
Abstract
During device characterization it is not uncommon
to find test and product engineers spending hours
and hours of time on the ATE to verify AC measure-
ments using Oscilloscopes and Time Interval Ana-
lyzers. Device performance boards are carefully
designed with controlled impedance paths to match
the tester Pin Electronics Card to the DUT. For get-
ting more accuracy than available from the ATE,
scopes and TIA's are used in production testing to
guarantee specific parameters such as pll jitter and
clock frequency measurements. With the recent
emergence of source synchronous busses on high
speed devices, external equipment is used to make
output-to-output AC measurements during device
validation. Taking such measurements on a 64-pin
bus device over several operating voltages and
temperatures with a pair of probes may take several
days. This manual approach, in addition to being
time consuming, is also prone to operator errors
and suffers from poor repeatability. This paper de-
scribes an approach using a unique performance
board design, with embedded resistors to emulate
scope probes close to the DUT and high speed
muxes on the board, to cut the data collection time
from hours or even days to minutes. Data collected
using the manual and automated method are com-
pared.

1 Introduction

Traditionally, characterization AC measurements
on the device under test are done on the ATE using
one of several well established methods. The most
popular and often used method is the timing search,
which moves  the tester driver or comparator timing
while functionally testing the device and observing
a fail to pass transition. Often the ATE hardware
has a built in time measurement unit (TMU) [3] . The
tester’s drive signals are routed to the TMU in a loop
back mode. The DUT output is  digitized by the
tester’s  comparators and the digitized signals are
routed to the TMU. Another tool, called the Scope-
tool, provides a similar capability but also changes
the comparator levels, producing a voltage vs. time
plot. Instead of using a central resource like a TMU
or a scope  ATE also uses its comparator circuitry
together with capture memory to plot the tester-
generated signals and the device response and, in
turn, to compute AC parameters. All of these meth-
ods make measurements from an input to an out-

put, between two inputs or between two outputs.
The accuracy of the measurements is bounded by
a combination of driver, comparator and TMU accu-
racies  and has been discussed widely in several
papers [1]. During validation of I/O timing of the
DUT, it is necessary to minimize errors from all
sources during AC measurements to get the most
accurate reading. During characterization, test en-
gineers wheel in an  expensive oscilloscope and
connect it to the device interface board and make
timing measurements  while the tester is looping on
a set of patterns stimulating the DUT. This manual
characterization methodology has three principal
drawbacks:

• It takes a very long time to get the results.
• Results have poor repeatability.
• Results are prone to operator errors.  

1.1 Automation

 This paper describes an automated method devel-
oped at Intel for the timing data validation (DV) of
the Madison 64-bit Microprocessor source-synchro-
nous data bus that eliminates all the drawbacks
above. This method uses a specially designed ac-
tive tester interface unit (TIU) containing embedded
resistors emulating oscilloscope-like 500 ohm
probes, and on-board mux circuitry to route device
under test  (DUT) output signals to an external Time
Interval Analyzer (TIA). The TIA, Wave Crest 2075,
is used to make accurate source synchronous mea-
surements, eliminating tester inaccuracies. What
makes this DV method unique is the fact that no TIU
has ever been designed with embedded resistors
deposited in an internal layer. This active TIU with
the automated DV software has replaced an estab-
lished manual DV collection method for future de-
vices from the same microprocessor family.  

1.2 Paper Organization

 Section 2 presents the details of the manual meth-
od of data collection and discusses the amount of
time taken to collect DV data. This leads into sec-
tion 3 on the details of the active TIU design and the
calibration and diagnostic software involved for ver-
ifying the TIU. Section 3 also discusses the valida-
tion of the active TIU after fabrication and the
challenges overcome in order to make the TIU func-
tional. Section 4 gives the performance of the active
TIU  in terms of correlation with the older manual
method and the efficiency of data collection. The
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paper concludes with future enhancements
planned for the DV automation program. 

2  Background 

In source synchronous operation the device pro-
duces its own clock, which travels in parallel with
the data. In this way, the clock suffers the same de-
lay and drift as the data, enabling the data to be re-
liably clocked into the receiving device. It is
common for the clock signal to be delayed at the
originating device such that the clock occurs at the
center of the data. This ensures that there is
enough setup and hold time at the receiving de-
vice’s input register.  This is shown in Figure 1
where the double pumped data   has a timing spec-

ification with respect to the differential output clock
signal. A 64-bit data bus is thus broken into eight
groups of eight pins and associated with each group
is a clock, also known as strobe. The Tvb and Tva
measurements are output-to-output timing mea-
surements, and when these are performed by an
ATE using conventional search methods, the accu-
racy of the result is influenced by twice the overall
timing accuracy of the tester. By carefully designing
the device TIU with controlled impedance and judi-
cious location of probe points, more accurate instru-
mentation such as the TIA can be used to improve
the accuracy of the measurements.

Since the time of the McKinley processor, data col-
lection using external TIA was adopted for source
synchronous timing parameters. The data valida-
tion (DV) requires the following additional hard-
ware:

Wavecrest 2075  

Oscilloscope to view signals and/or verify triggers

Wavecrest probe holder

(2) Tektronics P6427 differential probes 

(2) Probe holders 

Probe power supply found in the DV cabinet

Device and TIU

Co-ax cables

The method in use involves the steps outlined be-
low.

2.1 Pattern preparation using scripts

The only thing that needs to be done prior to getting
on a tester is choosing an appropriate pattern to
use.  Then a  preamble is added to allow enough
time for the PLL's to lock.   The pattern file is prepro-
cessed by searching for all time sets  specified by
the user.  Keyword s_s (for source synchronous)
means the chip is in data output mode.  This is the
transaction for Tva/Tvb. For all these transactions,
the script will look at the data.  If the data toggles, it
will create an entry in a file.  An example  of this is:

!SyncRMA = 17912,17912 

TPD-+ 1 1 17912 63280 316388.0

So at vector 17912, the tester will emit a trigger.
The Wavecrest will look for the delay between the
1st falling edge on channel 1 and the 1st rising edge
on channel two.  For every data pin, a .cmd file will
be created.  These files will take on the name

Tva/Tvb .cmd files: <pattern name>__<data
pin>.cmd

2.2 Wavecrest set up and test program opera-
tion

The Wavecrest needs to be plugged in and warmed
up before usage.  An internal calibration should be
run 30 minutes after power up.  The GPIB port
should be connected to the tester.  The TIU should
be mounted and the Wavecrest probe holder
should be put on top of the TIU.  The part will run
very hot, so a thermal compensator must be used.
The Tektronix probes are connected to the pins on
the TIU that need to be measured.  If the signal is
double ended, care must be taken to make sure the
positive strobe point goes to the positive signal.  If
the signal is single ended (like a data pin) then the
positive end is on the data pin and the negative is
on a ground pin.

The other end of the probe is connected to the
probe power supply.  The probes must be set at
%10 attenuation or the signal will swing more than
one volt (in which case, the Wavecrest will clip).  For
Tva/Tvb data, Channel one of the Wavecrest is da-
ta.  Channel two is strobe. The third channel (the
arming channel) comes off the test head itself.
These channels  can be observed through an oscil-
loscope or connect directly  to the Wavecrest. 

The test program is intended to be run on the
ITS900 KX tester from Credence. Once the pro-
gram is loaded and initialized, a global dialog box is
used  to set the various options of the Wavecrest to
suit the DUT.

DTS_ARM_VTH = trigger voltage for the arm of the
Wavecrest.  This is set pretty consistently to  -0.460
V from the test head.

Strobe

Data

Figure 1. Source Synchronous Transfer

 Tva Tvb
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DTS_CH1_VTH = event threshold for channel 1,
usually set to 0 V.

DTS_CH2_VTH = event threshold for channel 2,
usually set to 0 V.

DTS_DATA_PIN_INDEX = the data pin on which
the measurements are taken. The formatting is sim-
ilar to standard pin names.  So you will need to en-
ter the name "xxD7t0nn3" to look at data pin 3.

DTS_GPIB_PORT = GPIB port of the Wavecrest.
By default this is set to 3.  This can be changed as
long as it matches the setting on the Wavecrest.

DTS_INDIR_NAME = the directory of your .cmd
files which store the vector number and measure-
ment type.

DTS_OUTDIR_NAME = directory the output data
acquired is to be placed.  Output files follow the
same prefix naming convention as the input .cmd
files.

DTS_PATTERN_NAME = pattern name loaded.  

DTS_SYNC_VECTOR = location of external sync
to trigger.  This is only used if you use the
"scope_sync_loop" user function.

DTS_TRIGGER_NAME = trigger pin.  

In the flowtool  three user functions do the following
tasks.

scope_sync_loop - This user function executes the
most recent test into a loop and exciting the trigger
at the vector specified in the global
"DTS_SYNC_VECTOR".  This user function must
be preceded by  a functional test.

IF_Characterize_FSB - This is the user function
that actually performs the Wavecrest calculations.
Once everything is set up correctly and a test is ex-
ecuted and passed, the system will prompt the user
to read Tva/Tvb data.  Once the correct choice is
made, the user function will read the appropriate
.cmd file and output the results.

dts2070 -  This user function simply checks the
GPIB bus and makes sure a Wavecrest device is
found on the GPIB port specified in the globals.

So the standard execution will be to 

1. Set up all the hardware and have all the prepro-
cessing done before hand.  Launch the test pro-
gram and do the appropriate initialization.  

2. Load the pattern which has the preamble already
added to it.  

3. Make the changes to the global variables so as
to capture the correct data.

4. Open up one of the FTEST blocks in the
Wavecrest composite segment.  Add the name of
the new pattern and execute.  Leave the FTEST
block open.

5. Optional- Run the scope_sync_loop user func-
tion and  use the oscilloscope to verify that the chip

is working and the trigger is located at the appropri-
ate place.

6. Optional- Run the dts2070 user function to make
sure the Wavecrest is visible to the tester.

7. Execute the IF_Characterize_FSB user function
to collect data for one pin.

Step 7 is repeated after changing the probe con-
nection to a different DUT pin. Once the probes are
hooked to the Wavecrest, it is possible to use the
Wavecrest device as an oscilloscope.  There is a
software suit called Visual Instruments which allows
the user to access extended functionality of the
Wavecrest.  The scope tool is useful for finding the
midpoint thresholds for the channels.  To find the
threshold for the trigger, use the DTS pull-down
menu and select "Pulse Find Dialog". Make sure the
pattern is in a loop, then  click the pulse find on the
new window. The max and min for all the channels
and the arm can be seen. The data collection for a
single unit takes as much as 16 hours without taking
into the one hour for Wavecrest warm up and cali-
bration. The data collected using this manual meth-
od has been validated against bench and other
systems test data. It does have the drawbacks out-
lined in the last section such as repeatability, oper-
ator error and total time spent. 

3 Automation using active TIU

The automation of the manual method is made pos-
sible by the availability of Ohmega-Ply®,  a thin film
resistor- conductor material[2], used in board man-
ufacturing.  Using standard subtractive printed cir-
cuit technology, integral resistors are formed on
circuit layers. These resistors can be buried within
a multilayer circuit board or used on the board sur-
face. While typical resistor values have been in the
50 ohm to 100 ohm range, recently the available re-
sistor value has approached 500 ohms. Embedding
450 ohm resistors close to the device socket inside
a TIU and using  50 ohm trace connections from
them, emulates multiple 500 ohm scope probe con-
nections to the DUT are emulated.  Figure 2 serves

to illustrate this. The tolerance of these resistor im-
plementations are from 5%-10%. Since the DUT in-
put and output are operating in a matched 50 ohm
environment a 500 ohm on the DUT will cause no

Figure 2 Probing Signal From DUT  

Size 10-20mils
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more attenuation and reflection effects than a 500

ohm scope probe. This also implies that only a
small portion (1/11 or 9% ) of the signal is picked off
by the probe and consequently needs to be ampli-
fied. With multiple signals to connect to the
Wavecrest, muxes can be added to the TIU and the
mux selection control can come from the utility con-
trol lines of the tester. Figure 3 shows a high level
block schematic of the circuitry which could be im-
plemented on a tester interface unit. The details of
the actual design and implementation are present-
ed in the next section. The only drawback of this
method is  the extra cost of the TIU which  is far out-
weighed by the productivity improvement it brings
to the test engineer. The main advantage of embed-
ding the resisors over surface mounted resistors is
the proximity to the DUT pin and the reduction of the
overall area required on the TIU.

3.1 Active TIU Design 

The Active TIU has been designed to automate the
collection of Tva and Tvb parameters of the source
synchronous bus for the ItaniumTM Processoor
family of devices starting with the Madison.  Prior to

this, a characterization program developed by Intel
engineers has been in use to collect the same data
but using operators to manually connect the source
synchronous signals to a Wavecrest instrument.
The manual method has been used with the McKin-
ley device and correlated successfully to oscillo-
scope readings. The active TIU will replace the
manual TIU for Madison. The existing characteriza-
tion program will be updated to accommodate the
active TIU.  From this point forward this will be re-
ferred to as the char program.

3.1.1 Active TIU Circuitry: 

The active TIU uses the same exact design of the
Madison TIU and adds the following circuitry. This
TIU will accommodate half of the desired signals on
the Madison device.

• For each signal identified as a source synchro-
nous signal, an embedded 450 ohm resistor is
added in an additional signal plane. This simu-
lates an oscilloscope 500 ohm probe. An addi-
tional trace carries this attenuated signal
through a buffer (PECL type) to a set of muxes.
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Figure 3. Madison Active TIU Circuitry 
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The buffers are differential and are biased with

a device power supply to control the crossover
point. The device has 128 data bus pins  and 8
differential strobes. In order  to preserve the
size of the TIU  and limit its cost, only 64 data
pins and 4 differential strobes were incorporat-
ed in the first design. If the methodology is suc-
cessful a second TIU would be used for the
remaining source synchronous signals. 

• The 4:1 muxes are differential and are con-
trolled by EIR bits from the test head. Source
synchronous data strobe signals are routed
through a set of muxes, and the final stage mux
output is connected to a high bandwidth sma
connector and then on to the start input of a
Wavecrest box. Similarly, Source synchronous
data  signals are  routed   through a set of mux-
es and final stage mux output is connected to a
high  bandwidth sma connector and then on to
the stop input of a Wavecrest box.

• A pair of ring oscillators located on opposite
sides of the TIU to aid in monitoring tempera-
ture drift. The ring oscillator's frequency will de-
crease as temperature increases.This will be
characterized to formulate a linear approxima-
tion for the propagation delay versus tempera-
ture of the active TIU.

• Power regulators and dc-dc converters which
generate Vcc and Vee  for the active TIU circuit-
ry are obtained from test head +15, -15 and +5
volt user sources.                                                         

Figure 4 shows the block diagram of a single
sourcesignal path on the active TIU. A normal TIU
has two wires/traces coming together at the device
socket. One is the bond wire from the DUT die
through the package and the other is the tester sig-

nal cable coming from the pin electronics card
(PEC) via pogo pin block to the TIU trace. The ac-
tive TIU adds a third connection via the embedded
450 ohm resistor. The next section describes the
calibration and diagnostic test program for the ac-
tive TIU on board circuitry.

3.2 Calibration and Diagnostic: 

The calibration program measures the embedded
resistors and the path length of each source syn-
chronous signal from the embedded resistor to the
Wavecrest connector. In addition it measures the
offset voltage for the buffer circuits and the frequen-
cy of the ring oscillators. All the measured values
are stored in files to be used by the char program.
In the best case scenario only the path length val-
ues will need to be used as calibration corrections
to the raw Tva/b data generated by the char pro-
gram using the following equation

•       Tva/b   = Raw Tva/b - (Tstp - Tstrt)

Tstrt is the path length of the source synchronous
data signal and Tstp is the path length of the source
synchronous clock signal as measured by the cali-
bration program. However, during the design of the
active TIU it was considered prudent to check for
the input offset of the buffer circuits and compen-
sate for them if the offsets are in the millivolt range
rather than the micovolt range. In order to measure
the input offset, the value of the embedded resistors
need to be measured as well. Should the offset val-
ue be higher than 10mV (which will give rise to an
error of 4ps on a 1V 400ps edge rate signal) the
probe compare voltage will be adjusted prior to
each Tva/b measurement.  In order to monitor and
compensate for temperature effects, the ring oscil-

Figure 4. Block Diagram Of One Path To Be Calibrated
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lators circuits have been designed in the active TIU.
The ring oscillator is implemented using 7 buffer
stages and a single stage mux. As a first approxi-
mation it will be treated as an 8 stage oscillator. Us-
ing a thermal stream/ heat gun, the period of the
ring oscillator will be measured at several different
temperatures from room to hot to verify a linear re-
lationship between propagation delay and tempera-
ture. The formula for temperature correction for a
single buffer/mux in the path is

•              Tpdelta   = (Tpx -  Tproom )/8

Tpx is the average period of the ring oscillators dur-
ing the data collection process, Tproom is the aver-
age period of the ring oscillator at room
temperature. So the final equation for the correct
value of Tva/b is 

•  Tva/b   = Raw Tva/b - (Tstp - Tstrt) -2*Tpdelta

The diagnostic program is identical to the calibra-
tion program except that it does not store any data
but checks that the results are within pre-defined
limits. A switch function is used to select between
the calibration and diagnostic flow. In phase 1  of
the active TIU the ring oscillator calibration was not
planned for implementation. Depending on the per-
formance of the active TIU circuitry it was planned
for Phase 2. The next subsections detail the differ-
ent calibration steps.

3.2.1 Resistance Measurement

Figure 5 shows the circuit involved on the active TIU

near the DUT socket. The tester power supply
DPS0 is used to provide the provide the termination
voltage, and DPS3 provides the comparator volt-
age. In normal operation of the active TIU a portion
of the device output signal (1/11th) is riding on the
termination voltage. This is amplified by a high gain
differential buffer and sent to the next level of mux-
es. For resistance measurement during active TIU
calibration there is no DUT in the socket.  A DC test
is executed on each input and the result is convert
ed to resistance value to be used by the offset cali-
bration program.

3.2.2 Offset Measurement 

This process will be accomplished by performing a
Linear Search. Figure 6 shows the circuit involved.
In the normal operation of the active TIU the differ-
ential buffer amplifies the low level single ended
data  signal and forwards it the start or stop input of
the Wavecrest TIA as a differential signal. In order
to compensate for the different offsets of all the
comparators, the offset of each needs to be calcu-
lated and applied as a correction. The offset is
found as follows. With No device in the socket, force
(VOH_mad+VOL_mad)/2 at DPS3 and at the PEC
and search which value of DPS0 toggles the buffer-
comparator. VOH_mad is the Madison device typi-
cal output high volatge and VOL_mad is the
Madison device typical output low voltage.The actu-
al resistance measured is used instead of the 450
ohm shown in the figure.

3.2.3 Path Length Measurement

Since the number of data and strobe signals are dif-
ferent data and strobes are going through two differ-
ent mux-trees, one with four levels of muxes and
the other with two. It is essential to measure and
compensate the path length difference between the
data and clock  paths for the final Tva/TVb mea-
surements. A special technique using a custom
shorted device in the DUT socket was developed. A
30ns negative pulse is sent on all data and strobe
channels except on the data or clock path to be
measured. 

The shorting device is placed in the DUT socket. By
programming the muxes, this path is selected by
the Wavecrest and the path length is measured.
This shown in figure 7. The path length differences
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Figure 5 Resistance Measurement
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are stored for later use with the char program.

3.2.4 Automating the Data collection

After the the active TIU has been calibrated, auto-
mating the data collection is very basic. What needs
to be done is to modify the existing routines in the
char program to collect data manually to incorpo-
rate the data from the calibration files (comparator
offset and path length difference) generated by the
active TIU calibration. Set the usual globals (same
as manual method) to identify directory and pattern
names, trigger levels, output levels for the
Wavecrest and the pins on which to collect data.

DTS_INDIR_NAME, DTS_OUTDIR_NAME,
DTS_PATTERN_NAME

DTS_TRIGGER_NAME = “NC_DBI7t0[4]”

DTS_CH1_VTH = 290mV (Mux output is always the
same; 20mV to 545mV)

DTS_CH2_VTH = 290mV (Mux output is always the
same; 10mV to 570mV)

DTS_ARM_VTH = 125mV (Set NC_DBI7t0 to VOL
= 0V & VOH = 500mV in the level block)

DTS_START_DATA = 0

DTS_STOP_DATA = 63 (to collect Data from Data0
to Data63)

Load and install the char program and run the mod-
ified data collection function. Since the same user
function is used as before, the data format and post
processing remains the same.

4 Active TIU Performance

The design and fabrication of the active TIU took
four months during which all the needed software
for calibration and checkout  was written. When the
active TIU was received, the following necessary
steps were carried out to validate it.

Functionality check after preliminary assembly: 

•  Run Wavecrest (WC)  IO patterns on char test
program on the active TIU and get a pass.

Functionality Check after full assembly:  Run WCIO
patterns on char program. Compare basic perfor-
mance using current production TIU against new
active TIU:  

• Shmoo Vcc/frequency.
• Select 1 pin with embedded resistor and one

pin without embedded resistor to perform  level
searches for vih, vil, voh, vol and timing search-
es for Setup, Hold, Tva/Tvb and Tco.

Compare signal integrity between Active Tiu and
existing TIU

• Using Infineon scope look at Strobe to Data sig-
nal on specific input and output cycles

• Look at the signal of Bclkp/n for both data and
clock trees.

• Measure rise time of signals and compare.

All the steps were completed and the results were
satisfactory. This is shown by the shmoo in figure 8.
The shmoo shape looked good with hot/cold tem-
perature correlating with the DV TIU shmoo.

Figure 8 Correlation Between Active TIU And Manual  Data Validation (DV) TIU
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The difference of The Active TIU versus the DV TIU
for AC timing measurements is within tester EPA
limit. Table 1 shows the result of running several de-
vices with both TIU and collecting setup, hold and
delay measurements.

4.1 Active TIU circuitry performance

The TIU performed as well as the regular TIU for
functionality. However, during the debug of the op-
eration of the on board circuitry for automated Tva/
Tvb measurements the following major challenges
were uncovered.

4.1.1 Embedded resistor values are on the high
side

The values were designed for 450 ohms (+-10% tol-
erance) but the actual values were near 550-650
ohms. This caused the signal level at the buffer
comparator circuits to be lower than expected and
the S/N ratio was high, leading to very noisy output
with oscillations. A considerable amount of time
was spent on locating the source of the noise. It
turned out to be a 100khz ripple from the switching
regulator used to convert the 15V test head user
supply to 3,3V for the on-board muxes and buffers.
The switching regulator was replaced by a bench
power supply (linear regulator), and the noise was
reduced considerably. In order to further reduce the
noise which was still high on the buffers of the sin-
gle ended data signals, a lower gain buffer was
used as a replacement, which eliminated the noise
on the outputs of the muxes.

4.1.2 Shorted block calibration yields poor re-
sults

The calibration using the shorted block yielded
longer results for path lengths than expected val-
ues. It is still under investigation. This step was re-
placed by a standard path length measurement
using the Wavecrest without the shorting block and
just sending a pulse on the clock and data tree
paths and measuring the difference. 

4.1.3 Active TIU Tva/Tvb data collection results

After fixing a few other minor hardware issues on
the active circuitry such as broken caps and non-
performing devices, the data was successfully col-
lected and the active TIU has been in use since Oc-

tober 2003. Figure 9 shows the distribution of Tva
collected using active TIU. Figure 10 shows the
same for data collected with the same device using
manual TIU. Figures 11 and 12 show this for Tvb
measurements. Tva/tvb automation measurement
from Active TIU is very close to the Wave Crest
manual measurement ~30 to 50ps. Hardware setup
is 45 minute setup time (including the warm up) for
manual and automation process. However, the au-
tomation setup time is simpler because no probes
are needed which reduces operator errors. Auto-
mation process takes  7 minutes for data collection
versus 16 hours for manual process using the reg-
ular TIU.

5 Conclusion

This paper has shown how a TIU with embedded
resistors has successfully correlated with the exist-
ing manual data collection method and improved
the productivity in the test floor. Further work is
planned in this active TIU methodology in terms of
design and layout for better over all performance
and investigation into shorted calibration block ap-
plication for better calibration.
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Experiment distribution Active TIU DV TIU Difference
cc_tsetup Max 640ps 660ps 20ps

Min 520ps 510ps 10ps
cc_hold Max -440ps -390ps 50ps

Min -570ps -570ps 0ps
cc_tco_max Max 1.66ns 1.68ns 20ps
 Min 1.45ns 1.46ns 10ps
cc_tco_min Max 1.45ns 1.44ns 10ps

Min 1.14ns 1.1ns 40ps
ss_tsu Max 90ps 100ps 10ps

Min -50ps -120ps 70ps
ss_thold Max 140ps 190ps 50ps

Min 30ps 0.85ps 29ps
Table 1. AC Measurements Correlation
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FIGURE 9 Distribution Data On Tva Using Active TIU

Quantile plot has Tva on the x axis

FIGURE 10 Distribution Data On Tva Using Manual TIU

Quantile plot has Tva on the x axis
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FIGURE 11 Distribution Data On Tvb Using Active TIU

Quantile plot has Tvb on the x axis

FIGURE 12 Distribution Data On Tvb Using Manual TIU

Quantile plot has Tvb on the x axis
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