TESTER HARDWARE
OVERVIEW

CS/ECE 6712

What's an ASIC Tester?¢
|

0 Like a logic analyzer

O But with a pattern generator so that you can program in the
sequence of signals to send to your chip

o With a comparison module that compares the outputs from
your chip to a list of what you expected to see

~
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What s an ASIC Tester?

0 Like a logic analyzer

With programmable electronics so that you can modify the
voltages that get sent to your chip (Vdd, Vih, Vil), and the
voltages the tester uses for comparison (Vol, Vil).

With detailed timing for when signals are sent, and when
comparisons are made

With programmable “schmoo” capability

u The ability to define a series of tests where a set of different
timing or voltage parameters are used

A Tale of Two Testers

o LV500
Ancient (1990-vintage) 25MHz tester
| know a lot about how to use it

But, it may not be as healthy as we’d like...

=1 Verigy 93000
Relatively modern (2005-vintage) 100MHz tester
But, | know very little about how to use it

And it may not be completely healthy either...




Verigy 23000
I
o Originally HP, then Agilent, now Verigy

o1 Scalable tester architecture

o This means there are different versions with different speeds
and capabilities

o We have a fairly low-end version, but it s still pretty fancy

0 “Breaks the $1 OOO/pin cost barrier”
m Yikes! Consider that a small test head may have 128 to 256 pins...

o Complex beast — we don’ t have good, simple tutorials yet...

Verigy 93000




Verigy 23000




Verigy 23000

Verigy 23000




Verigy Bottom Line

=1 Ken Stevens is working on a tutorial example

We’'re trying to understand some issues related to
pattern generation for the test files

We’'re trying to understand some issues with how signals
are mapped to the test head

We're trying to understand some issues with the thermal
circuit breaker that seems to keep flipping
1 We probably won’t be able to use it this semester,
but there’s always a chance!

Testing with the LV-500

01 Tektronix LV-500
01 Built in 1989-1991

i.e. Ancient technology!
eBay is a source for spare parts these days...

o Specifically designed to be a stand-alone tester for
ASICs
Based on a Tektronix DAS 9200 logic analyzer
® Which in turn is based on a Motorola 68000 processor...

LV500 version has more testing features than a basic
logic analyzer




LV500

o1 The main differences from DAS 9200 are in the test
head, the pattern/error cards, and the Schmoo

The test head has up to 256 bi-directional pins where
each pin has programmable electronics

® voltage drive, current drive, voltage sense, etc.

The pattern/error cards store and compare the test
vectors at up to 50MHz

m fast for 1989!
A Schmoo lets you run repeated tests while the tester

alters one or two independent variables like threshold,
delay, cycle length, voltage, etc.

Flavors of LV500s

o1 Common Features
Based on a Motorola 68000 microprocessor
Test speeds up to 50MHz
Up to 64,000 unique test vectors

Network connection for uploading tests

u Thinlan ethernet

8 Meg of RAM

21 or 43 Meg hard drive
5.25 floppy (1.2M floppy)




Flavors of LV500s

0 Lv514

0 192 test channels (12 sectors)
m 160 are usable (two sectors may be bad)

1 Pre-wired test card for class chips
O (should really be called LV513, but that’s a long story)

0 Lv512

o 128 test channels (8 sectors)
m All channels are usable
o Used mostly for tutorial purposes
o Also has a (different) pre-wired DUT card

LV514
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The More Detailed Picture

s
11 Conceptually this is simple, in practice there are lots of

details...
Define the input and expected-output vectors
m Can do this using your Verilog simulations
Define which signals are inputs and outputs on your chip
Define how those signals are mapped to tester channels
Wire up the DUT card so that those channels map to your
chip pins
Define the timing and electrical characteristics of your test

Three Essential Parts of a Test

s
1. A properly wired DUT (Device Under Test) card

This electrically connects each of your chip pins to the correct
tester channels
2. A properly configured LV-500
Configure the timing of when inputs are applied, when
outputs are checked, what the voltages and currents are, etc.
3. A complete set of test vectors
Vectors are applied and checked on each cycle
“Force data” are inputs to your chip
“Compare data” are expected outputs from your chip
“Mask data” are pins that are ignored (not driven or
checked)
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More Details
e
o Pin mapping
Describe how your chip pins map to tester channels
01 Tester config
Describe the different voltages, etc
o Timing description
Describe when to apply inputs and when to check for outputs
0 Test patterns

Describe what to send to the DUT on each cycle, and what to
check for on the DUT outputs

Tester Channels
e
01 256 possible pins on the test head

There are 16 “sectors’ labeled O-f
Each sector has 16 “channels” labeled O-f

Each pin is defined as sector.channel (i.e. 0.2, d.3, a.c)

= On each cycle, each pin may be either a “force”
channel or a “compare” channel, but not both

If you have bi-directional pins on your chip, you need to
define which are inputs and which are outputs on each cycle!

Or a pin can be “mask” and thus be ignored

11



DUT Card with Sectors Marked

12



LVV512 Usable Channels
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DUT Cards

71 The DUT cards are how you wire from tester
channels to chip pins

01 These cards also have VDD, VIT and GND power
supply connections
VDD and VTT are two independently controllable
power supply voltages P
VCC Supply
VTT Supply

Ground

nao|

Wiring the DUT Card

01 Essentially two choices:
Solder wires on a PGA DUT card

= Remember that VDD and GND are not connected to tester
channels

® Probably only want to do this once for the whole class
® Which means standardizing VDD and GND!

Use a “Quick-Connect” card

m Uses 3M Scotch-Connect to wire (using wire-wrap wire) from
the tester channels to the chip socket

m Can also use quick-connect for VDD and GND

14
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Knowing What to Wire
=

chip pins

= A “Bonding Diagram’ is a picture that shows how
your chip was bonded to the chip frame

7 It also shows how the chip frame is connected to the

Bonding /Chip Diagram
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Map Your Pins to Channels

1 Pick tester sector.channel assignments for each of your
pins
Signals that need the same voltage characteristics should
be grouped in the same sector
® Each sector gets common voltage ranges
H More on this later...
Signals that need the same timing should be grouped in the
same quadrant
m Sectors 0-3, 4-7, 8-b, c-f are the four quadrants
B More on this later...
Wire things up!

m Remember to keep a list of what you've wired!

Class DUT Card

o1 Pre-wired for class chips
84 pin PGA with specific VDD and GND placements in
the pad ring
On class web page
http://www.eng.utah.edu/~cs6712
Two different DUT cards
® DUTmap.txt: for the LV514 tester
m DUTmap-new.txt: for the LV512 tester
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DUTmap.txt

TESTER SIGNAL

PAD PGA  sec.chn NAME (no spaces) ﬁagaggggggﬁgaaaggﬂﬁa@
@3{ 6*11
1 B02 6C ey s
2 Co2 77 e s
3 BOl 6B chmm 7w
4 CO1 7.6 S e
5 D02 7D I =
= :tt =354
6 DO1 7C e e
7 F02 GND GND e =1
8 E02 8.1 == =
9 EO1 80 % "SEe
10 EO3 87 % =
2o s JHIHAEBRB AR AR AEREER
]3 GO] 8.A etc.... W B Kl X e i GO oB GO M8 GG

Finished DUT Card

1 Now you have part 1 — a wired DUT card that
connects your chip to the tester

= On to part 2 — configuring the tester...
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LV512 Boot Menu

[ L 509 2eues-1 Utilities |Power Up ldle

TEXTRONIX LV S@@

slot
slot
slot

Memory 8 Moyte
Network Controller

Contsouration: EEI
‘ slot @ Controller

Charnels/Pattern Generation
Charnnels/Patter
Channels/Error

Chornels/Err

ONON S WN -

[Le
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LV500 Keyboard Layout
o PROGRAM-CONTROLLED
Fgfgﬁ%figvs ?":ﬁu% M:,Ww"‘%;,
- S e e
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e T
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Important Menu Choices
=
o1 Config Menu

Defines voltages for VDD, VTT, GND
Defines voltages for two force /compare sets

o DUT Wiring menu

Defines how your signals are assigned to tester sector.channels

1 Channel menu

Defines how your signals are collected into groups (i.e. buses)
m ALL signals must be a part of some group
m Groups are assigned to specific timing templates (clock phases)
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Important Menu Choices

0 Template Menu

Defines timing of tests

® How long is a “test cycle2”

® When to force data within that cycle?

= When to compare data within that cycle?
1 Schmoo Menu

Defines which variables to vary, and by how much

o1 Pattern Menu

Defines data vectors (force and compare) for each
tester cycle

Basic Procedure...

0 Tell tester which chip signals are connected to which
channels (DUT wiring menu)

o1 Combine signals into groups (Channel menu)

71 Define timing for each group (Template menu)
Only four “clock phases” per quadrant
A “template” assigns clock phases to groups, and timing of
clock phases...
-1 Define patterns (Pattern menu)
Each pattern starts with a template

Includes force, compare, and mask data for each test cycle
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Config Menu

11 Defines the electronics for this test
VDD, VTT, GND, current limit, etc.

= You can also define two different “force” and
“compare” voltage sets for data channels

Each sector uses one of these two sets

Config Menu (diagram)

LV500  92Ve4-1  LVSetup  Config

Current 7

Volts  Limit . :
Device Supply =) :'r':aG"d
Termination Supply: === DUTy G

Logic  Families
Vi V2
Ret 1

Force High Voltage: GND C—
Force Low Voltage: GND [ 1
Compare Voltage: GND 1 [ \h 0

Sector Logic Selection
0# 1=:2% 874 .5 8. 7.:8. 9 7a,bck-d 6. if

VIVAV]

Comment: L ]
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Config Menu (LV512)

i
W Sl LV Selup Confing

Current
Uol ts Limit
pevice Supply (DSW1? 1,008

Ternination Supply?! 3.0
Logic Fomilies
U1 ug
TTL/7CMOS Ref TTL-CHOS
Force High Uoltage? 2.4 G0 4.5

e Low Uoltage: ) e.5%W aND 0.9

Compare Voltage! ) 1 .400 ey o 2.5

eclor Logic Selection

DUT Wiring Menu

s

71 Defines how your signals are assigned to tester
sector.channels
o List signal names
o Define which tester channels they connect to

o Optionally define which actual chip (DUT) pins they are
connected to

u This is just a comment for documentation
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DUT Wiring Menu

e L 500 92U64-1 LU Setup | DUT Wiring | Idle
Logical Logical
Path Name

Channel Menu

o1 Defines how your signals are collected into groups
71 EVERY signal must be a part of some group (even
single signals)
O Groups can make data entry and evaluation easier

O Can define how group data is printed
m Dec, Hex, Oct, Bin

o Can specify timing once for the whole group

O In general, inputs vs. outputs is a good group...
m Or control vs. data, etc.
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Channel Menu (LV500)

LU Setup Channel ldle
8 Rodixt: Bin

Channel Timing Column Mask

(woum_ Widths 1 Radixs Bin

Logical Signal Channel Timing Colusn Mask

o - " - 17 > -2 - -

cir™ 1.1 Group

1
STeeY
SINGLE

25



Templates

0 Templates
Defines timing of tests
®m When to force data?
® When to compare data
= When to ignore data?
Set up using a “clock phase”
® Bad name — really a timing waveform
m Defines when things happen in each tester cycle

You can define up to four clock phases per quadrant

Clock Phases

Cycle Length: 20ns — 496ns

Delay is delay to Leading Edge
u Can be Ons

Width is delay from Leading to Trailing edge

Clock Phase 0A ___l l___
—al

1z 1
Delay Width
[200ns] [ 400ns |
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DUT Card Quadrants

Clock Phase--Sectors 8-b

Clock Phase--Sectors 4-7
e g FOEE

‘BJ_-LIT
1C

Clock Phase--Sectors 0 -- 3
TR o Uk

0B = =]

ocC [==1
Rl

N R

Figure 1-4. Each set of 64 channels (4 sectors) has four clock phases

Each quadrant has up to four timing waveforms you can use to
control signal timing (called “Clock Phases” in LV500-speak)

Force Formats

Within a clock phase, you can define when values are
“forced” to your chip in relation to the edges

Clock Phase 0A

Force R1

Force RO

Force DNRZ L

Force DNRZT

Force R INH

<4——— Cycle Length N

L4

Delay | Width
| 20.0ns | [ 40.0ns |
— —
I |
X
X
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Force Formats Example

This is an example of a pattern driven on five consecutive

tester cycles with each of the different force formats

DNRZ =T
RA

Re

R =N}

Data Value
Signal_0
Signal_1
Signal_2
Signal_3
Signal_4

1 0 0 1 1
€ e 1 ! I
e pe— r
e e
-l"——L——-I r= = r-—-f_l-——-r_b——

Compare Formats

You can also define when you Compare outputs in relation

to the clock phase edges

Compare Edge L

| ¢———————— Cycle Length —»

Compare Edge T

Compare Window

< »le >
Delay | Width J
I 20.0ns I 40.0ns
D
PaN
PaVaViViViViVAVAVAN

28



Template Menu

- LU See FEVE4-1 LV Setup Tesplate Idle

ICCICICIN template O Lock:s  OFF Resolutiont S00ps

Group Signal Pin Length: 108ns
tame Function Format Phase

FORCE DMRZ L
COMPARE EDGE

FORCE DMRZ

Pattern Menu
.

71 Defines data vectors for each tester cycle
o Data for each signal is defined in the data vector

. “ ” “ »”
O Some of those signals are Force ', some are Compare  and
13 ”
some are Mask

uThese are set in the templates
m Assign a template to each vector

mOn each tester cycle, the next vector, with that vector’s
template, is applied to the DUT and compared
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Pattern Menu
e 4 Disploy

o Q
LLL oI

TAFSAT pattern data begins here
LLL 1111111 LHH—H—
LLH 10111111 LHH N
LML 11e11111 LHH
tesplate 0 LHH 11101111 LHH
tesplate 0 HLL 11110111 LHH
tesplate 0 HLH 11111011 LHH
tasplate 0 HHL 11111101 LHH
tesplate 0 HHH 111111190 LW

YL L L d

a

Pattern Display
o

71 The Pattern screen is where you see the results of
your test

o Before the test you can see all the vectors (and their
templates) that you will be using

o After running the test you see the same display with any
errors highlighted in red

® Red means that the output of the DUT didn’t match the
expected output vector

o You run the test with F1-Start (the F1 function key)
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Successful Test

LY 508 | [92Ve4-1 Display . | Pavtern | Idle

Line

Number Select » sel data slr clk en
clear LL oocooeoe [EE| H

Expected

] ¥ Simple test of the 299
<~l———cltar——-————-——L———LL———69668069———LL———H———LL———ge—————————————————~
shift LL 00000000  LL LL 0@
shift LL 920000000 HH LL 90
shift LH 10000006 HH LE )
shift LH 110000080 HH U )
shift HL. 10000081 HH LERSSDL
load HH  LHLHLHLH  LL CESNaT
shift LL @1910101 LL LL o1
shift HL 1@i@181@8 LL LL 1@
shift HL. @ieigiee LL LL @0
shift HL 12101001 HL YL, o
shift HL. @1eieeil  HL A !

IIIIIIIIIII
TITITIITIIITITXT

runt passed unc ona ests
1 :. 1 SES b o F1
N SEAR UNDO MARK DEF INE
| MODE START FORMAT

Failed Test

data slr clk en
EEEEEREE

2 Simple test of the 299
~———x——«1earu—————————L———LL———GUOOOBGGH—~LL—-H———LL———
shift LL ©ooooeod LU H LL
shift LL 00000000 HH LL
shift LH 10000008 HH LL
shift LH 11000000 HH L
shift HL 10000001 HH LL
load HH LHLHLHLH LU LL

LL 11101 LL LL
LL
LL
LL
LL

o o=

coNBGasGR

shift HL 1p101018 LL
shift HL ©1010100 LL
shift HL 10101001 HL
shift HL 91010011 HL

TIITIIIXT

= =

fiee o3

| DEFINE
| FORMAT




Schmoo Menu

-1 After you have your basic test working, you can run
a Schmoo test
O Repeat the test while changing 1 or 2 variables

® Variables can be things like VDD voltage, delay time, cycle
time, compare voltage, etc.

o Generates a graph showing where the part worked or
didn’t work

Schmoo Menu
LU 500 V641 LY Setup  Def Schmoo
Varioble Xt Device Supply Voltage
From: 2.400 To:  S.000

Byt e.10v

Variacble Y: Phase Hidth

Template: template 0 Clock Phase! BA

Fron: IEENENENN To' N4ens

Bys 2ns

F4
SUAP
VAR IABLES

32



Schmoo Result

SVE4-1 Disploy

Fa
REPAINT

Logistics

o The LV500 is old and cranky...
o Basic rule — if you re not SURE about what you're
doing, ask me firstllll
m Replacement parts are very hard (impossible?) to find.
o Leave terminal ON
® Turn down brightness when you leave,
m Check brightness when you come into the lab
o Do NOT turn the LV500 off without good cause!

m We’'ll leave the LV512 up and running for tutorials, and
then switch to the LV514 when chips come back...
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Logistics continued

o1 Be very gentle with the DUT cards

They connect to the machine through elastomer connectors
m These are basically rubber-like connectors wrapped with wire
m They are very fragile, and a little worse for wear

® We have no replacements...

1 Schedule some time with me to run tests!

Once you’ve got some LV500 time under you belt you can
go it alone...

Tester Setup Simplified

o1 All this stuff can be defined in a file
Module Setup, Ascii

Each section of the .msa file corresponds roughly to a
tester menu
You can (fairly easily) write your own .msa file

u Templates and examples on class web page
http://www.eng.utah.edu/~cs6712
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MSA File

/******************************************************************/

/* config section */

/******************************************************************/

resolution = 500ps;

dev_supply voltage
dev_supply_current =
term_supply voltage =
force_high family u =
force_low_family u =
compare family u =
force_high family v

force_low_family v =
compare family v =

o RPONDN W KLV

N

.00v;
.00a;

.00v;

.40v;
.50v;
.40v;

.50v;

.50v;
.50v;

/* The "v" parameters are appropriate for CMOS */

sector_logic_family = {
v, Vv, VvV, VvV, VvV, VvV, VvV, VvV, VvV, VvV, V V
}i
MSA File
/* address pins for the 74F547 */ . .
group "a" { /* Active-low output pins */
radix = bin; group “q" {
force fmt = dnrz_1;
compare_fmt = edge_t; }
phase = 0a;
signal "a2" { * A A *
dut = "177; /* chip-enable pins /
sector = 0h2; group “e" {
channel = Ohe;
} }
signal "al" {
dut = "77;
sector = 0h2; /* Active-low Latch Enable */

channel = Ohd;
}
signal "aO" {
dut = "6”;
sector = 0h2;
channel = Ohc;

group “‘le" {
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MSA File

/* for this example, you want to force the address, enable, */

/* and latch-enable, and see which output is asserted (low) */
template "template 0" {
cycle = 100ns;
phase 0a {delay = Ons; width = 90ns;}
group "a" {
function = force;
}
group "q" {
function = compare;
}
group "e" {
function = force;
}
group "le" {
function = force;
}
}
MSA File
/* This section must (I think) be the last section in the */
/* .msa file. *x/
/* Pin groups are used in the order in which they are defined */
/* Here the E (enable) pins are el~, e2, and e3 *x/
/* LE (latch enable) is active low */

Pattern

* “74F547 pattern data begins here”;
LE” ;

*  “templ

"template 0"
"template 0"
"template 0"
"template 0"
"template_ 0"
"template 0"
"template 0"
"template 0"

A
000
001
010
011
100
101
110
111

Q
01111111

10111111
11011111
11101111
11110111
11111011
11111101
11111110

E

011
011
011
011
011
011
011
011

1;
1;
1;
1;
1;
1;
1;
1;
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Tester Setup with msa Files

=1 You can ftp to the Iv500 and upload the .msa file
which defines your test

Should work from CS or CADE
Iv512.cs.utah.edu, Iv514.cs.utah.edu
ftp Iv514.cs.utah.edu

No username /password required...

Put your .msa file into the Simulation directory on the
LV500

Convert to tester setup using the LV Toolkit menu

Tester Setup with msa Files
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LV512 LAN Screen

.y

F S2LAN SETUP AMD STATUS

Etherretl Setup
teee t
Internet fddr:
Gatewoy Addr
Subne b Mask s

doudi AR

Status

LA Boot: Systen Is wp
LAt Diog Mord:? e

Ethernet Addrs 88100111 100150170

erver Presentt fip : L4

LV Toolkit Menu (LV512)

LV 500 Applicatio | LU Toolkit Idle

LV Toolkit
Convert File
Source Destination
Type! LV_SETUP FLAT_MSA
Filet ms_04_4.msp

Suffix Filter: OFF

Browse File
Type: MSA
File: PMUL1C .msa
Line: 1

F3 F4
OPEN READ
FILE WIRING




LV Toolkit Issues

o1 Note that the conversion process goes to an
ms_04_4.msp file (or something close to that)
You are not allowed to change this name!

If you want to save this setup under a different name
you need to convert to the standard name, and then
save the setup to a new name using the Disk Services
menu.

71 Once the .msa is converted, you can look at the
setup using all the previous menus

Running Tests

71 The .msa conversion is a great first step
But, after that’ s running you may want to change things
or try new things
m Like Schmoo, or changing parameters
You can change the data using the menus shown earlier
You can also save the changed tests into new .msa files

And you can retrieve those new .msa files using FTP if
you like
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Overview

On every tester cycle the LV500:
Applies a set of signals to the DUT
The data to “Force” is defined in the Pattern
Which signals are “Forced” on this cycle is defined in the template
When the data are applied is defined relative to the “clock phase”

The names of the signals and which tester channels they are on are
defined in the DUT wiring menu

At the right time (defined in the template) the tester captures
and compares the data from the DUT

Compares against the data in the Pattern

Procedure

Get your bonding diagram and map where your
signals are on your chip

Decide how those pins will map to tester channels
(DUTmap.txt)

Decide on timing templates for all signals

Generate test vectors that include pin names,
templates, and data vectors for every cycle

Put it all in a .msa file
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Procedure 2

5. Upload the .msa file to the LY500
7. Convert the .msa file to a tester setup file

5. Check all menus to make sure things are how you
want them
Config
DUT wiring
Channel
Template

Pattern

Procedure 3

9. Fix or modify test parameters
10.  Run your test
1. Look at the results

Celebrate!

Or diagnose and debug...

Or decide to schmoo to get more info...
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Tutorial DUT Card

Tutorial 1: 74LS547

[
1 3 to 8 decoder
w5 B
‘—% ) - [ ] |
. T [¢] OJ
E
E
SIS ISTeNe o]
ADR 0 0, 0 0 05 O 0 O




7415547
DECODER STATUS
[ Inputs Latch Status/Decoder Outputs
Table 4-3 el~e2~ e3~ le
PIN MAP FOR 74F547 DECODER L L L L Transparent Address inputs decoded
L L H H Storing Latched aderess decoded
e s H L H Transparentq = HIGH
Signal Sector/Channel DUT Pin = L H H H Storing
H L L H Transparent
az 2e 17 H L H H Storing
at 2d 7 H H L H Transparent
a0 2c 6 H H H H Storing
qo~ 3.6 12 (~ means negative-true logic)
q1~ 3.7 2
q2~ 38 1
q3~ 3.9 19
g4~ 3.a 18 Table 4-1
g5~ 3b 8 TRUTH TABLE FOR DECODER
q6~ 3.c 9
q7~ 3.d 11 Inputs Outputs
le 3. 16
et~ 2.f a2 at a0 g0~ qi~ g2~ q3~ g4~ g5~ @6~ Qq7~
> : B0 L o0 11 1 1 111
e 3.0 4 L L B 1 0 1 1 1 111
e3 3.1 13 L H L 1 10 1 1 1 1 1
L H H 1 101 0o 1 1 1 1
(~ means negative-true logic) H L L 1 1 1 1 0 1 1 1
H L H 1 1 1 1 1 0 1 1
H H L. 4 101 1 1 1 0o 1
H H H 1 1 1 1 1 1 1 0
(~ means negative-true logic)

547 DUT Wiring

LV Setup DUT Miring Ildle
e L

gical

Name

43



547 Template

LU 508 Feves-1 LV Setup Tesplate Idle
ICCICILEN template O Lock? off Resolutiont S00ps

Group Signal Pin Clock
tiame Format Phase

4 F7
F3 Fé DELETE
GLOBAL RENAME -
PEC

attern data begins here
tenplate o . 1111111 LHH— R
tesplate 0 19111111 LWH M
tesplate 0 1ol LHH
tesplate 0 11 LHH
tesplate 0 L 1 LHH
tesplate 0 ( 11111e11 LHH
tesplate 0 L 111111 LHH
tesplate 0 111111190 LW




547 Schmoo

o e

Toa~=

aTW 0
R LA

5
«
"
N
.
a
.
<
'
Q

F3 Fa FS o
AT REPAINT CHECK by
SCALE

Tutorial 2: 74LS299

o Shift Register, shift L or R, parallel load and output
O Bidirectional data bus

DSO [ i i‘r THF‘ = ps7
CP
)
%

) i ] s sl | IO
o | e | [ [

OE2~ oo ot Y02 yoz  yo4 OS5 106 107




74LS299 Timing

71 Control should be set up ahead of the clock

- Data should be sampled after the rising edge of
the clock

-1 Data should be driven after the control is set up
Avoid drive fights on bidirectional path

Table 6-1
FUNCTION TABLE FOR 74LS299 SHIFT REGISTER
Inputs Response
clr~ sl s0 clk
L X X X Asynch Reset;d[7:0)=Low
H H H 0->1 Parallel Load
H L H 0->1 sShift Right
H H L 0->1 Shift Left
H L L X Hold

74LS299 Timing

Cycle = 200ns

01 Control signals  we

.

Delay = Ons, Width = 100ns

o Clock
\/ . . .
Delay = 40ns, Width = 100ns
o Shift data :
"

Delay = 20ns, Width = 80ns




74LS299 Shift /Clear Template

LU 500 92U64-1 LV Setup Template
templote: [EECHNN lock' | OFF Resolution?

Group/Signal Pin
Name Function

DNRZ L

DNRZ L
COMPARE EDGE T
FORCE DNRZ
FORCE %)
FORCE DNRZ

COMPARE EDGE

F3 44 osfére
GLOBAL RENAME
SPEC

LV Se0 F2Ve4-1 LV Setup Template Idle

Template? Lock off Resolutiont

S00ps

Group/Signal Pin Clock
Function Format P

Lengtht s ——
Width
FORCE DNRZ L N ) S

FORCE DNRZ L
FORCE R INH
FORCE DNRZ
FORCE RO
FORCE DNRZ

100ns

COMPARE EDGE
100n

F3
GLOBAL
SPEC

Fé F?
RENAME DELETE




74LS299 Pattern

LV 508 | [[9_VE4-1 [ Display | [Pattern  |Idle
Line Expected
Number Select g data slr clk en
clear 00000000 l!! H

°] ¥ Simple test of the 299
—_—1—c 1-ar—————L-—LL——@@@@@@@@—-LL———H—LL——%———————f
shift LL ©¢oooo000 LL (12}
shift LL 920000000 HH 29
shift LH 10000000 10
shift LH 11000000 10
shift H. 10000081 11
load HH  LHLHLHLH a1
shift LL ©21010101 a1
shift HL 19101010 10
shift HL 91010100 00
shift HL 12101001 11
shift HL ©@1910011 o1

e
3
4
S
)
7
8
9

TITTITIIXT =i ==
ITTITITIITIITITT

runt passed
st Fa Fs
s ) UNDO MARK DEF INE
. START FORMAT




