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MC145118

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER

The MC145118 BCD-to-seven segment latch/decoder/driver is con-
structed with complementary MOS (CMOS) enhancement mode de-
vices and NPN pipolar output drivers in a single monolithic structure.
The circuit provides the functions of a 4-bit storage tatch, an 8421
BCD-to-seven segment decoder, and an output drive capability. Lamp

CMOS MSI

{LOW-POWER COMPLEMENTARY MOS)

BCD-TO-SEVEN SEGMENT
LATCH/DECODER/DRIVER

test (LT), blanking (B1), and latch enable (LE) inputs are used to test

the display, to turn-off or pulse modulate the brightness of the

display, and 1o store a BCD code. respectively. it can be used with
seven-segment lightemitting diodes (LED), incandescent, fluorescent,
gas discharge, or liquid crystal readouts either directly or indirectly. il
Applications inciude instrument (e.g.,, counter, DVM, etc.) dis- y
play driver, computer/calculator display driver, cockpit display driver, % 6
and various clock, watch, and timer uses. ! !
¢ L SUFFiIX
Low Logic Circuit Power Dissipation {  CERAMICPACKAGE PLASTIC PACKAGE

CASE 620 CASE 648
High-Current Sourcing Qutputs (Up to 25 mA) ORDERING INFORMATION
L.atch Storage of Code

A Series. —55°C to +125°C
Blanking Input MC14XXXBAL {Ceramic Package Onlyl

P SUFFIX

Lamp Test Provision C Seres —40°C 10 +BEOC

MC14XXXBCP (Plastic Package)
MC14XXXBCL {Ceramic Package!

Readout Blanking on all lllegal Input Combinations
Lamp Intensity Modulation Capability

Time Share (Muitiplexing) Facility
Supply Voltage Range = 3.0 V to 18 V

Capable cf Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Qver the Rated
| Temperature Range

® Chip Complexity: 216 FETs ar 54 Equivalent Gates

PIN ASSIGNMENT

MAXIMUM RATINGS (Voltages referenced to Vgg).

X = Don’t Care
*Depends upon the BCD code previously appled
when LE 0

Vsg or Vppl.

Rating Symbol Value Unit
OC Suppiy Voltage Voo -0.51t0 +18 \
input Voitage, All tnputs Vin 05toVpp+ 05 v DISPLAY
OC Current Orain per input Pin I 10 mA I‘ =] ’_" T [ -'[':’I ':"
Qperating Temperature Range — AL Device Ta ~65 10 +125 oc ! E :’ :' (= 7{ !:';
| CL/CP Device -40 10 -85 o+t 2 3 4 5 6 7 9
" )
Storage Temperature Range Tstg 65 to -150 [} TRUTH TABLE
Maximum Qutput Drive Current lOHmax 25 mA -
1Saurce: per Qutput —hPUT OUTP“T“}
LE | & l LT o cd alab o o e f 9 D1sPLaY |
Maximum Continuous Qutput Power POHmMax 50 mw x o xxx i s
(Source) per Qutput ¥ X 10 1 [¥x x %500 0060 0] ek
0 v 7T e ool 10 7 1 0l D
tp = { - o vt 000 101 100G 0 1
OHmax = loH VDD -Vou! o viadoo el ter oo 1) ?
g (N O 0 ¢ Tff U 3 1T 0 @ H
T T |h R R e R
i This device contains circuitry to protect the inputs against damage due to high static g ‘ : ! : | g : ? c‘ ‘é é’ : ‘ “7 j : N
| valtages ar electric fields, however, it 15 advised that normal precautions be taken to Lo ] o vt ilv a1 o001
avard apphication of any voltage higher than maximum rated voltages ta this high im- a T 6 00 1 1 111 =
- . ) Al 10 Y1 1 0 0 1
| pedance circuit. A destructive high current mode may occur if Vi, and Vg ¢ are not con- PO 1 ] T el s e s o
| straned to the range Vgg = (Vi or Vgut) < VDD. __2 " Jr,%,T,‘;,,‘,,[‘T._‘%,,g_%,% .%,‘0’, g }
DOue to the sourcing capability of this circuit, damage can occur to the device if Vpp 15 0 1 ‘ 1]t e 2io 000000
apphied, and the outputs are shorted to Vgg and are at a Jogical 1 (See Maximum g : ; I‘ : : ‘ ! ig g 8 g g u s‘ !
Ratings). ot o iee ot e e *Tf"j

Unused inputs must always be tied to an appropriate lagic voltage level (e.g., either J
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MC14511B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss!

Voo Tiow” 25% Thigh*
Character.stic Symbol Vdc Min Max Min Typ Max Min Max Unit
Outpur Voitage 0" Level] VoL 50 0.05 - 0 0.05 0.05 \
Vin=Vpp or 0 10 - 005 - 0 0.05 - 0.05
15 — 005 - 2 Q.05 005
17 Level] MOR 5.0 4.1 41 457 - 4.1 - v
Vin=00arVpp 10 9.1 - g1 9.58 - g1 -
15 14.1 - 141 14 59 -~ 141 -
Input Voltage ¥ Q" Level ViL v
Vg =380r05 VI 50 15 2.5 15 16
(Vy =880r 1.0V} 10 - 3.0 - 450 3.0 3.0
(Vo = 13.80r 1.5 V) 15 4.0 - 6 75 4.0 - 4.0
Vo =05 0r38 V) U1 Level [y 50 35 - 35 275 - 35 - v
(Vp=100r88 V} 10 7.0 7.0 580 70 -
Vo=150r138 v 15 1.0 - 11.0 8.75 - 11.0 -
Cutput Drive Volitage (AL Device) VoH \
{lo = O0mA) Source 50 410 - 4.10 4c7 - 4.1
(lgH = 5.0 mA) _ - 424 B . _
tign = 10 mA) 3.90 3.90 4.12 - 35
ligh = 15 mA} - - 3.94 - - -
11oH = 20 mA) 3.40 3.40 3.70 30
ligH = 25 mA) - - 3.54 - - -
U = OmA) 10 9.10 - 310 953 9. , v
fion = B0 mA) - 9.2 - - -
(igh = 10 mA) 9.00 300 [ 917 - 86
ilay = 15 mA) - - - 9.04 - -
o = 20 mA} 8.60 8.60 3.90 8.2 -
{Ioy = 25 mA) — - — 8.720 — .=
(1o = OmA} 15 14.1 - 141 14 59 - 141 - \%
{ioH = 5.0 mA) - . 14.27 -
{ioH = 10 mA} 14.0 140 1413 - 136 -
{lon = 15 mA) - 14 07 - -
{lgr = 20mA) 136 136 13.99 132 -
oK = 25 mA} — - 13.70 - - -
Output Drive Voltage {CL/CP Device) VOH v
{lgH = 0mA) Source 50 4.0 410 457 41
g = 50 mA) — 4.24 _ -
tige = 10mA) 3.60 3.60 412 33
ligy - 15 mA) - 3.94 - -
oK = 20mA) 2.80 - 280 3.75 25
Hion * 25 mAi - 3.54 -
(1o = OmA) 0 9.10 9.10 | 958 9.1 v
oK = 5 0mA! - - 926 ~
fton = 1GmA) 8.75 875 917 B8.45
o < 15 mA) — - - 304 —
HoH © 20mAl 8.10 8 10 890 78
UgH = 25ma) — - 8.75 -
oW - OmA) 15 141 141 14.59 149 v
{1oH = 5.0 mA) -~ 1427 -
(1gH = 10mA) 13.75 1375 | 1418 1345
g = 16 ma) - 14.07 -
figH = 20 mA) 13.1 131 1395 128
HgH = 25 mA] - 13 80 - -
Output Drive Current tAL Device) loL mA
VoL 04w Sink 5.0 084 051 088 E 038
VoL =05 Vi 10 16 - 13 225 - 09
Vop =15 V) 15 42 - 34 g8 24
QOutput Drive Current (CL/CP Device) oL mA
o =04 Vi Sink 50 Q52 044 788 0.36
VoL =05 V! 10 13 I 225 - 09 |
Vo = 15w 1% 3.6 J - 30 38 - 24 ;
{Continued)
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MC14511B

ELECTRICAL CHARACTERISTICS (Continued)

Vopp Tiow* 25°C Tm"
Characteristic Symbot Vde Min Max Min Typ Max Min Max Unit
Input Current {AL Dewvice) fin 15 - +Q1 - +0.00001| :0.1 - +1.0 uA
Input Current {CL./CP Device!} lin 15 - +03 - +0.00001| +03 - 1.0 HA
Input Capacitance Cin —_ - - - 5.0 75 - - pF
Qurescent Current (AL Device) ipo 50 - 5.0 — 0.005 5.0 - 150 uA
{Per Package) Vi =0 or Vpp. 10 - 10 - 0.010 10 - 300
lout = 0 A 15 - 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) pp 5.0 - 20 - 0.005 20 - 150 A
{Per Package) Vin=0 or VpO. 10 - 40 - 0.010 40 - 300
lgut = 0 A 15 - 80 — 0015 80 = 600
Total Supply Current* "t T 50 Ir = (19 uA/kH2Z} t + Ipg uA
(Dynamic plus Quiescent, 10 I = (38 wA/kHz} i + Ipp
Per Package) 15 ty = (6.7 wA/kHzl { + IpD
(Cy -~ 50 pF on all outputs, all
buffers switching)
*Tiow = -55°C for AL Device, -40°C for CL/CP Device. tTo calculate total suppty current at ioads other than 50 pF
Thigh = +125°C for AL Device, +85°C for CL/CP Device. IT'CL) = IT(BOpF) + 3.5 x 10-3 (C|_-50) Vpp!
#Noise immunity specified for worst-case input combination. where: |7 15 in uA (per packagel, C(_in pF, Vpp in Vde,
Noise Margin for bath "1 and "0’ tevel = and fn kHz is input frequency,
1.0 Vde min@ Vpp - 5.0 Vdc **The formulas given are for the typical
20 Vdemin@ vpp - 10 Vde characteristics only at 25°C.

25 Vdcmin @ Vpp = 15 Vde

SWITCHING CHARACTERISTICS® (C|_ = 50 pF, T = 25°C)

Vop
Characteristic Symbol | vde Min Typ Max Unit
Output Rise Time tTLH ns
tTLH = {040 ns/pF) C + 20 ns 5.0 -~ 40 80
tTLH = 0.26 ns/pF) C +17.6ns 10 - 30 60
tTLH = (0.20 ns/pF} C + 16 ns 15 -~ 25 50
Qutput Fall Time tTHL ~ ns
tTHL = (1.5 ns/pF) C + 50 ns 5.0 128 250
tTHL = (0.75 ns/pFl C_+ 37.5ns 10 - 75 150
tTHL = (0.55 ns/pF) C_+ 375 ns 15 - 65 130
Data Propagation Delay Time tpLH ns
tpLH = (0.40 ns/pF) C|_ + 620 ns 5.0 - 640 1280
tpLH = (0.25ns/pFI Cy +237.5ns 10 B 250 500
tpLH = (0.20 ns/pF) C_ + 165 ns 18§ - 175 350
tpHL = (1.3 ns/pF} C +655 ns PHL 5.0 - 720 1440
tpHL = (0.60ns/pF) C_ + 260 ns 10 - 290 §80
tpHL = (0.35 03/pF) C + 1825 ns 15 - 200 400
ﬁl’roplqﬁion Delay Time PLH _ ns
tpH = (0.30 ns/pF} C) + 686 ns 5.0 _ 600 750
tpLH = (0.26 ns/pFl C + 187.6ns 10 _ 200 300
tpLH > (0.15 ns/pF) C_+ 1425 ns 15 150 220
tpL = (0.85 ns/pF) C + 4425 ns PHL 5.0 - 485 970
tpHL = (0.45ns/pF) C + 1775 ns 10 - 200 400
tp = {0.35ns/pF) Ci_ + 1425 ns 15 - 160 320
Larnp Test Propagation Delay Time PLH ns
tpH = (0.45 ns/pF) C + 280.5 ns 5.0 = 313 625
PLH = (0.250s/pF) C_ + 1125 ns 10 - 125 250
oL = (0.20 ns/pF) C|_ +80 ns 15 - 90 180
o = (1.3 ns/pF) C| + 248 ns PHL 5.0 - 313 625
tpHL = (0.45 ns/pF) C|_ + 1025 ns 10 - 125 250
tpy = (0.36 ns/pF) C|_ + 725 ns 15 - 90 180
Setup Time tey 5.0 100 - - ns
10 40 - -
15 30 - -
Hold Time th 5.0 60 - - ns
10 40 - -
15 30 - -
Latch Enable Pulse Width twiL 5.0 520 260 - ns
10 220 110 -
15 130 65 -

*The formulas given are for the typical characteristics only.
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MC14511B

FIGURE 1 - DYNAMIC POWER DISSIPATION
SIGNAL WAVEFORMS

input LE low, and (nputs O, BT and LT high.
f 'n respect to a system clock
Alf outputs connected to respective C loads.

20 ns —=!

A B and C

i 1
=%
50% Duty Cycle

Vow
Any Output W

Vor

FIGURE 2 ~ DYNAMIC SIGNAL WAVE FORMS

ta) Inputs D and LE tow, and inputs A, B, Bl and LT high.

2Q ns —=f

je— 20 ns
Voo
tnput €
vss
PLH
— Vou
Output g

LE

tnput C

Outputg

{c) Data DCBA strobed into latches.

LE
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MC14511B

CONNECTIONS TO VARIOUS DISPLAY READOUTS

LIGHT EMITTING DIODE (LED) READOUT
vVop Vpo

— 1 b -
a F Common
Anade LED !!— -
Common RARAY
Cathode LED
q O—VVr q
[ Y- =17V - =
[
—eq
— -
—
=V
= Vss = - Uss
FLUORESCENT READOUT
INCANDESCENT READOUT Voo
Vob Voo
d———-‘ ‘& Direct
’: e <
° (Low Brightness)
oty — ——
. 1ed
R 9
o Filament
— k> — — — Supply
b — — 1
= Vss "= Vgg or appropriate
= Vgg —_ voltage below Vgsg.
{CAUTION: Maximum warking voitage = 18.0 V}
GAS DISCHARGE READOUT LIQUID CRYSTAL (LCD} READOUT
Excitation
Appropriate (Square Wave,
Voo Voitage Vgg to Vp!
4
"'j ——
L
-
(-
e

1/4 Of MC140708

JLINENY) u_l
N

=

= Vgg = Vss

*#A filament pra-warm resistor is recommended to reduce filament
thermal shack and increass the effective cold resistance of the
fitament,

Direct dc drive of LCD's not recommended tor life of LCO resdouts.
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MC14511B

LOGIC DIAGRAM

EA-<{>-—
— )
— i
S ] T - T e
l - IR o S
- Do :
, ’—D"J! i T/»';ij D
1 r x |
51> ‘ T - > B PDA t%:/%—m_md
- e .
T B g 17T Do >—se
SR \
Ll \ =] Do
c2 —{>= E *D LL/'
= L] D> 140
— — T3 —>—
- L — — ‘
TR TL ]
i
LES —Do——__41>&_ \\;SSD:;:‘an

6-257



