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following overriding commands: 

LAD with REN True 
The controller addresses the 4705 as a listener with 
the Remote Enable management line true (Low). 
This retums the 4705 from local to remote control. 
Any commands which had been sent <luring the 
period under local control will then be executed. 

SDC 
Specific 'Device Clear' commands are sent over the 
bus, retuming the 4705 to a predetermined state 
( des.cribed later in this section). 

Programming lnstructions 
Programming Strings 
From the example given earlier in this section it is , 
evident that the 4 705 requires an address code 
followed by a series of device-dependent messages 
or commands to alter its configuration. 

A series of these commands can be sent together as a 
'program string', each programming instruction 
being position-independent. 

Each string will contain at least one programming 
instruction ( detailed later in this section), but the 
4 705 must receive the string 'terminator' before it 
can activate any instructions. The required 
terminator for the 4 705 is the ASCII character 
'=' 

. e.g. programming 
instructions 

string 
terminator 

R4F301 = 

To assist in eliminating incorrect programming 
instructions, the 4705 checks for errors in the·string, 
and generates a service request (SRQ) if a syntax 
error occurs or if an option is called for but not fitted. 
To ensure that the programming string does not set 
up a prohibited state, it also checks the whole string 
for validity. If it finds any errors in this phase, the 
whole command string is ignored. 

For Example: 
With the 4705 set in lOmV Range, a string is 
received which contains an unacceptable 
command to switch Sense connection 
('S' command). The user needs to set up a 
completely new, valid string; so the whole string is 
discarded. 

Device-dependent commands 
To give maximum scope for system programming, 
the bus operation of the 4705 differs in detail from 
manual operation, which is organized for ease of 
front panel use. Some functions of the 4705 
firmware are deleted for bus operation, as they are 
easily programmed into the system controller; and 
extra functions have been made available to take 
advantage of the controller' s added computing 
power. 

The following Alphabetic codes are used to establish 
the required functioning of the 4 705 as a calibration 
source: 

Full Range/Zero: A 
Safety Delay Override: D 
Output ON/OFF: 0 
Function DCV, ACV, DCI, ACI, R: F 
Output Range in all Functions: R 
Output Value: M 
Frequency: H 
Sense: S 
Guard: G 
'Calibrate' trigger: C 
Calibration Mode Enable: W 

The following Alphabetic codes are used to select 
and configure the messages to be passed by the 4705 
via the IEEE Bus: 

User memory 
Output string terminators: 
Notation of output values: 
Specification tolerances 
(relative: per unit): 

Specification tolerances 
( absolute limits ): 

Recall/Verify (relative): 
Service request origination: 
Diagnostic information: 

I 
K 
L 

p 

u 
V 
Q 
X 

Table 5.4 lists the range of device-dependent 
command codes available. 

Fig. 5. 3 summarizes the way that front panel 
functions are transferred to system operation. 

5-5 



CONTROL 

Full Range/Zero 

Calibration Mod~ 

Safety Delay 

Function 

Guard 

Frequency 

Memory 
(users Aide-Memoire) 

Output String 
Terminators 

Value Notation 
(Output to bus) 

Main RegisterValue 

Output 

Specification T olerance 

Service Request 

Output Range 

Sense 

Specification Tolerance 
(Absolute Limits of 
Uncertainty) 

RecallNerify 

Calibration 

Diagnostic 
(The calstore values 
r.elate to the function 
set at the lime) 
Refer to Calibration 
and Servicing Hand-
book for description of 
correct process. 

CODE 

AO 
A1 
A2 
co 
C1 
C2 
C3 

C4 
C5 

00 
01 

FO 
F1 
F2 
F3 
F4 

GO 
G1 

H'''' 
I 

KO 
K1 
K2 
K3 
K4 
K5 
K6 
K7 

LO 
L1 
L2 
L3 

DESCRIPTION 

Zero ) But not in Autorange 
+ FullRange ) li.e.notifROset) 
- FullRange ) 

"CAL" (Calibration Trigger) 888 
"SET" 
"STO" Sectlon 8 
"±O"(inDC) 
"Precal" (in AC) 
DC Coarse Gain 
DCLinearity 

Safety delay Active 
Safety delay Over-Ridden 

V (DC Voltage) 
V- (AC Voltage) 
A (DC Current) 
A- (AC Current) 
R (Resistance) 

LocalGuard 
Remote Guard 

Numeric value of frequency 

Store next 16 ASCII characters 

Crfollowed by Lf with EOI 
Crfollowed by Lf 
Crwith:EOI 
Cr 
LfwithEOI 
'Lf 
EOI with last character 
No terminator 

· Scientific with lengends 
Scientific with no legends 
Engineering with legends 
Engineering with no legends 

M±'" Numericvalueof'Output' display 

00 Output OFF 
01 OutputON 

PO 24hours 
P1 90days 
P2 1 year 

00 SRO on all specified states 
01 SRO on Overload and Fail only 
02 NoSROs 

RO 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 

so 
S1 

uo 
U1 
U2 

U3 
U4 
U5 

vo 
V1 
V2 
V3 
V4 
V5 
V6 
V? 
va 
wo 
W1 
xo 
X1 
X2 
X3 
X4 
X5 
X6 
X? 
xa 

Autorange 
100µ 
1m 
10m 
100m 
1 
10 
100 
1000 

10H 
100H 
1kH 
10kH 
100kH 
1MH 
10MH 
100MH 

LocalSense 
Remote Sense 

24hours 
90days 
1 year 

24hours 
,90days 
1 year 

'Output' Value 

) 
) Output low limit to bus 
) 

) 
) Output high limit to bus 
) 

'Frequency Setting' 
4705Status 
Software Status (Part No/lssue) 
F1 ) 
F2 ) 
F3 ) Recall 'Stored' frequency value 
F4 ) 
F5 ) 

Calibration Mode Disable 
Calibration Mode Enable 

Zero Cal Store 
Gain Cal Store 
STO Cal Gain Factor 
Zero offset ) Factory 
Gain offset ) corrections 
Linearity (not AC) ) 
Reference Divider Setting 
NotUsed 
User Message Recall 

Table 5.4 4705 IEEE 488 Command Codes 

I 

FS 

Test 

I 
I 
I 
I 
i 

((~) 

, ,,,, ,,,7n; v 
I . UUU,UL "' 

OUTPUT RANGE @aaäaaaä 
100 1000 lkO 10k0 100k0 1MO 10MO 100MO 

1gggg 1g~gg 
0 l AG DC Resel _: ON . .::.... OFF 

FUNCTION OUTPUT 

Note: Frequency Range selection 
is not required. Frequency 
autoranges to correct range 
for "H" value. 

~

Full 
Rarige 

Zero , 

rdatron" 
IN.STRUMFNIS 

4705 AUTOCAL 
MUL TIFUNCTION 

"- CALIBRATOR 

= no comparable commands 

nt Panel Controls to System Operation 



CONTROL 

Full Range/Zero 

Calibration Mode ' 

Safety Delay 

Function 

Guard 

Frequency. 

Memory 
(usersAide-Memoire) 

Output String 
Terminators 

Value Notation 
(Outputto bus) 

Main Register Value 

Output 

Specification Tolerance 

Service Request 

Output Range 

Sense 

Specification Tolerance 
(Absolute Limits of 
Uncertainty) 

RecallNerify 

Calibration 

Diagnostic 
(The calstore values 
r.elate to the function 
set atthe time) 
Refer to Calibration 
and Servicing Hand-
book for description ol 
correct process. 

CODE 

AO 
A1 
A2 
co 
C1 
C2 
C3 

C4 
C5 

D0 
D1 

F0 
F1 
F2 
F3 
F4 

G0 
Gt 

H .... 

I 

KO 
K1 
K2 
K3 
K4 
K5 
K6 
K7 

LO. 
L1 
L2 
L3 

M±*'* 

00 
01 
P0 
P1 
P2 

oo 
01 
02 
RO 
R1 
A2 
A3 
A4 
A5 
A6 
R7 
AB 
A9 

so 
St 

uo 
Ut 
U2 

U3 
U4 
U5 

vo 
V1 
V2 
V3 
V4 
V5 
V6 
V7 
VB 

wo 
W1 

xo 
X1 
X2 
X3 
X4 
X5 
X6 
X7 
X8 

DESCRIPTION 

Zero ) But not in Autorange 
+ Full Range ) li.e. not if RO set) 
- FullRange ) 

"CAL "(Calibralion Trigger) 
"SET" 
"STD" 
"±0"(inDC) 
"Precal" (in AC) 
DC Coarse Gain 
DCLinearity 

Safety delay Active 
Safety delay Over-Aidden 

V (DC Voltage) 
V- (ACVoltage) 
A (DC Current) 
A- (AC Current) 
R (Resistance) 

LocalGuard 
Remote Guard 

see 
Sectlon8 

Numeric value of frequency 

Store next 16 ASCII characters 

Cr lollowed by LI with EOI 
Cr followed by LI 
Crwith:EOI 
Cr 
LlwithEOI 
"LI 
EOI with last character 
No terminator 

Scientificwith lengends 
Scientific with no legends 
Engineering with legends 
Engineering with no legends 

Numeric value of 'Output' display 

OutputOFF 
OutputON 

24hours 
90days 
1 year 

SRO on all specified states 
SRO on Overload and Fail only 
NoSROs 

Autorange 
100/L 
1m 
10m 
100m 
1 
10 
100 
1000 

10n 
100n 
1kU 
10kh 
100kU 
1MU 
10MU 
100MU 

LocalSense 
Remote Sense 

24hours 
90days 
1 year 

24hours 
,90days 
1year 

) 
) Output low limit to bus 
) 

) 
) Output high limit to bus 
) 

'Output' Value 
'Frequency Setting' 
4705Status 
Soltware Status (Part Noilssue) 
F1 ) 
F2 ) 
F3 ) Recall 'Stored" frequency value 
F4 ) 
F5 ) 

Calibration Mode Disable 
Calibration Mode Enable 

Zero Cal Store 
Gain Cal Store 
STD Cal Gain F actor 
Zero offset ) Factory 
Gain offset ) correclions 
Linearity (not AC) ) 
Reference Divider Setting 
NotUsed 
User Message Recall 

Table 5.4 4705 IEEE 488 Command Codes 

__ ) 
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DANGER 
HIGH VOL TAGE 
~& 
!+ I· Guard 

@@@ 

Bus operation 
of "Spec" mode 

MOOE FREOUENCY 

, n n k 

I • LI LI"' 

u •............. ::.:.;.· .· .:::. :, ... /::.· ·.::::·::-:: 

FREOUENCY RANGE 

- F1 F2 F3 F4 FS-. 

Guard Sense Spec Error 
-Remote- sro ser 

MODE 

I 
I 
I 
I 
i 

((~~~) 

, nn,-,nn/ 
I 'UUU,UL 

OUTPUT RANGE 

@Elelåi9:täeleJ 
100 1000 lkO 10k0 100k0 !MO 10MO 100MO 

1~ggg1gg~g 
0 I AG DC Rese! _: ON -~ OFF 

FUNCTION OUTPUT 

Note: Frequency Range selection 
is not required. Frequency 
autoranges to correct range 
for "H" value. 

~

Full 
Rarge 

Zero 

rdarron 
INSTHUMFNTS 

4705 AUTOCAL 
MUL TIFUNCTION 

CALIBRATOR 

- no comparable commands 

Fig 5.3 Transfer of Front Panel Controls to System Operation 
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Service Request 
The 4705 can asynchronously request service from 
the controller by putting the SRQ line true (low). 

SRQ is always generated by the action of switching 
the 4705 power ON, as the power-up defaultmode is 
QS. 

A user can program the 4 705 to generate SRQs ( or 
not) using command code Q: 

Code QJJ - SRQ on any of the ~tates in Table 5 .5 
Q 1 - SRQ on overload and any F AIL state in 

Table 5.5 
Q2 - No SRQs generated 

Serial Poll and RQS Status Byte 
If programmed for SRQ response, the bus controller 
will pause in its operation to attend to the service 
request. It first conducts a serial or parallel poll to 
determine which device initiated the SRQ. The 4 705 
does not react to parallel poll, hut only to serial poll, 
<luring which each device is. addressed in tum. The 
instrument responds to its serial poll address by 
releasing a prepared 'RQS Status Byte' on to the 
bus. The RQS Request Bit (bit B7 of its status byte) 
is set true (Low) only if the 4705 has generated the 
SRQ. This valida tes the remainder of the byte, 
which describes the causal condition by the state 
codes listed in Table 5.5. 

RQS Status Byte Composition 
bit b8: Indicates a syntax error when true. 

bit b7: The RQS request bit, when true, 
confirms that the 4 705 was the SRQ 
originator. The RQS status byte is not 
valid unless bit b7 is true. 

bit b6 true: Each combination of bits b5-bl 
represents a single state as listed in 
Table 5.5 

bit b6 false: Bits b5-bl each represent separate 
functional states within the 4705, and 
the RQS byte represents several states 
as listed in Table 5. 5 

Example with bit b6 false: 
RQS status byte 01000001 represents: 

0 - Syntax error. 
1 - This instrument originated the SRQ. 
0 - The following bits each represent separate 

states. 
0 - This bit is not used in the 4705. 
0 - N o High Voltage waming. 
0 - Auxiliary register not at limit. 
0 - Main register not at limit. 
1 - Output is ON. 

The RQS status byte should not be confused with 
other status messages ( e.g. 'calibrator' or 'software' 
status, described earlier under 'Recall/Verify') 
which are called up by the system controller' s 
program. 

D10 Line Transmissions 
Providing QJJ or Q 1 has been selected; when the 
4 705 hasa message to transmit over the D10 lines, it 
sets the SRQ line true and prepares the 'Recall' RQS 
status byte ( xl 100000) ready for the subsequent 
serial poll. On receiving the status byte, the 
controller can address any device required to receive 
the data as a listener, and address the 4705 as a 
talker. Then the message is sent via D10 lines to the 
programmed listener( s). 

Fail Massages 
The 4705 needs to react quickly to intemally-
generateq F AIL messages and is programmed to 
take rapid protective action. A fault condition may 
generate a train of such interna! messages, which 
occur too quickly for some controllers to detect. 

Such a train may be terminated by a FAIL 5 
message, which is detected by the controller. Thus 
the receipt of F AIL 5 by a controller should be taken 
as a final default condition, and not as indicating the 
origin of the fault. The F AIL 5 message can be 
cleared, if the 4705 has recovered, by pressing the 
Reset key on the instrument front panel. As F AIL 5 
is related to safety, it cannot be reset by remote 
control. 



Table 5.5 lists the possible RQS status bytes which may be transmitted by the 4705. The information in the 
byte is valid only if bit 7 (request bit) is true I 

Legend: 1 = True, 0 = Fal se, X = 1 either 1 
1

or 0 
! 

bits I 

b8 b7 b6 b5 b4 b3 b2 bl I 

1 1 X X X X X X Syntax! error 
X 1 X X X X X X RQS Request-for-service bit 

i 
I 

Combination Status Messages I 
I 

X 1 0 X X X X 1 Output' ON 
X 1 0 X X X 1 X Main l}egister limit reached 
X 1 0 X X 1 X X Auxili~ry Register limit reached 
X 1 0 X 1 X X X High "Y: oltage W arning_ 

I 

Individual Status Messages : 

X 1 1 0 0 0 0 0 
i 

Recall 'message available 
X 1 1 0 0 0 0 1 Error 1 Specification not displayable 
X 1 1 0 0 0 1 0 Error 2 CAL mode: Output not ON 
X 1 1 0 0 0 1 1 Error 3 CAL mode: Incorrect Range/Function 
X 1 1 0 0 .1 0 0 Error 4 CAL mode: Insufficient store span 
X 1 1 0 0 1 0 1 Error 5 Error or Offset mode: Overscale output requested 
X 1 1 0 0 1 1 0 Error 6 CAL mode: Resistance selected exceeds val. value 
X 1 1 0 0 1 1 1 Error 7 AC Functions: Output has been limited by internat 

frequency constraints 
X 1 1 0 1 0 0 0 Error 8 General selection error 
X 1 1 1 0 0 0 0 F ail O F ault condition rectified 
X 1 1 1 0 0 ·o 1 Fail 1 Over-temperature 
X 1 1 1 0 0 1 0 Fail 2 Over-voltage 
X 1 1 1 0 0 1 1 F ail 3 Control data corrupted 
X 1 1 1 0 1 0 0 Fail 4 Precision divider fault 
X 1 1 1 0 1 0 1 Fail 5 Safety alarm 
X 1 1 1 0 1 1 0 Fail 6 Cal. store sum check non-parity 
X 1 1 1 0 1 1 1 Fall 7 400V power supply fault ( automatically resets if temporary) 
X 1 1 1 1 0 0 0 Fail 8 3V power supply fault 
X 1 1 1 1 0 0 1 Fail 9 15V ln-guard power supply fault 
X 1 1 1 1 0 1 1 Reset. Instrument reset to power-up state 
X 1 1 1 1 1 0 0 Error EF Externa! frequency not present 
X 1 1 1 1 1 1 0 Overload - Current or Voltage limit 
X 1 1 1 1 1 1 1 Power-on 

Table 5.5 Status Byte Coding 

Notes: ( 1) Power-up condition: 
D0 F0 G0 K0 L0 M0 00 Q0 R0 (lV) S0 W0 

Device clear condition as power-up but K = and L= continue unchanged 
(2) Program string terminator: '=' activates preceding string. 



Activation of Commands 
Use of Terminator 
The 4 705 activates single or multiple commands, 
only on receipt of the recognized terminator. This is 
the ASCII character '='. 

Commands or command strings may be received 
while the instrument is in Local control, but will not 
be activated even if a terminator is present, until the 
instrument is set to Remote control. The two 'Clear' 
messages (DCL and SDC) will be activated even 
when in Local control. 

Multipla Commands 
Activation sequence 
The input buffer has a capacity of 128 characters. 
Commands in a multiple string may be entered in 
any order, provided correct character syntax is 
observed. They are extracted from the buffer in 
received sequence and stored by alpha character into 
command stores. Any existing commands in the 
store are over-written and lost. 

When a string terminator is received, the commands 
in the store are validated. V alidation ensures that the 
proposed instrument state ( consisting of those 
changes programmed and those current states not 
reprogrammed) is valid. Any error results in the 
string being ignored and a syntax error generated. 

New commands are executed in this sequence: 

K Output terminator format 
L Output notation 
Q SRQMode 
W Remote Calfbration Enable 
I U ser Message lnput 
00 OUTPUT OFF 
G Guard 
D Safety Delay override 
F Function 
R Range 
M Main Register Value ( Output) 
A Full Range/Zero 
S Sense 
H Auxiliary Register Value (Frequency) 
01 OUTPUT ON 
C Calibrate Mode 
P Specification tolerance 
U Specification limits 
V Recall/Verify 
X Diagnostic information 
5-14 

A programmer may elect to change the sequence by 
. _inserting terminators between commands, but the 

basic constraints of the 4 705 will still be imposed. 
For example, if the function is changed as a single 
command (e.g. F3=) the main program firmware 
will set Output O FF as a result, and it must then be 
re-programmed ON by the user. 

, Succession of Multiple Commands 
If the input buffer is not full, new commands are 
accepted to await their tum for processing, and are 
extracted string by string. The input system design 
makes it extremely unlikely that the buffer will 
overflow, unless the 4705 is in Local Control and the 
command input is excessive. If this does cause the 
buffer to fill up, the 4 705 places a hold on the IEEE 
bus handshake sequence. The command IFC can be · 
used to release the hold, followed by DCL to clear 
the 4705 input buffer; but as·a general principle, this 
situation should be avoided by suitable 
'reprogramming. 

lnput Errors , 
Some unwanted commands are ignored. Others 
enter the input buffer, and are rejected later. 

'Read' commands 
Before addressing the 4705 as a talker, it is essential 
that it has been programmed by a P, U, V or X 
command. Otherwise it will have no data to 
transmit. 

Universal commands 
LLO (Local Lockout) - ignored, no capability. 
PPU (Parallel Poll Unconfigured) - ignored, no 

capability for parallel poll. 
SPE (Serial Poll Enable) - sets the 4705 to serial 

poll state, which when addressed responds 
with the RQS status byte. This byte contains 
the condition ofthe request-service bit (bit 7). 
If the 4 705 is requesting service; bit 7 will be 
true, the other bits describing the service 
required. 

SPD (Serial Poll Disable)- returns the instrument 
to serial poll idle state. 

Addressed commands 
PPC (Parallel Poll Configure) - ignored, no 

capability. 
GET (Group Execute Trigger) - ignored, no 

capability. 
TCT (Take Control) - ignored, no capability. 
GTL ( Go To Local)- instrument returns to Manual 

Control. The controller regains remote 
control by addressing the 4 705 as a listener 
with REN line true. \ 
























































































































































