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FOREWORD 

This manual explains how to use Pro-Log's 7308 Counter/Timer Card. It is structured to reflect the answers to 0 
basic questions that you, the user, might ask yourself about the 7308. We welcome your suggestions on how 
we can improve our instructions. 

The 7308 is part of Pro-Log's Series 7000 STD BUS hardware. Our products are modular, and they are designed 
and built with second-sourced parts that are industry standards. They provide the industrial manager with the 
means of utilizing his own people to control the design, production, and maintenance of the company's 
products that use STD BUS hardware. 

Pro-Log supports its products with thorough and complete documentation. Also, to provide maximum 
assistance to the user, we teach courses on how to design with, and to use microprocessors and the STD BUS 
products. 

You may find the following Pro-Log documents useful in your work: Microprocessor User's Guide and the 
Series 7000 STO BUS Technical Manual. If you would like a copy of these documents, please submit your 
request on your company letterhead. 
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Sec t i'on 1 

Introducing the 7308 Multichannel Counter/Timer Card 
(Purpose and Ma{n Features) 

The 7308 is a fully programmable, multichannel counter/timer card (Fig. 

1-1). It runs as a stand-alone peripheral after recerving~setup instructions 

from the system processor card. An onboard interrupt and status polling 

system identifles completed operations. (See Flg. 1-2 for block diagram). 

Based on the 8253-5 counter/timer, the 7308 provides three l6-bft counter/ 

timer channels. The card has a crystal oscillator and tapped clock divider, 

an 8-input multiplexer for each channel, and programmable logic states at 

each clock, gate, and output signal. 

The three channels are configured independently by the program. Each is 

suitable for event counting from DC to 2.5 MHz, for one-shot simulation 

with hardware and software triggering and retriggering, and for precisely 

timed interrupts. A special feature allows any channel to interrupt after 

the nth programmed event or loop iteration. 

Main features of the 7308 are: 

Three independent l6-bit counter/timer channels with six operating 
modes each. 

Count source multiplexer, with eight inputs for each channel. 

Programmable loglc polarity at user inputs and outputs. 

No adjustments - minimizes OEM effort and field errors. 

Onboard interrupt latches and masks for stand-alone operation; 
STDMG-approved interrupt connector for expansion with 7320 priority 
interrupt card. 

Onboard crystal oscillator for accurate programmed timing. 

Provision for external time-reference signal input, and clock output 
for other STD BUS cards. 

Universal processor compatibility: Z80, 8085A, 6800 and others. 

Multisourced industry-standard components. 

Single +5V operation . 
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Figure 1-1. 7308 Multichannel Counter/Timer 
Card. 
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o Section 2 

How' to Use the 7308 
(lnstallation and Specifications) 

The 7308 operates as part of an STD BUS card rack system. you 

can plug it directly into the STD BUS backplane (Fig. 2-1) or extend it 

from the motherboard with a 7901 card extender, or equivalent. 

In this configuration, the card is mapped at processor I/O port addresses. 

I/O Mapped Card Addressing 

(Figure 2-1: I/O Mapped Operation in Local Card Rack) 

In its normal operation, the 7308 is addressed directly by the processor 

card. The 7308 1s input and output ports respond to single read and write 

instructions executed in the processor1s operating program. The 7308 is 

enabled when a jumper-selected combination of address lines AO through A7 

is present, and when the following control lines are active: fORQ"~, 10EXP-'~, 

() and either RD-'- or WR"'. 

• 

The 7308 occupies eight consecutive I/O addresses regardless of its mapping 

assignment. To facilitate testing, we ship the card with hexadecimal addresses 

D8 through OF connected. You may retain these addresses or change them by 

moving the installed jumper wires. While the card1s port addresses are 

generally arbitrary, they must differ from all other I/O port addresses in 

the system. If they do not differ, mUltiple cards will respond to the same 

input instruction, resulting in bus contention. 

Address Decoder Operation 

(Figure 2-2: I/O Port Select Circuit) 

Refer to the 7308 Schematic diagram (Figure B.-1) 1.n Appendix S" 

Two cascaded 74LS138 decoders (U2 and U3) form the card select circuit 

which enables the 7308 1s data bus buffer (U1) and either the 74LS138 port 

select decoder (U4) or the 8253 device (U14) • 

2-1 
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The 7308 occupie'$ eight 1./0 port addresses, with four of the 1.10 ports 

internal to the 8253-5 (ports o8""DB i:JS shTpped) a.nd th,e other four ports~ 

(DC-OF) controlled by the port select decoder (U4). 

When address line A2 is low, the 8253~5 ports are selected~ The device 

contains internal cj'rcui'try whlch decodes address lines AO and Al with RO~'" 

and WR* to control read and write operations for ports 08~OB. 

When address line A2 is high, port select decoder U4 is enabled with RO* 

and WR* to generate input port strobes IPO* - IP3* and output port strobes 

OPO*-OP3*. These strobes control read and write operations for ports DC-OF. 

The functions of the eight input and output ports are shown in Table. 3-]3. 

Changing the 7308 1 s Port Addresses 

o 

Refering to the 7308 assembly diagram, (Appendix B) locate decoders U2 and U3 

(74LS138) next to the STO BUS edge connector. Each decoder has a du~l row of Dads ~ 

that form decoder output-select matrices. Make one (and only one) connection 

to each matrix next to U2 and U3. 

Figure 2-3 shows the numbering of the pads next to the decoder chips on the 

7308. It also shows the jumpers (at x6 and Y3) that produce hexadecimal 

port addresses 08-DF (the selections made when the card is shipped). 

(Figure 2-3: Decoder Jumper Pad Numbering) 

Table 2-1 shows where to place jumper straps to obtain any eight sequential 

port addresses in the hexadecimal range of 00 through FF. You can change 

the 7308 1 s address range to occupy any eight ports with the restriction that 

the least significant digit of the lowest of the eight addresses must be 

either a zero or an eight (the card can occupy addresses 20-27 or 58-SF, 

for examp 1 e) • 

(Table 2-1: Port Address Decoder Jumper Selection) 

Determine which block of addresses you want the card to occupy, then find 

the most significant digit of the address along the left axis of Table 2-1, 4[) 
then the block of eight least significant digits across the top of the 
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o 

MOST LEAST SIGNIFICANT HEX ADDRESS 
JUMPER SIGNIFICANT 

0111213\4\51617 aI9IAIBIC\DIEIF 
SELECTION HEX ADDRESS 

0 XO YO XO Y1 '" 1 XO Y2 XO Y3 
2 X1 YO X1 Y1 
3 X1 Y2 X1 Y3 

4 X2 YO X2 Y1 
5 X2 Y2 X2 Y3 
6 X3 YO X3 Y1 X 
7 X3 Y2 X3 Y3 

AND a X4 YO X4 Y1 
9 X4 Y2 X4 Y3 Y 

A X5 YO X5 Y1 

B X5 Y2 X5 Y3 
o 

C X6 YO X6 Y1 
D X6 Y2 X6 Y3 
E X7 YO X7 Y1 

F X7 Y2 X7 Y3 V 

o 

2-6 



o table. Read th.e pair of jumper connections at the intersection of your 

selections. For example, obtaining addresses 20~27 requires Jumpers Xl and 

YO; addresses 58-5F require jumpers X2 and Y3. tf you change the address' 

jumpers, remember to remove the Jumpers that were installed when you received 

the card (X6 and Y3). 

c 

The pad matrices next to U2 and U3 are on 0.10 inch (0.25 cm) centers. If 

you anticipate changing address selections frequently, you can replace the 

jumper wires with wire-wrap posts or equivalent. 

Electrical Specifications 

Vcc = +5V ± 5% 

Icc = 750mA maximum, 450 rnA typical 

Address, data, and control busses meet all STD BUS general electrical 
specifications 

User interface inputs are 5 LSTTL loads maximum. Counter/timer outputs 

can drive 55 LSTTL loads minimum, and interrupt outputs are open collector 
with 10 LSTTL load sink capability. Counter/timer lnputs and'outputs have 
programmable polarity; interrupt outputs are low level active. See Tables 
2-3, 2-4 and 2-5t 

Timing Specifications 

Figure 2-4 shows the relationship of waveforms at the user's counter/timer 

s;gnal interface connector J2, and Table 2-2 gives min/max timing speciftcations 

that apply to the clock, gate, and output signals of anyone of the 

• 
.'tllli::,::;:;; II A 

three channels over the specified Vcc and operating temperature ranges. 

Note that since the clock and gate input polarities are programmable, 

Figure 2-4 and Table 2-2 assume that the clock is active on the falling 

edge and the gate is high level active (IPS=O and GTS=l; see Table 3~11). 

This corresponds to the normal logic polarity at the inputs to the 8253-5 

device. 

(Figure 2-4: Waveforms at User Interface Connector J2) 

(Table 2-2: User Interface Timing Specification) 

-
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CLOCK 

....... -- t C 1-----II~ 

GATE 

----.", ..... --t w 4- -I---II~ 

....... -tS1: ... 

OUTPUT 

FI~GURE 2.-1: WAVEFORMS AT USER I.NTERFACE CONNECTOR J2 o 
-PARAMETER MIN MAX UNITS 

tCl Clock period asymmetrical waveform 400 ns 
0 -~.!.2_ MHz ------ - ... -- ------ --.-- -- ---------symmetrical waveform 500 ns 
0 2.0 MHz 

tWl Clock high 250 

tW2 Clock low 150 

tW3 Gate low 125 ns 

tW4 Gate high 200 

tSl Gate setup time prior to Clock"- 175 

Gate hold time after to Clock ~ 25 I1s 
tHl 

tOl Output delay after Gate~ 525 ns 
t02 Output delay after Clock ~ 400 

TABLEl-2: USER INTERFACE TIMING SPECIFICATION o 

2-8 
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~ Signal tnput Load(ns and Output Orive 

() 

• 

Tab 1 e 2- 3 shows the STO BUS P ins' that the 730.8 us'es and th.e number of LSTTL 

loads represented by each pin. Pins not used by the card are electrically 

open. Tables 2-4 and 2-5 show the same information for the interrupt con

nector J1 and the counter/timer signal connector J2. 

For the signal functions and complete electrical specifications of the STO 

BUS, see Reference 1. 

(Table 2-3: 
(Table 2-4: 
(Table 2-5: 

STO BUS Edge Connector Pins for the 7308) 
Jl Connector Pin List for Interrupt Status) 
J2 Connector Pin List for Counter/Timer Channels) 

User Vcc Output 

User interface connector J2 provides system Vcc on pins 24 and 26 for powering 

user-added signal conditioning circuitry. These output pins are current 

limited by a one-ohm 1/4 watt resistor each to protect the connector. Output 

loading on these pins should be restricted to no more than 200 rnA each; 

The output voltage relative to system Vcc will be reduced by 200 rnA (typically) 

with a 200 mA load at each pin. 

Mechanical Specifications 

The 7308 meets all general mechanical specifications of the STO BUS, except 

for Jl and J2 connector protrusion, which is 0.25 inch (0.64 cm) maximum; 

and J2 mating connector latches, which may protrude up to 0.65 inch (1.65 cm) 

maximum. 

7308 Environmental Specifications 

(Table 2-6: 7308 Environmental Specifications) 
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STD 7308 EDGE CONNECTOR PIN LIST 

PIN NUMBER PIN NUMBER o 
OUTPUT (LSTTL DRIVE) OUTPUT (LSTTL DRIVE) 

INPUT (LSTTL LOADS) INPUT (LSTTL LOADS) 

MNEMONIC MNEMONIC 

+5V IN 2 1 IN +5V 

GROUND IN 4 3 IN GROUND 

-5V 6 5 -5V 

07 1 55 8 7 55 1 03 

06 1 55 10 .9 55 1 02 

05 1 55 12 11 55 1 01 

D4 1 55 14 13 55 1 DO 
A15 16 15 1 A7 

A14 18 1( 1 A6 

A13 20 19 1 A5 
A12 22 21 1 A4 

A11 24 23 1 A3 

A10 26 25 1 A2 

A9 28 27 1 A1 

A8 30 29 1 AO 

RD· 1 32 31 1 WR· 
MEMRO· 34 33 1 IORC· 
MEMEX 36 35 1 IOEXP 

MCSYNC· 38 37 REFRESH· 

STATUS 0* 40 39 STATUS 1-

BUSRO· 42 41 BUSAK· 
INTRO· 10· 44 43 INTAK· 

NMIRO· 46 45 WAITRO* 
PBRESET· 46 47 SYSRESET* 
CNTRl· 50 49 CLOCK· 
PC 1 IN 52 51 OUT PCO 
AUX GND S4 53 AUX GND 

AUX -v 56 5S AUX +V 

• Active low-level logic' • Open-Collector Orlver 

T <l b 1 e 2 - 3 Edge Connector Pin List o 
J1 CONNECTOR PIN LIST FOR INTERRUPT STATUS 

PIN NUHBER P IN NUMBER ----
OUTPUT (LSTTL DRIVE) OUTPUT (LSTTL DRIVE) 

INPUT (LSTTL LOADS) INPUT (LSTTL LOADS) 

SIGNAL SIGNAL 

HELP 0- 10 8 2 • OUT GROUND 

HELP 1· 10 8 4 3 OUT GROUND 

HELP 2· 10 a 6 5 OUT GROUND 

GROUP· 10 a 8 7 OUT GROUND 

TEST 0 10 9 OUT GROUND 

• Active low-level logic 

Tab 1 e 2- 1+: Connector J1 Pin List for Interrupt Status 
J2 CONNECTOR PIN LIST FOR COUNTER/TIMER CHANNELS 

.. t'IR RORBER II ~IR NUM8ER --
OUTPUT (LSTTL DRIVE) OUTPUT (LSTTL DRIVE) 

INPUT (LSTTL LOADS) INPUT (LSTTL LOADS) 

SIGNAL SIGNAL 

GATE O· 5 2 I OUT GROUND 

CLOCK O· 5 4 3 OUT GROUND 

OUTO· 55 6 5 OUT GROUND 

GATE 1· 5 8 7 OUT GROUND 

CLOCK 1· 5 10 9 OUT GROUND 

OUT 1· 55 12 11 OUT GROUND 

GATE 2- 5 14 13 OUT GROUND 

CLOCK 2· 5 16 15 OUT GROUND 

OUT 2- 55 18 17 OUT GROUND 

SPARE 1· 5 20 19 OUT GROUND 

SPARE O· 5 22 21 OUT GROUND 

+5V OUT 24 23 OUT GROUND 

+5V OUT 26 25 OUT GROUND o • Active low-level logic 
NOTE: +5V outputs each have 1.on, '.W series resistors for connector protection. 

Tab 1 c 2-·.5 Connector J2 Pin List for Counter/Timer Channels 
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-RECOMMENDED OPERATING LIMITS ABSOLUTE NON-OPERATING L I MilS -
PARAMETER MIN TYP MAX MIN MAX UN.ITS 

Free Air Temperature 0 25 55 -40 75 °c 

H urn i d i t Y ,'~ 5 95 0 100 %RH· 

* Non condensing 

() 

• 
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Sect i,on 3 

How' the 7.308 Funct i'ons 
(Operati'on and Programmi'ng) 

The 7308, in its function as a fully programmable~ multichannel counter/timer 

card, operates as part of the STO BUS card rack system. Uses for the 

7308 include: 

• Event counting. 

• Square-wave and marker pulse waveform generatton~ 

• Time-interval measurements. 

• One-shot simulation with hardware and software triggering and 
retriggering. 

• Precisely timed interrupts. 

The main elements of the 7308 are three 16-bit counter/timer channels, a 

crystal oscillator and tapped clock divider, an 8-input mUltiplexer for 

each channel, and programmable logic states, for the clock, gate, and output 

signals. 

Counter/Timer Channels 

The three channels of the 7308 are similar in logical organization (see 

Fig. 3-1 for single channel block diagram). 

Each channel consists of the following elements: 

a. l6-bi t counter (down counter) 
b. l6-bit channel read and load registers 
c. Mode control register (6 bits) 
d. Channel control port (8 bits) 
e. 8-input multiplexer and clock polarity control 
f. Gate-enable and polarity control 
g. Output-polarity control circuit 
h. Interrupt control circuit 

Note in Figure 3-1 that items a, b, and c are part of the 8253-5 counter/ttmer 

dey ice. 

The 8-bit input and output ports~ whi'ch the program us:es to load data into 

the counter, read the counter's contents, and read the state of the counter's 

3-1 

,,,m":::4; MP9#.¥)· 1¥MW¥!1i4ij!f\¥A ,iii, ¥p. ¢ /I., P '¥\ i¥· 44 ¥4¥r 444414 .. ## 4 4 RAiM iHMPRf¥1 r ANW 4,*,"Hih t;fMMMiFiiTf' , ,; I '" 4;:;#;;;4 " _f (1 ,1,_ flMUU,mfi!iUkJJd&M1JM!J, .• M4&;:,mal6 .. UJi1IiAMtfilO.Ml4iGMiGd\"'RiHMiM_HHIIl&iiiiDiiMMMMl!iiWiiMl&iifL --



U) 
I 

I\) 

STD BUS 
DAiA 

0----- oGi( -JI.-- --... ------ -. -- ,,--------}L-----,T-,----

InJPUI SELECT RE.A D RE G \ .s T E 13. 

lOoP 
C.A SC::f\Df' 

\N PUj 2. 

irl5 ..£0 

OU-rfU T CoflJ71<OL 

\Nfvl" ~ 
\NPIJTO 

~2 
~1 

GTE '- _PD~N_e..()~2.t.'{T.~ 0 Vi r;Jrl>1 -(Jji.iTiurO) 
FO _ l..I • 

INS G-~NT"CJJ 
~~~,~~A~r~~ __ ~ ____ ~~~------~~ 

£8,7 .frO DPS ~ __ @~~# J 15 

10/ 
l' INTE/!I?ul'r COtI7!<cL 

G-&A-T£-O~ e I 
&TS -.J 

Cli~J/J1t Ie. LoAD R.EGIST£fS 

I 

.[- 0 .8-81:7 .b \,5 
ENI 

0(/ ,I'ur f>tJ/(T j)F~-.--.--·---

CI-IAItlNEL c..oMT/f.f1L P{jR..T c:.~/A/1JIJ£L MOD£. pa/S!,D!_ 

to 1~~4 M)( 2 Mt I 

l M)C 5£ L. E c. r -' '. I 1.- Po l-A R I T)' I 

GoAT£. ~N"6LE. \Ni1;~~Vfr 
MASt<. 

t21~Ll : ~t.'~ I tv\L.: M1. : Mo I be!» t 7 

LRt"~ /LOA,pj '- MOO E.. ..J I 
(oi\lHcl.. 5£ L(..C. r 

Dr [1"'iA L-
H (' Y A fA (" Ii,' .~ L 

Figure 3-1. Logical Organ'ization of 7308's Counter/Timer Channel 0 
(Typita1 of all channels) 

o o 

l~D -- # 4-1-i AAJ 1;<' ---.1', ",~o U ? -ff) . 
C t!A/'i 2 -K- -..r l-r 

1- ~ Da:tct.. B/6 

'- I/t/rH/ p-J{
(::: T' ;:-~i.,;,::) 

p:: Po/a.rrt y GontrY>/ 

( ) I) :seY' :;,gl1(;$../ 

:# = Open C!oll(J~{()r" 

* 1:'.. Lcw- L eve I A <!t.1 v€J 

o 



() 

• 
«W,' $illl I r 

outputs and th.e interrupt system, pre implied but not shown tn Pig, 3,.1, 

Down Counter, Load Reg t s:ter, a.nd Read R.eg ts:ter t The central element In 

each channel is the l6-bit down counter, The remai'nlng logic elements con .... 

trol and monitor the down counter and set its mode of operatlon. 

You can preset the down counter to any value In the range of OOOO-FFFF 

(hexadecimal) or 0000-9999 (decimal). Once all of the preset input conditions 

are met, the down counter decrements wlth each transitlon at its CLOCK 

input until terminal count is reached. 

Terminal count is defined as the lowest number obtainable when down-counting. 

Depending on mode, this may be 0000, 0001, or 0002 (decimal or hexadecimal). 

When terminal count is reached, the OUTPUT circuit responds according to its 

mode and output-polari ty program selections. 

You can preload the down counter to any desired value through the load 

register, which is a l6-bit latch. Note that the program ean only write 

to the load register, not to the down counter itself. 

The preload value written to the load register does not enter the down 

counter immediately. Instead, it is clocked in by the first active transition 

at the CLOCK input (depending on mode, the GATE mayor may not be required 

to be active to prelOqd the down counter). 

The preload value stays in the load register at all times. Depending on 

mode, this value may be automatically reloaded into the down counter either 

at terminal count, or at an active GATE transition (when GATE is used as a 

count trigger, as in the one-shot mode). 

The down counter's read register is a transparent latch. It can operate in 

either the transparent mode, in which case the latch's outputs track exactly 

with the down counter's outputs and no latching action occurs, or it can 

synchronously latch and hold a dynamic count upon program command. In 

latch mode, internal gating synchronizes the read register and the down 

counter, so that the read register does not latch until the down counter is 

3-3 
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stable. Thus, a misread of the down counter from the ripple effect of 

carry propagation across the 16 bits cannot occur wlthi'n the clock rate 

specification of the 7308 (DC to 2~5 MHz.). 

IMPORTANT: Unless you are certain that a CLOCK transiti'on cannot occur 

wh 11 e the channe 1 's count is be i ng read by the program, we 

recommend the read register's latched mode for normal operation. 

Data Input Ports ~~d Output P6rts. The 7308's I/O ports that read and load 

data to the counter's channels are listed in table 3-1. Note thLt these 

addresses reflect the as-shipped mapping of the card. Section 2 shows how 

the mapping can be changed to any group of eight sequential I/O port addresses. 

(Table 3-1: Counter/Timer's Read/Load Ports) 

Mode Control Register. Each channel has a 6-bit mode control register that 

selects the following parameters: 

• One of six operating modes. 

• One of three read/load formats for the data ports. 

• Transparent or latched data readback. 

• Binary or BCD (hexadecimal or decimal) down-counting, 

The data ports described above are 8 bits wide, but each counter/timer 

channel is 16 bits wide. Consequently, a protocol must be established to 

handle the most significant or least significant 8 bits in each read or 

load operation. The mode register performs this function. It also controls 

the transparent or latched characteristics of the read register and establishes 

the basic operating mode for the channel (single count, one-shot, marker 

generator, etc.). 

Detai led programming instructions for the mode control register are gi"ven 

in sect i on 4. 

o 

o 

o 
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c Table 3-1 Counter/Ttmer's Read/Load Port 

• 
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Channe,l ContrQI Port. Each channel has an 8,..,bit control port that selects 

the following parameters: 

• One of eight CLOCK sources; 

Q. f n te rna leI ock FO = o. 500}1s j 
1. tnteraal clock FI :::; 8.00011s As Shipped 
2. Internal clock F2 :::; 128.01Js 
3. User CLOCK bus 0 
4. User CLOCK bus I 
5. User CLOCK bus 2 
6. Cascade (output from adjacent channel) 
7. Loop control (input port strobe) 

• Program controlled GATE 
• State of the GATE, CLOCK, and OUTPUT user signals 
• Channel-interrupt mask enable/disable 

You can select channel clocking: from one of three crystal-controlled 

internal time references for time delays or waveform generation; from one 

of three user inputs Tor event counti'ng; or from toe adjacent channel (channel 

o drives channell, channel I drives channel 2, and channel 2 drfves channel 0). 

Alternately, the channel can be clocked by the program. (Fig, 3""2~A) 

The program clocks the channel by reading from an input port according to 

Table 3-2. 

(Table 3-2 Input Port Clocking of Channels) 

This feature allows the program to decrement a channel for loop control or 

limit control of programmed functions. The act of reading the input port 

causes the channel to down-count. The data read is irrelevant. 

Figure 3-2-B shows the channel control port's counter-gate control circuit. 

(F i'gu re 3-2- B) 

Interrupt System 

The interrupt system (Fig. 3-2-C) is typical of all three channels. (n an 

interrupt environment, you can use the 7308 in several ways: 

• Stand-alone with polled response, in which the 7308 1 s interrupt 

request output is wireORld to one of the processor's interrupt in

puts (INTRQ*or NMIRQ* - See Appendix A) by plugging the card into 

the card rack. When the processor responds to an interrupt, the 

program must poll (read) the status of the 7308, along with other 

o 

o 

o 
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Channel 1 Input port DO 
Channel 2 Input port DE 

Tab 1 e 3-2. I nput Port Clock i ng of Channe 1 s 
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interrupt~caus:in9 cards:, to $;ee wbJ'ch_ one h.as tne acttve request; 

If more than one lS acti've, th.e program ass'i"gns priori'tV'_ 

• Vectoring w-i"th the 7320 Priority Interrupt Controlle.r. (PIC), in 

which the prc card or equivalent can he driven hy the 7308 t s interrupt 

expanston connector Jl. Each channel·s HELP* output signal is 

avaUable at Jl to drive one of the 7320ts HELP~'t request i'nputs, 

Interrupt control and monitoring faci'l ities are avallable on the 

7320, along with automatic pri'ority determination (according to 

which of the eight HELP inputs is driven) and a vector generator, 

When the processor responds to the interrupt, the 7320 releases a 

l-byte vector or 8080-compatible restart instruction, which. leads 

the processor directly to the instruction sequences that service 

the active requestor. The 7320 also has card--level priority' ci'r-

cui try, making the entire operation, from 7308-request to processor 

response, automatic, This is the fastest technique, 

• Combined vectoring and polling~ in which the 7308 l s Interrupt ex-

o 

pansion connector Jl provides a single GROUP~'c interrupt signal that 0 
is active when anyone of the 7308'5 interrupt latches is set. This 

signal can drive one of the 7320'5 HELP inputs. The 7320 responds 

by vectoring the processor to a program sequence that services the 

7308 as a single entity. At this point, additional instructions are 

needed to determine which channel caused the interrupt, and to assign 

priority If more than one channel is active. Thus, this technIque 

combines high-speed vectoring with low-cost polling, to achieve a 

cost-effective solution in which a large number of interrupting 

cards are used. 

The 7308's onboard interrupt system consists of: 

• Interrupt latches: Each channells output clocks a latch, which is 

edge sensitive (relative to the channel output signal at Jll. 

Since the polarity of the output signal is programmable, the interrupt 

latch can be programmed to respond to the active .. going or inactive"'" 

going transition at the channel output.· A latch is necessary to 

,'c Low l'eve 1 act jove 

o 
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two regsons,; (1) the channe 1 t s. output signa 1 can be act l"ve for as' 

1 i:ttle as; 400ns, whicli ts mucli too fast to be read by the processor, 

and (2) the processor may be too DUSY to respond to the tnterrupt 

Immediately. Note that the latches can De selecttvely reset by 

the program, and that this function normally occurs as soon the 

processor has determined the source of the interrupt. 

• Mask gates. Each channel's mask gate is controlled by bit 0 of 

the channel control port (ENl' bit). When EN( =; 1, the corresponding 

interrupt request latch is enabled, to drive the processorls interrupt 

request, i"f the latch. is set. If ENI =; 0, the channel cannot in

terrupt the processor. Since the channel control port is reset (by 

the process'or' s' SYSRESET'~ output) at power-on t the mask gates must 

be enabled by the program, or the 7308 cannot generate an Interrupt. 

• Status port. By using input port OF, the program reads the states 

of the interrupt request latches, the channel outputs, and the two 

uncommitted, general-purpose TTL input lines. When performing an 

interrupt polling operation, the processor reads the states of the 

status port's bits 0, 1,2, which correspond to the three interrupt 

request latches (See Table 3 ... 13 further on). IRQn::::: 1 means the 

corresponding interrupt latch is set. 

• Interrupt latch reset port. You can use output port OF to selectively 

reset any or all of the three interrupt request latches. Any of 

bits 0, 1, 2 set to 1 when writing to output port OF, resets 

the corresponding latch. 

I"MPORTANT: The usual technique for poll ing and resetti'ng the in

terrupt latches is to read input port OF, then immediately write 

the same data back to output port OF. The program Is then aware of any 

latches set at the time of the read, and only those latches are reset 

by the write. Thus, an interrupt that occured during the execution 

time of the read and write Instructions is not lost n~ it will he 

ava i 1 ab 1 e the next time the status port I s' read • 

• Interrupt request signals. The 7308 can generate the following 

_,; Mf.M8!· i .. 9!IM ¥1,.ij!Y r" 14ii 
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interrupt output signals; 

• I,NTRQ~~ (STD BUS maskable processor i,'nterrupt) - an open--collector 

output that 1'5: connected by jumper when the 7308 is shi'pped. 

• NMrRQ~'~ (STD BUS nonmaskable interrupt), which can be selected in 

place of I NTRQ~'~ above (see Append tx A). 

• HELPO*, HELP1*, HELP2* - open-collector output signals used with 
the 7320 Priority Interrupt Card or equivalent to request a different 

interrupt vector for each of the 7308's channels. 

• GROUP* - a single open-collector output used with the 7320 card to 

reqeust a single interrupt vector for the whole 7308; independently 

GROUP ~ HELPO + HELPl + HELP2. 

For interrupt. and output-signal strapping options, see Appendix A. 

Mode Control Registers: Output Port DB 

Each of the three l6-bit counter/timer channels has an associated 6~bit 

o 

mode control register. You can program different set of operating mode 0 
selections for each channel, allowing the channels to operate independently 

with no interaction. 

The mode control registers select the following parameters: 

• One of six operating modes 

• One of three read/load formats for counter data 

• Transparent or latched data readback 

• Binary or BCD (hexadeci.mal or decimal) down-counting 

The mode control registers are located inside the 8253-5 device. The pro

gram uses the single mode control port (output port DB as shipped) to write 

into the mode control registers. Two of the port's output bits (b6 and b7) 

select one of the three channels and the remaining six output bits are 

copied into the corresponding mode control register. 

IMPORTANT: Bits 0-3 of each channel's mode control register can be 

changed only one time during operation in any given mode. 

Writing to the mode control register immediately cancels 0 

------- ~--------------
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the channel 's operation~ this occurs even tf identical 

bit states are recopied to btts 0-3 

of the mode contro 1 reg is-ter. After ~ wr i:te to the mode 

control register, cftannel operation cannot re.s-ume until a 

preset va 1 ue is w'r t tten to the channel's' load regi ste r. 

There is a single exception to this rule: The channel's 

read reqister can be chanqed from transparent mode to 

latched mode (RL bits b4 and b5 can be changed from nonzero 

to zero; see "Latched Read Modell) w'i"thout cancell ing cnannel 

operation, providing no other mode control register bits 

change. 

The format and function of the mode control portls. bits are shown i'n Table 

3-3. They ar-e defined in detai 1 in the dtscus:si'on that follows. 

(Table 3-3 Mode Control Port Format) 

Bits SCO and SC1: Select Channel. These two bits are used to address one 

of the three mode control register, according to Table 3-4, 

{Table 3-4 Channel Select Bits} 

Bi ts RUB and RLl: Read/Load Format. These two bits are used to s:elect one 

of three techniques for communlcating with the 16 ... ,blt cnanne.ls from an 8-·bi t 

data bus; the first combinati"on of the RL bits a.110ws error-free reading of 

a high-speed count by a much. slower microprocessor (See Table 3-5). 

(Table 3-5 Read/Load Bit Function) 

Data Read/Load Ports. Output ports 08, D9 and DA (addresses selected when 

the 7308 is shipped) are used to write to the load registers for channels 

0, 1, and 2, respectively, to preload an initial count after the mode is 

selected. Input ports D8, 09, and DA are used to monitor the progress of 

a count or to read a final tally for event counting from the read registers. 

Since the counter/timer channels are 16 bits each and the 7308 1 s flO ports 

are 8 bits wide, the program requires control over whlch half of a channel 

if being read from or written to. 

~UW~iMII.i="A4';'; '",r"" .... u_"._, ........ p.E·"t_·, N· ,1·&1".· q;;:;;:;:; 44'14,4;;;:::;· .. :;F,.."";;;""' ..... """'"'"'" w 
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Bits Mode Control 

Table 3-3. Mode Control Port Format 

SCl SCO Select Channel 
0 0 Channel 0 
0 1 Channel 1 
1 0 Channel 2 
1 1 111 ega 1 

Table 3-4 Channel Select Bit 
o 

RLl RLO Read/Load Function 

0 0 .LJa tched read mode 

1 0 Read/Load bits 0-7 
0 1 Read/Load bits 8-l5 
1 1 Read/Load bits 0-7, 

then bits 8-15 

Table 3~5 Read/Load Bit Function 

o 
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The RL bits provide this control; 

• RL ~ 10 caus'es only th,e 'most significant 8 bits to be read back 

or written into. 

• RL = 01 selects only the least significant bits. 

• RL = 11 selects a sequence: least significant bits followed by 

most significant bits. 

I'MPORTANT: When RL ;::: 11, the program must complete the sequence of 

two writes, unless you cancel the sequence by selecting a new mode. 

As noted before, writing to the mode control register forces the channel 

into the idle condition (except writing RL = 00). Channel operation cannot 

beg in aga i r1 unt n i't has been pre loaded to an in it ia 1 count. Therefore, a 

write to the mode control port must be followed by one or two writes to the 

corresponding channel load port (output port 08, 09 or OA). The required 

number of writes is established by the value of the RL bits. If RL = Q1 or 

10, channel operation is enabled after one write. If RL = 11, channel 

operation is enabled after two writes. Thus, the number of CLOCK pulses 

received by the channel, before the second write when RL = 11, is irrelevant. 

NOTE: The system may receive a push-button reset while the program 

is in the act of writing to the 8253-5, and the two data~preload 

write operations after setting RL = 11 may be interrupted. The 8253~5 

device is unaffected by reset, but the next write to the channel IS 

mode control register cancels the previous selection and effectively 

resets the channel's control logic. 

Latched Read Mode. The program can read the content of any counter/timer 

channel in one of two ways: 

-;', Transparent mode, in which the Data Read Ports (input 

ports 08, 09, OA) see the real-time counter content. 

* Latched Mode, in which the program strobes an intermediate 

latch (the Read Register) prior to reading the data ports . 

3-13 
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Transparent mode is selected when the RL bits are 01, 10, or 11. This 

is necessarily the initial mode for reading, since the channel can't be 

preloaded to an initial count value without selecting one of these combin

ations. Once set to 01, 10, or 11, the channel remembers the selection. 

The program can then change to RL = 00 and select the latched mode. 

Writing Rl=OQ to the Mode Control Register creates a dynamic read strobe 

that synchronously latches the channel's count into the associated Read 

Register. The next time the program reads the count, it will actually 

read the output of the tatched Read Register. This avoids the possibil ity 

of read errors introduced by asychronous carry propagation across the 

16-bit counter during the act of reading. The Read Register will remain 

latched while the program reads one byte or two bytes (according to 

the previous state of the RL bits). After being read, the Read Register 

returns to the transparent mode. It may be restrobed at any time by 

again writing the RL bits = 00. 

When in transparent mode, the rea;}'-time value of the counter is visible 

to the program. Thus, if the processor is halted by a logic analyzer 

while in the act of reading one of the counter/timer channels, each CLOCK 

transition will cause a new count to appear on the STD Data Bus; the 

counting operation can be monitored directly. 

IMPORTANT: If you use the transparent read mode while CLOCK 

transitions are possible, you should repeat the read operation 

a second time in the program and compare the values arithmetically. 

If the values are the same after both reads, it can be assumed that 

no carry propagation error has occurred. 

~ ~~~.~~--~---~~--.----

o 

o 

o 



o The transparent mode is selected when th.e RL bi,ts are 01 ~ 10~ or 11. This 

is necessarlly th.e i'niti~l mode for read{ng, since the channel can't be 

preloaded to an i'nitial count value without selecting one of these combin

ations. Once set to 01, la, or 11, the channel remembers the selection. 

The program can then change to RL = 00 and select the latched mode. 

() 

• 
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The latched mode creates a dynamic read strobe when the data read ports 

are read by the program. The 8253-5 synchronously strobes the instantaneous 

data content of the channel being read into an intermediate holding latch 

(The read register). Then the program reads the output of this latch. The 

synchronous strobe prevents read errors caused by carry propagation across 

the 16-bit channel. Thereafter, each read operation restrobes the latch, 

allowing new data to be read by the program. 

Having once selected the latched read mode, it is impossible to return to 

the transparent mode without interrupting the channel's operation by 

reselecting the same mode or a new mode, followed by a new channel data 

preload. 

In the transparent mode, the real-time value of the counter is visible to 

the program. Thus, if the processor is halted by a logic analyzer while in 

the act of reading one of the channels, each CLOCK transition causes a new 

count to appear visibly on the STO data bus; the counting operation can be 

monitored directly. 

IMPORTANT: If ~u use the transparent read mode while CLOCK transitions 

are possible, we advise you to repeat the read operation twice and 

then arithmetically compare the values, to be certain that no carry 

propagation error has occurred in the first read (the va~ues should 

be the same after both reads) . 
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M2 Ml MO Mode Select 

0 0 0 Single count or time delay 
0 0 I Single count (external trigger), 

orretr iggerab 1 e l-shot 
x 1 0 MUltiple count/auto reload, 

or rate generator 
x I I Square wave generator 
1 0 0 De 1 ayed strobe - sof twa re trigger 
1 0 1 De 1 ayed strobe - ha rdwa re trigger o 

Table 3-6 Channel Operating Mode Codes 

o 
3-16 



o 

• 
",,'UIII IiUiU, P f 

We use dec i ma 1 and h.exadec i rna 1 notat i on~ for exp 1 anat ions in tbJ s manUq 1 , 

Table 3~7 shows now th.e. count p.roce.eds- ~ccording to tbe ~tate of the BDC 

b j' t in the mode cont ro 1 reg ts-ter for each channe 1 ; 

(Table 3-7 Example of BCD Bit Count Sequence) 

Note that once the BCD bit has' been set, or reset, it cannot be changed 

w'ithout interrupting the mode in progres·s. Any write to the mode control 

register (except s-etting the RL bits::; QQ) s-tops- the count and requires- a 

new channe 1 data pre load. The dec i ma 1 /h,exadec ima 1 convers lon to b i na ry 

is- gIven in Table 3-8. 

(Table 3-8 Decimal/Hexadecimal/Binary Conversion Table) 

Sequence of Operations in Each Mode 

This subsection describes the waveforms and the sequence of operations in 

each of the six operating modes for the counter/ti'mer channels, (Fi'gures 

3-3 through 3-8). 

Since all user input/output signals have program-selectable polarity, the 

illustrated waveforms are those at the 8253""'5 device pins. You can use 

these waveforms directly for card troubleshooting with an oscilloscope. 

NOTE: The signals at user interface connector J2 wfll match the 
waveforms shown on the following pages, If you prog~am 'the 
clianne 1 contro 1 reg ister as fo 1 lows : 

GATE state: 
CLot K state: 

OUTPUT state: 

GTS ::; l~ 
INS = 0 
OPS = 1 

Programming the opposite state for these bits causes or requires 
the corresponding signal to be inverted at J2. 

In all modes, the channel's output assumes a defined state immediately 

after the rising edge of the WR* signal, when the mode control register 

(Output Port DB) is loaded with the new mode selection for the channel. 

An output transition may occur at this time, depending on the output 

state remaining from the previous mode. You must take care not to inad

vertently generate an interrupt at this time. You can prevent it by setting 

the channel control port's interrupt enable bit ENI = 0, until the new 

Mk44 ""'I##4ii;iHMiJii .... ,iW\fWili'Di-Ni'_,flHGI"li',RI*,.iIIiM""IIij$W,i,.;;; iM'''''r'Q%';Ui,q or; "d ii·,m/l t-, 44., 
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COUNT SEQUENCE 

I BCD MODE B I, T BCD=O BCD=l 
Hex Decimal o 

0500 0500 
04FF 0499 
04FE 0498 

· · 
· · 0011 0011 

0010 0010 
OOOF 0009 

· · 
· · 0001 0001 

0000 0000 
FFFF 9999 
FFFE 9998 

Table 3~7 Example of BCD Btt Count Sequence 

DECIMAL HEXADECIMAL BINARY 

0 0 0000 
1 1 0001 
2 2 0010 
3 3 0011 
4 4 0100 o 
5 5 0101 
6 6 0110 
7 7 0111 
8 8 1000 
9 9 100 1 

A 1010 
B 1011 
C 1100 
0 1101 
E 1110 
F 1111 

Table 3-8 Decimal/Hexadectmal/Btnary Conversion Table 

o 
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mode is selected and the output state ts kno~nt 

When attempting to synchronize more than one channel, it is important 

to disable the CLOCK inputs to the channels (select multiplexer position 7; 
Mx4=MX2=MX1=1) until all channels are preloaded. If counting is inhibited 

by disabl ing the GATE alone, the channels may fail to track by one count 

due to the Load Register/Counter transfer mechanism. After being preloaded, 

any or all channels may be inhibited by the GATE. 

In des-criblng the modes, we use these conventlons; 

• GATE, CLOCK., and OUTPUT are capital i'zed wh.en th.ey refer to one 
of the channel's i'nput!output s,j'gnals' appeari'ng at either the 
8253-5 device pi'ns or user fnterface connector J2. 

• A signa lava j lab 1 e to the user l"s denoted by' ~ 

• Low-level active logic is denoted by an asterisk (~,:) t 

(Figures 3-3 through 3-8) 

i =_:u'u,: "M\HiMI##1W#· ).414&1&#. 'fI'¥i4HIP. - -, 
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Mode 0: Single Count, Single Delay, Software triggered one-shot 

~OUTPUT goes active (low) with the rising edge of WR* as soon as Mode 0 ~s 
selected; counting stops reganUess of CLOCK or GATE activity, and the count 
remaining from the previous mode is frozen in the counter. As a software 
triggered one-shot, OUTPUT goes active when Mode 0 is first selected and 
otays active until Terminal Count. Thereafter, as long as Mode O. remains 
selected, OUTPUT goes active (l-shot is retriggered by software) when the 

first byte of the preload value is written in the Load Register. 

~counting cannot resume until one or two bytes of preload data (initial value) 
are written to the Load Register. The state of the Mode Control Register's 

RL bits determine whether one byte or two bytes are needed. CLOCK transistions 

occuring between write cycles are irrelevqnt until the channel is preloaded. 

~After the preload operation, the first CLOCK falling edge with GATE active 
(high) transfers the preload value from the Load Register to the Counter. 

Subsequent CLOCK edges decrement the count. GATE may be used to modulate 
the count if desired. Counting can only occur while GATE is active. For 
an initial count of 0001, GATE has no effect on OUTPUT. If GATE is used 
to stop counting, GATE must be assured of going inactive at least two full 
clock cycles before Terminal Count to prevent OUTPUT from going inactive. 
GATE can stop the counter content at a value of 0001, but cannot prevent 
OUTPUT from going inactive with the next CLOCK el1gc. 

~Terminal Count for Mode 0 is 0000 (decimal or hexadecimal). Immediately after 
the CLOCK edge causing Terminal Count, OUTPUT goes inactive (high) and remains 
inactive until a new mode is selected. 

~After Terminal Count, the channel continues to decrement past 0000 accQrd~ng 
to the seata of the BCD Inode bit. The preload v~lue is never ~eloaded to the 
counter. The only way to exit from Mode 0 is to write a new mode selection 
into the channel's Mode Control Register. 

Figure 3-3. Mode 0 Waveforms 

NOTE: The waveforms above show an example in which the Load Register is 

preset to the initial value 0003 (decimal or hexadecimal). WR* is 

an STD BUS signal (pin 31) which is active with lORQ* (pin 33) and 
IOEXP* (pin 35) during an output port wr~te operation. 
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Mode 1: Hardware Triggered One-shot or Count (Retriggerable) 

& OUTPUT goes inactive (high) with the rising edge of WR* when Mode 1 is 
selected; counting stops regardless of CLOCK or GATE activity, and the 

count remaing from the previous mode (N) is frozen in the counter. 

Caution: Disable GATE by setting GTE=O in the program prior selecting 

Mode 1, and do not re-enable GATE until the preload v~lue has been 

loaded. The prevents inadvertent OUTPUT activity. 

~ Counting cannot resume until one or two bytes of preload date (initial value) 

are written to the Load Register. The state of the Mode Control Registerls 

RL bits determine whether one byte or two bytes are needed. CLOCK transitions 

occurring between write cycles are irrelevant until the channel is preloaded. 

Once the channel IS initial value is set, CLOCK transitions decrement the 

counter regardless of the state of the GATE. However, counting proceeds from 

the value N (to N-l, N-2, ••• ) left in the counter from the previous mode. 

GATEls rising edge triggers the Mode lone-shot action. The next CLOCK 

fall ing edge after the GATE rising edge transfers the preload value from 

the Load Register into the counter, and sets OUTPUT active (low). After 

triggering the count, GATE may remain high or fall lo~ without affecting 

the one-shot a~tion. & If another GATE rising edge trigger occurs before Terminal Count, the one

shot is retriggered; the preload value is again transferred from the Load 

Register to the counter on the next CLOCK fall ing edge; counting proceeds 

from the preload value; and OUTPUT remains active (low) without gl itching. 

& Terminal Count for Mode 1 is 0000 (decimal or hexadecimal). Immediately 

after the CLOCK edge causing Terminal Count, OUTPUT goes inactive (high) 

and remains inactive until a new GATE trigger occurs or a new mode is selected. 

~ After Terminal Count, the channel continues to decrement past 0000 according 

to the state of the BCD mode bit. Decrementing continues freely with each 

CLOCK edge until the next GATE trigger. 

FIGURE 3-4: MODE 1 WAVEFORMS 

NOTE: The waveforms above show an example in which the Load Register is 

present to the initial value 0003 (decimal or hexadecimal), WR* 

is an STD BUS signal (pin 31) which is active with 10RQ* (pin 33) 

and 10EXP (pin 35) during an output port write operation . 
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Mode 2: Rate-Generator or<Divlde-by-N Counter with Auto~eload 

OUTPUT goes inactive (high) with the rising edge of WR* when Mode 2 is 
selected; counting stops regardless of CLOCK or GATE activity, and 
the count remaining from the previous mode is frozen in the counter. 
In the waveforms above, 0003 (decimal or hexadecimal) has already been 
preloaded after the selection of Mode 2 as an example~ 

If ~ATE is high after the preload operation, the first CLOCK falling edge 
transfers the preload value from the Load Register to the Counter, and 
subsequent CLOCK falling edges decrement the count toward Terminal Count. 

Terminal Count for Mode 2 is 0001 (decimal or hexadecimal). The OUTPUT 
goes acti·ve (low) immediately after the 'CLOCK transition resulting in 
Terminal Count, and remains active for one clock period. The next CLOCK 
falling edge automatically transfers the content of the Load Register to 
the Counter, and returns the OUTPUT to the inactive (high) state. 

GATE may be regarded as either an output reset or synchronization input signal 
in Mode 2. When high, the channel is enabled to downcount. When low, the 
next CLOCK falling edge transfers the Load Register to the Counter, restoring 
the preload value and synchronizing the output with the GATE input. Counting 
resumes when GATE goes high. 

If OUTPUT is active when GATE goes low, the output is immediately forced 
to the inactive state regardless of CLOCK transitions. At the next CLOCK 
falling edge, the preload value is restored to the counter and counting will 
resume as soon as GATE is again high. 

FI GURE 3-5 MODE 2 WAVEFORMS 

Note: In Mode 2, 

Preload value = 0000 is regarded as 10,000(9999 + 1 decimal or 
FFFF + 1 hexadecimal). Preload value = 0001 holds the OUTPUT 
continuously inactive regardTess oTCIbCK or GATE activity. 
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See note on next sheet 

Mode 3: Square Wave Generator 

OUTPUT goes inactive (highi) with the rising edge of WRit, when Mode 3 is 
selected; counting stops regardless of CLOCK or GATE activity, and the 
count remaining from the previous mode is frozen in the counter. In the 
upper three waveforms above, 0004 (decimal or hexadecimal) has already 
been preloaded after the selection of Mode 3. 
If GATE is high after the preload operation, the first CLOCK falling edge 
transfers the preload value from, the Load Register to the Counter, and 
subsequent CLOCK falling edges decrement the counter toward Terminal Count. 

Terminal Count for Mode 3 is 0002 (decimal or hexadecimal); unlike other 
modes, the OUTPUT state change occurs at the CLOCK falling edge after 
the edge causing Terminal Count. When the OUTPUT changes state, the 
Load Register value is automatically restored to the counter and the 
process repeats, creating an OUTPUT square wave. 

Note that as long as the initial count value preloaded to the Load Register 
is an even number (bit a = O), each CLOCK transition decrements the 
counter by 2. 

GATE may be regarded as either an output reset or synchronization input signal 
in Mode 3. When high, the channel is enabled to downcount. When low, the 
next CLOCK falling edge transfers the Load Register to the counter, restoring 
the preload value and synchronizing the OUTPUT with the GATE input. Counting 
can resume when GATE is high. 

If OUTPUT is active (low) when GATE goes low, OUTPUT is immediately forced 
inactive and the counter is reloaded from the Load Register. 

The second OUTPUT waveform illustrates the difference between an even preload 
value and an odd value. The even value (0008 in the example) produces a 
symmetrical square wave output and causes every CLOCK falling edge to decrement 
the counter by two. The odd value (0009 in the example) produces an asymmetricc 
square wave with the OUTPUT inactive (high) for one clock period longer than it 
is active (low). This is achieved by decrementing by one the first time, 
then by two until the first Terminal count; then by t'hr'ee the first time with 
the output active, followed by two until thel'isecond Terminal Count completes 
the OUTPUT waveform period. 

FIGURE 3:;6 MODE 3 WAVEFORMS 
3-23 
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NOTE - Due to internal comparison logic in the 8253 for mode 3~ certain 
initial values preloaded to the Load Register will cause 
unusual results: 

0000 is regarded as 10,000 (9999 + decimal or FFFF + hexadecimal). 

0001 is regarded as 10,001 (9999 + 2 decimal or FFFF + 2 hexadecimal). 

0002 divides CLOCK by 2 

0003 produces a waveform which is inactive for one CLOCK period and 
---- active for 10,000 (9999 + 1 decimal or FFFF + 1 hexadecimal) 

periods. 
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Mode 4: Software-Triggered Strobe 

Mode 4 is identical to Mode 0, except that a single active pulse (strobe) 
is generated at Terminal Count. The "software trigger" is the preload operatiol 

OUTPUT goes inactive (high) with the rising edge of WR* as soon as Mode 4 
is selected; counting stops regardless of CLOCK or GATE activity. The 
count remaining from the previous mode is frozen in the counter. 

Counting cannot resume until one or two bytes of preload data (the initial 
value) are written to the Load Register. The state of the Mode Control 
Register's RL bits determine whether one byte or two bytes are needed. CLOCK 
transitions occurring between write cycles are irrelevant until the channel 
is preloaded. 

After the preload operation, the first CLOCK falling edge with GATE active 
transfers the preload value from the Load Register to the Counter. Subsequent 
CLOCK edges decrement the count. GATE may be used to modulate the count if 
desired. Counting can only occur while GATE is active. 

Terminal noun,~t for Mode 4 is 0000 (dec i rna lor hexadec i rna 1) . Immediately 
after the CLOCK falling edge causing Terminal Count, the OUTPUT goes active 
(low) and remains active unti 1 the next CLOCK fall ing edge. I t then goes 
i nac t i ve (h i gh) and rema i ns ilnac t i ve unt i 1 a new mode is se 1 ected. 

Thus the act of preloading the channel in Mode 4 acts as a trigger which 
initiates a time delay. After a delay of N CLOCK pulses, a strobe pulse 
is generated at the OUTPUT. 

After Terminal Count, the channel continues to decrement past 0000 according 
to the state on the BCD mode bit. The preload value is never reloaded to 
the counter. The only way to exit from Mode 4 is to write a new mode 
selection into the channel's Mode Control Register. 

The dotted pu 1 s,e shows how the OUTPUT wou 1 d have responded i. f GATE had not 
gone inactive in the example. 

FIGURE J~7: MODE 4 WAVEFORMS 
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Mode 5: Hardware Triggered Strobe (Retriggerable) 

Mode 5 is identical to Mode 1 except that a single active pulse (strobe) 
is generated at Terminal Count. The "hardware trigger" is the GATE rising 
edge. 

OUTPUT goes inactive (high) with the rising edge of WR* when Mode $ is 
selected; counting stops regardless of CLOCK and GATE activity, and the 
count remaining from the previous mode (N) is frozen in the counter. 

o 

Caution: Disable GATE by setti,ng GTE.FQ I:n th.e. progn~J1J prtor to selecti'ng 
Mode 5, and do not re-enable GATE unttl the preloqd yqlLJe hq~: been loaded~ 
This prevents inadvertent OUTPUT acti'vttYr .. 0 
Counting cannot resume until one or two bytes of preload data (initial value) 
are written to the Load Register. The state of the Mode Control Register's 
RL bits determine whether one byte or two bytes are needed. CLOCK transitions 
occurring between write cycles are irrelevant until the channel is preloaded. 

GATE's rising edge triggers the delayed strobe. The next CLOCK falling edge 
after the GATE rising edge transfers the preload value from the Load Register 
to the counter (OUTPUT remains inactive high). After triggering the count, 
GATE may remain high or fall low without affecting the count. 

If another GATE rising edge occurs before Terminal Count, retriggering 
occurs. The preload value is again transferred from the Load Register to 
the counter with the next CLOCK falling edge, and downcounting proceeds 
from the preload value. OUTPUT remains inactive without glitches. 

Terminal Count for Mode 5 is 0000. Immediately after the CLOCK edge causing 
Terminal Count, OUTPUT goes active (low) and remains low until the next 
CLOCK edge. It then goes inactive (high) and remains high until the next 
GATE trigger or until a new mode is selected. 

Thus triggering the channel via GATE produces a delayed strobe pulse. 

After Terminal Count, the channel continues to decrement past 0000 according 
to the state of the BCD mode bit. Decrementing continues freely until the 
next GATE trigger. 

The dotted pulse shows how the OUTPUT would have responded if the GATE 4[) 
retrigger had not occurred inthe example. 

FIGURE 3-8: MODE 5 WAVEFORMS 



o 

BIT b7 b6 b5 b4 b3 b3 "b 1 bO 
FUNCTION MX4 MX2 MXl GTE GTS INS OPS ENI 

Input Multiplexer Enable Logic States InterruQt 

Table 3-9 Channel Control Port Bit Forma~ 

RANGE Mx4 MX2 .MX1 CLOCK Source 

0 0 0 0 Clock FO: internal 400 nanosecond rate 
1 0 0 1 Clock F 1 : internal 6.4 microsecond rate. 
2 0 1 0 Clock F2: internal 102.4 microsecond rate 
3 0 I I INPUT 0 Bus 
4 1 0 0 INPUT I Bus 
5 I 0 1 INPUT 2 Bus 

Cascade: Channel o - Channel 2 1 s output 
6 1 1 0 Channel I - Channel OIS output 

Channel 2 - Channel lis output 
Loop Control: Channel o - Input Port DC 

7 I 1 1 (Decrement on Channel 1 - Input Port DD 
Port Read) Channel 2 - Input Port DE 

Table 3~10 CLOCK Multiplexer Programming 

• 
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Channel Control Ports; Output port~ DC, DOl and DE 

Each of the thre.e 16"'oi't counter/ti'mer channels has an as'soclated 8~·btt 

channel control port. Tliese ports gi've Hie program control over each 

channel's CLOCK input, interrupt mask, and states of the GATE, CLOCK~ and 

OUTPUT slgnals. The s'electi'ons are made i'ndependently for each channel 

So that i"ndependent operati'on ts' achi"eved unless the channels are cas·caded. 

Parameters' selected by the channel control ports are: 

• One of eight CLOCK sources~ 

• Channel count enable/disable (programmable GATE), 

• Active state of the GATE, CLOCK, and OUTPUT signals. 

• Interrupt mask enable/disable. 

The channel control ports can be wri'tten to as often as necessary' by· the 

program, and at any trme. However, If you program a change ion the acti've 

logic state at the channel's inputs and output, the channel may trigger, 

or decrement, or set the interrupt latch. Thus, the order of setting bits 

in the channel control ports, or of writi"ng to them and to the mode control 

port, is generally important. 

The format and function of the three identical channel control ports are 

listed in Table 3-9. 

(Table 3-9 Channel Control Port Bit Format) 

Bits MX4, MX2, and MX1: Input Multiplexer Select. These bits select one 

of eight CLOCK inputs to the channel. Table 3~10 lists the bit codes for 

the eight possible CLOCK sources. 

(Table 3-10ClOCK Multiplexer Programming) 

Clocks FO,Fl, and F2 are jumper selected at the 7308's Internal clock pre

scaler. They are chosen for both wide range and conveni"ent overlapping at 

often used delays in the 10 ~s to 20 ms range. Figure 3-9 shows the range 

of each of the three prescaler taps. If a different prescaler tap, or 

external clock input is desired, Appendix A describes how to change the 

multiplexer jumper straps. 

---~'-'----~--"'"-~-"-""""""------""""--~""""-------"-"""-"~--"-----"---"-""---"""~--"--""-""~~- ""-----""""""""--"----" " """"------ """"" "-""-----

o 

o 

o 



o 

c 

• 

• 
~Tfl'4l4Aa";;;'.;4$ 4fY9ii141lTi NrT ,Fr" ¥"' 

(nput busses.· Q,. 1, 2 a re common to each. cQunter cbanne 1, Any channe 1 can 

select ~nY' tnput? or the same tnput c~n dri've all channels. 

Cascade s'elects the adjacent channells output to create a 32~btt or 48-blt 

counter. Figure 3-9 shows the approximate range of two or three cascaded 

channels. 

Loop cOritrol allows the channel to be clocked by the program. Reading one 

of the input ports (listed in Table 3-2 ) causes the corresponding channel 

to decrement once; thJ s has the fo 11 owing app 1 tcat ions: 

• Limit control of programmed functions, and/or simplified programming 
Set the maximum number of times a programmed functlon (such as a 
loop iteration) is to be performed; then read the loop control 
input port at the conclusion of each function or loop. With the 
interrupt system enabled, an interrupt occurs as soon as the function 
has been performed N times . 

• Simplified progra~ module design and hardware/software integration. 
Pro-Log'sMlcroprocessor User's Guide shows how' to use the modular 
approach to program design. Specifically, single-function sub
routines are designed and debugged first; then they are interconnected 
at system level by jump-to-subroutine instructions. 

The loop control input ports allow you to simulate the effect of 
a switch closure, or other external event signal within the program. 
Then you can debug a counter-control subroutine before connecting 
elements of thesys·tem hardware to the processor ~ Thus, you can 
reduce the number of unknowns during the design phase of program 
modules, by using th1s feature of the 7308 card. 

GTE Bit: Gate Enable. This bit gives the 7308 program control over the 

gate function. With GTE = 0, the 8253-5's GATE input is inhi'bited (low) 

regardless of the GATE state at the user interface connector J2. Settlng 

GTE = 1 transfers control of the counter gating function to the user's 

GATE signa 1 for that channel (Tab 1 e 3-11) 

GTS, rNS, and OPS Bits: Logic Polarity Programming. The program has con

trol of the logic state polarity (high active or low actlve) at all of the 

counter/timer channel signals at J2, and at the inputs to the interrupt 

request latches provided for each channel • 

. p., ;T4 ... ,p.!!Wiif.,,,,*,- -iT' ... ii1fEMIiiii?'¥"P.ift!iE+fi-j&; ,'I¥¥.f.'I1 .. -
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TheS,e hi. ts. Cqn be programmed as requi red; 

• Set i.nput s tgna 1 po 1 q r tty to qYO td tlie need for externq 1 
inverter gqtes. 

• Prog ram i'nput po la r i ty· ch.anges: for dup 1 {'cat tng. the effect 
of i'nput si'gna 1 s ~ to a i'd i'n program modu le deve 1 opment ~ to 
allow both hardware and software clocki'ng, tri'ggeri'ng, and 
gate control, or to faci'lftate 7308 card selt~test routines 
for fteld testing. 

• Set output sfgnal polarity to match the applicatton~s requirement 
of the 7308 1 s fnterrupt latches. 

Tab 1 e 3-11 shows the effect of the GTS and I PS program b its' on i'nput s i'gna 1 s 

at connector J2. The mode bits are included, stnce the effect of these 

input signals on the channel is mode~dependent. Output signal polarity 

is shown in Table 3-12. 

Port. Bit Assignments and Programming Aid 

Assignments of the 7308 1 s 8-bit input and output ports are lrsted In Table 

3-13. Definitions are given in Table 3-14~ 
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1--Sing1e Channel Delay-~ Two Cascaded Charime1s-;-Three Cascaded Channels-I 
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I I I I 
: I I I 
~ Range 2 ~ , ~ 
, / '. ' 

/' 128.0 usec , 8.4 sec // 549.8 KSec /'36.0 Gsec 
/ ' , 

/ / 
I / / I I 

/ Range / / / ,e l /1 I. 

I 8.0 usec " 524.3 msec / 34.4 Ksec , 2.3 Gsec 
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FIGURE 3~9: SINGLE CHANNEL AND CASCADED CHANNEL DELAY RANGES 
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Name 

Single count 

One-shot 

I Rate 
Generator or 
Divide by N 

Square wave 
Generator 

Software 
Triggered 
Strobe 

Hardware 
Triggered 
Strobe 

Table 3-11 

CONTROL BIT 
GTr!(Gate Enable) lGTS (Gate State) IPS (Input State) 

1~~--f.:;;..~...;..~:.;;...~.:.;.;b""-l!,,-e,,------1 ~-~~:~!~~o--~--~~;;=:n~~~ '- .. 
I ~ Aotive = 1 1 Pecremen~ on f 

J!.,- ~l.?..~ ,b 1_~_. .-.J ,.2~. __ , Q._~.?.~,~..!~~_ .. __ ._ .. _ ~~ !_~._J ___ ,_." . __ ... 
1 Enable, or 1 0 Trigger =t. 0 Decrement on ~ 

ltr i gger ·if, ': 1 Tr i gger = f 1 Decrement on F 
!Gate = active i -

\ 

:'0 D i sab 1 e I x_ .. 'D i sab 1 ed ___ . ___ ~ ~o. count i n9._ ... 
1 Enable i 0 Active = 0 i 0 Decrement on ~ 

i 1 Active = 1 I 1 Decrement onJ 
f 

1 0 I 

I 1 

I 
I I I o Disable x ;Disabled ~ x 'INo counting r---+--------.-.- .... -....... . ···t------·-··-.... ··· .. -.... · .. --_ .. ---_... . .. ,,-- ---, --- ---.---

1 Enable 0 IActive = 0 ; 0 jDecrement on ~ 
I 1 jActive = 1 I 1 jDecrement on f 

Ij......:O~-!:D::...!i'-=s~a~b:..!l~e:.....-__ ..:..~ -'x~4.!!D~iws~a::.!:b~lw.e~ld~_+-. __ .. __ Note 1 ... __ .,- -..... , 

1 Enab 1 e, or I a ITr i gger := -t a Decrement on -~ 
tr i gger if I 1 !Tr i gger = J 1 Decrement on f 

I Gate = active! ' 
, I I i 

SUMMARY OF GATE AND CLOCK INPUT STATE CONTROL BITS 

(CHANNEL CONTROL REGISTER PROGRAMMING) 

NOTES: 

1. In Modes 1 and 5, counting proceeds freely with every 
CLOCK transition regardless of the GATE state; GATE 
controls the value of the count and the state of the 
OUTPUT. 

2. In Modes 2 and 3, GATE also resets the OUTPUT state 
and restores the preloaded count value on the inactive
going edge. 

x = Don't care, 0 or 1 state 

~-------.. -.----------....... ~--------.... - .. ------- -- - ----~-- .... ---.---
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TABLt 3-12: OUTPUT WAVEFORM PROGRAMMING (OPS BIT) BY HODE 

MODE 
HI 

0 

0 

1 

1 

0 

0 

- 5t~te of USER INTERFACE. GUTPUT WAVEFORM ~J2J 

MO Name OPS Set Mode .. ' 
.; .... 

-

.. I 
A~'Tlv~ I$:. . Single · 

1J1/11/~ 
(i)" 

Count 0 ~ INA<1..TI ve-
I '" 

I 

0 
or . , 

Software , TC. INAt! 7'1 yl!! 
Triggered 'ei) ~ 

I-shot 1 ~ \\. \~\lfcrlv~ 
, 

T 

I ~ Ac.nllE ~ 
Hardware 

@ • ,<P 
Triggered 

0 \ \ \ \ \ \l\"J.4'Tlve : ," I WAc-i' vE. 
I 

, 
1 l-Shot · 

I <5-1"116- rc 
tNAC-n v£ -:-- I INAC.-rl ve. 

(Re-Tri g- 1 'II/IJ (f) 
J\ c..1'"1 II t;. 

, 
gerable 

, 
I 

I 
I 

Repeated t Ie. T~' 

\ \\\\\~~c..T\vf. I,' ,C."""E Count 0 I :':~~. ~ I C1> I 

. or "1 ;-. I -
0 

Rate • 
Generator t INA('T'IJ'i. E:.. TC 

~@ 
. -;-- -- -:. 

Divfde-by- 1 '///8 \(i) , I 

N .. , I , /''" T Iv!. 

Repeated I 
E.. A"_~",Y! z.c. n:. It-

Count or 'Ci) I 

~@ !/. \\@ a .\ \ \ \ ~~NA'TIII~ :/ .Squa.re • I 

Wave 
I 

1 It:.. n.. ~ Te.. .Generator t U,Ac.T\"E 
'~ 

, 
~@ 

t 

1 1///1 I~ A<r'''~ 1 :/ 
I ~ 

, rc.. 1\(.1",1:.. 

a Software 
~ ~ ~ ~ ~~NA~~IVE \, (i) 

De layed a \ 
II 

Strobe and I 

Hardware , 
r~ 

Delayed I INAC1"'''E. 

1 II11II1 I~ I Strobe 1 I 
I 

II 
, ACT'''£. 

LEGEND 

TC 
<l) 

Terminal Count - 0000, 0001, or 0002 depending on mode. 
Interrupt possible on this edge. 

If:r 
:--
,.(.. .,-

1\. 

-

~The output. assumes the state ilho~1!l at the tra i 1 i n9 .edge of WR~'c 
~ when-load1'ng the- Mode Control Register; the state prior to 

this depends on the previous mode. 
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,_ OUTPUT (CONTROL) PORTS _ j HEX PORT ADDRESS; _ INPUT _ (STATUS & cONTRoLj-P-6RTs----'l 

! b;--r b6 - b5! b41 b3 Ib2 I blT'bO b7 I b6 l-bsrnb4-lb3--1 b2 ! bi-r~~~O __ 4 

I I I I, I I I I 

• I WR I TE PRESET VALUE TO CHANNEL 0 D8 READ CONTENT OF CHANNEL 0 i 
' I I I - +---- . ----t----.---t- I -+-------. "--'-'----1 -,-- --,) 

WRITE PRESET VALUE TO CHANNEL 1 D9 REA~~~IE~~ __ g_~_.~t\.~N~_~L 11 + ____ ~ 

I WRli TE PRESET VALUE T~ CHANNEL 2 DA ~~~~,2.N!_EN_~t:...Cf!ANNl!-J ____ + ---1 
sc 1 . SCO RL 1 RLO M2 M 1 MO BCD DB j -:":':":;':'-:"~-=--:':F=_:-=-=;=~OT_!USEQ':':-t-:_:--=-":':';:---=--=-;':--:':_-- j_-. 

CH 0 : MX4 ,MX:i. MX 1 GTE GTS' INS OPS EN I ! DC i READ DECRIiMENTS CHANNE,L 0; ~AT~_~_-f0N~~~~_~ CH 0 I 
CH 1 ; Mx4 .'-'X2 MX1 GTE- GTS INS OPS EN I ! DD I REAQ ~ECR~ENTS -f_~~~~1h_,J_i ___ Ql~T~=: .. ~_~~T+Ct\RE!.J.H._J 
.CH 21 Mx4 I ~X2 MX 1 ; GTE GTS INS OPS! EN I II Di.. :, ~~_EJ~~ __ P.~_C~_EM~HI~_1C_HA~~_~). __ ?_; ... D~IA_.~ _pON IT !CARE .. _~ CH 2 ,-

10NES HESET I,NTERR~PT LATCHES l' RQ~J.RQ,l I RQO I' DF d SPl spa [OUT2 _ OUT1_._oUTO II RQ2 _ IRQl ,I RQO I 

Table 3-13~ 7308 PORT BIT ASSIGNMENTS AND PROGRAMMING AtD 

(See Tab-le 3-·14 for def in i, t j'ons} 

NOTE: Output Port OF bits 3-7 are Don't Care 
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IOUTPUT POR DB (CARD CONTROL PORT 
M2 Ml MO Mode select ! SCl SCO Select Channel -

0 0 Channel 0 0 0 0 ::ilngle count 
....... 

c 0 1 Channel 1 0 0 1 One-shot -.--
1 0 Channel 2 x 1 ' 0 Rate generator 
1 1 Illegal x 1 1 Square way~. __ . __ _ . 

1 0 0 Delayed strobe 
RLJ . .. ,.RL..Q ... . _.Re3~.9../J~.Q~ 9. . func:tJQ,Q~=-:·: (software trigger) 0 0 Dynamic read strobe 

1 0 1 Delayed strobe 0 1 Read/load bits 8-15 (hardware trigger) 1 0 Read/load bits 0-7 
1 1 I Read/load bits 0-7 BCD!i Count rad i x select 

I then bits 8-15 0 ,l fj Ina ry ~Hexadecj ma 1) J 

1 BCD Decimal 
-.~-........ ----------...... -.. --.--.-.. --................ -.-.- ,--

INPUT PORT DF CHANNEL STATUS AND SPARE INPUT L I NESJ 
BITS liFUNCT I ON ,._-, 

SPO, SP1 !,Spare high level active TTL input port bits 

OUTO,OUT1,OUT210utputs of Channels 0,1,2; unaltered from 8253 
11 output if corresponding OPS bit = 0, or inverted 
I if corresponding OPS bit = 1 

IRQO,IRQ1,IRQ2!!Outputs of interrupt request latches 0,1,2. 
I Corr:sponding channel requests interrupt if 
I IRQ - 1. 

c Mx4'MX2 MX1 Select 
o 0 0 clock 
o 0 1 microsecond clock 
o 1 . ...--Oh--n--:;.-=-~..:..::::.......;m;.;...i=-:::c::..:..r. 9.§.~s...qn c! .~.&~k.._. 
o 1 I 1 0* Bus 
1 o· 0 
1 0 1 

·-1 --r--6- channel 

...iNS Inout State 
0 Decrement on falling edge 
1 Decrement on rising edge 

~6J3~ O.utout State 
0 Output is inverted 

i 1 Output is not inverted 
~It. Gate Enable - Software Control 

0 Inhibit counting or disarm trigg~ r- • 

1 Permit counting or cause trigger 
GTS Ga te S.tate - Ha rdwa re Inout 

0 GATE is low level act i ve 
1 GATE is high level act i ve 

o 
ENt fnterrupt Mask~ng 
-. 0 Disable Interrupt 

1 Enab 1 e I'nterrupt 

Table' 3-J4 7308 PORT BIT PROGRAM ASS I GNMENTS 
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Si'gnal Glossary 

Section 4 

How' to Maintain the 7308 
(Circufts and Signals) 

This glossary identifi'es the signals associated with the 7308. It contains 

schematic coordinates for the orgfn of sIgnals generated by the 7308. 

The signals are arranges in four groups: 

• STO BUS edge connector (Tab 1 e 4-1) 

• Interrupt connector J1 (Table 4-2) 

• User interface connector J2 (Table 4-3) 
• Internal signals (Table 4-4) 
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Table 4-1. STD BUS Edge Connector Signals used by the 7308 

MNEMONIC MEANING PIN{S) DESCRIPTION FUNCTION 

00-07 Data bus 7-14 High act ive 8-bit 3-state bidirectional data bus. 

AO-A7 Address 15, 17 High .act i ve Low-order 8 bits of Address Bus, 
bus 19,21 used for I/O port addressing. 

23,25 Responds to ports D8-DF when shipped. 
27,29 

SYSRESET;'~ 
System 47 Low active Originates at processor card in 
reset res,ponse' tq power-on or PBRESET*. 

10EXP I/O port 35 High to Bank select; must be low for 7308; 
expansion Disable grounded by 780 1 ,7802,]803 cards' . 

I ORQ;'~ I/O 
33 Low ~ctive Indicates the ~ddress bus has a va lid 

request port address on AO-A7. 

RD;'~ Read 32 Low active Indicates that the processor wants to 
read from the addressed input port. 

WR;'~ ~lr i te 31 Low active Indicates that the processor wants to 0 
write to the addressed output port. 

I NTRQ;'~ Interrupt 44 Low active Maskable interrupt to the processor 
open co 11 ector card from the 7308 (opt i ona 1) . 

NM IRQ;" Nonmask- 46 Low active Nonmaskab1e interrupt to the process 
,ab 1 e 

open collector card from the 7308 (optional) . 
interrupt 

CLOCK;" Clock in 49 Low active Clock signa 1 ; replaces crystal (optional). 

CNTRL;', Clock out 50 Low active Clock to other STD BUS cards (optiona 1). 

PCI Priority 52 High active Interrupt card priority signal; trace 
PCO chain 51 maintains continuity only on 7308. 

NOTE: Unused pins are open; pads are provided on some unused pins for user signals. 
NMIRQ*, CLOCK~and CNTRL* require jumper straps - see Appendix A~ 

o 
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Table 4-2 tnterrupt Connector Jl Stgnals 

MNEMONIC MEANING PIN(S) 

HElPO;~ Interrupt Jl-2 

Interrupt Jl-4 

Interrupt JI-6 

Interrupt Jl-8 

DESCRIPTION f--FUNCTJON 

LOWict, ve 1 1 h 
1 

Channe 0 request ate set, 
open col ector 
low activ~ Channel 1 request latch set. open co 11 ector 
low active Channel 2 request latch set. open co 11 ec tor 
low active OR .... d output of Channel 0,1,2 
open collector I interrupt request latches. 

~ 1 rEST 
~ 

Test signal Jl-10 
(500. NS) 

i Onboard osc i 11 ator output si gna I 
! for card testing only. (2.0 MHz) 
J 

Ground All Provides signal/ground pair for 
eae-h interface signa 1. odd 

Table 4-3 User Interface Connector J2 Stgn~ls 

MNEMONIC; PIN(S) I fUNCTION 

GATEO;', i 02-2 Channe-l 0 gate or trigger i nput
t 

1 

klOCKO;" I J2-4 tnput 0 count-clock (bussed to all channel multiplexers). 
~ 

QUTO;', ! J2-6 Channel 0 output signa 1. 

GATE 1;1, ! J2-8 Channel 1 gate or trigger input. 
1 

ClOCK1 ;', i J2-1 0 Input 1 count-clock (bussed to all channel mu I tip 1 exe r s ). 

OUT 1 ,', J2-12 Channel 1 output signa 1, 

PATE2;" I J2-14 Channel 2 gate or trigger i nput~ 

~C lOC K2"· 1 J2-16 Input 2 count-clock (bussed to all channel mu 1 t-i-p I exers). 

'QUT2,', I 
i J2-18 Channel 2 output signa 1. 
! 
r 

f. 

SPAREO, 1 t J2- 2O ,22 Spare high-active TTL-compatible input port 1 i neSt 
~ 

~5 V \ J2-24, 26 +5V output to signal conditioning card ( 1 ohm each). 
! 

tND i. All odd Ground output to form signal/ground pair for a 11 signa Is. , 

NOTE: Even numbered pins 2-]8 have programmable polarity. 
4-3 
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Table 4~4 tnternal 7308 Stgnals (~ee appendtx o 
\ I ORIGIN 

MNEMONIC MEANING DESCRIPTION COORDINATES COMMENTS 

aAO Buffered High ~ctive B7 Drives port address decoders, 8253. 
aAl address 

aOO to Buffered High active 07 Drives all por ts and 8253. 
a07 data bus 

aROi'~ Buffered Low active B7 Controls Port decoders, 8253, and 
aWRi'~ read ,'wr i te direction of data bus trance i ver. 

~KO, 1 ,2 8253 Fa 11 i ng edge B3,C3 8253 clock inputs; selected by 
clocks multfplexer with polarfty programmed. 

~IO, 1,2 Interrupt High active 05,D6 Mask/enable signal for each channe 11 s 
enab 1 e interrupt. 1 = enable. 

i='0,Fl,F2 Frequency Rate source B6,C6 Clock oscillator/scaler outputs 
selected by jumper straps. 

GO,Gl,G2 Gates High active B4,C4 Gate inputs to 8253, with po la r i ty 
programmed. .t> 

(iEO,1,2 Gate High active 05,06 Programmable gate signa 1 , output from 
enab 1 es channel Control register; enables 

user ~ate signal. 

~SO,1,2 Gate Programmable 05,06 Selects gate high/low active; 
state o = .low active at J2. 

ILO,1,2 Interrupt High active A2,A3 Interrupt latch set = 1. 
latch 

-
INO,1,2 Input High active B4,C4 1 Buffered user CLOCKi'~ inputs. 

i 

1 POi'~ Input Low active B6 
1 

Processor reads input port on rising to port 
1 P3i'~ strobe 1 Pi'~ edge; outputs from port decoder. 

IRQO to Interrupt Rising edge B2 Enabled interrupt reques ts from 
IRQ2 latch strobe channels 0-2; rising edge sets latch. 

150,1,2 Input Programmable 05,06 Selects clock input active edge; I 
state occurs after multiplex selection. 

o = fa 11 i ng edge at any CLOCKi'. input. j 

o 
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Table 4-4 (conttnued) 

ORIGIN 
MNEMONIC MEANING DESCRIPTION COORDINATES COMMENTS 

MXO-l,2,4 Multiplexer High active 05,06 Select one of 8 inputs via 
MXI-I,2,4 select mode 8:1 multiplexers. Lines form 
MX2-1,2,4 octal (3-bit binary) code. Outputs 

are from -channel control registers. 

OPO;'· to Output port Low active B6 Processor writes to output port with 
OP3;'· strobe data latched on rising edge; outputs 

are from port select decoder. 

OSO,1,2 Output Programmable 05,06 Selects output active logic state & 

state Interrupt latch strobe tim i ng. 
Output from channel control reglsters. 

OUTO,1,2 Ohannel Programmable B 1 , C 1 Outputs from 8253 after programmed 
output polarity conditioning; drive 

interrupt masks & card outputs. 

o RST Reset --- Hi,ah act i ve C7 Buffered SYSRESET;" f 

~---- ~ ------RST;'· low ~ct i ve 

SCT;'· Select Low act i ve B6 Chip select for 8253 from address 
8253 decoder. 

SX;'· Card Low ~ct i ve B7,C7 Card select decoder busses. SX is 
SY·" address the A5-A7 decoder output matrix and ------
XO;'· to . selection SY is the A3,A4 decoder output 
't7;'. matr i x. Make one selection at 
1,-:.. - - - - - j each. matri'x~ 7308 'Is shipped with YO;'· to I 
Y7;'· x6;': Cind Y3;'. se 1 ec ted ~ 

500 ns Clock Rate source A6 ! Crystal oscillator output for testing 
! --

• 
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Return for Repair Procedures 

Domestic Customers: 

1 •. Call our factory direct at (408) 372-4593, and ask for CUSTOMER SERVICE. 

2. Explain the problem and we may be able to solve it on the phone. If not, we will give you a Customer Return 
Order (CRO) number. 

Mark the CRO number on the shipping label, packing slip, and other paperwork accompanying the return. 
We cannot accept returns without a CRO. 

3. Please be sure to enclose a packing slip with CRO number, serial number of the equipment, if applicable, 
reason for return, and the name and telephone number of the person we should contact (preferably the 
user), if we have any further questions. 

4. Package the equipment in a solid cardboard box secured with packing material. 

CAUTION: Loose MOS integrated circuits. or any product containing CMOS integrated circuits, must be 
protected from electrostatic discharge during shipment. Use conductive foam pads or conductive plastic 
bags, and never place MOS or CMOS circuitry in contact with Styrofoam materials. 

5. Ship preJ?aid and insured to: 

Pro-Log Corporation 
2411 Garden Road 
Monterey, California 93940 

Reference CRO # -------
Intemational Customers: 

Equipment repair is handled by your local Pro-Log Distributor. If you need to contact Pro-Log, the factory can 
be·reached at any time by TWX at 910-3.60-7082. 

Umlted Warranty: Seiter warrants that the articles furnished hereunder are free from defects in material and 
workmanship and perform to applicable, published Pro-Log specifications for one year from date of shipment. 
This warranty is in lieu of any other warranty expressed or implied. I n no event will Seller be liable for special or 
consequential damages as a result of any alleged breach of this warranty provision. The liability of Seller 
hereunder shall be limited to replaCing or repairing, at its option, any defective units which are returned F.O.B. 
Seller's plant. Equipment or parts which have been subject to abuse, misuse, accident, alteration, neglect, 
unauthorized repair or installation are not covered by warranty. Seller shall have the right of final deter
mination as to the existence and cause of defect. As to items repaired or replaced, the warranty shall continue 
in effect for the remainder of the warranty period, orfor ninety (90) days following date of shipment by Seller or 
the repaired or replaced part whichever period is longer. No liability is assumed for expendable items such as 
lamps and fuses. No warranty is made with respect to custom equipment or products produced to Buyer's 
specifications except as specifically stated in writing by Seller and contained in the contract. 
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$.ect i. on 5 

Notes on Typical ApplIcations 

This section describes typical application examples for the 7308 counter/timer 

card, including suggestions for hardware and program support of the counter/timer. 
channels. We have tested the applications and we believe they are correct. 

However, we do not represent them as being appropriate for any specific 

appl ication. 

P~ogram segments and subroutines are given as programming examples in some 

instances. They are available to the user without licensing from Pro-Log 

and may be used directly or adapted to a specific application. The 8080 

instruction set is used exclusively, allowing the subroutines to run on 

8080, 8085, l80, and other code-compatible processors. Flow diagrams 

(which reference no processor characteristic) allow you to translate the 

routines into the assembly codes of other processor types. 

Techniques appropriate for typical 7308 applications are described in 

terms of: 

• Load i ng each channe l' s load reg i s ter: 

How to compute the preload value for time delays (1.5 ms Example) 
How to compute time delay accurancy and select a clock range. 
Examples: -Time delays: 50 ms, 2.345 seconds 

-Preload values for all common baud rates. 

• Simple one-time delays 

How to operate in mode zero. 
How to poll the interrupt latches. 

• Elapsed-time measurements 

Software gating. 
Hardware gating. 

• Event counting 

Totalizing. 
- Limit (alarm) counting. 

• One-shot and delayed strobe modes 

- Software trigger (modes 0,4) . 
- Hardware trigger (modes 1,5). 
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It is necessary to preload 7308 t s counter/timer channels to an 

lnltlal value, or counti'ng cannot proceed, Thi's value fS downOl'counted toward 

terminal count Ctb.e lowest obtai'naole count: 0000 in modes 0, l, 4, and 5; 

0001 hi mode 2; and 0002 in mode 3). Ootaln precise time delays by preloading 

the load register with a value N and countIng a precisely timed clock. The 

delay is the product of N and the clock period, 

Example: Determine the load register value for 1.5 ms time-out, using each 

of the 7308's three clock ranges: 

• FO = 0.500 llS ± 0.05% 

• Fl = 8.000 llS ± 0.05% 

• F2 = 128.Q llS ± 0.05% 

EQr EO, 1.5 ms = (N) (0.500 llS) 

N 
1500 llS = 3000 = 
0.5 llS 

Thus the preload value for the channel's load register is 3000, if BCD 

(decimal) counting is selected. For binary (hexadecimal) counting, 

3000 10 = OBB8 16 is the preload value. 

For Fl, 1.5 ms = (N) (8.000 llS) 

N ~ 1500 llS 
8.000 llS 

= 187. 5 ~ 188 

The preload value is 0188 for BCD operation, or 18810 = 00BC 16 for binary 

operation. 

For F2, 1.5 ms = (N)(128.0 lls) 

N = 1500 llS = 11.72 ~ 12 
128.0 llS 

The preload value is 0012 for BCD operation, or 0012 10 
operation. 

= 000C 16 for binary 

o 

o 
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Time Delay Accurqcy. Th_e accuracy of a programmed ti'me delay yarie~ wtth th_e 

th.e rat i 0 of the des,i red de 1 qy to the clock per l'od (j. e .. , error i'ncreases 

as resolution decreasesi. In the previous example, the same ttme delay Is pro

grammed usIng each of the three clock ranges~! Res~ulttng accuracies for 

the three clock ranges are: 

• For po, the delay ts 

(N}(O.50Q J.1s) = (3000) (0.500 J1s1 = 1,500 us' 

Since the desi red time delay is exactly, divi'sib1e by the clock 

period, the overall error is equal to the clock accuracy, whi'ch 

is to.05%. Resulting delay is 1,49925 to 1~50075 ms, 

• For F1, the delay Is 

• 

eN) (8.000 lJs) = (188) (8.000 liS) = 1.504 ms. 

Ignoring clock accuracy, the error is 

(100) (1.504 m~~5~0(!~500 ms) = 0.267%. 

Including clock error, the actual delay i·s then 

1.500 ms + 0.217% to 0.317%, or 

1.5033 ms + to 1.5048 ms. 

For F2, the delay is 

(N) (128.0 ~s) = (12)(128.0 ].1s) = 1.536 ms 

Ignoring clock accuracy, the error is 

(100) (1.536 ms) - (1.500ms) 
1.500 ms = +2.4%. 

Including clock error, the actual delay is then 

1.5 ms +2.35% to +2.45%, or 

1.5353 to 1.5368 ms. 

IMPORTANT: An error of up to one clock perfod can result In single 

delays (modes 0,1,4,5) or in the first output period of repetitive 

modes (modes 2,3) when the 7308 1 s onboard oscillator clock ranges are 

selected; this stems from the fact that the 7308 oscillator is not 

synchronized to the processor clock (modes 0,2,3,4), or to the external 

gate trigger (modes 1,5). The program or external trigger may command 

the channel to start counting, but the channel cannot do so until the 
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the ftr~t clock fa,lli'ng edge Qccur~1 wlthout clock ~ynchrontzatlon7 

th·t~ may re-quJre, from Q to 100%' of the, clock per tod t Note tha.t thts 

error amounts to only 0,00]''5% of full s'cale C1 count tn 2
16 

or 65,536), 

a,nd Is the reason that htgh-resolutton counting wfth the fastest possible 

clock produces the most accurate time delay. (This error source does 

not apply to multi'plexer range 7, where the channel i's clocked by pro

grammed input port reads, or when the user triggers the one-shot modes 

with a gate signal that is synchronized to a user-supplied clock signal.) 

OthetAttur~cyConSidet~ti6ns. The channel's output signal goes active when 

the program writes to them6d~ t6Mtrol t~~i~ter to select mode O. But the 

actual counting process cannot start until the channel's 16ad t~grSter is 

written to by the program. Thus, the time that the output is active is 

extended by the time required for the processor to execute the instructions 

that write to these registers, and by any instructions executed in between. 

You must consider this time if you are to account every fractional microsecond 

in your design. 

You should consider the actual accuracy needed in a specific applIcation. 

For example, the potential error described above may not be significant, 

if the t i'me de 1 ay is be i ng used to overshadow the bounce time of a re 1 ay 

contact closure. But it may be important when dealing with the fastest 

baud rates in a communications application. Looked at another way, it's 

possible for you to spend a lot of time calculating a very precise time 

delay, only to have the accuracy balloon to 1% or more by the execution 

of a few extra program instructions. 

Also you should be aware that while the 7308's specified accuracy is to.05% 

over the operating temperature and Vcc range, this is not equal to the aceuracy 

of a digital wristwatch maintained at 37°C by body heat, and operated by a 

lithium or NiCad battery. For example, a 30-day month contains 2,592,000 

seconds and 0.05% of this value is 1295 seconds, or 21.6 minutes. A wrist

watch that gains or loses 1 second per month has an accuracy of about to,00004%. 

o 

o 



o The 7308.'s Q~ci llator can approacb the timing ~ccuracy of a digltal wrlst

w~tch_, but only l'f you qre willtng to: 

~. Hold the operati'ng temperature. and power s'upply voltage const~nt. 

b. Select ~n asci 11ator crystal t or trlm the suppl ied cry's'tal, for 
much greater accuracy, 

A more practical approach, particularly In ttme-of-day applicattans~ is to 

use an accurate, external tlme standard such as the local AC power 1 i'ne, 

Examples of C6mputing Preload Values. Compute the preload value for (~) 

50 ms and (b) 2.345~s. Find the best clock range and resulting error for 

each. 

(a) 50 ms. FO cannot be used for 50 ms, since 50ms 
0.5 ~s ~ 100~OOO and any 

one channel can only count to 63,535 (in blnary) or 9,999 decimal! However~ 

Fl can be used: 

50 ms 

8.0 ~s 
= 

Either BCD (decimal) or binary (hexadecimal) counting modes may be used with 

identical results. The error is 

(100) (6250)(8.0 ~s) - 50 ms = 0.0% 
50 ms 

Adding the clock error (±0.05%) gives a time delay in the range of 49.975 rnSi 

to 50.025 ms. 

(b) 2.345s=ec. Figure 3-9 shows the delay ranges possible with one channel 

on each clock range (FO, Fl, F2). Only F2 can achieve a delay above 549 ms: 

2.345 s 

128.0 ms 
:::; 18,320.3 ~ 

This time BCD (decimal) countin~ t~~not be used, since the largest decimal 

number the channel can hold ;'s 9999. Binary (hexadecimal) counting i's 

\"'!'t' .. f'I! . f?h .. - p- 2$ #-TAG;; Ai ; r P.## #4 n' MIII1WJlW-" 'hI¥ mo.; ilf¥i&1¥'!*'f .. , "'" os. ; 
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requ i. red ~ The errQr is 

(lao) (18,320) (128·~QH~) .. 2,345 ~t 
2 ~ 345 5:. 

Addlng tne clock. error C±O.05%} gives' an overall error of ",,0,0517% to 

+0.0483%, or a tlme delay' i'n tne f(;mge of 2~3479 to 2 t 34513 seconds. 

Example of Computi,'ng Preload Values for Common Baud Rate.s', Tne computed 

preload values for all of the common baud rates, used wlth UART and USART 

devices and their accuracies are listed in Table 5~l. 

NOTE: A single channel using the FO clock (0.5 ) and binary (hexadectmal) 

count i ng can hand 1 e a 11 of these baud rates;. We suggest channe 1 mode 2 

(marker pulse generator) for actual use with a UART or USART. 

(Table 5-1. Computed Channel Preload Values for Common Baud Rates.) 

Simple One-Time Delays (Mode 0) 

Mode 0 is useful for program-initiated time delays that are performed only 

once. You can use the delays to time the processorts movement from function 

to funct ion in the program, or to overri de and prevent a processor "hang-up" 

when the hardware malfunctions in the processor-controlled system. Examples 

of this feature are: 

1. The processor detects what appears to be a switch closure, then programs 

a switch bounce time (e.g., 1 to 50 ms) to give the switch contacts time 

to settle. By rereading the switch contacts a second time, the processor 

can differentiate between a geniune switch closure and a noise pulse. 

2. The processor has opened a valve to fill a tank and is waiting for 

a signal from a float to inform it that the tank is full. However, 

no fluid is flowing into the tank because of a malfunction. A 

fixed, overriding time delay then keeps the processor form waiting 

indefinitely for a "tank-full" signal that can never occur. 

Mode 0 is setup as shown in Table 5-2. The preload value and range selection 

for a 2.345 s. delay (Example (b) in the load register discussion) are used 

o 

to reload channell. We assume that channell's gate input is not connected 4:) 
and, therefore, pulled up to the logical 1 state; also, the channel's out-

---.-.. - .. -----.-------.-------.----~--.--.-.-.-----
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o 

BAUD RATES ili. Compute preload values for all of the common baud rates 

used with UART and USART devices and give the accuracy. 

BAUD RATE 

50 

75 

110 

134.5 

150 

300 

600 

1200 

1800 

2000 

2400 

3600 

4800 

7200 

9600 

19200 

38400 

NOTE: A single channel using the FO clock (0.5 us) and 

binary (hexadecimal) counting can handle all of these 

baud rates. Channel Mode 2 (marker pulse generator) is 

suggested for actual use with a UART or USART. 

7308 PERFORMANCE 
DESIRED ACTUAL ERROR HEXADECIMAL 

BIT PERIOD BIT PERIOD PRELOAD VALUE 

20.000 ms 20.000 ms 0.05% 9C40 

13.333. ms 13.332 ms 0.05% 682A 

9.090 ms 9.091 ms 0.05\ 4706 

7.434 ms 7.435 ms I 0.06% 3A16 

6.666 ms 6.667 ms 0.06~ 3415 

3.333 ms 3.332 ms 0.06% 1A06 

1.666 ms 1.665 ms 0.Q6% 0005 

833.33 us 833.20 us 0.0]% 

I 
0683 

555.56 us 555.20 us 0.06% 0.457 

500.00 us 500.00 us 0.05% 03E8 

416.66 us 416.40 us 0.09·%· 0341 

277.77 us 277.60 us o. 13% 

I 
022C 

208.33 us 208.00 us 0.13% OlAl 

138.88 us 138.80 us 0.13% \ 0116 

104.16 104.00 0.21% 
I us us I 0000 

52.08 us 52.00 us 0.21.% I 0068 

26.04 us 26.00 us 0.21% I 0034 .-

NOTE: .The error given above includes 0.05% clock error. 

Table 5-1 CHANNEL PRELOAD VALUES FOR COMMON BAUD RATES 
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put 5 i g n ali sus edt 0 s.,.et t h,e. c ba. nne 1 1 tnt e r ru p t 1 at c h~ 

Figure 5-2 shows- hoW' the tnterrupt is' servlced by poll j'ng th.e 730.8"s status 

port, assuming that an interrupt has vectored the processor to memory location 

0038 hexadecimal. However, the same i"ns'tructi'on s·equence might be used for 

noninterruping application, i'n whJch the program occasionally tests' the 

channel to see if i't has reached termi'na1 count yet. 

The hexadecimal data written to output ports DB, DO, and D9 jn the program 

example in Table 5-2 is derlved as follows: 

(a) Data Output to the channel mode register (Output port DB) 

01 

Address ch.l 's 
mode con t ro 1 . reg i s te r 

Read/load 2 bytes 
(all 16 bits) to ch.l 

1 1 000 o 

tn btnar }hexadecimal 

Select mode 0 

0111 0001 (b ina ry) ;:::; 70 (hexadec ima 1 ) 

(b) Data Output to the channel control port (Output Port DO for Ch.l) 

Set clock source = F2 
(128.0 s period) 

Enahle the channel to count 
(See Table 3-11) 

Make GATE input high active 
(See Table 3-11) 

Decrement on CLOCK's 
rising edge (Table 3-11 

a 1 

\ Enab 1 e Ch. 1 interrupt 

OUTPUT falling edge at 
terminal count (Figure 3-10) 

0101 1101 (binary) - 50 (hexadecimal) 

" ) 

o 

o 
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PRO-LOG CORPORATION PROGRAM ASSEMBLY FORM 

HEXADECIMAL MNEMONIC TITLE DATE 
PAGE LINE 
ADR ADR INSTR. LABEL INSTR. MODIFIER COMMENTS 

XX XO 3£ :< .3f5 sec..1)~t-")' J..D4I /..()Al) c" . ..t~ /rll~e 0,1'/1",("" '£~/sre I( (s~£ 

1 70 - ()I II ()()() D r .,~x r FbI( t)'It-I9N.I1l1v~ IJf BIT 1'191"1"£ R./V) 
2 j)~ ol'A 
3 :DB - ~,er ~B I 

4 3 IE.. /"]),4 I J., () II j) eN t~ C H A,f//I/&L. DJIVfi((}L P()/(r 
5 SJ) - ()/ () / , I 0 I -r-

6 ])3 tJl'A 
7 :D.2:> - ]:bAT ])J) ~~ 

8 !!i L..J)A I R~seT ell. t ~ IIVTe ~~(/J'T J-.ATCH /It)lrl-lb vT 

9 02- - 8/r i ..... Dl5fv/t B I Ntr TI'I6. C,.." 0 .,. eN, Z I.ArCfl£S 

A 1:>3 IJtJA 
B :DF - PIJItT .DF "" C F:B eNI P/VA8J,£ rl-/e Pl'tp~4$SCIl " tlVr~I'l,(CI/Jr /1V,If'v'-

D ge L..:D It I Jl(es£r ~,., . .1 's LtJA--/J "EGIS r£ ~ - 15/T 5 0" '7 
E _10 - qo FeLl,. c)lv~j;) By Alr~ 8-/S' 

o F 1>.3 Of/A 
, )< )( yo I])q - (Jotr .J)q !YtPrt . 4 7?ou~ :: 11. .320 '" 

1 .3E. '-DAr 
, , 

.. " .. 
2 +7 4'1 fll. 4'-() l/Jl r M. 5 ) ; :l.4f5 SEe. 
3 1>3 D fA __��_ 

~f<'II "/VI! J)1l"''''Y s!AIf'rs ' A~ ;'H~S 1(~rJ've.110.l'ol E ~IJU.<JT6.s 
4 1)q - P'It, JJe; 
5 • - P~'&/t.1I1"\ C.~ r 1#11$,5 ," IN1l /t~(,I~ T 6&""" If' J • 
6 • .. 

T / 
I~ :J.J~r .5~C.dIJ})S .. • 

7 • • I 
8 t 
9 

A . -
B 

C 

D 

E Table 5-2 . Example of Mode o Programming (Program Segment) 

F 
l000012m 

o 
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(c) Two Bytes of D~tq Output to Ch_, 1 , ~ Load Regts.ter (Output port D9) 

Since step (a) above w'rote 11 (h i"na ry\) to channe 1 l' s RL bits {'n the mode 

control regi'ster, the count cannot begi'n unti'l two by\tes of preload data 

are written to Channell's load regi'ster, Both halves of the load register 

are accessed through output port D9 (for Channell). 

The first byte written to output port D9 goes to Channel 1·$ load register 

bits 0-7 (least signfficant 8 bits). The second byte goes to bits 8-15 

(most significant 8 bits). Channel begins the delay at the conclusion of 

the second write operation to output port D9. 

The hexadecimal preload value developed for 2.345 seconds earlier is 4790 

(hexadecimal);this produces a 2.345 s delay (using the F2=l28.o us clock 

range) with a maximum error of -0.0517%. 

Elapsed Time Measurements 

Figure3-3 shows that, in mode 0, the counter continues to decrement with 

every clock transition, regardless of whether terminal count has occured. 

The channel also continues to respond to the gate after terminal count. 

You can use these characteristics to make elasped time measurements in 

the program, or to measure the pulSe width of an external signal. 

An important consideration in elapsed time measuremnts is the ability of 

the program to make error-free reads from the channel ~s read latch, even 

if the channel is being incremented at high speed by a fast clock. Section 

explains how to program the mode control register's RL (read/load) bits for 

latched, rather than transparent, reading of the channel's current count. 

Software Gated Elapsed Time Measurements. These are made by simply allowing 

the channel to down-count continuously. The time measurement starts the 

first time the program reads the current count in the channel, and stops 

with the next read. By subtracting the initial value from~e last value, 

the program can determine the elapsed time between two events. This operation 

is illustrated in Figure 5-2~ Note that, if desired, the program can actually 

o 

stop and start the count by controll'ing the GTE bit in the channel control 0 
port: setting GTE = 1 causes the channel to start counting ( if the GATE 



o 
PRO-LOG CORPORATION PROGRAM ASSEMBLY FORM 

HEXADECIMAL MNEMONIC TITLE DATE PAGE LINE 
ADR ADR INSTR, LABEL INSTR. MODIFIER COMMENTS 

0 

1 

2 

3 

4 

5 

6 

7 

00 3 8 l)~ INTRQ IPA Read the 7308 card's status port bits; save in Register B 

9 :Df PORT OF T if needed later 
A 4 rl LOB A ~ 
B J)3 OPA Reset only the interrupt latches 

C DF PORT OF T a "111 in bits 0,1,2 will reset the corresponding interru 

D IF' RRAC Is Channel a's interrupt set? 
larcn 

Service Channel a if so. 
E Dc... ",.... NOTE: As written, this routine gives JS Cl 
F '1-.'1.. (Service Ch. 0) prioritv to the C'h;mnpl!': in 0-1-2 order 

0 'I..Y... - J' (CH 0 service Routine at address XXXX) 

~ 1 7g LOA R Is Channell's interrupt latch set? 

~ 2 I( RRAC -.- (CH 1 service routine at address yyyy) 

3 IF RRAC 
4 1>-:. .T~ ~1 

5 vi (Service Ch. 1) 

6 '/'/ - 'I, 
7 'Ire" LOA B Is Channel 2's interrupt latch set? 
8 IF"" RRAC '- .... 

9 If RRAC (Ch 2 service routine at address ZZZZ) 

A )f RRAC 

B .f .. \. ~. JS Cl 
C 2-2- (Service Ch. 2) 

D 2-2.. - "If 
I 

E No 7308 interrupt latches are set - continue on or poll 

F .. other cards 
Table 5-3. Interrupt Poll ing ProgrClm Segment l000012m 

• 
5-11 
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input is active) and clearing QTE to Q stops the count. If the elapsed 

time ts long enQu9~ for the counter to down-count past termtnal CQunt one 

or more times, the program must arrange to lengthen the' channel to more 

than 16 bits. This is arranged by cascading two channels, or by propagattng 

the count to a RAM or tndex register locatton. These techniques are dis

cussed later in the subsection called "Extending the Count." 

Hardware Gated Elapsed Time Measurements. These pulse ... -width measurements 

are made by connecting the signal to be measured to the channel ~s GATE 

input and programming the correct gate polarity. Counting can then occur 

only while GATE is active, thereby making a direct measurement of the pulse 

width. Figure 5-1 shows how the current count can be read tW'ice and compared 

to determine whether the measurement is complete, i.e. ~ whether the channel 

is still counting. An alternate method is to connect the signal being 

measured to both the GATE input and one of the spare TTL input 1 ines available 

as bits 6 and 7 of input port OF (the 7308 status port). By sensing the 

state of the signal being measured, the program can determine whether or 

not the measurement is complete. 

IMPORTANT: This techinque is accurate onlY if: 

1. The microprocessor is substantially faster than the pulse 
being measured, so that it can control the measurement. 
If the pulse-repetition rate is too high, the channel may 
be re-enabled to count by a second incoming GATE pulse, 
before the processor can react to the first measurement, 
thereby causing an error; or~ 

2. The measurement is assisted by user-added hardware, such as an 
edge-sensitive latch and gate Flgure 5-1), which allows a 
relatively fast pulse to be measured without errors. 

Event Counting 

You can use each of the 7308 channels for event counting up to 2.5 MHz, 

either to totalize an unknown number of events or to prevent an operation 

from happening more than N times by generating an interrupt. Note that with 

the 7308, the event may be represented by either an external signal or a 

programmed input-port read operation. The only difference between totalizing 

and limit counting is the initial value preloaded to the counter. Examples 

of the count sequence for totalizing and limit counting are shown in Figures 5~2 

and 5-3, respectively. 

o 

o 
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NOTES 

1 ~ 

2. 

Use thts crrcuit to interface a pulse train w th high 
repetition rate (relative to the processorts nstruction 
rate - see text) to the 7308 l s GATE input,for measuring 

a single pulse width. 

The circuit passes the first high-active pulse from a 
pu 1 se t ra info 11 owi ng the r ising edge of MEASURE,'·. Us i ng 
74LS devices, the leading edge of the pulse is delayed 
about 40ns and its width is streched by about 25ns (typical 
values). 

3~ MEASURE* is a user-supplied signal that could be a single~ 
spare output port line for program control of the measurement. 

4~ For a low ... acti've pulse, use an additional i'nverter at PULSE 
INPUT. 

Fiqure 5-1: Circuit Example For Pulse~Width Measurement. 
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Toted tz ins, The channe 1 is pres_et to a va 1 ue represent i ng zero ~ then th_e 

number of eve,nts i's determi"ned just hy readi"ng the ch_annel value. Remember 

that si'nce th.e 8253 can only decrement, either 2t:s complement or la's com

plement arithmeti'c is, needed to determine the number of events~ Thus, the 

value representing zero is FFFF in hexadecimal (binary) operation and 9999 
i'n decimal (BCD) operation. Al ternately, the channel can be allowed to 

count freely from any i"nitial value ~s long as the tnitial value is stored 

by the program). The count can then be determined si'mply by subtracting the 

initi-al value from the final value. (See subsecti'on called "Extending the 

Count"). 

Limit Counting. The channel is preloaded with the maximum number of events 

and the interrupt is enabled. An interrupt then informs the program that 

the limit has occurred. Alternately, you may want to use a number slightly 

in advance of the limit (smaller) to provide an early warning. For example, 

a system with mechanical intertia (such as a fast motor) may need an early 

warning to make prelimit adjustments (e.g., reversing the motor current to 

act as a brake) before the actual limit event. 

.-----------------.. -----~------

I~,) 

o 

o 



~ DECIMAL TOTALIZING FROM INITIAL PRESET VALUE (lO'S COMPLEMENT COUNTING) 

STEP 

1 

2 

3 

COMMENT (Decimal Counting Example) 

Preload counter to 9999 

Enable event counting 

Subtract final count from initial count: 

COUNTER CONTENT 

999·9 (initial 
count) 

Event ..•.• 9998 
Event .•••• 9997 
Event ..••• 9996 
Event ••.•• 9995 
Event .•.•• 9994 (final 

9999 
count) 

- 9994 

5 total events 

HEXADECIMAL TOTALIZING FROM RANDOM INITIAL VALUE (2's COMPLEMENT BINARY COUNTING) 

o 

o 

PT, %Hr 'iMTf'ln%wn ffHAf1hAIMi i ;1:: PSI"44 n., ., 

Note: in order to save time, it is unnecessary to preload the channel 
prior to each count operation (although the channel must be pre loaded 
the first time it is used after Mode 0 or any mode is selected). 

STEP 

1 

2 

COMMENT (Binary/hexadecimal Counting Example) COUNTER CONTENT 

Record the current content of the counter ABCD Cini tial 
count) 

Enable event counting Event .••.• ABCC 
Event •...• ABCB 
Event ••••. ABCA 

Event •••.• 1235 
Event •.••• l234 (final 

count) 
3 Subtract final count from initial count: ABCD 

- 1234 
9999

16 
total events 

39,321
10 

total events 

IMPORTANT; If the counter is allowed to restart from some previous 
value, as in this example, or if a large number of events is anticipated 
such that the channel may overflow (more than 9999

10 
or FFFF

16 
counts), 

the program must arrange to propagate a borrow. The program may do 
this itself by decrementing an index register or RAM location upon Terminal 
Count interrupt, or two channels may be cascaded. so that the borrow is 
propa§ated into the adjacent channel by hardware. See (f) "Extending 
the Count" later in this section. 

FIGURE 5-.2 __ .::...-~D:..:E:..:C:..:I~MAL.;;.;......_AN--...;....D~H_E_XAD---...;E_C..:..I ...... MAL __ T_O_T_AL_I_Z_I_NG 
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LIMIT COUNTING (HEX MODE) WITH INTERRUPT ALARM 

STEP COMMENT (BinarvlHex Countinq} COUNTER CONTENT 

1 Select Mode 0 (or another mode) 

2 Select appropriate output state to cause 
OUTPUT falling edge at Terminal Count, and 
enable interrupt. 

3 Preload channel with desired limit. 
Example: for 123

10 
maximum events 

in hexadecimal counting mode, use .•....•..•• 007B 

4 

5 

Enable counting 

7308 interrupts processor - limit 
of 123 10 events ha~ occured 

Event .•.. 007A 
Event .••• 0079 
Event ...• 0078 

Event •..• 0002 
Event •... OOOl 
Event .... OOOO (Terminal 

Count for 
Mode O) 

IMPORTANT: Mode 0 is assumed in this example, but other 
modes might be more useful. For example, Mode 2 would 
automatically reload the counter with the initial count 
after interrupting, and therefore is preferable where the 
limit count is to be repeated. Note, however, that the 
value of Terminal Count varies with mode, as does the desired 

of the output signal for interrupting. See Section 3 . 

FIGURE 5- 3 LIMIT COUNTING EXAMPLE 

I: .. ".) 

o 

o 
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Extendin~ the Count 

Sometlnes it is necessary' to extend the effecti've length of th,e l6~b.l t channel 

by propagating a borrow from the channel output to another counter. For 

example, a count extensIon is needed if: 

• A time delay is more than 8.3 seconds, 

• A count of more than 9,999 (dec ima l) or 65,535 (or FFFF hexadec i'ma 1 ) 

is antici"pated, or the channel is allowed to count freely. 

• The channel is being used to count a constant value repeatedly, e ~ g. , 

the channel is programmed to generate an lnterval of 1 ms, and a 

second count is needed to find the number of 1 ms intervals that 

have occurred. 

You can extend the count in two ways; 

2. 

Connect the channel's output signal to the input of another 
counter. MUltiplexer range 6 allows each channel to be locked 
by the output of the adjacent channel. The channels cascade as 
fo 11 ows: 

Channel 0 drives channel 

Channel 1 drives channel 2 

Channel 2 drives channel O. 

NOTE: For normal cascade operation, set the driving channel's 
OPS bit and the driven channel's IPS bit to the same state when 
programming the two channel control ports. Figure 3-9 shows the 
range of delays possible with 2 or 3 channels cascaded. 

Use the channel's interrupt output to propagate a borrow or a 
carry into one of the processor's registers or a RAM location. 
Table 5-3 shows how to service the interrupt that results from 
a counter/timer channel overflow. The output increments a register 
pair then exits back from the interrupt, using only a fraction of 
the available processor program time (about 0.7% of the processing 
time available to a 2.5MHz z80 processor, with the 7308 channel 
set to generate 1.0 ms time intervals). 

IMPORTANT: If the channel is allowed to interrupt the program 
continually, to propagate a channel overflow into a processor 
register or RAM location, the time required for interrupt servicing 
should be considered when designing time-critical portions of the 
program. For example, the interrupt service routine might be 
written in such a way that its execution time is constant (even 
if any conditional jump instructions or loop sequences are included), 
thereby making it easier to accommodate the repetitive interrupt 
when designing the rest of the program. 

5-17 
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e. One-Shot and Delayed Strobe Modes 

Channel Modes 0,1,4 and 5 can all be used to generate signals which simulate 

one-shot circuits. For example, the TTL logic designer will find Mode lis signal 

characteristics similar to those of the 74LS123, a retriggerable 

one-shot chip. The other modes are simply variations of Mode 1 which differ 

in triggering and output waveform characteristics as summarized in Table 5~4. 

MODE DESCRIPTION TRIGGERED BY OUTPUT RESPONSE AUTORELOAD 

0 
Program Program write Output active during the No 
Triggered to the.channel's full programmed delay 
One-shot Mode Register plus program overhead 

Hardware Active-going Output active during the Yes, and 
1 Triggered edge of GATE full programmed delay Retriggerable 

One-shot signal 

Program 
Program write Output active for one No 

4 Triggered 
to the channel's clock period only, Delayed 

after Load Register full programmed Strobe 
delay o 

5 

Hardwqre Active-going Output active for one Yes, and Triggered edge of GATE clock period only, Retriggerable Delayed signal after full programmed 
Strobe delay. 

T~LE 5-4 ONE-SHOT AND DELAYED STROBE MODE SUMMARY 

IMPORTANT: Refer to Section 3 for detailed descriptions of the 
setup requirements and characteristics of the modes. 

As shown in the waveforms in Figures 3-3 and3 .. ~,"one-shot" refers to a waveform 

which is active immediately after being triggered, and which is active for the 

full programmed time delay; "delayed strobe" is similar to a one-shot, except 

that the output doesn't go active until Terminal Count and then is active for 

only one clock period (figures 3-7,3-8)# 

o 



• 

o 

• 
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7308 MODULES 

(VARIABLE 6.) 

This routine initializes channel 0 of the timer counter card. The channel 
setup information is provided in a lookup table ocntined in memory. Setup 
information is orgainzed in the table by the user as sets of data each 
consisting of four bytes. The first byte of a set is the mode register 
information; the second byte is the control port data. The third and fourth 
bytes are count data. Enter this routine with the number of desired data 
set in register A (00 is the first data set). A miximum of 64 data sets 
can be accomodated. 

Altered Reg ~ A~F~D,E,H,L 

(I NTERRUPT CHK) 

Upon an occurrence of an interrupt, INTERRUPT CHK can be used to check 
interrupt status of the 7308 card. Status Port DF is checked for 
interrupt activity. If a channel has interrupted, its service routine is 
executed and check is continued. 

Altered Reg = A,F 

(MS~) (EVENT COUNTER) 

These modules demonstrate standard techniques for initial izing internal 
timer (Channel 0 - Channel 2). These routines are identical except for 
the time delay values that are programmed. 

Altered Reg = A,F 

(MS' b.. I NTR) 

Using this routine in conjunction with (MS~) and (INTERRUPT CHK) a 
variable mill i-second delay may be derived. Every mill i-second, this 
module decrements a memory location determined by user until count equals 
zero, at which time the service routine will be executed. 

Altered Reg = A,F,BtC~H.L 
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PRO-LOG CORPORATION 

HEXADECIMAL MNEMONIC 

P::'i")GRE ~~~ INSTR.. LABEL INSTR. MODIFIER 

C'7 () 0 F3 (~.R111J2L.EA) D5I 
1 '07 RLA 
2 i()7 Rl.A 
3 SF LDE A 
4 I (f) l.bDr 
500 - ~ 

6 2' LDI>I H L 
7 34 -
8 \7 -
9 19 AnI> \-II.. DE.. 

A 7E _{)~t..l (H L) 
B SF LD E p\ 
c D3 apJ.\ 
o DB -
E 23 \'-v HL 

t.., I 0 O~ ct>~ 
1 DL -
2 23 \ c.P H L 

PROGRAM ASSEMBLY FORM 

TITLE DATE - ] 
COMMENTS _ 

~)15ABLE lNTE.RWPT ~R.OC.TUK~," j 

CDN\!ERT \\£c, A TO IBBLE ACDRESS_ 'I" 
Ol~" REb t\~ ~3 h ... J 

.. 
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Appendix A 

7308 Strapping Options 

Several circuit options are available to the 7308 user. These are selected 

by the removal and replacement of wire jumpers as shown in this appendix. 

The options include: 

• External clock time reference in place of internal 
os c i 11 a tor. 

• Clock scaler output changes. 

• Generate nonmaskable interrupt (NMIRQ*) instead of INTRQ*. 

• Provide clock drive to STD bus. 

In order to make these changes you should have the schematic (Pro-Log 

Document #106922) and assembly diagram (106923) that were shipped with 

your 7308 card. The diagrams and figures in this manual are for reference 

only; your card may differ slightly due to design improvements. 

External Clock Option 

This option is provided to allow the 7308 to use the processor's clock 

(or equivalent) as a time reference signal. If used, this option places 

one LSTTL load on the STO bus CLQCK* line (PIN 49). 

(Figure A-l: External Clock Input Option) 

Locate jumpers A and B in figure A-l. Remove jumper wire A, and add a 

wire in the jumper B position. If desired you may also inhibit the 7308's 

internal oscillator by removing the crystal (Yl) and resistors Rl, R2. 

When programming the 7308 with an external clock, note that the frequency 

at FO is 1/2 the input frequency. 

Clock Scaler Output Changes 

Table A-l shows the frequencies available at the various clock scaler out

puts with the 7308's internal crystal oscillator operating. 
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Table A-1 SCALER TAP FREQUENCY PERIOD 

o 

llP.;fhTTl!4Tl\iTm;tii$ITl\i¥i!i,ii,(idUA 

C 
o 
E 
F 
G 
H 
J 
K 

2.0 MHZ 
1 .0 MHZ 

500.0 KHZ 
250.0 KHZ 
125.0 KHZ 
62.5 KHZ 
31. 25 KHZ 
15.625 KHZ 

500 lJS 
1 l.ls 
2 l.lS 
4 f-ts 
8 l.ls 

16 }15 

32 l.lS 
64 l.ls 

When shipped, clock input multiplexer position FO is connected to the 

500 ns source by jumper C; F1 to 8 l-lS by jumper G; and F2 to 128 l.ls by 

jumper L. 

(Figure A-2: Clock Scaler Output Jumpers) 

By removing and replacing jumper wires, the user may connect FO, F1, and 

F2 to any desired group of scaler outputs, or to STO bus signals, or user 

interface input signals as desired. Make one and only one connection 

each to FO, F1, and F2. 

Nonmaskable Interrupt Request Output 

When shipped, the 7308 is wired to drive the STO bus maskable interrupt 

1 ine (INTRQ~~). If desired, the user can drive the nonmaskable interrupt 

line (NMIRQ*) instead. 

(Fi gure A-3: I nterrupt Output Jumpers) 

Locate jumpers M and N in figure A-3. Jumper N is connected when shipped; 

remove jumer N and connect jumper M to select the nonmaskable interrupt 

option. 

NOTE: Be sure this option is compatible with your processor card. The 
7308 is designed to drive DC levelsensitive interrupt inputs only. 
Some nonmaskable interrupt inputs are edge sensitive, in which case 
interrupts may be lost if multiple interrupting devices can drive 
NMIRQ*. For edge sensitive inputs, the interrupting signal should 
be gated with a signal that produces frequent edges, such as 
iMCSYNC*. Alternately, Pro-Logls 7320 priority interrupt card may 
be used for edge-sensitive processor card types. 

i\iMi!P\#MRWWTAM4AlMP*,,¥WA e.A ;, 414 P4 H·; .¥ 4-, .. dP9¥ , !f¥ M# 4. 
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Figure A-2. Clock Scaler Output Jumpers 
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A-6 

Clock Drive STD Bus 

Each of the three counter/timer channel outputs is available at three pads: 

CH. 0 on El, CH. 1 on E2, and CH. 2 on E3 as shown in figure A-4. Pad E4 

is provided to allow any of the three output signals to be jumpered to the 

STD bus at pin 50 (CTRL*). 

(Figure A-4: Optional Clock Drive to STD Bus From 7308) 

The CTRL* line may be used to bus one of the 7308's output signals to other 

STD bus cards. For example, channel 2 can be used to generate an accurate 

baud rate marker signal as shown in figure A-4. 

Channel 2's output would then be connected to the backplane by wiring a 

jumper from E3 to E4 for use by a UART/USART on another STD bus card. 
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