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RECEIVER MONITOR CONTROL 

Ronald B. Weimer 

Introduction 

Jim Coe is developing a new set of front-ends for use on the interferometer 
system. The first one was installed on the 85-3 for use as a VLBI receiver. 
An AST 286 PC was purchased to control the telescope observing and the receiver 
system. We decided to use the VLBA monitor and control (M/C) card for input- 
output in the receiver. This report describes the electronics necessary to 
implement this system. Two small Shalloway cards and one M/C card were placed 
in a RFI-tight box. Input and output lines were filtered using filter connectors 
supplied by Coe. The link from the PC uses a fiber optic cable (described in 
another report) instead of the balanced pairs used in the VLBA stations. 

Electronics 

Analog Card. 

Since we wanted to monitor around 30 DC voltage points 
we needed to multiplex the analog signals before the M/C 
card. The individual voltages were routed through a dip 
carrier that provided voltage division, if necessary, 
and clamping action to ± 10 volts. Clamping was 
necessary to prevent crosstalk in the multiplexers. 
Figure 1 is a schematic for the analog card. Figure 2 
shows some of the discrete, circuitry on the analog card 
and lists the components on the various divider/clipper 
carriers. Figures 3 and 4 are the layout of the analog 
card. A data sheet for the mux is included. Address 
and control signals are generated on the digital card. 

Digital Card. 

Figures 5, 6, 7 and 8 are the schematic for the digital 
card. Figure 5 contains the M/C ID circuit (5A, 4A) and 
the Relative address decoding (3A, 3C, 4B). Figure 6 
contains further address decoding (3B) and Tri-State 
digital input multiplexing (2A, 2B) . Figure 7 contains 
more address decoding (1C), output data latch (IB) and 
a data buffer (1A). A power up circuit (3C) opens the 
data buffer outputs until the first data is strobed into 
the latch. This sets the receiver to a nominal 
operating condition until the PC starts operating. 
Figure 8 shows the optical interface electronics. This 
is also described in the fiber optic cable note (EDTN 
#152) Chip 4D output goes to the M/C card and chip 5F 
input is the return data out of the M/C card. A data 
sheet on the optical multiplexer CAF-H2B is included. 
Figures 9 and 10 are the layout for the digital card. 
A wire list for the chassis is included. 
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LSAMPLE   DOX        SIGNAL(S)   DESCRIPTION 

IC    GROUND   CONNECTION- 

IC  POWER   CONNECTION 

N8870A 
GI7 
CiO 

Jf 
E M    C114 

13 

\^-.4 

^- LOCATION    OF   PIN    NUMBER    I 

__—■ SPARE  OUTPUT PIN   NUMBER (S) 

OR   16   PIN IC 

.019 uF     ERIE   RED   CAP    CAPACITOR    PLUGGED     INTO 
VCC. Q  GND.   ASSOCIATED   WITH   IC. ^ VIEW,   COMPONENT   SIDE   OF   BOARD 

3. THIS   COLUMN   NOT   AVAILABLE 

*■ VCC   CONNECTOR   PINS:   P2,4,98,100     -   GND.   CONNECTOR   PINS: P I, 3, 27, 49, 73,97, 99 
FIGURE 3 
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0TES: TYPE   OF   IC 

I SAMPLE    DOX stGNAL(S)   DESCRIPTION 

IC   GROUND   CONNECTION- 

IC   POWER    CONNECTION 

N88704 
GI7 
G18 

14   C   14 

13 

LOCATION    OF   PIN    NUMBER   I 

■ SPARE  OUTPUT PIN   NUMBER (S) 

> ,\^ «4   OR   16   PIN  IC 

\oi9 uF     ERIE   RED   CAP    CAPACITOR    PLUGGED     INTO 
VCC. Q  GND.   ASSOCIATED   WITH   IC. 2- VIEW,   COMPONENT   SIDE   OF   DOARO 

3. THIS   COLUMN   NOT   AVAILABLE 

< VCC   CONNECTOR   PINS 1   P2,4, 98,100     -   GND.   CONNECTOR   PINS : P I, 3, 27, 49 , 73, 97, 99 FIGURE 9 
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Fiber Optics 

Bidirectional 

Connectorized Active 
Full Duplex Coupler 

Model CAF 

ADC's CAF component permits 
bidirectional full duplex signal 
transmission over a single fiber. The 
CAF operates at dual wavelengths 
employing a WDM beam separation 
technique. The transmit and receive 
signals, operating at different 
wavelengths, are separated by the use 
of the CAFs internal reflective 
surfaces and specially designed optical 
coatings that result in excellent optical 
isolation. The CAFs premounted 
LED source, PIN detector and SMA 
or ST connector make it compatible 
with almost any fiber or cable type. 
Through the high precision plastic 
molded body used in this design ADC 
has simplified the technology of 
combining and distributing optical 
signals. 

ADC's model CAF, fiill duplex 
coupler can be used in a wide range 
of multimode optical network 
applications, including, various 
optical local area networks, data bus 
extenders, single fiber communication 
links and optical sensors. 

CAF Full Duplex Operation 
FIBER 

Xi = - 

X2 = - 

INCOMING 
-  SIGNAL 

LED 
SOURCE (Xl) 

PIN 
DETECTOR 

LED 
SOURCE (\2) 

Features 
Single fiber bidirectional 
communication 

Small PC Board mountable 
package 

Single package that incorporates 
the LED, PIN, SMA or ST 
compatible connector and fiber 
optic coupler 

Benefits 
Lower system costs; flexible system design; increased system reliability 

No fiber pigtail routing or termination problems; reduced P.C. Board 
real estate requirements 

Fewer separate components; more efficient system performance 



CAF FULL DUPLEX 
Electro-optical Specifications MIN TYP MAX UNIT 

Optical Power Coupled into Fiber (1) 50/125 G.I. -19.2 (12) -17.0(20) -15.2 (30) dBm <>*W) 
(If = 100 mA) 62.5/125 G.I. -17.0(20) -14.0 (40) -12.2 (60) dBm ((*W) 

100/140 G.I. -13.0 (50) -10.0(100) -8.2(150) dBm (HW) 

Coupled Power Variation (Over temperature range) 
-40oC to +80oC. +0.5 

-1.0 
+ 1.0 
-1.5 

dB 
dB 

0oC to +60oC 
(Emitter If = 100 mA at 50% duty cycle) 

— +0.5 
-0.5 

+ 1.0 
-1.0 

dB 
dB 

Coupler Responsivity 0.35 0.45 0.55 A/W 

Responsivity Variation (Over operating temperature range) 
-40oC to +80oC 

00C to +60oC 
- ±0.25 

±0.25 
±1.0 
±1.0 

dB 
dB 

Crosstalk Current to Detector (Over operating temperature range) 
(Emitter If = 100 mA, Detector Bias = -5V)   2 20 nA 

Emitter Bandwidth (+20 mA P-P, If = 100 mA) 
-1.5dBfromlMHz Type 01 

Type 02 
MHz 
MHz 

-3.0dBfromlMHz Type 01 
Type 02 _ 40 

70 
— MHz 

MHz 

Detector Bandwidth   (- 3dB @ - 5V Bias) 50 70 - MHz 

Operational Temperature Range -40 - +80 "C 

Emitter Forward Current (1A Type 01 
Type 02   - 120 

120 
mAdc 
mAdc 

Detector Bias Voltage -5 - -50 V 

Detector Dark Current (@-5V Bias) - 1 5 nA 

Note (1): Optical Power measured after 1 meter of specified fiber. Connector: SMA (Amphenol 905 style or equivalent) or ST (AT&T type) compatible. 

TYpf DIM* 
SMA IIS 

ill 

OPT.POSmON /J STD POSITION 

PIN IDENTIFICATION                  j 
PIN NO DESCRIPTION 

1 EMITTER CASE 
2 EMITTER CATHODE NEG 
3 EMITTER ANODE POS 
4 DETECTOR CATHODE POS 
5 DETECTOR CASE 

Above specifications are for coupler using ADC Fiber Optics standard emitters and detectors. Other devices may be substituted to obtain 
various operational characteristics. Consult ADC Fiber Optics for further information. 

Ordering Information 

NOT APPLICABLE 
(ALWAYS X) 

NOT APPLICABLE 
(ALWAYS X) 

CAF-X X X -IXXI 

4_ ii   u 
01 = 730nm Transmission, SMA Connector 
02 = 865nm Transmission, SMA Connector 
03 = 730nm Transmission, ST Connector 
04 = 865nm Transmission, ST Connector 

WAVELENGTH 
H = 730/865nm, Full Duplex 

ADC Fiber Optics reserves the right to make changes to the product(s) or circuit(s) described herein without 
notice. No liability is assumed as a result of their use or application. No rights under any patent acgompany the 
sale of any such product or circuit. 

843 1/87 

Telecommunications 
ADC Telecommunications, Inc. 

4900 West 78th Street 
Minneapolis, Minnesota 55435 

/««^? -!!«es'A,lanta' GA I404'980-'200 • Boston. MA (617) 543-9211 • Chicago IL (312) 773-2428 • Daiia* TX mti wn mi.  
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PM!) MUX-08/MUX-24 
8-CHANNEL/DUAL 4-CHANNEL JFET ANALOG MULTIPLEXERS 

(OVERVOLTAGE AND POWER SUPPLY LOSS PROTECTED) 
Precision Monolithicn Inc. 

FEATURES 

• JFET Switches Rather Than CMOS 
• Low "ON" Resistance    220n Typ 
• Highly Resistant to Static Discharge Damage 
• No SCR Latch-Up Problems 
• Digital Inputs Compatible With TTL and CMOS 
• 125° C Temperature Tested Dice Available 
• MUX-08 Pin Compatlbie With DG508, HI-508A, IH5108, 

IH6108, LF11508/12508/13508. AD7506 
• MUX-24 Pin Compatible With DG509, HI-509A, IH5208, 

IH6208, LF11509/12509/13509, AD7507 

ORDERING INFORMATIONt 

PACKAGE 

25° CON 
RESISTANCE 

HERMETIC 
DIP 

PLASTIC 
DIP LCC 

TEMPERATURE 
RANGE 

2200 
MUX08AQ- 
MUX08EQ 

MUX08EP 
  

MIL 
INO 

COM 

soon 
MUX08BQ* 
MUX08FQ 

MUX08FP 

MUX08BRC-883 MIL 
IND 

COM 

220n 
MUX24AQ- 
MUX24EO 

MUX24EP 

MIL 
IND 

COM 

'For devices processed in total compliance to MIL-STD-883. add /883 alter 
part number. Consult factory (or 883 data sheet 

tAII commercial and industrial temperature range parts are available with 
burn-m. For ordering information see 1986 Data Book. Section 2. 

GENERAL DESCRIPTION 

The MUX-08 is a monolithic eight-channel analog multi¬ 
plexer which connects a single output to one of the eight 
analog inputs depending upon the state of a 3-bit binary 
address. 

The MUX-24 is a monolithic four-channel differential analog 
multiplexer configured in a double pole, four-position \plus 
OFF) electronic switch array. A two-bit binary input address 
connects a pair of independent analog inputs from each 
four-channel input section to the corresponding pair of 
independent analog outputs. 

All switches in the MUX-08/MUX-24 are turned OFF by 
applying logic "0" to the ENABLE pin. thereby providing a 
package select function. 

Fabricated with Precision Monolithics' high performance 
Bipolar-JFET technology, these devices offer low. constant 
"ON" resistance, low leakage currents and fast settling time 
with low crosstalk to satisfy a wide variety of applications. 
These multiplexers do not suffer from latch-up or static 
charge blow-out problems associated with similar CMOS 
parts. The digital inputs are designed to operate from both 
TTL and CMOS levels while always providing a definite 

break-before-make action without the need for external pull- 
up resistors over the full operating temperature range. 

For single sixteen-channel and dual eight-channel models, 
refer to the MUX-16/MUX-28 data sheet. 

PIN CONNECTIONS 

-1 

-E F^ «] A,                        AO (T • ^^ «] A1 

ENABLE [T 13 A2             ENABLE  (T 13 GND 
V-Q; ]3 ONO                   V-   (T ]Dv. 

23 V»                 SIA (T 

3 Sj                     S2A   (T 
MUX 24 3 S18 

]3 S2B 
S3[I 10*6          «AG: IDS38 
S4E «) S,                     S4A   [T ]o] S4B 

DRAIN [7 T) S,           DRAIN A   (T T| DRAIN B 

16-PIN DUAL-IN-LINE PACKAGE 
(Q or P Package) 

5 S t 5 3 

V- 

Sl 

NC. 

S2 

' UJUJL11«1H S 
II               Ui 
3               E 
11               Gi 
11               GE 

GND 
v.       MUX-08BRC/883 

LCC 
ss            (RC-Suffix) 

S3 3               E SS 

FUNCTIONAL DIAGRAMS 

MUX-08 

[ 

ENABLE Al *1 *0 

? ? ? £ 
10f i Mcoom 

fifififififififi 
66606666 

OAA1N S, S, J, Sj »4 Sj h I, 

MUX-24 

4—?-4 
I OF 4 DECODER 

USiUM 
) GND 

I—O v- 

6        66066O6 
DRAIN SIA      S2A      S3A      S4A      StB      SIB      S]B      S4B   DRAIN 

Fl 
13-48 1/86, Rev. A 



PMI) MUX-08/MUX-24 8-CHANNEL/DUAL 4-CHANNEL JFET ANALOG MULTIPLEXERS 

ABSOLUTE MAXIMUM RATINGS (Note) 

Operating Temperature Range 
MUX-08/24-AQ. BO. BRC     -550C to+1250C 
MUX-08/24-EQ. FQ     -250C to +850C 
MUX-08/24-EP. FP 0oC to +70oC 

DICE Junction Temperature (Tj)    -65° C to +150° C 
Storage Temperature Range '   -65° C to +150° C 

P-Suffix    -65,,Ct0 + 125oC 
Power Dissipation   500mW 

Derate above 100oC   10mW/oC 

Lead Temperature (Soldering, 60 sec)  300°C 
Maximum Junction Temperature   150° C 
V+ Supply to V- Supply    36V 
Logic Input Voltage  (-4V or V-) to V+ Supply 
Analog Input Voltage V- Supply-20V to V+ Supply+20V 
Maximum Current Through Any Pin   25mA 

NOTE: Absolute ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at V+ = +15V. V- = -15V and TA = 25° C. unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

MUX-08A/E 
MUX-24A/E 

MIN     TYP    MAX 

MUX-08B/F 
MUX-24B/F 

MIN     TYP    MAX UNITS 

"ON" Resistance RON VS<10V. IS<200MA - 220 300 - 300 400 il 

±Rott With Applied Voltage -ifoN -10V < Vs < 10V, ls = 200»iA - 1 5     ' - 3 7 % 
n0N Match Between Switches RON Match Vs = 0V. Is = 200MA - 7 15 - 9 20 % 

Analog Voltage Range VA (Note 6i 
+ 10 
-10 

+ 10.4 
-15 : + 10 

-10 
+ 104 

-15 : V 

Source Current (Switch "OFF"' 'S  OFF' Vs = 10V, VD = - 10V (Note 1) - 0.01 1.0 - 0 01 2.0 nA 

Drain Current (Switch "OFfi •D.OFF' Vs = 10V. V0 = - 10V (Note 1» 
MUX-08 
MUX-24 

- 0.1 
0.05 

1.0 
1.0   0.1 

0.05 
2.0 
2.0 

nA 

Leakage Current iSwitch "ON"' •D ON. 

-•SON 
VD = 10V (Note 1) 

MUX-08 
MUX-24 

- 0.1 
0.05 

1.0 
1.0 

- 0.1 
0.05 

2.0 
20 

nA 

Digital Input Current ■IN V,N = 0.4Vto15V — 1 10 - 1 10 MA 

Digital "0" Enable Current •iNL   EN- VEN = 0 4V — 4 10 - 4 10 *«A 

Digital Input Capacitance CDIG - 3 - - 3 - PF 

Switching Time 'TRAN 
(Notes2, 51 Figure 1 
(Test Circuit) - 1.8 2.1 - 1.8 2.1 MS 

Output Settling Time «S 

10V Step to 0.10% 
10V Step to 0.05% 
10V Step to 0 02% 

- 
1.3 
1.5 
2.3 

- 
1.7 
1.9 
2.5 

- MS 

Break-Before-Make Delay •OPEN Figure3 (Test Circuit) - 0.8 - - 1.0 - MS 

Enable Delay "ON" 'ON EN. 
(Note 5) Figure 2 
(Test Circuit! - 1 2 - 1 2 MS 

Enable Delay "OFF" •OFF EN 
(Note 5) Figure 2 
(Test Circuit) 

MUX-08 
MUX-24 : 0.1 

0.2 
04 
05 

— 0.2 
0.3 

04 
06 MS 

"OFF" Isolation ISOOFF 
(Note 4) Figure 5 
(Test Circuit) 

MUX-08 
MUX-24 

- 60 
66 

-   
60 
66   dB 

Crosstalk CT 
(Note3) Figure 4 
(Test Circuit) 

MUX-08 
MUX-24 

- 70 
76 : — 70 

76   dB 

Source Capacitance Cs OFF. 
Switch "OFF". 
Vs = 0V, V0=OV 

MUX-08 
MUX-24 

- 2.5 
2 

- : 
25 

2 
- 

pF 

Dram Capacitance CQ OFF' 
Switch "OFF". 
Vs = 0V.VD = 0V 

MUX-08 
MUX-24 

- 7 
4 

- - 7 
4 

- 
PF 

Input to Output Capacitance CoSOFF. (Note 4) 
MUX-08 
MUX-24 

- 0.3 
0.15 

- - 0.3 
0.15 

- 
pF 

Positive Supply Current 
(All Digital Inputs 
Logic "0" or "1"i 

1+ 
V+ = 15V 
V+ = 5V - 

10 
8 

12 
- 

6 
5 

12 
mA 

Negative Supply Current 
(All Digital Inputs 
Logic "0" or "1") 

1- 
V+ = -15V 
V+ = -5V - 

3.0 
2.5 

38 
- 

2.0 
1.8 

38 
mA 

to 
Pi 

X 
114 
_) 
P-. 

b 
D 

co 
M 
X u 
H 

O 
O 
H-I 
< 
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^~l      F'BCo I\J TT^O L ym OKJI TE<Jl 
Parallel I/O - PI 
Type: Cinch or Amphenol DD-50PC 
Mating type:    DD-50S 

Pin Signal S'ou^c^/ 

1 ANLG-OE AJC_ 

2 ANLG-1H o^v-vs 
3 ANLG-2E ^■v - V^ 
4 ANLG-3H U-V- V^7 
5 ANLG-'llE crv-V S> 
6 ANLG-5H NC 
7 ANLG-6E NC 
8 ANLG-7E NC 
9 CON/MON- 15 cra-a^ 
10 CON/MWf-13 j-?-5 / 
11 CON/MON- 11 crs- 2^ 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

C0N/M0M-7 
C0N/M0N-5 
C0N/M0H-3 
C0N/M0N-1 
HI/L0 SEL 
ANLG-0L 
ANLG-1L 
ANLG-2L 
ANLG-3L 
ANLG-4L- 
ANLG-5L 
ANLG-6L 
ANLG-7L 
CON/MOJf-14 
C0N/M0N-12 
C0N/M0N-10 
CON/MON-8 
C0N/MCN-6 
C0N/M0N-4 
C0N/MCJ?-2 
CON/MON-0 
5V  C0HM 
DEV   EEQ 
DEV ACS 
ANENB 
HIQ GND 
-15V 
+15Y 
RA-7 
RA-6 
RA-5 
RA-4 
RA-3 
RA-2 
RA-I 
RA-0 
R/-W 
+5V 

CTS - 3 ? 

-7-3- H I 
0-3-^3 
v-i- si 

-crv - ? 7 ,5VGND 

J-V-'H      )5VGNV 

<r3 - 3 o 
U-3 - 3 O. 
0-3 -3V 

J-3 -39 

O"? - v a 
J-3 - ** V 

J-3-   V^ 
U-3   -  ^  ^ 

— /5   Fe^ci 
-y- / 5"   Fe<? ot 
j~3- J/ 

-T~3 _   ST  -> wo       v.   »» 

TS - 5 3 

T3 - S" fc 
X3 -i "7 

u-3 - ^7 

I fV ON   0 



J2 FE CONTROL/MONITOR 

Serial I/O - P2 
Type: Cinch or Amphenol DB-25PC 
Mating type:    DB-25S 

Pin 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Signal 

+5V 
(reserved) 
(reserved) 
(not used) 
(reserved) 
(reserved) 
(reserved) 
(reserved) 
ID REQ 
DOUT 
PARX 
MSG 
5V COMM 
+5V 
+15V 
-15V 
HIQ GND 
XACT 
RCV+ 
RCV- 
XMT+ 
XMT- 
(reserved) 
BUSY 
5V COMM 

sa<Art<*£ /^rr 

N c 
A; C 

£-\/   QN  D 

FV   FE£LD 
-)- / 5 V F£ e-D 
— J 5 V/ F£ ED 

X3-   S 7 
a3~ s Q 

5- 1/ G /0 D 

f SytGhito 



5L or •*■    j ^       ///a /^ £r         /V^ C      CO A/ T'JI 0 L- - 
I« 

A//P Ay\ i-                * . To f^ftOtA fi/AME 
Ir/C^^T- P»/»i*- •n r^to/^v 

CsftoUMO / + £ 2 
% 

6ROUND 3 y-'T V 
S-PRRE.          (bo-7 3 sT Tf.-Jo 5^/^/00 c/)^ fDocJ r crc-J/ 
XbANDCAL ^DO 5) 7 J-it-SZ jslbiss n\oO (r>o v^ ? 0-6-^3 
>V^ 03 C      fj)o 3) 9 3-(s~3H XK OSC (Do a.). /o o~c-^s 

5-i. 0 sc  ^01) // UT^-SC Sft oSC 0>o^) /A sX^~37 
/i /y 

. rpMc           Cbr ;/) /s- T^-\% S-PAR& (DJJO^ IL ^(.-1 ^ 
S-Pfi**              fbT^l) n O'C'^^ AMX «r^ (Brw /s Xd-^/ 
JHO.IttofiWR     (bx 1) /? o-G-^^ pr-£   /oomH-2. CDTO Pa ^■6-^3 

SL   Lo  L<>cK     ^DXS) ^/ •o-c-^V «r/? 10 ^0^ rDrv) •'^ j^-as 
XL    LO  LOCK    (btS) ^ 3-6^4 ^ AO  ^oc^ (Si a) ^y x^^^ 

^X   OPT.   rouJ    (DZ t) •?£• 0'6-^2 L.As-e<Z S 775-nAj >(&!*) .?t J"6-A1 
CrROUNb J7 i?r 

cm \s '*? -'-I .Crv\ /v ^& XZ-^H 
Cry\ 13 5) CT'-/0 r/n /i u?* J-f-n 
Cm j) 3i Tt- /1 CM /o ^3^ a-/ -^5 
cm <? 35 cr/-/^ C/V\ r 3C er/-^ 
cr^-) ^? ;r;-/3 crno 3>s cr/ -3 0 

CYV\5 3«) cr^/y cm y V° ST/«3 / 
cm3 4^/ a-/- /s C/H 7. #* cr/-3^ 
Cm ; ^3 T' - /c c/» 0 fl zr/-33 

TD    *E&s — VS TA-cj ^^v/    ^£Q VC 0-^-33- 
>Rs/U3 V? ^r / -V? £>£V   /^CK n 3"!-3 ft 

Cy/? 0 0/70 v? €*> 

Rf\n vT/ cr; - H ( ^/}4> & U-i-V^ 
(KftS ^rj cr/-V2 ^.y SY 7 /-^v 
RP\3 ss J'l-HS ^/^^ sTC Try-7/ oTi-Vc 

ftfii >r> 3-S'7o zn-Hi (RAG £-8 •xv- c 9 cry- y s- 
H'/^o S-EU vT? o"/-/7 ANASHG tb X^37 

<:/ C2. 

/nux v <3 CTV-QC fAiAXJ LI J-V-.35- 
/nM.K ^ cs J"v-iy MUI i. CC >TH-^3 

cr CI 
0 76 

7/ 7* 
6r/fO^/VD X5 7Y 

7.r 7C 

^7 7r 
>? r* 
?/ z± 
P3 &</ 

?^ ?c 
?7 JT 

y^CVZ-t- r-t 7-^-/9 /?ci/ - ?o cr-o-cPo 
?/ 9* 

y/WT" -f K cra.-^/ Xm?"- If ^ ^-PK 

X/^c-r is era- / JP 7C 

O/^OUA/D 17 ^-^■ 99 
G/<OUA/D 97 -f-^S" /oo 



SL or ^    ^ ' ^   MAMZ:     J- tz ft N & *- J - 
//*/*!*■         rn^Kj^^ ro f^ftOM 1      ^^         urtezL**.*- -To /^o/M 

Gi&0\JNb(fs\/ \ 1 TS-JS f^^\ ^ 
^RQUAZ-fiL^^fi/ 3 J~s-/y yacJ V 

vT ^ 
*/? TPJSVf AXOF) 7 J"6-/ 7 

^ L TPFYP/Axo^ 9 T0.-i. /o 

XR osc    ff\xn) // xc-^ /A 

X LOSC^     (KZK) /3 J"C-/0 /y 
•       -hlS PS        fprzri /«■ •hISfeH /d 

.   - yy^      (xi^ 17 -ISfzzc} /g 

KsuJAKVACfaTi-f, n ^S"-5 o?6 

l50Tat»P  (P\T1(.) Ji -T5-C •'5 

mux/ 33 cr3-(;<i m^x ^ ^y 0-3-65 
YV\ u X3 JS J-^V /y\ux^ ^C X3-^3 

GrROU/VO J7 i?r 

SiRT^ SXP  (PiTOD) *? 07.-3 »?o 

ZL-rrzxP (fliod 3/ TG-V ^i 

TiR^SC        rturis"} 3h O-G-II 3^ 
.Tz-^^c    f/^r/*/) 3S TC-/^ 3C 
+ 5-/^         •  lf\T)\}) ^7 +5 F«4 3^. 
-S<PS         (kx\Q) 37 3^-i3 #> 

SO* rG/yiPLPEZS') V/ js--? ■ftt 
X LEA    (AUk$ 43 T5-$ v-y 

■ AO i VS j"/-.2 /i oa. y«c J-|-J 
Pi D.3- 47 -J-l-H A£ V 4^ T/-5" 

Cy/?OU/7D V? £■* 

XKTP C/^rofi] cTA J-&-S ^•^ 

X  LTe   faXOtf* ^•3 J-G- C ^y 
•/T/^cS/r)  ^T13) ^^ TS-/ >rt 

XLGt'fA    (KZ\^ vJ7 ^ 5-a ^g 

tZV PS  (PtLlB) ^? TG-II to 

-S i   ^5*   fATJA) <:/ TL -/r C2. 

S^^Z)  CAI53" «3 j-s-? ti 

•A/c-J  ^T35j ^^ D-T-)-} CC 

c? a 
K/SO <*> XS-^F RAi 76 xs-s-? 
RA'J. 71 crJ--rc J* 

6-/f ou rvo 73 7? 
SKTf thiol) 7r U"6-7 7C 
S UTP (fiXbV) 77 TG-S 7r 
£fc<3/f\  (AX 11) >? X5--3 r* 

SL <S M (All*) ?/ crs- v i± 

J3°XT-£rr\P(fiX!? 1^ zrc-i (o *</ 

NC-X   (hi 19) r^- 3-6-17 PC 
AJC -J   (fiL~l) ?7 JS-to XT 

NC-V  (Ar^A) 5-7 T5-- // 7o 

— / i 7/ •f /r/^c/ -r | 3" 9i +• !S fred 
- / 5 %3 -JSFoH - /s 9y - AT fc€4 

7s- 1L 
Cr/^OUA/O'V/vT   ^ 57 o-i-zs cr^-/>5 /^V5?^ 99 
CT/^OU/VD   GrtbJ 77 cr/-a^ XTS-l^i ._.             ^^- /oo 



U~5     '5 pihS   T/O 

/ TH - 5-5 X RGVH 

J S R G m 
- 

. f  0"W - §1 s"i-Gm 
5 JT? 1. .n.. o.e'jj ^Ay.fl ^ 
C 0"^ - ^/ ;50 T'emp 
-7 0 V -  HI ^"0"" xs" m p 
2 CT'V -   V3 XLED 

«? XV "  ^3 5 J-.ED 
N C3 10 u ±- ^-7 

11 0 H -97 WC 4 
J2. ;r*f- G5 A/C I 

)3 
IH iLVr^'n+vr^'n /g- v s AJ 0 



V~6     3~7(PJKJ     xo 

Plhltf 
I 

3 

y 
5" 

7 
2 

J o 
II 
ix. 
13 
IH 
15 

n 
/? 
n 

^oaRce/pZ^T 

vxy-^ 

U"V- 3 / 
CT^ -Si 

o-y- y/ 

jy - J3 

x y -3^ 

crv-6/ 

XH-^5 
-T3 -rr 
X3 - ; c 

^0 T3-/7 

2^ zr?-!'* 
^2 J3- J0, 
^3 J 3-3_0 
^¥ J 3-21 
S5 U~3 S, 0^ 

^^ X3-5 3 
5.7 j-3-^y 

a1? X3'^S 

^1 J 3 - ^ 0* 
30 X3-S 
3 / cr3 - 6 

j ^ 0-3 - v 
32 cr?-^ 
3^ j 3 - n 

3^ zr3 - 10 

3^ 0 3 - / / 

5/CA^^A   A//3AI£- 

XL TP   FXP 

5"/? 7-p£XP 
S ^  T-p£ y p 
A/? rP 
y ^TP 

X R o ^ ^ 
X^L 0 ^c 

^A osc 
SL oSC 

-SV   P^ 

f-^H^J PS 

KJC ^ 

sPPiRE    CDX 10J 
SPbRZ   (DX    1) 

j^O-loomU?   C0X1) 

SL   /.o zoc/<   fDrs*J 
SR JLO LOC/C (PI<i) 
XL Lo LOC-K (DT3) 
XR   LO    LOCK   (I) TX) 
-REC opr pi/jp,   (Dr 1) 
1ASGR      STfiTuS (Dlfi) 

SPfiRt CD07) 
5"/3ANDCAL CDOGJ 

XBftNDCZL (DOS) 
NOiSsmoD CDoy) 
YLOSC     f/)o3j 

SL 05 c   C^o /J 

SR OSC ( Do^j 



7-3 

■S 

0 

vTJ 

M   0 

t ).yrl 1" 

/S"^ G A^a 

^jBC    0»NT^i 

d 

Co^ V:v-< >J.t 

- I 5 v/   -    So >v^ 
-j- /sr v/       ^"7 "vw^ 
•t S"v/     ? So vw^. 

rr>\) 

7PlK> po^e^ OMJM^ cron 

/) -us 
a G^B 

c - 1 S 

z> +  5 
E GMD 

F" -s- c "Wjot U^fofJ 


