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Problem Statement

* Challenges in equipment troubleshooting today
— Reactive - Solve problem when problem happen.

— Time consuming — To identify problem root cause in a
complex test cell.

— Unpredictable — Lack of real time in-depth test cell
health tracking system.

— System Complexity — Problem might consists of
tester, handler, load board, docking, pogo pins,
socket, etc.

— Human dependency — In-depth test methodology
knowledge and troubleshooting experience required.

No standard method to resolve a day to
day production issue.
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Project Concept & Algorithm

Theory & Concept
— Gain, Offset & Time Domain Reflectometry (TDR)
Project Algorithm Overview
Calibration
— Type of ATE calibration
— Calibration file content
— Calibration file handling
Statistical Analysis Softwar
Scheduler email system
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Theory & Concept
+ Gain
— A measure of the ability of a circuit to increase the
power or amplitude of a signal from the input to the
output, by adding energy to the signal.

— Voltage Gain v
V., . =20log| —2UL |4B
Gain V.

in

— Current Gain

Gain I

I
I, . =20log Om]dB
in

+ Offset
— Imbalances of a result signal
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Theory & Concept

* Time Domain Reflectometry (TDR)

— A measurement technique used to determine the

characteristics of electrical lines by observing reflected

waveforms.
— Checking criteria:
= Magnitude
= Duration

= Shape of the
waveform.

Gain ¥ Offset+ TDR =

-1 3 3
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Project Flow Overview

Script get data fro
server and perfor
analysis task

Auto email send
analyzed data {
stakeholders 3.

, board calibration file
while loading test

pt perform data
ng and send raw
gata file to server
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Type of ATE Calibration

External Reference Internal Reference Load Board
Calibration Calibration Calibration

Calibration [+ HPS53151A o System reference * Load board
Equipment frequency counter clock » Tester
Require * HP3458Adigital |* System DC reference

voltmeter (DVM) board

Measure and adjust ~ |Adjust system Adjust signal path
internal system instrumentation losses from load
reference, using precision via internal board to device
traceable external standards. under test (DUT) via
equipment. internal standards.

Calibration (Monthly, quarterly, * Loading test program [+ Loading new test
Frequency |[semi-annual or annual [+ Within a fix time program.
interval based on spec |* Condition
parameter change

03/2013 Zero Cost Virtual Tool Checker

Type of ATE Calibration

Internal Calibration External Calibration

est System
Instrumentation

Test System External External
y _ Standards Standards

\ Test System
Internal Test System
System \ Instrumentation
References Internal Transfer Internal
: 5 System
. Standard References Internal Transfer
(may be test / Standard
system (may be test
instrumentation) system
instrumentation)

alibrating voltmeter

source 1

Source 2

Source 3

source 4

DUT Source

DUT Source

DUT source

DUT Source 7

DUT HCU 2

DUT HCU 2

DUT HCU 4

Complete
...starting vhfawg #1 calibration
...s5tarting wg z-cal check
Loastarting v detector drift check
...starting v DC drift check
..s5tarting wg VCA drift check
...starting v wg VCA cal
...starting awglan ppmu calibration

.vhfawg #1 calibration passe
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Load Board Calibration

* Load board calibration
— Generated by tester while loading test program
— Compensate channel losses through transmission lines

— Stored under a specific location at tester workstation for
reference purposes

Tester Load board Calibration files
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Calibration File Content

* Uniqueness of calibration files are:
— File name constructed from test program & load board ID

— Consist of instrument channels compensation data used
for test

— Data stored are up to board serial number level
Calibration file path

Type Test program name Load board ID Compressed
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Calibration File Content

* A new calibration file will be generated when:
— No previous calibration data file found in tester workstation
— Change in load board or tester instrument
— Change in tester environmental temperature (+/- 3°C)
— Validation period expired (1 year)
» Calibration file consists test parameters such as:
— VOL, VOH, IOL, IOH, VIL, VIH, TDR, etc.

offset
0.015229

0011252

0.00015101 ;

9.9535e-05 Date & time
Z0. 028946

-0.020969

hsd50_825735A2EB_R3_52 L_BF_82§75 333 cal_set: Fri Jan 4 15:20:02 2013

Cha n nel EAGE CAGE_# SLOT ID SER_NUM RE!’ NUM

TIME 1 94978200 30139ab

TESTHEAD

parameter and
TESTHEAD

calibration results

80590202 29139f
80590202 291809
80590202 29109d
34 80590202 11d55ad

o]
o]
o]
o]
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Calibration File Handling

* UNIX shell script was developed to help on calibration
data extraction from tester computer to server.

Merge sorted data

IgonIRY =gt files into a single file

calibration file which
will be extracted

Convert the final file
Perform data into *.csv format

decompression on the

calibration data file Move all *.csv files to
data server

Perform data sorting
and rearrangement
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Statistical Analysis Software

* JMP was used to perform data analysis on the
extracted data which is stored inside data server
along with a customized JMP script.

~ rawdata >

= Source Tester  TI_ID

1 pgtigds TIU301 E— 408 122641

2| pgtigs U301 copl| x| Oneway Analysis of Gain By TIU_ID Parameter=ioh, Tester=pgtig05, Channel=C0001

3|pgtigds TIU301 CO 7N

4|pgtigns  TIU301 N

5 poigns 10T "1 Performance

6|pgtigds TIU301 CO|

7|pgtigds TIU301 1.00034 1

estons Tuot differences
9 |pgtigos TIU301 1.0002

S 10 ptgns T observed

ok Tester 11| patighs  TIU301 1.0001

h TIU_ID 12| pgtigds TIU301  CO|

ik Channel 13| pgtigds  TIU201

k. Parameter 14 pgtigd5  TIU301

Raw data B T Twaoz T wmos ' Twas

TIU_ID

14 —+ -

Analysis results
03/2013 Zero Cost Virtual Tool Checker

Scheduler Email System

» Scheduler email system was setup to distribute JMP
analysis results to all stakeholders in a routine
manner.

PCS - Tiger Performance Chart as of 1/5/2013 7:00PM - Messg

;H-(--..m
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Project
Application

Project Application

Applicable to Unix & Windows based ATE which
perform load board calibration while loading test
program.

Up to channel level parametric comparison with
reference to tester or load board (user defined).
Simple setup procedures:

— Develop Unix script for raw data processing

— Develop data analysis script & determine key parameters
for monitoring

— Setup scheduler email system and share drive access

Stakeholders receive scheduler email and perform
investigation based on outlier triggers — marginal tools.
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Project Application

» Overall project application flow are shown as below:

Project Application Flow

Tester Workstation Share Drive JMP Script Auto-Mail software End User

Data stored
inside share
drive

JMP script
perform data

N analysis
Scripts access
Script perform data data.

sorting & convert _ _
raw data files to NO. |~ Analysis "
*.csv format. “~._Done? -~

End user received

-
YESQ
iy graphical analysis

script move all *.csv . Glraphlcal f Auto-mail software R
files to share drive d;‘adv;:ihh:seibd“le‘ access graphical
results

share drive = (END )
‘ NO

_——Scheduler
\\\\tjggeredj////

YES
)
Auto-mail software
sent out graphical
results
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Raw Data Processing

* Raw data processing stages (Tester workstation)

3. Perform step 1 & 2 at

1. Identify the latest cal other tester workstation.

file based on load
board ID

4. Merge files from each
tester into a master file
according to product.

2. Decompress cal file,
filter raw data & add in
tester & load board ID

information (File A 5. Master data file sent to
server for data analysis
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Target Lines:
Uger out_Rela,

abled: FFEEFFEE  debug.flags: ooooooo
s1i_dac_max: 16383 sync_ig: 5123123 autoload:

emperature_ e
0 0 0
0 0 0
emperature_th:
0 0 0

arget_line:1
fode
Target
Rising
Fallin
Dit refay

Shur‘(ed | cal

arget_rise
target_fall
cal_freq

dut_vol
dut_rise_time
dut_fall_time

[
0

normal
50

Raw calibration file
converted to JMP readable
files in order to proceed for
data analysis.
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Results & Data
Interpretation

R

B2 e e e o e W
o

Tester
pgtigd5s

patigds
pgtigds

patigds
pgtigds
pgtigd5s
pgtigd5s
patig0s
patigds
pgtigds
pgtigd5s

6 pgtig0s

patigds
patigds
patigos
pgtigd5s
pgtigd5s
patigds
patigs

TIU_ID
TIU301
Tiuz201
TiUz201
TIU301
TIU301

5 TIU301

TIU301
TIU301
TIu301
TIU301
TIU301
TIU301
TIU301
TIu301
TIU301
TIU301
TIU301
TIU301
TIU301
TIu301
TIU301
TIU301
TIU301

5 TIU301
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Channel
C0001
Cooo1
Co001
C0o01
C0001
C0001
0002
0002
Cooo2
C0o002
C0o002
0002
0003
C0o03
C0003
C0003
0003
0003
Cooo04
C0004
C0004
C0004
C0004
C0004

Gain
099496
0.99603

1.006
0.99995
1.0043

Offset
0017761
0.011202
0.00013925

0.013923
0.00026961
000026297
-0.030337
-0.021741
0.0015038
0.016098

8 67E-

8 00E-

3 -0.030718

099623
1.0073
1.0002
1.0042
1.0045

-0.02113
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Graphical Analysis Result

1). Detect channel performance differences between load boards.

b =/ Oneway Analysis of Gain By TIU_ID Parameter=ioh, Tester=pgtig05, Channel=C0001

| Outlier compared /70

1 to other channels

TW3ot ' TW30z ' TW303
TIU_ID

Action: Troubleshoot problematic load board on the specific
channel.
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Graphical Analysis Result

2). Detect tester marginal issue on specific channel

Mean(Gain) vs. Channel by TIU_ID

V" High gain observed "
across allload ——>f |
boards on same WAl
channel at same

Action: Change tester pogo pin or marginal failing instrument
board.
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Graphical Analysis Result

3). Detect trace length differences on different load boards via
TDR calibration data

Parameter vs. Channel by T1U_ID

- "Outliér.compared 1o the. o .
same channels from —7
different load board

Channel

Action: Check load board Gerber file and ensure trace length
compliance.
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Graphical Analysis Result

4). Detect trace length design issue via TDR calibration data

Channel Channel Channel

Action: Check load board Gerber file and ensure trace length
compliance.
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Project Summary

Implementation of project is FAST & SIMPLE.
Applicable to both Unix and Windows based ATE.
Project Advantages:
— Simplify data analysis task by using scheduler auto-scripts
— Real time marginal tools monitoring

— Detect marginal tools performance with reference to
analyzed data

— Detect load board design issue via TDR calibration data

— Improve overall tool stability through early problem detection
Improvement areas based on pilot assessment:

— 15% unscheduled downtime improvement

— 0.5% product yield improvement

03/2013 Zero Cost Virtual Tool Checker
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