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Section 1 

General Information 

Introduction 

The 82937A Interface con nec ts th e HP -85 Personal Com puter to th e HP Interface Bus. The interface 

conforms to IEEE Standard 488- 1978 and supports a wide vari ety of operations . 

Thi s manual provides general in formation about the interface, how to in stall it and a theo ry of operation 

section. 

I/O ROMs 

Th is interface requires one of three availab le ROM s to perform inp ut-output operation s. The type of ROM 

used determines whic h bu s opera ti ons can be performed. The available ROMs incl ude: 

• I/O ROM (P/N 00085-15003) 

• Plotter/printer ROM (P/N 00085 - 15002) 

• Mas s storage ROM (P/N 00085-1500 1) 

The I/O ROM is a general purpose ROM and is used in a wide variety of applications. The plotter/printer 

ROM simpl ifi es interfacing pl otter and printer devices and th e mass sto rage ROM was developed to interface 

a fl oppyd ise. 

These ROM s fit into a ROM drawer whieh plugs into any of th e four I/O slots on th e HP -85. Ensure th at you 

have the proper ROM for your sys tem. 

Technical Specifications 

Pertin ent specifi cations of th e interface are li sted in thi s section. If complete deta il s of HP -IB elec tri cal, 

mechani cal and timing requireme nts are desired, refer to IEEE Standard 488- 1978. 

Select Code Switches 

The interface is preset at the factory to select code "7" . Sw itches located on the interface c ircuit board all ow 

the select code to be c hanged. The procedure for chang ing the swi tch seH ings is discussed in Sec tion 2. 

Parallel Poll Jumper 

A provision whic h allows the interface to respond to a para ll el poll is impl eme nted with aj umper wire on th e 

interface circuit board. T he interface is deli vered wi th th e jumper wired to ass ign data li ne 0 10 I as th e 

parallel poll response line. The procedure for chang ing the parallel poll response line is di seussed in Section 

2. 
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Bus Signal lines 

The bus consis ts of 16 signal lin es. These are lis ted in Table I- I . A more detail ed description of th ese lines is 

given in Sec tion 3. 

Table 1-1. HP-IB Signal Lines 

0 101 Dala Input/Oulpul l 

• • 
• • 
• • 

DIOB Data Input/Output B 
DAV Data Valid 

NRFD Not Ready for Data 
NDAC Not Data Accepted 

IFC Interface Clear 
ATN Attention 
SRQ Service Request 
REN Remote Enable 
EOI End or Identify 

Log ic Levels 

The interface and HP-IB bus use the standard + 5V TTL log ic l evel. The 1/0 backplan e on th e HP-85 uses a 

+6V log ic level. A custom integrated circui t, called the Tran slator IC , has been devel oped to provide level 

shift ing between these two levels. The Tran slator also provides buffering for information flow between the 

CPU in the HP-85 and the 8049 microcomputer on the interface. There are al so four non-overlapping clock 

signals (<I> I , <1>2 , <I> 12, <1>2 1) appearing on the I/O backplane that have a + 12V log ic level. The in terface uses 

two of these clock signal s (<I> I and <1>2) . 

The +5 V TTL, +6V and + 12V log ic level s required for the low and high states are li sted in Table 1-2. 

Signa l States 

Output High 
Output Low 

Input High 
Input Low 

Dimensions 

(Not including cable) 

Weight 

Table 1-2. Log ic Level Requireme nts 

HP-85 1/0 Backpl ane TTL Level 
Level Requ irements Requirements 

~4V ~2.4V 

~.4V « .4V 

~3 .6V ~2.0V 

« .BV «.BV 

Clock 
Levels 

« 11.0V 
~O.4V 

Approximately 16.7 x 12.7 x 1.5 em (6.59 x 5 x .59 in) 

0.5 kg ( I . l ib) 
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Line Drivers/Receivers 

Eac h signa l line connec ting to the HP -IB bus has a d river and receiver ci rcuit wi th the foll ow ing characteris­

ti cs: 

Drivers 

Type : 
Output Vol tage Low State: 
Output Voltage High State : 

Cable Length 

Open Collector 
<sO.5V 
"'2.5V (HP-IB Bus requires "' 2.4V) 

Receivers 

Input Voltage Low State: 
Input Vo ltage High State: 

<s O.8V 
"' 2.0V 

The length of the c abl e supplied wi th the in terface is two metres . Also, see "Cab le Length Res tri ct ions" in 

Sec ti on 2. 

Operating Temperature 

0° to 55° C (32° to 131 ° F) 

Power Requirements 

The HP-85 mainframe suppli es a ll power for th e interface via th e 1/0 backplane. 

Data Transfer Rate 

The HP-IB interface is capable of transferring data at a rate of 25k bytes per second in the Fast Hand shake 

mode. Normal rates can be considerably s low er and are de termin ed by th e prog ram and the dev ices on th e bu s 

at a g iven time . The slowes t device determines the data transfer rate. 
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Bus Functions 
Int e rface fun c tio ns are those e lements which provide th e ca pability for a bu s dev ice to send , receive and 

process messages if th e device has th e func tional capability to do so . 

Tab le 1-3 li sls Ihe HP-IB fun cl ions impl emenled by Ihe 82937 A in lerface. A compl ele desc riplio n of Ihese 

inlerface fu ncli o ns can be found in IEEE Slandard 488- 1978. Some of Ih e le rms used in Ihe lable are defin ed 

below . 

Handshake 

Source 

A cceptor 

Listener 

Ta lker 

Syslem Controll e r 

Controlle r Active 

Serial Po ll 

Parallel Po ll 

A techniq ue used by devices to sy nc hroni ze data byte transfe rs. 

An originato r of data or com mands. 

A receiv er of data or co mmand s. 

A device with Li slen capability becomes Lis tener Acti ve when it 

receiv es its Li sten Address from th e Con troll e r Active device . As 

s lIch , it is prepared to rece ive data bytes so urced by the Talker Ac ti ve 

device. 

A device with Talker capability becomes Talker Active when it re­

ceiv es its Talk Address from th e Contro ll e r Active devi ce. A s such , it 

is prepared to source data bytes to on e or more Listen er Activ e de­

vices . Th ere can never be more than one dev ice as a Talker at a g iven 

time . 

At power on , one (and o nl y one) device on th e HP -IB bu s assumes the 

ro ll o f Sys lem Controll e r. The HP -85 can be configured to be Ih e 

Sys tem Contro ll e r by a sw itch on th e inte rface ci rcuit board . The 

System Con troll e r resets the bus at power on and becom es Contro ll er 

Active. A lso, th e Syste m Controll e r may reset th e bu s and beco me 

Controlle r Acti ve at any time , even if control has been passed to 

ano ther bu s device. 

The Controller Active device confi gures th e bus for th e exc hange of 

data by sourcing co mmands that designate one talker and o ne o r more 

lis teners . [t can al so send co mmands to cause specific ac tio ns to occ ur 

within a device, such as trigger , cl ear, e tc. The Controll e r Acti ve 

device can pass contro l to any o ther bu s device capable of rece iv in g 

control. 

The Controll e r Activ e device may seriall y poll ano ther dev ice to ob­

ta in it 's status byte. This is usually done in user 's so ftware in re­

sponse to a request fo r servi ce. A device's s tatu s by te deno tes th e 

dev ice ' s present statu s and whether or no t it req uested service. 

The user can program th e Controll er Ac ti ve device to conduct a para l­

le l poll 10 oblain a slalu s bil from dev ices on Ihe HP-IB bu s Ih al are 

properly configured. 
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Table 1-3. Interface Functions and Allowed Capability 

Mnemonic Function/Allowed Capability 

SHI 

AHI 

T6 

L4 

SRI 

RLI 

PP2 

DCI 

DTI 

C I ,2 ,3,4,5 

Source Hand shake, complete capabili ty . Provides the interface with 

the capab ility to send message bytes. 

Acceptor Hand shake, complete capab ility. Provides the interface 

with the capabil ity to guarantee the proper reception of message 

bytes. 

Talker. Provides the interface with the capab ility to send device de­

pendent data over the HP-IB bus to other devices. T6 impl ements: 

Basic Talker 

Serial Poll 

Unaddress if my listen address (MLA) 

Listener. Provides th e interface with th e capabi lity to receiv e device 

dependent data from the HP-IB bu s from other devices . L4 impl e­

ments: 

Basic Listener 

Unaddress if my talk address (MTA) 

Service Request, complete capab ility. Permits the interface to asyn­

chronously reques t serv ice from the Controller Active device. 

Remote/Local, complete capab ility . Provides the interface with the 

capability to allow th e HP-85 to select between e ith er keyboard con­

lro l (local) or program control (remote) if provided for in th e user's 

program. The use of the RL function is totall y program dependent. 

Parallel Poll. Impl emented by a jumper wire on the interface circuit 

board. Permits the interface to return a I-bit status to the controller in 

response to a parallel poll. 

Device C lear, complete capab ility. Gives the user access to th e De­

vice Clear state; use is program dependent. 

Device Trigger, complete capability. Gives the user access to the 

Device Trigger state; use is program dependent. 

Controller. This impl ements: 

CI - System Controller 

C2 - Send Interface Clear (IFC) and Take Charge 

C3 - Send Remote Enable (REN) 

C4 - Respond to Service Request (SRQ) 

C5 - Send Interface Message , Receive Con trol , Pass Control, Pas s 

Control to Self, Parall el Poll , Take Control Synchronously 
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HP-IB Messages 

The interface and I/O ROM determine how the preceding functions are impl emen ted for passing messages 

over the bus. Following is a complete list of single line and multi-line messages. The manner in which some 

of these messag es are responded to is device dependent and/or user defined. The controller is the primary 

source of messages that causes some specified action to take place on another bus devic e. Som e of these 

messages are al so discussed in more detail in Section 3. 

Programming tec hniqu es for impl ementing these messages are not discussed in this manual. Refer to th e 

I/O ROM manual for programming techniques. 

Mnemonic 

ATN 

IFC 

REN 

SRQ 

EOI 

DAV 

NRFD 

NDAC 

Message 
Name 

Attent ion 

Interface 
Clear 

(Abort) 

Remote 
Enable 

Service 
Request 

End or 
Identify 

Data Valid 

Not Ready 
For Data 

Not Data 
Accepted 

Table 1-4. HP-IB Messages 

Response 

Single Line Messages 

The Controller Active places ATN true to source commands on the bus or in 
conjunction with EOI, to do a parallel poll. When ATN is false, data may be 
sent over the bus by a designated talker. 

The System Controller uses this to place talkers and listeners in an unad­
dressed state. If control has been passed, the System Controlier again 
becomes Controller Active when it sends IFC. 

Removes all devices from Local Lockout mode and causes all devices to 
revert to manual control. 

Indicates a device 's need for interaction with the controller. 

Term inates a flow of data, and can be used with ATN to do a parallel poll. 

Single Line Handshake Messages 

Allows source to validate 010 lines. 

Used to inform the source that all devices are ready for data. 

Used by devices to inform the source that data has been accepted. 



Mnemonic 

GTL 

LAG 

UNL 

TAG 

UNT 

LLO 

DCL 

soc 

SPD 

SPE 

GET 

TCT 

SCG 

DAB 

Message 
Name 

Go To 
Local 

Listen 
Address 
Group 

Unlisten 

Talk 
Address 
Group 

Unlalk 

Local 
Lockout 

Device 
Clear 

Selected 
Device 
Clear 

Serial 
Poll 

Disable 

Serial 
Poll 

Enab le 

Group 
Execute 
Trigger 

Take 
Control 

Secondary 
Command 

Group 

Data 
Byte 
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Table 1-4. HP-IB Messages 

Response 

Multi-Line Messages 

Causes selected devices to switch to local (front or rear panel) control. 

A group of 31 listen addresses. one of which corresponds to the listen 
address of the interface . 

Device becomes unaddressed to listen. 

A group of 31 ta lk addresses. 

Causes a ta lker to become unaddressed to talk. 

Prevents loca l (front or rear panel) control of device functions. 

Causes all devices to be initialized to a predefined or power-up state. 

Causes a device to be initia lized to a predefined or power-up state. 

Devices exit serial pol l mode and are not allowed to send their status byte. 

Devices enter serial poll mode and are allowed to send their status byte 
when addressed to talk. 

Signals one or more devices to simultaneously initiate a set of device 
dependent actions. 

Passes bus controller responsibilities from the current controller to a device 
which can assume the bus supervisory roll. 

A group of 32 commands which are only recogn ized if they immediately 
follow a talk or listen address. 

Transfers device dependent information between a talker and one or more 
listeners. This may be programming information or data. 

Note: Pressing the Reset key will reset the interface and return keyboard control to the operator. If 

the HP-85 is System Control ler. pressing the Reset key will output the IFC message and set REN true. 
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Section 2 

Installation 

Unpacking and Inspection 
If the shipping carton is damaged, ask the carrier's agent to be present when the interface is unpacked. If the 

interface is damaged or fails to meet electrical sp ec ifi cations, immediately notify the carrier and th e nearest 

HP sales and service offi ce. Retain the shipping carton for the carrier's inspection. Th e sales and service 

office will arrange for the repair or replacement of your interface without waiting for the claim against th e 

carrier to be settled. 

Installation 
The select code switches , talk/ li sten address switches, system controller switch and th e parall cl poll jumper 

are preset at th e factory as follow s: 

• Select Code 7 

• Talk/Li sten Address 21 

• System Controller Enabled 

• Parallel Poll Wired from EI to E2 (DIOI) 

Verifying or changing any of the above requires disas sembly of the interface housing. If thi s is necessary , 

use the following di sassembly procedure and di sassemble the interface. Then refer to the discuss ion of the 

function requiring change. 

If it isn't necessary to c hange or verify the factory settings , refer directly to " Installing the Interface and 

Connecting Peripherals " on page 20. 

Disassembly 

Refer to Figure 2-1 to see how the interface parts fit tog ether. Place the interface on a flat surface with th e 

side having the six screws facing upward and the cab le coming out to the left. Then use the followin g s teps to 

disassemble the interface. 

I. Using a Pozidriv screwdriver, remove the six screws and set them as ide. 

2. Hold the interface parts tog ether and turn the interface over so that th e six sc rew holes are fa cing 

downward and the c able is still coming out to th e left. 

3. Hold the cable strain reli ef in place and remov e the top half of the interface housing. 

If you hav e followed the above steps, switch Sl should be oriented as shown in th e fo ll owing figures. If it 

isn't, orient it as illustrated before identifying the switch segments. 

When you re-assemble the interface , reverse the above procedure , making sure th e ground clip is in place. 

The ground clip should be under the circuit board when the compon ent side is up. 

9 
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I 

I 
! 
I 

I ! ! I 
I 

! 
I 

! 
I 

Figu re 2-1. Disassembly 
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Switch Settings 

As previously noted, the se lect code, talk/ listen address and sys tem contro ll er functions are preset at the 

factory . Switch segments 2 throu gh 10 of switch S 1 on th e interface c ircu it board are used for this purpose. 

Switch segment I is not used and may be in either pos ition. 

Once the interface is di sas sembl ed, any of th e fac to ry se tting s may be verified or changed by referring to the 

following discussions of th e individual fun c tion s. 

The interface may be eq uipped with eith er slide or rocker type switches. Both types are illu strated in th e 

factory preset posi tions . 

CAUTION 

If you change any of the factory se tting s, make sure tha t you change the proper switch segmen ts. Do 

not disturb the sett ings of adjoining switches. The small tip of a pencil or similar object is recom­

mended for this purpose . 
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Select Code Switches 

Switch segments 8, 9 and 10 of switch S I are preset at th e factory for select code "7" as follows: 

• Switch segmen t 8 set to " I " 

• Switch segment 9 set to " 0 " 

• Switch segment 10 set to "0" 

The " 0" and" I " positions are labeled on the c ircuit board . 

Sel ec t codes 3 through I 0 may be set wi th these three switch segments. To change or verify th e factory 

setting, orient the circuit board as show n in Figure 2-2 and locate sw itch segments 8 , 9 and 10. Next identify 

the "0" and U I" switch posit ions on the circuit board . You may verify that select code "7" is properl y 

set by comparing the actual po sitions of sw itch seg ments 8, 9 and 10 with those illu strated. They should be 

th e same. 

To change the selcct code, refer to th e table and set sw itch segments 8 , 9 and 10 as required for the select 

code chosen. For example , if select code "3" is to be sct, th e three sw itch segments mu st all be se t to "0". 

In this case, if the switches are the s lide type , sl ides 8 , 9 and 10 mu s t all be set to the " 0 " pos ition; if th ey are 

the rocker type , all three roc kers mu st be pressed down toward the "0 " pos ition. 



Se lect 
Code 

3 
4 

10 

S1 (8) S1 (9) 

o 
o 

" 

S1 (10) 

Figure 2-2_ Select Code Switches 

Note: Select codes 1 an d 2 are th e CRT and prin ter select codes, respectively . 
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Talk/Listen Address Switches 

Switch scgments 3 through 7 of switch S I are preset at the factory for talk/listen address " 21" as follows: 

• Switch segment 3 set to "1 " 

• Switch segment 4 set to " 0" 

• Switch segment 5 set to " I" 

• Switch segmen t 6 set to "0" 

• Switch segment 7 set to " 1 " 

The "0" and" I" positions are labeled on th e circuit board. 

Any talk/listen address from 0 through 30 may be set with these five switch segments. To change or verify the 

factory setting, orient the circuit board as shown in Figure 2-3 and locate switch segments 3 through 7. Next 

identify the "0" and " I" switch positions on the circuit board. You may verify that talk/ listen address 

"2 1" is properly set by comparing the actual pos itions of switch segments 3 through 7 with those illustrated. 

They should bc thc samc. 

To change the factory setting, refer to the table and set switch segments 3 through 7 as required for the 

talk/ li sten address chosen. For example , if talk/ listen address "30" is chosen, switch segments 3, 4, 5 and 6 

mu st be set to "1" and switch segment 7 set to " 0" . In this case, if the interface is equipped with slide 

sw itches, move the s lides for segments 3, 4 , 5 and 6 to the" 1 " position and the slide for segment 7 to th e 

"0" po sition. If they are rocker switches, press the rockers down toward the" I " position for segments 3, 4, 

5 and 6 and down toward the "0" pos ition for segment 7. 
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" 

Address Sl (7) 

0 0 0 0 0 0 
1 0 0 0 0 1 
2 0 0 0 0 
3 0 0 0 1 1 
4 0 0 0 0 
5 0 0 0 1 

0 6 0 0 1 0 
/~ 7 0 0 1 1 1 

8 0 0 0 0 
9 0 0 0 1 

10 0 0 1 0 OR 

11 0 0 1 1 
12 0 0 0 
13 0 0 1 
14 0 1 1 1 0 
15 0 1 1 1 1 
16 0 0 0 0 
17 0 0 0 1 
18 0 0 0 
19 0 0 
20 0 

PRESET~ 21 0 1 
22 0 1 0 
23 0 1 1 1 
24 0 0 0 
25 0 0 1 
26 0 1 0 
27 0 1 1 
28 1 0 0 
29 1 0 1 
30 0 

Figure 2·3 . Talk/Listen Address Switches 
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System Controller Switch 

Switch segmenl 2 of sw itch S I is preset to "I" at th e fa ctory to enab le the host HP·85 as sys tem controll er. 

One (and only one) HP-IB bus device ca n assume system cont ro ll ers status. 

If the hos t Hp·85 is to be the system controller , leave sw itc h segment 2 in the factory preset pos iti on. To 

ver ify the factory setting, orient the ci rcuit board as shown in Figure 2.4 and locate sw itch seg ment 2. Next 

ident ify the" 0" and " J" switch positions on the circuit board. Switc h segment 2 should be in the" I" 

pos ition as illu strated. 

If the hos t Hp ·85 is not to be the system contro ll er, sct sw itch segment 2 to the' '0" pos ition. In this case , if 

the int erfa ce is equ ipped with slide switches , move slide seg ment 2 to the "0" pos it ion . If th ey are rocker 

swi tches, press roc ker segment 2 dow n toward th e "0" pos ition. 

It is important that one, and on ly one, bus dev ice be ass igned as system cont ro ll er. Fa ilure to compl y with 

th is wi ll result in im proper bu s operation. 



Installation 17 

-

(2 ) 

PRESET --> System Controller 
o Non-System Con troller o 

/~ 

Figure 2-4. System Controiler Switch 

-
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A jumper wire on the interface circuit board allow s th e interface to respond to a parallel poll by configurin g 

the interface to one of the DIO lin es . The interface is deli vered with the jumper installed to as sign DIO I as 

the paralle l poll respon se lin e. 

The jumper is not necessary when the host HP-85 is the controll er directing parallel polls to other HP -IB bus 

devices. It is necessary when the host HP-85 is being interrogated by another controller for a parall e l poll 

response . In this case, the interface respond s to the poll by pulling the DIO line it is confi gured to if it is 

req uesting servi ce. 

The jumper is located und erneath th e cable wires . If it is necessary to change th e 0[0 re sponse line, fir st 

refer to Figure 2-5 and remove the cabl e connector. Remove th e cable connector by prying it away from the 

circuit board connector as shown; do not pull on the cable wires to remove the connector. To change th e 

parallel poll response line, refer to Tabl e 2- 1 , loc ate th e DIO lin e you want to con fi gure and identify th e two 

holes the j umper mu st be configured between. Then unsolder and remove the jumper wire using a so ldering 

iron with a 25 watt or less rating. Next refer to Figure 2-6 and identify th e two holes that you want to 

configure the jumper to. The odd-numbered holes arc lab eled on the component side of th e c ircuit board; th e 

even-numbered ho les are labeled on the circuit side. Use th e jumper you removed and so lder in place between 

the two appropriate holes using rosin core solder. When you are fini shed , check both s ides of th e circuit 

board to ensure th ere are no bridges between th e circuit board traces and re-connect the cable connector. 

Table 2-1. Parallel Poll Jumper Placement 

Place Jumper 
010 Line From To 

PRESET .... 0101 E1 E2 

0102 E3 E4 
0103 E5 E6 
0104 E7 E8 
0105 E9 E10 
0106 E11 E12 
0107 E13 E14 
0108 E15 E16 

After all the sw itches are set and th e parall el poll jumper is install ed to meet your needs, fe- assembl e the 

interface before attempting to conn ect it to th e HP-85. 
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Figure 2-5. Removing Cable Connector 

Figure 2-6. Parallel Poll Jumper Wire Placement 
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Installing the Interface and Connecting Peripherals 

Make su re you read and understand this entire procedure before you in stall th e interface or con nect a 

peripheral device to it. 

Safety Precautions 

Manufacturers of peri pheral devices do not all use th e same grounding tec hniqu e . Often, earth ground and 

logic ground are at different voltage levels. In some instan ces, this is deliberate in an effort to reduce ground 

return interference with digital signal s . 

When the 82937A interface is install ed on the HP-85, earth ground and log ic ground become conn ected 

together. Thus, if logi c ground on a peripheral is never connected to earth ground or, if it is defective, it may 

have a voltage level cons iderably different than log ic ground on the interface. This potential may be high 

enough to be haza rdous unless peripherals are connected to the bus in an exacting manner. 

If you don't know th e grounding tec hnique used on a peripheral , check with th e manufacturer of the device. 

After verifying that suitable grounding techniques have been used in yo ur periph eral, use the following steps 

in the order given to install the interface and peripherals to the HP -IB bu s . 

WARNING 

To avoid pe rsonal injury and eqUipment damage, read and understand the preceding safety precau­

tions and do not deviate from the order of the following steps when installing the interface and 

peripheral(s) . 

I. Turn the power switch located on the back of the HP -85 to th e OFF position. However , make sure the 

HP -85 power cord is plugged into a grounded (three wire) AC outlet. 

2. Remove the protective cover from any unu sed I/O slot to accommodate the interface and ROM drawer. 

Any unu sed I/O slots should be kept covered . 

3. Refer to Figure 2-7 and install th e interface into one of th e I/O slots. Do not force th e interface into th e 

I/O slot. Notice that the tracks are keyed to prevent the interface from being in serted upside-down. If 

you intend to run the functional tes t , refer to that di scuss ion at the end of this section before proceeding 

with step 4. 

Figure 2-7. Installing the Interface 
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4. Make sure the power sw itch on all peripherals to be connected to th e HP-IB bus are in the OFF pos ition. 

5. Connec t the interface cab le to th e first peripheral. If other peripheral s are to be conn ected at this time, 

first make sure they all have th eir power sw itches in the OFF position . Then , using th e accesso ry cables 

li sted on page 22 , in stall th e cable conn ectors to the remaining peripheral s in a piggy-back fa shion , 

making sure to observe the cab le leng th rest ri c tions g iven on page 23 . 

6 . After all the peripherals are conn ected to the HP -IB bus, turn the power sw itc hes on th e HP-85 and all 

peripherals to be operat ional on the bus to the ON position. A peripheral may be connected 10 th e bus 

and have it s power off witho ut affecting bus operation s, as long as more than 50% of th e bu s devices 

have th ei r power on. For exampl e, if there are three peripheral dev ices, two must hav e th eir power on; 

if th ere are two periph eral s, both must have th eir power on. 

Removing Peripherals/Disconnecting the Interface 

Usc th e fo ll ow ing s teps in th e order g iven to remove peripheral s from the HP -IB bus o r to di sconnec t the 

interface from the HP-85. 

CAUTION 

Do not remove the interface from the HP-85 with th e HP-85 powe r switch on. Doing this will cause 

damage to e ither the in te rface , HP-85 or both. 

I. Tum the power sw itch of all peripheral s con nected to th e HP -IB bus to the OFF position. 

2. Di sconnect the HP -IB bu s cable from each peripheral you intend to remove from th e bu s. If all 

peripherals aren't to be removed from th e bu s, you may return power to th e remaining peripherals after 

the des ired peripheral s have been di sconnected . If you intend to di sconnect th e interface from the 

HP- 85, fi rs t make sure th at all bu s devices have their power sw itches in the OFF posi tion . Then remove 

the interface cable from the peripheral it is connected to and proceed with step 3. 

3. Turn the power switch on th e back of the HP -85 to the OFF posi tion . Make sure the interface cable is 

not co nnec ted to a peripheral and proceed with step 4. 

4. Re move the interface from th e I/O slot. 
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Interconnecting Cables 

WARNING 

Before you attempt to use any of th e accessory cables, make sure you read and understand the safety 

precautions on page 20 . 

The length of the interface cable is two metres. The end of th e cable has a piggy -back connector that connects 

to a peripheral device. On some peripherals a physical interference problem may ex ist for the cab le connec­

tor. Any periph eral that w ill not direc tl y accept th e cable connector will requi re the adapter. Oth er periph eral 

dev ices may be added to th e bus by s tacking th e piggy -back connectors of th c standard bus cables li sted 

below. 

Length Accessory Number 

V2 metre 10833D 
1 metre 10833A 
2 metres 10833B 
4 metres 10833C 
Adapter 10834A 

Fig ure 2-8. Bus Cables 

There are no res tri cti ons as to how cabl es may be conn ected together. However , it is recommended th at no 

more than three or four pi ggy-back connectors be stacked together on one dev ice. D oing so could exert 

enough force on the connector mounting to cause mechanica l damage. 
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Cabling Length Restrictions 

In order to ensure proper operation of the bu s, two rules mu st be observed regarding the total length of bu s 

cab les when they are connected tog ether: 

• The total length of cable permitted with one bus interface must be less than or equal to two metres times 

the number of devices connected together with their power on (the interface is counted as one dev ice). 

• The total length of cabl e must not exceed 20 metres . 

For example, there may be up to 4 metres of cable between the fir st two devices (2 dev ices x 2m! 

devi ce = 4m). Additional devic es may be added using 2-metre cab les up to a total of 10 devices (10 

dev ice x 2m/device = 20 metres) using one 4-metre and eight 2-metre cab les (4 + (8 x 2) = 20). If more 

than ten devices are to be connected together, cables shorter than two metres must be used between some of 

the dev ices . For exa mpl e, 15 devices can be connected together using one 4-m etre and thirteen I -metre 

cab les (4 + (13 x I) = 17). Other combination s may be used as long as both requirements are met. 

Metric Conversion Kit 

The interface cabl e is suppli ed with mounting fasteners having metric threads. Oth er HP-IB ins truments, 

however, may hav e either National Coarse (Ameri can) threads or metric threads . The American -threaded 

fasteners are chromium plated, while the metri c- threaded fa steners are black. 

Since metric and American threads cannot be connected toge th er, a conversion kit may be needed . This kit 

wi ll replace the mounting fasteners on any bus cable connector. Conversion kits can be ordered by specifying 

HP Part Number 5060-0138 . 
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Functional Test 

The following program listing Jllay be entered and fun to functionally tes t the interface. In Jllost instances, 

running thi s test will indi ca te whether or not the interface is operational. 

Note: Before you run the test, make sure the interface has the System Controller switch segment set 

to "1 " and the I/O ROM is Installed. 

Use the follo\ving step s to enter and run th e tes t from th e HP-85 keyboard : 

I. Make Slife the in terface and I/O ROM arc in stalled. If necessary, refer to page 20 and in sta ll the 

interface and 1/0 ROM. 

2 . Peripherals mayor may not be connec te d to the interface. 

3 . Turn the HP-8 5 power switch to th e ON position. 

4. Press the 8 key and, while thi s key is depressed. press the CD key. Thi s will cause the program 

lines to be numbered by ten in ascending order (10 ,20,30, elc.). Then press ~ 

5 . Refer to the following program li sting and enter the first line by press in g these keys: 

@J CD CD 0 0 then press @J 
Continue thi s procedu re until the en tire program is entered, making sure to press @JD as each numbered 

program line is e ntered. 

i''', 

Ii:::' ::::: i-··j 

i.-i 

r"! T , ", ... 

·i' .. 
:",;"'! r'" 

...... .... ; .. j .... ''';':::' 



' ... ' ... ": .. ' 

,:::: " 

... j " T F 
i.·j I 

T :::: 
':::'T j:::j 

i:::' 

: ! i:;:'!·' 

T ! j'T 
.i. ; 

.i. :--, 

C! i:::' i::', ., .. 

,::: ' ;'.:, 

.... ' . ..' r:' i::: i:' 

i:::'i::', ........ T i 

i:::' i::"'-' 

6. After the progra m is e nt ered press 8 . The printer shou ld print: 

The sc reen should d ispla y: 
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7 . Respond by en te ring the select code the interface is set to. For exam pl e, if selec t code 7 is se t, press o and the n @ . If th e wrong sLice! code is entered, one or more error messag es will appear on the 

screen after step 8 is performed. I f th is happe ns , press 8 and e nte r the select code again. 

8. The screen should then display: 
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9. Enter the num ber o f times you wish to run the short test. To run the test once, press CD and then @ ; 
to run the tes t te n times , press (2) 0 and then (@, e tc . Runn ing the tes t se ve ral times may be use ful 

if you sus pec t an interm ittent fa ilure. 

10. The sc ree n should then di spl ay: 

CHCCKING CHI TCH SETTINGS AND 
A H r··j D ::: H H f< E 

If this tes t passes, short ly the reafte r the screen wi ll d isplay: 

::: T i~ T 1.1:: TE:: : T 

The test nam es are displayed o n the sc ree n the number of times you have specifi ed for the tes t to run 

unless there is a fa ilure. If a tes t fail s, an e rror message is printed for tha t tes t. If the first tes t fai ls . the 

printe r shoul d print: 

HA NDSHHKE CR ROR- PROBABLE 
CCHTO R OR p P 0~SS OR EAI LJRE 

OR 

CLHT OR IB NC LLHR HHEN 
E>~PE CTED-PR OBABlE Xl_f~TjJR ('jR 
PROC ESSOR FAI LURE 

If the fac tory se ttings of sw it ch seg ment s 2 through 7 have been changed, you can al ways ex pect the 

printe r to pr int: 

~:::; i) I ·r C H C: ~:::; [J I C! !' .. ! ; 
UEFHUL "T 

._.' 

,:::. ". 

(Thi s porti on o f th e printo ut will be a 
series o f O's and/or I 's depending on 
how the HP·85 inte rpret s th e switch 
se ttings. The fir st 0 or I is for switch 
segment 2, the second is for switch 
seg ment 3, e tc. Switch segment I and 8 
through 10 arc no t read.) 
(These are the factory settings,) 

If the above is printed , it docs nor necessarily mea n (h at the sw itches arc bei ng read improperly. Except 

fo r sw itch segment 2, which mus t a lways be I to enab le th e HP-85 as Syste m Controller , the sw itches 

may be set to any combination. This feat ure permits you to sc t the switches for any talk/ li sten address 

given in F igure 2-3 and the n verify the switc hes are be in g read properl y for that address. 

If the statu s test fai ls, the printer will print: 

:::: T 1...1 ~:::; I: f~: I? Ci F' 
,:','TI ": (This porti on o f the printout will be a 

series of numbers indicating which b its 
are se t in sta tu s registers SRO through 
SR5, SR6 is not read, The first number 
is for SRO , the second for SR I , e tc , 
These statu s registers are shown on page 
42 ,) 



Section 3 

Theory of Operation 

Introduction 

Thi s sec ti on contain s a descriptio n o f th e interrace c ircuit operations. This includes a detail ed bl oc k diag ram 

description of the Trans lator Ie and a sc hemati c diagram description of vario us interface components and 

signal lines . Although this information is provided, component level repair is not recomm ended due to the 

mi crocomput er based organization of th e interface. 

If the int erface appears to be malfunc tio ning, it is recommended that you contact your neares t HP sales and 

servi ce o ffi ce for ass istance ; o ffi ce loc ati ons are li sted after the sc hemati c diagram . 

Translator IC Description 

The interface uses an 8049 microcomputer (!'-C) whi ch requires the + 5 V TTL log ic level. The microproces ­

sor in the HP-85 uses a + 6V log ic level. A spec ial IC , known as a Tran slato r, permits co mmunication 

between the two devices by providing level tran slatio n. The +5V and +6V power suppli es and two + l2V 

cl oc k signal s (<I> I and <1>2) required by th e Trans lato r are located on the HP -85 mainfram e. Th ey are brought 

out to the interface via the 1/0 backpl ane when th e interface is inserted into on e of th e fo ur I/O s lots. 

The Tran slator supports the followin g operations: 

• Handshaking of data and command information from the HP-85 to th e /Le. 

• Handshaking of data from th e !,-C to the HP -85. 

• Inte rrupts issued to th e HP -85 by th e !,-c. 

• Interrup ts issued to the !,-C by the HP-85. 

• Fast handshake operatio n where th e Trans lator halts the HP-85 with eac h data byte transfer to syn­

chronize the flo w of data . 

It may be helpful to refer to th e bloc k di ag ram of th e Tran slator IC (Figure 3- 1) and th e interface sc hematic 

di agram (Fi gure 3 -9) whil e reading the th eory di scussed in this section. 

Select Codes 

Int erfaces are memory mapped . When the HP -85 addresses an interface, it prov ides an address over th e 

address and data bu s ( BOX - B7X) . The Tra nslato r demultipl exes th e address and then compares address 

bits (A I , A2 , A3) with select code bi ts (SCO, SC I , SC2) . If they match, th e interface is addressed . When 

addressed , another bit (AO) is sent out by the Translato r 's Address Demultipl exe r. If AO is low, th e HP -8 5 

writes to th e cont ro l register (CR) and reads th e s talu s reg ister (SR). When AO is high , the HP -85 writes to 

the output buffer (OB) and read s Ih e input buffer ( IB ). These four reg isters are di scussed nex t. 

29 
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Translator I/O Registers 

The HP-85 se nd s data to th e MC via the output buffer reg ister (OB) and define s that data by setting 

appropriate bit s in the control regis ter (C R). Both reg iste rs are phy sicall y located within th e Trans lator IC . 

The OB is write-only by the HP-85 and read-only by th e MC. Except for bit 0 and bit 7, th e CR is also 

write-only by the HP -85 and read-onl y by the Me. Different statu s bits are read by the MC for b it 0 and b it 7 

of the CR than those written as bi ts 0 and 7 by the HP-85. Th is is illu strated in Figure 3-2. 

7 
RESET 

C INT 

COM 

CED 

RESET 

IBF 

OBF 

7 
OBF 

6 
o 

6 
o 

HP-85 Write to CR 

5 4 3 2 1 o 
o o o CE O COM CI NT 

MC Read CR 

5 4 3 2 1 o 
o o I 0 CEO COM IB F 

Figure 3-2. CR Bit Assignments 

Interru pt. This bit is ro uted to the T I input of th e MC whieh is used to 

interrupt. 

Command . 

End Data. Used by HP -85 to terminate a data tran sfer to th e Me. 

Resets the MC. T hi s bit is routed to th e reset input of the MC. 

Input Buffer Full . 

Ou tput Buffer Ful l. 

Two other registers within the Tran s lator are used when th e HP -85 receives data from the J-LC . These registers 

are the input buffer regis ter (IB ) used to hand le th e data and th e status regi ster (S R) which contain s statu s bits 

to implement communication protocol. The IB is write-only by th e MC and read-only by th e HP -85. Except 

for bit 0 and bit 7, the SR is a lso write-only by th e MC and read-only by HP -85. Different statu s b its a re read 

for bits 0 and 7 by the HP -85 than those written as bits 0 and 7 by th e MC . T his is illu st rated in Figure 3-3. 

7 6 
HLTEN 0 

7 6 
OBF 0 

SERVICE 

BUSY 

5 
0 

Me Write to SR 

4 3 2 1 0 
0 PACK PEO BUSY SERV ICE 

HP-85 Read SR 

5 4 3 2 1 0 
0 0 PACK PEO BUSY IBF 

Figure 3-3. SR Bit ASSignments 

The MC sets thi s bi t to initi ate an interrupt to th e HP -85 . 

Informs the HP-85 the state of th e Me. When low, th e MC is monito r­

jng OBF to determine when the next comm and or data byte is avai la­

ble from the HP -85. When OBF is se t , th e MC sets BUSY to I , reads 

the O B and C R , perform s the necessary operatio n then re turns BUSY 

to low. 
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PED 

PACK 

HLTEN 

[BF 

OBF 

Interrupts 

Processor (/LC) End Data . Set high by the /LC upon detection of a 

prog rammed termination seq uence (byte count , end charac ter o r 

EO[) . 

Processor (/LC) Interrupt Acknowledge. The /LC's interrupt service 

routine sets this bit after being interrupted by the HP -85. 

Used by th e /LC to halt the HP-85 based on the statu s ofOBF and [BF 

during fa st handshake data tran sfers. 

Input Buffer Full. 

Output Buffer Full. 

The interface can interrupt the HP-85 for several re ason s . For exampl e, an interrupt may be generated when 

the interface detects the SRQ line being asserted from th e HP-lB bus if th e user has programmed th e SRQ bit 

in the interrupt mask register. The interface interrupts the HP-85 as follows: 

I. The interface MC sets bit 0 (Service) true in th e Translator statu s reg ister. This causes th e interrupt lin e, 

IRLX , to go low , interrupting the HP -85. 

2. The HP-85 acknowledges th e interrupt and obtains from the interface an interrupt vector. Thi s te ll s the 

HP-85 that this is an [/0 interrupt as opposed to an interrupt from th e internal keyboard chip. 

3 . After the interrupt is acknowledged, IRLX is returned hi gh and all other interfaces are locked out from 

interrupting until re-enabled by th e HP-85. 

4. The HP -85 then obtains th e select code of th e interrupting interface and processes the interrupt accord­

ingly. 

5. After the interrupting interface is servi ced, th e other interfaces are re-enabled to interrupt. 

Since the HP-85 can accommodate up to three interfaces, there mu st be a priority scheme if more than one 

reques ts servi ce at the same time . This would most like ly be a very rare occu rrence. Essentially , the HP -85 

handles interrupts on a fir st-come, first -s erved basis. However, if more than one interface is pulling the 

IRLX line before th e HP -85 acknowledges the interrupt request, the interface that gets serviced fir st will be 

the one occupying the upper-most I/O slot. 

Refer to th e fl ow chart of Figure 3-4 as you read the following sequence that takes place when the HP-85 

interrupts the MC on th e interface . 

The /LC interrupt counter is preset to 255. The interrupt is initiated when the HP -85 pull s C[NT of th e 

Translator (T I of the /LC) low. This increments the /LC interrupt counter from 255 to 0 (an overflow), and 

starts the interrupt sequence . Before th e Me acknowl edges the interrupt, it reads th e CR to check th e IBF bit. 

If the IBF bit is set , it indicates the IB contain s data. To prevent thi s data from being lost , the MC sets an input 

buffer restore fla g. This will permit the IB to be restored after th e interrupt is servi ced. 
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The ,..C acknow ledges the interrupt by se lling the PA CK bit in th e SR . When PA CK is se t , the HP -85 read s 

the lB . whi ch mayor may not conta in data , and di scards it. The HP- 85 then sets th e CO M (co mm and) bit in 

the CR , wri tes an in struc tion into OB and return s C INT hi gh . When CINT goes hi gh , the ,..C accepts the 

in struc tio n and performs the operati on spec ified . 

After the operati on is performed , the HP -85 strobes C INT again , which increments th e M-C interrupt counter 

fro m 0 to I. \Vhen thi s occurs, th e inte rrupt count er ge ts reset to 255 and th e SR is resto red . If the input 

buffe r res tore fla g is set , th e IB is al so res tored . The MC th en re turns from inte rrupt. 

No tice in the abov e sequence that CINT was strobed twice. The fir st time cau sed an overfl o w of th e MC 

interrupt counte r (from 255 to 0) wh ich s tarted the inte rrupt sequ ence . The second strobe incremented the 

inte rrupt counte r from 0 to I which cau sed th e MC to return from interrupt. 

YES 
Does IBF : 1? 

HP·85 Sets COM Bit of CR 
and W ri tes a Comma nd Into 

OB and Sets CI NT High 

~C Accepts the OB and CR 
Command Data and Perlorms 
Operation When CINT is High 

HP-85 Strobes CINT a 
Second Time 10 Increment 

Counter to t 

NO 
Does J,<.C Counler = 1 ?>----' 

YES 

Figure 3-4. Interrupt Flow Chart 
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HP-85 I/O Backplane Lines 

The I/O lines in Table 3- 1 appear at each of the four I/O slots on the HP-85. They connect to the interface 

when it is inserted in to any of th e s lo ts. Figure 3·5 shows how the I/O slot connector pin s are numbered . Each 

I/O s lot is numbered in the sam e manner. 

Table 3-1. HP-85 I/O Backplane Lines 

Pin Direction 
Line No. Meaning HP-85 Interface 

<1>21 1 Non-Overlapping Clock (+ 12V) (not used) ..-
<1>2 2 Non -Overlapping Clock ( + 12V) ..-
<1>1 3 Non-Overlapping Clock ( + 12V) --<1>12 4 Non-Overlapping Clock (+ 12V) (not used) ---VGG 5 + 12V ---LMAX 6 Load Memory Add ress ---IRLX 7 Interrupt Request --RDX 8 Read ---RC 9 Read Cont rol --WRX 10 Write ---Vec 11 + 5V -84X 12 1/0 Line -----85X 13 I/O Line -86X 14 I/O Line -8 7X 15 I/O Line -----16 Open 

PRIH 17 Priori ty High ---DIS 18 Disable . + 6V Signal Voltage. This is used 
to keep PRIH and PRIL from shorting to-
gether when an in terface is plugged into 
an 1/0 slot. 

SPKR 1 Speaker Output (not used) 
2 Open 
"3 Open 

l. GND 4 Logic Ground ---L. GND "5 Logic Ground ---l. GND "6 Logic Ground ..-
HALTX "7 Halt --VBB 8 - 5V ..-

9 - 12V (not used) ..-
PWO 10 Power On ---Vcc 11 + 5V ---80X 12 1/0 Line -----81X 13 1/0 Line -----82X 14 1/0 Line -----83X 15 I/O line -----Voo 16 + 6V ---17 Open 
PRIL ~ Priority Low --
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18 16 14 8 6 4 2 

17 15 II 9 7 

3 T 

Figure 3-5. HP'85 I/O Slot Connector Pinout 

HP-IB Bus Lines 

The standard Hp·IB signal lines are described next. The function of each line is defined by IEEE Standard 

488·1978. 

Note: IEEE Standard 488 ·1978 specifies that the HP-IB bus use negative true logic which is often 

confusing or misunderstood. This explanation of negative true logic, as it applies to the Hp·1B bus and 

interface, is given so that no misconceptions exist. 

All HP-IB bus lines are shown on the schematic without bars over them. Thus, if a bus line is true, it will 

have a low voltage level. Positive true logic is used on the interface. In positive true logic a line whose 

mnemonic does not have a bar over it is true when it has a high voltage level. As an example, on the 

schematic bus line ATN is shown as IATN when it appears as an internal signal on the interface . Thus, 

the voltage level representing a true ATN on the Hp·IB bus is the same as a true IATN on the interface. 

Data Lines (0101 - 0108) 

The data lines are used to communicate all data including input , output, program codes, sta tus and control 

information betw een instruments connected to the bus. One character byte is sent at a time in a byte+seiiai , 

bit+parallel fa shion . In most in struments, characters are based on the 8+bit ASCll representation. For in+ 

stance, if the interface is connected to a printer , the 8+bits that represent one character are a\l sent at once in 

parallel. Then, th e next character is sent and so on. Thus, the 8+bits (one byte) defining a character are all 

sent at o nee in parallel (bit ·parallel) while each character is sent seriall y (byte-serial) . 
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Control Lines (ATN, IFC, SRQ, EOI and REN) 

The five control lines govern and defi ne the informat ion on th e DIO lines. 

ATN (A ttention) is d riven by the active contro ll er. When high , th e informati on on DIO I through Dl08 is 

int erpre ted as data . When low th e information is cont ro l or address information. 

IFC (Interface Clear) is used onl y by the sys tem contro ll e r to initialize the bus. When IFC is held low for at 

least IOOj.Ls, any talker o r li stener is stopped, the serial po ll mode is di sabl ed and control is returned to the 

sys tem con tro ll er, regardless of the dev ice th at had contro l of the bus . When IFC is hi gh, it has no effect on 

bus opera ti ons. 

SRQ (Service Request) is pulled low by a dev ice when it wan ts th e attentio n of th e controll e r. SRQ may be 

driven low a t any time except when IFC is low. 

EO I (E nd o r Ident ify) may be used to indi cate the end of a string o f characters. For exa mpl e, if ATN is high 

to ind icate the info rmation o n DIO I thro ugh 0 108 is da ta, th e ta lker may ind icate the end of its data 

trans mi ss ion by driving EOI low when it places the las t byte on th e da ta lines. 

REN (Remote Enable) is driven by th c system cont ro ll er and is one of the lin es necessary fo r an in s trumen t to 

opera te under remote cont rol. Only in stru ments capable o f remote operation use REN and they monitor it at 

a ll times. Inst ruments th at do no t use REN terminate th e lin e into a res istor load. The system controll er may 

change the state of REN at any timc. 

Transfer Lines (NRFD, NDAC and DAV) 

Three transfer (handshake) lines are used to execute the transfer of each byte of informat ion on the data lines. 

They a ll ow asynchronous data tran sfer wi tho ut timing restri ctions being placed on any in strument conn ected 

to the bus. The tran sfer speed of each data byte is determin ed by th e speed at which the slowest instmment is 

capab le of sending or receiv ing data . 

NRFD (Not Ready For Data) is hi gh to ind icate th at a ll listeners are read y to accept informat ion on th e DlO 

lines. When NRFD is low , at least one li stener is no t ready fo r data. 

DA C (Not Data Accepted) is hig h to indicate th at all lis teners have accepted the informat ion on the DIO 

lines. Whe n NDAC is low, at leas t one li stener has not accepted the data. 

DA V (Data Valid) is low to indicate th e informatio n o n th e DIO li nes is vali d for th e listen er(s) . When DA V 

is high , the informat ion on th e DIO lines is not val id. 
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Data Transfer 

Transfer of data on th e bu s is async hronous. That is, there are no res triction s placed on th e data rates of 

instruments conn ec ted to the bus. Th e s lowest in strumen t involved in a data tran sfer on the bus determines 

the ra te o f data transfe r. As prev io usly ment ioned, tran sfer is under th e control of three lin es: DA V, NRFD 

and NDAC. The talke r controls the data lines and DA Y; the li s tener(s) contro ls NRFD and NDA C . 

The transfer of a byte of data is init ialed by all listeners se tting NRFD hi gh . indicating they are ready for 

data . When the talke r recog nizes NRFD is high it pl aces data on the lin es and validates th e data by placing 

DAY low . The li stener(s) senses that DAY is low, accepts the data, th en no tes the acceptan ce by setting 

NDAC hi gh. Notice that the assertive , or ac tion state, of NRFD and NDAC is high. Becau se all in struments 

on the bus have their corresponding lines conn ec ted togeth er , a ll lis teners mu st have NRFD and N DA C high 

before the respec tive line is high . This is because a low stale overrides a high . Thu s, a slow listener on the 

bus that does no t accept data and thereby assert NRFD and NDAC as readil y as o th e r li s teners wi ll s low the 

rate of data tran sfer. 

The timing diag ram in Figure 3-6 shows the re lati onship o f these s ignal lin es during a data byte transfer. At t l 

NRFD is se t high to indicate a ll listeners are ready to accept data. At 12 th e talk e r places data on the lines and 

indi cates the va li dity of the data at l3 by plac ing DA V low. At some interval between 13 and t4 a li s tener may 

place NRFD low but it mu st do so before, or at the same time that NDAC is se t h igh . The talke r may return 

DA Y hi gh aft er it detects NDAC is high, which is show n at 15. A listene r may set NDAC low (shown between 

15 and t6) but, it must do so before NRFD is set high at t6. When NRFD goes high at t6, a new cycle begins 

equivalent to t l . 

DATA 

DATA NOT VALID 

DAV 
DATA VAll D 
(TALKER) 

READY 

NRFD 
NOT READY 
(LISTENER) 

DATA ACCEPTED 

NDAC 
DATA NOT ACCE PT ED 

(LI STENER) 

I 

" 

I 
I 

I , - - - ~ 1 

I , , , I , , L __ _ _ 
I 

I 

I--- --~ , , , , , 
'- ____ ...l.....--

I I I I I 
12 I } '. ., 

" 

Figure 3-6 . Data Transfer Timing Diagram 
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Polling 

Polling is a special bu s activity that permits a contro ll er to determine the operating stalU S of o ther dev ices. 

These two processes, serial poll and paraliel po ll , are an intricate part of the interrupt protocol. However , 

becau se soft ware can defin e whether a seri al o r parallel po ll (or both) is implemented , th ey are di scussed as 

se parate topi cs to s implify the explanation. 

Serial Poll 

A serial poll permit s the controller active devi ce to obtain a status byte from any bu s dev ice th at supports the 

serial poll function. When the contro ll er acti ve dev ice detects that a servic e req uest exi sts (SRQ lin e is 

pulled), it may seriall y poll the bu s dev ices ex pec ted to have requested servi ce . When a dev ice is po lled , it 

always return s its status byte . Bit 7 of the statu s byte will be set to I if th e dev ice requested service or it will 

be 0 if it did not. The remainder of th e bits in th e statu s byte can be used to indicate the reason for th e service 

reques t a nd are totall y dev ice dependent. 

The programmer has two mean s of detec ting when SRQ is pulled: 

• Perform a STATUS read of register SR2 to see if the SRQ bit (bit 5) is set; 

• Enable an End-of-Line interrupt when SRQ is pull ed. 

The bu s might have only one bus device capable of requesting service and perhap s fo r only one purpo se . In 

this case, a serial po ll may not be needed. However, if a s ingle device can pull SRQ for various reasons or, if 

more th an one bu s device is capable of pulling SRQ , then a serial poll can be used to determin e which 

device(s) requested service and why . 

When the HP-85 is controll er active and initiates a serial poll , the program specifies th e select code and the 

address of the device to be polled . Th e 82937 A interface then send s the foll owing sequence over the bu s: 

I. ATN is set tru e . 

2. UNL (Unli sten) command is sent to the dev ice. 

3. Interface sends its own li sten address and the peripheral talk address commands. 

4 . SPE (Serial Poll Enable) is sent over th e bu s, fo llowed by ATN going fal se. The dev ice being polled 

th en send s its s tatus byte. lfit was th e only device requesting service , SRQ is removed . If it was not the 

onl y dev ice pulling SRQ, or if it didn't requ est service, SRQ remains, indicating some o th er dev ice 

requires servi ce. 

5. ATN is set tru e again followed by th e SPD (Seria l Poll Disable) command . 

6. The UNT (Untalk) command is th en sent over the bu s cau sing th e periph eral to cease being a ta lker. 

Note in the above sequence that SRQ mayor may no t be removed when a device is po ll ed . SRQ is removed if 

the device being polled is the one and only device requesting service . Therefore, th e user's prog ram mu st 

specify th e order in wh ich bus devices are po ll ed and serviced. 
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If thc HP-85 is not the controll e r act ive device, th e user may allow it to req uest serv ice with the REQUEST 

statement followed by a prog ram dependent status byte. Bit 7 of this statu s by te maps direc tly to SRQ on the 

bu s. T he HP -85 provides this statu s byte wh en it is serially polled by the contro ll e r act ive device. If it was 

requ est ing se rvice, bi t 7 will be set to I; otherwi se, it will be O. The HP -85 will remov e SRQ when it send s its 

status byt e if it was the on e and only bu s device requ es ting serv ice . How ever, if SRQ is removed , bit 7 

remains set until c hanged by the program. 

Parallel Poll 

In a paralle l poll eac h bus devic e is ass igned one of the 010 lin es for identi fica ti on purpo ses . This is 

configured within eac h bu s device . The paralle l poll jumper on the in terface is used to assign o ne of th e 010 

lines for ident ificatio n of th e in terface if it is to re spo nd to parallel polis. 

A paral le l poll can be mu ch fa ster than a serial poll bec ause the controller reads 0101 through 0108 all at 

once to determine whic h device(s) reques ted serv ice. 

Switch Buffer (U4) 

The swi tch buffer is a s ingl e int egrated circuit that iso lates sw itch lines AO through A4 and SC from the 

interface address data bu s. T hese lines were di scussed in Section 2. 

The outputs of U4 connect to the add ress-data bu s and th e ex ternal con trol latch (U3). Unless it is enabl ed, 

these outputs remain in a high impedanc e state. When it is enabl ed via inputs DIS 1 and 0152 , the sw itch 

settings are refl ected on the outputs and therefore appear on DO through 0 5 of the address- data bus and th e 

inputs to the ext ernal contro l latch. Thus, the switch buffer is enabled o nly during initi a li za tion or when the 

8049 jJ..C is rese t to prevent it from interfering with other operation s . Once th e statu s of the sw itches is read 

by the jJ..C it is not necessary to do so again unles s the p,C is reset. 

To read th e sw itch buffer , the p,C sends an address to the Tran s lator read/write log ic via the address-data bu s 

and latches it with the address lat ch enab le (A LE) s ignal. The Tran s lato r respo nds by placing ADR3 low. Thc 

p,C the n places RD low. During th e period when both these s ignal s are low, th e sw itch buffer is enabled 

allow ing the sw itch settings to be refl ectcd on DO through D5 of the address-data bus to be read by th e JLc. 

External Control Latch (U3) 

Thi s latc h is clocked to accept the information on the address-data bus lin es (DO - 05) . Thi s occu rs when 

WR is low and the p,C writes an address to th e Tran s lato r that cau ses ADR3 to go low. Thi s latch is cleared 

on init ializati on or when the p,C is rese t. 

The output li nes of this la tch serve a var iety of functio ns and are di scussed separat ely. 

Output 

EN NDAC 

Function 

The IEEE Standard 488- 1978 specifies that when ATN goes true. 

N DA C mu st go false within 200 ns. This hel ps ensure that a transfer 

will proceed in an orderly fa shion. The EN NDAC output is gated 

with IA TN to provide a hardware implementation to meet this 

specification . 
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EN ATN INT 

EN REN INT 

EN IFC INT 

TALKER ACTIV E (TA) 

CONTROLLER ACTIVE (CAr 

This line is gated with the IATN line to th e interrupt (INT) input of 

the IkC. When EN ATN INT is set and a peripheral dev ice asserts 

ATN, the (LC recognizes an interrupt request. 

This line is gated with the IREN line to the interrupt (INT) input of the 

Ike. When EN REN INT is tru e and a peripheral dev ic e assert s REN , 

the (LC recognizes an interrupt request. 

This is gated with the IIFC line to the interrupt (INT) input of the Ike. 

When EN IFC TNT is set and a peripheral device assert IFC , th e IkC 

recognizes an interrupt requ est. 

When TA and IATN arc both true it enabl es the bi-direc tional buffers 

connected to the HP-IB bu s (DIO I through DI08) in a direction 

which permits the (LC to output information to the bus . 

When thi s lin e and IA TN arc both set th e IkC is allowed to output 

informati on to the HP -IB bu s in th e same manner desc ribed above. 

Al so, the controller can only source com mand s when ATN is true. 

The CA line is al so used to enable the buffers for the service req uest 

(SRQ) and attention (A TN) lin es on th e HP-IB bu s. In th e latter, the 

controll er can only source command s when A TN is tru e; while 

another talker can only so urce data wh en ATN is fal se. 

Bi-directional Bus Transceivers (U9, U10) 

Two integrated c ircuits provide th e bi-directional bu s transceiver circuitry used to transmit or rece iv e 

information between the HP-85 and other HP -IB bus devices. The send/receive pairs that conn ec t to bus lin es 

010 I through 0108 are enabled so that all either send or receive bu s information in the same direc tion 

simultaneously. The handshake and control lines for th e bu s are enabled as follows: 

NRFD and NDAC 

DA V and EOI 

ATN 

SRQ 

REN and IFC 

Two send/receiv e pairs are enabled to send o r receive the stat e of 

these bus lines in th e same direction simultan eo us ly. 

Two send/ receiv e pairs are enabled to send or receive the state of 

these bu s lin es in the same direction simultaneously. 

One sendlreceive pair is enabled by th e CA I in c to permit A TN to be 

asserted from the controller to other bu s devices. 

One send/receive pair is enabled by the CA line to permit SRQ to be 

asserted over th e HP-IB bus. If CA is high, th e HP -85 monitors SRQ 

from th e bu s. If CA is low , the HP -85 pull s SRQ when it requests 

serv ice from another controller. 

Two send/ receive pairs are enabled to send or receiv e the state of 

these bu s lin es in th e same direction simultan eo usly. 

• CONTRO LL ER ACTI VE (CA) is synunymous with th e term controller.in.charge which is referenced in IEEE Standard 488 -1978. 
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8049 Microcomputer (fLC) 

Most of the activities carri ed ou t by th e 8049 vC hav e already been discussed in this sec ti o n. Thi s discussion 

will summari ze these activities, g iv e th e pin ass ignm ent and provide register tables . 

The v C is the int ermedi ary between the HP-85 and the HP-IB bu s . It implements interface protocol via its 

ow n self conta in ed ROM. The vC responds to in structions from the host HP-85 or the bus, depend ing upon 

wh ic h bus device is assigned controll er statu s. When the host HP -85 is system controll e r, th e v C can 

recognize an int errupt from an HP-IB bu s device, and, depending upon user programmed interrupt condi­

tio ns, it may service the interrupt or it may in turn interrupt the HP -85. 

There are two 8-bit I/O ports that conn ec t th e ,..,C to th e HP-IB bu s. Port I conn ects to th e hand shake and 

contro l lin es; port 2 connec ts to th e data lines (0101 through 0108). There are e ight o th er bits (DO through 

0 7) which go to th e address-data bus conn ecting the vC to the Translator. 

The following tabl e li sts all th e lin es used on the 8049 ,..,C . 

DeSignation 

Vss 

VDD 

Vcc 

P10 - P17 
(Port 1) 

P20 - P27 
(Port 2) 

DO - 07 
(Address­
Data Bus) 

TO 

T1 

INT 

RO 

WR 

RESET 

ALE 

XTAL1 

XTAL2 

PSEN 

EA 

SS 

Pin 
Number 

20 

26 

40 

27 - 34 

21 - 24 
35 - 38 

12 - 19 

39 

6 

8 

10 

4 

11 

2 

3 

9 

7 

5 

Table 3-2 . 8049 Microcomputer Pin Assignment 

Function 

Circuit GNO. 

+ 5V. 

+5V. 

8-bit I/O port that connects to the control and handshake lines on the 
HP-IB bus. 

8-bit I/O port that connects to the data lines (0101 - 0108) on the HP-IB 
bus. 

A bi-directional port that connects to the address-data bus from the 
Translator. 

An input used to sample A TN. If A TN is true, the ,..,C remains in interrupt 
service routine and handshakes commands. If ATN is false , the ,..,C 
leaves the interrupt service routine and returns to the main program. 

An input which initiates an interrupt of the ,..,C. 

Interrupt input. Initiates an interrupt to the HP-85 from the HP-IB bus if 
interrupt is enabled. Interrupt is disabled after a reset (active low. 

Read strobe. When low the,..,C reads the address-data bus (DO - 07). 

Write strobe. When low the ,..,C writes to the address-data bus 
(DO - 07). 

Reset. An active low strobe which is used to initialize the ,..,C . 

Address Latch Enable. The negative edge of ALE causes an address the 
,..,C has placed on the address-data bus (DO - 07) to be latched into 
the Translator. 

One side of crystal input for internal oscillator. 

Other side of crystal input. 

Not used. 

Circuit GNO. 

Not used . 
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Internal to the p.C are seven 8-bit statu s registers and twelve 8-bit control registers. The status regis ters 

indicate the state of the Me at a given time. The control registers are written to when the state of the interface 

is to be changed . Register tables of the statu s and control registers are given in Fi gures 3-7 and 3-8. If a 

detailed description of these registers is desired, refer to the I/O ROM manual. 

Register 
Bit Number 

Register 
Number 7 6 5 4 3 2 1 0 Function 

SRO 0 0 0 1 
Inte rface 

0 0 0 0 
Identification 

OCl 
SR1 IFC lA CA TA SRO or GET SCG Interrupt 

SOC Cause 

SR2 REN SRO EOI OAV NOAC NRFO 
HP-IB Control 

IFC ATN Lines 

SR3 0107 0106 0105 0 104 0103 0102 0101 
HP-IB Oata 

0108 Lines 

HP-IB Address 
SR4 0 0 System A4 A3 A2 A1 AO and System 

Controller Controller 
-

SR5 
System 

lA CA TA SPE 
Parity Remote 

local 
State Register 

Control ler Error l ockout 

SR6 0 0 0 SC5 SC4 SC3 SC2 SC1 
Secondary 
Commands 

Figure 3-7. fL C Status Registers 

CAUTION 

00 not write to Control Registe rs 0 through 3 unless you have an 1/0 ROM and you are complete ly 

familiar wi th the function of these registers. In particular, Control Registers 2 and 3 provide direct 

access to the HP-IB control and data lines. They must be used with care, and used only by persons 

aware of HP-IB protocols! It is possible to cause a bus malfunction or device damage by improper use 

of th ese registers. 
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Register 
Bit Number Reg ister 

Number 7 6 5 4 3 2 1 0 Function 

CRO X X X X 
Odd Even One Zero 

Parity Control 
Parity Parity Pa rity Parity 

CRI 
IFC LA CA TA SRO Clear Trigger SCG 

Interrupt Mask 
Mask Mask Mask Mask Mask Mask Mask Mask 

CR2 X REN SRO ATN EOI DAV DAC RFD HP-IB Control Lines 

CR3 0108 0107 0106 0105 0104 0103 0102 0101 HP-IB Data Lines 

CR16 
EOI 

X X X X EOL2 EOL 1 EOLO EOL Control 
Enable 

CR17 Defau lt ~ CR Character #1 

CR18 Defau lt ~ LF Character #2 

CR19 Character #3 

CR20 Character #4 

CR21 Character #5 

CR22 Character #6 

CR23 Character #7 

Figure 3-8. li C Control Registers 

J 
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Table 3 -3 . Replaceable Parts List 

Reference HP 
TQ Description 

Designator Part No . 

A1 82937-60901 1 PC Assembly 
C1, C2 0 180 -0228 2 C-F: 22 ",F, 15V 
C3-C13 0 160-0576 12 C-F: O.l ",F, 50V 

C14 0 160-4767 1 C-F: 20pF, 200V 
C15 0160-0576 0 C-F: O.l ",F, 50V 

J1 1251 -5266 1 Connector: 24 Pin 
MP1 0340-0883 1 Tr ansistor Insulator 
Q1 1854-0019 1 Transistor : NPN, Si 
R1 0683- 1035 1 R-F 1 Okf1, 5%, .25W 

R2, R3 0683-2225 2 R-F: 2.2kil, 5%, .25W 

R4 0683-1025 1 R-F: 1 kf1, 5%, .25W 
R5, R6 18 10-0278 2 Res istor Network: 3 .3k f1, 2%, 1.25W 

R7 181 0-0367 1 Resistor Network: 4.7kJl. 2%, 1.25W 
Sl 3 101 -049 1 1 Switch: 10 Segment SPDT 
U1 1 MB5-0 10 1 IC: Trans lator 

U2 1820-2437 IC: 8049 Microcomputer 
U3 1820- 1466 IC: 74C 174, Hex D Flip-Flop 
U4 1820- 1402 IC: 80C95, Hex Buffer 
U5 1820-11 98 IC: 74LS03, Quad 2-lnput NA ND 
U6 1 B20-14 16 IC: 74LS 14, Hex Schmitt Trigger Inverter 

U7 1820- 11 97 1 IC: 74LSOO, Quad 2-lnput NAND 
U8 1820-1144 1 IC: 74LS02, Quad 2-lnput NOR 

U9, UlO 1820-2424 2 IC: M C3447, Bi -directional Bus Tran sce ivers 
U11 1820-1112 1 IC : 74LS74, Quad D Flip -Flop 
W1 8150-3773 1 Wire Jumper 

Y1 0410- 1222 11 MHz Crysta l 
82937-60902 1 Case 
82937 -60004 1 Interface Cable 

0590-0 199 2 Hex Nut w ith Lock Washer 
1400- 1063 1 Top Cab le Clamp 
1400- 1064 1 Bottom Cable Clamp 
2200-0143 6 Screws: 4 -40 M achine 
0363-0174 1 Ground Contact 
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