EE 40 Fal Project

Part I: General instruction

[u—

. The final project will count for 7.5% of your grade.

2. This project is composed of a basic part and a creation part. A circuit diagram will
be provided for the basic part, while no circuit diagram will be given for the creation
part.

3. Every effort must be made to team up as a team of 1 or 2, only under very, very,
special circumstances and approval by head GSI is required for forming a team of 3.
Please try to find your lab partners before hand. One of your team members will keep
the board and the components during the project period. Try to protect your progress,
and keep it in a good condition.

4. Every group will get a project kit with a piece of breadboard and all the
components. Please check with the component list in lab guide part V to see if the
kit is complete. Keep it in a good condition during the whole project. We don’t
have many extra parts to supply if you lose any of them.

5. The grading will be mainly based on the lab report and the circuit functionality.
Typed lab report is preferred. Hand written is also fine, but has to be neat and clear.
Please see part IV for more information on the lab report.

6. Lab report is due by December 10:n. We will have a final competition. You may
choose to enter the competition to display your work. The competition will be
held on Dec. 10, 2007. The professor and all lab GSIs will attend this
reception/competition and select the projects which exemplify work above and
beyond the guide instructions. Each group entering the competition must do a 5-10
minutes show and tell.

First place (1 team): TBA

Second place (1 team): TBA

Third place (1 team): TBA



Part II: Basic Circuit—Light Sensor

1. Function analysis
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Figure 1. Basic circuit diagram
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Thas 15 a heght sensmgz cuewnt. When there 15 no Iight shinnms on the coremt (mamly
the defection part), the gresn LED wall be flashmz When light 15 shinmz on the
careuit (meainly the detection part), the red LED wall start flashing mstead of the zreen
one.

The whole cirownt can be tom down mmto 5 bazie building blocks labeled A-E m the

dizgram. We will analvze them one by one m order to wmderstand the fimctions.

A. 4.5V DC power supplv.
The circunt 13 gomng to be powerad by 2 9 'V battery, but lower DC power 15 also
needed 1 the ciromt. Part A 15 using an op-amp to buld up a sumple voltage
follower winch zives 4.5 V output. Smece 4.5 'V 1z lalf of 9V resistors Bl and B2
are aqual. Cl and C2 are filtermg capacitors, wiuch are usually connected m
parallel wath the DC output m order to filter out any logh frequency AC =igmal
comeng from the noize

B. Square wave oscillator
Let’s analyze it 1 a tune sequence and wse 4.5 V as the voltage reference. The
curewct dhagam can be redrawn as shown i Figore 2 (b)
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Figare 1. Square wave oscillator (a) with reference at OV (0) with reference at 4.5 W

Intially ¥, =0 and there 1= no charge on the capacitor However to the reference 4.3

V. F,=-435V and ¥ =—435V. Smee thus ciromt has a positive feedback loop,
any shght difference between V+ and V- may make Vi, lugh or low clamped to the

B .
R+R, -

=43V, 0 the

power supply value. In this mal condmon, F, =—4.5

output goes lugh and get clamped to 4.5 V mmediatsly after the circwmt 15 on. Now




L. . R
the coomt 1z state 1; B =45V, F =45—
coemit 15 m state - i EiR

and capacitor C3 1z bemg

charged from V.. So V- 15 nang up. When V- 15 as lngh as or just shghtly lngher than

V=, the cuowt togzles because of the positive feedback. Crutput wall be clamped at

45 V smee F »F . Now the cwomt 1z m state 2 F, =-435V and
R,

F —4JR ) . The capacitor 1= being discharged from V. And V- 15 fallmg

down. When V- 15 as low as V+ or just shghtly lower than V+, the cirewt toggles
again because of the positive feedback. Then the output 15 clamped at 4.5 V agamm,

V. =45 —— T+ R, ) and the capacitor 13 being charged from V. again.

Therefore, we see that the cweowt 15 togzhing between the two states, and the output
violtage 15 either 4.5 Vor 4.5V, wluch forms a peniodic square wave. To understand

the escillation fimetion better, we draw wave forms at F. F and F_ on the same
scale as shown in Figure 3(b). It's clear that the threshold voltages of output ngh and
B, R,

low are 45x———V and —43x————V (o back to the ongmal cucwt wath

R, +R, R, +R,
refarence at 0V We just need to add a DC offset 4.5V to all the result and wanveforms
_2R, +R

as showm m Figure 2 (a). The threshold voltages changes to 45— and
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Figure 3. Wavetorms of V., V_and V; (a) with reference of 0 V. (b) with reference of 4.5V




C. Light generation and detection.

Light peneration can be realized by a vimble LED or any wiate hght sowrce (room
light, flash hght etc) Light source mtenzity 15 determined bv the detector
sensitrnty. Phototransistor can be used as a detector. Light exposure will mereass
the cwrent flowing through the photofransistor Photoresistor 1= another choice,
whose resistance will chanse when exposed to the light.

Infrared (IR} LED and detector are also avalable for hght gemeration and
detection.

D, Comparator and buffer.
Crpen loop op-amp can be used a5 a comparator. Foaitive mput connects to a fixed
D voltage used as a reference. MNegative mput connects to the detector end. When
detector detects light, current mersases. Therefore the voltage across BV, which 1=
cormectsd to the negative mput of the op-amp. mecreasss. When 1t's lower than the
refarence voltage, the output will be ngh—9% V. When 1t's lugher than the
refarence, the owput 15 low—0 V. Thus the hight on/off 15 comerted to LH of the
op-amp output. An WMOS vall be connected to the output of the comparator as a
buffer since the output will be dving the LED and the loge cirewt followme.
When comparator output (zate voltage of the NMOS) 1= low, the NMOS 15 off,
thus the drzm 1z hegh or floating. When comparator output 15 lugh, the MMOS 1=
on, s the drain 15 grovmdad. Thes way, we realize the light on'off to output H'L

COLVRrs10IL

E. AND zate.
Only when both inputs are high the output 13 lngh whoch wall hght up the red
LED

Based on the fimetions of all the buwlding blocks, the fimection of the whole cuowt 1=
zs follows. When light 15 off, the comparator buffer cutput 13 low. So the AND output
15 low, thus red LED 15 off However, the oscillator output wall make the green LED
flazhung. When the light 13 on the comparator buffar output 1= hngh (9 V), so the AND
gate ouiput 15 lugh when the oscillator output 15 m the lngh penod. thus the square
wave signal 15 transmutted to the red LED, wloch wnll be flazhmg then In addition,
beacause of LED 1= a diode, whach can onlv work m one direction, the gresn LED 1=
off when comparator buffer output 15 lngh

2. Hands-on

To buld and debug each block separately and then combme them together to realize
the whels fimetion will make the process faster and sasier. Try to make your cmemt
clear, compact and neat. It wall be mee-lookms and easy to debug.

We zrve general considerations of how to select values of the components and provide
recommended values and specifications for some parts.



A, Op-anmp 1= LRIC 6482, the same a3 we uzed m Lab 6. Poover supply wall be from a
9V battery. 5o V+i(pm 8) 13 9V and V- (pm 4) 15 0 V or zrowmd of the circwnt.
Since the owput iz 4.5 W, half of the power, we nead toro aqual resiztors for Rl
and B2, To make the power consumeption low, we use 10kL for B and B2, Filter
capacttors C1 and €2 can be 10pF. Smaller values can be used if high frequency
noize exists, BE CARFFUL THE POLARITY OF THE CAPACITORS, when
commectmg them to DT wolizge.

B. Human eves can differentiate frequency smaller than 30 Hz. 50 we need to make
the ozcillator frequency m the range 1 ~ 30 Hz. In crder to express the frequancy
m terms of B3, B4 and BS and C3, lats do some caleulations based on the
analysis in the zbove section. Since the two thresheld vahues are svmmetne as
shovwm m Fizwe 3, we know that the duty cvele of the soquare wave iz 50%: (half
pericd 9V and half penod O V). The penod of de square wave 15 decided by the
capacitor chargmg time constant B3 3. Lat's use the nsmg half period of V- m
Figure 3(a). Smee thas 15 a2 first order BC cirownt, the nsmg part can be exprass as:
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solution of the period or frequency since the signal 15 symmeaine. 5o to confrol the
frequency m the range of 1-20 Hz we wse F3=F3=10 k2, Fd4=>210 22 and C23=10
pF. Plug all these mumbers m the frequency equation, we have the frequency of
1.35 H=, whach 15 detectable by huomam eyes.

C. For the lizht senerztion, if room light or flazh light 1= being used: there 13 no nead
for light generaton cwomt If infrared (JE) LED 15 being used; the maxarmum
plovent 15 avound 20 mA, and thresheld veltage 15 about 1.7 W 5o we use B =
200 £ or sinmlar to keep the cuvrent belowr 30 md
For the detectom part. we use different BV for different detectors. I
pheototransistor 15 bemng wsed, which can detector 1mtense whate hight (flash Light



has to be the source), B7 can be 10 kQ fo keep the ciorent smaller than the
maxmman 25 mA and alse keep the power consumption low. Please sse Figure 4
for the pm configuation and comection of the phototransiztor

Figme 4 Phofomansisior FET 100 pin configaration

If photoresistor 15 being used, which can datect just the room lizht with lower
senziiraty, BT = 1 kS would be a good chodce. With room light on the resistancs
can be about 30 £, depending on the hight mtenstv. Witk room hght off or simply
blocking the swface of it, the resistance can be as hugh as 1 MEY. Then BTV and the
. : p R e s
photoresistor fomm a simple veltage doider. 50 F =—————— =45V, Table 1
R, _'R-I..I.'h.l.-l
grves a summmary of components, values as well as output voltage ranges of
different source/datector schemeas.

Source Detector Ré () R7 (%) Crutput V-(V)
Flazh hght - 10k -4
photoresistor
Eoom light - 1k 2]
photoresistor
[E1ED/IE 200 10k -4
datector

Table 1. Light source and detector schemes

Ix Pot B8 15 a voltage divider too. It needs to be fumed to the value that makes the
puwiput voltage roughlv m the muddle of the on-off range of V- In order o
distinzuish lizht-on and light-off states. 3O pot will be used to provide the
voltage refarence. Tum it unt] the output valtage 15 about 2.3-3 WV or even hizher
depending on which detector 1= being used The MMODS 1z BS170. The zats

thrazhold voltage 1= about 2.2V Plaase rafer to the spec for more indformation.

E. Dland D2 can be 1M4143. To keep the cument smaller than 30 mA for all the
diodez (D1, D2 and LEDs), we use B9 = 1kQ2 R10 = R11 = 510Q. Any other

smular vahies will be fine too.



Table 2 summmanzes all the componsnts yvou mayv nead fo buld the basic oot

El 10 kG 1 10 pF
R 10kQ [ 1] 10 puF
E3 10 kG i3 10 pF
E4 5100 D12 114148

s 10 kG N1 B5170
E&6 == 200 £2 Op-amp LMIC 6482
R7 0BT EQI0kD |  Lichtsource | © o0 _F‘E“[;'“‘ Ik
E3 kD pot bttt

Detector protoresstor

RO 1 kO IF. detector
E10 5100 Battery av
E1l 51062 LED: Creen and Fed

Takle 1 Basic ciruit components summary
Part III: Creation Portion

For each question, you have to provide a circuit diagram with components’ values,
design analysis (including function analysis and value selection), and measured
results similar to your analysis required in the basic lab.

Please address all the important issues or difficulties you encounter in your design and
experiment. Please indicate if you realize the required function. Even if you didn’t realize
the function completely, partial credit will be given if you provide good detailed
measurements and explanations and can explain what problems you ran into.

(1). Maintaining the basic function of the circuit, add a buzzer to it to make it buzz

with the red LED in phase. When the red LED is on, the buzzer should buzz, when the
red LED is off, the buzzer should keep silent. Note — the buzzer will not work powered
with just a DC voltage. It is like a speaker and requires some AC signal within the range
of human hearing (a good range to try would be around 200Hz to 1kHz, which is close to
human speech).

(2). Make the LED flashing speed adjustable.
(3) Make the buzzer pitch adjustable.

(4). Maintaining the basic function of the circuit, add another yellow LED flashing
together with the green one, but out of phase (or with © phase shift), which means when
green is on, yellow is off and vise versa. However, when the red LED is on, both green
and yellow should be off.



Part IV: Lab report

1. Basic circuit (100 pt)

Please report the result of each building block.

A. 4.5V DC power supply (20 pt)

_Draw circuit diagram with component values. (4 pt)

_Do analysis on the circuit, such as design principles, important issues.(6 pt)
_Provide measured results, such as important voltage levels etc. (6 pt)
_Comparison between analysis and measurement. (2 pt)

_Building block function description. (2 pt)

B. Square wave generator (25 pt)

_Draw circuit diagram with component values. (5 pt)

_Do analysis on the circuit, such as design principles, important issues.(8 pt)
_Provide measured results, such as wave forms, signal frequency, important
voltage levels etc. (8 pt)

_Comparison between analysis and measurement. (2 pt)

_Building block function description. (2 pt)

C. Light generation and detection (20 pt)

_Draw circuit diagram with component values. Indicate the scheme that you
use. If you use multiple schemes, please describe them all. (4 pt)

_Do analysis on the circuit, such as design principles, important issues.(8 pt)
_Provide measured results, such as wave forms, signal frequency, important
voltage levels etc. (6 pt)

_Building block function description. (2 pt)

D. Comparator and buffer (25 pt)

_Draw circuit diagram with component values. (5 pt)

_Do analysis on the circuit, such as design principles, important issues.(8 pt)
_Provide measured results, such as wave forms, signal frequency, important
voltage levels etc. (8 pt)

_Building block function description. (4 pt)

E. AND gate (10 pt)

_Draw circuit diagram with component values. (3 pt)

_Do analysis on the circuit, such as design principles, important issues.(3 pt)
_Provide measured results, such as wave forms, signal frequency, important
voltage levels etc. You may want to provide measured logic table for this
case. (3 pt)

_ Building block function description. (1 pt)

2. Creation portion (44 pt)

_Draw circuit diagram with component values. (5 pt/each part)

_Do analysis on the circuit, such as design principles, important issues.(3 pt/ each part)
_Provide measured results, such as wave forms, signal frequency, important
voltage levels etc. (3 pt/each part)



Part V: Component list

Component Value Quantity
10 E£2 8
1 k2 3
Resistor 210 © 3
200 22 1
Xl %+
Pat 10 k22 2
3 EQ 1
C . 10 pE 3
apacitor 0.1 nF 1
Component Model Quantity
Op-amp LMC 6451 2
NMOS BS170 3
FMOS ZVPIl06A 1
Diode 1N4145 2
LED Green, Yellow, Red 3
IR LED 512-QED413 1
IR detector 511-05D72 1
Photoresistor - 1
Buzzer - 1
Battery oV 1
Breadboard - 1




