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General Description

The CD4510BM/CD4510BC and CD4516BM/CD4516BC
are monolithic CMOS up/down counters which count in
BCD and binary, respectively.

The counters count up when the up/down input is at logical
“1” and vice versa. A logical “1” preset enable signal al-
lows information at the parallel inputs to preset the counters
to any state synchronously with the clock. The counters are
advanced one count at the positive-going edge of the clock
if the carry in, preset enable, and reset inputs are at logical
0. Advancement is inhibited when any of these three in-
puts are at logical “1”. The carry out signal is normally at
logical “1” state and goes to logical ‘0" when the counter
reaches its maximum count in the “up” mode or its mini-
mum count in the “down” mode, provided the carry input is
at logical “0” state. The counters are cleared asynchro-

CD4510BM/CD4510BC/CD4516BM/CD4516BC

CD4510BM/CD4510BC BCD Up/Down Counter
CD4516BM/CD4516BC Binary Up/Down Counter

nously by applying a logical “1” voltage level at the reset
input.

All inputs are protected against static discharge by diode
clamps to both Vpp and Vggs.

Features

® Wide supply voltage range

| High noise immunity

| Low power TTL
compatibility

| Parallel load “jam” inputs

| Low quiescent power dissipation

3.0V to 15V

0.45 Vpp (typ.)

Fan out of 2 driving 74L
or 1 driving 74LS

0.25 pW/package
(typ.) @ Voc=5.0V
m Motorola MC14510, MC14516 second source

Connection Diagram

Dual-In-Line Package
PARALLEL INPUTS
et e,

vpp CLOCK Q3 P3 ] Q2  UP/DOWN RESEY
16 15 14 13 12 1 10 ]
Order Number CD4510B* or
CD4516B*
*Please look into Section 8, Appendix D
for availability of various package types.
—
1 2 3 4 I 5 6 | 7 8
PRESET Q4 Pa PI, CARRY Q1  CARRY  vgg
ENABLE PARALLEL pUTS ¥ out
TL/F/5990-1
Top View
Truth Table
Preset | Carry Output
Clock | Reset Enable in Up/Down Function
X 1 X X X Reset to Zero
X 0 1 X X Setto P1, P2, P3, P4 _ = Positive Transition
-~ 0 0 0 1 Count Up \_ = Negative Transition
e 0 0 0 [} Count Down X = Don't Care
~ 0 0 X X No Change
X 0 0 1 X No Change
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Absolute Maximum Ratings (Notes 1 & 2)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/

Recommended Operating
Conditions (Note 2)

Storage Temperature Range (Tg)

—65°Cto +150°C

Power Dissipation (Pp)
Dual-In-Line 700 mW
Small Outline 500 mW
Lead Temp. (T|) (Soldering, 10 sec.) 260°C

CD4510BM, CD4516BM
CD4510BC, CD4516BC

DC Electrical Characteristics cpas10BM/CD4516BM (Note 2)

Distributors for availability and specifications. :DC Sl:lp;:Iy Voltige (Voo) g:/’ to \1/5V
DC Supply Voltage (Vpp) —0.5V to +18V g”“' ‘_° ‘age Vin) e to Vpp
input Voltage (Vin) —0.5Vto Vpp + 0.5V perating Temperature Range

—55°Cto +125°C
—40°C to +85°C

Symbol Parameter Conditions —85°c +25°C +125C | ynie
Min | Max | Min Typ | Max | Min | Max
lpp Quiescent Device Current | Vpp = 5V, V|y = Vpp or Vss 5 0.05 5 150 | pA
Vpp = 10V, V)N = Vpp or Vss 10 0.1 10 300 | pA
Vop = 15V, Vin = Vpp of Vss 20 0.15 | 20 600 | pA
VoL Low Level Output Voltage | V4= Vpp, ViL=0V, llo| <1pA
Vop = 5V 0.05 o |[oo0s 0.05| V
Vpp = 10V 0.05 o |oo0s 005| v
Vpp = 15V 0.05 ] 0.05 0.05 \'
Vou High Level Output Voltage | Viy=Vpp, ViL=0V, |lol <1pA
Vop = 5V 4.95 4.95 5 4.95 v
Vpp = 10V 9.95 9.95 10 9.95 v
Vpp = 15V 14.95 14.95 15 14.95 v
ViL Low Level Input Voltage | [lp| <1 nA
Vpp = 5V, Vp = 0.5V or 4.5V 1.5 2.25 1.5 1.5 v
Vpp = 10V, Vg = tVor 9V 3.0 45 3.0 3.0 v
Vpp = 15V, Vo = 1.5V or 13.5V 40 6.75 | 40 40 | v
Vi High Level Input Voltage | |lo/ <1 pA
Vpp = 5V, Vo = 0.5V or 4.5V 35 35 | 275 35 v
Vpp = 10V, Vg = 1V orav 7.0 7.0 5.5 7.0 v
Vpp = 15V, Vp = 1.5V or13.5V| 11.0 1.0 | 825 1.0 v
loL Low Level Output Current | V|y = Vpp, Vi = 0V
(Note 3) Vpp = 5V, Vo = 0.4V 0.64 051 | 08 0.36 mA
Vpp = 10V, Vg = 0.5V 16 13 20 0.9 mA
Vpp = 15V, Vp = 1.5V 42 34 7.8 2.4 mA
loH High Level Output Current | V)4 = Vpp, Vi = 0V
(Note 3) Vpp = 5V, Vo = 4.6V —0.64 —0.51| —08 —0.36 mA
Vpp = 10V, Vo = 9.5V -16 -13| —-20 —-0.9 mA
Vpp = 15V, Vp = 13.5V —4.2 -34| —78 —24 mA
Iin Input Current Vpp = 15V, V)N = OV —-0.1 —10-5| —0.1 —1.0] pA
Vpp = 15V, V|y = 15V 0.1 10-5 1 0.1 1.0 | pA
DC Electrical Characteristics coas108c/CD4516BC (Note 2)
Symbol Parameter Conditions —40C +25°C +85°C Units
Min | Max | Min | Typ | Max | Min | Max
lpp Quiescent Device Current | Vpp = 5V, Viy = Vpp of Vss 20 0.05| 20 150 | pA
Vpp = 10V, V)y = Vpp or Vgs 40 0.1 40 300 HA
Vpp = 15V, ViN = Vpp or Vss B8O 0.15( 80 600 pA
VoL Low Level Output Voltage | Viy=Vpp, ViL=0V, {ip|<1 pA
Vpp = 5V 0.05 0 | 005 005 V
Vpp = 10V 0.05 0o |0.05 005| V
Vpp = 15V 0.05 o [o005 005| Vv
Vou High Level Output Voltage | Viy=Vpp. VIL=0V, [lo| <1 pA
Vpp = 5V 495 495 | 5 4.95 v
Vpp = 10V 9.95 9.95 10 9.95 v
Vpp = 15V 14.95 1495 | 15 14.95 v
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© | DC Electrical Characteristics cp4s108c/cDa516BC (Note 2) (Continued)

w0

& | symbol Parameter Conditions —40C +25°C +85C  lunns

2 Min | Max | Min Typ | Max | Min | Max

= | ViL Low Level Input Voltage | |ip| <1 pA

g Vpp = 5V, Vg = 0.5V or 4.5V 15 225 | 15 151 V

- Vpp = 10V, Vg = 1Vor gV 3.0 45 3.0 3.0 \

L) Vpp = 15V, Vo = 1.5V or 13.5V 4.0 675 | 4.0 a0 | v

8 ViH High Level Input Voltage | |lol <1pA

S Vpp = 5V, Vo = 0.5V or 4.5V 35 35 | 275 35 v

m Vpp = 10V, Vo = 1Vor 8V 7.0 7.0 5.5 7.0 v

e Vop = 15V, Vo = 1.5Vor13.5V] 11.0 110 | 825 1.0 v

Qo Low Leve! Output Current | V) = Vpp, Vi = OV

a (Note 3) Vpp = 5V, Vo = 0.4V 0.52 044 | 08 0.36 mA

(5 Vpp = 10V, Vg = 0.5V 1.3 14 2.0 0.9 mA

= Vpp = 15V, Vg = 1.5V 3.6 30 | 78 2.4 mA

8 loH High Level Output Current [ Vi = Vpp, Vy.= 0V

o {Note 3) Vpp = 5V, Vo = 4.6V —052 —0.44| —08 —0.36 mA

< Vop = 10V, Vo = 9.5V 1.3 —1.1]| -20 -0.9 mA

8 Vpp = 15V, Vo = 13.5V -3.6 -30| -78 -2.4 mA
N Input Current Vpp = 15V, Vin = OV -03 —~10-5|-0.3 —1.0] pA

Vpp = 15V, Vi = 15V 0.3 10-5 | 0.3 10 | pA
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Switching Time Waveforms
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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 table of “Recommended Operating Conditions™ and “Electrical C
operation.
Note 2: Vgg = OV unless otherwise specified.
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(2]
- 5 o
AC Electrical Characteristics* cpss10BM/CD4510BC, CD4516BM/CD4516BC p 3
Ta = 25°C, C_ = 50 pF, R = 200k, ¢, = oL = t = ¥ = 20 ns, unless otherwise specified S
symbol | Parameter Conditions | Min Typ Max Units 2
=
CLOCKED OPERATION 8
tPHL, tPLH Propagation Delay Time Vpp = 5V 220 500 ns a
Clock to Q Outputs. Vpp = 10V 100 200 ns =
Vpp = 15V 80 180 ns g
tPHL, tPLH Propagation Delay Time Vpp = 5V 315 630 ns a
Clock to Carry Output Vpp = 10V 130 260 ns o
Vpp = 15V 100 200 ns a
tTHL tTLH Transition Time Q Vpp = 5V 100 200 ns 3
and Carry Outputs Vpp = 10V 50 100 ns E
Vpp = 15V 40 80 ns S
twi. twH Minimum Clock Pulse Width Vpp = 5V 160 315 ns E
Vpp = 10V 65 130 ns g
Vpp = 15V 50 100 ns %
troL toL Maximum Clock Rise Vpp = 5V 15 us (9]
and Fall Time Vpp = 10V 15 pns
Vpp = 15V 15 us
tsu Minimum Carry In Setup Time Vpp = 5V 100 220 ns
Vpp = 10V 40 80 ns
Vpp = 15V 35 70 ns
tsu Minimum Up/Down Setup Time Vpp = 5V 200 420 ns
Vpp = 10V 70 170 ns
Vpp = 15V 60 150 ns
foL Maximum Clock Frequency Vpp = 5V 1.5 31 MHz
Vpp = 10V 3.8 7.6 MHz
Vpp = 15V 5.0 10.0 MHz
CiNn Input Capacitance Any input 5 7.5 pF
Cpp Power Dissipation Capacitance Per Package
65 pF
(Note 4)
RESET/PRESET ENABLE OPERATION
tPHL tPLH Propagation Delay Time Reset/ Vpp = 5V 285 570 ns
Preset Enable to Q Output Vpp = 10V 115 230 ns
Vpp = 15V 85 195 ns
tpHL, tPLH Propagation Delay Time Reset/ Vpp = 5V 420 860 ns
Preset Enable to Carry Output Vpp = 10V 170 350 ns
Vpp = 15V 140 290 ns
twH Minimum Reset/Preset Enabie Vpp = §V 980 200 ns
Pulse Width Vpp = 10V 40 100 ns
Vpp = 15V 35 80 ns
tREM Minimum Reset/Preset Enable Vpp = 5V 170 330 ns
Removal Time Vpp = 10V 70 140 ns
Vpp = 15V 60 120 ns
CARRY INPUT OPERATION
tPHL: tPLH Propagation Delay Time Carry Vpp = 5V 260 500 ns
In to Carry Output Vop = 10V 110 220 ns
Vpp = 15V 90 180 ns
*ACP are g d by DC co d testing.
Note 4: Dynamic power dissipation (Pp) is given by: Pp = (Cpp + CD) Vpp?f+ Pg; where C = load capaci f= of operation; Pq = Qui
Power Dissipation. For further details, see application note AN-80, “54C/74C Family characteristics”.
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CD4510BM/CD4510BC/CD4516BM/CD4516BC

Cascading Packages

Parallel Clocking
UP/DOWN
PRESET
ENABLE PARALLEL INPUTS PARALLEL INPUTS
L 111
UD PE PI P2 P3 PA uD PE P1 P2 P3 P4
TO NEXT
ro c co O CI co ( STAGE
- R CLK @1 02 03 04 R CLK 01 G2 a3 04
[ e ———
OUTPYTS OUTPUTS
cLock
RESET J
TL/F/5880-3
Ripple Clocking
UP/DOWN ¢ )
PRESET
ENABLE PARALLEL INPUTS PARALLEL INPUTS
1 111 L1 11
uo PE Pt P2 P3 P4 UD PE P1 P2 P3 PA
L TO NEXT
-[-o ci €0 JO— _[o cl co STAGE
= R CLK Q1 02 @3 04 - R CLK 01 QG2 03 Q4
L IR
cLOCK OUTPUTS oUTPUTS
RESET )
1>
TL/F/5990-4
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Schematic Diagrams
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FIGURE 1.CD4510

TL/F/5990-5

TOGELE LOGIC (TL)
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CARRY 1N e g "{_ e I—)o_1 e ol dd D_ 131':“
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Vg
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FL/F/5890-6

*Flip-flop toggles at the positive-going edge of clock (C) it Toggle Enable (TE) is at logical ‘1" and Preset Enable (PE) is at logical “C"

FIGURE 2.CD4516
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[}
§ Logic Waveforms
nd
é CD4510BM/CD4510BC
= auock MMHJMFU'UMFL{HIUTLFUMMFUHJWTUWWTL{WW_
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RESET % —
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