD} READOUT B
Exchation
Appropriste {(Square Wave
A Voo Votiage Voo vgs 10 Vpp!
[
’

|
I

-4
—e
L
'—_L Vss = Vss

«sA filament pre warm resis1or 1s recommended 10 reguce Hilament Direct de drive of LCD's not recommended tor tite ot LCOD reagours

therma! shock and increase the etfective colg resistance of the

filament.
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LOGIC DIAGRAM
N gé:}———‘

- 3 13a
7V al D :j H >
. J

j 12b
a ,I ] e
B1 = ) i, T O—d>—104
S -
- Do
i/
i S Rg et
g T =
Ta——
o6 —{>= -
M s Vpp = Pin 16
- {> 3 ‘{SS- PinB
ply
priste
Vss.
= 18.0V)
A
pve, -
oo!
) resdouts
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L SUFFIX
DUAL PRECISION RETRIGGERABLE/RESETTABLE CERAMIC
MONOSTABLE MULTIVIBRATOR LU CASE 620
16
The MC14538B is a dual, retriggerable, resettable monostable
multivibrator. it may be triggered from either edge of an input pulse, and
produces an accurate output pulse over a wide range of widths, the dura-
tion and accuracy of which are determined by the externa!l timing compo- P SUFFIX
nents, Cx and Rx. . PLASTIC
- A
® Unlimited Rise and Fall Time Allowed on the A Trigger tnput CASE 648
® Pulse Width Range = 10 psto 10 6 !
@ Laiched Trigger Inputs
® Separate Latched Rese! Inputs '
@ 3.0 Vdc to 18 Vdc Operational Limits DW SUFFIX
® Triggerable from Positive (A tnput) or Negative-Going Edge (B-input) o CASSSI;;G
® Capable of Driving Two Low-power TTL Loads or One Low-power 1
Schottky TTL Load Over the Rated Temperature Range
@ Pin-for-pin Compatible with MC145288 and CD4528B (CD4098)
i 1 —ORDERING INFORMATION
® Use the MC54/74HC4538A fog-Pulse Widths Less Than 10 us with .
Supplies Up io 6 V. MC14XXXBCP  Plastic
MC14XXXBCL  Ceramic
"MC14XXXBDW SOIC
y ' Ta = —55°to 125°C for all packages.
MAXIMUM RATINGS* (Voitages Referenced to Vsg) - e/}
Symbol Parameter 3 Value Unit BLOCK DIAGRAM
Vpp |DC Supply Vottage ~-0.5to +18.0 v Cx
Vin. Vout | Input or Output Voltage (DC or Transient) ~0.510Vpp +0.5 | Vv L )I* Rx VoD
tin. lout | Input or Output Current (DC or Transient), per Pin =10 mA —
P i i 2 1 2
R (v) Powsr Dissipation, per Packsget 500 mw =L
i Tatg _[Storage Temperature - 8510 + 150 *c 40f N
- - O1}———06
T Lead Temperature (8-Second Soldering) 260 *C 8 »3 —
5 . Mp—a0a?
Mmmmmmmmwmwwmdwnemyw‘ m
tTemporature Derasrg: Plastc “P and D'DW” Packages: ~7.0 mW/C From 65°C To 125°C
Ceramic "L~ Packages: - 12 mW/'C From 100°C To 325°C io l
N ONE-SHOY SELECTION GUIDE Cx Ry
—h *0Vpp
WOns Tus 0us 100us 1ma 10ms 00 ms 1 t0s =
mcszse | o ’ 15 |14
MC1536B * x 220 | |q208 -
#C145388 ko +—e L Q2p———010
MC145418 e 5 min, 1108 Q2p——039
MCas3aa* i 4+__° Reset
i
13 O“Y
“LIMITED OPERATING VOLTAGE (2-6V)
Ry ana Cy are exteynsl components
Totst Outpnst Puise Width Range ——————————0 Vpp = Pin 16
Recommence: Pulse Width Bange d——————— Vgs = Pin8, Pin 1, Pin 15
“Consuh tactory tor possibie D™ suffix SOIC Case 751B.
Y
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ELECTRICAL CHARACTERISTICS {Voltages Referenced to Vsg) .
V| -55°C 25°C 125°C
Characterlstic Symbol | 420 [ ' Unit
. Mn | Max | Min [ Yyps | Max | wim [ max
Output Vohage "0" Level 5.0 - 0.05 - 0 0.05 - 0.05
Vin = Vpp or 0 VoL 10 —_ 0.05 - 0 0.05 — 0.05 | vdc
i 15 - 0.05 - 0 0.05 — 0.05
} “1" Level 5.0 4.95 -— 4.95 5.0 - 4.95 —
Vin = O or Vpp Vor 10 9.95 — 9.95 10 - 9.95 — Vdc
; 15 14.95 —_ 14.95 15 -_— 14.95 —
fnput Voltage “0" Level
(Vo = 450r 05 Vdc) v 50 -— 1.5 - 2.25 1.5 —_ 1.5 vde
(VO = 9.0 or 1.0 Vdc) iL 10 — | 30 - 450 30 | — | 30
—— (Vo = 135 0r 1.5 vde) 15 - 4.0 - 6.75 4.0 - 4.0
f . . “1" Level
- (Vo =050r 4.5 Vue) Ty 5.0 35 - 35 275 - 35 - Vdc
3 ° (VO = 1.0 0r 9.0 Vde} (L 0| 720 | — 7.0 5.50 - | 70| =
] ¢(_ (Vo = 1.5 0r 135 Vdc) LA ML 1 825 | — | n | —
1 - Output Drive Current
] v (VOR = 2.5 Vdc) Source 50 | -30( — -23 -4.2 - | -17}] —
' ° (VOH = 4.6 vdc) lon 50 | -064) — ~0.51 -0.88 - ~036| — [mAde
{“‘ ¢ (VOH = 9.5 Vdc) 0 | 16 — -13 | -225 - ~09 | —
Y - P (VOH = 13.5 Vdc) 15 | -a2 | — -34 -88 — | -e4 | —
‘ Qi < (Vor = 0.4 vdc) Sink 5.0 0.64 - 0.51 0.88 — 0.36 —_
. e = (VoL = 0.5 Vdg) oL 10 16 - 13 2.25 — 0.9 — | madc
N — VoL = 1.5 vdg) 15 42 - 34 8.8 — 24
b g Input Current, Pin 2 or 14 I D] — [=005] — T-000001 =005 | — ]2 0.5 | pAde
v Input Current, Other Inputs v tin 15 — =0.1 — =0.00001| Z0.1 — = 1.0 | uAdc
¢ Input Capacitance, Pin 2 o7 14 Cin — - — — 25 — — — pF
¢ Input Capacitance, Other fnputs Cin - - - — 5.0 75 - . pF
% Vin = 0) )
(c Quiescent Current oo [ 80 | — T's0 [ = [ oo | 55 = 150 | pAde
(Per Pachage) 3 10 — 10 - 0.010 10 — 300
Q=1lowQ = High - 15 — 20 - — 0.015 20 — 600
Quiescent Current, Active State (Both) ipp 5.0 = 20 ~% 0.04 0.20 — 20 [ mAde
(Per Package) 10 - 20 - 0.08 0.45 —_ 20
Q = High, @ = Low ' 15 — 20 -_ 0.13 0.70 — 2.0
“Total Supply Current at an external I 5.0 = (35% 102 RyCyl + 4Cx1+ 1% 10-5 cut
foad capacitance {Cy) and at externat 10 it = (80x 10'2% RxCxt + 9Cxf + 2x 19— 5 Cf
timing network (Ry. Cx) ={1.25x10"1 RxCxf + 12Cxt + 3x10-5 Cyf
where: it in uA (one monostable switching onty),
Cx In uF, Cy in pF., Ry in k ohms, and
fin Hz is the inptt frequency.
#Data Iabelied “Typ™ is nol to be used for design purposes but is
intended as an indication of the IC’s potential perlormance. B - " R
This device contains protection Circuitry to
“"The formulas given are for the typica! characteristics only at 25°C. guard against demage due to high static
voltages or electric fields. However, precay-
tions must be taken to avoid applications of
any voltage higher than maximum rated
voltages to this high-impedance circuit. For
proper operation, Vy, and Vout should be
constrained to the range Vgg = (Vi or
. Vout) = Vpp.
Unused inputs must always be tied 10 an ap-
propriate logic voltage level {e.g., either Vgg
or Vpp). Unused outputs must be lef{ open.
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MC14538B

SWITCHING CHARACTERISTICS® (C = BOpF, Ty = 25°C)

S A v el w5

b e e sl W S0 e, s B

All Types
Voo
Characteristic Symbot Vdc Min Typw Max Unit
Output Rise Time tTLH nt
TTLH = (335 ns/pFi Cy +33 oy 5.0 - 100 200
TLH = (0.60 ns/pF) C |+ 20 ns 10 - $0 100
LTLH = {040 ns/pF) C 4+ 20 ns 15 - 40 80
Outout Fall Time 1THL ns
TTHL = (1.3 ns/pF) G + 33 ns 50 - 100 200
tTHL = (0.60 ns/pF) CL+20ns 10 - 50 100
$THL = {0.40 ms/pF} C + 20 s 15 - 40 80
Propagstion Delsy Time tPLH. ns
AorBtoQor G tPHL
1PLMH. tPHL = 1090 ns/pF ) Cy + 255 ns 50 - 300 600
tPLH. IPHL = {0.36 ns/pF) Cy + 132 s 10 - 150 300
WPLH. tPHL = 10.26 ns/pF) Cy ¢ 87 ns 15 - 100 220
Aeset 1o Q or O * ns
tPLM. tPHL = (0.90 ns/pF) C + 205 ns 5.0 - 250 500
PLH. 1PHL = (0.36 ns/pF) C | + 107 ns 10 - 125 250
PLH. tPH = 10.26 n3/pF) C| + 82 ns 15 - 95 190
Input Rise and Feall Times et 5 - - 15 us
Reset 10 - - 5
15 — 4
B input 5 - 300 1.0 ms
10 —_ 1.2 0.1
15 - 0.4 0.05
A tnput 3 -_
10 No Limat
[} 15
Input Pulse Width twH . 50 170 85 - ns
A, B, or Reset twi 10 90 45 -
15 80 40 -
Retrigger Time LA 5.0 o - - ns
-~ 10 o - -
15 0 . -
Output Pulse Width — Q or O T 1 us
Reter to Figures 8 and 9 198
Cx = 0.002 4F, Ry » 100 k2 5.0 210 230
X X5 10 200 212 232
15 202 214 234
Cx = 0.1uF Ry = 100 k2 5.0 9.3 9.86 10.5 ms
10 94 10 10.6
15 95 . 10.14 107
Cx * 10uF, Ry = 100 k2 5.0 0.91 0.965 1.03 s
10 0.92 0.98 1.04
15 0.93 099 1.06
Pulse Width Match between circuits in 100(Ty - Tp) 5.0 - =10 =50 %
the same package. Ty 10 - =10 =50
Cx = 0.1 uF Ay = 100 kN 15 - =1.0 =50
*The tormulas given are for the typical characterisucs only at 25°C, #Date labslied “Typ™ is not 1o be used tor design purposes but is
[} as ani of the 1IC's. pe .
OPERATING CONDITIONS
Externat Timing Resistance Rx - 5.0 - - kN
Externa! Timing Capacitance Cx - ° - No nf
Limitt
* The maximum usable resistance Ry is 8 function of the leakage of the capacitor Cy, leakage of the MC145384, and leabage due

to board layout and surface resistance. Susceptability to externally induced noise signals may occur for Ry > 1 MQ.
1 M Cx > 15 uF, use discharge protection diode per Fig. 11,

ECFYS
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FIGURE 3 ~ SWITCHING TEST CIRCUIT
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INPUT CONNECTIONS
CHARACTERISTICS Reset A 8
Rx 2 | & Ax tp [ t
< < *Cy = 50 pF CH. WML YTLH, TTHL
Cx' t T, twh, twi Voo FGY Voo
X .
vss E——T?F' —Ih Vss prr—
= — LH: ®HL TTLH. TTHL.
= = v \ PG
Cx/Ry T. tyyp. tyy oD ss 2
Putse WLHIR) SPHLIR). PG3 PGt PG2
Generator a TwH- twi J
] ~ CL
Pulse Reset Q —O—ﬁ- :_L
< = rG1 - I |
Generator Iy o _-0_1L I *inciudes capacitence of probes,
‘ c - wiring, and tixture parssitic.
8 5 ‘T #G2 = l [
Pulse © | = NOTE: Switching test waveforms
Generator _— C I tor PG1, PG2, PG3 are shown
Resel = in Figure 4. PGI - _L__r_
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o~ FIGURE 10 — Timing Operation
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@ Negative ®dge trigper
@ Positive adge tripger

TRIGGER OPERATION

The block diagram of the MC145388 is shown in
Figure 1, with circuit operation following.

As shown in Figure 1 ang 10, before an input trigger
occurs, the monostabie is in the quiescent state with the
Q output low, ang the timing Capacitor Cy completely
charged to VDD. When the trigger input A goes from
Vss to vpp (while inputs B and ese|

C1 then turns off while at the same time comparator c2

S

@ Positive edge ro-trigger (puise fongthaning)
@ Reset (pulse shortening)

fo chérge through the timing resistor, Ry, toward Vpp.
When the voltage across Cx equais Viet 2, comparator
c2 changes state, causing the output fatch to reset (Q

This ends at the timing cycle with the
monostable in the quiescent state, waiting for the next
trigger.

In the quiescent state, Cy is fully charged 1o Voo
causing the current through resistor Rx 1o be zero. Both
Comparators are “off" with total device Current due only
fo reverse junction leakages. An added feature of the
MC14538B is that the output laich is sef via the input
trigger without regard to the capacitor voltage. Thus,
propagation delay from trigger 10 Q is independent of
the value of Cx. Rx. or the duty cycle of the input
waveform,
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MC14538B

RETRIGGER OPERATION -

The MC14538B is retriggered if a valid trigger occurs
3 followed by another valid trigger @ before the Q
output has returned to the quiescent (zero) state. Any
retrigger, atter the timing node voltage at pin 2 or 14 has
begun to rise trom Vygf 1. but has not yet reached Vi
2. will cause an increase in output pulse width T. When
& valid retrigger is initiated @, the voltage at Cx/Ry
will again drop to Vret 1 before progressing along the
RC charging curve toward VDD. The O output will re-
main high until time T, after the last valid retrigger.

detected on the Reset input, the output pulse T can be
made significantly shorter than the minimum pulse width
specification,

POWER-DOWN CONSIDERATIONS

Large capacitance values can cause problems due to
the large amount of energy stored. When a system con-
taining the MC145388B is powered down, the capacitor
voltage may discharge from Vpp through the standard
protection diodes at pin 2 or 14. Current through the pro-
tection diodes should be limited 10 10 mA and therefore
the discharge time of the VDD supply must not be faster
than (Vpp). (C)/(10 mA). For example, If Vpp= 10V
and Cx= 10 uF, the Vpp supply should discharge no
faster than (10 V) x (10 uF)/(10 mA) = 10 ms. This is
normally not a problem since power supplies are heavily
filtered and cannot discharge at this rate.

When a more rapid decrease of VpD to zero volts oc-
curs, the MC14538B can sustain damage. To avoid this
possibility use an external clamping diode, Dx. con-
nected as shown in Fig. 11,

RESET OPERATION

The MC14538B may be reset during the generation of
the output pulse. In the reset mode of operation, an in-
put puise on Resal sets the reset latch and causes the
1o capacitor to be fast charged to Vpp by turning on tran-
sistor P1 (®). When the voltage on the capacitor
reaches Vigf 2. the reset latch will clear, and will then be
ready o accep! another puise. If the Reset input is held
low, any trigger inputs that occur will be inhibited and
the Q and Q outputs of the output latch will not change.
Since the Q output is reset when an input low level is

FIGURE 11 — USE OF A DIODE TO LIMIT PIN ASSIGNMENT

AT

s

POWER DOWN CURRENT SURGE
' Vss Voo E 6
L‘—T—N—jol 2 ] Cx/RxA Vgs o 15 .
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< v 5 8, agb— 12
o) 6 CJa, 8gf0 1
730, ogf— 10
; > oo ; 8 T vgs 69
o] BN
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MONOSTABLES CIRCUITRY MONOSTABLES CIRCUITRY
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= 70} = Voo
I
i Q Rising Edi ——0
Rising-Edge a sing Edge
Tugger Tnigger 8 .
B b3 p—0
8+=vpp Y Y
Reset=Vpp Reset = Vpp
Cx
Rx
N, CH—%—
I '-)l" d = Vbp
A= VsS ~ 0D
= Q A e
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MC14553B

The MC145538 3-digit BCD counter con
triggered BCD counters that are cascade
latch at the output of each counter permits
The information is then time division multi
number or digit at a time. Digit select outp
Alt outputs are TTL compatible,

An on-chip oscillator
which drives the multiplexer output selector.

This device is used in instrumentation counters,
digital panel meters, and as a building block for general logic
applications.

TTL Compatible Outputs

On-Chip Oscillator

Cascadable

Clock Disable Input

Pulse Shaping Permits Very Slow Rise Times on Input Clock
Output Latches

Master Reset

3-DIGIT BCD COUNTER

sists of 3 negative edge
d synchronously. A quad
storage of any given count.
plexed, providing one BCD
uts provide display control.

provides the low-frequency scanning clock

clock displays,

MAXIMUM RATINGS* (Voltages Referenced 10 Vgs)

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

DW SUFFIX
soic
CASE 751G

-

ORDERING INFORMATION

MC14XXXBCP Piastic
MC14XXXBCL Ceramic
MC14XXXBDW SOIC

Ta = ~55"10 125°C for all packages.

Symbol Parameter Value Unnit
Voo |DC Supply Voliage ~0.510 <18.0 v
Vin. Vouil Input or Output Voltage (DC or Transient) -05tVpp +05 | v
kn Input Cutrent (DC or Transient), per Pin =10 mA
lout Output Current (DC or Transient), per Pin -20 mA
Pp Power Dissipation, per Packaget $00 mw
Tat, Storage Temperature ~6510 + 150 *Cc
T Lead Temperature (8-Second Soldering) 260 *c

"Maximum Rabngs are those vatues beyond which damage 10 the device may occur.
1Temperature Derasng: Plastic “P and DDW™ Packages: - 7.0 mW/C From 65°C To 125°C

Ceramic “L” Packages: - 12 mW/C From 100°C To 125°C

YRUTH TABLE

INPUTS
MASTER
RESET CLOCK | DISABLE LE OUTPUTS
o Y o (] [} No Change
o - [ o Advence
[] x 1 x No Change
-] 1 - [} Advsance
[ 1 —1! o No Change
(] ] x x No Change
[ X x - Latched
o x x 1 Latches
1 X x o |ao~at-q2-
Q3= 0
X = Don't Care

BLOCK DIAGRAM

[

CIA  cIB o °
12 O— Clock Qi p—0 7
Q2}—0 6
10 Oy
# LE Q3o s
OF =0 14
11 O=——{ Dis —
0St p—0 2
052 po 1
3 MR —
! DS3 p—0 15
Vop * Pin 16
Vgs = Ping

This device contains protection circurtry to
guard against damage due to high static
voltages or electric fields. However, precau-
tions must be taken to avoid applications of
any voltage higher than maximum tated
voltages to this high-impedance circutt. For
proper operation, Vi, and Vout should be
constrained to the range vVgs = (Vi or
Vout) < Vpp.

Unused inputs must always be tied 10 an ap-
propriate iogic voltage level (e.9., ether Vgg
or Vpp). Unused outputs must be el open.
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ELECTRICAL CHARACTERISTICS (Voltages Relefenced to vss)

Vop -55°C 25°C 125°C
Characteristic Symbol | ygc Unit
Min Max Min Typ # Max Min Max
Output Voltage "0" Level 5.0 - 0.05 _ 0 0.05 - 0.05
Vin = Vpp or 0 VoL 10 — | 005 —_ 0 005 | — | 005 | Vde
15 —_ 0.05 —_— [ 0.05 — 0.05
“1" Level 50 4.95 - 4.95 5.0 - 495 -
Vin = Oor Vpp VOH 0 ) 895 | — 9.95 10 — (9985 | — | vac
15 14,95 = 14.95 15 —_ 14.95 -
Input Voltage “0" Level
(VO = 4.5 0r 0.5 Vdc) v 50 - 1.5 —_ 225 1.5 — 1.5 Vde
(VO = 8.0 or 1.0 Vdc) IL 10| — | 30 - 4.50 30 | — | 30
(VO = 13.5 or 1.5 Vdc) . 15 —_ 4.0 —_ 6.75 4.0 — 4.0
“1" Level
(VO = 0.5 or 4.5 Vdc) 50 as — 35 2.75 - 35 —_
(Vo = 1.0 or 9.0 Vdc) ViH 10 | 70 b 7.0 5.50 — 70 | - | Ve
(VO = 1.5 or 13.5 Vdc) 15 11 —_ 11 8.25 — n —_
Output Drive Current IoH . mAdc
(VOH = 4.6 Vdc) Source — Pin 3 50 | ~025| — -0.2 -0.36 - 0.4 —
(VOH = 9.5 Vdc) 10 -062 - -05 -0.9 —_ 035 -
{VOH = 13.5 Vdc) 15 | -18) — -15 | -35 — 1.1 -
{VOH = 4.6 Vdc) Source — Other 5.0 -0.64 - -0.51 -0.88 — -0.36 - mAdc
(VoK = 9.5 Vdc) Outputs 10 -1.6 - -13 -2.25 & -09 -
(VOH = 13.5 Vdc) 15 | ~42 | — ~34 -88 — | -24| —
(VoL = 0.4 vdc) Sink — Pin 3 loL 50 05 —_ 0.4 0.88 = 0.28 — mAdc
(VoL = 0.5 Vdc) 10 1.1 - 09 2.25 — | 065 | —
(VoL = 1.5 Vde) ! 15 18 — 15 8.8 — 120 | —
(VoL = 0.4 Vdc)  Sink — Dther 50 | a0 | — 25 4.0 - 16 | — |magk
(VoL = 0.5 Vdc) Outputs 10 60 - 50 8.0 —_ 35 —
(VoL = 1.5 Vdc) 15 18 — 15 20 — 10 —
Input Current b tin 15 —_ =0.1 — =0.00000| =01 —_ =1.0 | wAdc
Input Capacitance Cin —_ — — - 5.0 75 — - pF
Vin = 0)
Quiescent Cunent ) Ipb 5.0 — 5.0° — 0.010 50 — 150 | uAdc
(Per Package) 10 - 10 — 0.020 10 — 300
MR = Vpp 15 - 20 — 0.030 20 — | 600
Total Supply Cument’*t * T 50 T = (0.35 uA%H2) | + Ipp rAdC
{Dynamic plus Quiescent, 10 It = (0.85 uA%H2) f 4 IpD
Per Package) 15 It = (1.50 gAKH2) 1 + Ipp
(CL = 50 pF on ali outputs, all .
bufiers switching)

#Data labelied "Typ” Is not to be used for design purposes but is
intended as an indication of the IC's potential performance.

“"The formulas given are for the typical characteristics only at 25°C.
1To calcutate total supply current at loads other than 50 pF:
17(CL) = (50 pF) + (C ~ 50) ik

where: IT is in A (per package), CL inpF, V = {VpD - Vsg) in volts,
tin kHz is input frequency, and k = 0.004.
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SWITCHING CHARACTERISTICS (CL = 50 pF, Tp = 25°C)
Characteristic Flgure Symbol Vpb Min Typ # Max Unit
Output Rise and Fall Time 2a LK. ns
TLH-TTHL = (3.5 ns/pF) CL + 25 ns tTHL 5.0 -— 100 200
TLH. TTHL = (0.75 ns/pF) CL + 125ns 10 - 50 100
TTLH. tTHL = (0.55 n8pF) C| + 9.5 ns 15 - 40 80
Clock to BCD Out 2a PLH. 5.0 - 200 1800 ns
PHL 10 — 500 1000
15 —_ 200 400
Clock to Overtiow 2a tPHL 5.0 —_ 600 1200 ns
10 — 400 80O
15 - 200 400
Reset to BCD Out 2b PHL 5.0 - 900 1800 ns
10 - 500 1000
15 — 300 600
Clock 1o Laich Enable Setup Time 2» sy 5.0 600 300 - ns
Master Reset 1o Latch Enable Setup Time 10 400 200 -—_
. 15 200 100 —_
Removal Time 7 2 trem 5.0 -80 -200 - ns
Latch Enable to Clock 10 ~-10 -70 -
15 V] -50 —
Clock Pulse Width 2a Lo 5.0 550 275 - ns
10 200 100 e~
15 150 75 —
Resol Puise Width 2b WwH(R) 50 1200 600 —_ ns
10 600 300 bl
15 450 225 -
Reset Removal Time —_ Yem 5.0 - 80 ~ 180 - ns
10 (1] -50 -
15 20 -30 —
inpn Clock Frequency - 2a fo 5.0 - 15 05 MHz
10 - 5.0 25 .
15 —_ 7.0 35
Input Clock Rise Time . 2v T 50 No ns
10 Limnit
15
Disable, MR, Latch Enable - . 5.0 — - 15 [t
Rise and Fali Times tTHL 10 - — 50
15 - - 4.0 X
Scan Oscillator Frequency ) 1 fosc 50 - 15T - Hz
(C1 measured in uF) 10 - 42C1 - .
15 —_ 70C1 — .
'm'orm:laspivanuelmmetypiwdwmenstnomyllzs‘c. ODauhbﬁbd‘Yyp'lsmwbewadkrduv\wponswts
[ as an indi of the IC's po! h . -

-
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FIGURE 1 — 3-DIGIT COUNTER TIMING
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MC14553B

) OPERATING CHARACTERISTICS

The MC145538 three-digit counter, shown in Figure 3,
consists of three negative edge-triggered BCD counters
which are cascaded in a synchronous fashion. A quad latch
at the output of each of the three BCD counters permits
storage of any given count. The three sets of BCD outputs
(active high), after going through the latches, are time
division multiplexed, providing one BCD number or digit
at a time. Digit select outputs (active low) are provided
for display control. All outputs are TTL compatible.

An on-chip oscillator provides the low frequency scan-
ning clock which drives the multiplexer output selector,
The frequency of the oscillator can be controlled ex-
ternally by a capacitor between pins 3 and 4, or it can be
overridden and driven with an external clock at pin 4.
Mul}iple devices can be cascaded using the overflow
output, which provides one pulse for every 1000 counts.

14 IM3)

The Master Reset input, when taken high, initializes the
three BCD counters and the multiplexer scanning circuit.
While Master Reset is high the digit scanner is set to digit
one; but all three digit select outputs are disabled to,
prolong display life, and the scan oscillator is inhibited,
The Disable input, when high, prevents the input clock
from reaching the counters, while still retaining the last
count. A pulse shaping circuit at the clock input permits
the counters 10 continue operating on input pulses with
very slow rise times. Information present in the counters
when the fatch input goes high, will be stored in the
latches and will be retsined while the latch input is high, in-
dependent of other inputs. Information can be recovered from
the Iatches afier the counters have been reset if Latch Enable
femains high during the entire reset cycle.

FIGURE 3 — EXPANDED BLOCK DIAGRAM
Sy ]

= LS Latch Enable a
o oo A R Soen - gy Putse
€ ~ Oxcilstor |30 e T Generstor
N C~ Cig
;; e Clock
- ‘N Tl! A Scenner
8 2
[ v
2 -1}
Pute
c: Shaper +=gc 01 Quser
(v a2 Latch :
o % 10 g5 @ 3
(e l Unins —c{>———o Qo ~
1" |
\ Divable A
tActve
High) Multiplener
! y
- —4>———oov
. ™
- ¢ Qs . BCcD
. Qusd Outputs
s a2 Letwch (Active
=R .40 o R ol
T 4
ang 6
: '—({>‘ooz
.
5 J
pdc ao ‘—4 >—— 0o
i o Quag
' R a2 Latch
+10 a3 °.
Hundreds g
13 14 2 10 18
MR Owertiow B3 B32 B33
(Active Migh) {LSD} Digit Seisct {MSD)

{Active Low),




G

N
asw Q37 udiny MO) Big s A8 By Ow;. -
————y =
T 'y :.L
vl n
— — — —— Eadani [ a1 u,o. 00,
Sm—— — - L ] e
131~y / I 1= P
o e P [ g ] P VWA [ aQ
\ \ \ \ \ \ \ \ \ \ ¢il” eevorion [v
— e R S § S At 2 Stz
— rZa - AT e
L]
3 . Yis
I
$35ss | -
r x2S -
. 1119
[ ———————— =
ma.w . s 1af-
D I} al aq, ~
st 3
7] _ ~
<t e’ Y3 <
~ P
C 143 BErYSyion a 4 caq ©
e N P 2 A
M 1 z
{q 8
. o1 3
. v > 5 >
6 s 3 3 ¢
z v Jsils de fo s z f¢ st Je (¢ o s
. 180 250 £50 00 10 zo €o 189 239 €59 00 10 zo ¢o
20 z3Q €50 = g8Q =
— gt g .K.o y -OLI
oy IR m n i
ecssrion =1 9,5 8CSSrion
{85 4n € iy
“ly Wb L1000 vod W PE wais
2 MG 31 v 43 uw 39
[ oL € o1
! g
\ . issey
"y sqoug
AVIdSIA 1I0IQ-XIS — » 3unD14
|
- a,
§ TS
e e e oy e o o R I VIS
o v —
!
1
0

A

‘Buewdes 100 yw gy 5 1080

s the
cuit,

digit
d 1o,
ted.
ock

tast
nits
vith
ters
the

n-

m

i T TV N R B N, [ S

%
N
ot 4
,
e, A
b
e .
T
|
ag Y
Ry
e P
D%
v
&3
e
-
e "
H
%
Wi
L%
e
«&n.
T
Wi 4
"
y &
s
.
H
+f
Eed %
LI W
‘“
w2 .&m
o5 e
T
i
A »Vw
K.m
-af
.
!
i
ey
1
»
)
®






