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1. Introduction

The HP 4155B and HP 4156B are
new semiconductor parameter ana-
lyzers for evaluating next genera-
tion sub-micron geometry devices.
The HP 4155B / 4156B retains all
the features and unprecedented ac-
curacy of the HP 4155A / 4156A, yet
adds powerful new features. This
product note describes these new
features.

2. New Features of HP
4155B / 4156B Semicon-
ductor Parameter
Analyzers

For More Comfortable Opera-
tion and for Higher Throughput

The HP 4155B / 4156B is designed
for faster test, yet without sacrific-
ing the accuracy, flexibility, and
ease-of-use of the HP 4155A /
4156A. A powerful CPU and more
memory enhance the front panel
operation.

A potent new user command lan-
guage, HP FLEX (Fast Language
for EXecution), gives direct and
fast control over the instrument
hardware, independent of the
measurement setup page syntax. It
can be used for high speed auto-
mated test. For users demanding
the highest possible throughput,

the new program memory enables
them to store repeatedly executed
HP FLEX commands thereby re-

ducing bus and controller activity.

For configuring an automated
test system with intuitive
programming

The HP 4155B / 4156B supports the
popular open-system standards of
the VXIplug&play alliance. It al-
lows users desiring a more intuitive
programming to use the HP Visual
Engineering Environment (HP
VEE). HP VEE is a powerful visual
programming language. With a vari-
ety of instrument drivers and DDE
capability to communicate with

prober control software, you can
easily configure an automated test
system to meet your needs.

For more efficient test
environment

The newly added LAN port of the
HP 4155B / 4156B enables sharing
of measurement setup and data li-
braries on a site-wide basis. This
eliminates the tedious job of trans-
ferring data on floppy disks, and
permits company standardization.

The printing / plotting capability is
also enhanced. A parallel port re-
placed the serial port. You can di-
rectly connect popular HP printers
without a converter. The HP 4155B

HP 4156B Front Panel
8.4 inch color active matrix LCD (640x480)
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Faster CPU, more memory, HP FLEX
command set for faster test execution
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VXlplug&play driver for HP 4155B/4156B

and HP VEE sample program disks

New connector plate options for s:mple
and smart connection to probers




/ 4156B can also output graphics
images to a remote printer outside
of a clean room via its LAN port.
With newly added printing modes,
the printing quality is also im-
proved. Support for the popular
TIFF graphics image format eases
the creation of test reports.

In addition, Hewlett-Packard de-
signed the HP 4155B / 4156B with
several other convenient new fea-
tures, such as a new and larger
LCD, improved VMU leakage cur-
rent circuitry, and a new connector
plate design.

Summary of Differences from
the HP 4155A / 4156A:

® Powerful CPU and more
memory

® HP FLEX for automated test

® Program memory for faster test
execution

® VXIplug&play driver for HP VEE
and other programming
languages

® LAN port for measurement setup
and data file sharing

® Parallel port to connect directly
to printers

® More popular format (TIFF) for
creating screen image files

® Printing to remote printers via
LAN port

® 8.5 inch color LCD

® New connector plate options

® VMU specification improvement

HP 4156A Rear Panel

HP 4156B Rear Panel

VMU : Lower leakage Trigger Terminals moved to power
supply unit

LAN Port Parallel Port No fuse holder / voltage selector
10 BASE-T (Replaced Serial Port)




3. New HP FLEX com-
mands for automated
tests

The HP 4155B / 4156B supports a
new control command set, HP
FLEX (Fast Language for EXecu-
tion). It speeds automated tests in
which higher throughput is
required.

Programming with the
HP 4155A / 4156A

The HP 4155A / 4156A supports
two command sets to control the
instrument via HP-IB. They are
SCPI mode and HP 4145 syntax
mode. SCPI (Standard Command
for Programmable Instruments)
allows the user to standardize
many programs to control
measurement instruments. How-
ever, it has a cumbersome syntax
which requires the user to set up
each column of all setup pages of
the HP 4155A / 4156A. The pro-
grams also tend to be lengthy and
complicated. You can simplify the
program by loading previously
stored measurement setups saved
on floppy disk into measurement
hardware, but this slows disk ac-
cess, which in turn lowers test
throughput. For applications in
which high test throughput is

4145 Syntax Mode

System Mode

Control method Setup each page

HP FLEX
User Mode

Dynamically control meas units
Independent of setup pages

* |[EEE 488 standard | Short / Simple « Short / Simple
command set » Almost compatible with HP 4145 « Similar to 41428
Command syntax *Long commands commands
(Some unique for
4155B / 4156B)
« Support all « For 4145 program execution « Faster execution
measurement « Limited measurement functions « Support all

Feature functions

(spot / sweep / time domain only)

measurement
functions

Table 1. Comparing HP-IB Control Command Modes

required, SCPI mode is not the best
solution.

The HP 4145 syntax mode com-
mands have a simple syntax. How-
ever, the HP 4145 syntax mode was
designed to run 4145's programs on
the HP 4155A / 4156A. Therefore, it
only supports measurement modes
which exist on the HP 4145. They
are sweep mode and time domain
(sampling) mode. Please refer to
Tables 1 and 2.

Programming with HP FLEX

HP FLEX commands control the
HP 4155B / 4156B's measurement
hardware directly, as compara-
tively shown with SCPI in Figure 3.
If the HP 4155B / 4156B is set to
HP FLEX mode, the measurement
setup screen is not updated. Each

SCPI Mode
Setup each page

V Name VAR 1 Sweep Mode
I Name Lin/ Log
Mode Start Value
Function Stop Value
Step Value
Compliance
Const Value

Compliance

measurement unit can operate in-
dependently of the measurement
setup pages. This control method
frees the CPU of the HP 4155B /
4156B from unnecessary tasks
(such as controlling the measure-
ment hardware), and improves test
execution time.

Table 2 compares the measurement
modes and functions supported by
the 4145 syntax mode and the HP
FLEX mode. HP FLEX supports all
of measurement modes and func-
tions of the HP 4155B / 4156B. You
can use HP FLEX for testing de-
vices that are sensitive to thermal
effects, and for reliability tests
which require precise stressing or
for reliability tests that require
stress functions.

4145 Syntax

HP FLEX Mode Measurement Mode/Function User Mode FLEX
Spot
Control measurement . = Yes Yes
hardware directy

Staircase No Yes

Sweept

1 channel
pulse spot No Yes
Pulsed No Yes

0 sweep il
Staircase with _— L N Y

pulse bias Huliginil © es
Samplin Yes Yes

Sweep Voltage from Start to Stop -

with Step and Measure Current
P Stress No Yes
PGU
Control o Yes
Trigger ﬁ

Control Ne Yes

Program
Memory m No Yes

Figure 3. Hardware control methods - SCPI and FLEX

Table 2. Measurement modes/functions



| *kkkkkkkkkhkkkkkkkkhokxx* CHANNEL DEFINITION PAGE **x*

Simple Programming Using HP | SHU1 SETUP

FLEX OUTPUT @Hp415x;":PAGE:CHAN:CDEF:ALL:DIS"
) ) OUTPUT @HpA415x;":PAGE:CHAN:CDEF:SMULl:VNAM 'vd'"
You can simplify your test pro- OUTPUT @Hp415x;":PAGE:CHAN:CDEF:SMUL:INAM 'Id"'"
. OUTPUT @HpA415x;":PAGE:CHAN:CDEF:SMU1:MODE V"
grams with HP FLEX. Sample SCPI OUTPUT @Hp415x;":PAGE:CHAN:CDEF:SMUl:FUNC CONS"
and HP FLEX programs are shown ! SMU2 SETUP
R OUTPUT @Hp415x;":PAGE:CHAN:CDEF:SMU2:VNAM 'Vg'"
in Figures 5 and 6. Both programs OUTPUT @Hp415x;":PAGE:CHAN:CDEF:SMU2:INAM 'Ig'"
measuredraincurrentad)_gate OUTPUT @Hp415x;":PAGE:CHAN:CDEF:SMU2:MODE V"
. OUTPUT @Hp415x;":PAGE:CHAN:CDEF:SMU2:FUNC VARL
voltage (Vg) characteristics of an n | SMU3 SETUP
channel MOSFET. While the Vg is OUTPUT @Hp415x;":PAGE:CHAN:CDEF:SMU3:VNAM 'Vs'"

. OUTPUT @Hp415x;":PAGE:CHAN:CDEF:SMU3:INAM 'Is'"
swept, the Id is measured. The QUTPUT @Hp415x;":PAGE:CHAN:CDEF:SMU3:MODE COMM®
measurement circuit used for this OUTPUT @Hp415x;":PAGE:CHAN:CDEF:SMU3:FUNC CONS"

. - I SMU4 SETUP
test is shown in Figure 4. OUTPUT @HpA415x;":PAGE:CHAN:CDEF:SMU4:VNAM ‘Vsub'"

OUTPUT @HpA415x;":PAGE:CHAN:CDEF:SMU4:INAM 'Isub'"

IntheSCPIprograms,allofthe OUTPUT @Hp415x;":PAGE:CHAN:CDEF:SMU4:MODE V"
. . OUTPUT @Hp415x;":PAGE:CHAN:CDEF:SMU4:FUNC CONS"
setup pages are defined by sending |
manylengthycommandstodefine Pdkkokdkokkkkkkkxk kkkkkkxkkkkx*xx SWEEP SETUP PAGE **=*
: . ! VAR1 SETUP
each setup field, which tends to OUTPUT @Hp415x;":PAGE:MEAS:SWE:VARL:MODE SING"
maketheprogramlarge‘Onthe OUTPUT @Hp415x;":PAGE:MEAS:SWE:VAR1:SPAC LIN"

OUTPUT @Hp415x;":PAGE:MEAS:SWE:VARL1:STAR";Vg_start
other hand, HP FLEX commands OUTPUT @Hp415x;" :PAGE:MEAS:SWE:VAR1:STOP";Vg_stop
directly control the SMUs by send- OUTPUT @Hp415x;":PAGE:MEAS:SWE:VARLI:STEP";Vg_step
. OUTPUT @HpA415x;":PAGE:MEAS:SWE:VARL:COMP";Vg_comp
ing commands such as DV (force ! CONST SETUP SMUl-Drain SMU4-Substrate

OUTPUT @Hp415x;":PAGE:MEAS:SWE:CONS:SMU1:SOUR";Vd
Voltage),WV(sweepvoltage.)and OUTPUT @HpA415x;":PAGE:MEAS:SWE:CONS:SMUL:COMP";Vd_comp
so on. An HP FLEX program is OUTPUT @Hp415x;":PAGE:MEAS:SWE:CONS:SMU4:SOUR";Vsub

; OUTPUT @Hp415x;":PAGE:MEAS:SWE:CONS:SMU4:COMP";Vsub_com
much simpler than a SCPI program. . P P
In this example, the HP FLEX pro- I*kkkkkkkkkkkkkkkkkkkkkkkkkkkx DISPLAY SETUP PAGE ***

OUTPUT @Hp415x;":PAGE:DISP:SET:MODE GRAP"
; ) I X AXIS SETUP
SCPI program. Thus, with the sim- OUTPUT @Hp41l5x;":PAGE:DISP:SET:GRAP:X:NAME 'Vg'"

gram is about 1/2 the length of the

OUTPUT @Hp415x;":PAGE:DISP:SET:GRAP:X:SCAL LIN"

pler commands of HP FLEX, you OUTPUT @Hp415x;":PAGE:DISP:SET:GRAP:X:MIN";Vg_start

save time when both programming OUTPUT @Hp415x;":PAGE:DISP:SET:GRAP:X:MAX";Vg_stop
d debugsi 1 Y1 AXIS SETUP
and debugging. OUTPUT @Hp415x;":PAGE:DISP:SET:GRAP:Y1:NAME 'Id'"
. . . ) OUTPUT @Hp415x;":PAGE:DISP:SET:GRAP:Y1:SCAL LOG"
Though this example is written in OUTPUT @HpA415x;":PAGE:DISP:SET:GRAP:Y1:MIN 1E-15"
OUTPUT @Hp415x;":PAGE:DISP:SET:GRAP:Y1:MAX 1"
HP IBASIC, you can use the HP . P
FLEX commands with any text Phkkkkkkkkkkkkkkkkkkkkkkxkkkk*x SINGLE MEASUREMENT ***

. OUTPUT @Hp415x;":PAGE:SCON:MEAS:SING"
based programming language, such QUTPUT @HpA15x:"*0PC?"

as Microsoft Visual C++ or Visual ENTER @Hp4l5x;Complete
1

BASIC' !********************************** DATA TRANSFER * k *
OQUTPUT @Hp415x;":DATA? 'Id'"

ENTER @Hp415x;Id(*)
1

i OUTPUT @Hp4l5x;"US" !User mode (FLEX)
Draln I************************* CONSTANT VOLTAGE SETUP * k k
OUTPUT @Hp415x;"CN 1,2,3,4" !Connect SMUs
OUTPUT @Hp415x ,";Vd,Vd_comp ISMUl: Force Vd
Gate Substrate OUTPUT @Hp41l5x 0,";Vs,Vs_comp ISMU3: Force Vs
—0O— SMU2| OUTPUT @Hp415x; 0,";Vsub,Vsub_comp !SMU4: Force Vsub
I*%*k*x*x SWYWEEP GATE AGE & MEASURE DRAIN CURRENT ***
OUTPUT @HP415x; 1,0,";Vg_start,Vg_stop,No_of_step,Vg_
Source Al ISMU2: Sweep Vg
OUTPUT @HP415x; 1" !Linear sweep meas
SMU1 SMU3 SMU4 — OUTPUT @HP415x ";Id_range ISMU1l meas range
OUTPUT @Hp415x; !Execute sweep
7LVg — Force Vd FOR I=1 TO No_of_step
[ [ Measure Id| OUTPUT @Hp415x;"RMD? 1" IRead meas data
Sweep Vg Force Vs | Force Vsub ENTER @Hp415x USING "#,5X,13D,X";Id(I)
(COm) NEXT I
!************************************ DISABLE SMU * Kk k
V V V OUTPUT @Hp415x;"DZ" !Zero output

OUTPUT @Hp4l15x;"CL 1,2,3,4" !Disconnect SMU
1

Figure 4. 1d-Vg Measurement Circuit Figure 6. HP FLEX Program Example for Id-Vg Measurement
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Program Memory for Faster
Execution of Wafer Tests

You can use the new program
memory to avoid communicating
across the HP-IB bus, thus speed-
ing up test execution. For exam-
ple, HP FLEX commands can be
stored locally in the internal pro-
gram memory of the HP 4155B /
4156B. Program memory size is
100 Kbytes, and you can group
these commands into as many as
255 subprograms (measurement al-
gorithms). Each subprogram can
be executed by simply sending a
trigger command. This eliminates
the following steps (thus increasing
speed):

® Command transmission:
Transmission of commands from
the controller to the HP 4155B /
4156B.
® Command validation : Checking
the syntax and content of
transmitted commands.
For example, DV command execu-
tion time can be reduced by about
1.5 msec if the DV command is
stored in the internal program
memory. By storing repeatedly
used command strings in the inter-
nal program memory, you reduce
bus and controller to a minimum.

Note : Execution of a trigger command in-
cludes small overhead (approx. 10 msec).
If the execution time of one algorithm is
very short, then using program memory
can actually decrease measurement speed.

Speed Comparison

Table 3 shows a measurement
speed comparison between the

HP 4156A with SCPI, and the

HP 4156B with SCPI, HP FLEX and
program memory. The measure-
ment time for program memory is
the average of ten measurements.

The table shows two types of
sweep measurements: high current
measurements (Id-Vd curve) with
changing number of steps, and
lower to higher current measure-
ments (Id-Vg curve) with changing

Step 1. Store HP FLEX commands

HP 4155B/4156B

in the internal memory

Program memory

before wafer measurements

Send a set of HP FLEX SIAD:
commands for parameter 1

Send a set of HP FLEX .l
2

for

Step 2. Repeatedly send trigger
commands to initiate

Up to 255 sub programs

stored sub programs until
last die / wafer

Parameter 1 @E Call sub program 1
Send a trigger for sub program 1 Measure
and get the measured data DATA ]
Parameter 2
Send a trigger for sub program 2| [TRIGGER>  Call sub program 2
and get the measured data Measure
< oATa
.......

Figure 7. Program memory speeds repeatedly executed tests

integration time. For spot meas-
urements, high current spot (Idon)
and low current spot (Idoff) meas-
urements are also compared.

Table 3 shows that SCPI runs on
the HP 4156B about 1.5 to 3 times
faster than on the HP 4156A. This
is due to the faster CPU. Table 3
also shows that HP FLEX and pro-
gram memory enable you to make
faster measurements under the fol-
lowing conditions:

® Measuring higher current
® Less measurement points
® Shorter integration time

In particular, high current spot
measurement speed is improved by

using HP FLEX and program mem-
ory, due to the reduced command
transmission time. Typically, you
can expect higher throughput for
wafer measurements in which
stored algorithms are repeatedly
executed at each test die of each
wafer. In summary, you should use
HP FLEX with program memory
for fully automated tests in which
test throughput is the primary
concern.

Note : Table 3 does not include speed

comparison of ultra low current measure-

ments. In general, HP FLEX and program

memory do not improve speed when the
integration time is set to "long".

Table 3 is not comparison of total
throughput including prober control.

High Current High Current Low to High Low to High Low Current High Current
Sweep Sweep Current Sweep Current Sweep Spot Spot
Id - Vd Curve Id - Vd Curve Id - Vg Curve Id - Vg Curve Idoff Idon
Measurement
- P
f f / /
| - o L./
Conditions Vd:0to5V Vd:0to5V Vd:3V Vd:3V Vd:3V
Step 0.05 V Step 0.1V
Vg:2to4V Vg:i2to4V Vg:i-1to4V Vg:0.5V Vg:0.5V
Step 0.5V Step 0.5 V Step 0.1V
Vsub 10V Vsub:0V Vsub -1V Vsub : -1V Vsub:-1V
Same as left
No. of meas points 101 x5 51x5 51 1 1
Integration mode Short Medium Short Medium Short
Integration time 640 usec Same as left 20 msec 640 usec 20 msec 640 usec
Meas range 100 mA Fixed 1 nA Limited Same as left 1 nA Fixed 100 mA Fixed
Auto
HP 4156A SCPI 5.78 8.08 5.26
HP 4156B SCPI 3.01 5.33 2.52
(x1.92) (x1.52) (x2.09)
HP 4156B 2.31 3.74 1.14 0.54 0.26
HP FLEX (x2.50) (x2.16) (x4.61) (x7.87) (x15.62)
HP 4156B 1.98 3.62 1.03 0.42 0.15
Program Memory (x2.92) (x2.23) (x5.11) (x10.12) (x27.07)
[x1.17] [x1.03] [x1.11] [x1.29] [x1.73]
I sampling mode is used (1 point sampling) ():Speed comparison to HP 4156A SCPI mode Unit: sec
Repeated 10 times and averaged [ 1: Speed comparison to HP 4156B HP FLEX mode
PC platform : HP BASIC for Windows
Windows NT 4.0 / Pentium Pro 200

Table 3. Measurement Speed Comparison
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4. VXIplug &play Driver
for HP 4155B / 4156B

The HP 4155B / 4156B includes a
VXIplug&play driver. The VXI
plug&play driver can work with
Windows software packages such
as Microsoft Visual C++, Visual Ba-

sic, Borland C++, National Instru-
ments LabWindows, and HP VEE.
This allows you to choose the pro-
gramming language with which you
are most comfortable. This section
describes how to use the VXIplug&
play driver with HP VEE.

Mainp

B Bl fain

Formulal

ninIndex (x) }

ol

Until Break

Call Bidss |

A

Until Break

User functions -9 _ICall En e

Call Td Ve

1a |

0.8764n &
14 [4]

F1 3
Auto Scale Vg [V] 0.5/

I we 1 B4R

e 7 A4 |

Figure 8. HP VEE program resembling a block diagram

HPA1556/4156B Sa

e Program

Data Save Directory

Load PPD File

View Vih Histogram

Start Measurement | Stop Measurement

[data [sample PPD

ldata/frthl. tat View

Show Result

16

| Devl Vth
‘ 0.5622

| _ Devl Vth Max |
BT |

X Index

nt

o: 1: 2: 3: 4: 5: 6

0.576 Pass

2: 0.425 0.51 0.538 0.513

38 Pags Pasg 0.408 Pags Pasg

0.706 Pass 0.584 Pass 0.531

Y Index

58 0.537 0.546 0.407 Pags Pags 0.548

6: Pass 0.516 0.55 Pass 0.51 0.704

75 Pass Pass 0.583 0.408 0.509

8: 0.515 0.414 0.422 0.516

Bl 0.411 0.531 Pass

Pass

Tth 50m/

Pass Pass x:0.62 v 14 |

View Vg-Id Graph

Hata/d2veidsd. txt

0.413 Pass

View

Pags 0.518

0.51 Pass

0.521 Pass

Pass

Figure 9. Operator interface of HP VEE -

an example of wafer test

Visual Programming Environ-
ment - HP VEE

HP VEE is a powerful visual pro-
gramming environment for instru-
ment control. To develop
programs, you connect graphical
objects instead of writing lines of
code. The HP VEE programs re-
semble easy-to-understand block
diagrams with lines. Figure 8
shows a program for parametric
test including breakdown, Gm max
and threshold voltage extraction
from Id-Vg curves. The left window
shows the main program, which
looks just like a block diagram. The
right window shows the contents
of a user function for Id-Vg meas-
urement which is called by main
program. HP VEE includes many
objects, such as math functions, re-
peat, if then, data manipulation and
so on. You just select objects and
connect them with lines. You can
create user object by grouping
some objects into one box. Object
based programming simplifies pro-
gram structure.

One extremely nice feature of HP
VEE is the operator panel mode. It
allows users to hide lines and ob-
jects which do not need to appear
in the user interface, thus only
showing those objects necessary
for operation. Figure 9 shows a
sample program for wafer meas-
urement automation using the
panel mode. This example panel in-
cludes only objects to control the
test and the test results, such as a
wafer map and an individual meas-
urement curve in an X-Y graph.
Also, statistical analysis is done
and the analyzed data is drawn in a
histogram. Thus, the panel mode
provides a nice operator interface
and simplifies program operation.



An object to control

= TofFrom 41568 Y HP 4155B/4156B

Double click here to open the
function panel menu below

1l

Categorized functions

= D Measurement Unit Setup
Output Switch Setup
Output Filter Setup
Integration Time Setup

VIV Measurernent Mode Selection
PGU Clutput Impedance Setup
-1 Source Setup

W Applying do CurrentVoltage

N Applying Pulse (FGU oy

Select a function to apply
dc current or Volﬁage

This function specifies the de cwrrent sowrce [EMU) or de woltage source =

(SNU, VSU, or PGU), and forces the output immediately. To stop the output,
use the hpd156b_force function with 0 (zero) ocutput.

The parameter ' chanmel * specifies the unit to force current or woltage.

Lo L

Figure 10. VXIplug &play driver panel menu

Edit Function Panel for hpd 1566 _farrs)

ToiFrom 4156B

Panel mode to specify
constant values
for parameters

T Parameters
mode range
CURRENT OUTPUT — T
VOLTAGE QUTFUT - ‘
polarity
D AUTO -
. MANUAL —
Error
0

[
t1p4156b_force(mstrHandle, 1,2,0,2.5,0.1, 0y

— The C function called and
J all parameters are shown

oK | NoP | cancel| Help |

Figure 11. Constant setup in hp4156b_force function panel

Using HP 4155B / 4156B
VXlIplug &play Driver

Figure 10 - 13 show how to use the
HP 4155B / 4156B VXIplug&play
driver with the HP VEE.

Figure 10 shows the VXIplug&play
driver panel menu for the

HP 4155B / 4156B. There are sev-
eral categories in this menu, such
as Measurement Unit Setup, Source
Setup, Measurement Execution,
etc. Over 30 functions are avail-
able. Here, Applying dc Current /
Voltage function is selected.

Single clicking on "Applying dc
Current/Voltage" opens the func-
tion panel editor as shown in Fig-
ure 11. In panel mode, you can
manually set parameters to be used
in the selected function. Operation
of this mode is very intuitive. Set
parameters using the drop-down
list and slider switch. All parame-
ters set in this mode are constants,
and are shown at the bottom of the
panel. This example shows SMU1
forcing voltage in auto range (0)
with a voltage value of 2.5V and a
compliance of 100 mA.

The VXIplug&play driver also al-
lows you to dynamically change
settings by changing the parame-
ters to variables. Click the "Pa-
rameters" tab and open the
parameter setup menu as shown in
Figure 12. In this example, the
force channel parameter is set to a
variable. Variable name is set to
"SMU". By clicking on the "Create
Input Terminal" check box, a input
terminal named "SMU" is automati-
cally created in the To/ From 4156B
object, which is shown in Figure
13. Though the channel parameter
is set to a variable in this example,
any of the other parameters can
also be variables. By connecting
the VXIplug& play driver with
other HP VEE objects, you can
automate tests and change the
measurement setup.



ToiFrom 41568

Edit Function Panel for hpd 1 ]

channel parameter is set as a variable

E I
Click here to enter
parameter setup mode

1 1
- chatel

¢ cor

Parameter Type:

ect

]

(veme: o [  Creste Toput Termica )
mode
|7F‘ar:=nmr=1 P 4 Cnanstant < Variahle |
Variable name is changed to "SMU"-~ Create an input terminal
1Hdlic, |A . .
| _— —~—_ in the To/From4156B obj
|/ Parameter Type: 4 Constant <M
Narne: |0 I” Create Input Terminal
rvalue
Parameter Type: % Constant < Variahle
MName: [2.5 I~ Create Input Tertninal
IN— / >Other parameters are
Wble constants
1

_
OK |)NOP | cancel| Help | ‘

Figure 12. Parameter setup panel of the hp4156b_force function

As you can see, instrument control
within HP VEE is greatly simplified
by using the function panel of the
VXIplug&play driver. Figure 14
shows a small but complete pro-
gram which steps force voltage and
measures current using one SMU.
In this program, the HP 4155B /

4156B VXIplug&play driver is used
with HP VEE's variable input ob-
jects and X-Y graph object. Thus,
HP VEE and VXIplug&play drivers
ease the task of developing pro-
grams to automate tests.

Systematic Solutions

The HP VEE supports many drivers
for measurement instruments. You
can configure a test system using
the HP 4155B / 4156B with a power
supply, a pulse generator, an LCR
meters and/or a switch. If you have
an instrument that does not have a
driver, you can easily create your
own driver by using direct I/O func-
tion. You can register HP-IB com-
mands in input fields. All of these
features make it simple and easy to
customize a system for your spe-
cific needs.

HP VEE also supports DDE (Dy-
namic Data Exchange). DDE al-
lows you to communicate with any
other software package that works
on Windows. For example, if you
use HP VEE with prober control
software, you can automate wafer
measurements through DDE. In
addition, using DDE you can trans-
fer measurement data to database
software or data analysis software,
and perform complicated statistical
analyses to help with issues such
as yield management.

Note : The HP 4155B / 4156B

VXIplug&play driver works only with HP
VEE version 4.0 for Win 95/ Win NT.

The hp4156b_force function is added
to the To/From 4156B object

—ForRangd <

ToFrom 41568

From [0
Thr [3
Step [0.1

ompliancd

An input terminal for the channel
parameter is automatically created

—| Reset HP 4155B/4156B | -

hp41565_reset (instrHand B

[

Figure 13. hp 4156b_force function is added in To/From 4155B

object

Figure 14. Small
HP 4155B / 4156B

example program to control



5. LAN Capability

The HP 4155B / 4156B has a 10
BASE-T connector (LAN port),
through which the HP 4155B /
4156B can access the hard disk of
an NFS server. This feature yields
two important benefits: entrance to
a large capacity mass storage de-
vice for file and data storage, and
improved access speed. Once a
network drive is mounted on the
HP 4155B / 4156B, you have seam-
less access to it (just as if a hard
disk were directly attached).

Connecting HP 4155B / 4156B
to a Local Area Network using
NFS

The HP 4155B / 4156B can work as
an NFS (Network File System) cli-
ent, meaning that it can mount a di-
rectory from an NFS server. Once
mounted, any measurement data or
setup can be quickly saved and re-
stored onto the server's directory
via the LAN.

Figure 16 shows the SYSTEM : MIS-
CELLANEOUS page of the HP
4155B / 4156B. In this page, net-
work setup is done to connect the
HP 4155B / 4156B to the LAN. Spec-

HP 4155A/4156A

HP 4155A/4156A

=
ol
o
o
o)

HP 4155B/4156B

—» Date

---§» Meas Setup

ify the IP address of the HP 4155B /

Figure 15. File transfer and data sharing using LAN

HP 4155B/4156B setup
SYSTEM: M SCELLANEOUS 97JUL01 07:32AM
MEASURE| )
D DATA
“HP 4156B is POWER LI NE FREQUENCY
[SYSTEM CONTROLLER ] 50 Hz
SETUP
*HP- 1 B ADDRESS (HP 4156B NETWORK SETUP N
HP 41568 17 HOST NAME |1 VY07 Upto4
HARD COPY 1 I P ADDRESS [192.168.0.1 GRAPHI C
USER 1D 3250 S DATA setup
* REMOTE CONTROL GROUP 1D 200
[COMMAND SET[HP4155/56 |
NETWORK PRI NTER SETUP SPREAD
PRI NTER HPLJ4ML SHEET
.168.0.5 -

I P ADDRESS |192
TEXT OuT h
GRAPH OUuT h

* CLOCK

Y M |D H M
199713 [19]|19]25

- UPDATE
-h -1
SERVER TYPE|BSD

*SYSTEM SETUP (A NETWORK DRI

E_SETUP N\

Remote printer setup

BEEP ON LABEL
SCREEN SAVE| 30 min I P ADDRESS |192
LP Tl MEOUT 100 sec DI RECTORY lcl

MEASURED DATA

.168.0.2
measdata

DELETE

MEASURED DATA
Enter netwrok name. (max 15 chars)

FILER M SCEL-| CONFI G CALI B/
LANEOUS

DI AG

PRI NT
SETUP

COLOR
SETUP

NFS server setup

Figure 16. Network setup in SYSTEM: MISCELLANEOUS Page
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4156B with network host name,
and your user ID and group ID
(which must correspond to the set-
tings on the NFS server.).

Next, set the network drive setup.
Specify the IP address of the NFS
server and the directory where you
wish to mount the HP 4155B /
4156B. You may use any name in
the network drive setup for the LA-
BEL field. You can register up to 4
setups by specifying different IP
addresses or different directories.
The attribute names of the regis-
tered setups are shown as the la-
bels of secondary softkeys. In this
example, "MEASURED DATA",
"MEASURE SETUP", "GRAPHICS



DATA" and "SPREAD SHEET" are
the attribute names. Once you
have completed the network setup,
all of network information is stored
in non-volatile memory so that it is
restored in the boot up process.

On the NFS server, you must ex-
port the local directory onto which
you wish to mount the HP 4155B /
4156B.

Figure 17 is the SYSTEM : FILER
page, where you can select net-
work drive to be mounted on the
HP 4155B / 4156B. In this example,
MEASURE DATA is selected as the
current mass-storage and the
/c/measure directory is mounted.
In this page you can catalogue files,
create sub directories, and change
directories. Once a directory is se-
lected, you can both save and get
measurement data and setup files
through the LAN.

Stored setup files can be shared
with multiple HP 4155B / 4156Bs.
You can build measurement setup
libraries for standardization of
parametric measurements.

Importing Measurement Data to
a PC via an NFS server

The HP 4155B / 4156B can store
measurement data into a text file
that is compatible with spread
sheet software. By connecting to

Sub directory

Select from floppy disk and
4 network drive setups

97JULO1 07:31AM » \

SYSTEM: FILER
FLOPPY
DI SK[MEASURED DATA  |:/c/ measdata
LLE _CATALQG
ORMAT: DI R: / h
ELLE _NAME SIZFlbytel DATFE TLME LCOMMENT] gEgigiE
GUMMEL 1024 97-07-01 13:10 - DI RECTORY-
TTVC VS 3843 07 -07-07 2025 [ BT POLAR TCVC SETT
I cvel DAT 15387 97-07-01 20:38 [BI POLAR | CVC DAT] SETUP
ICVC10  DAT 15387 97-07-01 20:39 [BI POLAR | CVC DAT]
| cve2 DAT 15387 97-07-01 20:38 [BI POLAR | CVC DAT]
| cves DAT 15387 97-07-01 20:38 [BI POLAR | CVC DAT]
| cvea DAT 15387 97-07-01 20:38 [BI POLAR | CVC DAT] SRSK:}LC
| cves DAT 15387 97-07-01 20:38 [BI POLAR | CVC DAT]
| cvee DAT 15387 97-07-01 20:38 [BI POLAR | CVC DAT]
| cver DAT 15387 97-07-01 20:38 [BI POLAR | CVC DAT] SPREAD
L' cves DAT 15387 97-07-01 20:39 [BI POLAR | CVC DAT] ] SHEET
=
FUNCTI ON ! \
File Catalog
Select File Operation with softkey. B 1
M SCEL- | CONFIG | CALIB/ PRINT | COLOR
LANEOUS DI AG SETUP | SETUP

Figure 17. Mounting network drive on HP 4155B / 4156B in SYSTEM: FILER page

the NF'S server, you can easily
transfer measurement data to
spread sheet software on your PC.
Figure 18 shows an example of
transferring Ic - Ve (collector fam-
ily curve) data of a bipolar transis-
tor to Lotus 1-2-3. In the GRAPH /
LIST: LIST page, select the
"SPREAD SHEET" softkey to cre-
ate a spread sheet type file on the
NFS server. Specify file name, and
select data separator and string
mark before saving the data. In the
right side, the file is imported
(opened as a text file with specify-
ing terminator type) into Lotus

1-2-3. Using macros, you can statis-
tically analyze measurement data
from multiple devices (such as his-
tograms, trend charts, etc.). This
capability will aid you in generating
test reports for use in process con-
trol.

Note

1 : For the NF'S server, use HP-UX or Su-
perNFS / SuperTCP Suite from Frontier
Technologies Corp. for Windows 95/ NT.
To connect your PC to the HP-UX server,
use NF'S client software.

2 : The HP 4155B / 4156B can not be con-
trolled over the LAN interface. Use the HP
E2050A for this purpose.

3 : The HP 4155B / 4156B does not have ca-
pability for access to NFS servers beyond
gateways.

GRAPH/ LI ST: LI ST SHORT 97JUL04 07:01PM =] Tofus 1-2-3 Release 5 - [FILEOODT.WKAL ==
Bi polar Transistor lc-Vc Characteristics MARKER | =] file Edit View Stle Took Chart Window Help (=]
Open File
Ve = 0.0000 V to 1.0000 V in 10.0mV  step ON
b = 20.00uA to 100.00uA in  20.00 step A =
NO. Ve e LK %
11 v A
1] 0.000000 V[ -19.970uA
2 10.0mv| -18.299uA
3 20.0mV| -15.834uA
4 30.0mV| -12.216uA f
5 40.0mvV| -6.9114uA 0 Srve—
6 50. 0mV 607. 67nA 3k§5§; 1 T
7 60. 0mV 12.333uA Conments:
8 70. 0mv 28.898UA ;
a /0 Nm\v 52 QQRuA MARKER 1 e b=20uA
1 “0u
3 SKI P 1 oh=aus
elec 1S SOItKey Lo creat a I ——
] 15 014 000073419
. 16 015 000105586 @b =g0us
22 | 17 016 0.0013623 =100 uA
spread sheet type data file T
24 | 19 018 0.0020537
5 20 019 00023978
15| 140. 0mV| 598.P3uA| | ol 2 19| 000078
7 22 021 00030006
‘ ‘ ‘ ‘ 23 022 0.0032397
24 023 0003434 0.006] 0005
25 024 0.0035872 0.006| o 0z 04 & 8 1 12
[ 31 | 26 025 0.0037066 0.007| Ve (Collector Vottage) [V]
32 2 0.26 0.0037954 0.007]
SWEEP 3; 28 027 0.0038619 0.0074426 0.0105668 0.01326 0.015624 z

‘ ‘ MARKER ‘ ‘ H SPREAD

RE-
SHEET

SETUP‘

SETUP

HTIMINGH ‘%

[2]

SETUP

| [ or/os/1a 19:09 [ [am]| [ | [Wemu

Figure 18. Spread sheet file creation in GRAPH/LIST: LIST Page (left) and importing the data into Lotus 1-2-3 (right)
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6. Improved Printing /
Plotting Capability

The HP 4155B / 4156B now has a
parallel interface (Centronics).

You can connect directly to most of
the popular HP printers without in-
serting a converter. In addition, a
LAN interface allows you to output
test results directly to network re-
mote printers (Figure 19).

The HP 4155A / 4156A supports
PCL (Printer Command Language)
and HPGL (HP Graphics Language)
modes to output your test results
to printing / plotting peripherals.
Moreover, the HP 4155B / 4156B
supports a new HR PCL (High
Resolution PCL) mode for higher
quality printing.

The HP 4155B / 4156B can also out-
put graphics information to files in
TIFF (Tagged Image File Format),
which is one of the most popular
formats for manipulating graphical
images. You can easily generate
test reports by importing TIFF files
into word-processing software. HR
TIFF (High Resolution TIFF) mode
is also available (Figure 19).

In the HR PCL, HR TIFF and HPGL
mode, you can determine the
graphics output aspect ratio of
width to height. The faster CPU
also improves the printing / plotting
performance, whether to a dedi-
cated printer or to a remote printer
via printer server.

4155A | 4155B
4156A | 4156B File

Mode
Printer Plotter
Yes
(HP
printers)

PCL Yes No

HR-PCL/ PCL for
direct printing

DOS Formatted
Floppy Disk

HR-TIFF / TIFF for
report generation

Figure 19. Wide selection of HP 4155B / 4156B printing destination

Supported Printers / Plotters
and Connection

The following are supported pe-
ripherals for printing / plotting:

® HP LaserJet 4 / 5 series printers
for high speed print (PCL &
HPGL , Network option
available)
® HP DeskJet 300/600/800 series
printer (PCL)
® HP DeskJet 1200C / 1600C
printers for high speed color
printing (PCL and HPGL -
Network option available)
® HP 74XX/ 75XX pen plotter
(Discontinued) (HPGL)
Most of the above printers have a
parallel (Centronics) interface. Us-
ing a parallel cable (HP C2950A),
you can directly connect to a
printer. For pen plotters, use an
HP-IB cable.

Remote printers can be used with a
printer server supporting Ipd (Line
Printer Daemon) protocol. For
more information on supported pe-
ripherals, refer to HP 4155B /
4156B Product Note - 2 "Printing
Function".

Supported Graphics Formats

The HP 4155A / 4156A supports
only PCL and HPGL modes. The
HP 4155B / 4156B supports 5 new
modes which are shown in Table 4.

The HR PCL mode is for high qual-
ity graphics printing. Internal data
manipulation takes a little longer
than for the PCL mode, but you can
achieve crisper and cleaner results.
You can also set the graph's aspect
ratio of width to height, which is
impossible in the PCL mode. You
may print the measurement setup

Change

Importing Word

Processing
Software

Printing
Quality

Graph
Aspect

Printing Speed

No Difficult Fastest text

print

Lower *2

97JULO6 11:35AM
onstant

624 )
328 )
270

Yes
(HP
printers)

Yes
New

HR-PCL

High Possible Difficult Depends on

color / resolution

Select language

HPGL Yes *1

High Possible Easier *3 Fastest B

| and set resolution

graphics output

ecade
GRAP

H PLOT |

TIFF Yes

New

Easiest

Lower (popular format) Depends on

color

* DESTINATI ON

* OUTPUT REGI ON

y

Y ~
“GRAPH TRACE ONLY[NO |

PRI NTER/ PLOTTER

No Yes No No

New

HR-TIFF

[UPPER LEFT [x

5 %[Y 0 %| |*PRINT SETUP DATA[YES |

Easiest

High (popular format) Depends on

color / resolution

LOWER RIGHT|X 85 %|Y 100 %

* PRINT/PLOT COMMENT

POSI TI ON[BOTTOM|
* LANGUAGE *RESOLUTI ON

HR TIFF 300 DPI

*1: LaserJet and DeskJet 1200/1600 only
*2 : Can be higher when printing region is smaller
*3 : File suffix for HPGL varies by word processing software

<

Figure 20. GRAPH PLOT Setup for HR PCL Printing

Table 4. Printing / Plotting modes supported by HP 4155B / 4156B
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ek HP 4156B GRAPH PLOT skkk Jul 6 11:36:23 1997 PAGE

Gummel Plot (Ic-Vbe,Ib-Vbe) -> hFE / Decay Constant

Ihtript:] sSk.2%114A

T00.m

SYSTEM: PRI NT/ PLOT SETUP 97JULO1 03: 59PM

H) HP-1B

( *DESTI NATI ON [HPLJ4ML

HYARTABLE VARL
UNIT SMU3:HR
Vs

e
LINEAR
0.0000 V
sTOP -B850. OmY
STEP -10.0mV
KCONSTANT
UNIT SMUL:HR
NAME Ve
0.0000 v

SMU2: HR
Vb
0.0000 v

SOURCE  0.0000 V. 0.0000 Y ——m——mmmm  —mmmeee
HUSER FUNCTION
NAME  UNIT  DEFINITION
Vbe v -V
hFE Ie/Th

decay BL1G

*FORM FEED INE [ A0 corumn [ ro PARAL
Select remote LEL
*COLOR/ B/ W N
printer name \
*PAPER *QUTPUT I TEM HPLJ4 ML
S1 ZE A4 TITLE ENABLE
FEED DI R SHORT SI DE DATE&TI ME ENABLE
LENGTH | -------- PAGE NO. ENABLE
W DTH | -------- USER COMMENT ENABLE
UNIT | ---m---- PRI NT/ PLOT COMMENT | ENABLE
GRAPH TRACE ENABLE
GRAPH FRAME & GRI D|ENABLE
GRAPH AXI S TEXT ENABLE
GRAPH TEXT ENABLE
"I NI T STRI NG ‘
"TRAI LER STRI NG ‘
HPLJ4ML
Sel ect Print/Plot Port with softkey or rotary knob.
FI LER Ml SCEL- CONFI G CALI B/ COLOR
LANEOUS DI AG SETUP SETUP

Figure 21. HR PCL printing example

with graph too. In Figure 20, an ex-
ample of graph plot window setup
is shown. In the LANGUAGE field,
HR PCL is selected. Figure 21
shows a sample printing result us-
ing the HR PCL mode.

Figure 22 compares the PCL and
HR PCL outputs. Using the PCL
mode, the curves are ragged and
hard to distinguish. In contrast, the
HR PCL mode output is very clear.

Printing to Remote Printers via
LAN port

The HP 4155B / 4156B can output
graphics data to remote printers
via its LAN port. The HP 4155B /
4156B sends printing commands

Figure 23. Specifying destination in the SYSTEM: PRINT/PLOT SETUP page

Ipr (Line Printer Remote) with
printing data to a printer server.
When Ipd (Line Printer Daemon)
receives the command, the printer
server outputs print data to the se-
lected printer.

In the SYSTEM: MISCELLANEOUS
page, you can setup network
printer information (refer to Figure
16 in Page 10). For the printer
name, use exactly same name as
the printer name used in the printer
server. Also, the IP address of the
server, server type, Ipr command
options for graphics and text print-
ing are registered in this page.

Figure 23 shows the SYSTEM:
PRINT/PLOT page. Determine the
destination by selecting secondary
softkey. In this example, HPLJ4ML
is the printer name which is regis-
tered in the SYSTEM: MISCELLA-
NEOUS page. Now you can print
to the remote printer with the
setup shown in Figure 20.

Although you can not bring a
printer into a clean room, you can
print to a remote printer in office
area from clean room by using this
capability.
Note : LPD is bundled in HP-UX and Win-
dows NT . For Windows 95, use SuperNFS
/ Super TCP Suite for the printer server ca-

pability. The Ipd service should be enabled
beforehand.

T LT o L LW

)

4 W 1

HHBEBEEEEEE WA AV

LT T EImia L 1 T

T VY

R IR Re] UJr =

1.0000000000uH

Figure 22. Comparing PCL (left) and HR PCL (right) outputs
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Generating Test Reports Using
TIFF / HR TIFF Mode

You can easily generate test re-
ports by creating graphics screen
image files in TIFF. Once you con-
nect the HP 4155B / 4156B to the
LAN, you can place TIFF files onto
a directory of an NF'S server, and
then you can import the files into
word processing software on a PC.
Most of popular word processing
software packages support TIFF.
HR TIFF is for higher quality report
generation.

In Figure 24, a graph plot window
is shown. Select FILE in DESTINA-
TION field and type a file name. In
this example, IDVGO1 is entered. In
LANGUAGE field, HR-TIFF is se-
lected. This creates IDVGO1.TIF
file on current directory of mass
storage on the server.

Created file can be manipulated on

PCs that are connected to the NFS created.

server. In Figure 25, the

IDVGO1.TIF file is imported into

Lotus Word Pro and a test report is

GRAPH/ LI ST: GRAPHI CS

SHORT 97JULO5 09:17PM
Subthreshold Characteristics ld-Vg (Low Current Meas)

MARKER( -1.000 V 440f A

(A)

100. m

/%ﬁ”

PRI NTER
PLOTTER

FILE

‘
Select FILE and
type file name
decade // 1 1 1 1
GRAPH PLOT !
*DESTINATI ON [FILE *FILE NAME
[1DvGo1
GRAF AR TRACE UNLY [NU
*PRINT SETUP DATA|YES
POSI TI ON|[BOTTOM

*PRINT/PLOT COMMENT

*LANGUAGE *RESOLUTI ON

HR TIFF ‘300 DPI

FILE

Sel ect Destination with softkey or rotary knob.

PRI NT PR/ PL EXIT
PLOT SETUP

Figure 24. Creating a TIFF file

[Body \
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File name:
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oV G01TIF
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e
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CA)
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Figure 25. Importing a TIFF file into a test report generated using Lotus Word Pro
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7. Miscellaneous New
Functions

New LCD

The HP 4155A / 4156A had a 7.5
inch CRT, but the HP 4155B /
4156B has an 8.4 inch active color
matrix LCD. The screen resolution
has been improved from 512x400
to 640x480 dots (same as VGA
resolution). You get a fully flat
and clear view. In addition, a
screen saver function has been
added to improve the screen life.

Low Leakage VMU

The measurement performance of
VMU (Voltage Monitor Unit) has
been improved. The leakage cur-
rent of buffer amplifier at the input
of VMU is lowered from typical 10
nA to less than 500 pA. This helps
you measure the voltages of de-
vices that have higher impedance,
and saves sensitive devices from
unexpected damage.

New Connector Plate Options

HP really cares about the fixturing
and cabling you need to perform
accurate ultra low current meas-
urements. You must have good
connections to devices to get accu-
rate test results. With the previous
connector plates supplied with the
HP 4155A / 4156A, you needed to
solder the terminals and measure-
ment cables to connect probing
needles. This practive sometimes
introduced large leakage current
paths when the soldering flux
spread over the surface of the ter-
minal on the connector plate, or
when finger oils were inattentively
placed there during soldering.

Front View
115
1085 g
It + o

[ B 28 rn i

4- 3.2

210
220

Rear View
o
Triaxial Chassis
Connector

BNC

Figure 26. New Connector Plate (HP 16495H option 001)

With new connector plate options
of the HP 4155B / 4156B, you are
free from soldering. Option 301
and 311 of the HP 4155B / 4156B in-
clude connector plates that have
feed-through type (triaxial connec-
tor to triaxial connector) terminals
(see Figure 26). You can directly
screw triaxial cables into these
connectors, which interconnect to
the probe needles. Option 302 and
312 are the connector plates that
have connector-to-contacts for sol-
dering type terminals. If your
prober does not have triaxial inter-
connect cables, then you still must
use these connectors (please sol-
der them carefully). These connec-
tor plates can be separately
ordered from the HP 41558 / 4156B
as shown in Table 5.

New connector plates are a half
size panel of previous ones fur-
nished with the HP 4155A / 4156A
as shown in Figure 26. Thus, cable
connections at the shield box can

be smarter. The terminals are
separated from the chassis ground.
For the cases that require connect-
ing the chassis ground to the meas-
urement common, or connecting
the outer shield of the connectors,
there is a soldering contact for
each terminal.

Conclusion

The HP 4155B / 4156B is the new
parameter analyzer, designed for
higher throughput, maximum effi-
ciency, and systemization for auto
mated test.

It enables you to improve your
semiconductor quality, starting at
material evaluation and device
characterization on all the way
through final packaged device in-
spection and failure analysis. It de-
livers the right solution for today's
needs and the flexibility to meet to-
morrow's challenges.

Model \ Option | Description Model | Option \ Description

4155B / Semiconductor Parameter Analyzer 16495H Connector Plate with 6 Triaxial, 6 BNC,
4156B Interlock and GNDU Terminals
301 | Add HP 16495H Option 001 001 Bulkhead Feedthru Type
302 | Add HP 16495H Option 002 002 | Connector to Contacts for Soldering Type
311 Add HP 16495J Option 001 16495J Connector Plate with 8 Triaxial, 4 BNC,
312 | Add HP 16495J Option 002 Interlock and GNDU Terminals
001 Bulkhead Feedthru Type
Table 5. New Connector Plate Options 002 [ Connector to Contacts for Soldering Type
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