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INSTRUMENTS

Data sheet acquired from Harris Semiconductor
SCHS048

CMOS Liquid-Crystal

Display Drivers
High-Voltage Types (20-Volt Rating)
CD4054B — 4-Segment Display Driver

CD4054B, CD4055B, CD4056B Types

Features:
® Operation of liquid crystals with CMOS

circuits provides ultra-low-power displays

B Equivalent ac output drive for liquid-

CD40558 — BCD to 7-Segment Decoder/Driver with ™ Voltage doubling across display, e.g.

“Display-Frequency” Output

CDA4056B — BCD to 7-Segment Decoder/Driver with

Strobed-Latch Function

8 CD4055B and CD4056B types are
single-digit BCD-to-7-segment decoder/driver
circuits that provide level-shifting functions
on the chip. This feature permits the BCD
input-signal swings {(Vpp to Vss) to be the
same as or different from the 7-segment
output-signal swings (Vpp to VEg). For
example, the BCD input-signal swings {Vpp

to Vgg) may be as small as 0 to —3 V, where-

as the output-display drive-signal swing {Vpp
to Vgg) may be as large as from 0 to —15V.
If Vgp to VEg exceeds 15 V, Vpo toVgg
shouid be at least 4V (0 to —4V).

The 7-segment outputs are controlled by
the DISPLAY-FREQUENCY {DF) input
which causes the selected segment outputs

to be low, high, or a square-wave output .

(for liquid-crystal displays). When the DF
input is low the output segments will be
high when selected by the BCD inputs.
When the DF input is high, the output
segments will be low when selected by the
BCD inputs. When a square-wave is present
at the' DF input, the selected segments will
have a sguare-wave output that is 180° out
of phase with the DF input. Those segments
which are not selected will have a square-

wave output that is in phase with the input.

DF square-wave repetition rates for liquid-
crystal displays usually range from 30 Hz
{well above flicker rate} to 200 Hz (well
below the upper limit of the liquid-crystal
frequency response). The CD4055B pro-
vides a level-shifted high-amplitude DF out-
put which is required for driving the common
electrode in liquid-crystal displays. The
CDA4056B provides a strobed-latch function
at the BCD inputs. Decoding of all input
combinations on the CD4055B and CD40568
provides displays of 0 to 9 as well as L, P,
H, A, —, and a blank position.

The CD4054B provides level shifting similar
16 the CD4055B and CD4056B independently
strobed latches, and common DF control on
4 signal lines. The CDA054B is intended to
provide drive-signal compatibility- with the
CD40558 and CD4056B 7-segment decoder
types for the decimal point, colon, polarity,
and similar display lines, A level-shifted
high-amplitude DF qutput can be obtained
from any CD4054B output line by connect-

STROBE 1 J
crystal displays — no external capacitor required zf g
mgsgs :3 4
VDD — VEE = 18 V results in effective 2=
36 V p-p drive across selectad display o FRE?’E’: 7
segments Yss —8
% Low- or high-output level dc drive for % 7-SEGMENT
ather types of displays ouTeUTS secs-zase7
® On-chip logic-leve! conversion for different
input- and output-level swings
= Full decoding of all input combinations: CDA40568

09, L, H,P, A~ and btank positions

® Strobed-latch function—CD4054B Saries
and CD40568 Series

® DISPLAY-FREQUENCY (DF) output

for liquid-crystal common-line drive signal—

CDA055B Series {CD4054B Series also:
see introductory text)

= 100% tested for quiescent current at 20 V

B Maximum input current of 1 uA at 18V
over full package temperature range;
100 nA at 18 V and 26°C

® Noise margin {over full package temper-
ature range}:

1VatVpp=5V
2VatVpp=10V
25VatVpp=15V

® 5-V, 10-V, and 15-V parametric ratings

Applications
 General-purpose displays
Calculators and meters
Wall and table clocks
Industrial control panels
Portable lab instruments
Panel meters

Auto dashboard displays
Appliance control panels

ing the corresponding input and strobe lines
to a low and high levsl, respectively and
applying a square wave to DFjN. The
CD4054B may also be utilized for logic-level
“‘up conversion’’ or ““down conversion’’. For
example, input-signal swings (Vpp to Vss}
from +5 to O V can be converted to output-
signal swings (Vpp to VEE) of +5to -5 V.
The level-shifted function on all three types
permits the use of different input- and out-
put-signal swings. The input swings from a
low level of Vgg to a high level of Vpp while
the output swings from a low level of VEE to
the same high level of Vpp. Thus, the input
and output swings can be selected indepen-
dently of each other over a 3-t0-18 V rangs.
Vs may be connected to¢ VEE when no
level-shift function is required.

For the CD4054B and CD4056B, data are
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Terminal Assignment

STROBE & o Voo

DISPLAY FREQ. IN 2 IN4
out4 3 STROBE 3

ouT3 4 IN3
ourz 5 STROBE2

ouT | 6 N2
VEE 7 STROBE |

Vss 8 INI

92CS-24485%

CD40548 Terminal Assignment

DISPLAY FREQ.OUT —1® — Voo
22 —2 — ¢
Beo J 2! 3 — 0
PUT 3 —

TS 2 [ 5 { r-seoment
DISPLAY FREQ.IN —] & — ouTeuTS

Vee 7 v

vss —e — o

92C8-24486

CD40558 Terminal Assignment

transferred from input to output by placing
a high voltage level at the strobe input. A
low voltage level at the strobe input latches
the data input and the corresponding output
segments remain selected (or non-selected)
while the strobe is low.

Whenever the level-shifting function is re-
quired, the CD4055B can be used by itself
to drive a liquid-crystal display (Figl16 and
Fig.20). The CD40568, however, must be
used together with a CD4054B to provide
the common DF output (Fig.19). The capa-
bility of extending the voltage swing on the
negative end (this voltage cannot be extended
on the positive end) can be used to advantage
in the setup of Fig.18. Fig.17 is common
to all three types.

The CD4054B-, CD40558-, and CD4056B-
series types are available in 18-lead ceramic
dual-in-line packages (D and F suffixes), 16-
lead plastic packages (E suffix), andin
chip form (H suffix).

[ COMMERCIAL CMOS

HIGH VOLTAGE ICs



CD40548B, CD40558B, CD40568B Types
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d Fsedment Fig.5 — Typical propagation delay time vs. load

LEVEL SHIFTERS

BCD-TO-
7 -SEGMENT

DECODER
[
DISPLAY DRIVERS

e P

. Voo
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Fig.3 — CD40568 functional diagram. ¥
L
ABLE CDA4055B D4056 é
CD4054B TRUTH TABLE TRUTH TABLE FOR and CD4056B 2 )
13
DF | IN | ST ouT DISPLAY
1 TATE
0 ) 1 ) NPUT CODE QUTPUT § : CHARAC.
3 2 1 o 8
1 0 1 1 zl2| 22 albjcldje|fla ER LOAD CAPACTANCE [T} -.r
0 1 1 1 clofo]o 111 [1]1]1]0 il s2¢5-26490R1
Fig.6 — Typical transition time vs,
1
1 1 1 0 ojo ! o)1 1/]0j]0j0]o ! load capacitance.
X X 0 . ojo|1}¢ t|1fof 11101 =
= s 0jo0 1] tp1{rj1jojoqt Eil 105, [AMBIENT TEMPERATURES FULL PKG. TEMP. RANGE 11 1]
X = Don't Care. of1]/o|o (ffo[1]1]olof ] — Ty Y IR IO A 4
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. . o|l1[0]1 1] o] t]1 1] — b —tHE
previously applied when ST = 1. 0 =! L Lo =
o|l1|1]o0 10 0] 11 1] 1 =, £ ° : P ST o
X g T G‘N@ - T
o1 1|1 1] 1] 1|0 oo . e i 4, 0:22 LR T :
1({ojofo LI T T R N O B | = 2 LT e g H
— ; S ‘
t|lofo] tf1] 1o 1] '— g 0 == %-— LLOAD CAPACITANCE (C_ 3550 pF |
x 2 —— Gy 018 pF j
tToli]ofl[oafol el 110 L 2 o] -
1o 1] NIENEREYERERE - .:’% C e
1{1]ole i1l 1feloli|r] I I pes 103 0 05
— INPUT CLOCK FREQUENCY (1) }— kHz
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1|]141}]0 0jojof{n — Fig.7 — Typical input clock frequency vs.
IHERERE 0 oJofofojo BLANK power dissipation.
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CD4054B, CD40558B, CD40568B Types

MAXIMUM RATINGS, Absolute-Maxi Values:

DC SUPPLY-VOLTAGE RANGE, (Vpp) AMBIENT TEMPERATURE (T }=25°C
<
Voltages refarencad 1o Vgg TOrminal) .. ........iouiiiiiiiiiiiienrinraeineeniaenionnienns -0.5V to +20V F
INPUT VOLTAGE RANGE, ALLINPUTS ....\utntitens it iieaneeenaineainenns -0.5VtoVpp +08V |2
BCINPUT CURRENT, ANY ONE INPUT ... .o i ittt et et tr it e irentannanennranerns +10mA ;
POWER DISSIPATION PER PACKAG_E {Pp): 28 act
ForTA==88C 10410000 L o\ttt ittt et ettt e ettt e e e e e reeerannanas 500mwW 3 e iNes 5
ForTa=+1000C10+1259G..........oiiiiiiiiii i Derate Linearity at 12mW/OC1to 200mW  |E Lo
DEVICE DISSIPATION PER OUTPUT TRANSISTOR s ¥ E{
FOR Tp = FULL PACKAGE-TEMPERATURE RANGE (All Package TYPeS) .. .....vvvruenineninsnn s 100mwW § o (R
OPERATING-TEMPERATURE RANGE (TA) . oo vvivetierieanrnansrranrassencsenniannens ~559C to +125°C §
STORAGE TEMPERATURE RANGE (Tgpg). ... .ooviv it i een s -659C to +150°C 5 s
LEAD TEMPERATURE (DURING SOLDERING}):
Atdistance 1/16 £ 1/32inch (1.59 £ 0.79mm) from casa for 108 MAX .. ..ovvrivrninnerannneannenss +265°C ° DRA(-T0-SOURGE YOLTAGH v sV 20
$2C3- 35983
Fig.8 — Typical nchanne! output low (sink)
currernt characteristics.
STATIC ELECTRICAL CHARACTERISTICS AMBIENT TEMPERATURE { T 1 =25°C
i
CONDITIONS LIMITS AT INDICATED TEMPERATURES (°C) —'; .
Characteristic |Veg|Vss| Vo | Vin VDD Units =
v v V) | vy [ +26°C
-55%| —40° | +85°(+125°] Min. | Typ. | Max, 10
Quiescent Device | =5 ] 0 5 5 150 | 150 - 004] 5 | A § L me'TQ-SOURCE[VC LTAGE { Vgg}* I8V
Current, Ipp 0| 0 10 10 300 ( 300 - 0.04| 10 S HH 723
MAX. [ o] o 15 20 600 600 — | 0.04] 20 Js L S 3
0] 0 20 100 3000{3000] - | 0.08] 100 g o8
Output Voltaye: 3 o < |.1
01 0 05] 5 0.05 - 0 [0.05 o 0 8 30 ]
LowLevel VoL [ 0] © 0,10] 10 0.05 0 |005 PRAIN-TO-SOUR E VOLTAGE Uiog'~ e w=>
5 92Cs- 85982 = x
max. [ 0] 0 0,16 16 0.05 0 _[005 =23
0 0 061 5 295 205 5 — v Fig.9 — Minimum n-channel output low {sink) 8 E3
High Levet, Vog{ 0 0 0,10 10 995 9.95 0 current characteristics.
MIN 0 o} 0,15] 15 14.95 14,095 15 DRAIN-TO-SOURCE YOLTAGE (Vps)—V
Input Low ol o 0;‘;5 5 16 AMBIENT 'rswsnn'runz-a.)-zs-- = i
Voltage, — — 1.5 s
ViLMAX. {01 0| 1.9 10 3 - - 3 1
0] 015135 15 4 — — 4 z
Input High =5 | 0 0545 5 35 356 - | -1V g
Voltage, 0 0 19] 10 7 7 — E eSS ARARRARLAANAR ¢ 75
VIHMIN. 0 [ o 15,135 15 11 17 — - E- € vour\?:c (vos)= T 2
g
B
Output Low =1
(Sink) -5 0}-45 5 1098(092/067{055| 08 | 16 | _ as i
Current, gL} 0| 0 05 10 | 098] 092 | 0.67 |055| 0.8 | 1.6 — 5
0 1.5 15 36| 34 | 24 2 29 | 58 A §
Output High 5] 0] 45 5 ] 06| 055]-035 03]-045] 098] = ™ HitHHH )
- {Saurce) 0 0 9.5 10 0.6(-055|-035]-03|-045[ -09 - Fig.10 — Typical p-ch y high | )
Current, | — - - — - — — ig. 10 — Typical p-channel output high (source,
OH Q 011356 15 1.9 1.8 1.2 1.1 1.5 -3 current characteristics.
Input Current, o .
IlN 0 0 _ 0,']8 18 +0.1 +0.1 +1 +1 _ 1.10—5 +0.1 MA DRAIN: ‘I'f:l:ouﬂcE \KiL;lGE WDS)_: o
AMBIENT TEMPERATURE (Tal*25°C HT
f =
Voo Jg
v | 25
- -
INPUTS Yoo i
° 4 HHGATE - T0-SOURCE VOLTAGE [Veg)t &
vss INPUTS QUTPUTS H a
-u—4 - 3
Viy - Lo g
:\r—— -] - * 5
viL -] - < sV -]
] = = :
foo) v NOTE: £
vss TEST ANY COMBINATION 3
OF INPUTS
vss-zcs»zno-m 92CS-2T44IR( seesaIadn
) . _ » Fig. 13 ~ Minimum p-channel output high
Fig. 11 — Quiescent-device-current test circuit, Fig. 12 — Input-voltage test circuit. fsource) current characteristics.
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CD4054B, CD4055B, CD40568B Types

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 26°C, Cy_ = 50 pF, Input ty,t§ = 20 ns,

v,
RL = 200 k2 °
INPUTS
LIMITS Voo -— NOTE-
CONDITIONS
Ve Tvee [V ALL PACKAGE TYPES oD - SEOEATALLY,
CHARACTERISTIC EE | VsS| VDD CDa05a | CD4055 cDaose | UNITS Vss b T0 BOTH Vpp AND Vgs:
vy| (W)] (V) : COMNECT ALLUNUSED
Typ. | Max. Typ. | Max. ‘ VgD OR Vgg-
Propagation Delay Time, -5 ] 0 5 | 400 | 800 650 | 1300 vss
tpHLtPLH | O | O | 10 | 340] 680 | 675 1150 ns
{Any Input to Any Output)} 0| 0 15 | 250 | 500 376 | 750 Fig. 14 — Input-current test circuit.
oy . -5 0 5 400 | 200 100 | 200
Transition Time. tTHLITLH |5~ T—35 100 200 | 1007 200 ns
(Any Output) 0] 0|15 [ 75 | 150 76 | 150
. —5 0 5 110 | 220 110 | 220
Minimum Data Setup 0| 0|10 | 50 | 100 50 | 100 ns
Time, tg*
15 | 36 | 70 3% | 70 iy 2R N
. ] 0 5 110 | 220 110 | 220 I
Mlmrnum Str:abe Pulse o 3 0 50 17106 50 100 ns . Is'mz.:‘g‘ '5015 sonl 1,
Width, ty 0] o |15 ] 3 |70 3% | 70 mos ke
92C8-27053
input Capacitance, CjN
— — - 7. 5 7.5
{(Any Input) 5 5 pF
Fig. 15 —. Data setup time and strabe
* CD4054 and CD4056 only.

pulse duration.

RECOMMENDED OPERATING CONDITIONS at T4 =259C (Unless otherwise specified)

For maximum reliability, nominal operating conditions should be sefected so that operation
is ailways within the following ranges.

VEe | Vss | VDD LIMITS
UNITS
CHARACTERISTIC (V) (v} (V) Min. | Max. LEVEL-
Supply Voltage Range: z:l__wr_sn _
i 4 DF,
{At Ta = Full Package 3 18 v our ]
Temperature Range) bisoLAY 7T fr=e ;6&15“'%%:
& 10 [ 5 [z [ = B [ o s
INPUT -1 —n a
Setup Time (1,)® 0 0 10 100 — ns {a Tog)
0 [¢] 15 70 - (HIGH=SELECT) ___rj DFour
92C3- 2009381
: —5 0 5 220 — o)
Strobe Pulse Width (tyy)® [0 0 10 | 100 - ns
0 o | 15 | 70 = voo
OF iy ,,s,J_U-LJ'LJ'LrLFLI'LJ"LI'LI'LI'LFL
® For CD4054 and CD4056 only.

e hnhnihnnh
ou vee.
BCD BCD 8o 8co BCO —_
:—Tbrmr—‘—\ —— — /. r—/ DFourvnIIlIII””IIl”I””” H
€€

OF DF DF £ F
Gor 5 D! F O oD

lcodoss paoss PTlepsass [PUTenaoss i coa0ss OUT SEGMENT IN :zsm
T | T |0 | 0T 4 oy | oo sweren ™ UL UL
R

[CO4055

+{vpp-vee!)
e I\ £\ Fgieiie N =\
|| l | | 1 | i | “ | l l| It | * ov
| i ¢ | 3 - -
I T
% RESULTANT LIQUID-CRYSTAL SEGMENT WAVEFORM iF DFgyy |
1 [ T N I I N I I O O ') APPLIED TO LIQUID-CRYSTAL COMMON LINE our 13
~ g ~ - ~ 7 A 7 M
7 r’ T T DF *DISPLAY-FREQUENCY INPUT 92¢s- 2009451
o caverar DFguTe LEVEL- SHIFTED DISPLAY- FREQUENCY OUTPUT

COMMON EL ECTRODE 92CS5-20095R2

Fig. 16 — Ciock display: Vpp =Q V, V§s =5V, Vgp=—15V, DF IN = 30 Hz square wave.

Fig. 17 — Display-driver circuit for one segment line
‘and waveforms,
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o CD4054B, CD4055B, CD40568B Types

*3 ANaLoG INPUTS (E5V) ; ‘N4 e
/ ! - No.3 STROBE 0P DP DP
. ]
-5 (F ? ? (f vpp*+ 5V ST';‘%'BE o2 STROBE )
Vop*3V — o0 STAOBE sy
{ €040168 I o
v 16 a_n IN Ne.2 No.3 No.4
I | (- L BC = BCD
No.l BCD
o % | L, T TN 1
Moo= e L] Tt It [HTY il
TG $SS
‘DFfN e CD4056 CD4056 CD40%56 C040%54
DIGITA )
HT I J O, - I,
VggrOV - s _l_ _L DFout
Veer5v ' Vsg -8V === ra— r*+q r-
ANALOG OUTPUTS (tSy) ] o || I | ] I | | | I .
92C5-20096R2 | ; J I -J | L ] Jih
e bootigmen |0l 10 mavel [ropael I
Fig. 18 — Digital (0 to +5 V) to bidirectionsi analog Lo gtlEoRe o | {|Bue—_ (O &e_*r- | 1Hoe— |
control (+5 to —5 V) level shifter. 1 T T
vob

DFout

sl

Fig. 19 — Typical 3%-digit liquidcrystal display:

92CM- 21B39RI

Vpp=+5V,Vgs =0V, Vggc=—10V,
DF;py = 30 Hz square wave.
BCD IN FROM I COMMON
R
Mo L GaIE ELECTROCE .
— 1”4
CD4055 _"_-1 _@—.
|1| ib| 04885
-— = v, chaose
" on T P
__it [ €04036 )—b
REEE % e g, -
vss Vee  PEOMCoes 20

DFm'BO Hz SQUARE WAVE,
5V AMPLITUDE
¥, * DISPLAY- FREQUENCY
Ofour OUT, I5 v AMPLITUDE

92C5-20089R2

Fig.20 — Single-digit liquid-crystal display.

Dimensions in parentheses are in millimeters and are
derived from tha basic inch dimensions as indicated.
Grid gradustions are in mils (10—3 inch).

I__ 4-10
(0.102-0.254)

T2-80
(1.829—-2.032)

Dimensions and pad layout for CD40548H,

62-70
(1L.575-1.778)

92Cs- 27062

© «aanca

90527058

Fig.21 — ‘Conversion of “H" display to “F* display.

In’ addition to the letters L, H, P, and
A (See the truth table), five other letters
can be displayed through the use of simple
logic circuits preceding and following the
CD4055B or CD4056B devices. Fig.21 is an
example of a circuit that converts an “H”
display (code 1011) to an “F" display.
One condition that must be met is that
VEE=VsS. If VEE#VgS, the CD4054B must
be used to level shift in the appropriate places.

les-10
16102- 02541

- 98,
N (2.287-2.489)

-
B2CM- 35108

Dimensions and pad layout for CD40558H
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. T7-85%
ﬂ (1-956-2.159})

In a similar manner the letters C, E, J, and
U can be displayed. These circuits can also
be used to drive LED displays provided the
exclusive-OR gates have sufficient output-
current drive.

The letters B, B, G, |, O, and S may be rep-
resented by the codes for numbers 8, 0, 6,
1, 0, and 5, respectively, when there is pre-
knowledge that only letters are to be dis-
played. -

°
‘IA ‘-— 4-10
T0102-0.254}

H0-98
(2.206-2.485) 1
- 22¢8-30107

Dimensions and pad layout for CD40568H

77-98
(1.956-2159}

HIGH VOLTAGE iCs




