National
Semiconductor

CD4543BM/CD4543BC BCD-to-7-Segment
Latch/Decoder/Driver for Liquid Crystals
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General Description Features

The CD4543BM/CD4543BC is a monolithic CMOS BCD-to- @ Wide supply voltage range 3.0V to 18V
7-segment latch/decoder/driver for use with liquid crystal ®m High noise immunity 0.45 Vpp (typ.)
and other types of displays. The circuit provides the func- m Low power TTL Fan out of 2 driving 74L
tions of a 4-bit storage latch and an 8421 BCD-to-7-seg- compatibility or 1 driving 74LS
ment decoder and driver. The device has the capability to g | ow power dissipation 50 nA/package (typ.)
invert the logic levels of the output combination. The phase atVpp =5.0V

(Ph), bianking (Bl) and latch disable (LD) inputs are used to
reverse the truth table phase, blank the display, and store a
BCD code, respectively. For liquid crystal (LC) readouts, a

| Latch storage
]
square wave is applied to the Ph input of the circuit and the : Blank for all illegal inputs
[ ]

Blanking input

electrically common backplane of the display, and the out- Direct-drive LCD, LED and VF displays

puts of the circuit are connected directly to the segments of Pin-for-pin replacement for CD4056B (with pin 7 tied to
the LC readout. For other types of readouts, such as light- Vss)

emitting diode (LED), incandescent, gas discharge, and flu- 8 Pin-for-pin replacement for Motorola MC14543B
orescent readouts, connection diagrams are given on this

data sheet. Applications
All inputs are protected against static discharge by diode  m Instrument (e.g., counter, DVM, etc.) display driver
clamps to Vpp and Vgs. m Computer/calculator display driver

m Cockput display driver
| Various clock, watch, and timer users

Connection Diagram and Truth Table

Inputs Outputs
LD(BI|Ph*ID C B A[la b ¢ d e f g | Display
X|1t{O0|XXXX|0 0 0 0 0 O O |Blank
Dual-In-Line Package 1{0j0(00O0OOCI1T 1 1 1 1 1 0O 0
110{0j0 00 1|0 1 i 0 0 0 O 1
Voo f a 1j/0jofoo1o0f1 1 0 1 1 0 1 2
AL 15 14 13 12 Al 10 9 1]/ojofoo1 1|1 1 1 1 0 0 1 3
1]06f0j0ot1to0o0|j0 1 1 0 0 1 1 4
ilfejojo101f1 0 t+ 1 0 1 1 5
10|00t 1 01 O 1 % 1 1 1 [}
110 010 11 1]1 11 0 0 O O 7
1|0 0|1 00 0j1 1 1 1 1 1 1 8
110011 00 1)1 1 1 1 0 1 1 9
1|00 Jj1010{0 0 0 O O 0 O Blank
1100|101 1]0 0 0 0 O 0 O Blank
1]0{ 011 00/0 O O O O O O Blank
1{ofojt1010 ¢ 0 O O O O Blank
I 2 3 4 5 6 7 I8 1{oloft110/0 0o o o 0o o o] Blank
Lo ¢ B D A Ph Bl VYss 1{0f0|t111]/0 0 0O 0 O O O] Blank
Too Vi TL/F/6002-1 010] 0 X X X X .- v
op View Tty t Inverse of Output Display
Order Number CD4543B* Combinations Above as Above
*Please look into Section 8, Appendix D X = Don't care
for availability of various package types. 1 = Above combinations

For fiquid crystal readouts, apply a square wave to Ph.

For common cathode LED readouts, select Ph = 0.

For common anode LED readouts, select Ph = 1.

** = Depends upon the BCD code previously applied when LD = 1.

Display Format

J id\3 K
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@ | Absolute Maximum Ratings (Notes 182 Recommended Operating
g If Iﬁ:ll::ryt:‘Aer:s:acelsgecll;ied :evtlcessal;e reg;lfllred/, Conditions (Note 2)
conta: e National Semiconductor Sales ce
9 Distributors for avallability and specifications. IDC St‘:fﬁly Volt;ge (Voo) 0 ?/VD? t:\)/1 5 ch
E DC Supply Voltage (Vpp) —0.5Vpcto +18 Vpg g"“ t,° taﬁe( N ture Range (Tx) be fo Voo Vbe
erating Temperature Range
@ | meut Voltage (Viv —0.5Vpg to Vpp + 0.5 Vpe preivvl Rhols BN emcto + 125G
g Storage Temp. Range (Tg) —65°Cto +150°C CD4543BC —40°C to +85°C
P Power Dissipation (Pp)
O Dual-In-Line 700 mW
Small Outline 500 mw
Lead Temperature (T)
(Soldering, 10 seconds) 260°C
DC Electrical Characteristics coas4ssm (Note 2)
Symbol Parameter Conditions —58°C +25°C +125°C Units
Min Max Min Typ Max Min Max
lop Quiescent Device | Vpp = 5V, V|y = Vpp or Vss 5 5 150 nA
Current Vpp = 10V, VN = Vpp or Vgg 10 10 300 HA
Vpp = 15V, VN = Vpp or Vsg 20 20 600 MA
VoL Low Level Vpp = 5V 0.05 0 0.05 005 | Vv
Output Voltage | Vpp = 10V lio] < 1 A 0.05 (] 0.05 005 | V
Vpp = 15V 0.05 0 0.05 005| V
VOH High Level Vpp = 5V 4.95 4.95 5 495 v
Output Voltage Vpp = 10V llol < 1 pA 9.95 9.95 10 9.95 \
Vpp = 15V 14.95 14.95 15 14.95 v
' Low Level Vpp = 5V, Vo = 0.5V or 4.5V 1.5 15 1.5 v
Input Voltage Vpp = 10V, Vg = 1V or 9V 3.0 3.0 3.0 \
Vbp = 15V, Vo = 1.5V or 13.5V 4.0 4.0 40 | v
ViH High Level Vpp = 5V, Vo = 0.5V or 4.5V 35 35 35 v
Input Voltage Vpp = 10V, Vp = 1V or 9V 7.0 7.0 7.0 v
Vpp = 15V,Vo = 1.5Vor13.6V | 11.0 11.0 11.0 \
loL Low Level Output | Vpp = 5V, Vg = 0.4V 0.64 0.51 0.36 mA
Current (Note 3) Vpp = 10V, Vg = 0.5V 1.6 1.3 0.9 mA
Vpp = 15V, Vg = 1.5V 42 3.4 24 mA
loH High Level Output | Vpp = 5V, Vo = 4.6V —0.64 —0.51 —0.36 mA
Current (Note 3) Vpp = 10V, Vg = 9.5V —-1.6 -1.3 —-0.9 mA
Vpp = 15V, Vg = 13.5V -4.2 -3.4 —24 mA
Y] Input Current Vpp = 15V, V|y = OV —-0.1 —10-5| —0.1 —1.0| pA
Vpp = 15V, V|Ny = 15V 0.1 10—5 0.1 1.0 HA
DC Electrical Characteristics cpas43sc (Note 2)
Symbol Parameter Conditions —4rc +25°C +85°C Units
Min Max Min Typ | Max Min Max
Ipp Quiescent Device | Vpp = 5V, VN = Vpp or Vgs 20 20 150 RA
Current Vpp = 10V, V|y = Vppor Vgs 40 40 300 nA
Vpp = 15V, V|N = Vpp or Vgg 80 80 600 nA
VoL Low Level Vpp = 5V 0.05 o 0.05 0.05 \
Output Voltage Vpp = 10V llol < 1 pA 0.05 0 | 005 0.05 v
Vpp = 15V 0.05 0 0.05 0.05 v
VOH High Level Vpp = 5V 4.95 4.95 5 4.95 v
Output Voltage Vpp = 10V flol < 1A 9.95 9.95 10 9.95 \'
Vpp = 15V 14.95 14.95 | 15 14.95 %
ViL Low Level Vop = 5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 A
Input Voltage Vpp = 10V, Vg = 1V or9v 3.0 3.0 3.0 \2
Vpp = 15V, Vo = 1.5V or 13.5V 40 4.0 4.0 v
Vi High Level Vpp = 5V, Vo = 0.5V or 4.5V 3.5 35 35 v
Input Voltage Vpp = 10V, Vg = 1Vor 9V 7.0 7.0 7.0 v
Vpp = 15V, Vo = 1.5Vor13.5V | 11.0 11.0 11.0 v
oL Low Level Output | Vpp = 5V, Vg = 0.4V 0.52 0.44 0.36 mA
Current (Note 3) | Vpp = 10V, Vg = 0.5V 1.3 1.1 0.9 mA
Vpp = 15V, Vg = 1.5V 3.6 3.0 2.4 mA
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DC Electrical Characteristics cpas3sc (Note 2) (Continued) s
- 3 o P
Symbol Parameter Conditions a0 +25 185°C Units 8
Min Max Min Typ Max Min Max =
loH High Levei Output | Vpp = 5V, Vp = 4.6V —0.52 —-0.44 —0.36 mA a
Current (Note 3) Vpp = 10V, Vg = 9.5V -1.3 -1.1 —-0.9 mA o
Vpp = 15V, Vp = 13.5V —-3.6 —3.0 —2.4 mA a
in Input Current Vpp = 15V, V|y = OV —-0.3 -10-5| —03 -1.0 pA 8
Vpp = 15V, ViN = 15V 0.3 10-5 0.3 1.0 pA W
(¢]
AC Electrical Characteristics* 1, = 25°c,c_ = 50 pF, Vgg = 0, unless otherwise specified
Symbol Parameter Conditions Min Typ Max Units
t Output Rise Time Vpp = 5V 100 200 ns
Vpp = 10V 50 100 ns
Vpp = 15V 40 80 ns
1 Output Fall Time Vpp = 5V 100 200 ns
Vpp = 10V 50 100 ns
Vpp = 15V 40 80 ns
tPLH Turn-ON Propagation Vpp = 5V 450 1100 ns
Delay Time Vpp = 10V 170 440 ns
Vpp = 15V 110 330 ns
tPHL Turn-OFF Propagation Vpp = 5V 500 1100 ns
Delay Time Vpp = 10V 180 440 ns
Vpp = 15V 120 330 ns
tseT-UP Set-Up Time Vpp = 5V -5 80 ns
Vpp = 10V -2 30 ns
Vpp = 15V 0 20 ns
tHoLD Hold Time Vpp = 5V 30 120 ns
Vpp = 10V 20 45 ns
Vpp = 15V 15 30 ns
PW_Lp Latch Disable Vpp = 5V 50 250 ns
Pulse Width Vpp = 10V 30 100 ns
Vpp = 15V 20 80 ns
CiN Input Capacitance Per Input 5 7.5 pF
Cpp Power Dissipation Capacitance See Cpp Measurement 300 F
Waveforms (Note 4) P
*AC Parameters are guaranteed by DC correlated testing.
Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices
should be operated at these limits. The tables of “Recommended Operating Conditions” and Electrical Characteristics’ provide conditions for actual device
operation.
Note 2: Vgg = OV unless otherwise specified.
Note 3: [on and Ig| are tested one output at a time.
Note 4: Cpp determines the no load AC power consumption of a CMOS device. For a complete explanation, see “MMS54C/74C Family Characteristics" Application
Note AN-90.
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Logic Diagram
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- TL/F/6002-3
*Transmission gates
Typical Applications
Liquid Crystal (LC) Readout Incand t Readout
s
OUTPUT —o—|1 OF 7 SEGMENTS [
Ph
T~~~ _ _ couon ==
[ = ~ ~ BACKPLANE > - - -
| SQUARE WAVE CD4543B
(¥ss 70 Yop) ouTPUT
TL/F/6002-4 Ph
— Vs
TL/F/6002-5

Light Emitting Diode (LED) Readout

CD4543B - -

OUTPUT i—O—'VW—I - -
Ph
‘ o CD45438
ouTPuT |—o—AA—]
=+

Ph

i

Voo

= Vss

TL/F/6002-6
Note: Bipolar transitors may be added for gain (for Vpp < 10V or loyT = 10 mA)
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Typical Applications (continued)

Fluorescent Readout Gas Discharge Readout

CD45438 APFROPRIATE
QUTPUT —O0—)
Ph

ivss

28evSyad/Naersyad

FILAMENT CD45438
SUPPLY OQUTPUT
p Ph
—L— Vg5 OR APPROPRIATE v
= VOLTAGE BELOW Vgg ss

TL/F/6002-7

TL/F/6002-8
31/,-Digit DVM with LCD Display
| _I I_ I I_I I_I ’_I Lco
DISPLAY
I I_I ° I_l I_l I_ I BACK PLANE
abcdef ahcdefy shedef shedef
]
[ Ph ] Ph "
Bl CD4543 Bl  CD4543 Bl CD4543 8l CDASA3
:LDAII:D -_-I":—lnAlcn -Trr—‘wAncn -fc:mAlcn
2 : 1]
‘ 580k §00k
Vop O—AVN—@ AN~
E 1 v
500k i _]_
. Vop O—AAAs - =
v,,,,o___‘l"fJ"
OE O
ﬂD MM74C815  LE
2m I/N 1
03 02 D1 DO !!I:In!!!
e *’—) SIGN ADC3501/ADC370t OFL
:E 2aM
300k
j 0.1 F

.||.-’

TL/F/6002-9
Display 9.999 when overflowed. All digits can also be blanked at overflow by typing OFL to Bl on the CD4543's.

5-321

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



Switching Time Waveforms

A, BANDC

CD4543BM/CD4543BC

ANY OUTPUT

to a system clock.
All outputs connected to respective C|_ loads.

—={20 ns ——I!llm
¢ Voo 0%
0% 0%
Vss
tPHL L
Vor o
¢ 50% 1%
Vo
”" A L‘ ——J t

TL/F/6002-11

(a) Inputs D, Ph and Bl Low, and Inputs A, B and LD High

Cpp Measurement Waveforms

TL/F/6002-10

Inputs Bl and Ph low, and inputs D and LD high. f in respect

Dynamic Signal Waveforms

10%
vss

SET-UP

Voo

* g—"

vss

AN

Voo

-

TL/F/6002-12
(b) (Inputs D, Ph and Bl Low, and Inputs A and B High

Voo
L

Vss

50%

PWp
TL/F/6002-13

{c) Data DCBA Strobe into Latches
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