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Philips Semiconductors

Product specification

14-stage binary ripple counter with oscillator

74HC/HCT4060

FEATURES

 All active components on chip

« RC or crystal oscillator configuration

« Output capability: standard (except for Rt¢c and Ct¢)
¢ lcc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT4060 are high-speed Si-gate CMOS
devices and are pin compatible with “4060” of the “4000B”
series. They are specified in compliance with JEDEC
standard no. 7A.

The 74HC/HCT4060 are 14-stage ripple-carry
counter/dividers and oscillators with three oscillator

QUICK REFERENCE DATA
GND=0V; Tamp=25°C;t,=t;=6ns

terminals (RS, Rtc and C+¢), ten buffered outputs (Qz to
Qg and Q11 to Q;3) and an overriding asynchronous
master reset (MR).

The oscillator configuration allows design of either RC or
crystal oscillator circuits. The oscillator may be replaced by
an external clock signal at input RS. In this case keep the
other oscillator pins (Rtc and Ct¢) floating.

The counter advances on the negative-going transition of
RS. A HIGH level on MR resets the counter (Qzto Qg and
Q11to Q13 = LOW), independent of other input conditions.

In the HCT version, the MR input is TTL compatible, but
the RS input has CMOS input switching levels and can be
driven by a TTL output by using a pull-up resistor to Vcc.

TYPICAL
SYMBOL |PARAMETER CONDITIONS UNIT
HC HCT

tpH tpLy | propagation delay CL=15pF;Vec=5V

RS to Q3 31 31 ns

Qn t0 Qn+1 6 6 ns
tPHL MR to Qn 17 18 ns
fmax maximum clock frequency 87 88 MHz
C input capacitance 3.5 3.5 pF
Cep power dissipation capacitance per package notes 1, 2 and 3 40 40 pF
Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in pW):

Pp = Cpp x Vec? x fi+ 3 (CL x Vec? x fo) where:
fi = input frequency in MHz
fo = output frequency in MHz
S (CL x Vce? x fg) = sum of outputs
C_ = output load capacitance in pF
Ve = supply voltage in V

For HC the condition is V| = GND to V¢
For HCT the condition is V| = GND to Vcc - 1.5V

N

3. For formula on dynamic power dissipation see next pages.

ORDERING INFORMATION

See “74HC/HCT/HCU/HCMOS Logic Package Information”.
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PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,2,3 Q11t0 Q13 counter outputs
7,5,4,6, 14, 13, 15 Q310 Qg counter outputs
8 GND ground (0 V)
9 Ctc external capacitor connection
10 Rrc external resistor connection
11 RS clock input/oscillator pin
12 MR master reset
16 Vee positive supply voltage
9
ay [1] U [16] vee RL‘:"CL 9 CTR14 ___;_ CTR14 ’___;
Q3 b 1G — -~
Q2[2] 78] ag " BS ™ G: _; P :: m .
Q”E %‘17 12 Mﬁi _C_ o %4 %x— RCX * —-f LN N ey —f
ag[a 13] Qg ‘ ag |—s jf‘ el o 12 +cr |14
0 [5] 4060 [12] Ma 27 L 14 cT=0 g‘j _t P . i:
F—13
g[8 ] [11] As 0:_15 11—;- n—;-
Qaf7] [10] Rrc oy —1 Luz w2
ano 8] [9] crc Q2[—1
Quzp—3 7Z93322.1 7296923
7293320
729332t
Fig.1 Pin configuration. Fig.2 Logic symbol. Fig.3 IEC logic symbol.
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DYNAMIC POWER DISSIPATION FOR 74HC

PARAMETER Ve (V) | TYPICAL FORMULA FOR P p (W) (note 1)

total dynamic power 2.0 | Cpp Xfose X Vec?+ Y (CL % Vo2 x o) + 2Cix Ve x fose + 60 X Ve
dissipation when using the 45 | Cpp X fosc X Ve + Y (CL x Vg2 x fo) + 2C x V2 X foge + 1 750 X Ve
on-chip oscillator (Pp) 6.0 | Cpp X fose X Vo2 + Y (CL X Vo2 x o) + 2C; X V2 % foge + 3 800 x Ve
Note

1. GND=0V; Tamp = 25 °C

DYNAMIC POWER DISSIPATION FOR 74HCT

PARAMETER Vee (V) | TYPICAL FORMULA FOR P p (UW) (note 1)

total dynamic power

dissipation when using the 4.5 Cpp X fosc X VCC2 +> (Cp x VCC2 x fy) + 2C; x V(;(;2 X fosc + 1 750 X Ve
on-chip oscillator (Pp)

Notes

1. GND=0V; Tamp = 25 °C

2. Where: f, = output frequency in MHz
fosc = oscillator frequency in MHz
S (CL x V2 x fp) = sum of outputs
CL = output load capacitance in pF
C; =timing capacitance in pF
Ve = supply voltage in V

|10 |s
Rrc Cre
11 |Rs
ce 14-STAGE S8INARY COUNTER
e
12 [MR
Q3 |04 |05 [Qg Q7 |Qg {Qg ]Q47]012{Q43
7293323 7 5 4 6 14 13 15 1 2 3

Fig.4 Functional diagram.

APPLICATIONS

» Control counters

» Timers

* Frequency dividers
» Time-delay circuits
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Fig.5 Logic diagram.
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Fig.6 Timing diagram.
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DC CHARACTERISTICS FOR 74HC

Output capability: standard (except for Rtc and Ct¢)
Icc category: MSI

Voltages are referenced to GND (ground =0 V)

Tamb (°C) TEST CONDITIONS
SYM- 74HC
PARAMETER UNIT | v \/ OTHER
BOL +25 -40t0 +85 | —40to +125 W
min. [typ. |max. |min. max. min. max.
Vin HIGH level input voltage | 1.5 1.3 1.5 1.5 \% 2.0
MR input 3.15 |24 3.15 3.15 4.5
4.2 3.1 4.2 4.2 6.0
Vi LOW level input voltage 0.8 105 0.5 0.5 \% 2.0
MR input 211135 1.35 1.35 4.5
28 (18 1.8 1.8 6.0
ViH HIGH level input voltage | 1.7 1.7 1.7 \ 2.0
RS input 3.6 3.6 3.6 4.5
4.8 4.8 4.8 6.0
Vi LOW level input voltage 0.3 0.3 0.3 \% 2.0
RS input 0.9 0.9 0.9 4.5
1.2 1.2 1.2 6.0
VoH HIGH level output voltage | 3.98 3.84 3.7 \% 4.5 | RS=GND | -lp =2.6 mA
Rtc output 5.48 5.34 5.2 6.0 [ and -lo =3.3mA
MR=GND
3.98 3.84 3.7 \% 4.5 RS=V¢c -lp =0.65 mA
5.48 5.34 5.2 6.0 | and -lo =0.85 mA
MR:VCC
1.9 2.0 1.9 1.9 \% 2.0 [RS=GND | -lp =20 pA
4.4 4.5 4.4 4.4 4.5 | and —-lo =20 pA
59 6.0 59 5.9 6.0 | MR=GND | -lp =20 pA
1.9 2.0 1.9 1.9 \% 2.0 [RS=Vcc |-lo=20pA
4.4 4.5 4.4 44 4.5 | and —-lo =20 pA
5.9 6.0 5.9 5.9 6.0 MR=V¢cc |[-lp =20 HA
VoH HIGH level output voltage | 3.98 3.84 3.7 \ 4.5 | RS=V|4 -lo =3.2mA
Crc output 5.48 5.34 5.2 6.0 | and -lo =4.2 mA
MR:V”_
VoH HIGH level output voltage | 1.9 2.0 1.9 1.9 \% 20 (Vi —lo =20 pA
except Ryc output 4.4 4.5 4.4 4.4 45 |or —-lo =20 pA
5.9 6.0 5.9 5.9 6.0 [V —-lo =20 pA
VoH HIGH level output voltage | 3.98 3.84 3.7 \ 45 |V -lo =4.0 mA
except Ryc and Cr¢ 5.48 5.34 5.2 6.0 |or -lo =5.2 mA
outputs Vi
VoL LOW level output voltage 0.26 0.33 0.4 45 |RS=Vce |lo=2.6 mA
Rtc output 0.26 0.33 0.4 6.0 |and lo=3.3mA
MR=GND
0 0.1 0.1 0.1 \% 2.0 [RS=Vcc |lo=20pA
0 |01 0.1 0.1 4.5 | and lo =20 pA
0 0.1 0.1 0.1 6.0 | MR=GND | Ip =20 pA
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Tamb (°C) TEST CONDITIONS
SYM- 74HC
PARAMETER UNIT | v A OTHER
BOL +25 -40t0 +85 | -40to +125 W
min. [typ. |max. |min. max. min. max.
VoL LOW level output voltage 0.26 0.33 0.4 \% 4.5 | RS=V,_ lo=3.2mA
Crc output 0.26 0.33 04 6.0 |and lo=4.2mA
MR:V|H
VoL LOW level output voltage 0 0.1 0.1 0.1 \ 2.0 |V lo =20 pA
except Rt¢ output 0 0.1 0.1 0.1 45 |or lo =20 pA
0 |01 0.1 0.1 6.0 |V lo =20 pA
VoL LOW level output voltage 0.26 0.33 0.4 \% 45 |V lo=4.0mA
except Rtc and Crc 0.26 0.33 0.4 6.0 |or lo=5.2mA
outputs Vi
|, input leakage current 0.1 1.0 1.0 MA 6.0 [ Ve
or
GND
lcc quiescent supply current 8.0 80.0 160.0 |pA | 6.0 | Ve lo=0
or
GND
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AC CHARACTERISTICS FOR 74HC
GND =0V; t,=t=6ns; C_ =50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL |PARAMETER UNIT | ... | WAVEFORMS
+25 -40to +85 | -40to +125 (\‘;)C
min. | typ. | max. |[min. [max. |min. Mmax.

ropagation dela 99 |[300 375 450 2.0

top/ tory | P ng%oQ y 36 |60 75 90 |ns |45 |Fig.12
3 29 |51 64 77 6.0
ropanation dela 22 |80 100 120 2.0

tor/ o | P (g ?0 o y 8 |16 20 24 |ns |45 |Fig.14
n = entl 6 14 17 20 6.0
ropanation dela 55 |175 220 265 2.0

tPHL ngt%Q y 20 |35 44 53 |ns |45 |Fig.13
n 16 |30 37 45 6.0
19 |75 95 110 2.0

trhl/ trun | Output transition time 7 15 19 22 ns 4.5 | Fig.12
6 13 16 19 6.0
clock pulse width 80 |17 100 120 2.0

tw RS'IE)IIGH o Low 16 |6 20 24 ns |45 |Fig.12
: 14 |5 17 20 6.0
master reset pulse 80 125 100 120 2.0

tw et MR HFI’GH 16 |9 20 24 ns |45 |Fig.13
: 14 |7 17 20 6.0
removal time 100 | 28 125 150 2.0

trem MR to RS 20 |10 25 30 ns |45 |Fig.13
17 |8 21 26 6.0
maximum clock pulse 6.0 |26 4.8 4.0 2.0

frmax sl P 30 |80 24 20 MHz | 4.5 |Fig.12
quency 35 |95 28 24 6.0
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Notes

1. The value of additional quiescent supply current (Alcc) for a unit load of 1 is given here.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

2. Only input MR (pin 12) has TTL input switching levels for the HCT versions.

INPUT UNIT LOAD COEFFICIENT
MR 0.40

AC CHARACTERISTICS FOR 74HCT
GND=0V;t =t =6ns; C_ =50 pF

Tamb (°C) TEST CONDITIONS
T4HCT
SYMBOL |[PARAMETER UNIT |y, WAVEFORMS
+25 -40to +85 | —40to +125 (\‘3/‘)3
min. | typ. [max. min. max. min. mMax.
tpuL/ tpLH | propagation delay 33 66 83 99 ns 4.5 |Fig.12
RS to Q3
teH/ tpLH | propagation delay 8 16 20 24 ns 4.5 |Fig.14
Qn 10 Qn+1
tpHL propagation delay 21 44 55 66 ns 4.5 |Fig.13
MR to Qn
trhl/ ttun | output transition time 7 15 19 22 ns 4.5 |Fig.12
tw clock pulse width 16 6 20 24 ns 4.5 |Fig.12
RS; HIGH or LOW
tw master reset pulse 16 6 20 24 ns 4.5 |Fig.13
width MR; HIGH
trem removal time 26 13 33 39 ns 4.5 |Fig.13
MR to RS
fnax maximum clock pulse 30 80 24 20 MHz |4.5 |Fig.12
frequency

L AN o~
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14 MBA333
9ts m‘ax. r
AV
Ripigg = 560KE2 (mAN) 12 //
= A A
Vee 10 / /
:d // // P
047uF| input ’ : output | 100xF v
.o_“— —i% 8 min.
(f-:m) ﬁ 7293325 oGND ® /// /// /l/
. /
/
Fig.7 Test set-up for measuring forward ?
transconductance gss = dig / dv; at vg is 20 1 ) 3 4 5 6
constant (see also graph Fig.8); Vee )
MR = LOW.

Fig.8 Typical forward transconductance g as a
function of the supply voltage V¢ at

Tamb = 25 °C.
7283327
108
fox Ay
{Hz)
" RC OSCILLATOR
104
Ct
\\ _
\\ MR (from logic)
108 o cape
N 11{RS —DO—T—-
Rrc Crc
10 9
102
q (32l R2 A, =C,
7293328
10 3 4 § [}
10 10 107 R (82} 10 Typical formula for oscillator frequency:
10-4 103 1072 ¢, (uF) 107" (= 1
. . . os¢ ©“ 25xR xC
Fig.9 RC oscillator frequency as a function of T

Riand C; at Ve =2.0t0 6.0 V; Tamp = 25 °C.

C; curve at R = 100 kQ; R2 = 200 kQ.

Ricurve atC;=1nF; R2=2 xR;. Fig.10 Example of a RC oscillator.

TIMING COMPONENT LIMITATIONS

The oscillator frequency is mainly determined by R(C;, provided R2 = 2R; and R2C2 << RC;. The function of R2 is to
minimize the influence of the forward voltage across the input protection diodes on the frequency. The stray capacitance
C2 should be kept as small as possible. In consideration of accuracy, C; must be larger than the inherent stray
capacitance. R must be larger than the “ON” resistance in series with it, which typically is 280 Q at Ve = 2.0 V, 130 Q at
Vec =45V and 100 Q at Vee =6.0 V.

The recommended values for these components to maintain agreement with the typical oscillation formula are:

C¢ > 50 pF, up to any practical value,

10 kQ <R¢<1 MQ.

In order to avoid start-up problems, Ry = 1 kQ.
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MR {from logic}
11]|RS —
Rrc
R pies 10
TYPICAL CRYSTAL OSCILLATOR 1 ook 1M R2
In Fig.11, R2 is the power limiting resistor. 2.2k
For starting and maintaining oscillation a minimum j i
transconductance is necessary, so R2 should not D

be too large. A practical value for R2 is 2.2 kQ. CSI 2w czj_ 100pF
7 7293329

Fig.11 External components connection for a crystal oscillator.

AC WAVEFORMS

MR INPUT ]

RS INPUT

RS INPUT

Qz OUTPUT vyt
7293330 -~ TTHL —4 l—tTLH Gq OUTPUT
7Z93331
(1) HC :Vy =50%; V|, = GND to Vcc. (1) HC :Vi=50%; V)= GND to Vcc.
HCT: VM =13V, VI =GNDto3V. HCT: VM =13V, V| =GNDto3V.

Fig.12 Waveforms showing the clock (RS) to Fig.13 Wavefo_rms showing the master reset (MR)
output (Qs) propagation delays, the clock pulse ww!th, the master reset to output (Qn)
pulse width, the output transition times and propagation delays and the master reset to
the maximum clock frequency. clock (RS) removal time.

VMIU

Q, OouTPUT

Vg it
(1) HC :Vy =50%: V, = GND to Vcc. Qne1 OUTPUT M

HCT:Vy=13V;V,=GNDto 3 V.
7293332

Fig.14 Waveforms showing the output (Q,) to Qn+1 propagation delays.

PACKAGE OUTLINES
See “74HC/HCT/HCU/HCMOS Logic Package Outlines”.
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