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OPERATIONAL AMPLIFIER
ROUI
a C
a
b c Ri A(V,-Vyp)
b
O——————:I:——————O O .I_ O
Figure 1

Figure 1: The Op-amp has four terminals to which connections can be made. Inputs attach to

10

15

nodes a and b, and the output is node c. As the circuit model on the right shows,

the op-amp serves as an amplifier for the difference of the input node voltages.

Op-amps not only have the circuit model shown in Figure 1, but their element values are very

special.

— The input resistance, R, , is typically large, on the order of 1 MQ.

m>

— The output resistance, R is small, usually less than 100 Q.

out >

— The voltage gain, A, is large, exceeding 10°.

The large gain catches the eye; it suggests that an op-amp could turn a I mV input signal into
a 100 V one. If you were to build such a circuit, attaching a voltage source to node a,
attaching node b to the reference, and looking at the output, you would be disappointed. In

dealing with electronic components, you cannot forget the unrepresented but needed power
supply.

Limitation of power: It is impossible for electronic components to yield voltages

that exceed those provided by the power supply or for them to yield currents that exceed

the power supply's rating. Typical power supply voltages required for op-amp circuits are
+(15 V). Attaching the 1 mV signal not only would fail to produce a 100 V signal, the
resulting waveform would be severely distorted. While a desirable outcome if you are

arock & roll aficionado, high-quality stereos should not distort signals. Another consideration
in designing circuits with op-amps is that these element values are typical: Careful control of
the gain can only be obtained by choosing a circuit so that its element values dictate the

resulting gain, which must be smaller than that provided by the op-amp.

10 Tmya Tunn
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Johnson decade counter with 10 decoded outputs

7T4HC/HCT4017

FEATURES
e Qutput capability: standard
e Igc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT4017 are high-speed Si-gate CMOS
devices and are pin compatible with the “4017” of the
“4000B” series. They are specified in compliance with
JEDEC standard no. 7A.

The 74HC/HCT4017 are 5-stage Johnson decade
counters with 10 decoded active HIGH outputs (Qq to Qg),
an active LOW output from the most significant flip-flop
(Qs.9), active HIGH and active LOW clock inputs (CP and

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

CP;) and an overriding asynchronous master reset input
(MR).

The counter is advanced by either a LOW-to-HIGH
transition at CPo while CP4 is LOW or a HIGH-to-LOW
transition at CP1 while CP is HIGH (see also function
table).

When cascading counters, the Qs.g output, which is LOW
while the counter is in states 5, 6, 7, 8 and 9, can be used
to drive the CPy input of the next counter.

A HIGH on MR resets the counter to zero

(Qo = Qs.9 = HIGH; Q4 to Qg = LOW) independent of the
clock inputs (CPg and CP;).

Automatic code correction of the counter is provided by an

internal circuit: following any illegal code the counter
returns to a proper counting mode within 11 clock pulses.

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
tpHL/ tPLH propagation delay CPyg, CPyto Q, CL=15pF;Vec =5V |20 21 ns
frnax maximum clock frequency 77 67 MHz
C input capacitance 3.5 3.5 pF
Cpp power dissipation capacitance per package notes 1 and 2 35 36 pF

11 7mya qunn
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Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in pW):
Pp = Cpp X Vo2 x fi+ T (Cp x V2 x fo) where:
fi = input frequency in MHz
f, = output frequency in MHz
¥ (CL x Vcc? x o) = sum of outputs
C_ = output load capacitance in pF
Ve = supply voltage in V
2. For HC the condition is V, = GND to V¢¢
For HCT the conditionis V= GND to Vgc - 1.5V

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
3,2,4,7,10,1,5,6,9, 11 |Qpto Qg decoded outputs
8 GND ground (0 V)
12 Qs.0 carry output (active LOW)
13 CP4 clock input (HIGH-to-LOW, edge-triggered)
14 CPy clock input (LOW-to-HIGH, edge-triggered)
15 MR master reset input (active HIGH)
16 Vee positive supply voltage
CTRDIV10/
U DEC
14 | 3
Qs [1] [16]Vee 13 —cp, go—; 5 & |+ (1) >
11— 19 N | <
Q2] [IS]MR 14 —|CPy Qf—4 L ler=o 2%
Qo [Z E CPy Q3 —7 3 R
Q[4] 4917 [BICP Qi 10 I
_ Qs—1 5H—
Qs [5] 12]Qs.9 Qs 61
Q[ [11]Qy 15 MR Q|6 7%
) | 7
Q; [7] [10] Qs & S
Qg |— 11 9l—
GND [ 8| 19105 Q59— 12 n12
7293662 7293663 7293664
Fig. 1: Pin Configuration Fig. 2: Logic Symbol Fig. 3: IEC Logic Symbol
Fig. 1-3
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