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Copyrights

Copyrights

© Cypress Semiconductor Corporation, 2012. The information contained herein is subject to change without notice. Cypress
Semiconductor Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in a Cypress
product. Nor does it convey or imply any license under patent or other rights. Cypress products are not warranted nor
intended to be used for medical, life support, life saving, critical control or safety applications, unless pursuant to an express
written agreement with Cypress. Furthermore, Cypress does not authorize its products for use as critical components in life-
support systems where a malfunction or failure may reasonably be expected to result in significant injury to the user. The
inclusion of Cypress products in life-support systems application implies that the manufacturer assumes all risk of such use
and in doing so indemnifies Cypress against all charges.

Any Source Code (software and/or firmware) is owned by Cypress Semiconductor Corporation (Cypress) and is protected by
and subject to worldwide patent protection (United States and foreign), United States copyright laws and international treaty
provisions. Cypress hereby grants to licensee a personal, non-exclusive, non-transferable license to copy, use, modify, create
derivative works of, and compile the Cypress Source Code and derivative works for the sole purpose of creating custom soft-
ware and or firmware in support of licensee product to be used only in conjunction with a Cypress integrated circuit as speci-
fied in the applicable agreement. Any reproduction, modification, translation, compilation, or representation of this Source
Code except as specified above is prohibited without the express written permission of Cypress.

Disclaimer: CYPRESS MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARD TO THIS MATE-
RIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE. Cypress reserves the right to make changes without further notice to the materials described
herein. Cypress does not assume any liability arising out of the application or use of any product or circuit described herein.
Cypress does not authorize its products for use as critical components in life-support systems where a malfunction or failure
may reasonably be expected to result in significant injury to the user. The inclusion of Cypress’ product in a life-support sys-
tems application implies that the manufacturer assumes all risk of such use and in doing so indemnifies Cypress against all
charges.

Use may be limited by and subject to the applicable Cypress software license agreement.

PSoC®is a registered trademark and PSoC Designer™ is a trademark of Cypress Semiconductor Corp. All other trademarks
or registered trademarks referenced herein are property of the respective corporations.

Flash Code Protection

Cypress products meet the specifications contained in their particular Cypress PSoC Data Sheets. Cypress believes that its
family of PSoC products is one of the most secure families of its kind on the market today, regardless of how they are used.
There may be methods, unknown to Cypress, that can breach the code protection features. Any of these methods, to our
knowledge, would be dishonest and possibly illegal. Neither Cypress nor any other semiconductor manufacturer can guaran-
tee the security of their code. Code protection does not mean that we are guaranteeing the product as ‘unbreakable’.

Cypress is willing to work with the customer who is concerned about the integrity of their code. Code protection is constantly
evolving. We at Cypress are committed to continuously improving the code protection features of our products.

2 CY8CKIT-016 PSoC 1 Thermal Management Kit Guide, Doc. # 001-80790 Rev. **



— T~
== CYPRESS
PERFORM
1. Introduction 5
R R @ 1= oV T PP 5
O o €T (=0 [ U1 (= SRS 5
1.3 FBAIUIES . ...eeteeeeeet ettt ettt e e e e e e e e e o r e et e e e e e e e e e rreeaeaeeaaana 5
R 1 A ©e 01 (] | £SO RRPRSTI 6
1.5  DOCUMENE HISTOMY ...uuiiiiieiiiiiieiee e s s ettt e e e e e e s e s s s e e e e e e e e e s s e s nnnn e e eeeeeaeeesanannns 6
1.6 Documentation CONVENLIONS ........cuuiiiiiiiiiiiiee ittt et e e e e s e e e s naneeee s 6
2. Getting Started 7
2.1 Software INStallation ...........oooiriiiiii e 7
2.2 HAIOWAIE SEBIUPD ...ci ittt e e e e e e e bbbttt et e e e e e e e e e s nabbreaeeeeeaaaas 8
2.2.1 CYBCKIT-001 PSOC DVK ...uuiiiiiieiiiiiiieeiiiiiiee e s eiiaee e e ssibaeae s snsiaee e s snsteeaeesnnnnees 8
2.2.2 CY8CKIT-036 JUMPEr SEttNGS: ...ciieieuttitiieeieeiaee e e e e eeiiiieree e ee e e e e e e e e e e enees 10
2.3 Running the EXample ProJECL ........oooiiiiiiiiiiieiee ettt 10
2.3. 1 PrOQIAMIMING . .cciiiii ettt e e ettt e et e e e e e e e e e s s e sanbbaberaeeeeaaaeeeeaaaanns 10
2.3.2 Demo Walk TRroUGh .........ouiiiiiiiiaaae e 11
3. Example Project 13
3.1 Example Project: Thermal Management SYStem ...........cccoovviiviiiieiiiiiiiiciicnn e 13
iLiL OVEBIVIEW ..ttt e ettt e e oo e ettt et e e e e e e e e e e s nebb e e b e e eeeeaeeeaeeannnnnes 13
3.1.2 Screen 1 -7Z0one 1 SUMMAIY ...coceuuuinieeiiiiiinieeieeiiinnsesseasin e e seeiannsseesesninneeaaens 14
3.1.3 SCreen 2 - ZoNE 2 SUMMAIY ...coceuuuuineeeiiiriinieeteeiiinsesssasti e eseeisnnssessesnineeaaees 14
3.1.4 Screen 3 - Temperature SENSOr SUMMAIY .......ccuuuuiriieieeiiinnereriinneeseerieeaees 15
3.2 Technical DEtallS ........cocuiiiiieiiiei e 15
3.2.1 High-Level ArchiteCtUre...........cooviiiiiiiiicei e 15
3.2.2 PSoC 1 Resource Usage DetallS............oeevviiuiiiiiiiiiiie e 16
3.2.2.1 GloDal RESOUICES .......uuiiiiiiiiiiieeeeee ettt 16
3.2.3  FIrMWAre SHUCIUIE ...ttt e e er e e e e e e e e e s 21
3.2.4  Firmware FIOWCNAIT..........uuiiiiiiiiiiiii e 24
4. CY8CKIT-036 Hardware 25
A1 HardWare OVEIVIEW .........uueiieiiiiiiiee e iittiieee s astteee e e s antbateeesabbeeeeesabbeeeeessnbbeeeeessnbneeeeeaas 25
4.2 2x20 pin INterface HEAAET ........uuueiiiiiiee et e e e e e e e enenes 26
4.3 CYB8CKIT-036 Headers and JUMPELS ........uuuuieirieieeeeeeiesiiiennrineeeneeeseeeeeeessssnssnnsnnneees 27
4.4 PWM Output Digital TEMPErature SENSOIS .......uuvrriririeeeeeeiiisiiirrinrerereeeeesesnsannennnees 28
4.5 12C Digital TEMPEratUre SENSOI ....cccciiiiiiiiieeieeereeee e e s e e se s s e e e e e e ae e e e s s s nnnennreeeeees 28
4.6  1-Wire Digital TEMPEIrature SENSON ......ccceeeiiiieiciiiiieeere e e e e e e e s s srereeereereeae e e e s e annnnneanes 29
4.7 Diode Analog TEMPErature SENSOIS .......ccoeeieurieiirirrrreeeeeesssssierrrrrerereeeeeesanannnrnnneees 29
4.8 A-WIre Fan CONNECLOIS. .....cciiiiiiiiieeiiitiiee e sttt e e e sttt ee e e s sttt e e e s sbbe e e e e s sbbeeeeessnbbeeeeenns 29
4.9 Development Kit and Expansion Board Kit Compatibility ..............cccoeveecviviiiieeenenn.n. 29

CY8CKIT-016 PSoC 1 Thermal Management Kit Guide, Doc. # 001-80790 Rev. ** 3



Contents

==

== .t
= T

==# CYPRESS

A. Appendix 31
Al CYBCKIT-036 SCNEMALICS. .. ceeeiiuriiiiieiiiiiiie ettt 31
ALL POWEE SUPPIY ..ttt ettt e e e e e e e e e e e et b b neeeeeaaaeeeas 31

AL1.2 4-WIre FAN SOCKELS ....ccoiiuiiiiiieiiiiit ettt 31

A.1.3 12C/SMBUS/PMBUS POI.......cciiiiiiiiiiieiiiiieie ettt 32

A.1.4 2x20 Pin DVK Connector and Test POINES ...........occuveiieriiiiiiieeiiiiieee e 32

A.L5  1-Wire TEMPEIAtUre SENSON .....uveiiiiiieeaieaiaa ittt eee e e e e e e e e e s ee e e e e eeaaaea s 32

A.1.6 Temperature DIOUES ......cooii ittt e e e e e e 32

A.L7  12C TEMPEIAtUIE SENSOI ...ceiiieiiiiiiiitiiiiaaaa e e e e e e e e e aaeeeeeeeeeeeassrebebnsaa e e e e e eeeaas 33

A.1.8 PWM TeMPEIrature SENSOIS .....cuuuuuutuuuiiaaaaaaiaeeaeeaaaeeeeeeeeeeaesbsbani e aaeaaeaeaeas 33

A.2  CYBCKIT-036 BOArd LAYOUL......cccoiiiiiiiiiiiiieeie ettt e e e e e e e e e 34
A2 1 TOP LAYET et e e e e e e e aaaaa s 34

A.2.2 BOMOM LAYET ...ttt ettt ettt bbb e e e e e e e e aaes 35

A.2.3 TOP SIKSCIEEIN ...ttt e et e e e e e e e 36

A.3  CYBCKIT-036 Bill Of MALErIaAIS ......cceeiiiiiiiieiiiiiiiie et 37

CY8CKIT-016 PSoC 1 Thermal Management Kit Guide, Doc. # 001-80790 Rev. **



1. Introduction

— T~
—

o

==7# CYPRESS

PERFORM

1.1 Overview

Thank you for your interest in the CY8CKIT-016 PSoC® 1 Thermal Management Kit. Thermal
management is a combination of temperature sensing, fan control, and the algorithms or transfer
functions that map temperature to fan speed. Thermal management is a critical, system-level
function, which ensures that all components in the system operate within safe temperature limits,
while at the same time minimizing power consumption and acoustic noise.

The PSoC 1 Thermal Management Kit is designed to work with the CYB8CKIT-001 PSoC
Development Kit (DVK) and CYBCKIT-036 PSoC Thermal Management Expansion Board Kit (EBK).
To evaluate the thermal management functions and capabilities of PSoC 1 devices, the CY8CKIT-
001 with CY8C28 family processor module and the CY8CKIT-036 are prerequisites. You can
evaluate the example project described in this guide or alter the example project provided with this
kit based on your design requirement.

Typical solutions for thermal management include devices such as CPLDs, mixed-signal ASICs, and
limited-functionality and inflexible discrete devices. Thermal management solutions need to be
flexible enough to interface with many kinds of digital and analog temperature sensors. To maximize
efficiency, they must also be able to drive a multitude of fans independently. Finally, thermal
management solutions must have enough intelligence built in to reliably control the cooling systems
autonomously, independent of a master control processor in the event that communications are lost
or the master control processors fail or go offline.

The PSoC 1 architecture enables a flexible and unique method of thermal management in a single
chip, combining analog sensing capabilities for any analog temperature sensor, such as remote
diodes, thermistors, and resistance temperature detectors (RTDs). The versatile digital resource
pool of PSoC 1 enables the integration of 12C bus interfaces and capture timers to support interfaces
to a wide variety of digital temperature sensors such as 12C based, pulse-width-modulated (PWM)
based, and other proprietary serial interface digital temperature sensors.

1.2 Prerequisites

m CY8CKIT-001 PSoC Development Kit
m CY8CKIT-036 PSoC Thermal Management EBK

1.3 Features

CYB8CKIT-016 demonstrates how to develop a PSoC 1 based thermal management coprocessor
solutions with the help of an example project that has the following functions:

Temperature monitoring

m Closed-loop fan control
m Thermal zone management - relationship between temperatures and cooling functions
m Algorithms - to detect thermal and cooling failures or warnings

CY8CKIT-016 PSoC 1 Thermal Management Kit Guide, Doc. # 001-80790 Rev. ** 5
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Kit Contents

You can download the CY8CKIT-016 Kit Setup executable file from http://www.cypress.com/go/
CY8CKIT-016. If you already have PSoC Designer and PSoC Programmer installed, download
CYB8CKIT-016 Kit Only.
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The executable file includes the following:
PSoC Designer™ 5.2 SP1 or later

PSoC Programmer 3.14 or later

Thermal Management example project using the CY8CKIT-001 DVK and CY8CKIT-036 EBK
User Guide (this document)

Application Note (AN78920): PSoC 1 Temperature Measurement Using Diode

Application Note (AN78737): PSoC 1 - Temperature Sensing Solution using a TMP0O5/TMP06

Digital Temperature Sensor

Application Note (AN78692): PSoC 1 - Intelligent Fan Controller

Application Note (AN2163): PSoC 1 - Temperature Sensing Solution using a 1-Wire/2-Wire (12C)
Digital Temperature Sensor

Document History

. PDF Creation Origin of o
Revision Date Change Description of Change
** 08/22/2012 PRKU Initial version of kit guide

Documentation Conventions

Table 1-1. Document Conventions for Guides

Convention

Usage

Courier New

Displays file locations, user entered text, and source code:
C:\ ...cd\icc\

Italics

Displays file names and reference documentation:
Read about the sourcefile.hex file in the PSoC Designer User Guide.

[Bracketed, Bold]

Displays keyboard commands in procedures:
[Enter] or [Ctrl] [C]

File > Open

Represents menu paths:
File > Open > New Project

Bold

Displays commands, menu paths, and icon names in procedures:
Click the File icon and then click Open.

Times New Roman

Displays an equation:
2+2=4

Text in gray boxes

Describes cautions or unique functionality of the product.
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This section provides instructions to install software and set up the hardware to run the example
project provided with the kit.

2.1 Software Installation

1. Download the executable file, as described in 1.4 Kit Contents and run the file to install the
PSoC 1 Thermal Management Kit software.

Figure 2-1. Kit Menu

-
= CYSCKIT-016

S/ CYPRESS'

L=

Open CYSCKIT-016 User Guide...

Open CYSCKIT-016 Quick Start Guide...

Install CYSCKIT-016 ...

it

niconductor Corporation. All rights reserved

After the installation is complete, the kit contents are available at the following location:
C:\Program Files\Cypress\CY8CKIT-016\1.0

When installing the PSoC 1 Thermal Management Kit software, the installer checks if your system
has the required software. This includes PSoC Designer, PSoC Programmer, Windows Installer,
.NET framework, and Adobe Acrobat. If these applications are not installed, then the installer
prompts you to install all pre-requisite software, which is also available in the CY8CKIT-016 1SO file
at http://www.cypress.com/go/CY8CKIT-016.

CY8CKIT-016 PSoC 1 Thermal Management Kit Guide, Doc. # 001-80790 Rev. ** 7


http://www.cypress.com/go/CY8CKIT-016

Getting Started

2.2

221

=
=27 CYPRESS

PERFORM

The software can be uninstalled using one of the following methods:

m Goto Start > Control Panel > Add or Remove Programs; select the appropriate software pack-
age; select the Remove button.

m Go to Start > All Programs > Cypress > Cypress Update Manager > Cypress Update Man-
ager; select the Uninstall button for the appropriate software package.

m  Run the executable file and click Install CY8CKIT-016 button. In the Cylnstaller for PSoC 1 Ther-
mal Management Kit 1.0 window, select Remove from the Installation Type drop-down menu.
Follow the instructions to uninstall.

Note This method will only uninstall the kit software and not all the other material/software that
may have been installed along with the kit software.

Hardware Setup

The following sections describe how to set up the hardware to run the example project. Make sure
you have the hardware prerequisites before proceeding with this section.

CYB8CKIT-001 PSoC DVK

Using the pin header/breadboard area of the PSoC DVK base board, use jumper wires to make the
following connections:

m VRtoPO 7
m SWiltoP1 7

Set the system to run at 3.3 V using SW3 and set J6 VDD ANLG’ and J7 ‘VDD DIG’ to VDD=3.3 V,
as shown in Figure 2-3.

CY8CKIT-016 PSoC 1 Thermal Management Kit Guide, Doc. # 001-80790 Rev. **
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Figure 2-3. CY8CKIT-001 PSoC DVK Power Jumpers

VBUS SELEC
5V SOURCE

Attach the LCD included with the PSoC DVK and set the LCD power jumper (J12) in the ON position.
Figure 2-4. CYB8CKIT-001 PSoC DVK LCD Power Jumper

Ensure that the VR_PWR jumper (J11) is installed.
Figure 2-5. CY8CKIT-001 PSoC DVK VR_PWR Jumper
" e C10
"“R14

]J14 RADIO
RADIO PWR

| ,.rul“ lhr|

(((:w REL:......_*IJ“

12 B 11 i
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2.2.2 CYB8CKIT-036 Jumper Settings:

Set the jumpers as follows:

m J2to SINGLE

m J3to3.3V

m J9to 12V_DVK

m bullet 4: Connect Fans to FAN1 (J7),FAN2(J8)

Note Ensure that the jumpers are set as provided above before proceeding to the next step. Also,
ensure that the CY8CKIT-001 hardware and CY8CKIT-035 hardware are functional before starting
with this example project. The corresponding kit documents can be used to verify if the hardware is
functional.

Figure 2-6. Jumper Settings

i l?‘jaa

4}

TD-A C

)2 b5 D3 Dif !

l-!IAIE Q0

§

O

O

'-’.

o | fseL

5 ALT @

w2 -| |vopIO 8
- R.E C23 cio

2.3 Running the Example Project

231 Programming

1. If this is the first time that the example project firmware is being programmed into PSoC, make
sure the CY8CKIT-036 EBK is not connected to the CY8CKIT-001 DVK.

2. Ensure that the CY8C28 family processor module is connected to CY8CKIT-001.

3. Connect the MiniProgs3 first to a USB port on the PC and then to the PROG port on the CY8C28
family processor module.

10 CY8CKIT-016 PSoC 1 Thermal Management Kit Guide, Doc. # 001-80790 Rev. **
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Figure 2-7. MiniProg3 Connected

RT

s
CTE 001
pis S4V-0

4. Open the example project in PSoC Designer; select Program > Program Part.

Figure 2-8. PSoC Programmer

,
® roaone e

Hex file path:
C:hUsershpricut\Desktop CYBCKI T-016%1 .0\Firmware \CYBCKIT_01

Programming Settings

Port Selection: MiniProg3/1014DD0002E4 "]

Acquire Mode: (") Reset @ PowerCycle

Verfication: @ On ) Off

Power Seings:

MiniProg3 version 2.05 [3.08/2 04]

5. Ensure the programmer settings as given in Figure 2-8 and then click on the Program button.
6. When programming is completed successfully, remove the MiniProg3.

2.3.2 Demo Walk Through
1. Connect the CY8CKIT-036 to port A of the CY8CKIT-001 DVK.

CY8CKIT-016 PSoC 1 Thermal Management Kit Guide, Doc. # 001-80790 Rev. **
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2. Power the CY8CKIT-001 DVK using the 12-V DC high-current power supply (comes with
CYB8CKIT-036) that is capable of supplying the inrush current needed by the fans installed on

CY8CKIT-036.
3. If the CY8CKIT-036 cannot be detected by PSoC, status debug messages will be displayed on
the LCD to help rectifying the error.

Figure 2-9. CY8CKIT-001 PSoC DVK with CY8CKIT-036 Connected to Port A

The first screen shows Zone 1 temperature and fan speed set and actual. The potentiometer R20
can be used to increase or decrease Zone 1 temperature and notice how fan speed varies accord-
ingly. SW1 can be used to navigate across different screens.

12 CY8CKIT-016 PSoC 1 Thermal Management Kit Guide, Doc. # 001-80790 Rev. **
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3.1 Example Project: Thermal Management System

3.1.1 Overview

This example project demonstrates how the temperature sensors combined with the fans on the
CYBCKIT-036 can create a complete thermal management system. The example shows how to
combine temperature readings from a number of temperature sensors in a variety of ways and use
the composite temperature to set desired fan speeds according to customized transfer function.

The thermal management example project uses the concept of ‘Thermal Zone’. A thermal zone

describes:

m How to combine multiple temperature sensor readings together to form a composite ‘zone tem-

perature’.

m How to map the zone temperature to a fan speed.

By this definition, each fan will be controlled according to its own independent thermal zone. This
example has two thermal zones because CY8CKIT-036 has only two fans installed. Algorithms cur-
rently implemented to combine multiple temperature sensors into a composite zone temperature
include straight average, weighted average, and maximum.

This example project uses the weighted method on both fans. A zone temperature to fan speed
transfer function is then definable for each zone. Transfer functions currently implemented include
linear and table driven. In this project, the transfer function used is table driven on both fans. That is,
a look-up table maps composite zone temperature to fan speed.
m Two temperature zones — Zone 1 and Zone 2

m Two 4-wire BLDC fans — Fanl and Fan2 installed in Zone 1 and Zone 2, respectively

m Four temperature sensors

Table 3-1. Zone Configuration

Label Temperature sensor To be installed in Weight
Ul in CY8CKIT-036 I12C output temperature sensor - TMP175 | Zone 1 10%
R20 in CY8CKIT-001 |Diode temperature sensor 90%
U2 in CY8CKIT-036 One wire temperature sensor - DS1820 Zone 2 90%
U3,U4 in CYBCKIT-036 | PWM output temperature sensor - TMP05 10%

This example is a simulation of a thermal management system. The first zone, Zone 1, combines
temperature measurements from two temperature sensors (1 analog and 1 digital). The analog
sensor is simulated using a variable potentiometer to allow easy demonstration of fan control over a
wide simulated temperature range without the need for an environmental chamber to cycle through
temperatures. In Zone 1, the temperature sensors are combined using a weighted average where
the potentiometer is given 90% weight and the digital 12C temp sensor (U1 on CY8CKIT-036) is
given 10% weight. Adjust the potentiometer (R20 on the CY8CKIT-001 DVK) to vary the simulated

CY8CKIT-016 PSoC 1 Thermal Management Kit Guide, Doc. # 001-80790 Rev. **
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temperature value in the approximate range of 15 °C to 100 °C. The Zone 1 speed transfer function
is table driven and follows the profile shown in Table 3-2.

Table 3-2. Zone 1 Thermal Profile

Temperature (°C) Fan Speed (RPM)
0-15 5000
15-35 5500
35-55 6500
55-75 8500

>75 10500

Zone 2 consists of two temperature sensors and a single fan. The Zone 2 speed transfer function is
table driven and is shown in Table 3-3. Note that the temperature range is narrow and close to room
temperature. This is to allow for simple testing at room by just touching a temperature sensor with a
warm finger to cause a fan speed change. In Zone 2, the temperature sensors are combined using a
weighted average where the 1-wire temperature sensor (U2 on CY8CKIT-036) is given
approximately 90% of the weight. The TMPO5 temperature sensor (U3, U4 on CY8CKIT-036) is
given 10% weight. In this example, U2's temperature reading will dominate the overall zone

temperature calculation.

Table 3-3. Zone 2 Thermal Profile

Temperature (°C) Fan Speed (RPM)
0-23 5000
23-25 6000
25-27 7000
27-29 9000
>29 10000

The LCD screen displays status information about thermal management system across three
screens. You can cycle through the status screens by pressing SW1 on the CY8CKIT-001 DVK.

Screen 1 - Zone 1 Summary

This screen displays the current status of Zone 1. Line 1 displays the zone number, the current
composite zone temperature, and the zone temperature calculation algorithm used. Line 2 displays
the desired fan speed and the actual fan speed for Zone 1.

Figure 3-1. Zone 1 Summary

Z1
F1

| T=116
:15/5/0/0

WE I GHTED
21514194

Al

Screen 2 - Zone 2 Summary

This screen displays the current status of Zone 2. Line 1 displays the zone number, the current
composite zone temperature, and the zone temperature calculation algorithm used. Line 2 displays
the desired fan speed and the actual fan speed for Zone 2.

CY8CKIT-016 PSoC 1 Thermal Management Kit Guide, Doc. # 001-80790 Rev. **
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Figure 3-2. Zone 2 Summary

Z2:T=25 WEIGHTED
Fl2:|7]0/0/0] |Aj2]:]/6/9]9]3

3.14 Screen 3 - Temperature Sensor Summary
This screen displays the current temperature sensor readings for all sensors in the system.

Line 1 displays the Zone 1 temperature sensor values. The left most temperature is the zone's
composite temperature followed by the temperatures of each contributing sensor. Line 2 displays the
same information for Zone 2.

Figure 3-3. Temperature Sensor Summary

ZIT el [zl Te D
ZIZIT 2B ]2 26 )

3.2 Technical Details

3.2.1 High-Level Architecture

The block diagram shows the high-level architecture inside PSoC 1.

Figure 3-4. Thermal Management Functional Block Diagram

Communication Global resources Analog and Digital functions

—————

16 bit PWM
(x2)

FANs

o

™ Interrupt [

Tachometer
— feedback

[T Clocks —1 MUX

External |« {» 12C PERS > Imen CMP
Host

M8C
[€T>  4MIPS €

Temperature Sensors

y

Timer - - PWM output
[t
16K Flash <™
N One wire 1 Wire
> 1K SRAM  [<|> N 12Cm < . 12C output

Voltage
Reference

14 Bit
ADCINC

Diode

A

T T I
4

PSoC 1
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PSoC 1 Resource Usage Details
The following table lists the resources used inside PSoC 1.
Table 3-4. Resource Usage
IP Functions Digital Blocks Analog Blocks Pins
10-bit PWM (2)
Fan Controller 16-bit Timer 6 1 4 (2/Fan)
Hysteresis Comparator
TMPO5 16-bit Timer
12C 12C HW 2
PGA
Analog Sensor 1 2 1
ADC
_ Transciever
OneWire 3 0 2
Clock

Global Resources

This window is used to set the global resource parameters.

Figure 3-5. Global Resource Parameters

Global Resources - CYSCKIT_016_Example_Project

CPU_Clock
32K_Select
PLL_Mode

Sleep Timer Period
WC 1= SysClk/M
WC2=VC1/N

WC3 Source

WC3 Divider
Sy=Clk Source
SysClk"2 Disable
Analog Power
Ref Mux
AGndBypass
Cp-Amp Bias
SwitchMode Pump

LWVD ThraottleBack
Watchdog Enable

Trip Voltage [LVD (SMP]]

Power Setting [ Voo / SysClkfreq ] RIS LIS

SysClk/2
Intemal
Dizable
1z

15

16

VC2

256
Intemal
Ma

SC On/Ref High

=
=]

Set ADC measurement in the
range0Vio5V

The VC1 clock of 1.6 MHz drives
the ADCINC block. This gives
sample rate as 24 sps.

(Wdd/2)=/Vdd/2)

Dizable

Low

OFF

481V (5.00V)
Dizable
Dizable

Power Setting [ Vec / Sy=Clk freq |
Selects the nominal operation voltage and System Clock (SysClk)
source, from which mary intemal clocks (V1, V2, V3, and CPU cloc...
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Figure 3-6. FanPWML1.
User Module Parameters

e e I

MName FanPWh1
PWM16
Wersion 25

Clock SysClk=2
Enable High
CompareQut Row_0_Output_D
TeminalCountOut Mone

Period 559

PulzseWidth 100
CompareType Less Than
Intemupt Type Temninal Cournt
Clock Sync Unsynchronized

Invert Enable Marmal

Uszer Module

I lnme Blmds slm e

Figure 3-7. FanPWM2
User Module Parameters

- Parameters - FanPWMz‘.- :

| S FanPWM2

User Module PWM1G
Version 25
Clock SysCllk™2
Enable High
CompareCut Fow_1_Output_2
TeminalCountOu Mone
Period 555
PulseWidth 100
CompareType  Less Than
Intemupt Type Teminal Court
ClockSync Unsynchronized
InvertEnable Maormal
Mame
Indicates the name used to identify this User Module
instance

FanPWM

m FanPWNMs are used to drive BLDC fans
m PWM frequency is set to 48 kHz
m Input clock is set to 48 MHz. This gives duty cycle resolution of 1000 counts

Example Project

User Module PSoC Designer Screen

DBCOO DECO1
FanPWhi1 FanPWM1

User Module PSoC Designer Screen
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Figure 3-8. Comparator
User Module Parameters

 Parameters - Cumparatar“ i ' -@_'-

I Coroaretor User Module PSoC Designer Screen
User Module COMP
Version 210
Imput AnalogColumnMUXBusSwitch_0
Hiyst 0.125
COutputLatch Enabled
LatchClock Phil
Palarity Pasitive
Name
Indicates the name used to identify this User Module
instance

Comparator
m Comparator takes the Fan tach signals and checks the level between the set hysteresis limit
Figure 3-9. Tach Timer

User Module Parameters

| Parameters —Tach'l'lmerb =
EE TachTimer User Module PSoC Designer Screen

User Module  Timer1&

Version 26 =
Clock WC2

Capture ComparatorBus_0

TeminalCourd None

CompareOut  Mone 0
Period 5535 '
CompareValue 0

Compare Type Less Than Or Equal
Intermupt Type  Terminal Count
ClockSync  Syncto SysCllc
TC_PulseWidl Full Clock
InverCapture Invert

MName

Indicates the name used to identify this User
Madule instance

Tach Timer

m Tach Timer is the 16-bit timer used to measure pulse width for the tach input from the BLDC fans
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Figure 3-10. TMPO5
User Module Parameters

I Parameters - PulseWidthTimer E |

ICERENN PuiseWidth Timer User Module PSoC Designer Screen

User Module  Timer16
Version 26

Clock CPU_32_KHz
Capture Low
TeminalCournt MNone
CompareQut  MNone

Period 65535
CompareValue 0
CompareType Less Than Or Equal
Intemupt Type  Terminal Count
ClockSync Sync to SysClk
TC_PulseWidt Full Clock
InvertCapture  Momal

r

MName

Indicates the name used to identify this User Module
instance

TMPO5

m PulseWidthTimer is the 16-bit timer used to measure pulse width for PWM based temperature
sensors

Figure 3-11. PGA

User Module Parameters

: — - User Module PSoC Designer Screen
Parameters - Buffer L_. E
S E.fer
Uzer Module PGA
Wersion 1z
Gain 1.000
Input AnalogColumnMUXBus Switch_1
Reference W55 I
AnalogBus Lisable |
Mame
Indicates the name used to identify this User Module instance ADC
_W B
ADC g
ADC £
reglnput 8
—IPosinput '

PGA

m PGAgainissettol

m This module takes the input from a potentiometer, which is used to simulate the diode sensor out-
put
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Figure 3-12. ADCINC
User Module Parameters

Parameters - ADC @
EEZTS ~0C User Module PSoC Designer Screen
User Module ADCINC
Version 120 o waws
DataFomat Unsigned F DCC23
Fiesolution 14 Bit |T>
Data Clock VC1 ADC
ClockPhase Momal P\WI
PosInput ACCI
MNeglnput ACCI PN Courtpud]
MNeglnputGain  Disconnected
PulzseWidth 1
PWM Qutput MNone

Name
Indicates the name used to identify this
User Module instance

ADCINC

m  ADCINC will read the voltage from potentiometer (simulated diode sensor)
m Resolution is set to 14 bits
m Sample rate is set to 24 sps
m The input for this user module is taken from PGA
Figure 3-13. OneWire
User Module Parameters

l Parameters - OneWire @

[Name OneWire User Module PSoC Designer Screen

User Module OneWire

Version 11 DBC21 DCC22

Clock DEC20 S Onew
nevvire nevwirg

Ax Row_2_Input_ | BitClk XCVR

TX Row_2 Outpit_D

CRC CRCS 4

Search Disabled —|

OverDrive  Disabled
Parasite Pow: Dizabled
Parasite Pow: Mone

Parasite Pow: Mone
ClockSync  Syncto SysCli
Invert R Marmal

Name
Indicates the name used to identify this User
Module instance

OneWire

m  OneWire is the one-wire communication user module to read temperature data from one wire
temperature sensor

m PWM_Onewire supplies input clock to the OneWire user module
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3.23 Firmware Structure

Figure 3-14. Workspace Explorer

Workspace Explorer - 0 X
2 Workspace TYBCKIT_016_BExwample_Project” (1 project)
- CYBCKIT_016_Example_Project [CYBC28645-241 TXI]

o

----- E CYBCKIT_01&_Example_Project [Pinout]

=-{5 CYBCKIT_016_Example_Project
EIL_'}' Source Files

----- | main.c

----- =, FanCortrollerLowLevel asm

----- |ﬂ FanController c

----- ‘I;': ., FanControllerl M T asm

----- |ﬂ ThemalManager.c

..... Iﬂ ISR.c

----- ﬂ TMP_05_D&c

----- |ﬂ Interface c

----- |ﬂ OneWireSensor.c

----- |ﬂ 12C_Temp.c

----- |ﬂ DiodeTemp.c

----- ‘I;': , boot asm

=4 Header Files

----- |J memaony.inc

----- |ﬂ FanController h

----- |J FanControllerinc

----- |ﬂ ThemalManager h

----- |ﬂ TMP_05_0&hH

----- |ﬂ OneWireSensorh

----- |ﬂ Interfface h

----- |ﬂ 12C_Temp h

----- |ﬂ DiodeTemp h

=H-[J lib

----- @ flashsecurty bd

H-_J Output Files

[+-{_J Edemal Headers

=1

The Thermal Management System example consists of dedicated .c and .h files for every function.
You can remove any function you do not need by removing the associated .c and .h file. The main
application is responsible for the user interface and for periodically calling the thermal manager. The
application implementation can be found in main.c. The thermal manager implementation can be
found in ThermalManager.

The main application only needs to call ThermalManager_Start() to initialize the thermal manager
and then it must periodically call ServiceThermalManager() to run temperature and speed updates.

All the parameters that define the zone composite temperature sensor algorithm and the zone
temperature to fan speed algorithm are defined at the top of ThermalManager.c. To modify these
settings, refer to ThermalManager.h for the relevant keywords.
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Figure 3-15. Zone Temperature Vs. Fan Speed Lookup Table

StartPage | CYBCKIT_016. Project[Chip] | 15R.c | main.c /~ ThermalManager.c |

28 I_ R R R R R R R R R R R N R R N R R R R AR R R R AR AN AR R R R R R R R R R R R R AR

£ BYTE TemperatureReadings [TEMP SENSOR MAX] = {0,0,0,0,0,0,0,0k;

ThermalLookupTableEntry ThermalLookup[ZONE COUNT] [MAX LOCKUP TABLE ENTRIES] =
i

/* Zonel Temp,/Speed Lookup *
{

3 0, Yr
36 {15, Yo
37 {35, }s
3 {55, 3
3 {75, b
4 Yr
4
4z J* Zone2 Temp/Speed Lookup */
43 i
44 {0, e
45 i r }r
46 i r }r
47 { r Yo
{22, }

The entries in Table 3-2 and Table 3-3 are defined in the highlighted boxes. These entries can be
changed based on design requirements.
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Figure 3-16. Zone Configuration

Start Page

Example Project

wown
[P 8]

wn
F

o
[ R L R Y

wn
1

[ ]
(ST T- I =

o o

o
[ S

o

s

- |
=1 &n n

- |
[T =]

m Key zone configuration parameters can be changed here based on design requirements.
m The highlighted box in red marks where the weights for different temperature sensors are

ZoneConfigEntry ZoneConfig[ZONE COUNT] =

FAN SPEED DEFAULT,
TEMP_SPEED FUNC LOOKUP_TABLE,

CYBCKIT_016...Project[Chip] I* ISR.c | main.c.”” ThermalManager.c ]

/% fanCount

f#* fanSelect
/* fanCurrentSetSpeed
/* fanTempSpeedFunc

| r

/* tempHysteresis

r

r

/* tempSensorCount
/* tempSensorSelect

/* tempCompositeFunc

TEMF COMPOSITE WEIGHTED AVG,

{fi'fi'fi'f

/* tempSensorWeight

FAN SPEED DEFAULT,
TEMP_SPEED FUNC LOOKUP TABLE,

/% fanCount

f#* fanSelect
/* fanCurrentSetSpeed
/* fanTempSpeedFunc

| r

/* tempHysteresis

r

/* tempSensorCount
/* tempSensorSelect

J* tempCompositeFunc

r
TEMP COMPOSITE WEIGHTED AVG,

|{r|rr|rr|rr

/* tempSensorWeight

entered. See Table 3-1 for details.

m The highlighted box in blue sets the hysteresis for both the zones. Hysteresis has been defined to
avoid unnecessary fan speed changes in the temperature borders of the lookup table. For exam-
ple, if Zone 1 temperature varies between 34.9 °C and 35.1 °C, the fan speed will be fluctuating
between 5500 and 6500 RPM. To avoid this, hysteresis logic is implemented in the firmware. In
this case, it is defined as '4', which means, if the temperature changes from 34.9 °C to 35 °C, the
fan speed will change from 5500 to 6500 RPM, but if the temperature again falls from 35 °C, the
fan speed will not change until 31 °C to avoid unnecessary speed fluctuations in the border. This

entry can be changed according to design requirements.
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Firmware Flowchart
The following flowchart shows the basic function of the thermal manager inThermalManager.c,
which implements the main service loop.

Figure 3-17. Thermal Manager Flowchart

Start

v

Initialize Components
and Variables

v

Calculate Zone 1 and
Zone 2 Temperatures

v

Calculate Fan 1 and
Fan 2 Speeds Based
on Thermal Profiles

\

Fan Speeds
Need Change?

NO

YES

Set Desired
Fan Speeds

* Y
Launch Next Handle Button Presses
Temperature » Update LCD and 12C
Measurement buffer
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4.1 Hardware Overview

The CYBCKIT-016 uses the CY8CKIT-036 hardware for the example project. This section provides
an overview of the CY8CKIT-036 Hardware. The CY8CKIT-036 contains two 4-wire, 12-V brushless
DC fans with connectors to support an additional two fans for designers who need to prototype with
their own specific fan models. Six temperature sensors (four different kinds) are also installed on the
kit:

m TMP175 12C digital temperature sensor

m Two TMPO5 PWM output digital temperature sensors

m DS18S20 "One Wire" digital temperature sensor

m Two MMBT3094 temperature diodes.

This combination of hardware elements enables designers to rapidly prototype thermal management
solutions in a variety of configurations.

CYB8CKIT-036 also provides an 12C/SMBus/PMBus compatible header to support systems that have
a requirement for communication with a host controller. All of this functionality is implemented on a
single PSoC 1. CY8CKIT-036 routes all the input and output signals for thermal management to a
PSoC 1 mounted on a development kit platform such as the CY8CKIT-001. PSoC 1 is not mounted
on CY8CKIT-036.

Figure 4-1 shows a functional diagram of the PSoC 1 Thermal Management solution. This solution
enables control of up to four 4-wire fans using MCU based control. Fan drive signals are generated
by independent hardware PWM blocks in PSoC 1 to drive the 4-wire fans. To determine fan
rotational speeds, tachometer signals from the fans are interpreted by PSoC 1. Speed control to the
desired RPM is achieved by the firmware running on PSoC 1. The firmware also detects fan stall or
rotor lock faults.

To support digital sensor temperature sensing, standard PSoC 1 interfaces are used where possible
(such as 12C); PSoC user modules have been developed for non-typical digital sensors such as the
PWM output TMPO5 sensor and 1-wire temperature sensor. For analog sensors, PSoC 1 also
provides on-board filtering, multiplexing for better resolution, and accurate temperature sensor
measurement.

The example project provided with the CY8CKIT-036 illustrates how to aggregate temperature
sensor readings using a variety of methods. The resultant "zone" temperature is used to set
individual fan speeds - this is defined as a "thermal zone". The example project shows how each fan
can be configured to be dependent on any of the available temperature sensors in any combination.
It also demonstrates how the composite "zone temperature” can be used to determine the required
fan speed to achieve system cooling needs.

Although not included in the example project, PSoC 1 devices also include nonvolatile EEPROM
memory that can be used to store sensor calibration information or for event and fault logging
purposes. Communication with a host controller or management processor can be achieved via 12C,
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SMBus, PMBus, or a variety of other communications protocols implemented with easy-to-use
PSoC 1 user modules.

Note that CY8CKIT-036 hardware limits support a maximum of four fans. The PSoC 1 Thermal
Management solution can be easily extended to support up to 10 fans in a single device. Contact
Cypress for further information on the full PSoC 1 Thermal Management solution.

Figure 4-1. CY8CKIT-036 Hardware Components

12C Temperature Sensor 12C/SMBus/PMBus Port

— 2x20 Pin Headers

B
3
als
it
£8

+—— Diode Temperature Sensor

4-Wire Fan
Socket

- PWM
Temperature
Sensor

MODEL DB04028812!
DC 12V 0.68A Pnnnu
BALL BEARING

1-Wire Temperature Sensor Power Jack

4.2 2x20 pin Interface Header

The 40-pin interface (2x20 pin header) provides a mechanism to connect CY8CKIT-036 to a
Cypress development kit platform. Table 4-1 lists the pin assignments of the 2x20 connector.

Table 4-1. 2x20 Header (J14) Pin Definition

Description Signal Pin Pin Signal Description
Tachometer signal from Fan #4 TACH4 1 2 PWM4 | PWM speed control for Fan #4
Tachometer signal from Fan #3 TACH3 3 PWM3 | PWM speed control for Fan #3
Tachometer signal from Fan #2 TACH2 5 PWM2 | PWM speed control for Fan #2
Tachometer signal from Fan #1 TACH1 7 PWM1 | PWM speed control for Fan #1
Analog ground AGND 9 10 NC -

- NC 11 12 NC -
- NC 13 14 NC -
- NC 15 16 NC -
- NC 17 18 NC -
Analog ground AGND 19 20 NC -
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Table 4-1. 2x20 Header (J14) Pin Definition (continued)
Description Signal Pin Pin Signal Description

;’(e)m;g:rature diode current TD-I 21 22 TD-K Temperature diode cathode
Temperature diode anode TD-A 23 24 1-WIRE | One-wire temperature sensor
I12C temperature sensor data T-SDA 25 26 T-SCL | 12C temperature sensor clock
PWM temperature sensor output | P-OUT 27 28 P-IN PWM temperature sensor input
Analog Ground AGND 29 30 NC -
Reserved RESV 31 32 SM-ALT | Alert signal (12C/SMBus/PMBuSs)
Serial Data (12C/SMBus/PMBus) | SM-SDA | 33 34 | SM-SCL |Serial cock (I2C/SMBus/PMBus)
3.3-V power from DVK 33V 35 36 VADJ Unused
Digital Ground DGND 37 38 5V 5V power from DVK
Optional 12-V power from DVK 12v 39 40 DGND | Digital ground

4.3 CY8CKIT-036 Headers and Jumpers

A number of jumpers are provided on the CY8CKIT-036. Table 4-2 lists the default jumper settings

for the board.

Table 4-2. CY8CKIT-036 Jumper Settings

Headers and — Factory Default
Description . .
Jumpers Configuration
5-pin header for connecting an external host or management processor )
)1 via 12C/SMBus/PMBus Connector fitted
3-pin header to choose between single sensor or dual sensor (daisy -,
. . . : 1-2 position (dual
J2 chain) connection for the PWM temperature sensors. Place jumper in 1- . -
- . . sensor daisy chain)
2 position to enable dual sensor daisy-chain mode
13 3-pin header to set logic signal levels for digital temperature sensors. 2-3 position (3.3 V
Place in 1-2 for 5 V interfacing; place in 2-3 position for 3.3 V interfacing | interfacing)
4-pin header (1.25 mm pitch) to connect Fan 1. Supplies 12-V power,
J4 ground, PWM drive, and tachometer feedback. All signals replicated on | Not connected
J7
4-pin header (1.25 mm pitch) to connect Fan 2. Supplies 12-V power,
J5 ground, PWM drive, and tachometer feedback. All signals replicated on | Not connected
J8
4-pin header (1.25 mm pitch) to connect Fan 3. Supplies 12-V power,
J6 ground, PWM drive, and tachometer feedback. All signals replicated on | Not connected
J10
4-pin header (2.54 mm pitch) to connect Fan 1. Supplies 12-V power,
J7 ground, PWM drive, and tachometer feedback. All signals replicated on | Connected to Fan 1
J4
4-pin header (2.54 mm pitch) to connect Fan 2. Supplies 12-V power,
J8 ground, PWM drive, and tachometer feedback. All signals replicated on | Connected to Fan 2
J5
3-pin header for fan power supply. Place in 1-2 position to source exter- .
. . ) o 1-2 position (fan
J9 nal power from the power jack (J13); place in 2-3 position to source 12-V
power from J13)
power from the DVK.
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Table 4-2. CY8CKIT-036 Jumper Settings (continued)

Headers and o Factory Default
Description . :
Jumpers Configuration
4-pin header (2.54 mm pitch) to connect Fan 3. Supplies 12-V power,
J10 ground, PWM drive, and tachometer feedback. All signals replicated on | Not connected
J6
4-pin header (2.54 mm pitch) to connect Fan 4. Supplies 12-V power,
Ji1 ground, PWM drive, and tachometer feedback. All signals replicated on | Not connected
Ji2
4-pin header (1.25 mm pitch) to connect Fan 4. Supplies 12-V power,
J12 ground, PWM drive, and tachometer feedback. All signals replicated on | Not connected
Ji1
J13 Power jack. 12-V DC nominal Connector fitted
J14 2x20 pin header for connecting to PSoC DVK Connector fitted
115 2x20 pin header that replicates signals on J14 for easy connection to a Open
logic analyzer or oscilloscope P

PWM Output Digital Temperature Sensors

The TMPO5 is a monolithic temperature sensor that generates a modulated serial digital output
(PWM) signal. The duty cycle of this PWM signal is proportional to the ambient temperature
measured by the device. The high period (TH) of the PWM remains generally static over all
temperatures, while the low period (TL) varies. The ratio of TH/TL provides a method for determining
the temperature according to the formula, Temperature (°C) = 421 — (751 x TH/TL).

The TMPO5 sensors have a 2-pin interface: CONV/IN input, which when pulsed by PSoC initiates a
new temperature measurement and OUT output, which provides a PWM signal that can be decoded
using the formula above to determine ambient temperature. The TMPO5 sensors support a daisy
chain mode of operation where the OUT signal of the first sensor can be directly connected to the
CONV/IN input of the subsequent sensor. The OUT of the second sensor carries the PWM signals
from both sensors. Many sensors can be daisy chained in this fashion, with the final OUT signal
carrying the PWM temperature encoding from all sensors in the daisy chain.This sensor is generally
operated in either the one-shot mode or continuous mode.

For more details, refer to the TMPO5 device datasheet, which is available on the device
manufacturer's website or under the datasheet folder at the install location. Application note
AN78737, PSoC 1 - Temperature Sensing Solution using a TMPO5/TMP06 Digital Temperature
Sensor discusses more about the temperature sensor and the implementation in PSoC 1 with an
example project.

I2C Digital Temperature Sensor

CYB8CKIT-036 demonstrates 12C temperature sensing capability using a two-wire 12C compatible
digital temperature sensor, the TMP175. 12C digital temperature sensors are common sensors for
thermal management and are used in a variety of communication, computer, consumer,
environmental, industrial, and instrumentation applications due to the popularity of the 12C bus. For
more details, refer to its datasheet, which is available on the manufacturer's website or under the
datasheet folder at the install location. Application note AN2163, PSoC 1 - Temperature Sensing
Solution using a 1-Wire/2-Wire (12C) Digital Temperature Sensor discusses more about the
temperature sensor and the implementation in PSoC 1 with an example project.
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4.6 1-Wire Digital Temperature Sensor

CYBCKIT-036 has a Maxim DS18S20 1-wire high-precision digital temperature sensor installed. The
DS18S20 digital thermometer provides 9-bit resolution Celsius temperature measurements and has
an alarm function with nonvolatile user-programmable upper and lower trigger points. The DS18S20
communicates over a proprietary 1-wire bus that by definition requires only one data line (and
ground) to communicate with a host microprocessor. It has an operating temperature range of -55°C
to +125°C. For more details, refer to its datasheet, which is available on the manufacturer's website
or under the datasheet folder at the install location. Application note AN2163, PSoC 1 - Temperature
Sensing Solution using a 1-Wire/2-Wire (12C) Digital Temperature Sensor discusses more about the
temperature sensor and the implementation in PSoC 1 with an example project.

4.7 Diode Analog Temperature Sensors

MMBT3904 is a bipolar junction transistor (BJT) designed as a general-purpose amplifier and
switch. The useful dynamic range extends to 100 mA as a switch and to 100 MHz as an amplifier.
The delta Vbe method described in application note AN78920, PSoC 1 Temperature Measurement
Using Diode can be used with CYBCKIT-036; the application note discusses the operation theory
and relevant mathematical equations. The implementation is primarily driven by firmware due to the
complexities associated with varying the source current fed to the BJT, filtering the ADC
measurements, and calibrating the analog sub-system all of which are required to achieve
sufficiently high accuracy with these low-cost temperature sensors.

4.8 4-Wire Fan Connectors

The CY8CKIT-036 provides four industry-standard 4-wire fan interface connectors and two AVC
12 V brushless DC fans. The fan speeds are controllable up to 13,000 RPM via PWM control, with
tachometer output to calculate actual fan speeds. For more details, refer to its datasheet, which is
available on the manufacturer's website or under the datasheet folder at the install location.

Table 4-3. Fan Connector Pinouts

Pin Number Name Colors Description
1 GND Black Ground
2 POWER Red 12-V DC power
3 TACH Yellow Frequency generator signal
4 PWM Blue PWM control signal

Application note AN78692, PSoC 1 - Intelligent Fan Controller discusses more about the 4-wire fan
and implementation inside PSoC 1.

4.9 Development Kit and Expansion Board Kit Compatibility

The CY8CKIT-016 kit contains only a PSoC 1 thermal management example project. It requires the
CY8CKIT-036 EBK and CY8CKIT-001 PSoC DVK.
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CY8CKIT-036 Schematics

VDD12
Default : TP4 VDD12
VDD12_EXT VDD12_EXT  \pp12 <-> VDD12_EXT voomz
D1 SM340A VDD12 J9 RS
J13 FI: 1K
pCiv 1 VDD12_DVK ! voblz Bxt c8 co c17
| D2 SM340A =
3 g 3 | VD12 DK | g + 220 | 1ou | odu
12V73A JMP-3 D4
D3 SM340A VDD12
7’ =
Default : TP5 VDD5 TP6 VDD3P3
TP1 VDDIO TP2 DGND TP3_AGND VDD5 VDDIO <-> VDD3P3 VDD5 VDD3P3
VDDIO 11
VDDIO J3 | |
= 0 VDD3P3 1| veos c23 c22 c10 cis
DIGITAL GND  ANALOG GND g VDD3P3
10u 0.1u 10u 0.1u
JVP-3
VDDIO VDD12 F1_DGND VDDIO VDD12 F2_DGND
o F1_VDD12 (o] F2_VDD12
F1_TACH F2_TACH
F1_PWM F2_PWM
R7 J4 R8 J5
J7 J8
4.7K '||I 1 '||I 1 F1_DGND 4.7K '|| 1 '|| 1 F2_DGND
[ Z [ Z F1_VDD12 Z 2 F2_VDD12
TACH1 3 C20 3 F1_TACH TACH2 3 C21 3 F2_TACH
LS - PWML LS F1_PWM Z = PWNZ2 4 F2_PWM
c13 0.1u C14 0.1u
0.1u = 1.25MM PITCH 1 0.1u = 1.25MM PITCH 1
: 2.54MM PITCH 1 : 2.54MM PITCH 1
VDDIO VDD12 F3_DGND VDDIO VDD12 F4_DGND
o F3_VDD12 o F4_VDD12
F3_TACH F4_TACH
F3_PWM F4_PWM
R9 36 R10 J12
J10 J11
47K '|| 1 '|| 1 F3_DGND 4.7K '|| 1 '|| 1 F4_DGND
F3_VDD12 F4_VDD12
TACH3 3 C12 3 F3_TACH TACH4 3 C19 3 F4_TACH
L3 _-— PWM3 L3 F3_PWM 7 _— PWNA L) F4_PWM
c15 0.1u C16 0.1u
0.1u = 1.25MM PITCH 1 0.1u = 1.25MM PITCH 1

2.54MM PITCH 1
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A.1l.3 [2C/SMBus/PMBus Port

VDDIO
J1
SMBUS_SDA 5 SM_SDA
R6 SMBUS_SCL Z SM_SCL
0 SMBUS_ALERT n 3 SM_ALT
SM_GND
1 VDDIO
V4 12C/SMBus Port

Al4 2x20 Pin DVK Connector and Test Points

Config Pin 2 4 6 8

Debug & Signal Probe Port to OC Output Mode
15 14
TACH4 TACH4 1 2 PWM4 PHM4 TACH4 TACH4 1 2 PWM4 PIM4
TACH3 TACH3 3 x PWM3 PWM3 TACH3 TACH3 3 & PWM3 PWM3
TACH2 TACHZ 5 6 PWN2 PWN2 TACH2 TACH 5 6 PWM: PwM2
TACHL TTACHL 7| [ PwvI___—  PWML TACHL [ PwWMI Pl
AGND g 10 NC_10 NC AGND 9 10 NC_10 NC
LCD_NC NC_1T 1T T NC_12 LCD_NC LCD_NC NC_1IT 1T 17 NC_T. LCD_NC
LCD_NC NC I T3 o) NC_14 LCD_NC LCD_NC NC T T. 2 NC_14 LCD_NC
LCD_NC NC_15 15 6 NC_16 LCD_NC LCD_NC NC_15 5 16 T 16 LCD_NC
LCD_NC NC_17 T T NC 18 LCD_NC LCD_NC NC_17 17 18 C_18 LCD_NC
AGND 19 0 NC_20 NC AGND 19 20 C_20 NC
-1 O 2T TOK DK -1 0T T 7 K TD-K
TD-A A 23 74 _ONEWIRE __  ONEWIRE TD-A DA 23 27 ONEWIRE ONEWIRE
12C_SDA 12C-TEMP_SDA 75 6 12C-TEMP_SCL 12C_SEL 12C_SDA 12C-TEMP_SDA 25 26 12C-TEMP_SCL 12C_SEL
PWM_OUT PWM-OUT 27 28 PWM-IN PWM_IN PWM_OUT PWNM-OUT 27 28 M-IN PWM_IN
AGND 79 0 NC NC AGND ) 30 NC_30 NC
RESV NC_31 32 SMBUS_ALERT n  SM_ALT RESV NC_31 32 SMBUS_ALERT n  SM_ALT
SM_SDA MBUS_SDA 33 i MBUS_SCL SM_SCL SM_SDA SMBUS_SDA 33 34 SMBUS_SCL SM_SCL
VDD3P3VDD3P® —— 35| 36 _NC36____ VAD VDD3P3VDD3PR —— 35 36 NC 36 VAD
DGND 3 8 Q VDD5 vDD5 DGND 37 38 Q VDD5 vDD5
VDD12_DVK VDD12 DVK  Q 39 40 DGND VDD12_DVK VDD12 DVK Q 39 40 DGND
CON40A  DNI . CON40A

A.1.5 1-Wire Temperature Sensor

VDDIO
VDDIO o
(o]
ca v2
R4 c5 1 8
oniT oI Hz NC1 NC8 ﬁ
47K 0-1u X——NC2 NC7[—X
3 6
VDD NC6 —X
ONEWIRE 4 5

DQ GND
DS18S20 17
A.1.6 Temperature Diodes

TD-I

TD-A

Q2 ] —kl Q1
MMBT3094 MMBT3094

TD-K
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A.l.7 I2C Temperature Sensor

VDDIO
o

le

DNI| DNI

12C-TEMP_SDA

VDDIO
o

R1 R2
10KS 2.2

R3

2.2K

12C-TEMP_SCL

0.1u

C2

Ul

SDA V+

SCL A0

ALERT Al

GND A2
TMP175

N

12C Address 8"b01001000

A.1.8 PWM Temperature Sensors

VDDIO

C6

DNI| DNI

VDDIO

U3

J2

SINGLE

PWM-IN

ouT

PWM-OUT

3
PWM_TMP | 2
DUAL 1

JMP-3
Default :

PWM_TMP <-> DUAL

CONVI/IN

FUNC

VDD

GND

C7

0.1u

TMPO5

U4

.

ouT

CONV/IN

FUNC

VDD

GND

TMPO5

Cl1
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A.2 CY8CKIT-036 Board Layout

A.2.1 Top layer

©
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A.2.2 Bottom Layer

e
g

io.00k 000 ool —
T VST TL 0T} (8=
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A.2.3 Top Silkscreen

LA AR apan

| |J14 pa LR
! S e PP
,, , vDDIZ 5
H = - N om o= 3
- 2 3532 72 323 2 2 33355
88 s ¥ 8 4. 220822yl === L af L)
n | Dl J9 I | I |
P DGND .|zy_nv; Fat oy
- e Loz od W o U oUW W g Y = Mom w15 12V I I I |
- e R e - r T XT E Z Z Z
n 8 E T s e EEEE |z\r_ExT
; SDA - DF
e sci wos wooaes | Joreel ) =0 RIT @@ @)
||l O Oy Lo’ ® T
g S 50 o oo bu
Sl MeMs o (2 €23 (18
o vooio [—|® wlonh-r2 5 & -1 = DC-12V "3
] vooio @ &
= asLJ T2z cio ool brt Vo5 EP} é @ §

==
WP/ CYPRESS

DGND_FAN — o PERFORM
S0 z5z¢e
=cHBEz8%
—
|4 1 oald 1 -l 1 <4 1
0 = O A
z|k z z z
L] B c20 (D s 1D w0 iz M@
|==_=1!' |===]'4 |==_=|2 I=.==.1§

CYBCKIT-036 PSoC Thermal Manogement EBK
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A.3 CY8CKIT-036 Bill of Materials
Item | Qty. Designator Value Description Manufacturer Manufaﬁtgrer Part
C2,C5,C7,
Cl11,C12, Ceramic Capacitor,
1 15 C13,C14,C15,C16, |0.1u 0.1uF, +/-10%, 25V, | Taiyo Yuden TMK105BJ104KV-F
C17,C18,C19,C20, X5R(0402)
C21,C22
22uF, +/-10%, 25V, GRM32ER61E226K
2 1 C8 22u X5R(1210) MURATA E15L
10uF, +/-10%, 25V, GRM31CR61E106
3 3 C9,C10,C23 10u X5R(12086) MURATA KAL2
Schottky Rectifier
4 4 D1,D2,D3,D5 SM340A A0V/3A(SM340A) GW SM340A
5 |1 |Da4 vDD12 | Hight Emitting Diode | e LTST-C170KSKT
(Yellow)
12C/ ONN HEADER
6 1 J1 SMBus 5P0S .100 VERT MOLEX 22-05-3051
Port TIN
1X3 .100"CENTER
7 3 J2,J3,J9 JMP-3 HEADER SAMTEC TSW-103-07-G-S
1.25MM | FAN socket, 1.25mm
8 4 J4,35,J6,J12 PITCH 1 | Wafer 180° CHERNG WEEI CCX-W125-04-DIP
FAN socket, 2.54mm
2.54MM | Wire-to-Board
9 4 J7,38,J10,J11 PITCH 1 | Header, DIP 180° CHERNG WEEI CD-W254-(3.4)
Type
10 1 Ji3 DC-12V |DC Power Socket CHERNG WEEI 32753PA
Pin Header, 2X20,
11 1 Ji4 CONA40A | Pitch 2.54MM, male, | NA NA
Right Angel
MMBT30 |NPN General Pur- L
12 2 Q1,Q2 04 pose Amplifier Fairchild MMBT3094
10K ohm, +/-1%, 1/
13 1 R1 10K 16W(0402) YAGEO RC0402FR-0710KL
2.2K ohm, +/-1%, 1/
14 2 R2,R3 2.2K 16W(0402)_ YAGEO RC0402FR-072K2L
4.7K ohm, +/-1%, 1/
15 5 R4,R7,R8,R9,R10 |[4.7K 16W(0402) YAGEO RC0402FR-074K7L
1K ohm, +/-0.1%, 1/
16 1 R5 1K 16W(0402)_ SAMSUNG RG1005P-102-B-T5
0 ohm, Jumper, 1/
17 2 R6,R11 0 ohm 10W(0603)_ WALSIN WRO06X000 PTL
Digital Temperature
18 1 Ul TMP175 | Sensor with Two- Texas Instruments | TMP175AID
Wire Interface
High-Precision 1-
19 1 U2 DS18S20 | Wire Digital Ther- MAXIM DS18520Z7
mometer
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Manufacturer Part

Item | Qty. Designator Value Description Manufacturer NoO
+0.5°C Accurate

20 2 u3,u4 TMPO5 PWM Temperature | ADI TMPOSAKS-

500RL7

Sensor
BUMPER

21 |4 mi‘MHZ' MHS, f]‘;g‘é" CLEAR.370X.19"  |Richco Plastic Co |RBS-35
CYLINDER
Mini Jumper 2.54

22 3 Pitch Open CHERNG WEEI CMJ-135BB
Type(13.5)
M3 35mm, Nickel

23 8 Plated, Round Head NA NA

24 8 M3 Nickel Plated NA NA
Hexagonal Nut
DC Brushless axial

25 2 flow fan, 40x40mm, |AVC 5804028812UP01

4-wire, 12V
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