Lecture 5

Design project analysis and course conclusion

Graphics used with permission from AspenCore (http://electronics-tutorials.ws)
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Block diagram

Power source:
9V battery

Transmitter PCB

» 38 kHz carrier

¢ Modulation: 1500 Hz
for “1,” 500 Hz for “0”

¢ 940nm IR emitter:
~100 mA peak current
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User input keys

User input keys (1" and “0") INT jumper Audio source
(“1” and “0”) and debounce Data, CLK (external)
A \ 4 l
EXT
IR transmitter | 38KkHzIR | J| IRreceiverand | MMPET | Digital lock 1-watt class AB
demodulator Data, circuit audio amplifier
CLK

_________________________________

Receiver PCB

» 4-bit digital lock: hardcoded passphrase enables and

disables audio amplifier

Power source:
12 — 16V DC input

» Lock input: IR receiver or on-board switches
» Discrete 3-transistor audio amplifier with integrated

bias adjustment

|
!

16Q nominal
speaker
(external)




Agenda

Power supply
Digital lock

Audio amplifier

IR receiver
Course conclusion
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Power supply



1 Z 3 L
D201 R201, R202 U201
Polarity protection diode: prevents U201 biasing network: blases the non— Unity—gain buffer: forces the node at the
damage to the circuit in case positive inverting input of U201 fo half of the emitters of Q201 and Q202 to the
and negative power inpufs are reversed input supply veliage so circuit ground voltage at the non—inverting input
- is approximately halfway between -
positive and negative supplies -~
: vee
0201 -
1N5402 . .
1 [ &
Barrel_lack_Switc Eix =1 I
R201 = 7 L Ao €201, €202
10k = . :: o mmmmmmmme———eed Bulk capacitance: removes high—
Q201 =uhd frequency compenents frem power rails
TIP41C to stabilize ground point
" Q202
R202 = 5
1:;; = "_@ TIP42C 2l o202
- / T~ 100u
2
Conn_01x02 1
=7 o
GND VEE
Q201, Q202
High—power cutput transistors: provide
current gain to U201 fo preduce 2 stable
graund reference point
uzoz

5V linear regulator: produces a regulated
SV supply for powering digital logic

uzoz
)5

L780

1N

ouT|

C203, C204, C205

SV supply input/output filtering: removes

c203
™ 1 high—frequency companents from the
o irg.ﬂ' an:':iI n.lfr.yut of EI’? regulatar to I I I N -
stabilize supply voltages I I
v M .
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Push-pull output stage

 Basically just a Class B amplifier operating at DC

« Uses feedback into op-amp to compensate for the
voltage drop (Vgg) Induced by the BJTs

* Net current into/out of GND net causes op-amp to adjust
midpoint

S
L%
G-
=
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Digital lock



1 I Z 3 [ 5
U401 (A, B, C, D) L4024 VDD 402 VDD 403
Bistable multivibrators: "debounces” Clock generator: clocks data into shift o 100n o 100n
switches toc ensure single oufput pulse register when either switch is pressed
U4014 e
741500 U4024 7 B
1_SWITCH_U 741508 J402
1 _SWITCH Conp_01x03
SWail 13 CLE_SWITCH 1
_ R U4D1E U402E
SW_Push_DPDT O_SWITCH / 2 7ql|_sg.c. quLls.:.a
TR+ =) =)
| |
1502
L SWITCH e Cleck selection: short pins
4405 1-2 for enboard control, -
Conn_01x03 2=3 for remote contro oHD GND
VDD J505
U402B, U402C 4 h
Data selection: short pins C401, C402, C4O3, C4O4
Gate delays: keeps data 1-2 for enboard control, . .
present at input of UA4OS 2=3 for remote contro - S_LIDpI',' decoupling: remaves
until CLK input is low ) \t‘l.g':!.*fr-’q:u’-r.ryl.Componenfs
R403 R4O4Y - L rom power rails
10k < 10k Voo ]
J: @ 100n
O_SWITCH_U 9
o l>—|
SW4a02 10
SW_Push_DPDT
GND
1
! 0_SWITCH U405
=3
| Shift register: stores lasth..
4 inputs to caompare Tl LED_O LED
against passcode - N - -
o a— O SWITCH D 13 C401
RED
GND [ a0 N
o0
VDD 5 1ot [ a1
D = Qi
R407, C4OS5 12 Q1 2z
Momentarily asserts RESET at boot 1o T = D2 L"_f A
. clear shift register e . Qz E
/401 e R4O7 13 | p3 a3 a3
Conn_01x03 T 1ok [ i3
. 0 C .
= U403 (A, B) CLEIN 9 bep S s
S RESET 1w 2 L pgos L paos
lE Qo Fasscode comparetor: checks if shift it PED_ Z RED
LT register matches passcode. U403B .
1403 inverts signal to make it active—high. Caos oo
/0. 10n 2
Conn_01x03 LD HED-2
w7 GND
GHD

u402D

Good practice to tie
unused inputs To ground

U403c

T4Ls20

v
GND
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Switch debouncing

 Bouncing causes a contact to generate multiple
electrical pulses when a connection is made or broken

« Can use a dual-pole switch and SR flip-flop to eliminate

S|l




Audio amplifier



1 Z 3 T 5
RV502 Q501, Q502
-4 Bjas adjustment: adjust for low crossover i 1 Camplementary high—power output
distortion znd low supply current at zero transistors: provide current gain to load.
input.
WARNING
X501 D504, D502 & if
T Relay: ""P-Ch?-"i:ﬁl_- Elec{'rical.y—_:p_e?rated Biasing diodes: provide approx. 1.4V of N
i switch., Used to disconnect audic input. bias between @501 and @502 to force
i both devices slightly on at zera input.
: | c501
R506, RS07 oD i RVS01 I". Output iltering capacitor: removes DC
Audio mixer: adds left and right channels y i Valume adjust +. This adjust tis Y offset from audio input. For better low-
- C i justment. This adjusiment is £ oy reenamss use A larger val:
5o both are audible through one speaker. | noisy: zudio level should be adjusted at . {LP?q[;lPJnFryurr fgggqujl_qu a larger value
< | input it possible |
i | =
x ¥ Y SRS0L
1 v Sk
! Y ]
4 4 STAGEL_C DD 4501
! B TIP41C

RE06 I
1k =z i |
0 v ! R502 >
- A o \ . < : .
515823 o o o " 00 W
2Jl- 2N "y 1 ]
507 & ¥ EC2-5NU ! i 100u
A 1k ) H AMP OUT C + AME_OU
JJACKE T AMA \_ 9 RELAY OUT o STAGEL_C_[ I H{ I ;
~—H 1 VY 8 T 2  £502 = Conn_01x02
T ks '- a 2 :
JACK S i o o C
3 RVS0L < 2 F Y v
VoD . I’ 10 Icﬁ::‘ I |—"— i
7 . i 4 STAGEL € 502
1 TIF42C
1 S 2 -
< R505 + 1
2 470 (V) as03
AN W ELEELT
[~
VCC
RS03 S STAGEL_RE C
3 15k <
: - SRLN i / = €503
\ : l 100u
4 < < S ) !
GND GND GND :" VEE VEE 1
0503 Q503 €503
Class A preamplifier: provides voltage Bulk capacitance: removes high-
frequency components from power rails

Q504

Relay driver. Coil resistance is nominally
178 ohms, or roughly 30 ma at V. Logic
output from 74LS is only capable of 16

mé, so driver is necessary.

"Snubber” diode. Protects @504 fram
high—valtage "back—emf" generated hy

de

gain and current gain necessary to drive
low—gain ("low—beta"] power transistors.

to reduce power line hum.

€502

i
i
i
energizing relay coil. i
i
i
i

Input filtering capacitor: removes DC
offset from audio Input. Assuming input
impedance of 10k, this acts as a

with & cutoff frequency of 159 Hz,
retaining the entire audible spectrum.
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2N3904

Pin diagram: Pinning for 2N3904 is like

“ABC” (actually EBC)
“Absolute maximum”

ratings: Values outside

these ranges will cause | MAXIMUM RATINGS § o e e o
permanent damage to ;!7 Rating Symbol |  Value Unit J : SouECToR 1
. : 1
Collector - Emitter Voltage V 40 Vde
the device I g cEO i 1, I
1| Collector-Base Voltage Veso 60 Vde 1 : BASE 1
I Emitter - Base Voltage VEBO 6.0 vde |l 1 1 :
. EMITTER
Maximum VOItag es: Collector Current - Continuous Ic 200 mAde [l 1 1
imi Total Device Dissipation Pp mEmEmmEmm—
Limited by power o e25 W
supply (VCEO1 VCBO) or Derate above 25°C 5.0 mwW/°C T0:62
. CASE 29 /
|nput I’ange (VEBO) Total Device Dissipation Pp STYLE 1 / // /
@ T =25°C 1.5 w //;
Derate above 25°C 12 mwW/°C 124 P d
Operating and Storage Junction Ty, Terg | -55 to +150 °C SIRASHT LD, B Aol
M axi mum current: Temperature Range 'AMMO PACK
Limited by load
impedance SMALL-SIGNAL CHARACTERISTICS
I| Gurrent - Gain - Bandwidth Product fr MHz |l
N (Ic = 10 mAdc, Vg = 20 Vde, f = 100 MHz) 2N3903 250 - 1
1 2N3904 300 - I
Gain-bandwidth Output Capacitance (Vcg = 5.0 Vde, g = 0, f = 1.0 MHz) Cobo z 4.0 pF
product: Defines Input Capacitance (Vg = 0.5 Vde, Ig = 0, = 1.0 MHz) Ci N 8.0 oF
maximum gain in an Input Impedance Nie kQ
e (Ic = 1.0 mAdc, Vg = 10 Vdc, 1= 1.0 kHz) 2N3903 1.0 8.0
amplifier 2N3904 1.0 10
Voltage Feedback Ratio Nee X 10-4
(Ic = 1.0 mAde, Ve = 10 Vde, = 1.0 kHz) 2N3903 0.1 5.0
X . 2N3904 0.5 8.0
Small-signal gain: Il small-Signal Current Gain hte -
Ratio of collector 1| (Ic = 1.0 mAde, Ve = 10 Vde, 1= 1.0 kH2) 2N3903 50 200 I
b 1 2N3904 100 400 I
current to base current Output Admittance (Ig = 1.0 mAdc, Ve = 10 Vde, f = 1.0 kHz) hoe 1.0 40 umhos
Noise Figure NF dB
(lc =100 pAdc, Vcg = 5.0 Vde, Rg = 1.0 k @, f = 1.0 kHz) 2N3903 - 6.0
2N3904 - 5.0

Source: https://www.onsemi.com/pub/Collateral/2N3903-D.PDF
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TIP41, TIP42

MAXIMUM RATINGS

) Rating Symbol Value Unit e
Collector-emitter : Collector-Emitler Voltage  TIP41, TIP42 | Veeo 40 vac |1 1
. TIP41A, TIP42A 60
voltage: Capable of 1 TIP41B, TIP42B 80 : :
o . TIP41C, TIP42C 100
switching high voltages 1
Collector-Base Voltage TIP41, TIP42 | Vg 40 Vde -
TIP41A, TIP42A 60
TP BTIR4E 20
TIP41C, TIP42C 100
Emitler-Base Voliage v 50 Vdc TO-220AB
Packaginag: Collect Collector Current- : Conti |EB 6.0 Ad CASE 221A
ac ag | ng . ollector || Collector Curren on |n;$: c 0 c 1 STYLE 1
electrically connected Py v —
to case || Total Power Dissipation @ Tg = 25°C Po 65 w 1
Derate above 25°C 0.52 WrC
Total Power Dissipation @ Ty = 25°C Pp 20 W
Derate above 25°C 0.018 W/EC STYLE 1
Unclamped Inductive Load Energy E 625 mJ PIN1. BASE
. (Note 1) 2. COLLECTOR
Collector current: - . 3. EMITTER
.. Operating and Storage Junction, Ty Teg -65 to “C 4 COLLECTOR
Capable Of dr|V|ng Temperature Range +150 -
high-current loads
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)
| ct i Symbol Min Max Unit
OFF CHARACTERISTICS
. . . Collector-Emitter Sustaining Voltage (Note 2) TIP41, TIP42 ViEo(sus) 40 - Vdc
Power d|SS|pat|on: (I = 30 mAde, Ig = 0) TIP41A, TIP42A 60 -
. . TIP41B, TIP42B 80 -
Capable of dissipating TIPA1C, TIPA2C 100 -
much more power than Collector Cutoff Current lceo mAdc
. . {Vce = 30 Vide, I = 0) TIP41, TIP41A, TIP42, TIP42A - 0.7
small-signal devices (Ve = 60 Vidc, Ig = 0) TIP41B, TIP41C, TIP42B, TIP42C - 07
(2 N 3904) Collector Cutoff Current lces pAde
(Ve = 40 Vde, Vgg = 0) TIP44, TIP42 400
{Vce = 60 Vde, Ve = 0) TIP41A, TIP42A - 400
{Vce = 80 Vdc, Veg = 0) TIP41B, TIP428 - 400
{Vce = 100 Vde, Vg = 0) TIP41C, TIP42C - 400
. Emitter Cutoff Current (Vge = 5.0 Vde, Iz =0) lero - 1.0 mAdc
DC current gain: ON CHARACTERISTICS (Note 2)
Much lower current I| DCCurrent Gain (Ic = 0.3 Ade, Vee = 4.0 vde) | hee | 30 | - | - 'i
; ; Ic = 3.0 Ade, Vg = 4.0 Vd 15 75
gain than small-signal e cce c 4
d . Collector-Emitter Saturation Voltage (I = 6.0 Ade, |z = 600 mAde) VeE(sat) - 1.5 \fde
evices Base-Emitter On Voltage (Ig = 6.0 Adc, Vigg = 4.0 Vdc) VeE(on) - 20 Vde

Source: http://www.farnell.com/datasheets/40034.pdf
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Audio amplifier analysis

D1, D2
Output biasing diodes:
Biases Q2 and Q3
slightly on to eliminate
crossover distortion

C1

Input filter: removes DC

component from input

R1, R2
Q1 biasing network:
sets the operating point
for common-emitter
(Class A) stage

6.117 Lecture 5 (IAP 2020)

+15V

-
I [ ]
! 1
1 1
1 R3 1
1< | P=—————
I 11 !
I----I B e ol | Q2 !
I<Rl || mtm=—=— T\Piclcl
1 =100k | ISM 11 [ I-c
1 111 iNo1y 1] |1o
1 1 : 11 l
:u: I 1 ! 11 I
Ilu 1 1 Ignz 11 I
|| 1y ;¥ vos 1
I 1
1
1

[

) '
TIP42C
1

Q1
Common-emitter
amplification stage:
Provides current gain
for driving output power
transistors (Q2 and Q3)

Oul

R3
Sets voltage gain of
common-emitter stage

Q1)

Q2,Q3
Complementary push-
pull output stage

2

L51
16 ohms

Cc2
Output filter: removes
DC component from
output



Preamplifier biasing

« Goal: provide voltage and current gain for output stage
* Biasing accomplished with voltage divider

when Vg = 0 (saturation) '5’"\/
o= Veo &
CT R DCload 9~
- le(ma) Line I = 100uA
- 10

vy = e Ry E
Rl + R 2 N [ ¥ I“ﬂl ‘?:\.\:_\-\ \ /\// \ IE:?DLLA

. Vout &VL - RL
Voltage Gain Vin AV, R

E

N E— L
[ :
| e
A la=
| " J d -
|
k | | 7 Is = 20U
N | A
— | N Is = 10uA
|

— i :\B

' v,
=71 2 3 4 5 & 7 8 9 10 11 15 13 =
|
| |
Ve (e= 5.8V [ when I. =0
! | Ve =V
Veg| I
2.0 |
|
|
lVCE::ma:x}
| 9.34v
|
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V(out)

15dB
12dB
P
9dB | e
/_//
6dB —
3dB
0dB
-3dB
-6dB
-9dB
12dB—
15dB
V(out)
-40°
-50°
-60°
70°
-80°
-90°
100°
100
120°
130°
-140°
-150°
160°
- — A70°
L g0
10Hz 100Hz 1KHz 10KHz



IR recelver



Recelver architecture

« Goal: Produce data and clock signals for digital lock
* Need to demodulate the incoming IR signal

IR receiver block diagram (from Lab 4 handout)

BPF LPF

f, = 38 kHz f.= 750 Hz
N
N
m/\&// ,|  Detector ERY, Detector > Data Data
X T=10us N\ T=50ms comparator out
Transimpedance Threshold
amplifier comparator
_ Detector R Clock Clock

T=50ms "|  comparator out




0301 R301

1NG1Y 10k
N BPF_OUT I~ A —e o BPF DETECT
D303 R302 =1 D301, R301, C302, R303
1Meg R304 .
Phetadiode: produces a TIA_OUT R303 Envelope detector: produces a positive
carrent propertions <o the AV e “ BEE_IN 00k BTOK  coommmmemeeeemeem e ] voltage when 38 kHz Is detected. This is
amount of light received = -— e used as the “clock” for the digital lock.
. = R303 is chosen so this signal transitions
‘_‘J U3o1e low before LF_DETECT.
=
M324
Lz 0302 GND GND
4] 1NG14
s z = e D302, €304, R306
+ AM detector: removes the 38 kHz carrier
- R3I0E  -mmmmmmmmmmmmmmsmmmmemeems component from the input signal so
1k only the low—frequency modulation
. signal s present
GND GND U301A, R302 GND :
- U301B, R305, R304,
Transimpedance amplifier: C301, C303
converts current through GND
D303 1o a voltage Second—order BPF: anly €305, €306, C312, C313
allows frequencies near . .
38 kHz through Supply decoupling: removes high—
; frequency compenents from power rails
LPF_IN_R LPF_OUT vee
s =1 LY
@ — !
. al 2 2 \
R307 Eﬁgéi g = z ol D304 4! R309 vee
10k RIL0 o o = I IN9L4 X g2k R
BPF_OUT D = LF_DETECT
BPEOUTD pAnn—e %y 2 S —o J
C R311
U301C, R307, R308 = 100n < 470k
€307, €309 \ 1 R310, C311, ~
Sallen—kKey LPF: cutoff ] ) €308, R313 4 GND
frequency of ap . u H .. /!
?rgﬂu;:rjii,i:‘riﬂﬁzh 4 T First—order lljf-‘F: Furthelr
between low—frequency ' “4 attenuates signals autside '
(500 Hz) and l the range of 500— :
high—frequency i | 500 Hz and removes DC s
g e i, ¢ !
(1500 Hz) maodulation ~ 4 ~ ~ = component from LPF 4
GND : GND GND GND autput E D VEE
: ' V0D '
us02a oo % VoD VDD VDD D304, R309, C310, R3LL “’T
Clock comparater: o Envelope d - N - +
= - . ~ . , pe detect produces a positive > u3oz2c C313
st Bl with voltage when a is detected. This is | LM393 —p
lr\‘;iff.e.g!.s-wh:rpjnf; 2 used as the data input for the digital -
B, = R315 R317 a R318 lock., R311 is chosen so this signal
:jr'é‘ﬂ:L‘tﬂm' signal 1s 10k 10k :_:;St; 10k transitions low before BPF_DETECT. a
BPF_DETECT LF_DETECT J? -
GND
i : I N .
usozs R321 R322 ] I I
Data comparator: 3.3k 10k 1
invertin Eomparafnr with : Massachusetts Institute of Technology
_ 1 Sheet: /IR Receiver/
;oegxlaciwed by the 1= 7 ~ H File: ir_receiver.sch
g GND GND i
photodiods. : Title: 6.117 Final Project: Receiver
: : Size: USLetter | Date: 1/15/2020 Rev: A.0.1
KiCad E.D.A. kicad (5.1.5)-3 Id: 4/5
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Operational amplifiers

* Operational amplifier (op-amp): Amplifies the difference
between two voltages

« “Operational”. can be used for arithmetic operations
(addition, subtraction, multiplication by a constant)

 Many common circuits can be enhanced with op-amps

Op-amp equivalent circuit UA741 / LM741 pinout diagram

*+WVaupiy

Inverting vV o

Input 1j

Mon-inverting o
Input V2

—o



ldeal op-amp properties

Two “golden rules™ of op-amps:

1. Inaclosed loop the output attempts to do whatever is
necessary to make the voltage difference between the

Inputs zero.
2. The inputs draw no current.

1 Horowitz, Paul; Hill, Winfield (1989). The Art of Electronics.



Transimpedance amplifier

 Transimpedance amplifier: Converts current to voltage
« Used with photodiode to produce a light-varying voltage

R ¢

l—w\n—

out



o

Filtering

* Filter: Circuit whose response depends on the frequency
of the input

» Reactance: “Effective resistance” of a capacitor, varies
Inversely with frequency

« Can construct a voltage divider using a capacitor as a
“resistor” to exploit this property

Ri = 4]
Rz =
Vin % Rz Vout vcut = 1II"'Irin E
C) % 1 (R: + Re) = Capacitive
A = Reactance
_ (Xc)
Capacitance, C 5
. J=0Hz ___ = o
b— = e = e
1 x: = o x: = D
XC = — = =
227C I=0 I'=Max 0 Frequency Hz

6.117 Lecture 5 (IAP 2020) 23



Types of filters

-~

Ap

* Low Pass Filter

A\

Resistar, R I

AAAY

o V 1
L PF Pace . Vi Capacitor, © ——t Vout fC = ZnRC HZ
N -
Ap Capacitor, C
¥ High Pass Filter . A | =
\/ . 1
HPF Stop Pass Resistar, R f-C — 27-[RC HZ
U T G -
Y . A ) A 1
Band Pass Filter o Vi I = }\/\/\/7'—0 fH HZ
2R, C;
B PF Stop | Pass | Stop v i T 1
f Hz
. 1 o - & 27TR2 CZ

-

fo Ja
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Transfer functions

« Transfer function: Ratio of output to input voltage
« Can be derived with voltage divider analogy

Low-pass filter (LPF)

R
Ay

Vin(s)— i C —Vout(s)

BodeDiagran

MaghitudeldE]

o B
o o Co T o o
Vo Vo o Lo o

-a T T , IIIIIII\\T\‘WH I
o o o [ RN o
i i i L T i

-18 T T T T T T T T TR T T
I I I | IIIIIII\\IIIIIIII

-7 [N [N [N [N I\l\:\l”l
Vo Vo Vo Vo S

-5 o o o o T
Vo Vo Vo Vo o

i o o o o
-45 iE 0 TED i fiEs
FreguencylHz]
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High-pass filter (HPF)

c

(=
Vin(s)— % =3 —Vout(s)

BodeDiagran

Maghitude[dB]
8]

-20

-40

2 -1 T (]

iE
FreguencylHz ]

25



Transfer functions

CICEACIRIRLRS

5|8

53+52[1+1+1+1+1]
ClRl ClRZ C2R2Z C2RS (CiR4

| | 1 | 1 |
+5 + + + + +
[CHCE!RIRE CUIC2RIRS CUCIR2RS CUO2ARIRA CDMCT2IRIRA CECERERAJ
R+ 72
+
CUC2C3RIR2RIRA

Equivalent block diagram:

2nfel (2mfe2)?
Vi(s)— . —Vo(s)

Y L JRy 2
st2micl 5=+2{(2mfe2)s+(2nfc2)”




“Infinite-gain” BPF

C2

]

N

R2
NV
R1 C1
O—T VAV . .
‘\.In . Vaout

o O

f, =
" 2 JRRCC, "

Maximum Gain, (Av) = -
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R
oo

Gain

Q - _Jr

(3dB)

Resonant Frequency, Fr

HIGH Q"
Marrow Bandwidth

LOW Q"
Wide Bandwidth

| -

! Frequency

2

= -2Q

27



Infinite-gain BPF

Center frequency
fo = 37513.36740531 [HZ]

Gain at f,
Gy = -6.4285714285714 [times]
(16.162289475222) [dB]

Quality factor
Q =1.5152363929535

6.117 Lecture 5 (IAP 2020)
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Sallen-Key LPF

BodeDiagran

MagnitudedB]
)

Sallen-Key Low-pass Filter

=20

-40)

c1

—60

Vin(s)— o R + , — Vout(s)

—&i

C2 l = 100
120

—140

1E0 1
FreguencylHz]

tciokawa-denshi . jp
BodeDiagran

Cut-off frequency
fc = 734.12700957167[Hz] o |

—60

=50

Quality factor _
Q =0.38034181383647

-1&0

1E0 1
FreguencylHz]

tciokawa-denshi . jp
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LTSpice model

Photodiode
model: Models
parasitic
resistance and
capacitance

Simulation
directives:
Assign values to
model
parameters
(supply voltage,
modulation
frequency, etc.)

PULSE(0 1 0 10n 10n 50m 100m)

{r_shunt} 2

PULSE(0 1 0 10n 10n {1/(2*fm)} {1fm})

1
I I
I I
I I
I I
l I
param vad=5 ° I
| ®
I I
1 Vo e 1
L wddy = 1000 I
T —————— 1 Rser={r_supply} i
o || 1
1 .tran 100m 11 1
| ‘param fc =38k 11 1
.param fm=500
1 .param i_dark=10n 11 1
I .param i_Iig!]1t=1u 11 1
.param c_j=1p
1 .param r_shunt=1Meg 1 1
I _param r“series=10 1 1
e Sy UL ——— |
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Power supply
model: Models
series resistance
and bulk
capacitance

Receiver
model:
Constructed as
on PCB

Comparator
section:
Contains AND
gates to produce
readable
simulations
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Modulation scheme (not to scale)

 Amplitude shift keying (ASK): Changes in amplitude of
carrier represent binary data

« Modulate with 500 Hz for 0, 1500 Hz for 1

f, = 38 kHz f. = 38 kHz
r A r
f, =
1500 Hz

f,, = 500 Hz

Voltage
Voltage

Time
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Modulation scheme (to scale)

V(transmit) V(transmit)

1.0v 1T i T 1_0\1______’____ - - N -
0.9V LIREEIARRIL RRE RAL 1 M HH ! } ! 0.9V ‘
D.BV HIRERIRRRTARRERA} L IARNAS 4| ERRRRRAARAATAN ! 1 { 0.8V
0.7V 0.7V
0.6V 0.6V o ~H a ; g F Y
0.5V 0.5V ! NIRRT 4 INTRUSRANEY U 1 IR AANR RN IRRAS L
0.4V HIRERIRRRTARRERE} ! 4 N ERAR RRAARARTAN ! ! ! 0.4V L ! ! L A AR RNARAR
0.3V 0.3v SRR IRERAARE I I 11— — A AR
n.2v n.2v - IS IR L
0.1V DAV ; i ANHAAREANE | S S AR AR R L
L i e p.oy [ HH R ol Al duuiy -

0.0ms 0.2ms 0.4ms 0.6ms 0.8ms 1.0ms 1.2ms 1.4ms 1.6ms 1.8ms 0.0m: 0.2ms 0.4ms 0.6ms 0.8ms. 1.0ms 1.2ms 1.4ms 1.6ms 1.8ms
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Comparator

« Comparator: Compares input voltage (V,,) with
reference voltage (Vrgr)

 Exploits “infinite” gain to produce binary output
« Most op-amps cannot operate rail-to-rail

Non-inverting comparator circuit Inverting comparator circuit

+Veo FRY . +Wee +Ver

i Vin T 4 Vin
A éﬁ - VEC /\\ Veer éﬁ - Vzﬂ /\\ Vrer
Vi @ + Vrer +
;/:ﬂ.l/>—T y time /\ ;>—T . time

ouT saturation Vin e saturation

?R VDIT %R vTT
| v 1 = time i Ov ¥ > time

= ) Vin< Vrer Vin > Vrer = Vin< Vrer Wi > Vrer
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Comparator with hysteresis

* Hysteresis: Removes noise from comparator output
 Creates upper and lower “trip points™ (V1 and V p)
« Amount of hysteresis determined by R, and R,

_ R
P=RTR;

VHysTERESIS = VYuTp — VLTP

VHYsTERESIS = +PBVee - (-fVec)

~ VhysTERESIS = 2BVCC

Non-inverting comparator with hysteresis

6.117 Lecture 5 (IAP 2020)
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V(Ipf)
2.4V

2.0v ﬂ

o A

sawe LTt

0.8V | |

0.4V

0.0V i SRNREREN L

0.4V o II Ilf

-0.8V ‘ |

.2V H . H | \l
| | \

-1.6V——1

R
EEAARARERRRRAARARE

V(If_present) V(detect) V(zero) V(one)

—
[ —
=

-2.0V
5.5V

5.0V IV VaVa

L~

4.5V —_

4.0V

3.5V —

A
3.0V -/ ________

T — — T T S T T e e e s | - P ————— - — [
2.5V Il Viysteresis = 900 mV | A=,

i

e o e e S JRS JURPESY R ipispiuyiupupl ptspiuyinpnpinptspiugh
2.0V I

1.5V

e
0.5V /F—//

0.0V ﬂ
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Course conclusion



Related courses

Intro

* 6.002 (Circuits and Electronics)
* 6.003 (Signals and Systems)

* 6.004 (Computation Structures)

Lab (advanced)

* 6.101 (Analog Electronics Laboratory)
« 6.111 (Digital Electronics Laboratory)

* 6.131 (Power Electronics Laboratory)



Wrapping up

Please complete subject evaluations
In particular,
* Were the labs too long/too short?

« Should the lectures focus more or less on theory?

EE Careers and Experience Panel
Friday, 1 — 3pm in 4-231
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