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SECTION 1: INTRODUCTION

LNW Research thanks you for choosing the System Expansion Board
to upgrade your Level II, 16k TRS-80* System. We believe that it
combines the most desired features with the highest level of performance
of any interface available.
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SECTION 2: PARTS LIST

The following parts lists have been prepared to allow construction
of the System Expansion Board according to your current as well as future
needs. The modular design of the interface allows you to build only the
sections that you need, thus, allowing a custom designed interface at the
lowest possible cost. To make parts gathering easier, we have divided the
parts list into three main sections.

The first list is entitled ''Parts List by Section" and it lists
the symbolic names (i.e. R11, C24, U20) of all the parts required for each
circuit. A separate list is provided for the power supply, memory expansion,
dual cassette relay driver, and those parts required for all sectiagps.

The second list is entitled "Parts List by Number'" and lists every
part used in the System Expansion by symbolic name, value, and description.

The third list is called "Composite Parts List' which lists parts
by value and the quantity required to build the entire System Expansion Board.

Provided for your convenience, also, are blank parts lists to allow
you to create your final complete parts list. This is done by deciding which
features you need (floppy controller, serial interface, etc.). Then starting
with resistors, copy the symbolic name from the section you need, find it in
the parts list by number and copy-its value and description on your blank
parts list. Place a check in the box provided on the parts list by number
so that if a different section calls out for that part it will not be duplicated.
Now go back to the list for the section you want and repeat the procedure with
the next symbolic part number. If a part has the same value and description
as a part you have already listed, simply add a comma and insert the new
symbolic name after the one that is already there. Complete all the resistors
for the sections you want before continuing on to capacitors. This will make
for an easier-to-follow parts list when done.

Once you have completed listing all the symbolic names, values,
and descriptions on the blank lists provided, count the symbolic names for
each value and description and mark this number in the box marked QTY (quantity).
Now you will know what quantity of that specific part you will need in building
your interface.

PARTS LIST (Example)

Qty Symbolic Names Value/Description

4 Rl6, 17, 18, 19 150 ohm 1/4 watt




PARTS LIST
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Qty.

Symbolic Names

Value/Description
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Value/Description




Section 2.1:

REQUIRED FOR ALL SUPPLIES

T-1 Radio Shack Computer'NéII
Transformer

+5VDC SUPPLY

R-1,2,3,4,5,32
Cc-1,8,9,60,66,67
CR-1,5,6,10

Q-1

SCR-1

u62,66

Miscellaneous

2-T0220 Heatsinks (#276-1363)!
(Ref U62,66)

1 Fuseholder (#270-739)1

F-1-2A Fast blow fuse

+12VDC SUPPLY

R-6,7,8,9
c-2,10,11
CR-7,8
Q-2

SCR-2
U-63,64

Miscellaneous

1-T0220 Heatsink (#276-1363)
(Ref U63)
F-2-.75A Fast blow fuse

-5VDC SUPPLY
R-10

C-3,4

CR-2

-12VDC SUPPLY

R-11
C-5,6,7
CR-3,4
U-65
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Parts List By Section

REQUIRED FOR ALL SECTIONS

C15-63,65 Bypass Caps,

R34-57,68,60 Termination Resistors

lpadio Shack Part
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FLOPPY DISC CONTROLLER (+5,+12,-5)

R-12,13,14,15,16,17,18,19,27,28,29,
30,31,66

C-12,15,63

v-1,2,3,6,7,8,9,11,13,14,15,18,19,
20,21,22,23,29,30,31,36

Miscellaneous

Y-1

REAL TIME CLOCK (+5)

R-27,28,29,30,31

C-15

u-1,3,9,10,12,18,19,20,21,22,24,25,
29,30, 31

Miscellaneous

Y-1

SERIAL INTERFACE (without 20mA or
110 Baud) (+5,+12,-12)

R-26,27,28,29,67

C-15

u-10,16,18,23,24,25,26,28,32,33,39,
40,41,51,52,61

Miscellaneous

Y-1

For 20mA option add R-23,24,25 and
U-50

For 110 Baud option add U-17

Cnclosed area not needed when used
with LNWS8O0.

enmnect U223 pir 9




32K BYTE MEMORY EXPANSION
Q*S,#IZ,-S)

R-58-65
c-14 .
u-11, 29, 30, 31,34,35,36,37,38

Miscellaneous

16-16 pin DIP sockets
1st 16k RAM add U42-49
2nd 16k RAM add U53-60

LINE PRINTER INTERFACE (+5)

R-20,21,22
C-13
u-3,4,5,7,19,20,30,31,36

DUAL CASSETTE SWITCH (+5,+12)

CR-9
U-20,27,50
4 Pole Double Throw Relay +5V,

100mA Max, Coil Current
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Section 2.2: Parts List By Number

RESISTORS

(1/4 watt, 5% unless other wise indicated)

R# 1 3.3n 1 watt 10% (Radio Shack Part #(RS#)271-075)
2 33 1/2 watt 10%
3 1k
4 8200
5 1k
6 10 1/2 watt 10%
7 100 1/2 watt 10%
8 1k
9 8.2k

10 220 1/2 watt 10%

11 22 1/2 watt 10%

12 10k

13 10k

14 1k

15 200k

16 150

17 150

18 150

19 150

20 4.7k

21 4.7k

22 20k

23 220

24 220

25 47

26 3k

27 150

28 680

29 680

30 1k

31 1k

32 3.3 1 watt 10% (RS# 271-075)

33 Not Used
34-45 220
46-51 1k

52 430

53 1k

54 430

S5 1k

56 430

57 430
58-65 100

66 33

67 10k

68 220

69 1k
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CAPACITORS
(A1l caps are 25VDC *20% unless otherwise indicated)

10,000 ufd. electrolytic 16VDC

c# 1

2 3,300 ufd. electrolytic
3 220 ufd. electrolytic
4 .1 ufd. ceramic
S 220 ufd. electrolytic
6 220 ufd. electrolytic
7 25 ufd. electrolytic axial
8 6.8 ufd. tantalum
9 .1 ufd. ceramic
10 25 ufd. electrolytic axial
11 .1 ufd. ceramic
12 33 ufd. electrolytic axial 6VDC
13 220 pf ceramic
14 220 pf ceramic
15 27 pf ceramic

16-33 1 ufd. ceramic

34,35 6.8 ufd. tantalum
36,38,40,42-52,54,56,58,61,62,63-.1 ufd. ceramic
37,39,41,53,55,57,59,60,65 -6.8 ufd. tantalum

C66,C67 .1 ufd. ceramic
64 Not Used

DIODES

1 4A S0PIV Inline Bridge Diode (RS#276-1146)
2 INS5231B 5.1 5%

3 IN4001 50 PIV 1A

4 IN4001 50 PIV 1A

5 6.2V 5% Zener INS5234B (500 mw)

6 IN914 (or similar)

7 14V 5% Zener (500 mw) INS5244B

8 IN914

9 IN914

0

1 IN4001 50 PIV 1A

SCR's

SCR#1 6A SQVRMS SCR (RS#276-1067)
2 6A SOVRMS SCR (RS#276-1067)
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TRANSISTORS
Q-1 MPU131 Programmable Unijunction Transistor
-2 MPU131 Programmable Unijunction Transistor
INTEGRATED CIRCUITS
U- 1 7438 u-27 74LS00
2 7438 28 74LS367
3 74LS367 29 74532
4  74LS175 30 74LS139
S  74LS175 31 74LS30
6 7438 32 741514
7  74LS123 33 74LS367
8  74LS240 34 74L5244
9 7492 35 74LS244
10 7493 36 7415244
11 74LS08 _ 37 7415241
12 7490 38 74LS241
13 74LS175 39 74LS244
14 FD1771B-01 Western Digital 40 TR1602-B Western Digital
15 74LS240 41 74LS30
16  74LS155 42-49 4116, 2117 or equivalent
17 7493 (Not 2116)
18 74S04 50 75452 Dual Peripheral Driver
19  74LS1S5 ' 51 1489 EIA Receiver
20 74LS14 52 1489 EIA Receiver
21 741874 53-60 4116, 2117 or equivalent
22 741874 (Not 2116)
23 74Ls08 61 1488 ETA Driver
24  74LS161 or -74LS163 62,63 7805 T0220 Regulator
25  74LS161 or 74LS163 64 7812 T0220
26  74LS17s 65 7912 T0220
66 7805 T0220
Misc. Y1 4.000 MHZ Crystal

Wire 24" Solid Hookup wire 24 AN insulated
1-RS-232-C Connector PC Mount Right Angle

Male-Amp #206604-1, or #206604-2.

(or)Female-Amp #206584-1, or #206584-2

2-40 pin DIP IC Sockets

16-16 pin DIP IC Sockets

8-20 pin DIP IC Sockets

13-16 pin DIP IC Sockets

21-14 pin DIP IC Sockets

1-8 pin DIP IC Sockets

2-40 pin Edge Card Connectors (termination or solder)
1-(<) 12" 40 Conductor Ribbon Cable

1-Floppy Cable

1-5 Cond DIN Jack for TRS-80 XFMER

1-T-1 TRS-80 Computer Tranformer (Cat No. 4000007)
3-T0220 Heatsinks (RS#276-1363)

2-Fuseholders (RS#270-739)

1-2A Fast Blow Fuse

1-.75A Fast Blow Fuse
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Section 2.3: Composite Parts List

RESISTORS
All resistors are in ohms 1/4 w 5% unless otherwise specified.
Description Quantity Symbolic Names
3.3 1w 10% 2 R1,R32
10 1/2w  10% 1 R6
22 1/2w 10% 1 R11
33 1/2w 10% 1 R2
33 1 R66
47 1 R25
100 1/2w 10% 1 R7
“100 4 8 R58-R65
:150 - ¥ 5 R16-R19,R27
220 1/2w 10% 1 R10
220 15 R23,R24,R34-R45,R68
430 4 R52,R54,R56,R57
680 2 R28,R29
1k i 15 R3,R5,R8,R14,R30,R31,R46-51,
R53,R55,R69
3k 1 R26
v 4.7k 2. R20,R21
v 8.2k 2 R4,R9
710k 3 R12,R13,R67
20k 1 R22
200k 1 R15
CAPACITORS
All capacitors are 20% 25V unless otherwise specified.
Description Quantity Symbolic Names
v 27 pfd ceramic 1 C15
220 pfd ceramic 2 C13,Cl4
.1 ufd ceramic 43 c4, 9,11,16-33,36,38,40,42-52,
54,56,58,61-63,66,67
6.8 ufd tantalum 12 c34,35,37,39,41,53,55,57,59,65,6C,3
25 uf electrolytic axial
lead 2 Cc7,C10
33 uf electrolytic axial
lead 6V 1 C12
Vv 220 uf eletrolytic 3 c3,Cs5,C6
3300 uf electrolytic 1 Cc2
10,000 uf electrolytic 16V 1 C1
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INTEGRATED CIRCUITS

Description Quantity Symbolic Names
/ 74LS00 1 u27
V 74504 1 Ul1s
74LS08 2 Ul1,23
74LS14 2 u20,32 - -
74S32 1 u29 S
74LS30 2 U31,41 {3 L
7438 3 Ul,2,6 (.,
\ 7490 1 U12
7492 1 U9 R
7493 2 vio,ul7 - -
|y 74LS74 2 u21,u22 -
,74LS123 1 u7
74LS139 1 u3o0
74LS155 2 Ule6,U19 = |-
74LS175 4 U4,U5,U13,U026 LT
iV 74LS161 or 74LS163 2 u24,25 oo
74LS240 2 us8,uls
74LS241 2 U37,38
7415244 4 U34,35,36,39
74LS367 3 U3,u28,33 (D
7805 T0220 3 u62,63,66
v7812 T0220 1 U64
7912 1 u6s
FD1771B-01 1 Ul4
TR1602-B Western Digital 1 u4qQ
MK4116,2117 or equivalent 16 U42-49,U53-60
75452 Dual Peripheral Driver 1 Uso
1488 EIA Driver 1 uéel
1489 EIA Receiver 2 US1,U52
DIODES
Description Quantity Symbolic Names
/' Inline Bridge diode
4A, 50 PIV (RS#276-1146) 1 CR1
IN5231B: 5.1v % 5% zener 1 CR2
INS5234B: 6.2v * 5% zener 1 CRS
IN5244B: 14v * 5% zener 1 CR7
V IN914 3 CR6,CR8,CR9
Y/ IN4001 3 CR3,CR4,CR10
MISCELLANEOUS SEMICONDUCTORS
Description Quantity Symbolic Names
6A 50v RMS SCR (RS#276-1067) 2 SCR1,2

MPU131 Programmable
Unijunction Transistor 2 Q1,2
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SECTION 3: ASSEMBLY

Due to the density and complexity of the System Expansion Circuit
Board, etch and circuit pad widths are quite small and very delicate. Good
soldering and assembly practices must be followed explicitly. Use high
quality electronic solder, or preferably multicore, resin core solder. Do
not use greater than a 30 watt pencil iron, constantly keeping the tip cleaned
and tinned. Avoid using excess heat on the board. If parts must be removed
while heating the component with the iron, gently tug or rock the lead out
of the hole. Since the holes are plated through, the plating will be removed
with the component lead if care is not exercised.

Section 3.1: General Assembly Notes

Due to the modular design of the System Expansion, a detailed
step-by-step Assembly Manual would be impossible and since the assembly of
the circuit board assumes a certain degree of ability on the part of the
builder, topics, such as: How to install a resistor, transistor, or I.C.,
will not be discussed. What the assembly instructions will include are
general and specific construction hints that we felt would be useful in
making your expansion board as easy and simple to build as possible.

Although sockets for the I.C.'s are not required, we feel it is
imperative you use them. The circuit pads are delicate and the remcval of
I.C.'s can cause serious damage to the board. For this reason, we make the
following recommendations:

Use high quality I.C. sockets, inspect them visually for defects
before installation, and take great care not to bend pins under while inserting
the sockets into the board. Before soldering the pins of the socket, make
sure that all the pins make it through the holes. All components (except for
male right angle RS232 connectors) are to be installed on the component side
with the silkscreened legend.

When installing the transistors, SCR's and IC Regulators, make sure
that the correct part is being installed the proper way. Also, make sure all
diodes, electrolytic and tantalum capacitors have been installed with the
proper polarity.

We, at LNW Research, cannot possibly recommend parts substitution.
Let it suffice to say that if the parts called out for in the parts list
are used exclusively, flawless operation will result. We cannot guarantee
operation if substitute parts are used. We also realize that there are those
who for one reason or another will find it necessary to substitute parts.
The following paragraph is written for these individuals:
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There are some common sense guidelines to follow when you are
looking to substitute parts. Make sure you consider all the possible
differences the part may possess compared to the part called out originally.
For example: Do not substitute a 74123 for a 74LS123 at U7. Although,
speed and low power are not considerations, the fact 1is, a 74123 cannot
use as high a value of a timing resistor. If the 74123 part is substituted,
strange floppy motor activity will surely result. Be sure to consider power
consumption when substituting IC's. If 74TTL was substituted for 74LSTTL
at every spot on the board, it would draw more than three times the power
fram the five volt supply. In the worst extreme, some parts are not pin for
pin compatible between 74TTL and 74LSTTL families.

Section 3.2: Specific Assembly Instructions

Before installing parts on the circuit board, check the circuit
board and RS232 connector mounting holes. These holes may need redrilling
or enlarging to accommodate your mounting requirements. If drilling is
required for component holes, be sure that you take every precaution to
protect the board from accidental damage, and solder both the component
and solder side of the PC Board.

Begin assembly by installing the IC sockets. Install the resistors
(except R34-57), capacitors (except(C6667), diodes, SCR's, transistors, and
IC regulators U62-66. Next, install the fuse holders, fuses, and power
connector at J1. The right angle RS232 connector can be installed in two
different fashions. If the PC mount connector is a male, it mounts underneath
the circuit board (solder side) and the leads are soldered on the component
side. If your connector is a female, it will mount on the top of the board
(component side) and will be soldered from the solder side. Most connectors
have the pins numbered on the plastic body near the right angle pins. Check
to make sure they correspond to the pin numbers on the board.

The termination resistors at R34-57 are to be installed standing
straight up. Before soldering them to the board, insert R46-57 in their
designated spots (pads at connector J3). Solder a bus wire to the free end
of each resistor and connect the bus wire to the hole near R69 (+5V, unmarked).
Now solder the individual resistor leads to the circuit board. Trim excess
lead lengths above the resistors and on the soldering side. Repeat this
procedure with R34-45 but connect the bus wire to the point marked GND near
pin 39 of J3. Refer to the drawing on the next page. o

/

The instructions in the enclosed area need not be followed when used with the INw80.
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Now install the following jumpers:

1. Jumper from one of the points marked GND (ground) near
J3 to the point marked GND at C33 (near U26). This jumper, as with the
others, can be done on either the component side or the solder side.

2. From the other point marked GND at C33 (near U33) to the
point marked GND at C65 (bottom of the memory array).

3. From JP13 (near Cl) to JP14 (near U9).

Do not install any other jumpers at this time. Do not install
the IC's at this time.

4. Install the T0220 heatsinks at U62, UB3 and U66.
5. Install Yl. The 4.0 MHZ crystal, leaving %' lead length.
6. Install .luf ceramic capacitors C66 and C67 between the IN and

GND designation of the +5V regulators at U62 and U66. C66 and C67 should
be installed on the solder side of the board. Note the drawing below.

Solder Side Solder Side

Before preceding to the section on Test and Operation, inspect
your completed board carefullvy. Check for cold, unsoldered, or shorted
connections. Alsc, check for stray component leads that are shorting or
that haven't been cut off. Double check to make sure that IC's, diodes
electrolytic and tantalum capcitors, SCR's and transistors have been
installed correctly.

\

Y VMG ELEEETE; N

Fo BRI e

45

LS L S

TERMINATION RESISTORS
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Section 3.3: 1Initial Test

This section describes the intial power up procedure and

tests.

Care should be taken to exercise the following steps to
ensure a successful interface:

1. Supplies that are being used (page, 5 , Parts List
by Section) should be measured to guarantee proper DC voltage. The
table below indicates voltage measuring points with reference to ground.

: Measurement
Voltage Points
+ 5V JP1,JP3
+12v JP11
- SV JpP7
-12V JPQ

2. When the above DC voltages have been checked out to be
correct, add the jumpers for the appropriate supply. Caution: Soldering
should never be done with the power on!

Voltage From To
+ 5V Jpl JP2
+ 5V JP3 Jp4
+12V JP11  JP12
- 5V JP7 JP8
-12v JP9 JP10

3. Apply power to the System Expansion Interface and verify
the voltages being used are correct.

Location

Voltage

Ccé6l
C65
€62
Cs9
C4l
C25
C33
C17
C35
C43
Cé63

near
near
near
near
near
near
near
near
near
near
near

U14PIN2
UGQGPIN7
U30PIN9
U60PIN1
U48PINS8
U25PINS
U33PIN9S
U2PIN16
U34PIN20
U40PIN1
US1PIN7

- S5V
- SV
+12V
+12v
+12V

S5V

+ + + + ¢+
2
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4. Turn the power off the System Expansion Board and install
the IC's called out for in the Parts List. Make sure the pins are not
bent under when inserting the IC's into the sockets. The silk screened
key indicates the PIN1 position as shown below.

Key
T
PIN1
Position —»
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SECTION 4: SYSTEM CONFIGURATION

This section describes in detail how to connect the TRS-80,
Parallel Printers, and Minifloppy Drives to the System Expansion Board.

It also shows how to install RAM and configure Printers and
Modems to the Serial Interface. Connecting accessories to the Screen
Printer Bus and the Cassette Relay Driver are also discussed.

Section 4.1: Installing Memory

Memory expansion may be upgraded in three increments. The
first 16k byte should be installed in the TRS-80* keyboard and the remaining
two 16k bytes may be installed in the System Expansion Board.

The first 16k bytes installed in the System Expansion Board
should be located at U42 through U49, the lower bank.

The second 16k bytes should be installed in locations U53
through U60, the upper bank.

Section 4.2: Connecting to the TRS-80*

Both J4 and J3 may be utilized for the computer keyboard connecticn.
Figure 1, Cable 1, shows the interfacing cable. Figure 2, TRS-80*
Connection, show the actual connection of the TRS-80* to the System Expansion
Board. When connecting to J3 with the cables down, the System Expansion
Board should have the solder side up. when connecting to J4 with the cable
down, the System Expansion board should have the component side up. When
properly connected, there should be no twist in Cable 1.

If you choose to use the solder type card connectors in constructing
of Cable 1, make sure that the pin numbers on the computer connector match
the silkscreened numbers at J3 or J4. .

Section 4.3: Connecting to Centronic/Radio Shack Parallel Printer

Radio Shack Printer Cable should be used when connecting to the
Centronic/Radio Shack Parallel Printers. Care should be taken to match the
silkscreened pin numbers on the System Expansion Board to the edge card
connector.
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40 Conductor Edge 40 Conductor
- Card Connector Mass Ribbon Cable
Termiration' Type s

FIGURE 1. CABLE 1

Connector . T - \

Back of the TRS-80*

To System
Expansion Board
e
FIGURE 2. -TRS-80* CONNECTION + System Expansion
e Circuit Board
= - "' k_
To TRS-80%— ——— J-3 System Expansion Solder Side Up
e J-4 System Expansion Solder Side Down
e T S S R ——
/' b
‘Cable 1 \\\
- (Down) T~

FIGURE 3. SYSTEM EXPANSION CONNECTION T~
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Section 4.4: Connecting to Mini-floppy Drives

Only the mini-floppy disk that has been configured for use
on the TRS-80* system will be compatible with the System Expansion Board.
Care should be taken to match the sikscreened pin numbers on the System
Expansion Board with the numbers on the edge card connector.

Section 4.5: Connecting to the 40 Pin Screen
Printer Bus

Either J3 or J4 is used to connect between the TRS-80*, and
the System Expansion Board.

The connector that is not used can be connected to devices designed
to interface directly to the 40 pin bus. Screen printers, printers, S-100
interfaces, color graphic boards and back-plane systems are examples of the
devices which may connect to the System Expansion Board Screen Printer Bus
(J3 or J4). Since these devices vary in function and electrical characteristics
we cannot describe in detail their compatibility. We will point out a few things
which can cause problems:

1. Termination" Resistors-If the device has termination on the
cable input, the termination resistors R34-57,68 and 69 may or may not be
needed on the System Expansion Board. The usual procedure is to terminate
the last stage connected (i.e. device farthest from the TRS-80*) but
experimental results will be definitive,

2. Conflicting Addresses-If the device was designed to not operate
properly with the expansion intertace, it will not function with the System
Expansion Board. Beware of conflicting memory and port addresses. Consult
the specific manufacturer's literature and the circuit description section of
this manual for further information.

Section 4.6: Dual Cassette Configuration

The relay connectors should be wired as shown on Page 1 of the
System Expansion schematic.
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Section 4.7: Serial Interface Configuration
In order to operate serial devices from the serial interface,
several jumpers must be configured on the System Expansion Board:

1. Configuring RS-232-C interface as Data Terminal (DTE) or
Data Communications Equipment (DCE):

--Jumpers at E1,E2,E3,E4

2. Configure Baud Rate:
--Jumpers at RX,TX,a-h

3. Program Parity, Word Length, and Numbers of Stop Bits:
--Jumpers at ES,E6,J,K,L,M,N,P

The details of each of these jumper configurations are as
follows:

Section 4.7A:Configuring Jumpers E1,E2,E3,E4

There are two main classifications of Serial Interface devices-
Data Terminal and Data Communication Equipment. Both types can send and
receive serial data but the distinction between the two allows one type to
send on the same line as the other type receives, and vice versa. Teletypes
and Serial Printers are generally classified as Data Terminal Equipment (DTE)
while modems are defined a- Data Communications Equipment (DCE). Therefore,
when connecting the serial interface to seriali printers (DTE), the serial
interface must be configured as Data Communications Equipment (DCE). When
connecting to modems (DCE), the serial interface must be configured as a
Data Terminal Device (DTE). Jumpers at E1,E2,E3, and E4 are provided for
this purpose:

Device to be Interfaced (Type) Jumper Serial Interface (Type)

1. Serial Printers (DTE) E3 to E4, E1 to E2 (DCE)

2. Teletypes, Decwriter (DTE) E3 to E4, E1 to E2 (DCE)
etc.

3. Modems (DCE) E1l to E4, E2 to E3 (DTE)

Section 4.7B:Baud Rate Configuration

The baud rate jumpers (RX,TX,a-h) near Ul0 consist of two groups
of twelve (12) pads with the markings RX and TX above. The center pads
of the unmarked columns supply the eight different baud frequencies. To selec:
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the baud rate for transmit (usually the same as baud rate for receive),
jumper from the center colum pad of the row (a-h) to TX (transmit pad) .
For receive, jumper from center column pad (a-h) to the RX (recieve) pad.
The following table list the baud frequencies with the corresponding
letters: .

9600 baud
- 4800 baud
- 2400 baud
1200 baud
- 110 baud
- 150 baud
- 300 baud
600 baud

moommooOw®
' '

Do not jumper two center pads to any RX pad or jumper two center
pads to any TX pad. The following figure shows two correct configurations
and one incorrect configuration:

.

RX TX RX TX

*» * * a * v ot e Correct Configuration

* * * ) * * » f Set for 300 baud Transmit
* * * c A g 300 baud Receive

: ] » » d * * * h

RX TX RX TX

* A+ 3 * * * e Correct Configuration

* * * } * « « f Set for 9600 baud Transmit
~— * c * * * g 2400 baud Receive
» * * d » * * h

RX TX RX TX

* * * 3 * * + g Incorrect Configuration

* A } + + + f Both 4800 baud and 2400 baud
* = * * * g are shorted together.

* * * d * * * h

Section 4.7C:Programming Parity, Word Length, and Number of Stop Bits

Some serial devices transmit and receive without parity; others
with even or odd parity. Word length might be 5,6,7, 0T 8 bits and the number
of stop bits may be 1, 1%, or 2 for the specific device being interfaced.

The UART in the serial interface must be programmed for the above
functions. The software driver programs do configure the above functions.
To allow the user the ability to change the above configuration with jumpers
whenever these parameters are changed, the software drivers program reads
the status of the configuration jumpers and utilizes this information in
initializing the UART. The configuration jumpers (near U28) consists of wires
connecting the points J,K,L,M,N, and P to either E5 (+5V, Logic "1") or E6
(ov, Logic "0"). The following chart describes these various configurations.
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Function Condition Jumper K to Jumper E5
Parity Inhibited K ES
J Don't Care
Parity Even K E6
ES
Parity 0dd K E6
J E6
Word Length S Bits M E6
P E6
Word Length 6 Bits M ES
P E6
Word Length 7 Bits M E6
2 ES
Word Length 8 Bits M E5
P ES
Stop Bits 1 N E6
2 N ES

NOTE: For a five (5) bit word length, when selecting two (2) stop bits,
the actual number of stop bits is 1% stop bits.

Section 4.7D:Connecting tc the DB25 Connector J2

Except for RS232 Send (Pin 3) and RS232 Receive (Pin 2) which
are jumper selectable, the rest of the RS232 interface lines on J2 are
configured as '"Data Terminal Equipment." This allows all the handshaking
required when interfacing to a modem. Since RTS (Pin 4) and DTR (Pin 20)
are also driven by RS232-C Teletypes, Decwriters, and other Data Terminal
Equipment, conflicts may result when the Serial Interface is configured as
a DCE.

Make sure when connecting to the above mentioned equipment, the
RTS and DTR lines are not connected to the Decwriter or Teletype (in the
DB25 cable). When using a Decwriter or Teletype as a serial printer, the
RTS, DTR line are not used. They are used only when the Teletype or
Decwriter is connected to a modem. The illustration on the following page
shows the required interconnection for modems, printers and teletypes.
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Section 4 .7E:Software Driver Programs

After the configuration jumpers have been set according to the
specific needs of your system and your serial device connected to your
interface, software driver programs must be used to:

1. Reset the UART.
2. Read in jumpers at J,K,L,M,N,P.
3. Program the UART based on the jumpers (2 above) for parity,
word length and number of stop bits.
4. Drive the serial interface inputting and outputting data
through the UART's Registers, the Handshaking Latch and the Modem Status
Buffer.

The software listings supplied in the appendix (Section 9.3)
do all the above. The Basic Serial Printer Program allows the use
of a serial printer with handshaking. This Leve) II Basic (or Disk Basic)
progranm pokes a machine language program into RAM starting at 7FpAH. Since
large disk basic programs will conflict with this address, it may be
necessary to change the program so that it will load at a higher location.

If your printer does not support handshaking, change Line #110
to 110 DATA 219.232,203,119,0,0,219,234.

The Serial CRT Terminal Program allows the TRS-80 to be used as
a CRT Terminal with communication to a modem oOr other serial device
through the serial interface. ‘The source program can be assembled orT
the binary can be entered into memory by using Debug.
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SECTION 5: SYSTEM TEST

This section describes some simple test to check the operation
of the System Expansion Board. These tests are not definitive, but give
a general indication that the system is working properly.

Section 5.1: Memory Test

For systems with 16kb of memory in the keyboard and 16kb of
memory in the System Expansion:

1. Depress the 'break key' while powering up the TRS-80*.
2. ? MEM .
The computer will respond with a number greater than 30,000.

This number will indicate the available memory space. For
systems with 16kb of memory in the keyboard and 32kb of memory in the
System Expansion the reply to ? MEM should be a number > 48,000.

Section 5.1: Minifloppy Test

A good test is to try it with a minifloppy drive. The following
steps should be followed for a proper power up sequence: :

Connect a minifloppy drive cable to J6. Apply power to the drive
and the System Expansion. Insert a write protected DOS diskette (write
protect tab on). Next power up the TRS-80*, at this time the drive should
be selected and motor on the drive should be activated. The computer
should reply with DOS ready. A good test of the write capability is to
make a back-up copy of a DOS Diskette. There are several types of TRS-80*
compatible DOS available,so follow the DOS manual for the actual commands.

Section 5.3: Parallel Printer Test

Connect the cable to the printer according to Section 4.3. While
in Basic, try a LPRINT command or enter a simple basic program and try a
LLIST command. These basic commands will output to the parallel printer
port.

Section 5.4: Serial Interface Test
Either key in the Serial CRT Terminal Program in Section 9.3

Serial Interface Driver Listings under debug or key in the Source Listing
and assemble the program to generate the binary program.
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When running the Serial CRT Terminal Program, the Jumpers El
and E3 should be shorted together.. This will allow the send data to
be read back into the TR1602B UART. What is typed on the keyboard will
be displayed on the CRT, .

Section 5.5: Real Time Clock Test

While under DOS, use the clock command to display the real
time clock.

The ' TIME' command is used to set the real time clock. The
CMD''T" will stop the clock (disable interrupts); a CMD"R" will enable
interrupts which will start the real time clock.

Section 5.6: Dual Cassette Control Test

Apply the ohm meter at the minus (-) pad of CR9 and GND, a
reading of above 500 ohms should be indicated on the ohm meter. Under
the Basic Program type:

CLOAD #-2, "A"

The ohm meter should now indicate a reading of below 500 ohms.
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SECTION 6: PARALLEL TO SERIAL MODIFICATION

This special modification allows the use of a serial printer in
place of the parallel printer for all applications without requiring serial
driver programs in RAM and without the device control block driver address
being changed. This modification is useful in applications where software
supports only the Radio Shack/Centronics parallel printer. In order to use
this modification, the serial printer (or teletype) must have '"Auto-Linefeed"
(must be able to recognize a carriage return and automatically generate a
line feed). Most serial printers have this capability and many teletypes
and decwriters have this capability as an option. This modification can
be configured for printers with or without handshaking.

A switch is used to select the Serial Interface Port Addressing
so just the flip of a switch and the Serial Interface is back to its
standard configuration. All that is required to bring the Parallel Printer
Port back to it's original configuration is to disconnect the RS-232-C device
from J-2 (handshaking) or change one jumper (without handshaking).

A Serial Printer Initialization Program (listing supplied in
Appendix 9.3) must be run each time the System Expansion is powered up
to initialize the UART in the Serial Interface. After the UART has been
initialized, the TRS-80* can be turned off, any software run, and as long
as the device control block driver address (see Appendix 9.3, Serial Printer
Driver Program) has not been changed from the standard Parallel Printer
value, the LPRINT and LLIST commands will output to the Serial Printer.

Section 6.1: Modification Instructions

Parts Required

1-DPDT miniature toggle switch (S1)

3% ft-30ga solid insulated wire

1 ft -7 conductor ribbon cable (actual length will
depend on location of S1)

Etch Cuts
When cutting the etch on the circuit board, be careful not to

damage any other traces of etch. Use a sharp blade and refer to the
following drawing when making these two etch cuts.
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1. Solder side between U40-16 and feedthrough.
2. At feedthroughs near U26 and Ul8.
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C000 0000000000000 000 _—————

uao0
FIGURE 5.

Depending whether your printer has handshaking, printer busy
connected-piné of J2 (DB25 connector) DSR, or not will determine which
of the following jumpers are to be installed:

With Handshaking- (Printer busy connected to pin6é, DSR, of the
DB25 connector at J2)

Jumper Location
n U32-11 to U33-4

Without Handshaking-If your printer (teletype) does not have
handshaking (i.e. nothing connects to DSR pin6 of J2) install the
following jumper:

Jumper Location
1 U32-11 to U32-7 (GND)
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Jumpers
Using 30 ga wire, jumper the following locations:
Wire Length - Jumper Location
7 U40-18 to uls-11
10" U40-22 to Ul-10
i Ul-10 to U1-13
1" ul-9 to 1J]1-12
9" Ul-12 to U32-10
3 Ul-8 to U3-2
3 Ul-11 to U3-6

Now using the figure on the next page as a reference, wire
the DPDT switch S1 using the 6 conductor ribbon cable. The length of
the ribbon cable should be selected on the basis of the location ef
the switch S1.

S1 pin 1 to Ul6-12
S1 pin 2 to U40-23
S1 pin 3 to U40-16
S1 pin 4 to Ul6-5
S1 pin 5 to U18-10
S1 pin 6 to U 5-9

S1 case to U33-8 (GND)

Section 6.2: Test and Operation

Refer to Section 4.7 on how to connect your serial printer
to the RS232/20mA serial interface. Set S1 (Printer/Modem) to PRINTER.

In order to initialize the UART with Parity, Number of Stop
Bits, and Word Length, configure the serial interface as described in
Section 4.7 on Serial Configuration. Then use the Printer Initialization
Program to initialize the UART. To run this program, either reassemble
the source or enter, using debug, the binary. After the program runs,
it jumps back to the entry point of DOS (402D-H). If you would like to
change that location, simply substitute your entry location for the one
currently used (remember--last byte of the address comes first in the
binary).

Test

Now with the printer set for Auto Linefeed, load basic and test
your interface with the LPRINT command.

Type in LPRINT '"TEST" <Enter >
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The printer should have printed the letters TEST, returned to
the start of the line and advances the paper one line. If the printer
did not print and the keyboard locks out, recheck your wiring of the
MOD. If the keyboard is not locked out, check the wiring to your
printer and check to make ‘sure your serial interface and printer are
both configured properly. If the printer prints strangely, chances
are the baud rate, number of stop bits, word length and/or parity
are improperly set. Refer to the Serial Configuration Section of this
manual for more information.
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IN CASE OF PROBLEMS

The following is a list of common problems that might be
encountered. As always, all problems cannot be anticipated; but,
by isolating the fault most problems can be found easily.

LIST OF COMMON PROBLEMS

POSSIBLE CAUSES

Floppy motor stays on
intermittently

Floppy disk operation
intermittent

Intermittent memory operation

Floppy inoperative, Baud rate
clock missing

Intermittent program ''crash"

Serial Interface runs Serial
CRT Terminal Program, but,
communication to other Serial
devices is incorrect.

U7 must be a 74LS123

C61 not installed

Termination resistors not
installed; Jumper from GND at
J3 to JP13 not installed;

Cl4 missing or wrong value;
Capacitors on memory not
installed.

Ul8 must be a 74S04

Inductive load switching on

A.C. power line. If changing
the A.C. outlet is not possible,
try an A.C. surge/noise filter.

Configuration jumpers or
baud rate improperly set.
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3. Checks for desired section,.check ID field and
locate it's data address mark.

4. Track number of the current read-write head position
is kept accounted.

The interface to the processor is accomplished through the eight
Data Access Line (DAL) and the associated control signals.

When reading for the DAL, the address decoder Ul9pind (37EC READ)
will be low enabling U8 and U1l5 to buffer data from Ul4 DALP-DAL7 to the
data bus DP-D7. When writing from the data bus to DAL, the address decoder
Ul9pinl2 (37EC WRITE) will be low enabling U8 and UlS to buffer data from
the data bus D@-D7 to the Floppy Controller DAL@-DAL7Z.

The least significant address Af, Al is decoded by the Floppy
Disk Controller Ul4 to interpret the selected registers of the read and
write operations. These registers are decoded as follows:

Al-Ap Read (RE) Nrite (NE)
p p Status Reg. Command Reg.
p 1 Track Reg. Track Reg.

1 9 Sector Reg. Sector Reg.

1 1 Data Reg. Data Reg.

The interrupt request of the Floppy Disk Controller (FDC)
Ul4pin39 indicates the completion  or termination of any operation. This
interrupt signal (INTRQ) presets the flip-flop U22A presenting a high to
Ulpind and 5, which is reset by reading the FDC Status Register. Reading
from 37EMH will reset the interrupt signal Int by clocking a low at the
output of flip-flop U22A.

The FDC Ul4 requires a 1 MHz clock generated from the 4MHz main
clock circuit. U9 and U22B are '‘divide-by-two'' circuits which divided
the 4 Miz down to 1 MHz.

Drive Selection through Data Line DA-D3 is clocked into Ul3 by
the signal 37E# write. This also triggers the one-shot (74LS123) U7A
generating the motor on signal. The drive selection is only activated
when the motor on signal from U7ApinS is high.

When U7pin5 (motor on signal) is low, clearing Ul3, a high is
generated at Ullpin8. This high at Ullpin8 is inverted by U22pinl0
providing a low command and the floppy status is ready.

Most users need not worry about programming the FDC when utilizing
TRS or other compatible TRS-80* type DOS. There will be knowledgeable users
who will program the FDC, an understanding of the Western Digital's
FD1771A/B-01 Data Sheet (Appendix, Section 9.3) is manditory.

The drive configuration and eable positioning are described in
Section 4, system Configuration. '
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SECTION 8: CIRCUIT DESCRIPTION

The circuit description is supplied as an aid in trouble-
shooting or understanding the System Expansion board.

Section 8.1: Memory Expansion

Address lines A0-Al3 are received by U37 and U38, octal
buffers/line drivers. These receivers have Hysteresis at inputs
to improve noise margins. The MUX line selects the row and column
addressing. The row address strobe (RAS) is buffered to all of the
RAMS while the column address signal is gated by U29 with the 48k
RAMEN and 32k RAMEN. The 48k RAMEN and 32k RAMEN signals are decoded
by U30 the address decoder. The 48k RAMEN signal will be low between
the hex address range of CO00-FFFF. The 32k RAMEN signal will be low
between the hex address of 80Q0-BFFF.

The data bus is buffered by U34 and U35 octal buffer/line
drivers. These buffers will pass data from the memory onto the data
bus when Pin 1 of U34 and U35 is low. The memory data are enabled
by Pin 19 of U34 and U35, this pin is always low enabling data from
the data bus to the data input of the memory array.

The series terminations R64 through R65 greatly reduces
the signal reflections generated by interfacing TTL with MOS inputs.
These series terminations greatly reduce the characteristic '"signal
ringing" resulting in a quieter memory array.

Section 8.2: Mini Floppy Disk Interface

The function of interfacing the TRS-80* computer to a minifloppy
drive is performed primarily by the Western Digital's FD1771B-01 Floppy
Disk .Formmatter/Controller chip.

This MOS/LSI device performs much of the housekeeping involved in
reading and writing data to and from the disk. Some of the internal features
include:

1. Cyclic redundancy check and generation for error
checking.

2. Internally separates disk head output into data.
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Section 8.3: Parallel Line Printer Port

The System Expansion contains an interface to the Radio Shack/
Centronic Printer. This Parallel Printer Interface consists of an eight
bit output port and a four bit input port.

This I/0 port is accessed by either writing or reading from
memory address 37ES8H.

When a read to memory address 37E8H, the following data bit
indicates these printer status:

Data Bit Printer Status
D 7 Printer Busy
D 6 Paper Empty
D S Unit Select
D 4 Fault

The Radio Shack's parallel printer has wire ORed internally,
the printer busy status, and the paper empty signal.

When using the Radio Shack/Centronic Printer, only one of these
two status bits, D6 or D7, needs to be checked. The printer busy indication
is issued by asserting a logic one. When this occurs, the paper empty
status will also be a logic one. The printer program only needs to check
one of the two status bits for a logic zero at the data bits, D6 or D7,
prior to outputting to the printer data latch. The unit select and fault
status bits are not used by the Radio Shack's printer.

A write to memory location 37E8H will load the output latch U42
and U43 to generate a signal called '"Data Strobe."” This signal '""Data Strobe'
will transfer the data fram the output latch U42 and U43 to the line
printer's internal data buffer. .

The '"Data Strobe' signal will be a low-going pulse of approximately
1.5 microseconds.

The Radio Shack's printer is set up to recognize the following
control characters for the line feed and carriage return:

Character Function
PAH Line Feed
PDH Carriage Return

When either one of these control characters are received by the
printer, the printer will assert a logic one bit at the printer busy status
(J5pin21).
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Section 8.4: Serial Interface

The Block Diagram (Figure 7 ) outlines the major sections
of the Serial Interface. For the following circuit description, use
the schematics along with the Block Diagram to aid in visualizing the
circuit theory.

Section 8.4A:Crystal Drivers and Dividers for Baud Rate Generation

Crystal Y-1 has Ul8 as a driver and is divided by counters
U24,25,10,17,9 and 12. Part of U9 is used to drive a divider for the
Floppy Controller and Ul2 is used to drive the Real-Time Clock. In
order to provide the receive and transmit baud clocks for the UART,
the 4 MHz ouput of Ul8 must be divided down. U24 and U18 divide the
crystal frequency by 13 (U24pinll) which is further divided by 16 (U25)
to provide the upper 4 baud frequencies (9600,4800,2400,1200). The
1200 baud tap feeds Ul0 where the next three baud frequencies (600,
300, 150) are generated. U2Spinl2 (2400 baud) is divided by 11 at Ul7
and UlOpinlé4 (+ 2) to provide the 110 baud. Baud rate is programmed
by jumpering A,B,C,D,E,F,G, or H to the RX and TX line. These RX and
TX lines are used by the UART for the Receive and Transmit Baud Clocks
(see UART, next section).

Section 8.4B:TR1602B UART

The TR1602B Universal Asynchronous Receiver/Transmitter (UART)
is the heart of the serial interface. It takes parzllel data from the
CPU BUS and converts it to serial data and at the same time can receive
serial data and convert it to parallel. It has two registers which can
be read--one for the status and the other with received data, It has
two registers which can be loaded--one with transmit data and the other
with control information (word length,parity,stop bits). A reprint of
the Western Digital TR1602B Data Sheet is included in the next
section for those interested in the details of it's operation.

Section 8.4C:EIA RS232C and 20mA Level Shifters and Drivers

The serial output of U40 is pin25 (TRO). It drives U18
for buffering to EIA Driver U61pin9 and the 20 mA driver U50piné.
Serial output can be by U26pinl0 which drives both U60pinl0O and U50pin7.
U50, R23 and 24 provide the 20mA interface. When US0 conducts it allows
about 20mA of current to flow (20mA=mark,fmA=space). Received serial
data is brought in to US0Opin4., US1 is an EIA to TTL receiver. The
20mA serial input is accomplished by the current to voltage conversion
of R25 and 26. The TTL received data is fed to the Receive Data
(RI,U40pin20) of the UART and is fed to U33pinl2 to be read as part
of the Modem Status Buffer.
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Section 8.4D:Handshake Latch

U26 is the handshake latch. DO0-D2 inputs to U26pind,5, and 12
respectively. The latch is loaded when U26pin9 goes ''low" from OUT EAH
(Ul6pin5). The outputs of U26 are fed to U61pinl2,13, and U6lpind,5 for
level conversion to EIA standards.

Section 8.4FE:Modem Status Buffer

U33 is the modem status buffer. EIA receiver at USZ converts
EIA levels to TTL. This is input to U33 at pins 2,4,6, and 10. In
addition, the Serial Input (TTL) is fed to U33pinl2 to allow the CPU
to directly input the serial data.

8.4F:Configuration Sense Jumpers

Jumper wires from K,N,P,M, and J connected to E5 or E6 select
whether the associated data bit is a "one" or a ''zero" when U28 is
enabled on the data bus. Ul6piné goes '"low' when port ESH is addressed
which drives the enable pin5 (1 and 15) of U28. These jumpers are
used by the serial driver software so stop bits, parity and word length
can be selected by hardware configuration.

8.4G:Decoding and Control Logic

The port address decoding (IN,OUT-E8,E9,EA,EB) is accomplished
by U41 and Ul6. U4l decodes the upper 6 bits (E8) and outputs to the
strobe inputs (i5,2G) of Ulé. The lower two address bits (Ap,Al) feed
to the A and B inputs of Ul6. Ul6 is a 2/4 line decoder and its outputs
(pins4,5,6,7,9,11,12) (active low) select which port is addressed and
whether it is an in or out instructions. U23 (pinsl and 2) is driven
by INEAH and INEBH such that, whenever, the Receive Register and the
Status Register of the UART are read, U39 drives the data onto the data
bus. Below is a summary of the address decoding:

IN E8H - Modem Status Register

IN E9H - Configuration Jumpers

IN EAH - UART Status Register

IN EBH - UART Receive Register, Data Received Reset
OUT E8H - Master Reset

OUT E9H - Not Used

OUT EAH - Control Register Load, Handshake Latch Load
OUT EBH - Transmit Holding Register Load
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SERIAL INTERFACE PORT ADDRESSING

UART Control
pata | Jumper | Configuration Register UART Status| Modem Status
Bit | Letter Jumpers Handshake Latch Register Register
D7 j Even/Odd ParityEven/Odd Parity|Data ReceivedClear to send
1=Even 0=0dd 1=True Pin 5 DB-25
D6 m Word Length 1 | Word Length 1 | THRE 1=True | DSR
Pin 6 DB-25
DS P Word Length 2 | Word Length 2 |[OverrunError| CD
1=True Pin 8 DB-25
D4 n Stop Bit Slct.| Stop Bit Slct. |Framing Err. | Ring Indctor.
1=2bits,0=1bit| 1=2bits,O=1bit ngrue Pin 22 DB-25
D3 k Parity Inhibit| Parity Inhibit |Parity Error
ldisabled par./1disabled par. | 1sTrue
D2 Break,0 Disable
Transmit Data
D1 Request to Send Receiver In.
Pin 4 DB-25 UART Pin 20
DO Data Terminal
Read
Pin 20 DB-2S5
IN PESH OUT PEAH IN PEAH IN PESH
FIGURE 8.



November 1979
39

Section 8.5: Real Time Clock

The Real Time Clock is asserted every twenty-five (25) milli-
seconds, the time period corresponds to a 40HZ interrupt. The programming
can be by DOS or in a User's Machine Program. The interrupt service must
read from address 37E@H. If Bit D7 is equal to a logical 1, this indicates
the RTC generated the interrupt request. Note the TRSDOS Manual for
commands.

Section 8.6: Dual Cassette Port

The System Expansion features a Dual Cassette Port Control. An
externally wired relay will be requlred (shown on the schematic) to control
two cassette:recorders.

The cassette control utilizes data bit A (DB) to control the
selection of cassette output jacks. Memory address 37E4H will generate
signal CSW allowing bit D@ to either set or reset the flip-flop U4l. U4l
is a set of nand gates wired as a flip-flop which will conrrol U50, a high
current driver to force the relay to switch states. The following assembly
program illustrates the selection of cassette zero or cassette one:

; cassette zero selection

LDA, A ; load p in D@
LD (37E4H), A ; output to U41 flip-flop

; cassette one selction

LDA, #1H ; load 1 in DP
LD (37E4H), A ; output to U4l flip-flop

Under the Basic Program, the cassette related commands are:
CSAVE and CLOAD. Examples are as follows:

CLOAD # - 1’ 'lAl'
CSAVE # - 2, "A"

The above basic commands will load from cassette tape #1 and
transfer the resident program to cassette tape #2.
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Section 8.7: Power Supply

. The Radio Shack UL Approved Power Pack at T-1 provides
17.0VAC at 1A and 19.8VDC (internally rectified) at .35A. Both
windings-are center tapped. The AC secondary is full wave rectified
by CR1 to provide unregulated DC for the +5 and -5 supplies.

Section 8.7A:+5 Supply

The unregulated positive output of CR-1 is filtered by Cl and
fed through F-1 to limiting resistors R32 and R1,C66 and C67 at the
input of regulators U62 and U66 eliminate oscillation along with the
output bypass capacitors C-8 and C60. Regulators U62 and U66 provide
accurate +5 supplies to JP3 and JP1 with short circuit current limiting
and thermal shutdown.

Section 8.7B:-5 Supply *

The minus lead of CR-1 is filtered by C-3 and regulated by R10
and CR-2 (5.1 V 5%) C-4 filters the regulated output.

Section 8.7C:+12 Supply

The 19.8 volts unfiltered DC from T-1 is filtered by C-2 and through
F-2 provides the unregulated input to U63. UG3 serves as a pre-regulator
to U64. This arrangement with U63, R-6 and U64 provides Foldback Current
Limiting under overload or short circuit conditions. Imagine that the
output of U64 is shorted to ground. The GND reference for U63 is now at
ground and being a +5 regulator it has exactly SVDC at its output. With
the voltage drop across R6, the input voltage to U64 is around 3V. This
voltage approaches the minimum differential input-output voltage of the
7812 regulator. For this reason, the regulator cannot supply more than a
few hundred milliamps of current to the short. With this scheme, the
power pack is protected against long term overloads and circuits on the
+5 supplies are protected in the event of a +5 to +12 short.

Section 8,7D:-12 Supply

Minus 12VDC is required for the UART and RS-232-C/20mA interface.
In order to provide this, voltage doubling is required to obtain a negative
voltage greater than -15V for regulation. RIl limits current, C5 provides
DC blocking and CR3 and CR4 provide doubling with C6 filtering the final
doubled unregulated supply (-20V).

C7 filters the regulated output of regulator U65 providing -12VDC.
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Section 8.7E:Overvoltage Crowbar

In the event the +5 supplies at JP1 overvoltages over 6.2 volts,
CRS will begin to conduct current. While the gate voltage of Q-1 remains
the same, the anode voltage will continue to rise. When the anode is
more positive than the gate, the anode will conduct forward current to the
cathode which feeds through CR8 to fire SCR1 and SCR2. This causes both
F-1 and F-2 to open. CR10 is used to isolate the two five volt regulators
but cause the crowbar to fire in the event of a +5 overvoltage at JP3 (6.9V).
Q2 operates in the same fashion but since CR7 is a 14V zener, as Q1, the
trigger voltage is around 14V,

Troubleshooting begins with cutting of the power supply jumpers
at JP1,JP12,and JP3. Then jumper across the gate and anode of Ql and
jumper the gate and anode of Q2. Replace F1 and F2, power up the board
and with a voltmeter, quickly identify the overvoltage source. When the
supply is repaired, remove the jumpers across Q1 and Q2 and reinstate
jumpers at JP1,JP12, and JP3.
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MOS/LSI
TR1602A & TR1602B

ASYNCHRONOQUS RECEIVER/TRANSMITTER

WESTERN ‘Q' DIGITAL
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PIN CONNECTIONS
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o SILICON GATE TECHNOLOGY — LOW THRESHOLD ] ; pe] f; PR R R Ll s s 5
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Duueel:lmy‘TTLmdDTLCommnhlo-Extm stors S SRS ARIANC:RRR RRREXAR G

e D.C.STABLE (STATIC) CIRCUITRY

e FULL DUPLEX OR HALF DUPLEX OPERATION . ) :

Transmits And Receives Serial Data Simultaneously Or
Alternately °

e AUTOMATIC INTERNALSYNCHRONIZATIONOF DATA - nmewe ~noae2023xsec228

AND CLOCK oo ouggguUuUuyuugyggguadugy
- ~ ® W e NN - - Py -
. AUTOMATICSTARTBlTGﬁNERATION >g >8’8 g A EEE S r ey g g g £ g .

BUFFERED RECEIVER AND TRANSIMITTER REGISTERS

FULLY PROGRAMMABLE -~

EXTERNALLY SELECTABLE

Word Length .-A---.-L-.-‘-.u&u.z‘ugag‘u..-

Baud Rate )

Even/Odd Perity (Receiver/Verification —
Transmitter/Generation)

Party Inhibit — Verification/Generation

One, One and One-Haif, or Two Stop Bit Generstion

AUTOMATIC DATA RECEIVED/TRANSMITTED STATUS
GENERATION

Transmission Complete Parity Error
Buffer Register Transfer Complete Framing Error
Raeceived Data Avasilable Overrun Error
THREE-STATE OUTPUTS

Recsiver Register Cutputs

Status Flags . -~
AVAILABLE IN CERAMIC OR HERMETIC PLASTIC

CAVITY PACKAGES

e & o o

APPLICATIONS

PERIPHERALS * CARD AND TAPE READERS

TERMINALS o PRINTERS

MINI COMPUTERS o DATA SETS

FACSIMILE e CONTROLLERS
TRANSMISSION e KEYBOARD ENCODERS

MOOEMS o REMOTE DATA ACQUISI-

CONCENTRATORS TION SYSTEMS

ASYNCHRONOUS DATA o ASYNCHRONOUS DATA

MULTIPLEXERS CASSETTE

q709141 3 VYZO9LYL Noivuoduod wusig nuausaﬁ

kDatz Sheet for operation with 5 level code-2 stop bits.

GENERAL DESCRIPTION
- The TR1602A & the TR1602B are ASYNCHRONOUS RECEIVER/TRANSMITTER sub-systems using silicon gate

process technology. The use of this low threshold process provides direct compatibility with all forms of current sinking
logic. Interfacing restraints, such as external resistors, drivers and level shifting circuitry, are eliminated. All output lines
have been designed to drive TTL directly.

The ASYNCHRONOUS RECEIVER/TRANSMITTER is a general purpose, programmable MOS/LSI device for inter-
facing an asynchronous serial data channel of a peripheral or terminal with parallel data of a computer or terminal.
The transmitter section converts parallel data into a serial word which contains the data along with start, parity, and stop
bits. The receiver section converts a serial word with start, data, parity, and stop bits, into parallel data, and it verifies
proper code transmission by checking parity and receipt of a valid stop bit. Both the receiver and tha transmitter are
double buffered. The array is compatible with bipolar logic. The array may be programmod as follows: The word length
can be either 5, 6, 7, or 8 bits; parity generation and checking may be inhibited, the parity may be even or odd; and the
number of stop bits may be either one or two, with one and one haif when transmitting a 5 bit code. Note: See TR1402A
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PIN DEFINITIONS

PIN
NUMBER NAME SYMBOL FUNCTION
1 Vgg Power Supply Vss +5 voits supply
2 Vgg Power Supply Vag -12 voits supply
. »
3 VDD Power Supply VDD Ground -
4 Receiver Register RRD A high level input voitage, V,,,, applied to this line disconnects the RECEIVER
Disconnect HOLDING REGISTER outputs from the RRg-RR, data outputs (pins 5-12).
5-12 Receiver Holding RRg- The parailel contents of the RECEIVER HOLDING REGISTER appesr on these
Register Data RR4 lines if & low-level input voitage, V|, , is applied to RRD. Fof character formats of
‘ fewer than eight bits received characters are right-justified with RR4 (pin 12) »s
the least significant bit and the truncated bits are forced to a low level output
voitage, Vo .
13 Parity Error PE A high level output voitage, V5, on this line indicates that the received parity
does not compare to that progremmed by the EVEN PARITY ENABLE controt
tine (pin 39). This output is updated sach time a character is transferred to the
RECEIVER HOLDING REGISTER. PE lines from a number of arrays can be
bussed together since an output disconnect capability is provided by Status Flag
Disconnect line (pin 16).
14 Framing Error FE A high-level output voitage, V), on this line indicates that the received character
has no valid stop bit, ie:, the bit following the parity bit (if programmed) is not a
high level voitage. This output is updated each time a charscter is transferred to
the Receiver Holding Register, FE lines from a number of arrays can be bussed
together since an output disconnect capability is provided by the Status Flag
Disconnect line (pin 16).
18 Overrun Ervor OE A high-level output voitage, V5, on this line indicates that the Data REceived
Flag (pin 19) was not reset before the next character was transferred to the
REceiver Holding Register. OE lines from a number of arrays can be bussed
together since an output disconnect capability is provided Dy the Status Flag
Disconnect line (pin 16).
16 Status Flags SFD A high-level input voitage, V., spplied to this pin disconnects the PE, FE, OE,
Disconnect DR and THRE sllowing them to be buss connected.

17 Receiver Register RRC The receiver clock frequency is sixteen (16) times the desired receiver shift rate.
Clock

18 Data Received DRR A low-level input voitage, V,, , applied to this line resets the DR line.
Reset

19 Data Received DR A high-evel output voitage, V,,, indicates that an entire character has been
received and transferred to the RECEIVER HOLDING REGISTER. -

»
. -

20 Receiver Input Rt Serisl input data received on this line enters the RECEIVER REGISTER at a point
determined by the character length, parity, and the number of stop bits. A highe
lavel input volitage, V ., must be present when data is not being received.

21 Master Raset MR This line is strobed to 8 high-level input voltage, V .y, 10 clear the logic. It rewts

. the Transmitter and Receiver Registers, the Receiver Holding Register, FE, OE, PE,
DRR and sats TRO, THRE, and TRE to a high-level output voitage, VQH-
22 Transmitter THRE A high-level output Volitage, V. on this line indicates the TRANSMITTER

Holding Register
Empty

HOLDING REGISTER has transferred its contents to the TRANSMITTER REG-
ISTER and may be loaded with a new character,
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PIN
NUMBER

PIN DEFINITIONS (CONT)

FUNCTION

23

26-33

37-38

NAME SYMBOL
Transmitter THRL
Holding Register )
Load \
Transmitter TRE
Register
Empty :
Transmitter TRO
Register
Output
Transmitter TRy —
Register TRg
Data Inputs
Controi Register CRL
Load
Pacity Pl
Inhibit T
Stop Bit(s) sas
Select
Word Length WLS, ~
Select wLS,
Even Parity EPE
Enable )

Transmitter TRC

Register Clock

A low-level input voltage, VIL' applied to this line anters a character into the
TRANSMITTER HOLDING REGISTER. A transition from a low-level input
voitsge, VIL' t0 8 high-lsvel input voltage, V., transfers tha character into the
TRANSMITTER REGISTER if it is not in the process of transmitting a character,
It & character is being transmitted, the transfer is delayed untii its transmission is
compietsd. Upon completion, the new character is automaticaliy transferred simul-
taneously with the initiation of the serisl transmission of the new character,

A high-evel output voltage, VOH‘ on this line indicatas that the TRANSM‘TTER
REGISTER has compieted sarial trensmission of & full charscter including STOP
bit(s). It remains at this level until the start of transmission of the next cheracter.

The contents of the TRANSMITTER REGISTER (START bit, DATA bits, PARITY
bit, snd STOP bits) are serially shifted out on this line. When no datas is being trans-
mitted, this line will remain st a high-level output voitage, VOH' Start of trans-
mission is defined as the transition of the START bit from a high-level output

voitage, Yo to 8 low-levei output voitage, VOL'

The character to.be transmitted is loaded into the TRANSMITTER HOLDING
REGISTER on thase iines with the THRL Strobe. if a character of less than 8 bits
has been miected (by WLS, and WLsz),qm. character is right justified to the lesst
significant bit, RR1, and the excess bits are disrsgarded. A high-lavel input volitage,
Vg witt cause » high-isvel output volitage, VOH' to be transmitted.

A high-level input voitage, V.., on thisline loads the CONTROL REGISTER with
the control bits (WLS1, wLs,, EPE, P1, SBS). This line may be strobed or hard

wired 10 @ high<evel input voitage, V",'.

> A high-level input voitage, V!H' on this line inhibits the parity gensration snd
verification circuits and will clamp the PE output (pin 13) to Vor- If parity is
inhibited the STOP bit(s) will immaediately follow the isst data bit on transmission.

This line seiects the number of STOP bits to be transmittad after the PARITY bit.
A high-ievel input voitage, V,,,, on this line selacts two STOP bits, and s low-evel
input voltage, V‘L, selects & single STOP bit. Selection of two STOP bits when

programming s five (5) bit word generates 1.5 STOP birs.

These two lines select the character length (oxcmsiv- of parity) as follows:

ws, wLS,
Viu Vie
Vie Vin
Vin Viu
Vin Vin

Word Length

5 bits

6 bits

7 bits

8 bits

This linedetermines whether even or odd PARITY is to be generater by the trans-
mitter and chacked by the recaiver. A high-level input voitage, VIH' selects sven

PARITY and a low-evel input voitage, VIL' selects odd PARITY.

o~

The transmitter clock frequency is sixteen (16) times tha desired transmitter shift

rate.

/
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INTRODUCTION

The transfer of digital data over relatively long
distances is generally accomplished by sending the

data in serial form thru a single communications .

channel using one of two general transmission tech-
niques; asynchronous or synchronous. Synchronous
data transmission requires that a clock signal be
transmitted with the data in order to mark the
location of the data bits for receiver. A specified

clock transition (either rising or falling) marks the

start of each data bit interval as shown in Figure 1.
In addition, special synchronization data patterns are
added to the start of the transmission in order for the
receiver to locate the first bit of the message. With
synchronous transmission, each data bit must follow
contiguously after the sync word, since one data bit
is assumed for every clock period.

With asynchronous transmission, a clock signal is not
transmitted with the data and the characters need
not be contiguous. In order for the receiver to
properly recover the message, the bits are grouped
into data characters (generally from 5 to 8 bits in

. ONE
DATA
[ 1) g -
INTERVAL
p——

o X -

Ay et S e e e e el g

length) and synchronizing start and stop elements are
added to eath character as shown in Figure 2.

The start element is a single logic zero (space) data
bit that is added to the front of each character. The
stop element is a logic one (mark) that is added to
the end of each character. The stop element is main-
tained until the next data character is ready to be
transmitted. (Asynchronous transmission is often
referred to as start-stop transmission for obvious
reasons). Although there is no upper limit to the
length of the stop element, there is a lower limit that
depends on the system characteristics. Typical lower
limits are 1.0, 1.42 or 2.0 data bit intervals, although
most modern systems use 1.0 or 2.0. The negative
going transition of the start element defines the loca-
tion of the data bits in one character. A clock source
at the receiver is reset by this transition and is used
to locate the center of each data bit.

The rate at which asynchronous data is transmitted
is usually measured, in baud, where a baud is defined
to be the reciprocal of the shortest signal element
{usually one data bit interval). It is interesting to note

CLOCK SIGNAL

| . [

TYPICAL 8 BIT . f
SYNC PATTERN

T

| 1

DATA SIGNAL

FIRST DATA

Figure 1. Synchronous Data

STOP ELEMENT

STOP ELEMENT

’

[ S I

. 1 [

ASYNCHONOUS RECEIER/TRANSMITI'ER

FEB. 1978

O ™™™ ™ ——"
ONE 8 8IT START ONE 8 8IT
START CHARACTER ELEMENT CHARACTER
ELEMENT (11001000) (00100000)
Figure 2. Asynchronous Data
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that the variable stop length is what makes the baud
rate differ from the bit rate. For synchronous trans-
mission, each element is one bit in length so that the
baud rate equals the bit rate. The same is true for
asychronous transmission if the stop element is
always one bit in duration (this is referred to as

isochronous transmission). However, when the stop

code is longer than one bit, as shown in Figure 3,
.- the baud rate differs from the bit rate.

. Each character in Figure 3 is 11 data bit intervals in
length, and if 15 characters are transmitted per
second, then the shortest signal element (one data
bit interval) is 66.6 ms/11 = 6.06 ms; giving a rate
of 1/6.06 ms = 165 baud. However, since only
10 bits of information (8 data bits, one start bit and
1 stop bit) are transmitted every 66.6 msec, the bit
rate is 150 bit/sec. (Even though the stop element
lasts for two data intervals, it still is only one bit of
information)

There are several reasons for using asychronous
transmission. The major reason is that since a clock
signal need not be transmitted with the data, trans-
mission equipment requirements are greatly simpli-
fied. (Note, however, that an independent clock
source is still required at both the transmitter and
receiver). Another advantage of asynchronous trans-
mission is that characters need not be contiguous in
‘time, but are transmitted as they become available.
This is a very valuable feature when transmitting
data from manual entry devices such as a keyboard.
The major disadvantage of asynchronous trans-
mission is that it requires a very large portion of the
communication channel bandwidth for the synchro-
nizing start and stop elements (a much smaller
portion of the bandwidth is required for the sync
words used in synchronous transmission). i

START ELEMENT
(ONE DATA BIT INTERVAL)

I

Asynchronous transmission over a simple twisted
wire pair can be accomplished at moderately high
baud rates (10K baud or higher depending on the
length of the wire, type of line drivers, etc.) while it
is generally limited to approximately 2K baud over the
telephone network. When operating over the tele-
phone network, a modem is required to convert the
data pulses to tones that can be transmitted through
the network.

One of the major limiting factors in the speed of
asynchronous transmission is the distortion of the
signal elements. Distortion is defined as the time dis-

" placement between the actual signal level transition

and the nominal transition (At), divided by the
nominal data bit interval (See Figure 4).

The nominal data bit interval is equal to the recipro-
cal of the nominal transmission baud rate and all data
transitions should ideally occur at an integer number

“ of intervals from the start bit negative going transi-

tion. Actual data transitions may not occur at these
nominal points in time as shown in the lower wave-
form of Figure 4. The distortion of any bit transition
is equal to At x NOMINAL BAUD RATE.

This distortion is generally caused by frequency jitter
and frequency offset in the clock source used to
generate the actual waveform as well as transmission
channel, noise, etc. Thus, the amount of distortion
that can be expected on any asynchronous signal
depends on the device used to generate the signal
and the characteristics of the communication channel
over which it was sent. Electronic signal generators
can be held to less than 1% distortion while elec-
tromechanical devices (such as a teletype) typically
generate up to 20% distortion. The transmission
channel. may typically add an additional 5% to 15%
distortion. .

STOP ELEMENT

A

$.06 msec

AT 15 CHARACTER/SEC = 66.6 ms

Figure 3.
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Figure 4A
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CHARACTER INTERVAL

STOP ELEMENT

/- STARYT ELEMENT
! DATA BITS

v

<
«

Figure 4B

The distortion previously described referred only to a
single character as all measurements were referenced
to the start element transition of that character.
However, there may also be distortion between
characters when operating at the maximum possible
baud rate (i.e., stop elements are of minimum
length). This type of distortion is usually measured by
the minimum character interval as shown in Figure
4B.

The minimum character interval distortion is generally

specified as the percentage of a nominal data bit
interval that any character interval may be shortened
from its nominal length. Since many of the same
parameters that cause distortion of the data bits are
also responsible for the character length distortion,
the two distortions are often equal. However, some
systems may exhibit character interval distortions of
up to 50% of a data bit interval. This parameter is
important when operating at the maximum baud rate
since the receiver must be prepared to detect the

next start bit transition after the minimum character
interval.

Asynchronous receivers operate by locating the
nominal center of the data bits as measured from
the start bit negative going transition. However, due
to receiver inaccuracies, the exact center may not be
properly located. In electromechanical devices such
as teletypes, the inaccuracy may be due to
mechanical tolerances or variations in the power line
frequency. With electronic receivers, the inaccuracies
are due to frequency offset, jitter and resolution of
the clock source used to find the bit centers. (The
bit centers are located by counting clock pulses). For
example, even if the receiver clock had no jitter or
offset, and it was 16 times the baud rate, then the
center of the bit could only be located within 1/16 of
a bit interval (or 6.25%) due to clock resolution.
However, by properly phasing the clock, this
tolerance can be adjusted so that the sample will
always be within +3.125% of the bit center. Thus,
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signals with up to 46.875% distortion could be
received. This number (the allowable receiver input
distortion) is often referred to as the receiver distor-
tion margin.Electromechanical receivers have distor-
tion margins of 25 to 30%. The receiver must also be
prepared to accept a new character after the mini-
mum character interval. Most receivers are specified
to operate with a minimum character interval distor-

" tion of 50%.

TR1602 Operation™*

. The WDC TR1602 is designed to transmit and receive

asynchronous data as shown in Figure 5. Both the
transmitter and the receiver are in one MOS CHIP,
packaged in a 40 lead ceramic DIP. The array is
capable of full duplex (simuitaneous transmission and
reception) or half duplex operation.

The transmitter basically assembles parallel data
characters into a serial asynchronous data system.
Control lines are included so that the characters may
be 5, 6, 7 or 8 bits in length, have an even or odd
parity bit, and have either one or two*® stop bits.
Furthermore, the baud rate can be set anywhere
between DC and 20K baud by providing a transmit
clock at 16 times the desired baud rate.

*1-1/2 with 5 bit code ,
*=All references to the TR1602 operation also apply
to the TR1863 operation.

The receiver disassembies the asynchronous char-
acters into a parallel data character by searching for
the start bit of every character, finding the center of
every data bit, and outputing the characters in a
parallel format with the start, parity and stop bits
removed. Three error flags are also provided to indi-
cate if the parity was in error, a valid stop bit was
not decoded or the last character was not unloaded
by the external device before the next character was
received (and therefore the last character was lost).
The receiver clock is set at 16 times the transmitter
baud rate.

Both the transmitter and receiver have double
character buffering so that at least one complete
character interval is always available for exchange of
the characters with the external devices. This double
buffering is especially important if the external device
is a computer, since this provides a much longer
permissible interrupt latency time (the time required
for the computer to respond to the interrupt).

The status of the transmitter buffer and the receiver
buffer {empty or full) is also provided as an output.

Another feature of the TR1602 is that the control
information can be strobed into the transmitter and
receiver and stored internally. This allows a common
bus from a computer to easily maintain the controls
for a large number of transmitter/receivers.

-

TRANSMITTER RECEIVER
STATUS STATUS
DATA ERROR FLAGS
TRANS- - ———— — B N R — .
MITTER ' © | TRie02 r Thi6021 RECEIVER CLOCK
cLock "‘L——‘” ! J |
| | y . '
| !
! !
PARALLEL ' 1 " ! PARALLEL DATA
DATA 1M ..._T;_. TRANSMITTER : ‘ > RECEIVER C ouT
| y Y | | A !
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| v |SERIAL | v |s
OATA | |
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The TR1602 data and error flag outputs are designed
for direct compatibility with bus organized systems.

-

TABLE 1
CONTROL DEFINITION

This feature is achieved by providing completely TTL ‘
— compaﬁble Thfe“mta Outputs (no mal com- CONTROL WORD CHARACTER FORMAT
ponents are required). Three-state outputs may be
set to a logic one or logic zero when enabled, or set w W
to an open circuit (very high impedance) when dis-
— abled. A separate control line is provided to enable LLPES
the data outputs and another one to enable the error ss1 rew START DATA PARITY STOP
flags so that the data outputs can be tied to a 21 €S eIr 8ITs BIT  8ITS
separate bus from the flag outputs. -
- . . 0 0 0 OO 1 ) 000 1
The TR1602 inputs are aiso directly compatible with 0000 1 1 s ooo 15
TTL logic elements without any external components. 00010 1 5 EVEN v
— ¢ 0 0 1 13 1 5 EVEN 1.5
TR1602 Description : : : - ‘1’ : : :g:: ‘; )
Figure 6 is a block diagram of the transmitter portion 01000 1 ¢ ©oo A
- of the TR1602. Data can be loaded into the Trans- 0100 1 6 ooo 2
mitter Holding Register whenever the Transmitter 01010 1 6 EVEN 1
Holding Register Empty (THRE) line is at a logic one, o 170 11 1 6 EVEN 2
— indicating that the Transmitter Holding Register is 01t 1 x0 1 [ NONE 1
empty. The data is loaded in by strobing the Trans- 01 1 x 1 1 6 NONE 2
mitter Holding Register Load (THRL) line to a logic 10000 1 7 000 1
zero. The data is automatically transferred to the 1000 1 1 3. ooD 2
- Transmitter Register as soon as the Transmitter 1 081 0 ' 7 &veEN 1
Register becomes empty. The desired start, stop and T 00 1 1 . , EVEN’ 2
parity bits are then added to the data and seral 'y o 1 o . , NONE .
o transmission is started. The number of stop bits and X '
— the type of parity bit is under control of the Control 1o x ! 7  NONE 2
Register. The state of the control lines is loaded into 110200 ! 8 ooo !
the Control Register when the Control Register Load 1 1001 1 8 ooo 2
(CRL) line is strobed to a logic one. The 5 control 111010 1 8  EVEN 1
- lines allow 24 different character formats as shown in 1 10 11 1 8 EVEN 2
Table 1. These 24 formats cover almost all of the 111 x0 1 8 NONE 1
transmission schemes presently in use. 111 ox 1 1 8 NONE 2

A Master Reset (MR) input is provided which sets
the transmitter to the idle state whenever this line is
strobed to a logic one. In addition, a Status Flag
Disconnect (SFD) line is provided. When this signal
is at a logic one, the THRE output is disabled and
goes to a high impedance. This allows the THRE out-
puts of a number of arrays to be tied to the same
data bus.

Figure 7 illustrates the relative timing of the trans-
mitter signals. After power turn-on, the master reset
should be strobed to set the circuits to the idle state.
The external device can then set the transmitter
register data inputs to the desired value and after the
data inputs are stable, the load pulse is applied. The
data is then automatically transferred to the Trans-
mitter Register where the start, stop and parity (if
required) bits are added and transmission is started.
This process is then repeated for each subsequent
character as they become available. The only timing
requirement for the external device is that the data

inputs be stable during the load puise {and 20 nsec
after).

The TR1602 Transmitter output will have less than
1% Distortion at baud rates of up to 20K baud
(assuming the Transmitter Register Clock is perfect)
and is, therefore, compatible with virtually ail other
asynchronous receivers.

Figure 8 is a block diagram of the Receiver portion
of the TR1602. Serial asynchronous data is provided
to the Receiver Input (RI). A start bit detect circuit’
continually searches for a logic one to logic zero
transition while in the idle state. When this transition
is located, a counter is reset and allowed to count
until the center of the start bit is located. If the input
is stil a logic zero at the center, the signal is
assumed to be a valid start bit and the counter con-
tinues to count to find the center of all subsequent
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. WESTERN DIGITAL TR1602/TR186:

MASTER RESET

X X TRANSMITTER REGISTER DATA INPUTS
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L
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START
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T . DATA stoe
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TRANSMITTER REGISTER EMPTY

Figure 7. Transmitter Timing Diagram

data and stop bits. (Verification of the start bit pre-
vents the receiver from assembling an erroneous data
character when a logic zero noise spike is presented
to the Receiver Input). The Recsiver is under control
of the Control Register described in the previous
paragraph. This register controls the number of data
bits, number of stop bits, and the type of parity as
described in Table 1. The word length gating circuit
adjusts the length of the Receiver Register to match
the length of the data characters. A parity check
circuit checks for even or odd parity if parity was
added by the Transmitter. If parity does not check a
Parity Error signal will be set to a logic one and this
signal will be held until the next character is trans-
ferred to the Holding Register. A circuit is also pro-
vided that checks the first stop bit of each character.
If the stop bit is not a logic one, the Framing Error
line will be set to a logic one and heid until the next

character is transferred to the Holding Register. This
feature permits easy detection of a break character
(null character with no stop element). As each
received character is transferred to the Holding
Register, the Data Received (DR) line is set to a logic
one indicating that the external device may sample
the data output. When the external device samples _
the output, it should strobe the Data Received Rese}
(DRR) line to a logic zero to reset the DR line. If the
DR line is not reset before a new character is trans! -
ferred to the Holding Register (i.e., a character is
lost) the Overrun Error line will be set to a logic one
and held until the next character is loaded into the
Holding Register. The timing for all of the Receiver
functions is obtained from the external Receiver
Register Clock which should be set at 16 times the
baud rate of the transmitter.
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Figure 9 illustrates the relative timing of the Recsiver
signals. A Master Reset strobe places the unit in the
idle mode and the Receiver then begins searching for
the first start bit. After a complete character has
been decoded, the data output and error flags are
set to the proper level and the Data Received (DR)
line is set to a logic one. Although it is not apparent
in Figure 9, the data outputs are set to the proper
level one half clock period before the DR and error
flags, which are set in the center of the first stop bit.
The Data Received Reset pulse resets the DR line to
a logic zero. Data can be strobed out at any tine
before the next character has been disassembled.

" The TR1602 Receiver uses a 16X clock for timing
purposes. Furthermore, the center of the start bit is
defined as clock count 7-1/2. Therefore, if the
receiver clock is a symmatrical square wave as shown
in Figure 10, the center of the bits will always be
located within +3.125% (assuming a perfect input
clock) thus giving a receiver margin of 46.875%.

In Figure 10, the start bit could have started as much
as one complete clock period bsfore it was detected,
as indicated by the shaded area of the negative going
transition. Therefore, the exact center is also un-
known by the shaded area around the sampie point.
This turns out to be +1/32 = +3.125%.

If the receiver clock is not perfect, then the receiver
distortion margin must be further reduced. Fqr
example, if the clock had 1.0% jitter, 0.1% offset
and the positive clock pulse was only 40% of the
ciock cycle; then, for a 10 element character, the
clock would add:

1.0% + (0.1% x10) +

0.1 (1/18) = 23% Distortion
(Jitter) {Offset) {Non-symmetrical
Clock)

(The frequency offset was muiltiplied by the number
of elements per character since the offset is cumula-

. tive on each element).

MASTER RESET

START STOP START
l oATA l OATA 37YOP
RECEIVER DATA INPUT
L 4 .
DATA RECEIVED (DR)
—

*

/

RECEIVER HOLDIN&E REGISTER DATA QUT

AND ERROR FLAGS X

DATA RECEIVED RESET

*NOTE: DATA OUT AND OVER-
RUN ERROR PRECEDES
DR & ERROR FLAGS BY
1/2 CLOCK

Figure 9. Recaiver Timing Diagram
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MOS/LSI

APPLICATION NOTE

FLOPPY DISK CONTROLLER
APPLICATION NOTE '

introduction

The FD1771 is a MOS/LS! device that performs the
function of interfacing a2 processor to a flexible {Floppy)
disketteé drive. This single chip replaces nearly 80% of the re-
quired disk drive interface electronics. (See figure 1-1). It pro-
vides the data sccessing conirois and the bidirectional transfer
of information between the processor’s memory and the mag-
netically stored data on the diskette. The diskette data is stored
in a data entry format compatibie with the |1BM 3740 specifi-
cation {other formats may be used providing more data stor-
age). In this format all information is recorded on tracks
(radial -paths) in sectors (arc sections) defined by a program-
med header as shown below:

APPENDIX:

Bvwe ' 2 3 i 1.8 [ ki 1178
[ 2] 0 Toaek | Bvte | Secver tor]  Cvcle 02 | Dota {Oets|Ces | pwed
AIBvwrd Fuw | Newww | of | Nemoer Reawrsancy | (17 | Aworen CAC K13 Byns

Adcren reve's off Chaen (CAC) | Byses) | Mark
1Y
. 10 FIELD DATA S840

The FD1771 handles éingle‘dansity frequency modulated
(FM) data. Each data ceil is defined by clock puises. A puise
recorded between clock pulses identifies the presence of a
logic 1 bit; the absence of this puise is interpreted as a logic 0
bit. The Address Marks for index, |D, and Data are identified
Oy & paruéwsi BEIiETH Hot TePeeied- i e iemeiuer UF e
1D field or Data field. This is accomplished by reading patterns
that are recorded with missing clock bits (logic 0) as shown
below:

\\\

9.2

FD1771

FLOPPY DISK FORMATTER/CONTROLLER

Index Address Mark Data 11111100 =fC
Ciock 1 1010111 07

11111110 wFE
Clock 1 1000 1 11 =C7

Data Address Mark Data 111110 1 1% =Eg
Clock 110001 11 -7

Deiezed Dsta 111135000 =-F8
Data Address Mark Clock 1 1 000 1 1.1 =C7

1D Address Mark . Dats

These patterns are used as synchronization codes by the
FD 1771 when reading data and are recorded by the formatting
command, Write Track, when the FD1771 is presented with
data F7 through FE,

SECTION | FD1771 DESCRIPTICN

1.1 FD1771 -~ Flexibie Drive interface (Refer to Figure 1-1

FD1771 Block Diagram)

The FD1771 generates all controls to position the read/
write head over the desired track. The FD 1771 has the capabi-
lity ot sending successive three phase pulses over the lines PH1,
PH2, and PH3 fur 3 phase stepping motors or by sending a
level over the PH2 line and pulses over the PH1 !ines to deter-
e GireCUION NG SEpPIng Tate TOT Step-Oirection Mmotars.
The particular motor interface is chosen by hardwiring the ex-
ternal pin, 3PM.

ALL REFERENCE TO FD1771 DENOTES FD1771-01 VERSION

MARCH, 1978

M FO DATA
. -0 CLOCK .
c A0 T S W ,
P Al —.m____z...l : g < s
¥ FLOPPY DISK wo - o g 3 X ox :
’ o »
f o m— ; 2 iEE Byl fdBazE B
i % ‘ o noanAanAanonnAnnNnnonnn
" o Fo1m ! FEEEEEEEEEEEEEEEEEEE)
n 10x £ 1K %%’_év, :
: mg PH1/STEP 7 D
R iNTRG T DIRC v
: - R £ ¢ @ = N n T Ne -9
. -~ -~ - - - Ll - » - - - - - - - - -
: X2 MHe U U OO O U U U U U U U OO
IEBE LIED t e 2RE &
FE EREEREEEE§2EE §
- 2 EE 3
VssVag Voo Yoo - )
-i-] I A Suffix = Ceramic
<8 w12 48 B Suffix = Plastic
FD1771 SYSTEM BLOCK DIAGRAM FD1771 PIN CONNECTIONS
FIG FIG 2
WEBTERN OIGITAL 3128 RED HILL AVENUE, BOX 2180

<

o & » 0 a4 & r 4 0w

NEWPORT BEACH, CALIFORNIA 92663

(714) 557-3550 .

TWX 910-535-1139



-
p—

'WESTERN DIGITAL

FD1771

TOATY
—_— DATA OUT
BUFFERS
1
— i b i
DATA COMMAND ] SECTOR [ TRacx: __r:-l STaTES
REG reGl [ REG REG REG
L—__] FD DATA
- DATA o
o SHIFT sera- | ro cLoex
REG [.jT rator L2O.C
L
= [ =m
wamsoata | (M ron
- (TO DISK)
—{cnc woaic |
— DRQ [
INTRQ COMPUTER " oISk
"W |INTERFacE CONTROL INTERFACE
CONTROL (198X18) CONTROL®
_ _CONTROL CONTROL
Al
CLK (2MHz) Ty S—
FIGURE 1-1
) . ) L When writing, information is presented as composite of
The head is loaded against the recording media (disketts) serial clock and data puises of 500 nsec periods. With data
by the HLD (Head Load) signal from the FD1771. A read or present at the WD output the WG (Write Gate) signal is acti-
~—  write operation does not occur until a logic high signal is sam- . .
ated to allow current to flow in the Read/Write head.
pled at the HLT (Head Load Timing) input. This input is sam- v Y " .
pled after a 10 msec internal delay. This input may be wired The remaining interface between the FD1771 and the .
__ high if 10 msec time is sufficient or a one shot may be used to Floppy Drive concerns status information. The TP (Index
extend this time. If the head is already engaged from a pre- Puise) and TROO (Track 00) signals are outputs of the drive
vious aperation the resetting °..f bit 2 in the Read or Write to indicate when the index mark is encountared (once per .
Command (see Processor Interface) will disable the HLT revolution of the disk) or when the Read/Write head is located - *
—  functions and the 10 ms delay. over Track 00 r ively i
When reading the serial data from the disk the FD1771 The WPRT (Write Protect), DINT (Disk Initialization),
will look for the desired sector to be read, check its ID field and Ready signals reflect the drive condition. The Write Pro-
and locate its data address mark. All subsequent serial data is tect signal, when a logic low, prevents the FD1771 from exs-
assembled in parallel form and presanted to the processor cuting a WHite Command. The Disk Initialization input, wher a
interface. The serial data read from the Floppy Driver may be logic low, prevents 3 Write Track Command and essentiaily
— input as composite data, both clock and data present at the disables the rewriting of 3 format over a previously formatted
FDODATA input, or as separated data in which the data is input diskette. The Ready signal indicates Fl;:ppy Drive readiness
to the FDDATA pin and the ciock is input to the FD Clock and a logic low on this input prevents any Read or Writs
_ @ command from being exsouted.
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Other status interface signals are WE (Write Fault) from
tne Drive which signifies a verite operation fault such as failure
to detect write current when WG is turned on terminating the
Current Write command; and the TG43 signal to the drive
indicating the track to be written on is located between Track
44 and Track 78. This latter signal is used by the drive to
lower the write current on inner tracks and compensate for the
higher density recording of these tracks.

1.2 FO1771 - Procassor Intarface (Ses figure 1-1)

All commands, status and data are transferred over the 3
state bidirectional DAL (Data Access} lines. These 8 lines pre-
sent an open circuit to the common procassor peripheral bus
until activated by the C3 (Chip Select) signal. An active CS
combined with RE (Read Enable) sets the DAL into the trans-
mitter mode while the CS combined with an active WE (Write
Enabie) sats the DAL in tha raceiver made. The infarmation in
the FD 1771 resicias in 5 accessible £ bit resiztars. These re-
gisters are: (i} ha bidirectional Data Registar which acts as
a parallel buffer for read or write operations, and receives the
desired track number to be accessed in seek operation. (2) the
Command reqistec which receives and stores commands from

.a procassor, (3) The sector register which recaives the de-
.red sector number to be accessad, (4) The track register which
contains the present Track position, (5} The Status Register
containing information about the present operation.

The accessing of the registers is accomplished by a com-
bination of antive lavels on the CS, RE, or WE, and the register
address lines A1 and AO. The Command Register can only
receive information and the Status Register can only transmit
information.

Two signals are available to aid in program responsa to
the FD1771. The INTRQ (Interrupt Request) is activated by
the controller whenever an operation is completed successfully
or terminated by a fault. The DRQ (Data Request) signal is
available as an indication of the chips readiness to transfer a
byte of data during read ar write operations.

A 2MHZ claock is required hy the chip as a reference for
all timed signals such as motor controls and data transfers. The
MR (Master Reset): clears the command register and initiates a
Restore (seek track 00).Command when the MR line is re-

wned to an inactive state,

1.3 FD1771 Instructions

The FD1771 can be considered a specialized micropro-
cessor with its own instruction repertoire. These are listed in
the Tables below.

The Restore, Seek, and the three Step commands position
the Read/Write head over the desired track. The Restore posi-
tions it over Track 00, the Seek poisitions it over the track
specified in the Data Register, and the Step Commands posi-
tion the head over an adjacent track to its presant position.

The Step in moves the head inward toward the center of the
disk while the Step Out moves it outward fram the centar. The
Step Command moves the head one stec in the same direction
as the previous command.

The Read and Write commands are e normally axe-
cuted commands when transfarring information. The Read
command initiates a search for 2 track and sector code in the
1D field egual to that in tis gack snd ssctor registers. When
found, the data is formattad from serizi to parallel and pre-
sented to the Data Register along with the satting of the DRQ
signal. By setting of hit 4 in the Read {or \Wiite) command ail
data records from the dasired sector until the last sector on the
track are saquentially assembied. Tha serting of bit 3 allows
other combinations of bvie count per sectcr than the stand-
ard IBM format.

The Writa Command operates similar to the Read
Command in multiple sector and variable sector length. All
received words in the Data register are transferred to the shift
registar at which time the DRQ line is set. Four separate Data
address marks are selectabie through bits 1 and O which are
written on the disketts prior to writing the secror data.

The Read Addrass command provides the next encountered
{0 field (6 bytes) on the diskette to the processor. This can
be used to identify the track over which the head resides and
can be used if one were to muitiplex between two or more
drives and wish to return to the first drive. This couid aiso be
accomplished by storing the track registar in memory and re-
turning it when reactivating the first drive.

The Writs Track command-is basically used for formatting.
Once the indéx position is located the FD1771 will request
data and transfer it to the disk including ali 10 fieids, gaps, and
Data fields. Special address marks and the TRC characters are
written by detecting certain data parterng. The Read track
command allows the reading of the entira recorded pattern on
a track including gqaps.  (Refér to Data Sheet for for-
matting details) : -
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The final command is the Force interrupt which can be
loaded into the Command register at any time. This will ter-
minate any present operation and can also generate an inter-
rupt under four selectable conditions.

1.4 Status Register (See Table 1, page 16)

This register contains status information associated with
each of the command instructions. Bit 7 always reflects the
Ready condition of the Drive while bit 0 {Busy) always defines
the status of the FD 1771 concerning present operations.

COMMAND SUMMARY
BITS
TYPE COMMAND 765 3 2 1 0
1 Restore 0000Hh V r1 10
! Seek 0001h V r1rg
! Step 001uh V ry ro
| Step In 0‘1 Ouh V r1 ro
| Step Out 01 1uh V r1 rp
H Read Command] 1 0 O mb E 0 O
i | WriteCommand| 1 0 1 mb E a1 ag
1] Read Address 11000 1 0 O
" Read Track 11100 1 0 s
1 Write Track 11110 1t 0 O
v Force Inter- 110113 12 11 1p
rupt

COMMAND FLAG SUMMARY

In general bit 1 reflects the state of the external DRQ sig-
nal while bit 2 indicates lost data due to ovarrun or underrun

- conditions. The Type 1 or head positioning instructions use bit

1 and 2 as a reflection of the IP and TROO inputs respectively.

Bit 3 normally indicates the encounterance of a CRC
error in the ID or Data fields except for Read Track and Write
Track commands in which the CRC is not checked. Bit 4 indi-
cates that the desired track or sector was not correctly located.
Bit 6 reflects the WP input on Seek and Write Commands and
combines with bit 5 to identify the encountered data address
mark on the Read command. Bit 5 also indicates the head
engaged status on Seek commands and Write fault or Write
commands.

TYPE |l

m = Multiple Record flag (Bit 4)

m=0, Single Record
m=1, Multiple Records

b = Block length flag (Bit 3)

b=1, IBM format (128 to 1024 bytes)
b=0, Non-18M format (16 to 4096 bytes)

ajag = Data Address Mark (Bits 1-0)

a1ag=00, FB (Data Mark)
a1ag=01, FA (Data Mark)
atag=10, F9 (Data Mark)
ajag=11, F8 (Data Mark)

TYPE |

TYPE Il

h=Head Load flag (Bit 3) .

h=1, Load head at beginning
h=0, Do not load head at beginning

V = Verify flag (Bit 2)

V=1, Verify on last track
V=0, No verify

riro = Stepping motor rate {Bits 1-0)

r1ro=00, 6ms between steps
rqrg=01, 6 ms between steps
rqirg=10, 10ms between steps
riro=11, 20ms between steps '

u= Update flag (Bit 4)

u=1, Update Track register
u=0, No update

s = Synchronize flag (Bit 0)

$=0, Synchronize to AM
s=1, Do not synchronize to AM

TYPE IV
li = Interrupt Condition flags (Bits 3-0)

10=1, Not Ready to Ready Transition
11=1, Ready to Not Ready Transition
12=1, Index Pulse

13=1, Immediate Interrupt

E=Enable HLD and 10 msec Delay

E=1, Enable HLD, HLT and 10 msec Delay
E=0, Head is assumed Engaged and there
is no 10 msec Delay
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FD1771

PIN NO

PIN NAME

Computer interface:

7-14

5,6

24

DATA ACCESS LINES

CHIP SELECT

REGISTER SELECT LINES

READ ENABLE

WRITE ENABLE

DATA REQUEST

INTERRUPT REQUEST

CLOCK

Floppy Disk Interface:

25

27

31

28
23

15
16

17
18

EXTERNAL DATA SEPERATION

{

FLOPPY DISK CLOCK
{External Separation)

FLOPPY DISK DATA
'WRITE DATA

HEAD LOAD
HEAD LOAD TIMING

Phase 1/Step
Phase 2/Direction

Phase 3
3 Phase Motor Select

SYMBOL

DALQ-DAL7?

A0, A1

DRQ

INTRQ

CLK

XTDS

FDCLOCK

FDDATA

WD

HLD
HLT

PH1/STEP

PH2/DIRC
Fri3
3PM

FUNCTION

* Eight bit inverted Bidiregtional bus used for transfer
of data, control, and status. This bus is a receiver
enabled by WE or a transmitter enabled by RE.

* A jogic low on this input selects the chip and enables
computer communication with the device.

eThase inputs select the register to receive/transfer
data on the DAL lines under RE anct WE control:
A1 A0 RE WE
0 Q Status Reg Command Reg
0 1 Track Reg Track Reg
1 0 Sector Reg Sector Reg
1 1 Data Reg {Jata Reg

»A logic low on this input controls the placernent of
data from a selected register on the DAL when CS is
low.

A logic iow on this input gates data on the DAL into
the selected register when CS is low.

sThis open drain output indicates that the DR contains
assembled data in Read operations. or the DR is em-
pty in Write operations. This signal is reset when ser-
viced by the computer through reading or loading the
DR in Read or Write operation, respectively. Use 10K
puli-up resistor to +5.

+This open drain output is set at the completion or ter-
mination of any operation and is reset when a new
command is loaded into the command register. Use
10K pull-up resistor to +5.

oThis input requires a free-running 2 MHz + 1%
square wave clock for internal timing reference.

*A logic low on this input selects external data
separation. A logic high or open selects the internal
data separator.

oThis input recaeives the externally separated clock
when X = 0. 1t XTDS = 1, this input should be
tied to a logic high.

«This input receives the raw read disk data if XTDS =
1, or the externally separated data if XTDS = 0.

«This output contains hoth clock and data bits of 500
ns duration. .

eThe HLD output controls the loading of the Read-
Write head against the media the HLT input is sam-
pled after 10 ms. When a logic high is sampled on the
HLT input the head is assumed to be engaged.

«if the 3PM input is a logic low the three phase motor
control is selected and PH1, PH2 and PH3 outputs
form a one active low signal out of three. PH1 is ac-
tive low after MR, {f the 3PM input i§ a logic high the
step and direction motor control is selected. The step
output contains a 4usec high signal for each step and
the direction output is active high wiien stepping, ac-
tive low when stepping out.
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~ PINNO.; PIN NAME; SYMBOL;
29 Track Greater Than 43 TG43
30 WRITE GATE , WG
32 Ready READY
- 33 WRITE FAULT WF
34 TRACK 00 TROO
35 INDEX PULSE P
36 WRITE PROTECT WPRT
37 DISK INTIALIZATION INT
22 TEST TEST

FUNCTION

*This output informs the drive that the Read-Write
head is positioned between track 44-76. This output is
valid only during Read and Write Commands.

*This output is made valid when writing is to be per-
formed on the diskette.

*This input indicates disk readiness and is sampled
tor a logic high before Read or Write commands are
performed. If Ready is low the Read or Write opera-
tion is not performed and an interrupt is generated. A
Seek operation is performed regardiess of the state
of Ready. The Ready input appears in inverted format
as Status Register bit 7.

oThis input detects writing faults indications from the
drive. When'WG = 1 and WF goes low the current
Write command is terminated and the Write Fauit
status bit is set. The WF input should be made in-
active (high) when WG becomes inactive.

eThis input informs the FD1771 that the Read-Write
head is positioned over Track 00 when a logic low.

einput, when low for a minimum of 10 usec, informs
the FD1771 when an index mark is encountered on
the diskette.

«This input is sampled whenever a Write Command is
received. A logic low terminated the command and
sets the Write Protect Status bit.

eThe input is sampled whenever a Write Track com-
“mand is received. |f DINT = 0, the operation is ter-
minated and the Write Protect Status bit is set.

*This input is used for testing purposes only and
should be tied to +5V or left open by the user.

This is a preliminary specification with tentative device parameters and may be subject to change after final product

characterization is completed.

information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is

assumed by Western Digital Corporation for its use; nor any infringer‘nents of patents or other rights of third parties which

may result from its use. No license is granted by implication or otherwise under any patent or patent rights of Western
—  Digital Corporation. Western Digital Corporation reserves the right to change said circuitry at any time without notice.
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LNW
RESEARCH

THANK YOU FOR YOUR RECENT PURCHASE OF OUR 'SYSTEM EXPANSION.' WE ARE CURRENTLY OFFERING
TWO SETS OF PARTS AT A SPECIAL LOW PRICE. PLEASE MAIL THE BOTTOM OF THIS FORM ALONG WITH

YOUR REMITTANCE TO LNW RESEARCH, P.0. Eox 16216 Irvine, CA 92713

ar @r s 85 %o as ss es
.

N AR RNAR K”-l::x::::::::::::::::::::::::::::::::: KIT2::::""""""'f'
QUANTITY PART TYPE DESTINATION  *  QUANTITY PART TYPE DESTINATION

1 TLLSPY u18 ® 1 " FD1771A/B-P1 ull

2 74Ls24p u8,15 = 1 TR16028 ulp -

2 T4LS241 - u37,38 *

4 74LS244 U3k, 35,36,39 *

1 B MZ CRYSTAL . 11 %

2 mBl Ql’z = s . e s s s ar s ws %s ws as ss e as

-~ o s~ o e s N oe v S oo

E'LL BE HAPPY TO HONOR YOUR PERSONAL CHECK, MONEY ORDER, VISA OR MASTER CHARGE. VISA
OR MASTER CHARGE TELEPHONE ORDERS WILL BE ACCEPTED. CALL (714) 641-8850. .

KRR ZRKIT 1 PRICE= RN R N MR NN NN NN R RXOKIT 2 PRICE TSttt =R

NO. OF SETS = PRICE/SET = TOTAL PRICE % NO. OF SETS ¥ PRICE/SET 3 TOTAL PRICE
- $27.50  ° . - $30.00

SHIPPING & - .. SHIPPING & . -

HANDLING = § 2.00%  _ - - _HANDLING . ¢ 2.00%

CA SALES. . . CA SALES -

TAX -~ $1.65 = _TAX . $1.80 .

TOTAL PAYMENT ENCLOSED TOTAL PAYMENT ENCLOSED s

LI [ L [
N
‘

=IF BCTH KIT 2 AND KIT 2 ARE PURCHASED, THE SHIPPING & HANDLING IS $3.00.

CARD NO. EXP. DATE: SIGNATURE :
NAME (PRINT): ADDRESS :
CITY, STATE: ' : Z1P CODE:

NwW P.O. KX 16216
DoDE, OLIFORIA 9271
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"LIMITED WARRANTY

LNW Research warrants the P.C. Board from
manufactured defects for a period of ninety (90) days.

LNW Research does not offer or imply any
other warranty.

*TRS-80 is a product of Tandy Corporation.



APPENDIX: 9.3

S REM BAR5IC SERIAL PRIMTER FROGRAM

7Y REM THIS PROGFRAM ALLOWS THE USE OF A SERIAL PRIMNTER WITH
S REM THE LNW RESEARCH SYSTEM EXFANSION CIRCUIT BOARD
15 REM POKE NEW DCB TYPE AND ADDRESS INTO RAM (302THD
20 POKE 16421.2:POKE 15422.0@:3F0KE 16423.127

25 REM POKE R5232 DRIVER PROGRAM INTO MEMORY {(TFa@>

38 FOR x=32T12 TO 3zSc@

5@ REARD ¥

60 POKE X.Y

7O NEXT ¥

7S END

8@ DATA 245.53.48.127.254.1.38.15

30 DRTA 62.1.,56.48,127,211,232,21%

180 DRTH 233.,230.243.2456,9,211.,234,241

110 DATA 219,232.20%.119,32,2508,219,234

120 DATAR 283, 119,40.244,121.211.235.2%4

149 DATA 13.32,4.14.10.24.233.2061.0

82138 3 SERIAL PRINTER INITIALIZATION FROGRAM
eglle 3
80120 ;3 THIS PROGRAM.WHEN EXECUTED UPCON POWER UF RLLIWE THE
00138 USE OF A SERIAL FPRINTER WITH THE LHW REIEARRCH EXFHMNIION
00130 SCIRCUIT BOARD SERIAL INTERFACE WITH THE PRRARLLEL ~SERIAL
001350 MOD.THIS ALLOWS THE USE OF A SERIAL PRINTER EUEN THOLISH
20168 STHE SOFTWARE SUFFORTS ONHLYW THE CENTRCONICS.--RADICT SHACH
88178 SPRINTER. THIS MAKES YOUR SERIAL PRINTER COMFRTIEBLE WITH
80130 ALL FARDIO SHACK SOFTWARE WITHOUT RESIDENMT SOFTWARE
©l30 SLRIVERS.
egzoe
8oES 882186 RESURT EGU BESH sOUTPUT HERE RESETS UART
GoES 08220 SWITCH EQU oE2H 5IN HERE READS THE SEMIE JUMFERS
BLER 602Z8 CNTREG EQU oEAH sOUT LORDS UART COMTROL REGISTER
7Fou 80240 ORG 32512 3STARTS AT 7FO6H
7F8d FS 0ezSo START PUSH AF . SSAVE AR AND F REZISTERS
rFOl 3SEB1 @8z60 LD A, 1H sLORD SOMETHIMG INTS A
7FeS D3IES 00270 ouT (RESURT>. A SRESET URRT
7FeS DBE® %% ) IN R, (SWITCH> SINFUT SEMSE JUMFPERS
TFOT E&FS 28236 AND OF 3H SMASK OFF LOWER I BITS CUMUSEDD:
TF@S Féo4 525 Rt %) OR 24H 3SETS BRE. IM URRT
7FBE DIEA 20316 ouUT (CNTREG>.AR 3LORD UART WITH IMAGE OF

320 3SENSE JUMFPERS.DO-D2{NOT USED).DI=1<FARITY INHIBIT:.
8a332 3D4=1{2 STOF BITS).D4=0:1 STOF BIT>.0S-Dé SELECT WORD

883344 SLEMGTH{S-8),D7=1(FARITY EVEM>.DT=aCFARITY QDD
86ISa

7Fel F1 oo REZTOR  POFP RF SRESTORE REGISTERS A AMD F
TFBE C32D46 Bucvo JF 3g2DH SBACK TO EMTRY 0OF DOS
vYFoo % sReAs] END STRRT

20ooa TOTAL ERRORS

RESTOR FFaD
START TFOa
CHNTREG BGEA
SWITCH BeEs
RESURT GOEZ



eas3
BOZE
Tensé

7000
702
7935
TeaT
TOCA
Taat
TOOF
Tel11
TO13
TE1S
TOL1T
o1
TOLE
71D
TOIF
7Oz1
7oz
Tozs
7Oz
TE2E
7OZE
TOZD
7OZF
7031
7934
TESE
7OCS
TEcH
TEIC
TOSE
7041
TE34
7045
TO47
7O

3E1C
C0I3an
SEL
COTTac
SEQE
CoT2Tes
L3ES3
DEEZ
ESF3
F&eas
CIER
DEER
CETF
ze1T
LBEE

BT
281z
ESTF
FEED
FAZLTT
ESSF
FEGR
ZeES
CDTTas
13EZ
CoOZEm
ET
ZsShL
FEGS
FZ43T2
215372
3F

(5] 4% ]
a9

TE

aaaal
oo
eonas
cooos
aoegs
agoas,
agoa7’
s inicy
2Es
oa1o
ogo1l

Bl

Q13
80014
eoolsS
oebls
aaaly
ooa13
Guale
(515 2
aeezl

TV ve %o W %o b So o

VSF

<BD

-~

E‘.l
i
—

IURRT

Saozs
BaazsS
BEn2e
(%5 15 e
28028
aaozs
ae3za
gaall
aeall
(%1515 RS
‘aapTE
aea3s
gaaly
(515 % et
aaal3
Jansa
gaad 1
g3l
Baas T
515 (R B
a994%
apade

SERCQUT

SERIAL CRT TERMINAL FROGRAM

EQU
Eau
ORG

LD
CALL
Lo
CALL
Lo
CALL
ouT
IN
RNC
OR
QuT
I
BIT
JR
IN
QR
JK
AN
e

e

e,
&

AN
CF
JF:
CALL
Jr
CRLL
Or
Jr
cr
J!"_»

LG
LD
LD
HOD
oo

THIS PROSRAM ALLOWS THE USE OF THE LHW SYSTEM
EAPANSION CIRCUIT BOARD AS A CRT TERMIMAL.THIS
FROGRAM CAN ALS0 BE USED FOR TESTING THE SERIAL
INTERFACE BY SHORTIMG Ei AND ET TOGETHER.

33H
2EH
veaoH SETART AT TooaH

R, 1CH JHOME CURZOR

DSF

A, 1FH sCLEAR SCREEMN

DSF

R, 0EH TURN ON CURSOR

DzF

MREDLGA SRESET URRT WITH ANYTHING

A, {CONFIGH SSET TERM ZOHFIG. JUMFPERZS
9F =H SMASE OFF LOWER T UNUSED 2ITS
aSH 33T EBRELREZET DTR.ZET RTS
{CTRLS LA SPUT IM CONMTRIL RES.
A, CTRL

7oA 215 REC. DRATA AURILT

2, SEROQUT

R, DRTA> SGET UATH

]

<. SERCQUT SIF MO INFUTLLOOH TO U7
TF SREMOVE PRREITY

5aH

M. 3+3

SFHA SLOWER TO UFRFER CRIZ

OAH

=, RSRD

Dk sDISFLAY CHRRSCTZR

RERD

KB SINFUT FROM FEVEDARD T

A

ZLoRSRD 3IF MOTHING THEM BRCH T InFLT
aSH

F.NOSFCH SNOT A SPECIAL CHARACTZR
HL.,5FCHTE-1 JSFEZIARL CHARACTER TEL
C.A

B,@

HL.BC sHL PCINMTS TO ZFEC. CHARACTER
A, CHLD>  3GET SFECIAL CHARACTER CODE



7049 FEILA @Ba47T WOSFCH CF 81RH

ro4g 2eCC 215 [a Eacy JR ZL,RSRD ;IS SHIFT COWH ARROWT IGHNORE
74D 4F 0084> FSWR LD C.H SSAVE DATH

7B4E DBER eaaSe IN A, <CTRLS 3GET URRT STATUZ
v8Se CB7r 2155 T BIT 5, H 3IS TRANSMIT RES BMPTYY
78Sz 28F3 oausSz JR Z.RSWR SIF NOT LOOF

7R%54 79 %1% (5 TR LD R.C SPUT CHARACTER IN R

7835 D3EE oaass ouT {DATARD AR SOUTFUT DATH

TeS7 18Cw 08035 JR RSRLD JEACK TO INFUT ROUTINE
7TOS% @3 ovBSs SFCHTB DEFB acH SUEFAULT:EQT-CHT"R"

7eSA 1B 51315 g DEFE iBH 3UEFAULT:ESC-CHT"E"

0SB 7C veasS3 DEFE vCH JDEFAULTIVERT BAR-CHTRL"CY
7OSC VF 2arS3 DEFB 7FH 3UEFAUL T DEL-CHTRL"DY

2152 o350 MR EQU BESH

BoES o5l CONFIG EQU BE>H

BYER eoasz CTRL EQU QEAH

©0EB BoasT DARTH EGU BEZ!

rg,% ) BuBs4 END START

8B TOTHAL ERRORS

RSWR oD
SPCHTEB 7@S=
NOSFCH 7945
DATH OoEE
SERCUT 7B3e
RSRL: Tal13
CTRL oEA
CONFIG ©oE=
MR QBES
IURRT T8oF
START Toue
KBD 80zE
OsP 8zl



515 51BN
eooaz
@Roe3 THIS PROGRAM ALLOWS THE USE OF A SERIAL FRINTER
Booo4 SWITH THE LHW RESEARCH SYSTEM EXPRMHSION CIRCUIT BOAFRD.
eaoas ;THIS DRIVER PROGRAM IS LEFT IN MEMORY AT A LOCATION
@ou@s SWHICH IS UMALTERED BY BASIC AND BV USER FROGRAMS. THE
8aEdy PROGRAM 15 EXECUTED DURING EUVERY LERINT AMND LLIST FOF
o3> SEACH CHARACTER TO BE PRIMTED. HANDSHAKING IS SUFFCGRTED
Geow> AS THE SOFTWARE REARDS THE FPRINTER BUSY <DSR: EEFCRE
@o01e SOUTPUTING A CHARACTER. N O T E : IM ORDER FOR THIS
@eo11 SFPROGRAM TO BE EXECUTED. THE LINME FRIMTER COMTROL ELGCH
8812 3AT HEX 4325 TO 4827 MUST BE ALTERED EEFORE FRIMTING
BOe1S 3TO IDENTIFY THE FRINTER TYWPE AND DRIVER ADDRESS.THE
Boala SFOLLOWING LIST GIVES YCU THESE JUALUES. :

SERIAL PRINTER DRIVER PROGRAM

(TR

Boal1sS 184210 S9Z5 DCE TYFE a2H SoID
ooals 3 14zl 4326l 5B DRILER RDOR. agaH ool
6oa1vT 164230 3a=TH MSE DRIUVER ADDR. TER OIZTC
eos1s 3
oogls
OaES saeze RESURT EaU QEZH sOUT HERE RISETS USFT.IM REARDS =22T
CONTROL BITS
BIET Boazl SWITCH Eau BESH s3I REARDS SENSE JUMFERS
QoER gz CNTRES  EU BERH SOUT HERE LORDS URRT COMTRCOL =Z2
FEADS UART STARTUS
GOEE BoelI DTHRFEG EQU BEEH 33UT LOADS UART =MIT HILDING FES
READS RECIEVED DRTH
TFog apezd OrRG 32812 STARTI /T TFoEH
TFaa FT Ba9zS START PiUZH AF JSAVE A AMD F REZSISTERS
vF81 3SR3IGTF (215 LG R, CFLAGH JIMFUT INITIALIZE FLAS
TFOs FEG1 aoezvT CP OLlH JIF =1.THEM &LRESIN INMITIALIZES
TF@e Z&oF (51515 Beec JF 2. FRESTOR Q0 AND QUTAUT IF R=o
TFBS JEal aoazs Lo A, 81H SPUT & IN H
TFBR 3Z3I8TF oaale LD (FLAGS . R SOQUTRPUT ¢ T2 FLAS
TFeD D3IES 8aall ouT (RESURT . H SRESET URRT
TFoF DBE=> 1% 1515 W IN H, CSWITCH> SFRERD SEMZE JUMFsS=S
TF11 E&F3 aoaZl AND 8F SH SMASK CGFF LOWER 2 ZIT7S «HCT Uus=:
TF1Z Féos aoels orR 84H JFRESET RTS.DTR.SET ERE
TF1S D3ES BaaSS CuUT {CNTREG». A SLORD URRT WITH IMRSZ oF
BoaZe 3SEMSE JUMFERS.DO@-DZINOT USEDL.DI=1vPARITY IMHIEIT:.

BeBcy 3D4=102 5TOF BITSY.D4=8:1 STOGF BIT».DS-0+¢ SELECT WoFRD
@8835 SLENGTHIS-30.0D7=1<FPRRITY EVEN).DT=@<FARITY CDD>
eouz?




vF17
¥F18
7F1A
7FiC
?F1E
7F26
F22
7F24
7F2S
TF27
TF29
7F2B
vFZD
TFZF
7F308
%% %%

Fi1
DEES
cBr7
20FA
DBER
cerv
Z8F4
3

D
FEBD
zoud
BEBA
18E9
c2
a0

80048 RESTOR POF AF JRESTORE A AND F REGISTERS

0841 STATIN 1IN A, {RESURT> JREAD R23Z STATUS

0ooaz BIT 6. A 3CHECK D5SR

88v43 JR i, STRTIN 3IF NOT ZERO,LOOF TILL ZER
8Bo44 IN A. (CHTREG> 3INPUT UARRT STRTUS

oBB4S BIT 6. A sCHECK TRANSMIT REGISTER EMFTY
20045 JR Z,5TRTIN 3IF & (NOT EMPTY..LOOF

=11 o LD A, C SLOAD A WITH CHARACTER FOR QUTFUT
@043 ouT (DTAREG>. R SOUTFUT CHARACTER TO UART
26043 cP Q0H JWAS IT A CARRIAGE RETURNTY

oBBSe JR NZ., RETRM SRETURN IF HNOT

08031 LD C.8RH 3IT WAS SO OUTFUT LINE FEED ALZO0
8vuS2 JR STATIN 3G0 BARACK AND QUTFUT LF

@0BS3 RETRH RET SRETURNM TO CALLING CODE )

eoeS4 FLAG DEFB 8oH SIMITIALIZATION FLAG

%1% % END

98808 TOTRL ERRORS

RETRN TF2F
STATIN 7F13
RESTOR TF17V

FLAG

STRRT

TF3O8
TFas

OTAREG ©BoEs
CNTREG ©gEn
SWITC OBES
RESUFT ©OBES

—
™t
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1. INTRODUCTION

1.1 General. This section provides a physical and functional description, and specifications for the Model 51/52 Flexible
Disk Drives, manufactured by Micro Peripherals, Inc. In addition to the standard features described, the following addi-

tional features are included in all models:
a.  "Write Protect’” can be used instead as “Disk Installed” indication.
b. When using FM-encoding, an additional board can be plugged on for Data separation.

c. Termination of 1/0 lines can be either 150 ohms or split 220/330 ohms.

1.2 Purpose of equipment. The Model 51/52 Disk Drive is a compact disk memory device designed for random-access
data storage, data entry, and data output applications. Typical applications are intelligent terminal controllers, micro-com-
puters, word processing systems, data communications systems, error logging, micro-program logging, and point-of-sale
terminals. Model 51/52 is desianed to meet and perform to ANSI specification.
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Figure 1-1 Outline and Mounting Dimensions

1.3 Physical description. Model 51/52 can be mounted vertically or horizontally. However, when mounted horizontally,
it is recommended that the 51/52 be positioned so that the PCB is on the top side. The mechanical components consist of
an aluminum chassis, on which is mounted a spindle (belt-driven by a dc motor). a stepper motor/band combination for
positioning the magnetic head assembly; and a cone/clutch assembly for centering and holding the recording media under
operation. Access for diskette loading is at the front of the drive. The recording-head assembly is of a glass bonded ferrite/
ceramic structure, with lifetime expectancy in excess of 20,000 hours. The electronic circuitry is mounted on a PCB
located on top of the drive. Power and interface signals plug directly into this board. The following basic circuits are in-
cluded:

a. Stepper motor control logic.

b. Readcircuit.

c. Write/Erase circuit.

d. Spindle motor speed control.

e. Index; Track 00 and Write Protect sensing.
f.  Head load driver.

1.4 Functional description. Model 51/62 is self-contained and requires no operator intervention during operation. The
drive consists of a media-rotating system, a head-load and positioning system, and a write/erase and read system. When the

1



front door is opened, access for inserting the diskette is provided. When inserting the diskette, all positions except in/out
are controlled by physical guides internally. Correct infout is assured by inserting the diskette until a “click” is heard.
Closing the front door activates the cone/clutch system which serves two purposes in the following order:

a. Correct centering of the media.
b. Clamping the media to the spindle hub.

The spindle hub rotates at a constant speed ot 300 rpm by means of a dc motor/tachometer and a reference in a closed-
loop system. When in operation, it is important that the head-to-media relationship be controlled. This is accomp'ished
by the head-load system in the following way: The media is pressed against a reference platen which is referenced 10 the
head and the spindle hub; and a pressure pad is loaded against the media on the opposite side of the head witly a force of
approximately 17gr. The recording head is positioned over the correct track by means of a four-phase stepper motor. band
direct-drive mechanism, and its associated electronics. A one-step movement causes a one-track movement. With band
positioning, very high step rates can be accomplished with the 51/52 system. When a Write Protected diskette is inserted,
the write protect sensor normally disables the write/erase circuits in the diive. When writing, a .013 inches (nominal) data
track is recorded, followed by a tunnel erase which trims the track down to .012 inches (nominal). Data recovery elec-
tronics include a low-frequency amplifier, a differentiator, a cross-over detector, a digital filter, and a final pulse generator.
For FM recording, a data decoder may be added to achieve separated clock and data pulses on the 1/0 connector.

SPECIFICATIONS
TABLE 1-1
GENERAL

Characteristics

Parameter

Mectia ANSI standard 5':-inch diskette
Number of Trocks 40/51 70/52

Tiack Density 48 TP

Start/Stop Time 5 sec

Rotational Speed 300 rpm * o 122%

Average latency 100 msec

Head loading time 35 misec

Access tme 5 misec, track-10-track

Head setthing time 15 msec

Head tite 20,000 hours

Media hife 3 x 106 passes on single track

Recording method
Recording density (FM)
Flux density

Dats-transfer rate

FM,MFM, M2FM, GCR
2810/5620 b

5620 tci max.
125K/250K bits/sec.

Power up Delay 1 sec
PHYSICAL
Hegnt 3.25 inches (8.255 cm)
Width 5.75 inches (14.605 cm)
Length 7.5 inches {1905 cm)
Weight 3.0 pounds (1.36 kg)
POWER REQUIREMENTS
TABLE 1-2
Powver +12 VDC * 5%, 1.5A

Typical Power Dissipation

+5VDC X 5%, 0.7A
15W Operation
6W Standby

ENVIRONMENTAL

TABLE 1-3

Parameter

Characteristics

Operating Temperature
Relative Humidity

20 1w 80% (noncondensing)

40°% 10 115°F (4.4°C 10 46.1°C)
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2. INSTALLATION AND CHECKOUT

2.1 Scope. This section provides the information and procedures necessary to place Madel 51/62 Flexible Disk Drives
into operation.

2.2 Unpacking. During unpacking, care must be exercised to ensure that all tools are non-magnetic and do not inflict
damage to the unit. As the unit is unpacked, inspect it for possible shipping damage. All claims for this type of damage
should be filed promptly with the transporter involved. If aclaim is filed for damages, save the original packing material.
Most packing material may be reuseable if reasonable care is used in unpacking. Unpack the drive as follows:

a. Remove external packing material carefully.

b. Remove the drive from the container.

c. Remove internal packing materials, following instructions provided on the package.

d. Ensure that front access door opens and closes, and that the head-load arm raises when door is opened.
e. Ensure that bezel is secured.

f.  Ensure that drive hub manually rotates freely.

g. Ensure that stepper motor/head carriage assembly is not binding at any point, by manually moving carriage back

and forth.

2.3 Installation., Due to its small size and light weight, Model 51/52 can be installed or mounted in any convenient loca-
tion or position. However, the drive must be installed in a location that will prevent the I/0 cable from exceeding 10 feet
in length. Refer to Figure 1-1 for dimensions and mounting provisions.

2.4 Hardware. The flexible disk drive is a precision device in which certain critical internal alignments must be main-
tained. Therefore, in keeping with rigid disk requirements, it is important that the mounting hardware does not introcucc
significant stress on the drive. Any mounting scheme in which the drive is part of the structural "1tegrity of the enclosure
is not permitted. Since the disk drive cannot be subjected to significant stress when it is slide meunted, this 1ype cf
mounting generally satisfies the foregoing requirements. Mounting schemes should allow for adjustable breckets or incor-
porate resilient members to accommodate tolerances. Mounting schemes involving more than two hard mounting points
and a third point should be avoided.

2.5 Dust cover. Since the flexible disk drive is not provided with a dust cover, the design of an enclosure should incorpor-
ate a means to prevent direct ingress of loose items, e.q., dust, paper punch waste, etc.

26 Cooling. Heat dissipation from a single disk drive is normally 15 watts (40 Btu/Hr). When the drive is mounted so
that the components have access to free flow of air, normal convection cooling allows operation over the specified temper-
ature range. When the drive is mounted in a confined environment, air flow may have to be provided to maintain specified
air temperatures in the vicinity of the motors, PCB, and the diskette.

2.7 Drive separation. In addition to the cooling requirements specified in Paragraph 2.6., 3 minimum separation of 25.4
mm (1 inch) between drives is recommended. This is required to avoid electrical interference between the motors on one
drive and the magnetic head of another drive. Closer mounting is allowable if a grounded sheet of steel at least 1.52 mm
(0.060 inch) thick is interposed between units. However, use of this steel sheet may increase the cooling requirements.

2.8 Input/output cable. The I/0 cable is an optional item and is supplied on order. Refer to Table 2-1 for cable con-
nector part number and attachment. The maximum cable length from connector to connector is 10 feet. All inputs and
outputs are paired, one line for function, one for ground. Figute 3-11 provides information relative to the connector pin/
signal assignments for 1/0 cable. (MPI P/N 3-06001-001)




2.9 DC power. DC power to the drive is via connector P2/J2, which is located on the non-component side of the PCB
near the spindle motor. The drive uses +12V dc and 45V dc. Table 1-2 outlines the voltage and curient requirements.
The connector is an AMP Mate-N-Lock Part No. 1-480424-0. (MPI P/N 3-06002-001)

2.10 Initial checkout. The following procedure should be used to determine that the Model 51/62 is operational. This

procedure assumes that the drive is installed, 170 cable and power are connected, and that the steps in 2.2 have been com-
pleted.

a. Apply “Motar On” command and assure that spindle hub rotates in correct direction (clockwise from top of
drive).

b. Load the diskette and apply a head-load command to the drive. Check that head-load solenoid actuates and
indicator lights on front panel. Select proper device address.

¢ Apply stepping and direction commands 10 the unit. Verify that the actuator steps as commanded.

d.  Remove all command signals, turn power off and return diskette 1o its storage.

SECTION 111
3. INTERFACING REQUIREMENTS

3.1 General. Communication between the host system and the Model 51/62 Flexible Disk Drive is established via two
connectors. Connector J1 establishes a communication link for all input/output signals. These signals are TTL compatible.
Connector J2 provides dc power 1o the device,

3.2 Inputlines. The input contiol lines have the following electrical specifications:
a.  True, Logical Zero =0V ' 0.4V @ lin - 48 ma (max).

b. False, Logical One = +2. 510415V {open collector @ lout = 250 Ma max).

3.2.1 Line termination. The signal interface used by Model 51/52 is of the “bus”’ or “daisy-chain” type. Only one 51/52
unit is logically connected to the interface at any given time. All input signals are terminated directly by a 150 ohm or a
220/330 ohm resistor network. In a daisy-chain configuration, only the last device in the daisy chain should have the
terminating network; while in a star configuration, every device should be terminated.

3.2.2 Programmable shunt. The main tunction of this device is to assign the proper address to the drive in a multi-drive
configuration. In addition, it also determines when the head-load solenoid should be activated by using either position
1-14 (with Sefect) or 7-8 {with Motor On). If position 5-10 is left shorted, the drive is essentially always selected, but the
activity light will not come on, and the solenoid will not be activated unul the drive position is selected. The program-
mable shunt is AMP P/N 435704-16 (MP1 P/N 1-79600-C01). For convenience, the programmable shunt could be replaced
by a dip switch, AMP P/N 435166-14 (MP| P/N 1-79601-001). (If dip switch is used, maximum height is exceeded by
-150.) The seven lines channeled through the shunt are:

Designator Pins
d. Head Solenoid w/Select T1 1-14
b.  Drive Select 1 T2 2-13
c. Drive Select 2 T3 3-12
d.  Drive Select 3 T4 4-1
e. MUX (Grounded) 15 5-10
f. Drive Sclect 4 T6 6-9
g. Head Solenoid w/Motor On T7 7-8

3.2.3 Drive Select 1 10 4. The Select lines provide a means of selecting and deselecting one of the four disk drives
attached to the controller. When the signal logic level is true (low), the disk drive electronics are activated, the head is
loaded, and the drive is conditioned 1o respond to step or read/write commands. When the logic fevel is false (high), the
input control lines and output status lines are disabled. A select line must remain stable in the true {low) state until the
execution of a step or read/write command is completed. After the desired device is selected, allow a 35 msec delay be-
fore initiating a read {see Fiqure 3-2).

3.2.4 Motor on. This input is provided to extend the life of the dc spindie motor. The motor should be turned off if

no activity is required of the Model 51/52 after 10 revolutions of the diskette. A minimum of 0.5 second is required
before performing a read or write after a “Motor On” command is transmitted to the device (see Figures 3-2 and 34).
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325 Direction select.

The direction of motion of the Read/Write head s defined by

the state of this input line. A true

(low) level defines direction as “IN" towards center of the disk; a false (high) Ievel defines the direction as “"OUT" (see

Figure 3-1).

3.2.6 Step. Together with the direction line, a single pulse on this input will move the Read/Write head one eylinder in or
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3.2.7 Wnite gate. When true, this input line permits writing of data. When inactive, it permits transmitting data to the
controller. Allow a minimum of 1 msec after dropping write gate before expecting valid Read Data (see Figures 3-4 and
3-6).

3.2.8 Write data. This input, in conjunction with the write gate input, provides data to be written on the diskette. The
frequency of the write oscillator should be held within 0.1% with a pulse width of a minimum of 0.2 usec and maximum
of 3.5 usec. The frequency is dependent upon the encoding scheme used and the density option exercised (see Figures 3-4
and 3-5). It is recommended that the first lcading edge of Write Data occurs no sooner than 4 usec and no later than 8
usec after leading edge of Write Gate. The same recommendation exists for the last Write Data and trailing edge of Write
Gate.

3.2.9 Side select. This input is used to select either the upper or lower head. A 35 msec delay should be allowed for the
read amp to recover after a head select event occurs. Only then will valid data be present. (For Model 51, this line should
always be high.)

3.2.10 In use (optional feature).. This line is connected to a driver which could be used for an indicator light, or a sole-
noid for latching the tront door.

3.3 Outputlines. The contro! output signals are driven with an open-collector output stage capable of sinking a maximum
of 48 ma at logical zero as true state with maximum voltage of 0.4V measured at the driver. When the line driver is in a
logical one or false state, the collector cutoff current is a maximum of 250 Ma.

3.3.1 Track 00. This output, when true, indicates that the Read/Write heads are located over Track 00.

3.3.2 Index/sector, Once every revolution, a pulse is transmitted to the controller indicating the beginning of a track, but
only if a single hole diskette is used. |f multi-hole media is used in conjunction with the index, sector pulses (10, 16) wiii
also be transmitted to the host system. Leading edge of sector to leading edge of index s 6.25 msec ¥ .07 msec for 16-
sector media (see Figures 3-7 and 3-8).

3.3.3 Write protect. This interface signal is provided by the drive to give the user an indication that a write protected or
read-only diskette has been installed. This output is false when the diskette 15 not write protected. This line may easily be
used as a Disk Installed Indicator, if only write protected disks are used.

3.34 Read data. This output represents digitized data as detected by the drive electronics. Information transmitted will
be in the encoding scheme used. Pulse width of both clock and data bits will be 1 usec X 350 nsec. Maximum bit shift for
a clock is X 800 nsec while that for data is * 400 nsec trom their nominal bit positions (see Figure 3-3). The leading edge
of each Read Data pulse represents the true position of the flux transition on the recording media.

3.4 Connector J2. The dc power connector is located on the non-component side of the printed circuit board. The
recommenaed mating connector is AMP P/N 1-480424-0 using AMP pins P/N 60619-1.

3.5 Connector J1. Connection to J1 is through a 34-pin PCB edge connector. Even numbered pins are located on the
component side while odd numbered pins are located on the solder side. A key slot is provided between pins 4 and 6. The
recommended connector is 3M Scotchflex P/N 3463-001, or AMP P/N 583717.5 using AMP contacts P/N 1-583616-1.
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SECTION IV
4. OPERATION

41 General. The Model 51/62 Flexible Disk Drive is under direct control of the interface and power sources. No special
start-up procedures are necessary.

4.2 Operating instructions. Secure both power and 1/0 connectors prior to disk loading.

4.2.1 Flexible diskette loading.

a. Apply dc power to diive.
b. Open drive door by pushing door latch button.

c.  Remove diskette from its storage envelope and insert in the drive. The index hole must be on the left side of
the jacket and the label on the right towards the door. Push the diskette forward until a “click™ is heard. (See Figure 4-1).

d. Close door by pushing door down until latch secures the door.

4.2.2 Flexible diskette removal.

a. Open the drive door by pushing door latch button. The flexible diskette will automatically be ejected to a posi-
tion where it can be easily removed.

b. Always store the diskette in its storage envelope in order to maintain the highest data integrity.
c. Close drive door.

Figure 4-1 Diskette Orientation
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43 Diskette handling recommendations. Since the recorded diskette contains vital information, reasonable care should be

exercised in its handling.

followed:

Longet diskette life and troubln free opriation will result if the following recommendations are

a. Do not use a writing device which deposits flakes (i.e., lead o1 grease pencils) when writing on a diskette jacke:

Temperature:
Relative Humidity: 2 to 80°%
Maximum Wet Bulb:

i.  Diskette should be stored when not in use.

50°F to 125°F (10°C

label,
b. Do not fasten paper clips to diskette jacket edaes.
c. Do not touch diskette surface exposed by jacket slot,
d. Do not clean diskette in any manner.
e. Keep diskette away from magnetic field and from ferro-magnetic materials that may be magnetized.
£, Return diskette to envelope when removed from drive.
g. Protect diskette from liquids, dust and metallic substances at all times.
h. Do not exceed the following storage envitonmental conditions:

t0 51°C)

85°F (29.4°C)

SECTION V

5. THEORY OF OPERATION

51 General, This section describes the operation of Model 5
disk drive are to record and read digital data on a diskette, an
pletion of the Read/Write functions.

1/52 Flexible Disk Drives. Basic functions of the flexible
d to receive and generate control signals necessary for com-

NOTE:
There is no difference between the PCB for Model 51 (single head) and the PCB for Mode! 52 (dual head).

H r1 C
rad Carnace xmm Sensor /
‘————-—7‘// B— L /——\ /

\
|
|

WRT Prat. Sensor

Motor On Soindle
Drive _
Conninl -
S—
Direction
Head
Step Position
Contro!
Track 00 l Track 00 [0
- Sensor g
1R 207
o Head I
2 Drive Select Load
8 N
< )
8
Wirite Protect Write b ——— —— —
Protect
Se'\SOI
|
Write Gate
™ Wiite Erase T T !
Write Data Contro! l
Read Data Read P D
Circuntry "_J
|
Index Index Pt == T T
Sensor k,., TR R
Side Select Sides L
Selection

Head Laad SGolenod

Figure 5-1 Functional Block Diagram
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5.2 Mechanical and electrical. Figure 51 shows a functional block diagram ot the mechanical and electrical groups in-
cluded in the disk drive, as follows:

a. Spindie drive control. f.  Wiite/Erase control.
b. Head load mechanism. g. Read circuitry.

c. Track 00 sensor. h. Index sensor.

d. Head positioning control. i.  Side selection

e. Write Protect sensor.

Figures 5-2, 5-3 and 5-4 show electrical block diagrams for reference in this section.

5.3 Diskette spindle drive. The spindle is rotated, via a belt, by a dc motor/ac tachometer combination. The electronics
tor speed control takes timing information from the tachometer (a), compares this with a reference timer (b), and gener-
ates a driving voltage for the motor proportional to the difference between (a) and (b). When the Motor On interface line
is true, the control circuit allows the motor to come up to speed. The circuit also includes a portion which disables the
motor drive in case of no tachometer output for approximately 150 msec {i.e., binding spindle or motor). The diskette is
held on the spindle hub by a clamping mechanism which actuates in conjunction with the front door.

54 Head load mechanism. The head load mechanism consists of a head solenoid and a head solenoid driver. The inter-
face logic may be connected to energize the solenoid via Direct Select or Motor On (see Section (1), Activating the sole-
noid causes the diskette to be pressed against a fixed platen and a spring-loaded load arm with a felt pad opposite the head,
to press the media against the head. This load arm is lifted when the front access door is opened regardless of the state of
the solenoid.

5.5 Track 00. The Track 00 sensor consists of a photo detector with the shutter on the head carriage, and circuits for
converting to proper 1/0 levels. In conjunction with head-positioning logic, the sensor generates a low true level on the
Track 00 interface line when the head is positioned at Track 00. This also inhibits the stwepper-motor circuitry from re-
sponding to any ““Step Out’ command.

5.6 Head positioning control. This consists of a four-phase stepper-motor/pulley-band combination for conversion of
rotational to linear motion. The band is attached to the head carriage and control logic necessary for proper motion re-
sponse according to user commands. The stepper motor opetates in a two-phase On Mode. One step on the motor equals
a one track linear motion of the head. Thus, high accuracy and high step rates are achieved by the 51,/62 series. The
correct phases on for Track 00 is 4 & 1. To move the head toward the center of the diskette, with Direction line high,
the correct phase sequence is:

TRACK 00 PHASE 4 & 1
TRACK 01 PHASE 1 & 2
TRACK 02 PHASE 2 & 3
TRACK 03 PHASE 3 &4
TRACK 04 PHASE 4 & 1

57 Write protect sensor. This is a set of photo sensors positioned on opposite sides of the Write Protect notch in the
diskette. If light from the LED is allowed to hit the photo-transistor, a faise level on the interface line will be produced.
If a Write Protected diskette is installed, the light beam is stopped and the Write Protect line will go true, thus also dis-
abling the current sources for Write/Erase Control.

hole in the media as a shutter. When the lightbeam from the LED passes through the hole and hits the photo transistor, it
will turn on and, through a shaping circuit, generate a true level on the Index Interface line. Location of the photo tran-
sistor is adjustable. )

59 Data recording and retrieving. The drive uses a tunnel-erase head. The erase gap follows the Write/Read gap, and
erases the edges of the writien track to provide a guard band between tracks to allow for positioning tolerances. The elec-
tronics consist of a Write Current source, Steering Circuit, Erase driver, Read amplitier, differentiator, cross-over detector,

pulse generator, and a Side Select circuit.

5981 hDﬂatu recording. When recording digital data, current passes through the winding on the Write/Read core and sets up
a tlux field across the Write/Read gap. This orients the iron-oxide particles on the diskette surface underneath the gap to
the same polarity. The direction of the flux field is a function of the polarity of the Write curient. Data are written by re-

versing the current in the head. Each flux reversal represents a data bit. The head in the drive uses a center-tapped Write/

10
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Read winding, where the current reversal is accomplished by steering the current through one or the other of the two
halves of the winding. Figure 55 shows the basic recording technique. The following conditions must be established by
the user systemn before recording can begin:

a.  Spindie speed must be stabilized. This condition will exist 0.5 sec atter Motor On command is issued.
b,  Head/Media must be stabilized subsequent to Head Load command. This requires 35 msec.

c. Head must be settled subsequent to Step command. This requires 20 msec (5 msec for motion, and 15 msec for
settiing).
The above conditions may be overlapped. It is recommended that the first Write Data command be within 4 to 8 us after
Write Gate goes true, and the last Write Data be within 4 1o 8 us of Write Gate going flase. The Erase Circuit enables the
erase current 430 s after Write Gate goes true, and disables B50 us after Write Gate goes false. These time relationships
are optimized for proper erasure on both inner and outer tracks.

5.9.2 Data retrieving. The Read electronics consists of the following:

a. Read amplifier. d. Cross-over detector.
bh.  Linear filter. e. Digial filter.
c. Difterentiator. f. Pulse shaper.

Several conditions must be established by the user system before Reading can begin. The same conditions applicable to
recording must be met. Additionally, if the previous operation was wiiting, 1 msec must be allowed after termination of
Write Gate to allow for erase and circuit-settling tme. Figure 5-6 shows wave forms in the Read sequence. The head gen-
erates a wave form with peaks corresponding to the flux transients. This is amplified, fed through a low-pass fitter, and
then differentiated to make the peaks occur at zero cross-over. This signal is next fed to the cross-over detector, which
generates a pulse for each cross-over. These pulses are fed through a digital filter, which removes talse pulses. Finally, the
pulse shaper generates a 1 us pulse corresponding to each flux transient, This composite Read Data 15 sent 1o the user via
the Read Data interface line.

) ) 1 @
ot ) ) ! l 1
A Mo mn j g G B | I e
Vo { L J 1 ] 1 f

Wiy

{0k G
D R0 e S 1 S S e o S e . AN RN 33

Figure 5-5 Basic Recording Technique
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Figure 5-6 Wave Forms in Read Sequence
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SECTION VI

6. ERROR RECOVERY

6.1 Seek errors. Unless the stepping rate of 5 msec is exceeded, seck errors rarely oreur. Howevar, in the case of aseek
error, recalibration of track location is achieved by issuing repetitive Step and Direction Out commands to the drive until
the Track 00 status is received.

6.2 Write errors. In order to assure data integrity, a Read after Write should always occur. If the data cannot be recoy
ered on the first Read after Write operation, the Track/Sector should be rewritten and read again. If the data canri - - e
successfully read within four Write/Read retries, it is recommended that the track be labelled defective, and a differe::
track (sector) assigned. If more than two tracks prove defective, discard the diskette. ’

6.3 Read errors. !f the read after write scheme is followed as described in the previous paragraph, only soft errors are

most likely to occur. A softerror is defined as a read error which can be recovered in less than 10 re-tries. However, if the
1rad error cannot be recovered within 10 re-tries, step the carriage one step away from the track in the same ditection pre:
viously moved and then step back. |f the data cannot be recovered, the error is not recoverable.

SECTION VI

7. MAINTENANCE

7.1 General. The only recommended maintenance, which will ensure optimum performance, is periodic cleaning of the
Read/Write head(s) and inspection of the load pad. In case repair is necessary, the following paragraphs describe required
adjustment procedures: :

7.2 Cleaning read/write head. Inspect the load pad (or top head) for excessive oxide, using a dental mirror.
CAUTION
DO NOT MOVE THE UPPER ARM ANY FURTHER THAN IS ALLOWED BY THE DOOR IN ITS OPEN POSITION.

To clean the heads, use a lint-free cloth or cotton swab moistened with 91% lsopropyl alcohol. Wipe the head(s) carefully
to remove all accumulated oxide and dirt. Dry the head(s) using lint-free cloth. (Order MPI Kit P/N 1.86000-001.)

7.3 Adjustment procedures. The following adjustments are required if the parts are bring changed due 1o malfunction I
is recommended, in order to ensure data commonality between diives, that a master alignment diskette be kept, and that
each alignment be verified to the master.

7.3.1 Radial-track alignment.
a. Apply necessary power and 1/0 controls to the drive for recalibration 1o Track 00.
b. Insert a CE alignment diskette (MP1 Part No. 1-42000-001) and close the doot.

¢. Synch oscilloscope on leading edge on TP6. Connect two probes to TP1-TP2. Set the scope to 50mV/cm. ac
coupled, channe!l A and B added, with B inverted, 200ms/div. Attach ground probes to TP7.

d.  Load head and apply 16 stepping pulses, with Direction low. The carriage should be located around Track 16.
The proper phase relation of stepper motor should be: phase 4 and phase 1, OV; phase 2 and 3, +12V.

e. With power on, loosen the setscrew in the stepper pulley and position the pulley so that the cat’s-eye appears on
the scope with equal amplitude. Secure the pulley with 2 in.-Ibs. toraue. Command a return to zero and step back cut to
Track 16 to verify proper alignment.

7.3.2 Index-to-data alignment.

a.  Verify radial alignment (see 7.3.1) and then move the head to Track O1.

b. Set oscilloscope to 50 us/div.

¢. The index sensor clamp screws are located at the bottom of the drive. Loosen the screws and slide the sensor
such that the scope picture shows a data pattern starting 200 * 50 us from the leading edge of index.

d. Tighten the screws carefully, so no variations in the scope reading occur.

7.3.3 Track 00 sensor alignment.

a. Apply necessary power and 1/0 control to the drive and load head.

b. Connect oscilloscope to J4-12; set trigger to internal/auto.

13



¢. Loosen the two screws and adjust for the conditions ind.ande.

d.  When the carriage is located over Track 00, 01, and 02, J4-12 should be on 0.5 volts ({max).
e. Command step-in to Track 03. J4-12 should go high (+4.0 volts min).

t.  Tighten the screws,

7.3.4 Speed control.
a. Apply necessary power and 1/0 control and load head.
b. Insert diskette and close door.

¢.  Turn the drive on its side to get access to the strobe mounted on the spindle pulley. Adjust R28 untl a stable
picture is appearing from the strobe.

7.3.5 Track 00 end stop.

a.  Apply power and I/0 control and load head.
b. Command seek to Track 00.

c. Adjust setscrew located on the left-hand boss in the rear of the drive to approximately 0.010 inch from the end
of the carriage. Command maximum track seek, then return to zero. Assure that carriage does not hit the end stop.
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q are changes that have been inade in (he MPI Manual:

Pige 3, section 11 2.7 Drive separaticn. tEntire paragraph to be
2

e 3, Secrion i1 2.8 taput/output cable. First sentence
eted. At end of paragrash MPI P/N 3-20001-001 te be d

t
ele

Page 4, Section 111,3.2.2 Programnable shunt. Line 6 to be changed

to read: by a dip switcn, AMP P/N h-35626-4% (MPI P/N 1-79601-001) .

.2.4 Mator on. Line 2 now to read:
of the Model 51/52 afcer 10 revolutions of the
1.0 second is required...

Page 4, Section 111, 3
no aclivily i$ require
diskette. A minimum O

f

Page b, Section 111, 3.2.9 Side select. Line | now to read:

4:Nmm:rcﬁ.wcmncHOwn_mnnmmn:cwn:ccconw:1_Oinwsmua.> wW\\wmn
delay should be allowed for the...

Page 13.Section Vi1, 7.2 Cleanina read/urite head. Delete line 4, last
sentence. (Dider MP1 Kit P/N 1-56300-001.)

Page 13, Seztion 7.3.1 Radial-track alignment. Line b is now to read;
Insert a CE alianment disketta (MPI Part Ho. 1-01011- 200 double/MPI
P5rt Mo. 1-01011- 100 sinqgle.)

Pace 'L, Scction V11, 7.3.4 Speed control. Line ¢. now to read:
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adle pulley. Adjust R38 untii a stable picture is anpearing from

strobe.
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FLOPPY CONTROLLER
32K BYTES MEMORY
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DOES PERFORMANCE +
FEATURES= LOW COST ?

YES! With the 'LNW Research System
Expansion', powerful features and high perform—
ance do add up to low cost. For '$69.95"' the
System Expansion Board features 32k BYTE MEMORY
EXPANSION, FLOPPY DISK INTERFACE, PARALLEL
PRINTER INTERFACE; SERIAL INTERFACE (RS-232-C,
20 mA), DUAL CASSETTE INTERFACE, SCREEN PRINTER
BUS AND POWER SUPPLY ON BOARD. 2And all based
on 'no-compromise' engineering and high quality
PC design to provide the highest performance
possible. Plus, by building the System Expan-
sion yourself you can combine the performance
and features of this remarkable board for a
fraction of the price of a Radio Shack Expan-
sion Interface.

SERIAL INTERFACE--STANDARD

In order to interface to modems,
teletypes, serial printers, and other TRS-80's*¥*,
you need a bidirectional Serial Interface.

That's why it's standard on the System Expansion.
The Interface is implemented with RS-232-C, as
well as, 20 mA (TTY) at the standard baud rates.
Software compatibility has been maintained and
listings of driver programs are supplied.

QUIET MEMORY DESIGN

The 16k dynamic RAM's susceptibility
to noise can cause erratic and mystifying be-
havior. There is no substitue for GOOD PC LAY-
OUT TECHNIQUES, ADEQUATE SUPPLY BYPASSING AND
GROUNDING, and SERIES TERMINATION OF THE ADDRESS
AND CONTROL LINES. By adhering to these stan-
dards, we created a memory array that requires
NO HAND SELECTED MEMORY PARTS, EXHIBITS NO
MYSTERIOUS BEHAVIOR, AND CAN BE RELIED ON FOR
ACCURATE DATA STORAGE.

ACTIVE TERMINATION

ACTIVE TERMINATION and SCHMITT TRIGGER
RECEIVERS are used to provide the utmost in
data integrity. Even in an electrically noisy
environment and without special buffered cables,
the System Expansion Board will operate with
"rock-solid" performance.

**TRS-80 is a product of Tandy Corporatimn.

BUILD WHAT YOU NEED

We know that everyone may not need

all the features of our System Expansion

Board, and why pay for something you don't
need?
viding PARTS LISTS BY SECTION you can build

By offering the bare PC Board and pro-

the board according to your current needs and

expand later. This MODULARITY serves to
further reduce the cost of your interface.

SUPERB DOCUMENTATTON

With every circuit board comes a
COMPREHENSIVE USERS MANUAL. This detailed
manual features Parts Lists, Assembly In-
structions, Testing Sections, Circuit Des-
criptions, Troubleshooting Information and
Schematics.,

SOFTWARE CQMPATIBLE

Since the System Expansion Board

is fully SOFTWARE COMPATIBLE with the TRS-80*%

no patches or special software is required.

If you've been searching for the
ultimate interface that combined the power-
ful features and high performance that you

need, at a price you can afford, your search

is over. The INW Research System Expansion
Board is available today.

Contact your local computer
retailer or 'LNW Research'.

LNW
RESEARCH

@® USER MANUAL,

[

SYSTEM
EXPANSION

== SPECIFICATIONS ==

I. ELECTRICAL

A. SERTAL INTERFACE F.

1. EIA RS-232-C or 20mA (TTY)

2. Jumper Selectible Baud rates:
a. 110, 150, 300, 600, 1200, 2400, G.

4800, 9600 Baud.

3. Parity:
a. Even, Odd, or Disable.

4, Word Length:
a. 5, 6, 7 or 8 bits.

5. Jumper Selectible as Data Terminal
Equipment or Data Communication
Equipment.

B. MINI FLOPPY CONTROLLER

1. Controls up to four (4) drives.
2. FD1771B-01 Floppy Disk Formatter/ H.
’ Controller.

C. MEMORY EXPANSION

1. Support 0k, 16k or 32k bytes of II
expansion.
2., Utilize 16k x 1 dynamic RAM.
A.
D. PARALIEL LINE PRINTER INTERFACE
1. Compatible with the Radio Shack/
Centronic printers. B.

E. DUAL CASSETTE PORT

1l. Relay Controlled.

REAL~TIME CLOCK

1. '"Heartbeat" interrupt type.
POWER SUPPLY

1. Overvoltage protection.
2. Short circuit protection.
3. Thermal shutdown.
4, Four (4) supplies:
a. +12v @ 300 mA
b. +5v@1.1 A
c. —-5v@ 1m
d. -12v @ 20 mA
5. Utilize Radio Shack's UL approved
TRS-80** Computer Power Pack.

SCREEN PRINTER BUS

1. Extension of the TRS-80**40-pin Bus.

. MECHANICAL

CONSTRUCTED BOARD SIZE

1. 9.6" x 11.5" x 2"

PRINTED CIRCUIT MATERTIAL

1. Epoxy with solder mask and silk
screened reference.

== ORDERING INFORMATION ==

@ SYSTEM EXPANSION including printed circuit board and user manual . . . .$69.95

oooooo e e & o ¢ o e o o o

® e o & o e e o e ° o e o .$ 6.95

On all orders, please add $3.00 for postage and handling. California residents

add 6% sales tax.

LNW
RESEARCH

P.0. BOX 16216

IRVINE, CALIFORNIA 92713
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