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This document provides some tips for the PCB design process, from component selection to assembly.

Overview

1. Component Selection p-2
2. PCB Board Choices p.-7
3. Schematics Design pP-9
4. PCB Design Verification p. 11
5. PCB Assembly p. 12



1. Component Selection

Before actually starting the PCB design, you have the freedom to use any components you like,
as long as they’re readily accessible and affordable. It is then a good idea to use a big vendor such as
Digi-Key Electronics and Mouser Electronics. They have a variety of components and you can
place orders easily on OPS (Online Purchasing System, a system by the UC Davis College of

Engineering).

The following tips are for using Digikey to look for components (such as a filter IC).

e Check the “In stock” box wherever possible to get common components and to avoid the delay in

the future purchase.

Keywords: '9 filter ic

*| In stock
Lead free
RoHS Compliant

Search Again
Fig 1. Check the box for “In stock”.

PRODUCTS

e Ifyou’re having trouble using keyword searching, look into the specific category of interest and use
the sorting function to find components of desired specification (select multiple by holding Ctrl

and clicking).

I Product Index > Integrated Circuits (ICs) > Interface - Filters - Active I

Results matching criteria: 10

To select multiple values within a box, hold down "Ctrl" while selecting values within the box.

Manufacturer Packaging Series
ams * *
Analog Devices Inc - -
Analeg Devices Inc Cut Tape (CT) TH7301
Cirrus Legic Inc Digi-Reel®
Diodes Incorporated Tape & Reel (TR)
Diodes Incorporated Tray
Intersil Tube

Linear Technelogy
Linear Technology

MWaxim Integrated w7
Reset Reset Reset
# In stock
Lead free

RoHS Compliant

Reset All | Apply Filters

Fig 2. Sorting function in Digi-Key.
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In the case of an IC filter, the filter type and cutoff frequency can be specified. If no results matched
the criteria, select more criteria at a time.

e Read the component summary before checking the datasheet. It'll save you a lot of time.

n ST0CK
Lead free
RoHS Compliant

Product Index > Integrated Circuits (ICs) > Interface - Filters - Active > Maxim Integrated MAX291CSA+

All prices are in US dollars.

Price Break Unit Price Extended Price
6.66000 666

| e.41300] 84.13

Digi-Key Part Number | MAX251C54+-ND

Digi-Key Stock: 447 1
Can ship immediately 10

Quantity Available
Factory Stock @ : 100
Manufacturer | Mzxim Intsqrated
Manufacturer Part Number | MAX201CSA+
Description | IC FILTER LOWPASS 2-20IC
Lead Free Status / RoHS Status | Lead free / RoHS Compliant

‘e

Imsge shown is a representation only.
Exact specifications should be obtained
from the product data sheet.

Quantity Item Number (g
I MAX2G1CSA+-ND ¥

Customer Reference

‘When reguested gquantity exceeds displayed pricing table quantities, a lesser unit price may appear on your order.
‘You may submit a reguest for quotation on quantities which are greater than those displayed in the pricing table.
|
D MAX2G1 262 255 265
Product Photos | 2-50I1C

Product Training Modules | Lead (SnPb) Finish for COTS
Long-Term Supply Program
Standard Package (g | 100

Category | Integrated Circuits (1Cs)

Customers Who Purchased This Product are also Interested In:

‘e <k

Family | Interface - Filters - Active IMAXESOMMNOPE 2510-5002UB
Series Texas Instruments m
IC REG MULTI CONFIG ADJ 8- SHROUDED HEADER 10 POSRT It

Packaging () | Tubs @@

Filter Type | Butterworth, Low Pass Switched
Capacitor

soic ANGLE
Unit Price 185000 Unit Price 2.85000

Frequency - Cutoff or

etz
Center 2okHz

Number of Filters
Filter Order | &th
Voltage - Supply | 4.75%/ ~ 11, 22375/ ~ 5.5/
Mounting Type | Surface Mount
Package / Case | 8-50I1C (01547, 3 50mm Width)
Supplier Device Package | 8-S0IC N

Online Catalog | Filters
e
Fig 3. zfomponent summary section of the component.

o Check that the description is indeed what you’re looking for, such as the voltage supply (3.3V or
5V), mounting type (Surface Mount or Through Hole).

Datasheets | MAKI01 202 205 208
Product Photos | 2-S0I1C

Product Training Modules | Lead (SnPb) Finish for COTS

Long-Term Supply Program
Standard Package (g | 100

Category | Integrated Circuits (1Cs)
Family | Interface - Filters - Active
Series | -
Packaging E Tube ﬁ
Filter Type | Butterworth, Low Pass Switched
Capacitor
Frequency - Cutoff or I5KHz

Center

Number of Filters | 1
Filter Order | £th

Voltage - Supply

475V~ 22375V ~55V

Mounting Type

Surface Mount

Package / Case | 8-S0IC (0.154", 3.50mm Width)
Supplier Device Package | 2-S0I1C N
Online Catalog | Filters

Fig 4. Individual items in the component summary.



e If you're using KiCad for PCB design, you can save some design time by choosing components that
have footprints available in the built-in library (so you don’t have to draw your own). Look for the

“Package/Case” for common packaging types.

Voltage - Supply
Mounting Ty pe

47V ~11V, 22375V ~548Y
Surface Maunt

Package / Case

8-30IC (0.154", 3.90mm Width)

Supplier Device

Package
Fig 5. Package / Case for the filter IC.

8-SCIC N

tweaking the component to make it work.

After finding the corresponding footprint in KiCad (or other PCB software), check that the
footprint dimensions match the values (and units) shown in the datasheet. Make sure the pad sizes
have the correct separations and dimensions so that the components can be soldered on properly.
If the footprint does not have the proper dimensions, you would have to go through the trouble of

File Preferences Help
RN IR -1
1 A5CL - ADS367ARUZ-RLT : tssop-14_new ~ || 407 sM0803 .
2 L - e = | 408 SM1206
3 3 2 Footprint: so-8 = (S S N 109 sii1206P01
4 €3 - - 410 SM1210
5 ca - [ BRSO e N O] 411 SHiz1oL
6 s - 412 SM1812
7 6 - 413 SH1812E
8 7 - 414 SH1812L
9 8 - 415 SH2010
10 (. 416 SNZ112L
1 Clo - 417 SM2512
12 Cll - 418 SHD403
13 C1z - 419 SMDHD/VF
14 €13 - 420 SNDSVELD
15 Cl4 - 421 s0-8
16 c17 - 422 so-8_new
17 18 - 423 sq-14
18 Cle - 424 sq-16
19 DACL - 425 S08E
20 dveol - 426 08K
21 FILTERL - 427 S08_WITH_EP E
22 IFSIGHL - 428 SO14E
23 IFSIGHZ - 429 S014K
24 Pl - Inf if d u k 430 SO16E
25 P2 - SO-8 Netlist path Layer Pads 431 S016L
26 B3 - s F.Cu 8 432 SOL6H
Ly By = LZ25400  X-0.150000 Y 0.100000 dx -0.150000 d.. 45 B016LY
28 PS5 - ¢ 434 S020L
el PA _ MO 1T - PTH ARRAY 1 I' A5 QNFAR N
SO-8 KeyW: Footprints (All): 570

Fig 6. The corresponding footprint in KiCad for the 8-SOIC.

e Go through the datasheet to make sure the specifications are compatible with your design and
other components. Items to look out for are the required supply voltage, input/out impedance,
maximum operating frequency, maximum input voltage/current/power. Make sure that the
specifications are either matched or within the tolerance to avoid damaging the components or

degrading its performance.




e Look for free samples on the manufacturer’s official site. Companies such as Maxim Integrated,
Texas Instruments, Mini-Circuits, Analog Devices, and Avago Technologies have free sample
programs where you can simply sign up to get a limited number of components for free, including
shipping. For example, the above filter IC is made by Maxim Integrated, so you can check whether
or not it has free samples by looking at their component information.

maxim % | ExE 3
integrated
ANALOG MAX291
TERFACE - . -
S 8th-Order, Lowpass, Switched-Capacitor Filters
T Also See MAXT7401/5 8th-Order, Low-Power Bessel Filters
MDUSTRIES ) .- ) o . o - ) ) )
i 5 Data Shest o Subscrine ﬂ Active: In Production. But some versions of the family are Mot Recommended for Mew Designs.
WHAT'S NEW
SOLUTIONS OVERVIEW  KEYSPECS  DESIGN RESOURCES
DESIGHN
ORDER Part Number Free Buy |My Maxim Statusi | Recommended Package:
SUPPORT Sample Subscriptions Replacement TYPE PINS FOOTPRINT
ABOUT US DRAWING
CODE/VAR
MAX291C,/D Buy PCM NRMD MAXZ2IIESA+ DICE SALES, MNA
pin; DICE;
Package Details
MAX291CPA Buy PCN Active PDIP(NI,;8 pin;79.7 0°C ¢
mrm?
Package Details
MAX2STCPA+ Sample Euy PCM Active PDIP{M),;8 pin;79.7 0°C ¢
mrm?
Package Details
MAXZSICSA Buy PCN Active SOICEM},;8 pin;30.9 0*C e
mme
Package Details
MAK291CSA+ Sample | [§Buy PCM Active SOICIN),;8 pin;30.9 0°C t¢
mrm?

Package Details

Fig 7. The component information for the MAX291 filter IC.



e For more sophisticated ICs, there may be evaluation boards available, which are essentially PCB’s
with the IC, necessary components, and connections made already. Check the datasheet for the
availability. For example, ADI’s VGA (variable gain amplifier) AD8367 has evaluation boards and
the PCB layout is included in the datasheet. Unfortunately the listing price is $99 and does not
have free sampling at the time this application note was written. However, generally it doesn’t hurt
to looking up the boards to see if free samples are available.

EVALUATION BOARD
Figure 42 shows the schematic of the AD8367 evaluation board. The board is powered by a single supply of 2.7 V to 5.5 V.
R7
SW2 g4y ™
L & % RE 4 LRS
. LK1 470 T TaT0
™3 | ADB367 2 o
MODE -L-_E icom 1COM jlmnF Ree i | |odur
il g [SVTH HPFL [T ——F——. 4 ¢
1?!;1 - = =
INPUT (O [ ]INPT vesifigp— |
5T, m Jp4 L——{iJmooe  wesoffi}————

5 | GAIN vourT [} i o) OUTPUT
R c4 Ri
SWH = s | DETO DECL[8}— ¢ 1740 piuF 35760
AGC - -
L o I—E IcoM  OCOM E—I bl

Figure 42. Evaluation Board Schematic

“"u'[ -g- QUTRUT

MMD

‘W

smasm Hi” ui
:

Figure 43. Layout of Component Side Figure 44. Silkscreen of Component Side

Fig 8. Evaluation board information for the AD8367 VGA.

e Once all the parts are chosen and checked, order them as soon as possible. If you receive them
before the PCB design submission, you may check the footprints in your design against the actual
components (see PCB Design Verification).



2. PCB Board Choices

You most likely have the option to use either a 2-layer board or a 4-layer board. While 4-layer
boards give you more design flexibility, it complicates the design somewhat and increases the
fabrication cost.

The standard 2 layer order

55 per sgquare inch, which includes three copies of your design. For example, a 2 square inch board would cost $10 and you'd get
three copies of your board. You can order as many copies as you want, as long as they're in multiples of three.

Orders go to the fab every business day, and have a turn time of about 12 calendar days. They can be ordered on OSH Park.

The standard 4 layer order

510 per square inch, which includes three copies of your design. For example, a 2 square inch board would cost 520 and you'd get
three copies of your board. You can order as many copies as you want, as long as they're in multiples of three.

Fig 9. OSH Park price comparison.

e If possible, use a simple 2-layer board since it is easier to debug. If a 4-layer board is used and
something is not working, you cannot modify or test the circuitry of the inner two layers.

e For low frequency boards, the board thickness and material is usually not too important. But for a
board with RF components and microstrip/CPW lines, definitely look into the board thickness and
material. Although getting a special or customized board may cost more, it will help improve the
performance.

Materials

Double-5ided Boards = Standard Temp FR-4.

Multi-Layer Boards (more than 2 layers) = High Temp FR-4.

Standard Thickness is 062" Other available thicknesses include .093°, 125°, 031" & more.

A wide variety of materials are available for use. Contact us to discuss any specific requirements.

Fig 10. Bay Area Circuits materials options.



e To design a microstrip/CPW line, use calculators online or ADS LineCalc to find the proper line
width that gives the desired characteristic impedance (502, or other values specified in the
datasheet).

‘e Advanced Design System 2009 Update 1 (Main) - - : = =] X_ ‘E .1

] LineCalc/untitled = 8| X
e ds
Component
Type [MLIN | o [mum: Tz -

Substrate Parameters

Physical Calculated Results
o | Moubl - w 168.322047 mil - K_Eff = 2093
L 849.685039 mil o~ A_DB = 0.007
- :
H 60mil :] -l T SkinDepth = 0.052
Er 2.500 N/A | -
= N/A
Mur 1.000 N/A
- - e b Synthesize Analyze
. /A
FYR— |
" | i
T 1.4mil :] Electrical
Z0 50.000 ohm  ~
Component Parameters E Eff 90.000
Freg 2.400 NfA
wall1 2.58+028 N/A
Wall2 2.50+028 mm v N/A

Values are consistent

ﬁig 11. LineCalc function in ADS.



3. Schematics Design

The schematics part of the PCB design is just as important as the layout part. If you wire
something wrong incorrectly, you may not catch it in the later PCB design stage. It is therefore
important to double check and triple check your design before proceeding.

e Look for suggested schematic connection in the datasheet. Many of them show where and how to

connect the pins. You can then simply translate the diagram into your schematics.

MAX291/MAX292/MAX295/MAX296

8th-Order, Lowpass,
Switched-Capacitor Filters
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Figure 3. +5V Single-Supply Operation

clock frequency over the clock range 100kHz to 1MHz.

Varying the rate of an extemnal clock will dynamically ad-

witched-capacitor resistor (see
e 1), and it is inversely proportion-
Jt impedance values determined

e For low frequency circuits, put test pins at the connection between every active component. It
allows you to test the output after every component for debugging. In the case that one of your
active component fails to work, you can simply bypass it by using a wire for external connection. It
also gives you the freedom to use the pin to output the signal at any part of your system. You can
even use your PCB as a steady power supply by using the test point at the output of your voltage

just the corner frequency of the filter.

Ideally, the MAX291/MAX292/MAX295/MAX29E should
be clocked symmetrically (50% duty cycle). MAX291/

t : 1 . MAX292/MAX295/MAX296 can be operated with clock
Fig 12. Suggested pin configuration for the filter IC shown in the datasheet.

Microcontroller

regulator!
5V Voltage
Regulator
Test Point
RF 5V| 5V| 5V 5V| 5V]
Mixer Filter Amplifier DAC
LO
Test Point Test Point Test Point Test Point

Fig 13. Block diagram for the baseband circuit.




5V Voltage
Regulator
Test Point
5V 5V] 5V 5V] 5V]
Mixer Filter lifi DAC Microcontroller
Test Point Test Point Test Point Test Point

Fig 14. Test points allow one to bypass a malfunctioning component of a low frequency circuit.

e For RF circuits, test pins cannot be placed easily because of impedance matching. Therefore, test
points would only be placed at crucial connections, such as the output of a mixer to monitor the
frequency. An option to implement a test point is by using a 20 dB (or 30 dB) directional coupler.
A small portion of the signal is coupled out, which can be connected to an SMA connector for
testing. As convenient as it sounds, the coupler does introduces some insertion loss, which
reduces the power of the original signal by a small fraction that depends on the design of the
coupler.

Model X3C19E2-20S  AINAFEC

Directional Coupler Pin Configuration

The X3C19E2-20S has an orientation marker to denote Pin 1. Once port one has been identified the other ports are
known automatically. Please see the chart below for clarification:

Pln 1 Pln 2

Pin 4 Pin 3
20dB Coupler Pin Configuration

Pin 1 Pin 2 Pin 3 Pin 4
Input Direct Isolated Coupled
Direct Input Coupled Isolated

Fig 15. An illustration of the directional coupler found in the datasheet of Anaren X3C19E2-20S.
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4. PCB Design Verification
After spending hours designing the schematics and the layout, you should ask others to take a
look at your design to catch possible mistakes.

e Print out your layout with 1:1 scale to see its physical size. If you have the components already,
place it on top of the printout to see if your footprints are correct. It also helps you to see if
components are too closely placed to avoid overcrowding or possibly placement problems.

Print - . . - ™ ,,JLI-L_—-M._
— # Print Preview v
Layers: Approx. Scale: Options: Page Print — ——
. ; . ] o ] L 1 1 = | 100"
| Copper Layers: Technical Layers: ) fitin page Default pensize ("): (7)1 Page pe = [ / Bl
F.Cu F.Adhes : -
E 8.Cu E 8.Adhes () Scale 0.5 0.00393701 1@ Single pad
[ FPaste ©) Scale 0.7 Print frame ref
% B.Paste () Approx. Scale 1 [ Mirror
F.SilkS §
[ B.SilkS @) Accurate Scale 1 Pads Drill Opt
EF.M&SK ( I Scale 1.4 ( I Mo drill mark Page Optid)
B.Mask -
() Scale 2 - ————
- ) Small mark
[C] Dwgs.User ] - Previe
"] Cmts.User (L) Scale 3 (@) Real drill 4
[T Ecol.User () Scale 4 Print
[ Eco2.User Print Mode
["] Edge.Cuts X Scale Adjust ® Color Close
1.000000 -
¥ Scale Adjust @) Black and white
|
[T ] Exclude Edges_Pcb Layer 1.000000

Fig 16. Print preview in KiCad.

o Export the gerber files and upload it to PCB fabrication websites (such as OSH Park) to see how
their program interprets the files.

OSH Park

PCB Order - Verify your design

Board Top

: This is a render of what we think your board will look
like after fabrication as viewed from the top.

Board Bottom

This is a render of what we think your board will look
like after fabrication as viewed from the bottom.

Stark Industries

o . o]
~ James Chen
Meijiao Li
Jonanthan Mitchell
Christian Hurd

o]

oo O

Fig 17. OSH Park preview of the design.
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5. PCB Assembly
You have your boards and you’re ready to solder the components. There are three options to
solder it:

e Use a soldering iron and solder it directly (with a magnifier for small components).
e Use solder paste and use an oven for reflow.
e Use solder paste and use an hot plate for reflow.

Generally reflow soldering is good for large quantity of small components (such as 0603 and 0402
resistors/capacitors/inductors). Because there are many soldering tutorials available online, this
document will not go through the step-by-step process and instead will just list a few helpful tips.

e Solder a few components at a time. If you solder everything in one go, debugging is going to be
very difficult because components interact with each other and you may not be able to pin down
the source of the problem.

e Usually start with the power supply (voltage regulator) parts. You want to make sure your power
lines are not shorted anywhere. If your power is shorting, you can easily damage your ICs.

e Soldering and testing a few components at a time may take longer time, but it’ll help you debug a
lot easier.
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