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.REPEAT ;walt until DMA complete

0043 E4 78 IN AL, STATUS
.UNTIL AL &1

RET

TRANS ENDP

Programming the DMA controller requires a few steps, as illustrated in Example 12-1. The leftmost digit of
the 5-digit address is sent to latch B. Next, the channels are programmed after the F/L flip-flop is cleared. Note that
we use channel O as the source and channel 1 as the destination for a memory-to-memory transfer. The count is
next programmed with a value that is one less than the number of bytes to be transferred. Next, the mode register
of each channel is programmed, the command register selects a block move, channel 0 is enabled, and a software
DMA request is initiated. Before return is made from the procedure, the status register is tested for a terminal
count. Recall that the terminal count flag indicates that the DMA transfer is completed. The TC also disables the
channel, preventing additional transfers.

Sample Memory Fill Using the 8237. 1In order to fill an area of memory with the same data, the channel 0
source register is programmed to point to the same address throughout the transfer. This is accomplished with the
channel 0 hold mode. The controlier copies the contents of this single memory location to an entire block of
memory addressed by channel 1. This has many useful applications.

For example, suppose that a video display must be cleared. This operation can be performed using the DMA
controller with the channel 0 hold mode and a memory-to-memory transfer. If the video display contains 80
columns and 25 lines, it has 2000 display positions that must be set to 20H (an ASCII space) to clear the screen.

Example 12-2 shows a procedure that clears an area of memory addressed by ES:DI. The CX register trans-
fers the number of bytes to be cleared to the CLEAR procedure. Notice that this procedure is nearly identical to
Example 12-1, except that the command register is programmed so the channel O address is held. The source ad-
dress is programmed as the same address as ES:DI, and then the destination is programmed as one location beyond
ES:DI. Also note that this program is designed to function with the hardware in Figure 12-12 and will not function
in the personal computer unless you have the same hardware.

EXAMPLE 12-2

;A procedure that clears an area of memory using the
;8237A DMA controller in Figure 12-12. This is a
;memory-to-memory block transfer with a channel 0 hold.

;Calling parameters:

H DI = offset address of area cleared
; ES = segment address of area cleared
; CX = number of bytes cleared
= 0010 LATCHB EQU 10H ;latch B
= 007C CLEAR_F EQU  7CH ;F/L flip flop
= 0070 CHO_A EQU 70H ;channel 0 address
= 0072 CH1_A EQU 72H ;channel 1 address
= 0073 CH1_C EQU 73H ;channel 1 count
= 007B MODE EQU 7BH ;mode
= 0078 CMMD EQU 78H ; command
= 007F MASKS EQU 7FH ;masks
= 0079 REQ EQU 79H ;request register
= 0078 STATUS EQU 78H ;status register
= 0000 ZERO EQU OH ;zero
0000 CLEAR PROC FAR USES AX

0001 8C CO MOV AX,ES ;program latch B
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0003 8A C4 MOV AL,AH
0005 CO E8 04 SHR AL, 4
0008 E6 10 ouT LATCHB, AL
000A E6 7C ouT CLEAR_F, AL
000C 2E: AQ 0000 MOV AL,CS:ZERO
0010 26: 88 05 MOV ES: [DI],AL
0013 8C CO MOV AX,ES
0015 C1 EO 04 SHL AX, 4
0018 03 C7 ADD AX,DI
001A E6 70 ouT CHO_A, AL
001C 8A C4 MOV AL,AH
001E E6 70 ouT CHO_A, AL
0020 8C CO MOV AX,ES
0022 C1 EO 04 SHL AX, 4
0025 03 C7 ADD AX,DI
0027 48 INC AX
0028 E6 72 ouT CH1_A,AL
002A 8A C4 MOV AL,AH
002C E6 72 ouT CH1_A, AL
002E 8B Cl1 MOV AX,CX
0030 48 DEC AX
0031 48 DEC AX
0032 E6 73 ouT CH1_C,AL
0034 8A C4 MOV AL, AH
0036 E6 73 ouT CH1_C,AL
0038 BO 88 MOV AL, 88H
003A E6 7B ouT MODE, AL
003C BO 85 MOV AL, 85H
003E E6 7B ouT MODE, AL
0040 BO 03 MOV AL, 3
0042 E6 78 ouT CMMD, AL
0044 BO OE MOV AL, OEH
0046 E6 7F ouT MASKS, AL
0048 BO 04 MOV AL, 4
004A E6 79 ouT REQ, AL
.REPEAT
004C E4 78 IN AL, STATUS
.UNTIL AL &1
RET
0054 CLEAR ENDP

;clear F/L flip-flop

;save zero in first byte
;program source address

; form source offset

;program destination address

;form destination offset

;program count
;adjust count

;program mode

;enable block hold transfer

;unmask channel 0

;start DMA transfer

;wait until DMA complete

12-3 SUMMARY

1. The HOLD input is used to request a DMA action, and the HLDA output signals that the hold is in effect.
When a logic 1 is placed on the HOLD input, the microprocessor (1) stops executing the program; (2) places
its address, data, and control bus at their high-impedance state; and (3) signals that the hold is in effect by

placing a logic 1 on the HLDA pin.
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2.

3.

A DMA read operation transfers data from a memory location to an external I/O device. A DMA write oper-
ation transfers data from an I/O device into the memory. Also available is a memory-to-memory transfer that
allows data to be transferred between two memory locations by using DMA techniques.

The 8237 direct memory access (DMA) controller is a four-channel device that can be expanded to include an
additional channel of DMA.

12-4 QUESTIONS AND PROBLEMS

® NN h W=

10.
11.
12.
13.
14.

15.

Which microprocessor pins are used to request and acknowledge a DMA transfer?

Explain what happens whenever a logic 1 is placed on the HOLD input pin.

A DMA read transfers data from to

A DMA write transfers data from to .

The DMA controller selects the memory location used for a DMA transfer through what bus signals?
The DMA controller selects the I/O device used during a DMA transfer by which pin?

What is a memory-to-memory DMA transfer?

. Describe the effect on the microprocessor and DMA controller when the HOLD and HLDA pins are at their

logic 1 levels.

. Describe the effect on the microprocessor and DMA controller when the HOLD and HLDA pins are at their

logic 0 levels.

The 8237 DMA controller is a channel DMA controller.

If the 8237 DMA controller is decoded at I/O ports 2000H-200FH, what ports are used to program channel 1?
Which 8237 DMA controller register is programmed to initialize the controller?

How many bytes can be transferred by the 8237 DMA controller?

Write a sequence of instructions that transfer data from memory location 21000H-210FFH to
20000H—200FFH by using channel 2 of the 8237 DMA controller. You must initialize the 8237 and use the
latch described in Section 12-1 to hold A19-A16.

Write a sequence of instructions that transfer data from memory to an external I/O device by using channel 3
of the 8237. The memory area to be transferred is at location 20000H- 20FFFH.




CHAPTER 13
Bus Interface

INTRODUCTION

Many applications require knowledge of the bus systems located within the personal computer. At times, main
boards from personal computers are used as core systems in industrial applications. These systems often require
custom interfaces that are attached to one of the buses on the main board. This chapter presents the ISA (industry
standard architecture) bus, the VESA local bus, the PCI (peripheral component interconnect) bus, the USB (uni-
versal serial bus). Also provided are some simple interfaces to many of these bus systems as design guides.

CHAPTER OBJECTIVES

Upon completion of this chapter, you will be able to:

1. Detail the pin connections and signal bus connections on the parallel port and on the ISA, VESA local, and
PCI buses.

2. Develop simple interfaces that connect to the parallel port and on the ISA, VESA local, and PCI buses.

Program interface places on boards that connect to the ISA, VESA local, and PCI buses.

4. Describe the operation of the USB and develop some short programs that transfer data.

W

13-1 THEISA BUS

The ISA, or industry standard architecture, bus has been around since the very start of the IBM-compatible per-
sonal computer system (circa 1982). In fact, any card from the very first personal computer will plug into and func-
tion in any of the most modern Pentium 4-based computers. This is all made possible by the ISA bus interface
found in all these machines, which is still compatible with the early personal computers.

Evolution of the ISA Bus

The ISA bus has changed from its early days. Over the years, the ISA bus has evolved from its original 8-bit standard
to the 16-bit standard found in most systems today. Along the way, there was even a 32-bit version called the EISA
bus (extended ISA), but that seems to have all but disappeared. What remains today in most personal computers

404
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is an ISA slot (connection) on the main board that can accept either an 8-bit ISA card or a 16-bit ISA printed
circuit card. The 32-bit printed circuit cards are more often PCI or, in some older 80486-based machines, the
VESA cards. The ISA bus has all but vanished recently in home computers, but it is available as a special order in
most main boards. The ISA bus is still found in many industrial applications, but its days now seem limited.

The 8-Bit ISA Bus Ouput Interface

Figure 13-1 illustrates the 8-bit ISA connector found on the main board of all personal computer systems (again,
this may be combined with a 16-bit connector). The ISA bus connector contains the entire de-multiplexed address
bus (A19-A0) for the IM byte 8088 system, the 8-bit data bus (D7-DO0), and the four control signals MEMR,
MEMW, IOR, and IOW for controlling I/O and any memory that might be placed on the printed circuit card.
Memory is seldom added to any ISA bus card today because the ISA card only
operates at an 8 MHz rate. There might be an EPROM or Flash memory used for

. . Back of Computer
setup information on some ISA cards, but never any RAM.

Other signals, which are useful for I/O interface, are the interrupt request Pin #
line IRQ2-IRQ7. Note that IRQ2 is redirected to IRQ9 on modern systems and is ; R‘;g; 'O§7HK
so labeled on the connector in Figure 13—-1. The DMA channels 0-3 control 3] +5v | D6
signals are also present on the connector. The DMA request inputs are labeled 4| 1RQ9 | D5
DRQI-DRQ3 and the DMA acknowledge outputs are labeled DACK0-DACK3. e
Notice that the DRQO input pin is missing because the early personal computers 71 -12v | D2
used the DACKO output as a refresh signal to refresh any DRAM that might be lo- : ?;Z\S; g(‘)
cated on the ISA card. Today, this output pin contains a 15.2 s clock signal. The 19 GND_|i0 RDY
remaining pins are for power and RESET. S  [11|MEMW] AEN C

Suppose that a series of four 8-bit latches must be interfaced to the per- ? ~1—§ MI.O_ET ::g r%
sonal computer for 32 bits of parallel data. This is accomplished by pur- g [14] OR | A17 g
chasing an ISA interface card (part number 4713-1) from a company like 15/DACK3| A16 n
Vector Electronics or other companies. In addition to the edge connector for g :3 % Q:i’ ﬁ
the ISA bus, the card also contains room at the back for interface connectors. é 18 DRQ1 | A13 t
A 37-pin sub-miniature D-type connector can be placed on the back of the e  [14DACKO] A12 S
card to transfer the 32 bits of data to the external source. :?CI';%ZK :: (1] é

Figure 13-2 shows a simple interface for the ISA bus, which provides 22| IRQ6 | A9 e
32 bits of parallel TTL data. This example system illustrates some important 23 IRQS | A8
points about any system interface. First, it is extremely important that the 2‘; :ggg :g
loading to the ISA bus is kept to one low power (LS) TTL load. In this cir- 26/DACKZ | A5
cuit, a 74LS244 buffer is used to reduce the loading on the data bus. If the 2; :’L‘é :;
741.8244 were not present, this system would present the data bus with four 29] +5v | A2
unit loads. If all bus cards were to provide heavy loads, the system would not 30| osc | A1

31 GND | A0

operate properly (or perhaps not at all).

Output from the ISA card is provided in this circuit by a 37-pin con-
nector labeled P1. The output pins from the circuit connect to P1, and a FIGURE 13-1  The 8-bit
ground wire is attached. You must provide ground to the outside world, or ISA bus.
else the TTL data on the parallel ports are useless. If needed, the output con-
trol pins (OC) on each of the 74LS374 latch chips can also be removed from ground and connected to the
four remaining pins on P1. This allows an external circuit to control the outputs from the latches.

A small DIP switch is placed on two of the outputs of U7, so the address can be changed if an address
conflict occurs with another card. This is unlikely, unless you plan to use two of these cards in the same
system. Address connection A2 is not decoded in this system so it becomes a don’t care. See Table 13-1 for the
addresses of each latch and each position of the S1. Note that only one of the two switches may be on at a time and
that each port has two possible addresses for each switch setting because A2 is not connected.
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FIGURE 13-2 A 32-bit parallel port interfaced to the 8-bit ISA bus.
TABLE 13-1 The I/O port assignments for Figure 13-2
DIP Switch Latch U2 Latch U4 Latch U6 Latch U8
1-40n 0608H or 060CH 0609H or 060DH 060AH or 060EH 060BH or 060FH
2-30n OEO08H or OEOCH OEO9H or OEODH OEOAH or OEOEH OEOBH or OEOFH

In the personal computer, the ISA bus is designed to operate at 1/O address 0000H through 03FFH. De-
pending on the version and manufacturer of the main-board, ISA cards may or may not function above these loca-
tions. Newer systems often allow ISA ports at locations above 03FFH, but older systems may not. The ports in this
example may need to be changed for some systems. Some older cards only decode I/O addresses 0000H-03FFH
and may have address conflicts if the port addresses above 03FFH conflict. The ports are decoded in this example
by three 7415138 decoders. It would be more efficient and cost-effective to decode the ports with a programmable
logic device.

Figure 13-3 shows the circuit of Figure 13-2 reworked using a PAL16L8 to decode the addresses for the
system. Notice that address bits A15-A4 are decoded by the PAL and the switch is connected to two of the PAL inputs.
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FIGURE 13-3 A 32-bit parallel port interfaced to the 8-bit ISA bus using a PAL16L8 for a decoder.

TABLE 13-2 Port assignments in Figure 13-3.

Switch 14 Switch 2-3 Latch U2 Latch U4 Latch U6 Latch U8
Off Off 0604H 0605H 0606H 0607H
Off On 0624H 0625H 0626H 0627H
On Off 0644H 0645H 0646H 0647H
On On 0664H 0665H 0666H 0667H

Note: On = a closed switch and Off = an open switch.

This change allows four different /O port addresses for each latch, making the circuit more flexible. Table 13-2 shows
the port number selected by switch 1-4 and switch 2-3. Example 13-1 shows the program for the PAL16LS8 that
causes the port assignments of Table 13-2.

EXAMPLE 13-1

CHIP IsAl PAL16L8
;pins 1 2 3 4 5 6 7 8 9 10
A4 A5 A6 A7 A8 A9 Al0 All Al2 GND

;pins 11 12 13 14 15 16 17 18 19 20
Al3 NC Al4 Al5 S1 S2 NC NC DC VvCC
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EQUATIONS

/DC /A15*/A14*/A13*/A12*/A11*A10*A9*/A8*/AT*/S1*/S2*/A6*/A5* /A4

+ /A15*/A14*/A13*/A12*/A11*A10*A9*/A8*/AT*/S1*S2*/A6*AS* /A4
+ /Al5*/A14*/A13*/A12*/A11*A10*A9*/AB*/AT*S1*/S2*A6*/A5* /A4
+ /A15*/A14*/A13*/A12*/A11*A10*A9*/A8*/AT*S1*S2*A6*A5* /A4

Notice in Example 13—-1 how the first product term generates a logic 0 on the output to the decoder only
when both switches are in their off positions for I/O ports 0600H-060FH. The 74LS138 further refines the
ports to 604H, 605H, 606H, or 607H for the latches. The second product term is active when switch 14 is off
and switch 2-3 is on. The other two combinations on the switch select the last two port address assignments in
Table 13-2.

Example 13-2 shows a small program that sends data to the ports in a pattern that could be used for testing.
The pattern selected places a logic 1 on bit 0 of U2, and all zeros on the remaining latches. This pattern is then
rotated through all 32 bits until one minute has elapsed. The timing is handled by the counter located at the 32-bit
memory location starting at 0000:046C, which increments 18.2 times per second. This test program assumes that
the latches appear at I/O ports 0604H-0607H, as selected by the switches.

EXAMPLE 13-2

;A program that sends a test pattern to the I/0 ports of
;Figure 13-3.

’

.MODEL TINY
0000 .CODE
.STARTUP
0100 B8 0000 MOV AX,0
0103 8E D8 MOV DS, AX ;address segment 0000H
0105 BB 0001 MOV © BX,1 ;setup starting bit pattern
0108 BA 0000 MOV DX, 0 ;in registers DX-BX
010B B9 0444 MOV CX,1092 ;set count for 1 minute
.REPEAT
010E BA 0604 MOV DX, 0604H ;address latch U2
0111 8A C3 MOV AL, BL ;send BL to U2
0113 EE ouT DX, AL
0114 42 INC DX ;address latch U4
0115 8a C7 MOV AL, BH ;send BH to U4
0117 EE outT DX,AL
0118 42 INC DX ;address latch U6
0119 8A C2 MOV AL, DL ;send DL to U6
011B EE ouT DX, AL
011C 42 INC DX ;address latch U8
011D 8A Cé6 MOV AL, DH ;send DH to U8
011F D1 E2 SHL DX, 1 ;rotate number in DX-BX
0121 D1 D3 RCL BX,1
.IF CARRY?
0125 83 Cc2 01 ADD DX, 1
.ENDIF
0128 B8 046C MOV AX, [46CH] ;get counter
012B BD 046E MOV BP, [46EH]
012E 40 INC AX
012F 83 D5 00 ADC BP, 0
.REPEAT
.UNTIL AX==[46CH] && BP==[46EH]
.UNTILCXZ
LEXIT

END
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FIGURE 13-4 A pair of analog-to-digital converters interfaced to the ISA bus.
The 8-Bit ISA Bus Input Interface
To illustrate the input interface to the ISA bus, a pair of ADC804
analog-to-digital converters are interfaced to the ISA bus in Figure 134. TABLE 13-3 1/O
The connections to the converters are made through a 9-pin DB9 con- ; is for Fi port 13-4
nector. The task of decoding the I/O port addresses is more complex, be- assignments for Figure ’
cause each converter needs a write pulse to start a conversion, a read Devi Port Numb
pulse to read the digital data once it has been converted from the analog evice ort Number
input data, and a pulse t‘0 enable thf1 selection of tltl)e INTI.{'outh;t. Notice Start ADC (U3) 1200H
that thfe mTR output is connected to da@ bus bit [?OSltlon ! 0. When Read INTR (U3) 1200H
INTR is input to the microprocessor, the rightmost bit of AL is tested to Read ADC (U3) 1202H
see whether the converter is busy. Start ADC (US) 1201H
As before, great care is taken so that the connections to the Read INTR (U5) 1201H
ISA bus present one unit load to the system. Table 13-3 illustrates Read ADC (U5) 1203H

the 1/0 port assignment decoded by the PAL16L8 in Example 13-3.
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EXAMPLE 13-3

CHIP ISA2 PAL16LS

;pins 1 2 3 4 5 6 7 8 9 10
A3 A4 AS A6 A7 A8 A9 Al0 All GND

;pins 11 12 13 14 15 16 17 18 19 20
Al2 NC Al3 Al4 Al5 IOR G NC DC VCC

EQUATIONS

/DC
/G

/A15*/A14*/A13*A12*/A11*/A10*A9*/A8*/AT*/A6*/A5*/A4* /A3
/A15*/A14*/A13*A12*/A11*/A10*A9*/A8*/AT*/A6*/A5*/A4* /A3*/IOR

I

Example 13-4 lists a macro that can be used to read either ADC U3 or US. The address is generated by
passing either a 0 for U3 or a 1 for U5 to the macro as a parameter. The macro starts the converter by writing to it,
and then waits until the INTR pin returns to a logic 0, indicating that the conversion is complete before the data are
read and returned in the AL register.

EXAMPLE 13-4

;A macro that operates either converter 0 or converter 1 and
;returns the digital data in AL. Note that converter 0 is U3
;and converter 1 is US5.

ADC MACRO WHICH

MOV DX, 1200H
ADD DX, WHICH ;address converter
ouT DX, AL ;start converter
.REPEAT

IN AL, DX ;get busy signal

TEST AL, 1
.UNTIL ZERO?

ADD DX, 2 ;address data port
IN AL, DX
ENDM

The 16-Bit ISA Bus

The only difference between the 8- and 16-bit ISA bus is that an additional connector is attached behind the 8-bit
connector. A 16-bit ISA card contains two edge connectors: one plugs into the original 8-bit connector and the
other plugs into the new 16-bit connector. Figure 13-5 shows the pin-out of the additional connector and its place-
ment in the computer in relation to the 8-bit connector. Unless additional memory is added on the ISA card, the
extra address connections A23— A20 do not serve any function for /O operations. The added features that are most
often used are the additional interrupt request inputs and the DMA request signals. In some systems, 16-bit /O
uses the additional eight data bus connections (D8-D15), but more often today, the EISA bus, VESA local bus, or
PCI bus is used for peripherals that are wider than eight bits. The ISA bus is beginning to be used less than it once
was and will probably be replaced in the near future by the USB (universal serial bus). About the only recent in-
terfaces found for the ISA bus are modems and sound cards. Modems are serial devices that lend themselves well
to the USB; sound cards are affected by noise. The computer power supply is a switching supply that generates
noise that cannot be filtered. If the sound function is placed external to the computer with its own separate power
supply, this annoying noise can be removed from the audio signal. The sound card will benefit greatly when placed
on the USB.
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FIGURE 13-5 The 16-bit ISA bus. (a) Both 8- and 16-bit connec-
tors and (b) the pin-out of the 16-bit connector.

13-2 THE EXTENDED ISA (EISA) AND VESA LOCAL BUS ARCHITECTURES

The extended ISA architecture (EISA) is a 32-bit modification to the ISA bus. As computers became
larger and had wider data buses (80386—Pentium 4), a new bus was needed that would transfer 32-bit data.
Although the EISA bus seems to be fading, it is a steppingstone in the evolution of the computer system
bus. The main problem with the EISA bus is that even though the data bus width is increased to 32 bits, the
clocking speed remains at 8 MHz, which is why this interface standard has all but vanished. Note that the
newer VESA local bus and PCI bus both operate at a higher speeds. The VESA local and PCI buses both
presently operate at 33 MHz.

The most common application for the EISA bus is as a disk controller or as a video graphics adapter.
These applications benefit from the wider data bus width because the data transfer rates for these devices
are high.

EISA Bus Pin-Out

One interesting change from ISA to EISA is that the pin spacing is 0.05" instead of 0.1", as on the ISA bus edge con-
nector. The new pins for the EISA bus are interspersed with the older pins in the standard 16-bit ISA connector pair.
This makes insertion a little difficult, but it preserves compatibility with the older ISA standard. Figure 13-6 illus-
trates the pin-out of the EISA bus connectors and details the way that this new set of connectors is placed with the
old ISA connector. Most of the new EISA connections are used for a 32-bit data bus and a latched 32-bit address
bus. Also present are the bank enable signals used in the 80386 and 80486 microprocessors. The EISA standard
does not support the 64-bit data bus found in the Pentium—Pentium 4 microprocessors.
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FIGURE 13—6 The EISA connectors and detail comparing the EISA card with the ISA card.

EISA Bus Interface Example

Figure 13-7 shows the interface to a 32-bit events counter. This system uses four 74L.S590 octal (8-bit) binary
counters with built-in latches. Each counter also has a direct clear input that is used to asynchronously clear the
counter before any events are counted. The counter itself is wired as a 32-bit synchronous counter that uses ripple
output to enable the next octal counter when the counter rolls over to 00000000, so the next stage counts up by one.
A PAL16L8 and 741.S138 decoder are used to decode the I/O addresses at ports 0308H, 0309H, and 030CH.
Port 0308H is used to clear the counter, port 0309H latches the count, and port 030CH enables the three-state
output buffers to apply the contents of the 32-bit latch to the microprocessor data bus. Port 030CH is used because
32-bit data should fall at a 32-bit address boundary for proper and efficient /O operation. Note that the PAL16L8
program is not illustrated for this example because it is essentially the same as other examples in this chapter.

Events Counter. Example 13-5 illustrates software required to use this system as an events counter. Because the
counter is 32-bits wide, it can accumulate up to 4 billion or so events before the count becomes incorrect. This is
large enough for most applications that require event counts.

EXAMPLE 13-5
.MODEL TINY
.386

0000 .CODE

. STARTUP
;Procedure that starts the events counter.

0100 START PROC NEAR
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0100 BA 1308 MOV DX,1308H ;address the clear port
0103 EC IN AL, DX ;jclear the counter
0104 C3 RET

0105 START ENDP

;Procedure that reads the count and returns it in EAX.

0105 READC PROC NEAR

0105 BA 1309 MOV DX, 1309H ;address the latch port
0108 EC IN AL,DX ;latch the count
0109 BA 130C MOV DX, 130CH ;address the count port
010C 66| ED IN EAX, DX ;read the count to EAX
010E C3 RET
010F READC ENDP
END
D24-D31
D16-D23
D8-D15
DO-D7
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U1
A— 1 1a Yo
a—Ae o
c Y2
) REE
G T I —
A3 ———51{61 Ys p19—
Y6 p——
1oR B7-
i %
e s Epr
A8 15 05 p-18—
% e b
Al B 08pIZ- ]
A2 T 10
A13 10
1618
A4
At5

FIGURE 13-7 A 32-bit events and general purpose counter interfaced to the EISA bus.
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The only part of this interface and software that appears odd is that an IN instruction is used to clear the
counter and to latch the count. The reason is that no data are transferred between the microprocessor and the
counter for these events, and it made the circuitry a little less complicated.

Frequency Counter. Another application for this same circuit is a frequency counter. The only difference be-
tween counting events and counting a frequency is the way the circuit is operated. For example, suppose that the
counter is cleared and then read exactly one second later. The counter contains a number that represents the fre-
quency at the events input. If a frequency is needed in kilo-Hertz range instead of Hertz, the counter is reset and
then read exactly one ms later.

There are some limitations to the frequency, which can be measured by this circuitry. The accuracy of
the measurement can be off by one count. The highest frequency is due to the speed of the counter and the
conditioning circuitry, if needed. The 74L.S590 can count to at least 32 MHz. If the input is purely TTL (no
conditioning), then this circuit can measure frequency up to 32 MHz. The conditioning circuit chosen may
also limit the upper frequency limit. The accuracy is determined by the time between the reset and the
latching of the count. If the clock in the computer system is very accurate, the frequency is very accurate. It
is assumed that the clock in the personal computer is about 0.1 percent accurate, which would be the accuracy
of any frequency measured by this system. This is good enough for many applications that require frequency
measurements.

Example 13-6 shows how the system can measure a frequency if you are willing to wait for one
second. Notice how the SYNC macro is used to synchronize to the clock tick and how the result is scaled by
multiplying the count by 18.2. To obtain a more accurate reading, the scaling factor could be changed by
measuring the frequency with a laboratory frequency counter and then modifying the contents of NUM. The
sample time (point where the clear and latch operations occur) can be reduced to make more samples per
second.

EXAMPLE 13-6
.MODEL SMALL
.386
.387
0000 .DATA
0000 41919992 NUM DD 18.2
0004 00000000 TEMP DD ?
0000 .CODE
. STARTUP

;A simple frequency counter.
;This procedure returns the frequency in EAX.
;The accuracy should be fairly good.

7

SYNC MACRO ;sync to clock tick
MOV AH, 0
INT 16H ;get clock tick information into CX:DX

MOV BX,CX
MOV BP, DX

.REPEAT ;sync to clock tick
MOV AH,0
INT 16H

.UNTIL CX!=BX || DX!=BP

ENDM
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0010 FREQ PROC NEAR

SYNC ;sync to clock tick
0024 BA 1308 MOV DX,1308H ;address clear counter port
0027 EC IN AL, DX ;clear counter

SYNC ;wait for next tick
003C BA 1309 MOV DX,1309H ;address latch port
003F EC IN AL, DX ;latch count
0040 BA 130C MOV DX,130CH ;address counter
0043 66| ED IN EAX, DX ;get count
0045 66| A3 0004 R MOV TEMP, EAX
0049 DB 06 0004 R FILD TEMP ;convert to Hertz
004D D8 OE 0000 R FMUL NUM
0051 DB 1E 0004 R FISTP TEMP ;save as integer
0055 66| Al 0004 R MOV EAX, TEMP
0059 C3 RET
005Aa FREQ ENDP

END

13-3 THE PARALLEL PRINTER INTERFACE (LPT)

The parallel printer interface (LPT) is located on the rear of the personal computer, and as long as it is a part of
the PC it can be used as an interface to the PC. LPT stands for Line Printer. The printer interface gives the user
access to eight lines that can be programmed to receive or send data.

Port Details

The parallel port (LPT1) is normally at /O port addresses 378H, 379H, and 37AH. The secondary (LPT2)
port, if present, is located at I/O port addresses 278H, 279H, and 27AH. The following information applies
to both ports, but LPT1 port addresses are used throughout.

The Centronics Interface implemented by the parallel port uses two connectors, a 25-pin D-type on
the back of the PC and a 36-pin Centronics on the back of the printer. The pin-outs of these connectors are
listed in Table 13-4, and the connectors are shown in Figure 13-8.

The parallel port can work as both a receiver and a transmitter at its data pins (D0-D7). This allows
devices other than printers, such as CD-ROMs, to be connected to and used by the PC through the parallel
port. Anything that can receive and/or send data through an 8-bit interface can and often does connect to the
parallel port (LPT1) of a PC.

Figure 13-9 illustrates the contents of the data port (378H), the status register (379H), and an
additional status port 