Diode Applications

» The diode converts AC to DC with a half-wave rectifier.
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*Half -Wave Rectifier Circuit

.include 1n4007.mod

Vac vac_in gnd sin (0 169V 60Hz)
;ac line voltage 120vac (rms) is 169Vpp

* transformer

;primary side resistance
;primary inductance
;secondary inductance
;mutual inductance

Rs vac_in pri 0.5
Lp pri gnd 10mH
Ls sec gnd 51uH
Kxfrmr Lp Ls 0.999
D1 sec rload 1n4007
rload rload gnd 1k
.control
set hcopydevtype=postscript
set xbrushwidth
set hcopypscolor=0
set colorO=rgb:f/f/f
set colorl=rgb:0/0/0
set color2=blue
set color3=red
tran 0.25ms 80ms Oms 0.5ms
plot V(pri) V(sec)

hardcopy half_wave_pri_sec.eps V(pri) V(sec)

tran 0.25ms 30ms 12ms
plot V(sec) V(rload)

hardcopy half_wave_sec_load.eps V(sec) V(rload)

.endc
.end
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Diode Applications

» Here is the full-wave bridge rectifier

Rs T, In4007G

Lp=10mH  Ls=51uH
Kxfrmr LpLs =0.999

*Full-Wave Rectifier Circuit
.include 1n4007.mod
Vac vac_in gnd sin (0 169V 60Hz) ;line voltage

* transformer

Rs vac_in pri 0.5 ;primary resistance
Lp pri gnd 10mH ;primary inductance
Ls secl sec2 b5luH ;secondary inductance
Kxfrmr Lp Ls 0.999 ;mutual inductance

* rectifier circuit

D1 gnd seci 1n4007

D2 secl rload 1n4007

D3 sec2 rload 1n4007

D4 gnd sec2 1n4007

rload rload gnd 1k

.control

set hcopydevtype=postscript
set xbrushwidth
set hcopypscolor=0
set colorO=rgb:f/f/f
set colorl=rgb:0/0/0
set color2=blue

set color3=red

tran 0.25ms 80ms Oms 0.5ms

plot V(pri) V(secl,sec2)

hardcopy full_wave_pri_sec.eps V(pri) V(secl,sec2)

tran 0.25ms 45ms 12ms

plot V(secl,sec2) V(rload)

hardcopy full_wave_sec_load.eps V(secl,sec2) V(rload)
.endc
.end
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» Full-wave rectifier waveforms
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Diode Applications

» Here is a clipper/clamp.

1N4148 Ngspice simulation of a clipper/clamp

v_clamped

.include 1n4148. subckt ;common silicon switching diode
g 5

vsre 1K D27\ 1N4148
10V( Vcc vece

ramped source i, = *intial V, pulsed V, delay, rise, fall, width, period
= Vsrc  v_in gnd pulse( 10V 10V 0 im 1m 2.0m 4m)
rl v_in v_clamped ; current limiting
[t xd1 v_clamped bos o ) Qo
xd2 gnd v_clamped  1n4148 ; diode
100 r99 v_clamped gnd  1G ; dc path to ground
.control

set hcopydevtype=postscript
set hcopypscolo
set xbrushwidth=3

s0 - = set color0=rgb:f/f/f
set colori=rgb:0/0/0
set color2=blue
set color3=red
*x tran step stop start
0 tran 0.0ims 5ms Oms
plot V(v_in) V(v_clamped)
hardcopy clipper.eps v(v_in) v(v_clamped)
.endc
.end
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Diode Applications

» Here is a junkbox 3V voltage regulator.

R1

Vout

Vsrc (4 =
10V \ —
ramped source D4 simulation of 3V junkbox voltage regulator
= 1N4007 (x5)
- .include 1n4007.mod ;common power diode
D5
*intial V, pulsed V, delay, rise, fall, width, period
Vsrc vin gnd pulse(OV 6V O im im 8.0m 16m)
rl vin vout 1k ; current limiting
di vout tiel 1n4007 ; diode
ot e oo g o a2 tiel tie2 1n4007 : diode
d3 tie2 tied 1n4007 ; diode
0 d4 tie3 tied 1n4007 ; diode
ds tied gnd 1n4007 ; diode
.control
set hcopydevtype=postscript
50 set hcopypscolor=

set xbrushwidth
set colorO=rgb:f/f/f
set colori=rgb:0/0/0
set color2=blue
set color3=red
*x tran step stop start
- tran 0.0lms 3ms Oms
plot V(vin) V(vout)
hardcopy junkbox_reg.eps v(vin) v(vout)
.endc
20 .end
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Diode Applications

» Over temperature the junkbox regulator doesn’t look so good!

R1

Vout

Vsre /+ =
10V \ —
ramped source D4 3V junkbox voltage regulator over temperature
= D2 1N4007 (x5) . X
.include 1n4007.mod ;common power diode
D5
o5 Vsrc  vin gnd 8V ;fixed input voltage
rl vin vout 1k ; current limiting
N d1 vout tiel 1n4007 ; diode
da2 tiel tie2 1n4007 ; diode
el g g 43 tie2 tie3 1n4007 : diode
d4 tie3 tied 1n4007 ; diode
w0 ds tied gnd 1n4007 ; diode
.control
set hcopydevtype=postscript
a8 set hcopypscolor=0
set xbrushwidth=3
6 set colorO=rgb:f/f/f

set colori=rgb:0/0/0
set color2=blue
set color3=red
temperature start stop step
az dc TEMP -50 125 25
plot V(vout)
hardcopy junkbox_reg_temp.eps v(vout)
.endc
.end

*




Diode Applications

» Here is a peak detector.

R1 D1

vac_in out

1n4007
Vac
4Vpp @ 1KHz

C1

0.1uF

trant: ngspice simulation of a dode peak detector
v — wvac in)

O
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Ngspice simulation of a diode peak detector

.include 1n4148.subckt

Vac

sin (0 2V
vac_in

rl
xd1
@i
r99

vac_i

nodel 1k
out 1n4148
gnd  0.1u
gnd  1G

nodel
out
out

.control

set
set
set
set
set
set
set

*

tran step

hcopydevtype=postscript
hcopypscolo
xbrushwidth
colorO=rgb:f/f/f
colori=rgb:0/0/0
color2=blue

color3=red

stop start

tran 100ns 10ms Oms
plot V(vac_in) V(out)
hardcopy peak_det.eps v(vac_in) v(out)

.endc
.end

;common silicon switching diode

gnd
1000Hz) ;input source at 1Khz, 4vpp

current limiting resistor
diode

holding capacitor

required for dc path to ground
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» Here is a AM demodulator.

R1 D1
e A AN out
[ 1K bat17
vac (~0) >

\

1Mhz carrer modiated
with 1Khz audio

Ngspice simulation of a diode AM detector
.include bat17.subckt ;common silicon switching diode

*Vpeak,, Vmin, modulating signal, carrier, offset, phase
Vac vac_in gnd am (2V 0 1kHz 1Meg 0 0) ;am modulated source

rl vac_in nodel 1k ; current limiting resistor

xd1 nodel out batl7 ; schottky diode

c1 out gnd 0.iu ; holding capacitor

r99 out gnd 1000 ; required for dc path to ground
.control

set hcopydevtype=postscript
set hcopypscolor=0

set xbrushwidth=2

set colorO=rgb:f/f/f

set
set
set color3=red

tran step stop start

tran 100ns 2ms Oms

plot V(vac_in) ; big picture

hardcopy am_det_big.eps v(vac_in)

tran 100ns 1.020ms 0.98ms

plot V(vac_in) ; AM waveform zoomed in
hardcopy am_det_zoomout.eps v(vac_in)
tran 100ns 2ms Oms

plot V(out) ;recovered audio

hardcopy am_det_audio.eps v(out)

.endc

.end

*
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» Here are the waveforms for the AM demodulator.

e S

o Wl
I, il
[
e |V V'
Modulated AM Waveform Close-up, Modulated AM waveform

/\ ARFA

Recovered Audio Waveform



