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SERIAL NUMBERS

This manual applies directly to instruments with
serial numbers prefixed 2438A.

With the changes described in Section VII, this
manual also applies to instruments with serial
numbers 21164, 22104, 2222A, 2303A, and 2414A.

For additional important information about serial
numbers, see INSTRUMENTS COVERED BY
MANUAL in Section I.
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MANUALCHANGES

MANUAL IDENTIFICATION

Mode! Number: HP 8970A
NOISE FIGURE METER Date Printed: May 1985

Part Number: 08970-90015

ABOUT THIS SUPPLEMENT

You will use this supplement to correct your manual or to update it for instrument changes that occurred
after the manual was printed.

Much of the information here should be substituted for comparable information in the manual. However,
since the manual is bound, physical substitution often is not practical. In these cases, we will instruct
you to simply mark your manual with references to information in this supplement.

Instructions for modifying your manual appear in the first part of this supplement. The large blocks of
substitute information appear in the second part.

We have arranged instructions in the manual’s page-number order. Then, we have identified each
instruction with the word “Errata” or with a change number. Errata changes relate to all instruments.
Instructions with change numbers relate only to certain instruments. These instruments are identified
by serial number or prefix in the following table.

The arrow symbol ( P ) identifies instructions that are appearing in the supplement for the first time.

——  Serial Prefix or Number oo MakeManualChanges ., ___  SerialPrefixorNumber —___  Make Manual Changes
2509A 1 2625A 1—-7
2512A 1,2 2627A 1—8
2528A 1-3 2633A 1-9
25641A 1—4 2644A 1—10
2606A 1-5 2646A 1—-11
2612A 1—6

CHANGE INSTRUCTIONS

Page 1-2, paragraph 1-6:
10—1600 MHz Range. Change the second sentence in the first paragraph to, “The Noise Figure Meter
can be tuned to any frequency between 10 and 1600 MHz.” (Change 1)

>1600 MHz Range. Change the third sentence in the first paragraph to, “To measure the noise figure
of devices with output frequencies greater than 1600 MHz, an external mixer and local oscillator can
be used to convert the frequency to the 10—1600 MHz range.” (Change 1)

Page 1-3, paragraph 1-16:

Add the following:

Automated versions of all performance tests in Section IV are available for use with the HP 9000 Series
* 200 Model 236 computer. Order HP part number 08970-10002 for the automated performance test
disc and software reference manual. Order HP part number 08970-90020 for the software reference
manual only. (Errata)

NOTE

Manual change supplements are revised as often as necessary to keep manuals as current and accurate as possible. Hewlett-Packard
recommends that you periodically request the latest edition of this supplement. Free copies are available from all HP offices. When
reque:?:hg copies ‘qluote the manual identification information from your supplement, or the model number and print date from the title
page e manual.

—-= 17 December 1987 HEWLETT
82 Pages ["ﬁ] PACKARD

Printed in US.A.



 HP8970A 08970-90015
CHANGE INSTRUCTIONS

Page 1-3, paragragh 1-18:
Add the following sentence to the end of paragraph 1-18:
“This mixer is usable over a range of 2 to 12.4 GHz.” (Erraia).

»Page 1-3, paragragh 1-21:
Add the following after paragraph 1-21:

Controller Assembly Replacement Kit

This kit contains all the necessary components and
full instructions for replacing the old Controller
Assembly (HP part number 08970-60009) with the
new Controller Assembly (HP part number 08970-
60019). The kit alsoincludes a procedure for extend-
ing the input frequency range of the Noise Figure
Meter to 1600 MHz. Order HP part number 08970-
60063. (Errata)

Page 1-4, Table 1-1:
Add the following specifications under NOISE FIGURE MEASUREMENT (Change 3):

Electrical Characteristics Performance Limits Conditions
Spurious Response <0.03 dB change in measured For spurious levels below —45 dBm
noise figure in the 10 to 2100 MHz range and —15 dBm
in the 2.1 to 18 GHz range.
Jitter Peak-to-peak’ Y-factor variation | At minimum smoothing
<0.15dB
Peak-to-peak’ Y-factor variation | With increased smoothing (smoothing -
<0.02 dBm factor set to 64).

Note: Jitter in noise figure is equivalent to
jitter in Y factor to within 10% for ENR
>14 dB and F <4 dB. At minimum smooth-
ing, jitter can limit accuracy. The small
jitter at high smoothing does not.

'Peak-to-peak is considered as five times the standard deviation of a statistically valid set of readings. Five standard
deviations about the mean includes 99% of the readings for a Gaussian distribution.

Under GAIN MEASUREMENT, change the Instrumentation Uncertainty performance limits to +0.25 dB.”
(Change 6)

Under INPUT, change the Frequency Range performance limits to, “Tunable from 10 to 1600 MHz.” (Change 1)

Under INPUT, change the Input SWR (reflection coefficient) conditions to, “10 to 1600 MHz (50 ohm reference
impedance).” (Change 1)

Add the following specification under INPUT (Change 3):

Electrical Characteristics Performance Limits Conditions
Reducing System Noise Figure with <1.8 dB + noise figure of the Low noise external preampli-
Preamplification external system fication with net gain >20 dB

Page 1-5, Table 1-1:

Under General, Remote Operation (HP-IB), in the Performance Limits column, change the first compatibility code T
to SH1. (Errata)



HP 8970A 08970-90015
CHANGE INSTRUCTIONS
Page 1-7, Table 1-3:
Add the following to the table (Change 3):
Instrument Specifications Recommended Model Use
Directional Coupler Frequency Range: 1380 to 2300 MHz HP 778D P
Page 1-8, Table 1-3:
Add the following to the table (Change 3):
instrument Specifications Recommended Model Use
Signal Generator Frequency Range: 1380 to 2300 MHz HP 8614A P

Output Level: +10 dBm
Fundamental signal generator

»Page 2-3. Tabie 2-1:

Change the ASCII talk character for decimal 30to ~ = (Errata)

Section H:

The Noise Figure Meter's frequency range changed to 10—1600 MHz, and the default STOP FREQ value changed to

1600 MHz. These changes should be noted

Table 3-1, Operating Characteristics
Simplified Operation

Figure 3-2, Display and Remote Features
Table 3-6, Response to a Clear Message (or
Fixed Frequency Increment Instruction
Fixed Frequency Tuning Instruction
Measurement Modes Instruction
Measurement Mode 1.0 Instruction
Measurement Mode 1.1 Instruction
Measurement Mode 1.2 Instruction
Measurement Mode 1 3 Instruction
Measurement Mode 1.4 Instruction

in the following places. (Change 1)

Pressing PRESET)

Preset Conditions and Power-up Sequence Instruction

Sweep Instruction.

»Page 3-33, Tabie 3-8:
Change the program code for FREQUENCY

»Page 3-34, Table 3-8:

to “FR”. (Errata)

For program code “NE”, change the parameter description to read “Enter and Use Spot ENR”. (Errata)

» Page 3-62:
Place the following figure in the space above

the first paragraph (Errata)

Place the following figure in the space above

the second paragraph: (Errata)

=




HP 8970A 08970-90015
CHANGE INSTRUCTIONS

»Page 3-72:
In the table, change the ASCII talk character for decimal 30 to . (Errata)

Section V.
Spurious Response and Jitter performance tests are shown on pages 4-15A through 4-15E. (Change 3)

Page 4-4, paragraph 4-6:
Change the specifications to, “INPUT SWR (reflection coefficient): <1.7 (0.26); 10 to 1600 MHz (50 ohms reference
impedance).” (Change 1)

Page 4-10, paragraph 4-8:
Change the specification to: “GAIN MEASUREMENT CHARACTERISTICS Range: —20to-+40. Instrumentation
Uncertainty: +0.25 dB.” (Change 6)

Page 4-13, paragraph 4-8:
Change the last sentence in Step 27 to “The error should be within +0.25 dB.” (Change 6)

Page 4-17, Table 4-1:
For the Gain Measurement Uncertainty Performance Test change the min. results to —0.25 dB and the max. results
to +0.25 dB. (Change 6)

Add the following to the table (Change 3),

Results
Para.
No. Test Min. Actual Max.
410 SPURIOUS RESPONSE
PERFORMANCE TEST
Noise Figure Noise Figure
(Sig. Gen. (Sig. Gen.
Power Off) Power On)
Step 9 - Step 8 —_ 0.03dB
Step 13 - Step 12 - 0.03dB
Step 17 - Step 16 —_ 0.03dB
Step 21 —_ Step 20 —_ 0.03dB
Step 26 - Step 27 - 0.03dB
4-11 ‘JITTEB PERFORMANCE TEST
'Minimum Smoothing
5 X Standard Deviation - 0.15dB
Increased Smoothing
5 X Standard Deviation —_— 0.02dB

Page 5-2, paragraph 5-1:
Change the range of values for A13R19 to 1.0—2.0 k(. (Change 1)

Page 5-15, paragraph 5-13:
In step 9, change the first sentence to, “Tune the Noise Figure Meter to 1600 MHz.” (Change 1)




HP 8970A 08970-90015

CHANGE INSTRUCTIONS

Page 6-5, Table 6-3:
' For all Noise Figure Meters that don’t have an analog meter, the recommended replacement for the Al assembly, if
it fails, 1s found in Change 10. (Errata)
Change the part number of the Al assembly to 08970-60049 CD8. (Change 10)
The recommended replacement for AlJ1, if it needs to be replaced, is found in Change 10. (Errata)
Change the part number of ALJ1 to 1252-0078 CD8. (Change 10)

Page 6-6, Table 6-3:

The recommended replacement for the A2 assembly, if it fails, is found in Change 10. If the A2 assembly is being
replaced, make all changes for the A2 assembly listed for Change 11. (Errata)

Change the part number of the A2 assembly to 08970-60044 CD3. (Change 11)

Change the part numbers and descriptions of A2C2, 3, 5 through 9 and 11 through 24 to 0160-3334 CD9
CAPACITOR-FXD .01 uF £10% 50 VDC CER. (Change 11)

Change the part number and description of A2C10 to 0160-4574 CD1 CAPACITOR-FXD 1000 PF +10% 100 VDC
CER. (Change 11)

Add A2C25 0160-4103 (CD2) CAPACITOR-FXD 220PF +5% 100VDC CER 72982 8121-M100-C06 221J (Change 4)

Change the part number of A2C25 to 0160-4812 CDO. (Change 11)

Page 6-7, Table 6-3:
Change the part number and description of A2DSI18 to 1990-0759 CD8 LED-LIGHT BAR MODULE
LUM-INT=3MCD (Change 11)
Change the socket part number and description below A2DSI18 to 1200-1124 CD8 SOCKET-IC 16-CONT
DIP-DIP-SLDR (Change 11)
Change the part number and description of A2J1 to 1251-8962 CD3 CONN-POST TYPE .100-PIN-SPCG 8-CONT.
(Change 11)
Change the part number and description of A2R2 to 1810-0956 CD5 NETWORK-RES 14-DIP 22.0K OHM X13.
. (Change 11)
Delete A2R3 and A2R12. (Change 11)
Change the part number and description of A2R14 to 1810-0424 CD2 NETWORK-RES 16-DIP 4.7K OHM X15.
(Change 11)
Delete A2R15. (Change 11)

Page 6-8, Table 6-3:
Change the part number and description of A2R21 to 1810-0441 CD3 NETWORK-RES 14-DIP 470.0 OHM X13.
(Change 11)
Change the part numbers and descriptions of A2R22 and A2R23 to 1810-0849 CD5 NETWORK-RES 16-DIP 150.0
OHM X15. (Change 11)
Delete A2R24 and A2R25. (Change 11)
Delete A2W2, (Change 11)

Page 6-13, Table 6-3:
» Under A4U1, delete part number 1251-3172 and its description. (Errata)
» The recommended replacement for the A6 assembly, if it fails, is found in Change i1. (Errata)
» Change the part number of the A6 assembly to 08970-60042 CD1. (Change 11)
Change the part numbers of A6K1 through A6KS5 to 0490-1361 CD7. (Errata)

»Page 6-14, Table 6-3:
Add the following to the description for A6W11:
(A6W11 is used with A6 assemblies with an HP part number of 08970-60001.) (Errata)
Add the following parts below A6W11:
A6Z1 08970-20046 CD1 PLATE CAPACITOR (A6Z1 is used with A6 assemblies with an HP part number of

08970-60042 ) (Change 11)
. 0380-0005 CD1 SPACER-RND .312-IN-LG .18-IN-ID (Change 11)
0515-0900 CD2 SCREW-MACH M35 X 0.6 14MM-LG PAN-HD (Metric; Not part of the A6 assembly. Used to
attach the A6 assembly to the casting.) (Change 11)
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CHANGE INSTRUCTIONS

Page 6-15, Table 6-3:

If A7CR2 fails, replace it with the part described in Change 3. (Errata)
Change A7CR2 to 1901-0518 (CD8) DIODE-SM SIG SCHOTTKY. (Change 3)

Page 6-17, Table 6-3:

The recommended replacement for A9C1, A9C2, A9C4 and A9CS, if they fail, is found in Change 10. (Errata)

Change the part numbers and descriptions for A9C1, A9C2, A9C4 and A9C6 to 0160-4005 CD3 CAPACITOR-FXD
1 pF £20% 100 VDC CER. (Change 11)

Under A9CR5, change 0515-0410 to 0515-0986 (CD4) SCREW-MACH M3 X 0.5 20MM-LG PAN-HD. (Errata)

Page 6-18, Table 6-3:

Change the second entry under AYMP3 (0515-0212) to 0515-0887 (CD4) SCREW-MACH M3.5 X 0.6 6MM-LG
PAN-HD. (Errata)

Change the second entry under A9Q1 (0515-0211) to 0515-0886 (CD3) SCREW-MACH M3 X 0.5 6MM-LG PAN-HD.
(Errata)

Change the second entry under A9Q2(0515-0211) to 0515-0886 (CD3) SCREW-MACH M3 X 0.5 6MM-LG PAN-HD.
(Errata)

The recommended replacement for A9U1, if it fails, is found in Change 10. (Errata)

Change the part number and description for A9U1 to 1826-1181 CD3IC V RGLTR-FXD-POS 14.7/15 .3V TO-3 PKG.
(Change 11)

Under A9U1, change 0515-0410 to 0515-0986 (CD4) SCREW-MACH M3 X 0.5 20MM-LG PAN-HD. (Errata)

Under A9U2, change 0515-0057 to 0515-0986 (CD4) SCREW-MACH M3 X 0.5 20MM-LG PAN-HD. (Errata)

Under A9U3, change 0515-0057 to 0515-0986 (CD4) SCREW-MACH M3 X 0.5 20MM-LG PAN-HD. (Errata)

Page 6-18, Table 6-3:

The recommended replacement for the A10 assembly, if it fails, is found 1n Change 11. (Errata)
Change the part number of the A10 assembly to 08970-60051 CD2. (Change 11)

The recommended replacement for A10CR1, if it fails, isfound in Change 11. (Errata)

Change A10CR1 to the following: 5062-0785 CD5. (Change 11)

The recommended replacement for the A1l assembly, if it fails, is found in Change 11. (Errata)
Change the part number of the A1l assembly to 08970-60072 CD7. (Change 11)

Change' A11MP2 to 08970-80018 (CD3) BLOCK-CAVITY 2ND CONVERTER. (Change 1)
Delete A11MP9. (Change 1)

Page 8-20, Table 6-3:

Under A12MP1, change 05150165 to 0515-1476 (CD4) SCREW-MACH M3.5 x 0.6 12MM-LG PAN-HD. (Errata)

The recommended replacement for A12Q1 and A12Q2, if they fail, is found in Change 10. (Errata)

Change the part numbers and descriptions for A12Q1 and A12Q2 to 1854-0832 CD8 TRANSISTOR NPN PD=625 MW
FT=250 MHz. (Change 10)

Change A12R1 to 0757-0424 (CD7) RESISTOR 1.1K 1% .125W F TC=0+100 24546 C4-1/8-T0-1101-F. {Errata)

Change A13 to 08970-60021 (CD6) DRIVER ASSEMBLY. (Change 1)

Change A13C1 to 0160-4574 (CD1) CAPACITOR-FXD 1000 PF +10% 100VDC CER. (Change 1)

Change A13C2 to 0160-4832 (CD4) CAPACITOR-FXD .01UF +10% 100VDC CER. (Change 1)

Change A13C6 to 0160-3336 (CD1) CAPACITOR-FXD 100PF +10% 50VDC CER. (Change 1)

Page 6-21, Table 8-3:

Change A13C10—21 to 0160-4832 (CD4) CAPACITOR-FXD .01UF +10% 100VDC CER. (Change 1)
Change A13C27 to 0160-4832 (CD4) CAPACITOR-FXD .01UF +10% 100VDC CER. (Change 1)
Change A13C30—32 to 0160-4832 (CD4) CAPACITOR-FXD .01UF +10% 100VDC CER. (Change 1)
Change A13C33 to 0160-5189 (CD6) CAPACITOR-FXD 4700PF +10% 100VDC POLYP. (Change 1)
Change A13C34 to 0160-4803 (CD9) CAPACITOR-FXD 68PF +5% 100VDC CER 0+30. (Change 1)
Change A13C35 to 0160-4805 (CD1) CAPACITOR-FXD 47PF +5% 100VDC CER 0+30. (Change 1)
Change A13C36 to 0160-4835 (CD7) CAPACITOR-FXD .1UF +10% 50VDC CER. (Change 1)
Change A13C39—46 to 0160-4832 (CD4) CAPACITOR-FXD .01UF +10% 50VDC CER. (Change 1)




HP 8970A 08970-80015

CHANGE INSTRUCTIONS

Page 6-21, Table 6-3 (cont’d):

Change A13C47 to 0160-4803 (CD9) CAPACITOR-FXD 68PF 5% 100VDC CER 0+30. (Change 1)
Change A13C48 to 0160-4805 (CD1) CAPACITOR-FXD 47PF +£5% 100VDC CER 0+30. (Change 1)
Change A13C49 to 0160-4835 (CD7) CAPACITOR-FXD .1UF +10% 50VDC CER. (Change 1)

Change A13C50 and C53 to 0160-4832 (CD4) CAPACITOR-FXD .01UF +10% 100VDC CER. (Change 1)
Change A13CR7 to 1901-0539 (CD3) DIODE-SM SIG SCHOTTKY. (Change 1)

The recommended replacement for A13J2, if it needs to be replaced, is found in Change 10. (Errata)
Change the part number of A13J2 to 1252-0242 CDS8. (Change 10)

Page 6-22, Table 6-3:

Change A13R1 to 0698-3156 (CD2) RESISTOR 1.47K 1% .125W F TC=0£100 24546 C4-1/8-T0-1472.F. (Change 1)

Change A13R8—10 to 0698-3156 (CD2) RESISTOR 14.7K 1% .125W F TC=0+100 24546 C4-1/8.T0-1472-F. (Change 1)

The recommended replacement for A13R12 and A13R14, if they fail, is found in Change 11. If one of the resistors1s
replaced, the other resistor must be replaced at the same time. (Errata)

Change the part number and description for A13R12 and A13R14 to 0698-8093 CD6 RESISTOR 40k .1% .1W TF
TC=0+£5 (Change 11)

Change A13R26 to 0698-3397 (CD3) RESISTOR 42.2 1% .5W F TC=0=£100. (Change 1)

Change A13R28 to 0698-0885 (CDO) RESISTOR 2.61K 1% .125W F TC=0+100 24546 C4-1/8-T0-2611-F. (Change 1)

Change A13R29 to 2100-2497 (CD9) RESISTOR-TRMR 2K 10% C TOP-ADJ 1-TRN 73138 82PR2K. (Change 1)

Page 6-23. Table 6-3:

Add A13R70 0698-3155 (CD1) RESISTOR 4.64K + 1% .125W F TC=0£100 24546 C4-1/8-T0-4641-F. (Change 1)
Change A13U3 to 1820-1437 (CD0) IC MV TTL LS MONOSTBL DUAL 01295 SN74LS221N. (Change 1)
Change A13U20 to 1820-1437 (CDO0) IC MV TTL LS MONOSTBL DUAL 01295 SN74LS221N. (Change 1)

Page 6-24, Table 6-3:

Change A13U34 to 1820-1437 (CDO0) IC MV TTL LS MONOSTBL DUAL 01295 SN74LS221N. (Change 1)

Change A13U42 to 1826-0753 (CD3) IC OP AMP LOW-BIAS H-IMPD QUAD 14-DIP-C 04713 MC34004BL.
(Change 1)

The recommended replacement for A14J3, if it needs to be replaced, is found in Change 10. (Errata)

Change the part number of A14J3 to 1252.0277 CD9. (Change 10)

Pages 6-24 through 6-27, Table 6-3:

For A14 Controller Assembly, refer to pages 6-24/6-25A through 6-26/6-27A. (Changes 4 and 5)

Note: Order Controller Assembly Replacement Kit (HP part number 08970-60063) to replace A14 Controller
assemblies with HP part number 08970-60009. (Errata)

The recommended replacement for A14J6, if it needs to be replaced, is found in Change 10. (Errata)

Change the part number of A14J6 to 1252-0242 CDS8. (Change 10)

A14U2: For instruments with serial number prefix 2541A, A14U2 part number is 08970-80115. However, the part
shown on page 6-25/6-26A 1s the recommended replacement. Therefore, no further manual change is suggested.

Page 6-26. Table 6-3:

Under A14U10, change the first entry to 08970-80022 (CD9) ROM #10. (Change 1)
Under A14U12, change the first entry to 08970-80023 (CD0) ROM #12. (Change 1)
Under A14U13, change the first entry to 08970-80024 (CD1) ROM #13. (Change 1)
The recommended replacement for A14U39, if it fails, is found in Change 10. (Errata)

Change the part number and description for A14U39 to 1820-1416 CD5 IC SCHMITT-TRIG TTL LS INV HEX
1-INP. (Change 10)

Page 6-27, Table 6-3:

Change A14VR2t0 1902.0948 (CD0) DIODE-ZNR 3.9V 5% D0O-35 PD=4W TC=-.012%. (For Serial Number Prefixes
2528A and Below Only)
Under A16MP3, change 0515-0165 to 0515-1476 (CD4) SCREW-MACH M3.5 X 0.6 12MM-LG PAN HD. (Errata)
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CHANGE INSTRUCTIONS

Page 6-28, Table 6-3:

Change the part number of AT1 (for instruments prefixed 2627A and below) to the following part number:
08970-60025 CDO 08970-60025 is a kit that contains the isolator (AT1) and other components. If the kit
(08970-60025) was ordered previously and the isolator needs to be replaced, it can be ordered separately. The part
number of the isolator is 0960-0699 CDS. (Errata)

Change the part number for AT1 to the following: 0960-0699 CD9. (Change 9)

Place the following part number and description below AT1:

0403-0275 CD7 BUMPER FOOT-ADH MTG. (The bumpers are placed on the side of the isolator (AT1) closest to
the bottom cover.) (Change 9)

Under B1, change 0515-0252 to 0515-1642 (CD1) SCREW-MACH M3 X 0.5 40MM-LG PAN-HD. (Errata)

Change FLI1 to 9135-0249 (CD5) FILTER LOW-PASS. This part number is the recommended replacement for all
serial prefixes. (Change 1)

Under G1 make the following changes,

1. Delete the entries for 08558-0076, 0520-0136, 2190-0014 and 0610-0001. (Change 7)
2. Add 1400-0482 (CD3) CABLE-TIE .062-3-DIA .14-WD NYL. (Change 7
Change J2 to 08970-60023 (CD8) CONNECTOR ASSY-INPUT (EXCEPT OPT. 001). (Change 2)

Page 6-29, Table 6-3:

Add the following part numbers and descriptions below J11
2950-0035 CD8 NUT-HEX-DBL-CHAM 15/32.32-THD
2190-0068 CD5 WASHER-LK INTL T 1.2 IN .505-IN-ID. (Errata)
Change MP1 to 08970-20027 (CD8) FRAME-FRONT MOD. (Change 2)
Change MP2 to 08970-00057 (CD2) REAR PANEL. (Change 2)
Change MP3 (both entries) to the following:
5021-5836 (CD1) CORNER STRUTS (15”) (Change 2)
0515-1331 (CD5) SCREW M4 x 0.7 (Change 2)
Change MP4 to 08970-00058 (CD3) BRACKET-RF SECTION (RIGHT). (Change 2)
Change MP5 (both entries) to the following:
08970-00059 (CD4) BRACKET-RF SECTION (LEFT) (Change 2)
0515-1331 (CD5) SCREW M4 x 0.7. (Change 2)
Under MP§, change 0515-0210 to 0515-0885 (CD2) SCREW-MACH M4 x 0.7 SMM-LG PAN-HD. (Errata)
Under MP6, change the first entry to 08970-00055 (CD0) STRUT-HINGE BRACKET. (Change 2)
Change MP7 to 5061-9434 (CD7) COVER (TOP). (Change 2)
Change MPS8 to only two entries:
08970-00056 (CD1) COVER (BOTTOM) (Change 2)
7120-8138 (CD4) LABEL-INFO. (Change 2)
Change MP12 to 5041-6819 (CD4) HANDLE.CAP (FRONT). (Change 2)
Change MP13 to 5041-6820 (CD7) HANDLE CAP (REAR). (Change 2)
Under MP18, change 0515-0225 to 0515-0893 (CD2) SCREW-MACH M35 X 0.6 10MM-LG PAN-HD. (Errata)
The recommended replacement for MP21, if it needs to be replaced, is found in Change 11. (Errata)
Change the part number of MP21 to 08970-20072 CD3. (Change 11)
Under MP21, change 0515-0210 to 0515-0885 (CD2) SCREW-MACH M4 X 0.7 SMM-LG PAN-HD. (Errata)
Delete MP23, 24, and 25. (Change 1)
Add MP26 08970-80021 (CD8) OPERATING INFO PULL-OUT CARDS . (Change 1)
Change MP30 to: 08970-00062 (CD9) PANEL (FRONT). (Change 1)
0515-1234 (CD7) SCREW-MACH M3.5 x 0.6 SMM-LG. (Change 1)
Change the first entry under MP30 to 08970-00069 (CD6) PANEL-FRONT. (Change 8)
Under MP31, change the first entry to 08970-00049 (CD2) PANEL-WINDOW. (Change 1}
Change MP31 (both entries) to the following:
08970-00070 (CD9) PANEL-WINDOW. (Change 8)
0510-1148 (CD2) RETAINER-PUSH ON KB-TO-SHFT EXT (Change 8)
Change MP39 to:
08970-00061 (CD8) BRACKET-FRONT PANEL. (Change 1)
2190-0585 (CD1)WASHER-LK HLCL 3.5MM 3 6MM.-ID (Change 1)
0535-0007 (CD2) NUT-HEX DBL-CHAM M3.5 x 0.6 2 8MM-THK. (Change 1)
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' Page 6-29, Table 6-3 (cont'd):
Under MP39, add the following parts:
0515-1234 (CD7) SCREW-MACH M3.5 x 0.6 SMM.LG. (Change 4)
3050-1192 (CD3) WASHER-FL MTLC 3.5MM 3.8MM-ID. (Change 4)
Change the first entry under MP39 to 08970-00071 (CD0) BRACKET-FRONT PANEL. (Change 8)

» The recommended replacement for MP40, if it needs to be replaced, is found in Change 11. (Errata)
» Change the part number and description for MP40 to the following:

7121-4963 CD7 NAMEPLATE 9.23-MM-WD 13.7-MM-LG CU. (Change 11)

Page 6-30, Table 6-3:
Under MP50, change 0515-0211 to 0515-0886 (CD3) SCREW-MACH M3 X 0.5 6MM-LG PAN-HD. (Errata)
Change MP55 to 7100-1283 (CD4) TRANSFORMER COVER. (Change 4)
Under MP56, change 0515-0211 to 0515-0886 (CD3) SCREW-MACH M3 X 0.5 6MM-LG PAN-HD. (Errata)
» The recommended replacement for MP57, if it needs to be replaced, is found in Change 11. (Errata)
P Change the part number and description for MP57 to the following:
6960-0133 CD2 PLUG-HOLE TR-HD FOR .438-D-HOLE BRS. (Change 11)
Change MP358 to 0515-0892 (CD1) SCREW-MACH M3.5 X 0.6 12MM-LG PAN-HD. (Errata)
Under MP59, delete the second entry, 2360-0195. (Errata)
Under MP60, add 2360-0195 (CD0) SCREW-MACH 6-32 .312-IN-LG PAN-HD POZI. (Errata)
Under MP60, change 2360-0195 (described above) to 0515-1132 (CD4) SCREW-MACH M5 « 0.8. (Change 2)
Make the following changes to MP61:
1 Change the first entry to 08970-00076 (CD5) BRACKET-YIG OSCILLATOR. (Change 7)
2. Change the second entry to 0515-0886 (CD3) SCREW-MACH M3 X 0.5 6MM-LG PAN-HD. (Errata)
3. Add 3050-0891 (CD5) WASHER-FL. MTLC 3.0MM 3.3-MM-ID. (Change 7)
Delete MP62. (Change 7)
Change MP63 to 0515-0738 (CD4) SCREW-MACH M4 X 0.7 70MM-LG PAN-HD. (Change 7)
‘ Change MP64 to 0515-1105 (CD1) SCREW-MACH M3 X 0.5 10MM-LG PAN-HD. (Change 7)
Change MP65 to 0515-0885 (CD2) SCREW-MACH M4 X 0.7 SMM-LG PAN-HD. (Errata)
Change MP71 to 08970-00079 CDS8. (Change 9).
Under MP71, change 0515-0212 to 0515-0887 (CD4) SCREW-MACH M3.5 X 0.6 6MM-LG PAN-HD (Errata)
Under MP81, change 0515-0212 to 0515-0887 (CD4) SCREW-MACH M3.5 X 0.6 6MM-LG PAN-HD. (Errata)
Change MP85 (both entries) to the following:
08970-00060 (CD7) BRACKET-HINGE (FRONT) (Change 2)
0515-1234 (CD7) SCREW-MACH M3.5 x 0.6 SMM-LG (Change 2)
Under MP86, change 0515-0211 to 0515-0886 (CD3) SCREW-MACH M3 X 0.5 6MM-LG PAN-HD. (Errata)
Change MP87 (three entries) to the following:
08970-20074 (CD5) BRACKET-POWER SWITCH (Change 2)
0515-0211 (CD8) SCREW-MACH M3 x 0.5 6MM-LG PAN-HD (Change 2
0515-0891 (CD0) SCREW M3.5 x 0.6 (Change 2)
Under MP87 (above), change entry 0515-0891 to 0515-1234 (CD7) SCREW-MACH M3.5 x 0.6 SMM-LG. (Change 4)
Under MP87 (above), change 0515-0211 to 0515-0886 (CD3) SCREW-MACH M3 X 0.5 6MM-LG PAN-HD. (Change 7)
Under MP88, change 0515-0210 to 0515-0885 (CD2) SCREW-MACH M4 X 0 7 8MM-LG PAN-HD. (Errata)
Change MP89 to 08970-00078 CD7. (Change 9).

Page 6-31, Table 6-3:
Under MP91, change 0515-0224 to 0515-0892 (CD1) SCREW-MACH M35 X 0.6 12MM-LG PAN-HD. (Errata)
Under MP92, change 0515-0224 to 0515-0892 (CD1) SCREW-MACH M3.5 X 0.6 12MM-LG PAN-HD. (Errata)
Add MP96 using the following part number and description: (Change 9)
08970-00077 CD6 ISOLATOR SUPPORT
Under MP96, add the following part number and description: (Change 9)
0515-0885 CD:: SCREW-MACH M4 X 0.7 SMM-LG PAN-HD (used to mount MP96 to MP89).

CHANGE INSTRUCTIONS

. Page 6-32, Table 6-3:
Under S2, change 0515-0211 to 0515-0886 (CD3) SCREW-MACH M3 X 0.5 6MM-LG PAN-HD. (Errata)
Under T1, make the following changes:

1. Change 0515-0125 to 0515-1163 (CD1) SCREW-MACH M5 X 0.8 45SMM-LG PAN-HD (EXCEPT OPT. 001).
(Errata)
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CHANGE INSTRUCTIONS

Page 6-32, Table 6-3 jcont'd):

2. Change 0515-0295 to 0515-0984 (CD2) SCREW-MACH M5 X 0.8 50MM-LG PAN-HD (OPTION 001 ONLY).
(Errata)
Change the part number for W4 to 08970-20036 CD9 (Change 9).
Change the part number for W5 to 08970-20038 CD1 (Change 9).
Change the part number for W6 to 08970-20037 CDO (Change 9).
Change W8 to 08970-20035 (CD8) CABLE ASSY-SEMIRIGID (G1 TO A10). (Change 7)

»Page 7-8, Change C:

Under A13U17, add the following parts:
0360-0124 CD3 CONNECTOR-SGL, CONT PIN .04-IN-BSC-SZ RND
1200-0639 CD8 SOCKET-IC 20-CONT DIP DIP-SLDR (Change 11)

Under BT1 (bottom of page), change 08672-00011 to 85660-00054 CD6. (Errata)

»Page 7-13, Figure 7-6:
Replace the portion of Figure 7-6 using the partial schematic found in Figure 1. Change 11)
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Figure 1. P/0 Figure 7-6. Schematic 6 [P/0 Change C)

Pages 8-6 and 8-7, paragraph 8-19:
Power-Up Checks. For Change 4, a different check is needed. Mark your manual with a reference to page 8-6/8-7TA.

Page 8-8:

Change the description for E51 to,“A14U2, failed Power-Up Check 5.” (Change 4)
Delete error codes E52 through E71. (Change 4)

Change the description of E72 to, “A14U4, failed Power-Up Check 1 or 3.” {Change 4)
Change the description of E73 to, ““A14US5, failed Power-Up Check 4.” (Change 4)
Change the description of E74 to, “A14U12, failed Power-Up Check 7.” (Change 4)
Delete error codes E75 through E78. (Change 4)

Pages 8-29 through 8-33, Service Sheet BD1 (text and schematic):

Change the input frequency range to 10—1600 MHz. (Change 1)
Change the frequency range of the first LO (YIG oscillator) to 2060—3650 MHz during normal operation and
2050—3650 MHz during calibration. (Change 1)
On page 8-31, in the second column under “If Indication Abnormal,” change the first paragraph to read as follows:
1. If error E72 is displayed, the CMOS RAM Stack Power-Up Check has failed. Suspect A14U4. Refer to
the Power-Up Checks on page 8-6/8-7A of this supplement. (C hange 4)

10
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CHANGE INSTRUCTIONS

' » Page 8-32
In step 3, under Table 8-5, change “E65 through E78” to “E72 through E74”. (Change 4)
In step 4, under Table 8-5, change the first sentence to read “If error E51 is displayed, the ROM check has
failed”. (Change 4)

Pages 8-34 through 8-35/8-36, Service Sheet BD2 {text and schematic):

Change the input frequency range to 10—1600 MHz. (Change 1)

[nthe ALOFirst Converter Assembly, change the 1550 MHz low-pass filter to a 1650 MHz low-pass filter. (Change 1)

Inthe A10 First Converter Assembly, change the frequencies into the 3 dB power splitter to 2060—3650 MHz during
normal operation and 2050-—3650 MHz during calibration. (Change 1)

Under TROUBLESHOOTING, \/ 7 Power Supply and Input Assembly Checks, change “A12TP2” to “A12TP1" (2
places). (Errata)

Pages 8-38 through 8-43, Service Sheet BD4:

In the troubleshooting paragraph titled Free Run Signatures, change the software date code to 30119. (Change 1)
Table 8-9. Change the signatures as indicated below. (Change 1)

Node {ref. des.}-pin Signal Name Signature

U36-2 DO 2C77

-4 D1 80PU

-6 D2 9FOP

-9 D3 F966

-3 D4 CF9A

5 D5 U1U8

. 7 D6 C688
-8 D7 UHo03

For Changes 4 and 5, a different service sheet is needed. Mark your manual with references to pages 8-38/8-42A
through F and page 8-43A.

Pages 8-44 through 8-47, Service Sheet 1 {text and schematic):

P On the component locator photograph (Figure 8-23), add Z1 next to W11 (bottom of figure). (Change 11)
» Change the part number of the A6 assembly (upper left side of schematic) to 08970-60042. (Change 11)
Change the input frequency range to 10—~1600 MHz. (Change 1)
» On the A6 assembly under “2 dB Pad” (right side of schematic), add Z1 next to W11. (Change 11)
> Change the part number of the A10 assembly (right side of schematic) to 08970-60051. (Change 11)
Inthe A10First Converter Assembly, change the 1550 MHz low-pass filter to a 1650 MHz low-pass filter. (Change 1)
» At connector J1 on the A10 assembly, change the frequency of the low-pass filter to 1850 MHz. (Change 11)
Attheinputto A10 First Converter Assembly, change the frequencies to 2060—3650 MHz during normal operation
and 2050—3650 MHz dunng calibration. (Change 1)

»Pages 8-48 through 8-51, Service Sheet 2 (schematic}:
Change the part number of the A1l assembly (left side) to 08970-60072. (Change 11)

Page 8-61, Service Sheet 6 (schematic):

At the top left of the schematic, change A13 part number to 08970-60021 (Change 1)
In the Start Conversion Pulse Stretcher, change R1 to 14.7k2, and delete the ground connection at the junction of C2
and U34A pin 14 (Change 1)

In the Overflow Pulse Stretcher, change R3 to 14.7 k0, and delete the ground connection at the junction of C6 and
‘ UZ20B pin 6. (Change 1)

In the Gate Clear Pulse Stretcher, change R9to 14.7 k02, and delete the ground connection at the junction of C13 and
UZ20A pin 14. (Change 1)

11
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CHANGE INSTRUCTIONS
Page 8-61, Service Sheet 6 {schematic) (cont'd): .

Inthe End of Conversion Pulse Stretcher, change R10 to 14.7 k), and delete the ground connection at the junction of
C14 and U34B pin 6. (Change 1)
In the Integrated Circuit Part Numbers table, change the part numbers for U20 and U34 to 1820-1437. (Change 1)

Page 8-64, Service Sheet 7, Figure 8-45:
For Change 1, a different figure is needed. Mark your manual with a reference to page 8-64A.

Page 8-67, Service Sheet 7 {schematic):

At the top left of the schematic, change A13 to 08970-60021. (Change 1)

» Change the value of A13R12 and A13R14 (above U42D; center of the schematic) to 40k Ohms. (Change 11)
Change R26 to 42.20. (Change 1)
In the Transistor and Integrated Circuit Part Numbers table, change U42 to 1826-0753. (Change 1)

Page 8-68. Service Sheet 8 (text):

Under Key Closure Detection (paragraph 4) delete “(or A2R3)”. (Change 11)
Under Key Closure Detection Test (step 2) change “A2R12” to “A2R 14" (two places) and delete “A2R3” (two places).
(Change 11)

Page 8-68, Figure 8-49:
Replace Figure 8-49 with Figure 8-49 (Page 8-68A) in this supplement. (Change 11)

Page 8-69, Service Shest 8 (schematic):

Change the part number (upper left side of schematic) to 08970-60044. (Change 11)
On the lower left side of the schematic, change the destination of line BF (D GND) from 19 to 11. (Change 4) .
Replace the portions of the schematic with the partial Figure 8-52 (Page 8-69A) in this supplement. (Change 11)

In note 2 (upper right side of service sheet) delete “or R3"” and change “R12” to “R14”. (Change 11)

Page 8-71, Figure 8-53.
Replace Figure 8-53 with Figure 8-53 (Page 8-71A) in this supplement. (Change 11)

Page 8-73, Service Sheet 9 {schematic):

Change the part number (upper left side of schematic) to 08970-60044. (Change 11)

Delete W2 (lower left side of schematic). Connect the two grounds together. (Change 11)

On the left side of the schematic, add C25, 220 pF, between U9 pin 19 and ground. (Change 4)

Replace the portion of the schematic with the partial Figure 8§-55 (Page 8-73A) in this supplement. (Change 11)

Page 8-74, Service Sheet 10 {Table 8-42):

Under “LED Device’’, make the following changes.
Change DS33C to DS33F.
Change DS33F to DS33C.
Change DS34B to DS34G.
Change DS34G to DS34B.
Change DS32B to DS32G.
Change DS32G to DS32B. (Change 11)
Under “Drive Resistor”, make the following changes:
Change R22D to R22K.
Change R22C to R22L.
Change R25E to R22E.
Change R25F to R22J. .
Change R25A to R22A.
Change R25B to R22B.
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Page 8-74, Service Sheet 10 (Tabie 8-42) {cont'd):

Change R25D to R22D.
Change R25G to R22F.
Change R25E to R22C.
Change R25C to R22D.
Change R22B to R22M.
Change R22A to R22N. (Change 11)

Page 8-74, Service Sheet 10 (Table 8-43):

Under “LED Device”, make the following changes:
Change DS18A to DS18B.
Change DS18B to DS18G.
Change DS32C to DS32F.
Change DS32F to DS32C. (Change 11)
Under “Drive Resistor”, make the following changes:
Change R23D to R23F.
Change R23E to R23D.
Change R23G to R23H.
Change R23F to R23G.
Change R24A to R23A.
Change R23A to R230.
Change R24G to R23E.
Change R24F to R23K.
Change R24E to R23L.
Change R24D to R23M.
Change R24C to R23J.
Change R24B to R23B. (Change 11)

Page 8-74. Figure 8-56:
Replace Figure 8-56 (Page 8-74A) with Figure 8-56 in this supplement. (Change 11)

Page 8-75, Service Sheet 10 [schematic):
Change the part number (upper left side of schematic) to 08970-60044 (Change 11)
Replace the portions of the schematic with the partial Figure 8-59 (Page 8-75A) in this supplement. (Change 11)
Change the pin numbers for R21B (below the Keyboard Annunciator Latch) as follows: “1” to *“14”” and “3” to *“13".
{Change 11)

Pages 8-76 through 8-83, Service Sheet 11:

For Change 4, a different service sheet is needed. Mark your manual with references to pages 8-76A through F, pages
8-77A, 8-78A, 8-7T9A, 8-80A, 8-81A, 8-82A, and 8-83A.

Pages B-84 through 8-88, Service Sheet 12:

For Change 4, a different service sheet is needed. Mark your manual with references to pages 8-84/8-87A through I,
8-88A, and 8-89A.

Pages 8-80 through 8-91, Service Sheet 13:

Delete the entire service sheet. (Change 4)

Pages 8-92 through 8-93, Service Sheet 14:
On the schematic, in the Integrated Circuit Part Numbers table, make the followang changes:
U10 to 08970-80022 (Change 1)
U12 to 08970-80023 (Change 1)
U13 to 08970-80024 (Change 1)
For Change 4, delete the entire service sheet.

13
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CHANGE INSTRUCTIONS

Pages 8-94 through 8-37, Service Sheet 15:
For Change 4, a different service sheet is needed. Mark your manual with references to pages 8-94A through F,

8-95/8-96A, and 8-97A.

Page 8-39, Service Sheet 16 {schematic):

At the top-left of the schematic, change A13 to 08970-60021. (Change 1) In the Point-to-Point Timing circuit, make
the following changes:
R28 to 26100 (Change 1)
R29 to 200011 (Change 1)
C33 to 4700 pF (Change 1)

Change C35 to 47 pF. (Change 1)

Add R70, 4.64 k(), between CR7 and J4 pin 7. (Change 1)

On the right side of the schematic, change the destination of line DD from 13 to 12. (Change 4)

In the Integrated Circuit Part Numbers table, change U3 to 1820-1437. (Change 1)

Page 8-102, Service Sheet 17, Figure 8-78:

Change reference designator R49 to R50. (Errata)
Change reference designator R50 to R51. (Errata)
Change reference designator R51 to R52. (Errata)
Change reference designator R52 to R49. (Errata)

Page 8-103, Service Sheet 17 (schemalic):
At the top-left of the schematic, change A13 to 08970-60021. (Change 1)
Change C48 to 47 pF. (Change 1)

Pages 8-104 through 8-105, Service Sheet 18:
For Change 4, a different service sheet is needed. Mark your manual with references to pages 8-104A through F, and
8-105A.

Pages 8-109, Service Sheet 19 [schematic):
Delete the connection between A9J3 pin 13 and line BF (D GND). (Change 4)

i4
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PERFORMANCE TESTS

08970-90015

4-10. SPURIOUS RESPONSE PERFORMANCE TEST

Specification

SPURIOUS RESPONSE: Change 1n noise figure < 0.03 dB for spurious levels below

—45 dBm in the 10 to 2100 MHz range and —15 dBm in the 2.1 to 18 GHz range.

POWER METER

POWER SENSOR
SENSOR

SIGNAL GENERATOR

Description The signal generator power level is adjusted to give the desired power out of the
directional coupler. Noise figure readings are taken at several frequencies with the
signal generator power on and off. The difference between the two readings should be
less than 0.03 dB.

Equipment Attenuator, 10dB ..... HP 8491A Opt. 010
Directional Coupler ............. HP 778D
Noise Source ............ HP 346B Opt. 001
PowerMeter .................... HP 436A
Power Sensor .................. HP 8484A
Signal Generator .............. HP 8614A

HP 8970A
NOISE FIGURE METER
. .
e DDD |;§§§§ g EE 1
SOURCE 10 dB
ATTENUATOR
- — - - -‘- - —*- D——
NOISE - STEP7 STEP 4
SOURCE
— +—Z- =
DIRECTIONAL
COUPLER

Procedure 1.

RF
OUTPUT

Figure 4-4. Spurious Response Test Setup

Set the signal generator frequency to 1380 MHz.

2. OntheNoise Figure Meter press PRESET, then key in 13.1 SPECIAL FUNCTION,
13.2 SPECIAL FUNCTION and 32 ENTER to set the arithmetic smoothing factor

to 32.
3.
4,
5.
source off.
6.

meter.

Connect the equipment as shown in Figure 4-4.
On the Noise Figure Meter, key in 80.0 SPECIAL FUNCTION to turn the noise

On the Noise Figure Meter, set FREQUENCY to 500 MHz.

Adjust the signal generator output power to give a reading of —55 dBm on the power

(4-15A, Change 3)
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Procedure 7. Connect the input of the directional coupler to the INPUT connector of the Noise
(cont'd) Figure Meter, then press NOISE FIGURE.
8. Note the noise figure reading with the signal generator power off. _—_ dB
9. Note the noise figure reading with the signal generator power on. —dB
10. Subtract step 9 from step 8. The difference should be less than 0.03 dB. —
11. On the Noise Figure Meter, set FREQUENCY to 1400 MHz.
12. Note the noise figure reading with the signal generator poweroff. ______dB
13. Note the noise figure reading with the signal generator power on. ——  dB
14. Subtract step 13 from step 12. The difference should be less than 0.03
dB. —  dB
15. Set the signal generator frequency to 1420 MHz.
16. Note the noise figure reading with the signal generator power off. — _dB
17. Note the noise figure reading with the signal generator power on. —  _dB
18. Subtract step 17 from step 16. The difference should be less than 0.03
dB. . — dB
19. Set the signal generator frequency to 2050 MHz. Repeat steps 4 through 7.
20. Note the noise figure reading with the signal generator poweroff. ____ ___dB
21. Note the noise figure reading with the signal generator power on. — . dB
22. Subtract step 21 from step 20. The difference should be less than 0.03
dB. —— dB
23. Set the signal generator frequency to 2300 MHz.
24 Repeat steps 4 through 7, but adjust the signal generator output to give a read-
ing of —25 dBm on the power meter.
25. Note the noise figure reading with the signal generator power off. — dB
26. Note the noise figure reading with the signal generator power on. ——  dB
27. Subtract step 26 from step 25. The difference should be less than 0.03

dB. — _dB

(4-15B, P/O Change 3)
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PERFORMANCE TESTS

4-11. JITTER PERFORMANCE TEST

Specification JITTER: Peak-to-peak’ Y-factor variation < 0.15 dB with minimum smoothing; peak-

to-peak’ Y-factor variation < 0.02 dB with increased smoothing (for smoothing set to
64).

'Peak-to-peak is defined as five times the standard deviation of a statistically valid set
of readings. Five standard deviations about the mean includes 99% of the readings for a
Gaussian distribution.

Description The Noise Figure Meter is set to read Y-factor in dB. A large number of noise figure
readings are taken with the noise source connected directly to the Noise Figure Meter’s
INPUT connector. Measurement hold and trigger are used to allow data to be recorded
manually. Data is then examined to determine compliance with the specification.

NOTES
This procedure is very time consuming. If you have an HP 9826/36
controller, you can use the program listed at the end of this procedure to
test this specification automatically.
This specification is statistical in nature. The truly correct way to make

the measurement would be to take several hundred measurements to
ensure a statistically valid sample has been gathered.

Equipment NoiseSource .........ccoviiiiiiennnnn... HP 346B Opt. 001

Procedure 1. Turn on the Noise Figure Meter and allow a 1 hour warm-up.

2. Press PRESET to set the instrument to standard conditions. Connect the noise
source directly to the INPUT connector.

3. Keyin 10.2 SPECIAL FUNCTION to set the instrument to read Y-factor in dB.

4. Keyin 30.1 SPECIAL FUNCTION to set the instrument to trigger hold.

5. Execute30.2SPECIALFUNCTION 100 times to get 100 separate readings. Record
the readings. If you are using a computer or a calculator with statistical computa-
tion capabilities (that is, standard deviation), enter the data points as they are read

from the Noise Figure Meter.

6. Find the standard deviation. If you are using a calculator that does not have the
standard deviation function, first calculate the mean.

Mean = (Total of all points)/Number of points

Mean

(4-15C, PO Change 3)
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PERFORMANCE TESTS

JITTER PERFORMANCE TEST (cont'd)

Procedure
(cont'd)

10.

Then compute the standard deviation.

N

2

\/E —L N mean) for N = 100
i=1 -1

Standard Deviation

. Multiply the standard deviation by 5. The result should be <0.15 dB. [fthe result is

>0.15 dB, perform steps 5 and 6 using a larger number of points. Also, make sure

the noise source is properly connected to the INPUT connector.
—  __dB

. Set the smoothing to 64 by pressing the SMOOTHING INCREASE key until 64

appears in the left display.

. Repeat steps 5 and 6, but allow 10 seconds after triggering the reading before

recording the data.

Multiply the standard deviation by 5. The result should be <0.02 dB. Ifthe resultis
>0.02 dB, perform steps 5 and 6 using a larger number of points. Also, make sure

the noise source is properly connected to the INPUT connector.
——— dB

{4-15D, P/O Change 3)
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08970-90015

Automated Jitter Performance Test for HP 9826/36 with BASIC 2.0

PRINTER IS 70! | Direct output to printer
PRINT “SPEC. LIMIT HF 89708 JITTER"

DIM Po1nt(100)

OUTPUT 7@8;"PR 13.15P 13.25P 1EN 1Q.2 SP FRIQOMZ"
!

I"*.""Q’i{'f'lIl"*’i’..’.".0.“'.60‘6{IIQ"'QQ.{Q'#'QQ{Q‘!'*QII
I Set HP B387@B for arithmetic smoothing with N=1, display Y factor =«
I 1n dB, set frequency to 100 MH: *
I"'.i"""i'l"I..QQQQ'.Q.’{.lﬁ."l'.illi‘lII..O."’C{'{.QGQ*'*"*
1

N=100 ' Set number of samples for avg

Spec=.150 ! Spec limit with smoothing=I
Starttest: !

Quanti1ty=0 I Initialize variables

Total=0

I
|ilﬁ&i.{l.’flii”!i.lllll!i..li{*l!.‘fllli{l{if"f&lll'i#'l"idll{!{#lIi
FOR I=1 TO N | .

ENTER 708;:;Reading Read noise figure into Reading =+

!
Point(I)=Reading ' F1l1l Point array 3
Total=Total+Reading ! Build total to get average *
DISP I;" OF ";N I Shows no. of readings completed »
NEXT I I *

'.Q*Q!Q{fi{'ii.’i’.".‘.i'IIQ!li‘.’!l’li’.il’l#iﬁ#{"iDli{’&l*l’!.llll*l
f
Average=Total/N t Perform statistical analysis
FOR I=t TO N
Quantity=(Point(I)-Average) 2+Quantity
NEXT 1

Jitter=5+SQR(Quantity/(N-|)) I Jitter = 5 . standard deviation
|

".l'.*Q’."fﬁ{*’*."i'i"i"!}ill'..'ﬁ.’{i'.i'.'.’i{f"..!l‘.i’.'.‘f"’
|
IF Jitter-Spec THEN I Format the output
Fail_sym$=".. FAIL .:"
ELSE
Fail_sym$=".. PASS »."
END IF
PRINT * “iSpec;” "3
PRINT USING 410;J1tter;" "iFail_sym®

IMAGE Z.DDD,K K
|

|l.lllllfi!!liil{i.'iilliQ'Q.Q’Q{#li.I.il'i’i{!iliiiiil&'IIllIQ!’lQ’{QQ#
|

IF Spec=.02 THEN 510 I checl for end condition

i

Spec=.020 I et variables to test spec with
DISP "PLEASE WAIT" I smoothing of 64

QUTPUT 708;"13.25P B4EN"
60TO Starttest
PRINTER [5 1 ' Direct cutput bact to terminal
END
(4-14E P/O Change 3)
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HP 8970A 08970-90015
Tab:.+ 6 3 Replacearle Parts
Reference HP Part |C ; Mir
y t Description Mfr Part Number
Designation Number |C Qty P Code
ald 08970-60019% 2 ' CtINTROLLER BD AvY 28480 08970-60019
A14%) 0180-1746 < ! _APACITOR-FXD 1SUF+-10% 20vDC TaA 56289 150D156X%9020B2
Atd 0180-0229 ' CAPRCITOR-FXD 33UF+-10% 10VDL JA 56289 150D336%301082
Aldi 3 0160-3334 g 14 CAPACITOR-FxD OQ1UF +-10% il CER 28480 01860-3334
A14C4 0160-3334 9 CAPACITOR-FXD OQ1UF +-:L. =0vDL CER 28480 0160-3334
A14CS Q180-1745 El CAPACITOR-FxD 1SUF+-10% 20vDC TA 56289 150D156X802082
AT4CE 0160-3334 9 CAPACITOR-FXD OIUF +-10% SovDC CER 28480 0160-3334
AtrdaCy 0160-3334 9 CAPACITOR-FxD OIUF +-10% SOvDC CER 28480 0160-3338
A14CS8 0160-3334 9 CAPACITOR-FXD _01UF +-10% SOVDC CER 28480 0160-3334
A14C9 0160-9624 4 1 CAPAL. 7P FXD SBOOPF +-5% 100VDC 28480 0160-5624
Al4C1p 0180-0374 ki 1 CAPACITOR-FAD 10LF+-10% 20vDC TA 56289 150D106X902082
Al14C11 0160-3334 ] CAPACITOR-FXD . 0IUF +-10% SOVDC CER 28480 0160-3334
At4C12 0160-3334 9 CAPACITOR-FXD .01UF +-10% SnvDC CER 28480 0160-3334
A14C13 0180-022 ! CAPACITOR-FXD 3J3UF+-10% ICGwvL TA 56289 150D 336x901082
Al4C14 0160-3234 ] _APACITOR-FXD .Q1UF +-10% SovDC CER 28480 0160-3334
AN4C15 0160-3334 Q CAPACITOR-FXD .O01UF +-10% SOVDC CER 28480 0160 -3334
A14C16 0t60-3234 9 CAPACITOR-FXD .01UF +-10% 50VDC CER 28480 0160-3334
A14017 0160-3334 9 CAPACITOR-FXD .01UF +-10% S0vVDL CEF 48480 0160-3334
A14C1B 0160-3334 9 CAPACITOR-FXD .O1UF «-10% S0VD" CER 28480 0166 -3334
a14C19 0160-3334 8 CAPACITOR-FXD .0IUF + 10% S5m  (CER 28480 0160-3334
Aldt 20~
AldL22 NOT ASSIGNED
A14C23 0160-3234 9 CAPACITOR-FXD .D1UF +-10% S0vOC CER 28480 0160-3334
ATAC24 0160-3336 1 1 CAPACITOR-FXD 100PF +-10% SOVODL “ER 28480 0160-3336
Al1dCRY 180 1-0050 3 3 DIODE-SWITCHING BOV 200MA 2NS DO-3S 28480 1801 -0090
A1LACRD 1901-005%0 3 DICODE-SWITCHING B0V 200MA 2NS DO -3% 28480 1901-0050
Al4CR3 1901-0050 3 DIODE-SWITCHING 80V 200MA 2NS 00-3% 28480 1801-0050
Al4T1 1251-8392 3 prd CONN-POST TYPE .1001-PIN-SP:G 6-CONT 28480 1261-8292 '
Al432 1251-8281 9 1 CONN-POST TYPE .100-PIN-SPIG $-CONT 28480 1251-8281
A1473 1251-5671 5 1 COMNECTOF 20-PIN M POST TYPE 28480 1251-5671
AldJa 1251-8392 3 CONN-POST TYPE .100-PIN-SPi-G 6-CONT 28480 1251-8392
A1dTS 1251-8393 4q 1 CONN-POST TYPE .100-PIN-SPiG 7-CONT 28480 251-81393
A14J6 1251-5720 % 1 CONNECTOI®P 34-PIN M POST TYPE 28480 1251-5720
A‘I4J7' 0360-0124 3 1 CONNECTOR-SGL CONT PIN .G4-IN-BSC-SZ RND 28480 0360-0124
At4LL, 8140-0114 4 2 INDUCTOR RF-CH-NMLD 10UH 10% . 166DX.3BSLG 28480 9140-0114
AlaL? 9100-1611 4 1 INDUCTOR RF-CH-MLD 220NH 20% 28480 g100-1611
araL 3 g14n-p114 4 INDUCTOR RF-CH-MLD 10UH 10% . 166Dx.385LG 28480 9140-0114
A14M1P] 08970-200221 3 1 MOOIFIED SCREW 28480 08970-20022
A14NMP2 Jo%0-0139 6 2 WASHER-FL HTLC NO. 8 . 172-IN-ID 28480 3050-0139
AT4NP3 0510-1024 3 1 RETAINER-RING E-P EXT _188-IN-DIA STL 28480 0510-1024
AldnP4g 1400-03866 :4 19 CLIP-CMPNT .17- 185-DIA .195-WD STL 91506 6015-13AT
Al4MPS 0403-028% ] 8 BUMPER FOOT-ADH NTG 1Z.7-1MM-WD 28480 0403-028%
AldAMPE 3n40-0172 7 2 WASHER-F NF NO 10 203-IN-ID 28480 3050-0172
A14Q| 18%3-0393 4 1 TRANSISTOR PNP SI T0-18 PD=S00MUY 28480 18$3-0392
Al4Qz 185%4-0810 2 2 TRANSISTOR NPN SI PD:625MW FT=200MHZ 2848L 1854-0810
Al14Q2 1854-0810 2 TRANSISTOR NPN SI PD:625ML F1=220dMHZ 28480 1§S4-0810
A1404 1854-0811 3 2 TRANSISTOR NPN SI PO 62SMW FT=100MHZ 28480 1854-0811
AMQE-; 1854-0811 3 TRANSISTOR NPN SI PD:825MU FT=100MHZ 28480 1854-0811
At4R1 0757-0422 g PESISTORP 909 1% .12SW F TC:=0+-100 24548 €4-1/8-T0-S09R-F
A14R2 0757-02490 5 1 RESISTOR 6.19k 1% 1254 F TC:G+-100 19704 MF4AC1/8-T0-6181-F
Al4R3 0698-7089 k| 1 RPESISTOR 450 1% 1250 F TC:=0+-100 28480 0698-70849
AldR4 0757-0279 1] [ RESISTOR 3 18K 1% 125U F TC:0+ 100 24546 C4-1/8B-TO-3161 -F
Al 4RE 0757-0278 [ul RESISTOR 3 16K 1% 125U F TC:0+-100 24546 t4-1/8-T0-3161-F
A14R6 Q7S7-n. 9 n CESISTOR 3.16k 1% . 12%W F TC:0+-100 24546 C4-1/8-TO-3161-F
Al4R? 0757-040" 2 3 -ESTISTOR ‘N0 1% 12SW F Tr:0+-j00 24546 c4-1/8-Tn-101-F
Al4RE DBAs-882 ¢ q 1 LSISTOR IM % 125W F TC-0+-100 8480 0698-8827
Al4RI 0757 L1442 8 c RESISTOR 10k 1% 12SW F TC=0+-100 24548 C4-1/8-TO-1002-F
a'4k10 0757-046%5 € 1 RESISTOR 100k 1% 125W F TC:0+-100 24546 C4-1/8-T0O-1003-F
AtdR1Y 0699 Jte, 0 & WEST-TOP 16 Ak 1% 'SP E T . g0 24546 C4-1/8-T0-4642-F
A14RIC 07 0279 0 < ' LR Y- b SN IRV S O | 24548 C4-1/8-T0-3161-F
AldR13 0787-0279 0 NE_IS R + 16k 1% 128 F =0« .0 24546 C4-1/8-TO-3161-F
Al14R14 07570279 4] RESISTOR I 16k '% 125 F TC=0« 10V <4546 C4-1/8-TO-3161-F
AT4R1S NOT ASSIGHED

(6-24:6-25A, P'O Change 4)
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HP 8970A 08970-90015
Table 6-3. Replaceable Parts
Reference HP Part |C Mfr
; t Description Mtr Part Number
Designation Number |D Qty P Code
AtdRI1B 1810-0424 i 2 NETUORK -RES 16-DIP4. 7K OHM x 15 11236 761-1-R4 7K
AV4R17 1810-0316 1 1 NETWORK -RES 16-DIP10 Ok OKH x 8 01121 3168103
Al4R1S NOT ASSIGNED
Al4R19 1810-0424 2 NETWORF -RES 16-DIPQ. 7K OHN % 15 11236 761-1 R4 X
A14RZ0 0698-343% 0 1 RESISTOR 38 3 1% .1250W F TC=0+-100 24546 C4-1/8-TO- 38RI-F
AlarR21 0757-0401 0 RESISTOR 100 (% 125W F TC=0+-100 24546 C4-1/8-To-10t-F
Al4R2L 0693-3162 0 RESISTOP 46 4r 1% .12%W F TCz0e-100 24546 C4-1/8-T0-4642-F
AV4R23 0757-0401 4] RESISTOR 100 1% 12S5W F TC=0+-100 24548 C4-1/8-T0-101-F
Al4RZ4 0757-0280 3 1 RESISTOR 1Kk 1% . 125U F TC=0+-100 24546 €4-1/8-T0-1001-F
AL4RZS NOT ASSIGNED
A14R26 0698-3162 0 RESISTOR 46. 3k 1% .125W F TCz0e+-100 24546 C4-1/8-T0-4642-F
A14R27 0757-0419 3] 1 RESISTOR 681 1% 125W F TC:=0+-100 24546 C4-1/8-T0-681R-F
AldRI8 0757-0442 9 RESISTOR 10k 1% 1250 F TC=0+-100 24546 C4-1/8-T0-1002-F
AV4R29 0698-319% 1 1 RESISTOR 4.64K 1% . 125W F TC=0+-100 2454a6 €4-1/8-T0-4641-F
A14R30 0757-0438 3 1 RESISTOR S. 11k 1% 125U F TC=0+-100 24548 C4-1/8-T0-S111-F
A14R31 HOT ASSIGNED
A14RI2 0698-3162 0 RESISTOR 46 .4k 1% 125U F TC=:0+-100 24546 C4-1/8-T0-4642-F
A14SH NOT ASSIGNED
A1432 3101-213% S 1 SUITCH-RxR DIP-REKR-ASSY DPDT 054 30vDC 28480 3101-2135
A14TPY 03J60-053% 0 21 TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION
A14TP2 0360-053% 0 TERHINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION
A14TP3 0360-053% 1] TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION
A14TP4 01360-053% 0 TERMINAL TEST POINT PCE 00000 ORDER BY DESCRIPTION
A14TPS $360-053% 0 TERMINAL TEST POINT PCB 00009 ORDEF BY DESCRIPTION
A14TPS 0360-053% 0 TERNINAL TEST POINT PCB opone ORDER BY DESCRIPTION
A14TP7 0360-053% 0 TERMINAL TEST POINT PCB 00060 ORDER BY DESCRIPTION
A14TP8 0360-053% 0 TERHMINAL TEST POINT PCB goo00 ORDER BY DESCRIPTION
A14TPQ 0360-053% 0 TERNINAL TEST POINT PCB 00000 ORDEP BY DESCRIPTION
ANATP1D 0360-083% 0 TERHINAL TEST POINT PCB 00000 ORDEP BY DESCRIPTION
A14TP1) 0360-053% (] TERNINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION
A14TP12 0360-053% [} TERMINAL TEST POINT PCB 0po00 ORDER BY DESCRIPTION
A14TP13 0360-0535 0 TERMINAL TEST POINT PCB 00000 ORDER By DESCRIPTION
A14TP14 0360-053% ] TERMINAL TEST POINT PCB ooooo ORDER BY DESCRIPTION
A14TP1G 0360-053% 0 TERNINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION
A14TP16 0360-053% 0 TERMINAL TEST POINT PCB nooao ORDER BY DESCRIPTION
A14TP17 08360-0535 0 TERHMINAL TEST POINT PCB Qo000 ORDER BY DESCRIPTION
A14TPIB 0360-0535 0 TERMINAL TEST POINT PCB $000o ORDER B8Y DESCRIPTION
A14TP19 0360-0535% 0 TERMINAL TEST POINT PCB 0ooao ORDER BY DESCRIPTION
A14TP20 0360-053% 0 TERNMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION
A14TP2I D360-0535 0 TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION
Al4U1 08370-80116 | £ 1 PAL PROGRAMMED 28480 08970-80116
A14U2 08970-80117] 3 1 EPROM 1 PGMD-HOS 28480 08870-80117
A14U3 1820-2775 1 1 IC GATE TTL ALS NAND TPL 3-INP 01295 SN74ALS10N
A14U4 1818-1768 s 3 IC ChOS 16384 (16K) STAT RAM 130-NS 23-5 <0545 UPDAAEC -1 (PER HP DUG)
A14US 1818-1768 5 IC ChOS 16384 (16K) STAT RAM  150-NS 3-S5 50545 UPD44EL -1 (PER HP DWG)
A14U6 1820-1858 9 1 IC FF TTL LS D-TYPE OCTL 01295 SN74LS37N
A14U7 1820- 1208 3 3 IC GATE TTL LS OR QUAD 2-INP 012385 SN74LS32N
A14U8 1820-1794 2 S IC BFR TTL LS NON-INV OCTL 27014 DhB81LSSSN
Al4US 1820-1794 2 IC BFR TTL LS NON-INV OCTL 27014 DHB1LS9SN
A14U10 1820-1794 2 IC BFR TTL LS NON-INV OCTL 27014 DMB1LS9SN
A14U1 1820-1794 2 IC BFR TTL LS NON-INV OCTL 27014 DMBILS9SN
A14U12 1818-1768 k] IC CHOS 16384 (16k) STAT RaM 150-NS 3-S5 50645 UPD446C-1 (PER HP 0uG)
AT4UI3 1820-2075 4 S IC TRANSCEIVER TTL LS BUS OCTL 28480 1820-2075
Al4U14 1820-2075 4 IC TRANSCEIVER TTL LS BUS OCTL 28480 1820-207S
ASANS 1820-2075 4 IC TRANSCEIVER TTL LS BUS OCTL 28480 1820-2075
AtdU16 1820-2075 4 IC TRANSCEIVER TTL LS BUS OCTL 28480 1820-207%
A14U17 1820-1208 3 IC GATE TTL LS OF QUAD Z2-INP 01295 SNT4L.S32N
A14U18 1820- 34N 8 1 IC TRANSCEIVER TTL S INSTR-BUS IEEE-34:8 28480 1820-3431
A14U19 1820- 1565 8 2 IC BFR TTL LS BUS QUaD 71295 SH74[.S125AN
A14U20 1820-2549 7 1 IC-8291A P HPIB 48480 1820 -2549
A14U21 1858-0047 5 1 TRANSISTOR ARRA: 16-PIN PLST( DIP 13606 ULN-2003A
ATQU22 1820-1730 ) < IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 0329% ENT74.8273N
ATQUZ23 1820- 1987 % 1 IC SHF-RGTR TTL LS COM CLEAR STOR B-BIT 01295 SNT74L.S299N
Al14U24 1820-2075 4 IC TRANSCEIVERP TTL LS BUS OCTL 28480 1820-207%
A14U25 1820-1481 4 2 IC NhOS na713 neeszie

See introduction to this section for ordering information
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Table 6-3 Replaceable Parts
Reference HP Part |C . Mir
; t Description Mftr Part Number
Designation | Number |D| QY scrip Code t
A14L28 1820-2099 2 1 1C MICPROC NHOS S8-BIT 04713 MCE802P
A14U27 1820-1481 4 IC NMOS 04713 nCces21L
AtaUzs 1820-2463 4 1 IC-DIRECT MEMOPY ALCESS CONTROLLER, 16 28480 1820-2463
A14U29 1820-2634 1 3 IC INV TTL ALS MEX 01295 SNT7QALSO4N
A14U30 1820-1208 3 IC GATE TTL LS OF QUAD 2-INP 01295 SN74LS32N
A14UT1 1820-1568 g IC BFF TTL LS BUS QUAD 01295 SN74LS125AN
A14U32 1820-1443 8 1 IC CNTR TTL LS BIN ASYNCHRO 01295 SN74LS293N
AT4U33 1820-0661 0 1 IC GATE TTL OF QUAD 2-INP 01295 SN7432N
A14U34 1820-2058 3 2 IC MISC TTL S QUAD 07263 MC3448AL
At4U3S 1820-2058 3 IC MISC TTL $ QUAD 07263 MC3448AL
A14U36 1820-1197 9 1 IC GATE TTL LS NAND QuAD 2-INP 01295 SN74LSOON
A14137 1820-1730 6 IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 01295 SN74LS273N
Al4L38 1820-1794 2 IC BFRP TTL LS NON-INV OCTL 27014 OM81L S9SN
A14U39 1820-2634 1 IC INV TTL ALS HEX 01295 SN74ALSO04N
A14UR0 1820-2635 s 2 I GATE TTL ALS AND QuaD 2-INP 01295 SN74ALSO8SN
A14U31 1820-2635 < IC GATE TTL ALS AND QUAD 2-INP 03295 SN74ALSO8BN
A141)42 1820-2634 1 I INV TTL ALS HEX 01295 SN?4ALS04N
A14U43 1820-1423 4 1 IC MV TTL LS MONOSTBL RETRIG DUAL 0129% SN74L8123N
A14U484 1826-0727 1 1 IC SPPL/HOLD 14-0DIP-C PKG 06665 SHP-81FY
A14U35 1826-075% ] 1 1€ COMPARATOR GP QUAD 14-DIP-C PKG nNan3 LM3397
Alaver 1802-0928 6 1 DIODE-ZNR 6.9V 4% T0-92 TCz+ 002% 27014 L1329
A14VRZ 1902-0948 ] 1 CIODE-ZNR 3.9V SX D0O-3S PD=.4W TC:=-.012% 28480 1802-0948
A14VR3 1902-0947 9 1 DIODE-ZNR 3.8V SX D0-3% PD:=.4W TC:- 036% 28480 1902-0847
A4 8159-000% 0 1 RESISTOR-ZERD OHMS 22 AWG LEAD DIA 28480 8159-0005
A14XU1 -
A14XU19 NOT ASSIGNED
A14XU20 1200-06%4 7 5 SOCKET-IC 40-CONT DIP DIP-SLDR 28480 1200-0654
A14xXU21 -
A1dxU24 NOT ASSIGNED
A14XU2S 1200-0654 7 SOCKET-IC 40-CONT DIP DIP-SLDR 28480 1200-06S4
AT4xXUI26 1200-0654 7 SOCKET-IC 40-CONT DIP DIP-SLDR 28480 1200-0654
At1dXU2T7 1200-06%4 7 SOCKET-IC 40-CONT DIP OIP-SLDR 28480 1200-0654
AT4xU28 1200-06%4 7 SOCKET -IC 40-CONT DIP DIP-SLDR 28480 1200-0654

(6-26/6-27A, PO Change 4)
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8-19. POWER-UP CHECKS

When the Noise Figure Meter is first turned on, or when A14TP20 and A14TP21 are shorted
together, the instrument performs a series of operational checks. If a check 1s failed, an
error code is displayed on the front panel. The operation of the Noise Figure Meter is then
halted, until the error is cleared.

1. RAM Stack Check. The microprocessor writes to, then reads from, that portion of
A14U4 that is used for controller stack operations (hexadecimal addresses 0C00
through OCFF). The controller performs this check twice, with a different pattern each
time, sothat each memory location is modified to both possible states. E72 is displayed
on the front panel if U4 fails this check.

2. Front Panel Indicator Check. All of the front panel display segments and annunciators
are illuminated. This allows a visual check to ensure that all of the indicators are
operating. The indicators remain lit until a different panel indication is needed (such
as an error display), or until the Power-Up Checks are complete.

3. RAM 1 Check. The remainder of CMOS RAM A14U4 is checked using the same method
that was used for the stack check described above.

4. Continuous Memory RAM Check. The information stored in continuous memory,
A14U5, is transferred into the memory that was tested in step 3, above. A14U5 is then
checked using the same method that was used for the RAM stack check. If U5 fails this
check, E73 is displayed. After this check is complete, the original information is
restored into the continuous memory.

Errors generated by the RAM checks, and the reference designators of the correspond-
ing failed RAM, are shown below in Table 8-1. Only the error that corresponds to the
first detected failure will be displayed.

Table 8-1. CMOS RAM Errors

Error Code RAM Ref. Desig.
E72 Al14U4
E73 A1405

5. ROM Check. Once the stack is verified, an eight-bit checksum is computed by reading
all of the data stored in the ROM. The computed checksum is compared to the prepro-
grammed checksum thatis stored in ROM. If ROM A14U1 fails this check, E51 will be
displayed.

6. Continuous Memory Data Check. The information stored 1n continuous memory 1s
checked by means of a checksum. Then, the contents of specific data locations are
checked against bit patterns known to have been stored there. If the data fails either of
these checks, E80 is displayed. Refer to Service-Related Errors for additional
information about E80.

7. Scope/Plotter RAM Check. The Noise Figure Meter used CMOS RAM to store mea-
surement results. The results are output to an oscilloscope or X-Y recorder thiough the
rear panel X, Y, and Z AXIS outputs. This RAM is checked by the same method used for
the stack check. If A14U12 fails this check, E74 is displayed.

08970-90015

(8-6/8-7A, P/0O Change 4)
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SERVICE SHEET BD4 — DIGITAL SECTION BLOCK DIAGRAM
REFERENCES

Section III, Operator's Checks
Section VIII, Special Functions and Power-Up Checks
Section VIII, Signature Analysis

PRINCIPLES OF OPERATION
General

Block Diagram 4 covers the Noise Figure Meter’s digital circuits. The digital
circuits are contained in Controller Assembly Al4 and part of Driver Assembly
A13. Controller Assembly A14 is covered in detail in Service Sheets 11, 12, 15,
and 18. Those related circuits of Driver Assembly A13 are covered in detail in
Service Sheets 6, 16, and 17.

The digital circuits provide all controls, calculations, memory, and remote inter-
faces (to external equipment) for the Noise Figure Meter.

Controller

The microprocessor-based Controller provides the timing, calculation, and con-
trol for the instrument. The Microprocessor (MPU) executes instructions stored
in Read Only Memory (ROM). Data travels between the MPU and other blocks
of the Controller on the Data Bus.

The elements of the Controller are enabled to respond to the data of the Data
Bus by being addressed on the Address Bus. Data values which must be stored,
but which may change, are placed in the Random Access Memory (RAM). The
MPU sends (and receives) data out of (and into) the Controller through three
gateways. These are the Peripheral Interface Adapters (Service Sheet 11\, the X
Data (Service Sheet 17) and Y Data (Service Sheet 16) Latches, and the HP-IB
Interface, Service Sheet 18).

Peripheral Interface Adapters 1 and 2
(Service Sheet 11)

Nearly all of the instrument control is executed by the MPU through Peripheral
Interface Adapters (PIAs) 1 and 2. Measurement results are sent to the front
panel by the PIAs. Information from the front panel keys and measurement
data from the Voltmeter Counters enter the MPU through the PIAs. Level infor-
mation from the Input Power Detector and the Frequency Cal Detector also
enter the MPU through the PIAs.

Stored Data RAM and DMA Controller (Service Sheet 15),
X-Axis (Service Sheet 17) and Y-Axis (Service Sheet 16)
DACs, and Retrace Logic (Service Sheet 17)

Measurement results are stored by the MPU in the Stored Data RAM. The
Stored Data RAM can hold all of the Noise Figure and Insertion Gain results
from one complete sweep. This RAM is accessed by the MPU only when new
data is to be stored (i.e. at the end of a measurement cycle). The remainder of
the time, this RAM is under the control of the Direct Memory Access controller
(DMA).

The DMA sequentially steps through the address locations of the Stored Data
RAM. This causes the RAM data to be continuously sent to the X and Y Data
Latches. The data is converted by the X-Axis and Y-Axis Digital-to-Analog

(8-38/8-42A, PO Change 4)
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SERVICE SHEET BD4 (cont’'d)

Converters (DACs) into the analog X-AXIS and Y-AXIS outputs for use in
plotting swept measurement results. The Retrace Logic detects when the end
of a sweep occurs, and pulses the Z-AXIS PEN LIFT output to lift an X-Y
recorder pen, or blank an oscilloscope beam.

Hewlett-Packard Interface Bus (Service Sheet 18)

The Hewlett-Packard Interface Bus (HP-IB) is Hewlett-Packard’s implemen-
tation of the IEEE-488 Interface Bus. It is through the HP-IB that the Noise
Figure Meter can remotely communicate with another system. The HP-IB
concept is explained in Section I, General Information. The use of the HP-IB
1s covered in Section III, Operation.

4 MHz Timebase, Voltmeter Counters and Logic, and Conversion Logic
(Service Sheet 6)

At the start of an analog-to-digital conversion, the Conversion Logic triggers
the Input Control Logic. This results in the output of the Noise Power Detector
being connected to the Voltage-to-Time Converter (through the Voltmeter
Input Switches).

NOTE
The Input Control Logic, Noise Power Detector, Voltage-to-
Time Converter, Voltmeter Input Switches, and Voltage Refer-
ence are all described on Service Sheet BD2, Analog Section.

At the same time, the 4 MHz Timebase toggles the Voltmeter Counters until
a carry is generated. The carry pulse triggers the Input Control Logic to
switch the Voltmeter Input Switches connecting the Voltage Reference to the
Voltage-to-Time Converter.

The counters are reset and then allowed to count the timebase again, until
the output of the Voltage-to-Time Converter changes state. The Input Control
Logic then sets the Voltmeter Input Switches to ground the input to the
Voltage-to-Time Converter for zeroing. The Voltmeter Counters and Logic
then send the count data to the MPU through PIAs 1 and 2.

TROUBLESHOOTING

The troubleshooting checks on this block diagram are used to isolate a mal-
function to one of the seven digital service sheets. The digital circuits lend
themselves to easy testing using signature analysis on the block diagram
level. For a detailed description of signature analysis, refer to the front of
Section VIII. Each check must be completed in the order listed.

Each check has the Service Sheet listed (in parenthesis) for those circuits
being tested by the respective signature analysis routine. If a single signature
1s different, in any way, from that which is shown, there is an error. Imme-
diately refer to the Service Sheet.

Test Equipment

Signature Multimeter . _......._ ....... ... i, HP 5005B
Oscilloscope Measuring System ....... e e HP 1980A
Noise Source .. .. ... ... ... HP 346B

08970-90015

{8-38/8-42B, P/ O Change 4)
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SERVICE SHEET BD4 (cont'd)
Free Run Signatures

These signatures represent software date code 50308 (Change 4) or 60130
(Change 5). This date code can be confirmed using 99.9 SP. In the set-ups
noted below, *“/” represents a rising edge (signature analyzer button out), and
“*" represents a falling edge (signature analyzer button in).

These signatures (Tables 8-8 through 8-10) are obtained when Free Run
Switch A14S2A is set to the FREE RUN position. Refer to the discussion
entitled Signature Analysis in the front part of Section VIIL.

Description. The Free Run Test will verify the operation of
1) Data Bus
2) Address Decoding (except for RAM 1 and RAM 2)
3) Address Bus
4) The contents and operation of the ROM.

If the Free Run Test of the Data Bus is normal, then the Address Bus does
not need to be checked.

Table 8-8. Signature Analysis Data Bus
(For Software Date Code 50308, P/0 Change 4)

08970-90015

Table 8-8. Signature Analysis Data Bus
{For Software Date Code 60130, P/0 Change 5)

Start: A14TP12, (Al5), Data Bus:
Stop Al4TP12, (Al5),
Clock A14TP11, (¢2),

Test Signatures

+5V: 0001

(Service Sheet 12) Gnd: 0000

Data Bus:

Test Signatures
+5V: 0001
{Service Sheet 12) Gnd: 0000

Start: A14TP12, (Al5), ¢
Stop: Al4TP12, (A1l5),
Clock: A14TP11, (¢2), \

Node Node
(Ref. Desig.:l-pin Signal Name Signature {Ref. Desig.)-pin Signal Name Signature

Al4U2-11 DO 70P8 Al4U2-11 Do AACY
-12 D1 1044 -12 D1 COAH
-13 D2 4568 -13 D2 6UC1
-15 D3 PP52 -15 D3 2FFF
-16 D4 UF37 -16 D4 AAlA
-17 D5 H968 -17 D5 F1CP
-18 D6 0809 -18 D6 2977
-19 D7 14U6 -19 D7 14A6

(8-38/8-42C, P/O Change 4 and 5}
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SERVICE SHEET BD4 (cont'd)
Table 8-9. Signature Analysis Chip Enables

Chip Enables: Start: Al14TP12, (Al5), /
Stop: A14TP12, (Al5),
{Service Sheet 12) Clock: A14TP11, (¢2),
Node
(Ref. Desig.}-pin Signal Name Signature
A14U1-14 ROM 0001
-16 SA C315
-17 SEL CTLR FUS5F
-18 HPIB ACAC
-19 DMAC HC7U
-20 PIAS 69CP
21 XYRAM 85H6
-22 RAM1 0003
-23 RAM?2 0003

If both the Data Bus and the Chip Enables are
good, perform the Miscellaneous Circuit Checks
and proceed to Signature Analysis Routine Sig-
natures.

If there was a problem with only the chip en-
ables, continue troubleshooting the Address De-
coding circuitry on Service Sheet 12.

If there was a problem with the Data Bus, check
the signatures for the Address Bus.

Table 8-10. Signature Analysis Address Bus

Address Bus: Start: Al4TP12, (A15),
Stop: AL4TPI12, (Al5),
(Service Sheet 12) Clock: A14TP11, (#2),
Node
{Ref. Desig.)-pin Signal Name Signature
A14U8-3 A7 HC89
-5 A4 0AFA
-7 A3 5H21
-9 Al CCCcC
-11 A2 7FTF
-15 Al0 1293
-17 A8 2H70
Al14U9-3 A6 52F8
-5 Al3 3827
-7 Ald 755U
-9 A0 5555
-11 All HAP7
-13 Al2 3C96
-15 A9 HPPO
-17 Ab UPFH

08970-90015

If there is a problem with any of the Address
lines, continue with the Free Run Tests on Ser-
vice Sheet 12.

If the Address Bus is good, then continue with
the Data Bus Tests on Service Sheet 12.

Miscellaneous Circuit Checks

1. In Free Run Mode, check the signature at
A14U42-10, using the following setup:
Start: A14TP12 (Al5) /
Stop: A14TP12 (A15) /
Clock: A14TP11 (¢2) \

It should be U75A.

2. Verify that A14U39-4 goes high when TP20
and TPZ21 are shorted together.

If there was a problem with either of these
checks, continue troubleshooting on Service
Sheet 12.

3. Check the Standby Mode Switch:
a) With power on, the emitter of A14Q1
should be approximately 5 volts.

b) With power off, the emitter of A14Q1
should be approximately 3 volts.

X-Axis, Y-Axis and Z-Axis Checks

Procedure. Connect the noise source to the instru-
ment and press PRESET. Connect the oscillo-
scope to the X-Axis (horizontal), Y-Axis (verti-
cal), and Z-Axis outputs. Enter 7.1 SPECIAL
and adjust the oscilloscope for a test pattern as
shown in Figure 3-9, in Section III.

Normal Indications. A test pattern will be gener-
ated as shown in the figure.

Abnormal Indications. If the test pattern is not
as shown, recheck the GAIN TRACE adjustment.
If the pattern is still not correct, refer to Service
Sheet 16 for the Y-AXIS, Service Sheet 17 for the
X-AXIS and Z-AXIS, and Service Sheet 11 for
PIA 1

Hewlett-Packard interface Bus (HP-IB)
Checks

If the remote system cannot communicate with
the Noise Figure Meter, the trouble 1s most likely
in the HP-IB circuits. Connecting a second
known good system to the instrument will verify
that the trouble is actually in the Noise Figure
Meter. If the trouble persists, refer to Service
Sheet 18.
(8-38./8-32C, PO Change 4)
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SERVICE SHEET BD4 (cont'd)
Signature Analysis Routine Signatures

The signature analysis routine (for Tables 8-11
through 8-14) is built into the Noise Figure Meter.
It is accessed by setting the Signature Analysis
Program Switch A14S2B to the SA position, and
then turning the LINE switch first OFF, and
then back ON. Refer to the discussion entitled
Signature Analysis near the front of Section
VIIL

SA Mode Troubleshooting. SA Mode troubleshoot-
ing will verify the operation of

1. RAM 1 and RAM 2 (Service Sheet 12)
2. Stored Data RAM (Service Sheet 15)
3. LO Drive Circuits (Service Sheet 11)

Procedure.
1. Disconnect Al4J4.

2. Put instrument into SA mode.

3. If instrument will not run the SA routine,
continue troubleshooting on Service Sheet 12.

4. Take the following signatures:.

Table 8-11. Signature Analysis RAM 1 and RAM 2

08970-90015

If there is a problem with any signal, continue
troubleshooting on Service Sheet 12.

Table 8-12. Signature Analysis Stored Data Ram

Stored Data RAM: Start A14TP8, (D1), -
Stop: Al4TP9, (D2),
Clock: Al4TPlL, (¢2),
Test Signatures
+5V: 06 PU

(Service Sheet 15) Gnd: 0000

Node

(Ref. Desig.}-pin Signal Name Signature

Al14U129 DSO F089
-10 DS1 AAPF
-11 DS2 279H
-13 DS3 2F74
-14 DS4 8725
-15 DS5 04C4
-16 DS6 F609
-17 DS7 9Ce6

Al14U1-21 XYRAM 40PF

Start: A14TP9, (D2),
Stop: Al4TP8, «(D1), .
Clock: A14TP1l, (¢2),
Test Signatures

+5V: 06 PU

(Service Sheet 12) Gnd: 0000

Data Bus:

Node
(Ref. Desig.}-pin Signal Name Signature
Al4U16-2 DO 3610
-3 D4 6PF8
-4 D1 FPF1
-5 D5 4740
-6 D2 oC2p
-7 D6 AP9F
-8 D7 Fau?
9 D3 F57F
Al4U3-6 WE *
A14TP18 R/'W CUGF
Al4U1-22 RAM 1 6P09
-23 RAM2 US0A

*The probe light shouid blink indicating signal activity

(8-38/8-42E, P~ O Change 4)
28

If there is a problem with the signature at
A14U1-21 (XYRAM), continue troubleshooting on
Service Sheet 12,

If there is a problem with one or more of the
DS0-DS7 signatures, continue troubleshooting on
Service Sheet 15.
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SERVICE SHEET BD4 (cont'd)

LO Drive Circuits.

Table 8-13. Signature Analysis L0 Drive (1]

08970-90015

Table 8-14. Signature Analysis LO Drive (2)

LO Drive Start: A14TP8, (D1),
Circuits: Stop: A14TP9, (D2),
Clock: A14TP1l, (¢2), \
{Service Sheets 6 and 11)
Node
[Ref. Desig.}-pin Signal Name Signature
A13U14-11 E4 75A3
Al13U15-11 E5 7110
A13U16-11 Eé 4937
A13U33+4 FT BITO0 9HA9
5 FTBIT1 3219
-6 FT BIT 2 1946
-7 FT BIT 3 4FCA
-8 FT BIT 4 H76P
9 FT BIT 5 PUHP
-10 FT BIT 6 U31P
-11 FT BIT 7 P6C1
-12 FT BIT 8 FC62
-13 FT BIT 9 POA3
A13U32-13 CTBITO 0000
-14 CT BIT1 F8PU
-15 CTBIT 2 90A5
-16 CTBIT3 8073
-17 CT BIT 4 14A4
-18 CT BIT S5 Co082
-19 CT BIT6 H90A
-20 CTBIT7 P994
21 CTBITS8 F6HP
-22 CTBIT9 4202
-23 CTBIT 10 206A
-24 CTBIT 11 A62A

LO Dnive Start: Al4TP8, (D), /
Circuits: Stop: A14TP9, (D2),
Clock: A14TP11, (¢2), ™
Test Signatures
+5V- U185
(Service Sheet 11) Gnd: 0000
Node
(Ref. Desig.)-pin Signal Name Signalure
A14U25-21 R/'W *
-23 cs2 7A23
-26 PD7 98U8
27 PD6 42H2
-28 PD5 2482
-29 PD4 0848
-30 PD3 AU66
31 PD2 381A
32 PD1 1C4H
-33 PDO 97C1
-35 Al 7TA74/A690**
-36 A0 0200U./9532**
-39 CA2 0000
-2 PAO 66C1
-3 PA1l 098H
-4 PA2 CA74
-5 PA3 73C0
-6 PA4 F298
-7 PA5 757TH
-8 PA6 AF3F
9 PA7 P37p
-12 E3 13A4
-13 E4 T5A3
-14 E5 7110
-15 E6 4937
U24-2 DAO 66C1
-3 DA1l 098H
-4 DA2 CA74
-5 DA3 73C0
-6 DA4 298
i DA5 757TH
-8 DA6 AF3F
-9 DA7 P37P
*Check for valid TTL signal activity. The line should
not be stuck high or low.
**Datecode 60130 only.

If there is a problem with any of these sig-
natures, continue troubleshooting with Service

Sheet 11.

If there is a problem with any of these signa-
tures, continue troubleshooting with Service

Sheet 11.

(8-38/8-42F, P/O Change 4)
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P/O A13 ASSEMBLY

Figure 8-45. P/0 A13 Driver Assembly Component Locations (First LD Drive)

(8-64A, P/O Change 1)
30




HP 8970A 08970-90015
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Figure B-49. P/0 AZ Display Assembly Component Locations (Keyboard Interface)

(8-68A P/0O Change 11)
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P/0 Figure 8-55 Left Display Schematic Diagram

(8-73A P/O Change 11)
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SERVICE SHEET 11

CONTROLLER - PERIPHERAL INTERFACE ADAPTER
P/O A14 CONTROLLER ASSEMBLY

REFERENCES

Block Diagram - Service Sheet BD4

Section III - Operators Checks

Section VIII - Special Functions and Power-Up Checks
Section VIII - Signature Analysis

PRINCIPLES OF OPERATION
General

The Peripheral Interface Adapter (PIA) is a device which allows the Micro-
processor Unit (MPU) to communicate with the various devices throughout a
system. The PIA, used in the Noise Figure Meter, is an eight data bit three
port device. The MPU transfers data between the selected PIA and the MPU
through the MPU data port (D0—D7). The PIA transfers data between the
appropriate peripheral device (under control of the MPU) through one of the
two eight bat peripheral ports. All three ports are bi-directional.

PIA A14U27 uses its A Bus (Port PAO—PAYT) to drive the RF attenuators in
the Input Assembly, and to send serial data to the Front Panel Assembly.
This bus also sets the frequency calibrations, drives the Noise Source, and
sends input power data to the MPU. The B Bus (Port PBO—PB7) has control of
the various latches and buffers used by the PIAs, the front panel, and the
keyboard scan circuits.

PIA A14U25 uses its A Bus to transfer data from the Voltmeter Assembly A7
to the MPU, and transfers frequency data to the First LO on the Driver
Assembly Al13. The B Bus controls the latches and the converter on the
voltmeter and the latches and the hysteresis on the First LO

Peripheral Iinterface Adapter (PIA)

The PIA used in the Noise Figure Meter consists of an MPU data port (D0—
D7) and its bus register. It also contains two control registers and two data
direction registers which control the two peripheral ports. There are also two
output registers (A and B), and their respective peripheral ports (PA0—PA7
and PB0O—PB?7). All ports are bi-directional. All activities within the PIA are
tied directly to the ENABLE input at pin 25. This is actually the clock input
and is usually tied to the system clock.

A PIA chip is selected only when both CS0 and CS1 are high, while CS2 is
low. The MPU, having selected the PIA, now uses the RS0 and RS1 inputs, in
conjunction with a CONTROL word (software command), to select which
PIA register will output the data. The MPU then places a low on the R/YW
input to direct the PIA to accept data into its bus input register from the
MPU. Under control of the MPU, the PIA control and data direction registers
transfer the data from the bus input register to the selected output register.
The data is then sent to the peripheral through the respective peripheral port.
For the MPU to receive data from the peripheral, the PIA data direction
registers reverse the flow, while the MPU holds the R/W input high.

All registers are reset by a low on the RESET input. The PIA informs the
MPU of a need to communicate by placing a low on either the IRQA or IRQB
output lines. The peripherals inform the PIA of a need to communicate by

08970-90015
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SERVICE SHEET 11 (cont'd)

placing a high on either the CA1 or CB1 input lines. The CA2 and
CB2 lines can be used either as additional input peripheral inter-
rupts or as additional outputs.

Display Control

Action involving the PIAs can occur from one of two sources. If
there is a need to adjust the RF signal path, the MPU software
will detect this need and use the PIAs to make adjustments. If the
operator should initiate a request by pressing a key on the front
panel, the MPU software will detect and service this request.

The display is controlled by PIA A14U27. There are five signal
lines between the display and the PIA. The MPU software will
periodically load the output register with a value in which a high
is placed on pin 12 (PB2) of the PIA. This is the R/W line to the
Display Assembly, and informs the Display Assembly that the
MPU wants to read its data. This data is in serial form and is
transferred over the DATA line to the front panel serial/parallel
data converter A14U23. It is clocked into A14U23 by the clock
signals on the CLOCK line.

The Display Assembly CLOCK originates as clock pulses from
pin 19 (CB2) of PIA A14U27. It is enabled by the MPU placing a
high on pin 11 (PB1). A14U23 converts the serial data into parallel
data. The data is transferred to the PIA when the MPU places a
high on pin 10 (PB0) of the PIA. This parallel load command (P-
LOAD) is sent to both the front panel serial/parallel data con-
verter and to the Display Assembly. Data is loaded from the front
panel serial/parallel converter into the PAO—PA7 port of PIA
A14U27 and output to the MPU.

|

The MPU examines the data and detects the key switch closure.
The MPU then acknowledges the request by placing a low on pin
39 (CA2) of PIA A14U27. This is the IRQACK signal to the Display
Assembly. At other times, the MPU is busy sending data from
memory to the Display Assembly. This is accomplished by placing
a high on the R/W line to the Display Assembly. This commands
the Display Assembly to accept data from the PIA. The MPU then
loads the parallel data into the B Output register of the PIA.

On command, this data is parallel loaded into the front panel
serial/parallel data converter A14U23 and converted into serial
data. The serial data is clocked into the Display Assembly. There,
it is converted into data for visual display on the front panel.

Automatic RF Level Adjustment

RF Attenuation Control. PIA A14U27 is the peripheral control for
the automatic RF level adjusting. On Input Assembly A6, the
Input Power Detector is located immediately after the adjustable
RF attenuators The output of this detector is a dc representation
of the RF power level at the output of the attenuators. This dc
level (PRF) is input to both sides of window comparator
A14U45C/D. Normally, the two outputs are both at a logical low
indicating a proper RF signal level.

(8-76B P O Change 4)
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If the PRF level exceeds +6.9V, comparator A14U45C output will
go high. If the level goes below 0.47V, then comparator A14U45D
output will go high. The high of either comparator is held by data
buffer A14U38 until the MPU places a low on pin 17 (PB7) of PIA
A14U27. This will transfer the data to the MPU through the
PAO—PAY port.

The MPU will examine the data and decide whether the RF signal
path requires more or less attenuation. The MPU software will
select the required amount of attenuation. The MPU will then
send this amount, as a data word, to PIA A14U27. There, it will be
output on the PAO—PA7 port to RF attenuator latch A14U22.
Only data bits D4 through D7 are used, and these are loaded into
RF attenuator driver A14U21. The loading will take place when
the MPU enables the clock input of A14U22 using both pins 17
({PB7) and 16 (PB6) of the PIA.

The four lines from A14U21 are input to the Input Assembly. The
levels on D4 through D7 will result in the attenuation shown in
Table 8-45.

Table 8-45. RF Attenuation Control

Data Signal Active Attenuation Added
Bit Name Level to RF Path
D4 10dB PAD 1 high -10dB
D5 10dB PAD 2 high -10dB
D6 10dB PAD 3 high -10dB
D7 +20dB low +20dB

20 MHz IF Assembly A3 Attenuation Control. PIA A14U27 is the
peripheral control for the automatic IF level adjusting. On Noise
Power Detector Assembly A8, the Noise Power Detector is located
immediately after the adjustable IF attenuators. The output of
this detector is the dc representation of the IF power level at the
output of the attenuators. This dc level is input to the Voltmeter
Assembly A7.

Voltmeter Assembly A7 is essentially an Analog-to-Digital (A/D)
converter which converts the dc level into a clock (G CLK) which
is routed to the voltmeter driver circuits in Driver Assembly A13.
Within the Driver Assembly, G-CLK is used to enable the voltmeter
counter circuits. These circuits count the length of time it takes
the detector dc level to charge an RC circuit in the voltmeter. The
driver circuits then repeat the process with a known reference,

and the difference is a digital quantity which represents the value
of the IF level.

Driver Assembly A13 outputs this value as an eight bit data word
to PIA A14U25. The Driver Assembly also outputs an end of con-
version signal (ECVT) and an overflow signal (OVFL) to PIA
A14U25 as interrupt levels. The MPU then examines the PIA to

08970-90015
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see if either an end of conversion or an overflow has occurred. If
the end of conversion has occurred without an overflow, then the
data is'read and displayed by the MPU. If an overflow has
occurred, the MPU software will select an amount of attenuation.
The MPU will send the required amount, as a data word, to PIA
A14U27. There, it will be output on the PAO—PA7 port to IF atten-
unator buffer.latch A14U38  A14U37.

Only data bits DO through D2 are used, and these are first loaded
into the buffer A14U38 by a low on pin 16 (PB6) of PIA A14U27.
The data is then latched into A14U37 by enabling its clock input
from pins 16 (PB6) and 17 (PB7) of PIA A14U27. The three lines
from latch A14U37 are input to the 20 MHz IF Assembly. The
levels on DO through D2 will result in the attenuation shown in
Table 8-46.

Table 8-46. IF Attenuation Control

Data Signal Active Attenuation Added
Bit Name Level {o IF Path
DO —5dB high —-5dB
D1 —10dB high —10dB
D2 -20dB high —20dB

Automatic Frequency Calibration. PIA A14U27 is the peripheral
control for the automatic frequency calibration. The Frequency
Cal Detector, on 20 MHz IF Assembly A3, is located after the sec-
ond 20 MHz bandpass filter, and prior to the selectable attenuators.
The output of this detector is a dc representation of the RF power
level at the output of the 20 MHz filters. This dc level (DET) is
input to both comparator A14U45A and sample/hold A14U44.

The comparator output can be either high or low, and is only
significant during the actual frequency calibration. The input RF
is attenuated, filtered, and input to the First Converter Assembly
AlQ. There, it is mixed with the First Local Oscillator (LO) to
upconvert the signal to a 2050 MHz IF. The 2050 MHz IF is later
twice down converted to achieve the desired 20 MHz IF. Only the

First LO is tunable.

The First LO is tunable over a range of 2050 MHz to 3650 MHz.
The input RF ranges from 10 MHz to 1600 MHz. The input signal
1s mixed with a signal between 2060 MHz and 3650 MHz from the
First LO. (The 2050 MHz setting of the First LO is used while
doing frequency calibration.) The mixing yields the 2050 MHz IF.
The Q (Quality) of the filters is such that a relatively sharp rolloff
occurs outside of the 2050 MHz IF.

As the First LO is swept, under control of the MPU, sample.'hold
A14U44 is commanded to take a sample of the DET dc level. The
sample command is a low on pin 5 (PA3) of PIA A14U27. This is
data bit D3 to level data buffer A14U38. This sample is then held
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by changing D3 to a high. The MPU then sweeps the frequency a
little more and the sample/hold output is compared by A14U45A
with the new DET dc level. If the new DET level is higher, the
comparator will output a high to A14U38 buffer. If the new DET
level is lower, the comparator will output a low.

Comparator A14U45A output to the buffer, appears on the buffer
as data bit DD5 to PIA A14U27. This bit is read by the MPU, and
the MPU sweeps the First LO by issuing the command on pins 13
(PB3) through 16 (PB6) of PIA A14U25. The MPU continues sweep-
ing the First LO until the DET dc level changes directions. The
instant the level changes, the MPU knows the peak has just been
passed, and the MPU sets the First LO to this peak.

Associated Data

Noise Control Source. The Noise Source is turned on by a high pin
6 (PA4) of PIA A14U27, This bit is the DD4 bit to level data buffer
A14U38. A low on DD4 will turn the Noise Source off. Under
normal conditions, DD4 is constantly changing levels approxi-
mately seven times per second.

Pen Lift and Scope Control. The Pen Lift signal is active when a low
is placed on pin 19 (CB2) of PIA A14U25. The Scope Control signal is
active when a high is placed on pin 15 (PB5) of PIA A14U27.

TROUBLESHOOTING

Troubleshooting is done on the circuits of Service Sheet 11 when a
malfunction has occurred in one of the control functions. Con-
trolled units include the IF' Attenuators, Noise Source, RF Atten-
uators, Voltmeter and First Local Oscillator (LO) (through Driver
Assembly A13), and the Display Assembly. The troubleshooting
provided, is based primarily on signature analysis. Refer to the
beginning of Section VIII for information on using signature
analysis. If all of the signatures on this service sheet are correct,
the trouble is located in the circuit under control, and not in the
controller. Except where shown, all values listed are approximate
and are given as a service guideline.

Test Equipment

Signature Multimeter ........................... HP 5005B
Oscilloscope Measuring System .. ............... HP 1980A
Signal Generator ...................... ........ HP 8656A
Systems DVM ... ... ... ... ... . .. HP 3456A

Voltage Checks

1 Verify that the voltage from test point A14TP17 to test point
A14TP19 (ground) is +15 +1 Vdc.

2. Verify that the voltage from test point A14TP1 to test point
Al14TP19 (ground) 1s +5 +0.05 Vdec.

08970-90015
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3. Verify that the voltage from test point
A14TP15 to test point A14TP19 (ground) is
—15 +1 Vde.

NOTE
The +28 Vdc is controlled only by these
circuits. The actual +28 Vdc supply

does not appear on the Controller
Assembly Al4.

Signature Analysis Pre-Test Setup
Connect the signature multimeter as follows:

GND to A14TP19 (GND)
CLK to A14TP11 (¢2) \
START to A14TP5 (D0) /
STOP to A14TP8 (D1) /

oo =

Set up the Noise Figure Meter as follows:

1. Disconnect A14J2 and A14J4

2. Place switch A14S2B to the SA position

3. Place the LINE switch (front panel) to the
ON position

IF Attenuator and Noise Source Control

NOTE
Disconnect Al4J2 and Al14J4 before
verifying the signatures in Table 8-47.

Connect the probe to each node listed in Table
8-47, and verify that each signature is correct
and stable. If all signatures are correct, reconnect
A14J2, and verify that the relays are functioning
within the 20 MHz IF Assembly A3.

Level Data Buffer A14U38. The first device tested
is A14U38. If pin 19 is in error, the identical data
should appear on A14U27-16. This is the A14U38
ENABLE. Check for shorts or opens on the trace
between the two pins and to pins A14U29D-9 and
A14U40C-9_ If the traces are clean, but the line is
tied high (FFFF) or low (0000), then check devices
A14U38, A14U29, A14U40, and A14U27 for prob-
able failure. If the signature is not tied high or
low, but is in error, then proceed to the A14U27
PIA tests. If the PIA appears good on all other
pins, check the following components for failure
in the order shown: A14U38, A14U27, A14U40,
and A14U29.

The remaining five pins of A14U38 are the data in-
put pins (DD0—DD4). An error on any of these
pins can be the result of a failure of device A14U38,

(8-76F, P/ O Change 4)
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Table 8-47. IF Attenuator and Noise Source Drive Logic

Node Signature Signal Name
Al14U38-19 | 9376 U38 ENABLE
Al14038-2 P6F3 DDO
A14U38-18 | 8FF7 DD1
A14U38-4 AAT6 DD2
A14U38-16 | 3U90 DD3
A14U38-6 CA74 DD4
A14U37-11 | A773 U37 CLOCK (enable)
A14U37-18 | 7FFP DDo
Al14U37-17 | F7P2 DD1
A14U37-4 OPPP DD2
Al14U37-13 | 3P72 DD3
A14U37-14 C261 DD4
A14U37-15 4U64 NS ON
A14U37-12 | 647F HOLD/SAMPLE
A14U37-5 681H —-20dB
Al14U37-16 | 458U —10dB
A14U37-19 | HFU9 -5dB
Al14U27-16 | 9376 PB6 (U38 enable)
Al14U27-17 | FA5C PB7 (U37 enable)
Al14U27-35 | 01U3/63FF* | Al (RS1)
A14U27-36 | 9CU1/8210* | A0 (RS0)

*Datecode 60130 only.

or bad data from A14U27. Also, a failure of either
device A14U22 or A14U23 (which share the data
bus) can cause a bus error at A14U38.

IF Attenuator Latch A14U37. The next device tested
is A14U37.If pin 11 (A14U37 ENABLE) is in error,
proceed to the A14U27 PIA tests. If pins 16 and 17,
of the PIA, are correct, then a failure has occurred
in or around devices A14U37, A14U40, or A14U29.
The next five pins of A14U37 are the data input
pins (DDO—DD4). An error on any of these pins
indicates a failure of either device A14U37 or
A14U38. Verify the signatures of A14U37, and
check all traces and pins around both devices. The
last five pins of A14U37 are the five output pins.
An error on pin 19, 16, or 5 indicates a failure of
A14U37 or a trouble in the 20 MHz IF Assembly
A3. An error on pin 15 indicates a failure of
A14U37 or a trouble in the Power Supply Assembly
A9 (+28 VDC Noise Source Control circuit). An
error on pin 12 indicates a failure of either device
A14U37 or A14U44.

Peripheral Interface Adapter 1 (PIA1) A14U27.
Only four pins are tested on the PIA. The first
two (16 and 17) are the A14U38 ENABLE and
the A14U37 ENABLE. A failure on either of these
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pins can be caused by the failure of device
Al4U38, A14U37, A14U40, A14U29, or A14U27.
The remaining two pins (35 and 36) are the two
reset inputs RS1 and RSO. A failure on either of
these two pins indicates a failure on the control-
ler address bus. Check devices A14U27 and
A14U25 as the probable cause.

RF Attenuator Control

NOTE
Disconnect Al4J4 before verifying the
signatures in Table 8-48.

Connect the probe to each node listed in Table
8-48, and verify that each signature is correct
and stable. If all signatures are correct, recon-
nect Al4J4, and verify that the relays are func-
tioning within Input Assembly A6.

RF Attenuator Latch A14U22. The first device
tested is A14U22. If pin 11 (A14U22 ENABLE) is
in error, proceed to the A14U27 PIA tests. If pins
16 and 17, of PIA A14U27, are correct, then a
failure has occurred in or around device A14U22,
A14U40, or A14U29. The remaining seven pins
of A14U22 are the data input pins (DD0—DD4
and DD6—DD?7). An error on any of these pins
can be the result of a failure of device A14U22, or
bad data from A14U27. Also, a failure of either
device A14U38 or A14U23 (which share the data
bus) can cause a bus error at A14U22.

Table 8-48. RF Attenuator Drive Logic

Node Signature Signal Name
A14U22-11( 6H28 U22 CLOCK (enable)
A14U22-18| HAS3F/14A8* DD7
A14U22-3 C4HF DDé6
A14U22-4 CA74 DD4
Al14U22-14] 3U90 DD3
A14U22-7 AAT76 DD2
Al14U22-13| 8FF7 DD1
A14U22-8 | P6F3 DDo
Al14U21-7 | U7PH DD2
Al14U21-5 | PCs8P DD3
A14U214 F7F5 DD4(10dB pad 1)
A140U21-3 C104 DD5 (10 dB pad 2)
A14U21-2 | 965U DD6 (10 dB pad 3)
A14U21-1 U7PH DD7(+20 dB)

*Datecode 60130 only
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RF Attenuator Driver A14U21. The six pins of
A140U21 that are tested are the data input pins
(DD2—DD?7). An error on any of these pins are the
result of a failure of either device A14U21 or
Al4U22,

Display Assembly Control
NOTE

Disconnect Al14J4 before verifying the
signatures in Table 8-49.

Connect the probe to each node listed in Table
8-49, and verify that each signature is correct
and stable. If all signatures are correct, refer to
the Display Assembly A2 testing procedures.

Table 8-49. Display Assembly Drive Logic

Node Signature Signal Name
Al14U27.23 | 5234 PIA 1 ENABLE (CS2)
A14U27-26 | 5SFHC PD7
A14U27.27 | UF91 PDé6
A14U27-29 | 2C68 PD4
A14U27-30 | 8UUO PD3
A14U27-31 | 259H PD2
A14U27-32 | AOPA PD1
Al14U27-33 | HAAU PDO
A14U27-21 | * R/'W
A14U27-2 P6F3 DDO
A140U27-3 8FF7 DD1
A14U27-4 AA76 DD2
A140U27-5 3090 DD3
Al14U27-6 CA74 DD4
Al140U27-8 C4HF DDé6
Al14U279 HA3F/14A8** | DD7
Al14U23-2 PC8P PB3
Al4U23-12 | H893 CB2
Al14U23-19 | 9279 P-LOAD
Al14U31-1 C167 U31A ENABLE
Al14U31-3 | 539U DATA (serial display)
Al14U31-4 5AP9 U31B ENABLE
Al14U40-6 AC5U CLOCK (display)

*Check for valid TTL signal activity The line should not
be stuck high or low.
**Datecode 60130 only

Peripheral Interface Adapter 1 (PIA1) A14U27. The
first device tested is PIAl. An error on Pin 23 is
an error on the PIA1 ENABLE line, which is
tied to the CS2 input of the PIA. A failure on this
line is probably caused by device A14U27,

(8-77A P/0O Change 4)
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A14U30, or A14U41. The next seven pins are the
data input pins (PD0—PD4 and PD6—PD?7). An
error on any of these pins is probably caused by
one of the three devices which share this common
data bus; A14U425, A14U27, or A14U15. Pin 21 is
the Read/Write (R/W) input. An error on this
pin is most probably caused by A14U15, A14U25,
or A14U27. The final seven pins are the data out-
put pins (PD0-PD4 and PD6—PD7). An error on
any of these pins is probably caused by one of the
four devices which share this common data bus;
A14U27, A14023, A14U22, or A14U38.

‘ NOTE
On PIAIL, the IRQACK signal on ptn 39
(CA2) will go low in response to a front
panel keystroke. The NMI signal on pin
38 (IRQA) will contain one low spike
for each keystroke. The ¢2 clock signal
on pin 25 (ENABLE) is a 4V, 1 MHz,

squarewave.

Front Panel Serial/Parallel Data Converter A14U23.
The next device tested is A14U23. Pin 2 is the
PB3 input which enables A14U23. This is the
same PB3 line from pin 13 of PIA A14U27 (PB3).
An error on this pin is caused by either A14UU23
or A14U27. An error on pin 12 of A14U23 is an
error on the clock (CB2) input of A14U23, and
can be caused by a failure in A14U23, A14U40,
or A14U27. Pin 19 is the P-LOAD input from the
PIA. A failure on this line is probably caused by
A14U23, A14U27, or a failure in the Display
Assembly A2.

Bi-Directional Buffer A14U31. Pin 1 is the R/W
input to A14U31A. Device A14U42F inverts the
signal and inputs it to A14U31B. This way, only
one half of U31 is active at any one time. An
error on this line is probably caused by A14U31,
A14U42, A14U27, or a failure in the Display
Assembly A2. Pin 3 of A14U31 is the serial DATA
output. An error on this pin is caused by either
A14U31, or a failure in the Display Assembly A2.
An error on pin 4 of A14U31 is caused by either
Al14U31 or A14U42.

AND Gate A14U40. Pin 6 of A14U401s the CLOCK
signal to the Display Assembly A2. A failure on
this line is caused by either A14U40 or a failure
in the Display Assembly A2.

(8-78A P/O Change 4)
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NOTE

On Bi-Directional Buffer A14U31, the
DATA signal will appear as packets of
data approximately 12 ms wide, and
approximately 160 ms apart for cor-
rected NF < Gain or, approximately 140
ms apart for uncorrected data. On AND
gate A14U40, the CLOCK signal on pin
6 will appear as a 200 us burst, followed
by a 60 us space. This pattern will con-
tinue to repeat, stopping only when all
data has been sent to the front panel.

Voltmeter and First LO Control
Change the START and STOP connections as

shown below:

START to A14TP8 (D1) /
STOP to A14TP9 (D2) /

NOTE
Disconnect Al4J4 before verifying the
signatures in Table 8-50.

Connect the probe to each node listed in Table
8-50, and verify that each signature is correct
and stable. If all signatures are correct, refer to
either the Voltmeter Assembly A7 or the First
Converter Assembly A10 testing procedures.

Peripheral Interface Adapter 2 (PIA2) A14U25.
The first device tested is PIA2. Pin 21 is the
Read/Write (R/W) input. An error on this pin
is probably caused by device A14U25, A14U27,
or A14U15. Pin 23 is the PIA 2 ENABLE (CS2)
input. (This pin is high most of the time.) An
error on this pin is probably caused by device
A14U25, A14U30, or A14U41. The next eight pins
are the data input pins (PDO—PD7) to the PIA.
An error on any of these pins is probably caused
by device A14U15, A14U27, or A14U25.

Pins 35 and 36 are the Al (RS1) and A0 (RS0)
inputs to the PIA and are from the Controller
address bus. An error on either line is the result
of a probable failure of either A14U27 or A14U25,
Pin 39 is the CA2 output of the PIA, and is the
enable to device A14U24. An error on this line is
probably caused by either A14U24 or A14U25,
The next eight lines are the data output lines
(PA0O—PAY7). All eight of these lines are input
only to A14U24.
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Table 8-50. Voltmeter and First LO Drive Logic

Node Signature Signal Name
A14U25-21 | * R'W
A14U25-23 | 7A23 PIA 2 ENABLE (CS2)
A14U25-26 | 98U8 PD7
A14U25.27 | 42H2 PD6
Al14U25-28 | 2482 PD5
A14U25-29 | 0848 PD4
A14U25-30 | AU66 PD3
Al14U2531 | 381A PD2
A14U25-32 | 1C4H PD1
A14U25-33 | 97C1 PDO
Al4U25-35 | 7A74/A690** | Al (RS1)
Al14U25-36 | 020U/9532** | AQ(RSO)
A14U25-39 | 0000 CA2 (U24 enable)
Al14U25-2 66C1 PAO
A14U253 098H PAl
A14U25-4 CA74 PA2
A14U25.5 73C0 PA3
A14U25-6 F298 PA4
A14U25-7 757H PAS
A14U25-8 AF3F PAS6
Al14U259 P37P PA7
A14U25-12 | 13Ad4 PB2 (E3)
Al14U25-13 | 75A3 PB3 (E4)
A14U25-14 7110 PB4 (E5)
A14U25-15 4937 PB5 (E6)
Al14U24-2 66C1 DAO
Al14U24-3 098H DA1
Al14U24-4 CA74 DAZ2
A14U24-5 73C0 DA3
A14U24-6 F298 DA4
A14U24-7 757H DA5
Al14U24-8 AF3F DAS6
Al14U24-9 P37P DA7

*Check for valid TTL signal activity. The line should not
be stuck high or low.

** Datecode 60130 only.

Therefore, an error on any of these lines is caused
by either A14U24 or A14U25. The final four lines
are the data output lines (PB2—PB5). Pin 12 is
the E3 (PB2) signal to the Driver Assembly (volt-
meter circuit) A13. An error on this line is caused
by either A14U25 or a failure in Driver Assembly
Al3. Pins 13, 14, and 15 are the E4 (PB3), E5
(PB4), and E6 (PB5) signals to the Driver Assem-

08970-90015

bly (First LO circuit) A13. An error on any of
these lines is caused by either A14U25, or a fail-
ure in Driver Assembly A13.

Data Buffer A14U24. On this device, the eight data
output lines (DAO—DAY7) are tested. All eight of
these lines are routed directly to Driver Assembly
A13. An error on any of these lines is caused by
either A14U24 or a failure in Driver Assembly
A1l3.

Completion of Signature Analysis Testing

Upon completion of Signature Analysis testing,
place switch A14S2B in the NORMAL position,
reconnect A14J4, remove all test equipment, and
restore the Noise Figure Meter to the normal oper-
ating condition. If repairs have been made, or
adjustments changed, refer to the references listed
in the front of this section. Then refer to the appli-
cable sections for post-testing procedures.

(Zs) Peripheral Interface Adapter (PIA)
Troubleshooting Aids

Troubleshooting a Peripheral Interface Adapter
(PIA) is accomplished on two levels. The signa-
ture analysis routines will usually isolate the failure
to the general area. It is then necessary to proceed
on a manual level. Observe and/or complete the
following steps:

1. Ensure that there is +5 +£0.5 Vdc on pin 20 of
the PIA.

2. Ensurethat SYSTEM CLOCK ¢2is on pin 25.

NOTE
The PIA appears, at first glance, to be
Just another type of dual channel multi-
plexer. This is NOT the case. The PIA
ts a programmable device with built-in
registers that store and process BOTH
data and PIA control words. The fol-
lowing steps outline what must occur
for the PIA to function.

3. The PIA must be selected before any action
can be taken. This is accomplished by the
CS0, CS1, and CS2 inputs. On the Noise
Figure Meter, the CS0O and CS1 lines are tied
high. Therefore, it is necessary only to pull
the CS2 line low, to select the PIA.

(8-79A P.'O Change 4)
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4.

When the microprocessor is ready to use the
PIA, it will take the RESET line low. The
duration of this reset must be between 0.5 us
and 0.66 us. This must be followed by a 1 us
delay before the microprocessor can address
the PIA.

The first data entered into the PIA is the
control word. This word is used in conjunec-
tion with the RSO and RS1 1nputs to select
which internal register will receive the data.

Among other things, the control word selects
which output register (data port) will be used,
and in which direction the data will flow.

‘ NOTE
The R'W input does not control the
peripheral ports data flow. This com-
mand relates to the PIA communicating
wzth the microprocessor.

Once the PIA has been programmed, the read
or write cycle can take place. During this
time, the RSO, RS1, CS0, CS1, and CS2 lines
MUST be stable for the duration of the clock
puls’es.

Sample/Hold and Comparator
Troubleshooting Aids

A problem located within the Sample/Hold and
Comparator circuit is more in the nature of an
analog problem than a digital one. One method
of troubleshooting this circuit is as follows:

1.

Ensure that comparator A14U45A has +15
+1 Vdc on pin 3, and that sample/hold ampli-
fier A14U44 has +15 1 Vdc on pin 9 and
—15 +1 Vdc on pin 5.

Connect channel 1 of the oscilloscope to
A14U44-2 and channel 2 to A14U44- 14. Set
both channels to DC.

Using the signal generator, inject a signal
of approximately 800 MHz into the Noise
Figure Meter INPUT at any level less then
—10 dBm. Allow time for the signals on
A14U44 to stabilize.

Slowly change the input frequency (direction
is optional). Ensure that the signal on pin 14
(H/ S) begins to toggle as the controller be-
gins the sampling process.

(8-80A P.'O Change 4)
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Failure to toggle, should have been detected
in the signature analysis routine. This can
be the result of a short on the data bus of
bit DD3; check A14U44, A14U37, A14U38,
A14U22, A14U23, or A14U27. Ensure the
PIA (A14U27) is receiving the correct data.

. As the input frequency is shifted, ensure

that the signal on A14U44 (DET) is a chang-
ing dc level. Direction and amount of change
will depend on direction and speed of fre-
quency shift.

Failure of a dc level shift is the result of a
failure in either A14U44, A14U45A, or in
the Frequency Cal Detector circuit in the 20
MHz IF Assembly A3.

. Move the oscilloscope channel 1 from

A14U44-2 to A14U44-7, and again slowly
change the mput frequency Ensure that the
dc level on pin 7 changes as pin 14 toggles.

. Failure of the dc level on A14U44-7 to

change is caused by a failure of either
A14U44 or A14U45A.

Move the oscilloscope channel 1 probe to
comparator A14U45A-4, and channel 2 probe
to A14U45A-5. Slowly change the input fre-
quency while closely observing the two
traces.

Ensure that both dc levels change, and that
one dc level is lagging the other. As to which
level lags, and by how much, will again de-
pend on the direction and amount of input
frequency shift.

Failure of either dc level to change, or for
one level to lag the other, is caused by a fail-
ure in either A14U44 or A14U45A.

NOTE

Step 13 requires the use of a third
channel of signal verification. If the
scope in use does not have a third chan-
nel, or another scope is not available,
the following steps can still be com-
pleted. Note the movements of the two
input levels to the comparator and then
move one of the scope channels to the
output of the comparator while observ-
ing the other input. Then repeat the
process with the other channel.
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13. Connect the third oscilloscope channel (or
second oscilloscope channel) to comparator
A14U45A-2. Again, change the input fre-
quency and observe all three traces. The lead-
ing channel can be either positive or negative
in relation to the lagging channel, depending
on the direction of the frequency shift.

14. In either event, the dc level with the highest
positive level will cause the output of com-
parator A14U45A at pin 2 to go high (+5
Vdc) or low (0 Vdc).

15. Ensure that if the new DET dc level at pin 4
is higher then the last sampled level at pin
5, the output at pin 2 is high. If the last
sampled level is the higher, then ensure that
the output at pin 2 is low.

16. This process will continue as long as the fre-
quency continues to change. Allow the fre-
quency to hold at some fixed point, and ob-
serve the two dc input levels (pins 4 and 5) of
the comparator.

17. Ensure that the two levels close on each other
and finally cross over each other. This indi-
cates locking onto the input frequency.

18. A failure in any of steps 13 through 18 is the
result of a failure in either A14U45A or
Al4U38.

19. If all steps are completed successfully, the
sample/hold and comparator circuit is func-
tioning correctly. Disconnect all test gear and
restore the Noise Figure Meter to operation.

IF and RF Attenuator Latches
Troubleshooting Aids

A problem in the attenuator latches is purely
digital in nature and should be quickly isolated
by the signature analysis routines. If all of the
latches appear to have proper outputs, then the
trouble is most likely in Driver Assembly A13. If
there is a need to further isolate the trouble, it
can be accomplished manually.

Refer to Table 851 for the IF Attenuator Latch
logic or to Table 8-52 (following page) for the
RF Attenuator Latch logic. Then, refer to the
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Detailed Operating Instructions, Section III, for
the IF and RF Attenuator Selection procedures.
Follow the instructions given, to manually select
the desired attenuators, and use the logic table to
verify proper logic level outputs.

Table 8-51. IF Attenuator Latch Logic

Data Bit at Input to A14U37 Total | Sample/ | Noise

NSON | H/S | —20 | —10 | —5 | Latch | Hold Source
DD4 | DD3 | DD2 | DD1 | DDO | Atten | Status | Status

0 | Sample | Off
—5 | Sample | Off
—10 | Sample | Off
~15 | Sample | Off
—20 | Sample | Off
—25 | Sample | Off
—30 | Sample | Off
—35 | Sample | Off
0 | Hold Off
-5 { Hold Off
—~10 | Hold Off
—15 | Hold Off
—20 | Hold Off
—25 | Hold Off
—-30 | Hold Off
—35 | Hold Off
0 (Sample{ On
—5 |Sample | On
—10 |Sample | On
—15 | Sample | On
—20 |Sample | On
—25 | Sample | On
—30 | Sample | On
—35 | Sample | On
0 | Hold On
—5 | Hold On
—10 | Hold On
—15 | Hold On
—20 | Hold On
—25 | Hold On
—30 | Hold On
—35 | Hold On

HE = RO 0000000 OO S
HEEEERE S OOOOOO QO M = OO0 O0OO0O
- = OO OO - OO OO rmrm MmO OO i m000 O
HHEFOOMOOHMFMNOOHHOORHOOKMMOOMMOOHRMOD
HOHOHOMOHOFROHOHMOHOSOMRDHNO~,OmMOFR,OFHLOEMLO

Notes Data Bits DD5 through DD7 are not used

1 = High 0 = Low
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' Table 8-52. RF Attenuator Latch Logic

" Data Bits at input to A14U22

1=High 0 = Low

Total
-20 —10 -10 -10 RF
087 006 DD5 bD4 Atten
0 0 0 0 0
o 0 0 1 —-10
o ! 0 1 0 -10
0 i 0 1 1 —-20
0o 1 0 0 -10
0 | 1 0 1 —20
o 1 1 0 —-20
0 | 1 1 1 -30
1 | 0 0 0 +20
1 0 0 1 +10
1 0 1 0 +10
1 ! 0 1 1 0
1 1 0 0 +10
1 1 0 1 0
1 1 1 0 0
1 1 1 1 -10
Notes: Data Bits DDO through DD3 are not used.

(8-81A P/O Change 4)
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Completion of Testing

Upon completion of testing, place all switches in
their original positions, remove all test gear, and
restore the Noise Figure Meter to the normal
operating condition. If repairs have been made,
or adjustments changed, refer to the reference
listed in the front of this section. Then refer to the
applicable sections for post-testing procedures.



HP 8970A

08970-90015

P/O A14 ASSEMBLY

Figure 8-80. P/0 A14 Controller Assembly Component Locations (PIA)

(8-82A P/0 Change 4)
50.1/50.2
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SERVICE SHEET 12
CONTROLLER - MICROPROCESSOR
P/O A14 CONTROLLER ASSEMBLY

Block Diagram - Service Sheet BD4
Section III - Operators Checks
Section VIII - Special Functions and Power-Up Checks

PRINCIPLES OF OPERATION
General

All activities throughout the entire instrument originate with the micro-
processor (MPU). The MPU initiates a test or adjustment sequence, and con-
trols the peripheral devices conducting that test, or making those adjust-
ments. It then analyzes the results and provides intelligent data to the user,
or makes additional corrections as required.

The entire operation begins when the reset circuits cause the MPU to initiate
the start-up sequence. The MPU examines the high order addresses of FFFE
and FFFF, which point to the start-up program in ROM. When the program
is up and running, the MPU will communicate by placing an address on the
MPU address bus ABBO—ABBI15. This address is buffered and output to the
address decoder and the instrument, as addresses AO—A15.

The MPU can either send or receive data over its bi-directional data bus
DBBO0-DBB7. The MPU data bus is in turn buffered to the instrument data
bus D0-D7.

The Read Only Memory (ROM) is the long-term memory of the Noise Figure
Meter. It stores the operating program for the instrument. Data within ROM
can only be read by the MPU. Even through the data bus (D0-D7) is bi-
directional, no data can be written into a ROM. When a ROM is selected, it
places data on the data bus from its address location, as set by address bus
A0-Al4.

The Random Access Memory (RAM) is the short-term memory of the Noise
Figure Meter. One RAM is volatile. When power is shut off, the data in the
device is lost. The other RAM has a battery backup. This RAM retains its
data after power down.

Data within RAM can be changed or read by the MPU. The MPU selects the
desired RAM via the Address Decoding circuit. Once a RAM has been
selected, it is set to either receive data or send data. The exact location in
RAM, to which the data is to be stored, is determined by the address on
address bus A0-A10.

RAM 2 requires a standby battery. It also requires special protection to pre-
vent burnout. This could occur if the RAM were placed into the standby mode
while the unit logic levels remained active. Under this condition, the RAM
would be operating at +3.0 Vdc, while its input levels would still be at +5
Vdc. The Standby Mode Switch ensures the proper voltage level to RAM 2.
The Power-Up Detector detects the level of the +5 Vdc supply and generates
a low on the PON line of the +5 Vdc is correct. The PON signal is the control
input to the Standby Mode Switch.

The MPU data bus, the instrument data bus, and the instrument address bus
have pull-up resistors on each line. The resistors are required as part of the
(8-84/8-87A P/O Change 4)
53



!
HP 8970A

!
!

SERVICE SHEET 12 (cont'd)

internal testing circuitry. The free run switch and pull down
diodes are used to initiate a test sequence in which the data buffer
is disabled. Then, the addresses are each accessed in sequential
order. This makes it possible to examine ROM content and to test
decoder circuitry. The signature analysis program switch holds
down the DO data line.This informs the MPU to initiate the signa-
ture analysis program used for instrument troubleshooting.

Microprocessor (MPU)

In the Noise Figure Meter, the Microprocessor (MPU) is an eight
data bit, 16 address bit device. Since all addressing originates at
the MPU, the address bus is output only. However, the MPU must
send data to, and receive data from, the instrument. Therefore, the
data bus is bi-directional. This particular MPU is a 40 pin device
on which eight of the pins are dedicated to data, and 16 are for
addressing. Of the remaining 24 pins, four are for power supplies,
and two are not connected.

In the Noise Figure Meter, the HALT and MR inputs are not used.
Both are tied high to prevent false signaling. The RESET input is
used to cause a total instrument reset. The MPU is directed to
examine the high order addresses of FFFE and FFFF and to
begin the start-up sequence. The NMI (non maskable interrupt)
input 1s used to cause a partial system reset. This interrupt will
cause the MPU to examine the high order addresses of FFFC and
FFFD. The IRQ (interrupt request) input is the only hardware
interrupt which is responded to by the MPU at its software
convenience

When the MPU is communicating over the address bus, it will
place a high on the VMA (valid memory address) line to inform
the instrument that the present address is valid. The MPU will
then inform the instrument as to the direction of data flow. If the
MPU wants to receive data, it places a high on the R/W line. A
low on R/W will allow the MPU to send data to the instrument.
The MPU has its own RAM built into the chip. In the Noise Figure
Meter,“this RAM is disabled by tying the RE input to ground.

No action can take place within the MPU, or the instrument, with-
out a common timing reference. This is the purpose of the 4 MHz
clock at the EXTAL input of the MPU. The MPU is designed to
use either a crystal or an external clock, such as in this applica-
tion. The MPU routes the clock to the instrument on the E (enable)
output as the ¢2 (SYSTEM CLOCK) signal.

Reset Circuit Description

The reset circuit is used to place a low on the RESET input to the
MPU. Once this has occurred, the MPU can initiate the program
start-up sequence. The reset circuit has three different means of
causing a reset. A high can be placed on the RESTART line which
is input to pin 9 of inverter A14U39D. This high is the required
input for inverter A14U39D to generate the RESET signal to the
MPU.

(8-84/8-87B P/O Change 4)
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If A14TP20 and TP21 are shorted together, this will ground resis-
tor A14R9 and discharge A14C10. The ground on the base of transistor
A14Q3, will turn it off, and allow a high into A14U39D. The pur-
pose of A14C10 is to cause a minimum 100 ms delay after the test
points are disconnected. This ensures that the reset signal is low
long enough to allow the MPU to complete the instrument reset.

The PON line to the base of transistor A14Q4 is normally a low to
indicate that the power is ON. A power failure will cause this line
to go high and turn on A14Q4, which will turn on A14Q5. Tran-
sistor A14Q5 will ground A14R7, which is the same as shorting
Al14TP20 and TP21 together. When the power is turned on, A14Q5
quickly drains A14C10, thereby ensuring that the power on reset
circuit will be ready to operate after even a brief power failure.

Power-Up Detector Circuit Description

The Power-Up Detector consists of basically A14Q2 and A14VR3.
When power is turned on, the +5V(F1) line will apply +5 Vdc to
A14VR3. Zener diode A14VR3 will avalanche and apply the volt-
age to the base of A14Q2. This turns A14Q2 on, and grounds the
+ VB on the collector of A14Q2. This places a low on the PON line
to indicate that the power is on. Note that the base of A14Q2, with
the emitter grounded, will have a power up voltage of +0.8 Vdc to
ground. The collector voltage will be pulled down to +0.02 Vdc.

The loss of +5V(F1) power will ground the base of A14Q2 through
A14R21. This will turn off A14Q2 and allow the +VB line to apply
approximately +3.0 Vdc on the PON line. This is the standby bat-
tery voltage, and is high enough to be a logical high on the
PON line. A high on the PON line is an indication of power loss.
The function of A14VR3 is to prevent the Power-Up Detector from
reacting to the lower battery voltage, and initial start-up power.
Only when +5V(F1) reaches +3.6 Vdc, will the detector operate.

Standby Mode Switch Circuit Description

The Standby Mode Switch consists basically of A14Q1 and
A14CRa3. It must be noted that A14Q1 is a PNP transistor which
appears to be drawn wrong on the schematic. However, this is not
the case. The transistor is actually wired backwards on purpose.
When the PON line is low (to indicate power on), this low is placed
on the base of A14Q1 through A14R24. This turns A14Q1 on and
allows it to saturate. With A14Q1 saturated, the + VB voltage is
pulled up to approximately the +5V(F1) level.

The reason that A14Q1 is in backwards, is that it is being used as
a solid state switch. The saturation voltage of the transistor 1s
lower when the transistor is used 1n reverse. Therefore, the switch
resistance (voltage drop across A14Q1) is lower, and the +VB will
be within 0.1 Vdc of the +5V(F1). This is necessary to prevent
RAM 2 burnout from the logic levels being higher than the RAM 2
power supply. During this time, A14CR3 is actually bypassed by
A14Q1.

08970-90015
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A loss of power [+5V(F1)] will place the + VB voltage, of approx-
imately +3.0 Vdc, on the PON line. This will turn off A14Q1, and
A14CR3 will prevent the + VB power from draining through the
+5V(F1) lines. The battery is charged through A14R23. When
power 15 on, the voltage drop across A14R23 will be approxi-
mately —0.95 Vdc [+VB to +5V(F1)]. When the power is off, the
drop is approximately +0.0003 Vdc. A14C13 is used to filter out
any transients caused by power shifting. In a total power loss, the
battery will keep the RAM active. The current drain on the bat-
tery is very small. Should the battery be removed from the circuit,
the charge on A14C13 will keep the RAM active for a significant

period of time.
|

Microprocessor and Bus Buffers

The microprocessor (MPU) A14U26 will continue to process data
and address various devices as long as the 4 MHz clock is present
at the EXTAL input, since the HALT line is tied high. The MPU
can be totally reset (RESET), forced to service an interrupt (NMI),
or told to service an interrupt (IRQ) at its convenience. The MPU
will output clock E as ¢2. It will either read data (R/W high) from
the instrument, or write (R/W low) data to the instrument.

The MPU will transfer the data to and from the instrument by
sending an address to the instrument, and then informing the
instrument that the address is valid (VMA high). However, the
MPU is very limited in driver power, thus requiring external buf-
fer 'drivers. A14U8 and A14U9 are both tri-state buffers that have
been hard wired to only transfer signals from the MPU to the
1nstrurqent A14U29 (E and F) are inverter ‘drivers. These devices
make up the address buffer, which accepts addresses from the
MPU address bus ABB0O—ABBI15, and outputs the addresses on

the instrument address bus A0—A15.

Since the MPU is the only source of addresses, the address buffer
is output only. However, the MPU sends and receives data. There-
fore, the data bus is bi-directional. A14U16 is a tri-state buffer/
driver which is the sole data bus buffer. It interfaces the MPU
data bus DBBO—DBBY7 to the instrument data bus D0—D7.

Address Decoder

Address Decoder A14U1l is a programmable array logic (PAL)
device. Inputs to the PAL are addresses A7 through A15, micro-
processor signals VMA (valid memory address) and E (system
clock), and RAM ENABLE. Outputs from the PAL are active low
QOutputs ROM, RAM 1, RAM 2 and DMA provide the select en-
ables to the respective devices. PIA is the peripheral interface
adapter select enable. Output XYRAM is used to enable the DMA
Stored Data RAM. The SEL CTLR output enables the HP-IB con-
troller logic by enabling the general purpose driver. The SA out-
put enables the Signature Analysis logic.

(8-84/8-87D P/O Change 4)
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Free Run and Signature Analysis Circuits

Under normal conditions, the eight MPU data bus lines (DBB0—
DBB?7) are toggling as data is transferred through the bus. When
not in use, the lines are held high by the pull-up resistors. When
the FREE RUN switch A14S2A is placed in the FREE RUN posi-
tion, free run will pull down diodes A14CR1 and A14CR2 and hold
data bus lines DBB5 and DBB7 at ground. These lows will result
in the data word 5F which will be interrupted by the MPU as the
nstruction CLR B (clear accumulator B).

Inverter A14U42A will have a low input from the FREE RUN
switch. This low will be inverted to place a high on pin 19 of data
buffer A14U16. The data buffer will be disabled, so that the MPU
will only see the now hard-wired instruction 5F every time it looks
for data. If the instrument is powered-up in this condition, the
MPU will start at the first address and clear accumulator B. It
will then increment the address by one and try again. Since it will
always get the same instruction, it will step through all addresses.
The end result is that no data is processed, but all addresses are
sequenced. This allows all addresses to be examined during the
troubleshooting process.

When SIGNATURE ANALYSIS switch A14S2B is placed in the
SA position (FREE RUN switch is in the NORMAL position), a
low is input to driver A14U31D. If the Address Decoder has placed
a low on pin 13 of A14U31D, then the low SA input will be output
to the data bus DO line This will hold the DO line low to the instru-
ment and to the MPU This informs the MPU that the signature
analysis routine is required, and that the instrument is in the
troubleshooting mode.

Read Only Memory (ROM)

In the Noise Figure Meter, the ROM is an eight bit data word with
32K of memory space. The device has 28 pins, with three pins for
power. Fifteen pins are used for the address inputs of A0 through
AlS5. This gives an addressing count from 0 to 32767 (32K). Eight
of the pins are the data pins of DO through D7. These pins are
tri-state, in that the data can be sent to the data bus, or when the
device is not selected, the data pins float at a high impedance.

The ROM is selected when a low is placed on both pins 20 and 22.
Once selected, the ROM outputs a data word onto the data bus.

The specific word is selected by the address on address bus
AO0-Al14

Random Access Memory

In the Noise Figure Meter, each RAM device is an eight bit data
word with 2K of memory space. Both RAMs are CMOS devices.

08970-90015
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Free Run and Signature Analysis Circuits
(cont’d)I

RAM 1 memory is volatile; RAM 2is provided with
a backup battery to make the memory nonvolatile.
|

Each device has 24 pins, with two of the pins for
power. Eleven pins are used for the address inputs
of A0 through A10. This gives an addressing count
from 0 to 2047 (2K). Eight pins are the data pins of
DO through D7. These pIns are tri-state, meaning
that the data can be pulled high or low when the
device is;selected. When the device is not selected,
the data pins float at a high impedance to prevent
affecting the other devices.

The device is selected when a low is placed on the
select (F3) input. The device receives data (MPU
write mode) when alow1s placed on the R(H)/W(L)
line. The device sends data (MPU read mode)
when the R(H)/W(L) line is high.

TROUBLESHOOTING

Troubleshooting is done on the circuits of Service
Sheet 12 when a malfunction has occurred in the
microprocessor (MPU), Data Bus, Address Bus,
Address Decoding Circuits, RAM 1, RAM 2, or
ROM. If all of the tests in the following procedures
indicate correct responses, the trouble is located
elsewhere in the control unit, and not on Service
Sheet 12. Except where shown, all values listed are
approximate and are given as a service guideline.

Test Equipment

Oscilloscope Measuring System .. ... HP 1980A
Systems DVM ..................... HP 3456A

(V1) General Checks

1. Venfythatthe voltage fromtest point A14TP19
(ground) to A14U26 pin 8 is +5 +0.05 Vdec. If
not, continue troubleshooting on Service Sheet
19 (Power Supply).

2. Verify that the 4 MHz clock is present at
A14U26 pin 39. If not, continue troubleshoot-
ing on Service Sheet 6.

3. Verify that the 1 MHz clock is present at
A14U29 pin 6. If not, look for the signal at
A14U26 pin 37 and U40 pin 3. Replace the
appropriate component (26, U40, or U29)

(8-84/8-87F P/0O Change 4)
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4. Verify that A14U26 pins 2, 4, and 6 are at a
logical high.

If pin 2 was bad check A14R14. If pin 4 was
bad check A14R13. (IfR13is good continue on
Service Sheet 18.) If pin 6 was bad check
Al14R12. (If R12 is good continue on Service
Sheet 11.)

5. Verify that A14U26 pin 40 is not held at a
logical low. If it is, continue troubleshooting
with the Reset Circuit section of this Service
Sheet.

(¥2) Reset Circuit

1. Verify the following voltages and, if neces-
sary, replace the appropriate component:

Q4-Base Logical low
Q3-Base 0.7 Volts
U39-9 Logical low
U39-8 Logical high
U39-4 Logical low

2. Short A14TP20 (RESET) to A14TP21
(ground), verify the following voltages, and
replace any defective components:

U399 Logical high
U39-8 Logical low
U394 Logical high

Free Run Troubleshooting

To verify that the microprocessor is in the free run
mode:

1. Check the data lines (DBBO-DBB7) at the

mMICroprocessor
A14U26-26 Logical low

27 Logical high
-28 Logical low

-29 Logical high

-30 Logical high

-31 Logical high

-32 Logical high

-33 Logical high

These voltages should all be dclevels. If any or
all have an ac signal present, make sure the
data buffer (U16) is disabled by verifying that
U16 pin 19is a logical high. If not, check U42
and switch S2. Otherwise, replace U16.

2. If you haven't already done the General
Checks, do them now.
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Free Run Troubleshooting (cont'd)
3. Verify that there is a signal present at

A14TP12 (A15). If not, check U26 pin 25. If
there is a signal here, replace U29.

If all of these checks are normal, then the
micro-processor is in the Free Run mode. Pro-
ceed to Data Bus Tests, Address Bus Tests,
Address Decoding Tests, or RAM Tests as
necessary.

Data Bus Tests

1.

If you haven't already done the General
Checks, do them now.

Remove the ROM (U2) from its socket and put
the instrument into Free Run mode. Verify
that all the Data lines are high. If any Data
lines are low or have a signal on them, then go
on to step 3. If the Data lines are all high,
check for a signal at U30 pin 3. If U30 pin 3 is
correct, replace ROM (U2). If U30 pin 3 is
incorrect, verify:

U30-2 Logical low If good, replace U30
U338 Logical high If good, replace U29
U33-10 Logical high If good, replace U33
Us-14 Logical high If good, replace U8

If all of these points are incorrect, replace U26.

With instrument off, check A14R17 and
A14R19. Connect the common lead of an
ohmmeter to TP1 (+5V) and measure the
resistance. A14R17 pins 1 through 8 should be
about 10KQ. A14R19 pins 1 through 15 should
be about 4.7K Q.

[f any of the pins are incorrect, try reversing
the ohmmeter leads.

If the problem is with R17 and reversing the
ohmmeter leads didn't help, remove the micro-
processor (U26) from its socket and try again.
[fthe problem persists, replace A14R17 and/or
A14U16. Otherwise, replace the microproces-
sor (U26).

If the problem is with R19 and reversing the
ohmmeter leads didn’t help, replace one or
more of the following components:

Al14R19 A14U16 A1l4U4 A14U5
Al14U13

08970-90015

* If you want to try isolating the problem
further, you can use a logic pulser and current
tracer to find the bad node.

Note that if two Data lines are shorted to-
gether, the resistance measured on both pins
will be 1/2 of the expected value.

Address Bus Tests

1. Ifyouhaven’t already donethe Free Run Tests
on Block Diagram 4, do them now. If there is
no problem with the Address Bus then the
following steps do not need not to be per-
formed.

2. If you haven’t already done the Free Run
Troubleshooting test on this Service Sheet, do
it now.

3. With the instrument in Free Run Mode, check
the following signatures:

Address Bus  Start: A14TP12(A15) ™
Stop: A14TP12(A15) /
Clock: A14TP11 (¢2) \ -
Test Point Signal Name Signature
Al4U26-9 A0 5555
-10 Al CCCC
-11 A2 7F7F
-12 A3 5H21
-13 A4 0AFA
214 A5 UPFH
-15 A6 52F8
-16 A7 HC89
-17 A8 2H70
-18 A9 HPPO
-19 Al0 1293
-20 All HAP7
-22 Al12 3C96
-23 A1l3 3827
-24 Al4 755U

If any signature is bad, replace the micro-
processor (U26).

If all signatures are good, turn the instrument
off and check R16:

Connect the common lead of the ohmmeter to
to A14TP1 (+5V).

Measure the resistance at R16 pins 1- 15. They
should be about 4.7KQ. If one or more pins

(8-84/8-87G P/0O Change 4)
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SERVICE SHEET 12 (cont'd)
Free Run Troubleshooting (cont'd)
are bad, replace R16 and re-check the Address
Bus, signatures.

; NOTE
If any pins are bad, try reversing the
ohmmeter leads before replacing R16.
Also, you only need to check the pins on
R1§ which connectto bad Address lines.

If R16 is good and the signatures taken on
Block Diagram 4 were bad, replace the appro-
priate Address Buffer (U8 or U9).

Address Decoding Circuits

1. If yoju haven't already performed the Free Run
Signature Analysis on Block Diagram 4, do so

now.
|

If vou haven’t already done the General
Checks on this Service Sheet, do them now.

to

3. With the instrument in Free Run mode, verify
that A14U1 pin 11 is at a logical high. Ifitis,
go on to step 4. If there is a problem with U1l
pin 11, replace the microprocessor (A14126).

4. Ifthereisa problem with A14U1 pins 14,16,17,
18, 19, or 20, replace Ul. Otherwise, continue
troubleshooting with the RAM Tests section.

RAM Tests

1. Put instrumentinto Signature Analysis mode.

2. Setsignature analyzer as follows and take the
indicated signatures:

08970-90015

If all these signals are good, then RAM 1 (U4)
1s good.

If the RAM 1 chip enable signature is bad,
replace Ul.

If the Data Bus signatures are bad but the
RAM 1 chip enable and the A14U3 pin 6 sig-
nals are good, replace RAM 1 (U4).

If A14U3 pin 6 is bad, check these signatures.

A14U29-2 — T7PAU If good, replace U3
Al14U33-8 — 6A25 Ifgood, replace U29
Al4TP18 — 6A25 Ifgood, replace U33
A14U26-3¢ — 6A25 If good, replace U8

If these signatures are bad, replace U26.

RAM 2 (U5)  Start: A14TP7(D4) .

Stop: AL4TP8 (D1) +
Clock: A14TP11 (¢2) .
Test Signatures
Al4TP1 (+5V): 148A
A14TP2 (GND): 0000

RAM 1 (U4) Start: A14TP9D2) -
5 Stop: A14TP7(D4)
! Clock: A14TP11 (¢2) \
| Test Signatures
| Al4TP1 (+5V): 148A
A14TP2 (GND): 0000

Test Point Signal Name Signature
A14U16-2 DO F335
-3 D4 AH45
-4 D1 36FP
-5 D5 CACC
-6 D2 58AA
-7 D6 933H
-8 D7 4P67
-9 D3 3PC6
AIRU3-6 — 823F
Al4U1-23 RAM2 2045

Test Point Signal Name Signature

A14U16-2 DO 0H60

-3 D4 7CU1

-4 D1 541F

5 D5 S8UFA

-6 D2 383U

-7 Dé 63AC

-8 D7 4P67

9 D3 3PC6
ALRU3-6 — *

A14U1-22 RAM 1 CC7U

*The p‘robe hght should blink indicating signal activity.

(8-84/8-87H PO Change 4)
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If all these signatures are good, RAM 2 (U5) is
good.

If the RAM 2 chip enable signature is bad,
replace Ul.

If the Data Bus signatures are bad but the
RAM 2 chip enable signature is good, replace
RAM 2 (U5).

If A14U3 pin 6 is bad, check these signatures:

A14U29-2 — 519F Ifgood, replace U30
A14U33-8 — 823F Ifgood, replace U29
Al14TP18 — 823F Ifgood, replace U33
A14U26-34 — 823F Ifgood, replace U8

If these signatures are bad, replace U26.
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Signature Analysis Mode

Troubleshooting

If the instrument will not go into Signature Ana-
lysis Mode but the Block Diagram Level Free Run
Tests all passed, then the Signature Analysis Pro-
gram Switch circuit, the RAM Chip Enables,
RAMs, and Data Bus Buffer (U16) should be
checked:

1.

1o

Check for a logical low at A14U16 pin 19. If
incorrect, check switch S2 and A14U42.

Check for signal activity at the inputs and
outputs of U16. If not, replace U16.

Put switch S2 into the SA position.

Verify that there is a logical low on A14U31
pin 12, If not, replace S2.

Put switch S2 in the Free Run position and
remove ROM (U2) from its socket. Short U31

08970-90015

pin 13to A14TP2 (ground) and verify that U31
pin 11 goes to a logical low. If not, replace U31.

If there was a RAM error on power up, check
for a chip enable signal at the appropriate
RAM.

E72 Check for Chip Enable signal at A14U4
pin 18.

E73 Check for Chip Enable signal at A14U5
pin 18.

If there is no signal present at either point,
replace A14U1.

If thereis a signal present, replace the approp-
riate RAM:

E72 replace U4,

E73 replace U5.

(8-84/8-871 P/0O Change 4)
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SERVICE SHEET 15
CONTROLLER - DIRECT MEMORY ACCESS
P/O A14 CONTROLLER ASSEMBLY

Block Diagram - Service Sheet BD4
Section III - Operator’s Checks
Section VIII - Special Functions and Power-Up Checks

PRINCIPLES OF OPERATION
General

The sole purpose of the Direct Memory Access (DMA) and its circuits is to
control the data for the X-Y recorder and oscilloscope displays. By using the
fast speed of the DMA in this capacity, the Microprocessor (MPU) is freed for
more useful tasks.

Located on the rear panel of the Noise Figure Meter are three output connec-
tors labeled X-AXIS, Y-AXIS, and Z-AXIS/PEN LIFT (shown on Service
Sheets 16 and 17). These are the three output connectors to be used with
either an oscilloscope, X-Y recorder, or strip chart recorder. When used with
the oscilloscope, the X-AXIS output is connected to the input which would
provide horizontal motion of the trace. The X-AXIS output goes to the input
for vertical motion. The Z-AXIS output goes to the input (often on the rear
panel of the oscilloscope) which provides blanking or dimming of the oscillo-
scope trace. When used with either a strip chart recorder or X-Y recorder, the
Z-AXIS/PEN LIFT line is connected to the recorder's PEN LIFT input.

The movement time of the recorder pen, between two points, is a purely
mechanical function. This time period is very slow to the MPU. To minimize
the time needed, the MPU remembers the location of the pen at each given
plot. The MPU then looks forward to the next plot point. The MPU uses these
two points to calculate the shortest path between them, and directs the pen
over the calculated course.

Whereas the recorder is a relatively slow device, the requirements of the oscil-
loscope are quite demanding. It is necessary to update all axis data for each
trace of the oscilloscope for two channels. The data demand is too great for
the MPU to handle, if the MPU is to run the Noise Figure Meter as well.
Therefore, a DMA is used in the display controller.

This is accomplished by effectively isolating the memory used by the DMA
from the rest of the instrument. The DMA has its own buses, timing circuits,
and memory. It continually outputs the data in its memory to the display
channels. Only the MPU can interrupt the DMA and communicate with its
RAM. And, this is done only to update the DMA data with the latest
measurement.

Direct Memory Access (DMA)

The DMA is a 40 pin device, with two pins used for power. There are eight
bi-directional data pins (D0O—D?7), and 16 address pins. The first five of the
address pins (A0—A4) are bi-directional. In the Noise Figure Meter, the upper
six address pins (A10—A15) are not used.

There are four transfer request pins (TxRQ0O—TxRQ3), but only the first
(TxRQO) is used. Since the DMA is only used to output data from its own
memory, the R.'W line is tied to ground. This keeps the DMA permanently in

(8-94A P/0O Change 4)
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the wnte mode. For the same reason, the data bus request pin
(DRQT) is inverted and routed back into the DMA data bus grant
(DMA GRANT) pin. Therefore, each data bus use request is imme-
diately granted

V
The other data bus request pin (DRQH) is not used, and neither is

the transfer acknowledge (TXAKA), nor interrupt request (IRQ/
DEND). Clock (¢2) is input dlrectly into the DMA, as is the instru-
ment RESET. DMA select (CS) is the DMAC input from Service
Sheet 12.

i
DMA Bgs Structure Discription

In order to isolate the DMA from the rest of the instrument, both
the instrument data and address buses are buffered to the DMA.
The MPU transfers data over the instrument data bus D0—D7
and 1nto or out of, data buffer A14U13. This data is then trans-
ferred over the DMA data bus DS0—DS7 The MPU selects the
DMA data buffer by placing a low on DMAC, XYRAM, and RAM
ENABLE The MPU then either reads (R/W high), or writes
(R'W low) the data out of, or into, the DMA RAM.

The locatmn in memory, to which, or from which, the data is to be
transferred, is determined by the address on the instrument
address bus AO—AS9. The two address buffers A14U10 and A14U11
are selected by the MPU placing a low on the DMAC and XYRAM
lines. Since the address is input only, both address buffers have
pin 1 grounded. This allows only an MPU to DMA address transfer
each time the buffers are selected. The DMA address bus ASO—
AS9 is routed to the DMA and to RAM.

The DMA can either receive addressing over the lower five address
lines (ASO—AS4), or output addresses to the RAM over the full
DMA address bus (ASO—AS9). The RAM receives all ten address
inputs (A0O—A9) from either the MPU or the DMA. But, under NO
circumstances can the DMA and the MPU access the DMA RAM

at the same time.

|
Random Access Memory (RAM) Circuit Description

The RAM selected for use with the DMA is an 8- bit by 2K device.
Within the 2K of memory, data is stored 1n a two byte sequence.
The first byte is the Y-byte, and contamns the vertical data. The
second byte is the X-byte, and contains the horizontal data.

The digital-to-analog circuits (see Service Sheet 16), receive and
latch the two bytes, to ensure that both bytes are present. Two
trace oscilloscope operation is done by first sending the data for
one complete trace. The X-Axis data is retained and the second set
of Y- Ax1s data is loaded into RAM and output to the display to
form the second trace on the oscilloscope.

(8-94B P/O Change 4)
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When in the oscilloscope mode, the DMA will have data throughout
its entire memory. The DMA controller will address the memory
in sequential order from (hexadecimal) 00 through 3F. In the
recorder mode, only two bytes of data are stored in the first two
addresses of memory. These are for a single plot point, and consist
of one vertical (Y-Axis) and one horizontal (X-Axis) data byte. In
the recorder mode, there are only two bytes of data. One byte is
the gain byte, and the other is the noise figure byte.

The RAM is selected by a low on XYRAM and a low output from
the DMA on the TxSTB transfer line. The RAM is enabled to
receive or send data by a high on the DISPLAY DISABLE line, a
high on the E line, and the desired transfer level on the R/W line.

Timing Circuits Description

Timing for the DMA is basically independent of the rest of the
instrument. The only thing they have in common is the clock (¢2).
Clock is input to both the DMA and to clock divider A14U32.
There, the 4 MHz clock is divided down to a 0.5 MHz clock and
used to trigger A14U43A. The 0.5 MHz clock is again divided to
generate the 0.25 MHz clock, which is routed to Driver Assembly
Al13 as ST2.

The 0.5 MHz output, that triggers transfer request pulse generator
A14U43A, causes one-shot A14U43A to generate a 3 us high level
pulse. This pulse occurs every 8 us, and is the transfer request
pulse input to the DMA on TxRQO. This will cause the DMA to
generate a data bus request on the DRQT ouput. DRQT is imme-
diately inverted and routed back into the DMA on the DMA
GRANT input. The DMA sees the data bus as free, and generates
the transfer strobe (TxSTB) output.

The TxSTB output is used (along with XYRAM) to select the RAM.
It also triggers data strobe pulse generator A14U43B. One-shot
A14U43B generates a high level 500 ns pulse which goes to Driver
Assembly A13 as ST1. One byte of data 1s then transferred to the
Driver Assembly. This is the normal operation of the DMA circuits.
The address and data buffers are disabled, and the DMA outputs
data to the Driver Assembly.

When the MPU completes a measurement, it updates the DMA
RAM with new data. It does this by placing a high on the DIS-
PLAY DISABLE line. This disables the clock divider, and stops
the transfer request pulse generator. It also disables A14U31C,
which prevents the output of TxSTB from triggering the data
strobe pulse generator. Gate A14U3C is enabled to allow the MPU
to either read or write to the DMA RAM DISPLAY DISABLE is
also routed to the Driver Assembly to disable the data latches.

TROUBLESHOOTING

Troubleshooting is done on the circuits of Service Sheet 15 when a
malfunction has occurred in the Direct Memory Access (DMA) con-
troller or related functions. If all of the tests in the following proce-

08970-90015

(8-94C P/0O Change 4)
67



HP 8970’A

4
SERVI#E SHEET 15 (cont’d)

dures indicate correct responses, the trouble is located elsewhere
in the control unit, or in the external display, and not in the DMA
or related circuits. Except where shown, all values are approximate
and are given as a service guideline.

|
Test Equipmenl

Logic Analyzer ..........ccviiiiieniiiennnnnnnn. HP 1630D
Oscill’oscope Measuring System  ................. HP 1980A
Systems DVM .. .. e HP 3456A

:General Checks

1. Verify that the voltage from pin 20 of A14U28 to ground is +5
+0.05 Vdc.

Verify that the 4 MHz clock (¢2) is present on pin 40 of A14U28
and;pin 10 of A14U32.

[8%]

3. Verify that pin 39 (RESET) of A14U28 is at a logical high.

2 bower-Up Self-Testing

When the Noise Figure Meter is first powered-on, a complete instru-
ment self-test is run. [n the case of the DMA, all instrument data
bus and address lines are tested as part of the instrument RAM
memory test. If a bus has a problem, and the trouble is isolated to
the DMA circuits, a pin-by-pin inspection should be made of
A14U13 for the data bus. Check the traces and pins of A14U10
and A14U11 for an address bus error.

:Timing Circuits
1. Synchronize the oscilloscope on pin 10 of A14U32 (clock), and
connect channel 1 of the oscilloscope to pin 32 of A14U28.

ro

Engure that one 3 £ 0.5 us pulse is being generated each 8 us.
If there is only one pulse in the time period and that pulse is
correct, proceed to step 5.

3. If there is one pulse, but the width of the pulse is in error,

check A14U43A and A14U28.
!
4. If there is more than one pulse, or no pulses present, check
A14U32 and A14U43A. Ensure that the DISPLAY DISABLE
line 1s not held low. If it is low, check A14U32, A14U31C,

A14U39E and A14U3C.

5. Verify the presence of 0.25 MHz clock on pin 8 of A14U32A. If
the clock is in error, check A14U32.

6. Coﬁnect the channel one probe to pin 12 of A14U43B, and
ensure the presence of the 500 +50 ns strobe pulse. This pulse
occurs in synchronization with the strobe pulse on pin 32 of
A1L|1U28.

7. If the pulse is correct, proceed to step 11. If the pulse is present,
but the width is in error, check A14U43B.

v
{8-94D P/O Change 4)
68 i

08970-90015



HP 8970A 08970-90015

8. If there is more than one pulse, or the pulse is missing, verify
the presence of a trigger pulse on pin 34 of A14U28.

‘ SERVICE SHEET 15 (cont'd)

9. If the trigger is present, check A14U43B, A14U31C, and
ensure that the DISPLAY DISABLE line is not held low.

10. If the trigger is missing, check A14U31C, A14U29B, and
A14U28,

11. Synchronize the oscilloscope on the DISPLAY DISABLE sig-
nal, and connect channel one of the oscilloscope to pin 13 of
Al14U43A.

12. Connect channel two of the oscilloscope to pin 12 of A14U43B.

Verify that both strobe outputs are inactive (low) during the
period that DISPLAY DISABLE is high.

13. If the transfer request pulse is present, check A14U32 and
A14U43A. If the data strobe pulse is present, check A14U31C,
Al14U43B, and A14U41A.

14. If the DISPLAY DISABLE line never goes high, check
A14U32, A14U31C, A14U39E and A14U3C.
RAM Circuits

1. Connect the logic analyzer to the data pins DS0 through DS7
‘ of the RAM; A14U12, pins 9—11 and 13—17.

to

Also, connect the logic analyzer to pins 18, 20 and 21 of the
RAM. Ensure that the data lines contain all eight bits of data
each time the RAM is selected, and that the bits do change.

3. If all eight bits are present and changing, proceed to step 4.
If any bit is not changing, check A14U13, A14U28, and
A14U12

4. On the RAM, connect the logic analyzer to the address pins
ASO through AS9 (1—8, 19, 22 and 23), pin 18, pin 20 and pin
21. Ensure that each time the RAM is selected, the address
lines are all active and changing.

5. If any line is not changing, check A14U12, A14U28, A14U10,
and A14U11.

Direct Memory Access (DMA)

1. Connect the logic analyzer to the pins of DMA A14U28 as
shown in Table 8-60.

to

Ensure that while the instrument is operating, RESET
remains high, R“W remains low, and clock 1s present. If reset
or R/W is in error, check A14U28.

' 3. If the clock is in error, check A14U28 and A14U32.

(8-94E P/O Change 4)
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4. Ensure that the Transfer Request Pulse is
present (only when DISPLAY DISABLE is
low). If the pulse is absent, and DISPLAY
DISABLE is low, check A14U28, A14U43, and
Al4U32.

5. Verit"y that with each Transfer Request Pulse
at TxRQO, a pulse is present at DRQH, DMA
GRANT and TxSTB. If any pulse is missing,
check A140U28, A14U29B, and A14U31C.

l
6. Ensure that all eight data lines are present
and changing. If any line not changing, check
A14I’J28, A14U13, and A14U12.

7. Move one of the data connections to the DIS-
PLAY DISABLE line at pin 10 of A14U31C.
Ensure that when DISPLAY DISABLE is
high; pins 32 and 37 of the DMA are low.
Ensure the MPU is able to select the DMA
with 'a low on pin 2 (CS) of the DMA.

|
T'able 8-60. DMA Logic Analyzer Data Pin-Qut

Signal Line DMA Signal OMA Pin
DSO DO 28
DS1 D1 27
DS2 D2 26
DS3 D3 25
DS4 D4 24
DS5 D5 23
DS6 D6 22
DS7 D7 21
TRP TxRQO 32
SYS CLK 2 40
RESET 2 RESET 39
DMA GRANT -DRQH 38
DMAC CS 2
GND R/W 3
DSPG ENABLE TxSTB 34
DRQH DRQH 37

!
f
!
i
(8-94F PO Change 4)
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If the pulses are still present, check A14U31C,
A14U39E, A14U3C, and A14U32. If the
DMA was not selected, check A14U41D and
A140U28.

Connect the logic analyzer to the pins of
DMA A14U28 as shown in Table 8-61.

Ensure that while the instrument is operat-
ing, and CS is high, the addresses are being
sequentlally stepped through, and the pulse
is present on TxSTB.

If any address line is not changing, check
A14U28, A14U10, A14U11, and A14U12. If
the transfer pulse is in error, check A14U28
and A14U31C. If the CS line is in error,
check A14U28 and A14U41D.

Table 8-61. DMA Logic Analyzer Address Pin-Out

Signal Line DMA Signal DMA Pin
ASO A0 4
AS1 Al 5
AS2 A2 6
AS3 A3 7
AS4 A4 8
AS5 A5 9
AS6 A6 10
AS7 A7 11
ASS8 A8 12
AS9 A9 13
DMAC (OF] 2
TxSTB TxSTB 34

Completion of Testing

Upon completion of testing, place all switches in
their original positions, remove all test gear, and
restore the Noise Figure Meter to the normal oper-
ating condition. If repairs have been made, or
adjustments changed, refer to the references listed
in the front of this section. Then refer to the appli-
cable sections for post-testing procedures.
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CONTROLLER - DIRECT MEMORY ACCESS
P/O A14 CONTROLLER ASSEMBLY

A16 HP-IB CONNECTOR ASSEMBLY
REFERENCES

Block Diagram - Service Sheet BD4
Section III - Operator's Checks
Section VIII - Special Functions and Power-Up Checks

PRINCIPLES OF OPERATION
General

The HP-IB connector is located on the rear panel of the Noise Figure Meter.
HP-IB is Hewlett-Packard’s implementation of the IEEE-488 Interface Bus.
The use of the HP-IB is covered in depth in Section III, Operation. The Noise
Figure Mcter can be operated over HP-IB in three modes. It can be a talker/
listener under the control of a computer, it can be a controller for an external
local oscillator, or it can be a talker-only, sending data to a logger.

HP-IB Interface Adapter

At the heart of the HP-IB interface is the interface adapter. This device is
essentially a special purpose microprocessor with an eight register, fully pro-
grammable latch. It has control lines and a data bus which interface with
the MPU. It also has control lines and a data bus which interface with the
HP-IB, and the external device.

The adapter will respond directly to certain bus commands where long
delays are not allowed (such as interface clear). In other cases, it will inter-
rupt the microprocessor when it has received data or commands addressed to
the Noise Figure Meter.

Microprocessor (MPU) Interface Circuits Description

Clock ¢2 is input to the adapter A14U20 on pin 3. This signal determines the
timing for all adapter operations. When the adapter needs to communicate
with the MPU, the adapter will place a low on the IRQ line at pin 11. This
initiates the interrupt request to the MPU. When the MPU is ready to com-
municate with the adapter, the MPU will place a low on the HPIB line. This
low is input to the adapter on pin 8 as the chip select signal CS.

If there is a need, the MPU can put the adapter into an idle state by placing a
high on the RESET 1 line. This causes the adapter to suspend all operations
until RESET goes low. When the MPU selects the adapter, it must also select
the internal adapter register with which it wants to communicate. There are
eight registers within the adapter. The MPU selects the desired register by
placing an appropriate address on lines AQ, Al, and A2.

Along with register selection, the MPU will either write data into the selected
register (pin 10 WRITE low), or read data from the register (pin 9 READ low).
To obtain proper timing, the MPU uses HPIB and R/W as inputs to the
read/write control logic. A14U42C inverts HPIB and inputs it to both
A14U36A and A14U36B. In A14U36A, HPIB and R/W generate READ.
Al4U42B inverts R/W and inputs it along with HPIB to generate the
WRITE.
(8-104A P/0O Change 4)
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With thé register selected, and the direction of data flow set, it is
only necessary to transfer the data between the MPU and the reg-
1ster in the adapter. Bi-directional data buffer A14U14 is the data
bus (D0—D7) interface between the MPU and the adapter. The
buffer is selected by a low on both HPIB and RAM ENABLE into
A14U17B. The direction of data flow in A14Ul4 is set by the
R/W liné.

I
HP-IB Interface Circuits Description

To be alcontroller, it is necessary to have command of the ATN
and REN signal lines. Since the Noise Figure Meter can be either
a controller, or a controlled device, these signal lines are bi-direc-
tional. ’f‘hough the adapter 1s capable of receiving the ATN and
REN ménals the MPU controls the setting of these two lines
when the instrument is configured as a bus controller.

General purpose driver A14U6 is enabled by a low on SEL CTLR
to pass a byte from the instrument data bus (D0—D?7) to the HP-
IB controller logic. The five least significant bits are used only for
observatlon during troubleshooting. CTLR ENABLE is the line
used by the MPU to indicate that it wants to be the BUS CON-
TROLLER. The switching from talk to listen is handled by the
adapter,’ which sends status data to the MPU.

The fum':tion of remote enable signal REN is to set the state of the
external device. REN works in conjunction with other signals to
place the external device in either its local or remote controlled
state. If the external device is in its local mode, it can become the
controller by seizing the REN line and placmg the interface
adapter in its remote state. If the external device is in its remote
state, it is under control of the adapter.

The functlon of the attention signal (ATN) is to specify how data
is to be' mterpreted on the HP-IB data bus. When ATN is true,
D0—D7'is interpreted as address information. Otherwise DO—D7
is interpreted as data.

Interfac:e clear signal IFC is input only from the external device to
the adapter through A14U34A. It is used to place the adapter into
a known quiescent state. Service request signal SRQ is an output
only from the adapter to an external controller through A14US35A.
It is used to inform the controller of the adapter’s desire to
communicate.

Data valid signal DAV is used to inform the listening device that
the data available on the bus is valid. The not data accepted sig-
nal (NDAC ) is used to inform the talking device that the listening
device is not accepting data at this time.

Not ready for data signal NRFD is used to inform the talking
device that the listening device is not prepared to accept data.
This is different than the NDAC signal, in that the NDAC signal
is a momentary state; for example, machine cycle busy. The NRFD
is a status condition and may require longer to clear. Lines NRFD,

(8-104B, PO Change 4)
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NDAC, and DAV work together in what is known as a three wire
handshake in which the slowest active listener controls the speed
of data transfer. End or identify signal EOI is used by the bus
controller to inform the listening device that the talking device
has completed a multiple byte transfer sequence.

The Signal lines previously described are interfaced through HP-
IB control’handshake transceivers A14U34A. "B and A14U35A/B.
The REN signal is under control of the MPU, when the Noise
Figure Meter is the bus controller, by using the HP-IB controller
logic through A14U34B. The EOI signal connects directly to the
adapter through A14U34B. The IFC signal is hardwired as an
input signal by A14U34A. The instrument can not generate the
EOI signal. The ATN signal is under control of the MPU, when
the instrument is the bus controller, by way of the HP-IB con-
troller logic, through A14U34A. (ATN is always set by the current
bus controller.)

The SRQ signal is hardwired as an output through A14U35A. The
NRFD signal through A14U35A, and the DAV and NDAC sig-
nals through A14U35B, are under control of the adapter. When
the adapter is ready to send data to the external device, a high is
placed on the adapter T1/R1 (pin 1) line. This high is inverted by
A14U36D to a low to A14U35A and A14U35B. In A14U35A, the
low will allow an external device to send handshake signals to the
adapter.

When the adapter is ready to receive data from the external device,
a low is placed on the adapter T1/R1 line. Then the adapter will
receive the DAV signal from the external device and send the
NDAC and NRFD signals. Data transceiver A14U18 will be set to
receive data from the HP-IB data bus (DIO1—DIO8) and input the
data to the adapter.

TROUBLESHOOTING

Troubleshooting is done on the circuits of Service Sheet 18 when a
malfunction has occurred in the HP-IB Remote Interface or related
functions. If all of the tests in the following procedures indicate
correct responses, the trouble is located elsewhere in the control
unit, or in the external device, and not in the HP-IB or related
circuits. Except where shown, all values are approximate and are
given as a service guideline.

Test Equipment

HP-IB Controller ........................ HP 85B./82936A/
(ROM Drawer)/00085-15005
(Advanced Programming ROM)
.or-
HP 9826 A Option 011
{Basic 2.0 ROM based system)
{built-in 1nterface)
HP-IB Interface .............................. HP 82937A
(for HP-85B only)

08970-90015
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NoiseSource ........................ HP 346B (Option 001)
Logic Analyzer ....... ....... .cccciiiiiiiinnnnn. HP 1630D
Oscilloscope Measuring System ... ............ HP 1980A
Systems DVM . ...t HP 3456A

('.?-eneral Checks

1. Veri|fy that the voltage from pin 40 of A14U20 to ground (pin
20) is +5 +0.05 Vde.

Veri'fy that the 4 MHz clock (¢2) is present on pin 3 of A14U20.

to

|
3. Veri‘,fy that pin 4 (RESET) of A14U20 is at a logical low.
4. Verify that pin 24 (IFC) of A14U20 is at a logical high.

X)) waer-Up Self Testing

When tlile Noise Figure Meter is first powered-on, an instrument
self-test is run. In the case of the HP-IB, all instrument data bus
and address lines are tested as part of the instrument RAM mem-
ory test If the instrument data bus has a problem and the trouble
is isolated to the HP-IB circuits, a pin-by-pin inspection should be
made of A14U14 and A14U6. If the problem is on the instrument
address bus, check the traces and pins of A14U20 for addresses
AQ, Al,'and A2.

)
HP-IB Functional Tests

The HP-IB interface is checked by the procedures covered in Sec-
tion III, Operation, HP-IB Functional Tests. A failure in the HP-IB
interfac"e circuits should be verified by running the functional tests.
Table 8-’62 lists each of the functional tests and which signal lines
are testclad.

; Table 862 HP-IB Functional Tests
|

Test Procedure Signal Lines Tested

T
Address Recognition ATN, NDAC, NRFD,

and DIO1—DIOS8

Remo!te and Local Messages

anq the Local Key REN
Sending the Data Messages DAV, NDAC, NFRD,
Receiving the Data Messages and data
|
Local Lockout and Clear REN

Lockout/Set Local Messages
Clear Message

Abort Message IFC
Status Byte Message

Require Service Message SRQ

Trigg|er Message

Note ' The signal lines listed above are shown in that test which is most applicable, but
the signal line may be tested in other procedures as well

(8-104D ;FVO Change 4)
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Signal Line Troubleshooting

If the Noise Figure Meter can not use the HP-IB interface to com-
municate properly with the external device, complete the follow-
ing steps in the order shown:

1.

10.

Repeat the Address Recognition procedure, using all valid
addresses. If the problem persists, use the oscilloscope to ob-
serve the signal at pin 11 of A14U7D. Rerun the procedure,
and ensure that the ATN signal toggles.

If ATN toggles, proceed to step 4. Otherwise, check for the
ATN signal on pin 2 of A14U19A. If the signal is present,
check A14U19A, A14U39A, A14U34A, A14U7D, and
A14U20.

If the ATN signal is missing from pin 2 of A14U19A, check
A14U19A, A14U6, and A14U14.

Repeat the Remote and Local Messages and the Local Key
procedure, and ensure that the REN signal toggles on pin 3
of A14U7A.

If REN toggles, proceed to step 7. Otherwise, check for the
REN signal on pin 5 of A14U19B. If the signal is present,
check A14U19B, A14U39A, A14U34B, A14U7A, and
A14U20.

If the REN signal is missing from pin 5 of A14U19B, check
A14U19B, A14U6, and A14U14.

Repeat the Abort Message procedure, and ensure that the
IFC signal on pin 6 of A14U34A is at a logical high level. If
the signal is high, check A14U20, otherwise check A14U34A.

Repeat the Sending the Data Message procedure, and ensure
that the DAV signal goes low on pin 10 of A14U35B, when
data is available on the data bus. If the line does not go low,
check A14U35B, A14U36D, A14U39C, A14U35A, A14U18,
and A14U20.

Repeat the Sending the Data Message procedure, and ensure
that the EOI signal, on pin 10 of A14U34B, toggles at the
end of the data transfer. If the line does not toggle, check
A14U34B and A14U20

NOTE
Some HP-IB controllers do not use the EOI signal.
Verify the signal useage by referring to the control-
ler’s schematics and manuals.

Repeat the Address Recognition procedure, and ensure that
the NDAC signal, on pin 14 of A14U35B, toggles during
addressing. If the line does not toggle, check A14U35B,
A14U39C, A14U36D, A14U35A, A14U18, and A14U20.

08970-90015
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SERVICE SHEET 18 (cont'd)

11.

12

13.

Rebeat the Address Recognition procedure,
and ensure that the NRFD signal, on pin 6
of A14U35A, toggles during addressing. If
the line does not toggle, check A14U35A,
A14U39C, A14U36D, A14U35B, A14U18,
and A14U20.

Connect the logic analyzer to the data bus of
thejadapter. This is best done by connecting
to ;,Lins 12 through 19 (DIO1 through DIO8)
on A14U18.

Re |eat the Sending the Data Messages pro-
cedure, but use an alternating data pattern
of the letter “T” (01010101) and the character
“*” (00101010). Data line DIO8 (pin 12) is
notl used, and is therefore, not tested (should
renpain low).

(8-104F P/O Change 4)
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15.
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Ifthe datais present, and toggling on alldata
lines, check A14U18, A14U35B, A14U39C,
Al14U36D, A14U35A, and A14U20. If the
data is not present, or is not toggling, check
A14U18, Ai14U14, A14U17B, A14U36, and
Al14U42,

If the problem has not been isolated by these
procedures, and the trouble appears to be in
the interface, replace A14U20.

Completion of Testing

Upon completion of testing, place all switches in
their original positions, remove all test gear, and
restore the Noise Figure Meter to the normal oper-
ating condition. If repairs have been made, or
adjustments changed, refer to the references listed
in the front of this section. Then refer to the appli-
cable sections for post-testing procedures.
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Safety Considerations

HP 8970A

|
!
| SAFETY CONSIDERATIONS

GENERAL

|
This product and related documentation must be
reviewed for familiarization with safety markings
and instructions before operation.

|
This iproduct is a Safety Class I instrument (pro-
vided with a protective earth terminal

BEFORE APPLYING POWER

Verify that the product is set to match the availa-
ble line voltage and the correct fuse is installed.

SAFFTY EARTH GROUND

An uninterruptible safety earth ground must be
prov1ded from the main power source to the pro-
duct 1nput wiring terminals, power cord, or sup-
plied power cord set.

I WARNINGSI

Any interruption of the protective (grounding)
conductor (inside or outside the instrument) or
disconnecting the protective earth terminal will
cause a potential shock hazard that could resultin
personal injury. (Grounding one conductor of a
two conductor outlet is not sufficient protection).
In addition, verify that a common ground exists
between the unit under test and this instrument
pnol" to energizing either unit.

r (e 1 .
Whenever it is likely that the protection has been
impared, the instrument must be made inoperative
and be secured against any unintended operation.

If thlB instrument is to be energized via an auto-
transformer (for voltage reduction), make sure the
common terminal is connected to neutral (that i is,
the grounded side of the mains supply).

|
Servicing instructions are for use by service-trained
personnel only. To avoid dangerous electric shock,
do not perform any servicing unless qualified to do
so.
Adjustments described in the manual are per-
formed with power supplied to the instrument

I
|
) l
1i '
|
|

while protective covers are removed. Energy avail-
able at many points may, if contacted, result in
personal injury.

Capacitors inside the instrument may still be
charged even if the instrument has been discon-
nected from its source of supply.

For continued protection against fire hazard, re-
place the line fuse(s) only with 250V fuse(s) of the
same current rating and type (for example, normal
blow, timedelay, etc.). Do not use repaired fuses or
short circuited fuseholders.

SAFETY SYMBOLS
ﬁ Instruction manual symbol: the product

will be marked with this symbol when it is
necessary for the user to refer to the instruc-
tion manual (see Table of Contents for
page references).

é Indicates hazardous voltages.
=~ Indicates earth (ground) terminal.

The WARNING sign denotes a
M hazard. It calls attention to a
procedure, practice, or the like,
which if not correctly performed
or adhered to, could result in
personal injury. Do not proceed
beyond a WARNING sign until
theindicated conditions are fully
understood and met.

The CAUTION sign denotes a
hazard. It calls attention to an
operating procedure, practice, or
the like, which, if not correctly
performed or adhered to, could
result in damage to or destruc-
tion of part or all of the product.
Do not proceed beyond a CAlJ-
TION sign until the indicated
conditions are fully understood
and met.

CAUTION




The preduct related to this
manual is no longer in production
at Hewlett Packard Co. As a
service to our customers, we are
supplying you with a photocopy of
the original document.
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MODEL 8970A
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RACK FLANGE KIT
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FRONT HANDLE KIT

OPTION 909
RACK FLANGE AND FRONT
HANDLE COMBINATION KIT

Figure 1-1. HP Model 8970A Accessories Supplied, and Options 907, 908, and 909
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General Information

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION

This manual contains information required to
install, operate, test, adjust, and service the
Hewlett-Packard Model 8970A Noise Figure
Meter. Figure 1-1 shows the Noise Figure Meter
with all of its externally supplied accessories.

The 8970A Operating and Service manual has
eight major sections. They are:

Section [, General Information
Section [I, Installation
Section III, Operation

Section IV, Performance Tests
Section V, Adjustments
Section VI, Replaceable Parts
Section VII, Manual Changes
Section VIII, Service

Two copies of the operating information are sup-
plied with the Noise Figure Meter. One copy is
in the form of an Operating Manual. The Oper-
ating Manual is a copy of the first three sections
of the Operating and Service Manual. The Oper-
ating Manual should stay with the instrument
for use by the operator. Additional copies of the
Operating Manual can be ordered separately
through your nearest Hewlett-Packard office.
The part number is listed on the title page of
this manual.

Also listed on the title page of this manual, be-
low the manual part number, is a microfiche
part number. This number may be used to order
100 x 150 millimetre (4 x 6 inch) microfilm trans-
parencies of this manual. Each microfiche con-
tains up to 96 photo-duplicates of the manual
pages. The microfiche package also includes the
latest Manual Changes supplement, as well as
all pertinent Service notes.

1-2. SPECIFICATIONS

Instrument specifications are listed in Table 1-1.
These specifications are the performance stand-
ards or limits against which the instrument is
tested. Supplemental characteristics are listed in
Table 1-2. Supplemental characteristics are not
warranted specifications, but are typical charac-
teristics included as additional information for
the user.

1-3. SAFETY CONSIDERATIONS

This product is a Safety Class I instrument,
(that is, provided with a protective earth termi-
nal). The Noise Figure Meter and all related
documenatation should be reviewed for familiar-
ization with safety markings and instructions
before operation. Refer to the Safety Considera-
tions page found at the beginning of this man-
ual for a summary of the safety information.
Safety information for installation, operation,
performance testing, adjustment, or service is
found in appropriate places throughout this
manual.

1-4. INSTRUMENTS COVERED BY
MANUAL

Attached to the rear panel o1 the instrument is
a serial nurnber plate. The svrial number is in
the form: 0000A00000. The first four digits and
the letter are the serial number prefix. The last
five digits are the suffix. The prefix is the same
for identical instruments; it changes only when
a configuration change is made to the instru-
ment. The suffix however, is assigned sequen-
tially and is different for each instrument. The
contents of this manual apply directly to instru-
ments having serial number prefix(es) as listed
under SERIAL NUMBERS on the title page.

1-5. MANUAL CHANGES SUPPLEMENT

An instrument manufactured after the printing
of this manual may have a serial number pre-
fix that is not listed on the title page. This un-
listed serial number prefix indicates that the
instrument is different from those documented
1n this manual. The manual for this newer instru-
ment is accompanied by a Manual Changes
supplement. The supplement contains change
instructions that explain how to adapt the man-
ual to the newer instrument.

In addition to change information, the supple-
ment may contain information for correcting
errors in the manual. To keep the manual as
current and as accurate as possible, Hewlett-
Packard recommends that you periodically re-
quest the latest Manual Changes supplement.
The supplement is identified with the manual

1-1
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MANiUAL CHANGES SUPPLEMENT (cont'd)

pnnt date and part number, both of which appear
on the manual title page. Complimentary copies
of the supplement are available from Hewlett-
Pack| rd.

For irllformation concerning a serial number prefix
that is not listed on the title page or in the Man-
ual éhanges supplement, contact your nearest
Hewlett Packard office.

1-6. | DESCRIPTION

The Hewlett-Packard Model 8970A Noise Figure
Metetl together with an appropnate noise source,
automatically measures the noise figure and gain
of the device to which it is attached. The Noise
Figure Meter can be tuned between 10 and 1500
MHz. It can also be swept over all or any part of
that range. To measure the noise figure of devices
with output frequenc1es greater than 1500 MHz,
an external mixer and local oscillator can be used
to convert the frequency to the 10—1500 MHz
range. Measured noise can be displayed as noise
figure, equivalent input noise temperature or Y-
Factor. Gain is displayed in dB.

Once calibrated, a single keystroke of the Noise
Figure Meter can automatlcally remove the mea-
surement system noise and gain contribution
(called second stage correction). The Noise Figure
Meter then displays only the noise figure and
gain 6f the device under test (DUT).

The Excess Noise Ratio (ENR) of the noise source
can be entered into the Noise Figure Meter for up
to 27’frequencles The Noise Figure Meter uses
this data to correct for ENR versus frequency
variations. For measurements made between cali-
bration points, ENR data is interpolated. When
the instrument is turned off, the ENR table is

stored in continuous memory.
|

X- and Y-Axis outputs on the rear panel allow for
noise; figure and gain versus frequency to be dis-
played on a storage or nonstorage oscﬂloscope or
output to a recorder. On an oscilloscope, gain can
bedisplayed at a lower intensity than noise figure,
to distinguish between the two traces. The Z-Axis
output blanks an oscilloscope or lifts a recorder
pen. A storage oscilloscope can also be used, but
the di fferences in trace intensity are obscured.
|

Most functions can be remotely programmed via
the Hewlett-Packard Interface Bus (HP-IB) and
all measurement data is available to the HP-IB.

1-2
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In addition, the Noise Figure Meter has sufficient
HP-IB controller capability to set the output level
and to tune a local oscillator across a frequency
band.

1-7. OPTIONS
1-8. Electrical Option 001

This option provides a rear panel (instead of front
panel) connection for the INPUT jack.

1-9. Mechanical Options

The following options may have been ordered and
received with the Noise Figure Meter. If they were
not ordered with the original shipment, they can
be ordered from the nearest Hewlett-Packard office
using the part number included in each of the
following paragraphs.

Front Handle Kit (Option 907). Ease of handling is
increased with the front panel handles. Order HP
part number 5061-9689.

Rack Flange Kit (Option 908). The Noise Figure
Meter can be solidly mounted to the instrument
rack using the flange kit. Order HP part number
5061-9677.

Rack Flange and Front Handle Combination Kit
(Option 909). This is not a front handle kit and a
rack flange kit packaged together; it is composed
of a unique part which combines both functions.
Order HP part number 5061-9683.

1-10. HEWLETT-PACKARD INTERFACE

BUS GRT)

1-11. Compatibility

The Noise Figure Meter is compatible with HP-IB
to the extent indicated by the following code: SH1,
AH1, T5, L4, SR1, RL1, PP0O, DC1, DT, C1, C3,
C28, and E1. The Noise Figure Meter interfaces
with the bus via open collector TTL circuitry. An
explanation of the compatibility code can be found
in IEEE Standard 488 (1978), “IEEE Standard
Digital Interface for Programmable Instrumenta-
tion” or the identical ANSI Standard MC1.1. For
more detailed information relating to program-
mable control of the Noise Figure Meter, refer to
Remote Operation, Hewlett-Packard Interface Bus
1n Section I1II of this manual.

1-12. Selecting the HP-IB Address
The Noise Figure Meter uses two HP-IB addresses.

One is the address of the Noise Figure Meter. The
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Selecting the HP-IB Address (cont'd)

second is the HP-IB address of an external local
oscillator when the Noise Figure Meter is used as
a controller. Refer to HP-IB Addresses in the De-
tailed Operating Instructions in Section III for
additional information.

1-13. ACCESSORIES SUPPLIED

The accessories supplied with the Noise Figure
Meter are shown in Figure 1-1.

a. The line power may be supplied in several
configurations, depending on the destination of
the original shipment. Refer to paragraph Power
Cables in Section II of this manual.

b. Fuses with a 1.5A rating for 100120 Vac
operation and a 1.0A for 220,240 Vac operation
are supplied. One fuse is factory installed accord-
ing to the voltage available in the country of orig-
inal destination. Refer to paragraph Line Voltage
and Fuse Selection in Section II of this manual.

In addition, a product note titled “Applications
and Operation of the 8970A Noise Figure Meter”
is supplied with each instrument. Order HP part
number 5952-8254 for additional copies.

1-14. EQUIPMENT REQUIRED BUT NOT
SUPPLIED

To form a noise figure measurement system, a
noise source such as HP Model 346B (346A or
346C), must be used with the Noise Figure Meter.
The Noise Figure Meter supplies +28.0V pulses to
drive the noise source on and off.

1-15. ELECTRICAL EQUIPMENT AVAILABLE
1-16. Performance Test Tape

This tape contains automated versions of all the
Performance Tests in Sections IV of this manual.
The tape significantly reduces the time normally
required to perform the tests. An HP-85B Personal
Computer with HP 82936 A ROM Drawer, 00085-
15005 Advanced Programming ROM, and HP
82937A HP-IB Interface are required to run the
programs on the tape. Order HP part number
09870-10001.

1-17. HP-IB Controllers ALY

The Noise Figure Meter has an HP-IB interface
and can be used with any HP-IB compatible com-
puting controller or computer for automatic sys-
tems applications.

General Information

1-18. External Mixers and Local Oscillators

An external local oscillator and balanced mixer
can be used to extend the frequency range of the
Noise Figure Meter. Suitable LO’s include the HP
8672A or HP 8673B Synthesized Signal Generator
and the HP 8350A Sweep Oscillator. A suitable
mixer is the HP HMXR-5001.

1-19. Waveguide/Coax Adapters

The HP 346B/C Noise Source combined with the
HP X281C or P281C Waveguide/Coax Adapter
makes a very accurate, calibrated waveguide noise
source.

1-20. Front-to-Rear-Panel Connector
Retrofit Kit

This kit contains all the necessary components
and full instructions for converting instruments
with a front panel INPUT connector to a rear panel
connector. Order HP part number 08970-60100.
After installation and calibration, performance
will be identical to 8970A Option 001.

1-21. Rear-to-Front-Panel Connector

Retrofit Kit

This kit contains all the necessary components
and full instructions for converting instruments
with a rear panel INPUT connector to a front
panel connector. Order HP part number 08970-
60101. After installation and calibration, perform-
ance will be identical to the standard 8970A.

1-22. MECHANICAL EQUIPMENT
AVAILABLE

1-23. Chassis Slide Mount Kit

This kit is extremely useful when the Noise Figure
Meter is rack mounted. Access to internal circuits
and components or the rear panel is possible with-
out removing the instrument from the rack. Order
HP part number 1494-0060 for 430 mm (17 inch)
fixed sides and part number 1494-0061 for the
correct adapters for non-HP rack enclosures.

1-24. Chassis Tilt Slide Mount Kit

This kit is the same as the Chasis Slide Mount Kit
above except that it also allows the tilting of the
instrument up or down 90 degrees. Order HP part
number 1494-0062 for 430 mm (17 inch) tilting
slides and part number 1494-0061 for the correct
adapters for non-HP rack enclosures.

1-25. RECOMMENDED TEST EQUIPMENT

Table 1-3 lists the test equipment recommended
for use in testing, adjusting, and servicing the

1-3
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RECOMMENDED TEST EQUIPMENT (cont'd)

Noise! Figure Meter. The Critical Specification col-
umn describes the essential requirements for each
piece of test equipment. Other equipment can be
substituted, if it meets or exceeds these critical
specifications.

HP 8970A

The Recommended Model column may suggest
more than one model. The first model shown is
usually the least expensive, single-purpose model.
Alternate models are suggested for additional fea-
tures that would make them a better choice in
some applications.

Table t-1. Specifications (1 of 2}

Characteristics Performance Limits Conditions
|
I
NOISF FIGURE MEASUREMENT
Rz'mge 0to 30dB
Resolution 0.01dB
Instrumentation +0.1dB For a noise source in a 0 to 55°C
ncertainty environment with an ENR of 14 to
} 16 dB.
GAIN|MEASUREMENT
Range —20 to at least +40 dB For total noise figures <30 dB
Rcl,solution 001dB Gain >-9.99dB
! 0.1dB Gain <—9.99 dB
In}strumentation +0.2dB
Uncertainty
i
INPU"T
Frequency Range Tunable from 10 to
: 1500 MHz
Frequency 1 MHz
{Resolution
T!Tming Accuracy *(1 MHz + 1% of frequency), From +10to +40°
! +6 MHz maximum
Ni)ise Figure <7dB +0.003dB'MHz For input power levels below
| —60 dBm.
Input SWR
(Reflection Coefficient) <1.7(0.26) 10to 1500 MHz (500 reference
| impedance).
Maximum Operating —10dBm
IInput Power
Maximum Net >65 dB Between noise source and §970A
;External Gain RF Input.
ELEdTRDMAGNETIC COMPATIBILITY
EMI MIL STD 461 A CISPR Conducted and radiated
l publication 11, and Messem- interference is in compliance with
[ pfaenger Postverfuegung MIL STD 461A Methods CE03 and

526-527,79

REO02, CISPR publication 11
(1975), and Messempfaenger-
Postverfuegung 526.'527,79
(Kennzeichnung Mit F-Nummer
Funkschutzzeichen).
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Table 1-1. Specifications (2 of 2)

General Information

Characteristics

Performance Limits

Conditions

ELECTROMAGNETIC COMPATIBILITY

Power Dissipation

Temperature:
Operating
Storage

Remote Operation (HP-IB)

Dimensions
Height
Width
Depth
Net Weight

150 VA maximum

0to 55°C
—55t075°C

IEEE STD 488-1978
Compatibility Code:

HI, AH1, T5,1L4, SR1, RL1,
PP0,DC1,DT1,C1, C3, C28,
E1

146 mm (5.751n )
425mm (16.8in.)
462mm (18.21in.)
15.5kg (34 1bs)

(cont'd)
Conducted and Radiated
Susceptibility MIL STD 461 A-1968 Conducted and radiated suscepti-
bility meets the requirements of
methods CS01, CS02, CS06, and
CS03 (1 volt ‘metre) of MIL STD
461A dated 1968.
GENERAL
Noise Source Drive 28.0£0.1V Noise source ON at up to 60 mA
peak.
<1V Noise source OFF.
Power Requirements
Line Voltage:
100, 120, 220, or 240V +5, —10% 48 to 66 Hz, single phase.

The Hewlett-Packard Interface
Bus (HP-IB)1s Hewlett-Packard's
implementation of IEEE Std
488-1978, “Digital Interface for
Programmable Instrumentation.”
Most functions are remotely
programmable.

Note: For ordering cabinet
accessories, the module sizes are
5%H, 1 MW (module width, and
17D.

1-5
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Table 1-2. Supplemental Characteristics

HP 8970A

élupplemental characteristics are intended to provide information useful in applying the instrument by

giving typical, but non-warranted, performance parameters.

1|Xll parameters describe performance in automatic operation or properly set manual conditions.
l

Sensitivity: no external gain required; —100 dBm; able to measure its own noise figure.
Measurement Speed: about 3 to 5 measurements per second.

aximum Safe Input Level. +20 Vde; +20 dBm at RF.

| FUNCTIONAL PROPERTIES

“oise Figure Display Units: noise figure in dB or as a ratio, or uncorrected Y-Factor in dB or as a ratio, or
’ effective input noise temperature in kelvins.

ﬁxlernal LO Control: frequency control over HP-IB from 10 to 60000 MHz.

':lolse Figure Display Jitter: <0.01 dB with appropriate smoothing.

!;:old Noise Source Data Range: O to 9999K.

Hot Noise Source Data Range: stored table — ENR from —7 to +17 dB; spot frequency — from 0 to 14824K.
?’tnrage Capacity of Hot Noise Source Table: ENR at 27 frequencies.

gmnolhingz exponential averaging of gain and noise figure before display according to D=P (F—1)/F+M/F

| where D is the display result, M is the latest measurement, and F is the averaging factor (1, 2, 4, 8, 16,
} 32,64,128, 256, or 512). Straight averaging is used during swept operation.

blanking (on an oscilloscope).

l

pear Panel Qutputs: X-Axis and Y-Axis from 0 to 6V. Z-Axis is TTL for pen lift (on an X-Y recorder) and
|

|

|

[
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Table 1-3. Recommended Test Equipment (1 of 2)

Timing Analysis: 16 lines

Instrument Specifications Recommended Model Use*
Attenuator, 1 dB Steps' 1 dBfrom(0to 11 dB HP8494A P A
Steps Frequency Range: 10 to 1500 MHz Option 001
Attenuator, 10dB Steps: 10 dB from 0 to 70 dB HP 8495A P
Steps Frequency Range: 10 to 1500 MHz Option 001
Attenuator, Fixed Attenuation. 6 dB HP 8491A P A
6dB Frequency Range: 10 to 1500 MHz Option 006
Attenuator, Fixed Attenuation: 10 dB HP 8491A P
10dB (2 required) Frequency Range: 10 to 1500 MHz Option 010
Attenuator, Attenuation: 20 dB HP 8491A P
Fixed 20dB Frequency Range: 10 to 1500 MHz Option 020
Calculator Functions: Divide, multiply, square root HP 41C P A

Programmable
Controller, HP-IB HP-IB compatibility as defined by IEEE Standard HP 85B~82936A C,PT
488 and the identical ANSI Standard MC1.1: SH1, (ROM Drawer)/00085-15005
AH1, T2, TEO, L2, LEO, SRO, RLO, PP0O, DCO, DTO, (Advanced Programming
C1,2,3,4,5 ROM)
or
HP 9835A,/98332A/98034A
or
HP 9826 A Option 011 (Basic
2.0 ROM based system)
(built-in interface)
Digital Voltmeter DC Voltage Range: Up to 100V HP 3455A P AT
Resolution (in high resolution mode): 1 pV on or
1 Vdcrange HP 3456A
Accuracy (in high resolution mode); +0.003% of (Systems DVM)
reading +4 counts '
Filter, Low-Pass Insertion Loss: <1 dB below 0.9 times cut-off HP 360B P,A
frequency
Cut-Off Frequency: 1200 MHz
Rejection: >50 dB at 1.25 times cut-off frequency
Frequency Range: 10 to 4000 MHz HP 5340A P A
Counter Resolution. 1 kHz or
HP 5343A
Frequency Input Frequency Range: 10 to 760 MHz HP11721A P
Doubler Conversion Loss: <15 dB at +13 dBm input
Interface HP-IB Required for HP 85B only HP 82937A C,PT
Logic Analyzer Input Lines: 43 HP 1630A or HP 1630D T

*C = Operator's Checks, P = Performance Tests; A = Adjustments; T = Troubleshooting.

1-7



Gener’al Information
|

Table 1-3. Recommended Test Equipment {2 of 2)

HP 8970A

|
|
|

Iy‘nstrument Specifications Recommended Model Use*
Noisei Source Power Required. +28V HP 346B Option 001 C,P,T
| ENR:15.2dB or
’ Connector: Type N (male) HP 346 A or HP 346C
Oscill:oscope Inputs: Two Channel (A vs B or X vs Y) and Z-Axis HP 1740A or HP 1980A CAT
i (Oscilloscope
| Measuring System)
! or
l HP 1980B
|
Powe}' Meter Uncertainty; +0 02 dB Instrumentation: dB HP 436A PAT
| Relative
Power Sensor Frequency Range 10 to 4000 MHz or Power Range: HP 8484A or HP 8482A PAT
| 0.1 nWto 10 uW SWR 30 to 4000 MHz: 1.15 or
HP 8485A
Power Splitter Frequency Range: 10 to 1500 MHz HP 11667A P.A
Signal.l Generator Frequency Range: 10 to 760 MHz HP 8656A or HP 3335A CT
(Exteh'nal LO) Frequency Accuracy: +1 kHz (Frequency Synthesizer) P.A,
| Output Level: +13 dBm or
| HP 8672A (Synthesizer
| Signal Generator)
! or
I HP 8673B
Signa;ture Because the signatures documented are unique to HP 5005A or HP 5005B T
‘ Multi| meter a given signature analyzer, no substitution is or
(Analyzer) recommended HP 5006 A
I
Spectlrum Frequency Range: 10 to 1500 MHz HP 8565A or HP 8566A A
Analyzer
|
Sweep Oscillator Frequency Range: 20 to 2400 MHz HP 8620C /86222B P,A,C
| Attenuation: 70dB 1n 10 dB steps Option 002 or HP 8340A
or
| HP 8350B
I
SWRI‘Bridge Frequency Range: 10 to 1500 MHz Wiltron 60N50 P
| Directivity: 40 dB
Wideband Frequency Range: 0.1 to 1300 MHz HP 8447D Option 010 P
Amp'hﬁer 1 Gain: 26 dB Output Power for 1 dB Gain
w Compression: +7 dBm
l
Wideband Frequency Range: 0.1 to HP 8447F P
Amplifier II 1300 MHz Option 010
' Gain: 48 dB
! Qutput Power for 1 dB Gain
: Compression >+15dBm
*C é Operator’s Checks, P = Performance Tests; A = Adjustments, T = Troubleshooting.

|
1-8 |
|
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Installation

SECTION I
INSTALLATION

2-1. INTRODUCTION

This section provides the information needed to
install the Noise Figure Meter. Included is infor-
mation pertinent to initial inspection, power re-
quirements, line voltage selection, power cables,
interconnection, environment, instrument mount-
ing, storage, and shipment.

2-2. INITIAL INSPECTION

To avoid hazardous electrical shock, do
not perform electrical tests when there
are signs of shipping damage to any
portion of the outer enclosure (covers,
panels, meters).

Inspect the shipping container for damage. If the
shipping container or cushioning material 1s dam-
aged, it should be kept until the contents of the
shipment have been checked for completeness and
the instrument has been checked mechanically
and electrically. The contents of the shipment
should be as shown in Figure 1-1. Procedures for
checking electrical performance are given in Sec-
tion IV. If the contents are incomplete, if there is
mechanical damage or defect, or if the instrument
does not pass the electrical performance tests, no-
tify the nearest Hewlett-Packard office. If the
shipping container is damaged or the cushioning
material shows signs of stress, notify the carrier
as well as the Hewlett-Packard office. Keep the
shipping materials for the carrier’s inspection.

2-3. PREPARATION FOR USE

2-4. Power Requirements

The Noise Figure Meter requires a power source of
100, 120, 220 or 240 Vac, +5% to —10%, 48 to 66 Hz

single phase. Power consumption is 150 VA
maximum.

IWARNINGS l

This s a Safety Class I product (that is,
provided with a protective earth termi-
nal). An uninterruptible safety earth

ground must be provided from the main
power source to the product input wiring
terminals, power cord or supplied power
cord set. Whenever it is likelv that the
protection has been tmpaired, the pro-
duct must be made inoperative and be
secured against any unintended
operation.

If this instrument is to be energized via
an external autotransformer, make sure
the autotransformer’s common terminal
is connected to the neutral (that is, the
grounded side of the Mains supply).

2-5. Line Voltage and Fuse Selection

¢{ CAUTION

BEFORE PLUGGING THIS INSTRU-
MENT into the Mains (line) voltage, be
sure the correct voltage and fuse have
been selected.

Verify that the line voltage selection card and the
fuse are matched to the power source. Refer to
Figure 2-1, Line Voltage and Fuse Selection.

Fuses may be ordered under HP part numbers
2110-0043, 1.5A (250V, normal blow) for 100/120
Vac operation and 2110-0001, 1.0A (250V, normal
blow) for 220/240 Vac operation.

2-6. Power Cables

I WARNING I

BEFORE CONNECTING THISINSTRU-
MENT, the protectiveearth terminals of
this instrument must be connected to
the protective conductor of the (Mains)
power cord. The Mains plug shall only
be inserted in a socket outlet provided
with a protective earth contact. The pro-
tective action must not be negated by
the use of an extension cord (power
cable) without a protective conductor
(grounding).




Instajlation
l
[

Operating voltage is shown
in module window

SELECTION OF OPERATING VOLTAGE

1. Open cover door, pull the FUSE PULL lever and rotate to
‘eft.. Remove the fuse.

2. Remove the Line Voitage Selection Card Position the card
$0 the line voltage appears at top-left corner. Push the card
firmly into the slot.

|
3 |Rotate the FUSE PULL lever to its normal position. Insert

a fuse of the correct value in the holder. Close the cover

door.

|

| | WARNING I
|

To avoid the possibility of hazardous electri-
cal shock, do not operate this instrument at
line voltages greater than 126.5 Vac with line
frequencies greater than 66 Hz (leakage cur-
rents at these line settings may exceed
3l5mA).

i Figure 2-1. Line Voltage and Fuse Selection

HP 8970A

This instrument is equipped with a three-wire
power cable. When connected to an appropriate ac
power receptacle, this cable grounds the instru-
ment cabinet. The power cable plug shipped with
each instrument depends on the country of desti-
nation. Refer to Figure 2.2 for the part numbers of
the power cables available.

2-7. HP-IB Address Selection i)

The Noise Figure Meter uses two HP-IB addresses.
Oneis the address of the Noise Figure Meter. The
second is the HP-IB address for an external local
oscillator when the Noise Figure Meter is used as a
controller. Both addresses are selectable by Spe-
cial Function from the front panel. Refer to HP-IB
Addresses in the Detailed Operating Instructions
in Section III for additional information.

When shipped from the factory, the two addresses
are:

a. The Noise Figure Meter HP-IB address is 8
t{decimal).

b. The external local oscillator HP-IB address
for use when the Noise Figure Meter is the con-
troller is 19 (decimal).

|
|
|
|
!
‘

220/240V 220/240V
OPERATION OPERATION
ZZ N

2>

. S

| NN
PLUGi‘: SEV 1011.1959-24507
TYPE! 12 PLUG*: NZSS 198/AS C112
CABLE™: HP 8120-2104 CABLE™". HP 8120-1369

220/240v
OPERATION

100/120v
OPERATION

PLUG*: NEMA 6-15P
CABLE™: HP 8120-0698

PLUG* NEMA 5-15P
CABLE*: 8120-1378

| 220/240V
OPERATION

PLUG*: CEE7-VII PLUG*: CEE22-V1

CABLE*: HP 8120-1689

CABLE™*: HP 8120-1860

220/240V
OPERATION

220/240V
OPERATION

PLUG*: BS 1363A
CABLE: HP 8120-1351

} *The number shown for the plug is the industry identifier for the plug only.
The number shown for the cable 1s an HP part number for a complete cable including the plug.

Figure 2-2. Power Cable and Mains Plug Part Numbers
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Valid HP-1B addresses are 0 through 30. Refer to
Table 2-1 for decimal equivalents of the ASCII
Talk and Listen address codes.

Table 2-1. ASCii Address Codes to Decimal Equivalents

ASCIl Address Codes ,
Decimal

Equivalents

LISTEN TALK

SP 00
01
02
03
04
05
06
07

09

10

11

12

13

14

15

16

17

18
19

20

21

22

23

24

25
VA 26
[ 27
|
()

+ #— ~ R AR,
MHS<<CHBYPODOZIMr R -IOOEBUOEP»®B

© WU R0~ O -

28
29
30

VoA e

Decimal 08 is the factory set HP 8970A address
Decimal 19 is the factory set address for an external LO

2-8. Interconnections

Interconnection data for the Hewlett-Packard Inter-
face Bus is provided in Figure 2-3.

2-9. Mating Connectors

interface Connector. The HP-IB mating connector
is shown in Figure 2-3. Note that two securing
screws are metric.

Installation

Coaxial Connectors. Coaxial mating connectors
used with the Noise Figure Meter should be 50 ohm
BNC, or type N male connectors.

2-10. Operating Environment

The operating environment should be within the
following limitations:

Temperature ..........c.coovvvvvnnnn 0 to +55°C
Humidity ......................... <95% relative
Altitude............... <4570 metres (15 000 feet)

2-11. Bench Operation

Theinstrument cabinet has plastic feet and fold-away
tilt stands for convenience in bench operation. (The
plastic feet are shaped to ensure self-aligning of the
instruments when stacked.) The tiit stands raise the
front of the instrument for easier viewing of the
front panel.

2-12. Rack Mounting

I WARNING I

The Noise Figure Meter weighs 15.5 kg
(34 1b), therefore, care must be exercised
when lifting to avoid personal injury.
Use equipment slides when rack
mounting.

Rack mounting information is provided with the
rack mounting kits. If the kits were not ordered
with the instrument as options, they may be
ordered through the nearest Hewlett-Packard
office. Refer to the paragraph entitled Mechanical
Options in Section I.

2-13. STORAGE AND SHIPMENT
2-14, Environment

The instrument should be stored in a clean, dry
environment. The following environmental lim-
itations apply to both storage and shipment:

Temperature .................... -55°C to +75°C
Humidity ................. ... .l <95% relative
Altitude............. <15 300 metres (50 000 feet)

2-15. Packaging

Tagging for Service. If the instrument is being
returned to Hewlett-Packard for service, please
complete one of the blue repair tags located at
the back of this manual and attach it to the
instrument.

2-3
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OF OTHER WIRE OF

SIGNAL GROUND SHIELD=—— CONNECT T0
PIO TWISTED PAIR WITH 11 ATN AR
P10 TWISTED PAIR WITH 10 SRQ
SHOULD BE GROUNDED | P/O TWISTED PAIR WITH 9 IFC
NEAR TERMINATION - 1 p/o Tw) STED PAIR WITH 8 NDAC
TWISTED PAIR PIO TWISTED PAIR WITH 7 NRFD
PIO TWI STED PAIR WITH 6 DAV
REN €01
D108 DI04
DI07 0I0 3
DIOG DIO 2
DIOS DIO 1

I1SO METRIC ———— |
THREAD M3.5x 0.6 24-PIN MICRO-RIBBON

(SERIES 57) CONNECTOR

Logic Levels
The Hewlett-Packard Interface Bus Logic Levels are TTL compatible,
1e, the true (1) state is 0.0 Vdc to +0.4 Vdc and the false (0 state is
+2.5 Vde to +5.0 Vdce.

Programming and Output Data Format
Refer to Section III, Operation.

Mating Connector
HP 1251-0293; Amphenol 57-30240.

Mating Cables Available
HP 10833A, 1 metre (3.3 ft), HP 10833B, 2 metres (6.6 ft)
HP 10833C 4 metres (13.2 ft), HP 10833D, 0.5 metres (1.6 ft)

Cabling Restrictions

1.

A Hewlett-Packard Interface Bus system may contatn no more than 2
metres (6.6 ft) of connecting cable per instrument.

The maximum accumulative length of connecting cable for any
Hewlett-Packard Interface Bus system is 20.0 metres (65.6 ft).

Figure 2-3. Hewlett-Packard Interface Bus Connections
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Packaging (cont'd)

Original Packaging. Containers and materials
identical to those used in factory packaging are
available through Hewlett-Packard offices. Mark
the container “FRAGILE” to assure careful
handling. In any correspondence, refer to the
instrument by model number and full serial
number.

Other Packaging. The following general instruc-
tions should be used for re-packaging with com-
mercially available materials:

a. Wrap the instrument in heavy paper or plas-
tic. (If shipping to a Hewlett-Packard office or serv-

Installation

ice center, complete one of the blue tags and attach
it to the instrument.)

b. Use a strong shipping container. A double-
wall carton made of 2.4 MPa (350 psi) test material
is adequate.

c. Use enough shock-absorbing material (75 to
100 mm layer; 3to 4 inches) around all sides of the
instrument to provide firm cushion and prevent
movement in the container. Protect the front panel
with cardboard.

d. Seal the shipping container securely.

e. Mark the shipping container “FRAGILE’ to
assure careful handling.

2-5/2-6
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HP 8970A Operation
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HP 8970A

0 LOCAL Key. Returns the Noise Figure Meter to local

operation (front panel control) from remote HP-IB
control provided that the instrument is not in Local
Lockout.

Q HP-IB Annunciators. Display the HP-IB status. The

REMOTE annunciator lights when the Noise Figure
Meter is in the remote mode. The TALK annunciator
lights when the Noise Figure Meter is addressed to
talk, is in Talk Only mode, or is controlling an exter-
nal LO. The LISTEN annunciator lights when the
Noise Figure Meter is addressed to listen. The SRQ
annunciator lights when the Noise Figure Meter is
sending a Require Service message to the con-
trolier.

9 Left Display. Depending upon the selected functions,

the following information is displayed:

Frequency parameters — always displayed in MHz;
1 MHz resolution; 10 to 1500 MHz measurement
range without external equipment; displays mea-
surement frequency of up to 60 GHz when anexternal
LO and a mixer are used to extend the frequency
range of the Noise Figure Meter.

Special Function codes as they are entered.

Spot ENR — displayed in dB.

Temperature of the noise source — displayed in °C,
°F, or K.

Sequence order.
Smoothing factor.

All data as it is being entered (except ENR in the
“ENR versus Frequency” table).

EXT MIX (external mixer) annunciator — lights
when Measurement Mode 1.1, 1.2, 1.3 or 14 is
active.

@ INSERTION GAIN Display. Displays (in dB) the gain

of the device under test (DUT) to two decimal piaces.
This display also shows ENR in dB when entering
the ENR table.

0 NOISE FIGURE Display. Displays measured noise.

Five annunciators (F dB, Y dB, F, Te K, and Y)
indicate the noise figure display units. This display
is also used for power measurements (displayed in
dB) and error codes.

3-4

Figure 3-2. Display and Remota Features
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Operation

@ PRESET Key. Returns the instrument to a known
state. Refer to the Preset Conditions and Power-Up
Sequence Detailed Operating Instruction for a list of
preset conditions and defauit values.

@ LINE Switch. Applies power to the Noise Figure
Meter when set to the ON position.

Q ENR Key. Used to display and enable entry of the
excess noise ratio (ENR) versus frequency table.
ENR data for up to 27 frequencies can be stored.
Frequency is shown in the left display and the cor-
responding ENR is shown in the INSERTION GAIN
display.

o NOISE SOURCE DRIVE OUTPUT. This BNC connec-

tor provides the output to drive a noise source on
and off with +28 voit pulses.

Figure 3-3. LINE Switch, PRESET and SOURCE Features

3-5




Operation

HP 8970A

0 Frequency Function Keys. in addition to the func-
tions described below, the following keys are used
to prefix numeric entries for the specified functions:
START FREQ, STOP FREQ, STEP SIZE, FREQ, and
FREQ INCR. Frequency is entered in MHz from the
front panel. Frequency parameters are entered in a
Function — Data — ENTER format.

FIXED FREQUENCY Keys

Q FREQUENCY Key. Causes the tuned frequency to
appear in the left display. This key also acts as a
“clear” key when an error is made during entry; that
is, it returns the instrument to the measurement
frequency. (Also see Frequency Function Keys.)

0 FREQ INCR Key. Causes the programmed frequency
increment to appear in the left dispiay while the key
is depressed. (Also see Frequency Function Keys.)

0 <> or <> keys. Increase or decrease the tuned
fixed frequency by the programmed frequency
increment. Holding either of these keys down causes
the tuning to step continuously up or down.

SWEEP Keys

@ SINGLE Key. Starts one sweep from START FREQ o
STOP FREQ in increments determined by STEP SIZE.
At the end of one sweep the instrument remains
tuned to the stop frequency. Single sweep can be
terminated by pressing the SINGLE key a second
time.

© AUTO Key. Starts a sweep from the current fre-
quency. The sweep repeats from START FREQ to
STOP FREQ in increments determined by STEP SIZE
until terminated. Auto sweep is terminated by press-
ing the AUTO key a second time.

@ STEP SIZE Key. Causes the programmed fre-
quency step size of the sweep to appear in the
left display while the key is depressed. (Also see
Frequency Function Keys.)

@ STOP FREQ Kay. Tunes the Noise Figure Meter to
the programmed stop frequency and causes that
frequency to appear in the left display. (Also see
Frequency Function Keys.)

0 START FREQ Key. Tunes the Noise Figure Meter to
the programmed start frequency and causes that
frequency to appear in the left display. (Also see
Frequency Function Keys.)

Figurs 3-4. SWEEP and FIXED FREQ Features
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0 DATA Keys. Enter data or Special Function codes.
Entries are completed by the ENTER key or the SPE-
CIAL FUNCTION key (except for STORE and RECALL).

o ENTER Key. Completes keyboard entries other than
Special Function codes.

€© SPECIAL FUNCTION Key. Completes the keyboard
entry of a Special Function code. Special Functions
are instrument operations in addition to those
accessible from dedicated front pane! keys. Refer to
Special Functions in the Detailed Operating Instruc-
tions for a complete listing of user special functions.

Q STORE and RECALL Keys. Store and recall up to ten
instrument configurations in storage registers 0
through 9. Front panel features that cannot be
stored and later recalled are CALIBRATE, SMOOTH-
ING, AUTO or SINGLE SWEEP, UNCORRECTED NOISE
FIGURE and CORRECTED NOISE FIGURE AND GAIN.

When the STORE key is used as a prefix for a
numeric key (a single digit 0 — 9 to identify the
register), the current instrument configuration is
stored in that internal storage register.

When the RECALL key is used as a prefix to a
numeric key (a single digit 0 — 9 to identify the
register), the contents stored in that register are
recalled and the instrument configuration is changed
to the recalled parameter vaiues.

e SEQ Key. Recalls storage registers 1 through 9in a

preset sequence. Pressing the SEQ key momentarily
displays the current storage register number. SEQis
used in conjunction with Special Function 35.

e —(Minus) Key. Can be used as a prefix for loss, ENR,

or temperature. Although the minus key can be used
any time before an entry is completed, the minus
sign is always inserted to the left of the entered
digits. If the minus sign is used incorrectly an error
message is displayed when ENTER is pressed.

Figurs 3-5. DATAand SPECIAL FUNCTION Features
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0 CALIBRATE Key. Initiates the calibration process
which measures and stores the measurement sys-
tem noise figure and gain. This data is used for
second stage correction and gain measurements.
Calibration is done from START FREQ to STOP FREQ
in steps of STEP SIZE (see Figure 3-4). During cali-
bration ali front panel keys except PRESET, CALI-
BRATE and LOCAL are disabled. Pressing CALI-
BRATE a second time before calibration is complete
terminates the calibration.

0 CORRECTED NOISE FIGURE AND GAIN Key. Config-
ures the Noise Figure Meter to measure noise figure
and gain with second stage correction (that is, only
the noise figure and gain of the device under test is
displayed). A calibration must be completed priorto
making corrected noise figure and gain measure-
ments.

@ INPUT. This female type-N INPUT connector is used
to connect the device under test to the Noise Figure
Meter. The nominal input impedance is 50 ohms.
Specitied operating input level is less than —10
dBm. The frequency range at the INPUT connector is
10 to 1500 MHz.

CAUTION

Damage to the instrument can be
caused by connecting signals to IN-
PUT that exceed +20 dBm or +20
Vde.

o SMOOTHING Keys. INCREASE and DECREASE the

number of measurements averaged (smoothing fac-
tor) when displaying measurement results. When
pressed, these keys cause the smoothing factor to
appear in the left dispiay. The smoothing factor
ranges from 1 to 512 and changes in factors of 2.
Pressing INCREASE doubles the smoothing factor.
Pressing DECREASE halves the smoothing factor.
Both INSERTION GAIN and NOISE FIGURE displays
are smoothed. Increasing the smoothing reduces
the jitter in the display.

o UNCORRECTED NOISE FIGURE Key. Configures the

Noise Figure Meter to measure noise figure without
second stage correction (that is, the noise contribu-
tion of the measurement system is included in the
reading in the NOISE FIGURE display).

3-8

Figure 3-6. MEASUREMENT and INPUT Features
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GAIN TRACE adjusts the intensity of the gain trace
(on an oscilloscope) relative to the noise figure
trace.

IF provides a rear panel output for the Noise Figure
Meter's last IF (20 MHz) immediately prior to the
detector. The power leve! is -50 to -30 dBm nominal.
Output impedance is 500 nominal.

INPUT is arear panel input for coupling the output
signal from the device under test into the instru-
ment. This input is supplied on Option 001 instru-
ments instead of the standard front panel connec-

tion. DET provides an output from the noise power
detector. Level is 0.1to0 1.0 Vdc nominal, tioating.
CAUTION 9

NOTE

Damage to the instrument can be DET is a direct connection to the
caused by connecting signals to IN- instrument’s detector. Loading or
PUT that exceed +20 dBm or +20 injecting a signal may cause inac-
Vde. curate readings. Only connect this
outputtoinstrumentation with float-
NOISE SOURCE DRIVE QUTPUT drives a noise ing inputs. Output impedance is 10

kQ nominal.

source on and off with +28V puises and is in paralle!
to the front panel NOISE SOURCE DRIVE OUTPUT.
(Only one noise source can be connected at a time.)

Line Power Module permits operation from 100,
120, 220 or 240 Vac. The number visible in the win-
dow indicates nominal line voltage to which the
instrument must be connected (see Figure 2-1). Cen-
ter conductor is a chassis connection for safety
earth ground.

X-AXIS. 0 to +6V output proportional to the mea-
surement frequency when driving an oscilloscope
or X-Y recorder. This output can be made propor-

tional to noise figure for driving a strip chart
(le;ge kg?ﬁ?%’&t‘;%?%%%ﬂg?”mVac' 10 recorder. Output impedance is 1000.

Y-AXIS. 010 +6V output proportional to noise figure
when driving an oscilloscope or X-Y recorder. This
output can be made proportional to gain when driv-
ing a strip chart recorder. Output impedance is
1000.

HP-IB Connactor connects the Noise Figure-Meter
to the Hewlett-Packard Interface Bus for HP-IB
operation.

Z-AXIS/PEN LIFT. TTL compatible output. When
used with an oscilloscope, the Z-AXIS provides a
TTL high signal for retrace blanking. When used
with a recorder, the PEN LIFT provides a TTL high
signat to lift the pen. Qutput impedance is 1000.

Figure 3-7. Rear Pans| Features
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OPERATOR'S CHECKS

3-10. OPERATOR’S CHEC_KS
3-11. Basic Functional Checks

DESCRIPTION The overall operation of the Noise Figure Meter is checked using anoise source and an
oscilloscope. If the Noise Figure Meter is to be used to control an external LO, the
optional External LO Check at the end of this procedure verifies that capability. This
check should be performed sequentially.

EXTERNAL LO HP 8970A NOISE FIGURE METER 2.AXIS OSCILLOSCOPE

L
CRED|- -~ 558, o [

SOURCE INPUT
Y-AXIS }
X-AX1S

NOISE SOURCE
Figure 3-8. Basic Functional Checks Setup

EQUIPMENT NoiseSource ........................ HP 346B Option 001
Oscilloscope ..........covvveein.... HP 1740A
External LO ........................ HP 8672A

PROCEDURE Preliminary Check

1.

Remove any cables from the Noise Figure Meter’s INPUT and SOURCE. Set the LINE
switch to OFF, and then back to ON. Verify the front panel LED annunciators,
display segments, decimal points, and key lights turn on for approximately two
seconds. Then, verify that the NOISE FIGURE display shows “ — — — — " for
approximately five seconds.

Press PRESET. After “ — — — — " disappears from the NOISE FIGURE display,
verify the following conditions:

a. Left display shows 30 MHz.

b. INSERTION GAIN display is blank.

c¢. NOISE FIGURE display shows “ — — FdB”.

d. UNCORRECTED NOISE FIGURE annunciator is on.

Connect the noise source between the Noise Figure Meter's SOURCE and INPUT
(See Figure 3-8). Verify the NOISE FIGURE display shows approximately 5 dB.

Connect the oscilloscope to the X-,Y-, and Z-AXIS connectors on the rear panel of
the Noise Figure Meter. Use the X-AXIS for the horizontal input and the Y-AXIS for
the vertical input.

On the Noise Figure Meter, press 7. 1 SPECIAL FUNCTION. Verify that a test
pattern is displayed on the oscilloscope. It may be necessary to adjust rear panel
GAIN TRACE control to obtain the test pattern. Adjust the oscilloscope until the
test pattern fills the grid area (see Figure 3-9). Press 7.0 SPECIAL FUNCTION to
enable the Noise Figure Meter to output the noise figure and gain data to the
oscilloscope.

3-10



HP 8970A

Operation

OPERATOR’S CHECKS

Basic Functional Checks (cont’'d)

Figure 3-9. Test Pattern on Oscilloscope

Calibration and SWEEP Check

6.

10.

Press CORRECTED NOISE FIGURE AND GAIN. Verify the NOISE FIGURE
display shows an error message.
NOTE

In step 6, error code E20 (not calibrated) is normally displayed. If
error code E26 (IF attenuators not calibrated) is displayed during
thischeck, press 33.0 SPECIAL FUNCTION (IF attenuator calibra-
tion). Continue with this check after the IF attenuators are cali-
brated (approximately 5 seconds).

Press UNCORRECTED NOISE FIGURE. Verify that the NOISE FIGURE display
shows approximately 5 FdB indicating that the Noise Figure Meter can make
uncorrected noise figure measurements prior to being calibrated.

Press CORRECTED NOISE FIGURE AND GAIN. Verify the NOISE FIGURE
display again shows an error message.

NOTE
All frequency data must be entered in MHz.

Press the following keys to enter the SWEEP calibration parameters:

a. STARTFREQ 123 ENTER.
b. STOP FREQ 7 8 9 ENTER.
c. STEP SIZE 4 0 ENTER.

Press CALIBRATE. Verify the following conditions:
a. CALIBRATE annunciator lights.
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OPERATOR'S CHECKS

Basic Functional Checks (cont'd)

b. The frequency is swept from the start frequency (123 MHz) to the stop fre-
quency (789 MHz) in 40 MHz steps. This sweep is performed three times.

c. After calibration is complete, the CALIBRATE annunciator turns off and the
CORRECTED NOISE FIGURE AND GAIN annunciator lights.

d. The INSERTION GAIN display shows approximately 0 dB and the NOISE
FIGURE display shows approximately 0 FdB.

11. Press SWEEP SINGLE. Verify that the key’s LED lights. The established fre-
quency rangeis swept once. After the sweep is completed, the LED turns off and the
left display shows 789 MHz.

12. Press SWEEP AUTO. Verify that the key’s LED lights and the frequency rangeis
swept repetitively. Press SWEEP AUTO again. Verify the sweep stops at the
current frequency and the LED goes off.

13. Press SMOOTHING INCREASE four times to set the smoothing (averaging)
factor to 16. Press SWEEP SINGLE. Verify that the INSERTION GAIN and
NOISE FIGURE displays are more stable and the time required for each measure-
ment is longer. Press SMOOTHING DECREASE four times to return the smoo-
thing factor to 1.

FIXED FREQUENCY Tuning Check
14. Pressthefollowing keys to establish the tuned FIXED FREQUENCY parameters:

a. FREQUENCY 500 ENTER.
b. FREQ INCR 300 ENTER.

15. Press M . Verify that the left display shows 800 MHz and the NOISE FIGURE
display show error code E21 (current frequency is out of calibrated range).

16. Press @ . Verify theleft display shows 500 MHz and the INSERTION GAIN and
NOISE FIGURE displays show approximately 0.

ENR Table Entry Check

NOTE

This check verifies the capability of the ENR and ENTER keys to
initiate and sequence through the ENR table. If it is necessary to
change the ENR table, refer to the ENR Table Entry Detailed
Operating Instruction.

17. Press ENR. Verify the MHz annunciator in the left display is flashing.

18. Press ENTER. Verify that the MHz annunciator remains on and the dB annuncia-
tor in the INSERTION GAIN display is flashing.
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Basic Functional Checks (cont'd)

19. Press and hold ENTER. Verify the two displays sequence through the ENR table
entries. Release ENTER.

NOTE

If ENTER is held down until all 27 frequency vs. ENR pairs have
been displayed, both annunciators light and remain lit. When
ENTER is relased, the Noise Figure Meter returns to the measure-
ment configuration it was in prior to pressing ENR. If ENTER is
released prior to displaying all pairs, press FREQUENCY to return
to the previous measurement configuration.

20. Verify that the CORRECTED NOISE FIGURE AND GAIN annunciator lights.

STORE, RECALL, and SEQ Check
21. Press PRESET. Verify the left display shows 30 MHz.
NOTE

During the STORE and RECALL checks the complete instrument
configuration is stored and recalled. The frequency change is merely
a convenient indication that different setups have been stored and
recalled.

22. Press STORE 1.
23. Press 4 . Verify the left display shows 50 MHz. Press STORE 2.

24. PressRECALL 1. Verify theleft display shows 30 MHz. Press RECALL 2. Verify the
left display shows 50 MHz.

25. Press and hold SEQ. Verify the left display shows 1. Release SEQ. Verify the left
display shows 30 MHz.

26. Press and hold SEQ. Verify the left display shows 2. Release SEQ. Verify the left
display shows 50 MHz.

Minus Check
27. Press - . Verify the left display shows —.

External LO Check (Optional)

NOTE

The following steps check the Noise Figure Meter’s capability to
control an external LO. It is not necessary to perform this check
unlessthe Noise Figure Meteris used for this purpose and a suitable
external LO is available. It is assumed in the following check that
the HP-IB addresses used by the Noise Figure Meter and the exter-
nal LO are compatible.

28. Connect the HP-IB cable between the Noise Figure Meter and the external LO (see
Figure 3-8).
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OPERATOR'S CHECKS

Basic Functional Checks (cont'd)

29. Press1.1SPECIALFUNCTION. Verify the left display shows 10000 MHz and the
EXT MIX annunciator lights.

30. Pressone of the following sequences of keys depending upon the external LO used:
a. For an HP 8350B, press 41.0 SPECIAL FUNCTION.
b. For an HP 8672A, press 41.2 SPECIAL FUNCTION.
c. For an HP 8673B, press 41.3 SPECIAL FUNCTION.

31. Press 4.1 SPECIAL FUNCTION. Verify the TALK annunciator on the Noise
Figure Meter and the remote annunciator on the external LO lights.

32. On the Noise Figure Meter, press SWEEP START FREQ. Verify the left display
shows 8000 MHz and the external LO is tuned to the same frequency.

33. On the Noise Figure Meter, press SWEEP STOP FREQ. Verify the left display
shows 12000 MHz and the external LO is tuned to the same frequency.
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OPERATOR’S CHECKS

3-12. HP-IB Functional Checks {IEE)

DESCRIPTION The following procedures check the instrument’s ability to perform the following

INITIAL
SETUP

EQUIPMENT

functions:

a. Process or send all of the applicable HP-IB messages described in Table 3-3.
b. Recognize its own HP-IB address.

c. Set all of the bus data, handshake, and control lines (except DIO8) to both their
true and false states. DIO8is the most significant data line and is not used by the Noise
Figure Meter.

These procedures do not check if all Noise Figure Meter program codes are being
properly interpreted and executed by the instrument. However, if the power-up
sequence (including the memory checks) and the front panel operation is good, the
program codes, in all likelihood, will be correctly executed.

The validity of these checks is based on the following assumptions:

a. The Noise Figure Meter performs properly when operated via the front panel
keys (that is, in local mode). This can be verified with the Basic Functional Checks.

b. The bus controller properly executes HP-IB operations.

c. The bus controller’s HP-IB interface properly executes the HP-IB operations.

If the Noise Figure Meter appears to fail any of these HP-IB checks, the validity of the
above assumptions should be confirmed before attempting to service the instrument.

The select code of the controller’s HP-IB interface is assumed to be 7. The address of the
Noise Figure Meter is assumed to be 8 (its address as set at the factory). This select code
address combination (that is, 708) is not necessary for these checks to be valid. How-
ever, the program lines presented here have to be modified for any other combination.

These checks areintended to be as independent of each other as possible. Nevertheless,
the first four checks should be performed in order before other checks are selected. Any
special initialization or requirements for a check are described at its beginning.

The test setup is the same for all of the checks. Connect the Noise Figure Meter to the
bus controller via the HP-IB interface. Do not connect any equipment, other than the
noise source, to the Noise Figure Meter’s INPUT.

HP-IBController .................... HP 85B/82936A (ROM
Drawer)/00085-15005
(Advanced Programming ROM)

—or— HP 9826A Option 011
(Basic 2.0 ROM based system)
HP-IB Interface ..................... HP 82937A (HP 85B only)
Noise Source ................ccoun.... HP 346B (Option 001)
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OPERATOR’'S CHECKS

HP-IB Functional Checks (cont'd)
Address Recognition

NOTE

OPERATOR'S
RESPONSE

OPERATOR'S
RESPONSE

This check determines if the Noise Figure Meter recognizes when it is being addressed
and when it is not. This check assumes only that the Noise Figure Meter can prop-
erly handshake on the bus. Before beginning this check, set the Noise Figure Meter’s
LINE switch to ON, press PRESET, and then 4 . 0 SPECIAL FUN CTION.

Description HP 858 {BASIC) HP 9826A (BASIC)
Set the Remote Enable LOCAL 7 LOCAL 7
(REN) bus control line -
false.
Send the Noise Figure Meter’s listen OUTPUT 708 OUTPUT 708
address.

Check that the Noise Figure Meter’s REMOTE annunciator is off and that its LISTEN
annunciator is on.

Unaddress the Noise Figure Meter
by sending a different address.

OUTPUT 715 OUTPUT 715

Check that both the Noise Figure Meter's REMOTE and LISTEN annunciators are off.

Remote and Local Messages and the LOCAL Key

NOTE

OPERATOR’S
RESPONSE

OPERATOR’S
RESPONSE

This check determines if the Noise Figure Meter properly switches from local to
remote control, from remote to local control, and if the LOCAL key returns the
instrument to local control. This check assumes that the Noise Figure Meter is able
to both handshake and recognize its own address. Before beginning this check, press
the Noise Figure Meter's PRESET key. Then press 4 . 0 SPECIAL FUNCTION.

Description HP 858 (BASIC) HP 9B26A [BASIC)

REMOTE 708

Send the Remote message (by setting
Remote Enable, REN, true and addressing
the Noise Figure Meter to listen).

REMOTE 708

Check that the Noise Figure Meter's REMOTE and LISTEN annunciators are on.

Send the Local message to the Noise Figure
Meter

LOCAL 708 LOCAL 708

Check that the Noise Figure Meter’'s REMOTE annunciator is off but its LISTEN
annunciator is on.

Send the Remote message to the Noise REMOTE 708 REMOTE 708

Figure Meter.
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HP-IB Functional Checks (cont’'d)
Remote and Local Messages and the LOCAL Key (cont'd)

OPERATOR’S
RESPONSE

Check that both the Noise Figure Meter’'s RESPONSE and LISTEN annunciators are
on. Press the LOCAL key on the Noise Figure Meter. Check that the Noise Figure
Meter’s REMOTE annunciator is now off, but that its LISTEN annunciator remains
on.

Sending the Data Message

NOTE

OPERATOR’S
RESPONSE

This check determines if the Noise Figure Meter properly issues Data messages when
addressed to talk. This check assumes that the Noise Figure Meter is able to handshake
and recognize its own address. Before beginning this check, press the Noise Figure
Meter’s LINE switch twice (OFF then ON). Then, after the power-up sequence is
completed, press CORRECTED NOISE FIGURE AND GAIN and 4 . 0 SPECIAL
FUNCTION. (Ifan HP 9826A controller is used, a short program is required to perform
this check.)

Oescription HP 85B (BASIC) HP 9826A (BASIC)
Address the Noise Figure Meter to talk and ENTER 708;V| 10V =0
store its output in variable V. (The output 20 ENTER 708,V
is E20 since the Noise Figure Meter is not 30 DISPV
calibrated.) 40 END
Display the value of V. DISPV DISPV

Check that the Noise Figure Meter's REMOTE annunciator is off but that its TALK
annunciator is on. The controller’s display should read 90020000000 (HP 85B) or
9.002E+1 (HP 9826A). The 90020 portion of the display corresponds to the data out-
put for the error code E20 (not calibrated) shown in the Noise Figure Meter’s NOISE
FIGURE display.

Receiving the Data Message

NOTE

OPERATOR’S
RESPONSE

This check determines if the Noise Figure Meter properly receives Data messages. The
Data messages sent cause the 7 least significant HP-IB data lines to be placed in both
their true and false states. This check assumes the Noise Figure Meter is able to
handshake, recognize its own address and properly make the remote/local transitions.
Before beginning this check, press the Noise Figure Meter’s PRESET key. Then press
4.0 SPECIAL FUNCTION.

Description HP 858 [BASIC) HP 9826A (BASIC)
Send the first part of the Remote message REMOTE 7 REMOTE 7
(enabling the Noise Figure Meter to remote).
Address the Noise Figure Meter to listen OUTPUT 708; OUTPUT 708;
(completing the Remote message), then “FR15MZ” “FR15MZ”

send a Data message.

Check that both the Noise Figure Meter's REMOTE and RESPONSE LISTEN annun-
ciators are on and that the left display shows 15 MHz.
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HP-IB Functional Checks (cont’d)
Local Lockout and Clear Lockout/Set Local Messages

NOTE

OPERATOR’S
RESPONSE

OPERATOR’S
RESPONSE

Clear Message
NOTE

This check determines if the Noise Figure Meter properly receives the Local Lockout
message, disabling the LOCAL key. The check also determines if the Clear Lock-
out/Set Local message is properly received and executed by the Noise Figure Meter.
This check assumes that the Noise Figure Meter is able to handshake, recognize its own
address, and properly make the remote/local transitions. Before beginning this check,
press the Noise Figure Meter’s LINE switch OFF then ON and then pressthe PRESET
key. Then press 4. 0 SPECIAL FUNCTION.

Description HP 85B (BASIC} HP 9826A [BASIC)

Send the first part of the Remote message REMOTE 7 REMOTE 7
(enabling the Noise Figure Meter to remote).

LOCAL

LOCKOUT 7 LOCAL LOCKOUT 7

Send the Local Lockout message.

Address the Noise Figure Meter to listen OUTPUT 708 OUTPUT 708
(completing the Remote message).

Check that both the Noise Figure Meter’'s REMOTE and LISTEN annunciators are on.
Press the Noise Figure Meter’s LOCALkey. Bothits REMOTE and LISTEN annuncia-
tors should remain on.

Send the Clear Lockout/Set LOCAL 7 LOCAL 7
Local message.

Check that the Noise Figure Meter’s REMOTE annunciator is off but its LISTEN
annunciator is on.

This check determines if the Noise Figure Meter properly responds to the Clear mes-
sage. This check assumes that the Noise Figure Meter is able to handshake, recognize
its own address, make the remote/local changes and receive Data messages. Before
beginning this check press the Noise Figure Meter’s PRESET key. When ““ - - - -
disappears from the NOISE FIGURE display, press CALIBRATE. Once the LED
above the CALIBRATE key turns off, press 4. 0 SPECIAL FUNCTION.

Description HP 85B {BASIC) HP 9826A (BASIC)
Send the first part of the Remote message REMOTE 7 REMOTE 7
(enabling the Noise Figure Meter to remote).
Address the Noise Figure Meter to listen OUTPUT 708; OUTPUT 708;
(completing the Remote message), “M2” “M2”

then send a Data message that selects the
CORRECTED NOISE FIGURE AND
GAIN measurement.
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HP-IB Functional Checks (cont'd)
Clear Message (cont'd)

OPERATOR’S  Check thatboth the Noise Figure Meter’s REMOTE and LISTEN annunciators are on
RESPONSE and that the CORRECTED NOISE FIGURE AND GAIN key light is on.

Send the Clear message (setting the Noise CLEAR 708 CLEAR 708
Figure Meter’s measurement to UNCOR-
RECTED NOISE FIGURE).

OPERATOR’S Check that both the Noise Figure Meter’s REMOTE and LISTEN annunciators are on
RESPONSE and that the UNCORRECTED NOISE FIGURE key light is on.

Abort Message
NOTE This check determines if the Noise Figure Meter becomes unaddressed when it receives

the Abort message. Before beginning this check, enter LOCAL 708 and press the Noise
Figure Meter’s PRESET key. Then press 4 . 0 SPECIAL FUNCTION.

Description HP 858 (BASIC) HP 9826A (BASIC)

Send the Remote message to the Noise REMOTE 708 REMOTE 708
Figure Meter.

OPERATOR’S  Checkthat both the Noise Figure Meter’'s REMOTE and LISTEN annunciators are on.
RESPONSE

Send the Abort message, unaddressing the ABORTIO 7 ABORT 7
Noise Figure Meter from listening.

OPERATOR’S  Check that the Noise Figure Meter’s LISTEN annunciator is off.
RESPONSE

Status Byte Message

NOTE This check determines if the Noise Figure Meter sends the Status Byte message. Before
beginning this check, press the Noise Figure Meter’'s PRESET key. Then press 4.0
SPECIAL FUNCTION.

Description HP 858 [BASIC) HP 9826A (BASIC)

Place the Noise Figure Meter in serial-poll SPOLL (708) SPOLL (708)
mode and address it to talk (causing it to
send the Status Byte message).

OPERATOR’S Check that the controller’s display reads 0.
RESPONSE
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Require Service Message

NOTE This check determines if the Noise Figure Meter can issue the Require Service message
(set the SRQ bus control line true). This check assumes that the Noise Figure Meter is
able to handshake, recognize its own address, make the remote/local changes, and
receive Data messages. Before beginning this check, press the Noise Figure Meter’s
PRESET key. Then press 4 . 0 SPECIAL FUNCTION. (If an HP 9826A controller is
used, a short program is required to perform the last half of this check.)

Description HP 858 (BASIC) HP 9826A (BASIC)
Send the first part of the Remote message REMOTE 7 REMOTE 7
(enabling the Noise Figure Meter to
remote).
Address the Noise Figure Meter to listen OUTPUT 708; OUTPUT 708; «“<
(completing the Remote message), then “”

send a Data message containing an invalid
HP-IB code. This enables a Require Service
message to be sent.

Make controller wait two seconds to allow WAIT 2000 WAIT 2000
time for the Noise Figure Meter to send the
Require Service message. (This step is not
necessary if sufficient time is allowed.)

Read the binary status of the controller’s STATUS 72; V| 10V=0

HP-IB interface and store the data in vari- 20 STATUS 7,7,V
able V (in this step, 7 is the interface’s
select code).

Display the value of the SRQ bit (in this DISP“SRQ="";} 30 DISP“SRQ=";
step 6 (HP 85B) and 10 (HP 9826) are the BIT(V,6) BIT(V,10)
SRQ bits for the controller, numbered ' 40 END

from 0.

OPERATOR’S  Check that the SRQ value is 1, indicating the Noise Figure Meter issued the Require
RESPONSE Service message.
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Trigger Message

NOTE This check determines if the Noise Figure Meter responds to the Trigger message. This
check assumes that the Noise Figure Meter is able to handshake, recognize its own
address, make the remote/local changes, and send and receive Data messages. Before
beginning this check, enter LOCAL 708 and press the Noise Figure Meter’s PRESET
key. Then press 4.0 SPECIALFUNCTION (If an HP 9826 A controller is used, a short
program is required to perform this check.)

Description HP 85B (BASIC) HP 9826A (BASIC)
Send the first part of the Remote message REMOTE 7 10 REMOTE 7
(enabling the Noise Figure Meter to remote).
Address the Noise Figure Metexj to listen OUTPUT 708, | 20 OUTPUT 708; “T1”
(completing the Remote message), then “T1”

send a Data message placing the Noise
Figure Meter in the Trigger Hold mode).

Send the Trigger message. TRIGGER 708 | 30 TRIGGER 708
40V=0

Address the Noise Figure Meter to talk and ENTER 708,V | 50 ENTER 708; V
store the data in variable V.

Display the value of V. DISPV 60 DISP V
70 END

OPERATOR’S Check that both the Noise Figure Meter's REMOTE and TALK annunciators are on.
RESPONSE The controller’s display should read the same as the NOISE FIGURE display.
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3-13. REMOTE OPERATION, HEWLETT-
PACKARD INTERFACE BUS

The Noise Figure Meter can be operated through
the Hewlett-Packard Interface Bus (HP-IB). Bus
compatibility, programming and data formats are
described in the following paragraphs.

The Noise Figure Meter can operate in three
mutually exclusive modes on the HP-IB:

1. Normal Talker/Listener Mode. This mode is
used when the Noise Figure Meteris under the
control of an HP-IB compatible computer or
controller.

2. External LO Control Mode. This mode is used
when the Noise Figure Meter controls the
operation of an external LO.

3. Talk Only Mode. This mode is used to output

data to a device that is operating in the Listen
Only Mode.

Most front panel functions, special functions and
remote-only functions are programmable via HP-
IB. Table 3-4 lists the functions that cannot be
programmed via HP-IB.

A quick test of the Noise Figure Meter’s HP-IB
interface is described earlier in this section under
Remote Operator’s Checks. These checks verify
that the Noise Figure Meter can respond to or send
each of the applicable bus messages described in
Table 3-3.

3-14. HP-IB Compatibility

The Noise Figure Meter has an open-collector,
TTL, HP-IB interface which can be used with any
HP-IB computing controller or computer for auto-
matic system applications. The Noise Figure Meter
is programmable via the HP Interface Bus. Its
programming capability is described by the twelve
HP:IB messages listed in Table 3-3. The Noise
Figure Meter’s compatibility with HP-IBis further
defined by the following list of interface functions:
SH1, AH1, T5, L4, SR1, RL1, PP0, DC1, DT1, C1,
C3, C28 and E1. A more detailed explanation of
these compatibility codes can be found in IEEE
Standard 488-1978 (and the identical ANSI Stand-
ard MC1.1). For more information about HP-IB,
refer to the Hewlett-Packard Electonic Instru-
ments and Systems catalog and the booklet titled
“Improving Measurements in Engineering and
Manufacturing”’ (HP part number 5952-0058).
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3-15. Remote Mode

Remote Capability. The Noise Figure Meter com-
municates on the bus in both remote and local
modes. In remote, most of the Noise Figure Meter’s
front panel controls are disabled (except for the
LINE switch and LOCAL key). However, front
panel displaysremain active and valid. In remote,
the Noise Figure Meter can be addressed to talk or
listen. When addressed to listen, the Noise Figure
Meter can issue the Data and Status Byte mes-
sages. Whether addressed or not, the Noise Figure
Meter responds to the Clear (DCL), Local Lockout,
Clear Lockout/Set Local, and Abort messages. In
addition, the Noise Figure Meter can issue the
Require Service Message.

Local-to-Remote Mode Changes. The Noise Figure
Meter switches to remote operation upon receipt of
the Remote message. The Remote message has
two parts. They are:

a. Remote enable bus control line (REN) set
true.

b. Device listen address received once (while
REN is true).

When the Noise Figure Meter switches to remote,
the REMOTE annunciator on the front panel
turns on.

3-16. Local Mode

Local Capability. In local, the Noise Figure Meter’s
front panel controls are fully operational and the
instrument responds to the Remote message.
Whether addressed or not, the Noise Figure Meter
also responds to the Clear, Local Lockout, Clear
Lockout/Set Local, and the Abort messages. When
addressed to talk, the Noise Figure Meter can issue
Data messages and the Status Byte message, and
whether addressed or not, it can issue the Require
Service message.

Remote-to-Local Mode Changes. The Noise Figure
Meter always switches to local from remote when-
ever it receives the Local message (GTL) or the
Clear Lockout/Set Local message. (The Clear
Lockout/Set Local message sets the Remote En-
able control line |REN| false.) The Noise Figure
Meter can also be switched to local by pressing the
front panel LOCAL key (assuming Local Lockout
is not in effect).
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3-17. Addressing

The Noise Figure Meter interprets the byte on the
eight HP-IB data lines as an address or a bus
command if the bus is in the command mode. The
command modeis defined as attention control line
(ATN) true and interface clear control line (IFC)
false. Whenever the Noise Figure Meter is being
addressed (if in local or remote), either the TALK
or LISTEN annunciator on the front panel turns
on.

The Noise Figure Meter’s HP-1B address is selected
by special function. To change the HP-IB address
orto determine the present address setting, refer to
the discussion titled HP-IB Addresses in the De-
tailed Operating Instructions at the end of this
section.

Local Lockout. When a data transmission is inter-
rupted, which can happen by pressing the LOCAL
key toreturn the Noise Figure Meter to local mode,
the data could be lost. This would leave the Noise
Figure Meter in an unknown state. To prevent
this, a local lockout is recommended. Local lockout
disables the LOCAL key and allows return-to-
local only under program control.

NOTE

Return-to-localcanalso be accomplished
by turning the Noise Figure Meter’s
LINE switch to OFF, then back to ON.
However, this technique has some dis-
advantages:

a. It defeats the purpose and advan-
tage of local lockout (that is, the system
controller will lose control of a system
element).

b. Thereareseveral HP-IB conditions
that reset to default states at turn-on.

Operation
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3-18. Data Messages

The Noise Figure Meter communicates on the
interface bus primarily with data messages. Data
messages consist of one or more bytes sent over
the bus’ data lines when the bus is in the data
mode (attention control line |ATN | false). Unless
it is set to Talk Only or External LO Control, the
Noise Figure Meter receives data messages when
addressed to listen. Virtually all instrument oper-
ations available in local mode can be performed in
remote mode via data messages. The major excep-
tions are changing the LINE switch setting, using
the Talk Only capability, using the instrument’s
capability to control an external LO and changing
the HP-IB address of the Noise Figure Meter (refer
to Table 3-4).

3-19. Receiving the Data Message

Depending on the status of Special Function 4, the
Noise Figure Meter can either talk only, control an
external LO, or talk and listen both (normal opera-
tion). The instrument responds to Data messages
when it is enabled to remote (REN control line
true) and it is addressed to listen. The instrument
remains addressed to listen until it receives an
Abort message or until its talk address or a uni-
versal unlisten command is sent by the controller.

Data Input Format. The Data message string, or

~ program string, consists of a series of ASCII

codes. Each code is typically equivalent to a front
panel keystroke in local mode. Thus, for a given
operation, the program string syntax in remote
mode is the same as the keystroke sequence in
local mode. Example 1 shows a typical program
string.

Program Codes. All of the HP-IB codes normally
used by the operator to control the Noise Figure
Meter are given in Tables 3-8, 3-9, and 3-10. Table

EXAMPLE 1: Typical Program String

FA100MZFB150MZSS1MZCA

Controller Talk
Noise Figure Meter
Start

Frequency set to 100 MHz

Stop
Frequency set to 150 MHz

Calibrate

Step Size set to 1 MHz
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Table 3-3. Message Reference Table {1 of 2)

HP 8970A

HP-1B Applicable Response Related Commands | Interface
Message and Controls Functions*
Data Yes Most Noise Figure Meter operations are bus program- AH1
mable. All measurement results, special displays, and SH1
error outputs are available to the bus. T5
L4
Trigger Yes If in remote and addressed to listen, the Noise Figure GET DT1
Meter makes a measurement according to previously
programmed setup. It responds equally to bus com-
mand GET and program code T2, Trigger Execute (a
Data message).
Clear Yes The Noise Figure Meter is set to the same conditions DCL DC1
established by pressing PRESET. Refer to Table 3-6. SDC
Remote Yes Remote mode is enabled when the REN bus control REN RL1
line is true. However, remote mode is not entered until
the first time the Noise Figure Meter is addressed to
listen. The front panel REMOTE annunciator lights
when the instrument is actually in the remote mode.
When entering the remote mode, no instrument set-
tings or functions are changed, but all front panel
keys except LOCAL are disabled.
Local Yes The Noise Figure Meter returns to local mode (front GTL RL1
panel control). It responds equally to the GTL bus
command and the front panel LOCAL key. When
entering the local mode, no instrument settings or
functions are changed.
Local Yes Disables all front panel keys including LOCAL. Only LLO RL1
Lockout the controller can return the Noise Figure Meter to
local (front panel control).
Clear Yes The Noise Figure Meter returns to local (front panel REN RL1
Lockout/ control) and local lockout is cleared when the REN
Set Local bus control line goes false. When entering local mode,
no instrument settings or functions are changed.
Pass No The Noise Figure Meter cannot pass or take control of Cl1,3,28
Control/ HP-IB. However, it does have limited control
Take capability as indicated in the last column.
Control

*Commands. Control lines. and Interface Functions are defined in IEEE Std 488-1978. Knowledge of these may not be necessary if your

controller’s manual describes programming in terms of the twelve HP-IB Messages shown in the left column.

3-24




HP 8970A Operation
Table 3-3. Message Reference Table (2 of 2)

HP-IB Applicable Response Related Commands | Interface
Message and Controls Functions*
Require Yes The Noise Figure Meter sets the SRQ bus control line SRQ SR1
Service true if an invalid program code is received (unless

disabled). The following conditions also set SRQ true
when they occur if they are enabled by the operator
to do so: Data Ready, Instrument Error, or Calibra-
tion Complete.
Status Byte Yes The Noise Figure Meter responds to a Serial Poll SPE T5
Enable (SPE) bus command by sending an 8-bit SPD
byte when addressed to talk. If the instrument is
holding the SRQ control line true (issuing the
Require Service message) bit 7 (RQS bit) in the Sta-
tus Byte and the bit representing the condition caus-
ing the Require Service message to be issued will
both be true. The bits in the Status Byte are latched
but can be cleared by:
1. removing the causing condition, and
2. reading the Status Byte.
Status Bit No The Noise Figure Meter does not respond to a PPO
parallel poll.
Abort Yes The Noise Figure Meter stops talking and listening. IFC T5
*Commands, Control lines, and Interface Functions are defined in IEEE Std 488-1978. Knowledge of these may not be necessary if your
controller’s manual describes programming in terms of the twelve HP-IB Messages shown in the left column.

Complete HP-IB capability as defined in IEEE Std 488 and ANSI Std MC1.1 is: SH1, AH1, T5, L4, SR1, RL1,
PPO, DC1, DT1, C1, 3, 28, and E1.

Table 3-4. Functions Not Programmable Via HP-1B

Function

Description

Control Function Selection (Special Function 4)

Talk Only

Normal Talker and Listener
Enable External LO Control

HP-IB Addresses (Special Function 40.0)

Display and Enter Noise Figure Meter Address

LINE Switch

Turns instrument ON and OFF.
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Receiving the Data Message (cont’'d)

3-8 provides an HP-IB code to parameter sum-
mary. Table 3-9 provides a special function to HP-
IB code summary. Table 3-10 provides a front
panel key to HP-IB code summary. All front panel
keys except LOCAL have corresponding program
codes. Some functions have an additional code
which terminates the numeric data entry in Hz

rather than MHz as indicated on the front panel.
Where more than one code is given for a function,
either code will serve equally. However, the mne-
monic code given is recommended since it is shor-
ter and more closely represents the function se-
lected. Also, the mnemonic code will make deci-
phering program code strings easier. The first
codes given are the codes used in all programming
examples in this manual.

The Noise Figure Meter’s response to the ASCII
character set is as follows:

' a. The ASCII characters used for the program
codes are the alphabet (A through Z, except O), the
numbers 0 through 9, the period (.), and the minus
(=).

b. Lower case letters are treated the same as
upper case letters.

c. Theletter Oistreated the same as the number
0.

d. All other characters are ignored (however,
they can not be used as the second character of a
two-character HP-IB program code). If any of
these other characters are used as a second char-
acter or if an undefined combination of valid
characters is sen¢, SRQ is set if the HP-IB error
condition has been enabled.

Turning Off Functions. When operating in local
imode, CALIBRATE, and SINGLE and AUTO
Sweep toggle on and off with successive key-
strokes. In remote mode, these functions do not
toggle on and off. Instead, both require that the
HP-IB code WO be used to turn off the function.

Programming Numeric Data. When programming
tuned frequency or issuing any numeric data
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(other than specific HP-IB codes) to the Noise Fig-
ure Meter, certain precautions should be observed.
Numeric data may consist of up to five digits, one
decimal point, and a one-digit signed exponent.

Triggering Measurements with the Data Message. A
feature that is available from both the front panel
and via remote programming is the selection of
free run, standby, or triggered operation of the
Noise Figure Meter. The HP-IB codes and related
Special Functions are discussed in detail in the
Trigger Selection Detailed Operating Instruction
later in this section.

3-20. Sending The Data Message

Depending on how the control functions are set,
the Noise Figure Meter can either talk only, con-
trol an external LO, or talk and listen both (nor-
mal operation). If set to both talk and listen, the
instrument sends Data messages when addressed
to talk. The instrument then remains configured
to talk until it is unaddressed to talk by the con-
troller. To unaddress the Noise Figure Meter, the
controller must send either an Abort message, a
new talk address, or a universal untalk command.

Talk Only Mode. If the Noise Figure Meter’s Talk
address is valid and Special Function 4.2 is se-
lected, the Noise Figure Meter is placed in the Talk
Only mode. In this mode the instrument is config-
ured to send Data messages whenever thebusisin
the data mode. Each time the measurement is
completed, the measurement result will be output
to the bus unless the listening device is not ready
for data. If the listener is not ready for data,
another measurement cycle is executed.

Data Output Format. As shown below, the output
data is always formatted as a real constant: first
the sign, then five digits (leading zeros not sup-
pressed) followed by the letter E and a signed
power-of-ten multiplier. The string is terminated
by a carriage return (CR) and a line feed (LF),
string positions 11 and 12. Data is always output
in fundamental units (thatis Hz, dB, etc.), and the
decimal point (not sent) is assumed to be to the
right of the fifth digit of the mantissa. Data values
never exceed 1 x 10°. The one exception to this
format is the voltmeter mode as shown in Table
3-5, HP-IB Data Output Summary.

The general data output format is as follows:
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Sending the Data Message (cont'd)
+DDDDDE+NNCRLF

Signed Mantissa :’ J T_ Line Feed
Indicates Exponent Follows Carriage Return
Exponent Sign Exponent Magnitude

A summary of the different data outputs is listed
in Table 3-5.

Table 3-5. HP-IB Data Output Summary

Front Panel HP-1B Qutput -
Display! Format Conditions
Left Display +DDDDDE+06 | Frequency
+DDDDDE+NN | Data other than
frequency
+90000E+06 Display is blank
INSERTION | tDDDDDE+NN | Gain is displayed
2
GAIN +90000E+06 | Display is blank
NOISE +DDDDDE+NN | Normal display
s
FIGURE +DDDDDDE-05 | Voltmeter mode
+900DDE+06 | Error codes
where DD is the
error code)
+90000E+06 Data not ready.

Sent when the
instrument
receives a read
command while
“.---"is dis-
played in Trigger
Hold mode. Also
sent when dis-
play is blank.

"The HP-IB data output for mode HO is NOISE FIGURE CR/LF.
The HP-IB data output for mode H1 is Left Display, INSERTION
GAIN. NOISE FIGURE CR/LF. EOI is set each time LF is sent.

2The HP-IB output has one more digit of resoiution than the front
panel display (except for the voltmeter mode which has two more
digits of resolution than the front panel NOISE FIGURE display.

When an error is output to the bus, it follows
the same 12-byte format described above except
most of the numeric digits have predetermined
values as shown below. Error outputs always
exceed 90 000 000 000. The two-digit error code is
represented by the last two digits of the five-digit
mantissa. The error code can be derived from the

Operation

string by subtracting 9 x 1019, then dividing the
result by 1 000 000.

Error Output Format:
+900DDE+06CRLF

| T Line Feed
Error Code

Carriage Return
3-21. Receiving the Clear Message

The Noise Figure Meter responds to the Clear mes-
sage by assuming the settings detailed in Table 3-6.
The Noise Figure Meter responds equally to the
Selected Device Clear (SDC) bus command when
addressed to listen, and the Device Clear (DCL) bus
command whether addressed or not. The Clear
message clears any pending Require Service mes-
sage and resets the Service Request Condition (Spe-
cial Function 44) such that the Require Service
message will be issued on HP-IB code errors only
(Special Function 44.3).

Refer to Table 3-14 in the Special Functions Detailed
Operating Instruction for a list of the Special Func-
tions that are turned off or not affected by the Clear
Message.

3-22. Receiving the Trigger Message

When in remote and addressed to listen, the Noise
Figure Meter responds to a Trigger message by
executing one measurement cycle. The Noise Fig-
ure Meter responds equally to a Trigger message
(the Group Execute Trigger bus command |GET))
and a Data message, program code T2 (execute a
measurement).

3-23. Receiving the Remote Message

The Remote message has two parts. First, the
remote enable bus control line (REN) is held true;
second, the device listen address is sent by the con-
troller. These two actions combine to place the
Noise Figure Meter in remote mode. Thus, the Noise
Figure Meter is enabled to go into remote when the
controller begins the Remote message, but it does
not actually switch to remote until addressed to
listen the first time. No instrument settings are
changed by the transition from local to remote.
When actually in remote, the Noise Figure Meter’s
front panel REMOTE annunciator lights. When
the Noise Figure Meter is being addressed (whether
in remote or local), its front panel LISTEN or TALK
annunciator turns on.
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Table 3-6. Response to a Clear Message (or Pressing PRESET)

Parameter Condition
START FREQ 10 MHz
STOP FREQ 1500 MHz
STEP SIZE 20 MHz
SWEEP Off
FREQUENCY 30 MHz
FREQ INCR 20 MHz
SMOOTHING 1
CALIBRATE Off
MEASUREMENT UNCORRECTED NOISE FIGURE
SPECIAL FUNCTION NOTE

Most Special Functions are set to their zero suffix state (for exam-
ple, Measurement Mode Selection is set to 1.0). Some are turned off
{for example, Power Measurements). The following four Special
Functions are not affected by either the Clear message or by press-
ing PRESET.

a. Control Function Selection (Special Function 4).

b. HP-B Addresses (Special Function 40).

¢. External LO Programs (Special Funtion 41).

d. External LO Commands (Special Function 42).
In addition, Service Request (Special Function 44) is set to enable
HP-IB Code Error (Special Function 44.3).

The following Special Functions are set to the indicated default
values:

IF (Special Function 3.0) 30 MHz
LO Frequency (Special Function 3.1) 10000 MHz
Smoothing Factor (Special Function 1
13.2)
Spot ENR (Special Function 5.3) 15.2dB
Thot (Special Function 5.4) 9893K
Teold (Special Function 6) 296.5K
Oscilloscope Limits (Special
Function 8)
Noise Figure Lower Limit 0
Noise Figure Upper Limit 8
Gain Lower Limit 0
Gain Upper Limit 40
Loss Compensation (Special Function
34)
Before DUT 0dB
Temperature of Losses OK
After DUT 0dB
Set Sequence (Special Function 35.2) 1 through 9
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3-24. Receiving the Local Message

The Local message is the means by which the
controller sends the Go To Local (GTL) bus com-
mand. If addressed to listen, the Noise Figure
Meter returns to front panel control when it re-
ceives the Local message. If the instrument was in
local lockout when the Local message was re-
ceived, front panel control is returned, but lockout
is not cleared. Unless it receives the Clear Lock-
out/Set Local message, the Noise Figure Meter
will return to local lockout the next time it goes to
remote. No instrument settings are changed by
the transition from remote to local.

When the Noise Figure Meter goes to local mode,
the front panel REMOTE annunciator turns off.
However, when the Noise Figure Meter is being
addressed (whether in remote or local), its front
panel LISTEN or TALK annunciator lights.

If the Noise Figure Meter is not in local lockout
mode, pressing the front panel LOCAL key might
interrupt a Data message being sent to the instru-
ment, leaving the instrument in a state unknown
to the controller. This can be prevented by dis-
abling the Noise Figure Meter’s front panel keys
entirely, using the Local Lockout message.

3-25. Receiving the Local Lockout Message

The Local Lockout message is the means by which
the controller sends the Local Lockout (LLO) bus
command. If in remote, the Noise Figure Meter
responds to the Local Lockout Message by dis-
abling the front panel LOCAL key. The local lock-
out mode prevents loss of data or system control
due to someone accidentally pressing front panel
keys. If, while in local, the Noise Figure Meter is
enabled to remote (that is, REN is set true) and it
receives the Local Lockout message, it will switch
toremote mode with local lockout the first time it is
addressed to listen. When in local lockout, the
Noise Figure Meter can be returned to local only
by the controller (using the Local or Clear Lock-
out/Set Local messages) or by setting the LINE
switch to OFF and back to ON or by removing the
bus cable.

3-26. Receiving the Clear Lockout/Set Local
Message

The Clear Lockout/Set Local message is the means
by which the controller sets the Remote Enable
(REN) bus control line false. The Noise Figure
Meter returns to local mode (full front panel con-
trol) when it receives the Clear Lockout/Set Local
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message. No instrument settings are changed by
the transition from remote with local lockout to
local. When the Noise Figure Meter goes to local
mode, the front panel REMOTE annunciator turns
off.

3-27. Receiving the Pass Control Message

The Noise Figure Meter does not respond to the
Pass Control message because it does not have
this control capability.

3-28. Sending the Require Service Message

The Noise Figure Meter sends the Require Service
message by setting the Service Request (SRQ) bus
control line true. The instrument can send the
Require Service message in either local or remote
mode. The Require Service message is cleared
when a serial poll is executed by the controller or if
a Clear message is received by the Noise Figure
Meter. (During serial poll, the Require Service
message is cleared immediately before the Noise
Figure Meter places the Status Byte message on
the bus.) There are four conditions that can be
enabled to cause the Require Service messageto be
sent when they occur. All four conditions are de-
scribed below.

1. Data Ready: When the Noise Figure Meter is
ready to send any information except error
codes.

2. HP-IB Code Error: When the Noise Figure
Meter receives an invalid Data message. (Un-
less specifically disabled, this condition causes
a Require Service message to be sent.)

3. Instrument Error: When any operator error
(E10through E49,and E99)is displayed by the
Noise Figure Meter.

4. Calibration Complete: When a calibration
cycle is complete.

3-29. Enabling the Service Request Condition

Use Special Function 44 (or the related Service
Request Condition HP-IB codes) to enable the
Noise Figure Meter to issue the Require Service
message on any of the conditions above. The Ser-
vice Request Condition Special Function is entered
from either the front panel or via the HP-IB. A
description of the Service Request Condition Spe-
cial Function and the procedure for enabling the
various conditions are given on the following
page:
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Enabling the Service Request Condition
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Table 3-7. Service Request Enabled Conditions Summary

(cont'd)
NOTE HP-1B Code | Speclal Description
Each condition must be enabled separ- Function
ately. If the enabled conditions are Q0 44.0 Disables the SRQ capability
changed, it is a good practice to first (clears all enabled conditions)
disable the SRQ capability and then Q1 44.1 Enable Data Read
enter the required enabled conditions. Y
Q2 44.2 Enable RF Calibration
a. Send the HP-IB Code QO to clear all enabled Complete (not for Zero
conditions. Frequency or IF Calibration)
Q3 44.3 Enable HP-IB Code Error
b. Send the applicable HP-IB Codes from Table 6 44.6 Enabl
3-7 to establish the required enabled conditions. Q - nable Instrument Error
( wrerrupT ON SRD
L
SET TRIGGER READ STATUS BYTE
SELECTION TO HOLD FROM 8970A
(HP-1B CODE T1)
ENABLE SRQ ON TO OTHER INSTRUMENT SRQ FROM

DATA READY
(HP-1B CODE Q1)

SERVICE ROUTINES

!

CONFIGURE
MEASUREMENT

TEST OTHER 8970A
SRQ CONDITIONS

'

TRIGGER MEASUREMENT
(HP-IB CODE T2)

'

PROCESS OTHER
ROUTINES UNTIL
SRQ CAUSES INTERRUPT

8970A?

8970A SRQ
DUE TO DATA
READY?

READ DATA
FROM 8970A

RETURN

Figure 3.10 Example Fliow Chart for Driving the Noise Figure Meter Using the Require Service Message [SRQ)
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Enabling the Service Request Condition
(cont'd)

Normally, device subroutines for the Noise Figure
Meter can be implemented simply by triggering
measurements and then reading the output data.
In certain applications, the controller must per-
form other tasks while controlling the Noise Fig-
ure Meter. Figure 3-10 illustrates a flow chart for
developing device subroutines using the instru-
ment’s ability to issue the Require Service mes-
sagewhen datais ready. This subroutine structure
frees the controller to process other routines until
the Noise Figure Meter is ready with data.

3-30. Sending the Status Byte Message

The Status Byte message consists of one 8-bit byte
in which 4 of the bits are set according to the
enabled conditions described above under Send-
ing the Require Service Message. If one or more of
the four conditions are enabled and present, all the
bits corresponding to the conditions and also bit 7,
the RQS bit, will be set true (and the Require Ser-
vice message is sent). If one of the above condi-
tions occurs but has not been enabled by Special
Function 44 or the HP-IB codes, neither the bit
corresponding to the condition nor the RQS bit
will be set (and the Require Service message will
not be sent). The bit patten of the Status Byte is
shown in the HP-IB Syntax and Characteristics
Summary.

Once the Noise Figure Meter receives the Serial
Poll Enable bus command (SPE), it is no longer
allowed to clear the Status Byte. However, it can
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add additional bits to the status byte if the bit has
been enabled and the condition occurs. When
addressed to talk (following SPE), the Noise Fig-
ure Meter sends the Status Byte message.

After the Status Byte message has been sent it will
be cleared if the Serial Poll Disable (SPD) bus
command is received, if the Abort message is
received, or if the Noise Figure Meter is unad-
dressed to talk. Nonvolatile error messages are
also cleared when the Status Byte messageis sent.
Thus, some error messages which may have
caused the Require Service Message to be issued
disappear when a serial poll is performed. Refer to
the Error Messages and Recovery Detailed Oper-
ating Instruction for a listing of volatile and non-
volatile errors. Regardless of whether or not the
Status Byte message has been sent, the Status
Byte and any Require Service message pending
will be cleared if a Clear message is received.

3-31. Sending the Status Bit Message

The Noise Figure Meter does not respond to a
Parallel Poll Enable (PPE) bus command and thus
cannot send the Status Bit message.

3-32. Receiving the Abort Message

The Abort message is the means by which the
controller sets the Interface Clear (IFC) bus con-
trol line true. When the Abort messageis received,
the Noise Figure Meter becomes unaddressed and
stops talking or listening.
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HP-IB SYNTAX AND CHARACTERISTICS SUMMARY ‘

Address:

Selected and displayed on front panel using Special Function 44.0, Noise F igure Meter HP-IB Address.
Factory set to 8 decimal.

Numeric Data Input Format: (Except in Voltmeter mode).*

+DDDDDE=:NN
5-Digit Signed Mantissa :_'_ IL Exponent Magnitude

{leading decimal not allowed) Exponent Sign
Indicates Exponent Follows

Output Formats: (Except in Voltmeter mode).*

HP-IB code HO (43.0 SP): + DDDDDE = NNCRLF
HP-IB code H1 (43.1 SP): + DDDDDE+ NN, + DDDDDE = NN, + DDDDDE: NNCRLF

Signed Mantissa I ' F
Indicates Exponent Follows

Exponent Sign

Exponent Magnitude
Carriage Return

Line Feed
Errors: +900DDE+06CRLF p
Error Code ___j- l —r_ Line Feed )
Carriage Return
Reserved Number (used for the ¢~ — — — special display or a blank display):
+90000E+06CRLF
Return to Local:
Front panel LOCAL key if not locked out.
Status Byte:
Bit 8 7 6 5 4 3 2 1
Weight 128 64 32 16 8 4 2 1
Service RQS Bit [Instrument HP-IB |Calibration Data
Reguest 0 Require Error 0 0 Code Complete Ready
Condition (always) Service (always) (always) Error
Notes: 1. The condition indicated in bits 1, 2, 3 and 6 must be enabled to cause a Service Request by Special Function 44. Each
condition must be enabled separately.
2. The RQS bit (bit 7! is set true whenever any of the conditions of bits 1, 2. 3 or 6 are enabled and occurr.
Complete HP-IB Capability (as described in IEEE Std 488-1978, and ANSI Std MC1.1): N
SH1, AH1, T5, L4, SR1, RL1, PP0, DC1, DT1, C1, C3, C28, E1.. ‘

*For information on the Voltmeter mode refer to Section VIII, Service
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Table 3-8. Noise Figure Meter HP-IB Code to Parameter Summary (1 of 2)

Prgg;:m Parameter Prgg;:m Parameter
AC External LO Auxiliary Commands F7 Smoothing Factor = 128
AF Enable Smoothing Factor F8 Smoothing Factor = 256
Output to Oscilloscope F9 Smoothing Factor = 512
A0 Noise Figure and Gain GL Gain Lower Limit (for Oscilloscope)
Al Test Pattern GU Gain Upper Limit (for Oscilloscope)
A2 Noise Figure Only Special Function Catalog
A3 Gain Only GO Scan Catalog Lines
A4 Plot Noise Figure (for X-Y Recorder) Gl Line 1 Status
A5 Plot Gain (for X-Y Recorder) G2 Line 2 Status
A6 X Axis is Noise Figure and Y Axis is Gain G3 Line 3 Status
(Strip Chart Mode) G4 Line 4 Status
B0 Double Sideband G5 Line 5 Status
B1 Lower Single Sideband G6 Line 6 Status
B2 Upper Single Sideband HZ Hz
CA CALIBRATE HP-IB Data Output
CC Cold Calibration (Manual Measurement) HO NOISE FIGURE Display Only
CH Hot Calibration (Manual Measurement) H1 Left, INSERTION GAIN, and NOISE
CS Initialize Special Functions FIGURE Displays
Input Gain Calibration IC Calibrate IF Attenuators
Co +20, +10, and 0 dB IF IF (for Modes 1.1 and 1.3)
Ci +10, 0, and —10dB 1H IF Attenuator Hold
C2 0, —10, and —20 IN INCREASE Smoothing
C3 —10, —20, and —30 dB IF Attenuation Selection
DB dB I0 Auto
DE DECREASE Smoothing 11 0dB
DN | (Step down) 12 5dB
Noise Source Temperature Units for Data 13 104dB
Input 14 15dB
DO K 15 20dB
D1 °C 16 25dB
D2 °F 17 30dB
EA Display and Enter Ext LO HP-IB Address I8 35dB
EN ENTER External LO Programs
Measurement Modes Jo HP 8350B Sweep Oscillator
EO Mode 1.0 J2 HP 8672A Syn. Signal Generator
El Mode 1.1 J3 HP 8673B Syn. Signal Generator
E2 Mode 1.2 LA Loss Compensation before DUT
E3 Mode 1.3 LB Loss Compensation after DUT
E4 Mode 1.4 LF LO Frequency (for Modes 1.2 and 1.4)
FA START FREQ LL Go to Lower Left (for X-Y Recorder)
FB STOP FREQ LT Temperature of Losses
FN FREQ INCR Lo Loss Compensation Off
FN FREQUENCY L1 Loss Compensation On
FoO Smoothing Factor=1 MC Cold Manual Measurement
F1 Smoothing Factor = 2 MH Hot Manual Measurement
F2 Smoothing Factor = 4 MN External LO Minimum Frequency in MHz
F3 Smoothing Factor = 8 MX External LO Maximum Frequency in MHz
F4 Smoothing Factor = 16 MZ MH:z
F5 Smoothing Factor = 32 M1 UNCORRECTED NOISE FIGURE
Fé Smoothing Factor = 64 M2 CORRECTED NOISE FIGURE AND GAIN
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Table 3-8. Noise Figure Meter HP-1B Code to Parameter Summary (2 of 2)

Prg:;:m Parameter Pr:g;:m Parameter
NE Enter and Use ENR SE Display Current ENR
NL Noise Figure Lower Limit (for Oscilloscope) SI Display IF Attenuator Setting
NR Enter ENR Table SN Enter Noise Source Identifier
NU Noise Figure Upper Limit (for Oscilloscope) SP SPECIAL FUNCTION
Noise Figure Display Units SQ SEQ
NO FdB SR Display RF Attenuator Setting
N1 F SS STEP SIZE
N2 Y dB ST STORE
N3 Y S0 Use ENR Table
N4 Te K S1 Use Spot ENR
Power Measurements TC Teold
N5 SOURCE Off (Uncal) TH Thot
N6 SOURCE On (Uncal) ™ External LO Settling Time
N7 SOURCE Off (Cal) Trigger Selection
N8 SOURCE On (Cal) TO Free Run
PR PRESET T1 Hold
PS External LO CW Prefix and Suffix T2 Execute
PO Normal Display (to return from display- UP ! (Step up)
ing manual measurement results) UR Go to Upper Right (for X-Y Recorder)
P1 Display Manual Measurement Results Vo Exponential Smoothing
Sequence Functions Vi Arithmetic Smoothing
QA Automatic WO Sweep off
QC Clear w1 AUTO Sweep
QM Manual w2 SINGLE Sweep
QS Set Display Resolution
Service Request X0 Maximum Resolution
Q0 Disable SRQ Capability X1 Less Resolution on Noise Figure
Ql Enable Data Ready to Cause SRQ X2 Less Resolution on Gain
Q2 Enable Cal Complete to Cause SRQ Frequency Calibration
Q3 Enable HP-IB Code Error to Cause SRQ YO Automatic
Q6 Enable Instrument Error to cause SRQ Y1 Disable Frequency Cal
RC RECALL Y2 Perform 1 Frequency Cal
RH RF Attenuator Hold Individual RF Attenuator Selection
RF Attenuation Selection Z0 Select RF Thru Path
RO Auto Z1 Select 10 dB Pad No. 1
R1 +20 dB Z2 Select 20 dB Input Amplifier
R2 +10dB Z4 Select 10 dB Pad No. 2
R3 0dB Z5 Select 10 dB Pad No. 3
R4 -10dB
R5 -20dB
R6 ~-30dB
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Table 3-9. Special Function to HP-IB Code (1 of 5)

Special Function HP-1B
Code Description
Name Code* |QIEEE)
Initialize Special Functions 0.0 CS Initializes many Special Functions
Measurement Mode Selection 1.0 EO Mode 1.0 (10—1500 MHz measurement)
1.1 E1 Mode 1.1 (fixed IF; variable freq. ext LO}
1.2 E2 Mode 1.2 (variable IF; fixed freq. ext LO; SSB)
1.3 E3 Mode 1.3 (fixed IF; variable freq. ext LO; mixer
is DUT)
1.4 E4 Mode 1.4 (variable IF; fixed freq. ext LO; mixer
1s DU
Sideband Frequency Offset 2.0 BO Double Sideband (no offset)
2.1 B1 Lower Single Sideband (Fsignal <Fr g
2.2 B2 Upper Single Sideband (F,, ., > Fy )
Enter IF and LO Frequencies 3.0 IF IF (for Modes 1.1 and 1.3
3.1 LF L.O (for Modes 1.2 and 1.4)
Control Function Selection 4.0 none Normal Talker and Listener
4.1 none Enable Ext LO Control
4.2 none Talk Only
ENR and T} 4 Settings 5.0 SO Use ENR Table
5.1 S1 Use Spot ENR
5.2 SE Display Current ENR in dB
5.3 NE Enter and Use Spot ENR
5.4 TH Enter and Use T} ot
5.5 SN Enter Noise Source Identifier
Teold Setting 6.0 TC Enter Tcq)q
Output to Oscilloscope 7.0 A0 Noise Figure and Gain
7.1 Al Test Pattern
7.2 A2 Noise Figure Only
7.3 A3 Gain Only
Enter Oscilloscope Limits 8.1 NL Noise Figure Lower Limit
8.2 NU Noise Figure Upper Limit
8.3 GL Gain Lower Limit
84 GU Gain Upper Limit

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
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Table 3-9. Special Function to HP-IB Code (2 of 5)

Special Function HP-1B
Code Description
Name Code* |GIAE)
Power Measurements 9.1 N5 SOURCE Off (uncal)
9.2 N6 SOURCE On (uncal)
9.3 N7 SOURCE Off (cal)
9.4 N8 SOURCE On (cal)
Noise Figure Display Units 10.0 NoO FdB
10.1 N1 F
10.2 N2 Y dB
10.3 N3 Y
10.4 N4 Te K
Select Noise Source Temperature 11.0 Do K
Units for Data Input 11.1 D1 °oC
11.2 D2 °F
Display Resolution 12.0 X0 Maximum Resolution
12.1 X1 Less Resolution on Noise Figure
12.2 X2 Less Resolution on Gain
Smoothing (Averaging) 13.0 Vo Exponential Smoothing
13.1 V1 Arithmetic Smoothing
13.2 AF Smoothing Factor
Manual Measurement Functions 14.1 MC Cold Measurement (SOURCE-off)
14.2 MH Hot Measurement (SOQURCE-on)
14.3 ccC Cold Calibration (SOURCE-off)
14.4 CH Hot Calibration (SOURCE-on)
15.0 PO Display Current Measurement
15.1 Pi Display Manual Measurement Results
Recorder Functions 20.0 LL Go to Lower Left
" 21.0 UR Go to Upper Right
22.0 A4 Plot Noise Figure
23.0 A5 Plot Gain
24.0 A6 X-AXIS Output is Noise Figure and Y-AXIS
Output is Gain (Strip Chart mode)
*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
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Table 3-9. Special Function to HP-1B Code (3 of 5)

Special Function HP-1B
Code Description
Name Code* m
Trigger Selection 30.0 TO Free Run
30.1 T1 Hold
30.2 T2 Execute
Frequency Calibration 31.0 YO Automatic
31.1 Y1 Disable Frequency Cal
31.2 Y2 Perform 1 Frequency Cal
Input Gain Calibration 32.0 Co +20, +10 and 0 dB
32.1 Ci +10,0 and ~10 dB
32.2 C2 0,—10 and —20 dB
32.3 C3 —10, —20 and —30 dB
IF Attenuators Calibration 33.0 IC Calibrate IF Attenuators
Loss Compensation 34.0 Lo Off
34.1 L1 On
34.2 LA Enter Loss before DUT in dB
34.3 LT Enter Temperature of Losses
344 LB Enter Loss after DUT in dB
Sequence Functions 35.0 QM Manual
35.1 QA Automatic
35.2 QS Set
35.3 QC Clear
HP-IB Addresses 40.0 norie Display and Enter 8370A Address’
40.1 EA Display and Enter Ext LO Address
External LO Programs 41.0 Jo HP 8350B Sweep Oscillator
41.2 J2 HP 8672A Syn. Signal Generator
41.3 J3 HP 8673B Syn. Signal Generator
External LO Commands 42.0 AC Auxiliary Commands
42.1 PS CW Prefix and Suffix
42.2 ™ Settling Time in ms
42.3 MN Minimum Frequency in MHz
42.4 MX Maximum Frequency in MHz
HP-IB Data Output Selection 43.0 Ho NOISE FIGURE Only
43.1 H1 Frequency (left display), INSERTION GAIN,
NOISE FIGURE

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
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Table 3-9. Special Function to HP-IB Code (4 of 5)

Special Function HP-1B
Code Description
Name Code* |QEEE)
Service Request 44.0 Q0 Disable SRQ Capability (clears all enabled
conditions)
44.1 Ql Enable Data Ready to cause an SRQ
44.2 Q2 Enable Cal Complete to cause an SRQ
44.3 Q3 Enable HP-IL Code Error to cause an SRQ
44.6 Q6 Enable Instrument Error to cause an SRQ
Special Function Catalog 50.0 GO Scan Special Function Catalog Lines
50.1 Gl Line 1 Status
50.2 G2 Line 2 Status
50.3 G3 Line 3 Status
50.4 G4 Line 4 Status
50.5 G5 Line 5 Status
50.6 G6 Line 6 Status
RF Attenuation Selection 60.0 RO Auto
60.1 R1 +20 dB
60.2 R2 +10dB
60.3 R3 0dB
60.4 R4 -10 dB
60.5 R5 -20dB
60.6 R6 -30 dB
Display RF Attenuator Settings 61.0 SR Display RF Attenuators
RF Attenuator Hold 62.0 RH RF Attenuators are held in the configuration that
exists when Special Function 62.0 is activated.
Individual RF Attenuator Selection 63.0 Z0 Select RF Thru Path
63.1 Z1 Select 10 dB Pad No. 1
63.2 Z2 Select 20 dB Input Amplifier
63.4 Z4 Select 10 dB Pad No. 2
63.5 Z5 Select 10 dB Pad No. 3
IF Attenuation Selection 70.0 10 Auto
70.1 11 0dB
70.2 12 5dB
70.3 13 10dB

*Most Special Functions can be programmed using either the code number followed by SP or the HP-1B Code.
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Operation
Table 3-9. Special Function to HP-IB Code (5 of 5)
Special Function HP-IB
Code Description
Name Code* | GIZE)
IF Attenuation Selection (cont’d) 70.4 14 15dB
70.5 I5 20dB
70.6 Ie 25dB
70.7 17 30dB
70.8 I8 35 dB
Display IF Attenuator Settings 71.0 SI Display IF Attenuators
Ik Attenuator Hold 72.0 IH IF Attenuators are held in the configuration that
exists when Special Function 72.0 is activated.
*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.

Table 3-10. Front Panel Keys to HP-IB Code Summary

Front Panel Key '(':Zd': Front Panel Key :zdlg

AUTO w1 PRESET PR
CALIBRATE CA RECALL RC
DECREASE DE SEQ SQ
ENR NR SINGLE w2
ENTER EN SPECIAL FUNCTION SP
FREQ INCR FN START FREQ FA

) DN STEP SIZE SS

- UP STOP FREQ FB
FREQUENCY FR STORE ST
INCREASE IN Sweep and Calibrate Off (must be used to wWo
NOISE FIGURE (UNCORRECTED) M1 turn these functions off over the HP-IB)
NOISE FIGURE AND GAIN M2
(CORRECTED)
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Table 3-11. Commonly Used Code Conversion;

Hexa-

ASCII Binary Octal | Decimal | decimal
NUL 00 000 000 000 0 00
SOH 00 000 001 on 1 01
STX 00 000 010 002 2 02
ETX 00 000 011 003 3 03
EOT 00 000 100 004 4 04
ENQ 00 000 101 005 5 05
ACK 00 000 110 006 6 06
BEL 00 000 111 007 7 07
BS 00 001 000 010 8 08
HT 00 001 001 01 9 09
LF 00 001 010 012 10 0A
VT 00 001 011 013 " 0B
FF 00 001 100 014 12 (i[o
CR 00 001 101 015 13 0D
i) 00001 110 016 14 0
St 00001 111 017 15 OF
DLE 00 010 000 020 16 10
oc1 00 010 001 021 17 1
DC2 00010 010 022 18 12
0C3 00010 011 023 19 13
DC4 00 010 100 024 20 14
NAK 00 010 101 025 21 15
SYN 00010 110 026 22 16
ETB 00010 111 027 23 17
CAN 00 011 000 030 24 18
EM 00 011 001 031 25 19
suB 00011010 032 26 1A
ESC 00011011 033 27 18
FS 00011 100 034 28 1C
GS 00011 101 035 29 10
RS 00011110 036 30 1E
us 00011 111 037 31 1F
sp 00 100 000 040 2 20
! 00 100 001 041 3 21
“ 00 100 010 042 3 22
# 00 100 011 043 35 23
S 00 100 100 044 3 24
) 00 100 10% 045 37 25
& 00 100 110 046 38 26
¢ 00 100 1% 047 39 27
( 00 101 000 050 40 28
) 00 101 001 051 4 29
. 00 101 010 052 4 2A
- 00 101011 053 43 28
, 00 101 100 054 4 2C
00 101 101 055 45 20
. 00 101 110 056 46 2E
! 00 101 111 057 47 oF
0 00 110 000 060 48 30
1 00 110 001 061 49 3
2 00 110 010 062 50 32
3 00 110011 063 St K}
4 00 110 100 064 52 k2
5 00 110 101 065 53 3
6 00110 110 066 54 36
7 00110 111 067 55 37
8 00 111 000 070 5 38
9 00 111001 071 57 39
: 00 111010 072 58 3A
; 00 111011 073 59 38
< 00 111100 074 60 3
00 111101 075 61 30
> 00 111110 076 62 3E
? 00 111111 077 63 3F

HP 8970A
Hexa-
ASCH Binary Octal Decimal | decimal

@ {1 000 000 100 64 40
A 01 000 001 101 65 4
B 01000010 102 66 42
o 01 000 011 103 67 43
D 01 000 100 104 68 44
E 01 000 101 105 69 45
F 01000 110 106 70 46
G 01000 111 107 71 47
H 01001 000 110 72 48
] 01001 001 m 73 43
J 01001 010 112 74 4A
K 01001 011 13 75 48
L 01001 100 114 76 4C
M 01001 101 115 77 4D
N 01001 110 116 78 4
0 01001 111 117 79 4F
P 01 010 000 120 80 50
0 01010 001 121 81 st
R 01010 010 122 82 52
S 01010 011 123 83 53
T 01010 100 124 84 54
U 01010 101 125 85 55
v 01010 110 126 86 56
w 01010 111 127 87 57
X 01011 000 130 88 58
Y 01011 001 131 89 59
z 01011010 132 90 S5A
| 01011011 133 91 58
\ 01011 100 134 92 5C
| 01011 101 135 93 50
~ [o1e11110 136 9 5€
— 01011 111 137 95 5F
01 100 000 140 9% 60

a 01 100 001 141 97 61
b 01100010 142 98 62
¢ 01100011 143 99 63
d 01100 100 144 100 64
e 01100 101 145 101 65
f 01100 110 146 102 66
9 01100 111 147 103 67
h 01101 000 150 104 68
i 01 101 001 151 105 69
j 01101010 152 106 6A
k 01101011 153 107 68
i 01101 100 154 108 6C
m 01101101 155 108 6D
n 01101 110 156 110 73
0 01101 111 157 11 6F
p 01110 000 160 112 70
q 01110 001 161 113 7
r 01110010 162 114 72
s 0111001 163 15 73
t 01110 100 164 116 74
u 01110 101 165 17 75
v 01110 110 166 118 76
w 01110 111 167 119 77
x 01 111 000 170 120 78
y 01111001 171 121 79
z 01111010 172 122 7A
{ 01111 0N 173 123 78
: 01111100 174 124 7C
} 01111 101 175 125 70
~ 01111110 176 126 7E
DEL 01111111 177 127 7F
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- Description

Procedure

Example

Program
Codes

\ HP-1B 2

Indications

Operation

Calibrate

Pressing the CALIBRATE key initiates a calibration of the instrument and any equip-
ment that is currently connected to the INPUT. First a frequency calibration is per-
formed and then the noise figure is measured at each selected calibration point. The
calibration data obtained is used to measure gain and to perform the “second stage
correction” computations needed to make a CORRECTED NOISE FIGURE AND GAIN
measurement. The calibration points are the START FREQ setting, the STOP FREQ
setting, and the frequency steps determined by the setting of STEP SIZE. Refer to the
Sweep Detailed Operating Instruction for additional information on these keys. During
calibration, each specified frequency in the selected range is calibrated at three input
gain settings as selected by Special Function 32. The default gain settings are +20, +10
and 0 dB. The calibration data is interpolated between the measured points when it is
used for a gain measurement and second stage correction. Therefore, it is not necessary
to calibrate at every frequency that is to be measured. However, the data is not extrapo-
lated. If a corrected measurement is attempted at a frequency less than the START
FREQ setting or more than the STOP FREQ setting of the calibration run, error code
E21 (Frequency Out of Calibrated Range) is displayed.

Specific calibration setups and procedures are contained in the Detailed Operating
Instructions for Measurement Modes 1.0 through 1.4.

Toinitiate a calibration sequence, press CALIBRATE. To terminate calibration before it
is complete, press CALIBRATE again. The CALIBRATE key toggles the calibration
function on and off. Pressing PRESET also terminates the calibration sequence.

Program Stored in Can Be Preset (and

Code Continuous Stored and HP-1B Clear)

Front Panel Key L HP-1B Memory Recalled Conditions
CALIBRATE CA N N Off

Table categories are described in the Preset Conditions and Power-Up Sequence Detailed Operating
Instruction.

To initiate calibration at the existing SWEEP function settings:

o FUNCLION -

LOCAL
[keystrokes) °

CALIBRATE

 HP-1B 4

(program codes) CA

CA is the program code for the CALIBRATE key. The calibration sequence can not be
toggled on and off over the HP-IB. Instead, successive CA codes cause the calibration to
berestarted. To terminate calibration prior to completion, use the Sweep Stop command
(WO0).

The CALIBRATE LED lights and remains lit until the calibration is complete. During
frequency calibration, the NOISE FIGURE display shows four dashes “ — — — — .

3-41



Operation

Indications
(cont'd)

Comments

3-42

HP 8970A

Calibrate (cont’d)

During second stage calibration, the left display indicates each tuned frequency and
the NOISE FIGURE display indicates the noise figure at that frequency. The fre-
quency range and step size are controled by the SWEEP keys.

When calibration is completed, the instrument resumes making the measurement that
was active when CALIBRATE was pressed. However, if the instrument was sweeping
(either in AUTO or SINGLE) it does not resume sweeping. Instead, it performs the
previously selected measurement at the frequency it was tuned to when CALIBRATE
was pressed.

The maximum number of frequency points that can be calibrated is 81 (that is, approx-
imately 19 MHz steps for the full frequency range of 10 MHz to 1500 MHz).

During calibration, all of the front panel keys except LOCAL, PRESET, and CALI-
BRATE are disabled.

If LOCAL is pressed during calibration, the instrument returns to local control (if it
was in remote, and the Local Lockout command was not in effect). Calibration is not
interrupted by the LOCAL command.

Pressing PRESET or CALIBRATE terminates the calibration function. However,
PRESET also resets the entire instrument to a specified set of conditions (refer to the
Preset Conditions and Power-Up Sequence Detailed Operating Instruction). If either of
these keys are pressed during the frequency calibration portion of the sequence (that is,
the NOISE FIGURE display is “ — — — — ”’, calibration is not terminated. These
commands cannot be used until the frequency calibration is completed.

The calibration data cannot be stored using the STORE key and it is not retained when
theinstrumentis turned off. Therefore, itis necessary to calibrate the instrument each
time power is turned on.

If smoothing (averaging) is used during calibration, the arithmetic averaging algo-
rithmis used. Refer to the Smoothing (Averaging) Detailed Operating Instruction for a
detailed discussion of the averaging techniques used by the instrument. Note that once
calibration is initiated, the SMOOTHING keys are disabled and the averaging factor
cannot be changed during the calibration sequence.

If an external controller is used to control both the Noise Figure Meter and the external
LO, the calibration sequence must be stepped using the HP-IB command T2 after the
LO has been moved to each new frequency. Once the HP-IB command for calibration
(CA) is issued, the T2 mnemonic for trigger execute must be used. The Noise Figure
Meter will ignore the alternate HP-IB code of 30.2SP. Refer to the Trigger Selection
Detailed Operating Instruction for additional triggering information.

It is assumed that the triggered calibration is being performed as a part of the proce-
durein the Comments section of the Detailed Operating Instructions for Measurement
Modes 1.1 and 1.3. Step d of both these procedures requires a triggered calibration
sequence. Therefore, the preliminary steps such as selecting Special Function 4.0 will
have already been performed. The following general conditions must be observed when
using an external controller to perform a triggered calibration:

a. Remove the device under test (DUT) from the measurement system:.

b. Set the Noise Figure Meter’s calibrate function on (HP-IB code is CA).



HP 8970A

Comments
(cont’d)

Related
Sections

Operation

Calibrate (cont’d)

c. Set the external LO to the appropriate frequency. Refer to the LO’s operating
manual for the required HP-IB codes. Allow sufficient settling time for the output of the
external LO to stabilize.

d. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.2SP for it will be ignored.

e. To determine when to step to a new frequency, read the noise figure results. This
read operation cannot be completed until the new dataisready. Itis also possible to write
an SRQ interrupt routine on the Data Ready status bit. Refer to Enabling the Service
Request Condition, paragraph 3-29.

f. Continue to loop through steps ¢, d, and e. A method for determining when the
calibration is complete must be programmed into the external controller. One method is
to compare the frequency that is sent to the exernal LO with the stop frequency pro-
grammed into the Noise Figure Meter and terminate the program after the third mea-
surement in which they are equal. Itis also possible to write an SRQ interrupt routine on
the Calibration Complete SRQ. Refer to Enabling the Service Request Condition, para-
graph 3-29.

If any of the 60 or 70 series of Special Functions (except 60.0 and 70.0) are active, the
calibration sequence does not override them. Therefore, to calibrate on one range only,
use any of these Special Functions except 60.0 or 70.0. If any of these Special Functions
are inadvertently left active the calibration sequence will not cover the expected gain
range.

The calibration sequence always uses the 10 to 1500 MHz portion of the ENR table.

Any loss compensation entered by Special Function 34 isignored during the calibration
sequence.

Calibration, Frequency

Calibration, Input Gain Selection

Measurement Modes 1.0 through 1.4

Noise Figure (Uncorrected) and Noise Figure and Gain (Corrected)
Sweep

Trigger Selection
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Calibration, Frequency
(Special Funtion 31)

Frequency Calibration is performed to ensure the accuracy of the displayed tuned
frequency. During frequency calibration, the instrument’s first local oscillator (the YIG
oscillator) is tuned to the first IF (2050 MHz). Since the first mixer is not perfectly
balanced, some of the first local oscillator power is fed through to the first IF. This
signal is mixed down to the third IF. It is then detected by a special narrow-band
detector (approximately 100 kHz wide).

The YIG oscillator is then stepped through the narrow-band detectors’s pass band
using a special fine tune digital-to-analog converter (DAC). When the peak output is
detected, the YIG oscillator is tuned to 2050 MHz (first IF). This IF corresponds to 0
MHz on the front-panel frequency display. The fine tune DAC is held at this value. This
correction valueis then used when the YIG oscillator is tuned in response to subsequent
tuning changes.

Frequency calibration is initiated by the following:

a. The LINE switch is pressed to apply power to the instrument.
b. Either the PRESET or the CALIBRATE key is pressed.

c. Special Function 31 is used to initiate and control frequency calibration.

Completion of Frequency Calibration does not set the CALIBRATION COMPLETE
bit of the HP-IB statue byte. That bit is used only for RF calibration.

Special Function 31 is defined as follows:

a. 31.0—Selects the automatic frequency calibration mode. In addition to the initial
frequency calibration described previously, a frequency calibration is automatically
initiated 15 minutes after power on, 30 minutes later, 1 hour later, 2 hours later, and
then every 2 hours until the instrumentis turned off or a different 31 Special Function is
entered. This mode is the default condition.

b. 31.1—Disables the frequency calibration. In this mode, frequency calibration is
still done if the PRESET or CALIBRATE keys are pressed. However, frequency cali-
bration is not initiated periodically as described in 31.0.

c. 31.2—Initiates a frequency calibration immediately. After that frequency calibra-
tion, the operation returns to the mode active when 31.2 was entered. If 31.1 was active,
it remains active after the frequency calibration is done.

Frequency calibration is performed as a part of the PRESET and CALIBRATE func-
tions. In addition, the frequency calibration can be performed or disabled by keying in
the corresponding Special Function code and then pressing the SPECIAL FUNCTION
key.
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(Special Function 31)

' Calibration Frequency (cont’d)

Procedure
(cont'd)
> = o e
5|68 3o |EE |52
ex | S5 | §2 |52 |
Special Function Program a5 | £% 3 |=E |ES8
Code £% |88 | Ex | ES8 3%
Description Cote | QEE) 52|25 |3 |82 |88
Automatic Frequency Calibration 31.0 | Y0or31.0SP N N N On On
Disable Frequency Calibration 31.1 Y1or 31.1SP N Off Off
Perform One Frequency 31.2 Y2 or 31.28P N N N Off Off
Calibration
Table categories are explained in the Special Functions Detailed Operation Instruction.

Example To select the Disable Frequency Calibration Mode:
LOCAL - Code - = FUNCion ==,
{keystrokes)
OO (o).
L HP-IB
Y1
(program codes)

Program For HP-IB codes, refer to Procedure above.
Codes

) HP-1B 2

indications The INSERTION GAIN and NOISE FIGURE displays are not affected by 31.0 and 31.1.
If 31.2 is entered, the Noise Figure Display shows * — — — — " until the frequency
calibration is completed.

Related Calibrate

Sections Preset Conditions and Power-Up Sequence
Special Functions
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Calibration, IF Attenuators
(Special Function 33)

Special Function 33 is used to calibrate the IF Attenuators. This calibration should be
performed approximately every six months or if there are wide changes in the ambient
temperature. The noise source MUST be connected to the instrument. The Noise Figure
Meter turns on the noise source and uses its own internal noise power detector to measure
each IF attenuator. This data is used to correct the gain readings during gain measure-
ment. After the IF attenuation calibration is completed, this data is stored in the
instrument’s continuous memory and is retained when power is removed. Completion of
IF calibration does not set the CALIBRATION COMPLETE bit of the HP-IB status

byte.

To calibrate the IF Attenuators, connect the noise source to the instrument’s INPUT
connector, enter 33.0, and then press SPECIAL FUNCTION.

\

[-- ]
(] e 'g v -' g
B3| 5E |3z |58 |5
2c =2 |83 | 5% | 2B
Special Function Program ne | =L | Lo LB | &8a
BnE - S g © © P
Code Description | 22 | £8 | =5 |82 | 83
Name Code | CIAE) S | &s5 |38 |8 | &£
IF Attenuators 33.0 IC Calibrate IF N Y N Off Off
Calibration Attenuators
Table categories are explained in the Special Functions Detailed Operating Instruction.
LOCAL -~ Code — == FunCtion =
{keystrokes)
EEE (o]
IC
[program codes)
The HP-IB code for IF Attenuator Calibration is IC (or 33.0SP).
During calibration, the NOISE FIGURE display shows four dashes “ — — — — . IF

Attenuator Calibration takes only a few seconds. If for any reason the IF Attenuator
Calibration is notsuccessfully completed, error E13 (IF Attenuator Calibration failed)is
displayed.

Error code E26 is displayed if the IF Attenuator calibration data is not stored in the
continuous memory. Error E26 always occurs after an error E80 (continuous memory
failure). Therefore, an IF Attenuator calibration must always be performed after an
error E80 has been cleared. Either an HP 346B or HP 346C Noise Source is needed for
calibrating the IF attenuators. The HP 346 A will work only with the addition of approxi-
imately 10 dB of gain between the Noise Source and the HP 8970A INPUT connector.

Error Messages and Recovery
Special Functions
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Calibration, Input Gain Selection
(Special Function 32)

The gain setting for calibration can be selected using Special Function 32. Calibrationis
performed from the start frequency to the stop frequency in steps of the specified step
size. At each frequency, calibration is done at the three most sensitive RF attenuator
gain settings (thatis, +20,+10, and 0 dB). These settings are the default value for Special
Function 32. Three other sets of gain settings can be selected using the special functions
shown below. Selection of the gain settings to be calibrated depends upon the specific
application. Selecting a calibration gain setting does not initiate a calibration sequence.

To select an alternate gain setting for calibration, key in the corresponding Special
Function code and then press the SPECIAL FUNCTION key.

|Q v

-y S = 8

sz| 2| B |EE|EE

8x | o § ,5_, = Ss e s

Special Function Program aE| £ |28 |8 | &S

- = 3 D © O

Code 28| 28| 2 | S0 | BE

Description Code 2SS 2| SE | 822 | 28

p L HP-IB J du | el os |l (&0

+20, +10, and 0 dB 32.0 CO0 or 32.0SP N N N On On

+10, 0, and -10 dB 321 C1 or 32.1SP Y N N Off Off

0, -10, and -20 dB 32.2 | C2or32.2SP Y N N Off Off

-10, -20, and -30 dB 32.3 | C3or32.3SP Y N N Off Off
Table categories are explained in the Special Function Detailed Operation Instruction.

To select +10, 0 and -10 dB as the gain settings for calibration:

LOCAL - Code — o FUNCLION mam,
{keystrokes)
OEmOO (o e,
L HP-1B

(program codes}

c1

For HP-IB codes, refer to Procedure above.

The gain settings, other than the default values, are used primarily when the instrument
is calibrated for use with a high gain device under test (DUT).

DUTs in the specified range of —20 to +40 dB can be measured using Special Function
32.0.

Calibrate
Special Functions
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Controller Capability of the Noise Figure Meter ‘

(Special Function 4)

Description The Noise Figure Meter can be used as a limited controller for an external device. This
capability is limited to acting as a controller for an external LO or operating in the Talk
Only Mode (outputting data to a recording device). The Noise Figure Meter can also be
controlled by an external controller when Special Function 4.0 is active. Only one of the
three capabilities can be active at any one time.

If the Controller Mode is selected, one of the stored programs described in the Programs
Available To Control an External LO Detailed Operating Instruction can be selected.
. Stored programs are available for the HP 8350A Sweep Oscillator and the HP 8672A
Synthesized Signal Generator. In addition to the stored programs, the capability to
modify and generate programs for unspecified local oscillators is available. Refer to the
Programming an External LO Detailed Operating Instruction for additional informa-

tion.
Procedure To select an HP-IB control capability, key in the corresponding Special Function code
and then press the SPECIAL FUNCTION key.
.e! 5, | TE
33| 55 Fp|8f =2
2c| 2= | 85| 25| 28
Special Function Program | @S| =% | 28 | L2 | S5
Cke | £E8| 28| 2 ( §S | 5%
Description Code QRGP | =< | 55 | S5 | &8s | &S .
Normal Talker and Listener Mode | 4.0 None N Y N NC NC
Controller Mode (for External LO) | 4.1 None N Y N NC NC
Talk Only Mode 4.2 None N Y N NC NC
Table categories are explained in the Special Functions Detailed Operation Instruction.

Example To select the Controller Mode (for an external LO).
LOCAL . )212 — o FUNCLION
[keystrokes)
DG (o)
m Cannot be selected via HP-IB
(program codes)

Indications When Special Function 4.2 is active, the HP-IB TALK annunciator lights.

Comments In the Talk Only Mode, the instrument continuously outputs data to a recording device ‘
that is in the Listen Only Mode. The data output format and content is controlled by
Special Function 43. Refer to the HP-IB portion of this section for additional information
on this Special Function.
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Controller Capability of the Noise Figure Meter (cont'd)

(Special Function 4)
Comments In the Controller Mode, the instrument is used to control the frequency and level of the
(cont'd) external local oscillator. Note that the instrument does not have full controller capabil-

ity. For example, it cannot pass or receive control of the HP-IB. The instrument’s
controller capabilities are defined as C1, C3, and C28. These capabilities are explained in
the HP-IB portion of this section.

An external controller cannot be used when Special Function 4.1 or 4.2 is active.

The active function of Special Function 4 is not affected by PRESET, Special Function
0.0, or the LINE switch.

Related Programming an External LO

Sections Programs Available to Control an External LO
Special Functions
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Data Output to Oscilloscopes and Recorders

Description

Procedure

Example

3-50

(Special Functions 7, 8, and 20 through 24)

The Noise Figure Meter can output analog data to an oscilloscope, an X-Y recorder, or a
strip chart recorder. However, only one of these devices can be used at a time. Since the
setup procedures and operation are similar for all three devices, the operating
information for all are covered in this operating instruction.

Normally it is simpler to perform a setup procedure using the oscilloscope and then
switch to a recorder mode (or use an oscilloscope camera) if a permanent record is
required. In the example following the general procedure, this type of setup will be
shown.

To select one of the oscilloscope or recorder output functions, key in the corresponding
Special Function code and then press the SPECIAL FUNCTION key.

z s, &
3| €| B | 8| 2
gx| S5 52| 52| =8
g2 ElE
Special Function Program @S| £EL| 28| =2 &8
vas| 83| 3 ®S | -~
Code =g g8 =: 89 § =
= S o 2
Description Code L HP-1B 2 SE| 2E1 35| 83| £8

Output to Oscilloscope

Noise Figure and Gain 7.0 AQ or 7.0SP N Y N On On
Test Pattern 7.1 Al or 7.1SP N Y N off Off
Noise Figure Only 7.2 A2 or 7.2SP N Y N Off Off
Gain Only 7.3 A3 or 7.3SP Y N Off Off

Enter Oscilloscope Limits

Noise Figure Lower Limit| 8.1 NL or 8.1SP N Y Y NC 0
Noise Figure Upper Limit| 8.2 NU or 8.2SP N Y Y NC 8
Gain Lower Limit 8.3 GL or 8.3SP N Y Y NC 0
Gain Upper Limit 84 GU or 8.4SP N Y Y NC 40
Recorder Functions
Go to Lower Left 20.0 LL or 20.0SP N N N Off off
Go to Upper Right 21.0 UR or 21.0SP N N N Off Off
Plot Noise Figure 22.0 A4 or 22.0SP N Y N Off Off
Plot Gain 23.0 A5 or 23.0SP N Y N Off Off
Strip Chart Mode 24.0 A6 or 24.0SP N Y N Off Off
(X = Noise Figure;
Y = Gain)

Table categories are explained in the Special Functions Detailed Operating Instruction.

The following example shows how to set up the Noise Figure Meter to ouput a swept
CORRECTED NOISE FIGURE AND GAIN measurement result to an oscilloscope and
then to plot noise figure and gain results independently. It is assumed that the Noise Figure
Meter is already making this type of measurement in one of the Measurement Modes. It is
also assumed that the oscilloscope has A vs B (or X/Y) capability.




HP 8970A Operation

Data Output to Oscilloscopes and Recorders (cont'd)
(Special Functions 7, 8, and 20 through 24)

Example Data Output to an Oscilloscope

(cont'd) a. Connect the X-AXIS, Y-AXIS, and Z-AXIS outputs on the rear panel of the Noise
Figure Meter to the A, B, and Z (or horizontal, vertical, and Z) inputs of the oscilloscope
as appropriate. Select the DC mode for all oscilloscope inputs.

b. To display the test pattern on the oscilloscope screen press 7. 1 SPECIAL FUNC-
TION (or send HP-IB code A1).

NOTE

In the following step, first adjust the position controls on the oscilloscope to
place the test pattern on the left side and the bottom. Then, adjust the gain
controls to position the right side and top. -

c. Adjust the oscilloscope controls until the test pattern just fills the screen (touching
the outer lines on all four sides). See figure below. Verify that the diagonal lines cross
near the center of the screen.

Test Pattarn on Oscilloscope

NOTE

In the following steps it is assumed that the DUT has a noise figure range of
0.5 to 4dB and a gain range of 0 to 25 dB over the specified frequency range.

d. To display the noise figure and gain traces on the oscilloscope screen, press 7 . 0
SPECIAL FUNCTION (or send HP-IB code A0).

e. To display the noise figure lower limit in the left display, press 8 . 1 SPECIAL
FUNCTION (orsend HP-IB code NL). If the left display shows the default value of 0.000
dB, continue with the next step. If the display shows a different value, press 0 and
ENTER (or send HP-IB codes 0EN).

f. To display the noise figure upper limit in the left display, press 8 . 2 SPECIAL
FUNCTION (or send HP-IB code NU). The default value is 8.000 dB. To change the
upper limit to 4 dB, press 4 and ENTER (or send HP-IB codes 4EN).
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Data Output to Oscilloscopes and Recorders (cont'd)
(Special Functions 7, 8, and 20 through 24)

Example g Inasimilar manner, use Special Functions 8.3 and 8.4 (HP-IB codes GL and GU) to
(cont'd) display and change the lower and upper limits of the gain trace. The default values of
0.000 and 40.00 are satisfactory for this example.

h. To display the corrected swept measurement, press CORRECTED NOISE FIG-
URE AND GAIN (or send HP-IB code M2).

i. For arepetitive swept measurement beginning at the start frequency, press START
FREQ and then AUTO (or send HP-IB codes FAW1). Verify the display is similar to that
shown below.

Swept Measurement on Oscilloscope

NOTE

If desired, the intensity of the gain trace can be adjusted relative to the noise
figure trace. This can be done by turning the GAIN TRACE adustment on the
rear panel of the Noise Figure Meter (see Figure 3-7).

j. Tostop the sweep press AUTO again (or send HP-IB code W0). Note that a different
HP-IB codeis required to turn off the sweep since this function cannot be toggled over the
HP-IB.

NOTE

Step j completes the procedure for setting up the Noise Figure Meter for an
oscilloscope display. If a permanent record of the measurement results is
required, use an oscilloscope camera or perform the remaining steps, which
provide a typical procedure for plotting the data on an X-Y recorder.

Plotting Data on an X-Y Recorder

k. Connect the X-AXIS, Y-AXIS, and Z-AXIS outputs from the Noise Figure Meter to
the X, Y, and pen lift inputs of the X-Y recorder. Select DC mode on all recoder inputs.
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Operation

Data Output to Oscilloscopes and Recorders (cont’d)

Example
(cont'd)

Program
Codes

\ HP-1B 4

Comments

Related
Sections

(Special Functions 7, 8, and 20 through 24)

1. To adjust thelower left point on the recorder, press 20.0 SPECIAL FUNCTI ON (or
send HP-IB code LL) and adjust the X and Y zero-set controls on the recorder.

m. Toadjust the upperright point on the recorder, press 21 .0 SPECIAL FUN CTION
(or send HP-IB code UR) and adjust the X and Y vernier controls on the recorder.

NOTE

The X-AXIS and Y-AXIS output voltages from the Noise F. igure Meter vary
from 0 to 6V. Therefore, it may be necessary to adjust the recorder to accom-
modate this range of voltages.

n. Check both the upper and lower limits on the recorder and readjust as required.

o. Toplot asingle sweep of the noise figure results, press22.0SPECIALFUNCTION
and then SINGLE (or send HP-IB codes A4W2). When the single sweep is complete, the
Noise Figure Meter remains tuned to the stop frequency.

p. To plot a single sweep of the gain results, press 23 .0 SPECIAL FUNCTION and
then SINGLE (or send HP-IB codes A5W2). When the single sweep is complete, the Noise
Figure Meter remains tuned to the stop frequency.

q. The plotted traces should be similar to the traces that were displayed on the
oscilloscope.

For HP-IB codes, refer to Procedure above.

For the oscilloscope and recorder modes, whatever is displayed in the NOISE FIGURE
display is treated as a noise figure trace. For example, if Special Function 9is active, the
power measurement information displayed is output to the oscilloscope or recorder as if
it were noise figure information. Noise figure is displayed in the units selected by Special
Function 10 and gain is displayed in dB.

Special Function 8 is used to set both noise figure and gain limits.

Special Function 24 selects the strip chart mode. This mode is useful in plotting noise
figure and gain versus time. For example, it can be used to plot noise figure versus
emitter current on an X-Y recorder or to drive an external meter. The X-AXIS output is
the noise figure information and the Y-AXIS output is the gain information.

Display Units Selection

Measurement Modes 1.0 through 1.4
Special Functions
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Operation
Display Resolution
(Special Function 12)
Description The Noise Figure Meter can vary the resolution of the INSERTION GAIN and NOISE
FIGURE displays.
The table below shows the maximum resolution (to the right of the decimal point)
allowed by Special Function 12.
12.0SP Maximum 12.18P Less Resolution | 12.2SP Less Resolution
Display Resolution on NOISE FIGURE on GAIN
NOISE FIGURE
FdB dd.dd dd.d
F d.ddd d.dd
Y dB dd.dd dd.d
Y d.ddd d.dd
TeK ddd.d ddd
INSERTION GAIN
dB dd.dd dd.d
Procedure To select the desired display resolution, key in the corresponding Special Function code
and then press the SPECIAL FUNCTION key.
= [
zz|ss | |82 |58
&< | S§ |52 |22 |5
35| e |58 | &5 | ES
Special Function Program 2s D8 | = E|=5 |32
Code 55|52 |=s= |82 |83
Description Code L HP-B -4 | »6F |08 | &S | £8
Maximum resolution for both INSERTION 12.0 X0 or 12.0SP N Y N On On
GAIN and NOISE FIGURE displays
Less resolution on NOISE FIGURE display 12.1 |Xlor12.1SP N Y N Off Off
Less resolution on INSERTION GAIN display | 12.2 X2o0r 12.2SP N Y N Off Off

Table categories are explained in the Special Functions Detailed Operating Instruction.
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Display Resolution (cont'd)
(Special Function 12)

Example To have less resolution in the NOISE FIGURE display:
LOCAL p Code - o FUNCLION m—my,
(keystrokes)
DEOO (e
X1
(program codes)
Program For HP-IB program codes, refer to Procedure above.

Codes

\ HP-1B 2

Indications The NOISE FIGURE and INSERTION GAIN displays reflect the resolution corres-
ponding to the selected Special Function.

Comments Special Function 12 also affects the resolution of the HP-IB output. The HP-IB output
always has one digit more of resolution than the front panel displays.

Related Display Units Selection
Sections Special Functions
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Procedure

Example

Program
Codes

 HP-IB 2

Iindications

Comments
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Display Units Selection
(Special Function 10)

Noise measurements can be output in the following display units:
a. noise figure in dB (F dB)
b. noise figure as a ratio (F)
c. Y factor in dB (Y dB)
d. Y factor as a ratio (Y)
e. equivalent input noise temperature in kelvins (Te K)

To select a NOISE FIGURE display unit, key in the corresponding Special Function
code and then press the SPECIAL FUNCTION key.

= Qe

S £ g - gl d '§

g<| 3§ §B| 22|38

. . o2 o = == I.l=- 3 = g

Special Function Program N | = P | T 1 &8

8« 'E 4 Bé’ . o O

Code £5| 58| =5 | 82| 8%

Description Code L HP-IB 3 SZ| 58| S5 | 83| &8
FdB 10.0 NO or 10.0SP N Y Y On On
F 10.1 N1 or 10.1SP N Y Y Off Off
Y dB 10.2 N2 or 10.2SP N Y Y off off
Y 10.3 N3 or 10.3SP N Y Y Off Off
TeK 104 N4 or 10.4SP N Y Y Off Off

Table format is explained in the Special Functions Detailed Operating Instructions.
To have measured noise displayed as Y factor in dB:
Function

LOCAL Code

(keystrokes) () (o) () (2) EJ?SE.E’:‘.%-
L HP-1B

{program codes)

N2

For HP-IB program codes, refer to Procedure above.

The selected display unit appears on the right side of the NOISE FIGURE display.
Special Function 10 has no effect on the INSERTION GAIN display.

32 dBis the maximum value that can bedisplayed in units of F dB. Readings above this

value cause the NOISE FIGURE display to show two dashes ¢ — — ”. The smoothed
number is the value that is checked against 32 dB. Therefore, if the display is flashing
between approximately 30 dB and *“ — — ”, increasing the smoothing may provide a

stable display if the noise figure is less than 32 dB.
The maximum value allowable for Te K is 9999K (noise figure of 15.5 dB).
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Comments
(cont'd)

Related
Sections

Operation

Display Units Selection (cont'd)

(Special Function 10)
The maximum value allowable for F is 9999 (noise figure of approximately 40 dB).
Equations for the display units are as follows:

F= noise power added by DUT + noise power out due to source
noise power out due to source

(when the source is at 290K)
F(dB)=10log F

_ power measured with noise source On
power measured with noise source Off

Y(dB)=10log Y

Te = Thot =Y X Teolq
Y-1

where: T}t is the equivalent temperature of the noise source when it is On
and

Teold is the equivalent temperature of the noise source when it is Off.

Display Resolution

Noise Figure (Uncorrected) and Noise Figure and Gain (Corrected)
Smoothing

Special Functions
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ENR Table Entry

The ENR key allows display and entry of the noise source’s calibration factors. This
information is used to improve the accuracy of the noise figure and gain calculations
made by the Noise Figure Meter. The information entered is the actual Excess Noise
Ratio (ENR) value at the specified frequency. All ENR noise sources have this cali-
bration information available. In the case of the HP 346A, B and C Noise Sources, a
separate printout is supplied, and a graph or table is printed on its side showing the
ENR versus Frequency data. The frequency points shown on the printout and graph
are the default frequency values displayed when the table is entered. The ENR table
can hold a maximum of 27 frequency points. The valid frequency range for entries is
from 10 MHz to 60 GHz. The valid power range for the ENR entries is from —6 to +17
dB.

Example of Printout of ENR versus Frequency Data

—

Example of ENR Versus Frequency Data on HP 3468 Noise Source

The instrument uses the noise source’s calibration information starting at the first
stored pair (frequency and ENR) and uses subsequent pairs until a lower frequency entry
is encountered. When power is initially applied to the instrument, the ENR table con-
tains the default value 0f 15.20 dB at all frequency points. After an ENR table is entered
for a specific noise source, this information is retained in the continuous memory and
need not be re-entered each time power is turned off and on.

‘
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Procedure

Operation

ENR Table Entry (cont’d)

To enter a specific set of values into the ENR table perform the following steps:

NOTE

Entering the ENR table values is simply a matter of pressing the ENR key
and entering the required data. The flashing annunciators indicate the type
of data required. The following detailed procedure is only necessary if this is
the first time the procedure has been performed.

a. Press the ENR key and verify that the MHz indicator in the left display is
flashing.

NOTE

If an error is made while entering numeric data and the error is noted before
ENTER s pressedtheentry can becleared by pressingthe UNCORRECTED
NOISE FIGURE key. However,once ENTER is pressed, the number cannot
readily be changed. Therefore, be very careful when making entries. If an
incorrect entry is made and ENTER has been pressed, two possible recovery
procedures are recommended:

1. Ifitis early in the entry procedure, press FREQUENCY to terminate the
ENR table entry mode and start over.

2. Ifseveralentries have been made, ignore the incorrect input and continue
with the entry procedure. After all entries have been made, use the ENTER

key to sequence to the incorrect entry and make the required change. Step h.
explains the use of ENTER for this purpose.

b. The frequency displayed is either the first calibrated frequency for the HP 346B
(default value) or the last entered frequency for this point. If this is the frequency at
which ENR calibration data is to be entered, just press ENTER. To change the fre-
quency, use the numeric keyboard to enter the desired value in MHz. Note that all
frequency entries must be made in MHz. If a non-interger value is entered, the instru-
ment converts the number to the nearest MHz.

c. After ENTER is pressed for the frequency entry, verify that the MHz indicator is
on and not flashing and the indicated frequency value is correct. Verify the dB indica-
tor in the INSERTION GAIN display is flashing.

d. The dB value displayed is either the default value (15.20 dB) or the last entered
value for this point. If this is the value to be entered, just press ENTER. To change this
value, use the numeric keyboard to enter the new value and then press ENTER. Up to
two significant digits after the decimal point can be entered.

e. After ENTER is pressed for the dB value entry, verify that the dB indicator is on

and notflashing and that the indicated dB valueis correct. Verify the MHz indicator is
flashing.

f. Repeat steps a through e until all of the required calibration information is
entered.

NOTE

Iflessthan afulltableis entered, the frequency following the last entry to be
used must be lower than that entry. When the ENR table is used by the
instrument, only the values that are in ascending frequency order are used.
The first descending frequency value terminates the table.
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Procedure
(cont'd)

Program
Code

| HP-1B 2

Comments

Related
Sections
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ENR Table Entry (cont’d)

g. After all required entries are complete, press FREQUENCY. The instrument exits
the ENR table entry mode and returns to the measurement that was active when the
ENR key was pressed.

h. Press the ENR key to reinitiate the ENR table entry mode. Verify that the calibra-
tion data is correct by pressing the ENTER key to cycle through the ENR table. Each
time the ENTER key is pressed, the table is alternately stepped to the following fre-
quency or dB point in the table. Holding the ENTER key down causes the table entries to
be automatically displayed in sequential order. With the ENTER key held down, each
frequency and dB entry is displayed for approximately one second. Releasing the key
stops the table at the displayed point. If required, changes can be made to the displayed
data. Note that the displays cannot be sequenced back. Therefore, if a known error
exists, release the ENTER key one or two entries prior to the one that must be changed.
Then, single step the table using the ENTER key until the incorrect information is
displayed. Make the necessary correction and then check the rest of the table as
explained previously.

The HP-IB code to enable ENR table entry is NR.

The ENR table is used during both UNCORRECTED NOISE FIGURE measurements
and CORRECTED NOISE FIGURE AND GAIN measurements.

Thespecific ENR vs. frequency data that is used is determined by the stimulus frequency
and the measurement mode that has been selected. Refer to Measurement Modes 1.0
through 1.4 Detailed Operating Instructions for additional information.

PRESET has no effect on data stored in the ENR table.

Measurement Modes 1.0 through 1.4
Spot ENR, Th ¢, and T¢old
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Description

HP-IB Output
Format

) HP-IB 2

Error
Displays

Operation

Error Messages and Recovery

The instrument generates error messages to indicate operating problems, incorrect
keyboard entries, or service-related problems. The error message 1s cleared when the
error condition is removed. The error messages are grouped by error code as follows:

Error 10 through Error 49. These are operating and entry errors which indicate that
not all conditions have been met to assure a calibrated measurement, or that an
invalid keyboard or HP-IB entry has been made. Operating errors can usually be
cleared by using the front panel controls, changing the equipment setup, or correct-
ing the HP-IB code. Entry errors require that a new keyboard entry or function
selection be made. A number of errors in this group may represent instrument mal-
functions. The operator should try to clear the error condition using the corrective
actions shown in the table below before referring the unit for service.

Error 50 thro’ugh Error 80. These are service errors which provide service-related
information. Service errors are discussed in the Service Section (VII).

Errors may also be classified as volatile or nonvolatile.

Nonvolatile errors typically occur when the instrument has received conflicting
commands from the operator. The instrument stops making measurements and
walits for the conflict to be resolved by the operator. An example of this type of con-
flict is selecting a corrected measurement when a calibration has not been per-
formed. All hardware errors are also nonvolatile.

Volatile errors typically represent invalid entries of either frequency, special func-
tion codes, numerical data, or HP-IB characters. Volatile errors are cleared when a
front panel key is pressed or when a serial poll is performed over the HP-IB. Unlike
nonvolatile errors, after a serial poll has been performed, it is not possible to deter-
mine the error code of a volatile error that may have generated the Require Service
message. Upon clearing a volatile error, the invalid entry is ignored by the instru-
ment and measurements resume as if the entry was never received.

The HP-IB output format for errors is: +900DDE+06CRLF
Fixed Data :— L_Line Feed
Error Code Carriage Return

Fixed Exponent

For example, Error 10 is output to the HP-IB as +90010E+06CRLF. This format
differs from normal data outputs since normal data outputs will never exceed 1 x
105. Once an error has been input to the computing controller, the error code is
simply derived by subtracting 9 x 1010 from the input number, and then dividing the
result by 1 000 000.

There are three types of error displays. All three use the format shown above to out-
put the error message to the HP-IB. The following examples illustrate each type:

The display above shows the general error display format. E means error while the
number is the error code.
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Displays
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Messages
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Error Messages and Recovery (cont’d)

This display indicates that a measurement overflow has occurred or that the measured
noise figure exceeds 32 dB. This display is output to the HP-IB as E99 using the HP-IB

output format above.

The display above indicates that the data is not ready. For example, this display occurs
during a frequency calibration of the instrument. This display is output tothe HP-IBas a

special reserved number (30000E+06CRLF).

The table below describes all operating and entry errors. The error code, message, and
the action typically required to remove the error-causing condition are given. Additional

information pertaining to particular errors is also given.

Error
Cade

Volatile (V) or
Nonvolatile [NV)

Recommended Action/Comments

Hardware Error

General Remedy: Press PRESET and check that input signal is within the specified ampli-
tude and frequency range.

10

11

12

13

14

18

NV

NV

NV

NV

NV

NV

A/D conversion
failed.

A/D converter
overflow.

Input overflow.

IF attenuator

calibration
failed.

Proper IF or RF
attenuators can-
not be selected.

Frequency cali-
bration failed.

Refer to Service-Related Errors in Section VIII,
Service.

Set IF and RF attenuators to autorange (Special
Functions 70.0 and 60.0). If error persists, refer to
Service-Related Errors in Section VIII, Service.
Also check for proper operation of the Noise Source.

Set RF attenuators to autorange (Special Function
60.0). If error persists, refer to Service-Related
Errors in Section VIII, Service.

Check that IF attenuator calibration (Special Func-
tion 33.0) was properly executed by operator. If error
persists, refer to Service-Related Errors in Section
VIII, Service.

Refer to Service-Related Errors in Section VIII,

Service.

Refer to Service-Related Errors in Section VIII,
Service.
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Error
Messages
(cont'd)

Operation

Error Messages and Recovery (cont'd)

Error { Volatile {V) or .
Code | Nonvatatile (NV) Message Recommended Action/Comments
Not Properly Calibrated For Corrected Measurement
General Remedy: Repeat calibration.
20 NV Not calibrated. Perform calibration prior to selecting
CORRECTED NOISE FIGURE AND
GAIN measurement.

21 NV Current frequency is out of Select frequency within calibrated
calibrated range. range or calibrate over a new fre-

quency range.

22 NV Current RF attenuation Select appropriate input gain calibra-
not calibrated. tion range (Special Function 32).

23 NV Not calibrated in the current Perform calibration in current meas-
measurement and sideband urement and sideband modes.
modes.

24 NV Not calibrated for the current Perform calibration. (Changing the
IF (Measurement Modes 1.1 IF requires recalibration.)
and 1.3).

25 NV Not calibrated for the current Perform calibration. (Changing the
LO frequency (Measurement LO frequency requires recalibration)
Mode 1.2).

26 NV Internal IF attenuators not Perform IF attenuator calibration
calibrated. (Special Function 33.0). Refer to the

Calibration, IF Attenuators Detailed
Operating Instruction.

27 NV Overflow while calibrating. Too much loss in calibration system.
Check input gain calibration setting
(Special Function 32). Check for proper
Noise Source operation. Refer to
comments.

Invalid Frequency Error
General Remedy: Change frequency parameter and repeat measurement.

30 A% Start frequency is greater Set start frequency (or lower limit) to
than stop frequency during a value less than the stop frequency
calibration or plot. Or, the (or upper limit).
lower limit is greater than the
upper limit (noise or gain) dur-
ing sweep.

31 v Number of calibration points Reduce the number of calibration

exceeds 81.

points. (Reduce calibration range or
increase step size.)

3-63



Operation

Error
Messages
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Error Messages and Recovery (cont’d)

Error | Volatile (V) or ,
Code | Nonvolatile [NV] Message Recommended Action/Comments
Invalid Frequency Error (cont'd)
32 \" LO frequency will be out Change IF, START FREQ,
range. STOP FREQ, or sideband
selection so that LO does not
tune through 0 MHz.

33 A" IF will be out of range. Change START FREQ, STOP
FREQ, or LO frequency so that the
difference between the LO frequency
and the start or stop frequency is
greater than 10 MHz and less than
1500 MHz.

34 NV Double sideband is not Use single sideband (Special

allowed in Measurement Function 2.1 or 2.2) with Meas-
Mode 1.2 urement Mode 1.2.
Entry Error
General Remedy: Check and repeat entry.

35 v Entered value is out of range. Re-enter new value.

36 A% Undefined special function. Check, then re-enter correct special
function code.

37 v Cannot enter specified Select proper function that

parameter. allows entry of this parameter.
Y HP-IB HP-1B Errors
General Remedy: Check and repeat entry.
40 v Undefined HP-IB code. Check, then re-enter correct
HP-IB code.
41 v Invalid HP-IB characters. Check, then re-enter valid HP-IB
characters.
42 NV No external LO is connected Connect an external LO or select
when in controller mode another control function (Special
(4.1SP). Function 4).

43 \% Codes received while in Talk Only send codes when the
Only Mode (4.2SP). instrument is addressed to listen.
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Error
Messages
(cont'd)

Comments

Related
Sections

Operation
’
Error Messages and Recovery (cont’d)
Error | Volatile (V) or
Code | Nonvolatile (NV) Message Recommended Acticn/Comments
Service Errors
50- NV Service-related errors. Refer to Service-Related Errors
79 in Section VIII, Service.
80 NV Continuous memory failure. Refer to Comments below.

Error code E27 usually occurs because the noise figure of the measurement system is too
high during the calibration of the third input gain setting. Consider the error code as
only a warning, and that the ability of the instrument to make valid measurements is
most likely notimpaired. But, if error code E22 occurs during the actual measurement, do
one of the following:

1. Decrease the instrument’s smoothing factor and try to recalibrate.

2. The DUT probably has 30 dB or more of gain, causing the Noise Figure Meter to use
the attenuator setting of the third calibration setting. Attach a 10 dB attenuator to
the output of the DUT and use special functions 34.3, 34.4, and 34.1 to correct for the
loss.

3. Add a preamp to the measurement system and recalibrate.

Error code E80 indicates a continuous memory failure. The instrument may not retain
data when powered down. However, the ability of the instrument to make valid mea-
surements may not be impaired. If E80 occurs, press PRESET and proceed. The occur-
rence of E80 implies that stored information such as the IF attenuator calibration was
not retained. Therefore, error code E26 will appear. Perform an IF attenuator calibration
(refer to the Calibration, IF Attenuators Detailed Operating Instruction). If E80 persists,
service should be performed on theinternal battery and related circuits. Refer to Service-
Related Errors in Section VIII, Service.

Calibrate

Calibration, IF Attenuators
Calibration, Input Gain Selection
IF Attenuation Selection
Measurement Modes 1.1 through 1.4
Remote Operation, HP-IB

RF Attenuation Selection
Service-Related Errors, Section VIII
Special Functions
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Fixed Frequency Increment

The tuned frequency of the instrument can be changed by using a combination of the
FREQINCR, 4, and W keys. The FREQ INCR key is used to set the fixed increment
size. The M and W keys step the fixed frequency up or down by the value of the
current frequency increment. These keys provide a convenient method of controlling the
fixed frequency of the instrument for applications such as locating the minimum noise
figure of an amplifier.

The allowable range of values for a frequency increment is 1 to 1490 MH:z for
Measurement Modes 1.0 and 1.4, and 1 MHz to 60 GHz for Measurement Modes 1.1,1.2,
and 1.3. If an attempt is made to enter an illegal frequency increment, error code E35 is
displayed and the entry is not made.

To change the size of the frequency increment, press the FREQ INCR key, enter a value
for frequency in MHz, and then press the ENTER key.

Use M or - to step the frequency up or down by the current frequency increment.

Program Stored In Can be Preset
Code Continuous | Stored and | (and HP-IB Clear)
Front Panel Key | QGIEE) Memory | Recalled Conditions
FREQ INCR FN Y Y 20 MHz
@ UP — - -
N DN - - -
Table categories are explained in the Preset Conditions and Power-Up Sequence
Detailed Operating Instruction.

To set the frequency increment to 50 MHz:

LOCAL Function e )3t3 om— Function
{keystrokes] @ Coj
L HP-IB FN§|9MZ
Cod —] C_ Functi
(program codes) ode bata unction

To decrease the tuned frequency by the current frequency increment:

Function

LOCAL

(keystrokes) @

| HP-IB 2 DN

{program codes)

¢
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 HP-IB 2

Indications
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Operation

Fixed Frequency Increment (cont’d)

Holding either the 4 or - key down causes the frequency to step continuously.
However, the frequency is slower to change when stepped downward.

In addition to the HP-IB program codes given in Procedure above, HZ and MZ are the
program codes for Hz and MHz, respectively.

The currently programmed frequency increment is displayed in the left display for as
long as the FREQ INCR key is depressed. After FREQ INCR is pressed, the new
frequency increment data can be entered. This data is displayed in the left display until
the ENTER key is pressed. The function is then implemented and the instrument returns
to the last selected measurement.

When either e or 4 is pressed, the tuned frequency is changed in the selected
direction. The new tuned frequency is displayed in the left display and the instrument
continues with the selected measurement.

Front panel frequency increment values should be entered in integer MHz units. If a
decimal MHz entry is made, the instrument rounds the entry to the nearest integer (0.5
MHz and above is rounded up).

The Hz unit, provided for HP-IB, is for programmer convenience. The instrument rounds
all HP-IB tuned frequency inputs to the nearest MHz.

If 4 or @-is pressed rapidly in succession, the left display updates the frequency each
time the key is pressed. The noise measurement may bedelayed (— — — — will appear
in the NOISE FIGURE display), especially if smoothing is used.

Fixed Frequency Tuning

Measurement Modes 1.0 through 1.4
Preset Conditions and Power-Up Sequence
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Fixed Frequency Tuning

The FREQUENCY key is used to display the frequency to which the instrument is tuned
and to enter a new fixed frequency value. The allowable frequency range is 10 to 1510
MHz in Measurement Modes 1.0 and 1.4, and 1 MHz to 60 GHz in Measurement Modes
1.1,1.2, and 1.3.

The tuned fixed frequency of the instrument can also be changed by using a combination
of the FREQ INCR key to set the increment size, and the 4 and 4@ keys to step the
fixed frequency in the selected direction.

The FREQUENCY key acts as a ““clear entry” key. It clears entries in progress, returns
the instrument to the last selected measurement with the left display showing the
current tuned frequency, and halts the sweep if it is in progress.

To display the current tuned frequency and enter a new tuned frequency, press FRE-
QUENCY, enter the value of the new frequency in MHz, and press ENTER.

Program | Stored in Can be Preset
Code Continuous | Stored and | (and HP-IB Clear)
Front Panel Key | GIEED | Memory | Recalled Conditions

30 MHz

FREQUENCY FR Y Y

Table categories are explained in the Preset Conditions and Power-Up Sequence
Detailed Operating Instruction.

To tune the instrument to.a new frequency of 100 MHz:

LOCAL Function P Data - Function
oy ) (D@
L HP-1B 2 FR100MZ
(program codes) Code — D—al; "L Function

The HP-IB program code for FREQUENCY is FR. The program codes for Hz and MHz
are HZ and MZ.

Pressing the FREQUENCY key clears an incomplete entry, displays the current tuned
frequency, and enables the entry of a new tuned frequency. As the entry numbers are
pressed, the specific numbers appear in the left display. When ENTER is pressed, the
instrument is tuned to the specified frequency and the instrument continues to make the
the last selected measurement.

Front panel frequency entries should be made in integer MHz units. If a decimal MHz
entry is made, the instrument rounds the entry to the nearest integer (0.5 MHz and above
is rounded up).
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Comments
(cont'd)

Related
Sections

Operation

Fixed Frequency Tuning (cont’d)

The Hz unit, provided for HP-1B, is for programmer convenience. The instrument rounds
all HP-IB tuned frequency inputs to the nearest MHz.

If no other prefix key has been pressed, any digits entered followed by ENTER will be
interpreted as if the FREQUENCY key were the prefix.

Fixed Frequency Increment

Measurement Modes 1.0 through 1.4
Preset Conditions and Power-Up Sequence
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Fixed IF or LO Frequency Selection

(Special Function 3)

Special Function 3 displays and allows entry of the fixed IF and LO frequencies for the
external mixer measurement modes. '

Special Function 3.0is used to display and enter the fixed IF for Measurement Modes 1.1
and 1.3. If noentryismade, the Noise Figure Meter uses the last entered value. The fixed
IF value isignored when the instrument is operated in Measurement Modes 1.0, 1.2, or
1.4. The allowable range of values for IF entries is 10 to 1510 MHz.

Special Function 3.1 is used to display and enter the fixed LO frequency for Measure-
ment Modes 1.2and 1.4. If noentry is made, the Noise Figure Meter uses the last entered
value. If the instrument is operated in Measurement Modes 1.0, 1.1, or 1.3, the fixed LO
frequency is ignored. The allowable range of values for LO frequency entries is O to 60
GHz.

Front panel frequency entries should be made in integer MHz units. If a decimal MHz
entry ismade, the instrumentrounds the entry tothe nearest integer (0.5 MHz and above
are rounded up).

To select a fixed IF or LO frequency, key in the corresponding Special Function code and
then press the SPECIAL FUNCTION key. Next, enter the appropriate value using the
DATA keys and press ENTER.

c m e
[ =] - S5
-_— é ) - - a. =
g | 35| 53|85 =%
ac == com | g Se
Special Function Program 2| =g |28 |35 |20
Code £E|ES| €= |53 |53
Description Code Y HP-IB 4 SE | &€ |35 | &3 | £8
Fixed IF 3.0 IF or 3.0SP N Y Y NC 30
(for modes 1.1 and 1.3) MHz
Fixed LO Frequency 3.1 LF or 3.1SP N Y Y NC |[10000
(for modes 1.2 and 1.4) MH:z
Table categories are explained in the Special Functions Detailed Operating Instruction.
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Fixed IF or LO Frequency Selection (cont'd)

Example

Program
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| HP-IB 4

Indications

Comments

Related
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(Special Function 3)

To select a fixed IF of 70 MHz:

LOCAL - Code emmmmm, Function e D212 e, Function
(keystrokes]
I ) (o), (]
L HP-1B 2 - I_'EZ,(_M; .
(program codes) unction Data unction

The HP-IB codes for Hz and MHz are HZ and MZ, respectively. For Special Function 3
program codes, refer to Procedure.

When Special Function 3.0 or 3.1 is selected, the left display shows the current IF or LO
frequency. When a new frequency value is entered, it appears in the left display only for
as long as the ENTER key is depressed. When the ENTER key is released, the left
display returns to the display that was present when the special function was entered.

If error code E32is displayed when attempting to enter a fixed LO frequency, the entered
frequency is outside the range specified for the external LO. If the entered frequency was
incorrect, re-enter the correct frequency. If the external LO frequencies are incorrect,
they can be changed using either Special Function 42.3 or 42.4 (refer to the Programming
an External LO Detailed Operating Instruction).

The Hz unit, provided for HP-IB, is for programmer convenience. The instrument rounds
all HP-IB tuned frequency inputs to the nearest MHz.

Error Messages and Recovery
Measurement Modes 1.1 through 1.4,
Programming an External LO
Special Functions
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HP-IB Addresses

Noise Figure Meter and External LO
(Special Function 40)

The Noise Figure Meter has two HP-IB addresses. Oneis the address of the Noise Figure
Meter when it is being used over the HP-IB. The second is the HP-IB address of an
external local oscillator (LO) for use when the LO is being controlled by the Noise Figure
Meter (that is, Special Function 4.1 is active and Measurement Mode 1.1,1.2,1.3,0r 1.4 is
selected).

The HP-IB addresses for the Noise Figure Meter and an external LO can be displayed
and changed by Special Function 40. The selected address is displayed in decimalin the
left display. The decimal value of the factory set addresses are:

a. Noise Figure Meter =8
b. External LO =19

A list of allowable addresses for the Noise Figure Meter and an external LO is given
below.

ASCII Address Codes Decimal

Equivalents

LISTEN TALK

00
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

WO 1S U A WK O N
)—/—N<x€<cemm®vozzﬁwuHmowmuaw»@

VoA
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HP-IB Addresses (cont’d)

Noise Figure Meter and External LO
(Special Function 40)

Todisplay the current HP-IB address of either the the Noise Figure Meter or an external
LO, key in the corresponding Special Function code and then press the SPECIAL

FUNCTION key.

To change an HP-IB address, first display the current address. Then, enter a decimal
number from 0 to 30 for the new address and press the ENTER key.

z §.|TE
=> | =2 | = Sg | a2
82 |SE| EE2| g2 |3
Special Function Program & | £ f 8| “EB| &8
Code 2 § e § S« g8 5T
[=] -« [
Descripton Code L HP-1B 2 S| 8E | 85 | 82| &
Noise Figure Meter 40.0 None N Y NC NC
HP-IB Address
External LO HP-IB 40.1 EA or 40.1SP N Y NC NC
Address
Table categories are explained in the Special Functions Detailed Operating Instruction.
To display the external LO address and change it to 20:
LOCAL - Code — Function P | ¢ e— Function
(keystrokes)
OO (jm O =
UHP-1B 3 EA20EN
Code TT T Function
iprogram codes) Data

The program code to display the HP-IB address of the external LO is EA. The external
LO address can be changed by entering a decimal number from 0 to 30 and then EN (the
program code for ENTER). The HP-IB address of the Noise Figure Meter cannot be read
or changed over the HP-IB.

The HP-IB address of the corresponding special function appears in the left display
when either Special Function 40.0 or 40.1 is selected. When an HP-IB address is changed,
the new address appears in the left display for as long as the ENTER key is depressed.
When the ENTER key is released, the instrument returns to the last selected measure-

ment.

Do not set the Noise Figure Meter HP-IB address equal to the external LO HP-IB
address.

Controller Capability of the Noise Figure Meter
Remote Operation, HP-IB
Special Functions
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IF Attenuation Selection
(Special Functions 70, 71, and 72)

IF attenuation selection, display, and hold are available in all measurement modes. It
should be noted, however, that only the hold capability (Special Function 72.0) is
normally used by most operators. The hold is required during manual measurements
(refer to the Manual Measurements Detailed Operating Instruction for additional
information). The selection and display of specific IF attenuation settings are more
likely to be used during adjustment procedures, performance tests, or troubleshooting
procedures. In some specialized applications these capabilities can be helpful, but care
must be exercised when using them. It is possible to introduce some very subtle errors in
the measurements that the Noise Figure Meter may not be able to guard against.
Additional information on how to use and interpret these Special Functions is contained
in Section VIII, Service.

To select a specific IF attenuation setting, display, or hold, key in the corresponding
Special Function code and then press the SPECIAL FUNCTION key.

= o2
=>| ) Se|lag
Special Function Program ”§ | E, |28 |£3 |83
Code 2% § g|E= | 88 | 5%
=N
Description Code L HP-1B 2 S| EE|8SE |82 | £
IF Attenuation Selection
Auto 70.0 10 or 70.0SP N N N On On
0dB 70.1 I1 or 70.1SP Y N N Off Off
5dB 70.2 12 or 70.2SP Y N N Off Off
10dB 70.3 13 or 70.3SP Y N N Off Off
15dB 70.4 14 or 70.4SP Y N N Off Off
20dB 70.5 I5 or 70.5SP Y N N Off Off
25 dB 70.6 16 or 70.6SP Y N N Off Off
30dB 70.7 17 or 70.7SP Y N N Off Off
35dB 70.8 18 or 70.8SP Y N N Off Off
Display IF Attenuator Settings
Display IF Attenuator 71.0 SI or 71.0SP N N N Off Off
IF Attenuator Hold

IF Attenuator Hold 72.0 IH or 72.0SP Y N N Off Off

Table categories are explained in the Special Functions Detailed Operating Instruction.
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Operation

IF Attenuation Selection (cont’d)
(Special Functions 70, 71, and 72)

To select the IF attenuator hold function:

LUCAL p—— Code a— Function

(keystrokes) (7])(2)(.])(0] E]:;:ﬁ'ﬁ},.
| HP-1B 2 IH

(program codes)

For HP-IB codes, refer to Procedure.

When Special Function 71 is implemented, three digits appear in the left display. The
digits are either “1” (yes) or “0” (no) to indicate whether or not the corresponding
attenuator is switched into the 20 MHz IF Assembly circuits (see Service Sheets 3 and 4
in Section VIII, Service). The first (most significant) digit represents 20 dB. The second
digit represents 10 dB. The third (least significant) digit represents 5dB. To obtain the IF
attenuator setting, add the attenuation that is represented by each digit. For example, a
display of “1 0 1” indicates an IF attenuator setting of 25 dB.

If any of the 60 or 70 series of Special Functions (except 60.0 and 70.0) are active, the
calibration sequence does not override them. Therefore, to calibrate on one range only,
use any of these Special Functions except 60.0 or 70.0. It is also true that if any of these
Special Functions are inadvertently active, the calibration sequence will not cover the
expected gain range.

Calibrate

Manual Measurements
RF Attenuation Selection
Special Functions
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Operation
Loss Compensation
(Special Function 34)

Description Special Function 34 corrects for loss between the noise source and the device under test
(DUT), and the DUT and the Noise Figure Meter. The loss in dB and the temperature of
the loss must be entered prior to enabling loss compensation (Special Function 34.1) or
else the default values of 0 dB and OK are used.

The temperature of the loss is the ambient temperature. Therefore, both the loss before
the DUT and theloss after the DUT are assumed to be at the same temperature. Onlyone
temperature can be entered for both losses. The temperature of the loss can be entered in
Kelvins, degrees Fahrenheit, or degrees Celsius. Temperature units are selected by
Special Function 11.

The allowable range of loss in Kelvins is 0 to 9999. The allowable range of loss in dB is
-100 to +100.

Procedure To display, enter, or enable loss compensation, key in the corresponding Special Func-

tion code and then press the SPECIAL FUNCTION key.

= 3 - @ e

=z 88|38 E5|58

gx|os |82 SE |58

Special Function Program wS|EL 28| sE|ES

Coe |22 =5/ °CT|82|§E

Description Code UHP-1B § SE | HE|SE | as (&S

Turn loss compensation off. 34.0 LO or 34.0SP N Y N On | On
Turn loss compensation on. 34.1 L1 or 34.1SP Y Y N Off | Off
Display and enter the amount of loss between the 34.2 LA or 34.2SP N Y N | NC| o0odB

noise source and the DUT in dB.
Display and enter the temperature of losses (units 34.3 LT or 34.3SP
are determined by Special Function 11).
Display and enter the amount of loss between the 34.4 LB or 34.3SP N Y N
DUT and the Noise Figure Meter in dB.

2
=
z
Z
@)
=)
=

2z
a
=)
&

Table categories are explained in the Special Functions Detailed Operating Instruction.
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Loss Compensation (cont’d)
(Special Function 34)
To compensate for a loss of 3 dB between the noise sourceand the DUT at a temperature

of 290K (assume Special Function 11.0 is active — temperature in K) and to enable the
loss compensation function:

o (0105 em— Function pmmes D3t — Function

LOCAL SRR €D 3?5.‘.%'7‘.5. | )
heysokes) | (3] (&) (D () [o]umm, (D] ()
DG [

LA3ENLT290ENL 1
m Code—-:r l I -[—— Code
(program codes) Data Function
Function 4 Data
Code

For HP-IB codes, refer to Procedure above.

If Special Function 34.0 or 34.1 is selected, the left display returns to the previously

selected display. The INSERTION GAIN and NOISE FIGURE displays are not affected
by this function.

When aloss compensation entryis madein dB, the temperature of the loss should also be
entered.

The Noise Figure Meter assumes that the loss was not present during calibration.

Special Functions
Temperature Units Selection
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Manual Measurement Functions
(Special Functions 14 and 15)

The manual measurement functions calibrate and measure noise figure using a thermal
(hot/cold) noise source. They also can be used to display either the current measurement
or the result of the manual measurement. Manual measurement functions are used for
fixed frequency measurements only.

Three general requirements must be understood when performing manual measure-
ments:

1.

A stable reading must be stored in the Noise Figure Meter’s memory prior to discon-
necting the noise source. This stable reading can be obtained by either activating the
next manual measurement special function or by using the Trigger Selection Special
Function (30). Since activating the next special function requires fewer keystrokes,
that is the method used in the example shown in this instruction.

The device under test (DUT) must first be connected to the measurement system and
the proper RF attenuation level determined. The RF attenuators must then be held
fixed (Special Function 62) for the entire manual measurement.

The IF attenuators must be held fixed (Special Function 72) during the two mea-
surement readings (noise source off and on) and again during the two calibration
readings (noise source off and on). However, the IF attenuators must be allowed to
autorange when switching between calibration and measurements, and vice versa.

To measure, calibrate, or display manual measurements, key in the corresponding
Special Function code and then press the SPECIAL FUNCTION key.

[- - )

z s, | T

= > e © -= =B a .=

g2 35| B2 |22 | 3%

] - =

Special Function Program % S|£5 |58 =E | =S

Code £8 | ES |5 |82 |83

Description Code L HP-1B 3 SE| S8 | 85 | &5 | &5

Make cold measurements| 14.1 MC or 14.1SP N Y Y Off Off
(source off).

Make hot measurements | 14.2 MH or 14.2SP N Y Y Off Off
(source on).

Perform cold calibration | 14.3 CC or 14.3SP N Y Y Off Off
(source off).

Perform hot calibration 14.4 CH or 14.4SP N Y Y Off Off
(source on).

Normal display mode. 15.0 PO or 15.0SP N N Y On On

Display manual 15.1 Pl or 15.1SP Y N Y Off Off

measurement results
Table categories are explained in the Special Functions Detailed Operating Instruction.
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Manual Measurement Functions (cont’d)
(Special Functions 14 and 15)

Example The following exampleis a general procedure for making manual measurements. It may
be necessary to determine the requirements of a specific application and make the
necessary changes to obtain the best measurement results. For example, itis possible to
make manual measurements using an external controller. Additional information on
this method is contained in the Comments section of this instruction.

Find and Hold the RF Attenuation
a. Enter the required parameters for the Measurement Mode that is going to be used.

b. Connect the hot noise source to the DUT input. Connect the DUT output to the
measurement system setup.

c. Press1 4.2 SPECIAL FUNCTION to obtain the noise power.

d. Press 6 2. 0 SPECIAL FUNCTION to hold the RF attenuation setting. The RF
attenuation is held at this setting for the entire measurement.
Calibrate

e. Remove the DUT and connect the hot noise source to the measurement system
setup.

f. Press14.4SPECIAL FUNCTION to calibrate the measurement system for the hot
noise source.

g. Press 72 .0 SPECIAL FUNCTION to hold the IF attenuation setting.

h. Press14.3SPECIAL FUNCTION tostore the hot noise source calibration reading
and to select the cold noise source calibration. Note that while the cold noise source
calibration is selected, the results are not stored until after the cold noise source is
connected and Special Function 14.2 is activated in step j.

i. Remove the hot noise source and connect the cold noise source to the measurement
system setup.

j. Press14.2SPECIAL FUNCTION to select the hot noise source measurement and
to store the cold noise source calibration reading.

Measure, then Calculate and Display Noise Figure

k. Connect the hot noise source to the DUT and the DUT to the measurement system
setup.

1. Press 70.0 SPECIAL FUNCTION to allow the IF attenuators to autorange.

m. Press 72 .0 SPECIAL FUNCTION to hold the IF attenuation fixed at the new
value.

n. Press14.1SPECIAL FUNCTION to select the cold noise source measurement and
to store the hot noise measurement reading.

0. Disconnect the hot noise source from the DUT and connect the cold noise source to
the DUT.
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Manual Measurement Functions (cont’d)

(Special Functions 14 and 15)

p. Press 15.1SPECIAL FUNCTION to calculate and display the manual measure-
ment noise figure result. Verify that the LED in the SPECIAL FUNCTION key lights
when this special function is activated. The Noise Figure Meter continues to make cold
noise source measurements and update the display.

NOTE

The calibration data remains stored. Therefore, if another DUT is to be tested
immediately, it is only necessary to press 1 4.2 SPECIAL FUNCTION and
repeat steps k through p. To exit manual measurements and return to the
normal display, press 15.0 SPECIAL FUNCTION and then press UNCOR-
RECTED NOISE FIGURE.

For HP-IB codes, refer to Procedure above.

When Special Functions 15.0 and any 14.N are selected, no unit annunciators are lit in
the NOISE FIGURE display. The number displayed is the power into the detector in
mW.

When Special Function 15.1 is selected, UNCORRECTED NOISE FIGURE, COR-
RECTED NOISE FIGURE AND GAIN, or any noise figure display unit (Special Func-
tion 10) can be selected.

Another way to ensure that stable readings are stored in the Noise Figure Meter’s
memory during Manual Measurementsis to use the Trigger Hold Special Function (30.1)
and Trigger Execute Special Function (30.2). In this type of operation only one mea-
surement is taken and stored. Therefore, it is not critical if the equipment is disconnected
prior to switching Manual Measurement Special Functions.

IF Attenuation Selection
RF Attenuation Selection
Special Functions
Trigger Selection
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Description

Operation

Measurement Modes

(Special Function 1)

The Noise Figure Meter has five Measurement Modes available. Each Measurement
Mode, 1.0 through 1.4, is described individually in a separate Detailed Operating
Instruction. This discussion covers the capabilities and differences of the individual
modes. The following table lists the modes and shows their status in different
instrument operations.

5 @™
=>|c8|= = g ja 2
g2 |SE|SE|22|Z%
Special Function Program | 55 |ES |# 8| -2 (8§38
Code |25 |83 Bz | TS 5T
P | -] Q w
Description Code m 3 2 ;:" E|SE vn,.g &» 5
Measurement Mode 1.0—10 to 1500 MHz | 1.0 E0 N Y Y On | On
Measurement Mode 1.1—variable fre- 1.1 E1 N Y Y Off | Off
quency external LO; fixed IF
Measurement Mode 1.2—fixed frequency 1.2 E2 N Y Y Off | Off
external LO; variable IF
Measurement Mode 1.3—variable fre- 1.3 E3 N Y Y Off | Off
quency external LO; fixed IF;
mixer in DUT
Measurement Mode 1.4—fixed frequency 14 E4 N Y Y Off | Off
external LO; variable IF; mixer
in DUT
Table categories are explained in the Special Functions Detailed Operating Instruction.

The five Measurement Modes can be divided into the following three subsets:

a. Measurement Mode 1.0 is a stand alone mode with no external mixer or LO required
and no frequency conversion in the device under test. The frequency range in this mode is 10
to 1500 MHz.

b. Measurement Modes 1.1 and 1.3 both require a variable frequency LO and an external
mixer. In either of these modes the Noise Figure Meter can be used to control the external LO
and vary the LO frequency as directed by the external LO program (Special Function 41 or
42). Both modes down convert the measurement frequency to the 10 to 1500 MHz range of
the Noise Figure Meter. Measurement Mode 1.1 has no down conversion in the DUT (for
example, an amplifier or transistor). Measurement Mode 1.3 does down convertin the DUT
(for example, a mixer or receiver).

c. Measurement Modes 1.2 and 1.4 both require a fixed frequency LO and a variable IF.
As stated for the previous subset, Measurement Mode 1.2 has frequency conversion in the
measurement system but not in the DUT and Measurement Mode 1.4 has fre-
quency conversion in the DUT. Mode 1.2 must be a single sideband measurement.
Additional information on sideband selection is covered later in this instruction and in the
Sideband Selection Detailed Operating Instruction.

The calibration and measurement setups and procedures are illustrated and specific
examples are provided in the Detailed Operating Instructions for Measurement Modes 1.0
through 1.4.
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Measurement Modes (cont’d)

(Special Function 1)

In the following discussion, signals present at different points in the measurement
system are compared for the different measurement modes. The following signal points
are covered:

a. The output of the noise source (for example the HP 346B).
b. The output of the external LO.

c. The measurement bandwidth of the Noise Figure Meter as seen looking back into
the mixer (translated to the frequency range of the external LO).

d. The input to the Noise Figure Meter.

The noise source output is the same for all modes. For a noise source with a nominal
Excess Noise Ratio (ENR) of 15.2 dB, the output is broadband random noise varying
between approximately —158.8 dBm/Hz when on (hot) and ~174 dBm/Hz when off
(cold). The ENR of the noise source varies slightly over the frequency range of 10 to
18000 MHz. This variation in power level is compensated for in the Noise Figure Meter
using the specific information entered into the ENR table. Refer to the ENR Table

Entry Detailed Operating Instruction for additional information on the ENR table.

Thereisno external LO used in Measurement Mode 1.0. In Measurement Modes 1.1 and
1.3, the external LO can be swept over any range in the 2 to 18 GHz range using the
existing external LO programs. The Noise Figure Meter’s programs can be modified to
sweep the LO up to 60 GHz. In Measurement Modes 1.2 and 1.4,thefixed LO frequency
can be set to any point within the 10 MHz to 60 GHz range. Thelimiting factors within
this range are the frequency ranges of the external LO and the noise source.

There is no mixer used in Measurement Mode 1.0. Looking back into the mixer in
Measurement Modes 1.1 and 1.3, the Noise Figure Meter passband translates into two
sidebands. Each sideband is separated from the LO frequency by a fixed IF (the
receiving frequency of the Noise Figure Meter). As the LO frequency sweeps, the
sidebands move with it. The frequency can be increased or decreased within the
allowable frequency range. In Measurement Modes 1.2 and 1.4 the LO frequency is
held fixed. As the variable IF sweeps, the sidebands move away from the LO frequency
in opposite directions for an increasing IF sweep and toward the LO frequency for a
decreasing IF sweep. Examples of both a fixed IF and a variable LO, and a variable [F
and fixed LO are shown in the Noise Figure Meter Measurement Passband figure.

The Noise Figure Meter’s input frequency range is 10 to 1500 MHz. In Measurement
Mode 1.0 a swept measurement can sweep the Noise Figure Meter’s 4 MHz passband
over the 10 to 1500 MHz range. In Modes 1.1 and 1.3, the IF is fixed and the LO
frequency is swept within the frequency ranges previously explained. In Modes 1.2 and
1.4, the LO frequency is fixed and the IF is swept across the 10 to 1500 MHz range. In
Modes 1.1,1.3,and 1.4 (because of the frequency conversion) either upper, lower, or both
sidebands can be accepted by the Noise Figure Meter. However, in Mode 1.2, a double
sideband measurement cannot be made (the Noise Figure Meter will display error E34).
In this mode, a double sideband measurement is meaningless because the average
measurement frequency is the LO frequency and it does not change as the IF is swept.
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For Measurement Modes 1.1 and 1.3:
ENTIRE SPECTRUM MOVES WITH SWEEPING LD

- T -
,—4‘
| |
|
FIXED IF | FIXED IF
l: l |
s ( |
1= : ’
[+~ _.u.l
= & ]
o [
2
=3 |
= .
: J { L J 1 L 1
1 ! T
FLO—IF FLO FL0+IF 18000

FREQUENCY (MHz)
~ NOISE POWER FROM NOISE SOURCE WHEN ON

For Measurement Modes 1.2 and 1.4:

FIXED Fyq
I ! EEPINGIFI | SWEEPING IF | !
| l4 - l
| ! !
::|, B !
, :l'“‘.‘ |
= S ' !
S i I
12 |
3 |
4 I
1o
1= |
|
e 1
2000 Flo-1500 Fq —IF/FLO\ FLo*!F FLg+1500 18000

FLg=10 F g+10
FREQUENCY (MH2)

" NOISE POWER FROM NOISE SOURCE WHEN ON

: VARIABLE INTERMEDIATE FREQUENCY TUNING RANGE

Noise Figure Meter Measurement Passband
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Measurement Modes (cont’d)

(Special Function 1)

The frequencies displayed in the left display for various measurement conditions are
shown in the following table. The displayed frequency depends upon the measurement
mode used and the sideband selected (Special Function 2). In Measurement Mode 1.0, no
external conversion is performed so the left display represents the measurement signal
(Fgigna))- In Measurement Modes 1.1, 1.2, 1.3, and 1.4 conversion is performed, thus
creating an external IF. The Noise Figure Meter is tuned to this IF while the external
local oscillator is tuned to Fy (.

Noise Figure Meter Left Display

Measurement Mode

Selected Sideband
1.0 1.1 1.2 1.3 1.4
Double Sideband (2.0SP) Fsignal FLo not allowed FLo IF
Lower Single Sideband (2.1SP) Fsignal Fio—IF| Fio—IF [F o —1IF IF
Upper Single Sideband (2.2SP) Fsignal FrLo+IF| Fo+IF |Fio+IF IF

Prior to making any measurement, the Measurement Mode and sideband operation that
are best suited to that specific measurement must be chosen.

The Measurement Mode and Sideband Selection Flowchart provides a means of
determining which Measurement Mode will best suit a specific application and which
type of sideband operation will give the best results.

Each of the Detailed Operating Instructions for Measurement Modes 1.0 through 1.4 has
valid examples of the type of measurements that are made in each mode. Apply the
flowchart instructions to each Measurement Mode example to illustrate the decision-
making process for selecting that mode.

Calibrate

ENR Table Entry

Fixed IF or LO Frequency Selection
Measurement Modes 1.0 through 1.4
Sideband Selection
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Measurement Mode 1.0
(Special Function 1.0)

Measurement Mode 1.0 provides direct noise figure and gain measurements in the
frequency range of 10 to 1500 MHz. No external mixer or LO is required. All of the
Measurement Modes can be set up to use many of the other capabilities of the Noise
Figure Meter. For example, each mode can make either UNCORRECTED NOISE FIG-
URE or CORRECTED NOISE FIGURE AND GAIN measurements. In addition, the
measurement results for each mode can be displayed on an oscilloscope. For an explana-
tion and comparison of the five Measurement Modes and instructions on how to choose
the appropriate Measurement Mode and sideband operation, refer to the Measurement
Modes Detailed Operating Instruction.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

a. Set frequency parameters.

b. Calibrate in Mode 1.0 (this is only required for a CORRECTED NOISE FIGURE
AND GAIN measurement).

¢. Insert DUT and measure.

Tomake a swept CORRECTED NOISE FIGURE AND GAIN measurement inthe100to
150 MHz range in 1 MHz steps:

a. Press PRESET (or send HP-IB code PR) to establish initial conditions. This sets the
the Noise Figure Meter to Measurement Mode 1.0.

b. Set the frequency parameters for both the calibration and measurement.

c. Enter actual ENR for the Noise Source, if this has not previously been done.

Function - Data - Function

L)) (wm)

:.kT\:[gtLrokes] @ m (s) (o) @

)
FA100MZFB150MZSS1MZ

Code l ! I L Function
| HP-IB Data Data
(program codes) Function Code

Code I Data Function
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Measurement Mode 1.0 (cont’d)
(Special Function 1.0)

Exampie d. To calibrate the Noise Figure Meter, set up the equipment as shown below.
(cont'd)
8970A NOISE FIGURE METER

LNOISE SOURCE J
1
el

e. Calibrate the equipment in Measurement Mode 1.0 by pressing CALIBRATE (or
send HP-IB code CA). The Noise Figure Meter was set to Measurement Mode 1.0 when
PRESET was pressed.

f. To make the measurement, set up the equipment as shown below.

8370A NOISE FIGURE METER

P ey 55888, o=
=]
Q"DDOUEEEE oo f
10~1500 MHz 0
INPUT ur

NOISE SOURCE

g. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).

h. Press SINGLE (or send HP-IB code W2). The Noise Figure Meter will sweep from
100 MHz to 150 MHz in 1 MHz steps and halt.

Program The HP-IB code for Measurement Mode 1.0 is EO (or 1.0SP).
Codes
Indications The left display shows each frequency at which a measurement is made. The INSER-

TION GAIN display shows the gain of the DUT at the displayed frequency. The
NOISE FIGURE display shows the noise figure of the DUT at the displayed frequency.

Comments Measurement Mode 1.0 is often referred to as an RF measurement. The other four
Measurement Modes are often referred to as microwave measurements.

Related Calibrate

Sections Measurement Modes
Special Functions
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Measurement Mode 1.1
(Special Function 1.1)

Measurement Mode 1.1 provides a means of controlling an external LO to obtain a
measurement frequency higher than 1500 MHz. This mode allows for down conversion
in the measurement system but not in the device under test (DUT). Although the signal
measured at the Noise Figure Meter INPUT is alwaysin therange of 10 to 1500 MHz, the
Noise Figure Meter uses the Excess Noise Ratio (ENR) of the noise source at the
measurement frequency. A typical DUT is an amplifier or transistor. An external LO
and a mixer are required. All of the Measurement Modes can be set up to usemany of the
other capabilities of the Noise Figure Meter. For example, each mode can make either
UNCORRECTED NOISE FIGURE or CORRECTED NOISE FIGURE AND GAIN
measurements, plus the measurement results for each mode can be displayed on an
oscilloscope. For an explanation and comparison of the five Measurement Modes and
instructions on how to choose the appropriate Measurement Mode and sideband opera-
tion, refer to the Measurement Modes Detailed Operating Instruction.

The following minimum requirements are necessary for the Noise Figure Meter to act as
a controller in Measurement Mode 1.1:

a. HP-IB cable connected between the Noise Figure Meter and the external LO.

b. Special Function 4.1 (external LO control) active. If Special Function 4.1 is selected,
no other controller can communicate with the Noise Figure Meter. However, itis possible
to perform this function usirg an external controller to control both the Noise Figure
Meter and the external LO. For additional information refer to Comments at the end of
this instruction.

¢. The HP-IB address of the external LO must match the external LO address that is
stored in the Noise Figure Meter. Use Special Function 40.1 (external LO HP-IB address)
to display and change this address if necessary.

d. The correct external LO program must be active if the Noise Figure Meter is going
to control the external LO. Use Special Function 41.0 for the HP 8350B Sweep Oscillator
or Special Function 41.2 for the HP 8672A Synthesized Signal Generator or Special
Function 41.3 for the HP 8673B Synthesized Signal Generator. Use Special Function 42
to define a new program for other external LOs.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

a. Verify that the minimum requirements specified in the description are satisfied.

b. Press 1.1 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.1.

c. Set frequency parameters (including the fixed IF, Special Function 3.0).
d. Calibrate in Mode 1.1.

e. Insert DUT and measure.

To make a swept double sideband CORRECTED NOISE FIGURE AND GAIN mea-
surement in the 6 to 12 GHz range in 200 MHz steps with a fixed IF of 70 MHz:



HP 8970A ' Operation

Measurement Modes (cont’d)
‘ (Special Function 1.1)

Exampie NOTE

(cont'd) This example assumes that the Noise Figure Meter is acting as a controller

and the minimum requirements specified in the description are satisfied.
Since no external controller can be be used, no HP-IB codes are given in the
example. Refer to Comments for a brief description of using an external
controller when in Measurement Mode 1.1.

a. Press PRESET to establish initial conditions.

NOTE

Measurement Mode 1.1 must be activated prior to entering the frequency
parameters to avoid error E35 (entered value is out of range).

b. Press 1.1 SPECIAL FUNCTION to activate Measurement Mode 1.1.

c. Set the frequency parameters for both the calibration and measurement.

d. Enter actual ENR for the Noise Source, if this has not previously been done.

po— Code e Function Data ~, Function

oloGla
. h‘m}mkesl G (O@E0C)e])(e) (em

(2) (=)
IGO0 (o] s, ) )

e. To calibrate the Noise Figure Meter, set up the equipment as shown below.

8970A NOISE FIGURE METER LOCAL OSCILLATOR

I ]

=] cCo O Qoo = m

it 5 S gggg =t -‘_—.
acog o a

10—1500 MHz LO
INPUT OUTPUT

IF

SOURCE Rf

MIXER
f. Calibrate the equipment in Measurement Mode 1.1 by pressing CALIBRATE.
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Measurement Mode 1.1 (cont'd)

(Special Function 1.1)

8. To make the measurement, set up the equipment as shown below.

8970A NOISE FIGURE METER LOCAL OSCILLATOR

R—

10-1500 MH:z
INPUT

LO
OUTPUT

MIXER

h. Press CORRECTED NOISE FIGURE AND GAIN.

i. Press SINGLE. The Noise Figure Meter will sweep the external LO from 6 GHz to
12 GHz in 200 MHz steps and halt.

The HP-IB code for Measurement Mode 1.1 is E1 (or 1.1SP). Refer to Comments for
additional information on using HP-IB program codes in Measurement Mode 1.1.

The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gainof the DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used in place of the Noise Figure Meter to control the
external LO and the Noise Figure Meter in Measurement Mode 1.1. The following
general conditions must be observed when using an external controller:

a. Special Function 4.0 (normal talker and listener) must be active. Note that there is
no HP-IB code for this special function.

b. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).

c. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code
Summary, and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

d. Perform a triggered calibration with the DUT out of the measurement system
(refer to the Calibrate Detailed Operating Instruction)

e. Insert the DUT into the measurement system.

f. Setthe Noise Figure Meter’s SINGLE sweep on (HP-IB codeis W2) or AUTO sweep
on (HP-IB code is W1).
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Measurement Mode 1.1 (cont’d)
(Special Function 1.1)

Comments g. Set the external LO to the appropriate frequency. Refer to the LO’s operating
(cont'd) manual for the required HP-IB codes. Allow sufficient time for the output of the external

m LO to stabilize.

h. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB code
30.2SP for Special Function 30.2 as it will reset the sweep.

i. To determine when to step to a new frequency, read the noise figure results. This read
operation cannot be completed until the new data is ready. It is also possible to write an
SRQ interrupt routine on the Data Ready SRQ. Refer to Enabling the Service Request
Condition, paragraph 3-29.

j. Continue to loop through steps g, h, and i. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the frequency that is sent to the exernal LO with the stop frequency
programmed into the Noise Figure Meter and terminate the program after the measure-
ment in which they are equal.

Related Calibrate

Sections Controller Capability of the Noise Figure Meter
Fixed IF or LO Frequency Selection
Measurement Modes
Sideband Selection
Special Functions
Trigger Selection
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Measurement Mode 1.2
(Special Function 1.2)

Measurement Mode 1.2 provides a means of using a fixed-frequency external LO with a
variableIF in order to measure over a band of frequencies less than 1500 MHz wide. This
mode allows for down conversion in the measurement sytem but not in the device under
test (DUT). Single sideband operation and external filtering of the unwanted sideband
arerequired. A typical DUT is an amplifier with a bandwidth ofless than 1500 MHz. An
external LO, an external filter and a mixer are required. Although the signal measured
at the Noise Figure Meter INPUT is always in the range of 10 to 1500 MHz, the Noise
Figure Meter uses the Excess Noise Ratio (ENR) of the noise source at the measurement
frequency. All of the Measurement Modes can be set up to use many of the other
capabilities of the Noise Figure Meter. For example, each mode can make either
UNCORRECTED NOISE FIGURE or CORRECTED NOISE FIGURE AND GAIN
measurements. Or, the measurement results for each mode can be displayed on an
oscilloscope. For an explanation and comparison of the five Measurement Modes and
instructions on how to choose the appropriate Measurement Mode and sideband opera-
tion, refer to the Measurement Modes Detailed Operating Instruction.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

a. Select single sideband offset (use either Special Function 2.1 or 2.2).

b. Press 1.2 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.2.

c. Set frequency parameters (including the fixed frequency for the external LO, Spe-
cial Function 3.1).

d. Calibrate in Mode 1.2 (this is only required for a CORRECTED NOISE FIGURE
AND GAIN measurement). External filtering is required during both the calibration
and the measurement.

e. Insert DUT and measure.

To make a swept CORRECTED NOISE FIGURE AND GAIN measurement of a wide-
band amplifier in the 3.5 to 4.5 GHz range in 20 MHz steps:

a. Press PRESET (or send HP-IB code PR) to establish initial conditions.
b. Press 2.1 (or send HP-IB code B1) to select a lower sideband measurement.

NOTE
Measurement Mode 1.2 must be activated prior to entering the frequency
barameters to avoid error E35 (entered value is out of range).

c. Press1.2 SPECIAL FUNCTION (or send HP-IB code E2) to activate Mode 1.2.
Note that error E33 (IF will be out of range) is displayed. This error is cleared when the
correct frequency parameters are entered in step d.

d. Set the frequency parameters for both the calibration and measurement.
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Example
(cont'd)

Measurement Mode 1.2
(Special Function 1.2)

Operation

(cont’d)

Function
START
FREQ
STEP

3 ‘ | | 1 | l SPECIAL
[——J e ® | runcrion

Code

LOCAL
(keystrokes)

Data function

~

HEE®E 6@
DE®OE @

oo
DE®E @

FA3500MZFB4500MZSS20MZL FS000MZ
Code —1 [ J — Function
m Data e Data
(program codes) ~ Function Code
Code Function
Data Data
Function Coce

e. To calibrate the Noise Figure Meter, set up the equipment as shown below.

8970A NOISE FIGURE METER

LOCAL OSCILLATOR

l ]
e =P 5 8888 = *——hm
= ?DDDDggggD =< )
10-1500 MHz
INPUT
NOISE FILTER IF
SOURCE RF Lo
— .
d
MIXER

LO
ouUTPUT

f. Calibrate the equipment in Measurement Mode 1.2 by pressing CALIBRATE (or

sending HP-IB code CA).

g. To make the measurement, set up the equipment as shown below.

8370A NDISE FIGURE METER

LOCAL OSCILLATOR

l J
O ogQe O goce o m
T © 89807 oo - —
© §o0008888 o=
10—1500 MHz LO
LNPUT OUTPUT
FILTER IF
SOURCE RF LO
MIXER
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Operation
’
Measurement Mode 1.2 (cont’d) (]
(Special Function 1.2)
Example NOTE
(cont’d) This example assumes that the external LO is tuned to the specified frequency
(56 GHz). If the Noise Figure Meter is controlling the LO, the LO tunes to 5 GHz
when entered with Special Function 3.1 in step d. If the external LO is not
controlled by the Noise Figure Meter, the LO must be separately tuned to 5
GHz. If the Enable External LO Control Special Function (4.1) is active, an
external controller cannot be used with the Noise Figure Meter.
h. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).
i. Press SINGLE (or send HP-IB code W2). The Noise Figure Meter will sweep from
1500 to 500 MHz in 20 MHz steps but will display the microwave measurement frequency
of 3500 to 4500 MHz. After the single sweep is completed, the instrument halts.
Program The HP-IB code for Measurement Mode 1.2 is E2 (or 1.2SP).
Codes
Indications The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency. .
Related Calibrate
Sections Controller Capability of the Noise Figure Meter

Fixed IF or LO Frequency Selection
Measurement Modes

Sideband Selection

Special Functions
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Measurement Mode 1.3
(Special Function 1.3)

Measurement Mode 1.3 provides a means of controlling an external LO to measure a
frequency conversion device. This mode uses a fixed IF and allows for frequency conver-
sion in the device under test (DUT). Although the signal measured at the Noise Figure
Meter INPUT is always in the range of 10 to 1500 MHz, the Noise Figure Meter uses the
Excess Noise Ratio (ENR) of the noise source at the measurement frequency. However,
the correct 10 to 1500 MHz ENR is used during calibration. A typical DUT is a mixer or
receiver. All of the Measurement Modes can be set to use many of the other capabilities of
the Noise Figure Meter. For example, each mode can make either UNCORRECTED
NOISE FIGURE or CORRECTED NOISE FIGURE AND GAIN measurements. Or, the
measurement results for each mode can be displayed on an oscilloscope. For an explana-
tion and comparison of the five Measurement Modes and instructions on how to choose
the appropriate Measurement Mode and sideband operation, refer to the Measurement
Modes Detailed Operating Instruction.

The following minimum requirements are necessary for the Noise Figure Meter to act as
a controller in Measurement Mode 1.3:

a. HP-IB cable connected between the Noise Figure Meter and the external LO.

b. Special Function 4.1 (external LO control) active. If Special Function 4.1 is selected,
no other controller can communicate with the Noise Figure Meter. Therefore, the HP-IB
codes shown in the example cannot be used. However, it is possible to perform this
function using an external controller to control both the Noise Figure Meter and the
external LO. For additional information refer to Comments at the end of this instruction.

¢. The HP-IB address of the external LO must match the external LO address that is
stored in the Noise Figure Meter. Use Special Function 40.1 to display and change this
address if necessary. ’

d. The correct external LO program must be active if the Noise Figure Meter is going
to control the external LO. Use Special Function 41.0 for the HP 8350B Sweep Oscillator
or Special Function 41.2 for the HP 8672A Synthesized Signal Generator or Special

Function 41.3 for the HP 8673B Synthesized Signal Generator. Use Special Function 42
to define a new program for other external LOs.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

a. Verify that the minimum requirements specified in the description are satisfied.

b. Press 1.3 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.3.

c. Set frequency parameters (including the fixed IF, Special Function 3.0).
d. Calibrate in Mode 1.3.

e. Insert DUT and initiate sweep.

Tomake aswept CORRECTED NOISE FIGURE AND GAIN measurementin the 3.0 to
4.5 GHz range in 20 MHz steps with a fixed IF of 70 MHz:
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Measurement Mode 1.3 (cont’d)
(Special Function 1.3)

NOTE

HP 8970A

This example assumes that the Noise Figure Meter is acting as a controller
and the minimum requirements specified in the description are satisfied.
Since no external controller can be be used, no HP-IB codes are given in the
example. Refer to Comments for a brief description of using an external
controller when in Measurement Mode 1.3.

NOTE

. Press PRESET (or send HP-IB code PR) to establish initial conditions.

Measurement Mode 1.3 must be activated prior to entering the frequency
parameters to avoid error E35 (entered value s out of range).

. Press 1. 3 SPECIAL FUNCTION to activate Measurement Mode 1.3.

. Set the frequency parameters for both the calibration and measurement.

LOCAL

{keystrokes)

Function

pm— Code —

) (o]

Function
START
FREQ
STOP
FREQ
STEP

$IZE

SPECIAL
FUNCTION

RSN ) -] - [—

) (] Ce] (o]

[EITERJ

(D) ] (]

[EITER]

=) (]
)

ENTER

seRp pgses o
0 O
o i\DDDDEggE o §

NOISE SOURCE J
—
e

. To calibrate the Noise Figure Meter, set up the equipment as shown below.
8970A NOISE FIGURE METER

. To make the measurement, set up the equipment as shown below.
8970A NOISE FIGURE METER

LOCAL OSCILLATOR

AHP-IB 4

——>

SOURCE RF

10-1500 MHz
INPUT

(MIXER OR RECEIVER)

LO
OQUTPUT

. Calibrate the equipment in Measurement Mode 1.3 by pressing CALIBRATE.



HP 8970A

Example
(cont’d)

Program
Codes

) HP-iB 2

Indications

Comments

Operation

Measurement Mode 1.3 (cont’d)
(Special Function 1.3)

g. Press CORRECTED NOISE FIGURE AND GAIN.

h. Press SINGLE. The Noise Figure Meter will sweep the external LO from 3 GHz to
4.5 GHz in 20 MHz steps and halt.

The HP-IB code for Measurement Mode 1.3 is E3 (or 1.3SP). Refer to Comments for
additional information on using HP-IB program codes in Measurement Mode 1.3

The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used in place of the Noise Figure Meter to control the
external LO and the Noise Figure Meter in Measurement Mode 1.3. The following
general conditions must be observed when using an external controller:

a. Special Function 4.0 (normal talker and listener) must be active. Note that there is
no HP-IB code for this special function.

b. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).

¢. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code
Summary, and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

d. Perform atriggered calibration with the DUT out of the measurement system (refer
to the Calibrate Detailed Operating Instruction).

e. Insert the DUT into the measurement system.

f. Setthe Noise Figure Meter’s SINGLE sweep on (HP-IB codeis W2) or AUTO sweep
on (HP-IB code is W1).

g. Set the external LO to the appropriate frequency. Refer to the LLO’s operating
manual for therequired HP-IB codes. Allow sufficient time for the output of the external
LO to stabilize.

h. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.2SP for Special Function 30.2 as it will reset the sweep.

i. To determine when to step to a new frequency, read the noise figure results. This
read operation cannot be completed until the new data isready. Itis also possible to write
an SRQ interrupt routine on the Data Ready SRQ. Refer to Enabling the Service Request
Condition, paragraph 3-29.
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Measurement Mode 1.3 (cont’'d)
(Special Function 1.3)

j. Continue to loop through steps g, h, and i. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the frequency that is sent to the exernal LO with the stop frequency
programmed into the Noise Figure Meter and terminate the program after the measure-
ment in which they are equal.

Calibrate

Controller Capability of the Noise Figure Meter
Fixed IF or LO Frequency Selection

HP-IB Addresses

Sideband Selection

Special Functions

Trigger Selection
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Description

Procedure

Example

Operation

Measurement Mode 1.4
(Special Function 1.4)

Measurement Mode 1.4 provides a means of using a fixed-frequency external LO and
testing over a variable IF range. This mode allows for down conversion in the device
under test (DUT). Although the signal measured at the Noise Figure Meter INPUT is
always in the range of 10 to 1500 MHz, the Noise Figure Meter uses the Excess Noise
Ratio (ENR) of the noise source at the measurement frequency. However, the correct 10
to 1500 MHz ENR is used during calibration. A typical DUT is a mixer or receiver. An
external LO is required. All of the Measurement Modes can be set up to use many of the
other capabilities of the Noise Figure Meter. For example, each mode can make either
UNCORRECTED NOISE FIGURE or CORRECTED NOISE FIGURE AND GAIN
measurements. Or, the measurement results for each mode can be displayed on an
oscilloscope. For an explanation and comparison of the five Measurement Modes and
instructions on how to choose the appropriate Measurement Mode and sideband opera-
tion, refer to the Measurement Modes Detailed Operating Instruction.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

a. Set frequency parameters (including the fixed frequency for the external LO, Spe-
cial Function 3.1).

b. Press 1.4 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.4.

c. Calibrate in Mode 1.4 (this is only required for a CORRECTED NOISE FIGURE
AND GAIN measurement).

d. Insert DUT and measure.
e. The left display shows the swept IF.

To make a swept CORRECTED NOISE FIGURE AND GAIN measurement over an IF
of 10 MHz to 1 GHz using 20 MHz steps with a fixed external LO frequency of 10 GHz:

a. Press PRESET (or send HP-IB code PR) to establish initial conditions.

b. Set the frequency parameters for both the calibration and measurement.
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Measurement Mode 1.4 (cont’d)
(Special Function 1.4)

HP 8970A

LOCAL
(keystrokes)

pomam Code e

Data

o,

Function
START
FREQ
S0P
FREQ
STEP
SIZE

()

Function

ENTER

CJeJleJ(e]
(D]

(ewe)

DJCIEE)

LT (o],

FA10MZFB1000MZSS20MZLF10000MZ

ode —j— , T 77 -T T L_ u'nc ion
L HP-1B ga(:a l F I ' ;ata |
Code

Function

[program codes) Code ———— | Function
Data Data
Function Code

c. Press 1.4 SPECIALFUNCTION (or send HP-IB code E4) to activate Measurement
Mode 1.4.
d. To calibrate the Noise Figure Meter, set up the equipment as shown below.
8970A NOISE FIGURE METER
L ]

A e
0 OoOd

[=] ==
ci’DDUchng =R=] i’

l NOISE SOURCE
o |
Jj SN o

e. Calibrate the equipment in Measurement Mode 1.4 by pressing CALIBRATE (or
sending HP-IB code CA).

f. To make the measurement, set up the equipment as shown below.
LOCAL OSCILLATOR

8970A NOISE FIGURE METER

! L HP-16 3

101500 MHz
INPUT

NOISE IF

SOURCE RF

(MIXER OR RECEIVER)
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Measurement Mode 1.4 (cont’d)
(Special Function 1.4)

Example NOTE

(cont'd) Thisexample assumes that the external LO is tuned to the specified frequency

(10 GHz). If the Noise Figure Meter is controlling the LO, the LO tunes to 10
GHz when Special Function 3.1 is entered in step b. If the external LO is not
controlled by the Noise Figure Meter, the LO must be separately tuned to 10
GHz. If the Enable External LO Control Special Function (4.1) is active, an
external controller cannot be used with the Noise Figure Meter.

g. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).

h. Press SINGLE (or send HP-IB code W2). The Noise Figure Meter will sweep from 10
to 1000 MHz in 20 MHz steps. After the single sweep is completed, the instrument halts.

Program The HP-IB code for Measurement Mode 1.4 is E4 (or 1.4SP).
Codes
indications Theleft display shows each IF frequency at which a measurement is made and the EXT

MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

Related Calibrate

Sections Controller Capability of the Noise Figure Meter
Fixed IF or LO Frequency Selection
Sideband Selection
Special Functions
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Noise Figure (Uncorrected) and Noise Figure

Description

Procedure

Example

Program
Codes

 HP-IB 2

Indications
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and Gain (Corrected)

UNCORRECTED NOISE FIGURE measures the combined noise figure of the device
under test and the measurement system (including the effect of the local oscillator,
mixer, cables, connectors and adapters).

CORRECTED NOISE FIGURE AND GAIN removes the measurement system noise
contribution and allows only the noise figure and gain of the device under test to be
displayed. The Noise Figure Meter must be calibrated in the measurement frequency
range and measurement mode before a corrected noise figure and gain measurement can
be made.

To measure uncorrected noise figure, press the NOISE FIGURE key.

To measure corrected noise figure and gain, press the NOISE FIGURE AND GAIN key.
If the Noise Figure Meter is not correctly calibrated, error code E20 will be displayed.

Program Code

Front Panel Key L HP-1B

NOISE FIGURE M1
(UNCORRECTED)
NOISE FIGURE AND GAIN M2
(CORRECTED)

Stored in Con-
tinuous Memory
Can be Stored
and Recalled
reset (and HP-I1B
tear) Conditons

[- v ]

2

Active

N Off

z Z

Table categories are explained in the Preset Conditions and Power-Up Sequence Detailed Operating Instruction.

To measure corrected noise figure and gain:

Measurement
LOCAL @ CORRECTED
{keystrokes)
AND GAIN
L HP-iB 4 M2
(program codes)

For HP-IB program codes, refer to Procedure above.

When the instrument is making uncorrected noise figure measurements, the UNCOR-
RECTED LED above the NOISE FIGURE key is illuminated. The measurement result
is displayed in the NOISE FIGURE display. In addition, the INSERTION GAIN dis-

play is blank.
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Operation

Noise Figure (Uncorrected) and Noise Figure

Indications
(cont'd)

Comments

Related
Sections

and Gain (Corrected) (cont’'d)

When the instrument is making noise figure and gain measurements, the CORRECTED
LED above the NOISE FIGURE AND GAIN key is illuminated. The gain of the device
under test (DUT) appears in the INSERTION GAIN display and the noise figure of the
DUT appears in the NOISE FIGURE display.

For CORRECTED NOISE FIGURE AND GAIN measurements, it is necessary to
calibrate the instrument each time there is a change in measurement modes, equipment
(except the DUT), or frequency parameters (if the new frequency parameters are outside
of the calibrated range).

UNCORRECTED NOISE FIGURE and CORRECTED NOISE FIGURE AND GAIN
measurements are always corrected for T4 and ENR.

Measured noise can be expressed in a variety of units: F, FdB, Y, Y dB, and Te K. Refer to
the Display Units Selection Detailed Operating Instruction for additional information.

The noise figure measurement range is 0 to 30 dB. The gain measurement range (for total
noise figures less than 30 dB) is -20 to at least +40 dB.

Calibrate

Display Units Selection
Preset Conditions and Power-Up Sequence
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Power Measurements

(Special Function 9)

Special Function 9 measures noise power density in dB relative to -174 dBm/Hz with the
noise source on or off. Either an approximate or a calibrated measurement can be made.
The value -174 dBm/Hz was chosen because this is the thermal noise at 290K in a 1 Hz
bandwidth. This special function can be used to make absolute power density measure-
ments or simply to verify that the measurement system setup is operating and the signal
pathis complete. To exit from Special Function 9, press either UNCORRECTED NOISE
FIGURE or CORRECTED NOISE FIGURE AND GAIN.

To select a power density measurement, key in the corresponding Special Function code
and then press the SPECIAL FUNCTION key.

Special Functions 9.3 and 9.4 require that a calibration be performed prior to activating
thespecial function. If the calibration has not been performed, error E20 (not calibrated)
is displayed and the special function is not activated.

Since the power measurements can be performed from any Measurement Mode, refer to
the applicable Detailed Operating Instruction for the correct calibration procedures.

-
AR HENELIEE
S| S2| 82| 28|38
Special Function Program “3 S| 428 S0 | TE
Code s 8 e | 8x 5| o
=5 S =2 ] § S| 2
Description Code L HP-IB 3 Swe | HE| S| &S | &
SOURCE Off 9.1 N5or 9.1SP N Y Y Off off
tuncalibrated)
SOURCE On 9.2 N6 or 9.2SP N Y Y Off Off
{uncalibrated)
SOURCE Off 9.3 N7 or 9.3SP N Y Y Off Off
(calibrated!
SOURCE On 9.4 N8 or 9.4SP N Y Y Off Off
(calibrated)

Table categories are explained in the Special Functions Detailed Operating Instruction.

To select an uncalibrated power measurement with the noise source on:

e CO0E  emm— Function

LOCAL

leystrokest TG (o),

{program codes)
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Program
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| HP-1B 2

Indications

Comments

Related
Sections

Operation

Power Measurements (cont'd)
(Special Function 9)

For HP-IB codes, refer to Procedure above.

The NOISE FIGURE display shows the selected power measurement result in dB.

Special Functions 9.3 and 9.4 measure the power density delivered from the DUT. The
rest of the measurement system setup is corrected for by the calibration (second stage
correction).

The units shown in the NOISE FIGURE display are dB referenced to 290K (~174
dBm/Hz). The equation is:

unknown power density dB
290

Power displayed = 10 log

Special Functions 9.1 and 9.2 are similar to 9.3 and 9.4 execpt that they are not calibrated
and they use nominal values for noise figure. These Special Functions are primarily used
to verify that the measurement system is operating.

Calibrate

Measurement Modes 1.1 through 1.4
Special Functions
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Preset Conditions and Power-Up Sequence

Description

3-106

(Includes Special Function 0.0)

Power-Up. When first turned on, the Noise Figure Meter performs a sequence of internal
checks after which the instrument is ready to make measurements. During the power-up
sequence, all front panel indicators light for approximately two seconds to allow the
operator to determine if any are defective. Next, four dashes (— — — — ) appear in the
NOISE FIGURE display for approximately five seconds while the Noise Figure Meter
performs a frequency calibration. When the frequency calibration is completed, the
Noise Figure Meter restores the same configuration it had before the power was
removed. Except that: :

a. Sweep is always off.

b. The measurement is always UNCORRECTED NOISE FIGURE.

¢. The instrument always turns on in local mode (instead of HP-IB remote).
d. Calibration data is not retained when power is removed.

e. Special Functions 30 through 32, 35.1, 43, 44, and 60 through 72 are not remembered
when power is removed.

Preset. The PRESET key sets the Noise Figure Meter to a known state. The front panel is
set to the conditions listed in the “Preset and HP-IB Clear Conditions” column in Table
3-12, Front Panel Summary. Table 3-13 lists the default data values that are set for some
special functions. Table 3-14, Special Function Summary, in the Special Functions
Detailed Operating Instruction provides a complete list of preset conditions for special
functions.

In the “Program Code” column in Table 3-12, program codes that are equivalent to front
panel keystrokes are listed. HP-IB codes control the Noise Figure Meter’s functions over
the HP-IB.

The “Stored in Continuous Memory” column in Table 3-12 indicates whether or not the
status of a front panel key is retained when the Noise Figure Meter is turned off.

The “Can Be Stored and Recalled” column in Table 3-12 indicates whether or not the
status of a front panel key can be stored in an internal storage register for recall at a later
time.
Special Functions are off or set to their zero-suffix mode. Exceptions are:

a. Control Function Selection (Special Function 4)

b. HP-IB Addresses (Special Function 40)

c. External LO Programs (Special Function 41)

d. External LO Commands (Special Function 42)

PRESET has no effect on the four special functions listed above.
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Operation

Preset Conditions and Power-Up Sequence (cont’d)

(Includes Special Function 0.0)

Table 3-12. Front Panel Summary

{must be used to turn these functions
off over the HP-IB)

@ e
sE - | £E
SE| 52| 3%
c= | A™ £ o
Program | S e | o8 | So
Front Panel Key Code 28 (=S| 8% References and Comments
CRZEp (%€ |SE | £5
AUTO Sweep W1 N N Off | Sweep
CALIBRATE CA N N Off | Calibrate
DECREASE DE Y N 1 Smoothing
ENTER EN - _ — General Operating Instructions
ENR NR Y N NC | ENR Table Entry
FREQ INCR FN Y Y |20 MHz| Fixed Frequency Increment
. DN — - — | Fixed Frequency Increment
@ UP - —_ —_ Fixed Frequency Increment
FREQUENCY FR Y Y |[30MHz| Fixed Frequency Tuning
INCREASE IN Y N 1 Smoothing
NOISE FIGURE (UNCORRECTED) M1 N N Active | Noise Figure (Uncorrected) and
. Noise Figure and Gain (Corrected)
NOISE FIGURE AND GAIN M2 N N Off | Noise Figure (Uncorrected) and
(CORRECTED) Noise Figure and Gain (Corrected)
PRESET PR — — -_ Preset Conditions and Power-Up
Sequence
RECALL RC —_ - — Store and Recall
SEQ SQ - —_ —_ Sequence
SINGLE Sweep w2 N N Off | Sweep
SPECIAL FUNCTION SP — —_ - Special Functions
START FREQ FA Y Y |10MHz| Sweep
STEP SIZE SS Y Y |20MHz| Sweep
STOP FREQ FB Y Y 1500 | Sweep
) MH:z -
STORE ST —_ —_ — Store and Recall
Sweep and Calibrate Off (must be Wo —_ —_ - Sweep

Y = Yes, N = No, NC = No Change, — = Not Applicable

Description
(cont'd)

Another exception is Service Request, which is set to enable an HP-IB code error to cause
an SRQ (Special Function 44.3). In addition, default data values are set for the special
functions listed in Table 3-13.

Special Function 0.0. Special Function 0.0 initializes selected special functions. It is
similar to PRESET except that default data values are not set. Existing values do not
change. Refer to Table 3-14, Special Function Summary, in the Special Functions
Detailed Operating Instruction for a complete list of Special Function 0.0 conditions.
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Preset Conditions and Power-Up Sequence (cont’d)
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Example

Program
Codes

| HP-1B 2

3-108

(Includes Special Function 0.0)

Table 3-13. Preset Default Values for Special Functions

Special Function
Default
Description Code Value
IF 3.0 30 MHz
LO Frequency 3.1 10000 MHz
Loss Compensation
Before DUT 34.2 0dB
Temperature of Losses 34.3 0K
After DUT 34.4 0dB
Measurement Mode 1.1, 1.1
Measurement Mode 1.2, and 1.2
Measurement Mode 1.3 1.3
Start Frequency 8000 MHz
Stop Frequency 12000 MHz
Step Size 200 MHz
Oscilloscope Limits
Noise Figure Lower Limit 8.1 0
Noise Figure Upper Limit 8.2 8
Gain Lower Limit 8.3 0
Gain Upper Limit 8.4 40
Set Sequence 35.2 1-9
Smoothing Factor 13.2 1
Spot ENR 5.3 15.2dB
Teold 6.0 296.5K
Spot Thet 5.4 9893K

To set the Noise Figure Meter to a known state, press the PRESET key.

Toinitialize selected special functions, key in 0.0, then press the SPECIAL FUNCTION

key.

To initialize selected special functions:

LOCAL o COOE  emm— Function
(keystrokes)
CICICT (o)
CcS
(pregram codes)
Program Code
Parameter X' HP-1B 2
PRESET PR
Special Function 0.0 CcS
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Operation

Preset Conditions and Power-Up Sequence (cont’d)

Indications

Comments

Related
Sections

(Includes Special Function 0.0)
After pressing PRESET, the NOISE FIGURE display shows four dashes ( — — — — )
while a frequency calibration is performed. After approximately five seconds, the left
display shows 30 MHz, the INSERTION GAIN display is blank, and the NOISE FIG-

URE display shows noise figure in units of F dB. Also, the UNCORRECTED NOISE
FIGURE LED is illuminated.

When Special Function 0.0 is executed, the SPECIAL FUNCTION key LED turns off
if it was on. '

Special Function 0.0 does not affect any data entered by special functions or front panel
keys.

PRESET is identical to the Device Clear command over the HP-IB.
PRESET does not effect calibration data or information in the ENR table.

PRESET and Special Function 0.0 do not modify any data in the internal storage
registers.

Calibration, Frequency
Special Functions
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Programming an External LO
(Special Function 42)

Special Function 42 can be used to modify the predefined external LO programs for the
HP 8350B Sweep Oscillator (Special Function 41.0) or the HP 8672A Synthesized Signal
Generator (Special Function 41.2). It can also be used to define a new program for other
external LOs provided the LO is HP-IB compatible. However, a thorough understanding
of the HP-IB program requirements and restrictions that apply to the external LO is
required.

The two predefined external LO programs are stored in permanent memory (ROM).
Activating Special Function 41.0 or 41.2 loads the corresponding predefined program
from permanent memory into temporary memory (RAM). The programs stored in the
permanent memory are never changed; only the program in temporary memory can be
modified. Special Function 42 can change the program data that is stored in the tempor-
ary memory. One of the predefined programs or the last modified program is always
present in the temporary memory. And, only the program in temporary memory can
control an external LO.

Detailed examples will be used to explain the use of Special Function 42. However, a brief
definition of the purpose of the individual parts of the program that can be changed
using Special Function 42 will make the programs easier to understand:

a. Special Function 42.0 is used to display and change the auxiliary commands. The
purpose of the auxiliary commands is to set the external LO to continuous wave (CW)
operation and to setthe output signal level of the external LO (if it is variable via HP-IB).

b. Special Function 42.1 is used to display and change the CW prefix and suffix. The
purpose of the prefix and suffix is to correctly format the frequency commands from the
Noise Figure Meter to the external LO. The format is different for different LOs. Fre-
quency data of up to five digits is located between the prefix and suffix. The frequency
information is determined by the frequency parameters entered into the Noise Figure
Meter during the measurement setup and by the measurement mode in which the
instrument is operating.

c. Special Function 42.2 is used to display and change the settling time (in ms). The
purpose of the settling time is to ensure that the Noise Figure Meter waits a sufficient
amount of time after issuing the frequency command and the auxiliary commands to
aliow the external LO output to stabilize.

d. Special Functions 42.3 and 42.4 are used to display and change the minimum and
maximum frequencies that the program will accept. These entries are in MHz. In most
cases, they will represent the frequency capability of the external LO. However, they do
not affect the external LO but are only used by the Noise Figure Meter to determine if a
requested frequency parameter will be accepted. If an attempt to enter an out-of-range
frequency is made, the Noise Figure Meter displays one of the invalid frequency entry
error messages.

The listings for the two predefined programs are shown below. Each listing shows the
data that is stored in permanent memory. Also shown are the External LO Commands
(Special Functions 42.0 through 42.4) and the data that can be modified by each special
function.
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Predefined
Program
Listings
(cont'd)

Operation
H 3
Programming an External LO (cont’d)
(Special Function 42)
External LO Predefined Program Listings
External LO Commands (Special Function 42] HP 8350A Program (41.0) HP B8672A Program (41.2)
42.0 Auxiliary Commands (0) K(75)
©0) 0(48) } 0 dB atten.
0) L(76) | _
©) 6(54) } 3dB
(0) M(77)}
(0) 0(48)
(0) N(78)
©0) 7(55) } FM off
© o<79>}
©) 351) § 110 dBm
42.1 Prefix C(67) P(80)
W(87) (255)
Suffix M(77) Z(90)
Z(90) 0(48)
42.2 Settling Time 60 ms 20 ms
42.3 Minimum Frequency 2000 MHz 2000 MHz
42.4 Maximum Frequency 18000 MHz 18000 MHz

The following conventions are used in the program listings:

a. All HP-IB program codes consist of ASCII characters. The numbers and letters
shown before the parentheses (in Special Functions 42.0 and 42.1) are the ASCII charac-
ters that make up valid HP-IB program codes.

b. The numbers shown within parentheses are the decimal equivalent of the required
ASCII character. (It is this decimal value that is entered into the Noise Figure Meter for
Special Functions 42.0 and 42.1.) For example, in the first line of the listing for the HP
8672A program, the entry is K(75). The K is the first ASCII character of a valid HP-IB
program code for the HP 8672A. The 75 is the decimal equivalent of the letter K.

The two exceptions to this rule are (0) in the HP 8350B program and (255) in the HP
8672A program. The (0) entry is used as a placeholder. It is ignored by the Noise Figure
Meter and is not transmitted on the HP-IB. In the HP 8350B program (Special Function
41.0), there are no preset auxiliary commands. This area contains zeros because no
single program can control all possible HP 8350B configurations. This portion of the -
program must be correctly entered by the user to match the configuration of the HP
8350B used with the Noise Figure Meter. The (255) in the HP 8672A program is used by
the Noise Figure Meter to establish that, when controlling the HP 8672A, leading zeros
must be sent if they are required to complete five digits of frequency data.

c. Thenumbers shown without parentheses (in Special Functions 42.2,42.3,and 42.4)
are the actual values used for that function. For example, the “60 ms” shown as the
settling time for the HP 8350B program is the actual settling time allowed by that
program.
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Programming an External LO (cont'd)

(Special Function 42)

d. The comments following the brackets in the HP 8672A program are the functions
performed by each two-character HP-IB code. Note that many two-character HP-IB
codes use the first character to establish the instrument function and the second charac-
ter to establish the setting of that function.

Inboth programs, a maximum five digits of frequency information are sent between the
prefix and the suffix. This information is generated by the front panel settings of
frequency parameters on the Noise Figure Meter.

To activate a specific programming function, key in the corresponding Special Function
code and then press the SPECIAL FUNCTION key.

oQ »

e s = 5

- (1 - =2 o S

BS |35 E3 |85 I8

Special Function Program wi |2 & g8 |+E | &S

a2's - 3 @ < O -

Code E8 g g -: 9_} O | 8%

Description Code CEEy |S& | SE|Ss |88 &8

Auxiliary Commands 42.0 | AC or 42.0SP N Y Y NC NC

CW Prefix and Suffix 42.1 | PSor42.1SP N Y N NC NC

Settling Time in ms 42.2 | TMor 42.2SP N Y N NC NC

Minimum Frequency in MHz | 42.3 | MN or 42.3SP N Y N NC NC

Maximum Frequency in MHz | 42.4 | MX or 42.4SP N Y N NC NC
Table categories are explained in the Special Functions Detailed Operating Instruction.

Entering Data

Special Function 42.0 allows for modification of the auxiliary commands of the program
stored in temporary memory. If one of the two predefined external LO programs is to be
modified, Special Function 41.0 or 41.2 should be activated first to ensure that the correct
program is in the temporary memory.

An auxiliary command is simply an HP-IB program code required to control one function of
the external LO. Each program code consists of one or more ASCII character. The decimal
equivalent of each ASCII character is stored in one of the ten data locations available for
auxiliary commands.

The general procedure for entering data using Special Function 42.0 is as follows:
a. Determine what external LO functions are to be controlled by the Noise Figure Meter.

b. Use the external LO’s manual to look up the HP-IB program codes for the above
functions.

¢. UseTable3-11,located in Remote Operation near the front of this section, to look up the
decimal equivalent for each of the ASCII characters used for the program codes.

d. On the Noise Figure Meter, press 4.2 . 0 SPECIAL FUNCTION to display the current
number stored in the first of the ten data locations. Enter the decimal equivalent of the



HP 8970A

Procedure
(cont’d)

Operation

Programming an External LO (cont’d)

(Special Function 42)

desired ASCII character from the front panel of the Noise Figure Meter. The allowable
range of decimal values is 0 to 255.

e. Press the ENTER key on the Noise Figure Meter’s front panel. The next data
location available for modification will appear in the Noise Figure Meter’s left display. If
no change to the existing data is desired, press ENTER to advance to the next data
location.

f. Continue stepping through the data locations until all ten have been filled. If all of
the auxiliary command data locations are not used in a specific application, always
enter zeros in the remaining locations to avoid possible HP-IB command errors.

After all ten locations are displayed, the Noise Figure Meter returns to the previous front
panel setup the next time ENTER is pressed. It is also possible to exit Special Function
42.0 at any time by pressing FREQUENCY (and still retain the data).

Special Function 42.1 allows for modification of the CW prefix and suffix commands for
the external LO program. The prefix is the external L.LO’s HP-IB program code for CW.
The suffix is the external LO’s program code for MHz. The CW prefix and suffix
commands are entered in a manner similar to the auxiliary commands (that is, the
decimal equivalent of each ASCII character is entered into the Noise Figure Meter).
However, the prefix and suffix HP-IB program codes must each be two ASCII characters
or less because only four data locations are available for this Special Function. Enter
zerosin any data locations that are not used. The allowablerange of decimal values is 0
to 255.

For Special Functions 42.2, 42.3, and 42.4, the decimal value is entered directly into the
Noise Figure Meter. The settling timeis entered in ms. The allowable range is 0 to 60000
ms. Frequency is entered in MHz. The allowable range is 0 to 60000 MHz.

Modified data can be entered in any order. For example, the settling time can be modified
prior to changing the frequency prefix and suffix.

Running the External LO Program
Before the program can be run, several conditions must be met:

a. An HP-IB cable should be connected between the Noise Figure Meter and the
external LO.

b. On the Noise Figure Meter, Measurement Mode 1.1 or 1.3 (fixed IF and variable-
frequency LO) should be selected. External LO programs can be run in Measurement
Modes 1.2 and 1.4 (variable IF and fixed-frequency LO) but the Noise Figure Meter will
send out the fixed LO frequency that was selected by Special Function 3.1.

c. The parameters associated with the selected Measurement Mode (such as fre-
quency, fixed IF, and sideband selection) should be set.

d. Special Function 4.1 should be active to enable the Noise Figure Meter to control an
external LO.

e. The HP-IB address of the external LO must match the external LO address that is
stored in the Noise Figure Meter (use Special Function 40.1).
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Programming an External LO (cont’d)

(Special Function 42)
f. The internal sweep of the external LO (if one exists) should be off.

Once the above conditions are met, the external LO program stored in the Noise Figure
Meter’s temporary memory runs whenever a frequency value is entered from the front
panel of the Noise Figure Meter. The program is also triggered each time an auxiliary
command is changed when an external L.O is connected.

When the program is running the following sequence occurs:
a. A frequency command and the auxiliary commands are sent to the external LO.

b. The Noise Figure Meter waits for the programmed settling time and then makes a
measurement.

This sequenceis repeated until all of the frequencies required by the measurement setup
have been sent and the measurement results obtained.

Each time the frequency is changed the Noise Figure Meter issues an HP-IB command
string. The Noise Figure Meter sends the following HP-IB commands to the external LO
in the order indicated:

a. REN and ATN are both set true.

b. the LO’s listen address is sent.

c. ATN is released (that is, set false).

d. the frequency command is sent.
. the auxiliary commands are sent.
carriage return (CR) and line feed (LF) are sent.

o

Becausethe frequency command preceeds the auxiliary commands, a Preset or Initialize
command cannot be used in the auxiliary commands. These type of commands will
prevent the external LO from tuning to the required frequencies because after the LO
tunes to the requested frequency, it will be reset to its original frequency.

Example 1 - Modifying and Saving a Predefined Program

In example 1, the HP 8672A program is modified for three different outputlevels and the
modified programs are stored. Modifying the output level will probably be the most
frequent change made to this predefined program.

a. On the Noise Figure Meter, press 4 1 . 2 SPECIAL FUNCTION to load the HP
8672A program from permanent memory to temporary memory.

NOTE

A convenient relationship exists that can be used when modifying the output
level on the HP 8672A. This relationship only holds true for changing the
output level to a value between 0 and 13 dBm. If any other changes are
required, the HP 8672A manual must be used to determine the correct HP-IB
program codes. To obtain any output level between 0 and 13 dBm, change the
fourth auxiliary command entry to 61 minus the desired dBm level. The
standard program entry (54) results in a 7 dBm output (61 -7 = 54).

b. Press 4 2. 0 SPECIAL FUNCTION to allow modification of the auxiliary com-
mands. Verify that the left display shows 75.
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Examples
(cont'd)

Operation

Programming an External LO (cont’d)

(Special Function 42)

c. Press ENTER three times. Verify the left display shows 48, 76, then 54. Pressing
ENTER repetitively without entering any data does not change the stored data.

d. Change the output level to 3 dBm by pressing 58 ENTER (using the relationship
61—3=58).

e. To store the modified auxiliary commands in storage register 1, press STORE 1.
This step stores only the auxiliary commands. The rest of the program information
remains in the temporary memory and only needs to be changed when the external LO
changes. This information is retained if the instrument is turned off or if PRESET is
pressed.

NOTE

It is a good programming practice to step through the remaining auxiliary
command data locations to verify that they contain the correct information as
shown in the listed program.

f. To modify the output level to 5 dBm and store the modified program in storage
register 2, repeat steps b through e. In this sequence, the fourth auxiliary command
location is now 58. Change it to 56 and press STORE 2.

NOTE

Thereare now three HP 8672A programs available to control the external LO.
These programs will remain stored in the instrument unless storage registers
I or 2 are modified using the STORE key. The standard program is always
available whenever Special Function 41.2 is activated.

g. To run the program at the 7 dBm level, press 4 1 . 2 SPECIAL FUNCTION and
perform the measurement using the appropriate Measurement Mode procedure.

h. To run the program at the 5 dBm level, press RECALL 2 and perform the measure-
ment using the appropriate Measurement Mode procedure.

1. Torun the program at the 3 dBm level, press RECALL 1 and perform the measure-
ment using the appropriate Measurement Mode procedure.

NOTE

When modifying and storing a series of different programs, the capability to
sequence these programs in a specific order can be useful. For information on
sequencing the stored programs, refer to the Sequence Detailed Operating
Instruction.

Example 2 — Writing a Program for an External LO Other Than the HP 83508 or
HP 8672A.

The second example shows how to write a program for an external LO other than the HP
8350B and HP 8672A. The instrument chosen for this example is the HP 8672A Synthe-
sized Signal Generator. This instrument was chosen because it has a low noise level and
could be used to test low frequency mixers. A program listing is provided first and then a
brief explanation of the chosen parameters is presented.
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Programming an External LO (cont'd)

(Special Function 42)
HP 8662A Program Listing

External LO Commands (Special Function 42)

HP 8662A Program

42.0 Auxiliary Commands

42.1 Prefix
Suffix
42.2 Settling Time

42.3 Minimum Frequency
42.3 Maximum Frequency

M(77)
0(70)
A(65)
P(80)
7(55) 7
E((A:S:;)) }+ dBm units

(0)

(0)

©0)

F(70)
R(82)
M(77)
Z(90)

40 ms
20 MHz
1279 MHz

} Modulation Off

}amplitude function

HP 8970A

In an external LO program the auxiliary commands are most often used to program the
LO to a CW output at a specific level. This is done in the HP 8672A program in the
following way:

a. Thefirsttwolocations are used to send a Modulation Off command. This command
sets the HP 8672A to the CW mode.

b. The next five locations set the LO to an output level of +7 dBm.

c. The last three locations are set to decimal zero and used as placeholders to avoid
inadvertent HP-IB command outputs.

The prefix and suffix commands are those required by the HP 8672A.
The settling time is chosen to assure that the LO output is stable.

The minimum and maximum frequencies are chosen to be within the range of the LO
and to satisfy the requirements of anticipated applications.

For HP-IB codes, refer to Procedure above.

When the Noise Figure Meter is in AUTO sweep, it waits for twice the entered settling
time during the retrace from stop to start frequencies.

HP-IB Addresses

Programs Available to Control an External LO
Sequence

Special Functions
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Programs Available to Control an External LO

Description

Procedure

Example

Program
Codes

(Special Function 41)

Operation

Special Function 41 selects one of two predefined programs to control an external LO.
Special Function 41.0 selects the program for the HP 8350B Sweep Oscillator, Special
Function 41.2 selects the program for the HP 8672A Synthesized Signal Generator, and
Special Function 41.3 selects the program for the HP 8673B Synthesized Signal Genera-
tor. A listing of these programs is contained in the Comments section of this instruction.

The programs are activated when Special Function 4.1 (Enable External LO Control), a
Measurement Mode (1.1, 1.2, 1.3, or 1.4), and the correct predefined program have been
selected. Either program can be modified using Special Function 42 (External LO
Commands). Refer to the Programming an External LO Detailed Operating Instuction
for additional information on how to modify these programs.

To select one of the predefined programs key in the corresponding Special Function code
and then press the SPECIAL FUNCTION key.

[- -]
, B §.| =5
Ez| 52| |BE|ES
gx| o8| 22 sE| =%
Special Function Program & § £33 1% 8 - | ES
Code g 82 |CZ €S | BF
Description Code Y HP-IB 3 SE | ZS|SE | & | £5
HP 8350B Sweep 41.0 JO or 41.0SP N Y N NC NC
Oscillator Program
HP 8672A Synthesized 41.2 J2 or 41.2SP N Y N NC NC
Signal Generator
Program
HP 8673B Synthesized 41.3 J3 or 41.3SP N Y N NC NC
Signal Generator
Program
Table categories are explained in the Special Functions Detailed Operating Instruction.
To select the predefined program to control the HP 8672A:
LUCAL p——— Code ——— Function
(keystrokes)

LDOOE o]

 HP-IB

{program codes]

J2

For HP-IB codes, refer to Procedure above.
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A listing of the two predefined programs is provided here for a quick reference. A
complete explanation of these programs and instructions on how to modify them are

HP 8970A

contained in the Programming an External LO Detailed Operating Instruction.

External LO Predefined Programs Listing

External LO Commands HP 8350A Pregram HP 8672A Program
(Special Function 42) (41.0) 41.2)
42.0 Auxiliary Commands 0) K(75)
() 0(48) } 0dB atten
(0) L(76)
(0) 6(54) } 3dB
(0) M(77)
©) 0(48) } AM off
(0) N(78)
(0) 755) } FM off
(0) O(79)
(©) 3(51) } +10dB
42.1 Prefix C(67) P(80)
W(87) (255)
Suffix M77) Z(90)
Z(90) 0(48)
42.2 Settling Time 60 ms 20 ms
42.3 Minimum Frequency 2000 MH:z 2000 MHz
42.4 Maximum Frequency 18000 MH:z 18000 MH:z

Controller Capability of the Noise Figure Meter
Measurement Modes 1.1 through 1.4
Programming an External LO

Special Functions
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Description

Procedure

Operation

RF Attenuation Selection
(Special Functions 60, 61, and 62)

RF attenuation selection, display, and hold are available in all measurement modes. It
should be noted, however, that only the hold capability (Special Function 62.0) is
normally used by most operators. The hold is required during manual measurements
(refer to the Manual Measurements Detailed Operating Instruction for additional
information). The selection and display of specific RF attenuation settings are more
likely to be used during adjustment procedures, performance tests, or troubleshooting
procedures. In some specialized applications these capabilities can be helpful, but care
must be exercised when using them. It is possible to introduce some very subtle errors in
the measurements that the Noise Figure Meter may not be able to guard against.
Additional information on how to use and interpret these Special Functionsis contained
in Section VIII, Service.

To select a specific RF attenuation setting, display, or hold, key in the corresponding
Special Function code and then press the SPECIAL FUNCTION key.

- (-
=] 8|5 |8.|55
§2|SE|E |E5|ZE
Special Function Program & s|=E =l a = |<EBI83
Code £e |88 |23 3 S|8S
Description Code C25) SE|25 |88 |22 (&8
RF Attenuation Selection

Auto 60.0 RO or 60.0SP N N N On On
+20dB 60.1 R1 or 60.1SP Y N N Off Off
+10dB 60.2 R2 or 60.2SP Y N N Off Off
0dB 60.3 R3 or 60.3SP Y N N Off Off
-10dB 60.4 R4 or 60.4SP Y N N Off Off
-20dB 60.5 R5 or 60.5SP Y N N Off Off
-30dB 60.6 R6 or 60.6SP Y N N Off Off

Display RF Attenuator Settings
Display IF Attenuator 61.0 SR or 61.0SP N N N Off Off

RF Attenuator Hold

RF Attenuator Hold 62.0 RH or 62.0SP Y N N Off Off

Table categories are explained in the Special Functions Detailed Operating Instruction.
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RF Attenuation Selection (cont'd)
(Special Functions 60, 61, and 62)

To select the RF attenuator hold function:

LOCAL Code Function

(eystrokes - OEEE (¢,

 HP-IB 2

RH
{program codes)

For HP-IB codes, refer to Procedure.

When Special Function 61 is implemented, four digits appear in the left display. The
digits are either “1” (yes) or “0” (no) to indicate whether or not the corresponding 10 dB
pads and 20 dB amplifier are switched into the Input Assembly circuits (see Service
Sheet 1 in Section VIII, Service). The first, third, and fourth digits each represent-10dB
(10 dB Pad No. 1, 10dB Pad No. 2, and 10 dB Pad No. 3, respectively). The second digit
represents +20dB (20 dB Input Gain Amplifier). To obtain the RF attenuator setting, add
the attenuation thatis represented by each digitin the display. For example, a display of
“1110” indicates an RF attenuation setting of 0 dB.

If any of the 60 or 70 series of Special Functions (except 60.0 and 70.0) are active, the
calibration sequence does not override them. Therefore, to calibrate on one range only,
use any of these Special Functions except 60.0 or 70.0. It is also true that if any of these
Special Functions are inadvertently active, the calibration sequence will not cover the
expected gain range.

Calibrate

IF Attenuation Selection
Manual Measurements
Special Functions
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Description

Procedure

Operation

Sequence

(Includes Special Function 35)

The sequence feature allows the user to predetermine the recall order of the storage
registers. Manual sequence (recall of registers one at a time) or automatic sequence
(continuous recall of registers) can be selected.

Nine digits are used in a sequence. Any combination of registers 1 through 9is allowed.
Zeros used within a sequence are ignored.

To set the sequence (that is, the recall order), key in 35.2 SPECIAL FUNCTION. The
register to berecalled at each step of the sequenceis displayed in turn in the left display.
If a change is desired, enter the new register number and press ENTER. If no change is
desired, press ENTER to advance to the next step of the sequence. After all nineregisters
have been displayed, the Noise Figure Meter returns to normal measurement. Pressing
the FREQUENCY key at any time terminates setting the sequence.

Toselect the manual sequence mode, key in 35.0 SPECIAL FUNCTION. The instrument
steps through the defined sequence one step at a time each time the SEQ key is pressed.
When the end of a sequence is reached, it starts over.

To select the automatic sequence mode, key in 35.1 SPECIAL FUNCTION. Press the
SEQ key to start automatic sequencing. The instrument starts a continuous recall of
registers in the predetermined sequence. To stop an automatic sequence, press the SEQ
key again.

To clear the sequence (that is, set the sequence to 000 000 000), key in 35.3 SPECIAL
FUNCTION.

To set the sequence to 1 through 9 in order, press PRESET.

m »
e S = 5
-— = © = 2 [ - —.—
2 |SE|Ez|E5 (=5
e= s £
Special Function Program S5 | =S| 5% “uS5 |88
ve | e8| e8 |85 |
) Code £E2 | ES |2 |g© g =
Description Code U HP-IB 3 SE|aE| & |82 | £
Manual Sequence 35.0 | QM or 35.0SP N N N On On
Automatic Sequence | 35.1 | QA or 35.1 SP N N* N off Off
Set Sequence 35.2 | QSor35.28P N Y N NC 1—-9
Clear Sequence 35.3 | QCor35.3SP N N N Off Off
*Enables Special Function key LED to light when SEQ is pressed.
Table categories are explained in the Special Functions Detailed Operating Instruction.
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’
Sequence (cont’d)
(Includes Special Function 35)
To set the register recall sequenceto 1, 2, 7,2 and 5:
s CO0C e— Function Data Function

@ @ @ @ @fﬁ:ﬁ'ﬁ}m ENTER

ENTER

LOCAL

(keystrokes) ENTER

ENTER
ENTER
ENTER

ENTER

[EEEEHHEEE
JEEHEEEERE

QS1EN2EN7EN2ENSENOENOENOENOEN
P 4 TITITITITTTITITITIT
(program codes] BEE5555555858585858¢8
2 & 2 & & & & &

The program code for the SEQ key is SQ. The program code for the ENTER key is EN.
Refer to Procedure, above, for HP-IB program codes for Special Function 35.

When the Noise Figure Meter is in the manual sequence mode, pressing the SEQ key
causes the storage register being recalled to appear in the left display while the key is
depressed.

When the Noise Figure Meter is in the automatic sequence mode, the SPECIAL FUNC-
TION key LED lights. Register numbers are not displayed during automatic sequencing.

Register numbers can be repeated in a sequence string.

If fewer than nine register numbers are used for a sequence string, zeros should be
entered so that the sequence always has nine digits in it.

For a list of front panel functions that can or cannot be stored and recalled (therefore,
can or cannot be used in a sequence), refer to Table 3-12, Front Panel Summary, in the
Preset Conditions and Power-Up Sequence Detailed Operating Instruction. For a list of
special functions that can and cannot be stored and recalled, refer to Table 3-14, Special
Function Summary, in the Special Functions Detailed Operating Instruction.

Preset Conditions and Power-Up Sequence
Special Functions
Store and Recall



HP 8970A

Description

Procedure

Operation

Sideband Selection

(Special Function 2)

The measurement system setup dictates the sideband operation to be selected. Special
Function 2 tells the Noise Figure Meter which type of sideband operation the measure-
ment system is using. A discussion of measurement modes and sideband selection is
contained in the Measurement Modes Detailed Operating Instruction. After the mea-
surement setup is established, use Special Function 2 to convey this information to the
Noise Figure Meter. Double sideband, upper single sideband, or lower single sideband
can be selected.

In Measurement Mode 1.2, one of the single sideband special functions must be selected
or else an error code (E34) is displayed. The reason a double sideband measurement
cannot be made in Mode 1.2 is that the frequency at which the measurement is being
made is ambiguous. Therefore, one of the two single sideband special functions must be
selected and the other sideband must be filtered out after the DUT for a meaningful
sweep. This eliminates any noise that is added by the DUT that may fall in the undesired
sideband.

It is in Measurement Modes 1.1, 1.3, and 1.4 that the choice between single or double
sideband becomes necessary. The following brief description will help clarify the choices
available:

a. Special Function 2.0 selects a double sideband measurement. The measured result
1s an average of the noise figure at two frequencies; the LO frequency plus the IF and the
LO frequency minus the IF.

b. Special Function 2.1 offsets the measurement frequency to the LO frequency minus
theIF.The Noise Figure Meter uses the ENR value of the offset measurement frequency.

c. Special Function 2.2 offsets the measurement frequency to the LO frequency plus
the IF. The Noise Figure Meter uses the ENR value of the offset measurement frequency.

To select a specific sideband offset, key in the corresponding Special Function code and
then press the SPECIAL FUNCTION key.
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Sideband Selection (cont’d) ®

(Special Function 2)

Procedure
(cont'd)
m v
.8l o |E2|Z8
‘© > = -« =
g2 |SE 52| £8 o E
Special Function Program S5 |=ET| 28| +-T |88
Code £E8|88 | 2 .§3 S
Description Code CHP-IB § SE|122| 8E|as | &s
Double Sideband (no 2.0 BO or 2.0SP N Y Y On On
frequency offset)
Lower Single Sideband 2.1 Blor 2.1 SP Y Y Y Off Off
(measurement frequency
less than LO frequency)
Upper Single Sideband 2.2 B2 or 2.2SP Y Y Y Off Off
(measurement frequency
greater than LO
frequency)
Table categories are explained in the Special Functions Detailed Operating Instruction.
Example To select lower single sideband frequency offset: ’
LOCAL P I R —— Function
(keystrokes)
DG (o)
C=ZRy 81
(program codes)
Program For HP-IB codes, refer to Procedure above.
Codes
Indications For indications, refer to the “Lights Special Function Key” column in the table in
Procedure above.
Related Measurement Modes
Sections Measurement Modes 1.1 through 1.4

Special Functions
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Description

Procedure

Operation

Smoothing (Averaging)

(Includes Special Function 13)

The purpose of smoothing is to reduce jitter in both the NOISE FIGURE and INSER-
TION GAIN displays. Numbers that are sent to both of these displays are averaged
before being displayed.

The Noise Figure Meter has two modes of smoothing: exponential and arithmetic
(straight averaging). The equation for exponential smoothing is:

new measurement n-1 - .
- +T (previous display)

new display =
where n is the smoothing factor.

The equation for arithmetic smoothing is:

n measurements
n

new display =

where n is the smoothing factor.

The smoothing factor can range from 1 to 512 in factors of two. Each time the
INCREASE key is pressed, the smoothing factor is doubled (until the smoothing factor
1s 512). Each time the DECREASE key is pressed, the smoothing factor is halved (until
the smoothing factor is 1). A stable display can usually be obtained by increasing the
smoothing factor.

When exponential smoothing is used for a fixed frequency measurement, the display is
updated approximately five times per second for all smoothing factors. However, when a
large smoothing factor is used, the Noise Figure Meter is slow to respond to changes in
the noise measurement when tuning from one fixed frequency to another.

Arithmetic smoothing makes the number of measurements indicated by the smoothing
factor and averages them before the result is displayed. The display is updated each time
n measurements are made, where n is the smoothing factor. With a smoothing factorof1,
three to five measurement updates are made each second. With a smoothing factor of
512, the measurement update interval is typically fifty seconds to one minute.

Calibration and swept measurements always use arithmetic smoothing automatically.
Either exponential or arithmetic smoothing can be selected for fixed frequency
measurements.

To display the smoothing factor, key in 13.2 SPECIAL FUNCTION. If a change is
desired, key in the new smoothing factor and then press the ENTER key.

The smoothing factor can also be changed from the front panel. Press INCREASE for
more smoothing or press DECREASE forless smoothing. Each time one of these keys is
pressed the smoothing factor changes by a factor of two.

To select exponential or arithmetic smoothing for fixed frequency measurements only,
key in the corresponding Special Function code and then press the SPECIAL FUNC-
TION key.
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L] - ,
Smoothing (Averaging) (cont’d)
(Includes Special Function 13)
Procedure
(cont'd)
|m v
> & E - '§ © | a 5
- E(xE
g |S§ | 52|88 |=%2
Special Function Program Ss| = | a8 |CE |88
e | 283222 (3355
_— ] e
Description Code CHP-1B S |SE| & Tlag | g8
Exponential smoothing mode for fixed 13.0 VO or 13.0SP N Y N On On
frequency measurements
Arithmetic smoothing mode for fixed 13.1 VIor13.1SP N Y Off off
frequency measurements
Displays and allows entry of smoothing 13.2 AF or 13.2SP N Y NC 1
factor
Table categories are explained in the Special Functions Detailed Operating Instruction.
Example To select exponential smooth