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HANDBOOK AMENDMENTS
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'POZIDRIV' SCREWDRIVERS
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GENERAL

MEASURING FUNCTIONS

DISPLAY

Format:

Latch:

Display Time:

Measurement Check:
Segment Check:

Reset:

Overflow/Standby Indicator:

Gate/Charging Indicator:

Battery Low Indicator:

Units Indicators:

External Standard Indicator:

9904 Vol .2

Model 9904 is a seven digit 50 MHz Universal
Counter Timer.

The modes of operation are:-

(1) Frequency

(2) Single and Multiple Period

(3) Single and Multiple Ratio

(4) Single and Double Line Time Interval

(5) Single and Double Line Time Interval
Averaging

(6) Totalizing

Seven digit in-line, seven segment |.e.d.,
display. The decimal point positioning is
aufomatic.

The display is latched for Frequency, Period
and Ratio measurement, and automatically
unlatched in all other modes,

Gate time + 0. 15s in Frequency, Period and
Ratio modes.,

1.5s in other modes.

A switched HOLD position is provided.

Counter reads 1 MHz,
Sets all numerical indicators to 8,

Normally automatic, but a push-button for
manual operation is provided.

Lights when overflow occurs or when instrument
is in the Standby mode.

Lights when the main gate is open or when the
internal batteries are on full charge rate.

Lights when internal batteries require charging.

Light to indicate the appropriate units for
the display.

Lights when the instrument is operating from
an external standard.

Tech.Spec.(1)




CHANNEL 'A* INPUT - AC COUPLED

Frequency Range:

Sensitivity:

Maximum Signal Level:

Maximum Input Level:

Input Impedance:

CHANNELS 'A' and 'B' - DC COUPLE

10 Hz to 50 MHz.

10mV r.m.s. A variable sensitivity control
is provided.

250V r.m.s. up to 20 kHz.
50V r.m.s. up to 100 kHz.
10V r.m.s. above 100 kHz.

The d.c. level + peak signal level must not
exceed 400V over the full frequency range.

1 MQ in porallel with approximately 25pF,
falling to 100kQ at 4V r.m.s. with sensitivity
control in 10mV position.

D

Frequency Range:

Pulse Duration:

Trigger Levels:

Sensitivity:

Attenuator;

Input Impedance:

9904 Vol.2

'A' Channel : d.c. to 20 MHz.
'B' Channel : d.c. to 10 MHz.

25ns minimum at trigger points.

+ 3V or + 30V nominal, with switched zero
offset position.

Trigger lamps flash to indicate when the
input level is passing through the input
hysteresis threshold.

+ 140mV about offset level for £ 3V offset.
+ 1.4V about offset level for £ 30V offset.

X10 attenuator selected by front panel
switches, giving increased offset with
reduced sensitivity.

With attenuator at X1:

1MQ in parallel with approximately 25pF,
falling to 100kQ at + 5V r.m.s.

With attenuator at X10:

1MQ in parallel with approximately 25pF,
falling to 200kQ) at + 50V r.m.s.

Tech. Spec.(2)




Maximum Input Level:

Hold Off:

Start Inhibit:

6, FREQUENCY MEASUREMENT

Input Channel:
Coupling:

Frequency Range:

Gate Times:

Accuracy:

With attenuator at X1:

100V r.m,s. up to 1 MHz, decreasing to
10V r.m,s, at 20 MHz.

With attenuator at X10:

100V r.m.s. up to 1 MHz, decreasing to
40V r.m,s, at 20 MHz,

Permits inhibition of the stop signal in

Time Interval and Totalize modes for a period
variable from 0,1 to 100ms.

The delay can be displayed by selecting
CHECK and Time Interval mode.

Permits inhibition of the start signal in
Time Interval and Totalize modes.

Channel 'A'
AC or DC

AC coupled: 10Hz to 50MHz
DC coupled: d,c. to 20MHz

1 ms to 100s in decade steps.

+ 1 count % frequency standard accuracy. -

7. SINGLE AND MULTIPLE PERIOD MEASUREMENT

Input Channel:
Coupling:

Range:

Clock Unit:
Periods Averaged:

Accuracy:

9904 Vol .2

Channel 'A'
AC or DC
Tus to 10s
Tus

1to 105 in decade multiples.

1 0.3%
Number of periods averaged + frequency
standard accuracy + 1 count,

(at 50mV r.m.s. input with 40 dB S/N ratio)

Tech, Spec.(3)




Bandwidth:

Avutomatically reduced to 10MHz (3dB) when
on AC and Period mode is selected.

8.  TIME INTERVAL - SINGLE AND DOUBLE LINE
Input Channel: Single Line: Channel 'B'
Double Line: Start Channel 'B'
Stop Channel 'A’
Time Range: 100ns to 1055 (28 hours)
Clock Units: 100ns to 10ms
Start and Stop Signals: Electrical or contact,
Manual Start and Stop: By single push button on front panel,
Trigger Slope Selection: Electrical: positive or negative slopes of
both Start and Stop signals can be selected.
Accuracy: + 1 count  trigger error + frequency
standard accuracy.,
Trigger error: 5 :
(in ns) Signal slope at trigger point (V/ps)
9.  TIME INTERVAL AVERAGING - SINGLE AND DOUBLE LINE
Input Channel: Single Line: Channel 'B'
Double Line: Start Channel 'B'
Stop Channel 'A’
Time Range: 150ns to Ts
Dead Time Between Intervals: 150ns minimum
Clock Unit: 100ns
Time Interval Averaged: 1to ]05 in decade multiples.
Accuracy + Frequency standard accuracy * system error
+ averaging error,
System error: 10ns maximum per input channel,
This is the difference in delays between start
and stop signals and can be minimised by
matching externally.
9904 Vol.2 Tech, Spec.(4)




10.

11,

12,

RATIO

Higher Frequency Input:

Lower Frequency Input:
Accuracy:

Reads:

Multiplier n

TOTALIZING

Input Channel:
Maximum Rate:
Pulse Width:

Prescaling:

Reads:

Manual Start and Stop:

Electrical Start and Stop:

FREQUENCY STANDARD

Frequency:

Type:

9904 Vol .2

Averaging error: Trigger Error + 100

in ns VIntervals Averaged
5

Trigger error: Signal slope at trigger point (V/us)

in ns

Channel 'A*: AC coupled; 10Hz to 50MHz
DC coupled; d.c. to 20 MHz

Channel 'B': d.c. to 10MHz.

+ 1 count + frigger error on Channel 'B'

Frequency A
Frequency B xhn

1 to 105 in decade multiples,

Channel 'A': d,c. to 10MHz,
]07 events per second.
30ns minimum at trigger points,

Events can be pgescaled in decade multiples
(n) from 1to 107,

Number of input events + 1 count
n -0

By single push button on front panel,

By electrical signal applied to Channel 'B’,

5 MHz

Refer to Options 04A, 04B and 04C on page
Tech,Spec.(7 ).
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13.

- 14,

15,

Frequency Standard Output:

EXTERNAL FREQUENCY STANDARD

Frequency:

- Waveform:

Input Socket:

Indicator:

EXTERNAL SIGNALS

Data Output:

Other Outputs:

Inputs:

POWER REQUIREMENTS

Voltage Ranges(a.c.)

9904 Vol .2

A 1 MHz rectangular waveform is available

at the rear panel BNC socket, This is

t.t.l. compatible (600mV peak to peak
into 50Q)).

1 MHz
Sinewave or pulse (up to 4:1 mark/space ratio).

Applied to the Channel ‘B' input, Provides
an external standard for Frequency and Period
measurement only,

Afront panel |.e.d, lights when the external
standard is present, Change over from
internal to external standard is automatic,

Eight digits with overflow and decimal point
in serial BCD form at standard t.t.1. level,
Refer to Supplementary Data on page Tech,
Spec. (10),

See Supplementary Data on page Tech, Spec.
(10).

Reset and print hold,

Appropriate transformer connections allow six
pairs of voltage ranges to be selected, A
rear panel switch selects either the upper or
lower range of each pair.

(1 94-106V/106-119V

(2) 106-119V/118-132V
(3) 188-212V,/200-225V
(4) 200-225V,/212-238V
(5) 212-238V/224-251V
(6) 224-251V/235-265V

Refer to Chapter 5 for setting instructions,

Tech, Spec.(6)




Frequency:

Consumption:

45 to 450 Hz.

19VA approximately .

16. ENVIRONMENTAL & SAFETY SPECIFICATIONS

Operating Temperature Range:
Storage Temperature Range:
Humidity:

Mechanical:

Safety:

17. MECHANICAL

Dimensions:

Weight:

0°C to +55°C (to +40°C with Battery Option)
~40°C to 470°C (to +60°C with Batteries)
95% r.h. at +40°C,

Tested in accordance with IEC 68, (BS2011
recommendations).

Meets 1EC 348 (BS4743) recommendations, .

Height: 83 mm (case only)
110 mm overall
Width: 240 mm (case only)
284 mm overall
Depth: 268 mm

2.7kg (excluding battery pack)
Battery pack 1.5kg.

18. OPTION 01 SERIAL TO PARALLEL INTERFACE

Data Control Information:

8 decades of data in 4 line BCD weighted 1248,
3 line decimal point position, print command,
print hold, reset, overflow and time-base
information. All logic levels are t.t.l.
compatible,

19. OPTION 04A FREQUENCY STANDARD 9442

Type:

Frequency:

Ageing Rate:

9904 Vol .2

A fast warm up, ovened precision oscillator
suitable for the majority of operations,

5MHz.
. an? .
+ 3 parts in 10°/day averaged over a minimum

of 10 days after 3 months continuous
operation.

Tech. Spec.(7)




Warm=-up Time:

Temperature Stability:

Better than + 2 parts in 107 within 6 minutes.

Better fhag +3 parfg in 109 per °C over fhe
range =10 C to +45°C, but operable to +55°C.

20. OPTION 04B FREQUENCY STANDARD 9421

Type:

Frequency:

Ageing Rate:

Warm-up Time:

Temperature Stability:

An ovened oscillator of the utmost precision
for use when the highest long term accuracy
is essential. Not available when the Battery
Pack option is fitted.

5 MHz.
.ps . 9
Initial: £ 2 parts in 10° per day averaged
over a minimum of 10 days at
shipment .

1
Long Term: + 5 parts in 10 o/ day averaged
~over a minimum of 10 days after
3 months continuous operation.

Better than £ 1 part in 107 within 20 minutes.
Better than + 6 parts in 1010 er °C averaged

over fhe range -10°C to +45 C, buf operable
to +55°C.

21, OPTION 04C FREQUENCY STANDARD 11-1254

Type:

Frequency:

Temperature Stability:

Average Ageing Rate:

9904 Vol .2

An unovened crystal oscillator for non-
critical applications or where an external
house standard is to be used.

5MHz.

6
+ 8garfs in 10" over temperature range 0°C to
+55°C.

+3 patts in 106 over temperature range +20°C
to +40°C.

£ 1 part in 106 per month three months after
delivery but less than £ 1 part in 102, in the
first year.

Tech.Spec. (8)




22. BATTERY POWER PACK OPTION: 11-1289

Mechanical: The battery pack is mounted on a metal tray
inside the instrument, and connected via a
polarised 4 pin connector to the main p.c.b.

Selection: By means of 3 position LINE POWER/CHARGE/
BATTERY POWER switch on rear panel.

Battery Life: 4% hours minimum continuous operation at
+2O C, 15 hours minimum on standby at
+20°C.

Battery Condition Indicator: A front panel l.e.d. lights when batteries
require charging.

Charge Time: 14 hours at +20°C.

Standby Facility: With the NORMAL/STANDBY switch in

STANDBY position only the internal standard
is operational . Pressing the RESET button
activates the counter for approximately one
minute, after which it reverts to the standby
condition.

23. ACCESSORIES

Accessories Supplied: Operators Handbook
Spare fuses.

Accessories Available: Rack mounting kit (11-1126)
Rigid carrying case (15~0450)
Padded carrying case (15-0444)
Data output connector (23-5147)

9904 Vol.2 Tech.Spec.(9)




SUPPLEMENTARY DATA

DATA OUTPUT CONNECTIONS

A1. Data and command information is provided on a 28-way edge connector accessible
via a removable cover on the rear panel, The facilities and pin connections are
listed in Table 1 below. The logic for time base and function data is given in Tables 2

and 3.
TABLE 1
Data Output Socket
Pin | Facility Pin Facility
1 | -5V (nominal) A ov
2 +5V (nominal) \Y Overflow (static indication)
3 Key Way C Key Way
4 | 4(BCD) D T (BCD)
5 | 8(BCD) E 2 (BCD)
6 External Hold Input F 10kHz Sync.
7 External Reset Input H Main Gate
8 Not Used J Start Inhibit
9 ¢ )  Function K z ) Time Base
T Information - Information
10 E ) (See Table 2) L Z ) (See Table 3)
11 a ) M x )
12 | R(O) N Not Used
13 | Hold/Reset P Not Used
14 | Not Used R Not Used
NOTES 1  External Hold Input
To extend the cycle time the external hold signal (logic '0') must be applied
during the gate or hold time. To initiate a new measurement cycle the external
hold must go 'high' for not less than 200ps.
2 External Reset Input
To apply external reset the level at pin 7 must go to logic '0' for not less than
5ms, On reverting to '1' level the display resets to 'all zeros' and a new
measurement commences,
9904 Vol.2 Tech. Spec.(10)




FUNCTION AND TIMEBASE LOGIC CODES

Function Data

A2, Function information format: 3 lines coded as shown. The table gives the logic
available at the edge connector. The inverse levels are applied to the CDI Chip
in the instrument,

TABLE 2
Function Information
FUNCTION _ Code  _
a b c
Frequency 1 1 1
Average Period 0 1 1
Totalize A 0 1 0
n
Ratio A 1 1 0
B
T.l.(single line or double
line not averaged) 0 0 T
T.l.(single line or double -
l line averaged) 1 0 1
Time Base Selection Data Output
A3, Time Base information: 3 lines coded as shown. The inverse levels are applied to
the CDI Chip in the instrument,
TABLE 3
Time Base Selection
B Code Frequency Multiplier Time Interval
X y z Gate Time 'n' Clock
1 1 1 Tms 1 0.Tus
0 1 ] 10ms 10' s
1 0 i 100ms 102 10ps
0 0 1 1 sec ]03 100us
1 1 0 10sec 104 1 ms
0 ] 0 l 100sec 10° 10ms

9904 Vol.2 : Tech, Spec.(11)




DATA OUTPUT FORMAT

A4, In standard format the b,c.d. output data is available at the 28-way edge
connector in a bit parallel byte serial form. The data is sequenced by a 10 kHz

synchronising signal. The data presentation is delayed 0.5us from the negative edge of the

synchronising signal. An additional synchronising pulse R(0) determines the first state

(10° digit). Accessories are available to give data output in parallel form (for printers etc.)
or IEC/ASCII bus compatible format,

A5, The ten data output states are as follows: the timing is shown in the diagram,

States Facility
1to8 Digit (display information),

9 Overflow for 103, ]04
S respectively,

’ 106 and 107 digits on pins D, . E, 4 and

10 Decimal point position in kHz units, plus overflow information
for 107 digit, via pin 5,

(PIN F)

Ri}PIN 12}

OUTPUT STATES

e e e = -

DATA QUTPUTS 10 10 10 10 10 10 10 10
N ~ I~
DIGIT DATA OVER  OVERFLOW
FLOW AND dp.
Data Sequence Diagram Fig A1

9904 Vol ,2 Tech, Spec.(12)
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CHAPTER 1

INTRODUCTION

1.1 The 9904 is a seven-digit universal counter timer, powered from a.c. line
power or optional internal batteries and with a comprehensive range of facilities.

OPERATING FACILITIES

1.2 (a)  Frequency measurement ranges: AC coupled: 10 Hz to 50 MHz.
DC coupled: DC to 20 MHz.

(b)  Period measurement, 1 to 105 eriods in decade steps, a.c. or d.c.
P P
coupled.

(c) Ratio measurement.

(d)  Time Interval, single or double line, with manual or electrical start/stop
signals, trigger slope selection.

(e) Time Interval average, single or double line, with trigger slope selection.
(f)  Totalize, with electronic or manual start/stop.
1.3 In addition to the usual control facilities such as AC/DC input selection, manual
Hold and Reset, Check etc., the 9904 incorporates variable a.c. sensitivity on
the 'A' channel and variable d.c. offset on both 'A' and 'B' channels. Variable ho!d-off

protection is available when using Time Interval or Totalize mode. The amount of hold-off
(in milliseconds) can be displayed.

POWER SUPPLY

AC (Line Power) Supply

1.4 The instrument operates from a.c. supplies between 94 and 265 volts, 45 o

450 Hz. Tappings and a link on the line power transformer provide a choice
of six voltage ranges. A rear panel switch allows selection of the upper or lower half of
the chosen range. A label fixed to the rear panel should indicate the chosen range.
Spare labels for ranges other than 212 to 251 V are supplied.

1-1
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Battery Power Supply (Option)

1.5 The instrument can operate either from line power supplies, or from an internal
battery pack containing re-chargeable nickel cadmium cells. The batteries

allow 4% hours continuous operation from the full charged condition. A 3-position rear

panel switch selects line or battery power, or full-rate charging of the batteries

from the internal charging circuit. When on battery operation a warning light indicates

when battery voltage is low.

Battery Charging

1.6 To fully charge a discharged battery requires 14 hours. Avoid overcharging

as it will progressively reduce battery charge capacity. When the instrument
is operating from line power supply the batteries receive a trickle charge which can
continue indefinitely without detriment to the batteries.

Battery Economy (Standby) Facility

1.7 This facility may be used when continuous readout is not required. On

BATTERY operation with the front panel POWER switch at STANDBY, the
instrument is 'off' except for the internal frequency standard. [If the RESET button is
depressed and released the instrument will then operate normally for approximately one
minute, after which it reverts to the standby condition.  This operation may be
repeated as required.

FREQUENCY STANDARD

1.8 At the customer's option one of three 5SMHz oscillators from the Racal-Dana
range can be fitted. Details will be found in the Technical Specification.

Option 04C is a discrete component oscillator, and a parts list and circuit will be found in

Section 3 of this manual. Options 04A and 04B should be serviced only by Racal-Dana

Instrument Litd., or their agents. For all options an aperture in the rear panel

provides access for calibration.

1.9 An external standard, which will automatically over-ride the internal

standard, can be applied via the front panel 'B' input socket for use in the
Frequency and Period modes. A front panel |.e.d. lights when the external standard
is operating.

1.10 A 1 MHz reference, derived from the standard in use, is available at the rear

panel BNC socket.

9904 Vol .2




CARRYING HANDLE

1.11 The instrument is fitted with a combined carrying handle and bench stand.

To adjust the stand, press in the two handle bosses simultaneously, while
setting the stand to the desired position.

O PERATORS MANUAL

1.12 A separate Operators manual is supplied with each instrument.

CARRYING CASE AND RACK MCUNTING

1.13 A rigid carrying case (Part No. 15-0450) and a 19-inch rack mounting
kit (Part No. 11-1126) are available to order.

9904 Vol .2







CHAPTER 2

POWER SUPPLY

2.1 Line Power. Before operating a new instrument or at a new location, check
that the line voltage selection and fuse rating are correct (see rear panel

label). Set the rear panel switch to LINE POWER.

Battery Supply (Option). Set the rear panel switch to BATTERY POWER. Set
the POWER switch to ON and verify that the BATTERY LOW indicator is not

illuminated.

FREQUENCY MEASUREMENT

2.2 In this mode the unknown frequency is gated to the counter decades for the
gating period selected by the chosen Time Base (n) push button. For
frequencies below 10 kHz the use of period mode will give greater resolution.
(1) Set the POWER switch to ON and the Normal/Standby switch to NORMAL.
(2)  Set the following controls:~
(a) Function switch to FREQUENCY 'A'.
(b) AC/DC switch to AC or DC, as required.

(c) If using AC mode set the SENSITIVITY control initially to the
maximum clockwise position.

(d) If using DC mode set the same control to the '0' (switched)
position (fully anti-clockwise), and the 'A' Channel Attenuator
to X1 or X10.

(e) CHECK/OPERATE/HOLD switch to OPERATE.

(3)  Connect the unknown signal to the 'A' input socket.

(4)  Select the required Time Base (n) push-button.

2-1
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(5)  If using AC mode adjust the SENSITIVITY control anti-clockwise to
to obtain stable counting. If using DC mode adjust the same control
for the required d.c. triggering level.

(6)  Switching to HOLD stops the automatic updating of the display.

A 'one shot' update can be obtained by pressing and releasing the RESET
button.

Time Base Range Selection Frequency Mode)

Gate Opening Time Multiplier 'n' - Display Resolution
1 ms 1 1 kHz
10 ms 10 100 Hz
100 ms 102 10 Hz
1s ]03 1 Hz
10s 10t 0.1 He
100 s ]05 0.01 Hz

Overflow Procedure

2.3 To obtain high resolution when measuring high frequencies it may be

advantageous to ‘overspill' one or more of the left-hand digits. First of all,
select a short gate time and record the most significant digits displayed, then select a
Range button giving a longer gate time to display the less significant digits to the
required resolution.

PERIOD MEASUREMENT

2.4 This mode is recommended for measuring low frequencies in the range of 10 Hz
to 10 kHz with improved resolution. The incoming signal is taken to the

time-base decade dividers, the output of which (selected by the Time Base (n) push-button)

gates the internal reference frequency to the counter decades. The display indicates

the actual value of the period of the incoming signal in microseconds. Greater accuracy

is obtained by selecting a longer time base range thus taking the measurement over a

greater number of periods.

9904 Vol .2




Period Operation

2.5 (I)  Set the POWER switch to ON and the NORMAL/STANDBY switch
to NORMAL.

(2) Set the following controls:-

(a) Function switch to PERIOD 'A'.
(b) AC/DC switch to AC or DC, as required.
(c) If using AC mode, set the SENSITIVITY control initially

to maximum clockwise.

(d)  If using DC mode set the same control to zero offset, '0'
(switched) position, and the 'A' Channel Attenuator to X1 or X10
as required.

(e) CHECK /OPERATE/HOLD switch to OPERATE.
(3)  Connect the unknown signal to the 'A’ input socket.

(4)  Select the number of cycles to be timed by depressing the relevant
Time Base (n) push-button. A greater number of cycles gives
enhanced resolution but longer measuring time.

(5)  If on AC mode adjust the SENSITIVITY control anti-clockwise for stable
counting. If on D.C. mode adjust the same control to the required
DC offset. For zero offset set the control to '0' (switched) position.

(6)  Switching to HOLD stops the automatic updating of the display A
'one-shot' update can be obtained by pressing releasing the RESET button.

TIME INTERVAL (T.1. and T.1. Average)

2.6 In this mode the instrument is effectively serving as a stop-watch by counting

clock pulses derived from the frequency standard. The time interval may be
controlled by successive events on a single line in which case Input 'B' is used with the
Stop Channel Selection switch set to'B'.

2.7 For timing events on separate lines the Stop Channel Selection switch must be
set to A, The 'start' signal is applied to the 'B' Input and the 'stop' signal

to the 'A' input. Trigger slopes can be selected by the START/STOP slope switches. On

T.l. signals af the STOP input can be inhibited by use of the HGLD OFF control.

2.8 The T.l. mode is most suited to the measurement of single intervals such as pulse

widths. A range of widths from 100 ns fo several hours may be measured by
selecting the appropriate clock unit.
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The maximum clock rate is 100 ns, therefore resolution on short duration pulses is
likely to be unsatisfactory, but can be improved by the use of T.|. Average mode,
which increases resolution by the averaging of5rhe inherent + 1 count 'gate uncertainty’
factor over a number of time intervals (1 to 107). It should be noted, when time
averaging, that the repetition rate of the pulses under measurement must not be
harmonically related to the frequency standard in use.

Time Interval Operation

2.9 (1) Set the POWER switch to ON and the NORMAL/STANDBY switch
to NORMAL.

(2)  Set the following controls:-
(a) Function: depress the T.l. or T.l. Avg* button, as required.

(b) On T.1. : HOLD OFF control as required.

*NOTE: On Time Interval Average (single line) the _ to I and L
to 1 measurement is effectively equivalent to Period mode.
Therefore the user is recommended to use Period for this particular
type of measurement as the accuracy is greater and the measurement
time reduced.

(c) Stop Channel Selection switch: for single line select'B.  For
double line select A and set the 'A" Channel AC/DC switch to
DC.

(d) START and STOP switches: select required triggering polarities.
(Not required for manual timing).

(e) Attenuator X1/X10 as required.
(f) CHECK/OPERATE/HOLD switch to OPERATE.

(3)  Connect the input(s). For single line timing connect the external signals
to Input 'B'.  For double line connect the 'start' line to 'B' and the
stop line to ‘A,

(4)  Press the Time Base (n) button which provides the appropriate readout.
One of the |.e.d. indicators will light to indicate the units of the
display.

(5)  For manual timing (on T.l. only) press and release the START/STOP
push-button as required.

(6) | Switching to HOLD stops the automatic updating of the display. A ‘one
shot' update can be obtained by pressing and releasing the RESET button.

2-4
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RATIO n—g-

2.10 In this mode, two unknown signals are fed to inputs "A' and 'B'. Generally
the higher frequency is fed via input socket 'A' to the counter decades and the
lower frequency is fed through input socket 'B' to the time-base decades, but this input
arrangement may be reversed, as for example, when the lower frequency has a smaller
amplitude (e.g. 10 mV) and the higher frequency a considerably larger amplitude. The

display indicates the ratio n B and the reading must be divided by the factor 'n’ to

obtain the ratio B

Ratio Operation

2.11 (1) Set the POWER switch to ON and NORMAL/STAN DBY switch to NORMAL.

(2)  Set the following controls:-

(@)  The FUNCTION switch to RATIO n%\

(b) The AC/DC switch to AC or DC as appropriate.
(c) Attenuators X1/X10 as required.
(d) CHECK/OPERATE/HOLD switch to OPERATE.

(3)  Connect the input signals to sockets 'A' and 'B'. (See para.2.10).
(4)  Set Trigger Level controls as required.
(5)  Press the Time Base button which gives a full display without overspill.

(6)  Switching to HOLD stops the automatic updating of the display. A 'one
shot' update can be obtained by pressing and releasing the RESET button.

(7)  To obtain the true ratio the displayed reading must be divided by the factor
'n' indicated above the selected Time Base push button.

TOTALIZE é

Theoretical Considerations.

2.12 In this mode, signals on the 'A' input socket are prescaled and taken to the
counter decades. The count can be controlled manually by the START/STOP

button or electrically by timing signals connected to the 'B' input socket. This mode

permifs a number of events occurring with random timing to be counted over a chosen period.

2-5
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A counter time base in Totalize mode is generally designed to reset to either 0 or 9;
in either case a rounding off of the count occurs to an accuracy of 1 count, as
It should be noted that the Racal counter 9904 resets to 9.

shown in the following table.

No. of j/p pulses Counter Display Error
(n = 10" selected) | t/breset9 t/breset 0 Reset 9 Reset 0
] 1 0 0.999 0.001
999 ] 0 0.001 0.999
1000 1 1 0 0
NOTE: Using n = 103 the error of £ 1 count is relative to 'n minus one'

input pulses (i.e. 999 pulses). For full resolution n = 1 could
have been selected, then the error of + 1 count would have been
related to the display or the number of input pulses (i.e. 1 pulse).

Thus an increase in n division will give increase in counter range,
but a decrease in resolution.

Totalize Operation

2.13 (1) Set the POWER switch to ON and NORMAL/STANDBY switch to NORMAL.

(2) Set the following controls:-

(a) The Function switch to TOTAL?

(b) The Stop Chaﬁnel Selection switch to'B',

(c) Attenuators X1/X10 as required.

(d) The 'A' Channel AC/DC switch as required.

(e) The HOLD OFF control as required.

(f) The START and STOP switches to select the required trigger edge
polarities.

(9) The CHECK/OPERATE/HOLD switch to OPERATE.

(3) Connect the signal to be totalized to socket 'A' and the electrical
timing signals (if used) to socket 'B'.

2-6
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(4)  Press the Time Base button which will provide suitable units for the count.
For example, if the 103 switch is depressed the display will be in units of
1000 (within the accuracy of measurement).

(5)  Set the TRIGGER LEVEL controls as required.

(6)  Switching to HOLD stops the automatic clearing of the display. The RESET
button should be pressed and released before making a fresh measurement.

(7)  If manual control is required, press the START/STOP button to commence
counting and again to terminate counting.

(8)  In order to obtain the true total the displayed reading must be multiplied by
the scaling factor 'n' indicated above the selected Time Base push button
(see para.2.12 for accuracy).

BATTERY ECONOMY OPERATION

2.14 (1)  Prepare the instrument for battery power supply (para.2.1) and normal
measurements.

(2)  Set the NORMAL/STANDBY switch to STANDBY and briefly press the RESET
button. The instrument will operate for approximately one minute and then
revert to standby. To repeat the operation press RESET when instrument is in

the STANDBY condition.

STANDBY OPERATION WITH AC POWER

2.15 The operation described in 2.14(2) can be used with line power. If may be noted

that, when switching from NORMAL to STANDBY within one minute of first
switching on, the display generally remains on for about one minute before setting into the
'display off' standby condition.

NOTE:  The frequency standard oscillator is not switched off in STANDBY and is
therefore ready for immediate use.

BATTERY CHARGING

2.16 (1)  Connect the a.c. supply.

(2)  Set the rear panel BATTERY POWER/CHARGE/LINE POWER switch to the
CHARGE position.

(3)  Set the front panel Power switch to ON. Verify that the CHARGE indicator
is illuminated. The time required for a complete re-charge is 14 hours.

NOTE:  The batteries receive a trickle charge when the instrument is operated
with rear panel switch in the LINE POWER position.
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DESCRIPTICN OF CONTRO LS

Function Push-Button
Switch Bank:

9904 Vol .2

This bank of six press switches, located
near the centre of the front panel,
select the following measurement modes:~

@ T
Provides time interval measurement
between two successive events.
The events may be on one line (B-B)
or separate lines (B-A), with start
and stop slopes of the same or opposite
polarity.

(b) T.l. Avg.

This mode is suitable for the
measurement of short repetitive events,
with start/stop controls as in T.1. By
averaging over a number of events

the resolution is increased.

(c) FREQ. A

Provides frequency measurement of
the 'A' channel input with readout
in kHz.

(d)  PERIOD A

Provides period measurement on 'A’
channel signal with readout in
microseconds.

(€) RATIO n%\

Refer to para. 2.10

)  TOTAL é\

Provides accumulated total of events
applied to Channel 'A', prescaled by a
factor 'n' which is selected by use of
the Time Base (n) push buttons .
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DESCRIPTION OF CONTROLS (cont'd)

Time Base Range
Push- Buttons:

START Slope Switch:

STOP Slope Switch:

Stop Channel Selection Switch:

AC/DC Swiich:

9904 Vol,2

This bank of six 'n' switches offers a choice
of gate times, and clock unitson T.l. The
multiplier 'n' associated with each switch may
also be defined as follows:-

(a)

(b)

(c)
(d)

The number of periods averaged on
'period average' measurement,

The 'A' input prescale factor on
'totalize’,

The 'B' input prescale factor on 'ratio’.

The number of intervals averaged on
‘time interval average',

A slide switch which selects either positive-
going or negative-going trigger edge for
start of time interval and totalize measure-
ments, Applies to Channel 'B' only,

Selects the required 'stop' trigger edge
polarity on time interval and totalize on
Channel 'A' or 'B', according to the setting
of the Stop Channel Selection switch,

Position B selects single line (Channel 'B'
only).

Position A selects double line (Start on
Channel 'B', Stop on Channel 'A'),

This switch selects either a.c, or d.c, coupling
in the 'A' channel amplifier.

Operation on DC Mode

The use of d.c. mode is recommended in the
following circumstances:-

(a)

(b)

(c)

For signals having a slow rate of rise and
fall (e.g. sinusoidal signals of frequency
lower than 10 Hz),

For signals of rectangular waveform which
have a mark/space ratio other than 1:1,
provided the frequency is less than T0MHz.
Random pulses.
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DESCRIPTION OF CONTROLS (cont'd)

A.C. SENSITIVITY and
TRIGGER LEVEL
('A' Channel):

TRIGGER LEVEL Control
('B' Channel)

HOLD OFF Control

START/STOP
Push Button:

CHECK/QPERATE/HOLD
Switch:

9904 Vol .2

This is a dual potentiometer and switch
operated by a single control, which performs
two functions in the ‘A’ channel :-

Sensitivity

The attenuator control is operative on 'A’
channel signals when the AC/DC switch is
at AC, It is particularly useful in filtering
out h.f, interference on lower frequency
measurements,

D.C. Trigger Level

The control provides d.c, offset from -3V to
+3V when the AC/DC switch is at DC, If
offset is not required the control should be
turned fully anti~clockwise to the switched
('0") position,

When the 'A' Channel attenuator is set to
X10 the d.c. offset range becomes +30V

to =30V,

This control operates in the same manner as
the ‘A' Channel Trigger Level control
described above,

Hold Off is used on Time Interval and
Totalize to inhibit the stop input for a period
(varioble from 0, 1ms to 100ms) set by the
Hold Off control., This prevents the measured
interval being terminated by unwanted
signals at the Stop Channel input,

Provides manual start/stop on Time Interval
and Totalize modes,

In the OPERATE position the instrument
provides continuous updating of the display,
In the HOLD position the display is held,
but a single shot update can be obtained by
depressing the adjacent RESET button,
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DESCRIPTION OF CONTROLS (Cont'd)

RESET
Push Button:

Attenuator (X1/X10) switches

POWER ON/OFF Switch

9904 Vol.2

In the CHECK position the following
facilities are available.

(a) 1 MHz self check display

(b) With RESET button depressed an 'all 8's'
display is provided for segment check.

(c) With T.1. function selected the Hold
Off delay is displayed.

When the RESET button is depressed and
released the instrument will clear down to
zero and initiate a new measurement. The
RESET button is also used in the segment
check and for battery economy operation.

With X1 selected the TRIGGER LEVEL
controls have a d.c. offset range of +3v to
-3v.

With X10 selected an input attenuator of
20dB is inserted. The d.c. offset range
becomes +30V to -30V.

‘The function of this switch is affected by

the setting of the LINE POWER/CHARGE/
BATTERY POWER switch on the rear panel,
and by the NORMAL/STANDBY switch.

POWER ON Position

With LINE POWER selected the a.c. supply
is connected to the instrument. Trickle
charging of the batteries, if fitted, will take
place.

With BATTERY POWER selected the supply
from the batteries, if fitted, is connected to
the instrument.

With CHARGE selected the batteries, if
fitted, will receive a full rate charge
derived from the a.c. supply.

POWER OFF Position

In the 'off' position, the charging and
operating facilities are switched off,
irrespective of the type of power supply.
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DESCRIPTION OF CONTROLS (Cont'd)

'NORMAL/STANDBY Switch

INDICATORS

OVERFLOW/STANDBY
Indicator

BATTERY LOW Indicator:

GATE/CHARGING
Indicator:

EXTERNAL STANDARD
Indicator:

INPUT TRIGGER
Indicators:

MEASUREMENT UNITS

9904 Vol ,2

With NORMAL selected the POWER ON/
OFF switch has its full range of functions.
With STANDBY selected:

(a) With LINE POWER selected only the
frequency standard is powered.

(b) With BATTERY POWER selected the
frequency standard is powered and the
Battery Economy facility is available,

The OVERFLOW indicator will illuminate
when the count exceeds the capacity of
the 7-digit display or if STANDBY is
selected,

Hlumination indicates that the batteries
will be exhausted within a few minutes,

This indicator illuminates as follows:~

(a) When the counter gate is 'open'. The
iltlumination period is related to gate
time selected.

(b) When the batteries are receiving full
charge a steady illuminaton is obtained
(at the same time the readout display
will be blank),

This |.e.d. lights when the equipment is in
the Frequency or Period mode and an external
standard is connected and operating.

These |.e.d.s flash when the input signal is
passing through the hysteresis threshold

of the associated channel input Schmitt
trigger. The indication gives assistance

in setting up the d.c, TRIGGER LEVEL
control,

The 'ms', 'kHz/ps', 'ns' and 'sec' |, e.d.'s
indicate the appropriate unit for the display,
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DESCRIPTION OF CONTROLS (Cont'd)
HOLD OFF Indicator

REAR PANEL ITEMS

LINE POWER/CHARGE/BATTERY POWER
Switch:

1 MHz O/P Socket:

Data Output Connector:

Marker Output Pins:

Start Inhibit Pin:

Power Plug:

Power Fuse:

Osc. Adjust:

Voltage Selection Switch:

9904 Vol .2

This l.e.d. lights when the HOLD OFF
facility is selected.

This switch selects the operational power source
(battery or line power). The CHARGE position
provides full-rate battery charging when the

line power is connected and the front panel
power swifches are at ON and NORMAL.

A TTL 1 MHz reference signal derived from
the frequency standard in use is available
at this BNC socket.

The facilities provided by this 28-way
connector are listed in Table 1 in the
supplement to the Technical Specification.

The Marker Output Pins allow the user to
monitor the state of the Schmitt friggers
in the Channel 'A' and 'B' d.c. amplifiers.

A logic '0' on this pin inhibits the Start
Channel, allowing unwanted signals to be
rejected.

A three-core power lead is supplied with
the instrument.

Fuse ratings are annotated on the rear panel .
A surge resisting 5 x 20 mm glass cartridge
type must be used.

This aperture provides access to the calibration
adjustment in the frequency standard unit.

This switch has two positions, 'A' and 'B'.

It must be set in conjunction with selected
tappings on the line power transformer.
Instructions for changing voltage range are
given in Chap. 5. It is important that the
label adjacent to the switch shows the voltage
range selected.
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THE CDI CHIP

3.1 A basic digital frequency meter comprises a chain of decade counters feeding
b.c.d. data into latched stores. Counting is controlled via a main gate which
is opened for a period determined by the time base. Provision is made for resetting the
counter and releasing the data for display. In the 9904 these functions are carried out in
the integrated circuit 1C5, which achieves large scale integration, using the collector-
diffusion-isolation principle. For convenience, IC5 will often be referred to in the

handbook as the 'CDI Chip'.

DISPLAY

MULTIPLEXED BCD
OUTPUT DATA

STORES

INPUT INPUT GATE
; CIRCUITS

COUNTER

CONTROL

£ v
REQUENC TIME BASE CDi
STANDARD CHIP

EXTERNAL
STANDARD X Y z

3- LINE TIME BASE SELECTION

Basic Frequency Meter Fig. 3.1
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GENERAL CIRCUIT FUNCTIONS

3.2 Outside the CDI Chip, other circuit functions are carried out,
such as:-

(a)

(b)

()

9904 Vol .2

Input amplification and signal shaping. Sensitivity control
and input (channel) selection.

A seven-digit display system in bit-parallel byte serial
(multiplex) form, with data readout available for external
use.

Clock (reference) frequency generation using a discrete 5SMHz
oscillator circuit, or a high-stability temperature

controlled oscillator. The reference frequency is doubled

to 10 MHz for use in the CDI Chip.

Trigger slope selection, variable trigger hold off, display
time control and external reset are provided by means of
discrete circuits.

The power supply system operates from either a.c. line power
or optional battery pack using re-chargeable nickel-cadmium
cells. Trickle charge and full charge facilities are included.
'Charge' and 'Battery Low' indicators are provided. A
'battery economy' facility is provided.

Light emitting diode (l.e.d.) indicators are provided as
follows:~

(i) Overflow/Standby:= LP1 lights when the count exceeds
the capacity of the seven decade counter. The same

indicator lights when the NORMAL/STANDBY switch is set
to STANDBY,
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(i)

(iv)

Battery Low: LP2 indicates the need for re-charging
of the batteries. When it lights only a few minutes
of battery use is available.

Gate/Charging LP3 lights in synchronism with the

main gate in the counter, thus showing that measurement
is in progress. When the rear panel switch is set to
CHARGE the indicator shows that power is available

to the charging circuit.

External Standard:- LP10 lights when an external
frequency standard is connected and operating.

(v) Trigger Indicators:= LP8 and LP? light when the
input signal passes through the hysteresis threshold
of the input Schmitt triggers of the 'A' and 'B' d.c.
amplifiers respectively.
(vi)  Measurement Units:- LP4 to 7 light to show the
appropriate unit for the display.
(vii)  Hold Off: LP11 lights when the Hold Off facility
is in use.
SELF CHECK
3.3 In the Self Check mode the standard frequency of 1 MHz takes the place

of the unknown frequency, thus providing a check on the measurement
system in the different modes. Facilities for a segment check of the display
indicators are also provided.
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AVERAGE PERIOD MEASUREMENT

3.4 The period of a waveform is measured by counting the number of clock
pulses which occur during one or more cycles of that waveform. Greater
accuracy is obtained by measuring over as many cycles as possible.  As shown in
Figure 3.2, the signal of unknown frequency is applied to the 'A' Input and after
amplification and shaping is applied to the time base decades. In the time base the
unknown signal generates a selection of gate waveforms, one of which is selected
by depressing the appropriate time base (n) push-button. The chosen gating
waveform is applied to the main gate to control the number of periods during which
the measurement is taken.

3.5 Clock pulses from the frequency standard are fed to the signal input of

the main gate and are counted during the time interval controlled by the
selected time base output. The main gate then closes and the display shows the
total of clock pulses counted, with decimal point positioned to indicate the average
period of the signal.

10MHZ 110 IMHz
REF :
o MAIN COUNTING
GATE DECADES oisPLaY
SHAPER TIMEBASE
| ~
A" INPUT SIGNAL ] 21" 12
1 I
X j
SELECTn Y
Z .—.J
RESET
Period Measurement Fig. 3.2
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TIME INTERVAL (SINGLE LINE)

3.6 In this mode the instrument is effectively serving as a stop-watch.

Start and Stop signals are supplied from an input on the 'B' channel or by
operating the manual START and STOP button.. The time interval is measured by
counting clock units derived from the frequency standard.

3.7 The 0.1 microsecond output from a 10 MHz frequency reference is applied
to the time base decades and a suitable clock unit is selected by depressing
an appropriate time base push-button.  These clock pulses are then coupled to the

signal input of the main gate and are totalled in the counter decades during the interval
between the Start and Stop signals. At the end of the count the total of time units
is displayed. The time value of the chosen unit is indicated by the units indicators.

TIME INTERVAL (DOUBLE LINE)

3.8 The operating principle is the same as for single line, except that the start
and stop signals are on separate inputs.  The display will read the true time
interval between events on the separate 'A' and 'B' channels.

10 MMz REF. —— ——— 10 . COUNTING o
GATE DECADES
. 1
SELECT n Y J———— RESET
7
START >——
STOP >————
Time Interval Measurement Fig. 3.3
3-5
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TIME INTERVAL AVERAGE

3.9 The reference frequency is 10 MHz, Thus the shortest available clock

unit is 100 ns, which places a limit on the resolution available for
measurements on, for example, narrow pulse widths.  Greater resolution is
achieved by the 'averaging' technique, which functions as follows:-

3.10 Referring to Figure 3.4 the clock input to the counter has to pass through

two gates in series (gates 'A' and 'B' in the diagram). The successive
Start and Stop pulses open and close Gate 'A' allowing 10 MHz clock pulses to pass
to Gate 'B' during each 'gate open' period. Gate 'B' is held open by the time base
for the selected number of intervals and the clock pulses are totalled in the counter.
At the end of the selected time base period Gate 'B' closes and the count is displayed
as the average time interval. '

NOTE:  To obtain the improved resolution from time interval averaging,
the recurrence frequency of the timing input signal must not be
harmonically related to the frequency standard of the counter.

10 MHz REF
A
8 COUNTING DISPLAY
DECADES

TIMEBASE

START

2107 22

STOP

| Y 1____.
SELECT n
Z ——J

RESET

Time Interval Average Measurement Fig.3. 4
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RATIO

3.11 The principle of operation is very similar to frequency measurement, except
that the time base output is not derived from the frequency standard. Instead,

the lower of the frequencies to be compared is applied fo the 'B' Input and divided in

the time base. The higher frequency is applied to the 'A' Input and fed via the

main gate to the counter. A waveform from the time base decades (derived from the

‘B Input) is selected to gate the 'A' channel signal by depressing an appropriate

time base (n) push-button.  Since the time base output is a divided version of the

‘B' signal, the readout gives a count which corresponds to the ratio of the two input

frequencies, multiplied by the factor 'n'. The particular 'n' factor used is that

shown adjacent to the selected push-button.

SHAPER

AT INPUT ‘ ~
MAIN COUNTING
ISPLAY
| I GATE DECADES oIs

|

EY
* SHAPER TIMEBASE

~o

‘81
B INPUT o0 c2

| n

X

SELECT n Y

z

RESET

Ratio Measurement Fig. 3.5
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TOTALIZE

3.12 The events to be counted are applied to the 'A' Input and, after
amplification and shaping, are coupled to the input of the time base

decades. An output is selected from an appropriate time base decade by depressing

the relevant 'n' push-button.  This scaled output is coupled to the signal input

of the main gate.

3.13 A command level from the START push-button opens the main gate and

allows counting to commence; the gate is closed by a command from the
STOP push-button. Automatic Start/Stop can be arranged by applying suitable
control pulses to the 'B' Input socket.

TIME
SHAPER BASE

A° INPUT ~ .
+ N
MAIN COUNTING
n : GATE DECADES OisPLAY
—

.

SELECT n Y _j
z

START

S1OP  }——m

RESET

Totalizing Fig. 3.6
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CONTROL SEQUENCE

3.14 Figure 3.7 shows the control sequence diagrammatically (not to scale).
The longer display time shown in the diagram applies to the latched
modes, (Frequency, Period and Ratio).

k- DISPLAY TIMES e — = — 5l
| | |
K HOLD TIME )]‘ | :
| i | |
MAIN GATE i N
(INTERNAL) GATE OPEN 100 ps . l
4 l ims
—/
~> B0ps
DATA UPDATE
{INTERNAL) {
|
I | !
| [} 1
RESET
(INTERNAL)
Control Sequence Diagram Fig. 3.7
External Hold
3.15 If, when used with external circuitry, it is required to extend the cycle time,

the external hold signal (logic '0') at pin 6 of the data connector, must be
applied before the end of the gate or hold time. To allow a new measurement cycle to
commence, the external hold input must go 'high' for not less than 200ps.

External Reset

3.16 For external reset a logic '0' level must be applied to pin 7 of the Data Output
connector for a period of not less than 5 ms, On reverting to '1' level the
display resets to 'all zeros' and a new measurement commences.
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DISPLAY AND DATA OUTPUT SYSTEM

Mﬁltiplex Readout

3.7 The readout data is fed from the CDI Chip to the display decoder via a

four-wire b.c.d. connection. To permit this simple interconnection a
parallel-to-serial (multiplex) system is used. The principles are shown in Fig.3.8,
although it should be'noted that part of the system is in the CDI Chip.

3.18 In the CDI Chip the data stores feed in parallel into a common b.c.d. four-line
output.  The store outputs are enabled in tumn for approximately 100ps by a
10 kHz reference signal, derived from the frequency standard.

3.19 The b.c.d. data is fed to a 7-segment decoder (IC25) which offers the
decoded data to the bank of |.e.d. digital indicators. The 10 kHz reference
signal is fed fo a BCD/Decimal decoder which 'enables' each display indicator in turn
for 100 ws. A reset pulse R(o) which is generated in the 10° state of the counter,
ensures that the display enable is synchronised with the data store readout. A diagram
showing the data output format is given on page 12 of the Technical Specification.

Rio}
DECODER

SEGMENT CHECK

. I . I I ! |
8co H:ML — | enasie] .'RI\NISISTOR
3 b
— [oneng S Tt B e BN sy SO ey SN wnt B ooy B o DIGITIIL
| :__[1 (I I_—[: :T! l__[_r ] T: INDICATORS
: TTTTTTT |
—
7 SEGMENTS + dp. |
| T
1oKhz RESET INDICATOR BLANKING ! SEVEN

[
J

SEGMENT [
!
i

]

SERIAL READOUT L

DATA FROM Y
CDI CHIP ——

J 4

Multiplex Display System Fig.3.8
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3.20 In the display indicators each displayed numeral is formed by illuminating an

appropriate number of short straight segments. The numeral '8', for example,
is formed from 7 segments, whereas the numeral '4' will require only 4 segments. The
segments can be checked by selecting CHECK and pressing the RESET button.  This calls
up an ‘all eights' display.

Decimal Point

3.21 Decimal point (d.p.) information is obtained by encoding the four line b.c.d.
output data from the CDI Chip with the display enable signal. This encode

turns on a d.p. drive transistor at the correct instant to light the appropriate

decimal point.

Control Codes

3.22 A 3-line system is used for time base range selection. The lines are
identified as x, y and z, and the logic coding is in Table 3 in the Technical
Specification.

RESISTOR ARRAYS

3.23 Many of the integrated circuits are open collector types. For these IC's

discrete 'pull-up' resistors are provided in the circuit. These resistors may be
mounted in sealed dual-in-line (d.i.l.) packages, for exampie R?7 (Fig.4) which has
thirteen 1kQresistors with a common connection to +5V. Such arrays cannot be
serviced and must be changed in the event of a faulty resistor.
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CHAPTER 4

INTRODUCTION

4.1 Apart from some switches and certain items of the power supply, the circuit for
the instrument is mounted on one main p.c.b. assembly,

LOGIC CIRCUIT SYMBOLS

4,2 Extensive use is made of integrated circuits (IC's) and these are identified by a
number and suffix letter. In the circuit description a particular IC pin will be
identified by a reference such as 'IC10a/2', which indicates pin 2 on that particular gate.
The logic symbols used in the circuits are those found in most manufacturers IC data sheets
to which reference should be made if detailed information is required. The CDI Chip IC5
is, however, available only through the Service Department of Racal-Dana Instruments Ltd.

OPERATING CONTROLS

4.3 It is assumed that the reader understands the operational function of each control,
as described in Chapter 2,

FUNCTION AND RANGE SWITCHING

Switch Selection

4.4 In the circuit diagram, Figure 4 at the back of the book, the Function and Time

Base push-button banks ST and S2 are at the lower left corner, It should be
noted that the PERIOD and n(1) switches are shown as selected and all other push-buttons
are at 'off'. Switching functions are directed by logic signals, the +5V supply and 'pull-
up' resistors being provided in the d.i.l. resistor array R95 and discrete resistors R6?, 70,
71and 72,

Control Codes

4,5 Operational modes within the CDI Chip are selected by the switch bank 51 and
the a, b and ¢ lines, which are connected via inverters IC1d, e and f to IC5.
Table 4a gives the logic coding at the switch connections,

4,6 Time base selection is made via switch bank S2 and lines x, ;cmd_z, which

control the gate times in IC5 via the inverters [Cla, b and ¢, Table 4b gives
the logic coding at the switch connections,
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TABLE 4a

Function Information

Function _ _Code

a b c

Frequency 1 1 1

Average Period 0 1 1

Totalize A 0 1 0
n

Ration A 1 1 0

B

T.l.(single or double line not 0 0 1
averaged)

T.l.(single or double line averaged) 1 0 1

TABLE 4b

Time Base Selection

_ _ Code Frequency Multiplier Time Interval
X y z Gate Time 'n' Clock
1 1 1 1 ms T 0.1 s
0 ] ] 10 ms 10! 1 s
1 0 ] 100 ms 102 10 ps
0 0 1 1 sec ]03 100 ps
1 1 0 10 sec 104 1 ms
0 I 0 100 sec 10° 10 ms
4-2
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Data Latch/Unlatch

4,7 This is determined by the logic level applied to IC5/4, as follows:-

Latcheeeseineeerroonnceannns logic 'l
Unlatch, . ivvienereeeennnnens logic '0'
4.8 In Totalize and the two Time Interval modes the data stores in IC5 are unlatched

by a logic '0' at IC5/4, This is arranged by Function switch S1 which applies
an earth to R70 when the FREQ., PERIOD and RATIO buttons are not selected.

CHECK/OPERATE/HOLD and Reset

4.9 The CHECK/OPERATE/HOLD switch 152 is mounted on the Display Assembly and
shown on the left hand side of the circuit diagram (Fig.4), In the OPERATE
position the display is continuously updated, the automatic reset being produced within

the CDI Chip.

4.10 The HOLD connection to the CDI Chip is at IC5/13, the logic requirements at
this point are:-

( Holdiv..vvvn..... "
IC5/13 (  FreeRun.......... ‘0"
( Reset........ ..., Iransition '1'to '0'

The hold and manual reset signals are applied via the display time generator and
associated circuit described in paras, 4.50 to 4,58

4.11 With the CHECK mode selected the 1 MHz standard is applied to the counter

circuits to provide an operational check of counter and display in 'Frequency '
and 'Period' modes, Pressing the RESET button with CHECK selected gives an 'all 8's'
display for segment checking., With CHECK and T.l. selected the Hold Off time is
displayed,

A CHANNEL INPUT

4,12 The 'A' Channel has alternative amplifier paths, selected by the AC/DC switch
151, The two amplifier paths have a common output stage (Q4) which feeds into
the counter input of the CDI Chip IC5/22,

‘A' Channel AC Amplifier

4,13 Signals in the frequency range 10 Hz to 50 MHz which are applied to the 'A’

input socket, SK50, are fed via the AC/DC switch (AC position) and capacitor
1C1 to the SENSITIVITY potentiometer IR1a. From IRla signals are fed via the C103/
R202 combination to the amplifier on the main p.c.b.
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4.14  The amplifier has a high impedance FET input (Q1) with overload protection
provided by R202, D1 and the gate/channel diode. The output from the source of

Q1 drives a wideband differential amplifier IC32 which feeds into Q3. Transistor Q2

is turned off in all modes except PERIOD. In PERIOD mode the removal of the earth by

switch S1 turns Q2 on, restricting the bandwidth due to the introduction of C9.

4.15  Transistor Q3 drives the amplifier IC17¢ and IC17a. IC17c has feedback applied
to give a Schmitt trigger action. The output from IC17a is fed to Q4.

DC AMPLIFIERS

4.16  The 'A’' Channel DC amplifier and the 'B' Channel amplifier are basically identical.
The description of the 'B' Channel amplifier, trigger level setting, attenuation,
marker output and trigger |.e.d. drive given below applies to both circuits.

'B' Channel Amplifier

4.17  Input signals at SK51 are fed to the X1/X10 attenuator switch 158, This selects
either the R12/C5 combination or the R10/R11 attenuator as the path to Q17,

4.18 Q17 isadual FET. One FET is used as an amplifier, the input excursion being
fimited by D8 and D9. The signal from the source is fed to the inverting input
of 1C33a, a line receiver having feedback applied to give a Schmitt trigger.

4,19 The second FET of Q17 has its gate potential set by the 'B' Channel TRIGGER
LEVEL potentiometer, and sets the potential of the non-inverting input of 1C33a,

This provides control of the trigger level at the input socket over the range +3V with

X1 selected and +30V with X10 selected.

4,20  The signal from IC33a/4 is passed through IC28a, which forms part of the signal
selection system described in paragraphs 4.25 to 4,29, The signal at IC28a/3 is
passed via ICéa to the Marker Output pin on the rear panel.

4.21  The signal from IC28a/3 is also used to control the Trigger lamp drive unit, This

circuit provides an indication as to whether the amplifier is being triggered.
Successful triggering of the amplifier is indicated by flashing of the Trigger |.e.d. LP8
at approximately 10 flashes per second,

4,22 IC23e and d, R52, R53 and C37 form a multivibrator running at approximately 10Hz.
The positive going edge at 1C23d/8 is inverted in 1C23a, differentiated by C36/
R54 and used to preset IC31a, This opens gate 1C24a and closes gate 1C24b,

4,23  In the absence of signal at 1C28a/3 (amplifier not being triggered), IC31a remains

preset, and the |.e.d, drive is inhibited by 1C24b, With signal present, however,
the first positive going edge at 1C28a/3 will clock IC31a/6 to '1', The negative going half
cycle at 1C23d/8, inverted by IC23b, will give a '0' at 1C24b/6. The l.e.d. will therefore
light for half a cycle of the multivibrator.
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4,24 With input frequencies of less than 20Hz IC31a will not necessarily be clocked

out of the preset state during the multivibrator half cycle following presetting, The
operation of the Trigger l.e.d. would be inhibited even though the 'B' Channel input was
in the high state., To prevent this LP8 is lit via IC24a when IC31a is in the preset state and
the 'B' Channel input is in the high state.

SIGNAL SELECTION

4.25 The signal at IC5/22 can be obtained from the 'A' Channel AC amplifier, the

'A' Channel DC amplifier or the 1 MHz standard at IC5/6. Selection is made by
Q10, Q13, 1C28b, IC16e and ICT1a. All selected signals are passed through the amplifier
Q4.

4.26  On 'A’ Channel AC the input to the 'A' Channel DC amplifier is held at ground.,

The base potential of Q10 is set by R66, D2 and R36, and this connectes the -5V
to the AC amplifier via Qé and Q10. At the same time Q13 is turned off, removing the
=5V supply from the 'A' Channel DC amplifier. IC11a/1 is held at '0' by 1C27d, cutting
off the IMHz standard.

4,27 On'A" Channel DC the base potential of Q10 is held low by the AC/DC switch and
D2. QIO is turned off and Q13 on so that the AC amplifier is inhibited but the
'A' Channel DC amplifier is active, IC1la cuts off the TMHz standard as before,

4,28 When CHECK is selected a '0' is applied to IC27d by the CHECK /OPERATE/HOLD
switch, The resulting '1' at IC11a/1 allows the IMHz standard to reach IC28b,

A '1" is also applied to IC1ée, cutting off the 'A' Channel DC amplifier at 1C33b. In the

inhibited state IC33b/9 isat '1', so the IMHz standard is passed to Q4 and IC5/22, The

'1" at IC27d also switches on Q5 which switches off Q10 to inhibit the 'A' Channel AC

amplifier,

4,29 When CHECK is selected a '1' is applied to IC28¢/10, If T.I, is also selected a
‘1" is applied to IC28¢/9 and 1C28d/13. The resulting '0' at [C28¢/8 inhibits the

'B' amplifier at IC33a, and the TMHz standard is substituted for the 'B' Channel signal,

This is used fo display the HOLD OFF interval selected, as described in paragraph 4,37.

SLOPE SELECTION

4.30 The polarities of the Start and Stop triggering edges are selected by switches 154
(STOP SLOPE) and 155 (START SLOPE) in conjunction with the Exclusive-OR gates

IC9b and d for Stop and IC9c for Start. An Exclusive -OR gate gives a logic '1' when the

inputs are dissimilar. Alternative logic levels can be applied by means of the slope selection

switches, so the gates determine which edge of the input pulse shall perform the start or

stop function. IC11c/9 is held at '0' when RATIO is selected irrespective of the setting of

1S5, ensuring positive edge triggering.

4-5
9904 Vol , 2




START INHIBIT

4,31 Start signals are inhibited by 1C11d for as long as a logic '0' is applied at pin J of
the Data Output socket or the Start Inhibit pin on the rear panel.

STOP CHANNEL SELECTION

4.32 Stop channel selection is made by the B-A/B-B switch in conjunction with gates

IC10a, b and c and IC11b. With B-A (double line) selected a '1' is applied to
IC10a/13 and a '0' (via IC11b) to IC10b/3. In all modes except TOTALIZE and RATIO
IC10a/2 is at '1', so the 'A' Channel signals are passed by IC10a. In TOTALIZE and
RATIO modes, however, IC10a/2 is at '0' and IC10b/3 is at '1', The 'B' Channel signals
are selected by IC10b irrespective of the setting of 153,

4,33 With B-B (single line) selected a '0' is applied to IC10a/13 and '1' (via IC11b)
to IC10b/3. This allows 'B' Channel signals to be passed by IC10b,

4.34 The selected stop signal is applied to IC10c. In FREQUENCY, PERIOD and RATIO

modes IC10¢/9 is held at '0' and stop signals are inhibited, In all other modes the
selected stop signal is passed to IC86, part of the Hold Off circuit described in paragraphs
4,35 to 4.39.

HOLD OFF AND HOLD OFF DISPLAY

4.35 When in the TOTALIZE or T.1. modes the Stop signal can be inhibited by means of

the Hold Off timer IC15. In all other modes IC15 is held in the reset state by a
'0' at pin 4 derived from the Function switch bank and Q7, 1C15/3 isat '0', and Stop
signals are passed by the NOR gate consisting of IC8b and f to the differentiating circuit
C24/R40 and the Stop driver Q11.

4,36 With TOTALIZE or T.1. selected, but the Hold Off control in the OFF (switched)
position IC15 remains in the reset condition since IC15/4 is connected to ground
via R33.

4,37 When the Hold Off control is moved away from the switched position +5V is
applied to D3 and R32. 1C15/4 is held at '0' by IC8e except when the main gate

is open, When the main gate is opened by the Start signal the front edge of the gate pulse,

differentiated by C21/R34, turns off Q8. The resulting pulse, inverted by IC16b, triggers

IC15. 1C15/3 goes high for the duration of the Hold Off interval, and IC8a holds the

Stop input, IC5/21, at '0'. The timer is reset at the end of the main gate open period by

the '0' applied to IC15/4 by IC8c.

4,38 The duration of the Hold Off interval is conirolled by varying resistance of 1R3.
When the potentiometer is not in the OFF (switched) position LP11 ison,
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4,39 The duration of the Hold Off interval can be displayed by selecting CHECK and T. 1.

Under these conditions 1C28a/8 is at '0', which inhibits the 'B' Channel amplifier
at IC33a. The IMHz standard is fed info the start system via IC11a, IC16f, 1C28d and
IC28e. This starts measurement of the Hold Off time interval. At the end of the Hold Off
time interval 1C8a releases the Stop input IC5/21, and the next IMHz pulse terminates the
measurement. The measured time interval is then displayed.

MANUAL START AND STOP

4,40 The start and stop drivers, Q% and Q11, have their emitters connected to ground

via the snap action transistor switch Q12/Q31 and R100. Under normal conditions
C16 is charged and Q12 and Q31 are on. Pressing 1550 discharges C16 rapidly, turning
the transistors off, This inserts R100 in the emitter supply of Q9 and Q11, producing
simultaneous signals at the Start and Stop inputs of IC5.

DATA OUTPUT AND D|SPLAY

4,41  Details of the data output format are given in the Supplementary Data section of
the Technical Specification at the front of the book.

4,42 The Display Assembly contains a 7-digit readout system using |.e.d. seven segment
numerical indicators. The display data is fed from IC5 on pins 15 to 18 to the

BCD to 7 segment decoder IC25. The four way output is fed from a parallel to serial (multiplex)

system with IC5, which reads each store in succession for 100ps under the control of a 10kHz

signal derived from the frequency standard,

4,43 The decoded data is presented to the numerical indicators in parallel, The 10kHz
signal from IC5/7 is counted in IC18, the BCD count being decoded to decimal in
IC21. In states O to 6 of IC18 the numerical indicators are enabled in turn.

4.44 A pulse R(0) is generated in IC5 duringothe reading of the 10° store. This is used
to set IC18 to state O at the time of 10™ store readout to ensure that each store
content is displayed in the correct position.

Decimal Point Decoding

4.45 The decimal point information is fed out of IC5 during state 9 of I[C21. In state 9
a '0' is fed from IC21/11 to IC13/4 and 13. The decimal point information is
entered into IC13, which is then latched.

4.46 During states 0 to 6 the information latched into IC13 is compared with the BCD

count from 1C18, When the two sets of information match the outputs of the gates
IC19b, c and d will all be '0'. This gives a '1' at the base of the decimal point driver Q29
and the appropriate decimal point is turned on,
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Overflow

4,47 If the 106 counter overflows a pulse is present at IC5/16 during state 8 of IC21.

This pulse is fed to IC12a/2 and its inverse to IC12d/12. The outputs of these
gates are normally at '0', but during state 8 a '0' occurs at 1C21/10. This is fed to IC12a/3
and IC12d/13 which reverses the state of the latch IC12b and ¢ and lights LP1.

Gate Indicator

4,48 The main gate waveform is inverted by IC22e., When the main gate is open the
D14/R121 junction isat '1' and Q36 is on. LP3 therefore lights in synchronism
with the main gate waveform,

Units Indicators

4,49 The units indicators LP4,5,6 and 7 are controlled by 1C27a,b and ¢, IC30b, ¢ and
d and ICéd. They light to indicate the units in which the display should be read
according to the combination of Function and Time Base switches selected.

DISPLAY TIME AND RESET GENERATOR

Introduction

4,50 This circuit is centred on IC29a, IC29b and transistors Q33, Q34 and Q35,and
Q39. It produces a display time of approximately 150 milliseconds which is
extended to approximately 1.5 seconds in Time Interval, Time Interval Average and Totalize.

At the end of the display time a negative-going transition at IC5/13 resets the counter,

Display Time Circuit

4,51 The main gate signal at IC5/19 is applied via ICa to the control bistable at IC29b/

11. At the end of the main gate period IC29b/11 goes high, sending IC29b/9 high.
This removes the clamp from the display time capacitor C58 and allows it to charge up via
R119, R118, Q33 (see next para.) and switch 152 (CHECK and OPERATE positions),

4.52 Q33 is turned off by a '1' supplied to the base via IC8d from an earth on R70 when
the FREQ., PERIOD and RATIO switches are not selected, This adds R117 to the
charging circuit which increases the display time to about 1.5 seconds.

4,53 Capacitor C58 charges until the voltage at Q34 emitter rises above that at the base

(fixed by R125/R122) at which point Q34 begins fo conduct and a regenerative
action develops which allows C58 to discharge very rapidly through R120 and Q34/Q35.
The time taken for this discharge determines the width of the reset pulse, which should be
not less than 100 ns.
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Reset Pulse and Hold State

4,54 When the regenerative switch Q34/35 fires, the voltage at Q35 collector falls
sharply. This negative-going pulse is fed to 1C29b/13 and clears the control

bistable, The transition at IC29b/8 is fed via IC26c to reset the counter by a '1' to ‘0"

transition at IC5/13. This signal also blanks the display via Q32 and IC20f for a brief

period while the counter is preparing for a new measurement. When switch 152 is set to HOLD

the +5V supply is disconnected and capacitor C58 cannot charge up, thus preventing any

reset action. An external HOLD logic '0' applied at the DATA OQUTPUT socket pin 6 will

close gate IC26c and prevent the counter resetting.

Manual Reset

4,55 The manual reset is controlled by IC29a. Pressing S51 puts a '0' on IC29a/1, giving

a '0' af IC29a/5. This gives a '1' at IC26c/8 which is applied to IC5/13, preventing
automatic resetting, At the same time the '0' from S51 is passed via 1C22a and IC22b to
IC29b/13, holding the Display Time Generator ready to start a new timing period.

4.56 Release of S51 allows the 10kHz clock signal at IC29a/3 to drive 1C29a/5 (Q)

to the '1' state, providing a reset signal at IC5/13. At the same time 1C29a/6
fransition from '1' to '0', differentiated by R113/R114/C57, drives IC5/4 low to unlatch
and clear the data stores.

External Reset

4,57 An external reset signal with a minimum duration of 5 ms can be applied via pin
7 of the rear data connector. This reset is applied to 1C29a/1 and operates in
the same way as manual reset (see previous paragraphs).

Segment Check

4,58 This is obtained by selecting CHECK and holding down the manual reset button,

In CHECK position the switch 152 (via IC27d) applies a '1' to enable 1C26a.
Depressing the manual reset switch S51 applies a '1' (via IC22a) to IC26a/1 and 2. The
resultant '0' at 1C25/3 produces an 'all-eights' display while the manual reset button is
held down, ' '

FREQUENCY STANDARD

Oscillator Assembly 11-1254

4.59 This is a discrete component 5MHz oscillator which is attached to the rear panel,

Access to the trimming capacitor (C4) is provided by an aperture in the rear panel,
The components are mounted on a printed circuit board, Racal-Dana part number 19-0834,
the circuit of which is shown in the main p.c.b. circuit (Fig.4) and in Fig.2,
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Precision Oscillators

4,60 Two fast warm up oscillators from the Racal-Dana Instruments range, models 9442
and 9421, are available, Model 9421 cannot be fitted if the Battery Pack option
is fitted. If Model 9421 is fitted a link must be fitted to the B7G base as shown in Fig.4.

4,61 Both oscillators are precision units, If a fault develops users are advised to return
the oscillator to Racal-Dana Instruments or their agents for servicing. No parts

list or circuit information is provided in this handbook,

Frequency Doubler

4,62 The 5MHz from the oscillator is fed via Cé7 to a shaper formed by IC2d and L2,

The square wave signal is then fed via IC2a to the monostables IC3a and IC3b,
A positive monostable pulse is produced from each edge of the input and fed from 1C3a/4
and IC3b/ 12 respectively to the Nand gate IC2¢, thus producing @ 10MHz input to the
CDI Chip at IC5 pin 5.

1 MHz Standard Output

4,63 The 1MHz standard is fed from IC5/6 via the buffer IC2b to the IMHz BNC output
socket on the rear panel.

External Standard Input

4,64 For use in the Frequency and Period modes a 1MHz standard can be fed in via the
'B' input socket, The input path is via the 'B' channel amplifier and the Start
gates to Q9 and thence to the input of the CDI Chip at 1C5/20.

4,65 If an external standard is connected to the 'B' Channel and is operating, 1C31a will
be preset and clocked as described in paragraph 4,23 and LP8 will flash, In the

Frequency and Period modes IC30 is enabled by a '1' at IC30a/1. The waveform at IC31a/6

is applied to IC30a/2 so that LP10 lights in synchronism with this waveform. Since the time

IC31a is in the preset state is very short LP10 appears to be on continuously, It is a feature

of the CDI chip that it will automatically select an external standard if present at IC5/20

in preference to the internal standard at IC5/5.

4,66 It should be noted that the application of a logic '0' at the Start Inhibit or pin J

of the Data Output socket will inhibit the external standard signals. The instrument
will revert to internal frequency standard even though LP10 remains lit and LP8 continues
to flash.
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POWER SUPPLY

Introduction

4,67 The power supply circuit operates from a.c. line supply or from optional
internal batteries, and provides the following facilities:-

(1) +5V and -5V stabilized supply rails.

(2) Trickle charging and full-rate charging of batteries, if fitted.
(3) Standby indication and indication of low battery voltage.

(4) Battery economy operation,

Also on the main p.c.b. is a subsidiary circuit, a +2V stabilizer Q20/Q21, which
supplies the CDI Chip.

Line Power

4.68 With the LINE POWER/CHARGE/BATTERY POWER switch at LINE POWER the supply
is fed in via a 3-pin fixed plug on the rear panel, thence via 53,  the anti-

surge fuse FS50 and 554 to the transformer T50. The transformer tappings and $54 position

are arranged to suit the local supply voltage as shown in Fig.5,1 in Chapter 5. The output

at secondary winding 'A' is rectified to provide +5V by the potted bridge rectifier D50, which

is mounted on the rear panel for adequate heat dissipation,

4,69 The -5V supply is provided by the discrete diode bridge D22-D25 with fuse protection
on the negative rail at FS1 (this fuse must be a normal quick action type).

+5V Switching

4,70 The +5V supply to the instruments is switched by the NORMAL/STANDBY switch $52

or the series transistor switch Q50 which is mounted on the main frame. Normally
Q50 is in the cut off condition, but with S52 at NORMAL, Q50 is bypassed via the contacts
of S51 and current can pass to the +5V rail. When $52 is at STANDBY the bypass is removed
and the +5V rail is cut off,

Standby Indicator LP1

4.71 The OVERFLOW indicator also serves as a STANDBY indicator. The anode of LPI
is connected via p.c.b, pin 8 to the emitter of Q50, and thus receives +5V even

though the main 45V rail is cut off, The current in LP1 has a path to earth via 1R17 which

lights the I.e.d. When full +5V power is restored, however, this path is closed and LP1

is extinguished,
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+5V Stabilization

4,72

4,73

When S53 is switched fo ON the switch contact S53b connects the anode of zener
diode D20 to the unsmoothed negative side of rectifier D50. This turns on Q43.

When Q43 conducts it turns on Q44 which draws current through the reference
zener diode D21. A reference voltage on potentiometer R159 is applied to the

non-inverting input of the comparator IC7a/2 and is compared with the voltage from the OV
rail at IC7a/1. Any discrepancy produces an output at IC7a/12 which, via Q40, regulates
the current in Q51. Instructions for setting up R159 are given in Chapter 5.

-5V Stabilization

4.74

Q52.

4.75

4,76

The reference for the -5V rail is derived from the stabilized +5V at the collector
of Q50, the comparison being made in the comparator IC7b, with regulation by
Fig.4.1. shows the basic connections to the input comparator 1C7b,

Provided the voltage on the -5V rail is equal on the 45V rail, IC7b/7 will be at
OV. This is compared with the reference 0V at IC7b/6. A voltage difference will

generate an output at IC7b/10 which will drive Q41 to regulate the current in the series
transistor Q52,

NOTE: Transistor Q42 applies only to battery operation. (See para.4,82),

oV
+5v (FROM COLLECTOR OF Q50)
R148 6+ 10
L ‘ OUTPUT
L d
10K 7]~ T0 Q4
IC7b
R149 (COMPARATOR)
10K
-5V RAIL
-5V Stabilizer Fig. 4.1
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Battery Economy Operation

4,77 When the NORMAL/STANDBY switch is at STANDBY the +5V supply rail is cut off

because Q50 is non-conducting. If the RESET switch S51 is depressed, an.earth is
applied via D15 to the junction of R141/Cé9. This rapidly discharges C69 causing the
output of IC4a/10 to change from negative to positive. This turns on Q38 which feeds
current into Q50 base, thus turning on the +5V supply to the instrument.

4,78 Q50 will conduct until Cé9 has recharged, which takes approximately one minute.
The +5V rail then reverts to the standby condition with Q50 cut off. This
arrangement operates with either mains or battery power supply, but its purpose is battery
economy. [t may be noted that the frequency standard is in continuous operation while on

STANDBY.

Battery Charging

4,79 Batteries (if fitted) are trickle charged whenever the instrument is operating from

the mains supply. For charging, each battery is connected between the +5V and
-5V power rails, as shown in Fig.4.2. The diodes D16 and D17 prevent discharge of the
batteries if the mains supply is disconnected with the instrument switched on.

4.80 For full rate charging the switch bypasses R147 and R144 which increases the current
by approximately fen times.

4+ 5V _RAlL .
¢ S3c
T BATTERY ‘A 5
1 + 5V ° £
53 R4 SWITCH
/‘ $3
BATT® LINE POWER
° 70 Q5! POWER °©
EMITTER R146 CHARGE
D17

== GATTERY B’
-5V

70 RI57 S3e
AND Q42
1 ~5V RAIL
Battery Charging Circuit Fig.4.2
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Charge Indicator LP3

4.81 The indicator LP3 lights when switch S3 is in the CHARGE position, thus indicating

that power is available to the charging circuit. The anode of LP3 is connected to
the stabilized +5V rail at the collector of Q50. The same +5V supply from Q50 turns on
Q36 via R121 which lights LP3,

Battery Powered Operation

4.82  When switch S3 js set to the BATTERY POWER position the contacts S3c and S3d
disconnect the charging paths. The negative side of battery 'A’ is connected via
contact S3g to Q51 emitter. (See Fig.4.3.).

4.83  The OV rail at Q51 collector is connected via contact S3f to the positive side of

battery 'B'. The negative side of battery 'B' is connected via the low resistance
R157 to Q52 emitter.

4.84  Transistor Q42 provides overload protection to the negative battery. In the event
of an overload, Q42will turn on, thus shunting the base current away from Q52
and closing down the regulator.

+5V .
BATIERY 'A" o
—_—
== CHARGE
BATT o
. POWER #“I(r)\l\v[\:-’ER
S3g '
oV _
s34 Q51
o BATT
[
™= BATTERY'B'
S3e Q42 (OVERLOAD
PROTECTION)
[+]
° BATT.
R157
5y o~ FSi
QSZQ? RI54
{— }—
Battery Power System Fig. 4.3
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Battery Low Indicator LP2

4,85 The Battery Low indicator lights when the volt drop across the series regulator Q51
falls to less then 0.5V (approx.). The sensing component is [C4b,

4.86 Resistors R151 and R153 are connected from the +5V rail through the POWER switch

$53b to the emitter of Q51. The junction of R151/R153 is connected to the non-
inverting input at IC4b/2. The inverting input IC4b/1 is connected direct to the collector
of Q51. Provided the voltage at Q51 collector is more than about 0.5V positive relative
to the emitter there will be no output from IC4b and LP2 will not light. If the lamp comes
on it indicates that only a few minutes of battery life are remaining and recharging is
essential .

Over Discharge Protection

4,87 The Battery Low indicator informs the user that the batteries are in need of re-
charging. If this warning is disregarded the instrument will shut itself off after
a few minutes to prevent over-discharge of the batteries. This is arranged by Q43 and D20.

4,78 R152 and D20 are connected across Baftery 'A' (via S53b and S3g). If the voltage
falls below about 5V, Q43 will start to turn off which will cause Q44 to turn off.

Reference diode D21 will become ineffective, thereby removing the reference voltage.

The voltage of the positive rail will fall and the instrument will cease to draw current,

CDI Chip Stabilized Supply

4,89 The +2V stabilized supply for IC5 is derived from the +5V line and regulated by
Q20/Q21, using a reference voltage from within the Chip. The +5V supply to

this circuit is via link LK2 in the standard instrument, or via link LK3 when the ovened

oscillator is fitted. The change of linking is to maintain correct battery loading.

4-15
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CHAPTER 5

TABLE 5: Test Equipment Required

ltem Preferred Item Remarks
1 Multimeter AC range 0 to 250 volts.
Danameter 2000A DC range 0 to 10 volts, 20kQ/volt
Ohms range 150Q mid scale.

2 Oscilloscope BWD525 Bandwidth d.c. to 50MHz
Y Sensitivity 50mV/cm.

3 Frequency Standard 1MHz accurate to = 1 part in 108
Output 1 volt r.m.s. nominal.

4 Signal Generator Frequency range 8Hz to 60MHz.

Racal-Dana 9061,/9062/9063 Qutput level from 5mV to 1V r.m.s. into 50Q
combination The LF signal generator must have a signal to
noise ratio better than 40dB.

5 Pulse Generator Pulse width from 100 ns to  Ims
TkHz to TMHz p.r.f.

Amplitude from 50mV to 3V.
Output impedance 50Q.

6 BNC 'T' Pieces 50Q2 quantity 2 required.

7 BNC Terminating Pad 50Q

8 Coaxial leads BNC to BNC connectors, 50Q
1 metre long, quantity 2.
15cm long, quantity 1,

2 Variac To supply 125mA at outputs from 188 volts to
235 volts or 250 mA at outputs from 94 volts
to 118 volts.

10 DC Supply A 3 volt battery is suitable.

9904 Vol.2
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REMOVAL OF COVERS

WARNING: DANGEROUS AC VOLTAGES ARE EXPOSED WHEN COVERS ARE REMOVED
WITH AC SUPPLY CONNECTED,

5.1 (1) Set the POWER switch to 'off', switch off the a.c. supply at the supply point
and unplug the power lead.

(2)  Remove the rubber plugs (located near to the rear end) from both side panels of
the instrument and slacken, by about two turns, the screws revealed.

(3)  Grip the rear panel assembly and ease it back from the main case to the
maximum extent available (about 5 mm).

(4)  The rear edge of either cover can now be lifted and the cover withdrawn
outwards and rearwards.

(5) To replace the covers reverse the above procedure.

TRANSFORMER VOLTAGE SELECTION

5.2  Ensure the voltage range selected is suitable for the local supply. To check
the selection proceed as follows:

(1)  Unplug the powef cable from the supply and remove the top cover (see
paragraph 5.1).

(2)  Refer to Fig.5.1 and note the diagram which corresponds to the local supply
voltage.

(3)  Connect the link and the wires from S54 to the transformer tappings as shown
in the appropriate diagrom.

(4)  Set S54 to the correct half of the selected range.
(5)  Ensure that the rear panel label correctly indicates the voltage range selected.

(6)  Replace the top cover.

FUSES

5.3  Check that the power fuse on the rear panel is correctly rated for the supply voltage,
as follows. The fuse is a glass cartridge type, 5 x 20 mm.

Supply Range Fuse Rating Racal-Dana Part No.
188V to 265V 125mA anti-surge 23-0031
94V to 132V 250mA anti-surge 23-0043

5-2
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