74HC4050D,653-JSM

5-stage Johnson Decade Counter

1. General Description

The 74HC4050D,653-JSM is a 5-stage Johnson decade counter
with ten spike-free decoded active HIGH outputs (Q0 to Q9),
anactive LOW carry output from the most significant flip-flop
((35-9), active HIGH and active LOW clock inputs (CPO,
Cf’l) and an overriding asynchronous master reset input (MR).
The counter is advanced by either a LOW-to-HIGH
transition at CPO while CP1 is LOW or a HIGH-to-
LOW transition at CP1 while CPO is HIGH.

When cascading counters, the (55-9 output, which is LOW
while the counter is in states 5, 6, 7, 8, and 9, can be used

to drive the CPO input of the next counter. A HIGH on MR
resets the counter to zero (Q0=Q_ 5-9=HIGH; Q1 to Q9=LOW)
independent of the clock inputs (CPO, Cf’l).

Automatic counter code correction is provided by an internal
circuit: following any illegal code the counter returns to a
proper counting mode within 11 clock pulses.

It operates over a recommended Vpp power supply range of 3V
to 15V referenced to Vgs (usually ground). Unused inputs must

be connected to Vpp, Vss, or another input.

Ordering Information

Features:

Wide supply voltage range from 3V to 15V
Automatic counter correction

Tolerant of slow clock rise and fall times
5V, 10V, and 15V parametric ratings
Standardized symmetrical output
characteristics

Specified from -40°C to +125°C

Packaging information: SOP16

Operation Temperature MSL
Order number Package P Rangep Grade Ship,Quantity | Green
74HC4050D,653-JSM SOP-16 -40 to 125°C 3 T&R,2500 Rohs
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74HC4050D,653-JSM

5-stage Johnson Decade Counter

2. Block Diagram And Pin Description

2.1. Block Diagram
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Figure 4. Logic diagram
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Figure 5. Timing diagram
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JSMSEMI 74HC4050D,653-JSM

RBENESHE 5-stage Johnson Decade Counter

2.2+ Pin Configurations

Q5 [ 1] [16] Voo
Q1 [2] [15] MR
Qo0 [3] [14] CPO
Q2[4 [13] CP1
Q6 [5 | 12] Q5-9
Q7 6| (11] Q9
Q3 [7] 10] Q4
Vss 8] (9] Q8
2.3+ Pin Description
Pin No. Pin Name Description
1 Q5 decoded output
2 Ql decoded output
3 Qo decoded output
4 Q2 decoded output
5 Q6 decoded output
6 Q7 decoded output
7 Q3 decoded output
8 VSS ground (0V)
9 Q8 decoded output
10 Q4 decoded output
11 Q9 decoded output
12 Q59 carry output (active LOW)
13 CPI clock input (HIGH-to-LOW edge-triggered)
14 CPO clock input (LOW-to-HIGH edge-triggered)
15 MR master reset input
16 VDD supply voltage
2.4, Function Table
Input .
MR CPO 1 Operation
H X X Q0=0Q5-9=H: Q1 to Q9=L
L H 1 counter advances
L T L counter advances
L L X no change
L X H no change
L H 1 no change
L 1 L no change

Note:
H=HIGH voltage level, L=LOW voltage level, X=don't care;

T=positive-going transition; |=negative-going transition.
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3. Electrical Parameter
3.1. Absolute Maximum Ratings

(Voltages are referenced to Vss (ground=0V), unless otherwise specified.)

Parameter Symbol Conditions Min. Max. Unit
supply voltage Vb - -0.5 +18 v
DC input current Lk any one input - =10 mA

input voltage Vi all inputs -0.5 Vppt0.5 \Y
storage temperature T - -65 +150 C
total power
dissipation P - - 500 mW
device dissipation P per output transistor - 100 mW
Soldering .
temperature T 10s 260 ¢

3.2+ Recommended Operating Conditions

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
supply voltage Vop - 3 - 15 \%
ambient Tamb in free air -40 3 +125 C
temperature
N V=3V - - 2.5 MHz
clock input for Voo=10V - - 5 | MHz
frequency
Vpp=15V - - 5.5 MHz
Vpp=3V 200 - - ns
clock pulse width tw Vop=10V 90 - - ns
V=15V 60 - - ns
1 k . d VDD=5V =
clock rise an — o ,
fall time tecr, teor V=10V unlimited
VDL):lSV -
lock inhibi V=3V 230 - - ns
clock inhibit —
setNinie ts Vpp=10V 100 - - ns
Vpp=15V 70 - - ns
V=3V 260 - - ns
reset pulse width trw Vop=10V 110 - - ns
V=15V 60 - - ns
| Vopp=3V 400 - - ns
reset remova tree Vop=10V 280 | - ] ns
time
Vop=15V 150 - - ns
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3.3+ Electrical Characteristics

3.3.1. DC Characteristics 1

(Tamp=25°C, voltages are referenced to Vss (ground=0V), unless otherwise specified.)

P . Svmbol Conditions (V) Tamp=25C Unit
arameter ympo Vo Vin Voo Min. Typ. Max. |
- 0,5 5 - - 5 uA
supply current Ipp - 0,10 10 - - 10 UuA
- 0,15 15 - - 20 uA
el 0.4 0,5 5 0.51 1 - mA
LOW-leve ToL 05 0.10 10 13 26 - mA
output current
1.5 0,15 15 3.4 6.8 - mA
4.6 0,5 5 -0.51 -1 - mA
HIGH-level : 2.5 0,5 5 -16 -32 - mA
output current 2R 95 0,10 10 -13 26 - mA
13.5 0,15 15 34 6.8 - mA
ovel - 0,5 5 - 0 0.05 v
LOW-leve Vor - 0.10 10 - 0 0.05 v
output voltage
- 0,15 15 - 0 0.05 v
S el - 0,5 5 4.95 5 - v
-leve Vo - 0, 10 10 9.95 10 - v
output voltage
- 0,15 15 14.95 15 - v
05,45 - 5 - - 15 v
ALOW-]EVE] Vi 1.9 _ 10 - - 3 \%
input voltage
1.5,13.5 - 15 . - v
vl 05,45 - 5 3.5 - - v
HIGH-leve Vi 1.9 - 10 7 - - v
input voltage
1.5, 135 - 15 11 - - v
nput leakage I . 0,15 15 : . 4] uA
current ! ’
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3.3.2. DC Characteristics 2
(Tamp=-40°C to +125°C, voltages are referenced to Vss (ground=0V), unless otherwise specified.)

Conditions (V) T,m=-40C Tomy=183C | T,mp=+125C .
Parameter | Symbol - - - Unit
Vo Vin Vop | Min. | Max. | Min. | Max. | Min. | Max.

- 0,5 5 - 5 - 150 - 150 uA
supply Ion - 0,10 | 10 - 10 - 300 - 300 | uA
current

- 0,15 15 - 20 - 600 . 600 uA

LOW-level 0.4 0,5 | 5 o6l | - o042 | - [036] - | mA
output IoL 0.5 0,10 10 1.5 - 1.1 S 0.9 - mA
current 1.5 0,15 15 4 - 2.8 - 2.4 - mA

4.6 0,5 5 -0.61 - -0.42 - -0.36 - mA

HIG?J?@ | 25 0.5 5 | 18 | - 13 a5 - [ ma
outpy o 95 | o0.10 | 10 | -15 | - 11 =~ 09| - | mA
current

13.5 0,15 15 -4.2 - 2.8 - 24 - mA

LOW-level - 0,5 | 5 - o005 | - Joo0s | - [o005]| Vv
output VoL - 0,10 10 - 0.05 - 0.05 - 0.05 \Y
voltage - 0,15 15 - 0.05 - 0.05 - 0.05 Vv

HIGH-level - 0.5 | 5 | 495 | - | 495 | - |49 | - Vv
output Vou - 0,10 10 9.95 - 9.95 - 9.95 - \'
voltage - 0,15 15 14.95 - 14.95 S 14.95 - Vv

level 05,45 S 5 - 1.5 - NS - 1.5 Vv

LOW-level |y, 1.9 ) 10 - 3 - 3 - 3 v

input voltage
1.5,13.5 - 15 - 4 - 4 - \Y
level 05,45 - 5 35 - 3.5 - 35 - \Y
HIGH-level |y, 1.9 - 0 | 7 - 7 - 7 - v
input voltage
1.5,135 - 15 11 = 11 - 11 - Vv
nput
leakage L; - 0,15 15 - +1 - +1 - +] uA
current
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3.3.3. AC Characteristics
(Tamb=257C, Vss=0V, t,, t;=20ns, C;=50pF, R;=200k€, unless otherwise specified.)

Parameter Symbol Conditions Min. Typ. Max. | Unit
CPO0, CPI to QO to Vo=V § 325 | 650 | ms
Q9: V=10V - 135 270 ns
see Figure 7 Vpo=15V - 85 170 ns
) _ _ Vpp=35V - 300 600 ns
pé:g?ggtrfe“ oL toL CPOéeSIF)il to Q5-9; Vop=10V - 125 250 | ns
gure 7 Vop=15V - 80 160 ns
Vpp=3V - 265 530 ns
MR t0 Q0 t0 Q9. Voo=10V i 115 | 230 | ns
see Figure 7
V=15V - 85 170 ns
Vpp=5V - 100 200 ns
transition time t see Figure 7 Vop=10V - 50 100 ns
V=15V - 40 80 ns
Vpp=3V - 100 200 ns
pulse width tw see Figure 8 Vpp=10V - 45 90 ns
Vpp=15V - 30 60 ns
] Vpp=5V -
Clo;alilr:fr;:nd teLs treL - Vopo=10V unlimited -
Vpp=15V -
maximum Vpp=3V 25 5 - MHz
clock for see Figure § Vop=10V 5 10 - MHz
frequency V=15V 55 11 . MHz
_ Vpp=5V - 115 230 ns
setup time t, CPOto CPL V=10V - 50 100 | ns
see Figure 9 Voo=15V i 35 70 ns
A Vpp=35V - 200 400 ns
reset removal - MR }nput; V=10V i 140 730 o
time see Figure 8
V=15V - 75 150 ns
caplelt::pi:;nce C; any input - 5 - pF

Note: t; 1s the same as trry and try;.
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4. Testing Circuit
4.1, AC Testing Circuit

tw

VIToo% Y /50 %
negative
pulse Vi Vu
oV 10 % 10 %
T e 7.1
- |-— =
Vi
90 % 90 %
W::g Vu Vg
09 10 % 7 1 K10 %
| W |
a. Input waveforms
Voo
v l Vo

b. Test circuit
Figure 6. Test circuit for switching times
Definitions for test circuit:
DUT=Device Under Test.

C=Load capacitance including jig and probe capacitance.
Ry=Termination resistance should be equal to the output impedance Z, of the pulse generator.

4.2, AC Testing Waveforms

Vi

cPo mpu.lvl, i} _/-{vu \ ;/_\_
3 .npm“ -\v“ /_\ j

Vss
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Q1-Q9 LV
output \
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Vou | |
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_-l —tr 11 —=| b=t

Figure 7. Waveforms showing the propagation delays for CPO, CPl to Qn, (35-9 outputs and the output
transition times
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Figure 8. Waveforms showing the minimum pulse width for CP0, CP1 and MR input; the maximum

frequency for CP0 and CPI1 input; the recovery time for MR and the MR input to Qn and (35-9 output

propagation dela

Vi
CPO input Vi
Vssg ts
Vi
CP1input \ Vi Vi
Vsg

Figure 9. Wavetorms showing hold times for CP0 to CP1and CPI to CPO

4.3. Measurement Points

Supply voltage Input Output
Vob Vum Vm
5Vto 15V 0.5xVpp 0.5xVpp

4.4, Test Data

Supply voltage Input Load
5Vito 15V Vgs or VDD < 20ns SOPF
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5. Package Information

5.1 SOP16
r 0 - Yy
A [ N
j1Enl EnlEn i I ) %m_%f L
A1 |AZ Il ‘ % L
e b
Dimensions (mm)
Symbol Min. Max.
A 1.35 1.80
Al 0.10 0.25
A2 1.25 1.55
b 0.33 0.51
c 0.19 0.25
D 9.50 10.10
E 5.80 6.30
El 3.70 4.10
e 1.27
L 0.35 0.89
0 0° 8°
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6. Statements And Notes

6.1+ The name and content of Hazardous substances or Elements in the product

Hazardous substances or Elements
Cadm
Mercur
Lead o | ium Hexaval quybm Dibutyl Butylbe | pis.ef )
and ¥ and ent quybro minate htha nzyl hylhex Diisobu
Part name mercur .| chromiu | minated | d phtnala phthala tyl
lead cadmi . . te yl
y m biphenyl | biphen e hthal phthala
compo | compo | 4™ compoun| s yl phthala te
unds | ynds comp ds ethers te
ounds

Lead frame o e] o e] o o) o 0 o 0
Plastic resin o 0 o 0 o o o o o o
Chip o) e} o) e} o o] o o o o
The lead o} o} o} o} o o o] o o o
Plastic sheet o o 5 o 5 s o o 5 S
installed

o: Indicates that the content of' hazardous substances or elements in the detection limit

. of the following the SJ/T11363-2006 standard.

explanation

x: Indicates that the content of hazardous substances or elements exceeding the SJ/T11363-2006

Standard limit requirements.

Important Notice

JSMSEMI Semiconductor (JSMSEMI) PRODUCTS ARE NEITHER DESIGNED NOR
INTENDED FOR USE IN MILITARY AND/OR AEROSPACE, AUTOMOTIVE OR MEDICAL
DEVICES OR SYSTEMS UNLESS THE SPECIFIC JSMSEMI PRODUCTS ARE SPECIFICALLY
DESIGNATED BY JSMSEMI FOR SUCH USE. BUYERS ACKNOWLEDGE AND AGREE THAT
ANY SUCH USE OF JSMSEMI PRODUCTS WHICH JSMSEMI HAS NOT DESIGNATED FOR
USE IN MILITARY AND/OR AEROSPACE, AUTOMOTIVE OR MEDICAL DEVICES OR
SYSTEMS IS SOLELY AT THE BUYER’ S RISK.

JSMSEMI assumes no liability for application assistance or customer product design. Customers are
responsible for their products and applications using JSMSEMI products.

Resale of JSMSEMI products or services with statements diferent from or beyond the parameters stated
by JSMSEMI for that product or service voids all express and any implied warranties for the associated
JSMSEMI product or s ervice. JSMSEMI is not responsible or liable for any such statements.

JSMSEMI All Rights Reserved. Information and data in this document are owned by JSMSEMI wholly
and may not be edited, reproduced, or redistributed in any way without the express written consent from
JSMSEMI.

Any and all information described or contained herein are subject to change without notice due to
product/technology improvement, etc.\When designing equipment, refer to the "Delivery Specification" for
the JSMSEMI product that you intend to use.

For additional information please contact Kevin@ jsmsemi.com or visit www_jsmsemi.com
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