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Before undertaking any maintenance procedure, whether it be a
specifie troubleshooting or maintenance procedure described herein or
an exploratory procedure aimed at determining whether there has been
a malfunction, read the applicable section of this manual and note
carefully the WARNING]and [CAUTION] notices contained therein.

The equipment described in this manual contains voltage hazardous to
human life and safety and which is capable of inflicting personal
injury. The cautionary and warning notes are included in this manual to
alert operator and maintenance personnel to the electrical hazards and
thus prevent personal injury and damage to equipment.

If this instrument is to be powered from the AC line (mains) through an
autotransformer (such as a Variac or equivalent) ensure that the
common connector is connected to the neutral (earthed pole) of the
power supply.

Before operating the unit ensure that the protective conductor (green
wire) is connected to the ground (earth) protective conductor of the
power outlet. Do not defeat the protective feature of the third
protective conductor in the power cord by using a two conduetor
extension cord or a three-prong/two-prong adaptor.

Maintenance and ecalibration procedures contained in this manual
sometimes call for operation of the unit with power applied and
protective covers removed. Read the procedures carefully and heed
Warnings to avoid "live” circuit points to ensure your personal safety.

Before operating this instrument:
1. Ensure that the instrument is configured to operate on

the voltage available at the power source. See
Installation Section.

2. Ensure that the proper fuse is in place in the instrument
for the power source on which the instrument is to be
operated.

3. Ensure that all other devices connected to or in proximity

to this instrument are properly grounded or connected to
the protective third-wire earth ground.

If at any time the instrument:

-— Fails to operate satisfactorily

- Shows visible damage

— Has been stored under unfavorable conditions
- Has sustained stress

It should not be used until its performance has been checked by
quealified personnel.
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AMENDMENT

1o the 1995/6 and 1985/6-02M Instruction Manuals
Part numbers 980599 and 980607

June 14, 1989

This Amendment adds the Rubidium Frequency Standard, Option 04R, part number 404469,

Drawings included in this amendment:

404469 — Assembly, Rubidium Standard
404565 — Module Assembly, Rubidium Oscillator

_. 401858 — PCB Assy., Rubidium Oscillator Power Supply
43185_8 — Schematic, Rubidium Oscillator Power Supply

Catibration Procedure on foliowing page.



Opticn 04R Calibration Procedure

.

1) Connect egquipment as shown in Figure 1.1

3

INPUT A

-
% External Fregquency
1995/1996

Reference Standard

FPigure 1.1
Counter Input/Control Settings

a) Select FREQ A

b) Select AC coupling, Input A

'cy” Select 50 ohms impedance, Input A
d} Set gate time of 100Sec

2) Allow sufficient time for equipment tc stabilize
Note

; Option O4R requires 4 minutes stabilization to obtain

[ the following frequency accuracy: +1x10E-9 of the

final freguency(calibrated frequency), or the frequency

before turn off, (if turn off was within 24 hours). The

frequency will typically be within +2x10E-11 of the final

frequency after 1 hour. If the unit was not recently

calibrated, the maximum frequency offset after one hour

: of operation would be: +2x10E-11 warmup accuracy,

L +2x10E-11 retrace. This assumes the last calibration was
' at the same ambient temperature.

3) Locate Option O4R frequency adjust access hole.
Access Hol

B -

O 8 90009

pormmm

Note

The frequency of Option 0O4R may be adjusted over a
range of approximately +2x10E-9 by means of a

10 turn potentiometer accessible through the frequency
adjust access hole.

4) Using a small screwdriver, slowly adjust the potentiometer
while watching the counter display. Adjust the unit's output
to the External Frequency Reference Standard +5x10E-11 Hz.
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Table 1.1 - Technical Specifieations (Cont'd)

Accuracy:

{+ Accuracy of Fo/F) t (Accuraey of Fy)/Fp

Where F and Fp are the frequencies of input signals C and B, respectively.

TOTALIZE A BY B

Range:
Start/Stop:
LSD Displayed:
Resolution:

Accuracy:

{Totalize B by A available via Special Funection 21)

0 to 100 MHz

Input B or manual via Special Funetion 61
1 Count

LSD

Same as Reselution

PHASE A RELATIVE TOB

Range:

Minimum Signal:

LSD Displayed:

{Phase B relative to A available via Special Function 21)

0 to 3600

150 mV p-p using Auto-Trigger function
25 mV rms Meanual Trigger settings

Continuous monitoring of measurement provides
optimum resolution based on Period and Time
Interval Resolution

Resolution: + LSD + TI Resolution x 360°
PERIOD A )

Accuraey: + LSD + TI Accuracy x 360°
PERIOD A

GATE TIME

Range: 200 ns to 100 seec

LSD Displayed:

3 Digit Display

1-10
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- Table 1.1 - Technieal Specifications (Cont'd)

LSD Displayed: ﬁ&"
FA X Gate Time

Where F 5 is the higher frequency, connected to the numerator input

Resolution: T LSD *+ TB X Ratio
' Gate Time

Where Tp is the denominator trigger error on lower freguency Input B
Accuracy: Same as Resolution

Ratio C/B (hardware)}
(Ratio C/A is available via Special Function 21)

Range:
Input C 40 MHz to 1.3 GHz
Input B 0 to 100 MHz

LSD Displayed: . Ratio X 64

F X Gate Time
Where F> is Input C frequency.

Resolution: t L8D + Ty X Ratio
Gate Time

Where Tp is denominator trigger error on lower f{requency Input B
Accuracey: Same as Resolution

Ratioc C/B {software)

Range:
Input C: 40 MHz to 1.3 GHz
Input B: 0 to 200 MH=z
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Table 1.1 - Technical Specifications (Cont'd)

LSD Displayed: 1 ns X Slew Rate (to 3 digits)
Transition Time
Resolution: #| _(Stop Trig Level-Start Trig Level + 10 mV - Slew
0.0 x (Transition Time-Transition 1ime Resolution)
Accuracy: .| (Stop Triz Level-Start Trig Level) +20 mV - Slew
"I 0.9 % {Transition Time-Transition Time Accuracy) '

The magnitude of the slew rate is displayed on the T-segment display readout, Negative
values are obtained on selecting slope \ .

FREQUENCY RATIO MEASUREMENT

Ratio A/B (software)
(Ratio B/A is available via Special Function 21)

Range:
mput A 0 to 200 MHz
Input B 0 to 200 MHz
Accuracy: + (Aceuracy of F )/F 5 * (Accuracy of Fg)/Fg

Where F, and Fpare the frequencies of input signals A and B, respectively.

Ratio A/B (hardware)

Range: -
Input A 8 to 100 MHz
mput B 0 to 100 MHz

1-8
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Table 1.1 - Technical Specifications {Cont'd)

LSD Displayed:
Resolution:

Accuracy:

Same as Time Interval Specification
- Same as Time Interval Specification

Same as Time Interval Specificatio
with Trigger Level Timing Error*
computed at 10% and 90% trigge
points

PULSE WIDTH

Range:

LSD Displayed:

5 ns to 33 ms (107 s for manually se
trigger levels)

Same as Time Interval Specification

Resolution: Same as Time Interval Specification

Accuracy: Same as Time Interval Specificatio
with Trigger Level Timing Error*
computed at 50% trigger points

DUTY CYCLE

Range: ~ 0.01% to 99.99%

Frequency Range:

LSD Displayed:

30 Hz to 100 MHz (to DC for manuall
set trigger levels)

0.01% or 1 ns/period x 100% (whicheve
is greater)

Resolution: Pulse Width Resolution x 100%
Period
Accuracy: + LSD * (Pulse Width Accuracy> x 10
Period
SLEW RATE
Range: 10V/sto 2 X 109 V/is

Transition Time Range:
Minimum Pulse Height:

5 ns to 30 ms
250 mV p-p

# ¥

Refer to Definitions, Trigger Level Timing Error



Table 1.1 - Technical Specifieations (Cont'd)

PERIOD MEASUREMENT

Range:
LSD Displayed:

Resolution:

Accuracy:

5ns to 1.0 X 107 s
{1 ns/Gate Time) X Period

+(1 X LSD) + 1.4 X (Trigger
Error*/Gate Time) X Period

+ Resolution + Time Base Error X Period

TIME INTERVAL MEASUREMENT

Input Configuration:

Separate:

Common:
Range:
LSD Displayed:

Resolution:

Aceuracy:

Time Interval Delay:

Delay Resolution:

Delay Accuracy:

Input A start/Input B stop

Input B start/Input A stop (through Special
Funection 21 or GPIB)

Input A or Input B start and step

-3 ns to 1.0 X 107 sec

1 ns (160 ps using Average mode)

+ (1 X LSD) + (Start Trigger
Error*) + (Stop Trigger Error*)

+ {Resolution) t (Time Base
Error) X TI # (Trigger Level Timing Error**)
+ 2ns

Programmable 200 ns to 160 s

>1 mSee, 0.1%
<1 mSec, 0.1 ps

Same as Delay Resolution

RISE/FALL TIME

Range:
Minimum Pulse Height:

Minimum Pulse Width:

5ns to 25 ms
250 mV p-p

15 ns at signal peaks

1-6

* Refer to Definitions, Trigger Error

** Refer to Definitions, Trigger Level Timing Error
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Table 1.1 - Technical Specifications (Cont'd)

Impedance:
Damage Level:
Triggering

Trigger Levels:

Trigger Slope:

10 kilohms shunted by £35 pF

+ 20V (DC + AC peak)

TTL or zerc-crossing, selectable via specit
funetion or through GPIB interface

+ or -, selectable via special function or GPL

FREQUENCY MEASUREMENT

h .

—

Inputs A & B

Range:
Input A:
(B selectable through
Special Funetion 21 or
GPIB)

LSD Displayed:

Resolution:

Accuracy:
Gate Time:
Range:

Resolution:

Input C (1996 only)
Range:

LSD Displayed:
Resolution:

Accuracy:

0 to 200 MHz

{1 ns/Gate Time) X Frequency
(i.e., 9 digits in one second)

+H1 X LSD) + 1.4 X (Trigger Error*/Ga’
Time) X Frequency

+ Resolution £ Time Base Error X Frequency

Seiectable from 200 ns to 100 sec.

>1 ms, 0.1%
<1 ms, 0.1 ps

40 MHz to 1.3 GHz
(1 ns/Gate Time) X Frequency
(LSD)

+ Resoclution * Time Base Error x Frequency

* Refer to Definitions, Trigger Error



Table 1.1 - Technical Specifications (Cont'd)

Coupling:

Impedance:

High, Separate and Common

50 Ohm

Damage Level:

1 megohm input impedance

50 ohm input impedance
Input C -

Frequency Range:

Sensitivity, Sine Wave:
Dynamic Range:

Impedance:
VEWR
Maximum Operating Input:

Maximum Input:
{without damage)

Input D (Gate Control Input)

Sensitivity, Puilse:

AC or DC, independently selectable

1 megohm shunted by 40 pF (nominal)

50 ohms nominal

X1: 280V I(DC + ACrms)DC to 2 kHz
5 X 105/ V, 2 kHz - 100 kHz
5V rms, 100 kHz - 200 MHz
X18,X50:
260V (DC + AC rms) DC to 20 kHz
5 x 106/ V, 20 kHz to 100 kHz
50V rms, 100 kHz to 200 MHz

5V rms (DC to 200 MHz)

40 MHz to 1.3 GHz

10 mV rms to 1.0 GHz
100 mV rms to 1.3 GHZ

40 dB to 1 GHz
20 dB to 1.3 GHz.

50 ohms nominal, AC-coupled
2:1 at 1 GHz
1V rms

7V rms (fuse-protected)

300 mV p-p; 50 ns min. width
with 150 mV overdrive

1-4
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Table 1.1 - Technieal Specifications (Cont'd)

Filter:

Independently selectable Input A and
Input B; 100 kHz, nominal. Greater
than 20 db attenuation from 10-200

MHz.

Note: The Filter and Hysteresis functions may be combined to increase noise immunity.

Dynamic Range (X1):

Signal Operating Range {X1):

Grosstalk at 160 MHz:

7% mV to 10V p-p to 25 MHz

75 mV to 5V p-p to 100 MHz
150 mV to 2.5V p-p to 200 MHz
-5V DC 1o +5V LC

500 mVY rms*

*Sine wave into either input will not trigger the other input.

Triggering:
Trigger Level Ranges:

Trigger Level:

Trigger Slope:

Trigger Level Setting
- Aeccuraey (25°C £ 1°0C)
(X1 range)

Trigger Level Temperature
Coefficient (X1 range)

Auto-Trigger

Frequency Range:

Minimum Amplitude:

Accuracy of Trigger Level Readout:

Response Time:

5,50, 250V peak (X1, X10, X50)
Adjustable to +100% of input voltage
range with a resolution of 0.2% of inpui
range (10 mV on X1). Level is displayec
cn front panel,

+ or -, selectable with digital hysteresis
compensation. '

+ 1% of trigger level £10 mV

+.,5 mV/°C

DC and 30 Hz to 100 MHz (AC or
DC Coupled), usable to 200 MHz

150 mVY pp

Same as "Read Amplitude
Peak" accuracy

650 ms typical 1s maximum

Note: The Auto-Trigger function is independent of the input-signal duty cycle.

1-3



- Table 1.1 - Technical Specifications

GENERAL DESCRIPTION

The 1995/1996 system universal counter utilizes & mieroprocessor-controlied multiple register
data acquisition IC for counting and timing to 200 MHz (1.3 GHz on the 1996 with Input C).

The counter provides the following measurement functions: frequency, frequency ratio, period,
1-ns resolution time interval, automatic pulse parameters (inciuding duty cycle and slew rate),
phase, and totalize. Time interval averaging is available via software-derived functions.

The frequeney range on Inputs A and Bis 0 to 200 MHz; 40 MHz to 1.3 GHz on Input C using an
additional board. Trigger levels on Inputs A and B can be set manually via the front panel
keypad or via auto-trigger with 509% trigger points. The DC offset component of the input
sicnal may be tracked by auto-triggering in between readings in the manual mode (peak
tracking). Use of a timing error correction (TEC) technique permits measurements with 9-digit
resolution in one second and a single-shot time-interval resolution to 1 ns.

The counter is housed in a 3.5" high X 18" wide full-rack X 19" deep standard corperate
enclosure. Total weight does not exceed 22 lbs {10 kg). Unit is adaptable to rack or bench top
use.

1

INPUT CHARACTERISTICS

Inputs A and B
Channel Input: Start/stop channels for each input
provide common mMmeasurements for
Input A and Input B.
Frequency Range:
DC Coupled i 0 to 200 MHz
AC Coupled 20 Hz to 200 MHz

25 mV rms to 160 MHz
50 mV rms to 200 MHz

Sensitivity, Sine Wave:

Sensitivity, Pulse (Frequency Mode): 150 mV p-p; 2.5 ns min. width with

75 mV overdrive.
Sensitivity, Pulse (T.I. Mode): 75 mV p-p; 3 ns min. width
with 35 mV overdrive.

Hysteresis: Sensitivity reduces by X 4 (nominally).
Dynamic range bandwidth limited to
approximately 50 MHz.

1-2
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SECTION 1 GENERAL INFORMATION

11 INTRODUCTION

1.11 This Instruction Manual provides information for installing, operating, and
servicing of Racal-Dana's Universal Systems Counters Models 1995/1996. The designa-
tions 1995/1996 are used throughout this manual. Figure 1.1 shows the 1996. Both the
1995/1996 offer universal counter functions using Inputs A and B. The 1996 also provides
high~frequency Input C for frequency measurements to 1.3 GHz. Input D, located on the
rear panel, provides for extarnal arming and gating. All personnel using the 1995/1996
are encouraged to thoroughly read this manual before operating or servicing either

instrument.
1.2 " SUMMARY
1.21 This manual is organized into eight sections:

SECTION 1. General Information: published specifications, safety consider-
ations, product support, general deseription, and options.

SECTION 2. Installation & Preparation for Use: unpacking{ and initia
inspection, reshipment, setup, field installation of options, power; connections

storage and ventilation.

SECTION 3. Local Operation: bench operation, including general operating
information, panel deseriptions, and measurement procedures.

SECTION 4. System Operation: GPIB system operation,
SECTION 5. Theory of Operation: general theory of operation.

SECTION 6. Maintenance: Performance tests and basic calibration infermatio
for the 1995/1986.

SECTION 7. Drawings: assembly and schematic drawings.
SECTION 8. Parts List: replaceable parts and assemblies.
1.3 SPECIFICATIONS

1.3.1 Table 1.1 lists the 1995/1996 specifications. They specify the performanc
standards to which either instrument should be tested during necessary calibration an

servicing.
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AMENDMENT
SLIDE RACK-MOUNT KIT INSTALLATION INSTRUCTIONS
NOVEMBER, 1987

In recent slide rack-mount kits, the front and rear rack-
nrackets are the same size and each has only one screw slot.

Otherwise, the installation procedure remains as described in

the manual.
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AMENDMENT

RACAL-DANA MODEL 1995/6, PUBLICATION NO. 980599

RACAIL-DANA MODEL 1985/6-02M, PUBLICATION NO. 580607

February 3, 1888

Add to Table 7.1 - List of Bupplies

FSC : Jupug
NAME @ Intel
Santa Clara. CA

Correct Motherboard Partes List (401725 & 401725-02M]
F80C and Mfg., P/N for U2ZB.

FSC : 3ugug
MFEG., P/N ¢ BZ204-2



.

7.

8.

9.

Page 8-7, 404389 Channel C Parts List:
Ref(erence) Desig{nator)s R9 and R11:
a. Change Racal-Dana P/N to "R~20-5786".
b. Change resistor value to "270 chm™.
¢. Change Manu(facturers) P/N to "™CR18-270-5PCT".
Page 8-16, 401725 Motherboard Parts List:
Add R52 and R53, Racal-Dana P/N 000511,
RES, CARBON, 510 ohm, 5%, 1/4 W,
FSC: 81349 MFG. P/N: RCOTGF511J
Page 8-37, 404386, Oscillator Assembly Parts List: .
Ref(erence) Desig(nator) "J4" should be "314"‘%“

Page 8-38, 401822, Doubler Parts List:

Ref(erence) Desig{nator} "38" should be "68".



AMENDMENT

Racal-Dana Model 1995/18986
Instruetion Manual
Publieation No. 980539
January 5, 1389

1. Add the following subassemblies to the Drawings section:
2] a. Insert Change Page 7-48, 404283, Bottom Cover Assembly.
b. Insert Change Page 7-49, 404183, Rack Slide Kit.

Add the following Parts Lists for the above two assemblies:

a. Insert Change Page 8-38, 404293, Bottom Cover Assembly.

b. Insert Change Page 8-40, 404183, Rack Slide Kit.

3. Page 7-9. Schematie, Channel C (Zone D4-6):

: gl’ 8. Change "L2" to "RS",

*-vi[ b. Change "L3" to "RI11",

i ¢.  Change "L4" to "RI5"

‘ﬂ 4.  Page 8-5, 404332 Chassis Parts List:

: a. Reflerence) Desig{nator) "9" should be ™4™,
WZI b. Reflerence) Desig(nator)."w":

s Change Racal-Dana and Manu(facturers) P/N to "454762".
I e.  Reflerence) Desig(nator) "14™

E?‘J Change Racal-Dana and Manu(facturers) P/N to "454765".

5. Page 8-6, 404389 Channel C Parts List:

i Ref(erence) Desig{nator} C23:

a. Change Racal-Dana P/N to "R-21-1788",

b. Change Manu(facturers) P/N to "VJL206 A120JF".
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AMENDMENT TO

- 1995/6 INSTRUCTION MANUAL
PUBLICATION NO. 3980589

April 28, 1989

1. Page 8-18, Correct manufacturers part number for Ut2,
Should be: SN74LS148N
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O PWR SUPPLY

[{8})2
[{11}3
f{12311
b{13ys
S{14}A/R
|{16}4
{112
1{19}2
r{z20)2
1{21%4
t{z22)4
F{23}A/R
[{241}1

JRACAL~DANA
PAN

1110225
1110225
1110126
11106143
;2100804
1210804
1210004
1210008
1216004
1710004
1601218
1000247
1001275
1040260
1300106
T230882
1610777
411858
1600796
1630842
1500008
1616533
1810889
1615058
1515059
1617115
1617128
1920458

0 UF, 80V

5v, 20 PERCENT
Vv, 20 PERCENT
SILICON
SI1LICON
SILICON
SILICON
{O10DE, SILICON
; , SILICON
ICONNECTOR, PWR,
[RES, CARBON, 240 OHM, 5 PERCENT,
IRES, CARBON, 2.3K, 1/2W, SPCT
IPCT, CERME™, 1K, 20PCT

i TRANSFORMER, 24V, 24

11C, LINEAR, 338 REGULATOR

{CABLE TIE

[PCB, RUBIDIUM OSC P.S, {UNLOADED)
IHEATSINK, TESTER, T03-T066
PINSULATOR, MICA

'TUBING, SHRINK,. 12 ID, BLK

{NUT, PRESS, 86«32, SPLINE (4REQ'D)
FTIE, CABLE, SELF-LOCKING, 1/16X2
[SCREW, PP, 6-32 X .317

ISCREW, PBH, 6-32 X ,375

PWASHER, FLAT. H6 (4 REQ'D)
IWASHER, LOCK, #56, LIGHT SERIES

| THERMAL JOINT COMPOUND

JLABEL, HIGH VOLTAGE

PLUG, 6~PIN
TSAW

181348
1213465
181329
ERETE
181349
166779
te1349
181348
17313
195075
]270%a
{16856
|21782
153854
191833
128005
145384
58730

|-
1_
113403
121783

ISMESQTZ22MIEXE0LL
ISMESUT222M18X40LL
ITEBRFEEAMOITAS
iT355A105M0335A3
PINADO4

FINAQC4A

INACO4

I 1N&30a

IIN4GOa

11INAGOA
19-350258-1
FRCOTGF2a1d
FRC20GF3324
PT2XWTK
iL050-1-524
fM33ax

108-437

jat1asg

LA25G1

14653
IRNF-108-1~1/8
FKF2-632

| TY=232M

l ump——
;_.__

[y

%h

1250
1920804
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404565 MODULE ASSY, ryU

o5

i REF FRACAL ~DANA
| DESIG- t P/N
[

P23 1500379
{112 1455185
1{2)2 1455188
f {312 1455188
[{51A/R I500002
1 {B}A/R 1500064
1{7T1A/R 1300254
1 {91A/R |520111
I{T0YA/R 520333
FE11YA/ZR | 520444
1{12}A/R  |820555
[{15}3 1600387
F{1734 1610777
{1931 1611052
{20312 1611053
1{21}1 + 4611058
1{2211 1611178 .-
| {2432 1615047
[{26}4 1615541
{2718 |615543
1{26}a 1618703
[{31}2 [817102
1{33}6 817127
[{35}4/R 138204868
{37311 1821080

IRECEPTACLE, Z2-PIN

IHEAT SINK, RUBIDIUM OSC.

ICOVER, RUBIDIUM OSC. HOUSING (2 REG'D)
ISIDE PLATE, 0SC. HOUSING (2 REQ'D)

| TUBING, SHRINK, .187 ID

ITUBING, SHRINK, .083 ID, BLK

ICABLE, COAXIAL, 50 OHM

PWIRE, TEFLON STRANDED, 206G,

IWIRE, TEFLON STRANDED, 20GA, HRN
IWIRE, TEFLON COATED, STRANDED, 20GA, YEL
IWIRE, TEFLON STRANDED, 20 GA., GRN
ITERMINAL PIN, FEMALE, .082 (3 REQ'DY
[CABLE TIE

|KEY, POLARLTING, PLUG

ITERMINAL, CRIMP

JCONNECTOR, CABLE, 5-PIN

|TIE WRAP, SCREW MOUNT

|SCREW, PPH, 4-40 X .525 (2 REQ'D)
|SCREW, PFH, 4-40X.250

ISCREW, PFM., 4-40%.375

[SCREW, PFL, 4-40 X .500 (4 REQ'D)
IWASHER, FLAT, #4, LIGHT SERIES
IWASHER, LOCK, m4, LIGHT SERIES
ITHERMAL JOINT COMPOUND

{RUBIDIUM OSCILLATOR

LBCGAS
129005
192194
;..

| -

t._
Emw—w
127264
116956
13077¢
100778
121783
108915
l_

-

1...

[
113103
155761

11625-3R
455185

1455186

12455188
[M23053,/5-105-0
IRNF-100-1-3/32
191788

Ew

| -

| ==
102-~06~1855
108-432
187077-1
15365532
1611086
W1TS-18MR

]
|
E
|
!
|

| 250
|FRE=814=102=1
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40a28% C5C rRUBTDLUM
REF | RACAL = DANA
. DESIG PPN
H
)23 1600545
joo 661216
EES 1401858
1307 1404565
Li%) A 1455187
RSN 1455189
L9y A/R 1500002
11TIA/R 1506132
TiityAZR 1520111
[ {12}YA/R 520333
1{13YA/R  [520444
T{14YA/R 1520855
L1613 1600380
bi1g)s 1601212
tipty3 (601666
[{2314 « =610777
t(2534 1615045
1{28}z 1515556
1{3018 1616252
1{32})¢ 1617102
i34 t4 15817127

TAND. CPTION D4R

DESCRIPTION
TPLUG. I PIN
TOONRECTOR, PWR, HOUSING, 5 PIN

iPCE AZZY, RUBIDIUM OSC. P.5.
EMODULT ASSY, RUBIDIUM CGSCILLATOR
'MOUNT ING BRACKET, RUBIDIUM OGSO,
TMOUNT ING PLATE, POWER SUPPLY
ITUBING, SHRINK, .3187 ID

'CaELE, SHIELDED, 22GA, 3 COND.

'WIRE, TEFLON STRANDED, 206G,

IWIRE, TESFLON STRANDED, 20GA, BRN
ITWIRE, TEFLON COATED, STRANDED, 20GA,
PWIRE ., TEFLON STRANDED, 20 GaA, GRN
ITHERMINAL PIN, MALE, .082 (3 REQ'D)
PTERMINAL, CRIMP, 18-26

PWIRE SPLICE, 22-18GA {3 REQTD)
JCABLE TIE
{BCREW, PPH,
1SCREW, PFH, 6-32 X .250
ISCREW, PPH, SEMS ASSY,
FHASHER, FLAT, 14,
ITWASHEZ X, LOCK, 34,

4-40X.437

4-40X.372
LIGHT SERIES
LIGHT SERIES

TLBTS
(21792
12178z
(21793
121793
TBCgaAS
170832
§ —

(27264
100778
53387
1165856

17a189

MANUFACTURER ' 2

115825-3p-1
17-35~0241~5¢
1201858

TA0458%

1455187

1455188
IM23083/5-"05-0
87T

| e

!_

L

11854

8412641

1558

108-432

|-

E-.-..-_.
163-040545~25

1=

P -

PN



List of Suppliers

I GO7T8  jAMP, INC. i
: IHARRISBURG, PA

P 05397 IUNION CARBIDE CoRre.

' F(MATERIALS SYSTEMS DIV.)

| {CLEVELAND, CQHIO f
! 08815 {RICHCO PLASTIC CO.

f ICHICAGS, TL.

b 13103  |THERMALLOY, INC.

| IDALLAS, TEXAS

| 16856 |JOENNISON MFG. CO.

' IFRAMINGTON, MA.

| 21793  JRACAL-DANA INSTRUMENTS ING.

' TIRVINE, €A I
I 27014  |NATIONAL SEMI-CONDUCTOR CORP.

! |SANTA CLARA, OA

| 27264 IMOLEX PRODUCYS CO.

f | DOWNERS GROVE, IL.

I 29005 ISTORM PRODUCTS CG.

: ILOS ANGELES, CA.

| 46384 IPENN ENG. & MFG. CORP

: |DOYLESTOWN, PA. ]
} 53387 |THREE (3) M cO. i
! FST. PAUL, MINNESOTA :
[ 53884 |AMAM, INC. !
' | RANCHO CALIFORNIA, CA. }
i 55761 |EFRATOM ]
' |IRVINE, CA.

| 58730 ITHOMAS & BETTS CO.

! TELIZABEYH, NJ. e |
| 70903 |BELDEN CORP. ' |
' [CHICAGO, ILLINOIS

I 73138 |BECKMAN INSTRUMENTS

| | FULLERTON, CaA.

| 78189 JILLINOIS TOOL WORKS, INC.

] | (SHAKEPROGF DIV.)

f IELGIN, ILLINDIS i

| BCS45 [ELECTRONIZED CHEMICAL CORP. i
| |BALTIMORE, MD. |
] JCIVISION OF M (FSC 53387)

I 81833 |[HEYSTONE ELECTRONICS CORP, |
; [NEW YORK, NY.

| 92194  JALPHA WIRE

I [ELIZABETH. NEW JERSEY

| 95075 |ENSIGN COIL €O. |
| |BURRIDGE, IL..
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Table 3.9 - Positive/Negative Pulse Width Measurements

e e Tt e v B e
23 auro O3 Lrved BIsPUAY 0 ap 3 uvn

l_ = 01 3 0 B i) Clpeme ) Cheeld
f—, STORL nEL [T I: fomn TR -T-S e S Lt e oeona g:::: oc =

' - i S i 1 N s TR = vl B Tl i

* k) o3 Ll v e

3 Ac
BBTY ey aliM FESY #nten £7F west [ chECR 4

Olfay  ATTN

E]:-ES

CP"I[_T”] A(@ -

f

"0/ F - s A0OM — A MBIl AN WmAEY D e AAFE

L 5E T E CarmEac Fan LI lNi’UT c

R comiim Carmea Corac s

sror RO f[: m CArtron & Oror mioiv &

F } Mwwnou cundrmon LT ASE CIMLC wiTH & f‘
o ML & ! £2110tAL A by B Ernasd hrasd Ku

comeh m{:] ;H:] CaaTio Art outra

. C,’_!hl!!(?Cli ___‘_,‘,VC:}“"” A
RACAL-DANA 1990 SERlES UNIVERSAL SYSTEMS couurﬁn

® ®
. 1. Turn power on.
9. Select either POS WIDTH A or NEG WIDTH A using FUNCTION keys @ .
3. Connect mesasurement signal to INPUT A.
NOTE:

A1l other controls are set automatically.
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Taple 3.8 - Ratio A/B and C/B Measurements
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11.

T12.
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Turn power on.

Select RATIO A/B or RATIO C/B (1996 only) using F UNCTION keys@.
Set AC/DC coupling , input impedance @ , and slope(s) @ as

required.

Select the X10 or X50 input attenuation if desired. Atténuation setting I
automatic in the Auto-“Trigger mode. :

Conneet one signal to INPUT B and the other to INPUT A or INPU1T
C . The lower frequeney signal should be connected to INPUT B.

If a specific gate time is desired, enter it {in seconds, using the exponentia

format for small values) using key sequence {value) SHIFT @ STORE @
GATE . Skip step 7 if step 6 is being used to enter the gate time.

Use the RESOLUTION * 4keys (10) to select the required display resolution.

If RATIO A/B is selected, either set trigger levels A/B manually using ke:
sequence {value) +/- @ TRIG-LEVEL , or select AUTO-TRIG A an
B . Check that Inputs A and B TRIG LEDs flash. For RATIO C/B, .
trigger level for only INPUT B may be specified.

If a frequency below 100 kHz is to be measured in the presence of high
frequeney noise, seiect the filter .

Set the input hysteresis @ at low or high as required.

If external arming/gating is needed, connect the arming/gating signal and selec
the special function number. Enable special functions. Refer to Subsectio
3.4.8 for special function numbers and procedures.

Select the Hold mode@for single-shot measurements. Press th

RESEY @ while in Hold to trigger a new measurement.



Table 3.7 - Manual Totalize Measurement
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“Turn power on. Select TOTAL A by B using the FUNCTION keys @

Set AC/DC coupling , input impedance , and sicpe @ for Input &

as required.

Select the X10 or X350 input attenuation if desired. Attenuation setting is
automatic in the Auto~-Trigger mode.

Enter Special Function 61 using key sequence 61 SHIFT @ STORE @
and SF @ . Enable special functions using key sSequence
SHIFT S (i59) -

Connect the measurement signal to INPUT A.

Either set trigger level A manually using key sequence {valuey +/- @ TRIG-
LEVEL (%9 , or select AUTO-TRIG A . Check that Input A TRIG
LED (1) flashes.

If a frequency below 100 kHz is to be measured in the presence of high-
frequency noise, seleet the fiiter .

Set the input hysteresis @ at low or high as required. The high setting may
be used to filter low-frequency noise.

Operate the HOLD key @ Verify that the count stops. The displayed result
is cumulative over successive measurement cycles. Use the RESET key @ to

clear the display. Check that the main display blanks before triggering new
measurement eycles.
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Table 3.6 - Total A by B Measurement
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11.

Turn power on.

Select TOTAL A by B using F UNCTION keys (13).

Set AC/DC coupling , input impedance , and slopes as required.

Select the X10 or X50 input attenuation if desired. Attenuation setting is
automatic in the Auto-Trigger mode.

NQTE:

Input A slope selects the slope of the events to be totalized. The
measurement period, however, starts on Input B slope and stops on the
opposite slope.

Connect the signal to be totalized to INPUT A and the control signal to

NpUT B(18).

Either set the trigger levels A/B manually using key sequence {value>+/-

@ TRIG-LEVEL , or seleet AUTO-TRIG A/B . Check that Inputs
A and B TRIG LEDs flash.

If a frequency below 100 kHz is to be measured in the presence of high-

frequency noise, select the filter @

Set the input hysteresis @ at low or high as required. The high setting may

be used to filter low-frequency noise.

If internal delayed arming of the stop circuit is required, enter the delay into
memory using kKey sequence (value>SHIFT @ STORE @ DELAY @
Enable the delay using key sequence SHIFT @ DELAY .

If external arming/gating is needed, connect the arming/gating signal and store

the special function number. Enable special functions. Refer to Subsection
3.4.8 for special function numbers and procedures.

Select the Hold mode @ if necessary. Press the RESET @ while in Hold to

trigger a new measurement.



Table 3.5 - Time Interval Measurement
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2.

10.
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Turn power on.

Select TI A-~B using FUNCTION keys (13).

Set AC/DC coupling , input impedance , and slope for Inputs

A/B as required. If the start and stop signals are from the same source, seleet

CGMA@.

Seleet the X10 or X50 input attenuation if desired. Attenuation setting is
automatic in the Auto-Trigger mode.

Connect the start signal to INPUT A. If a separate source for the stop
signal is used, connect the stop signal to INPUT B .

Either set the trigger levels A/B manually using Key sequence {value>+/-

@ TRIG-LEVEL , or select AUTO-TRIG A/B . Cheek that Inputs
A and B TRIG LEDs flash. -

Set the input hysteresis @ at low or high as required.

If internal delayed arming of the stop circuit is required, enter the delay into

memory using key sequence (value)> SHIFT @ STORE @ DELAY .
Enable the delay using key sequence SHIFT @ DELAY @

If external arming/gating is needed, connect the arming/gating signal and stcre

the special function number. Enable special functions. Refer to Subsection
3.4.8 for special function numbers and procedures.

Seleet the Hold meode @ for single-shot measurements.
RESET while in Hold to trigger a new measurement.

Press the




41

LzdLh L

3
2]

1

;..n_& . i "

Table 3.4 — Period Measurement
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10,

11.

12,

Turn power on.
Seiect PERIOD A using FUNCTION keys @
Set the AC/DC coupling and input impedance , &s required.

Select the X10 or X50 input attenuation if desired. Attenuation setting is
automatic in the Auto-Trigger mode,

Connect the measurement signal to INPUT A .

If a specific gate time is desired, enter it (in seconds using the exp:"onential

format for small values) using key sequence{vaiue)SHIFT @ STORE @
GATE . Skip step 7 if step 6 is being used to enter the gate time. -

Use the RESOLUTION 4y keys to select the required display resslution and
gate time if step 6 was not used.

Either set the trigger level manually using key sequence (valued +/- @ TRIG-
LEVEL (A) (), or select AUTO-TRIG (A) (1od). Check that Input A TRIG

LED flashes. ’

If a frequency below 100 kHz is to be measured in the presence of high
frequency noise, select the FILTER .

Set the input hysteresis @ at low or high as required. The high setting may
be used to filter low-frequency noise.
If external arming/gating is needed, econnect the arming/gating signal and store

the special function number. Enable special functions. Refer to Subsection
3.4.8 for special function numbers and procedures.

Select the Hold mode@for single-shot measurements. Press the

RESET @ while in Hold to trigger a new measurement.
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Table 3.3 - Frequency Measurement
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1-r

_2.

16.

11.

12.

) , 1 :
BEOE Y@@ 8@@@ ©

~-Furn power ofn.
Select FREQ A or FREQ C (1996 only) using F UN CTION keys (13).

If FREQ A is selected, set the AC/DC coupling and input imped-

ance as required.

Select the X10 or X50 input attenuation if desired. Attenuation setting is
automatic in the Auto-Trigger mode.

Connect the measurement signal to INPUT A (DC to 200 MHz2) _ or INPUT C
(40 MHz to 1.3 GHz) @

If a specific gate time is desired, enter it (in seconds, using the exponential
format for small values) using key sequence (value)SHIFT @ STORE @

GATE - . Skip step 7 if step 6 is being used to enter the gate time.
"Use the RESOLUTION %y keys to select the required display resolution and

gate time if step 6 was not used.

If FREQ A is selected, either set the trigger level manually using key
sequence<value>+/- (50) TRIG-LEVEL (4) (s8), ‘or select AUTO-TRIG

{A) . Check that Input A TRIG LED flashes,

If a frequency below 100 kHz is to be measured in the presence of high
frequency noise, select the FILTER .

Set the input hysteresis @ at low or high as required. The high setting may
be used to filter low-frequency noise.

If external arming/gating is needed, connect the arming/gating signal and select
the special function number. Enable special functions. Refer to Subsection
3.4.8 for special function numbers and procedures.

Select the Hold mode @ for single-shot measurements. Press the
RESET @ while in Hold to trigger a new measurement.




Table 3.2 - Rear-Panel Controls and Connectors (Con't)

Reference | Item ¥unetion/Description

INPUT A Connector
(Option 01}

Rear-panel Input A

INPUT B Connector
(Option 01)

Rear-panel Input B

10 INPUT C Connector
(Option 01)

NOTE:
Front-panel INPUTS A, B,
and C are not connected
when Option 01 is installed.
Input is only via the rear-
panel connectors

O
©
O

Rear-panel Input C

S ¥ T UV

GPIB Connector

GPIB (IEEE-STD-488-1978) connecter

[ § R—

12

Power Input Module:

AC Power Input Socket

Standard connector for the AC power.supply

EEEE)

Line Voltage Selector

Small printed circuit card inserted in;module to
select correct AC line voltage. The selected
voltage (100, 120, 220, or 240 VAC) is visible
through the small window -

EH

i

i,

[#1]

e

@ Line Fuse A glass cartridge Slow-Blow fuse. Line {use
ratings for available line voltages are shown on
— the upper-left of the rear-panel
@ OSC ADJ Adjustment of the internal reference frequency
standard
3.4 OPERATING PROCEDURES
3.4.1 Measurement Functions
3.4.1.1 Tables 3.3-3.13 with figures describe the basie bench functions of the 1895/1996.

NOTE:

Review as required Table 3.1, References 18 and 19, for use of Inputs A, B,
and C, including Special Function 21 permitting interchange of Inputs A and
B. See also Subsection 3.4.8 and Table 3.14 for special funetions.

3-1!



3.3.2 Resr.Panel Featlures

3.3.2.1 Refer to Table 3.2 and figure at top. They indicate and briefly deseribe the rear- panel
controls and connectors.

Table 3.2 - Rear-Panel Controls and Connectors

@
0 @ 980 @

f = T T r—-, @
¢ f o= F;E::L’\« 0
Do O

A

et 2 A

O

EEE-GT0-188 PORT

0RO ololi——Ek 0
cal, s:jm 5“;;::;:’:’0! e 18
Bk }
[ h T
®06 ©
Reference Item - Funetion/Description
@ Main Power Switch Enables Standby if the front panel POWER
(ON/STBY) button is out (&), This supplies power
- to the internal frequency standard (timebase).
Also, switches counter ON/OFF if front-panel
POWER (ON/STBY) button is in ()
NOTE:
Connectors | : ) through
@ are BNCs
@ START-CAL LEVEL Output: analog signal equivalent of the Start
Connector trigger level (for calibration onty)
@ STOP-CAL LEVEL Qutput: analeg signal equivalent of the Stop
Connector trigger level (for calibration only)
@ INPUT D Connector Input: external arming/gating control signal
@ REF-OUT Connector | OQutput: 10 MHz internal reference
@ REF-IN Connector Input: external reference frequency (1,5, or 10
MHz at 1V rms)
@ GATE OUT Connector Output: negative-going TTL-compatible signal
equivalent to the gate signal
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Table 3.1 -~ Front-Panel Controls, Indicators, and Connectors (Con’ t

Reference

Item

Function/Deseription

INPUT C (1996 only)

BNC connector high-frequency INPUT C (40 MHz-
1.3 GHz range). INPUT C is used with INPUT B
for Ratio C/B. Special Function 21 provides Ratio
C/A capability. Protection against excessive
signal levels (>5V rms) is provided by a fuse in the
input socket

_In_the above table,
are described in their lit con

NOTE:

LEDs shown in the "ltem" column with an asterisk (*)

dition. Certain LEDs are associated with

toggle keys; their lit condition is specified.



Table 3.1 - Front-Panel Controls, Indieators, and Connectors {Con't)

s
-
- 5
]

—alt

1 SF 1S FO jomi LY
Rs gy SR BRel o
Jom CJ 0 oneess L3708 wiatn +
q nesourion [ vt vnom C370 0=t Luee wibi &
{\ } ot Drotaram b [T NCTINN
- . ‘ﬂ cm | ‘ et a sy fam T 11 21
POWER E Crmatcsw TIs5cEw &

FEN
§
A

NPT C
et

RACAL-DANA

1560 SERIES UNIVERSAL SYSTEMS COUNTER

(9

Reference

Item

Funetion/Description

£79

CHECK Kevy/LED

Verifies the proper operation of front-panel LEDs and
executes internal self-tests. Pressing the CHECK key

| lights the CHECK LED immediately. However, the

CHECK key must be held down about 3 seconds for all
LEDs to light, all 8's to display, and the self-test
functions to be executed. Release of the CHECK key
extinguishes all LEDs and displays the word "TEST",
indicating the unit is under self-test. When all self
testing is completed the unit displays 5 MHz. Toggle
the CHECK key to turn off the CHECK LED.
Momentarily pressing the CHECK key will simply
cguse the counter to measure an internal 5 MHz test
waveform

i

DISPLAY Key/LEDs:

TRIG *
V MAX *
V MIN *

Vpp *

Serolls through TRIG, V MAX, V MIN, and Vpp.
Values are displayed in LEVEL A and LEVEL B

Current trigger level
Maximurmn peak voltage
Minimum peak voltage
Voltage peak-to-peak

COM A Key/ LED

Toggles Input A also to B. LED lit in COM A mode

177

HYST Kev/LED

Toggles the hysteresis level for Inputs A and B

between a low (25 mVpp) and high (100 mVpp) setting.
HYST LED lights in the higher setting

INPUT(s) A and B

BNC connectors for INPUT(s) A and B. INPUT A is
used for all functions except Frequency C (1996
only). INPUT B is used with INPUT A for Time
Interval, Ratio A/B, Totalize, and Phase
measurements. INPUT B is used with INPUT C for
Ratio C/B. Special Function 21 internally exchanges
INPUTS A and B (providing, e.g., FREQ B, etc.
measurement capability)

3-12




Table 3.1 - Front-Panel Controls, Indicators, and Connectors (Con't)

e

Reference Item Function/Description

@ S\ Keys/LEDs* Toggle between positive (/) and negative (L)
trigger slopes of Inputs A and B. LED Htin
positive slope

16E 50§/1M 2 Keys/LEDs* Toggle between 502 and 1MQ2 input impedance
for Inputs A and B. LED lit in 508 mode

16F ATTN (X1, X10, X50) Keys Attenuation for Inputs A and B. The decimal
point shifts in the LEVEL A and B displays,
indieating attenuation range selected (X1=X.XX,
X10=XX.X, and X50=XXX.)

66 - Indieate current trigger level (manual or auto-

LEVEL A and B Displays

trigger). LEVEL A and LEVEL B also show TRIG
(current trigger level), V MAX, V MIN, and Vpp
when selected using the DISPLAY key

TRIG LEDs/Inputs
A and B

| Flash to indieate input signal is triggering

measwrement eireuits

INPUT CONTROL
Keys/LE Ds*

LEVEL * { Keys

Control Input A and B signals
NOTE:
LEVEL ¢} keys have no LED indicators:

DISPLAY |
} LE:J e
|

LEVEL v Max
L3 COM A L vmin

DV pp

£ FILTER [ /Hyst [ CHECX

"""‘+} i\\l l{!
@ @ ©

Step menually-set trigger levels either up (%) or
down (4) in inerements of 0.01, 0.1, or 1 volts for
the X1, X10, and X50 attenuation ranges,
respectively. Use key sequence TRIG-LEVEL
LEVELt¢ TRIG-LEVEL

© @

FILTER Key/LED

Toggles a low-pass input filter (100 kHz cutoff

frequency) for Inputs A and B. LED lights when
{itter is on. Special Functions 28 and 29 permit
seperate filter selection for Inputs A and B,

respectively




Table 2.1 -~ Front-Panel Controls, Indieators, and Connectors (Con't}
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Reference | ™~ Item Funetion/Description

@ X/Y/Z Keys Store and recall Math computation constants (X,
Y and Z)

@ ADDR Key Store and recall the counter's GPIB address.

Address procedure is shown on rear panel (see

Table 3.2) to the right of the GPIB connector

(n) Key Store and recall of (n) samples for statisties.
Range of (n) is 2 to 9999

@ GATE Key Store and recall gate time

INPUT.A and B Keys/
LEDs

AUTO-TRIG Keys/LEDs*

f INPUT 8 i 1
o Autc [ tEVEL
_ T

ey

N
ATTH

oe
&
511 sy
¥ AMS

! MAT
) 311

L

Automatie trigger setting and tracking for Inputs
A andB

TRIG-LEVEL Keys/LEDs*

Manual trigger setting for Inputs A and B

GE @

DC/AC Keys/LEDs*

Toggle between DC/AC input coupling for Inputs
A and B. LED lit when DC-coupled
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Table 3.1 - Front-Panel Controls, Indicators, and Connectors (Con't)

Reference

- Item

Function/Description

15E

CE Key

Clears current display number and entry

® (&

Shifted Key Functions:

SHIFT Rey/LED*

Enables any shifted key function. After pressing
a shifted key function {except for STORE,
RECALL, and MEMORY), counter immediately
returns to its unshifted state with the SHIFT
LED turning off

15G SF Key/LED* Enables ail selected special functions (SHIFT
SF). Also stores ((NN) SHIFT STORE SF) and
recalls (SIIIFT RECALL SF) special functions.
See Subsection 3.4.8 for details
AsH DELAY Key/LED* Enables a time-~interval stop delay (SHIFT

|

DELAY) in TI A-B. Also, stores (Kvalue> SHIFT
STORE DELAY) and recalls (SHIFT RECALL
DELAY) a time-interval stop delay. Enabling a
delay in a non~ TI funetion produces an error
message. Selecting a non-TI function when in
delay disables DELAY and turns off the LED

®

MEAN(n) Key/LED*

Enables calculation and display of the mean
(average) of (n) samples. Pressing SHIET
MEAN(n) deselects the STD(n) key if enabled..
Pressing RESET restarts the period of (n)
samples '

i
wn
Sy

STD (n) Key/LED*

i

Enables calculation and display of the standard
deviation of (n) samples. Pressing SHIFT STD(n)
deselects the MEAN(n) key if enabled. Pressing
RESET restarts the period of {(n) samples

(2

(R-X) Y/Z Math Key/LED*

Selection of Math ecomputation mode

Ll
w
|

|

STORE Key

Stores constants for math funetions, gate time,
time-interval delay, (n) samples, GPIB address
and special functions. Used with MEMORY key
to store complete measurement (i.e., machine)
setups

iy
L) ]
=

|

RECALL Key

Recalls constants for math functions, gate time,
time-interval delay, {n) samples, GPIB address
and special functions and calibration. Used with
MEMORY key to recall complete measurement
(i.e., machine)} setups

b
[c.n

MEMORY Key

Store and recall complete measurement setups,
memory locations 0 to 9, and calibration
constants, locations 10 to 33 {see Table 3.16).
Use the key sequence SHIFT STORE/RECALL
MEMORY (N> Attempted store or recall of an
out-of-range number produces an error message
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-

§ DATA EHIRY J INPUE A 1HFPE B
H x v ' I3 oauto BT ougrEi DiREAY £ sig O3 Eei
- o o g Ot e l o S
viomt sreay Chmenrelit 8 £ L A = D:“: e B T = R
i L 0 R s} N e T e ¥ Y s RN 1 =St Y 50 S 0
e ST =i : - : : . | s )
B T s ¢ T LSS T PRSI T ELGRY Catt B ge |0 AR ey areaw (T ParIR [T osvar O3 CRICNEET] 35— adbe
= A= o J s T | o % | o e9]” Cye s
BRI, e 3 mpans £ 310 €3 oriny b i ——
: L e s S s o —
( 3 ARIOLUTION Prumcoon ) v Lees 'E}? ey VR 'gg
L worn | (S £ wmirt ['_;L] v P S
< Srmin :
i ¥ =8 O g gnn O o & 2 A
AACAL-EIANA 1990 SERIES UNIVEASAL SYSTEMS COUMNTER
1 7
Referencet -- Item Function/Description

@5

DATA ENTRY Keys/LEDs

NOTE:

Designators for shifted
key functions are under~
lined. Also, designator
"150" is not used

Unshifted Kev funetions:

Numeric Keys (0-9)

Permit data entry and user interface with the
1955/1996 other than input signal conditioning and

measurement functions

&

DATA ENTRY
X A Z
D\ = =y =
STORE RECALL 3 (R-X)¥%2
3

GAY

a
\ MEMORY

| Sem——

2

E1

-

3

3
3

:

DO

1]

1
3 MEANtn) £03 STDin) T7 DELAY
2@
9 . -

[

(e——H3 Dl X
&
(=)

Entry of numbers and constants for math, special
functions, time-interval stop delays, trigger
levels, and gate times. Also, used to recall
machine setups. When a numeric Key is pressed,
the measurement in progress is aborted and the
display shows the entered number

Decimal Point (.) Key

Inserts decimal point during numeric entry

Positive/Negative (+/-)
Sign Key

Toggles sign of entered number {mantissa and/or
exponent) between positive (no sign displayed) and

negative (sign displayed)

EXP Key

Changes data entry mode so that the next number

entered is the exponent
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Table 3.1 - Front-Panel Controls, Indieators, and Connectors (Con't)

Reference

¥

item

Funetion/Description

.
i
i

FUNCTION LEDs:

Indicate seleeted function

o

FUNCTION

i

|

I FREQ C
LETIFRED A
FEZIPERIOD A
LT Al
FHLITOTAL A by B
LESIRATIO A/ B
HET) RATIO O/ B

~EJRISE A
FHETYFaLL A
M3 POS WIDTH A
FHINEG WIDTH A
- JPHASE Arei B
LTI DUTY A
LE I SLEW A

EEEO®OE

bEHHOEE

FREQ C* Input C Frequency (1996 only)

648 FREQ A* Input A Frequency

@ " PERIOD A* Input A Period

14D T] A-»B* Time Interval (Input A for start, Input B for stop)

14E TOTAL A by B* Totalize (Input A events gated by Input B)

@ RATIO A/B* Ratio A/B (Ratio of Frequency A to Frequency B)

@ RATIO C/B¥* Ratio C/B (Ratio of Frequency C to Frequency B)

@ RISE A* Input A Rise Time (10% start, 90% stop trigger
points)

141 FALL A¥* Input A Fall Time (30% start, 10% stop trigger
points)

14J POS WIDTH A* Input A Positive Pulse~Width (50% trigger points)

&

NEG WIDTH A¥*

Input A Negative Pulse-Width (50% trigger points)

140 PHASE A rel B* Phase difference (Input A relative to Input B)
@ DUTY A¥* Input A Duty Cyecle
@ SLEW A* Input A Slew Rate (positive/negative, 20% to 80%

trigger points)




Table 3.1 - Front-Panel Controls, Indicators, and Connectors {(Con't)
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Reference Item Funetion/Deseription

©

RESET/CONTINUE, LOCAL
Key

This key provides the foliowing:
RESET
Terminates the measurement in progress, clears
the main display, and triggers a new measurement
NOTE:
In HOLD mode, pressing this key triggers a new
measurement cyele
CONTINUE
Returns the counter to the measurement mode,
triggers a new measurement cycle, after the
display of recalled number or constant
LOCAL
Returns the counter to front-panel control from
remote control on the GPIB, provided local loek~
out has not been set

HOLD Key/LED

Toggles counter in and out of HOLD (single-shot
measurement). LED lights in HOLD. In HOLD,
the measurement in progress is completed and
displayed. See NOTE under Reference

Special Function 61 causes the HOLD key to
successively start and stop measurements for
manual Totalize

FUNCTION Keys (4 1)

Seleet in succession the counter's measurement
funetion. The corresponding FUNCTION LED is
1it. Function selection "wraps around” at both
ends
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Fable 3.1 - Front-Panel Controls, indieators, and Connectors (Con't)

Reference Item | Funetion/Deseription

O/F LED* Readout overflows the tenth digit of the display

GPIB LEDs:

REM LED* Counter under remote control over the GPIB
interface

ADDR LED* Counter is being addressed as either a taiker or
listener over the GPIB interface

SRQ LED* Counter has transmitted a service reguest over

i
l

the GPIB interface

EXT ARM LED*

External arming is controlling the measurement
start and stop points

EXT STD LED*

Counter is operating from an external frequency
standard reference

GATE LED*

Measurement gate is operating, starting or
stopping & measurement cycle

Display Units LEDs:

-

Hz LED*

NOTE:
Neither LED lights when a phase angle, ratio,
totalize measurement, or a constant is displayed

Units in Hertz for a frequency measurement

S LED*

Units in Seconds for a time measurement

e G ¢ O Gl @ @ eeE

RESOLUTION Keys (41)

Step the measurement period {i.e., gate time and
also the resolution) either up () or down {y). This
increases or decreases the number of digits
displayed. In Recall Special Function mode, the
lowest special function number is initially
displayed. Use the RESOLUTION (1) keys to
scroll {with wrap-around) through special function
numbers on display
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Reference Item

Function/Description

@ STBY LED*

In Standby. Rear-panel POWER switeh is on,
front-panel POWER (ON/STBY) button is out, and
power is supplied only to the internal reference
standard {timebase}

POWER (ON/STBY) Button

In ON position, power is supplied to the entire
counter and the STBY LED is off

O NO

Measurement Display:

A T-segment LED digital display. Uses engineering
format with 10-digit mantissa, 1-digit exponent,
and floating decimal point. The display shows one
of the following depending on operational state:

measurement results

numbers for data entry

numbers for recall from constant or
funection stores

error messages

NQOTE:

The exponent LED is blanked and should be
considered zero during the following:
a. phase measurement
b. totalize measurement with less than ten digits
e. numeric entries not involving an exponent

Mantissa Display LEDs*

Display right-justified mantissa

Mantissa Sign LED*

Negative display number

Exponent Display LED*

One-digit exponent number

EEEE

Exponent Sign LED*

Negative exponent
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3.3 PANEL DESCRIPTIONS

' ] 3.3.1 Front Panel Features

) 3.3.1.1 Refer to Table 3.1 and the front-panel figures. They show and describe front-pane
a1 controls, indicators, and connectors,

o NOTE:

1 In the following table, LEDs shown in the "Item" column with an asterisk *)
: are described in their lit condition. Certain LEDs are associated with

toggle keys; their lit condition is specified.

A
Eteneir]

. i.';;v;:u‘\: g
M —




i. Separate inputs (i.e., Common A LED is off)

i Filter: off

k.  Hysteresis: 25 mV p-p (lower value)

L Sample(n) value: 100

m. Input A and B trigger levels: Zero (relevant only if auto-trigger is not selected)

n.  Input Coupling: AC-coupled (Inputs A and B)
3.2.4 Main Display
3.2.4.1  Readings are displayed in engineering format with a 10-digit mantissa, 1-digit
exponent, and floating decimal point. It is assumed that the reading is positive unless (1) the
negative-sign LED to the left of the display is lit, or (2) a negative sign precedes the displayed
mantissa. Keyboard entries are always right-justified. The largest displayed reading is
999.9999999 with a +9 exponent; the smallest number is 1.000000000 with a -9 exponent. The 1-
digit exponent range is -9 to +9.
3.2.4.2 The selected function and gate time determine the number of digits displayed.
Generaily, the longer the gate time, the more digits displayed. The RESOLUTION (41) keys are
used to either step the gate time up (to 100 seconds), increasing the number of digits displayed;
or down (to 200 nanoseconds), decreasing the number of digits displayed.
3.9.4.3 LED indicators for units in Hz (hertz) and S (seconds) are located at the right of the
exponent display. Units for some funetions are implied. For example, phase angle
measurements are in degrees. Seven LEDs (O/F, REM, ADDR, SRQ, EXT ARM, EXT STD, and
GATE) are situated immediately below the display (see Table 3.1).
3.2,5 Keyboard Organization
3.2.5.1 The front panel of the 1995/1996 is arranged logically by function into color-coded
keyboard/LED groups. Refer to the front-panel figures and Table 3.1 for location and
description. Listed below (left to right) are the keyboard groups with their color coding
indicated in parentheses:

a.  General Operating (gray)

b. FUNCTION (yellow)

c. INPUT C {1998 only-blue)

d. DATA ENTRY (brown)

e. INPUT A (blue)

f.  Input Control (gray)

0g

INPUT B {blue)
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SECTION 3 LOCAL OPERATION

3.1 INFRODUCTION

3.1.1 This section contains information for operating the 1995/1996 as a bench
instrument. [t provides General Operating Information, Front and Rear Panel Deseriptions, and
Operating Procedures.

3.2 GENERAL OPERATING INFORMATION

3.2.1 If the counter is being used for the first time or at a new location, ensure that the
voltage selector is set for the correct local AC supply before turning on the instrument. Refer
to Subsection 2.7.2, as required, for details on line voltage seleetion.

- -

3.2.2 " Power-On and Self Test

3.2.2.1  Turn on the rear power switeh, placing the counter in the Standby mode. The front-
panel STBY LED should be lit if the red POWER-ON button is out (a). In Standby, power is
supplied to the instrument's frequency standard (timebase). This eliminates the need for
warmup each time the 1995/1996 is turned on.

3.2.2.2  Depress the POWER-ON/OFF button to its ON (=) position. Power should now be
supplied to the entire counter and the STBY LED should be off.

3.2.2.3  After powering-on, the 1995/1996 executes a programmed self-test of the: major
internal cireuitry. This check verifies normal operation of the counter’'s microcomputer,

counting eircuitry, timebase, and ROM memory ecireuitry. Should a failure occur during this
seif-tast, a numbered error is displayed.

3.2.3 Hox;le State

3.2.3.1  After self-test, the counter reveris to a home state, ready for operation. 7The
following home-state conditions are selected after "self-test™

a. AUTO-TRIG A enabled; AUTO-TRIG B disabled

b. Time Interval DELAY: 1 millisecond. (Verify using key sequence SHIFT
RECALL DELAY)

c. GATE Time: ten milliseconds. (Verify using key sequence SHIFT RECALL
GATE)

d. Math constants X, Y and Z: 0, 1 and 1, respectively. (The value for scale
constant Z should never be zero.)

e. FREQA
f.  Slope A (positive}; Slope B (negative)
g. Attenuation: X1 (Input A); X50 (Input B)

h. Input impedance: 1 M






D— —

T A S

s ;.

NOTE:

After power-on, the following home-state conditions exist: FREQ A, AUTO-TRIG A,
X1, 1 M&, AC-coupling, Filter off, and COM A off.

g.

Verify that the main display shows 10.000000 + 1 count E6 Hz; that both the
GATE and Input A TRIG LEDs flash

Select Input B using key sequence (21> SHIFT STORE SF SHIFT SF. Verify that
the SF LED is lit

Using the same coaxial test lead, connect the 10 MHz REF-OUT connector to
Input B's connector

Repeat step g for Input B
Toggle the SF key using key sequence SHIFT SF. The SF LED should turn off
Disconnect the test lead between the REF-OUT and Input B connecters

If the counter is Model 1996, select FREQ C. Connect the test lead between
the REF-OUT and Input C connectors y

Verify that the main display shows 10.000000 * 1 count E6 Hz and thatthe
GATE LED flashes
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2.7.3.3 Use only AC power outlets having a protective ground for connection to the counter.
DO NOT USE 2-core extension cords or 3-prong to 2-prong adapters that don't provide a
protective ground connection. Connection of the power cord to the power outlet must be made
in accordance with the following standard color code:

American European
Live Black Brown
Neutral White Biue
Ground {Earth) Green Green/Yellow

2.7.3.4 Also, all devices connected to or in proximity with the 1995/1986 must maintain the
third-wire ground(earth) intact as set forth in current regulations.

2.8 STORAGE AND TEMPERATURE

2.8.1 ~ "The 1995/1996 can be stored at temperatures ranging from -40°C to +70°C at 75%
relative humidity without adverse effects to PCBs or components. The counter must be brought
within its specified operating range of 0°C to +50°C before power-on. .

2.9 FUNCTIONAL CHECK

2.9.1 Introduction

2.9.1,1  The following test procedure confirms whether or not the 1885/1996 is performing
correctly by checking most of the counter's cirecuitry. This procedure should be conduected when
the 1995/1996 is first put into service and after shipment to a new location.

2.9.1.2 Now perform the following procedure:

a. - Conneect the 1995/1996 to a suitable AC power supply

b. Turn on the rear-panel power switch. It should illuminate. Confirm that the
front-panel POWER (ON/STBY) button is out (L} and the STBY LED lit

c. Depress the front-panel POWER (ON/STBY) button to ON, supplying power to
the entire counter. Verify that the STBY LED turns off

. Confirm that the instrument model number "1985" or "1996" is displayed for
about two seconds, and then the main display blanks

NOTE:

Home-state conditions for the 1995/1996 are listed in Subsection 3.2.3. Refer as
required.

e. Provide a 508 coaxial test lead fitted with BNC connectors. This lead shouid be
60 cm to 1 m long

f. Using the test lead, connect the 10 MHz REF-OUT connector (see Figure 3.2) on
the rear panel to Input A's connector

2-18



Puil the lever completely back to the right, snapping it closed

Replace the fuse in it holder. Line voltage settings of 100 or 120V should have
a 14 Slow-Blow fuse installed; settings of 220 or 240V should have & .5A Slow-
Blow fuse installed.

Slide the fuse cover completely to the right covering the vollage selector card
and fuse. The correct line voltage designation should be visible through the

window

Connect the power cord to the counter again

PLASTICCOVERW————/////H 1 D// ] [ FusE

// . [ FUSE RELEASE LEVER
| N

VOLTAGE SELECTOR CARD

\

o i’fDDaz'--1

WX o SR
[ H | VT T

| % D L % ; [ S—— LT

190V 220V

!

o L1 |

| CHECK 1S wE o 3Snd CHECK 233 AL E] §

| OFUSE 120 JEZ NIIMD FyYSE 40 il wanﬂ

Pt s I

il g

118/120V 230/240V

Figure 2.9 - AC Line VYoltage Selection

2.7.3 Power Cord and Grounding

2.7.3.1 The

front panel and instrument case are grounded in accord with MIL-T-28800C

protecting the user from possible injury due to shorted circuits.

NOTE

Both counters are designed to meet IEC Publication 348, "Safety
Requirements for Electronic Apparatus for Class [ Instruments.”

2.7.3.2 A protective groﬁnd terminal, forming part of the rear-panel input socket,
provided. Both counters are supplied with a detachable.3-core power cord. Only this ¢or

should be used.
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2.6.2.2 Installation

a.

b.

Disconnect the AC power cord at the rear panel

Loosen, but don't remove, the two rear corner-feet Dy unfastening the four
retaining serews (two per foot). Back the corner feet out approxXimately 5/8
inch., Slde the top cover toward the rear of the unit, then lLift up and out to
remove

Remove the currently fitted standard 10 MHz oscillator assembly by:

1. Removing the cable tie securing cables to P14/J14 and P13/J13

2. Extracting the two screws and washers attaching the oscillator
assembly to the rear panel via the two threaded standoffs

3. Disconnecting the 5-pin connector cable (P14) from the motherboard at
J14, then lifting the oscillator assembly out of the chassis

d. Connect the 5-pin connector cable of the option oscillator assembly at J14 on
the motherboard
e. Replace the cable tie securing cable to P13/J13
f. Secure the oscillator assembly to the rear panel using the two M3 x 8 secrews,
two flat washers, and two loek washers. The screws pass directly into the top
of the oscillator assembly
g. Replace the top cover; firmly secure the two rear corner-feet, completing the
installation
2.7 POWER CONNECTIONS
2.7.1 Before operating the counter, verify that the AC voltage selector is correctly set for

the loeal AC supply. The counter operates on 100, 129, 220, or 240 volts, 50 to 60 Hz. The
present voltage range can be seen through the small window in the power input module on the

rear panel.

2.7.2 Line Voltage Selection

2.1.2.1 The line voitage setting is easily changed by repositioning the small voltage selector
card in its slot. Refer to Figure 2.9 and use the following procedure:

8.

b.

2-18

Remove the power cord from the power input module

Fully slide the transparent fuse cover to the left. This exposes the fuse and
voltage selector card

Pull the small lever marked FUSE PULL completely to the left. This ejects the
fuse from its holder, permitting access to the selector card

Remove the selector card, then reposition it in its slot so that the desired line
voltage designation is visible. (Using a small pair of needle-nose pliers can be
helpful in completing this step.)



-

2.6.2 High-Stability Oven Oscillator Option 04E

2.6.2.1 Refer to Figure 2.8 for this procedure. The instaliation package includes:

a. Oscillator assembly (1) P/N 404386 for Option 4L
b. #4 split lock washers (2) P/N 817127
c.  #4 flat washers (2} P/N 617102
d. M3 x 8 serews (2) P/N 611067
e.  Cable tie (1) P/N 810777

REAR PANEL

.TIE

P14/414
- | CONNECTOR
JJ Figure 2.8 - Option U4E Installation
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{A) - Front input Configuration
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Figure 2,7-Rear-Panel Input (Option 01) Installation
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Qn the 1995, disconnect the 2-conductor (black & white, twisted-pair) 10 MHz
internal frequency reference and ld-conductor twisted-wire power cables
connecting the signal conditioner PCB and motherboard.  This involves
unplugging P8 from J8 (10 MHz cable) and P6 from J6 (power cable) on the
signal conditioner board. In addition, on the 1996, unplug P7 from J7 on the
signal conditioner board. This disconnects the other 2-conductor (black &
white, twisted-pair) 10 MHz internal frequency reference cable. PL7/J17,
P18/J18 (1995), and P1$/J19 can remain connected on the motherboard during
this procedure. Set the free ends of the three disconnected cable assemblies
safely aside for later reconnection.

Slide the signal conditioner board towards the rear of the instrument; pull the
board up and remove, setting it aside

Remove the two black rear-hole plugs from J201 and J202 and place them on
the front panel

Place the Option 01 assembly board into the unit, center slot towards the rear.
Connect PY9A on the option board and J9 on the motherboard

Fasten the option board securely to the motherboard using the existing four
short standoffs and four self-locking screws

Tip the instrument on its side. Insert and securely fasten the five supplied long
metal standoffs to the motherboard using five self-locking screws, inserting
them from the bottom of the unit through the motherboard :

Connect the rear-input option ribbon cable to the option board using plug PSB
and socket J9B, Fold the cable halfway back towards the rear of the unit

Reverse the signal conditioner board 180° (INPUT A and B connectors towards
the rear panel) and hold the board in one hand. Connect the other end of the
rear-input option cable to the bottom of the signal conditioner board using plug
P9 and socket J9A

Align INPUT A and B BNC connectors on the signal conditioner board with their
corresponding rear-panel holes, then slide the board so that these connectors
protrude through the holes

Orient the signal conditioner board so that its five holes align with the five
longer standoffs just fastened to the motherboarc. Secure the signal
conditioner board to these standoffs using the original five seif-locking screws,
inserting them through the top of the board

Secure the BNC connectors for all rear-mounted inputs using their lock nuts.
Reconnect the single black & white 10 MHz internal frequency reference (two
on the 1996) and power cable assemblies to the signal conditioner board as

before

Replace the top and bottom covers; firmly secure the two rear corner-feet,
completing the installation



2.5.3.8

2.6

2.6.1

2.68.1.1

2.6.1.2
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The following assembly is required to lock the instrument into its normal operating
position on the rack:

a.

Slide two self-anchoring #10~32 tinnerman nuts on the mounting-rail of the rack
(each side). These nuts should be aligned with the angle-bracket slots. Omit
the tinnerman nuts if the mounting-rail is tapped for #10-32 screws

Slide the instrument fully into the rack until the angle brackets strike the slide~

mount bracket screws. Secure the instrument in place using four phillips
panhead #10-32 x 3/4 screws

MISCELLANEOUS OPTION INSTALLATION

Rear-Panel Input Option 01

.Refer during this proeedure to Figure 2.74, B, and C as well as Option 01 Assy
Drawing 404378 in Section 7. The instailation package ineludes:

&.

b.

C.

d.

Rear~Input Option Assy PCB (1)
Rear-Input 72-conductor Cable Assy (1)
Philiips panhead self-locking #6-32 X .312 screws (9)

Metal blind-threaded #6 standoffs (5)

Complete the following steps:

a.

Loosen, but don't remove, the two rear corner-feet by unfastening the four
retaining screws (two per foot). Back the corner feet out approximately 5/8
inch. This permits removal of the top and bottem covers

Slide both the top and bottom covers toward the rear of the unit, then lift up

- and out to remove

Turning counterclockwise, remove the lock nuts from the front-panel BNC
connectors for INPUTs A and B (attached to the signal conditioner board) and
INPUT C

Remove the black rear-hole plug from J210 on the 1996. Remove INPUT C's
BNC connector with its cable from the front panel and install in J210 on the
rear panel of the 1996. Place the rear-hole plug for INPUT C on the front panel

Remove the five self-locking screws from the top of the signal conditioner
board. These serews fasten the signal conditioner PCB to the motherboard. Set
these screws aside



o erareraes et

—

S B — ——

T i
R -

- \\\\ S~

\\\ _~~ COVER RETAINING
T BRACKET

o

e
Sy

2 \w?
,/,g .

REAR
ALIGNMENT
BLOCK

REAR
RACK-BRACKET

3-1/2 INCH UNIT
RAIL ALIGNMEN

.-

= CENTER-RAIL TOPHOLES
(g ACCESSHOLE §-1/4 INCH UNIT
RAIL ALIGNMEN

ALIGNMENT BOTTOM HOLES

SPACER

’/ HANDLE -~ FHONT RACK-BRACKET

FLANGE-MOUNT
ANGLE-BRACKET

FIRST ALIGNMENT BLOCKS
MOUNTING - s .
HQLE FRONT CENTER BREAR™
!
5
| |
i Io | M i} i . :
e} o I3
\ @ ]l L___l : T T 1@3
|
ALIGNMENT CENTER-RALL 1
SPACER
#8x 1/16 THK ACCESS
HOLE
INSTRUMENT
RAIL

W

. i ..»‘s_ P “i‘é sl T :ﬂ

i
2

*FOR INSTALLATION ON FULL-DEPTH
INSTRUMENTS ONLY

Figure 2.6-Slide-Mount and Instrument Assembly (with inset)

2-11



2-10

NOTE

For 3-1/2 inch high instruments, position the rail access hole
over the top alignment-block hole; for 5-1/4 inch high
instruments, use the bottom hole.

d. Insert a phillips panhead self-tapping #8-32 x 3/16 screw through the rail access
hole and screw it to pull-up position in the alignment block, At the same time,
position the flange-mount angle-bracket in its approximate final location in the
side frame channels. Align the other alignment-block screw holes with their
attachment holes in the instrument-rail. Insert phillips panhead self-tapping
#8-32 x 5/16 screws in the alignment blocks and fasten to pull-up position.
Repeat this procedure for the other rail

e. --Slide the handle/corner insert between the side frames and each angle bracket

f. Align the handle/corner insert and angle-bracket holes with their retaining
screw holes in the side frame

g. Insert two phillips flathead #8-32 x 1/2 serews (some models use M4 x 12)
through the handlie/corner insert and angle-bracket combinations, then fasten
firmly to the {rame

h. Securely fasten all self-tapping screws in the instrument-rail. The instrument
should slide freely on the rails
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Figure 2.5-Rear End Slide-Mount Rack Dimensions

2.5.3.7 Refer to Figure 2.6 (with inset). The assistance of a second person will be needed for
the following slide-mount assembly-to-instrument installation.

a.

Extend the rails of the slide-mount assemblies to their maximum position.
Insert a phillips panhead self-tapping #8-32 x 5/16 screw inward through the
first mounting hole in the instrument-rail. Place an alignment (spacer) washer
on the serew on the other side of the instrument-rail

Serew the flange-mount angle-bracket to pull-up position on the instrument-
rail. Check that the alignment washer remains between the angle bracket anc
instrument-rail. Repeat this procedure for the other instrument-rail

With the help of a second person, position the instrument between the fully
extended rails. For full-depth instruments, the rear alignment-bloek hole shoulc
be situated immediately behind the fourth attachment hole in the instrument-
rail. For intermediate—depth instruments, the rear alignment-bloek hole shoulc
be located behind the third attachment hole
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92.5.3.6  The agsistance of a second person will be needed for the following instrument-rack

assembly. Secure the slide-mount assembly in the designated area of the instrument rack using
the procedure below.

2-8

NOTE

If the mounting-rail of the instrument rack is tapped for #10-32

screws, drill out two places for each bracket using a 1/4 ineh
diameter bit. Proceed with the assembly:

Hold the front end of the slide-mount assembly behind the front mounting~rail
of the rack, while the second person holds the rear end of the assembly

Secure the front rack-bracket to the front mounting-rail using two phillips
panhead #10-32 x 1/2 screws. Seat the front rack-bracket firmly against the
mounting-rail before tightening these screws

Install the other front rack-bracket on the front mounting-rail in the same
manner

Set the front dimension between the two slide-mount assemblies at 16 5/8
inches

Adjust the length of the rear rack-brackets to touch the inside of the rear
mounting-rail. Tighten the rear rack-bracket assembly screws

The distance between the two slide-mount assemblies at the rear-bracket should
be 18 5/8 inches. Should a filler plate be required to secure the slide-mount
assembly to the rear rack mounting-rail at 16 5/8 inches, use the dimensions
given in Figure 2.5 to determine filler-plate size

-

NOTE

The rear rack-bracket may require adjustment to accommodate
the thiekness of the filler plate.

Secure the rear rack-bracket to the rear rack mounting-rail (or filler plate)}
using two phillips panhead #10-32 x 1/2 screws in each bracket

The triple-rail slide-mount assemblies should move freely to their maximum
extended positions. If not, remove any obstacle befare installing the instrument
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d.

_Fully extend the slide-mount assembly. Position a rear rack-bracket {(with two

elongated mounting slots) on the rear of the assembly in the same way as the
front rack-bracket. Align the mounting slot closest to the slotted flange with
the rear rack-rail nail hoie. Insert a slotted panhead #8-32 x 3/8 screw through
the holes. Attach a washer, lock washer, and nut to the serew and secure the
rear rack-bracket loosely to the slide-mount assembly

Fully extend the slide-mount assembly. Position a rear rack-bracket (with two
elongated mounting slots) on the rear of the assembly in the same way as the
front rack-bracket. Align the mounting slot farthest from the slotted {lange
with the rear rack-rail nail hole. Insert a slotted panhead #8-32 x 3/8 screw
through the holes. Attach a washer, lock washer, and nut to the screw and
secure the rear rack-bracket loosely to the slide-mount assembly

Complete the other slide-mount and rack-bracket assembly in the same manner
as fust described

Slide two self-gnchoring #10-32 tinnermen nuts on the front end rear rack-
brackets at the top and bottom slots of both slide-mount assemblies
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Figure 2.3-Loading the Alignment Blocks

2.5.3.4 Replace the top and bottom covers on the instrument. Fasten the covers using t
two eover retaining-brackets (see Figure 2.6) and four phillips panhead screws (two per si
originally removed from the rear corner-ieet. The instrument is now ready for attachment
the two triple-rail slide-mount assembilies.

2.5.3.5 Refer to Figure 2.4A/B. Prepare the triple-rail slide-mount assembly for equipmi
rack installation. First, note that the instrument-rail and rack-rail holes are accessible eit]
directly or through the enlarged holes in the center-rail {as the assembly is extended
retracted). Complete the following procedure:

a. Place a front rack-bracket {with one mounting slot) on the workbench, slot’
flange facing down

b.  Position the front end (i.e., slide-out end) of the slide-mount assembly over :
paraliel to the front rack-bracket. The rack-rail should rest within the brack
about 3/4 inch from the bracket's front edge

c.  Adjust the rails, aligning the front rack-rail hole with the center-rail acc
hole and mounting slot in the front rack-bracket. Insert a slotted panhead
32 x 3/8 serew through the holes. Attach a washer, lock washer, and nut to
serew and secure firmly, maintaining the 3/4-inch dimension to the front of
bracket

NOTE

Measure the distance between the front and rear mounting-rails
of the rack at this point. If the distance is less than 20 inches,
follow instruction "d" next; if the distance is greater than 20
inches, follow instruction "e".

L8]



2.5.3.2 Prepare the instrument for instelling the alignment blocks in the side channels of the
unit. Refer to Figures 2.1 and 2.2 and complete the following steps:

a. Remove the two rear corner-feet by extracting the two phillips retaining screws
from each foot

b. Slide the top and bottom covers 1/2 inch towards the rear panel, then 1ift them
off

c. Remove the four benech feet and tilt-bail from the bottom cover

d. Slide the side panels down their retaining tracks towerds the rear, then remove

the panels
e. Store the four panels, four bench feet, and tilt-bail in a convenient location
"L Remove the two front handles/corner inserts from the frame by extracting the

two retaining screws from each handie or corner insert

— PHILLIPS RETAINING-SCREWS {2}

REMOVE & STORE
2 RETAINING SCREWS

{
REAR CORNER
FOOT

REMOVE SIDE
PANEL AND STORE

Figure 2.2-Rear Corner Foot, Side Panel, and Handle Detail

2.5.3.3 Refer to Figure 2.3 for alignment block loading. Slide the alignment bloeks down the
center channel of the frame on each side of the instrument. Three alignment blocks per side
should be loaded for full-rack depth units; two blocks for intermediate-rack depth units. The

two screw holes in each alignment block should be at center position and below, relative the
center ehannel
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Place an angle bracket over each handie/corner insert, aligning the mounti
holes over the retaining screw holes

Insert two replacement flathead #8-32 x 1/2 screws through each angle brack
and handle/corner-insert combination, then serew securely to the case

2.5.2.5 Reassemble the instrument by replacing the top and bottom covers, fitting the fr¢
edge of the covers into the groove in the front panel. Do not attempt to replace t
instrument's side panels. Complete the procedure by screwing the two rear corner-feet tot

case.

2.5.2.6 Store the foliowing items in a convenient location:

Two side-panels, four bench feet and retaining screws, and four replaced retain
serews from the front handles/corner inserts.

2.5.3 Slide~Mount Option 65 Installation

2.5.3.1 Refer to Figures 2.2-2.6 for this procedure. The installation package includes:

a.

b.

Front eorner-inserts for nonhandle installations (2) - P/N 454323
Flange-Mount angle-brackets (2) - P/N 454422

Alignment blocks (6) - P/N 454490

Front rack-brackets (2) - Part of P/N 454488

Rear rack-brackets (2) - Part of P/N 454488

Triple-rail slide-mount assemblies (2) - P/N 4544.89
Self-Anchoring #10-32 tinnerman nuts {12) - P/N 610920
Phillips panhead #10-32 x 1/2 screws (8) ~ P/N 615091

Slotted panhead #8-32 x 3/8 serews with nuts, washers, and lock washer:
each) - Part of 454488

Phillips panhead self-tapping #8-32 x 5/16 screws (8) - P/N 610910
Phillips flathead #8-32 x 1/2 screws (4) - P/N 615325

Phillips panhead #10-32 x 3/4 screws (4) - P/N 615093

Alignment #8 x 1/16 (spacers) washers (2) - P/N 610921

Cover retaining-brackets (2) -~ P/N 454597

Phillips Flathead Metric Screws M4 x 12 (4) - P/N 611011

o]
}
[



— PHILLIPS RETAINING-SCREWS (2}

¥

%

@Ca REMOVE & STORE

0 2 RETAINING SCREWS

REAR CORNER
FOOT

REMOVE SIDE
PANEL AND STORE

REPLACEMENT ~»
SCREWS
{2)

e g { s

MOUNTING
ANGLE-BRACKET

Figure 2.1-Fixed-Mount Angle-Bracket Detail

2.5.2.2 Remove the tilt-bail by applying pressure inward on the bail legs, then unhooking the
bail from the bench feet.

2.5.2.3 Remove the bench feet and side panels by completing the following steps:

-

a. Unscrew the two phillips head screws from each rear corner-foot. This frees
the corner-feet, covers, and side panels

b. Remove the two rear corner-feet from the case

c. Place the instrument bottom-up, then slide the bottom cover 1/2 inch towards
the rear panel and lift off. The top cover slides off in the same manner

. Remove the four bench feet from the bottom cover by unscrewing the phillips
head retaining screws from each foot

e. Slide the side panels down their retaining tracks towards the rear, then remove
the panels. (With side panels off, the retaining screws-2 per side-for the front
handles/corner inserts are exposed.)

2.5.2.4 Install the flange-mount angle-brackets by completing the following steps:

a. Remove the retaining screws for both handles/corner inserts, leaving the
handles/corner inserts in place

2-2
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INSTALLATION

SECTION 2 PREPARATION FOR US

2.1 INTRODUCTION

2.1.1 This section describes the unpacking and inspection, reshipment, rack installatic
miscellaneous option installation, power connections, and storage/temperature requirements f
the 1995/1996.

2.2 UNPACKING AND INSPECTION

2.2.1 Before unpacking the counter, check the exterior of the shipping carton for any sig
of damage. All irregularities should be noted on the shipping bill. Remove the instrume

carefully from its carton, preserving the factory packaging as much as possible. Inspect t
counter for any defect or damage. Notify the carrier immediately if any damage is appare

Have & qualified person check the instrument for safety before use.

2.3 RESHIPMENT INSTRUCTIONS

2.3.1 Use the original packaging if it is necessary to return the counter to Racal-Dana
calibration and/or servicing. The original shipping earton and the instrument's plastic-fo

form will provide the necessary support for safe reshipment. If the original packaging

unavailable, reconstruct it as much as possible. Wrap the counter in plastic; then use plas
spray foam to surround and protect the instrument. Reship in either the original or new, stu

shipping carton.

2.4 BENCH OPERATION

2.4.1 The 1995/1996 is equipped with a tilt-bail to elevate the front of the instrument
easy operation. The tilt-bail is attached to the two front feet on the bottom of the count
For use, the bail is pulled down to its vertical position.

2.5 EQUIPMENT RACK INSTALLATION

2.5.1 The 199571996 can be mounted in a standard 19-inch equipment rack using either
Fixed-Mount Option 60 or Slide-Mount Option 65. Installation instructions for these two opti
follow.

2.5.2 Fixed-Mount Option 60 Installation

9.5.2.1  Refer to Figure 2.1 for this procedure. The installation package includes:
a. Flange-Mount angle-brackets (2)
b. Front corner-inserts for nonhandle installations (2)

c. Flathead #8-32 x 1/2 screws (4)
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1.4 SAFETY

1.4.1 The 1995/1996 incorporates a protective earth terminal and is designed 1o mee
international safety requirements. Refer. to the safety page "FOR YOUR_SAFETY
immediately preceding the Table of Contents. Follow all NOTES, [CAUTIONS, and [ WARNING,
to ensure personal safety and prevent damage to the instrument.

1.5 PRODUCT SUPPORT

1.5.1 Racal-Dana supports the 1995/1996 with Product Engineering, Service, and Part
Departments. A complete listing of service centers and field representatives is provided on th
last two pages of the manual.

1.6 GENERAL DESCRIPTION

1.6.1 __ The 1995/1986 is a universal counter designed for system or bench use. Basi
measurement functions include Frequency, Period, Time, Ratio, and Totalize. Inputs A gnd
provide frequeney measurement to 200 MHz; Input C (1996 only) extends {requency and rati
measurements to 1.3 GHz. Computational capabilities include Rise/Fall Time, Pulse widtt
Phase Measurement, Duty Cyele, Slew Rate, Statistical Data, and Math Operations. Inputs .
and B incorporate independent Start and Stop channels with automatic or manual trigge
selection. Input D on the rear panel is used for external arming and gating.

1.6.2 Special Functions

1.8.2.1 Both the 1995/1996 provide a set of Speecial Functions, permitting extende
measurements and capabilities beyond the front-panel keyboard. See Subsection 3.4.8 f¢
details.

1.6.3 GPIB Interface

1.6.3.1 The 1995/1996 provides a GPIB interface as standard. This permits the execution ¢
all front-panel operations except power-on and address selection. See Section 4 for GP!
capabilities, addressing, and bus protocol.

1.6.4 Models 1995/1996-02M

1.6.4.1 These two special versions incorporate a MATE(R)/CIL interface and are availab
from Racal-Dana.

1.7 OPTIONS

1.7.1 Options available for the 1995/1996 are listed below. Those specified on the origin
order will be factory installed and ready for use. Section 2 provides information on the fie
installation of certain options. See the Specifications in Table 1.1 as required.

a. Option 01 - Rear Panel Input

b. Option 04E - High Stability Oven Oscillator
c. Option 60 - Fixed Rack Mount

d. Option 65 ~ Slide Rack Mount



- Table 1.1 - Technical Specifications (Cont'd)

Trigger Level Timing Error

Timing Error = (Trigger Level Error (V))/

(Seconds) Input Slew Rate at START trig
point (V/sec) - {Trigger Level
Error {(V))/Input Slew Rate at
STOP trig point (V/see)

where Trigger Level Error = £1% of Trigger Level +10 mV

1-186
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Table 1.1 - Technieal Specifications {Cont'd)

OPTIONS™

Option 01 Rear-Panel Inputs
Option 04E High-Stability Oven Oscillator

Proportionally controlled ovenized Internal Frequency Standard

Frequency: 10 MHz

Aging: <5 x 10710 per day at time of shipment
Temperature Stability: <7 X 1079 over the range 0°C to 50°C
Line_Voltage Stability: <5 x 10710 two minutes after a 10%

line voltage change
Option 04R Rubidium Precision Internal Frequency Standard
Frequency: 10 MHz

Long Term Drift: ¢5x 1071 per month

$5X 19710 per year

Temperature Stability: <3% 10710 from 0°C to +50°C
Line Voltage Stability: <2x10711 from £10% voltage change
Option 60

Rack mounting kit (fixed}
Option 65

Rack mounting kit (slides}

DEFINITIONS

LSD Least Significant Digit

Trigeer Error

; = 2. 2y ¢
Trigger error= (e;“+e,”) (Volts)
(Seconds) Input Slew Rate at Trigger Point
(V/see)
where e;= input ampiifier rms noise, 250 uV rms max
e,= input signal rms noise in 250 MHz bandwidth




Table 1.1 - Technical Specifications (Cont'd)

NON-VOLATILE MEMORY

Up to 10 complete front-panel settings may be stored for subsequent recall.

GATE OUT

A TTL-compatible signal is provided from a rear-panel BNC connector coinecident with the
measurement gate + 100 nancseconds.

TRIGGER LEVEL OUTPUTS

Start and stop levels are available on the rear panel from BNC eonnectors for calibration
purposes only. h

DISPLAY

LED: 10 digit display, character size 0.43".
Exponent digit, character size 0.43"

When measturement exceeds 10 digits, the least significant 10 digits are displayed, and the
overflow indicator is lit.

TEMPERATURE _P_ERFORMAN CE

Operating Temperature: 0°C to +50°C
Storage Temperature: ~400C to +75°C
POWER REQUIREMENTS: 100, 120, 220, 240V rms + 10%
50 to 400 Hz + 10%
80 VA
DIMENSIONS: 88.9 mm (3.5 in) High X 427.0 mm

(16.8 in) Wide X 475 mm (18.7 in) deep

WEIGHT: 10 kg (22 1b.)

i-14
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Table 1.1 - Technieal Specifications (Cont’d)

STATISTICS

Sampie Size: 2 to 9999

Standard Deviation: Displays Standard Deviation of sample
size (ni)

Average: Displays Average (mean) value of
sample size (n)

Highest: Using Special Function 51, the highest
value in sample size (n) is displayed

Lowest: Using Special Function 52, the lowest

- value in sample size (n) is displayed
MATH

Applies to all counting/timing measurement functions. Note Math Funetion is applied prior
to Statisties Funetion.

Dlsplay = Reading - X Y
: 4

Where X, Y and Z are constants entered and stored via the keyboard.

Constant (X, Y or Z) Range: + 0.000000001E-9 to £ 9995999999 EY
Power-Up Condition: X=0 |
Y=1
Z=1
GPIB INTERFACE
Standard: IEEE-STD-488-1878
Programmable Controls ALl front panel contrels with the

exception of Power

Universal Commands: Trigger, Clear, Remote, Local, Local
Lockout, Require Service

Data Output Format: Refer to Tables 4.5 and 4.7

Pata Qutput Rate: 150 readings/second, maximum

i-13



Table 1.1 - Technical Specifications (Cont'd)

-

External Gate:

Input:
Start Arm:
Stop Arm:

P

Synehronous Window Auto-Trigger:

(Syn. Wind. AT}

Input:

Start/Stop Edges:

Inputs A, B or D, selectable via Special
Functions 85,0~-88.3

(+} or {-) edge, selectable via
special function applied to external erm
input allows counter to start a
measurement eycle

(+) or (- edge, selectable via
special function applied to external arm
input allows counter to stop
measurement cyele

inputs A, B or D, selectable via Special
Funections 91.0-34.3

{+) or (), selectable via special function
applied to external arm input allows the
auto-trigger function to establish the
(+) and (-) signal peaks and trigger level
only during the period when the arming
signal is present

PEAK SIGNAL MEASUREMENT

The auto-—ltrigger function may be used to determine and indicate the peak maximum, peak
minimum, and peak-to-peak values of the measurement signal applied to Inputs A or B.

Display:

Frequeney Range:
Dynamic Range:
Resoiution:

Accuracy:

Individual 3-digit displays for Inputs A
and B.

DC and 30 Hz to 25 MHz
.15 to 10V p-p (X1 attenuation)

10 mV (X1 attenuation)

+ 5% of peak-to-peak voltage = 20 mV
for sine waves

+ 2% of peak-to-peak voltage * 20 mV
for pulses > 20-ns wide and > 5 ns rise
time
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Table 1.1 ~ Technical Specifications (Cont'd)

TIME BASE (See Option 04E)

Frequency:

Aging:

Temperature Stability:

Exnternal Standard Input:

10 MHz

{1 ppm per month
<2 pom {or first year

+ 10 ppm over the range 0° to §0°C,
referenced to 25°0C

Frequency: 1,5, 10 MHz
Level: . Min., 500 mVY rms, Max., 3V rms
Impedance: 1 kilohm
Internal Standard Output:
Frequency: 10 MHz
Level: >1V p-p into 50 ohms
ARMING
Start Arm:
Input: Inputs A, B or D, selectable via Special

Start Arm:

Funections 82.0-83.3

(+) or {~) edge, selectable via special
function applied to external arm input
allows counter to start a measurement
cycle
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Table 3.10 - Rise A/Fall A Measurements
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RACAL-DANA

1980 SERIES UNIVERSAL SYSTEMS COUNTER
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®

Turn power on.

Select either RISE A or FALL A using FUNCTION keys (13).

Connect measurement signal to INPUT A .

NOTE:

All other controls are set automatically.




Table 3.11 - Phase A rel B Messurement
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1.  Turn power on.

2. Select PHASE A rel B using F UNCTION keys (33).

3. Select AC/DC coupling , input impedance , and slopes as

required. Selected slopes for signals A and B should be the same.

4. Select the X10 or X50 input attenuation if desired. Attenuation setting is
automatic in the Auto-Trigger mode.

5. Connect the signals to be compered to INPUT A and INPUT B (%8).

6. Either set the trigger levels A/B manually using key sequence{value) *+/~ S

() TRIG-LEVEL (199) , or select AUTO-TRIG A/B levels . Check that

Inputs A/B TRIG LEDs flash.

7. Seleet the Hold mode @ for single-shot measurements. Press the
RESET @ while in Hold to trigger a new measurement.

NOTE:
A phase measurement is always positive, representing
the angle by whieh Input A's signal leads that of Input

B. The signals for phase measurement must be
continuous and have the same frequency.
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Table 3.12 -~ Duty A Measurement
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Turn power on.

Select DUTY A using FUNCTION keys@.

Select the slope as required.

Connect the signal to INPUT A(18).

NOTE

All other controls are set automaticaily.
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Table 3.13 - Slew A Measurement
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1. Turn power on.
2. Select SLEW A using FUNCTION key(13).

3. Select the slope as required.

3. Connect the signal to INPUT A .

NQTE:

All other controls are set automaticaily.
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H 3.4.2 Trigger Level Setting

l 3.4.2.1 Introduction

and 3.4.2.1.1 Refer to Figure 3.1 for this subsection. The 1985/1896 both provide manual
ion automatic (including single-shot) trigger setting for Inputs A and B. Manual trigger seleet
10 “ involves setting the levels in 5V, #50V, and +250V ranges, with corresponding resclutions of
and 7 mV, 100 mV, and 1V, These ranges correspond to attenuation settings of 1X, 10X, and 50X .
1is LEVEL A and B trigger displays of X.XX, XX.X, and XXX., respectively. Auto-Trigger leve
lly the mean of the positive and negative-peak values of the input signal as automatie:
gl determined by the counter.
T
@ 3 ® @ © 00 Q C
":?ﬁ iww’" T EE ’ 'W:M DATA ‘ENTHY'W‘“; ) ;g Aull?b%.‘;;ie %_-_ SDNFUCY:-B‘
o - - e === Sl :3 srcf |
o | : ! . -5 Srokt PO T BC LEvbL con max be
501 i 4 | il Tl P o Bl o = D,Dl
i : S O SO ek OV el PPy At ***E wr sty o O\ e Hem ,;:’._‘ VM DT PaTER ) mrst [T ceech £:J S—
- v TN PO B S U = = e e e g = s e
‘[ srzw f{:_:j E.:_':J ;fcij [3#Emon » RS winin s Wi Sy Aoy =
| (T reedro o b ST ST
T e e N B o B S =P TN
3 RACAL-DANA 1330 SERI:S_UNWERSAL_“SYSTEMS-E:(;‘;JN'{ER
|
o) 15F @ 16H 16G a {
Jg Figure 3.1 - Trigger Level Setting
3
3.4.2.2 Manual Trigger Setting

- NOTE:

An attenuation setting of X1 and a trigger level of 1.23 volts are used in

_g the following description.
3.4.2,2,1 Set the trigger level manually using one of the following key sequences:
3 8. For setting a +1.23, use <1.23> TRIG-LEVEL
b. For setting a -1.23, use +/- (15¢) <1.23> TRIG-LEVEL
a 3.4.2.2.2 After entering a manual trigger level, it is continuously displayed on the
LEVEL A/LEVEL B LED(s) . The 1985/1996 returns immediately to its
3 measurement mode after trigger setting. TRIG A/TRIG B LED(s) . flash if the

counter is triggered from the input signhal.

1 3.4.2.2.3  Use key sequence TRIG-LEVEL (168) LEVEL#+(178) TRIG-LEVEL (88 to
step the displayed trigger level up or down by 0.01 (X1), 0.1 (X10), or 1. (X50} as
required. Verify the trigger level changes on the LEVEL A/LEVEL B LED(s) .

3.4.2.2.4 A manual trigger level that is out-of-range for the current attenuation
setting produces an error message.

A
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NQOTE:

INPUT A and B each have one trigger-level store. Using
the Auto-Trigger mode overwrites a manually stored

trigger setting. Also, pressing the AUTO-TRIG
key while manually setting the level enables the
Auto-Trigger  mode. Toggle the AUTO-TRIG

key off, then enter a meanual trigger level.

3.4.2.2.5  Press the DISPLAY key to show V MAX,V MIN or Vpp of the input signel in
the LEVEL A/LEVEL B display.

3.4.2.3 Automatic Trigger Setting

3.4.2.3.1 Press the required AUTO-TRIG key to caleulate and show the trigger level in

the LEVEL A/LEVEL B display. Automatic attenuation setting occurs in the Auto-Trigger
mode.

3.4.2.3.2  Press the DISPLAY key (70} toshow V MAX, V MIN, or Vpp of the input signal in
the LEVEL A/LEVEL B display.

3.4.2.4 Single-Shot Automatie Trigger

3.4.2.4.1 Automatic trigger settings vary as peak input levels change. To execute and store
a single-shot Auto-Trigger level:

-

a. Enter Special Function 31 using key sequence 31 SHIFT @ STORE

@andSF@

b. Enable special functions using key sequence SHIFT @ SF @

¢. Press the AUTO-TRIG key . The LED lights as the level is calcu-

lated and set, then turns off.

3.4.2.4.2 The stored level is retained as a manually set value until either (1) another single-
shot measurement is made, or (2) a new manual trigger level is entered.

3.4.2.4.3 To execute additional single-shot trigger settings, press the AUTO-TRIG key
again with Special Funetion 31 enabled.
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3.4.3 Gate Time and Resolution
3.4.3.1 Frequency Functions

3.4.3.1.1 Gate Time Mode - by specifying the counter's gate time, the user can set the
resolution in the frequency, period, and ratio functions. Gate times from 200 ns to 100s may be
selected. To enter a gate time, use the key sequence (value) SHIFT STORE GATE
where (value) is either in decimal or exponential form. To recall a gate time for display, use
the key sequence SHIFT RECALL GATE. Use the RESOLUTION?{ keys to decadically step the
displayed gate time {and resolution) either up(%) towards 100 s or down {y) towards 200 ns. The
counter's gate time (and resolution) can be set to dispiay from one to ten digits (with overflow).

EXA MPLE

Assume EREQ A is selected and a 1 ms gate time specified. Successively pressing the
RESOL UTION (4) key will select and display gate times (and resolutions) of 10 ms, 1060 ms, 1s,
10s, and 100s. Successively pressing the RESOLUTION () key wili select and display gate times
(and resolutions) of 100 us, 10 us, and 1 us. Pressing the RESOLUTION (y) key again after
displaying 1 us will not produce a gate time of 100 ns as this vaiue is smaller than the 200 ns
lower gate-time limit. The 1 us will continue to display on the counter.

3.4.3.1.2 Resolution Mode — when no gate time is specified in frequency, period, and ratio
functions, the counter's resclution c¢an be selected using the RESOLUTION () keys. Now the
gate time is automatically set via the number of displayed digits of resolution. Except in some
VMath computations, pressing the RESOLUTION (}1) keys will increment/decrement the display
by one digit per Keyboard maneuver. Each digit displayed decadically increases/decreases the.
counter's resolution within the counter's gate time range. Gate times from 200 ns to 100 s may
be selected. There will be no step-up or-down when the RESOLUTION {!) keys are pressed in
Time Interval, Totalize, Rise/Fall Time, Positive/Negative Pulse Width, or Slew Rate functions.

-

EXAMPLE

A 9-digit resolution of a measurement is possible in a 1-second gate time; 10-digit resolution in
a 10-second gate time; and 10-digit resolution plus overflow in a 100-second gate time. If one
selects a gate time which sets a resolution exceeding the 10-digit display resolution, thén an
overflow of the most significant digit{s) and lighting of the O/F LED occurs. Two overflow
states are permitted in the 1995/1996. In an overflow condition, the user can reduce the gate
time to display any "dropped" digit{s). Digits that overflow are not lost, but remain stored in
the counter's registers for cutput over the GPIB.

3.4.3.2 Time Funetions

3.4.3.2.1 In Time Interval functions (TI A+B, Rise/Fall, and Puise Width, e.g.,}, the input
signal is synehronized with the measurement gate. Thus, there is no gate time as such. The

input signal, therefore, determines the counter’'s resolution. On the 1995/1596, a single-shot
Time Interval resolution to 1 ns is possible.

3.44 Delay Mode

3.4.4.1 When Time Interval (TD, Totalize, or Positive/Negative Pulse Width is selected, an
internal delay from 200 ns to 100 s may be entered from the front panel. This permits the user

to increase the elapsed time between the start and stop trigger points by the gate time range.
Once stored, the delay may be enabled/disabled as required. Use of the Delay mode prevents
premature triggering from spurious signals during measurement.
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3.4.4.2 The delay is stored using either an exponential or decimal format. Use one
of the following key sequences to store, for example, a 1 us delay:

a. 1 EXPONENT +/- 6 SHIFT STORE DELAY
b, <.000001>SHIFT STORE DELAY
NOTE:

Onece the delay is entered, the counter returns to the
measurement mode.

3.4.4.3 Recall the delay to the main display using key sequence SHIFT RECALL
DELAY.
3.4.4.4 " "Enable and disable a stored delay by successively using Key sequence

SHIFT DELAY. The LED lights when the Delay mode is enabled.
3.4.5 Arming/Gating Selection

3.4.5.1 Refer to Tuble 3.14 as required. External arming, external gating, and
synehronous window auto-trigger (Syn. Wind. AT) modes are selectable vig special
functions for Inputs A, B, oo D.

3.4.5.2 External Arming

3.4.5.2.1 Special Functions 82.0 through 83.3 as applied to the external srming input
(A, B, or D) permit selection of positive or negative start edges in the 1995/1996.

3.45.3 .  External Gating

3.4.5.3.1 Special Funections 85.0 through 88.3 as applied to external gating inputs (A,
B, or D) permit selection of positive or negative start/stop edges in the 1995/1996.

3.45.4 Synchronous Window Auto-Trigger
(Syn. Wind. AT)

3.4.5.4.1 Special Functions 91.0 through 94.3 as applied to the external arming input
(A, B, or D) permit selection of positive or negative start/stop edges in the counter.
Auto-trigger can establish the positive/negative signal peak measurements and trigger
level only during the time when the Syn. Wind. AT signal is present. The auto-trigger can
now be used for display of peak voltage values of a specific pulse(s) selected by the
operator using the Syn. Window AT signal

3.4.6 Math Finetion (R-X)Y/Z

3.4.6.1 The Math function applies to all counting and timing functions of the
1995/1996 except phase measurement. This function permits measurement value R to be
offset, normalized, and/or scaled before display using stored constants X, Y, and/or %,
respectively. The display indicates (R-X)Y/Z after enabling the Math function. Home
state values for X, Y, and Z are 0, 1, and 1, respectively (Z#0 at any time).
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3.4.6.2 Math Constant Storage

3.4.6.2.1 Constants X, Y, and/or Z must be stored before enabling-the Math
function. Use key sequence ¢(value>SHIFT STORE X/Y/Z, where(value>is in decimal or
exponential form, to enter any of the constants. The permissible range of values for the
Math constants is + 0.000000001E-9 to + 9999999999E9. Any number exceeding this

range will result in "Error 20" being displayed.

3.4.6.3 Math Constant Reecall

3.4.6.3.1 Recall stored Math constants to the main display using key sequence SHIFT
RECALL X/Y/Z.

3.484 Math Function Enabling/Disabling

3.4.6.4.1 Enable and disable the Math function by successively using key sequence
SHIFT (R-X)Y/Z. The LED lights when the Math function is enabled.

3.4.7 Statistical Funetions/(n) Samples
3.4.7.1 The 1995/1996 Statistical functions include the Mean, Standard Dewviation,
and Low/High values for user-entered (n) samples. Mean and Standard Deviation are

enabled using single front-panel keys; Low/High values by special functions.

3.4.7.2 (n) Samples

3.4.7.2.1 The range of (n) samples is any positive integer from 2 to 9999 (fractzons '

entered for'n are truncated). Home state value for (n) samples is 100.

3.4.7.2.2 To store (n) samples, use the Key sequence(n’ SHIFT STORE (n) where{n>is
a valid integer. To recall (n) samples for display, use the key sequence SHIFT RECALL
(n). Pushing RESET restarts the period of (n) samples.

3.4.7.3 High/Low Values

3.4.7.3.1 Use Special Funetion 51 and key sequences 51 SHIFT STORE 3F and SHIFT
SF to calculate and display the High value of (n) samples. Use Special Function 52 and
key sequences 52 SHIFT STORE SF and SHIFT SF to calculate and display the Low value
of (n) samples. If enabled, the MEAN(n) or STD(n) key is disabled during determination of
High/Low values.

3.4.7.4 MEAN(n)/STD{n) Functions

3.4.7.4.1 Successively use key sequence SHIFT MEAN(n) or SHIFT STD(n) to enable
and disable the corresponding statistical funetion. Pressing SHIFT MEAN(n)/SHIFT
STD(n) automatically deselects the opposite function if enabled. Updating of the main
display for either statistical function only occurs after (n) samples have Deen executed.
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3.4.8 E‘;pecial Funetions

3.4.8.1 Table 3.14 lists the special functions available on the 1995/1596. All special
functions are designated by either a two or three-digit special function aumber {NN or
NN.N). In the table, special functions are organized by mutually exclusive groups shown
by lined sections. Selecting a member of one of these groups automatically deselects all
other speeial functions in that group. Storing a circled special function disables all
special functions in a group. Circled special functions may not be recalled.

3.4.8.2 Special Function Storage

3.4.8.2.1 Special function numbers must be entered into memory before special
functions can be enabled. Use the following key sequence to store, for example, special
funetion number 81: 81 SHIFT STORE SF.

3.4.872.3°  The digits for a special function number are shown on the main display as
the numeric keys are pressed. Once the number is stored, the counter automatically

returns to the measwrement mode. Storing a special funetion number overwrites other
numbers within its group.

3.4.8.3 Special Function Recall

3.4.8.3.1 Stored special functions are recalled to the main display using key sequence
SHIFT RECALL SF. The lowest special funetion number in memory will be shown first
on the display. Use the RESOLUTION keys () to scroll through the current set of
special function numbers.

3.4.8.4 Special Function Enabling/Disabling

3.4.8.4.1 Enable and disable stored special functions by successively using key
sequence SHIFT SF. The LED lights when special functions are enablied.

NOTE:

Storing & special function when special functions are enabled immediately
enables that special funection.
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Table 3.14 - Special Funetions (SFs)

— I SF Number

Function

0

No special functions. Storing SF0 erases all current special functions.

he recalled for display. SFO is present after power-up

SFO 1

Default for SF 21. Normal Inputs A and B
Inputs A and B exchanged

[0 ] )
WO —

Default for SFs 28, 29. Filter functions for both Inputs A and B

Filter key functions with Input A only
Filter key functions with Input B only

Default for SF 31. Continuous Auto-Trigger mode
Single-Shot Auto-Trigger mode

Default for SF 41. Read rate of 300 ms

Viaximum read rate

Default for SFS 51, 52. Normal statistics operation

Display highest value for (n) samples
Display lowest value for (n) samples

Uy i
v I ]

Default for SF 61. Automatic start/stop totalize
Manual start/stop totalize

70

Keypad test for front-panel LEDs. No'SF enabling
necessary; just store the SF to initiate the test

®

Default for SFs 80 - 90. No external arming, external gate, or synchrc

window auto-trigger (Syn. Wind. AT)
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Table 3.14 - Special Functions (Cont'd)

SF Number Function
External arming off
82.0 Ext. arming, (+) slope - Input A
82.1 } ~Input 8
82.2 - Input D, Zero~Crossing Trigger Level
82.3 1 - Input D, TTL-Crossing Trigger Level
(82.3 is the default for SFs 82.0 - 82.3)
83.0 Ext. arming, (-) slope -Input A
83.1 | - Input B
83.2 % - Input D, Zero-Crossing Trigger Level
83.3 -~ - Input D, TTL-Crossing Trigger Level
1 {83.3 is the default for SFs 83.0 - 83.3)
r External gate off
E 85.0 Ext. gate, start (+) stop (+) - Input A
' 85.1 -Input B
@ 85.2 l - Input D, Zero-Crossing Trigger Levels
: . 85.3 - Input D, TTL~Crossing Trigger Levels
| (85.3 is the default for SFs 85.0 - 85.3)
1 86.0 Ext. gate, start (+) stop (=) -Input A
{ 85.1 - Input B
§ 86.2 l ~ Input D, Zero-Crossing Trigger Levels
; 86.3 - Input D, TTL-Crossing Trigger Levels
§ (86.3 is the default for SFs 86.0 - 86.3) '
. 87.8 Ext. gate, start (-) stop (+) - Input A
j 87.1 -Input B
‘F 87.2 - Input D, Zero-Crossing Trigger Levels
i 87.3 - Input D, TTL-Crossing Trigger Levels
(87.3 is the default for SFs 87.0 - 87.3)
! 88.0 Ext. gate, start (-) stop (~) -Input A
: 88.1 - Input B
; 88.2 - Input D, Zero-Crossing Trigger Levels
: 88.3 - Input D, TTL-Crossing Trigger Levels
{88.3 is the default for SFs 88.0 - 88.3)
} Synehronous Window Auto-Trigger (Syn. Wind. AT) off
! 91.0 Syn. Wind. AT, start (+) stop (+) -Input A
91.1 [ - Input B
91.2 - Input D, Zero-Crossing Trigger Levels
91.3 . ! . -Input D, TTL-Crossing Trigger Levels
(81.3 is the default for SFs 91.0 - 91.3)
92.0 Syn. Wind. AT, start (+) stop (~) -Input A
892.1 -Input B
92.2 ‘ - Input D, Zero-Crossing Trigger Levels
92.3 Y ~Input D, TTL-Crossing Trigger Levels

{92.3 is the default for SFs 92.0 - 92.3)
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Table 3.14 - Special Functions (Cont'd)

SF Number ;‘ Funetion

83.0 . Syn. Wind. AT, start () stop (+) - Input A

83.1 g | - Input B

93.2 j i - Input D, Zero-Crossing Trigger |

93.3 | ~ Input D, TTL-Crossing Trigger 1
3 © {93.3 is the default for SFs 93.0 - 93.3)
3 94.0 | Syn. Wind. AT, start () stop (=) - Input A

94.1 1 - Input B

94.2 ‘ | - Input D, Zero-Crossing Trigger .

; - - Input D, TTL-Crossing Trigger [
1 (94.3 is the default for SFs 94.0 - 94.3)

NOTE:

When the main function of the 1995/1996 is changed, Special Functions 80 - 94 are
reviewed. If setup conditions are appropriate for the new function, they are
retained; if they are not, they are cancelled. The setup conditions, however, are
reactivated when the original function is reselected because of the counter's one

level of keyboard memory.
3.4.9 Error Codes
3.4.8.1 - Table 3.15 lists the error codes that fnay be displayed by the counter during local
operation either as "OP Error” or in the form "Error NN" where NN is a 2-digit code number.
Error codes will elear automatically after displaying for about 2-3 seconds.

Taﬁie 3.15 - Error Codes

Displayed Codes I Error
OP Error Key invalid in present machine state or key out-of-sequence
Errer 20 Input number cut-of-range
23 Phase measurement ratio out-of-range
24 Hardware ratio measurement ratio produced divide by zero
25 Internal totalize error
34 Display under flow
35 Display overflow
40 Non-Vol Memory error during calibration
41 Non-Vol Memory error-data verification failure of machine setup
store
42 Non-Vol Memory error-attempted recall of nonexistent machine
setup store
50 Normalize function error (R-X)Y/Z
51 Statistical calculation error
60 Internal self-test: RAM
61 Internal self-test: ROM
62 Internal self-test: Non-Vol Memory
63 Internal self-test: measurement amplifier failure
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Table 3.15 ~ Error Codes Cont'd)

Displayed Codes

Error

64
70
71
72
73
74
75
76
78
79
80
81

"82
83
99

-

Internal self-test: measurement logic failure
Floating point addition error

Floating point muitiplication error

Floating point division error

Floating point compare error

Floating point operation undefined

Floating point underflow

Floating point overflow

ASCI to floating point conversion error
Floating point to ASCI conversion error
Double precision compare error

Double precision to ASCI error

Double precision to floating point conversion error
Integer division by zero

Internal software error
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Table 3.16 ~ Non-Vol Memory Locations

Funetion/Description Location
Non-vol memory recall from 0-9 (-9
Non-vol memory store from 0-9 0-9 (see Notes)

NOTE 1:

Storing a setup (memory locations 0-9) requires & nominal 2-second wait after

keyboard entry.
NOTE 2:

Catibration constants can only be viewed when the unit is in the Check mode. Also,
calibration -constants are only stored during the CAL Store step of the calibration

procedure (see Section 6).

Recall calibration constants:

s e s

DAC constants

Input A slope multiplier

Input A slope offset

Input B siope multiplier
Input B slope offset

Input path constants
Input A start, hyst. low, offset
Input A start, hyst. low, hysteresis
Input A start, hyst. high, offset
Input A start, hyst. high, hysteresis
Input A stop, hyst. low, offset
Input A stop, hyst. low, hysteresis
Input A stop, hyst. high, offset
Input A stop, hyst. high, hysteresis

Input B start, hyst. low, offset
Input B start, hyst. low, hysteresis
Input B start, hyst. high, offset
Input B start, hyst. high, hysteresis
Input B stop, hyst. low, offset
Input B stop, hyst. low, hysteresis
Input B stop, hyst. high, offset
Input B stop, hyst. high, hysteresis

Time Interval constants
A-start, B-stop; A-positive, B-negative
A-start, A-stop; A-negative, B-positive
B-start, A-stop; A-positive, B-negative
B-start, B-stop; A-negative, B-positive

10
11
12
13

14
15
16
17
18
18
20
21

22
23
24
25
26
27
28
29

30
31
32
33

3=-37
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SECTION 4 SYSTEM OPRERATION

4.1 GENERAL PURPOSE INTERFACE BUS (GPIB)
4.1.1 Introduction
4.1.1.1 This subsection provides operating information for the 1$95/1996 using the GPIB

system interface. The IEEE-488-1978 interface permits remote control of all the counter’s
functions except POWER ON/OFF. Inputs and outputs are made via a standard 24-pin GPIB
connector (see Figure 4.1) on the rear panel. Pin location, signal line identification, and GPIB
operation comply with IEEE-STD-488-1978. The GPIB provides interface capability with other
instruments and a controller also using the interface-bus structure (see Figure 4.2). This figure
also shows signal line designations and pin assignments. IEEE-STD-488-1978 subsets available
are listed in Table 4.1.

"

Tl g wad b d T e e et b ot Lud
@ 1211149 98 76 5 4 3 21 ®

<< HBRNNBWPEIBRS >
Pin No. | Assignment Pin No. | Assipnment

1 . DIO1 13 DIO 5

2 . DIO 2 14 DIO 6

3 . DIO 3 15 DIO 7

4 . DIO 4 18 DIO 8

5 © EOI 17 REN

6 | DAV ' 18 GND, (6)

7 | NRFD 19 GND, (1)

8 . NDAC 20 GND, (8)

g S IFC 21 GND, (9)

10 | SRQ 22 GND, (10)

11 | ATN 23 GND, (11)

12 SHIELD 24 GND, (5 and 17)

Figure 4.1 - GPIB Connector (Rear Panel)
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HANDSHAKE —
ANDSHA - ‘ '\ \\ \
, ,
INTERFACE v l ‘; \\ \‘ L
CONTROLLER 1995/1986 X X
Pin Nomenclature Description
1 DIO-1 Data In/Out Bit 1 (LSB)

P2 DIO-2 Data In/Out Bit 2

i 3. -- | DIO-3 Data In/Out Bit 3 Data lines are used to

L4 DIO-4 Data In/Out Bit 4 transfer data from one
i3 DIO-5 Data In/Out Bit § instrument to another
14 DIO-§ Data In/Out Bit 6
15 DIO-7 Data In/Out Bit 7
16 DIO-8 Data In/Out Bit 8
6 DAV (Data Valid) Handshake lines operate
7 NRFD (Not Ready for Data) in a proper time sequence
8 NDAC (Not Data Accepted) for complete communication
' between instruments
5 EO! (End or ldentify)

I 9 IF C (Interface Clear) Interface lines are used to
10 SRQ (Service Request) provide an orderly flow of
11 ATN (Attention) information between units
17 REN (Remote Enable)

12 SHIELD
18 GND (6)
19 GND (7)
20 GND (8)
P21 GND (9)
.22 GND (10)
23 GND (11)
24 GND (5 and 17)

4-2

Figure 4.2 - Interface Signal Pin Assignments




4.2 GPIB DESCRIPTION

4.2.1 Refer to Figure 4.2. There are 24 lines available at the GPIB connector, including 16
signal and 7 ground return lines, and one shield. Al of the data bus lines are either input
or output lines, having the following characteristies:

Logic Levels: 1 = Low = <.8V
0 = High = 22.0V
Input Loading: Each input = one TTL load
Output: The output is capable of driving 15 interface bus loads.
It consists of an open-collector driver and is capable of
P sinking 48 mA with a maximum voltage drop of 0.5

volts. See the IEEE-488 Electrical Specifications.



~Table 4.1 - IEEE-488-1978 Standard Interface Subset Capability

GPIB
Subset Deseription Applicable Capability
SH1 : Source Handshake Complete Capability
|
AHL | Acceptor Handshake Compiete Capability
i
T5 | Talker Complete Capability
g {1) Basic Takker
1 (2) Serial Poll
; (3} Talk Only Mode
i (4) Unaddress if MLA
" w':I‘ED Extended Talker None
I
L4 i Listener Complete except Listen Only
; (1) Basic Listener
(2)  Unaddress if MTA
LEG Extended Listener None
SR1 | Service Reguest Complete Capability
RL1 Remote/Local Complete Capability
(1) REN - Remote Enable
(2) LLO - Local Lockout
~ (3) GTL ~ Go to Local
PPO | Parallel Poll No Capability
DC1 Device Clear Complete Capability
(1) DCL - Device Clear
(2} SDC - Selected Device
Clear
DT1 Device Trigger Complete Capability
GET - Group Execute Trigger
Co Controlier No Capability
El Open Collector Bus Drivers




. . . S ‘ il

4.2.2 “The signal lines shown in Figure 4.2 consist of three functionally separate
sets: Data, Handshake, and Interface.

4.2.2.1 Data - the data lines consist of DIO-1 to DIO-8. These lines are the signal
channels over which data flows between all instruments on the bus in bit-parallel, byte-
serial form.

4.2.2.2 Handshake - these three transfer lines consist of: DAV (Datas Valid), NDAC
(Not Data Accepted), and NRFD (Not Ready for Data). These lines provide
communication between GPIB bus members (i.e., between the instrument that is talking
and the instrument(s) that are listening) to synchronize the information flow across the
eight data lines. These lines derive their nomenclature from their meaning in the low or
1 state {e.g., when NRFD is low, the device is Not Ready for Data).

a. DAV - signifies that valid information is available on the data lines
b. NRFD - signifies that the instrument is not ready to accept information

c. NDAC - signifies that information is not accepted by the acceptor bus
device

4.2.2.3 Interface - these five interface lines coordinate the information flow on the
bus.

a. IFC (interface Clear) - places the instrument in the Idle state (i.e.,
Untalk, Unlisten)

b. ATN (Attention) - indicates the kind of information on the data lines
during a handshake transfer sequence. Low indicates data lines carry
- interface commands; high indicates that the data lines carry data

e. REN (Remote Enable) - arms the instrument to select Remote operation
when it's addressed as a listener

d. SRQ (Service Request) - signals the system eontroller that a peripheral
device or bus member wants attention for purposes such as transmitting
measurement, status, or condition information to the system controller

e. EOI (End or ldentify) - used for (1) signifying the end of a message and
(2) signalling bus peripherals to set the I/O bit assigned for parallel poil

identification
4.2.3 - GPIB Handshake
4,2.3.1 The handshake sequence is the process by which each data byte is

transferred from the source to the acceptor.



4.2.3.2 Refer to Figure 4.3. It shows the sequential relationship between the DAY,
NFRD, and NDAC lines used to transfer data bytes. Figure 4.4 shows the handshake flow

chart.
1ST DATA TRANSFER CYCLE 2ND DATA TRANSFER CYCLE
-~ A htd & h
NRED . Nl
NOAL \’-

Figure 4.3 - Handshake Sequence

LR
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SO ACTEPTOR

T

- Y

iy SET
NAFD, NDAC

LOW

SET DAV HIGH

READY
FOR
HANDSHAKE

¥

¥
ADD OR ALTER
oAatTA ON
D1J LINES
. Y
DELAY
i ) -
SET
NARFD
HIGH
B ¢ o
¥
3 NO« s bav Low
k
] SET DAV LOW CATA 1S VALID AND » YES
CAN BE ACCEPTED - 1
SET
i > NARFD
| LOW
i
- L
ACCEPT

DATA BYTE

) [y
] NDAC GOES HiIGH WHEN .
e ALL ACCEPTORS HAVE NDAC

ACLEPTED T HIGH

SET DAV HIGH

SET
NDOAC
LOwW

il Figure 4.4 -~ Handshake Flow Chart
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4.3 GPIB ADDRESS ASSIGNMENT

4.3.1 The 1995/1996 must be assigned an address as a bus member when operating
in a GPIB system. Assigning an address to the counter permits it to be "called up" by the
system controller or other resident bus device without interfering with it.

4.3.2 Table 4.2 provides the available numbers for programming the counter's
GPIB address and determining the various talk/listen address codes used in programming
the controller.

4.3.3 To program the counter's address, use kKey sequence {number> SHIFT STORE
ADDR where <(number> is any number from 00 through 30. To recall the counter’s
address, use key sequence SHIFT RECALL ADDR. To change the counter's address,
simply enter the new address. The new GPIB address will overwrite the old one. The
counter will automatically return to its measurement mode.

4.3.4 To enable the Talk-Only mode, just enter 99 as the new address. This will
not affect the counter's selected bus address (00 through 30), but will set the unit to
respond only as a talker (see Subsection 4.5.2 for details). To exit the Talk-Only mode,
just reenter the counter's selected bus address or a new bus address.

NOTE:

Printed instructions for address programming are found on the rear panel just to the right
of the GPIB connector.

4.3.5 . Observe in the table that the far right column lists the number addresses
that can be assigned to the counter. Once an address has been selected and stored, the
controller may then address the 1995/1996 as a talker/listener by transmitting the
appropriate ASCI character on the data lines. The "DATA LINES" ecolumn of the table
shows the 7-bit binary codes for every talk/listen address assigned to the counter. The
controller transmits these codes to the counter to establish its talker/listener status.

4.3.5 Note also in the table that there are two address codes for each GPIB
address number. Each code represents a different ASCII character. For example, if an
address of 02 is assigned to the counter, the talk address is ASCI character B and the
listen address is ASCI character ". The only difference in the binary code in each case is
the state of data lines D6 and D7.

4.3.7 The counter is preset at GPIB address 03 when shipped.



Table 4.2 - 1995/1996 GPIB Address and Taik/Listen Codes
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Table 4.2 ~ 1995/1996 GPIB Address and Talk/Listen Codes (Cont'd)

ASCH DATA LINES
CHARACTERS
Oy Dg 1 Dg 1 Dy} B3 1 Do 1 By | peaivaL
ADDRE
ACDRESS 55
TALK | LISTEN| TALK |LISTEN
16 | 8 4 2 1
0 1 1 0 0 ¢ | o0
............... Q 16
P 1 0 1 0 0 0| 0
1 0 1 1 0 | o o |1
....................................................................... 17
Q 1 0 1 0 2 {0 1
2 0 1 1 0 0 1 0
........................................................................ 18
R 1 o 1 0 o 1 0
T 3 0 1 1 o |l ol 31 1
.......... RPTOUUUDE DUDURSTTE PSS NI ABPUE SO FOUNUPS PR 19
S 1 0 1 01l 0 1 1
4 o 1 1 0 1 a0
......................................................................... 20
T 1 0 1 0 1 0| o
5 0 1 1 0 1 o | 1
o R TITTTrTE ) R i A A Y E T 7
U 1 " 1 0 1 0 1
6 0 1 1 0 1 1 0
................................................ becassehavranasfenasaadrarera 22
v 1 0 1 0 1 1 0
7 0 1 1 2 1 1 1
BASEREEEEES EEEEIEEREY AARAEALEE bbb A Ad Al (bt S R 23
W - 1 0 1 0 1 1 1
8 0 1 1 1 o {00
......................................... N R A A PP 24
X 1 0 1 1 ol o} o
9 0 1 1 1 0t o0 1
.......................................................................... 25
v 1 0 1 1 oo |1
: 0 1 1 1 0 1 0
T S Y R s SRR R LR 26
z 1 0 1 1 0 1 0
: 0 1 1 1 0 1 1
; .......... R L L R R L AR R R R R 27
S | 1 a 1 b 0 1 1
< 0 1 1 1 1 0ol o
.......................................................................... 28
\ 1 0 1 1 1 a ] o
= 0 1 1 1 1 0 1
.......................................................................... 29
] 1 0 1 1 1 0 1
> 0 1 1 1 1 1.1 0
......................................................................... 30
~ 1 0 1 1 1 1 0
NONE ILLEGAL ' Lom
;
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4.4 INTERFACE MESSAGE REPERTOIRE and RESPONSE
4.4.1 ~  Introduction

4.4.1.1 The 1995/1996 is equipped with a standard GPIB interface designed to meet
[EEE-STD-488-1978 specifications. These specifications provide a definition of multiline
interface messages, dividing them into two main groups:

a. Primery command group

b. Secondary command group
This counter ineludes only the primary commands in its interface repertoire,
4.4.1.2 The primary command group is further divided into four categories:

Listen address commands

a

b. Talk address commands
I Addressed commands

d

Universal ecommands
4.4.2 Listen and Talk Address Commands

4.4.2.1 The counter is designed to include 31 listen and 31 talk addresses. (Table 4.2
lists these addresses.) The instrument responds to address messages as defined by the
programmed GPIB address entered from the counter's front panel.

4.4.2.2 Listen Addresses

4.4.2.2.1 Receipt by the counter of a listen address makes it a listener. If previously
addressed to talk, the counter ceases to be a talker. In Loesl mode, the counter reverts
to its Remote state, provided the REN message is true.

4.4.2.3 Talk Addresses

4.4.2.3.1 Receipt by the counter of a talk address makes it a talker. If previously
addressed to listen, the counter ceases to be a listener. If in Local mode, the counter
will remain under loecal control.

4.4.2.4 Talk Addresses-Other Devices

4.4.2.4.1 If the counter was previously addressed to talk, then receives the talk
address of another bus device, the 1995/1996 ceases to be a talker.

4.4.3 Addressed and Universal Commands
4.4.3.1 Table 4.3 lists the Addressed and Universal commands to which the
1995/1996 responds. These interface commands are recognized because they are sent

with the ATN message as true. The following paragraphs describe the counter's response
to each of these commands.
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fable 4.3 - Addressed and Universal Commands

B | Hex Decimal | Data Line Code
Message Meaning Code Equivalent 7165413
GTL Go To Loeal 01 1 010103010
SbC Selected Device Clear 04 4 o |0 |00 1
GET Group Execute Trigger 08 8 600,110
LLO | Local Lock Out 11 17 g 101010
DCL | Dévice Clear | 14 20 o {0101
SPE Serial Poll Enable 18 24 0o ;01 ;1,0
SPD Serial Poll Disable |19 25 oo |1lt]o |
UNL Unlisten 3F 63 0 (1 1|11 |
UNT Untalk 5F 95 11011111 1
]
4.4.3.2 Go To Local (GTL)

4.4.3.2.1 . Provided the counter is in remote and a listener, it reverts to local
operation.. The counter remains addressed to listen. It now operates by front-panel
controls, until returned to remote control by receipt of the first byte of a device-
dependent message. The decimal and hex equivalents are both 01. When in local, the
SRQ LED is always off.

NOTE:
If the counter is in a funetion having no equivalent in local operation, upon receipt of a
GTL command, it will default to home state conditions. These functions include:
hardware ratios B/A, A/C, B/C; totalize A or B by gate time; and totalize A or B by D.
4.4.3.3 Selected Device Clear (SDC)
4.4.3.3.1 Provided the counter is in remote and a listener, it reverts to home state.

The condition of the GPIB interface remains unchanged. The decimal and hex
equivalents are both 04.
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4.4.3.4 ~ Group Execute Trigger {(GET)

4.4.3.4.1 Provided the counter is a listener and no measurement is in progress, it
executes a previously programmed measurement and, if the SRQ mask is set, issues an
SRQ command at completion. The GET command permits several bus devices to
simultaneously perform a number of different operations. (ALl bus members have been
previously programmed to perform a function on receiving the GET command or trigger
command.) The decimal and hex equivalents are both 08.

4.4.3.5 Loeal! Lockout {LLO)

4.4.3.5.1 The ecounter responds to the LLO command regardless of its addressed
state. The LLO command disables the LOCAL key on the front panel. By issuing a GTL
command, the counter is returned to local contrcl. However, if the counter is returned
to, remote operation, the local lockout condition is still active. The only way to
deactivate the LLO condition is to turn off the counter.

4.4.3.6 Device Clear (DCL)

4.4.3.6.1 Same as the SDC command, except that all bus devices in remote are put in
home state. The counter responds to this command regardless of its addressed state.
The decimal and hex equivalents are 10 and 14, respectively.

4.4.3.7 Serial Poll Enable (SPE)

4.4.3.7T.1 This command permits all bus members, including the counter, to set their
SRQ line to binary 1, informing the controller that attention is required. For the
1995/1996, bit 7 of the status byte is set. Each bus member, having been made a talker,
is then serially interrogated by the controller to determine which bus member(s)
requested.service and the purpose of each request. Bus members respond by transmitting
their respective status bytes to the controller. All members respond to.the SPE
command regardless of their addressed state. The function and format of the
1995/1996's SRQ status byte is desceribed in Subsection 4.7. The decimal and hex
equivalents are 24 and 18, respectively.

4.4.3.8 Serial Poll Disable (SPD)

4.4.3.8.1 - This command returns all bus members to normal operation after completion
of a serial poll. All bus members respond to the SPD command regardless of their
addressed state. If addressed to talk, a bus deviee will put its data output string on the
GPIB, provided such data is available in its output buffer. The decimal and hex

equivalents are 25 and 19, respectively.
4.4.3.9 Untalk (UNT)

4.4.3.8.1 This universal command instructs all talkers, ineluding the counter, to return
to their untalk or talker-idle state. All bus members are also removed from their talker
state whenever a talk address other than their own is received. In the Untalk state, the
front-panel ADDR LED is turned off. The decimal and hex equivalents are 9 and 5F,
respectively.
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4.,4.3.10 Unlisten (UNL)

4.4.3.10.1 This universal command instruects all listeners, including the counter, to
return to their unlisten or listen-idle state. In the Unlisten state, the front-panel ADDR
LED is turned off. The decimal and hex equivalents are 83 and 3F, respectively.

4.5 GPI8 OPERATING MODES
4.5.1 Introduction
4.5.1.1 Before operating the counter on the GPIB, ensure that the instrument has

been assigned its correct bus address (see Subsection 4.2) and that the correct AC line
voltage has been selected (see Subsection 2.7.3). The last instruction is especially
important if the 1995/1996 is being used for the first time or at a new location.

- —-——

4.5.1.2 The 1995/1996 can be operated on the GPIB in either its Talk-Only or
Addressed mode.

4.5.2 Talk-Only Mode

4.5.2.1 To set the counter in this mode, enter counter address 99.

4.5.2.2 The Talk-Only mode may be used in systems not having a controller. Such a

system permits remote reading of counter measurement data, however, the instrument is
controlled from the front panel {see Section 3).

4.5.2.3 The counter determines the rate at which measurements are made. The
output buffer is updated at the end of eaeh measurement cycle, overwriting the previous
measurement data if not transferred to the listener.

4,5.2.4 The listener triggers the transfer of data from the counter. The counter's
output buffer is cleared when data transfer is completed.

4.5.2.5 ‘Differences between the measurement rate and data transfer rate are
resolved as follows:

a. If data transfer is in progress at the end of a measurement cycle,
updating of the output buffer is delayed. Data transferred will
correspond to the previous measurement cycle

b. If data transfer trigger occurs during a measurement cycle and the
output buffer is empty, data transfer is delayed until the buffer is
updated. Data transferred will then ecorrespond to the latest
measurement cyele

e. If a measurement cycle is completed before any byte from the
previous cycle has been transferred to the listener, the buffer will be
updated.
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4.5.2.8 Vieasurement rate in the 1995/1996 can be controtled in the following ways:

a, The gate time can be controlled by selecting an appropriate disptay
resolution or setting a specific gate time

b. A time interval delay can be set using the range of 200 ns to 100 s

e, The counter can be operated in the Hold mode (single-shot
measurements), Readings are displayed indefinitely in Hold until the
RESET key is pressed, initiating a new measurement cycle

4,5.3 Addressed Mode

4,5.3.1 In the Addressed mode, all of the counter's functions {except POWER
ON/OFF) can be controlled using device-dependent commands (see Subsection 4.8.2).
These commands are sent over the GPIB after the counter has been addressed to listen.
Completed measurement readings and counter status information are then read back over
the bus after the counter has been addressed to talk. If the counter is addressed to talk
when its output buffer is empty, no data transfer will occur and bus activity will cease.
Data transfer will start again after the output buffer is updated at the completion of the

next measurement cycle.

4.6 OUTPUT MESSAGE FORMAT (TALKER)
4.6.1 Introduetion
4.6.1.1 Refer to Tables 4.4 to 4.7 for the following:

a. Table 4.4 - Message formats for the various 1995/1996 measurements
- and "one-time” (recall) outputs

b. Table 4.5 - Basic 23-byte output format
c. Table 4.6 - Alpha header output codes
d. Table 4.7 - High speed data cutput format

4,6.1.2 Measurement units should be assumed as hertz, seconds, degrees, or a ratio,
depending on commands previously sent to the counter.

NOTE:

An SRQ message is not sent by data recall from the counter's stores.



b

~Table 4.4 - Measurement and "One-Time”" Output Formats

Output

Format

Measurement Outputs (see NOTE 1)

Reading (with/without math, statistics)

Standard Deviation and Mean

Mean, High, and Low

"One-Time" (Recall) Qutputs (see NOTE 2)

Data Recall (e.g., gate time, math constants,
TI delay, and calibration constants)

A and B Trigger Levels

-

A and B Trigger Peaks
(V max., ¥ min}

Learn Mode

Error Message, Identification, or String

A single 23-byte output-see
Table 4.5

A double 23-byte output (i.e.,
two numerie fields,
with/without headers, separated
by a ecomma, and terminated by
a CRLF)

A triple 23-byte output (i.e.,
three numerie fields,
with/without headers, separated
by commas, and terminated by
a CRLF)

A single 23-byte output-see
Table 4.5

A double 23-byte output (i.e.,
two numerie fields,
with/without headers, separated
by a comma, and terminated by
a CRLF)

A double 23-byte output (i.e.
two numeric fields,
with/without headers, separated
by a comma, and terminated by
a CRLF)

A 200-byte ASCH~formatted
output sent and readable only
by the counter

Variable number of ASCII bytes,
null, CR, and LF

NOTE 1:

The statistics and math outputs will be the result of the calculation with the alpha
header code of the function measurement. For special output (SO1), the first
measurement will have the alpha header code of the normal measurement, and the
secor)xd and third readings will have the alpha codes from Table 4.6 (e.g., "H" header for
High).
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"One-Time" (recalled) date commands must be entered in outputs by themselves.
(Refer to Input Commands tabulated in Subsection 4.8 and identified with an
'-sl asterisk(*), When data is recalled, it will be placed in the buffer only once. The
i output buffer will then default to the previously entered measurement only after the

recalled data is read by the controller or the counter is programmed with a new
command. Recalled data will not generate an SRQ command.

.

I 55
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Table 4.5 - Basie 23-Byte Output Format

Byte No. Interpretation Permitted ASCIH Characters Notes
1 Space Spaces are
transmitted

2 Alpha header code

(See Table 4.6). If

turned off using the

HDO command, this

byte wili be a space E
3 Space
4 [ Measurement Sign + or -
5 _l Most significant digit 0tod Bytes 5 to 19 :
6 Digit _ DtoBor. will always i
7 inelude 14 digits |
8 (i.e., the g
9 mantissa) and :
10 decimal point. |
11 The numerie |
12 field (bytes 4 to |
i3 23} is in j
14 seientific *;
15 notation. Zero's |
16 are added as i
17 necessary in the |
18 less significant |
19 | 1 digit positions. i
20 Exponent indicator E i
21 Exponent Sign +or -~ |
22 More significant digit dtod |
23 | Less significant digit 0to9 ,

CRor,

(LF)

Commas are
used to separate
rnultiple numeric
field outputs.
Used as a final
output termina~
tor. CRLF is
the final output
terminator in the
buffer. The ECI
is always given
with LF. No
EOIl is given if
high speed mode
is enabled
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Table 4.6 — Alpha Header Output Codes

T

T

wué

Function/Operation Header Funetion/Operation Header
Frequency C ¥ Ratio B/A (software) R
Frequency A F Ratio C/A (software) R
Period A S Ratio A/B {hardware) R
Time Interval A—~B S Ratio B/A (hardware) R
Time Interval A-—»3B Ratio C/B (hardware) R

with delay T Ratio C/A (hardware) R
Totalize A by B T Rise Time B R
Ratio A/B (software) R Fall Time B S
Ratio C/A {software) R Positive Pulse Width B 3
Rise Time A S Positive Pulse Width B S
Palt Time A S with delay S
Positive Pulse Width A S Negative Pulse Width B S
Positive Pulse Width A Negative Pulse Width B

with delay S with delay S
Negative Pulse Width A S Phase Brel A P
Negative Pulse Width A Duty Cycle B U

with delay S Slew Rate B 3
Phase A relB P Display Mean M
Duty Cyele A U Display High H
Siew Rate A S Display Low L
Additional Functions Reecall A trigger level A
Frequenecy B F Recall B trigger level B
Period B S Recall Peaks-Vmax, A or B v
Time Interval B-~A S Reeall X (Offset) X
Time Interval B-~A Recall Y (Normalize) Y

with delay S Recall Z (Scale) Z
Manual Totalize B (software) T Recall Calibration
Manual Totalize B (software} T Constants C
Totalize Bby A T Recall n value N

AbyD T Recall Gate Time G

Bby D T Recall Delay Time D

1 A by gate T Transmit Time Out O
NOTES:

1. Ingeneral, the following Header Codes precede the listed functions:

F-Frequency measurements
S-Time measurements (seconds); rise/fall times; pulse width
P-Phase measurements
R-Ratio measurements
U-Duty Cycle measurements

T-Totalize measure

ments
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Table 4.7 - High Speed Data {(ASCII) Output

ASCIHE Format Yalue Range
p#0.apannnnnnnanannE# ddCRLF 0.1 to 0.6999999599949599
p#N.annnnnannnnnnanE#ddCRLY 1.0 to 9.99999998999999
p# NN.annnnannnnnnnnE #ddCRLF 10.0 to 99.9999599995989
b#NNN.nnnnnnnnnnnnnE # ddCRLE 100.0 to 999.999999959992

® ®
® [
® ®
HENNNNNNNNNNNNNNNN.E4ddCRLE|1060000000000000.0 to 94$99999999995999.9
b#N.annnnnnnnnnnnnnE#ddCRLF Any other number
1 where: b = blank space e = decimal point
[ # = ~or+t E = exponent
i N = digit d = ten's exponent digit
| n = the fractional part CR = carriage return
1 LF = line feed
L
NOTE:

No SRQ requests are generated when in the high-speed mode.

© 4.7 SERVICE REQUEST (SRQ) AND STATUS BYTE
- 4.7.1 Introduction
L 4.7.1.1 An SRQ may be transmitted by the 1995/1996 whenever:
o : W An error occurs
b. A measurement is completed
. A timeout occurs
4.7.1.2 The seventh bit in the SRQ and status byte is set to a binary 1. One other

bit, indicating the status or type of service requested, is also set. If an SRQ is not
enabled, this other bit is still set - even if the seventh bit is not. Refer to Table 4,8
which shows the format for the counter's status byte. The front-panel SRQ LED lights
when the SRQ is asserted.
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Table 4.8 - Status Byte Format

Bit No. Bit Weight Function
1 {LSB) 1 Unused
2% 2 1 = External frequency reference
in use; no SRQ issued
3 4 Unused
4** 3 1 = Timeout has oeccurred
5% 16 1 = Reading ready; no SRQ issued for re-

called data; bit is cleared when
measurement is output or when buffer

is flushed
G** 32 1 = Error condition exists
M 64 = Service requested
3 . 128 Unused

Serial poll alone will not elear this bit
Serial poll alone will clear this bit

+*
+*
it

NOTE:

Controllers vary as to positional designation of status-byte bits. Bytes are indexed
in two ways: 1 through 8 with bit 1 having a weight of 1 and bit 8 having a weight
of 128 {as for the 1995/1996) or 0 through 7 with bit 0 having a weight of 1 andbit
7 having a weight of 128.

4.7.1.3 The counter's SRQ status byte can be conveniently masked to indicate the
type of information. This feature is achieved using the Service Request Mask command
(Q@Mn) where the value of n is the loaded bit weight (i.e., binary value) - see Table 4.8~ in
the range of 0 to 255.

EXAMPLE:

If the user wants an SRQ message when (1) a timeout has oceurred, and (2) an error
condition exists, the correct SR@ Mask command that would generate this would be
QM40 (8 + 32). Then by reading the SRQ status byte, bits 4 and 6 can be tested to
determine which one caused the SRQ message.

4.7.1.4 The Service Request Mask command QMO0 will disable all SRQ messages.

4.8 INPUT COMMANDS (LISTENER)
4.8.1 Introduction
4.8.1.1 The 1995/1996 responds to device-dependent commands in a "deferred"

manner. This means that the GPIB interface continues to accept commands until the
terminating character (LF) is received, then the entire string is executed. There is no
"immediate" mode in which commands are obeyed as they are received.

4.8.1.2 The counter clears all data in its output buffer upon receiving a device-
dependent command. Recalled data and single measurements, therefore, should be read
immediately after the command is sent to program the counter.

4-21



4,8.2 Device-Dependent Commands

4.8.2.1 When the counter is addressed te listen, it can be controlied {except POWER
ON/OFF) by device-dependent commands. These commands are tabulated below:
a. Table 4.10 - Counter Initialize Code g. Table 4.19 - Input Control Codes
b. Table 4,12-Measurement Function Codes h. Table 4.20 - Arming Codes
e. Table 4.15-Math Codes i. Table 4.21 - Learn Codes
d. Table 4.16-Memory Codes j. Table 4.22 - Measurement Mode Codes
e. Table 4.17-Statisties Codes k. Table 4.23 - Misceilaneous Cecdes
f. Table 4.18-Gate/Delay Codes 1. Table 4.24 ~ Calibration Codes
4,8.2.2 In general, device-dependent commands are executed sequentially beginning

with the first one sent, and ending with the last. However, to ensure expected results, it
is recommended that the following commands be sent in a separate string: IN (Initialize),
RE (Start New Measurement), SMn (Non-Vol Store to Memory, 0-8), and TG1, TG2, TG3
 {Qutput Trigger/Peak Levels).

4.8.2.3 If more than one command is to be sent, no delimiters are reguired. 1If
necessary, commas, spaces, and semicolons may be included as delimiters in the
commang strings for elarification without affecting counter operation. Alpha characters
in & command string may be upper or lower case. Each command string must be followed
by an end-of-string terminator group. Table 4.9 summarizes the valid terminator groups.

Table 4.9 - Valid Terminators

1 2 3

LF CRLF CRLF
EOI True

NOTE:

Data cutput terminators are
CRLF
EOI True
in both standard and high-speed
data output modes

4.8.2.4 Table 4.10 provides the counter initialize code for the 19985/1996.

Table 4.10 - Counter Inttialize Code

Function Code

Initializes counter {unctions/settings IN
to home state

4.8.2.5 Some of the device—dependent commands in the following tables require
additional numeriecal input data. Such numerical input succeeds its command. "One-
time" (recall) outputs are noted by an asterisk(*). Finally, home-state commands {at
power-on, after an IN command, or after a diagnostic IST command) are underlined.
Refer to Table 4.11 as required for the numerical input format.
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l Table 4.11 -~ Numerical Input Format

Byte No. Interpretation Permitted ASCI Characteristics

} 1 Mantissa +or -
: 2 Most significant digit 0tod

3 Digit

4

5

6

7

8

9
i v 1(1“ !
{ 11 s
A 12 1

13 z

14 ‘

15 |

16 Y

17 Least significant digit Y

18 Exponent indicator E

19 Exponent sign +or -
_ 20 Digit 0tod
? 21 Digit 0to9

| -§]
NOTE 1:

The valid syntax for the numerical input value tabulated above is:

i [+ or -] <H digits> [ J<I digitsy [E[+ or -1 <1 or 2 digitsd]
; where 1{= H + 1{= 16. Characters inside the brackets are optional.

This format is valid for all numerical inputs including measurement functions (e.g.,
gg EN10=FN1E1l). For enable/disable (i.e., toggle) commands (e.g., CKO0/CK1 command),
zero (CK0) will turn the command off; and any other valid numeric
input (CK+1, CK55.09e-7) will turn the command on.

NOTE 2:

The use of a floating point deecimal increases the number of characters in the string from
16 to 17.

} NOTE 3:
I Leading zeros in the mantissa and/or the exponent are ignored.
1 NOTE 4:

Byte one may be omitted and a positive mantissa assumed.
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N NOTE 5:

Bytes 2 to 17 may have up to 16 significant digits and a decimal point. The decimal point
is not essential. After entry of 16 digits (without a decimal point), additional digits are
ignored and & GPIB programming error is generated. Non-significant zeros will still
inerease the power-of-ten stored. Also, if fewer than 16 gigits are required, unused
bytes may by omitted.

NOTE 6&:
Spaces or nulls are always ignored.
NOTE 7:

Bytes 18 to 21 (exponent group) may be omitted. Also, byte 19 may be omitted or
transmitted as a space (a positive exponent should be assumed in either case).

NOTE 8:

Numbers may be terminated by one of the same terminators used for output messages, or
by another device-dependent message.

NOTE 9:
Units are implied; volts for trigger levels, seconds for gate/delay times.

4.8.2.6 Table 4.12 presents the measurement function codes for the 1995/1996.
Functions FN1 through FN18 are front-panel selections. Functions FN19 through FN45
are selected either as front-panel special funetions or are unavailable from the
keyboard. When the controller programs one of the functions (FN1-FN45), external
arming, external gating, and synchronized window auto-trigger (SWAT) are turned off if
invalid for the new function. If an invalid channel is programmed for a function, the
ecommand is ignored and arming, gating, or SWAT default to the off condition. No error
is generated for this type of programming.

Table 4.12 - Measurement Function Codes

Funetion Code
Frequeney C FN1
Frequency A FN2
Period A FN3
Time Interval A B FN4
Time Interval A B

with delay FN3
Totalize A by B FN6
Totalize Aby B

with delay FN7
Ratio A/B (software} FN8
Ratio C/B (software) FNS
Rise Time A FN10
Fall Time A FN11
Positive Pulse Width A FN12
Positive Pulse Width A

with delay FN13
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Table 4.12 - Measurement Function Codes (Cont'd}

513 5 - Funection Code
3 Negative Pulse Width A FN14
z Negative Pulse Width A
1 with delay FN15
Phase A rel B FN16
Duty Cycle A FN1T
Slew Rate A FN18
Frequenecy B FN1%
Period B FN20
Time Interval B—A FN21
Time Interval B—+A g
; . - with delay i FN22
1 . Meanual Totalize A FN23
A Manual Totalize B FN24
Totalize B by A . FN25
1 Bby A
i with delay FN26
’ | A by D (TTL) FN2T
- B by D(TTL) FN28
; A by gate time FN29
4 ! B by gate time FN30
Ratio B/A (software) FN31
z C/A (software) FN32
A/B (hardware) FN33
B/A (hardware) FN34
: C/A (hardware) FN35
3 - Y C/B (hardware) FN36
: Rise Time B FN37
‘ Fall Time B FN38
3 : ‘1 Positive Pulse Width B FN39
il Positive Pulse Width B
with delay FN40
kT Negative Pulse Width B FN41
J Negative Pulse Width B
' with delay FN42
: Phase B rel A FN43
: } Duty Cycle B FN44
Slew Rate B FN45
4
NOTE 1:

Either "FU" or "EN" can be used for the above measurement funetion codes.
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NOTE 2:
All measurement function codes are mutually exclusive.
NOTE 3:

For FN23 and FN24 (Manual Totalize), refer to the Gate codes to start and stop a
measurement.

4.8.2.7 Table 4.13 provides the predefined (forced) setting by functions. The Phase
Angle, Duty Cyecle, and Slew Rate settings are automatically selected, but can be
modified by the controller. In addition, for programming selection of Duty Cyecle and
Slew Rate settings, use the following guidelines:

a. To change from positive Duty A(B) to negative Duty A(B), program
slope A(B) to minus using control code AS1

b. To change from positive Slew Rate A(B) to negative Slew Rate A(B),
program slope A(B) to minus using control code AS1

NOTE:

The COMMON settings shown in the table for Phase Angle, Duty Cycle, and Slew Rate
cannot be modified by the controller.
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Table 4.13 - Predefined {(Forced) Front-Panel Settings

Funetion Common | Slope A | Slope B | DC (A and B) | Auto-Trig A | Auto-Trig

Rise Time A On + + DC On Oon
Rise Time B On + + pC On On
Fall Time A On - DC On On
Fall Time B On - - DC Cn On
Pos. Pulse Width A On * - DC. On On
Pos. Pulse Width B On + DC Cn On
Neg. Pulse Width A On - + bC On On
Neg. Pulse Width B On + - bC On On
Phase Arel B Off + + DC On

Phase Brel A Off + + DC On

Duty Cyele A On + - DC On

Duty Cyele B On - + DC On
Slew Rate A On + + DC On

Slew Rate B On + + DC On
Man. Totalize A

{software) On Off
Man. Totalize B

{software) On. Off

Totalize A by Gate On Off
Totalize B by Gate On Off

Totalize Aby D On Off
Totalize Bby D On Off

NOTE 1:

-

When Common mode is on and the function is controlled by Input A {e.g., Frequency A,
Ratio A/B), Input B autotrigger and attenuator commands are disregarded. Also in this
mode, Input B levels will be ignored if Input A (and therefore B) auto-trigger is on.
Similarly when the Common mode is on, and the function is controlled by Input B, Input A
auto-trigger and attenuator commands are disregarded. No error is generated for this
kind of inconsistent programming.

The auto~trigger must be turned off before entering a manual trigger level.

4.8.2.8

NOTE 2:

funetion. External arming and gating are mutually exclusive commands.

Table 4.14 indicates the valid channels for external arming and gating by
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Table 4.14 - Valid Channels for External Arming/Gating

Function Valid Channels
Frequency C A, B, D-TTL, D~Zero Crossing
Frequency A, Period A B, D-TTL, D-Zero Crossing
Frequency B, Period B A, D-TTL, D-Zero Crossing
Time Interval A to Bf; B to AT D-TTL, D-Zero Crossing

Totalize & by Bf; Bby A7

Totalize A by internal gateT; B by
internal gate{

Rise Time A+; Rise Time B¥

Fall Time At; Fall Time B¥

Positive Pulse Width At; Positive

Pulse Width B+

Negative Pulse Width AT; Negative

Pulse Width B~

Slew Rate AT, Slew Rate B¥

Hardware Ratio A/B; Hardware Ratio B/A

Hardware Ratioc C/B; Hardware Ratio C/A Y

Software Ratio A/B; Software Ratio B/A None

Software Ratio C/B; Software Ratio C/A

Duty Cyele A; Duty Cycle B

Phasge A relB:; Phase Brel A

Totalize A by D; Totalize Bby D .

Manual Totalize A; Manual Totalize B ¥

NOTE 1:

The dagger (f) indicates a function for which external arming is valid; external gating is
invalid.

NOTE 2:

Valid channels for Synchronous Window Auto-Trig(SWAT) are identical to those for
external arming/gating, except for Frequeney C. SWAT is disallowed in Frequency C.

NOTE 3:
If an invalid channel is programmed for & function, the ecommand is ignored and arming,

gating, or SWAT default to the off condition. No error is generated for this type of
programming.
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Table 4.15 - Math Codes

T ) Store Scale {value) (Z)

Recall Scale

Function Code

Disable Math MD6

Enable Math MD1

Store Offset (value) (X) MO (value>
{home state=0)

Recall Offset RO *

Store Normalize (value) (Y) MN {valued
(home state=1)

Recall Normalize RN *
MS (valued

(home state=1)

RS *

NOTE:
The math constant range for offset X, normalize Y, and scale Z is: +0.0000000601E-9 to
+9999999999ES. '
Table 4.16 - Memory Codes
_ Fumetion/Description Code
RMO-8

Non-vol memory recall from 0-9
Non-vol memory store from 0-9

SM0-9 (see Notes)

NOTE 1:

NOTE 2:

SMO0-9 requires a 2-second wait after programming.

If the counter is in a function having no equivalent in local
operation, this function cannot be stored in non-vol memory. These
functions include: hardware ratios A/B, B/A, A/C, B/C; totalize A
or B by gate time; and totalize A or B by D-.

Recall calibration constants:
DAC constants
Input A slope multiplier
Input A slope offset
Input B slope multiplier
Input B slope offset

Input path constants
Input A start, hyst. low, offset

RC10*
RC11*
RC12*
RC13*

RC14*
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- Table 4.16 - Memory Codes (Cont'd)

Funetion/Description Cede

Input A start, hyst. low, hysteresis RC15*

Input A start, hyst. high, offset RC16*

Input A start, hyst. high, hysteresis RC17*

Input A stop, hyst. low, offset RCig*

Input A stop, hyst. low, hysteresis RC1g*

Input A stop, hyst. high, offset RC20*

Input A stop, hyst. high, hysteresis RC21*

Input B start, hyst. low. offset RC22*

Input B start, hyst. low, hysteresis RC23*

Input B start, hyst. high, offset RC24%*
- Input B start, hyst. high, hysteresis RC25%

Input B stop, hyst. low, offset RC26*

Input B stop, hyst. low, hysteresis RC27*

Input B stop, hyst. high, offset RC28*

Input B stop, hyst. high, hysteresis RC29*
Time Interval constants

A-start, B-stop; A-positive, B-negative RC30*

A-start, A-stop; A-negative, B-positive RC31*

B-start; A-stop; A-positive, B-negative RC32*

B-start, B-stop; A-negative, B-positive RC33*

Table 4.17 - Statisties Codes

Punetion/Description Code
Store n value = 100 SVo
Store n value = 1000 SV1 |
Store n value, where value = 2 to 9899 3V {value> :
Recall n value RV * |
Disable standard deviation SDo

Enable standard deviation
Disable mean

Enable mean

Special output disable
Special output enable

sh - turns off mean

SAD
SA1l -turns off standard
deviation

s00

S01 -and enable
standard deviation
(SD1) will output
standard deviation

and mean; and enable
mean (SA1) will cutput
mean, high, and low

i
f
!

*
l
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Table 4.18 - Gate/Delay Codes

Function/Description Code
Gate Open - used only to start software manual totalize GO
Gate Close - used only to stop software manual totalize GC
Gate Time Adjust - enters gate time {value) GA (value

where {value>range = 200ns to 100 s;
home state value = 10 ms; and a value
of 0 = a single event reading

Recall Gate Time RG*

Delay Time Adjust - enters delay time {value) DA {value>
where {valueyrange = 200 ns to 100 s;
home state value =1 ms

. .. Recall Delay Time RD *

4.8.2.9 To use software manual totalize (FN23 or FN24), enter the following 3
commands in order:

a. FN23<CR LF)> - sets up the manual totalize (A) funetion and turns on
the Hold LED

b. GO {CR LF)> -opens the gate to start the readings. Data can be
read from the counter at this point

e. GC{CR LF) - closes the gate, turns on the Hold LED, and puts the
last reading in the buffer. The last reading can be
read from the counter

To restart the measurement at zero enter:

RE GO<{CR LF>

To continue the measurement count enter:

GO (CR LF>
NOTE:

If a new function is entered, the single measurement mode will still be in effect.

4-31



- Table 4.19 — Input Control Codes

Function/Description Code
Trigger Level A Set AT {value>
Trigger Level B Set - home state value is 0 BT {value)
Auto-Trig off (A and B) ATUD
Auto-Trig on (A and B} AU1
Auto-Trig Input A off AD2
Auto-Trig Input A on AU3
Auto-Trig Input B off AU4
Auto-Trig Input B on AUS
Contihudus Auto-Trig STO
Single Auto-Trig - use AUL, 3, oF 5
to start a single autotrigger process ST1
Coupling Input A to DC AAD
Coupling Input A to AC AAL
Coupling Input B to DC BAD
Coupling Input B to AC BA1
Slope Input A Positive ASQ
Slope Input A Negative AS1
Slope Input B Positive BSo
Slope Input B Negative BS1
Attenuationinput A X1 AX0
Attenusation Input A X 10 AX1
Attenuation Input A X 50 AX2
Attenuation Input B X1 BX0
Attenuation Input B X 10 BX1
Attenuation Input B X 50 BX2
Impedance Input A to 1 Mohm AZD
Impedance Input A to 50 ohms AZ1
Impedance Input B to 1 Mohm BZ0
Impedance Input B to 50 ohms BZ1
Fiiter Input A off AFO
Filter Input A on AF1
Filter Input B off BF0Q
Filter Input B on BF1
Hysteresis off SEQ
Hysteresis on SE1
Common off (Separate mode} CMo
Common on CM1
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Table 4.20 -~ Arming Codes

Funection/Description Code
External Arming Disable - internal arming enabled is home XAD
state
External Arming Input A XAl
External Arming Input B XAZ
External Arming Input D - Zero Crossing XAZ
External Arming Input D - TTL XA4
Arming Slope Positive XAS
Arming Slope Negative XAS6
External Gate Disable - internal gate enabled is home state XG0
(see code GA) -
_External Gate Input A XG1
External Gate input B XG2
External Gate Input D-Zero Crossing XG3
External Gate Input D-TTL XG4
Gate Slope Start-Negative; Stop-Negative XG5
Gate Slope Start-Positive; Stop-Negative XGb
Gate Slope Start-Negative; Stop-Positive XG7
Gate Slope Start-P ositive; Stop-Positive XG8
Synchronous Window Auto-Trig (SWAT)
SWAT Disable XS0
SWAT Input A XS1
SWAT Input B X582
SWAT input D-Zero Crossing X353
SWAT Input D-TTL X84
SWAT Slope Start-Negative; Stop-Negative XS5
SWAT Slope Start-Positive; Stop-Negative X56
SWAT Slope Start-Negative; Stop-Positive X387
SWAT Slope Start-Positive; Stop-Positive X538

Table 4.21 ~ Learn Codes

Funetion/Description

Code

Send Machine Setup - Learn
Receive Machine Setup ~ Learn

SL *

RL {total machine state string~
200 ASCII bytes); string is
readable only by the counter

Table 4.22 - Measurement Mode Codes

Function/Description Code
Continuous Reading Mode MMO
Single Reading Mode-use RE code to MM1
trigger a new measurement




- Table 4.23 - Miscellaneous Codes

4-34

Funetion/Description Code
Check Off CKG or CHO
Check On CK1 or CH1
Front Panel Display Disable (turns off DRO
front panel measurement display)
Front Panel Display Enable DR1
Turns Off Prefix Output Header HDO
Turns On Prefix Output Header HD1
{e.g., "F" for frequency)
High Speed Output Disable-defaults to previous HS0
autotrigger mode (single/eontinuous)
High Speed Output Enable-forces continuous HS1
measurement mode, turns off statisties,
takes single-shot auto-trigger, and no
SRQ is given. No data can be recalled at
this time
Transmit Hardware Identification~that is, Do *
_ "RD 1995" or "RD 1996"
Transmit Software Identification version ID1 *
that is, 2.1 or other number
Internal Self Test-output of (space
CR LF > means a successful test. IST
Utherwise, outputs an error message.
Counter returns to power-up state on exit
Set SRQ Mask-where {(value)=0 to 255; QM Cvalue>
home state=255; and QM0 code
disables all SRQ commands
Start New Measurement-triggers new RE
reading in single measurement
mode
Program Timeout, Gate Closed home state value TC<value>
is 500 seconds (see Note 2)
Program Timeout, Gate Open where the home state TO {value)
value is 500 seconds;
{value>=1 to 500 seconds(see
Note 2)
Transmit Error Code-outputs {space TE *
CR LF> if no errors exist
Output Trigger Levels A and B {see Note 3} TG *




Table 4.23 - Miscellaneous Codes (Cont'd)

Function/Description Code

Output Peak Levels A (Vyay, V in) TG2 *
auto-trigger A turned off ?;ee Note 3}

Output Peak Levels B (Vv V i~ TGS *
auto-trigger B turned off Pgee Note 3)

Transmit Timeout Value-total abort TV *

time is (TO +GA (valued+ TC}
or if delay active (TO + DA
{valuey + TC), or if externally
gated (TO + TC + 100 seconds)

NOTE 1:

e Information for the following codes in the above table is not stored in nop-vol memory:
: DRG0, DR1; HDO, HD1; HS0, HS1; QM <value); TC ({value>,TO {vatued; TV.

NOTE 2:

L Program Timeout, Gate Closed refers to the time that the counter will wait for the
measurement gate to close prior to issuing a timeout error. Program Timeout, Gate
Open refers to the time that the counter will wait, upon receipt of trigger, for the
measurement gate to open prior to issuing a timeout error.

NOTE 3:

For the TG1, TG2, and TG3 codes: if in single measurement mode (or single autotrigger
mode), initiate the measurement (or trigger) first, then send the commangd to output
trigger levels. This ensures the output of trigger levels of measurement just taken.
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- Table 4.24 - Calibration Codes

Function/Description , | Code

NOTE 1:

Each of the eight commands listed below must be on a single line. See Section 5 of
this manual for the calibration procedure.

Step 1 CAL

Step 2 Set start and stop DACs to the CLHI
maximum positive voltage

: |
" 77 Set start and stop DACs to the CLLO

maximum negative voltage

Step 3 Start DAC positive voltage (+ X.XXXX) CLTH <Vstart-high>
Stop DAC positive voltage {(+ X.XXXX) CLPH <(Vstop~high>
Start DAC negative voltage (-X.XXXX) CLTL <Vstart-low>
Stop DAC negative voltage (-X.XXXX) CLPL <{VStop-low>

NOTE 2:

At this point, "CAL" is shown on the main display. About five minutes later, "CAL
donE" is displayed when the calibration is finished. Calibration values may now be
stored to non-vol memory by holding the front-panel calibration button in and sending
the CLST command.

Step 4 Stores values to non-vel memory CLST

NOTE 3:

Upon successful completion of non-vol store, a "donE" message Is displayed, a {space
CR LF> GPIB output is given, and the calibration button can be released. If at any
point, there is an error {e.g., syntax, calibration), the entire procedure must be
repeated starting with Step 1.
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4.9 ~ GPIB ERRORS

4.9.1 When an error oceurs, an SRQ message will be generated and the SRQ LED
turned on. Should multiple errors occur, only the latest error is saved. An error will be
eleared and the SRQ LED turned off when the controller transmits a new command string
to the counter. To read the error message, Senc a TE (Transmit Error) command
immediately after the error occurs.

4.9.2 Table 4.25 below lists the GPIB error messages and numbered codes. The
numbered error codes are in the form "Error NN'" where NN is a 2-digit code.

Table 4.25 - GPIB Error Messages and Codes

Message/Code Number Error
ALPHA SYNTAX ERROR Alpha syntax error while parsing
NUMBER SYNTAX ERROR | Number syntax error while parsing
LEARN ERROR Error in machine setup string from
t!‘iearn!l
INVALID RANGE Range error (e.g., FN code number,
gate time, delay value)
{,EVEL OR ATTN INVALID | Level out-of-range for the attenuator
setting
Error 23 Phase measurement ratio out-of-range
24 Hardware ratio measurement produced
divide by zero
25 Internal totalize error
- 26 Input buffer overflow
27 Gate did not open in specified time
28 Gate did not close in specified time
29 Frequency C not permitted on Model 1895
30 Error during calibration
31 Invalid syntax during calibration parsing
or commands out-of-order
32 Cannot store calibration values to Non-Vol
memory-values must be entered first
33 Error during calibration store to Non-Vol
memory
40 Non-Vol Memory error-the Non-Vol data did
not pass verification
41 Non-Vol Memory error during recall of memory
42 Non-Vol Memory-attemped recall of nonexistent
machine setup store
50 Normalize funection error (R-X)Y/Z
51 Statistical calculation error
60 : Internal self~test: RAM
61 Internal self-test: ROM
62 Internal self-test: Non-Vol Memory
63 Internal self-test: measurement amplifier failure
64 Internal seif-test: measurement logic failure
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- Table 4.25 - GPIB Error Messages and Codes (Cont'd)

Message/Code Number Error

Error 70 Floating point addition error
71 Floating point multiplication error 1
72 Floating point division error
73 Floating point compare error
74 Floating point operation undefined
75 Floating point underflow
76 Floating point overflow
78 ASCI to floating point conversion error
79 Floating point to ASCII conversion error
80 Double precision eompare error
81 Double precision to ASCII conversion error

T 82 Double precision to floating point econversion error
83" Integer divison by zero
99 Internal software error
NOTE:

If an error is found in a command string, the entire string is ignored. No new
programming of the counter will take place and the counter will continue taking
measurements as previously set up.
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SECTICN 5 THEGRY OF CPERATION

5.1 INTRODUCTION

5.1.1 This section describes the general theory of operation for the
Universal Systems Counters Models 1995/1996.

5.1.2 The theory of operation provided is based on the simplified overall
block diagram shown in Figure 5.1. Key circuit blocks of the 1995/1896 are
described and supported in this section using simplified block and schematic
diagrams. These diagrams supplement the complete schematies found in Section 7
of this manual. As mueh as possible, the simplified schematic and block diagrams
provided here are annotated with the same reference designators found in the
complete schematies.  This should facilitate cross-referencing between this
section of the manual and the schematics.

5.1.3 Integrated ecircuits (ICs) in the foillowing circuit descriptions are
designated by circuit references provided on the supporting simplified block and
schematic diagrams. Note that each assembly of the 1995/1996 (see Parts List,
Section 8) provides a separate series of IC designations starting with Ul. These
designations are employed in the following key circuit deseriptions. When an IC
package contains more than one cireuit, suffix letters are used to distinguish them
(e.g., U40A). Finally, when it is necessary to identify a specific pin in an IC, the
reference designator, with a suffix letter if necessary, is followed by a hyphen and
then the required pin number (e.g., U40A-1). -

5.2 FUNCTIONAL BLOCKS
5.2.1 The 1995/1996 counter is divided into 11 major functional blocks.
Most of these blocks are located on the instrument's motherboard. The front
panel block, signal conditioner block, measurement block, and channel C block are
incorporated on separate board(s) which plug into the motherboard. Figure 5.1
provides an overall simplified block diagram of the 1995/1996 counter. The
following is a list of these 11 functional blocks: '

1. Channel A/B block (See Subsection 5.3.2)

2. Channel C block {1396 only) (See Subsection 3.3.3.)

3. Measurement logic block (See Subsection 5.3.4)

4. Display/keyboard block (See Subsection 5.3.5)

5. Microprocessor block {See Subsection 5.3.6)

6. Power supply block (See Subsection 5.3.7)

7. External arming/gating block (See Subsection 5.3.8)

8. Internal gate timer block (See Subsection 5.3.9)

3. External reference multiplier block (See Subsection 3.3.10)

10. Channel D block {See Subsection 3.3.11)

11. GPIB block {See Subsection $.3.12)



3.2.2 - Overall Functional Operation
NOTE:

For convenience, since channels A and B are identical, only
the former channel is described, unless otherwise indicated.

5,2.2.1 As one reads through the General Information and Theory of Operation
sections of this manual, it might prove helpful to refer to the Overall Block Diagram
found in Figure 5.1.

5.2.2.2 In general, input signals are conditioned and converted into digital
information in the signal conditioning section.

5.2.2.3 The measurement section is internally configured by the microprocessor
according to instructions entered via the keyboard or GPIB system. The signal to de
measured and the signal from the {requency reference are fed to the measurement logic
block. The measured result from here is passed to the microprocessor block. If
mathematical manipulation of the result is required, this is performed by the
microprocessor before the final output is passed either to the display or GPIB block.

5.2.2.4 In the digital control section, ecircuit timing and contrel signals are
developed by microprocessor-based logic. This section also provides for keyboard
decoding and display logie.

5.2.2.5 The interface section functions as a bidirectional port for data and control
signals generated by the digital control section and the external system controller.

5.2.2.6 Overall operation of the 1995/1396 centers in two LSI chips. One chip,
the MCC2 (Multiple Counter and Control Chip #2), is a combination of ECL (emitter-
coupled fogic) and TTL (transistor-transistor logic) circuitry. This LSI chip executes all
the high-speed logic steering, gating, and counting. The second LSI chip, the MCCI
(Multiple Counter and Control Chip #1), is a CMOS device that interfaces directly with
the CPU. It provides the required logic functions, counting registers for accumulating
raw input data, and control lines for the MCC2 chip.

5.2.2.7 Inputs for channel A are first routed through the signal-conditioning
circuitry. This circuitry performs the  user-selected coupling, impedance, and
attenuation cperations.

5.2.2.8 After initial signal conditioning, the input measurement signal passes
through a protective limiter to two parallel high-input impedance buffer/amplifier
stages. These generate a differential output which is appliec to & second {Schmitt)
amplifier stage.

5.2.2.9 In the Schmitt amplifier stage, the measurement signal is buffered,
shaped, and level-shifted. The signal output from this stage is at an ECL level and called
the start signal. The start signal is then directed to the divide-by-~two/mulitiplexing
cireuitry.

5.2.2.10 The multiplexer either selects the divided start signal or the start/stop
signals directly. The required signal is then routed to the synchronization circuitry.
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5.2.2.11 - The start signal's output from the synchronization circuitry is input to the
MCC2 chip. Between the MCC2 and MCCI chips, measurement pulses are accumulated
in the event and time count registers, counted, and stored as unprocessed measurement
data.

5.2.2.12 Stored raw data is then retrieved by the microprocessor, manipulated to
ocbtain the desired measurement mode, modified as necessary by special functions, then
routed to the 1995/1996's display and GPIB.

5.2.2.13 The 1995/1996 employs a special TEC (Timing Error Correction)
configuration which divides the time between the reference oscillator and start/stop
signals. This permits the instrument to accumulate measurement pulses to a much
greater resolution. In a typical measurement, the instrument's microprocessor reads the
time count and TEC registers, performs the necessary calculations, and displays the
result. Between measurements, the event, time, and TEC count registers are reset while
the-microprocessor computes the measurement result.

5.2.2.14 Arming and gating selection for the 1995/19896 are effected through the
instrument's arming/gating steering-logic cirecuitry. For the 1993/19386 user,
arming/gating selection is much more flexible than in conventional counters. This ease-
of-use results from the operator's ability to employ channel A/B inputs for selecting the
various arming/gating modes. This permits input voitages as low as 25 mV at 10 MHz
from the front panel. Conventional triggering levels of TTL (1.4V at 10 MHz) and zero-
crossing are possible using channel D's rear-panel input. '

5.2.2.15 Finally, gate~time setting for the 1995/1996 is not limited to selection by
a decade-divided timebase. Rather, the counter uses an internal gate timer to select the
desired gate time in a 200 ns to 100 s range. This provides resclutions of 100 ns (gate
time <1 ms resolution) and .1% (gate time> 1 ms resolution)

L
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5.3 - THEORY OF OPERATION BY BLOCK

5.3.1 Introduction

5.3.1.1 The 19953/1896 is divided into eleven major functional blocks. Functional
and circuit theory of operation by block are described in this subsection of the manual.
The figures used here are simplified schematic or block diagrams. For complete
schematies, refer to Section 7.

5.3.1.2 Table 5.1 presents a kst of major signal lines used in the 1995/1396
counters along with a brief functional description. Signals used together are grouped
together. Included with the signal description are significant signal sources and
destinations.

Table 5.1 - Signal Lines and Functions

- ———

SIGNAL NAME SIGNAL DESCRIPTION
ARM Arming or gating signal applied to either arm or gate a
rmeasurement
ARMSPSL Arm stop slope select for the arming and gating cireuit
ARMSTSL Arm start slope select for the arming and gating circuit
AS Microprocessor address strobe
ATRST Auto-trigger reset line; initializes an auto-trigger
ATSTART+ START+ signal buffered and applied to the auto-trigger circuitry
ATSTOP+ STOP+ signal buffered and applied to the auto-trigger circuitry
BW/R Microprocessor R/W inverted buffer signal (USF)
CHANLD Input signal applied to channel D
CHCENA Enables channel C signal to be measured
DLYWND For future use
E Microprocessor's enable signal for 6800-type peripherals
E Inverted microprocessor's E signal
GATE Signal that is low when the measurement gate is open
INT/EXT Selects the external reference or internal reference
LDE Lower data enable signal generated by the microprocessor's 1DS
and OR-ed with the BW/R signal (U25B)




Table 5.1 - Signal Lines and Functions {Cont’d)

rVSIGNAL NAME

SIGNAL DESCRIPTION

LD3

LTMS

LWE

MCC/GEND
MLRST

PRE

RAMENA

R/W

SELARM

SELCHD -~
SELSP
SPMUX
SPOUT

SPSL

SPSLYV

3PSXL

START+

STOP+

STSL

Microprocessor's lower data strobe

Selects the 200 ns to 1 ms output or greater than 1 ms to 100 s
output from the internal timer

Lower write enable signal generated by the microprocessor's lower
data strobe (LDS) and OR-ed with the Read/Write (R/W) signal
(U24C)

Selects the SPOUT or GATE END signal for ending a measurement

_ Main logic reset signal from the MCC1 chip

Peripheral read enable signal generated by the microprocessor's
R/W signal and NANDed with E signals (U4C)

RAM enable signal, generated by the microprocesser's address
strobe (AS) and inverted address line A21 {A21) and OR-ed together
(U5C and U24A)

Microprocessor's Read/Write signal

Enables application of the ARM signal to the auto-trigger or
measurement block

Selects the CHANLD signal as the arm or gate signal

Selects the TTLSTOP signal as the arm or gate signal

Stop enable signal selection between SPOUT or GATE END signals
Stop enable output from MCC1 or SPEN signal

Selects the slope of the STOP+ signal

Indicates whether the stop measurement signal is above or below
the stop DAC trigger-level (TL STOP)

Indicates that the stop measurement signal has crossed the stop
DAC trigger-level (T1 STOP)

Input signal applied to channel A or B for selection as the START
signal

Input signal applied to channel A or B for selection as the STOP
signal

Selects the slope of the START+ signal




foe—

,-,m;.;,-f:

Table 5.1 - Signal Lines and Funetions {Cont'd)

SIGNAL NAME SIGNAL DESCRIPTION
STSLY Indicates whether the start measurement signal is above or below
the start DAC trigger-level (TL START)
STSXL Indicates that the start measurement signal has crossed the start
DAC trigger-level (TL START)
TTLSTOP STOP+ signal converted to a TTL signal
TL START Start channel trigger level
TL STOP Stop channel trigger level
~ ~"UDE Upper data enable signal generated by the microprocessor's LDS
signal and OR-ed with the BW/R signal {U25C)
UDS Microprocessor's upper data strobe signal
UWE Upper write enable signal generated by the mieroprocessor's upper
data strobe (UDS) and OR-ed with READ/WRITE signal (R/W}
(U24D)
VMA+E Microprocessor's inverted enable signal {(E) OR-ed with the valid
memory address (VMA) signal (USE and U24B) '
ZERO/TTL Selects the channel D trigger point
5.200FF Shuts down the ECL 5.2 volts
200MHZ Enables the divide-by-two cireuitry ‘
5.3.2 Channel A/B Block
5.3.2.1 Functional Description
5.3.2.1.1 Refer to the simplified block diagram in Figure 5.2 as required. Channels

A and B on the 1995/1996 are identi
Measurement signals ap
conditioning circuitry.

cal and only channel A is described here.
plied to Input A are first routed through the instrument's signal
This ecireuitry performs selected compensation, coupling,

attenuation, and impedance.

5.3.2.1.2 " The measurement signal is then applied to the input of the start/stop
amplifiers. The start/stop DACs (Digital-to-Analog Converters) provide a DC threshold
through which the input signal must swing so that the amplifier's output will toggle.

5.3.2.1.3 The start/stop DACs have a programmable output range of #5 VDC in
increments of 2.5 mVDC. However, the trigger display only shows resolutions of
10 mVDC. A

5.3.2.1.4 The signals are then routed to the start/stop output amptifiers. The
switches shown in the figure permit selection of either Input A or B signal for routing to
the output amplifiers. The following combinations are possible:  A-start/A-stop;
A-start/B-stop; B-start/B-stop; and B-start/A-stop.
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Figure 5.2 ~ Simplified Block Diagram for Channel A/B
53.2.2 Circuit Description
5.3.2.2.1 Input Conditioning
5.3.2.2.1.1 At the channel A input connector, K1 will select 50-ohm impedance when

energized. This is achieved through the two parallel 100-chm resistors R1 and R3. Refer
to Figure 5.3.

5.3.2.2.1.2 AC/DC coupling is effected through K3. When this relay is de-energized,
AC coupling is achieved via the two parallel capacitors C7 and C8.

5.3.2.2.1.3 Attenuation is accomplished via the four relays K5, K6, K10 and Ki2. The
X1 range is set by energizing K6. When K6 is de-energized and its companion relay K5 is
energized, the user will have the attenuation (X10 or X50) selected. The X10 or X50
range is selected via K12. When K12 is energized, X10 attenuation is selected. The
measurement signal is attenuated by RC voltage-divider network R20, R24, C18, C22 and
C32. When K12 is de-energized, X50 attenuation is achieved via RC voltage-divider
network R19, R23, R82, C148, C17, C21 and C31.

5.3.2.2.1 .4 When relay K9 is de-energized, the input signal is filtered by passage
through R16. RI16 and input capacitance work together to achieve 100 kHz nominal
signal filtering.
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5.3.2.2.2 Start/Stop Amplifier Cireuit Description

5.3.2.2.2.1 Refer to Figure 5.4. The input buffer for channel A {(channel B is
identical) consists of two ICs, Q8 (transistor array) and Q2 (FET array). These two chips
help to comprise two differential amplifiers called the start/stop amplifiers.

il

5.3.2.2.2,2 Input to the start/stop amplifiers is limited to approximately +7 volts at
the input to ©2A-6 and Q2D-11. This is achieved by the input clamp circuit consisting of
R31, R50, CR1, CR2, CR3, CR4, VR1, and VR2 as shown in Figure 5.3.

':'EV.,’;'.',‘:JE""“ % "g"fg’ fgﬁ.

5.3.2.2.2.3 The current sources for these two differential stages are supplied by Q1,
VR4, R32 and R33 for the start amplifier, and Q5, VR6, R36 and R37 for the stop
amplifier. Each source is switched on and off by a seetion of Ul, which in turn is
controlled by a TTL-control logie signal from the motherboard.

220 .'_',j'-"!-'-:

5.3.2.2.24 When control line CH A START is high at Ul-13, Ul-11 is an open
eircuit. This turns on Q1 and allows current to flow. This selects the channel A input to
pass through the start amplifier to the differential output (A3 and A4), If the CH A
STOP control line is also high, channel A’s input signal would pass through the stop
amplifier to the differential output (Al and A2). When the control line CHA START is
low at Ul-13, Ul-11 connects the base of Q1 to -15V disabling the current source and,
hence, the differential amplifier. When the amplifier is disabled, it is no longer able to
process input and trigger level signals.

ﬁ@
-
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5.3.2.2.2.5 The amount of current through current source 1 is determined by R32
and R33. With the HYSTERESIS control line low at U1-% {maximum counter sensitivity},
U1-2 and 16 are at -15V which puts R32 and R33 in parallel. This provides 11 mA
through Q1 and 5.5 mA through each half of the differential stage. With the
HYSTERESIS control line high, R3%2 is removed from across R33, thereby reducing the
eurrent through Q1 to 2 mA, and decreasing the counter sensitivity. Switching the
current through the start and stop amplifiers, combined with hysteresis control of dual
comparator U4 (Figure 5.5) controls the overall hysteresis of the signai conditioner. The
amount of hysteresis determines the counter sensitivity.

5.3.2.2.2.6 The trigger levels are set by two digital-to-analeg converter (DAC)
eircuits on the motherboard. Refer to Figure 5.6, UllA, U19, and U23 are the primary
components of the START DAC; U0, UllB, and Ul4 (not shown) are the primary
components of the STOP DAC,

5.3.2.2.2.7 The level at which the start amplifier eircuit triggers is controlled by a
voltage at Q2B-3 {see Figure 5.4., the TL START line). This voltage comes from UllA-1
on the motherboard as shown in Figures 5.2 and 5.5,

5.3.2.2.2.8 Thé level at which the stop amplifier circuit triggers is controlled by a
voltage at Q2D-11 (see Figure 5.4, the TL STOP line). This voltage comes from Ul1B-8
on the motherboard as shown in Figure 5.2.

5.3.2.2.2.9 The output of the start/stop amplifiers is taken from the collector of
Q8A-6 and Q8B-2 for the start and Q8C-12 and Q8D~11 for the stop amplifier. These
four signals are Al, A2, A3, A4 which connect the base of Q11A, Q11B, Q12ZA, and Q12B
as shown in Figure 5.5,
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| HOV | I Y
| ! | !
! | | !
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Figure 5.4 ~ Start/Stop Buffer Amplifier Stage



5.3.2.2.3° Start/Stop Level Shifter Circuit Deseription

5.3.2.2.3.1 The second amplifier stage is ealled the start level shifter. (For
convenience, since channels A and B are identical, only channel A is discussed.) This
stage is also a differential amplifier consisting of Q11A and Q11B with Q7 as the current
source. Refer to Figure 5.5.

5.3.2.2.3.2 The second stage's signal is limited to a peak-to-peak swing of 460 milli~
volts by CRY, CR10, CR11 and CR12. These diodes improve the peak measurement
accuracy of the signal conditioner at high frequencies and high input levels. ‘

5.3.2.2.3.3 The second stage operates in the active region with a DC offset at the
collector output of Q11A and Ql1B. This offset is established by the current-source
components Q7, R44, R51, and R52,

5.372.2.3.4 R44 and R52 create a voliage divider at the base of Q7, resulting in
approximatély 1.2 volts across R51. This, in turn, provides about 6.0 milliamps through
each leg of the differential amplifier. With 6.0 milliamps through 27-2 and 47-3, start
comparator U4A has a signal which swings around a DC offset of 200 miilivoits. ‘

5.3.2.2.4 Start/Stop Comparator Circuit Deseription

5.3.2.2.4.1 U4 is a dual high-speed differential comparator with an ECL output. This
device receives an input from the start/stop level shifter (second amplifier stage). Refer
to Figure 5.5.

5.3.2.2.4.2 U4-7 and 8 are the start differential inputs; U4-% and 10 are the stop
differential inputs. The output of the comparator is directed in two pathways:
{1) measurement logic and (2) auto-trigger circuitry.

5.3.2.2.5 Hysteresis Control Circuit Deseription

5.3.2.2.5.1 Hysteresis econtrol is achieved by changing the voltage applied to U4~3 and
13. This is effected by the HYSTERESIS control line which sets either a logie low or high
at U5-6 in order to turn on Q13 or Q14, respectively,

5.3.2.2.5.2 With a logic low at U5-3 and 6, a high is set at the gate of Q13 and a low
is set at the gate of Ql4. This condition seleets the low hysteresis voltage for
application to U4-5 and 13 via Q13 to balancing resistor R67. This low hysteresis voltage
source  is established through the voltage divider network R66, R68 and R70. This
voltage can be adjusted during board level calibration via variable resistors R70 and R71.

5.3.2.2.5.3 With a logie high at U5-3 and 6, Q13 is turned off and Q14 turned on. This
applies the high hysteresis voltage to U4-5 and 13 via Q14 to R67. This high hysteresis
voltage source is established through voltage divider network R65, R69, and R71. This
voltage can be adjusted during calibration via resistor R71.
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5.3.2.2,6 - Digital-to-Analog Converter (DAC) - Functional Description
5.3.2.2.6.1 Refer to Figure 5.6. The DAC bloek contains two identical cireuits, the

START DAC and the STOP DAC (START DAC only shown in figure}). The DACs convert
12 bits of data from the microprocessor's 16-bit data bus into analog voltage used to
program the start/stop buffer's trigger levels. These trigger levels are also routed to the

rear panel for calibration purposes.

5.3.2.2.8.2 Each DAC consists of two sections: (1) a voltage section which performs
the actual digital-to-analog conversion, and (2) a summing amplifier section.

5.3.2.2.7 START DAC Circuit Description

5.3.2.2.7.1 Refer to Figure 5.6. The following description refers only to the START
DAC, but can also be applied to the STOP DAC. ,

5.3.2.2.9.2 The first half of the START DAC circuit, the voliage section, contains the
DAC chip U19 and the operational amplifier feedback loop. U9 outputs a current
dependent upon the 12-bit code which is input from the microprocessor. This current is
converted into a negative voltage by the operational amplifier U23, This voltage is then
applied to R19. R19, R20, UllA, and U20 all work together to convert this negative
output into either a positive or negative DC level,
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5.3.2,2.7.3 U19. a CMOS 1C. receives o 12-bit word code from the microprocessor,

The data bus. from where this word code is taken, is shared with many other devices, the

DAC must be strobed by the microprocessor's chip select line STDAC and write line
fq] PWE. When these two lines both go low, they lateh the valid data code into UlS.

5.3.2.2.7.4 Ul9 receives a reference voltage from U20. This volitage sets up the
- current through an internal resistor ladder-network either to ground at pin 2 or to the
ll output at pin 1. The output current is dependent upon the binary code input to the 12
' switches. With all data lines latched high, the current at pin 1 is equal to the input
current at pin 19 (VREF). There are 4096 incremental steps of the signal level that can

I appear at the output proportional to the binary weighted input code.

3.3.2.2.75 U23 operates in a feedback configuration to act as a current-to-voltage
3 converter. This feedback loop keeps the output voltage of the DAC (pin 1} at zero
5]; volts,

5.3.2.2.7.6 The voltage level at the output of U23 is always negative as a result of

the signal inversion by operational amplifier U23. R189 and R20 constitute a voltage-

divide network with U20 supplying +5 volts to R20 and R19 receiving its supply from the

output of U23. As the voltage varies at R19, the amount of current will vary at

) point A (see Figure 5.6). The amount of current at Ull's operational amplifier input

}1 will be amplified to achieve the START DAC voltage selected by the microprocessor's
binary code. The gain of the summing circuit is about 3.16 and is established by R13,
R14, R19 and R20.

7!
: Ai 5.3.2.2.7.7 The reference voltage input to the DAC is +5 volts and is supplied by
U20. The output of the current-to-voltage converter of U23 ranges from zero to -5
;, volts. Since the DAC has 12 bits, it has the potential for 4096 current increments and its
ji voltage resolution is about 1.2 millivolts. Because of the scaling of current and the gain

setup of UllA, the DAC resolution is 2.5 millivolts per step. This provides a trigger
level with a voltage range of +5.2 to ~5.2 volts,
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Figure 5.6 - Simplified Schematie for the START DAC
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5.3.2.3 ) Auto-Trigger Circuitry
5.3.2.3.1 Funectional Deseription

5.3.2.3.1.1 The auto-trigger ecircuit, in conjuncticn with the microprocessor and DAC
circuitry, determines the amplitude of the input measurement signal for channel A
and/or B. This is achieved by doing a signal peak search and then automatically setting
the trigger level to the optimum 50% point. Depending on the trigger display selected
(peak-to-peak, peak maximum, peak minimum, or the 50% point), this trigger value is
then sent to channel A and/or B trigger displays on the front panel.

5.3.2.3.1.2 The peak signal search during auto-trigger determination actually involves
a search for the positive and the negative peak levels. During each peak signal search,
the microprocessor requires information regarding whether (1) the input signal crossed
the trigger point that was set and whether (2) the input signal is above or below the
trigger point. Now to a brief circuit description.

5.3.2.3.2 Cireuit Description

5.3.2.3.2.1 Refer to Figure 5.7. To determine the trigger level automatically,
information for caleulation by the microprocesser is obtained from U30. When signal line
CSBUFA is brought low, tri-state buffer U30 routes the Start Signal Crossing Level
(STSXL) and Start Signal Voltage Level (STSVL) signals to the microprocessor for
reading.

5.3.2.3.2.2 The STSXL signal indicates whether the input measurement signal has
erossed the trigger level. The STSLV signal indicates whether the trigger level is above
or below the measurement signal. The microprocessor always looks at the STSXL signal
first. If the STSXL signal level is high, the microprocessor looks at the STSLV signal to
determine if the trigger level is set above or below_the measurement signal. The
microprocessor never looks at the STSLV signal if the STSXL signal is low because the
microprocessor now has all the information to set the next trigger point.

5.3.2.3.2.3 Before the microprocessor can perform an auto-trigger, it {irst sets the
DAC's trigger level to the start/stop amplifiers. Next, the auto-trigger cireuitry is set
up. First, the microprocessor brings the DLYWND and ARM signal lines high. This
forces the ATE (Auto-Trigger Enable) line high and the ATE line low. This enables U34B
and U55B.

5,3.2,3.2.4 With the DAC's trigger level and auto-trigger circuitry now set, the
microprocessor initializes an auto-trigger process. The ATRST (Auto-Trigger Reset)
signal line is first pulsed low, setting US5B's @ output high. If the DAC level was set
within the measurement signal's peak-to-peak range, U35B's Q output would be clocked
low by the ATSTART+ signal which is the buffered Start measurement signal. Once
US5B's Q output has been brought low, U55B's Q output is fed back to the input at
U58B-4. This maintains the D input to U55B at a low level which keeps U55B's Q output
low during any more clock pulses from the ATSTART+ signal.

9.3.2.3.2.8 U54B and U55B's Q@ outputs STSXL and STSLV now pass to U33. U533
transiates ECL signals to TTL signals, then passes the STSXL and STSLV signals to U0
for reading by the microprocessor.
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Figure 5.7 - Simplified Schematie for the Auto-Trigger Start Circuitry’
5.3.3 Channel C Bloek
5.3.3.1 Funetional Description
5.3.3.171 Channel C is provided on Model 1996 only. Refer to Figure 5.8 which

provides a simplified block diagram. Channel C processes the signal applied at the
channel C input and feeds it to the measurement bloek. '

3.3.3.1.2 Channel C's input is protected by a fuse, mounted in the input connector,
and also by a signal-limiting circuit. Next is an automatic level control circuit which
reduces the range of the signal level applied to the amplifier.

5.3.3.1.3 After amplification, the signal is prescaled by 64 before being passed via a
buffer and a signal gate to the measurement block.

5.3.3.1.4 The amplitude of the signal at the amplifier output is monitored by a
detector and a comparator. The comparator output controls the low-signal latch. If the
detector output is below the threshold, the lateh is set and the channel output is inhibited
by the signal gate. When the detector output goes above the threshold, the low-signal
lateh is armed and opens the signal gate on the next signal edge from the prescaler. This
enables the instrument to make measurements on signal bursts.

5.3.3.1.5 The detector cutput is alse applied to the continuous signal lateh., This
lateh is reset at the beginning of each gate period and is set if the detector output falls
below the threshold level. The microprocessor system samples the lateh output
throughout the gate period. If the measured signal falls below the threshold level during
this period, the measured result is set to zero.
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5.3.3.1.6 If channel C is not selected, the low-signal latch is held in reset by a
control signal from the microprocessor and the outpul to the measurement block is
inhibited. The same control signal is used to enable channel A s0 that the two channels

cannot be enabled at the same time.
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Figure 5.8 - Simplified Block Diagram for Channel C (1996)
5.3.3.2 Circuit Description
5.3.3.2.1 Refer to Section 7 for the complete channel C schematics. The signal to

be measured is applied via SK13 (INPUT C). The circuit is protected by a fuse mounted
within SK13. The signal amplitude is limited by the diode clamp comprised of D8, D3,
D10 and D11.

5.3.3.2.2 A degree of automatie gain control is achieved by means of an attenuatoer
formed by R6 and the impedance of the PIN diodes D2 and D7. The peak-to-peak
detector D1, D3, R7 and C48 produces a negative voltage proporticnal to the signal
amplitude. A direct current proportional to this voltage flows through the PIN diodes via
L1. The impedance of the diodes decreases if the current increases so that changes in
signal amplitude are offset by changes in attenuation.

5.3.3.2.3 The signal passes through four amplifier stages incorporating Q1, @2, Q3
and Q4. The amplified signal is fed to the counter IC3 via the shaping circuit formed by
R37, C46 and R36.

5.3.3.2.4 The signal frequency is prescaled by 64 in IC3 and buffered in ICIa.
Provided that channel C is selected and the amplitude of the signal is adequate, the
output at IC2a-2 passes to the measurement logic via the gate C2b and SK7 pin 5.

-
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53.3.2.5 ~ The signal at the output of Q4 is fed to the low-signal detector D5 and
C23. The comparator IClb compares the detector output with a threshold voltage set by
R27. The comparator output is at a logie 1 if the detector output is below the threshcla
(the amplitude of channel C's signal is too low for aceurate counting).

5.3.3.2.6 The logic level at the comparator output is inverted in IC1-A and is fed
via SK7 pin 14 to the D1 input of U59A-T on the motherboard. US9A-61is clocked by the
output of IC2a via SK7 pin 8. If the signal from Q4 is below the threshold, U38A-3 goes
to a logic 1. This logic level is fed back via SK7 pin 7 to disable the gate 1C2-B and
inhibit the output to the measurement block.

5.3.3.2.7 The GATE signal enters the system at SK7 pin 17 and is inverted in IC1-
C. The resulting signal and the cutput of the comparator IC1-B are fed to 1C4-A. If both
inputs are at a logic 1, indieating that the channel C level is 100 low while the gate is
open,-the continuous signal latch 1C4-C and I1C4-D is set. The latch output is fed to the
microprocessor via SK7 pin 11 and prevents the result of any measurement made during
that gate period from being displayed.

5.3.3.2.8 The STSL signal at SK7 pin 16is at a logic 1 when channel C is selected.
When channel C is not selected, SK7 pin 16 is at a logic 0. This level is inverted and
buffered in IC4-B and IC1-D, and then is fed to US9A-4 (see channel C schematic) via
SK7 pin 13. U59A-4 is held reset, inhibiting the channel C signal at 1C2~B via SK7 pin 7.

5.3.4 Measurement Logie Block
5.3.4.1 Functional Description
5.3.4.1.1 Refer to Figure 5.1 and 5.9 when reading this description of the

measurement logie bloek.
5.3.4.1.2 The start and stop signals after signal conditioning are applied first'to the
dgivider/muitiplexer and auto-trigger circuitry (see figure). The multiplexer selects
either the start divide-by-2 or the start/stop signals.

5.3.4.1.3 The synchronization circuit is designed to delay the start and stop signals’
clocking edge from reaching the MCC2 chip (US) before the start enable (STEN) and stop
enable (SPEN) control signals. After synchronization, the start and stop signals are
applied to ECL LSI device U6 along with the reference signal and start and stop enable
control signals.

5.3,4.1.3.1 The start enable and stop enable signals define the gate time. The start
enable control signal is generated by the CPU or external Input A, B or D; the stop
enable control signal follows the start enable signal by a time determined by the gate
circuitry.

5.3.4.1.3.2 The reference signal is provided by either a precision 10 MHz osciliator or
an external reference signal of 1, 5, or 10 MHz at 500 mVrms to 5 Vrms.

5.3.4.1.4 The ECL LSI device executes a partial reading conversion and passes the
information to CMOS LSI device Ull. Additional information from the ECL L3I device is
directed to the precision TEC assembly Ul0 which performs a precision timing-error-
correction operation. The TEC assembly then passes the information from timing error
correction to the CMOS LSI device.



5.3.4.1.4.1 This latter device (U11) performs the remaining reading conversion and
alsc presents the results on the data lines when interrogated by the CPU. The CPU then
executes the appropriate function-dependent calculations, displaying the measurement
results on the instrument's front-panel display.

5.3.4.2 Divider/Multiplexer Circuit Description
5.3.4.2.1 Refer to Figures 5.5 and 5.9 for the following c¢ircuit description.
5.3.4.2.2 The four differential output signals from Ud are directed to U7 and US.

One of these, the START+ signal from U4A-1, also passes to the cloek input of UBA.
U8A (a2 D-type flip-flop} {unctions by dividing this clock-input START+ signal by two.

5.3.4.2.3 Q and § are the two outputs of U8A comprising the complementary
outputs of the divided START+ signal. @ and Q are then routed to U7, a two quad-
channel multiplexer,

5.3.4.2.4 U7 selects either the complementary input of the start and stop signals
from U4A and B, or the @ and Q signals from UBA for presence at its outpuls. Selection
is effected via the 200 MHz ECL control line.

5.3.4.2.5 The 200 MLz control signal goes to U8A and U7. USA will only divide the
START+ signal at its clock input when both the 200 MHz and Q1 signals at UBA are at an
ECL low. This condition permits the START+ signal at U8A’'s clock input to be divided
and routed through U7 to its complementary outputs.

3.3.4.2.6 However, when the 200 MHz signal at U7 and U8A is at an ECL high, the
divide path is disabled. Then the complementary outputs from U4A and B are selected to
pass through U7 to its complementary outputs.

5.3.4.3 S;Tnchmnizat,ion Cireuit Description

3,3.4.3.1 Refer to Figures 5.5 and 5.9, and especially 5.10 for the following cireuit
deseription. ~ This description is econfined to the START+ SYNC circuit as the STOP+
SYNC cireuit is essentially the same.

5.3.4.3.2 The START+ input signal is connected to UiA, which is an exclusive-or
gate with complementary output. U4A selects the slope of the START+ signal at U4A-7
by setting U4A-9 at an ECL logic level.

5.3.4.3.3 Slope selection is effected by the TTL control signal STSL. When this
control line goes low at U3A, the latter converts the TTL signal to an ECL low. U3A's
BECL level drives U4A-$ to a corresponding low ECL level. This selects the positive slope
of the START+ signal to be at U4A's output.

5.3.4.3.4 When control line STSL is high, the negative slope of the START+ signal is
selected to be at U4A's output. :

5.3.4.3.5 The complementary outputs of U4A are connected to the latch enable
lines of UTA. These latch enable lines (UTA-5 and §) enable or disable the STEN signal to
pass through U74A to Q2 and Q4. See Figure 5.10.

5.3.4.3.6 R2 and Q4 take the complementary ECL outputs from UTA and convert
the ECL level to a TTL ievel at the collector side of Q2. This signal is named DSTEN.
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5.3.4.4 Measurement Circuit Deseription

5.3.4.4.1 Refer to Figure 5.9 for the following description of the measurement
cireuit,
5,3.4.4.2 The measurement circuit consists essentially of the three chips, US, ulo,

and Ull. U6 is the chip where the input signals from channels A, B and C enter for
measurement after signal conditioning. Ul: is a CMOS chip and the heart of the
measurement eircuit. This IC receives all control functions for signal measurement from
the microprocessor and, also under microprocessor control, enables & reading to be takern.

5.3.4.4.3 A reading takes place when the microprocessor sets up the function
control lines Q0 through Q4 of Ull. These control lines are connected from Ull to U6 to
direet the input signal(s) through U8's internal logie.

5.3.4.4.4 - When the microprocessor is ready, it orders Ull to set the STEN line
high. However, this control line eannot go high yet as it has to wait to be clocked high
by the 10 MHz timing signal from UB. When the STEN line does go high, it is routed to
the synchronization eircuit where it is converted to the DSTEN signal. It is the DSTEN
signal which goes to US, enabling a measurement to begin on the first cloeking edge of
the input signal to U6.

5.3.4.4.5 When US's internal logic sees the clocking edge of the input signal(s), the
ST TEC line from UB to Ul0 goes low and so does the GATE line to U6, From 100 to 204
nanoseconds later the REF signal will clock the ST TEC line high.

5.3.4.4.6 Once the measurement begins, count lines A, B and C from U6 to Ull
start to toggle. These three lines carry the least significant bits of a counter register
that is 26 bits in length. The 23 most significant bits are stored in Ul1l. At the end of
the measurement, the DSPEN line at U6 goes high. This enables U6's internal logie to
stop the measurement on the next clocking edge of the input signal at Us.

5.3.4.4.7 when U8's internal logic sees the input signal(s) next clocking edge, the SP
TEC line from U6 to ULl0 will go low and the GATE lne high. From 100 to 200 nano-
seconds later, the REF signal will clock the SP TEC line high.

5.3.4.4.8 The ST TEC and SP TEC signals from U6 to U10 are both ECL low-going
pulses. Each lasts from 100 to 200 nanoseconds. This puise width represents the time
difference (an error factor) between the elocking edge of the input signal and the 10 MHz
reference signal. Refer to Figure 5.11.

5.3.4.4.9 U10 uses the ST TEC and SP TEC pulses in a dual-slope integration
scheme. Using a constant current source, both pulses rapidly charge a capacitor. When
the pulses end, the capacitor starts a sealed discharge at about 1/400th of the charge
rate. This proportionally expands the TEC error pulse by a factor of 400, This
integrated waveshape is then squared and used to gate the 10 MEz reference signal (the
ST TEC OUT and SP TEC OUT signals) into Ull's TEC register counters. Refer again to
Figure 5.11.

5.3.4.4.10 At the end of a measurement,the CPU commands Ull to set the MLRST

line low. This line resets all logic and register counters in U6 and U1l, preparing for the
next measurement.
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5.3.5 _ Display/Keyboard Bloek
5.3.5.1 Functional Description
5.3.5.1.1 Refer to Figure 5.12, The front panel contains the display and keyboard

cireuitry. It has all the operator pushbutton controls for all counter functions, and
displays measurement readings and diagnostic data such as errors and failure codes.

5.3.5.1.2 The front panel provides eleven 7-segment LEDs, 53 red LEDs, and two 4-
digit trigger-level displays for channels A and B. Ten of the 7-segment LEDs are used
for the mantissa. The eleventh 7-segment LED is the measurement reading exponent.

5.3.5.1.3 The keyboard has 40 momentary-contact pushbutton switches. It is
continuously monitored via & 7 x 6 line matrix. ROW1 through ROWS6 are strobed by a 3-
to-8 line decoder/multiplexer. COL1 through COL7 are scanned and read from the data
bus via a buffer.

5.3.5.2 Circuit Description

5.3.5.2.1 Refer to Figure 5.12. The display board receives its instructions from the
microprocessor through chips U3, US, Us, U7 and U8. U3, U5 and U6 contrel display
drivers Ul, U2 and U4 as well as ten miscelilaneous function/indicator LEDs. The
microprocessor interfaces with the keyboard via chips U7 and U8,



5.3.5.2.2 Display drivers Ul, U2 and U4 are Intersil (Icm7218) 8-digit LED
devices. This device contains an 8 x 8 static memory array providing storage for the
displayed informaticn of the T-segment decoders, all the multiplex scan cireuitry, and
high-power digit and segment drivers. The display driver has two control lines (WRITE
and MODE) that define the chip select. The chip select either reads four bits of control
information (DL, DF, DG or DH) or eight bits of digplay input data (DA through DH). The
MODE control line defines the selection, with a high loading the control word on the
write pulse, or a low loading the input data on the write pulse.

5.3.5.2.3 Any data present {(BDO through BD7) at the input of U3, U5 and U6 is
latched out on the rising clock edge of lines CSLCHF, CSLCHG and CSLCHH. U5
handles the control lines {(MODE, WRUT, WRUZ and WRU4) and U3 handles the data lines
(DA through DH) for the display drivers. Drivers Ul and U2 show the mantissa readings
on the 7T-segment display DS1 through DS11, and driver U4 shows channel A/B trigger
levels on display DS12 and DS13.

5.3.5.2.4 " The microprocessor refreshes the counter's measurement readings
(mantissa) about every millisecond.  Every time the display is updated by the
microprocessor, the microprocessor must pass the mode data along with eight
consecutive bytes of data for each of the three display drivers.

5.3.5.2.5 Mode data is passed to Ul, U2 or U4 when the MODE control line from U5
is high and the Write line (WRUIL, WRUZ or WRU4) goes low. Lines DE, DF, DG and DH
contain the control word that will be loaded into the display drivers.

5.3.5.2.6 Display data is passed when the MODE control line is low and the
appropriate Write line goes low. Lines DA through DH now carry the display data for the
mantissa and functien/indicator LEDs. All display data directed to Ul, U2 and U4 is
ecoded in hexadecimal.

5.3.5.2.7 The function/indicator LEDs are controlied by U8, a part of US, and the
last five digit lines of U2 (L1 through L5).

5.3.5.2.8 The keyboard is scanned about every ten milliseconds. Scanning is
effected by sequencing through BAL, BA2 and BA3; bring line CSBUFC low; and then
reading buffer chip UT7. It takes the microprocessor eight passes to read all 40 keys. For
example, in order for the microprocessor to read ROW4 and COLSG, lines BAl and BA3
will be set high and line BA2 will be set low. The microprocessor next would bring line
CSBUFC low, enabling U8 to bring the ROW4 line low. If the key across ROW4 and
COLS is depressed, COL6 will be low and the microprocessor will read via buffer ehip U7
the value BF in hexadecimal. If that key is not depressed, the microprocessor will read
an FF instead.
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5.3.6 Mieroprocessor Bloek

5.3.6.1 Punctional Description -

5.3.6.1.1 Refer to Figure 3.1. The oversall operation of the 1995/1996 is controlied
by the microprocessor which resides in the computer section on the motherboard. The
microprocessor itself is a Motorola 68000 device. It receives instruetions from the

keyboard or the GPIB, then sends instructions to and receives data from other functional
slocks within the counter.

5.3.6.1.2 The microprocessor continuously scans the counter's keyboard for any
change and then updates the front-panel display annunciators and key indicators.

5.3.6.1.3 The microprocessor block contains eight major divisions. Refer to Figure
5.13. These divisions include the following:

a. Upper and lower RAM (U7 and Us8)

b. Upper and lower ROM (U17 and U18)

c. Non-volatile memory
d. Mieroprocessor control logie
e. Reset logic
f. Interrupt logic
g. Address and data buffer
%:. Input/Output decoders
5.3.6.1.4 - The microprocessor interfaces to these eight divisions via a 16-bit data

hus and a 24-bit address bus. All input/output functions are effected via an 8-bit data
bus and a 4-bit address bus. The address bus interfaces with the measurement block,
GPIB bloek, display block. and hardware control circuitry.

5.3.6.1.5 The microprocessor has 16k Dytes of RAM and 128k bytes of ROM
available for memory.

5.3.6.2 Cireuit Description

5.3.6.2.1 Microprocessor Control Cireuitry

5.3.6.2.1.1 The cloek (hybrid IC) U16 provides an 8 #MHz clock to the microprocessor

U6. The control cireuitry of US consists of inverter U5, NAND gate U4, and OR gates
U24 and U25. These devices develop all the control signals listed in Table 5.1 for the
microprocessor, permitting it to interface with peripheral devices within and without the
kernel. '
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5.3.6.2.2 Reset Circuitry

5.3.8.2.2.1 The reset circuitry consists of the power-down and power-up circuits. The
power-down circuit brings the output of U1C (RESET) low when UlC-11 reaches
approximately 4.7 volts. This prevents the microprocessor {rom accidentally writing to
non-volatile memory. The power-up circuit holds the output of Ul1B (RESET) low until
Ul1C-11's voltage is greater than 1.2 volts. Q1 is the turnoff which permits C2 to begin
charging. When C2 reaches a charge that is greater than 1.2 volts, the output of UlB
will go high, enabling the microprocessor and other peripherals to return from their reset
state.

5.3.6.2.3 ROM

5.3.6.2.3.1 U17 and U1l8 are EPRCOMs containing the resident operating-system. This
information is accessed by the microprocessor through a 16-bit data bus and a 24-bit
address bus. However, only 14 of the 24 address lines are used {Al through AlS). The
microprocessor divides the data bus into upper and lower data lines. Ul7 is connected.to
the upper B bits (D8 through D15), while U18 is connected to the lower 8 bits (D0 through
D7). To enable a datas output {read) cyvele, both UDE, LDE and address line Al7 are
pulled low. Instruction bytes are then put onto the data bus.

5.3.6.2.4 RAM

5.3.6.2.4.1 U7 and U8 are static RAM devices that provide 8k x 18 bits of temporary
storage. This information is also accessed by the microprocessor through a 16-bit data
bus and a 24-bit address bus. However, only 12 of the 24 address lines are used {Al
through A13). U7 is connected to the upper 8 bits (D8 through D15), while U8 is
connected to the lower 8 bits (D0 through D7). To enable a data input {write) eycle, the
RAMENA, LWE and UDE lines are pulled low. To enable a data output (read) cycle, the
TWE line remains high, while the RAMENA and UDE lines are pulled low.

5.3.6.2.5 Non-Volatile Memory

5.3.6,2.5.1 U2 provides 2k x 8 bytes of non-volatile memory storage for calibration
constants and machine setups. U2 is connected to the lower half of the data bus (D0
through D7) and Al through All of the address.bus. To enable a data input (write) cycle,
chip seleet line CSNONVOL, LDE and the output of U3A are pulled low. To enable a
data output (read) cycle, the output of U3A remains high while the CSNONVOL and LDE
lines are pulled low. This read/write cycle of non-vol memory involves only the lower 1K
of U2's memory. The write cyele of the microprocessor is unable to access the upper 1k
of U2's memory because U3A, U3IB and the calibration switch on the front panel inhibit
this write eycle. This ensures protection to the calibration constants which are stored in
the upper half of U2's address space.

5.3.6.2.6 Input/Output Decoder Circuit

5.3.56.2.6.1 The input/output decoders consist of the three 3-to-8 multiplexers U3,
U15 and U22. These three chips provide the chip select lines and eloek signal for the
peripheral devices. Refer to Table 5.1 for a definition of the chip select clock names.

]



5.3.6.2.7 Interrupt Circuit

5.3.6.2.7.1 This ecircuit consists of one chip, Ul2, which is an 8-to-3 line priority
encoder. This IC handles the interrupt lines from the measurement block {(MCCIRQ),
GPIB block, timer and gating bloek (RTIRG), and optional interrupts (CPTIRQ). These
interrupt lines are pricritized, then a 3-line code is sent to the microprocessor.

5.3.6.2,8 Address and Data Buffer
5.3.6.2.8.1 U26 is a bidirectional buffer that buffers data lines DO through D7 from
the microprocessor to the measurement block, display biock, GPIB block, and hardware

control eireuitry. This buffer chip is only enabled when reading and writing from
peripheral devices outside the kernel. U27 buffers address lines Al through A4,

5-26



yoorq Jossesoldoldily 9yl J0J 211BWAYDLE parynduis - ¢1°¢ aandig

S S 30 ANA
S0 i
;o . ¢ VBNV LNOUD
s HOLIME 10A NON
—_— - iy

60 n mhm_,.:

iiiii olvy N
- : - 3 @d- e A e

|
[y
3
2 |
T
z
=
w
<

H e R]

pmrmmene RELTN
443 ™ sun YOREINOD

b e e e e

; o ™~ sann
i e £zav 1oy . \ §SIHGOY

Lo v e s
g PR vl

[48

VDTN DU AR U JPNTRN [ SUNUIPNNIIN (SR N o SN R 7141 T e < pUigl
540 OG. B .V SANIT SN —

s } T CTO T T T T vivo TR T e = e € QUIDNY

P B | B T L

IR _ j a_w%u oidi ZEN e QHIULY
arn

. Ldrrey ﬂ

21901 - g
n 8n tn N RIN TOYINOD a0

rerd AL ;i

N 3+ A -

TANVAN

L] Jon

Imn

i M1 :

L el oo A e | e e i e s
wHIW v
[ . SEyT
1K - s o o

ima
- —— S — P J——— [E— [P PSS iy PN, [ — ———y JE S B - P
T faseama:! mmmmT f g Foviion s ] e ! E frcn. g 2 o izt SRR e frmeara: ﬂ]«i



5.3.7 Power Supply Block

5.3.7.1 The 1995/1006 uses a linear power supply providing the following voltages
(+5%) at the indicated current capacities:

a. +5V at 750 mA surge, 350 mA nominal (using ovenized oscillator
Option 04E)

b. +5V at 3.2A {TTL)
c. -5.2V at 2.8A (ECL)
d. +15V at 250 mA (Linear)
e. -15V at 100 mA {Linear)
5.3.7.2 -~ Line voltage enters the powér' transformer's primary winding when rear-

panel connector S200 is closed. The line voltage selector card is oriented by the user to
properly configure the primary winding to match the applied line voltage (see Subsection
9.7.2 in this manual for details).

5.3.7.3 The power transformer s a step-down device with three center-tapped
secondary windings. Power transformer output voltages are full-wave, rectified by
bridges CR8, CR200, and diodes CR10, CR11, before being capacitor filtered.

5.3.7.4 When switch S1 is closed, the positive and negative 15V supplies come
up. The +15V supply enables the +5V TTL supply via Q7. The computer resets and, upon
a successful completion of a status check, turns on the -5.2V supply via Q5, @8 and Q8.
When switeh S1 is opened, all power supplies shut down except the oven oscillator
supply. Q4 turns on and lights the front-panel Standby LED.

5.3.7.5 The +5V TTL and -5.2V ECL power supplies are overvoltage/current
protected by thyristors Q10 and Q11. The FANRUN line remains at approximately .7V
when the fan is operating. If no current flows through the fan, Ul-2 goes low forcing
BD5 low when Ul3 is addressed by the computer. The computer then turns off the -5.2V
supply, thereby reducing internal heat dissipation to a safe level.

5.3.8 External Arming/Gating Block
3.3.8.1 Funtional Description
5.3.8.1.1 The 1995/1996 provides special circuitry permitting control of the

measurement gate start and stop time by external means. Measurement gate control in
normal operation is a function of the selected measurement mode and input channei(s).
External arming and gating is provided by channels A, B, and rear-input D, Thus, a
variety of arming and gating signals can be used.

5.3.8.1.2 When in one of the external arming/gating modes, the microprocessor
illuminates the EXT LED on the front panel, indicating that the counter is set up for
receiving an external arming/gating signal via channel A, B or D.



5.3.8.1.3 The external gating signal defines the beginning {Start) and end (Stop} of
the measurement. In using the external gating signal, one of four siope combinations can
gL be selected: positive-to-positive, positive-to-negative, negative-to-negative, and
negative-to-positive.

| 5.3.8.1.4 The external arming signal defines the beginning (Start) of the
‘ measurement; the end (Stop) is deflined by the internal gate-time setting. Positive and
negative slope selections are nossible in the external arming mode.

5.3.8.1.5 In addition, the synchronous window auto-trigger (SWAT) mode may be
selected. SWAT, which uses the external arming/gating circuitry, permits the auto-
trigger to function only within a specified window. For example, the window can be set
between possible ringing on both the rising and falling edges of the input measurement
signal. Measurements are then taken only during this window, resulting in much more
accurate readings. The only difference between the external gating mode and SWAT is
that the gate signal is sent to the auto-trigger cireuitry between measurements when in
the SWAT mode.

5.3.8.2° Circuit Description

5.3.8.2.1 Refer to Figure 5.14. The arming and gating controls are set up via two
. latches, U29 and U31. U29 controls several control signal lines for the arming and gating
1 circuitry which are SELSP, SELCHD, ARMSYNC, and SELARM. SELSP and SELCHD
) control the selection of channel A, B or D as the external arming or gating signal.
SELARM enables the arming or gating signal to pass on to the auto-trigger circuitry or
o the measurement ecircuitry. ARMSYNC synchronizes the external arming or gating signal
J with the measurement circuitry. U31, ARMSTSL, and ARMSPSL controls the arming or
i gating slopes of the selected signal (Channel A, B, or D). :

1 5.3.8.2.2 U40A serves as a 2-to-1 line signal selector/multiplier. It selects either
* ! the TTLSTOP (channel A/B input) or CHANLD (channel D input) signal. The:TTLSTOP
signal is selected to appear at the output of U40A when control signal SELSP is high and
SELCHD is low from U29. The CHANLD signal is selected when the SELSP is low and
o SELCHD is high. Selected signal TTLSTOP or CHANLD is then passed from the input of
o U40A to the input of U32A and U32B for slope selection,

1 5.3.8.2.3 U32A and B is an exclusive-or gate with U32A selecting the start slope
; and U32B selecting the stop siope of the arming or gating signal. A logic high on the
ARMSTSL or ARMSPSL line selects the positive slope for cloeking U43A and B. A logic
tow on ARMSTSL or ARMSPSL selects the negative slope. With a selected arming mode,
only the ARMSTSL is used to initialize a measurement.

5.3.8.2.4 U43A and B is a D-type, positive-edge trigger flip-flop. U43A's fiip-flop
eircuit controls the rising edge of the ARM signal and U43B's flip-flop circuit controls
the falling edge. With an arming mode, only the rising edge of the ARM signal is
processed by the measurement block to start a given measurement. With a gating mode,
o both the rising and the falling edge of the ARM signal is processed by the measurement
hlock to both start and stop a measurement.
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5.3.8.2,5 When the microprocessor brings the ARMSYNC signal high, U443 A's Clear
(CLR) line is released. With the CLR line high, the output of U32A (ARMSTART) cloeks
U43 A's input, forcing U43A's Q output high and @ output low. This low is passed to
U37A-10, with U37A-9 low; the output of U37A will go from a high to a low. This low
from U37A-8 is passed to U39~1 if U42B~4's SELARM is enabled (high). U39A inverts the
ARM signal to ARM and passes it to the measurement bloek. The rising edge of the ARM
signal arms U8 to start & measurement.

5.3.8.2.6 U438 is held disabled by U43A's Q output until U43A's ARMSTART signal
clocks Q high. Once U43B is enabled, U43A's Q output is passed to U43B's D input. When
the clock edge of the ARMSTOP signal clocks U43B, U43B's Q output will go high and the
O output will go low. The Q output of U43B is then passed through U37A and U42B to
the input of U39A. U3SA inverts the high to a low and passes it to the measurement
block causing the falling edge of the ARM signal to stop the measurement., U43B's Q
output is fed back to U43A's Clear input resetting Q and Q and disabling U43B.

5.3.8.2.17 At-the end of the measurement, the microprocessor brings the ARMSYNC
line low. This disables the arm and gate circuitry until the microprecessor brings the
ARMSYNC line high again to start a new mesasurement,
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Figure 5.14 - Simplified Diagram for the Externsal Arming/Gating Block
5.3.9 Internal Gate Timer Block
5.3.9.1 Functional Description
5.3.9.1.1 Refer to Figure 5.15. The gate timer controls two functions: (1) real-

time interrupts and (2) gate time. U28 is a programmable interval timer that has three
independent 18-bit counters. One is used for real-time interrupts, and the other two are
cascaded together as the gate timer,
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5.3.9.1.2 7 The timer for real-time interrupts is programmed to interrupt the
microprocessor every ten milliseconds. Programming for this counter is effected at
power-up and is not changed.

5.3.8.1.3 The gate time is changed whenever the function, resolution, or a new gate
time is programmed by the user. 1995/1996 gate times can be programmed as short as
200 nanoseconds or one cycle of the measurement signal to 106 seconds.

5,3.9.1.4 The gate timer block controls the end of a measurement. Depending on
the counter's chosen measurement function, the counter will select the gate-ending
sipnal which is either created by the timer chip U28 or the MCC: chip in the
measurement dloek.

5.3.9.2 Circuit Description
573.872.1 Refer to Figure 5.15. The end of a measurement can be controiled by

either the SPOQUT or GATE END signals. SPOUT is generated by the MCC2 (U11) of the
measurement block and is connected to U41-2. GATE END is generated by the Intel
timer chip U28 and is connected to U4l-1. U4l functions as a 2-to-1 selector/multi-
piexer. The control signal MCC/GEND from U29-15 controls the selection of the SPOUT
or GATE END signals for application to the measurement biock. When MCC/GEND is
high, the GATE END control signal is passed through U4l and inverted by U38C. This

output is called the SPMUX signal. When MCC/GEND is low, SPOUT wilil be present at
the output of U38C.

5.3.9.2.2 U38B is a D-type flip-flop which controis U28's counters 1 and 2 and their
reset and counting function. U38A controls the GEND signal clock via the OUTL or 2
signal of U28. At the end of each measurement, the MLRST line is brought low,
resetting the two internal counters of U928. When the MLRST line goes high, the GATE
signal witl follow, clocking a high to U38B's @ output allowing U28's two Iinternal
counters to begin counting. Once the U38 counter has timed out, the selected OUT
signal (1 or 2) will then clock the GEND line high at U38A's Q output.

5.3.9.2.3 Chip U28 is connected to the buffered data bus (BDO-BD7) from U286 of
the CPU block. U28 uses two buffered address lines BA1 and BA2 from U27 of the CPU
hlock to address the internal counter and control register. When the gate time Is being
programmed, the timer chip U28 will receive two to four bytes of data from the
microprocessor, depending on the gate time being programmed. Each time a data byte is
written into the timer chip, the CSTIMR line is brought low, BA1 and BA2 lines select
the internal register, data is placed on the buffered data bus, and the PWE signal clocks
the data into the U28 register.

5.3.9.2.4 U928's three counters (0, 1 and 2) have independent clock inputs. Count-
er 0's clock input (CLKO) is connected to the microprocessor's E clock which runs at
800 kHz. Counter 1's cloek input (CLK1) is connected to the 10 MHz reference signal.
Counter 2's elock input (CLK2) is connected to the counter 1's QUT1 signal.

5.3.8.2.5 When a new gate time is programmed into U28, the OUT1 and OUTZ
signals of U28 are now selected by the microprocessor through U29's LTMS control
signal., LTMS is connected to U40B for selecting either U28's OUT1 or OUT2 signal for
U38A's clock input. U40B also inverts the OUT1 and OUT? signal to give U38A a rising
edge when U28's signal (OUT1 or OUT2) times out. This inversion is effected because
U38 is a positive-edge triggered device and the OUTI and 2 signals are high-to-low
transitions when the programmed gate time has expired.
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5.3.9.2.5 LTS control lines select OUTY or OUTY from 128 to pass through V40D
to the clock input of U388B. The LTMS control line is set high [or programmed times less
than 1 millisecond and low for 1 millisecond or greater times. The selected OUT signal
passes through U40B to U38A's clock input when the gate counters of U28 time out. This
rising edge to U38's clock input elocks the D input to @ output, foreing GEND high. This
signals the end of a measurement.
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Figure 5.15 - Simplified Schematic for the Internal Gate Timer

5.3.10 External Reference Multiplier Block
5.3.10.1 Funectional Description
5.3.10.1.1 Refer to Figure 5.16 which shows a block diagram of the external

reference multiplier. The input to the cireuit is taken from the REF-IN connector on the
instrument's rear panel, via a signal conditioning circuit.

5.3.10.1.2 The eireuit contains a 10 MHz oscillator operating in a phase-locked
loop. If an external reference signal of suitable amplitude is present at the REF-IN
conneetor, the reference frequency is fed to the external reference detector. The
detector output then alerts the CPU through the EXTDET signai that there is an external
signal present. The VCO oscillator is then enabled and the INT/EXT logic connects the
10 MHz from the buffer and splitter to the output.

5.3.10.1.3 The pulse generator output is fed 1o the phase detector, and forms the
reference signal for the phase-locked loop. The ohase detector is of the sampling type,
allowing the oscillator to be phase-locked to a reference signal of 10 MHz or any
submultiple of 10 MHz.
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Figure 5.16 - Simplified Diagram for the External Frequency Multiplier Block

5.3.10.2
5.3.10.2.1

5.3.10.2.1.1

enter the system at J208 connector.
by U66 and squared in U65D before being

Circuit Description

Input Circuit and Pulse Generator

Two antiphas

the reference detector output does not trigger the switching signal
disabled and the INT/EXT logic connects the internal

e waveforms derived from the external reference signal
The waveform from J208 is converted to TTL levels

UB5C. The operation of this circuit is shown in Figure 5.17.

applied to the pulse generator, U65B and
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5.3.10.2.1.2  The negative-going pulses at U85-C are used to switeh Q12 which drives
the transmission-line type transformer Tl. The transformer acts as a phase splitter.
Thus, for the duration of each pulse from UB5C-8, the sampling bridge of the phase
detector is heid forward-biased, with the CR12/CR13 and CR18/19 junctions
symmetrical’around 0V,

5,3.10.2.2 Phase-Locked Loop

5.3.10.2.2.1 Refer to Figure 5.17 and 5.18. The loop oscillator's active element is
UB5C. 'The oseillator frequeney is controlled by the erystal Y1 and the varactor diode
CR21. The trimming capacitor C142 can be adjusted to compensate for a range of
erystal and varactor tolerances.

5.3.10.2.2.2 The oscillator output drives a unity-gain cascade buffer, U64A/D. The
buffered signal from the collector of UB4A forms the RF input to the phase detector.

5.3.10.2.2.3 When the sampling bridge of the phase detector is forward-biased by the
pulses from T1, the CR18/CR18 junction adopts the same potential as the CR12/CR13
junction. At other times, the junctions are isclated from each other by the high
impedance of the non-conducting diodes. The bridge output is therefore a series of
samples of the loop oscillator waveform, taken at the frequency of the external
frequency standarc.
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5.3.10.2.2.4  The phase detector cutput depends upon the relative frequency of the loop
oseillator and the frequency standard, and upon the phase of the loop oscillator waveform
at the instant of sampling. If the standard frequency is 10 MHz, every cyele of the loop
oscillator output is sampled, but if it is a submultiple of 10 MHz, enly every second,
fourth, fifth, or tenth cycle will be sampled. In all cases, however, provided the standard
frequency is an exact submultiple of the loop oscillator frequency, the samples will be of
constant amplitude. If the standard frequency is not an exact submultiple of the loop
oscillator frequency, the output pulses will be amplitude modulated.

513.10.2.2.5 The amplitude of each phase detector output pulse depends upon the
instantaneous value of the loop oscillator waveform at the instant of sampling. The
pulses are integrated in Cl44 to form the input to the loop amplifier U63. When the loop
is in-lock, the voltage across Cl4dd maintains the voltage at U63-8, and therefore across
the varactor, at the level needed to maintain the loop oscillator at the lock frequency.
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Figure 5.18 - Phase-Locked-Loop Controlled Oscillator

5.3.10.2.3 External Reference Detector and INT/EXT Switehing

£ 2.10.2.3.1 The output from UB5D-11 is fed to a detector formed by C147, CR14, and
R61/83. Refer to Figure 5.19. If no external reference signal is present at the REF-IN
connector, U6-7 will go high and Us5D-11 is at a logic 0. The detector output, and
therefore the base of Q13, is at +5V and Q13 is switched off. A logic 0 level is applied to
U30-2. When the CPU sees the EXTDET signal low at U30-2, it will, in turn, set U31-6
low (INT/EXT). This is applied to U65A-1, 2 giving a logic 1 at U65A~3. See Figure 5.18.



5.3.10.2.2.2  The zener diode CR22 econverts the logic levels from TTL to the level
required td switch on UB4B. With U648 switched on, the voltage across 82 holds the
emitter of UB4C positive with respect to its base, disabling the oscillator.  With the
INT/EXT low at US8A-7, this will deselect the external reference by placing an ECL high
at UB0B-5 and force any ECL at U80C-10 low. This will now select the internal
reference from UBDC-14 for the measurement logic. This disables U60B and enables
UsacC.

5.2.10.2.3.3  When an external reference signal is present at the J208 connector, the
output from U65D-11 is a TTL square wave at the external reference {requency. The
detector output holds the base of Q13 negative, so that Q13 conduets, Q13's collector is
at a logic 1 and its velitage (EXTDET) high. The CPU will detect this and set the
INT/EXT signal high. Under these conditions, UB4B is cut off and the loop oscillator is
enabled.

+5Y
1
4208 REY i cris
EXT REF
€172 7 “ b A e EXT REF
i c147 rg3 DETECT QUT
oV 302
- CIEST 0%
Figure 5.19 - External Reference Detector
3.3.11 Channel D Block
5.3.11.1 Refer to Figure 5.20. Channel D conditioning cireuitry provides input

signal limiting/buffering with threshold selection of 0V or 1.25V for AC or TTL channel D
input compatibility. Resistors R83 and R99 form a2 4:5 DC divider with C183 allowing
fast edges to pass through to U62, CR24 and CR25 act as clamps, limiting signal swing
from -2.3V to +2.3V.

5.3.11.2 The signal then is fed to voltage comparater U62. The output of UB2 will
change states when the input crosses the reference voltage on pin 3 of U62. The
reference voltage can assume one of twc possible levels, 0V or 1.25V. When a TTL
logic 0 is applied to the base of Q16, Q16 turns on.
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5.3.11.3 Resistors R67 and R100 ferm a l:4 voltage divider. The voltage divider
then applies a 1,25V reference signal to UG2 via resistor R101. When a logic 1 is applied
to Q16, Q16 turns off. The reference vollage becomes 0V. Resistor R102 provides
positive feedback creating a small amount of hysteresis.

v
Q16
R100

+h
RES
Rg7

RE6
FERG/TTL —
Y
C163
i1
14
CH25
"0 CHANNEL >——tr— A AAAS
RE9 64

igiﬁ

R101

’i/ > ’ °
V;’ 2} us2

% 8

J) CR24

2V

Ly

R10Z

Figure 5.20 ~ Simplified Bloek Diagram for Channel D

5.3.12 GPIB Block
5.3.12.1 FPunetional Description
5.3.12.1.1 Refer to Figure 5.21. The GPIB block for the 1995/199§ consists of only

three chips. These include the general interface bus controller (Texas Instruments
TMS9914A) and two bus transceivers (75160 and 75161}, These provide the necessary
interface between the IEEE-bus and the GPIB controller.

5.3.12.1.2 U611 (TMS9914A) is used when it is necessary for an intelligent instrument
to communicate with an IEEE-488 General Purpose Interface Bus (GPIB). It performs the
interface function between the mieroprocessor and the bus, relieving the microprocessor

of the task of maintaining IEEE protocol.

By utilizing the interrupt capabilities of the

bus controller U1, the bus does not have to be continually polled, and rapid responses to
changes in the interface configuration can be achieved.

5.3.12.1.3 U61 provides an interface between the microprocessor and the GPIB as
specified in the IEEE-488 Standard. This device is controlled and configured through 8-
bit memory-mapped registers and enables all aspects of the Standard to be implemented,

including talker, listener and controllier.

()



5.3.12.1.4 Refer as required to Figure 5.21 which provides a block diggram showing
the interfacing of the microprocessor &nd the GPIB block.

5.3.12.2 Circuit Description

5.3.12.2.1 The input/output pins {DI01 through DI08) of UGl are connected to the
IEEE-488 bus via bus transceivers U67 and UB8. The directicn of data flow is controlled
by the TE and CONT output signals generated by U61.

5.3.12.2.2 Communication between the microprocessor and U6l is performed via
memory-mapped registers. There are 13 registers within U61, six of which are read
registers and seven are write registers. These registers are used to both pass control
data to and get status information from the microprocessor.

5.3.12.2.3 The least significant address {BAl, BA2 and BA3) lines from the address
huffer-U27 are connected to the register select lines RS0, RSL and RS2. These latter
lines determine the particular register selected. When U6l's CE input is pulled low by
the CSGPIB control line, any one of the eight consecutive addresses is selected. Reading
and writing to these locations transfers information between U6l and the
mieroprogessor.

5.3.12.2.4 U67 is a 20-pin device used to buffer the IEEE-488 data lines (DIOL
through DIO8) in all applications. The direction of the buffers is controlled by the Talk-
Enable (TE) output of U6l. This active high signal becomes true whenever U61 is in
TACS (addressed to talk) or SPAS (serial polled) mode.

5.3.12.2.5 168 is a 20-pin device used to buffer the IEEE-488 measurement lines., I3
may be used for talker or listener status. The direction of the handshake-line buffers
NRFD, NDAC and DAV are again controlled by the TE signal from U61. However, the
SRQ, ATN, REN and IFC buffers are controlled by the DC input of U68. U838 connects
with the Controller Active (CONT) output of U6l. The CONT output always remains
high because U6l is not being used as a controller device. U68 also includes the logic
necessary to control the direction of the EOI buifer. This is dependent on the TE signal
when ATN is false (high) and on the DC signal when ATN is true {low).

ust
800 - 8D7 ue?
orie 1208
TMSOS14A DATA BUS BUFFERS DATA BUS
PWE wE 75160 IEEE-488
" GPiR
R/
= DBIN TE
BAT o aso
i Ues
BAZ
w A5t BUS 8US
BAZ MANAGEMENT | BUFFERS b ppacemenT
RS2 75161
TE CONT oC
CSGRIB -

Figure 5.21 - Simplified Diagram for the GPIB Block
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SECTION B MAINTENANCE

6.1 INTRODUCTION

6.1.1 The performance tests in this section are used for (1) receiving
inspection/acceptance, (2) periodic determination of the need for recalibration, (3) upon
failure of a routine specification check, and (4) after repair of unit. Verify the basie
operation of the eounter before starting these tests by completing the rapid functional
check found in Subsection 2.9.

6.1.2 Satisfactory completion of these performance tests will confirm the
1995/1996's operation by measurement function. Instrument covers need not be removed
for any tesc. Complete the performance tests in the order given.

6.1.3 The following conditions must be maintained during these tests:

v ——

a.- The counter must be operated from an AC supply

b. The line voltage must be within £ 10% of the indicated value of the
line voltage selector

e. The ambient temperature must be 23°C & 2°C

d. The power supply to the internal frequency standard must remain
uninterrupted. (This does not apply if the counter is locked to an
external frequency standard.)

6.1.4 Warm up the counter for one hour (switched to standby if necessary) before
beginning these tests. -

6.2 REQUIRED TEST EQUIPMENT

6.2.1 Table 6.1 lists the necessary test equipment for these performance tests.
Equipment having operating characteristies equivalent to or better than those listed may
be substituted. The procedures described in this section are general in nature and based
on the use of the test equipment recommended. Some modification of the procedures
may be required if substituted equipment is used.
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Table 6.1 - Reguired Test Equipment

l Minimum Use
ftem I Specifications Quantity | Recommended Equipment

10 kHz to 1.3 GHz 1 ' Raecal-Dana Model 9087
amplitude 5 mV rms
to 1V rms inte 5C

ohms. 1 kHz AF out

1. Signal Generator

2. Audio Generator | 10 Hz to 10 kHz; 1 Racal-Dana Model 845
amplitude of 25 mV
rms into 50 ohms

3. AC Voltmefer DC to 10 kHz; 1 Racal-Dana Model 5002
(low frequency) .1% resolution,
- and + 2.5% accuracy

4. Pulse Generator . 1 Hz to 5 MHz, 1 Racal-Dana Model 1500

external lock '
and trigger cap-
ability; £ 2 ns
jitter

5. AC Voltmeter i 10 kKHz to 2 GHz; 1 Racal-Dana Model 9303
(high frequency)  .1% resolution,and
.+ 2.6% accuracy to
500 MHz & + 5%
- accuracy to 1.3 GHz

—

6. BNC T-Connector 50 Ohms ' 1 e

7. Connector Lead ' 50-ohm coaxial cable 5 —
{ with BNC connectors,

=~ 4 ft, long

8. Coaxial Load ; BNC connector, 1 —
! 30 ohms, 2W BNC
|+ 1%

9. N-type to BNC 50 ohm 1 —

adapter/connector E




o)
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e
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6.3 " PERFORMANCE TEST PROCEDURES

§.3.1 Power-on/self-test and home state conditions are described in Subsections
3.2.2 and 3.2.3, respectively. Refer to this information as necessary.

6.3.2 Set up the 1995/1996 and test equipment as shown in the following figures

provided for each test procedure.

monitor the eounter's readout for the indicated values.

Table 5.2 ~-Self Test

Set the contrel and inputs as noted in each table and

1. Power up the 1995/6.

2. Press the "CHECK" button for 3 seconds until all LEDs light.

Applied Min. Input Counter Special
Frequency Signal Level Tolerance Resolution Notes
“Internal Internal 10 ms gate
5 MHz (default)
PROCEDURE

3. After the release of "CHECK™ button, the unit will be in seif-test and the
word ™est" will appear on the display

4, This test takes a maximum of 75 seconds and any existing error conditions
will be displayed momentarily.

5., When the self-test is completed, the unit returns to "CHECK" mode with 5
MHz on the display.
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Table 6.3 - Input A Sensitivity Performance Test, I

Applied . Performance | Input Counter % Special

Frequency ° Standard Signal Level Tolerance | Resolution | Notes
200 MBz 50.0 mV rms +.2 Hz l-sec gate Use an AC
166 MHz 25.0 mV rms +.1 Bz l-sec gate | voltmeter to

verify applied
input signal

level into
50-02 load
before applying
to UUT
. - Test Setup
RF | ~ _ ~ _|INPUTA EXT |
OUT | é I (AUTO TRIG OFF) STD |~
SIGNAL - IN
GENERATOR 1485/6
EXT
- STD
ouT
fan
7
5 5
PROCEDURE
1. Power up the 1395/6,
2. Set the 1985/6 as follows: FREQ A

Input A 50 ohms input impedance
Gate time 1 sec

Disable input A auto trigger

Set input A trigger level to 0.00V

3. Connect the 1895/68 and signal generator as shown above,

4. Apply the inputs shown in the table above and verify that the measurements taken are
within the specified tolerances.
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Table 6.4 - Input A Sensitivity Performance Test, I

Applied Performance | Input Counter Special
Frequeney ° Standard Signal Level Tolerance | Resolution Notes
20 Hz 25 mV rms +.1 Bz 100-ms gate | Use an AC
volimeter 1o
verify applied
input signal
level into
50-0 load
before applying
to UUT
.o Test Setup
MAIN | —~ INPUT A EXT -
ouT STD
AUDIO
MODE: 3, XTAL : CONT 1935/8
WAVEFORM: 1 {~)
11 MHZ
—jour
5 S
PROCEDURE

1. Power up

2. Set the 1995/6 as follows:

the 1885/6.

FREQ A
Input A 50-ohms input impedance

Gate time 0.1 sec
Disable input A auto trigger
Set input A trigger level to .00V

3. Connect the 1995/6 and audio generator as shown above,

4, Apply the inputs shown in the table above and verify that the measurements taken are
within the specified tolerances,
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Table 6.9 - Time Interval A—+B Performance Test

Applied _ Performance Required Special
Frequency - Standsard input Signal Tolerance Notes
100 MHz/5 ns 100 mV rms + 3 ns
1 Hz/ls TTL into 50£2 +3ns
Test Setup
RF
ouT
EXT SIGNAL (100 mV rms) P
STD GENERATOR . T
QUT (SINEWAVE) w INPUT A EXT
- { - STD
g 1995/1996 IN
PULSE GENERATOR DELAY i
EXT Delay=.1 us ouT N EXT
STD Width=999.9999 ms = - STD
IN Internal Trigger OouT
v %
PROCEDURE

1. Power up the 1885/6,

2. Set the 1995/6 as follows:

TI A-+B

Input A 50-chms input impedance

Input A DC coupled
Disable input A auto trigger
Set input A trigger level to 0.00V

Enable COM A

3. Connect the 1995/6 and signal generator as shown above,

4, Apply 100 MHz, 100 mV rms to input A of the 1995/6.

5. Verify that the measurement is within the tolerance specified above,

6. Set the 1995/6 to Slope A1, Slope B.J.

7. Verify that the measurement is within the tolerance specified above,
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b By

B Table 6.9 - Time Interval A— B Performance Test (Cont'd)

—
PROCEDURE

8. Disconneect the signal generator and connect the pulse generator DELAY OQUT to input A
of the 1995/6. Set the pulse generator to a delay of 0.1 mierosec., width 999.9999 msec.,

INT trigger.
9. Set the 1995/6 inputs A and B trigger levels to 1.30V.
10. Set inputs A and B to Slope .
11. Set the 1995/6 DELAY to 1 msec and enable the DELAY.

1%. Verify that the measurement is within the tolerance specified above,
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Table 6.10 ~ Total A by B Performance Test

3

Applied Number of Special
Frequency: A B Counts Tolerance Notes
100 MHz ,3999999 Hz 99.99999 x 106 + 1 eount
20 kHz 10 kHz 1 + 1 count
Test Setup
1 RF| -~
| EXT SIGNAL ouT| v £
~£1STD GENERATOR (100 mV rms)| ¥ T
| %J |oUT (SINEWAVE) | L= INPUT A EXT
| g 1995/1996 STD r=
© = INPUTB I
; EXT
PULSE GEI\EERATOR DELAY | STD —
- STD WIDTH = 999 9999 ms v i
| % IN OUTPUTITINTERNAL TRIGGER i

GO

PROCEDURE

1. Power up the 1995/6.
2. Setthe 1995/6 as follows:

@ e =1 M N b W
P

TOTAL Aby B

Input A 50 ohms input impedance
Input B 50 ohms input impedance

Input A DC coupled
Input B DC coupled

Disable input A auto trigger
Set input B attenuation to X1

Set input A trigger level to .00V
Set input B trigger level to 1.30V

Select slope J for input B

Set the signal generator to an output of 100 MHz, 100 mV rms.

Verify that the measurement is within the tolerance specified above.

Set the signal generator to an output of 20 kHz, 100 mV rms.

Verify that the measurement is within the tolerance specified above.

Connect the 1995/6 to the signal generator and pulse generator as shown above.

Set the pulse generator to an output of 0.1 microsec. delay and width 999.9999 msec.

Set the pulse generator to an output of 50 microsec. delay and width 50 microsec.
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Table 6.11 - Ratio A/B Performance Test

Applied Performance Counter Special
Prequency: A B Standard Tolerance Resolution Notes
200 MHz 1 Hz | 200.0000000 x 108 | +1 count l-sec gate
1 Bz e 1.000000000 +1 count
Test Setup
\ RF o
; SIGNAL ouT %- S T 1
i GENERATOR (100 mV rms) ;
IEXT (SINEWAVE) -~ INPUT A EXT ‘_]
i STD = STD
v 0BT E 1995/1996 IN
-—= INPUT B EXT
| : STD =
‘i PULSE GENERATOR l ouT
. |EXT DELAY 1
Delay =.1 us ouT %

|
i

Width = 999.9999 ms
Internal Trigger

r%"' STD
‘ i IN

<O

PROCEDURE

1. Power up the 1995/8.

2. Set the 1985/6 as follows:

RATIO A/B

Input A 50 ohms input impedance
Iput B 50 ohms input impedance
input A DC coupled
Input B DC coupled

Disable input A auto trigger

Set input B attenuation to X1
Set input A trigger level to 0.00V
Set input B trigger level to 1.30V

Gate time 1 sec.

3. Connect the 1995/6 to the signal generator and pulse generator as shown above.

4. Set the signal generator to an output of 200 MHz, 100 mV rms.

5. Set the pulse generator to an output of 0.1 microsec. delay and width 899.9999 msec.

6. Verify that the measurement is within the tolerance specified above.

7. Disconnect the signal generator from input A. Transfer the pulse generator output from

input B to input A.

8. Enable COM A on the 1995/6 and set input A trigger level to 1.30V.

9, Verify that the measurement is within the tolerance specified above,
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Table 6.12 - Ratio C/B Performance Test

Applied Performance Counter Special
Frequencey: C B Standard Tolerance Resolution Notes

1.3 GHz 1 Hz | 1.30000000 x 109 | £ 2 count 1-sec gate
40 MHz 1 Hz | 40.0000000 x 108 | + 2 count | l-sec gate

Test Setup
e RF
SIGNAL ouT -,
GENERATOR {200 mV rms) § { AV,
EXT (SINEWAVE) ‘bl INPUT C EXT
- STD STD
'y (ouT 1995/1996 IN
1‘ = INPUT B EXT
| STD
ouUT
PULSE GENERATOR
EXT DELAY |~
() STD  Delay = .1 us ouT %
“vj IN Width = 999.9999 ms
Internal Trigger

<D

PROCEDURE

1. Power up the 1895/6.

2. Set the 1995/6 as follows: RATIO C/B
Input B 50 ohms input impedance
Input B DC coupled
Set input B attenuation to X1
Set input B trigger level to 1.30V
Gate time 1 sec

3. Connect the 1995/6 to the signal generator and pulse generator as shown above,

4, Apply the inputs shown in the table above and verify that the measurements taKen are
within the specified tolerances.
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Table 5.13 - Rise Time A Performance Test

} Applied Performance Special
Frequency ° Standard Tolerance Notes
) 50 MHz/6.0 ns + 3ns Use an AC voltmeter to

verify applied input
signal level into 50-0

x} load before applying
A to UUT
} Test Set
i
I RF _~ _ ,/INPUT A EXT |
SIGNAL oUT \67) STD

GENERATOR (707 mV rms) 1995/1996 N

EXT (SINEWAVE)

R

'w ~—STD

i ouT
Jan -
] L ® ?
= j] PROCEDURE "

1. Power up the 1935/6.
?EE 9. Set thé 1995/6 as follows:  RISE A
i’ Input A 50 ohms input impedance

3. Connect the 1995/6 to the signal generator as shown above.

. 4. Apply the input shown in the table above and verify that the measurement taken is
E within the specified tolerance.

Rise Time A Waveform

Rise Time = ———=6ns

ov




Table 6.14 - Fall Time A Performance Test

T

Applied Performance Special
Frequency ° Standard Tolerance Notes
30 MHz/6.0 ns + 3 ns Use an AC voltmeter to

verify applied input
signal level into
50-§1 load before applying

te UUT
Test Setwp
RF| ~ . INPUT A EXT |,
4 -- SIGNAL ouT \v/ STD

EXT GENERATOR {707 mV rms)
STD (SINEWAVE)
ouT

1995/1996 IN

A

PROCEDURE

1. Power up the 1895/8.

2. Set the 1995/5 as follows: ~ FALL A .
- Input A 50 ohms input impedance

3. Connect the 1995/6 to the signal generator as shown above.

4. Apply the input shown in the table above and verify that the measurement taken is
within the specified {clerance. -

Fall Time A Waveform

oV

Fall Time = 5
L 50 X 19
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- Table 6.15 ~ Positive Pulse Width Performance Test

Applied . Performance Special
Frequency ° Standard Tolerance Notes
106 MHz/5 ns +3ns
Test Setwp
RFL INPUT A EXT
SIGNAL OUT \6 STD

EXT GENERATOR (500 mV rms) 1995/1996 IN

STD (SINEWAVE)

I 'OUT

e =
V) Y

PROCEDURE

1. Power up the 19585/6.

2. Set the 1995/6 as follows: POS WIDTH A

Input A 50 ohms input impedance
3. Conneet the 1996 to the signal generator as shown above.
4. Apply the input shown in the table above and verify that the measurement. taken is

within the specified tolerance.

Positive Pulse Width Waveform

10 ns——»-l

i
| Y

y

<

A
7
|

1

517



Table 6.16 - Negative Pulse Width Performance Test

Applied ] Performance Special
Frequency - Standard Tolerance Notes
100 MH=z/5 ns + 3 ns
Test Setup
RF | ~ INPUT A EXT|
SIGNAL OUT % STD

EXT GENERATOR (500 mV rms)
—1 STD__ (SINEWAVE)

1995/1996 IN l
3 0UT ‘ |

PROCEDURE

1. Power up the 1895/6,

2. Set the 1995/6 as follows: NEG WIDTH A
Input A 50 ohms input impedance

3. Connect the 1996 to the signal generator as shown above.
4, "Appiy the input shown in the table above and verify that the measurement taken is
within the specified tolerance.

Negative Pulse Width Waveform
|l w——10ns -

!
}
I

| : |
i/\
! \ oV

|
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Table 6.17 - Phase A rel B Performance Test

Applied =~ Performance Counter Speciat
B Frequency ° Standard Tolerance Resolution Notes
| 1 kHz 180° +.1° 1-sec gate
Test Setup
}[ PULSE GENERATOR
EXTERNAL TRIGGER MARKER
OUTPUT _I 1. ouT ~
DELAY = .5 ms
WIDTH = .1 ms ;
‘ o w EXT 0V EXT TRIGGER  EXT DELAY &5 INPUT A ' EXT
[ % STD IN LEVEL TRIG oUT % STD (=~
7 ‘ IN
' 1995/1996
; 1 kHz AF QUT EXT
i STD
g » INPUT B ouT

SIGNAL GENERATOR

10 MHz

;; {—OUT

j PROCEDURE

o

A 1. DPower up the 1995/6.

; 9. Set the 1995/6 as follows: ~ PHASE A REL B

A Input A 30 ohms input impedance
Input B 50 chms input impedance
: ‘ Gate time 1 sec

3. Connect the 1996 to the signal generator and pulse generator as shown above.

i 4. Apply the input shown in the table above and verify that the measurement taken is
i within the specified tolerance.

v E Phase A rel B Waveform
1} e 1 ms !

| 1 2,5V

H ) 0V MARKER OUT

! d ~2.5V.

? " 0V DELAY OUT
[E b 500 pi5 100 15 —rr




Table 6.18 - Duty Cycle A Performance Test

Applied . Performance ' Special
Frequency : Standard Tolerance Notes
10 MHz 50% 4%
Test Setup
RF| ~ [INPUT A EXT
SIGNAL ouT % STD

STD (SINEWAVE)
ouT

| ;
|[EXT GENERATOR (500 mV rms) 1995/1996 IN L
5 l

|
|
L

g

<D

PROCEDURE

1. Power up the 1995/6.

2. Set the 1995/6 as follows: DUTY A
Input A 50 ohms input impedance

3. ‘Connect the 1996 to the signal generator as shown above.

4, 'iﬁxpp}y the input shown in the table above and verify that the measurement taken is
within the specified tolerance.
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Table 6.19 - Slew Rate A Performance Test

Applied ) Performance I Special
Frequency ’ Standard ‘ Tolerance i Notes
5 MHz/29 x 10°V/s +6x 10%V/s | Use an AC

voitmeter to
verify applied
input signai level
into 50-{2 load
before applying

to UUT
Test Setw

| RF| ~ _,/INPUT A& EXT |,

1 SIGNAL ouT| % STD

|[EXT GENERATOR (707 mV rms) 1995/1996 IN
~+—{STD (SINEWAVE)

o

ad
<]

PROCEDURE
1. Power up the 1995/86.

2. Set the 1995/8 as follows: SLEW A
Input A 50 chms input impedance

3.  Connect the 1996 to the signal generator as shown above.

4. Apply the input shown in the tabie above and verify that the measurement taken is
within the specified tolerance.

Slew Rate A Waveform

- 200 ns {T) —

Vg, .8V
(80% Vpp)

iV

t

H

|

ov ;
1 |
|

]

i

|

!

l

WV vy, -6V
(20% Vpp)

—_——— !

i

1

t te
Slew Rate =/ Vg - v1> _ 1.2V _ 29.3x 10%
ty-t;/ 40.96x 107 sec Sec

) Vz - Vl = -6 e (—vﬁ) = 1.2V

ty ~ £ = ~1 8]
2-% = _2(SIN* .6) v = T73.74° 4 900 ns = 40.96 ns
360 “360°




6.4 CALIBRATION

6.4.1 This procedure provides calibration information for Racal-Dana's Universal
Systems Counters Models 1885/1906.

6.5 REQUIRED EQUIPMENT FOR CALIBRATION

a. Digital voltmeter with at least a 1 mV accuracy in the 10V range. Use a
Racal-Dana Model 3004 or its equivalent

b. GPIB controiler. Use a Hewlett-Packard Model 9826 or its equivalent

. DC source with a single-pole output filter set for a 3-dB cutoff frequency of
1.6 Hz (1 K{2resistor and 100 uF capacitor)

6.6 CALIBRATION PROCEDURE

a. Turn unit-under-test (UUT) on.” Allow 15 minutes for thermal stabilization
of the counter

b. Send the following string to the counter:
"CAL" {er 1f)
The ecounter now enters the calibration routine.
NOTE:
If at any point during the calibration procedure an error is
generated {e.g., syntax or calibration), the entire calibration
procedure must be repeated.
“c.  Send the following string to the counter:

"CLHI" {er if >

d. Connect the voltmeter to the Start DAC (START-CAL LEVEL) output
on the rear panel of the UUT and record this voltage (Vstart-high)

e. Connect the voltmeter to the Stop DAC (STOP-CAL LEVEL) output on
the rear panel of the UUT and record this voltage {Vstop-high)

f. Send the following string to the counter:
"CLLO" {er If>

g. Record the voltage reading of the meter at the Stop DAC (STOP-CAL
LEVEL) output of the UUT (Vstop-low)

h. Connect the voltmeter to the Start DAC (START-CAL LEVEL) output
of the UUT and record this voitage (Vstart-low)}
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6.8.2

i. Send the following string to the counter:

"CLTH (space Vstart-high” Cer
"CLPH {space) Vstop-high" (er i
CLTL (space) Vstart-low'™ {er if D
"CLPL{space Vstop-low" {er If »

where Vstart-high, Vstop-high, Vstart-low, and Vstop-low are the
previcusly recorded values. At this peint "CAL" is shown on the main
display. The following example shows the command strings to be sent
with a Model HP85B controller in performing a 1985/1996 ealibration
procedure:

Output703;"CAL"

Output?03;"CLHEI" {Record Vstart-high and Vstop-high)
Output703;"CLLO" (Record Vstart-low and Vstop-low)
Qutput703;"CLTH (space 5.2664" (5,2664 is Vstart-high)
Output703;"CLPH (space> 5.2884" (5.2884 iz Vstop-high)
Output703;"CLTL ¢(space) -5.2756" (~5,2756 is Vstart-low)
Qutput703;"CLPL{space) -5.2661" (-5.2661 is Vstop-low}

ROTE:

Header separators, typically commas or semicolons, are
controller—dependent.

j. About 5 minutes later, when calibration is completed, "CAL donE" is
displayed on the front panel. Values can now be stored to non-voi
memory. Depress the calibration switch (through the front-panel
opening to the right of the POWER button), while sending the following
string to the counter:

"CLST" <er 1f >

k. Keep calibration switch depressed until display shows "donE" mdmatmg
suceessful non-vol memory store

L A <(spaced{er 1) GPIB output is given and the calibration switch can
now be released

VERIFICATION PROCEDURE

a.  Connect the DC source to Inputs A and B of the UUT. Adjust the DC
voltage to 4,50V using the voltmeter

b, Set up the counter for time interval A to B, Channels A and B DC
coupled

e, Press the RESET key on the {ront panel, then the AUTO-TRIG keys for
both Inputs A and B

d.  Verify that the trigger LEVEL A and B displays show trigger levels
between 4.45 and 4.55 volts

e. Adjust the DC source to -4.50V using the voitmeter

Verify that the trigger LEVEL A and B displays show trigger levels
between -4.45 and -4.55 volts

INTERNAL REFERENCE ADJUSTMENT
Required Equipment

a. 1 MHz frequency standard. Use Raecal-Dana Model 9475 or its
equivalent

b. Oscilloscope. 350 MHz, B/W, 4-channel

There are two internal reference oscillators availeble for the 1995/1396.



-

6.8.3 The calibration procedure for the standard oseillator is a single variable
capacitor adjustment, accessible at 0SC ADJ on the rear panel. The Option U4E has two
adjustments (COARSE and FINE), accessible at the rear panel.

6.8.4 Reference Oscillator Frequency Cheek

a. Select the following control settings:
(home state at power-up)

FUNCTION FREQ A
GATE TIME 1second
INPUT A
Lo _ SLOPE T
COUPLING DC.
TRIGGER LEVEL AUTO

b, Connect the 1 MHz frequency standard to Input A

c. The difference between the internal reference oscillator and the
1 MHz frequency standard can be determined by the following
eguation:

Internal oseillator frequency = (2E6-display) x 10

d. ~Some examples of various counter readings and the frequency
difference that is indicated are shown below:

Internal Reference
Counter Display Oscillator
999.9950 E3 10,000.05000 kHz
1.0000000 EB 10,000,00000 kHz
1.0000025 EB 9,999.97500 kHz
6.8.5 Adjustment Procedure
a. Connect the 1 MHz frequency standard to the vertieal input of the

oseilloscope and connect the OUT REF signal from the rear panel of
the counter to the external trigger of the oscilloscope (see wiring
diagram below)

e

OuUT REF

SCOPE

1980
EXT SERIES

VEAT TAIG

STANDARD

Figure 6.1 - Internal Reference Adjustment Procedure

6-24



SECTION 7 DRAWINGS

Figure /Page No.

: 404335  Counter Assembly {1995) c .ttt e ve. 12
i 404336  Counter Assembly (1996) .ttt 7-3
j 404332  CRASSIS ASSEIMDIY v vnsssesnnnsnsnnsesuneeeeeessaennniereoiononens 7-4
401730 PCB Assy., 10 MHz Oscillator...ooueniiiiniiiien s 7-6
B 431730 Schematic, 10 MHz Osclllator. .. vvviii it riinnr et e 77
3 404389  PCB Assy., Channel C(1996). .. cvurruneeuneeeerrerernnnomeennuonenes 7-8
' 432152  Schematic, Channel C{1996) . . ..iiriiiiiiiirriininerane s 7-9
— Component Location, Motherboard ...t 7-16
! 401725 PCB Assy., Motherboard ... eiriiireniiiensinrennenseenieens 7-12
4 431725  Schematic, MOtherDOArd ... vvuervreeeerennetoroneenniureroneaenen: 7-13
401726  PCB Assy., Signal Conditioner .......oevniiiiiiiiarnenreneieierrenns 725
sk 431726  Schematie, Signal Conditioner ......ceuieeuivien et 7-27
}} 401728 PCB Assy., AMCC2 Syneh ...vvee. P 7-33
' 431728  Schematic, AMCC2 Synch + . cier ittt orns 7-3%5
: 401727 PCB ASSY., DISPIAY 4 vt it virarranrasissanasstarossastasnssesasnens 7-36
1]3 431727  SChEMATIC, DISPIAY « v v v vrrennennnsnseseeasunnmeemesiersaeeseasmees 7-37
) 404331  ASSY., REAI PANEl c.vvtvviieeraiirereseesroissnneaaacenassaentnons 7-39
404378  Assy., Rear Input, Option 01 ..o iueiviiiniiieriiiiirireinnnnueens 7-40
401752  PCB ASSY., OPLION U1 +evvreeneennsenenerasnnsesessseseonmoarenens 7-41
404384 ASSY., OPHON O4E e uunetaneeeenennsesuassssssseeeennessoonens 7-42
404386  Oscillator (Option 04E) . .o iriirnrrvraeeroereroctacanssnseeruiiees 7-43
Cim 401822 PCB ASSY., DOUDIET ¢ v e vsansraenneenvnnnnsnnsssosanensoiesasennsnns 7-44
431822  Schematic, DoUDIEr v vv e et i eiarrnnecssassosnrarsoarosscassersvsanns T-45
£ 404387  Assy.. 2207240V Operation (Option 1) wueeveeeersrrnnseeenserannanens 7-46
454847 Dimensional QULHNE . i v viivreersstnnsnssnsutssssasssnsssstsnnnsey T-47
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SECTION 8 PARTS LIST

8.1

This section contains lists of replaceable parts arranged in the order of the

following subassemblies:

404335
404336
404332
401730
404389
401725

. 401726

401728
401727
404331
401378
401752
404384
404386
401822
404387

8.2

Suppliers”,

Counter Assy, 1995 .. i u it 8-3
Counter Assy, 1996 . ittt §-4
CNASSIS ASSY v vt varsvnnenesenssassanstosasssonassaerancusosns 8-5
10 MHZ OSCIIlAL0T vt o v v vt s v vserssanssmasnasssssonsssssssensssns 8-5
Channel C, 1996 ... iiuir i inerereeannssstnoansnennnsoniensss 3-6
MOtHErDOALd . o v et et i viserenssansnossoanassssasssansscnassss 8-9
Signal Conditioner .. v.eeeunniiiiirnranrrieiiitri iy 8-21
AMCC2 SYNCh 1o vsvn vt isransrsesssosrastacssasoasssnsanens 8-24
DISDIAY v varevnnencvenssrnvesosssosscssasesasasraesssasaterns 8-31
REAF PaANEl ot vs e tr e srasrsorssnsssssssaasasarsnsosocsenses 8-34
Option 01, Rear INPUL v v v v vnee v ronaieansnonsnennaseiinas 8-36
PCB REAI INPUL 4ttt v vesvnnnecansnsnanoonsasiasonsasesnesnins §-36
Opt 04E, OsCillator c v vne i riieenrenentnsateneraeneriarvens 837
OSCIALOr ASSVe v cvesinussrosenaessnsssansasssarassnssseasns 8-37
OUDIEr £ st s e e envonnsnnnroannsssssnsessvesssstonsnnnssssss 8-38
Opt 71, 220/240V Operatlon .................................. 8-38

Manufacturers are identified by FSC numbers listed in table 8.1, "List of
The code numbers are from the Federal Supply Code for Manufacturers

Cataloging Handbooks H4-1, H4-2, and their supplements.

g1



TREEELLE T

531u04328( 3 A91RaIU3) 06514
; qt rabesiu)
dagy uopieg aelels
FARRE-D SRR
i Tdan} U0y 0v659,
T y) 'asap ueg
Afupouyang hoaag 3L
%) ‘opuniag 13
51uB@NITSU] URLIEDILI0D THE6S
W TMepLl
SDUT wy- a3y S48LS
wn ‘53| abuy son
UALSLALD 2L§L3R4
; ‘07 310103 1 anbeads FBI9S
wd *aba{y0) a1e3g
TDU| Ty BUY 40 B1EIS §£28s
¥y ‘wpausuy
coul 235440 BLUA04LIRD 11155
NI .hcap; MIH
| Thuy f2RWRG 22€55
i W) feu0ity
H saLysubey PU04T) 49746
. £y ‘sNORED3S
1a7) JLLIDH]3 BILYSNSIRH ELVs
i REERTELTRTY
‘dany uolky 12pEs
T ¥ ‘euy PUES
i SHLACwIY AD5SAt g 8p929
i 1W ‘3doupl
cdany soravbien (4oRILH 1£528
W) "esaw 81507
rgagy A{qwRssy 1in34] 24025
A swen| 934

y1 foug)zadn)

“Jup txiuodlLl] 6505
Y3 '01ly oitd
UOLSEAL] YdH
1073 PARAIB 4TI MIY pERDS
y4 'umoysaifog
‘dung ~Biw 7 Bupdssuibul uuzg YEL9Y
9t tsapaeyy (3%
Touy-xag SHEIPY
T iy 'abneddneg
{uoysphaLg juavedwo})
R.4323| 3-00day/ xa.aduy £SGPE
¥l apisJaALy
uoLSiALY 519Nposd Joduiay
SUAND G L6628
¥y ‘euy piueg
“oup fdeAlf 64528
vy 'ouglaadn)
Taup fLEsARuY £622¢
NW ‘@LdRag udpy
*3u] ‘MOpEYIS [ LS 8161¢
y) *saiabuy 503
51INp0Ed WAOSE SO06Y)
PR “ulsamp1udy
os3kay 02582
Y1 "puei.ieg
T3u] '$321A3Q URJIIDI|T 0uRA LLLLe
q1 T3A0J9 sABUMOQ
‘03 $190padg XIIOH vaeie
y) "edw| ] BUeS
+dugr S07MPUOT-1EDg jeuoiley v1042
N CULEEsy
dnoag s1yauoduy
+da0] sudwdig #8052
Wi peomiol
[ sa71Adg Bojeuy GGLYe
,,,,,,,,,,,,,,,,,,, B ey 184

w3} ‘8bpiaylion
An TmazAcLEld aukpaia) | 26511
14303 1T B1122
. N} ‘auv.aag
LIRS, Thup taudag 3o 510 fIAN
DU} SIUBWALISU| RUEQ-{FORY £5417
¥) 'ajucy {3 oS : i tos £2060
o433 FETRRT L CRN TR
‘0 suorieatddy D1u04IAL] 116012 501u043221 3 116ng- 11
HORE KNS LR Y3 CMApA ujRIUNOK
putssoq 98001 GOVSEAL A0TINPUD - WIS
playdraed t9240
My 040Q3[3) .
14300YD -1 APAY BE{6T NI *Aueaiy man
. sau| “jusbny uosuiqey 97090
) ‘apLsaasly
opped L¥86T LR “2113Ud0Y Man
13 ‘uaney may B4RMPURE DILOAIIBL ] WOYRUY 0500
s1onposgd Butassuibuy payiddy | G061 (3 ‘pidyrieH
a0y 3343907 | 24650
Wa UANgop
Tanp PSOLABW0AYD 49681 i ' PUE#A31
. UoLSLAL SWIYSAS [PIJIIRRH
¥ “anertuns dangy Bpigae] UOIUN {650
-daog s2338ubig 1 42681
1 ‘obedtyn
¥ 'eae|y 2uUeg +30] ‘w5a0) sh2¢0
T3y CwfUOlL{LS 95841
79 xjuaduyd
y) *snbnes UOLSLALG J0TINPUOT- WS
Toup t[04)-I83 Ge95T1 ; “367 *RYEI010H £12b0
L2 IRV LR
s24u03713 49adiod i u0LStALQ 31915 PLIOS VY SELED
B ueuaolg AN ‘saryjlabneg
(d403 £aie)oadg -daoy 3qnIxoLlay P11Z20]
§ JuaWnL3sU] 2U0E10343 BOSHE
74 “udeap wieg 1534 11 ‘seiten 6210
. . SE¥d
520130puodWAG 111 | £EbbE e I I
. g ‘suaxdtyg
XL sel1v0 4 22| 3 owebue 00!
saup AoL{Redau) £01E1 03 31439913 s £5
. yd tBangsyaaey
W ‘umcladien ey 62100
"dioy apoaltun | 69621 o 1 ey
== ] =
ey 54 N 354

sagtpddng 30 3517 - 194 BiqRY

3-2



vy ‘sapabuy so
530np0Ad 1papnbuaey

BESDRE | TEL1Z NOLLINELSHL © Twiinwm 665086 s2

SRENZE L TRL12 NOTLYD1410N30T *138¥11  6880Z6 2

- RRTRLC T (0.034 £} ZEE0 X 26-9 CUASSY SHAS “Hdd MIYIS 567918 o4

62200 {a.03y 9) 1T “1N1 "MD07 'YINSW 120119 22

£0400 {0,035 9) B2-201 "X3H “inn 920119 A

3 —  BBIBY (0,039 %) 00'1 x 2€-9 "Rdd ‘WIS $26019 02
i - e (.03 ») 2167 X 20-8 "Rdd ‘MIWIS £L0STY 61
£5217 {0,034 2) ASSY SHIS 'Hdd ‘HIAYIS 252919 gl

L8656 {0,038 &) NOUN "BE IV HIHSW 6/E019 i

02567 ! {a.034 ¥} 311S¥14 ‘D014 NOLING 1£2019 81

£O60L NI DY UIMOL ATV 029009 g1

5811 12805 EHEEE b £L0018 b1

oiiesy . L6412 TINYY HY3Y CAYIM3A0 GLLYSY £l

RGLEGE | TA(IZ T3NYd INOED TAYIEEA0 69L¥6Y b3

t6e12 (@538 2) 1004 ¥y3¥ “YIMNR B9LH6E u

£8/12 (0,039 2} ASSY 30NWH £6EYGY 5

£6£12 ¥IN0Z 0L 1INV 25E4SY L

SISV, {0,038 ) 43400 3015 “13Nvd FPLYSE 9

£6L12 {0,038 2) ¥v3y 1004 S1L%5Y ¥

(6412 ASSY S1S5¥HD ZECH0Y £

n ofgi0r ] E6RLLE WOIYTHISO T Q1 CTASSY 83d oLty Z
” tR2ENy | EALIE HOLLO® **ASSY %3400 £62¥0y H
) CNd| 254 KO114182530 Nfa | 91sm
L YNYO- YOV A4

a S66T TI00H *TASSY ¥I1KA0D-SEEVOY

“0] $usuodwo) {esddAlun | £ II0N
. 30 ‘ucibupysex .
on SAueddyys SPILLIGETY SBLJIISNPU] SIUOLIIIL] 1e108
+dao) 3EN-58Y | 2 31OM P
¥y ‘eby viueg a3 3-00doy 1ecos
$351.4dU2UT Wed | 1 310M AN ‘BL(9430Y AN
AN SR3BuOITLRY tdaoy tbyw wdLARi7 | £0B5/
cdaoy 01331 Eeg 16286 ] I
41 'obea,u3 uoLStaLy jooadaneys
S3u] 'r03 4asSAYIBN (8656 toU] 'SAAOM |00f SLOWL||] 68182
. ‘yoyduwoy
13 “140dabpiag . ¥) "N03Cu
TIUY CUDWRIYLA 57256 ) J3UMW AT 13:°74
. 4] ‘sauLe| 4 53g
34 “snqunio) . .
Taul “sapucaisaly ageq | ££916 sup "asnyaIIty | GG/
YW 01043113y ¥3 fupiaR|ny
“3u] *3nbny B0518 Tau] uaunasul vewxysdg | eiLs
vy “shny uey ' vd ‘9143
$10npalg BOISIDA4 UOTYY Y] §28B '3up fsidnpoag (edibojouydny Apa3 | 862
¥) ‘#lepualy . HOREIR LU SN
'03 ‘B woaIseRs 22698 "ou *-03 -6y aajr0m 0433813 gt12s
N TufLgooag ] ‘anciy w13
TV fUNWS CH uRwIAY OEEEg, UBISIALQ UMD
X $IUBEOG0Y J|U0IIINL ] MUL 11374
35 ‘uoibuygueg
*ul tsawoidn | s2tee
18 “IduspiALay
uoi3eat1aads AIRTILIN BYETH *aup fro) {10)-030) L0414
= U — ey 284
4 | k4 k|
o



sReyor | 16412 gNO3 2 TASSY 318v0 SaLvir 2

EACYOY | [6I12 3 TINKYHD CUASSY 804 6BEROP 92

RASOBA | E£6L12 HOLIDNYISHT TN 565086 52

gREOZE | £6L12 KOTI¥I1411N30Y ' 138V 889026 ve

- BRISL (G.038 £) 2107 X ZE-9 “TASSY SWIS “Hdd "MIWIS £52919 £

7-279R2E-1 62200 {0,038 8) 211 “INI "X0D7 “¥3IHSW £20119 iz

2-16962€-1| 64400 {0,038 $) 82-211 “X3M “1NK 920119 12

—1  6818¢ (3,034 #) 00'1 % 26-% "Hdd ‘MIUIS S26019 02

’ — — (0.07y b) 2167 ¥ ZE-9 "Hdd "AIWDS £L0519 3

252919 |  ERLLZ (0,03 2) ASSY SWIS “Hdd HIYIS 252919 81

2182 MK LRESE {¢.03Y ¥) HOAN b TLYY3 TYIHSWN 6/£019 {1

005-d| 07882 (2,038 ) 21154 “911d NOLING 1€2019 91

1b0-SHY | EOROL T Y UMO WD 029009 51

w9l 12bes 3L 18 1078 b1

0LSt i E6L1Z TINYA WYL CAYIEIND GLLYSY €1

BOIbSY | £6LT2 1INV INO¥S CAYTHIAC 694¥SP &1

§ospse | £AL12 {0,534 2) 100 ¥¥Iy "¥IMNG 89St 11

ceEpSy | EBLTE {0,h78 2) ASSY 30N £EEVSY 6

—_—l {0.034 2} SILHIT LHOIT 'bE W30 WIUSW 24938 8¢ 2EVSH 1 6L H1A0D dOL "INV 25ER5Y L

- - {0,038 2} 9XEW T2 CHIWIS 990119 St ppEySy | T84T {e.b2 ) ¥3A00 3018 "I3Nvd yHLYSH 9

52698 {038 2) HOOAR ‘PR LY YMSW 261018 £t RIEEDY | ERLTZ (a.b38 2) wv3y £00d 81E65Y 4

82698 {0034 2) NOUN 'BP CWI0INOHS HIMSW (21019 b zeee0r | C6L12 ASSY SISSWHD 20EH0Y t

£6012 {EO10) 1k N4 "INE ' HOLIANNGD 5E2109 o otitob i £6L12 ¥OIv111950 ‘73 01 "UASSY 8341, orioy 2

¢ £EL12 {0,034 2} 3 "#D "1d0ddnS ..Séq% 998bSY 8 TA2EOY CaL1e HOLI08 'ASSY ¥3AO2 £E2YOY 1

T wel oss - T eLtdtis | W4 | 91sw oW 954 | S NO114143520 N/ d 9153

Lram VRV TV I oM N YHYE- TYIVY EeL]
8 §~¢ aanby {0.5500) 9651 1300M °CASSY BIUIKNCD- 9CEH0Y 4 g-¢ dunbiy 9661 13004 “"ASSY ¥3INNCI-SEEVOP )

! ;
i

8-4




900126 | €612 O3y “UMd “HSRE ‘KOLIAR 300126 b
— i 6RIRL} (.03 ¥} 2TE7 X 26-8 'UASSY SM3IS “Hdd TMIWIS 652919 or
-1 68187 (0,038 6} 267 X 2079 "UASSY SHIS THdd 'MIWIS 552919 gt
~= | 6818/ (o.b3W Tt} 2167 X Ob-b TASSY SWIS "Hdd MRS 252919 &
1-020-9850b3 |  £558L IRLHIUNT) * SiYT2 SL0119 U3
-1 eB182 {0,b3y 9) 0DOS™ X 2€-9 “3L1Ld¥L "Hdd ‘MIYIS 506019 92
810-1 1< bR2
-204010-¥D | 24028 ¥d LSIML BT TTASSY 318Y0 gz2100 ¥2
§HLE0Y | E6LT2 "ONGD 2 TUASSY 278D 588407 £2
110-162008 | €612 97 0°T *HO9AL "NIBRL | [10-£12005 12
slEvsY | £6L1Z WiE 'ONOD 91§ "GIAIMS B15v50 5
gieesy | £AL12 1437 3015 " T3HY4 BI8kSY 81
s s1s00 ) (0,074 +) 183 TYNIWAL £50118 £1 acsbsy | £RLT2 WOLLOR *1¥0ddNS LY £9/vS 1
62000 9014 ‘ONITINYI0G ‘AT 250118 P paIYSe | TALTZ 1Moty '30iS 13avd P9LOSY £l
,,,,,,, ) — 311 318V 112019 ot £avsh L £6412 1NOYA *YINvd £91959 2t
- (ol O£CER 10.034 2) J9¥mS nYRL Ob-b JI00NYIS 291019 8 Oftbsy | E6L12 (0,03 ) 9u1 NN X018 os5EesY ot
—= — NY9 ‘v0 v '030MYHLS TNGT4IL T3MIM 555425 9 azhsy | ERL12 00y M504 CLERSY 3
o — - 90 Y9 b TOIONVELS “NOWIL WX £EEVZS § Lpor | £6412 TINYD HYI CUASSY 1£E60Y 9
S — 0F4/84E '¥O ¥ OIONVELS TROTSFL CTHIN 1r2ezs ¥ OEgvoy | €612 EIBOSHYHL TAETy oLEbob 5
aile ERILZ (030¥0MR) HOI¥TIIISO W 01 “EXd oeL1Ty H 10-002-vi-vd | 2028 (2.034 2) 410 NIg-bi *A207 "¥INILSWS 285261 6
(2o | 6412 OUYOTATY AYIdSIO 'TASSY B¢ £2410 €
m CI0U0F ) EBLTE 7 01 "¥01v1113s0 £10828 [ sztoh | 6012 -gNOD TYNSIS CASSY 824 az/10% z
w 2556076 ¢ 64400 Nid § '318¥3 ‘¥0LIINNDD 950119 big 520100 | £6L12 QUYOSYIHIOH **ASSY Dd s24100 1
M T woudnsy w4 | oiswl - we| 54 S 01141853 W/d "91530
BTy YNV VOV A3 L , V- VOV a3
¥ 0 beL by SISSYHD ''ASSY - ZELKOP

WLVTIIIS0 T G1 'TASSY 84 - OELT0%
t




57256 200 CABS 4N 01 41D T avd wEl-12-u | 8vd ST o i T S
[ YARTOTAO0ZITA SIZ8R 02 A0S YaN O “dDMd tavd 1081-12-% v23
5£266 307 'AQS TN 01 TdIND T4V 1081-12-¥ {2 : X
VEPLBLYI02T0A SL2SE %6 A0S ‘dd 21 T4IND “dW2 66£1-12-9: E£23
SLISE T 4d S2°F A0S “4d 6°F '4IND T4WD 29T-12-8) 9 . . P _
VEIEUEVI0ZIOA 4266 | 44 62°F TADS T34 £°F “dIHD 'dvd gc1-12-y | 283
! [24%:1 40LE TTIAT CHRY Cew YO0 1278 P . A K .
YXWEOTAG0ZICA 50256 %0Z 'A0S N OT TdIHD “dwD to8t~12-¥ | 123
CEbYS 48 £ 'UIINT CHATY 4D g6:0-12-8 | t¥) - : ) N
- VEDLHPYOOZICA 57265 | 44 G2 CAOS ‘sd £7h “dIND “dwd £gL1-12-% | 61D
Q1256 307 "ADS 4N O1 d1D Cav) oel-12-d] €% -
WYWEDLAT0ZLEA 52256 202 “ADS CaAN 01 “dinD Tdvd 1081124 1]
wYIARSROGTIA SLZSE | dd $27F ‘A0S '4d ¢°5 “dIHD 4D vRLT-127Y ¥ . . . .
VIHEOTAB0ZICA SIZ%E %02 ‘A0S ‘4K O “dIHD Cd¥d 1081-12-4| £
YECEERA0ZITA 54256 48 52°% "ADS 'd44 £OF "dIHD oW 181-12-4 it .
206+ 01~ "9UA AS2
AT ) $72S6| 44 52°F CAGS “4d € 'dIHD ‘4w 181-12-8 | 0b JTMIVII | ELbes A Lb 1133 THY A selo-tey ) o0
: WIWEOTASOZICHK 54266 07 "ADS 4y Ol "4iHD T4vD 1081-12-4 3] WXWEQTA90Z10A 54256 £02 ‘ADS ‘24 01 “dIHY Tdvd 1081-12-Y s12
FANECIAG0ZI0A | SL256 %02 “A0S ‘4N O1 "diud “dv3 1081~12-4| 8£) YXDEYEVIOZICA §/256 1 4d $2°3 “ADS '4d €£°C "diHD 'awd 181-12-9 ]  vD2
543256 x5 A0S dd Ly T¢I TdWD S6L1-02-¥|  ££2 YIHEOTAGOZTLA G256 02 CAGS TN 0T “4IHD Cévd 1081-12-8| 10
5256 1d 52°F A0S ‘44 §°9 ‘dIHD ‘4D SgrI-12-8! 963 YXHEOTAGOZICA §4256 %62 ARG 4N 01 TdIHD Tavd togl-12-8 | 212
Wy YENQVAGZ I A 4{756 24 S2°F ADS 44 8'0 'JIHD T4V SRI1-12-% [T ¥XDEHEYIOL I A 5£256 4@ §2°% A0S Tdd £°F "4IHI 'd¥3 18/1-12-4 ]
WY RO I0Z 10 A G256 ] d¢ S2TF “AQ0S 44 870 TdIHD T4¥D sgrt-te-y | vEd VXHEBTASOZTIOA SLEGE %02 'ADS 4% OT “4IHD 'd¥D 1081-12~y{ 012
YXITHGYIOTIOA G266 | 44 5277 *AGS "4d TS ‘4IH) dv3 vosl-12-81 €62 YXHEOTASOZICA SL256 X0Z ADS ‘4% 01 'dIHD Tevd 1081-12-¥ 6
PXWEOTADZ L 51256 X0Z “ADS ‘4N 0T "dIHD ‘¥ to8t-12-4 | 260 YIHEOTASOZILA 51236 702 A0S "N 01 dIHD *dvD Wiy 8
VIRTOLAS0Z A €/2%6 %02 A0S L4N 01 ‘41D " avd 1081-12-¥ 13 WXDENEVODZIlA G1256 46 S2°F "ADS ‘44 £°€ "d4IHD T4VD 1gL1-12-8 )
: VXREOTAGOZTEA §1256 £07 'ADS 3N 01 'dIHD “dvD 1081-12-%% 082 YIWEDTAS0ZICA §4256 %07 'ADS TN ©1 'dIKD Tdvd 1081-12-9 9
YXREOTAGNTICA $1256 207 TAOS 4N O1 “4IH) ‘4l 1081-12-4 | 62 VXHEDTASOZICA 51255 02 "AOS 4N OL “d1HD *dv logf-124| 89
| L01A902108 §L256 307 CADS 'AH 01 “diRD TavD 1081-12-¥ 823 YXHEQTAGOZINA 52256 02 CAGS T4N 01 “dIHD w2 1081-12-4 vy
RECTE T ERE] £LbbS a0 4 U3 WY e 56£0-12-4 {23 YXWEOTAGOZTICA $£256 %02 "ADS AN O “dIHD C4vD 1081-12-¥ £
: YIWZGTABDZICA 54256 X107 A0S AN 1 'dIH3 "D 008%- 12+¥ 822 YIWEQTAGDZTCA G(256 %02 'ADS ‘4N 01 “dIKD '4¥3 1081-12-3 22
YIWEDTADTICA 5256 %02 *ADS ‘4N O1 “4IHI “dvD 108T-12-8| §2 WXWEOTAI02ICA 54256 202 TA0S ‘4R O1 '4IH) ‘4 1081-12~4 L&)
N/ 4 284 NO1341¥35%0 Hd *9Is30 N/ d 354 NO1141¥35X W d ‘91530
‘oM ’ yNva-TVOWE | T A3 gk wva-ove | 4T
. \
g7 Bunbig {0, 4M03) ZHD E°T “"ASSY =0a JINNVHD EBELOR g-; sanby g 719 £°1 **ASSY a3 TINNVHD *6EEVOV

8-6




1245-01- 814 OPGSSE A0GZ “%S "M/ THIG O TdIHD TSI 1£48-02-Y 528

13d5-0RT-BTHON OYBSILAD0Z "ES "MB/1 'WHO 06 TdiHD TSy 88.5-02-4 £y

i 13457081 H19DM GF6SIA00Z TXS ‘ME/L ‘WHO OBT "dIHD ‘S Y8ES-02-4 22y
; 1SR THH OPGEGIADDZ “%6 'MB/T ‘WHD 0F1 Td1HD ‘STY v0.5-02-9 | 124 0vZE-£1-8 BTz 455y 1307 OvZT- 118 1

o L3a%-OEC- BIHIW OVAS9]ADNZ TR ME/T TWID DEE TdInD TsMd 1RL5-02-¥8 02y $31v

3% €00 B LU ov658| 4002 *XS 'MB/L ‘WO €T ‘4lHD ‘ST 9206-02-5 |  6lY 0os v 56210 QNN ALLDHS Y3MDd ROL 114 D1 teloes et
: 13¢5+ 01 SN ar659| ADOZ XS M@/ ‘WD OL ‘dIHD SN tes-0zd| 9 OtLhds froes 1365314 IWOSIUS IS T 101 peav-zzy B
. 1305+ 06T - LU OYBSEIADGT XS CMG/L “HHG OBE CdTHD ST gass-02-y | 9my d3t10104 ElF0 ¥345 3038 WY e O i ML
120G 0/ 7 R OVESI|ACOZ TX5 'MB/T WG 042 “dINT ‘5T 99s5-02-4 | siy NELEWT vioe BOLVEYMOD G¥Nb "0 tpsbee; 1
LEOCT-2lM | 06SO|AU0Z %S ‘MD/L WO OCE “diMD ‘ST (925-02-u | b1y LU ML 0917Es 3010 fe0lzzy; 2o
12¢5-EE-RIYH OVESI| ADOZ ‘XS 'MB/T 'WHO €€ dIHD 'S 967028 €1y nedsoe e 43Iz T3010 vist-zzy| i
1945-01-BTHON | OFESH| 2002 XS MR/T NHO D1 ‘dIHD 'SH 1Ui5-0z-d | 2t 660 | sTIee e LR pigl-zey | ow
i 1745+ 0E£-BTHIH OPES8|A007 XS 'ME/T ‘WHO OEE ‘dIMD ‘S Bes-gz-y ! T (igetz £8012| ¥lvg GIHDIWE "NINNYD 1OH “30010 fwotz} &
£345-001- B130W Gr659 X5 ‘MB/T ‘WHO 00T *dIHD '§3y ¥95-02-4 ] oW £10012 £6/12| ¥ivé GIDIWE “¥ITHYY) 108 30010 410012 20
13¢5 08E-8TH0H OV659{ADDZ ‘XS “ME/T 'WHO DEE "dIMD “STY 1845-02-8 64 |- 6{EE-2805 PEHOS 03171§ 30010 8501-22-4 1a
1248081 RIYDW Op6SS]AODZ *XS “AD/T 'WHO OST T4IWD S3M EBLG-02-Y 2 $£82-2805 PEY0s 03111s ‘20010 680012 90
G-DF E-B1HIMH 05659 A00Z TXS TMA/T THHO OTE “dIND 'S3Y 1845-02-4 i §£92-2905 PEBOS 031718 “300t0 6800142 40
roRCYaaiZol 56295 ML “WHO 6€ “dIND TSI 1E85-02- 94 5082- 2005 YEYIS 03118 "30010 680012 0
r1stg21202 5£295 M1 ‘WHO 0SD “dIHY ST 1¢85-02-y c¥ BLEC-200% ¥L#0S 031318 30010 BG01-22-8 208
: 1345-¥01-B1YH 0r8sy X6 “MB/T “NOT ‘dIHD 'S3¥ 89£5-02-Y 1] §£82-260¢8 yEr0s 621715 “30010 880012 10
. 1045 W0T- 8 1YW 0v659 %S "KE/T “¥OT “dIH) ‘SN 5945-62-H €8 KH(1- 159-001- 4T1ET8 20624 41 '%0Z ‘40 1 ‘wvydd T4v) tei00t €53
101081XH ${v05 BOLSTSNYEL 56192248 D YIrOSTYI02 184 52256 XS 'ADS '4d §T1 ‘43 ‘dvD £8L1-12-41 29
: 06448 £55pE w151 SNYEL £219-27-% th HYPOSIYIOZITA S4256 X5 A0S ‘44 51 diND Tdv) 68¢1-12-4 163
, . cEY4R T HOLS ! SHVXL telo-z2-y b1} YXOLYEYSOZICA SL266] 44 52°F 'ADS “4d €°F “dIKD "W 1841-12-¢¢ 053
w 06%38 £565¢ HOLS1SHYY) £219-z72-¥ 1 YXFEYEYIOZICA $L256 4d ST'Y A0S T4d €7F TdIHD 'av2 fBei-12-d 6¥3
o Wal o osal ‘ T wuamsxe | we ‘5153 T e sal HO11d1HIS 3 wd | ‘aism
Risfy d AN B gt g YNVO- VOV |t 43Y
' g~ Banbiy {0,3K03) THY £°T1 *TASSY J3a TINRWHD “6BCVOP ‘ g-¢ a4nby 4 (@.1800) 319 €71 “"ASSY u3u TINRVHD ‘6BEFOH




220008 6112 Y02 “HiL/43d407 uvE WA Z20005 941

: - , 10gZ-p2ey £6412 (Q.034 2} & "ITANIED CYIHSVE 1082-v2-¥| 851
- pLEN1d 58031 (3,038 2) €4 "Y3IH TN 2v0L19 951
i 7eil-gi-y £6L12 (g30¥08n) quvog 74 Zr11-81-y 01
; €617 {9,034 2} ¥30vds Co0y-bi-Y g
.W.J; e £012-01-¥ £6:12 (0.03 2) 8303 yoie-t1-y L
. folz-tl-y €612 {g.03¥ 73 NIBWIS £ote-£1-¥ 9
-115¢-6002 50661 : B0 13 3NN0D 95210% v

_ i SZvi- 151108 50561 ATEISSY 3N0YD 152199 £
£e15-t2-4 £612 AYH OF "HOLI3NNDD £L16-€2-8: A48
i L345-01-8THIM ObESYL AD0Z “%G ‘ME/1 ‘WHO O dIN3 ST 1145-02- 1y
45-01-81oW 0p659] AODZ “¥S 'HA/L CWHO 01 *4IHD TS3Y 1445-02-Y 0y
Wi 81H0M 0b6S9 15 'ME/1 WD “dIND S 0£5702-81 6%
, L3dswi-BlE0H 0r659 9 MB/T ‘WD T4IHD '53M 0445-02-Y 89Y
13¢5-051- 9180 oress %5 *MB/1 CWHO 051 ‘d4IHD ‘53 £845-02-41 9%

13d5-91- 8140w ntE6SY AQDZ “HS 'WE/T AL “dIHD CSH 2645-02-¥ 94

1345 ¥T-51dom 05559 AO0Z %5 ME/Y UMD C4IHD STy 26¢5-02-¥ 15y

. 1346-M7- 8080 0vA59 KDOZ %S MBS 'WT 'dIMD 'S 2645024 0%
W 134591810 OFESY A00Z "XS CMB/1 W1 “4IHD "S3M 26£5-02-4 659y
| 1745 %6 E-BTHIK 0558 ADGZ 45 TMB/T NTTE "dIHD TSHY (646028 BS¥
, 114500 2 BTHOW 09659 %6 'MB/T "W2 dIND ST 99(5-02-8% {SY
1345 089- 810 OVESI{AD0Z XS TME/T 'WHO 089 ‘410D 'SHY 0645-02-3 954
134541 BTEOKR Or6SS #0062 XS CMBAL TXL T4lHD TS 2645-02-4] S5¥

L3¢5 % 1-8luom 05590 AGOZ *E5 ME/1 wL TdDHD TSH 2645-02-4 ¥5y

1345 A0 T BTEM 04590|  ADOZ 'S CME/L THETE ‘dIHD TSN (606-02-8 | E5Y

134%-487 981U 0p§e0 MO0 %S HE/L CNE'9 C4IHD S3Y 1085-02-Y 25y

K/d 354 HO1Ld1¥IS30 W/4a 91530

B YNYO-TIVY | T8

g-; eanbiy TINNYHD * GREPOY

(C.14p2} ZHD £°T "ASSY
t

13d5- 04~ BIYIN OpSS0{ADOZ *¥5 ‘KB/T "WHG O/t ‘dIHD ST 59(5-02-%| 054
1246 £2-BTUMM 0v590| ADOZ *%5 THS/1 CHHO (2 “dIHD TS3Y SLL5-0Z-¥]  b¥Y
1245~ £2-8THH 0¥590} 4002 %5 "MB/T 'HHO 2 Cd4IHI ST SL{5-02-¥] 8
19dG-£2-8TUH 0550 ACOZ ‘XS TMB/1 "WHO £2 ‘dIHD 'S S£25-02-%% ¥
13d5-£2-8LUM OVS90; ADDZ ‘XS MB/T ‘MM L2 'dIMD TSI S£15-02-%7 W
145-051- 819N OrS901AD0Z 'RS TME/T “HHO 0ST ‘4IMD 53y £8£5-02-3 Shy
£3d§-%1-BT8M 0v490 AQOZ ‘XS LMB/T T “dIND 'SHY 26L5-02-8| vvd

1245917 b= B0 0r490 ADGZ ‘%S MR/ XL CIND TShY £6£5-02°% FAZ

D50 b BTU0M 0V590]  AODZ ‘RS CRB/L 'NL'y “4lHD ‘S 6625-02-y| vy
12d5-WT-B180H orse0 ADDZ ‘%S 'M8/1 'H1 “dIND ‘s¥ 4L5-02-¥| 6%
12dG- %95~ 81 arsen A00Z %S CHBAL CWOS ‘4IMD ‘S 0195-02-Y i
1245-95- 8Ly OvSen| ADGZ %S ‘AB/1 ‘WHO 95 “diw) '3 REL5-027Y J13:
1249-C1-8THM 05G90| A0DZ T3S “MB/T 'WHO O1 "diKD 'S3¥ [£25-02-9) oty
17d5-%95- 814 0r590 ADOZ ‘%G ‘MB/1 NS5 “dTHD T§3¥ ol8s-02-y | 5ty

£245-%57 1~ 8T8 ovs80 A0 ‘%S “MBT XSTL '4IHD "S53¥ v6L5-02-Y vEY

1345-45" {-B1YIH OPSO0L  ADOZ XS CRE/L CMSTT (dIND ‘SH¥ v645-02-8) EER

12d5-022- 814 0r590[A007 ‘XS TMB/1 ‘WHO 022 diHD TSI speg-02-¥| 2EY
1348-22-81¥H 08590| AOOZ “45 'HB/T ‘WHC 22 “éIMd 'SH viis-02-4|  16¥
12d5-01-918M 05650] ADGZ ‘4§ 'M@/T ‘WHO OT 'dIHD ‘S3¥ 1144-02~¥| ofe

13d5-%00T-BTHH {2344 ADOZ %5 THB/T CMOOL 4D ST £185-02-81 B2y

12 45-06£- 81YOM 0PSUD{ACOZ %5 KB/ ‘WD OB Td4IND TS 0Be5-02-4| B

A0z WL BEIEL N0Z *10d spoc-02-8 | 22y
1245-0CE-8TB¥M OPE5S] AD0Z XS “MB/T ‘WHO OCL “dIHD TS 1815-02-¥ 92y
13d5-TE-BTUIM ob65al AGOZ 'S CRE/T HHG EE dIMD 'S 9245-02-% A

N/ d 254 HOT141¥23% N/ d ‘91530
‘IM yNYG- TV | A
g/ 3anbiy (0.1N01) IHO €71 *TASSY o3n 1ENVHD T6BLVOP

8-8




, " M |

201 K001 "0 M 107 WD vl 280001 603 | 3Tl m
T : -onsM-001- 1218 | 28624 %01 “ADDT 04 TO° “WyE3d “dv) 290001 | 613
ra6zs | £07 'AG0T 0k 107 WEE3) dvd | o0l v Ato1 | |
-0uSh-001-1218 | 28624 30l “AC0T ‘G4d 107 ‘WYY 'dvd 290001 810
JPREL 301 " ANGT "0 107 "WYH32 T dvD 290001 ] *0t
~OHSH-00T- 1218 28624 %01 “AGDT 04 107 ‘HVY3) D 250001 {1
X001 “A00T "0 4 107 “Wvd2) “dvd 290001 283 01 .
-(USM-00T- 1218 2867( %00 'ADOT ‘e 107 CWVEID TovD 290001 912
2a82¢ x0T CAOOL ‘CaW 107 'WY¥3d 4D 290001 ] HEGT
-OuGM-001- 1218 | 2862¢ £01 *AO0L Q4w 10° ‘WYY 4D 290001 ]
Ze6il 501 CADOT "0 107 ‘HY3D 'dvD 290001 0e SYSEONSE9495E L {FE50 < XBZ CASE UM BTO CYINVL C4vD 92100t vid
: HETO
PREZL G 201 “A00T ‘04 10" "WHID T dvd 290001 §22 ~QYSHB0T- 1218 286 %01 ‘AQOT ‘GM 107 THYEIZ Tdvd 290001 £
SHSTORAGToYSEL 16E50 %02 "ASE ‘G 0T 'wiNyl 'évd 151011 210
501 ' ADDT “OdW 100 CWYHED ‘evd 290001 823 o1
A
: ) -OMSKO0T- 1218 29624 301 FA00T ‘0 107 ‘RVEIZ T4V 290001 113
286L %01 00T 044 T0° HY¥3D *4vd 260001 {2 weot
i ~0YSMOOT- 1218 | 28624 %01 'AOOL ‘0 100 ‘HWH3D oI 290001 o123
ZREIL %G1 ' AO0T 'QaW 107 'WYEID ToWD 290001 422 veot
-CUSHOGT- 1219} 2BEZL 20T AO0T ‘08 10" “WwID T4 280001 67
SRRIL %01 “ADCT "0 107 'RYEID T4V 290001 523 weol
i ~0¥SKO0T- 1218 28624 x0T 4001 ‘CM TO" ‘Wyddd 4D 290001 23
201 CAGDT “Ok 107 vy 3D vl 290001 ¥20
. ; S s s o - SYSEDMGTAG5E | {650 207 ASE ‘OM B9 ‘VINVD TdVD 421011 13
IREZ 201 “A001 "UW 107 THYED v 290001 £z ISy SIS A L6E50 %02 TASE ‘0 D1 ‘VINVL ‘oD H:ALA $
SYSEOWOIOTAPSEL L5650 X0Z "ASE ‘O OT “winyl 4V 151011 52
201 *hO0T "0 10T THVEED Td¥D 290001 22 o w
" -ousMO0L- 1258 | 2B62L 401 ‘AD0T ‘0 100 “HYEID Cévd 290001 (4]
301 “AQCT “O3W 107 WD " dvd 290001 12) - " ; ”
SYSEOMO0IDYSTL 16€50 X07 'ASE ‘O O1 TYINVL T oWD 151011 €3
IREZ 201 TAOGT A 107 “WyEI T avd 250001 022 vING20VEG15atY 1£008 %0t “ASZ G 5T "VIRVL ‘d¥d 512011 23
754 . KO11d182S3 W/d "9153: W 54 NOILdE¥IS Hd ‘9151
. YHYG- I A3y ‘oM YV TVIYY 47
' #o f1-f eanbly (0.1ND3) GUVOMUIIMIOH ‘TASSY M4 - SZIIDY \ AT LR E QHVORUINION *"RSSY €34 - SZLT0F

i, T e, Bt — oo -




CYSTOMOOIDYSE) | (FLSD “ %02 ASE TG O TvINYL "W 151011 €43
IHRL 501 TANOT 034 100 'Wv¥3d v 290001 13 ' A0
- OHSK-001- 1218 28624 101 *AO0T ‘G 10T ‘WYEEY 4V 290001 281
8621 X001 "ADOT 'O 107 CHYBID T4vD 290001 042 AEO1
~QuSM-001- 1218 A1 301 “ACOL ‘044 107 'WVEID ‘d¥) 29000t 18]
2062¢ 0L CADDE O 10T CWYHID T dvd 230001 69 aeot
-OuSH-00T-1218 1 28524 %G1 TADOT O 10T ‘WYHID T avd 290001 082
L6E50 207 CASD 'O04d B9 TVINVL (4D 9z1011 89 £01
|
-0¥SM-00T- 1218 28621 £01 'AOOL ‘O 107 “WyH3Z “dvD 290001 i)
2862 102 3704084 M8 ‘04 1T 'HYY3T ‘v [AR{ve £93 N
HEDT
-0HSM~001- 1218 28624 X0 “ADOL ‘0 107 HYEID Tovd 290001 %
28624 102 3704044 MOT O 1 CHEHID vl ££1001 593 wot
]
LRTSE 402 CASE O4W B9 “viny) d¥D 921011 392 -OUEM-001- 1218 28621 X0T *ADOT "0M 107 “HYYD) 'dv) 290001 %3
01
2ERIL X071 “A00T '@ 100 THYEID fdvd 290001 f2] -QYSH-00L- 1218 | 2BBZL %01 “AG01 ‘O 10" 'HYEED VD 250001 LX)
QYEEOMB0TORSTE 16850 107 “ASE "0 O1 'WiNY) ‘dvD 151011 ]
28621 %00 “AO0T QM 0T CWYHID tawd 280001 £92 “to1
{6£60 %07 “ASE 044 01 'viKVL “dvD 151011 2% -OHGH-0DT- 1218 | 2862 %01 “AQDT 'gM 10° “HVHID 43 230001 vy
A01
78624 201 “A00T ‘M 100 “RysId Fdvd 290001 19 ~QUGM-DOT-1218 | 28674 40T 'ADOT ‘O 107 ‘RWYTD “4vD 290061 £43
pixadl .
2g62s 201 CADOT ‘O 107 “HYYID 4D 790001 093 - OnGM-001-1218 2962¢ %01 *A0OT ‘0. 16T WYEID “dvd 290001 i)
SHEEOH9019b5E ) L6150 X0Z "ASE 'OM OT 'VINYL ‘dVD 15101t 143
29621 201 'A00T ‘044 107 ‘WY¥3D Td¥D 290001 653 T " N
SYSTOWG0TBYSEL LBESO 207 CASE ‘O 01 TWINVL Tdv0 151011 [1:0)
28621 501 “AQOL 'O 107 TWYYID 'dvd 250001 853 AE0Y . .
- QuGH-001- 1218 28624 01 CADDL 'O 10 "HYEI) dvd 290001 603
LEES0 302 CASE ‘G 01 'VINVL ‘dvd 151031 i eot .
[0S0 %02 CASE ‘O4d 01 CVINYL T4 181011 953 - HHGM-001- 1218 28624 101 ‘4001 ‘0 T0° HYBID avd 790001 i3]
AEGT . . , .
o ocBhdd 101 “A001 'O 100 ‘Wyd3d Tdvd 250001 6483 -0nGH-001- 1218 29621 %01 “AGOT '8 107 'WVY3D TéWD 290001 ££3
. xﬂcﬁ & L] . ¥
G671 01 ‘AODT "03d 107 ‘Hwd3) Cdvd z90001 ¥5) -OHGA-D0T-T218 20621 01 ‘ADOT "0 10" HWYHIZ TdvD 260001 9D
uww. - N1 LATHIS K N/ d R IEN H/d 354 KO 141¥3530 w4 ‘018X
i : VIV WOV Fet ] L] VNV VOV FE]
¥ - [
b Z1-¢ BanbLy (0,1800) CEVOREIHIOH °*ASSY B0d - S2LTOV ; e 2t-g adnby {0,1N03) D¥VOSHIMIOH *TASSY ©3d - SZLI0¥

8-10




ZBR2Y %01 “A00T ‘O3 107 ‘HYEIZ Tavd 290001 5017 . X K .
CHEL WSRILSST) LBESD %02 “ASE ‘aMm 8°9 “Yinyl Cdvd 921011 880
{BESD 507 CASE O O ‘YN Cdvs 151011 vo13
SHGEOMSRI 465E) LEEG0 %07 CASE Q4N B9 CviNwL T4 mmB: {82
2B6IL 101 “A001 'O0W 107 “Hvh1d T4V 290001 0wy A0 .
-NGH-001- 1218 | 2R62 201 CADDT "0 107 HYEE) 4D 290001 983
20674 0T CAGOL ‘O WY TWYEID 4V 290001 2012 A3 . . , ,
+ e | e s o e s R - BRGK-D0E- 1210 a6t 11 CANDT ‘oW 10T THYEED ' dv) 240001 1:3)
28621 361 TA001 ‘G4 107 THYHID tdvd 290001 (3] A \ . . .
-0dSK-001-1218 | 2862¢ %01 'AQOL "0 107 RY¥3D) tdvd 290001 f:]
28821 201 TAQDL TO 100 'Wydid Tdvd 2530001 0013 Hyil-159 R |
-003-411€18 2a6eL 102 3714084 MOT TCAM T THYEID Tdvd ££1001 £83
S-S a019p5E LRTSD %02 “ASE ‘04H 01 ‘winyl "ol 151011 662 - . . :
i SYSEOMSETSSEL L6£S0 %02 “AGE ‘04w B°9 ‘viNvi 'd¥D 921011 283
wel
SERTat W0 TADOT G40 107 “WVHED VD Z90001 863 HE0L \ . . )
-QUSH-001- 1218 | 28624 %01 TADOL O 10° CHY¥IY Tdvd 260001 183
X017 CAODL ‘04 107 THYHID ‘dvD 280001 169 HE01-159 . .
B -Onl-d0ELR 1 28624 502 ‘I AO084 AOT COM T 'WYEDD evd £E100t 0g3
CHOZE OV CADOL "4 100 CWYHID T avd 290001 4967 YGLOMGHDIAG] ) 16E50 w0z ASD ‘O 1'% CviNvl ‘A 9z101t £43
WE01-159 .
£58400 A91 ‘O 00001 '3V 4vd p12041 560 -0p1-gt1gI8 | 28624 %02 '3 3084 MOT CEM [T 'HY¥ID Td9D £L1001 843
WeOL-159 . . i
£68G0 A91 ‘0 00001 "Iy ‘4D Fi2011 v63 ~007-d31E18 28624 202 13114084 M0 COM 1T TR AT £L1001 L3
MMQ.— + i 1 a . '
1£008 TWIdvE CAGE ‘04 0001 Y3y “dvd £1201% £6) -(HSM00T-1218 eR6ZL 6T TAQOT ‘oM 10" THWEIZ Td¥d 290001 S43
AE0T . ,
{leoos Twigyy ‘ASE ‘g4W 0001 " “4v) 112011 262 -0usMO0T-t218 | 20624 %01 *A0GT “OM 107 “Wy¥d) ‘40 250001 $£3
V_MOM L] 4 . .
28621 %01 “AOGE ‘O 107 'W¥¥ID o) 290001 16l -QYSMOGT-1218 28621 20% "AODT "M 100 THYEI) T4VD 290001 843
: 231 AEHT . . . . :
§OTROY Ay rGRRT £RE9S 02 ‘K0T ‘A b CYINYL dW 812071 06 -0usKoo1- 1218 29624 %01 'A001 "0 107 CHYHIZ T4 290001 £02
AEOT . ,
£929% 02 'A0Z 'aad Lb TYIRVL CdWD 812011 682 ~QuSHOOT- 1218 28624 X01 "ACOL ‘UM 10" “WYNID VD 250001 [48]
354 NOELd1HISTD N/ d ‘91530 8/d 354 NO1121¥0520 K/d ‘215
. Y- VIV 434 E Vv« TV 43
! b Zi-4 sanbiyg {0, 1H07) QUVORUIHIOH °ASSY ©3d - SZ{10F ! A 21-¢ 8anbt g {0, IN03) CEVORNIRLON *"ASSY @d - S2/10F

7

i
i
1



plsdl]
H -OuSH-00T- 1218 | 29624 101 CADOL "0 1D CHWIE) C4v) 290001 £21
Pl 0T CAUOL oW 100 THYHID Cav) 290001 6012 Aol
: e s A S OUGM-G03- T2IR | JBRAY %01 AC0T 'OaH 10T 'wwu3l Cdvi 290001 22ty
w2t 01 'ADDY COM 107 TWVED) Ca¥d 290001 | 81D A€ o . . _
-SM-001- 3218 | 2062 %01 “ADGT ‘O 10" “WYdID Tavd 290001 ¥ N]
28624 X0T 4001 "0 107 'WVHDD ‘dvd 290001 LET) #01 . , .
-OHSH-001- 1218 | 2862¢ %01 ‘ABOL 'O 10T THVEZD oW 290001 0213
28621 101 ‘A001 ‘G4W 10° 'Hyd1) tdvd 250001 [T %) GTOWZEL THILPE 1€008 %02 A1 "04W D0CE 3V “dvD 612011 m:uM
AEG1
28621 %01 “AGOT ‘0 10° ‘Wv¥3D vl 290001 SE13 -GUSH-00L- 1218 2862( %61 “ADDT "G 180 THYEID fdv) 260001 8142
SGCOWO0TIVEEL 16LSD %02 “ASE 044 OT 'YINYL 'd¥) 151011 {1
28621 01 “A0OT ‘044 100 “WYHID f4vd 290001 bET3 5601
-0usH-001-1218 2862 %01 “AODL ‘04 107 “WyId ‘d¥) 290001 9112
2862¢ 101 *A001 ‘04 100 'WyyID Cavd 290001 EETD seol
-QUgM-001- 1218 2862 %01 ‘A00T ‘O 100 “WYHI) oVl 29000 st
€01 “AT0] TO4d 107 Y3 4w 290001 26100 oo
- OySH-D0T- 1218 28624 207 CADOL 'O 107 “HYHID CdvD 290001 ¥113
28624 %G1 CAGOT ‘O 107 CHVHED “dvd 290003 1ed -
-MIGH-00T-1216 | 2862 X001 “ADGT ‘0 107 'WWNI) T4 290001 €113
1 0L ADOT UM 10T CWYEDD el 290001 0L s ;.simwwﬂg T
-QuSH-001-1218 ¢ 2062¢ %05 'A001L 'O 100 CHYEID Tdv) 290001 210
7862¢ 201 “A00T 'O 107 WYHID “dvD 290001 6210 N X N .
SYSEOWO0TIPSEL 16£50 %02 “ASE ‘O 01 ‘viNvi Tdvd 161011 1110
(6S6D 102 ‘ASE ‘O4W OF “WINvE “dvD 151011 8212 v " ;
B SwSLIMSDTRYST {6£50 107 TASE "0 01 "WiNvl T d¥D 151071 [N
28624 %01 *AOG1 ‘O 107 "Wyydd vl 296001 (21 *01 . . . \
-QySM-001-1218 § 2862 x0T *ACOL ‘G4 107 'Wwd3D "oV 290601 601
2R XGT CAGOT CGaM 100 “HWHID Cgvd 290001 9210 aeog . . . .
— e -(HGH-001- 1218 | ZB62¢ x0T “A0OT ‘04W TO° ‘RYEID TAVD | 790001 8ot
28621 101 'ADGT QM 100 'HYHID v 96001 5212 CUSEIMI019P5E S 16850 X0z ‘ASE 'O OT “YINVL 'dvD 151011, 1061
ol . )
| W TAGOE Cem 10T THYITD T D o000} ¥4 ] S...N._u o 101 .2:.: EY S .x«.m.mm ,_5. 5,N,M@wmm. N maﬂ.
J54 ‘ HOT141HIS wd 918N N/d 254 NI1EATHISH) N/ d 31530
: WV~ WIOVH A3 gz wiva- OVE 418
i .
% 21~ 24nbi g (0, 1N03] QUVOMMIHLOW *"ASSY €34 ~ SZZT0¥ \ " Z1-¢ 2anbuy (0, 1NO3) QUVOTYIHLON ' *ASSY B4 - SZLI0¥

8-12




[

I T
18624 %G1 “AQO1 TO4W 10° “WYHID “dvd 290001 #£13 Aeat . i AW
~OHGM-G0T-T218 20624 £07 P A00T "0 10T “WYH3D T 4w 290001 9513
68298 %07 "ADOOL ‘044 005 WYHID evd 511001 €213 : : :
| , nr1-i-01 66296 | %01 'ADCOL “0J4¢ 001 “HYHID " dv2 501001; 9510
: ACOY : ; ;
SE-Gl-LZlE L 2B $01 ‘ADGT ‘044 T0° ‘Wyd3d Tov0 290001 2 : X0% , i : !
- - OHGH- 00T~ $218 78624 ¥0T * ADDT "0 107 "WY¥3D " dv3 ¢ 290001, $510 ¢
eeset %01 *ADDT "0 107 ‘W¥3) ‘av) 290000 | 1D Ol . ,
~OUSH-00T- 1218 | Z862( %01 #001 "0 10" "Wyy33 “dvd | 290001,  £51D
i § i :
28624 101 'ACCT ‘OM 107 “HWyy1d dvd 290001 0413 i AL01 . i !
-uGM-001-1218 | 2062 %01 AOCT 'O 107 WYY ' dvd | 29000% , 2513 .
7863¢ %01 "ADOT ‘04w 107 ‘WY¥1) Tdvd 250001 6912 i 01 _ ,
~OHSH-001-1218 | 2B62( %01 ' A0CT *0.4 107 "HYN3D T VD | 2a000l 1512
L6L50 307 “ASE ‘0 01 ‘viNvL 'dw 151011 8912 ! - v : T
rEZZ-DN0DS a1l 35 TADDS ‘044 022 TYIIN T4V W £600E 1 g1 !
2962¢ 101 'A001 ‘O 107 HYYHID T4V 290001 £91) IR EFATUT I S A T2 %S 'AG0S ‘044 022 "WIIH 'dvd _ ve00Ll 6YDD
aEnt ;
01 CAGOL ‘O 100 CHYNID CdvD 290001 9910 G T TR FAY:] N6/ 201 ADOT O 10 WYEID T dvD 290001 . a1l .
i ) - | '
LBESO 102 ASC COM 01 'viny) “évd 151011 5912 Eidy!
~ouem-R01- 1218 2H62L %01 ' AQ01 "0 107 THYEED ' dvD 290001 | F2%]
£8Z95 %07 *AQDOL ‘044 1007 ‘wvyId Cdvd 140001 v913 cot ;
AED i :
L6650 %6 “ADDT ‘04d 28 ‘HVEID “4¥2 2v1008 £942 -HSM-D0T- 1218 28621 %01 4001 *a 107 "WYY3d ' o2 290001 | orls |
68295 302 '47001 ‘04d 005 ‘WVHDD ‘4¥d 911001 | 2910 AL o o | m
- fGM-001- 1218 2862¢ 201 ' /00T 05 107 "HYHED T a¥d 290001 ; Seld
! . L . ! '
2862( %01 'A001 O 107 “WVHID “dvd 260001 1912 1 222001 0651 £0% CADODT ‘CaW 22007 THYEID T2 590001 GAALH
F \
piiE : :
ZB6eL 20T “ADOT 'O4W 107 "Wvy3D “d¥d 290001 o912 ~OHSH-DOT-1218 | 2862t %01 ' AGDT Q.M 107 TWYEED T dvD 290001 €00
4061 oong2Zns9 68299 ADS2 *03¢ 52°6 'WYYD CUIWINL dvD 11061 2p13
- 01~ 1218 28621 %01 “AOOT ‘04 107 “WY¥3d *avd 290061 6510 cor
%
cezrmeanloveer | 48850 %02 ASE UM D1 VINVL ‘dvD 151011 | 851D -ouen-cot-T2ie | 2662 %01 ' A00T "0 10 "Wy¥30 ") zoveat| W
Fisy aE0L \ \
Sragee 0o 1218 28622 201 'A00T ‘044 107 ‘WY¥ID 'd¥D 290001 1512 - HSH- 001~ 1218 28621 20T *ADOT 'O 107 "Wey3D " d¥D 290001 Qi
Hi g 382 NO1E4IHI530 N/ & 81530 N/ d 254 KOL4180530 N/ g 81530
OM , VNVO- TOVE 434 M YRV YOV a3
! A PASFAERILE (0. 1H0D) OUVOTRINLOH *TASSY 14 - SZ{10F A gleg danbug (0, IN03) OEVOTRIHEDH “RSSY 804 - 53010

Pttty

8-1.



:A:aa oUVOEE oM *TASSY €04 - SZLI0V

! ROL6H! REET8 8I1HS TIe0k0 tBOTIZ | 1
TORI0SE- 6 feeCh 49 “0N1d “yMd T E013TNNOD 812109 £1e X ;
A9T6K ] £r18 021Us “300I0 | LGz, 2D
P rEINSECE 451 "0 "uMd T E0LIINNGD 112109 i i : : X :
- FOOYNT 6pE18 | gaus ‘ol vO00IZ 1 11y} S
A @51 'ON1d TyMd CNOLIINNDD L12109 ur : i . : 1
- POOYN T IS 1Ne 30010 FODOTZ . ORYD
202 14333 3903 TYOLIINNGD 122109 otr . :
.. ODVAL:  SpElE | 031S 308 vo00te &4
Gi- agRLs 424 'T14333¥ 13903 THOLIINNGD p12109 60 i i )
L CT Y 72 300080 T103 3R YIRS DN ¥E5082 i)
se¢le 402 ' L4133 “ 3903 THOLDINNGD 122109 o0 7 X ;
natenl]  6ETE 03131 "30010 | aoz 19
v4zie 4¢ ‘94 T YOLIINNDD 862009 ar X | ; .
YOOTNT 8viig 033 30010 L00012 gy |
20025 dbe "8)d 'YOLIINNGG Z61109 r : .
pOOPNT 64718 salls ‘aceto | rO001Z S8 |
LAt IS (A AISZ Y9 078 TWWYON 35R4 0£6028 24 14 3my) . . \ m . !
i ASDOTINZTSMA|T 10N 33S AZ"9 TdIS "SyIN3Z 11 "Avayy 30010 § 001027 vEy
{8188 ADSZ ‘v C079 WHYOK t35nd 016025 14 | _ ]
u IR R : ; i
ASOOTIDE0GE LT 108 33C ABT “TvAG "¥INIT T 30010 | S60022 | £5)
rien x5 CACTC “¥INIZ ‘30010 [falerid 928 - | : ;
R 01601 [ QLTS WMol tANIIZ 2y
fpf 18 yINIZ 62IUS CI0L0 210022 5240 t
. HPRRGAVE  G5ERD ERTEREEEN IR TR LT 1550E7 ¢ ¥,
arE1E #3327 '0I1LS 30050 z10022 vZ¥3
EF010 0211S ‘30010 £80112 €242 A0l . . , 3
. -OHGM-001- 1218 28624 £01 *A00T T04W 107 "WYNID Tdvd 290001 1812
T ALY CEINIT TF00I0 650022 242 501 ” :
£iiv0 031115 "MOLIYHYA 126010 201012 1287 -0HSn-001- 1218 u62L %G1 A00T '044 107 “Hyy3D " dvd 290001 - 081D :
- i
Loariis 031US T30010 ¥00012 LAty Aol . , . \ | :
-nGM-001- 1218 2REZL 01 “A00L "0 107 "HYNID dvD | 29000t 6LLD
PoEpetlE GI1s ‘30010 £eo1T2 6143 o .
FyilR 031 s ' ag0lg o011z 1Y) ~MSM-001+ 12181 2862/ £01 ' 4001 'Q4H TO" "WYHID "dvd ¢ 290001 gu1n |
freie 021s o0t grotizl 1w v L0, . ) . :
.- ! -mun-ool- 1218, 2Rkl %01 AT QM 1D THYEID Tavd 200001 ;{10
o2 33 go1S 30010 £80112 914 s K X
£ ! ! WIEIZ01RE20 68299 X02 ' ANL '04d OLE ‘WY1 Cdvd p2100t ;WD
waiin] ErE 1R 031118 ‘30010 £80112 [$10] - | :
YIS 071915 ‘30010 £an12 1y -OMSM-QOT-1218) 2862 201 AD0L "0 10" ‘HYHID dYD 290001 5412
) : mm‘u‘ T o NOT14THISH0 N/ d .mmmw;o h N/l i NOT1d1¥2530 K/d 9IS
YHVO- TYOVH I3 : y UM ¥HYO - OV EELEY
H b 214 danbi g {0,1807) o¥vemyIniod ‘CASSY BDd - S2LI0F

8-14



mgl B [OARR T E FRS ZBEOID 11y

; Ap/1 RS CHHO 00T CROGEVY TS3M 101080 61y

MUESLOTRY CHOTv CHOOYMD 'S4 24000 33
BORENZ £14v0 NdN " SHyH) 86206 £

! BEAT TRD 2L WA TSI PoOz I jie’
: 906EN2 1440 dNd “SHYHL 662002 i3

: mp/l THS "WZT2 'NOBHYD '53Y 522000 2
- WAOTHA | 9S8(1 134 SOW TNWMI-N CSNWME $62002 0

mbr L 'ES w04y CNOSHYD TS /9000 oy
‘ ME/1 ‘%S ‘WD R08¥YD 'S $01000 Sy 02-0L26 | £6YYL 201 KA 0071 “J¥ “3UOM3 15001F £
i mY/L TR THOOT CROGEYD CSTY v01000 y 02-0£26 | £6Y9L %0 WA D0TL A T DIOHD 16001¢ 23
ME/T TES NLTL CNOSHY) CS3Y 211000 £ 02-0£2h £57%L %01 *HA 001 "4y, " IOHD mmca: 11

e/l '%5 HOT “NOBUYD S £01000 4]
2-191L22 INAOK Jd “ONE THOLDINNOD 1£2108 6020

ME/T %6 TN00T THOBEYD S v01000 ] .

-9t $HN0W Od “ONB *B0LIINNGD 1£2100 8020
16108 did “SNYY) 890002 g10 Z-191422 INNOW 3d 'INA T R0LDINNGD 1£2109 Lo2r
| fi0 Mgh *SHyuL 862002 (34 Z-191422 INAOW 3¢ "ONE T HDLI3NNDD 1£2109 8020
YA NdN C SNYBL 862002 ¥ib £- TIRESS db2 81D BOLIINNOD £52109 [oatey
| SHYYHL 8520062 £ 2-191422 INRCH D& “INE T HOLIINNDD 1£2109 v
| SHVHL 852002 FAl] 2-191¢22 IHNOW 24 “INE ' HOLIINKOD 1£2109 fo2p
Yo U35 ‘BHA CSHYML 812002 $b 39-051-50Z-¥) d0Z 31 13008 LPE009 e
£0GN2 €130 | 475 ‘uMd CSHvHi 842002 otb 110-802109 ¢b ‘ond “H3d "UCLIINNGD 110-80210¢ oz
PORENT RELI ki SHYRE 862007 ] 010-802109 42 “9N1d €34 uOLIINNOD 010-802109 [y
B2 Ta , 1340 “HYHO-d CSNYHL 962002 [24] 010-802109 d2 '9f11d "82d TH0LIZINNOD 010-802109 810
ri02 , 13470 'Shwdt 252002 Il 1-4Z518% vl ‘21 LIS vELC26 faly
! HdN “ShYH) B62007 o IR-051-502v) d02 31 1308 196009 91p
1108 m did “SHYBL 890002 ) £10-802109 40E ‘9074 "80d CHOLIANKDD £10-802109 sIp
tong dNd ‘SHYHL §90002 0 210-80210% 46 '9NTd "8Dd TUOLIINNDD 210-80210% [y
354 zo:%mum.wo ) z?_\ ) ummw.c T .zmq_. RO1E4THIS LI "51530
Vava- WV 438 E YNV~ WOVH 43y
% 21-4 Banbyy {0, 1%00) OWVOTUTIION **ASSY 804 - S2LT0% by Zl-¢ 4nbry (0. 1N02) OYVOBMIHLOH *“ASSY €4 - S2LT0V




m rynT45/00u 6yE18 REST RS HO0T CHOSHYD “S3 pO1G00 SEY
CZLY 94008 65€18 Mp/T TS THLTE CNOBWYD TSIy ZL¥000 bEY
M mu/1 RS TWHO 0Z2 THOQWYD CS3¥ 122000 55 r2Ip490008 | 6pLI8 MB/T %S HLCh CHOB¥YD ST 209000 | oo |

Bp/T RS U CHOGYYD CSTY 200000 5y CZLYIDLOY 64018 BB/l %S "Nty 'NOBEYD 'S3¥ 243000 %]

wusl TE5 'WHO 00T CNORNYD "SI 161000 5% [RAGERT{inL] 6VETR ME/T C%5 ROT “nOdyy) 53 £01000 ey

; mul VNm MHD TS KOB¥YD ‘53 815000 564 CACEAOL00Y | 6VE1R ME/L TXS NETY ‘nOBYYD 'Sy 205000 | 0y

m Mp/1 %6 'KHD OBY CNOBYYD 'S3H 189000 554 FEOT494004 6vE18 KE/L CES W01 “HOBEYD 'S3Y £0T000 g2y

fretg ME/L RS CWHO OB9 THOBHYY TSIy 189000 54 £201492008 | 6pE18 M/l YRS M Cnosdvd 'Sy 201000 22y

k MBZLOVRE THZTOT Ui TS 1£9010 16 PICESDL008 | RPELSE ME/1 RS 'WHO OCE ‘nomMYD fSh 16000 (24
; MEAEORE IECE CHOBUYD (S3Y 2EP000 05y rOLPA9L008 | EUEIE KE/1 RS THHO £ 'NOTYYD SOy 049000 924

arels wE/ L '%5 'WHD 089 CNOSYYD CS {B9G00 65y FI0T4H000% 6YE18 nb/1 TES ‘WO 00T 'NOSEYD "S53y 101000 524

seiln ! RE/T UHD w201 CWLIW Sy 1£9010 BvY r2404903% | 6YELS MO/ RS CuLTy THOBMYD ST 2000 w2y
YAt M me/1 S TNETY CNORWYD ‘SIH 284000 vy FIECA9Z008 69£18 Hp/l 'S CWHO ODE CNOBNWD ‘S3 TE6000 £2y
srE19 ®p/1 RS CWHO 089 CHDBEYD ‘I3 189000 9%y Corz2smay i 6¥E1R ME/T 'XG NZTE TROGYY) CS3Y 229000 24

Fpig KU “¥6 Wi 01 ‘MOEHYD “S3u 188100 LT £IZTABL00Y ] 6YCI8 ME/T XS 'NETZ CNOBHYT (S 222000 124

50018 M1 %6 “RHD 01 ‘NOBNYD 533 188100 brY 421610000y | 6¥E18 KE/1 CRL TAUET Tl TSy 58£010 o2y

m RS £ri18 Me/T E5 CWHD /b CHOSYYD CS3d G/y000 £y 11560098y SpET8 MEAT CRL TAESTE CTwLM ‘S3y 980010 8¢
i B Rt mE/ 1R TN2T9T WL ST sz1010 by 122394004 GYETE Kb/ 'XS CHHO 022 'NOfEYD 'S3Y 122000 81y
MB/L TR WL WL ST £21018 in 4216100908 | 6VEI8 HE/TOCET TWTUEL WL TSN $8L010 {1y

ﬁ B/l Y%5 'WHO 001 ‘HOMMYI '3y 101000 0wy 41560000 | 6bE1E ME/T PRATOCNESTE WL ST 480010 E1¢3

Mp/T XS CWHO £F TNODEYD TS3Y G¢H000 66y rZI5494008 68 ME/1 TRS CALTE TNOBHYD TS 215000 STy

Mp/1 tXG WEE 'HOMEYD 'S3Y £EL000 ey nzo02assuy | 6veE18 nes1 TEL N0Z CviM TSI 260010 3t

Me/OCRG THD CHOOYYD TS 201000 [£n st ooy | 6 M/l RS THHO 001 “NORUYD TSIy 101008 £y

K/l YRS ALE THOGEYD (53 2¢v000 9€Y PRIG9L00M | BYELS MY/L XS TRLTS "HOBMYD 'S 215000 2ty
a ‘ NO3141HDS3 N/d ‘91530 T NOLLS1HIS; N/ ¢ ‘91530

N WOV 438 g% YV~ RO EEr
s b 21-¢ 34nbyy {6.1H0) QUVOMIHION ““ASSY )4 - 52LT0% 4 Zi-¢ a4nbiyg (0, 1MG0) QYVOBHIRIOE *"ASSY 634 - S2LT0¥

8-16




8-1

o ..;IL,,“E:EE E,‘,:: {YS0EE - Som . - ; o
i ) :

19155 804 Y IHOSNVYL b0O100E il £16198-2y 64018 Kp/1 ‘XS 4TS TROBMYD CS3Y 215000 £8y
r196497004 6pE18 Me/1 'EG 'WHD 095 "HOBYYD ‘S3¥ 195000 Pictd

08512 HOLINGHSNd "HILINS $£8009 is
FIEE49£00Y | 6YEI8 Hp/1 ‘%S HHO OLC 'hOO¥YD 'S 1££000 188
fET 18 Ko/ TES 0T THOMYD ST £01000 £oly rZe4900u | 6bLT8 N/l XS WHO Q22 'ROBWYD TSIy 122000 06y
£yE18 _ ME/1 ‘%G CNDOT TROSHYD CSTY 01000 zo1y rTZZL008 | 6bETS Mb/Y %S 'WHO 022 "HOSNYD ‘S3Y 122000 504
60018 . ME/1 RS ‘Y16 'HOZWY) TSI Z16000 1074 rEZTA9L008 32413 HP/1 TES THET CHOGUYD “SY £21000 904
a1 Mp/T ‘%5 “dE “NOSHYD ‘53Y 20E000 001y PEOTISL0DY | BYEIR ME/T '%S 'NCOT ‘ROBYYD “SHY bOT000 Ly
ArE1R KEFT XS 'NE 'HOTHYD (S3Y 202000 664 CpLv404004 | BYETS . Hp/T 'XS TAOLP “hOEEYD S «2@8. 9y
£6C18 mp/l 26 "WHO Oy “NOSEYD TS3Y 149000 264 £E0T49400Y | 6VEI8 Ko/ 'BE CA0T “NOSYYD 'S3¥ £01000 §2y
el Ab/T 'EG CHOT ‘NORYYD “S3Y £01000 164 PILYA9L00H 1 6PETB ME/1 C2G 'WHO 040 CHOSHYD ‘S 126000 vy
Erl 18 Mb/T TES 'WHO 0TS HOMEYD STY 118000 mmg, P00y (12981 Mb/TO'ES ME'T 'HOBNYD S3Y ZE1000 24
§rEly | Mp/l tES NETE CRODEYD “S3M ZEVOO0 564 PEIL008 | BPEIR MESYOCES METT TNOEMYD (S 261000 1
118 | ME/T YRS R8T THOBYYD S3Y 281000 v6Y roLS9L00% | 6PEIR mp/1 ‘%6 'WHO 15 “ROSHYD ‘ST 015000 ]
TGN ME/T XS WHO 022 TNOBBYD 'S3¥ 122000 €6y rOTSS200% | 64E18 Mp/ 1 “%G CWHO 15 ‘NOBUYD 'S3Y 015000 69
60018 Me/1 ‘%6 “NBTT CNOBUYD 3 281000 Z6% rIO102008 65L18 . AE/T 'RS THHO 00T THOBMYD "S3¥ 161000 89%
He/T S WD 95 ThOOUYD CS3M 045000 16y rZot 42008 6¥E18 me/1 %G A1 "NOBEYD TSy 201000 1948
®p/1 “RS CAST TROSHYD TSI £51000 06 £2Lp 404004 6vels Mp/UOCES THETY CHOBWYD 'S3M 2{¥000 99y
£5018 ME/L %S 'WHO 001 ‘HOSWYD TSIy 101600 68y PEOTL9L00Y | 6PETS Hp/1 ‘%G “HOT ‘ROBWYD ‘S £01000 59y
Mp/T XS CWHO OOC ‘NOfMYY 'S 106600 98y PTISLI020Y 3238 MZ/1 “%S ‘wh0 015 'HOBYYD “S3y 504100 b9y
Me/T YRS CWHO 00T 'HOSEVD 'S 101000 8y rzaR49L0cn | BYELE MY/l '%G 928 TNOSYYD T$3Y 228000 {9y
MEA1 TES U029 'NOOWYD TSI ¥29000 99y rZ0T494004 6¥E18 Kp/1 T3S N1 THOSNYD 53w 201000 29
He/T CAS THHO O2F THOBRYD CS2H 144000 S8y rEOTADL00Y 6vE18 KE/1 CX%S X0 "ROBEYD CS3Y £01000 19y
Ky/T CES HHG 95 hOSuYD 83y 095000 8 PYEZOLMY | BYELS ME/T %S “WHO 022 ‘HOBMYD TS 122000 09
ses | T wonsanosy w/d 91530 C we| o84 T NO114THIS 30 N/d *91530
VNV~ T Eer R . YN0~ TYVY 438
> gi-¢ 2anbiy 3;53”25@“52 *TASSY 83d - S2L10¥ A 21-1 3anbiy (0. 1H03) QUVORMIMLOH '*ASSY 834 - §2/10%

S i)




SlRavEl W 0L 1M ovib C3 £HV0LE 150 i fassLy | S62168 _ W 3vIS-1E t0 0£{0Le i

CHSHYHL 10T 0L UM gl D1 PAT 1N osn fpOredy | SLERE w3l oo Zewid 9z

WO TwN A DI gL T Qeroee [321 LETNb I vioeZ WLsla 3 09£0€2 5Zn

Y0 Iv NI 30VII08 131 £/£082 gbn ZEdL T £9200 WLt "3l 110tz pan

93 19v1I08 CWINIT T 191002 0 WI0400Y | 55ERE MY g0 “EVINLT (3] 254062 £en

g3 JVEI0A CHYINIT (31 1102 B sr1sws | w042 FEPERETRN T B §9E0E2 zn

ADY VR0 dud T SHVYY p62002 5un GALOYTM | E1L60 AG ‘33 IBVLI0A TEVINIT 01 “ SHL0L2 o2n

M, ) :_:.::.w bus zxm_wq.::_ Kl 74 118zt ove T I0vEING T2 micmNM £1n

) o hwﬂmmw ...... mm; o mwwamm. Trene - T e CRuOHM g0z | 810

SIS Qhy INdNi-E fawnl f31 SOL0E2 aidl £180£2 E6LTL 8% NPS CA¥ORM D1 £180£2 in

TWLI9IG 31 £05082 1% £-00Sve | £1L00 170 “7HH 8 N30T 1950 §00126 g1

SIIVO ANI-HO-UNY Cdi8 el DL 961082 oen W OA00Y 5550 SV 90 EVIARET D) NmBmN_ yin _

WHYIAND X a0 vl Ot [y [E11) 324N [Tan:) RUTS LT L£9082 £in

:‘uDJE.auJu g g CatQ el e v610E2 arn . 44:‘:tpwmmmme-,;‘mﬂMwm.,:.zpsia;\,: WIGOINT ALTHOLYS ‘walie Dl 2pL062 2in

31v9 #D 1RdN1-Z avnb ‘DI 114062 (En Rerat Eul viniz g4Y d0 WO TBYANIT 'Y £pL002 141

ADY OVl ‘dNd CSHYEL ¥62002 981 WaGbGLaY-|  §5EV2 119 21 'ove '30v443IND T3 1pe0ee sin

A0b ol ‘dNd CSNVYL p62002 SER 8IS v16L2 3253141 1IN L 89E0EL 6

H PG Y3L51978 1188 'Ot 99L0E2 #tn ST~ dp92%H 1£625% SN OST *%8 "Wyd TANOWI ‘D1 OrL0E2 an

% : SETTE HIETWILMR D1 STE0E2 £en ST-db9ZHH 1£526 SH DS ‘%8 WYY “ANOWI4 ‘D) oveose n
pine? 34v9 40 IA1SNI3XT ownd T pIn0e2 E£x) §4000893H | ET4¥0 T4 8 00089 ‘0NN DI ppIOLE 9

..... ¥315193y 119-8 0} 98082 e yo4vL | ETL¥0 witeta ‘ot 502082 sh
. WIS D1 L9062 otn 004pL | €920 ONVN 15Y3 ‘O3 614062 #
‘ i ¥I15193¢ L16-9 "0t 9peoee 620 34024¥¢ £32{0 1hant ovab Tvaa ‘aweN CWI11910 ‘D1 1€e0te £
WRIL WIS 31 v0L0€2 gzn oot-we1ss | bELD & ¥ %2 '0A-NON 'AYOWI D1 9%L0€2 n

- S T a0nenosx T W RH - 4fd 354 zo_»gwuqum W/ d ‘91530
_ VRYVD- VY 438 e . VN0 WOV e

21-¢ aanbyy {1800} QOO *TASSY T4 - SOV Ed 21~¢ danbLy {0, 1%02) QUVOTHIHLOW “"ASSY §1d - SZL10%

8-18



,,,,,, - 2-022189 6100 JI400d MO TBLD 10 "¥3dWne "B S61109 | 1]
Wil B¢ LB RO DOS CWuOMLI S3Y 00080 [a¥ 2-02211% 64400 371 4084 #07T "YID 170 T¥iddne 'BnNd 561109 M
Z2-peZILs 6400 IH 4080 MOT Cd1d 10 TEIWN0 T304 S6110% 9
%2 “uidS ‘HHO 005 'WHOMIIN S3Y Z00080 {17
2-0221L5 6££00 3714084 K0T THED 10 ‘E3WN0 TINTd SB1109 o
EINa %7 "WE4S HHO 005 NyOMiIM S 200080 21 2-0221ES 6480 3 a0ud MO 1D U0 “EIMAD T9NTd 561109 M
2-0221£5 6100 IT1408d MO T¥ID [T0 C¥ISAC 9N 561109 2 |
082 2 "uLdB WD 0DS CHEOMIIN 53H 200080 112 : :
2-0Z21E8 64400 I 4044 #OT Y¥iD PO “¥3IaMAr 'onid 561109 | ™
Elrats MR “RMD 042 TRHOMLAN S3¥ 180080 o1
1a16ns S6210 SHyd: 81d9 wido 'Ol ZLb0g2 29n
a1l HidB 'WHD 081 “MuoMIIN 533 0B0080 §2 DOTSINS $6210 SNydl 8149 W30 ‘31 6500€2 490
20110 (20174 UGLYEYAOD 014 "¥VINIT D] 151082 95N
afeti 52 CUE CWHD 005 CWUOMLIIN ST 200080 87
NZE1STWL pi0£2 WLI9I0 'D1 605082 son
gtzil SIH 8 'NZ'T 'NuomidN $3Y £90080 it
9b0EYD 58420 AYHNY SNYHL THYINIT ‘D) 264082 von
EIaN %2 9TIdeT “MSTT NG CXMOMLIIN S2Y SE0080 97
31807 56210 Y 0 CHYINIT )T 8pL0E2 £on
GE71T STY § 'NZTT NUOMLIN $3 £90080 52
T-N)IBMY SETHE HOLVHYHOD 39¥104 989 °31 Syrote 29n
gLl %2 "H64d8 "MLTE AHOMLIN S £20080 ¥4 WrHIBESHL 56210 2149 “WLIOI0 D% £6L0€2 19
{8916 X5 “NO1 "HYOMIIN S3Y <10080 £2 d20101M ETL00 ILVD YON ANdNE 2 ayrid "2 5020€2 090
1£2010M £1L40 d014-4114 3 “WLigia ‘3t ££1082 65N
srzll B640T NP TIIWHID CHYOMLIN S3Y 2E0080 4
J2010T0M L1490 JL¥D NON 10dNL “2 gvnd ‘31 $02012 a5n
127 MGG TNOD ' PIWE) CAYOMI3N ST 500680 17 JZ010TaH ETL40 3IVD HON 1NgH! ‘2 ownb 1 S020EL 160
: PZTI0TIH £1Lv0 TISHYEL 133 0L 1LIM ol ‘31 Zhe0Ee 950
tehs ! WLSANY w01 350 vOD126 19
: 1€201m ET/Y0 4014~ ¢114 129 “wl190a ') ££L08¢ 550
6LL00 | FUH084 #GT THID L°0 THIdnr CONd 561109 2in 4001610W | ELMD LEERLIS L ) 154082 van
B0 = I 4084 HO1 CHID 10 'MIsAL ‘9Nd S61109 T SZT0Tou £1200 TISNYET LW 0L TOIW avnl T3l £ep0ee 2]
fp000 U 40Hd KO “HLD 1O "¥MNC T9Ad S61309 M 4912010M £1Lv0 3 TwmLe ol 054062 25
255 NG1Ed1UISH N/d 51530 Wd 354 KO1:d1¥2530 N/ d ‘81530
YNV TYIVY A3 "o YNWO- VIV 434

{0, 180D} CHYOBYIKION *"ASSY #3d - SZL10V

g1~¢ 34nfipy

{0, IN0D} QUVOTU3HION ‘TASSY 834 - §2410%




i - 2160 X 0b-v Hdd TMINDS £50519 192

anT-pig | BYSZE 410 NEd-pt ‘¥ITYdS §90119 032
(ES-1091 | BELAT J9i2° X 507" "13AlY 696019 842
§uE | £O65! 03gdy¥l 2E-B '3TONY CIINIVUE 506019 152
a/c-g-086T | SbzeE {o.03 §) SSWuE (3LVd Qv '8/€ X 2(-9 'JI0ONVIS 100019 §52
w-gzEze | £01E1 0zz-0L ANISIVIM 02108 152 |
£-££5255 | 64400 W ONLS *A400NVES YNGR T1IY 0100€9 2z
91-$-609-¥1 94460 311404d M0 ‘db9 TE3N30S 661109 622 |
ORESV-0p2 | 90516 40t ‘T 40ud K0T 'dIG "YCLOINNGD 650119 g2
M-0SL-S07-¥D | 2L0E§ (0,039 2) d02 ‘D1 13008 £B6009 0z
szilly ¢ CBLLE {GIVOINN} CYYOSYUIHECH "8Dd s2iily 81z

(a.b3y £5) (v3 2} 11m-0M

, . - ‘223-52% 'Z13-13 ‘[24Ll-6Td1 "LldiTdl
21171 {Q.034 p} INNDW Jd “¥IQTIOHISAL {L6026 82 0-22048-1 RLL00D THINE3L 1504 954009 912
- ZN2s {0,038 ¢} IV ¥30708 'dBZ CLINDOS 168026 vi2 —_ - a1 €517 ‘WNIYRS ‘ONignL 200008 §12
R-TAY {0,038 2) 491 31 "AIA30S GEL026 242
X : WHO
Cospe {0,039 2) 492 ‘D “13x0S $29026 992 X014-19-054 9£211 %2 ‘¥Gd9 “NOY 'AuOMLIN SR 500080 {12
s peoW3I0T CLND CHIHSYM LIpL19 592 WHO
- (058-18-056¢ GEZTY %7 U/ "WHO 00§ CHYOMLIN 53 200080 917
: i — 0p-+ ‘%3H ‘LN y00£19 ¥92
[ : WG
R Do I 21 210 X Okt CUASSY SHIS THad TRIBDS 262919 292 0{pH-£9-05/ 9£211 S € CWHO OfF “LIWEID ABOMA3N S3Y 90080 512
: : N1 d § 80820 N “BESH ®id JS HOELI4IHIS O Nid "o153a
_ VIV G- TVVH 134 94H YNV TVNY i3 _

: # 21-¢ Banbyy (0.1H00) GMVOTUIHLOW *TASSY 82d - SZLI0¥ b (0,1N03) CUVOTHIHIOW '"ASSY 8)4 - GZLTO0¥

3-20



| LT ]
. , i [FOdAEOSHOVZNGZ 1008 AQOE (44 €757 “HIWKIYL “dYD o100t 512
286 101 “HOOT 04K 107 ‘WYH3ID Cevd 280001 6L
ned
i Z0OdAEOSHOVENGZ 1£008 ADDE "04d £-G° TEIWMIYL “4¥D 01083 812
28527 307 TADCT 'G4W 107 THYH3D VD 290001 9£) _
- 00
: . FOdALOGHOYENG2 15008 ADOE ‘044 €-§° “HIMMI¥L “dV2 o10e1 L2
ZREZL %01 "AOOT “Udw 10 "Wydd) “d¥D 290001 82
STORCHTSHASOT oo AGT ‘04w DO0BT ‘133713 '¢vd yLT101 313
JREZL 201 CAQ0L (04K 107 "WrH3D '4vD 290001 9£3 S1ARCOTSHOSOS | 1E00B 451 *92M 00001 "10373 “4v) pL1101 513
! ¥t
28621 01 FAQ0T C04KH 107 ‘WyH3ID “dvD 250001 563 ~0UsK-001-1218 28624 307 'AGOT *03W 107 “WY¥I3 ‘v2 290001 (28]
750 | %5 'A0GL "0d4¢ 66 “HY¥3ID “dYD 351001 ¥£d AEQ1
-QusH-001-1218 1 Z862¢ 0T “ACOT "G4W 107 "WYH3) "d¥D 290001 €13
0dd 22 "VIIH ‘dv) 080081 ££2
#0T
HISElS Gdd 22 "YW “dv) 08001 ztd SQYSH-OOT-TZIR | 2B6EL 50T CAOCT TQAW 107 “WY¥3) Td¥d 290061 212
|
LEE50G 56 ‘A00L 044 66 ‘WYEID dvd 951001 €3 H01
-QUSM-NOT-TZIR | 2BRZL %01 "AODT 'G4W 10" “WYHIZ Tavd 290001 4]
inaI¢ x0T CAQOT TO4W 107 TWYHED TdvD 280001 0ED WEQTITNSACZOD | 68299 %02 “A00S ‘O4H T0° CHVEID 4yl £40001 013
i WENTITONBE20D | 68295 %02 ‘A0S 'CdW 10T WY¥1D 'd¥D £90001 £3
PRE2L | 1071 'ADOT ‘04K 107 'WYH3D dvD 290001 622
ﬂ WED1310588203 | 68295 %02 ‘A0S C04W 107 TWYHID dvd £90001 83
TEE27 £0T “AC0T 04w (0" ‘wWegdd “dv¥d 290001 822 WEOTITOGBE20D | 68295 %07 ‘AQDS CQ4W TOT “WYEID ‘6¥D £90001 {2
(zUR320TEOCND | RB20G ¥§ “AOOOT ‘Q4d 2°9 “H¥¥ID “dV3 450001 93
%00 “AC0T “Q4W 107 "WWEID “dvD 290001 123 " i
#01 !
-HHGH-00T-T218 2B62L %01 'AODT 'GdW 187 “iWH3D T4vD 250001 $2
£07 “ACOL TO8W [0 “WeH3D “d¥D 286001 922
; HEOY
W ~0uSM-00T-1218 | 2862/ 201 ‘A0 “04W 10T “HY¥ED ‘v 290001 ]
i 30T TADGT TO2H 107 CWVEID 'dvD 290001 523
; HE01
FPOG T4 CAOODL T04d 277 'WE3) Tgvd 050001 £23 SOUSH-B01 - 1218 2u62L %01 "AOOI '04W [0 "WVH3D Td¥D 250001 £2
Ait7Y5 X5 CAGONL 08¢ 277 "Wr¥3D Cavd 050001 22 HE0T . . . \
-QESH-00T- 1218 | 28624 %01 "AQOT “04W 107 “HrY3) "d¥) 290001 22
1£008 AQOE "G4 €57 “¥IMWIYY ‘dvD 01eet . 02d Q288370190600 68295 %5 'A0DOT '03d 2'8 ‘Wy¥31D “dvd 950001 12
754 NOLLATYISO | H/d 91530 T w4 KO11d 183530 K/d 91530
: . YNV TYIVY 434 gk YNV OV 34
13 gz-¢ Banbly {0,1NOD) HINOLLIONOD TWNDIS “*ASSV 82d - 92010¢ 1 G- daniy HINOLLIOHDD WIS *TASSV §3d - 92L10¢
L
L
- i




101 CA001 TO4W 107 WyEdd fawd 290001 £40 e
nuoK-OnT-1ZIR | 2962 207 “AQOT TO4W 107 CEME3D TdYD 290001 5§53
201 CAD0L 'O 10T THYEID CdWD 290001 242 -
~(HGH-001- 1218 862L 201 'A001 “04W 107 "WYE3IZ "D 250001 $53
%01 “ACDL ‘04 [0° CWYEID Cavd 250001 14 w0t
w07 CASE 04 £°9 “wiyl ‘dv) 921511 043 -DUSH-00T-YZIR | 2B6EY %01 A00L “O4W 10 "HYY¥3D "a¥3 290001 £53
gyl
10T TADDY Q4w 10T WD T dvd 290001 693 -OUSH-001-1218 | ZB6ZL %01 ‘A00% TO4K 107 "HYU3D eV 29000t 253
NE01
01 *AQDD ‘O 107 “HY§ID ‘avd 290001 %) ~QUSH-D01-1218 2R6ZL %01 ‘AO0T TQ4W 107 THYYID Tdv2 290001 180
%02 “ASE 04 89 wiNvy evd 921011 {9 A1 , . .
-QugM-00T-TZIR | 2862Y 301 'A00T 'C4W 10" THWE3D VD z90001 52
202 “ASE 04w B'9 TwiNWL Cev) 921011 993 B Aol
j ; “QusM-n01-1218 1 28624 ¥01 “AOO1 “034 107 "HYH3D “dvd 290001 60
i 50T “A001 ‘O 10T “WY¥3D Tdvd 230001 $93 w01
-OUSH-001-1218 1 28624 201 “AOOT “O3W 10" “WYH3D 'a¥3 290001 R
201 ‘AD0T 'O 107 ‘RYu3d “dvd 290001 ¥33 w01
i SDUGH-I0L -171R z2a62¢ 101 *ANGT 102K 107 “WH3D dvD 290001 F3 )
| 401 CADDT Qe 107 CWVHID 'dvD 290001 €92 o1
-OHSH-001-1218 | BB %01 ‘ACOT "04W 10° 'WYH3D ‘dvD L 290001 943
201 4001 'O 107 WY “dvd 290001 29) 01
-QuSM-00T- 1218 | 2862 %01 'ADDT CO4H 107 THYY3Z TV 290001 5¥2
T01 ADOT adW 100 WvyI) avD 290001 19 "ot
H
102 “ASE 'O 870 TVINYL ‘dvD 92101} a9 -0¥GM-061-1218 1 2R6ZL 201 “AQOT 04 107 ‘“Wi3d “d¥) 250081 bpl
REO1 .
201 ‘AO0T ‘Odd 100 "Wo¥I) Cavd 290001 92 -USH-001-1218 1 286EL %01 TADOT ‘C04W 107 "WYB3D “d¥D 290001 92
MMOH L . ‘ L
301 *ADOT TOM 107 THYEID Tl 790001 852 -gYsM-ont-1218 1 2862 £01 ‘AQOL 04 10 N3] TdVD 290001 70l
%01 . |
X01 TADOL O 10T THVETD el 290001 {62 SOHGMG0T 1R 2a62f x01 AODT TO4W 107 WE3) Td¥d 290001 i0d |
Xeni . . .
10T “AODT ‘0aW 107 “WyyID "4Vl 290001 9% _ousk-goi-fzie  zeeel 201 “ACOT “O4W 107 "HYYID "6VD 290001 ord
_ HOLL4EHIS #id ‘81520 N/d o4 K011 182530 N/d 51536
; ; - YOV I3 "M YRY (- TV VY 2
’ 3 gp-4 aanbuy (G, IN07) WINOILIONOD T¥NO1S *"ASSY 83d - 92410 . 3 ¢z~ danbi (0,1N02) BINCLLIENOD TWHBLS *TRSSY 834 - 92L10%

§-22




SHGTOHGHT 3558 ¢ 1E£50 %02 ASE ‘O B9 CWINYL (VD 921011 | 063
I L0Gn
8624 101 CAURT ‘04 100 TWwyId T dv 290001 1010 ToIHIX9-2vHD | 28RIL %02 452 04 107 Wyddd Cdvd £51081 693
: A05H
oeels %01 TAGOD “G4W 107 'RV “dvd 290061 9013 COTHLXG-2VeD | 2862¢ %02 ‘252 ‘04 107 CHYEID eVl £o106t o83
,m 01
iooleels £07 “AD01 ‘044 107 “WYHID ' 4V 290001 5012 - 0¥SK-00T-1218 28674 %01 "ADOT 'O 10T HWEID Tawd 250001 82
LBES0 %02 CASE ‘G4H 99 ‘vinvl Tdvd 921011 ¥013 *E61 :
-OUGM-001-1218 | 2862/ %61 'A00Y ‘O3 107 ‘WYHI) Cdvd 790061 ags
29624 %01 TADOL “O T0° ‘WW§3d 'dvd 290001 £01) Aeol , . . .
-pusK-001-1218 | ZBAZL %01 ‘4001 ‘G4 107 ‘Wyd1) ‘v 290001 583
L 2BEZL %01 “A0DL ‘€ 107 "Wy¥3) ‘d¥D 290001 2012 AECT . , .
: -QNSH-00T- 1218 | 28624 x0T CAGOT ‘62 107 ‘WYHID Tov0 290001 ¥
AE01 | :
28624 %01 " A00% WY ' dvd 250001 1013 AE0t o . ) !
~0YSM-001-1218 | 2R6ZL %61 *A00T ‘0 10 TWYBID T VD 290001 £8
28624 20T *A00T G 107 ‘Wyy3d 'dvd 290001 6012 HEOT \ . . .
- - DBER-001- 1218 | 28621 201 ‘AOST "0 107 'Ww3) CdvD 290001 280 |
© 2861 %01 " A00L 19" “HY¥3) ") 290001 662 A£01 . . . .
- - - -EUSM-001-1218 | 28624 %01 CADOT 'O 107 'WviID 4w 290001 187
16550 €07 *ASE ‘04 B'9 "ViNYL oD 921011 862 .
xE01 -OuGK-001-1210 ;28624 200 *AD0T QM 100 “WY¥ID Tdvd 290001 082 |
SowEe- 0l 1218 | 2862¢ 20T “AODL ‘O 107 "WY¥ID Tév) 290001 162 “yeol i
O -0yeM-001- 1218 | 2862 201 *A00T ‘0 107 HYHI) ‘4D 290001 642
1218 2R62L X0T *ADOT ‘G4 107 “WY¥ID Covd 280001 962 Seor
LRESD 202 'ASE ‘O44 B'9 “WINYL 40D 02101} 567 -0u5M-001-1218 | 2862 %0T ADOL ‘G 107 "HYEID T 4Y) 290001 823
| 3E0T
L 2RR2L 101 “AOGT ‘O 107 ‘HYHID T4¥D 290001 ¥62 -QySH-001- 1718 b4 344 X0l "A0T "OM 107 ‘WYEIY Td¥D 290001 I |
: ACOT .
i IBREL 01 “A0OT ‘04 107 WYNED Td¥D 290001 £67 -0§GK-001-1218 | 2862/ x0T ‘A001 ‘0 10 ‘HWID T4 790001 913
; %01
78624 01 *AGOT ‘O 190 THYRId T4 240001 262 -guGH-001- 1218 | 2862( %01 ‘K001 "OM 107 “Hwdd) “dv2 290001 843
0T .
IB6L %01 CAOCT 'O 107 WY 4V 29000% 162 -0ySK-001-1218 7862¢ 101 CAO0T ‘O 100 'WVEI) T4vD 290001 [ 7a}
T s | Wo114143530 4 ‘51530 w/d 25 NO1 L4105 X K/ d 9150
i VNVO- IV Ftt F ] VY- IV FEL
' 3 gz-; aanbig (@, 1400} HILOTIIONDD OIS ‘UASSY E3d - S2LIOV | 3 Gz~ wanbly {0, 1N03) WINOILI0HOD TWNDIS 'TASSY @2d - 92L10F

23




20T “AG0L CO4N 10T CRYEDD ' evd 290001 teld Aol .
SOUSM-GOL- 1718 | ZREQY 01 CAODL 'On 10T HYET ‘dvd 250001 »212
gilag ADQT "04d & “vIIW T gvd i va (2] R . .
CNGTIMO0TBYSE L {6£50 X02 'ASE 'Q4W O1 “WIRYL “dvD 151611 £212
gglzs ADBT ‘Q4d § 'UDIH “dvD 8800E 1 6613 ot
6550 %07 “AGT ‘044 £°9 ‘YiNYl ‘dv3 $21011 gE13 -OHSH-001- 1218 | 28627 %01 ‘AD0T Q4 107 ‘WYHID 4D 290001 2213
. %601
20624 ¥01 AODT 'O TOT ‘WY¥I) ‘dvD 290001 1£12 - USK-001- 1218 2R62L 201 'ADOT "0 100 “WYEIT “dVD 230001 1213
HECBAS019P5EL £6E50 %07 “ASE 'O44 01 “VINYL 'dvD 151011 0212 W
28621 %07 “AGOT 'O 107 “WYEID "D 290001 9g1d seol
~YEM-001-T2ER 28624 £01 “A001 ‘G 10 "WYHIZ 4 290001 5112
ZERZY %01 CAO0L G 1O "HYH3D Tevd 250001 LIh] -
-OYSH-00T- 1218 28624 01 TAQ0L 0 107 “WYH3D T dwD 250001 gt13
PREZL %00 “RO0T Q4w 107 'WvHID 'ovd 250001 pE12 .
~OHSK-001- 1218 § 28624 x0T ‘AGOT ‘a4 100 CHYHID 4D 290001 (13
POELL 201 CAUOT ‘O 10T WYEID 4D 290001 ££1d eon
-OuSH-00T-1218 | 2062 201 “AO0T "0 107 THVET oV 290001 911
28621 301 *ACOL ‘O 107 THYHID fdvD 2900011 . &0 .
-OyGM-001-T218 | 2862 %01 “AQDL 'O 100 'WYHID tdvD 790001 $11
101 CAO0T C0M 10T “Wvd3d Tavl 290001 112 A : . R
- - USEOMODTOYST S {6L50 102 “ASC ‘O OT ‘wiNvi "dvd 151011 pilD
7882t %01 'AGOT ‘0 100 'WWHID VD 250001 012 #01 . . . .
-0uGK-001- 1218 | 2862 %01 *A00T ‘g T0° ‘HYN1) ‘oD 290001 113
10T TAORL O 10T TRYHID VD Z9000% 62123 w0 . . . ,
SOUSH-ODL-1ZIB | 20624 174001 ‘O 107 “HYHID T 40 290001 rARN]
2RR2¢ %01 TAGOL ‘g 107 “HWyH3d ‘dvd 290001 8212 #eot .
- -(USH-D01-1218 | 28624 %01 'ADOI ‘O 107 ‘Wwy3) ‘vl 290001 1n
18624 X01 ‘A00T ‘0 107 ‘WVHID T4VD 250001 {213 HEoT . . . .
-ouSM-001-1218 | 2862( 20T “AO0T ‘0 10T CWYEID vl 290001 011
I9RTL £01 ‘'A001 Wyl ' dvd 250001 9213 AE0T . , . .
-(IGH-001- 1218 | 2062¢ %07 "ACOT ‘0.3 10" 'WY¥3D ‘4D 290001 2
2R6TL 01 CADOL ‘O4W 10T CWYNID Tdvd 29000 S212 SYGTIMS0 DRSS 16750 02 “ASE 'O QT "YIRVL ‘v 1stofl BO1D
354 HOT 14143530 N/ ¢ 914630 #/d 354 NO1141¥IS30 #d 51530
: YNV~ TWIVH FEL] ‘9 VY- TYE 2
3 52~y 2anby g (0.1807) WIKOILICKDD TWWOIS '*ASSY ©2d - 92LT10V . El Gz-4 eanbyy (0, 1N03) YINDILI0NOD TVWBIS “TASSY E34 - 92/T0¢

8-24




: a1-0ezf | TP Hn RT3 IO 95001¢ ¥
o : (ORZ-ZR0SAH | PLB0S jeolo 060012 2143
! a1-neEA | LERSL HR 890 T4y TINOHD 950C1E £
] : 00DZ-28064K | ¥ER0S 30010 060012 ¢ 1142
SE-DEFR D CRPOL un T 4yt INOHD Z6001E 21 1
SRR : ONRZ-ZEOGAN | YEKOS 10010 DEOOLZ | OT¥2
PLREDY WioL N0 26001 11 : i
00R2-ZR0SHH | PEVOS Efcodid 060012 | 6%3
AT 31 0T AV fotole £ LA A2 30010 geo0lz | AW
anrvl 31037y AV ESI01E FIt] H1O16N1 6ef1n VRIS L] tROiIZ 142
001 A007 'yl 033 AV bgi01e i B91ANT fpL18 a3is trnia £80117 | 943
AINE 32 'G3I8 TAVIY 59101€ o ongad | £9240 30014 mmoo;__ S¥l
(0Ll ADDZ “¥1 0338 CAWIRY $9101¢ 6% o0E0d | £9240 20010 5£0012 | 43
Mt AGOZ ‘¥l "0 AV ¥9101¢ iy ] RITRNL SpE£18 03111S ‘30010 £80112 ﬁ £4)
17-47 “HYD WLSAMD TAVIRY {61018 > 2916N1 69018 o30S ‘3010 £ROI1Z Z4d |
12-d2 'HYD CIVESABY AV 15101€ 9 onced 1 £9240 30010 L0012 147
K002 YT ‘0338 CAYIR ¥S10LE S ; N N )
WISOTCT2II61ED | £6£50 €5 'AO0T “03d 02T ‘WYIZ TdY) (P00t 1 6RID
AQDZ ‘¥ ‘033 CAY1IE $9101E % ” - : - : :
MISOTPIZIEIED | (BESD x5 “ADGL ‘044 02T WYH3D TdVD £v100 artd
A00Z ‘¥l “033 AN pg101¢ ™
Hp01-159 !
AO0Z ‘¥1 033 CAVI $o101e ) ~a0T-d11E18 | 28624 %02 ‘3714044 M0 TOIW T (W3 TeV3 ££1001 Lp13
ACO2 ‘vl T033W AYIY v9101¢ o #01 , . . . !
. -QUSH-001-1218 | 2BBZL %01 'ACOT ‘04w 107 ‘WeH1D TdVD 250001 %13
HN0W §04 T3NS T ¥O133NNOD pE2109 2ot o1 . . o . . :
-0uGH-001-1218 | 2862 %01 "AOOT F04W 10 TWH3D T4yl 230001 5912 )
INNOH $34 N UCLIINNGD pEzZ109 1oir o1
Wld 7 ‘ORTd 93d L) INNND 010-80210% er SGHSH-00T-T2IR 0621 XOT CADOT TO4W 107 CWYH3D TdYD 290001 pp1d |
|
Kid 2 'onld €34 ‘BOLDINNOD | 030-B02109 iy 0T . . . .
-NUSM-00T-T2IR | 2862 %01 'AODT “O4W 107 TWYHID Td¥D 290001 mzu_
dpl, "1 TLIA0S $ELO26 Ly ot
t
40b T IITHT WA C1ERJ0S £2R009 iy -OYSM-NOT-1ZTR | 2862/ %01 *AD0L ‘04H 107 TWYE3D TdYD 29000% 2913
= O T = TR - L ,. t N u
NOT1418253 H/d ‘815K ; : N/d ot NO14d D530 K/d ‘91530,
. VNV~ WIVY FET i 9 YN0~ TYIVY 24 |
3 g2-¢ Banby . (e, 03} wamo1110N0) TWHEES ‘TASSY @)¢ - 9210V E] Gz-1 aanbiy {0, 1R0D) ¥3INOLLIONDD WN9IS ‘“ASSY 824 - 92100
*
P PR
e S R 1 A A R pitwcrivod ~




i
(U6 . BeZU XD CERTT TLIMEID S3Y 11z 02y !
- geovhz | 6bEID dNd “BOLSISHYEL 660002 oth
ip9al MpALOTRT 'WOSTT TL3WEID 53 11210 &1 ; :
' i - J2IENS #v924 Ndh ‘H0LS1ShTH) 062002 3 34
Evit ME/1 %S TH0sb CNOGEVD S3Y pL000 | 81 T
. r 21808 8r9Zs | HdN CBOISISNYUL | 062002 8l
65018 | KEST TET TNO0T CTWLIW 83 L5010 fat] ; i |
BSZPNZ | BbEIB dNd 'BOLSISHYYL 660002 b
: M2/l TR A0 CIVLEW TSIy 9£5010 s1Y i ; ; :
i OTH-S 4 £1en HdN ' HOLSISHYL 51002 4 9y
; MEAT RS CHOLp CNORNYD TSIy bLFO00 STy i ;
: | OIH-Sdd | C1440 hdN ' HOLSISKYEL (61002 | sh i
ErElE ¢ Kp /1 t4S CWHO TS CHOBEWD “S3Y 015000 vlY : 3
i aTH-C | e1sen NN " BOLSTSHYYEL 161002 vh
ARLLE M/ OCES WO 1S CNOGHYD TSI 015000 £y
: NODOS S asa41 Quiih SOMO “HOLSISHVHES 162002
BLTIE ME/L CERD WL TA3W 'Sy 059010 214
d NODOGOS | 9S8 aviil SOWO “HOLSLSHYNL 162002 | 2b
ELETE § mE/1 XD ‘Wl UIWLIW CS3Y 059010 3¢
OIH-SdH |  E£1{1D NN 'BOISISNYNL 162002
"Mp/L XS CWHO 69 'MOB¥YD 'SI¥ 089000 0TH i .
M/ O'AS CHHO 99 ‘NOS¥YD CS2¥ 689000 &Y £1-1019-904d 95848 Hid 2¢ '9n1d “3903 CHGLIINNGD £12108
MP/T 'ET CWHD TS CLIWYID 63 £21210 ay - !
: 91-0626 | €6Y9L KO 997 ‘48 CI%00D 4 95001€ 917!
CUEIR M/ RS SN OCNOBEVD CS3¥ 201000 It
; 91-0026 | £61YY HN 99T Ay T INGHD 95001¢ sl
69018 | Mp/1 '%S N1 OWOBEYD ‘S3d 201000 ay i
: 91-0t26 | €6YYL HI 89" 48 3D 95001¢ § #13
IR Ke/1 %1 WHO TS CL3WHID ST £21210 S
i 91-0126 £699¢ B OgeT JY TINOHD 95001E £n
frE1 Me/t %1 THHO 00T WLIW 'S3H ££1010 vY
9-0826 | L6V HI 89" "4 “IuiD 95001E 2t
3L Hp /U %D TRHO 00T WL3W C53Y (1010 £ :
91-0[26 | E£6Y9L [T TR T O e o] 95001€ 1
fpL16 Kt/1 "XT 'HHO 00T WL13W ‘53 LE1010 24 -
91-0£26 | £6%9L HO 89~ ‘d¥ INOH3 95801¢ 8%
srE18 My/1 "ET CWHO 00T WLI3W ‘S3Y [£1010 ¥
91-0L26 | £6YIL BN g9° Ay TINOHD 840010 61
45848 TIRNWHD-N 13 THOLSISAVL 892062 vib 91-0C26 1 £6%9 HO§97 34 “3xDH3 95001 B1
45541 TINNVIHO-H "L134 THOLSTSNVHL 2002 b : 91+0£Z6 33304 HO B9 4E TIAGHD 85001C [
r1een 4 WO oIS ISkt 692002 z1h w 91 -NER6 L £6YH HE{ N R R B0 V] 950018 9%
[Py dNd DO T HOLS ISKYYL 682002 1o 91-0E26 L6V9L (LT R 211 T 95001L §1
354 NOILLSTHIS30 H/d 91634 /4 K4 NOILd182530 H/d 91830
. VNV G- Y VY Eel] 2 YNYO- TYNY Eel ]
1 14 (0,102} HINOLEIANDD TYNTIS *ASSY §10d - 9Zs10¥ 3 G2-7 aanbyy {0,1K00) YINOILLONOD WHOIS °"ASSY 934 - $Z(10%




ra/l e RIER T ERIX L 511210 _ 2oy |

201 A1 POV g0k 133D TL0d 01£0%0 _ o | ..x 31L0E05SNY | BPETE MB/T X1 A10°C CIVIIW 'S3Y ,. 28:& by

ME/T ‘Tl WD I0D WYY WLIK 'S3Y $21210 99y 101494008 | AYETS Mp/1 ‘%6 ‘WHD 001 'NOBYUYD 53 . 101000 £py
M9/T ‘31 HAG G7p ML I TSI 911210 S9Y [SOT40L008 | 6VEIE Mp/1 %5 WD ‘HOSYYD ‘S3Y 503000 E

Mp/l ‘%1 OCHSCT T13WH3D S 021210 | veY | P201497004 | 6PEIR : BY/T %6 0T 'HOGHYD TSI 201000 Y

wo/t %l O OL 1330 S 21210 cou ﬁ JDBTEIG5NY | 6YETS Mg/l %1 THHG 91 "W WL3w 53 zsam ovY

0510650 | 6PELD ME/T X1 T¥ST1 WIS WilW 53 811210 | 33

Mp /T %1 'WHO 0T 136930 ST 221210 294 PGOT49/004 | 6¥EI8 My /T ‘%G ‘WL 'HOBYYD 'S3Y $01000 85y

ME/ CED TNGTT TA3Wd3D ST 021210 194 JT06TIS5NY | 618 K/ BT OCWSTT WML TwAdw (53 m:..:i, i

ME/1 %1 THHO 0OL ‘W14 WL3W TS y80210 o9y J09TEIGSNY | 69E18 MS/T “XT “WHO GTC WIS WI3W "S3Y y11z10 | o6y

#E/T X1 “WHO Q01 ‘W14 WL3W “SIY v80210 654 409760558y | BYETR M3/1 ‘1 CWHO 9TC WIS Widw 53 $11210 geY

M/L ‘4T “WHO 001 ‘W14 WM 'S3Y ¥80Z10 854 A1051065NY | 6LEL8 B/1 ‘ST UHSCT ‘W4 WL 'SH 211210 pEY

B3/ XD WHO 00T Wi WiIW 53d %2.8 L8y si0sTossNE | gpets ma/1 ‘R CUSC1 ‘WIld TWLIW ‘53 811210 2

H8/1 ‘%1 “WHO 00T ‘W14 WI3wW ‘€38 20210 95d IDITEIGENY | 6pET8 KB/ “E1WHO 9TC ‘WIl3 VAW 'S3¥ «:NS. 28y

Mg/l ‘XU ‘WMO 86v WLIW 'S3Y ¥16010 q4% P2OTARL008 | 6YELD My /T '%S WD ‘HOBEYD S3Y 201000 Ha

Mp/1 %1 TRHO §728 T13WMAD 'S 121210 b5y COLpA97008 | 6PE0D BE/T ‘%G “WHO (v ”zcg_u REL 04000 orY

me/T *%1 'WHO §°Z8 TLIw3D 53 121210 £ FOLy49L008 | BYEQE Mp /T ‘%5 CWRO [b ‘HORWYD S3Y QL¥000 624

M8/ ‘%1 'HHO 66¢ “TVLIW 'S3Y 816010 A1 rooc4n024 | 6¥ELE Mp/T ‘G 'WHO Of NOBHYD ‘$3Y 00E000 g2y

KE/T X1 WO 001 CWIL4 L3N ‘ST v802 10 154 L pODESBZOD | BPELS Me/t XS ‘WO 0T 'NOGWYD S 00£000 12¥

B 6uE18 My/1 *%§ ‘M1 KOBYYD “S3 201000 o5y | JEVM | £¥95T Hp/T “ET *MZ9TTH T13WHID TSI 601210 92y
{5561 Mp/1 ‘%1 ‘WO §°2B EIWYIT TS3Y 121210 6bY el | L¥961 My /1 X1 'MOS2 13W¥3D 'S3 801210 528

5yE18 Hp/1 XS PX2'1 'NOSEYD 'S3Y Z21000 8vy ZETWH | £b961 Mp/T XD 'M0§2 CLIWMED 'S3Y 801210 +24

[v96t Bp/1 C¥T ‘WHO 5728 ‘LIW¥3D 'S3Y 121210 Lbd ZEIMM | (9861 Mp/1 CELOCMLGCTE CLIWNID (53 651210 €2y

&pl 18 Mp/1 C%G ‘w0 001 ‘HOBBYD “S3Y 101000 994 ZEUWW | £v96T Mp/1 X[ ‘Wes"1 "L3WH3D S3Y 811210 22y

AEE1R MR/ R CNI0TE CYLIM S3Y 82901¢ 2610 | 95T pe/1 ‘T ‘WL TL3W¥3) TS 111210 28

N %4 . NotLdtEas30 | Cwn W osa R HO1Ld1¥2530 W/d 81530
) YNV O- TYVY FEL ‘94n YHYO- YN 434

i 3 57-7 240514 {0, LN0I) xuzo.:mczou WNOLS “CASSY 8)d - 92L10¥ 3 Gg~g auanby 4 {9, 4000} Szo:.meau TWNOIS CTASSY 82d - 9ZLI0V




d91Z0LIW | £100 | M3 twitela ‘ol 0540E2 | 5
9Ly %2 ¥{dR WHO 0L CLIWNID CMHOMLIN S3Y 160080 £17 reantow | erevo | d04-4503 103 “wiIsia ‘ol £E20€2 8n
9Lzl | u5 WHO DEE TI3WHID CMHOMLIN S3d ¥S008G 21z dRSTHOTIN | £1400 ¥0W L0dNT-Z Qnb SH ‘103 ‘DI £8/052 a0

1
9wzl 45 'WHOD DEE C13WU3T CAHOMLIN S3Y ¥50080 012 481Z201W ¢ £TLED 133 WL (31 08082 gn
ME'OTxZ TMEAS A0OT TI3WYIT TXHOMLIN S3Y 6L0080 62 HEDRZHWT P02z HOLYUYIWOD N0 T INE 3] 9£e082 50
‘%2 ‘ubdE CN2Z T L3WyIT NHOMLIN $3B 0p008C 87 96/8964S 2925 1553 YELM WAO CHOLYHYEHOD ‘3E SEL0L2 i
45 WHO £F C13Wd3D HHOMLIN $3Y 580080 12 STOlsive | %6210 | EVEET IR vSLOE2 e
¥S “WHO OCE '13WHIDZ T XHOMLIN 53 yI0080 92 L1054 £LvYs TOHINOZ ALIATLISNIS § 1 “Wiloig "M £6/0£2 zn
9£2t1 ¥5 CRHO 0EE TL3WYID MHOMLIN S3¥ 90080 57 CIDGINE | £L99S TCHINGD ALLATLISNIS T 1 “wilslo ')t £54082 in
SE21T | dE HZTZ TLIWMID CMMOMLIN S 650080 LX4
3 £10149/03Y 6£18 Kp/1 ‘3% 'WHO 001 'NOGWYD "S3y 101000 v8Y
EhEASEE BE CWHO 045 C43WHID CMYOMIIN S3Y 290080 £7 -
; C00249603Y | GpLIB HB/1 'X§ KWHO 0T 'HOSWYD ‘83 180100 £8Y
arzll HE 'WHOD Oob "L3WE3D NHOMLIN §3¥ 290080 21 . .
fONZA0600Y | GPTIR ME/1 ‘%S 'WHO 02 ‘NOEBVD ‘S3Y 184100 284
a£217 46 NZU2 ULIWEID CNHDMLIN S3¥ £90080 12 — . N
PIOTAD20DY | 6YE1R Mp/1 t%S “HHMQ Q01 'NOBYY3 ‘S3¥ 101000 Hit
16266 ¥34unr '9nld £20109 i roeg 49024 6pC18 HE/T XS ‘WHO 99 CNOB¥VD Sy v 089000 08y
i
|
[ESEETINE) spL18 Me /1 'XS N0t THOHHYD TSIy 01000 6.4
rieen %5 CAC'E 'MINIZ ‘i000C 151022 HTES - -
C1E2456004 | 6pE18 Kpf1CRS CWHMO B2 THOSNYD 'S3Y 142000 8rd
%5 CRE'T 'MINIZ CIOUMG 2H0H2E £8A . - -
T 1240000 | 6pE18 e/l RS WD 042 CHDEWYD 'Sy 1220008 Ly
55 CARTC TUINIT C3O0IG AN LERS —
e £19349/008 | 6bEIR He/1 '%6 'HHD 091 ‘ROGYYD "$3Y 191000 904
%6 TASTE TMINIZ 30019 BEOOZZ SHA - - ;
; £19149/034 | BYyLIB Kb/ ‘%S "WHO 091 ‘MOBHYD 'Sy 151000 Siy
LG %5 "AETE ‘¥INIT 30010 BEODZE bEA — N
; JI00T055MY | 65TIR /1 "%l OOt " wLi3n T3y $0L010 (73]
[EIRT ¥INIZ O3S ‘30008 160022 £UA —— N
4100105688 | 6FL1R HE/T ST UMD 'WiIW ‘S3Y YOLOT0 £4Y
$INIZ O3NS ‘3gola 100022 2¥A X :
FICCII56HE | 6pEIR HAST KT OCNEECT “WIZ Tvi3w ‘S3Y S25010 208
At HINIZ T3S 30010 £00028 [£:3) A X :
201 -1-m92C 1662¢ %01 A0 Teav gOL CL3WYID TL0d 01eok0 12y
(6612 Wiista "3l 06/0€2 Hi 201-1-M992t £662¢ 00 'ut LY d0) T13WY3D CLOd 01£0%0 oLy
f6012 wiista ‘o1 16L0C8 nin AOHOTIGENY 6viig HE/t X1 THMO 001 ‘WIL4 LW 'S3W v80Z10 153
54 H3E14140530 N/ ‘91536 H/d 383 NO1142¥3530 N/d ‘915340
YRV VIVY EEL “O4H YRYO- WY 3%

{6 ANDDY WINO1LIONDD TWNDIS "ASSY BDd ~ 52710¥

E §Z-{ B4nbyy

{0, INO2)} WINQELIGNOD TWNOIS *TASSY 83d - 92/10%




Poflon N ‘YOS I SNYHL {61002 I,
gren NN “HOLSISNWR) 161002 [50]
£14%0 HoN TUDLSISHVYL 161007 Fit)
£1£v0 NdH " HOLSISNYYL 161002 i)
%2 Z(650 “yiS 03 ‘2p2 ‘3111301 756026 _ 681 w
29624 0T ‘ADOT ‘044 107 ‘HWHID 'd¥D 290001 3 6) 9k /G90R5-95 y1120 (6.b3y ) ONIGIIIHS “SOvag £05026 w [131
— — (0.03% ) SILHIS LHOLY ‘20 'WIOT "¥IMSYA 521419 _ §€1
26621 %01 “AGOL ‘O 107 "WWAD 'dvd 290007 12 . ' . :
— i 5818 (Q:b3y 2) 216" ¥ Ob-p *'ASSY SWIS 'Hdd 'HIVIS 262919 ! yEl
28624 %01 'ADCT ‘04 107 ‘HWID 4w 260001 10 — s (0,034 ¥) §29° ¥ 95-2 “Hdd ‘MIUIS 610519 £el
- . (0,03 2) 8T X 95-2 “Hdd “KIUIS 10619 Fi31
28650 | %01 *AOOT "GaM 10" “WY¥ID VD 290001 012 M : " ,
: G6E -9¥~912 90616 {6,034 2} 491 ‘3714084 HOT ‘410 “WOLIINNGD 090119 ofl
28624 %01 *AQ0T O 107 ‘W 4w 290001 ] 06€ ~9¥-0bZ 90816 dob ‘31140ES KOT d1@ “HCLDINNDD 650119 : 521
0Z-6-0195 | 92698 (0,034 2} ROTAN 28 ‘IV¥1d ‘uIHSyM £r0119 821
2662 201 ‘0N ‘OgW 107 THYBIZ T4 290601 83 ' o .
0027208 | 6552E f0.h3y 2} Q¥31-g ‘IHS pO° TMLD £7 THAIWES 260119 921
IR5EL 50T CAO0T 'O4W 100 ‘Wvu® Td4vd 290061 fis] 91-0pp0v \ .
-52-99C56 | OPS90 (8,038 2 €50 X0p-p IDVAS T JI00NYLS 219019 521
2867t %31 “ADOT ‘04W 07 “HYHIZ ‘a2 206001 %) 952-2.4 $RESY {0,034 ¢) 95-2 'S53dd ‘LM 122019 ¥2t
220005 €612 w9 7z “01705 ' OIIEL ‘H3dd0D Fuve “IBIN 220008 €21
862 501 CAOOT ‘044 100 “HwH3d T4VD 290001 ] X K
a010-160 | S8L%T 378y ‘1Y 41D 216019 a1l
20624 300 "ADOT ‘04 0T CWWMID 4V 280001 (2] 0-220¢8-1 6LL00 To.b3n 61} (12) IM 'ZI-GdL) TyNiWgal 1504 38.009 91t
9EsTsy | £BL1Z i IALSIHOY “WY04 HINIVIDY 9LELSY sl
7RE2L Z0T CACOT 'O 107 “HWHID 4vd 290601 £ .
9zL11y | £6£12 (01Cv0IND) TONED TWNDLS OV 34 92Ltlp €1l
28624 0T “ADGT 04w 107 TWVHID T awo 290001 23 gzs10v | €BLIZ HINAS 223W *"ASSY 834 82,10t 211
DREDE €07 “A001 ‘04 107 TWYHIY Cdvd 290001 13 0os4-18-05( 98211 ¥z ‘B/dR ‘WHO 00§ CA3WHID CHuOM1IW S3H Z00080 P12
354 HG1L141¥9530 N/ d 51530 LT 354 NOT14E%3520 %/d D153
WY~ TVIVH 418 "GaH YNV O TV IVY 434
f co-y aanbig T OHINAS ZITWV CUASSY €04 - BZLI0Y i §z-{ aanbi 4 (0, 1NDDY HINOLLIONOY TYNSIS °“ASSY 824 - 92L10%
4
\ .
1
i
»
e - N o




1¥-9-021-SL 22855 (0,038 2} "d02 ‘dluiS WYL "¥DLJANNOD 510103 02

gLt | E6L12 (GIOHOTINN) HIRAS 200wV ‘874 BaLily 61

MZZu-t9-05L | 9€211 G 'MZZ 'L3WW3D NOML3N S3¥ 50080 $17

WOP¥-19-0SL | SLITL %2 'MSd3 “Hb 'RAWMAD TAOMLIN S3Y v0O0080 vz

ACEE-19-05¢ | 9L2il %2 '¥S49 NL'H CLIMWID YOMLIN SIY »00CR0 g1z

NZEy-19-05¢ 9tzlt 4G W22 "LIWNID CMHOMLIIN S3W v£0080 21z

AL YE-T9054 9£ZT1 17 ‘USG9 UMt CLIWY3Z CXHOMLIN S3M +O0080 7

0CEY-19-05¢ 9£211 3G 'HHO OEC “LIWNID "WMOMLIN S3H ¥90080 87

0ECH-19-05¢ | 96211 ¥5 ‘HHO DEC TLIWY3D MYOMLIN §3d pS00R0 £

02bpE-18-097 9LZlY Y. ‘WHO Oy TLINWMID CAHOMIZN 53y 5£0080 97

0/v8-19-08/ | 90211 45 WO 07y CLIWHID TROMLIN mwm £20080 14

0£LY¥-19-05L | SETT B 'WHO OSE *13WH3D CWHOMIIN S3Y v90080 v?

054197052 $e211 HS ‘WHO O/F 'L3WEID HYOMLIR S3Y £/0080 £7

QLru-19-06¢ LAt HGOUWHO O ' L3WEID Y0MAIM 53 ££0080 zl

i PU-10-06¢ hFaH B OCHEO Diy C13WM1D .xmosbwz S3y ${0080 H

SOIR964S | BILS ISV4 VBLIN WOQ CBOLVUYEWOD ‘31 mmNOMN £

6870¢2 | €612 d1HD L7733 P WL191G (Ol 68£0€2 9n

dOTTOIIM | £1L00 ¥,33% INIT PgldL Twhieio Cot 81082 A

OHOTIN | £12v0 IL¥9 0 X IN41¥L WLIBIQ '3 §840€2 ¥

. pZ10TIW | £1400 WiiBig " 442184 £n
Se-a1 i 90516 | {0,038 ¢) 491 3114004 AOT “410 ‘UDLIINNGD 030119 22 d911010M | £1400 B34 3N 314181 FWL1SI0 '3 {840€2 n
coopps ] ensle dOb '3114084 #OT T4 0 "HOLDIINKGD 650119 12 43110100 | €140 ¥.234 3NEY 3Nl CWRIDIe COt (BLOEZ i
T e B KO1Ld1E2530 N4 ‘51530 o W % T T honnamasaa | Wi “81530
VRV Q- TV A4 RREL] ¥RV O TY VY Eel

£ £e-¢ zanfy Am_hzou% HONAS 200wy “TASSY 824 - B2LT0b g £E-¢ sanbly {0, 1400 HINAS ZI0WV °"RSSY 834 - 82/10%

8-30




8-3

3@ CONILLIWE 1ROIT 30010 WEENM ey | 7eisuan | 8BOSZ 03¢ "ORIILING IROET 30010 01013 642
: ; t
, 03y “awlrilwd H9L1 '30010 901012 : © 26W3 | 2ttinat | 88052 434 'ONILLIND 1H910 ‘30010 901012 242
28042 | g3e ‘onlilig wHsll ‘30010 go1012 1 1EWD _ 2iTTHOY | 8B0S2 93y OM[LLINY 1HO1T 30010 801012 3]
T
SROST | gIu ‘ONDLLINT 1WDIY TI00IGC 90totZ ¢ OE¥D M 2215Hen 88052 03y "OMILLIWE IHS1T 30010 801012 942
93057 038 TONILITWE 1HSIT T3001Q | 901012 | mwmi Ziithon | 880SZ 02y “ONTLLINI IHBIT "30010 901012 S43
i ! ;
HE0S7 033 CSNTLLIMI LH9LTY "20010 ! gntoiz T B2HD Z1ThaY | 88052 g3u ‘ONTLLING 1M91Y ‘30018 301012 2]
88062 | a3% "ONILLIWI 14917 “3001C _ 801012 {293 Z2154A | @8052 434 ‘SRI1LINY 1917 " 30010 g0%012 £
25042 a3 ‘ONILLING 4RSTT “100i0 | 80012 924) Z1itian 3 88052 G “ONILLIWA (MBI 30010 561012 243
§a05¢ 03¥ ONILLIWI EHDLY “3001Q 801012 $24d Ziltho | 89052 03% ‘ON11LIW3 1H917 ' 30010 501012 1
28052 | 03 ‘OMiLiIW3 IM9I0 38016 201012 ; ¥ “
Wro1-15%
88052 03y OMILLINI (HDIT ‘30010 801012 W £2YD -00T-47ME18 | 28624 %07 "3 4084 KOY QK 10 HYEID “avd ££1001 012 !
20057 | o039 "ONILLIWG 1H9]1T ‘30050 QESN_ 227 Kp01-189
, : -o0l-a1IET8 | 28628 %07 *37140Hd X071 ‘O T WVED) 'awd ££1001 63
98052 1 03y 'OMILLIW 1H9ID ‘3001@ 901012 1243
Wyo1-159
g805¢ ; 038 "ONILLIMI JHDI1T *206010 goiciz | 0Z¥D -n01-g11eie | 28RZL 202 171404 AOT AW 10 THYEID " dvd £E1001 23
geas? | a3y “SNIiliWd 1MOIT ‘30010 tolz | 618 Wbo1-159
: T -00T-d11€18 1 2862L %02 ‘2711304 HOT ‘O T' WYY "ovD ££1001 &
7riendd ! 038 “oN1LLIW3 1H91Y '30014 801012 8143
WeO1- 159
038 CUNLLEIWR IHDIT ‘3l 901012 At -pol-gligte | 2ds2s 202 ‘1714084 MOT 'OM 1 'Wvd3) ‘awd £E1001 9
038 “OMELLING LNSIT ‘3ol 901012 9142 CHSTOWSEIASSTL | (6E50 $0Z CASC '0M 679 “VINVE dVD gz10t1 82
03 ‘SHILLIWI £1H91Y 30010 8c1012 stud HY0§-159 .
~00t-41ET8 } 2862 507 C 111 40Ud #0T O T 'Hve e £E1008 ¥2
75052 038 TONILLIWE IH917 ‘30010 gol0id b2
HYOT- 159 .
BROS7 434 “OH1LLIWI LHOIT 30010 go1812 £14) ~00T-4VIETH | 2862 £02 “37140%4 MOT 'O 10 TWYEID YD EE1001 £3
. §B0SZ | g3¥ 'ONILLIW3 1HDIY f30010 $01012 2142 Wy01-159
- , ~00L-411E18 § Bk %07 '371408d K01 TOM U ‘Wwd3) “dwD £e1001 3
Mgt L 8Bose | 03Y 'ONILIINZ IMOIT ‘30010 901012 1143 150
S < HpOl-
1 8ans2 _ 034 ‘oNilLIWI LHB1l 300l 201612 014) -001-41LET8 | 2R6E %07 * 3714084 K07 ‘0 17 HYEID VD ££1001 1
N/d wil NOL1414620 sld W/d 254 HO1L41¥IST] N/ d ‘51530
) I D YHVO- YWY 3y "o WHVO- TYIYH 434
! 4 gf-¢ asnbiy (0, 1803) GHVORAIX AV14S10 *TASSY 024 - fZL10% 4 gg~/ a4nbty OUVORATH AVI4S10 ‘CASSY 804 - [2L10%




~ 0159£-1¢ _ 2B052 _ WWiD3g CHE 03§ COLMINON CAYIS IO s01012 954
e _ e NOFLROHSAY "TI3LEMS 112109 vs B 0159219 mmsﬁm_ WWiDIG CHOE 038 CI1AIWAN CAvI6SIg sojote £50
) B UL FIBIY UL MY N (R4 £ !-,_.Hmmmm-..l|.-..||||-..@.ﬁ...¢._mm.. "03Y CDIEINON CAY4S10 §01012 [Ast)
: NOLLOGHSOd "HILING ,amﬁmwo@ A 01594-18 | BBOSZ WHII30 "woy 03 CIIETWON CAvTesie S01012 150
H i1 W HOLLOEHSAG “HOLIMS 112109 1§ T )
| 2Z1GHOT | 88052 03 'ONILLIWI LHOIT ‘30010 801012 ¥
) Be /T '%§ Wt 'RORUYD s3Iy £01000 £ Z21GHEY | B80S 038 ‘INILLIWI LHDIY 30010 . BOT0T2 ! £5¥D
) : B BE/1 ‘XS Wt CHOREVD CSIW £01000 9y 211mHeT | 88082 034 "SNILLIN3 LHSIT *30010 90101z, 2542
Mp/1 '%S THHO 095 NOSHYD CSHY 194000 54 2216H81 | BROSZ 03y “ORILLIWI LHBIT 30010 901012 1540
5LC1R w KpA1 xS w01 ‘nOgYv) ‘S3Y £01000 vy 22IGHOT | BBNSE 034 "ONILIIWZ 1KSIT ‘10010 801012 0547 .
Er018 MpAE RS Tu0T NOGYYD TS3Y £01000 £y 211THEY 88052 03y oNELLIW3 1H9LY ‘30010 901012 6yY2
; MESTO'ES WD 095 'HOBEYD ‘SI3 195000 z4 2216H0T | BBOS2 oiy ‘ONlLiiWd LN917 30010 80101¢ 1783
G5 19000 | KR /T '¥S CWHO 095 NOGHYD ‘S3Y 195800 £ 2Z15KGT | BBOSE 63y ‘OHTLLIK 1K9)T 30010 801012 9r¥3
2ITTHCY | 88052 G3Y 'OKILLING 1HOIT 30010 got012 Sp Y3
ZIINGY | 88052 a3¥ ‘OHILLINT LHOIT ‘20010 901012 vl
HOLINONGD BE ** ASSY 278YD £22109 Td
Zrinet 8802 - 034 "OK1LLIWT IH91Y ‘30010 s01012 12 1]
11910 b CINIHO3S [ “A¥IdSIQ pO1012 £is0 22ISHON 88052 a3y "ON1iLIW (HOIT ‘30010 Botoiz FAL 2]
11914 ¢ INIHOIS ¢ AvdSTO ¥010352 2180 ZZIGHOT 1 BBOST @38 "ONILLIWZ 1H3E ‘30010 801012 HEN
TYHESTO CHTY O3Y CDRYIMAN *AYIISTO s01012 1150 ZTITHGY {  BBDSZ a3y ‘9NILLIHI 191 30010 901012 Op¥2
TWHLD3E K'Y O3 CDIMINON CAvldSla 501012 oIse 22158011 BBOs2 3% TONLLLIWE 149D ‘30010 201017 6Lu3
WHIDID MY O CDIHINAN ‘AYIdSIC 501012 650 2215HON 26052 034 "ONILLIW3 L4911 30010 801012 eyl
TyWI 039 ‘038 COTYINON YAYVIdSIC 0101z g5 Z215H01 90062 I "ONILLIWI 1HOIT "200I10 801012 Y2
LIS, : TWwlI30 WY 038 CDINIMON CAYIdSIC sn1012 256 Z2I1SHOT | BBDSZ 033 “9NILLIWI LWDIY “30010 « 801012 oYy
o WHIII0 “H'Y 033 "IIEIMON CAVILSIT so1012 950 ZITYHOY | 8R0sE ’ G3% ‘ONLLLINT IN91T ‘30010 901012 5042
‘ ERE R 4 TWRIDIQ CHTH O3 CIINININ AYISIG 501012 550 ZITIHOY | B90S2 034 “ONIILIMI MBI 30010 901012 pCHd
e NOLLatMISI0 | /d -91530 vy 74 ‘ . © nendiwasza| w4 | coIsi
W YNVA-TY VY ek} RE YRV (- YOV ek
; 2 g9t-¢ anbly (Q,1NOD) (RIVOBATN A¥TdSIO0 *ASSY 834 - L2:100
3 3g-¢ sanbLyg (G INQD) OHYOSAIN AYI4SIQ “"ASSY 424 - f2/10b

3-32




%2 dgdR CuNOE CLIWYID MNOMIIN S3y £20080 27 112109 £6412 HOLINAHSfd ”zu::m 112109 825
YEA0T THHO Db CRMOMLIN S3Y 050080 17 112109 | €6412 NOLLOBHSAE 'HOLINS 112109 128
HET0% £6L12 HOJLNBHSRA “HILINMS 112109 9z%
FESERETERIE eI 296082 8a
112109 1 £6412 HOLENGHSNd “HILIKS 112109 525
Y3408 WL DI 9£90£2 It
12109 L6412 NOLLRBHSAG "HOLIMS 112109 ¥2s
: wLisla ‘o1 99£082 sh
: 112109 | £6412 NGLLNAHSNG "HILIMS 112109 £25
y v W90 3 9BEDLL §n
i jretoe | €612 NOLLNBHSNd "HILIAS 112109 -+ 228
ri-selz SIATHG 037 11910-8 3DVAUIIND DI 905082 N
112109 E6L12 NOLINAHSNE “HILIMS 112109 128
Wwil914 'l 99c082 £n : '
112109 £6L12 . ROLINERSNd "HILINS 112109 02S
yIATHE 631 '3t L5b0€2 zn
112109 £6L12 NOLLABHSRd ‘HOLIMS 12809 615
dIATMG 037 1 " LGPOER 1"
112109 | E6412 NOLLMGHSAD “HOLIMGS 112109 813
) 1SS CAUVINIWOM 'HOLIMS 506026 e 152109 | E6L12 NOLLARHS N “HILIMS 112109 £1s
- NOLINOHSAd “HILIAS 112109 oS 112109 €612 ROLENBHSNd “HILIMS 112109 915
ROLLAGHSNd “HOLIMS 112109 (133 112309 | £6L12 NOLLOGHSNE "HOLINS 112109 518
NOLINGHSNd “HILINS 11289 85 112109 £6412 NOILMEHSRd “HILIMS 11210% pis
NGILOGHSAd “HILIMS 112109 18£8 112109 | €6£12 ROLINGHSNE “HITIMS 112108 €18
B MOLLNOHSAS "HOLIMS 112109 133 112189 £6012 HOLLOGHSNd "HILINS 112109 zis
(6417 ¢ HOLLOEHSAG "HILINS 112109 SES 112100 1 €612 NOLLNBHSNE 'HILIXS t12109 s
£6(12 KOLENGHSNd “HILIMS | 7 112109 pES 112108 ,mmzm NOLENAHSNE “HILIMS 11210% 018
€6£12 0 NQLINGHSNd “HOLTHS 112109 ££9 112109 | €6412 NOLLOBHSNA “HILIMS 112109 33
612 | NOLLABHS NG *HILIMS 112109 FA3Y 112109 {6412 NOLLNGHSRd "HILIMS 117109 85
LB NOLINGHSNd "HILIRS 112109 1€5 {12109 £5012 NOLLNBHSNd “HILIMS 112109 s
£6L1E | NOLIOGHSAL "HOLINS 11210% 0£s 112109 | E6L12 NOLLOSHSNd "HILIMS {12108 ES
£612 NOLLNBHSRY “HILINS 117109 625 112109 £6212 NOLLMAHSNG ‘HILIXS 112109 b
154 KO14d}¥I530 §/4 “91510 K/d 254 NOI1G1YDS3C N/d '91%34
: ; . Y- TR Ezt] 2] YNy (- TYOvY Ezt)
¢ 3 gp-7 34nby g {0, LKD)} OMVORATN AYIS10 “TKSSY 834 - L2100 4 gg-( s4nby 3 (0.1N02) QUVORAIX AVIISIO **ASSY 804 - [ZL10Y

e PrE—— PR S R PO —

ooy P, ] o, ey I, e




1337 T AMeB CHMISiYE G2BYSY 9t
FHITY T AN CANTSLIVIH pZBLSY 51
NY4 CHIINIZ ‘OBVNG £28VSY bl
"GL5 'NY4 CONISAOR 020~ 228950 £l :
CI0-6v0126 | ERLTT Wl ee 'HILIRS "dvd | E10-690126 85
¥YIN 13NV arvse 1 ,
210- 640126 618 w300 THILING " d¥2 210-6%0126 | 5
HOIYINSHL “RNGD ©EOOR Z65p6h [11¢
110~ 640126 £6L12 «dt3. THILIMS ‘avd 1o 600126 . 9%
3114338 HIMOS TUASSY | 200 LECROY 3 -
010- RYOTZH E6L12 W THILING T4yl 610~ 6p0126 8%
YOLWINGIY *CASSY 100~ 1£E40F z
GO-6%0126 | £6£12 28 “HILINS “d¥D 407610126 §
939 A “HYINIY ‘D) 894082 002N 80-6$0126 £612 ‘H2LINS T avd 80 640126 {5
(0-6¥0126 £6L12 wln "HILIMS ‘4D L0-650126 26
1540 “UTAI0F CHILIMS 211108 0028 90-640126 | €612 {0,030 2) 00 "HILIKS "4V 90~ 540126 16
So-RYCIZE | £6412 PRILING fd¥2 S0~ 6p0126 0%
MGL 'uMd CHAN THOLSISNYHL 20E00Z 1020
vO-6¥0126 1 €612 Fo 'HILING ' dvD ¥0- 640126 6%
MSL ‘uMd CdNd T HOLSISHVEE 10€002 062b )
£0- 60126 L6112 wEn THILIMS ‘oW £0- 630126 gy
NId ¢ 378¥D THOLIINKGD 550719 02d 20" 6Y01ZF £6L1E wZn "HILIMS VD 20- 640176 v
46 ‘ORISHOH ‘YMd 'BOLIINNDD 412109 £1g 10-650126 £6L12 WIu THILIMS “d¥D 10650126 9y
. A i
451 ‘ONISAOK YMd " HOLIINNDD S12109 11d 600126 | £6LTZ N8 HILING T dVD 500126 | i
(00126 | £6L12 {0,038 52) AVdD "HILIKS "4 100126 £y
WILTI4 1W3 CuMd CHOLDINNOD 612109 er :
0o1-¢1IR 6652¢ (0,038 2} 410 Nid-¥1 "¥3OVLS 580119 or
F9GIEE C137W IAvR TS D1 YE50C2 062Yd 150119 £6/12 {.b34 £) 's08 T 037 “¥IIVS {50119 3y
zzo-liepsb | £6L12 ‘gom S04 ¥ C03Y "¥IWES | Z20-L1BYSY it
£02 'ASE CO4W B°9 “YiNYL 'dWD 921811 1022 N N
120~ F18¥5Y €612 00W T804 € T031 Y3aves 120 L18Y5Y of
X02 'ASE 'O 879 'YiNv] Tdvd 9z1011 0023 .
{185y E6L12 {0.038 2} WOLLES04 £ '037 "E30val L18¥5Y 62
DS BE°Z TH4D 02 '00 M4 [ 510126 0028 (20110 § £6L12 {030VDHN Y GuvOBAIY “AVI4SIO TEDG 2411 92
T NOLLGIHISA W/ “8150) N4 154 NO1LdEHIST) 4/ d ‘915X
YN VIV I3 ‘94 wNYa- WOV 43
TINYd Y3 ' ASSY - TECYO¥ 4 gg-7 danbuy {0, 1N00) DUVOBATY AV14S10 ‘CASSY ©3d4 - L2/10%

8-34




’ T-4L0I8 L GLL00 0114 'ONIZIMYI0g (AN Z50119 1§
h h— — vid 491/€ “¥7) “onient 950005 0%
ﬁ - - SLE° X 09~ “Hdd “HIWIS 688015 &b
»191 m
~1606-T3-09 | s9581 JULS 20411 TORDIVINSHT ‘H3HSWH 158019 il
S8y1 £01£1 022-01 “WIINCHS UGN 028019 ap
HEI T IR P ,W 311 378¥) L1109 by
1-v621¢9 | 62400 92-81 'dd1¥D ' WNIWYNIL 212109 8¢
2-65009 | 600 ¥i0 6E0° " MIND ' IWHIWYE3L 110109 13
£-96109 | 61400 VL4038 WNIWEDL SvL00% £e
5-91p] | OLEEE ¥31705 oM 220008 £3
B B arA ‘981 '¥lS *NOT43L TN 110325 of
- - nig ‘98T ‘u1S *HOTAIL WM 312005 . 62
o —_ TIA/NYD OET YHLS THDTAEL 3WIM £12005 g2
— — Nug ‘981 "¥1S 'ROT4IL WM $12005 @ '
- = Ng9 ‘DB ‘uiS THOTAIL ' IuIA 212008 92
e — 131 981 ‘YIS CMOT4IL TN vp222% §2
— — ou0/ LR 981 TELS CNO43L T IYIM £000% b2
Si6S4 ¥l '0%8 018 ‘3504 $9£026 59 : - - 9Y0/918 "OB1 ‘¥IS THDIIIL ‘WM 140005 £2
— — , b3 ¥y S3193S 16917 "9 "XI0T “HIHSWH 821419 34 - - a3u/478 ‘980 "8IS "ROT4IL CTHIM (0005 22
— (0,038 ) S3UIS 1917 “ 94 F1¥d THIESWM £01L19 19 — — 930 ‘981 '¥15 ‘K041 3uIn ££1226 1
‘ —— — ZE-0 X3 CINN 00419 [ - e X8 '0IE60° NNIT¥HS TDNIERL pI000% 0z
— 1 selez] {0.03w ¥) 2100 f Ob-v 'UASSY SWIS 'Hdd ‘H3¥DS 252919 5 e — MM ‘DBT ‘¥1S 'ND1J3L T3UIK 190005 61
R fa.h3y 8} 0571 X 26-9 ‘ldd "MIWIS $90519 55 - - ¥19 '98L ‘¥iS NO143L ‘e 250008 81
..,;:mggw 62100 {0034 2} MI¥D CWNINEL £50119 25 - — 03y ‘981 "H1§ ‘NOUIIL T3yIK 22228 i
, N/ g uw.m T :;fzo:ﬁ:&.mwc z.._m "91530 H/d 254 NOT141¥0530 N/ ¢ "9163¢
EL . YHYO- VIV 43 GE YNV - OV 434
: ¥ 65-¢ 34nbiy {0.1400) 1INV UYIH CTASSY - ICEVOY ¥ 6E-¢ dunbyy (6. 1400) 13NVE BY3E TUASSY - TEEVOV

i i




82698 (0,03 #) vF "HOTAN *1V1F TYIHSYM 61819 01

) FE T B BIS OB 'Zp2 FIL11007 296025 6

e - {0,034 v} BEY" X 952 'Hddé ‘AIWIS £10519 g $62019)  £8L12 (0,538 &) ASSY SW3S ‘Hdd ‘AIWIS §52919
L {a,02y v} 95-2 ‘$S3ud "ION £22019 9 1-2090-55-228]  0¥590 {9,038 §) 5271 x 2€-9 " 44008¥15 850149
{0,078 2) Wld 24 9074 "3003 “HOLIINNDD £12109 v _ 2221001 E6L12 1200800 24 *TASSY 310D 222109
- fo3voun) nde) wv3y ‘odd 2SLHLY 1 _ 254100 £6{17 tNdN] HYZ¥ TTASSY 824 25(109

. e Wd ‘9153 #! il 9si . ) - . NOTLAINISHO | T we *9E$3]

VNVG- VIV 434 RE] ] YNYO- TVOVY EELH

& 1p-¢ 24nbiy INdNT ¥Y¥3¥ *CASSY B)d - 2SL10V \ Y Op-7 34nbyy {10 140} IndH ¥y3W ‘CASSY - BLEVOY

§-36




50400 B IHEH £5011% £2
f£400 9 COMTZINYI04 TAEA 250119 22
¥Eld 17ves 3L e 100018 a2
: - ‘voov2 UI0NVELS THOT23L T3UIA BZ6F2S g1 . .

: Wy e UINVELS THOTSIL CJuIN 555025 £
£6017 Tewd e RO CRv0D 3D ¥L1005 51
: SLEE N4 ta1 G210 “MNPHHS ‘suienl 600005 £1
, - — (0.03¥ 27 S31WIS LHILT “kF THI0T TYIHSYM (21418 1
- o {03y 2) S3HIS IHSIY “ud T 1YTd CH3HSYM 201419 ot
~ B (0.03% 2) 0T X CW ‘J1uld “MI¥IS pL0119 g
sk — (3,038 2} 9 &/1 x @ /1 "WIWdS bOLOTS 9

T i e {0,034 2) SITUIS LHOIY "v# THDD "HIHSWH (21 51
- 01 £60° "xNldns ‘9NIEN) $50005 3

- e — {6,034 2) $3183S IHOTY ‘b4 Y3 “HIMSwn 201419 $
! M S COLS AN 6LOKSY 2

: s e s i - — (0.b3y 2) 8 % €4 "21uLd "KIWIS 90119 !
te1e BTN TASSY #3d £2aiiy t

uoil 12us 311 318VD £L1019 4

€612 NEdmS TTEYD CEOLDANNGD 950119 1§ 9uCL0Y £6L12 ASSY BDIVYIOSE 98L Y0y {

. 354 NO114143530 N/ 4 ‘51530 #/4 754 NOTL418)§30 Nid ‘91530

YRYO- TVOVY 434 :E Y- WIVY FEr]

3 gy aanfi g {(3th *Ld0) "ASSY WIVINIISO - 90EVOV 3 b4 2anfig WAV A0 T 1d0 ~ FBERCY




POZO/ £01190 1Y AEL61 (6.7 £) somn Zm GISE-bE-y i
zzgiie|  £ALIR {030v0MN) ¥219000 _mumw 22811y o1
15680281 ER{1Z ASSY TWNIWN3L ££56- b7 144
SHT{-£2-41  ERL1Z 80 SSHE L spls-2-Y -1
%G-NHD T5-RT¥OM| 066 ADDZ '¥S “MR/T ‘WHD 1§ "dIHD 'S p18s-02-3 124
G- NE- BTN 0p65a AQOZ XS CHE/T CNT C4THD 'S 26¢5-02-¥ 0zy
EG-HHD 001-BIHM 0b549 %5 'MB/T TWHO 00T “dIHD 5 $945-02-Y 61y
¥G-WAC-TUIH|  OVRSY AODZ ‘%9 “HB/T CHETE TdIRD 'Sy R6{S-02-4 | 81-/1Y
€G- %T-RTUIM eI £002 'ES CRE/T AL CQIMD sy ZRL5-02-Y Lt
YG-HHD MOT-QTHINE Q659 AD0Z S5 'MB/T TMOT T4IMD ST £9/5-02-% sty
XG-NOLL-GTHIM|  DBASE ADD? 'S 'MB/T 'MOEE ‘41D TSN 41857028 [t
X5-AST-RTEIH|  OVASD ADDZ 'S THB/T THST '4IMD TIW £085- 0279 | 18
XS-HEE-8IYIM{  OVRSS AQ0Z ‘%S RE/T CMEE TJIHD CSayl ROBS-DZ-Y m FAR
Ye-AT-PleMy opesd A00Z “XS MR/T HT “4IHD 'Sy 2645-02-¥ 11
%S-N6 1-8lEOM|  OBRSY ADDZ ES CHB/T TNGTT T4IMD TS PELS-077¥ ol
XG-%&TE-ATuIM ] OBRSY ADOZ %6 “AB/T CNETL '4IHZ TSH R615-02-4 £RY
%G5 T-RIIH 0v65% AD0Z CFS KB/T UNSTT T4IHD ST vEL5-02-¥ I+t
TG-WHO BLV-RTUIW] OVES9 %6 TAR/1'WHO OL¥ (d1ND s 5815024 a-Gy
TG-HT-61HOM OrhS9 ADOZ %S CMB/TOCNT 'dIHD T3 RIS 00 Y
£5-WHO GOT-8T¥IW | OV6%Y %5 “MB/1 'WHD 00T "¢lMD TSI v9/5-02-4 €2y
26-Wi0 LE-BTYIM | OVRSO AGDZ ‘%S 'M@/T 'HHO £F TdIH) 'SR @:m.oN-xw It
YOAENZ ] TTED Nan T savdl 862002
apeeae | PR i PR
. ::.E_x_: ﬁ.:.‘._ N ‘ ﬂ: [E1EH I 343 S £ 41T ‘ 1eintf

, . GETpH! 1S3 T NQI13S 30010 BI0T1-28-% [AR 1Y
arwgi ARSz trwest Q18 075 T8N $02026 w 1 w ! JENTAINZTIOA ] GL256 MOT T41HY Tavd 1061~ 12~y 812
. T NS Wa | cersi) . T wal oss T endmsxe | wd 91530
; t wve- w4 | _ S T Y- VY Fit
e ¥ {1/ *1d0) NDLIVH3JO AQVZ/ADEZ - [BLVOV ¥ ppe ¢ 3anbig HIEN0G TASSY 82d - 2ZBLOF

3-38




2psysy | £6412 (a.D3y ¥) 31vd 2p5ESY 8
A18-5S

~G/EXQT-8-HId | 92280 (0,034 t) 8 3dA1 T8/EXBT-8F ‘dyl ‘MIYIS 55019 L
1295 | £6/12 {(a.03y #) 1004 12955% 9
Svy | £96b0 d149 HI103S ‘IAISIHOY ¥05026 g
GSEPEY | £6412 {a,03y v} 1004 ‘OVd SSEFSH t
gele | 98Ee6 (0.0 &) 13A14 856026 £
VREVSY | £6/12 HINOD bSEYSY 2
15605y | €612 11y 16645t 1
N/d 954 NOIL1d142830 N/d *91530

‘O | . YNV~ TYOVY REEL] _
gv-/ BAn61 4 A1843SSY ¥IADD HOLIOS - E£62¥0F

H Lt B

gy | kst iteeas® | EE




-ajeiadoadde sv suolsuswLp DL43W A0 ysi16ug yatM MeaDs asn *g] BLSIg "4BY U 4x

£26%5F | £6L12 {0,038 2} ¥3NYOD ‘L¥3ISKI £IEVSH {1
o6bpSy | £6412 {(0,03¥ 9) 30178 “W3018 SNILINAOH 06bYSY 91
110119 | €612 (0.3 ¥) 2TX6W "Hid "MINIS 110119 M
£60519 £6412 {g.b38 b) 05L7XZE-01 *Hdd "M3UIS £60519 x51
2ebbsy £6412 {0,038 2) oNLINnOK *¥¥3 2ehvsy b1
126019 | £6{12 (0.03y 2) 98 “1y1d "HIHSYH 126019 €1
626619 £641¢ {g,b38 v) D06 X2E-8 “Hid "M3¥IS G2ES19 A
016019 | £6£12 {003y §) 20£°%2E-8 “Hdd "MINIS 016019 11
g-096hy | bpO8E {0,039 8) 8% '1v13 “YIHSYM - 01
Zb-BEESESH | 90896 {0,024 8) BF * X007 “YIHSWM - ]
782-6¥95ESH | 90696 {(g.b3y 8) 2E-8F ‘1N -- 8
155043 | 9£250 (0,034 +) 13%dvye -~ !
£p2-9025E5H 90696 (0,D39 8) G/E°X2E-8 “Hdd "MIWIS - 9
T OEBYESY | E6L12 {g.bzy 2} 30118 68y YSY g
160619 | €£6/12 (0.03y 8) 006 X2g-0T ‘Hdd ‘MIIS 160519 b
026019 | €6L12 {0,538 8) ¥INIVLIY “ION 026019 £
garysy | £6412 (0T nYML 9 SWILI SIANTINT} L3MIvye ‘1IN 88ybStY 4
£66¥5y | £6L12 (0,033 2) ¥3A0D “WINIVLIZY 165¥5% 1

N/d 254 : 0114132530 N/d 91530

94 i YNV(- YOV T4
, gy~¢ danbiy 1IN 307178 Nawd - E8TROY

8-40









