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1, INTRODUCTION 

UNIVERSAL CLOCK 
INSTALLATION SPECIFICATION 

02-2-!0A2U 
No ·r em be r 1 9 7 1 

Thi.s specification provides the necessary information for the installation of the 02-240 Universal Clock Module and the 
external clock option. The module assembly consists of one standard 35-398 half board and one 17-177 cable. The 
35-398 half board must be strapped to a blank half board (INTERDATA 16-398 Half Board Kit) or an active half board 
(i.e. Memory Protect) to be installed in a chassis designed for full boards. The Universal Clock board may be used 
in either the right or left half position, as required. See Figure 1. 

2, INSTALLATION 

2.1 

ra _J~ 0~8 

1g_ :I: 

HALF BOARD 

It 

~ Q lo 

NOTE: 35-398 HALF BOARD CAN BE 
LOCATED ON EITHER SIDE. 

HALF BOARD 

Figure 1. Half-Board Assembly 

JJ 
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When the Universal Clock Module is shipped with a system, it is installed at the factory so there is no special unpacking 
procedure. It is only necessary to insure that the module is properly seated in its connectors. If the module assembly 
is purch~1sed separately, it should be unpacked carefully and inspected for damage prior to installation. 

2. 2 Location 

The 35-398 Universal Clock Module half board, strapped to a blank or active half board, may be installed in any I/O 
slot. However, it is preferable to use the highest priority position available. After installing the module, remove the 
RACKO/TACKO strap located on the back panel between Terminals 222 and 122 of the selected slot. 
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:2. :1 C:1hles and Connectors 

'i 
I Connectth'e 17-177 cable as shown in Figure2; Note that the cable is long enough to allow the 35-398.half board to op-

erate on ;1n extender. 

CONNECT At R.EAR OF CHASSIS ro TERMINALS INDICATED: 

Cl 

CABLE 17-171, 
ROUTE THROUGH SLOTS 

IN LEFT SIDE: OF CHASS1S • 
. (f'RONt to !!ACK) 

3. EXTEHNALCLOCK OPTION 

CONNECT TO 
MOTHER BOARD 

0 

0 

Figure 2. Cable Connections 

35-398 
(HALF-BOARD) 

To use nn external time base oscillntor perform the following steps: (Refer to Schemntics 02-240bOR) 
I 
I 

l. ~trap Test Point (TP) A to Test Point (TP) B. 

2. Connect the externnl oscillator, via twisted pair, to Test Point EXT and Test Point EXG 
(TP EXG is ground). 

. . 

Internal termination.of the Universal Clock Module i.s shown in Figure 3. 

P5 

Figllre 3. External Oscillator Coririections, and Internal Termination 
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1. INTRODUCTION 

UNIVERSAL CLOCK 
MAINTENANCE SPECIFICATION 

I)~ - !. -l ()I{ (J ~A :.'. I 
()ct o iJ er 1 !l 7 ·-~ 

The 02-240 Universal Clock Module consists of two I/O devices; 1. the programmable Precision Interval Clock (PIC), 
and 2. the AC Line Frequency derived Clock (LFC). The PIC provides the user with a Processor interrupt and a pro­
gram accessible counter which is based on a dynamically variable (thru program .control) Precision Resolutio~ Clock 
and Interval Counter. The LFC is derived from the AC power line and provides the user with a Processor interrupt at 
twice the line frequency. 

Since the PIC and LFC are completely independent of each other, they are covered in separate sections of this specifi­
cation. Section 2 describes the PIC, and Section 3 describes the LFC. Both sections contain block diagram and func­
tional schematic analysis, timing information, and sufficient notes to maintain this interface. A mnemonic list com­
mon to both sections is provided at the end of this specification. 

2. PRECISION INTERVAL CLOCK 

2.1 Block Diagram Analysis 

As shown in the PIC block diagram on Sheet 4 of Schematic 02-240D08, the Count Input Buffer and Resolution Select in­
put Buffer are loaded from the Multiplexor Bus. Upon initial start up or at the end of an Interval period, this informa­
tion is transferred to the Interval Counter and Resolution Select Register. The Resolution Select Register enables one 
of the four Resolution Clock rates available from the Clock Divider. The selected Clock Divider output Count Pulse 
(COUNTO) decrements the Interval Counter until it reaches zero, the next count pulse produces the PIC Interrupt (XNTl) 
which is sent to the attention circuits, and the process is repeated. The Interval Counter may be monitored through the 
Counter Output Buffer to the Multiplexor Bus. 

2. 2 Functional Diagram Analysis 

Refer to Functional Schematic 02-.240D08 for the following analysis. 

With the exception of common I/O bus buffering, the PIC logic is detached from the LFC. Status, Command, and Data 
Byte information is provided in the Programming Specification 02•240A22. 

2. 2.1 Operation. Initialization (SCLRO) (lLS) insures that the PIC is placed in. the Disarm Mode by resetting 
the Enable PIC Interrupt (ENAXl)(lJl) and PIC Disarm (XDRMO)(lJ2) flip-flops. The Resolution and Counter Input Buf­
fers (2Cl-9), and the Overflow (OVFL)(2H2), Data Byte Count (DBC1)(2H8), and Write Byte (WBC0)2H3) flip-flops are 
cleared. 

The Resolution and Interval data is initially loaded into the PIC's Input Buffers (2El-9) in two data bytes by Load Data 
Low (LDL0)(2M6) and Load Data High (LDH0)(2M7). A Start Command (CMGXO· DAL21) momentarily sets the STARTl 
flip-flop (lJS), the next !{aw Clock pulse resets it (RCLKO)(lHS). This action resets the PIC Int<~rrupt l1ip-flop IXNTO) 
(2G7), and loads the Resolution Select Register (2El-2) and the Interval Counter (2E3-9) from the Input Buffers. XANTl 
(3J2) goes active if enabled. 

The Resolution Register outputs (SMSl, SHMSl, STMSl, and SCKl) enable one of the Clock Divider outputs (3Dl-9) to 
produce COUNTO (3M7). COUNTO starts to decrement the Interval Counter. When zero, the next count pulse activates 
the borrow output from the Interval Counter (2E3-9) and the XNTl flip-flop (2G7) momentarily sets, it is reset by CLKl. 
This causes an interrupt to be queued in the PIC Attention flip-flop (XANT1)(3Jl) if not in the Disarm Mode. Attention 
goes active (ATN0)(3Nl), if enabled. The XNTO pulse reloads the Resolution Select and Interval Counter Registers from 
the Input Buffers. Operation now proceeds as previously described. 
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During· the Interval (Interval Counter has not reached zero), the Input Duffers may he altered h.\' two d:11a bvte,.; con-­
iaining a new Resolution anrl/or lntcrval. When the present Interval concludes, the nrm· rlata will \Jc loadt•d from the [11-

put Buffer in place of the old. However, if the Interval times out between the start of the first data liyte transforred 
and the e,nd of the second data byte transferred, the Write Byte Count flip-flop (WDC)!2H:J) causes thP Overflow flip-flop 
to set (OVFL)(2H2). This stops the Clock by holding STARTO low (1J7). The clock will restart after the completirin o! 
the second data byte transfer or on receipt of a Start Command. OVFL remains set until the execution of a Sense Status, 
an Acknowledge Interrupt instruction, or Initialization. 

The PJC is provirled with an Out:pu1 Duffer (3Gl-9) so that the Interval Counter may he intcrrogai er! wiih<J11t di c:1urlii11'4 
its operation, hy using two data byte transfers. The Output Duffer is normally loaded on every C LKl. The first D:ll:i 

Hequest gated (DRG0)(1R4) by Raw Clock (RCLK1)(1J9) latches up the Output Buffer by setting the Data Requests, 1w 

flip-flop (DHSYN1)(2,T7), which in turn holds Load Buffered Count high (LDBC0){2K7). The Read Data Lo\\' llWLll II~ LC 1 
is activated and SYNO is returned. The falling edge of DRGl sets the Head Byte Counter. The second DH Cl aet ivates 
Head Data High (HDH0)(2L7) and SYNO is returned. The falling edge of the second DRGl resets the Head B~tc Counter, 
\\'hich in turn resets the DRSYNl flip-flop. 

2. 2, 2 Circuit Analysis. It should be noted that numerous 19-035 four bit up-down counters are used as regis­
ters and perform no counting operations. The One-Shot (3R6) which resets the PIC Attention flip-flop (.XATN1){8.TJ1 is 
set to produce a 175 nanosecond pulse (approximately). 

2. 3 Timing 

Hefer to Figure 1. 

RCLKO 

STARTO 

CLKO 

XNTO 

COUNTO 

OVFLI 

ATNO 

OCCURS IF INTERRUPTS 
ARE ENABLED -

DRGI 

. ROLO 

DRSYNI 

DBCI 

LOB CO +-buA;;~;:~;FER 

OCCURS IF INTERVAL­
COUNTER EQUALS ZERO 

OCCURS If INTERRUPTS_ 
ARE ENABLED 

;' !+-RESETS ON RACKO 

~RD~H~0~~~~~~~~~~~~---1~...-~~~~~~~~~~~~~~~~~ 

Figure 1. Precision Interval Clock Timing Diagram 
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::'..·I Hout.inc M:tintenancc, Adjustments, and Tests 

The l'JC r<'quires no acljust nwnt s. The :iccurac.v of the cryst~ll oscillator should be checked with a digital frequency 
met;er on RCLKO (lJ!}) at Test Point Z (l MHZ ± • 01 o/r). 

2. G Troul J}l'~;hool in:~ 

The J>JC rnny he reasonably tested using a static check. H.efer to tlw l'l'ogrmnming Specification, 02-240A22, for set 
up procedures. Test Program Oti-123 provides a dynamic check which can be monitored hy appropriate test equipment. 

:L LINE FHEti1:1rncy CLOCh 

:1.1 Block Diagrnm Analysis 

As shown in the LFC block diagram (Figure 2), the power supply provides a 12 VAC line from which the LFC Interrupt 
(JINTl)(3R8) is derived. Although shown separately for clarity, the LFC J/O logi.c (Address, Command and ATN cir­
cuits) is combined with that of the PIC. This is described in Section 4. 

0 T 
PROC ES SOR 

12 VAC FROM 
POWER SUPPLY / 

'I"" 

CLOCK 

CIRCUIT 

MULTIPLEXOR BUS 

0 0 :.:: . :>:: 
0 u 
<t <t ..,.. 

0:: 

HNTI .ATTENTION 

CIRCUITS 

Figure 2. AC Line Derived Clock Block Diagram 

3. 2 Functional Diagram Analysis 

-
-

~ I 

ADDRESS 
AND 

COMMAND 
LOGIC 

As shown on Sheet 3 of Functional Schematic 02-240008, the clock circuit is driven by the 12 V AC output from the sys-
. tern power supply. A full wave bridge rectifier, followed by a zero voltage detector whose output is fed through two 
gates, prorluccs the HNTI pulse (3H8) at twice the line frequency. The LFC is placed in.the Disarm Mode by sCLRO, 
resetting the Enable .LFC Interrupt(ENAH1)(1J5) and the LFC Disarm (HDSRJllI0)(1J5) flip-flops. The LFCresponds 
only to .the Enable and Disable Commands. If the LFC is not in the Disarm Mode, HNTl will toggle the LFC Attention 
flip~flop set (HA1'Nl)(3I<6) at twice the line frequency. Attention (ATN0)(3Nl) is activated, if enabled. 

4. PIC AND LFC J/0 FUNCTIONAL ANALYSIS 

The Addresses of the PTC and LFC differ only by the state of Bit-7. The PIC address is always even (Bit-7. inactive), 
whilethe'LFC arldr.ess is always odd (Bit-7 active). The output of the PIC Address flip-flop (ADX1)(1J4) and LFC Ad­
dress flip-flop (ADHl) (1.J4) gates the control lines (ORO, DAO, SRO, and CMDO) to their respective logic.· 

The interrupt logic (Sheet3) is arranged so that thePIC has the highest interrupt priority. Reference should be made 
th~ Model70 User's Manual, PublicatibnNumber 29~261, for a, description of standard I/O timing sequences. Refer 
to the Programming Specification, 02-240A22, for Command, Status, .and Data Byte informatiop. · 
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5 •. l\INEl\IONlCS 

The follm\'ing list provides n brief description of cad1 mm'nwnic fmuul in. flw l lniv<'rsal Cloek. The SJHirC<' of. each si.g·, 
nal on the Sche1ri:1tic Drawing, 02.-240D08, ls :\lsn provi1kd. 

AD 

J\DII 

ADH 

ADRS 

ADX 

:\C:OOl :OG1 

ATN 
. (Test Point U) 

AT SYN 

HCT00-11 

CLK 

CMD 

CMGH 

CMGX 

CNT00-11 

COUNT 
(Test Point S) 

D080:150 

4 

l\lEANINC 

Address - BH-7 of device wldrPss rel 11nwd on SH<;. 

Address LFC - ·Acttvewlrnn the LFC address is recognir.cd. 

Address - Decoded address. 

Address - The Proces$or pr<~sents an Address Byte on Data 
Lines D08:15, The device controller accepts the Address 
Byte· and responds with a SYN. 

Address PIG - Active when. the PIC address is recognized. 

Address Gate Lines - Selected straps which generate a 
unique device address. 

Attention· - Any device desiring to interrupt the Processor 
will activate the ATN line and hold this line until an ACK 
is received f:rom the Processor. 

Attention Synchronize ~ Strobes the address of the. interrupting 
devke to the Processor. 

nllffored Counf Output~. Oul puf linN> nf' Output l'.uJfcr. 

Clock,.. !law Clock gated. 

Command - The Processor pruscnts :rCommand Byte oil 

Data Lines D08:15, The devicecoutrollet accepts the 
Command Byte and responds with a SYN. 

Command Gated for LFC - Command gated by ADfI. 

Command Gated for PIC- Command gated by ADX. 

Counter Output - Output lines fr9m Interval Counter. 

Count - Count pulse at selected Resotution Rate. 

Data· Lines - Data Lines D080:150 are used to transfer one 
eight bit byte of data between the Processor and the device. 
One byte of address or command is transferred from the 
Processor to the. device over Data Lines 8:15 (D08:15) when 
accompanied by either an Address (ADHS) or a Command 
(CMD) control line. One byte of data is transferred from 
the Processor to the device when accompanied by the Data 
Availabl.e (DA) control I.inc. The device, in response to an 
Acknowledge (ACK) control line or a ~ense Stat.us '(SR) con­
trol line, sends. one byte of address or status information 
to the Processor over Data Lines D08:15. In.response to a 
Data Request (DR) control .I ine, the device sends an eight 
bit byte of data.to the Processor. The device always sends 
a Synchronize 

1 
(SYN) signaltothe Processor to indicate that 

it has either receive<] the data from the Processor or that. it 
has sent.the datato theProcessor. The SYN signaUs re'-

SCH El\1 /\TIC LOC/\TION 

J.J.I 

1G3 

lKl 

1J4 

1F2-8 

3Nl 

384 

3H2-8 

lL!l 

1K2. 

1R5 

1R2 

2F3-8 

3M7 

1A2-8 

moved immediately after the Processor removes the control line. 

!~~~ ••• 

··~,,; 
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~lNl·:M<lNlC "----·-·-- - ---~ 

C> f) 1\ 

JJJ\U 

DAL00:70 
01:71 

DBC 

rm 

I )I 1l; 

DHSYN 

l;:NAH 

ENAX 

EXC 

EXG 

HATN 

(. HDSHM 

HMS 

HNT 
(Test Point V) 

LDBC 

LDH 

LDL 

MS 

OVFL 
(Test Point H) 

HACK 

HCLK 
(Test Point Z) 

HDH 

c: RDL 

SCLK 

S< 'Ill·: MJ\T)(' !,()(' J\T I< JN 

Data Avail ah le -The Processor presents data on Dnta Lines 
0080:150 for trrmsfer to the device. The device controller 
ncc-epts the low byte nnd responds with a SYN. 

Data Available Gated - Data Avriil:1hle µ;atc:d by ADX. 

Dnta Available Lines -.Data Lines D080:150 buffered 
double rail for data transfer to the device. 

Data Byte Count - Toggles onDAG or DIW. 

J):1tn Bequest - The device controller presents data to 
Dat:1 Lines K:lG followed hy a SYN. 

D:1t a Hcqunst SYN - Enables SYN on DHG. 

t•:nablc LFC Interrupt - natcs llATN to ATN. 

Enable PIC Interrupt - GatesXATN lo ATN. 

Extertial Clock - External time base oscillator connection. 

External Ground - Ground for EXC. 

LFC Attention - Queue flip-flop for LFC Interrupt. 

LFC Disarm - Holds HATN reset, when active. 

100 microseconds - Clock Divirler output for 100 microseconds. 

LFC Interrupt - Pulsed at twice line frequency. 

I,oad Duffercd Count - Londs Output Duffer. 

Lond Dat :t lligh ~ Loads hi~h byte of lnput Duffer 

Load Data Low - Loads low byte of Jnput Buffer 

1 millisecond - Clock Divider output for one millisecond. 

Overflow - Set on XNT· DBC 

Heceivc Acknowledge - Control line activated by the 
Processor in. response to an interrupt. · 

Raw Clock - Buffered output of internal or external time 
base oscillator. 

· Hend Data High - Enables High Byte from Output Buffer 
to data lines. 

Read Data Low - Enables .Low Byte from Output Buffer 
to data .lines. 

Select Clock - Enable Clock Divider outputfor one microsecond. 

1 H:l 

102-8 

2.18 

1K4 

lH'I 

2.J7 

1.J5 

lJl . 

1H9 

1H9 

3K6 

1J5 

306 

388 

2K7 

2L7 

2L7 

308 

2H2 

304 

1J9 

2L7 

2L6 

2Fl 
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. MNEMONIC 

SCLR 

SHMS 

SMS 

SR 

SRG 

SST RT 

START 

STMS 

SYN 

TACK 

TMs.· 

WBC 

XATN 

XDSRM 

XNT 
(Test Point 'f) 

XRP 

6 

System Clear - This is a metallic contact to ground that 
oc.curs during Power Fail, Power Up, .or Initialize. 

Select 100 microf:'leconds - Enable. Clock D1vider output 
for 100 microseconds. 

Select one millisecond - Enable Clock Divider output 
for one millisecond. 

Status Request - The device controller must present 
device status to.Data Lines Do8:15 followed by a SYN. 

Status Request Gated - Status Request gated by ADX. 

Set Start - Sets Start flip-flop •. 

Start - Start Clock. Enables CLKl. 

Select 10 microseconds - En.able CIMk Divider output 
for 10. microseconds. 

Synchronize - T~is signal is generated by the device 
to inform the Processor that it has properly responded 
to a control line. 

Transmit Acknowledge - Syst!'lm daisy chain .control 
line to the i/O system. 

10 microseconds - Clock Divider output for 10 microseconds .• 

Write Byte Count - Toggles on DAG only. 

PJC Attention- Queue flip-flop for PIC interrupt. 

PIC Disarm - Holds XATN reset when aptive. 

PJC Interrupt ::- Pulsed on completion of Interval Count. 

lKohm Resistor to Pt(+5), 

SCHEMATIC LOCATION 

1L8 

2Fl 
0 

2Fl 

1K3 

IR4 

2Kl 

1K8 

2Fl 

181 

383 

3D4 

2H4 .c 
3Jl 

1J2 

2G6 

2F9 

c; 
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1. INTHODUCTION 

UNIVERSAL CLOCK 
PROGRAMMING SPECIFICATION 

The llniversal Ctoek Module consiot8 of two I/O devices; the programmable Precision Interval Clock (PIC), and the 
AC Linc Frequency derived Clock (LFC) .. Since thePIC.:md Ll<'C arc c~mpletely independent of each other, they are 
covered in S(\paratc sections of this specification.. Section 2 describes the PlC, and Section 3 describes. the LFC. 

2, PHECISION INTEHVAL CLOCK 

2, l Description 

The PIC provides the user with a Processor interrupt and a program-accessible counter which is based on a dynami­
cally variable (thru program control) Precision Resolution Clock generator and Interval Counter. 

As showuin Figure 1, PJC biockdlagram,. the master time baseforthe PIC is provided by aonemegahertzcrystal os­
cillator. It should be noted that the internal oscillator can be disabled so that an external master time base oscillator 
may be used. See Installation Specification 02-240Al0, for details. 

TO 
PROCESSOR 

EXTERNAL 
OSCILLATOR 
(OPTIONAL 

CONNECTION l 

RESOLUTION 
SELECT 

REGISTER 

INPUT 
BUFFER 

(RIC) 

WRITE 
DATA 

I MHZ 
CRYSTAL 

OSCILLATOR 

CLOCK 

DIVIDER 

INTERVAL 

COUNTER 

OUTPUT 
BUFFER 

(CIC) 

READ 
DATA 

M U .L T I P L E · X 0 R B U S 

Figure 1. PIC Bloc\<. Diagram 

INTERRUPT 
AND CONTROL 

LOGIC 

INTERRUPTS 
STATUS 

COMMA'NDS 

1 



·• ., · ! lp<~r:.11 i•~n. 

The basic l'.JC}1p~'i~ation is: 

l ·• . ·. Thb lfosolt1t io'n and ltitqrvar data is ~PllLJo the Pll' hy Write Data or Write HaU\vord ihstrttcti~;i8, anir. it re.:. 
mah18 iii ihc•Jnff.ll Buffi.n:s 1in.til new data is, suppliell. 

· .. ~ •. \\'fwH th1• t•locl;_ls st:1rtc1l h/ nil 011tn~1t Cpmn1;111d, tlH' f)t•solpt i<H1 :rndlnlc~yaJ data iii th<; ;hip~it l »11fl• :rs ii:; 

tr:1nsfo~Tt!d to lhc Ifosohtti<ln Sefo(;f,Hegister. ;i.nd lnte1~vul C:•ounil;l' ancl an intcr],upt .is J:?;enb·ated i r cn:1hfl'tl, 
... ·. . . . . .· • . . . . . .. .. .. . . ·.. .· . I . . .. : .. ·, 

·1:1rc lntcrvnl Counter hcgfo-i to decr!~ment al tlw sclctllcrl N:::iolution ;rate. ··· j · . ' . ... .· .· . . .· . . .· . . .. . . I . I .. •. • 

3. At't,hc C.ondusion of the interval coul'):t (Iriterval Counter. reaches ze~o) th,e' next elock pul~e cm.i;ses the Interval 
Counter and .ifosolutiori Selecf Hcgistei' to be rt~.loadcrl from the input Buffers. The clock continues to" rurt and 
once again bci..rins to rlccrenmnt thelfiterval Counter. . .. . 

-. .·· . . , .- . ·· I ·. i .. · , 

·1. Tlie PIC' g\'.)neri;ites au lntefrupt each tirrie the lnt13rval Counter .and I{esolution Select Register :are refoaded 
frOm t;hc Input.Buffer ~f interrupts :ire enabled.: Fu1'ther,thE;i PiG queues atl"it}tefrupftllµt,~rfupts are dis;._ .· 
abfod an'.t ~ot disarmed~ I~irially, Hie PIG neither generates norqrieues an ,interrupt under th~ iiliove circum'"' 
stances if interrttpt.s are chsarmcd. . . . · .· . ·.. . .· , .. ·· .1 · . 

· ;, ··;,~;.':~;,;:~;';;:~:;h,;:;'~,:::::;;~~;" ·~.':c:~";:~·:;; ::'6::p~:,-;;r.c;::!·:"'"'l.';:~d·~ ;:""~:;•~ ·· 
l'!'.i1cl h)' the P:r'oc•pssor. . · · . · 

. ·.. . : • '1 •. .. ' ·.. . .. ' _: . . ·. ; . •· ' . • . \' . . . . .'· : .. : ·· .. ,. 

Note. in Stops;? and 3. th,at. the Input Bt1 ffPY'f\ nrc used by the. PJC .ortly atthe beginning of each interval to telbttd the He-
sohtt~on Selecl n~ister Md Jntervitl Cmmter~ )fotice; . the 1l1vttt Buffers are free fo accept new data anytime durin,g tht:! 

. rema:indl:lr. qfllle interval. ''T~erefore> the user m;ty. output new fiesolution. and Interval dafa to thE! Irtput; Buffers befo.re 
the pres(lni. inlerval cii'nclude.s/ Wlwn the present inforviH times out, the new data is foaded in place Qf the old hnd the 

·. PJC ~'.<>ntinueFHJl the i1c:'w lksc>l11Hon :ind lnferv:il. · . 

. If .t.hC;fll'('S~~tJ;tilerval eOnclH(.les r)llrillg th~ ifiJ1~ Jhat ihe lnpul f\Hffei'S arc IWi~J!:. a[tprpcj, an. overflow condition l}x(:.;fii . 
. cnlisih~)hc c:fo~kfo ·pa11se im!Jl data I r:1nsrer io fhe·Inp11t Huff0rs ·j~ completed or the PIC is issued a Command Start~ . ,, ... ,. . . - . ,··. .· .· . . . . - .· ': . . . : ·. : 

. . . . . 

NOTE 

.• Overfl<)w.only. resets on ijle e~ecutiOf1.0f Sense .· 
.status 4r Ackno~ledge Interrupt instructions, · 
'·or onirittialization;· IfQvertJowocc\lrs and.is, 
-not re~et by one of the above, the new clo~k. 
interval will n,ot be accurate; 

NOTE. 
. ,. ' 

c . 

. . . : . . 

if a ~el'() is loided, the clock duration ~quals 
the resoli.ltion •. 

. ; ·, , 

,·, \ 

llsi11;1fth,e intc~~:tl time .base oscillntor, the following resolutions and intervals may be .obtained: 

HESOLUTIQN . INTERVAL 

lus fos to4,096us 

· lOU.s . io:us "to 40, 960u~ 

.. 1.00us toA09,_ 600us 

i r I. 

·.-0 



l.\'rit c instn1c·1 i<.ms (\VD,' \\'DH, Wll, or. WHR) arC' 't1sed to initially set up or change t·he HesQlution and Interval Count 
. (RIC) •. To chai1g-<' nw HIC, ·data transfers must be complPtcd within the prcRPnt cloddntcrvaJ or overflow-status 

(OVFT.l i'c;stilf s. 

When the inft·rYal I imt•s out., an;i tlw lntc1·v:tl Co11nf('1' is relo:ul<'d, an· interrupt is g·l•rwratrni, ii" cnahled; qlll'llt'd if dis­
abled; .and not qu<'Ul'd ii' dis:n·uw;I. Also, the IUC is .loaded into till' Hnmltiti••n Hl'll'ct H<'g-istcr and lnk.rv:ll ·countl't', and 
1hc·clock .continul's to run. 

Co111111:md Shirt (OC or 0('1{ with Bil-2 in lhc Conunand Bylt~ sel) is u":l'd lo inil iall.v slart or lo rdoad 'llw HJ<' :111d n•­
slarl tlw clot.'k. 

Head insl rtrl't ions (HD, HIJJ{, Hi!, or Hlffi) a,e used to interrogate the Current Interval Counter (CIG) during the count 
period,. 

Typical prol'c<lurc for !ht-~ !'IC is: 

1. Output twc> data bytes using the Write instruction$ to select the clock period, 

2. Disarm device interNpts and start the cfock using a Command instruction. 

:L Enable device interruptH using a. Command instruction. 

4. Mon ii or the Int Prva I Count t'r, if appropriate, hy input! i.11g two data bytes using the Read instructions. 

:i. Jr necessary, out.put m•w d:il a hyt_c,s to <'h:rnge tin• Hlf:. t-it.atus e:rn lw chcckPcl for overflow condition, which 
would indicate th:il 1lw nc•w clock inl<'rv:1l was not started on lime • 

.Ii, To slop the PIC, oulput lwo hyluH to the HIC with all Hcsolulion hits zero, and iSHllC a Command st·arl. 

Th(• PJC inter~'llpl.H at lhl~ conclusion -of each clock interval when tho Interval Counlcr is reloaded~ H enabled.. It should 
be noted Iha! I.he clock nornrnlly docs not. stop but merely creates an int~rrup{ artd restarts using the last selected me. 
'i'his interrupt should be serviced with an Acknowledge Jntcrruptinsli·uction, an Immediate Interrupt, or an appropriatl• 
·channel Command Block. 

TAJ\LJ<: L PJC STATllS AND COMMAND BYTE CODIN'Cl 

BITS · 0 I 2 

co:YMTAENDI osBL I ENBL ~TART' 
7 

I 
STATUS I 0 lov:,, 7 

I BYTE· 

0 

l·~·'I .0:,1 .~,I 
7 

I 
8· 15 I RIC:iRESOLUTION ' DATA BYTES' IMS 

AND INltlAL COUNT TOPIC . 

DATA BYTES! 

0 

I I 
2 

I 0 0 0 
.FROM PlC 

COMMANI> BYTE 

DSBL 

ENBL 

DlSAHM 

START 

3 

I 
7 

I 
8 15 

I 0 CIC= CURRENT 
INTERVAL COUNT 

Fl.RST BYTE SECOND BYTE 

DISABLE INTERRUPT: Setting this bit prevents the device from interrupting the Pro­
cessor, hut allows interrupts to be queued. 

ENABLE INTERRUPTS: Setting this bit allows the device to interrupt the Processor. 

Setting hoth the DISABLE and the ENABLE bits prevents the device from interrupting or 
queuing the interrupts, and clears any queued interrupts. 

Selling this bit stops the clock; reloads the Resol~tion Select Register a:nd Initial Count 
from the Input Buffers~ thehrestarts the clock. . . 

3 



r1 !' 

;I 
i 

oyFL · 

The PJC either g:cnetates or: queties an interrupt 
each time a STAR'!' command 18 issuNinnl<'sR 
ifiat c<'inn11i1i1d ttl~c\ imts'{pt· apt<•d{m$ (~011mia11i1 

· h~rs set) the .PTC fo thi' Djs:11'111 l\1v<IP. 

OVl.;HF U >W: This bit is set if the intt>ryal timeH out during: the firne hch~een Ow '1eg·i11nirig 
o.f the first data b;}'tetransfcr and the erid Of the.secondbyte. transfer to the device •. If• 
OV:crfl9w. sets, counting stops. · CountinK resurries after a Command Start, or at the com~ 
pletfon of the se('onddata bytctransfer. This bit resets on the.execution of Sense Status 
or Acknowledge Iritetrupt irist:ructions; or on Initialization, 

DATA RYTI·:s 
• • ' I ' 

Data Byte.Transfer~ to PJC (Write). See Note 1. 
. . . -' . 

l~irstDatn. Byte Bits 0:3 speCify Resolution. See Note 2, 
Bits 4:7 specify the four most significant bits of the Interval Count. 

Seconq Data Bite Bits 0:7 specify the ~fght least significant bits of the Interval Count. 

Data B;vte rt'r11.nsfers from PIC (Read). See Note 1. .. · 

I 

First Data Byte Bits 0:3 return as Mro. 
Bits 4:7 return .the four most significant bits of the current Interval Count. 

. . ' . . 

Sccoucl Data nyte Bits 0:7 reh1rh the eightleast signifieantbits of the cutrerit Interyal Count. 

Note 1 • The byte pointe,r iH. reRet . upon Initialization· or any corrimand; otherwise, it toggles ori any data trrtns-:­
fer (Read or Write). 

Note 2. · If no Resolution bit& are set, the count stops. Jf more than one ResolutiOn bit is specified, the shortest. 
Resolution is used. 

2. G Jnitializtition 

Initiali~~tioti occurs on power. up or when the Initialize butt6h is d~pre~sed. , After Initialization, the PIC is left in the 
Disartn Mode with the Resoluffon and OVr'L. bits reset. . 

2. 7 Device Number 

The TNTEl~D/\TA prcfcrrerl address is X'CiG1 ,. The PIC address must be even. Wire changes(see Maintenance Speci-, 
fication.02~24oA21) c.an select miy even n_umber address for this device, See the sample program in Appendix 1. 

3 •. AC LINE l''REQUENCY DERIVED CLOCK 

3.1 Description 

The LFC interrupt rateis derived from the AC power line. The clock.rate is twice the line frequency. 

POWER LINE FREQUENCY 

60H~ 

50Hz 

·. 3.2 ·Program Instructions 

CLOCK RATE 

8. 33ms per interrupt 

10 ms per interrupt 

The :Linp Fr~uen:cy Clock has.only a Commang Byte as shown in Table 2. Allzero. status. is returned on any Sf!nse, 
Status instruction. Data tratisfcr instructions have no effect on the device. 

· .. o.· .· j 



c~-. 

c 

DJSAHM 

DSBL 

ENBL 

DISARM 

3. 3 Program Sequence 

TABLE 2. LFC CO.MMAJ:m BYTE CODING 

DISABLE INTERRUPT: Setting this bit prevents the device from interrupting the Pro­
cessor, but allows interrupts to be queued, 

ENABLE INTERRUPTS: Setting this bit allows the device to interrupt the Processor. 

Setting both the DSBL and the ENBL bits prevents the device from interrupting or queuing 
the interrupts, and clears any queued interrupts. · 

The LFC has no set up procedure other than to enable interrupts with an Output Command instruction (OC or OCR). 

3. 4 Interrupts 

The Line Frequency Clock, if enabled, interrupts at twice the line frequency. This interrupt should be serviced with 
an Acknowledge Interrupt instruction, ari Immediate Interrupt, or an appropriate Channel Command Bfock. A status 
of all zeros is returned with Sense Status or Acknowledge Interrupt instructions. 

3. 5 Initialization 

The LFC is initialized on power up or by depressing the Jilitialize button. After Initialization, the LFC is placed in the 
Disarm Mode. · 

3. 6 Device Number 

The INTERDATA preferred address is X16D'. The LFC ·address must be odd. The most significant address bits are 
always the same as for the PIC. 
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·c·. · ... 
... ,/.· 

c: 

* 
DEVN 
OVFL 
H15 

ORG 

··rmncm 
···wAIT 

HALT 
. FMS 

EMS 
START · 

APPENlll:X 

PJC SAM l'LJ<: l'lH>lmAM 
TTllS l'HO<:UAM CAll8F.S nm. PirnCISION lNTEHVAL CLOCI\. 
OF TllE llNIVEI~SALCLOCK MOJHJLE TO CHEA'l'E A PHOCE8SOH 
JNTEHHUPT EVEI{Y 4MS ANIJ 8MS SE<~UENTIALLY WITH lMS 
RESOLllTION 

EQU 
EQU 
EQU 

LHI 
LHI 
STH 
WH 
oc 
WH 
SSR. 
BTC 
.LPSW 
LPSW 
DC 
DC' 
DC 
DC 
DC 

13 
14 
15 

DEVN,X'fiC' 
IU5,CLKINT 
R15,X'D0 1+X1D8 1 

DEVN,FMS 
DEVN,START 
DEVN.,EMS 
DF.VN,OVFL 
8·, EHROR 
WAIT 
HALT 
X'C8001 , QRG 
X' 8000',0HO 
X' 8004' 
X'.8008' 
x• <;000 1 · 

LOAD DEVICE.NUMBER 
SET UP SERVICE PNTR TABLE 

. FOR DEVICE NO. X'6Ci 
SET me FOR 4 MS 

SET RIC FOR 8 MS 

l MS RATE, 4 COllNTS 
1 MS RATE, 8-COllNTS 
E1')ABLE,STAR'I' . 

• lNTEIUlUPT ROUTINI'~ 

* 
S.f\VE 

. C:LKINT 

NEXT8 
TEST. 

DS 
DS 
DC 

·stM 
LHI 
RHR 
CLffi 
BLS 
WH 
BS 
WH 
SSR 
BTC 
LM 
LPSW 
END 

6 REGISTEH SAVE AREA 
4 OLD PSW STORED iIERE 
0 NEW PSW STATUS 
DEVNiSAVE SAVE 3 REGISTERS 
DEVN,X'6C' 
DEVN,Rl5 READ CIC 
R15,5 CIC< 5 MEANS 
NEXT8 CUR~ENT INTERVAL .IS 4MS 
DEVN,FMS NEXT INTERVAL 4MS 
TEST 
DEVN,EMS NEXT INTERVAL 8MS 
DEVN,OVFL ·ERROR STOP ON OVFL STATUS 
80 ERRQR 
DEVN,SAVE R.ESTORE REGISTER· 
CL,KINT EXIT INTERRUPT ROUTINE 

i . 
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