74HC/HCT4060

MSI
14-STAGE BINARY RIPPLE COUNTER WITH OSCILLATOR
FEATURES TYPICAL
® All active components on chip SYMBOL PARAMETER CONDITIONS UNIT
® RC or crystal oscillator HC HCT
configuration )

©® Output capability: standard (except tpHL/ p;;)g :gag;n delay Cl = 15 oF 31 2 ns

for Ry and Cy¢) tPLH Qp, to Optq Vl(-;c - 5'1/ 6 6 ns
¢ lcc category: MSI tPHL MR to Qp, 17 |18 |ns
GENERAL DESCRIPTION frmax maximum clock frequency 87 88 MHz
The 74HC/HCT4060 are high-speed G input capacitance _ 35 35 pF
Si-gate CMOS devices and are pin ower dissipation v
compatible with “4060” of the ““4000B" CpD P capacitance per package | NOtes 1.2and3 | 40 | 40 | pF
series. They are specified in compliance - .
with JEDEC standard no. 7A. GND=0V;Tamp=26"Citr=tf=6ns
The 74HC/HCT4060 are 14-stage Notes
ripple-carry counter/dividers and B . . s .
osl::[i)llatorsrywith three oscillator terminals 1. CpD is used to determine the dynamic power dissipation (Pp in uW):
{RS, RTc and Ct¢), ten buffered outputs PD=CpD x VCC* x fi+ Z (CL x VCC? x fo) where:
(Q3 to Qg and Q11 to Q3) and an fi = input frequency in MHz CL = output load capacitance in pF
?h\;'e:;ldlng asynchronous master reset fo = output frequency in MHz VCC = supply voltage in V

2 (Cp x Vg2 x fp) = sum of outputs
2. For HC the condition is Vi = GND to V¢
For HCT the condition is V| = GND to Vg — 1.5 V

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. 3. For formula on dynamic power dissipation see next page.
tn this case keep the other oscillator

pins (Ryc and Ctc) floating. PACKAGE OUTLINES

The counter advances on the negative- 16-lead D!L‘; plastic (SQT382).

going transition of RS. A HIGH level on 16-lead mini-pack; plastic {S016; SOT109A).

MR resets the counter {Qg3 to Qg and
Q11 to Q13 = LOW), independent of

other input conditions. PIN DESCRIPTION
In the HCT version, the MR inputis TTL PIN NO. SYMBOL NAME AND FUNCTION
compatible, but the RS input has CMOS
input switching levels and can be driven 1,2,3 Qq1t0 Q3 counter outputs
by a TTL output by using a pull-up 7.5, 4,86,
resistor to V. 121' ’13' 15 Q3 to Qg counter outputs
8 GND ground (0O V)
9 Cre external capacitor connection
10 RTC external resistor connection
11 RS clock input/oscillator pin
12 MR master reset
16 Vee positive supply voltage
Lo |2 ,
Q41 {1 U E]Vcc Rre Cro . CTR14 3 —ZT CTR14 3_5
A3 t—7 =—x4fcx '6 — -
Q 2 15]Q RS 4 4
wl:‘ el oo "l; cP Q4—5 - x + 6 1 e
D‘:‘E E 07 MR Qg b— g rex — — g —
e o o e 1 v | e
Q5|4 13] Qg Qs —6 cT 3 cT 13
- 4060 B ayb—1a cT=0 —t _tc'r.o e
a4 [5] [12] MR o o2 ol 15
813 L1 N
065 [11] A Qg f— 15 ”_1 ”_2_
o3[7] [10] Rrc ap—1 B3 Y
Q —2
GND E E Crc 0:; |3 7293322.1 7296923
7293320 7293321
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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74HC/HCTA4060
Msi

DYNAMIC POWER DISSIPATION FOR 74HC

PARAMETER VSC TYPICAL FORMULA FOR Pp {(uW) (note 1)

total dynamic power 2.0 Cpp X fose x Vog? + ZICL x Vpg? x o) + 2Cy x Ve? x fose+ 60 x Ve
dissipation when using the 4.5 Cpp x fose X Vo + Z(CL x Veg? x fo) + 2Ct x Voi? x fosc + 1750 x Vo
on-chip oscillator {Pp} 6.0 Cpp x fosc x Vog? + Z{CL x Vg? x fol + 2C¢ x Vec? x fose + 3800 x Ve

GND =0 V; Tamp =26 °C

DYNAMIC POWER DISSIPATION FOR 74HCT

PARAMETER VSC TYPICAL FORMULA FOR Pp (uW) (note 1)

total dynamic power
dissipation when using the 4.5 Cpp x fose x Vog? + Z(CL x Vei? x fol +2Ce x Veg? x fose + 1750 x Ve
on-chip osciliator (Pp)

GND =0 V; Tamp = 26 °C

Notes
1. Where: f, = output frequency in MHz Cp =output load capacitance in pF
fosc = oscillator frequency in MHz Cy =timing capacitance in pF
2(CL x Vgog? x fg) = sum of outputs V¢ =supply voltage in V
APPLICATIONS
® Control counters
10 {0 ® Timers
R Crc ® Frequency dividers
® Time-delay circuits
11 |RS
cpP 14-STAGE BINARY COUNTER
i i
12 MR Q3 |Q5 |Cs |°6 Q7 |0g [Qg lﬂn °|2l°13
7283323 7 15 |a [6 a |3 s 1 |2 |
Fig. 4 Functional diagram.
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14-stage binary ripple counter with oscillator

msi

74HC/HCT4060

MR 7293324

a3z Qg

Fig. 5 Logic diagram.
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Fig. 6 Timing diagram.
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74HC/HCTA4060
MSi

DC CHARACTERISTICS FOR 74HC

Output capability: standard {except for RT¢ and C1¢)
Icc category: MSH
Voltages are referenced to GND {ground =0 V)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vee| Vi OTHER
+25 —40t0+85 | —40to+125 v
min.| typ. | max. | min. | max.| min. | max.
. 2.0
Vin HIGH level input voltage | 33| 58 3is s v | s
MR input 42 |31 4.2 42 6.0
¥ . 0.5 0 2.0
v {.OW level input voltage (2)? (1)35 1.35 1356 |V 45
iL MR input 28 | 1.8 1.8 8 6.0
1. 1.7
Vin HIGH level input voltage ;Z; 3 ; 36 v ig
RS input 4.8 48 48 6.0
ViL LOW level input voltage gg gg gg v Zg
MR input 1.2 1.2 1.2 6.0
3.98 3.84 3.7 v a5 | BS=GND| (5 -26ma
5.48 5.34 5.2 6.0 | R-gnp| —10 =33 mA
3.98 3.84 3.7 v a5 |RSEVee | i - 065 ma
5.48 5.34 5.2 6.0 | Ry | —10 = 0:85 mA
, VoH HIGH level output voltage =VCe
RTC output 1.9 | 2.0 1.9 1.9 2.0 | RS=GND | ~Ig = 20 uA
44 | 45 4.4 4.4 \Y 45 | and —lp = 20 wA
59 | 6.0 5.9 5.9 6.0 | MR=GND| —Ig = 20 A
1.9 {20 1.9 1.9 2.0 | RS=Vcc | —lp=20pA
44 | 45 44 4.4 Y 45 | and ~1g =20 pA
59 | 6.0 5.9 5.9 6.0 | MR=Vce | —10 =20 uA
v HIGH level output voltage | 3.98 3.84 37 v a5 | BSSVIH | 15 -32ma
OH CTc output 5.48 5.34 5.2 6.0 :IIR=V| L —lg =42mA
v HIGH level output voitage 12 ig lg 11“9‘ v ig XJH ::0 i gg “ﬁ
OH except R output - : . g y bl
5.9 | 6.0 5.9 5.9 6.0 | VL —10 =20 uA
HIGH level output voltage Vin
3.98 3.84 37 45 —lg = 4.0 mA
VoH except Ry and C1c 5.48 5.34 5.2 v 6.0 | O Ci9-52mA
outputs ’ : ’ ViIL
0.26 0.33 0.4 a5 | BSVee |15-26mA
0.26 0.33 0.4 6.0 | MR-GND| 10 =33 mA
VoL LOW level output voltage =
RTc output 0 |01 0.1 0.1 20 | RS=Vgg | Ig = 20 kA
o |01 0.1 01 |V 45 | and 10 = 20 uA
0 |01 0.1 0.1 6.0 | MR=GND| |0 =20 uA
v LOW level output voltage 0.26 0.33 04 v 4.5 ?ns:\/”- lop=3.2mA
oL CTc output 0.26 0.33 0.4 8.0 | Moy, | l0=42mA
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14-stage binary ripple counter with oscillator

74HC/HCT4060

MSI

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcel Vi OTHER
+25 —40to +85 | —40to+125 v
min.| typ. | max. | min.| max. | min. | max.
o] 0.1 0.1 0.1 2.0 | ViH 1o = 20 A
VoL LOW level output voltage 0o |01 0.1 o1 |V 45 | or 10 = 20 uA
Pt RTC outp o |01 0.1 0.1 6.0 | ViL 10 = 20 pA
LOW level output voltage ViH
0.26 0.33 04 4.5 1o =4.0mA
VoL except RTc and CTC \' or _
outputs 0.26 0.33 0.4 6.0 viL lp=5.2mA
Vee
£y input leakage current 0.1 1.0 1.0 nA 6.0 | or
GND
Vee
Icc quiescent supply current 8.0 80.0 160.0| pA 6.0 | or 1o=0
GND
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74HC/HCT4060
Msi

AC CHARACTERISTICS FOR 74HC
GND=0V;t =tf=6ns; C|_= 50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —401t0+85 | —40t0+125 v
min. | typ. | max. | min. | max. | min. | max.
tpyL/ propagation delay gg ggo :;;5 3(5;0 ig Fi
LR RS to Qg ns % ig. 12
29 |51 64 77 6.0
. 22 |80 100 120 2.0
tPHL/ propagation delay g8 |16 20 24 | ns 45 | Fig. 14
PLH n 10 Bn+1 6 |14 17 20 6.0
: 55 | 175 220 265 2.0
tPHL Propagatian delay 20 |35 44 53 | ns 45 | Fig. 13
n 16 | 30 37 45 6.0
T / 19 | 75 95 110 2.0
tTHL output transition time 7 15 19 22 ns 4.5 Fig. 12
TLH 6 |13 16 19 6.0
) 80 | 17 100 120 2.0
w clock fi‘l"Gs‘;";'f‘L’bw 16 | 6 20 24 ns 45 | Fig.12
; 14 |5 17 20 6.0
80 | 25 100 120 2.0
W il i 16 |9 20 24 ns 45 | Fig.13
W ‘ 14 |7 17 20 6.0
) 100 | 28 125 150 2.0
trem R e 20 | 10 25 30 ns 45 | Fig. 13
17 | 8 21 26 6.0
. 6.0 | 26 48 4.0 2.0
fmax maximurn clock pulse 30 | 80 24 20 MHz | 45 | Fig 12
quency 36 | 95 28 24 6.0
930 March 1988
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14-stage binary ripple counter with oscillator 74HC/HCT4060

MSI
DC CHARACTERISTICS FOR 74HCT
Output capability: standard (except for RT¢ and Ct¢)
Icc category: MSI
Voltages are referenced to GND {(ground =0 V)
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vee | Vi OTHER
+25 —40to+85 | —40to+125 v
min.| typ. | max.| min.| max. | min. | max.
4.5
VIH HIGH level input voltage 2.0 2.0 2.0 A to note 2
5.5
4.5
ViL LOW level input voltage 0.8 0.8 08 |V to note 2
5.5
RS=GND
3.98 3.84 3.7 \" 45 |and —lg=26mA
MR=GND
RS=Vcec
3.98 3.84 3.7 v 45 |[and —lp =0.65 mA
V. HIGH level output voltage MR=Vce
OH RTC output RS=GND
44 | 45 4.4 4.4 A 45 |and —lp =20 uA
MR=GND
RS=V¢c
44 (45 4.4 4.4 v 45 |and —lg=20uA
MR=Vcc
RS=V
VoH HiGH L"J’t";u"t"""”t voltage | 3 g8 3.84 37 v 45 |and “Ig=32mA
TC MR=V|_
HIGH level output voltage | 44 | 4 4 4.4 v 45 ViH 1A = 20 uA
VoH except RT¢ output i B 4 ' . %r“- —lo=<u
HIGH level output voltage VIH
VOH except RTc and CTC 3.98 3.84 3.7 v 45 |or —lgp=4.0mA
outputs ViL
RS=V¢c
0.26 0.33 0.4 \' 45 |and lp=26mA
v LOW level output voltage MR=GND
oL RTC output RS=Vce
0 0.1 0.1 0.1 \ 4.5 |and 1o =20 pA
MR=GND
RS=Vy_
VoL LOW level output voltage 0.26 0.33 04 |V 45 |and I0=32mA
CTC output MR=V|h
v LOW level output voltage o 0.1 0.1 0.1 v 45 XI,'H 1o = 20 uA
oL except RT¢ output : . : B ViL o
LOW level output voltage VIH
VoL except RTc and CTC 0.26 0.33 0.4 \ 45 |or 1o =4.0mA
outputs ViL
Vee
+1) input leakage current 0.1 1.0 1.0 nA 55 |or
GND
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74HC/HCTA4060

MSI

DC CHARACTERISTICS FOR 74HCT (continued)

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vee| V) OTHER
+25 —40to +85 | —40to +125 v
min. | typ. | max. | min. { max. | min. { max.
Vee
lcc quiescent supply current 8.0 80.0 160.0| uA 55 | or lop=0
GND
additional quiescent supply 4.5 other inputs at
current per input pin for . Vee .
Alec unit load coefficient is 1 100 | 360 450 490 | uA :_)05 -2V :/CS gr GND;
{note 1) ) o
Notes to HCT types

1. The value of additional quiescent supply current {Algc) for a unit load of 1 is given here.
To determine Alge 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.

UNIT LOAD
INPUT COEFFICIENT
MR 0.40

AC CHARACTERISTICS FOR 74HCT

GND=0V;t,=t{=6ns; C_ =50 pF
Tampb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 ~40t0+85 | ~40to +125 v
min. | typ.| max. | min.| max. | min. | max.
tpHL/ propagation delay .
tpr RS to Qg 33 | 66 83 99 | ns 45 | Fig. 12
tpHL/ propagation delay 8 1 45 Ei
LA Qp, 10 Qpy1 6 20 24 ns . ig. 14
propagation delay .
1 21 | 44 55 6 45 | Fig. 13
PHL MR to Qp, 6 ns ig
TTHL | output transition time 7 |15 19 22 | ns 45 | Fig.12
TTLH
tw C'F‘;g'f g:’gﬁi ‘g‘rdﬂ‘)w 16 | 6 20 24 ns 45 | Fig. 12
w width MR; HIGH 16 |6 20 24 ns |45 | Fig 13
trem ’eMm,;"’tf)' g's"e 26 |13 33 39 ns 45 | Fig. 13
maximum clock pulse )
fmax frequency 30 80 24 20 MHz 4.5 Fig. 12
932 March 1988
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14-stage binary ripple counter with oscillator 74HC/HCT4060
MSI
fs max. -
(MAV) 12 //
L/ o
Rpias = 560k 10 Y. /,/
A
Vee é
:ﬂ 8 min. |
oﬂﬁ input }oumul 1004F . y / /
U=:|':Hz) EE“’N /
ﬁ‘ Tzeazs ONC ' 4,
» i

Fig. 7 Test set-up for measuring forward
transconductance gfg = dig/dvj at
Vg is constant (see also graph Fig. 8);

0 1 2 3 4 5 [
Vee V)
Fig. 8 Typical forward transconductance gfg
as a function of the supply voltage Vg at

Fig. 8 RC oscillator frequency as a function
of Ryand Cyat Vg =2.0t0 6.0V,

Tamb = 25 °C.

Cy curve at Ry = 100 k2; R2 = 200 k2.
Recurve at Cy= 1 nF; R2=2 x Ry.

MR = LOW Tamb = 25 °C.
s 7293327 RC OSCILLATOR
10
] T i
fosc N R, T
{Hz)
10*
Cy .
~ R tfrom logic)
N
3
10 11|rs r—
Rrc Crc
10 g
102
C21 R2 Ry E
10 4 7293328
108 10% 105 R, (2} 108
1074 1072 1072 C¢ (uF) 1077

Fig. 10 Example of a RC oscillator.
Typical formula for oscillator frequency:
1

fosc =3B x Ry x Gt

TIMING COMPONENT LIMITATIONS

The oscillator frequency is mainly determined by R{Cy, provided R2 ~ 2Rt and R2C2 < R{Cy. 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. Ry must be larger than the ““ON”
resistance in series with it, which typically is 280 Q at Voc = 2.0V, 130 2 at Vg =4.6 Vand 100 Q2 at Ve = 6.0 V.

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

Ct > 50 pF, up to any practical value,
10k < Ry < 1 MQ.
In order to avoid start-up problems, Ry = 1 kQ.

W ﬁecember 1990
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74HC/HCT4060
Msi

TYPICAL CRYSTAL OSCILLATOR

In Fig. 11, R2 is the power limiting resistor.

For starting and maintaining oscillation a minimum
transconductance is necessary, so R2 should not
be too large. A practical value for R2 is 2.2 k2.

MR (from logic)

Rbias

100kS2 to TMs2

2.2kQ
i
1
222 b
cags 37;‘; C2221000F
L]

7293329

Fig. 11 External components connection for a
crystal oscillator.

AC WAVEFORMS

RS INPUT

Q3 OUTPUT

7293330

Fig. 12 Waveforms showing the clock (RS) to
output (Qg) propagation delays, the clock pulse
width, the output transition times and the
maximum clock frequency.

MR INPUT

RS INPUT

Q,, OUTPUT

7293331

Fig. 13 Waveforms showing the master reset
(MR) pulse width, the master reset to output
(Qp) propagation delays and the master reset
to clock (RS) removal time.

Q, ouTPUT

Qp4t OUTPUT

7293332

Fig. 14 Waveforms showing the output {Q,,) to
Qp+1 propagation delays.

Note to AC waveforms
(1) HC : V= 50%; V| = GND to V.

HCT: Viy=1.3V;V|=GND to 3 V.

934
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