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n 2. Design Methodology

EE109 Electronic System Design
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2.Process of Design
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n 3. Case Study

EE109 Electronic System Design
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3. Case Study:
i Digital Frequency Meter

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

n Case Study 3: Sub System Design

n Case Study 4: Software Design

n Case Stuay 5: System Test

n Case Stuay 6: Document
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3.1 Case Study 1: System Requirement Analysis
2 Requirement Analysis

n Main Function
n Frequency/Period/Pulse Width/Duty

n Main Specification
n Duty Error<=1%, others Error <0.1%

n Frequency Range:1Hz~10MHz
» Advanced Function: 0.1Hz~10MHz

n Pulse Width>=100us
n Gate Time: 10s
n Refresh Display: 1~10s

n Input Level: 0.5~5V
» Advanced :0.02V — 5V

EE109 Electronic System Design 14
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3.2 Case Study 2: System Design
i 1.Measure Principle Study

n Direct Algorithm
n Indirect Algorithm

n Multicycle Synchronization Algorithm

EE109 Electronic System Design
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3.2 Case Study 2: System Design

n Diagram

I

2. Direct Algorithm for Frequency

n Formula

Fx=N/Tx

N DFx/Fx=(1/TsFx+| DFc/Fc])

FX AMP -

Reshape | Gate ;| counter

. Display

1]0 —| —
TX
Fc Gate Time
>
1ms/10ms/0.1S/1s/10s
EE109 Electronic System Design 16
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3.2 Case Study 2: System Design
3. Direct Algorithm for Period

n Diagram o]

N
TO
£ > Gate R Cqunter
Fc R Display
— | Freq Div/Freq multiple
110 -
A A K*TX
Fx > AMP >
| Reshape /K
Trigger
Error
n Formula
n TX = NTO/K

n DTX/Tx=(TOFx/K+]| DFc/Fc|+0.32/K*Power(10,-SNR/20)

EE109 Electronic System Design 17
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3.2 Case Study 2: System Design
4. Indirect Algorithm for Freg/Period

n Error Figure

n Frequency a Period
n Period & Frequency
n FmM

n Middle Frequency

EE109 Electronic System Design 18
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3.2 Case Study 2: System Design

5. Multicycle Synchronization Algorithm

n Dlagram

\ 4

Preset Pulse

Fx AMP
Reshape

\ 4

n Formula

Clk Generator

n  Fx=Na*Fc/Nb

n DFX/Fx= DTx/Tx=Tc/T+

| DFc/Fc|+0.32/K*Power(10,-SNR/20)

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

n | DFc/Fc|~ 10E-7, Trigger Error—~0

A\ 4

A 4

Fx=Na*Fc/Nb

Display

A

\ 4

DQ
" Clk
nS0: DFx/Fx — 10E-7, Excellent!
" Gate R Counter A
Fx 1 A . Na=FxT
" Gate Counter B
Fc 1 B Nb=FcT
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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

EE109 Electronic System Design
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6. Core Algorithm Double Check

i 3.2 Case Study 2: System Design

n Pulse Width

n Duty

n Advanced Requirement
n Other Specifications...

EE109 Electronic System Design
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3.2 Case Study 2: System Design

/. System Diagram(1)

Fxa |Frequency Meter

1 (Multicycle >
Fxb | Synchronization

| Measure Core)

LED
Display

T

n Hardware?

_ n Division?
Key/Selection ~ Software?
n 10MHz
o Hardware/Software?
n 10MHz/Division
EE109 Electronic System Design 22
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. Controll
3.2 Case Study 2: System Design Mcuogltjfsye;tem

/. System Diagram(2)

Measure Core
L LED
Input Channel ~ Digital Subsystem

Analog Subsystem Display

Fxa » Channel A »  Multicycle
Synchronization MCU
Fxb » Channel B »y Measure Core
Principle Study
Algorithm Selection :
Key/Selection

System Diagram
Subsystem Partition

Power

EE109 Electronic System Design
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3.2 Case Study 2: System Design

i /. System Diagram(3)

n Four Subsystems

n Analog Subsystem oot el
n Digital Subsystem I —

Measure Core

n MCU Subsystem Fib ———{ channel B

n Power Subsystem

EE109 Electronic System Design
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i 3.3 Case Study 3: Sub System Design(1)

nAnalog Subsystem
» Input Channel

EE109 Electronic System Design

PDF SC#FLL "FinePrint pdfFactory Pro™ iXHh)dE  http://www.pdffactory.com

25


http://www.pdffactory.com

3.3 Case Study 3: Sub System Design(1)

1. Input Channel Requirement

n Type
FX .
- Analog Subsystem | Amplifier

y

\ 4

Reshape

TTL

n Requirement

n Function

» Convert Analog Signal to Digital Signal
n Specification

» Input signal

Level: 0.5V — 5V, Advanced: 0.02V~5V

Freqg: 0.1Hz ~ 10MHz,
» Output signal

Level: TTL

Freqg: 0.1Hz ~10MHz

EE109 Electronic System Design
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3.3 Case Study 3: Sub System Design(1)
2. Input Channel Diagram

nHigh impedance

Trigger Level

/ \ Adjust
— Inpu'.[ *Input Buffer—{ Amplifier — Reshape —Out Buffer —
Protection
FX r r TTL
Sensitivity
Advanced Level — | Adjust Pos+/Neg-

0.02V /
Pulse Edge

EE109 Electronic System Design 27
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3.3 Case Study 3: Sub System Design(1)
3. Input Channel : Amplifier + Reshape

n Reshape @ 0.02V input
n TTL:

n Trigger Level=2V

» Gain = 2V/0.02V =100 >
n Comparator

» MAX902 , SR=0.5V/s

n SR=2*Pi*Fx*Um a Um=0.8V @ Fx=0.1Hz

Gain = 0.8v/(0.02V* 1.414) = 30

S

Choose Gain=40 @ 0.02 input

\, Reshape=Comparator

S

EE109 Electronic System Design 28
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3.3 Case Study 3: Sub System Design(1)

4. Input Channel : Amplifier Double Check
- nGain Switch
nAmplifier n@0.5V~5V
~@5V Um= 40*5v*1.414 = 280V Gain=4
~@0.5V Um= 40*0.5*1.414 = 28V ) "Um=2.8V ~28V
»@0.02VUm= 40*0.02*1.414 =1.2 V n@0.02V~0.5V
nSet Gain =40
"Um=1.2V~28V ‘ ‘
nGBW=GAIN*BW nGBW:GAI N*BV\}’
nAL: n4* 10M = 40M
n1*10M=10M ~40* 10M = 400M
10*10M=100M Too Large
nA2 A 9
~4*10M=40M
Max4016 + Max4016
i‘> GBW=150M
EE109 Electronic System Design 29
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5. Analog Subsystem Design Main Points

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

n Requirement Study & Analysis

n Module Partition & Specification Assignment
n Module Design

n Couple Circuit Design

n Specification Double Check

EE109 Electronic System Design 30
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i 3.3 Case Study 3: Sub System Design(2)

n MCU Sub System

EE109 Electronic System Design
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3.3 Case Study 3: Sub System Design(2)

1. Requirement for Controller

n Setup

n Display Frequency
n Control Measure Core

Output

MCU

Interface

Input

PDF 4L “FinePrint pdfFactory Pro™ if/H /i G

n Input:
n Keyln
n Output:

n Digital display
n Status display

n Interface

n Read /write data with

other modules
Measure Core

EE109 Electronic System Design
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3.3 Case Study 3: Sub System Design(2)

2. MCU Sub system Diagram(1)

Status Frequency
n Input: LED x8 Digital LED x8
n Keyboard
n 11 key
n  Output:
- Digital display MCU? EBUS ; MeCasure
-~ 8 Digital LED Xpan ore
n Status display
n 8 LED
n Expand | Setup
n Parallel Bus for Read /write data Kkev i t 18
with other modules ey Input X109
EE109 Electronic System Design 33
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3.3 Case Study 3: Sub System Design(2)
3. MCU Sub system Diagram(2)

il 4% [a] 42

0000h~7FFFh 215=0 3Zk Byte for SERM
S2000h~9FFFh A15=1 Ala=0 Al3=0 Bk Byte for BZ79
Frequency Status AQ00Oh~BFFFLQ A15=1 Al4=0 ARl13=1 B8k Byte for nCszZ
.. C000h~DFFFh A15=1 Ala=1 Al3=0 Bk Byte for nC&3
Dlgltal LED x8 LED x8 E000h~FFFFh  R15=1 Al4=1 Al13=1 8k Byte for ncCs4
e T e T
nCs4
Bus Measure
8279 <rCSl 89c5H1 <%1032/3 1Cs2/3
¥ Expan Core
— — e
nCso
R oy
Setu
CHP 32KB SRAM
Key input x16
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i 3.3 Case Study 3: Sub System Design(3)

n Digital Sub System
n Measure Core

EE109 Electronic System Design
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3.3 Case Study 3: Sub System Design(3)
i 1. Requirement for Measure Core

n Function

n Multicycle Synchronization Measure Core

n Measure Function Selection
» Frequency,Period,Time

n 1MHz Signal Generator
n Specification

n Fclk =10MHz

n FXx =10 MHz

n Measure Precision

EE109 Electronic System Design 37
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3.3 Case Study 3: Sub System Design(3)
2. Measure Core Diagram

1MHz
Signal Generator
Fxa
— Input Syn > Gat
> ate >
MuX | A Event Counter >
Fx g
b—> Input Syn >
5
~+
» Gate 3
Fclk . 5 — Time Counter )
> o)

A
\ 4

Function Selection

EE109 Electronic System Design
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3. Implementation Technology

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

Speed |Flexibility |[Debug |Capacity
MCU Low Good Easy Limit
MSI,SSI |Middle |Bad Bad Low
PLD High Good Good High

PDF 4L “FinePrint pdfFactory Pro™ if/H /i G
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3.3 Case Study 3: Sub System Design(3)
4. Design Methodology

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

n Requirement Study & Analysis
n Subsystem Diagram

n Technology Selection

n Module Design/Debug

n Subsystem Debug

EE109 Electronic System Design
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i 3.3 Case Study 3: Sub System Design(4)

n Power Sub System

EE109 Electronic System Design
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i 3.3 Case Study 3: Sub System Design(4)

1. Requirement for Power Subsystem

n Functions
n Inputs
~ DC/AC
n Outputs
» Analog/Digital/RF/Driving
n Power Model
» ON/OFF, Wake/Sleep/Battery
n Specifications
n Voltage/Noise
n Current/Max

EE109 Electronic System Design
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3.3 Case Study 3: Sub System Design(4)
2. Power Subsystem Diagram

DC -12V Filter Network ) -12V Analog
N Filter Network —> +12V Analog
£ > GND Analog
DC+12V > Linear Regulator |—  +5V Digital
DC GND > GND Digital
EE109 Electronic System Design 44
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summary

i 3.3 Case Study:Sub System Design

n Requirement Study & Analysis
n Algorithm Selection

n System Diagram

n Module Circuit Design

n Double Check

EE109 Electronic System Design
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1. Requirement for Software Subsystem

i 3.4 Case Study 4: Software Design

n Function
n Reset
n Read Keyboard

n Control the Measure Core
~ Freq,Period,Duty...

n Read Measure Data
n Data Process
n Display Result

EE109 Electronic System Design

PDF SC#FLL "FinePrint pdfFactory Pro™ iXHh)dE  http://www.pdffactory.com

46


http://www.pdffactory.com

3.4 Case Study 4: Software Design

2.Diagram/Modules

n Modular Design
n Main Program

» Reset
» Init Modules/Self Test
~ Init Task

» Task Dispatch
n Task Program

» Taskl: Do Frequency

» Task2: Do Period

» Task3: Do Width/Time

n Task4: Do Duty

» Task5: Do Self Calibration
n Sub Program

» Read Data

»n Data Process
» Output Result

n Interrupt Program
» Read Keyboard/Display Data

EE109 Electronic System Design

PDF SC#FLL "FinePrint pdfFactory Pro™ Xkl  http://www.pdffactory.com

47


http://www.pdffactory.com

Uisplay Evror

()

¥

Inin Modoles
BET0

b 4
Madule
Self Tesn
SHAM

Iniv Task

[nterrupt | nterrup
1 p B ice Pr AL
RITO I lmer
58 L5F
3 ¥
Vi spls
Read Eevhboard i splay
Rzl

mel lask Yalue

—<2

L

lask Dispatch

o o

lask] Tkl lshd Inshd Inska
[ Freq Iy Pericod L Wideh/ Time ey lury oy Calibration

N

Bead Data
Data Process

tutput Hesult

Clear Task Yalse

EE109 Electronic System Design

PDF S LA “FinePrint pdfFactory Pro™ i{HhG)&E  http://www.pdffactory.com

48


http://www.pdffactory.com

3.4 Case Study 4: Software Design
i 4. MCU Software Design Main Points

n Requirement Study
n Task List

n Diagram/Modules

n Main Program

n Task Program

n Public Sub Program

n Interrupt Service Program
n System FlowChart

n Task Driving Architecture

n Program/Debug

n | nteg rate EE109 Electronic System Design 49

PDF SCfLL “FinePrint pdfFactory Pro™ k@I  http://www.pdffactory.com



http://www.pdffactory.com

3.4 Case Study 4: Software Design
i 5. Fault-tolerant Design

n Reset
n Flags to distinguish the reason

n Watch Dog
n Hardware Counter
n Software trigger

n Soft Trap
n Redundancy of Instruction

n Digital Filter:
n Median Filter for AD data
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1. Requirement

n System Test
n Function
n Specifications

| 3.5.Case Study 5: System Test
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2. System Test Bench

i 3.5 Case Study 5: System Test

n Instruments
n Slgnal Generator
n Counter
n Voltage meter
n Oscilloscope

n Methodology
»n Manual
n Record Data
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3. Subsystem Test

i 3.5 Case Study 5: System Test

n Input Channel Test
n Measure Core Test
n MCU Subsystem Test

n Software Test
n Task Program
n Sub Program
n Interrupt Program
n Main Program
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4. System Test

| 3.5 Case Study 5: System Test

n System Test
n Function
n Specifications

n Data Analysis
n Error Analysis
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3.6 Case Study 6. Document
1.Requirement
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3.6 Case Study 6: Document
2.Example AN EL - AR A7 ] E X
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n4. Design TIps
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4. Design Tips
i 1R
n A& E Bt (DFMD
n IR, UHRFIEARIR S
n AR, SRIE
n AJIIAAE B v (DFT)

n TISEAG RS,
- Example: TR AL, PR e (10 FF R IT

~ B L E NS (Self-Test)
n AP R IRCTT
n SEAR+RIE

~ Example: &R, 1
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i 1. A8

n BEPUL IR
n R, AR I
n DIHEH—
n JEZR TR
n Example:
~ AD/DA Fxth
o PG ER

n o o o
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4. Design Tips
2. s HI AL

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

CYGNAL: SOC: JTAG+8051+AD+k i
AVR: RISC+ ISP + C +Low Power+AD
PIC

Motorola 68H
ScenixE F ML : 50M
n o LARIR RV

RHZL0°C~70°C, TAkZ&-40°C~85C, ZEH P AE-
55°C~125°C
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4.Design Tips
3. Debug

n ERNE
n FYRFDRS, BLkiniR
n &5
n BRI EE, B
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4.Design Tips
i 4. Analog Circuit Debug

n An ASE A B

n K TAE &

n WEFZUBe, W e i
] ﬁﬁ&

n 2275 N\ i FL AV

n

n

H

1+

S U AN BRI 2)
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4.Design Tips
5. PCBAfi 4 Ji N

n Al Ry ) 1

n HEYEZR . HhZ AT e

n BUY, BURER IO, HBE A ER

n ARA— R HE
n EYRED
n AL —
n FEMERH
n$§%W(

b, mNZ i

~100uF I i 1L 25
% FHYF$20.01uF /)N HEL 2%
BRI

n MHOCHSE R, &R

n HCARVEER
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4.Design Tips
6. PCBA 4 J5il]: Example

4= NE, . -~
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4.Design Tips
6. PCBA 4 J5il]: Example

EE109 Electronic System Desig
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4.Design Tips
i 7. AP AEPED A
n R4 BN

o BB LR T R 55 3

n b E P A
n 2R

n ERAEII
n FEIAK (ESD)
n RSN Z A5 (RS)
o PEEBK IR (EFT/B)
n FERK(Surge)
o AP ZPE(CS)
~ K REE (Impulse)
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4.Design Tips
8. Reference Design Source

n ftp.ele.pku.edu.cn
n Lecture
n Schedule
n Name list

n System Board Schematics:
» D51 sch.pdf

n Test program:
» Board_test.asm

n 1C Material List
» Ic_list.txt
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4.Design Tips
i 10. Reference Design resources

n Websites
n Www.21ic.com IC & Paper
n WWW.ICmIner.com IC
n WWW.zlgmcu.com 8051
n Www.altera.com.cn CPLD/FPGA
n WWw.analog.com AD analog devices
n WWW.maxim-ic.com.cn maxim IC
n WWWw.tl.com.cn T1 IC
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n 5. Summary
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b.Summary

n loday

n Design Process
n Case Study

n Important Points
n TopabDownaTop
» Systema Sub System a System

n Three Design Levels

» Behavior Design a Requirement
n Structure Design a Diagram
» Physical Implementation a Design

n Modular Design
n Design For Test
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Process of Design
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n Q/A?
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