7010 HIGH SPEED COMPONENT TESTER

PART 2

SERVICE/MAINTENANCE MANUAL
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1 INTRODUCTION

This text provides service information on High Speed Component Tester
7010, 1nc1uding‘;the optional Maths Co-Processor and the GPIB / Handler
board. The Operating Instructions should be referred to before maintenance

is undertaken.

The 7010 is a sophisticated, precision instrument and the internal circuits
should not be adjusted except by suitably qualified personnel with access
to the test equipment and Standard components specified.

Certain components require handling precautions to avoid being damaged by
static electricity discharge.  Such components are identified by *STATIC*
in the Components List. '

Users are referred to the SAFETY clauses which appear at the front of the
Operating Instructions.
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2 CIRCUIT DESCRIPTIONS

2.1 SYSTEM OVERVIEW
2.1.1 Microprocessor Control

A single microprocessor {CPU) controls the signal source and measurement
circuits, computes the measurement results and formats the data for output
to the display module, the bin handler port, the GPIB port or the RS232C
port.

Each measurement comprises a sequence of six or more A/D conversions, with
different hardware settings controlled by the CPU.  After each sequence,
the unknown value 1is computed and formatted according to the selected
functions, these instrument settings being stored in non-volatile battery
backed-up RAM,

Prioritised interrupts are generated from several sources (see Table 2.1).
In general, any interrupt occurring during a measurement sequence 1s
serviced immediately, but any resulting change to instrument settings will
not be implemented until that sequence is complete.

A watchdog counter is reset periodically during normal CPU operation. If a
crash occurs for any reason, this counter generates a non-maskable
interrupt to restart the system.



2-2

2.1.2 Interrupts

Table 2.1 Interrupts

SOURCE MEANING PROCESSOR ACTION

A/D convertor Conversion complete Test overload status, read
result, set up next conversion
or calculate results.

GPIB port- ) GPIB bus activity Poll GPIB chip to identify
) ' activity, service as necessary.
RS232C port - 1 Input buffer full Read data byte.
-2 OQutput buffer empty | Output next data byte if
available. .
-3 Handshake change [nhibit/Enable data outputs.
Keyboard Key is pressed Poll to identify key.
Display module Ready for data ‘Output next data byte if
available.
Handler port Remote trigger Store trigger status until end

of present measure sequence.

2.1.3 Basic Measurement

Refer to Fig. 2.1. The high gain guard amplifier produces a feedback
current through the Standard resistor, exactly matching the current'through
the unknown component, here shown as Cx. The resulting two voltages, Es
and Eu, are routed alternately to a common measurement channel.
Measurement frequencies of 1kHz or 10kHz are processed directly, but
signals at 100kHz or 1MHz are down converted by the ultra-linear
differential mixer. The phase and amplitude relationships of the original
signals are accurately preserved during this down conversion process. The
resulting signals pass to the range amplifier which incorporates precision
attenuators for impedance range selection. The following phase-sensitive
detector (PSD) resolves the signals into in-phase and quadrature components
which are measured in sequence by the A/D converter and passed to the CPU
for computation.
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STANDARD [I] ‘m
RESISTOR || koo

RANGE

3 AHFlaIFIER
| 1048
! —° 2048
: HIXER . 3048
YkH
I ®FZD>PSD>AID?§m
Cx |
—Ei&'m___ Lo REFERENCE
999 kHa 0
- I~ Eu, 99 khz 96°
£ = | INOT USED FOR o
T l{ smr!m 1hHz 7 10kiz ;gm
Sona STIMULUS ]
SOURCE
IMPEDANCE h
Stn SHORTED
00 lconpousnr
DETECTOR
SINE
STIMULUS
1kHz
10 kHz
100 &Hz
1 MHz
Fig. 2.1 Theory of Operation ’
2.1.4 Range Selection
The instrument has up to 12 measurement ranges as detailed in the

Operating Instructions,

frequency, drive level and range are detailed in tables 2.2,

{overieaf).

section 6.2. The signal source impedance {Rsce),
Standard resistor (Rétd) and gain settings used for each combination of

2.3 and 2.4

»
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Table 2.2 - 1kHz Ranges
Drive Level 1.0V/0.5V 0.3V 0.1V
Gain Gain Gain
Range Rsce Eu Es Rstd Eu Es Rstd Eu Es Rstd
0 100 | 31.6 1. 100 ,
1 100 10 1 100 31.6 3.16 100
2 100 3.16 1 100 10 . 3.16 100 31.6 10 100
3 100 1 1 100 3.16 3.16 100 10 10 100
4 50 1 1 100 '3.16 3.16 100 10 10 100
5 50 1 3.16 100 3.16 10 .100 10 31.6 100
6 50 1 1 1k 3.16 3.16 1k 10 10 1k
7 50 1 3.16 1k 3.16 10 1k 10 31.6 1k
8 50 1 1 10k | 3.16 3.16 10k 10 10 10k
9 50 1 3.16 10k 3.16 10 10k 10 31.6 10k
A 50 1 10 10k 3.16 31.6 10k
B 50 | 1 31.6 10k
Table 2.3 - 10kHz Ranges
Drive Level 1.0Y/0.5V 0.3V 0.1V
Gain Gain Gain
Range Rsce Eu Es Rstd Eu Es Rstd Eu Es Rstd
0 100 | 31.6 1 100
1 100 10 1 100 31.6 3.16 100 .
2 100 | 3.16 1 100 10 3.16 100 31.6 10 100
3 100 1 1 100 3.16 3.16 100 10 10 100
4 50 1 1 100 3.16 3.16 100 10 10 100
5 50 1 3.16 100 3.16 10 100 10 31.6 100
6 50 1 1 1k 3.16 3.16 1k 10 10 1k
7 50 1 3.16 1k 3.16 10 1k 10 31.6 1k
8 50 1 10 1k 3.16 31.6 1k
9 50 1 31.6 1k
Table 2.4 - 100kHz & 1MHz Ranges
Drive Level 1.0v/0.5v 0.3V 0.1y
Gain Gain Gain
Range Rsce Eu Es Rstd Eu Es Rstd Eu Es Rstd
0 100 31.6 1 100
1 100 10 1 100 31.6 3.16 100
2 100 | 3.16 1 100 10 3.16 100 31.6 10 100
3 100 1 1 100 3.16 3.16 100 10 10 100
4 50 | 1 1 100 | 3.16 3.16 100 10 10 100
5 50 1 "3.16 100 3.16 10 100 10 31.6 100
6 50 1 10 100 3.16 31.6 100
7 50 1 31.6 100 '

1
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2.1.5 Measurement Sequence

On current-drive ranges, (0-3), the current-derived signal Es is measured
first, followed by the Unknown voltage Eu. This order is reversed on
voltage-drive ranges (4-B).

In the measurement channel, the psd resoives the signal to be measured,
with respect to a reference signal of the same frequency as the drive
signal.

The psd reference signal has four phase settings, 0-3, separated by precise
90° shifts. Their phase relationship to the drive signal is, however, only
approximate, phase 1 being aligned within 15° of the drive signal zero-
crossing immediately before the start of each measurement sequence.

The sequence for measurements on ranges 4-B at FAST or MAX speeds 1is:

Select gain

Select Eu (drive signal)
Settling delay

Atign psd reference

Measure with psd phase 1
! ! ! " 2
Select Es
Select gain .
Settling delay
Measure with psd phase 1
" " " ! 2
K " 8 " 3
" " " " 0

Compute results
Qutput to display/output device

On repetitive measurements, Eu is selected after the sixth measurement and
the results are computed and output during the subsequent settling delay. If
‘an overload occurs at any point, the sequence is aborted and auto-ranging
started. With Hold selected, the sequence - continuously restarts and
RANGE ERROR is reported. | '
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If a short-circuited component is connected on a voltage driven range,
there will be no signal for psd phase alignment, and the resulting time out
has the same effect as an overload. In addition, the shorted component’
detector shown on Fig. 2.1 will prevent the Es signal from being selected
if it is outside the iinear signal range of the following amplifier. This
minimises the recovery time required following a short-circuit or low-
impedance component when sorting at high speed.

Note that, for some of the slower speed settings, some or all of this
measurement sequence s repeated, the results being averaged to improve
display resolution.

2.2 DIGITAL SYSTEM

Digital Board Circuit Diagram Figs. 6.2 & 6.3
Power Supply Circuit Diagram Fig. 6.4
GPIB / Handler Circuit Diagram Fig. 6.6

2.2.1 CPU & Clock

The digital system 1is based on a 780 CPU, (IC4, Fig. 6.3), operating at
5.814MHz, derived from a crystal oscillator (IC1).

The Z80 1is connected directly to its program EPROMs  (IC15, ICis,
IC72) and data RAMs (IC13, 1IC14) and via data buffers (I1C9, IC10, IC12) to
other peripheral devices. The non-buffered address and data busses are
designated A0-Al5 and DO-D7 respectively, and the buffered busses ABO-AB7
and DB0-DB7. Note that only 8 address lines are buffered: the buffered
busses are for I/0 (Input/Output) only, and use a reduced (8-bit) address
space.

2.2.2 Memory Decoding

IC8-1 to IC8-4 provides decode for the various memory functions: by ORing
MREQ, IORQ, RD and WR (equivalent to negative Togic AND), Memory Read
(1C8-1), Memory Write (IC8-4), I/0 Read (IORD, IC8-3) and 1/0 Write (IOWR,
IC8-2) are formed. '
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Memory addressing is paged to extend the available space beyond 64kbytes.
Both EPROM and RAM are paged as shown in the memory map below.

HEX ADDRESS

FFFF

RAM1 RAM2
£000 (RAMPG=0) (RAMPG=1)

ROMZ ROM3
(ROMPG=1) (ROMPG=0)

8000

ROM1

0000
Fig. 2.2 Memory Map

PROM 1 (IC15) is addressed whenever Al5 is low (pin 20) and a memory read
occurs (pin 22 low). Address decoding for PROMs 2 & 3 (ICi6, 1C72) is
provided by IC73.  The PROMs ‘are selected individually by ROMPG, derived
from 1C30 pin 15 (Fig: 6.2). IC73-3 also provides address decoding, via
TR4, to RAM 1 & 2 (IC13, IC14, Fig. 6.3). The RAMs are selected
individually by RAMPG, derived from IC30 pin 14 (Fig. 6.2). TR3-TR5, TR10
and associated components aliow for battery back-up of the RAMs. Write and
Chip select are controlied by TR3, TR4, both switching off when +5V falls,
preventing data corruption during power-up / power-down. Back-up s
provided by BATl, a non-rephargeab1e 1ithium battery designed to last more
than ten years.



2.2.3 1/0 Decoding

I/0 addresses are decoded by IC1l (Fig. 6.3), to produce the I/0 address
map shown below:

ADDRESS DEVICE
00-0F Front-panel Controller  PIO, IC31 (Fig. 6.3)*
10-1F Measurement Controller PIQ, IC45 (Fig. 6.2)*
20-2F Measurement Controller 8255, IC30 (Fig. 6.2)
30-3F Counter/Timer 8254, 1C23 (Fig. 6.2)
40-4F RS232 Controller DART, ICl7 (Fig. 6.3)*
50-5F { Option Switch (Read) LATCH, IC29 (Fig. 6.3)

Watchdog {Write) TIMER, IC28 (Fig. 6.3)
60-6F Maths Co-Processor 8231, 1C6 (Fig. 6.3}
70-7F ‘ Unused '
80-8F Bin Handler PIO, IC1 * *k
90-EF Unused **
FO-FF GPIB Controller 9914, IC17 falld

* =

Interrupt device (see text)
On GPIB / Handler PCB, controlled by IC2

R

Fig. 2.3 1/0 Address Map

E2PROM IC63 (Fig. 6.2) is a serial input/output device, with a capacity
of lkbits, which is used to store calibration data. It is driven from the
measurement control PIO IC45, port B 4-7.

2.2.4  Front Panel Contrgl

The front-panel (A: Display, and B: Keyboard) is controlled by IC31, IC32,
IC6 and associated components.

A: Display

The display module.is an OEM unit incorporating a microcontroller and a
vacuum fluorescent-display. It cannot normally be serviced, apart from
replacement of the display itself which is a plug-in item. It is fed with
unregulated power via PL14 (Digital Circuit Diagram Fig. 6.4). Pins 1 & 2
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provide a nominal +42V dc supply, with pins 3, 4 & 5 providing a floating
centre-tapped ac supply, 6Vrms nominal. LK1 and series resistors R86, R87
allow these voltages to be changed to accommodate displays from different
manufacturers. Fuses F3, F4, F5 Tocated on the Digital Board provide
protection against short-circuit faults.

PL13 provides the +5V logic supply and the data input which is controlled
by port A of IC31 (Fig. 6.3). Port A is configured as an output, with ARDY
and ASTB providing handshake capability, an interrupt being generated
whenever ASTB (= BUSY) goes high. 1C56-3 and IC56-4 provide pulse-shaping
required by the display module. The timing diagram is shown below.

[ S R N T R A S T [ S O N L
lt||l|]ll|’!’l’l|lllll'
pata 00g-007 | [ X[V T LT G ]
AR
ARDY L S AR
:I:I::::Q:Il?l:?:f
ASTB = BUSY A GHES A
I‘iI]||I|||||_I
!ltl ! [ T I T ' ‘| [ v
sT8 A= R4 A
S I I R IR P R i O O I P I
Fig. 2.4 Display Timing
B: Keyboard

The Keyboard is controlled by IC32 and Port B of 1IC31, (Fig. 6.3) and is
connected as shown in Fig. 6.7 (Keyboard PCB Circuit Diagram). BO-B3
(IC31) are configured as inputs, and B4-B7 as outputs. In normal
operation, B3-B7 will be low, and the inputs I1-19 of IC32 (a priority
encoder) will be pulled high by R30. When any key is pressed, one of 11-19
_connects to one of B4-B7, and is pulled low. The appropriate binary code
(negative logic) appears on the outputs Y0-Y3 of IQBZ, and on B0-B3 of
IC31. This is configured to generate an interrupt when any_key is pressed.
The interrupt service polls the keys by setting each of B4-B7 .low in turn
and reads the data.(B0-B3) top identify which key is pressed.
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2.2.5 Serial Interface (RS232C)

A Serial Interface is provided as standard, giving Remote Control or a-
Printer Output. This {is controlled by IC17 (Fig. 6.3) and associated
components. Two connectors are fitted, wired in parallel but with
different pin allocations, providing DTE or DCE functions. Note that the
pin numbers shown for PL7 and PL8 on Fig. 6.3 do not correspond to the
RS232 rear panel connectors. See Interconnection Diagram Fig. 6.8 for
details.

IC18 and IC19 provide the RS232 outputs and inputs vrespectively. In
addition, [C22 acts as an input for an optional 20mA current-loop
interface, with LK3 able to provide a current source and LKS a current
drain if réquired. Similarly, 1C21 and TR1 provide an equivalent output,
LK4 providing the current source and LK6 the current drain.

Full handshaking is provided: if not required, pins 4 and 5 on the DTE, or
8 and 20 on the DCE, must be connected together. This connection must be
made for current-loop interface as no handshaking is available.

The Baud-rate clock (BD/RTE) is provided by one section of the programmable
divider IC23 pin 17 (Fig. 6.2} and operates from 110 to 19200 baud.

2.2.6 Maths Co-Processor (Option)

The Optional Maths Co-Processor is IC6 (Fig. 6.3). If fitted, the
measurement speed is increased, as it enables calculations to be made at a
faster rate. Its presence 1is automatically checked at power-up, to
simplify its installation. It functions as a standard processor
peripheral, with the exceptions that its clock 1is a divided-down version
of the processor clock, and it is connected to the WAIT input of the Z80.
These exceptions are necessary as it will not operate at the full
processor clock speed. Pin 24 provides a ready signal (Eﬁﬁ) that s
monitored by pin 10 of PIO IC45 (Fig. 6.2).

2.2.7 Watchdog Timer

1C28 (Fig. 6.3) is reset periodically by the CPU writing to address 50.
If a software crash occurs, IC28 times out and resets the CPU via IC27-3.
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2.2.8 Option Links

A set of option links {LK8 - Fig. 6.3) is used to indicate the state of
the hardware, in the case of board modifications etc. It is read at power-
up by IC29 which is at the same address as the watchdog timer. These links
have been factory set to correspond to the boards provided and should not
be altered. ' '

2.2.9 GPIB / Handler PCB (Option)}
The Circuit Diagram is shown on Fig. 6.6.

The option card is installed by connecting its flying lead into PL19 on the
Digital Board, connecting the flying leads from the rear-panel into PL30
and PL31 and screwing the board down.

The option card provides (A) GPIB functions for both remote-control and
printer, and {B) bin-handler operation.

A: The GPIB controller dis IC17 (TMS 9914), providing all the -GPIB
functions. It is located at address FO, decoded by IC2. It provides an
interrupt signal GPINT to the Digital Board, where it is accessed by the
PIO IC45, as the 9914 does not support Z80 interrupts.

IC18 and IC19 are the GPIB drivers for the data and control busses
respectively. The bus connector plugs into PL20. Note that the pin numbetrs
shown for PL20 do not correspond to the IEEE 488 rear panel connector. See
Interconnection Diagram (Fig. 6.8) for.details. IC18 normally provides
standard totem-pole outputs, but LKl may be fitted to give open-collector
outputs where the 7010 is used in a system requiring parallel-poll
operation. {(Although the 7010 does not support parallel-poll operation, all
instruments must have open-collector outputs if parallel-polling is used in
the system. In practice parallel-polling is rarely used).

B: The bin-handler functions ‘are controlled by ICl, 280 PIC, and
associated circuitry. It is located at address 80, decoded by IC2. SWl
is not normally fitted but allows an extended address range for future

expansion.
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Port A controls the bin output - A0 to A4 represent the selected bin number
coded in binary, the selected output being enabled by A5 gaing low. Port B
controls the handshake 1ines TRG and BUSY. The TRIGGER input for SORT
measurements is PL31 pin 27. It is normally active low but may be
converted to active high by setting SW6 2/B to B. D1, R9 and C32 provide
debouncing of the -input. An optional opto-isolator may be fitted with
SW6 3/C set to C, at Tocation IC14 for a current sourcing fnput or at IC15

for a current sinking input.

To current-1imit the opto-isolator input (eg when driving it from a voltage
source), SW6 1/A can be set to the A position, putting R6 in series with
the input. SW6 4/D can be set to D to provide a current source/sink if a
passive output is fitted -to the handler, and opto-isolation is required an
the 7010. -

The BUSY output is PL31 pin 29, and is set when the 7010 is performing a
measurement. It s normally active low, reversed by SW5/B. An opto-
isolator, ICl16, may be fitted, by setting SW5/C. A pulT-up output resistor
is normally fitted, disconnected by setting SwW5/4.

The DATA Ready output (ﬁﬁﬁf) is PL31 pin 35, and is set when bin data is
ready. [t is normally active low, reversed by SW7/B.  An opto-iéo1ator,
IC13, may be fitted, by setting SW7/C. A pull-up output resistor is
normally fitted; disconnected by setting SW7/4.

The bin outputs BINO to BINB are set to indicate the bin for the measured*
component.  They are normally active low, reversed by replacing IC3 - 1C6
with 74HCT138's.  Pull-up resistors are provided by resistor networks R7
and R8, which may be unplugged if not required. Single-pole reed relays
RL1 to RL30 are optional, switches SW8-SW1l being set to OFF when these are
fitted or ON when they are omitted.

The most common use of relays is to provide electrical isolation, the pull-
up resistor being removed and the common ON connection VN being connected
via SW2 to an external reference VE(PL3l pin 1). However, . several non-
isolated configurations are available, the relays giving high current
operation and/or 1logic level shifting. These options are described in
detail in the Operating Instructions, page 11-9, section 11.3. SW2 and SW4
provide the necessary re-routing of the common relay ON connection (VN) and

1
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the pu]]-uﬁ voltage (VF) respectively. When isolated operation 1is not
required, the VE line may be used to supply power to external logic if
required, the appropriate voltage being selected by SW3.

Two different handshake timing conventions are available: SHI (corresponds
to existing Wayne Kerr products) or NORMAL (corresponds to industry
standard). These are set by SW5 A or SW5 1 respectively. The corresponding
timings are shown below.

BUSY MEASURE

HATH
oout ~ | Q 1 [
DATA __XC ¥ X

(1) SHI, SLOW HANDLER

TRG | [ \ | \ '

) - MOVE

BUSY | b: MEASURE j ;
tpmne MATH e . '
pout | I I ,_,__l ]—

(2) SHI, FAST HANDLER

MEASURE

o
=
<
S

AR __X b X
(3) NORMAL, SLOW HANDLER

w1 ] | —
wMOVE —»
éﬁﬁ | t MEASURE j
e MATH ==
oout | |

(WNORMAL, FAST HANDLER

DATA = BIN 0-27, A, B.

Fig. 2.5 Bin Handler Interface Timing
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2.2.10 Interrupt Structure

As indicated earlier, interfacing between the CPU and its peripherals is-
largely controlled by interrupts. The peripheralis generate. interrupts
under certain conditions (see Table 2.1) and request service from the CPU .
Their priority is controlled by the IEI/IED daisy-chain between the
devices, the Tlowest priority having its IEI connected to +5V, the next
having its IEI connected to the IEQ of the previous device and so on. The
final device does not have its IEO connected. This gives the following
priority structure:

HIGHEST IC45  Measurement PIO
IC17 ~ Serial Interface
IC13  Front Panel PIO
LOWEST IC1 Handler PIO

When a device requires servicing, it checks that its own [EI is high and,
if so, it generates an interrupt, and sets its own [EO Tow. This sets IEI
for the next device low, disabling its interrupts. This in turn sets its
[E0 low, and so on, disabling the interrupts for all successive devices.
After the interrupt has been serviced, the device causing the interrupt
will set its IEQ high, enabling interrupts for all successive devices.

From the above mechanism, it can be determined which device is cdusing an
interrupt, by examining its IEI and IEO lines. If the IEI is low, the
interrupting device has a higher priority. It it is high, and its IEQ is
high, it is a device of lower priority. [If, however, IEI is high and IEC
is low, this device is generating the interrupt. »

2.3 MEASUREMENT SYSTEM (see Block Diagram Fig. 6.9)

2.3.1 Source Signal Generation Digital Circuit Diagram Fig. 6.2
Analogue Circuit Diagram " 6.11

Frequency Selection

The 64MHz crystal oscillator (IC60, Fig. 6.2) feeds a series of fixed
dividers, producing an input to IC41;1 at 8x selected frequency. Frequency
selection 1is controlled by signals FAL and FB1 from IC30 pins 11 & 10
respectively, connected to the drive signal multiplexer (IC39). The truth
table for FAl and FB1 is,as follows:
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FB1 FAl  Freq

0 0 1MHZ

0 1 100kHz
1 0 10kHz
1 ] 1kHz

The divided outputs from IC41-1 feed the analogue multipiexer IC65, whose
output is a four-level stepped waveform at the source frequency Fo. The
Tevels, set by resistors R31, R32 and R33, are such that the output
waveform contains insignificant levels of harmonics below the 7th.  This
waveform 1is buffered by the FET follower TR6, operating with TRZ as a
current source, and feeds via PL16 and a coaxial cable to the Analogue
Board (PL21). Note that the OV rail associated with these circuits (OVS)
is at Analogue Board ground potential, being connected via the screen of
this coaxial cable. If the cable is disconnected, for example during fault-
finding, R39 provides continued operation for these circuits. -

A programmable filter located on the Analogue Board (ICl, 2, 3, 4) converts
the stepped waveform dinto a low distortion signal which drives the
measurement circuits. At 1kHz, 10kHz and 100kHz, IC3 and IC4 operate as
active Tlow-pass filters with corner frequencies selected by multiplexers
1C1 and IC2. At 1MHz, passive LC filtering is employed (L2 and L3 with €3
+ C6, C13 + Cl14), and IC3, IC4 operate as unity gain buffers. In each case
the filters are underdamped, giving a peak response at tﬁe working
frequency. Tolerances 1in signal levels between the four frequencies are
removed during test by selecting the value of R171 or R172 (10kHz, lOOkﬁi)

and adjusting L2 or L3 (1MHz}.

The frequency select multiplexers operate from a decoupled, Tocally
regulated 5y supply and are controlled directly by FA and FB.  These are
derived from FAl and FB1 by filtering (R107, R108 Digital Board, €4, C108
Analogue Board).

Drive Level

Attenuator R156 + R18 to R21 provides four drive levels, selected by
the multiptexer 1IC5 This 1is controlled by LA and LB, derived from
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IC30 (Digital Board) pins 13 and 12 respectively, filtered by R105, R106
(Digital Board), and C20, €21 (Analogue Board). The truth table for LA and
LB is as follows:

LB LA Level

0 0 0.1v
0 1 0.3v
1 0 0.5V
1 1 1.0V

IC6 1is a high slew rate op. amp. which with TR6 forms a low distortion
output amplifier, with a nominal. gain of 2.2 preset by R26.  TRé operates
in class A with TR2 providing a 20mA current source.

Protection

Source Resistance

" The resulting ac signal drives the E terminal via the source resistors R34,

R35, R163 and dc blocking capacitors C30, C31 connected back-to-back. On
voltage driven ranges (see tables 2.2 - 2.4) R163 is shorted by RL12, which
is an all position mercury-wetted relay with a 5V coil. This is controlled
by the signal SS derived from IC30 (Digital Board) pin 25, as follows:

SS Source Resistance
0 100 ohms (RL12 open)
1 50 ohms (RL12 closed)

The output amplifier is protected against connection of charged capacitors
to the instrument by D2 and D3, which clamp the output to 6.5V supplies
derived from surge arrestor diodes D4 and DS5.

BC Bias

External dc bias is applied to the E terminal via R32, which is protected
by the series PTC R33. This has a cold resistance of approximately
100ohms, but 1if the measurement terminals are short-circuited with an
applied bias voltage above 50V, it rapidly heats up and changes to a high
resistance state. This. protectfon is self-resetting on removal of the

- short-circuit or the bias voltage.

1
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2.3.2 Bridge Circuits Analogue Circuit Diagram Fig. 6.11

6.1
Digital Circuit Diagram "h.2

Measurement Standards

Components to be measured are connected between the E (signal source) and I
(current sensé) terminals, with the voltage at each end of the unknown
component sensed by the E' and I' terminals respectively. The I/V converter
shown on the Block Diagram comprises a high gain feedback -amplifier IC9
with output transistor TR14 and switched Standard resistors R56, R57 and
RS8. The action of this amplifier is to force the current flowing in the
selected Standard resistor to exactly balance the unknown curreht at the
I terminal, such that no voltage appears at the [' terminal. The Standard
resistors are selected by RL5 to RL10, which are dry reed relays operating
in pairs with their coils connected in series. They are controlled by IVA
and IVB derived from IC30 (Digital Board) pirs 16 and 17 respectively,
filtered by R103, R104 (Digital Board) and C61, C130 (Analogue Board). The
truth table is as follows:

IVB IVA Standard Resistor
0 0 Not used

1 0 100ohm (RL5 + RL6)
0 1 lkohm (RL7 + RL8)
1 1 10kohm (RL9 + RL10)

The capacitors C56, (57, C58 connected across each Standard resistor are
necessary to maintain h.f. stability. At the frequencies where» each
Standard 1is used, they introduce small and stable phase errors which are
removed by the calibration software.

Protection

The I and I' inputs are protected against connection of charged capacitors
by back-to-back diodes D13, D14 and D33 to 036. The impedance of the
measurement cables at 1MHz produces levels up to 200mV peak at the I input,
requiring two diodes in serieé to avoid measurement errors. These diodes
have no series limiting résistors and are therefore protected by fuses FS2
and FS6 on the dinstrument rear panel. (See Interconnection Diagram
Fig. 6.8). |
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Tuning

At 1MHz only, the loop gain of the guard amplifier IC9 is increased by
paraliel resonating its compensation capacitor. This capacitor comprises
“trimmer ‘C55 connected in parailel with approx. 20pF within IC9 itself.
These are resonated by L5 driven from TR13 and the temperature compensation
network RS9 - 'R62 with R149. Note that both C55 and L5 are selected low
t.c. components and should only be replaced by equivalent parts, otherwise
the temperature compensation will not track correctly.

This resonating circuit is enabled and disabled by RL1l, the drive for
which is decoded from the freguency control lines FA, FB by IC7-1.

R179 maintains dc operation of the guard amplifier if the I and I'
connections are separated between measurements.  The shunt capacitor C161
is necessary to maintain h.f. stability under these conditions. At
frequencies other than 1MHz, C160 is added in parallel by the CMOS switch
IC31-1. This is controlled by the same decoded signal as RL11.

Wideband Buffer

The signal at the E' terminal is buffered by TR3, which is a low-noise vhf
transistor operating as an emitter follower, with TR4 providing a 10mA
current source. Input pfotection is provided by D9, D10, D28 and D29
clamping to the #6.5V surge arrestor zeners, R43 and L4 providing steady-
state and fast-edge current 1imiting. D26 and D15 provide additional
protection against fast initial voltage transients. TR3 has ferrite beads
fitted to its base and collector leads to preﬁent parasitic oscillations.
If TR3 is replaced, ensure that the specified grade of ferrite is used in
these locations.

Signal Selector

The differential voltages across the unknown component Cx and the standard
resistor Rs,‘ (Eu and Es respectively) are selected alternately by
ctosing RL1 + RL4,or RL2 + RL3, respectively. These are all-position
mercury-wetted reed relays selected for their fast operating speed and
long life characteristics. Their control signals Es and Eu are derived
from 1C30 (Digital Board) pins 20 and 21, filtered by R110, R114 (Digital
Board) and C62, C63 (Analogue Board).
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The blocking capacitors C47 and C48 absorb any difference in dc potential
between [C3 or TR3 outputs and the inputs of the following wvhf emitter
followers TR5 or TR6. This voltage is stored on the capacitors wnen " the
corresponding relay is open which minimises any switching transients. R51
and RS2 provide a high impedance leakage path which maintains this stored
voltage during _idle periods.

Overload Detectors

The instantaneous voltages feeding the blocking capacitors €47, (48 are
monitored by two window detectors (IC10) which set one of two Tatches
(IC11) 1if either voltage exceeds the range  =4V. [f, for example, &
shorted component is connected with the Llkohm Standard selected, the
resulting =10V square-wave at TP13 will set ESOL low and prevent the CPU
from closing RL2 + RL3. ESOL and EUOL are read by IC45 (Digitai Board)
pins 13 and 12, the latches being reset by'ﬁgaL going Tow (IC45'¢1h 8).

2.3.3 Signal Processing Analogue Circuit Diagram Fig. 6.12
Digital Circuit Diagram 6

Mixer

The buffered signals from TRS and TR6 (Analogue Circuit Fig. 45.11) feed
the differential mixer IC17, (Fig. 6.12) which is a quad D-MOS FET switch
operating in the current steering mode. Signal input currents via R76 and
R77, are switched between the inputs of IC12 and IC13 at local oscillator
frequency, which is 1.016kHz below 100kHz or 10.16kHz below 1MHz. The
resulting difference frequency signals are amplified by IC12 and IC13 and
extracted differentially by IC14. Component matching throughout this
circuit maintains true differential input sensing, R76 and R77 being
deliberately mismatched to compensate for TR5 and TR6 operating at
different dc currents. The sum frequency signal from the mixer is absorbed
by C84, C86, C87 and CS0, with additional 2MHz traps formed by L7 + €83 and
L8 + C85. Any remaining ripple is removed by the passive filter R102, L9,
C109.
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Mixer Drive

The Tlocal oscillator drive (LO) ds derived from a 63.35MHz  crysta)
oscillator (IC61 on Digital Board) which feeds a series of fixed dividers
tocated on the Digital Board. A square-wave signal at 4 x LO frequency is
selected by one section of IC40 and feeds via PL1l1 and a coaxial cable to
the Analogue Board (PL23, Fig. 6.12). A further :4 stage (ICi16) feeds the
gating circuit IC18 to generate the fast make-before-break drive required
for high mixer linearity. When operating at lkHz or 10kHz, ICl16 is reset
to disable the mixer drive. This puts two sections of IC17 permanently ON
{pins 5-8 and pins 13-16) giving normal differential amplifier operation.

Range Attenuator

The filtered mixer output feeds the precision ranging attenuator with
outputs selected by the CMOS multiplexer IC20-2. This operates i-m
Tocally regulated +8.2V supplies, and its control inputs are level shifted
by the open collector gate IC19. IC19 also inverts the control signals
GA and GB, derived from IC30 (Digital Board) pins 22, 23. The following
truth table applies to the non-inverted signals. See also the range
settings given in tables 2.2 - 2.4,

GB GA Relative Gain

0 0 1.0 (IC20 pin 4)
0 1 3.16 (IC20 pin 2)
1 0 10 (IC20 pin 5)
1 1 31.6 (IC20 pin 1)

Detector Amplifier & Overload Detector

The following amplifier (IC22) has two gain settings, selected by 1C21-2
corresponding to mixer and non-mixer operation. IC19-2 provides a level
shifted control signal (F8 inverted).

FB - Relative Gain

0 1.58 (IC21 pin 1)
1 1.0 (IC21 pin 2)
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Input to the detector amplifier IC23-2 is via an ac coupling (Cl1l1l) having
a2 defined short time-constant which minimises the settling time required
for any switching transients. The resulting gain reduction at 1kHz s
compensated by C158 and R176. The ac level at this point also feeds the
overload detector IC25-1 which sets latch IC24-1/1C24-2 if the peak level
exceeds 1.25V. , C156 prevents spurious operation due to digital noise
spikes. The overload latch is reset at the beginning of each A/D
conversion cycle by the negative edge of MSR, differentiated by Cl112.

2.3.4 PSD and Reference Generator

The phase-sensitive detector (PSD) employs a four-level multiplying
reference signal which contains no harmonics below the seventh. Hence the
PSD rejects low-order odd harmonics as well as all even harmonics. The
reference signal is made up from the sum of two waveforms, PSDO and PSD2:

PSD0 I ] I
Ps02 | I | | [ I

¥

PSO
Multiplying
function
=0.414

-1.0

This composite signal has four relative phase settings derived from the
ring counter 1C46 on the Digital Board. The drive signal for 1046_,15
derived from the 64MHz clock by division for 1kHz and 10kHz operation. For
100kHz or 1MHz it is derived from a secondary mixer 1C62 driven from <2
versions of the 64MHz and 63.35MHz clocks. L1, (€38, C46 form a low-pass
filter to extract the difference frequency signal which is converted to a
square-wave by comparator IC44, " The Measurement System Block Diagram
Fig. 6.9 clarifies this arrangement. '

As explained previously, the absolute phase of the PSD reference is aligned
at the start of each measurementlsequence. IC3-2 on the Digital Board is
reset by the CPU, (via IC45 pin 29}, which clears counters IC41, IC46 and
enables (via PHE) the zero-crossing detector IC25-2 on the Analogue Board.
At the next zero-crossing of the signal, PHR goes high, setting IC3-2 and
enabling the counters. ‘

1
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Propagation delay differences between the four phase settings are
eliminated by IC50 on the Digital Board which is'continuous1y clocked at
16 x PSD drive frequency.

The PSD drive signals are received at the PSD (Tocated on the Analogue
Board, Fig. 6.12) via buffers IC30 - 2, 3, 5, 6, driving IC27 which servas
as a two-pole change-over analogue switch (PSD0O and PSD2 in diagram).

i)

R3S =
e 14 PSDO ’”E—Q
R136 08 PS5O 2 '

INTEG

RIS _4o

The signal current to the A/D integrator IC28 is modulated by the selection
of R135, R136 or neither.

Dual polarity operation is obtained by biasing the circuit to 50% of fsd
during thé A/D integratidn period.  This bias is derived from the -5V
reference voltage, inverted by IC23-1, which also provides a phase-inverted
measure signal to the PSD to provide full-wave vrather than hal%-wave
detection. The effect of this is to cancel 1f noise and to improve
suppression of switching transients. The multiplied signal is fed directty
into the analogue to digital convertor integrator as a current, which
avoids ambﬂifier slew-rate distortion at the fast switching edges.

2.3.5 A/D Converter

The A/D converter comprises a control section located on the Digital Board
(Circuit diagram Fig. 6.2) and an analogue section on the Analogue Board
(Circuit diagram Fig. 6.12). Once triggered by the microprocessor, the A/D
conversion process proceeds unsupervised, generating an interrupt on
completion. Each measurement cycle comprises six or more separate A/D
conversions with different sidna1 and/or PSD phase selections. See
section 2.1.5.

The A/D'converter uses the charge balancing technique, where the signal is
summed with the reference during the integration period. ‘The reference
signal is switched on and off as required to maintain the integrator output
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close to zero. During integration, the integrator output oscillates about
zero, the measure counter being enabled whenever the reference signal fis
on.

At the end of the integration period the PSD is switched off and the
reference current is left on to take the integrator output to an arbitrary
positive level outside the band of oscillation, ~giving a final accurate
conversion count.

The 24-bit measure counter comprises 1C53-2, [C54, IC84-2, and IC5%-2 with
section 1 of the triple timer/counter IC23 providing the 16 least
significant bits. It is driven directly by the 64MHz clock IC60 and 1s

active whenever CBC is Tow.

The integration period, which aiways equals an integral number of psd
reference periods, is timed by section 0 of IC23, clocked at apprdximate]y
320kHz from 1IC39 pin 9 (shown as 'Charge Balance Clock' on the block
diagram). The output from IC23 pin 10 is then synchronised to the psd
reference frequency by IC58-1 and aligned with the psd reference signals by
IC50-3 (generates INTEG and INTEG).

The following description of the A/D conversion process shou1d be read with
reference to the timing diagram (Fig. 2.6).

After vector alignment is achieved, the CPU initiates a mehsurement by
setting MSR high, then Tlow (IC45 pin 30). This resets the latch“IC58-2
(pin 9) (via IC7-6) and the circuit waits for the next rising edge of the
synchronising square-wave from IC47 pin 9. This sets the latch IC58-1
(pin 5), enabling the psd drive waveforms setting INTEG and RUN high and
enabling the integrate timer 1IC23 pin 10. This activates the analogue
measurement by opening the integrator capacitor shorting switch (1C26-3,
Analogue Board) and closing the analogue switch IC26-2.

During the integrate pericd (INTEG = high) the HIGH/LOW comparator 1C25-3
on the Analogue Board monitors the integrator output, sending an error
status signal H/L to the charge balance control circuit formed by 1€51 and
1C52 (Digital Board, Fig. 6.2). The charge balance control generates a
waveform at 1/8 x Charge Balance Clock frequency, which has a duty cycle of
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either 1/8 or 7/8, at IC51 pin 8. At the start of each charge balance
period the appropriate waveform is selected, depending on the status of the
H/L line, giving a predominantly ON or OFF reference current at the A/D
converter.

The CBC control. 1ine 1s -generated at IC53-1 latch (pin 7) which is
synchronised with the 64MHz clock to remove timing errors. This signal
controls IC26-1 on the Analogue Board, switching the reference current into
the integrator summing junction.

At the end of the integration time-out (from IC23 pin 10), the D input of
the INTEG latch IC58-1 goes high. The end of the next sync. period toggles
the INTEG latch, inhibiting further PSD and CBC drive. The CBC line
remains low, holding the reference current ON with the measure counter
enabled. - The dintegrator output is forced +ve until the final conversion
comparat&r 1C29 (Analogue Board) latches, resetting IC50-4  (RUN)
aperiodically and stopping the conversion. A signal to IC45 pin 14
generates an interrupt, to signal that the conversion 1s complete, the
measure count being- read-during the following service routine. The measure
counter is reset by MSR going high at the start of the next conversion.

2.4 POWER SUPPLIES . (Circuﬁt Diagram - Digital Board Fig. 6.4)

The linear power supplies provide unregulated power to the display module
(see section 2.2.4/4), vregulated supplies of +12V, -12V and +5V to the
digital circuits, and separately regulated +12V and -12V supplies to the
analogue circuits. = Power ‘supply components are located on the Digital
Board, with the' exception of the Supply Transformer, the +5V supply
rectifier BR3 and 5V series regulator TRI10.

The regulated supply outputs may be isolated for test purposes by removing
the 1link from TSKl. With the link in.place TSK1 forms a convenient test
point for checking voltage and ripple levels.

Separate IC regulators (IC68 - IC71) provide the analogue and digital =12V
supplies. To minimise noise pick-up on the analogue supplies, 1C68 and
IC69 have their reference ground and output decoupling capacitors returned
directly to a star point chassis connection adjacent to PL18, the Analogue
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Board ribbon connection. Note that this is the only direct chassis
connection to the Analogue Board, the screening box having insulated
mountings and an hf ground connection via Cl1 (see Interconnection Diagram
Fig. 6.8).

The +5V regulator is rated at 3Amps output and incorporates foldback
current limiting {0 3Amps dinto a shorted load). R75 sets the output
voltage, R116 sets the foldback 1limit current.

The master reset pulse for the CPU and digital circuits originates from
TR7, which s turned on by the voltage across the +5V series regulator.
R62 and C16 delay this pulise, which feeds IC56-1 and IC56-2 (Digital Board
Cifcuit Diagram,j Fig. 6.3) to produce complementary RST and RST signals.
If the fincoming ac supply falls too Tow, TR7 turns off and D11 rapidly
restores the reset condition until power is re-established. S2 provides a
manuéT_reset function for use during testing.

2.5 NOISE FILTERING (see Interconnection Diagram, Fig. 6.8)

The 7010 1is designed to operate reliably in an electrically noisy
environmént. In addition to the filtered power {n1et_PL1,_ all measufement
and data' 1nput/output connections are fitted with common mode chokes.
These are the ferrite toroid CH3-Qn the measurement leads and the ferrite
slabs CH4,'CH5, CH6, CH7 on the rear panel data sockets. Note that for
these to operate correctly, the connectors themselves are in each case
electrically insulated from the mounting panel.
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3.1

3.2

3.3

3.4

DISMANTLING

Removal of the instrument top cover {two screws each side) orovides
access to the component side of the Analogue and Digitat Circuit
Boards. 1f the optional GPIB / Handler Board is fitted, obscuring
part of -:the Digital Board, it can be removed by disconnecting two
ribbon connectors from its surface, the flying connector from the
Digital Board, and then removing the six retaining screws. Access to
the underside of the Digital Board is obtained by inverting the
instrument, and removing the bottom cover (two screws each side).

If the Digital Board is to be remaved, first invert the inétrument,
remove the bottom cover, and remove the two small screws from the side
rail (near front right, viewed from below). These hold the two metal
blocks associated with 1C68/69 and IC70/71, respect19e1y, shown
protruding on the pcb layout (Fig. 6.1). Return the instrument to
its normal position, and remove the single screw which holds the hard-
wired rectifier block (BR3). There are ten connectors to be freed
(eleven including the one to the optional GPIB / Handler Boaéd). Tﬁé
Digital Board is held in position by seven nuts, five nylon pillars
and one hexagonal metal pillar (note the location of this one, which
must be re-fitted in the same position). When 1ifting out the Digital
Board, check to see if an earth tég is present (not a loose item on
later models). If so, ensure that it is correctly positioned when
replacing the board. l '

The Analogue Board, together with its screening box, is insulated from
the main case. If the complete assembly must be removed, the ceramic
220nF capacitor (Cl) must be disconnected from the underside. To
remove only the circuit board, first detach all five connectors - one
of which is on the Digital Board and, before this one can be freed,
two screws securing the ribbon cable clamp associated with the ferrite

-common-mode choke CH8 must be removed. Then remove the seven nuts

which secure the Analogue Board.

To transfer the sub-assembly of the four BNC connectors from the front
panel to the rear panel, undo two nuts from the sub-assembly and two
from the rear blanking panel. Remove the tie-wrap holding the single
CMR choke to a cross-bar, and transpose the locations of the two
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panels (enéuring that the connector with the yellow '4' sleeve is at
the BIAS end of the four rear holes). Tie the CMR choke to a
convenient supporting bar and tighten the four nuts.

The procedure for replacing any boards removed is the reverse of the
sequences just given for their removal. Ensure that all connectors
are correctly located and properly secured.
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4 TEST EQUIPMENT REQUIRED

Item 1 Variac 100VA  50/60Hz
Range 0 to 24QV

2 DC Voltmeter To measure 3V to 12.5V, accuracy =0.1%

3 DC Ammeter To measure up to 320mA, accuracy +2%

4 0BC Resistance Meter To measure 6-500 ohms, accuracy 5%

5 AC Voltmeter - To measure sinusoidal signals lkHz tc 1MHz,

level vrange 0.1V to 1.0V, accuracy =1%.
Screened input connector suitable for use
with x1 oscilloscope probe or similar.

IMQ)

10MQ)
Input sensitivity b5mV/division to 2V/division
Bandwidth {with probes)  10MHz minimum
Timebase range 0.5usec to 1 sec / division

]

6 0Oscilloscope 2 channels with x1 probes (Rin

+ single x10 probe (Rin

Vertical deflection accuracy  *3%
Horizontal deflection accuracy £3%

7 Computer Terminal (VDU) To EIA Standard RS232C, with
interconnecting lead as shown in Fig. 5.2,

8 Component Fixture Wayne Kerr type 1006
9 Transfer Standard Kit Wayne Kerr type 7010 TSK
10 Axial leaded components to fit 1006 fixture as follows:
Metal film resistors 100Q@ 1% (t.c. £25ppm/°C or better)
330  #2% (t.c..z200ppm/°C)
Polystyrene or

polypropylene capacitors 100pF 5%
1.8nF 1%



Item 11 Calibration Standards

Screened 4-terminal Standards terminated in four BNC connectors, screens
isolated from ground. See Fig.4.1 for details of wiring.

Calibration Setting

The following Standards are required to reset the calibratina on an
instrument. '

Capacitors: A1l values measured with respect to reference open-circuit,

5nF 1% Silver mica or sealed polystyrene. Dissipation factor known
to 20.00005 at both 1kHz and 10kHz.

InF  =£1% Silver mica or sealed polystyrene. Dissipation factor known
to +0.00005 at 10kHz.

i+

500pF %1% Silver mica. or sealed polystyrene. Dissipation factor known

: -to x0.00005 at 10kHz.

100pF 1% Gas-filled, silver mica or other stable construction.
Capacitance known to 0.005% and dissipation factor known to
+0.00005 at 10kHz.

Resistors: Measured with respect to reference short-circuit.

100 ohms *+1% Bulk foil construction (Vishay $102 or equivalent). Value
at dc or 1kHz known to 0.005%.

lk ohm  +2% Metal film or bulk foil construction. Self capacitance
not exceeding 1.0pF



Accuracy Checks
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The following

Standards are required to perform full accuracy checks on a

calibrated instrument.

Capacitors: A1l values measured with respect to reference open-circuit.

5nF - £1%

1.88nF £1%

1.0nF  #1%
500pF 1%
Resistors:

Silver mica or sealed polystyrene. Dissipation factor known
to +0.00005 at both lkHz and 10kHz.

Silver mica or other stable construction. Value known to
+0.005% and dissipation factor known to +0.00005 at lkHz,
value known to =0.005% at 10kHz.

Silver mica or other stable construction. Value known to
+0.005% and dissipation factor known to £0.00005 ‘at both
1kHz and 10kHz.

Silver mica or other stable construction. Value known to
+0.005% and dissipation factohr known to +0.00005 at both
1kHz and 10kHz.

These should a1l be bulk film construction (Vishay S102 or
similar). For the following values, the resistance at dc or
1kHz, and the series inductance at 10kHz, measured with
respect to the reference short-circuit, should be-kmown to
the uncertainty indicated.

Value (z1%) Resistance uncertainty Inductance uncertainty
3.16 ohms +0.005% +2.5nH

10.0 ohms +0.005% +8nH

31.6 ohms +0.005% +25nH

100 ohms +0.005% +80nH

316  ohms +0.005% - +250nH

1.0k ohms +0.005% +(0.8uH

3.16k ohms +0.005% +2.5uH
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For the following values, the resistance at dc or 1kHz, and the parallel
capacitance relative to the reference open-circuit, should be known to
the uncertainty indicated.

Value (*1%) Resistance uncertainty Capacitance uncertainty
10k ohms +0.005% - *(.8pF
31.6k ohms +0.005% +0.25pF

Notes on Standards

Always make screened 4-terminal connections to Standards (Fig. 4.1,
A& B}. '

Screened leads should be Im long (£10cm), preferred cable type RG174A or
RG174 A/U.

The outers of all four leads must be connected together at the Standard
end, and connected to the outer screen of the Standard.

Resistance Standards up to 1k@ must be 4-termina) (Fig. 4.1, B).
Capacitance Standards and higher value resistance Standards may be
3-terminal (A) or 4-terminal (B). With  3-terminal Standards, use

BNC T-pieces at the Standard end of the cables to convert to 4-terminal.

Fig. 4.1,C shows a 4-terminal short-circuit.

oo e ol

aoge

Fig. 4.1 Screened Standards - Wiring
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The reference open-circuit must provide linking between I' and I (Brown to
Red) and £ to E' (Orange to Yellow), with all four cable outers connected

together as above,

12 GPIB / Handler Board (Option)

The following additional test equipment is required to test this option
when it is fitted.

Handler Interface: Bin output test unit Ebnstructed as per fig. 5.3.
[EEE 488 Controller having a shell program suitable for control of

talker/listener equipment conforming to the general requirements of
specification I[EEE 488.2



5(A) SETTING-UP PROCEDURE - CIRCUIT ADJUSTMENTS

5.1 INITIAL SETTINGS

Ensure that the rear panel Bias Link is fitted. yerify the suppliy volitage
setting and ensure that the correct supply fuse is fitted.

5.2 LITHIUM BATTERY CONDITION

Life of the Lithium battery used in the non-volatile RAM circuits fis
normally greafer than ten years. With no power connected to the
instrument, remove the top cover and measure the voltage across BAT1.* If
this 1is less than 3.0 voits, the battery should be replaced using the
following procedure.

Remove the instrument bottom cover and the old battery. Break the 1link
LK2. Fit the new battery, taking care to ensure correct polarity. Using
an oscilloscope fitted with a x10 scope probe (item 6), monitor the dc
voltage at the cathode end of D5.  Scale the oscilloscope input for an
overall 1 volt per division and set the OV position such that +5V will be
well on the screen. Set timebase to 1 sec/division.

Apply power to the instrument, and switch ON. Observe +5V on oscilloscope
while switching power OFF. The voltage normally drops smoothly to +4 volts
or so within a few seconds, then decays downwards much more slowly, It
should not decay below +3 volts within 10 seconds from the +4 volt point,
otherwise RAM standby leakage current is excessive.

At 3 volts, switch power ON and observe that the supply returns to +5 voits
without any drop before rising.

Disconnect oscilloscope and power connections. Ensure battery voltage
exceeds 4.0 volts, thenlre-fit LK? and instrument bottom cover.

*  Components referred to in the text are annotated on Fig. 6.1 (Digital
Board) and Fig. 6.10 (Analogue Board}.
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5.3 POWER SUPPLY CHECKS

Connect the instrument to the ac supply via the Variac (item 1). Set this
to low supply limit (207V for 230V setting, 103V for 115V setting) and
switch on power., After approximately 2 seconds, the display should
illuminate, the nature of the displayed data depending on the previous
usage of the instrument, which is normally retained. The message 'Previous
set-up Tost' indicates a fault in the non-volatile RAM.

5.3.1 Regulated Supplies
Connect the common Tead of dc voltmeter {item 2) to the Digital Board

mounting bolt adjacent to PL12 (the ribbon feed to the keyboard). Verify
the dc voltages at the power supply test link TSK1 as follows:

Supply Pin Number Voltage Limits
+5V Digital 3 - 12 +4.9 +5.1
+12V Digital 4 - 11 +11.64 +12.36
-12V Digital 5~ 10 -11.64 -12.36
+12Y Analogue 6 -9 +11.64  +12.36
-12V Analogue 7 -8 -11.64 -12.36

If necessary, adjust R75 to set the- +5V supply.

Replace the dc voltmeter by the dc ammeter (item 2) and measure the +5YV
short-circuit current. This should be 300 +20 mA. If necessary, adjust
R116 to set this.

Remove the ammeter.

5.3.2 Display Module Supplies

These unregulated supplies do not normally require checking. The following
data is provided for fault-finding only.

Provision 1is made for modules containing vacuum fluorescent displays
manufactured by Itron or by Futaba. The standard module WAY205G2
incorporates an Itron display.



'On load' voltages at low supply voltage 1imit should be as foilows:
50/60 Hz ac supply (PL14 pin 3 - 5, pin 4 = centre tap)

ITRON (R86, .87 in circuit) 5.2Vrms
FUTABA (R86, 87 linked) 5.4Vrms

Unregulated .dc supply (PL14 pin 2 - 1) -

ITRON (LKl = default position) 40vdc
FUTABA (LK1 = alternative position) 34Vdc

Note that each of the above supplies is short-circuit protected by 250mA
fuses F3 - F5, located on the Digital Board.

5.4 MEMORY CLEAR

Switch power ON and, when display appears, press thé keys 'Code 9.1 Enter'
in sequence. After a short pause, the display should blank, to be replaced
by the message 'Previous set-up Tost' or the display

~C D Par 1kHz 1.0v 7 (where + represents the cursor)
If no display appears at power on, proceed as follows:

Press the keys Enter/Local and 9 simultaneously and, while holding them
pressed, press and release the master reset button S2 on the Digital Board.
After 2 seconds, release the keys, which should have the same effect as
Code 9.1 above.

5.5 MICROPROCESSOR RESET

With the instrument powered from the Variac, press 'Meas SetUp2' key.
Display should change to ~ Max Auto (where - rehresents the cursor).
Reduce the supply until the display extinguishes, then increase it
gradually to minimum setting as before. The same display should re-appear
within 2 seconds. A blanked or changing display, or the message 'Previous
set-up lost' indicates a fault condition. For the remaining tests the
Variac is not required and the instrument may be powered directly.
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5.6  DISPLAY

Press keys 'Code .1 Enter' and ensure all display characters are intact.
Press any key a total of four times to check.the remainder of the character
set in sequence. Press any key to exit this test.

5.7 KEYBOARD

Press keys 'Code .4 Enter'. The display instructions will ask for each
button in  turn to be pressed and will return the message '0.K' if the
button was detected correctly and, at the end, the message 'Keyboard 0.K'
will be displayed.

5.8 EPROMS

Press keys 'Code .5 Enter' to perform CRC test on EPROM 1. After a few
seconds, the display should show 'PASS' and the appropriate CRC signature.
Press any key to repeat test for EPROM 2 and then for EPROM 3.  Press any
key to exit this test.

5.9 RAM

Press keys 'Code .3 Enter' to test the RAM non-destructively. The display
will show PASS or FAIL for each RAM chip.

5.10 E2PROM.

Press keys 'Code .2 Enter' to test the E2PROM. The display will show
E2proM followed by PASS 1 or FAIL 1. Press any key to exit this test.
5.11 CO-PROCESSOR

If the high speed option is fitted (IC6), check it by pressing keys

'Code .7 Enter'. The display will show 'Co-processor PASS' or 'Co-
processor FAIL' or 'Chip not fitted'. Press any key to exit this test.




5.12 WATCHDOG

Press keys 'Code .6 Enter' to test the watchdog circuit. The message
'Testing watchdog' will appear.  If the watchdog is operating correctly,
this message will vanish after 2 seconds, to be replaced by the Meas
SetUpl or Meas SetUp2 display.

5.13 MEASUREMENT CONNECTION

Attach Component Fixture 1006 to the measurement terminals, observing the
connector colour coding. Use the dc resistance meter (item 4) to measure
batween the 'Bias' terminal of the fixture and chassis. Ensure dc
resistance is 500 50 ohms.

5.14 BASIC MEASUREMENT

Fit 100 ohm resistor (item10) to the fixture. Press Meas SetUpl key, move
the cursor to point at 'D' and use 'select' key to obtain 'C + R Par'
measurement function. Press Meas SetUp2 key, move the cursor to point at
"Auto' and use 'select' key to obtain ‘Hold 4' function. Press Clear key
followed by 3 to select and hold measurement range 3.

Press Meas key and hold to obtain a continuously flashing asterisk. The
display should show a capacitance value close to zero, resolution - +0.1nF,
and approximate resistance value, resolution +.01 ohm (or +.005 ohm if
reading is below 100 ohms).

Press Meas SetUpl key, move cursor to point at frequency and select
"10kHz'. Repeat measurement as above. In this case capacitance resolution
should be =0.01nF. '

Repeat this for frequencies of 100kHz and I1MHz. These should at this stage
show a negative capacitance reading of 120-160pF, with resolution of +1pf
and £0.1pF respectively.
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5.15  SIGNAL SOURCE GENERATION

Reselect 1kHz and press Meas key. Set Oscilloscope (item 6) to 1V per
division, ac coupled, with timebase setting 0.5ms per division.

Check TP8 on the Analogue Board, which should show a stepped 1kHz waveform
with levels of approximately =0.95V and =2.3V.

Check signal at Bias end of fixture, which should show a 1kHz sinewave
approximately 1.4V pk-pk. Select 10kHz, press Meas and ensure this level
is maintained. Repeat this for 100kHz and 1MHz, then reselect 1kHz.

5.16  SOURCE IMPEDANCE SELECTION

Press Meas-SetUp2 key and select range 4 (key Clear, 4). Check that signal
level increases to approximately 1.9V pk-pk.

5.17 DETECTOR GAIN / MIXER FUNCTION

Check 1kHz - sinewave at TP3 on the Analogue Board. This should be
approximately 2.5V pk-pk.  Select 100kHz and press Meas. TP3 should show

1kHz (22%) at the same level (within £2%).

Press Meas SetUpl, move cursor to point at level, select 0.1V and press
Meas. Waveform at TP3 should be unchanged.

Repeat this for 0.3V level. Reselect 1.0v.

5.18 PSD DRIVE

Set the frequency to 10kHz. Pres Meas SetUp2, move cursor to point at
speed and select Stow. Press and hold Meas to obtain repetitive slow
measurements.
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Set oscilloscope to 2V/division, dc coupled with timebase set to 20 us/
division. Check that waveform at IC27 pin 3 {Analogue Board) is a clean
0-5Y square wave with a 100us period. (The phase of this waveform changes
periodically and some care may be necessary to obtain satisfactory timebase
triggering. Use of trigger hold-off may be beneficial). Repeat this test
at IC27 pin 14. Also check at IC27 pins 6 and 11 for the correct
distortion—cah&el]ing Walsh waveform. This is shown as PSBZ2 1in section
2.3.4.

5.19 A/D CONVERTER OPERATION

Set oscilloscope timebase to 0.2ms/division and connect to TP4 on Analogue
Board. Key in 'Code .85 Enter' to test the A/D Converter. Adjust the
oscilloscope triggering level to obtain a waveform similar to the bottom
trace of Fig. 2.6. During the Ims charge balancing period the voltage
will oscillate up and down but should remain between =0.8V. The. .-final
conversion ramp should reach a maximum Tevel of approximately 5.2 volts
within <0.15 ms.

Change timebase setting to 5Sms/division, select Max speed {(Meas SetUp2)
and press Meas to obtain repetitive measurements. The correct sequence
comprises six A/D conversioqs, with different charge balance pattenhs, each
5ms ltong, with a 2.5ms pause between the 2nd and 3rd conversion. By using
dc-coupled +ve slope triggering, and carefully adjusting the trigger level,
it should be possible to observe at least five of these conversions, -which
should all conform to the levels stated above.

5.20 Es/Eu TIMING

Fit 330 ohm resistor (item 10) to fixture. Connect channel 1 of
oscilloscope to TP7 on the Analogue Board and channel 2 to IC30 pin 20 on
the Digital Board. Set channel 2 sensitivity to 1V per division, dc
coupled.

Set timebase to 0.5ms/division, triggering on the rising edge of the

channel 2 waveform.
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Channel 1 should show a sinewave approx. 9V pk-pk followed by a sinewave
approx. 3V pk-pk. Ensure that zero signal exists for at least 0.2ms
between these two.

Reset oscilloscope to trigger on negative edge, to show sinewave switching
from 3V pk-pk to 9V pk-pk. Again ensure zero signal exists for at least
0.2ms between these two. '

If either condition is not met, a fault in relay RL3 or RL4 is indicated.
Disconnect the oscilloscope.

5.21  OVERLOAD DETECTOR

Press Meas SetUp2 and select range 6. Press Meas key, ensure display shows
’RangeﬂError'.

5.22 SHORT CIRCUIT DETECTOR

Press Meas SetUp2 and select range 9, repetitive measurements. With the
oscilloscope, probe 1IC11 pin 6 (Anatogue Board) which should be at +5V.
Refit 100 ohm resistor to fixture and ensure ICll pin 6 changes to OV with
repetitive +5V pulses between 100 and 200us wide.

5.23 STABILITY CAPACITOR SWITCHING

WARNING: This test could damage the CMOS switch IC31 wunless normal
antistatic precaution are observed.

Using dc resistance meter (item 4), ensure continuity (<5002 ) exists
between pins 12 and 14 of IC31. Select 1MHz, press Meas and ensure open
circuit condition is selected.




5-9

5(B) SETTING-UP PROCEDURE. - -CALIBRATION

5.24 INITTAL SOAK

Replace top cover without fitting retaining screws. Leave the instrument
switched on for a minimum of 1 hour 1in a steady ambient temperature of
23 +2°C, free from draughts.

5.25 SIGNAL SOURCE LEVEL

Fit 100pF capacitor (item 10) to fixture. Using ac voltmeter (item 5}
fitted with x1 probe, measure the voltage at the Bias end of this
component, grounding the probe to the stainless bar on the fixture.

Set 7010 to 'C D Par 1kHz 1.0V' (Meas SetUpi) and 'Slow Hold 6 (Meas
SetUp2). Press Meas key.

Ensure Tlevel (displayed on voltmeter} is exactly 1.000V (= imv). If
necessary, briefly slide off top cover and adjust R26 (at back 1left  on
Analogue Board). '

Select 1MHz test freguency and press Meas. Ensure vo]tmetervdisplays
1.000V +3my. If the voltage lies outside these limits, briefly slide off
the cover and, using correct tool, adjust L2 or L3 on the Analogue Board.

Select 0.1V test level and verify voltmeter reading is 100mV +2mV.  Repeat
for 0.3V and 0.5V with test limits of z6mV and +10mV respectively.

5.26 GUARD AMPLIFIER BALANCE (1MHz)

Fit 1.8nF capacitor (item 10) to fixture. Connect Oscilloscope {(item 6)
fitted with x1 probes to monitor the voltage at each end of this component,
grounding both probes to the stainless bar on the fixture. It is important
that this ground connection is made at the end of the bar away from the
Bias marking (see Fig.5.1 ).
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CHANNEL 1

70 OSCILLOSCOPE

Fig.-5.1 Setting Guard Amplifier Balance
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Set 7010 to 'C D Par IMHz 1.0V' (Meas SetUpl) and 'Slow Hold 3' (Meas
SetUp2). Press Meas key. Set oscilloscope timebase to 0.5us/division
and synchronise to the 2.8V pk-pk sinewave on channel 1.  With channel 2
sensitivity set to SmV/division the display should show an almost pure 2nd
harmonic (2MHz) signal, well below 5mV pk-pk. Any unwanted 1MHz signal is
indicated by successive peaks in the 2MHz signal being of unequal height.
I[f either thé‘+ve or -ve peaks show more than 0.5mY inequality, briefly
sTide off top cover and using an insulated tool adjust trimmer C55 and/or
R61 on the Analogue Board to establish correct balance.

5.27 SIGNAL SOURCE DISTORTION

Select measurement range 4 (Meas SetUp2). The waveform displayed on
channel 2 will normally show increased distortion. Ensure that the peak-
peak level of this signal does not exceed /mV.

5.28 GUARD AMPLIFIER GAIN (100kHz)

Select 100kHz frequency (Meas SetUpl) and range 3 (Meas SetUp2). Press Meas
key. Replace the 1.8nF capacitor by a short-circuit and synchronise
osciltoscope to 100kHz signal on channel 2. Ensure that this is
essentially sinusoidal with amplitude not exceeding 1émV pk-pk.

NOTE - STORED CALIBRATION DATA -

The E2PROM 1IC63 stores calibration data which s specific to each
instrument. Provided that this data has not been lost and that no
component changes have been made to the Analogue Board, the Calibration
data should vemain valid for several years. In this case, proceed to
section 5.30 (Accuraéy Tests). If calibration data has become corrupted,
or the test limits of section 5.32 or 5.33 are not met, new calibration
values may be generated by using the Calibration Adjustment procedure which
follows. Do not attempt td carry out this procedure unless all the
necessary Standard components (item 11  in section 4) are available, each
with 1kHz/10kHz calibration figures as defined, traceable to National or

International Standards.
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5.29 CALIBRATION ADJUSTMENT ({See important NOTE on previous page)

The 7010, fully tested up to this point, must be left switched on for three
hours with covers fitted in an ambient temperature of 23 +Z degrees C and
free from draughts. If following on immediately from the previous section
then this time may be reduced to two hours.

5.29.1 Connections

Use 1 metre-long cables (see notes on Standard construction)™ to connect
calibration Standards to 7010 under test. Calibration Standards must be
isolated from ground at all times except for the connections via the
coaxial cables.

5.29.2 Trim

Press ‘calibrate' key to obtain a display 'Open Fixture, Key 1'. Connect
reference open-circuit to measurement leads and press key 1. If '0/C FAIL
Retry = Key 1' appears, check all connections are correctly made and
repeat. Correct display is 'Short Fixture, Key 2'.

Connect reference short-circuit to measurement leads and press key 2. If
'S/C FAIL Retry = Key 2' appears, check all connections are correctly made
and repeat. Correct display is 'Connect Std, Key 3'. Cancel this message
by pressing 'Meas SetUp 1'.

5.29.3 Measured Values

Ensure required ambient conditions are met before proceeding. If the
software version is not known, press 'Code 0.11, Enter' to display the
version number.

Connect 5nF Standard to measurement leads, and press 'Code 987.6, Enter' to
obtain the message 'Test 1 D = ',

Key in the known value of 10kHz D factor:for'the 5nF capacitor, followed by
Enter.  The display will echo each character as it is keyed and errors may
be corrected by pressing Clear and re-keying.

* Section 4, item 11 - Notes on Standards
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The built-in calibration routine performs checks to ensure that the
measured values are reasonable. If they appear to be out of timits, the
display will show 'Test 1D = Fail'. - Otherwise the required calibration
constants will be calculated and stored and the message 'Test 2D = '
will be displayed.

Repeat this pf&cedure for all seven tests shown in the table below. The
measurement range in use is shown here for information only. Note when
keying-in resistance or capacitance values the units should not be entered,
but 100pF and 500pF require the use of the 'p' multiplier. Test 6 needs
no values to be entered, simply press. Enter. (The lke resistor provides an
accurate zero phase reference at 1kHz).

For software versions 3.11 and earlier, the sequence of tests 4 and 5
should be reversed.

On 'succeésfu1 completion of test 7, the display will change to CALIBRATION
COMPLETE. -

TEST | STANDARD| UNITS / VALUE FREQ RANGE .
Hz IN USE
VALUE
1 5nF Enter D value (.000XXX)| 10k 6/7
2 1nF Enter D value {.000XXX)[ 10k 8
3 500pF Enter D value (.000XXX)} 10k %
4 | 100R Enter value (100.XXX) [ 1k 4
5 100pF Enter value (100.XXX p)j 10k 9
6 1.0k Enter no value 1k 6 ’
7 SnF Enter D value (.000XXX})| 1k 8

Immediately following on from the Calibration procedure, check that the
calibration data has been correctiy stored by making measurements
corresponding to each test in the table above. Select 'C D Par' or 'C R
Par' with 'lkHz 1.0V' or '10kHz 1.0V' as appropriate. Meas SetUp2 should
be set to 'Slow' and 'Hold' with the range number shown in each case.

For each test except 1 and 6.the reading should correspond to the value
which was keyed in within +2 displayed digits. For test 1 with range 6
selected the reading should be low by 8 +2 digits. With range 7 se1ectéd
the reading should be high by 22 dijité. For test 6 the parallel
capacitance should not exceed + 2pF.
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5(C) SETTING-UP PROCEDURE - PERFORMANCE CHECKS
5.30 ACCURACY TESTS

These tests should be performed in a stable ambient temperature of 23 :2°C,
the 7010 having been operating for a minimum of 1 hour with all covers in
place before commencing. Use 1 metre long cables to connect the
calibration Standards to the 7010. Calibration Standards must be isolated
from ground at all times except for the connections via the coaxial cables.

5.31 TRIM

Press 'calibrate' key to obtain a display 'Open Fixture, Key 1'. Connect
reference open-circuit to measurement leads and press key 1. If '0/C FAIL

Retry = key_ 1 appeérs, check all connections are correctly made and
repeat. Correct display is 'Short Fixture, Key 2'.

Connect reference short-circuit to measurement leads and press key 2. If
'S/C FAIL Retry = Key 2' appears, check all connections are correctly made
and repeat. Correct display is 'Connect Std, Key 3'. Cancel this message
by pressing 'Meas SetUp 1'.




5.32 1kHz TESTS

For each test shown in Table 5.1, select measurement parameters
test signal 'lkHz 1.0V', with Meas SetUpZ set to 'Siow' and 'Hold' with the
range number indicated.

Connect the appropriate Standard as indicated and verify that 7010 readings
> correspond to the known values for the Standard in use within the 1imits

shown in the table.

TABLE 5.1  TEST CONDITIONS AND LIMITS FOR 1kHz

wh
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indicated,

MEAS SET UP 1 RANGE STANDARD| ALLOWED LIMITS
MAJ { MIN | SER NUMBER| VALUE QUAD REAL -

PAR
L R S 0 S/C +7nH + 60p ohms
L R S 0 3.16 +75nH +.0010  ohms
L R S 1 10 +240nH +.0025 ohms
L R S 2 31.6 +750nH +.007 ohms
L R S 3 31.6 +750nH £.005 ohms
L R S 3 100 +2.4pH +.015 - ohms
L R S 4 100 +2.4uH +,010 ohms
L R S 4 316 +7.5uH .05 ohms
L R S 5 316 *7.5uH +.07 ohms
L R ) 5 1.0k +30uH .25 ohms
L R ) 6 1.0k +24uH +.25 ohms
L R S 6 3.16k +75uH +.00085k ohms
L R S 7 3.16k +75uH +.00095k ohms
c R P 7 10k +3.5pF +.0030k ohms
C R P 8 10k +3.5pF +,0030k ohms
¢ D P 8 5nF - +0.0001 D
C R P 8 31.6k x1.1pF +.0095k ohms
c R P 9 31.6k +1.1pF +.0108k ohms
C D P 9 5nF - +0.0002 D
C D P A 1.88nF +.00066nF £0.0002 D
¢ D P A 500pF +.175pF +0.0002 D
C D P B 500pF +.175pF +(3.0002 D
¢ ] P B 0/C +  8fF +.09nS

fF = 0.001pF
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5.33 10kHz TESTS

Repeat section 5.32 procedure but with:frequency set to 10kHz at 1.0V and
using table 5.2.

TABLE 5.2  TEST CONDITIONS AND LIMITS FOR 10kHz

MEAS SET UP 1 RANGE STANDARD ALLOWED LIMITS
MAJ | MIN | SER VALUE QUAD REAL
| PAR
L R S 0 s/ +1nH + 60y ohms
L R S 0 3.16 +7.5nH +.001 chms
L R S 1 10 +24nH +.003 ohms
L R S A 31.6 +75nH +.01 ohms
L R S 3 31.6 +75nH +,01 ohms
L R S 3 100 *+240nH +.03 ohms
L R S 4 100 +240nH +.03 ohms
L { R S 4 316 +750nH +.10 ohms
L R S 5 316 £750nH +,10 ohms
L R ) 5 1.0k +2.4uH .30 ohms
L R S 6 1.0k £2.4uH *.30 ohms
L R S 6 3.16k : +7.5uH £.001k ohms
C D p 6 5nF : - +0.00015 D
C D p 7 5nF - £0.00015 D
L R S 7 3.16k +7.5uH +.001k ohms
C D P 8 1.88nF +,0006nF NO VALUE
C D P 8 1.0nF +.0003nF #0.00015 D
C D P 8 .500pF +.15pF +0.00015 D
C D P 9 500pF +.15pF +0.00015 D
C G P 9 0/C +6fF +.50nS

fF = 0.001pF



5.34 REDUCED LEVEL OPERATION

Repeat trimming routine of section 5.31. Select frequency of lkHz. Repeat
section 5.32 procedure using the ranges and level settings shown in

table 5.3.
TABLE 5.3 TEST CONDITIONS AND LIMITS FOR REDUCED LEVEL

MEAS SET UP 1 I RANGE| STANDARD | ALLOWED LIMITS
Mad | MIN | SER | LEVEL VALUE QUAD REAL
PAR

L R S 0.1 2 s/C £.07uH | £0.6m  ohms
L R | s 0.1 9 31. 6k +1.8pF | 0.12k ohms
C G P 0.1 9 0/C +.08pF +0.90nS

L R S 0.3 |- 9 31.6k - +1.8pF £0.12k ohms
L R S 0.5 | 9 31.6k +1.8pF | +0.12k ohms

5.35 INCREASED SPEED OPERATION

Select 'L R Ser lkHz 1.0V' and  ‘Slow Hold 4'.  Connect the 100@ Standard
and pres Meas for continuous measurements. Observe the 100 ohms reading
varies by less than +0.001 ohm from average. '

Select 'Med ...', press Meas and observe a faster measurement repetition
rate. Similarly for 'Fast’ for a faster rate and finally 'Max'.

Observe the 100 ohms reading (on Max speed) varies by less than 0.0l ohms
from the same average.

5.36 HIGH FREQUENCY LINEARITY

Disconnect 1leads from 7010 and reptace by 1006 Fixture. To ensure
consistent low contact resistance, pre-condition the fixture by sliding
both measurement jaws from end to end several times. - Then position them
together approximately in the middle of the fixture.
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5.37 TRIM AND TRANSFER CALIBRATION

Press ‘calibrate’ key to obtain a display 'Open Fixture, Key 1'. Press
key 1 to initiate open circuit trim foutine. On completion display will
show 'Short Fixture, Key 2'. Fit encapsulated short circuit 7010 LSC from
the Transfer Standard Kit (item 9), inserting leads to full extent.
Press key 2 to initiate short circuit trim routine.  On completion display
will show ‘Connect Std, Key 3'. Remove short circuit from fixture.

Fit the encapsulated Transfer Standard 7010 LTS to the fixture. Avoid
transferring any heat to the capacitor element by handling only tbe‘
housing. Do not touch the lead-out wires at all and keep handling to a
minimum. Press key 3 to initiate transfer calibration routine. On
completion display will show 'CALIBRATION COMPLETE'. Extinguish this
message by pressing Meas SetUpl.

5.38 TRANSFER CALIBRATION ACCURACY

Select 'C D Par 10kHz 1.0V', and 'Slow Auto'. Press Meas key to obtain
repetitive measurements and note C value. Note that this will vary slowly
.with time if .the Standard has received any heat. In this case allow it to
stabilise until reading variations are no greater than =1 digit, and
record-average vaiue.

Select 100kHz frequency and repeat repetitive measurements. Ensure that C
reading s lower than 10kHz value by .002pF #3 digits and that D reading
is between .00003 and .00009.

Check 10kHz reading to ensure no drift, then select IMHz frequency and
repeat. Ensure C reading is lower than 10kHz value by .0lpF %.003pF and
that D reading is between .00000 and .00006.

5.39 MIXER LINEARITY
With '"IMHz 1.0V' selected, press Meas SetUpZ and select 'Hold 6'. Select

repetitive measurements and record the average values for both the C and D

readings.
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Change level to 0.5V and reselect repetitive measurements. Under these
conditions, variations between successive readings will be significant, but
ensure that the changes in-thejaverage Cand D readings,"from the 1.0V
values, do not exceed +.02pF and %.0002, respectively.

Remove Transfer Standard from fixture and adjust jaw spacing to suit 1.8nF
capacitor (item 10). = Fit this capacitor to fixture using minimum of
handling to avoid heating the capacitor. '

Select 100kHz 1.0V, repetitive measurements. Ensure C reading is not
drifting, allowing time for the temperature to stabilise if necessary.
Record average readings for both € and D. ' -

Change Tlevel to 0.5V and reselect repetitive measurements. As before,
observe the changes in the average C and D readings which, 1in this- case,
should not exceed =.00012nf and x.00006, respectively.

5.40 RS232C OPERATION

Connect the RS232C terminal (item 7) to the DTE connector. .To perform a
full test including héndshake, the connecting Tead should be arranged to
include a Handshake Disable switch as shown in Fig. 5.2.  Set this switch
to 'NORMAL' (pins 4 and 5 of DTE connector linked). Make no connection to
the DCE connector at this stage.

Press 'Code 14 Enter’ and observe the message 'GPIB = XX' where XX is a
number. If XX is less than 31 then press 'Clear 33 Enter' to activate the

RS232 port.

Press 'Code 13.0 Enter' which will indicate the baud rate selection.
Match that of the terminal, using the ‘select' button.

Cursor down to set up matching data bits, Stop and Parity bits using the
Teft-right cursor buttons and 'select'. -

Exit the routine by pressing Meas SetUp 1.
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If necessary, connect 1006 fixture to 7010 and fit 100 ohm resistor.

Type the following string into the terminal:

followed by <RETURND>.

L;RsSER;FREQ 1000;SPD MAX;HOLD 4;MEAS?

The 7010 should make a single measurement,
resistance values to the terminal as well as to the display.

Press Enter/Local
contents of Meas SetUpl and Meas SetUp2 correspond to the data in the set

up string above.

key to restore front panel control.

(Note that this string contains 3 embedded spaces).

returning the inductance and

Check that the

OCE . DIE
CONNECTION CONNECTION TERMINAL
PP ) SHIELD 1
1
vo : GROUND o7
jol RXD - XD mxp |
pot TXC 3 RD_ mol
0co Ts  NORMAL  DISAGLE
8o o
i *\\?
Handshake
2 ol DTR c1s
5
sol (TS OTR asl .
2% 20 | ]

Fig.

5.2 RS232C Interconnections Diagram
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Set Handshake switch to 'DISABLE', change resistor to 330 ohms and type

into terminal the string

MEAS? followed by <RETURN>

There should be no change to display on terminal.
Set Handshake sw1tch to 'NORMAL', and observe new measured values returned

to terminal as before

Disconnect lead from DTE socket, connect to OCE socket as detailed in
Fig. 5.2. Repeat the foregoing sections completely including the
handshake disable test.

5.41 GPIB / HANDLER BOARD (OPTION)

The fo]]bwing sections should be performed only if the 7010 under test s
fitted with the GPIB / Handler Optiqn.

5.41.1 GPIB Remote Control

This can be tested only if a GPIB Controller w1th a su1tab1e she11 program
for contro111ng ta]ker/11stener equipment is available.

Connect Controller to IEEE 488 socket on 7010. Key in 'Code 14 Enter' on
7010 to obtain the display 'GPIB = XX' where XX is the GPIB address of the
7010. Set this to suit the shell program by keying 'Clear YY Ehter'
where YY is the required address between 0 and 30.

If necessary, connect 1006 fixture to 7010 and fit 100 ohm resistor.

Using the shell program, send the following command string to the 7010.
C3;R;PAR3FREQ 10E3;SPD MED;AUTO;MEAS?

This should cause the 7010 to perform a measurement, returning a resuit
string to the Controller (assuming the 7010 is addressed to talk). The
form of the result string will be (for example)

1 E-12, 100.456
representing C value 1pF followed by R value 100.456 ohms.
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5.41.2 Bin Handler Output

To perform a full functional test on this interface socket, a test circuit
as shown in Fig. 5.3 is vreguired. Connect this test circuit to the socket
marked 'Handler' on the instrument rear panel.

The Handler Port can be reconfigured in several ways to suit different
handler characteristics. Full details are given in the Operating
Instructions, sections 11.1 to 11.3. A1l common configurations can be
tested directly by the following pkbcedure.

5.41.3 Bin Output Lines

If no relays are fitted {sockets RLI - RL30 on GPIB / Handler Board), the
outputs are not isolated. Set switch on test circuit to NON-ISOLATED.

If relays are fitted to some or all of the sockets, ~the common connection
(VN) will be connected to one of the internal supplies, or connected to pin
1 of the connector to give isolated operation. - Check the setting of SW2
on the GPIB / Handler Board as follows:

SW2 Setting Selection Test circuit switch setting
1 ~12V : - NON-ISOLATED
2 ov NON-ISOLATED
3 +5Y ~ Cannot test
4 +12V . Cannot test
5 VE* ISOLATED

* For isolated operation, SW3 also should be set to position 8.

Ensure that IC3 to IC6 on the option board are type 74HCT238 for normal
operation. If type 74HCT138 has been substituted, polarity will be
inverted.

Key in 'Code 0.75 Enter' to activate handler test softwafe, and verify that
the test circuit LED's illuminate from Bin 0 to Bin B in turn.
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If relays are fitted in some Tocations only, LED's corresponding to
unpoputated bins will not light.

For inverted polarity, ,LED's will normally be on and selected Bin will
extinguish in turn.

5.41.ﬁ Handshake Outputs

If opto-isolators are fitted at IC13 and IC16 on the GPIB / Handler Board,
handshake outputs will be isolated. Ensure SW2 (VN) is set to position 5
and SW3 (VE) 1is set to position 8. In this case, set switch on test
circuit to ISOLATED. Otherwise set switch to NON-ISOLATED.

Check timing setting by inspecting first pole of SW5 (BUSY).  This may be
Normal (set to 1) or SHI (Set to A).

Check polarity setting by inspecting second pole of SW5 (BUSY) and SW7
(DOUT). Each of these may be Normal (set to 2) or Inverted (set to B).

Connect channel 1 of oscilloscope (item 6) to BUSY test point on test
circuit, and channel 2 to DOUT test point. Ground the oscilloscope to OV
(chassis) for NON-ISOLATED switch setting, or to the VE test point on the
test circuit for the ISOLATED switch setting. Set oscilloscope controls
as follows: '

CH1 and CH2 sensitivity 2V / division
Timebase 50us / division
Trigger Normal, CH1

If BUSY polarity is normal  (SW5, 2) use +ve edge triggering.

oo " " inverted (SW5, B) use -ve edge triggering.

With Code 0.75 selected from previous test, observe CHI (BUSY).  This
should show a high-level pulse (3.5 - 5V) approx. 220us Tong for normal
polarity setting, or a low-Tevel pulse for inverted polarity.

Observe CHZ2 (DOUT). For normal timing (SW5, 1) this should show a low-
level pulse approximately 135us long ending synchronously with CH1. This
will be a high-level pulse for inverted polarity (SW7, B). For SHI timing
(SW5, A) this pulse should be 85us long starting synchronously with CH1.
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Press any front-panel key to halt test software. Disconnect oscilloscope.

5.41.5 Trigger Input

If an opto-isolator is fitted at IC14 on the GPIB / Handler Board, trigger
input will be dsolated. Ensure SW2 (VN) is set to position 5 and W3 (VE)
is set to position 8. In this case set switch on test circuit to ISOLATED.

If an opto-isolator is fitted at IC15 with the above SW2 and SW3 settings,
reversed input current polarity is required. Set switch on test circuit to
ISOLATED and reverse polarity of floating supply from that indicated on
Fig. 5.3.

If neither socket is populated, set switch on test circuit to NON-ISOLATED.

Check polarity setting by inspecting second pole of SW6 (TRG). This may be
Normal {set to 2) or Inverted (set to B).

Press 'Select Readout' key and use 'select' key to obtain 'Bin number
only'. Press 'Sort' key and ensure that a sort measurement is triggered,
indicated by a brief * display followed by the selected bin number.
(With no measurement leads connected, the display will show '8in 0 Range
Error', regardless of Bin Setup details). '

Key in ' Code 8 Enter' to enable the handler port.

Press and release either the ISOLATED or NON-ISOLATED PUSH BUTTONS on the
test circuit, as appropriate. For normal polarity, (SW6, 2) a sort
measurement should be triggered on pressing the button. For inverted
polarity (SW6, B) the trigger should occur on releasing the button.
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COMPONENTS LIST

Digital Board

GPIB / Handler Option Board
Keyboard '
Analogue Board

Transformer Module Assembly
Main Assembly ‘

Pages

6-2 to 6-9
6-10 & 6-11
6-12
6-13 to 6-23
6-24
6-25
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- P L L e T L Y

Ref Type value  Tol(X) Rating  Type dNo. Supplier

BAT1 BATTERY LITHIULM : BR-2/3A1P NATIONAL

BR1 DICDE BRIDGE 1XAB20E 1/R

BRZ

BR3 DICDE BRIDGE 26MB 5A 1/R

¢ CERAMIC 100n &3V B37449 SIEMENS

c2

c3

byt ,

cs

cé

c7

c8

ce

c10

c11

c12

c13

clé4

c15 ELECTROLYTIC 15000u  20% 16V 054-55153 PHILIPS

c1é ELECTROLYTIC 2u2 20% &3V 035-58228 PHILIPS

c18 CERAMIC 100n 53V B37449 SIEMENS
" £19 ELECTROLYTIC 47Tu 20% 25v 035-56479 PHILIPS

cz20 POLYSTYRENE 100p 1.5% &3V SUF710 SUFLEX

c21 ELECTROLYTIC 220u 20% 16V 035-55221 PHILIPS

c22 ELECTROLYTIC 1500u  20% 25v 035-56152 PHILIPS

€23

€24 ELECTROLYTIC 100 20% 50v 035-90008 PHILIPS

c25 ELECTROLYTIC 1u 20% &3v 035-58108 PHILIPS

c26 ELECTROLYTIC 10u 20% 50v 035-90008 PHILIPS

c27 ELECTROLYTIC 1u 20% &3V 035-58108 PHILIPS

c28 ELECTROLYTIC 10u 20% 50v 035-90008 PHILIPS "

£29 ELECTROLYTIC fu 20% &3V 035-58108 PHILIPS

30 ELECTROLYTIC 10u 20% 50V 035-90008 PHILIPS

t31 ELECTROLYTIC 1 20% 63V 035-58108 PRILIPS

€32 ELECTROLYTIC - 22u 20% 63V 035-5822% PRILIPS

€33 ELECTROLYTIC 10u 20% 50V 035-90008 PHILIPS

€34 CERAMIC 100n 63V B37449 SIEMENS

35

C36

£37

c38 POLYSTYRENE 550p 5% 63V SUF710 SUFLEX

c39 CERAMIC 100n 63v B37449 " SIEMENS

€40 ELECTROLYTIC 47u 20% 25v 035-56479 " PHILIPS

c41 CERAMIC 100n 63V B3744% SIEMENS

ce2 ELECTROLYTIC 470 20% _ 25v 035-56479 PHILIPS

€43 CERAMIC 100n &3v B37449 SLEMENS

Ché
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C45
C4é
C4v7
c48
c49
cs50
_052
€53

C54
€55
€56
C57
c58
c59
cé0
cé1
cé2
C63
Cé4
cé5

€67
€68
€&
€70
c71
c73
74
7S
€76
77
c78
c79
cE0
ca1
€82

c84
cas

ca7

cae
co0
=g
c92
co3
c9%

co7
ce8

c100
c101
c102
€103
c104
c105
c106
€107
ctbs

ct09
c110

CERAMIC
POLYSTYRENE
ELECTROLYTIC
CERAMIC
ELECTROLYTIC
CERAMIC
ELECTROLYTIC
ELECTROLYTIC

CERAMIC

CERAMIC

Value

10p
560p
47u
100n
47u
100n
47u
22u

100n

470p

Tol(X%)

5%

SX

20%

20%

20%
20%

5%

Rating

Soov
63V
25v
&3V
25V
63v
25V
63V

&3v

100v

GLC604
SUF710
035-56479
B37449
035-56479
B37449
035-56479
035-5822%
837449

VK20C06

Supplier

THOMSON CSF
SUFLEX
PHILIPS
S1EMENS
PHILIPS
SIEMENS
PHILIPS
PHILIPS

SIEMENS

VITRAMON



*STATIC*
*STATIC*
*STATIC*
*STATIC*
*STATIC*
*STATIC*
*STATIC*
*STATIC*
*STATIC*
*STATIC*

*STATIC*
*STATIC*

*STATIC*
*STATIC*

*STATICH

CmM

D1
b2

03
D5
D7
/]
b9
D10
011
D12
D13
D14
D15
D16
D17
D18
D19
D20
D21
b22
F3
F5
Ic1
Ic2
1¢3
1C4
1C5
1c7
IC8
1co
1c10
It
1c12

1C13
IC14

Ic15
IC16

1c17
Ic18
1C19

Icat
1c22

ELECTROLYT!

DIODE REFER

DIQDE

DIODE ZEMER
DICDE ZENER
DI0DE
DIODE

DICDE

DIODE ZENER

DIODE

DIODE

FUSE

6-4

7010 pigital Board EJ1/27242 Iss.P8

c

ENCE

Value Tol(X) Rating

T0u 20% 50v

5.0v

3.V
7.5v

6.2v

PICOFUSE 250mA

CRYSTAL 0SC. (DIL) 5.814Miiz

INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED

INTEGRATED

INTEGRATED

INTEGRATED
INTEGRATED
INTEGRATED

INTEGRATED

CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT

CIRCUIT

CIRCUIT

CIRCUIT
CIRCUIT
CIRCUIT

CIRCUIT

(280 CPU)

(PROGRAMMED )

{280 DART)

Type Na.

035-90008
LM3362-5.0

1N4148

BZX79-C3Ve
BZX79-C7VS
N4 148
184002

NG 148

BZX79-C6V2
1N4002

N4 148
275-250

GBS205-5.814
T4ACTOOPC
CD74HCT4E
Z0840006PSC
COT4HCTOBE
CO74HCOLE
CO74HCT32E
T4AC244PC
CD74HCT3T3E
CQ?éHC138£
CD74HCT244E
TC5564PL-20

UPD27C256-15

Z0B4ATOD6PSC
DS14884
DS1489N

CRY17-3

Supplier

PHILIPS

LINEAR TECHNOLOGY

PHILIPS

PHILIPS
PRILIPS
PHILIPS
PHILIPS

PRILIPS

PHILIPS

PHILIPS

PHILIPS

LITTELFUSE

ECM
FAIRCHILD
RCA
ZIL0G
RCA

RCA

RCA
FAIRCHILD
RCA

RCA

RCA

TOSHIBA

NEC

2IL0G

_NATIDNAL

NATIONAL

G/E
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*STATIC*
*STATIC*
*STATICH
*STATEC*
*STATIC*
*STATIC*
*STATIC*
*STATIC*
*STATIC*
*STATIC
*STATIC*
*STATIC*
*STATIC*
*STATIC*
*STATIC*
*STATIC*

*STATIC*
*STATIC*

*STATIC*
*STATICH

*STATIC*
*STATIC*
*STATIC*
*STATIC*
*STATIC
*STATIC*
*STATIC*
*STATIC*
*STATIC*
*STATIC*
*STATICH
*STATIC*
*STATIC*
*STATIC*

1€23
1C24
1C25
Ic2é
1c27
1c28
1cee
1€30
131
1C32
IC33
IC34
1C35
1C36
1C37
1C38

1c39
1C40

141
1042
1C44
1c4s
1C46
1647
148
1049
1650
1c51
1cs2
1CS53
1C54
1656
1c57
158
1659
1660

H Y

INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED

INTEGRATED

INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED

INTEGRATED

CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIrCuUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT

CIRCUIT

CIRCULT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCULT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCULT
CIRCULT

CIRCUIT

Value

(280 P10)

(280 P10)

CRYSTAL 0OSC. (DIL) 64.0MHz

CRYSTAL OSC. (DIL) &3.350MHz

Tol(%)

P8254-5
COTLHCT244E
CO74HCTOLE
COT4HCOOE
CD?GHCOéé
CD74HCA020E
CD74HC373E
P8255A-5
20842006PSC
CD74HCI14TE
T4LACTT4PC
COT4HCIFO0E
SN74ACT4LN
CO74HCISOE
SN74ACTAN
CO74HC390E

74AC153PC

CO7AHCAS20E

CD74HCTBGE

LM3 1IN

20842006PSC

CD74HCTAE
74AC1S3PC
CD74HC10E
CD74HCOBE
CDT4HCATSE
CO74HCO0E
COT4HCT4E
74ACT109PC
SNT4ACTAN
CD74HCT132E
CD74HCODE
CD74HCT4E
COT4HE393E
GBS205-64.0

GBS205-63.35

Supplier

INTEL
RCA
RCA
RCA
RCA
RCA
RCA
INTEL
ZILOG
RCA

FAIRCHILD

.RCA

TEXAS
FCA
TEXAS
RCA

FAIRCHILD

RCA
RCA
RATTONAL
Z1L06G
RCA
FAIRCHILD
RCA

RCA

RCA

RCA

RCA
FAIRCHILD
TEXAS
RCA

RCA

RCA

RCA

ECN

ECM



*STATIC*

*STATIC*
*STATIC*
*STATIC*

*STATIC*
*STATIC*

1C49
1C70

17
1c72
1c73
L1

PLY
PL8

PL11

PL12

PL13
PL14
PL15
PL16
PLA7

PL1E
PL1®

R1
R2

R3
Ré&
RS
Ré
R7
R8
R®
R10
R11

R12

" R13

R14
R15

R18

‘R19

R20
R21

R22

R23
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INTEGRATED CIRCUIT
INTEGRATED' CIRCUIT
INTEGRATED CIRCUIT
INTEGRATED CIRCUIT
INTEGRATED CIRCUIT
VOLTAGE REGULATOR

VOLTAGE REGULATOR

VOLTAGE REGULATOR

INTEGRATED CIRCUIT
INTEGRATED CIRCUIT
INDUCTOR

CONNECTOR

CONNECTOR
CONNECTOR
CONNECTOR
CONNECTOR
CONNECTOR
CONNECTOR
CONNECTOR

CONNECTOR
FILM
FILM

FILM

FILM

FILM
NETWORK
NETWORK

NETWORK

FILM

FILM

FILM

Value

(PROGR.

820u

26 WAY

3 WAY
14 WAY
26 WAY
5 WAY
3 WAY
3 WAY
11 WAY

34 WAY

S6R

4K7

10K

330R

ATR
4K7
10K

&K7

10K

100R

10K

Tol(%)

AMMED )

5%

10¢

1DC

1DC

inc
5%

5%
5%

5%

S5x

2X

5%

5%
5%

Rating

0.25v

0.25w

0.25W

0.25W

0.25W

0.25W

0.25¢

0.25W

CD74HCTBEE
NMCO346N
COTLHCTAE
CD74HCA051E
Lﬁ326N
LM3377T
LM3177

LM337T
uPD27C256-15
CO74HCT10E
WO -WEE-820

1DH26PK1-83-7G

MKS3733-1-0-303
1DH14PK1-S3-T6
IDH26PK1-S3-TG
MKS3735-1-0-505
MLSS156-3
MKS3733-1-0-303
MLSS156-11

IDH34PK1-83-TG
SFR25
SFR25

SFR25

SFR25

SFR25
4610X-101-472
4610X-101-103
4610X-101-472

SFR25

SFR25

SFR25

RCA
NATIOMAL
RCA
RCA
NATIONAL
NEC

NEC

KEC
NEC
RCA
NYTRORICS

ROBINSON NUGEKT

STOCKD
ROBINSON NUGENT
ROBINSON NUGENT
STOCKO

PANDUIT

5TOCKO

PAKDUIT

ROBINSON NUGENT
PHILIPS
PHILIPS

PHILIPS

PHILIPS

PHILIPS
BOURNS
BOURNS

BOURNS

PHILIPS

PHILIPS

PHILIPS



6-7

7010 Digital Board EJ1/27242 Iss.PB

Ref Type Value Tol(X) Rating Type No. Supplier
R24 FILM 10K 5% 0.25W SFR2S PHILIPS
R25

R26

R27

R28

RZ9 FILM K2 5% 0.25¢ SFR25 PHILIPS
R30 NETWORK 10K 4610X-101-103 BOURNS
R31 METAL FILM 470R 0.1% 25ppm  Hé HOLSWORTHY
R32 METAL FILM 665R 0.1% 2Sppm  HG HOLSWORTHY
R33 METAL FILM 470R 0.1% 25ppm  He HOLSWORTHY
R34 FILM 390R 5% 0.25W SFR25 PHILIPS
R35 FILM 33 5% _0.25W SFR25 PHILIPS
R36 FILM 1K5 5% . 0.25W SFR25 PHILIPS
R37 FILM 100R 5% 0.25¥ SFR25 _PHILIPS
R38 FILN 560R 5% 0.25W SFR25 FH;LIPs
R39 FILM 22R 5% 0.258 SFR25 PHILIPS
R40 FILM 560R 5% 0.25 SFR25 PHILIPS
R4 FILM X7 5% 0.25  SFR25 PHILIPS
R&2

R43 FILM 1K0 5% 0.254 SFR25 PHILIPS
R4A -

R47 FILM 10K 5% 0.25W SFR25 PHILIPS
R4B FILM _ K7 5% 0.25W SFR2S ‘ PHILIPS
R4S FILM 100R 5% 0.25W SFR25 PHILIPS
R50 FILM _ 47K . 5% 0.25W SFR25 PHILIPS
R51 FILM 4K7 5% 0.254 SFR25 . PHILIPS
R52 _ }

R55 FILN 10K % 0.25W SFR25 PHILIPS
R56 FILM 100K 5% 0.25¥ SFR25 PHILIPS
RS7 FILM 10K 5% 0.25w SFR25 PHILIPS
RSB

R59 METAL FILM 390R 1% 100ppm  Hé HOLSWORTHY
R&0 METAL FILM 4K7 1% 100ppm W4 HOLSWORTHY
R&1 FILM K3 5% 0.25W SFR25 PHILIPS
R62 FILM 470K 5% 0.25 SFR25 PHILIPS
R&3 FILM - 1008 5% 0.25 SFR25 PHILIPS
R6L FILM : 4K7 5X 0.25¢ SFR25 PHILIPS
R6S FILM 228 5% 1.0M PR37 PHILIPS
RES METAL FILM 5K1 1% 100ppm  Hé HOLSWORTHY
R&T FILM. : 47 5% 0.250 SFR25 PHILIPS

R&8 FILM T 5% 0.25W $FR25 PHILIPS
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------------------------------------------- T D R A e e e .

Ref Type Value fol(%) Rating Type No. Supplier
R&9 HKETAL FILM 008 1% 100ppm  Hé HOLSWORTHY
R70 FILM 100R 5% 0.25W  SFR2S ~ PHILIPS
R71 FILM 1K0 5% 0.25W  SFR2S PHILIPS
R72 FILM K8 5% 0.250  SFR25 PHILIPS
R73 FILM 47¢ 5% 0.25  SFR2S PHILIPS
R74 METAL FILM 56K 1% 100ppm  Hé HOL SWORTHY
R7S PRESET CERMET 20K 10% E28203 ALLEN BRADLEY
R76 METAL FILM 1K0 1% 100ppm  Hé HOLSWORTHY
R77 WIRE WOUND 0RO33 5% W KN350-8-4W VTH
R7E METAL FILM %3 % 100ppm W& HOLSWORTHY
R79 METAL FILM 150 1% 100ppm 4 HOLSWORTHY
R8O METAL FILM 2K15 1% 100ppm  Hé HOLSWORTHY
R81 METAL FILM 2498 1% 100ppm  Hé HOLSWORTHY
R82 METAL FILM 215 1% 100ppm  Hé HOLSWORTHY
RE3 METAL FILM 24R 1% 100ppm W HOLSWORTHY
R84 METAL FILM K3 1% 100ppm K4 HOLSWORTHY
R8S METAL FILM 1508 1% 100ppm M4 HOLSWORTHY
R86 FILM w3 . S% 0.250  SFR2S PHILIPS
RB7
R88 FILM 100R 5% 0.25W  SFR25 PHILIPS
R89 FILM S60R 5% 0.254  SFR2S PHILIPS
R9D FILM 4T 5% 0.25  SFR25 PHILIPS
R91 FILM K 5% 0.25%4  SFR25 PHILIPS
R92
R93 ~
ROS FILM 100K 5% . 0.25W SFR25 PHILIPS
R96E FILM 470K 5% 0.2  SFR2S PHILIPS
RO? FILM K2 5% .25  SFR2S PHILIPS
R98 FILM 5Ké 5% 0.25%  SFR2S PHILIPS
R100 NETWORK 47¢ 4610X-101-473  BOURNS
R101 :
R102
R103 FILM W7 5% 0.25¢  SFR16 PHILIPS
R104
R105
R106
R107
. RI108 FILM 4TOR 5% 0.25¢  SFR25 PHRILIPS
R110 FILM 47 5% 0.254  SFR16 PHILIPS
R111
R112 FILM 470R 5% 0.25¢  SFRZ5 PHILIPS
R114 FILM &7 5% 0.25%  SFR16 PHILIPS

R115 [
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"+ 7010 Digital Board €J1/27242 Iss.P8

*STATIC*

*STATIC*

R116

R117
R118

s2

TR1
TR2
TR3
TR4
TR
TRé
TR7
TR8
TR?

TR10

PRESET CERMET

FILM

SWITCH
TRANSISTOR

TRANSISTOR

TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR

TRANSISTOR

Value Tol(X)

20K 10%

K7 3% 0.25v

BLACK
FET

NPN

FET
PNP
NPH
NPR

NPR

E2B203

SFR25

75-120-002
2N7000

BC183

4112

BC212
BSR50
gc1a3

2N2365A

ALLEN BRADLEY

PHILIPS

PREH

SILICONEX

TEXAS

SILICONEX

TEXAS

PHILIPS

TEXAS

PHILIPS
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6.2 7010 Bin Handier/GPIB Optionlboard EJ1/27268

. Value Tol (X} Rating

SIEMENS

c10
ci1
ci2
c13
14
€15
€16
€17
€18
€19
€20
c21
c22
c23
c24
c25
c26
cz7
c28
c29
c30
tn
c32

C33
c35
c34
c37
D1
*STATIC* 1cC1
*STATIC* 1c2

*STATIC* 1€3
*STATIC* 104
*STATIC* 1C5

*STATIC* I1cé
*STATIC* IC7
1c8

1c9

1c10

et

1cie

*1C13

*1C14

*I1C15

*1C16

1c17

Ic18

1C19

*STATIC* 1C20
PL20

PL31

ELECTROLYTIC

CERAMIC

DIODE

INTEGRATED CIRCUIT (280 PIO)

INTEGRATED

INTEGRATED

INTEGRATED

INTEGRATED

INTEGRATED

INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
CONNECTOR

CONNECTOR

CIRCUIT

CIRCUIT

CIRCUIT

CIRCUIT

CIRCUIT

CIRCUIT
CIRCUIT
CIRCUIT

CIRCUIT

10u

100n

26 WAY

40 WAY

c1 CERAMIC 100n &3v

20%

Ioc - . -

1DC

035-906008
B3744%

1N4148
Z0842006PSC
CD74HC138E

CD74HCT238E

CD74HCT14E

ULNZ003AN

CNY17-3

TMS9P14ANL -
SN75160BN
SN75161BK
CO74HCOLE
IDH26PK1-83-TG

IDH4OPK1-53-TG

COMPOMEHTS MARKED THUS * ARE OPTIONS NOT FITTED TO STANDARD BOARD.

PHILIPS

SIEMENS

PHILIPS
ZILOG
RCA

RCA -

RCA

TEXAS

GE

TEXAS

TEXAS

TEXAS

RCA

ROBINSON NUGENT

ROBINSON NUGENT
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7010 Bin Handler/GPIB Option board E41/27268

R1
R2

R3
Ré&
RS

Ré

R7
RE

RY
R10

RN
R12

*RL1

*RL2

*RL3

*RL4

*RLS

*RLE

*RL7

*RLB

*RLY

*RL10
*RL11
*RL12
*RL13
*RL14
*RL15
*RL16
*RL17
*RL18
*RL19
*RL20
*RL21
*RL22
*RL23
*RL24
*RL25
*RL26
*RL27
*RL28
*RL29
*RL30

*SW1

SH1

FILM

FILM

FILM

NETWORK

FILM
FILM

FILM

RELAY

SWITCH

SWITCH

SWITCH

SWITCH

DIL

DIL

DIL

DIL

Tel(%)

Value

120R 5%
4KT7 5%
330R 5%
47 2%
27K 5%
120R 5%
10K 5%
DRY REED 1P
8 WAY

8 WAY

4 WAY C/0

8 WAY

0.25W

0.25W

0.25W

0.25%
0.25w

0.25W

SFR25

SFRZ5

SFR25
316-A-472

SFR25
SFR2S

SFRES

161A-2

$053-023

DS16C 1-8

$CS-4-023

$058-023

" COMPOMENTS MARKED THUS * ARE OPTIONS NOT FITTED TO STANDARD BOARD.

PHILIPS

PHILIPS

PHILIPS

ALLEN BRADLEY

PHILIPS
PHILIPS

PHILIPS

ASTRALUX

ERG

ERG

ERG

ERG
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7010 Keyboard PCB Assembly EJ2/27249 1ss.P1

o o o T e T o e Ll o e e 7 0 0 e o o B B e 7 2 o . 0 0 0 o i e P S A e e e v . B P . . e e A e B e A ke

51
s2
S3
54
35
$6
57
S8
59
510
$11
512
513
514
515
516
517
s18
'519
$20
Sat
522
523
S24
'+ 525
526
527
528

Description Type No.

KEYBOARD PCB 1S5 C 4-701-7248
KEYBOARD CABLE ASSY ‘ 5-701-7283
SWITCH BLACK 75-120-002

Supplier
WK

WK

PREH
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6.4 7010 Anelogue Board EJ1/27245 1SS.PY
--------- ;;f- Type Value Tol(X) Rating Type Ko. Supplier
c1 CERAMIC ) 100n ) 63V B37449 SIEMENS
c2
c3 POLYSTYRENE 300p 1% 63vy SUF710 SUFLEX
c4 CERAMIC 100n 63V 837449 STEMENS
c5 -
cé POLYSTYRENE 100p 1.5% &3V SUF710 SUFLEX
c7 CERAMIC 100n 63v B3744% SIEMENS
c8 POLYSTYRENE 1n8 1% . &3V SUF710 - SUFLEX
c9 CERAMIC 100n 63V B3744%9 SIEMENS
c11
ci2
c13 POLYSTYRENE 300p 1% 63V SUF710 SUFLEX
clé POLYSTYRENE 100p 1.5% 63V SUFT10 SUFLEX
c15 CERAMIC 100n 63V B37449 SIEMENS
c1é POLYSTYRENE 1n8 1% &3v SUF710 SUFLEX
c17 CERAMIC 160n 63V B37449 SIEMENS
c19
cao
c21
c22
c23
C24
*£25 CERAMIC 10p 5% 500v GLCS0G THOMSON CSF

*(ONLY FITTED [F IC6 1S ALTERNATIVE TYPE KC30480)

c26 CERAMIC 100n &3V 837449 SIEMENS
c27 ’

c28

c29 ELECTROLYTIC 47u 20% a5v 035-56479 PHILIPS
€30 ELECTROLYTIC 22u 20% 250V SMvB NIPPQN C/CON
€31

32 ELECTROLYTIC 47u 20% 25V 035-56479 PHILIPS
€33

c34

€35

c36

c37 POLYESTER 2u2 10% a50v 34441225 PHILIPS
c38 POLYCARBONWATE 1u 3% 230v PMC2R RECSAM
c39 CERAMIC 100n &3v B37449 SIEMENS
c40

c41 CERAMIC 22p 4 100v GEC&05 THOMSON CSF
c42 CERAMIC . 100n &3V B37449 SIEMENS
C43 ELECTROLYTIC 47u 20% 25v 035-58479 PHILIPS
Cas CERAMIC 100n 63v B3T449 SIEMENS
C45

C47 ELECTROLYTIC 10u 20% s0v 035-90008 PHILIPS
C48 .

C4% ELECTROLYTIC 47u 20% 25V 035-56479 PHILIPS



€61
c62
c63
cé4
c63
c66
c67
c68
€69
c70
e71
c72
3
crs
C75

C76
c77

c7e

c79
cso

cst
cgz
ca3
C84
c8s5
c8é
ca7

cas
cse

€30
M
ce2
c93

Co4

CERAMIC

ELECTROLYTIC
CERAMIC
TRIMMER
CERAMIC
CERAMIC
CERAMIC

ELECTROLYTIC

CERAMIC

ELECTROLYTIC
CERAMIC
POLYCARBONATE
CERAMIC
CERAMIC
ELECTROLYTIC

CERAMIC

ELECTROLYTIC

ELECTROLYTIC

CERAMIC
ELECTROLYTIC
POLYSTYRENE
POLYSTYRENE
POLYSTYRENE
POLYSTYRENE
POLYSTYRENE

CERAMIC

POLYSTYRENE
NOT FITTED

ELECTROLYTIC
ELECTROLYTIC

ELECTROLYTIC
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Value

100n

47u
t00n
1p-14p
150p
100p
47p
47u

100n

47u
100n
u
22p
100n
47u

100n

47u

100u

100n
47u
2n7?
4n?
a2n?
4n?
470p
47p

470p

47u

10u

47u

Tol{X)

20%

5%
5%
5%
20%

20%

5%

5%

20%

20%
20%

20%
1%
5%
1%
3%
1%

5%

1%

20%
20% - -

20%

63v

25v
&a3v

1oov
100v
100v
25v

&3V

25v
63V
250v
100V
63V
25v
63v

a25v
25y

63V
25V
&3V
&3v
63v
é3v
63v

100v

63V

25V

50v

25v

035-56479

B37449
60-672?-15014-000

vP31C0G6

GEC607

GECE06

035-56479

B37449

035-5647%
B37449
PMC2R
GEC605
B3744%
035-56479
B37649

035-56479
035-556101

B37449
035-56479
SUF710
SUFT10
SUF710
SUF710
SUF710

GEC606
SUF710
035-56479

035-90008

- 035436479

SIEMENS

PHILIPS
SIEMENS
TRONSER

VITRAMON

THOMSON CSF

THOMSON CSF

PHILIPS

SIEMENS

PHILIPS

SIEMENS
RECSAM

THOMSON
SIEMENS
PRILIPS

SIEMENS

PHILIPS

PHILIPS

SIEMENS
PHILIPS
SUFLEX
SUFLEX
SUFLEX
SUFLEX
SUFLEX

THOMSON

SUFLEX

PHILIPS

-PKILIPS

PHILIPS

CSF

CSF
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. pef Type ‘ value Tol(%) Rating Type No. Supplier

c97 CERAMIC : 100n &3V B37449 STEMENS

ctoo
c101
ct02
€103

C104 CERAMIC Wip 5% 100V GECA06 THOMSON CSF

ctos CERAMIC 100n &3v B3V44Y SIEMENS

c107
c108

cic9 POLYCARBONATE 100n 2% 100v MKC4 WIMA
ci11 ‘

ci12 CERAMIC n 10% 500v GEB&05 THOMSON CSF

c113 CERAMIC 100n &3V 837449 STEMENS

c14
c115
c116

19 POLYSTYRENE énd 1% 63V SUF710 SUFLEX

c120 POLYPROPOLENE 1n 5% 63V FKP2 WIMA

ci121 CERAMIC 4n? 50% Soov GEY&04 THOMSON CSF
c122 CERAMIC 47p 5% 100v GECéDé THOMSON CSF

c126 CERAMIC 100n 63V B3T449 SIEMENS
127 :
£128

c129

c130

c131

c132

c133

C134 ELECTROLYTIC 47u 20% 25v 035-56479 PHILIPS
C135 -

c134 CERAMIC 100n &3V 837449 SIEMENS
c137

c138

c139

£140

€141

142

€143

C144

C145 ELECTROLYT!C 10u 20% S0V 035-90008 PHILIPS
C146 CERAMIC 470p 5% 100V VP31C06 VITRAMON
C147 CERAMIC 22p 5% toav GECS05 THOMSON CSF
cl148 CERAMIC ©100n 63V B37449 SlEneus
c149 ELECTROLYTIC 47y 20% 25v 035-546479 PHILIPS
€150 CERAMIC 100n 63V " B37449 SIEMENS
c151 ELECTROLYTIC " 47u 20% 25v 035-56479 PHILIPS
c152 - CERAMIC : 100n - &3v B37449 SIEMENS

-€153 ELECTROLYTIC 47u 20% 25v 035-56479 PHILIPS



c154
c155

€156
C157
€158
c15¢
c160
€161
c162
C143
C164
D1

D2
D3

D&
D5

b7
D8
D9
- D10

o1
D12

D13
D14

D15
D16
D17
D18
D19

D20

.o
D22

D24
025

D26
D27

D28
D29

030

D31
D32
D33
D34
035
D36

D37

D38

CERAMIC

CERAMIC
CERAMIC
POLYCARBONATE
CERAMIC
CERAMIC
CERAMIC
CERAMIC
CERAMIC
CERAMIC
DIODE ZEMNER

DIDDE
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Value

100n

220p
100n
n5
33p
150p
33p
100n
150p
10p

7.5v

DIODE ZENER CLAMP 5.0V

DIODE

DIODE

DIODE

DIODE

DIQDE

DIODE ZEMER

DIDDE

8.2v

DIODE REFERENCE

DICDE
DIODE

DIODE

DICOE

DIODE ZENER

D10DE

7.5v

Tol(X)

10X

10%
5%
5%

5%
5%
5%

5%

5%

5%

Rating

63v

500v
63V

100V
500v
100V

" 100v

&3V

1oov

" 500V

0.4

0.4%

0.4

Type No.

B37449

cLRé04
BITL4S
FKC2
CDO8/WK
VP31C06
VP31COG
B37449
vP31C06
GLC604
BZX79-C7V5

1N4DO6
1ICTE-5

184006

IN&148
144006

1H4148

IN&148

BZX79-C8V2

1N4148
LT1029C2
1H4148

IN&DO6

1N4148

1N4006

BZX79-C7V5

1N&148

STEMENS

THOMSON CSF
SIEMENS
WIMA
ITT/8TC
VITRAMON
VITRAMON
SIEMENS
VITRAMON
THOMSON CSF
PHILIPS

PHILIPS
GEN. SEM.

PHILIPS

PHILIPS
PHILIPS

PHILIPS

PHILIPS

PHILIPS

PHILIPS
LINEAR TECH.

PHILIPS
PHRILIPS

PHILIPS

PHILIPS

PHILIPS

PHILIPS
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- 7010 Analogue B8oard EJ1/27245 185.P7

*STATIC*
*STATIC*

*STATIC*
*STATIC*

*STATIC*
*STATIC*
*STATIC*

*STATICH

*STATIC*
*STATIC*
*STATIC*

*STATICH

*STATIC*

*STATIC*

*STATIC*

*STATIC

*STATIC*
*STATIC

D39
D40
D41
D42

ct
1c2

ic3
1c4

1c5

icé

1C7

()

Ic?

110
e
1c12
1c13
() [
IC15
IC16
Ic17
1c18
1C19
1c20
1c21
1ca2
123
1624
1C25
1€26
127
1c28
1cae
130
e
L1

L2
i3

L4
LS

DIODE ZENER

DIODE

INTEGRATED

INTEGRATED

INTEGRATED
ENTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED

INTEGRATED

VOLTAGE REG
INTEGRATED
INTEGRATED
INTEGRATED

INTEGRATED

INTEGRATED CIRCUIT

INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED

INTEGRATED

CIRCUIT
CIRCUIT

CIRCUIT
CIRCUIT
CIRCUIT
CI?CUIT
CIRCUIT
CIRCUIT
CIRCUIT

CIRCUIT

ULATOR

CIRCUIT
CIRCUIT
CIRCUIT

CIRCUIT

CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCQUIT
CIRCUIT

CIRCUIT

value

3.3v

5.0v

INTEGRATED CIRCUIT

INDUCTOR

INDUCTOR AS

INDUCTOR

INDUCTOR
]

/

SY.

u7

ADJUSTABLE

8u2

820u

BZX79-C3V3

1N4148

CD4052BE
MC34081P

CD4052BE
MC34080P
CO74HCOZE
ULN2003AH
NES534AN
LM339N
CD74HCO0E

NES534AN

LM78LO5ACZ
SN7TLACT4N
SDS001N
74ACA0PC
SN74LS26M
CD40528E
CDA053BE
NES534AN
NESS32N
CO74HCO0E
LM33N
CD40538E
SDS001N
HAS 2625
Lu3 1IN
COT4HCO4E
C040538E
SCiG

4-701-7250

sC10

71.30-82004

PHILIPS

PHILIPS

_RCA

MOTOROLA

RCA

MOTQROLA

RCA

TEXAS

SIGNETICS

NATIONAL

“RCA

'SIGNETICS

NAT IONAL

TEXAS

" SIGNETICS

FAIRCHILD
TEXAS

RCA

RCA
SIGNETICS
NATIONAL
RCA
NATIONAL
RCA
SIGNETICS
HARRIS
NATIONAL
RCA

RCA

SIGMA

'WAYNE KERR

SIGMA

JAHRE



pL2Y
pL22

PL23
PL24

PL3
R1
RZ
R3
Ré&
RS
RS
R7
R8
R10
R11
" R12
R14
R15
R16
R18

R19
R20

rR21
R23
R24
R25
R26
R27

R28
R2%

R30
R31
R32
R33

R34
R35

R36

INDUCTOR

INDUCTOR

CONNECTOR

CONNECTOR

CONNECTOR

CONNECTOR

METAL
METAL
METAL
METAL
METAL
METAL
METAL
HETAL
HETAL
HETAL
METAL
HETAL
METAL
METAL
METAL

METAL

METAL
FILM
FILH

METAL

PRESET CERMET

METAL

FILM

FILM

METAL

FILM
FILM
FILM
FILM
FILM
FILM
FILM
FILM
FEILM
FILM
FILM
FILM
FILM
FILM
FILM

FILM

FILM

FILM

FILM

FILM

WIRE WOUND

THERMISTOR

WIRE WOUND

FILM
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220u
3 WAy
8 WAY

3 WAY

8 WAY
357
39¢2
4K02
301K
301
2K8
931R
200R
158r
348K
oK1
301K
30K1
K7
750R

300R

150R
470R

6BOR

S00R
2K0

330R

10R
470R
390R
{PTC)

T20R

3K1

0.5%
0.5%
0.5%
0.5%
0.5%
0.5%
0.5X%
0.1%
0.5%
0.5%
0.5%
0.5%
0.5%
0.5%
0.5%
0.5%

0.5%
5%
5% .
1%
10%
1%
5%

. 5%

1%
5%

1%

5%

S0ppm
50ppm
50ppm
50ppm
50ppm
50ppm
50ppm
25ppm
100ppm
50ppm
50ppm
50ppm
50ppm
S50ppm
50ppm
100ppm

25ppm

0.25u
0.25¢

100ppm
100ppm
0.25u

0.25W

100ppm

2.5W

0.25W

SCQ&

MK$3733-1-0-303
MKS3738-1-0-808
MKS3733-1-0-303

MKS3738-1-0-808
Hé4
Hé4
H4
a4
K4
K4
H&
H&
Hé&
Hé
H&
Hé
Hé
H&
Hé

Hé

Hé
SFR25
SFR25
Hé4
E28501
Hé4
SFR25

SFR25

H4

w22
2322-661-15693

W21

SFR25

SIGMA
STOCKO
STOCKO

STOCKO

STOCKO

KOLSWORTHY
HOLSWORTHY
HOLSWORTHY
ROLSWORTHY
HOLSWORTHY
HOLSWORTHY
HOLSWORTHY
HOLSWORTHY
HOLSWORTHY
HOLSWORTHY
HOLSWORTHY
HOLSWORTHY
HOLSWORTHY
HOLSWORTHY
HOLSWORTHY

HOLSWORTHY

HOLSWORTRY
PHILIPS
PHILIPS
HOLSWORTHY
ALLEN BRADLEY
HOLSWORTHY

PHILIPS

PHILIPS
HOLSWORTHY
WELWYN

PHILIPS

- WELWYN

PHILIPS
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Ref ‘ Type C Value Tol(X) Rating Type No. Suppt ier
R37

R38 FILM 360R S% 0.254 SFR25 PHILIPS
R39 FILM 200R 5% 0.25W SFR25 PHILIPS
RGO .. FILM 33R 5% 0.25W SFR25 PHILIPS
R&1 '

R&2 METAL FILM 36K 1% 100ppm Hé HOLSWORTHY
R43 WIRE WOUND 68R 5% 2.5M w21 WELWYN

Ré&4 FILM 22R 5% 0.25w SFR2% PHILIPS
R4S METAL FILM 6K49 1% 100ppm Hé HOLSWORTHY
R4S FILM 430R 5% 0.25W SFR2S PHILIPS
R47 METAL FILM - 1KE 1% 10Gppm ﬁ4 HOLSWORTHY
R48 METAL FILM 820R 1% 100ppm Hé HOLSWORTHY
R4 METAL FILM 270R 1% 100ppm H&4 HOLSWORTHY
as0 FILM 48R 5% 0.25W SFR25 PHILIPS
R51 FILM M5 5% 0.25W SFR25 ' PHILIPS
R52

RS3 FILM 33R 5% 0.25W SFR25 PHILIPS
RS4 FILM 100R 5% 0.25W SFR25 PHILIPS
R55 FILM 47R 5% 0.25W SFR25 PHILIPS
R56 METAL FILM 100R 0.005% S102L : VISHAY
RS7 METAL FILM 900R 0.005% s102L YISHAY

R58 METAL FILM 9KC 0.005% §$102L VISHAY

RS9 THERMISTOR {NTC) XED101CY STC
*RE0 METAL FILM 40R2 1% 100ppm Hé HOLSWORTHY

*VALUE FITTED IF IC9 IS ALTERNATIVE TYPE (TEXAS)
*R60 METAL FILM 33R 1% 100ppm Hé HOLSWORTHY

*YALUE FITTED IF IC9 IS STANDARD TYPE (SIGNETICS)

R&1 PRESET CERMET 500k  10% E2B501 ALLEN BRADLEY
R62 METAL FILN 40R 1% 100pem  Hé HOLSWORTHY
RE3 METAL FILM W7 1% 100ppm  Hé HOLSHORTHY
R&4

RES

R66 FILW 7 5% 0.25@  SFR2S PHILIPS
R67 FILM . K8 5% 0.25%  SFR2S PHILIPS
R68 FILN . X7 5% 0,259  SFR2S PHILIPS
RED FILM 18 5% 0.254  SFR2S PHILIPS
R70 FILM 470R 5% 0.258  SFR2S PHILIPS
R71 FILM 100k 5% 0.25W . SFR25 PHILIPS

R72 |F!I-H 68R 5% 0.25W SFR2S PHILIPS
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Ref - Type value  Tol(X) Rating  Type No. - Supplier
R73 FILM 228 5% 0.258  SFR2S PHILIPS
R74 FILM 10K 5% 0.250 SFR25 PHILIPS
R75 FILK 270R 5% 0.25W  SFR2S " PHILIPS
R76 METAL FILM 1K0 0.1% Sppm K4 HOLSWORTHY
R77 METAL FILM 976R  0.1% Spom MG HOLSWORTHY
R78 METAL FILM 1K8 1% 100ppm M4 HOLSWORTHY
R79 METAL FILM 820R 1% 100ppm W4 HOLSWORTHY
R8O  METAL FILM K7 0.5% Soppm & HOLSWORTHY
R81 METAL FILM 2708 1% 100pom W4 HOLSWORTHY
R82 FILM 33R 5# 0.25W  SFR25 PHILIPS
RB3 METAL FILM 3K9 0.25%  100ppm  Hé HOLSWORTHY
R84 METAL FILM 200R  0.1% 25ppm W4 HOLSWORTHY
=

R87

RB8 METAL FILM 3K9 0.25%  100ppm  Hé HOLSWORT HY
RE9 FILM 338 5% 0.25  SFRZS PHILIPS
RS0

RS

R92

RO3 FILM K2 5% .25  SFR2S PHILIPS
R9%

R9S NETWORK 2 2% 4610X-101-223  BOURNS
R96 FILM 12 5% 0.25¢  SFR2S PHILIPS
R97 FILM 6k8 5% .25  SFR2S PHILIPS
R98 FILM 27 5% 0.25  SFRZ5 PHILIPS
R99

R100 FILM 22K 5% 0.25W  SFR2S PHILIPS -
R101 METAL FILM 1K0 0.5% 100ppm  H4 HOLSWORTHY
R102 FILM 4TR 5% 0.25  SFR2S PHILIPS
R104 METAL FILM K679 0.005% s102L VISHAY
R105 METAL FILM 467R7  0.005% s102L VISHAY
R107 METAL FILM 147R9  0.005% $102L VISHAY
R109 METAL FILM 68R4  0.005% s102L VISHAY
R113 METAL FILM 1K0 0.5% 100ppm  H4 HOLSWORTHY
R114 METAL FILM 576R  0.5% 100pom  Hé HOLSWORTHY
R1S METAL FILM 12k 0.5% 100pom  H4 " HOLSWORTHY
R116 METAL FILM K6 % 100pgm K4 KOLSWORTHY
R118 METAL FILM 48T 0.5% 100ppm  Hé HOLSWORTHY
R119 FILM 12¢ 5% 0.25W  SFR2S PHILIPS

R120 FILM : 4K7 5% 0.25w SFR25 PHILIPS
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R121
R122
R123
R124

R125
R126

R135
R136
R137
R138
R139
R141
R142
R143
R144
R145
R146
R147
R148
R149
R150
R151
R153
R154
R155
R156
R157
R158
R159
R160
R16%
R162
.R163

R164
R165

. R146
R167
R168

Type
FILM
FILN
METAL FILM
METAL FILM

METAL FILM

METAL FILM
METAL FILM
FILM

FILM

METAL FILM
METAL FILM
FILM

FILM

FILM

METAL FILM
FILM

FILM .

FILM

METAL FILM
FILM

FILM

FILM

FILM

FILM
METAL FILM
FILM

FILM

METAL FILM
METAL FILM
FILM
NETWORK |
WIRE WOUND

FILM

FILM
FILM

FILM

Value

330rR
10K
14K
34K8

12K7

8K25
20K
12K
10K
15K8
4K7
2K2
100K
1X0
4K7
1x0
2K7
100R
1008
1K0
680R
68R
330K
KO
2K15

2708
9KS3
K24
220R
100K
568

3308
108

470R
220R

Tol{%)

5%
5%
0.25%
0.25%
0.25%

0.5%

0.5%

5%
5%
0.25%
1%
5%
5%
5%
1%
5%
5%
5%
1%
5%
5%
5X
5%
5%
1%
5%
5%
0.5%
0.5%
5X

1%
SX

5X .
5%
5%

Rating

0.25W
0.25W
25ppm
25ppm
25 ppm

25ppm
25ppm
0.25u
0.25W
25ppm
100ppm
0.25w
0.25W
0.25W
100ppm
0.25w
.25
0.25W
100ppm
0.25W
0.25W
0.25w
0.254
0.254
100ppm
0.25w
0.25w
100ppm
50ppm
0.25W

2.5%
0.25%

0.25v
0.254

0.25a

SFR25
SFR25
Hé:
Ré

Hé

N4
m
SFR25
SFR25
n

He
SFR25
SFR25
SFR25
Ha
SFR25
SFR25
SFR25
He
§FR25
SFR2S
SFR25
SFR25
SFR25
H4
SFR25
SFRZ5
4

He
SFR25
4610X-101-104
w21

SFR2%

SFR25
SFR25

SFR25

PHILIPS
PHILIPS
ROLSWORTHY
HOLSWORTHY

HOLSWORTHY

HOLSWORTHY
HOLSWORTHY
PHILIPS
PHILIPS

HOLSWORTHY

HOLSWORTHY

PHELIPS

PHRILIPS

PHILIPS

HOLSWORTHY

PHILIPS

PHILIPS

"PHILIPS

HOLSWORTHY

PHILIPS

PHILIPS

PHILIPS
PHILIPS
PHILIPS
HOLSWORTHY
PHILIPS
PHILIPS
HOLSWORTHY
HOLSWORTHY
PHILIPS
BOURNS
WELWYN

PHILIPS

PHILIPS
PHILIPS

PHILIPS



R169

R170
*R171
*R171
*RI71
*®RIMN
RN
*RIT2
®12
*R1T2
*R172
*R172

R173

R174
R175

R176
R177
R178
R179

R180
R181

R182
R183

RLT
RLZ
RL3
RL4

RLS
RLS
RL7
RLE
RLY
RL10
RL11

RLT2

TR1
TR2

TR3
TR4

TRS
TRE

TR7
TR8

TR9

METAL
METAL
FILM
FILM
FILM
FILM
FILM
FILM
FILK
FILM
FILM
FILM
FILK

FILM

METAL
HETAL
METAL
FILM

FILM

FILM
FILM

RELAY

FILM

FILQ

(AOT)
(ACT)
(AOQT)
(AOT)
(AOT)
(AOT)
(AOT)
(AOT)
(ACT)

(AOT)

FILM
FILK

FILK

SIL

RELAY SIL

RELAY

SIL

TRANSISTOR

TRANSISTOR

TRANSISTOR

TRANSISTOR

TRANSISTOR

TRANSISTOR

6-22

7010 Analogue Board EJ1/27245 155.P7

330K
360K
390K
470K
560K
33K

39K
47K
56K
1K8

220R

18K
510r
1K2
5Ké

1K0

220R
330R

WET REED

DRY REED

WET REED

NPN

NPN
NPN

NPN
NPN

PNP

0.5%
0.5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
5%

1%
%
1%
5%

5%

5%
5%

Rating

100ppm
100ppm
0.25u
0.254
0.254
0.254
6.25W
0.25W
0.25W
0.25W
0.25W
0.25w
0.25W
0.25W

100ppm
100ppm

100ppm
0.25W

0.25W

0.25W
0.254

1 POLE

1 POLE

1 POLE

SFR25
SFR25
SFR25
SFR25
SFR25
SFR25
SFR25
SFR25
SFR25
SF#ZS
SFR25

SFR25

H4
Hé
Hé
SFR25

SFR25

SFR25
SFR25
MSS4/A05

1614-2
hon —2 .

MSS4/A05

BC184

BF240
8ctss
BF240

BC184

BC214

HOLSWORTHY
HOLSWORTHY
PHILIPS
PHILIPS
PHILIPS
PHILIPS
PHILIPS
PHILIPS
PHILIPS
PRILIPS
PHILIPS
PHILIPS
PHILIPS

PHILIPS

HOLSWORTHY
HOLSWORTHY
ROLSWORTHY
PHILIPS

PHILIPS

PHILIPS
PHILIPS

GI CLARE

ASTRALUS .

Gl CLARE

TEXAS

MOTOROLA
TEXAS

MOTOROLA
TEXAS

TEXAS
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Ref Type Value Tol(X)
*STATIC* TR1O TRANSISTOR FET

TR12 TRANSISTOR NPN

TR13

TR14

TR15

.

SCREENING BEAD (USED WITH TR3, TR5, TR6)

Rating

2N7000
BC184

Fx1242

SILICONIX

TEXAS

PHILIPS



6-24

7010 Transformer Module Assembly

PL1

SK17

SKl
SW2

T1.

Type Value Tel(%) Rating
POWER INLET, FILTERED
CONNECTOR, 11-WAY

POWER SWITCH (ON/OFF)
SLIDE SWITCH (115v/230v) DPDT

POWER TRANSFORMER

Type No.

L2131C/S
CE156F20-1

NEL1S
5-5022CD03-0

4-701-7246

Supplier

BELLING-LEE
PANDUIT

TOKO
STACKPOLE

WK




6-25

* TWQ SLABS REQUIRED FQOR EACH CHOKE - TYPE NO. REFERS TO ONLY ONE SLAB.

6.6 7010 Main Assembly
Ref Type Value Tol(%) Rating Type No Suppltier
cl CERAMIC 220n 10V TD161/WK3 ITT/STC
CH4 FERRITE SLAB 2643163951* FAIR-RITE
CH5 n il 1] 1in
CH6 n 1] 113 i}
cH? | n n 1]
CHS n n n 1]
FS1 (115v) FUSE, SLOW BLOW  20x5mm 800mA-T  L2080/A BELLING-LEE
FS1 {230V} FUSE, SLOW BLOW  20x5mm 400mA-T  L2080/A BELLING-LEE
Fs2 FUSE, QUICK BLOW 20x5mm 1.6A LETTELFUSE
FSG [t} L1} n n n 1]
SK5 TERMINAL 4mm SOCKET BLACK £6020/1 BELLTNG-LEE
SK15 SOCKET 3-WAY CE156F 20-3-D PANDUIT
Sk24 SOCKET 3-WAY MKF17363.1.0.303  STOCKO
TR10 POWER TRANSISTOR BD536 PHILIPS
DIGITAL PCB ASSY 5-701-7242 WK
ANALOG " " 5-701-7245 "
KEYBOARD " " 5E-701-7249 "
RS232 CABLE ASSY (DET 1) (DCE) 5-701-2971 o
n I n (DET 2) (DTE) 5_701_2972 n
TRANSFORMER MODULE ASSY 5-701-7274 "
DISPLAY DATA CABLE ASSY 5-701-7270 "
DISPLAY POWER CABLE ASSY 5-701-7271 "
BNC PLATE ASSY 5-701-7272 "
SCREENED CONNEXN. CABLE ASSY 5-701-7275 "
TEEE CABLE ASSY 5.701-7284 "
HANDLER CABLE ASSY 5-701-7296 "
VACUUM FLUORESCENT DISPLAY MODULE 4-701-7286 u ”
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