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1. GENERAL DESCRIPTION

1.1 Overview

The model 5610B/A two phase lock-in amplifier is externally controllable through the GP-IB
protocol. Also compatible with the RS-232C serial interface, this instrument can make automatic
measurements in conjunction with a host computer.,

Featuring a wide frequency range of 0.5 to 200,000Hz, the amplifier's maximum sensitivity is
100nVrms (1pVrms 5610A) through the entire range.

Since the 5610B/A is of the two phase type, there is no need for troublesome phase adjustment. A
total of five automatic measuring modes, Auto Set, Phase Set, Auto Range, Auto Tune, and Auto
Normalize are provided.

Through visual representation of measured data such as amplitude, phase, and of the values of
various parameters, the liquid crystal display provides a user-friendly environment.

1.2 Features

(1) Amplitude Measurement without Phase Adjustment

High precision and stability of measurements can be obtained without manual phase
adjustments, since data from the amplifier’s two phase detectors (COS and SIN) are processed
digitally by an onboard microprocessor. The phase adjustment can be made in 0.01° steps by

conventional methods.

(2) Removal of Harmonic Effects
The 5610B/A uses a newly developed filter module and the auto-tuning function to completely

remove the effects by harmonics contained in the input signal.

(3) Preamplifier with Differential Input, High CMRR, and Low Noise
The model uses a preamplifier of the differential type to remove the measuring error due to
the ground loop. High performances of 120dB for CMRR and 3nV/+/ Hz (typ) input noise can be

obtained.

(4) High Dynamic Reserve
The dynamic reserve can be selected according to the measuring conditions. If appropriately

combined with the filter, a maximum of 110dB can be attained.

(5) Low Phase Noise _
The analyzed frequencies are divided into four frequency bands. A reference signal circuit
with minimal phase noise is used. Phase noises of 0.001° rms are realized, and the phase lock

time is very short,
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(6) Multiple functions

A high performance microprocessor realizes a multitude of automatic functions. This enables
beginners to operate the 5610B/A easily , and provides a total of eleven items as given below

A (amplitude), A dB (the ratio of the amplitude to a reference level in dB), A % (the amplitude
as a percentage of the reference level) @ (phase), X (A cos D), X dB, X %, Y (A sin D), reference
signal frequency, external DC voltage, ratio (Only one of dB or percentage can be selected. The
selected value is displayed simultaneously with A or X)

(7)) XandY Analog Meters
Two zero-centered meters for the X (A cos @) and Y (A sin &) values are used, providing ease of
understanding of data. The meter sensitivity can be multiplied tenfold.

(8) GP-IB
The model is externally controllable by GP~1B or RS-232C.

(9) Built in Oscillator (Optional)

This high performance oscillator covers a wide frequency range from 0.5Hz to 120kHz and
provides output amplitude stability (100ppm / °C) and low distortion (0.01%). Its oscillation
frequency and output amplitude are GP-1B and RS-232C controllable.

1.3 Applications

(1) Spectroscopy
(2) Auger electron spectroscopy
(3) PAS (photo-accoustic spectroscopy)
(4) Raman spectroscopy
. (5) Evaluation of infrared ray sensor
(6) Evaluation of optical fiber
(7) Evaluation of solar cells _
(8) Measurement of the B—H curve of the core of the transformer
(9) Measurement of electrochemical impedance
(10) Calorimetry
(11) SQUID magnetic sensor
(12) Continuous wave ESR, NMR
(13) Measurement of cross-talk of multichannel amplifiers
(14) Measurement of CMRR and IMRR of differential amplifiers and isolation amplifiers

5610B/A : 1-2



1.4 Specifications

1.4.1 Input Signal Channel

Input type Differential or single-ended (switched by the change-over
switch)
Input Impedance 10MHz + 2%, shunted by 40 £ 10pF
Common-mode 110dB min, (120dB typ) (100Hz to 1kHz, 1uV range)
rejection ratio
Noise 5nV/  Hz max., 3nV/ \/Rz_ (typical) referred to input
(1kHz, with input short-circuited)
Maximum input voltage DC : *200V (Including AC component)
without damage AC : 30V peak-to-peak
Maximum allowable input AC : 28V peak-to-peak
voltage (for linear
operation)
Sensitivity 100nV(1pV 5610A) to 1Vrms fullscale, 1-3 sequence 15
ranges (13 ranges 5610A)
Accuracy between +2% (at 1kHz)
ranges .
Frequency range 0.5Hz to 200kHz £3dB
Overflow Indicated on the liquid crystal display
1.4.2 Filter
Mode Bandpass (BP), Lowpass (LP), Highpass (HP), Through
(THRU), switchable
Frequency variable 0.5Hz to 120.0kHz
range
Frequency fine adjustable Twice the resolution in the set range
range
Frequency ranges 0.5Hz to 120Hz Resolution : 0.1Hz
and resolutions 100Hz to 1200Hz Resolution : 1Hz
1.00kHz to 12.00kHz Resolution : 10H=z
10.0kHz to 120.0kHz Resolution : 100Hz

Q (Selectivity) / LP,HP : 0.7 (fixed) (12dB /oct, maximally flat type)
: BP :  The following 9 selections
Normal types 1, 5, 30
LPF types 1, 5, 30
HPF types 1, 5, 30
Frequency accuracy Within +1% (100Hz to 10kHz)
Within +5% (0.5Hz to 100Hz, 10kHz to 120kHz)
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Passband gain accuracy

1.4.3 Phase Sensitive Detector (PSD)

Q=1,5

Within +0.2dB (100Hz to 10kHz)

Within +1dB
Q=30

Within £1dB

Within +3dB

(0.5Hz to 100Hz, 10kHz to 120kHz)

(100Hz to 10kHz)
(0.5Hz to 100Hz, 10kHz to 120kHz)

Dynamic reserves for the L, M and H selections are given in Figures 1-1 and 1-2 and in

Table 1-1.
Dynamic reserve setting range

Gain Stability

Time constant (TC)
Rolloff

Phase noise

5610B/A

L : Inputsensitivity
M : Inputsensitivity
H : Inputsensitivity

100pV to1V
10uV to 100mV
100nV (1pV 5610A) to 10mV

L 20ppm/°C (typ)

M 50ppm/°C (typ)

H 300 ppm/°C (typ)
1ms to 30s in 1 -3 sequence (10 ranges)
6dB /oct or 12dB /foct (switchable)

0.003° rms (typ) (at 100Hz, TC

: 300ms,

6dB /oct rolloff)

0.001° rms (typ) (at 1kHz, TC

: 300ms,

6dB /oct rolloff)

0.001° rms (typ) (at 10kHz, TC

: 300ms,

6dB /oct rolloff)



Table 1-1 Dynamic Reserve (dB)

DYN RES L M
SENSITIVITY DR 1 DR 2 DR 1 DR 2 DR 1 DR 2
v 30 30 - - - -
300mV 30 40 - - - -
100mV 30 50 50 50 - -
30mV 30 60 50 60 - -
10mV 30 70 50 70 70 70
3mV 30 40 50 80 70 80
1mV 30 50 50 90 70 90
300pvV 30 60 50 60 70 100
100pV 30 70 50 70 70 110
30pv - - 50 80 70 80
10pV - - 50 90 70 90
3uv - - - - 70 100
1pv - - - - 70 110
.":300nV * - - - - 70 110
100nV  * - - - - 70 110
DR1 : Dynamicreserve for THRU .
DR2 : Maxdimum value of dynamic reserve when passed through a filter.

* : 56108 only

5610B /A




Maximum unclipped noise voltage (p-p)

Dynamic reserve =
Input fullscale sensitivity (rms)

Dynamic reserve Curve determined by the fiiter (plotted
~< for BPF Normal Q =5) -

~ -
~ -

N
\ \

Curve determined by time
constant DR1

N

111111 [] L1 b1 1111 ] 1.1 1 1 8 8] ]

0.1 1 10
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Y

Input sensitivity fuliscale level

Normalized frequency

Fig.1-1 Dynamic Reserve (Dynamic reserve when BPF Normal Q=5)

dB

-10 \

-20
-30
-40

~t
~r

10Hz 100kHz frequency

Dynamic reserve decreases as above by the frequency component of noise
applied to the input

Fig.1-2 Dynamic Reserve Reduction Characteristics
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1.4.4 A-DConverter

Mode

Sampling period
Resolution
Stability

1.4.5 Reference Signal Channel (REF)

Mode and frequency ranges

External Reference Signal Input
Input type
Input impedance

Maximum input voltage
without damage
Allowable Input voltage range

Input waveform

UNLOCK Display

Reference signal
phase adjustment
Accuracy of phase adjustment

(Accuracy of orthogonality)

5610B/A

Integrating type
100ms, 300ms, 1s, 3s, and 10s, switchable
13 bit linear digitizing

40ppm/°C (typ)

EXT F  0.5Hzto200kHz

EXT 2F 0.5Hzto100kHz

INT F  0.5Hzto 120kHz (optional)
INT 2F 0.5Hzto 100kHz (optional)
Unbalanced

1MQ+10%, shunted by 100pF *30pF (10Q impedance
between the input signal ground and the external
reference signal ground)

DC *200V (Including AC component)

AC : 50V peak-to-peak

0.3Vto 30V p-p

Any time invariant waveform whose voltage passes
through the average value exactly twice per cycle. For
pulse signals, the minimum pulse width is 1ps and the
10t010 : 1.
When the internal circuit is not synchronized to the

duty cycle should be in the range 1

reference signal and not in a stationary state, this is
indicated on the liquid crystal display.

0 to +£180°(0.01° resolution) adjustable
+1°(typ) 0.5Hz to 10kHz

+5° (typ) 10kHz to 100kHz

+0.1° (typ) 0.5Hz to 10kHz

+0.5° (typ) 10kHz to 100kHz



1.4.6 Internal Oscillator (Optional)

Frequency ranges and resolutions

Frequency accuracy

0.5Hz to 120.0Hz Resolution : 0.1Hz

100Hz to 1200Hz Resolution : 1Hz

1.00kHz to 12.00kHz Resolution : 10Hz

10.0kHz to 120.0kHz Resolution : 100Hz

+1% in the setting range of 100 to 1000 (setting value
ignoring the decimal point) for each range

Output amplitude ranges and resolutions

Output impedance

Output amplitude

Output amplitude
stability
Distortion

1.4.7 OQutput

Liquid crystal display

0t025.5mVrms (noload) Resolution : 0.1mVrms
0to255mVrms (noload) Resolution : ImVrms

0 to 2.55Vrms (noload) Resolution : 10mVrms
600Q 1%

+ 1% of fullscale (at 1kHz)

200ppm/ °C or less (for 1kHz)

100ppm/ °C or less (typ)

0.01% maximum (at 1kHz, fullscale amplitude)

Number of char-acters 40 characters X2 lines

DATA1

5610B/A

A (amplitude)

AdB

A%

X(A cos?)

XdB

X%

display

100nV (1pV 5610A) to 1V, 10000r 3162 fullscale.

Overflow indication appears when X or Y output overflows.
The ratio of the measured value of A to a given reference value
is displayed in dB.

0 to £120dB with 0.1dB resolution.

Indicates the given reference value and the measured value of
Ain%.

100nV (1pV 5610A) to 1V, 1000 or 3162 fullscale. Overflow
indication appears when exceeding 120% or more of the
fullscale value.

The ratio of the measured value of A to a given reference value
is displayed in dB.

0 to £ 120dB with 0.1dB resolution.

Indicates the measured value of A in percentage with respect

to the reference value.



The indication of A or X is selected by | DISPLAY DATA 1.

The indication of dB or % is selected by NORMALIZE MODE] key.

DATA 2 display
& (phase)
Y (A sin®d)

0 to +180° with 0.1° resolution.
100nV (1pV 5610A) to 1V, 1000 or 3162 fullscale. Overflow
indication appears when exceeding 120% or more of the

fullscale value.

The indication of @ or Y is selected by! DISPLAY DATA 2].

DATA 3 display
Reference Signal
frequency

EXTDC

RATIO

Indicates the frequency of a signal applied to the REF input.
3-4 digits display in the range of 100 to 1200 (value ignoring
decimal point.)

Displays the DC value of a signal applied to the external DC
input. £10V fuliscale, 10mV resolution, fixed range. Overflow
indication appears for voltages exceeding 120% or more of the
fullscale value.

Displays a ratio of X or Y to DC voltage applied to the EXT DC,
with a fullscale of 1.200.

Percentage of X or Y to the fullscale of range
Ratio=K X

Percentage of EXT DC to the fullscale of range
K is a constant. Setting range : 0.100t09.999

A desired display is selected by [DISPLAY DATA 3].

Analog meters

Two meters are provided for X (A cos ¢) and Y (A sin ¢). Meter
fullscall agrees with the set sensitivity.

Meter sensitivity is magnified by a factor of 10 at the METER
MAG operation.

Analog Outputs (BNC Connector)

SIG MON

5610B /A

Monitor outputs of input signals (after filtering)

Frequency response : 0.5Hz to 200kHz £3dB
Maximum Qutput Voltage : 10V

Rated output voltage (for a fullscale coherent sine wave input)

DYNRESL : 2Vp-p (no load)
DYNRESM : 0.2Vpp (noload)
DYNRESH : 20mVp-p (noload)
Output impedance : 600Q110%
Maximum output current : *5mA
1-9



OUTPUT Acos¢

OUTPUT Asing

X (A cos ¢) Analog Output of PSD (Phase Sensitive
Detector)

PSD Rated output current 10V

Output impedance 1Qor less

Maximum Output Current *5mA

Y (A sin ¢) Analog Outputs of PSD
PSD Rated output current  £10V
Output impedance 1Q or less

Maximum Output Current +5mA

DAC1 12 bit D-A converter output. One of the following four signals can be obtained

as an analog DC output.

oA
OAdB/A%
oX (A cos¢)
oXdB/X%

+ 10V for the fullscale value
+10V for the 100dB/100% value
110V for the fullscale value
+10V for the 100dB/100% value

DAC2 12 bit D-A converter output. One of the following five signals can be obtained

as an analog DC output.

o¢ (phase)

®Y(A sing)
SRATIO

eEXT DC

oREF frequency

QOutput Data Averaging Functions

+10V for £180°

110V for the fullscale value

+10V for £1.000

+ 10V for 10V input voltage

10V when the value ignoring the decimal point is
1000.

Output impedance 1Qor less

Max. output current : +5mA

Averaging of the values of DATA1 and DATA2
Mode Moving average, exponential average

Number of averaging times

DC Power Supply Output

2 t0 29

A 124V (50mA max.) power supply output is available for use with NF preamplifiers

and other devices.

5610B/A
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1.4.8 Accuracy

A (amplitude) (Accuracy between ranges) + (PSD Stability) + (ADC Stability)
+ (1 digit)

¢(phase) *2 0.5Hz to 10kHz |10kHz to 100kHz
When phase offset is 00 : =3° =10°
After calibration of phase offset : =1° =3

X(A cos¢) Same as that of the amplitude

Y(A sing) Same as that of the amplitude

EXT DC 1% of fullscale value £ 1 digit

REF Frequency *1 digits
*1 : It applies to an input signal of 30 to 100% fullscales.
*2 : It applies for the dynamic reserve L, and a REF signal of 1V to 3Vrms sine wave.

1.4.9 AUTO Functions

AUTOSET Sensitivity, dynamic reserve, frequency range, time constant and filter
frequency are automatically optimized for the input signal.

PHASESET  REF phase is automatically set so that the Y (A sin ¢) output reaches its

4 minimum value. .
AUTO RANGE If the input signal exceeds 110% of its fullscale level, the sensitivity is
» automatically lowered and if the input is below 20% of the fullscale level,

the sensitivity rises automatically. The maxinrum sensitivity can also be
limited by LIMIT (Auto Range Limit). The limiting value can also be
removed (LIMIT OFF).

AUTOTUNE The frequency range and bandpass filter frequency are automatically set
according to the REF input signal frequency.

AUTO X or Y value is converted into a decibel or percentage with respect to the

NORMALIZE set reference value. The converted value is automatically displayed.

1.4.10 Other Functions

K Value setting function for ratio measurements (range : 0.100t09.999)
CAL Function

PSD ZERO Function

Beeper on/off Function

LAMP on/off Function

Initializing Function

Key lock Function

Battery backup function for setting values (60 day hold capacity on a full charge)
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1.4.11 General Specifications

Power Requirements

Operating temper-
ature and humidity

Storage temper-
ature and humidity

Outer dimensions

Weight

5610B /A

100, 120, 220, and 240VAC switch selectable +10%, 48 to 62Hz
Approx. 60VA (including options)
0 to 40 °C, 10 to 90%RH (no condensing)

—10to 50 °C, 10 to 80%RH (no condensing)
432(W) X 132.5(H) X500(D) mm (Not including protruding sec-
tions)

Approx. 13.5kg (with internal oscillator)
Approx. 29.81b
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2 PREPARATIONS BEFORE USE

2.1 Outline

Please check the items below before using the unit.

Consideration should especially be given to the installation since it effects the life of the
machine, its reliability, and safety.

In addition, care should be taken against dropping and shocks when moving the unit or when

installing it in the rack mount.

2.2 Unpacking and Repacking

(1) Unpacking

After unpacking, first check that there has been no damage during shipping. Sufficient care
has been giving to packing details before shipping, but please check all the accessories against
the items in the Contents List below.

(2) Repacking

When repacking the unit for transport, use a cardboard box of appropriate strength and size
which can sufficiently withstand the weight of the unit. Pack the unit so that it is sufficiently
protected.

2.3 Contents

The contents of the package are listed Table 2-1.

Table 2—-1 Contents List

MAIN UNLE  eeeveereerremsemssemsssiissnessisssennssssessessnesssessessssssesisasssessesssassnesssessassnesas 1
INSErUCEION MANUAL  «o-seeeserrerrsssmssimminnsseneesssesseetesseateessassnsssassaassnassasssasasans 1
Accessories
POWEr CAble  +eeeteereerrermemsumsresiierissts e et s s s s te s ae e a et e b e b e e n s aneenaes 1
Fuse (5.2mm dia. X20MmM)  ererereermmssssssssiommmmmsssnemsnasssnnness 9
Signal cable (BNC=BNC) reererrerssssssmnmsiniseteiitrtsst st 2
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2.4 Installation Location

(1) Setting Location
The authorized temperature and humidity range for this unit :
Operation 0t040°C, 10t090% RH
Storage —-10t050°C, 10to80%RH

Choose a location for this unit which satisfies the temperature and humidity range, is exposed
to little dust and vibration, and does not receive direct sunlight.

This unit is equipped with a line filter, but if there is equipment in the vicinity that generates
pulse noise, a strong magnetic field, or a strong electric field, it may cause erroneous operation.
By all means avoid using the unit near such equipment.

The rear guard located on the rear panel of the unit is for the protection of the connectors and
the fan, it is not a stand for the unit. Do not use the unit in a standing orientation since it will

easily fall over and is dangerous.

(2) Fan

This unit has been equipped with a fan to lower the temperature rise within the case when the
power is supplied to the unit as well as shorten the time during which there is a temperature
rise. Allow at least 10 cm between the air intake vent of the fan and a wall or other object to
ensure proper air circulation.

The fan filter should be washed periodically with a neutral detergent since dust adhering to
the filter may impede the air circulation and cause a breakdown.

If the noise of the fan becomes a hindrance to measurements, the fan can be switched off with
the switch on the rear panel of the unit. When the fan has been switched off, articles which block
the natural air circulation must not be placed on or beneath the case.

Note that when the power has been switched on, the time taken until the temperature within
the case reaches steady a state is about 5 minutes with the fan on and about 1 hour with the fan
off.

2.5 Power Supply and Ground

(1) Power Supply

This unit operates on a commercial power supply of 100, 120, 220, or 240V + 10% single phase,
at 48 to 82Hz. The power consumption is approximately 55VA.

The power supply voltage is switch selectable, but is set to 100V at the time of shipping on a
standard basis. When selecting the power supply voltage, first check the line voltage and
disconnect the power cord before making any changes.

The fuse capacity will differ depending on the power supply voltage setting. Use a 2A fuse for
100V/120V and a 1A fuse for 220V/240V. '

When the power is switched froman " On " stateto " Off " and then " On " again, allow
an interval of 15 seconds or more. In addition, when changing the various settings, allow an

interval of 1 second or more following the operation before switching the power off.
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CAUTION

® Check whether the power supply voltage setting is correct.

® Do not use a fuse which is outside of the specified rating.

® Be sure that the power plug has been disconnected before changing the power supply
voltage setting.

(2) Ground

For the purposes of outside interference prevention and safety, be sure to ground the unit from
the ground terminal on the rear panel.

This unit is equipped with a line filter, the circuit of which is shown in Fig.2-1. Since the
leakage current is a maximum of 0.75mA rms at 250V, 80Hz an electric shock may be received
when the case of the unit is touched. To ensure safety when using the unit, be sure to ground the
ground terminal.

The units power input connector is a 3-pin type, but the plug on the supplied power cord is a 2-
pin type which matches the domestic situation. A 3-pin cord including ground terminal is

available. If required, contact the manufacturer or a sales agent.

To fuse holder,switch,and

1 . —_— f — gpowertransformer
L

(. ISV

—
Power input
connector

Chassis and grounding
? terminal
Fig.2-1 Line filter

2.6 Rack Mount (Optional)

By attaching the optional rack mount adapter and rails, the unit can be installed in an 18-inch
IEC and EIA standard rack.

The method of installing the adapter and rails as well as the rack mounting procedure is shown
below.
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(1) Attaching the rails to the rack frame
Attach the two rails to the frame as shown in Fig.2-3.

(2) Attaching the rack mount adapter
Remove the nylon rivets from the decorative plates on both sides as shown in Fig.2—~3 and

attach the rack mount adapter with the screws after removing the decorative plates.

(3) Removing plastic feet

If the lower surface of the plastic feet contact the rail, remove the plastic feet.

Turn the unit upside down, remove the two screws of the bottom plate (rear panel side) and
remove the bottom plate. Keep the plastic feet and screws after removal.

Perform the following procedure to attach the bottom plate.

® Insert the bottom plate into the grove of the lower back side of the front panel.

® Position the lower plate so that its holes are aligned with the screw holes on the side of the

unit, -
¢ Insert the two screws and tighten them alternately using a Philipps screwdriver.

(4) Installation of the unit into its rack
Referring to Fig.2-3, put the unit into the rack and fix the rack frame with screws.

(5) Precautions at the time of rack mounting
¢ Use a rack mount with an effective mounting depth of 600mm or greater.

e Allow50mm or more of space above and below the unit for ventilation.
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inch rack mount
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Installation hole 13.5/0.53
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A
10.3/0.41
Millimeter rack mount
T
o 24.5/0.96
@ ) 1
N~
S
© 100394 | w
<
o O ¢ :
loud © . |
24.5/0.96
< 4826719

millimeter/inch

Fig.2-2 Rack Mount Dimensions
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Standard 19-inch mount
/ Optional accessories
alaN|

4 Rack mounting spaces 2
//— Rack mounting adaptors
2 _ each 1 at left and right
% /@

A \W»)<... )
? E Tapping screws (plate} M4x 16 4
N

6 &5+~ Platescrew M4x10 4

Sheet

/N
4

/

Handle - 2

Standard metric mount

" / Optional accessories
&
\ / Rack mounting spacers 2
———Rack mounting adapter
0 /@

% <€ each 1 at left and right

g \% <« Tapping screw (plate) M4x16 4

@

/@ «—— Platescrew M4x10 4
™~

\<%3%

\>‘§9 <«— Platescrew M3x8 4

Spacer 1

Handle 2

Fig.2-3 Rack Mount Adapter Installation
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2.7 Installation of the Internal Oscillator (INT OSC) (Optional)

When the INT OSC (optional) has been purchased separately, install it according to the

procedure below.
(1) Set the power switch to the OFF position.

(2) Remove the screws from the top plate. Hold the rear portion of the top plate and remove it.

(3) Insert the INT OSC printed circuit board (both sides of which are protected by shield
board) into the slot labeled. As shown in the diagram below, arrange the parts side of the
| printed circuit board (PCB) to the right, insert both ends of the PCB into the PCB guide, and
slowly press it in downward. Check that the PCB has been smoothly inserted into the PCB

connectors.

(4) Attach connectors and into the top, front panel side of the PCB.

(5) Reattach the top plate as it was originally and tighten the screws. (The front panel side of
the top plate is constructed to fit into the sash groove on the top of the front panel.)

(6) Set the power switch to ON and use according to the operation method of Section 3.4.5.
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3. OPERATION

3.1 Outline

The front panel of the 5610B/A may be roughly divided into two sections : the display section at
top and the operations section at bottom. The display section consists of a 40-character by 2-line
liquid crystal display and a center-zero analog meter for the X (A cos ¢) and Y (A sin ¢ ) display.
The operations section has 24 key switches one of which is the shift key. With the exception of the -
shift key, the key switches have two kinds of functions. One of these is the original function of the
key (indicated on the upper side of the key), the other function is available when the shift key is
depressed (and is indicated on the lower side of the key).

The rotary pulse switch offers the same feeling as conventional rotary switches and can be used
for selecting the sensitivity and making the various settings. Functions which can be set by the
rotary pulse switch are shown in a red color.

With the exception of special items, most of the setting contents are backed up by battery. When

the power is switched on again, the previous contents will be set.
3.2 Name and Operation of Each Section

3.2.1 Description of the Front Panel (See Fig.3-15)

Depending on the type of key switch, the label [ SHIFT ], [ MODIFY ], or [ CURSOR ] may
appear in the description of the name and operation of the section. The meaning of such labels is as

follows :
[ SHIFT ] _ Indicates that the shift key must be pressed. Press the shift key,
then press the required key.
[ MODIFY } Indicates that a setting change is made by the rotary pulse switch

(MODIFY). After pressing the required key, turn the rotary pulse
switch. This operation is necessary for keys labeled in red on the

frontpanel.

[ MODIFY ][ CURSOR ] Indicates that the digit is defined using the cursor function and
that the setting of the number at that digit is changed with
[ MODIFY .

(@ FILTERFREQADJ (Filter Frequency Adjust)

This is a trimmer for adjusting the center or cutoff frequency of the input signal filter. It is
used when making finer adjustment beyond the set resolution in cases where the Q is high or
in the lowest frequency range. For one revolution, the variable range is twice the resolution.

Normally set this control at the CAL position by rotary it fully counterclockwise.
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@ X:ACOS¢,andY : ASIN ¢ (Meter for PSD output signal monitoring)
It is used to observe the fluctuation of the output signal or to detect the zero-point of Y (A sin
@) at the time of phase adjustment. When METER MAG @ or @, is pressed and the lamp is lit
the output voltage of the PSD analog DC output 60 and €) will be ten times as high.

® FRANGE (Frequency Range)
This section displays the analysis frequency ranges. There are five analysis frequency

ranges which are set by @ F RANGE and @ MODIFY.
The display values and the ranges set are as follows :

0.5- 0.5Hz to 12Hz

10- 10Hz to 120Hz
100- 100Hz to 1200Hz
1k- 1kHz to 12.00kHz
10k- 10kHz to 200kHz

@ REF MODE (Reference Mode)

The reference frequency can be supplied externally (EXT) or from the internal oscillator
(INT) and the analysis can be made with respect to the fundamental frequency (1F) or the
second harmonics (2F) of the reference signal.

The reference mode, therefore consists of these combination : EXT 1F, EXT 2F, INT 1F and
INT.

Setting is done by the @O REF MODE key and each time the key is pressed, the following
selection will be made : EXT 1F, EXT 2F, INT 1F, INT 2F. When the optional oscillator has
‘not been installed in the unit, the INT 1F and INT 2F settings will not be possible.

® SENSITIVITY
This section displays the sensitivity range. The sensitivity range is 100nV (1uV 5610A) to
1V in 1-3 sequence and in 15 ranges (13 ranges 5610A). The sensitivity range is set by @
SENSITIVITY and @ MODIFY. '

® TCONST (Time Constant)
This section displays the time constant. The time constant is 1 ms to 30s in 1-3 sequence
and in 10 ranges. The time constant is set by @ T CONST and @3 MODIFY.

@ DR (Dynamic Reserve)

This section displays the dynamic reserve. Dynamic reserve is expressed by the ratio of the
allowable maximum noise voltage to the input sensitivity. This indicates the level of the
degree of noise amplitude under which measurements can be made normally. In other words,
the value expresses the amount of margin which exists with respect to the noise. For detailed
values, see Table 1-1. The dynamic reserve is set by@) SHIFT and(@ DYN RES. The dynamic
reserve changes according to the sensitivity range. The ranges which can be set are shown

below.
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L (Low) 100pV to 1V
M (Mid) 10pV to 100mV
H (High) 100nV (1pV 5610A) to 10mV

FILTER
This section displays the filter mode and the Q at the time of using the BPF. The filter has
four modes : LPF (Low-pass filter), HPF (High-pass filter), BPF (Band-pass filter), and THRU
(Through). There are three types of BPF (normal type, LP type, and HP type), each of which
has a selectable Q of 1, 5, or 30 for a total of 9 kinds.
The filter mode is selected by 20 FILTER MODE and @ MODIFY.

® AVE (Average)
This section displays the averaging mode. There are three averaging modes : LIN (Linear :
moving average), EXP (Exponential : exponent average), an no averaging (without display).
The averaging modes are selected by ) SHIFT and G AVERAGE MODE.

@ DATA2
This is an indicator of measurement results. It displays either ¢ (phase) or Y (A sin ¢).
Switching is by the @ DATA 2 key.

@ DATA1
This is an indicator of measurement results. It displays either A (amplitude) or X (A cos ¢).
Switching is by the @ DATA 1 key. A and X are both simultaneously displayed by voltage
value and dB or %. Selection of dB and % is by 3) SHIFT and 3 NORMALIZE MODE.
The A or X character flashes on and off at the measurement processing interval.

@ DATA3/SETTING

This section displays the measurement results and the setting values of the various
functions. The three kinds of measurement results, which are the reference signal frequency
(REF), the external DC input voltage (EDC), and the ratio (RAT), can be selected with the @9
DATA 3 key.

The setting values of the various functions are displayed in this section when the pertinent
key is pressed. At this time the three alphabetic characters at the left side indicate the header
of the program code when using the GP-1B and RS—232C interfaces.

To return the display to the original measurement results, press the @ DATA 3 key.

@ GP-IB
This section displays the various states of the GP-IB. The displayed symbols are shown
below.
S : Indicates that SRQ is being sent from the unit.
L : Indicates that the unit is being designAated as the listener by the controller.
T : Indicates that the unit is being designated as the talker by the controller.
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@ CONTRAST
This is a trimmer for adjusting the contrast of the liquid crystal display. Turning it in the
clockwise direction will darken the displayed characters.

@® POWERPULLON
Pulling this units power switch toward you will switch on the power. When the power ison a
red ring will appear on the switch bar and the lamp will light up below. The lamp will go off
when the LAMP OFF setting is performed with @) SHIFT and @ LAMP.

@® A A-B (Input Mode)
This is the input selection switch. Setting the switch to the A side will provide a single
ended input of only the A input, and setting it to the A—B side will provide a differential input
with the non-inverted input at A and the inverted input at B.

@ B (Signal Input B)
This signal input BNC connector is used as the inverted input at the time of differential
input (A-B). It will be open-circuited when switch @0 is set at the A side.

@@ A (Signal Input A)
This signal input BNC connector is used as the non-inverted input at the time of single
ended input (A) and differential input (A—B).

® FRANGE (Frequency Range) | MODIFY ]
This key is used for setting the analysis frequency range. The set range is displayed in '@ F
RANGE. The following 5 frequency ranges are available :

0.5- 0.5Hz to 12Hz

10- 10Hz to 120Hz
100- 100Hz to 1200H:z
1k- 1kHz to 12.00kHz
10k- 10kHz to 200kHz

@ DYNRES (DynamicReserve) [ SHIFT ]

This key is used for setting the dynamic reserve. The set value is shown in (@DR. The
dynamic reserve is a value that indicates the level of the noise margin. For detailed values see
Table 1-1. The dynamic reserve is limited by the sensitivity range. The range that can be set
is as follows :

L (Low) 100pV to 1V
M (Mid) 10pV to 100mV
H (High) 100nV (1pV 5610A) to 10mV
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Between the sensitivity and the dynamic reserve, it is the sensitivity that has priority and
when the sensitivity is selected outside of the setting range, the dynamic reserve will also be
switched. In the opposite situation, even if the dynamic reserve is switched, the sensitivity will
not change. A dynamic reserve which exceeds the sensitivity range cannot be set. (For
example, when the sensitivity range is at 100 mV, the dynamic reserve can only be set to M or
L)

@ REF MODE (Reference Mode)

This key is used for setting the reference signal mode. The set value is shown in @REF
MODE. This key selects the source of the reference signal : an external signal (EXT), or
signal from the internal oscillator and the mode of analysis : fundamental frequency (1F), or
second harmonics (2F). The selection will change through the following items as the key is
pressed successively : EXT 1F, EXT 2F, INT 1F, and INT 2F. When the optional oscillator has
not been installed in the unit, the INT 1F and INT 2F settings will not be possible.

@ dB/oct [SHIFT] [MODIFY ]
This key is used for setting the roll-off of the low-pass filter which determines the time
constant. The set value is shown in @@DATA 3/SETTING by pressing this key after pressing
the Q)SHIFT key. There are two types of setting values : 6 dB/oct and 12 dB/oct.

@ SENSITIVITY [MODIFY ]
This key is used for setting the sensitivity. The set value is shown in (® SENSITIVITY. The
setting range is 100nV (1 pV 5610A) to 1V in 1-3 sequence in 15 ranges (13 ranges 5610A).

@ TRATIOK [SHIFT] [MODIFY] [CURSOR]
This key is used to set constant K which is used at the time of ratio measurements. The set

value is shown in @ DATA 3/SETTING by pressing this key after pressing the @D SHIFT key.
The setting range is from 0.100 to 9.999.

@ TCONST (TimeConstant) [ MODIFY ]
This key is used for setting the time constant. The set value is shown in ® T CONST. The

time constant setting range is 1 ms to 30 s in 1-3 sequence in 10 ranges.

@ DAC1 (Digital to Analog Converter) [SHIFT ] [ MODIFY ]
This key selects the output to the BNC connector of the rear panel 63 OUTPUT DAC 1. One
of the four outputs listed below may be selected : A or A dB/%, or X, or X dB/%.
The display is shown in (2 DATA 3/SETTING.
These signals are processed internally in the form of 12-bit digital data. These data are
converted to analog data by the D~ A converter and output from the & OUTPUT DAC 1 BNC
connector. The sampling speed of the D~ A converter is a value set by @) SHIFT and @@

SAMPLING.

5610B/A ‘ 3-5



@ METERMAGX (Meter Magnify)

This switch multiplies by a factor of 10 the sensitivity of the @ X : A cos ¢ meter and the
output voltage from the OUTPUT A cos ¢ BNC connector. The lamp lights up when the
gain is multiplied by 10.

@ DAC2 (Digital to Analog Converter) [ SHIFT ] [ MODIFY ]

This key selects the data output to the BNC connector of the rear panel 48 OUTPUT DAC 2.
One of the five kinds of output listed below may be selected. The display is shown in (2 DATA
3/SETTING. Data output : ¢ (phase), or Y (A cos ¢, or EXT DC (external DC voltage), or
RATIO (K), or REF FREQ (reference signal frequency.)

@ METERMAGY (Meter Magnify)
This switch multiplies by a factor of 10 the sensitivity of the @ X : A sin ¢ meter and the
output voltage from the OQUTPUT A sin ¢ BNC connector. The lamp lights up when the
gain is multiplied by 10.

@ SAMPLING (Sampling) [SHIFT ] [ MODIFY ] [ CURSOR ]

This key is used for setting the measurement processing interval and the transmission
interval of the data. Pressing this key will display two groups of figures, two digits at a time.
The setting contents are as shown below.

Right 2 digits : Measurement processing interval (Sampling time)

00 : Stop 01 : 100 ms 02 : 300 ms
03:1s 04 : 3s 05:10s
Left 2digits  : Data transmission interval (The number of samples that will be taken for

one output of the measurement process)
There will be one output for every 2" measurement processes, the setting being determined
by the value of n. The setting range for n is from 0 to 16. Therefore, the time of the data

transmission interval will be 2" X (Measurement processing interval).

@ FILTERFREQ (Filter Frequency) [ MODIFY ] [ CURSOR ]

This key is used for setting the cutoff frequency of the filter and its center frequency. The
setting range is from 0.5 Hz to 120 kHz, divided into the following four ranges : 0.5 Hz to 120
Hz, 100 Hz to 1200 Hz, 1 kHz to 12 kHz, and 10 kHz to 120 kHz.

The display is shown in (2 DATA 3/SETTING. The optional frequency is set by @) and @
CURSOR and @ MODIFY.

@ CAL (Calibration) [SHIFT ]
This key is used for calibrating the gain of the amplifier and the phase sensitive detector
(PSD). See Section 3.4.13 (4) for the operation method.

@ FILTERMODE [MODIFY ]
This key is used for selecting the filter type. Turning @ MODIFY in the clockwise direction
will provide settings as shown in the table below.
The set mode is displayed in ® FILTER and (2 DATA 3/SETTING.
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Mode Function Display

THRU (Through) No filter (Passage through) TURU
HPF (High Pass Filter) Passage of the high region HPF

LPF (Low Pass Filter) Passage of the low region LPF

BPF : 1 (Band Pass Filter 1) | BP (Normaltype) Q=1 BPF

BPF : 5 (Band Pass Filter 2) |BP (Normal type) Q=5 BPF b5
BPF : 30 (Band Pass Filter 3) | BP (Normal type) Q=30 BPF 30
BPF : L1  (BandPassFilter 4) |BP (Low-passtype) Q=1 BPF L1
BPF : L5 (BandPassFilter 5) |BP (Low-passtype) Q=5 BPF L5
BPF : L30 (BandPassFilter 6) |BP (Low-passtype) -Q=30 BPF L30
BPF : H1 (BandPassFilter 7) | BP (High-passtype) Q=1 BPF H1
BPF : H5 (BandPassFilter 8) | BP (High-passtype) Q=5 BPF H5
BPF : H30 (BandPassFilter 9) |BP (High-passtype) Q=30 BPF H30

12 varieties of mode including THRU are provided. It is important to choose a mode which

matches the purpose of the measurement.

@ PSDZERO [SHIFT]
This key is used for correcting the zero drift of the phase sensitive detector. When this key is
pressed after the input has been short-circuited and the output has stabilized, the output will
be corrected to zero. For details see Section3.4.13 (3).

@ AUTOSET
This key is used to start the automatic setting function. The lamp will be lighted during the
setting. Before pressing the @ AUTO SET key, it is necessary to set the @ REF MODE and 2§
FILTER MODE. The following parameters will be set automatically by inputting reference
signal frequency and the amplitude of the input signal : Analysis frequency range, time
constant, sensitivity, dynamic reserve, filter frequency, and the reference signal phase. For
details, see Section 3.4.3 (1).
@ BEEP [SHIFT]
This key is used for switching on and off the beep sound function. With each press the
function will be switched alternatively between on and off. When a beep sound is generated at
the press of the key the on state is indicated. The beep sound will be generated at times of

overload, unlocking, and misoperation.
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PHASE SET

This key is used to perform an automatic adjustment of the offset phase of the reference
signal. When this key is pressed the unit will automatically detect the phase difference of the
input signal with respect to the reference signal and automatically set the phase of the
reference signal. Accordingly, the value of @) X : A cos ¢ after the phase setting has been
performed will be the amplitude value of the input signal, and the phase ( ¢) shown in @
DATA 2 will be the phase angle of the input signal with respect to the reference signal. For
details see Section 3.4.3 (2).

@ LAMP [SHIFT]
This key switches all of the lamps on the front panel on and off. With each press the function
will be switched alternately between on and off. When the power supply is switched on the
function will be on (and the lamp will be lit).

@ AUTORANGE
This key switches the automatic ranging function of the sensitivity range alternately on
and off. With each press the function will be switched between on and off. The on state is
indicated by a lit lamp. Auto-ranging function is limited to the range allowed by the set
dynamic reserve.
The maximum sensitivity may be limited or the limit value can be cancelled (LIMIT OFF)
by means of @) SHIFT,® LIMIT, and @ MODIFY. For details see Section 3.4.3 (3).

@ LIMIT (AutoRange Limit) [SHIFT ] [ MODIFY ]

This key is used to set the limit of the maximum sensitivity at the time of the auto-ranging
operation or to cancel the limit value (LIMIT OFF). The range which can be selected varies
with the dynamic reserve and will be the same range as the sensitivity that may be set with
each dynamic reserve. The initial setting when the power is switched on becomes LIMIT OFF".
For details see Section 3.4.3 (3).

@ AUTOTUNE
This key switches on and off the automatic setting function of the analysis frequency range
and the center frequency. With each press the function will be switched between on and off.
The on state is indicated by a lit lamp. For details see Section 3.4.3 (4).

@ INITIALIZE [ SHIFT ]
This key is used to initialize the various functions and the setting values to fixed values. For

details see Section 3:4.1.

@) SHIFT
This is the shift key. Press this key before the desired function key is pressed when setting
the functions indicated beneath the keys @ through @. The lamp will light up at the time of
the shift state.
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@ LOCK
This key is used for inhibiting the operations on the panel. When this key is pressed the red
lamp will light up and all of the key operations on the panel and the MODIFY operation will
be inhibited. To get out this state perform the LOCK OFF operation of the following item.

@ LOCKOFF [SHIFT]

This key is used to get out of the state in which the panel functions are inhibited. When this
key is pressed after pressing the shift key, the lamp will go off and operations from the panel
will be possible. When the unit has been set to the remote state by the GP-1B controller, the
operations of the panel will be inhibited even when this lamp is off.

@ DATA1
This key is used to select which measurement results, either A (amplitude) or X (A cos ¢) in
@ DATA 1 will be displayed. With each press of this key the selection will change between A
and X.

@ NORMALIZE VALUE [SHIFT ] [ MODIFY j [ CURSOR ]
This key is used to set the reference value of the dB value or the % value which is shown in
@ DATA 1. The setting range is from 1.000 pV to 1.000 V. The setting value is shown in @
DATA 3/SETTING.

@ DATA?2
This key is used to select which measurement results, either ¢ (phase) or Y (A sin ¢) in (0
DATA 2 will be displayed. With each press of this key the selection will change between ¢ and
Y.

NORMALIZE MODE [ SHIFT ]
Measurement results A/X which are shown in () DATA 1, may be simultaneously displayed
as voltage values, dB values, or % values. This key selects dB or %.

@ DATA3 :

This key is used for selecting any of the measurement results REF FREQ, EXT DC and
RATIO to be displayed in the @2DATA 3/SETTING. At the time of power on, the REF FREQ
is displayed.

@® AVERAGE TIMES [SHIFT } [ MODIFY ]

This key is used to set the averaging times of the measurement results which are shown in

@ DATA 1. The setting range is arranged in ten ways from 2° (1) to 2 * (512). For details on

using this see Section 3.4.9.

3 ADJUSTPHASE [MODIFY ] [ CURSOR ]
This key is used to set the offset phase of the reference signal. The setting range is from
—179.99° to +180.00° and the resolution is 0.01°. For details on the method of use see Section
3.4.4.
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@ AVERAGE MODE [SHIFT ]
This key sets the averaging mode of the measurement results which are shown in () DATA
1. The set mode is displayed in (® AVE. There are three types of settings, LIN (movement

average), EXP (exponent average), and no averaging, in which case nothing is displayed in @
AVE.

@ ADJUSTOFFSET [MODIFY ] [ CURSOR ]
This key is used for setting the amount of offset to the data shown in @ DATA 1. The setting
range is from — 3162 to +3162. Data displayed in dB will not change even when the offset is
applied.

@ RS-232CBAUD [SHIFT] [ MODIFY ] [ CURSOR ]
This key is used for setting the Baud rate and functions of the RS-232C. Pressing this key
will display two groups of figures, two digits at a time. The setting contents are as follows :
Right 2 digits : Baud rate
00 : 300 01 : 600 02:12k 03:24k 04:48k 05:9.6k
Left 2 digits : RS—232C functions and selection of the RS-232C and GP-IB

Stop bit 1 bit 0
2 bits 8 . . .
Parity OFF 0 Added values are displayed in decimal,
ON 4 the setting range is from 0 to 16, and
ODD 0 -
BVEN 9 when set to 16, the unit is under
Character length 8 bits 0 GP~IB control.
7 bits 1 -

@ INTOSCFREQ |MODIFY ] [CURSOR ]

This key is used for setting the oscillation frequency of the internal oscillator (Optional).

The setting range is from 0.5 Hz to 120 kHz, divided into the following four ranges :
05Hzto120Hz 100Hzto1200Hz 1kHzto12kHz 10kHzto 120kHz

The internal oscillator is set to desired frequency by @ @ CURSOR and @ MODIFY. When
making a setting in excess of the range, the cursor is set at the third digit from the right.

When the cursor is set at the left edge digit, the range will be selected. When the cursor is
set one or two digits from the right, setting is not possible in excess of the range.

In the case where the internal oscillator has not been installed and this key is pressed when
(@ REF MODE is set to EXT, "OPR ERR" will be displayed (standing for Operation Error) and
the setting will not be possible.
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@® GP-IB ADR [SHIFT ]} [ MODIFY ] [ CURSOR ]
This key is used for setting the address and functions of the GP-IB. Pressing this key will
display two groups of figures, two digits at a time. The setting contents are as shown below :
Right 2 digits : GP-1B address
Addresses from 0 to 30 are shown in decimal.
Left 2 digits : GP-IB function selection

Talk only 4 Added values are
Header of send data (common with RS-232C) Nil 0 displayed in decimal
Present 2 and the setting range
Delimiter (RS-232C : send and receive CR/LF 0 is from O to 7.
common, GP-IB : send only) CR 1

@ INTOSCLEVEL [MODIFY ] [ CURSOR ]

This key is used for setting the output amplitude of the internal oscillator (optional). The
setting range is from 0 to 255, divided into the following three ranges : 0.0 mV to 25.5 mV, 0
mV to 255 mV,and 0.00 V to 2.55 V.

The oscillator is set to a desired output level by @) @ CURSOR and @3 MODIFY. The setting
values are the values at the time of no load. Since the dutput impedance is 600Q, when an
6002 load is connected the output amplitude value will be half of the setting value.

In the case where the internal oscillator has not been installed and this key is pressed when
(@ REF MODE is set to EXT, "OPR ERR" will be displayed (standing for Operation Error) and

the setting will not be possible.

@ GP-IBLOCAL [SHIFT]

This is the GP—IB return-to-local key. When the GP~1B is in the local state, the lamp lights
up and operation is possible from the panel. When the unit is set to the remote state by the
GP-1B controller, the lamp will go off and operation from the panel will be inhibited. Pressing
this key in this state will cause the lamp to light up and operation to be enabled from the panel
again. This key will not be effective when the unit is set to local lock-out with the GP-IB

controller.

START/STOP ,

This key is used for starting and stopping the sending of digital data. Pressing this key in
the RS-232C mode or the GP-IB talk-only mode will cause the lamp to light up and the
digital data set by @) SHIFT and @ DATA SEL to be sent at the @ SAMPLING interval. One
more press of the key will cause the lamp to go out and the data transmission to stop. When the
power is switched on the stop state will be in effect.

When the GP-1B or RS-232C are not properly connected, the "NRDY ERR" (Not Ready
Error) sign will be displayed and the data will not be sent.
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DATASEL [SHIFT ] [ MODIFY ] [ CURSOR ]
This key is used for setting the data of the digital data transmission. Up to eight kinds of
data can be selected from the table below and output will be in order from the data set at the
left side. Each of the data codes are as shown in the table below.

First parameter Second parameter
Code Data Code Data
0 Nodata "0 No data
1 Line number 1 Line number
2 A (Amplitude) 2 ¢ (Phase)
3 AdB /% 3 Y (Asin @)
4 X (Acos ¢) 4 EXT DC.(External DC input voltage)
5 XdB /% - 5 RATIO
6 ¢ (Phase) 6 REF FREQ(Reference signal frequency)
7 Y (Asin ¢) 7 SENSITIVITY (Sensitivity range)
8 EXT DC (External DC input voltage) 8 Status
9 No data 9 No data

Since theré are many kinds of data the data codes have been divided into first parameter
and second parameter codes. Pressing this key will provide a display in (2 DATA 3/SETTING

in the following form :

L L — Second parameter
Header First parameter

Choose the required output data and set the code using @) @ CURSOR and @ MODIFY. For
example, with a selection of A, ¢, REF FREQ, and SENSITIVITY, the settings will be
0ODS00260067 or ODS26006700.

<t CURSOR

This key moves the cursor position of the setting value of display (2 DATA 3/SETTING to
the left. The value of the digit at which the cursor is placed is changed by the rotary pulse
switch of @ MODIFY.

@ AUX1 [SHIFT]

This is not used.

@ CURSOR »

This key moves the cursor position of the setting value of display @ DATA 3/SETTING to
the right. The value of the digit at which the cursor is placed is changed by the rotary pulse
switch of @ MODIFY.
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AUX 2 [ SHIFT ]
This is not used.

@ MODIFY
This rotary pulse switch is used for changing the setting values of the various functions. In
numerical value settings, turning the switch in the clockwise direction will increase the
setting value and turning it in the counterclockwise direction will reduce the setting value.
Functions that may be set with this rotary pulse switch are those which are labeled in red on

the panel.

@ SIGMON
This BNC connector is used for monitoring the input signal with an oscilloscope or other
instrument. The AC signal applied to the phase sensitive detector passes through a buffer amp

and is output.

0SC
This BNC connector is the output for the internal oscillator (optional). The output level is
from 0 V to 2.55 Vrms and the output impedance is 600 Q.

REF
This BNC connector is the input for the external reference signal. The input impedance is
1MQ. In the case of basic operation, an external reference signal of 1V to 3 Vrms and a sine or

a square wave are optimum.
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3.2.2 Description of the Rear Panel
@ Power Input Connector

This connector is used for connecting the power cable to the unit. The power cable should be
inserted firmly into the connector so that it doesnt come out easily. A 3-pin cord including

ground terminal is available. If required, contact the manufacturer or a sales agent.

FUSE
This is the fuse holder. The cap may be removed by turning it in the counterclockwise
direction with a Philipps screwdriver. Use a fuse with a capacity that suits the power supply
voltage being used. A 2A fuse should be used for 100V /120V and a 1A fuse for 220V /240V. In
either case use a fuse of the regular melting type sized 5.2 mm dia. X 20mm.

® +
This is the ground terminal which is connected to the unit case. Be sure to ground this

terminal for user safety and prevention of outside interference.

& RS-232C
This connector is for use with the RS—232C interface. For details see Section 8.

&) GP-IB
This connector is for use with the GP-IB interface. The address, delimiter, etc. are set at

the panel. For details see Section 7.

62  AirlIntake Vent
This air intake vent is used for cooling and quickly steadying the temperature in the frame.
When placing the unit in position, allow a space of at least 10 ¢cm to the rear of the fan. When
the air filter has become dirty remove the filter and wash it in thin, neutral detergent. Note

that the fan can be switched on and off with switch &9,

63 ACOS¢@ZERO ADJ, A SIN ¢ ZERO ADJ
This is a one-revolution trimmer for the zero adjustment of the X (A cos ¢) and Y (A sin ¢)

phase sensitive detector. For details see Section 3.4.13.

@ SUPPLY VOLTS
This is the power supply voltage selector which is set to match the line voltage. In the case
of changing the setting, check the line voltage and disconnect the cable before making the

setting.
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€ FAN

This switch is used for turning the &2 fan on and off. In case the noise of the fan interferes
with the measurements, turn the fan off with this switch. If the fan has been switched off,
avoid placement of the unit where the natural air circulation will be blocked as well as the
placement of objects on top of the case.

After the power has been switched on, the time taken until the temperature within the
frame becomes steady is about 5 minutes with the fan on and about 1 hour with the fan off.

In addition, in the instance where there is a short period of temperature fluctuation at the
placement location, when the fan is switched off the time constant of the temperature
fluctuation will increase and it will be more difficult for the unit to be affected by temperature

fluctuation.

@ +24VOUTPUT
This is a DC power supply output which supplies power to external preamps, etc.
The current capacity is 2 50mA. The wiring diagram is.shown below.

The connector and cable are preamp accessories.

1 NC
N.C.
N.C.
-24v OUT
+24V OUT

A U s W N

POWER GND

Fig.3-1 124V OUTPUT Connector Wiring Diagram

G INPUTEXT DC/RATIO
This BNC connector is the DC input for the ratio function. The input voltage range is from 0
to £ 10V and the impedance is 100kQ.

OUTPUT DAC 2
This is the data analog output BNC connector which is selected by @) SHIFT and @ DAC 2.
The output impedance is less than 1Q and the maximum output current is £5mA.
There are five kinds of data : ¢, Y, EXT DC, RATIO, and REF FREQ.

@ OUTPUTDAC1
This is the data analog output BNC connector which is selected by 3D SHIFT and @ DAC 2.
The output impedance is less than 1Q and the maximum output current is = 5 mA.
There are four kinds of data : A,AdB/%, X, and X dB/%.
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€@ OUTPUTASIN ¢
This is the analog output of the Y (A sin ¢) phase detector. The output will be £ 10 V at
fullscale for each range. The output impedance is less than 1Q and the maximum output

currentis = 5 mA.
When @ METER MAG Y is pressed and the lamp lights up, the analog DC output voltage of
this output is multiplied by a factor of 10.

6 OUTPUTACOS¢
This is the analog output of the X (A cos ¢) phase sensitive detector. The output will be + 10
V at fullscale for each range. The output impedance is less than 1 Q and the maximum output

currentis = 5 mA.
When @ METER MAG Y is pressed and the lamp lights up, the analog DC output voltage of

this output is multiplied by a factor of 10.

3.3 Input and Output Connections

(1) Input Connections

There are three types of input systems used in this unit, the signal system, the reference
signal system, and the external DC voltage input system for use in ratio measurements. The
equivalent circuit is shown in Fig. 3-2.

The permissible maximum input voltage for each of the input terminals is shown below.

Attention must be paid to these values since the unit may be damaged if inputs in excess of these

values are applied.

Permissible Maximum Input Voltages

Signalinputs A, B DC £200V (including AC component), AC 30Vp-p
Reference signal input (REF)  DC 1200V (including AC component), AC 50 Vp-p
EXT DC/RATIO DC 20V

This unit will often be used in situations where the signal level is small and there is a lot of
noise and so the connection method between the signal source and the unit must be decided on
the basis of the conditions of the signal source. Care must be given especially to the coupling of
the signal system and the reference signal system. Causes of noise mixing may be thought to be
static coupling, electromagnetic induction, and common ground loops. Concerning asynchronous
noise in the reference signal, it can be eliminated to the allowable limit of the units dynamic
reserve. Note that indication errors result when synchronized noise mixes with the reference

signal. Next, we will describe coupling methods which suit the conditions of the each of the signal

sources.
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i 0.16pF
SIG I
A % H L +
10MQ _
EXTDC/
-4 0.16pF : 100kQ RATOIO
B 1 + O
— l —
1noMQ L " 47
J - 1.5pF -
rer (O) it +
1TMQ _
10Q

Fig.3-2 Input Section Equivalent Circuit

Fig.3-3 (A) shows an ideal signal source in which the signal source floats above ground and is
separate from the reference signal. In this case, the input mode selection switch is set to the A
side to provide a single ended input. Shielded cable is used so that electrostatic coupling does not
occur between the signal system, reference signal system, and external noise source. The
positioning should also be at a suitable interval and the ground terminal on the case should be’
grounded.

Fig.3—3 (B) shows an ideal signal source in which the signal sources have a parallel output.
The input mode selection switch is set to the A—B side providing a differential input. At this
time, if flux cuts between the two signal input cables a current will flow and noise will be

produced. The two signal lines should be as close together as possible and twisted at a short pitch.
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Signal source

56108

Reference signal source

] A L
a) N
% 9
jli B I A-B
' Lg
% A
| REF - ——
4 )
" S
I Zref
Fig.3-3(A) Connections with the Signal Sources (A)
) 56108

Signal source

Reference signal source

1

JIP

( Mf flux cuts the line a current will

flow causing noise.)

REF —-

|

N 7Y
v @)

T

Zref

Fig.3—-3(B) Connections with the Signal Sources (B)
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Fig.3-3 (C) shows the arrangement in which the signal source of Fig.3-3 (A) is grounded.
(The grounding of this signal source does not only refer to the intentional grounding by the
system designer, but also includes the instances where the insulation resistance is low or leakage
current flows because of the floating capacitance. When considering grounding, not only is there
an earth ground but also the common grounding of the case to the rack when the system is rack
mounted.) Because the signal source is grounded a potential difference will occur between the
signal source and the units case. In addition, flux that cuts the signal cables will cause a noise
current to flow through them as shown in the diagram. A noise voltage will also arise because of
the impedance of the signal cable (this is not only the DC resistance, but also the presence of
inductance, which increases as the frequency becomes higher). In this case methods of removing
the unit ground may be considered, but since the unit is operated by an AC power supply, there
will be a ground path with the AC power supply via stray capacitance and so a complete floating
condition is impossible. In addition, noise that is mixed from the AC power supply will increase
because the ground has been removed and in the interest of insuring safety, it is necessary to

ground the case.

Signal source 56108
A

/

& n /

1 4___@:

Note : Thisconnection method should not be used. Use the
method shown in diagram

O

}
i
T 11

V..
g

Fig.3-3(C) Connections with the Signal Source (C)

Fig.3-3 (D) shows a grounded arrangement with the same low impedance as (C), but the
connection method is better. The input is arranged as a differential input and since the signal
source and the unit are connected by a low impedance via the ground line, the outside conductor
of the shielded line is not connected at the signal source side.-Also in the case in which a preamp
or other device is connected to the unit and uses the units DC power supply output, the
arrangement will be suited to this connection method since the POWER GND of the power

supply output is connected to the preamp or other device being used.
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Fig.3-3 (E) shows the case in which grounding is by a relatively high impedance. Since the
impedance is high, the current of the ground loop will be smaller. However, since there are cases
where small voltage measurements cannot be ignored, the unit has been given a differential
input which removes the influence of the noise voltage which appears on the outer conductor of
the shielded line. The outer conductor of the shielded line is also connected at the signal source
side.
~ Comparing this to the arrangement in Fig.3-3 (D), because the connection is by high
impedance, the impedance seen from the units input side avoids an increase of only the Zg
portion. Since an increase of the signal source impedance invites an increase of heat noise and an
increase of the effects of electrostatic coupling, considerations must be made to keep it as small as

possible.

56108

Signal source

] A L
s I 72\
—_— \ 1" 9
i I A-B
¢ E— o
— o
B T A

Reference signal source

’ | REF -

=

T
1>
O

\V4

Fig.3-3(D) Connections with the Signal Source (D)
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56108

Signal source

i

@i——%;c .

'W—[E}"—l
] @

Reference signal source

1 REF —3
I's ra) 5: :t———
- =
I Zref

T

Fig.3—-3(E) Connections with the Signal Source (E)

 Fig.3-3 (F) shows the case where the signal source and the reference signal source are
commonly connected. A loop such as the one in the diagram will be formed, however, since the
units reference signal of 0V is connected with the case and Zref (10Q), the bad influences of the
loop will be reduced. Especially at the time of very small voltage measurements, cases which
cannot be ignored will also occur and so at this time the connection method of Fig.3-3 (G) should
be used providing a differential input which will remove the effects.

Explanations have been given to suit the conditions of the signal sources above, but when it
comes to actual measurements, it is often not possible to prescribe the signal source in a clear
form and so it is necessary to try various connection methods and find the best one.

For a check of the noise, connect the @ SIG MON output of the front panel to an oscilloscope or
another test instrument and find the connection method which offers the least noise. For a check
of synchronous noise, make the same connections as for the measurement situation and then
with the ground line in the same condition, disconnect only the output of the signal source and
short the input terminal of the unit.

When at this time the measurement results are not zero and there is a value that cannot be
ignored with respect to the expected measurement value, consideration must be given to the

connection method.
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56108

Signal source

o T 7

& |
— —5

Reference signal source Zref

Note :  This connection method should not be used. Use the method
shown in diagram (G).

Fig.3-3(F) Connections with the Signal Source (F)

56108

Signal source

@_.

? - REF _L_
T ral 7y

)

l -

Reference signal source Zref

~
]

Fig.3-3(G) Connections with the Signal Source (G)
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(2) Output
The unit has six kinds of signal outputs, the specifications of which are shown below. Be

careful since the application of a signal to the output connector may result in damage to the unit.

SIG MON : This is the monitor output for the input signal. After passing through a
filter, an AC signal will be output. Note that the full-scale signal output
amplitude will vary depending on the dynamic reserve.

Maximum output voltage : + 10V

Maximum output current: + 5mA

Output impedance : within 600 Q + 10%
Amplitude frequency response : 0.5 Hz to 200 kHz within 1 3 dB
Rated output (at the time of a full-scale sine wave input)

DYNRESatL : 2Vp-p (no load)
DYNRESatM : 0.2Vp-p (noload)
DYNRESatH : 20 mVp-p (no load)

OSC OUT(optional) : This is the output of the internal oscillator. The internal oscillator is an
option and when not installed, only the BNC connector is provided. If a
function of the internal oscillator is set without the oscillator being
installed, an error display will result.

Maximum output voltage : 2.55Vrms (no load)
Maximum output current : 5 mArms
Output impedance : within 600Q 1%

OUTPUT Acos¢ : Thisis the analog output of the phase detector (COS PSD). When an offset
voltage is present, adjustments are made with & A COS ¢ ZERO ADJ on
the rear panel. Front panel ) @ PSD ZERO does not have any bearing on
this output since the zero adjustment is performed after conversion to a
digital value. The same is true for ) @ CAL.

Output voltage : Otox 10V
Maximum outputcurrent: + 5mA

Output impedance : Lessthan1Q

OUTPUTAsing : This is the analog output of the phase detector (SIN PSD). When an offset
voltage is present, adjustments are made with & A SIN ¢ ZERO ADJ on the
rear panel. Front panel @) @ PSD ZERO does not have any bearing on this
ou-tput since the zero adjustment is performed after conversion to a digital
value. The same is true for ) @ CAL.

Output voltage - Otot 10V
Maximum output current : * 5mA
Output impedance : Lessthan1Q
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OUTPUT DAC1 : This is the analog output for which data selected by the §) @ DAC 1 key
has undergone 12-bit D-A conversion. The sampling interval of the D-A
conversion is a value set by 3) @ SAMPLING.

Output voltage : Otox 12V
Maximum output current: * 5mA

Output impedance : Lessthan1Q

OUTPUT DAC?2 : This is the analog output for which data selected by the @) @ DAC 2 key -
has undergone 12-bit D-A conversion. The sampling interval of the D-A
conversion is a value set by @) @ SAMPLING.

Output voltage : Otot 12V
Maximum output current: * 5mA

Output impedance : Lessthan1Q

The table below shows the output data :

OUTPUT DAC 1 OUTPUT DAC 2
A (amplitude) ¢ (phase)
AdBor A% Y (Asing)
X (A cos ¢) - EXTDC
X dBor X% RATIO
REF FREQ

The selection of dB or % is made by the @) 3 NORMALIZE MODE.
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3.4 Method of Use
3.4.1 Startup

(1) Check that the setting of the power supply voltage selector matches the line voltage in use.
The unit may be used within a range of £ 10% of the set voltage value.

(2) Firmly insert the accompanying power cable into the power connector of the unit and insert
the power plug into the AC outlet. Pulling the knob of the power switch toward you will put the

unit into the operating condition.

(3) When the power is switched on the figures 1, 2, 3 will be displayed in order at the lower
right portion of the liquid crystal display and about two seconds later the unit will enter the
operating state at which time the measurement values and the setting values will be displayed
on the liquid crystal display. When the power is switched on the initialized parameters will be as

follows :
LAMP : ON
BEEP : OFF
DATA OUTPUT : STOP
GP-IB : LOCAL
KEY LOCK : OFF
PSD ZERO : 0 (Zero drift correction value of the phase detector)
CAL : 1 (Gain correction value of the phase detector)

(4) The following errors may be displayed when the power is switched on.

BACK UP MEMORY ERROR! PLEASE PRESS ANY KEY :

This will be displayed when there has been a sum check error in the data backed up by
battery. This error occurs when the battery backing up the memory has discharged and the
data can no longer be stored. The memory back-up period when the battery is completely
charged is about 60 days, although the period may vary somewhat because of changes due to
individual differences and ambient temperature. To bring a battery from a completely
discharged state to full charge requires about 100 hours of charging. When the battery
deteriorates, the back-up time becomes shorter. When the battery can no longer meet practical
usage demands we will replace it at a charge.

If the power is switched off while some settings are being made, the sum check routine will
not be completed and so the next time the power is switched on, an error will occur. Therefore,

wait at least one second after changing the various setting values before switching off the

power,
ROM ERROR! : There hasbeen an error in the ROM being used.
RAM ERROR! : There hasbeen an error in the RAM being used.

If ROM ERROR! or RAM ERROR! is displayed, switch off the power and contact us or our

sales agent.
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(56) After the power has been switched on, the time taken until the units internal temperature
becomes steady is about 5 minutes with the fan on and about 1 hour with the fan off. When
making exact measurements or when using the dynamic reserve at "H", take the measurements
after a sufficient warm up.

Also, pay attention to changes in the ambient temperature.

(6) When the @ REF MODE is set to EXT and the reference signal is not being applied to the
unit, or the setting of the @ F RANGE is not appropriate, "UNLOCK" will be displayed in the
display section of the (@) DATA 1 measurement results. This indicates that measurement is
impossible because the reference signal system is not synchronized. When a signal is applied to
@ REF INPUT or @ REF MODE is set to INT (optional) and the setting of @& F RANGE is
performed, the "UNLOCK" characters will be deleted and the measurement results will be
displayed. When the range of the analysis frequency is 0.5 to 12 Hz, it may take about 100
seconds until the "UNLOCK?" characters are deleted.

(7) The @) @D INITIALIZE key has been provided for making initialization setting to the unit.
This key is pressed after pressing the shift key. The various setting values are as shown below.

BASIC FUNCTION
FRANGE No initialization. (The previous setting values will be maintained.
Same condition below.)
REF MODE No intialization.
SENSITIVITY 1AY
T CONST 100msec
DYN RES L
dB/oct 12dB/oct
METER
MAGX OFF
MAGY OFF
FILTER
FREQ No initialization.
MODE THRU
AUTO FUNCTION
AUTO RANGE OFF
AUTOTUNE OFF
DISPLAY
DATA1 A
DATA 2 ¢
DATA3 REF FREQ
NORMALIZE
MODE dB
VALUE 1.000
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ADJUST

PHASE 0
OFFSET : 0
AVERAGE
TIMES : 64
MODE : OFF
INT OSC
FREQ :  No initialization.
LEVEL : 0.0mV
RS-232C
BAUD : Noinitialization.
GP-IB
ADR : Noinitialization.
LOCAL :  Noinitialization.
OuUTPUT
START/STOP . STOP
DATASEL . Noinitialization.
RATIO
K : 1
SPECIAL FUNCTION
DAC1 : No initialization.
DAC?2 : Noinitialization.
SAMPLING : 300ms 2°(Outputs the digital data to the outside every 128 times.)
CAL : 1 (Gain correction value of the phase detector.)
PSD ZERO : 0 (Zero-drift correction value of the phase detector.)
BEEP : OFF
LAMP : ON
LIMIT : LIMIT OFF
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3.4.2 Basic Operation Method

In this section we will describe the basic operation method for measuring the amplitude and
phase of the input signal without using the automatic functions.

The basic function of the lock-in amp is to detect only the signal synchronized to the reference
signal. Therefore, it is necessary to first consider from where the reference signal should be
supplied. There are two methods : one being to supply the reference signal from outside (EXT) and
the other being to use the units internal oscillator (INT), which is an option. For each of these

methods we will give a description in order from when the power is switched on.

(1) Operation method using an external reference signal

‘The oscillator, device to be measured, and the 5610B/A are connected as shown in Fig.3-4. The
arrows indicate the direction of the input and output of the signal. Since the signal is input with a
single line ground in Fig.3-4, the 8" A " " A-B " switch is set to the A side. (For details on
very small signals and input connections see Section 3.3.) '

The oscillator output is connected to @ REF INPUT as the reference signal. The conditions
required of a reference signal are that it have a frequency.between 0.5 Hz and 200 kHz and that
the amplitude be from 0.3 V to 30 Vp-p in the form of either a sine wave or a square wave. An
amplitude of 1 to 3 Vrms is desirable for the reference signal in view of the phase noise and the
interference to the input signal.

The signal applied to (® INPUT A must be less than 1 Vrms with a noise component of less
than 28 Vp-p.

After checking the power supply voltage, pull the power switch (® POWER toward you to
switch the power on. The various setting values will be displayed on the liquid crystal display
and the @® POWER lamp will light to show that the power is on. The values of the various
settings, which are backed up by battery, will be the same as when the unit was previously used.
Pressing @) SHIFT and then @0 INITIALIZE will set the initial values.

Press the @ REF MODE key until the @ REF MODE display becomes "EXT 1F". (Set "EXT

2F" when an analysis at twice the reference signal frequency is desired.)

Setto A 56108
0
NEESEan =k
Oscillator Measurement device \.""' . . - . .
| > 1 sssacs8E85Eaa° o |l
@ . o :-_-:‘r’: 3T 1l 1 OO ¢ l©—\o—
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Fig.3-4 Connections using an External Reference Signal
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When the @ DATA 1 display shows " UNLOCK " it indicates that the setting range of the
analysis frequency range is inappropriate with respect to the reference signal frequency. Press
the @3 F RANGE key, then turn @ MODIFY while observing the @ DATA 3/SETTING display
and set an analysis frequency range which suits the reference signal frequency. Check that the
1) DATA 1 display changes from " UNLOCK " to the measuring data. The lower the reference
signal frequency, the longer the time until the " UNLOCK " display is deleted. (At 0.5 Hz, the
longest it will take until the " UNLOCK " display is deleted is about 100 seconds and at 100 Hz’
or above the time will be about 1 second.) :

Observe the @ X : A cos ¢ meter and the measurement results of ) DATA 1. When the value
of X : Acos ¢ is less than one-third of fullscale, the sensitivity range is inappropriate and should
be changed. Press the @) SENSITIVITY key and while observing the X : A cos ¢ meter and the
measurement results of @ DATA 1, slowly turn @ MODIFY to the left one step at a time and set
a sensitivity range that will provide a value of X which is one-third of fullscale or higher.

When the X : A cos ¢ meter and the measurement results.of () DATA 1 are unsteady, the
measurement frequency is low or there is a lot of noise, therefore, we will change the time
constant. Press the @ T CONST key and slowly turn @3 MODIFY to the right one step at a time,
setting a time constant at which the wavering disappears.

The amplitude and phase of the input signal will be automatically measured and displayed, A
(amplitude) at @ DATA 1 and ¢ (phase) at @ DATA 2. ’

The value of X (A cos ¢) will be displayed at () DATA 1 when the 33 DATA 1 key is pressed.
Similarly, the value of Y (A sin ¢ ) will be displayed at {0 DATA 2 when the 3) DATA 2 key is

pressed.

(2) Operation method using the internal oscillator (which is an option)

The device to be measured and the 5610B/A are connected as shown in Fig.3-5. The arrows
indicate the direction of the input and output of the signal. Since the signal is input with a single
line ground in Fig.3-5,the G " A " " A~B " switch is set to the A side. (For details on very

small signals and input connections see Section 3.3.)
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Fig.3-5 Connections using the Internal Oscillator

The signal applied to 18 INPUT A must be less than 1 Vrms with a noise component of less
than 28 Vp-p. After checking the power supply voltage, pull the power switch @ POWER
toward you to switch the power on. The various setting values will be displayed on the liquid
crystal display and the @ POWER lamp will light to show that the power is on. The values of
the various settings, which are backed up by battery, will be the same as when the unit was
previously used. Pressing @) SHIFT and then G0 INITIALIZE will set the initial values.

Press the @ REF MODE key until the @ REF MODE display becomes "INT 1F". (Set "INT
2F" when an analysis at twice the oscillation frequency of the internal oscillator is desired.)

When set to "INT" the reference signal will be automatically connected internally. If the
optional internal oscillator has not been installed, the setting to "INT" will not be possible.

~ Next, we will set the frequency of the internal oscillator. Pressing the 389 FREQ key will
display the setting value in (2 DATA 3/SETTING. Press the @) CURSOR key twice and set the
cursor at the left side. When @ MODIFY is turned only the range of the oscillation frequency
will change so the range to be used can be set. Press the @ CURSOR key to set the digit to be
changed and turn @ MODIFY to set the frequency.

Next, we will set the output level of the internal oscillator. When the (9 LEVEL key is
pressed, the present setting value will be displayed in @ DATA 3/SETTING. (This displayed
value is the value when the 0SsC output is under no load and the output impedance is 600
Q)

Using @ @ CURSOR and @ MODIFY, a 3-digit setting can be made from 0.0 mV to 2.55
Vrms. The setting values will change as shown below according to the setting position of the
cursor and the rotation of @ MODIFY.
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Cursor position Third digit (farthest left) Cursor position Second digit (center)
MODIFY clockwise MODIFY MODIFY clockwise MODIFY
direction counterclockwise direction counterclockwise
direction direction
_0.0mV 2.33v 0.0mV 2.46V
10.0mV 1.33V 1.0mV 2.36V
20.0mV 0.33mV § f
_30mV _ 0mV 25.0mV 0.06mV
130mV _0.0mV 26mV _OmV
230mV 36mV
0.33mV §
1.33Vv 246mV 0.0mV
2.33V 0.26V
0.36V
2.46V

3.4.3 Method of Using the Automatic Setting Function

(D)

AUTOSET

This function makes the various complicated settings automatic and has been provided for the

purpose of performing the settings when the units detailed method of use is not known.

The items which can be set automatically by this function are as follows :

[
L J
®
®
L]
®
L]

Analysis frequency range

Sensitivity

Time constant and roll-off (12 dB/oct fixed)

Center frequency of the band-pass filter

Offset phase of the reference signal (Phase setting of the auto function)

Sampling period (300 ms fixed)

Display of the measurement results : A (amplitude), ¢ (phase), and REF FREQ (reference

signal frequency) Before operation of the AUTO SET, first set the following items :

® Reference signal mode @ REF MODE)

Filter mode @ FILTER MODE) For details see the preparatory flow chart used at the time
of AUTO SET in Fig.3-6. Next, we will describe the operation of AUTO SET.
First, measure the frequency of the reference signal, then from that result, set the analysis

frequency range, the time constant, and the center frequency of the band-pass filter.

® Next, set the dynamic reserve to L, the sensitivity range to 1 V, and measure the signal.

® When the measurement value is less than 30% of fullscale, increase the sensitivity in order

and find the optimum range.
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® The time required for switching the sensitivity range once is (Time constant X 3 + 600) ms.
When the signal level is small or there is a lot of noise, it will take more time.
® When the signal level is fluctuating it may not be possible to find the optimum sensitivity
range. In such an instance, cancel AUTO SET and make the measurement.
® When the setting of the optimum sensitivity range has been completed, detect the phése
difference between the reference signal and the input signal, and set the offset phase of the
reference signal. '
@ The operation of AUTO SET will be completed with the above and displayed as follows :
The sensitivity ranges of 100nV and 300nV can be set only in manual setting or by external
control. For the 56108 only.
@ ¢ Phase with respect to the reference signal of the input signal
A Amplitude value of the input signal
(2 REFFREQ  Frequency of the reference signal
If the optimum sensitivity range cannot be found or if you wish to stop part way through, press
the AUTO SET key once more and the auto set mode will be cancelled. In the auto set mode, the
PSD zero offset and the correction value of the gain will not be cleared. In the case of first time
use, press the INITIALIZE key and set to the initial values. The initial setting of the time

constant by the reference signal frequency is as follows :

0.5Hz to 3Hz 3s 3Hz to 10Hz 1s
10Hz to 30Hz 300ms 30Hz to 200Hz 100ms
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@AUTO SET key is pressed the various setting values will be as follows :

BASIC FUNCTION
F RANGE
REF MODE : Setting mode
SENSITIVITY : Automatic setting

: Automatic setting

T CONST : Determined by REF FREQ
DYN RES : Corresponds to SENSITIVITY
dB/oct : 12dB/oct
METER
MAGX : OFF (X1)
MAGY : OFF (X1)
FILTER
FREQ : Automatic setting
MODE : Setting mode
AUTO FUNCTION

AUTO RANGE: OFF
AUTOTUNE : OFF

DISPLAY

DATA1 T A

DATA 2 D P

DATA3 : REF FREQ
NORMALIZE

MODE : Setting mode

VALUE : Setting value
ADJUST

PHASE 1 0°

OFFSET 1 0

(2) PHASE SET

AVERAGE
TIMES : 64
MODE : OFF

INT OSC
FREQ : Setting value
LEVEL : Setting value

RS-232C
BAUD : Setting value

GP-IB
ADR : Setting value
LOCAL : Setting mode

OUTPUT
START/STOP : STOP
DATA SEL : Setting mode

RATIO
K 01

SPECIAL FUNCTION
DAC1 : Setting mode
DAC2 : Setting mode
SAMPLING : 300ms, 27 (Every 128

times)

CAL : Does not clear
PSDZERO : Does notclear
BEEP : Setting mode
LAMP : Setting mode
LIMIT : LIMIT OFF

This function performs an automatic setting of the phase. When the @ PHASE SET key is
pressed the phase offset of the reference signal will be set so that A sin ¢ becomes zero.
With the purpose of measuring the A (amplitude) and ¢ (phase) this function only corrects the

units internal phase error, but it is mainly used in applications such as the following :

® When a high-speed change of the analog output of A is required
Since this unit maintains the accuracy of vector computations, the value of A is calculated

using digital computation. Because of this a change of A results in only a delay of the sampling
time with respect to the output of X. And so the value of A is obtained from the X (A cos ¢)

output by means of phase adjustment to yield a maximum X (A cos ¢) which is the direct

output of COS PSD.
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& When detection of a very small phase change is desired
The measurement of phase changes can be made more accurately in the vicinity of sin 0°
rather than sin 90°. This is because since sin 0°=0, the analog output of Y (A sin ¢) is enlarged
and read by a digital voltmeter. In addition, in the vicinity of sin 0° the phase change and the
Y (A sin ¢) output change almost linearly and so the reading of the phase can be done easily.
For example, given an analog output of A at +5V, X (A cos ¢) following the PHASE SET
will also become +5V and Y (A sin @) will become 0V. Here, when the phase changes 1°, the Y
output will be
Y=15Xsin1°= 87.3mV,
On the other hand, given a change of 150mV,
¢=sin"1(0.15/5)=1.719°
As an approximation, since 87.3 mV =1°, the computation 150/ 87.3=1.718° may be made.
At less than 10° as an approximate computation sin ¢ (degrees)=¢ /180 X r, measurement
can be made with an error of about 0.5%. A little phase error exists between this units signal
input and reference signal input.
This can be corrected by applying a standard signal without a phase difference (close to
zero) between the input signal and the reference signal, and pressing the @@ PHASE SET key.

(3) AUTORANGE ‘
This function automatically sets the serisitivity range. The optimum sensitivity range is
automatically set to correspond with the change of the signal. Range switching occurs when the
signal exceeds 110% of fullscale or becomes less than 20% or fullscale. The time required for
range switching is Time constant X 3 + Sampling interval X 2. "U-XX" will be displayed in (2
DATA 3/SETTING while the range is being changed. The figures XX show the code of the
sensitivity range during the setting. The code is the same as the GP-IB parameter, being
between 0 and 12 (1pV to 1 V).
100nV and 300nV ranges are out. of the auto-ranging operations these range can be set only in
manual setting or by external control. .
The dynamic reserve is not switched in this function and so the range in which the sensitivity
is automatically set will be the value of each dynamicreserve. These ranges are shown below.
Dynamicreserve L : 100uVtolV
Dynamicreserve M : 10puV to 100 mV
Dynamicreserve H: 1pVto1l0mV
There is also a function which limits the maximum sensitivity of the automatic setting ranges
and a cancelling function (LIMIT OFF). This can be set by pressing the @) SHIFT and the @
LIMIT key. The initial value is LIMIT OFF. Pressing the @ AUTO RANGE key will cause the
lamp to light up indicating the auto range function. Pressing the key once more will switch off

the lamp and cancel this mode.
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(4) AUTOTUNE

Using the frequency of the reference signal, this function automatically sets the tuning
frequency of the filter and the analysis frequency range to the same frequency when reference
signal mode is 1F and to twice the frequency at the time of the 2F mode.

Note that when Q) AUTO TUNE is set in the HPF and LPF modes it will automatically select
the THRU mode.

Also, when a signal is input that will yield a setting in which the frequency exceeds 120 kHz,
the THRU mode will be set automatically.

When the filter mode is set to BPF and this key is pressed, the lamp will light up indicating
the auto tune function, which will track the reference signal frequency and set the center
frequency of the BPF. In addition, when the filter mode is set to THRU and the auto tune

function is performed, only the analysis frequency range will be automatically set.

3.4.4 Setting the Reference Signal System

(1) Outline
The reference signal determines the units analysis frequency and plays an important role

along with the input signal. The reference signal is converted to a square wave by the zero cross
comparator inside the unit. A phase shift is performed from the input signal by only the value set
with @ ADJUST PHASE. Two square waves are generated with a phase difference of 0° and 90°
from the shifted signal and they drive COS PSD and SIN PSD, respectively.

(2) Mode

Four kinds of modes are available in the reference signal mode with the combination of INT,
EXT, 1F, and 2F. INT uses the built-in (optional) oscillator and analysis is performed at this
oscillation frequency. When set to this mode, the oscillator output will be connected internally for
use as the reference signal. Measurements are performed by connecting the oscillator output to
the device being measured and applying the measurement signal obtained from here to the input
of the unit. In the INT mode do not apply the signal to the reference signal input.

In the EXT mode analysis is performed with an external signal. A signal (external reference
signal) which is synchronized to the analysis frequency is applied to @ INPUT REF. The 1F and
2F modes set the frequency at which analysis is performed to the same frequency as the reference
frequency or to twice the reference frequency. For instance, with a reference signal of 7 kHz the
frequency at which analysis is performed will be 14 kHz with the 2F mode setting and the
analysis frequency range will be 10 kHz to 200 kHz.

(3) Setting of the internal oscillator (INT mode)
See Section 3.4.5.

(4) External reference signal (EXT mode)

The external reference signal is connected to INPUT REF. The input impedance is 1 M Q
and the maximum allowable input voltage is £ 200 V DC (including AC component) and 50 Vp-p
AC. Attention should be given to the following points when making accurate phase
measurements, detecting small phase changes, and measuring small voltages.
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® Set the voltage value of the reference signal to 1 to 3 Vrms. If too small, phase errors and
phase jitters will increase. If too large, there may be bad effects on the input signal system.

® There should be no noise at the average value point of the signal. The DC component of the
input signal is blocked by a capacitor and the signal is converted to a square wave by the
zero cross comparator so that when there is noise at the average value point, the reference
signal system may not function properly and phase jitters may increase.

® There should be no frequency fluctuation or phase jitters. When there is frequency
fluctuation or phase jitters of the input signal, the measurement results will be unstable.
Especially in the case where A sin ¢ has been phase-adjusted to zero for detecting phase
change, the A sin ¢ output will be unstable and the noise will increase.

(6) UNLOCK

PPL (Phase Locked Loop) circuit is used in the reference system of this unit. When the
reference signal is too small or the analysis frequency range is inappropriate the PLL circuit will
not operate properly. Accordingly, the "UNLOCK" message will be displayed in the
measurement data display section of 1) DATA 1. At this time, check the following points.

® Isthe signal level of the reference signal in the range of 0.3 Vp-p to 30 Vp-p

® s there a large frequency fluctuation or phase jitter in the reference signal

® ]s there alot of noise or pulse interference entering the reference signal

® In the case where the reference signal is a square wave, is the duty ratio within 10:1and 1 :

10 '
® Are the frequency of the reference signal and the analysis frequency range appropriate
® Is the setting of the reference frequency range appropriate )

(6) Phase adjustment
In the case of a single-phase lock-in amp, the phase difference between the input signal and
the reference signal had to be adjusted to zero in order to measure the amplitude of the input
signal. This unit is a 2-phase lock-in amp with two PSD so that simply measuring the amplitude
will suffice without the need to make a phase adjustment. A phase adjustment is used in the
following cases :
® Correction of the units phase error when measuring the phase in the vicinity of the lower
and upper limits of the analysis frequency.
® When you wish to use the analog output of A cos ¢ as the amplitude value instead of A.
® When adjusting A sin ¢ to about zero in order to detect very small phase changes of the
system being measured.

In the case of making phase adjustments, press the 36 ADJUST PHASE key located on the
panel. Using @ MODIFY CURSOR and @ MODIFY, phase adjustment will be possible
from the minimum resolution of = 0.01° step to = 10° step. Correction of the phase error is
performed as follows :
® Set the analysis frequency range, dynamic reserve, sensitivity, and time constant to the

values that will actually be used. o Apply the reference signal and set the signal input

connector so that there is no input (input shorted).
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® When the measurement values of X and Y have stabilized and become fixed values, press
the @) PSD ZERO key. Check that the measurement values of X and Y have come close to
zero.

® Apply the reference signal and a signal of the same phase to the input connector.

® Adjust the 3 ADJUST PHASE so that the value of Y becomes zero. Or press the @ PHASE
SET key. In case zero is not reached the first time, press the ¢® PHASE SET key again.

When using the INT mode, do not apply the external reference signal to REF INPUT.

3.4.5 Setting the Internal Oscillator (INT OSC)

(1) Outline

The oscillator built into this unit (as an option) is a state variable type CR oscillator and the
oscillation frequency and output level can be set digitally. For detailed specifications see Section
1.4.6. In case the oscillator option has been purchased at a later date, install it in the unit
according to the method of Section 2.7,

Since this function is optional, the reference signal mode cannot be set to INT when

the oscillator is not built in.

The setting of this function is performed when the reference signal mode is set to INT. When
the reference signal mode is set to EXT, the oscillation is stopped and the output level is set to

zero.

(2) Setting the oscillation frequency
The oscillation frequency range of the internal oscillator and the setting resolution are as

follows :
0.5Hz to 120Hz 0.1Hz resolution
100Hz to 1200Hz 1Hz resolution
1kHz to 12kHz 10Hz resolution
10kHz to 120kHz 100Hz resolution

When setting the oscillation frequency, first check that the reference signal mode is set to INT
and then set the analysis frequency range to be used. Pressing the @8 INT OSC FREQ key will
display the set frequency in the display section of (2 DATA 3/SETTING. A change of the setting
value is performed with @ MODIFY. In addition, depending on the position of the cursor, there
are three ways of operation. When the cursor is at the left edge only the frequency range will be
switched and the numerical value will not change.

When the cursor is at the second position from the left edge, the setting of the numerical value
and the range will be performed. Placing the cursor at the right edge and at the second position
from the right edge will provide setting values which can only be changed within the range.
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When the frequency has been set to less than 9.9 Hz, the frequency range will not change even
if the cursor is set at the left edge. Range changes should be performed after the setting has been
made at 10.0 Hz or higher. When the frequency setting value greatly exceeds the analysis
frequency range the UNLOCK state will take effect and measurements will not be possible.
Make a new setting since even if the oscillation frequency is changed, the analysis frequency

range will not change.

(3) Setting the output level
The display of the output level is the value at the time of no load. Since the output impedance
is 600 Q, when the load is 600 Q the output level will be half of the display value.
The output level range or the internal oscillator and the setting resolution are as follows :
0.0mV to 25.5mVrms  0.1mV resolution
0mV to 255mVrms 1mV resolution
0.00mV to 2.56mVrms  10mV resolution

When setting the output level, first check that the reference signal mode is set to INT and
then press the (3 INT OSC LEVEL key display the setting value in the display section of (2
DATA 3/SETTING. Set the output level with @) @ CURSOR and @ MODIFY. At this time if the
setting value exceeds 255 there will be a shift to the next range above. There will not be a shift to
a lower range, rather the setting value will become zero. Depending on the setting position of the
cursor and the direction in which @ MODIFY is turned, the setting value will change as shown

below :
Cursor position First digit (farthest left) Cursor position Second digit (center)
MODIFY clockwise MODIFY MODIFY clockwise MODIFY
direction counterclockwise direction counterclockwise
direction direction
_0.0mV 2.33V 0.0mV 2.46V
1.00mV 1.33V 1.0mV 2.36V
2.00mV 0.33mV § §
_30mV _ OmV 25.0mV 0.06mV
130mV _0.0mV 26mV _OmV
230mV 36mV 0.0mV
0.33mV §
1.33v 246mV
2.33V 0.26V
0.36V
2.46V
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3.4.6 Setting the Sensitivity and the Dynamic Reserve (SENSITIVITY, DYN RES)

(1) Dynamic reserve

Dynamic reserve is a specification peculiar to the lock-in amp. This is a figure which expresses
to what extent noise can be superimposed with respect to the fullscale value of the input
sensitivity and a normal measurement taken. A factor which limits the dynamic reserve is the
clipping level of the AC amplifier with respect to the rated fullscale value as far as the phase
detector. Accordingly, the definition of dynamic reserve is expressed in the formula below.

Maximum unclipped noise voltage (p-p)

Dynamic reserve =
Input full scale sensitivity (rms)

As an example, with this unit the 1mV range has a dynamic reserve (H) of 70 dB (3160 times)
and so there will be no clipping even when a signal of 3.16 Vp-p is applied to the input. In other
words, the desired signal of ImVrms can be detected from the input signal of (3.16 Vp-p noise +
signal).

In the case of this unit, since the signal passes through a filter and then AC amplification, the
dynamic reserve will be raised by only the portion blocked by the filter. For detailed dynamic

reserve values see Section 1.4.3.

(2) Dynamic reserve and stability

Ways of increasing the dynamic reserve are to increase the clipping level of the AC amplifier
prior to the PSD or to increase the gain of the DC amplifier following the PSD. In this unit the
dynamic reserve is increased by the latter method. Because of this, when the dynamic reserve is
increased the gain of the DC amplifier will increase and the stability will worsen as a result.
Therefore, when the dynamic reserve is decreased within a range where input overload will not

occur and measurements are taken, stable results may be obtained.

(3) Overflow

This unit monitors all of the clipping levels of the AC amplification section prior to the PSD
and the DC amplification section following the PSD. When there is an overload at the AC
amplification section, "l OVFL" will be displayed in the display section of @ DATA 1 indicating
such a situation and when there is an overload at the DC amplification section, "O OVFL" will be
displayed indicating that there is an input signal overload.

Therefore, when there is an overload because of too much noise component in the input signal,
"I OVFL" is displayed and when the desired signal component is larger than the setting
sensitivity, "O OVFL" is displayed.

(4) Setting the sensitivity and dynamic reserve

The setting procedure for the sensitivity and the dynamic reserve is shown in Fig.3—-7a. Set
the reference signal system and make the settings after the "UNLOCK" message has been
deleted.
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Fig.3-7a Setting Procedure for the Sensitivity and Dynamic Reserve (56108)
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3.4.7 Setting the Time Constant (T CONST)

T CONST is the time constant of the low-pass filter which follows the phase detector. When the
lock-in amp is thought of as being a band-pass filter with a center frequency at the reference signal
frequency, T CONST determines the bandwidth. Therefore, the larger the noise of the signal or the
lower the signal frequency, the larger the time constant must be and the equivalent bandwidth
must be made narrower.

In actual use, T CONST is set to a degree at which the fluctuation of the displayed measurement
value is not annoying. When the time constant has been set large, a wait of 4 to 5 times the length of
the set time constant is until unit the data become stable.

Roll off of the low pass filter may be set 12dB /oct or 6 dB/oct,but usually at a setting of 12 dB/oct
the response speed will be faster with respect to the same fluctuation of the data. When this unit is
incorporated into a servo system, the 6 dB/oct setting may be used to stabilize the response of the
servo system.

Switching is accomplished with the @) @0 dB/oct key.

3.4.8 Setting of the Filter (FILTER)

(1) Outline
The filter used in this unit is a secondary-type state variable filter, the modes and frequency of
which can be set by an external digital signal. The purposes for which the filter is used are as
follows :
¢ Improvement of harmonic response : When a lot of odd harmonics are included in the input
signal, measurement error will occur because the input signal is multiplied with a square
wave in the phase detector. For this reason a filter is used to prevent harmonics from being
added to the phase detector.
® Expansion of the dynamic reserve : Since the noise component is removed by the filter
before AC amplification, the dynamic reserve will be expanded by only the noise portion
which has been removed. For detailed values see Section 1.4.3.
In summary, the filter is used when many harmonic.components (e.g., square waves) are
included in the input signal or when the AC amplifier becomes overloaded (I OVFL) due to
noise of a specific frequency or pulse-type noise. For detailed filter specifications see Section
1.4.2.

(2) Features of each mode and method of use
This units filter offers the following modes :

HPF : High pass Filter (2-pole Butterworth) Q:07

LPF : Low Pass Filter (2-pole Butterworth) Q:0.7

BPF : Band pass Filter Normal type Q:1, 5, 30
LPF type Q:1, 5, 30
HPF type Q:1,5, 30
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¢ HPF

¢ LPF

5610B /A

¢ Provides the characteristics shown in Fig.3-8 offering 3 dB attenuation at the
setting frequency with a slope of 12 dB/oct. The frequency is set lower than the
signal frequency so as not to affect the gain of the signal. Since the pass band is flat,
it is not necessary to change the setting frequency even if there is some fluctuation
in the signal frequency. This filter is used when there is a lot of noise in the low-
frequency components.

: Provides the characteristics shown in Fig.3-8 offering 3 dB attenuation at the
setting frequency with a slope of 12 dB/oct. The frequency is set higher than the
signal frequency so as not to affect the gain of the signal. Since the pass band is flat,
1t is not necessary to change the setting frequency even if there is some fluctuation
in the signal frequency. This filter is used when there is a lot of noise in the high-

frequency components.

_AMPL
[dB]
0 LPF ANPL HPF
PHASE[° ]
LPF /HPF
0/ +180
—-380,/+90
4{-180 0

Normalized Frequency

Fig.3-8 Signal System Filter (Normal type)



Three types of band-pass filter characteristics, normal. Low pass and high pass are

available. For all three types, the gain at the set frequency is 1 and the AUTO TUNE function

may be used.

¢ BPF (Normal)

¢ BPF

(LPF Type)

As shown in Fig.3-10, the BPF (normal) filter has symmetrical high
frequency and low frequency characteristics. The Q may be selected as 1, 5
or 30 and the rolloff at frequencies removed from the set frequency is 6dB /
oct. Since the phase at the reference frequency is 0°, this filter
characteristics is ideal for use in measuring the amplitude and phase of
signals with high noise levels. Care should be taken as using a high Q will
result in phase errors for even small frequency variance. This filter
characteristics is also effective in minimizing harmonics.

: Asshown in Fig.3-17, the LPF type characteristics exhibit a peak, the

gain at the peak being 1 and this peak being located at the set frequency. In
contrast to the normal type characteristics, the high-end and rolloff is 12dB /
oct, making these filter characteristics effective for signals exhibiting large
high frequency component noise levels. The Q may be selected as 1, 5 or 30.
It should be remembered that the phase at the set frequency is —90°. This

filter characteristics is ideal in minimizing harmonics component.

OBPF(HPF Type) : Asshown in Fig.3—-11, the HP type characteristics exhibit a peak, the gain

5610B /A

at the peak being 1 and this peak being located at the set frequency. In
contrast to the normal type characteristics, the low end and rolloff is 12dB /
oct, making these filter characteristics effective for signals exhibiting large
low frequency component noise levels. The Q may be selected as 1 or 5. It

should be remembered that the phase at the set frequency is 90°.
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Fig.3—9 Signal System BPF Filter (Normal type) Characteristics
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Fig.3—-10 Signal System BPF Filter (LPF type) Characteristics
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Fig.3-11 Signal System BPF Filter (HPF type) Characteristics

(3) Mode setting method

The filter mode is set by pressing the @ FILTER MODE key and turning @ MODIFY in the
clockwise direction at which time the mode will be set and displayed in the ® FILTER display
section in the following sequence :

"THRU" - "HPF"-> "LPF"- "BP1"—> "BP5"- "BP30"—> "BPL1"—

"BPL5"— "BPL30"—  "BPH1" — "BPH5" —» "BPH30" - "THRU". -

The numerical values 1, 5, and 30 express Q, the L of BPL indicates the low-pass mode of the

band-pass filter, and the H of BPH indicates the high-pass mode of the band-pass filter.
(4) Frequency setting method

The range in which the filter may be set and the resolution are as follows :

0.5Hz to 120Hz 0.1Hz resolution
100Hz to 1200Hz2 1Hz resolution
" 1kHzto 12kHz 10Hz resolution
10kHz to 120kHz 100Hz resolution
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Pressing the @ FILTER FREQ key will display the set frequency in the display section of (2
DATA 3/SETTING. A change of the setting value is performed with @ MODIFY. In addition,
depending on the position of the cursor, there are three ways of operation. When the cursor is at
the left edge only the frequency range will be switched and the numerical value will not change.
When the cursor is at the second position from the left edge, the setting of the numerical value
and the range will be performed. Placing the cursor at the right edge and at the second position
from the right edge will provide setting values which can be changed only within the range.

When the frequency has been set to less than 9.9 Hz, the frequency range will not change even
if the cursor is set at the left edge. Range changes should be performed after the setting has been
made at 10.0 Hz or higher.

When the Q has been set to 30 or when fine adjustments of the frequency, which has been set
to less than 10.0 Hz, are desired, make the adjustments with the @ FILTER FREQ ADJ trimmer.
When using AUTO TUNE, turn this trimmer fully in the counterclockwise direction setting it to
CAL.

(5) AUTOTUNE

This function automatically tunes the center frequency of the filter to the reference signal
frequency at the time of the BP mode setting. Concerning the operation, the reference signal is
measured by the units infernal frequency counter and the value is set to the filter.

Pressing the AUTO TUNE key will cause the lamp to light up and start the auto tune
operation. One more press will switch off the lamp and stop the function. When this key is
pressed in the LPF or HPF mode the filter will be switched to the THRU mode.

3.49 Setting of Averaging (AVERAGE)

(1) Outline

This unit has two averaging modes used to digitally average the measurement results and
eliminate noise. In the case of the lock-in amp, noise removal is performed by the LPF following
the phase detector, but when the time constant becomes very 1arge the performance worsens and
rather than using analog circuits it is advantageous to do the job digitally.

In averaging, it is necessary to pay attention to the time constant (T CONST) and the

measurement processing interval (sampling) when making settings.

(2) LIN AVERAGE

This type of averaging is performed by the movement average method. The movement average
method makes a simple addition of the past data of a specified frequency from the newest data. A
dividing operation by this frequency is performed at each sampling. The S/N ratio will be
improved by only the square root of the averaging frequency. With respect to the following EXP
AVERAGE, this method has the advantage that there is a shorter time until the final value is

determined.
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The time constant (T CONST) is set the same as or slightly longer than the measurement
processing interval and the averaging frequency is set so that the value (Measurement
processing interval X Averaging frequency) becomes markedly larger than the time constant (T

CONST).

(3) EXPAVERAGE

This averaging method is achieved by a digital computation of the CR response and expresses
the same response as the primary low-pass filter, the time constant being (Measurement
processing interval X Averaging frequency). .

The time constant, the measurement processing interval, and the averaging frequency are set
the same as in LIN AVERAGE.

The response waveform will be in combination with the time constant set by T CONST (at the
LPF following the phase detector). »

With the time constant (T CONST) there is a maximum of 30 seconds, but with EXP
AVERAGE settings can be made to 10 seconds X 2° which is very effective when making the
time constant larger. Used in combination with the time constant (T CONST), freer time

constant settings may be made offerring a much wider application range.

(4) Usage notes .
Concerning the sensitivity range, choose a range at which there will be no overflow due to

instability of the data. The outputs of €) A sin ¢ and €D A cos ¢ will not be averaged. Also note
that EXT DC will not be averaged. Fig.3-12 shows the response waveform at the time of
switching on and off only the signal portion of a signal including noise.

Ll

DAC y

——7.

== = ===
Tt : Py
- —

OuTPUT

'LIN AVERAGING 10sec EXP AVERAGING

Setting conditions

Measurement processing interval : 100 ms, averaging frequency : 128 times,
time constant : 100 ms, 12 dB/oct, A
Fig.3—-12 Effect of Averaging
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3.4.10 Setting the Ratio

(1) Outline

The ratio function displays the ratio of the measured value and the DC voltage input from
outside. The dual beam method (see part (3) below) is one of the main uses for this function. Here,
by finding the ratio of the measurement results of two lock-in amps, the changes of the light
sending and light receiving sections are cancelled and just the true changes of the device being
measured become accurately measurable over a long period of time. The display value of the ratio

is expressed as follows :

X or Y percentage of range full scale
RATIO =K X 0.1= K =9.999

Percentage of EXT DC full scale

The value at fullscale is 1.200 and at this time the analog output of 68 OUTPUT DAC 2is +12
V.

(2) Setting method :

The fullscale value of the EXT DC measurement is = 10 V and the resolution is 10 mV. An
external DC voltage for comparison purposes is applied to the & EXT DC/RATIO BNC connector
on the rear panel. The measurement resolution is best when a value close to fullscale but not
exceeding fullscale is selected. When the display of (2 DATA 3/SETTING is set to "EDC :" with
the @ DATA 3 key, the EXT DC measurement value will be displayed. .

The various settings will be performed so that the values of the () DATA 1 measurement
results can be measured optimally. Read the measurement results of 1? DATA 1 and the EXT DC
measurement value of (2 DATA 3/SETTING and compute a suitable value of K from the RATIO
formula. Press the @) @ RATIO K switch and set with @3 MODIFY. The setting range is from
0.100 t0 9.999.

When the display of @ DATA 3/SETTING is set to "RAT :" with the G5 DATA 3 key, the
RATIO measurement value will be displayed. The fullscale value of the ratio is 1.200 and at this
time the & DAC 2 output will be +12 V when set to ratio. The.display value of (2 DATA 3/
SETTING is calculated by internal digital values and displays up to £ 9.999. When a voltage
exceeding + 12 V is applied to EXT DC, "E OVFL" will be displayed in the display section of @
DATA 1.

(3) Dual beam method

The connections of the general dual beam method are shown in Fig.3-13. A chopper of the
type that simultaneously chop two different frequencies is selected. The beam from the light
source is divided into two by a half mirror and is chopped by each of the differing frequencies.

The beam that does not pass through the sample (f;) and the beam that passes through the
sample (f3) are made into one beam by the half mirror and are guided to the detector.
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Because the output of the detector is connected to the input of two lock-in amps which are
externally synchronized by, f; and f3 and because this output is the change data (Y) of the light
source and the detector are output to the output of the lock-in amp synchronized by fi. The true
changes of the sample and both the changes of the light source and the detector contained in data
(X) are obtained in the output of the lock-in amp synchronized by f3. The changes of the sample
can be detected by taking the ratio of X to Y. By carrying out the X/Y calculation, the deviation of
the light source and the detector contained in both denominator and numerator can be cancelled. -
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Fig.3-13 Dual Beam Method
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3.4.11 Method of Data Output to the Printer

(1) Outline
This unit can output data directly to a printer equipped with a GP-IB interface (with a listen-
only function) or an RS-232C interface. Data of the parameters to be printed and the speed can

be set from the panel.

(2) Setting the output data

There are up to eight kinds of data from the table below which are output from this unit. This
is accomplished by setting the data codes with the ) @ OUTPUT DATA SEL key on the front
panel. Each data code is listed in the table below.

First parameter Second parameter
Code Data Code Data
0 No data 0 Nodata
1 Line number 1 Line number
2 A (Amplitude) 2 ¢ (Phase)
3 AdB /% 3 Y (Asing)
4 X (Acos ) 4 EXT DC (External DC input voltage)
5 XdB /% 5 RATIO (Ratio)
6 ¢ (Phase) 6 REF FREQ(Reference signal frequency)
7 Y (Asing) 7 SENSITIVITY (Sensitivity range)
8 EXT DC (External DC input voltage) 8 Status
9 Nodata 9 Nodata

Since there are many kinds of data the data codes have been divided into first parameter and
second parameter codes. Pressing this key will provide a display in @ DATA 3/SETTING in the

following form :

—Second parameter

Header '— First parameter

Choose the required output data and set the code using @ CURSOR and @ MODIFY. For
example, with a selection of A, ¢, REF FREQ, and SENSITIVITY, the settings will be
0DS00260067 or ODS26006700.

The line number is used to indicate the elapsed time from the start of the measurement in the
case of sending data out to the printer. When OUTPUT START is performed, the numerical
value will start at 1 and be incremented by 1 until 9999 is reached, at which time the value will
become zero and again start from 1. The passage of time is known from this numerical value and

the data output interval.
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(3) Setting the time of the data transmission interval

The time of the data transmission interval sets at what number of samples the data will be
regularly output. This is expressed in the formula below :

Time of the data transmission interval = Sampling time X Data transmission interval (At
what number of samples the measurement processing will be output once.)

The sampling time and the data transmission interval are set with the @ SAMPLING key on
the front panel. The data will be displayed as shown below when the @ SAMPLING key is
pressed while the @) SHIFT key is held down.

Right 2 digits : Measurement processing interval (Sampling time)

00 : Stop 01 :100ms 02 :300ms 03 :1s 04 : 3s 05:10s

Left 2 digits : Data transmission interval

One output for 2 n times of measurement processing.
Set by the value of n. The setting range for nis 0 to 16.

(4) Printer with GP-1B interface

1When sending data directly to the printer with the GP-IB, set the unit to the talk-only mode
and set the printer to the listen-only mode. Or set the unit to the GP-IB mode using the
RS-232C BAUD key and press the OUTPUT START key to light the lamp and start the output
of data. For detailed parameter settings see Section 7 on the GP-1B.

(56) Printer with RS-232C interface

When sending data directly to the printer with the RS-232C, set the unit to the RS-232C
mode with the RS-232C BAUD key and set the parameters including the Baud rate and the stop
bit to match the printer, then press the OUTPUT START key to light the lamp and start the

output of data. For details on parameters and cable connections see Section 8 on the RS-232C.

3.4.12 Method of Using Special Functions

(1) BEEP

At times of overload, the UNLOCK ‘condition, external control errors, and séttings outside of
the range, this unit may issue an alarm sound. This function is switched on and off by the G) @&
BEEP key. When the key is pressed and the alarm sound is issued, the function is on, and when
there is no sound the function is off. When the power is switched on the function will be off.
Therefore, when the use of this function is desired, it must be switched on after the power is

switched on.

(2) LAMP A

A function has been included to switch off all of the lamp displays so that the light from the
lamp displays does not cause interference when this unit is used in a dark room. This function is
switched on and off with the @) @ LAMP key. When the power is switched on the function will be
on. Note that when the function is off in a dark room situation and there is a momentary power

failure during use, the lamps will light when the power comes on.
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(3) KEYLOCK
The @ KEY LOCK inhibits the setting operations of the panel. The red lamp will light
during KEY LOCK. When the 3 KEY LOCK key is pressed after pressing the @) SHIFT key,
KEY LOCK will be cancelled, the lamp will go off, and the panel operations will be enabled.

(4) AUX
This key is not used with the present unit.

3.4.13 Method of Using the Calibration Function

(1) Outline
This unit has three calibration functions. One is with the PSD ZERO ADJ trimmer which
calibrates the DC offset of the phase detector. The others are via the two keys, PSD ZERO and
CAL which digitally process the correction of the zero drift and gain of the phase detector.

(2) Analog calibration of the phase detector DC offset
" The phase detector converts and amplifies only the desired signal from within the input AC
signal. In the dynamic reserve H mode, the DC gain is 1000 times and the zero point may drift
due to temperature changes or a change with the passage of time. So with a change of
placement or ambient temperature change, calibration will be necessary.
Calibration should be performed after checking that the ambient temperature change is
small and allowing a sufficient warm-up period after switching on the power.
Short each of signal inputs A and B, perform the INITIALIZE function, and make the

following settings :
F RANGE : 100 tol.2kHz
REF MODE : INT 1F (when the INT OSC option has not been installed, set
EXT 1F and apply a reference signal in the vicinity of 400 Hz.)
SENSITIVITY : 10mV
DYN RES : H
T CONST : 100ms, 12dB /oct
FILTER MODE : THRU
All automatic functions : OFF
INT OSC FREQ : 400Hz
METER MAG : X10

& A cos ¢ ZERO ADJ and A sin ¢ ZERO ADJ trimmers so that the value indicated on the 2
X : Acos¢pand Y : A sin ¢ meter becomes zero. Now, check that the meter indication is zero
and that the measurement data of @ DATA 1 is within £ 0.05 mV. If these values are greatly

different, internal calibration is required.
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(3) PSDZERO

This function corrects the zero drift of the phase detector by a digital value and when
compared with Step (2), can be used easily. Note, however, that this function will not correct the
output signals of €0 A sin ¢ and €) A cos ¢.

Short each of signal inputs A and B, set all of the ranges to be used such as the analysis
frequency range, the sensitivity, and the reference signal mode, then wait until the display
becomes stable. When the display has become stable, press the 3) SHIFT key and then press the
PSD ZERO key.

The value of the data of D DATA 1 will be corrected to zero and the correction values will be
stored internally. These correction values will be cleared at the time of INITIALIZE and when
the power is switched on.

When the displayed values, that is, the correction values are * 30% of full scale or greater,
correction will not be possible and an error will result with "CRCT ERR" being displayed in the
display section of (2 DATA 3/SETTING.

(4) CAL

This function corrects the gain of the phase detector and the amplifier with a digital value. In
making these corrections an accurate calibration signal is necessary.

After performing the correction of Step (3), set the display of @ DATA 1 to X : cos ¢ and set all
of the ranges that will be used such as the analysis frequency range, the sensitivity, and the
reference signal mode, then apply a calibration signal, which is equivalent to sensitivity full
scale, to the input. Perform the adjustment of the phase. The display value of @) DATA 1 will
become ‘the input amplitude value. Check that this display value is within % 10 of range full
scale. Press the @) SHIFT key and then when the @ CAL key is pressed, the @ DATA 1 display
value will become the same value as range full scale and the correction value will be stored
internally.

When the @ DATA 1 display value prior to performing CAL is not within + 10% of range full
scale, "CRCT ERR" will be displayed in the (@ DATA 3/SETTING display section without
correction being performed. The correction value will be cleared at the time of INITIALIZE and

when the power is switched on.

i : +10% (CALrange) (CALrange) £10% : :
' 1 i 1
f ! I [ 1
] H ] H
1 l ]
Range -FS 0 Range +FS

Fig.3— 14 Explanatory Diagram of the CAL Range
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3.4.14 Overload, Unlock, and Error Displays

(1) Overload display
There are three kinds of overload displays as shown below. They are displayed in the display
section of (@) DATA 1. When BEEP is on the beep sound will be issued during the overload
condition.
IOVFL (Overcode1) : When the input amplifier has become saturated due to too high
a noise level with respect to the signal. -
O OVFL (Overcode 2) : When the signal is too large and has exceeded 120% of full scale.
E OVFL (Overcode4) : Whenthe EXT DCinputis & 12 V or higher.
The over code is a code which responds when there is an overload inquiry of the GP-IB or
other interface and when there is a simultaneous generation a summed value will result.
There is no special overload display at the time of ratio measurements and there will be a
display of 9.999. -

(2) Unlock

When the amplitude of the reference signal is too small or the reference signal circuit does not
operate properly because the frequency is outside of the analysis frequency range, "UNLOCK"
will be displayed in the display section of @) DATA 1. If BEEP is on at this time, the BEEP sound

will be issued. -

(3) Errordisplay

When the errors listed below occur, the error code is displayed in the display section of ({2
DATA 3/SETTING and if the BEEP is on the BEEP sound will be issued once. The error code
display will still be displayed after the error state has been cancelled and will not be deleted until

another data display or function setting has been performed.

OPR ERR (Error code 1) . There has been an error in the key operation.

Example : When the INT OSC has been installed and the reference signal mode is set
to EXT, the error will occur when an attempt is made to set the parameters
of the INT OSC.

PRMTR ERR (Error code 2) : When there has-been an attempt to set a parameter
outside the specification range with a GP-IB, efc.

OPT ERR (Error code 3) : When there has been an attempt to make a setting of an
optional function which is not included in the unit.

Example : Even though the INT OSC has not been installed there has been an attempt
to set it. A

PRGM ERR (Error code 4) :  When there has been an error in the header of the
program code of the GP-1B or RS-232C.
RS-232C ERR (Error code 5) :  When there has been an error in the RS-232C.

Example : When thereisa parity error or an overrun error.

NRDY ERR (Error code 6) :  When the OUTPUT DATA START switch has been

pressed but the external device is NOT READY.
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REF ERR (Error code 7)

CRCTERR (Error code 8)

BACK UP MEMORY ERROR!
PLEASE PRESS ANY KEY

ROM ERROR !
RAM ERROR!

5610B /A

When the AUTO SET switch has been pressed but the
reference frequency cannot be properly measured.

When the CAL or PSD ZERO switch has been pressed
but the data do not meet the conditions.

When there has been a sum check error in the data
backed up by battery.

When there has been an error in the ROM being used.
When there has been an error in the RAM being used. If
there has been a ROM error or a RAM error, switch off

the power and contact us or our sales agent.
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4 OPERATING PRINCIPLES

4.1 Introduction

This section explains the basic operating principles of the 5610B/A. The basic lock-in amplifier is
described first followed by the description of noise figure, equivalent noise bandwidth, step
response and other aspects of lock-in amplifier operation.

The operating principle of the 5610B/A is explained using block diagrams.

4.2 Basic Lock-In Amplifier

The lock-in amplifier is based on the fact that the noise power is proportional to frequency
bandwidth. If the frequency band is narrowed, noise is reduced and only the signal component can
be extracted. To this end, it is essential to realize a highly stable band-pass filter capable of
selectively amplifying only those frequency components existing very close to the frequency of the
desired signal. One of the approaches provides the lock-in amplifier.

Fig.4-1 shows a block diagram of a basic lock-in amplifier. An input signal applied to the SIG
INPUT is amplified by the AC AMPL, and applied to the PSD (phase sensitive detector).

Simultaneous with this, a reference signal applied at the REF INPUT is wave shaped and phase
adjusted at the REF CIRCUIT and applied to the PSD as a square wave synchronized in phase with
the signal to be detected. At the PSD, the input signal and reference signal are multip‘lied,
converting these two signals to sum and difference frequencies. Therefore, the in-phase components
are convereted to DC, while other frequency components (i.e., noise) are converted to AC. These AC
components are eliminated by means of an LPF (low pass filter) leaving only the DC oﬁtput
corresponding to the measured signal components.

The low pass filter determines the bandwidth which essentially establishes the noise elimination
capability of this system. The band-pass of the low pass filter may be made narrow without
sacrificing stability, enabling the equivalent noise bandwidth to be made extremely narrow, so that

virtually all noise can be eliminated.

SIG ;
INPUT PSD ouTPUT
A o~ _ B
AMPL ’\XJ > LPF
]
M
REF
INPUT

REF
CIRCUIT

Fig.4-1 Basic Lock-in Amplifier

5610B/A ' 4-1



4.3 Noise Figure

While a lock-in amplifier can be used to greatly improve SN ratio as described in 4.2 above, this
improvement is limited by lock-in amplifier internal noise (preamplifier noise). When the level of
lock-in amplifier internal noise (preamplifier) is high, a large time constant is required to obtain
the same SN ratio, resulting in longer measurement time. Thus, the level of the internal noise is
one of significant parameters to indicate the performance of the lock-in amplifer.

The noise figure, which is used to express noise performance of lock-in ier. is the ratio of input
referred noise voltage to the terminal noise voltage of the signal source.

. Input referred noise voltage

Noise figure (dB) =
Signal source thermal noise voltage

The signal source thermal noise voltage is an unavoidable source of noise for any signal source
and is the minimum possible noise level, this being determined by temperature, signal source
resistance and frequency bandwidth.

If, as shown in Fig.6—3, points of equal noise figure are connected, we derive what is known as
the noise figure contour plot. The following is a brief description of how this plot is used.

(a) Determination of the Actual Input-Referred Noise Voltage
The noise figure is determined from the actual frequency bandwidth (B), signal source

resistance (Rs), absolute temperature (T) and Boltzman’s constant k (1.38 X10™%), as follows.

(Input-referred noise voltage) \/ 4kTBRsX 10VF'%
From this equation, if the noise figure is below 3dB, it can be seen that the amount of noise

increase over the ideal characteristics is 1.4 times max.

(b) Attaining the Optimum Noise Figure

The amount of noise may be reduced by reducing the signal source resistance, limiting the
bandwidth and lowering the temperature. The noise figure indicates a rate of increase of noise
under predetermined conditions. Therefore, lowering the noise figure could cause the absolute
amount of noise increase to actually increase. If the signal source resistance is set so that the
noise figure decreases, connecting a resistance in parallel or in series with the signal source will
not improve SN ratio and even causes more deterioration of this ratio. If the signal source
resistance is relatively low, the use of a step-up transformer can result in best noise
characteristics. For details of this, refer to the instruction manual on catalog of " Input

Transformer L1-771/771 " manufactured by us.
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4.4 Equivalent Noise Bandwidth and Step Response

These system parameters are determined virtually entirely by the low pass filter characteristics.

Mathematical description of these parameters will be omitted for simplification.

The equivalent noise bandwidth (ENB) is virtually entirely determined by the time constant (T
CONST) of the low pass filter.

1/4T for T CONST 6dB/oct
1/ST for T CONST 12dB/oct The time constant (T)

The time step response characteristics are shown in Fig.4—2. From this figure, the amount of
time required from the point at which a signal is applied to the lock-in amplifier until the final
value is reached can be determined. If the time constant is 6dB/oct, this time is four to five times the
time constant and for a time constant of 12dB/oct, this time is six to seven times the time constant.

The response time for a given equivalent noise bandwidth is approximately faster for 12dB/oct
when compared with 6dB/oct. Therefore, in normal use, it is advantagenous to use the 12dB/oct
setting. When using the 5610B/A as part of a servo system loop, 6dB/oct, however, should be used to
assist loop stability problems.

Output voltage (%)
6dB/oct system
i ¢ Output voltage (%)
/ 12dB/
100 — tT 6dB/oct dB/oct
/ 05 39.35 9.02
1.0 63.21 26.42
8o 1.5 77.69 44.22
i ~——— 12dB/Oct system 20 86.47 59.40
 a 2.5 91.79 71.27
3.0 95.02 80.09
35 96.98 86.41
or 40 98.17 90.84
o 45 98.89 93.89
i 99.32 95.96
20 5.0
5.5 99.59 97.34
7 6.0 99.75 98.26
i | 1 i 1 I 1 i : | 1
0 1 2 3 4 5 6
Timet/T

Fig.4-2 LPF Step Response
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4.5 Block Diagram
The block diagram is shown in Fig.4-3

(1) Signalsystem

The signal system is a low-noise differential input selective amplifier comprised of Al,
FILTER and A2. Four filter characteristics modes, HP, LP, BP and THRU may be selected. After
passing through the filter, the input signal is amplified by amplifier A2, resulting in a dynamic
reserve improvement equivalent to tne components blocked by the filter. Any overload
conditions are detected at amplifiers A1 and A2 and the signal level.
The A1 and A2 gains and the filter parameters, and overload information as well are controlled
by the CPU, through the data bus.

Fig.4—-4(a), (b) and (c) show the level diagrams for the signal system. The PSD gain is not the
theoretical value but is circuit compensated to the value of 1. The voltages before the PSD are
rms AC voltages and those following the PSD are indicated as DC voltages.

(2) PSD

The AC amplifier outputs are fed to a COS. PSD, a SIN PSD, and a monitor. At the PSD the
AC amplifier output is multiplied with the square wave of the reference signal line output. Of
the PSD outputs, the amplitude A which is inphase with the input signal voltage and the phase ¢
which is the difference in phase between the reference signal and the input signal are derived as
the A COS.(A SIN ¢ for Y, as shifted 90° on the reference signal line) DC signals, and to an AC
signal representing asynchronous signals.

The AC signal representing asynchronous components is attenuated by the next low pass

filter stage.

(3) Low Pass Filter and DC Amplifier

LPF is a low pass filter having a rolloff selectable as 6dB/oct or 12dB/oct. The time constant of
this filter determines the equivalent noise bandwidth for signal detection and measurement
(refer to Section 4.4). }

The DC AMPL provides a DC signal level of 210V fullscale which is fed to the PSD output

connector as well as to the A—D converter section‘and meter.

(4) A-Dand D-A Converters

The A COS @ (A SIN &) DC signals are digitized by means of 13-bit A—D- converters, and
calculated, averaged and compensated by the CPU, to be displayed on LCD display and
converted into the analog signal again by the D—A converter.

(56) Reference Signal System
After the reference signal passes through the input buffer, it is wave shaped to a rectangular
waveform by a comparator and shifted the required amount with respect to the input signal by

means of a phase shift circuit, and is fed to PSD.
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(6) Internal Oscillator

A state-variable type internal oscillator is used with the oscillation frequency being digitally
settable to 3.5 digits.

When the reference signal mode is set to INT, the oscillator output will be the reference signal
and the signal will be output.

(7y CPU

The 56108-A uses a high-performance 16-bit CPU with an 8-bit data bus to perform vector
calculations, execute automatic functions, control panel functions and control the GP-1B and'
RS~-232C interface as well as other functions. The memory consists of 64k bytes of ROM and 8k
bytes of RAM, with the RAM contents being backed up by battery.
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Saturation Level

v

100mVv

10mV

imV

100pv

10pv

pv

100nV

Y NSs\

FILTER —»— PSD DC AMPL |—o0

0dB 0d8 60d8
40dB 10dB
60dB 20d8B

30d8B

40d8

Fig.4—4(a) Level Diagram at Dynamic Reserve H (5610B)
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Saturation Level

v

100mVv

10mv

imv

100pv 7

10pv

Tpv

- o=

DC AMPL
0dB 0dB 60d8
40dB 10d8
20dB
30d8
'40d8

Fig.4—4(a) Level Diagram at Dynamic Reserve H (5610A)
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Saturation Level
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100mv

10mV

1mVv 1

100pV  e—u
10pv

1pv

o— FILTER PSD DC AMPL |—o

0dB 0dB 40d8B
40d8B 10d8

20dB

30dB

40dB

Fig.4-4(b) Level Diagram at Dynamic Reserve M
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Saturation Level
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Fig.4—-4(c) Level Diagram at Dynamic Reserve L
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5 MAINTENANCE

5.1 Introduction

To maintain the 56108/A in optimum operating condition, proper maintenance is required. This
includes the following types of maintenance.

¢ Operational Inspection
Check that the instrument is operating properly and meets its published specifications.

® Adjustment and Calibration
Adjustment and Calibration If the instrument is not satisfying its specifications, perform
the appropriate adjustment or calibration to restore its original performance.

® Troubleshooting
If the above steps still do not correct the trouble, troubleshoot the 5610B/A to determine the
cause of failure.

® Repair

The following measuring instruments are required in performing operational inspection,

adjustments and calibration. 4
Oscilloscope Bandwidth : 10MHz or greater

Oscillator Oscillation frequency : 0.5Hz to 200kHz
Output voltage : 1Vrms or greater when terminated
Output impedance : 75Q (50Q)

Attenuator Impedance 1750 (50Q)
Attenuation :0t0120dB in 1dB steps
ttenuation accuracy : +0.05dB

RMS type AC Voltmeter Accuracy : £0.1% or better
Frequency response : 200kHz or greater

DC Voltmeter Accuracy : £0.1% or better

Frequency counter Accuracy : 1X 10~ %or better

Distortion meter 0.1% fullscale

Terminator 75Q (502)+0.1%

DC Standard voltage generator ~ 0to =10V £0.1%

"~ Personal computer Must be equipped with GP-1B and RS-232C interface
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5.2 Power On

The 5610B/A goes through a memory check procedure when power is first applied and, if no
abnormality is detected, parameters are automatically set from the battery backed up memory, and
the measuring operation starts.

If the memory check reveals an error, the following error messages will appear.

BACK UP MEMORY ERROR! PLEASE PRESS ANY KEY : Memory back up has failed
ROM ERROR : Error has occurred on ROM
RAM ERROR : error has occurred on RAM

When ROM ERROR! or RAM ERROR! is displayed, turn off the power switch and contact us or

our sales representative.

5.3 Memory Backup Battery

The nickel cadmium battery used for memory backup is trickle charged whenever the unit is
powered on.

The memory backup capacity on a fully charged battery is normally approximately 60days,
although this will vary depending upon ambient temperature and differences between individual
batteries.

Approximately 100 hours of charging operation is required to fully charge discharged batteries.
After this, the fully charged condition will be maintained if the instrument is operated for 20hours
or more each week. Continuous power supplying does not risk overcharging the battery.

If the battery deteriorates, the backup capacity will drop. If it drops significantly, have the
battery replaced by your sales representative (this will be performed at a charge).

Battery-life is greatly influenced by operating conditions (e.g., charging conditions, ambient
temperature and humidity), so that it cannot be strictly predicted. However, if the fully charged
condition is maintained, about three to five years in a reasonable expectation of battery life.

If the instrument is stored in the unused condition for six months or longer, the battery life may
be greatly shortened. For this reason, it is recommended that the instrument be powered on

occasionally.

5.4 Operating Inspection
5.4.1 Checking prior to operating inspection

¢ [sthe line voltage within the rated value?
¢ Isambient temperature within the range of 18° to 28 °C
¢ Is ambient relative humidity within the range of 20% to 70% RH
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5.4.2 BASIC FUNCTION Check

Is the analysis frequency range properly set?

Is the reference signal mode properly set?

(Remember that if the INT OSC optional is not installed, the INT modes may not be selected.)
Is sensitivity properly set?

Is the time constant properly set?

Is the time constant rolloff properly set?

e & & o o o o

Is the dynamic reserve properly set?

5.4.3 FILTER Check

e Is the cutoff frequency properly set?
® Isthe mode properly set?

5.4.4 AUTO FUNCTION Check

e Is AUTO SET operating properly?

e Is PHASE SET operating properly?

e Is AUTO RANGE operating properly? (Pay particular care with ARL and dynamic reserve.)

e [s AUTO TUNE operating properly? (The reference frequency should be in the range 0.5Hz to
200kHz.)

5.4.5 KEY Function Check

® Does the SHIFT key operate properly?
e Do the KEY LOCK and KEY LOCK OFF operate properly?

5.4.6 DISPLAY Function Check

e IfDATAI is switched properly.
e If DATAZ2is switched properly.
e If DATAZ2 is switched properly.

5.4.7 NORMALIZE Function Check
e Is the NORMALIZE MODE switched properly?

e Canreference numerical values be set properly?

5.4.8 ADJUST Function Check

® Does the reference signal phase setting operate properly?

® Isthe offset setting operating properly?
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5.4.9 INT OSC (Optional) Check

¢ Is the oscillator frequency properly set?
¢ Isthe output amplitude value properly set?

5.4.10 Digital data OUTPUT Check

® Do the data output START and STOP signals operate properly?
o Isthe type of output data selected properly?

5.4.11 RATIO Function Check

® Can the RATIO K value be set properly?

5.4.12 SPECIALFUNCTION Check

Can the DA output data be set properly?

Can the measurement processing interval be properly set?

Can the digital data output interval be properly set?

Does the CAL function operate properly?

Does the PSD ZERO function operate properly?

Does the BEEP on/off setting operate properly?

Does the lamp on/off setting operate properly?

Does the auto-range sensitivity limit control (LIMIT) setting operate properly?
Does the INITIALIZE function operate properly?

® & & o & ¢ o o o

5.4.13 AVERAGE Function Check

® Can the number of averages (times) be set properly?
® Can the averaging MODE be set properly?

5.4.14 RS-232C Check

® Canthe RS-232C baud rate and parameters be properly set?
# Isthe RS-232C interface operating properly?

5.4.15 GP-IB Check

e Can the GP-1B address (ADR) and parameters be properly set?
® Does the GP-1B return to local (LOCAL) key operate properly?
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5.5 Performance Check
5.5.1 Preparations Before Check

® Isthe line voltage within the rated value?
@ Is ambient temperature within the range of 18° to 28 °C?
¢ Is the ambient relative humidity within the range of 20% to 70% RH?
® The internal temperature in the enclosure stablizes after five minutes when the fan is on and
after 1hour when off. Assure sufficient warming up time and conduct performance test.
. ® Perform a phase detector DC offset calibration by following the procedure of Section 3.4.13 (2).

Frequency counter .
q y Oscilloscope

[TJ @
.

ACvoltmeter DC voltmeter (Dviv)
~
o
?
oI

u . B
( termination

To each output terminal
on the rear panel 56108

Attenuator ‘E”E [ﬁ@

[ ] O]}
EDUUDDUDDUDU

O O

0O 0O0a

TR IR I © i

O T =

= (A-8B)
\-

Oscillator

M

Note : Separate the wirings of input signal and
reference signal systems as far as possible.

Fig.6—-1 Basic Connection diagram
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5.5.2 Sensitivity (Accuracy Between Ranges) Check

Connect the measuring instruments as shown in Fig.5-1.
Set the oscillator output voltage to 1Vrms and the oscillation frequency to 1kHz.
Set up the 5610B/A controls as follows.

INITIALIZE

F RANGE : 1kHz to 12kHz
REF MODE : EXT1F

T CONST : 100ms, 12dB/oct

FILTER MODE : THRU
Vary the attenuator over the range 0 to 120dB and read the indication at each fullscale value.

The sensitivity specification (accuracy between ranges) should be within *2%.

5.5.3 Amplitude vs. Frequency Characteristics Check

Connect the 5610B/A and other measuring instruments and make settings as described in
Section 5.5.2.

Vary the oscillator frequency and 5610B/A F RANGE from 0.5Hz through 20kHz and read the
display, while adjusting phase. This should be 3dB with respect to 1kHz as a reference.

5.5.4 Phase vs. Frequency Characteristics Check

Make the same connection and setting for each measurement device as for 5.5.2. Read the phase
indication on the display.
The specifications for phase are as follows :
+1° (TYP) 0.5Hz to 10kHz
+5° (I'YP) 10Hz to 100kHz

5.5.5 CMRR vs. Frequency Characteristics Check

Connect the measuring instruments and establish settings as described in Section 5.5.2.

Set the attenuator to 0dB and verify that the 5610B/A indication is 1V.

Next, disconnect the line from input B and connect the A and B inputs together. By making this
connection, the common-mode signal is 1V with the difference signal being 0. Gradually increase
the sensitivity and read the indication of amplitude for ranges from 1uV through 30pV. When the
amplitude reading is 1V, it will be CMRR 120dB. Use the same operation to make a similar check
at other frequencies.

Rating should be 1pV range 110dB or more in the range of 100Hz to 1kHz.

5.5.6 Filter Characteristics Check

Connect measuring instruments and establish settings as described in Section 5.5.2.

Set the oscillator fequency to 1kHz and the attenuator to 0dB.
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Verify that the 56 108/A amplitude display value is 1V and change the filter mode from THRU to
the BPF mode, setting the Q to 5 (BPF 5 is displayed). Adjust the filter center {requency so that the
amplitude is maximum. For correct adjustment of the filter center frequency, set so that the highest
value is obtained for X display and zero for Y display.

Ratings are as follows.

Within + 1% (100Hz to 10kHz)
Within +£5% (0.5Hz to 100Hz, 10kHz to 120kHz)

Passband gain error

Q=1,5

Within £0.2dB (100Hz to 10kHz)

Within £1dB  (0.5Hz to 100Hz, 10kHz to 120kHz)
Q=30

Within £1dB  (100Hz to 10kHz)

Within £3dB  (0.5Hz to 100Hz, 10kHz to 120kHz)

5.5.7 External DC Input and Ratio Measurement DC Input Measurement Accuracy Check

Apply the output of a DC reference voltage generator to the rear panel EXT DC/RATIO
connector,

Set up DATA3/SETTING to indicate ED and vary the voltage value over the range 0 through
+10, reading the displayed value over this range.

The rating calls for a reading of within (1% + 1 digit) of fullscale.

5.5.8 Internal Oscillator (Optional) Check

Connect a frequency counter and AC voltmeter to the front panel OSC connector.

Verify that the internal oscillator has been installed in the 5610B/A and select the reference
signal mode INT 1F.

Set the internal oscillator output amplitude to 2.00Vrms and vary the oscillation frequency over
the range 10Hz to 100kHz, reading the oscillation frequency and output amplitude from the
frequency counter and AC voltmeter, respectively. Next, set the oscillation frequency to 1kHz and
vary the output amplitude value over the range 0 to 2.55Vrms, reading the output amplitude value
from the AC voltmeter.

The specifications are as follows.

Oscillation frequency accuracy +1%
Output amplitude accuracy £ 1% of fullscale (1kHz, 2.55Vrms range)
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5.6 Adjustment and Calibration
5.6.1 Necessary Checks before Adjustment and Calibration

This section describes how to make adjustments or calibration using half-fixed resistor, when the
rated value cannot be obtained in 5.5. Never touch controls other than specified one. See Fig.5-2
for removing the top and side panels and Fig.5-3 for the locations of each resistor.

Do the same checking as for 5.5.1 before making adjustments.

5.6.2 Sensitivity Adjustment

The following resistors are used for sensitivity adjustment :
PB1-RV2 : Toadjustagain when 40dB is selected as a preamplifier gain.
PB2-PV1 : Toadjustagain when switching 0dB and 10dB gains on mid-amplifier.
PB3-R204 : Toadjust COS PSD gain.
PB4:-R204 : Toadjust SIN PSD gain.
Connect measuring instruments as shown in Fig.5-1.
Adjust the output voltage of the oscillator to 1Vrms and set the oscillator requency to 1kHz and
the attenuator to 10dB.
Set up the 5610B/A as follows.
INITIALIZE
FRANGE : 1k to 12kHz
REF MODE : EXT1F
SENSITIVITY : 316.2mV
T CONST : 100ms, 12dB/oct
FILFER MODE : THRU
DATA DISPLAY : X
Adjust the reference signal phase so that X : A COS & will indicate an input signal amplitude.
Adjust PB3s R204 so that measured results of X : ACOS @ will be 316.2mV. A valueof Y : Asing¢
by shifting 90° the ADJUST PHASE. Set the ADJUST PHASE to 0° the SENSITIVITY to 1V, and
the attenuator to 0dB. Adjust RV1 on PB2 so that the measured result will be 1.000V. Set the
attenuator to 50dB and SENSITIVITY to 3.162mVrms (leaving the dynamic reserve set at L).
Adjust RV2 on PB1 so that the X value is 3.162mVrms.
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5.6.3 Phase Adjustment

The following controls are used to adjut phase.
PB6 R201 : To adjust the DC offset of the comparator provided to convert the input reference
signal into square wave. '
PB6 R205 : To adjust phase offset.
PB6 R204 : To adjust phase setting continuity.
PB6 R202 : To adjust high band frequency phase offset compensation.
Connect the measuring instruments as shown in Fig.5-1.
Set the output voltage of the oscillator to 1Vrms, the oscillator frequency to 1kHz and the
attenuator to 0dB.
Set up the 5610B/A as follows.
INITIALIZE
REF MODE : EXT1F
SENSITIVITY :1V

TO CONST : 100ms, 12dB/oct
FILTER MODE : THRU
DATA 2 Y

Make sure that an input signal value is 1V and set the reference signal offset phase to 0°. Adjust
R205 so that Y : SIN @ becomes zero. Vary only the reference signal from 1V to 100mV and adjust
R201 so that Y : A SIN @ is kept zero. Repeat the adjustment of RV205 and R201 two or three
times. Again, set the reference signal to 1V and the reference signal offset phase of 0° to +0.01°.
Adjust R204 so that Y : A SIN & value does not change. '

Set the analysis frequency range to 10kHz to 200kHz and the reference signal offset phase to 0°.
Gradually sweep oscillator oscillation frequencies from 10kHz to 200kHz. Adjust R202 so that a

deviation of Y : A SIN & value from zero is minimized.

5.6.4 Internal Oscillator (Optional) Adjustment

The controls used to make the internal oscillator adjustment are as follows.
RV1onPB5 : Output DC offset adjustment
RV2onPB5 : Qutput amplitude value adjustment
Connect the 5610B/A OSC output connector to a DC voltmeter and AC voltmeter. Select the
INTF reference signal mode.
Set the INT OSC FREQ to 1kHz and set LEVEL to 0.00V. Adjust RV1 on PB5 so that the reading
on the DC voltmeter is £ 1mV.
Next, set LEVEL to 2.00Vrms and adjust RV2 on PB5 so that the reading on the AC voltmeter
is 2.00Vrms.
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5610B/A

() Unscrew front and rear screws on the side cover

@ Move the side cover upward and remove it from the bottom

@ Open the lower part of the side cover and remove it from the top.

Fig.5—2 Removing Side Covers
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6. TYPICAL DATA

6.1 Noteson Typical Data

Typical data has been provided with respect to the performance of the 5610B/A. One of the major
quality control efforts being made at NF Electronics is in the area of minimizing the variation with

respect to such typ performance data.

The data provided represents the values which would be obtained in averaging the performance
of a-number of instruments and, therefore, while the customers instrument may not be exactly the
same as indicated in this data, we feel confident that as a result of a strict testing program, every

instrument meets its required specifications at the time of shipment.

6.2 Typical Data Curves

Fig.6-1
Fig.6-2
Fig.6-3
Fig.6-4
Fig.6-5
Fig.6-6
Fig.6-7
Fig.6-8
Fig.6-9

CMRR vs. Frequency Characteristics

Input-Referred Noise vs. Frequency Characteristics
Noise Figure Contours (at a temperature of 290k)
Amplitude vs. Frequency Characteristics

Phase Error vs. Frequency Characteristics

Second Order Distortion vs. Frequency Characteristics
Signal System Filter HPF/LPF Characteristics

Signal System Filter BPF (Normal Type) Characteristics
Signal System Filter BPF (HPF Type) Characteristics

Fig.6—10 Signal System Filter BPF (LPF Type) Characteristics
Fig.6-11 Phase Noise Characteristics

Fig.6—12 Reference Signal System Locking Time

Fig.6-13 Internal Oscillator Harmonic Distortion vs. Frequency Characteristics

Fig.6—14 Internal Oscillator Output Amplitude vs. Frequency Characteristics
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* Response of internal oscillator when the reference signal is mode to fluctuate

suddenly
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Fig.6-12 Reference Signal System Locking Time *
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7. GP-IB INTERFACE

7.1 Introduction
7.1.1 Outline

The GP-IB Interface is a general-purpose interface bus system recognized by the IEEE
(Institute of Electrical and Electronics Engineers) in 1975 in the U. S. and is a method of
standardizing the data input / output transfer between measuring instruments and peripherals
including remote control functions.

By building each controller and peripheral device into an interface conforming to this standard,
it is possible to establish complete hardware compatibility at the interface connectors of each
device. )

Up to 15 devices may be connected to a single interface bus and data transfer is performed by
three handshake lines,enabiing reliable data transfer between data senders and receivers having
differing data transfer rates.

Various names have been applied to the GP-1B, including IEEE-1B, IEEE -488 bus, HP-IB,
standard interface bus and byte serial bus. The official name, however, is the « IEEE Std
488-1978 : IEEE Standard Digital Interface for Programmable Instrumentation. ”

It has virtually the same specifications as the IEC bus, although the connector differs,making it
usable with this bus by means of connector adaptors.

7.1.2 Major GP~-IB Specifications

(1) Overall cable length 20m max.
(2) Cable lengths between devices 4m max.
(3) Number of devices connectable (including a controller) 15 max.
(4) Transfer method 3 Lines handshake
(6) Transfer rate 1M bytes /s (max.)
(6) Data transfer ‘ 8 Bits parallel
(7) Signallines ® Databus 8 Lines
o Control bus 8 Lines

(including DAV, NRFD, and NDAC
handshake lines and ATN, REN, IFC,
SRQ and EOI control lines)

e Signal/system grounds 8 Lines
(8) Signal logic Negative
¢ True (low-level) 0.8V max.
¢ False (high-level) 2.0V min
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(9) Interface Connector

DIO1 % DIOS

DIO2 (2] [a] DIO6

DIO3 3] [15] DIO7

DI04 2] [16] DI08

EOI 5] 0] REN

DAV (6] (2] DAV GROUND
NRFD (7] (12] NRFD GROUND
NDAC (8] [20] NDAC GROUND
IFC (5] [z IFC GROUND
SRQ (1] [22] SRQ GROUND
ATN [11] [z ATN GROUND
SHIELD \\E/m LOGIC GROUND

IEEE-488

Fig.7-1 Interface Connector

7.1.3 Bus Line Signals and Operations

The GP~1B bus line consists of 24 lines, including 8 data lines, 8 control lines and 8 signal /
system ground lines.

(1) DataBus (DIO1 to 8)

These are the data input/output lines which are also used to input and output both address
and command information, the type of data present on these lines being distinguishable by
means of the ATN line. DIOL1 is the least significant bit (LSB).

(2) Handshake Bus (DAV, NRFD, NDAC)

These three lines are handshake lines used to ensure reliable data transfer.

¢ DAV (DAta Valid)
This line indicates that the data on the DIO lines sent from a talker or the controller are
valid.

® NRFD (Not Ready For Data)
This line indicates the condition of readiness of listeners to accept data on the DIO lines.

o NDAC (Not Data ACcepted)
This line indicates the condition of acceptance of data by listeners.
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(3) Control Bus (ATN, REN, IFC, SRQ, EOI)

o ATN (ATteNtion)
This line is an output line from the controller which indicates whether the signals on the
DIO bus are data signals or commands.
¢ REN (Remote ENable)
This output line from the controller switches devices between remote control and local
control. A
¢ IFC (InterFace Clear)
This output line from the controller clears the interface of devices.
¢ SRQ (Service ReQuest)
This control line is used to call the controller from a talker or a listener. The controller
detects this signal and excutes a serial or parallel poll operation.
¢ EOI(End Or Identify)
This is used to indicate the end of a multiple bytes transfer sequence or, in conjunction with

ATN, to execute a parallel poll.
7.1.4 GP-IB Handshaking

GP-IB handshaking is performed by checking the status of all the listeners and inhibiting the
next data transfer until all listeners have completed the receiption of data, so that the slowest
device on the bus can perform data transfer reliably. The handshaking operations are executed by
the following status signals.

NRFD =High level All listeners are ready for accepting data.
DAV  =Lowlevel A talker is outputting valid data to the data bus.
NDAC =High level All listeners have completed data reception.

The handshaking timing diagram is shown below.

1 Ready for Next Data
NRFD T
(Listener) g In Data Processing
0, ;@E
)
DAV . : Data Bus Disable
!
(Talker) '
; Data Bus Inable
@:®
]
' T} —— Termination of Data Reception
NDAC 1 :
(Listener) — ! Data not recieved
: @ : @ (In Data Reception)
1
@ ) !

Data Bus >< / o
Signal A
\// Valid Data

Fig.7-2 Handshake Timing Diagram
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(D Indicates that all listeners are waiting for data.

(@ The talker outputs data to be sent to the data lines. May hay already occured.

(@ The talker checks NRFD and if high, DAV is set to low to indicate to the listener that data is
valid.

@ When the DAV changes to low level, the listener reads data and NRFD is set to low, indicating
to the talker that data processing is in progress. Each listener sets NDAC to high at the
completion of data input. The NDAC of the bus is the OR function of the NDACs from each
listener.

'® When all listeners have completed receiving data, NDAC goes high (result of the OR output)
indicating to the talker that data reception has been completed.

® The talker sets DAV to high indicating to the listener that the data on the bus is not valid
data.

(D The listener checks whether the DAV is high and sets NDAC to low, completing the
handshake.

Indicates that all listeners have completed data processing and the next data is being waited
for.

7.1.5 Data Transfer Example

The following is a data transfer example using the three-line handshake process.
In this example, the data “ABC” is sent, followed by the delimiter “CR/LF”.

Talker Listener
Address Address

ol XXX XX -
o]
e imimininimininl

NRFD

S O ) B
-

Fig.7-3 Data Transfer Example
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7.1.6 Basic Talker Functions

Only one talker may exist on the GP-1B at any time.

When the controller ATN signal is high, data is sent to listeners.
Source handshaking is performed automatically.

A service request (SRQ) is sent to the controller.

The talker function is enabled for both the local and remote modes.

The talker function is canceled by any of the following.
Whenever the talker address of an other device is received.
Whenever the device is specified as a listener.

Whenever untalk (UNT) is received.
Whenever IFC is received.

7.1.7 Basic Listener Functions

¢ Two or more listeners may exist on the GP~1B at any time.
® When the controller ATN signal is high, data is received from a talker.
® Acceptor handshake is performed.
® The listener function is canceled by any of the following. ‘
Whenever the device is specified as a talker.
Whenever unlisted (UNL) is received.

Whenever IFC is received.
7.1.8 Basic Controller Functions

¢ Only one controller can be active on GP—-1B.
o Setsthe ATN signal to L to control the listner and talker specification and transmission of

commands such as device clear.
¢ Outputs IFC and REN signals.

7.1.9 Multi-Line Interface Message

The multi-line interface message is the data output from the controller when the ATN signal is

at low level.
Thisisshownin “ Table7-1 ” .
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7.2 5610B/A GP-IB Interface Description
7.2.1 Introduction

The 5610B/A GP-IB Interface has a full range of interface functions and enables remote control
of virtually any parameter setting that is possible from the front panel. In addition the data and
conditions, once set, may be transferred to an external device, greatly faciliating the
implementation of an automated measuring system. ,

Measurement data is transferred to a controller or other device specified in the listener mode in
ASCII character format.

RS-232C may also be used, but not simultaneously with the GP-1B.

7.2.2 Specifications

(1) Interface Functions
The 56 10B/A interface is provided with the following functions.

Table 7-2 Interface Functions

Function Description
SH1 Has all send handshake functions.
AH1 Has all receive handshake functions.
T5 Has basic talker functions, serial poll, talker only mode,

cancellation of talker by MLA.

L4 Has basic listener functions, cancellation of listener by

MTA.
SR1 Has all service request functions.
RL1 Has all remote / local functions.
PPO Has no parallel poll function.
DC1 | Hasall device clear functions.
DTO Has no device trigger functions.
Co Has no controller function.
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(2) BusDriver
The 56 10B/A bus drive specifications are as follows.

Table 7-3 Bus Driver

DIO 1 to 8
NDAC
NRFD
SRQ

Open-collector

DAV

EOI Three-state

(3) Code Used

The code used by the 56108B/A interface in the listener is the ISO 7-bit code (ASCII), and if the
parity is included as the MSB (most significant bit), this will be ignored. There is no distinction
made between lower case and upper case characters and either will be interpreted and executed
properly. Space (20H) and tab (09H) are ignored.

Transmitted codes in the talker mode are ISO 7-bit code (ASCII) with no parity. All

alphabetics are sent as upper case characters.

(4) Address

The address of the 5610B/A is set from the front panel and this set value is stored in memory
backed up by battery even when the power is switched off. Refer to Section 7.3.1 for the setting
method. At the time of shipment, the address setting is "2".

(6) Delimiters

The delimiter code used for a code string received by a listener is CR, LF, or EOI signal or
combinations of these.

The delimiter for codes sent by a talker is determined at the 5610B/A rear panel switch setting
as either CR, LF or EOI The EOI signal is output simultaneously with this delimiter. For details

on the setting method, refer to Section 7.3.1.

(6) Interface Message Responses
IFC : Initialize GP-IB interface.
Cancel Listener/ talker
DCLand SDC : Clear GP-IB input and output buffers.

Clear error status.

Cancel the SRQ.

(Main frame functions not changed)
LLO . Disable the panel LOCAL key.
GTL :  Enable the local mode.
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(7) Program Codes

Program codes which make various 56108/A settings temporarily stored in the 56108/As input
buffer and, when a delimiter is received, these are interpreted in the same sequence as input.

The input buffer capacity is 128 characters (bytes), with codes for delimiters, spaces and tabs
not stored in the input buffer. If program codes are received which exceed 128 characters, the
input buffer overflows, is cleared and the program codes are not executed.

During program code interpretation, if an undefined code is encountered, the input buffer is
cleared and the program codes are not executed. When an undefined parameter is encountered,
only that program code is cleared.

Upon completion of interpretation and execution of codes, the input buffer is cleared and the
next input is possible.

Program codes are divided into headers and parameters and it is possible (within the input
buffer character capacity) to continuously send codes. The program code transmission syntax is

shown in Fig.7-4.

Crome f- D

SP . spacecodes
;. : semicolon codes

Fig.7-4 Program Code Syntax

If program codes are sent continously, spaces or semicolons may be used to divide them to
make them more readable. The program codes used with the 56108/A may be the divided into
setting messages used for settings or operational commands and referencing messages which

inquire as to status or settings.

Program codes - Setting messages

Referencing messages

The basic setting message format is as follows. (In this example, the ADJUST OFFSET is set
to + 234 and the FILTER F RANGE is set to 1k to 12.00kHz.)

ADO +1234 ) FFR 3

a b c EEEaEZb—d—
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Header section. consisting of three leters. Both upper case and lower case letters will be
accepted.

These spaces are inserted to enhance readability but can be left out altogether.

This is the parameter section. Parameter values begin with a sign (+, —) and then are
followed by a value. If the specified range is exceeded, the setting will not be made. If the
parameter is left out for a parameter having a polarity, the plus sign is assumed.

These semicolons are added to separate program codes and enhance readability or may e
inserted or left out altogether.

With the exception of reference messages and special codes, a setting message header is
suffixed by the question mark and no parameter is waited for with respect to a setting
message. Only one type of reference message may be transmitted at a time and when the
5610B/A receives a reference message, the response data is transmitted the next time a
talker specification is made. The following table 9-1 indicate the program code formats.
The parameter settings for the GP-IB and RS-232C interfaces may not be made by

external control and are possible only from the front panel.

(8) Data Output Format
Data format with respect to a referencing message is as follows.

'

BFR 0001

(antaliehd
4-Digit parameter value. If 2 parameters are used, they
are separated by a comma.

—————> Space or polarity

> 3 letter code. This is not output if the header has been
switched off.

Measurement Data

5610B /A

A (Amplitude) wAu+123.4E -3
A dB or A% wLAwWw123.4wwou/ HAUI00. oy
X (Acos¢) wXuwt123.4E - 3
X dB or X% wlbXu123 . 4 uu/ HKXAN00.0uwow
¢ uPwW+123.4E -5
Y (A sin ¢) wYwt123 . 4FE -3
Ext DC wEDEX10.00vwuwu
Ratio wRT*1.234uvuww
Ref.Frequency wRFuW1.234E + 3
Sensitivity uwSSul2uuuuuw
Over Status WS T T ouuuwoy
Line Number uNOw 1234w uw
7-10



If the header has been switched off, the 3-character code including a space is not transferred.
Data values are separated by commas.

During the measurement, "Sensitivity SS 12" has the same meaning of the setting range of
SENSITIVITY in the program code table (Table 9-1). "Over status ST 7" is the as "Over Code" in

the same table.

(9) Service Request
The service request (SRQ) is a function which interrupts the controller from the 5610B/A -
under the following conditions. When the bus line SRQ goes low, the front panel LCD @ will
indicate "S".
The service request is made when :
® Overflow has occurred in signal and EXT DC inputs.
® The range has been changed in the auto range operation.
® Anerror hasoccurred. (For the type of error, see 3.4.14 (3) )
® Data is ready for output.
Data gets ready for output when :
1. Data for the inquiry message ( ? ODT, ? BFR, etc.) is obtained.
The Ready-for-output is set up independently of the measurement data on the code
representing 5610B/As internal setting.
2. Data is obtained with the START / STOP switch set to START (OSS1).
3. The program code header has an error.
The output data then is "ERR 0004", or "10004" when the output data without header
is set. Under this condition, the output is "10004" when no header is specified for "ERR
0004" output data.
¢ UNLOCK is set.

The controller senses the SRQ and performs a serial poll, at which point the following status
byte is sent to the controller from the 5610B/A and the SRQ line returns to high.
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Status Byte
MSB : LSB

7161514132110

1 for overflow
1 when range is changed in AUTO RANGE
Not used

1for anerror

1 for a data output ready condition

1 for the UNLOCK condition
1.when the SRQ has been generated
Not used '

Fig.7-5 Status Byte

The items to be used for the service request may be selected by setting the factor as the decimal
sum of the binary weights shown above. For example, for the UNLOCK and error conditions, the
value would be 2° + 23 40 so that the setting SRQ 40 is made.

The service request is cancelled under the following conditions.

o After the status byte is output using a serial poll.
® When the device clear (SDC or DCL) is received.
® When masked by means of the SRQ 0 setting.

(10) Over Codes
When overflow occurs, the over code is transmitted as a response to the inquiry command
"OVR". For details on over codes, refer to Section 3.4.14.

(11) Error Codes
When an error condition occurs, the error code is transmitted as a response to the inquiry

command "ERR". For details on error codes, refer to Section 3.4.14.
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7.3 GP-IB Operation '

7.3.1 Switching Between the RS-232C and GP-1B

Interface and GP-1IB Interface The 5610B/A has two interfaces, the GP—IB and the R5-232C,
although these may not be used simultaneously and one must be explicitly selected. This selection
is made by means of the front panel RS-232C BAUD key. Press this key while holding the SHIFT
key down and the following codes will be indicated on DATA 3/SETTING display / (2.

Rightmost 2 digits : Baud rate code (0 to 5)
Leftmost 2 digits  : GP—-IB/RS-232C switching and RS-232C parameter settings
If the MODIFY switch is used to set the leftmost code to 16, the GP~IB interface will be selected

for remote control.

7.3.2 Address and Function Settings

The 5610B/A requires that its GP-IB and parameter settings be made from the front panel,
these settings being retained in memory backed up by battery even when the power is switched off.
These settings are made by means of the GP—-1B ADR key on the front panel (note that setting of
these functions is only possible from the front panel and not via the GP-IB itself).
If this key is pressed after the SHIFT key is held down, the following codes appear on display /102.
Rightmost 2 digits : GP—IB Address
Decimal value in the range 0 to 30
Leftmost 2 digits  : Function setting

Talk only 4 7]
Transmitted data header (used also for RS-232C) Disabled 0 The given value is
Enabled 2 a decimal number
— inte rangeOto 7.
Delimiter (used in common for the RS-232C receive CRLF 0
and send and for GP-IB send data only) CR 1 _

Function setting is made by using the MODIFY switch. The displayed value is instantly read in
so that if a change is made during GP-IB control, there is a danger of the GP~IB bus locking up
and this should be avoided.

The talk only function is used when outputting data directly to a printer having the GP-IB
function without requiring the intervention of a controller. For details, refer to Section 3.4.11.

The header is an alphabetic string which indicates the type of transmitted data and is set off
when performing such operations as substitutions of this data into numerical variables inside the
program.

The delimiter for transmitting data is set depending upon the specifications of the listener and

controller used.
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7.3.3 Remote/Local Operation

Using the GP—IB, the remote/local specification is used to indicate whether or not a peripheral
device is being controlled by the controller.

If the 5610B/A is set into the remote condition from the controller, the GP-IB REMOTE lamp on
the front panel will be extinguished and front panel operations will be inhibited.

To return the front panel to its normal (local lockout) condition from a controller, even the
GP-IB LOCAL key on the front panel will become inoperative. At this time, the remote / local
mode of the Model is completely under control By the controller. To escape from the local lockout
condition, set the underline message REN to high (false).

The figure that follows describes the remote/local operation.

Talker operation has no relationship to remote/local mode setting.

Addressing by REN Low

Power on >
- GTL
Local (Not LLO) REN High Remote (Not LLO)
‘ REN
High
LLO REN LLO l
High
Local
Lockout
' Addressing by REN Low \
Local ( LLO) GTL “f Remote ( LLO)
Panel operation enabled <«——|——> Panel operation disabled

Fig. 7-6 Remote and Local Operations
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7.3.4 Program Code Settings

All program codes used by the 5610B/Aare ISO 7-bit (ASCII) codes and both upper case and lower
case characters are accepted. The delimiter is CR, LF, EOI or any combination of these. However, if
there is no delimiter, the code will be received and stop made.

For detailed specifications of program codes, see Section 7.2.2 (7).

The following functions may not be set using the GP-1B.

¢ Power on/off

¢ INPUT A, A-B switching

¢ GP-IB ADR (address) setting

¢ RS-232C BAUD rate setting

¢ MODIFY, COARSE and FINE operations
e FILTER FREQ ADJ adjustments

7.3.5 Data Output

The data output by the 5610B/A consists of two types, one being data sent in response to inquiry
messages which request setting values and the other consisting of measurement results.

For data given in response to inquiry messages, when the 5610B/A is specified as a listener and
an inquiry message received, the response is prepared and transferred the next time the 5610B/A is
specified as a talker. The format for the various inquiry messages is the same for the corresponding
setting message. For details, refer to Section 7.2.2(7). Remember that an inquiry message can
specify only one type of data at a time.

Measurement result data specified by @) SHIFT and @ OUTPUT DATA SEL are output at once.
Data selection is described in Section 7.2.2(8).

Data is transmitted by either specifying the data inquiry message "ODT" to transfer data or by
using the service request (SRQ).

The method of transferring data which uses the service request is employed by setting the data
transfer interval using SAMPLING (refer to Section 3.2.1). Setting the SRQ mask and data output
ready bits (refer to Sections 7.2.2(9) ) and specifying the OUTPUT START "OSSI", at which point
the 56 10B/A generates an SRQ at the specified data transfer interval and indicates to the controller
that the data output ready condition has been reached. After the controller performs a serial poll,

the 5610B/A is specified as a talker and data is received.

7.3.6 Talk Only Mode

The talk only mode is used to output data directly to such devices as printers having the listen
only function without having to use a system controller. For the talk only mode, it is not necessary,

therefore, to connect a controller at all. For details, refer to Section 7.3.2 and 3.4.11.
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7.3.7 Precautions for Use of the GP-1B Interface

(1) The number of devices which are connectable to the GP-IB including the controller is 15.
The maximum cable length is limited as follows.
A) Theoverall cable length is 2m x (no. of devices) or 20m, whichever is shorter.

B) The maximum length of any single cable is 4m.

(2) The GP-IB connector should only be removed when the power of the 5610B/A has been
switched off. If other devices are connected to the bus, the power supplies of these devices shouid
be switched off as well.

(3) When using the GP-1B, be sure to turn on the power of all devices connected to the bus.

(4) The GP-IB address setting should be checked before operation. In particular, be sure that
there is no more than one device in the system having the same talk address as this type of

condition can result in damage to such devices.

(5) Take sufficient care with the setting of the delimiter characters. If the delimiter is not
uniformly set within a system, trouble may occur.

(6) If there is an error in the header section which is part of a program code string send to the
5610B/A, none of the associated program codes in the string will be executed. If an error exists in

the parameter section, the associated program code will not be executed.

(7) If the 56108/A is specified as talker without actually requesting data output (i.e., without
sending an inquiry message), there is a danger of locking up the GP-1B bus. '

(8) Since the GP-IB is designed for use as an interface under relatively good environmental

conditions, care should be taken to avoid power supply variations and noise.

(9) The measurement data maximum transfer speed should be equivalent to a 500ms interval.
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(2) Sample Prograni HP-2
This program is a basic program used to obtain measurement data. It inputs eight types of

character data and outputs this data to the printer.

Line 70

N O W N Ut W N

Line 90
Line 100

Line 110

Execution results :

5610B /A

HDR1 is the program code that adds a header indicating the data type.
0DS2345 and ODS2367 are the program codes indicating the type of data
to be output. The meanings of the parameters are as follows :
A (amplitude) value
A in decibel (if an appropriate mode is selected, A in % may be output.)
X (A cos @) value
X in decibel (may be output in % value, if an appropriate mode is selected.)
Phase '
Y (A sin @) value
Reference signal frequency
Sensitivity range
Outputs in enquiry command “ 70DT ” to request the data.
Inputs the data from the device of the talk address “ 2 ” | in the form of a
train of characters.
Outputs the input data as it is, to the printer.
The measurement data with the header are printed out in the order of A,
LA, X,LX,P,Y,RF and SS.
These data have the following meanings :
A 1.028E-3 : A (ampliude) valueis 1.028mV

LA -598 : Ais —58.8dBfor 1V

X 1.028E—-3 : X (A cos @) valueis 1.028mV

LX —-59.8 : Xis —58.8dBfor 1V

P 0.05 : Phase difference of input signal and the reference

signal is +0.05°,
Y 0.001E—3 : Y (Asing¢)valueis1pV.
RF 3.45E +3 : The reference signal frequency is 3450Hz.
SS 0007 : The sensitivity range has been set to 3mV.

Sample Program HP -2 and Execution Results

10 ¢+ ] saMPLE FROGRAM 2

20 ! . FILE NAME “[——j_HO0z2"
30

40 ABORT 7

41 CLEAR 7

42 REMOTE 702

50 DIM A&L100]

&0 !

70 OUTFUT 702; "HDR1 ODS2345,23467"
80 !

Q0 QUTFUT 702;“70DT"

100 ENTER 702;A%

110 FRINT A%

120 END

A 1.028E-3, LA ~-59.8 » X 1.028E-3, LX -39.8 »
F Q.03, Y O.O0LE-3, RF - 3.45E+3, 88 0007
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7.4 Sample Programs
The model name of 5610A or 56108 is output at [:l
7.4.1 Sample Programs Using the 9816 (Hewlett-Packard)

These sample programs are intended for use with the 9816 acting as a controller. For these
programs, the 5610B/A address is set to 2 and the delimiter is set to CR/LF. (Make the 00 02
~ setting using the ADR key.) The GP-IB / RS-232C mode switching is set to GP~IB (16 XX
setting using the RS-S8232C BAUD key).

(1) Sample Program HP-1
This very basic program sets the analysis frequency range, reference signal mode, sensitivity,

time constant, time constant rolloff and dynamic reserve.

Line 40to 42 : The "REN" goes low and the "IFC" message is transmitted.

Line 60 : The ASCII data inside the parentheses and a CR/LF sequence are sent to the
device having the listener address 2. The ASCII codes inside the quotation
marks mean the following.

BFR1 : Analysis{requency range set to 10Hz to 120Hz
BRM2 : Reference signal mode set to EXT 1F

BSS10 : Sensitivity set to 100mV fullscale

BTC5 : Time constant set to 300ms

BDO1 : Time constant rolloff set to 12dB/ oct

BDR2 : DynamicreservesettoL

Sample Program HP -1 Listing

10 ¢+ [ saMFLE FPROGRAM i

20 ! FILE NAME [ _Ho1i*®

30 ¢

40 ARORT 7

41 CLEAR 7

42 REMOTE 702

S0 !

&0 QUTFUT 7023 “BFR1 BRMZ BESS10 RTCS BDO1 EDRZ"
70 END

100 ¢
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(3) Sample Program HP-3
This program reads measurement data into the controller as nume rical variables and
performs calculations on the input measurement data.
Line 60 : Since appending a header to data will prevent substitution as numerical
variable, the program code "HDRO" is used to turn the header off. Send the
program codes "ODS 2345 and ODS 2367" to set the type of data to be

output.
Line 80 ¢ Send the reference command "ODT" which requests data.
Line 90 : The eight types of output data are separated by commas so that they are

substituted into variables in the output sequence.
Line 110to 180 : Output the input data to the printer.

Sample Program HP-3 and Execution Results

10 ' L1 saMFLE PROGRAM 3

20 1 FILE NAME “[__J_Hoz"
IO !

40 ABORT 7

41 CLEAR 7

42 REMOTE 702

50 1

&0 OUTFUT 702; "HDRO ODS2345, 2347
70 !

80 QUTFUT 702;"70DT"

90 ENTER 702;A,E,C,D,E,F,G,H

100
110 FRINT "AMFLITUDE " A
120 PRINT "AMF dB " B
130 FRINT “A COS F ".C
140 FRINT "A COS dB "D
150 FRINT "PHASE “ E
160 FRINT "A SIN P " F
170 FRINT “REF FREQ "B
180 FRINT “SENSITIVITY *,H
190 END

AMPLITUDE LO01028
AMP dB .1

A COS F L 001028
A COS dE .1
PHASE o

A SIN P , 0

REF FREQ 3440
SENSITIVITY 7

5610B /A 7-19



(4) Sample Program HP-4
This program uses the timer interrupt capabilities of the 9816 to input data at a fixed time

interval.
Line 60 Set header off and output data to XCA and EXT DC.
Line 90 Generate a timer interrupt every 3000ms and when a timer interrupt is
generated, declare a jump to line 140.
Line 100 ‘Perminate when five measurement data have been obtained.
Line 140 to 180 In the interrupt processing program, data is requested at line 140 and

input at line 150, data is output at line 160, output is sent to the printer.

When the interrupt processing is completed, looping is done between lines

10
20
=0
40
41
42
S0
&0
70
80
Q0
100
110
120
130
140
150
1460
170
180
190

Aco
Aco
Aco
Aco
Aco

5610B/A

100 and 110.

Sample Program HP -4 and Execution Results

! 7 SAMFLE FPROGRAM 4

! FILE NAME ™[] _Ho4"
i

ABORT 7

CLEAR 7

REMOTE 702

]

QUTFUT 702;"0851 HDRO (0D54,4 SRR1&"
i

I=0Q

ON CYCLE Z GOSUER 140

IF I=5 THEN 120

GOTO 100

OUTFUT 702; "0SS0O SREO"

STOF

OUTFUT 702;“70DT"

ENTER 702:A,E

FRINT USING "“&A,S4DE,11A,54DE"; "AcosF",A, " EXT DC “,E
I=I+1 | )
RETURN

END
sF +1029E-04 EXT DC —-2150E-03
sF +1030E~06 EXT DC —1920E-03
SF +1029E-04 EXT DC —1&620E-03
sF +1029E~04 EXT DC —1260E-03
sF +1027E-06 EXT DC —-85400E-04

-3
|

20



(6) Sample Program HP-5
This program uses the 56108/As service request to input data at a fixed interval.

Line 80

Line 110

Line 120

Line 130

Line 140

Line 150

Line 170

Line 200

Line 210
Line 220

Line 230

Line 250

5610B /A

Header and the output data settings and program code "SSAS5, 1" are used
to output one data consisting of 2 5 32 samples every interval with a
sample interval of 100ms. Therefore, one data is transmitted every 3.2s.

By "OSS1" the data output is started, and "SRQ16" is used to allow the
service request of data output ready completion to be used. ‘
When the service request interrupt is generated, declare a jump to line
200.

Permits the operation of the interrupt function of the 9816.

Terminates when five measurement data have been obtained.

When the interrupt processing is completed, looping is done between lines
140 and 150.

"SRQO" is used to pro\ the service request of the 56 10B/A "0SS0" stops the
data outputing, ending the measurement.

Since the service request is generated, the serial poll is performed and the
status byte is set to "S". '

The beeper is generated, to show the generation of the service request.
Input the measurement data.

The input data is output to the printer.

Permit again the service request interrupt of the 9816.



10
20

30

Sample Program HP -5 Listing and Execution Results

[ SAMFLE FROGRAM 5
FILE NAME "[———]_HoS"

40 ABORT 7

S0

CLEAR 7

&0 REMOTE 702

70
80
Q0

100

110
120
130
140
1350
160
170
180
190
200
210
220
230
240
230
260
270

I=0

QUTPUT 702;"0851 SREL&"
ON INTR 7 GOSUE 200
ENABLE INTR 7;2

IF I=5 THEN 170

GOTO 140

I

OUTFUT 702; 0830 SREOO"
sSTOP

1

S=SFOLL (702)
BEEF
ENTER 702;6,B

PRINT USING “"&A,S4DE, 11A,S2D.2D"; “AcosE", A, "

I=I+1

ENABLE INTR 732
RETURN

END

AcosF +1028E-04 EXT DC -.34
AcosP +1028E-06 EXT DC -.91
AcasP +1028E-06 EXT DC -1.34
AcosP +1030E-06 EXT DC -1.72
AcosP +1029E-04& EXT DC —-2.03

5610B/A

-3
|

OUTFUT 7023 “HDRO 0ODS4,4 SB8AS, 1"
§

22

EXT DC",B



(6) Sample Program HP-6

This program uses inquiry commands to input setting values of the 5610B/A.

Line 60
Line 80

Line 90

5610B/A

10
20
20
40
41
42
S0
&0
70
g0
0

100
110
120
130
140
150
160
170
180
190
200
210

Send the program code which adds a header to indicate the type of data.
Send the command which inquires the analysis frequency range. Since an
inquiry command is effected for only one data transfer at a time, a program

such as this needs six repititions of inputing and outputing of data, to

obtain six types of setting data.

Input the data which is a response to the inquiry command "BFR".

Sample Program HP -6 and Execution Results

t [ SAMFLE FROGRAM &

! FILE NAME [ _HOs"

ABORT 7

CLEAR 7

REMOTE 702

1

QUTFUT 702; "HDRL"
'

QUTRUT 702; "?EFR"

ENTER 702;AR%
QUTFRUT 7023 "?BRM"
ENTER 702;B%$
QUTPUT 7025 "7?BSS"
ENTER 702;C%
OUTFUT 7023 "7TRTCY
ENTER 702;D%
OUTPUT 702; “7?RDOY
ENTER 702;E%
QUTRUT 702; " 7?BDR"
ENTER 702;F%
'

FRINT “F.RANGE

220 PRINT “REF MODE

~er

"5955
. B%

230 FRINT "SENSITIVITY",C$
240 PRINT *TIME CONST ",D$
250 PRINT *"T.C. SLOPE "“,E$
260 PRINT "DYN.RES. “.F$
270 END

F . RANGE BFR QOQQ3
REF MODE BRM 0002
SENSITIVITY BSS QQO7
TIME CONST BTC Q004
T.C. SLOPE EDO 0001
DYN.RES. BDR Q02



(7) Sample Program HP-7
This program is used to demonstrate the use of the 5610B/A remote/local operation.

Line 60

Line 80

Line 100

Line 110

Line 130
Line 150

Line 170
Line 190

Line 210
Line 230

Line 250
Line 270

5610B/A

The 56108/A is specified as a listener and the ASCII code "BFR 1" is sent to
the 5610B/A. Since the 5610B/A is a listener, it goes into the remote mode,
the GP-IB LOCAL lamp goes off and the frequency analysis range is set to
10Hz to 120Hz. Since it is now in the remote mode, settings from the panel
become inoperative. To return it to the local mode, press the LOCAL key
while holding down the SHIFT key. This will cause the GP-IB LOCAL
lamp to be light up enabling settings to be made from the panel once again.
This command is inserted to cause a temporary program halt. It is possible
at this point to proceed to the next step by pressing the [ END LINE ] key.

This specifies the 5610B/A once again as a listener, placing it into the
remote mode.

The local lockout command is sent to the 5610B/A and the 5610B/A enters
the remote (local lockout) mode. In this condition, panel settings become
inoperative and even the LOCAL key is ignored. The local lockout
condition is, therefore, the condition under which the LOCAL key used
normally to return the 56 10B/A to local becomes inoperative.

Proceed to the next step by pressing the | END LINE ] key.

This command is used to set the 5610B/A into the local mode, with the
5610B/A specified as a listener. The GTL multiline message is output and
the 5610B/A enters the local mode. This is the local lockouf condition,
under which the GP-IB LOCAL lamp is illuminated and panel settings
become possible.

Proceed to the next step by pressing the [ END LINE ] key.

The "BSS10" program code is sent to the 5610B/A to place it in the remote
condition once again and enable the local lockout condition.

Proceed to the next step by pressing the [ END LINE ] key.

By means of this command, the "REN" line goes high and the 56108/A
enters the local condition and local lockout is canceled.

Proceed to the next step by pressing the [ END LINE ] key.

The "BTC5" program code is sent to the 5610B/A but since the "REN" line
is high, the 5610B/A is only capable of receiving data and setting is not
};erformed.



Sample Program HP -7 Listing

10 ' [ sAMPLE FROGRAM 7
20 FILE NAME "] _HO7"
30

40 ABORT 7

41 CLEAR 7

42 REMOTE 702

50

&0 QUTFUT 702; "BFR1"
70 !

80 INFUT A%

S0 |

100 QUTRUT 7023 "BRM2"
110 LOCAL LOCEQUT 7
20

30 INFUT A%

140

150 LOCAL 702

160 !

170 INFUT A$

180

190 QUTRUT 702; “BSS10"
200

210 INFUT A%

220 !

230 LocaL 7

240 !

250 INFUT &%

260 !

270 QUTFUT 702; “BTCS"
280 !

290 INFUT A%

FO0 !

F10 END
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(8) Sample program HP-8

This program is used to measure the amplitude and phase of input signals using the AUTO

SET function. the AUTO SET processing time extends as the input signal and noise levels rise.

Create the program taking into account the state of an input signal.

Line 60

Line 90

Line 100
Line 160

Line 170
Line 190

Line 210

Line 230 to 260 :

5610B/A

Has no header, start the output data, and sets output data and service
request.

Sets a timer interrupt to perform measurements in increments of 30
seconds. -

Ends measurement after performing measurements five times.

Set up the AUTO SET mode. If the AUTO SET processing is terminated
within 20 seconds, it is forcibly terminated.

Execute the pocessings A Lines 150 to 320.

A service request has been generated. Inputs status byte to "S" by serial
pole.

Input measurement data.

Output the input data to the printer.



Sample Program HP -8 Listing and Execution Results

SAMFLE FROGRAM 8

10 f T3]
' FILE NAME “[_]_Hos"

20

30 !

40 ABORT 7
41 CLEAR 7
42 REMOTE 702

5610B/A

S0 !
&0
70 ¢

80 I=0

G0 ON CYCLE

OUTFUT 702;"0SS1 HDRO O0DS26,6 SROL1&"

30 GOSUBR 150

100 IF I=5 THEN 120
110 GOTO 100

120 QUTFUT 702; 0SS0 SREO"
130 STOP

140 !

150 J=0

160 QUTPUT 702; “AUS20 20DT"
170 GOTO 190

180 !

190 S=SFOLL (702)

200 BEEF

210 ENTER 702;A,R,C

220 OUTFUT 702; “SROO"

230 PRINT "AMFLITUDE",A
240 FRINT "FHASE “. B
250 PRINT "FREQUENCY",C
260 PRINT

270 QUTFUT 7023 "SRO1&Y

I=I+1
J=1

END

AMPLITUDE
FHASE

FREQUENCY

AMFLITUDE
FHASE
FREQUENCY

AMFLITUDE
FHASE
FREGUENCY

AMFLITUDE
FHASE
FREQUENCY

AMFLITUDE
FHASE
FREQUENCY

OUTFUT 702; "SRO16"
ENABLE INTR 7;2
RETURN

LQ0103
.05
3440

.00103
.05
3440

. 001028
.05

3440

001028
(%]

3440
L001029
[#)

3440



7.4.2 Sample Program for the PC-9801 (NEC)

The following sample programs were intended for use with the PC-9801 acting as a controller.
The 5610B-A address is set at 2 and the delimiter set up as CR/LF (00 02 setting by means of the
GP-1B ADR key). The GP-1IB / RS-232C switching is set to GP-IB (16 XX setting using the
BAUD key). Since the program content corresponds to the programs given in Section 7.4.1 only
those parts which differ are described below. Read the Section 7.4.1 first.

(1) Sample Program PC~1 This program has the same content as the sample program HP-1.

Line 130
Line 140
Line 150
Line 270

5610B /A

100
110

The controller sends the message "IFC" declaring that it is the controller.
The "REN" line is made Low.

The data input/output delimiter is set up as CR/LF.

The ASCII data in quotation marks and a CR /LF sequence are sent to the

device with the listener address 2.

Sample Program PC -1 Listing

120 -

130
140
150
160
170
180
190

* [ sample Frogram 1

' File Name "[_J.001"
ISET IFC

ISET REN

-CMD DELIM=0
PRINT@ 2;"BFR1 BRM2 BSS10 BTCS EDO1 BDR2"

END



(2) Sample Program PC-2
The contents of this program are the same as the sample program HP-2.
Line 200 : The PC-9801 "INPUT @ " command reads data only up until a comma is
encountered. In this example, when all data values which include commas
are input, the "LINE INPUT @ " command is used.

Sample Program PC-2 Listing and Execution Results

100 * [} Sample Program 2

110 ° File Name "[___].002%
120

130 ISET IFC

140 ISET REN

150 CMD DELIM=0O

160

170 FPRINTE@ 23 "HDR1 0ODS2345,2367"
180 °

190 PRINT® 2;"?0DT"

200 LINE INPUTE 2; Af

210 LPRINT A%

220
230 END
A 1.029E-3, %ZA 0.1 , X 1.029E-3, %X O.1
P -0.16, Y -0.003E-3, RF 1.O0SE+3, SS 0007

A 1.030E-3, LA -59.7 , X 1.030E-3, LX -59.7
-0.16, Y -0.003E-3, RF 1.00SE+3, S8 0007

T
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(3) Sample Program PC-3
The contents of this program are the same as for sample program HP-3. At line 200, the
numerical variables A, B,C, D,E, F, G and H are read in as data.

Sample Program PC -3 Listing and Execution Results

100 [ ] Sample ram 3

110 - pFierﬁgm;m"[:::j.oOS”
120

130 ISET IFC

140 ISET REN

150 CMD DELIM=0

160

170 PRINTE@ 23 “"HDRO 0ODS2345,2367"

180 ’

190 PRINTE@ 2;"?20DT"

200 INPUTE 2; A,B,C,D,E,F,G,H

210 ¢

220 LPRINT "AMPLITUDE "L A
230 LPRINT "AMPLITUDE dRE .
240 LPRINT "A COS F v,.c
250 LPRINT "A COS P di ",D
260 LPRINT “PHASE e L
270 LPRINT "A SIN P v, F
280 LPRINT "REF FREQ H=z “,6
290 LPRINT "SENSITIVITY RANGE ",H
3I00

310 END

AMPLITUDE LO01028
AMPLITUDE dE -59.8

A COS P L001028
A COS P dg - -59.8
FHASE ® - 22

A SIN P - QOO004
REF FREGQ H=z 1006
SENSITIVITY RANGE 7
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(4) Sample Program PC-4
The PC—-9801 has no timer interrupt function which enables interupts at a fixed interval. In

place of this approach, this program uses pressing the function key to generate an interrupt and

process data.
Line 190

Line 200

Declaration is made that a function key will be pressed to generate an
interrupt and line 280 is declared as the jump destination as the interrupt
occurs. v
The function key [ F -1 ]is set as the interrupt key. When this program is
run, each time the [ F -1 ] key is pressed, measurement data is taken and
then sent to the printer. When five data have been input, the program

stops.

Sample Program PC -4 Listing and Execution Results

100 * [ 1 Sample Frogram 4

110 File Name "[__1.004"

120 -

130 ISET IFC

140 ISET REN

150 CMD DELIM=0O

160

170 PRINT@& 2; "HDRO 0ODS48,"

180 °

190 ON KEY GOSUR *DATAIN

200 KEY (1) ON

210 IF I=5 THEN *FINISH

220 60TO 210

230

240 *FINISH

250 KEY (1) OFF

260 END '

270 ¢

280 *DATAIN

290 FRINTE 23 "?0DT"

300 INFUTE 23 A,B

210 LPRINT "AcosP "3

320 LPRINT USING "<+ . ity A

330 LPRINT * - EXT DC "

340 LPRINT USING “"+##.##";B

350 I=1+1

360 RETURN

AcoasP +1.030E-03 EXT DC +1.858

AcaosP +1.030E-03 EXT DC +2.08

AcosP +1.031E-03 CEXT DC +2.44
- AcaosP +1.031E-03 EXT DC +2.535

AcosP +1.030E~03 EXT DC +2.6%

7 - 31
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(5) Sample ProgramPC-5

The contents of this program are the same as for sample program HP-5.

Line 160 Initializes SRQ flag in PC-9801
Line 220 Use the service request interrupt Declare to jump to line 320 when an
interrupt occurs.
Line 240 The service request interrupt is enabled.
Line 330 A serial poll is performed and "S" is substituted as the status byte.
Sample Program PC -5 Listing and Execution Results
100 * [_1 Sample Program &
110 File Name "“[__].003"
120
130 ISET IFC
140 ISET REN
150 CMD DEL IM=0
160 POLL 2,8
170 ~°
180 PRINTE@ 2;"HDRO 0ODS2&, S8AS,1"
190 -
200 I=0
210 PRINTE@ 2;"0851 SRG16"
220 ON SRG GOSUB *DATAIN
230 IF I=5 THEN *FINISH
240 SRE ON
250 GOTO 230
260 ¢
270 *FINISH
280 FPRINTE@ 2;"0SS0 SRaO"
290 SR& OFF :
JOQ END
310
I20 *DATAIN
330 POLL 2,8
340 LPRINT "“Status Byte =",85
IS0 REEF
3560 INPUTE 2; AR
I70 LPRINT "AMPL "3
380 LPRINT USING "+#. ##H~"" "3 Qg
3I90 LPRINT ¢ PHASE "3
400 LPRINT USING "+##.#4"3;B
410 I=I+1
420 RETURN
Status Byte = 80
AMPL +1,031E-03 PHASE ~-0.22
" Status Byte = 80
AMFL  +1.,028BE-03 FHASE -0,16
Status Byte = 80
AMPL  +1,030E-03 PHASE -0.16
Status Byte = 80
AaMPL.  +1,029E-03 PHASE -0.16
Status Byte = 80
AMPL +1,030E-03 FPHASE -0,22
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(6) Sample program PC-6

Contents are the same as for HP—6 sample program. Only one inquiry command is valid per
transfer. Therefore, data output and input should be repeated six times.

Sample Program PC-6 Listing and Execution Results

100 * [ Sample Program b
110 ° File Name "[__1.004&"
120 °

130 ISET IFC

140 ISET REN

150 CMD DELIM=0

160

170 PRINT&@ 23 "HDR1"

180 PRINT@ 2;"?BFR"

190 INPUTE 2;A%

200 PRINTE@ 2;“?BRM"

210 INPUTE 23B¥

220 PRINTE@ 2;"?RSS"

230 INPUTE 2;C#

240 PRINTE 2;"?BTCY

250 INPUTE@ 2;D#

260 PRINTE@ 2;"?BDO"

270 INPUTE@ 2;E®

280 PRINTE@ 2;"7EBDR"

290 INPUTE 2:F+#

300 '

310 LPRINT "F.Range",A$

220 LPRINT "REF.Mode" ,B¥

330 LPRINT "Sensitivity",C#$
40 LPRINT "Time Constant®,D¥
350 LPRINT "T.C. Slope",E#$
T60 LPRINT "DYN.RES.",F$

370

380 END

F.Range BFR 0002
REF.Mode BRM 0002

Sensitivity BSS 0007
Time Constant BTC Q004
T.C. Slope EDO 0001
DYN.RES. BDR QO02

5610B /A 7-33



(7) Sample program PC-7

Contents are the same as for HP -7 sample program.

Line 220

Line 260

Line 340

5610B /A

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
330
360
370
380
390
400
410
420

Instruction to transfer local lock out. "&H5C", "&H22" and "&H11" are
multi line message codes for the talker address, listener address and LLO
respectively. " ; " following them sets the ATN line in the high level.

Instruction to set the 5610B/A in the local mode. "&H5C", "&H22" and
"&H1" are multi line message codes for the talker address, listener address
and GTL respectively. " ; " following them sets the ATN line in the high

level.

Instruction to set the "REN" line in the high level.

Sample Program PC-7

‘' [[] Sample Program 7
! File Name "[__1.007"

.

ISET IFC

ISET REN

CMD DELIM=0
PRINT@ 23 "BFR1"
INPUT A%

PRINT@ 2; "ERM2"
WBYTE &HSC,%H22,%H11;

INFUT A%

WBYTE &HSC,H22,%H1;
INPUT A%

PRINTE@ 2;"BSB10"
¥NPUT A%

IRESET REN

;NPUT A%

PRINT@ 2;"BTCS"
INPUT A%

END

‘MTA,LA,LLO

‘MTA,LA,GTL



(8) Sample program PC-8

Contents are the same as for HP-8 sample program.

Line 250

Line 340 to 400 :

Line 420 to 590 :

5610B/A

Constantly read timer values. Perform measurements when second values
become "00". This means one measurement is performed per minute.

Set up the AUTO SET mode. Perform processings from 420 to 530 when
the data output ready service request is generated upon the completion of
the AUTO SET operation. ’

Perform serial pole and data input by interrupt routine. Flag J which

indicates the completion of interruption is set to 1.

-~
!
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Sample Program PC-8 and Measurement Results i n the high level.

100 | ] Sample Praogram 8

110 pFile Ngme [ J.o08"
120 °

130 ISET IFC

140 ISET REN

150 CMD DELIM=0

160 POLL 2,8

170

180 PRINT@ 22;"HDRO 0ODS246,6 SRAE16"
190 ° :

200 I=0

210

220 *LoopP

230 T#=RIGHT$(TIMES$,2)

240 PRINT T#

250 IF T#="00" THEN GOSURB *MEASURE
260 IF I=5 THEN #FINE

270 GOTO -+LOOoP

280 °

2920 *FINE

300 PRINTE 2;"SRQO"

310 SR& OFF

320 END

330 ¢

T40 *MEASURE

330 Jd=0

360 PRINTE 2;"AUS20 20DT"
370 ON SRGQ GOSUR *DATAIN

380 IF J=1 THEN RETURN

390 SRE ON

400 GOTO 380

41Q

420 *DATAIN

430 FOLL 2,8

440 LPRINT "Status Byte =",8
450 REEP

440 INPUTE 2; A,R,C

470 LPRINT "Amplitude "

480 LPRINT USING "+i#.###""""1A;

490 LPRINT * Phase *;
500 LPRINT USING “H###.##";B;
S10 LPRINT *© REF. FREQ. ";

S20 LPRINT USING “"#####~~""3C
S30 PRINTE@ 2;"SROQ16"

540 I=I+1

S50 J=1

560 RETURN

Status Byte = 80

Amplitude +1.030E-03 Fhase -0.16 REF. FREQ.
Status Byte = 80

Amplitude +1.029E-03 Phase -0.16 REF. FREG.
Status Byte = 80

Amplitude +1.029E~03 Phase -0.22 REF. FRE®G.
Status Byte = 80

Amplitude +1.030E-03 Fhase -~0.22 REF. FREG.
Status Byte = 80 )

Amplitude +1.030E-03 Phase -0.22 REF. FREQ.

1005E+00

100SE+00

100SE+00

1003E+00

1005E+00



8. RS-232C INTERFACE

8.1 RS232C Overview
8.1.1 Introduction

RS-232C is a standard which describes an interface used with modems and similar devices in
performing data transfer between computers and data terminal equipment. This is the standard
prescribed by JIS C 6361 (Interface Between Modems and Communications Control Equipment and
Data Terminal Equipment) and by EIA (US) standards.

Since serial data transfer developed in the communications field, a widely used technique in
. long-distance transfer employs a device known as a modem to modulate signals to be transmitted
and demodulate received signals. The RS-232C is the standard which describes the interface with
this modem. Therefore, both the data terminal and modem specifications conform to this standard
and are connected as shown in Fig.8~1.

The RS-232C interface is used in personal computers and this has led to use in interfacing to
measuring instruments. When interfacing a computer to measuring instruments using the
RS—-232C, since long-distance data transfer is seldom required, the modem is often eliminated,
with direct connection being made between the computer and measuring instruments. Since this
scheme differs from the originally intended connection method of the RS-232C, if devices at both
ends of the interface are either computers or data terminals, interface problems may occur. To
overcome these problems, both sides can be made to conform to modem specifications, with input-
to-output and output-to-input connections made using an interface cable known as a cross cable or
null modem cable. Fig.8 -2 shows an example of connections made using such a cable.

Since the use of the RS-232C in this manner is rather
interface, a thorough check should be made of the specifications of the devices to be connected, the

unconventional " , before using the

proper cable should be prepared and the appropriate driver program developed.

Computer, etc. Modem Modem Data terminal, etc.
DTR - N DTR
| | _| DSR
Carrier Carrier
RTS “lcontrol control RTS
| et
CTS = l Y ) S
Modul- - Modul- |
TxD ;| ation - ation [ TxD
cD -€ =3 5 > CD
B Demod-|__ Demod-
RxD =< ulation | ulation RxD

Fig.8-1 RS-232C Connections Using a Modem
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Computer, etc. Cross cable Data terminal, etc.

DTR DTR
DSR |- >»{ DSR
RTS RTS
CTs |== cTS
TxD TxD
(&) T cD
RxD » RxD
Abbreviations

CD : Carrier Detect RTS : Reqyest To Send

CTS : Clear ToSend RxD : Received Data

DSR : Data Set Ready TxD : Transmitted Data

DTR : Data Terminal Ready
Fig.8-2 RS-232C Connections without Using a Modem

8.1.2 RS-232C Major Specifications

(1) Equivalent Interconnection Circuit
Fig.8-3 shows the equivalent circuit of the RS-232C interconnections.

Vo : Open-circuit voltage

Ro A
Ro : Internalcircuit DC
MW resistance

Co : Overall capacitance

including cable
% R, capacitance measured
at the connection point

JLY vo ¢, —— V  : Voltageatthe
© v T connection point

- E_ C_ : Effectiveload

capacitance measured a
the connection point
R, : Terminating resistance

O E_ : Open-circuitload

voltage
Fig.8-3 Equivalent Circuit
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(2) Receivers

Input impedance (Ry,) : 3kQ to TkQ (with 3 to 25V applied)
Effective load capacitance (Cf,) : 2500 pF max.

Signal 1 threshold voltage : —3V max.

Signal 0 threshold voltage : +3V min.

Open-circuit voltage (Eyr,) : 2V max.

(3) Drivers
Maximum open-circuit voltage : 125V

Maximum output current when shorted : £0.5A max.

Logic 1 output level : —15Vte -5V
Logic 0 output level : +15Vito +5V
Output impedance : 300Q min.

(4) Connector

Fig.8 -4 shows the connector used at the data terminal end.

8.2 5610B/A RS-232C Interface
8.2.1 Introduction

The RS—-232C interface of the 5610B/A as approximately the same functions as the GP-IB and
enables the setting of parameter values and the transfer of parameter values and data. By using the
digital data output function, it is possible to perform automatic printing on an RS-232C equipped

printer, enabling the simple rintout of measurement results.

8.2.2 Specifications

The RS—232C interface of the 56108/A conforms to JIS (Japanese Industrial Standard) C 6361
data terminal equipment specification standard for slow-speed, asynchronous modems.

Communications mode : Asynchronous

Baud rate : 300, 600, 1200, 2400, 4800.and 9600, selectable

Data bit length : 7/8 bits, selectable

Number of stop bits : 1/2 bits, selectable

Parity : Even, odd or none, selectable

Output signals : 12V, SN75188N or equivalent drivers

Input signals : Maximum 30V, SN75189AN or equivalent receivers

(Simultaneous input and output is not possible.)
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8.2.3 Connector and Signal Lines

Fig.8-5 shows the pin arrangement of the RS-232C connector (as seen from the rear panel).
The connector is held in place by M2.6 screws.

39.09 (Max.)
38.84 (Min.)

A

(Unit : mm)

~

A

-
o | +++++++++++++} o | oo

8.23 (Min.)

/

2.69 (Max.)
shetl & 2.59(Min)
Pins (male)
10°

5.99 (Max.
I S. 69 {Min.) I

. =

Fig.8-4 Connector on the Connection Cable Side

47.17 (Max.)
46.91 (Min.) v (Unit : mm)

Y \

©O-O--OO-O-O-0O-0-©© _$_ 8.03 (Max)
a @@@@@@@@@@@@ J | 7770w
A
<—r Pins (female) shell . or iiz Ef\l\j:lanx))
10° 38.51 (Max.) / o1 630 (Max)
38.25 (Min.) 6.05 (Min.)
' | |
r 1T T
y - . U N U
H L j Lo Lo

Fig.8-5 Connector on Data Terminal Side

5610B/A 8-4



Table 8—1 RS-232C Signal Line Types and Functions

Pin no

Signal name

Symbol

Function

Direction

Frame Ground

FG

Transmitted Data

TxD

Transmits data from the
56008/A4.

Output

Received Data

RxD

Used to receive data at
the 56008/A.,

Input

Request To Send

RTS

When data transfer from
the 56008B/A begins, this
line goes high and when
the data transfer is
completed, it returns to
low.

Output

Clear To Send

CTS

When set to high, output
of data from the 56008/A
is enabled. The normal
protocol is to returna
high level to CTS from
the modem or other
device as a response to
RTS. if no wait for
response is needed from
the receive side, however,
CTS should be directly
connected to RTS. This
line may also be used as
the receive side BUSY.

Input

Data Set Ready

DSR

When set to high, output
of data from the S6008/A
is enabled. When set to

.lowand the 5600B/A is set

up to send, an “Er6”
condition occurs. If this
input is not required, it
should be connected to
DTR.

Input

Signal Ground

SG

20

Data Terminal Ready

DTR

Goes to high when the
5600A is in the RS—232C
mode and is low when the
S5600B/A isin the GP~IB
mode.

Output
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8.2.4 Difference with Respect to the GP-1B

The 5610B/A has a GP-IB interface as a standard feature and the RS~232C differs from the
GP-1IB in the following points. All the settable parameters and data output are the same those for
the GP~IB, however. These two interfaces may not be used simultaneously.

¢ Parallel connection of devices is not possible.

¢ Sincea " one-by-one"” data transfer is performed, there is no need for designating the address.

¢ There is no service request function.

® There are no functions corresponding to the GP-IB address command and universal

command.

There are no remote /local functions.

¢ Unless the measurement is stopped, data transfer is not possible, except at OUTPUT START.

8.3 Operation
8.3.1 Making Connectins

When the RS—232C interface is used without modems, there is no standard cable such as
specified for the GP-1B, making it necessary to make connections depending on the specifications
of the devices to be used.

The sections below describe the connection methods at the 5610B/A (terminal-like device) and
data terminal sides. The actual connections made require careful consideration of individual device

specifications. Refer also to Section 8.4.1.

(1) Minimum connection

(5600B/A) (Host computer, etc.)
Ground 1 1 Ground 3 Make connections
Out data 2 T 2  OQOutdata depending on
Indata 3 — ——3 Indata analyzer’s
RTS 4 — [ 4 RTS ' specifications and
CTS 5 — —5 CTS programs, etc.
DSR 6 —3 ¥Xy—6 DSR
Ground for signal 7 7  Ground for signal
DTR 20 L—'—"' 20 DTR

In the 5600B/A, grounds 1 and 7 are not separated.
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(2) To check mutual connection

(5610B/A) (Host computer, etc.)
Ground 1 1 Ground
Out data 2 ___—><: 2 Out data
In data 3 3 In data
RTS 4 4 RTS
CTS 5 — 5 CTS
DSR 6 ‘ 6 DSR
Ground for signal 7 7 Ground for signal
{(Not used) 8 8 CD
DTR 20 _/ 20

DTR

In the 5610B/A, grounds 1 and 7 are not separated.

8.3.2 Parameter Setting Method

When controlling the 5610B/A using the RS-232C, the following parameters must be set (or

verified) from the front panel.

(1) GP-IB/RS-232C Interface Selection and RS-232C Function Setting
If the RS~232C BAUD key is pressed while holding the SHIFT key down, the following data
will appear on display DATA 3/SETTING (2.
Rightmost 2 Digits : boud rate
00 : 300 01 : 600 02:12k 03: 2.4k
04 :48k 05:9.6k
Leftmost 2 Digits : RS—232C Functions and RS-232C/GP 1B Selection

Stop bits 1 bit 0— The value given is the decimal number
2 bits 8 corresponding to the sum of the binary weighted
Parity Unused 0 values shown and is in the range 0 to 16. If 16 is
Used 4 set, GP-1IB. control is performed and control by
Odd 0 means of the RS-232C is inhibited.
EVEN 2 (Example) To set the number of stop bits to 2, the
Character 8 bits 0 parity on and to odd and the character
length length to 8 bits, the setting value
7 bits 1— would be 8+4+0+0=12, so that the

left two digits would be set to 12.
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(2) Delimiter and Header Settings

While the header may be externally controlled, the delimiter setting can only be made from
the front panel.

For received data strings, the 5610B/A can accept <CR>, <LF >and <CR LF> as a
delimiter. '

For data strings transmitted by the 5610B/A, the delimiter sent may be selected, this setting
being used as the GP-1B delimiter setting as well. The same is true of the data header.

If the GP-IB ADR key is pressed while the SHIFT key is held down, the following data will
appear on display DATA 3/SETTING @.

Rightmost 2 digits : GP-1B Address (unrelated to RS-232C)

Leftmost 2 digits : Talk onlyThe value  Used 4 =/ The value given is the
given (unrelated to is decimal number corres-
the decimal RS-232C) | ponding to the sum of the

Send data header Unused 0 binary weights shown
Used 2 above. The setting range is
Delimiter (Used for <CR> <LF>0 0to7.

RS-232C send/receive <CR>1 —
and GP-1B send only)

(3) Transmitted Data Type Setting

These settings may be made frm an external device but are made from the front panel when
data is to be sent to a printer equipped with an RS-232C interface.

If the OUTPUT DATA SEL key is pressed after the SHIFT key is held, a value will appear on
display DATA 3/SETTING (2 tha is the code indicating the type of data currently selected. Data
are sequentially transmitted starting from the left digit. For the data codes, see Section 7.2.2 8).

If a zero setting is made, data is not output and both ! 0123 " and " 1230 " settings have the
same effect, with data being output in the same sequences A, A(dB) and Ext DC.

The line number setting is used when outputting data on the printer or similar device and
causes line numbers from 1 through 9999 to be assigned starting at OUTPUT START and
incrementing by 1 for each output. When 9999 is reached, the sequence repeats from 1. From the
line number and the output interval, it is possible to determine for any given data, how much

‘time had elapsed from the beginning of measurements.

(4) Transfer Interval Settings
These settings may be made from an external device but is made from the front panel when
dataistobesenttoa ;;rinter equipped with an RS-232C interface.
If the SAMPLING key is pressed after the SHIFT key is pressed, the following data will
appear on display (2. ’
Rightmost 2 digits : Measurement processing interval (sampling time)
00 : Stopped 01 : 100ms 02 : 300ms 03 :1s
04 : 3s 05 : 10s
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Leftmost 2 digits : Digital data transfer interval
One output is made every 2" times and the value of n is set in the range 0 to 16.
If the setting " 0403 " is made, for example, the measurement processing interval would be
1s and the output interval would be 2%, so that one data would be output every 16s.

(5) Starting Data Transfer
This setting may be made from an external device but is made from the front panel when data
is to be sent to a printer equipped with an RS—232C interface. '
If the OUTPUT START/STOP key is pressed, the orange lamp will light up and digital data
transfer will begin. If pressed once again, the lamp will be extinguished and digital data {ransfer

will stop. When power is first turned on, data transfer is forced into the stopped condition.

8.3.3 Control Using the RS-232C

(1) Program Code Settings

The program codes used on the 5610B/As RS~232C interface are all ISO 7-bit (ASCII) codes,
and both upper and lower case characters are accepted. The delimiter may be set from the front
panel to <CR> <LF> or <CR>, this setting being made simultaneously for transmission
reception.

Program codes are the same as used with the GP-IB. For details refer to Section 7.2.2 7. For
the RS—-232C, the BOS command has been added for use in re-starting measurement.

Using the RS—-232C, since there are no hardware handshakes such as used with the GP~1B,
verification must be made while sending and receiving program codes. Therefore, when
controlling the 5610B/A, always use in inquiry code after a setting code and proceed to the next

step only after waiting for the response from the 5610B/A.

It should be remembered that the 5610B/A cannot make a measurement during RS-232C
data transfer. Before sending a program code, send a space to the 5610B/A, wait for the &
IDX 5610B/A " response from the 5610B/A (which indicates that the measurement is
interrupted and that the 5610B/A is ready to receive a command) before proceeding to set the
program code. When the 5610B/A receives data from the RS-232C, it enters the KEY LOCK
mode, in which front panel controls are inoperative. When the RS—232C transfer is completed,
to restart measurement, send the program code " BOS " to the 5610B/A (see the next page).

(2) Measurement Data Output

As is the case for GP-IB, two methods can be used to output measurement data. One is
similar to the parameter inquiry message and consists of using the " ODT " message which
references measurement data and the other consists of using DATA OUTPUT START to output
data from the 5610B/A periodically.

In the external control mode using the RS—-232C, the communication between 5610B/A and

the controller is illustrated on the next page.
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Controller 5600B/A

SEND SPACE TO INDICATE THAT
PARAMETERS ARE TO BE SENT. <CR> <LF>

WAT FOR “IDx|____ | T0 BE
RETURNED AS A RESPONSE. _ | WHEN THE SPACE 15 RECEIVED, THE

“ox [ ]* 15 SENT AS AN

ox [ ] ACKNOWLEDGEMENT ,
MEASUREMENT IS STOPPED, THE

PROGRAM CODE IS WAITED FOR AND

THE 5600 ENTERS KEY LOCK MODE.

WHEN THE RESPONSE "IDXI I"

IS RECEIVED, ASSUME THAT THE
READY CONDITION HAS BEEN

REACHED. SEND THE PROGRAM CODE
AND REFERENCING MESSAGE AND BFR1 ?BFR<CR> <LF>

WAIT FOR THE RESPONSE. \ WHEN A PROGRAM CODE IS
RECEIVED, THE CORRESPONDING
BFR 0001<CL> <LF> SETTING IS MADE AND A RESPONSE

SENT WITH RESPECT TO THE
REFERENCING MESSAGE.

ONCE ALL SETTINGS HAVE BEEN

COMPLETED, SEND THE "BOS”
PROGRAM CODE TO RESTART
MEASUREMENT AND THE
REFERENCING MESSAGE AND WAIT

BOS ?ERR<CR> <LF>

FOR THE RESPONSE.

WHEN THE MEASUREMENT RESTART
“BOS” PROGRAM CODE IS RECEIVED,
RESPONSE IS MADE TO THE INQUIRY

. MESSAGE AND MEASUREMENT IS
RECEIVE THE RESPONSE TO THE RESTARTED.
REFERENCING MESSAGE, COMPLETING

THE PARAMETER SETTING.
N ERR 0000<CR> <LF>

Note @ Inthis example, the header for data output from the 5610B/A has been switched on.
® The model name of 5610A or 56108 is output at [:l
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8.4 Sample Programs

The model name of 5610A or 56108 is output at I__—_I

8.4.1 PC-9801 (NEC) Sample Programs

These sample programs are intended for use with the PC—9801 acting as the controller.
A cable having the connection shown in Section 8.3.1(b) is used and the RS—~232C parameters are

set as follows :

Baud rate ;1200

Data bit length : 8bhits

Number of stopbits  :  1bit

Parity . None

Delimiter : <CR>,<LF>

The PC-9801 baud rate is 1200 but the monitor should be checked with respect to this setting.
This can be done by keying in the sequence MON © SSW2 9.
If the monitor returns " 05— " , the baud rate is 1200. If the results are different, set the monitor
to 05. Set up the 5610B/A as follows :
‘RS~-232C BAUD ;0802
GP-IB ADR . 0002

Program operation is the same as described in Section 7.4.1.
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(1) Sample Program PC-RS1
This program is a very basic type of program which sets the analysis frequency range,

reference signal mode, sensitivity, time constant, time constant rolloff and dynamic reserve.

Line 160

Line 170

Line 180

Line 190

Line 210
Line 220
Line 230
Line 250

Line 290

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290

300

5610B /A

The RS-232C port is opened and RS-232C parameters set as follows :
No parity check

8 bit data length

1stop bit length

No flow control of received data

2 ZzZ = ® 2z

Kana (the Japanese syllabary) is not used

Before making parameter settings " (. " is sent to the 5610B/A to stop
measurement and have it wait for RS—-232C data input.

Receive character string " [::] " which indicates that the 5610B/A is
ready for data input.

Display the character string "l:l" indicating the ready completion on
the CRT.

Send program data and error referencing messages.

Receive error code.

Display error code on the CRT.

When parameter settings are completed, send the KEY LOCK OFF and “ BOS”
command which restarts measurement.

Close the RS—232C port.

Sample Program PC—RS1 Listing

* [[77] rS-232C Sample Frogram 1

File Name "[:::j.RSl"

‘{Set baudrate 1200
‘ mon{cr) ssw2lcr?) 05{(cr) {(ctrl)b

OFEN "COM1:NBINN" AS #1
PRINTH# t,* *

INPUTH 1,0%

PRINT Qf

PRINT# 1,"BFR1 BRM2 BSS10 BTCS EDO1 BDR2 DDT226 7ERR"
INFUTH# 1,03
PRINT @#

FRINT# 1,"KLKO BOS ?ERR"
INFUT# 1,03
FRINT 0%

CLOSE #1
END

8§-12



(2) Sample Program PC-RS2

This program is a simple program that can be used to receive measurement data from the

5610B/A over the RS-232C. It inputs five types of character data at once and outputs them to a
printer.

Line 160t0 190 : As was done in sample program PC—RS1, these lines make preparation for
use of the RS— 232C control functions. They stop 5610B/A measurement
and place the 5610B/A in the KEY LOCK mode.

Line 210 Output program code uses to select the type of data to be output. (Upon this
setting, the data are output in the order of A, LA(%A), X, LX(%X), P, ED,
RT and RF.)

Line 250 Send the " ODT " message which references measurement data.

Line 260 Input measurement data as a character string.

Line 270 Print the input measurement as is on the printer.

Line 290 Since the input of the measurement data is completed, cancel the KEY
LOCK condition and restart measurement. Sample Program PC-RS2
Listing

Sample Program PC -RS2 Execution Results
100 - [ | RS~232C Sample Program 2
110 ° File Name “[:::].RSZ“
120 °
130 ‘(Set baudrate 1200
140 -~ mon (cr) ssw2(cr) 0S(cr} (ctrllb
150 -
160 OPEN “COM1:NBINN® AS #1
170 PRINT# t,* "
180 INPUT# 1,Q$
190 LPRINT Q%
200 -
210 PRINT# 1,“HDR1 0DS2345,2456 7ERRY
220 INPUTH# 1,0%
230 LPRINT Q¢
240 °
250 PRINT# 1,"?20DT"
260 LINE INPUTH# 1,A%
270 LPRINT A$
280 -
290 PRINT# 1,"KLKO BOS 7ERR"
300 INPUTH 1,Q%
J10 LPRINT ©¢
320 -
330 CLOSE #1%
340 END
1DX
ERR 0000
A 1.030E-3, LA -59.7 s X 1.030E-3, LX -59.7 s P -0.146, ED 0.00
9.999 s RE 1.00GE+3
ERR 0000
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(3) Sample Program PC—RS3

This program substitutes measurement data into numerical values, enabling calculations to

be performed on input measurement data.

Lines 160 to 190
Line 210 :

Line 250 :
Line 260 :
Line 270 to 310

Lines 330 to 370 :

Preparation for RS-232C control.

Since the appendage of a data heder would prevent input as numerical
variables, the " HDRO " command is used to switch the header off and
the output data types are selected.

The " ODT " measurement data referencing message is sent.

Input the measurement data as the numerical variables A, B and C.
Output the input measurement data to the printer.

Perform operations to terminate RS—232C control.

Sample Program PC - RS3 Listing and Execution Results

5610B /A

100 [ )Rre-232C Sample“Pro%ragsgu

110 File Name

120 -

130 ‘(Set baudrate 1200

140 ° mon{cr) ssw2(cr) 0S(cr) (ctrl)b
150 -

160 OPEN "COM1i:NBINN" AS #1

170 PRINTH# 1," *

180 INPUTH 1,0%

190 LPRINT 9%

200

210 PRINT# 1,"HDRO 0ODS48,6 7ERR"
220 INPUTH# 1,0%

230 LPRINT €%

240 -

250 PRINT# 1,“?20DT"

260 INPUTH# 1,A,RB,C

270 LPRINT "AcosP 4R
280 LPRINT "EXT DC “sB
290 LPRINT “Frequency",C
320 °

330 PRINT# 1,"KLKO BOS ?ERR"
340 INPUTH# 1,0%

350 LPRINT Q%

360 ¢

370 CLOSE #1

380 END

0000

AcosP . 001029
EXT DC 0O
Frequency 1006
[olelele}
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(4) Sample Program PC-RS4
This program makes use of the PC-9801 function key interrupt capability, so that each time
the[ F-1 ]function key is pressed data is transferred from the 5610B/A and sent to the printer.

Lines 160 to 190
Line 210

Line 150 to 230
Line 270 to 320

Line 340 to 430
Line 450 to 640

100
i10
120
130
140
180
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
Z60
370
380
390
400
410
420
430
440
450
4460
470
480
490
S00
510
S20
530
S40
S50
560

5610B/A

Preparation for RS~232C control.

The header is switched (7) Sample program PC—RS7 The contents are the
same as for HP-8,.

Routine for setting initialization.

Reads timer every time. Performs measurements by AUTO SET when

second becomes " 00 " .

Routine to end measurement.

Measurement routine by AUTO SET. Feeds space by line 460 before
AUTO SET 490 to be ready for receiving commands.

Sample Program PC-RS4

! E:::] RE~232C Sample Frogram 4

‘ File Name “] !.RS4"
‘{Set baudrate 1200

‘ monf{cr) ssw2{cr) 05(cr) (ctrl)b
OPEN "COM1:NBINN" AS #1

PRINT# 1t ,* v

INPUTH 1,08%

LPRINT @%

PRINT# 1,"HDRO 0ODS48, BOS 7ERR"
INPUTH# 1,Q%
LPRINT @3

.

ON KEY GOSUEB *DATAIN
KEY (1) ON

IF I=0 THEN *FINISH
GOTO 280

*FINISH

PRINT# 1,"KLKO BOS ?7ERR"
INPUTH 1,0%
LPRINT G%
KEY (1) OFF
CLOSE #1
END
*DATAIN
PRINT# 1,"
INPUT# 1,0%
LPRINT 0%

PRINT# 1,"70DT"
INPUTH 1,A,B

LPRINT “AcosP ";

LPRINT USING "+#### annt,pn,
LPRINT * EXT DC "3
LPRINT USING “+i#.##";E

PRINT# 1,"BOS 7ERR"
INFUT# 1,0%
LPRINT 0%
I=I+1

RETURN
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Sample Program PC~RS4 (contd) and Execution Results

<
<o
&
<

i

P +1028E-0&6 EXT DC +0.00
P +1030E-06 EXT DC +0.00
P +1029E-06 EXT DC +0.00
AcosP +1028E-06 EXT DC +0.00

AcosPF +1029E-06 EXT DC +0.00
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(5) Sample program PC-RS5
Using the PC-9801 RS—-232C input interrupt function, this program periodically input

measurement data output periodically by the 56108/A and output this data to the printer. Press

the function key to end the measurement.

Lines 160 to 200
Line 210

- Lines 250 to 260

Lines 280 to 290
Lines 300 to 310

Lines 330 to 480

Lines 500 to 550

5610B/A

Preparation for RS-232C control.

The header is switched on, the types of data to be output are selected, the
measurement processing interval and output data interval are set and
data output is started. In this example, the measurement processing
interval is 300ms and data output interval is 25 =232, so that one data is
output every 9.6s.

Declaration of the timer interrupt which will terminate measurements
after one minute.

Declaration of the RS-232C input interrupt.

When the interrupt processing has been completed, this routine is
executed in a loop.

Operations to complete measurement. Lines 360 and 380 comprise a wait
routine used to establish the proper timing.

Routine to input measurement data by using an RS-232C input
interrupt. For details, refer to the PC—-9801 instruction manual.
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Sample Program PC—-RS5 Listing

100 ‘[ ] RS-232C Sample Program S

110 File Name “:]RSS“

120 - '

130 ‘(Set baudrate 1200

140 - mon{cr) ssw2{cr) O0S5(cr) (ctrl)b
150 -

160 OPEN "COMI1:NSINN“" AS #1

170 *

180 PRINT# 1,* *

190 INPUTH 1,4%

200 LPRINT A$

210 PRINT# 1,“HDR1 ODS48,6 S55A5,2 0SS1 7ERR"
220 INFUTH# 1,Q%

230 LPRINT Q$

240 * .

250 ON KEY GOSUB #£INISH

260 KEY(1) ON

270 °

280 ON COM GOSUB *DATAIN

290 COM ON

300 PRINT TIMES$ ; “ =

310 GOTO 300

320 ¢

330 *FINISH

340 BEEP

350 KEY(1) OFF

360 FOR I=1 TO 2000 : NEXT I
370 coM OFF

380 FOR I=1 TG 2000 : NEXT I
390 -

400  PRINT# 1,"

410  INPUT# 1,0%

420 LPRINT Q%

430  PRINT# 1,“KLKO 0SSO BOS 7ERR™
440  INPUT# 1,8%

450 LPRINT Q%

460 °

470 CLOSE #1
480 END -
490 -

SO0 *DATAIN

910 TIMES$ STOP

S20 IF LOC(#1)=0 THEN RETURN
330 LPRINT INPUT$(LOC(1) ,#1);
S40 TIMES ON

S50 RETURN

Sample Program PC—RS5 (Cont’d) and Execution Results.

0000
EQR 1.0296-3, ED 0.00 , RF 1.00&4E+3
X 1.029E-3, ED 0.00 , RF 1.006E+3
X 1.029E-3, ED 0.00 , RF 1.006E+3
X 1.0286-3, ED 0.00 , RF 1.006E+3
X 1.029E-3, ED 0.00 , RF 1.006E+3
X 1.030E-3, ED 0.00 , RF 1.00&E+3
X 1.029E-3, ED 0.00 , RF 1.006E+3
X 1.030E-3, ED 0.00 , RF 1.00&E+3
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(6) Sample Program PC-RS6
This program uses referencing messages to input the 56 10B/A setting values.

Lines 160 to 190
Line 210
Lines 250 to 360

Lines 380 to 430
Lines 450 to 500

100
110
120
130
140
1350
160
170
180
190
200
210
220
230
240
250
2560
270
280
290
OO0
3J10
F20
330
Z40
350
260
370
80
390
400
410
420
430
440
450
440
470
480
490
500

5610B/A

Preparation for RS-232C control.

Set the header on.

Send inquiry messages for various settings and input the corresponding
data responses from the 5610B/A. Since an inquiry message is capable of
transferring only one data at a time, as shown in this example, it is
necessary to repeat the data output and input sequence 6 times to obtain
the sending of six data.

Output the input data to the printer.

Operations to end RS-232C control.

Sample Program PC-RS6 Listing

© [] RS-232C Sample Program &
‘ File Name “[ ].RS&"

‘(Set baudrate 1200

‘ monf{cr) ssw2(cr) 03(cr) (ctrl)b
OPEN “COM1:NS8INN" AS #1

PRINT# 1, "

INPUTH# 1,0%

LFRINT Q%

PRINT# 1,"HDR1 ?ERR"

INPUTH 1,0%
LFRINT QF

FRINT# 1,"?BEFR"
INPUT# 1,A%
PRINT# 1,"?HRM"
INFUT# 1,B$
FRINT# 1,"?ESS"
INFUTH# 1,C%
PRINT# 1,"?BTC"
INPUT# 1,D%
PRINT# 1,"?EDO"
INFUTH 1,E$
PRINT# 1,“?BDR"
INPUT# 1,F$

LFRINT "F.Range"',A%
LFRINT "REF.Mode",B%
LPRINT "Sensitivity",C#
LPRINT "Time Constant",D¥%
LPRINT "T.C.Slope" ,E*
LPRINT "DYN.RES.",F¥

FRINTH# 1,"KLKO EBOS 7ERR"
INPUTH 1,A%

LPRINT A%
CLOSE #1
END
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Sample Program PC~RS6 Listing (Cont’d) and Execution Results

ERR QOO0
F.Range BFR 0002
REF.Mode BRM 0002

Sensitivity EBESS 0007
Time Constant BTC 0004

T.C.Slope BDO 0001
DYN.RES. BDR 0002
ERR 0000
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(7) Sample program PC-RS7
The contents are the same as for HP—-8.

Line 150 to 230
Line 270 to 320

Line 340 to 430
Line 450 to 640

100
110

120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
330
340
S50
560
S70
&80
390
600
610

5610B /A

Routine for setting initialization.
Reads timer every time. Performs measurements by AUTO SET when

second becomes “ 00 ” .
Routine to end measurement.
Measurement routine by AUTO SET. Feeds space by line 460 before

AUTO SET 490 to be ready for receiving commands.

Sample Program PC-RS7

* [} rS-232C Sample Program 7
’ File Name "[:::j.RS?“

‘(Set baudrate 1200
‘ mon(cr) ssw2{cr) 0S{(cr) (ctrl)b

OPEN "COM1:NBINN" AS #1

PRINT# 1," »
INPUTH# 1,A%

LPRINT A%

PRINT# 1,"HDRO ODS26,6 ?ERR"

'INPUTH# 1,0%

LPRINT @3

1=0
*LOOP
T$=RIGHT$ (TIME$,2)
PRINT T$ ; " » ;
IF T$="00" THEN GOSUB #*MEASURE
IF I=5 THEN *FINISH
GOTO *LOOP
*FINISH
PRINTH 1,"
INPUT# 1,03
LPRINT @%
PRINT# 1,"KLKO 0SSO BOS ?ERR"
INPUTH 1,03
LPRINT Q3%

CLOSE #1
END

*MEASURE
PRINTH# 1," *
INPUT# 1,A$
LPRINT A%
PRINT# 1,"AUS20 20DT"
INPUT# 1,A,B,C
LPRINT "Amplitude ";
LPRINT USING "+#.###~~~rnzn:

LPRINT * Phase ";
LPRINT USING “###.#4#";B;
LPRINT * REF. FREQ. ";

LPRINT USING ."##### """ C
PRINTH# 1,"BOS ?ERR"
INPUTH# 1,0%
LPRINT Q%
I=I+1
RETURN



Sample Program PC-RS7 (cont'd) and Execution Results

I

Q
Q
Qo
»]

oD
o2
on
bo ¥ o]
ot
rt
c
o
i

1

o
S
Q

oD
o3
joy v}
e ]
[y
o+
c
a
B

O0Q0

5610B/A

+1.008E-03

+1.010E-03

+1.008E-03

+1.009E~03

+1.008E-03

Phase -0.16

Phase -0.22

FPhase -0.28

Phase ~0.28

Phase -—0.22
8 -22

REF .

REF.

REF.

REF.

REF.

FREO.

FREGQ.

FREQ.

FREG.

FREG.

1005E+00

100GE+00

1003E+00

1005E+00

1005E+00



8.4.2 Outputting Measurement Data to a Printer

This section describes in detail the procedure for outputting measurement data to the equipped
with an RS-232C optional.

Use a connection cable as described in Section 8.3.1(b).

The following RS—232C parameters are used :

Baud rate 1200

Data length 7 bits
No. of stop bits 2 bits
Parity None

Set the 56 10B/A as follows :
RS-232C BAUD 0902

GP-IB ADR 0202
OUTPUT DATA SEL 01260700
SAMPLING 05 02
AUTO RANGE ON

Once the 5610B/A is ready for measurements, press the START/STOP key.
The results of execution, shown below, ae that one set of values is printed every 9.6s.
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Data Output Sample

*NO 0001 10.13E~6, F. -2.14, S8 0003
NO 0002 10.11E-6, F -3.05, S8 0003
NO 0003 10.20E-6, F  =0.50, S8 0003
ND 0004 10.21E-6, F ~ =2.07, S8 0003
NO QOOS 10.13E~6, F  =2.76, 5SS 0003
ND 0006 10.09E-6, F 0.16, §S 000Z
NO 0007 10.33E~6, F  -2.38, S8 0003
NO 0008 10.40E~6, P ~0.49, S8 0003
ND 0009 10.56E~6, F  —1.41, SS 0003
NO Q010 10.66E~6, F  —4.84, SS 0003
NO 0011 B.7SE-6, F  -2.81, S5 0003
NO 0012 10.3BE~6, P —-1.65, S5 0003
NO 0013 10.95E-6, P  —4.45, SS 0003
NO 0014 10.59E-4, P =3.08, SS 0003
NO 0015 9.87E~6, P =10.86, §S 0003
NO 0016 10.19E~6, P -4.72, SS 0003
NO Q017 9.90E-6, P ~2.89, S8 0003
NO 0018 10.156-6, F  -0.62, S8 0003
NO Q019 10.5S5E-4, F  =-1.95, §S 0003

Fn

NO 0020
NO 0021
NO 0022
NO 0023
NO 0024
NGO 0028
NO Q026
NO 0027
NO 0028
NO 0029
NO 0030
NO O0Z1
NO 0032
NO 0033
NO 0034
NGO 0033
NO 0036
NO ©O0Z7

9.89E-6, -4,2%, §5 0003
10.48BE-6, F 1.09, 88 0003
10.5%9E~6, F -2.59, 88 0003
10.13E~-6, F ~0.34, 88 0003
10.28BE-6, F -3.17, 885 Q003
10.20E-6, F -1.18, 88 0003

?.84E-6, F -0.46, 858 Q003

©10.23E~6, F  -3.59, S5 0003
104,.0E-&6, P -1.54, &85 0005

103.1E-6, F -1.58, 88 00035
102.7E-6, F  ~1.&1, 85 0005
103.0E-46, F -1.50, S5 0005
102.76-6, F ~1.61, 88 Q005
102.3E-6, F -~1.56, 88 0003
103, 0E-6, P -1.50, 88 00035
102, 6E~-6, F ~1.67, 88 0005
102.8E-6, F -1.33, 88 0005
102.8E-6, F -1.56, 88 0003

P> DPDPDDDDPDDPDDIDPDIDDID

I R Y Y VT T T v O R L . T TR v SV v Py
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BASIC FUNCTION

Table 9-1 Program Codes Lists

Reference | nitialize
Panel marking Header Operation & setting range message ' Example
exists value
F RANGE BFR Analysis frequency range (Hz) YES None BFR1
setting
0: 05t0 12
1: 10 to 120
2: 100 to 1.2k
3: 1k to 12k
4: 10k to 200k
| Reference mode settin
REF MODE BRM 0: INTF s YES None BRM2
1: INT 2F
2: EXTF
3: EXT 2F
SENSITIVITY BSS Input sensitivity setting (V) :
- T —2 : 100n 6 im YES v BSS10
-1 : 300n 7 3m
0 ip 8 10m
1 3p 9 : 30m
2 10p 10: 100m
3 30n 11: 300m
4 : 100p 12: 1
5 : 300p
*5610
Input sensitivity setting (V)
SENSITIVITY BSS P o ;’ : Img( ES W BSSI0
1: 3p 7 :3m
2: 10p 8 : 10m
3:30p 9 :30m
4: 100p 10 : 100m
5: 300p 11 : 300m
12 : 1
*5610A
Time constant setting (s)
T CONST BTC 0:1lm 5 : goom YES 100ms BTC5
1:3m 6 :1
2: 10m 7 :3
3:30m 8 : 10
4: 100m 9 : 30
Time constant rolloff settin
d-B./QCT BDO 0: 6dB/oct ¢ YES 12dB/oct BDO1
1: 12dB/oct
Dynamic reserve mode settin
DYN RES BDR d 0: H . YES L BDRI
1: M
2: L
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FILTER

Panel marking

Header

Operation & setting range

Reference
message
exists

Initialize

value

Example

FREQ

FFQ

Cutoff frequency value setting
100 to 1200
5 to 1200 only for
0.5Hz to 120Hz
Cutoff frequency range setting

1:

2
3:
4

0.5 to 120.0Hz

: 100 to 1200Hz

1kHz to 12.00kHz

: 10kHz to 120.0kHz

YES

None

FFQ123,2

MODE

FMO

0: THRU

—

: HPF
: LPF

Band-pass filter Q and mode

setting

30:
31:
32:
33:
34:
35:
36:
37:
38:

Nomal Q1
Nomal Q5
Nomal Q30
LPF Type Q1
LPF Type Q5
LPF Type Q30
HPF Type Q1
HPF Type Q5
HPF Type Q30

YES

THRU

FMO33
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AUTO FUNCTION

Reference Initialize
Panel marking Header Operation & setting range message Example
exists value
AUTO SET AUS Automatic setting: NO None AUS30
Setting is made with the
forced stopping time parameter
in the range 1 to 9999 in
second.
PHASE SET AUP Phase setting NO None AUP
AUTO RANGE AUR Auto-ranging YES OFF AURI1
0: Auto-ranging off
1: Auto-ranging on
AUTO TUNE AUT Auto-tuning YES OFF AUTO
0: Auto-tuning off
1: Auto-tuning on
DISPLAY
Reference | ypitialize
Panel marking Header Operation & setting range message Example
exists value
DATA 1 DDT DDT o YES A DDT 244
r——'——l FORMAT Designated
2:A & AdB/A% DDT Simuitane
4:X & XdB/X% 0224 -ously
DATA 2 DDT o, & No
I———l abbreviation
2:9
4:Y
DATA 3 DDT \—”—HI' REF FREQ
|
4 : EXT DC
5 : RATIO
6 : REF FREQ
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NORMALIZE

Reference | 1nitialize
Panel marking Header Operation & setting range message Example
exists value
VALUE NVL Setting of the reference values in YES 1v NVL512,4
dB or %. 1 to 999 (100 or 3162 '
Note : coincides with the fullscale value of
Setting to 100nV or each range) Setting of ithe range of
300nV range is not reference valuesin dB or %(V)
possible 0 : 1p 6 : im
1 3p 7 3m
2 : 10p 8 : 10m
3 : 30n 9 : 30m
4 :100n 10 : 100m
5 :300p 11 : ' 300m
12 1
MODE NMO Select the unit for the ratio of the YES dB NMO1
measuring value to the reference
value 0:dB 1: %
ADJUST
. Reference Initializ-
Panel marking Header Operation & setting range message ation Example
exists value
PHASE ADP Reference phase offset value YES 0° ADPS000
setting
—17999 to +18000.
(—179.99 deg to +180.00 deg)
OFFSET ADO Set offset to the value displayed YES 0 ADO-316
on A/A COS ¢ neglecting a
decimal point.
—3162 to +3162
A VERAGE
Reference | ypitializa-
Panel marking Header Operation & setting range message tion Example
exists value
TIMES AVT Number of averages setting. YES 26 AVT5
Set as n (0 to 9) for 2" (64)
averages.
MODE AVM Averaging mode setting. YES 0 AVM1
0: No averaging
1: LIN
2: EXP
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INT OSC

Reference Initialize
Panel marking Header Operation & setting range message Example
exists value
FREQ oFrQ Oscillator frequency value YES None OFQ100,3
setting
100 to 1200
(5 to 1200 only in 0.5Hz to 120Hz
range)
Oscillator frequency range setting
1: 0.5 to 120.0Hz
2: 100 to 1200Hz
3: 1kHz to 12.00kHz
4: 10kHz to 120.0kHz
LEVEL OLvV Oscillator output level value YES 0.0mV 0OLV100,1
setting
0 to 255
Oscillator output level range
setting
0: 0 to 25.5mV
1: 0 to 256mV
2: 0 to 2.55V
METER
Reference | itialize
Panel marking Header Operation & setting range message Example
exists value
MAG X MMG Meter sensitivity setting YES X1 MMX1
0: X1
1:X10
MAG Y MMY Meter sensitivity setting YES X1 MMY1
0: X1
S 1:X10
RATIO
. Reference | pritialize
Panel marking Header Operation & setting range message Example
exists value
K RAK Setting factor value for RATIO YES 1.000 ‘RAK 0.25
function )
0.100 to 9.999
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KEY

data

ODS Loy Ll
00 O T T T T I

* 1st

parameter

: No data

: Line Number
A

: AdB/A%

: X(ACOS®)
: XdB/X%

: P

: Y (Asin®)

: Ext DC

: No data

2nd
parameter

wmqampwwwc“'mmqmm»wwmo

: No data

: Line Number
I/

: Y (Asing)

: Ext DC

: RATIO

: REF FREQ

: SENSITIVITY
: STATUS

: No data

Reference | nitialize
Panel marking Header Operation & setting range message Example
exists value
LOCK KLK Setting panel setting disable YES - KLK1
function
0 : Enables setting
1 : Disables setting
OQUTPUT
Reference Initialize
Panel marking Header Operation & setting range message Example
exists value
START/STOP 0SS Starts/stops external output data YES STOP 0SS1
0 : Stop
1 : Start
DATA SEL ODS Setting external output digital YES None 0DS12,245
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SPECIAL FUNCTION

Panel marking

Header

Operation & setting range

Reference
message
exists

Initialize

value

Example

DAC

SDA

Setting D~ A converter analog

output

SDA |Tu_|

data

U 0O b e

: A

: AdB/A%

: X (ACOS®)
: XdB/X%
— paciour

-

S N

1 @

: Y (ASINg)
: Ext DC

: RATIO

REF FREQ

— pAczouT

YES

None

SDA3

SAMPLING

SSA

Sampling interval and digital
data external output interval

setting

SSAN,, N -

NI:

N2:

Digital data external
output interval (set as n
(0 to 16) for 2™,
Measuring processing
interval (Sampling
interval)

: Stop

: 100ms

: 300ms

i 1s

: 3s

: 10s

W N O

YES

.97
N,:2
N~2 : 300ms

SSA4, 1

o]
>
-

SCA

Beeper function ON/OFF
0 : Beeper off
1 : Beeper on

NO

SCA

PSD ZERO

SPZ

LED lamp on/off -
0 : Lamp off
1 : Lamp on

NO

SPZ

5610B/A




SPECIAL FUNCTION (continued)

Reference T
Initialize
Panel marking Header Operation & setting range message Example
exists value
BEEP SBP BEEP ON/OFF YES OFF SBP1
0 : Beep OFF
1 : BeepON
LAMP SLP LED lamp ON/OFF YES ON SLPO
0 : lamp OFF :
1:lamp ON
LIMIT SLM Setting max, sensilivity limit YES OFF SLM5
in AUTO RANGE mode (V)
0 : 1p 6 : 1m
1 3p T: 3m
2 10p 8 : 10m
3 : 30p 9 : 30m
4 :100p 10 : 100m
5 :300p 11 : 300m
12 1
13 : OFF
INITIALIZE SIN No initialize parameter for No - SIN
setting panel
GP-1B-
Reference | pitialize
Panel marking Header Operation & setting range message Example
exists value
ADR HDR Availability of header for output YES None HDR1

(only for header)

data
0: NO
1:YES

5610B/A




Other functions

Reference | 1,itialize
Panel marking Header Operation & setting range message Example
exists value
QUTPUT DATA OoDT Measurement data output request YES - ?20DT
command, no parameter (No setting)
Beginning of BOS Instruction to start measurement No - BOS
’ Sample after controlling with RS-232C
(only for RS—232C)

SRQ Mask SRQ Setting service request factor. YES None SRQ17
Set by decimal value added with (SRQ is
the numerical value of factor sent by
used. 1+16 when

1 : Overflow only for
2 : Range switch overflow and
8 : Error output
16 : Output ready ready)
32 : Unlock
Status STS Status (status byte to be sent YES - 7STS
when header is SRQ) inquiry (No
command, no parameter. setting)
Responded by a decimal value
added with the numerical value of
a factor.
1 : Overflow
2 : Range switch
8 : Error
32 : Unlock

Over Code OVR Overcode inquiry command, no YES - 20VR
parameter. Responded by a | (No
decimal value added with the setting)
numerical value of a factor.

1 : Input over
2 : Output over
4 : Ext DC over

Error Code ERR Error code inquiry command, YES - ?ERR
no parameter. (No
See 3.4.14 for error code. setting)

Model name IDX Command for model name inquiry, YES - ?IDX
sending “ 5610B/A ™. (No
Used to check the operation of setting)
the 5600B/A and check GP-IB
adders. )

5610B/A







WARRANTY

NF CORPORATION certifies that this instrument was thoroughly tested
and inspected and found to meet its published specifications when it was

shipped from the factory.

ALL  NF products are warranted against defects in materials and
vorkmanship. Obligations under this warranty are limited to replacing., or
repairing of any instrument returned to our factory for that purpose within
one year of delivery to the original purchaser. No other warranty is expressed
or implied. NF does not assume liability for installation or for incidental

or consequential damages.

NF CORPORATION

3-20 Tsunashima Higashi 6-chome. Kohoku-ku. Yokohama-shi
223, JAPAN
Phone(045)545~-8111  Fax{(045)545-8191 Telex 3823-297
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