@ MOTOROLA MC14511B

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER

L SUFFIX

The MC14511B BCD-to-seven segment latch/decoder/driver is con- CERAMIC

structed with complementary MOS {CMOS) enhancemenc mode de- CASE 620
vices and NPN bipolar output drivers in a single monolithic structure
The circuit provides the funcuions of a 4-bit storage latch, an 8421
BCOD to-seven segment decoder, and an output drive capability. Lamp

e = P SUFFIX

test (LT), blanking {BI}, 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 to store a BCD code, respectively. |t can be used with
seven-segment lightemitting diodes {LED}, incandescent, fluorescent,

gas discharge, or liquid crystal readouts either directly or indirectly. D SUFFIX
Applications include instrument (e.g., counter, DVM, etc.) dis- SOIC
play driver, computer/calculator display driver, cockpit display driver, 16 ’ CASE 7518
1

and various clock, watch, and timer uses.

DW SUFFIX
® Low Logic Circuit Power Dissipation 16 CASSEOI7051G
® High-Current Sourcing Outputs (Up to 25 mA)
® Latch Storage of Code ORDERING INFORMATION

’ MC14XXXBCP Plastic
@ Blanking Input
9 Tnou ) MC14XXXBCL Ceramic

® Lamp Test Provision MC14XXXBOW SOIC
® Readout Blanking on all lilegal Input Combinations MC14XXXBD SOIC
® Lamp Intensity Modulation Capability Tp = —55°to 125°C for all packages.
@ Time Share (Muitiplexing) Facility
® Supply Voltage Range = 3.0 Vio 18 V 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
e Chip Complexity: 216 FETs or 54 Equivalent Gates B
e Triple Diode Protection on all Inputs ¢ 'q_lb

MAXIMUM RATINGS* (Voltages referenced to Vgg)

Rating Symbol Value Unit
DC Supply Voltage VDD —-05t +18 N
input Voltage, All Inputs Vin -05to Vpp +0.5 \ DISPLAY
— -
DC Current Drain per Input Pin 1 10 mA w f L_j _7 it ::' II:I "I E/II_IIJ
/ i
i - °C J S Wil S Santll Bt
Operating Temperature Range TA 55to +125 o s P e e s
Power Dissipation per Packaget Pp 500 mw
TAUTH TABLE
Storage Temperature Range Tstq —65to +150 °C
i 3 NPUTS OUTPU T }
Maximum Output Drive Current I0HmMax 25 mA ] s | Lo B Al ety DisPLAY ]
(Source) per Output YR I
v 2 1 ¥y X x |0 0 o v 0 00 Hoany
Maximum Continuous Qutput Power POHmax 50 mw o g ﬂLr 5 0 o 0[, T T 1 o m
(Source) per Output £ o J ) | O
U N H o o LN L 1
¥ POHmax = oM (VDD — VOH) R AR SIS SN
“Maximum Ratings are those values beyond which damage to the device may occur. o . Tle v o] oo
tTemperature Derating: Plastic "P and D/DW" Packages: 7.0 mW/,C From 65°C To 125°C M ! ! g oY o {')
Ceramic "L Packages - 12 mW:°C From 100°C To 125°C o Ty I T 00T T
o oo o
This device contains circuitry 1o protect the inputs against damage due to high static 7 o ) : . : . O B
voltages or electric fields, however :t 1s advised that normal precautions be taken to [ 1 i 11 0 oo v oo o0
avoid application of any voltage higher than maximum rated voltages to this high im i ! v el g (j 2 °
i i
pedance circuit. A destructive high current mode may occur 1f V|, and Vg, are not con- Loy gy 1t ijos oo
strained to the ranqe Vgg - 1V, 0t Vo) © VDo . . vl x>

%X = Don't Care

Due ta the sourcing capabihity of this circuit, damage can occur tc the device if Vpp 1s
*Depends upon the BCD code previously applied

applied, and the outputs are shorted to Vgg and are at a logcal 1 (See Maximum
Ratings) when LE 0

Unused inputs must always be tied to an appropriate logic voltage fevel (e.g., either
Vss or Vpp!
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MC145118B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Characteristi Symbol | Y02 i 2 1257 Unit
aracteristic mbol
4 Vde Min Max Min Typ # Max Min Max
Output Voltage “0" Level 50 — 0.05 — o} 0.05 — 0.05
Vin = Vpp or 0 VoL 10 — 0.05 — 0 005 | — | 005 | Vdc
15 — 0.05 — 0 0.05 — 0.05
“1" Level 5.0 4.1 — 41 4,57 — a1 —
Vin = 0 orVpp VOH 10 9.1 — 9.1 9.58 — 9.1 — | vdc
15 14.1 - 141 14.59 — 14.1 —
Input Voltage # “0" Level
(Vo = 3.8 or 0.5 Vdc) i 5.0 — 15 — 225 15 — 15 | yae
(Vo = 8.8 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.8 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1" Level
(Vo = 0.5 0or 3.8 Vdc) ViH 50 35 -— 35 275 — 3.5 — Vde
(Vo = 1.0 or 8.8 Vdc) 10 70 — 7.0 5.50 - 7.0 —
(Vo = 1.5 or 13.8 Vdc) 15 11 — 1 8.25 — 11 —
Output Drive Voitage VOH Vdc
(loH = 0 mA) Source 5.0 4.1 — 4.1 457 a1 —
(IoH = 5.0 mA) — — — 424 - — —
(loH = 10 mA) 3.9 — 39 4.12 3.5 —
(loH = 15 MA) — — — 3.94 — - —
(loH = 20 mA) 3.4 — 3.4 3.70 - 3.0 —
(IOH = 25 MA) — — — 354 — — —
(IloH = 0 mA) 10 9.1 — 9.1 9.58 — 9.1 — | Vde
(loH = 5.0 mA) — — — 9.26 — - -
(loH = 10 mA) 9.0 — 9.0 9.17 - 86 -
{loH = 15 mA) — — — 9.04 - — —
(IloH = 20 mA) B.6 — 8.6 8.90 - 8.2 -
(loH = 25 mA) — — — 8.70 — — —
(loH = 0 mA) 15 14.1 — 14.1 14.59 — 14.1 — vdc
(IoH = 5.0 mA) — — — 14.27 — — —
(IoH = 10 mA) 14 — 14 14.18 - 13.6 —
(IoH = 15 mA) — — — 14.07 - — —
(loH = 20 mA) 136 — 13.6 13.95 — 13.2 —
(oH = 25 mA) — — — 13.70 — — —
Output Drive Current oL mAdc
(VoL = 04 V) Sink 5.0 0.64 — 0.51 0.88 — 0.36 —_
(VoL = 05V) 10 1.6 — 13 2.25 - 0.9 —
VoL =15V) 15 42 — 34 88 — 24 —
Input Current lin 15 — +0.1 — +0.00001| =0.1 — +1.0 | pAdc
Input Capacitance Cin — — -— — 5.0 75 — — pF
Quiescent Current Db 5.0 — 5.0 — 0.005 5.0 — 150 | pAdc
(Per Package) Vin = 0 or Vpp. 10 — 10 - 0.010 10 — 300
lout = O nA 15 — 20 — 0.015 20 — 600
Total Supply Current™t T 5.0 I = (1.9 pAkHz) f + Ipp wAdc
(Dynamic plus Quiescent, 10 IT = (3.8 wAKH2) f + Ipp
Per Package) 15 It = (6.7 uA/kH2) | + Ipp
(CL = 50 pF on all outputs, all
buffers switching)

#Noise immunity specified for worst-case input combination.
Noise Margin for both “1" and “0" level =

1.0 Vdc min ¢ Vpp = 5.0 Vdc
2.0 Vdc min @ Vpp = 10 Vde
2.5 Vdc min (@ Vpp = 15 Vde

**The formulas given are for the typical characteristics only at 25°C.

1To calculate total supply current at loads other than 50 pF:
IT(CL) = I7(50 pF) + 3.5 x 10~ 3 (C_ — 50) Vpp!

where: IT is in uA (per package). C(_in pF. Vpp in Vdc, and f in kHz is input frequency.
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MC14511B

SWITCHING CHARACTERISTICS* (C| - 50 pF. T - 25°C)

Voo
Characteristic Symbol Vde Min Typ Max Unit
Output Rise Time tTUH ns
tyLH = {040 ns/pF} Cp + 20 ns 50 _ 40 80
tTLH ° 025 ns/pFI C L+ 176 ns 10 - 30 60
treH " 1020 ns/pF) C + 1505 15 25 50
Qutput Fall Time ns
[ tTHL - 1.6 ns/pF} C_ + 50 ns THL - 125 250
tTHL = (0.75 ns/pF) Cy + 375 ns 10 - 75 150
tTHL = (055 ns/pF) CL + 375 ns 15 - 85 130
Data Propagation Delay Time PLH ns
tpLH = (0.40 ns/pF) C_ + 620 ns 50 h 640 1280
tpLH = (0.25ns/pfFi CL + 2375 ns 10 ) 250 500
tpLH * (0.20ns/pF} C| + 165 ns 15 - 175 350
tpHL = (1.3ns/pFI C + 655 ns PHL 50 - 720 1440
PHL = (0.80ns/pF) C| + 260 ns 10 290 580
tpyy = (0.35ns/pF} C| + 1825 ns 15 200 400
Blank Propagation Delay Time PLH - ns
tpLH = (0.30 ns/pF) C_+ 586 ns 5.0 600 750
tpLH = (0.26 ns/pF) C + 1875 ns 10 200 300
tpLp = (0.16 ns/pF} C|_+ 1425 ns 15 150 220
tpp = (0.85ns/pF) C| 4+ 4425 ns tPHL 50 - 485 970
tpHL = (045 ns/pFY C + 1775 ns 10 200 400
pHL = (0.35ns/pFY CL + 1425 ns 15 - 160 320
Lamp Test Propagation Delay Time PLH ns
LR = (045 ns/pF) C + 2905 ns 5.0 - 313 625
tp 1 = {0.25ns/pF) C + 1125 ns 10 125 250
tPLH = 10.20ns/pF) C + 80 ns 15 90 180
tpH = (13 ns/pF) C +248 ns PHL 5.0 313 625
tpH = {0.450s/pF1 C| + 1025 ns 10 - 128 250
tpH = (0.36 ns/pF) C; +725ns 15 - 90 180
Setup Time tgy 50 00 - ns
10 ac
15 b
Hold Time th 50 60 ns
10 40
15 A0 -
Latch Enable Pulse Width twi 50 520 260 - ns
10 220 110 -
15 130 65

*The turmulds given are for the typiegl charactenistics onty
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MC14511B

FIGURE 1 — DYNAMIC POWER DISSIPATION
SIGNAL WAVEFORMS

Input LE tow, and Inputs O, Bl and LT high
TN respett to a system clock
All cutputs connected 10 respective Cy ioads.

20 nns r-— -] [=—20ns
v
]s)
A B.and C
i~ - ~-Vss
™
50% Duty Cvcle
Vou
Any Quitput 80°,

FIGURE 2 — DYNAMIC SIGNAL WAVEFORMS

{a) lnputs D and LE low, and Inputs A, B, Bl and Fhigh.

20 ns —=i I‘f

Input C

Qutput g

TTLH TTHL

(b} (nput D low, tnputs A, B,a and LT high.

LE
Input €
Outputg
(c) Data DCBA strobed into latches.
b m200s
Voo
LE
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MC14511B

CONNECTIONS TO VARIOUS DISPLAY READOUTS

LIGHT EMITTING DIODE (LED) READOUT

Comman
Cathode LED

—_——— =17V

1k
—

INCANDESCENT READOUT

Vpo

Voo

%

VWA

ur I l_I1

='Vss

k>~ — —

GAS DISCHARGE READOUT

Voo

A7 I 7T[KH_‘

= Vss

**A filament pre warm resistor is recommended to reduce filament
tharmal shock and increase the eftective cold resistance of the

filament

Appropriate
Voltage

Voo
! — —
Cammon
Anode LED Xt
EARA"
[ =
nd -
+—4
= Vss
FLUORESCENT READOUT
Voo
Direct
(Low Brightness)
e o
e
- [ I
s /\
Filament
Supply
= Vss = Vgg Of appropriate

voltage belnw_ Vss.
{CAUTION: Maximum working voltage = 18.0 V)

LIQUID CRYSTAL (LCD) READOUT

Excitation
{Square Wave,

Vgg to Vpop!

1/4 Of MC14070B

JLINL U_)

L

= Vss

Direct dc drive of LCD's not recommended for life of LCD readouts,
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MC14511B

LOGIC DIAGRAM

ﬁ““’l>“{>°—j

. {; Vpp - Pin 16
Vgg = Pin 8
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