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MANUAL ADDENDUM 

GENERAL. The purpose of this addendum is to adapt the attached HP 2116B Input/Output System 
Operation Manual for use with the HP 2116C Computer with serial numbers prefixed 980- and above. Infor­
mation in the manual applies, with the exceptions listed below as addendum, to the HP 2116C Computer. 
When available, the final version of the HP 2116C manual will be provided as a replacement for this manual. 

ADDENDUM. To adapt this manual for use with the HP 2116C Computer, make the following changes: 

1. Change all 2116B references to 2116C. 

2. Page 2-13, paragraph 2-53. Delete subparagraphs "b. Option 02," and "c. Option 03." These options 
to the HP 2150B Input/Output and Memory Extender are not available for use with the 
HP 2116C Computer. 

3. Page 2-13. Replace table 2-3 with the table included in this addendum. 

4. Page 2-14, paragraph 2-56. Change all references to a "computer with an 8k or 16k memory" to 
"computer with an 8k, 16k, 24k, or 32k memory." The replacement table 2-3, above, provides 
the additional information for a computer with 24k or 32k of memory. 

5. Page 1-0, figure 1-1. Some 2116C Computers have a toggle-type power switch instead of the illustrated 
pushbutton switch. 

For additional copies of the 2116C Volume 3 manual, specify part no. 02116-91757. 
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Table 2-3. Internal/External Power Supply Requirements 

SUPPL Y CURRENTS (AMP) 

REQUIREMENTS 
+12V -12V -2V +4.5V 

CURREN T AVAILABLE FROM POWER SUPPLIES 

Compu ter Power Supply 6 6 22.5 *22.5 

Compu ter and HP 2160A Power Supplies 6 6 32.5 **32.5 

CURREN T REQUIRED BY COMPUTER WITH NO 
IPROCE SSOR OR INPUT/OUTPUT OPTIONS 

Compu iter with 8k Memory 0.15 0.25 14.3 23.0 

Compu iter with 1 Elk Memory 0.15 0.25 15.6 24.2 

Compu iter with 24k Memory 0.15 0.25 16.9 25.4 

Compu iter with 3t~k Memory 0.15 0.25 18.2 26.6 

CURREN T AVAILABLE FOR OPTIONS 

Compu ter with 8k Memory 5.85 5.75 8.2 t13.8 

Compu ter with 1 (ik Memory 5.85 5.75 6.9 t13.9 

Compu ter with 24k Memory 5.85 5.75 5.6 t14.0 

Compu ter with 32k Memory 5.85 5.75 4.3 t14.1 

Compu ter with 8k Memory and HP 2160A 5.85 5.75 ' 18.2 t23.8 

Powe Ir Supply Extender 
Compu ter with 1 Gk Memory and H P 2160A 5.85 5.75 16.9 t23.9 

Powe r Supply Extender 
Compu ter with 24k Memory and H P 2160A 5.85 5.75 15.6 t24.0 

Powe r Supply Extender 
Compu ter with 32k Memory and HP 2160A 5.85 5.75 14.3 t24.1 

Powe r Supply Extender 

NOTES: * Plus the current drawn from the - 2V supply by the Computer with memory and options. 
Maximum available from +1.5V supply is 45 amperes. 

** Plus the current drawn from the - 2V supply by the Computer with memory and options. 
Maximum available from +4.5V supply is 65 amperes. 

t Plus Plus the current drawn from the - 2V supply by the selected options. 
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Section I 
Figure :1-1 

1-0 

Figure 1-1. Typical HP 2116B Computer System 
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Sections I and II 
Paragraphs 1-1 to 2-7 

SECTION I 

INTRODUCTION 

1-1. COMPUTER SYSTEM. 

1-2. The Computer System (Figure 1-1) consists 
of the HP 2116B Computer, associated input/Qutput 
devices, and the necessary interface accessory ltits 
and software. ' 

1-3. The basic Computer is able to control and ser­
vice up to 16 peripheral devices. Plug-in I/O options 
are available for expansion of Computer capabilities 
to 48 devices, and a wide range of input/output options 
are available. Refer to Volume One for detailed· in­
formation on the Computer and available processor 

options, Volume Two for processor maintenance, and 
to Volume Four for programming information. 

1-4. MANUAL CONTENTS. 

1-5. SectionII of this manual contains a description 
of the input/output structure of the HP 2116B Com­
puter. Theory of Operation information and Logic 
Diagrams for the I/O Control card, the I/O Address 
card, and the Resistance Load card are contained in 
Sections III, IV, and V, respectively. Complete Op­
erating and Service manuals are provided with each 
input/output device and Interface Kit in a system. 

SECTION II 

INPUT/OUTPUT STRUCTURE 

2-1. INliRODUC1rION. 

2-2. The input/output (I/O) structure of the HP 
2116BComputer system consists of input/output 
devices, their interface cards and interconnecting 
cables, an I/O Control card, and an I/O Address card 
(see Figure 2-1). The Input/Output section of the basic 
Computer, located directly behind the front panel and 
toward the bottom of the Computer, provides slots for 
16 plug-in interface cards and two slots for the I/O 
Control and I/O Address cards. (A Resistance Load 
card is also used when less than 16 interface cards 
are used in the system; it then plugs into the highest­
numbered interface-card slot. ) The Computer selects 
and communicates with the interface cards through 
the I/O Control card, the I/O Address card, and through 
direct wiring to the interface card slot connectors. 
In most cases, eaeh interface card is capable of 
interfacing a separate input/output device. Detailed 
information on computer logic required for control of 
the input/output devi.ces is contained in the Installation 
and Maintenance Manual, Volume Two. Paragraphs 
2-5 through 2-13 in this section contain a general 
description of computer logic operation in conjunction 
with the elements within the input/output structure. 

2-3. The input/output structure also provides a 
means for the input! output devices to interrupt the 
computer program when they require servicing. When 
devices request an interrupt, the Computer processes 
the requests on a priority basis. Each input/output 
device has its own level of priority and when inter­
rupting, causes pro~~ram execution of the contents of 
a memory location uniquely associated with the inter­
rupting device. 

02809-1 

2 -4. The number of input/output devices in the 
system is expandable to 32 or 48 devices simply by 
adding a HP 2151A or HP 2150B Extender Module, 
respectively, and the appropriate interface cards, 
cables, and devices. The interface cards and cables 
required for each input/output device are containedin 
an Interface Kit. Each addition, then, requires that 
the Interface Kit and device be ordered separately. 
Refer to the HP 2116B Computer Data Sheet for a 
description and ordering information. 

2-5. COMPUTER SYSTEM INPUT/OUTPUT 
OPERATIONS. 

2-6. GENERAL. 

2-7. Figure 2-2 illustrates the main elements of the 
computer system concerned with the control of input/ 
output operations. All elements shown are contained 
in the computer mainframe, except for the external 
devices. Although the R-, S-, and T- Buses are rep­
resented as single lines in Figure 2-2, each bus is 
actually 16 individual lines. Also, interface arrange­
ments are shown for only two external devices, one 
input and one output, where as many as 48 devices 
may exist. The elements illustrated process all 
input/output operations in two ways, as follows: 

a. Processes Input/Output instructions. 

b. Processes interrupt requests from the exter­
nal devices. 

1-1/2-1 
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PROCESSOR CIRCUITS HP 2151A OR HP 21508 
EXTENDER MODULE BASIC 

HP 21168 
COMPUTER 

~.__r_._.--.-.-_r_,--,_.__r_,--,_,__r_,--r_1 ~ --------------~. 
-----

I/O CONTROL CARD ~ J t t t 16 SLOTS FOR PLUG-IN CARDS 

\ 

16 SLOTS OR 32 SLOTS 

I/O ADDRESS CARD I I I 

INTERFACE 
KIT 

PLUG-IN INTERFACE CARDS 

CABLES 

RESISTANCE LOAD CARD 
IN ANY VACANT SLOT 

02116-A-36 

Figure 2-1. Input/Output Structure 

2-8. INPUT/OUTPUT INSTRUCTIONS. 

2-9. Refer to Figure 2-2. Input/Output instructions 
from memory via the T-Register are decoded by the 
I-Register and routed to the various register gate 
inputs and to the Control Logic which translates the 
instructions into appropriate driving signals. Instruc­
tion Commands are routed to a particular interface 
card and external device as determined by the Select 
Code from the T-Register via the I/O Address card. 
These signals can set or reset the Control and Flag 
flip-flops (FFs) on the interface cards and can test 
the set or reset condition of the Flag flip-flops. The 
Control and Flag flip-flops are used to control data 
transfer between the interface card and the external 
device. 

2-10. The 101 (I/O Input) signal strobes all interface 
cards for input data as a result of a Load Into A (LIA), 
Load Into B (LIB), Merge Into A (MIA), or a Merge 
Into B (MIB) instruction. Only the data from the 
interface card selected by the Select Code can be 
enabled. The data is strobed by the 101 signal onto 
the S-Bus. From there it is transferred via the 
Arithmetic Logic (to alter or combine the data) and 
the T- Bus to the A- or B-Register. The particular 
register which will receive the data is determined by 
the LIA/B or MIA/B signal present at the register 
input gate. 

2-11. Another driving signal from the Control Logic, 
the 100 (I/O Output) signal, strobes all interface 

2-2 

cards to output data as a result of an OTA (Output 
from A) or an OTB (Output from B) instruction. The 
Select Code from the T-Register via the I/O Address 
card permits the 100 signal to strobe the data on the 
R- Bus into the appropriate interface card and external 
device. (The data was placed on the R-Bus from the 
A- or B-Register as a result of the OTA/Binstruction. 

2-12. INTERRUPT REQUESTS. 

2-13. If a specific instruction to the I/O Control card 
has at some previous time enabled the interrupt sys­
tem, an external device may request an interrupt to 
the computer program to obtain new data from the 
Computer or to feed new data to the Computer. This 
interrupt request is received by the I/O Control card. 
The I/O Control card signal to the I/O Address card 
causes it to i n t err u p t the computer program by 
forcing the M-Register to be set (via the T-Bus) to a 
memory location corresponding to the Select Code of 
the interrupting device. This occurs during the Inter­
rupt phase (Phase 4) machine cycle. The Fetch phase 
is then entered to make the Computer execute the in­
struction contained in the specified memory location. 
Generally, this instruction will be a jump to a service 
subroutine which will prepare or accept the new data. 
On completion of service, the subroutine must cause 
a return to the proper location in the main program. 
Refer to Paragraphs 2-28 through 2-53 for more 
detailed information on the interrupt system. 

02809-1 
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Figure 2-2. Block Diagram of System 
Input/ Output Operations 
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Paragraphs 2-14 to 2-20 

2-14. INPUT/OUTPUT SYSTEM CARDS. 

2-15. I/O CONTROL AND I/O ADDRESS CARDR. 

2-16. The Computer contains one plug-in I/O Control 
card and one plug-in I/O Address card. The cards 
plug into the Computer, adjacent to the interface cards 
as shown in Figure 2-3. Each card contains extractor 
handles to aid in their removal from the Computer. 
The I/O Control card contains the master Interrupt 
System Enable flip-flop, receives command and timing 
signals from the Computer for transfer to the inter­
face card slots, and provides the necessary gates and 
flip-flops for proper control of interface-card opera­
tion. For detailed information on the I/O Control card, 
refer to Section III of this manual. The I/O Address 
card provides a decoding function for program selec­
tion of the desired interface card and an encoding 
function for interface card interrupt identification. 
For detailed information on the I/O Address card, 
refer to Section IV of this manual. 

NOTE 

Possible damage to the I/O Control 
card or the I/O Address card may 
result if either one of these cards is 
inserted in an incorrect slot. 

2-17. RESISTANCE LOAD CARD. 

2-18. The Computer contains one plug-in Resistance 
Load card. The card provides 18 150-ohm resistors, 
connected to the -2 volt supply, to terminate the lOBO 
(I/O Bus Output) lines from the Computer to the inter­
face cards. The card plugs into any of the input/output 
slots (Figure 2 -3) of the Computer. The card remains 
in an I/O slot unless the total interface and Priority 
Jumper cards used in the system equal 16. At that 
time, the card is no longer required and must be 
removed. Extractor handles on the card aid in its 
removal. Refer to Section V for further information 
on the Resistance Load card. 

2 -19 • INTERFACE CARDS. 

2-20. PURPOSE. The interface cards provide chan­
nels through which data is transferred between the 
Computer and the input/output devices, and provide 
control (via computer commands) of the input/output 
device operation. An interface card may contain up 
to 16 or more buffer flip-flops for temporary storage 
of data to be transferred to the Computer or the input/ 
output device. The number of buffer flip-flops on a 
particular interface card depends on the type of device 
connected to it. Other logic circuitry on the interface 
,card also depends on the device to which it is con­
nected. Certain devices are capable of interrupting 
the computer program while for others, this capability 
is not necessary; certain devices require control sig­
nals for movement of tape, etc., while others do not, 
and timing requirements for some devices must be 
provided on the interface card. For detailed infor­
mation on a particular interface card, refer to the 
applicable Interface Kit Operating manual. In some 
;cases, more than one interface card is required for 
an external device. 

2-3 
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Figure 2-3. Computer Plug-In Card Positions, Front View 

2-21. LOGIC ELEMENTS. Logic elements on the 
interface cards are provided by microcircuit packages 
which may contain more than one logic element and 
which are in n u m b ere d locations on the interface 
cards. The microcircuit package reference designa­
tions on the logic diagrams are preceded by MC. The 
number following MC corresponds to the numbered 
location of the package on the particular interface 
card. The individual elements of a package are further 
identified by a suffix letter. The Appendix in Volume 
Two provides logic diagrams for each of the micro­
circuit packages according to HP Part Number which 
is stamped on the microcircuit package. 

2-22. PIN ASSIGNMENTS. Referto Figure 2-4. One 
end of each interface card has 86 printed-circuit paths, 
43 on each side of the card. This end of the card plugs 
into a computer slot connector to transfer signals to 
and from the Computer. It is also keyed to prevent 
incorrect insertion. The circuit path positions cor­
respond to the pin positions of the slot connector. 
Odd-numberedpins 1 through 85 are on one side of the 
card as shown in Figure 2-4, and even-numbered pins 
2 through 86 are on the other side of the card. Pins 1 
and 2 are directly opposite each other on the card. 
Pin assignments for this end of the card are identical 

2-4 

for all interface cards to permit the placement of any 
card in any of the input/output slots of the Computer. 

2-23. The other end of most interface cards have 
48 printed-circuit paths, 24 on each side of the card. 
The plug connector of the interconnecting cable to the 
input/ output device plugs into this end of the card to 
transfer Signals to and from the device. The circuit­
path positions correspond to the pin positions of the 
plug connector. Pins 1 through 24 are on one side of 
the card as shown in Figure 2-4, and consecutively­
lettered pins A through BB (with letters G, I, 0 and Q 
deleted) are on the other side of the card. Pins 1 and 
A are directly opposite each other on the card. Also 
on this end of the card are two extractor handles to 
aid in the removal of the card from the Computer. 

2-24. Refer to Table 2-1 for a list of the pin connec­
tions and signals between the interface cards and the 
slot connectors. Although this table lists all of the 
pin assignments and Signals between the cards and the 
slot connectors, an individual interface card may not 
necessarily use all signals. Pin assignments and 
signals between an interface card and its input/output 
device is provided in each Interface Kit section of this 
manual. 

02809-1 
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Figure 2 .. 4., Interface Card Connectors 

2-25. II~PUT / OIUTPUT DEVICE SELECTION. 

2-26. Bits 0 through 5 of the Input/Output instruction 
form a Select Code to specify one of 64 possible input/ 
ouiput devices or functions. The Select Code is applied 
to the I/O Address card. This card decodes the 6-bit 
code and provides a two-digit octal code output. This 
output is transferred to the interface-card slot of the 
selected input/output device to permit program con­
trol of the device. Table 2-2 lists the Select Codes 
and their assignments, and indicates the corresponding 
interrupt location (i. e., the memory location con­
tai.ning the instrucUon to be executed when an interrupt 
occurs). Select Code 00 is the access to the master 
Interrupt System Enable Flip-Flop on the I/O Control 
card. Codes 01 through 07 are reserved for proces­
sor input/ouiput fu.nctions or options, as listed. Codes 
10 through 67 (octal) are used for selection of the 48 
possible input/ output devices and functions, each 
capable of causing an interrupt when used with the 
appropriate Extender Module. 

2-27. Fjlgure 2-3 illustrates the slots in the Com­
puter card cage which are for the plug-in interface 
cards associated wi th input/output operation. These 
slots are capable of accepting interface cards of two 
basic types. The first is the parallel data-transfer 
type inteJrface card. This interface card transfers 
data. information to and from the Computer in parallel 
groups of bits (8 or 16 bits at a time) and requires the 
use of only one of the two Select Codes assigned to 
each I/O slot. This is the type of interface card used 
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with most HP Accessory Kits. The second of the two 
interface card-types is the serial data-transfer inter-

'face card. This card transfers data information to 
and from the Computer in serial (one bit at a time) 
and normally requires that both of the Select Codes 
assigned to each I/O slot be used in order to control 
input and ouiput functions. When a serial-type inter­
face card is used, the I/O slot directly adjacent to it 
must contain a Priority Jumper card in order to 
maintain the priority continuity of the interrupt sys-

. tem. Since the I/O slot connector-wiring (on the 
Computer backplane) determines the Select Codes of 
each I/O slot, and interface cards can be inserted 
into any slot, each interface card assumes the two 
Select Codes of the slot into which it has been placed. 

: 2-28. INTERRUPT SYSTEM .. 

2-29. The Interrupt System provides the means for 
an external device to interrupt the program in prog­
gress when data is available or when additional output 
data can be accepted. Figure 2- 5 illustrates the re­
lationship between the Computer, the I/O Control and 
I/O Address plug-in cards, and typicalinterrupt logic 
on a particular interface card; Figure 2-5 is for 
interrupt-logic explanatory purposes only. Refer to 
Figure 2-6 for a chart of typical interrupt system 
timing. 

2-30. An interrupt request from an external device 
occurs when the following conditions are met: 

a. The Interrupt System is enabled. 

b. The Flag flip-flop of the specific device inter­
face card is set. 

c. The Control flip-flop of the speCific device 
interface card is set. 

d. No priority-affecting instruction (STF, CLF, 
STC and CLC), JSB, I instruction or JMP, I instruc­
tion is in progress. 

e. No higher-priority devices satisfy the condi­
tions of steps ''b'' and "c". 

,2-31. INTERRUPT SYSTEM ENABLE-DISABLE. 

2-32. The computer program determines ifinterrupt 
:requests from the external devices will be recognized. 
This is accomplished by enabling or disabling the 
Interrupt System Enable flip-flop on the I/O Control 
~ard. A set Flag (STF) instruction with a Select Code 
,of 00 (octal) sets the FF and enables the interrupt 
system. A Clear Flag (CLF) instruction with a Select 
Code of 00 (octal) resets the flip-flop and disables the 
interrupt system. 

2-33. When Computer power is initially turned on, 
pressing the POWER pushbutton automatically resets 
the Interrupt System Enable flip-flop, disabling the 
interrupt system. Initial turn-on also resets all Con­
trol flip-flops on the interface cards to prevent input/ 
output devices from running when power is applied, 
and sets all Flag Buffer and Flag flip-flops on the 
interface cards. Therefore, to operate any device, it 
is first necessary to set the Interrupt System Enable 
flip-flop, reset the individual Flag Buffer and Flag 
flip-flops, and set the individual Control flip-flop. 

2-5 
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Table 2-1. Interface Card-to-Computer Pin Connections 

PIN SIGNAL 

1 Ground 
3 PRL: Priority Low 
5 SFC: Skip Flag Clear (Skip next instruction 

if Flag FF is reset) 
7 CLF: Clear (reset) Flag FF 
9 STF: Set Flag FF 

11 T3(B): Machine phase time T3 (Buffered) 

13 CRS: Control Reset 

15 IOG(B): I/O Group instruction (Buffered) 

17 POPIO(B): Power On Preset I/O (Buffered) 
19 SRQ: Service Request 
21 CLC: Clear (reset) Control FF 
23 PRH: Priority High 
25 SFS: Skip Flag Set (Skip next instruction 

if Flag FF is set) 
27 lOBI 8: I/O Bus Input, Bit 8 
29 lOBI 1: I/O Bus Input, Bit 1 
31 lOBI 10: I/O Bus Input, Bit 10 
33 IRQH: Interrupt Request, Higher Select 

Code 
35 lOBO 0: I/O Bus Output, Bit 0 
37 HSCM: Higher Select Code Most Significant 

Digit 
39 +4. 5 volts 
41 lOBO 2: I/O Bus Output, Bit 2 
43 +12 volts 
45 lOBO 3: I/O Bus Output, Bit 3 
47 -2 volts 
49 FLGH: Flag signal, Higher Select Code 
51 lOBO 5: I/O Bus Output, Bit 5 
53 lOBO 6: I/O Bus Output, Bit 6 
55 lOBO 11: I/O Bus Output, Bit 11 
57 lOBO 12: I/O Bus Output, Bit 12 
59 LDS: Load Switch 
61 lOBO 13: I/O Bus Output, Bit 13 
63 (Not Used) 
65 lOBO 14: I/O Bus Output, Bit 14 
67 (Not Used) 
69 -12 volts 
71 (Not Used) 
73 lOBO 16: I/O Bus Output, Bit 16 
75 (Not Used) 
77 lOBI 4: I/O Bus Input, Bit 4 
79 lOBI 13: I/O Bus Input, Bit 13 
81 lOBI 6: I/O Bus Input, Bit 6 
83 lOBI 15: I/O Bus Input, Bit 15 
85 Ground 

PIN SIGNAL 

2 Ground 
4 FLGL: Flag signal, Lower Select Code 
6 IRQL: Interrupt Request, Lower Select 

Code 
8 lEN: Interrupt Enable 

10 IAK: Interrupt Acknowledge 
12 SKF: Skip Flag (Skip next instruction if 

SFS or SFC test is true) 
14 LSCM: Lower Select Code Most Significant 

Digit 
16 LSCL: Lower Select Code Least Significant 

Digit 
18 lOBI 16: I/O Bus Input, Bit 16 
20 100: I/O Output 
22 STC: Set Control FF 
24 101: I/O Input 
26 lOBI 0: I/O Bus Input, Bit 0 

28 lOBI 9: I/O Bus Input, Bit 9 
30 lOBI 2: I/O Bus Input, Bit 2 
32 SIR: Set Interrupt Request 
34 HSCL: Higher Select Code Least Signifi­

cant Digit 
36 +30 volts, unregulated 
38 lOBO 1: I/O Bus Output, Bit 1 

40 +4. 5 volts 
42 lOBO 4: I/O Bus Output, Bit 4 
44 +12 volts 
46 ENF: Enable Flag 
48 -2 volts 
50 RUN 
52 lOBO 7: I/O Bus Output, Bit 7 
54 lOBO 8: I/O Bus Output, Bit 8 
56 lOBO 9: I/O Bus Output, Bit 9 
58 lOBO 10: I/O Bus Output, Bit 10 
60 lOBI 11: I/O Bus Input, Bit 11 
62 (Not Used) 
64 lOBI 3: I/O Bus Input, Bit 3 
66 (Not Used) 
68 (Not Used) 
70 -12 volts 
72 (Not Used) 
74 lOBO 15: I/O Bus Output, Bit 15 
76 (Not Used) 
78 lOBI 12: I/O Bus Input, Bit 12 
80 lOBI 5: I/O Bus Input, Bit 5 
82 lOBI 14: I/O Bus Input, Bit 14 
84 lOBI 7: I/O Bus Input, Bit 7 
86 Ground 

NOTE: Pins 1 & 2, 39 & 40, 43 & 44, 47 & 48, 69 & 70, and 85 & 86 connected together on Slot Connector 
and on Interface Card. 

2-34. INTERRUPT SYSTEM OPERATION. 

2-35. When the external device has completed its 
operation, it generates a Device Flag signal to the 
Interface-card Flag Generator which sets the Flag 
Buffer flip-flop (see Figure 2-5). The output of the 
Flag Buffer flip-flop, in conjunction with the ENF 
(Enable Flag) signal from the I/O Control card during 

2-6 

time T2 (Figure 2-6) causes "and" gate A to set the 
Flag flip-flop. The Flag flip-flop output is "anded" at 
gate B with the output of "nand" gate C. The gate C 
output is true when the Control flip-flop is set and 
when the lEN (Interrupt Enable) signal is received 
from the I/o Control card during time T3. Unless the 
Control flip-flop is set by aSet Control (STC)instruc­
tion, an interrupt request cannot occur. 
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Table 2-2. Select Code Assignments 

~LECT SF 
( :ODE 

(0 ICTAL) 

00 
01 
02 
03 
04 
05 
06 
07 
10 

thru 
67 
70 

thru 
77 

INTERRUPT 
LOCATION 

None 
None 
None 
None 
00004 
00005 
00006 
00007 
00010 
thru 

00067 
00070 
thru 

00077 

2-36. The Control flip-flop is set under program 
control and therefore, is set at T4 time of a machine 
cycle. The STC instruction is enabled to the Control 
flip-flop by the SCM (Select Code Most Significant 
digit) and. SCL (Select Code Least Significant digit) 
signals from the I/O Address card, and the IOG(B) 
(I/O Group instruction, Buffered) signal from the I/O 
Control card. The SCM and SCL signals are enabled 
on the individual interface card by the IOG(B) signal 
which occurs when the instruction to be performed is 
an I/O Group instruction. When the Control flip-flop 
sets, a true input is applied to "and" gate C. The 
inputs to '/land" gates Band C are then true and gate B 
applies a true output to inverting "or" gate D. The 
false output of gate D disables "and" gate E, making 

DEVICE 
FLAG SIGNAL 

ENF 

STF 

ClF 
COMMAND AND 

I/O IMING SIGNALS CONTROL 
CARD 

lEN 

BASIC 
COMPUTER ESR 

SERVICE REQUES 
ADDRESS 

SCM 

NTERRUPT SIGNAL 
IIO 

SCl 

6-BIT ADDRESS 

SELECT CODE 
CARD 

STC 

CLC 

ASSIGNMENT 

Interrupt System Disable/Enable 
Switch Register or Overflow 
DMA Channel 1 Initialize 
DMA Channel 2 Initialize 
Power Fail Interrupt/Central Interrupt Load 
Memory Protect/Parity Error Interrupt 
DMA Channell Completion Interrupt 
DMA Channel 2 Completion Interrupt 
I/O Device, Highest Priority 

thru 
I/O Device, Lowest Priority 

Not wired in the HP 2150B Extender 

the priority network bus to the lower-priority devices 
false. This prevents any device of lower priority 
from requesting an interrupt. 

2-37. At the same time that gate B applied a true 
signal to gate D, it also applied the same true signal 
to "and" gate F. The priority network signal to gate F 
will be true if an interface card (device) of higher 
priority than the one represented in Figure 2-5 is not 
requesting an interrupt. In this case, the true output 
of gate F is combined with the SIR (Set Interrupt 
~equest) signal from the I/O Control card at time T5 
and the output of the set Flag Buffer flip-flop to pro­
vide a true output from "and If gate G. The gate G out­
put sets the mQ (Interrupt Request) flip-flop. 

FROM HIGHER 
PRIORITY DEVICE 

-------------
INTERFACE CARD 

I 
IAK 

L-.:...:.-....J-+-t--F'.I. ...... IRQ 

TO LOWER 
)..-------------t--+-PRIORITY 

DEVICE 

Figure 2-5. Typical Interrupt Logic 
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2-38. The ffiQ flip-flop outputs provide the Flag 
signal and the ffiQ signal to the I/O Address card. 
(The IRQ signal is obtained by the inversion of the 
false reset-side output of the IRQ flip-flop by inverting 
"or" gate H.) The Flag signal is "anded" in the I/O 
Address card with the Enable Service Request (ESR) 
signal from the I/O Control card to form an interrupt 
signal. However, the ESR signal is false for the re­
mainder of the machine cycle during which an instruc­
tion occurs that affects device priorities (STC in 
Figure 2-6) as determined by the I/O Control card. 
At time T2, the IRQ flip-flop is reset by the ENF 
signal to allow a higher-priority device to request an 
interrupt. If the Control flip-flop is still set and no 
higher-priority devices have requested an interrupt, 
the ffiQ flip-flop will again be set at time T5 (SIR). 
The Flag and IRQ signals are again sent to the I/O 
Address card. The signals are used to form a 6-bit 
Service Request Address which is enabled to the Com­
puter at time T7 of the Interrupt Phase. The Flag 
signal and the now-true ESR signal cause the Interrupt 
signal (INT) to be sent to the Computer. This signal 
causes an interrupt at the end of the current machine 
phase, switching the Computer into the Interrupt Phase, 
except when any of the following conditions occur: 

a. The Computer is in the HALT mode. 

b. A Jump Indirect (JMP ,I) or a Jump to Sub­
routine Indirect (JSB, I) instruction is not fully exe­
cuted. (These instructions inhibit all interrupts until 
fully executed for any number of indirect levels of 
addressing. At the earliest, an interrupt request 
will be granted at the end of the machine phase 
immediately following one or more JMP, I or JSB, I 
instructions. ) 

c. Direct Memory Access (DMA) option is in 
process of transferring data. Exception: The Power 
Fail Interrupt can interrupt a DMA transfer. 

d. A STC, CLC, STF or CLF machine cycle is 
being executed. 

2-39. INTERRUPT PROCESSING. 

2-40. During the Interrupt Phase, the Computer 
decrements the P-Register by one to ensure that the 
proper location in the main program will be returned 
to after the interrupt is processed. Also, the Com­
puter places the Service Request Address (which is 
always equal to the Select Code of the interrupting 
device) from the I/O Address card into the M-Register 
at time T7. This causes the next instruction to be read 
from the memory location having the same number as 
the Service Request Address (Select Code) during the 
Fetch phase (Phase 1). This location in memory is 
referred to as the "interrupt location" and is reserved 
for that particular device. Example: A device speci­
fied by a Select Code of 10 will interrupt to (i.e., cause 
execution of the contents of) memory location 00010. 
At time T3 of Phase 4, the interrupt system is in­
hibited by the false Enable Service Request signal 
until the Fetch phase following the execution of the 
instruction at the interrupt location. This prevents 
interrupts from occurring until at least one instruction 
has been executed (except in the case of JMP, I and 
JSB,I instructions), which may be more than one 
instruction. 
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2-41. At time Tl of Phase 1 the IAK (Interrupt 
Acknowledge) signal from the I/O Control card and 
the set-side output of the IRQ flip-flop resets the Flag 
Buffer flip-flop through "and" gate J (Figure 2-5). 
Since the set-side output of the Flag Buffer flip-flop 
is applied to "and" gate G,. resetting the flip-flop 
prevents the setting of the IRQ flip-flop and causing 
another interrupt from the same Flag Signal at time 
T5 of Phase 1 when the SIR Signal is again applied to 
gate G. (The Flag Buffer flip-flop can also be reset 
by a programmed CLF (Clear Flag) instruction.) 
During time T2, the ENF signal resets the IRQ flip­
flop. The Computer fetches the instruction in the 
interrupt location which will usually be a jump to a 
subroutine (JSB) instruction. The contents of the P­
Register plus one is stored in the first location (X) of 
the subroutine. (Since the previous contents o~ the 
first memory location are destroyed when P + 1 is 
stored, the first instruction of the subroutine should 
always be a no-operation (NOP) instruction or equi­
valent.) The location of the subroutine (X + 1) is placed 
in the P- and M-Registers, and the Computer resumes 
normal subroutine operation. Thus, the instruction at 
location X + 1 is the first instruction of the subroutine 
to be executed. The contents of the working-registers 
thatwere in use in the main program should be stored 
when entering the subroutine and restored before exit 
from the subroutine. The exit from the subroutine is 
made with a JMP, I to location X. This places the 
address of the interrupted program instruction in the 
P- and M-Registers and normal program op.eration 
resumes. 

2-42. INTERRUPT PRIORITY. 

2-43. PRIORITY ASSIGNMENTS. A priority network 
on the I/O slots allows only one external device at a 
time to interrupt the computer program regardless of 
the number of devices requesting an interrupt. The 
priority network gives highest priority to Select Code 
04, reserved for Power Fail Interrupt, and decreasing 
priority to the remaining Select Codes in order from 
05 to 67 (see Table 2-2). (See Figure-2-8, INTERRUPT 
PRIORITY CONTINUITY.) Select Code 05 is reserved 
for both the Memory Protect and Parity Error options. 
Either one, or both, of these options may be used but 
they always share the same Select Code of 05. When 
neither one of these two options (Memory Protect or 
Parity Error) is installed, jumper W3 on the I/O 
Control card (slot 201 of the computer card cage) 
must be installed in order to maintain priority contin­
uity (see Figure 2-8). Select Codes 06 and 07 are 
reserved for the DMA (Direct Memory Access) option 
Channell and Channel 2, respectively. When theDMA 
option is installed, jumper W2 on the I/O Control card 
must be removed. The DMI (Direct Memory Incre­
ment) option may be used in place of the DMA option 
Channel 1 and utilizes Select Code 06 only (see Fig­
ure 2-8). When the DMI option is installed, jumper 
Wl on the I/O Control card must be removed. All 
I/O slots from Select Code 10 ascending thru 67 may 
be used for I/O devices as desired by the computer 
user. The interrupt priority assignments of the I/O 
slots remain fixed but since any interface card can be 
inserted into any I/O slot, the interrupt priority of a 
gi ven device can be easily changed by inserting the 
device interface card into another I/O slot. 

02809-1 



MACHINE TIME 

I:" ~I r 
'- 1'01 I 

STF pi 

lEN 

SIR 

DEVICE FLAG 
SIGNAL 

FLAG FF 

STC 

PRL 

IRQ SIGNAL 

FLAG SIGNAL 

ENABLE 
SERVICE REQUEST 

INTERRUPT SIGNAL 

IAK 

lOG 

SPC 

SET PHASE 

TO Tl 

200 L 
nSEcl-

STF 9J 
T2 T3 T4 T5 T6 T7 

I 

l STF INHIBITS : 
l"ENABlE SERVICE REQUEST", 

TO Tl 

TS 

NOTES: 

* EXCEPT STF, ClF, STC,CLC, JMP I, AND JSB I. * * EXECUTE IF A SINGLE CYCLE INSTRUCTION. 

Model 2116B 
Volume Three 

STC (ANY JNSTRUCTION * ) INTERRUPT PHASE 4 
T2 T3 T4 T5 T6 T7 TO Tl T2 T3 T4 T5 T6 T7 TO Tl T2 T3 T4 T5 T6 

TS 

I I 
I STC INHIBITS I 

"l ENABLE SERVICE REQUEST~ II I NTERRUPT SIGNAL 
TO COMPUTER 

FETCH OR 
EXECUTE ** 
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Figure 2-6 

Figure 2-6. Typical Interrupt System Timing 
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2-44. PRIORITY NETWORK OPERATION. As shown 
in Figure 2-7, pdority is established by a hardware­
implemented priority chain. The "and-or" gates il­
lustrated in Figure 2-7 are identified by letters and 
correspond to those used in Figure 2-5. The true­
false logic levels for an interface card which is not 
requesting an interrupt are illustrated on the first 
interface card (Select Code 11) with the Interrupt 
System enabled (lEN input is true). Also, the PRH 
(Priority High) signal is true, indicating that a device 
of higher priority is not requesting an interrupt. ill 
this case, the "chain" is not broken and a true PRL 
(Priority Low) signal is available to the next interface 
card (Sellect Code 12) as a true PRH signal to that card. 

2-45. If the output logic portion of the interface card 
with Select Code 12 in Figure 2-7 requests an inter­
rupt, all inputs to "and" gate B will be true. Inverting 
"or" gatie D will then apply a false input to "and" 
gate E. The output of gate E is then false, breaking 
the "chain", and preventing any interface card of 
lower priority from interrupting the computer pro­
gram. A service subroutine can then be entered to 
process ithe interrupt of the output logic. 

2-46. A service subroutine of any device can be 
interrupted by ahigher-priority device; then after the 
higher-plriority initerrupt subroutine is completed, the 
lower-priority subroutine may continue. In this way, 
several service subroutines may be in a state of 
interruption at one time. Each will be permitted to 
continue when the next higher priority subroutine is 
completed. 

Section IT 
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2-47. Interrupt priority can also be program con­
trolled. Since an interrupt cannot occur unless the 
Control flip-flop of the interface card is set, all 
Control flip-flops on interface cards of higher priority 
than the one desired can be reset by a Clear Control 
(CLC) instruction. This prevents those interface cards 
from requesting an interru.pt and es tablishes the de­
sired device as the highest-priority device. 

~-48. INTERRUPT PRIORITY CONTINUITY. 

~-49. Figure 2-8 illustrates the continuity of the 
iinterruptpriority network for all possible input/output 
interface cards andprocessor option cards capable of 
interrupting the Computer. 

~-50. Since the Power Fail Interrupt (Select Code 04) 
i~ assigned the highest priority, it can interrupt the 
¢omputer (as also can the Memory Protect/Parity 
Error and the Direct Memory Increment options) 
Itegardless of the state of the Interrupt System Enable 
f~p-flop. For all other interface cards and options, 
the flip-flop must be set before an interrupt can occur. 
When an interface card requests an interrupt, its 
f~lse PRL signal is applied to the next interface card 
~s a false PRH Signal to prevent it from requesting an 
ipterrupt. This sequence continues from card to card 
qntil the last interface card receives a false PRH 
signal. When an interrupt request occurs, the PRL­
Jl>RH switching sequence proceeds to the next card and 
~lso to the "and" gate following the group of eight 
dards in which the interrupt request occurs. The 
false input to the "and" gate causes a false lEN output 
and all following interface cards are quickly disabled. 

CAROl POSITION 204 CARD POSITION 20$ CARD POSITrON 206 

FROM INTI::RFACE CAHD, 
SELECT CODE 10 ,-------------
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I B 
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I 
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2-51. The Memory Protect and Parity Error options 
share Select Code 05 as they are connected in parallel 
in the interrupt priority chain (see Figure 2-8). If 
either one of these options is installed in the Com­
puter, Select Code 05 is operative. If either of the 
options is installed, it is necessary to remove jumper 
W3 on the I/O Control card (Figure 2 - 8) in order to 
maintain interrupt priority continuity. 

2 .. 52. EXTENDElt MODULES. 

2-53. To increase the number of I/O Channels from 
16 or to extend the computer memory from 16K 
(16,384 words), :it is necessary to use one of two 
available extender modules. The HP 2151A Extender 
Module provides an additional 16 slots of I/O only and 
requires the HP 12596A Interface Kit, in order to be 
used with the HP 2116B Computer. It is easily in­
stalled by the use of interconnecting cabling and 
contains its own internal power supply. TheHP 2150B 
Extender Module provides the Computer with the 
capability for an additional 32 slots of I/O and an 
additional 8K or 16K of memory and also contains its 
own internal power supply. The additional capabilities 
provided by the HP 2150B Extender Module are de­
pendent upon which of several extender options are 
incorporated within the basic extender module unit. 
The options are as follows: 

a. Qption 01: This option comprises four plug-in 
cards and two interconnecting cables which are re­
quired for the operation of the interface cards (up to 
32) added to the extender module. 

Section II 
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b. Option 02: This option comprises an8K mem­
ory module, a set of plug-in memory addressing 
cards, and two interconnecting cables. When combined 
wi th the 16K memory in the basic computer, this option 
gives a combined memory size of 24K (24,576 words). 

c. Option 03: This option comprises a second 8K 
memory module, and set of memory addressing cards 
in addition to the 8K of Option 02. With Options 02 and 
03 installed, the HP 2116B Computer and HP 2150B 
Extender Module combined provide the computer user 
with 32K (32,768 words) of memory. 

2-54. POWER SUPPLY REQUIREMENTS. 

2-55. When using certain combinations of I/O de­
vices which have high current requirements, the 
Computer internal power supply may be inadequate. 
In order to furnish the necessary additional power, a 
HP 2160A Power Supply Extender must be used. The 
HP 2160A Power Supply Extender is a physically self­
contained unit that is connected to the HP 2116B 
Computer by the use of two interconnecting cables. 
When connected, thepower supply extender is aslaved 
extension of the computer power supply and provides 
an additional 20 amperes at +4. 5V and 10 amperes at 
-2V. If desired, the power supply extender may be 
mounted in a standard 19-inch vertical mounting rack. 

2-56. Table 2-3 lists the current available from the 
Computer power supply and from the combination of 
Computer power supply and HP 2160A Power Supply. 
The current available for options in Table 2-3 is 

Table 2-3 . Internal/External Power Supply Requirements 
....-. 

REQUIREMENTS 
SUPPLY CURRENTS (AMP) 

+12V -12V -2V +4.5V 
~. 

CURRENT AVAILABLE FROM POWER SUPPLIES 

Compub~r Power Supply 3 3 22.5 *22.5 
ComputE~r and HP 2160A Power Supplies 3 3 32.5 **32.5 

CURRENT REQUIRED BY COMPUTER WITH NO 
PROCESSOR. OR INPUT/OUTPUT OPTIONS 

Compub~r with 8K Memory 540 ma 600 ma 15.2 26.4 
Computer with 16K Memory 1.0 1.1 15.7 28.4 

CURRENT AVAILABLE FOR OPTIONS 

Computer with 8K Memory 2.5 2.4 7.3 ***11. 3 
Computer with 16K Memory 2.0 1.9 6.8 *** 9.8 
Computer with 8K Memory and HP 2160A 

Power Supply Extender 2.5 2.4 17.3 ***21. 3 
Computer with 16K Memory and HP 2160A 

Power Supply Extender 2.0 1.9 16.8 ***19.8 

NOTES: * Plus the current drawn from the -2V supply by the Computer with memory and options. 
Maximum available from +4. 5V supply is 45 amperes. 

** Plus the current drawn from the -2V supply by the Computer with memory and options. 
Maximum available from +4. 5V supply is 65 amperes. 

*** Plus the current drawn from the -2V supply by the selected options. 
--.-----------------------------------------------------------------------------------------~ 
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obtained by subtracting the current required by the 
Computer from the current available from the power 
supplies. Table 2-4 lists the current required by the 
processor and input/output options. To determine if 
the Computer power supply is adequate for the options 
to be used with the Computer or if a HP 2160A Power 
Supply must be added, proceed as follows: 

a. Refer to Table 2-4 and add the currents re­
quired in each of the +12V, -12V, -2V, and +4.5V 
columns for the selected options. 

b. Add the sum of the -2V supply currents ob­
tained in step "a" to the value in the +4. 5V column of 
Table 2-3 for a Computer with an 8K or 16K memory 
(as applicable) under the CURRENT AVAILABLE FOR 
OPTIONS title. Record this new sum. 

c. Again refer to the currents listed for a Com­
puter with 8K or 16K of memory (as applicable) under 
the CURRENT AVAILABLE FOR OPTIONS title in 
Table 2-3. If any of the individual +12V, -12V, or -2V 
supply current sums of step "a" are higher than those 
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listed, or if the +4. 5V supply current sum is higher 
than that recorded in step "b", an HP 2160A Power 
Supply is required. The current sums cannot then 
exceed those listed for a Computer with an 8K or 16K 
memory (as applicable) and an HP 2160A Power 
Supply. The HP 2160A Power Supply provides only 
-2V and +4. 5V and does not supply +12V or -12V. 

2-57. INTERFACE KITS. 

2-58. Interface Kits for the HP 2116B Computer 
system provide the necessary interface cards, pri­
ority jumper cards, and cable for connection of 
external equipment to the Computer. The necessary 
software for driving the specific peripheral device, 
and the device diagnostic-program tape are also 
provided. The kits are identified by a 5-digit acces­
sory number, a suffix revision letter, and a functional 
name (e.g., 12531B Teleprinter Input/Output). Avail­
able interface kits, identified in this manner, are 
listed on the Accessory Kit Ordering Information 
sheet that accompanies each HP 2116B Computer 
Technical Data Sheet. 

Table 2 -4. Current Required by Options 

OPTIONS 
SUPPLY CURRENT 
REQUIRED (AMP) 

PROCESSOR OPTIONS +12V -12V -2V +4.5V 

12578A Direct Memory Access 0.00 0.00 0.72 6.20 
12579A Extended Arithmetic Unit 0.00 0.00 3.30 4.A38 
12581A Memory Protect 0.00 0.00 0.90 1. 92 
12582A Direct Memory Increment 0.00 0.00 0.12 2.04 
12588A Power Fail with Auto Restart 0.06 0.04 0.00 0.00 
12591A Memory Parity Check 0.00 0.00 0.5 0.91 

INPUT / OUTPUT OPTIONS 

12531B Teleprinter Input/Output, Buffered 0.05 0.10 0.05 0.76 
12532A High-Speed Punched Tape Input 0.03 0.01 0.48 1.10 
12533A Digital Voltmeter Program Output (2401C) 0.00 0.30 0.24 0.42 
12535A Crossbar Scanner Program Output 0.01 0.04 0.84 1.10 
12536A High-Speed Punched Tape Output 0.01 0.01 0-.30 0.72 
12537A Incremental Magnetic Tape Output 0.00 0.06 0.48 0.90 
12538A Magnetic Tape Input/Output (7 Channel) 0.09 0.18 4.20 6.00 
12539A Time Base Generator 0.01 0.00 0.42 1.10 
12540A Data-Phone Interface (103A) 0.11 0.05 0.90 1.40 
12541A Digital Voltmeter Data Input (2401C 0.05 0.01 0.30 0.96 
12543A and 3440A) 
12544A Counter/Thermometer Data Input (8 Digits) 0.05 0.01 0.30 0.96 
12548A Counter Data Input (4,5,6, & 7 Digits) 0.05 0.01 0.30 0.96 
12550A Digital Voltmeter Program Output (2411A) 0.00 0.06 0.30 0.42 
12551A Relay Output Register (no Interrupt) 0.24 0.00 0.39 0.60 
12551B Relay Output Register (with Interrupt) 0.18 0.02 0.90 0.08 
12554A Duplex General Purpose Register 0.24 0.01 0.48 2.40 
12555A Digital-to-Analog Converter 0.25 0.30 0.90 2.00 
12556A 40- Bit Output Register 0.07 0.00 0.06 0.80 
12559A 9 Channel Magnetic Tape Input/Output 0.18 0.18 0.24 2.58 
12561A Disc Memory Interface 0.00 0.00 0.24 2.40 
12564A 10-Bit A-to-D Converter 0.15 0.22 0.09 0.90 
12566A Microcircuit Interface 0.00 0.00 0.05 1.10 
12596A HP 2151A I/O Extender Interface 0.00 0.00 3.00 0.80 
12597A 8-Bit Duplex Register (Positive-True) 0.18 0.02 0.80 0.05 

8-Bit Duplex Register Option 2 (Negative-True) 0.04 0.18 0.80 0.06 
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SECTION III 

I/O CONTROL CARD 

3-2. This section provides theory of operation 
information for the I/O Control card (HP Part No. 
02116-6041). The card is of standard interface-card 
size and plugs into Position 201 on the left side of the 
input/ ou~put slots of the Computer. The slot connector 
transfers signals to and from the card; no additional 
cabling is required. The card output signals are 
transferred to all interface cards in the Computer, in 
parallel, through the interface-card slot connectors. 
The main function of the I/O Control card is to control 
the interrupt system. Certain clock signals, reset 
signals, and selection of the Switch Register and the 
Overflow bit of the Computer are also provided by the 
I/O Control card. 

3-3. TIHEORY (OF OPERATION. 

3-4. COMPUTEH POWER-ON. 

3-5. When power is initially applied, the Computer 
is set to the HALT mode of Phase 1. At this time, 
the POPIO signal (Figure 3-3) is received at pin 63 of 
the I/O Control card. This signal is present for 100 
milliseconds. (With power on, pressing the Computer 
PRESET switch applies the POPIO signal to the I/O 
Control card for as long as the switch is pressed.) 
The POPIO signal occurs at time T5 of Phase 1. 
When the POPIO signal drops, the Computer is still 
in Phase 1 and the initial conditions have been estab­
lished for proper interface card operation. The POPIO 
signal performs the following functions which are de­
scribed in Paragraphs 3-6 through 3-9. 

a. Dilsables the Interrupt System .. 

b. Provides a false Enable Service Request signal 
to the I/O Address card. 

c. Sets the Flag Buffer and Flag flip-flops and 
resets the IRQ flip-flops on all interface cards. 

d. RI~sets the Control flip-flop on all interface 
cards. 

3-6. Disables the Interrupt System: The POPIO 
signal resets the Interrupt System Enable flip-flop 
(MC66) through diode CR1, disabling the interrupt 
system. (The flip··flop, consists of two inverting "or" 
gates which are connected such that the flip-flop can 
be reset by a true Signal to either the reset-side input 
of the reset-side output of the flip-flop. 

NOTE 

Table3-1 lists the part numbers of the 
microcircuit pac k age s identified in 
Fi.gure 3-3 by reference deSignations 
preceded by MC. The Appendix in Vol­
ume Two contains logic diagrams of the 
microcircuit packages according to part 
nu.mber. 
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3-7. Provides a False Enable Service Request 
Signal: When the Interrupt System Enable flip-flop 
was reset, the true reset-side output of the flip-flop 
is applied to the input of inverting "or" gate MC27A 
through diode CR3. The output of gate MC27 A is a 
false Enable Service Request Signal to the I/O Address 
card. This prevents the I/O Address card from 
sending an Interrupt Signal to the Computer which 
would switch the Computer into the Interrupt Phase, 
Phase 4. 

3-8. Sets the Flag Buffer and Flag Flip-Flops and 
Resets the IRQ (Interrupt Request) Flip- Flop: The 
POPIO signal forms the bu f fer e d POPIO Signal 
(POPIO(B», through "and" gate MC86A, to set the 
Flag Buffer flip-flop on all interface cards. At time 
T2, the T2 clock signal to the I/O Control card 
(through "and" gate MC87B) forms the ENF Signal. 
This signal resets the IRQ flip-flop on the interface 
cards and, with the set Flag Buffer flip-flop output, 
sets the Flag flip-flop on all interface cards. 

3-9. Resets the Control Flip-Flop: The POPIO sig­
nal forms the CRS Signal through "and" gate MC87A, 
to reset the Control flip-flop on all interface cards 
and to reset the Interrupt Control flip-flop (MC26) 
through diode CR2 on the I/O Control card. (The CRS 
Signal can also be programmed by a CLC instruction 
with a Select Code of 00 (octal); see Paragraph 3-20.) 
Resetting the Control flip-flops prevents an interrupt 
from occurring when the interrupt system is initially 
enabled (Interrupt System Enable flip-flop on the I/O 
Control card gets set). Resetting Interrupt Control 
flip-flop MC26 ensures a false Enable Service Request 
signal to the I/O Address card when the POPIO Signal 
drops. This prevents an interrupt from occurring 
until after time T7 of the first machine phase after the 
POPIO Signal drops to permit the execution of at least 
one program instruction. (The reset-side output of 
the Interrupt Control flip-flop enables "and" gate 
MC35B to form the IAK signal at time T1 of Phase 1; 
the IAK signal has no affect on the interface cards 
during the presence of the POPIO signal.) 

3-10. SIR SIGNAL. 

3-11. At each T5 clock time, the T5 Signal is sent to 
the I/O Control card by the Computer (Figure 3-3). 
After being applied to gate MC57B, this signal is 
applied to all interface-card siot connectors as the 
SIR (Set Interrupt Request) Signal. The SIR signal 
enables setting of the IRQ (Interrupt Request) flip­
flop on all interface cards in order to provide Flag 
and IRQ signals to the I/O Address card during an 
interrupt request. This signal is also applied to the 
set input of the PH4/5 SYNC 2 flip-flop (MC56) on the 
I/O Control card causing the flip-flop to apply a true 
output signal to pin 6 of "and" gate MC47B. (For a 
detailed description of the PH4/5 SYNC 2 flip-flop 
circuit, refer to Paragraph 3-25, DMA Phase 5. ) 

3-1 



Section III 
Paragraphs 3-12 to 3-22 

3-12. PRIORITY-AFFECTING INSTRUCTIONS. 

3-13. Four instructions, STC CLC, STF, and CLF, 
affect the priority structure of the input/output de­
vices; whether a device can request an interrupt or 
not depends upon whether its interface-card Control 
flip-flop is set or reset (STC, CLC) or its Flag· flip­
flop is set or reset (STF, CLF). If an I/O device 
cannot request an interrupt, it is not recognized as 
being part of the interrupt priority structure. In this 
case, all succeeding I/O devices are effectively moved 
up the interrupt priority structure by one. 

3-14. The four instructions also inhibit all interrupt 
during the machine phase in which they occur, plus 
one machine cycle, by removing the ESR (Enable Ser­
vice Request) signal to the I/O Address card. This 
prevents interrqpts during JMP, I and JSB, I instruc­
tions (during entry and exit from subroutines. Also, 
a combination of two of the four instructions are 
normally the next-to-Iast instruction in a service 
subroutine processing an interrupt (the last being a 
JMP, I instruction to cause return to the main pro­
gram or to an address in another service subroutine). 
If another input/output device could interrupt imme­
diately after execution of these instructions (and 
before the JMP, I instruction), the possibility would 
exist that thefirst device may interrupta second time 
before the JMP, I instruction is performed. In this 
event, the first main-program address (or the other 
service-subroutine address) storedin the beginning of 
the service subroutine would be destroyed, preventing 
a return to the main program or to the other service 
subroutine. 

3-15. (Refer to Figure 3-3). Whenever any of the 
four instructions are programmed, the STC, CLC, 
STF, and CLF signals are received by the I/O Control 
card and applied to one of the MC77A through MC77D 
isolator gates. The applicable gate output is then a 
true input to "and" gate MC37C. The MC37C gate 
output becomes true on receipt of clock Signal TS 
(pin 27) and the lOG Signal at time T3 plus 80 nano­
seconds from "and" gate MC57A. 

3-16. The lOG Signal from the Computer is sent to 
the I/O Control card at time T3 of each machine phase 
that an I/O Group instruction is performed and is 
applied to one input of "and" gate MC57A. The other 
input to gate MC57A is the lOG signal which has been 
delayed by about 80 nanoseconds to eliminate any 
noise which may have been generated during its for­
mation. (The delay is caused by inverting "or" gates 
MC55A and MC55B, resistor R3, and capacitor C3.) 
At the end of the delay, gate MC57A provides a true 
output to "and" gate MC37C and a buffered lOG Signal 
to all interface card slots. The IOG(B) signal is an 
enabling Signal for the I/O Group instruction and the 
Select Code transferred to the selected interface card. 

3-17. The true output of gate MC37C is applied to 
"and" gate MC36B. The other input to gate MC36B is 
true due to the inversion of the false PH5 Signal by 
inverting "or" gate MC27B. The true output of "and" 
gate MC36B resets the Interrupt Control flip-flop. The 
true reset-side output of the Interrupt Control flip­
flop is applied to inverting "or "gate MC27A, removing 
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the Enable Service Request signal to the I/O Address 
card. Interrupt signals will not now be enabled to the 
Computer for the remainder of the current machine 
phase. 

3-18. At time T7 of the current machine phase, the 
STM Signal sets Interrupt Timing flip-flop MC16. At 
time TO, TS of the next machine phase, true TO and 
TS signals are applied to "and" gate MC36A. The true 
output of gate MC36A resets the Interrupt Timingflip­
flop. The set-side output of this flip-flop is applied to 
the Interrupt Control flip-flop which is set at time TO, 
TS by the trailing (negative-going) edge of the pulse 
output of the Interrupt Timing flip-flop. The false 
reset-side output of the Interrupt Control flip-flop is 
inverted by inverting "or" gate MC27A, providing a 
true Enable Service Request input to the I/O Address 
card, and enabling Interrupt signals to the Computer. 

3-19. RESETTING CONTROL FLIP-FLOPS. 

3-20. The Control flip-flop on all interface cards 
can be reset by the CLC instruction with a Select Code 
of 00. The CLC signal enters the I/O Control card at 
pin 75 and is applied to "and" gate MC76B, as shown 
in Figure 3-2. The other input to gate MC76B is from 
the output of "and" gate MC67C. This gate output is 
true when Select Code 00 (octal) is received at pins 36 
and 38, and the output of the lOG "and" gate MC57A is 
true. The true output of "and" gate MC76B then 
applies a CRS signal to all interface card slots via 
pin 65. The CRS Signal resets the Control flip-flop on 
the interface cards to prevent an interrupt request 
from any input/output device. 

3-21. PHASE OPERATION. 

3-22. INTERRUPT PHASE 4. During Phase 4 (In­
terrupt Phase), the PH4 signal and the T3 clock signal 
are received by the I/O Control card as shown in 
Figure 3-3. The T3 signal, after passing through 
"and" gate MC35A, is applied to "and" gates MC37A 
and MC36C as the T3 (B) (buffered time-T3) signal. It 
is also sent out of the I/O Control card at pin 81 to all 
I/O interface-card slot connectors. The PH4 input 
signal is also applied to "and" gates MC37A and 
MC36C. When the PH4 signal and the T3(B) signal are 
simultaneously applied to "and" gate MC37A as input 
signals, (during time T3 of a Phase 4), a true output 
signal from gate MC37A is applied to the Interrupt 
Control flip-flop (MC26) as a reset pulse. The re­
sulting true reset-side output signal of the flip-flop is 
inverted by inverting "or" gate MC27A and sent to the 
I/O Address card as a false ESR (Enable Service Re­
quest) signal. This action inhibits the INT (Interrupt) 
signal to the Computer until after the program counter 
steps (time T7 of Fetch Phase 1). The PH4 and T3(B) 
Signals are also Simultaneously applied to "and" gate 
MC36C at time T3 of Phase 4. This causes "and" gate 
MC36C to apply a true output signal to the direct-set 
input of the PH4/5 SYNC 1 flip-flop (MC46) which then 
applies its set-side true output signal to "and" gate 
MC47B. This signal, when true, remains in a true 
state as an input to "and" gate MC47B until the PH4/5 
SYNC 1 flip-flop is directly reset by the POPIO pulse 
or is clocked by the IAK (Interrupt Acknowledge) sig­
nal at time T1 of Fetch Phase 1. 
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3-23. PHASE 1 (FETCH). At time T2 of Phase 1 
(Fetch Phase), directly following the Interrupt Phase, 
the PH1 signal and clock signal T1 are applied as 
inputs to ''and'' gate MC37B. The true output of gate 
MC37B supplies one input of "and" gate MC35B. The 
other input to gate MC35B is the true reset-side out­
put of the Interrupt Control flip-flop. When both of 
these inputs are true, gate MC35B sends its true out­
put signal out of the I/O Control card to all interface­
card slots as the IAK (Interrupt Acknowledge) signal. 
This signal causes the Flag Buffer flip-flop on the 
Interface card whieh i nit i ate d the interrupt to be 
reset. The IAK signal is also applied to the PH4/5 
SYNC 1 flip-flop (MC46), on the I/O Control card, as 
a clock pulse. 

3-24. The Enable Service Request signal is inhibited 
during the time between an Interrupt Phase 4 and 
time T7 of the Fetch Phase of the instruction in the 
computer-memory interrupt location unless further 
disabled by a JMP, I or JSB, I instruction in that 
interrupt location. This ensures full execution of at 
least onE~ instruction before interrupts are again 
enabled. At time T7 of the Fetch phase, the STM 
signal sets the Interrupt Timing flip-flop. The flip-· 
flop is reset at time TO, TS of the next machine phase 
by the true output of "and" gate MC36A. The trailing­
edge output of the Interrupt Timing flip-flop sets the 
Interrupt Control :flip-flop at time TO, TS. The false 
reset-side output of the Interrupt Control flip-flop is 
inverted by gate MC27A, providing a true Enable Ser­
vice Request signal to the I/O Address card, and again 
allowing Interrupt signals to be sent to the Computer. 

3-25. PHASE 5. Phase 5 is a one-cycle suspension 
of normal computer operation which is caused by the 
DMA (Direct Memory Access) and the DMI (Direct 
Memory Increment) Computer options. Since it is not 
one of the normal machine cycles, Phase 5 must be 
requested by an option when the option is ready to 
operate. When Phase 5 is requested (always at time 
T6 of the machine cycle immediately preceding a 
Phase 5), the HIS (Hold Interrupt System) Signal is 
received by the I/O Control card. This signal is then 
applied to inverting "or" gate MC27A where it is in­
verted and sent to the I/O Address card as a false 
ESR signal (Paragraph 3-22). When Phase 5 begins 
actual operation ('rO of the Phase 5 machine cycle), 
the PH5 Signal is received by the I/O Control card 
and is applied to inverting "or" gate MC27B and to 
"and" gate MC45B. The resulting false output of in­
verting "or" gate MC27B is sent to the I/O Address 
card as the false Enable I/O Address (PH5) signal. 
The output of "and" gate MC45B during Phase 5 is 
dependent upon thE~ state of the output signal from the 
set-side of the PH4/5 SYNC 1 flip-flop (MC46) (Para­
graph 3-~~2). If Phase 5 has been immediately preceded 
by a Pha:se 4, pin 3 of "and" gate MC47B will receive 
a true input signal during all of Phase 5 from the 
PH4/5 SYNC 1 flip-flop. At time T5 of Phase 5, the 
sm (Set Interrupt Request) signal from "and" gate 
MC57B i:s applied as a true Signal to the set input of 
the PH4/5 SYNC 2 flip-flop (MC56). The resulting 
true output signal from the set-side of the flip-flop is 
then applied to pin 6 of "and" gate MC47B. This en­
ables "and" gate MC47B which then applies a true 
output signal to pi.n 8 of "and" gate MC45B. With the 
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PH5 Signal at pin 6 and the true output signal from 
"and" gate MC47B at pin 8, "and" gate MC45B is now 
enabled (time T5 of Phase 5). When this occurs, "and" 
gate MC45B applies a true output signal to the PH4 
line which distributes the signal, via Computer back­
plane wiring, to all Computer circuits normally re­
ceiving the PH4 signal. 

3-26. If a Phase 5 was not immediately preceded by 
a Phase 4, the input signal to pin 8 of "and" gate 
MC45B will be false throughout the entire Phase 5 
machine cycle. In this case, "and" gate MC45B will 
not apply a true signal to the Phase 4 backplane wiring 
during a Phase 5. 

3 -27 • SWITCH AND OVERFLOW 
SELECTION. 

REGISTER 

3-28. Select Code 01 m u s t be use d to enter the 
Computer SWitch Register setting into the A- or B­
Register when using Input/Output instructions LIA/ B 
and MIA/B. Select Code 01 must also be used with 
Input/Output instructions STO, CLO, SOC, and SOS to 
perform operations using the 1-bit Overflow Register. 
Select Code 01 causes the SCM(O) and SeL(1) Signals 
(Figure 3-3) to be applied to the I/O Control card 
"and" gate MC47C from the I/O Address card. The 
third input to gate MC47C is the IOG(B) signal, which 
became true at time T3. The true output of gate 
MC47C causes "and" gate MC76A to output the lOS 
signal. The lOS signal is sent to the Computer to 
enable the applicable SWitch Register or Overflow 
Register operations. 

3-29. INTERRUPT SYSTEM CONTROL. 

3-30. The set or reset condition of the Interrupt 
System Enable flip-flop (MC66) determines whether 
the interrupt system is "on" or "off", under program 
control. If the flip-flop is set, the lEN signals to the 
interface cards will enable interrupt requests; if the 
flip-flop is reset, the lEN signals are removed and 
interrupt requests will not be enabled. Initially, the 
interrupt system is disabled by the POPIO signal as 
descri bed in Paragraph 3 - 6. 

3-31. INTERRUPT SYSTEM ENABLE. If the inter­
rupt system is to function, the Interrupt System 
Enable flip-flop (Figure 3-3) must be set by a STF 
instruction with a Select Code of 00. When this is 
programmed, the SCM(O) and SLC(O) signals are re­
ceived by the I/O Control card (from the I/O Address 
card) and applied to "and" gate MC67C. The remaining 
input to gate MC67C is the true IOG(B) Signal. The 
true output of gate MC67C is "anded" with the STF 
signal at "and" gate MC67 A at time T3. The true out­
put of gate MC67A sets the Interrupt System Enable 
flip-flop. 

3-32. The ESR (Enable Service Request) Signal is 
produced when there is a false input to pin 1 or pin 2 
of inverting "or" gate MC27 A on the I/O Control card. 
The input to pin 1 is supplied by the HIS (Hold Interrupt 
System) signal (pin 4 of I/O Control card), the reset 
output signal from pin 13 of the Interrupt System En­
able flip-flop (MC66), or the POPIO (Power On Pulse 
to I/O) signal. The input to pin 2 of gate MC27A is the 
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reset output signal from the Interrupt Control flip-flop 
(MC26). When present, the ESR signal is applied to 
pin 21 of the I/O Address card from pin 21 of the I/O 
Control card. 

3-33. Refer to Figures 3-1 and 3-3. The true set­
side output signal of the Interrupt System Enable flip­
flop (MC66) is applied to "and" gate MC86B and also 
out pin 10 of the I/O Control card as the IEN(6) (Inter­
rupt Enable, Select Code 06) signal. Pin 10 sends 
this signal, via Computer backplane wiring, to the 
interface-card slot con n e c tor s which have Select 
Codes 05 and 06 and also back into the I/O Control 
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card at pin 5 where it is applied to "and" gate MC17B. 
The Power Fail Interrupt card uses Select Code 04 
and has the highest priority in the interrupt system. 
The Power Fail card generates the PRL(4) signal 
(Priority Low, Select Code 04) signal which is applied 
to the two interface-card slots using Select Code 05 as 
the PRH(5) (Priority High, Select Code 05) Signal. 
These two interface-card slots are reserved for the 
Memory Protect and Parity Error options. When 
neither of these two options are in the process of in­
terrupting normal Computer operation, a true PRL(5) 
Signal is sent to the DMI interface-card slot (Select 
Code 06) as the PRH(6) signal. If neither the Parity 
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Error or the Memory Protect option is installed in 
the Computer, the PRH(6) signal is received from the 
Power Fail card (as the PRL(4) signal) through jumper 
W3 on the I/O Control card, bypassing the two inter­
face card slots which use Select Code 05, and is 
applied to the DMI interface-card slot (Select Code 06). 
If the DMI option is not installed in the Computer, the 
PRH(6) sil~nal is sent through jumper W1 on the I/O 
Control card, bypassing the DMI interface-card slot, 
and j.s applied to the two interface-card slots reserved 
for the DMA option (Select Codes 06 and 07). Since the 
DMA option occupi1es two interface-card slots, there 
is no PRL(6)/PRH(7) signal sent from one of the DMA 
interface-card slots to the other. When DMA is in­
stalled in the Computer and not operating, the PRL(7) 
signal is generated by the DMA interface-card slot 
having Select Code 07. This signal is applied to "and" 
gates MC:B6B and MC47A and to the interface-card 
slot havin.g Select Code 10 as the PRH(10) signal. If 
the DMA option is not installed in the Computer, the 
PRH(6) sil?;nal (from Power Fail, Memory Protect or 
Parity Error) is s(mt through jumper W2 on the I/O 
Control card, bypassing the DMA option interface­
card slots, and effectively becomes the PRH(10) sig­
nal. This signal is then sent out of the I/O Control 
card and is applied to the same places as is the actual 
PRH(10) Signal from the DMA option. If none of the 
Computer options described above (Memory Protect, 
Parity Error, DMI or DMA) are installed in the Com­
puter, the PRL(4)/PRH(5) signal from the Power Fail 
card is sent through jumpers W3, W1, and W2 on the 
I/O Control card and then applied to the PRH(10) cir­
cuit as the PRH(10) signal. 

3-34. When "and" gate MCB6B receives two true 
input signals, IEN(B) from the Interrupt System Enable 
flip-flop and PRH(lO) from DMA, a true output signal, 
IEN(10), is sent to the interface card slots having 
Select Codes 10 through 17. The PRH(10) signal is 
also applied to the interface-card slot that has Select 
Code 10. With both the IEN(10) and the PRH(10) sig­
nals true, the I/O device using the interface-card slot 
having Select Code 10 may interrupt normal Computer 
operation whenever requested by the Computer pro­
gram or when the I/O device itself requests an inter­
rupt. If one of thE! interface cards that has a higher 
priority (Power Fail, Memory Protect, Parity Error, 
DMI, or DMA) requests an b'lterrupt, all succeeding 
interface-·card slots of a lower priority will be dis­
abled and the PRH(10) Signal which is sent to "and" 
gate MC8:6B and to the interface-card slot having 
Select Code 10 will be false. When this happens, "and" 
gate MCB€iB in turn applies a false IEN(10) output sig­
nal to the interface-card slots having Select Codes 10 
through 1'1. This action disables all eight I/O inter­
face card slots (Select Codes 10 through 17). In this 
condition it is impossible for I/O devices using Select 
Codes 10 through 17 to interrupt the Computer pro­
gram until both the IEN(6) and the PRH(10) signals to 
"and" gate MCB6B are ture once again. When this 
block of eight interface-card slots (Select Codes 10 
through 1'1) are enabled and the interface-card slots 
having Sellect Codes 04 through 17 are not requesting 
an interrupt, a true PRL(17) Signal is sent from the 
interface-·card slot having Select Code 17 to pin 16 of 
the I/O Control card. After entering pin 16 of the I/O 
Control card, this signal is applied to pin 2 of "and" 
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gate MC47A as a true input signal. Now that "and" 
gate MC47A is receiving the true PRH(10) signal at 
pin 1 and the true PRL(17) signal at pin 2, it is en­
abled and it applies a true output signal to pin 6 of 
"and" gate MC17B. At this time, "and" gate MC17B 
is also receiving the trueIEN(6) signal at pinB, which 
causes "and" gate MC17B to apply a true output Signal 
out pin 7 of the I/O Control card as the IEN(20) signal. 
From pin 7 of the I/O Control card the IEN(20) Signal 
is applied to the interface-card slot having Select 
Code 20 as both the IEN(20) signal and the PRH(20) 
signal. The IEN(20) signal is also applied to the 
interface-card slots having Select Codes 21 through 27. 
Each of these seven interface-cardslots receive their 
respective PRH signals, PRH(21) through PRH(27), 
from the preceding interface-card slot having the 
Select Code of the next highest priority. Interrupt 
operation of these eight interface-card slots (Select 
Codes 20 through 21) is now the same as the preceding 
block of eight interface-card slots (Select Code 10 
through 17). The determining factor for any interface­
card slot requesting an interrupt is the PRH Signal. 
If an I/O device of a higher priority (lower Select 
Code) is already interrupting or has requested an 
interrupt, this Signal is false causing interface-card 
slots having lower priority Select Codes to be disabled. 
This same interrupt enabling process is extended to 
include the additional Select Codes whenever an I/O 
Extender module is used. 

3-35. INTERRUPT SYSTEM DISABLE. To disable 
the interrupt system, the Interrupt System Enable 
flip-flop must be reset by a CLF instruction with a 
Select Code of 00. When this is programmed, the 
SCM(O) and SCL(O) signals are applied to "and" gate 
MC67C. Since the CLF instruction is an 100 instruc­
tion, the output of "and" gate MC57A (which is applied 
to gate MC67C)will be true about BO nanoseconds after 
receipt of the lOG signal. All inputs to gate MC67C 
are then true. The true outputof gate MC67C is applied 
to "and" gate MC67B. The true CLF signal is also 
applied to gate MC67B. The true output of this "and" 
gate resets the Interrupt System Enable flip-flop. The 
set-side output of the flip-flop becomes false, re­
moving the lEN signal to all interface-card slot con­
nectors (see Figure 3-1). This immediately prevents 
any interface card (device) from requesting an 
interrupt. 

3-36. SKIP FLAG INSTRUCTIONS. 

3-37. Through the use of the SFS and SFC program 
instructions, the next instruction in the Computer 
program can be skipped depending on the set or reset 
condition of the Interrupt System Enable flip-flop. 
When the Interrupt System Enable flip-flop is set and 
an SFS instruction is programmed with a Select Code 
of 00, all inputs to "and" gate MC97A are true. (The 
output of "and" gate MC67C is true since the SFS in­
struction is an lOG instruction and provides the lOG 
signal, and the SCM(O) and SCL(O) signals represent 
the Select Code used.) Gate MC97 A causes "and" 
gate MC17A to issue a true SKF signal to the Com­
puter. The SKF signal causes the program to skip 
the next instruction since the Interrupt System Enable 
flip-flop was set. 
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3-38. Similarly, when the Interrupt System Enable 
flip-flop is reset and an SFC instruction is pro­
grammed with a Select Code of 00, all inputs to "and" 
gate MC97B are true (for the same reasons as in 
Paragraph 3-35). Gate MC97B causes "and" gate 
MC17A to issue a true SKF signal to the Computer. 
The SKF signal again causes the program to skip the 
next instruction since in this case, the Interrupt Sys­
tem Enable flip-flop was reset. 

3-39. REPLACEABLE PARTS. 

3-40. Refer to Table 3-1 for a list of replaceable 
parts in alpha-numerical order of their reference 
designations, with a description and HP part number 
for each part. 

Model 2116B 
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3-41. To order a replacement part, address the 
order or inquiry to your local Hewlett-Packard field 
office. See the list at the rear of this manual for 
field-office addresses. 

3 -42. Specify the following information for each part 
when ordering: 

a. Hewlett-Packard part number 

b. Circuit reference designation 

c. Description 

3-43. To order a part not listed in Table 3-1, give a 
complete description of the part and include its func­
tion and location. 

Table 3-1. Replaceable Parts for I/O Control Card 

REFERENCE 
DESIGNATION DESCRIPTION HP PART NO. 

C1,2 Capacitor, fixed, Tant., 2. 2 ~f 0180-0155 
C3 Capacitor, fixed, ceramic, 300 pf 0140-0225 

CR1, 2, 3 Diode 1910-0022 

MC26,56 Microcircuit Package 1820-0957 
MC17,35,45, 57,76, Microcircuit Package 1820-0956 

86,87 
MC16, 27,55,66 Microcircuit Package 1820-0953 
MC36, 37,47,67 Microcircui t Package 1820-0953 
MC77 Microcircuit Package 1820-0965 
MC97 Microcircuit Package 1820-0954 

R1,2,4-6 Resistor, fixed, 1K ±5%, 1/4W 0683-1025 
R3 Resistor, fixed, 430 ohms ±2% 0757-0915 

G B 
G B 

Il!5J 

B [3 6 

B [3 B 
B [3 6 ~ 
~ 

IEl 
R3 

B B CR3 

CRI 

G ~CR2 

B B 
®J 

B B 
[!l§l [@ 

B 
[B1J 
IBill 
ffi[] 
['Iil] 
~ 
[WIJ 

Figure 3-2. I/O Control Card, Component Location 
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SECTION IV 

I/O ADDRESS CARD 

4-1. .~ITRODU.:T.ON. 

4-2. This section provides theory of operation in­
formation for the I/O Address card (HP Part No. 
02116-61e14). The card is of standard interface-card 
size and plugs into Position 202 on the left side of the 
input/ output slots of the Computer. The slot connector 
transfers all signals to and from the card; no addi­
tional cabling is required. The I/O Address card has 
three main functions. First, it decodes the 6-bit 
Select Code from the Computer to provide a 2-digit 
octal codE~ for selection of the interface card through 
which the Computer is to communicate with the input/ 
output device. Seeond, it encodes the Flag and IRQ 
signals from the interface cards to provide a 6-bit 
address and an IntE~rrupt signal to the Computer. The 
6-bit address identifies the interface card (device) 
requestiI1!?; an interrupt. Third, the Control Interrupt 
Register ]provides the address of the last I/O device 
that interrupted the computer program. This infor­
mation is availabl,e for special program use by the 
computer user. The Central Interrupt Register will 
furnish this address to the computer central proces­
sor only when callHd for by program instructions. 

4-3. T.iIORY OF OPERATION. 

4-4. DECODING FUNCTION. 

4-5. When an I/O instruction is programmed, the 
6-bit Select Code portion (bits 0 through 5) of the 
instruction is received by the I/O Address card 
(Figure 4:-2). The three least significant bits (0-2) 
and their NOT conditions are applied to eight "and" 
gates, MC55A/B, MC65A/B, MC75A/B, and MCS5A/B. 
The three most Significant bits (3- 5) and their NOT 
conditions are also applied to eight "and" gates, 
MC95A/B, MCI05A/B, MCl15A/B, and MC125A/B. 
All "and" gates have a common enabling input from 
"and" gate MC16A. The Enable I/O Address signal 
to gate MC16A is received from the I/O Control card 
and is always true except during Direct Memory 
Access (lDMA) and Direct Memory Increment (DMI) 
oper.ations (Phase 5). 

NOTE 

Table 4 - 2 lists the part numbers of the 
microcircuit pac k age s identified in 
Figure 4-2 by reference designations 
preceded by MC. The Appendix in Vol­
ume Two contains logic diagrams of the 
microcircuit packages according to part 
number. 

4-6. The true output of each "and" gate represents 
an octal digit and only one "and" gate in each group of 
eight will be true for any given Select Code. The true 
outputs of the two "and" gates form the SCM (Select 
Code Most Significant Digit) and the SCL (Select Code 
Least Sig:nificant Digit) signals. Each of the outputs 
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of this first group of 16 "and" gates are buffered out 
of the I/O Address card to the interface cards by a 
second group of 16 gates. These gates provide the 
drive necessary to apply signals of proper amplitude 
to the interface cards. The lK resistor between each 
of the gates and the -2 volt supply minimizes the effect 
of any transient noise which may exist on the lines to 
the interface cards and reduces the fall time of the 
gate output voltage. 

4-7. Example: With a Select Code of 11 (001 001 
binary) applied to the I/O Address card, only bit 0 
and bit 3 are true input signals. In Figure 4-2, each 
Select Code bit input is appli.ed to four "and" gates as 
follows: 

a. The bit 0 input is applied to "and" gates MC7 5B, 
MC55B, MC65B, and MCS5B. The output of "and" 
gate MC75B is true since the bit 0, bit 1, and bit 2 
inputs and the output of gate MC16A are true inputs. 
The outputs of the other three "and" gates are false 
since the bit 1 and bit '2 inputs are false. The output 
of gate MC75B is applied to "and" gate MC76B and 
then to pin 67 as a true SCL(l) signal to the interface 
cards. 

b. The bit 3 input is applied to "and" gates 
MCI05B, MC95B, MC115B, and MC125B. The output 
of "and" gate MC125B is true since the bit 3, bit 4, 
and bit 5" inputs and the output of gate MC16A are true 
inputs. The outputs of the other three "and" gates are 
false since the bit 4 and bit 5 inputs are false. The 
output of gate MC125Bis applied to "and"gate MC126B 
and then to pin 77 as a true SCM(l) signal to the inter­
face cards. 

4-S. The SCM and SCL signal combination deter­
mines the slot connector containing the interface card 
to which the instruction portion of the I/O instruction 
word is directed. Each slot connector, and therefore 
each interface card, contains two octal Select Codes 
as was described in Section IT. Figure 4-1 illustrates 
the SCM and SCL s i g n alp at h s to basic Computer 
interface-card slot connectors. Note that the SCM(l) 
signal is applied to the most-significant-digit input 
pins on interface-card slot connectors with Select 
Codes of 10 through 17. The SCM(2) signal is applied 
to basic computer interface··card slot connectors with 
Select Codes of 20 through 27. Similarly, the SCM(3) 
throughSCM(7) Signals are applied to Module Extender 
options containing interface-card slot connectors with 
Select Codes of 30 through 47, 50 through 67, and 70 
through 77. The SCM(O) Signal is applied to the I/O 
Control card (Select Codes 00 and 01) slot connector 
in the input/output section of the Computer. It is also 
applied to the DMA 1 and DMA 2 option (Select Codes 
02, 03, 06, and 07) and the Power Fail Interrupt (Select 
Code 04) slot connectors in the Logic section of the 
Computer. The SCL(O) through SCL(7) signals are 
applied to the least-significant-digit input pins on the 
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INTERFA"CE -CARD SLOT CONNECTORS 

SELECT 
CODES 1

10 

11 

SCM ( 1 ) ---..... -

SCL(O) 

SCL (1 ) 

SCL(2) 

SCL(3) 

SCL(4) 

• 
• 

SCL(7) 

11 

12 

12 

13 

13 

14 

16 

17 SCM (2) 

20 

21 

Figure 4-1. SCM and SCL Signal Pa:ths 

slot connectors in the Computer and in the Module 
Extenders. The slot connectors in the Module Exten­
ders are wired in the same manner as those in the 
basic Computer" 

4-9. The SCM and SCL signals are applied to the 
same-numbered pins on all interface-card slot con­
nectors as follows: 

a. Pin 14: Lower Select Code, Most Significant 
digit. (LSCM). 

b. Pin 16: Lower Select Code, Least Significant 
digit. (LSCL). 

c. Pin 37: Higher Select Code, Most Significant 
digit. (HSCM). 

d. Pin 34: Higher Select Code, Least Significant 
digit. (HSCL). 

4-2 

4-10. ENCODING FUNCTION. 

4-11. When an input/output device requests an inter­
rupt of the Computer program, the IRQ flip-flop on 
the interface card for the device is set. The set-side 
output of the IRQ flip-flop applies a true FLG (Flag) 
signal to the I/O Address card; the reset-side output 
of the flip-flop is inverted by an inverting "or" gate to 
apply a true IRQ Signal to the I/O Address card. Refer 
to Figure 4-2. These two signals are used to form the 
Interrupt signal and the Service Request Address to be 
transferred to the Computer. 

4-12. INTERRUPT SIGNAL. An Interrupt Signal is 
sent to the Computer at time T5 of the current machine 
phase when a Flag Signal is received from an inter­
face card and if the Enable Service Request Signal is 
received from the I/O Control card. (To establish 
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when the Enable Service Request signal is true, refer 
to Figur1e 2-6, Typical Interrupt System Timing.) The 
Interrupt signal causes the Computer to enter Inter­
rupt Pha.se 4 at the end of the current machine phase. 

4-·1.3. As shown in Figure 4-2, four Flag signals (0 
through :3) can be received from the interface cards. 
These signals are described in steps "a" through "d". 
Receipt of a Flag signal applies a true input to "and" 
gate MC16B through one of the CR33 through CR36 
diodes. If the Enable Service Request Signal is true, 
the gate MC16B output is applied to the Computer as 
a true Interrupt Signal. 

a. F'lag (0): 'rhis input is true when an interface 
card with a Select Code of 05 to 17 is requesting an 
interrupt. 

b. Flag (1): This input is true when an interface 
card with a Select Code of 20 to 37 is requesting an 
interrupt. 

c. Flag (2): This input is true when an interface 
card with a Select Code of 40 to 57 is requesting an 
interrupt. 

d. Flag (3): This input is true when an interface 
card with a Select Code of 60 to 70 is requesting an 
interrupt. 

4-14. S]~RVICE HEQUEST ADDRESS. Refer to Fig­
ure 4-2. The 6-bit Service Request Address is the 
Select Code of the interface-card requesting an inter­
rupt, in binary form. It is sent to the M-Register of 
the Computer via the T bus and specifies the interrupt 
location for that device in memory. (The interrupt 
location I(!ontains the instruction to be executed when 
the particular interrupt occurs.) While the Interrupt 
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signal is sent to the Computer at time T5 of the cur­
rent machine phase, the Service Request Address is 
not enabled to the Computer until time T7 of Interrupt 
Phase 4. 

4-15. The Service Request Address is formed by 
encoding the combination of Flag and IRQ Signals 
from the interface card requesting an interrupt. The 
flag signals are true for the conditions listed in Para­
graph4-13 steps "a" through "d". The Flag (0) through 
Flag (3) signals determine the two most Significant 
bits (bits 4 and 5) of the address and are applied to 
qiodes CR37 through CR40 and then to "and" gates 
MC17A and MC17B. The IRQ Signals determine the 
four least significant bits (bits 0 through 3) of the ad­
dress andare applied to diodes CRl through CR32 and 
then to "and" gates MC26A, MC26B, MC27A, and 
MC27B. The remaining input to the Service Request 
Address "and" gates is appliedat time T7 of Interrupt 
Phase 4 by the RSM (IMC)6-9 (PH4, T7) signal from 
the Computer. The Flag and IRQ Signals received 
from various interface cards and their Select Codes 
are indicated by Table 4-1. This table also indicates 
the I/O Address Card components that these signals 
are applied to in obtaining the 6-bit Service Request 
Address. This table should be used in conjunction 
with Figure 4-2 to obtain an understanding of the en­
coding function of the I/O Address card. 

4-16. RUN SIGNAL. The HF2 (Runflip-flop 2, "not") 
signal from the Computer timing generator is input 
at pin 36 of the I/O Address card where it is applied 
to inverting "or" gate MC67A. When the Computer is 
running and is not in aHALT condition the RF2 Signal 
is always false. When the Computer is in a HALT 
condition the RF2 signal is true. Inverting "or" gate 
MC67A inverts the RF2 signal and applies it to "and" 
gate MC57A as an input. Since the two input pins 

Table 4-1. I/O Address Card Encoding :Examples 

. ceCard 
t Code 

Interfa 
Selec 

(O( !tal) 

07 

10 

n 
'~2 

~3 

Ei4 

,5 

'6 
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Flag 
Signal 

0 

0 

1 

1 

2 

2 

3 

3 

Flag Signal is Applied 

To Then to 
Diode(s) "and" Gate (s ) 

- -
- -

CR38 MC17B 

CR38 MC17B 

CR39 MC17A 

CR39 MC17A 

CH37, MC17B, 
CR40 MC17A 

CR37, MC17B, 
CR40 MC17A 

.-

IRQ Signal is Applied 

For a 
Service Req • 

IRQ To Address of 
Signal Diode(s) "and" Gate(s) (Binary) 

7 CR28,CR20, MC27B, MC27A, 000 111 CR12 MC26B 

10 CR1 MC26A 001 000 

1 CR25 MC27B 010 001 

12 CR21, CR3 MC27A, MC26A 011 010 

3 CR26,CR18 MC27B, MC27A 100 011 

14 CR13, CR5 MC26B, MC26A 101 100 

5 CR27,CR10 MC27B, MC26B 110 101 

16 CR23,CR15, MC27 A, MC26B 111 110 CR7 MC26A 

4-5 
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(pin 2 and 14) of "and" gate MC57A are tied together, 
it produces a true output signal whenever it receives 
a true input from inverting "or" gate MC67A (when­
ever the Computer is in the RUN mode). This signal 
is then sent out of the I/O Address card at pin 32 as 
the RUN signal and is applied to pin 50 of all I/O 
interface-card slots (Select Codes 10 through 27). If 
an extender module is used with the Computer, the 
RUN signal is also applied to pin 50 of all interface­
card slots in the extender. 

4-17. CENTRAL INTERRUPT REGISTER. 

4-18. The Central Interrupt Register (Flip-Flops 
CIFO through CIF5 and "and" gates MC15A, MC15B, 
MC36A, MC36B, MC46A, and MC46B) stores the 
Service Request Address. This information, or ad­
dress, is always available during a Phase 4 I/O 
operation and is strobed into the Central Interrupt 
Flip-Flops, CIFO through CIF5, at T7 of Phase 4. To 
utilize this address, the computer operator must exe­
cute an I/O load or merge instruction containing a 
Select Code of 04. These instructions would be LIA/B 
and MIA/B used with Select Code 04. Select Code 04, 
the Power Fail Interrupt Select Code, is not required 
for any Power Fail Interrupt function during a load 
instruction so has been used here. On the I/O Address 
card, the Phase 4, T7 Signal enables gate MC37A 
which then applies its true output to all flip-flops of 
the Register (CIFO through CIF5). This action causes 
the address to be written into the register flip-flops. 
In order to then apply this address to the computer 
central processor, the 10GB signal and both Select 
Code Signals (representing Select Code 04) must be 
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applied to "and" gate MC3 7C. The output of gate 
MC37C is then applied to "and" gate MC37B simul­
taneously with the 101 signal. When all of these signals 
are presented, (having been generated by a computer 
program instruction of the type mentioned above) the 
output of gate MC37B is applied to all of the Central 
InterruptRegister output "and" gates (MC15A, MC15B, 
MC36A, MC36B, MC46A, and MC46B). This action 
enables all output gates of the register and the address 
that it contains is applied to the lOBI of the computer 
central processor. 

4-19. REPLACEABLE PARTS. 

4-20. Refer to Table 4-2 for a list of replaceable 
parts in alpha-numerical order of their reference 
deSignations, with a description and HP part number 
for each part. 

4-21. To order a replacement part, address the or­
der or inquiry to your local Hewlett-Packard field 
office. See the list at the rear of this manual for 
field office addresses. 

4-22. Specify the following information for each part 
when ordering: 

a. Hewlett-Packard part number. 
b. Circuit reference deSignation. 
c. Description. 

4-23. To order a part not listed in Table 4-2, give a 
complete description of the part and include its func­
tion and location. 

Table 4-2. Replaceable Parts for I/O Address Card 

REFERENCE 
DESIGNATION DESCRIPTION HP PART NO. 

C1,2 Capacitor, fixed, Tant., 2.2 J.Lf 0180-0155 

CR1 thru 40 Diode 1901-0040 

MC15,16,17,26,27, Microcircuit Package 1820-0956 
36,46,56,57,66, 
76,86,96,106, 
116,126 

MC55, 65, 75, 85,95, Microcircuit Package 1820-0954 
105,115,125 

MC37 Microcircuit Package 1820-0953 
MC25,35,45 Microcircuit Package 1820-0968 
MC67 Microcircuit Package 1820-0952 

R1 Resistor, fixed, 470 ohms ±5%, 1/4W 0683-4715 
R2 thru 17 Resistor, fixed, 1K ±5%, 1/4W 0683-1025 
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SECTION V 

RESISTANCE LOAD CARD 

5 .. 1. INTRODtJJCTION. 

5-·2. This section contains description, installation 
and replaceable parts information, and a schematic 
diagram for the Resistance Load Card. 

5 .. 3. !lIESCRIPTION. 

5-4. The Resistance Load Card (HP Part No. 02116-
6047) is of standard interface-card size and plugs into 
Position218 on the right side of the input/output slots 
of the Computer" The card contains 18 resistors 
which are used to load the termination. of the lOBO 
(I/O Bus Output) lines and the CRS line from the Com­
puter to the interface card slot connectors. These 
lines terminate at slot position 218. The other end of 
the resistors are connected to the -2 volt supply 
through slot connector pins 47 and 48. The lines are 
loaded to eliminate any transient noise generated by 
these lines in the backplane wiring of the Computer. 
No external cabling to the Resistance Load card is 
required. 

5-5. II~STALLA,TION. 

5-6. Pull open the front panel of the Computer. Plug 
the Resistance Load card into slot position 218 of the 
Computer Input/Output section. Close the front panel 
of the Computer. The card remains in the Computer 
unless the total interface and Priority Jumper cards 
equal 16. At that time, remove the card as it is no 
longer required. 

NOTE 

The Resistance Load card does notcon­
tain a priority bus circuit. Therefore 
it cannot be plugged into a slot with a 
lower slot-position number than one 
containing an in t e r f ace or Priority 
Jumper card. If it is, the interrupt 
system of the Computer will not func­
tion properly. 

5-7. SICHEMATgC DIAGRAM. 

5-8. Refer to Figure 5-1 for a schematic diagram 
of Resistance Load card. 

5-9. REPLACEABLE PARTS. 

5-10. Refer to Table 5-1 for a list of replaceable 
parts in alpha-numerical order of their reference 
designations, with a description and HP part number 
for each part. 

5-11. To order a replacement part, address the or­
der or inquiry to your local Hewlett-Packard field 
office. See the list at the rear of this manual for field 
office addresses. 
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Figure 5-1. Resistance Load Card 
Schematic Diagram 

5-12. Specify the following information for each part 
when ordering: 

a. Hewlett-Packard part number. 
b. Circuit reference designation. 
c. Description. 

5-13. To order parts not listed in Table 5-1, give a 
complete description of the part and include its func­
tion and location. 

5-1 
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Table 5-1. Replaceable Parts for Resistance Load Card 

REFERENCE DESIGNATION DESCRIPTION 

R35,38,40,41,42,45, Resistor, fixed, 150 ohms 
51 thru 58,61,65,73, 
74 

rR1B 

I@J ~ 

~ rMD 

~ Ililll 

~ 1M'.\! ~ ~ 

[R6D lli.@ [ljQ§J 

~ 

IR~ 

Iillil 

Figure 5-2. Resistance Load Card, Component Location 
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0683-1515 

02809-1 



HEWLETT • PACKARD , SALES AND SERVICE 

UNITED Sl'ATES 
ALABAMA 
P.O. Box 4207 
2003 Byrd Spring Road S.W. 
HuntSVille 35802 
Tel: (205) 881·4591 
TWX: 810·726·2204 

ARIZONA 
2336 E. Magnolia St. 
Phoenix 85034 
Tel: (602) 252·5061 
TWX: 910·951·1330 

5737 East Broadway 
Tucson 85716 
Tel: (602) 298·2313 
TWX: 910·952-1162 

CALIFORNIA 
1430 East Orangethorpo Ave. 
Fullerton 92631 
Tel: (714) 870-1000 

3939 Lankershlm BOUlevard 
North Hollywood 91604 
Tel: (213) 877·1282 
TWX: 910·499-2170 

1101 Embarcadero Roadi 
Palo Alto 94303 
Tel: (415) 327·6500 
TWX: 910·373·1280 

2220 Watt Ave. 
Sacramento 95825 
Tel: (916) 482·1463 
TWX: 910·367-2092 

9606 Aero Drive 
San Diego 92123 
Tel: (714) 279·3200 
TWX: 910-335-2000 

COLORADO 
7965 East Prentice 
~:nglewood 80110 
Tel: (303) 771-3455 
TWX: 910-935 .. 0705 

CANADA 
ALBER1'A 
Hewlett·Packard (Canaela) Ltd. 
11745 Jasper Ave. 
Edmonton 
Tel: (403) 482-5561 
TWX: 610·831-2431 

CONNECTICUT 
508 Tolland Street 
East lIartford 06108 
Tel: (203) 289·9394 
TWX: 710·425·3416 

111 East Avenue 
Norwalk 06851 
Tel: (203) 853·1251 
TWX: 710·468-3750 

FLORIDA 
P;O. !lox 24210 
2806 W. Oakland Park Blvd. 
Ft. Lauderdale 33307 
Tel: (305) 731·2020 
TWX: 510-955·4099 

P.O. Box 20007 
Herndon Station 32814 
621 Commonwealth Avenue 
Orlando 
Tel: (:105) 841·3970 
TWX: 810·850·0113 

GEOIlGIA 
P.O. Elox 28234 
450 Interstate North 
Atlanta 30328 
Tel: (404) 436-6181 
TWX: 810-766·4890 

ILLINOIS 
5500 Howard Street 
Skokie 60076 
Tel: (312) 677-0400 
TWX: 910-223-3613 

INDIANA 
3839 Meadows Drive 
Indianapolis 46205 
Tel: (317) 546·4891 
TWX: 810·341·3263 

BRn'ISH COLUMBIA 
Hewlett-Packard (Canada) Ltd. 
4519 Canada Way 
North Burnaby 2 
Tel: (604) 433·8213 
TWX: 610-922·5059 

LOUISIANA 
P.O. Box 856 
1942 Williams Boulevard 
Kenner 70062 
Tel: (504) 721·6201 
TWX: 810·955·5524 

MARYLAND 
6707 Whitestone Road 
Baltimore 21207 
Tel: (301) 944·5400 
TWX: 710-862·0850 

P.O. Box 1648 
2 Choke Cherry Road 
Rockville 20850 
Tel: (301) 948·6370 
TWX: 710·828·9684 

MASSACHUSETTS 
32 Hartwell Ave. 
Lexington 02173 
Tel: (617) 861·8960 
TWX: 710·326·6904 

MICHIGAN 
24315 Northwestern Highway 
Southfield 48075 
Tel: (313) 353-9100 
TWX: 810-224·4882 

MINNESOTA 
2459 University Avenue 
St. Paul 55114 
Tel: (612) 645·9461 
TWX: 910-563"3734 

MISSOURI 
11131 Colorado Ave. 
Kansas City 64137 
Tel: (816) 763·8000 
TWX: 910·771-2087 

2812 South Brentwood Blvd. 
St. Louis 63144 
Tel: (314) 962-5000 
TWX: 910-760-1670 

NEW JERSEY 
W. 120 Century Road 
Paramus 07652 
Tel: (201) 265-5000 
TWX: 710·990·4951 

MANITOBA 
Hewlett·Packard (Canada) Ltd. 
511 Bradford Ct. 
St. James 
Tel: (204) 786-7581 
TWX: 610·671-3531 

CENTRAL AND SOUTH AMERICA 
ARGENTINA 
Hewlett·Packard Argenltlna 
S.A.C.e.1 
Lavalle 1171-3° 
Buenos Aires 
Tel: 35·0436, 35·0627, 35-0431 
Telex: 012 .. 1009 
Cable: HEWPACKARG 

BRAZIL 
Hewlett-Packard Do Brasil 
l.e.C Ltda. 
Rua Frel Caneca 1119 
Sao Paulo· 3, SP 
Tel: 288-7111, 287-58~j8 
Cable: HEWPACK Sao Paulo 

Hewlett-Packard Do Brasil 
l.e.C. Ltda. 
Rua da Matriz 29 
Botafogo ZC·02 
Rio de Janeiro, GB 
Tel: 246·4417 
Cable: HEWPACK Rio de Janeiro 

Hewlett·Packard Do Blrasll 
Industria e Comercia L.tda. 
Praea Dom Feliciano 78 
Salas 806·8 
Porto Alegre RGS 

CHI!L.E 
H6ctor Calcagni y Cia, Uda. 
Bustos, 1932-3er PI so 
Casilla 13942 
Santiago 
Tel: 4-2396 
Cabhl: Calcagni Santiago 

COL,OMBIA 
I nstl'umentaclon 
Henrlk A. Langebaek & Kier 

Ltda. 
Carfllra 7 No. 48-59 
Apartado Aereo 6287 
Bogota, 1 D.E. 
Tel: 45·78-06, 45·55·46 
Cable: AARIS Bogota 
Telex: 044·400 

COSTA RICA 
lic. Alfredo Gallegos Gurdl6n 
Apartado 3243 
San Jos(i 
Tel: 21·86-13 
Cable: GALGUR San Jose 

ECUADOR 
Laboratorlos de Radlo·lngenleria 
Calle Guayaquil 1246 
Post Office Box 3199 
Quito 
Tel: 12496 
Cable: HORVATH Quito 

EL SALVADOR 
Electr6nlea 
Apartado Postal 1589 
27 Avenlda Norte 1133 
San Salvador 
Tel: 25·74-50 
Cable: ElECTRONICA 

San Salvador 

GUATEMALA 
Olander Associates Latin America 
Apartado Postal 1226 
Ruta 4, 6-53, Zona 4 
Guatemala City 
Tel: 63958 
Cable: OlAlA Guatemala City 

1060 N. Kings Highway 
Cherry Hili 08034 
Tel: (609) 667·4000 
TWX: 710·892·4945 

NEW MEXICO 
P.O. Box 8366 
Station C 
6501 Lomas Boulevard N.E. 
Allbuquerque 87108 
Tel: (505) 265·3713 
TWX: 910·989·1665 

156 Wyatt Drive 
Las Cruces 88001 
Tel: (505) 526·2485 
TWX: 910·983·0550 

NEW YORK 
1702 Central Avenue 
Albany 12205 
Tel: (518) 869·8462 
TWX: 710·441·8270 

1219 Campvllle Road 
Endicott 13760 
Tel: (607) 754-0050 
TWX: 510-252·0890 

82 Washington Street 
Poughkeepsie 12601 
Tel: (914) 454-7330 
TWX: 510-248-0012 

39 Saginaw Drive 
Rochester 14623 
Tel: (716) 473-9500 
TWX: 510-253-5981 

1025 Northern Boulevard 
Roslyn, Long Island 11576 
Tel: (516) 869-8400 
TWX: 510·223-0811 

5858 East Molloy Road 
Syracuse 13211 
Tel: (315) 454·2486 
TWX: 710-541-0482 

NORTH CAROLINA 
P.O. Box 5188 
1923 North Main Street 
High Point 27262 
Tel: (919) 885·8101 
TWX: 510·926·1516 

NOVA SCOTIA 
Hewlett-Packard (Canada) Ltd. 
2745 Dutch Village Rd. 
Suite 203 
Halifax 
Tel: (902) 455-0511 
TWX: 610-271-4482 

MEXICO 
Hewlett-Packard Mexicana, S.A. 
de C.V. 
Moras 439 
Col. del Valle 
Mexico 12, D.F. 
Tel: 575·46-49, 575-80-20, 
575-80·30 

NICARAGUA 
Roberto Ter6n G. 
Apartado Postal 689 
Edlficio Teran 
Managua 
Tel: 3451, 3452 
Cable: ROTERAN Managua 

OHIO 
25575 Center Ridge Road 
Cleveland 44145 
Tel: (216) 835·0300 
TWX: 810·427·9129 

3460 South Dixie Drive 
Dayton 45439 
Tel: (513) 298·0351 
TWX: 810·459-1925 

1120 Morse Road 
Columbus 43229 
Tel: (614) 846·1300 

OKLAHOMA 
2919 United Founders Boulevard 
Oklahoma City 73112 
Tel: (405) 848·2801 
TWX: 910·830·6862 

OREGON 
Westhilis Mall, Suite 158 
4475 S.W. Scholls Ferry Road 
Portland 97225 
Tel: (503) 292·9171 
TWX: 910·464·6103 

PENNSYLVANIA 
2500 Moss Side Boulevard 
Monroeville 15146 
Tel: (412) 271·0724 
TWX: 710-797-3650 

1021 8th Avenue 
King of Prussia Industrial Park 
King of Prussia 19406 
Tel: (215) 265·7000 
TWX: 510-660-2670 

RHODE ISLAND 
873 Waterman Ave. 
East Providence 02914 
Tel: (401) 434·5535 
TWX: 710-381-7573 

TEXAS 
P.O. Box 1270 
201 E. Arapaho Rd. 
Richardson 75080 
Tel: (214) 231-6101 
TWX: 910·867-4723 

ONTARIO 
Hewlett-Packard (Canada) Ltd. 
880 Lady Ellen Place 
Ottawa 3 
Tel: (613) 722·4223 
TWX: 610·562-1952 

Hewlett-Packard (Canada) Ltd. 
50 Galaxy Blvd. 
Rexdale 
Tel: (416) 677·9611 
TWX: 610·492-4246 

PANAMA 
Electr6nlco Balboa, SA 
P.O. Box 4929 
Ave. Manuel Espinosa No. 13-50 
Bldg. Alina 
Panama City 
Tel: 30833 
Cable: ELECTRON Panama City 

PERU 
Fernando Ezeta B. 
Avenlda Petit Thouars 4719 
Mlraflores 
Casilia 3061 
Lima 
Tel: 45-2335 
Cable: FEPERU Lima 

PUERTO RICO 
San Juan Electronics, Inc. 
P.O. Box 5167 
Ponce de Leon 154 
Pda. 3·Pta. de Tierra 
San Juan 00906 
Tel: (809) 725-3342 
Cable: SATRONICS San Juan 
Telex: SATRON 3450 332 

SURINAME 
Surtel-Radlo Holland N.V. 
P.O. Box 155 
Paramaribo 

P.O. Box 22813 
6300 Westpark Drive 
SUite 100 
Houston 77027 
Tel: (713) 781-6000 
TWX: 910-881-2645 

231 Billy Mitchell Road 
San AntoniO 78226 
Tel: (512) 434·4171 
TWX: 910-871·1170 

UTAH 
2890 South Main Street 
Salt Lake City 84115 
Tel: (801) 487-0715 
TWX: 910-925-5681 

VERMONT 
P.O. Box 2287 
Kennedy Drive 
South Burlington 05401 
Tel: (802) 658·4455 
TWX: 710·224-1841 

VIRGINIA 
P.O. Box 6514 
2111 Spencer Road 
Richmond 23230 
Tel: (703) 285·3431 
TWX: 710-956·0157 

WASHINGTON 
433-108th N.E. 
Bellevue 98004 
Tel: (206) 454-3971 
TWX: 910·443-2303 

·WEST VIRGINIA 
Charleston 
Tel: (304) 768-1232 

FOR U.S. AREAS NOT 
LISTED: 
Contact the regional office near· 
est you: Atlanta, Georgia ••. 
North Hollywood, California .•. 
Paramus, New Jersey .•. Skokie, 
Illinois. Their complete ad­
dresses are listed above. 

·Servlce Only 

QUEBEC 
Hewlett-Packard (Canada) Ltd. 
275 Hymus Boulevard 
POinte Claire 
Tel: (514) 697-4232 
TWX: 610-422·3022 
Telex: 01-20607 

FOR CANADIAN AREAS NOT 
LISTED: 
Contact Hewlett·Packard (Can­
ada) Ltd. In POinte Claire, at 
the complete address listed 
above. 

URUGUAY 
Pablo Ferrando S.A. 
Comerclal e Industrial 
Avenlda Italla 2877 
Casilla de Correo 370 
Montevideo 
Tel: 40-3102 
Cable: RADIUM Montevideo 

VENEZUELA 
Hewlett·Packard De Venezuela 
C.A. 
Apartado 50933 
Caracas 
Tel: 71.88.05, 71.88.69, 71.99.30 
Cable: HEWPACK Caracas 

FOR AREAS NOT LISTED, 
CONTACT: 
Hewlett-Packard 

INTERCONTINENTAL 
3200 Hillview Ave. 
Palo Alto, California 94304 
Tel: (415) 326-7000 

(Feb. 71 493·1501) 
TWX: 910·373-1267 
Cable: HEWPACK Palo Alto 
Telex: 034-8461 
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EUROPE 
AUSTRIA 
Unllabor GmbH 
Wlssenschaftliche Instrumente 
Rummelhardtgasse 6 
P.O. Box 33 
Vienna A-1095 
Tel: (222) 42 61 81, 43 13 94 
Cable: LABOR INSTRUMENT 

Vienna 
Telex: 75 762 

BELGIUM 
Hewlett-Packard S.A. Benelux 
348 Boulevard du Souveraln 
Brussels 1160 
Tel: 72 22 40 
Cable: PALOBEN Brussels 
Telex: 23 494 

DENMARK 
Hewlett-Packard A/S 
Oatavej 38 
OK-3460 Blrkerod 
Tel: (01) 81 66 40 
Cable: HEWPACK AS 
Telex: 66 40 

Hewlett-Packard A/S 
Torvet 9 
OK-8600 Silkeborg 
Tel: (06) 827-840 

FINLAND 
Hewlett-Packard Oy 
Bulevardl 26 
P.O. Box 12185 
Helsinki 12 
Tel: 13-730 
Cable: HEWPACKOY-Helslnkl 
Telex: 12-1563 

FRANCE 
Hewlett-Packard France 
Quartler de Courtaboeuf 
Bolte Postale No.6 
91 Orsay 
Tel: 1-920 88 01 
Cable: HEWPACK Orsay 
Telex: 60048 
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Hewlett-Packard France 
4 Qual des Etrolts 
69 Lyon 5~me 
Tel: 78-42 63 45 
Cable: HEWPACK Lyon 
Telex: 31617 

Hewlett-Packard France 
29 rue de la Gara 
F-31 Blagnac 
Tel: (61) 85 82 29 
Telex: 51957 

GERMANY 
Telex: 41 32 49 FRA 
Berliner Strasse 117 
6 Nieder-Eschbach/Frankfurt 56 
Tel: (0611) 50 10 64 
Cable: HEWPACKSA Frankfurt 
Hewlett-Packard Vertrlebs-GmbH 

Hewlett-Packard Vertrlebs-GmbH 
lIetzenburgerstrasse 30 
1 Berlin 30 
Tel: (0311) 211 60 16 
Telex: 18 34 05 

Hewlett-Packard Vertrlebs-GmbH 
Herrenbergerstrasse 110 
703 Bllbllngen, WUrttemberg 
Tel: 07031-6671 
Cable: HEPAG Bllblingen 
Telex: 72 65 739 

Hewlett-Packard Vertrlebs-GmbH 
Achenbachstrasse 15 
4 DUsseldorf 1 
Tel: (0211) 68 52 58/59 
Telex: 85 86 533 

Hewlett-Packard Vertrlebs-GmbH 
Wendenstr. 23 
2 Hamburg 1 
Tel: (0411) 24 05 51/52 
Cable: HEWPACKSA Hamburg 
Telex: 21 53 32 

Hewlett-Packard Vertrlebs-GmbH 
Reglnfrledstrasse 13 
8 MUnchen 9 
Tel: (0811) 69 59 71175 
Cable: HEWPACKSA MUnchen 
Telex: 5249 85 

GREECE 
Kostas Karayannls 
18, Ermou Street 
Athens 126 
Tel: 230301,3,5 
Cable: RAKAR Athens 
Telex: 21 59 62 RKAR GR 

IRELAND 
Hewlett-Packard Ltd. 
224 Bath Road 
Slough, Bucks, England 
Tel: Slough 753-33341 
Cable: HEWPIE Slough 
Telex: 84413 

ITALY 
Hewlett-Packard Itallana S.p.A. 
Via Amerigo Vespuccl 2 
20124 Milano 
Tel: (2) 6251 (10 lines) 
Cable: HEWPACKIT Milan 
Telex: 32046 

Hewlett-Packard Italiana S.p.A. 
Palazzo Italla 
Piazza Marconi 25 
00144 Rome - Eur 
Tel: 6-591 2544 
Cable: HEWPACKIT Rome 
Telex: 61514 

AFRICA, ASIA, AUSTRALIA 
ANGOLA 
Teleetra Empresa Tecnia 

de Equipamentos EI~ctricos 
SAR 

Rua de Barbosa Rodrigues 
42-1 0 

Box 6487 
Luanda 
Cable: TELECTRA Luanda 

AUSTRALIA 
Hewlett-Packard Australia 

Pty. Ltd. 
22-26 Weir Street 
Glen IriS, 3146 
Victoria 
Tel: 20.1371 (6 lines) 
Cable: HEWPARO Melbourne 
Telex: 31024 

Hewlett-Packard Austral ia 
Pty. Ltd. 

61 Alexander Street 
Crows Nest 2065 
New South Wales 
Tel: 43.7866 
Cable: HEWPARO Sydney 
Telex: 21561 

Hewlett-Packard Australia 
Pty. Ltd. 

97 Churchill Road 
Prospect 5082 
South Australia 
Tel: 65.2366 
Cable: HEWPARO Adelaide 

Hewlett Packard Australia 
Pty. Ltd. 

2nd Floor, Suite 13 
Casablanca Buildings 
196 Adelaide Terrace 
Perth, W.A. 6000 
Tel: 21-3330 
Cable: HEWPARO Perth 

Hewlett-Packard Austra lia 
Pty. Ltd. 

10 Woolley Street 
P.O. Box 191 
Dickson A.C.T. 2602 
Tel: 49-8194 
Cable: HEWPARO Canberra ACT 

CEYLON 
United Electrlcals Ltd. 
P.O. Box 681 
Yahala Building 
Staples Street 
Colombo 2 
Tel: 5496 
Cable: HOTPOINT Colombo 

CYPRUS 
Kypronlcs 
19 Gregorios & Xenopoulos Road 
P.O. Box 1152 
Nicosia 
Tel: 6282-75628 
Cable: HE-I-NAMI 

ETHIOPIA 
African Salespower & Agency 

Private Ltd., Co. 
P. O. Box 718 
58/59 Cunningham St. 
Addis Ababa 
Tel: 12285 
Cable: ASACO Addlsababa 

Blue Star Ltd. 
17·C Ulsoor Road 
Bangalore·8 

Blue Star, Ltd. 
96 Park Lane 
Secunderabad 3, India 
Tel: 7 63 91 
Cable: BLUEFROST 

Blue Star, Ltd. 
23/24 Second Line Beach 
Madras I, India 
Tel: 2 39 55 
Telex: 379 
Cable: BLUESTAR 

Blue Star, Ltd. 
HONG KONG 1B Kaiser Bungalow 
Schmidt & Co. (Hong Kong) Ltd. Olndll Road 
P.O. Box 297 Jamshedpur, India 

1511, Prince's Building 15th Floor ~e~, ~8 B~GESTAR 
10, Chater Road a e. 
Hong Kong INDONESIA 
Tel: 240168, 232735 Bah Bolon Trading COY. N.V. 
Cable: SCHMIOTCO Hong Kong Ojalah Merdeka 29 

INDIA 
Blue Star Ltd. 
Kasturl Buildings 
Jamshedjl Tata Rd. 
Bombay 20BR, India 
Tel: 29 5021 
Telex: 2396 
Cable: BlUEFROST 

Blue Star Ltd. 
Band Box House 
Prabhadevi 
Bombay 2500, India 
Tel: 45 73 01 
Telex: 2396 
Cable: BLUESTAR 

Blue Star Ltd. 
14/40 Civil Lines 
Kanpur, India 
Tel: 68882 
Cable: BLUESTAR 

Blue Star, Ltd. 
7 Hare Street 
P.O. Box 506 
Calcutta I, India 
Tel: 23·0131 
Telex: 655 
Cable: BLUESTAR 

Blue Star ltd. 
Blue Star House, 
34 Ring Road 
Lajpat Nagar 
New Deihl 24, India 
Tel: 62 32 76 
Telex: 463 
Cable: BLUESTAR 

Bandung 
Tel: 4915 51560 
Cable: ILMU 
Telex: 809 

IRAN 
Telecom, Ltd. 
P. O. Box 1812 
240 Kh. Saba Shomall 
Teheran 
Tel: 43850, 48111 
Cable: BASCOM Teheran 

ISRAEL 
Electronics & Engineering 

Olv. of Motorola Israel Ltd. 
17 Amlnadav Street 
Tel-Aviv 
Tel: 36941 (3 lines) 
Cable: BASTEL Tel·Avlv 
Telex: Bastel Tv 033-569 

JAPAN 
Yokogawa·Hewlett·Packard Ltd. 
Ohashi Building 
59 Yoyogl l·chrome 
Shlbuya-ku, Tokyo 
Tel: 03·370-2281/7 
Telex: 232-2024YHP 
Cable: YHPMARKET TOK 23-724 

Yokogawa·Hewlett-Packard Ltd. 
Nisei Ibaragl Bldg. 
2-2-8 Kasuga 
Ibaragl·Shl 
Osaka 
Tel: 23-1641 

, SALES AND SERVICE 

NETHERLANDS 
Hewlett-Packard Benelux, N.V. 
Weerdesteln 117 
P.O. Box 7825 
Amsterdam, Z 11 
Tel: 020·42 7777 
Cable: PALOBEN Amsterdam 
Telex: 13 216 

NORWAY 
Hewlett·Packard Norge A/S 
Box 149 
Nesveien 13 
N-1344 Haslum 
Tel: 2-53 83 60 
Cable: HEWPACK Oslo 
Telex: 16621 

PORTUGAL 
Telectra 
Empresa Tecnica de 

Equlpamentos 
Electrlcos, S.a.r.l. 
Rua Rodrigo da Fonseca 103 
P.O. Box 2531 
Lisbon 1 
Tel: 68 60 72 
Cable: TELECTRA Lisbon 
Telex: 1598 

SPAIN 
Enrique Larreta 12 
Madrid, 16 
Tel: 215 35 43 
Cable: TElEATAIO Madrid 
Atalo Ingenleros SA 
Telex: 27249E 

Atalo I ngenleros SA 
Ganduxer 76 
Barcelona 6 
Tel: 211-44-66 
Cable: TELEATAIO BARCELONA 

Yokogawa-Hewlett·Packard Ltd. 
Ito Building 
No. 59, Kotorl-cho 
Nakamura-ku, Nagoya City 
Tel: 551·0215 

Yokogawa·Hewleti-Packard Ltd. 
Nltto Bldg. 
2300 Shlnohara-cho, 
Kohoku-ku 
Yokohama 222 
Tel: (405) 432-1504/5 

KENYA 
R. J. Tilbury Ltd. 
P. O. Box 2754 
Suite 517/518 
Hotel Ambassadeur 
Nairobi 
Tel: 25670, 68206, 58196 
Cable: ARJAYTEE Nairobi 

LEBANON 
Constantin E. Macridls 
Clemenceau Street 
P.O. Box 7213 
Beirut 
Tel: 220846 
Cable: ELECTRONUCLEAR Beirut 

MALAYSIA 
MECOMB Malaysia Ltd. 
2 Lorong 13/6A 
Section 13 
Petallng Jaya, Selangor 
Cable: MECOMB Kuala Lumpur 

MOZAMBIQUE 
A. N. Goncalves, LOA. 
4.1 Apt. 14 Av. O. Luis 
P.O. Box 107 
Lourenco Marques 
Cable: NEGON 

NEW ZEALAND 
Hewlett-Packard (N.Z.) Ltd. 
32-34 Kent Terrace 
P.O. Box 9443 
Wellington, N.Z. 
Tel: 56·559 
Cable: HEWPACK Wellington 

Hewlett Packard (N.Z.) Ltd. 
Box 51092 
Pukuranga 
Tel: 573-733 

SWEDEN (Jan 71) 
Hewlett-Packard Sverlge AB 
Enlghetsvl!gen 1·3 
Fack 
S-16120 Bromma 20 
Tel: (08) 98 12 50 
Cable: MEASUREMENTS 

Stockholm 
Telex: 10721 

Hewlett-Packard Sverlge AB 
Hagakersgatan 9C 
S 431 04 Mllindal 4 
Tel: 031 - 27 68 00 

SWITZERLAND 
Hewlett Packard Schwelz AG 
Zurcherstrasse 20 
8952 Schlieren 
Zurich 
Tel: (051) 98 18 21/24 
Cable: HPAG CH 
Telex: 53933 

Hewlett Packard Schwelz A.G. 
Rue du Bols·du-Lan 7 
1217 Meyrln 2 Geneva 
Tel: (022) 41 54 00 
Cable: HEWPACKSA Geneva 
Telex: 2 24 86 

TURKEY 
Telekom Engineering Bureau 
P.O. Box 376 
Karakoy 
Istanbul 
Tel: 49 40 40 
Cable: TELEMATION Istanbul 

PAKISTAN (EAST) 
Mushko & Company, Ltd. 
Zirat Chambers 
31, Jlnnah Avenue 
Dacca 
Tel: 280058 
Cable: NEWOEAL Dacca 

PAKISTAN (WEST) 
Mushko & Company, Ltd. 
Oosman Chambers 
Victoria Road 
Karachi 3 
Tel: 511027, 512927 
Cable: COOPERATOR Karachi 

PHILIPPINES 
Electromex Inc. 
Makatl Commercial Center 
2129 Pasong Tamo 
Makatl, Rlzal 0 708 
P.O. Box 1028 
Manila 
Tel: 89-85-01 
Cable: ELEMEX Manila 

SINGAPORE 
Mechanical and Combustion 

Engineering Company Ltd. 
9, Jalan Kllang 
Red HIli Industrial Estate 
Singapore, 3 
Tel: 642361-3 
Cable: MECOMB Singapore 

SOUTH AFRICA 
Hewlett Packard South Africa 

(Pty.), Ltd. 
P.O. Box 31716 
Braamfonteln Transvaal 
Mllnerton 
30 De Beer Street 
Johannesburg 
Tel: 725·2080, 725·2030 
Telex: 0226 JH 
Cable: HEWPACK Johannesburg 

Hewlett Packard South Africa 
(Pty.), Ltd. 

Breecastle House 
Bree street 
Cape Town 
Tel: 3-6019, 3-6545 
Cable: HEWPACK Cape Town 
Telex: 5·0006 

Hewlett Packard South Africa 
(Pty.), Ltd. 

30B Glenwood Centre 
Corner Hunt & Moore Roads 
P.O. Box'99 
Overport, Natal 
Tel: 347536 

UNITED KINGDOM 
Hewlett-Packard Ltd. 
224 Bath Road 
Slough, Bucks 
Tel: Slough (0753) 33341 
Cable: HEWPIE Slough 
Telex: 84413 

Hewlett-Packard Ltd. 
The Graftons 
Stamford New Road 
Altrlncham, Cheshire 
Tel: 061 928-8626 
Telex: 668068 

YUGOSLAVIA 
Belram S.A. 
83 avenue des Mimosas 
Brussels 1150, Belgium 
Tel: 34 33 32, 34 26 19 
Cable: BELRAMEL Brussels 
Telex: 21790 

SOCIALIST COUNTRIES 
PLEASE CONTACT: 
Correspondence Office for 
Eastern Europe 
I nnstrasse 23/2 
Postfach 
A1204 Vienna, Austria 
Tel: (222) 3366 06/09 
Cable: HEWPACK Vienna 
Telex: 75923 

ALL OTHER EUROPEAN 
COUNTRIES CONTACT: 
Hewlett-Packard S.A. 
Rue du Bols-du·Lan 7 
1217 Meyrin 2 Geneva 

SWitzerland 
Tel: (022) 41 54 00 
Cable: HEWPACKSA Geneva 
Telex: 2.24.86 

TAIWAN REP. OF CHINA 
Hewlett Packard Taiwan 
39 Chung Shiao West 
Sec. 1 
Overseas Insurance 
Corp. Bldg. 7th Floor 
Taipei 
Tel: 579·605, 579-610, 579-613 
Telex: c/o Bankamerica TP 339 
Cable: HEWPACK Taipei 

THAILAND 
The International 

Engineering Co., Ltd. 
P. O. Box 39 
614 Sukhumvlt Road 
Bangkok 
Tel: 910722 (7 lines) 
Cable: GYSOM 
TLX INTENCO BK·226 Bangkok 

VIETNAM 
Peninsular Trading Inc. 
P.O. Box H·3 
216 Hlen-Vuong 
Saigon 
Tel: 20.805 
Cable: PENINSULA Saigon 

ZAMBIA 
R. J. Tilbury (Zambia) Ltd. 
P.O. Box 2792 
Lusaka 
Zambia, Central Africa 

MEDITERRANEAN AND 
MIDDLE EAST COUNTRIES 
NOT SHOWN PLEASE 
CONTACT: 
Hewlett·Packard Correspondence 
Office 
Piazza Marconi 25 
1·00144 Rome·Eur, Italy 
Tel: (6) 59 40 29 
Cable: HEWPACKIT Rome 
Telex: 61514 

OTHER AREAS NOT 
LISTED, CONTACT: 
Hewlett-Packard 

INTERCONTINENTAL 
3200 Hillview Ave. 
Palo Alto, California 94304 
Tel: (415) 326-7000 

(Feb. 71 493-1501) 
TWX: 910·373-1267 
Cable: HEWPACK Palo Alto 
Telex: 034·8461 

E l1·70 
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