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What Is efuse

Efuse is disposable programmable memory in Semi-
Conductor Chip. It will be written into specific data
before delivery from factory

10 bits width storage data

| Addr 0t [0 |1 |1 [1 [1]1 [1[f o]0 |

Adar 02 |0 |0 |1 |1 |10 [0 |p |0 o

Adar 03 [0 |1 |0 |0 |0 o [1[ft |10
A

| Address value |

Every Address value
linked 10 bits of data. it

called 1 block.

2022
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Normal Processing Flow For efuse

Getting efuse Need
map 0.0 C
Oty Originally efuse test will running as below:

Data ocation change Firstly, collecting data distribution information
Modify old lib . from chip introduction document(efuse map).
/method for .  Data property change

compatible Secondly, developing test method for transfer

with efuse . Data processing  * real data into efuse data container.
data update algorithm change

— Finally, download efuse data into chip using
protocol 4
specific protocol.
Based on these steps, testing engineer will
Create multiple refactor test code of efuse data management.

write test suite

for each adrress
Modifying test code frequently will

influence stability and robust of test
program, and it will increase the
risk of error occurring of test code.

B TestConX¥E. 2022
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Data location change

Normal Processing Flow For efuse

address Byte9

0x0 Chip Version Reserve Data

0x1 Calibration data

0x2 Processing Log Data Reserve Data

Address 0x0 = (Chip Version >> 24) | (Data2 >> 8) | (Datal>>0)
Address 0x1 = Calibration data

Address 0x2 = (Processing Log Data >> 32) | (ChiplD)

Byte2 Byte3

Data2 <——Datal Chip Version
Switch data position in same address .

Reserve Data

A
v

Address 0x0 = (Chip Version >> - )| {Data? >> ) | {Data]>>-
= {Proccssing Log Data >> 32) | (CluplD) Lot of code change Data Shift
= Calibration data
To remap Data location in efuse address structure, we need do lot of work for data Data region
shift and data region reflect. reflect

B TestConX¥E. 2022

. Base on Multi-Level software structure for Efuse Common Library
China
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= Normal Processing Flow For efuse

Byte7 Byte9

Chip Version Reserve Data

Calibration data

Processing Log Data Reserve Data

code
statement in

Address 0x0 = (Chip Version >> 24) | (Data2 >> 8) | (Datal>>0)= g0 se:;”;g g?tf' _ .
Address 0x1 = Calibration data data into Chip Chip Version data length -1

Address 0x2 = (Processing Log Data >> 32) | (ChipID) Version, byte6 will

be written into

Byte9

Chip Version Reserve Data

Calibration data

Processing Log Data Reserve Data

B TestConX¥E. 2022

. Base on Multi-Level software structure for Efuse Common Library
China
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= Normal Processing Flow For efuse

Byte7 Byte9

Chip Version

Reserve Data

Calibration data

Processing Log Data

Tough Point 1 For prevent invalid data

Chip Version = Chip Version & Oxffffffff write into byte6, we
code

Chip Version = Chip Version & Oxffffff hetting data longth i
Address OXO = (Chlp Version >> 24) | (Data2 >> 8) | correct before data shift.
(Datal>>0)

Address 0x1 = Calibration data

Address 0x2 = (ProcessinT Log Data >> 32) | (ChiplD)

Chip Version

Calibration data

Reserve Data

Chip Version data length -1

Data length
change

Lot of
g code
- working

Byte9

Reserve Data

Processing Log Data

B TestConX+HE.

China
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Normal Processing Flow For efuse

Data property change

If Chip version data has 2 sub-data: datal and data2

Each of these data is calculated in different links, so it cannot get value at same time
For datal, we need calculate address data as below:

Chip version = ( ( datal & 0x3ff) | (( datal & 0x7c00 ) >> 14)) & 0x07c3ff Address0x0 = Address0x0 | Chip version >> 24
For data2, we need calculate address data as below:

Chip version = ( ( ( data2 & 0xf)>>10) | ((data2 & 0x1f0 ) >>19) ) & 0xf83c00  Address0x0 = Address0x0 | Chip version >> 24
Bit Bit Bit Bit Bit Bit Bit Bit Bit =113 =113 Bit Bit Bit Bit Bit Bit Bit =113 =113 Bit Bit Bit Bit
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

o Impact: Lot of complex data

al
) : : : calculate formula need change,
If data bit location has changed, the reference calculate formula will changed accordingly and counter-intuitive mask
For datal, we need calculate address data as below: .
Chip version = ( ( datal & Oxff) | ( ( datal & )>>14)) & process will
For data2, we need calculate address data as below:
Chip version = ( (( data2 & )>> )| ((data2 & )>> 1)) &

Bit Bit =114 =114 Bit | Bit =11 =11 Bit Bit =114 =114 Bit | Bit Bit
0 1 2 3 4 5 7 8 9 10 1 12 13 14 15

Assign value
dat
B format change

= [estConX+E. 2022

. Base on Multi-Level software structure for Efuse Common Library
China
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Data processing

Normal Processing Flow For efuse

Efuse container

Cannot modifying data Modify

data processing processing algorithm skip
algorithm Efuse container structure

Normal data processing algorithm code often mix into data
container structure code, this structure has several problem below:

1. it is hard to update algorithm without influence data
structure code.

2. Itis hard to find out update code position for new member

B TestConXFE. | | 2022

. Base on Multi-Level software structure for Efuse Common Library
China
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Transfer protocol

Normal Processing Flow For efuse

'Problem 1: IProblem 2:
Efuse Data Efuse Data Efuse Data 1 Efuse Data 2

Problem 1:

Protocol update always need
modify protocol structure
reference code like:

Write Action

Read Action

Waite Action

Protocol A Protocol B Protocol A Protocol B

=
o]

Lot of code
refactor work

Problem 2:
we need develop different
program for different die

Program A Program B

Protocol
5]

Different Protocol in different

B TestConX¥e.

Base on Multi-Level software structure for Efuse Common Library
China
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New efuse Structure

Normal Process New Efuse Solution

Data location change CSV Input Format

Data property change CSV Input Format/
Data transmission interface

Data processing algorithm change Data transmission interface

Transfer protocol update Multi-Die Protocol
Management/Protocol data filling

.Te S t Co nX | E ™ Your Paper Title Here: TestConX Presentation Guide & Template 2 0 2 2
11

China (use Insert | Header & Footer to update)
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New efuse Structure

e  Multi-Level Data Container

Protocol A Protocol D
Protocol B I I Protocol C
Die Level

Block Address

Addr 0x0 Addr 0x1 Addr 0x2 Addr 0x3
Level

\[olo[SWAY Concrete Data
Efuse Level

container [

Data Block

Read data

Data transmission interface

ﬁ

Original Data/data processing algorithm

3 Te St 0 nX " Base on Multi-Level software structure for Efuse Common Library 2 0 2 2

China
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New efuse Structure

e  Multi-Level Data Container

We using 2 level map structure to
manage different Die and different
map<string, [EFUSE_DIE> DIE_MAP; data

Manage

Addr 0x0 Addr 0x1 Addr 0x2 Addr 0x3

[ Manage ] Manage

Chip Version Reser/e Data
0x1

Calibration data

I ChipID | Processing Log Data Reser/e Data

Node A

B TestConX+E. 2022

. Base on Multi-Level software structure for Efuse Common Library
China
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New efuse Structure

e CSV Input Format

address

0x0 Chip Version Reserve Data

0x1 Calibration data

0x2 Processing Log Data Reserve Data

Address 0x0 = (Chip Version >> 24) | (Data2 >> 8) | (Data1>>0)
Address 0x1 = Calibration data
Address 0x2 = (Processing Log Data >> 32) | (ChipID)

Forms Input
Chip Version = Chip Version & Oxfftffftf Coding work
Chip Version = Chip Version & Oxfftfff

All above coding work become Data Shift
. : o0
simple forms input

Efficiency and safety improve reflect

: Data length
reatl All these action only
g Y need modify CSV change

B TestConX+HE. 2022

. Base on Multi-Level software structure for Efuse Common Library
China
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New efuse Structure

» Separate Structure Design

Write Data Individual data
Efuse container for write and

. Container Contain read. This structure
Optimizing will avoid data

- Read Data confusion

A

data processing S
algorithm Data transmission interface Split data processing algorithm We provided various set and get

from data container structure. function for developer send or extract

Data processing A(Ij_d \/D?’:ca :ran:\:nff'g?t:nfr;afe data convenience in Data
algorithm SVEHIOFCONVETIENELANSIC transmission interface

data

New solution

Data processing id update_TestResult(int site, int data);
algorithm id update_TestResult(int site, int data, int BitlLoc);

update_TestResult(int site, Unsignedl28 data);
update_TestResult(int site, Unsignedl28 data, Unsignedl128 BitlLoc);

: B R e D , / getAllDUTsReadData(MultiSiteUnsignedlongl28bits data);
EFUSE . getEFUSENode (efuse_node).update_TestResult(site, ethdata.trim eth_amp[site] nsigned128 getReadData(int site);

oid getAllDUTsTestResultOnNode(MultiSiteUnsignedlongl28bit& data);
oid getAllDUTsTestResultOnNode(MultiSiteInt& data);

) o ’ O g H e N (I [

We using set/get function at where original data is
generate or calculate, this make program updating
become easy

Base on Multi-Level software structure for Efuse Common Library

2022
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* Simplify coding

Bit0 Bit1 =117 Bit3

data1

If data bit location has changed, the reference calculate formula will changed accordingly [ Complex coding ]
For datal, we need calculate address data as below:

Chip version = ( ( datal & )| ((datal & )>>14)) &
For data2, we need calculate address data as below:

Chip version = ( (( data2 & )>> )| ((data2 & )>> 1)) &

Address0x0 = Address0x0 | Chip version >> 24

Address0x0 = Address0x0 | Chip version >> 24
Complex coding work become simple BitLoc

Optimizing value setting. This BitLoc do not need to be + BitLoc = 000000000011110000011111*

concerned about node position in block level | Data1:

- BitLoc = 111111111100001111100000 I r—
datat/data2 Data2:

BitLoc = 000000001111110000000111i
Dataf: Safety and usability
. BitLoc = 111111110000001111111000 *

& [estConXTE - 2027
— : ™ Base on Multi-Level software structure for Efuse Common Library
China 16
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New efuse Structure

* Protocol Description Format

Test Method EFUSE_CBE_tml.Efuselnit

~ Parameters

d?sMode LearningMode Efuse Data Efuse Data .
Die 1 Based on convenient

< Die0 . )
BlockBitswidth 32 Operatlon interface of
PortName protocol_transfer ADVANTEST SmarTest
NodeConfigPath  AllNodes.csv Protocol A Protocol B enV|r0nment we JUSt need f|”
> Write !
ADDR_PIN  address_pin reference description data in
LabelName protocol-pattern-write testsurte propertles Then we
ADDRLSE 128 q o .
AoDRMSE 120 Write Action using PZS technology to
DATALSB Description dynamic generate protocol
' vector and transfer to
ADDR_PIN address_pin Chip.(DZS technology iS
f.:;r:r_\lz:we ;ra::o_:t:-pattern-read Read ACtiOﬂ prOtOCOI SOﬂware SO|Utlon Of
ADDRLSB 128 Description i ADVANTEST SmarTeSt, |t

ADDRMSE 120 : support various serial/parallel
DATALSE protocol pattern generate,)

[ Data filling ]4— Coding
i JestConX+H. 2022

. Base on Multi-Level software structure for Efuse Common Library
China
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New efuse Structure

* MultiDie Protocol Management

Efuse Data 1 Efuse Data 2

std: :map=std::string,

Ve

Instantiate object

for die A

N

Ve

Protocol Al Protocol Bl

DieA DieA

= Die0
ElockBitsWidth
PortName
NodeConfigPath
P Write
P Read

Protocol A Protocol B b waltTermplate

Different Protocol in different
program

32
protocol_transfer

AllNodes.csv

Instantiate object

for die A

N

J

B TestConXFE.

China
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Die0
BlockBitsWidth
PortMName
NodeConfigPath

P write

P Read

P waitTemplate

Diel
BlockBitsWidth
PortName
NodeConfigPath

P write

P Read

b waitTemplate

TestConX.org

32
protocol_transfer_dieA

NodeA csv

16
protocel_transfer_dieA

NodeB.csv

Session 4 Presentation 2

Robots, Machine Learning, & More

EFUSE_CEB_DES :1d2s_Serial*> protocolConfig; |

class d2s_template : public d2s_Serial{
public:

d2s_template(); D2s serial class
virtual ~d2s_template(); . o
pointer will be
assigned to each
st ring port; o
ng writeTemplate; die. Each

ng readTemplate; .

ng waitTemplate; D2s serial class

ng writePin;

ring readAddressPin; can represent

std:: ring readPin; o
int \-friteAEdrMSBBit; dlfferent
int writeAddrLSBBit;
int writeDataMsBBit; prOtOCOl for
int writeDatalSBBit; . .
int readAddrMSBBit; | different die
int readAddrLSBEit;
int readDataMSBEit;
int readDatalSBBit;

F*FILL pro L/

Thanks for flexible testsuite
properties parameter control function
on ADVANTEST SmarTest
environment. We are easy to realize
Multi-Die protocol description

information input Ul
18
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Summary

Implement Environment:
ADVANTEST SmarTest on V93000 platform
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