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1.1 MODEL 4 THEORY OF OPERATION
1.1.1 introduction

The TRS B0 Model 4 Microcomputer 15 a self contained
desktop microcomputer designed not only to be completely

software compatible with the TRS 80 Model 111, but to pro
vide many enhancements and features System distinctions
which enable the Model 4 to be Model 1l compatible

include a Z80 CPU capable of running at a 4 MHz clock
rate, BASIC operating system i ROM {14K}, memory
mapped keyboard, 64 character by 16 line memory mapped
video display, up to 128K Random Access Memory, cassette
circurtry able to operate at 500 or 1500 baud, and the
ability to accept a vanety of options These options inciude
one to four & 1/4 inch double density floppy disk drives, one
to four five megabyte hard disk drives, an RS 232 Senal
Communications Interface, and a 640 by 240 pixel high
resolution graphics board

1.1.2 CPU and Timing

The central processing umt of the Model 4 microcomputer
15 the Z80 A mucroprocessor — capable of runmng at either
a two {2 02752) or four (4 05504) MHz clock rate The main
CPU timing comes from the 20 MHz {20 2752 MHz) crystal
controlled oscillator, Y1 and Q1 There 15 an additional
12 MHz {12672 MHz} oscillator, Y2 and Q2, which 15
necessary for the B0 by 24 mode of video operation The
oscillator outputs are sent to two Programmable Array
Loaic (PAL} circwts, U3 and U4, for frequency division
and routing of appropriate timing signals

PAL U3 divides the 20 MHz signal by five for 4 MHz CPU
operation, by ten for a 2 MHz rate, and slows the 4 MHz
clock for the M1 Cycle (See Figure 1-3) U3 also divides the
master clock by four to obtan a 5§ MHz clock to be sent to
the RS-232 option connector as a reference for the baud
rate generator PAL U4 selecls an appropnate 10 MHz or 12
MHz clock for the wdeo shift ciock, and using diwvider US
provides addibonal timing signals to the widec display cir-
cuitry (See Fig 1-4)

Hex latch U18 s clocked from the 20 MHz clock, and s
used 1o provide MUX and CAS tuiming for the dynamic

memory circuits Also, with additional gates from U6,
U119, U20, U31, and U32, this chip provides the wait cir
cuitry necessary to prevent the CPU from accessing video
RAM during the active portion of the disptay This 15 done
by latching the data for the video RAM and simultaneously
forcing the Z80 CPU into a "WAIT” state and 15 necessary
to ebminate undesirable “hashing’’ of the wideo display
(See Fig 1-4)

1.1.3 Buffering

Low level signals from and to the CPU need to be buffered,
or current ampiified in order to drive many other circuits
The 16 address hines are buffered by U55 and U5S6, wiich are
unidirectional buffers that are permanently enabled The
eight data hnes are buffered by 71 Since data must flow
both to and from the CPU, U71 15 a bi directional buffer
which can go into a three state condition when not In use
Both direction and enable controls come from the address
decoding section

The clock signal to the CPU {from PAL U3} 1s buffered by
active pullup circuit Q3 RESET and WAIT inputs to the
CPU are buffered by U17 and U46 Control outputs from
the Z80 (M1*, RD*, WR*, MREQ", and IORQ"} are sent
to PAL US8, which combines these into other appropriate
control signals consistent with Model 4's architecture Other
than MREQ", which 15 buffered by part of U38, the raw
control signals go to no other components, and hence require
no addhtional buffering

1.1.4 Address Decoding

The address decoding section 15 divided nto two sub
sections Port address decoding and Memory address
decoding

In port address decoding, low order address lines {some
combined through a portion of U32) are sent to the address
and enable inputs of U48, U49, and US0 48 s also enabled
by the IN* signal, which means that 1s decodes port input
signals, while U49 decodes port output signals A table of
the resuiting port map 1s shown below

Port Addr. (Hex) Read Function Write Function
FC FF Cassette In, Mode Read Cassette Qut, resets
cassette data latch
F8 FB Read Printer Status QOutput to Printer
{1y F4 F7 reserved Drive Select latch
{1} F3 FDC Data Reg FDC Data Reg
{1y F2 FDC Sector Reg FDC Sector Reg
(1 F1 FDC Track Reg FDC Track Reg.

Hardware 3
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(1}

(2}
(2
{2)
(2}

(3)
3)
(3)
(3)
{3)
{3)
3}
{3}
{3}
3)
{3}
(3}
(3)
(3}
{3)

(4)
(5)

(5}
(5}
(5}
(5}

Fo
EC - EF
EB
EA
E9
E8

E4 - E7
EC- E3
CF

CE

CcDh

cc

ce

CA

Cc9

C8

c7

C6

Cc5

ca
Cc2-C3
ct

co

94 - 9F
90 - 93
8C -8F
88

8A

89

88

84 -87
83

82

81

80

Notes: {1}

(2)
{3
(4)
(5}

FDC Status Reg.
Resets RTC Int.
Rcvr Holding Reag.
UART Status Reg.
- reserved -
Modem Status

Read NM! Status
Read INT Status
HD Status

HD Size/Drv/Hd
HD Cylinder high
HD Cylinder low
HD Sector Number
HD Sector Count
HD Error Reg,

HD Data Reg,

HD CTC channel 3
HD CTC channe| 2
HD CTC channel 1
HO CTC channel 0
HD Device 1D Reg.
HD Control Reg.
HD Wr, Prot. Reg.
- reserved -

- reserved -
Graphics Sel. 2
CRTC Data Reg.

CRTC Control Reg.

CRTC Data Reg.

CRTC Control Reg,

- reserved -
- reserved -
- reserved -
Graphics Rarm Rd.
- reserved -

Valid only if FDC option is installed
Valid only if R5-232 option is instailed
Vahd only if Hard Disk option is installed
Valid only if sound option is installed
Valid only if High Resolution Graphics option is installed

Hardware 5

FDC Command Reg.
Mode Qutput latch
Xmit Holding Reg.
UART/Modem control
Baud Rate Register
Master Reset/Enable
UART control req.
Write NM| Mask reg.
Write INT Mask reg.
HD Command

HD Size/Drv/Hd

HD Cylinder high
HD Cylinder low
HD Sector Number
HD Sector Count
HD Write Precomp.
HD Data Reg.

HD CTC channel 3
HD CTC channel 2
HD CTC channel 1
HD CTC channel O

- reserved -

HD Control Req.

- reserved -

- reserved -

Sound Option
Graphics Sel. 2
CRTC Data Reg,
CRTC Control Reg.
CRTC Data Reg.
CRTC Control Reg.
Options Register
Gra. X Reg. Write
Gra. ¥ Reg. Write
Graphics Ram Wr,
Gra. Options Reg. Wr



Following is a Bit Map of the appropriate ports in the Mode!l 4. Note that this is an “internal” bit map only. For bit maps of the
optional devices, refer to the appropriate section of the desired manual.

Model 4 Port Bit Map

Port D7 D6 DS D4 03 D2 [*3] Do
FC-FF Cass Cassette .
{READ) data (MIRROR of PORT EC) data
500 bd 1500 bd
FC-FF {Note, also resets cassette data latch) [N cassette
(WRITE) X X X x x x out data out
F8-FB Prntr Protr Protr Prntr x % x X
(READ) BUSY Paper Select Fault x % = x
F8-FB Prntr Prntr Prntr Protr Protr Prntr Prntr Protr
{WRITE) D7 D6 D5 D4 D3 D2 D Do
EC - EF {Any Read causes reset of Real Time Clock Interrupt)
EC-EF x CPU X Enable Enable Mode Cass x
{WRITE) x Fast X EX /O Altset Select Mot On X
EQ-E3 x Receive Receive Xmit 10 Bus RTC C Fall C Rise
(READ) X Error Data Empty Int int int int
EQ-E3 X Enable Enable Enable Enable Enable Enable Enable
{WRITE) X Rec Err Rec Data Xmit Emp 10 Int RY int CF Int CR Int
90 - 93 b x x X X x x Sound
(WRITE) x x x X x X H] Bit
84 -87 Page Fix Upr Memory Memaory Invert 80/64 Select Select
{(WRITE) Memaory Bit 1 Bit 0 Video Bit t Bit 0

Memory mapping is accomplished by PAL U59 in the Basic 16K or 64K computer, In a 128K systern, PAL U72, along with the
select and memory bits of the options register, also enter into the memory mapping function.

Four memory maps are listed below. Memory Map | is compatible with the Model ti]. Note that there are two 32K banks in the
64K system, which can be interchanged with either position of the upper two banks of a 128K system, The 128K system has
four moveable 32K banks. Also note, in the Model 11l mode, that decoding for the printer status read {37E8 and 37E9 hexadeci-
mal) is accomplished by U93 and leftover gates from U40, U46, UST, Ui54, UG0, and UG2.

Memory Map | — Model 111 Mode

0000 — 1FFF ROM A (8K)

2000 — 2FFF ROM B {4K}

3000 - 37FF ROM C {2K} — Less 37E8B - 37E9
37E8 — 37E9 Printer Status Port

3800 — 3BFF Keyboard

3C00 — 3FFF Video RAM (Page bit selects 1K of 2K}
4000 — 7FFF RAM {16K system)

4000 — FFFF RAM (64K system)

Hardware 6
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Memory Map ||

0000 — 37FF RAM (14K}
3800 — 3BFF Keyboard
3C00 — 3FFF Video RAM
4000 — 7FFF RAM (16K)
8000 —~ FFFF RAM (32K)
Memory Map 111
0000 — 7FFFF RAM (32K)
8000 — F3FF RAM (29K)
F400 — F7FF Keyboard
F800 ~ FFFF Video RAM
Memory Map IV
0000 — 7FFF RAM (32K)
8000 - FFFF RAM (32K)

End of one 32K Bank

Second 32K Bank

End of One 32K Bank

Second 32K Bank

QOne 32K Bank

Second 32K Bank

{See Figure 1-2 for 128K Maps)
1.1.5 ROM

The Model 4 Microcomputer contains 14K of Read Only
Memory (ROM), which is divided into an 8K ROM (U68}, a
4K ROM (U69), and a 2K ROM (U70). ROMs used have
three-state outputs which are disabled if the ROMs are
deselected. As a result, ROM data outputs are connected
directly to the CPU data bus and do not use data buffer
U71, which is disabled during a ROM access.

ROMs are Model 11l compatible and contain a BASIC opera-
ting systemn, as well as a floppy disk boot routine, The enable

inputs to the ROMs are provided by the address decoding
section, and are present only in the Model Hl mode of
operation.

1.1.6 RAM

Three configurations of Random Access Memory are avail-
able on the Model 4: 16K, 64K, and 128K, The 16K option
uses 4116 type, 16K by 1 dynamic RAMs, which require
three supply voltages (+12 volts, +5 volts, and —5 volts).
The 64K and 128K options use 6665 type, 64K by 1 dyna-
mic RAMs, which require only a single supply voltage (+5
volts}, The proper voltage for each option is provided by
jumpers,

Dynamic RAMs require multiplexed incoming address lines,
This is accomplished by ICs U63 and U76. Qutput data
from RAMs is buffered by UB4. With the 128K option, there
are two rows of the 64K by 1 RAM ICs, The proper row is
selected by the CAS” signal from PAL U72.

1.1.7 Keyboard

The Model 4 Keyboard is a 70-key sculptured keyboard,
scanned by the microprocessor, Each key is identified by
its column and row position. Columns are defined by address
lines AO - A7, which are buffered by open-collector drivers
U29 and U30, Data lines DO - D7 define the rows and are
buffered by CMOS buffers U44 and U45. Row inputs to the
buffers are pulled up by resistor pack RP 1, uniess a key
in the current column being scanned is depressed. Then,
the row for that key goes low,

1.1.8 Video

The heart of the video display circuitry in the Model 4 is
the 68045 Cathode Ray Tube Controller, The CRTC allows
two screen formats: 64 by 16 and BO by 24. Since the B0
by 24 screen requires 1,920 screen memory locations, a
2K by 8 static RAM is used for the Video RAM. The 64
by 16 mode has a two-page screen display and a bit in the
options register for determining which page is active for
the CPU. Offset the start address of the CRTC to gain
access to the second page in the 64 by 16 mode,

Addresses to the video RAM are provided by the 68045
when refreshing the screen and by the CPU when updating
the data. These two sets of addresses are muitipiexed by
U33, U34, and U35. Data between the CPU and Video
RAM is latched by UG for a write, and buffered by U7 for
a read operation.

Hardware 7
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Duning screen refresh, the data outputs of the Video RAM
{ASCI| character codes) are latched by U8B and become the
addresses for the character generator ROM (U23}) In cases
of low resolution graphics a dual 1 of 4 data selector {(U9)
is the cell generator with additional buffering from U10

The shift register U11 inputs are the latched data outputs
of the character or cell generator The shift clock input
comes from the PAL U4, and 15 10 1376 MHz for the 64
by 16 mode and 12 672 MHz for B0 by 24 operation The
serial output from the shift register later becomes actual
video dot information

Special timing 1n the video circuit 1s handled by hex latch
U2 Thus ncludes blanking {(originating from CRTC) and
shuft register loading (originating from U4} Additional
video control and timing functions, such as sync buffering,
inversion selection, dot clock chopping, and graphics disable
of normal video are handled by miscellaneous gates in U112,
U13, U14, U22, U24, and U26

1.1.9 Real Time Clock

The Real Time Clock circuit 1in the Model 4 prowides a 30
Hz [in the 2 MHz CPU Mode} or 60 Hz {in the 4 MHz CPU
Mode) interrupt to the CPU By counting the number of
interrupts that have occured, the CPU can keep track of the
time The 60 Hz vertical sync signal from the video circuitry
15 chvided by two {2 MHz Mode) by US3, and the 30 Hz at
pin 1 of US1 s used to generate the interrupts In the 4
MHz mode, signal FAST places a logic low at pin T of US1,
causing signal VSYNC to trigger the interrupts at the 60 Hz
rate Note that any time interrupts are disabled, the accuracy
of the clock suffers

1.1.10 Cassette Circuitry

The cassette write circuitry latches the two LSBs {DO and
01) for any cutput to port FF {hex) The outputs of these
latches (U27) are then resistor summed to provide three
discrete voltage Jevels {500 Baud only} The firmware toggles
the bits to provide an ouiput signal of the desired frequency
at the summing node

There are two types of cassette Read circuits — 500 baud and
1500 baud The 500 baud circunt 1s compatible with both
Model 1 and it The input signal 1s amplified and filtered
by Op amps (U43 and U28 Part of U156 then forms a
Zero Crossing Detector, the output of which sets the latch
U40 A read of Part FF enables buffer U41, which allows
the CPU to determine whether the latch has been set, and
simultanecusly resets the latch The firmware determines
by the timing between settings of the latch whether 3 logic
“one” or "“zero’ was read n from the tape

The 1500 baud cassette read circuit 1s compatible with the
Model 111 cassette system The mncoming signal 1s compared
to a threshold by part of U156 U15's output will then be
erther hugh or low and clock about one half of U39, depend
ing on whether 1t 15 a rising edge or a falling edge If
interrupts are enabled, the setting of either latch will gene
rate an interrupt As in the 500 baud circuit, the firmware
decodes the interrupts into the appropriate data

For any cassette read or write operation, the cassette relay
must be closed in order to start the motor of the cassette
deck A write to port EC hex with bit one set will set latch
U42, which turns on transistor Q4 and energizes the relay
K1 A subsequent write to this port with bit one clear
will clear the latch and de energize the reiay

1.1.11 Printer Circuitry

The printer status lines are read by the CPL by enabling
buffer UG7 This buffer will be enabled for any input from
port F8 or 9, or any memory read from location 37E8
or 37E9 when in the Model |1l mode For a histing of bit
status, refer to the bit map

After the printer driver software determines that the printer
15 ready to recewe another character {by reading the status},
the character to be printed 15 output to port F8 This latches
the character nto U86, and simultaneouly fires the one shot
65 to provide the appropriate strobe to the printer

1.1.12 110 Connectors

Two 20 pin single inline connectors, J7 and J8, are provided
for the connection of a Floppy Disk Controller and an
RS 232 Communications Interface, respectively All eight
data lines and the two least sigmificant address lines are
routed to these connectors In addition, connections are
provided for device or board selection, interrupt enable,
interrupt status read, interrupt acknowledge, RESET, and
the CPU WAIT signal

The graphics connector, J10, contains all of the above inter
face signals, plus CRTCLK, the dotclock signat, a graphics
enable nput, and other timing clocks which synchromze
the graphics board with the CRTC.

The 1/O bus connector, J2, contains connections for all
eight data lines (buffered by U74), the low order address
lines (buffered by W73}, and the control Jines {buffered by
U75} IN*, OUT*, RESET*, M1", and IORQ" In addition,
the /O bus connector has inputs to allow the device(s},
connected to generate CPU WAIT states and interrupts

Hardware 9



The sound connector, J11, contains only four connections: s sent out to port 90H, alternately setting and clearing
sound enable {any output to port 90 hex), data bit DO, data bit DO. The state of this bit is latched by sound board

Vce, and ground, U1 and amptified by sound hoard Q1, which drives a pie-
zoelectric sound transducer. The speed of the software
1.1.13 Sound Option loop determines the frequency, and thus, the pitch of the

resulting tone.
The Model 4 sound option, available as standard equipment
on the disk drive versions, is a software intensive device, Data
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1.2 MODEL 4 VO BUS

The Model 4 Bus 15 designed to allow easy and convenient
interfacing of /O devices to the Model 4 The 1/O Bus
supports all the signals necessary to implement a device com
patible with the Z 80s 1/O structure That s

Addresses
AQ to A7 allow selection of up to 2567 input and 256
output devices 1f external 1/0 15 enabled

YPorts 88H to 3F FH are reserved for System use

Data
DBG to DB7 allow transfer of 8 bit data onto the pro
cessor data bus f external /O 15 enabled

Control Lines

a IN* — Z 80 signal specifying that an input 1s in pro
gress Gated with IORQ

b  OUT" — Z 80 signal speaifying that an output 15 n
progress Gated with IDRQO

¢ RESET" — system reset signal

d 10BUSINT* — input to the CPU signaling an inter
rupt from an 1/O Bus device 1f 1/O Bus interrupts
are enabled

e IOBUSWAIT" — input to the CPU wait line allow
ing 1/0 Bus device to force wart states on the Z BO
if external 1/O 1s enabled

f EXTIOSEL" — winput to CPU which switches the
1/O Bus data bus transcewver and allows an INPUT
instruction to read 1/Q Bus data

g M1" — and IQRQ" — standard Z 80 signals

The address line, data line, and control lines atocande to g
are enabled only when the ENEXIO bit in EC 15 set to a one

To enable 1/O nterrupts the ENIOBUSINT bit in the CPU
IQPORT E@ (output port) must be a one However, even 1If
it 1s chsabled from generating interrupts the status of the
IOBUSINT® fine can still read on the appropriate it of CPU
IOPORT E@ (input port)

See Model 4 Port Bit assignment for port @FF 8 EC and
@EQ on pages 14 and 15

The Model 4 CPU board 15 fully protected from ““foreign
I/O devices’” in that all the 1/O Bus signals are buffered and
can be disabled under software control To attach and use an
1/0 device on the 1/O Bus certain requirements {both hard
ware and software) must be met

For input port device use you must enable external 1/0 de
vices by writing to port @ECH with bit 4 on in the user soft
ware This will enable the data bus address ines and control
signals to the 1’0 Bus edge connector When the input de-
vice is selected the hardware will acknowledge by asserting
EXTIOSEL" low This swilches the data bus transcewer and
allows the CPU to read the contents of the /O Bus data
ines See Figure 16 for the tming EXTIOSEL™ can be gen-
erated by NANDing IN and the /O port address

Qutput port device use 1s the same as the input port device in
use 1 that the external 1/O devices must be enabled by writ
ng to port BECH with bit 4 onn the user software — in the
same fashion

For esther input or output devices, the IOBUSWAIT” control
line can be used in the normal way for synchromzing slow
devices to the CPU Note that since dynamic memaories are
used In the Model 4, the wait line should be used with cau
tion Holding the CPU 1n a wait state for 2 msec or more may
cause loss of memory contents since refresh 15 inhibited durning
this time It 15 recommended that the IOBUSWAIT" hne be
held acttve no more than 500 psec with a 26% duty cycle

The Model 4 will support Z B0 mode 1 interrupts A RAM
jump tabie 1s supported by the LEVEL Il BASIC ROMs and
the user must supply the address of his interrupt service
routine by wniting this address to locations 4@3E and 403F
When an mnterrupt occurs the program will be vectored to
the user supplied address 1f /O Bus interrupts have been
enabled To enabie 1/0 Bus interrupts the user must set bit
3 of Port BEQH

Hardware 14



Input or Qutput Cycles
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1.3 MODEL 4 PORT BITS

Name: WRNMIMASKREG®
Port Address: @E4H
Access: WRITE ONLY

Bit 7 = ENINTRQ; @ disables Disk INTRQ from generating
an NM!.
1 enables above.

8it 6 = ENDRQ; @ disables Disk DRQ from generating an
NMI.
1 enables above.

Name: RDNMISTATUS™
Port Address: OE4H
Access: READ ONLY

Bit 7 = Status of Disk INTRQ; 1 = False, @ = True
Bit 6 = Status of Disk DRQ; 1 = False, @ = True

Bit 5 = Reset”™ Status; 1 = False, @ = True

Name: MOD OUT
Port Address: Q@ECH
Access: WRITE ONLY

8it 7 = Undefined

Bit 6 = Undefined

Bit 5 = DISWAIT; @ disables video waits, 1 enables

Bit 4 = ENEXTIQ: 0 disables external 1Q Bus, 1 enables

Bit 3 = ENALTSET; @ disables alternate character set,
1 enables afternate video character set.

Bit 2 = MODSEL; @ ¢nables 64 character mode,
1 enables 32 character mode.

Bit 1 = CASMOTORON; @ turns cassette motor off,
1 turns cassette motor on.

Bit @ = Undefined

Name: RDINTSTATUS"
Port Address: QEQ@H
Access: READ ONLY

NOTE: A @ indicates the device is interrupting.

Bit 7 = Undefined

Bit 6 = R5.232 ERROR INT

Bit 5 = RS-232 RCV INT

Bit 4 = R5-232 XMIT INT

8it 3 = IOBUS INT

Bit 2 = RTC INT

Bit 1 = CASSETTE {1500 Baud)

Bit @ = CASSETTE {1500 Baud)

Name: CASOUT"
Port Address: OFFH
Access: WRITE ONLY

Bit 7 = Undetined

Bit 6 = Undefined

Bit 5 = Undefined

Bit 4 = Undefined

Bit 3 = Undfined

Bit 2 = Undefined

Bit 1 = Cassette ocutput level

Bit @ = Cassette output level

Hardware 16
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Name WRINTMASKREG™
Port Address QEQH
Access WRITE ONLY

Bit 7 = Undefined

Bit 6= ENERRORINT 1 enables RS 232 interrupts on par
ity error, framing error, or data overrun error
@ disable above

Bit 5= ENRCVINT, 1 enables RS 232 receive data register
full interrupts,
@ disables above

Bit 4 = ENXMITINT 1 enables RS 232 transmitter holding
register empty interrupts,
@ disables above

Bit 3 = ENIOBUSINT, 1 enables 1/0 Bus interrupts,
(@ disables the above

Bit 2 = ENRTC, 1 enables real ime clock interrupt,
@ disabies above

Bit 1 = ENCASINTF, 1 enables 1500 Baud falling edge inter
rupt,
0 disables above

Bit @ = ENCASINTR 1 enables 1500 Baud rising edge inter
rupt,
@ disables above

Name CASIN®
Port Address OFFH
Access READ ONLY

Bit 7 = 500 Baud Cassette bt

Bit 6 = Undefined

Bit5 = DISWAIT {See Port @GECH defimition)

Bit 4 = ENEXTIO (See Port @ECH defimition}

Bit 3= ENALTSET (See Port QECH defimition)

Bit 2 - MODSEL (See Port @ECH defimition)

Bit 1 = CASMOTORON (See Port GECH defimtion)

Bi1 @ = 1500 Baud Cassette bit

¥

NOTE Reading Port @FFH clears the 1500 Baud Cassette
interrupts

Hardware 17

Name DRVSEL®
Port Address OF4H
Access WRITE ONLY

Bu7=FM /MFM @ selects single density,
1 selects double density

Bit 6 = WSGEN, @ - no wait states generated,
1 = wait states generated

Bit 5 = PRECOMP, & = no write precompensation,
1 = write precompensation enabled

Bit 4 = SDSEL, @ selects side @ of diskette,
1 selects side 1 of diskette

Bit 3 = Drive select 4
Bit 2 = Drive select 3
Bit 1 = Drive setect 2

Bt @ = Drive select 1







SECTION i

4 GATE ARRAY THEORY OF OPERATION
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2.1 MODEL 4 GATE ARRAY THEORY OF
OPERATION

2.1.1 Introduction

The following discusses each element of the main hoard of
the Model 4 Gate Array block diagram (see Figure 2-1) In
each case the intent 1s understanding the operation on a
practical level sufficient to aid in 1sclating a problem to the
faling component

2.1.2 Reset Circuit

Figure 2-2 shows the Reset circuit for generation of reset on
power up and when the reset swilch 1s pushed on the key-
board The time constant determined by R8 and C25, s
used o allow the system to stabiize before tnggenng a one
shot (U63) with an approximate puise width of 70 microsecs
When the reset switch 15 pushed, the input pin 15 brought to
ground and fires the one shol when the switch 1s released

A second point to be noted 15 the signal POWRS™ which 1s
used o reset the drive select Jatch in the FDC circuit

2.1.3 CPU

The central processing umt of the Model 4 mucrocomputer 1S
a Z80A microprocessor, and wili run in either 2 or 4 MHz
mode All of the outpul nes of the Z80A are buffered The
address ines are buffered by two 74LS244s (U2 and U3
with the enable tied to ground), the contro! ines by a 74F04
(U27), and the data ines by a 74LS245 (U28 with the ena-
ble tied to BUSEN™ and the direction control lied 1o
BUSDIR")

2.1.4 System Timing and Control Registers

Control Registers

The first of these registers 1s the WRINTMASKREG (U34)
This 1s only part of the register as this function 15 shared
with the Gate Array 45 The main register contains RTC
ENCASINTFALL AND ENCASINTRISE The Gate Array has
the interrupts for the RS232C Interface and the VO bus in-
terrupts and a duplicate of the RTC

The second 1s the OPREG (U33) which contains the added
options of the Model 4 for video and Memory mapping

The last of the registers 1s MODOUT (U53) and 1s also read-
able through the CASSIN (U52) bulfer It contains the Cas-
sette motion controls, and the FAST control tor Model 4

CPU Clock and RS232 Clock

Most of the timing generation for the board 1s shown in Fig-
ure 2-5 The Gate Array 4 1 115 the basis for this timing as
it produces the 202752 MHz clock and then dwvides this
down 1o produce most of the other clocking functions used
on the board

The first clock that 1s produced 1s PCLK (pin 23) which
drives the CPU It 1s a divide by ten of the 20 2752 MHz in
the 2 MHz mode and a divide by 5 in the 4 MHz mode The
transiion from one mode 1o the other 1s without ghitches and
both modes are 50 percent duty cycles

Note that the signal that controls this mode alsc controis the
Real Time Clock circuit described later.

As a simple divide by four of the fundamental 20 2752 MHz,
the RS232CLK on pin 22 of U9 provides the basic clock to
the RS232C circunt

Video and Graphics Clocking and Timing

The hmung for both of these functions may be viewed as one
since they must operate synchronously and the same timing
must be generated for both The addiional signals sent to
the Graphics Board allow it 1o maintain synchronization by
knowing the phase relation of the signals sent o both of
them To further understand the circut of Figure 2-5 nolice
the PLL Module (U8) This chip develops a 12 672 MHz sig-
nal which 15 phase locked to the 1 2672 MHz input on pin 5
and 15 a dvide by 16 of the pnmary 20 2752 MHz clock
This prowides the Gate Array 4 11 with two clocks to drive
the video display and the graphics crcuits, 10 1376 MHz for
64 character display, and a 12 672 MHz for the 80 character
display

The following discussion will consider both the 64 and 80
character displays to be the same, the difference being the
pnmary frequency and not the phase relation or function of
the signals generated

The reterence clock for the timing 1s DCLK (U9-15) and the
other clocks that are produced for the wdeo output are de-
nved from this clock (DOT* at U9-17 13 a phase shift of
DCLK and 1s provided as an option for the the dot clock for
vanations in delay paths in the video section) U9 then gen-
erates SHIFT* (pin 21), XADR7* (pin 20), CRTCLK {pin 19),
LOADS* (pin 18), and LOAD* (pin 16) for the proper timing
for the four video modes In addiion for the Graphics Board
to synchronize with this tming H (pin 14}, | {pin 13), and J
{pin 11} are fed to connector J12 See Figures 2-6 and 2-7
for the timing diagrams for video clocks generated by Gate
Array 41 1

Hardware 21



ADOW PUSROUR o180 » PO °1-Z 2unb)y

o -
ONTWIL = I
i SANIT ¥I¥Q = @
et SANTT TOMINGD = O
SANTT SSIHAAY = ¥
a
1404 2 1 ﬂ ™ = %G
sng 0/1 - ' 3 = > 0do - oNIWIL
TYNYILXE @ 2 ¢
\ 4 s 4 ql v ‘4 b
Jng T
L40d e
2o QEERISECE =R —d4 300034 -+
anIa 0/1
- . ]
m
c
1H0d |
Quvog 9 Wy o
SITHAYHS g
fe=]
FRE) P
viyzs] 1A pa—- m
< . ———— Ld0d Loy WYY
™ zETSY annos ! 03AIA
_ LINJYID
1404 03GIA
03aIA ony
14D N Y
[+]
=g
]
QAYVOaRaY
0/1
14 gevy e

Hardware 22



{anewoayas jo ¢ abey)
UN2U|Y jasay °Z-Z aunb)g

']
{as+

&-n—

.H e

2 .._ﬂ_uua.l_u u_._.o&..H
€218t

g
4dzz0:

220 $29 129 HOLIMS
ON €l £9n | 2 £ H <sIH|v —_— mde
13539 n QA_ U0sL o2
187 NOO! 8t71&N| 19y
J | IN—> 8|
T itn 8y 149
- wTeE
440001
LD
NP9l
99} 0:0&10
p1ST
AG+ vn
(@ ELE) e Sy

Hardware 23




(onewayos jo | obug)
Ndd '¢- unbi4

Qg
v —-—g5=0

Sr257PL
8zn
LL3
» C =
7d0-847
4 L uged
[T : £ I
E™) = (L EL T ol
o 2 wn L
od b |0AI [
TIUOL "] IR T S
H 214 ot
—— "
&l 1 woE
O Y WO 9 T
——] P
T e |
gy avd
l——v—— 8 vrzswe [Hi Vg sqmy L3R
] N ke zday
T £ Ziva
\|*._|4l|....m_” -2 Tva _J._._a_
e T
= &v_ __ *] o= &vaq o
——gy——— v 53 ey
v ¢ s T M
——— N v {1y
[——— 1 £ S5y
o] e [ 53 o
\Jdllwﬁ A_ rm Ve mm..
4 v Zva
— " Fa vd 15
—— 1 e ava 05 -
) — Wiw Sl T oNlw
—— m__ __ 9y 3 zu 95 s
ASH
AG+H

Hardware 24



NC — 34D 8 CASSDATIN | O
NG e 3] usg 5 —y FAST H34
N —— 11 ] y3a L 4 DISWALT NC
\JBZ—,’_ raLsi7a [ 5 ENEXTS T
o ]
a raLszaa ) ENALTSET T
Do MODSEL -
|13
(AT ) MEINTHASKRED sl [ J9 H_3
- [ > CASSDATING &)
|
TR Liaial , T 7
JI lI5
h_o? .
TR e o2 —
D5 1 ] s
D4 | ia- | [TES T S —
LEN B 7‘”237 raLsita [p
+5v D2 1 ] L5273 Lis— 4
o1 | ] 42&__*
e o2 | .
15 .
[ S
12 " -1> » !
v +5v
GEa) 2 o gl I MGOGUT
q  —
6
l [
Figure 2-4. Control Registers
(Page 2 of Schematic)
£85
+5vV cz9
c2 | T ef
33pF 24 =
NPa CRY1 : PCLK
— I R e s CL D
"c2a LRia L o0 2752 |22 —fB5&3zCLK (SH 59
I ﬁvg Sa7m ? ¥i [ o SHIFT )
} + 2 TIMING {20 ":2:’ SH 2
a1 fo—SRICLK o 7
GOl 51 “ys {,a__LOADS
MODSEL ] -7 — 29T o I -
SH_2 ) 0 [ . _ioAD
9 Lis OCLK Feu
4] PP
2 L3 1 T o 18V T ] ce
= J 9 uF
L1l : ouf T I
T T 2
5 3 - | —nNC
L 1 2g¥I26MH ! 2 ne
2
5 —a KC
e
] ) oo [0 T
" 1a
us ie—uc
L 26T2MHz) z d 11——NC
12 —nc
L-+3—nNC
|1a—nc
e
T
7
12 &M

Figure 2-5. CPU, R$232C, and Video
Timing Generation
(Page 3 of Schematic)

Hardware 25




® O

SPONIE X08 POW 9L X pg  BujwL SepA "BE snlly

q 1 | 1 | * LAJYX
E— [ ] [ 1 ATOLED

M ‘m| mM *»OY0T

_||._ | 1 »SAY0T

- 1 8 gIn

\ | | J L £
J 7 - _ I __J I
i N O T T e O Y Y e T H

NN N W W W W N N W W W W N W W W W Wy Wy Ny KT

Hardware 26



Lt anly

—— L ] 1 f »LYAYX
S ) L _ L NIOTUD
I'l Mo YO
1 —IJ *SAVOT
J1 ) T | N M R g W I I | ) S
- L | A
- 1 I 1 f 1

(I () (b

Hardware 27




DRAM and Video RAM Timing

The Video RAM and DRAM timing share the tming delay
ine (UBD) This 1s done by ‘OR™"ing the two signals GRAS”
and AINPRG" at U38 to get the signal STDEL* This 1s pos-
sible because the signals VIDEQO and MREQ or MCYCEN
are gated in to mask off the signals that are nol desired.

Since the CRTC and the CPU are operating independently
and at different clock rates, when the CPU wants to access
the Video RAM the two must synchromize with each other
Thus 1s accomphshed when a video access 15 decoded
WAIT" it 1s pulled low, when it 1s determined whether the ac-
cess 1s a read or write and the correct cycle of the CRTC
clock 1s present, the actual access can begin, hence
AINPRG* 1s generated and WAIT" 1s released

From this point the actual sequence depends on whether a
read or a write 1s done On a read the address 1s enabled to
the RAM, the delay through U8B0 to VLATCH" when data 1s
latched in the 74LS373 where the CPU can pick-up the data
at the completion of this cycle On a write the sequence 1S
more complex The address 1s enabled to the RAM, the out-
put 1s disabled (VRAMDIS" at U7-12), wnte 1s delayed with
respect to the address (DLYWR* at U60-6} and the buffer on
the data hnes 1s enabled (VBUFEN" at U/60-8), then after a
delay the write 1s cutoff 1o end the cycle for the RAM
(ENDVW* at U80-10) For the timing diagram of the Video
RAM CPU access see Figure 2-8

DRAM Timing

The DRAM timing 1s shown n Figure 2-9 At the begining of
the CPU cycle the address hnes settle-out first and are,
therefore, decoded to allow maximum access speed {see
Address Decode) With the generation of MREQ, U39-11
generates PMREQ and enables 142 and gates ttus with the
type of cycle to develop GRAS" (U30-6), RAS0O* (U30-3),
and RAS1" (U30-11) GRAS* 1s then “OR"ed with AINPRG
as mentoned above The timing from this pomnt is very
straight forward With RASO* and RAS1* generated next
MUX (UB0-12) 1s built to switch the addresses to memory
then GCAS 1s generated and clocks fip-flop U31 with
MCYEN on the J term This 1s done to make sure this 1S a
true memory cycle Then if thus 15 an M1 cycle VLATCH®
clocks at U31 and cuts off PMREQ" at U39 to end the cycle
For timing diagrams of the memory interface see Figures 2-
10 to 2-12

2.1.5. Address Decode

This section is dwvided into two parts, the memory address-
ing and the /O addressing This separation s a reflection of
the separate mapping of memory and VO of the ZBOA tself
For reference of both sections, see Figure 2-13

Memory Address

The memory map for the Model 4 1s shown in Table 2-1 and
15 best descrtbed as an oplhon overlay in the sense that at
each step of additonal memory, the new options overlap the
previous and the new options are added on Moreover, the
added options have no effect on previous levels and are In-
visible at those levels.

Address in hex Function
MAP I* MAP Il MAP Il MAP IV of block

0000-37FF Q000-F3FF 0000-FFFF RAM (64K)
0000-37E7 ROM
37E8-37E9 Printer Status
37EA-37FF ROM
3800-3BFF 3800-3BFF F400-F7FF Keyboard
3C00-3FFF* 3C00-3FFF™ F800-FFFF Video RAM
4000-7FFF RAM {16K)
4000-FFFF 4000-FFFF RAM (64K)

Table 2-1

* Only map available on 16K machine
** Page bit 1s used to select 1K of 2K Video RAM

The decoding of the addresses for the memory map de-
scnbed above 1s done for the most part by U5 The only de-
code not done by U5 1s the line printer memory status port
at 37E8 and 37E9 hex These needed addtional address
hnes hence the decode LPADD as an input to U5

Hardware 28



BupmyL 90800Y NGO WY O9PIA ‘g-Z ainbiy

_ I-9€10

»HOLYIA

*NIINTA

»IMAXTA

SIAWYHA

_ — »LIYMA

xDYdANIY

03dIA

»03ATA

ATOLYD

UM

ay

09w

—
JJ I
BRI
r
—
—
)

SIV-gv

| _ — »410d

JinnvuviirvuiiuiuiuriivuvuvrvvivuvvivuvruuruuvuvsuuuLn. e

Hardware 29




usd
- L1532 b

or e NE

& 2 574 e

G 4 T ATNPRG ﬁ» . FWaLT
z
uet hd
504 ™ [_
-|>cr b 4 J
v10EQ
ve2 =
. 500 4._ 527
o 2 Fl A RAMO TS
3
13

‘ ya ver ke (03]
H _— L1532
N 1584 12 1 oK

= 4
GAAS, eﬁbmum—‘ 9{>u-u— 5 5D—i FrewE
|._ - \
1 —
32}z l VX
+5v p—— ag 54 a5
LY NEW- T
lpe av
LIME a6 FLATH
3-8 ——NT
T
?
1 L3352
—
vaD_ o _VBFER =TS

35 ule
+ —s TRAS.
— bo— M i} ¢ ——————GR&S |
L]
RD | e
— 2 uaz
" $64
— 2
b— 11 g
L1 —12
3
!
s
AFSH 5
——¢6
RT
a vip
+5v :. AR pl 537 L1
2 . 270l LTY
AASENS S CINEY
ule
532 Al
"y 27 “RAS T
P . ui G D
M1
o — NC
YLATCH
u3g
wlzb FMREG
——3
ZIDET
MREG 1
33
1 sip ny
a —2 a [
& —9
(I 1Y 3] < .‘
n
— b 52
r 4 b
-
§gas

Figure 2-9. Video RAM and DRAM Timing Circuit.
(Page 2 of Schematic)

Hardware 30



Buiwij 104D LN '01-Z 4Bl

¥ i A
. § YIYG AITYA -} LAW-AaW

X "Qqv_Hsayaay X "0av_"100 X Gav_mou KXXTXAXAYAXY ¢vea-gusa
J \

¥SYD

* X[OW

—_ ) J 1 »TSYY

IO y@Svd
| wd l x INESYY
10 4 GNISYY

»SYYd

L A [ naauwvy

1 J 1 I dadWd
J ] HSJ¥
1\ ] a

m — f oz
L [ ™
X D& X STY-gY

e T

H 0l 7 w4 H 01 7 wo.-
abueys maa abuey’)

ERIVLET I 2
ubin \ 701 W wolg 01 H WO,
SDUBYT AN abueyn
UMD AU Dalhubdg
Bubueys 3189 L uoQg ag M ag 1shy,
TjoquiAg TjoquiAg
nang ndu; 10GUIAS inding Induy 10quAg
ULOIBARAA ULIDIBARM,

(D Y )
A\

Hardware 31



O

Buiwi ] a10AD peay Alowop ‘11z ainBi4

"YIvd aITYA

}

*qav "10D

D

LOW-ganW

L

A

J S

I

€1 _

—J

25 7 T

*»SYD
* XN

x» [SYY
I0 xgsSvd

¥ TNISVYY
I0 4 @NISVY

¥ SVdd
NI TIWYY

0d9nd
ad

OFIW

GIvV-g¥

_ ‘ ATOd
L

Hardware 32



Bujw|l 9194 anipm Alcwiay "Z1-z 3unbig

XNmmmmmx *aavy *'109 x

¥
h

YLVa JLI¥M

@ LAW-GanW

¥SYD

J

1

¥ XA

» 1SYH

10 4 @SYy

* TNISVYH
I0 4 @gNIASVH

¥ SV¥4dd

Hardware 33

NEIMW YA

OF¥INd

qM

ﬁ\\ O IW

X STY-gv

_ — ‘ —I ATOd




(onewayos jJo z onum_u_

P0IXQ $52PPY EL-T
TR He)
s QIS
/ 7 TV (S PEE)
T5
R
————— i
z 1]
2 .-.__ T
T &Y
9n
1 5§ —————]
£86Y Iy
g 9 e ® Y 5
TR Ll L T
gn in
-
s N
S9Lv ¢ v
(IR i
an
C o maT o b N —ia v
e ozwg0 o1t i +
..m xw. B8 dinAlA . 8gi - 82
B e 5% 2iEs gapy 1
L4 HS 1861 TEE) Ii=Fs ohy
IN——=0B1-GA ¥ ———]
an 18l g lg, 3¢ —ry
067 v
BTy ooa ¢t e
agvd’ N
WIXIS G L
_|Nq\ MNLX _ _
t—v] M aee ni'y A3
dpM
¢ —v] L
gn
T} ¥
§ 170 Lz
== TIvIvH 300739
o) 1M055vs 2 TR se4  egamaov ¥ S
[ TS
I HS E 2
SnmisIntgg — Pt . ] se -8 REQ
STAVIG AN M__ m” v ._Nlluq|\ £ Q&N nm. uow%m“w..t T
3] 1 Ve IS
IS T nJ.\ v A5 % 65 PwIHIGI ETTTe
gpa S bl.. FeE)
W g g 65N v HBLD, LI av
¥ HS}—e NLaT— & o s —5r 1
[BF)] NISSVS L=LA 9 I_ ACH
£1
G S— II_.AAHWN_I_

Hardware 34



)

[ E
"wo

WHeE et
PHALE L —-

[PRNTIR TN

Hass *O0 e

&i% 1Bk Han'

AN LHADIN | D HAM

pEFAULT STaTEY

baK SYSTER

Kt YHOAKU & VIDEU MOVED

32% RAR

KE YBUARD (1K
JIDEL AR

sbar s 10
INOTE Jx WeDE LD HARY

GaX 128K HAN
EXPANSION

6 MUPRE RS RIBITI MBI T

12K Haw

12K Han

Table 2-2. RAM Memory

waTEY aim BYSTEY £ XHANSMT,
l o an H I— o —! bt 4 Posanw 2
1 " : - L EEUITLTT U RID G
[ —
E LI U] | =
Thom = P
KLYHGAR VI VHUARD 1a 17K wan
VIDE( TIOLTY g
. I
TuR AR K st \' L
basmanmns - / boovommmia R
vl
w0
NG -
ALLESS 1K Han 32k RAN
HANK 1t HANK (3
NE4) SELL B O

Hardware 35

LK SHANGRE D KAk

b3k S WL FER
(R T

vin 108N A
ERPass ok

FXUPSEY R VHITG
] [RTAr RS
T KLYADAKL
DR - 110 Arn Kakt
oK kot
T
AN
enme - [P Fome cmnennd
w o
> N
N
Mo
A2K F AR 1K hArY
SSELE SEUOT @)
4K ALL kAN 64K 128K HAM
S¥s1ER € XPANSION
1FXUPKNIEAS MEITI RIB3TO
1IK Ban -« 32K RAM
0o
poon e - P
e
Wl
-—
3% HART J2K RAaN

SELD SELD 1




1/O port Address

The Port Map decoding is accomplished by three 74L5138s
{U43,U44, and U59) These ICs decode the low order ad-
dress hnes (AD — A7) from the CPU and decode the port
being selected The IN® signal and OUT" signal are used In
the decode for U59 and U43, but U44 1s a pure address de-
code and, therefore, needs to be gated with IN®, OUT", or
IOREQ" later For a complete I/0 map see Table 2-3

2.1.6. ROM

The A ROM 1s enabled by the decode as appropnate by the
address logic described above, and 15 addressed in a simple
straight forward tashion The enable for the B/C ROM 15 also
smmilarly accomplished, however, the address has a jumper
option avallable This option 5 designed to allow for testing
of the board logic in the factory When jumper 1s moved from
JP8 to JP7, the ROM 15 in the test mode, with the oplions
appearnng on the screen

2.1.7 DRAM

The DRAM tming was descnbed earlier in the tming sec-
tion, the actual DRAM s contained in two banks of eight
each UG5 to U74 and UBS to U92 They are arranged in or-
der of data bits DO through D7, U65 and UB5 being DO,
through U74 and U92 being D7 Note in Figure 2-15 that the
two banks are different with jumper options In the lower
bank, these options are for the possible use of 16k three
voltage parts When jumpered as shown n Figure 2-14 the
bank 1s dentical to the second bank and 1s for using 64k
DRAMs With both banks filled there 1s 128k avaitable to the
user

2.1.8 Video Circuit
Video Modes

The Model 4 has many video options available through
hardware and software Software has control of inverse
video on a character by characler basis by turning on IN-
VIDE Note that this imphes the avaslable number of charac-
ters 1s now 128 since the most significant bit of the character
code 1n memory 1S now used to mdicate inverse character
Swnilarly, an alternate character set can be enabled by turn-
ing on ENALTSET This enables a new 64 characlers in
place of the last 64 characlers, thal i1s, the Kana set in place
of the game set An ophon not avalable to software 15 an
enhanced character, which moves characters down one row
in therr character block to make an inverse character appear
within the inverse block and not on the edge of the block
This 1s done by mowving jumper JP11 to JP12 As an exam-
ple of a combination of hardware and software options avail-
able in the wideo 15 the overay, which not only requires the
Graphics Board to be installed, but also software to enable
the graphics data and the video data with text at the same
time

The Model 4 also has an option for either 64 character or 80
character wide screen The 64 character screen 15 compati-
ble with the Model Il and displays 16 lines The 80 charac-
ter screen displays 24 Imes In addrion each of these has a
double width mode These options are controlled by two bits,
MODSEL and 8064 which prowide the screens as shown in
the following table

8064 MODSEL Video Screen Size
0 0 64 x 16
0 1 32x16
1 0 80 x 24
1 1 40 x 24
Table 2-4

With this information of the ophons available to the user we
can now view the actual operation of the circuit with the final
objectives in mind and see how they are achieved For the
rest of this section all references will be made to Figure 2-
16 The first task to be accomplished would be the screen
refresh and this 1s done by the CRTC or 68045 (U11) which
will generate the addresses continuously on s address
hnes Then to allow the CPU access to the same memory
the address ines are muliplexed at U12, Ut4, and U15 on
opposite phases of the CRT clock The CPUs access timing
1s then handed by the tirming circuit descnbed earlier

The data bus of the RAM (U16) 1s a two way bus with the
RAM as a source or destination on all accesses, the video
gate array (U17) 1s the destination on the screen refresh half
of the cycle, the 74L5373 (U36} 1s the destination on a read
of the RAM by the CPU, and the 74LS244 (U35) 1s the
source on writes to the RAM

The video gate array then gates the RAM data INVIDE, and
ENALTSET to deterrmine the ROM addressing for these two
options and CHRADD to the 74L.8283 (U13) which takes the
row address from the 68045 and adds a zero to the row ad-
dress or a minus one to form the character enhanced mode

The data out of the ROM 15 then sent back to the gate array
where it 1s then changed to a senal stream of data which Is
synchromized with the data that would come from the graph-
tcs board, GRAFVID The signal CL166 will inhibit the data
out of the senal register and the signal ENGRAF enables
the graphics data, hence, If both are enabled the eflect 1s an
overlay The output data 1s sent to U20 pin 9 where it 1$
gated with one of two phases of the dot clock, then afier
beng filtered to lower the RF 1 it 1s oulput to the sweep
board
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Port
FC-FF

{READ)

FC - FF
(WRITE)

F8-FB
(READ)

F8-FB
(WRITE)

EC-EF

EC - EF
(WRITE)

EG-E3
{READ}

EO- E3
(WRITE)

90 - 93
(WRITE)

84 .87
(WRITE)

D7

Cass

data
500 bd

Prntr
BUSY

Prntr
D7

Page

Prntr
Paper

Pratr
06

CPU
Fast

Receive
Error

Enable
Rec Err

X
X

Fix Upr
Memory

{(MIRROR of PORT EC)

Model 4 Port Bit Map

(Note, also resets cassette data latch}

X

Pratr
Select

Protr
DS

{Any Read causes reset of Real Time Clock Interrupt)

Receive
Data

Enable
Rec Data

X
X

Memory
Bit t

Pratr
Fault

Protr
D4

Enable
EX 1/O

Xmit
Empty

Enable
Xmit Emp

x
X

Memory
BitQ

Table 2-3. /0O Port Map
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x

Prntr
D3

Enable
Altset

10 Bus
Int

Enable
10 Int

x
x

Invert
Video

D2

Prntr
D2

Mode
Select

RTC
Int

Enable
RT Int

80/64

D1

Cass,

out

Protr
Di

Cass
Mot On

C Fall
Int

Enable
CF Int

Select
Bit 1

Do

Cassette

data
1500 bd

cassette

data out

x
x

Prntr
DO

x
x

C Rise
Int

Enable
CR int

Sound
Bit

Select
Bit O
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2.1.9 Keyboard

The interface to the keyboard is a matrix composed of ad-
dress lines in one direction and data lines in the other. The
address lines have two open collector buffers {U26 and U40)
on the output to the keyboard.

The input is pulled-up with an 820 ohm resistor and is then
fed into two CMOS Inputs (U55 and U56) which act as a
driver on data lines.

2.1.10 Real Time Clock

The Real Time Clock circuit in the Model 4 provides a 30 Hz
(in the 2 MHz CPU Mode) or 60 Hz (in the 4 MHz CPU
Mode) interrupt to the CPU. By counting the number of inter-
rupts that have occured, the CPU can keep track of the
fime. The 60 Hz vertical sync¢ signal from the video circuitry
is divided by two (2 MHz Mode) by U10 and the 30 Hz at
pin 9 of U46 is used to generate the interrupts. In the 4 MHz
mode, the signal FAST places a logic low at pin 4 of LHO,
causing the signal VSYNC 1o pass through U46 at its normal
rate and ftrigger interrupts at the 60 Hz rate. Note that any
time interrupts are disabled, the accuracy of the clock
suffers.

2.1.11 Line Printer Port

The printer status lines are read by the CPU by enabling
butfer U108. This buffer will be enabled for any input from
port F8 or F9, or any memory read from location 37E8 or
37E9 when in the Model il mode. For a listing of bit status,
refer to the bit map.

After the printer driver software determines that the printer is
ready to receive a characier (by reading the status), the
character to be printed is output to port F8. This latches the
character into U107, and simultaneously fires the one-shot
U63 to provide the appropriate strobe to the printer.

2.1.12 Graphics Port

The graphics port on the Model 4 is provided to attach the
optional high resolution graphics board and provides the
necessary signals to interface not only to the CPU (such as
data lines, address lines, address decodes, and control
lines), but also the signals needed to synchronize the output
of the Video Circuit and the Graphics board and control to
provide features such as overlay.
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Pin Number

Signature

GO LDN =

LERL28PYIBBREBA

Do

[0}

D2

D3

D4

D5

D6

D7
GEN*
DCLK
AD

Al

A2

J
GRAPVID
ENGRAF
DISBEN
VSYNC
HSYNC
RESET"
WAIT*
H

|

IN*
GND
+5

N/C
CL166
GND
+5
GND
+5
GND
+5

Table 2-5
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Figure 2-17. Keyboard

{Page 4 of Schematic)
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Figure 2-18. RTC
{Page 4 of Schematic)
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2.1.13 Sound Port

The sound circult 1s compatible with the optional sound
board on the older version of the Model 4 and works In a
sirmilar fashion Sound s generated by sethng and cleanng
data bit zero on successive OUTs to port 90H The state of
DO 1s latched in U18 which 1s ampliied by Q2 to drive the
speaker (SP1)

2.1.14 1/0 Bus Port

The Modet 4 Gate Array Bus 1s designed to allow easy and
convenient interfacing of /O devices to the Model 4 The IO
Bus supports all the signals necessary to implement a de-
vice compatible with the Z-80s /0 structure That 1s

Addresses

AOQ to A7 allow selection of up to 256 input and 256 output
devices if external /O 15 enabled

Ports 80H to OFFH are reserved for System use
Data

DBO to DB7? altow transfer of 8-bit data onto the pro-
cessor data bus f external /0 1s enabled

Controt Lines

a IN" — Z-80 signal specifying that an input s n
progress Gated with IORQ

b OUT" — Z-80 signal specifying that an output 15 In
progress Gated with IORQ

¢ RESET" — system reset signal

d I0BUSINT* — input to the CPU signaling an mter-
rupt from an /O Bus device if /0O Bus interrupts are
enabled

e I0BUSWAIT® — inpul to the CPU wail line aliowing
QO Bus dewice lo force wad stlates on the Z-80 if
external /0 15 enabled

f EXTIOSEL™ — wput to CPU which switches the /O
Bus data bus transcewer and allows an INPUT in-
struction to read I/Q Bus data

g M1* — and IORQ" — standard Z-8Q signals

The address hne, data ine, and centrol hnes a to ¢ and e to
g are enabled only when the ENEXIO bit 15 set to a one

To enable 110 interrupts, the ENIOBUSINT bit in the CPU 10-
PORT EOQ (output port) must be a one However even if it s
disabled from generating interrupts the status of the IOBU-
SINT* hine can shll read on the appropnate bit of CPU 10-
PORT EO {input port}

See Mode! 4 Port Bit assignment for OFF OEC and OEQ

The Model 4 CPU board is fully protected from foreign 1710
devices in that all the I/O bus signals are buffered and can
be disabled under software control To attach and use an 1/Q
device on the YO Bus, certain requirements (both hardware
and software} must be met

For input port device use, you must enable external /O de-
vices by wniting to port OECH wath bit 4 on n the user soft-
ware This will enable the data bus, address lines, and
control signals to the 1/0 Bus edge connector When the in-
put device s selected, the hardware will acknowledge by as-
serting EXTIOSEL® low This switches the data bus
ransceiver and allows the CPU to read the contents of the I/
O Bus data ines See Figure 2-21 for the timing EXTHO-
SEL" can be generated by NANDing IN and the KO port
address

Output port device use 15 the same as the input port device
in use, in that the external I/0 devices must be enabled by
wniting tc port OECH with bit 4 on mn the user software — n
the same fashion

For either input or cutput devices, the IOBUSWAIT" control
hne can be used in the normal way for synchromzing slow
devices 1o the CPU Note that since dynamic memones are
used mn the Medel 4, the wait ine should be used with cau-
tion Holding the CPU 1In & wait state for 2 msec or more
may cause loss of memory contents since refresh 15 inhib-
ned during tlus time It s recommended that the I0BUS-
WAIT® line be held active no more than 500 msec with a
25% duty cycle

The Model 4 will support Z-80 mode 1 wmterrupts A RAM
[ump table 1s supported by the LEVEL Il BASIC ROMs and
the user must supply the address of his interrupt service
routine by wnting this address 1o locabons 403E and 403F
When an interrupt accurs, the program will be vectored to
the user supphed address f I/O Bus mterrupts have been
enabled To enable /O Bus interrupts, the user must set bit
3 of Port OEOH

The aclual implementation 1s shown in Figure 2-22 The data
15 buffered in both directions using a 74L.8245 (U101} The
addresses are buffered with a 7405244 (U102) and the
control nes out are buffered by a 74LS367 Note that RE-
SET* 13 always enabled out, this 1s o power-up reset any
device or clear any device before enabling the bus struclure
This prevents any user from tying-up the bus when enabling
the port in an unknown siate
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Figure 2-21. YO BUS TIMING DIAGRAM
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Data Bit Function

Do Selects Dnve 0 when set”
(8] Selecis Dnive 1 when set”
D2 Selects Dnive 2 when set”
D3 Selects Dnve 3 when set”
D4 Selects Side 0 when resel
Selects Side 1 when set
D5 Write precompensation

enabled when set dis-
abled when reset
D6 Generates WAIT f set
D7 Selects MFM mode If set
Selects FM mode o reset

*Only one of these bits should be set per output

Hex D flip-flop U79 (74L174) lalches the dnve select bits,
side select and FM* MFM bits on the nsing edge of the con-
trol signal DRVSEL" Gate Array 4 4(U76) 1s used to latch
the Wait Enable and Wrte precompensation enable bits on
the nsing edge of DRVSEL® The nsing edge of DRVSEL®
also tnggers a one-shot (Internal to U76) which produces a
Motor On to the disk dnves The duration of the Motor On
signal 1s approximately three seconds The spindle motors
are not designed for continuous operation Therefore, the in-
active state of the Motor On signa!l 1s used 1o clear the Drive
Select Latch, which de-selects any dnives which were previ-
ously selected The Motor On one-shot 1s retnggerable by
simply executing another QUT instruction to the Dnve Select
Latch

Wait State Generation and WAITIMOUT Logic

As previously mentoned, a want state to the CPU can be im-
tiated by an OUT to the Drive Select Latch with D6 sel Pin
10 of U76 will go high afier thus operaton This signal 1s in-
verted by 1/4 of U96 and 1s routed 1o the CPU where it
forces the ZBOA into a wait state The Z8B0OA will remam In
the wait state as long as WAIT" 1s low Once initiated, the
WAIT* will remain low untit one of five conditions 1s satishied
if INTRQ, DRQ, or RESET inputs become achive (logic
high), it causes WAIT" to go fugh which allows the Z80 to
exit the wait state An internal tmer on U70 serves as a
watchdog timer to insure that a wait condition will not persist
long enough 10 destroy dynamic RAM contents This internal
watchdog thmer logic will hmit the duration of a wart to 1024
psec, even if the FDC chip should faill to generate a DRQ or
an INTRQ

# an OUT to Dnve Select Latch 1s inihated with D6 reset
(logic low), a WAIT 1s still generated The internal timer on
U70 will count to 2 which will clear the WAIT state This al-
iows the WAIT to occur only dunng the QUT instruction to
prevent wiolating any Dynamic RAM parameters

NOTE This automatic WAIT will cause a 5 to 1 psec wait
each time an out to Drive Select Latch 1s performed

Clock Generation Logic

A 16 MHz crystal oscillator and Gate Array 4 4 {(U76) are
used to generate the clock signais required by the FDC
board The 16 MHz osciilator 1s implemented internal to U76
and a quartz crystal (Y2) The output of the oscillator 1s di-
vided by 2 to generate on 8 MHz clock This 1s used by the
FDC 1773 (U75) for all internal timing and data separation
U76 further divides the 16 MHz clock to drive the watchdog
tmer circunt

Disk Bus Output Drivers

High current open collector dnivers US6, 94 and 93 are used
to buffer the output signals from the FDC crcuit to the disk
dnves

Write Precompensation and
Write Data Pulse Shaping Logic

All write precompensation 15 generated internal to the FDC
chip 1773 (U75) Wnte Precompensahon occurs when WG
goes high and wnte precompensation 1s enabled from the
software  ENP 1s multiplexed with RDY and is controlled by
WG at pin 20 of U75 Wnite data 1s output on pin 22 of U75
and s shaped by a one-shot (1/2 of U98) which stretches
the data pulses o approximately 500 nsec

Clock and Read Data Recovery Logic

The Clock and Read Data Recovery Logic 1s done internal
to the 1773 (U75)

Floppy Disk Controller Chip

The 1773 is an MOS LS| device which performs the
functions of a floppy disk formatter/controller in a sin-
gle chip implementation. The following port addresses
are assigned to the internal registers of the 1773 FDC
chip:

Port No. Function
FOoH Command/Status
Register
Fi1H Track Register
F2H Sector Register
F3H Data Register
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2.1.15 Cassette Circuit

The cassette wnte crcwtry latches the two LSBs (DO and
D1) for any output to port FF (hex) The outputs of these
latches {U51) are then resistor summed to provide three dis-
crete voltage levels (500 Baud only}) The firmware toggles
the bits to provide an output signal of the desired frequency
at the summing node

There are two types of cassette Read circuts — 500 baud
and 1500 baud The 500 baud circuit 18 compatible with both
Model | and Nl The input signal 1s amphfied and filtered by
Op amps (U23 and US54) Part of U22 then forms a Zero
Crossing Detector, the output of which sels the latch U37 A
read of Port FF enables buffer U52 which allows the CPU to
determine whether the latch has been set, and simultane-
ously resets the latch The firmware determines by the tim-
ing between sethngs of the latch whether a logic “"one” or
*“'zero"” was read in from the tape

The 1500 baud cassette read circurt s compatible with the
Model Il cassette system The mcommg signal 1s compared
1o a threshold by part of U22 U22's output will then be
either high or low and clock about one-half of U37, depend-
Ing on whether it 1s a nsing edge or a falling edge If nter-
rupts are enabled, the setting of either laich will generate an
interrupt  As 0 the 500 baud circult, the firmware decodes
the interrupts into the appropnate data.

For any cassette read or wnte operation, the cassetle relay
must be closed in order to start the motor of the cassette
deck A wnte to port EC hex with bit one set will latch US3,
which turns on transistor Q3 and energizes the relay K1 A
subsequent write to this port with bit one clear will clear the
latch and de-energize the relay

2.1.16 FDC Circuit

The TRS-80 Model 4 Floppy Disk Interface provides a stan-
dard 5-1/4" floppy disk controller The Floppy Disk interface
supporis single and double density encoding schemes Write
precompensation can be software enabled or disabled be-
ginmng at any track, although the system software enables
write precompensation for all tracks greater than twenty-one
The amount of write precompensation 1s 125 nsec and i1s not
adjustable One 1o four dnves may be controlleg by the In-
tertace All data transfers are accomphshed by CPU data re-
quests In double density operation, data transfers are
synchronized to the CPU by forcing a wait to the CPU and
clearing the wait by a data request from the FDC chip The
end of the data transfer 15 indicated by generation of a non-
maskable interrupt from the interrupt request output of the
FDC chip A hardware watchdog tmer insures that any error
condition will not hang the wait ine to the CPU for a period
long enough to destroy RAM contents

Control and Data Buffering

The Floppy Controller 1s an 1D port-mapped device which
utihizes ports E4H, FOH, F1H, F2H, F3H, and F4H The de-
coding logic 1s implemented 1n the Address Decoding (for
more information see Port Map) U78 1s a bi-directional, 8-bit
transcewver used to buffer data to and from the FDC and
RS-232 crcuts The diection of data transter is controlied
by the combination of control signals DISKIN®, RDINTSTA-
TUS*, RONINSTATUS", and RS232IN" H any signal 15 aclive
{logic low), U78 1s enabled 1o drive data onto the CPU data
bus If all signals are nactive (logic high), U78 1s enabled lo
receve data from the CPU board data bus A second buffer
U77 s used to buffer the FDC chip data to the FDC/RS232
Data Bus, (BD0-BD7) U77 s enabled by Chip Select and s
direction controlled by DISKIN® Again, i DISKIN® 1s active
{logic low), data 1s enabled to drive from the FDC chip 1o the
Main Data Busses If DISKIN" 1s inactive (legic high), data is
enabled 1o be transferred to the FDC chip

Non-maskable Interrupt Logic

Gate Array 4 4 (U75) 15 used to latch data bits D6 and D7
on the nsing edge of the control signal WRNMIMASKREG"
Ttus enables the condiions which will generate a non-mask-
able mterrupt to the CPU The NMI| interrupt conditions
which are programmed by doing an OUT nstructon 1o port
E4H with the appropnate bits set If data bit 715 set, an FDC
mterrupt 1s enabled to generate an NMI interrupt M data it
7 s reset, interrupt requests from the FOC are disabled H
data bit 6 1s set, a Motor Time QOut 1s enabled to generate an
NM! interrupt If data bit 6 1s reset, interrupts on Motor Time
Out are disabled An IN instruction from port E4H enables
the CPU to determine the course of the non-maskable inter-
rupt Data bit 7 indicates the status of FDC interrupt request
(INTRQ) (0=true, 1=false) Data bit 6 indicates the status
of Motor Time Qut {O=true, 1=false) Data bit 5 mdicates
the status of the Reset signal (0=true, 1=false} The con-
trol signal RDNMISTATUS® gates this status onto the CPU
data bus when active (logic low)

Drive Select Latch and Motor ON Logic

Selecting a dnive prior to disk 1/0O operation 15 accomplished
by doing an OUT instruction to port F4H with the proper bit
set The following table describes the bit allocation of the
Drive Select Latch
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2.1.17 RS-232C Circuit

RS-232C Technical Description

The RS$-232C circurt for the Model 4 computer supports
asynchronous sertal transmissions and conforms to the EIA
RS-232C standards at the mnput-output interface connector
(J3) The heart of the circuit 1s the TR1865 Asynchronous
Recever/Transmutter U84 It performs the job of converiing
the parailel byte data from the CPU to a senal data stream
including start, stop, and panty bits For a more detaiied de-
scnption of how this LS| circuit performs these functions, re-
fer to the TR1865 dala sheets and application notes The
transmut and receive clock rates that the TR1865 needs are
suppled by the Baud Rate Generator U104 This circuit
takes the 5 0688 MHz supphed by the systemn timmg circut
and the programmed winformation received from the CPU
over the data bus and diwvides the basic clock rate to provide
two clocks The rates avallable from the BRG go from 50
Baud to 19200 Baud See the BRG table for the complete
list.

Interrupts are supported n the RS-232C Circut by the Inter-
rupt mask register and the Status register internal to Gate
Array 45 (UB2) The CPU looks here to see which kind of
interrupt has occurred Interrupts can be generated on re-
cewer data register full, transmitter register empty, and any
one of the errors — panty, framing, or data overrun This al-
lows a mimmum of CPU overhead in transferring data to or
from the UART The interrupt mask register s port EQ (write}
and the interrupt stalus register 1s port EQ (read) Refer to
the 10 Port descnption for a full breakdown of all interrupts
and their bit positions

All Model [, ilt, and 4 software wntten for the RS-232C inter-
face 15 compatible with the Model 4 Gate Array RS-232C cir-
cuit, provided the software does not use the sense switches
to configure the interface The programmer can get around
this problem by directly programmeng the BRG and UART for
the desired configuration or by using the SETCOM com-
mand of the disk operating system to conhgure the interface
The TRS-80 RS-232C Interface hardware manual has a
good discussion of the RS-232C standard and specific pro-
gramming examples {Catalog Number 26-1145)

BRG Programming Table

Transmit/
Receive
Nibble Baud
Loaded Rate

OH 50

H 75
2H 110

3H 134.5
4H 150
5H 300

6H 600 )
7H 1200

8H 1800

9H 2000

AH 2400

BH 3600
CH 4800
DH 7200

EH 9600

FH 19200

Suported
16X bg

Clock SETCOM
0.8 kHz Yes
1.2 kHz Yes
1.76 kHz Yes
21523 kHz Yes
2.4 kHz Yes
4.8 kHz Yes
9.6 kHz Yes
19 2 kHz Yes
28.8 kHz Yes
32.081 kHz Yes
38.4 kHz Yes
57.6 kKHz Yes
76.8 kHz Yes
115.2 kHz Yes
153.6 kHz Yes
307.2 kHz Yes

Pinout Listing

The RS3-232C circuit 1s port mapped and the ports used are
E8 1o EB Following is a descnption of each port on both In-
put and output.

Port Input Output

E8 Modem status Master Reset, enables
UART controi register
load

EA UART status UART control register
load and modem control
E9 Not Used Baud rate register load
enable bit
EB Receiver Holding Transmitter Holding
register reqister

The iollowing list is a pinout descrnption of the DB-25 con-
nector (P1)
Pin No. Signal
PGND (Protective Ground)
TD (Transmit Data)
RD {Receive Data)
RTS (Request to Send)
CTS (Clear To Send)
DSR (Data Set Ready)
SGND (Signal Ground)
CD (Carner Detect)
SRTS (Spare Request to Send)
DTR (Data Terminal Ready)
Rl {Ring Indicate)

N3 avoaaswn~
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Model 4 Gate Array
IO Pin Assignments

Pin

[ % JS N QT S N G G QI § <
SRULONOORONSAODENOORQNS O

H

Signal
GND
GND
GND

GND
IPE"

GND
0s2”
GND
DS3”
GND

GND
MOTNE*
GND
DIRE*
GND
STEPE"

WDE"
GND
WGE"
GND
TRKOE"
GND
WPRTE"
GND
RDE"
GND
SDSELE
GND

=
g3

LoNONRGMN

33,

Jz2

Signal
GND
GND
GND

GND
P

GND
DS0*
GND
DS31"
GND

GND
MOTONI*
GND
DIRI*
GND
STEPI*
GND
wDI*
GND
WGl
GND
TRKOI"
GND
WPRTI"
GND
RDI*
GND
SDSELI
GND

[
w

RN CORNOORLOMS OF

Pin

Signal No

PGND 1.

TD 2.

RD 3.

RTS 4,

CTS 5.

DSR 6.

SGND 7.

CD 8.

9,

10.

11.

12.

13.

14.

15.

16.

17.

18.

SRTS 19.

DTR 20.
RI

VAt BB W
SEEIBERONASBRUBRRBRLEBSNBRRENT

J4

. Signal

XDO

. EXTIO-
. SEL*

. XM
. XIDRQ"

GND
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Pin

CENOIALNS &

10.

. Signal

XDO
GND
XD
GND
XD2
GND
XD3
GND
XD4
GND
XD5
GND
XD6

. GND
. XD7
. GND

. GND
. XAl
. GND
. XA2
. GND
. XA3
. GND
. XA4
. GND

. GND
. XAB

. GND
. XA7

. GND
. XIN®

. GND
. XouT*

. XRESET*

GND

. XINT*
. GND

. XWAIT"
. GND

. EXTIO-

SEL"

. GND

. GND
. XMIO
. GND
. XIDRQ"

GND



Model 4 Gate Array
/O Pin Assignments

Pin

=
cuNMALRN~ O

J6

. Signal

GND
PDO
GND
PD1
GND
PD2
GND
PD3
GND
PD4
GND
PD5

. GND

. PD6

. GND

. PD7

. GND

. N/A

. GND

. BUSY

. GND

. OUT PAPER

. GND

. UNIT SEL
NC

. GND
. FAULT
. NC

" NC

. GND

Za
es

—ty b b et — —
RPN OBENOO RGN~

16.

J8

. Signal

VSYNCO*
HSYNCO

Z7
o5

LoNOTIRWON=

J9

. Signal

GND

CASSETTE-
IN
CASSETTE-

ouT

Z73
o3
@
]

S

-2

CoXNINRLON -~
w)
B

J
15. GRAPVID
16. ENGRAF
17. DISBEN
18. VSYNC
19. HSYNC
20. RESET*
21. WAIT”
22. H
23.
24. IN*
25. GND
26. +5V

28. CL166
29. GND
30. +5V
31. GND
32. +5V
33. GND
34. +5V
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SECTION Il

4P THEORY OF OPERATION
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3.1 MODEL 4P THEORY OF OPERATION

3.1.1 Introduction

Contaned in the following paragraphs ts a descnption of the
component parts of the Model 4P CPU It is divided into the log-
ical operational functions of the computer All components are
located on the Main CPU board inside the case housing Refer
to Section 3 for disassembly assembly procedures

3.1.2 Reset Circuit

The Model 4P reset circuit provides the neccessary reset
pulses to all circuits dunng power up and reset operations R25
and C218 provide a time constant which holds the input of U121
low dunng power-up This allows power 10 be stable to all cir-
cuits before the RESET” and RESET snals are applied When
€218 charges to a logic high the oulput of U121 tnggers the
input of a retnggerable one-shot multivibrator (U1) U1 outputs
a putse with an approximate width of 7¢ microsecs When the
reset switch 1s pressed on the front panel this discharges C218
and holds the input of U121 low until the switch 1s released On
release of the switch. C218 again charges up triggenng U121
and U1 to reset the microcomputer

3.1.3 CPU

The central processing umt (CPU) of the Modél 4P microcom-
puter 1s a ZBOA microprocessor The ZBOA 1s capable of run-
ning in etther 2 MHz or 4 MHz mode The CPU controls all
functions of the microcomputer through use of its address ines
(AD-A15), data ines (D0-D7) and control ines { M¥  IOREQ
RD, WR, MREQ, and RFSH) The address lines (AD-A15)
are buffered to other ICs through two 74152445 (U68 and U26)
which are enabiled all the tme with thew enables pulled to GND
The control ines are buffered to other ICs through a 74F04
{U86) The data hnes (D0-D7) are bufiered through a bi-direc-
tional 74L5245 (U71) which 1s enabled by BUSEN" and the di-
rection I1s controlled by BUSDIR®

3.1.4 System Timing

The main iming reference of the microcomputer with the ex-
ception of the FOC circuit. comes from a 20 2752 MHz Crystal
Osaollator (Y1) This reference 1s divided and used for gener-
ating all necessary timing for the CPU wideo circut and RS-
232-C circut The output of the crystal oscillator 15 hitered by a
ferritte bead (FB5) 470 ohm resistor (R46) and a 68 pf ca-
pacitor (C242) After being hltered itis fed into U126 a 16R6A
PAL (Programmable Array Logic} where it 1s divided by 2 1o
generate a 10 1376 MHz signal (10M) for the 64 X 16 video dis-
play U126 divides the 20 2752 MHz by 4 to generale a 5 0688
MHz signal (RS232CLK) for the baud rate generator mn the RS-
232-C circuit The CPU clock 1s also generated by U126 which
can be either 2 or 4 MHz depending on the slate of FAST input

toin @ of U126) #f FAST 15 a logic low the 20 2752 MHz 1s di-
vided by 10 which generates a 2 2752 MHz signal If FAST s a
logic high the 20 2752 MHz 15 divided by 5 which generates a
4 05504 MHz signal The CPU clock (PCLK) 15 ted through an
active pull-up circuit which generates a full 5-volt swing with tast
nse and fall imes required by the Z80A U126 the 16R6A PAL.
generates ali symmeltncal output signals and alse does not al-
low the PCLK output 1o short cycle or generate a low or high
pulse under 110 nancoseconds which the ZBOA also requires
Refer to System Timing Fig. 3-2.

3.1.4.1 Video Timing

The wideo timing 1s controlled by a 1018 PAL (U127) and a four-
bit synchronous counter U128 (74L5161) These two ICs gen-
erate all the necessary iming signals for the four video modes
64 x 16 32x 16,80 x 24 and 40 x 24 Two reference clock sig-
nals are required for the four video modes One reference
clock. the 10 1376 MHz signal (10M) 15 generated by U126 and
1s used by the 64 x 16 and 32 x 16 modes The second refer-
ence clock 1s a 12 672 MHz (12M) signal which 15 generated by
a Phase Locked Loop (PLL) circuit and 1s used by the 80 x 24
and 40 x 24 modes The PLL circuit consists of U147 (74LS93).
U148 (NES64 PLL), and U149 (74L.590) The onginal 20 2752
MHz clock 1s divided by 16 through U147 which generates a
1 2672 MHz signal The output of U147 1s reduced in amplitude
by the voltage divider network R27 and R28 and the output 1S
coupled to the reference input of U148 by C227

The PLL (NES564) 1s adjusted to oscillate at 12 672 MHz by the
tuning capacitor C231 This 12 672 MHz clock 1s then divided
by 10 through U149 to generate a second 1 2672 MHz signal
which 15 fed 10 a second input of LJ148 The two 1 2672 MHz
signals are compared internally to the PLL where it corrects the
12 672 MHz output so 1t1s synchronized with the 20 2752 MHz
clock

MCODSEL and 8064 signals are used to select the desired
video mode 80647 controls which reference clock 1s used by
U127 and MODSEL controls the single or double character
width mode Refer to the following chart for selecting each
video mode

Video Mode

8064~ MODSEL
0 0 64 x 16
0 1 32x16
1 0 80x24
1 1 40 x 24

*This 1s the state to be wniten 1o latch U89 Signal 1s inverted
before beting input to U127
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DCLK, the reference clock selected, is output from U127,
DCLK is fed back into U127 for internal timing reference and
is also fed to the clock input of U128 (74L.5161). U128 is
configured to preload with a count of 9 each time it reaches
a count of 0. This generates a signal output of TC (128 pin
15) that occurs at the start of every character time of video
output. TG is used to generale LOADS" (Load Shitt Regis-
ter). QA and QC of U128 are used to generate SHIFT",
XADR7*, CRTCLK and LOAD" for proper timing for the four
video modes. QA, OB, and QC which are referred to as H, |,
and J are fed to the Graphics Port J7 for reference timings
of Hires graphics video. Reler to Video Timing, Figs. 3-3 and
3-4 for timing reference.

3.1.5 Address Decode

The Address Decode section will be divided into two sub-
seclions: Memory Map decoding and Port Map decoding.

3.1.5.1 Memory Map Decoding

Memory Map Decoding 1s accomplished by a 16L8 PAL (U109)
Four memory map modes are available which are compatible
with the Model [l and Model 4 microcomputers A second 1608
PAL (U110} 15 used m conunctton with U109 for the memory
map control which also controls page mapping of the 32K RAM
pages. Refer to Memory Maps below.

3.1.5.2 Port Map Decoding

Port Map Decoding 1s accomplished by three 74L5138s (U87,
U88, and U107). These ICs decode the low order address (AQ-
A7} from the CPU and decode the port being selected The IN®
signal from U108 enables U87 which allows the CPU to read
from a selected port and the OUT" signai, also from U108, en-
ables U88 which allows the CPU to write to the selected port
U107 onty decodes the address and the IN* and OUT" signals
are ANDed with the generated signals.

3.1.6 ROM

The Modei 4P contains only a 4K x 8 Boot ROM (U70). This
ROM is used only t0 boot up a Disk Operating System into
the RAM memory. § Model Il operation or DOS is required,
then the RAM from location 0000-37FFH must be loaded with
an image of the Model ill or 4 ROM code and then executed.
A file called MODEL A/Ht is supplied with the Model 4P which
contains the ROM image for proper Model ili operation. On
powear-up, the Boot ROM is selected and mapped into loca-
tion 0000-0FFFH. After the Boot Sector or the ROM image is
loaded, the Boot ROM must be mapped out by OUTing to
port 3CH with DO set or by selecting Memory Map modes 2
or 3. In Mode 1 the RAM is write enabled for the full t4K.
This allows the RAM area mapped where Boot ROM is lo-
caled to be written to while executing out of the Boot ROM.
Refer to Memory Maps.

The Model 4P Boot ROM contains all the code necessary to
initialize hardware detect options selected from the keyboard
read a sector from a hard disk or floppy and load a copy of the
Modet lil ROM Image (as mentioned) inio the lower 14K of
RAM

The frmware 1s divided into the following routines

Hardware Imliakzation
Keyboard Scanner
Controt
*  Floppy and Hard Disk Driver
*  Disk Directory Searcher
File Loader
Error Handler and Displayer
RS5-232 Boot
*  Diagnostic Package

Theory of Operation

This section describes the operation of various routines in the
ROM Normally, the ROM 15 not addressable by normal use
However. there are several routings that are available through
fixed calling locatons and these may be used by operating sys-
tems that are booling

On a power-up or RESET condition, the Z80 s program counler
15 sel lo address 0 and the boot ROM 1s switched-in The mem-
ory map of the system is set to Mode 0 (See Memory Map for
details ) This wilt cause the Z80 1o fetch instructions from the
boot ROM

The Iniahzation section of the Boot ROM now performs these
functions:

Disables maskable and non-maskable interrupis
interrupt mode 115 selected
Programs the CRT Controller
Iniahzes the boot ROM conirol areas in RAM
Sets up a stack pointer
tssues a Force Interrupt to the Floppy Disk Conftroller
to abort any current activity
Sels the system clock to 4mhz
Sels the screen to 64 x 16
9 Disables reverse video and the allernate character
sels
10. Tests for - key being pressed*
11, Clears all 2K of video memory

DB WN =

o~

" This 1s a special test [f the - 15 being pressed then
control is transferred to the ciagnostic package in the
ROM All other keys are scanned via the Keyboard
Scanner
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L

The Keyboard scanner 1s now called it scans the keyboard for
a set penod of ime and returns several parameters based on
which 1f any keys were pressed

The keyboard scanner checks for several ditferent groups of
keys These are shown below

Function Group
1
<F2.>
<F3.»
<1
< 2>
<3 -

- Left-Shift -
- Right-Shift -
-Ctr -
~.Caps -

Selection Group

OMmMOO D>

Special Keys Misc Keys
<P Enter
<L .- Break
<Nz

When any key in the Function Group 1s pressed il 1s recorded
in RAM and will be used by the Control routine in directing the
action of the boot If more than one of these keys are pressed
duning the keyboard scan the last one detected will be the one
that s used The Function group keys are currently defined as

~Fl-or- 1> Will cause hard disk boot
~F2.-0or 2. Wil cause floppy disk boot
<F3.-0r- 3 Will force Model Il mode
- Left-Shift - Reserved for tuture use
<.Right-Shift - Boot from RS-232 port
<Ctri - Reserved for future use
<Caps ~ Reserved for future use

The Special keys are commands to the Control routine which
direct handiing of the Mode! Il ROM-image Each key 15 de-
tected mdividually

<P.- When loading the Model il
ROM image the user wil be
prompled when the disks can
be switched or when ROM
BASIC can be entered by
pressing Break

<N - Instructs the Control routine 10
not ioad the Model lil ROM
image even if it appears that
the cperating system being
booted requires il

L instructs the Control routine 10
load the Mogel IH ROM image
even s already loaded This
1s useful if the ROM 1image has
been corrupted or when switch-
ing ROM images {(Note that
this will not cause the ROM
image to be loaded if the boot
sector check indicates that the
Model I ROM image 1s not
needed Press F3 or F3
and L toaccomplsh that

The Selection group keys are used in determining which file wall
be read from cisk when the ROM image 15 loaded For details
of this operation seée the Disk Directory Searcher If more than
one of the Selection group keys are pressed the last one de-
tected will be the one that 1s used

The Miscellanecus keys are

- Break Pressing this key 1s simply re-
corded by setting location
405BH non-zero Itis up 10 an
operating system 1o use this
flag if deswred

Enter Terminates the Keyboard rou-
tine Any other keys pressed up
{0 that ime will be acted upon
Enter s useful for expern-
enced users who do not want to
wait until the keyboard timer
expires

The Conlrol section now takes over and fotlows the following
flowchart
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Begin

Hard
Disk Drave
Present ?

Yos Attempt to
read boot
sector

<Fl>»
or <1l>»
pressed ?

Goto (1]
{Hard Disk Boet)

Yes An
error
2
<F2>
or <25 Goto |2)
pressed 2 {Floppy Disk Boot) Display
Hard Disk
Error
Message

No

<F3>
or <3>
pressed ?

Goto [3)
{Model ILD Boot)

Goto [4)
(RS-232 Boot}

<Right- shifet>
pressed 2

At this point, nc valid Functicon keys I lopuy

have been pressed. Di1sk Draive
Present ?

Attempt to
read boot
sector

ARUNET Display an error

Controller message. (ARCNET "
Board 800t ROM required ©
Present 2, for ARCNET Boot) Yes
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| : }-————%;) Set
Transfer @

address to

3B15H
Note: 2
<F2>
or <2> Yes
pressed * Attempt to I
locate
ROM Image
on
Display Fleoppy Disk
Floppy Disk Note: 4
Error
Message
No
Stop

Write-enable
#-37FFH
Sector (Mode 1)
<N> 256 bytes,
pressed and no ref.s Note: 1
? Model III \D
Load ROM
Image
Yes Note: 5

Set Transfer
Address to

43pPY
Note: 2
Errors
while loading
ROM Image ?
Display
Set Transfer Error
Address at end Message
of ROM Image
Model IIT (Normally 3@15H)
ROM Image SL> Note: 2
Present ? pressed
Note: 3 ?
Stop

©
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ROM
Image
Present ?

No

<P>»
pressed
2

Display
"ROM Image
1s loaded"
message

wait for

<ENTER> or
<BREAK> to
be pressed

Write-protect
memory (Mode B)

Set CPU speed
to 2MHz
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Jump to
Transfer Address

O —

Initialize
RS-232 Port
Note: 6

Wait for
Carrier Detect

Determine
Correct
Baud Rate

Transmit Baud
Rate Detect
Message




4

| W

wait for
Sync Byte
FFH}

Load program
from RS-232

An

Yes
arror Display and
o transmit error

Transfer
control

to address
recelved

Notes

(1} If the boot sector was not 256 bytes n length thenitis as
sumed to be a Model Hi package and the ROM image wi
be needed If the sector 1s 256 bytes in length then the
sector 1s scanned for the sequence CDxx00H The CD is
the first byte of a Z80 unconditonal subroutine call The
next byte can have any value The third byte 1s tested
against a zero What ttus check does 1s test for any refer
ences 10 the hrst 256 bytes of memory All Radio Shack
Model {ll operating systems and many other packages all
reference the ROM at some point during the boot sector
Most boot sectors will display a message if the system can
not be loaded To save space these routines use the
Model Il ROM calls to display the message Several ROM
calls bave therr entry points in the first 256 bytes of mem
ory and these references are detected by the boot ROM

Packages that do not reference the Model Il ROM in the
boot sector can still cause the Model It ROM image to be
loaded by coding a CDxx00 somewhere in the boot sector
It does not have to be executable Atthe same time Model
4 packages musi take care that there 1s no sequence of
bytes in the boot sector that couid be mis interpreted to be
a reference to the Boot ROM An example of this would be
sequence 06CDOEOD which s a LD B OCDH and a LD
C 0 If the boot sector cannot be changed then the user
must press the F3  key each ttme the systern 15 starled
to imform the BOM that the d sk contains a Model IH pack
age which needs the Mode! Ill ROM image

(2) If you are loading a Model 4 operaling system then the
boot ROM will always transier control to the first byte of the
boot sector which is at 4300H {f you are loading a Model
I} operating system or about to use Model HI ROM BASIC
then the transfer address 1s 3015H This is the address of
ajump vectorinthe C ROM of the Model Il ROM image
and this will cause the system to behave exaclly hke a
Model 1l if the ROM image hle that s loaded has a difer
ent transfer address then that address will be used when
loading s complete If the image 1s already present the
Boot ROM will use 3015H

(3) Two different tests are done to msure that the Model 1l
ROM image is present The first test 1s to check every third
location starting at 3000H for a C3H This is done for 10 lo
cations If any of these locations does not contan a C3H
then the ROM image 1s considered to be not present
The next test 1s o check two bytes at locaton 000BH If
these addresses contain ESE1H then the ROM image 1s
considered to be present

{4) See Disk Director Searcher for more information

(5} See File Loader tor more information

(6) The RS 232 loader 1s descnbed under RS 232 Boot
Disk Directory Searcher

When the Model Il ROMimage i1s to be loaded it 1s always read
from the fioppy in drive O

Belore the operation begins some checks are made First the
boot sector 15 read in from the floppy and the first byte 1s
checked to make sure it 1s either a 00H or a FEH if the byte
contains some other value no attempt will be made to read the
ROM image from that disk The location of the directory cylinder
15 then taken trom the boot sector and the type of disk is deter
mined This i1s done by examining the Data Address Mark that
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was picked up by the Floppy Disk Controller (FDC) duning the
read of the sector If the DAM equals 1 the disk 15 a TRSDOS
1 x style disk If the DAM equals 0 then the disk s a LDOS 5 1
TRSDOS 6 style disk This 1s important since TRSDOS 1 x
disks number sectors starting wath 1 and LDOS style disks
number sectors starbing with 0

Once the disk type has been determined an extra test s made
if the disk 1s a LDOS style disk This lest reads the Granule Al-
location Table (GAT) to determine if the disk 1s single sided or
double sided

The directory 1s then read one record at a ime and a compare
1s made agamst the pattern ' MODEL%  for the filename and
IV for the extension The "% means that any character will
malch this postion If the user pressed one of the selection
keys {A-G) during the keyboard scan, then that character 1s
substituted 1n place of the '% character For example, if you
pressed ‘D', then the search would be for the file MODELD
with the extension "II' The searching algonthm searches until
it finds the entry or it reaches the end of the dreclory

Once the entry has been found, the extent information for that
file 1s copied intc a control block for later use

File Loader

The file loader is actually two modules — the actual loader and
a set of routines 10 fetch bytes from the file on disk The loader
1s iInvoked via a RST 28H The byte fetcher 1s called by the
loader using RST 20H Since restart vectors can be re-directed,
the same ioader is used by the RS-232 boot The difference 1s
that the RST 20H 15 redwrected to potnt 1o the RS-232 data re-
cewving routne The loader reads standard loader records and
acts upon two types

01 DataLoad
1 byte with tength of block, including address
1 word with address to load the data
n bytes of data, where n + 2 equals the length specihed

02 Transfer Address
1 byte with the value of 02
1 word with the address to start execution at

Any other loader code 1s treated as a comment block and 1s 1g-
nored Once an 02 record has been found, the loader stops
reading, even if there 1s additional data, so be sure to place the
02 record at the end of the file

Floppy and Hard Disk Driver

The disk drivers are entered via RST 8H and will read a sector
anywhere on a floppy disk and anywhere on head 1 (top-head)
in a hard disk drive Either 256 or 512 byte sectors are readable
by these routines and they make the determination of the sector
size The hard disk dniver 1s compatible with both the WD1000
and the WD1010Q controllers The floppy disk driver i1s wniten for
the WD1793 controller

Serial Loader

invoking the senal loader 1s similar to foreing a boot from hard
disk or floppy In this case the nght stuft key must be pressed at
some time during the first three seconds after reset The pro-
gram does not care If the key 15 pressed forever making it con-
venient to connect pins 8 and 10 of the keyboard connector with
a shorting plug for bench testing of boards Tius assumes that
the object program being loaded does not care about the key
closure

Upon entry, the program first asserts DTR (J4 pin 20) and RTS
(J4 pin 4) rue Next, Not Ready s printed on the topmost ine
of the wideo display Modem status ine CD {J4 pin 8) s then
sampled The program loops until it inds CD asserted true At
that ime the message “Ready” 1s displayed Then the program
sets about determining the baud rate from the host computer

To deterrmine the baud rate, the program compares data re-
cewed by the UART 1o a test byte equalto 55 hex Thereceiver
isfirstsetto 19200 baud if ten bytes are recerved which are not
equal 1o the test byte the bhaud rate 1s reduced This sequence
1s repeated until a valid test byte 15 recerved H ten fallures occur
at 50 baud, the entire process begins agamn at 19200 baud ifa
vald tesl byte is recewved, the program waits for ten more o ar-
nve before concluding that it has determined the correct baud
rate If at this me an improper byte I1s received or a receiver er-
ror (overrun, framing, or panty) is intercepled, the task begins
agam at 19200 baud

in order to get to thws point the host or the modem must assert
CDtrue The host must transmit a sequence of test bytes equal
to 55 hex with 8 data bits odd panty and 1 or 2 stop bits The
test bytes should be separated by approximately C 1 second to
avold overrun errors

When the program has determined the baud rate, the message
“Found Baud Rate x”

15 displayed on the screen where 'x" is a letter from A to P
meaning

A=580baud E =150 | = 1800 M ~ 4800
B=75 F = 300 J = 2000 N - 7200
c =110 G = 600 K = 2400 O = 9600
D=1345 H = 1200 L = 3600 P = 19200
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The same message less the character signifying the baud rate
1s transmitted to the host, with the same baud rate and protocol
This message 1s the signal to the host to stop transmitiing test
bytes

After the program has transmitted the baud rale message o
reads from the UART data register in order to clear any overrun
error that may have occurred due to the test bytes coming in
during the transmission of the message This 1s because the re-
cever must be made ready to receve a sync byle signalling the
beginning of the cormmand file For this reason it 1s important
that the host wait until the entire baud rate message (16 char-
acters) 1s received belfore transmitting the sync byte which s
equal to FF hex

When the loader receves the sync byte the message
"“Loading’

1s displayed on the screen Again, the same message 1s trans-

mitted to the host, and, agan the host must wait for the entire

transmission before starting into the command file

If the recever should intercept a receive error while waiting for

the sync byte, the entire operation up o this point 1s aboried

The video display Is cleared and the message

“Error, X'

1s displayed near the bottom of the screen, where x 15 a letter
irom B to H, meaning

panty error

framing error

panty & framing errors

overrun error

panty & overrun errors

framing & overrun errors

panty & frarming & overrun errors

IGOTmMOoOO®
]

A

The message
“Error”

15 then transmitted to the host The entire process 15 then re-
peated from the * Not Ready’ message A six second delay is
inserted before reimtiahization This 1s longer than the time re-
quired o transmit five bytes at 50 baud, so there 15 no need to
be extra careful here

It the sync byle 13 recewved without error, then the “"Loading’
message Is transmitted and the program i ready to receive the
command file After recenving the ' Loading message the host
can transmit the file without nulls or delays between bytes

{Since the hle represents 280 machine code and all 256
combinations are mearningful 1t would be disastrous to
transmit nulls or other ASCII control codes as fillers ac-
knowledgement or stari-stop bytes The only control
codes needed are the standard command file control
bytes )

Data can be transmitted to the loader at 19200 baud with no de-
lays inserted Two stop bits are recommended at high baud
rates

See the File Loader description for more information on file
ioading

It a receive error should occur dunng fife loading the abon pro-
cedure described above will take place, so when attempting re-
mote control, it 15 wise 1o monitor the host receiver during
transmisston of the ile When the host is near the object board
as 1s the case in the factory application or when more than one
board 1s being loaded, 1t may be advantageous or even nec-
essary to ignore the transmitted responses of the object
board{s) and to manually pace the test byte, sync byle and
command file phases of the iransmission process using the
video display for handshaking

System Programmers Information

The Model 4P Boot ROM uses two areas of RAM while it s run-
rming These are 4000H to 40FFH and 4300H to 43FFH (For
512 byte boot sectors, the second area 1s 4300H to 44FFH ) If
the Model 11 ROM Image 1s loaded addiional areas are used
See the techmical reference manual for the system you are us-
ing for & list of these areas

Operating systems that want to support a software restart by re-
executing the contents of the boot ROM can accomplish this in
one of two ways |f the operating system relies on the Model Ill
ROM Image, then jJump {o location 0 as you have in the past If
the operating system 1s a Model 4 mode package, a simple way
is to code the following instructions 1n your assernbly and load
them before you want to reset

Absolute Location Instruction
Q000 Dl
0001 LD A1
0003 QuUT (9CH} A

These instructions cause the boot ROM to become address-
able After executing the QUT instruction the next instruction
executed will be one in the boot ROM (These instructions also
exist in the Model 11l ROM image at location 0 ) The boot ROM
has been written so that the first instruction ts at address 0005
The hardware must be in memory mode 0 or 1, or else the
boot ROM will not be switched in This operalion can be
done with an QUT instruction and then a RST 0 can be exe-
cuted to have the ROM switched in
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Restaris can be redirected at any time while the ROM s
switched in Al restarts jump 1o fixed locations i RAM and
these areas may be changed 1o point lo the routine that is to be
executed

Restart RAM Location Default Use

0 none Cold Start Boot
B 4000H Disk | O Reguest
10 4003H Display stning
18 4006H Dispiay block
20 4009H Byte Fetch (Called by Loader)
28 400CH File Loader
30 400FH Keyboard scanner
38 a12H Reserved for future use
66 4015H NMI (Floppy | O Command

Complete}

The above routines have fixed entry parameters These are de-
scnbed here

Disk VO Request (RST 8H)

Accepts

A 1 for floppy 2 for hard disk

8 Command
tmihalize 1
Restore 4
Seek 6
Read 12 (AY reads have an im-

phed seek)

C Sector number to read
The contents of the location disktype
{405CH) are added to this value before
an actual read If the disk 15 a two sided
floppy just add 18 to the sector number

DE Cyhnder number (Only E 15 used in
floppy operations)

HL Address where data from a read opera-
tion is to be stored

Returns
z Success QOperation Completed
NZ Error Error code i A

Error Codes

3 Hard Disk drive 15 not ready
4 Floppy disk dnve 1s not ready
5 Hard Disk drive 1s not available
6 Floppy disk drive 1s not avalable
7 Drive Not Ready and no index (Disk in
drive door open)
8 CRC Error
89 Seek Error
" Lost Data
12 1D Not Found

Display String (RST 10H)

Accepts
HL Pointer 1o text to be displayed
Text must be terminated with a null {Q)
DE Offset position on screen where textis lo
be displayed
{A 0000H will be the upper left-hand cor-
ner of the display )
Returns
Success Always
A Altered
DE Points to next position on video
HL Points to the null (0)
Display Block (RST 18H)
Accepts
HL Points to control vector in the format
+0 Screen Oftfset
+2 Pointer to text, termmated with
null
+4 Pointer to text termmated with
nutl
+n word FFFFH End of control
vector
or +n word FFFEH Next word 15
new Screen
Offset

It Z flag 1s set on entry, then the first screen offset 1s read from
DE instead of from the control vector

Each stnng i1s positioned after the previous stning unless a
FFFEH entry 1s found This 1s used heavily in the ROM to re-
duce duplication of words in error messages

Returns
Success Always

DE Paints to next posiion on video
Byte Fetch (RST 20H)

Accepts None

Returns
z Success bytein A
NZ Failure error code In A
Errors
Any errors from the disk | O call and
2 ROM Image can t be loaded — Too many
extents
10 ROM Image can t be loaded — Disk drive
15 not ready
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File Loader {RST 28H)

Accepts None

Returns
Z Success
NZ Failure. error code in A
Errors
Any errors from the disk 110 call or the
byte fetch call and:
0 The ROM image was not found on drive 0

There are several pieces of informaton left in memory by the
boot ROM which are usetful to system programmers. These are
shown below:

RAM Location Description
401DH ROM Image Selected (% for none
selected or A-G)
4055H Boot type
1 = Floppy
2 - Hara disk
3 = ARCNET
4 - RS-232C
5-7 = Reserved
4056H Boot Sector Size (1 for 256, 2 for 512)
4057H RS-232 Baud Rate (only valid on RS-
232 boot)
4059H Function Key Selected
0 — No function key selected
<F1>o0r<1. 86
<F2.-0r-. 2.~ 87
<F3 -or-3- 88
< Caps.- 85
<Cirl -~ 84
< Left-Shift - 82
- Right-Shift - 83
Reserved 80-81 and 89-90
405BH Break Key Indication {non-zero
- Break - pressed)
405CH Disk type (0 for LDOS
TRSDOS 6.1 for
TRSDOS 1.x)

Keep in mind that Model Il ROM image will imtiatize these
areas, s0 this information s useful only 1o the Model 4 modge
programmer.

3.1.7 RAM

Two conligurations of Random Access Memory (RAM) are
avallable on the Mode! 4P: 64K and 128K. The 64K and 128K
option use the 6665-type 64K x 1 200NS Dynamic RAM, which
requires only a single — Sv supply voltage.

The DRAMSs require rmultiplexed incoming address hines. This
is accomplished by ICs U111 and U112 which are 74L.5157
multiplexers. Data to and from the DRAMs are buffered by a
74L5245 (U117) which is controlled by Page Map PAL. U110.
The proper timing signals RASO™. RAS 1", MUX™. and CAS” are
generated by a delay line circuit U97. U115 (1 2 of & 745112)
and U116 (1 4 of a 74F(8) are used the generate a precharge
circuit. During M1 cycles of the ZB0A in 4 MHz mode, the high
time in MREQ has a minimum time of 110 nanosecs. The spec-
ification of 6665 DRAM requires a minimum of 120 nanosecs so
this circudt will shorten the MBEQ signal during the M1 cycle.
The resulting signal PMREQ is used to start a RAM memory
cycle through U113 (a 74S64). Each different cycle is controlled
at U113 1o maintain a fast M1 cycle so no wai states are re-
quired. The output of U113 (PRAS™) 1s ANDed with RFSH to not
allow MUX" and CAS" to be generated during a REFRESH
cycle. PRAS® also generates either RASQO™ or RAS1". depend-
ing on which bank of RAM the CPU 15 selecting. GCAS® gen-
erated by the delay ine U397 1s latched by U115 (1 2 of a
745112) and held to the end of the memaory cycle. The output
of U115is ANDed with VIDEO signal to disable the CAS" signal
from occurring if the cycle 1s a video memory access. Refer to
M1 Cycie Timing (Figure 3-8. and 3-9.), Memory Read and
Memory Write Cycle Timing (Figure 3-10.) and (Figure 3-
11.).
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Memory Map — Mode! 4P

Mode 0

0000 — OFFF
1000 — 37FF
37E8 — 37E9
3800 -~ 3BFF
3C00 — 3FFF
4000 — FFFF
Mede O

0000 — 37FF
37E8 — 37ES
3800 — 3BFF
3C00 — 3FFF
4000 — FFFF
Mede 1

0000 — OFFF
0000 — OFFF
1000 — 37FF
3800 — 3BFF
3C00 — 3FFF
4000 — FFFF

SELQ

SEL1
ROM

0 - ov

0 ov

1 ov
Boot ROM

RAM (Read Only)

Printer Status (Read Only)
Keyboard

Video

RAM

SELO -0 - 0OV

SEL1
ROM

-0 -0V
-0 - +5V

RAM (Read Only)

Printer Status (Read Only)
Keyboard

Video

RAM

SELG — 1 - +5V

SEL1
ROM

-0 -0V

-1 -0V

Boot ROM

RAM (Wnte Only)
RAM

Keyboard
Video
RAM

4K
10K

1K
1K
48K

13K

1K
1K
48K

4K
4K
10K
1K
K
48K

Mode 1

0000 — 37FF
3800 — 3BFF
3C00 — 3FFF
4000 — FFFF
Mode 2

0000 — F3FF
F400 — F7FF
F800 — FFFF
Mode 3

0000 — FFFF
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SELO -1 - -5V
SELT -0 — OV
ROM - O -5V

RAM
Keyboard
Video
RAM

SELO -0 - OV
SEL1T — 1 — +5V
ROM = X - DontCare

RAM
Keyboard
Video
SELO =1 - +5V
SEL1T =1 -~ +5V

ROM - X - DontCare

RAM

14K
1K
1K
48K

61K
1K




1’0 Port Assignment

Normally
Port # Used

FC —FF FF
F8—FB F8
F4—F7 F4
FO—F3 -

FO FO
F1 F1

F2 F2
F3 F3
EC —EF EC
E8—EB -

EB E8
E9 E9
EA EA
EB EB
Ed4 —E7 E4
E0—E3 EO
AD— DF -

9C —9F 9C
94 — 9B -

90 — 93 90
8C—B8F -

88 — 8B -

88, 8A as
89, 8B a9
84 — 87 84
80 — 83 -

Out
CASSOUT -
LPOUT -
ORVSEL *
DISKOUT *
FDC COMMAND REG.
FDC TRACK REG.
FDC SECTOR REG.
FDC DATA REG.
MODOUT *
RS2320UT *
UART MASTER RESET
BAUD RATE GEN. REG.
UART CONTROL AND

MODEM CONTROL REG.

UART TRANSMIT
HOLDING REG.

WR NMI MASK REG.
WR INT MASK REG. *
(RESERVED)

8OOT*

(RESERVED)

SEN

GSELD *

CRTCCS *

CRCT ADD. REG.
CRCT DATA REG.
OPREG *

GSEL1 *

in
MODIN"
LPIN®
{(RESERVED)
DISKIN *
FDC STATUS REG.
FDC TRACK REG.
FDC SECTOR REG.
FDC DATA REG.
RATCIN ~
HS232IN "
MODEM STATUS
(RESERVED)
UART STATUS REG.

UART HOLDING REG.
(RESETD.R.)

RD NMI STATUS *
RD INT MASK REG. *
(RESERVED)
(RESERVED)
(RESERVED)
(RESERVED)
GSELO*
(RESERVED)
(RESERVED)
(RESERVED)
{RESERVED)
GSEL1"
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/0 Port Description Name: LPIN *
Port Address: FB— FB

Name: CASSQUT * Access: READ ONLY
Port Address: FC —FF Description: Input ine printer stalus
Access: WRITE ONLY
Description:  Output data to cassetie or for sound Do—D3 - (RESERVED)
generation
D4 = FAULT
Note: The Model 4P does not support cassette storage. 1 = TRUE
this port1s only used 1o generate sound that was 1o 0 = FALSE
be output via cassette port. The Model 4P sends
data to onboard sound circuit. D5 = UNIT SELECT
1 = TRUE
Do = Casseite oulput level (sound data output) 0 = FALSE
D1 = Reserved 06 = QUTPAPER
1 = TRUE
D2 —D7 = Undefined 0 = FALSE
D7 = BUSY
Name: MODIN " {CASSIN =) 1 = TRUE
Port Address: FC — FF 0 = FALSE
Access: READ ONLY
Description:  Configuration Status
Name: DRVSEL *
DO =0 Port Address: F4 —F7
Access: WRITE ONLY
™M = CASSMOTORON STATUS Description:  Qutput FDC Configuration
02 = MODSEL STATUS Note:  Oulput to this port will ALWAYS cause a 1-2 mscc.
{(Microsecond) wait 1o the Z80.
D3 = ENALTSET STATUS
Do = DRIVE SELECT O
D4 = ENEXTIO STATUS
D1 = DRIVE SELECT 1
D5 = {NOT USED)
D2 = (RESERVED)
D6 = FAST STATUS
D3 = (RESERVED)
D7 =0
D4 = SODSEL
0 = SIDEOC
Name: LPOUT * 1 = SIDE
Port Address: F8 —FB
Access: WRITE ONLY D5 = PRECOMPEN
Description:  Cutput data 1o line printer ) 0 = No write precompensation
1 = Write Precompensation enabled
D0O--D7 = ASCIIBYTE TO BE PRINTED
D& = WSGEN

0 = No wait state generated
1 = wait state generated

Note: This wait state is to sync Z80 with FDC chip during
FDC operation.

D7 = DDEN *

0 = Single Density enabled (FM)
1 = Double Density enabled (MFM)
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Name: DISKOUT *
Port Address: FO—F3
Access: WRITE ONLY

Description:  Qutput to FDC Control Registers

Port FO = FDC Command Register
Port F1 = FDC Track Regisier

Port F2 = FDC Sector Register
Port F3 = FDC Data Register

{Refer to FDC Manual for Bit Assignments)

Name: DISKIN *
Port Address: FO— F3
Access: READ ONLY

Description:  Input FDC Control Registers

Port FO

FDC Status Register

t

Pori Ft = FDC Track Register

Port F2

1l

FDC Seclor Register
Port F3 = FOC Data Register

{Refer to FOC Manual for Bit Assignment)

Name: MODOUT *
Port Address: EC — EF
Access: WRITE ONLY

Description:  Output to Configuration Latch
DO = (RESERVED)

D1 = CASSMOTORON {Sound enable)
0 = Cassette Motor Off (Sound enabled)
1 = Cassette Motor On (Sound disabied)

D2 = MODSEL
0 = 64 or 80 character mode
1 = 32 or 40 character mode

D3 = ENALTSET
0 = Alternate character set disabled
1 = Alternate character set enabled

g

ENEXTIO
0 - External IO Bus disabled
1 ~- Exiernal IO Bus enabled

D5 = (RESERVED)
b6 = FAST
0 - 2 MHZ Mode
1 = 4 MHZ Mode
D7 = {RESERVED)
Name: RTCIN ™
Port Address: EC — EF
Access: READ ONLY

Description:  Clear Real Time Clock Interrupt

Do—D7 = DONTCARE

Name: RS2320UT *

Port Address: E8 —EB

Access: WRITE ONLY

Description:  UART Control Data Control Modem Control,
BRG Centrol

Port EB = UART Master Reset
Port ES = BAUD Rate Gen Regisier

Port EA

UART Contro! Register (Modem Control Reg )
Port EB = UART Transmit Holding Reg

{Refer to Model 11} or 4 Manual for Bit Assignments)

Name: RS232iIN *
Port Address: E8-— EB
Access: READ ONLY

Description:  Input UART and Modem Status
Port EB8 = MODEM STATUS
Port E9 = (RESERVED)

Port EA

UART Status Register

Port EB — UART Receive Holding Register {Resets DR)

(Refer to Model 1l or 4 Manual for Bit Assignments)
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Name:

Port Address:

Access:
Description:

bo—Ds5 =

D6 =

07 =

Name:

Port Address:

Access:
Description:

Do

D2 — D4

&

S

Name:

Port Address:

Access:
Description:

DO — D1

D2

D3

D4

WRNMIMASKREG *
E4—E7

WRITE ONLY
Qutput NMi Latch

(RESERVED)

ENMOTOROFFINT
Q0 = Disables Motoroff NMI
1 = Enables Motoroff NMI

ENINTRQ
0 = Disables INTRQ NMI
1 = Enables INTRQ NMI

RDNMISTATUS *
E4—E7

READ ONLY
tnput NMI Status

0
(RESERVED)

RESET (not needed)
0 = Reset Asserted (Problem)
1 = Reset Negated

MOTOROFF
0 = Motoroff Asserted
1 = Motoroff Negated

INTRQ
0 = INTRQ Asserled
1 = INTRQ Negaled

WRINTMASKREG "
EC—E3

WRITE ONLY
Qutput INT Latch

(RESERVED)

ENRTC
0 = Real time clock interrupt disabled
1 = Real time clock interrupt enabled

ENIOBUSINT
0 = External IO Bus interrupt disabled
1 = External |10 Bus interrupt enabled

ENXMITINT

0 = R3232 Xmit Holding Reg. empty nt.
disabled

1 = RS232 Xmit Holding Reg. empty int.
enabled

b5 =

D6 -

D7 =

Name:

Port Address:
Access:
Description:
DO--D1 =
D2 =
D3 =
D4 =
D5 =
D6 =
07 =
Name:

Port Address:
Access:

Description:

Do =

D1—D7 =

Name:

Port Address:
Access:
Description:

Do =

Dt—D7 =

Hardware 83

ENRECINT
0 = RS5232 Rec Data Req. tull Int. disabled
1 = RS232 Rec. Data Reg. full int enabled
ENERRORINT
0 = R5232 UART Error interrupts disabled
1 = R5232 UART Error interrupts enabled
{(RESERVED)
RDINTSTATUS *
E0—E3
READ ONLY
Input INT Status
{RESERVED)
RTC INT
I0BUS INT
RS232 XMIT INT
RS232 REC INT
RS232 UART ERROR INT
(RESERVED)
8OOT ~
9C — 9F
WRITE ONLY
Enable or Disable Boot ROM
ROM *
0 = Boot ROM Disabled
1 = Boot ROM Enabled
{RESERVED)
SEN*
90 —93
WRITE ONLY
Sound output

SOUND DATA

(RESERVED)




Name: OPREG *

Port Address: B4

Access: WRITE ONLY
Description:  Output to operation reg.

Do = SELO
D1 = SEL1
SEL1 SELO MODE
0 0 0
0 1 1
1 0 2
1 1 3
D2 = 8064
0 = 64 character mode
1 = 80 character mode
D3 = INVERSE
0 = Inverse video disabled
1 = Inverse video enabled
D4 = SRCPAGE — Points 1o the page fo be mapped
as new page
0 = UB4K, L 32K Page
1 = UG4K, U32K Page
D5 = ENPAGE — Enables mapping of new page
0 = Page mapping disabled
1 = Page mapping enabled
D6 = DESPAGE — Points to the page where new
page 1s to be mapped
= L64K, U32K Page
1 = LB4K, L32K Page
D7 = PAGE

0 = Page 0 of Video Memory
1 = Page 1 of Video Memory
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3.1.8 Video Circuit

The heart of the wideo display circuit in the Model 4P s the
68045 Cathode Ray Tube Controller (CRTC}), U5 The CRTC
15 a preprogrammed video controller that provides two screen
formats 64 by 16 and B0 by 24 The format is controlied by pin
3 of the CRTC (8064") The CRTC generates all of the neces-
sary signals required for the video display These signals are
VSYNC (Vertical Sync), HSYNC (Honzontal Sync) for proper
sync of the monitor, DISPEN (Display Enable) which indicates
when wvideo data should be output 1o the monitor, the refresh
memory addresses (MAQO-MA13) which addresses the video
RAM, and the row addresses (RAD-RA4) which indicates which
scan ine row 1s being displayed The CRTC also provides hard-
ware scroling by wnting to the internal Memory Start Address
Register by OUTing to Port 88H The internal cursor control of
the 68045 13 not used in the Model 4P video circust

Since the 80 by 24 screen requires 1,920 screen memery lo-
cations, a 2K by 8 static RAM (U82) is used for the video RAM
Addressing to the video RAM (U82) 1s provided by the 68045
when refreshing the screen and by the CPU when updating of
the data s performed These two sets of address lines are mul-
tiplexed by three 74LS157s (UB3, U84, and U104) The mult-
plexers are switched by CRTCLK which allows the CRTC to
address the video RAM during the high state of CRTCLK and
the CPU access dunng the low state A10 from the CPU 15 con-
trolled by PAGE" which allows two display pages n the 64 by
16 format When updates to the video RAM are performed by
the CPU, the CPU is held in a WAIT state until the CRTC is not
addressing the video RAM This operation aliows reads and
writes to video RAM without causing hashing on the screen
The circuit that performs this function 1s a 7415244 buffer
(L103), an 8 bit transparent latch, 74LS373 (U102) and a Delay
kne circuit shared with Dynamic RAM timing circuit consisting
of a 74L574 (U95), 74LS32 (U94), 741504 (U74), 74LS00
(U86), 74LS02 {U75), and Delay Line (U97} Durnng a CPU
Read Access to the Video RAM, the address 1s decoded by the
PAL U109 and asserts VIDEQ" low This i1s inverted by U74 (1/
6 of 74LS04) which puils one input of U96 (1/4 ot 74L500) and
In turn asserts VWAIT * low to the CPU RD 1s high at this time
and is lalched mto U95 (1/2 of 74LS74) on the nsing edge of
XADR7* XADR7*1s inverse of CRTCLK which drives the
CRTC (68045), and the address muitiplexers UB3, U84, and
U104

When RD 1s latched by U95 the Q oulput goes low releasing
WAIT" from the CPU The same signal also s sent to the Delay
Line (U97) through 116 (1 4 of 74F08) The Delay line delays
the falling edge 240 ns for VLATCH" which latches the read
data from the wdeo RAM at U102 The data 1s laiched so the
CRTC can refresh the next address locaton and prevent any
hashing MRD" decoded by U108 and a memory read 1s ORed
with VIDEO"® which enables the data from U102 to the data bus
The CPU then reads the data and completes the cycle A CPU
write 15 slightly more complex in operaton As in the RD cycle,
VIDEQ" i1s asserted low which asserts VWAIT" low to the CPU
WR s high at this ttme which 1s NANDed with VIDEQ and
synced with CRTCLK to create VRAMDIS that disables the
video RAM output On the nising edge of XADR7", WR s
latched into U95 {1/2 of 74LS74) which releases VWAIT™ and
starts cycle through the Delay Line After 30ns DLYVWR® (De-
layed video wnite) 1s assered low which also asserts VBUFEN®
(Video Buffer Enabie) low VBUFEN® enabled data from the
Data bus to the video RAM Approximalely 120ns later
DLYVWR" 15 negated tugh which wnles the data to the video
RAM and negates VBUFEN" turming off buffer The CPU then
completes WR cycle to the video RAM Refer to Video RAM
CPU Access Timing Figure 5-12 for iming of above RD or WR
cycles

Dunng screen refresh, CRTCLK 1s high allowing the CRTC to
address Video RAM The data out of the video RAM is latched
by LOAD" into a 74L5273 (U101) D7 1s generated by IN-
VERSE" through U125 (1/6 of 74504), and U123 (1/4 of
741508} This decoding determines 1if character should be al-
pha-numenc only (if inverse high) or unchanged {INVERSE"
low) The outputs of U101 are used as address inputs the char-
acter generator ROM (U42} A9 s decoded with ENALTSET
(Enable Allernate Set) and Q7 of U101, which resets A2 to a
low 1if Q7 and ENALTSET are high See ENALTSET Control Ta-
ble below

ENALTSET Q7 Q6 A9
4] o 0 0
Y 1 0 0
0 1 1 1
1 0 4] 0
1 0 1 1
1 1 0 0
1 1 1 0
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RAO-RA3 row addresses from the CRTC are used to control
which scan ine1s being displayed The Model 4P has a 4-brt full
adder 74L5283 (U61) to modify the Row address Durnng a
character display DLYGRAPHIC® 15 high which applies a high to
all 4 bits to be added to row address This will result in subtract-
ing one irom Row address count and altow ail characters to be
displayed one scan line lower The purpose I1s so inverse char-
acters will appear within the inverse block When a graphic
block 15 displayed DLYGRAPHIC™ 15 low which causes the row
address to be unmodified Mowving jumper from E14-E15 to
E15-E16 will disable thus circust

DLYCHAR® and DLYGRAPHICS are mnverse signals and con-
trol which data s to be loaded mnto the shift register U63
When DLYCHAR® 15 low and DLYGRAPHIC™ s hgh, the
Character Generator ROM (U42) 1s enabled to outpul data
when DLYCHAR® 1s hugh and DLYGRAPHIC® s low the
graphics characters from U41 (74LS15) 1s buffered by U43
(74L5244) 1o the shift reqister The data s loaded into the
shift register on the nsing edge of SHIFT" when LOADS" 1s
low Blanking is accomphlished by masking off LOADS* so no
data will be loaded and zero data will be shifted out with the
senal input of U63, pin 1, grounded Senal video data 15 out-
put U63 pin 13 and 1s mixed with inverse and/or hires graph-
ics information by (1/4 or 74LS86) U143 The video data 1s
then mixed with a DO7 Rate clock, either DOT* and DCLK,
to create distinct dots on the momtor DOT* and DCLK are
Inverse signais and are provided 1o allow a choice to obtan
the best wvideo results The wideo information 15 filtered by
F34, R45 {47 ohm resistor), and C241 (100 pf Cap) and out-
put 10 video monitor VSYNC and HSYNC are buffered by
{1/2 of 74LS86) U143 and are also oulput to wideo momtor
Refer to Video Circud Timing Figure 3-13, Video Blanking
Twming Figure 3-14, and Inverse Video Timing Figure 3-15
for timming relationships of Video Circuit

3.1.9 Keyboard

The keyboard interface of the Model 4P consists of open col-
lecter drivers whuch drnive an 8 by 8 key matrix keyboard and an
inverting bulfer which buffers the key or keys pressed on the
data bus The open collector drivers (U56 and U57 (7416) are
dnven by address hnes A0-A7 which dnve the column lines of
the keyboard matnx The ROW hnes of the keyboard are pulled
up by a 1 5 kohm resistor pack RP2 The ROW lines are buff-
ered and inverted onto the data bus by U58 (74L5240) which 1s
enabled when KEYBD" 15 a logic low KEYBD® i1s a memory
mapped decode of addresses 3800-3BFF in Model I Mode
and F400-F7FF n Model 4/4P mode Refer to the Memory Map
under Address Decode for more information Dunng real hme
operation, the CPU will scan the keyboard pencdically to check
if any keys are pressed If no key 1s pressed, the resistor pack
RP2 keeps the inputs of US8 at a logic high U58 inverts the
data to a logic low and buffers it to the data bus which 1s read
by the CPU If a key 1s pressed when the CPU scans the correct
column ine, the key pressed will pull the corresponding row to
alogic low US8 inverts the signal to a logic high which 1s read
by the CPU

3.1.10 Real Time Clock

The Real Time Clock circuit in the Model 4P provides a 30 Hz
(n the 2 MHz CPU mode) or 6¢ Hz (in the 4 MHz CPU mode)
interrupt to the CPU By counting the number of mterrupts that
have occurred, the CPU can keep track of the ime The 60 Hz
vertical sync signal {(VSYNC) from the video circuitry is used for
the Real Time Clock s reference |n the 2 MHz mode, FAST 15
a logic low which sets the Preset input, pin 4 of U22 (74LS74},
to a logic high This allows the 60 Hz (VSYNC) to be divided by
210 30 Hz The output of 1/2 of U22 15 ORed with the onginal
60 Hz and then clocks another 74LS74 (1/2 of U22) if the real
fime clock 15 enabled (ENRTC at a logic tugh), the interrupt 1s
iatched and pulls the INT™ line low to the CPU When the CPU
recogmizes the interrupt, the pulse s counted and the latch re-
set by pulling RTCIN® tow In the 4 MHz mode, FAST 1s a logic
high which keeps the first half of U22 1n a preset state (the Q*
output at a jogic low) The 60 Hz 1s used to clock the interrupts

NOTE: If interrupts are disabled, the accuracy of the real
time clock will suffer

3.1.11 Line Printer Port

The Line Printer Port Interface consists of a pulse generator, an
eight-bit latch, and a status ine buffer The status of the line
printer 15 read by the CPU by enabling buffer U3 (74L5244)
This buffer 1s enabled by LPRD* which 1s a memory map and
port map decode In Model lil mode, only the status can be read
from memory location 37E8 or 37E9 The status can be read in
all modes by an input from ports FB-FB For a listing of the bit
slatus, refer to Port Map section

After the pnnter dnver software determines that the pninter 1s
ready for printing {by reading the correct status), the characters
10 be printed are output to Port F8-FB U2, a 74L.5374 eight-bit
latch, latches the character byle and outputs to the line printer
One-half of U1 (7405123}, a cne-shol, 1s then tnggered which
generates an appropnate strobe signal to the pninter which sig-
nifies a vahd character 1s ready The output of the one-shot 1s
buffered by 1/6th of the U21 (74LS04) to prevent noise from the
printer cable from flase-tnggenng the one-shol
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. 1.1« Gfapinies Fort

The Graphics Pon {J7) on the Mode! 4P 15 provided to attach
the optional Graphics Board The port provides DO-D7 (Data
Lines), AQ-A3 (Address Lines), IN", GEN™ and RESET" for the
necessary interface signals for the Graphics Board GEN® 1s
generated by negative ORing Port selects GSELQ* (BC-8FH)
and GSELI" (80-83H) together by (1 4 of 74L508) U23 The re-
sulting signal 1s negative ANDed with IORQ" by (1 4 of 74532)
U62 Seven timing signais are provided to aliow synchroniza-
ton of Main Logic Board Video and Graphics Board Video
These iming signals are VSYNC, HSYNC, DISPEN, DCLK, H,
I, and J Three control signals from the Graphics Board are
used to sync to CPU access and select different video modes
WAIT* controls the CPLI access by causing the CPU to WAIT till
video 15 10 retrace area before allowing any wntes or reads to
Graphics Board RAM ENGRAF 15 asserted when Graphics
video is displayed ENGRAF also disables inverse video mode
on Man Logic Board Video CL166" (Clear 74L166) 1s used to
enable or disable mnung of Main Logic Board Video and Graph-
ics Board Video If CL166" 1s negated high, then mixing is al-
lowed in all for ideo modes 80 x 24, 40 x 24, 64 x 16, and 32 x
16. If CL166" is asserted low, this will clear the video shift reg-
ister U63, which allows no video from the Main Logic Board In
this slate 8064° 1s automatically asserted low 1o put screen In
80 x 24 video mode Refer to Figure 3-16 Graphic Board
Video Tuming for timing relationships Refer to the Model 4/
4P Graphics Board Service information for service or techni-
cal information on the Graphics Board

3.1.13 Sound

The sound circuit in the Model 4P 1s compatible with the Sound
Board which was optional in the Model 4 Sound 1s generated
by alternately setting and cleanng data bit DO duning an OUT to
port 90H The state of DO s latched by U130 (1/2 of a 74L574)
and the output is amphfied by Q2 which drives a prezoelectnic
sound transducer The speed of the software loop determines
the frequency, and thus, the pitch of the resulting tone Since
the Model 4P does not have a cassette circult, some exisbing
software that used the cassette output for sound would have
been lost The Model 4P routes the cassette latch to the sound
board through U142 When the CASSMOTORON signal s a
logic low, the cassette motor 1s off, then the cassette output 1s
sent 1o the sound circuit

3.1.14 |/Q Bus Port

The Model 4P Bus 1s designed to allow easy and convenient in-
tertacing of IO dewvices to the Model 4P The | O Bus supports
all the signals necessary to implement a device compatible with
the Z80s 10 structure

AJaresses

AD to A7 allow selechon of up to 2567 input and 256 output
devices if external | O I1s enabled

*Ports BOH 1o OFFH are reserved for System use
Data

DBO0 to DB7 allow transfer of 8-bit data onto the processor
data buss external | O s enabled

Control Lines

1 M1* — Z80A signal specifying an M1 or Operation Code
Fetch Cycle or with IDREQ*, 1t specifies an Interrupt
acknowledge

2 IN" — Z80A signal specitying than an input 1s in progress
Legic AND of IOREQ* and WR"

3 OUT" — ZBOA signal specifying that an output s in prog-
ress Logic AND of IOREQ" and WR*"

4  OREQ" — Z80A signal specifying that an input or output
1S In progress or with M1*, 1t specifies an interrupt
acknowledge

5 RESET" — system reset signal

6 IOBUSINT™ — input to the CPU signahng an mterrupt from
an 0 Bus device if 10 Bus interrupts are enabled.

7 IOBUSWAIT® — input to the CPU wait hrie allowing /0 Bus
device 10 force wan states on the 280 if external /O 1s
enabled

8 EXTIOSEL® —input to /O Bus Port circutt winch swilches
{he 110 Bus data bus transceiwver and allows and INPUT in-
struction to read YO Bus data

The address line, data hne, and all contro! hines except RESET®
are enabled only when the ENEXIO bit in port EC 15 set to one

To enable VO interrupts, the ENIOBUSINT bt in the PORT EO
(output port) must be a one However, even ifit1s disabled from
generating mterrupts, the status of the IOBUSINT® ine can still
read on the appropnate tit of CPU ICPORT EO (input port)

See Model 4P Port Bit assignments for port OFF, OEC, and 0EQ
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The Model 4P CPU board 1s tully protected from foreign | O de-
vices n that all the | Q Bus signals are bufiered and can be dis-
abled under software conirol To attach and use and | O device
on the | O Bus certain requirements (both hardware and soft-
ware) must be met

For input port device use, you must enable external /O de-
vices by writing to port 0ECH with bit 4 on in the user soft-
ware. This will enable the data bus address iines and control
signals to the /O Bus edge connectior. When the input de-
vice is selected, the hardware should acknowledge by as-
serting EXTIOSEL® low. This switches the data bus
transceiver and allows the CPU to read ihe contenis of the I/
O Bus data lines. See Figure 3-17 for the timing. EXTIO-
SEL" can be generated by NANDIng IN and the /O port
address.

Oulput port device use 1s the same as the input port device In
use, in that the external 1I'0 devices must be enabiled by writing
to port OECH with bit 4 on in the user sotware — in the same
fashion

For either input or output devices, the IOBUSWAIT® control line
can be used in the normal way for synchronizing slow devices
to the CPU Note that since dynamic memories are used in the
Model 4P, the wait line should be used with caution Holding the
CPU in a wait state for 2 msec or more may cause loss of mem-
ory contents since refresh 1s inhibited dunng this time 1115 rec-
ommended that the IOBUSWAIT line be held active no more
than 500 wsec with a 25% duty cycle

The Model 4P will support Z80 Mode 1 interrupts A BAM jump
table 1s supported by the LEVEL 1t BASIC ROMs image and the
user must supply the address of his interrupt service routine by
wnting this address to locations 403E and 403F When an in-
terrupt occurs, the program will be vectored lo the user-sup-
plied address if I'Q Bus interrupts have been enabled To
enable YO Bus interrupts, the user must set bit 3 of Port 0EOH

3.1.15 FDC Circuit

The TRS-80 Mode! 4P Floppy Disk Interface provices a stan-
dard 5-1 4" floppy disk controller The Floppy Disk Interface
supports both single and double density encoding schemes
Write precompensation can be software enabled or disabled
begmning at any track, although the system software enables
write precompensation for all tracks greater than twenty-one
The amount of wnte precompensation 1s 250 nsec and 1s not
adjustable The data ctock recovery logic incorporates a digital
data separator which achieves state-of-the-art reliabitily One
or two dnives may be controlled by the interface All data trans-
fers are accomphshed by CPU data requests In double density
operation, data transfers are synchronized to the CPU by fore-
ing a wai to the CPU and clearning the wait by a data request
from the FDC chup The end of the data transfer 1s indicated by
generation of a non-maskable interrupt from the mterrupt re-
quest output of the FDC chip A hardware watchdog timer in-
sures that any error condition will not hang the wait line to the
CPU for a penod long enough to destroy RAM contents
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Control and Data Buffering

The Floppy Disk Controlter Board s an | O port-mapped device
which utihzes ports E4H FOM F1H F2H F3H and F4H The
decoding logic 1s implemented on the CPU board (Refer to Par
agraph 5 1 5 Address Decoding for more information on Port
Map) U31 s a br-directional 8-bit transceiver used to butfer
data 1o and from the FDC and RS-232 circuits The direction of
data fransfer 1s controlled by the combination of control signals
DISKIN® and RS232IN" If either signal is active {logic low) U31
15 enabled to drive data onto the CPU data bus If both signals
are inactive {logic lugh), U31.1s enabled 16 receive data from the
CPU board data bus A second bufter {(U12)1s used to bufter the
FOC chip data to the FOC RS232 Data Bus (BDO-BD7), U12s
enabled all the ime and it s direction controlied by DISKIN®
Agan, if DISKIN® 1s active (logic low) data s enabled to drive
from the FDC chip to the Mam Data Busses If DISKIN® 1s 1n-
active (logic lugh) data is enabled to be transferred to the FDC
chip

Nonmaskable interrupt Logic

Dual D fhp-flop U100 (74LS74) 1s used to latch data bits D6 and
D7 on the nsing edge of the control signal WRNMIMASKREG®
The outputs of U100 enable the conditions which will generate
a non-maskable interrupt to the CPU The NMI interrupt con-
diions which are programmed by doing an OUT mstruction to
port E4H with the appropnate bits set if databit 71s set, an FDC
interrupt 1s enabied to generate an NMI interrupt If databit 715
reset interrupt requests request from the FOC are disabled It
data bt 615 set a Motor Tirne Out s enabled to generate an
NMILinterrupt if data bt 6 1s reset interrupts on Motor Time Cut
are disabled An IN instruction from port E4H enables the CPU
to determine the source of the non-maskable interrupt Data bit
7 indicates the status of FDC interrupt request (INTRQ}
(0 =true 1 -tfalse) Data bt 6 indicates the status of Motor
Time Out (0 - true, 1 - false) Data bit 5 indicates the status of
the Reset signal (0 —true, 1 —talse) The control signal
RDNMISTATUS® gates this siatus onto the CPU data bus when
active (logic low)

Drive Select Latch and Motor ON Logic

Selecting a dnve prior to disk | O operation 1s accomphished by
doing an OUT instruction to port F4H with the proper bit set The
following table descnbes the bit aliocation of the Dnive Select
Laich
Data Bit Function
Selects Drive 0 when set”
Selects Drive 1 when set”
Selects Onive 2 when set”
Selects Drive 3 when set®
Selects Side 0 when reset
Selects Side 1 when set
Wnite precompensation enabled when set
disabled when reset
Generates WAIT if set
Selects MFM mode if set
Selects FM mode if reset

8 8 ®8RES8

*Only one of these tits should be set per output

Hex D thp-flop U32 (74L174) latches the dnive select bits side
select and FM* MFM bits on the rtsing edge of the control signal
DRVSEL" Adual D flip-flop (U98)1s used to iatch the Wan En-
able and Write precompensation enable bits on the nsing edge
of DRVSEL" The nsing edge of DRVSEL" also tnggers a one-
shot (1 2 of US4 74LS123) which produces a Motor On to the
disk dnives The duration of the Motor On signal is approxi-
mately three seconds The spindle motors are not designed for
continuous operation Theretore, the inactive state of the Motor
On signal 1s used 1o clear the Drnive Select Latch, which de-se-
lects any drives which were previously selected The Motor On
one-shot Is retnggerable by simply executing another OUT in-
struction to the Drive Select Latch

Wait State Generation and WAITIMOUT Logic

As previously menttoned, a wait state to the CPU can be inihi-
ated by an QUT to the Drive Select Latch with D6 set Pin 5 of
U9B will go high after this operation This signal 1s inverted by
1 4th of U79 and 1s routed to the CPU where if forces the ZBOA
mio a wall state The ZBOA wili remain in the wail state as long
as WAIT™ 15 low Once inibated, the WAIT™ will remain low until
one of five condiions i1s satished One half of U77 (a five input
NOR gate) 1s used to perform this function INTQ DRQ, RE-
SET, CLRWAIT, and WAITIMOUT are the inputs to the NOR
gate if any one of these inputs 1s active (logic high} the output
of the NOR gate (U77 pin 5) will go low This output s tied to the
clear nput of the wart fatch When this signal goes low, it will
clear the Q output (U98 pin 5) and set the Q" output (US98 pin
6) This condition causes WAIT® to go migh which allows the
Z80 to exit the wait state U991s a 12-tnt binary counter which
serves as a watchdog timer to insure that a wait condition will
not persist long enough to destroy dynamic RAM contents The
counter 1s clocked by & 1 MHz clock and 1s enabled 1o count
when its reset pin s fow (U99 pin 11) A logic tugh on U939 pin
11 resets the counter outputs U99 pin 15 1s a divide-by-1024
output and 1s used to generate the signal WAITIMOUT This
watchdog timer logic will it the duration of a wail to
1024psec, even if the FDC chip should fail to generate a DRQ
or an INTRG

if an OUT 1o Dnve Select Latch s imbated with D6 reset (logie
low), a WAIT is still generated The 12-bit binary counter will
count {o 2 which will output CLRWAIT and clear the WAIT state
This allows the WAIT to occur only during the OUT instruction
to prevent violating any Dynamic RAM parameters

NOTE: This automatic WAIT will cause a 1-2 psec walt each
time an out to Dnive Select Latch s performed
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Clock Generation Logic

A 4 MHz crystal oscillator and a 4-bit binary courtter are used (o
generate the clock signals required by the FDC board The 4
MHz oscillator 15 implemented with two inverters (1 3 of U39)
and a quartz crystal (Y2} The oulpis of the oscillator is inverted
and buffered by 1 6 of U39 to generate a TTL level square wave
signal U37 1s a 4-bit binary counter which 1s divided into a di-
vide-by-2 and a divide-by-8 section The divide-by-2 section is
used to generale the 2 MHz output at pin 12 The 2 MHz 1s
NANDed with 4MHz by 1 4 of U198 and the outpul 1s used o
clock the divide-by-8 section of U37 A 1 MHz clock 1S gener-
ated at pin 9 of U37 which)is 90 phase-shifted from the 2 MHz
clock This phase relationship 1s used to gale the guaranteed
Wnite Data Pulse (WD) to the Wnie precompensation circuit
The 4 MHz 1s used to clock the digital dala separator U18 and
the Write precompensation shift register U55 The 1 MHz clock
15 used to drive the clock input of the FDC chip (U13) and the
clock input of the watchdog tmer (U99)

Disk Bus Qutput Drivers

High current open collector drivers U20 and U56 are used to
buffer the outpul signals from the FDC oircuit to the disk drives

Write Precompensation and Write Data Pulse Shap-
ing Logic

The Write Precompensation logic s compnsed of U55
(74LS195) 1 4 of U19 (74LS00) 1 4 of U74 (74L504) and
12 of U77 (74L.5260) US5 15 a parallel in senal out shift reg-
ister and s clocked by 4 MHz which generates a precompen-
sation value of 250 nsec The output signals EARLY and LATE
of the FDC chip (U13) are input to PO and P2 of the shift reg-
ister A third signal 1s generated by 1 4 of U75 when neither
EARLY nor LATE 1s active low and s input to P1 of US55 WD of
the FDC chip 1s NANDed with 2 MHz to gate the guaranteed
Whnite Data Pulse to USS for the paralled load signal SHFT LD
When US55 pin 915 active low the signals preset at P1-P3 are
clocked in on the nsing edge ot the 4 MHz clock After US55 pint
9 goes huigh the data 1s shifted cut at a 250 nsec rate EARLY
will generate a 250 nsec delay NOT EARLY AND NOT LATE
will generate a 500 nsec delay and LATE will generate a 750
nsec delay This provides the necessary precompensation for
the write data As mentioned previously Wirte Precompensa-
tion 1s enabled through software by an OUT to the Drive Select
Latch with bit 5 set This sets the Q output of the 74L574 (U98
pin 8) which 1s ANDed with DDEN which disables the shift reg-
1ster US5 DDEN disables Write Precompensation in the single
density mode The resulting signal also enables U75 to allow
the write data (WD} to bypass the Wnte Precompensation cir-
cult The Write Data (WD) puise s shaped by a one-shot (1 2 of
US4} which stretches the data pulses to approximately 500
nsec
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Clock and Read Data Recovery Logic

The Clock and Read Data Recovery Logic 1s comprised of one
chip 18 (FDC9218) The FDC9216.1s a Floppy Disk Data Sep-
arator (FDDS) which converts a single stream of pulses from
the disk drive into separate clock and data pulses for input to
the FDC ctwp The FDDS consists of a clock dvider a long-term
fiming corrector a short-ime timing corrector and reclocking
circutry  The reference clock (REFCLK) 1s a 4 MHz and 1s ai-
vided by the internal clock divider CDG and CD1 of the FDDS
chip control the divisor which divides REFCLK With DCH
grounded (logic tow), CDO (when a logic low) generates a di-
vide-by-1 for MFM mode and when logic high generates a di-
vide-by-2 for FM mode CDO0 s controlled by the signal DDEN®
which is Double Density enable or MFM enable The FDDS de-
tects the leading edges of RD" pulses and adjusts the phase of
the internal clock to generate the separated clock (SEPCLK) to
the FDC chip The separate long and shori term iming correc-
tors assure the clock separation fo be accurate The separated
Data (SEPD*) 1s used as the RDD" input to the FDC chip

Fioppy Disk Controller Chip

The 1793 1s an MOS LSI dewice which performs the functions
of a floppy disk tormatiercontroller in a single chip implemen-
tation The following port addresses are assigned {0 the nsternal
registers of the 1793 FDC chip

Port No. Function
FOH Command Status Register
F1H Track Register
F2H Sector Register
F3H Data Register

3.1.16 RS-232-C Circuit
RS-232C Technical Description

The RS-232C awrcuit for the Model 4P computer supports asyn-
chronous senal transmissions and conforms to the EIA RS-
232C standards at the inpui-output interface connector {(J4)
The heart of the circuit 1s the TR1865 Asynchronous Receiver
Transmitter U30 It performs the job of converting the parallel
byte data from the CPU to a sernal data stream including start
stop, and panty bits For a more detarled descnphion of how s
LSI circunt performs these functions refer to the TR1865 data
sheels and application noles The transemit and receive clock
rates thal the TR1865 needs are supplied by the Baud Rate
Generator US2 (BR1941L) or (BR1943) Thus circuit takes the
5 0688 MHz supplied by the system timing circuwit and the pro-
grammed intormation received from the CPU over the data bus
and divides the basic clock rate to provide two clocks The rates
avallable from the BRG go from 50 Baud to 19200 Baud See
the BRG table for the compiete Iist

BRG Programming Table

Transmit
Receive Supported
Nibble Baud 16X by
Loaded Rate Clock SETCOM
oH 50 0 8kHz Yes
1H 75 12kHz Yes
2H 110 176 kHz Yes
3H 1345 21523 kHz Yes
4H 150 2 4 kHz Yes
5H 300 4 8 kHz Yes
6H 600 26 kHz Yes
7H 1200 19 2 kHz Yes
8H 1800 28 8 kHz Yes
9H 2000 32 081 kHz Yoo
AH 2400 38 4 kHz Yes
BH 3600 57 6 kHz Yes
CH 4800 76 8 kHz Yes
DH 7200 115 2 kHz Yes
EH 9600 153 6 kHz Yes
FH 19200 307 2kHz Yes

The RS-232C aircuit 1s port mapped and the poris used are E8
to EB Following 1s a descnption of each port on both input and
output

Port Input Qutput
E8 Modem stalus ~ Masler Resel, enables UART
control register load
EA UART status UART control reqister load and
modem conlrol
ES Not Used Baud rate register load enable

bt
EB Recewer Holdng  Transmitter Holding register

register

interrupts are supported in the RS-232C circuil by the Interrupt
mask register (U92) and the Status register (LU44) which allow
the CPU to see which kind of interrupt has occurred Interrupts
can be generated on receiver data register full, transmutter reg-
ister empty, and any one of the errors — panty, framing, or data
overrun This allows 2 minimum of CPU overhead in transfer-
nng data to or from the UART The interrupt mask register 15
por EO (write) and the interrupt status register1s port EO (read)
Refer to the IO Port description for a full breakdown of all mter-
rupts and ther bit positions
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Ali Model 1, 111, and 4 software written for the RS-232-C interiace
is compatible with the Model 4P RS-232-C circuil, provided the
software does not use the sense swilches to configure the in-
terface. The programmer can get around this problem by di-
rectly programming the BRG and UART for the desired
configuration or by using the SETCOM command of the disk
operating system io configure the interface . The TRS-80 RS-
232C Interface hardware manual has a good discussion of the
RS5-232C standard and specific programming examples (Cat-
alog Number 26-1145).

Pinout Listing

The following list is a pinout description of the DB-25 connector
(P1).

Pin No. Signal

1 PGND (Protective Ground)
TD (Transmit Data)
RD {Receive Data)
RTS (Request to Send)
CTS (Clear To Send)
DSR {Data Set Ready)
SGND (Signal Ground)
CD {Carrier Detect)
SRTS (Spare Request to Send)
DTR (Data Terminal Ready)
RI {Ring Indicate)

-
W~ g b WON

N K
N o
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4.2 MODEL 4P GATE ARRAY THEORY OF
OPERATION

4.2.1 Introduction

Contaned In the following paragraphs 1s a description of the
component parts of the Model 4P CPU Gate Array 111s divided
into the logical operational functions of the computer All com-
ponents are located on the Main CPU board inside the case
housing Reter to Section 3 for disassembly assembly
procedures

4.2.2 Reset Circuit

The Model 4P reset circut provides the neccessary reset
pulses 1o all circuits during power up and resel gperations R25
and C214 provide a tme constant which holds the input of U121
low dunng power-up This allows power to be stable to all cir-
cuils before the RESET™ and RESET signals are apphed When
C214 charges lo a logic hugh, the output of U121 tnggers the
nput of a retnggerabie one-shot multrvibrator (U1) U1 outputs
a pulse with an approximate width of 70 ricrosecs When the
reset switch 1s pressed on the front panel, this discharges C214
and holds the input of U121 low until the switch is released On
release of the switch, C214 again charges up tnggenng U121
and U1 to reset the mucrocomputer Another signal POWRST"
15 generated to clear dnve select circuit immediately when
reset switch I1s pressed

423 CPU

The central processing unit (CPLU) of the Model 4P microcom-
puter 1s a Z80A microprocessor The Z80A 1s capabie of run-
ning in either 2 MHz or 4 MHz mode The CPU controis all
functions of the microcomputer through use of i1s address hines
(AD-A15), data hnes {D0-D7), and control ines (‘M1, 1OREQ
RD, WR, ‘MREQ, and /RFSH} The address lines (AQ-A15)
are buffered to other ICs through two 74L.5244s (U67 and U27)
which are enabled all the time with ther enables pulled to GND
The control ines are buffered to other ICs through a 74F04
(U87) The data lines (D0-D7) are buffered through a bi-diwec-
tonal 74L.5245 (U86) which 1s enabled by BUSEN" and the di-
rechon 1s controlled by BUSDIR®

4.2.4 System Timing

The main tming reference of the microcomputer, with the
exception of the FOC circuit, 1s generated by a Gate Array
U148 and a 20 2752 MHz Crystal This reference 1s inter-
nally divided in the Gate Array to generate all necessary tim-
ing for the CPU, video circutt, and RS-232-C circuit The
CPU clock 1s generated U148 which can be ertther 2 or
4MHz depending on the logic state of FAST input (pin & of
U148) It FAST 1s a logic low, the U148 generates a 2 02752
MHz clock {f FAST 1s a logic hugh U148 generates a
4 05504 MHz signal PCLK (pin 23 of U148} 1s filtered
through a ferrite bead (FB2) and 222 Resistor (R9) and then

fed to the CPU U45 PCLK 1s generated as a symmeinical
clock and 15 never allowed to be short cycled (eg) Not al-
lowed to generate a low or high pulse under 110
nanoseconds

4.2.4.1 Video Timing

The video timing 1s also generated by U148 with the help of a
PLL Muttiplier Module (FMM} U146 These two ICs generate all
the necessary hming signals for the four video modes 64 x 16,
32x 16 B0x24 and 40 x 24 Two reference clocks are required
for the four video modes One reference clock)s 10 1376 MHz
Itis generated internally to U148, and 1s used by the 64 x 16 and
32 x 16 modes The second reference clock is a 12 672 MHz
(12M) clock which 1s generated by the PMM U146 12M clock
15 used by the B0 x 24 and 40 x 24 modes A 12672 MHz
(1 2M18) signal 1s output from pin 3 of U148 and i1s generated
from the master reference clock, the 20 2752 MHz crystal
1 2M16 1s used for a reference clock for the PMM The PMM s
internally set to oscillate at 12 672 MHz which is output as 12M
U148 divides 12M by 10 to generate a second 1 2672 MHz
clock (1 2M10) which 1s fed into pin 5 of U146 (PMM) The two
1 2672 MHz signals are internally compared in the PMM where
it corrects the 12 672 MHz output s0 1t 1s synchromzed with the
20 2752 MHz clock

MODSEL and 8064° signals are used to select the desired
video mode 8064° controls which reference clock 1s used by
U127 and MODSEL controls the single or double character
width mode Reler to the following chart for selecting each
video mode

8064~ MODSEL Video Mode
0 0 64 x 16
0 1 32x16
1 0 B0 x 24
1 1 40 x 24

*This 1s the stale to be wnitten to latch U85 Signal 15 inverted
before being input to U148
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DCLK the reference clock selected s output from U148
U148 generates SHIFT® XADR7* CRTCLK LOADS® and
LOAD" for proper tirning for the four video modes U149 also
generated H | and J which are fed to the Graphics Port J7
for reference tinuings of Hires graphics video Refer to Video
Timing Figs 4-2 and 4-3 for ming reference

4.2.5 Address Decode

The Address Decode section wiil be divided into two subsec
ticns Memory Map decoding and Port Map decoding

4.2.5.1 Memory Map Decoding

Memory Map Decoding 15 accomphshed by Gate Array 4 2
{U108) Four memory map modes are avadable which are com

patible with the Model 11l and Model 4 microcomputers U106 1s
used for memory map control which alsoc controls page map

ping of the 32K RAM pages Reler to Memory Maps below

4.2.5.2 Port Map Decoding

Port Map Decoding 1s accomphished by Gate Array 4 2 (U106)
U106 decodes the low order address (AD A7) from the CPU
and decodes the port being selected The IN® signali allows the
CPU to read from a selected port and the QUT* signal allows
the CPU to wnte to the selected port Refer to 1IQ Ponrt
Assignment

4.2.6 ROM

The Model 4P contains only a 4K x 8 Boot ROM (U70) This
ROM 15 used only to boot up a Disk Operating System into
the RAM memory If Model (It operation or DOS 1s required
then the RAM from location 0000-37FFH must be loaded
with an image of the Model Il or 4 ROM code and then exe
cuted A file called MODEL A/ill 1s suppilied with the Model
4P which contains the ROM 1mage for proper Model! | oper-
aton On power-up, the Boot ROM s selected and mapped
nto location 0Q00-0FFFH After the Boot Sector or the ROM
Image 1s loaded, the Boot ROM must be mapped out by
OUTIng to port 9CH with DO set or by selecting Memory
Map modes 2 or 3 In Mode 1 the RAM 15 write enabled for
the full 14K This allows the RAM area mapped where Boot
ROM s located to he wniten to while execuling out of the
Boot ROM Refer to Memory Maps

The Model 4P Boot ROM contains all the code necessary to
initiahize hardware detect options selected from the keyboard
read a sector from a hard disk or floppy and load a copy of the
Model 1)} ROM Image (as mentioned} into the lower 14K of
RAM

The firmware 1s divided into the foliowing routines

©  Hardware Inthahzation
Keyboard Scanner

Control

*  Fioppy and Hard Disk Drnver
*  Disk Directory Searcher

File Loader

*  Error Handler and Displayer
* RS 232 Boot

*  Diagnostic Package

Theory of Operation

This section describes the operation of vanous routines in the
ROM Normally the ROM 1s not addressable by normal use
However there are several routines that are available through
fixed calling locations and these may be used by operating sys
temns that are booting

On a power up or RESET condition the Z80 s program counter
15 set to address 0 and the boot ROM 1s switched in The mem
ory map of the system 15 set to Mode 0 (See Memory Map for
details ) Thus will cause the Z80 to fetch instructions irom the
boot ROM

The Inifiahization section of the Boot ROM now performs these
functions

Disables maskable and non maskable interrupts
Interrupt mode 11s selected
Programs the CRT Controller
Initializes the boot AOM conirgl areas in RAM
Sets up a slack pointer
Issues a Force Interrupt to the Floppy Disk Controller
to abort any current achvily
Sets the system clock to 4mhz
Sets the screento 64 x 16
9 Disables reverse wideo and the alternate characler
sets
10 Tests for key being pressed”
11 Clears all 2K of video memory

DN s W -

m ~

* This 1s a special test If the 1s being pressed then
control 1s transferred to the diagnoshic package n the
ROM All other keys are scanned via the Keyboard
Scanner
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The Keyhoard scanner is now calied. It scans the keyboard for
a set period of time and returns several parameters based on
which, if any, keys were pressed.

The keyboard scanner checks for several different groups of
keys. These are shown below:
Function Group Selection Group
<F1>
<F2>
<F3>
<1>
<2>
<3>
< Left-Shift>
<Right-Shift>
<Ctrl>
<Caps>

HOMMoOOm>

Special Keys Misc Keys
<P> <Enter>
<L> < Break>
<N

When any key in the Function Group is pressed, it is recorded
in RAM and will be used by the Control routine in directing the
action of the boot. if more than one of these keys are pressed
during the keyboard scan, the last one detected will be the one
that is used. The Function group keys are currently defined as:

Will cause hard disk boot
Will cause floppy disk boot
Will force Model HI mode

<Ft=or<i>
<F2> or <2>
<F3> or <3>

< Left-Shift=> Reserved for future use
<Right-Shift> Boot from RS-232 port

<Ctrl> Reserved for future use
<Caps> Reserved for future use

The Special keys are commands to the Control routine which
direct handling of the Model Il ROM-image. Each key is de-
tected individually.

<P=> When loading the Model 11|
ROM-image, the user will be
prompted when the disks can
he switched or when ROM
BASIC can be entered by
pressing < Break>.

<N> Instructs the Control routine to
not load the Model Il ROM-
image, even if it appears that
the operating system being
booted requires it.

<> Instructs the Controt routie to
foad the Model Il ROM-image.
evenfitis already loaded Thrs
ts useful if the ROM-image has
been corrupted or when switch-
ing ROM-images. (Note that
this will not cause the ROM-
image to be loaded if the boot
sector check indicates that the
Model Il ROM image 1s not
needed. Press - F3 -or- F3 -
and - L - to accomphsh that.

The Selection group keys are used in determining which file wall
be read from disk when the ROM-image is loaded. For details
of this operation, see the Disk Directory Searcher. if more than
one of the Selection group keys are pressed, the last one de-
tected will be the one that is used.

The Miscellaneous keys are:
< Break> Pressing this key is simply re-
carded by setting location
405BH non-zero. It is up to an
operabng system to use this
flag if desired.

Terminates the Keyboard rou-
tine. Any other keys pressed up
to that time will be acted upon.
<Enter>- is useful for experi-
enced users who do notwant to
wail uniil the keyboard timer
expires.

<Enter>

The Control section now takes over and follows the following
flowcharl.
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Begin

<Fl>
or <l>»
pressed ?

Goto (1]
(Hard Disk Boot)

<F2>
or <2>
pressed ?

Goto [2)

<F3>
ar <3>
pressed ?

Goto [3)
tModel 111 Boot)

Goto |4}

h -
(Right- Shaife> {HS-232 Boot)

pressed ?

have been pressed.

ARCNET
Controller
poard

Present 2

Display an errtor
message. (ARCNET
| Boot ROM regquired
for ARCNET Boot)

{Fleppy Disk Boot)

At this point, no valid Function keys
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Hard

Disk Drive

Present

Attempt to
read boot

<Fl>
or <1>
pressed

No

Floppy

Disk Draive

Present

NO

? sector
Yes An
error
?
Display

?

?

Hard Disk
Error
Message

( Stop ’

Attempt to
read boot
sector




Set
®_—> Transfer ®

Address Lo

3F1SH
CF2> Note: 2
or <2> Yes
pressed ? Attempt to
locate
RCOM Image
on
Display Floppy Disk
Floppy Disk Note: 4
Error
Message
No
Stop
Write-enable
B-37FFH
Sector tMode 1)
<N» 256 bytes,
pressed and no ref.s Note: 1
? Model IIL ;1,
Load ROM
- Image
Yes Note: 5
Set Transfer
address to
43984
Note: 2
Errors
Yes
while loading ¢
ROM Image 2
Display
Set Transfer Error
address at end Message
® cf ROM Image
Model III (Normally 3@15H)
ROM Image <L> Note: 2
Present ? pressed
Note: 1 ?
Stop

Hardware 110



——,

ROM
Image
Present ?

<P>
pressed
i

Display
“ROM [mage
15 loaded”

Mmessage

wWait for

<ENTER> or
<BREAK> to
be pressed

Write-protect
memory (Mode @}

$et CPU speed
to 2MHz

Hardware 111

Switch boot ROM
out of Memory

Jump to
Transfer Address

Tr—- >

Initialize
R5-232 Port
Note: 6

Wait for
Carrier Detect

Determine
Correct
Baud Rate

Transmit Baud
Rate Detect
Message




wa1t for
S,nc Byte
[ ]

Load program
from RS~2132

Display and
transmit error

Transfer
control
to address
received

Notes:

(1) If the boot sector was not 256 bytes in length then itis as-
sumed to be a Model Ill package and the ROM image will
be needed (f the sector 1s 256 bytes 1n length then the
sector 1s scanned for the sequence CDxx00H The CD s
the first byte of a ZB0 unconditional subroutine call The
next byte can have any vaiue The third byte 15 tested
agawnst a zero What this check does 15 test for any refer-
ences to the first 256 bytes of memory All Radio Shack
Maodel Il operating systems and many other packages all
reference the ROM at some point dunng the boot sector
Most boot sectors will display a message if the system can-
not be loaded To save space these routines use the
Modei 1ll ROM calls to display the message Several ROM
calls have their entry points in the first 256 bytes of mem-
ory and these references are detected by the boot ROM

Packages that do not reference the Model It ROM in the
boot sector can still cause the Modei |l ROM image to be
loaded by cocing a CDxx00 somewhere 1n the boot sector
It does not have to be executable At the same time Model
4 packages must take care that there 15 no sequence of
bytes in the boot sector that could be mis-interpreted to be
a reference to the Boot ROM An example of this would be
sequence 0B6CDOECD which s a LD BOCDH and a LD
C 0 If the boot sectar cannot be changed then the user
must press the  F3  key each time the system s started
to inforrn the ROM that the disk contains a Model 11l pack-
age which needs the Model It ROM image

{2) If you are loading a Model 4 operating system then the
boot ROM will always transter control to the tirst byte of the
boot sector, which is at 4300H If you are loading a Modet
Il operating system or about lo use Model I ROM BASIC
then the transfer address 1s 3015H This is the address of
ajump vectornthe C ROM of the Model 1Il ROM image
and this will cause the system 1o behave exactly ke a
Meodel Il If the ROM wmage fite that 1s loaded has a differ-
ent transfer address then that address will be used when
lpading 1s complete |t the image 1s already present, the
Boot ROM will use 3015H

(3) Two different tests are done to insure that the Model Il
ROM image 1s present The first test s to check every thurd
location starting at 3000H for a C3H Thus s done for 10 lo-
catons If any of these locations does not contain a C3H
then the ROM image is considered to be not present
The next test is to check two bytes at location Q00BH If
these addresses contain ESE1H then the ROM image 15
considered to be present

{4) See Disk Director Searcher for more information

(5) See File Loader for more information

(6) The RS-232 ipader i1s descrnbed under RS-232 Boot
Disk Directory Searcher

When the Model HI ROM image 1$ lo be loaded 1115 always read
from the Hoppy in dnve 0

Before the operation begins, some checks are made Fust the
boot sector 1s read in from the floppy and the frst byte s
checked 10 make sure it 1S either a 00H or a FEH M the byte
contains some other value no attempt will be made to read the
ROM image from that cisk The location of the directory cyhiinder
1s then taken from the boot sector and the type of disk 1s deter-
mined This 1s done by examining the Data Address Mark that
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was picked up by the Floppy Disk Controller (FDC) during the
read of the sector if the DAM equals 1 the disk 15 a TRSDOS
1 x style chsk if the DAM equals 0 then the disk s a LDOS 51
TRSDOS 6 style disk This 15 important simce TRSDOS 1 x
disks number seciors starting with 1 and LDOS style disks
nurmber sectors starting with 0

Once the disk type has been determined an exira test1s made
if the disk 1s a LDOS style disk This test reads the Granule Al
location Table (GAT) to determine 1if the disk 1s single sided ar
double sided

The directory 1s then read one record at a irme and a compare
1s made against the pattern MODEL®:  for the filename and
Il for the extension The °o means that any character will
match this position If the user pressed one of the selection
keys (A G) dunng the keyboard scan then that character is
substituted in place of the % character For example H you
pressed D then the search would be for the file MODELD
with the extension il The searchung algonthm searches until
1t finds the entry or it reaches the end of the directory

Once the entry has been found the extent mnformation for that
file 1s copied into a control block for iater use

File Loader

The file loader 1s actually two modules — the actual loader and
a set of routines to fetch bytes from the file on disk The loader
1s Invoked via a RST 28H The byte fetcher 1s called by the
loader using RST 20H Since restart vectors can be re directed
the same lpader 1s used by the RS 232 boot The difference s
that the RST 20H 15 redirected to point 1o the RS 232 data re
ceving routine The loader reads standard loader records and
acts upon two types

01 Data Load
1 byte with length of block including address
1 word with address to load the data
n bytes of data where n + 2 equals the length specified

02 Transfer Address
1 byte with the value of 02
1 word with the address to start execution at

Any other loader code 15 treated as a comment block and 1s 1g

nored Once an 02 record has been found the loader stops
reading even if there 1s addiional data so be sure 1o place the
02 record at the end of the file

Floppy and Hard Disk Drniver

The disk drivers are entered via RST 8H and will read a sector
anywhere on a floppy disk and anywhere on head 1 {top head)
ina hard disk drive Either 256 or 512 byie sectors are readable
by these routines and they make the determination of the sector
size The hard disk driver 1s compatible with both the WD1000
and the WD1010 controllers The floppy disk driver s written for
the WD1793 controller

Sernal Loader

Invaking the senal loader 1s siwmilar to forcing a boot from hard
disk or floppy In this case the night shift key must be pressed at
some time during the first three seconds after reset The pro
gram does not care if the key 1s pressed forever making it con
venient to connect pins 8 and 10 of the keyboard connector with
a shorting plug for bench testing of boards This assumes that
the object program being loaded does not care about the key
closure

Upon entry the program first asserts DTR (J4 pin 20) and RTS
(J4pin 4} true Next Not Ready s printed on the topmost line
of the video display Modem status hine CD (J4 pin 8) is then
sampled The program loops until it inds CD asserted true At
that time the message Ready s displayed Then the program
sets about determining the baud rate from the host computer

To determine the baud rate the program compares data re

cewed by the UART to a test byte equalto 55 hex The receiver
1s first set to 19200 baud 1f ten bytes are received which are not
equal to the test byte the baud rate s reduced This sequence
1s repeated until a valid test byte is received If ten failures occur
at 50 baud the entire process begins again at 19200 baud H a
valid test byte 1s received the program wails for ten more to ar

nve before concluding that it has determined the correct baud
rate If at this me an improper byte s received or a receiver er

ror (overrun framing or panty) 1s intercepted the task begins
agan at 19200 baud

In order to get to thus point the host or the modem must assert
CD true The host must transmit a sequence of test bytes equal
1o 55 hex with 8 data bits odd party and 1 or 2 stop bits The
lest bytes should be separated by approximately 0 1 second to
avowd overrun efrors

When the program has determined the baud rate the message
Found Baud Rate x

15 displayed on the screen where x 15 a letler from A to P
meaning

A=50baud E - 150 | = 1800 M - 4800
B=75 F = 300 = 2000 N = 7200
cC-110 G — 600 K = 2400 O - 9600
D =1345 H = 1200 L = 3600 P = 19200
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The same message less the character sigmifying the baud rate
1s transmitted 1o the host with the same baud rate and protocol

This message 1s the signal to the host to stop transmithing test
bytes

After the program has transmitted the baud rate message o
reads from the UART data register \n order to clear any overrun
error that may have occurred due 10 the lest bytes coming in
during the transmission of the message This is because the re
cewver must be made ready to receive a sync byte signalling the
beginning of the command file For this reason it 1s important
that the host wart until the entire baud rate message (16 char
acters) 1s received before transmitting the sync byte which Is
equal to FF hex

When the loader receives the sync byte the message
L cachng

is displayed on the screen Again the same message is trans
mitted to the host and again the host must wan for the entire
transmission before starting into the command file

If the receiver should intercep! a receve error while waiting for
the sync byte the entire operation up to this point 1s aborted
The video display 1s cleared and the message

Error x

15 displayed near the bottom of the screen where x 15 a lelier
from B to H meaning

B = parity error

C = framing error

D = panty & frarming errors

E = overrun error

F = panty & overrun errors

G = frammg & overrun errors

H = panty & framing & overrun errors

The message
Error

15 then transmitted to the host The entire process is then re
peated from the Not Ready message A six second delay is
nserted before reiitializatton This is longer than the time re
quired to transmit five bytes at 50 baud so there 1s no need to
be extra careful here

If the sync byte 1s received without error then the Loading
message 1s transmitted and the program is ready to receive the
command hie After receiving the bLoading message the host
can transmit the file without nulls or delays between bytes

(Since the file represents ZBQ machine code and alt 256
combinations are meantngful 1t would be disastrous lo
transmit nulls or other ASCII control codes as fillers ac-
knowledgement or start stop bytes The only control
codes needed are the standard command hle control
bytes)

Data can be transmutted to the loader at 19200 baud with no de-
lays inserted Two stop bits are recommended at high baud
rates

See the File Loader descrnption for more information on hle
loading

It a receive error should occur duning hle loading the abort pro-
cedure described above will take place so when attempting re-
mote control 1t is wise to monitor the hosl receiver dunng
transmission of the file When the host s near the object board,
as s the case inthe factory applicaton or when more than one
board I1s being loaded it may be advantageous ar even nec-
essary to ignore the transmitted responses of the object
board(s) and to manually pace the test byte sync byte and
command file phases of the transmission process using the
video display for handshaking

System Programmers information

The Model 4P Boot ROM uses two areas of RAM while tt1s run-
ning These are 4000H to 40FFH and 4300H to 43FFH (For
512 bylte boot sectors the second area is 4300H to 44FFH ) If
the Model li ROM Image 1s loaded additional areas are used
See the technicai reterence manuai for the system you are us-
ing for a hst of these areas

Operating syslems that want to support a software restart by re-
executing the contents of the boot ROM can accomphsh this in
one of two ways [t the operating system relies on the Model (Il
ROM Image then jump to location 0 as you have in the past i
the operating system i1s a Model 4 mode package a simple way
15 1o code the following instructions in your assembly and load
them before you want to reset

Absolute Location Instruction
0000 Dl
oo LD A1l
0003 ouT (9CH) A

These instructions cause the boot AOM to become address-
able After executing the OUT instruchon the next instruction
executed will be one in the boot ROM (These instructions also
exist in the Model 11l ROM image at location 0 ) The boot ROM
has been wntten so that the first instruction 1s at address 0005
The hardware must be in memory mode 0 or 1, or else the
boot ROM will not be switched in This operation can be
done with an OUT instruchion and then a RST 0 can be exe-
cuted to have the ROM swilched in
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Restarts can be redirected at any time while the ROM s
switched i All restarts jump to fixed locations in RAM and
these areas may be changed to pomnt to the routine that s to be
executed

Restart RAM Location Defauit Use

0 none Cold Siart Boot
B 4000H Disk | O Request
10 4003H Display string
18 4006H Display block
20 4009H Byte Feich (Called by Loader)
28 400CH File Loader
30 400FH Keyboard scanner
38 4012H Reserved for future use
66 4015H NM! (Floppy I’OQ Command

Complete)

The above routines have fixed entry parameters These are de-
scribed here

Disk /0 Request (RST &H)

Accepts
A 1 for Hoppy, 2 for hard disk
B Command
Iniiahze 1
Restore 4
Seek 6
Read 12 (All reads have an im-
phed seek)
C Sector number 10 read
The contents of the location diskiype
{40SCH) are added 1o thus value before
an actuai read If the disk 15 a two sided
floppy, just add 18 to the sector number
DE Cylinder number (Only E 15 used in
floppy operahons)
HL Address where data from a read opera-
tion 1s to be stored
Returns
Z Success, Operation Completed
NZ Error, Error code in A
Error Codes
3 Hard Disk drive 1s not ready
4 Floppy disk dnve 1s not ready
5 Hard Disk drive 1s not availlable
-] Floppy disk dnive 1s not available
7 Drnve Not Ready and no Index {Disk in
dnive, door open)
8 CRC Error
] Seek Error
1" Lost Data
12 1D Not Found

Display String (RST 10H)

Accepis
HL Pointer to text to be displayed
Text must be terminated with a null (0}
DE Offset position on screen where text 1s to
be displayed
{A 0000H will be the upper leit-hand cor-
ner of the display )
Returns
Success Always
A Altered
DE Points to next position on video
HL Points to the nult (0)
Display Block (RST 18H)
Accepts
HL Points to control vector in the format
+0 Screen Offset
+2 Pointer {0 text, terminated with
null
+4 Pointer to text, terminated with
null
+n word FFFFH End of control
vector
or +n word FFFEH Next word s

new Screen
Offset
If Z flag 1s set on entry then the first screen offset 1s read from
DE instead of from the contro! vector

Each stning 1s posttioned after the previous string. uniess a
FFFEH entry is found This 1s used heavily in the ROM to re-
duce duphcation of words in error messages

Returns
Success Always

DE Points 10 next posiion on video
Byte Feich (RST 20H)

Accepts None

Returns
Z Success, byte n A
N2 Failure, error code n A
Errors
Any errors from the disk 1’0 catl and
2 ROM Image can't be loaded — Too many
extents
10 ROM image can't be loaded — Disk drive
is not ready
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File Loader (RST 28H)

Accepts None

Returns
4 Success
NZ Failure, error code in A
Errors
Any errors from the disk 1O call or the
byte fetch call and:
0 The ROM image was not found on drive 0

There are several pieces of information left in memory by the
boot ROM which are uselul to system programmers. These are
shown below:

RAM Location Description
401DH ROM Image Selected (% for none
selected or A-G})
4055H Boot type
1 = Floppy
2 = Hard disk
3 = ARCNET
4 = RS-232C
5-7 = Reserved
4056H Boot Sector Size (1 for 256, 2 for 512)
4057H RS-232 Baud Rate (only valid on RS-
232 boot)
4059H Function Key Selected
0 = No function key selected
<Fi>or <t> 86
<F2> or <2> 87
<F3> or <3> g8
<Caps> 85
<Ctrl> 84
<Left-Shift> 82
< Right-Shift> 83
Reserved 80-81 and B89-90
405BH Break Key Indication {(non-zero if
< Break> pressed)
405CH Disk type (0 for LDOS/
TRSDOS 6,1 for
TRSDOS 1.x)

Keep in mind that Model Il ROM image will initialize these
areas, so this information is useful only to the Model 4 mode
programmer.

4.2.7 RAM

Two contigurations of Random Access Memory (RAM) are
available on the Model 4P: 64K and 128K. The 64K and 128K
option use the 6665-type 64K x 1 200NS Dynamic RAM, which
requires only a single + 5v supply voltage.

The DRAMS require multiplexed incoming address lines. This
is accomphshed by I1Cs U110 and U111 which are 74L.5157
muitiplexers. Data to and from the DRAMs are buffered by a
74L5245 (U118) which is controlled by Gale Array 4.2 (U106).
The proper timing signals RAS0O™. RAS1*, MUX™. and CAS” are
generated by a delay line circuit Ug4. U116 (1 2 of a 745112)
and U117 (1 4 of a 74F08) are used to generate a precharge
circuit. During M1 cycles of the Z80A in 4 MHz mode, the high
time in MREQ has a minimum time of 110 nanosecs. The spec-
ification of 6665 DRAM requires a minimum of 120 nanosecs so
thus circuit will shorien the MREQ signal during the M1 cycle.
The resulting signal PMREQ is used to start a RAM memory
cycle through U114 (a 74564). Each different cycle is controlied
at U114 to maintain a fast M1 cycle so no wait states are re-
quired. The output of U114 (PRAS") 1Is ANDed with RFSH to not
allow MUX" and CAS* 10 be generated during a REFRESH
cycle. PRAS® also generates either RASO™ or RAS1", depend-
ing on which bank of RAM the CPU is selecting. GCAS™ gen-
eraled by the delay line U94 is laiched by U116 (12 of a
745112} and held to the end of the memory cycle. The output
of U116 is ANDed with VIDEQ signal to disable the CAS™ signal
from occurring if the cycle is 2 video memory access. Refer to
M1 Cycle Timing (Figure 4-7 and 4-8), Memory Read and
Memory Write Cycle Timing (Figure 4-9) and (Figure 4-10).
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Memory Map — Model 4P

Mode O

0000 — OFFF
1000 — 37FF

37E8 — 37E9
3800 — 3BFF
3C00 — 3FFF
4000 — FFFF
Mode 0

0000 — 37FF

37E8 — 37E9
3800 — 3BFF
3C00 — 3FFF
4000 — FFFF
Mode 1

0000 — OFFF

0000 — OFFF

1000 — 37FF

3800 — 3BFF
3C00 — 3FFF
4000 — FFFF

SELO -0 -0V
SEL1 o oV
ROM -1 -0V

Boot ROM
RAM (Read Only)

Printer Status {Read Only)

Keyboard
Video
RAM

SELO -0 =0V
SEL1T -0 -0V
ROM -0 - +5V

RAM (Read Only)

Printer Status (Read Only)

Keyboard
Video
RAM

|
+
14,1
<<

SELO
SELY
ROM

= Qv
= Qv

1]
R R

Boot ROM

RAM (Wrnile Only)
RAM

Keyboard

Video

RAM

Mode 1

4K 0000 — 37FF
10K 3800 — 3BFF
2 3C00 — 3FFF
1K 4000 — FFFF
1K

48K
Mode 2
0000 — F3FF
F400 — F7FF

14K F800 — FFFF
1K

1K Mode 3
48K

0000 — FFFF

4K
4K
10K
1K
1K I
48K
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SELO -1 -5V
SEL1 -0 OV
ROM -0 -5V

RAM
Keyboard
Video
RAM

SELO 0 - 0ov
SEL1 1 + 5V
ROM — X — Dont Care

RAM
Keyboard
Video

SELO
SEL1
ROM

!
-
|

+ 8V
= +5V
Dont Care

K
-
i

RAM

14K
1K
1K
48K

61K
1K
2K

64K



U

¥O Port Assignment

Normally
Port # Used

FC —FF FF
F8 —FB F8
F4 —F7 F4
FO—F3 -

FO Fo
Fi F1
F2 F2
F3 F3
EC—EF EC
E8 —EB -

E8 £8
E9 E9
EA EA
EB £B
E4 —E7 E4
EO—E3 EO
A0 —DF -

9C —gF 19
94 — 98 -

90 — 83 90
8C —8F -

88 —8B -

88, 8A 88
89. 88 89
84 — 87 84
80— 83 -

Out
CASSOUT "
LPQUT *
DRVSEL ~
DISKOUT *
FDC COMMAND REG.
FDC TRACK REG.
FDC SECTOR REG.
FDC DATA REG.
MODOUT *
RS2320UT "
UART MASTER RESET

BAUD RATE GEN. REG.

UART CONTROL AND

MODEM CONTROL REG.

UART TRANSMIT
HOLDING REG

WR NMI MASK REG.
WR INT MASK REG. *
(RESERVED)

BOOT *

(RESERVED)

SEN *

GSELO*

CRTCCS *

CRCT ADD. REG.
CRCT DATA REG.
OPREG *

GSEL1"

in
MODIN *
LPIN *
{RESERVED)
DISKIN *
FDC STATUS REG.
FDC TRACK REG.
FDC SECTOR REG.
FDC DATA REG.
RTCIN *
RS232IN "
MOQDEM STATUS
(RESERVED)
UART STATUS REG.

UART HOLDING REG
(RESET D.R.)

kD NMI STATUS *
RD INT MASK REG. *
(RESERVED)
(RESERVED)
(RESERVED)
{RESERVED}
GSELO*
(RESERVED)
(RESERVED)
{RESERVED)
(RESERVED)
GSEL1 *
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1/0 Port Description

Name:

Port Address:
Access:
Description:

Note:

CASSOUT -

FC—FF

WRITE ONLY

Output data to cassette or for sound
generation

The Model 4P does neot support cassette storage
s port1s only used to generate sound that was to
be output via cassette port The Model 4P sends

data to onboard sound circurt

8

D1

D2 —D7

Name:

Port Address:
Access:
Description;

Do

Q
] | I

it

¥ 8 8 R

Name:

Port Address:
Access:
Description:

D0—-07 =

Cassette output tevel (sound data output)
Reserved
Undefined
MODIN “ (CASSIN *}
FC —FF
READ ONLY
Configuration Status
0
CASSMOTORON STATUS
MODSEL STATUS
ENALTSET STATUS
ENEXTIO STATUS
{(NOT USED)
FAST STATUS
0
LPOUT "
F8 — FB
WRITE ONLY

Output data 1o iine pninter

ASCH BYTE TO BE PRINTED

Name:

Port Address:

Access:
Description:

DO—D3 -

D4

D5

1

g

07

Name:

Port Address:

Access:
Description:

Note:

LPIN -

F& -~ FB

READ ONLY

Input Itne printer status

(RESERVED)

FAULT
1 - TRUE
0 - FALSE

UNIT SELECT
1 = TRUE
0 = FALSE

OUTPAPER
1 = TRUE
0 = FALSE

BUSY
1 = TRUE
0 = FALSE

DRVSEL *

F4 —F7

WRITE ONLY

Output FDC Configuration

Qutput to this port will ALWAYS cause a 1-2 mscc

{Mwcrosecond) wait to the Z80

8

D1

D2 =

8

2

-

D6 =

Note:

DRIVE SELECT 0
DRIVE SELECT 1
(RESERVED)
(RESERVED)
SDSEL

0=SIDED
1 = SIDE 1

PRECOMPEN
0 = No write precompensation
1 = Wnite Precompensation enabled

WSGEN
0 = No wait state generated
1 = wanl state generated

This wait state 1s 1o sync 280 with FDC chip during

FOC operation

D7 =
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DDEN -
0 = Single Density enabled (FM)
1 = Double Density enabled (MFM}



Name: DISKOUT *

Port Address: FO-—F3

Access: WRITE ONLY

Descrnption:  Output to FDC Control Registers

Port FO = FOC Command Register

Port F1 — FDC Track Register

Port F2 = FDC Sector Register

Port F3 = FDC Dala Register

{Refer to FDC Manual for Bit Assignments)

Name: DISKIN *
Port Address: FO—F3
Access: READ ONLY

Description:  Input FDC Control Registers

Port FO = FDC Status Register
Port F1 = FDC Track Register
Port F2 = FDC Sector Register

Port F3 = FDC Data Register

{Reter to FDC Manuai for Bit Assignment)

Name: MODOUT *
Port Address: EC — EF
Access: WRITE ONLY

Description:  Qutput to Configuration Latch
Do = (RESERVED)

Dt = CASSMOTORON (Sound enable)
0 = Casselte Motor Off (Sound enabled)
1 = Cassette Motor On (Sound disabled)

D2 = MODSEL
0 = 64 or 80 character mode
1 = 32 or 40 character mode

D3 = ENALTSET
¢ = Alternate character set disabled
1 Alternate character set enabled

D4 — ENEXTIO
0 — External IO Bus disabled
1 — External IO Bus enabled

D5 - (RESERVED)
D& - FAST

0 - 2 MHZ Mode
1 — 4 MHZ Mode

D7 = (RESERVED)
Name: RTCIN *
Port Address: EC —EF
Access: READ ONLY

Description:  Clear Reai Time Clock Interrupt

DO—D7 - DONT CARE

Name: RS2320UT "

Port Address: E8 — EB

Access: WRITE ONLY

Description: UART Control, Data Control, Modem Control
BRG Control

Port E8 = UART Master Reset

Port E9 = BAUD Rate Gen Register

Port EA = UART Control Register (Modem Control Reg )

Port EB = UART Transmit Holding Reg

(Refer to Model lil or 4 Manual for Bit Assignments)

Name: RS232IN *
Port Address: E8 — EB
Access: READ ONLY

Description:  Input UART and Modem Status
Port EB = MODEM STATUS

Port E9 = (RESERVED)

i}

Port EA = UART Status Register

Port EB = UART Receive Holding Register (Resets DR}

{Refer to Madel Il or 4 Manual for Bit Assignments)
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Name: WRNMIMASKREG * D5 = ENRECINT
Port Address: E4 — E7 0 RS5232 Rec Data Reg full mt disabled
Access: WRITE ONLY 1 - RS232 Rec Data Reg full nt enabled
Description:  Output NMI Latch
D6 - ENERRORINT
D0 —D5 (RESERVED) 0 — RS232 UART Error interrupts disabled
1 — RS232 UART Errorinterrupts enabled
D6 — ENMOTOROFFINT
0 Disables Motoroff NMI D7 - (RESERVED)
1 - Enables Motoroft NMI
D7 ~ ENINTRQ Name: RDINTSTATUS *
0 - Disables INTRCQ NMI Port Address: E0— E3
1 — Enables INTRQ NMI Access: READ ONLY
Description:  Input INT Status
Name: RDNMISTATUS * DO—Dt1 - (RESERVED)
Port Address: E4 — E7
Access: READ ONLY D2 — RTC INT
Description:  input NMi Status
03 = IOBUS INT
Do =0
D4 = RS232 XMIT INT
D2 —D4 - (RESERVED)
D5 = RS5232 REC INT
D5 = RESET (not needed)
0 — Reset Asserled (Problem) D6 = RS5232 UART ERROR INT
1 — Reset Negaled
D7 = (RESERVED)
D6 = MOTOROFF
0 — Motorolf Asserted
1 - Motoroff Negated Name: BOOT *
Port Address: 9C — 9F
D7 = INTRQ Access: WRITE ONLY
0 = INTRQ Asserted Description:  Enable or Disabie Boot ROM
1 = INTRQ Negated
00 = ROM *
0 - Boot ROM Disabled
Name: WRINTMASKREG * 1 = Boot ROM Enabled
Port Address: EO—E3
Access: WRITE ONLY D1 — D7 = (RESERVED)
Description:  Output INT Latch
Do — D1 = (RESERVED) Name: SEN -
Port Address: 90— 93
D2 = ENRTC Access: WRITE ONLY
0 = Real time clock interrupt disabled Description:  Sound output
1 — Real time clock interrupt enabled
D¢ = SOUND DATA
D3 = ENIOBUSINT
0 = External 10 Bus interrupt disabled D1 —D7 = (RESERVED)
1 = External 10 Bus imterrupt enabled
D4 = ENXMITINT
¢ = RS232 Xmit Holding Reg empty int

disabled
1 =
enabled

RS232 Xmit Holding Reg empty int
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Name: OPREG*

Port Address: 84

Access: WRITE ONLY
Description:  Output to operation reg.

Do = SELO
D1 = SEL1
SEL1 SELO MODE
0 0 ¢
Y 1 1
1 o 2
1 1 3
D2 = 8064

= 64 character mode
1 = 80 character mode

b3 = INVERSE
0 = Inverse video disabied
1 Inverse video enabled

D4 = SRCPAGE — Points to the page to be mapped
as new page
0 — UB4K, L32K Page
1 = UB4K, U32K Page

D5 = ENPAGE — Enables mapping of new page
0 = Page mapping disabled
1 = Page mapping enabied

D6 = DESPAGE — Points to the page where new
page Is to be mapped:

0 = LB4K, U32K Page
1 = L64K, L32K Page
D7 = PAGE

0 = Page 0 of Video Memory
1 = Page 1 ot Videc Memory
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4.2.8 Video Circuit

The heart of the wideo display circuit in the Model 4P 1s the
68045 Cathode Ray Tube Controller (CRTC) U42 The CRTC
15 a preprogrammed video controller that provides twe screen
formats 64 by 16 and 80 by 24 The format s controlled by pin
3 of the CRTC (8064") The CRTC generates all of the neces-
sary signais required for the video display These signals are
VSYNC (Vertical Sync), HSYNC {Hornzontat Sync) for proper
sync of the monitor DISPEN {Dhsplay Enable) which indicates
when video data should be output to the monitor, the refresh
memory addresses (MAO-MA13) which addresses the video
RAM, and the row addresses (RAD-RA4) which indicates which
scan line row 1s being displayed The CRTC also provides hard-
ware scrolling by writing to the internal Mermory Start Address
Register by OUTing to Port 88H The internal cursor control of
the 68045 15 not used 1n the Model 4P video circuit

Since the 80 by 24 screen requires 1,920 screen memory lo-
catons, a 2K by B static RAM {U82) 15 used for the video RAM
Addressing {o the video RAM (UB2) i1s provided by the 68045
when refreshing the screen and by the CPU when updating of
the data is performed These two sets of address ines are mul-
tiplexed by three 74LS5157s (U41, U61, and U81) The multi-
plexers are switched by CRTCLK which allows the CRTC to
address the video RAM dunng the high state of CRTCLK and
the CPU access dunng the low state A10 from the CPU 15 con-
trolled by PAGE" which allows two display pages in the 64 by
16 tormat When updates to the video RAM are performed by
the CPU, the CPU 15 held in a WAIT state until the CRTC 1s not
addressing the video RAM This operation allows reads and
wntes o video RAM without causing hashing on the screen
The arcuit that performs this function 15 a 74L5244 buffer
(UJ84), an 8 bit transparent latch, 74LS373 (UB3) and a Delay
ine circuit shared with Dynarmic RAM trming cireunt consisting
of a 74LS74 (U98), 74L532 (U96), 74LS04 (US5), 74LS00
(L92), 74L502 (U69), and Detay Line (U94} Dunng a CPU
Read Access lo the Video RAM, the address i1s decoded by the
GA 4 2 and asserts VIDEO™ low This 1s inverted by U95 (1 6 of
74L504) which pulls one input of U92 (1 4 of 74L500) and in
turn asserts VWAIT * low to the CPU RD s high at this time and
1s latched into US98 (1 2 of 74L574) on the nsing edge of
XADR7*, nverse of CRTCLK

When RD 1s talched by U398 the Q output goes low releasing
WAIT" from the CPU The same signal also is seni 1o the Delay
Line (U94) through U117 (1 4 of 74F08) The Delay hine delays
the fatling edge 240 ns for VLATCH™ which latches the read
data from the video RAM at UB3 The data i1s latched so the
CRTC can refresh the next address location and prevent any
hashing MRD" decoded by U106 and a memory read 15 ORed
with VIDEQ" which enabtes the data from UB3 to the data bus
The CPU then reads the dala and completes the cycle A CPU
write 15 shghtly more complex 1n operation As in the RD cycle,
VIDEQ" 15 asserted low which asserts VWAIT" low to the CPU
WR 15 high at this time which 1s NANDed with VIDEO and
synced with CRTCLK to create VRAMDIS that disables the
video RAM output On the nsing edge of XADR7", WR 15
latched into 98 {1 2 of 74LS74) which releases VWAIT® and
starts cycle through the Delay Line After 30ns DLYVWR® (De-
layed video wnte) I1s asserted low which also assens VBUFEN®
{Video Buffer Enable)} low VBUFEN® enabled data from the
Data bus to the video RAM Approximately 120ns later
DLYVWR* 1s negated high which wites the data 10 the video
RAM and negates VBUFEN" turming off buffer The CPU then
completes WR cycle to the wdeo RAM Refer to Video RAM
CPU Access Timing Figure 5-12 for trming of above RD or WR
cycles

During screen refresh, CRTCLK 1s high allowing the CRTC
to address Video RAM The data out of the video RAM is
latched by LOAD* mto Gate Array 4 3 (U102) INVERSE®
determines f character should be alpha-numenc only (IN-
VERSE" mgh} or unchanged {INVERSE" low) A9 i1s de-
coded with ENALTSET (Enable Allernate Set) and 7, which
controls the alternate set in the character generator ROM
See ENALTSET Control Table below

ENALTSET Q7 Q6 A9
0 0 0 0
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 0
1 1 1 0
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4.2.8 Video Circuit

The heart of the wideo display circuit in the Model 4P 1s the
68045 Cathode Ray Tube Controller (CRTC) U42 The CRTC
15 a preprogrammed video controller that provides twe screen
formats 64 by 16 and 80 by 24 The format s controlled by pin
3 of the CRTC (8064") The CRTC generates all of the neces-
sary signais required for the video display These signals are
VSYNC (Vertical Sync), HSYNC {Hornzontat Sync) for proper
sync of the monitor DISPEN {Dhsplay Enable) which indicates
when video data should be output to the monitor, the refresh
memory addresses (MAO-MA13) which addresses the video
RAM, and the row addresses (RAD-RA4) which indicates which
scan line row 1s being displayed The CRTC also provides hard-
ware scrolling by writing to the internal Mermory Start Address
Register by OUTing to Port 88H The internal cursor control of
the 68045 15 not used 1n the Model 4P video circuit

Since the 80 by 24 screen requires 1,920 screen memory lo-
catons, a 2K by B static RAM {U82) 15 used for the video RAM
Addressing {o the video RAM (UB2) i1s provided by the 68045
when refreshing the screen and by the CPU when updating of
the data is performed These two sets of address ines are mul-
tiplexed by three 74LS5157s (U41, U61, and U81) The multi-
plexers are switched by CRTCLK which allows the CRTC to
address the video RAM dunng the high state of CRTCLK and
the CPU access dunng the low state A10 from the CPU 15 con-
trolled by PAGE" which allows two display pages in the 64 by
16 tormat When updates to the video RAM are performed by
the CPU, the CPU 15 held in a WAIT state until the CRTC 1s not
addressing the video RAM This operation allows reads and
wntes o video RAM without causing hashing on the screen
The arcuit that performs this function 15 a 74L5244 buffer
(UJ84), an 8 bit transparent latch, 74LS373 (UB3) and a Delay
ine circuit shared with Dynarmic RAM trming cireunt consisting
of a 74LS74 (U98), 74L532 (U96), 74LS04 (US5), 74LS00
(L92), 74L502 (U69), and Detay Line (U94} Dunng a CPU
Read Access lo the Video RAM, the address i1s decoded by the
GA 4 2 and asserts VIDEO™ low This 1s inverted by U95 (1 6 of
74L504) which pulls one input of U92 (1 4 of 74L500) and in
turn asserts VWAIT * low to the CPU RD s high at this time and
1s latched into US98 (1 2 of 74L574) on the nsing edge of
XADR7*, nverse of CRTCLK

When RD 1s talched by U398 the Q output goes low releasing
WAIT" from the CPU The same signal also is seni 1o the Delay
Line (U94) through U117 (1 4 of 74F08) The Delay hine delays
the fatling edge 240 ns for VLATCH™ which latches the read
data from the video RAM at UB3 The data i1s latched so the
CRTC can refresh the next address location and prevent any
hashing MRD" decoded by U106 and a memory read 15 ORed
with VIDEQ" which enabtes the data from UB3 to the data bus
The CPU then reads the dala and completes the cycle A CPU
write 15 shghtly more complex 1n operation As in the RD cycle,
VIDEQ" 15 asserted low which asserts VWAIT" low to the CPU
WR 15 high at this time which 1s NANDed with VIDEO and
synced with CRTCLK to create VRAMDIS that disables the
video RAM output On the nsing edge of XADR7", WR 15
latched into 98 {1 2 of 74LS74) which releases VWAIT® and
starts cycle through the Delay Line After 30ns DLYVWR® (De-
layed video wnte) I1s asserted low which also assens VBUFEN®
{Video Buffer Enable)} low VBUFEN® enabled data from the
Data bus to the video RAM Approximately 120ns later
DLYVWR* 1s negated high which wites the data 10 the video
RAM and negates VBUFEN" turming off buffer The CPU then
completes WR cycle to the wdeo RAM Refer to Video RAM
CPU Access Timing Figure 5-12 for trming of above RD or WR
cycles

During screen refresh, CRTCLK 1s high allowing the CRTC
to address Video RAM The data out of the video RAM is
latched by LOAD* mto Gate Array 4 3 (U102) INVERSE®
determines f character should be alpha-numenc only (IN-
VERSE" mgh} or unchanged {INVERSE" low) A9 i1s de-
coded with ENALTSET (Enable Allernate Set) and 7, which
controls the alternate set in the character generator ROM
See ENALTSET Control Table below

ENALTSET Q7 Q6 A9
0 0 0 0
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 0
1 1 1 0
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RAO-RA3, row addresses from the CRTC are usea to control
which scan ine 1s being displayed The Model 4P has a 4-bi fulf
adder 74L5283 (U101} to modify the Row address During a
character display DLYGRAPHIC™ 1s fugh which applies a high to
all 4 bits to be added 10 row address This will result in subtract

ing one from Row address count and allow all characters to be
displayed one scan ine lower The purpose 1s 0 inverse char-
acters will appear within the inverse block When a graphic
block 1s displayed DLYGRAPHIC™ 1s fow which causes the row
address to be unmodified Moving jJumper from E14-E15 to
E15-E16 will disable this cirourt

DLYCHAR" and DLYGRAPHICS are inverse signals and control
which data is to be loaded into the internai shift register of U102
When DLYCHAR" 15 low and DLYGRAPHIC* 1s hugh, the Char-
acter Generator ROM (U103} is enabled to output data When
DLYCHAR'* 1s high and DLYGRAPHIC" 1s low the graphics char-
acters are internally buffered to the shift reqister The data Is
loaded into the wnternal shift register on the nsing edge of
SHIFT" when LOADS* 1s low Senal wideo data 1s output
U102 19 The video informahon is inverted by U142 and F83,1s
filtered by R14 (47 ohm resistor), and C227 (100 pf Cap} and
output to video monitor VSYNC and HSYNC are buffered by (1¢
2 of 74L.586) U143 and are also output to videc monitor Refer
to Video Circut Timing Figure 4-12 and Inverse Video Tim-
ing Figure 4-13 for timing relationships of Video Circuit

4.2.9 Keyboard

The keyboard interface of the Model 4P consists of open col-
lector dnvers which dnve an 8 by 8 key matnx keyboard and an
inverting buifer which buffers the key or keys pressed on the
data bus The open collector dnvers (U57 and U77 (7416) are
dnven by address ines A0-A7 which dnive the column lines of
the keyboard matrix The ROW lines of the keyboard are pulled
up by a 1 5 kohm resistor pack RP2 The ROW lines are buff-
ered and inverted onlo the data bus by U78 (74L5240) which1s
enabled when KEYBD™ 1s a logic low KEYBD" is a memory
mapped decode of addresses 3800-3BFF in Modei il Mode
and F400-F7FF in Model 4/4P mode Refer to the Memory Map
under Address Decode for more information Dunng real ime
operation, the CPU will scan the keyboard penodicaily to check
if any keys are pressed If no key 1s pressed, the resistor pack
RP2 keeps the inputs of U78 at a logic high U78 inverts the
data to a logic low and buffers it to the dala bus which 1s read
by the CPU If a key I1s pressed when the CPU scans the correct
column hine, the key pressed will pull the corresponding row to
alogic low W78 inverts the signal to a logic high which 1s read
by the CPU

4.2.10 Real Time Clock

The Real Time Clock circuit in the Model 4F provides a 30 Hz
(in the 2 MHz CPU mode) or 60 Hz (in the 4 MHz CPU mode)
interrupt to the CPU By counting the number of interrupts that
have occurred the CPU can keep track of the ttme The 60 Hz
vertical sync signal (VSYNC) from the video circuitry i1s used for
the Real Time Clock s reference In the 2 MHz mode, FAST 1s
a logic low which sets the Preset input pin 4 of U23 (741L.S574)
to a logic high This allows the 60 Hz (VSYNC) to be divided by
2 10 30 Hz The output of 1/2 of U231s ORed with the onginal
60 Hz and then clocks another 741574 (1 2 of U23) i the real
time clock 1s enabled (ENRTC at a logic high). the interrupt 18
latched and pulls the INT* ine low to the CPU When the CPU
recognizes the interrupt, the pulse s counted and the latch re-
set by puling RTCIN® low In the 4 MHz mode, FAST is a logic
high which keeps the first half of U23 in a presel state (the Q"
output at a logic low} The 60 Hz is used to clock the interrupts

NOTE: If interrupts are disabled, the accuracy of the real
ttme clock wili suffer

4.2.11 Line Printer Port

The Line Printer Port Interface consists of & pulse generator, an
eight-bit latch, and a status ine bufier The status of the ine
printer 1s read by the CPU by enabling buifer U3 (74L5244)
Thus buffer s enabled by LPRD* which 1s a memory map and
port map decode In Model lll mode, only the status can be read
frorn mermory location 37E8 or 37E9 The status can be read in
all modes by an input from ports F8-FB For « listing of the bit
status, refer to Port Map section

After the pninter drniver software determines that the printer s
ready for printing (by reading the correct status) the characters
to be printed are output to Port FB-FB U2, a 74L.5374 eight-bit
latch, latches the character byte and outputs to the line printer
One-half of U1 (74L5123), a one-shot, 1s then tnggered which
generates an approprnalte strobe signal to the printer which sig-
nmfies a vahd character 1s ready The output of the one-shots
buffered by 1/6th of the U51 {741.504) to prevent noise from the
printer cable from faise-tnggenng the one-shot
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4.2.12 Graphics Port

The Graphics Port (J7) on the Modet 4P 15 provided to attach
the optional Graphics Board The port provides D0-D7 (Data
Lines) AQ-A3 (Address Lines) IN* GEN* and RESET® for the
necessary interface signals for the Graphics Board GEN® 1s
generated by negative ORing Port selects GSELO" (8C-8FH)
and GSELI" (80-83H) together by {1 4 of 74LS08) U4 The re

sulbng signalis negative ANDed with IORQ* by (1 4 of 74532)
U24 Seven timing signals are provided to allow synchroniza-
tion of Main Logic Board Video and Graphics Board Video

These timing signais are VSYNC, HSYNC, DISPEN, DCLK,
H, I, and J Three control signals from the Graphics Board
are used 1o sync to CPU access and select different video
modes WAIT” controls the CPU access by causing the CPU
to WAIT tll video 1s in retrace area before allowing any
wriles or reads to Graphics Board RAM ENGRAF 1s as-
serted when Graphiucs video 1s displayed ENGRAF also dis-
ables inverse video mode on Main Logic Board Video

CL166* (Clear 74L166) 1s used 10 enable or disable mixing
of Main Logic Board Video and Graphics Board Video |If
CL166" 15 negated high, then mixing 1s allowed i all four
video modes 80 x 24, 40 x 24, 64 x 16, and 32 x 16 If
CL166" 15 asserted low, this will clear the video shift register
U63, which allows no video from the Main Logie Board In
this state B064* s automatically asserted low to put screen
in 80 x 24 video mode Refer to Figure 4-15 Graphic Board
Video Timing for timing relationships Refer to the Model 4/
4P Graphics Board Senaice information for service or techni-
cal information on the Graphics Board

4.2.13 Sound

The sound circuit in the Model 4F i1s compatible with the Sound
Board which was optional in the Model 4 Sound 1s generated
by alternately setting and clearing data bit DG during an OUT to
port 80H The state of DOs latched by 129 (1 2 of a 74L574)
and the output 1s amphfied by Q2 which drives a 81) speaker
The speed of the software loop determines the frequency and
thus, the pitch of the resulting tone Since the Model 4P does
not have a cassette circuit, some exishing software that used
the cassette output for sound would have been lost The Model
4P routes the cassette latch to the sound board through U109
When the CASSMOTORON signal 1s a logic low the cassette
motor 15 off, then the cassetle outputis sent 10 the sound circurt

4.2.14 VO Bus Port

The Model 4P Bus I1s designed 1o allow easy and convement in
terfacing of | C devices to the Model 4P The | O Bus supporis
all the signals necessary to implement a device compatible with
the Z80s | O structure

Addresses

ADto A7 allow selection of up to 256" input and 256 output
devices If external | O is enabled

“Ports 80H to OFFH are reserved for System use
Data

DBO to DB7 allow transfer of 8-bit data onto the processor
data bus 1s external I'O 15 enabled

Control Lines

1 Mi* — Z80A signal specitying an M1 or Operation Code
Fetch Cycle or with [OREQ" 1t specifies an Interrupt
acknowledge

2 IN" — ZBO0A signal spectfying than an input 1s in progress
Logic AND of IOREQ* and WR"

3 QUT — Z80A signal specifying that an output i1s in prog-
ress Logie AND of IOREQ* and WR*

4 IOREQ" — Z80A signal spectfying that an input or output
15 i progress or with M1 1t specifies an interrupt
acknowledge

5 RESET" — system reset signal

6 KOBUSINT® —nput to the CPU signaling an wterrupt from
an | O Bus dewice if | O Bus interrupts are enabled

7 HOBUSWAIT® —input to the CPU wart ine allowing | O Bus
device to force want states on the Z80 if external 1 O 1s
enabled

8 EXTIOSEL® —nputto | O Bus Port circut which swiiches
the | O Bus data bus transcever and allows and INPUT in-
struction to read | O Bus data

The address line data hne and all contrel hnes except RESET®
are enabled only when the ENEXIO bit in port EC 15 set to one

To enable | O interrupts the ENIOBUSINT bit in the PORT EO
(output port) must be a one However evenif it 1s disabled from
generating interrupts the status of the IOBUSINT® kine can stilf
read on the appropniate bit of CPU IOPORT EO (input port)

See Model 4P Port Bit assignments for port OFF QEC and OEO
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The Model 4P CPU board s fully protected from foreign i O de-
vices nthat all the | O Bus signals are buffered and can be dis-
abled under software control To attach and use and | O device
on the 1 O Bus centain requirements (both hardware and soft-
ware) must be met

For input port device use, you must enable external 10 de-
vices by writing to port OECH with bit 4 on in the user soft-
ware This will enable the data bus address lines and control
signals to the /O Bus edge connector When the input de-
vice is selected, the hardware should acknowledge by as-
serting EXTIOSEL" low This swiiches the data bus
transceiver and allows the CPU to read the contents of the I/
O Bus data ines See Figure 4-16 for the timing EXTIO-
SEL* can be generated by NANDing IN and the I/O port
address

OQutput port device use is the same as the input port device in
use, in that the external | O devices must be enabled by wrniting
to port OECH with bit 4 on in the user software — i1 the same
tashion

For exther input or cutput devices, the IOBUSWAIT® control line
can be used in the normal way for synchronmzing slow devices
o the CPU Note that since dynamic memories are used tn the
Model 4P, the wait ine should be used with caution Holding the
CPU in a wart state for 2 msec or more may cause loss of mem-
ory contents since refresh 1s inhibited duning this time | 1s rec-
ommended that the IOBUSWAIT" line be held active no more
than 500 psec with a 25% duty cycle

The Model 4P will support Z80 Mode 1 interrupts A RAM jump
table 1s supported by the LEVEL Il BASIC ROMs image and the
user must supply the address of his interrupt service routine by
writing this address 1o locations 403E and 403F When an in-
terrupt occurs, the program will be vectored to the user-sup-
plied address it O Bus inlerrupts have been enabled To
enable 110 Bus interrupts, the user must set it 3 of Porl OEOH

4.2.15 FBC Circuit

The TRS-80 Model 4P Floppy Disk Interface provices a stan-
dard 5-1 4 floppy disk controller The Floppy Disk Interface
supports both single and double density encoding schemes
Wrnite precompensation can be software enabled or disabled
beginning at any track, although the system scftware enables
write precompensahion for all tracks greater than twenty-one
The amount of write precompensation 1s 125 nsec and I1s not
adjustable One or two drives may be controlled by the inter-
face All data translfers are accomplished by CPU data re-
quests In double densily operation, dala transfers are
synchromized to the CPU by forcing a wait to the CPU and clear-
ing the waut by a data request from the FOC chip The end of the
dala transfer 1s indicated by generation of a non-maskable 1n-
terrupt trom the interrupt request output of the FOC chip A
hardware watchdog timer nsures that any error condition will
not hang the wait ine to the CPU for a period long enough to
destroy RAM contents
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Input or Cutput Cycles
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Figure 4-16. VO Bus Timing Diagram
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Contro! and Data Buffering

The Floppy Disk Controller Board ts an i C port mapped device
which utihzes ports E4H FOH F1H F2H F3H and F4H The
decoding logic 1s implemented on the CPU board (Refer to Par-
agraph 5 1 5 Address Decoding for more information on Port
Map) U70 1s a bi-drrectional 8-bit transcewver used to butfer
data to and from the FDC and RS-232 circuits The direction of
data transfer 1s contralled by the combination of control signals
DISKIN® RS232IN* RRINT* and RDNMI® if any of these sig-
nals 1s active {logic low) U70 is enabled to drive data onto the
CPU data bus I bath signals are inactive {logic high) U701§
enabled to receive data from the CPU board data bus A sec-
ond buffer (U36)1s used 1o buffer the FDC chip data to the FDC

RS232 Data Bus (BD0-BD7) U36 1s enabled all the time and
iis direction controlled by DISKIN® Agan f DISKIN® is active
{logic low), data s enabled to drive from the FDC chip to the
Main Data Busses |f DISKIN® 1sinactive (logic lugh) datais en-
abled to be transferred to the FDC chip

Nonmaskable Interrupt Logic

Gate Array 4 4 (U18)1s used to latch data tits D6 and D7 on the
nsing edge of the control signal WRNMI™ Thus enables the con-
ditions which will generate a non-maskable interrupt to the
CPU The NM! interrupt conditions which are programmed by
doing an OUT instruction 10 port E4H with the appropnate biis
set If data bit 7 1s sel an FDC interrupt 1s enabled to generate
an NMinterrupt H data bit 71s reset interrupt requests reguest
from the FDC are disabled If data bit 61s set a Motor Time Out
15 enabled to generate an NMI interrupt If data bit 615 reset, in-
terrupts on Motor Time Out are disabled An IN instruction from
port E4H enables the CPU to determine the source of the non-
maskable interrupt Data bit 7 indicates the status of FDC n-
terrupt request (INTRQ) (0 = true, 1 ={alse) Data bit 6 indicates
the status of Motor Time Out (0 =1true, 1 =false) Data bit 5n-
dicates the status of the Reset signal (0 =true 1 =false) The
control signal RDNMI® gates this status onto the CPU data bus
when active (logic low)

Drive Select Latch and Motor ON Logic

Selecting a drive prior to disk | O operalion 1s accomphished by
doing an QUT instruction to port F4H with the proper bit set The
following table describes the bit allocation of the Drive Select
Latch

Function
Selects Dnve O when set*
Selecis Dnve 1 when sel”
Selects Dnve 2 when sel”
Selects Dnive 3 when set®
Selects Side 0 when reset
Selects Side 1 when set
Wnite precompensation enabled when set,
disabled when reset
Generates WAIT if set
Selects MFM mode if set
Selects FM mode f reset

Data Bit

(=N
- O

28 8 RE8R

“Only one of these bis should be set per output

Hex D fip-fiop U54 (74L174) latches the dnve select bits side
select and FM* MFM bits on the nsing edge of the control signal
DRVSEL" Gate Array 4 4 (LJ18) 1s used to latch the Wait Ena-
ble and Write precompensation enable bits on the nsing edge
of DRVSEL" The nising edge of DRVSEL" also tnggers a one-
shot (1 2 of U54 741.5123) which produces a Motor On to the
disk drives The duration of the Motor On signal 1s approx:-
mately three seconds The spindle motors are not designed for
continuous operation Therefore the inactive state of the Motor
On signal is used to clear the Dnive Select Latch which de-se-
lects any dnives which were previously selected The Motor On
one-shots retriggerable by simply executing another QUT -
struction to the Dnve Select Latch

Wait State Generation and WAITIMOUT Logic

As previously menthoned, a wait stale to the CPU can be miti-
ated by an QUT to the Dnve Select Latch with D6 set Pin 18 of
U18 will go high after thus operation This signal 1s inveried by
1/41th of U15 and 1s routed to the CPU where it forces the ZB0OA
nto a wait state The Z80A will remain in the wait state as long
as WAIT" is low Once initiated, the WAIT® will remain fow until
one of five conditions 1s satished If INTRQ, DRQ and RESET,
inputs become active (logic high) 1t causes WAIT™ to go high
which allows the Z80 to exit the wait state An internal imer in
U18B serves as a watchdog timer o insure that a wait condrtion
will not persist long enough to destroy dynamic RAM contents
This internal watchdoqg timer logic wiil imit the duration of a want
to 1024psec, even if the FDC chip should fail to generale a
DRQ or an INTRQ

It an OUT to Dnive Select Latch s mitiated with D6 reset (logic
low}, a2 WAIT 15 still generated The internal tmer m Ui8 will
count to 2 which wiil clear the WAIT state This allows the WAIT
to occur only duning the OUT instruction to prevent viclating any
Dynamic RAM parameters

NOTE: This automatic WAIT will cause a 5-1 wsec wait each
itme an out to Drive Select Latch 1s performed
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Clock Generation Logic

A 16 MHz crystal oscillator and a Gate Array 4.4 (U18) are used
to generate the clock signals required by the FOC board. The 6
MHz oscillator is implemented inlernal to U18 and a quartz
crystal (Y2). The output of the oscillator 1s divided by 2 to gen-
erate an 8 MHz clock. This 1s used by the FDC 1773 for all in-
ternal tirming and data separation. U18 further divides the 16
MHz clock to drive the walchdog timer circuit.

Disk Bus Qutput Drivers

High current open collector drivers U15 and U34 are used to
buffer the output signals from the FDC circuit to the disk drives.

Write Precompensation and Write Data Pulse Shap-
ing Logic

All Write Precompensation is generated internal to the FDC
chip 1773 (U17). Write Precompensation is enabled when
W6 goes high and Write Precompensation is enabled from
software. This signat is multiplexed with RDY by W6 is fed
into pin 20 of U17. Write Data is output pin 22 of U17 and is
shaped by a one-shot (1/2 of U586} which stretches the data
pulses to approximately 500 nsec.
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Floppy Disk Controller Chip

The 1773 1s an MOS LS| device which performs the functions
of a floppy disk formatter controller in a single chip implemen-
taton The following por addresses are assigned to the internal
reqisters of the 1773 FDC chip

Port No. Function

FOH Command Status Register
F1H Track Register

F2H Sector Register

F3H Data Register

4.2.16 RS-232-C Circuit
RS-232C Technical Description

The RS-232C circurt for the Model 4P computer supports
asynchronous senal transmissions and conforms to the EIA
RS-232C standards at the input-output interface connector
{J4) The heart of the circut 1s the TR1865 Asynchronous
Receiver/Transmitter U33 It performs the job of converting
the parallel byte daia from the CPU 1o a senal data stream
including start, stop, ang panty bits For a more detailled de-
scription of how this LS| circuit performs these functions, re-
fer to the TR1865 data sheets and application notes The
transmit and receive clock rates that the TR1865 needs are
supphed by the Baud Rate Generator U73 (BR1943) This
circult takes the 50688 MHz supplied by the system timing
circeut and the programmed information received from the
CPU over the data bus and divides the basic clock rate to
provide two clocks The rates avallable from the BRG go
from 50 Baud to 19200 Baud See the BRG table for the
complete hst

BRG Programming Table

Transmit’
Receive Supported
Nibble Baud 16X by
Loaded Rate Clock SETCOM
OH 50 08 kHz Yo
1H 75 12kHz Yes
2H 110 176 kHz Yes
3H 134 5 21523 kHz Yes
4aH 150 24 kHz Yee
SH 300 4 8 kHz Yas
6H 600 96 kHz Yos
™ 1200 19 2 kHz Yes
8H 1800 28 8 kHz Yoo
oH 2000 32 081 kHz Yes
AH 2400 38 4 kHz Yes
BH 3600 57 6 kHz Yos
CH 4800 76 8 kHz Yos
DH 7200 115 2 kHz Yes
EH 9600 153 6 kHz Yeos
FH 19200 307 2 kHz Yos

The RS-232C circuit 1s port mapped and the ports used are E8
to EB Following is a descniption of each port on both input and
output

Port Input Output
E8 Modem status Master Reset, enables UART
control register load

EA UART status UART control register load and
modem control
E9 Not Used Baud rate register ivad enable
o]
EB Recewer Holding  Transmutter Holding
register reqister

Interrupts are supported in the RS-232C circuit by the Interrupt
mask register and the Status register internal to GA 4 5 (U31)
which allow the CPU to see which kind of interrupt has oc-
curred Interrupts can be generated on recewver data register
full, transmutter register empty, and any one of the errors — par-
iy, framing, or data overrun This allows a mimmum of CPU
overhead in transferring data 1o or from the UART The interrupt
mask register 1s port EQ (wnile} and the interrupt status register
is port EQ (read) Refer to the 10 Port description for a full break-
down of all interrupts and thewr bit posihions
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All Model |, ]I, and 4 software written for the RS-232-C interface
is compatible with the Model 4P RS-232-C circuit, provided the
software does not use the sense swilches to configure the in-
terface. The programmer ¢an get around this problem by di-
rectly programming the BRG and UART for the desired
configuration or by using the SETCOM command of the disk
operating system to configure the interface. The TRS-80 RS-
232C Interface hardware manual has a good discussion of the
R3-232C standard and specific programming examples (Cat-
alog Number 26-1145),

Pinout Listing

The following list is a pinout description of the DB-25 connector
(P1).

Pin No. Signal

1 PGND (Protective Ground)
TD (Transmit Data)
RD (Receive Data)
RTS {Request to Send)
CTS (Clear To Send)
DSR (Data Set Ready)
SGND (Signal Ground)
CD (Carrier Detect)
SRTS {Spare Request 1o Send)
DTR {Data Terminal Ready)
RI (Ring Indicate)

—
oW N bh WN

NN
A%
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Model 4P Gate Array
I/0 Pin Assignments

Pin

4
]

CoNOO AN

BEEIBSREA2EBRY:

Ji
Signal

DATA STROBE
GND
PDO
GND
PD1
GND
PD2
GND
PD3
GND
PD4
GND
PD5
GND
PD6
GND
PD7
GND
N/A

. GND

BUSY

. GND
. OUTPAPER
. GND

UNIT SELECT .
NC

. GND

FAULT
N/A
N/A
NC
N/A
NC
GND

Pin

=
Q

[ R e e e e T
CORNINAWN2QOENDO RN

AV}
pury

M9 N3 D 1D 1N 1O 1D
LN AWM

bbb WWWWWWWWWWHR
SRREICOONGHEOR LSS

PN
QuB O

LN
cw

GND

EXTI
GND

. NC

. GND
. XMI
. GND

J2

. IOBUSINT*

. IOBUSWAIT*
. GND

OSEL"

XIOREQ*

GND
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OENDN RN

Signal

XDo
GND
XO1
GND
X0D2
GND
XD3
GND
XD4
GND
XD5
GND
XD6
GND
XD7
GND
XAQ
GND
XA1

. GND
. XA2
. GND
. XA3

GND
XA4

. GND
. XA5
. GND
. XA6
. GND
. XA7
. GND

XIN*
GND

. XouT*
. GND

XRESET"
GND
IOBUSINT*
GND
IOBUSWAIT®

. GND

EXTIOSEL"

. GND
"~ NC

GND
XMI*
GND
XIOREQ™
GND



-

-

PGND
D
RD
CTs
DSR

SGND
CD

19. SRTS
20. DTR

22. RI

7" Catenn Mw(m 3

(/‘](,.‘JA

o N ')

Signal

Ja J5 J7
Pin Signal Pin Signal Pin
No. No. No.
1. GND 1. DO 1.
2, 2. D 2.
3. GND 3. D2 3.
4. 4. D3 4,
5. GND 5. D4 5.
6. . 6. D5 6.
7. GND 7. D6 7.
8. DIP” 8. D7 8.
9. GND 9. GEN* 9.
10. DSO* 10. DCLK 10.
11. GND 11, A0 11.
12. D51 12, Al 12,
13. GND 13, A2 13.
14, °~ " R 14. J 14.
15. GND 15. GRAFVID 18.
16. MOTORON* 16. ENGRAF 18,
17. GND 17. DISPEN 17.
18. DIR" 18. VSYNC 18.
19. GND 19. HSYNC 18.
20. STEP” 20. RESET* 20.
21. GND 21. WAIT" 21.
22, WD 22. H 22.
23. GND 23. 1 23.
24, WG" 24. IN" 24.
25. GND 25. GND 25.
26. DTRKO™ 26, +5V 28.
27. GND 27. 27.
28. DWPRT" 28. CLi66" 28.
29. GND 29, GND 28,
30. DRRD* 30. +5V 30.
31. GND 31. GND 3.
32. SDSEL 32. +5v 32
33. GND 33. GND n
34. 34. +5V 34.
NN / v
anf tchrvan (ub-U- Shedher D30,/
A
. e oo il
.
J"CLL{ J—rw{c\.»\s u& 'L? j
*
A0
A
z 3 A
249
Cdd wed
.}

Hardware 145

J9
Signal

GND

VOUT

GND
VERTSYNC”
GND
HORZSYNC
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SECTION V

CHIP SPECIFICATIONS
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CHIP SPECIFICATIONS

4 4P 4 GATE ARRAY 4P GATE ARRAY
Motorola Motorola Motorola Motorola
MC 6835 MC 6835 MC 6835 MC 6835

Western Digital Western Digital Western Digital
BR 1943 BR 1943 BR 1943
(BR 1941L)
FD 1793 TR 1865 TR 1865
(WD 179X}
FDC 9216 WD 1773 WD 1773
TR 1865
WD 1943-00 MATRA MATRA
MMI MM Timing A. {4.1.1) Timing A. {(4.1.1)

PAL 16 RGA (166)
PAL 10L8 (208)

PAL 16L8 (268)
PAL 16L8 (368)

Zilog
280 A

PAL 16RGAS.T.
PAL 10L8 V.T.
PAL 10L8 C.T.

PAL 16L8 MeMep

PAL 16L8 Page Mep

Zilog
280 A

Address A. (4.2.0)
Video A. {4.3.0)

VTI
FDC A. {4.4.0)
RS-232 A. (4.5.0)
Zilog
280 A
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Video A. (4.3.0)

VTI
FDC A. (4.4.0)
RS-232 A. {4.5.0)
Zilog
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ARRAY #: 4.1.1

CIRCUIT NAME: System Timing
NO. OF PINS: 24

MAX. CLOCK FREQ.: 20.2752 MHz
OPER TEMP.: @¢°Cto70°C

OPERATING VOLTAGE & RANGE:
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FAST P

8064* -

MODSEL mw—-—

MAL  —

20.2752
MHZ I'J:_a OSC.}|»
CRYSTAIL
i
1.2672MHZ =
| 16
PLL 12 .672MHZ .
NE56 4 ;
1.2672MHZ 10

~————— PCLK
——®= RS232CLK

—————= SHIFT*
——— = XADR7*
————= CRTCLK
= LLOADS*

f—= DDT*

————= LOAD¥*

t——= DCLK

———= H
——— ]
— ]

24 PIN CHIP
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XTALY

XTALL
1.2M16
12M
1.2MLe
FAST
8I64*
MODSEL

N.C.

GND

BEB000000000
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SYSTEM TIMING SPECS

NUMBER PARAMETER MHN. TYP. MAX. UNITS
1 20M Cycle Time 483 n
2 20M Pulse Width (High) 20 ns
3 20M Pulse Width (Low) 20 ns
4 1M Cycle Time 98.6 ns
5 10M Pulse Width (High) 45 49 ™
6 18M Pulse Width (Low) 45 40 ns
7 RS232CLK Cycle Time 197.2 ns
8 RS232CLK Pulse Width {High) 92 n
9 RS232CK Pulse Width {Low) 92 m

10 PCLK™ (Fast) Cycle Time 246.6 ns
1" PCLK™ (Fast} Pulse Width (High} 110 ns
12 PCLK* {Fast) Pulse Width {Low} 110 ns
13 PCLK™ (/Fast} Cycle Time 493,2 ns
14 PCLK™ (/Fast) Pulse Width {High} 180 ns
15 PCLK™ (/Fast) Pulse Width {Low} 180 ns
16 PCLK”™ Rise Time 13 ns
17 PCLK" Fall Time 13 ns

DC CHARACTERISTICS (ALL PINS}

- Input Voltage Level (High} 20 v
- Input Voltage Level (Low) B \')
— Qutput Voltage Level {(High) 28 35 v
- Output Voltage Level (Low) 36 5 v
{ALL PINS EXCEPT CRTCLK QUTPUT)
- Input Current Level {High} 40 a
- {nput Current Level (Low) ~1.6 ma
- Output Current Level (High) —160 pa
- Qutput Current Level {Low) 3.2 ma
{CRTCLK QUTPUT}
- Qutput Current Level (High) —400 T ]
- Qutput Current Level (Low) 8 ma
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VIDEO TIMING SPECS

10,1376 MHz 12.672 MHz
NUMBER PARAMETER MIN. TYP, MAX. MIN, TYP. MAX. UNITS
1 VCLK Cycle Time 98.6 78.9 ns
2 VCLK Pulse Width (High} 49 30 ns
3 VCLK Pulse Width {Low} 4@ 30 ns
4 DCLK Cycle Time 98.6 78.9 ns
5 OCLK Pulse Width (High} 40 30 ns
6 DCLK Puise Width (Low) 40 30 ns
7 DOT Cycle Time 98.6 78.9 ns
8 DOT Pulse Width (High) 40 30 ns
9 DOT Pulse Width (Low) 40 30 ns
10 DCLK {te DOT 1 6 g5 ns
11 DCLK tto H, 1,41 27 27 ns
12 H Cycle Time 107.2 157.8 ns
13 H Pulse Width {High) og 70 ns
14 H Pulse Width {Low} 99 70 ns
15 | Cycle Time 394 4 3156 ns
16 | Pulse Width (High}) 190 150 ns
17 I Puise Width (Low) 120 150 ns
18 J Cycle Time 7888 631.2 ns
19 J Pulse Width (High) 385 305 ns
20 J Pulse Width {Low} 386 308 ns
A SHIFT Cycle Time
(64x16 & 89x24 Mode) 98.6 78.9 ng
{(32x16 & 40x24 Mode) 197.2 1678 ns
22 SHIFT Pulse Width (Low) 30 30 ns
23 SHIFT tto LOADS ¢ 1) 27" @ 27* ns
24 LOADS | to SHIFT 1 50" sp” ns
25 LOADS Pulse Width (Low) 70 98.6 70 789 ns
26 LOADS Tto SHIFT T 50" 50" ns
27 LOADS Cycle Time
{64x16 & BBx24 Mode) 7888 631.2 ns
{32x16 & 40x24 Mode) 1577.6 12624 ns
28 SHIFT T to LOAD t 5 5 ns
29 LOAD Pulse Width (Low} 40 30 ns
30 LOAD Cycle Time
(64x16 & 80x24 Mode) 7888 631.2 ns
{32x16 B 48x24 Mode) 1677.6 1262.4 ns
n LOAD %10 CRTCLK { 0 27 Q 27 ns
32 CRTCLK Cycle Time 788.8 631.2 ns
33 CRTCLK Pulse Width {High) 385 305 ns
34 CRTCLK Pulse Width {Low) 3856 305 ng
35 CRTCLK T{ to XADR7 {1 5 5 ns
36 XADR7 Cycle Time 788.8 631.2 ns
37 XADR7 Pulse Width {High) 385 305 ns
38 XADR7 Pulse Width (Low) 385 305 ng
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19

18

17

16

15

14

13

11

SIGNAL
PCLK
RS232CK
SHIFT*
XADR7*
CRTCLK
LOADS*
DOT*
LOAD*
DCLK

H
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MAX.
CAPACITANCE

35 pf
105 pf
35 pf
35 pf
35 pf
35 pf
35 pf
35 pf
35 pf
35 pf
35 pf

35 pf



ARRAY #: 421
CIRCUIT NAME: Address Decode
NO. OF PINS: 40

MAX. CLOCK FREQ.: 4 MHz
OPER. TEMP.: §°Cto70°C

OPERATING VOLTAGE & RANGE: 5% 5%
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MI
IOREQ
RD
WR
MREQ
RFSH

DESPAGE

ENPAGE

SRCPAGE
SEL1
SELY

Al5
Al4
Al3
Al2
All
Alp
LPADD

SIXTN
MOD4PpP

+5v

L

44 PINS USED

4¢ PIN CHIP

4.2.9

ADDRESS DECODE
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IN*
ouT*
MRD *
MWR *

RASEN@*

RASEN1*

MAPA15
RAMBUSDIR
RAMBUSEN*
RAMRDEN/MCYCEN
RAMWREN/ROMB *

BUSDIR*
BUSEN*

VIDEO*
KEYBD *
ROMCE*/ROMC *

LPRQ*

ROM* /ROMA *
(1/0)

(RAMRDMCYC)



M1 @ \
IOREQ @
R0 (3)
wr (4
MREQ @
RFSH  (6)
Al5 @
Al4
a13 (9
alz 4.2.1
all @
aly (12
LPADD @
LPRQ*
pESPAGE (19
ENPAGE
SRCPAGE @
SEL1
SELY
oD
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@ RAMBUSDIR
RAMBUSEN *
RAMRDEN/MCYCEN
RAMWREN,/ROMB *

@ BUSDIR*

O

N
@ VIDEO*

@ KEYBD *

@ ROMCE*/ROMC *
* *
@ ROM* /ROMA



SIGNAL NAME
MDDA4P

MI
IOREQ
RD

WR
MREQ
RFSH
DESPAGE
ENPAGE
SRCPAGE
SEL1
SEL®

Al1b5

Al4

Al13

Al12

Al1

Al10
LPADD
SIXTN

IN*

ouT*

MRD™
MWR™
RASENO™
RASEN1*
MAPA15
RAMBUSDIR
RAMBUSEN™

{(RAMRDMCYC) RAM RDEN/MCYCEN
RAM WREN/ROMB™

BUSDIR™
BUSEN™
VIDEO*
KEYBD*

ROMCE*/ROMC*

LPRQ™
ROM*/ROMA*

1 =INPUT
O =0UTPUT

MODEL A MODE

“I =4SV

MI
IOREQ
RD

WR
MRECGC
RFSH
DESPAGE
ENPAGE
SRCPAGE
SEL1
SELOG
A1b5

At4

A13

A12

AN

Ale
LPADD
SIXTN

IN*

ouT*
MRD*
MWR"
RASENQ*
RASEN1T*
MAPA15
RAMBUSDIR
RAMBUSEN™
RAMRDEN
RAMWREN
BUSDIR™
BUSEN4P*
VIDEQ4P*
KEYBD4P™
ROMCE™*
LPRQ*
ROM*

Hardware 163

e g i el pmed ] femw e e e e e amd e s R et P e

TOo0O000000CO0O0O0OO0OO0COOOO0O

MODEL 4 MODE

"0” = GND

M1
IOREQ
RD

WR
IOREQ
RFSH
DESPAGE
ENPAGE
SRCPAGE
SEL1
SELO
Alb

Al4

A13

Al12

Al

AlQ
LPADD
SIXTN

IN®

ouT”
MRD*
MWR™
RASENG™
RASENT*
MAPA15
RAMBUSDIR
RAMBUSEN"
MCYCEN
ROMB™
BUSDIR™
DATACNT™
VIDEQ4™
KEYBD4*
ROMC”
LPRQ™
ROMA*™

b g jumed Bl found Gend P B Pl et et et b ) (e ey o e i

QOO0 Q0COO0OOOLOLOOOOO



W ;M b WM -

*a

PARAMETER

{OREQ 14 * RD Tl to IN 1
JIOREQ T * WR 1 to OUT 41
RD 1§ to MRD |1

WR 1) to MWR |1

A15 I to RASEND T4

A15 T to RASENT T4

A15 1l to MAPA15 14

RD {1 to RAMBUSDIR {1
MREQ T4 to RAMBUSEN |1
A15—A10 1§ to RAMRDMCYC T
A15-A14 1} to RAMWREN 1!
MREQ 14 to ROMB {1
IOREQ 1T} to BUSDIR {1
RD 14 to BUSDIR {1
MREQ 1) to BUSEN {1
MREQ 1 to VIDEO {t
MREQ 1 to KEYBD {1
MREQ 1 to ROMCE {1
MREQ T4 to ROMC {1
MREQ 1{ to LPRQ {1
MREQ 14 to ROMA It
PCLK ti 1o PCLK It

PCLK Cycle Time

PCLK TtoMi1 t

PCLK { to MREQ T
A10—A15 tHto MREQ T
PCLK 1o RD 1

PCLK 1to A1@—A15 T
PCLK 1T to A10—-A15 1)
PCLLK 1to M1}

PCLK T to MREQ |

MREQ | to MREQ 1

|

RFSH T4 to RASEN ® or RASEN1 TJ
PCLK | to MREQ {

MREQ Pulse Width {High)

PCLK 1 to RFSH

A1—A9 1§ 10 LPADD 1

Control Lines 1{ to Affected Signals T4
AP—A15 Tl to IOREQ T

PCLK tto IOREQ ?

PCLK tto RD 1

PCLK tto WR 1
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MIN.

110

10

220

200

SPECS

TYP.

123
246

MAX,

35
35
35
35
50
50
50
35
35
50
50
35
35
35
5@
35
35
35
35
36
35

106
N

1M
128
128
136

N

N
136
35
91
126

30
86
91
35

81
N
71

UNITS

ns
ns

2aadaazarzazazad

ns

28332

ns
ns
ns
ns
ns

2aagd
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1/0 CYCLE

T3

TW

Tl

PCLK*

af-a15

IOREQ
RD
WR

Hardware 167

IN*

QUT*




DC CHARACTERISTICS (ALL PINS) ¢° —70°C

PARAMETER MIN. TYP. MAX.
Input Voltage Level (High) 20

Input Voltage Level {Low) 8
Output Voltage Level {High) 27 3.5

Cutput Voltage Level {Low) 35 5

{ALL PINS EXCEPT OUT*, RAMRDEN/MCYCEN)

Input Current Level (High) 2
Input Current Level {Low) -4
Output Current Leve! {High} —200

Qutput Current Level (Low) 4

{OUT*, RAMRDEN/MCYCEN)

Output Current Level {High} —400

Qutput Current Level {Low) 8
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UNITS

< € € <L

pa



W

(CUTPUT)

=
z

SIGNAL

IN*

ouT*

MRD*

MWR*

RASENQ*
RASEN1*
MAPA15
RAMBUSDIR
RAMBUSEN"
RAMRDEN/MCYCEN
RAMWREN/ROMB*
BUSDIR"

BUSEN*

VIDEQO*

KEYBD*
ROMCE*/ROMC"
ROMA*

LPRQ*
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MAX.
CAPACITANCE

35 pf
35 pf
35 pf
128 pf
36 pf
35 pf
35 pf
35 pf
35 pf
36 pf
35 pf
35 pf
36 pf
35 pf
35 pf
35 pf
35 pf
35 pf



ARRAY #: 430

CIRCUIT NAME: Video Support
NO. OF PINS: 40

MAX. CLOCK FREQ.: 12.672 MHz
OPER. TEMP.: ¢°Cto 70°C

OPERATING VOLTAGE & RANGE:

Hardware 170

5% 5%



-’

+5V

SRDO »— .

SRD1 w»m———

SRD2 w»m——m— EEEE——

SRD3 ®»—- I

SRD4 »—u-—+

SRD5 w»w———————y —

SRD6 pw»m——---— }————

SRD7 p»=——— ———ang
DISPEN o= ———eetf

RA2 pwo—oo—

RA3 p——— —

DLYCHAR ——————
DLYCHAR* #4—-«——§

CGA3 —-———— et}
CGA4 m— g
CGAS -w——-— —
CGA6 --—— g
CGA7 --— el
CGA8 —— =
CGA9 -w—— EEEE—
CGAlQ -4—  SEE—

39 PINS USED

40 PIN CHIP

4.3.4

VIDEO SUPPORT
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VOuT*

INVERSE
ENALTSET

LOAD *
LOADS *
SHIFT*

ENGRAF
GRAFVID
CLl166%*

CGD#
CGD1
CGD2
CGD3
CGD4
CGD5
CGD6
CGD7



CGA7
CGAS8
CGA9

CGALY

SRD7
SRD6

SRD5
SRD4

SRD3
SRD2

SRD1

SRDO
DLYCHAR*
DLYCHAR
DISPEN

CL166 *
ENGRAF
GRAFVID

VOUT %
GND

15

16
17
18

19
20
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40
39
38
37
36
35
34
33
32
31
30
29
28
27
26

25
24

23

22
21

+5V

CGAb6
CGAS
CGA4
CGA3
RA3

RA2

CGD7
CGD6
CGD5
CGD4

CGD3
CGD2
CGD1
CGDO
INVERSE
ENALTSET
LOAD*

LOADS *
SHIFT*



W,

*
*

*

OO NO;E WN =

26"
271
28
29
30
31
32

PARAMETER

SRDP—SRD7 T4 to LOAD

inputs DB—D7 of 1L.5273 t! to LOAD 1

LOAD 1 t0 CGA3--CGA1D T

RA2, RA3 1! to Outputs of LS153 T4

Inputs CGA3—-CGA100f 1.5153 T4 to Outputs T
DLYGRAPHIC { to Outputs of L5244 1|
DLYGRAPHIC T to Outputs of L§244 Tristate
ENALTSET M to CGA9 11

INVERSE 1 to Inputs D7 of LS273 1}
INVERSE 1! to INVDISPEN, CHAR 11
INVERSE 1} to Inputto 51 1}

SRD6 11 to CHAR 1!

DISPEN 1 to Input D@ of LS1756 T4

DISPEN 1! to INVDISPEN T}

ENGRAF 1) to INVDISPEN 14

ENGRAF T to Inputs of 51 T4

GRAFVID N to Input of 51 T}

CGDB—CGD7 *) to LOADS { & SHIFT 1

RA3 ™ to DLYBLANK 1} (0}
LOAD * to DLYBLANK 11 0
LOADS { to SHIFT 1

SHFT/LD | to SHIFT 1

CL166 T to QH T}

LOAD 1 to SHIFT 1

LOAD T to VIDEQ2 T4 =SHIFT 1 to VIDEO1 T}
GRAFVID T to VIDEO2 T4

VIDEO2 *, VIDEOT t to VOUT

ENGRAF T} to VIDEO2 1}

DLYCHAR™ 1 to CGDO—CGD7 Tristate
CRTCLK | to DISPEN

MIN.

&
Qﬂﬂﬂﬂﬂﬂ‘ﬂﬂ‘ﬁeeﬂs—‘

—h
W NS
BoS NS

TYP,

SPECS

n88833BIRRELELE

s &8

I+ 1+
momoe

o

150
300

T The delay from LOAD T to VIDEO2Z 1t should equal the delay from SHIFT T to VIDEO1 t4.

* Specs required for TLL components—can be changed to meet the setup & hold time specs of array logic.

**gpecs provided are for reference, timing is from external logic.
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UNITS

ns
ns

ns
ns
ns
ns

ns
ns
ns
ns
ns
ns

223333

ns
ns

anzda

ns
ns
ns
ns
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L

PARAMETER

input Voltage Level {High}
Input Voltage Level (Low)
Output Voltage Level {High)

Qutput Voltage Level (Low)

Input Current Level (High)
Input Current Level {Low)
QOutput Current Level {High)

Output Current Leve! {Low)

DC CHARACTERISTICS (ALL PINS) 8" — 7¢° C

MIN.

2.0

2.7

—200

TYP.

35
.35

Hardware 179

MAX.

UNITS

< € € <

B 3B



=
2

MW&I

8 8 .

13
14
19

SIGNAL

CGA10
CGAY
CGA8
CGA7
CGAb
CGASL
CGA4
CGA3
DLYCHAR™
DLYCHAR
vouT*
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MAX.
CAPACITANCE

35 pf
35 pf
36 pf
36 pf
35 pf
35 pf
35 pf
35 pf
35 pf
35 pf
35 pf



ARRAY #: 440

CIRCUIT NAME: Floppy Disk Support

NO. OF PINS: 24

MAX. CLOCK FREQ.: 8 MHz

MAX. PROP. DELAY THROUGHPUT: 75ns
OPER. TEMP: @¢°C to 70°C

OPERATING VOLTAGE & RANGE: 5V * 5%
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D&
D1
D2
D3
D5
D6
D7

RESET*

WRNMI *
RDNMI *

DRVSEL¥*

INTRQ
DRQ
WG

XTALY

XTAL1

24 PIN CHIP

FLOPPY DISK SUPPORT

Hardware 182

8MH?Z
ENP/RDY

MOTORON
EXTSEL

NMI
WAIT

16MHZ
XTAL



GND

SISINIOIOIOICOI0
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ORPLOHO®OOERVO®

VCC

XTALY
XTAL1
MOTORON
EXTSEL
NMI
WAIT
WRNMI *
RDNMI *
DRVSEL*
8MH 2
RESET*



SPEC.

PARAMETER MIN TYP MAX UNITS
1. Data Setup Time 560 ne
2. Data Hold Time 50 ns
3. Reset™ Pulse Width 70 100 Hs
4, Reset™ | to Wait or NMI | 75 n~
5. WRNML™ 1 to 74L574 Q's Outputs 1 75 (]
6. DRVSEL" | to MOTORON 1 75 n
*7. MOTORON Pulse Width {(Low) 3 4 5 $8cC.
8. DRVSEL* | to WAIT T 75 n
9. DRVSEL" {10 CLRWAIT T 500 1100 ns
10. DRVSEL"* | to WAITIMOUT T 1024 1050 M
11. DRVSEL* 1 to ENP/RDY 11 75 ns
12. DRVSEL™ t1o EXTSEL T 75 ns
13. INTRQ tor DRQ 1 to WAIT | 75 ns
14. INTRQ t or DRQ T to CLRWAIT | 75 ns
15. INTRQ t or DRQ 1 to WAITIMOUT { 75 ns
16. 8 MHZ Cycle Time 126 ns
17. 8 MHZ Pulse Width (Low) 50 62.6 ns
18. 8 MHZ Pulse Width (High) 50 826 "
19. WG 1 to ENP/RDY 1 75 ns
20. RDNMI* { to D@, D5-D7 Valid 75 ns
21. RDMMI* 1 to D@, D5-D7 Tristate @ 75 n

MOTORON Circuit Must Simulate a Retriggerable Monostable Multivibrator (74L8123)
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® O

QI LYLSIVL

va-1da

Lad-sa’'ga

» IWNQY

r AQ¥/dNda

oM

ZHWC

ZHWY

ZHWS

ZHWOT

D
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¥

OUTPUT

D@

Db

D6

D7

8 MHZ

ENP/RDY

MOTORON

EXTSEL

NMI

WAIT

CAPACITANCE LOAD

CAPACITANCE MAX.
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80 pf
80 pf
80 pf
80 pf
156 pf
15 pf
15 pf
15 pf
15 pf

15 pf



DC CHARACTERISTICS 0° ~ 79°C

(ALL PINS}
PARAMETER MIN. TYP. MAX. UNITS
Input Voltage Level (High) 2.0 v
Input Voltage Level (Low) B8 v
Output Volitage Leve! {High) 2.7 3.5 v
QOutput Voltage Level {Low) 35 B v
(ALL PINS EXCEPT MOTORON & D@, D5-D7)
input Current Level (High) 20 FT ]
Input Current Level {Low} -4 ma
Output Current Level (High) —-160 e
QOutput Current Level {Low) 3.2 ma
MOTORON
Output Current Level {High) —240 f )
Qutput Current Level (Low) 48 ma
D@, D5-D7
Input Current Level {High) 20 e
Input Current Level (Low) -4 ma
Output Current Level (High) -280 U
Output Current Level {Low) 5.6 ma
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ARRAY #: 450

CIRCUIT NAME: RS232 Support
NO. OF PINS: 40

OPER.TEMP.: 0°Cto7¢°C

OPER. VOLTAGE: 5V * 5%
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VCC

A0 1 9 RTS
Al 2 10 DTR
RDINTSTATUS 3 7 SRTS
WRINTMASKREG 4 B8 ENTD
RS232IN 5 21 OUTES
RS23200T 6 38 OUTE9
CcTs 14 11 OUTEA
DSR 15 4.5.0 23 OUTEB
cD 16 40 PIN 18 INEB
RI 20
RD 13 37 INT
PE 26
FE 25 27 BDY
DE 24 28 BD1
THRE 22 29 BD2
DR 19 30 BD3
RTCIN 36 31 BD 4
XINT 35 32 BD5
‘WR 39 33 BD6
N, . 11 34 BD7
12
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9

L

P

~

AQ-Al x VALID

P
o

T1 b
T2

WRINTIMASKREG,
RDINTSTATUS, y )
RS232IN, RS2320UT DL
G \ |
1 J )
o i
T7
T3 o] —
T4 tll— — T8
b1 3}
BDBUS v
D
{OUT) ( N VALI
(4 {
T5 T12 —T—- T9
T6 jt— — T1]l —py Tlﬂ‘l‘
BDBUS j )
b) 3
(IN) 1 € \ VALID
T13 —o= I-— o |<—Tl4
3 3
{ [
QUTXX X VALID X
OUTXX :

c-L
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MIN. TYP. MAX.

tq 168

ts 168

13 —34 0
9 ~-34 @
tg 75
tg 75
t7 34
tg 60
tg 24 250
t10 24 250
119 75

t12 75

ti3 75
t14 32

All Timing in NSEC.
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AP 93 4 Gate Array ... 27
4P Gate Array ___________________ 138 AP e 60
CPU Board 4P Gate Array .................... 105
A e 3 MODOUT
4Gate Array ........... ... 21 A e 16
AP e 57 AP e 82
4P Gate Array .................... 103 AP Gate Array ..........oiiiiinns 127
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4Gate Array ...t 36
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MC6835

Advance Information

CRT CONTROLLER {(CRTC)

The MCB835 is a ROM based CRT Controller which interfaces an
MPU system 10 a raster scan CRT display. It is intended for use in MPU
based controllers for CRT terminals in stand-alone or cluster configura-
tions. The MCB835 supports two selectable mask programmed screen
formats using the program select input (PROG).

The CRTC is optimized for the hardware/software balance required
for maximum flexibility. All keyboard functions, reads, writes, cursor
movements, scrolling, and editing are under processor control. The
mask programmed registers of the CRTC are programmed to control
the video format and timing.
® Cost Effective ROM Based CRTC Which Supports Two Screen

Formats
® Useful in Monochrome or Color CRT Applications
® Applications Include " Glass-Teletype,” Smart, Programmable, Intel-
ligent CRT Terminals; Video Games; Information Displays
Alphanumeric, Semigraphic, and Full Graphic Capability
Timing May Be Generated for Almost Any Alphanumeric Screen
Format, e.g., 80x 24, 72x 64, 132x 20
Single +5 Volt Supply
M6BO0 Compatible Bus Interface
TTL-Compatible Inputs and Qutputs
Start Address Register Provides Hardware Scroll {By Page, Line, or
Character}
Programmable Cursor Register Allows Control of Cursor Position
@ Refresh (Screen) Memory May Be Multiplexed Between the CRTC
and the MPU Thus Removing the Requirements for Line Buffers or

External DMA Devices
® Mask Programmable Interlace or Non-Interlace Scan Modes
@ 14-Bit Refresh Address Allows Up 1o 16K of Refresh Memary

for Use in Character or Semigraphic Displays
® 5-Bit Row Address Allows up to 32 Scan-Line Character Blocks
® By Utilizing Both the Refresh Addresses and the Row Addresses,

a 512K Address Space is Available for Use in Graphics Systems
@ Refresh Addresses are Provided During Retrace, Allowing the CRTC

to provide Row Addresses to Refresh Dynamic RAMSs
& Pin Compatible with the MC6845. The MC6845 May Be Used as a

Prowotype Part to Emulate the MCB835.

MAXIMUM RATINGS

MOS

{HIGH-DENSITY, N-CHANNEL,
SILICON-GATE DEPLETION LOAD)

MASK PROGRAMMED
CRT CONTROLLER
{CRTC)

L SUFFIX
CERAMIC PACKAGE
CASE 715

S SUFFIX
CERDIP PACKAGE
CASE 734

P SUFFIX
PLASTIC PACKAGE
CASE 71t

Rating Symbol Valus Unit
Supply Voltage Vee® | 03w +70)| v
input Voltage Vin® -0310 +7.0 v
Operating Temperature Aange
MC6835, MCE8A35, MCBSB3G Ta Ot +70 °C
MCB835C, MCBBA35C, MC68835C -5010 + 85
Storage Temperature Range Taig -5510 +150 | °C

"With respect to GND (Vgg).

PIN ASSIGNMENT

39 [JHS

~

=
>
X
W o oW P P oA W

MAS No1
MAG 102
MA7 1[2k]
MAB D4
M Nos
MA10 1]
MA11t D7
MA12 Cs
MA13 15
DE e

CURSOR W

Ttus docurment contams information on a new product. Specifications and information heren
are subject to change without notice

©MOTOROLA INC., 1984 ADI-861-R1
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DC ELECTRICAL CHARACTERISTICS (V=50 Vde +5%, Vgg=0, Ta=0 1o 70°C untess otherwise noted) |Reference Figures 2 4)

Characteristic Symbol | Min | Typ | Max | Unit
Input High Voliage VIH 20| - |vee| Vv
Input Low Voitage VIL -03] - jO08 [ V
Input Leakage Current ha - 01 ] 25 | pA
Hi Z (Off State! Input Current iV =526V IVip=04102 4V} 151 -10| - 10 rA
T oo 2o [s0] -
Output Low Voliage (ljgag =1 6 mA) Vo - 03[ 04 v
Internal Power Dissipation {(Measured at T =0°C) Pn — | 150 | 300 | mW
Input Capacitance DO-D7 C — — 125 of
All Otrers mn - -T1w
Qutput Capacitance AllOutputs | Cout - - 10 pF

BUS TIMING CHARACTERISTICS (Reference Figures 2 and 3)

Ident MC6835 MC68A36 | MCeBB3S
Number Charactensics Symbol | Min | Max | Min | Max | Min | Max] Unit
1 Cycle Time teye | 10| w {067 10 fFos| 10|
2 Pulse Width £ Low PWwWeg [430 — 280 - | 210 - ng
3 Puise Width, E High PWgy | 450 - 280 - 220 = ns
4 Clock Transition Time 1, 4§ - 25 - 25 ~ 20 ns
9 Address Hold Tume (RS) LAH w| - |Jw]|] - [w]| -] e
13 RS Seiup Relore E LAS 80 - 60 - 40 ns
14 W and CS Setup Before E tcs 80 - 60 - 40 - ns
15 Hold Time for W and T8 tCH 10 - 10 - 10 — ns
21 Wirte Data Hold Time Required woaw | 10| - J o] — JTwl - | ns
N Penpheral Input Data Setup psw | 165 | - 80 - 60 - ns

FIGURE 2 — MC6835 BUS TIMING

0, >
~——()- = >
E F Y
B )
S @ Ol e
RS
| |
W, CS
@ |
Whiite Data _} MPU Write Data E—
o=
NOTES

1 Voltage levels shown are V) =04V, Vy=2 4 V unless otherwise noted
2 Measurement pomts shown are 0 8 V and 2 0 V unless otherwise noted
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FIGURE 3 — BUS TIMING TEST LOAD

50V
Test Point AL=24kQ
C =130 pF for DO-D7
c A =30 pF for MAO-MA13, RAD-RA4,
MMDB150 DE, HS, V5, and CURSOR
or Equwv R=11 ka2 for 00-D7
=24 kil tor All Other Dutputs
CRTC TIMING CHARACTERISTICS {See Figure 4)
MCE835 MCB8A35 | MCEBB35
Characteristics Symbol | Min | Max | Min | Max | Min | Max Unit

Minimum Clock Pulse Width, Low PWge 1 180 - 140 | - 130 -~ ns
Minimum Clock Pulse Width, High PWcH | 150 - 140 - 130 - ns
Ciock Frequency fo 330 - 300 - 270 - ns
fuse and Fall Timne for Clock Input T, tf — 20| - 201 - 20 ns
Memory Address Delay Time tMAD - 63| - 160 | - 160 ns
Raster Address Delay Time tRAD - 6.0 | - 160 | - 166 ns
Display Tirming Delay Time DI - 20 - (280 )] - | 200 ns
Hornizontal Sync Delay Time tHsD - 2501 - |20 | ~ {200 ns
Verticat Sync Delay Time Wsp - 201 - B0} - 200 ns
Cursor Display Timing Delay Time tcpo - 20 - [d0] - 200 ns

FIGURE 4 — CRTC TIMING CHART

PWeH A [——— PW
CLK
. . &
r N
MAO-MA13 >< ><
k N S
e— TN AD— I Fee— 1\ A D—
j Y
RAQ-RA4
\‘
ME—IRAD 1—IHAD-—>|
N
DE
[€—1DTD [€—-10TD
| Y
N
HE
E—1HSD [ME—IHSD
| N
Vs
E—1y5D ME—tysD
N—
CURSOR
E—I1CDD [E—1C0D

NOTE Twming measurements are referenced 10 and from a low voltage of 0 8 volts and a high voltage of 2 U volis unless gtherwise noted
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MCE835

CRTC INTERFACE SYSTEM DESCRIPTION

The MCE835 CRT Controller generates the signals
necessary to interface a digntal system to a raster scan CRT
display In this type of display, an electron beam starts in the
vpper left hand corner, moves guickly across the screen and
returns This action 1s called a honzontal scan After each
honzontal scan the beam s incrementally moved down in the
vertical direction untl it has reached the bottom At this
point one frame has been displayed, as the beam has made
many honzontal scans and one vertical scan

Two types of raster scanming are used in CRTs, interlace
and non-interlace, shown i Figures 5 and 6 Non-interlacing
scanning consists of one field per frame The scan lines in
Figure & are shown as sohd ines and the retrace patlarns are
indicated by the dotted lines Increasing the number of
frames per second will decrease the flicker Ordinanly, either
a 50 or 60 frame per secand refresh rate 1s used to mimimize
beatng between the frequency of the CRT honzontal
osollator and the power line frequency This prevents the
displayed data from weaving or swamming

Interlace scanmng is used in broadcast TV and on data
monitors where high density or high resolution data must be
displayed Two fields, or vertical scans are made down the
screen for each single picture or frame The first field (Even

field) starts in the upper left hand corner, the second {Cdd
field) in the upper cemter Both helds overlap as shown in
Figure 6, thus interlacing the two fields nto a single frame

in order to display the characters on the CRT screen the
frames must be continually repeated The data to be
displayed s stored in the Refresh (Screen) memory by the
MPU controlling the data processing system The data 15
usually wntten 1in ASCIl code, so 1t cannot be directly
dispiayed as characiers A Character Generator ROM s
typically used to convert the ASCI) codes into the “dot’” pat-
tern for every character

The most common method of generating characters is to
create a matnx of '"x”" dots {columns) wide and "y dots
(rows) high Each character 1s created by selectively filing in
the dots As “x™ and "y"' get larger a more detailed character
may be created Two comman dot matnces are $x 7 and
7x9 Many vanations of these standards will allow Chinese,
Japanese, or Arabic letters nstead of Englsh Since
characters require some space between them, a character
block larger than the character is typically used as shown m
Figure 7 The figure also shows the corresponding tirming
and levels for a wideo signal that would generate the
characters

FIGURE 5 — RASTER SCAN SYSTEM (NON-INTERLACE)

f— Active Display

S

\ I S S W A
N——Reuace
oSS T

————DeaT=
“
=SSR

~

//\1 Verucal Retrace Penod

|
Honizontal Scan

Verucal Scan Period

Honzontal Retrace
Penod Penod

FIGURE 6 — RASTER SCAN SYSTEM {INTERLACE)

Even Number Feld (First)
——— e = Odd Number Field {Second)
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MCE835

FIGURE 7 — CHARACTER DISPLAY ON THE SCREEN AND VIDEO SIGNAL

One Charadter
Clock

r Ll

2
a Characiler
i Display
4]
One Line ¢ ¢
14 Scan ¢ d k4 4
Lines 8
10
> Line Space
12
\ 14 J

First Scan Line

Second Scan Line

Refernng to Figure 1, the MCE835 CRT controller
generates the Refresh addresses (MAO-MA13), row ad-
dresses (RAO-RA4), and the video uming (verucal sync —
VS, honzontal sync — HS and display enable — DE) Other
functions include an internal cursor register which generates
a Cursor output when its contents compare to the current
Refresh address A select nput, PROG, allows selection of
one of two mask programmed wideo formats {e g . for 50 Hz
and 60 Hz compatibility)

All tirming in the CRTC 1s denved from the CLK input In
alphanumenc terminals, thus signal s the character rate The
wvideo rate or "'dot” clock 15 externally divided by high speed
logic (TTL) to generate the CLK signai The tugh speed logic
must also generate the timing and control signals necessary
for the Shift Register, Latch and MUX Control shown in
Figure 1

The processor communicates with the CRTC through an
8-bnt data bus by writing into the five user programmable
registers of the MCB836

The Refresh memory address 1s muluplexed between the
processor and the CRTC Data appears on a secondary bus
separate from the processor’'s bus The secondary data bus
concept In no way precludes using the Refresh RAM for
other purposes It looks ke any other RAM 10 the processor
A number of approaches are possible for solving contentions
for the Refresh memory

1 Processor always gets prionty (Generally, “hash’ og-

curs as MPU and CRTC clocks are not synchromzed )

@ MOTOROLA Semiconductor Products inc.

2 Processor gets prionty access anyume, but can be

synchromzed by an interrupt to perform accesses only
dunng honzontal and vertical retrace times
Synchronize the processor with memory wait cycles
{states!}

Synchronize the processor to the character rate as
shown in Figure 8 The M6B00 processor family works
very well in this configuration as constant cycle
lengths are presert This method prowdes no
overhead for the processor as there s never a conten-
uon for a memory access All accesses are
transparent

FIGURE 8 — TRANSPARENT REFRESH MEMORY
CONFIGURATION TIMING USING MEB00 FAMILY MPU

‘E- CRTC Accesses
Refresh Memory

MPU Accesses
Refresh Memory

! {
Pty =natg of to/m—————m
l I

Where m, n are integers, 1. 1s character pencd




PIN DESCRIPTION

PROCESSOR INTERFACE

The CRTC interfaces to a processor bus on the data bus
{D0-D7) using CS, RS, E, and W for control signals

Data Bus {D0O-D7} — The data ines {DO D7) compnise the
write only data bus

Enable {(E} — The Enable signal s a high-impedance
TTL/MOS-compauble input which enables the data bus in-
put/output buffers and clocks data to the CRTC This signal
15 usually denved from the processor clock The high to low
transition 1s the active edge

Chip Select (CS) — The €S hne 15 an active-low high-
impedance TTL/MOS-compatible wnput which selects the
CRTC write to the internal register file This signal should
anly be active when there 15 a valid stable address being
decoded from the processor

Register Select (RS) — The RS line 15 3 high-impedance
TTL/MOS-compatible nput which selects either the Ad-
dress Register (RS="0"} or one of the Data Registers
{RS="1") of the internal register file when CS 1s low

Write (W) — The W line 15 a high-impedance TTL/MOS-
compatible input whtch determines whether the internal
register file gets wntten A write 1s defined as a low level

CRT CONTROL
The CRTC prowvides honzontal sync (HS), vertical sync
{VS), and display enable {DE} signals

NOTE — Care should be exercised when interfacing to
CRT monitors as many monitors claiming to be “TTL com-
patble,” have transistor input circuits which require the
CRTC or TTL devices buffenng signals from the CRTC/video
circuits 1o exceed the maximum rated drive currents

Vertical Sync {VS) and Horizontal Sync (HS) — These
TTL-compatible outputs are active-high signals which drive
the monitor directly or are fed to the video processing cur-
cuiry 1o generate a composite video signal The VS signal
determines the vertucal posiion of the displayed text while
the HS signal determines the honzontal position of the
displayed text

Display Enable (DE} — This TTL-compatible cutput is an
active-high signal which indicates the CRTC 1s providing ad-
dressing in the active Display Area

REFRESH MEMORY/CHARACTER GENERATOR AD-
DRESSING

The CRTC prowvides Memory Addresses IMAO-MA13) to
scan the Refresh RAM Row Addresses (RAO-RA4) are also
prowided for use with character generator ROMs In a
graphics systern both the Memory Addresses and the Row
Addresses would be used to scan the Refresh RAM Both

@ MOTOROLA Semiconductor Products Inc.
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the Memory Addresses and the Row Addresses continue 10
run during vertical retrace thus allowing the CRTC to provide
the refresh addresses required to refresh dynamic RAMs

Refresh Memory Addresses (MAQ-MA13) — These 14 out-
puts are used to refresh the CRT screen with pages of data
located within a 16K block of refresh memory These outputs
are capable of driving one standard TTL load and 30 pF

Row Addresses (RAQ-RA4) — These five outputs from the
internal Row Address counter are used 1o address the
Character Generator ROM These cutputs are capable of
driving one standard TTL load and 30 pF

OTHER PINS

Cursor — This TTL-compatible output indicates a vahd
Cursor address 10 external video processing logic it 1s an
active-high signal

Clock {CLK} — The CLK 15 a TTL/MOS-compatble mput
used 10 synchronize all CRT functions except for the pro-
cessor interface An external dot counter 1S used to dernve
this signal which 15 usually the character rate i an
alphanumenc CRT The active transiion 1s hugh-ta-low

Program Select (PROG) — This TTL-compatble mput
allows selection of one of two sets of mask programmed
video formats Set zero is selected when PROG is low and
set one 15 selected when PROG 1s high .

Vee, GND — These inputs supply +5 Vdc +5% to the
CRTC

RESET — The RESET input i1s used to reset the CRTC
Functionality of RESET differs from that of other M6800
parts AESET must remain low for at least one cycle of the
character clock {CLK] A low level on the RESET input
torces the CRTC into the following state

a All counters in the CRTC are cleared and the dewice

stops the display operation

b All the outputs are driven low, except the MAD-MA13

outputs which are driven to the current value in the
Start Address Register

¢ The control registers of the CRTC are not affected and

remain unchanged

d The CRTC resumes the display operation immediately

after the release of RESET

CRTC DESCRIPTION

The CRTC consists of mask-programmable honzontal and
vertical urming generators, software-programmable linear ad-
dress register, mask-programmable cursor logsic and control
crcuitry for interfacing to a M6800 family rmicroprocessor
bus

Al CRTC urming 1s denved from CLK, usually the output of
an external dot rate counter Concidence {COY circuits con-
tinugusly compare counter contents to the contents of the




MC6835

TABLE 1 — INTERNAL REGISTER ASSIGNMENT

CS| RS A:du:-szne?nstgr Reg;s!er Register File Pragnr:m Read Wite 7 GNlémtfr gf ans1 3
T XXX X]IX]X X - - - -
O] O X|X[X|X]{X AR |Address Register - No Yes
RO |Honzomal Toal Char No No
R1 Hornizontal Displayed Char No No
R2 H Sync Pesition Char No No

Note 3 R3  |Sync Width - No No VIVviv|v|H|H]H]H
R4 {Verucal Total Char Row No N
R5 |V Total Adjust Scan Line No No
R6 |Vertical Displayed Char Row No No
R7 |V Sync Position Char Row No No

R8 |Interlace Mode and Skew Note 1 No No c|c|oj|o Nl
R9  |Max Scan Line Address Scan Line No No

R10  |Cursor Stant Scan Line No No B|P {Note 2)
R11  |Cursor End Scan Line No No

o) 1]oj1]|1lo]o R12 |Start Address [H) - No Yes 0l0
1) 1loj1)11]0]1 R13 |Start Address (L) - No Yes
0 1TJoj1j]1]0 R14 |Cursor (H)} — No Yes 010
o) rv]ol1py{r] R15 |Cursor (L) - No Yes
NOTES

1 The Interlace Control 1s shown in Table 2 while Skew Control 1s shown in Tabie 3
2 Bit b of the Cursor Start Raster Register 5s used 10 blink penod conirol, and Bt & 15 used 1o select bhnk or non-blink
3 RO-R11 are mask-programmable and are not accessible via the data bus

mask pregrammable register file, RO-R11 For honzontal im
ng generation, comeansons result in
1 Honzomal sync pulse (HS) of a frequency, position
and width determined by the register contents
2 Honzomal Display signal of a frequency, position and
duration determined by the register contents
The horizontal counter produces H clock which drives the
Scan Line Counter and Verucal Control The contents of the
Raster Counter are continugusly compared to the Max Scan
Line Address Register A comcidence resets the Raster
Counter and clocks the Verucal Counter
Comparisons of Vertical Counter contents and Verucat
Registers result in
1 Verucal sync pulse (VS) of a frequency, pesiion and
width deterrmined by the register contents
2 Verucal Display signal of a frequency, position, and
duration determined by the register contents

The Vertical Control Logic has other functions

1 Generate row selects, RAO-RA4, from the Raster
Count for the corresponding interlace or non-interlace
modes

2 Extend the number of scan hines 1in the verucal total by
the amount programmed in the Vertical Total Adjust
Register

The cursor logic determines the size and blink rate of the
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cursor as indicated by the register contents

The Linear Address Generator 1s driven by CLK and
locates the relative positions of characters 1n memory and
therr positions on the screen Fourteen outputs, MAO-MA13,
are avalable for addressing up to four pages of 4K
characters, eight pages of 2K characters, etc

Five addinonal write-only registers define the Start Ad-
dress and cursor posinon  Using the Start Address Register,
hardware scrolling through 16K characters 1s possible The
Linear Address Generator repeats the same sequence of ad-
dresses for each scan Iine of a character row The Start Ag-
dress Register and the Cursor Position Register are program-
med by the processor through the data bus, DO-D7 and the
control signals — W, CS, RS, and E Refer to Figure 9

REGISTER FILE DESCRIPTION

The MC8835 has 17 control registers of which 12 are mask
programmable The remaining five registers — Address
register, Start Address register pair, and Cursor Position
register pair — are wite-only registers programmed by the
MPU These registers control honzontal timing, vertical um-
ng, wnterlace operation, row address operaton and define
the cursor, cursor address, and start address The register
addresses and sizes are shown in Table 1




MC6835

FIGUREY — CATC BLOCK DIAGRAM

ATy
RO-2
co Address Register
and Decoder
Horizontal HH
CLK CTR ( + 256} co go| Horizontal Total
MC Reg.
aed S
> @ H Displa —_D'—“‘ DE
Y Hend(-—T-h R play
H Horizonal Displayed
Cco R1 Reg.
Horizontal
HS »~ CE
Sync Width .
CTRI= 18) | __> Co R2| Sync Position Reg.
o MC -
v 3 > 2 o] = HS
CLK
Horizontal Sync
Cco R3|  width Register
Character
= Row 4| Vertical Total Reg.
CTR { -+ 128) o ki - b
MC
)
Y
RS Vertical Total
Adjust Register
Vertical [ V Display
H » Control o o] Vertical Dispia
HH - | Reg.
! Vertical Sync
+— :>E R7|  Ppasiton Reg.
= VS
< RB] Interlace Mode Reg.
S‘-— Max Scan Line
H co R9 Address Reg.
_1-| ;—hrol Cursor Start Reg. ]
Cursor o
N o

R‘HI Cursor End Reg.

Hend —» Linear C . Start Address Reg.
Address
CLK—®  Generator R4
__] co Ri5] Cursor Address Reg.
RAC-RA4 {j MAO-MA13 l £0-07
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MC6835

MASK PROGRAMMABLE REGISTERS RO-R11

The twelve mask programmable registers determine the
display format generated by the MCG835 The PROG nput s
used to select one of two sets of register values

Figure 10 shows the visible display area of a typical CRT
momtor giving the point of reference for honzontal registers
as the left most displayed character position Honzontal
registers are programmed in character clock time units with
respect to the reference as shown in Figure 11 The point of
reference for the verucal registers 1s the top character posi-
tion displayed Vertical registers are programmed in
character row times or scan hine times as shown in Figure 12

Horizontal Total Register (R0) — Trus 8-bit register deter-
mines the honzontal sync {HS) frequency by defining the HS
penod in character umes It 15 the total of the displayed
characters plus the non-displayed character umes {retrace)
minus one

Horizontal Displayed Register (R1) — This 8-bit register
determines the number of displayed characters per ine Any
8-bit number may be programmed as long as the contents of
RO are greater than the contents of R1

Horizontal Sync Position Register (R2) — This 8-bit
register controls the HS position The honzontal sync posi-
tion defines the honzontal sync delay {Front Porch) and the
hornizontal scan delay (Back Porch) When the programmed
value of thus register 15 increased, the display on the CRT
screen 15 shifted to the left When the programmed value 1s

decreased the display s shifted to the nght Any 8-bu
number may be programmed as long as the sum of the con-
tents of R1, R2, and the lower four bits of R3 are less than
the contents of RO

Sync Width Register {(R3) — Ttus 8-bit register deterrmines
the wadth of the vertical sync {VS) pulse and the honzontal
sync {HS) pulse Programmung the upper four bits for 1-10-15
will select VS pulse widths from 1-to-15 scan-line mes Pro-
grarmming the upper four bits as zeros will select a VS pulse
width of 16 scan line tmes The HS pulse width may be pro-
grammed from 1-10-15 character clock pernods thus allowing
compatibility with the HS pulse width specifications of many
different morwtors |f zeros are wnitten into the lower four
nts of this register, then no HS s provided

Horizontal Timing Summary (Figure 11) — The difference
between RO and A1 1s the honzontal blanking interval This
interval in the honzontal scan penod allows the beam to
return {retrace) to the left side of the screen The retrace time
15 determined by the monitor's horizontal scan components
Retrace time 15 less than the horizontal blanking interval A
good rule of thumb 1s to make the honzontal blanking about
20% of the total horizontal scanning perniod for a CRT Inn-
expensive TV recewvers, the beam ogverscans the display
screen so that aging of parts does not result in underscan-
ming Because of this, the retrace tme should be about 1/3
the honzontal scanning period The honizontal sync delay,
HS pulse width and hornizontal scan delay are typically pro-
grammed with 1 2 2 ratio

FIGURE 10 — ILLUSTRATION OF THE CRT SCREEN FORMAT

.

Number of Honzontal Total Char (Nht+ 1}

Nurnber of Honzontal Displayed Char lthl———|

Fondban,

AFBIFC

}Lune

Maximum Scan Lines (Nr+ 1)

Number of Vertical Total Char {Nvt+ 1)
—MNumber of Vertucal Displayed Char {Nvd)

Display Penod

Hornizontal
Retrace
Penod

Vertcal Retrace Period

Total Scan Line Adjust {Nad))—

NOTE 1 Timing vaiues are described in Table 8

@ MOTOROLA Semiconductor Products Inc.

10




MC6835

G age] W paquasap sse senjea Bumu] | 3JON

0=E1Y4/ZLY Joj umoys 51 Bulun] giH/ZLY 1e1sibay ssaippy
VBLS JO SIUIU0Y Ayl AQ PAUILLIBIAP S G 1BILIUI AY | $MOJ JBYI0 J0) G| 8snBig Ui 1iey) 335 AjuO MO4 UEDS PRAR|IDSID 151y J0) umoys s Bun)

N—\ N

1. _Juadsi
* e A >
| | _

| N
f / /«
[AeIaq UEIS) LIOG Yoeg N ety [ 80 2uAS) 42109 oty ruuz>mx
! _ﬂacﬁ_g a8ing mI_J _Nm__ UOINSOg JUAG |RIU0ZIOH ‘_

I I I 1” I I ] ] |_|” | I 1 1 [+ =eeu)
! | | dsupy | —o5uy _ _ | PUN - PUy| H [ 1 Pz Tl oy
T N | T A i _ _ T P S S E B B |
| i ]
nfilTTnT*.mEs_ oV

1N | 9N L=y PUN -PUN _ [ I ¢t 0

2
- a%eJ18y |PIUOZIZOH "._ﬂ % x PNy} ARldsIg _ﬂco~_81|4l||ﬂ

N x ) + N =191 >
04} eI, |euozucH

ONIWIL TYLNOZIHOH DLHD — LI 34N

conductor Products Inc.

Semi
11

@ MOTOROLA

3




‘G 8|geL Ul paquosep ele senjea Buwny 'z

"8UIN UEDS [EJUOZUOY % 185440 S| P|9l4 PPO aYl — 9 ainbiy 01 188y |
S3LON
PO DAPIA PUB JUAS B0B|IBIU| 10} Jaqunu PPo ue aq 1snw ISy, |,

‘gdwexa Buun syl w1 053z S Yy ‘215IBaY SSAUPPY LIBIS) SLH/ZLH AQ PAUILLIBIEP S WA (e, ,
"$9POW 80B|1B1UI YlOq JOJ 1B8QUINU PPO ug ag Ismu Wy,

r A N Ny T e
| Ae(dsiq
“ _ _ | _ _ _
N, ] N ] i
Ne - — = } t vt | * 1 (P23 PPO)
ASA
e~ T_._ & L “ oo
- A [ { I N I ! _
i N ’4 _ __ 1 T N T 1 T 1 (PR14 U3AT)
| T ' ) | 1Y) uomsOy ! i I | INASA
| ) asind ~J _ [ JUAG [RIIIBA 1 | \ V_
e ' ] DUAS [EDILIEA N L . L 1 (3901J3LU|[-UD
m AefaQ UBIS [RIILIBA v _IIIIII— Aelag ouAgy | ) _ | A | | | (3981 u_z>mz..“
| _Al_m_ xgl—m] BB A | _ | i | [ | |
|+ WA . ] dsay | | —dsay N I LR [, o | | 4 moy
- - el
“ —Ny 1 L N—t } 1 | R 1 u_ Ji-31 3110
_ | i ! _ _ PIaN+ PN =P Ly g Tzz 0
| _ _ ! _ _ _ *_ * EIVYW-OVN
0 TUBWS100) 0l SaNUILUGY $58iPPyY
! mM_wuwm%m_ww_u b - i f - UL =050 Pl 1 - PN ]! [ P prig epo
=PI ey wo ! Lo | sy By 1o 1 BN t win | apoy oopia
N pue JUAG
T-_..:..J * o4 a0BIBIU} §1
a0e1ay 1eIILIBA t 19y x PAN = Aeydsiq |edriap 1
e (GH1 18nlpy [B10] [€ILBA + (pY) (E10] (BIIBA > P H-OTH
aws) pey

15) anmZ+u.:x__. +ANy =y

ONIWIL T¥ILHIA J1HD — Z1 38NDId

12

@ MOTOROLA Semiconduclor Products inc.




TABLE 4 — CURSQOR AND DE SKEW CONTROL

Value Skew
0.9] No Character Skew
4] One Character Skew

10 Two Character Skew
1" Not Avalable

Maximum Scan Line Address Register {(R9) — This 5-bit
register determines the number of scan lines per characier
row ncluding the spacing thus controlling operation of the
Row Address counter The programmed value s a maximum
address and 15 one less than the number of scan lines

Cursor Start Register {R10) and Cursor End Register (R11)

These registers allow a cursor of up 10 32 scan ines In
height to be placed on any scan line of the character block as
shown in Figure 14 R101s a 7 bit regster used 1o define the
start scan line and blink rate for the cursor Bits 5 and 6 of
the Cursor Start Address Register control the cursor opera-
tion as shown i Tabie 4 Non-display, display and two bhnk
modes (16 tmes or 32 umes the field penod} are avalable
R11 15 a 5-bit register which defines the last scan line of the
cursor

When an external bhink feature on characters s required, it
may be necessary to perform cursor bhink externally so that
both blink rates are synchrornized Note that an mvert/non-
mvert cursor 1S easlly implemented by programming the
CRTC for a biinking cursor and externally inverting the video
signal with an exclusive-OR gate

PROGRAMMABLE REGISTERS
The four programmable registers allow the MPU 10 pos

tion the cursor anywhere on the screen and allow the start
address to be modified

The Address Reqister 1s a five-bit write-only register used
as an "indirect’” or “'pointer”’ register 11s contents are the ad-
dress of one of the other 18 registers When bath RS and CS
are low, the Address Register is selected When CS 15 low
and RS 1s high, the register pointed 1o by the Address
Register 1s selected

Start Address Register (R12-H, R13-L) — This 14-bit
write-only register pair comrols the first address output by
the CRTC after verucal blanking 't consists of an 8-bit low
order (MAD-MA7) register and a 6-bit high order (MAS-
MA13) register The start address register determines which
portion of the refresh RAM 1s displayed on the CRT screen
Hardware screlling by character, line or page may be ac-
complished by modifying the contents of this register

Cursor Register (R14-H, R15-L} — This 14-tit write-only
register pair 1S programmed to position the cursor anywhere
in the refresh RAM area thus allowing hardware paging and
scrolling through memory without loss of the oniginal cursor
position It consists of an 8-bit low order IMAQG-MATZ) register
and a 6-bit hugh order (MAB-MA13) register

CRTC INITIALIZATION

Registers R12-R1% must be imtialized after the system 1s
powered up The processor will normally load the CRTC
register file from a firmware table Figure 15 shows an MG800
program which could be used to program the CRT Con-
troller

FIGURE 14 — CURSOR CONTROL

1 | | L.
F on ! ot | on |
.___’: ! Bhnk Penod =
| | 16 or 32 Times
Field Period
Example of Cursor Display Mode
4] 0 0=
1 1 1—(
2 2 2
3 3 3 P-4
: ; a D&
5 5 5y
] 6 4]
7 7 7
8 g 8
9D ind 9 9
10 10 10
" 11 1

Cursor Start Adr =9
Cursor End Adr =9

Cursor Start Adr =9
Cursor End Adr =10

@ MOTOROLA Semiconductor Products Inc.
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)

ADDITIONAL CRTC APPLICATIONS quired 1o meet system specifications The worksheet of
The foremost system function which may be performed by Table 5 15 extremely useful In computing proper register
the CRTC controller 15 the refreshing of dynamic RAM This values for the MCB835 The program shown in Figure 15 may
15 quite simple as the refresh addresses continually run be expanded to properly foad the calculated register values in
Both the VS and the HS outputs may be used as a real the MCB845 Once the two sets of register values have been
ume ciock Once programmed. the CRTC will provide a developed, fill out the ROM program worksheet of Figure 18
stable reference frequency To order a custom programmed MCB83S, contact your
local field service office, local sales person or your local
SELECTING MASK PROGRAMMED REGISTER VALUES Motorola representative A manufactunng mask will be
A prototype system may be developed using the MCE845 developed for the data entered in Figure 18

CRTC This will allow register values to be modified as re-

FIGURE 15 — M6800 PROGRAM FOR CRTC INITIALIZATION

PAGE @@1 CRTCINIT.SA:1 MC6835 CRTC initialization program

fppal NAM MC6B835

goep2 TTL CRTC inltialization program

ooee3 OPT G,S,LLE=85 print FCB'x, FDB's & XREF table
39534 (222 EEE S SRS SRS RS EE RS SRR R RS RS SR SRR R E R RS R R E DRSS E S
#0005 * Assign CRTC address

299086 *

geeo7 9¢38 A CRTCAD EQU 59990 Address Register

gpoos 9981 A CRTCRG EQU CRTCAD+1 Data Register

08069 X TS EE R R R REEEE SRS SRR RS ET RS EE RS NSRS SRR SRS RS R 2 & 8 ]
geale * Initialization Program

2911 *

0e12A 0008 ORG 7 a place to start

PBE13R BEGEG C6 BC A LDAB $C initialize pointer

009142 9902 CE 1920 A LDX 38RTTAB table pointer

P0@15A @005 F7 9¢@d8 A CRTCl STAB CRTCAD load address register

00B16A G008 A6 00 A LDAA 9,% get register value from table
02217A O0OA B7 9001 A STAA CRTCRG program register

fAQ18A @¢@D @8 INX increment counter

209194 @OGQE SC INCB

200282 @OPF D1 1@ A CMPB 510 finished?

29921A BO11 26 F2 99485 BNE CRTCL no: take branch

B8622A 9813 3F SWI yes: call monitor

aap23 L2222 2SR RRE2 2RSSR R RS2 RS2 2222222 R X222 2R R R X
AR@ez4 * CRTC register initialization table

89825 *

299262 1929 ORG $1p29 start of table

0ap27A 1920 P@83 A CRTTAB FDB $0880 R12, R13 - Start Address

Pe@28Aa 1822 @980 A FDB Soe8e R14, R15 - Cursor Address

ea29 END

TOTAL ERRORS @0009--000080

CRTC1 @085 CRTCAD 900¢ CRTCRG 90¢1 CRTTAB 102¢

@ MOTOROLA Semiconductor Products Inc.
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OPERATION OF THE CRTC

Timing of the CRT Interface Signals — Timing charts of format of this example 1s shown in Figure 10 Figure 17 1s an
CRT interface signals are lustrated in this section with the #ustrauon of the relation between Refresh Memory Address
aid of programmed exampte of the CRTC When values {(MAQ MA13), Raster Address (RAC-RAd) and the position
listed n Table 7 are prograrmmed into CRTC control on the screen In this example, the start address 15 assumed
registers, the dewvice provides the outpuls as shown in the 10 be "'0”

Timing Diagrams {(Figures 11, 12, 16, and 17) The screen

TABLE 7 — VALUES PROGRAMMED INTO CRTC REGISTERS

::gr:‘s;:: Regster Name Value Pm%r:l::ned
RC |H Total Npy+ 1 Nht
R1 H Displayed Mhd Nhd
AZ |H Sync Posiion Nhsp Nhsp
A3 IH Sync Widih Nhgw Nhswe
R4 |V Total Nyp+ 1 Nyt
RS IV Scan Line Adjust Nag Nady
R& |V Displayed Nyd Nyd
R7 [V Sync Posion Nysp Nysp
R8  |Interiace Mode
R® |Max Scan Line Address Ng| Ngi
R10  |Cursor Start
R11  |Cursor End
R12 |Start Address {H) 0
R13 |Start Address (L) Q
R14 |Cursor (H)

R15  |Cursor (L)

@ MOTOROLA Semiconductor Products inc.
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FIGURE 18 — ROM PROGRAM WORKSHEET
The value in each register of the MCE845 should be entered without any modifications. Motorola will take care of translating into the appropriate
format.
O All numbers are in decimal. T All numbers are in hex.
ROM ROM
Program Program
Zero One
(PROG=0) {PROG=1)
RO
R1
R2
R3
R4
RS
R6
R7
A8
RS9
R10
R11
ORDERING INFORMATION
Package Type Frequency (MHz2) Temperature Order Number
Ceramic 1.0 0°C 10 70°C MCE835L
L Suffix 1.0 -50°C to 85°C MCE835CL
1.5 0°C to 70°C MC68A35L
1.5 —560°C 10 85°C MCB3A35CL
20 0°C to 70°C MCE8B35L
2.0 -50°C to 85°C MC68B35CL
Cerdip 1.0 0°C to 70°C MCBB35S
S Suffix 1.0 -50°C 10 85°C MCBB35CS
1.5 0°C to 70°C MC68A35S
15 -50°C 10 B5°C MCEBBA3SCS
20 0°C to 70°C MC6BB35S
2.0 -50°C 10 85°C MC68B35CS
Plastic 1.0 0°C to 70°C MC6835P
P Suffix 1.0 -50°C 10 B5°C MCB835CP
1.5 0°C to 70°C MC6BA35P
18 ~50°C 10 856°C MCB8A3SCP
20 0°C 10 70°C MC68B35P
20 =50°C 10 85°C MCe8B35CP
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MCB835e

PACKAGE DIMENSIONS

* ! ] L SUFFIX
i B CERAMIC PACKAGE
T CASE 11504
: il
; T s
IF y MILLIMETERS] INCHES
t=—TT=TT | i [ WM | MAX ] WN ] max
—~—+HHP-1 € 2] S131 | 1980 | 2020
et Vo TN B[ 1994 [I534 foSi 0604 |  NOTES
C ] 3051 406 [0V 0160 ) LEADS TRUE POSITIONED WITHIN 025 mm
H— = SEATING PLANE __] L K X 38| 0853|0015 ] 0020 (0010} DIA (AT SEATING PLANE} AT MAX
b G L, w4 761 140 [ 0030 ] 00st MAT L CONDITION
G | 7s4esC_ | DIBSC 2 DIMENSION L TO CENTER OF LEAOS
7 7 75 WHEN FORMED PARALLEL
] o8 | 0013
[3 1} 4 100 165
U [resa 1549 (0580 [ 060
W] [we] - [»
W[ 1071 167 [Gow0 L0060
shﬁﬂﬁﬁﬁﬁﬁﬂnnnﬁ_ﬁﬁﬁnﬁg '
P SUFFIX
D s PLASTIC PACKAGE
CASE 711-03
o 5
MV U U UVUT Uty
—— A - - L -
14
ni WILLIMETERS
t 0iM| Mils | Max L
[ I Q' L M NOTES
1 Jo- At ) POSITIONAL TDLERANCE OF LEADS (D)
. e e x a4 700 SHALL BE WITHIN € 25 mm 0 010) AT
- - ° At L] o 0% MAXIMUM MATERIAL COMDITION IN
A 021 RELATION T0 SEATING PLANE AND
G 2 54 B3 EACH OTHER
H tB5% E 2 DIMENSION L TO CENTER OF LEADS
P WHEN FORMED PARALLEL
X 292 3 QIMENSION B DOES NOT INCLUDE
L | i524esc | neoGBSC MOLD FLASH
] [T 150 [
M 051 | 102 {00z 1 0040

S SUFFIX

CERDIP PACKAGE

CASE 73407

2/ -—I 1'

NOTES

1 OIRENSIONA 15 DATUM
POSITIONAL TOLERANCE
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BR1941(5016) Dual Baud Rate Clock

FEATURES

16 SELECTABLE BAUD RATE CLOCK FREQUENCIES
SELECTABLE 1X, 16X OR 32X CLOCK OUTPUTS FCR
FULL DUPLEX OPERATIONS

OPERATES WITH CRYSTAL OSCILLATOR OR
EXTERNALLY GENERATED FREQUENCY INPUT
ROM MASKABLE FOR NON-STANDARD FREQUENCY
SELECTIONS

INTERFACES EASILY WITH MICROCOMPUTERS
OUTPUTS A 50% DUTY CYCLE CLOCK WITH 0.01%
ACCURACY

6 DIFFERENT FREQUENCY/DIVISOR PAIRS
AVAILABLE

TTL, MOS COMPATIBILITY

PIN COMPATIBLE WITH COMS5016

GENERAL DESCRIPTION

The BR1941 is a combination Bayd Rate Clock Gen-
erator and Programmable Divider. It is manufactured in
N-channel MOS using silicon gate technology. This de-
vice is capable of generating 16 externally selected
clock rates whose frequency is determined by either a
single crystal or an extemally generated input clock.
The BR1941 is a programmable counter capable of
generating a division from 2 to (2% —1).

The BR1941 is available programmed with the most
used frequencies in data communication. Each
frequency is selectable by strobing or hard wiring each
of the two sets of four Rate Select inputs. Other
frequenciesidivision rates can be generated by
reprogramming the intemal ROM coding through a
MOS mask change. Additionally, further clock division
may be accomplished through cascading of devices.
The frequency output is fed into the XTALEXT input
on a subsequent device.

XTAUEXT 1 []  XTAUEXT 2
vVee (3
R (1 Ta
Aa 1 T
Rg 1] Tc
Rc 1 Tp
Ap 1 sTT
STR ] GND
VoD 3w

“INTERNALLY BONDED DO NOT CONNECT
ANYTHING TO THIS PIN

TA ~—3=
T8 —
TC —»
10

sn—4 F--—"1

XTAU __ o]
EXT 1 .
OSCILLATOR DIVIDER T

XTAL
EXT2

FREQUENCY
DECODE
AND
CONTROL

FREQUENCY
SELECT
ROM

IOAPr - ol

wlzy —™

+5v —

GND —» OVIDER  [—m=tA

STR ——

RA —
RB —-—i
RC —a=f
RD ——a

FREQUENCY

OECODE FREQUENCY

SELECT

AND ROM

contROL | !

IO=-A»r -

PIN CONNECTIONS

BR1941 BLOCK DIAGRAM
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PIN DESCRIPTION

PIN NUMBER SYMBOL NAME FUNCTION
1 XTAL/IEXT 1 Crystal or This input receives one pin of the crystal package or
External Input 1 one polarity of the external input.
2 veo Power Supply +35 voit. Supply
3 fR Receiver Output This outpul runs al a frequency selected by the
Frequency Receiver Address inputs.
47 Ra, Rg. Rc. Rp Receiver Address | The logic level on these inputs as shown in Tables 1
through 6, selects the receiver output frequency, fg.
8 STR Strobe-Receiver A high-level input strobe loads the receiver address
Address {Ra, R, Rc, Rp) into the receiver address register.
This input may be strobed or hard wired to +5V.
9 VoD Power Supply + 12 volt Supply
10 NC No Connection Internally bonded. Do not connect anything to this
pin.
11 GND Ground Ground
12 STT Strobe-Transmitter | A high-level input strobe loads the transmitter address
Address (Ta, Tg, Tc, Tp) into the transmitter address register,
This input may be strobed or hard wired to +5V.
1316 Tp. Te. Te. Ta Transmitter The logic level on these inputs, as shown in Tables 1
Address through 6, selects the transmitter output frequency, f1.
17 T Transmitter This output runs at a frequency selected by the
Output Transmitter Address inputs,
Frequency
18 XTAL/EXT 2 Crystal or This input receives the other pin of the crystal
External package or the other polarity of the external input.
input 2
NOTE 1 e~ -Tew®
CRYSTAL OPERATION EXTERNAL INPUT OPERATION
ViH r-- BRI
STROBE . le 20v
(STR/STT} . av 5 0668 MHz
viL JOrCRYSTAL P - . -
TSET.UP —= b - ~  THoLD
" {!t wh - g’:"> v 6D ;_:{K> o oo d\ 1Bh—
ADDRESS )§ zazv >(
ViL
*ADDRESS NEED ONLY BE VALID DURING THE LAST
TPW TIME OF THE INPUT STROBE TAXX — TOTEM POLE OR OPEN COLLECTOR OUTPUT

CONTROL TIMING CRYSTALICLOCK OPTIONS

ABSOLUTE MAXIMUM RATINGS

Positive Voltage on any Pin, with respect to ground + 20.0v
-03v

{plastic package) — 55°C to +125°C
(cerdip package and ceramic package) — 65°C to +150°C

+325°C

Negative Voltage on any Pin, with respect to ground

Storage Temperature

Lead Temperature (Soldering, 10 sec}

* Stresses above those listed may cause permanent damage to the device. This is a stress
rating onty and Functional Operation of the device at these or at any other condition
above those indicated in the operational sections of this specification are not implied.
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ELECTRICAL CHARACTERISTICS

(Ta =0°Cto +70°C, Voc = +5V £5%, Voo = + 12V £ 5%, unless otherwise noted)

PARAMETER MIN TYP

MAX | UNIT COMMENTS

DC CHARACTERISTICS

INPUT VOLTAGE LEVELS
Low-level, ViL
High-level, Vi

OUTPUT VOLTAGE LEVELS
Low-level, VoL

High-level, VO

INPUT CURRENT

Low-level, i

INPUT CAPACITANCE
All Inputs, CyN 5

INPUT RESISTANCE
Crystal Input, RxTAL 1.1

Voc—-15

Voc-15 | 40

POWER SUPPLY CURRENT
lcc
oD

AC CHARACTERISTICS
CLOCK FREQUENCY

PULSE WIDTH (Tpw)
Clock

Receiver strobe 150
Transmitter strobe 150

INPUT SET-UP TIME (TSET-UP}
Address 50

OUTPUT HOLD TIME (THOLD)
Address 50

By

08 v
vee v

See Note 1

04 v | loL=32mA
V | IoH = 100:A

03 mA | ViN = GND, excluding XTAL inputs
10 pf VIN = GND, exciuding XTAL inputs

KQ Resistance o ground for
Pin 1 and Pin 18

Ta = +256°C
See Note 2
50% duty cycle x 10%. See Note 2

ns
ns

38

ns See Note 3

ns

NOTE 1. BR1941 — XTAL/EXT inputs are either TTL compatible or crystal compatible. See crystal specification in Ap-

plications Information section.

All inputs except XTAL/EXT have internal pull-up resistors.
NOTE 2: Refer to frequency option tables for maximum input frequency on XTAL/EXT pins.

Typical Clock Pulse width is 1/2xCL.

NOTE 3 Input set-up time can be decreased to 20 ns by increasing the minimum strobe width by 50 ns to a total of 200 ns.

OPERATION
Standard Frequencies

Choose a Transmitter and Receiver frequency from the
table below. Program the corresponding address into TA-
TD and RA-RD respectively using strobe pulses or by hard
wiring the strobe and address inputs.

Non-Standard Frequencies

To accomplish non-standard frequencies do one of the
foliowing:

1. Choose a crystal that when divided by the BR1941
generates the desired frequency.
2. Cascade devices by using the frequency outputs as an

3N
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input to the XTAL/EXT inputs of the subsequent 3. Consult the factory for possible changes via ROM mask
BR1941. reprogramming.

FREQUENCY OPTIONS
TABLE 1. CRYSTAL FREQUENCY = 5.0688 MHZ

Transmit/Receive Baud Duty
Address Rate Theoretical Aclual Parcent Cycle
D C B A {16X Clock) Freq. (kH2) Freq. (kH2) Error Y Divisor
0 0 0 0 50 0.8 08 — 50150 6336
0 0 0 1 75 1.2 1.2 - 50/50 4224
0 0 1 0 110 1.76 1.76 — 50150 2880
0 0 1 t 1345 2.152 2.1523 0.016 50150 2355
0 1 0 0 150 24 24 -— 50/50 2112
0 1 0 1 300 48 48 - 50/50 1056
0 1 1 ] 600 9.6 9.6 — 50/50 528
0 1 1 1 1200 19.2 19.2 - 50150 264
1 0 0 0 1800 288 28.8 — 50/50 176
1 0 0 1 2000 320 32.081 0.253 50/50 158
1 0 1 0 2400 384 8.4 - 50150 132
1 0 1 1 3600 57.6 57.6 - 50/50 88
1 1 0 0 4800 76.8 768 - 50/50 66
1 1 0 1 7200 115.2 115.2 — 50/50 44
1 1 1 0 9600 153.6 153.6 — 48152 33
1 1 1 1 19,200 307.2 316.8 3.125 50/50 18
BR1941-00
TABLE 2. CLOCK FREQUENCY = 276480 MHZ
Transmit/Receive Baud Duty
Address Rate Theoretical Actual Percent Cycle
D Cc B A (16X Clock) Freq. (kHz} Freq. (kH2) Error % Divisor
0 0 0 0 S0 0.8 08 - 50/50 3456
0 0 0 1 75 1.2 1.2 - 50/50 2304
0 0 1 ] 110 1.76 1.76 -0.006 50/50 1571
0 0 1 1 134.5 2.152 2152 -0.019 50/50 1285
0 1 0 0 150 2.4 24 - 50150 1152
0 1 0 1 200 a2 32 -— 50/50 864
0 1 1 0 00 48 48 - 50150 576
0 1 1 1 600 98 9.6 -— 50/50 288
1 ¢ 1] 0 1200 19.2 19.2 - 50/50 144
1 0 0 1 1800 288 288 - 50150 96
1 0 1 ] 2000 320 32.15 +0.465 50150 86
1 0 1 1 2400 38.4 38.4 -_ 5050 72
1 1 v] 0 3600 57.6 576 -— 50150 48
1 1 0 1 4800 768 768 — 50150 38
1 1 1 0 9600 153.6 1536 - 50150 18
1 1 1 1 19,200 307.2 307.2 — 50150 9
BR1941-02
TABLE 3. CRYSTAL FREQUENCY = 6.018305 MHZ
Transmit/Receive Baud Duty
Address Rate Theoretical  Actual Percent Cycle
D [+ B A (16X Clock) Freq. (kH2} Freq. {(kH2) Error Yo Divisor
0 0 o 0 50 0.8 7999 0 50150 7623
0 o 0 1 75 1.2 1.2000 o 50150 5015
0 0 1 0 110 1.76 1.7597 ¢ 50150 3420
0 0 1 1 1345 2.152 21517 o 50150 2797
0 1 0 0 150 24 2.3996 0 50/50 2508
0 1 [} 1 200 3.2 3.1995 0 50/50 1881°
[v] 1 1 0 300 48 4.7993 0 50/50 1254
0 1 1 1 600 96 9.5986 0 50150 627°
1 0 0 0 1200 19.2 19.2279 +0.14 50/50 31.3*
1 0 0 1 1800 28.8 28.7959 0 50150 209°
1 0 1 0 2000 320 32.0125 0 50/50 188
1 4] 1 1 2400 38.4 38.3334 -0.17 50750 157
1 1 0 0 3600 576 57.8687 +0.45 50/50 104
1 1 0 1 4800 768 77.1583 +0.46 50150 78
1 1 1 0 9800 1536 154.3166 +0.46 50/50 39
1 1 1 1 19,200 307.2 3009175 -2.04 50/50 20
BR1941-03
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TABLE 4. CLOCK FREQUENCY = 552960 MHZ

Transmit/Receive Baud Duty
Address Rate Theoretical  Actual Percent Cycle
D Cc B A (16X Clock) Freq. (kHz) Freq. (kHz) Error % Divisor
0 0 0 0 50 1.6 1.6 — 50/50 3456
0 0 [} 1 % 24 24 - 50/50 2304
0 0 1 0 110 3.52 352 - 0.006 50150 15714
"] 0 1 1 1345 4.304 4.303 -0.019 50/50 1285
0 1 0 0 150 4.8 48 — 50150 1152
o 1 0 1 200 6.4 6.4 - 50150 864
o 1 1 0 300 986 96 - 50150 576
0 1 1 1 600 19.2 19.2 - 50150 288
1 0 0 0 1200 3B8.4 384 — 50/50 144
1 0 0 1 1800 57.6 576 —_— 50/50 96
1 0 1 0 2000 64.0 64.3 +0.465 50/50 86
1 0 1 1 2400 7.8 768 — 50/50 72
1 1 0 [} 3600 1152 115.2 - 50/50 48
1 1 0 1 4800 153.6 153.6 - 50150 36
1 1 1 1] 9600 307.2 T2 - 50/50 18
1 1 1 i 19,200 614.4 614.4 — 50150 9
BR1941-04
TABLE 5. CRYSTAL FREQUENCY = 49152 MHZ
Transmit/Receive Baud Duty
Address Rate Theoretical  Actual Percent Cycle
D C B A (32X Clock) Freq. (kHz) Freq. (kHz) Error % Divisor
0 0 0 o 50 08 08 — 50i50 6144
0 a 0 1 75 1.2 1.2 — 50150 4096
0 0 1 4] 10 1.76 1.7598 -0.0% . 2793
0 0 1 1 134.5 2.152 2.152 - 50150 2284
0 1 0 0 150 24 24 — 50/50 2048
0 1 0 1 300 48 4.8 — 50/50 1024
0 1 1 0 600 96 9.6 — 50150 512
0 1 1 1 1200 19.2 19.2 - 50150 256
1 0 0 1] 1800 28.8 28.7438 -0.19 . mn
1 0 0 1 2000 320 31.9168 -0.26 50/50 154
1 0 1 0 2400 g4 384 — 50/50 128
1 0 1 1 3600 57.6 57.8258 0.39 ‘ a5
1 1 0 0 4800 76.8 76.8 _ 50/50 64
1 1 0 1 7200 115.2 114.306 -0.77 - 43
1 1 1 0 9600 153.6 153.6 - 50/50 32
1 1 1 1 19,200 307.2 307.2 — 50/50 16
BR1941-05
TABLE 6. CRYSTAL FREQUENCY = 5.0688 MHZ
Transmit/Receive Baud Duty
Address Rate Theoretical Actual Parcent Cycle
D C B A (32X Ciock) Freq. (kHz} Freq. {kHz) Error % Divisor
0 0 0 0 50 1.6 16 — 50/50 3168
0 0 4] 1 75 24 2.4 — 50/50 2112
0 0 1 1] 110 3.52 3.52 —_ 50150 1440
0 0 1 1 134.5 4.304 4.303 026 50/50 1178
0 1 0 0 150 48 48 - 50/50 1056
0 1 L] 1 200 6.4 6.4 - 50150 792
0 1 1 0 300 2.6 9.6 - 50/50 528
1] 1 1 1 600 19.2 19.2 - 50150 264
1 0 0 0 1200 38.4 38.4 — 50/50 132
1 [+} v} 1 1800 57.6 57.6 - 50/50 88
1 0 1 0 2400 76.8 76.8 - 50450 66
1 0 1 1 3600 115.2 115.2 - 50150 44
1 1 0 0 4800 1536 153.6 — * 33
1 1 0 1 7200 230.4 230.4 - 50150 22
1 1 1 0 9600 307.2 298.16 2.941 . 17
1 1 1 1 19,200 614.4 633.6 3.125 50/50 8
“When the duty cycle is not exactly 50% it is 50% =+ 10%
\ BR1941-06
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CRYSTAL SPECIFICATIONS Bliley Electric Co.

User must specify termination (pin, wire, othen 2545 Grandview Bivd.
Frequency — See Tables 16, Erie, Pennsylvania 16508
Yemperature range 0°C to +70°C (814)838-3571
Series resistance < 50Q
Serias resonant M-tron Ind. Inc.
Overall tolerance + .01% P.O. Box 630
: Yankton, South Dakota 57078

CRYSTAL MANUFACTURERS (Partial List) (605) 6659321
American Time Products Div.
Frequency Control Products, Inc, Erie Frequency Control
61-20 Woodside Ave. 453 Lincoln St.
Woodside, New York 11377 Calisle, Pennsylvania 17013
{212) 458-5811 (714) 249-2232

APPLICATIONS INFORMATION
OPERATION WITH A CRYSTAL a. parallel ground lines

The BR1941 Baud Rate Generator may be driven by eithera b. evenly spaced ground fines crossing the trace on the

crystal or TTL leve! clock. When using a crystal, the wave- opposite side of PC board .
form that appears at pins 1 (XTAL/EXT 1) and 18 (XTAL/EXT ¢. an inner plane of ground, e.g., as in a four layered PC
2) does not conform to the normal TTL limits of V) < 0.8V board.

and Vg4 = 2.0V. Figure 1 illustrates a typical crystal

waveform when connected to a BR1941. In the event that ringing exists on an already finished

board, several techniques can be used to reduce it. These

Since the D.C. level of the waveform causes the least are:

positive point to typically be greater than 0.8V, the BR1941

is designed to look for an edge, as opposed to a TTL level. 1. Add a series resistor to match impedance as shown in
The XTAL/EXT logic triggers on a rising edge of typically 1V Figure 3.

in magnitude. This allows the use of a crystal without any 2. Add pull-up/pull-down resistor to malch impedance, as

additional components. shown in Figure 4.
3. Add a high speed diode to clamp undershoot, as shown
OPERATIONS WITH TTL LEVEL CLOCK in Figure 5.

With clock frequencies in the area of 5 MHz, significant

overshoot and undershoot (“ringing"”) can appear at pins 1
and/or 18. The BR1941, may, at times, be triggered on a
rising edge of an overshoot or undershoot waveform,
causing the device to effectively “double-trigger.” This
phenomenon may result as a twice expected baud rate, or
as an apparent device failure. Figure 2 shows a typical
waveform that exhibits the “ringing" problem.

The design methods required to minimize ringing include
the following:

1. Minimize the P.C. trace length. At 5 MHz, each inch of
trace can add significantly to overshoot and undershoot.

2. Match impedances at both ends of the trace. For
example, a series resistor near the BR194t may be
helpful.

3. A uniform impedance is important. This can be ac.
complished through the use of:

The method that is easiest to implement in many systems
is method 1, the series resistor. The series resistor will
cause the D.C. level to shift up, but that does not cause a
problem since the BR1941 is triggered by an edge, as
opposed toa TTL level.

The BR1941 Baud Rate Generator can save both board
space and cost in a communications system. By choosing
either a crystal or a TTL level clock, the user can minimize
the logic required to provide baud rate clocks in a given
design.

POWER LINE SPIKES

Voltage transients on the AC power line may appear on the
DC power output. If this possibility exists, it is suggested
that one by-pass capacitor is used between + 5V and GND
and another between + 12V and GND.
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Figure 1 TYPICAL CRYSTAL WAVEFORM

Figure 2 TYPICAL “RINGING” WAVEFORM

BR1941
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Typical Values
At = A2 = 3301

Figure 3 SERIES RESISTOR TO MATCH IMPEDANCE

-5V
k:

R1

Do

345

R2

BR1941

18

Typical Values
R1=R3A=27K
R2=R4 = 33K

Figure 4 PULL-UP/PULL-DOWN RESISTORS TO MATCH IMPEDANCE

o

P 4 1
% BR1941

18

Figure § HIGH-SPEED DIODE TO CLAMP UNDERSHOOT

See page 725 for ordering information.
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Information furnished by Western Dignal Corporation 1s believed to be accurate and reliable However no responsibility 15 assumed by Western Digatal
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implication or otherwise under any patent or patent nghts of Western Dhgital Corporation Western Dignal Corporation reserves the nght to change
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WD1943(8116)WD1945(8136) Dual Baud Rate Clock

FEATURES

» 16 SELECTABLE BAUD RATE CLOCK FREQUENCIES
* OPERATES WITH CRYSTAL OSCILLATOR OR EX-

TERNALLY GENERATED FREQUENCY INPUT

* ROM MASKABLE FOR NON-STANDARD FREQUENCY

SELECTIONS

* INTERFACES EASILY WITH MICROCOMPUTERS

* OUTPUTS A 50% DUTY CYCLE CLOCK WITH 001%

ACCURACY

*6 DIFFERENT FREQUENCY/DIVISOR PAIRS

AVAILABLE

*SINGLE +5Y POWER SUPPLY
=« COMPATIBLE WITH BR1941
*TTL, MOS COMPATIBILITY

* WD1943 IS PIN COMPATIBLE TO THE COMB116

* WD1945 IS PIN COMPATIBLE TO THE COMSB136 AND

COMS5036 (PIN 9 ON WD1945 1S A NO CONNECT)

GENERAL DESCRIPTION

The WD1943/45 1s an enhanced version of the BR1941 Dual
Baud Rate Clock The WD1943/45 15 a combination Baud
Rate Clock Generator and Programmable Dmader It 1s
manufactured in N-channel MOS using sthcon gate
technotogy This device 15 capable of generating 16 ex-
ternalty selected clock rates whose frequency I1s deter
mined by either a single crystal or an externally generated
input clock The WD1343/45 15 a programmabie counter
capable of generating a dmision by any integer from 4 to
2'% — 1, inclustve

The WD1943/45 1s available programmed with the most
used frequencies in data communication Each frequency
15 selectable by strobing or hard winng each of the two sets
of four Rate Select iInputs Other frequencies/division rates
can be generated by reprogramming the iternal ROM
coding through a MOS mask change Additionally, further
clock division may be accomphshed through cascading of
devices The frequency outpul 1s fed into the XTAUEXT
Input on a subsequent device

The WD1943/45 can be driven by am external crystal or by
TTL logic

XTALEXT 1
+ 5V

fn

Ra

Rg

Re

Rp

sTR

NC

0o

18
17

[XX]

16

S

15

WD1945 14

=)

~

12

[

11

OO0O00O0000Q0

["]

10

14

UlJLJLILlLlL.IlJLJ

XTAL/EXT 2
T

Ta

Te

Tc

o

sTT

GND

NC (1943
14 (1945)

ThA ——b=
T8 —
TC —
TD ——i

"] eREQuENGY
DECGDE
AND

: FREQUENCY
1
contRoL | ¢

SELECT
ROM

IO AP-~-0

5TT

XTAL -
EXT1 .

OSCILLATOR ovIDER  |—= T
xmu_4 -

EXT 2

~ %d p—————— 14
(1945)

+ 5V —

GND —m OIVIDER TR

ST ——— | - - -

RA —
RB —=
AC —
AD ——]

FREQUENCY
DECODE
AND
CONTROL

FREQUENCY
SELECT
[ale ]

R

IA-NPr~CT

PIN CONNECTIONS

BLOCK DIAGRAM
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PIN DESCRIPTION
PIN NUMBER SYMBOL NAME FUNCTION
1 XTALEXT 1 Crystal or This input receives one pin of the crystal package or onej
External Input 1 polarity of the external input.
2 vee Power Supply + 5 volt Supply
3 (=] Receiver Output This output runs at a frequency selected by the Receiver|
Frequency Address inputs.
a7 Ra,Rg.Rc, Rp Receiver Address | The logic level on these inputs as shown in Table 1 thru 6,
selects the receiver output frequency, fR.
8 STR Strobe-Receiver A high-level input strobe loads the receiver address (Rp, Rp,|
Address Rc, Rp) into the receiver address register. This |nput may bej
strobed or hard wired to + 5V.
g NC No Connection No Internal Connection
10 NC (1943) No Connection No Internal Connection
114 {1945) freq/d Qutput XTAL1 input freq divided by four.
1 GND Ground Ground
12 sTT Strobe-Transmitter | A high-level input strobe loads the transmitter address (Ta,
Address T, Tc, Tp) into the transmitter address register. This input)
may be strobed or hard wired to + 5V,
1316 Tp,. Tc. T, TA Transmitter The lcgic level on these inputs, as shown in Table 1 thru 6,
Address selects the transmitter output frequency, fT.
17 fr Transmitter This output runs at a frequency selected by the Transmitter]
Output Address inputs.
Frequency
18 XTAL/EXT 2 Crystal or This input receives the other pin of the crystal package or the|
External other polarity of the extemal input.
Input 2
-— Tow: CRYSTAL OPERATION EXTERNAL INPUT OPERATION
WD1943/45 WD1943/45
ViH —
STROBE
(STRISTT) o CRYSTAL
viL
Sewon ~— s E row ;J o wpd v
PAGE )
¥IH
ADDRESS
VL
*ADDRESS NEECHONL Y BE VALID DURING THE LAST Faxx TOTEM POLE OR OPEN COLLECTOR QUTPYT
TPW TIME OF THE INPUT STROBE

CONTROL TIMING

ABSOLUTE MAXIMUM RATINGS

Positive Voltage on any Pin, with respect to ground
Negative Voltage on any Pin, with respect to ground

Storage Temperature

Lead Temperature (Soldering, 10 sec.)

CRYSTAUCLOCK OPTIONS

+ 70V
-0.3v

-55°Cto +125°C
-85°C1to + 150°C

(plastic package}
(Cerdip package and Ceramic package)

+326°C

*Stresses above those listed may cause permanent damage to the device, This is a siress
rating only and Functional Operation of the device at these or at any other condition
above those indicated in the operational sections of this specification are not implied.
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ELECTRICAL CHARACTERISTICS "(Tp = 0°Cto +70°C,VoC = + 5V = 5% standard.)

PARAMETER MIN TYP | MAX | UNIT COMMENTS
DC CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low-level, VL 08 v See Note 1
High-level, V|4 20 vce v
OUTPUT VOLTAGE LEVELS
Low-level, VoL 04 v IoL = 32mA
High-level, VoH Vecc15 | 40 v IoH = 100uA
INPUT CURRENT -10 uh | ViN =Voc STR(B)and STT(12)
High-level, 14 10 uA | Vi = GND Only
Low-level, lj 300 A Vin = GND (Al inputs except
XTAL, STR and STT)
Low-level, Iji_ 10 pa VIN = GND STR, STT
INPUT CAPACITANCE
Al Inputs, CiN 10 pf VIN = GND, excluding XTAL inputs
EXT. INPUT LOAD 5 Series 7400 unit loads
INPUT RESISTANCE
Crystal Input, RxTAL 1.1 KQ Resistance to ground for
Pin1 and Pin 18
POWER SUPPLY CURRENT 40 80 mA,
Icc
AC CHARACTERISTICS Ta = +25°C
CLOCK FREQUENCY See Note 2
PULSE WIDTH (Tpwy)
Clock 50% Duty Cycle = 10%. See Note 2
Receiver strobe 150 DC ns See Note 3
Transmitter strobe 150 DC ns See Note 3
INPUT SET-UP TIME (TsET-UP}
Address 50 ns See Note 3
QUTPUT HOLD TIME (THOLD)
Address 50 ns
STROBE TO NEW FREQUENCY
DELAY 6 CLK

NOTE 1: XTAUEXT inputs are either TTL compatible or crystal compatible. See crystal specification in

Applications Information section.

All inputs except XTAL, STR and STT have internal pull-up resistors.
NOTE 2: Refer to frequency option tables for maximum input frequency on XTAL/EXT pins.

Typical clock pulse width is 1/2 x CL

NOTE 3: input set-up time can be decreased to >0 ns by increasing the minimum strobe width (50 ns) to a total of 200 ns.

Ta-D and Ra.p have internal pull-up resistors.

OPERATION
Standard Frequencies

Choose a Transmitter and Receiver frequency from the
table below. Program the corresponding address into TA-TD
and RA:-RD respectively using strobe pulses or by hard
wiring the strobe and address inputs.

Non-Standard Frequencies

To accomplish non-standard frequencies do one of the
following:

1.

2
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Choose a crystal that when divided by the WD1843
generates the desired trequency.

Cascade devices by using the frequency outputs as an
input to the XTAUEXT inputs of the subsequent
WD1943/45.

. Consult the factory for possible changes via ROM mask

reprogramming.

(9E18)SYE6LAM/(9L18)EVELaM
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FREQUENCY OPTIONS

TABLE 1. CRYSTAL FREQUENCY = 5.0688 MHZ

Transmit/Recelve Baud Duty
Address Rate Theoretical  Actual Percent Cycle
D C B A {16X Clock) Freq. (kHz) Freq. (kHz) Error % Divisor
0 0 0 0 50 0.8 0.8 - 50/50 6336
0 0 0 1 75 1.2 1.2 — 50150 4224
0 0 1 0 110 1.76 1.76 - 50/50 2880
0 0 1 1 134.5 2.152 21523 0.016 50150 2355
0 1 0 o 150 24 24 - 50150 2112
0 1 0 1 300 48 4.8 -— 50150 1056
0 1 1 0 600 9.8 96 - 50150 528
0 1 1 1 1200 19.2 19.2 — S0/50 264
1 0 0 0 1800 288 208 — 50/50 176
1 0 0 1 2000 320 32.081 0.253 50150 158
1 0 1 0 2400 384 38.4 - 50/50 132
1 0 1 1 3600 57.6 57.6 - 50/50 88
1 1 1] 0 4800 76.8 76.8 — 50450 66
1 1 0 1 7200 115.2 115.2 - 50/50 44
1 1 1 0 9600 153.6 153.6 —_ 48/52 33
1 1 1 1 19,200 307.2 316.8 3.125 50/50 16
WD1943-00 or WD 194500
TABLE 2. CLOCK FREQUENCY = 276480 MHZ
Transmit/Receive Baud Duty
Address Aste Theoretical Actual Percont Cycle
D C 8 A {18X Clock) Freq. {(kH2) Freq. (kH2) Ermror % Divisor
0 0 0 0 50 08 0.8 - 50/50 3456
0 0 0 1 75 1.2 1.2 - 50/50 2304
0 0 1 0 110 1.76 1.76 —0.006 50/50 1571
0 0 1 1 1345 2.152 2152 -0.019 50/50 1285
0 1 o 0 150 2.4 24 - 50/50 1152
0 1 0 1 200 3.2 32 — 50/50 864
0 1 1 0 300 48 48 —_ 50/50 576
0 1 1 1 600 86 98 - 50/50 288
1 0 0 0 1200 19.2 19.2 —_ 50/50 144
1 0 0 1 1800 288 8.8 - 50/50 96
1 0 1 0 2000 320 3215 +0.465 50/50 86
1 0 1 1 2400 384 38.4 -_ 50/50 72
1 1 0 0 3600 57.6 57.6 _ 50/50 48
1 1 0 1 4800 76.8 76.8 - 50/50 36
1 1 1 0 9600 153.6 153.6 —_ 50150 18
1 1 1 1 19,200 307.2 307.2 —_ 50/50 9
WD1843-02 or WD184502
TABLE 3. CRYSTAL FREQUENCY = 6.018305 MHZ
Transmit/Recelve Saud Duty
Address Aate Theorstical  Actusi Percent Cycle
D C B A (16X Clock} Freq. {kHz} Freq. (kH2) Emror % Divisor
0 0 1] 0 50 08 .7999 0 50/50 7523*
0 o 1] 1 75 1.2 1.2000 0 50150 5015*
0 0 1 0 110 1.76 1.7597 L] 50150 3420
0 0 1 1 1345 2.152 2.1517 o S0/50 2797
0 1 /] 0 150 2.4 2.2996 o 50150 2508
0 1 0 1 200 3.2 3.1995 o 50/50 1881*
0 1 1 0 300 48 4.7993 0 50150 1254
0 1 1 1 600 96 9.5986 0 50150 &27°
1 0 0 0 1200 19.2 19.227% +0.14 50150 313°
1 0 0 1 1800 28.8 28.7959 0 50/50 209
1 0 1 0 2000 320 32.0125 0 50/50 188
1 0 1 1 2400 38.4 38.3334 -017 50/50 157
1 1 0 0 3600 57.6 57.8687 +0.46 S0/50 104
1 1 [¢] 1 4800 76.8 77.1583 +0.46 50/50 78
1 1 1 1] 9800 153.6 154.3166 +0.46 50/50 39
1 1 1 1 19,200 307.2 300.9175 —-2.04 50/50 20

WD1943-03 or WD1945-03
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TABLE 4. CLOCK FREQUENCY = 552060 MHZ

Transmit/Recelve

Baud Duty
Address Rate Theoretical  Actusl Percent Cycle
D C 8 A (32X Clock) Freq. (kHz) Freq. (kHz) Error % Divisor
0 0 0 0 50 1.6 16 - 50/50 3456
0 0 0 1 75 24 24 - 50/50 2304
0 0 1 0 110 3.52 3.52 - 0.006 $0/50 1571
0 0 1 1 1345 4,304 4.303 -0.019 50150 1285
0 1 0 0 150 48 48 — 50/50 1152
0 1 0 1 200 6.4 64 - 50/50 864
0 1 1 0 300 9.6 9.6 - 50/50 576
0 1 1 1 600 19.2 19.2 —_ 50/50 288
+ 0 0 0 1200 38.4 B4 - 50/50 144
1 0 o 1 1800 57.6 §7.6 - 50150 96
1 0 1 1] 2000 64.0 64.3 +0.465 50/50 86
1 0 1 1 2400 76.8 76.8 - 50150 72
1 1 0 0 3600 1156.2 115.2 - 50150 48
1 1 0 1 4800 153.6 1536 — 50150 36
1 1 1 0 2600 307.2 307.2 -— 50/50 18
1 1 1 1 18,200 614.4 614.4 _ 50150 9
WD 1943-04 or WD1945-04
TABLE 5. CRYSTAL FREQUENCY = 49152 MHZ
Transmit/Receive Baud Duty
Address Rate Theoretical  Actual Percent Cycle
D C B A 18X Clock) Freq. {kHz) Freq. (kHz) Error % Divisor
0 0 0 0 50 08 08 — 50/50 6144
0 0 0 1 75 1.2 1.2 — 50/50 4096
0 0 1 0 110 1.76 1.7598 -0.01 * 2793
0 0 1 1 134.5 2.152 2.152 - 50/50 2284
0 1 0 0 150 2.4 24 -_ 50/50 2048
0 1 0 1 300 4.8 48 - 50/50 1024
0 1 1 0 800 96 96 — 50/50 512
0 1 1 1 1200 19.2 19.2 —_ 50/50 256
1 0 0 1] 1860 28.8 28.7438 -0.19 * 171
1 0 0 1 2000 320 31.9168 - 0.26 50150 154
1 0 1 ] 2400 38.4 38.4 - 50/50 128
1 [+] 1 1 3600 57.6 57.8258 0.38 . 85
1 1 1] 0 4800 76.8 76.8 - 50/50 64
1 1 0 1 7200 115.2 114,306 -0.77 * 43
1 1 1 0 9600 153.6 153.6 - S0/50 32
1 1 1 1 19,200 307.2 307.2 —_ 50/50 168
WD1943-05 or WD1945-05
TABLE 6. CRYSTAL FREQUENCY = 5.0688 MHZ
Tranamit/Recelve Baud D‘“y
Address Rate Theoretical Actusl Percent Cycle
D c B A {32X Clock) Freq. (kHz) Freq. (kHz) Error % Divisor
0 0 0 0 50 16 16 —_ 50/50 3168
0 0 o 1 75 24 24 - 5050 2112
o 0 1 0 10 3.52 3.52 -_ 50/50 1440
0 0 1 1 134.5 4.304 4.303 0 50450 1178
0 1 [ 0 150 48 48 —_ 50/50 1056
0 1 0 1 200 6.4 6.4 - 50150 792
0 1 1 [¢] 300 9.6 96 - 50/50 528
0 1 1 1 600 18.2 19.2 -— 50/50 264
1 1] 0 0 1200 38.4 38.4 —_ 50/50 132
1 0 0 1 1800 57.6 576 -— 50150 B8
1 1] 1 0 2400 76.8 76.8 —_ 50/50 66
1 0 1 1 3600 115.2 115.2 —_ 50150 44
1 1 0 0 4800 153.6 153.6 - * 33
1 1 0 1 7200 230.4 230.4 — 50150 22
1 1 1 0 9600 307.2 298.16 2.941 . 17
1 1 1 1 19,200 614.4 633.6 3.125 50/50 8

*When the duty cycle is not exactly 50% it is 50% x= 10%

WD1943-06 or WD1945-06
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APPLICATIONS INFORMATION

OPERATION WITH A CRYSTAL

The WD1943/45 Baud Rate Generator may be driven by
either a crystal or TTL level clock. When using a crysial, the
waveform that appears at pins 1 (XTAL/EXT 1) and 18
(XTAL/EXT 2) does not conform to the normal TTL limits of
VIL < 0.8V and V|H = 2.0V. Figure 1 illustrates a typical
crystal waveform when connected 1o a WD1943/45.

Since the D.C. level of the waveform causes the least
positive point to typically be greater than 0.8V, the
WD1943/45 is designed to look for an edge, as opposedto a
TTL level. The XTAL/EXT logic triggers on a rising edge of
typically 1V in magnitude. This allows the use of a crystal
without any additional components,

OPERATIONS WITH TTL LEVEL CLOCK

With clock frequencies in the area of 5 MHz, significant
overshoot and undershoot {"'ringing”) can appear at pins 1
and/or 18. The clock oscilator may, at times be triggered on
a rising edge of an overshoot or undershoot waveform,
causing the device to effectively “double-trigger.” This
phenomenon may result as a twice expected baud rate, or
as an apparent device failure. Figure 2 shows a typical
waveform that exhibits the “ringing” problem.

The design methods required to minimize ringing include
the following:

1. Minimize the P.C. trace length. At 5 MHz, each inch of
trace can add significantly to overshoot and undershoot.
2. Match impedances at both ends of the trace. For
example, a series resistor near the device may be
heipful.
3. A uniform impedance is important. This can be ac-
complished through the use of:
a parallel ground lines
b. evenly spaced ground lines crossing the trace on the
opposite side of PC board
c. an inner plane of ground, e.g., as in a four layered PC
board.

In the event that ringing exists on an already finished
board, several techniques can be used to reduce it. These
are:

1. Add a series resistor to match impedance as shown in
Figure 3.

2. Add pull-up/pull-down resistor to match impedance, as
shown in Figure 4.

3. Add a high speed diode to clamp undershoot, as shown
in Figure 5.

402

The method that is easiest 10 implement in many systems
is method 1, the senes resistor. The series resistor will
cause the D.C. level to shift up, but that does not cause a
problem since the OSC is triggered by an edge, as opposed
toaTTL level,

The 1943/45 Baud Rate Generator can save both board
space and cost in a communications system. By choosing
either a crystal or a TTL level clock, the user can minimize
the logic required to provide baud rate clocks in a given
design.

POWER LINE SPIKES

Voltage transients on the AC power line may appear on the
DC power output. If this possibility exists, it is suggested
that a by-pass capacitor is used between + 5V and GND.

CRYSTAL SPECIFICATIONS

User must specify termination {pin, wire, othern
Frequency — See Tables 1-6,

Temperature range 0°C to + 70°C

Series resistance € 509

Series resonant

Overall tolerance = 0.01%

CRYSTAL MANUFACTURERS (Partial List)

American Time Products Div,
Frequency Control Products, Inc.
61-20 Woodside Ave.

Woodside, New York 11377

{213} 458-5811

Bliley Electric Co.

2545 Grandview Blvd.
Erie, Pennsylvania 16508
(814)838-3571

M-tron Ind. inc.

P.O. Box 630

Yankton, South Dakota 57078
(605) 665-9321

Erie Frequency Control

453 Lincoin St.

Calisle, Pennsylvania 17013
(714) 2492232
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Typical Values

A= RY= 27K
A2 = R4 = 33K

Figure 4. PULL-UP/PULL-DOWN RESISTORS TO MATCH IMPEDANCE
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Figure 5. HIGH-SPEED DIODE TO CLAMP UNDERSHOOT

See page 725 for ordering information.
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Infarmation furmished by Western Digital Corporation is believed to be accurate and rehiable However, no responsibriity 15 assumed by Western Digital
Corporation lor its use, nor Jor any infnngements of patents or other nights ot thied parties which may resull from ns use No hcense 1s granted by
implicahion of otherwse under any patent or palent nghis of Western Digital Corporation Western Digital Corporation reserves the nght to change
specifications at anytime withoul notice
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Floppy Disk Formatter/Controller Family

FEATURES

TWO VFO CONTROL SIGNALS — RG & VFOE
SOFT SECTOR FORMAT COMPATIBILITY
AUTOMATIC TRACK SEEK WITH VERIFICATION
ACCOMMODATES SINGLE AND DOUBLE DENSITY
FORMATS

1BM 3740 Single Density (FM)

IBM Systemn 34 Double Density (MFM)

Non IBM Format for Increased Capacity
= READ MODE

* PROGRAMMARBLE CONTROLS
Selectable Track to Track Stepping Time
Side Select Compare

+ INTERFACES TO WD1691 DATA SEPARATOR

* WINDOW EXTENSION

* INCORPORATES ENCODING/DECODING AND
ADDRESS MARK CIRCUITRY

* FD1792/4 1S SINGLE DENSITY ONLY

+ FD1795/7 HAS A SIDE SELECT OUTPUT

178X-02 FAMILY CHARACTERISTICS

Single/Multiple Sector Read with Automatic Search or
Entire Track Read FEATURES 1791 [ 1792 [ 1793 | 1794 | 1795 | 1797
Selectable 128, 256, 512 or 1024 Byte Sector Lengths Single Density (FM) X [ X [ X ] X[ X1 X
* WRITE MODE o ) Double Density (MFM)| X X X | x
Single/Multiple Sector Write with Automatic Sector True Data Bus X X X
Search
Entire Track Write for Diskette Formatting lnv?ned Data Bus X | X X
o SYSTEM COMPATIBILITY Write Precomp X | X [ X! X | XX
Double Buffering of Data 8§ Bit Bi-Directional Bus for Side Selection Qutput X X
Data, Control and Status
DMA or Programmed Data Transfers APPLICATIONS
All Inputs and Outputs are TTL Compatible o . TROLLER
On-Chip Track and Sector Registers/‘Comprehensive gl rfcl-‘-EEPgTRADNODl Ig‘fe I;ﬁElzlslal.fPPY CONTROLLE
Status Information CONTROLLER/FORMATTER
- RAW READ
DATA {§) i
wdr ~ «h vop o+ 12v) 'Q___> DU S—
wt o2 1 wiRo AC RG/S50
& ds 3e|7 ora c Al LATE
fEd w[) bR a o3 EARLY H
Avd s %[ WPRT M 3 wo o
s »h® P 3 +5 - :
pato O 7 [ TROG '1'-' — Y
Gaci  ® 1) WErveoe E MA 179% 10K
paz 9 2|5 Reapy R FLOPPY DISK WFIVFOE ',’
63 w0 »f1 wo , CS,’;TSE#EE: WeRT i
GAacagn 0[] w6 K WG
Hacs 2 2917 TGa3 T + 5V = |
MaCs (12 280 Lo 13 . '.r'
5T Qe 2b e " TROO £
STER (115 %[ ROLK A 10 10K ____ READY ;1
DIRC [ 6 3] . [+ < TG4 A
gary 07 2 cux E DRG STEP g
LATE []8 23 HLTY " INTRQ DIRC
MR ] 2:y TEST CLK
I(GNDi Vg ] 20 N Ve 145V} -
5y
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ciraze opEN OOEN |ves vop  vee e ] UFUSED)
PIN DESIGNATION = l [ !
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FD1T9X SYSTEM BLOCK DIAGRAM
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PIN OUTS
PIN
NUMBER PIN NAME SYMBOL FUNCTION
1 NO CONNECTION NC Pin 1 is internally connected to a back bias generator and
must be left open by the user.
19 MASTER RESET MR A logic low (50 microseconds min.) on this input resets the
device and loads HEX 03 into the command register. The Not
Ready (Status Bit 7) is reset during MR ACTIVE. When MR is
brought to a logic high a RESTORE Command is executed,
regardless of the state of the Ready signal from the drive.
Also, HEX (1 is loaded into sector register.
20 POWER SUPPLIES Vss Ground
21 Vec +5V £5%
40 Voo +12V 5%

COMPUTER INTERFACE:
2 WRITE ENABLE

&l
m

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

A logic low on this inpul selects the chip and enabies
computer communication with the device.

A logic low on this input controls the placement ot data from a
selected register on the DAL when GS is low.

56 REGISTER SELECT LINES | AQ, A1l These inputs select the register to receive/transfer data on the
DAL lines under RE and WE control:
Cs A1 A0 RE WE
0 0 g Status Reg Command Reg
0 0 1 Track Reg Track Reg
0 1 0 Sector Reg Sector Reg
0 1 1 Data Reg Data Reg

714 DATA ACCESS LINES DALO-DAL7Y Eight bit Bidirectional bus used for transfer of data, control,
and status. This bus is receiver enabled by WE or transmitter
enabled by RE. Each tine will drive 1 standard TTL load.

24 CLOCK CLK This input requires a free-running 50% duty cycle square wave
clock for intemnal timing reference, 2 MHz + 1% for 8” drives,
1MHz = 1% for mini-floppies.

3B OATA REQUEST DRQ This open drain output indicates that the DR comtains
assembled data in Read operations, or the DR is empty in
Write operations. This signal is reset when serviced by the
computer through reading or loading the DR in Read or Write
operations, respectively. Use 10K pull-up resistor to +5.

39 INTERRUPT REQUEST INTRQ This open drain output is set at the completion of any com-
mand and is reset when the STATUS register is read or the
command register is written to. Use 10K pullup resistor to

&l

3 CHIP SELECT

Al
m

4 READ ENABLE

+5.
FLOPPY DISK INTERFACE:

15 STEP STEP The step output cortains a pulse for each step.

16 DIRECTION DIRC Direction Qutput is active high when stepping in, active low
when stepping out.

17 EARLY EARLY Indicates that the WRITE DATA pulse occuring while Early is
active (high} should be shifted early for write precom-
pensation,

18 LATE LATE Indicates that the write data pulse occuming while Late is

active (high) should be shifted late for write precompensation.
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PiN
NUMBER

PIN NAME

SYMBOL

FUNCTION

22

25

27

3

TEST

HEAD LOAD TIMING

READ GATE
(1791, 1792, 1793, 1794)

SIDE SELECT OUTPUT
{1795, 1797)

READ CLOCK

RAW READ

HEAD LOAD

TRACK GREATER THAN 43

WRITE GATE

WRITE DATA

READY

WRITE FAULT
VFO ENABLE

TRACK 00

TEST

HLT

RG

S50

RCLK

RAW READ
HLD

TG43

WG

WD

READY

WF/VFOE

This input is used for testing purposes only and should be tied
to + 5V or left open by the user unless interfacing to voice coil
actuated steppers.

When a logic high is found on the HLT input the head is
assumed to be engaged. It is typically derived from a 1 shot
triggered by HLD.

This output is used for synchronization of extemnal data
separators. The output goes high after two Bytes of zeros in
single density, or 4 Bytes of either zeros or ones in double
density operation.

The logic level of the Side Select QOutput is directly controlled
by the ‘S’ flag in Type Il or il commands. When U = 1,880 is
set to a logic 1. When U = 0, 8S0 is set to a logic 0. The SSO
is compared with the side information in the Sector 1.D. Field.
If they do not compare Status Bit 4 (ANF)} is set. The Side
Select Output is only updated at the beginning of a Type Il or
HI command. It is forced to a logic 0 upon a MASTER RESET
condition.

A nominal square-wave clock signal derived from the data
stream must be provided to this input. Phasing (i.e. RCLK
transitions) relative to RAW READ is important but polarity
(RCLK high or low} is not.

The data input signat directly from the drive. This input shall
be a negative pulse for each recorded flux transition.

The HLD output controls the loading of the Read-Write head
against the media.

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

This output is made valid before writing is to be performed on
the diskette.

A 200 ns (MFM) or 500 ns (FM) output pulse per flux transition.
WD contains the unique Address marks as well as data and
clock in both FM and MFM formats.

This input indicates disk readiness and is sampled for a logic
high before Read or Write commands are performed. If Ready
is low the Read or Write operation is not performed and an
interrupt is generated. Type | operations are performed
regardless of the state of Ready. The Ready input appears in
inverted format as Status Register bit 7.

This is a bi-directional signal used to signify writing faults at
the drive, and to enable the extemal PLO data separator, When
WG = 1, Pin 33 functions as a WF input, {f WF = 0, any write
command will immediately be terminated. When WG = 0, Pin
33 functions as a VFOE output. VFOE will go low during a read
operation after the head has loaded and settled (HLT = 1). On
the 179577, it will remain low until the last bit of the second
CRC byte in the ID field. VFOE will then go high until 8 bytes
{(MFM) or 4 bytes (FM) before the Address Mark. It will then go
active until the last bit of the second CRC byte of the Data
Field. On the 1791/3, VFOE will remain low until the end of the
Data Field. This pin has an intermal 100K Ohm pull-up resistor.

This input informs the FD179X that the Read/Write head is
positioned over Track 00.

3




FUNCTION

This input informs the FD179X when the index hole is en-
countered on the diskette.

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

This input pin selects either single or double density
operation. When DDEN = 0, double density is selected. When
DDEN = 1, single density is selected. This line must be left
open on the 1792/4.

PIN NUMBER PIN NAME SYMBOL
35 iNDEX PULSE iP

36 WRITE PROTECT WPRT

37 DOUBLE DENSITY DDEN

GENERAL DESCRIPTION

The FDI179X are N-Channel Silicon Gate MOS LS|
devices which perform the functions of a Floppy Disk
Formatter/Controller in a single chip implementation.
The FD179X, which can be considered the end result
of both the FD1771 and FD1781 designs, is IBM 3740
compatible in single density mode (FM) and System 34
compatible in Double Density Mode (MFM), The
FD179X contains all the features of its predecessor the
FD1771, plus the added features necessary {0
readiwrite and format a double density diskette. These
include address mark detection, FM and MFM encode
and decode logic, window extension, and write precom-
pensation. In order 10 maintain compatibility, the
FD1771, FD1781, and FD179X designs were made as
close as possible with the computer interface, instruc-
tion set, and /O registers being identical. Also, head
load control is identical. In each case, the actual pin
assignments vary by only a few pins from any one to
another.

The processor interface consists of an 8bit bi-direc-
tional bus for data, status, and control word transfers.
The FD179X is set up to operate on a multiplexed bus
with other bus-oriented devices.

The FD179X is TTL compatible on all inputs and
outputs. The outputs will drive ONE TTL load or three
LS loads. The 1793 is identical to the 1791 except the
DAL lines are TRUE for systems that utilize true data
busses.

The 179577 has a side select output for controlling
double sided drives, and the 1792 and 1794 are “Single
Density Only” versions of the 1791 and 1793 respec-
tively. On these devices, DDEN must be left open.

ORGANIZATION

The Floppy Disk Formatter block diagram is illustrated
on page 5 The primary sections include the paratlel
processor interface and the Floppy Disk interface.

Data Shift Register — This 8bit register assembles
serial data from the Read Data input (RAW READ)
guring Read operations and transfers serial data to the
Write Data output during Write operations.

Data Register — This Bbit register is used as a
holding register during Disk Read and Write operations.
In Disk Read operations the assembled data byte is
transferred in parallel to the Data Register from the
Data Shift Register. In Disk Write operations in-
formation is transferred in parallel from the Dala
Register to the Data Shift Register.

When executing the Seek command the Data Register
holds the address of the desired Track position. This
register is loaded from the DAL and gated onto the
DAL under processor control.

Track Register — This B-bit register holds the track
number of the current Read/Write head position. It is
incremented by one every time the head is stepped in
(towards track 76) and decremented by one when the
head is stepped out (towards track 00). The contents of
the register are compared with the recorded track
number in the 1D field during disk Read, Write, and
Verify operations. The Track Register can be loaded
from or transferred to the DAL. This Register shouid
not be loaded when the device is busy.

Sector Register (SR) — This 8-bit register holds the address
of the desired sector position. The contents of the register
are compared with the recorded sector number in the 1D
field during disk Read or Write operations. The Sector
Register contents can be loaded from or transterred to the
DAL. This register should not be loaded when the device is
busy.

Command Register (CR} — This 8-bit register holds the
command presently being executed. This register should
not be loaded when the device is busy unless the new
command is a force interrupt. The command register can
be loaded from the DAL, but not read onto the DAL

Status Register (STR) — This 8-bit register holds device
Status information. The meaning of the Status bits is a
function of the type of command previously executed. This
register can be read onto the DAL, but not loaded from the
DAL.

CRC Logic — This logic is used to check or to generate the
16-bit Cyclic Redundancy Check (CRC). The polynomial is;
Gx) = x"™ 4+ X' 4 x* + 1.

The CRC includes all information starting with the address
mark and up to the CRC characters. The CRC register is
preset to ones prior to data being shifted through the
circuit.

Arithmetic/iLogic Unit (ALU) — The ALU is a serial com-
parator, incrementer, and decrementer and is used for
register modification and comparisons with the disk
recorded 1D field.

Timing and Control — ANl computer and Floppy Disk in-
terface controls are generated through this logic. The in-
ternal device timing is generated from an external crystal
clock.

The FD179X has two different modes of operation ac-
cording to the state of DDEN. When DDEN = 0 double
density (MFM) is assumed. When DDEN = 1, single
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density (FM) is assumed. 1792 & 1794 are single density At - AD READ (RE) WRITE (NE)
only. 0 0 Status Register Command Register
AM Deteclor — The address mark detector detects ID, data 0 1 Track Register Track Register
and index address marks during read and write operations. 1 0 Sector Register Sector Register
1 1 Data Register Data Register

PROCESSOR INTERFACE

The interface to the processor is accomplished through the
eight Data Access Lines (DAL) and associated control
signals. The DAL are used to transfer Data, Status, and
Control words out of, or into the FD179X. The DAL are three
state buffers that are enabled as output drivers when Chip
Select (CS) and Read Enable (RE) are active {low logic state)
or act as input receivers when CS and Write Enable (WE)
are active,

When transfer of data with the Floppy Disk Conttoller is
required by the host processor, the device address is
decoded and CS is made low. The address bits A1 and AQ,
combined with the signals RE during a Read operation or
WE during a Write operation are interpreted as selecting
the following registers:

During Direct Memory Access (DMA) types of data
transfers between the Data Register of the FD179X and the
processor, the Data Request (DRQ) output is used in Data
Transfer control. This signal also appears as status bit 1
during Read and Write operations.

On Disk Read operations the Data Request is activated {set
high) when an assembled serial input byte is transferred in
parallel to the Data Register. This bit is cleared when the
Data Register is read by the processor. If the Data Register
is read after one or more characters are lost, by having new
data transferred into the register prior to processor readout,
the Lost Data bit is set in the Status Register. The Read
operation continues until the end of sector is reached.

On Disk Write operations the data Request is activated
when the Data Register transfers its contents to the Data




Shift Register, and requires a new data byte. It is reset
when the Data Register is loaded with new data by the
processor. If new data is not loaded at the time the next
serial byte is required by the Floppy Disk, a byte of zeroes
is written on the diskette and the Lost Data bit is set in the
Status Register.

At the completion of every command an INTRQ is
generated. INTRQ is reset by either reading the status
register or by loading the command register with a new
command. In addition, INTRQ is generated if a Force
Interrupt command condition is met.

The 179X has two modes of operation according to the
state of DDEN (Pin 37). When DDEN = 1, single density is
selected. In either case, the CLK input (Pin 24) is at 2 MHz.
However, when interfacing with the mini-floppy, the CLK
input is set at 1 MHz for both single density and double
density.

GENERAL DISK READ OPERATIONS

Sector lengths of 128, 256, 512 or 1024 are obtainable in
either FM or MFM formats. For FM, DDEN should be
placed to logical “1.” For MFM formats, DDEN should be
placed to a logical "0."” Sector lengths are determined at
format time by the fourth byte in the “ID” field.

Sector Length Table*
Sector Length Number of Bytes
Field (hex) in Sector (decimal)
00 128
.o 256
L -] 512
03 1024

*1795/97 may vary — see command summary.

The number of sectors per track as tar as the FD179X is
concermned can be from 1 to 256 sectors. The number of
tracks as far as the FD179X is concemed is from 0 to 255
tracks. For IBM 3740 compatibility, sector lengths are 128
bytes with 26 sectors per track. For System 34 com-
patibility (MFM), sector lengths are 256 bytes/sector with 26
sectorsitrack, or lengths of 1024 bytes/sector with 8
sectors/track. (See Sector Length Table)

For read operations in 8" double density the FD178X
requires RAW READ Data (Pin 27) signal which is a 200 ns
pulse per flux transition and a Read clock (RCLK) signal to
indicate flux transition spacings. The RCLK (Pin 26) signal
is provided by some drives but if not it may be derived
externally by Phase lock loops, one shots, or counter
techniques. in addition, a Read Gate Signal is provided as
an output (Pin 25) on 1791/92/93/94 which can be used to
inform phase lock loops when to acquire synchronization.
When reading from the media in FM. RG is made true when
2 bytes of zeroes are detected. The FD179X must find an
address mark within the next 10 byles; otherwise RG is
reset and the search for 2 bytes of zeroces begins all over
again. If an address mark is found within 10 bytes, RG
remains true as long as the FD179X is deriving any useful
information from the data stream. Similarly for MFM, RG is
made active when 4 bytes of 00" or “FF" are detected. The
FD179X must find an address mark within the next 16
bytes, otherwise RG is reset and search resumes.

During read coperations (WG = @), the VFOE (Pin 33} is
provided for phase lock loop synchronization. VFOE will go
active low when:

a) Both HLT and HLD are True
b) Settling Time, if programmed, has expired
¢) The 179X is inspecting data off the disk

If WF/VFOE is not used, leave open or tie 1o a 10K resisior
o +5.

GENERAL DISK WRITE OPERATION

When writing is to take place on the diskette the Write Gate
(WG) output is activated, allowing current to flow into the
Read/Write head. As a precaution to erroneous writing the
first data byte must be loaded into the Data Register in
response to a Data Request from the FD179X before the
Write Gate signal can be activated.

Writing is inhibited when the Write Protect input is a logic
low, in which case any Write command is immediately
terminated, an intermupt is generated and the Write Protect
status bit is set. The Write Fault input, when activated,
signifies a writing fault condition detected in disk drive
electronics such as failure to detect write current flow
when the Write Gate is activated. On detection of this fault
the FD179X terminates the current command, and sets the
Wirite Fault bit (bit 5) in the Status Word. The Write Fault
input should be made inactive when the Write Gate output
becomes inactive.

For write operations, the FD179X provides Write Gate (Pin
30) and Write Data (Pin 31) outputs. Write data consists of a
series of 500 ns pulses in FM (DDEN = 1) and 200 ns
pulses in MFM (DDEN = (). Write Data provides the unique
address marks in both formats.

Also during write, two additional signals are provided for
write precompensation. These are EARLY (Pin 17} and
LATE (Pin 18). EARLY is active true when the WD pulse
appearing on (Pin 30} is to be written EARLY. LATE is active
true when the WD pulse is to be written LATE. If both
EARLY and LATE are low when the WD pulse is present,
the WD pulse is 1o be wrillen at nominal. Since write
precompensation values vary from disk manufacturer 1o
disk manufacturer, the actual value is determined by
several one shots or delay lines which are located external
10 the FD179X. The write precompensation signals EARLY
and LATE are valid for the duration of WD in both FM and
MFM formats,

READY

Whenever a Read or Write command (Type Il or lIl) is
received the FD179X samples the Ready input. If this input
is logic low the command is not executed and an interrupt
is generated. All Type | commands are performed re-
gardiess of the state of the Ready input. Also, whenever a
Type Il or Il command is received, the TG43 signal output
is updated.

COMMAND DESCRIPTION

The FD179X will accept eleven commands. Command
words should only be lcaded in the Command Register
when the Busy status bit is off (Status bit 0). The one
exception is the Force Interrupt command. Whenever a
command is being executed, the Busy status bit is set.
When a command is completed, an interrupt is generated
and the Busy status bit is reset. The Status Register
indicates whether the completed command encountered
an emror or was fault free. For ease of discussion,
commands are divided into four types. Commands and
types are summarized in Table 1.
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TABLEt. COMMAND SUMMARY

A. Commands for Models: 1791, 1792, 1793, 1794 B. Commands for Models: 1795, 1797
Bits Bits
Type Command 7 & 5 4 3 2 1 0 7 6 5 4 3 2 1 0
| Restore 0 0 0 0 h v n 0 1] 0 0 0 h v "t
| Seek 0 0 0 1 h v n M| 0O 0 o 1 h v n )
| Step 0 0 1 T h v n 0l 0 0 1 T h v 1
| Step-in 0 1 0 T h v n ] o 1 0 T h v n 10
| Stepout 0 1 1 T h v n L I 1 1 T h v "1
Il Read Sector 1 0 0 m S E C 0 1 0 0 m L E U 0
il Write Sector 1 0 1 m S E C 3] 1 0 1 m L E U a
Il Read Address 1 1 0 1] 0 E 0 0 1 1 4] 0 0 E u 0
Il Read Track 1 1 1 0 0 E 0 0 1 1 1 0 0 E U 0
th Write Track 1 1 1 1 0 E 0 0 1 1 1 1 1] E u 0
IV Force Interrupt 1 1 0 t 3 k2 K |1 1 o 1 B 2 h b
FLAG SUMMARY TABLE 2 FLAG SUMMARY
Command Bit
Type No(s) Description
i 0,1 110 = Stepping Motor Rate
See Table 3 for Rate Summary
| 2 V = Track Number Verify Flag]V = 0, No verify
V = 1, Verify on destination track
i 3 h = Head Load Flag h = 1, Load head at beginning
h = 0,Unload head at beginning
! 4 T = Track Update Flag T = 0, Noupdate
T = 1, Update track register
L] 0 2] = Data Address Mark ag = 0,FB (DAM)
ag = 1, F8 (deleted DAM)
#® 1 C = Side Compare Flag C = 0, Disable side compare
C = 1, Enable side compare
na&m 1 U = Update S5O U = 0,Update SSOto 0
U =1, Update S5O to 1
nain 2 E = 15 MS Delay € = 0, No 15MS delay
E = 1,15 MSdelay
] 3 S = Side Compare Flag S = 0, Compare for side 0
S = 1, Compare for side 1
— LSB's Sector Length in {D Field
H 3 L = Sector Length Flag 00 o1 10 11
L =0 256 512 1024 128
L =1 128 256 512 1024
H 4 m = Muitiple Record Flag m = 0, Single record
m = 1, Multiple records
v 03 Ix = Interrupt Condition Flags
Io = 1 Not Ready Yo Ready Transition
] = 1 Ready To Not Ready Transition
i2 = 1Index Pulse
I3 = 1Immediate Interrupt, Requires A Reset
1310 = 0 Terminate With No (nterrupt (INTRQ)

*NOTE: See Type IV Command Description for further information.
. ____________________________ ]
7




TYPE | COMMANDS

The Type | Commands include the Restore, Seek, Step,
Step-in, and Step-Out commands. Each of the Type |
Commands contains a rate field (T0 M), which determines
the stepping motor rate as defined in Table 3.

A 2 us (MFM) or 4 us (FM) pulse is provided as an output to
the drive. For every step pulse issued, the drive moves one
track location in a direction determined by the direction
output. The chip will step the drive in the same direction it
last stepped unless the command changes the direction.
The Direction signal is active high when stepping in and
low when stepping out. The Direction signal is valid 12 us
before the first stepping pulse is generated.

The rates {(shown in Table 3) can be applied to a Step-
Direction Motor through the device interface.

TABLE 3. STEPPING RATES

CLK 2 MHz 2 MHz 1 MH2 1 MHz 2 Mz 1 MHz
DDEN 0 1 0
A1 RO TEST=1 TEST=1 TEST=1 TEST=1 TEST=0 TEST=0

1 X X

00 Ams Ims & ms - 1845 368us
0 6 ms 6 ms 12 ms 12 ms 180us 380ps
10 10 ms 10 ms 20 ms 20 ms 198us 396us
11 15ms 15 ms 30 ms 30 ms 208us  416us

After the last directional step an additional 15 milliseconds
of head settling time takes place if the Verify flag is set in
Type | commands. Note that this time doubles to 30 ms for
a 1 MHz clock. if TEST = 0, there is zero settling time.
There is also a 15 ms head settling time if the E flag is set in
any Type Il or Iif command.

When a Seek, Step or Restore command is executed an
optional verification of Read-Write head position can be
performed by settling bit 2{(V = 1}in the command word to
alogic 1. The verification operation begins at the end of the
15 millisecond settling time after the head is ioaded against
the media. The track number from the first encountered ID
Field is compared against the contents of the Track
Register. If the track numbers compare and the 1D Field
Cyclic Redundancy Check (CRC) is correct, the verify
operation is complete and an INTRQ is generated with no
errors. 1f there is a match but not a valid CRC, the CRC error
status bit is set (Status bit 3), and the next encountered 1D
field is read from the disk for the verification operation.

The FDN79X must find an 1D field with cormrect track number
and comect CRC within 5 revolutions of the media
otherwise the seek error is set and an INTRQ is generated.
it V = 0, no verification is performed.

The Head Load (HLD) output controls the movement of the
read/write head against the media. HLD is activated at the
beginning of a Type | command if the h flag is set (h = 1), at
the end of the Type | command if the verify flag (v = 1), or
upon receipt of any Type Il or Il command. Once HLD is
active it remains active until either a Type | command is
received with (h = Gand V = O); or if the FD179X is in an
idle state (non-busy) and 15 index pulses have occurred.

Head Load timing (HLT) is an input to the FD179X which is
used for the head engage time. When HLT = 1, the FO179X
assumes the head is completely engaged. The head
engage time is typically 30 to 100 ms depending on drive.
The fow to high transition on HLD is typically used to fire a
one shot. The output of the one shot is then used for HLT
and supplied as an input to the FD179X.

HLD fF———
. le——50 70 100m5s ——]

[}
¥
HLT (FROM ONE SHOT)

HEAD LOAD TIMING

When both HLD and HLT are true, the FD179X will then
read from or write to the media. The “and” of HLD and HLT
appears as status Bit 5 in Type | status,

In summary for the Type | commands: ifh = Qand V = 0,
HLD is reset. If h = 1 and V = 0, HLD is set at the
beginning of the command and HLT is not sampled nor is
there an internal 15 ms delay. Ifh = 0andV = 1, HLD is
set near the end of the command, an internal 15 ms occurs,
and the FD179X waits forHLT tobe true. Ith = 1and V =
1, HLD is set at the beginning of the command. Near the
end of the command, after atl the steps have been issued,
an internal 15 ms delay occurs and the FD179X then waits
for HLT 1o occur.

For Type Il and lll commands with E flag off, HLD is made
active and HLT is sampled until true. With E flag on, HLD is
made active, an internal 15 ms delay occurs and then HLT
is sampled until true.

RESTORE (SEEK TRACK 0)

Upon receipt of this command the Track 00 {TROD} input is
sampled. If TROO is active low indicating the Read-Write
head is positioned over track 0, the Track Register is loaded
with zeroes and an interrupt is generated. If TROO is not
active low, stepping pulses (pins 15 to 16) al a rate specified
by the 1 10 tield are issued until the TROO input is activated.
At this time the Track Register is loaded with zeroes and an
interrupt is generated, If the TROD input does not go active
low after 2565 stepping pulses, the FD179X terminates
operation, interrupts, and sets the Seek error status bit,
providing the V flag is set. A verification operation also
takes place if the V flag is set. The h bit allows the head to
be loaded at the start of comrnand. Note that the Restore
command is executed when MR goes from an active to an
inactive state and that the DRQ pin stays low.

SEEK

This command assumes that the Track Register contains
the track number of the current position of the Read-Write
head and the Data Register contains the desired track
number. The FD179X will update the Track register and
issue stepping pulses in the appropriate direction until the
contents of the Track register are equa! to the contents of
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TYPE | COMMAND FLOW

the Data Register (the desired track location). A verification
operation lakes place if the V flag is on. The h bit allows the
head to be loaded at the starl of the command. An interrupt
is generated at the completion of the command. Note:
When using multiple drives, the track register must be
updated for the drive selected before seeks are issued.

STEP

Upon receipt of this command, the FD179X issues one
stepping pulse to the disk drive. The stepping motor
direction is the same as in the previous step command.
After a delay determined by the MT0 field, a verification
takes place if the V Hlag is on. I the U flag is on, the Track
Register is updated. The h bit aliows the head to be lcaded
at the start of the command. An interrupt is generated at
the completion of the command.

STEP-IN

Upon receipt of this command, the FD179X issues cne
stepping puise in the direction towards track 76. If the U

TYPE | COMMAND FLOW

flag is on, the Track Register is incremented by one. Aftera
delay determined by the F1'0 field, a verification takes place
if the V flag is on. The h bit allows the head 1o be loaded at
the start of the command. An interrupt is generated at the
completion of the command.

STEP-OUT

Upon receipt of this command, the FD179X issues one
stepping pulse in the direction towards track 0. If the U flag
is on, the Track Register is decremented by one. Afier a
delay determined by the MTQ field, a verification takes place
if the V flag is on. The h bit allows the head to be loaded at
the start of the command. An interrupt is generated at the
completion of the command.

EXCEPTIONS

On the 1795/7 devices, the SSO output is not affected
during Type 1 commands, and an internal side compare
does not take place when the (V) Verify Flag is on.




VERIFY
SEQUENCE

INTRO RESET BUSY

TR RESET BUSY
SET SEEK ERAMORA

HAS
1D AM BEEN
DETECTED
)

WTRD
RESEY BuSY e

wOTE (F YEET = 0. THERE |5 NO 1583 DELAY
TFTEST = 1 AND CLK = 1 MHz, THERE IS A 2005 DELAY

then located and will be either written into, or read from
depending upon the command. The FD179X must find an
1D field with a Track number, Sector number, side number,
and CRC within four revolutions of the disk; otherwise, the
Record not found status bit is set (Status bit 3) and the
command is terminated with an interrupt.

TYPE | COMMAND FLOW

TYPE l COMMANDS

The Type |l Commands are the Read Sector and Write
Sector commands. Prior to loading the Type Il Command
into the Command Register, the computer must load the
Sector Register with the desired sector number. Upon
receipt of the Type 1l command, the busy status Bit is set. If
the E flag = 1 (this is the normal case) HLD is made active
and HLT is sampled after a 15 msec delay. If the E flag is 0,
the head is loaded and HLT sampled with no 15 msec
delay. The ID field and Data Field format are shown on page
13.

When an ID field is located on the disk, the FD179X
compares the Track Number on the 1D field with the Track
Register. If there is not a match, the next encountered ID
field is read and a comparison is again made. If therewas a
match, the Sector Number of the 1D field is compared with
the Sector Register. If there is not a Sector match, the next
encountered 1D field is read off the disk and comparisons
again made. if the ID field CRC is comrect, the data field is

SET BUSY RESET OAQ LOST
DATA RECOAD NOT FOUND &
STATUS BITS 5 & 6 INTRO

INTRQ
RESEY BUSY

COPY 'S’ FLAG TO
550 LINE {17857 ONLY)

IBHT «1?

15 YES SET
TR 343 TGa2
L]
wo
RESET TG4

INTAQ RESET Busy
SET WRITE PROTECY

“NOTE [ETEST = 0, THERE IS MO 15MS DELAY
IF T = 1 AND CLK = 1 MH: THERE 15 M5 DELAY

TYPE i COMMAND
Each of the Type Il Commands contains an (m) flag which
determines if multiple records (sectors) are to be read or
written, depending upon the command. If m = 0, a single
sector is read or written and an interrupt is generated at the
completion of the command. If m = 1, multiple records are
read or written with the sector register internally updated
so that an address verification can occur on the next
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record. The FD179X will continue to read or write multiple
records and update the sector register in numerical
ascending sequence until the sector register exceeds the
number of sectors on the track or until the Force Interrupt
command is loaded into the Command Register, which
terminates the command and generates an interrupt.

For example: If the FD179X is instructed to read sector 27
and there are only 26 on the track, the sector register ex-
ceeds the number available. The FD179X will search for 5§
disk revolutions, intemupt out, reset busy, and set the
record not found status bit.

The Type i commands for 1721-94 also contain side select
compare flags. When C = 0 (Bit 1) no side comparison is
made. When C = 1, the LSB of the side number is read off
the ID Field of the disk and compared with the contents of
the (S} flag (Bit 3). If the S flag compares with the side
number recorded in the ID field, the FD179X continues with
the ID search. If a comparison is not made within 5 index
pulses, the interrupt line is made active and the Record-
Not-Found status bit s set.

WNTAQ RESET BUSY
SET AECORD-NOT FOUND,

HAVE
SINDEX HOLES
PASSED
>

N

(™
10AM

b BEEN

OETECTED
>
o
)
~o

BRING iM SECTOR LENGTH FIELD
STOAE LENGTH IN INTERNAL
AEGISTER

SET CRC
STATUS EARDR

TYPE | COMMAND
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The Type Il and I commands for the 179597 contain a side
select flag (Bit 1). When U = 0, $S0O is updated to 0.
Similarly, U = 1 updates SSO to 1. The chip compares the
SS0 to the 1D field. i they do not compare within 5
revolutions the interrupt line is made active and the RNF
status bit is set.

The 1795/7 READ SECTOR and WRITE SECTOR com-
mands include a ‘L’ flag. The ‘L’ flag, in conjunction with
the sector length byte of the ID Field, allows different byte
lengths to be implemented in each sector.’ For IBM
compatability, the ‘'L’ flag should be set to a one.

READ SECTOR

Upon receipt of the Read Sector command, the head is
loaded, the Busy status bit set, and when an ID field is
encountered that has the correct track number, comrect
sector number, correct side number, and correct CRC, the
data field is presented to the computer. The Data Address

READ SECTOR
SEQUENCE

PUT RECORD TYPE 1N
STATUS REG BT 5 ¥
et YES

FIRST BYTE
BEEN ASSEMBLED
N DSR

HO

b4

YE

SET ORCG

HAS
NO WEXT BYTE
BEEN ASSEMBLED
N OSA

YES

HAS
DR BEEN
AEAD BY NG SET DATA
COMPUTER LOsT
DRG

ES

HAVE
ALL BYTES
BEEN WPUTTED
7

-1 TO
SECTON NEG

k‘) ' INTRO RESEY BUSY ’

WTRQ RESET BUSY
SET CRC EARDA

TYPE i COMMAND




WRITE SECTOR
SEQUENCE

N

| DELAY 2 BYTES OF GAP |

INTRQ RESET BUSY
SET LOSY DATA

I DELAY | BYTE OF GAP

TURN ON WG & WRITE
§ BYTES OF ZEROS DELAY 13 BYTES

i '

T
WRITE DATA AM TUAN ON WG & WAITE
42 BYTES OF ZEAOS

ACCOADWG TO Ad FIELD
OF WRITE COMMAND

——
(o]

L WRITE BYTE TO DISK i

SET DATA

LOST
WRITE BYTE
OF ZERDS

HAVE

ALL BYTES

BEEN WRITTEN
r

NO

TYPE | COMMAND

Mark of the data field must be found within 30 bytes in
single density and 43 bytes in double density of the last ID
field CRC byte; if not, the ID field is searched for and
verified again followed by the Data Address Mark search. If
after 5 revolutions the DAM cannot be found, the Record
Not Found status bit is set and the operation is terminated.
When the first character or byte of the data field has been
shifted through the DSR, it is transferred to the DR, and
DRQ is generated. When the next byte is accumulated in
the DSR, it is transferred to the DR and another DRQ is
generated. If the Computer has not read the previous
contents of the DR before a new character is transferred
that character is lost and the Lost Data Status bit is set.
This sequence cortinues until the complete data field has
been inputted to the computer. If there is a CRC error at the
end of the data field, the CRC error status bit is set, and the
command is terminated (even if it is a multiple record
command).

At the end of the Read operation, the type of Data Address
Mark encountered in the data field is recorded in the Status
Register (Bit 5) as shown;

STATUS

BITS
1 Deleted Dala Mark
0 Data Mark
WRITE SECTOR

Upon receipt of the Write Sector command, the head is
loaded (HLD active) and the Busy siatus bit is set. When an
1D field is encountered that has the correct track number,
correct sector number, comrect side number, and correct
CRC, a DRQ is generated. The FD179X counts off 11 bytes
in single density and 22 bytes in double density from the
CRC field and the Write Gate (WG) output is made active if
the DRQ is serviced (i.e., the DR has been loaded by the
computen). it DRQ has not been serviced, the command is
terminated and the Lost Data status bit is set. If the DRQ
has been serviced, the WG is made active and six bytes of
zeroes in single density and 12 bytes in double density are
then written on the disk. At this time the Data Address
Mark is then written on the disk as determined by the 20
field of the command as shown below:

ag Data Address Mark (Bit 0)
1 Deleted Data Mark
0 Data Mark

The FD179X then writes the data field and generates DRQ's
to the computer. If the DRQ is not serviced in time for
continuous writing the Lost Data Status Bit is set and a
byte of zeroes is written on the disk. The command is not
terminated. After the last data byte has been written on the
disk, the two-byte CRC is computed internally and written
on the disk followed by one byte of logic ones in FM or in
MFM, The WG output is then deactivated. For a 2 MHz
clock the INTRQ will set 8 to 12 usec after the last CRC byte
is written. For partial sector writing, the proper method is to
write the data and fill the balance with zerces. By letting the
chip fill the zeroes, errors may be masked by the lost data
status and improper CRC Bytes.

TYPE 10 COMMANDS

READ ADDRESS

Upon receipt of the Read Address command, the head
is loaded and the Busy Status Bit is set. The next
encountered ID field is then read in from the disk, and
the six data bytes of the ID field are assembled and
transferred to the DR, and a DRQ is generated for each
byte. The six bytes of the ID field are shown below:

TRACK SIDE SECTOR | SECTOR | CRC |CRC
ADDR NUMBER | ADDRESS | LENGTH 1 2
1 2 3 4 5 6

Although the CRC characters are transferred to the
computer, the FD179X checks for validity and the CRC
error status bit is set if there is a CRC error. The Track
Address of the ID field is written into the sector
register so0 that a comparison can be made by the
user. At the end of the operation an interrupt is
generated and the Busy Status is reset.

12
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READ TRACK

Upon receipt of the READ track command, the head is
loaded, and the Busy Status bit is set. Reading starts with
the leading edge of the tirst encountered index pulse and
continues until the next index pulse. All Gap, Header, and
data bytes are assembled and transferred to the data
register and DRQ's are generated for each byte. The ac-
cumulation of bytes is synchronized to each address mark
encountered. An interrupt is generated at the completion of
the command.

This command has several characteristics which make it
suitable for diagnostic purposes. They are: the Read Gate

is not activated during the command; no CRC checking is
performed; gap information is included in the data stream;
the internal side compare is not performed; and the ad-
dress mark detector is on for the duration of the command.
Because the A M. detector is always on, write splices or
noise may cause the chip to look for an A.M. if an address
mark does not appear on schedule the Lost Data status flag
is set.

The ID A M., |D field, ID CRC bytes, DAM, Data, and Data
CRC Bytes for each sector will be correct. The Gap Bytes
may be read incorrectly during write-splice time because of

(o )
..c

YES

SET BUSY RESET DRO
LOST DATA 5TATUS
BS54 5

INTRO
RESET BUSY

DELAY J BYTE
TIMES

SET INTRQ
LOST DATA
RESET BUSY

“30MS IF CLOCK
ERE .1

synchronization.

YES (MFMY

‘ NO (Fap
Dogs vEs WRITE 2 CRG
OSA - £7 CHARS CLK = FF
WO
DOES YES WHITE FC
05R = FC ok = D7
h
NO
DoEs WRITE £ FE OR
D3R = FO FE YES FAER CLK = CT
OR F&-F INITIALIZE CRE
»

NO

WRITE DSR
CLK = FF

PrYS
INDEX MARK
2

INTAQ AESET BUSY

WRITE
BYTE OF ZEACS
SET DATA LOSY

HAS
DA BEEN
LOADED?

WRITE AT IN MFM
CLOCK

DOES hiid ™
D%A = F3 INTIALIZE CRC

DOES YES WRITE C7 N MFM
osaf F& WITH MISEING CLOCK)

DGES YES WRITE 2 CRC
DSA = FT CHaRS

TYPE Nl COMMAND WRITE TRACK
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TYPE Hl COMMAND WRITE TRACK
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CONTROL BYTES FOR INITIALIZATION

DATA PATTERN FD179X INTERPRETATION FD1791/3 INTERPRETATION
IN DR (HEX) IN FM (DDEN = 1) IN MFM (DDEN = 0)
Q0 thru F4 Write 00 thru F4 with CLK = FF Write 00 thru F4, in MFM
F5 Not Allowed Write Al1* in MFM, Preset CRC
F6 Not Allowed Write C2** in MFM
F7 Generate 2 CRC bytes Generate 2 CRC bytes
F8 thru FB Write F8 thru FB, Clk = C7, Preset CRC Write F8 thru FB, in MFM
FC Write FC with Clk = D7 Write FC in MFM
FD Write FD with Clk = FF Write FD in MFM
FE Write FE, Cik = C7, Preset CRC Write FE in MFM
FF Write FF with Clk = FF Write FF in MFM

*Missing clock transition between bits 4 and 5

WRITE TRACK FORMATTING THE DISK
{Refer to section on Type il commands for flow diagrams.)

Formmatting the disk is a relatively simple task when
operating programmed /O or when oparating under DMA
with a large amount of memory. Data and gap information
must be provided at the computer interface. Formatting the
disk is accomplished by positioning the RW head over the
desired track number and issuing the Write Track com
mand. .

Upon receipt of the Write Track command, the head is
loaded and the Busy Status bit is set. Writing starts with
the leading edge of the first encountered index pulse and
continues until the next index pulse, at which time the
interrupt is activated. The Data Request is activated im-
mediately upon receiving the command, but writing will not
start until after the first byte has been loaded into the Data
Register. If the DR has not been lcaded by the time the
index pulse is encountered the operation is terminated
making the device Not Busy, the Lost Data Status Bit is set,
and the Interrupt is activated. If a byte is not present in the
DR when needed, a byte of zeroes is substituted.

This sequence continues from one index mark 1o the next
index mark, Normally, whatever data pattern appears in the
data register is written on the disk with a normal clock
pattern. However, if the FD179X detects a data pattern of
F5 thru FE in the data register, this is interpreted as data
address marks with missing clocks or CRC generation.

The CRC generator is initialized when any data byte from
F8 to FE is about to be transferred from the DR to the DSR
in FM or by receipt of F5 in MFM. An F7 pattern will
generate two CRC characters in FM or MFM. As a con-
sequence, the pattems F5 thru FE must not appear in the
gaps, data fields, or ID fields. Also, CRC's must be
generated by an F7 pattern.

Disks may be formatted in IBM 3740 or System 34 formats
with sector lengths of 128, 256, 512, or 1024 bytes.

TYPE IV COMMANDS

The Forced Interrupt command is generally used to ter-
minate a multiple sector read or write command or to in-

**Missing clock transition between bits 3 & 4

sure Type | status in the status register. This command can
be loaded into the command register at any time. If there is
a current command under execution (busy status bit set)
the command will be terminated and the busy status bit
reset.

The lower four bits of the command determine the con-
ditional interrupt as follows:

0 = Not-Ready to Ready Transition
1 = Ready to Not-Ready Transition
12 = Every Index Pulse

13 = Immediate Interrupt

The conditional interrupt is enabled when the cor
responding bit positions of the command (13 - 10) are set to
a 1. Then, when the condition for interrupt is met, the IN-
TRQ line will go high signifying that the condition specified
has occurred. If 13 - l0 are all set to zero (HEX D), no in-
terrupt will occur but any command presently under
execution will be immediately terminated. When using the
immediate interrupt condition (13 = 1) an interrupt will be
immediately generated and the current command ter-
minated. Reading the status or writing to the command
register will not automatically clear the interrupt. The HEX
DO is the only command that will enable the immediate
interrupt (HEX D8) to clear on a subsequent load command
register or read status register operation. Follow a HEX D8

. with DO command.

Wait 8 micro sec (double density) or 16 micro sec (single
density before issuing a new command after issuing a
forced interrupt (times double when clock = 1 MHZ).
Loading a new command sooner than this will nullify the
forced interrupt.

Forced interrupt stops any command at the end of an in-
termal micro-instruction and generates INTRQ when the
specified condition is met, Forced interrupt will wait until
ALU operations in progress are complete (CRC
calculations, compares, etc.).

More than one condition may be set at a time. If for
example, the READY TO NOT-READY condition (1 = 1)
and the Every Index Pulse (12 = 1) are both set, the
resultant command would be HEX “DA. The “OR"” func-
tion is performed so that either a READY TO NOT- READY
or the next Index Pulse will cause an interrupt condition.
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READ TRACK
SEQUENCE

SET LOST
DATA 8IT

INDEX
L™ PULSE
H
WNTRQ YES
RESET BUSY
¥
vES
SHIFT ONE BIT
INTO DS
COPY'S FLAG
TO S50 UNE
1179577 ONLY)
y
SET HLD
NO
ves
DELAY 15MS°
ot
HLT=1
k4
vES
'
TG4
UPDATE TRANSFER
DSR TO DR
y
READ
TRACK SET
- DRQ
Yes AEAD
ADDRESS
8
N TEST- §, N0 DELAY TYPE il COMMAND
¥ TEST=t and CLK=1 MHZ. 30 MS DELAY Read Track/Address




YES

Y

SHIFT 1 BYTE
INTO DSR

3

TRANSFER
BYTETO DR

SET DRQ

HAVE &

BYTES BEEN

READ
?

TRANSFER TRACK
NUMBER TO SECTOR
REGISTOR

CRC
ERROR

YES

AEAD ADDRESS
SEQUENCE

RESET BUSY
SET INTRQ
SET RNF

SET CRC
ERROA BIT

(

SET INTRQ
AESET BUSY

TYPE Il COMMAND
Read Track/Address

STATUS REGISTER

Upon receipt of any command, except the Force Interrupt
command, the Busy Status bit is set and the rest of the
status bits are updated or cleared for the new command. {f
the Force Interrupt Command is received when there is a
current command under execution, the Busy status bit is
reset, and the rest of the status bits are unchanged. if the
Force intermupt command is received when there is not a
current command under execution, the Busy Status bit is
reset and the rest of the status bits are updated or cleared.
In this case, Status refiects the Type | commands.

The user has the option of reading the status register
through program control or using the DRG line with DMA or
interrupt methods. When the Data register is read the DRQ
bit in the status register and the DRQ line are automatically
reset. A write to the Data register also causes both DRCOY's
to reset,

The busy bit in the status may be monitored with a user
program to determine when a command is complete, in
lieu of using the INTRQ line. When using the INTRQ, a busy
status check is not recommended because a read of the
status register to determine the condition of busy will reset
the INTRQ line.

The format of the Status Register is shown below:;

(BITS)

7 6 5 4 3

57 56 85 54 S3 S2 1 S0

Status varies according to the type of command executed
as shown in Table 4.

Because of internal sync cycles, certain time delays must
be observed when operating under programmed FO. They
are: (times doubte when clock = 1 MH2)

Delay Req'd.
Operation Next Operation FM | MFM
Write to Read Busy Bit 12us : 6us
Command Reg. | (Status Bit 0) |
Write to Read Status 2Bus | 14ps
Command Reg. | Bits 1-7 1
Write Any Read From Diff. 0 , 0
Register Register I

IBM 3740 FORMAT — 128 BYTES/SECTOR

Shown below is the IBM single-density format with 128
bytesisector. In order to format a diskette, the user must
issue the Write Track command, and load the data register
with the following values, For every byte to be written, there
is one Data Request.

16
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IBM 3740 FORMAT — 128 BYTES/SECTOR IBM SYSTEM 34 FORMAT- 256 BYTES/SECTOR

Shown below is the IBM single-density format with 128 Shown below is the IBM dual-density format with 256
bytesisector. In order to format a diskette, the user must bytes/sector. In order to format a diskette the user must
issue the Write Track command, and load the data register issue the Write Track comnmand and load the data register
with the following values. For every byte to be written, there with the following values. For every byte to be written, there

is one Data Request. is one data request.
NUMBER HEX VALUE OF
NUMBER HEX VALUE OF OF BYTES BYTE WRITTEN
OF BYTES BYTE WRITTEN 80 AE
40 FF (or 00y 12 00
6 00 3 F6& (Writes C2)
1 FC (Index Mark) 1 FC (Index Mark)
* 26 FF (or 00y ¢ 50 4E
6 (1.0] 12 00
1 FE (D Address Mark) 3 F5 (Writes A1)
1 Track Number 1 FE (ID Address Mark)
1 Side Number (00 or 01) 1 Track Number {0 thru 4C)
1 Sector Number (1 thru 1A) 1 Side Number {0 or 1}
1 00 (Sector Length) 1 Sector Number (1 thru 1A}
1 F7 (2 CRC's written) 1 01 {Sector Length)
1 FF (or 00y 1 F7 (2 CRCs writlen)
6 00 22 4
1 FB (Data Address Mark) 12 00
128 Data (IBM uses E5) 3 F5 (Writes A1)
1 F7 (2 CRC's written} 1 FB (Data Address Mark)
27 FF (or 00y 256 DATA
247 FF (or 00y 1 F7 (2 CRCs written)
54 4E
*Write bracketed field 26 times 598"  4E

**Continue writing until FD179X interrupts out.

Approx. 247 byles.
1-Optional ‘00" on 1795/7 only.

"Write bracketed field 26 times

**Continue writin

g until FD179X imerrupts out.

Approx. 558 bytes.

e I

«orea o |____I
e
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A PAECEDED BT IWRLE BYTEY OF
A1 WITH CLOCK TASPEITION BE Fuf Er
TR 4 AND § LMSSING

i 153 amp o

MHESMG CLOCK TRANWTION
BTt

T
1

ours : a
]

12 BYtES 1 1 \

sarirs —ad 0 —ﬁ 1avIE L_m”.

ST TR}

3

—— WINIE FURI OFF FOR URDATE
Ol o s D12 #ELD

OEK ADORESS MaRR
/_ L
Gak <2 GAP | A GAm D Daps GAR Y
s DATA FIELD o Dala FiELD
2 Brre o i et PIUS | mecono oA ol o secono | gaed | mtcons | cass | accowe | Garr | mccomo secone [cerz] mecomo |aare
220 BTE ur 2 ArIE Fu e vartestu | aeoohe | sane e Ecom Econ e o oo Econ
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1
2 0
oeLereD
o TRACE, SMDE SECTOR SECTOR e CRC M DAl cne o
sooeese | oipde | il b SSERE | RN | oL | o5 Dars asen wais e | .

1BM TRACK FORMAT
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1. NON-IBM FORMATS
Variations in the IBM formats are possible to a limited

extent if the foliowing requirements are met: |“__‘_—‘ T ORAT s
—e }-O—Ymu

1) Sector size must be 128, 256, 512 or 1024 bytes. JJ——-—I Fo .
2) Gap 2 cannot be varied from the IBM format. oro !
3) 3bytes of A1 must be used in MFM. . ; o Vi ———=]
In addition, the Index Address Mark is not required for _..| 1SERWICE e |
operation by the FD179X. Gap 1, 3, and 4 lengths can be as Tuo o
short as 2 bytes for FD179X operation, however PLL lock up |
time, motor speed variation, write-splice area, etc. will add ® '
more bytes to each gap to achieve proper operation. It is ad a1 S I_ i
recommended that the IBM format be used for highest TRt —==
system reliability. 3 -
FM MFM roer boe
Gap| 16 bytes FF 32 bytes 4E€ o Torce |
Gap Il 11 bytes FF 22 bytes 4E e wa |
* 6 bytes 00 12 bytes 00 ___1.,04.._
3 bytes A1 NOTE + TF MAY BE PERMANENTLY TIED L OW IF DESIRED
Gap "l" 10 bytes FF 24 bytes 4E TiME OOUBLES WHEN CLOCK 1My
4 bytes 00 8 bytes 00 1gngE Lyonst cxse
3 bytes A‘ g:i?llﬁlnﬁ EDGE INDHCATES THAT THE DATA PEGISTER NAS ASSEMBLED
Gapv 16 bytes FF 16 bytes 4E DA AL 00 AT Tt T ST EITeR s k0
INTAQ FALLING EOGE IWDICATES THAT THE STATUS REGISTER WAS READ
*Byte counts must be exact. :
**Byte counts are minimum, except exactly 3 bytes of A1 READ ENABLE TIMING

must be written,

TIMING CHARACTERISTICS
Ta = 0°C to 70°C, Voo = + 12V = 6V, Vs, = OV, Voo =+5V + .25V

READ ENABLE TIMING (See Note 6, Page 21}

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS | CONDITIONS
TSET Setup ADDR & CS to RE_ 50 nsec
THLD Hold ADDR & CS from RE 10 nsec
TRE AE Pulse Width 400 nsec Cv = 50 pf
TDRR DRQ Reset from RE 400 500 nsec
TIRR INTRQ Reset from RE 500 3000 nsec See Note 5
TDACC Data Access from RE 350 nsec C. = 50 pf
TDOH Data Hold From RE 50 150 nsec Cu = 50 pf

WRITE ENABLE TIMING (See Note 6, Page 21)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS | CONDITIONS
TSET Setup ADDR & CS 1o WE 50 nsec
THLD Hold ADDR & CS from WE 10 nsec
TWE WE Pulse Width 350 nsec
TDRR DRQ Reset from WE 400 500 nsec
TIRR INTRQ Reset from WE 500 3000 nsec See Note 5
TDS Data Setup to WE 250 nsec
TDH Data Hold from WE 70 nsec

18
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6 OR 32 uY

i

- o |
|-- ToRA l le e I
w— ] ] L. ]
I o AAw READ
R B llictios, L L]
'“"'“"—_‘j'mn l—— v _-1 T h:v,,—-l
RCLK I—,
A0 &1 Cn o__, I_________ - I T ——E o —--1
[ — TWE ——] i_. T ]l
wE -
TsEy
&m D;}TM\JST
BE vALID NOM'NAL
DISKETTE |MODE |DDEN | cik | 1. [ 7, | T
8~ MFM 0 2MHz [1 s [ 1 s [ 2 us
T L T LR ¥ PM O[T [ aMHz2us | 2us | dus
T ENET 4 EE i KETaR TLE Rrsman COGE OF we 5" MFM 0 IMHZ ] 205 | 2us |4 s
1 SERVICE INORST CASEl 1O VLD T SOME 28 WEE. N 11 14 sSEc W Th 5" FM 1 TMHZ (4 45 | dus | Bys
MW 1 s TIVE BOUGKES WEN CLOCK T g 0 WHENCLK e
DAQ MSHNG EDGE INDICATES THAT THE DATA REGISTERA IS EMPTY INPUT DATA TI“'NG
OAG FALLING EDGE INDICATES TMAT THE OATA REGISTER IS LOADED
INTRO AISING EDGE 'NONCATE THE ENO OF A COMMAND
::Txlrf'::‘l.!l%ﬁ EDGE INDICAYES THAT THE COMMANDG REGISTER
WRITE ENABLE TIMING
INPUT DATA TIMING:
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS | CONDITIONS
Tpw Raw Read Pulse Width 100 200 nsec¢ | See Note 1
the Raw Read Cycle Time 1500 2000 nsec {1800 ns @ 70°C
Tc RCLK Cycle Time 1500 2000 nsec |1800 ns @ 70°C
Ta RCLK hold to Raw Read 40 nsec | See Note 1
Txz Raw Read hold to RCLK 40 nsec | See Note 1
WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK = 1 MHz) (See Note®6, Page 21)
SYMBOL CHARACTERISTICS MIN. TYP. MAX. UNITS| CONDITIONS
Twp Write Data Pulse Width 500 650 nsec FM
200 350 nsec MFM
Twg Write Gate to Write Data 2 usec FM
1 usec MFM
The Whnite data cycle Time 23,0rd usec +CLK Error
Ts Early {Late) to Write Data 125 nsec MFM
Th Early {Late) From 125 nsec MFM
Write Data
Twf Wrnite Gate off from WD 2 HSEeC FM
t HSEeC MFM
Twdl WD Valid to Cik 100 nsec CLK=1 MHZ
50 nsec CLK=2 MHZ
Twd2 WD Valid after CLK 100 nsec CLK=1 MHZ
30 nsec CLK=2 MHZ
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CLK
2MHZ)
DDEN = 1

v,

CLK
{2MHZ)
(DDEN = 0}

Twdl —.-I

w,

EDGE IN SECOND SHADED AREA.

WRITE DATA/CLOCK RELATIONSHIP

—

WD MUST HAVE RISING EDGE IN FIRST SHADED AREA AND TRAILING

[ e

WRITE DATA TIMING

MISCELLANEOUS TIMING: (Times Double When Clock = 1 MHZ) (See Note 6, Page 21)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS

TCD: Clock Duty (low) 230 250 | 20000 nsec

TCD2 Clock Duty (high) 200 250 | 20000 nsec

TSTP Step Pulse Output 2o0r4 psec

TDIR Dir Setup to Step 12 usec i%?.?('écgeﬂgﬂ
TMR Master Reset Puise Width 50 psec

TP Index Pulse Width 10 psec

TWF Write Fault Pulse Width 10 psec See Note 5
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¥ NOTES:
" | | i 1. Pulse width on RAW READ (Pin 27) is normally

100-300 ns. However, pulse may be any width if

po— e — pulse is entirely within window. #f pulse oceurs in both
= j—L—_J_y vin windows, then pulse width must be less than 300 ns
for MFM at CLK = 2 MHz and 600 ns for FM at 2
[ — MHz. Times double for 1 MHz.
= " 2. A PPL Data Separator is recommended for 8" MFM.
| | 3. tbc should be 2 us, nominal in MFM and 4 s nominal
f— e —] in FM. Times double when CLK = 1 MHz.
4. RCLK may be high or low during RAW READ (Polarity

feteve of is unimportant).

b | I | . Times double when clock = 1 MHz.

]t ; . Output timing readings are at Vou = 0.8vand Vo =
°°'| 20v
[., ooy Ov.
ome o _—J STEP N

' L
L
oL 4— ARg" —

R e Lo o SR
N I s

vy

a On

MISCELLANEOQUS TIMING
“FROM STEP RATE TABLE
Table 4. STATUS REGISTER SUMMARY

ALL TYPE | READ READ READ WRITE WRITE
BIT | COMMANDS ADDRESS SECTOR TRACK SECTOR TRACK
s7 |NOT READY |NOT READY NOT READY NOT READY (NOT READY [NOT READY
S6 |WRITE 0 0 0 WRITE WRITE

PROTECT PROTECT PROTECT

S5 |HEAD LOADED 0 RECORD TYPE 0 WRITE FAULT |WRITE FAULT
S4 |SEEK ERROR |RNF RNF 0 RNF 0
S3 |CRC ERROR |CRC ERROR | CRC ERROR 0 CRC ERROR 0
S2 |TRACK 0 LOST DATA LOST DATA LOST DATA |LOST DATA |LOST DATA
S1 |INDEX PULSE |DRQ DRQ DRQ DRQ DRQ
S0 |BUSY BUSY BUSY BUSY BUSY BUSY

STATUS FOR TYPE | COMMANDS

BIT NAME MEANING

S7 NOT READY This bit when set indicates the drive is not ready. When reset it indicates that the drive
is ready. This bit is an inverted copy of the Ready input and logically ‘ored’ with MR.

When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT
input.

S6 PROTECTED

S5 MEAD LOADED | When set, it indicates the head is loaded and engaged. This bit is a logical “and” of
HLD and HLT signals.

S4 SEEK ERROR When set, the desired track was not verified. This bit is reset to 0 when updated.

¥

S3 CRC ERROR

CRC encountered in ID field.

S2 TRACK 00 When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted
copy of the TROO input.

S1INDEX When set, indicates index mark detected from drive. This bit is an inverted copy of the
IP input.

S0 BUSY When set command is in progress. When reset no command is in progress.

21
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STATUS FOR TYPE i AND il COMMANDS

BIT NAME

MEANING

S7 NOT READY

This bit when set indicates the drive is not ready. When reset, it indicates that the drive
is ready. This bit is an inverted copy of the Ready input and ‘ored’ with MR. The Type |l
and {ll Commands will not execute unless the drive is ready.

$6 WRITE PROTECT

On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a
Write Protect. This bit is reset when updated.

S5 RECORD TYPE/
WRITE FAULT

On Read Record: It indicates the record-type code from data field address mark.
1 = Deleted Data Mark. 0 = Data Mark. On any Write: It indicates a Write Fault. This bit
is reset when updated.

S4 RECORD NOT
FOUND (RNF)

When set, it indicates that the desired track, sector, or side were not found. This bit is
reset when updated.

53 CRC ERROR

If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in
data field. This bit is reset when updated.

S2 LOST DATA

When set, it indicates the computer did not respond to DRQ in one byte time. This bit is
reset to zero when updated.

51 DATA REQUEST

This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read
Operation or the DR is empty on a Write operation. This bit is reset 10 zero when up-
dated.

S0 BUSY

When set, command is under execution. When reset, no command is under execution.

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings
Voo with repect to Vss (ground): + 15t0 0.3V
Voltage to any input with respect to Vss = + 15t0 — 0.3V
lec = 60 MA (35 MA nominal)

Cin & Cour = 15 pF max with all pins grounded except
one under test.

Operating temperature = 0°C1070°C

Storage temperature = —55°C 1o +125°C

loo = 15 MA (10 MA nominal}

OPERATING CHARACTERISTICS (DC)
TA = 0°Cto70°C, Voo = + 12V = BV, Vss = OV, Voo = + 5V £ .26V

SYMBOL CHARACTERISTIC MIN. MAX. UNITS CONDITIONS
[N Input Leakage 10 A ViN = Voo**
fou Output Leakage 10 uA Voutr = Voo
Vi Input High Voltage 26 \'

Vi Input Low Voltage 038 A
Vou Output High Voltage 28 v lo = —100uA
Vo Output Low Voltage 0.45 Vv lo = 1.6 mA”
Po Power Dissipation 06 w

*1792and 179410 = 1.0mA
**Leakage conditions are for input pins without internal pull-up resistors. Pins 22, 23, 33, 36, and 37 have pull-up resistors.
See Tech Memo #115 for testing procedures.
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DEVICE: WwWDl1770/1772/1773
TITLE: Preliminary Data Sheet Update
DATE: 8/29/83

The following information represents updates to the
current WD1770/72/73 Preliminary Data sheet. These updates
are performance enhancements.

1. TRE (Page 19) Changed from MIN 150NS to MIN 200NS.

2. TAH (Page 19) Changed from MIN 20NS to 1ONS.

3. TWE {(Page 19) Changed from MIN 150NS to MIN 200NS.

4. H bit in Command (Page 6 last paragraph)

Changed from: "If the hFlag is set and motor on
line (Pin 20)"

Changed to: "If the hFlag is NOT set and motor
on line (Pin 20) "




WESTERN DIGI/ITAL
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WD1773 5Va" Floppy Disk Controller/Formatter

FEATURES Ny
[+ 28 INTRQ
* 100% SOFTWARE COMPATIBILITY WITH = ol S
WD1793 P o 26 %ﬂ
.| At e 25 W
* BUILT-IN DATA SEPARATOR = ot
¢ BUILT-IN WRITE PRECOMPENSATION paL1 16 23] TRoO
paL2 [F7 22/wo
¢ SINGLE (FM) AND DOUBLE (MFM) DENSITY DAL3 T8 >1Ewe
* 28 PIN DIP. SINGLE + 5V SUPPLY DaLa ]9 20 ENPIRDY
paLs C710 19 AD
s TTL COMPATIBLE INPUTSIOUTPUTS DALS ] 11 18 ok
» 128, 256, 512 OR 1024 SECTOR LENGTHS DAL? []12 173 DIRC
MR[J13 16 [ 1STEP
+ 5-BIT BI-DIRECTIONAL HOST INTERFACE GND ] 14 15[ vee

PIN DESIGNATION

DESCRIPTION
The WD1773 is an MOSI/LSI device which performs

the functions of a 5%" Floppy Disk Controller/
Formatter It is fully software compatible with

the Westem Digital WD179302, allowing the
designer to reduce parts count and board size on an
existing WD1793 based design without software
modifications.

With the exception of the enable Precomp/Ready
line, the WD1773 is identical to the WD1770 con-
trotler. This line serves as both a READY input from
the drive during READ/STEP operations, and as a
Write Precompensation enable during Write opera-
tions. A builtin digital data separator virtually
eliminates all external components associated with
data recovery in previous designs.

The WD1773 is implemented in NMOS siticon gate
technology and is available in a 28 pin, dualin-line
package.
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PIN DESCRIPTION

PIN
NUMBER PIN NAME MNEMONIC FUNCTION

1 CHIP SELECT cs A logic low on this input selects the chip and
enable Host communication with the device.

2 READ/WRITE RW A logic high on this input controls the
placement of data on the D7 lines from a
selected register, while a logic low causes a
write operation to a selected register,

34 ADDRESS 0,1 AD, A1 These two inputs select a register to Read/Write
data: _

€s A1 A0 RW =1 RW =0
0 0 0 StatusReg Command Reg
0 0 1 TrackReg Track Reg
0 1 0 Sector Reg Sector Reg
0 1 1 DataReg Data Reg
512 DATA ACCESS LINES | DALO-DAL7? Eight bit bidirectional bus used for transfer of
OTHROUGH 7 data, control, or status. This bus is enabled by
CS and RMW. Each line will drive one TTL load.

13 MASTER RESET MR A logic low pulse on this line resets the device
and initializes the status register. Internal pull-
up.

14 GROUND GND Ground.

15 POWER SUPPLY Voo + 5V = 5% power supply input.

16 STEP STEP The Step output contains a pulse for each step
of the drive’'s R'W head.

17 DIRECTION DIRC The Direction output is high when stepping in
towards the center of the diskette, and low
when stepping out.

18 CLOCK CLK This input requires a free-running 40 to 60%
duty cycle clock (for internal timing) at 8 MHZ
%+ 1%.

19 READ DATA RD This active low input is the raw data line
containing both clock and data pulses from the
drive.

20 ENABLE PRECOMP! ENP/RDY Serves as a READY input from the drive during

READY LINE READ/STEP operations and as a Write Precomp
enable during write operations.

21 WRITE GATE WG This output is made valid prior to writing on the
diskette.

22 WRITE DATA WD FM or MFM clock and data pulses are placed on
this line to be written on the diskette.

23 TRACK 00 TROO This active low input informs the WD1773 that
the drive’'s R'W heads are positioned over Track
zero.

24 INDEX PULSE P This active low input informs the WD1773 when
the physical index hole has been encountered
on the diskette.

25 WRITE PROTECT WPRT This inpul is sampled whenever a Write
Command is received. A logic low on this
line will prevent any Write Command from
executing. Internal pull-up.

26 DOUBLE DENSITY DDEN This input pin selects either single {(FM) or

ENABLE double {MFM) density. When DDEN =0, double
density is selected. Internal pull-up.
2




PIN DESCRIPTION (CONTINUED)

FUNCTION

This active high output indicates that the Data
Register is full {on a Read) or empty (on a Write
operation).

This active high cutput is set at the completion
of any command or reset a read of the Status
Register.

PIN
NUMBER PIN NAME MNEMONIC
27 DATA REQUEST DRQ
28 INTERRUPT REQUEST | INTRQ
A 8
MUX
READY
ENP/
[EMP/RDY] RpYy

CLK WG
H A N wo Sva-
s N o Y F
T L

Al o
N = WD1773 5 :
I R TR ¥
R 2| wenr b
F R
A )
(E: DRO DIRC ‘E"

INTRQ STEP

+5 GND Vee

“-o—-l l— 5V

3 ooen -J=— *

WD1773 SYSTEM BLOCK DIAGRAM

ARCHITECTURE

The Floppy Disk Formatter biock diagram is il-
lustrated on page 4. The primary sections include
the parallet processor interface and the Floppy Disk
interface.

Data Shift Register — This B-bit register assembles
seriat data from the Read Data input (RD) during Read
operations and transfers serial data to the Write Data
output during Write operations.

Data Register — This 8-bit register is used as a
holding register during Disk Read and Write opera-
tions. In Disk Read operations, the assembied data
byte is transferred in parallel to the Data Register
from the Data Shift Register. In Disk Write operations,
information is transferred in parallel from the Data
Register to the Data Shift Register,

When executing the Seek command, the Data Regis-
ter holds the address of the desired Track position.

This register is ioaded from the DAL and gated onto
the DAL under processor control.

Track Register — This 8-bit register holds the track
number of the current Read/Write head position. It is
incremented by one every time the head is stepped in
and decremented by one when the head is stepped
out (towards track 00). The contents of the register
are compared with the recorded track number in the
ID field during disk Read, Write, and Verify opera-
tions. The Track Register can be loaded from or
transferred to the DAL. This Register should not be
ioaded when the device is busy.

Sector Register (SR} — This 8-bit register holds the
address of the desired sector position. The contents
of the register are compared with the recorded sector
number in the ID field during disk Read or Write
operations. The Sector Register contents can be
loaded from or transferred to the DAL. This register
should not be loaded when the device is busy.

Command Register (CR) — This 8-bit register holds
the command presently being executed. This register
should not be loaded when the device is busy unless
the new command is a force interrupt. The command
register can be loaded from the DAL, but not read
onto the DAL

Status Register (STR) — This 8bit register holds
device Status information. The meaning of the Status
bits is a function of the type of command previously
executed. This register can be read onto the DAL, but
not loaded from the DAL,

CRC Logic — This logic is used to check or to
generate the 16-bit Cyclic Redundancy Check (CRC).
The polynomial is:

G(x) = x16 + x12 + x5 + 1.

The CRC includes all information starting with the
address mark and up to the CRC characters. The
CRC register is preset to ones prior to data being
shifted through the circuit.

Arithmetic/Logic Unit (ALU) — The ALU is a serial
comparator, incrementer, and decrementer and is
used for register modification and comparisons with
the disk recorded ID field.
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Timing and Control — All computer and Floppy Disk
interface controls are generated through this logic.
The internal device timing is generated from an exter-
nal crystal clock. The WD1773 has two different
modes of operation according to the state of DDEN.
When DDEN = 0, double density (MFM) is enabled.
When DDEN = 1, single density is enabled.

AM Detector — The address mark detector detects
ID, data and index address marks during read and
write operations.

Data Separator — A digital data separator consisting
of a ring shift register and data window detection
logic provides read data and a recovery clock to the
AM detector.

PROCESSOR INTERFACE

The interface to the processor is accomplished
through the eight Data Access Lines (DAL) and
associated control signals. The DAL are used to
transfer Data, Status, and Control words out of, or in-
to the WD1773. The DAL are three state buffers that
are enabted as output drivers when Chip Select (CS)
and R'W = 1 are active or act as input receivers when
CS and RW = 0 are active.

When transfer of data with the Floppy Disk Controtler
is required by the host processor, the device address
is decoded and CS is made low. The address bits A1
and AQ, combined with the signal R/\W during a Read
operation or Write operation are interpreted as select-
ing the following registers:

L~ ]




Al - A0 READ(RW=1) WRITE(RW=0)
¢ 0 Status Register ~ Command Register
o 1 Track Register Track Register
1 0 Sector Register  Sector Register
1 1 Data Register Data Register

During Direct Memory Access (DMA} types of data
transfers between the Data Register of the WD1773
and the processor, the Data Request (DRQ) output
is used in Data Transfer control. This signal also
appears as status bit 1 during Read and Write
operations.

On Disk Read operations the Data Request is acti-
vated (set high) when an assembled serial input byte
is transferred in parallel to the Data Register. This bit
is cleared when the Data Register is read by the pro-
cessor. |f the Data Register is read after one or more
characters are lost, by having new data transferred in-
to the register prior to processor readout, the Lost
Data bit is set in the Status Register, The Read opera-
tions continues until the end of sector is reached.

On Disk Write operations the Data Request is ac-
tivated when the Data Register transfers its contents
to the Data Shift Register, and requires a new data
byte. It is reset when the Data Register is loaded with
new data by the processor. If new data is not loaded
at the time the next serial byte is required by the
Floppy Disk, a byte of zeroes is written on the
diskette and the Lost Data is set in the Status
Register.

At the completion of every command an INTRQ is
generated. INTRQ is reset by either reading the
status register or by loading the command register
with a new command. In addition, INTRQ is gen-
erated if a Force Interrupt command condition is met.

The WD1773 has two modes of operation according
to the state DDEN (Pin 26). When DDEN = 1, single
density is selected. In either case, the CLK input (Pin
18)is at8 MHZ.

GENERAL DISK READ OPERATIONS

Sector lengths of 128, 256, 512 or 1024 are obtainable
in either FM or MFM formats. For FM, DDEN should
be placed to logical 1 For MFM formats, DDEN
should be placed to a logical “0!" Sector lengths are
determined at format time by the fourth byte in the
“ID"” field.

SECTOR LENGTH TABLE
SECTOR LENGTH NUMBER OF BYTES
FIELD (HEX) IN SECTOR (DECIMAL)
(1 7] 128
o 256
a2 512
03 1024

The number of sectors per tract as far as the WD1773
is concermned can be from 1 to 255 sectors. The

number of tracks as far as the WD1773 is concerned
is from O to 255 tracks.

GENERAL DISK WRITE OPERATION

When writing is to take place on the diskette the
Write Gate (WG) output is activated, allowing current
to flow into the Read/Write head. As a precaution to
erroneous writing the first data byte must be loaded
into the Data Register in response to a Data Request
from the device before the Write Gate signal can be
activated,

Writing is inhibited when the Write Protect input is a
logic low, in which case any Write command Is im-
mediately terminated, an interrupt is generated and
the Write Protect status bit is set.

For Write operations, the WD1773 provides Write
Gate (Pin 21) to enable a Write condition, and Write
Data {Pin 22) which consists of a series of active high
pulses. These pulses contain both Clock and Data in-
formation in FM and MFM. Write Data provides the
unique missing clock patterns for recording Address
Marks.

If Precomp Enable (ENP) is active when WG is
asserted, automatic Write Precompensation takes
place. The outgoing Write Data stream is delayed or
advanced from nominal by 125 nanoseconds ac-
cording to the following table:

PATTERN MFM FM

X 1 ] 0 Early N/A

X110 1 1 Late N/A,

0010 1 Early N/A

1 o 0 0 Late N/A
Next Bit to be sent

Current Bit sending
Previous Bits sent

Precompensation is typically enabled on the inner-
most tracks where bit shifts usually occur and bit
density is at its maximun,

COMMAND DESCRIPTION

The WD1773 will accept eleven commands. Com-
mand words should only be loaded in the Command
Register when the Busy status bit is off (Status bit Q).
The one exception is the Force Interrupt command.
Whenever a command is being executed, the Busy
status bit is set. When a command is completed, an
interrupt is generated and the Busy status bit is reset.
The Status Register indicates whether the completed
command encountered an error or was fault free. For
ease of discussion, commands are divided into four
types. Commands and types are summarized in
Table 1.




‘f

s
TABLE1. COMMAND SUMMARY

BITS
TYPE COMMAND 7 6 5 4 3 2 1 0
| Restore ¢ 0 0 0 h Vv N1 D
Seek 010 0 1 h Vv "t 1
| Step 0 0 1 T h Vv K 1
I Step-in 6 1 0 T h Vv N 1
| Step-out 0o 1 1 T h VvV 1M 1©
Il Read Sector 1 0O 0 m L E U 0O
Il Write Sector 1 0O 1T m L E U &
11l Read Address 1 1 O 0 0 E U 0
Ht Read Track 1 1 1 0O 0 E U 0
W Write Track 1 1 1 1 0O E U 0
IV Force Interrupt 1 1 0 1 I3 12 h o
FLAG SUMMARY
COMMAND BIT
TYPE NO(S) DESCRIPTION
| 0,1 M 10 = Stepping Motor Rate
See Table 3 for Rate Summary
i 2 V = Track Number Verify Flag] V = 0, No verify
V = 1, Verify on destination track
f 3 h = Don’t Care
| 4 T = Track Update Flag T = 0, Noupdate
T = 1, Update track register
H 0 a0 = Data Address Mark ag=0,FB(DAM)
a0 = 1, FB (deleted DAM)
] 1 C = Side Compare Flag C = 0, Disable side compare
C = 1, Enable side compare
naim 1 U = Update SSO U = 0,Update SSO to 0
U = 1,Update SSO to 1
. 41]] 2 E = 15 MS Delay E = 0,No30MS delay
E = 1,15 MSdelay
] 3 S = Side Compare Flag S = 0, Compare for side 0
S = 1, Compare for side 1
" 3 L = Sector Length Flag
LSB’'s Sector Length in ID Field
00 01 10 11
L =0 256 512 1024 128
L =1 128 256 512 1024
| 4 m = Multiple Record Flag = 0, Single record
m = 1, Multiple records
v 03 Ix = Interrupt Condition Flags
io = 1 Not Ready To Ready Transition
I = 1 Ready To Not Ready Transition
I2 = 1 Index Pulse
13 = 1 Immediate Interrupt, Requires A Reset
131 = 0 Terminate With No Interrupt {NTRQ)

*NOTE: See Type IV Command Description for further information.
L. - -~~~ ]
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TYPE | COMMANDS

The Type | Commands include the Restore, Seek,
Step, Step-In, and Step-Out commands. Each of the
Type | Commands contains a rate field (f0 M), which
determines the stepping motor rate as defined in
Table 3.

A 4 us (MFM) or 8 us (FM) pulse is provided as an
output to the drive. For every step pulse issued, the
drive moves one track location in a direction deter-
mined by the direction output. The chip will step the
drive in the same direction it last stepped unless the
command changes the direction.

The Direction signal is active high when stepping in
and low when stepping out. The Direction signal is
valid 24 or 48 psec before the first stepping pulse is
generated.

When a Seek, Step or Restore command is executed
an optional verification of Read-Write head position
can be performed by settling bit 2 (V = 1) in the
command word to a logic 1. The verification opera-
tion begins at the end of the 30 msec settling time.
The track number from the first encountered 1D Field
is compared against the contents of the Track Regis-
ter. If the track numbers compare and the 1D Field
Cyclic Redundancy Check (CRC) is correct, the verify
operation is complete and an INTRQ Is generated
with no errors. If there is a match but not a valid CRC,
the CRC error status bit is set (Status bit 3), and the
next encountered 1D field is read from the disk for the
verification operation.

The WD1773 must find an 1D field with correct track
number and correct CRC within 5 revolutions of the
media; otherwise the seek error is set and an INTRQ
is generated. If V = 0, no verification is performed.

RESTORE (SEEK TRACK 0)

Upon receipt of this command the Track 00 (TROO)
input is sampled. If TROO is active low indicating the
Read-Write head is positioned over track 0, the Track
Register is loaded with zeroes and an interrupt is gen-
erated. If TROO is not active low, stepping pulses at a
rate specified by the M 10 field are issued until the
TROO input is activated. At this time the Track
Register is loaded with zeroes and an interrupt is
generated. If the TROO input does not go active low
after 255 stepping puises, the WD1773 terminates
operation, interrupts, and sets the Seek emor status
bit, providing the V flag is set. A verification operation
also takes place if the V flag is set. Note that the
Restore command is executed when MR goes from
an active to an inactive state and that the DRQ pin
stays low,

SEEK

This command assumes that the Track Register
contains the track number of he current position of
the Read-Write head and the Data Register contains
the desired track number. The WD1773 will update
the Track register and issue stepping pulses in the
appropriate direction until the contents of the Track

register are equal to the contents of the Data Reg-
ister (the desired track location). A verification
operation takes place if the V flag is on. An interrupt
is generated at the completion of the command.
Note: When using multiple drives, the track register
must be updated for the drive selected before seeks
are issued.

STEP

Upon receipt of this command, the WD1773 issues
one stepping pulse to the disk drive. The stepping
motor direction is the same as in the previous step
command. After a delay determined by the F11Q field,
a verification takes place if the V flag is on. If the U
flag is on, the Track Register is updated. An interrupt
is generated at the completion of the command.

STEP-IN

Upon receipt of this command, the WD1773 issues
one stepping pulse in the direction towards track 76.
If the U flag is on, the Track Register is incremented
by one. After a delay determined by the M0 field, a
verification takes place if the V flag is on. An interrupt
is generated at the completion of the command.

STEP-OUT

Upon receipt of this command, the WD1773 issues
one stepping pulse in the direction towards track 0. |f
the U flag is on, the Track Register is decremented by
one. After a delay determined by the "0 field, a
verification takes place if the V flag is on. An interrupt
is generated at the completion of the command.

TYPE | COMMANDS

The Type Il Commands are the Read Sector and Write
Sector commands. Prior to loading the Type Il Com-
mand into the Command Register, the computer
must load the Sector Register with the desired sector
number. Upon receipt of the Type Il command, the
busy status Bit is set. The E flag is still active pro-
viding a delay of 1 to 30 msec for head settling time.

When an ID field is located on the disk, the WD1773
compares the Track Number on the ID field with the
Track Register. If there is not a match, the next en-
countered JD field is read and a comparison is again
made. If there was a match, the Sector Number of the
ID field is compared with the Sector Register. If there
is not a Sector match, the next encountered 1D field
is read off the disk and comparisons again made. It
the ID field CRC is correct, the data field is then
located and will be either written into, or read from
depending upon the command. The WD1773 must
find an 1D field with a Track number, Sector number,
side number, and CRC within five revolutions of the
disk; otherwise, the Record not found status bit is set
(Status bit 3) and the command is terminated with an
intemupt,

Each of the Type Il Commands contains an (m} flag
which determines if multiple records (sectors) are to
be read or written, depending upon the command. If
m = 0, a single sector is read or written and an inter-
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TYPE | COMMAND FLOW

rupt is generated at the completion of the command.
if m = 1, multiple records are read or written with the
sector register internally updated so that an address
verification can occur on the next record. The
WD1773 will continue to read or write multiple
records and update the sector register in numerical
ascending sequence until the sector register ex-
ceeds the number of sectors on the track or until the
Force Interrupt command is loaded into the Com-
mand Register, which terminates the command and
generates an interrupt.

For example: If the WD1773 is instructed to read
sector 27 and there are only 26 on the track, the
sector register exceeds the number available. The
WD1773 will search for § disk revolutions, interrupt
out, reset busy, and set the record not found status
bit.

The Type Il commands for WD1773 contain side
compare flags. When C = 0 (Bit 1) no side compar-
ison is made. When C = 1, the LSB of the side num-

TYPE | COMMAND FLOW

ber is read off the ID Field of the disk and compared
with the contents of the (8) flag (Bit 3). If the S fiag
compares with the side number recorded in the 1D
field, the WD1773 continues with the ID search. If a
comparison is not made within 6 index pulses, the
interrupt line is made active and the Record-Not-
Found status bit is set.

READ SECTOR

Upon receipt of the Read Sector command, the Busy
status bit is set, and when an ID field is encountered
that has the correct track number, comrect sector
number, correct side number, and correct CRC, the
data field is presented to the computer The Data
Address Mark of the data field must be found within
30 bytes in single density and 43 bytes in double
density of the last ID tield CRC byte; if not, the ID
field is searched for and verified again followed by
the Data Address Mark search. if after 5 revolutions
the DAM cannot be found, the Record Not Found
status bit is set and the operation is terminated.




VERIFY
SEQUENCE

INTRQ RESET GUSY

INTRQ RESET BUSY
SET SEEK ERROR

RESET
CRC

YES
3 N
CRC ERAOR
INTRO
RESET BUSY

NO?E_? TEST = 0, THERE |5 NO 15MS DELAY
IF T i TAND GLK = 1 MHz, THERE IS A 30MS DELAY

WRITE SECTOR

Upon receipt of the Write Sector command, the Busy
status bit is set. When an ID field is encountered that
has the correct track number, correct sector number,
correct side number, and correct CRC, a DRQ is gen-
erated. The WD1773 counts off 11 bytes in single
density and 22 bytes in double density from the CRC
field and the Write Gate (WG) output is made active if
the DRQ is serviced (i.e., the DR has been loaded by

TYPE | COMMAND FLOW

When the first character or byte of the data field has
been shifted through the DSR, it is transferred to the
DR, and DRQ is generated. When the next byte is ac-
cumulated in the DSR, it is transferred to the DR and
another DRQ is generated. If the Computer has not
read the previous contents of the DR before a new
character is transferred that character is lost and the
Lost Data Status bit is set. This sequence continues
until the complete dta field has been inputted to the
computer. If there is a CRC error at the end of the
data field, the CRC error status bit is set, and the
command is terminated (even if it is a multipte record

command).

At the end of the Read operation, the type of Data
Address Mark encountered in the data field is
recorded in the Status Register (Bit 5} as shown
below:

STATUS
BITS
1 Deleted Data Mark
o Data Mark

TY

COMMAND IS
Al ECEIVED

SET QUSY, RESET DRQ, LOST
DATA, RECORD NOT FOUND., &

STATUS BITS 5 & 6 INTRG
INTRQ
RESET gusy

YES

NG
INTRQ, RESET BUSY
SET WRITE PROTECT

NOTE: IF TEST = 0, THERE IS NO 15MS DELAY
FYesT =1 ANDCLK = 1MHz, THERE IS A J0MS DELAY

TYPE Il COMMAND FLOW

the computer). It DRQ has nol been serviced, the
command is terminated and the Lost Data status bit
is set. If the DRQ has been serviced, the WG is made
active and six bytes of zeroes in single density and 12
bytes in double density are then written on the disk.
At this time the Data Address Mark is then written on
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the disk as determined by the a0 field of the
command as shown below:

aQ Data Address Mark (Bit 0)
1 Deleted Data Mark
0 Data Mark

The WD1773 then writes the data field and gener-
ates DRQ's to the computer. !f the DRQ is not
serviced in time for continuous writing the Lost
Data Status Bit is set and a byte of zeroes is
written on the disk. The command is not ter
minated. After the last data byte has been written
on the disk, the twobyte CRC is computed
internally and written on the disk followed by one
byte of logic ones in FM or in MFM. The WG
output is then deactivated. The INTRQ will set 48
usec (MFM) or 96 usec (FM) after the last CRC
byte is written. For partial sector writing, the
proper method is to write the data and fill the
balance with zeroes. By letting the chip fill the

[
¥ INTRQ RESET BUSY
&'13?,:2;5 " SET RECORD-NOT FOUND,
NO

BAING IN SECTOR LENGTH FIELD
STORE LENGTH IN INTERNAL
REGISTER

SET CRAC
STATUS EARCR

zeroes, errors may be masked by the lost data
status and improper CRC Bytes.

TYPE 1t COMMANDS

READ ADDRESS

Upon receipt of the Read Address command, the
Busy Status Bit is set. The next encountered 1D
field is then read in from the disk, and the six
data bytes of the ID field are assembled and
transferred to the DR, and a DRQ is generated for
each byte. The six bytes of the ID field are
shown below:

TRACK SIDE SECTOR | SECTOR | CRC |CRC
ADOR NUMBER | ADDRESS | LENGTH

-
N

1 2 3 4 516

; READ SECTOR
SEQUENCE

DATA AM
HAS QCCURED
IN TIME

NO

FUT RECORD TYPE IN s
STATUS REG BIT 5

EX
BYTE HAS

BEEN ASSEM
BLED N

RS5

NO

+ 1 YO
SECTOR REQ

‘ INTAGQ RESET gUsSY ’

INTRQ. RESET BUSY
SET CRC ERROR

TYPE Il COMMAND FLOW

TYPE Il COMMAND FLOW
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DELAY 2 BYTES OF GAP

WRITE SECTOR
SEQUENCE

DELAY & BYTES OF GAP

AN ON WG 8 WRITE
8 BYTES OF ZEROS

OELAY 11 BYTES

URN ON WG & WRITE|
12 BYTES OF ZERCS

WRITE DATA AM
ACCORDING TO A0 FIELD
OF WRITE COMMAND

TYPE 1l COMMAND

Although the CRC characters are transferred to
the computer, the WD1773 checks for validity and
the CRC error status bit is set if there is a CRC
emor. The Track Address of the ID field is written
into the sector register so that a comparison can
be made by the user. At the end of the operation
an i?termpt is generated and the Busy Status is
reset.

READ TRACK

Upon receipt of the READ track command, the Busy
Status bit is set. Reading starts with the leading edge
of the first encountered index pulse and continues
until the next index pulse. All Gap, Header, and data
bytes are assembled and transferred to the data reg-
ister and DRQ’s are generated for each byte. The
accumulation of bytes is synchronized to each ad-
dress mark encountered. An interrupt is generated at
the completion of the command.

This command has several characteristics which

make it suitable for diagnostic purposes. They are:
the Read Gate is not activated during the command;
no CRC checking is performed; gap information is
included in the data stream; the internal side com-
pare is not performed; and the address mark detector
is on for the duration of the command. Because the
A.M. detector is always on, write splices or noise may
cause the chip to look for an A.M. If an address mark
does not appear on schedule the Lost Data status
flagis set.

The ID AM,, 1D field, ID CRC bytes, DAM, Data, and
Data CRC Bytes for each sector will be correct. The
Gap Bytes may be read incormrectly during write-splice
time because of synchronization.

WRITE TRACK FORMATTING THE DISK

{Refer to section on Type Hl commands for flow
diagrams.)

Formatting the disk is a relatively simple task when
operating programmed /O or when operating under
DMA with a large amount of memory. Data and gap
information must be provided at the computer inter-
face. Formatting the disk is accomplished by posi-
tioning the R'W head over the desired track number
and issuing the Write Track command.

Upon receipt of the Write Track command, the Busy
Status bit is set. Writing starts with the leading edge
of the first encountered index pulse and continues
until the next index pulse, at which time the interrupt
is activated. The Data Request is activated immedi-
ately upon receiving the command, but writing will
not start until after the first byte has been loaded into
the Data Register. If the DR has not been joaded by
the time the index pulse is encountered the opera-
tion is terminated making the device Not Busy, the
Lost Data Status Bit is set, and the Interrupt is ac-
tivated. If a byte is not present in the DR when
needed, a byte of zeroes is substituted.

This sequence continues from one index mark to the
next index mark. Normally, whatever data pattern ap-
pears in the data register is written on the disk with a
normal clock pattern. However, if the WD1773 de-
tects a data pattern of F5 thru FE in the data register,
this is interpreted as data address marks with
missing clocks or CRC generation,

The CRC generator is initialized when any data byte
from F8 to FE is about to be tranferred from the DR to
the DSR in FM or by receipt of F5 in MFM. An F7 pat-
tem will generate two CRC characters in FM or MFM,
As a consequence, the patterns F5 thru FE must not
appear in the gaps, data fields, or ID fields. Also,
CRC’s must be generated by an F7 pattern.

Disks may be formatted in IBM 3740 or System 34
formats with sector lengths of 128, 256, 512, or 1024
bytes.

TYPE IV COMMANDS

The Forced Interrupt command is generally used to
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terminate a multiple sector read or write command or
to insure Type | status in the status register, This
command can be loaded into the command register
at any time. 1t there is a cument command under
execution (busy status bit set) the command will be
terminated and the busy status bit reset.

The lower four bits of the command determine the
conditional interrupt as follows:

I0 = Not-Ready to Ready Transition
4 = Ready to Not-Ready Transition
I2 = Every index Pulse

13 = iImmediate interrupt

The conditional interrupt is enabled when the cor-
responding bit positions of the command {13 - 10) are
set to a 1. Then, when the condition for interrupt is
met, the INTRQ line will go high signifying that the
condition specified has occurred. If 13- 10 are all set
to zero (HEX DO}, no interrupt will occur but any
command presently under execution will be immedi-
ately terminated. When using the immediate interrupt
condition ({32 = 1) an interrupt will be immediately
generated and the current command terminated.
Reading the status or writing to the command
register will not automatically clear the interrupt. The
HEX DO is the only command that will enable the

(Lo )
...,

YES

SET BUSY RESEY DRG
LOST DATA STATUS
BITS 4 5

INTRO
RESET SUSY

1NTRO RE!
BUSY SET WPAT

SET INTRQ
LOST DATA
RESET BUSY

YES (MFW) )
=0
NO (Pt
YES WRITE 2 GRC.
DSA = F7 CHARS CLK = FF
NO
YES WRITE FC
DSR = FC CLK = DY
L]
w RS
LK x €7
O5R = FO FE |
O FAFB INWTIALIZE CRG
NO
WRITE D5R

CLX = FF

INTRG AESET SUSY

WRITE
BYTE OF ZEROS
SET DATA LOST

YES WRITE A1® IN MFM
QSA = F§ YITH MISSING CLOCK
NITIALIZE CRC
NO
YES
WRITE C2 IN MFM
03A = F6 VAT MISSING CLOGK
NC
b whITE 2 Che

DSR = FT

CHARS

NG

WRITE DSA
IN MFM

TYPE It COMMAND WRITE TRACK
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immediate intermupt (HEX DB8) to clear on a sub-
sequent load command register or read status
register operation. Follow a HEX D8 with DO com-
mand.

Wait 16 usec (double density) or 32 usec (single
density before issuing a new command after issuing
a forced interrupt. Loading a new command sooner
than this will nullity the forced interrupt.

Forced interrupt stops any command at the end of an
internal micro-instruction and generates INTRQ
when the specified condition is met. Forced interrupt
will wait until ALU operations in progress are
complete (CRC calculations, compares, etc.).

More than one condition may be set at a time. If for
example, the READY TO NOT-READY condition (1
= 1) and the Every Index Pulse (12 = 1} are both set,
the resultant command would be HEX “DA”. The
“OR" function is performed so that either a READY
TO NOT-READY or the next Index Pulse will cause an
interrupt condition.

STATUS REGISTER

Upon receipt of any command, except the Force
Interrupt command, the Busy Status bit is set and the
rest of the status bits are updated or cleared for the
new command. If the Force Interrupt Command is re-
ceived when there is a current command under exe-
cution, the Busy status bit is reset, and the rest of the
status bits are unchanged. If the Force Interrupt com-
mand is received when there is not a current com-
mand under execution, the Busy Status bit is reset
and the rest of the status bits are updated or cleared.
In this case, Status reflects the Type | commands.

The user has the option of reading the status register
through program control or using the DRQ line with
DMA or interrupt methods. When the Data register is
read the DRQ bit in the status register and the DRQ
line are automatically reset. A write to the Data
register also causes both DRQ’s to reset.

The busy bit in the status may be monitored with a
user program to determine when a cormmmand is com-
plete, in lieu of using the INTRQ line. When using the
INTRQ, a busy status check is not recommended be-
cause a read of the status register to determine the
condition of busy will reset the INTRQ line.

The format of the Status Register is shown below:

(BITS)

7 6 5 4 3 2 1 0

S7 | S6 | S5 [ S4 | 83 | 82 [ 81 | SO

Status varies according to the type of command exe-
cuted as shown in Table 4.

Because of internal sync cycles, certain time delays
must be observed when operating under pro-
grammed /0. They are: (times double when clock =
1 MH2)

Delay Req'd.

Operation |NextOperation | FM MFM
Write to Read Busy Bit 48 us 24us
Command Reg.|(Status Bit 0)
Write to Read Status 64us | 32us
Command Reg.|Bits 1-7 i
Write Read Any R2us | 16pus
Register Register ]

IBM 3740 FORMAT -- 128 BYTES/SECTOR

Shown below is the IBM single-density format with
128 bytes/sector. In order to format a diskette, the
user must issue the Write Track command, and load
the data register with the following values. For every
byte to be written, there is one Data Request.

NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN

40 FF (or 00)'
6 00
1 FC (Index Mark)

26 FF {or 00)'
6 00
1 FE (ID Address Mark)
1 Track Number
1 Side Number (00 or 01)
1 Sector Number (1 thru 1A}
1 00 (Sector Length)
1 F7 (2 CRC's written)

1 FF {or 0Q)'
6 00
1 FB (Data Address Mark)

128 Data (IBM uses E5)

1 F7 (2 CRC's written)

27 FF (or 0Q)

247**  FF{or0Qy

*Write bracketed field 26 times
* *Continue writing until WD1773 interrupts out.
Approx. 247 bytes.

IBM SYSTEM 34 FORMAT — 256 BYTES/SECTOR

Shown below is the IBM dual-density format with 256
bytesi/sector. in order to format a diskette the user
must issue the Write Track command and load the
data register with the following values. For every byte
to be written, there is one data request.



ENTER

Y

Y

SET BUSY K
RESET STATUS
BITS 2, 4,5
YES
SHIFT ONE BIT
INTRQ INTO DSR
RESET BUSY

SET INTRGQ
RESET BUSY

YES

DELAY 30 MSEC

MARK DETECTED,

>

READ NO
TRACK
READ
YES § ADORESS

) ©

SET LOST
N TEST = ¢, NO DELAY DATA BIT
I TEST = 1and CLK = 1 MHZ, 30 MS DELAY T
YES T
| J
TRANSFER
DSR TO DR
L ]
SET
DRG

TYPE 11 COMMAND
Read Track/Address

14




READ ADDRESS
SEQUENCE

RESET BUSY
SET INTRQ
SET RNF

6 INDEX HOLES
HAVE PASSED

IDAM
DETECTED

SHIFT 1 BYTE

INTO OSR

TRANSFER
BYTE TO DR

¥

SET DRQ

TRANSFER TRACK
NUMBER TO SECTOR

REGISTER
YES
CRC SET GRC
ERROR ERROR BIT
nol .

SET INTRQ
RESET BUSY

TYPE i COMMAND
Read Track/Address

15

NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN
80 4E
12 00
3 F6 {(Writes C2)
1 FGC (Index Mark)
* 50 4E
12 00
3 F5 (Writes A1)
1 FE (ID Address Mark)
1 Track Number (0 thru 4C)
1 Side Number {0 or 1)
1 Sector Number (1 thru 14)
1 01 (Sector Length)
1 F7 (2 CRCs written)
22 4E
12 00
3 F5 (Writes A1) -
1 FB (Data Address Mark)
256 DATA
1 F7 (2 CRCs written)
54 4E
508 4E

*Write bracketed field 26 times
* *Continue writing until WD1773 interrupts out.
Approx. 598 bytes.

1. NON-IBM FORMATS

Variations in the IBM formats are possible to a
limited extent if the following requirements are met:

1) Sector size must be 128, 256, 512 of 1024 bytes.
2) Gap 2 cannot be varied from the IBM format.

3) 3bytes of A1 must be used in MFM.,

In addition, the Index Address Mark is not required
for operation. Gap 1, 3, and 4 lengths can be as short
as 2 bytes, however PLL lock up time, motor speed
variation, write-splice area, etc. will add more bytes to
each gap to achieve proper operation. It is recom-
mended that the IBM format be used for highest

systern reliability.

FM MFM
Gapl 16 bytes FF 32 bytes 4E
Gapll 11 bytes FF 22 bytes 4E
* 6 bytes 00 12 bytes 00
* 3 bytes A1l
Gapli** 10 bytes FF 24 bytes 4E
4 bytes 00 8 bytes 00
3 bytes A1
Gap vV 16 bytes FF 16 bytes 4E

*Byte counts must be exact.

**Byte counts are minimum, except exactly 3 bytes

of A1 must be written.

C
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DC ELECTRICAL CHARACTERISTICS
MAXIMUM RATINGS

Storage Temperature ......... —55°Cto +125°C Maximum Voltage to Any Input

Operating Temperature .. .... 0°C to 70°C Ambient with RespecttoVsg............. (-15t0 -0.3V)
DC OPERATING CHARACTERISTICS

TA = 0°C to 70°C,Vgs = OV, Voo = +5V £.25V

SYMBOL CHARACTERISTIC MIN. MAX. UNITS CONDITIONS
HL Input Leakage 10 pA VIN = VCG¢
oL Output Leakage 10 pA VOUT = Veo
ViH Input High Voltage 20 v
vViL Input Low Voltage 08 v
VoH Qutput High Voltage 24 v ip = —100puA
VoL Output Low Voltage 0.40 v o =16 mA
PD Power Dissipation 75 w
Rpy intemal Pull-Up 100 1700 HA VIN = OV
Icc Supply Current 75(yp) 150 mA

AC TIMING CHARACTERISTICS
TA = 0°C1070°C, VsS = OV,VQC = +5V +.25V
READ ENABLE TIMING — RE suchthat: RW = 1,CS = 0.

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TRE RE Pulse Width of &S 200 nsec Ct = 50pf
TDRR | DRQ Reset from RE 25 100 nsec
TIRR INTRQ Reset from RE 8000 nsec
TOV Data Valid from RE 100 200 nsec CL = 50 pf
TDOH | Data Hold from RE 50 150 nsec CL = 50 pf

Note: Dva(a E.an:d INTRQ reset are from rising edge (lagging) of RE, whereas resets are from falling edge {leading)
o
WRITE ENABLE TMMING — WE such that: RW = 0,CS = 0.

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TAS Setup ADDR to CS 50 nsec
TSET | SetupRW10oTS 0 nsec
TAH Hold ADDR from CS 10 nsec
THLD | Hold RW from CS 0 nsec
TWE WE Pulse Width 200 nsec
TORW | DRQ Reset from WE 100 200 nsec
TIRW | INTRQ Reset from WE 8000 nsec
DS Data Setup to WE 150 nsec
TOH Data Hold from WE 0 nsec

17



DALS
07 X VALID X

ett— TDS—pfat——— TDH ]

—] Tov j——— s —— T OoH——m

TseT —.I tt— ————] |-_ THLD
RN K X

AD, A1

ORQ | I-——-Tnnn—pl\
DAG fe—Torw _;I\

REGISTER TIMINGS
CLK |_
A N /'\ Fa
[ ! { 6112 GLKS =\
EARLY TWP l
- ' 5112 CLKS ,\_
NOMINAL TWP I l
/: 4112 CLKS =4[\_
LATE TWP I

WRITE DATA TIMING

18




[Rmmrmes ..
WRITE DATA TIMING:

SYMBOL CHARACTERISTIC MIN. TYP MAX. UNITS CONDITIONS
TWG Write Gate to Write Data 4 usec FM
2 usec MFM
TBC Write Data Cycle Time 468 usec
TWF Write Gate off from WD 4 usec FM
2 usec MFM
TWP Write Data Pulse Width 820 nsec Early MFM
690 nsec Nominal MFM
570 nsec Late MFM
1380 nsec FM

INPUT DATA TIMING:

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TPW Raw Read Pulse Width 200 3000 nsec
TBC Raw Read Cycle Time 3000 nsec

MISCELLANEOQUS TIMING:

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TCDy Clock Duty (low} 50 67 nsec (60/40)
TCD2 Clock Duty (high) 50 67 nsec (40/60)
TST : i 4

STP Step Pulse Output 8 usec N::iﬂM
TDIR Dir Setup to Step 4213 usec ~l|=|l=\dM
TMR Master Reset Pulse Width 50 usec
TIP Index Pulse Width 20 usec

w & ﬁl VIH
]
MR §— 1 —‘)' VIH
e —]
|—-ch0>|
_.I TCD1
~—Tcp,
|
v STEP IN ‘ ,_—|
DIRC oM | <~—RqRg'—m

\ F.TD:R-»{TsTpk—piTSTpk— }4_TD|R_>| l‘—TSPT
STEP l_l ﬂ

VoL

(c
’)

MISCELLANEOQUS TIMING

19
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Package Diagrams

15}»-_“}‘— L _:rsmm ——I i I‘_ 150;!;}‘_:‘:? . + l-ﬂ?t"l
LiEesy | i
100 TYP l‘_‘“‘ m—blld— ld%——l —Pl b %——Hq_ | x

A00 TYP 120 MIN

28 LEAD PLASTIC “R” or “PH"” 28 LEAD CERDIP “CH"

information furnished by Western Digital Corporation is believed 1o be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements 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 palent rights of Western Digital Corporation, Western Digital Corporation reserves the right to change
specifications at anytime without notice.
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WD9216-00/WD9216-01
Floppy Disk Data Separator — FDDS

FEATURES GENERAL DESCRIPTION g
¢ PERFORMS COMPLETE DATA SEPARATION The Floppy Disk Data Separator provides a low cost g
FUNCTION FOR FLOPPY DISK DRIVES solution to the problem of converting a single stream g
+ SEPARATES FM OR MFM ENCODED DATA of pulses from a floppy disk drive into separate Clock
FROM ANY MAGNETIC MEDIA and Data inputs for a Floppy Disk Controller. "i""
¢ ELIMINATES SEVERAL SSI AND MSI DEVICES The FDDS consists primarily of a clock divider, a -]
NORMALLY USED FOR DATA SEPARATION long-term  timing comrector, a short-term timing w0
e NO CRITICAL ADJUSTMENTS REQUIRED corrector, and reclocking circuitry. Supplied in an 8 '_‘2
* COMPATIBLE WITH WESTERN DIGITAL 179X, pin Dualn-Line package to save board real estate, R
176X AND OTHER FLOPPY DISK the FDDS operates on + 5 volts only and is TTL com- (=
CONTROLLERS patible on all inputs and outputs. -
* SMALL 8-PIN DUAL-IN-LINE PACKAGE The WD9216 is available in two versions; the
+5 VOLT ONLY POWER SUPPLY WD9216-00, which is intended for 54 " disks and the

+ TTL COMPATIBLE INPUTS AND OUTPUTS WDB216-01for 5% " and 8" disks.

J
psKkD [ 1 8] veo
serpcLk [] 2 7 :] SEPD
REFCLK []3 6 J cor
ano [+ s [ coo O
PIN CONFIGURATION
REFCLK ——]
CLOCK — +5V
CDO =i DIVIDER — GND
CD1 —
m— -
DATA/CLOCK | o PULSE | SEPCLK
SEPARATION |receneRaTION -
— LOGIC LOGIC  |—» SEPD
| >
—_— EDGE
DSKD—=] DETECTION
LOGIC

FLOPPY DISK DATA SEPARATOR BLOCK DIAGRAM
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ELECTRICAL CHARACTERISTICS
MAXIMUM RATINGS*

Operating Temperature Range. . ... .. 0°Cto +70°C
Storage Temperature Range. .. .. .. -55°Cto125°C
Positive Voltage on any Pin,
withrespecttoground................. +8.0v
Negative Voltage on any Pin,
withrespecttoground. ................ -0.3Vv

* Stresses above those listed may cause permanent
damage to the device. This is a stress rating only
and functional operation of the device at these or at
any other condition above those indicated in the
operational sections of this specification is not
imptied.

NOTE: When powering this device from laboratory or
system power supplies, it is important that the
Absolute Maximum Ratings not be exceeded or
device failure can result. Some power supplies
exhibit voltage spikes or “glitches” on their outputs
when the AC power is switched on and off. In ad-
dition, voltage transients on the AC power line may
appear on the DC output. if this possibility exists it is
suggested that a clamp circuit be used.

OPERATING CHARACTERISTICS (TA = 0°Cto70°C,Voc = +5V = 5%, unless otherwise noted)

PARAMETER MIN. TYP. MAX., UNITS COMMENTS
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low Level V| 08 v
High Level V)4 20 v
OUTPUT VOLTAGE LEVELS
Low Level VOI_ 04 v 1oL = 1.6mA
High Level VOH 24 v IoH = — 100uA
INPUT CURRENT
Leakage i 10 uhA 0<VINEVDD
INPUT CAPACITANCE
All Inputs 10 pF
POWER SUPPLY CURRENT
Ipp 50 mA
A.C. CHARACTERISTICS
Symbol
fcy REFCLK Frequency 0.2 43 MHz WD 921600
foy REFCLK Frequency 0.2 83 MHz WD 9216-01
tCKH REFCLK High Time 50 2500 ns
oKL REFCLK Low Time 50 2500 ns
tsDON REFCLK to SEPD “ON" Delay 100 ns
tSDOFF REFCLK to SEPD “QOFF"” Delay 100 ns
tspcKk  REFCLK to SEPCLK Delay 100 ns
tpLL DSKD Active Low Time 0.1 100 us
toLH DSKD Active High Time 0.2 100 us
oy
CK CK
REFCLK w '
-— tSDON -—1 ISDOFF
SEPD 7
tsPCK
SEPCLK
fat— 1Dy —=]
DSKD ﬁ'S Z

Figure3. AC CHARACTERISTICS
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DESCRIPTION OF PIN FUNCTIONS

PIN
NUMBER PIN NAME SYMBOL FUNCTION
1 Disk Data DSKD Data input signal direct from disk drive. Con-
tains combined clock and data waveform.
2 Separated Clock SEPCLK Clock signal output from the FDDS derived
from floppy disk drive serial bit stream.
3 Reference Clock REFCLK Reference clock input.
4 Ground GND Ground.
56 Clock Divisor CDQ, CD1 CDO and CD1 control the internal clock divider
circuit. The internal clock is a submultiple of the
REFCLK according to the following table;
ch CDo Divisor
1] 0 1
0 1 2
1 0 4
1 1 8
7 Separated Data SEPD SEPD is the data output of the FDDS
8 Power Supply vee + 5 volt power supply
4 MHz CRYSTAL
OSCILLATOR
1MHz
P +4
y L 4
REFCLK ——_{ REGENERATED DATA | oo —n CLK
SEPD » |RAW READ
FLOPPY m WO179X, 176X or Equiv,
= homon
ORIVE WDQZ"?"?EPCELK oeRvepcrock |
cDO CD1 o
GND GND
Figure 1.
TYPICAL SYSTEM CONFIGURATION
{5% " Drive, Double Density)
OPERATION Separate short and long term timing correctors

A reference clock {REFCLK) of between 2 and 8 MHz
is divided by the FDDS to provide an internal clock.
The division ratio is selected by inputs CD0O and CD1.
The reference clock and division ratio should be
chosen per table 1.

The FDDS detects the ieading edges of the disk data
pulses and adjusts the phase of the internal clock to
provide the SEPARATED CLOCK output.

assure accurate clock separation.

The internal clock frequency is nominally 16 times
the SEPCLK frequency. Depending on the internai
timing correction, the internal clock may be a
minimum of 12 times to a maximum of 22 times the
SEPCLK frequency.

The reference clock (REFCLK) is divided to provide
the internal clock according to pins CD0 and CD1.

259
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See page 725 for ordering information,

TABLE 1:
CLOCK DIVIDER SELECTION TABLE
DRIVE DENSITY REFCLK
(8" or5%") (DD or SD) MHz chi cDO REMARKS
8 DD 8 0 0
8 sD 8 0 1 } Select either one
8 SO 4 0 0
5% DD 8 0 1 .
514 DD 4 0 0 } Select either one
S5va SD 8 1 0
54 sD 4 0 1 } Selectany one
5 SD 2 0 0
INTCLK
SEPCLK emd lI I 1
SEPD L_f , (I 1LJ
|
L
always two internal clock cycles
Figure 2.

Information furmshed by Western Digital Corporation 1s believed to be accurate and reliable However, no responsibibty is assumed by Wastern Digital
Corporation for its use, nor lor any infringements of patents or other nights of third pariies which may result from its use No license i1s granted by
mplication or otherwise under any patent or patent nghis of Western Digital Corporatson Wesiern Digital Corporation reserves the nght to change
speciiications at anytime without notice
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TR1863/TR1865

Universal Asynchronous

Receiver/Transmitter (UART)

FEATURES

SINGLE POWER SUPPLY — +5VDC

D.C. TO 1 MHZ (64 KB) (STANDARD PART)
TR1863/5

FULL DUPLEX OR HALF DUPLEX OPERATION

AUTOMATIC INTERNAL SYNCHRONIZATION
OF DATA AND CLOCK

AUTOMATIC START BIT GENERATION

EXTERNALLY SELECTABLE

Word Length

Baud Rate

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

Parity Inhibit

One, One and One-Half, or Two Stop Bit
Generation (112 at 5 Bit Level)

AUTOMATIC DATA RECEIVED/TRANSMITTED
STATUS GENERATION

Transmission Compiete

Butfer Register Transfer Complete

Received Data Available

Parity Error

Framing Error

Overrun Error

BUFFERED RECEIVER AND TRANSMITTER
REGISTERS

* THREE-STATE OUTPUTS
Receiver Register Outputs
Status Flags

s TTL COMPATIBLE

e TR1865 HAS PULL-UP RESISTORS ON ALL
INPUTS

APPLICATIONS

¢ PERIPHERALS

TERMINALS

MINI COMPUTERS

FACSIMILE TRANSMISSION

MODEMS

CONCENTRATORS

ASYNCHRONOQUS DATA MULTIPLEXERS
CARD AND TAPE READERS

PRINTERS

DATA SETS

CONTROLLERS

KEYBOARD ENCODERS

REMOTE DATA ACQUISITION SYSTEMS
ASYNCHRONOUS DATA CASSETTES

e * 5 & & 5 5

vee1e N~ a0 TRC 13! = ol of 1=
Nc Oz 39 EPE E §§§ & -
vss Q3 383 WLS = »|  TRANSMITTER tt— THR
RRD 7 4 37T WLS; RRD _| RECEIVERHOLDING [ |  HOLDING L
RRg 5 363 sBs — ™1 REGISTER REGISTER
RR7 16 spr
RRg ] 7 3ab3 cRL T\I‘ J\l
RAs 18 a3y TRg
RRy Q9 32 TRy il TRANSMITTER
RR3 10 31 TRg ——| RECEIVERREGISTER |a-¢ > REGISTER —»TRO
RR2 111 30 TRs
RRy 12 20[3 TRy f
PE o3 280 TRy —RRC
FE C]14 27 TRy qg—g-ﬁ— o~ e TRC
oEd]15 263 TRy —5g ™| RECEIVER TRANSMITTER| o rrinE
srod] s 2sh TRO 4% TIMING AND TIMING AND
RRC ] 17 24[3 TRE < s—| CONTROL GONTROL GjoowtROL |
DRR O 18 BRTARL  “grp |
oRO 19 220 THRE ™ r
RI ] 20 21 Voo (+5V -
(™ 0 MR ccl ) § 2 ]gﬁgTw
PIN CONNECTIONS VsS(GND) Glalufnl =
TR1863/TR1865 BLOCK DIAGRAM

a2
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GENERAL DESCRIPTION

The Universal Asynchronous ReceiverfTransmitier
{(UART) is a general purpose, programmable or
hardwired MOSILSI device. The UART is used to
convert parallel data to a serial data format on the
transmit side, and converts a serial data format to
parallel data on the receive side.

The serial format in order of transmission and
reception is a start bit, followed by five to eight data
bits, a parity bit {if selected) and one, one and one-
half, or two stop bits.

Three types of error conditions are available on each
received character: parity error, framing error (no valid
stop bit) and overrun error.

PIN DEFINITIONS

The transmitter and receiver operate on external 16X
clocks, where 16 clock times are equal to one bit
time. The receiver clock is also used to sample in the
center of the serial data bits to allow for line
distortion.

Both transmitter and receiver are double buftered
allowing a one character time maximum between a
data read or write. Independent handshake lines for
receiver and transmitter are also included. All inputs
and outputs are TTL compatible with three-state
outputs available on the receiver, and error flags for
bussing multiple devices.

FUNCTION

PIN
NUMBER NAME SYMBOL
1 POWER SUPPLY vce
2 NC NC
3 GROUND vss§
4 RECEIVER REGISTER | RRD
DISCONNECT
512 RECEIVER HOLDING | RRg
REGISTER DATA RR4
13 PARITY ERROR PE
14 FRAMING ERROR FE

+ 5 volts supply
No Internal Connection
Ground = 0V

A high level input voltage, Vi, applied 1o this
line disconnects the RECEIVER HOLDING
REGISTER outputs from the RR1.g data outputs
{pins 5-12).

The parallel contents of the RECEIVER
HOLDING REGISTER appear on these lines if a
low-level input voltage, VL, is applied to RRD.
For character formats of fewer than eight bits
received characters are right-justified with RR1
(pin 12) as the least significant bit and the
truncated bits are forced to a low level output
voliage, VOL.

A high level output voitage, VOH, on this line
indicates that the received parity differ from
that which is programmed by the EVEN PARITY
ENABLE control line {pin 39). This output is
updated each time a character is transferred
to the RECEIVER HOLDING REGISTER. PE
lines from a number of arays can be bussed
together since an output disconnect capability
is provided by Status Flag Disconnect line
(pin 16).

A high-level output voitage, VoH, on this line
indicates that the received character has no
valid stop bit, i.e., the bit (if programmed) is not
a high level voltage. This output is updated each
time a character 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).
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PIN DEFINITIONS

PIN
NUMBER

NAME

SYMBOL

FUNCTION

15

16

17

18

19

21

24

OVERRUN ERROR

STATUS FLAGS
DISCONNECT

RECEIVER REGISTER
CLOCK

DATA RECEIVED
RESET

DATA RECEIVED

RECEIVER INPUT

MASTER RESET

TRANSMITTER
HOLDING REGISTER
EMPTY

TRANSMITTER
HOLDING REGISTER
LOAD

TRANSMITTER
REGISTER EMPTY

Ot

SFD

RRC
DRR

DR

Rl

MR

THRE

TRE

A high-level output voltage, VOH, 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 by the Status Flag Disconnect line
{pin 16).

A high-level input voltage, V|, applied to this
pin disconnects the PE, FE, OE, DR and THRE
allowing them to be buss connected.

The receiver clock frequency is sixteen (16}
times the desired receiver shift rate.

A low-level input voitage, V)L, applied to this
line resets the DR line.

A high-level output voltage, VOH, indicates that
an entire character has been received and
transferred to the RECEIVER HOLDING
REGISTER.

Serial input data. A high-level input voltage, ViH,
must be present when data is not being
received.

This line is strobed to a high-level input voltage,
ViH, to clear the logic. It resets the TRANS-
MITTER and RECEIVER HOLDING REGIS-
TERS, the TRANSMITTER REGISTER, FE, OF,
PE, DR and sets TRO, THRE, and TRE to a
high-level output voltage, VOH.

A high-level output voltage, VOH, on this line
indicates the TRANSMITTER HOLDING REGIS-
TER has transferred its contents to the
TRANSMITTER REGISTER and may be loaded
with a new character.

A low-level input voltage, V|, applied to this
line enters a character into the TRANSMITTER
HOLDING REGISTER. A transition from a low-
level input voltage, V), to a high-level input
voltage, V|H, transfers the character into the
TRANSMITTER REGISTER if it is not in the
process of transmitting a character. If a
character is being transmitted, the transfer is
delayed until its transmission is completed.
Upon completion, the new character is
auvtomatically transferred simultaneously with
the initiation of the serial transmission of the
new character.

A high-level output voltage, VOH, on this line
indicates that the TRANSMITTER REGISTER
has completed serial transmission of a full
character including STOP bit(s). It remains at
this level until the start of transmission of the
next character.
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PIN DEFINITIONS

PIN
NUMBER

NAME

SYMBOL

FUNCTION

25

26-33

37.38

TRANSMITTER
REGISTER OUTPUT

TRANSMITTER
REGISTER DATA
INPUTS

CONTROL REGISTER
LOAD

PARITY INHIBIT

STOP BIT(S) SELECT

WORD LENGTH
SELECT

EVEN PARITY
ENABLE

TRANSMITTER
REGISTER

TRO

TR4-TRg

CRL

Pl

sBS

WLS2WLS1

EPE

TRC

The contents of the TRANSMITTER REGISTER
{START bit, DATA bits, PARITY bit, and STOP
bits} are serially shifted out on this line. When
no data is being transmitted, this line will
remain at a high-level output voltage, VOH. Start
of transmission is defined as the transition of
the START bit from a high-level output voltage
VOH, to a low-level output voltage VoL

The character to be transmitted is loaded into
the TRANSMITTER HOLDING REGISTER on
these lines with the THRL Strobe. If a character
of less than 8 bits has been selected {by WLS1
and WLS2), the character is right justified to the
least significant bit, TR{, and the excess bits
are disregarded. A high-level input voltage, V|H,
will cause a high-level output voltage, VOH, to
be transmitied.

A high-level input voltage, V|4, on this line
loads the CONTROL REGISTER with the
control bits (WLSq, WLS2, EPE, Pl, SBS). This
line may be strobed or hard wired to a high-level
input voltage, ViH.

A high-level input voltage, V|H, on this line
inhibits the parity generation and verification
circuits and will clamp the PE output (pin 13} to
VL. If parity is inhibited, the STOP bit(s) will
immediately follow the last data bit of trans-
mission.

This line selects the number of STOP bits to be
transmitted after the parity bit. A high-level
input voltage VH, on this line selects two STOP
bits, and a low-level input voltage, V|, selects a
single STOP bit. The TR1863 and TR1865
generate 1V stop bits when word length is 5
bits and SBS is High V|H.

These two lines select the character length
(exclusive of parity) as follows:
WLS2 WLS1

VIL ViL
VIL VIH
VIH VIL 7 bits
VIH VIH 8 bits
This line determines whether even or odd
PARITY is to be generated by the transmitter
and checked by the receiver. A high-level input
voltage, V|H, selects even PARITY and a low-
ievel input voltage, V|, selects odd PARITY.

The transmitter clock frequency is sixteen (16)
times the desired transmitter shift rate.

Word Length

5 bits
6 bits




THRL
THRE
15 CLOCK TIMES —»| - % CLOCK
TRE AFTER START OF !
LASTSTOPBIT (1) :
— | v CLOCK
TRO . END OF LAST STOP
BIT (COUNT 16)
{1) NOT VALID FOR 5.0 MHZ OPTION
CR1  CR2 CR3  CR4 CRS
CF1 CF2 CF3 | crFa CF5
TRC _—
(THRL
4 ]
4 b < "'.'I tpd "_ CF4
THRL A @

n kTHFIE J TRC
CF3
- | — tpd |-¢-—
THRE ( ~ I—
CASE | < j TARC | Tee

~—1 tpd fet— ! CR4
TRE ra j Nl -~
B TRE TRC

\

TRO Ca DETAIL W @< TRO-..l i I‘_

N

s CASE! IF THE POSITIVE TRANSITION OF
™ THRL OCCURS >250ns PRIOR TO ANY

THRL CLOCK FALLING EDGE (CF3 IN
i ) SAMPLE) THE A, B, C, AND D SIGNALS

WILL BE GENERATED AS SHOWN IN
DETAIL H
THRE — CASEll IF THE POSITIVE TRANSITION OF
THRL OCCURS £250ns PRIOR TQ ANY
CLOCK FALLING EDGE {CF3 IN
: SAMPLE), THE B, C, AND D SIGNALS
CASE 11 4 MAY BE GENERATED ON THE FOL.
TRE LOWING CLOCK TIME {E THE &, C,
AND D SIGNALS AS SHOWN IN
DETAIL MAY CHANGE AS FOLLOWS
CF3TOCF4
CFaTOCFS
TRO CR4 TOCR5

NOTE IT 15 ADVISABLE TQ CONSIDER
CASE ' FOR o oeK > 40 MH2

DETAIL |
TRANSMITTER TIMING
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START (1) STOP START

STOP

Al

DATA DATA

RR1-RA8 AND ERROR FLAGS PE, FE, OE(5)

DR(19)

DRRA(18)
(2)

DETAIL:

1 2 3 4 5 6 7 8 9 10

NOMINAL L.
\ LA v
a1 STOP BIT
t (; N TRANSITION NOMINAL BIT CENTER
}
—¢
PE, FE(3)
]

{

—
(L)
=

1

¢
RR1-RR8, OE(3)

~ — ~anil s B

—

—F <~

tpw
—e) ‘.I mn r-
‘ v/
DRR
@ ——[ \a
1

|
|
.‘_l_
—t

I
DR(3) L i
Al ()

(1) SEE APPLICATION FLAGS REPORT NO. 1 FOR DESCRIP-
TION OF START BIT DETECTION

(2) THE DELAY BETWEEN DRR AND DR = 1d = 500 NS

(3) DR. ERROR FLAGS, AND DATA ARE VALID AT THE
NOMINAL CENTER OF THE FIRST STOP BIT

(4} DRR SHOULD BE HIGH A MINIMUM OF “A" NS (ONE-
HALF CLOCK TIME PLUS tpd) PRIOR TO THE RISING
EDGE OF DR

(5) DATA AND OE PRECEDES DR, PE, AND FE FLAGS 8Y
Y2 CLOCK

{6) DATA FLAGS WILL REMAIN SET UNTIL A GOOD CHARAC-
TER IS AECEIVED OR MASTER RESET IS APPLIED.

RECEIVER TIMING
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TRB-TR1
______ ™
e ——————— -~/ 20V
S ———_—— — — — ) 0BV
—_

THRL I—
2.0V ——-—————-j—_
0.3V —_——|—————

tsot —me] 20 Jt— tc— o

SFD
_[*tpa1
“PE,FE, OF, DR, THRE | ~~/ 20V
Ny BV

le-tocon]

*QUTPUTS PE, FE, OE, DR, THRE ARE DIS-
CONNECTED AT TRANSITION OF SFD
FROM 0.8V TO 2.0V

STATUS FLAG OUTPUT DELAYS

[e— thold

WLS4, WLS, SBS, P1, EPE

CONTROL REGISTER LOAD CYCLE

RRD
0.8v
tpd 1]
______ ™
N\ 2.0V
*RA1-RR8 \_t_,av
- tpdom]

*RR1-RA3, ARE DISCONNECTED AT
TRANSITION OF RRD FROM 0.8V TO 2.0V,

DATA OUTPUT DELAYS
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1 TURN ON POWER
2. PULSE MASTER

RESET

3. SELECT BAUD
RATE 16X CLK

4. SET CONTROL BITS

HAS
THE LINE
TRANSITIONED
FROM MARKING
JO SPACING

HAS
ASTARTBIT
BEEN VERIFIED?
{THXCLK)

NOQ

LOAD START BIT INTQ
RECEIVER SHIFT REGISTER

HAS
1BIT TIME
ELAPSED?
(18XCLK)

SHIFT AND LOAD DATA BIT
INTO RECEIVER SHIFT REGISTER

HAS THE

SELECTED NUMBER

OF DATA BITS BEEN

RECEIVED
k4

HAS

1BIT TIME

ELAPSED
?

]
PARITY

®

®

HAS
1BIT
TIME
ELAPSED

HAS

ASTOPBIT

BEEN RECEIVED
2

NO

ENABLE FE FIF

TO BE SET

ENABLE FE FIF
TC BE RESET

TOVoH TO VoL

I

ENABLE OE FIF ENABLE QF FIF
TOBE SET TO BE RESET
TOVoH TO VoL

1

TRANSFER DATA BITS FROM
RECEIVER REGISTERTO
RECEIVER HOLDING REGISTER
ANOSETOQETO
PROPER STATE

HAS

V2 CLK TIME

ELAPSED
~

| SETOR. PE & FE FLAGS TO PROPER STATES _1

INHIBITED YES
¥
? DR = Vo
RESET DR
HAS EXAMINE QUTPUTS
THE PROPER OPERATOR 1. STROBE 5FD DRR = VoL
PARITY BIT BEEN ACTION 2. STROBE RAD DR—+ V31
RECEIVED
?
ENABLE PE FIF ENABLE PEF/F
TO BE SET TO BE RESET
TOVoH TOVoL
® ©
RECEIVER FLOW CHART
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1 TURN ON POWER
2. PULSE MASTER

RESET

3. SELECT BAUD
RATE 16X CLK

4. SET CONTROL BITS

HAS
THE LINE
TRANSITIONED
FROM MARKING
JO SPACING

HAS
ASTARTBIT
BEEN VERIFIED?
{THXCLK)

NOQ

LOAD START BIT INTQ
RECEIVER SHIFT REGISTER

HAS
1BIT TIME
ELAPSED?
(18XCLK)

SHIFT AND LOAD DATA BIT
INTO RECEIVER SHIFT REGISTER

HAS THE

SELECTED NUMBER

OF DATA BITS BEEN

RECEIVED
k4

HAS

1BIT TIME

ELAPSED
?

]
PARITY

®

®

HAS
1BIT
TIME
ELAPSED

HAS

ASTOPBIT

BEEN RECEIVED
2

NO

ENABLE FE FIF

TO BE SET

ENABLE FE FIF
TC BE RESET

TOVoH TO VoL

I

ENABLE OE FIF ENABLE QF FIF
TOBE SET TO BE RESET
TOVoH TO VoL

1

TRANSFER DATA BITS FROM
RECEIVER REGISTERTO
RECEIVER HOLDING REGISTER
ANOSETOQETO
PROPER STATE

HAS

V2 CLK TIME

ELAPSED
~

| SETOR. PE & FE FLAGS TO PROPER STATES _1

INHIBITED YES
¥
? DR = Vo
RESET DR
HAS EXAMINE QUTPUTS
THE PROPER OPERATOR 1. STROBE 5FD DRR = VoL
PARITY BIT BEEN ACTION 2. STROBE RAD DR—+ V31
RECEIVED
?
ENABLE PE FIF ENABLE PEF/F
TO BE SET TO BE RESET
TOVoH TOVoL
® ©
RECEIVER FLOW CHART
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ABSOLUTE MAXIMUM RATINGS

NOTE: These voltages are measured with respect to GND

Storage Temperature
Plastic ................... -55°Cto +125°C
Ceramic.................. -65"Cto +150°C
Voo SupplyVoltage . ... ... ... -03Vto + 7.0V
Input Voltage atanypin . ......... -03Vto +7.0Vv
Operating Free-Air Temperature
TaRange....................... 0°Cto70°C
Lead Temperature (Soldering, 10sec} .... ... 300°C

ELECTRICAL CHARACTERISTICS
Voo = 5V = 5%,Vss = 0V)

SYMBOL PARAMETER TR1863/5
OPERATING CURRENT MIN MAX CONDITIONS
lcc Supply Current 35ma Ve = 5.25V
LOGIC LEVELS
ViH Logic High 24V
ViL Logic Low 08v Vce = 4.75V
OUTPUT LOGIC LEVELS
VOH Logic High 2.4V VoG = 475V, I0H = 100ua
VoL Logic Low 0.4v Veog = 525V, 1oL = 1.6 ma
loc Output Leakage + 10ua Vout = 0V, Vourt = 5V
(High Impedance State) SFD = RRD = V1H
hL Low Level Input Current 100ua 1.6ma VIN = 0.4V TR 1865 only
10ua VIN = VIL, TR 1863 only
b High Level Input Current —10ua ViN = VIH, TR 1863 only




SWITCHING CHARACTERISTICS
(See “Switching Waveforms™}

SYMBOL PARAMETER MIN MAX CONDITIONS
folock Clock Frequency Voo = 475V
TR1863-00 DC 1.0 MHz
TR1863-02 DC 2.5MHz
TR1863-04 DC 35MHz
TR1863-06 DC 50 MHz
TR186500 DC 1.0 MHz with internal pull-ups on all inputs
TR1865-02 DC 25MHz with internal pull-ups on all inputs
TR1865-04 oC 35MHz with internal pull-ups on all inputs
TR1865-06 DC 5.0 MHz with internal pull-ups on all inputs
tpw Pulse Widths
CRL 200 ns
THRL 200 ns
DRR 200 ns
MR 500 ns
tc Coincidence Time 200 ns
thold Hold Time 20ns
tset Set Time 0
OUTPUT PROPAGATION
DELAYS
tpdo To Low State 250 ns
tpd1 To High State 250 ns CL = 20 pf, ptus one TTL load
CAPACITANCE
Sin Inputs 20 pf f = 1MHz, VIN = 5V
Co Outputs 20 pt f = 1MHz V)N = 5V

See page 725 for ordering information.
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