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CMOS Decade Up-Down
Counter/Latch/Display Driver e s e
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High-Voitage Type (20-V Rating) , CLK DN 7 X E
DISPLAY . . RESET S exmb
g |~
g/23yse 189 o o ol
[¢] 1 2 3 4 5 & 7 8 9 92¢5-31380 d ENABLE 6 10 CARRY
Features: ) .
» Separate clock-up and clock-down lines- Ve o6
s Capable of driving common cathode LEDs and other bo
displays directly Vg5 =8
u  Allows cascading without any external circuitry §2CS-31373
s 100% tested for quiescent current at 20 V
a Mdximum input current of 1 uA at 18 V over fuli package-
temperature range; 100 nA at 18 V and 25°C FUNCTIONAL DIAGRAM

m CD40110B is a dual-clocked up/down counter
with a special precenditioning circuit that allows the
counter to be clocked, via positive going inputs, up ordown
regardless of the state or timing (within 100 ns typ.) of the
other clock line.

The clock signal is fed into the control logic and Johnson
counter after it is preconditioned. The outputs of the
Johnson counter (which include anti-lock gating to avoid
being locked at an illegal state) are fed into a latch. This
data can be fed directly to thedecoder through the latch or
can be strobed to hold a particular count while the Johnson
counter continues to be clocked. The decoder feeds a
seven-segment bipolar output driver which can source up
to 25 mA to drive LEDs and other displays such as low-
voltage fluorescent and incandescent lamps.

A short durating negative-going pulse appears on the
BORROW output when the count changes from 0to 9 or the
CARRY output when the count changes from 9 to 0. At the
other times the BORROW and CARRY outputs are alogic 1.

The CARRY and BORROW outputs can be tied directly to
the clock-up and clock-down lines respectively of another
CD40110B for easy cascading of several counters.
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CD40110B Types

. Noise margin (full package-temperature range) =

tvatVpp=5V
2VatVpp=10V
25VatVpp=15V
w 5V, 10 V and 15 V parametric ratings
s Mesets all requirements of JEDEC Tentative Standard
No. 138, “Standard Specifications for Description of
‘B’ Series CMOS Devices”.

Applications:

s Rate comparators

a General counting applications where display is desired

s Up-down counting applications where input puises are
random in nature

The CD40110B types are supplied in 16-lead dual-in-line
ceramic packages {D and F suffixes}, and 16-lead dual-in-
line plastic package (E suffix), and also available in chip
form, (H suffix).

CLOCK UP — SIGNAL
CLOCK DOWN — PRECONDITIONER,
CARRY
CONTROL JOHNSON T_ »
LOGIC COUNTER | >
? BORROW
RESET—
TOBGLE ENABLE
LATCH ENABLE I.AT;-! 00 R
i 1 ve
SEVEN-
SEGMENT
oUTPUTS
92C35-29200R1

Fig. 1 - Functional diagram.
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MAXIMUM RATINGS, Absolute-Maximum Values: R .
DC SUPPLY-VOLTAGE RANGE, (Vpp) - . ey v s

Voltages referencedto Vgg Terminal) ... vvviviiiisrirsivnvanrvansrassonsornes ...:.._,........,..,._.:..“.,........‘....—05Vto+2ov
INPUT VOLTAGE RANGE, ALL INPUTS ..0iiuivineeninarinsnraninssncnrnnss PR FRRtRns B -03V toVpp +0.5V
DCINPUT CURRENT, ANY ONE NN PUT L0t iitieiitatiaetoeearoaiaensnarneiaceancatnsisasseusonsersotostoscossassene errraans +10mA
POWER DISSIPATION PER PACKAGE (PD) SR - : L

ForTa=-559Cto+100CC ... ....ivtiimieniienriiiennnennnn R N 500mwW

TForTa=+1000C10+1250C .. i..vniieninenencnrrennnanrnonns f‘,"i.. Sireraerarinaea. Derate Lmeanty at12mW/°Ct0200mW
DEVICE DISSIPATION PER QUTPUT TRANSISTOR ' = ) £ ;

FORTA = FULLPACKAGE-TEMPERATURERANGE(AIIPackageTypos) ............... ..... 100mW
OPERATING-TEMPERATURE RANGE L R -559C to +1 250C
STORAGE TEMPERATURE RANGE (T, B s e ireeeiat ittt it Ceeereenaaa, T _7-76§°C"fd‘-j_-150°c
LEAD TEMPERATURE (DURING SOLDERING): . e

Atdistance 1/16 £ 1/32 inch (1.59 £ 0.79mm) from casefor 10smax ...... ..cvvucvnns R S . +2650C

RECO‘IAIHE‘NDED. bPERATING CONDITIONS

For maximum reliablility, nominal operating conditions should be selected so that operation is aiways within the following
ranges:

CHARACTERISTIC : , o Vpp LIMITS UNITS
. ‘ . I v MIN. | MAX.
Supply-Voltage Range (For TA = Full Package Temperature Range) — 73 18 | N \
o B . . X ":" ce 3 LB e |
Clock Input Frequency feL . “ o A T o~ 3 MHz
(Sum of CLyp & CLpN Fregs.) R : A B I I -
L o o \ - 5 | 10| —
Clock Pulse Width. tw ) . IR 10 40 | — -
. ’ : 16 .1 30~ —
- 5 110 . —_
Latch Enable Pulse Width o . . - 10 | 30 - o
: 15 |24 | — | e
. 5. fsso 1 =]

Reset Removal-Time ' A e g0 200 -
oo s 130 | —

‘ 5 350 —_
Reset Pulse Width 10 170 -
: . 15 120 —_
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STATIC ELECTRICAL CHARACTERISTICS
Condltions
Characterlistic LIMITS AT INDICATED TEMPERATURES {°C) Units
loH | VoH VIN | VDD 25
lma) [ v V) | vy [ -85 | 40 | +85 | +125 | Min. | Typ. | Max.
, . — — — 5 5 5 150 | 150 — | 004 5
Quiescent Device —1—— — T30 [ 16 [ 10 [ 800 | @00 | — [o0a |10 ] ,»
Max bb = — — 15 20 20 | 600 | 600 — | 004 | 20
= — — 20 700 | 100 | 3000 | 3000 | — | 0.08 | 100
Output Voltage — — 05 5 0.05 — 0 0.05
Low-Level — — 0,10 10 0.05 — 0 10.05 v
Max. VoL | — - 0.5 | 15 0.05 — 0 0.05
— — 05 5 — — - — — | 455 | —
Mnevely — - 1010 [0 [ — | — T — 1 —1T—"T9s5 [ — 1 v
OH
— oy 0,15 | 15 — — — — — | 1455 | —
— |os,38 | — 5 15 — — 1.5
b, oW \tege — 1768 T — 10 3 — — 3 v
—Ti5 138 | — 5. 2 — — 4
3.5 €3
— los5,38 | — 5 3.8 . — — =
Irmut High Voltag — 758 — 10 3 7 — — v 3 w
— |1.5,13.8 — 15 11 11 — — ‘s, E
‘ @ O
| - — — 3.9 4 39 | as — w =
35 — — 3.65 3.7 3.7 4.3 — 25
-10 — — 5 3.55 3.65 365 | 425 | — oT
15 - p 35 35 36 | 415 | — A
-20 — — 3.45 3,35 3.45 4 —
=5 — — 34 33 34 | 30 —
T = — 8.75 8.85 875 | 95 —
7-Segment Outputs -5 — - 845 8.85 855 93 —
OQutput Drive -10 — — 10 8.42 8.5 85 9.25 — v
Voltage, High -15 — 8.4 8.47 8.47 9.2 —
Min. VoH [0 o 8.4 5.40 845 | 9.1 —
(25 - — 8.3 8.25 8.3 9 =
O - — 13.8 13.9 138 | 145 | —
-5 — — 13.65 13.75 13.75 | 14.35 | —
10 — — 15 13.6 13.72 1372 | 143 | —
15 — = 13.6 13.7 137 | 142 | —
20 = — 3.6 13.6 13.65 | 14.1 —
25 | — — 13.3 13.25 133 | 140 | —
76399’“9’3 Outputsy _ 0.4 0,5 5 | 128 | 122] 084 ] o072 1 2 —
o . [= 05 o0 10 32 18 T" 25 18 [36 ] 52 [ —
(Sink) Current - [=— 75 0.15 | 15 | B4 8 56 | 48 | 68 | 136 | —
Min. loL k . ; .
Cg' ry OUJP“‘S — 0.4 0,5 5 | 064 | 061] 042 | 036 | 051 1 —
S‘,"P"‘ o ow = 0.5 3,10 | 10 16 15 11 0.9 13 2.6 = mA
(Sink) Current = 15 0,15 | 15 a2 7] 28 2.4 34 6.8 =
Min. loL
— 46 0,5 5 | 064] -061| -042| 036 | 051 -1 —
°gﬁ;’:}c;'gc"u,,em — 135 05 [ 5 | 5 | -is| -ia] 115 ] 16 2 | —
(Sou — | 95 0,10 | 10 | 16 | 15[ 11| 09 | 1.3 | 26 | —
= 135 0,15 15 42 -z 28 2.4 33 -6.8 —
Input Current — | o1 |o18 | 18| 00| 201] 1 +1 — | £105 | 201 | uA
Max. N
| 0(10 uA)
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FLIP=- FLOP ANB OUTPUT DRIVER DETAIL LOGIC

1 R
)
. Y ci
0 : n |
Q X : P -
cL — TE—=
dre © ] 1
R b : CL
L] n
R SR |
e ouTeUT -
— DRIVER
cL L . _

(ALL 7 SEGMENTS)

A,

D

92CL-31384

" Fig. 2 - Logic diagram with flip-fiop and output-driver details.
(cont'd on page 5)
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Fig. 2 - Logic diagram with fllhéflop and output-driver details. :
TERMINAL ASSIGNMENT -
DISPLAY SEGMENTS 21 18}—vpp
. T-SEGMENT
- UrRUR T o], s}
@ Al 14 |5 | T-SEGMENT
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. TOGGLE ENABLE— 4 3=
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25°C, Input iy, i = 20 ns, C_ = 50 pF, RL = 200 kQ
CHARACTERISTIC VbbD LIMITS | UNITS
V) MIN. | TYP. | MAX.
Clock Up/Clock Down
5 - 300 600
Propagation Delay Time: 10 - 100 200
Clock to Carry or Borrow tPLH, tPHL 15 - 70 140
5 — 925 1850
Clock to Segment tPLH: tPHL 10 — 360 720 ns
15 - 250 500
5 —— 55 110
Minimum Clock Pulse Width 10 - 20 40
15 — 15 30
5 1 25 -
{Maximum Clock Input Frequency foL 10 3 6 — MHz
(Sum of CLyp & CLpN F) 15 5 8.5 —
5 — 175 350
Minimum Toggle Enable Pulse Width 10 — 75 150
15 -— 55 110
5 - 55 110
[Minimum Latch Enabie Pulse Width 10 — 15 30
15 — 12 24
5 115 230 -
Output Pulse Width: 10 60 120 -
Carry 15 40 75 -_
ns
5 140 275 —
Borrow 10 65 130 —
15 45 85 -
5 - 85 170
Transition Time: tTLH, tTHL 10 - 45 90
Carry or Borrow 15 — 30 60
5 — 10C -
Minimum Delay Time 10 — 80 -
Between CLyp & CLpDN 15 - 60 —
5 - - 15
Maximum Clock Rise or Fall Time trCL, 4CL 10 - - 15 HS
15 - - 15
Reset
5 - 650 1300
Propagation Delay Time tpLM, tPHL 10 - 350 700
Reset to Qutput 15 — 160 1 320
5 —_ -275 0
Minimum Reset Removal Time 10 — -100 0 ns
15 — -65 0
5 - 175 350
Minimum Reset Pulse Width 10 - 85 170
15 - 80 120
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CD40110B Types
TRUTH TABLE
_/— X | 0. o 0 - | Increments by 1 | Follows Counter
X , _/_- o | o 0 Decrements by:1 | Foltows Counter
_«L . \_ S XH_‘ X v} No Change | No Change
— X X ol 1 X 1 Goes to 00000 i »Remains Fixed
X X 0 X 1+ | Goes to 00000 Follows Counter
| | ) - {Display =L’7)
X X X 1 0 Inhibited ‘ Remains Fixed
_/_ X 1 0 0 | Increments by 1 -t Remains .Fixed
X __/_ 1 0 'Q _ .Decrements by t . Remains Fixed
X=Don'tCare . 1= High State 0=LowState =~ SIS -

* Typicauy 100 ne between clock-up and clock-down positive transitions are requlred to ensure propar counting.

RS

COMMERCIAL CMOS
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Fig. 3 - Typicai carry or borrow output low (sink) - Fig.4- Mmlmum carry or borrows. output low
currént characteristics. (smk) current characteﬂstms
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Fig. 5 - Typical carry or borrow output high Fig. 6 - Minimum carry or borrow output high
(source) current characteristics. - . (source) current characteristics.
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[2r  |AMBIENT TEMPERATURE(T, }=23°C AMBIENT TEMPERATURE (Tp)=25° +H
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92CS-32046 92CS-32847
Fig. 7 - Typical carry or borrow transition time _Fig. 8 - Typical carry or borrow propegation
vs. load capacitance. delay time vs. load capacitance.
2[AMBIENT TEMPERATURE (T, )= 25°C §] AMBIENT TEMPERATURE (T4 1725°C I
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QUTPUT SOURCE CURRENT (loy)—mA w0 ) Yo hor? 4 S8 4 88
T 92C5-32043 . CLOCK INPUT FREQUENCY (fe 71— kHz
. . - 92C3-32049
Fig. 9 - Voltage across bipolar transistor vs. Fig. 10 - Typical dynamic power dissipation vs.
output source current. frequency.
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Fig. 11 - Dynamic power dissipation test circuit. ~ Fig. 12 - Quiescent device current.
v,
VDD ?)
PUT
INPUTS INPUTS | QuTPuTS
Voo -— NOTE: ViH ] —
. ‘\0_@__ . MEASURE INPUTS o VR I /
° SEQUENTIALLY, ° S e /
Vss TO BOTH Vpp AND Vgs- Vi - -
-— CONNECT ALL UNUSED | -— -
- INPUTS TO EITHER
! Vpp OR Vgg- ' NOTE:
Vgs TEST ANY COMBINATION
Vss OF INPUTS
92C5-27402 . S2C8-2744 IR
Fig. 13 - Input current. | Fig. 14 - Input voltage.
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Fig. 16 - Cascading diagram.
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92CsS-34617

Dimensions and pad layout for CD401108.

Dimensions in parentheses are in millimeters and
are derived from the basic inch dimensions as
indicated. Grid graduations are in mils (103 inch).
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright 0 1998, Texas Instruments Incorporated
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