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= 1. Overview

Electronic System based on MCU

P2 AR AHHE R

Bl oy P

Ve
Vddm

RAI e B/ HE)

G/

CMos i

GESE

— Modem

PSTN

H

bl

RTC




System Diagram

Signal Flow
<z
: H o
Bl =M
= =0
LR n
L PR
2285 vl B
2% pp 3%
Y At
S B 8%
FELT IO RS
AL FE e 5 e 2%
1RO RS
w28
|—_f¥ak
A 250 8% 5K =h 2%
ERVESRBH A5

4-20 mA B 2%

E i

A/D¥EHRE

T B as vk 2%
I RS
AR IR 2%
ASDNE BB 5 28

s

S B IERR
DDS 5 %

i A SRR E . T\ AIBIE S, B il ok TR Gk AT
WA AR E A S RS sk A EEER I T

System Diagram
Logic Diagram

e D e Lees

Y

AdED Feim

System Architecture

MCU

RAM/ROM

CPU

Input Channel 5 ¥

Output Channel

= 2. Design Methodology




Traditional vs. Prototype based

i 1.Design Flow
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i 2. Top Down Methodology
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3.Process of Design
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= 3. Case Study
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3. Case Study:
Digital Frequency Meter

= Case Study 1: System Requirement Analysis
= Case Study 2: System Design

= Case Study 3: Sub System Design

= Case Study 4: Software Design

= Case Study 5: System Test

= Case Study 6: Document
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3.1 Case Study 1: System Requirement Analysis
2 Requirement Analysis

+

= Main Function
= Frequency/Period/Pulse Width/Duty
= Main Specification
= Duty Error<=1%, others Error <0.1%
= Frequency Range:1Hz~10MHz
= Advanced Function: 0.1Hz~10MHz
= Pulse Width>=100us
= Gate Time: 10s
= Refresh Display: 1~10s
= Input Level: 0.5~5V
» Advanced :0.02V ~ 5V

Electronic System Design 15

3.2 Case Study 2: System Design
1.Measure Principle Study

+

= Direct Algorithm
= Indirect Algorithm
= Multicycle Synchronization Algorithm

Duty Error<=1%,
others Error <0.1%0
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3.2 Case Study 2: System Design
2. Direct Algorithm for Frequency

= Formula
Fx=N/Tx
N AFX/Fx=(1/TsFx+| AFc/Fc|)

Counter
Display

= Diagram

Gate Time
1ms/10ms/0.1S/1s/10s|

3.2 Case Study 2: System Desig
3. Direct Algorithm for Period

= Diagram To
N

TO
Gate Cqunter
Fc Display
—_—

Freq Div/Freq multiple

™
Reshape
= Formula

= Tx = NTO/K
= ATX/Tx=(TOFX/K+| AFc/Fc|+0.32/K*Power(10,-SNR/20)

Trigger
Error
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3.2 Case Study 2: System Design
4. Indirect Algorithm for Freq/Period

= Frequency -> Period = Error Figure

= Period - Frequency

s Fm
= Middle Frequency

3.2 Case Study 2: System Design
5. Multicycle Synchronization Algorithm

= Formula
= Fx=Na*Fc/Nb

= AFX/Fx= ATX/Tx=Tc/T+
|AFc/Fc|+0.32/K*Power(10,-SNR/20)

= Diagram

Preset Pulse|

. |AFc/Fc|~ 10E-7, Trigger Error~0
=S0: AFX/Fx ~ 10E-7, Excellent!

=Set: Fc=10M, T=1s ->Tc/T=0.1us/1s~10E-7

Gate Counter A
Fx A Na=FxT

Fx=Na*Fc/Nb‘ "‘ Display

Gate Counter B
Fc -
CIk Generator B Nb=FcT

20




3.2 Case Study 2: System Design
6. Core Algorithm Selection

Algorithm |Error Complex |Software Req.

Direct X Low No

Indirect |Enough |Middle Switch @ Fm
Division

M.S Good Middle Division |

21

3.2 Case Study 2: System Design
6. Core Algorithm Double Check

Pulse Width

= Duty

Advanced Requirement
Other Specifications...

Electronic System Design
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3.2 Case Study 2: System Design
7. System Diagram(1) o g

— [ B p—

Fxa Frequency Meter
| (Multicycle [> LED
Fxb Synchronization Display
Measure Core)

1r

Key/Selection

= Hardware?

= Division?
= Software?
« 10MHz
Hardware/Software?
= 10MHz/Division

Electronic System Design 23

3.2 Case Study 2: System Design
7. System Diagram(2)

Controller
MCU Subsystem

Input Channel
Analog Subsystem

Fxa Channel A ——  Multicycle /Lf‘>
Fxb Channel B —— Measure Core N—

.

Principle Study
Algorithm Selection
System Diagram
Subsystem Partition

Measure Core LED
Digital Subsystem Display
Synchronization MCU

1r
Key/Selection
Power

Electronic System Design
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7. System Diagram(3)

i 3.2 Case Study 2: System Design

= Four Subsystems

= Analog Subsystem G Dl byt | a= |
= Digital Subsystem i e I
= sy (T v
= MCU Subsystem B ——(Carde}{ Mo e [T¥]
= Power Subsystem Keyfseletin
P e
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i 3.3 Case Study 3: Sub System Design(1)

= Analog Subsystem
= Input Channel

Electronic System Design 26

1. Input Channel Requirement

i 3.3 Case Study 3: Sub System Design(1)

= Type Fx ) st
= Analog Subsystem Amplifier — Reshape

= Requirement
= Function

= Convert Analog Signal to Digital Signal
= Specification

= Input signal
Level: 0.5V ~ 5V, Advanced: 0.02V~5V
Freq: 0.1Hz ~ 10MHz,

= Output signal
Level: TTL
Freq: 0.1Hz ~10MHz

Electronic System Design 27

2. Input Channel Diagram

i 3.3 Case Study 3: Sub System Design(1)

sHigh impedance

Trigger Level
/ \ Adjust

— Inpu_t — Input Buffer— Amplifier . Reshape > Out Buffer —
Protection
Fx T f TTL
Sensitivity
Advanced Level — | Adijust Pos+/Neg-

0.02V %
Pulse Edge
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3. Input Channel : Amplifier + Reshape

i 3.3 Case Study 3: Sub System Design(1)

= Reshape @ 0.02V input
= TTL:
= Trigger Level=2V
« Gain = 2V/0.02V =100
= Comparator
« MAX902 , SR=0.5V/s

= SR=2*Pi*Fx*Um - Um=0.8V @ Fx=0.1Hz
« Gain = 0.8v/(0.02v* 1.414) = 30

= Choose Gain=40 @ 0.02 input

— Reshape=Comparator

Electronic System Design 29

3.3 Case Study 3: Sub System Design(1)
4. Input Channel : Amplifier Double Check

sGain Switch
-Amplifier @0.5V~5V
«@5V Um= 40*5v*1.414 = 280V «Gain=4
«@0.5V Um= 40*0.5*1.414 = 28V |::> sUm=2.8V ~28V I:>
«@0.02VUm= 40*0.02*1.414 =1.2 V =@0.02v~0.5V
=«Set Gain =40
Um=1.2V~28V

sGBW=GAIN*BW

sGBW:GAIN*BW
AL =4* 10M = 40M
. =40* 10M = 400M
=10*10M=100M

a2 = TOO Large
=4*10M=40M
Max4016 + Max4016
GBW=150M
Electronic System Design 30

3.3 Case Study 3: Sub System Design(1)
i 5. Analog Subsystem Design Main Points

= Requirement Study & Analysis

= Module Partition & Specification Assignment
= Module Design

= Couple Circuit Design

= Specification Double Check

Electronic System Design 31

i 3.3 Case Study 3: Sub System Design(2)

= MCU Sub System

Electronic System Design 32




3.3 Case Study 3: Sub System Design(2)
1. Requirement for Controller

= Setup - ":p:;;ln
= Display Frequency « Output:

= Control Measure Core = Digital display

= Status display
Output = Interface

= Read /write data with

other modules
Measure Core

MCU Interface

Input

Electronic System Design 33

3.3 Case Study 3: Sub System Design(2)
2. MCU Sub system Diagram(1)

Status Frequency
= Input: LED x8 Digital LED x8
= Keyboard
= 11 key
= Output:
= Digital display MCU? EBuaSnd Mg%i:re
. 8 Digital LED Xp
= Status display
= 8LED
= Expand
Setu
= Parallel Bus for Read /write data . ? 16
with other modules €y Input x
Electronic System Design 34

3.3 Case Study 3: Sub System Design(2)
3. MCU Sub system Diagram(2)

b
0000h-7FFFh  AlS-0 J2k Byte for SRAEM

8000h~3FFFh Rl5«1 Rld4=D ARl3=D Bk Byte for 8273

Frequency Status AOOOR-BFFFh  AlSel Ald=d Alisl 8k Byte for nos2
.. CO0Oh-DFFFh AlS=1l Ald4=1l Al3=0 @Bk Byte for nCsl
Dlgltal LED x8 LED x8 EO0Oh-FFFFh  AlS5e1 Aldml Al3=l Bk Byte for nCsd

1r

8279 <;Eh Bus (< Measure
1
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/Expan Core

2
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89c51

Setup
Key input x16

32KB SRAM
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Electronic System Design

* 3.3 Case Study 3: Sub System Design(3)

= Digital Sub System
= Measure Core

Electronic System Design 39

1. Requirement for Measure Core

‘ 3.3 Case Study 3: Sub System Design(3)

= Function
= Multicycle Synchronization Measure Core
= Measure Function Selection
= Frequency,Period,Time
= 1MHz Signal Generator
= Specification
= Fclk =10MHz
= FXx =10 MHz
= Measure Precision

Electronic System Design 40
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3.3 Case Study 3: Sub System Design(3)
* 2. Measure Core Diagram

1MHz

Signal Generator
Fxa

Input Syn Gat
Mux aAe Event Counter —
Fxb Input Syn

Fclk @—. Time Counter "

Function Selection -

ERTIE]

Electronic System Design
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3.3 Case Study 3: Sub System Design(3)
i 3. Implementation Technology

Speed |Flexibility |Debug |Capacity

MCU Low Good Easy Limit
MSI,SSI | Middle |Bad Bad Low
PLD High Good Good High

Electronic System Design 42

3.3 Case Study 3: Sub System Design(3)
* 4. Design Methodology

" Schemati
= VHDL T
= Verilog

Electronic System Design
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3.3 Case Study 3: Sub System Design(3)
i 5. Digital Subsystem Design Main Points

= Requirement Study & Analysis
= Subsystem Diagram

= Technology Selection

= Module Design/Debug

= Subsystem Debug

Electronic System Design 44
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i 3.3 Case Study 3: Sub System Design(4)

= Power Sub System

Electronic System Design 45

3.3 Case Study 3: Sub System Design(4)
1. Requirement for Power Subsystem

+

= Functions
= Inputs
=« DC/AC
= Outputs
= Analog/Digital/RF/Driving
= Power Model
= ON/OFF, Wake/Sleep/Battery
= Specifications
= Voltage/Noise
= Current/Max
= Design
= Switch Power Supply
= DC/DC,AC/DC

= Linear Power Supply
= LDO

Electronic System Design 46

2. Power Subsystem Diagram

i 3.3 Case Study 3: Sub System Design(4)

DC -12V Filter Network . -12V Analog
—> Filter Network — +12V Analog
GND Analog
DC+12V Linear Regulator |——  +5V Digital
DC GND GND Digital

Double Check Maximum Current, >=150%

Electronic System Design 47

3.3 Case Study:Sub System Design
Summary

+

= Requirement Study & Analysis
= Algorithm Selection

= System Diagram

= Module Circuit Design

= Double Check

Electronic System Design 48
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1. Requirement for Software Subsystem 2.Diagram/Modules

= Modular Design

* 3.4 Case Study 4: Software Design i 3.4 Case Study 4: Software Design

= Function - e Lo
- Reset : ::::_l\lflaoscli(ules/SelfTest
= Task Di tch
= Read Keyboard . Taskelfroglr?riC
= Taskl: Do Frequency
= Control the Measure Core e Do e
= Freq,Period,Duty... = Task3: Do Width/Time
' ' = Task4: Do Duty
= Read Measure Data « Task5: Do Self Calibration
= Sub Program
= Data Process . Read Data
. = Data Process
= Display Result + Output Result

= Interrupt Program
= Read Keyboard/Display Data

Electronic System Design 49 Electronic System Design 50

- Task Driving Architecture | w i 3.4 Case Study 4: Software Design

4. MCU Software Design Main Points

Requirement Study

Task List
Diagram/Modules

= Main Program

= Task Program

‘ = Public Sub Program

= = Interrupt Service Program
System FlowChart

= Task Driving Architecture
Program/Debug

I nteg rate Electronic System Design 52
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3.4 Case Study 4: Software Design
5. Fault-tolerant Design

v

= Reset

= Flags to distinguish the reason
Watch Dog

= Hardware Counter

= Software trigger

Soft Trap

Redundancy of Instruction
Digital Filter:

= Median Filter for AD data

Electronic System Design 53

3.5.Case Study 5: System Test
1. Requirement

+

= System Test
= Function
= Specifications

Electronic System Design

3.5 Case Study 5: System Test
2. System Test Plan

*

= Methodology
= Test Configuration
= Test Steps

= Instruments sig Generator
= Signal Generator
= Oscilloscope

Oscilloscope

DUT: Device Under Test

Electronic System Design 55

3.5 Case Study 5: System Test
4. System Result

*

= Test Records

= Data Set
= Who/When/What

= Result
= Conclusions
= Analysis

Electronic System Design
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3.6 Case Study 6: Document
1.Requirement
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= 4. Design Tips
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3.6 Case Study 6: Document
2.Example G 7 U A7 I A

onic System Design

4. Design Tips
* LAG

w AR (DFM)
o WP ZE, WRFAFIRIRSEL
o SEEANE SR, RIR
w AP ¥ 1T (DFT)
o TSR &I,
« Example: TR MR, FIERHLE B FF IR O
« I LMK (Self-Test)
AP ERMERIE
n HEA+RIE
» Example: il &, #0

Electronic System Design
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y

ARG

o BEHL BT
o AUEA, A] R
« DI —
» JEL A
= Example:
= AD/DA it
= AR

® o o o

Electronic System Design 61

C8051F040

*
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4. Design Tips
i 2. 7 B PR HFHA H 1

= Example:
= BJTHLEH]
8051
Intel: 8031
Atmel: Flash+PW+WD
Philips: 33M+CAN+AD

CYGNAL: SOC: JTAG+8051+AD+ii &
AVR: RISC+ ISP + C +Low Power+AD
PIC
Motorola 68H
Scenix B FHl : 50M
« LARRAEE
RHZOCT70C, TMkE-40C™85C, FEHZHR-
55C125C

Electronic System Design
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e 148
i NucleoF401 ﬁ‘g#

PR TTIm RS

X-HUCLEQIKSD1AY
MEMSTHSE 7

XHNUCLEQ-IDBO4AY
BiueNRG B T B

STMIZFAD! Nugles  —-" ——
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ARM-Cortex M 4 +{KIhFE1E T +MEMSAE 5

i

H
58
i
5

b
§l

i

= X-NUCLEO-IKSO1A

= LSM6DS0: MEMS 3D accelerometer (£2/+4/+8g) + 3D gyroscope
(+245/+500/+2000 dps)

LIS3MDL: MEMS 3D magnetometer (+4/ £8/ £12/ 16 gauss)
= LPS25HB*: MEMS pressure sensor, 260-1260 hPa absolute digital output barometer
= HTS221: capacitive digital relative humidity and temperature

4.Design Tips
3. Debug Methodology

» B
o YR, HRZRER IR
w ZDHR
o BYOEPLRE, BL IR

Electronic System Design
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4.Design Tips
4. Analog Circuit Debug

= AP LG

= R TAF A

= WIOTZRHK, WrIT ot
= IZTH

= 2277 Ha N\ S HLAE

= Hilt

» IR EGEIE 22
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4.Design Tips
MCU debug: In Circuit Debug

Your Computer

Cross compiler
and linker

—

Processor

Load code to processor
L .r'= Code space |

[::;E::ﬁge-‘. o |l Debuginterface [ f HW support for debugging
-Lookatvariables (JTAG) (Limited resources)

- Reset processor

Serial Running SW outputs
| Serial port terminal i= Debug messages

Electronic System Design

Object file
for processor
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4.Design Tips
5. PCBA1 £k J5 I

» A1 R
o HYRZL. HhZRRATRER
o B, BB TT, MRS
o A S, AN S
» FLURJEVK
n BN AL EE— /N 100uF FE R L2
w BRNEE AR LY 320.01uF /N FEL 2
o EREEERR (BRELED
w PGSR, FRZKE
» ALK

Electronic System Design 69

4.Design Tips
i 6. PCBATZR)E N %15 5340 R

e Sl A e\ e ) N 1

70

PCBAi £k J5 ) :

AN S HCT I X, FEE B

PCB 5 4h5%
i P2 CNUUHR A 2235 52 fr
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4.Design Tips
* 6. PCBAILLIEIN: 4B/ Lk, Mz %

St
Electronic System Design

73

4.Design Tips
* 7. AT
» RGEMR
o TR A LR ThRE e B 1
w b ERE R
w AR
w LRI
« FEIRK(ESD)
= 2 AR AT Z AR (RS)
o PREEBK PN (EFT/B)
« FEHRK(Surge)
« fESPIIRI 21 (CS)

E—a

« fkH# 4 (Impulse)

Electronic System Design 74

8.Program Model:
Interface

\/

Electronic System Design

* Layer Model (No OS)

Application SW

[

Driver SW Higt
iy SRAM. NOK Flsh
Lt PLR IRt SRAM

B kil O OB
s
11—
Hardware W
\ L]

Electronic System Design
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Layer Model (No OS)
Memory Map Register

Application SW

i

Driver SW

N

] o -

Hardware

Electronic System Design

STM32F401RE
i Bus = Memory Map Register

Electronic System Design

Program Model:

" Hantware e

Driver SW: SPI,12C,UART

e Drtver Interfaces.
Application SW
Open
Chose
E Read
Wite:
10CTL
Comststent Interface Driver SW
Tor client
Open /
Close
=t Read
Wite
ociL Hardware
Mdaplee Adapler

Electronic System Design

i Program Model

= Memory Map Register
= Read/Write
= Access Model
= Software Polling
= Interrupt
= DMA

Electronic System Design
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Servicing an Interrupt

Interrupted
2.ISR 3.IST
....... C Launched
Mov... - t (Optional)

i DMA Bus Cycle

Processor M 110
With emory Hardware
Cache using DMA
; |
A AT
System Bus

= Processor does not drive the bus during a
DMA bus cycle

= Bus Arbitration hardware is needed to
support multiple bus masters

Tradeoffs

Transfer Technique Hardware CPU Overhead

Programmed 1/0
Interrupt

DMA

9.Program Model:
Communication Software
n (EHERE B S AR

n ZEAE

 SRALTTEEE B O B4R S

» 1EH5:
u QOS: ﬁrﬂ:ﬁ‘\ ﬁi&\ g‘ié

Electronic System Design
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Layers, Services & Protocols

i Network Protocol Layers

Data Application Protocols

TCP TCP
Header Data

Transport Protocols

1P

Header IP Data Intemet Protocols

Frame Frame Data Frame

Header S| Network Topology

i 55 AR X531

O k%2 & ZErE LERER—HFE GRE
QMRS EXTHEZEKED
QLZERMmEHF
QTFERMFREEE
QRS & X T ZZE SRR LB SRR
QA FoX BB 4F 2 2 7 58 K

O Wil R 2 XREXEL 2 [ B 75 H AR K
R SO — AN
O SEARF R PR SEEL BN THIAR 55 & X
QREAKRSR S H MRS, SAETUMESMEEE

Ltk 20

i B T S T R

o RPN R/ o

o HIPALEEE: AR, PSR
o UREE] VS E ]

o ZERGPES: KR/ K

n B/ EEE: D BERACHR

o PRI B RS ANEE
= S ZEBREEIHYEGEE

88
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Electronic System Design

i R

Ech iy
[t [@% IEELTE BT l
TR ECG:GETRATTERYPOWER | OK\An ERRORAMN
Arhn K

| R4 G | | i |

ECGGETBATTERYPOWER

ok
XX[PERCENT)

Electronic System Design

10. Reference Design resources

* 4.Design Tips

= Websites

= Www.21ic.com

= WWW.icminer.com

= WWW.zIgmcu.com
www.altera.com.cn
www.analog.com
WWW.maxim-ic.com.cn
www.ti.com.cn

Electronic System Design

IC & Paper

IC

8051

CPLD/FPGA

AD analog devices
maxim IC

TIHIC

91

5. Summary

Electronic System Design

92
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S5.Summary

Today
= Design Process
= Case Study

= Important Points
= Top>Down->Top
= System-> Sub System - System
= Three Design Levels
= Behavior Design
= Structure Design
= Physical Implementation
= Modular Design
= Design For Test

vy

Electronic System Design

Requirement
Diagram
Design

93

Process of Design

-

RGHALIT 7 -
TRG R
ARG RINIA
i e ] ) —
)

P ‘____I‘ | x | = .
ﬁﬂﬂé&fﬁiﬁ%iﬂiﬁ [ e .
S i 5 it
ittty Suiod S ST .
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= Q/A?

Electronic System Design
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