3 Handouts
Lab 3 (2)
Lecture notes

Vacuum Tubes, BJT or FET?

Circuit Analysis: Amplifier & Feedback
Classic BJT Circuits

Arduino Intro

Acknowledgements:
Yanni Coroneos, Henry Love
Neamen, Donald: Microelectronics Circuit Analysis and Design, 3™ Edition
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Vacuum Tubes

Linear without feedback

Characteristics independent
of temperature

Wider dynamic range

e NY Times

— “Guitar heroes favor vacuum tube amplifiers in
their instruments”

— “Many recording engineers tend to use vacuum-
tube equipment in their studios”

— “Some listeners pay thousands of dollars for high-
end tube-based stereo systems and CD players.”

6.101 Spring 2019 Lecture 5 2



BJT or FET

e Depends on application
 Amplifiers
— BJT

e are more linear that MOSFET, better fidelity (low harmonic
distortion)

e can drive low impedances at higher power
* lower noise with low source impedance
e Operateat<2V

— MOSFET
* high input impedance
* Voltage controlled device => lower power



Transistor Configurations

TRANSISTOR AMPLIFIER CONFIGURATIONS

low input impedance

high input impedance, for voltage gain=1; use for low impedance

general amplification in amplifier output

9 +15 stage sources, for high g t15V
' frequency response.
R R
B\]T RZ : R2 § R2 L
+ +
+ + j—o o |
R, Vour V. R ¥ \7 L Vour
Vin Re ; in 1 Vour in T R, § Re
e, O O O o, O
[a] Common Emitter Amplifier [b] Common Collector [Emitter Follower] Amplifier [c] Common Base Amplifier
Vm’ Voo
RJ I
Ry (‘m_’i Cez
R, Ro R, Ce A b I
FET Ry; Ce Vo v 0 (:i)fp Ry %N{
w L R Co ks
; R, % Re = ¥ (¢ G o =
JT_ -
L

- Common gate
Common source Common drain [Source follower]
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Miller Effect* — Common Emitter

lvs)
1@

1, Cf) V, STz ==C_ To

Cy =C,[1+9,(Re[R.)]

* Agarwal & Lang Foundations of Analog & Digital Electronics Circuits p 861
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Input Impedance and Frequency Response

O YAYAYA O
R l 4
. .
1
AYo_ JX _ jeC 1
TV, R+j X, R4 1 jwRC +1
j oC
A = L
" sRC+1
High frequency cutoff f_ = L
" 2zRC

log scale

A, (dB)

slope = -6 dB / octave
slope = -20 dB / decade

00
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I
I
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I
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I
I
Degrees :
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I
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Low Frequency Hybrid-mt Equation Chart

Characteristic Common CE with Re CC [E. Follower] Common Base
Emitter
Voltage Gain A =—g R, i ~ R, 4, =1 4 = PoR;
[if ro >>Ry] 4N ETp v /IR 1)R
I E I ;“:r E +(ﬁn + ) 5
Current Gain Bo Bo Bo+1 B,
B, +1
Inlet r;r "I"'I‘ RB I:r'r +(ﬁﬂ +1)R£i|}f}f RB [r'r + (180 +1)RE ]’U RB r:r _
Impedance P B +1
Output R R (? +R // ) RL
Impedance T < _B7\/IR,
[if o >>Ry] [if o >>Ry] B, +1 [if ro >>Ry]
Phase Yes Yes No No
Reversal?

High gain applications
Moderate input resistance
High output resistance

Unity gain, low
output resistance
High input resist.

High gain, better high
frequency response
Low input resistance




Cascode Amplifer

e Two transistor amplifer:
common emitter (CE)

with a common base

) . No Miller effect
 Miller effect avoided by

setting gain of CE stage
low.

Miller effect

e CE stage provides high
input impedance

e Common base (CB) Vs
provides gain without
Miller effect; base is
grounded.

Neamen p445
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Objectives

Perform an analysis into the behavior of a
complicated circuit using basic properties of
BJT’s (npn, pnp)

Calculate gain of the system

Discuss crossover distortion issues in
push-pull amplifiers

Understand feedback



Three Stage — Push Pull Amplifier

f+15v

30k 1k
P
c|in nz |Q2
/ nt
n4
S0
Vin n3

3k 1k 10k

=] oM
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Three Stage Amplifer — Block Diagram

£+15v

Low High Unity gain
voltage = voltage =| crossover
~| , gain gain distortion

Feedback
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+15V

Q3-Q4 Push Pull

n4

+ Vout -

10k

100
10k

6.101 Spring 2019

=N

Lecture 5

Q3: Emitter Follower
(positve cycle)

Q4: Emitter Follower
(negative cycle)

Overall gain ~1

Q3 &Q4V,,are
always one diode
drop

Crossover distortion
about zero crossing

12



Crossover Distortion

6.101 Spring 2019

Lecture 5
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Q2 — High Gain Stage

+15\
100
né
Q3
+ Vout -
n4 } n5
100
Q4
10k
10k nz
100

=15V

|
Op = v = 38* l¢q
TH
15
« 10
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A, =-570

Since last stage is an emitter
follower, node n4 should be
biased near zero volts.

Q2 is a common emitter
configuration with a pnp
transistor.

For pnp configuration, reverse
the polarity of the voltages from
a npn.

ﬁO:gmrﬂ
leo
=— V., =26mv
gm VTH TH
— oR
A\/: IﬁBOLZ_ngL
O

14



Q1 Analysis

6.101 Spring 2019

Lecture 5

The emitter follows the base by 0.6v,
Ve incrementally follows vp

The emitter current  ; _ Vs — (~15) a Ve ~Vour

= 1000 10000

The collector voltage, assuming large B ( iz=ic )
is ve =15-1000ic
1

Then AVC = —%Avg +EVOLT

Now we have enough information, i.e. equations
to put everything together.

11 1
Vour = _570[_ 10 Vv + E"owj

570 11
VOLT(I + W] = 570{Ej1£\

)
Vour _ =
= 570 10.8

10

Vo
" 1+

15



30k

Cin

6.101 Spring 2019

Biasing

f +15V
100
1k né
n2
Q2 Q3
& n4 n5
n3
Q4
1k S n7
100
—-15V
Lecture 5

+ Vout

100
10k
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Biasing — Quiescent Point

e Determine the quiescent point
e ForBJT

— assume V= 0.6V
— assume base current neglible

e Apply KVL, KCL



Biasing — Quiescent Point
f +15V
v(n5) =Vout=0
0.6 ma
l . v(nl) -v(n3) =0.6
06 v(n2) = 15 - 0.6
30k 1k
P
Cin L2 Q2
/o 577-12.4 2
STIN $a :
Vin Y, 130Nn3 100 /77
_ | S
It 10k
/L 3k 1k 10k KCL: i,=0.6 +1i,
l ] v(n3)-(-15) _ 0.64 0—v(n3)
1k 10k
v(n3) =-13 or v(nl) =-12.4v
= B\
v(nl) =-12.3v for 30k /3k
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Key Observations

* Crossover distortion caused by base
emitter voltage.

 Feedback results in overall gain
independent of 3

e Biasing not precise, highly dependent
on supply voltage (poor supply
voltage rejection)



Classic BJT Circuits/components

Darlington Pair
Matched transistors
Short circuit protection
Currrent mirror
Schottky diode

Baker Clamp

V,. multiplier



COLLECTOR 3

BASE

EMITTER 1

6.101 Spring 2019

MPSA13 Darlington

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Characteristic

Symbol

Max

Unit

OFF CHARACTERISTICS

Collector - Emitter Breakdown Voltage
(Ic = 100 pAdc, Ig = 0)

Vierices

Vdc

Collector Cutoff Current
(Vce= 30 Vdc, Ig =0)

Iceo

100

nAdc

Emitter Cutoff Current
(Veg= 10 Vdc, Ic = 0)

leso

100

nAdc

ON CHARACTERISTICS (Note 1)

DC Current Gain
(Ic = 10 mAdc, Vce = 5.0 Vdc)

(lc = 100 mAdc, VCE =5.0 Vdc)

MPSA13
MPSA14
MPSA13
MPSA14

hee

5,000
10,000
10,000
20,000

Collector - Emitter Saturation Voltage
(Ic = 100 mAdc, Ig = 0.1 mAdc)

VCE(sat)

Vdc

Base -Emitter On Voltage
(lc = 100 mAdc, VCE =5.0 Vdc)

Vee(on)

20

Vdc

SMALL-SIGNAL CHARACTERISTICS

Current-Gain - Bandwidth Product (Note 2)
(Ic = 10 mAdc, Vce = 5.0 Vdc, f = 100 MHz)

125

MHz

1. Pulse Test: Pulse Width = 300 us; Duty Cydle < 2.0%.
2. fr = |hte| * fiest-

Lecture 5
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Matched Pair

&Nationat Semiconduc

December 1994

ctor

LM3045/LM3046/LM3086 Transistor Arrays

General Description

The LM3045, LM3046 and LM3086 each consist of five
general purpose silicon NPN ftransistors on a common
monolithic substrate. Two of the transistors are internally
connected to form a differentially-connected pair. The tran-
sistors are well suited to a wide variety of applications in low
power system in the DC through VHF range. They may be
used as discrete transistors in conventional circuits howev-
er, in addition, they provide the very significant inherent inte-
grated circuit advantages of close electrical and thermal
matching. The LM3045 is supplied in a 14-lead cavity dual-
in-line package rated for operation over the full military tem-
perature range. The LM3046 and LM3086 are electrically
identical to the LM3045 but are supplied in a 14-lead mold-
ed dual-in-line package for applications requiring only a lim-
ited temperature range.

Features
® Two matched pairs of transistors
Vgg matched +5 mV
Input offset current 2 uA max at Ic = 1 mA
m Five general purpose monolithic transistors
®m Operation from DC to 120 MHz
m Wide operating current range
® Low noise figure
m Full military
temperature range (LM3045)

3.2 dB typ at 1 kHz
—55°C to +125°C

Applications

m General use in all types of signal processing systems
operating anywhere in the frequency range from DC to
VHF

m Custom designed differential amplifiers

B Temperature compensated amplifiers

Schematic and Connection Diagram

Dual-In-Line and Small Outline Packages

SUBSTRATE

Ilz

1 |1o |9 8

=

i
as
o E az

2 )

w
-
~

TL/H/T950=1

Top View

Order Number LM3045J, LM3046M, LM3046N or LM3086N
See NS Package Number J14A, M14A or N14A

6.101 Spring 2019

Lecture 5

Close electrical and
thermal
characteristics

Supermatched
pairs also available

Used in differental
amplifiers and
measurement
equipment



Super Matched Pair

LM194/LM394 Supermatch Pair

General Description

The LM194 and LM394 are junction isclated ultra well-
maiched moneclithic NPN transistor pairs with an order of
magnitude improvement in matching over conventional tran-
sistor pairs. This was accomplished by advanced linear pro-
cessing and a unigue new device structure.

Electrical characteristics of these devices such as drift ver-
sus initial offset voltage, noise, and the expeonential relation-
ship of base-emitter voltage to collector current closely ap-
proach those of a theocretical transistor. Extrinsic emitter
and base resistances are much lower than presently avail-
able pairs, either monolithic or discrete, giving extremely low
noise and theoretical operation over a wide current range.
Most parameters are guaranteed over a current range of
1 pA o 1 mA and OV up to 40V collecior-base voltage,
ensuring superior performance in nearly all applications.

To guaraniee long term stability of matching parameters,
internal clamp diodes have been added across the emitter-
base junction of each transistor. These prevent degradation
due to reverse biased emitter current—the most common
cause of field failures in matched devices. The parasitic iso-
lation junciion formed by the diodes also clamps the sub-
strate region to the meost negative emitter to ensure com-
plete isclation between devices.

The LM194 and LM394 will provide a considerable improve-
ment in performance in most applications requiring a closely

6.101 Spring 2019

matched transister pair. In many cases, trimming can be
eliminated enfirely, improving reliability and decreasing
costs. Additionally, the low noise and high gain make this
device atiractive even where matching is not critical.

The LM194 and LM394/LM394B/LM394C are avaiable in
an isolated header 6-lead TO-5 metal can package. The
LM394 /LM394B/LM394C are available in an 8-pin plastic
dual-in-line package. The LM194 is identical to the LM394
except for tighter electrical specifications and wider temper-
ature range.

Features

m Emitter-base voltage matched o 50 pV

Ofiset voltage drift less than 0.1 pV/~C

Current gain (hrg) matched to 2%

Common-mode rejection ratio greater than 120 dB

Parameters guaranteed over 1 pA to 1 mA collector

current

Extrernely low noise

m Superior logging characteristics compared to
conventional pairs

B Plug-in replacement for presently available devices

Lecture 5

Metal Can Package

e Characteristics approach
theoretical transistor

V,, matched to 50 pv

hee matched to 2%

23



T 7805 Regulator
e Short Circuit Protection

-  When voltage across

- . R16 exceeds ~0.6 volt,
Q14 diverts away base
drive to Q15.

Azi

 Note Darlington pair
Q15, Q16

< R21
26Tk

*+—GND
T TRIOT

6.101 Spring 2019 Lecture 5 24



356 Op-Amp
Short Circuit Protection

JJ564E13

6.101 Spring 2019 Lecture 5
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Current Mirror

Q14

3 2 INVERTING
NON=INVERTING
o1 Q2 < RS
INPUT j— INPUT :; 39
Q15
A '\ o4 r S 25
——
6ouwm
g R10
< 50
Q10
Q11 Kozo
OFFSET NULL
R4 > R12 R11
SK 50K 50
& y 3 o‘-v’
TL/H/9341-1
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'S00

Vce
2.8 kQ 900 Q 50 2
3.5kQ
A— — Y
B
500 O g 250 Q
s /_}07—0— GND
* Walter Schottky

6.101 Spring 2019

Schottky* Diode

e Schottky diode formed with
metal-semiconductor junction vs
pn junction

 Lower forward voltage drop: 0.15-0.45
vs 0.6-0.7 for pn junction

e Almost zero reverse recovery times.

e Used in 74LS series logic Low-power
Schottky

Lecture 5

27



Baker* Clamps

e Reduces turn off time
by limiting saturation

e Baker Camp with

‘/ diodes

o f- Baker clamp with

Schottky diode
lUCE

UD
—
PF

UBE

*named by Richard Baker (1956); drawings from http://en.wikipedia.org/wiki/Baker_clamp

6.101 Spring 2019 Lecture 5
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V.. Multipler

V — (Rl+ RZ)V
R2

Lecture 5

BE
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Arduino, Teensyduino

Low cost open source microcontroller and development system

Many variants: Uno, Nano, Pro, Teensy ....

Arduino Nano
— 16MHz ATmega328, 32KB flash, 1KB EEPROM, 2KB SRAM
— 221/0 ports: analog/digital
— 5V (19ma) operation

Teensy 3.2
— 72Mhz MK20DX256, 256KB flash, 2KB EEPROM, 16KB SRAM
— 341/0 ports, 21 analog input (2 16bit ADC), 1 12bit DAC

Ideal for prototyping, process controller or state machines

Maybe useful for final project but only in a secondary manner:
— data display, control logic

Originals vs clones



Teensy 3.2 - Nano

Processor:

Clock Speed:
Flash Memory:
RAM:

Operating Voltage
GPIO

Analog Inputs
DAC

PWM

UART

Teensy 3.2
MK20DX256
72 MHz
256 KB
64 KB
3.3V
34
21
1
12

Nano
ATmega328
16 Mhz
1 KB
2KB
3.3V
14
8
0
6

external



Arduino Nano

SPI: +5, GND,
MISO, MOSI, SCK J2-pnl  J2_pina

\ 712 vbein 5V in or out

! ATMEGA 328P CPU
- 1;:‘
S ﬂ‘..?_ :— '3"9& J2 —pin 14
j _* <A ™. 3.3V @20ma
T \
/ ™ } = P

J1-pin1 -{f

.......

Mini USB:
programming & +5V
power

LEDs:
Power, LED, Rx, Tx
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Arduino Nano

J1

D1 /TX

1

DR/RX 5

, RESFT .

J1-pinl p

D2 5

03

o _.

05 :

e D& 9

- e 10

11

—\9 J_)

N1Q i3

D11 /MOS 14

CH340 S —_D12/MIS0 1
FTDI Clone

3.3V regulator

/ B LM1115
— i UIN +5U 3U3
J2-pinl T A 5V
i RESET ‘
: AO-A7 10-bit analog D3, D5, D6, D9, D10, and D11 provide
5 ¥ inputs referenced to 5V 8-bit PWM output with analogWrite()
.‘- A5 / or AREF using the
8 = 1 analogReference() D10 (SS), D11 (MOSI), D12 (MISO),
10 2 = / function; D13 (SCK) same as SPI header
- AR
13 ARFF A4 (SDA) and
;—j' D13/5CK A5 (SCL) support 12C
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Nano Multifunction I/O Pins

Partial List
| sncioni | encinz Jruniens
digital 1/0O SCK (SP1) Built-in LED

D12 digital 1/O MISO

D11 digital I/O MOSI

D3,5,6,9,10,11 digital 1/0 PWM

D3 digital 1/0O Interrupt 1

D2 digital 1/0O Interrupt O

D1 digital 1/0O Tx

DO digital 1/0O Rx

A5 analog in SCL

A4 analog in SDA

6.101 Spring 2019 Lecture 5



Serial Interface

e Arduino Nano clone uses CH340G; need to install serial port
driver.

e Drivers on http://web.mit.edu/6.101/www/s2019/drivers/
have been tested.
— CH341SER_MAC: OSX Mojave
serial port: cu.wchusbserial1410

— CH34x_Install Windows v3 4.zip: Windows
serial port: COM3... COMXx

— CH340 LINUX.zip: Ubuntu 14.04 ) driver install
serial port: /dev/ttyUSBO make

sudo make load




Teensy 3.2 )
Vin (93.7-5.5) ground ~FYYP— AGND

Keep analog and digital

AGND grounds separate
Micro USB: 3.3V 100ma
programming & +5V pin 23
power LP38691
\ . TI LDO 3.3V MK20DX256
. ARM Cortex-M4
- Y pin 13
MKLO02Z32VFG4

Kinetis L Periphera!lC
DAC, ADC

ground /

pin O

pin 12
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NS fan €1 ..
YIS oY #T @
wnol  S) v ST .
yanoL 0SS v 91 .
yanoL O¥as €v LI .
yanoL 0vas v 81 .
ydnoL 010S SV 61 .
WMd 5D 9y 0 ®
WMd SO X4 LV 12 .
WMd yonoL 8y 22 - ®
WMmd ynoL 6V €2 ®
(xew yw 05Z) AE'€ 4 ®
aNOY |
(soA 0903 9€) uA [ ®
o 2 88 PN ¢
=3¢ wwmw £55 A23
23 0 =0 5T
5 °%a M ©%® M =l 2
o
o
N
™M
>
(7p]
C
Q
Q@

Serial Ports

Kypgeded ydnuaw|
aney sud @ubip |1y

4l NIQ
4 1n0a
0T XL S
6 X4 SO
g8 €XL NId
L £€X4 1N0d
9
S Xl
b Xy
3 X1
4
I L
0 Xy
anN9

£§
37 8%
aa8 & £

CAN Bus

HMd
HMd

HMd
HMd
HMd
HMd

yanoL
yanoL

SPI Port
SP1 Library
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Teensy 3.2 Bottom

6.101 Spring 2019

-
: < =
8 a o E Cut 1o separate VIN from VUSB, if
v using a battery charger or external
= p— power for USB Device mode.
oo 55
i q o O
<< << = P (TR w
OO N M '?" ‘-2 == E L:”
NM MM Mo < < < <C >
K O
DAC/Al4 [ ) f
Program
GND
3.3V
VBat ] S N,
DOHOOHO
0 r~
~ ~ -
~ O v - Reset
Useveoln o o 3 Add 32.768kHz  Acd 150 4F
cell for Real Crystal for Red Capacitor for
Time Clock. ™~ (= Time Clack USB Host mede
< g
(-
Lecture 5
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Teensy 3.2

6.101 Spring 2019

VUsSBo

LP 38691

L

LcuLuwic o

4
s s | J_
PA 2.2uF MK20DX256VLH7
°f I T e AGND
- = - —03.3V
[ -1 VREGIN PTC2[$ 023/ A9
2.2uFI 1 vouTss PTCI [4 022/ A8
= et 0wk £ L Lo FRIVES e LAy
x3 I I I I L48} DD PTB2 |52 019/ A5
= = =T = PTB3 3 018/ A4
- PTB1 |55 017/ A3
Allo 2] ADCo_DMO PTBO |22 016/ A2
Al0o | ADCO_DPO PTCO |22 015/ Al
AREF o VDDA PTD1 |22 014/ A0
' ! L PTCS |22 013 (LED)
Lann 14 VREFH -~
—220FR 470 [ vReF_our PTC7 |22 012
- -~ 0.1uFz 0.1uF PTCE 011
Cd 15 49
usB y Ferrite ?\ T T [32] VREFL PTC4 142 010
Micro-AB 7 VSSA PTC3 €0 09
1 NE 33 c PTD3 5 o8
i I T ‘.;v;. USBO_DM Fro2 (23 o7
O
2 1 A 5l usBo_DP PTD7 [E4 o5
PTA13 o3
- e 32 pra18 PTAL2 % o3
16 MHz P';L'ig 20 g'i’
J_ 1A 23] pra1s PTB16 |22 o0
= = XTAL32 o GND
I°-1“F 20 ADCO_DM3 A2 0A13
L EXTAL32 03.3v
= 2L AT PTA4 ff 033
Prog 0— FTEB1E8 1 032
GND o— PTEO L 031
33vo PTCI1 230
VBAT © MKLO2ZZ32VFG4 PTC10 :g 029
Hvop  pra7 2 251 pTA3 ;Tng 5t ggg
3 8 22 2
| 2lp1Az  PTBOJE 2] PTA0 PTE1 |- 026
- —{p1as  prE1[2 PTA2 PTB19 (22 025
- £lPTas  PTA3 [ - PTAS 024
1 pB2  PTBS 1 PTAl » 0 GND
i pTE3 " " ADCO_DP3 0A12
o A A] 4 RESET_B
e vss  PTALP2 "
| PAD} 55 prAaz PE— d DACO ODAC/AL4
s vss
10 ] VSS
5 VSS
Reseto—« — LED
470

jo Ry



Teensy - Lab 3 part 2

Solder headers to Teensy

Attached spacer to TFT display

Wire circuit

Load sketch & verify display

Circuit will be used in PPG and ECG labs

6.101 Spring 2019 Lecture 5
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Laser Cutting
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Process

high-power laser beam optically
guided to machine head

head moves in 2D (x, y)

source: Universal Laser Systems

beam fired in rapid pulses while
head moves

material is ablated or vaporized

fumes extracted

source: n-e-r-v-0-u-s.com



Design

user generates 2D design

vector vs. bitmap =) 7x Magnification

user sets power, speed for

. . Vect
each colorin file ecor-

Ar | |
machine traces vectors /, < Iie |
" .:
— moves in steady line —'\ -
— line width < 0.001 inch Ice Cream

— “hairline”

or rasters bitmaps

— sweeps back and forth to fill in




UCP (Universal Control Panel)

Ak Sysiem J Disgnostics

Maierials Deiabase Manunl

3¢ (VRG] Camer 5
Selected: Print job Untitled-1 Tue 31 Jan 2017, 9:0%pm

s e
Vallum
Wood
Hard Wood
Medium Wood
Saft Waod
Very Hard Wood
Plastic
Rubber
Stencils

Click 1o aslect material, deuble-click ts edit, rightelick lor sther cammands.
Motos! 2.0 lons weed; alr assie! recommended on materdsle over 0,25 [Emm),
Primt Special Efiects i Wector Peformsnce
nk m——
Hormal Directien ' ﬂ_‘_ a
| Standand

Intensity fAdjusiment

Hasler
Q—¢—9O
Wectss Engraving
Q—¢—0 w
Wecter Culting
@—¢—0 =

Laser

Migierial Thickneas
nzee B

| * | WEnps Paged (Manual

| Fiture Type

F. F. Disconnecied.

8 ‘ i

COZ10.6y]

Defaus

B LT

Copies: n Funtime; ;000




Laser “Printing”

Materials Database Manual Control

Selected:

Laser Settings for PL5b.75

R —ve—

Intensity Adjustment

= — Acrylic
=--- Cast Acrylic
- Cast Acrylic Deep Engraving
~ Continuous Cast Acrylic
~ Extruded Acrylic
- Perspex™
- Microsurface Plastic
-~ Nylon 6/6
- Polycarbonate

Click to select material, double-click to edit. right-click for other commands.

Notes:

Raster

@ &

Vector Engraving

@

e ¢

Vector Cutting

@ %

= o

e +5%

|coz[1 0.60) -|

Print Special Effects Print Direction

|Norma| =

A4

[~ Frame Rasters

o

Yector Performance

" " . "

Throughput + 1

>

Units
Material Thickness ~ Metric

I 0.z2z0" s @ inches

¥ Merge Pages (Auto-Start)

Fixture Type

INONE v|

6.101 Spring 2019

Lecture 5

Defaults
Save

Cancel
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Laser Cuting — CorelDraw

Layout  Arrange  Effects Bitmaps Text Table Tools Window

B 6-0 - B fa B-@ spto - £
i I - -
3 4 T
PRIV KPR TP TR SR B |

(320
E P
1 5 [ 8 9

2
1

6.101 LAB
LI}
EECS

lines are board outline
Black lines will be rastered

v,
#,
Q,
%
)
=)
G,
)
A
&
<,
S
Ty
",
&,
(<)
4

BB 4 1of1 » M @[ Pagel |

» 2 KN
(7.583, 10.525) P
Document color profiles: RGB: sRGB IEC61966-2. 1; CMYK: U.S. Web Coated (SWOP) v2; Grayscale: Dot Gain 20%: W
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Laser Cutting Lab (Optional)

e Mon 2/25 4:15 and 5:15p EDS
e Laser Cut base
e Mount RLC-BJT/MOSFET testor



