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ABSTRAr

This final technical engineering report details the research and

development of a imdern sixteen bit microprocessor based ouPster system.

The system use state-of-the-art devices for manny functions often found

only in minicxnuters and other larger systems. The research was performed

une the joint sponsorship of the Air Force Flight Dynamics Laboratory

(WPAFB, (Xi) and the Frank J. Seiler Rlesearch Laboratory (WSAA 00C) from

August 1978 to March 1980.
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This report details the research and development of a sixteen bit

microprocessor (8086) based computer system. Research was performed at

the United States Air Force AcadaW by the faculty of the Department of

Electrical Engineering and members of the cadet wing. The names of

individuals associated with this project appear in Appendix B. The

purpose of this report is to describe the technical aspects of the developed

hardware for engineering and maintenance personnel.

EISIGN GOALS

The original goal of this project Vas to develop a microprocessor-

based application-oriented computer system for the Air Force Flight Dynamics

Laboratory (AFFDL) at the Air Force Flight Control Development Laboratory

to control a Redifon(1) terrain board type image projection system used in

engineering flight simulation. This task imediately placed some

engineering demands on the system:

1. High speed, high throughput

2. Floating point arithmetic capable

3. Hybrid capable at the t 100 volt level

4. User programmble with mininun difficulty uslig a High Order

LangLuge and a separate Micro Development System

5. User interfaced to allow real time program modification

6. Expandable to allow eventual stand alone programming capability

7. Direct me.wy accessible to allow high speed interface to other

simulation computers

2
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Coordination with the F.J. Seiler Research Laboratory (FJSRL), located

at the U.S. Air Force Academy, revealed they also had a desire to develop a

microcmputer-based system which pushed the state-of-the-art in this area.

The exact application area of the FJSRL was missile guidance systems.

This project was thus jointly funded by these two organizations. Con-

tact at AFFMU was Mr. James Eicher. The associated project number was

24030115. Contact for FJSRL was LtCol Joseph S. Ford under Project 2304F264.

The Microcomputer Systemk
The microcomputer system was built in a modular manner with overall

system design and specific engineering guidance provided as necessary by the

author. Figure 1 shows a block diagram of the overall system. Each of the

succeeding chapters details the blocks of Figure 1.

Each of the chapters of this report leans heavily upon technical

data written or accumulated by the individuals credited in Appendix B.

A 3' p 3_. .. ..



CzJ

I 

')
040

-U

0 Q

E-4:

L d E-440 
04

c00 
E-4 I

-4 Go 0

0 04-4"Z .1.c c
P4 W 00

tl ~~~

4 G4

iI,'E-o



I. ThE C BUS SYSTM AC/DC POWER DISMIICHI AND SYTEM CXXMFIGJBATI(

This chapter details couputer power and signal distribution as well as

the basic system configuration. The following specific areas are discussed:

1. Computer Signal Distribution

a. Card Slot Assignment

b. I/O Port Assignment

2. DC Power Distribution

3. AC Power Distribution

Computer Signal Distribution

To facilitate signal distribution, an S-100 hardware bus system was chosen

for use with this system. Although the S-1O0 hardware was used, the electrical

signal distribution is not S-100 ccmpatible nor was it ever intended to be.

At the time of the original bus design (Aug 78) and even as of the writing

of this report no 16 bit processor compatible bus system has been accepted

by industry or professional societies. Each manufacturer, rather, prefers

to enhance the development of its own subsystem and thus no consensus is

universally attainable.

Table 1 shows the signal distribution used in this system. The

primary motives in signal placement were:

1. Convenience of card design

2. Noise imumuity

3. Maxinm system flexibility

Although not fully used, this system has a full 20 bit (1M Byte) address

j bus along with the 16 bit data bus. To avoid owplicated uPROe-oonsuming

redundant demultiplexing on each card these signals are dGMUltiplexed

i..



TABLE 1. 8086 SYSFM BUS S'IANDARD

1 +5 26 SU 51 +5 76 SP

2 +12 27 "i 52 -12 77 M

3 RDY1 28 N, 53 SP 78 IM

4 IRO 29 SIOM 54 RED CIR 79 A19 (MB)

5 IRI 30 A18 55 INHI 80 A17

6 IR2 31 A16 56 M 81 A15

7 IR3 32 A14 57 DRQ3 82 A13

8 IR4 33 A12 58 3 83 All

9 115 34 AlO 59 SI) 84 A9

10 IR6 35 A8 60 SP 85 A7

11 IR7 36 A6 61' SP 86 A5

12 RDY2 37 A4 62 SP 87 A3

13 A 38 A2 63 DHQ2 88 Al

14 MV 139 A0 (1IB) 64 D= 89 D15 (MSB)

15 NMI 14 0 D14 65 A 90 D13

16 SP 141 D12 66 1 91 DlI

17 HIDA 042 D1O 67 1 92 D9

18 HIJI4 D8 68 M 93 D7

19 TM 144 1)6 69 PS 94 D5

20 Q81 45 D4 70 PIKE 95 D3

21 QIO 146 D2 71 UNPROT, 96 Dl

22 147 DO (L) 72 SP 97 MA

23 SP 48 Gil 73 ALE 98 L (4 MEz)

24 SP 49 PCLK (2 MHz) 74 9 9! POC

25 SP 50 G 75 REE (OUT) 1001 am

SPl, SP2, SP3 are spares

PS, pROT, UNPR(O, INH, INH2 are meacry control signals

POC - Power on Clear



4 prior to placement on the bus. The signals AP and Do9 represent the

least significant bits of the address and data buses respectively. Signals

which are overscored (i.e., HU)A) are active low.

*1 The buis is actively terminated using the metodology employed byi the

mnufacturer of the 11 slot motherboard which was one of the few items in the

system procured ccxnercially (2). Figure 1 shows the basic termination circuit

used.

BsU LIUtS
FMoure 3 --

MOTHEMSOARO SCHEMTIC
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Card Slot Assignment

The cards in the system will physically fit in the system only in one

direction, thus providing protection against hwon error during card

insertion. The motherboard in the system is a true bus; that is each card

nay be placed in any slot and expected to function properly although slots

will be assigned for convenience of signal distribution from the cards to

external locations. The following slot assignments are made in the USAFA/

8086 Computer System:

TABLE 2. CARD SL0r ASSIGMM - USAFA/8086

SLOr CARD

1 (Farthest left from Front Panel Controller

the front)

2 Nor UM)

3 RA-1 (00000H to 03FFFH)

4 (PU

5 APU and Controller

6 RAM-2 (040000H to 08000H)

7 EPRO (F8000 to FFFM)

8 Hybrid Interface

9 IiA/Fjoppy Disk Interface

10 Parallel Output (FH to FFH)

11 Parallel Input (FP to FFH)

The serial interface, special 28 volt I/O, and Video interface cards

do not require motherboard slots as signals are exchanged over cabling to

cards installed in the motherboard.



'1/0 Port Assignents

Although the 8086 will support I/O operations to up to 65, 536 (2 16)

devices only 8 address lines (A7 to Aq) are decoded for I/O applications

within this system. Table 3 specifies those I/O porta currently assigned

for use in the system.

TABLE 3. I/O PeT ASSIMMITS

(All port addresses are given in base'16)

All ports not otherwise indicated are available for system expansion.

I/O Pow USAGE

00 and 02 Interrupt Controller (8259A)

10, 12, 14 AM9511 APU/Cotroller

21, 23 Serial I/0 (8251A)

' 31, 33, 35, 37 Timers (8253)

40 - 5F (16 bit) Hybrid Subsystem

60 - 7F (16 bit) Hybrid Subsystem Expansion

C0,C2,C4,C0,C8,CA,OC,CE Disk Controller (WD-1791)

Cl,C3,C5,C7,C9,CB,CD,CF DMA Controller

F - FF Parallel Input/Output

DC Power Distribution

Regulated power is distributed to the main ccmputer system from a

5 volt 25a supply as well as a separate ±lSv supply.

fs 9
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Figure 3a, shows the basic concept of DC power distribut ion within the main)

computer systeml.

POWE SUPLIE U1L) PNELMOTHERBOARD

+5

GND KEYBOARD
ND (THROUGH REAR

PANEL)

.+5

SERIAL ND

INTEFACEGNDVIDEO BOARD

+5 -DISCRETE -+28

GGND

FIGURE 3a. DC POWER DISTRIBUTION -MAIN SYSTEM

100



The following color code is used for DC Power Distribution within the system

to the extent possible:

+5 Yellow

S-+12 Red

-12 Green

GND Black

Sense Striped

Primary power distribution is made using #16 AW strwided wire. The primary

of the DC supply is fused at the supply. Additional 5 volt filtering is

supplied by a 3600 ufd capacitor located at the motherboard.

The DC power supply should never be operated without a load attached

to the sense lines since this leads to imnediate failure of the 114723

regulators employed by the system.

The hybrid subsystem employs its own DC supply to provide as much

isolation as possible between the analog and digital portions of the system

for noise suppression. Figure 3b shows the DC power distribution at the sub

bus.

1w+5 Hbi u
Voltage +15
Supply -15 Bus SystemGM

+100
volt
Supply

-100

Voltopply To Digital C( of Man System

FIGURE 3b. DC POWER DISTRIBUTION - HYBRID SYSTEM



The low voltage supply is manufactured by Deltron, Inc. system

The ±1o0 volt supplies were manufactured by power/Mate Corporation)

and have the following specifications (4 ):

Output Voltage: +5,±15 ±100

Line Regulation: .02% .075%

Output Regulation: .05% .075%

Ripple: .01% rms 5.0mvu p-p maxc

These high voltage supplies are potentially lethal and extreme caution

is necessary while working in their vicinity. Under no circumstances

should.any card on the hybrid sub-bus be removed while power is applied.

This will lead to damage to equipment and extreme hazard to personnel.

At delivery the system DC Power supplies were set as follows:

TARLE 4. POWE SUPPLY VOL1TAGE S~rrIzj

NO]MINAL SETTING3 PCIUAL SE=rING.

Main Oripter 5 Volt 5.00

+12 +11.92

-12 -12.24

Hybrid Sub Bus +110 +109.3

-110 -110.5

+5 . +5.02

+15 +15.05

-15 -15.04

Although desirable it should not be necessary to have these exact settings

since systen components tolerate ±5% minimumn deviation in supply voltage.

12



AC Power Distribution

AC Power distribution is provided from the main oaputer back panel.

Outlets are provided for the system CHT, V Printer, hybrid supplies, and

disk subsystem. As viewed fron the rear of the computer, Figure 4 shows

the normal AC assigunments with the right most outlet required to be the

main camputer +5 volt DC voltage supply.

U~iters r DISK HYEID IMAINIFU
rrIISc12A S sLSri. I(XU-M I R 0

-- \ LA/C OPOORD

FIGURE 4. AC PJ1YM WUILMI'

Figure 5 schematically shows the method of A/C Power Distribution.

FRONT PANEL 25A +5V
115V12A LOWMAIN COMPUTER SUPPLY

\BLW
MAIN LOW 3A

a p [ VOLTAGE L . DIGITAL GND

115VAC BLACK DC SUPPLY
60H BLACK T

WHn.ITE(N)

~T T T T

FIMUE 5. AC POWER WIRING



The initial A/C transient is large, necessitating the slow blow fuse in

the main AC line.

The system works as follows. AC Power is supplied through the

switch on the front panel to the main low voltage DC supply. This supply

through its +5 volt output then energizes a relay whose contacts are rated

at 25A steady state and 160A surge. The diode prevents a reverse voltage

surge when the relay is de-energized.

1

I
€C



II. THE FRONT PANEL CIRCUITRY

The front panel circuitry consists of two main wimwapped circuit

boards. These are the switch/led/signal interface and the address/

data/ccntrol/single step unit.

Switch/Led/Signal Interface

The switches used on the front panel are of the dcuble pole single

throw type. They only needed to be single pole but parts available were

used. The poles are wired in parallel as shown in Figure 6.

+5 ----

- -0 DATA CONNEC1IR

FIGURE 6. TYPICAL FRONT PANEL SWITCH

A small capacitor is placed between the switches on the power lines to

suppress noise generation. The switches are connected by a sixteen pin

kcable to the inpit port used. The pinout of the cable is shown in Figure 7.

The cable is connected to input ports FE and FFH.

10-1 16 -18
Il-2 15 - 19
12 - 3 14 -- I10
13-4 13 -1-
14 5 12 - 112
15 - 6 11- 113
16 - 7 10 114
17 B 9 - 115

FIGURE 7. SWITCH CABLE PINOUT

* ,15
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The leds have their anode connected to V cc (5 volts) and are of the self

liniting type with internal resistor. Figure 8 shows the connection of

the led. Figure 9 shows the cabling connection to output ports F% and

FFH . Note that these ports are of the inverting type to allow proper

operation of the leds. Ports FEH and FFH use 8283 inverting output ports.

+5

TO SOCKL4T

FIGMe 8. LED ClCUIT

LED 0- 1 16 -LED 8
LED]. - 2 15 -LED 9

LED t- ,3 14 - LED 10
LED 3 4 13 - LED ii
LED 4- 5 12 -- LED 12
LED 5- 6 11 --- LED 13
LED 6 7 10 LED 14

LED7 :q8 9 -...LED15

FIGURE 9. LED CABLING CONNECTOR

The following signals are used on the front panel and are cabled as shown in

Figure 10. The other end of the control cable is connected to the Front

panel Controller Board.

16



NMI 1 16

AEN2 . 2  15

RESET 3 14

4 13

- - 5 12

-- 6 11

7 10

FIGURE 10. CONTROL SIGNAL CABLIN

The AEN and i2 lines are used by the SINGLE STEP/RUN switch as

shown in Figure 18 of Chapter III. The NMI line is connected to

the NMI pushbutton switch as shown in Figure 11. The reset line

is connected similarly.

NOOJ

C O

NC I

A FIGURE ii . RJSHBUTVON SWITc
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As you look at the front panel, the displays are numbered as shown in

Figure 12.

#1.#2 #3 #4 #5
[#j6 7 #8L#9J

FIGURE 12. DISPLAY NUMBERING

The control signals are presented through discrete leds as shown in

Figure 13.

+5 H DC r-1 14 -- +

-2 +5
-- 3 12 -' ,.

! 6 9 +

;-7 8

FIGURE 13. DISPLAY OF CONTROL LINES

The most camplicated part of the display board is the single step controller.

Its operation is as follows. One half of a 7474 presettable D flip flop

is used to drive a discrete transistor (2N2222) which is connected to the RDY2

line. The CPU issues the ALE signal every cycle. This signal is used to

cause the flip flop to be set driving the RDY2 line low and stopping the

CPU. When the user pushes the STEP pushbutton, its output is debounced and

applied to the clock input of the flip flop. The rising edge causes the flip

flop to reset since the D input is grorded and the RDY2 line is high until

the next AIE signal occurs (1 machine cycle). The circuitry used is shown
)

18



in Figure 14.
+5 7400 7474 PIN USAGE

RDY2 12 DY

NOGPI 24 DIGL 3TE COCrOL
C L74PEE

4 0 5 CONCO

16 PI CONNCTO

61 45

FIGRE15FCONETO 14 NU.S SINGLE STE COTROLE

To inecnettesnl tpcnrle/ipa ene 0adeslns

19 daalns oto iecokadsga rad hs inl

ar pwde y 0 i cneco ada 6pi oneto.Th inus4o
ths conctr are shw-nFgr.5.Tecbe onett h rn



The Single Step/Address/Data/Control Display

When the USAFA/8086 is placed in the single step mode of operation

the single step unit provides a static visual readout using 9 seven segment

(FND 503) displays. The control lines MEMR, M", IOR, and IOW are also

displayed. When the 8086 is in the run mode the display also provides

useful information as the operator becces accustamed to seeing a certain

dynamic pattern when the system is executing his program.

The Seven Segment Displays

The address and data busses are connected similarly to drive the MOS

Signetics 9368 latch/hex decoder which in turn provides data to FND 503

display as shown in Figure 16.

X2 FND503
X2 1 16 -- +5 1 1i01
x 1 2 i sI _

N/C 14

BLANKING 00x0 _(LSB) -5 12 4 7

4I
0X-- -_6 ll-6 1/

X3 (MSB) 7 0 ,-N/

FIGURE 16. DECODER/DISPLAY CONFIGURATION

The displays are blanked 50% of the time using the 2MHz clock frcm the

system bus to conserve power. The system, however, is not multiplexed

and actually uses nine separate decoder drivers. The Fairchild 9368 is

described in (5). The FND503 is a camuon cathode display which the

9368 sources current to light the appropriate segments to form the

hexadecimal characters. Table 5 shows the connections required fram

20



the data bus for each of the nine displays.

TABLE 5. DISPLAY CONNECTIONS

DISPLAY X0 Xl X2 X3

1 A16 A17 A18 Al9
2 A12 A13 A14 A15
3 A8 A9 Al0 All
4. A4 A5 A6 A7

5 AO Al A2 A3
6 D12 D13 D14 D15
7 D8 D9 D10 D1l
8 D4 D5 D6 D7
9 DO Dl D2 D3

21
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III. THE FRONT PANEL CONTROLLER BOARD

The front panel controller board consists of the interface to the

front panel including both display and control cabling as well as

miscellaneous timing circuits required by other boards in the system.

Figure 19 shows the physical layout of the board.

The Display/Control Interface

The 40 pin connector which is described in Figure 15 in Chapter II

connects directly the required signals to their appropriate pin on the

bus as described in Table 1 of Chapter I. The remaining four address

lines A19-A16 are brought to the display board through 16 pin connector

#2. The pinout for this connector is shown below in Figure 17.

16
A19- 1 PIN

A18 - 2 CONNECTOR

A17- 3 #2

A16 4

FIGURE 17 . UPPER ADDRESS LINE CABLING

The control cabling to the front panel is connected to 16 pin connector #1.

The connector is shown in Figure 18.

NMI- 1

7404

AEN1 8

FIGURE 18. FRONT PANEL CONTROL CABLING
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NOT READY
INT ENABLE STATUS DECODER 4X 5X DECODE HBI ED -

-HYBRID READ

SWITCH 74LS138 74LS138 74121

PAK #2 J# j #1

lOOpf

OPEN -

(PREy TEST)1
16 PIN742 I

CONNECTOR #2
C#1

74LS138

#3 j CONNECTOR

74121

____#3

-U-- 4300

1500p f

i-d - j 7404

360pf - -LO

4PIN CONNECT10



The power on clear/reset circuit is contained in the upper right hand

comer of the board. A switch is located there which is parallel to

the front panel switch allowing either to reset the system. Since this

signal must be transmitted on the system bus it is double buffered

prior to transmission.

Timing Circuitry

The signals provided by the 8228 controller such as HU, IORC, etc.

are not provided in adequate time for use with system ready circuits.

To alleviate this problem the CPU status lines S0, S1, and 92 wer decoded

as show in Figure 20.

SO- 1 16 - +5

2 H 15- Interupt knledge Cycle

3 14 Read ITo Cycle

4 13 - F 7 Cycle

5 12 - t

+5- 6 11 - e 7 (Fetch) Cycle

7 10 R- H ,r Cycle

8 9 Cycle

Passive

FIGURE 20. STATUS DECODER

In particular, it is necessary to allow several of the circuits additional

time during the I/0 Read process. Since the Arithmetic Processor Unit is

constrained to run at 2MHz, all reads must first allow this processor time

24
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to see the request and secondly, tine to provide the requested data.

A similar problem exists for the reading of the hybrid input channels

since the hybrid system controller must be allowed to finish his current

task prior to relinquishing the hybrid systems cache mmory. The

circuitry used to insert the required "not ready" period for the API is

shown in Figure 21.

RDY1

A2- 1 16 -+5

A3- 2 15 -- ',, o__

A5- 3 14 APU 1/0 SPACE1 4 5
A6 4 13 4300A7-,5 12 S23 "
A4 6 11 4

CYCLE '
-7 10 5 10 To--

8 9 9

FIIJE 21. TIMING CIRCUITRY MR U DElAY

The diode at Pin 1 of the 74121 makes the totem pole output of the 74121

appear as -an open collector device. This diode should be gernmnium

to mininize potential drop across the diode. Whenever the 74121 is

enabled by the Ix 10 space being addressed, the delay is triggered if an

I(1 cycle is decoded or $2 goes to zero. Figure 22 shows a similar

circuit for the hybrid subsystem.
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F' ~~RDY1 ....

A5 1 16 -+5 1 D~ 1

A6 2 15 14 +5
2A7 -- 3 1z4 3

4 13 ITTor 7x- 4
S5 Co +5 -- 5 1i1_ lO00pf:

+5- 6 ioT-T7 f z

8 _

FIGURE 22. HYBRID READ DEIAY CIRCUIT

In this circuit the status is presented early in Ti and addressing later.

If an 1O Read cycle is to take place pin 3 will be high enabling the 74121 #1

so that when the hybrid space is addressed pin 4 will go low and the 74121

will be triggered causing a delay to the processor. 74121 #2 is used in

an identical manner to delay all I/0 activity with the WD1791 and the 8257

in address space "CX" or "DX".
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IV. THE CPU BOARD

The CPU board contains the 8086 CPU, its essential support chips, the

ready circuit controller for slow memory and I/O, the DMA control circuit

and the interrupt controller along with its supporting decoding circuitry.

This board, like most others in the system, is very densely populated but

easy to understand when considered in its component parts. Figure 23

shows an overview of the CPU Board.

The CPU and its Essential Support Chips

The CPU of the USAFA/8086 is connected in the maximum mode (6:10) and

utilizes the Intel 8284 Clock Generator and the 8288 System Controller. The

address latchs are 8282's and the data lines are buffered by 8286's. Some

of the essential system control lines are buffered through an 81LS95. Figure

23 shows the CPU and its attendant supporting integrated circuits.

The CPU is run at a clock rate of 4 MIz (250 ns cycle). Although higher

speed 8086 's have been introduced since system design was initiated, and in

fact this system has been run as fast as 5.25 Mfz (191 ns), the 4'Hz speed

was chosen to avoid access and timing difficulties with memory and I/O support

as well as to minimize noise. At the 250 ns cycle time a read cycle (M valid)

may be as short as 345 ns. At the 190 ns clock rate, the read cycle should be

expected to last no longer than 225 ns.

The maximal mode of operation was initially chosen to allow for future

expansion to multiprocessing environments and cumpatibility with projected

Intel future conponents. The advantages of using this mode and, in fact,

the capabilities of the 8288 system controller to provide adequate signals

are certainly questioned by the research of this system.
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For example, decoding done using the 8288 system controller output

signals proved to be inadequate to support use of the system's JIY line

necessitating the use of decoders operating directly on the CPU status

lines which are the same lines used by the 8288 itself. The implementation

of an on-board system DMA controller was necessitated by the awward

nature, critical timing, and synchronous actions of the FQ/ff MA control

lines. No existing peripherals at the time of this system design wuild

support such an operating environment.

Additionally, the system clock generator 8284 seems to have difficulty

operating at the higher frequencies. No circuit provided by the manufacturer

at the time of purchase proved to bh satisfactory on system power on and reset.

The series capacitor suggested by the manufacturer proved ineffectual and

forced separate investigation (6:28).

The System (PU

The 8086 CPU shown in Figure 24 provides the nucleus about which the

USAFA/8086 is built. To provide adequate discussion of this circuit wvuld

merely be a reiteration of the manufacturer's specification (6:3-21).

The signals provided to and from the CPU are buffered to protect one of the

more expensive single IC's in the system. The ADO to AD15 lines are

demultiplexed by the 8282's prior to the signals leav.ing the (PJ board.

Table 6 shows the source/destination of the CPU signals.

The System Clock Generator

The 8284 is connected as shown in Figure 25. The external frequency

input is connected to the rear panel of the computer through coaxial cable.
The frequency/crystal (F/C) select switch is also routed to the rear panel

along with power and ground to allow clock source selection. The external

b clock should be a TFL level signal. Experience shows the system will not
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FIGURE 24. 8086 PIN OUT
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TABLE 6. CPU SIGNAL DISIRIBUTION

PIN NAME SWRCE/t4STINATICN

1 (ND I Power Supply
2 AD14 I/O 8286#2 Pin #7 8282#2 Pin#7
3 AD13 I/O 8286#2 Pin #6 8282#2 Pin#6
4 AD12 I/O 8286#2 Pin #5 8282#2 Pin#5
5 AD1I I/O 8286#2 Pin #4 8282#2 Pin#4
6 AD10 I/O 8286#2 Pin #3 8282#2 Pin#3
7 AD9 I/O 8286#2 Pin #2 8282#2 Pin#2
8 AD8 I/O 8286#2 Pin #1 8282#2 Pin#1
9 AD7 I/O 8286#1 Pin #8 8282#1 Pin#8
10 AD6 1/0 8286#1 Pin #7 8282#1 Pin#7
11 AD5 I/O 8286#1 Pin #6 8282#1 Pin#6
12 AD4 I/O 8286#1 Pin #5 8282#1 Pin#5
13 AD3 I/O 8286#1 Pin #4 8282#1 Pin#4
14 AD2 I/O 8286#1 Pin #3 8282#1 Pin#3
15 ADI I/O 8286#1 Pin #2 8282#1 Pin#2
16 ADO I/O 8286#1 Pin #1 8282#1 Pin#1
17 NMI I 81LS95 Pin #13
18 INIR I 8259A Pin#17
19 'CIK I 8384 Pin#8
20 (ND I Power Supply
21 ESEr I 8284 Pin#10
22 READY I 8284 Pin#5
23 TEST I 81LS95 Pin#11
24 QS1 0 81LS95 Pin#6 Bus Pin #20
25 QS0 0 811S95 Pin#8 Bus Pin #21
26 so 0 8288 Pin#19 81LS95 Pin#19
27 Si 0 8288 Pin#3 81LS95 Pin#2
28 S2 0 8288 Pin#16 81LS95 Pin#18
29 LCK 0 811S95 Pin#4
30 IQ/GIl I/O IA Hold Controller CPU Board 7406 Pin#12

31 C/CG72 I/O 1K Pull-Up to +5

32 RD 0 N/C
33 MX I Grounded to Achieve Maximal System

34 0 8282 Pin#5 7b Bus Pin#74

35 A19 0 8282#3 Pin#4

36 A18 0 8282#3 Pin#3
37 M7 0 8282#3 Pin2
38 A16 0 8282#3 Pin#l
39 ADI5 I/0 8286#2 Pin#8 8282#2 Pin#8

40 +5 I Power Supply
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CSYNC 1 18 +5
30 pf

BP 49 - PU( 2 17 1 MIz
BP 13 - 3 1612.01MIz3 16 _

BP3-To System Rdy Circuits 4 15 -- N/C (TNK)
f. 1+ CPU PIN 22 5 14 - EFI-To Rear Panel CoaxialI Connector

T BP12-To Single Step 6 13 - F/C-To' Real Panel Switch+5 T Controller

BP14' -  7 12 - N/C (OSC)

BP98-CPU PIN 19 CLK 8 11 BP5 4

9 10 - CPU PIN 21 -BP 75

FRONT PANEL
SWITCH

+5 1K 14 +5 1K 13l '

DQ(Pin #4 8284)

P 3 #6C (PIK 9 1CPU)

ifi
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f8288
: ~~ '-" iOB 2o -- +5

To 8284 PIN 8- CLK 2 S 19 CPUPIN26

CPU PINL1 3s -7 18- CPU PIN 28

8286 Bus Transceivers 4 DT/E 17 - MCE/OPEN - N/C

8282 Addrs latches 5 ALE 16 - DEN - N/C
Pin From System Hold 6 15 GEN - +5
Controller - HLDA

BP77 MRDC 7 14- INTA - To 8259A PIN 26

BP66 - AmwEc 8 13- IORC - BPT8

BP68 -T - 9 12 OWC - BP65

10 11 ---- - BP67

FIGURE 26. SYST4 CONTROLLER
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run properly on crystal when the external frequency input is powered,

whether or not it is selected. It is conjectured this is due to mixing

occurring internal to the 8284.

The System Controller

The 8288 is connected in the system bus mode (6:38) and serves to pro-

vide the system with the essential control signals required for operation based

on CPU status lines S2, S1 and S0* The MT line is connected to the HUD

line generated by the system DA controller described later in this chapter.

Figure 26 shows the pin connection to the system controller.

The System DY Controller

The 8086 systen MW line (Pin 22) is controlled through the 8284 system

clock generator. The clock generator has two IRDY line inputs called RDYl and

Ma. These are gated throuigh the 8284 by tw enables called M and AEN2

respectively (5-25). Either or both of these systems may be activated simul-

taneously. In the USAFA/8086 these systems are used separately. The HM

line is the primary line which is used during normal system operations Vhile

running. The IVY2 line is used in conjunction with the system single step

unit. The front panel contains a double pole single throw switch which is

labeled MN/S and allows choice of mode of operation for the system.

+5

FIGMIE 27. FIRMT PANEL RUA/SS SWIIUI

By using the wnitch as dmcn in Figure 27 only one of the IRDY systems

imy be selected at a tme. The circuit attached to the IVY2 line is

discusued in Ciapter I with the single step controller. The primary system



attached to IDYl (Figure 25) is the one originally suggested by the manu-

facturer when he supplied the MCB-86 kits used in the original design of the

system. No explanation of circuit function was provided by Intel; hoiver,

analysis of the systen timing leads to the timing diagran of Figure 29.

This shows the circuit introduces one and only one wait state in every access

to PI (slow memry) and also the 8250 series I/0 chips. We note that only

address signals are used to drive this circuit and hence it is able to reach

the CPU in adequate time to insert a wait state in the desired CPU cycle.

Other circuits are also attached to the open collector RM line and are

described with the front panel board, the APU board, and the disk controller

board.

[MA Control

To simplify the process of IRIA ivhile using the 8086 in its maximal mode

a special controller is required. The primary purpose of the controller is

to provide a tv line handshake pair (Z/B1D ) (hold request and hold

acknowledge) rather than utilize the one line pulsed response system preferred

by the 8086 and employed to minimize the nuber of CPU pins required for this

function. Figure 28 shows the pulsed handshake versus the two line hadshake.
Request (User) Grant (CPU) Release (USER)

Bus Desired

Bus Available

FIG=RE 28. [MA SICIALB

If the RQGr logic is used each IMA device muist have its own controller capable

of providing and interpreting these signals. This controller is not simpleA _35



T, T 2  T 3  T. T T4  T, T 2  T 3

CLK

CLK

ADDR ->< AL ID

ALE
(TO PRESETST ..................

SROM

D

Q,

Q2

"9RDY"

ONE DELAY

STATE INSERTED

FIGURE 29
TIMING DIAGRAM -READY CIRCUIT
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and consues considerable board space. Thus it was decided to place a

single controller available to all DMA devices on the CU board. In

constructing this controller it is necessary to realize that the pulses

provided to the CPU must be exactly one clock pulse wide and synchronized

the (PU clock whereas the CU pulse (M) is not necessarily synchroos.

Figure 30 shows a state diagram of the required controller. This controller

could have been implemented in any of the many available conventional methods.

For ease of trouble shooting and due to the small number of states, a one hot

controller (one flip flop/state) was chosen.

Figure 31 shows the direct implementation of the state diagram using

and/or logic in conjunction with D type flip flops. 7o minimize the number of

types of gates required, this diagram was then converted to NAND/NAND logic with

D flip flops as shown in Figure 32. Finally, Figure 33 shows the implementation

actually used. The pin numbers and IC numbers on this drawing reflect the final

configuration. A single D flip flop is used to "synchronize" the

asynchronous HLiR signal issued by the requesting DMA devices. The overall

system design prohibits the simultaneous request of the bus fron several

external sources.

System Interrupt Controller

The Intel 8259A, prograoned to operate as a single master utilizing

Memory locations 00 0 80, thru 009F. for vectors in the 8086 nde, serves as

the system interrupt controller. This powerful ISI circuit is detailed in

(6:42-59) the MCS86 Users Manual. Decoding for the 8259A is provided

by the circuit in Figure 34. The interconnections to the 8M59A are

illustrated in Figure 35.
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Power On

"1" -WAIT FOR HOLD RBQUEST

0

"2" ISEND PULSE TO CPU

RQ' =0

GT' 1

"3" -- WAIT FOR CPU TO GRANT

HLDR'
f4" 0 STAY UNTIL HOLD IS NO LOGER REQUIRED

HLDA' =0

"5" ISSUE RELEASE PULSE TO THE CPU

FIGURE 30

STATE DIAGRAM

38 C ,

I 6



t- 5-rG

F-I ~ ~ r-( r

II
-Y-



444

a ci

ad

9~4 0

(aa

z~ ,

0' --4

C.)

4 P-4

+ U 0

1.L

0)04

jI W

>0

400



F'

000

0

Y- 4 
a 

o

4 H '

ow~



TO 82O5 PIN #15 1 LT VCC 28 +5

lowc - 2 R 27 - ,
3 26 - FROM SYSTEM CONTROLLER PIN#14

D 4 25 - IR7- BP #11
D6 5 2 24 IR6- BP #io
D5 6 5 23 IR5- BP #9

9
D4 7 A 22 IR - BP #8
D3 8 21 IR3 - BP #7

D2 9 20 I2 - BP #6
DI 10 19 IR1- BP #5

DO 11 18 IRO- BP #4

N/C 12 17 - To 8o86 CPU PIN #19
N/C 13 16 N/C

14 GND 15 N/C

FIGuRE 34. 8259A INTERRUPT CONTROLLER INTERCONNECTIONS
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The interrupt controller interfaces its request lines directly onto

the system bus (Pins #4 thru #11). The controller is progrmned to be ecge

sensitive triggered and normally the interrupt request lines will be pulled

low unless connected into the system by an octal switch pak located on the

front panel board (See Chapter II). If a particular interrupt line is

used in the systemn, the appropriate switch on the pak should be opened and

control relinquished to the interrupt requesting device.

74IS13807
T816o8205

16 +5 A7 - 1A 16+
A3 1 1A +5C Vr1 6

2 1B 4A 15 A6 -2 A2  3F15 cs 8259A
A2- A B 4A5 -3 A3  MT 14

4 2 5A13A 4 RT ' 13
AO- A B 25E2 03 12

10K1

FIGURE 35. DECODIN5 FoR 8259A INTERRUPT C0IRTIER
(DEVICE 00 AND 02)
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V. EPFOA/RAM M

The memory boards of the USAFA/8086 were the first boards completed

for the system. The universal design of the board allows it to use those

*memories in the Intel 2716 family as well as those RAMs designed for

compatibility. The board has several features in addition to its universal

nature which include a write protect capability as well as a shadow

masking capability. Neither of these features were actively used in the

-' AFFDL version of the USAFA/8086. Pbwever, they are described in this

chapter for completeness. The board is completely buffered to protect the

expansive memories from the potential electrical atrocities of a bus

oriented system. The board is shown in its RCM configuration (32K) in

Figure 36 while Figure 37 shows the 16K RAM configuration.

Board Selection

The circuitry of Figure 38 is used for board and chip selection.

The 118160 is a high speed hex comparator. Since it is not a TL

compatible integrated circuit its active high output must be pulled up

by a 10K resistor. When the board is configured to contain lKx8 memory

circuits, the 8160 verifies that the uppermost six address lines (A4-A19)

match the values indicated by setting switches on the octal dip switch

pak (Figure 39). If all six linqs match the desired value then the

741B138 is enabled and the chip to be selected is determined by address

lines A13-All. If 2Kx8 memories are used to create a 32K byte memory

board, the 8160 only decodes the uppermost five address lines while the

74LS138 decodes A14-A12. All is applied directly to all memory IC's.
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MK 4118-2 1r .- l--

MlK 4118-2 MlK 4118-2 I~.
INK~~ja 4182 -h- [18

IK 4118-2 MK 4118-2

I I
HK 4118-2 MK 4118-2

IK 4118-2 MK 4118-2

1W 4118-2 MK 4118-2

Wf 4118-2 f K,4118-2 2
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TO SELECT A CARD ADDRESS, DECIDE

WHICH OF THE HIGH ADDRESS BITS
ARE ONE'S AND ZERO'S AND SELECT

SWITCH PACK THE SWITCH POSITIONS ACCORDINGLY.

11 'ON' =0
'OFF'= 1

A19 A17 A15
A18 A 6 A14*

A144

*A14 FOR 16K CHIPS THIS

SWITCH IS ALWAYS IN
THE "ON" POSITION.)

SWI C IS COMARE
FOR 8K CHIPS THIS

~SWITCH IS COMPARED

TO A13.

FIGURE 39. ADDRESS SELECTION
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The Memory Enable

The memory chosen in addition to being selected must also have its

output buffers enabled if the mewry is to be read. In constructing the

enabling logic three things are required: (1) A board select, BSS;

(2) A mmxzy read coamand, H ; and (3) A special signal which indicates

whether the board is RAM, ROM or a 50/50 combination of the two types of

memory. This special signal allows for shadowing based on the bus signal

called INHl. Shadowing is the process of enabling a RaM board located at

the same physical address as a RAM board. This type of function is often

useful in systems with a more limited address space (64K) than the 8086 (UM).

If INH = 0 and the board is wired by jumper as a RAM board, the board is

disabled or shadowed while the corresponding ROM board will be enabled.

A mixed memory board is independent of the M signal. Figure 40

shows the circuitry used to implement this logic.
B D SHADOW SELECT OPTION

S2. OUTPUT ENABLE TO ALL CHIPS
N.S.2 ALSO PROVIDES DIRECTION

CONTROL FOR 74LS245' s.

7402 7404*
I7432

BOARD SELECT 11 10 9,

FIGURE 40. MEMORY ENABLE

MoyProtect (Write Inhibit) Circuitry

On those boardls which are configured as P, M boards, in accordance !

with the byte oriented nature of the 8086, either the high (odd address)

byte or the low (even address) or both may be written by a single

49



instruction depending on the value of AO and E. Table 7 shows this

relation.

TABLE 7. MD0OMY ACTIVITY

LOW BITE ONLY 0 1

HIGH BYTE ONLY 1 0

BOTH BYTES 0 0

Optionally the RAM board can be protected from any write in one of two

ways. If the bus signal called M is pulled low all mwcry writes are

inhibited. No stack operations are possible in this configuration. The

boards may also be protected on a selective basis by setting a bit on the

data bus and jumped on the board to 1 while strobing the Pf line. If this

MeMory write is not inhibited by either of these two methods, then the

S(Advanced Memory Write Ocmvmr) is ocmbined with AO and M to

generate the high and low byte write signals. The required circuitry to

implanent these functions is shown in Figure 41

Address Line Buffering

Both the address and data lines entering the mma-y card are buffered.

W~ading is not the primary consideration but rather component protection

since each memory board contains as much as $800 in meory chips. Two

8T97's (7) are used for address buffering. They are always enabled.

The circuit is shown in Figure 42 and their position on the memory board

is indicated in Figure 45.
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All 2 1

Ag 4 5 A8_______ TO ALL MEMORY

AS 10______9_A7_CHIPS

A7 67A

AA__12___T97__11 A3 TO ALL MEMORY

4 _______________CHIPS

A2 10____9__ Al_

Al 6 7A0

FIGURE 42. ADDRESS LINE BUFFERING
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Data Um2 &dfweing

Either of two IC's is used for data line buffering depending on

the version of the board used. The original and mo~re desirable design

used 74LS245 's (8) which renain difficult to obtain. 7h alternate

design uses the DP8304 which is much more readily available. Figure 143

shows the 74LS245 implementation while Figure 144 showis the DP8304 (9)

implementation.

D3I 6 " 14D3 TO ALLHIGH
D125BYTE CHIPS

D64 3 17 D6
D7 D7 O

19

FIJR 4.7LLS45M~tRY1DABUFED

J28 9 DIR53

D9 8__12_Dl



These buffers are always enabled and facing into the memory board

unless directed by the Ch to provide data on a memory read.

D15 - 1 20 +5
D14 - 2 D 19 - D15

TO0 D13 -3 P 18 D14AIHG
DATA D-12 - 4 8 1 D13 ALL HIGHfAAD2 7 I BYTE CHIPS
BUS D11- 5 3 16 D12

DIO 6 0 15- D1
D9 -7 4 14 D10
D8 -8 13 - D9

9 10IC2 12 - D8

10 11

D7' +5
D6 1 79D5--38 -P ALL LOW . D

TO -D5 3 8-D BYTE

DATA 4 4 1 D5 CHIPS
D3 - 5 0 1 -CD4 H
B -2-6 4 15 - D3

Dl- 7 1 -D2
DO 8 13- Dl

9 1C1 12 DO
10 13

FIGURE 44. DP8304 MEvORY DATA BUFFERING

Memory IC's

The following memory chips are potentially usable on the memory board

described in this chapter:

RAM ROM

iKx8 MK4118 lKx8 Intel 2758
2Kx8 AMIs5028 2Kx8 Mostek 2716

Intel 2716

TI 2516

The pinouts for the Intel 2716 and the MK4118 which are currently used

in the USAFA/8086 are shown in Figure 46.
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CHIP 7 CHIP7 1
HIGH BYTE LOW BYTE

CHIP 6 CHIP 6
HIGH BYTE LOW BYTE

CHIP 5 CHIP B

HIGH BYTE LOW BYTE

CHIP 4 CHIP 4

HIGH BYTE LOW BYTE

HIGH BYTE LOW BYTE co"

I I Iz ,

CHIP7 CHIP

HIGH BYTE LOW BYTE0EL
CHIP 2 CHIP 2i

HIGH BYTE LOW BYTE 0

CHIP 0 CHIP 1 _'

HIGH BYTE LOW BYTE

Fl Eli
CHIP CHI 0 I. "

HIGH BTE LOWBYTE2

II U-

E7474

_60I55
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Ab-

£42 3 h C

AS2 3 n A
A4 4 Ru!

C 1 a

6 131/84

PIN NAMES

- ~~~~All A Address inputs WteEae
CS Chip Sanet Oriteu Enable
Via Ground L Lath
Voe Power (+5V) * /01 1/08 Data mI

Data Out Port

FIUR 46. MEMOERY CIRCUIT PTI'KUrS

These circuits are thoroughly described by their mnanufacturers (10: 4-..J4)

and (11).

User Selectable Options

Figure 45 shows the user selectable option aress of the memory board.

Table 8 expends each of these areas ard sihCws the possible conf'igura-

t.ons.
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TABLE 8 USER SELECTABLE MEMORY OPTIONS

OPTION AREA I OPTION AREA 3

BOARD SHADOW SELECT WE OPTION

C=l PROM IF RAM BOARD THEN CONNECT
C=2 RAM 1 = 2
C=3 NON-SHADOWED 3 = 4

IF COMBO OF RAM AND PROM
THEN CONNECT

OPTION AREA 2 1 = 2
DATA BIT FOR WRITE-PROTECT STATUS 3 = 4

DI5 IF PROM, DO NOT CONNECT
SELECT ONE OF THE 2A D14
16 DATA LINES. IF * D8

WRTEPRTET S OT Cl D13 OPTION AREA 4
WRITEPROECT IS NO D9 22
GROUND. SELECT PROM, RAN OR COMBO

MUST BE COORDINATED WITH

2B OPTION AREA 3.

DO IF RAM ONLY CONNECT 1=2, 3=4, AND
D5 OPTION 3 (1=2, 3=4).
DI
D4 IF PROM ONLY CONNECT C=1=2=3=4
D2 AND OPTION 3 (NOT CONNECTED)
D3 IF RAM AND PROM C=2=4 AND OPTION

3 (1=2, 3=4)

3IF RA AND PROM THEN CHIP0-CHIP3 )
OPTION AREA 5 ARE RAM AND CHIP4-CHIP7 ARE

PROM

COMBINE THIS OPTION AND PO

OPTION 6 FOR SELECTION OF 8K
CHIPS OR 16K CHIPS. OPTION AREA 65

THIS OPTION DECIDES WHAT IS SELECT 8K CHIPS OR 16K CHIPS

APPLIED TO PIN 19 OF THE FOR 16K CHIPS
MEMORY CHIPS. 1=4

2=5
FOR 16K CHIPS C=2. i.e., CONNECT A10 3=6
FOR 8K PROM (2758) C=3 7=8
FOR 8K RAM C=1. (CHECK FOR PARTICULAR 7 C8

RAM USED). MK4118 4 NOT CONNECTED
FOR 8K CHIPS

4=6

3=5
ALL OPTIONS ARE SHOWN FROM THE 2=4

COMPONENT SIDE OF THE BOARD. 1=8
7 NOT CONNECTED
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VI. THE PARALLEL INPUT BOARD

This board was designed to provide general purpose parallel input

ports to the computer system. Eight identical sixteen bit ports reside

on the card. Each port may be addressed as a single sixteen bit port

or as a pair of eight bit ports.

DE00DING

Decoding is provided for the board by first determining if the board

is selected and if so then which port is selected. Figure 47 shows the

decoding method. Actual pin nubers used are designated.

SWITCH 5

PAK LOKO

10 +5 A-5 2 1B 00 4A 15

-/ J-14 3 A' 4 4

4- - / - 13 --" 5- 4 2B 05A 13

5 12 5 3A 5B 12 --IORC

6 11 A 6 3B F6A 11
7 10 7EN 6B 10 -- A7

8 9 GND OUT 9 B RD SEL
5K

+5

Al- I AO V 16 +5 Al-I AO CC6 -+5
cc V 1 +

A2 -2 Al of15 - Y- A2 -2 Al 0015 - -X

A3- 3A2 6 4 A3- 3 A2 0 14 -

4TT E-1 6 13 - 3 4 El 02 13 -7

52 1o-7[ 52 0 12 - 6

BD SEL-6 E3 N 11 - 9 BD SEL- 6 E3 0 411 - 3M

7 0-7 05 10- IM RE - 7 07 65 10 - -A

GND 0F 9- Xf- 8GND 066 9 XC

LOW BYTE DECODER 74LS138 or 8205 HIGH BYTE DECODER 74LS138 or 8205
FIGURE 47. PARALLEL DN PRT D= =II3
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BUFFERING~

The outputs of the byte decoders go directly to the enable of the

desired port. The data lines coming from the input board are buffered

by use of 8282's (6:22). Figure 49 shows the pinout for these buffers.

0 o4 M 4
IAL '4 - -4 Cn %O 00I IA L -r- 0% . .d .4 II II li 111i i
0) 0 .nL

(N - 1 --4 -4( 4 -4 ~

=U

>U > 0

8282 082820
z

o 0
1144 M -1 'n 0 - 00 0% -4 - MN -: IA .o Go ~ -41

FIGUM 49. PARALLEL INPUr BOW&D DATA BJFFERIM

They are connected as tristate buffers since pin 11 is held high and they

are enabled by the board being selected as described in Figure 47.

TE POI

Figure 50 shows an actual input port's connections.

TO LOW 81LS95 TO HIGH 81LS95
BYTE T V 20 +5 BYTE V 2o

DECODER N"CCDECODER CEN 20 +5
D17 2 Al EN 1 D10- 1 16 -DI8 DI15 2 Al EN 19

17 3 Y2 A D16 S 15 -D19 115 3 Yl A8 18 1DI14

D15 4 A2DY81 16 0D12- 3 C 14 -DO DI13 4 A2 Y8 17 114
15 - 5 Y2 A7 V -D14 D13- 4 K 13 -DIII 113 5 Y2 A7 16 -DI12

D13 6 A3 Y7 1 - 14 E
D14- 5 T 12 -DI2 DIll 6 A3 Y7 15 112
D3 IS7 Y3 A6 i -D12 D15-6 11 -DI13 Ill 7 Y3 A6 14 --0110

DII 8 A4 Y6 12D4 D19 8 A4 Y6 13 110
II 9 Y4 A5 1 DI 9 9 1 9 Y4 A5 12 -D18

O GND Y5 11IO 0-- 01 10 GND Y5 11 18

LOW BYTE PORT (EVEN) HIGH BYTE PORT (ODD)

FIGLIE 50. INPUT PORT CONE(1INS
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Since pins 1 and 19 of the input ports are connected either 811S95 (12) or

81LS97 IC's are suitable for the application. Analysis of the 8]1B95 or

81LS97's specifications leads to the conclusion that each input line from

an external device is sourced a maxium of 20a on a high input (>2.0 volts)

and sinks a maximum of .36ma on a low input (<.8 volts). This is much less

than 1 TIL load in either case.
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V11. '11E PARALLEL OUTRIT BOARD

The parallel output board, having been designed by the sam individuals

who designed the parallel input board, is extrenely similar In physical

appearance although different conronents are used for the ports theuseves.

The board contains eight sixteen bit ports which may also be addiressed as

eight bit ports.

DECX1II?

Decoding is determined first for the board and then for the particular

port as shown in Figure 51. Actual pin numblers used are designated.

Al -A 16K +5 Al 1A V Vc 16 +5

A3 31 A 2 20BA 114

A 4E 013 10 +5 A 4 El 5 13

AOC 52 012 5 3A 5 B~ 12J

BS -6E ~11 A6BSE 6 3 611

A to.~X P 7 07 6B 10 -A7

G~ ND OUT 9 B E

LOWS13 BYEDEOE4(VN)HS1BT3 DCDR8OD

orUR 5205 PoArE 8205 (1 ~~N

At IAO CC16 5 t -I O Vcc1662+

A2 -___0_1_2 t 71 X1D
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BUFFERING

The output ports are buffered from the data bus to reduce noise and

loading. The configuration of the output port buffers is shown in

Figure 53. These IC's are connected as buffers and are always enabled

and directed away from the system data bus.

i 0 in % 4 -n en 4 N 0
+ 0 0 0 000 0 + _4_ 14 %- ,W

8282

o o

FICIIRE 53. W1 J BOAID IY TA BUSBUFR

TIIE POI

The ports consist of two 8282's used as latches. The 8282's tristate

capability is continuously enabled. Figure 54 shows the configuration of

an actual port.

8282 8282

00- 1 VC 20---5 015-- 1 2 2-+5

01- 2 19 00DO 014- 2 19--DOI5
D00- I 16 -- D08 ,

02- 3 18 -DO1 013 -- 3 18--D014

03- 4 17 -D02 DS 15 D9012- 4 17--DOI3
04- 5 16 --DO3 DO2--3 0 14 -DOIO 011- 5 16 -- DO12

DO34 C 13 -- DOll 10 6 15 D
0 65- K 0

06- 7 14 0-D5 DO4-5 E 12  -DOI2 09- 7 14--DOIO

07- 8 13 -DO6 O-6 TI -O308- 8 13 -- 0)9

9 12 -DO7 DO6- 7 10 -DO14 9 12 -DO8
10I GND 11 -FROM DO7- 8 9 "DOI5 10 GN 1 FO

LOW BYTE HIGH BYTE

SELECTION SELECTION

FIGURE 54. OUTPUT PORT CONFIGURATION

64



Analysis of the 8282's drive capability shows it is capable of'

sourcing - wrn on a logic 1 (2.4v) and sinking 32ma on a logic 0 (.5v). -

This is equivalent to a drive capability of 20 TM loads.
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VIII. IHE ARI TBMIC PROCTSSING BOARD

' - General Background

The arithmetic processing board of the USAFA/8086 is based on the

Advanced Micro Devices 9511 arithmetic processing unit (APU). The APU

is capable of 32 bit floating point functions as well as 16 and 32 bit

two's complement integer arithmetic (13). The AM9511 at the time of

the original system device was (and still is) the only microprocessor

compatible arithmetic processing unit available. It is now second

sourced by Intel COarporation. However, the manufacturer's original claim

for a 4WIz capable unit has still to be met. If it is ever produced it

will be possible to use the faster IC by minor modification of the

existing system. The AM9511 uses the following floating point format:

MANTISSA SIGN

{EXPONENT SIGN

* - - IMS IES I EXPONENT I MANTISSA
31 30 24 23 0

The exponent is represented in two's ocaplement format while the mantissa

is in signed magnitude. In the 8086 system it is essential that all

floating point words be located on boundaries evenly devisable by four

(i.e., an address of XO_, XXXX4, 8, or XXC) in order to be com-

patible with the hardware controller described in this chapter which is

used for automatic data transfer with 8086's Mowy.

Automatic Data Transfer Controller

The arithmetic processing board (Figure 55) contains a counter-based

automatic controller which can, given an address, transfer 4 sequential

bytes of data either to or from the AM9511 APU. It is shown in block form
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in Figure 56. This controller runs at a basic frequency of 800iz

which is derived from the Oft CPU clock as shown in Figure 57.

I] 7490
1 2 3 4 5 6 7

4MHz (PIN 98)

FIGURE 57. 800I CLOCK (ENERATIOK

The 800KWK clock then is used to drive a 74163 four bit binary counter which

serves as the state controller for the system. This counter in turn drives

two 74154 decoders which provide the clocked and level outputs of the

controller as show, in Figure 58.

The four flip flops shown are used to generate control signals which

must last longer than one clock cycle. The "Go" flip flop will remain set

from the time the processor requests a transfer until the transfer is

completed. The HLDR (Hold Request) flip flop requests use of the system bus

through the CPU hold controller as described in Chapter IX. The CS flip

flop (Chip Select) generates the required chip select for the AM9511 while

either a read or write cycle takes place. The hM/WR flip flop enables the

appropriate control signals to allow data transfers. If the transfer is from

memory to the AM9511 then MEHR and WR to the 9511 must be used; otherwise,

the RD of the 9511 and MEMN are appropriate. The method of selecting the

appropriate set of signals is shown in Figure 59. The selection is based

on the LB of the requested transfer address. If it is given as an odd

address, then
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g 22 3 -. (CHECK HLDA)

11 19 6 15(CHECK PAUSE)

8 - RESET' RD/WR)

800KHz-2 15 N/c 1 0 (CER
'o

3 14 LSAGO

621

FIGURE 8. AP4 BAI CONO /COMO) T
7c
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HLDA 1 (IILDROHLDA)'

2 2
3

(PIN 17)

A6 1 20' V 2
AOYV 2 19 ~1 L

4~ ~ ~ ~ ~~ 3'41 8 lFGR 0

8086 Ad- 3 168

X1/W 64- 15 8086 Al IUR 0

8086 Al-~ 7 14 -X/~P

IMM* 8 13 -808 951

-10 11 -To 8086 R!N

2 15NOTE: Inverters on the

74163 outputs are
3 14 -_AN necessary to main-
4 13 Y Y1tain data order in

5 6 the 8086 memory.
5* 12The 9511 stack is

6 11 of the last i
first out variety.

+V 10RD/WR is generated

8 9 ccin Figure 58.

FIGURE 58 8 1 3 NTHIS LINE ALLOWS

74163 9 CHECKING FOR "DONE"
PIN 9

FIGURE 59. APU CONTROL TRANSFER LOGIC
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selection of the controller is aczamplished by direct 1/0 to port 14.

~ - Figure 60 shows the decoding circuitry and address saying latches. All

data is assumed to be in segment "0000". The HM9 also provides the

direct 1/0 (devices 10, 12) capability for the MW511.

A21 16 c

4 3A3- 2 15
A1 -5 1 TMA4- 3 14 CSD

A18- 740 13

DB0- 1 20 -V8

DBIl 2 19 -AL0 -TO FIGURE ;59 L1

j)B5 6 4 15 AL4(TO SET GO FIGURE 59)

DB6 7 4 -AL5NOTE: All ALXX lines connected to the

DB7 -8 13-AL6corresponding 8086 bus line.

D 92 19 -AL8

DB10- 3 cc18 -AL9

DB1ll 4 17 -AL10

DB12- 5 16 -ALII

DBI3- 6 15 -AL12

DB14- 7 4k 14 -AL13

DBl5- 8 13 -AL14

W1R 9 1 AL5 FIGURE go. APU ADDRESS LATCHING/DECODING
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Since the APU is essentially an 8 bit I/O device, the data must be

transferred in 8 bit bytes. Figure 61 shows the circuitry including the

AM9511.

1 24 -N/C

+5 -V 2 23 -CLK (2MHz) BUS PIN 49

DAO- 1 20 - Vcc N/C- 3 22 -RESET - BUS PIN 75

DAl 2 19 -DB0 ____________
N/C- 4 1 21

DA2--3 c, 18 DB1 N/C 5 20 - IM951
N/- FIGURE 59

DA3- 4 0 17 - DB2 N/C 6 19 - 9511

DA4- 5 16 - DB3 N/C- 7 18 --L

DA5- 6 4 15 - DB4

DA6- 7 14 DB5 DAL - 9 16 .+I-2V

DA7 8 13 - DB6
DA2- 10 15 - DA7

9 121--B7 DA3 - 11 14 - DA6
10 11 DA4 - 12 13 - DA5

CD 4

L~ f511

DA - 1 20 -Vcc 4 13

CC2
DAl- 2 19 -DB8 < -==_l2

DA2- 3 18 -DB9

DA3- 4 17 -DBI0

DA4- 5 16 -DBl i9

DA5- 6 z 15 -DBl2

DA6- 7 14 -DB13

DA7- 8 13 -DB14 NOTE: The following signals

9 12 -DB15 are generated as shown:
SIGNAL FIGURE

10 11 AL CS9511 58

3 Im BUS

9 Al 4 -60
8 _I AL0 60

4 (HLDR, HLDA) AO BUS

l 3 (HLDA.HLDA)' 59
8 (31 5 A BUS

RESET BUS

CLK (2MHz) BUS

MoR BUS

FIGURE 61. DATA TRANSFER CIRCUITRY
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Since we are using a 2MHz AM9511 it is necessary to slow the processor

damw through use of the RDY~ line when data is r'ead frczu or written to the

APU. 'The processor itself (after learning of the requested action) my

then additionally slow the CPU drive through use of its PM1 line. Figure

62 shows the appropriate circuitry. Recall the Of line is an open collector

technology line.

RR 1 4 -Vcc
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~CHECKCHK
Ito?, GO FLIPPAS 1,

FLOP

FLIP FLOP OmEMR
PULSE

CHECK CLEAR

___21___H OR VM FLIP 1'

"2"CLEAR FLOP; COUNT
ADDR CNTR UP ADR

CNTR

0

11311 DRCT '18"

SET

041 CLEAR M F __91

FIGURE 63. APU CONTROLLE STATE DIAGRAM
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State 0

In this state the "GO' flip flop is checked to see it it has been

set. This flip flop will be set whenever the 8205 decoder decodes a 14

on the lower 8 address lines and an IOW is issued. Since the same controller

perform both the input and output, %e must tell it which one it is to

do. This is accomplished in this state with the use of the least

significant data bit. When I* is a zero it will read fra the 8086

(output) and when DR is a one it will write to the 8086 (input).

State 1

A bold request (HLIil) is issued in this state. HIMl does not go

directly to the 8086. The 8086 in the maximum mode does not respond to

a level camnand. on its K/Gf (Request/Grant) line. Rather, the Hold

Controller previously described on the CPU Board is used (Chapter IV).

State 2

In the second state the MA- line is checked. The ULDA tells the

APU controller it can use the bus. Also, all buffers are enabled and

the C/Fline will go low. Additionally, the address counter that controls

the two least significant bits of the address when writing or reading from

mnmory is cleared.

State 3

State 3 issues a chip select (CS) to the AM9511. This tells the

AM9511 that the APU controller wants to talk to it.

State 4

In this state, the flip flop that actually issues a read or write

is set. Depending on whether the controller is doing an output or input,
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the flip flop's signal will go to the WR or Z line on the AM9511. A

two-sided buffer (81LS97) is used to control the M and M camand. One

side of the buffer contains the signals for an output (D ccmuand issued)

and the other side contains the signals for an input (W ccmumnd issued).

Each side can be enabled separately. D# determines which side is enabled

as discussed under State #.

State 5

The PAUSE line from the AM9511 is checked in this state. This line

goes low when a read is requested. It will return high when the data bus

fram the AM9511 contains valid data. This line also reaains low if a

previously issued canand has not been caupleted. In either case the data

bus is not valid until the PAUSE line goes high.

State 6

The MW or MEW pulse is issued in this state. Again, which signal

is issued depends on which side of the 81LS97 is enabled. The memory read

or write signal is one of the clocked outputs fran a 74154.

State 7

The flip flop that issues the RD or M to the AM9511 is reset. This

has to be done because the stack inside the AM9511 only rotates each time

a new M or U cammand is issued. The address counter that gives the APU

controller the capability to read or write frm four consecutive merery

locations is counted up.

State 8

A check is made of the address counter. If it is not a four then a

Jump is made to state 4. Once the address counter has reached four then

the EMA controller has written to or read fran four memory locations and

is done. It then goes to State 9.
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State 9

State 9 resets all the flip flops. This takes the C away fran the

AM9511 and also ELM goes high. M going high tells the CPU Hold

controller to issue a third pulse on the rTc,T line telling the 8086

it can have its bus back. At the some time the counter for the APU

controller is cleared and returns to State .

DIRECT I/O TO AN9511

Direct I/O is the easiest way to access the AM9511. This capability

is needed to issue cmnands to the AV9511. The interface is easy and not

complicated.

The direct I/O uses ports 10 and 12. An 8205 decodes the lower 8

address buts and provides the N to the M9511. The Al line is connected

to the C/D line on the AM9511. Port 12 is used for caands. The IR and

IOW lines fran the 8086 are used to tell the AN9Sll vhether to read or

write to its stack. All these canmauis go through caubinatlonal logic with

the APU controller to insure no corllicts arise between the two.
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IX. HYBRtD INTERFACE BOARD

The hybrid interface board in addition to providing signal buffering

for those signals distributed to the hybrid sub-bus also contains the

systen timers (8253), their associated clocks (1NB, 10(UHUz, and I(Hz),

,.the systen USAT (Universal Synerocu/Asycbronas Receiver Trananttter),

and its associated baud rate generator. Figure 65 shows a general

overview of the board.

Decoding For The Hybrid Sub-Bus

To minimize the decoding for each card on the hybrid sub-bus the

signals ENO, EN1, EN2, and EN3 are created on the hybrid interface board.

These signals indicate an IO1 or ICRC has been issued to a device

residing on the sub-bus. The circuitry used is shown in Figure 64.

74LS138 or 8205
A- I A1  VC T1'-+5

I c ASIGNAL ADDRESS

-3 A OT 14 - M TO HYBRID ENO - "4X"
SUB-BUS ENI "5X"

,5 M U 12 - EMEN2 "6X"

06 EN3 -- 11 E "7X"

-8 oNe 91

, 13 IORC

8 1 2 BUFFER ENABLE

A6 12 (To Pin 9 Both 8304's)
A7 9 1

FIGURE 64. HYBRID SUB BUS SELECTION LOGIC
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Data Buffering For The Hybrid Sub-Bus

The data bus is buffered using two DP8304's while the address

and control signals are buffered using 811S95's. The unidirectional

81LS95's are continuously enabled. lLS97's are suitable substitutes

for the application. The DP8304's are enabled using the decoding

shown in Figure 66. The direction of these buffers is controlled

using the IORC line directly off the bus. Hence, these buffers

normally face toward the sub-bus and are reversed whenever an IORC

is executed. The data buffers and connections to the 40 pin cable

pair used to interconnect with the sub-bus are all listed in order

in Table 9, 8086 Bus to Hybrid Sub-Bus Cabling. At the sub-bus

end the two 40 pin cables are terminated and interfaced to the sub-bus

through a 44 pin Vector wirewrap card according to the assignments of

Table 9 and repeated in order in Table 10.
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I Ef c20 +5 - I N Vc 20 -+5

2NAl R 19 A - 2 Al ER 19

(1/17)-3 YI A8 18 ENi1 (1/33)- 3 Y1 A8 18 -A6

EW 4 A2 gY817 -(1/19) A5 4 A2g Y8 17 -(1/35)

(1/21) 5 Y2 A7 16 (1/37)- 5 Y2 cn A7 16 -A

IOWC -6 A3 Y7 15 -(1/23) A3 - 6 A3 Y7 15 -(1/39)

(1/25)- 7Y3 'A6 14 - ME (2/1) 7 Y3~ A6 14- A2

RESET -8 A4 Y6 13 -(1/27) Al -8 A Y6 13 -(2/3)

(1/29)-9 Y4 A5 12 - T (2/5) 9 Y4 A5 12 -AO

4-10 GND Y5 11 -(1/31) 4-10 GND* Y5 11 -(2/7)

D15 - 1 AO V 20 - +5 D7 I AO V cc20 -+5

*D14 -2 Al BO019 -(2/9) D6 2 Al BO019 -(2/25)

*D13 -3 A2 Bi 18 -(2/11) D5 3 A2 o BI 18 -(2/27)

D12 4 A3 B2 17 -(2/13) D4 -4 A3 'w B2 17 -(2/29)
0

D1 -l 5 A t B3 16 -(2/15) D3 -5 A4 B3 16 (2/31)

DIO -6 A5 B4 15 -(2/17) D2 -6 A5 B4 15 -(2/33)

D9 7 A6 B5 14 -(2/19) Dl -7 A6 B5 14 -(2/35)

D8 -8 A7 B6 13 -(2/21) Do 8 A7 B6 13 -(2/37)

~9 CD B7 12 -(2/23) 9 CD B7 12 -(2/39)

10GND T/ 1 IORC LON / 1 TwI

(BUS PIN 98)EL

015 PI 3 4 1- (1/15)
(BUS PN89)
DP8304 #1 PIN 19>

NOTATION: (1/39)===(CNNECTR/PIN); ALL EVEN # PINS ARE GROUNDED.

FIGURE 66. HYBRID SUB BUS DATA BUFFERING(
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TABLE 9
8W86 BUS 10 H SUB BUS CABLIG

8086 HYEfl) 8086 BE
DNThMAE I~rEWAE INRFACE IIAS1 SIGNAL CARD S2 SICRIAL CAM

1 N/C 1 A3 A

3 N/C 3 A2 B

5 N/C 5 Al C

7 C v 7 AO s

9 N/C 9 D15 15

11 N/C 11 D14 14

13 N/C 13 D13 P

15 D R 15 D12 13
(oat only)

17 END 5 17 DI N

19 ]1 E 19 DIO 12

21 6 21 DO m

23 F 23 D8 11

25 M D 25 I)7 L

27 16 27 D6 10

29 HOW 19 29 D5 K

31 m 4 31 D4 9

33 A7 T 33 I3 J

35 AO 17 35 D2 8

37 A5 U 37 Dl H

39 A4 18 39 DO 7

IU CCNEiL'CNS AT BACK PLANE CF SUB IUS

1 +100 y ANAa

2 +15 Z ANA OC

3 +5 19,W DIG GN

21 -15 20,X DIG GND

22 -100

F "83
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TABLE 10

8086 SUB BS FM HnRID CPEATIMS

CO SI3DE WIlIti SIDE,

1 +100 A A3

2 +15 
B A2

3 +5 C Al

*4 ?W D !

5 Oll E *EI2

6 IM F E4
7 D9 H Dl

8 D2 J D3

9 D4 K D5

10 D6 L D7

11 D8 M D9

12 DIO N Di

13 D12 
p D13

14 D14 R D15*

15 D15 S Ao

16 B T A7

17 A6 
U A5

18 A4 V m

19 DIG GilV W DIG GND

20 DIG GND 
X DIG G

21 -15 Y ANA Om

22 -100 Z ANA OO
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IDeoodi~ For The USART and Timers

Tvi 8160'r. are used to decode selection Of the sYst6" U& 1Aa the

timer. As delivered the MSWR is at "21j' and 1123k". The titwe is at

"3X~', ~ ~ 1137 d'. Figure 67 shows the conigUration Of the

cciiparators.

DM8160 #1 DM8160 #2

I IA v,, 16' +5 1 IA VC 16 -+5

A6 2 1B 6A 15 -A7 A 2l A5 A

3 2A 6B 14 +5 3 2A 6B 14

A4- 4 2B 5A 13 -A5A4 42 A3 5

5 3A 5B 12 -+5 5 3A 5B 12 -+5

A2 6 3B 4A 11 -A3 6 3B 4A 11 A

Eff 7 99 4B 10 10K EN~ 4B 10 1+5

ON UT g8 GND OUT 9

SEL 53 SEL 51

FIU4 67. 2SR/E (BUSXIN 56
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The SEL5X signal is used by the CPU card to delay I/O operations with the
USART and timer and thus extend the access time allowed by the 8086.

USART Circuitry

The USARr Circuitry consists of the 8251 itself as well as those IC's

associated with the baud rate generator. Figure 68 details the circuitry.

Three inverters are interconnected to form an 8.2944 Mtz TIL oscillator.

This signal is then sent through a module-9 counter leading to a 44% duty

cycle 921KHz TL clock which drives the MM5307 baud rate generator. By

changing the strapping on pins 8, 9, 10, and 11 of this IC according to

the device specification baud rate is selectable fran 50 to 19200 baud.

The USART is a very versatile programmable [SI device whose characteristics

are discussed in (6:63) and (12:12-46). The diode resistor pair used at

the output of the MM5307 limit the baud rate clock to acceptable 1TL levels.

Prior to sending and receiving data with the 8251, the data is double

buffered on the hybrid interface board to increase drive capability and

protect the [SI circuit.

Timer Circuitry

The 8253 contains three extremely versatile timers capable of being

operated in 5 different modes (12:12-65). The supporting circuitry for

this device consists of ITL compatible clock generation at 1HZ, 100KHz,

and 10KHz. Figure 67 shows the timer connections and its support circuitry.

Provision is made on the hybrid interface board to jumper the timer

outputs to the system interrupts. Timer 0 (Device 31) runs at 10K1z.

Timer 1 (Device 33) uses 100KHz and Timer 2 (Device 35) runs at lifz.
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R 716 M5307 +45

M v1 +51 14 82K
13~~ 13 9 27

3A A14 6 L3 12-1 l2 Wl jjfd

01% 2 15 10 1STRAPPED
8.5 10 5 >s CFOR

6 D QD11 j KZ[309 0 BAUD

BRCLC

8251A

D10 1 D2 DL 28 -D9

FROM SERIAL Dlli 2 D3 DO 27 -D9
INTERFACE
CARD 3RDVcc 2 +

D12- 5 D4 RTS 24

D13 -- 6 D5 RTS 23

D14 -7 D6 DSR 22

D15 -8 D7 RESET 21 -RESET

BRCLK -9 TxC CLK 20 -TO TIMER CIRCUIT 74901 PIN 8

IOWC 10 W TxD 19 iL_ TO SERIAL

SE5 11 rS TxE 18INEFC

FIGURE 68 . USART CIRCUITRY
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IX. SERIAL INERFACE B D

The serial interface card is designed to provide a miut xpoe

serial interface between any 71L input/output UART/1SWr circuit and

standard serial I/O devices. The interface is capable of handl'ng a

20 ma current loop as used with a teletype, an RS-232 level (±12 volt)

inverted logic terminal such as the TI Silent 700 series of machines,

and finally an inverted logic buffered TIL level as sometimes used in

telmetry operations.

The 20 ma oop

The 20 ma circuit is an opto isolated circuit utiliziag the 4N33

ahich is capable to 301Hz. The input circuit used is sbown in Figure 70
+5

4700
20 me in 1

.0111 Ilufd

IK 2N2222 /

Q1
LK

FI( E 70. 2O1 LOX) E[ CIL1C Y

Diode D spresses negative voltage spikes induced in data tranmission.

Omet enters the anode of the IM) in the 4N33 causing light to turn an

the Darlington transistor pair of the 4N33. 7be current out of the LM is

limited by transistor Q to aprpmm ately 20(a. The output stage of the

433 is pulled up to 5 volts to provide TL copatible levels. The

capacitors serve as noise filters. Since, when the LED is on, the transistor

in the 4N33 is on causing the output to go to near zero volts, it is

neeUary to Invert the output for proper logic level traamiasio to the
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UAIr/USAfr. The output circuit used is shown in Figure 71.

470470

20 ma out 6 I 1

FIMRE 71. 2(rea IOW wJr Cf M JMC

When the logic gate connected to the 4N33 LID asserts a "zero" current

is drawn through the LM causing the Darlington transistor pair to be

turned on. urrent will then be sunk by the transistor pair throigh the

470Q emitter follower resistor. If 12 volts is used as the source, about

2Mma will be drawn. A standard TIY connector is supplied with the interface.

It is connected as shown in Figure 72. No paper tape support circuitry

is provided.

+12 - .1I - 4

20 ma output .2 3 20 ma input circuitry

X X

FIGURE 72. TIY CIRCUITRY

RS-232 Level Circuitry

The RS-232 level circuitry is implemented directly using the

W1488/1489 (75188/75189) pair of level shifters. The circuits used are

shown in Figure 73. Since RS-232 transmissions are inverted logic

transmissions, these circuits suffice as shown. EB25S/P connectors are
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used to interface the RS-232 levels. Pin-out Is given in FJure 76.
1488

SERIAL OUT 2 RS 232 OUT SIGNAL PIN#-- >L 2

1489 3

SERIAL IN - RS 232 IN SIGNAL GROUND 7

50OOpf

FIIURE 73. S-232 LEM SMYTM CnVlFTff

Inverted TIL Level Interface

Inverted TrL level inputs/outputs are also provided by the circutitry

below. Utilizing the 7438 gives high circuit drive capability.

TTL IN [ tW3 SERIAL IN

2D
4

SERIAL OUT -- - TTL OUT

5

FIGURE 74. TL 1EV WUMPSI7

Pin Selectable Options

Since the various input signals are not cxipatible a single JmWer

is on the card to allow selection between 20M loop, 05-232, and TL.

O20a

0 RS-232 0 Serial In

OTIL

FIGURE 75. IUT SMIE C
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2 - Transmitted Data

3 - Received Data

7 - Signal Ground

FIGURE 76. IDB25 RS 232 CONNFWIR
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X. TiHE HYBRID SUBSYSTEM

The hybrid subsystem consists of an interface for connecting

signals needed to and fru the main system bus, an eleven slot 44 pin

card edge sub bus, 8 dual channel Digital to Analog Converter cards, and

a two card 16 channel Analog to Digital Conversion system. Mo hybrid

subsystem port for port is the mt eqensive sub-system in the 1 A/8086.

The Sub Bus Interface Card

This wfre-vwapped card merely transitions frm the two 40 pin cables

used for signal transmission from the main system bus tlrough the hybrid

interface board to the 44 pin sub-us. The interconnections are detailed

in Chapter IX, Table 10. The sixteen system data lines are pulled up

(terminated) on the sub-bus interface card. No power is transaitted

through the 40 pin cables. All sub-bus power is provided throuh separate

supplies connected at the sub-bus itself.

The Dual Channel D/A Card

The dual channel D/A card consists of a pair of identical circuits

iliich are sboun in block diagram form in Figure 77. The position of

these components on the actual card is shovn in Figure 78.

12 BIT DATA 12 BIT AD•OPERATIONAL +1ooV OUTPUT

CONVERTER 0 10 ma Min
(74174)2BT) 1 AD171J

BIT ADDRESS

ADDRESS DECODER
~74LS138
~or 8203

FI(ImE 77. BOCK DIM3AM D/A aWtNIL
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00 00

04 C*0

74LS74 74S74 74LS74 74LS 174
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Figure 79 shows the configuration of the actual ocu~onents used in the

system. The AD565 is detailed in Reference (114). The JJ)17iJ is specified

in Reference (15).
74LS174 #

+5- 1 MI VC19 +5

2 1Q 6Q 15

3 1D 6D 14

4 2D 5D 13
5 52Q 5Q 12 '55

3D 4D 11 1it NC B124

7 3Q 4Q 10 2 N/C 2 23

18OUT CLK 91 +15 3 V + 3 22

4 REF OUT 4 21

7L14#50 ANA GND- 5 ANA COM 5 20

74S74#6 6 19

+5 1~t 16 +5 -15 7 Vc7 18

2 1Q 6Q 15 8 OFFSET 8 17

3 1D 6D 14 9 2ma OUT 9 16

4 D 5 3N/C 10 10 15

5 2Q Q 1211 20V SPAN 1 1 11
6 3D D 1112 DIG GND .12 13

74LS138 or 8205 l FSTTI

2  U1 14 0+1
A3-~ 6 3 A 1

FIUR 79. D/A ccRCNNCIN

j ~~~~~~ ~ ~ C ____________ _________



The Analog to Digital Conversion System

The analog to digital conversion system used in the USA.A/8086

consists of two printed circuit boards. The first of these is a

counter-based controller and cache memory which allows the automatic

continuous sequential conversion of all sixteen analog channels.

The second board is basicly analog in nature and prepares and

converts each of the sixteen analog channels. Figures 80 and 81

show actual component positions on the two boards.

The Analog Board

The analog board consists of two 8:1 analog multiplexors, a

sample/hold circuit, a high speed successive approximation converter

and sixteen input scaling potentiometers. Figure 82 shows a block

diagram of the analog board.
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0

AD 572

AID
CONVERTER

FIGURE 81. ANALOG DATA ACQUISITION BOARD
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Analysis of the Analog Board

Several factors are essential in considering the throughput of the

analog board.

a. The settling time (ts) through the mux to .01% of value is ius.

b. The acquisition time (ta) of the saple/hold circuit is 15lis.

c. The slew rate (tslew) of the saple/hold circuit is 3v/is.

d. The droop rate of the sample/hold circuit is 5mV/ms.

e. The conversion tie (tc) of the A/D converter is 2 5 ps.

This implies that the time from selection of the analog value to digital

value at a minimum should be considered to be:

T=t +t +AVnmx/3V ps+ts a c

f 1 + 15 + 20/3 + 25 Us

1 + 15 + 7 + 25 ps 48 ps

For the 16 signal system, at best, the cycle time is l6x50ps = 800 Ps.

If 'e have one sample every 800ps we can theoretically reconstruct a signal

of period 1600us or 625 Hz. More realistically, a faithful reconstruction

of signals of period 800s should be considered or about 601z. This is

based solely on analysis of the maximua analog throughput and will be

degraded by some additional slight delays from the digital controller.

The input impedance of each analog channel is the value of the scaling

resistor which was chosen to be at least 51K.
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'The Digital Board

The digital board implements the state diagram of Figure 83

utilizing a counter-based controller. At power on the counters (74163's)

are reset to 0000 placing the controller in state 0 and a eing memory

location zero. The controller checks to see a conversion is not currently

in progress by checking the busy bit of the ADll31J previously discussed.

If not, then it proceeds to update the memry address register (counter)

for the on board 16 word by 16 bit cache memory created from high speed

bipolar 7489 memories. The memory address register also serves as the

analog channel selector.

In state 2 the controller stores the most recently acquired data by

issuing a write pulse to the memory. In state three a sanple pulse is

transmitted to the S7254B of 15ps duration. State four waits for the

sampling process to be completed and then state five orders the new sample

to be converted. 7be conversion pulse (200ns min, 400(ks max) is verified

in state six and we then progress through state seven back to state zero.

'Tis process continues repeatedly until stopped by the processor requesting

data from the cache memory through an input request to ports 40 thru 5E.

If the computer is requesting data the controller will be stopped at its

next entry into state two. Writing will be inhibited, to the cache Memory

until the process or request has been accmplished. 7b avoid conflict the

computer is forced not ready for at least 5ps on each data request.

This means it takes about 6ps to acquire the latest analog value of a

given channel. If this operation was requested directly to the analog

conversion system instead of to the controller, minimum data access time

would have been 50ps as we have previously computed.
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STATECE\

"9000"1 A/B

01.

"001" 

CNT=l

"#010" 1 ~

CHECK

fiqooll Is LSE

0

"101" ONVERT=l

1111001 NV PULSE

Ib0NTINUE

FIGURE 83

AID STATE DIAGRAM
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The actual hardware pinout is given in Figure 84. The 74163 #1

serves as the state counter. 74163 #2 is the address register. 74138 #1

is the level output decoder while 74151 serves as the controller input

multiplexor. Two halves of a 74123 generate the sample and convert pulses.

7ie 74657 selects the address ultimately reaching the cache mry of

four 7489's between the controller generated address and the cmputer

generated address. 74138 #2 detects computer requests and forwards

them to the controller. The 81LS95's are tristate inverting buffers

which interface the data lines to the sub-bus. The two least significant

bits are always returned zero when a data request is made by the computer

rounding out the sixteen bit data field from the twelve bits supplied by

the A/D converter.
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XI 28 VOLT DISCEIE I/O

A discrete I/O board was built to accept and provide 28 volt relay

logic compatibility with TIL logic. The board can handle up to 32

inputs and 32 outputs. The board doesn't require a mntherboard slot

since it only uses +5 and gnd from the system. An external 28 volt

supply must be provided through the rear panel. The overall board

layout is shown in Figure 86.

he Input Circuitry

The input circuit is merely 32 replications of the circuit shown

in Figure 85.

RELAY WGIC DM

1/2 ST18D72-1 (Spares Supplied)

TIL OAflVJT

FIGRE 85. INPeT CIRCUIT

The circuit provides a constant current source over a large range of
input values. lbe ccmloments used on the board were selected to match

requirnents. Testing of each input circuit and the recorded results are

given in Table 11. As can be seen between 24 and 28 volts in (a relay

logic "1") the circuit output provides a valid TIL "1". The output

actually remains valid down to about 12 volts input. With no input the
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TABLE 11. DISCRETE I/O

OUTPUT VS INPUT VOLTAGE

PORT 0 PORT 1

PIN 24V 28V PIN 24V 28V

1 3.0 3.0 1 2.7 2.7
2 3.1 3.1 2 3.4 3.4

3 2.8 2.8 3 2.6 2.7
4 3.3 3.2 4 3.4 3.4
5 3.2 3.2 5 .7 3.7

6 4.3 4.2 6 2.3 2.3
7 3.2 3.2 7 3.8 3.8
8 4.4 4.3 8 2.3 2.3
9 4.7 4.7 9 3.0 3.0
10 2.9 2.9 10 3.4 3.4
11 4.7 4.6 11 3.0 2.9
12 3.0 3.0 12 3.4 3.4
13 3.0 2.9 13 4.8 4.8
14 2.7 2.7 14 2.9 2.9
15 3.0 2.9 15 4.9 4.9
16 2.8 2.8 16 3.0 3.0

46
OUTPUT VOLTAGE AT 50 Ha

PORT 0 PORT I

PIN VOLTAGE PIN VOLTAGE

1 24.9 1 25.1

2 24.3 2 24.6
3 24.5 3 24.8
4 25.3 4 25.0
5 25.0 5 25.1
6 25.2 6 24.9
7 25.1 7 24.3
8 25.3 8S4.
9 25.2 9 24.8
10 25.1 10 24.6
11 25.2 11 25.1

*12 24.8 12 24.5
13 24.7 13 25.3
14 24.4 1425.0
15 25.0 15 24.9

*16 25.1 16 25.0

4 p



output will be 0 volts. With a low voltage input (less than 4 volts) we

are assured of a TTL logic of "0" output. Frum the JFET outputs the logic

signals are cabled directly to the system input ports (F8, F9, FA, and FB).

Inputs are provided to this circuitry thr'ogh the rear panel of the

computer. D25P/S connectors are used. The pinout of the connector is

shon in Table 12.

TABLE 12. D25P/S CONNECTOR PINOUT

CHANNEL D25P/S PIN SIXTEEN PIN CABLE

0 1 1

1 2 2
2 3 3

3 4 4

4 5 5

5 6 6

6 7 7

7 8 8
8 9 9

9 10 10

10 11 U

11 12 12

12 13 13

13 14 14

14 15 15

15 16 .16

cc u
lhe output requirement was to be able to source 24 to 28 VDC at 50 ma.

To accanplish this task the circuitry of Figure 87 was used.

108



28V

I OUTPUT1/6 7407

OUTPUT

PORT

OUTPUT

FIGURE 87, DISCiHIE wirPLr CIRCJITRY

The output of this circuit will provide up to 800 ma at which point the

2N222 becaes a fuse. Short circuits are fatal and should be avoided

at all costs. Cabling for the output discretes is identical to input

cabling described in Table 12. Test results of voltage provided under

50 ma load are also given in Table 11. The inputs to the 7407's are

provided fran output ports FS, F9, FA, and ID.
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X1I. TB FLOPPY DISK CONTROLLER

The floppy disk controller based on Western Digital's 1791 circuit

(16) is one of' the more ccznplex circuits in the USAFA/jOdj6. Makirg

the circuitry functional proved to be an extremely challenging task sinc~e

we were dealing with both WunK~m hardware and wunown software of a

reasonably complex nature. The board layout is sha~m in Figure 90

while the schematic of the disk controller is presented in Figure 89.

The disk controller is an eight bit device and resides on the lower

address bus. The addresses 0O, C2, 04, C6, 08, CA, CC, and CE are

associated with the disk controller on its supporting circuitry. Figure 88

shows the decoding circuitry.
AEN
8257

+5 A( A A

876 54 32 1
74LS 138

1 +5

147- 

A3

74LS1313

10~ ~ ~ 111OT 4 51

OU C 4 C 2 C1

TO CHIP J To AITOL.....TO DRIVE SELECT LOGIC
RESET CIRCUITRY CLEAR

FIGURE 88. DECODING CIRCUITRY
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Since the address lines Al and A2 are directly connected to the 1791 the

following registers are selected by the indicated address:

ADDES REGISER

Ca Status/Czunand

CA ha

cc sector

CE Data

Drive Select Circuitry

Stand~ard floppy disk systems providle four device select lines into

each drive. Only one is actually j.mpered into the circuitry for

drive selection. Thus, using a 4 bit register holding a "one hot" code

any of four drives is easily selected. The circuitry of Figure 91 is

used focr drive selection by thiis cotroller.
"OUT COO'" RESET (BP 2-.)

FCLR3

001 1 2
0100 2 Ds

0001 3
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bNote that by improper programing of this select code multiple drives can

be simultaneously selected.

Reset Circuitry

The system reset (BP75) is applied to a 74121 monostable (single shoxt)

to create the reset pulse to the 1791 Controller Chip. This reset is

required to be at least 50ps in direction. A pulse of approximately O s

is assured by the 74121 circuit. The circuitry is sha~n in Figure 92

RS TO 1791 RR
+5 ["OUT C4"

7 6 5 4 3 2 1

74121

8 9 10 11 12 13 14
1 LjL .01,f +5
[15K+5

FIGURE 92. RESET CIRUIT

The instruction "CUT C4" will also cause this circuit to trigger

generating a Master Reset to the 1791 controller. The system reset is

also used to clear the "auto-clearing" circuitry which was determined

to not be required in the AFFDL system.

CPU Bus Buffering

The data bus is buffered by an 1NS8208 (identical to DP8304). Since

the 1791's data bus is active low an inverting octal bidirectional tristate

buffer was desirable but not available. Thus, all data transfers to and

fram the 1791 must be preceeded by the instruction CMA (ocmplement data).

The INTQ line shown in Figure 89 is not connected to the system

interrupts as this was not required in the implementation used. Non-

inverting 7417 buffers were used to isolate the I-M, IM, Al, and A2 lines.
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DO--12 8 - U0

D1 - 13 8 7 - DALI

3 6 DAL2 1791's ACTIVED32 14 3 6 - LOW DATA BUS
D 3 15 5- Al3 4

D4  16 4 -DAL4
DS 17 3 -ffD L

18 2 -D"

19 1 -FAL7404 D7- 9I DL

I 13 ,12 11 I 9

M of
1791

+5
f II 10K or

10K+5

3 OC ADDITIONAL

CONTROL
1791

A1

+5

A 2  +5OK A I

OC

SYSTEM 7417

INTERRUPT IOK

REQUEST -2 IjINTRQ
13

FIGURE 93. 1791 DATA/ADDRESS/CONTROL BUFFERING
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The "Auto Clearing" Handshake Circuitry
F!

Circuitry was designed for use in system debugging which is called

the "Auto Clearing" handshake circuitry. The purpose of this circuitry

was to artifically generate data requests (IFQ's) similar to those treated

by the 1791. When the 1791 is asked to do either a sector read or sector

write, it generates a number of data requests based on the number of bytes

defined to be in a sector. In our case this is 128. If the CPU does

not respond in a timely manner, a DWQ may be missed causing the CPU to

"hang" in a loop of predetermined length. The circuit shcm in Figure 94

works as follows. When either a reset or a data request was active, Pin

13 goes to logic 0. This is inverted by the second NOR gate and tied to

Pin 3 of the 3rd stage NOR. So, Pin 3 is a "1" if either tRQ or ESET is

active. This forces the CLR input of the 7474 D Flip Flop low causing Q

to go to 0 andQ to 1. If Q is a I the DY line is forced passively high

and the CPU may continue processing. Since Q is a zero, current is drained

from the 500f capacitor causing it to discharge rapidly. When the CPU

executes an OUr C2 instruction the flip flop is loaded and Ql. If Q=l

then the 500jf capacitor begins to charge. When it reaches a logic 1

voltage level the flip flop will be forced to clear. Of course the

capacitor will never charge to logic 1 level if the 1791 continues to

issue D[R's on a regular basis. The sequence of expected events then is

as follows.

7he 1791 is directed to either read or write a sector. In response

the 1791 issues a fixed number of data requests. At the beginning of

the read or write loop the processor executes an air C2 instruction causing

the handshake flip flop to make the processor not ready. If either a IIQ

' 4 occurs or a reset or we "time out" the flip flop will be cleared causing
116



the computer to execute another I/0 loop. This necessarily will

eventually reach the finite loop count and exit. The computer cannot

hang because of an improper data transfer. Once the system was debugged,

I/0 ansfer fram the disk was found to be reliable and the 7474 flip

flop removed frcm the system disabling this circuitry.

DlRQ

*13
RESE i3 7474

50011f 9 8 RY

CLK
"OUT

C211 .---- - OUT C2"1

FIGURE 94. AUTO CLEARIWG HANDSHAKE CIRWITRY

The 1791 Clock Circuitry

The disk controller card has provision for its own TTL 2 Mz oscillator

on board. However, lacking a 2MHz crystal, and having a 2MHz clock on the

system bus, the PCLK signal was injected directly into the oscillator. If

the CPU is run at other than 4MHz, a 2MHz crystal will have to be installed

on this card if the disk system is to continue to generate properly.

The Floppy Disk Interface

The signals required for interfacing to a floppy disk and their functions

are indicated in Table 14. The signal bus is of the open collector tech-

nology type.
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TABLE 14. DISK INTERFACE SIGNALS
-p

INPUT (I)/OUrPUT (0)

OF 1791 CONTROLLER FUNCTION

WRITE PROTECT I Senses whether disk is Write Protected

INDEX I Senses presence of the index hole

TRACK 00 I Senses that head is over the outer-
most track

WRITE DATA 0 Composite Clock/Data Signal to be
written

WRITE GATE 0 Write Enable for disk electronics

HEAD LOAD 0 A oam-and signal to load the head

STP 0 A command to step one track

DIRECTION 0 A ccuuar- to indicate the
direction of the step to be taken
(in or out)

READY I Senses a disk is present, rotating
at 360 rzm with the access door
closed

READ DA TA I Ccmposite Clock/Data input
SEPAREID CLOCK I Clock only information

DSO, DS1, DS2, D63 0 Drive Selector

TG43 (TRACK GREATER THAN 0 A signal.to the disk system that
43) current is to lessened on writer

due to the higher density of data
towards the center of the disk

As shown in Figure 89 these signals are buffered and provided to the disk

system. The connector shown on the schematic is at the SAS01 disks used in

the USAFA/8086 system. The connector at the 1791 Controller board is as shown

in Figure 95.
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GND
21 __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _40

RAW

RCLK N/C K MT VG WD ' TM TW 1S1 D-S bS N/C F ADY I'-" N/C N/C N/C 20

2 3 4 5 67 8 9 101112 13 14 15 16 17 18 19

Pins 21 to 40 are grounded to minimize transmission effects.

FIGURE 95. DISK CONTROLLER CABLE AT DISK CONTRLLER BOARD

Head Load Timing

The signal HLD comands the selected drive to load its head. Since

this is a mechanical process which is known to take about 35ms, a delay prior

to ccnfirming the Head Loaded through use of the HLT signal is necessary.

Normally a monostable performs this function. However, lacking real estate

for a separate monostable circuit, the circuit of Figure 96 was used. The

circuit is really very simple. If HLD=l, then Pin 8 of the NAND gate is a

1. If the output of the NAND gate is a 1, then through the 5.6K resistor

and the internal resistance of the gate the 20fd capacitor charges. When

it reaches 2.6 volts the 1791 will detect that the head is loaded. When

the HLD comand is renoved the NAND gate output goes to zero and the capacitor

discharges through the diode. The 20Ufd value was chosen by experimentation.

_L 5 6 TO DISK DRIVES

HLT . +5

FIGURE 96. HLT TIMING CIRCUIT
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Read Clock Generations

The timing between the raw read data and separated clock presented

to the 1791 is extremely critical as one might expect. 'flu manufacturers

'wrn that delays across conditioning circuitry may invalidate the

representation of separated clock and data fran their disk drives.

Further, the 1791 requires a continuous 50% duty cycle clock with raw

read data centered in each half cycle. Figure 97 shows the proper

relationship. The clock is identified as it occurs every cycle whereas

a data pulse need not be present. To achieve this twoa nonostables ard a

phase locked loop are used. The operation of these circuits as shoam in

Figure 98 is essential to understanding the read timing of the disk system.

RCLK

RAW UDT=J
READ

SPDATA=0 CLK CLK DATA=0 CLK

CLK
(IDEAL)

FIGURE 97. READ DATA/CWOC M 40 +M

EWD4 2 RAW

SILVER DIPPED 150o

1200

A , . * V f 5



The raw read data must be received from the open collector bus and then

inverted again to achieve the proper polarity for application to the 1791.

To understand the separated clock circuitry we will use the labels of

Figure 98 and the timing diagrams of Figure 99 while discussing the

calibration procedure. To calibrate the controller read circuitry the

cabling to the disk drives is removed and replaced with a cable which has

Pin 1 (C ) connected to a generator supplying a 7TL compatible 2501Hz

square wave. The frequency should be accurate to within the capability of

the equipment being used. A calibrated oscilloscope is necessary for all

of the following steps. The period of the 250MMz wave is 4ps. Locking at

Figure 98 we note that both 74121 circuits are identical. The onnostables are

rising edge trigered. Resistors Rl and R2 may be used to adjust pulse

duration. The first 74121 is adjusted to produce an 875ns pulse. The

second 74121 is adjusted to produce a 2.Ops pulse. The theory here is that

87ns following the rising edge of the separated clock, this pulse will be

centered on the data pulse, if there is one. This is accurate to within

the delay across the extra NAND gate in the raw read data circuitry plus

any error introduced by the disk electronics. With the generator off the

phase locked loop is adjusted for 255K&1 center frequency with a bandwidth

of about 100Kz. Unfortunately, R3 and R4 are interactive. However,

nominal values of all protentiometers are given in Table 15. When this

is complete the disk cable is reinstalled.
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AV 250ns
46 -

SEP
CLK--- - - - - - -

4- 2 pis -- il 4- 2 li-s

B NAND

D

E

FIGURE 99. CALIBRATION TIMING OF THE DISK CbNTROLLER
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TABLE 15. DISK CVTIUR PI ICMEWThER SETTINGS

RESISRI NCNIINAL VALUE

Ri 1.1K
112 3.94K
R13 5.60K
R4 15.36K

Me phase locked loop is voltage sensitive to charges in VCC. All

calibration should be performed with the system supply voltage between

4.95 and 5.05 volts. The silver dipped capacitor is essential for power

on stability, i.e., minimization of change with change in operating

temperature. A physical drawing of the SA-801 Disk Drive is given in j

Figure 100.

This concludes the discussion of the disk controller hardware.

Excellent references to floppy disk operations are provided by Shugart

Associates, (17), (18), (19), and (20). These should be consulted for

a more thorough understanding of floppy disk operations, formats, and

maintenance.
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WRIT# PROTECT Lin
--- Wg

f1z"

A P IIAI A READ READHtADI INDEX"iP I(x'K LOGIC DETECTOR

DRMSILECT INDEX
lin

WH III DATA WRITE WRITE P114TIECT
W1411i 6Ali LOGIC LED/DETIECTOR

,*Hill 
IOPT$0kALI

WRITE HEAD STEPPER

110WIt 11 fUNDRIVE

'V.'.)S'
llsi SELECT

WRITE 

MOTOR

HEAD LOAD SOLENOID TRACK 00
LED/DETECTOR

D'I'vi %(If(: 1 14 1. INk S' I T"'.ACTIVITY LIGHT

TRACK 00 LEDCONTROL
INM X LOGIC 41, TRACK 00 DETEC70R
Fol A0Y

st cTOR iA801)

At TE RNA? i 1 0 19 LINE DRIVE
moiroot

:HEAD LOADI 
STEPPER 0 1

IN Usti SITEPPEA82
IDISK CHANGE I STEPPER a 3

INDEX DETECTOR

INDEX LED

FIGURE 100. SHUGART 801 DISK DRIVE
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XIII. DIRltr M ACCESS OCKLLER

The direct meory access controller (iA) for the WSAFA/80M was

designed around the Intel 8257 (12:12-98). The DMA controller resides

on the same board as the floppy disk controller. Figure 90 shows the

parts layout for the board while Figure 102 shows the schemtic for the

[MA controller.

Decoding

The decoding circuitry consists of two parts. The first is partially

shared in camm with the floppy disk controller. Figure 101 shows the

8257 chip select circuitry.

AEN 7402 7402

+5 CA, A 5 TO 8257 CS

"AND DATA BUFFER
EN AND DMA DEVICE

74LS138 STROBE CIRCUITRY

10 1O 1 12 13 14 15 16

+5

FIGI 101. 8257 CHIP SELMLr CIIKRUITRY

The circuit selects on all memry or I/O addresses having ATA6A = 110 and

EfE. In particular all odd addresses in the I/O space 'UP' and 'U1" are

selected. The AEN signal is asserted active high by the EMA controller while

it is using the data, address, and control busses., This interlock is

redundant and inhibits the 8257 fran selecting itself during [MA operations.

The second part of the decoder circuitry is shown in Figure 103. This part

of the circuitry is actually not directly related to the [A controller

but rather merely uses discrete gates, a diode resistor logic AND gate and

the board select signal to cause a strobe called 1D to be issued to the

[MA device connected via the DMA controller interface cables.
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A A A - 110 and BM =0
A16 BIT "OUT DE"

45

A TO DMA DEVICE2 f-0W9 8STRiOBE M'
A

FIGURE 103. DMA DEVICE STROBE

Data Bus Buffering

The 8086 high order data bus is connected to the 8257 data lines to

allow programning of the LSI device as well as the reading of its status.

Since this 8257 data bus is actually a nultiplexed address/data bus, the

DP8304 used for buffering cannot be continuously enabled but, rather, must

be enabled only while the 8257 is selected. The direction control on the

buffer is connected to IOR and keeps the buffer pointed toward the 8257

except when an IOR is actually requested. This prevents the obvious

problem of bus contention when the 8257 is inadvertantly selected during

memory addressing. This circuit is shown in Figure 104.

The 8086 data bus (all 16 bits) must also be available during the

WA operations. Two DP8304 's provide buffers which are only directed onto

the data bus during DMA transfers when AEN=l and IOR=0. The buffers responsed

only when IOR=0 due to DMA activity. Figure 105 shows the circuitry.

-1TO CS 8257

TO 1 9
D8 19 1 DO
D9 18 2 D1

* D0 17 3 D2
Dl - 16 4 -- D3D3.1 6 4--'D3 10 8257 DATA BUS
D12 15 55-D4
D13 14 6 - D5
D14 13 7 -D6
DI 52 8 D7

FIGURE 104. DATA BUS BUFFERING FOR DMA PROGRAMMING
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7402

AEN 2DO -- 1 1 -DO
3Dl - 1 2 -D2

+5E L+ 7402 D4 -1 3 -D4
10 'IOK ,13 D6 -16. 4 -D6

* D8- 15 5 D8 EMA DEVICE
D10 14 6 DI0 INTERFACEiD12-13 7 -D12

To 8257 D14- 1 8 -- D14J1OR

I:Dl- 19 1 D
D3 - 18 2-D
DS5- 17 3-D
D7 - 16 *, 4 -D M DEVICE
D9- 15 o 5 D9 INTERFACE

D11I-14 '* 6 -Dl
D13 - 13 7 -D3
D15-12 8 -D5

FIGURE 105. DATA BUS BUFFERING FOR DmA ACrIVITY

(16 BIT)

Address/Control Bus Buffering

The 8257 receives address information directly on Pins 32, 33, 34, and

35 for use in programming its many internal registers. The 8257 also provides

information cn these lines while it is bus master and accessing memory.

Therefore, the need for a bidirectional buffer on address lines A,, A2 , A3 ,

and N exists. The same argument holds for the MEMR and ME signals since

they must be able to be asserted by the 8257. The IOR and IOW lines, how-

ever, are special. The 8086 bus ccmunicates with the 8257 over these lines.

However, there are no DMA I/O devices on the 8086 bus and so it has no need

to drive IOR and IOW. To use the remaining two buffers the diode resister

circuitry shown is used. This doesn't allow the 8257 IOR/IOW cammands to

enter the 8086 system bus.
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MEMR0K 17O 3 -82575
MtK&+ 5  +5

19 2, 4 HM 8257

Afl~ of8825

FIGURE 106. BIDIRECT IONAL DMiA, ADDRESS CONTROL BUFFERING

The upper eight bits of the DMA address are muiltiplexed on the 8257 data bus and

nmt be demaltiplexed for use in the MAL cycle. The 8257 provides and PIISTB

signal (address strobe) to assist in this process. Figure 107 shows the

required address latch.

A9 -2 3 -DO

Al0 19 18 -Dl

All- 5 4 -D2

TO 8086 Al2 16 17 D3 FRN257

A15S B 82576

FIGURE 107. ADDRESS DII4JLTIPL1ECING FOR THE~ 8257

Thee are 9 additional address and control lines which are handled in a

unidirectional manner using the 81LS95. The cirecuitry is shown in Figure 108.

The control lines AO and BY are both pulled low through the indicated

diode arranganfent so that the 8086 system understands all D14A operations are
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to be of a sixteen bit nature.

A8 -3 2 -A
A7 17 18 A6

A6-5 4-

AS - 15 16- A4

A1Lr 7 Ln6

J ~A18- 13 14

BMI ALT Ull 2

X9 8

19 E o10 11 AEN

FIGJRE 108. UNIDIRECTIONAL ADDRESS CONTROL BUFFERING

As can be seen, address lines A7 1'A 9 aearwidto0for all

DMA operations.

Read/Wite Delay Circuitry

The 8257, like many Intel LSI circuits, cannot respond at a speed

acceptable to a 4MHz processor. This necessitates the use of the system

ready line to slow the processor while it comunicates with the 8257.

+5

3 3-.7K
74121 17 -

1 5 10 22opf

RDY1--4J)4

BOARD SELECT

FIGURE 109. 8257 ACCESS DELAY CIRCUIT

The RC combination provides a not ready signal of about 550ns duration. This

delay actually occurs on all I/O reads and writes within the range of the

board (CO-DF).
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The 8257 Clock

The 8257 nust be provided a clock between 3?t~z and 250K&i. Speed of

trwnsfers is directly related to this clock. The clock applied to the

AFFDL processor is the 2fti systan PCLC although circuitry uid support

an independent crystal oscillator.

MlA Device Interface

Figure 110 shows the piriouts for the two 8P-57 tmA 1)w,%ice Cables.
GHD

2 40

115 +5 +5 +5+5 +5 RESET DR03 DR02 DR01 DROO DACK3 DACK2DA CIL OROWC J2

23 4 56 7 8 9 10 11 12 13 14 15 16 17 1819

CONNECTOR #1

21 40

lA + +5 +D15 D4D13 D12D11 D10D9 DSD7 D6D5 D4 D3 D2 DlDO 20

2 3 4 5 6 7 8 9 10 1112 13 141516 1718 19

CONNECTOR #2

On both connectors pins 21 through 40 are grounded to minimz tranissiori

effects.

FIGURE 110. ft4A DEVCE CABLES

The theory of operation of the 8257 is described thoroughly in Reference
12.
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XIV. 7IM SYSIld PERIPIMtALB

The system peripherals consist of:

a. a 1A VIP601 ASCII Keyboard

b. a CXr-1000 Display Controller

c. a 12" Ledex Video Monitor

d. a Centronix Microprinter P-I

Interconnecting the VIP6Ol

The VIP601 as delivered by the manufacturer has two minor difficulties

for application in the USAFA/8086 system. First, the active high strobe

pulse provided is lms. We prefer to use a 50ps pulse. 7b allow this

pulse width all that is necessary is that capacitor 08 be changed from

.047pf to 180pf. Secondly, the connector supplied on the printed

circuit board is non-standard and does not match any other in the system.

The connector was removed and one end of a sixteen pin cable directly

connected to the printed circuit. Minor modification to the case was

necessary to allow proper strain relief. The pinout used for the cable

is shown in Figure 111 below. The cable is connected to input ports

F9.andl.

!SB 1 16

2 15
-3 14

ASCII -4 13

-5 12

-6 11

7 10

.OM PARITY 8 9 SIB (50ps)

FIG=I 111. VIP6O1 CABLE PIoff
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The keyboard is strapped to allow both upper and lower case generation. The

documentation provided by the manufacturer is generally weak (21).

Poer connections are made to the keyboard over a system standard 10 pin

power connector although only 5V and GN are required.

The CR-1o00 Video Interface

This video interface was purchased rather than built due to the

complexity of mixing digital and video information on the same PC board.

The low cost of about $125 made local manufacture not feasible. The board

is very simple from an interface point of view requiring only that 7 bit

ASCII be transnitted along with an active high strobe. The connecting cable

is described in Figure 112. The cable is connected to output port FH"

Pbrt Fl is not populated.

SIGNAL (RT-lO00 PIN CABLE PIN

DO 1 1

Dl 2 2

D2 3 3

D3 4 4

D4 5 5

D5 6 6

D6 7 7

ST 8 8

FIGURE 112. DATA C NECTIGM TO THE CRT-1000

Power is supplied directly from the star connection point on the system

mDtherboard. The video output is run over coaxial cable to the rear panel

from which the video signal is carried directly to the Video Moitor. The
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Cifl-1000 dCkxMznntat ion is reasonably complete showing circuitry as well as

providing thorough software timing guidance. (22)

Ledex Video Monitor

The only outstanding characteristics of the Ledex Video Monitor

are that it accepts direct ccmposite video, has 121ft bandwidth, and is

reasonably priced. Coarse adjustments for the vertical and horizontal

oscillators are internal and require cabinet removal. These, once adjusted,

have proven stable and no problem. (23)

The Centronics Microprnter Pl

The Centronics printer at the time of purchase (DAR required) was =on

the only inexpensive hardcopy devices with commonly available paper, nmultiple

pitch capability, and direct parallel interface. Since then many other

ccipetitors have entered the market in the same price range. The printer has

proven reliable during system testing. The manufacturer provided quality

documentation (24) as well as electronic schematics which have not yet

been necessary. The copy, although of unusual size, has proven to be of

excellent readability, especially when copied. A sample output created during

testing is shown in Figure 113.

,; *1i ft t . . ft.
,,CREATED BY '..

: L !,11 NMRI' B ..

IT 11' IN O.

LT ULT MY"
11 TOW owl

*. ,.. .. *...:p..,. . .. < ,.,.;

FIG=J 113. CMrIR CS IaO =N= OhMT



Cabling to the microprinter is through a mating 36 pin connector; over a

16 pin cable to a 16 pin connector. The 16 pin connector then splits input

~and output signals to two sixteen pin cables which are connected to input

and output ports FCH. Ftgure 114 shows the cabling.
PIN #S

MICRO PRINTER INTERMEDIATE INPUT OUTPUT
SIGAL CONNECTOR CONNECTOR CABLE CABLE

Data Strobe 1 8 x 8

Data Bit1 2 1 x 1

Data Bit 2 3 2 x 2

Data Bit 3 4 3 x 3
Data Bit: 4 5 4 x 4

Data Bit 5 6 5 x 5

Data Bit 6 7 6 x 6

Data Bit 7 8 7 x 7

Acknowledge 10 16 1 x

Busy 1 15 2 x

Paper Out 12 14 3 x

FI(RE 114. MICROPRINTER CABLING

A separate ground is connected to the system star ground point at the mother-

board. The following prograidng guidelines are provided for using the

microprinter:

a. A carriage return ODH autoatically provides a line feed.

b. Underscore and font must be initialized prior to printing.

c. Output strobe must be strobed and busy bit checked prior

to next character transmission.
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CONCUJSIN AND M TICNS

The USAFA/8086 has been a significant and exciting challenge to the

faculty and students of the Department of Electrical Engineering at the

U.S. Air Force Academy. The total research cost of this project was

approximately $23,500 fran which two working systems and smne spare parts

were obtained. Approximately 1.5 manyears of faculty effort were expended

by Captain Pollard. In all, eleven Electrical Engineering and Engineering

Sciencti majors were directly exposed to the project through nine projects

in El Engr 464 (Senior Design) and five projects in El Engr 499 (Independent

Studies in Electrical Engineering). Regardless of the fate of the tv

existing system, the atmosphere of research and inquisitive investigation

provided in the omputer Systems Laboratory through this project, in my

opinion, more than recovered the cost of the system to the U.S. Air Force

Academy.

I recommend the faculty of the Department of Electrical Engineering

become more involved in research projects of this type where meaningful

and difficult problem are investigated. I recommend the concepts and

technology of the USAFA/8086 to those desiring to employ a 16-bit

microprocessor based system in either research or education.
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APPM71IX A

COST ANALYSIS ESTIMATE

This appendix estimates on a board by board basis the cost of the

parts arid materials used in construction of the USAFA/8086 designed

for AFFDL.
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WPAFB 8086 COST ESTIMATE

Front Panel/Single Step $ 116.04

Rear Panel 50.18

Card Cage/Motherboard 213.19

Video Display/Microprinter 775.18

Disk Sub System 1514.81

Keyboard 66.88

Hybrid Subsystemi 983.35

System Power Supply 168.33

CPU Board 426.22

APU Board 278. o0

PROM Board 775.76

RAM Board (2) 1007.52

Parallel Input Board 83.77

Parallel Output Board 187.51

Discrete I/0 Board 65.20

Disk Controller/tMA Board 182.21

Front Panel Interface Board No Charge

Hybrid Interface Board 130.85

A/D Controller Board 54.20

A/D Board No Charge

D/A Board (8) @ $262.54 2100.32

Serial I/0 Interface 15.61

90TAL $9195.13
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QTY PRICE TOTAL

FRONT PANEL/SINGLE STEP

DPST Switches 18 $ 2.00 $ 36.00

PB Switches 3 2.00 6.00

LED w/holder 20 .66 13.20

16 Pin ww Sockets 9 .84 7.56

14 Pin ww Sockets 2 .37 .74

24 Pin ww Sockets 5 .91 4.55

40 Pin Edge Connect/Mate 1 10.30 10.30

FND 500 9 .99 9.91

9368 9 2.35 21.15

74O0 1 1.33 1.33

7474 1 1.37 1.37

Banana Socket 4 .15 .60

Perf Board 1 3.33 3.33

SUBTOTAL $116.04

REAR PANEL 1 $ 6.95 $ 6.95

Power Strip 1 19.95 19.95

Fuse Holder 1 1.00 1.00

Fan 1 15:51 15.51

Power Connector Female 3 1.60 4.80

Power Connector Male 1 .87 .87
i

TTY Connector 1 1.10 1.10

SUBTOTAL $ 50.18
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QTY PRICE TOTAL

Vector VP-I Card Cage 1 $130.00 $130.00

11 Slot S-100 Motherboard 1 29.95 29.95

3302 Resistors 1/2 watt 100 .03 3.00

2N2955 1 1.37 1.37

2N2907 1 .18 .18

2N2222 1 .18 .18

2N3055 1 1.10. 1.10

SUBTOTAL $165.78

Misc Resistors 8 $ .03 $ .24

Potentiometer (1K) 1 .86 .86

Capacitors (35pfd) 5 .45 2.20

Op Amp (LM4250) 1 - -

S-10 Edge Connector 11 3.95 43.45

LED 1 .66 .66

SUBTOTAL $ 47.41

VIDEO DISPLAY

Video Terminal 1 $129.95 $129.95

Video Interface Board 1 119.95 119.95
(CRT-1000)

16 Pin ww Socket 1 .84 .84

Coax Connector 1 4.12 4.12

Coax Cable/w Connectors 1 - -

Microprinter 1 495.00 495.00

Connector 1 -

142



QTYCPRICE TOTAL

VIDEO DISPLAY 
(CONT)

16 Pin ww Socket 3 $ .84 $ 2.52

Paper (Rolls) 3 7.50 22.50

Perf Board 1 - -

Banana Connectors 2 .15 .30

SUBTOTAL $775.18

DISK SUBSYSTEM

Power Supply (CP 206) 1 $ 91.00 $ 91.00

SA 8o1R 2 625.00 1350.00

Connectors 40 pin 2 6.05 12.10

Jones Strip 1 1.40 1.40

Pan 1 15.51 15.51

Switch 1 2.00 2.00

LED 1 .66 .66

Power Cable 1 2.00 2.00

Floppy Diskettes 6 6.69 40.14

SUBTOTAL $1514.81

Keyboard 1 $ 60.00 $ 60.00

74121 1 1..50 1.50

Perf Board 1 3.33 3.33

Connector 1 - -

14 Pin ww Socket 1 .37 .37

16 Pin ww Socket 2 .84 1.68

SUBTOTAL $ 66.88
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QTY PRICE TOTAL

HYBRID SUBSYSTEM

lOOv Power Supplies 2 $339.00 $678.00

40 pin Connectors 2 6.05 12.10

40 pin Card Cage 1 28.82 28.82

40 pin Edge Proto Card 1 7.77 7.77

3300 Resistors 10 .03 .30

40 pin Edge Connectors 10 5.46 54.60

Coaxial Connectors 48 4.12 197.76

Backplane 2 2.00 4.00

SUBTOTAL $983.35

System Power Supply 1 $166.73 $166.73

Connector Female 1 1.60 1.60

SUBTOTAL $168.33

144 (

1 '



CPU BOARD QTY PRICE TOTAL

MCS-86 Kit 1 $360.00 $360.00
(Includes 8086, 8288,
8284, 8282(2), 8286(2),
8259)

8282 1 8.00 8.00

12 MHz XTAL 1 7.92 7.92

7400 3 1.33 3.99

7474 2 1.37 2.74

74174 1 .67 .67

7406 1 1.78 1.78

7408 1 .31 .31

7404 1 1.01 1.01

8160 1 2.00 2.00

74LS138 1 .72 .72

81LS95 1 1.44 1.44

DPST Switch 1 2.00 2.00

7403 1 1.33 1.33

16 Pin Sockets ST 3 .51 1.53

14 Pin Sockets ST 9 .21 1.89

20 Pin Sockets ST 7 .32 2.24

40 Fin Socket ST 1 1-39 1.39

28 Pin Socket ST 1 1.10 1.10

18 Pin Socket ST 1 .50 .50

Capacitors (Min) 18 .37 6.66

PC Board 1 2.00 2.00

Artwork - 10.00 10.00

Manufacture 5.00 5.00

TOTAL 45 $426.22
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APU BOARD _QTY PRICE TOTAL

74163 2 $ .57 $ 1.14

74154 2 2.00 4.00

7404 2 1.01 2.02

7432 3 .26 .81

7476 2 1.87 3.74

74o8 4 .31 1.24

81LS97 1 1.44 1.44

7402 1 1.25 1.25

7406 1 1.78 1.78

8282 2 8.00 16.00

74LS138 1 .72 .72

7427 1 1.4o i.4o

DP8304 2 1.50 3.00

74121 1 1.50 1.50

AM9511 1 210.00 210.00

8T97 1 .93 .93

16 Pin Socket ST 6 .51 3.06

14 Pin Socket ST 13 .21 2.73

20 Pin Socket ST 5 .32. 1.6o

24 Pin Socket ST 3 .91 2.73

PC Board 1 2.00 2.00

Artwork - 10.00 10.00

Manufacture - 5.00 5.00

TOTAL $278.00
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PROM BOARD PRICE TOTAL

Switch Pak 1 $ 2.25 $ 2.25

DM8160 1 2.00 2.00

74LS138 1 .72 .72

8T97 2 .93 1.86

DP830o4/74LS245 2 1.50 3.00

7404 1 1.01 1.01

7432 1 .26 .26

7402 1 1.25 1.25

7474 1 1.37 1.37

2716 16* 45.00 720.00

Resistors (lOK) 10 .03 .30

Capacitors (By Pass) 18 .37 6.66

Artwork - 10.00 10.00

PC Board 1 2.00 2.00

Manufacture - 5.00 5.00

16 Pin Socket ST 4 .51 2.04

14 Pin Socket ST 4 .21 .84

20 Pin Socket ST 2 .32 .64

24 Pin Socket ST 16 .91 14.56

TOTAL $775.76

Fully Populated
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RAM BOARD QTY PRICE TOTAL

Switch Pak 1 $ 2.25 $ 2.25

DM8160 1 2.00 2.00

74LS138 1 .72 .72

8T97 2 .93 1.86

DP8304/74LS245 2 1.50 3.00

74o4 1 1.01 1.01

7432 1 .26 .26

7402 1 1.25 1.25

7474 1 1.37 1.37

4118-2 16* 28.00 448.oo

Resistors (10K) 10 .03 .30

Capacitors (By Pass) 18 .37 6.66

Artwork - 10.00 10.00

PC Board 1 2.00 2.00
Manufacture - 5.00 5.00

16 Pin Socket ST 4 .51 2.04

14 Pin Socket ST 4 .21 .84

20 Pin Socket ST 2 .32 .64

24 Pin Socket ST 16 .91 14.56

TOTAL $503.76

* Fully Populated
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PARALLEL INPUT BOARD QTY PRICE TOTAL

74LS138 2 $ .72 $ 1.44

81LS95 16 1.44 23.04

7404 1 1.01 1.01

8282 2 8.00 16.o0

DM8160 1 2.00 2.00

Switch DIP 1 2.25 2.25

16 Pin Socket ww 8 .84 6.72

16 Pin Socket ST 3 .51 1.53

14 Pin Socket ST 1 .21 .21

20 Pin Socket ST 18 .32 5.76

Capacitor (.1,.01) 18 .37 6.66

Resistors (10K) 5 .03 .15

Artwork - 10.00 10.00

PC Board 1 2.00 2.00

Manufacture 5.00 5.00

TOTAL $ 83.77

--- 149



PARALLEL OUTPUT BOARD QTY PRICE TOTAL

Switch Pak 1 $ 2.25 $ 2.25

DM8160 1 2.00 2.00

74&LS138 2 .72 1.44

Resistor (10K) 5 .03 .15

8282 18 8.00 i44.oo

16 Pin Socket WW 8 .84 6.72

16 Pin Socket ST 3 .51. 1.53

20 Pin Socket ST 18 .32 5.76

Capacitors (By Pass) 18 .37 6.66

Artwork -10.00 10.00

PC Board 1 2.00 2.00

Manufacture - 5.00 5.00

TOTAL $187.51
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DISCRETE I/0 BOARD aTY PIE OA

*16 Pin WW Socket 8 $ .84 $ 6.72

2N2222 .32 .18 5.76

7407 6 .30 1.80

Resistors (10K) 32 .03 .96

Resistors (1K) 32 .03 .96

Dual N Channel MOSPET 16 2.00 32.00

PC Board 1 2.00 2.00

Manufacture - 5.00 5.00

TOTAL BOARD $ 65.20
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DISK CONTROLLER/ QTY PRICE TOTAL
DIRECT MEMORY ACCESS

7404 7 $ 1.0l $ 7.07

7432 1 .26 .26

7402 2 1.25 2.50

74121 4 1.50 6.00

8257 1 26.50 26.50

74LS373 1 2.00 2.00

DP8304 5 1.50. 7.50

81LS97 1 1.44 1.44

74LS138 3 .72 2.16

7474 1 1.37 1.37

7417 1 1.53 1.53

FD1791B 1 49.95 49.95

CD4046 1 1.79 1.79

7400 1 1.33 1.33

74175 1 .79 .79

40 Pin Bus Connector 3 6.05 18.15

1 MHz XSTAL 1 14.87 14.87

Capacitors 6 .37 2.22

Resistors 25 .03 .75

Potentrometer 25K 2 1.00 2.00

Potentrometer 5K 2 .90 i.8o

Diodes 10 .06 .60

Capacitors (220 pf) 1 1.79 1.79

Artwork - 10.00 10.00
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PC Board 1 2.00 2.00

Manufacture - 5.00 5.00

14 Pin Socket ST 18 .21 3.78

16 Pin Socket ST 4 .51 2.04

20 Pin Socket ST 7 .32 2.24

40 Pin Socket ST 2 1.39 2.78

TOTAL $182.21
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HYBRID INTERFACE/

SERIAL I/O/TIMER BOARD QTY PRICE TOTAL

40 Pin Edge Connector 2 $ 6.05 $ 12.10

8253 1 25.00 25.00

8251 1 13.20 13.20

7404 4 1.01 4.Ol

749o 3 2.78 8.34

74163 1 .57 .57

MM5307 1 15.00' 15.00

10 MHz XSTAL 1 6.31 6.31

8.29 MHz XSTAL 1 10.25 10.25

DM8160 2 2.00 4.00

7408 1 .31 .31

7400 1 1.33 1.33

74LS138 1 .72 .72

81LS95 2 1.44 2.88

DP8304 2 1.50 3.00

14 Pin ST 12 .21 2.52

16 Pin ST 2 .51 1.02

28 Pin ST 1 1.10 1.10

24 Pin ST 1 .91 .91

20 Pin ST 4 .32 1.28

Artwork - 10.00 10.00

PC Board 1 2.00 2.00

Manufacture - 5.00 5.00

TOTAL $130.85
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D/A BOARD QTY PRICE TOTAL

74LS138 1 $ .72 $ .72

74LS 174 4 .67 2.68

AD565 2 35.00 70.00

AD171J 2 83.53 167.06

10OK Pot 2 .93 1.86

10K Pot 2 .96 1.92

Resistors (2.2K,500l) 6 .03 .18

Capacitors (15ifd) 4 .28 1.12

Artwork - 10.-00 10.00

Manufacture 5.00 5.00

PC Board 1 2.00 2.00

TOTAL $262-54
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A/D CONTROLLER BOARD QTY PRICE TOTAL

81LS96 2 $ 1.44 $ 2.88

7489 4 3.25 13.00

7)4163 2 .57 1.14

74LS138 2 .72 1.44

74S157 1 .53 .53

74123 1 2.25 2.25

74151 1 1.25. 1.25

7404 1 1.01 1.01

7400 1 1.33 1.33

16 Pin WW Socket 2 .84 1.68

16 Pin Socket ST 11 .51 5.61

14 Pin Socket ST 3 .21 .63

20 Pin Socket ST 2 .32 .64

PC Board 1 2.00 2.00

Artwork - 10.00 10.00

Manufacture - 5.00 5.00

Capacitors (9 .37 3.33

Resistors (Misc) 17 .03 .51

TOTAL $ 54.20
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SERIAL I/O INTERFACE QTY PRICE TOTAL

Banana Connector 11 $ .15 $ 1.65

4N33 2 1.87 3.74

1N914 2 .06 .12

Resistor 6 .03 .18

7406 1 1.78 1.78

75188 1 1.07 1.07

75189 1 1.07 1.07

Artwork - 2.00 2.00

Manufacture 2.00 2.00

PC Board 1 2.00 2.00

TOTAL $ 15.61
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At the Air Force Acadeaw our goals extended beyond the technical

goals given on pages 2 and 3 to include certain educational goals.

The Department of Electrical Engineering desired to provide those

rare and exceptionally outstanding students a challenge beyond the

mere pages of a text book and bordering on actual design as it might

be encountered in the real engineering world. Over the course of this

project many cadets have incidently and directly beccme involved with

the comuter system, providing then an insight into the world of

design and an experience not nornmlly available to the typical

negaute student. Wherever possible, concepts originally taught

in Electrical Engineering ccurses were expanded for application in

this system.

The following list details areas of responsibility within the project.

Bus System and Power Distribution Capt J. Pollard I

Front Panel/Single Step Control Lt J. MCobnAck II

Front Panel Controller Capt J. Pollard III

CPU/Interrupt Control/M Control Lt J. McClrack IV

Capt J. Pollard

ERM/PAM Mnory Lt M. Baumartner V

Parallel Input Ports Lt W. Davidson VI

Lt A. Bonutti

Parallel Output Ports Lt W. Davidson VII

Lt A. Bonutti
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AM9511 Arithmetic Processor Lt T. Mundelein VIII

Capt J. Pollard

Hybrid Interface/Serial I/O/Timer Capt J. Pollard IX

RS232/20 ma Loop Interface Capt J. Pollard IX

Hybrid Subsystem (A/D and D/A) CIC N. Catone X

Capt J. Pollard

Special 28 Volts Relay I/0 Lt W. Davidson XI

Lt A. Bonutti

Floppy Disk Controller Lt M. Baumgartner XII

Lt D. McGrath

Direct Memory Access Control Lt M. Baumgartner XIII

System Peripheral Devices Capt J. Pollard XIV

System Software Capt J. Pollard VOL II

ClC G. Rosenberger

CIC P. Fitzjarrell

System Cost Analysis Capt J. Pollard APPENDIX A

In addition to those personnel directly associated with particular

system modules Captain A.R. Klayton and Captain F. Cruger of the Computer

System Laboratory (DFEE) provided moral and psychological support over the

duration of the project lending to the successful project completion.
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