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The silicon dioxide layer (insulator between gate and channel).
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For the lamp: P = I2R  so  I = √(P/R) = √(0.65 / 154)
I = 0.065 A = 65 mA  (this is IDS)
p.d. across lamp = IR = 0.065 × 154 = 10 V
so VDS = 12 − 10 = 2 V (on the flat part of the curves)
From Figure 2, IDS = 65 mA lies between the 3.0 V and 4.0 V
curves, giving VGS ≈ 3.4 V

3.4
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With 10 nA per MOSFET the battery would be flat in about 2 minutes,

not 12 hours, so the leakage current of each CPU MOSFET must be

much smaller, about 0.03 nA or less (over 300 times smaller), because

the CPU transistors are far smaller.

Stand-by current if each MOSFET leaked 10 nA:

I = 8.5 × 109 × 10 × 10−9 = 85 A

Battery charge: Q = 3.110 A h × 3600 C = 1.12 × 104 C

Time to discharge: t = Q / I = 1.12 × 104 / 85 = 132 s

t ≈ 2.2 minutes, which is much less than 12 hours.

Current available for 12 h stand-by:

I = 1.12 × 104 / (12 × 3600) = 0.26 A

IDSS per MOSFET = 0.26 / 8.5 × 109 ≈ 3 × 10−11 A = 0.03 nA
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10 kΩ
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AND gate outputs: A . C and B . C, then NOR them:

(A . C) + (B . C)
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Inverter (NOT gate): a NAND gate with its inputs joined.

It uses one chip of 4 NAND gates, not two chips (AND and NOR), so

the board is smaller and cheaper and only one type of chip is stocked.
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Photoconductive mode (the photodiode is reverse biased).

Dark current is noise, so it must be small to keep the signal-to-noise

ratio high and give a large signal difference between light and dark.
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From Figure 11 at λ = 850 nm, Rλ = 0.50 A W−1

Ip = Rλ × P = 0.50 × 4.0 × 10−6 = 2.0 × 10−6 A = 2.0 μA

Vout = Ip × R = 2.0 × 10−6 × 560 × 103

Vout = 1.12 V

1.12
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30 kΩ

10 kΩ
Vin

non-inverting amplifier: gain = 1 + Rf/R1 = 1 + 30/10 = +4
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A BCD counter outputs the count as a 4-bit binary

code across Q0 to Q3,

whereas a Johnson decade counter outputs a single logic 1 on one output

at a time, moving sequentially from Q0 to Q9.

Both count from 0 to 9 (ten states)

and both recycle (reset to the start) on the 10th clock pulse.

stemup.co.uk

https://stemup.co.uk


ton = 3 div × 50 μs/div = 150 μs

toff = 2 div × 50 μs/div = 100 μs

duty cycle = ton / (ton + toff) × 100 = 150 / 250 × 100 = 60%

period T = 5 div × 50 μs/div = 250 μs

f = 1 / T = 1 / 250 × 10−6 = 4000 Hz = 4 kHz

60% (0.6)

4
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BCD counter: Q2 is logic 1 only for counts 4 to 7, so it gives

one pulse for every 10 clock pulses:

f = 600 / 10 = 60 Hz

Johnson decade counter: Q2 is logic 1 once every 10 clock

pulses (one output high at a time, cycling Q0 to Q9):

f = 600 / 10 = 60 Hz

60

60
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ionosphere

Earth

T

ground wave (LW)

sky wave (SW)

satellite
space wave (microwave, line of sight)
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Longwave (national radio, 0.198 MHz): frequency range about 30 kHz to

300 kHz (LF band, broadcasts 150 kHz to 300 kHz). The pathway is

the ground wave (surface wave). The wavelength is very long, λ = c/f =

3.0 × 108 / 1.98 × 105 ≈ 1500 m, so the waves diffract around hills,

buildings and the curvature of the Earth. Interaction with the

conducting surface of the Earth and refraction in the lower atmosphere

(changing refractive index) bend the wave so it follows the Earth's

surface beyond the horizon. Attenuation at low frequency is low, so the

signal travels long distances (hundreds of km) and covers a whole

country. These waves are strongly absorbed by the ionosphere, so there

is little sky wave reflection.

Shortwave (amateur radio, 28.2 MHz): frequency range about 3 MHz to

30 MHz (HF band). The pathway is the sky wave. The ionosphere

(layers of ionised gas) refracts these waves back towards the Earth, so

they are effectively reflected, and the ground reflects them up again.

These single or multiple reflections (skips) allow reception far beyond

the horizon, even worldwide. Below this range the ionosphere absorbs the

waves and above about 30 MHz they pass straight through it. Reception

varies with the state of the ionosphere, e.g. day and night effects and

the sunspot cycle.

Microwave (satellite TV link, 10 700 MHz = 10.7 GHz): frequency range

about 2 GHz to 100 GHz. The pathway is the space wave (line of

sight). The wavelength is only about 2.8 cm, so microwaves do not

diffract around terrestrial objects and the dish needs a clear line of

sight to the geostationary satellite. They pass straight through the

atmosphere and the ionosphere without reflection, although there is some

attenuation by the atmosphere and ionosphere (e.g. rain). Different
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frequencies are used for the up-link and down-link so the satellite

receiver is not desensitised by its own transmitter. The up-link uses a

higher frequency (about 17 to 18 GHz) than the down-link (10 to 13

GHz) because a higher frequency gives a narrower beam and the ground

station can supply plenty of power to overcome attenuation, while the

lower down-link frequency covers a wider target area with the limited

power of the satellite. The high frequency also gives a large bandwidth

to carry many TV channels of complex information.
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