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The DISK-80 is Radio Shack Hardware and software compatible. 
Factory manufactured and tested DISK-80's carry a 60 day 
warrantee including parts and labor. The MICROMINT makes no 
warantee on user assembled DISK-80 systems, power supply kits, 
or blank boards. The MICROMINT will, however, offer an 
inspection and repair service for purchasers of full DISK-SO 
kits. Prices for this service are available on request. Under 
no circumstances is any hardware to be returned to the 
MICROMINT without prior authorization. The MICROMINT will 
assume no liabilities for unauthorized returns. 

The MICROMINT, Inc. reserves the right to change any 
specification at any time. 

TRS-80 is a trade mark of Tandy Corp. 
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The MICROMINT DISK-80 Expansion In terface is completely 
hardware and software compatible with the TRS-80 Model I and 
includes hardware enhancements for incr eased reliability. It 
attaches to the keyboard through the 40 pin TRS-BUS connector 
and provides the following optional capabilities: 32K RAM 
memory expansion, Centronics compatible parallel printer port 
(full 8 bits), real time clock, 4 drive mini-disk controller, 
hardware data separator, buffered TRS-BUS to other peripherals, 
and power supply. 

The DISK-80 system is divided into two circuits boards. The 
main board contains the memory expansion, mini-disk controller, 
real time clock, data separator, and address buffers. The 
second board can be either the standard Power Supply Interface 
Board or the optional Power Supply/Printer Interface. 

DISK-80 BLOCK DIAGRAM (figure 1) 
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2 DISK-SO ADDRESSING 

The disk controller, printer, and real time clock are 

decoded as parallel por ts through IC28. Eight strobes are 

produced by decoder chip IC28 between the range of 37EO hex and 

37EC hex (the range 37ED thru 37EF is decoded by the disk 

controller chip IC42 directly) to coordinate these peripherals. 

Their functions are as follows: 


Write Strobes 
37EO Disk Drive Select (1 of 4) 
37E4 --- Not Used 
37E8 --- Printer Data Ou t 
37EC thru 37EF --- Set Di s k Controller Registers 

Read Strobes 
37EO Read Real Time Clock/Reset Interrupt 
37E4 --- Not Used 
37E8 --- Read Printer Sta t us 
37EC thru 37EF --- Read Di s k Controller Registers 

IC's 26 and 27 function as memory bank decoders. They 

produce 2 strobes. One, designated 32K, is the enable strobe 

for expansion memory between hex add resses 8000 and BFFF (32K 

enable). The second strobe, 48K, c ont r o ls the bank of memory 

between COOO and FFFF (48K enable). 


THE DISK-80 DYNAMIC MEMORY SECTION 

The DISK-BO uses 4116 type memory chips in the memory 

expansion section. The 4116 is a 16K dynamic RAM. The 14 

address bits required to specify one of the 16,384 cell 

locations are multiplexed into seven s har e d pins. 


During a memory read or write instruct ion, a 16 bit address 

is present on the processor's addr es s b us. If the memory 

oudress is between 8000 and FFFF then t he processor will try to 

find that device on the DISK-80 memor y expansion section. 

Decoding A14 and A15 determines whether it is the 32K or the 

48K meQory range and enables the appropr iate bank.The remaining 

14 bits are multiplexed directly into the 4116's. IC'S 1 thru 8 

are the 32K memory bank and IC's 9 thr u 16 are the 48K memory 

bank. 


IC's 20 and 21, 74LS157 quad 2 to 1 li ne multiplexors, apply 
the first seven row-address bits to the device when the MUX 
(multiplex) and RAS (row-add ress strobe ) signals are low. This • 
latches the row address into the 4116. Ne xt, the MUX signal 
goes high, applying the 7 column address bits to the 4116, and 
CAS (column-address strobe) goes low. At the conclusion of this 
sequence, memory is either written into or read from the 4116 
depending upon the polarity of the WRITE ENABLE input. The READ 
ENABLE line in turn controls the direction of data flow through 
the memory data buffers, Ie's 17 and 18 (74LS244 octal 
buffers) . 

One of the less desirable characteristics of dynamic memory 
is "memory refresh". Unlike static memory, the 4116 stores its 
ones and zeroes in single transistor cells which simulate 
capacitors. Like a capacitor, the charge slowly drains off 
unless it is nrefreshed n • Refreshing is accomplished by 
addressing all (or a required minimum) memory cells on a 
regular basis. 
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The 4116 is a RAS-only refresh device. This type of refresh 

is achieved in l ess time and uses only the RAS signal. Since 
the MUX and CAS pulses are not used, the memory is not enabled 
and does not interfere with other system operations. Instead of 
addressing all 16,384 locations, only the 128 rows are cycled. 
However, all 128 rows must be addressed at least every 2 msec 
to avoid loss of data. 

Refresh circuits are gener al l y counters that generate 
sequential addresses that are applied to the chips.The TRS-80's 
Z-80 CPU includes a built in RAS-only refr e sh register. During 
an opcode instruction fetch, the r efresh register contents are 
placed on the address bus and t he RAS line is strobed. In 
effect, the CPU accomplishes "hi dde n refresh" as it executes 
its normal program. For more i nformation on this capability, 
refer to the Zi log Z-80 Technical Reference Manual. 

The memory chips supplied by the MI CROMINT are 200 nsec 
prime components specifica l l y selected to meet all the 
necessary req ui rement s for pr oper ope ra t ion. The MICROMINT will 
not guarantee oper a ti on of the DI SK-8 0 wi th memory chips not 
supplied by t he MICROMINT. 

The memor y section of the DI SK-80 is independent from the 
disk controll e r section (the y s hare common address decoding and 
power supply). The DISK-8 0 can be us ed a s a simple memory 
expansion unit for the TRS-80 by no t i nse rting IC's used in the 
disk controller section. 

THE DISK-OO POWER SUPPLY 

Unfortunate l y , in addit ion to r efreshing dynamic memory, a 
designer has to be concer ned about sequencing the power 
supplies. While some brands of 411 6 's a re more tolerant than 
others, THE -5 VOLT SUPPLY (VBB) MUST BE APPLIED TO THE 4116 
BEFORE +12 V (VDD) AND THE -5 VOLT SU PPLY MUST REMAIN ON UNTIL 
THE +12 V HAS BEEN REMOVED. Powe r sequencing is important 
because many power supplies over shoot whe n they are turned on. 
If VBB (-5V) is no t turned on and VDD (+12V ) overshoots to more 
than +15V, the 4116 will blow. Applying VBB first provides an 
extra margin to prevent device destruction. Also VBB must never 
go positive with respect to a ny other input. 

The DISK-80 power supply (standard or with the optional 
printer interface) meets t he s e requi r ements. It is designed 
such that the time constants o f the var ious sections produce a 
phased start up and shut down. This sequential operation is 
primarily accomplished by choosing filter components that are 
matched to the transformer impedance. Also, because the 
transformer secondary voltage is specifically designed for this 
use, the DI SK-80 power supply is very efficient and produces 
relatively li ttle heat. The nominal capabilities of the power 
supply are 1 amp at +5V, 0.4 amps at +12V, and 0.05 amps at 
-5V. A typical, fully loaded DISK-80 generally loads the power 
supply to about 50% of capacity. 

OPTIONAL PRINTER PORT 

A Centronics compatible printer port is optionally available 
on the power supply board. The optional Power Supply/Printer 
Interface differs from the standard Power Supply board by 
providing a 34 pin edge card connector for a Centronics 
compatible parallel printer. The address of the parallel 



4 printer port is hardwired to hexadecimal 37E8 (14312 decimal) 
and is compatible with LPRINT and LLI ST commands in BASIC. The 
printer interface boa rd is connected t o the DI SK-80 controller 
board through a 14 p i n d i p connector cable attached between a 
socket on each board labeled IC51. 

REAL TIME CLOCK 

To be compatible with TRS-80 hardware , the DISK-80 contains 
a real time clock. It prov i des a n i n te rrupt to the Z-80, 40 
times a second (every 25 mse c ) . When the non-maskable interrupt 
is enabled, the cl ock p r oduced interrup ts cause the Z-80 to 
vector to a specific ROM add ress for f urther instructions. 
Unless there is a us er suppl i ed routine to be executed, the 
Z-80 simply retur n s fr om t h e i nter r upt sequence and continues 
where it left off. Var i o us disk opera t ing systems for the 
TRS-80 use this interr upt log ic to increme nt a time of day 
clock or event time r. 

MINI-DISK CONTROLLER 

The DISK-80 also c o n ta i n s a mini-disk controller. The 
controller is i mp l emented usi ng an LSI floppy disk controller 
chip. The DI SK- 80 us es a Western Digita l FD1771-BOl single­
density disk c on t r o lle r chip. I t is second sourced by National 
Semiconductor a s an I NS1771D-1. This one chip does the 
encoding, decoding, pat t ern r ecognition, serial/parallel and 
parallel/ serial convers ion , CRC character ge neration and disk 
drive control. 

The standard single-densi ty mi n i-f loppy g ives 110K bytes per 
diskette distributed on 35 t racks ( if you use a disk drive with 
40-77 tracks you can expect to stor e more da ta proportionally). 
Using standard IBM 3740 f ormat, e ac h t r ack is divided into 16 
sectors of 128 bytes. The mini - fl oppy tr a nsfers data at 125 
Kbits/sec (an 8" dri v e transfers data at 250 Kbits/sec). 

Drive selection is handled by IC 's 32 and 33. Only one drive 
is selected at a time and the dri ve motor is turned off between 
disk accesses. To address a pa rt i c ula r drive, a one of four 
drive code is loaded into IC 32 during an ou tput to port 37EO 
hex. This action starts a 5 s ec "mot o r on " t i mer which turns on 
whichever drive is select ed . I t also a c tivates the Head Load 
Time control (HLT) line on t he 17 71 . The d is k operating system 
software takes into a ccount t hat i t takes abou t 1 second for 
the motor to corne up to speed and 80 msec for head loading. 
Unless another call is made to this same d r ive, the motor will 
shut off after 5 seconds. 

All data, commands and control for t he 1 771 are handled 
through conventional I/O instructions. Ei gh t ports (4 in and 4 
out) handle a l l the communication. The range of addresses are 
37EC to 37EF. The commands and data are c ommunicated to the 
1771 by setti ng the appropriate signals on AO and Al (IC42 pins 
5 and 6) and strobing either the r e ad or write enable inputs 
(IC42 pins 4 and 2). 

Many commands require a parameter such as a track or sector 
address. This data must first be loaded into the appropriate 
register in the 1771. To send a track address for example, the 
8 bit track address is set in the Z-80 accumulator and an OUT 
to port 37ED hex is executed. The con t e nts of the accumulator 
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will be stored in the track register. The following is a 
partial summary of register functions: 

Address Al AO Read Enable Write Enable 
------­ ----------­ -----------­

37EC 0 0 status Command 
37EC 0 1 Track read Track set 
37EC 1 0 Sector r ead Se ctor set 
37EC 1 1 Da ta read Data set 

Of the 1 771 l s 16 control l ines, s even interface directly to 
the disk d r ive through dr i vers and rece i ve r s (7416 1s and 
74LS14 I s). The Write Da t a l ine transmits t he digitized serial 
composite data to be written on the diske t te. The Write Gate 
line enables the actua l writing p rocess . The Index input 
indicates the beg inn ing of a t rack and the Wri te Protect line 
indicates when a write-pr otected disket t e has been inserted 
into the drive. The Track 00 l i ne indicates when the read/write 
head is positioned over tr ack 0 (the out ermost track). The 
Direction Select l ine defines the direct ion i n wh ich the head 
will move when the Step l ine is pulsed. Each pulse moves the 
head one track. 

DI SK- SO EXTERNAL DATA SEPARATOR 

As previously mentioned, the mini - d i sk transfers data at 125 
Kbits/sec while an S inch f loppy runs at 250 Kbits/sec. The 
difference in data rates affect s the data separator1s timins 
vulues as well as the clock r ate used by the controller chip. 
The mini-floppy requires a 1 MHz c l ock wh ile a standard floppy 
uses a 2 MHz clock. 

Data received from the mini-f loppy is a multiplexed 
combination of data and clock pul ses. The 1771's internal data 
separator separates the data a nd clock bi t s but THE INTERNAL 
DATA SEPARATOR IS NOT RECO MMENDED WHERE HI GH RELIABILITY IS 
REQUIRED. AN EXTERNAL DATA SEPARATOR MUST BE ADDED to maintain 
a soft-error rate better t han 1 i n 1 0 to the Sth. 

The 1771's internal separator operates fr om the 1 MHz system 
clock which is nonsynchronous wi th the di sk data. Due to the 
mechanical variations and othe r fact ors, s ometimes a bit of 
data can arrive at a point in t i me noutside the data windown, 
that is, when the controller is not expecting it. The data 
window's 1 microsecond resolution can move with respect to a 
data bit's arrival by enough that the data b it can actually 
fall outside the data window. This would be interpreted as an 
error. 

To help eliminate what has been a major problem for TRS-80 
disk users, THE DISK-SO DESIGN INCLUDES AN EXTERNAL DATA 
SEPARATOR. 
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EXTERNAL DATA SEPARATOR SCHEMATIC (figure 2) 
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A one-shot reduces the Read Data input pulse width from 1.2 
microseconds to 400 nano-seconds. When conf igured for external 
clock and data separation, the 17 71 requires pulse widths 
between 300 and 700 nanoseconds. The nar rower the pulse width, 
the better the data separator's resolution. 

To produce the separator's data window, a 6 microsecond 
one-shot is triggered by the leading edge of the clock pulse. 
Since the time between clock pulses is 8 microseconds, a data 
bit is expected within 4 microseconds af t er the leading edge. 
The extra 2 microseconds allows for shifts in the data or clock 
bits. 

IBM 3740 format used in the Model I creates a unique 
addressing mark by dropping three clock pulses during the 
address-mark clock pattern. To produce data windows during 
missing clocks, a false clock is generated with a 5.4 
microsecond one-shot . If the 5.4 microsecond one-shot times out 
past the expected point of the next clock pulse, its trailing 
edge triggers the 6 microsecond one-shot, generating a data 
window. 

A 3 bit counter distinguishes between missing clocks and 
address marks. If the separator is already in phase, it is 
constantly reset by the separated clock output. When the 
separator encounters the address mark, the counter is 
incremented by the separated data line. On the forth missing 
clock pulse the data window is reset. The separator becomes in 
phase again on the next true clock pulse. 
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DISK-80 OPERATION 

The DISK-80 Expansion Interface i n ei ther kit or assembled 
form contains 16K of e xpansion me mory . The DISK-80 also has 
prov1s10n for an addit ional 16K (total 32K) of memory. There 
are 8 sockets provided on the boar d to i nsert the extra 8 4116 
chips. Addressing f or the extr a 16K is already provided and no 
other changes are required. Only 200 nsec type 4116 dynamic 
RAMs should be used (they are availabl e f rom THE MICROMINT). 

EXT RA MEMORY SKETCH (figure 3) 

16K-.-,~---"", 

~------~r----32K 

EXT RA MEMORY 

The standa r d DISK-80 has one r ibbon ca ble and two edge 
connectors on the rear pa ne l: 

STANDARD UNIT REAR CO NECTOR LAYOUT (figure 4) 

1 J3 39 I JI 33 
'--1'----"1 r--I, ------.,I 


2 40 2 34 


TRS-BUS EX PANSION CONN ECTOR MINI-DIS K CONNECTOR 

The ribbon cable, J2 , plugs in to t he TRS-80 keyboard 
connector (note t he "THIS SIDE UP" orient at ion . 

RIBBON CABLE CONNECTION (figure 5) 

TRS-80 
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The 40 pin edge card connector (J3, on the lower left) is a 

buffered TRS-BUS connect o r. Peri pher a l s such as the CHATTERBOX 
or COMM-80 woul d plug into t his connector. The 34 pin edge 
card connector (Jl, on the lower right) is for the cable from 
the mini-disk drives. When the disk drive cable connector is 
inserted, the ribbon cable s ho uld hang down. 

The Printer Port versi on of the DISK-SO ha s an extra 34 pin 
edge card connector (on t he upper r ight) . The address is 37E8 
hex (14312 decimal) and it wi ll wor k d ir ectly with the LPRINT 
and LLIST BASIC commands. The connection between the controller 
and power supply boards is via an inte r na l 6" ribbon cable. If 
this cable is not i n s e rted, or inserted incorrectly, the 
printer port will not wo rk . 

PRINTER PORT VERSION 
REAR CONNECTOR LAYOUT (figure 6) 

PRlNTER PO RT OPTIONAL 

34 ~I ____________~I 12 
133 1 

1 J 3 39'--1------.,1 1 J1 33""--1­ -------.1 
2 40 2 34 

TRS-BUS EX PANSION CONNECTOR MINI -DISK CONNECTOR 

The wires on a l l c a bl es should hang down when they are 
inserted. The DISK- 80 shoul d always be unpowered when 
connecti~g and un c onnect ing cables . Gener a l ly, it is a good 
idea to power up t h e DI SK - 80 simul t an e ously or before the rest 
of computer system. 

RUNNI NG TH E DI SK-B O IN A MOD EL I SYSTEM 

The DISK-80 shoul d be at tached to the TRS-80 keyboard and a 
H!ini-disk drive a ttac he d to J l as de scribed above. A disk 
containing a valid TRS- 80 ope r at ing s y s tem such as TRS-DOS or 
NEW-DOS should be i nse rte d into t h e drive and the door left 
open. Apply AC power to all system components except the 
keyboard unit. 

While holding t h e BREAK key down, turn on power to the 
TRS-80 keyboard , and rel ease the BREAK key. This will boot the 
system into BASI C a nd ~ither nMEM SIZE?" or "MEMORY SIZE?" will 
appear. Answer the question by pressing the ENTER button and 
the system will respond with "READY>". Next, type "?MEMn and 
press the ENTER button. This will dete rmine how much memory is 
available on the system. If the DISK-SO has 32K installed, it 
will respond "48338" available bytes. If the DISK-SO has 16K 
installed, it will respond "31954" available bytes. This 
procedure indicates that the DISK-SO memory is working. 

Next, close the door on the mini-disk drive (with the disk 
inserted) and press the TRS-SO reset button on the rear of the 

\ '-


• 
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keyboard. This wil l cause the disk drive access indicator to 
light and the drive motor to start. The screen will momentarily 
clear (when initi a lized from a cold start r a ther than with the 
reset key, the s c reen will first fill wi t h random characters 
before clearing) and then reappe ar with the introduction to the 
disk operating s y s tem. Fo r the operati ng system to appear, the 
DISK-80's disk controller section must be functioning properly. 
The mini-disk dr i ve will s hut of f a u t omati cally after about 5 
seconds unless ano the r disk acce s s is ini tiated. 

At this poi n t , the DISK- SO is essentially checked out. The 
real time clock ca n be exerci s ed by simply typing "CLOCK" and 
ENTER while in t h e di sk ope r at ing sys tem. In most systems, a 6 
digit clock wi l l appear i n t he uppe r right c or n e r of the screen 
which will s tart incr emen t ing by t he sec ond. Fo llow the 
directions in the operating s ystem manual fo r using the clock 
capability wi t h your pr og rams . 

BUILDING THE DISK-80 POWER SU PPLY 

The kit c ontains a pproxima tely 200 components. While all 
components c o ul d be i n s e rted i n any order, the preferred 
procedure i s t o inser t and so l der the component s and subsystems 
in stages. The best p l a c e t o sta rt is by bu i l ding the power 
supply first. It i s t he e a sies t assembly a nd t he rest of the 
circuit cannot wo r k without i t. Since both supplies are similar 
(the differenc e bein g additio nal f e atures on one), they will be 
assembled and te sted i n common . Tw o sepa r a te parts lists are 
provided fo r c onvenience. During t esting, certain aspects of 
the test wi l l o n l y appl y t o the pri n t er i nterf a c e section. 

The DISK- 80 powe r s upply secti on is t he same on both the 
standard a nd opt i o na l p r inte r interface ver s i ons of the power 
supply. The compone nt l ocat ion i s noted in the silkscreen on 
the board and th e compone n t val ue is listed in the standard 
power supply kit pa rts list . 

DISK-SO POWER SUPPLY BOARD LAYOUT (figure 7) 
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DISK-80 POWER SUPPLY SCHEMATIC (figure 8) 

N:. o.c:(7 k. ~ +12.\/ 
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STANDARD PO\'lER SUPPLY PARTS LIST (no pr inte r port) 

PART # VALUE or DESIGNATION 

PC Board P'VIR SUP PCB 
AC Transformer (14VCT & 8VAC) PI TB- l19 
VI MCM7812 Regulator 
V2 MCM 7 905 Regulator 
V3 I N4 733A Ze ner Diode 
DI-D2 Ful l Wave Bridge 1.5A/200 PIV 
Heatsink (VI) TH H 61 06B- 13 
Heatsink (V2) THM 6072B and 6071B (2 pieces) 
C2 .1 Mf d . 50 V Ceramic 
C3,C6,C7 .1 Mf d. 1 2V Ceramic 
C4,C8,CIO 10 Mf d. Electrolytic 
C9 220 Mfd . Electrolytic 
Cl 2200 Mfd. Electrolytic 
C5 10000 r-tfd. (4700 Mfd.inserted 

on production units) 
ell 220 Pfd. Ceramic 
Rl 680 Ohm (BLUE, GREY, BROWN) 

Misc Hwdr 2 #6 screws & nuts 

The optional Power Supply/Printer Interface combines the 
power section of the standard supply with 4 additional IC's and 
a 34 pin edge connector to provide an 8 bit (in and out) 
Centronics compatible printer port. These 4 chips serve as the 
input buffer and output latch for data transfers. The address 
decoding (37E8 hex) for the printer port is done on the 
controller board. The component location is noted in the silk 
screen on the board and the component value is listed in the 
Power Supply/ Printer Interface parts list. 
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DISK-80 POWER SUPPLY/PRINTER INTERFACE BOARD LAYOUT (figure 9) 
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POI-lErt SUPPLY/PRINTER I NTERFACE PARTS LIST 

PART # VALUE or DESIGNATI ON 

FC Boa rd PWR SUP/PRINTER PCB 
AC Trans former (14VCT & 8VAC ) PITB-1l9 
VI MCM7812 Regul a tor 
V2 MCM 7 90S Regu lator 
V3 IN4733A Zener Di ode 
IC 52 74LS244 
IC 53 74121 
IC 54-55 7 4LS75 
DI-D2 Full Wave Bridge 1.5A/200 PIV 
Hea ts in k (VI ) THM 6106B- 13 
He a ts i nk (V2) THM 60728 and 607 1B (2 pieces) 
C2 .1 Mf d. 50V Ce ramic 
C3,C6,C7, C12 ,C13 .1 Mf d. 12V Ce ramic 
C4,C8,CI0 10 MEd. El ectrolytic 
C9 2 20 Mf d. El ectrolytic 
Cl 2 20 0 HEd. Electrolytic 
C5 4 700 Mf d . Electrolytic 
Cll 220 Pf d. Ceramic 
R3 20K Ohm (REO, BLACK, ORANGE) 
R2 4 . 7 K Ohr.l SI P 
Rl 680 Ohm (BL UE, GR EY. BROWN) 
R4-Rll l K Ohm (B ROWN, BLACK, RED) 
Misc Hwdr ~ screws ( 1/ 2 inch) * 

4 spa c e rs (1/4 inch) * 
2 16 s c rews & n u ts 


14 pin IC socket 2 p i e c es 

16 p in IC s')cket 2 p ieces 

20 pin IC src ket 1 piec e 

14 Pin Ribbo n cable 1 (6 i nches) * 

* supplied only with full DISK-80 kit 

Kit Assembly and Test 

STEP 1 --- Insert and solder all resistors and capacitors. The 
best procedure is to find the location of each resistor or 
capacitor on the board and then insert the correct component 
value as listed in the Parts List. The color code of each 
resistor is also provided as an aid. Note that on the SIP (R2) 
that pin 1 is labelled on the device with a numeral 1. This pin 
should be inserted in the hole with the dot etched on the board 
next to it. 

The electrolytic capacitors are tubular. They have the 
negative side of the capacitor designated (usually with a minus 
sign and arrows pointing in that direction). The opposite side 
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13 is positive. When inserting these components into the board, 
the positive lead of the capacitor should be inserted into the 
pad with the "+" mark. When the capacitors are installed on the 
board, the polarities are not necessarily all in the same 
physical direction. 

The ceramic capacitors are generally disk shaped. They have 
no polarities but you may wan t to orient the printing on the 
components to all face the s a me direction f or aesthetics. 

STEP 2 Insert and solder a ll I e sockets. Pin 1 is 
designated on the board by the notch shown on the silk screen. 

STEP 3 --- Insert Dl, D2, and Zl . The bar s ide of Zl indicated 
on the board. It sho uld be i n s erted to c o rr espond with this 
designation. When inserting Dl a nd D2 , note that the "+" on 
each device should line up with "+" pain t ed on the board. 

STEP 4 --- Insert VI and V2 with their a ppropriate heat sinks. 
Note that V2 has 2 sinks wh ich a re stacked. Solder these 
components and tighten the heat sink bo l ts. 

STEP 5 --- Attach the transformer t o t he 5 pads labeled "14VCT" 
and "8VAC". The 5 wires ar e col or code d a nd should be soldered 
according to the schematic de scr i p t ion. 

Testing 

With no Ie's inserted in the boa r d , plug in the power pack. 
Using a voltmeter set on the 0-20V scale, check that +5, +12, 
and -5 volt supplies are operating. The readings should be 
within +/- 5% of the nominal values. Somet imes it is necessary 
to apply a minimum load to the output to make 3 terminal 
regulators such as VI and V2 regulate prope rly. A 220-470 Ohm 
resistor ( 1 Watt) should suffice. Th e - 5 V should not need a 
resistor applied to it. 

If the three voltages read properly, then the power supply 
test is complete. Unplug the power pack and plug in the printer 
port IC's. The printer port c a n only be checked under program 
control when the controller board is assembled. 

BU ILDING THE DISK-SO CONTROLLER 

Assembling the DISK-SO as a kit is no t an easy task. It is 
offered as a kit to those people who wish to save money by 
constructing it themselves. It should be cautioned however, the 
considerable difference in price between the assembled and 
tested DISK-SO and the kit version is for a reason. Only people 
with a relatively high level of technical expertise should 
attempt assembling a DISK-SO kit. 

There are approximately 200 parts on a DISK-SO board. The 
component locations are indicated on the silk screen and the 
component values are listed in the parts list. Do not remove 
the IC's from their shipping container until instructed to 
insert them into the sockets. 
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DISK-80 CONTROLLER BOARD LA YOUT (figure 11) 
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DISK-80 CONTROLLER BOARD SCHEMATIC (figure 13) 
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DISK-80 CONTROLLER BOARD SCHEMATIC (figure 14) 
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DISK-80 CONTROLLER BOARD SCHEMATIC (figure 15) 
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19 DISK -80 CONTROLLER BOARD SCHEMATIC (figure 16) 
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KIT ASSEMBLY AND T EST PROCEDURE 

STEP 1 --- Inse r t and solder all resistors and capacitors. The 
best procedure i s t o find the location of each resistor or 
capacitor on t h e boa rd and the n i n se r t the correct component 
value as listed in the Pa rts Li s t. The co lor code of each 
resistor is also provided as a n a id. Note that on the SIP (R2) 
that pin 1 is labeled on t he dev ice with a numeral 1. This pin 
should be inserted in the ho le wi t h the do t etched on the board 
next to it. R20 and R21 are 10K poten t iome ter s. 

The electrolyt i c capac i tors are t ubul ar . They have the 
negative side of t h e capaci to r designate d u s ually with a minus 
sign and ar r ows pointing i n tha t direction. Th e opposite side 
is positive. When inse r ting t hese compone nts i nto the board, 
the positive lea d of t he c apaci to r should be inserted into the 
pad with t he " +" mark. Whe n the capacitors are installed on the 
board, the pola r i ti e s a r e not necessar ily all in the same 
physical d i recti o n . 

The myla r c a pa ci tors a r e rectangular and the ceramic 
capacitors are general ly di s k s haped. They have no polarities 
but you may wan t t o ori e n t the printing o n the components to 
all face t he s ame di r ect i on f or ae s thetics. 

STEP 2 Insert and solder all IC s oc ke ts . Pin 1 is 
designated on t he board by t h e notch shown o n the silk screen. 
Pin 1 on all I C' s (e xcep t IC4 2) point towa rd the connector side 
of the circuit boa rd . Do not in s e r t any I C' s . 

STEP 3 --- I nser t a nd solde r the c rystal (Xtal) and the ribbon 
cable (J2). The cabl e po rt i on of J2 s hould extend out over J3 
and not toward t h e center of t he circuit boa rd. 

STEP 4 Al l discrete components should be inserted and 
soldered by t hi s point. Ne x t , at tach the 4 power wires (+5V, 
+12V, -5V, and Gnd) from t h e power supply board to the 
controller board. Four sepe r at e c o l ors of stranded insulated 
wire (preferably #16 or #1 8 ) should be used. The typical 
choices would be red for +5 , bl ue f or +1 2, y e l low for -5, and 
black for Gnd. If you have t he opti onal printer port version, 
the dip jumper cable will be i n s t al led l ate r. 

TESTI NG AND CALIBRATI ON 

To properly check out the DI SK- 80 y o u will need a voltmeter 
for general testing and an oscilloscope to set the data 
separator one-shots. A frequency counter and function generator 
would be helpful but not absol u tely necessary. 

STEP 1 --- Check the power supply connec t i o ns 
You should at t his point have the power supply connected to 

the controller board and no IC's inserted. Plug in the power 
supply. 

Locate IC42 on the controller board and verify that +5V is 
on pin 21, Gnd on pin 20, +12V on pin 40, and -5V on pin 1. If 
you read anything different than these values, check your power 
supply wiring or look for solder bridges. 

As a final safety check when this is completed, plug the 
DISK-80 into the keyboard connector and power up the computer. 



22 

There should be no effect on normal computer operation. If the 
computer performs erratically then examine t he DISK-80 cable 
for shorts and the DI SK-80 board f or solder br idges. 

STEP 2 - - - Check the osci l la tor and inter r upt clock frequencies 
Turn off the power a nd insert IC's 43 thru 48 (IC's 43, 45, 

and 46 are CMOS d evices and should be handled with care. They 
should be taken f rom t he s h i ppi ng container and inserted 
directly into the board. Do not lay t he chips on any surface 
that would contribute to an a ccumulati on of static charge). 
These chips form t he os c illator and c l ock circuit for the 
DISK-80. These same pr eca utions s hould be taken when the disk 
controller chip, IC42, is inserted l a t e r. 

Turn on the power and usi ng either an oscilloscope or 
frequency counter, ve ri f y t ha t a I MHz signal is present on 
IC47 pin 2 and a 40 Hz s i gnal on IC48 pi n 11 . If the 1 MHz is 
not present, then check for a 4 MHz clock at IC44 pin 14. In 
cases where t h e re is no 4 MHz cl oc k, check IC43. For no 1 MHz 
clock, check IC 's 44 or 47. For no 40 Hz clock, check IC's 45 
and 46. Turn off t he powe r when thi s is comple ted. 

STEP 3 --- Set the data separ a t or one-sho t periods 
Next, we set the data sepa rator one- s hot periods. Insert 

IC34 with pins 2 and 10 bent out s o that the se pins do not plug 
into the socket. An a l t erna t i ve me t hod is to put the 74LS123 
into a second IC s ocket wi th pins 10 and 2 removed. The 
combination would then be in ser t e d into t he socket for IC34. 

Attach a lead from IC45 p in 4 (power should always be turned 
off when you are plac ing jumpers and be extra careful since 
IC45 is CMOS) to IC34 pin 1 ( ther e a re other points along this 
same wire that ma y be mor e conven i ent a nd you might refer to 
the schematic) a nd turn t he power on. Thi s jumper provides an 
80 KHz clock signal whi ch nega t ive- edge tr iggers the one-shot. 
To set the period, atta c h a scope probe to IC34 pin 13 (0 
output) and set the scope to trigger on the positive edge of 
the 80 KHz clock. Since the r e is often a delay between the 
actual trigger and the display on s ome s copes, this will center 
the one-shot pulse on the sc r e e n where i t is easier to view. 
The pattern is repeatable and sho uld easily lock in on the 
scope. Adjust R20 such that the positive pulse width seen at 
pin 13 is exactly 5.4 micr oseconds . 

Next, move the 80 KHz clock s i gna l fr om IC34 pin 1 to IC34 
pin 9. The scope pr ob e should be moved fr om pin 13 to pin 5. 
Using the same technique descri bed a bove, set R21 to produce a 
pulse width of exactly 6.0 microsecond s . 

When you have set both potentiomete rs, apply some nail 
polish to t he t ops of R20 and R2 1 to keep them from moving. 
Then, turn of f t he power, remove a nd r e i nsert the 74LS123 
correctly into the socket for IC34. IC' s 35 thru 38 and IC49 
can be inserted at this time. 

NOTE: This essentially completes t he data separator 
calibration. If at a later point in the test procedure you are 
not able to properly read from a disk, most likely incorrect 
data separator settings are the cause. If you are unable to set 
them properly because of inadequate test facilities, one 
alternative as a last resort is to totally eliminate the data 
separator. This can be accomplished with the following: 

1. Remove IC's 34 and 35 
2. Jumper together IC36 pins 13, 3, and 7 

• 
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3. Solder a jumper between IC33 pin 10 and IC42 pin 27 
4. Cut the trace between IC42 pin 25 and Gnd 

Remember~ this is a drastic measure which defeats one of the 
main features of the DISK-SO. The disk controller will still 
work but it will be more prone to data transfer errors. 

STEP 4 --- Memory test 
with the power off, insert IC's 17, IS, 19, 20, 21,22, 23, 

24, 25, 26, 27, 2S, and 41. Connect the DISK-SO to the keyboard 
connector as previously described, and apply the power to the 
TRS-SO and the DISK-SO (hereafter referred to as the System). 
There should be no operational change in the function of the 
TRS-SO. Turn off the power. 

Next insert S 4116 memory chips (treat them like CMOS) into 
IC locations ICI thru ICS. These would be the lower bank of 16K 
expansion memory. 

Turn on power to the system. This will boot the computer 
into BASIC and either "MEM SIZE?" or "MEMORY SIZE?" will 
appear. Answer the question by pressing the ENTER button and 
the system will respond with "READY>". Next, type "?MEM" and 
press the ENTER button. This will determine how much memory is 
available on the system. With the 16K installed, it will 
respond "31954" available bytes. 

If you intend upon having 32K of expansion memory, repeat 
the proceedure by adding another S 4ll6's for the upper bank of 
memory in locations IC9 thru 16. It will respond "4S33S" 
available bytes to "?MEM" this time. This procedure indicates 
that the DISK-SO memory is working. 

STEP 5 --- Disk controller 
With the system power off, insert the remaining IC's with 

the exception of the disk controller chip, IC42. Connect the 
DISK-SO to the keyboard and turn on the system power. Repeat 
the tests in STEP 4 and note that computer operation is still 
the same. Turn off system power. 

Carefully insert IC42 (treat it like CMOS). The DISK-SO 
should be attached to the TRS-SO keyboard and a mini-disk drive 
attached to Jl. A disk containing a valid TRS-SO operating 
system such as TRS-DOS or NEW-DOS should be inserted into the 
drive and the door left open. Apply AC power to all system 
components except the keyboard unit. 

While holding the BREAK key down, turn on power to the 
TRS-SO keyboard, and release the BREAK key. This will boot the 
system into BASIC and either "MEM SIZE?" or "MEMORY SIZE?" will 
appear. Answer the question by pressing the ENTER button and 
the system will respond with "READY>". Next, type "?MEM" and 
press the ENTER button. The computer should respond with 
whatever value was obtained in STEP 4 above. This procedure 
indicates that the DISK-SO expansion memory is still working. 

Next, close the door on the mini-disk drive (with the disk 
inserted) and press the TRS-SO reset button on the rear of the 
keyboard. This will cause the disk drive access indicator to 
light and the drive motor to start (both must occur by command 
from the computer. Failure to obtain either or both conditions 
indicates that the computer is not communicating properly ~ith 
the DISK-SO) . The screen will momentarily clear (when 
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initialized from a cold s tart r ather than wi t h the reset key, 
the screen will fir st fill with random c haracters before 
clearing) and t hen reappear with the introducti on to the disk 
operating system. For the operating system to appear, the 
DISK-SO's disk contro l l e r sect i on mus t be functioning properly. 
The mini-disk drive will s hut off automatically after about 5 
seconds unless a nother d i sk a c cess is initiated. 

If the drive i nd icator and the drive mo tor come on but no 
operating system appe ars on the screen, listen carefully to the 
disk drive. If a clicking sound occurs (a coup le times is OK) 
repeatedly but nothing is displayed on the screen, the 
controller is having trouble reading the disk . Thi s failure can 
be the result of a ba d or improperly inse r ted d iskette. More 
than likely however, it is the result of a mi s adjustment in the 
data separa t or section . Refer to the data sepa ra tor calibration 
p~ocedure to rectify the problem. 

CRC Errors are Often an Indicator of Othe r Problems 

The final test of t he DI SK-SO is to format and copy a disk 
under prog ram control. To do this you would ei the r use two 
drives and t he "FORMAT" and "COPY" commands o r, "BACKUP" (if 
available in your operating system software ) with a single 
drive. 

Writing a d isk in t his manner often points out problems that 
would otherwi se go unnoticed or be attrib uted to another 
circuit se c tion. Frequently the tolerance s of components 
(memory speed and d ecoupling capacitors pa rt i c ularily) can 
affect ci rcuit opera t ion. The components suppl ied with the 
DISK-SO kit should not produce these problems. However, since 
the DIS K-BO is also being constructed in many cases with user 
supplied compo ne n t s, you should be aware of an important 
symptom. 

If when copy i ng and formatting a disk y ou are advised of 
multiple CRC e r ror s , a s sum i ng that you have not used slow 
memory chips (200 nsec only!) this could be a memory decoupling 
problem rathe r than a disk controller failure. It is also more 
likely to occur with 3 2K of expansion memory or with an 
excessively l ong c abl e attached to the J3 expansion connector 
(the DISK-SO is des igned t o allow peripheral connection to J3, 
however, The MICROMINT cannot guarantee tha t al l peripherals 
sold for the TRS-8 0 Model I will fUnction correct ly from this • 
connector ). 

Should t hi s oc c ur, turn off the system powe r and remove any 
peripherals plugged into J3 and then try formatti ng and copying 
again. If the error persi s ts, turn off the power and remove the 
top bank of expansi on memory. With a 32K sys tem, you would 
remove the upper bank (IC's 9-16) of memory c hips (put them 
into the s hipp i ng container). If you have a 16 K system, you 
would remove IC's l-S. Try f o r mat t ing and copying again. 

If t he e r r o r i s remedi e d through these a c tions, then 
additiona l decoup l ing c a pa ci tance is indicated ( i f it is not, 
it is a c ontroll e r pr oblem). Locate C70 on t he board. This 
capacitor is at t ached between the +12V a nd Gnd bus that runs 
under the memory c h ips. One solution is to add another 10 MFd 
capacitor in parallel with C70 . Better yet , is to solder one or 

o addit iona l 10 0 MFd capacitors unde r t h e board at other 
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points along the +12V and Gnd bus. While you have the unit 
apart, you may also want to add a 100 MFd capacitor between +5V 
and Gnd as well. 

STEP 6 --- Testing the Real Time Clock 
The real time clock can be exercised by simply typing 

"CLOCK" and ENTER while in t he disk operating system. In most 
operating systems, a 6 d igi t c l ock will appear in the upper 
right corner of the screen whi c h will start incrementing by the 
second. Follow the directi ons in the operating system manual 
for using the clock capabili ty with your pr og rams. 

STEP 7--- Testing the Printer Po r t 
The printer port sec tion should already have been 

constructed i n the section desc r ibing the Power Supply/Printer 
Interface board. The printer secti o n is connected to the 
controller board with a 6" dip J umper cabl e (see the section on 
the DISK-SO enclosur e for power suppl y a nd controller board 
mounting directions). The cable plugs into socket IC51 on the 
Power Supply/Printer Port board and l oops directly down to plug 
into socket IC51 on the controlle r boa rd (there should be no 
twists in the ca bl e). 

The easiest way to t es t t h e pr i nte r po rt is with a printer. 
Power up the system but hold t h e BREAK key when powering up the 
keyboard unit. This will boot the system into th~ usual ROM 
BASIC. Plug the printer cable into t he 34 pin printer port edge 
connector (Note the pin numbering. Remember, the Power Supply/ 
Printer Port mounts upside down inside the case. All references 
to the fact that inserted cables hang down pertain to a final 
assembled DISK-SO). Write a short BASIC program and then type 
LLIST. This should dump it to the prin t er . 

If you do not have a pri n t er but wish to check the printer 
port operation anyway, it can be done with PEEK and POKE 
commands. The port address is 14312 i n BASIC. A number can be 
written to the port by executing a " PO KE 14312,X" ( X is any 
value between 0 and 255). Reading a n input from the printer 
port is accomplished with "PRINT PEEK(14312)". By using either 
a meter to monitor the output bits or a grounding wire (inputs 
have pull-up resistors already attached) to exercise input 
bits, the printer port hardware can be easily checked. Refer to 
the Printer Port edge connector layout diagram or the Power 
Supply/Printer Port schematic for pertinent pin numbers • 
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THE DISK-80 ENCLOSURE 

There are 6 components that ma ke up the DISK-80 Expansion 
Interface enclosure: top cover (no holes in it), bottom cover 
(4 mounting holes), 2 side rails (e xact l y the same), and 2 end 
plates (one blank and one with ei t he r 4 or 5 cutouts). 

With the side rails removed, lay t he controller board in the 
bottom cover. Insert the side rai ls ( t ight fit) so that they 
press down on the controller board and hold it in the cover. 
Insert the 4 mounting screws and fee t through the bottom cover 
mounting holes. They should go throug h the 4 holes provided on 
the controller board and extend up th r ough the side rails. 

Use 4 screws and 4 1/4" spacers to a ttach the power supply to 
the top cover. It should be mounted wi t h the solder side to the 
top cover. When the top cover is place d over the bottom cover, 
the power supply will be upside d own . In this position, the 
printer port edge connector should be directly above and 
parallel to the controller board Jl c onnector. Placement of a 
non printer port power supply is not as c ritical but locating 
it directly over C68 is still the best pl ace. 

Insert the 2 end plates and inser t the top cover into the 
side rails. The power supply cord should extend out through the 
notch cutout in the connector side end plate. Press down on the 
top cover (make sure the printer port edge connector is in the 
correct slot first) until it fits firmly over the bottom cover. 
Tighten the 4 mounting screws to secure the entire enclosure. 

,--~ 

• 
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MINI-DISK EDGE CARD CONNECTOR]l 


PIN SIGNAL DESCRIPTION 
------------------------------------------------------_._------­
1 GND 
2 N/C 
3 GND 
4 N/C 
5 GND 
6 N/C 
7 GND 
8 INDEX 
9 GND 
10 DSO 
11 GND 
12 DS! 
13 GND 
14 DS2 
15 GND 
16 MOTOR 
17 GND 
18 DIRECTION 
19 GND 
20 STEP 
21 GND 
22 WRITE DATA 
23 GND 
24 WRITE GATE 
25 GND 
26 TRACK 00 
27 GND 
28 WRITE PROTECT 
29 GND 
30 READ DATA 
31 GND 
32 DS3 
33 GND 
34 N/C 

Signal Ground 
Not Connected 
Si9nal Ground 
Not Connected 
Signal Ground 
Not Connected 
Signal Ground 
Pulse at beginni ng of track 
S~9nal Gr ound 
Selects drive 0 
Signal Ground 
Selects drive 1 
Signal Ground 
Selects drive 2 
Signal Gr ound 
Turns on all drive motors 
Signal Ground 
D~fines direction of R/W head 
Signal Ground 
Moves R/W head one step 
Signal Ground 
Data to be written on diskette 
Signal Ground 
Enables WRITE DATA 
Signal Ground 
Indicates track 0 head position 
Signal Ground 
Indicates write protected diskette 
Signal Ground 
Ra,w data read from drive 
Signal Ground 
Selects drive 3 
Signal Ground 
Not Connected 

NOTE: Means Negative (logical"O-) True Input or Output• 

VIEWED FACING THE CONNECTOR 

33 31 29 27 25 23 21 19 17 15 13 11 9 7 5 3 1 

': ::: :: :::: :::: :: :: : :::: :: :: :: :: : :::: ::: I 
:M 32 30 21 26 24 22 20 18 16 14 12 10 • 6 4 2 

(figure 17) 
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34 PIN PARALLEL PRINTER PORT EDGE CONNECTOR 


PIN SIGNAL DESCRIPTION 

1 DATA STROBE 
2 GND 
3 Dl 
4 GND 
5 D2 
6 GND 
7 D3 
8 GND 
9 D4 
10 GND 
11 D5 
12 GND 
13 D6 
14 GND 
15 D7 
16 GND 
17 D8 
18 GND 
19 BIT 2 
20 GND 
21 BUSY (Bit 7) 
22 Gnd 
23 PAPER (Bit 6) 
24 GND 
25 SELECT (Bit 5) 
26 PRIME 
27 GND 
28 FAULT (Bit 4) 
29 BIT 3 
30 BIT a 
31 GND 
32 BIT 1 
33 GND 
34 GND 

NOTE: Means Negative 

VIEWED 

33 31 29 27 25 23 

I:: :: :: :: :: :: 
34 31 JO 28 26 2. 

Data ready strobe (1 microsecond) 
Signal Ground 
Data Bus Bit 0 
Signal Ground 
Data Bus Bit 1 
Signal Ground 
Data Bus Bit 2 
Signal Ground 
Data Bus Bit 3 
Signal Ground 
Data Bus Bit 4 
Signal Ground 
Data Bus Bit 5 
Signal Gr ound 
Data Bus Bit 6 
Signal Gr ound 
Data Bus Bit 7 
Signal Gr ound 
Input B2 
Signal Gr ound 

Latched Output 

Latched Output 

La tched Output 

Latched Output 

Latched Output 

Latched Output 

Latched Output 

Latched Output 

Printer busy input 

Signal Gro und 

Out of paper signal input 

Signal Ground 

Indicates t hat printer is ready 


Signal Ground 
Indicates a prin ter fault 
Input B3 
Input BO 
Signal Ground 
Input Bl 
Signal Ground 
Signal Ground 

•(logical"O") True Input or Output 

FACING THE CONNECTOR 

21 19 17 15 13 11 9 7 5 3 1 

:: :: :: :: :: :: :: :: :: =: I 
22 20 18 16 1. 12 · 10 8 6 • 2 

(figure 18) 
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DISK-80 BUFFERED EXPANSION CONNECTOR]3 


PIN 
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NOTE: 


SIGNAL DESCRIPTION 

N/C -} No Connect i on 
SYSRES Sys tem r e s et output-N/C CIIS No Connection 

AID Bid irectional Data Bus 

A12 Bi direct i onal Data Bus 

A13 Bid i rectional Data Bus 

A15 Bidirectional Data Bus 

GND Signa l Ground 

All Bi directional Data Bus 

A14 Bid irectional Data Bus 

A8 Bidirectional Data Bus 

OUT Per ipheral Wr i te Output Strobe 

WR +-­ Memory Writ e Output Strobe 

INTAK ~ I nt e rrupt Acknow ledge Output

RD .L"k...-­ Memory Read Input Strobe 

N/C p1v No Connection 

A9 Bi d i rect ional Data Bus 

04 Bidirectional Data Bus 

IN Peripheral Read Input Strobe 

07 Bidi r e c tional Data Bus 

INT Inter rupt I nput 

01 Bid i r ectiona l Da ta Bus 

TEST Bus Tri-state Input 

06 Bidirect i onal Data Bus 

AO Bidir ectiona l Da ta Bus 

03 Bidirectional Data Bus 

Al Bidir ec ti onal Data Bus 

05 Bid irec tional Data Bus 

GND Signa l Ground 

DO Bid i rectional Data Bus 

A4 Bidirect i onal Dat a Bus 

02 Bid i r e c t ional Data Bus 

WAIT Pr oces s or Wait Input 

A3 Bid i rec ti onal Data Bus 

AS Bidirectional Data Bus 

A7 Bidi r ec t ional Data Bus 

GND Signal Ground 

A6 Bidi r ec tional Data Bus 

+5V 5 volt l i mited c ur rent output 

A2 Bidi rec tional Data Bus 


Means Negative (logical "O") Tr ue Input or Output 

VIEWED FACI NG THE CONNECTOR 
1 3 5 7 9 11 13 1 5 17 19 21 23 25 27 29 31 33 35 37 39 

,::; :; :; z ::; ::; ;:; z z ::; ::; G :; G Z Z ::::; G Z Z 
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 

(figure 19) 






