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INTRODUCTION

This book was written for those people who
have the technical knowledge to understand how a
computer operates. This requires that the reader
has a through understanding of digital logic,
Armed with a TTL DATA BOOK and this manual such a
person can understand the complex internal
operation of the LNW80 COMPUTER.

Remember that any work you do to your LNW8O
voids all warranties, implied or expressed, Also
we will not repair or correct owner modifications,
We cannot possibly support owner hardware/cirecuit
ideas on how to customize the LNW80,

In the following sections refer closely to
the schematics and the system block diagram which
can be found at the end of the manual, Good luck
and have fun,



SYSTEM OVERVIEW

CENTRAL PROCESSING UNIT (CPU)

The heart of the LNW8# 1s the Z88A CPU. The Z80A
has 16 address lines and therefore 65536 addressable memory
locations. The Z80A receives instructions from the ROM or
RAM and proceeds to execute them, Only the CPU interacts
with all other sections within the computer. The CPU
section includes not only the Z80A but also the data and
address buffers, wait lngic, and system control logic.

—==~SYSTEM CONTRO
CPU CONTROL e o L

CPU
3= ADDRESS BUS

CPU CLOCK = SECTION
-~ DATA BUS

READ ONLY MEMORY (ROM)

The ROM contains non-erasable data that is used to
provide the CPU with instructions necessary for the system's
operation., Upon power up the CPU outputs to the ROM for its
first instruction after which the ROM takes over and
instructs the CPU exactly how to perform the necessary
funtions to get the system operating.

—~—>DATA BUS (out only)
ENABLE —% ROM

¢ ADDRESS BUS




RANDOM ACCESS MEMORY (RAM)

The RAM is where the CPU stores data. This data may
consist of program information. The RAM differs from the
ROM in that data may be written to as well as read from the
RAM by the CPU.

[<4—>DATA BUS
SYSTEM CONTROL —p)| RAM

4— ADDRESS BUS

KEYBOARD

The keyboard is used to input instructions from the
user to the CPU,

___» DATA OUT
ENABLE—| KEYBOARD
4«—— ADDRESS BUS

VIDEO RAM AND PROCESSING

The video is used to inform the user what the system
is doing. All data that is stored in the video ram is
automatically displayed on the CRT by the video processing
unit. The data within the video ram is stored in ASCII.
Utilizing the Character Generator the ASCII is translated
into a dot pattern that represents the desired character.

DATA BUS

ADDRESS BUS 1 i——ENABLE/CONTROL SIGNALS
VIDEO VIDEO > VIDEO |, vIDEO
DIVIDER HUX | CuUTPUT
CHAIN RAM PROCESSING

| i

VIDEO ADDRESS

DCT CLOCK



TAPE INTERFACE

The tape interface stores data on tape so that it
can be recovered at a later date.

TAPE OUT |——3 c:i> TAPE
INTERFACE RECORDER/
IN |l PLAYER

SERIAL INTERFACE

The RS232C serial interface sends and receives data
in serial fashion and converts that data to parallel form to
be received by the CPU. This section is used to connect to
such devices as modems and serial printers.

£-ENABLFfCONTROL SIGIIALS

DATA BUS ¢—» RS232C — & TRANSMIT
RX BAUD —%

PORT & RECEIVE
TX BAUD —*>

FLOPPY DISK CONTROLLER (FDC)

The FDC stores large amounts of data and thus
increases the storage copacity of the system.

ENABLE/CONTROL SIGHNALS

DATA BUS 4&4—P FLOPPY
dielr
AC,Al ® FDC _*ioatroljdata I DISK
FDC
w g DRI
CLK—p| INTERFACE ¢ 0 01/date 4— VE




THEORY OF OPERATIONS
LNW8Y BOARD

SYSTEM CLOCK

The system clock is a 16MHz oscillator atilizing Y1
and Ul to form a series resonant circuit. ug7, a
synchronous 4-bit counter, is used to perform the divide by
four for the 4MHz and a divide by nine for the 1.,77MHz CPU
operation. When the HI/LO switch is depressed, the signal
FORCELO* (U29-5) is a logic "g" resulting with a preset of
1,9,0 at U87 pins 3,4, and 5 respectively. This preset will
program U87 to divide by nine resulting in a 1.77MHz CPU
clock at U2-6,

During 4MHz operation, U87 will be preset with 4,1,1
at pins 3,4, and 5 respectively resulting in a divide by
four of the system clock. At 4MHz, the signal NHI* (U15-2)
will be a logic "@". Thus when ROMRD* (Ul5-1) is active, a
WAIT* will be generated through U3l to the CPU pin 24
allowing for the relatively slow access time of the ROM.

During automatic switching (SWl=l) when the floppy
address (37EC) is decoded along with a logic "@" at IMREQ%,
the one-shot at U120 will be triggered forcing U120-4 low.
This results with a logic "@" at U29-4 resulting in a CPU
speed of 1,77MHz as when the HI/LO switch was depressed.

The clock speed will remain at this state until the one-shot
expires at which time the CPU automatically and
synchronously returns to 4MHz.

CPU ADDRESS LINES

The Z80A provides 16 address lines which define the
64K of addressable memory locations. These address lines
are buffered from the Z80A through U3 and U5. U3-1 and U5-1
should be a logic "@" thus enabling their outputs at all
times. The upper addresses are latched through U5, an
L5373, to prevent the address from changing prematurely.

During refresh time, the lower 7 bits contain a valid
refresh address.



CPU DATA BUS

The CPU utilizes an 8-bit bidirectional data bus.
The data bus is used for data exchanges with memory and I/0
devices. The data is buffered through U4 and Ul17. DBIN
(Ul-10) is used for directional contrel. When DBIN is a
logic "1" the CPU is receiving data. When DBIN is low the
CPU is sending data.

WAIT*, INT*, and TEST*

The WAIT* input to the Z80A CPU will cause the Z80A
to extend its cycle, resulting in slowing down the CPU. The
LNW8B@ utilizes one WAIT function when a ROM read is in
process and one or two waits when accessing the video
memory. These waits are required in the hi-speed mode of
4MHz to ensure data validity when accessing the slower
memory devices. There are no wait states when accessing the
program memory (RAM) on the LNW8# (requiring 200ns or faster
RAM's) .,

The wait term is generated by U31, U31-3, the
clock, is delayed by Ul6. This clock delay results in
proper data setup time to U331, U61-3 is WAITHLD. This will
increase the wait from the usual one wait state for the
Level II ROM's, to multiple wait states when reading from
the video memory. Pin 33 of J1 is the bus WAIT signal.

This input may be utilized by other external devices that
may wish to pose a wait condition on the Z80A prncesor.

The INT* signal is a maskable interrupt teo the Z80A
pin 16. The Level II Basic ROM utilizes interrupt mode 1,
When the CPU is interrupted, a restart to location 0038H is
executed.

Pin 23 of J1 is TEST* which is a busrequest signal
to the Z80A CPU. The CPU responds by tri-stating its data,
address and output control signals. Since the Z88A CPU is
fully buffered, all the buffers (U3, U4, U5, Ul7, and Ul8)
will also be tri-stated. Once these buffers are tri-stated,
any device on the expansion bus may control the function of
the LNW8@ board, One important consideration is that the
dynamic program RAM's are refreshed by the Z88A proncessor.
Therefore, any controlling device on the expansion bus must
consider memory refresh.



CPU CONTROL SIGNALS

The ZRD* signal is a tri-state output, active low,
7RD* indicates that the CPU is ready to receive data from
memory or an I/0 device. It is input to U36 pins 4 and 1l2.
When U36-12 goes low it enables DBIN. When ZRD* and ZMREQ*
go low, they enable IRD* (U36-6). RDOUT* will also be
enabled if RDWRDIS (U51-8) is true. Note that RDWRDIS is
used to disable the lower 16K when the HI RESOLUTION
GRAPHICS RAM are enabled.

ZWR* indicates that the CPU helds valid data te be
stored in memory or an I/0 device. When ZWR* and ZMREQ*
both go low, IWR* (U36-3) is enabled. WROUT* (U36-11) will
also be enabled if RDWRDIS is true.

ZMREQ* indicates that the address bus holds a valid
address for a read or write operation. Note that it is also
used for memory refreshing.

ZIORQ* indicates that the lower half of the address
bus holds a valid 1/0 address for an I/0 read or write
operation. It is used as the enable at U35-15. When
combined with a WR*, IOUT* will be enabled (U35-9). When
ZIORQ* is combined with a RD*, IIN* will be enabled
(U35-11), ZIORQ* is also combined with ZM1* when an
interupt is being acknowledged.

RFSH* indicates that the lower 7 bits of the address
contains a refresh address for dynamic memories and the
current MREQ?* signal is used to do a refresh read to all
dynamic memories. Note that it is used to clear U46-5
during refresh time. Resulting in the selection of the
lower seven address lines and a logic "1" for the CAS*
signal.

ADDRESS DECODING CIRCUIT

The address decoding circuit consists of U6 and U35,
The decoding circuit uses the higher order address bits to
enable the locations within the memory map which the CPU
wishes to access. U6 is a 3 to 8 line decoder., It uses Al5
and IMREQ* as enables and Al2, Al3, and Al4 as inputs.
Refer below for a listing of the memory mapped sections of
the LNW8# along with their decoded addresses.



LNW8J MEMORY MAP

ADDRESS
DECIMAL HEX DEVICE
2 2
12288 3009 BASIC ROM
12289 30981
14301 37DD UNUSED
14302 37DE COMMUNICATION STATUS ADDRESS
14303 37DF COMMUNICATION DATA ADDRESS
14304 37E0 INTERUPT BATCH ADDRESS
143085 37El DISK DRIVE SELECT LATCH
14308 37E4 CASSETTE SELECT LATCH
14312 37E8 PARALLEL PRINTER ADDRESS
14316 37EC FLOPPY DISK CONTROLLER ADDRESS
14336 3800
14591 38FF KEYBOARD
153640 3Co0
16383 3FFF LO-RES VIDEO RAM
16384 490009
32767 TFFF 16K PROGRAM RAM
32768 8000
65535 FFFF 32K RAM (EXPANSION BOARD)

ROM

The LNW8# ROM consists of six EPROMs. ROMA is
memory mapped from @ to 2K, ROMAl from 2K to 4K, ROMB from
4k to 6K, ROMBl from 6K to 8K, ROMC from 8K to 10K, and
ROMCl from 10K to 12K.

Each ROM has three enables. Pin 21 is an active
high enable and pins 18 and 20 are active low enables. Pin
21 is pulled high on all ROMs with 33 ohm pull-up
resisters.

ROMA and ROMAl, pins 20 are enabled by "@-4K*"
(U6=15). "@-4K*" goes low when U6 pins 1,2,3,4, and 5 are
at logic levels wge, "g","g","9, and "O" respectively. RAll
is inverted at U50-8 and enables either ROMA and ROMAl at
pins 18.

ROMB and ROMBl, pins 20 are enabled by "4-8K*"
(U6-14)., "4-8K*" goes low when U6 pins 1,2,3,4, and 5 are



at logic levels "iv,"g",vg","@g", and "g" respectively. RAll
enables either ROMB or ROMBl at pins 18,

ROMC and ROMCl, pins 20 are enabled by "8-12K*"
(U6-13). "8-12K*" goes low when U6 pins 1,2,3,4, and 5 are
at logic levels "¢ LT, e, g, and "g" respectively. RAll
enables ROMC or ROMCl at pins 18,

Addresses Af through All are buffered through U62
and U65, LS244's., The data bus out is buffered through U63
and is enabled by "RAM/ROM*" (U52-6), "RAM/ROM*" goes low
when RD* occurs with either "P-AK*", WA-BR*", or WQ-12KR*",

PROGRAM RAM

The LNW8# utilizes the 16Kx1l dynamic memories (4116
type) with maximum access time of 200ns., The 14 address
lines are multiplexed into the 7 address inputs. The
addressing sequence is RAS* (Row Address Select), MUX
(Multiplex), and then CAS* (Column Address Select). The
timing diagram for a write operation of the memory control
signals is displayed in the following diagram. The RAM data
bus out is enabled by "RAM/ROM*" at U63 when RAM* is decoded
at Ul9-6 during a read operation.

CLOCK (U2-6) | ’ .
I |

ZMREQ* (U2-19)

A@-Al5 (U3,U5) :jKMA MEMORY ADDR. x"”
RAS* (Ul8-14) \ /

MUX* (Ul8=5) /

CAS* (Ul8-12) 4\ Jr“""_
WR* (U18-7) *\ ’

FIGURE 1. MEMORY WRITE TIMING DIAGRAM
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RAM REFRESH

Dynamic RAM require periodic refreshing to retain
data information. TIf the system does not receive periondic
refreshing the dynamic RAMs will begin to "forget" data.

The LNW8@ utilizes the Z8fA CPU tn generate the
refresh to the RAM's. The memory refresh address is onutput
on the lower 7 address bits during refresh time. An
instruction fetch will increment the refresh register,

The LNW8O uses a "RAS*" only refresh, where RAS*
will be low and CAS* will be high during refresh. At

refresh time MUX will be low selecting A@-A7 as the RAM
address,

KEYBOARD

The LNW8Q keyboard is designed specifically for the
LNW8@ computer providing a 62 keypad, an 1! key numeric

keypad, and all the special functiens that are available to
you through the LNW8# computer.

The keyboard is a scanning type keyboard based on an
eight by eight matrix. Normally, all lines are floating
until the KYBD* signal goes low which turns Ql on and pulls
all signals high indicating a keyboard scan operation.

KYBD* is decoded through U35 when a keyboard address is
placed on the address bus and RD* is active.

Note that lower case is enabled only with software
driver routines such as those available in DOS+, NEWDOS88,
and ELECTRIC PENCIL.

SPECIAL KEYBOARD FUNCTIONS

RESET (RST): Both RST keys must be depressed to reset
the computer,

HIGH LOW: Forced LOW Speed switch. When depressed
the system will operate in LOW speed.
Otherwise the system will operate in
forced high speed.

CONTROL: This is a special software controlled key.
It is used in software such as the

ELECTRIC PENCIL word processing program,

CAPS LOCK: Disables lower case characters.

F1, F2: User definable keys. Needs special
software driver,



VIDEO DIVIDER CHAIN

The video divider chain provides the necessary logic
for video processing, including video ram addressing, and
vertical and horizontal timing pulses. The basis of the
video divider chain is the 1#.738MHz clock at Ul19-6. This
signal appears as a sine wave and is exactly 3 times the
color frequency of 3,579MHz. Ul2l executes a divide by 2.
This results in 2 input frequencies to the divider chain at
uiaz,

In the standard 64 character mode, 32CHAR¥*(Ul22-1)
will be high so that the B inputs to Ul22 will be selected
therefore the clock input at U138-9, CLKT, will be
10.738MHz. U138 provides the basic timing signals for video
processing., Figure 2 represents a timing diagram for the
outputs of U138 and U155 in the 64 character mode.

ot 36-9) nEpEpEnEnEnEnEnEn

Tl
(U138-5)

T2
(Ur38-7)

T3
(UL38-19)

T4 ,
(U138-12) [—-

T5

(U138-15) | l

T6
(UL38-2)

T7
(UL55-6)

FIGURE 2

10



During 64 character mode, T7* is selected as the
control clock (CNTRCLK) for the video timing chain(ul22-12).
The circuitry of U138 and U155 effectively produces a divide
by 12 such that T7* is 10.738MHz/12 or 894.8KHz. Note also
that T7 is selected as CHAR1(Ul122-9), CNTRCLK is the clock
input to U168 and Ul6l(Sl6l's). Figqgure 3 illustrates the
outputs of U160 and U161,

T7 (Ul55-6

et JUUUUUUUUUTTUUUTUL
CHAR2 (Ul61-14

ciarz ey [ [ L] L] L L

CHAR4 (Ul61-13)

223,7KHz

CHARS8 {(Ul61-12)

111.86KHz —_—] —
CHAR16 (Ul6l-11)

55.93KHz L‘“—

CHAR32 (Ul60-14)
27.97KHz

FIGURE3

Note that HORTP (Ul60-13) is not half the frequency
of CHAR32(U160-14), T6INH*(Ul55-9) prevents the completion
of its period by clearing Ul60 and Ul6l at the end of each
horizontal line. The frequency of HORTP is 15.750KHz
resulting in a period of 63.49us for each line.

Each line consists of 112 characters. Allowing one
CHARL period for each 2 characters the time span for 112
characters is 62.58us. Note that we are left with #.9lus at
the end of each horizontal line. T6INH* is used to delay
the timing chain to "waste" this additional time before
starting the next cycle. U167 is used to add the additional
delay in T6INH*, It is ANDed with T6 at Ul54 thus delaying
T6*(Ul54-8) from clearing Ul1l38.

HSTP(U168-11) is the ORing of CHAR16 and CHAR32,
ANDed with HORTP. This is the horizontal sinc timing pulse.
Its frequency is 15,750KHz. Refer to figure 4 for the
timing diagram.
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Ui59-12 is also displayed in figure 4, It goes low
after the 112th character and also has a frequency of
15,750KHz. It serves 2 important purposes. 1lst, it is the
data input to Ul24 which when clocked clears U155 and thus
enabling T6INH*, Also it is the input to Ul56-13 and thus
increments the row count.
64th Char Position 1l12th Char Position

i

CHAR16
(Ul6l-11) _

]

e ]
|

—

v

HORTP
{Ul60-13)

HSTP
(U168-11)

"Ul59-12"

FIGURE 4.

Each character position consists of a 6x12 matrix.
Six dots and 12 horizontal rows. Ul56 increments by one
after each horizontal scan. When the row count is equal to
12, Ul68-3 will go high thus clearing U156 setting the row
count back to zero and also clocking Ul153-11 and
incrementing the line count by one,

Note that the screen consists of 22 lines (only 16
are displayed) and each line has 12 rows. LINEl, the least
signicicant bit of the line counter, changes state every 2nd
line and thus has the same period as 24 rows or 24x63.49us
or 1,524ms. 1Its frequency is therefore 656.3Hz. Using
similar logic, you can find that LINE2=328,1Hz,
LINE4=164,1Hz, and LINE8=82.0Hz.

A similar situation exists for VERTP(Ul156-6) as did
for HORTP in that U156 is cleared before VERTP, which
represents linel6, completes its full period. When the
total line count is 22 the inputs to U169 pins 3,4 and 5 are
high, thus its output pin6 clears the line count back to
zero. In 22 lines LINEl changes state 11 times so that the
period of VERTP is 11 times that of LINEl or 16.76ms. The
resultant VERTP frequency is 59,66Hz.

In the 32 character mode, U122-1 goes low selecting
the 5.369MHz clock for CLKT. The result is that all of the

outputs of Ul38 are exactly one half the frequency that they

12



LINE O

o N O O s Y e

10
11
12
13
14
15

VIDEO MEMORY MAP

CHARACTER
POSITION
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were in 64 character mode. T5% is selected as CNTRCLK and
CHAR1 is ground. Note that because TT7# is 1/2 the frequency
of T5%, by selecting T5% in 32 character mode CNTRCLK does not
change and therefore nor does the resulting logic of U160 and
u161.

The signals that did change, T2 through T5 and CHAR1,
are very important to the video processor section. CHAR1
determines whether the video ram have 1024 or512 usable
addresses, T2 through T5 determine how many characters may be
processed to the character generator per line.

VIDEO RAM ADDRESSING

The video rams are addressed by 2 sources. The video
divider chain addresses the video ram so that data contained
in memory can be processed and displayed on the screen, The
CPU must address the video ram so that data can be read from
or writen to specific locations. Multiplexers are used to
select either the video chain or CPU address.

For the following discussion refer to figure 5, the
VIDEO MEMORY MAP. Note that the low resolution video is
defined only within the inner region and that A10-A13, which
specify the row count are not used by the low resolution video
ram, By definition A10-A13 are at a logic "1" voltage state
during CPU access of the low resolution video ram.

The inner region represents the standard TRS80%* video
display. This region is memory mapped at locations 15360
through 16383. It has 63 characters and 16 lines, each line
with 12 rows. The video addressing of this region is
represented by the following:

384 X 192 TINNER REGION

[0 o] ROW | LINE [CHARACTER |

15 14 13 12 11 10 9 8 76 5 4 3 2 1 0 (ADDRESS)

— ) .

SPECIFIES SPECIFIES SPECIFIES CHAR
ROWS LINES POSITION
0=-11 0=-15 0=63

. AQ—AS specify character position 0-63, A6-A9 specify
line position 0-15, and A10-A13 specify row position 0-11,
A14 and A15 will be low.

The extension region, refer to figure 5, adds an
addltlgnal'16 character positions for a total o% 80. The
following illustrates the addressing of this region:

14



96 X 192 EXTENSION REGION

loe o]1 1] row | Linge [Row] cHAR |

1514 13 12 11 19 987 6543210 (ADDRESS)

)

SPECIFIES SPECIFIES SPECIFIES SPECIFIES 4 BIT
LEAST LINES MOST FIELD WHICH
SIGNIFICANT g-15 SIGNIFICANT DEFINES THE
2 BITS OF 4 2 BITS OF 4 EXTENSION REGION
BIT ROW FIELD BIT ROW FIELD CHARACTER POSITION

AP-A3 specify character @-15 of the extension
region, A4-AS5 specify the most significant 2 bits of the 4
bit row field, A6-A9 specify lines #-15, and Al¢-All specify
the least significant 2 bits of the 4 bit row field., Al2
and Al3 are high. Note that the extension region is
uniquely defined by a logic"1" at Al2 and Al3 because in the

inner region this would specify a row count greater than
11,

When the CPU is not accessing the video ram, the
video addresses are controlled by the video divider chain.
The selects at U139, U140, U144, and U145 will be high
selecting the B inputs.

Ul42 specifies whether we are in the inner or
extension region. Prior to the 64th character HORTP(Ul42-1)
will be low, selecting the A inputs. At the 64th character
HORTP will go high selecting the B inputs thus selecting the
extension region addresses,

CPUACC* (U121-8) is the select for U139, U140, Ul44,
and Ul145. When the CPU is accessing the video ram, CPUACC*
will go low selecting the A inputs. The procedure by which
CPUACC* goes low and the CPU addresses are latched inte the
address multiplexers will be covered in a following
section.

LOW RESOLUTION VIDEO RAM

The Low-Resolution Video Ram consists of two 2114
type 1Kx4 static ram chips. For either read or write
operations the select (pin 8) must be low. They have an
active low write enable, 10 address lines, and 4 data lines
each. U114 uses the least 4 significant data bits and ULLl5S

the 4 most significant data bits.
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When the CPU wishes tn access the video ram it
must execute a read or write operation while placing a videon
address on the address bus. For the Low-Resolution (LORES)
Video Ram this address must be from (3CO¢-3FFF)Hex. The
following illustrates the sequence of events during a LORES
video write.

During the execution of a LORES video write, the CPU
will place a video address on the address bus. This address
will be decoded at U6 and U35 resulting with a logic "@" at
VID*(U35-7). WR* will be low. These are the inputs to U152
pins 4 and 5 respectively. When both are low the output,
VIDWRT*(U152-6), will go low. This is the input to U154, a
four input nand gate. Note that the four inputs represent
LORES video write, LORES video read, HIRES video write, and
HIRES video read. When any of the four inputs goes low the
output, pin6é will go high clocking U153, DATALAT(U153-5)
will be high and U153-6 will be low. CLKADRSDTA (U137-6)
will go high latching U98, U141, and Ul43. Thus the CPU
addresses, the CPU data, and VIDWRT* are latched. VIDWRT®*
is latched at Ul41-4, It becomes LVIDWRT*, LVIDWRT* and
T2* are input at U151 pins 12 and 13 respectively. T2%*
prevents the LORES viden ram to be written to before the
video addresses are stabilized. At the beginning of the
next video timing cycle Tl will clock DATALAT into U121
resulting in a logic "@" at CPUACC*(U121-8). CPUACC* is the
select of the video address multiplexers and when it is low
the CPU addresses are selected. At T2*, LVIDWRT* will be
output to WRT2114* (U139-12), WRT2114* enables the data
output of U98 through U81 and is the write enable to the
LORES rams, The write operation is completed when T6*
clears Ul53, and the resulting low signal at DATALAT clears
Ul2l. CPUACC* goes high and the video address is returned
to the video divider chain.

A LORES video read is very similar to the write.
VID* will be decoded from the video address. RD* will be
low. These are the inputs to U152 pins 1 and 2
respectively. This will place a low input to U154 as before
and the same signals will result except VIDWRT* will be high
and VIDRD* will be low. At the end of the operation DATALAT
will go low latching in data at U99 and U125, VIDRD*

enables the output of U99 from which the CPU will read the
data.
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HI RESOLUTION GRAPHICS RAM

The Hi Resolution (HIRES) Graphics Ram are located
at the lower 16K of the LNW80 address space., Note that this
is also where the Roms, keyboard, LORES video ram, and
miscellaneous I/0 are mapped. I/0 port 254 bit-D3 selects
which devices are enabled. With D3=1, the graphics memory
is enabled. Note that since the Roms are also disabled by
D3=1, using the OUT command in basic to turn on this bit
will be fatal to the computer since the computer will
execute out of graphics Ram instead of Rom.

T3 (MUX)
(Uli2-1)

GCAS*
(U111-15)

GRAS*
(U11l-4)

WRT4116%
(U111-3)

GRAMA 0-13
(Ulg5,Ull2)

]

FIGURE 6. HIRES GRAPHICS RAM WRITE TIMING DIAGRAM
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The HIRES Ram utilizes six, 16Kxl dynamic memories.
The addressing sequence of events is GRAS* (row address
select), T3(multiplex), then GCAS*(column address select) to
multiplex the 14 bits of address into 7-bit parts. The
sequence of events during a write operation are as follows.

I/0 Port 254 is decoded by U33 and US4. FEOUT*
(U54-12) 1is used to clock U67. When U67 is clocked and
D3=1, GRRDEN* (U67-6) becomes logic "@", This inputs to
U66-12, When the CPU places an address of the lower 16K on
the address bus, Al4 and Al5 will be low at U66 pins 14 and
9 respectively. This is used to decode the lower 16K. The
output of U66-8 goes low and inputs to U66-13. This enables
GLWR16K* at U66-11. GLWR16K* is inverted at U5 and becomes
RDWRDIS (read write disable). RDWRDIS .disables
RDOUT* (U36-8) and WROUT* (U36-11) preventing a conflict on
the data bus. GLWR16K* is input to U152 pins 9 and 12.

When accompanied with either IRD* or IWR* a read or write
operation will occur at the HIRES Ram. Suppose that IWR*
(Ul52-10) goes low. Then GRAMWRT* (U152-8) will enable
Ul54-4, The video address and data control signals are the
same as for the LORES write operation, WRT4116* (U139-4) is
inverted through U118 to disable the LORES Ram, Figure 6
illustrates the timing diagram during a write operation,

The read operation is very similar except that

GRAMWRT* remains high and GRAMEN* goes low enabling U154,
Refer to the write operation for complete details of the
address latching and multiplexing. The data is latched inte
Ul25 from pin 14 of the HRES Ram by DATALAT, and the outputs
of Ul25 are enabled by GRAMEN*. The CPU reads the data from
Ul25, Note that D6 and D7 have inputs HORTP and VERTTP. 1In
the present usage these bits are not used.

VIDEO DATA LATCH

The first step of the video processing is the data
latch. For the LORES video this occurs at Ull6 and Ull7
(LS174's). Ull6 latches the lower 5 data bits. U117
latches D6 and D7, also the video control signals. D@-D5
and D7 are latched directly at the end of the timing chain
cycle by T5*%, D6 passes through U8) and U82. When CAPS*
(U82~-4) is true D6 is disabled, and DLYD6 becomes a function
of D5 and D7. The purpose of the CAPS* key is to disable
lower case characters. The ASCII code for lower case is
within (60-7F)Hex. D6 is a "1" for all lower case
characters. When a lower case character is decoded and the
CAPS* key is depressed, DLYD6 will be "g" thus disabling
lower case. The HIRES video also uses an LS174, U126, and
it too is clocked by T5*,
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CHARACTER GENERATOR

Each character consists of a 5x7 dot matrix.
Between any two characters there is a dot that is never
turned on. Vertical spacing between dots is determined by
CLKT. Note that in 32 character mode CLKT is 1/2 the 64
character mode CLKT frequency. This means that in 32

character mode there will be twice the vertical spacing
between dots.

Ul@0 is the Character Generator. The ASCII word is
presented to Ul@9 pins 1 through 7 from Ull6 and Ull7. U100
uses the ROW count to determine which patern of five dots to
print on each row. It must output 7 times to complete one
character after which five rows of blanks are output and the
line increments and we're ready to output the first row of
dot information to the 2nd character line.

GRAPHICS GENERATOR

U83 functions as the Graphics (LORES) Generator.
The Graphics Character may use the entire character
position, a 6x12 dot matrix. This matrix is divided into
six rectangles as shown in fiqure 7. U83 is a dual 4xl data
multiplexer. It uses ROW4 and ROW8 as selects. Each 3x4
rectangle is either "on" of "off", When the ROW count is
between @ and 3, DLYD@ AND DLYDl are selected, When the ROW
count is between 3 and 7, DLYD2 and DLYD3 are selected. And
finally for a ROW count between 8 and 11, DLYD4 and DLYD5S
are selected. Each scan line, 3 dots may be written in each
of two rectangles per graphic character. Each rectangle is
defined by one data bit. DLYD7 defines a graphics character
when true,

ONE CHARACTER POSITION 6x12 DOTS

0 1 6 GRAPHIC CELLS

EACH CELL 3x4

l X "5"“4“"3""2""1Illlgll

2 76 5 4 3 2 1 @ (DATA BIT)

4 5 4 SCAN LINES

<—3 DOTS— FIGURE 7
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ALPHANUMERIC/GRAPHIC SHIFT REGISTERS

Ulgl is the alphanumeric shift register, U84 is the
LORES graphic shift registerxr, and U127 is the HIRES graphic
shift register. All three receive parallel data and shift

that data out to the video display in serial form,

All three behave in the same manner but have
different restrictions that if not met will prevent data
from being serialized.

The inputs teo U}@2 pins 1,2,4, and 5 represent the
restrictions to the alphanumeric shift register. If any of
the inputs go low, the output will go high thus preventing
the loading of data. DLYROW8* provides the blanking of ROWs
8 through 11 for alphanumeric characters., DLYBLANK*
provides blanking beyond the 64th character position and
below the 16th line. DLYD7* defines an alpha numeric

character when true. And CTRLT5(U81-8) provides that data
in not loaded during CPU access time. Note that there are
only 5 inputs to Ul@#l. This is because the sixth bit is
tied to gnd to blank the sixth dot between characters,

The inputs to U85 pins 1,2, and 13 represent the
restrictions to the LORES graphics shift register. If any
of its inputs go low its output will go high preventing data
from being loaded., There are two differences in the
restrictions of the LORES graphics and the alphanumeric
shift registers. The first is that for graphics characters
the entire character position may be used therefore ROWs 8
through 11 are not blanked out. And DLYD7 defines a
graphics character when true. The restriction regarding
CTRLT5 still applies.

The inputs to U85 pins 3,4, and 5 represent the
restrictions to the HIRES graphics shift register. CTRLTS
has the same purpose as described for the alphanumeric shift
register., DLYLDHDG* provides blanking after the 8@th
character and below the 16th line. DLYLDINH* prevents
loading during CPU access time.
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INVERSE VIDEOQ

Inverse Video is controlled through Port 254. When
D@ is set to a one and output to Port 254, VIDEOINV (U67-18)
becomes a logic one. VIDEOINV drives U82-1 an input of an
exclusive or gate (74LS86). When VIDEOINV is a "1" the
combined video output of U68-4 (VIDEO "NORed" with HRESVID)
is complemented thus inverting the video content. This is
full screen video, When VIDEOINV is low the combined video
information passes unchanged (standard video). The output
of U82-3 COMBINED VIDEO (COMBVID*) drives both the high
resolution B/W video output circuitry (U9-6,7) and the NTSC
color channel (in the non-color display modes) at U68-11,

HORIZONTAL AND VERTICAL SYNC TIMING

U280 and U37 form the sync generator circuit. The
horizontal and vertical sync generator circuits take the
timing pulses from the divider chain, delays are applied to
them, and the pulses are one-shot to fix the pulse width.
This allows the vertical and horizontal positions to be
adjustable and the correct pulse width is supplied to the
video monitor to provide the correct horizontal and vertical
synchronization.

The VERTICAL TIMING PULSE (VERTTP) from the divider
chain is buffered by U20-8 (a CMOS exclusive or acting as a
buffer only) and drives potentiometer R145, When R145 is
set for some resistance U20-1§ directly drives an RC timing
delay circuit formed by R145 and C23. When VERTTP goes to a
logic "1", C23 begins to charge. As it charges, the vonltage
at the input of U37-5 (74C@4) rises. When the voltage
reaches the threshold of a legic "1" (around 4 veolts since
this is CMOS logic), the output of U37-6 becomes a logic 8
(U37 is an inverter). The logic @ output of U37-6 drives
the input of the next inversion stage of U37-9. The logic @
is inverted and the output of U37-8 becomes a logic "1" and
stays that way until VERTTP returns to a logic "gv. By
changing the "R" of the R145 and C23 "RC" circuit the
vertical sync pulse is varied. This allows the ad justable
vertical screen position to compensate for variance in video
monitors. The output of U37-8 is now given a fixed pulse
width by the monostable circuitry of C22, R49 and the input
of U37-1,

The horizontal sync circuits work in a similar manner

with the HORIZONTAL SYNC TIMING PULSE (isTP) driving U28-13.
R144 and C24 form the RC delay, and C21 and R48 form the
pulse shaping and width,
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The horizontal and vertical sync pulses are mixed by
two EXCLUSIVE OR gates of U20. The output of U20-3 directly
drives the video mixing circuits of the Hi-resolution B/W

video output. U20-4 drives the Sync input to the NTSC
Prom,

Ull8-9,8 buffers the horizontal sync circuits to
signal the Burst one-shot (U133-1) of the horzontal sync
period. The Burst one-shot is described further in the

section entitled "COLOR VIDEOQOY,

COMPOSITE VIDEO MIXING CIRCUITS (HI-RES)

The following drawing illustates what the black and
white video output would look like with an oscilloscope,

- WHITE LEVEL
SYNC
1.8Vp.p LEVEL BLACK LEVEL
‘ - VERTICAL
SYNC &
L 1

L

e—SCAN— -t
LINE HORIZONTAL SYNC

The "sync level" extends from @ volts to .4 vnlts.
This .4 volt level is commonly referred to as the "black
level"™ or the voltage that would leave the display black.
Above 1.2 volts is the white level, Between these levels
are shades of gray. When a pixel is displayed on the CRT,
the voltage goes above 1.2 volts for just enough time to
display the dot, If most of the screen is blanked, looking
at the video signal with an oscilloscope should show few
very thin pulses extending to 1.2 volts with most of the
time the vnltage staying below .4 volts,

The combined sync output of U20-3 directly drives the
base of Q2. When there is sync, U20-3 is high and Q2 is
turned off. This provides no drive to Q1 and thus the video
output is @ volts. During the non-sync period U28-3 is
"low" and "turns on" Q2. This causes 5 Volts to be driven
into voltage divider R19 and R16 and the base of Q1. The
COMBINED VIDEO output (COMBVID*) drives peripheral and
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driver U9. When the video dot is to be displayed
(COMBVID*=0) then the output transistor in U9 is "off" thus
high impedance. This means that R17 has no effect in the
circuit and around 2.5 veolts drives the base of
emitter—-follower Ql. With around .7 volts drop the output
of Q1 (75 ohms impedance) is 1.8 volts. When the video dot
is NOT to be displayed, COMBVID* is high and R17 now appears
in the circuit from the base of Q¥ to ground. This causes
the voltage at the base of Q1 to be reduced to around 1 volt
thus with a .7 volt drop at Q1 (base to emitter) the output
is at the "black level" or .4 volts., C7, R22, and C8 serve
to filter, reduce power dissipation in Ql, and serve as
short-circuit protection., R121 serves to set the output
impedance of the video signal.

NTSC COLOR VIDEO

NTSC stands for the television standard first,
developed and implemented in the United States. Japan,
Canada, and Mexico also adopted this (the first) television
standard. NTSC color video uses the same timing and levels
as Black and White video., It has a 60 hz vertical sync rate
which corresponds to 262 scanned lines (including sync).

The LNW8O refreshes the screen at a rate of 60 hz with 262
lines. Countries which have AC power frequencies of 58hz use
PAL, SECAM, or other color systems with 312 scanned lines at
a 5@hz vertical rate. These systems are not compatible with
the LNW8@ set up for NTSC at 68hz.

Color video works much the same as black and white,
The video signal also is 1.8v p-p and .4 v is the black
level and 1.2v is the white level. Horizontal and vertical
sync are identical, Here are the differences:

1. COLOR ENCODING
In order to encode color information on the video
signal there is a COLOR CARRIER. This color carrier allows
the luminance information to be encoded with a PHASE
relationship with the carrier thus specifying the color to
be displayed.

2, COLOR BURST

The color carrier cannot be present during the displayed
video period and thus is maintained by the monitor (or TV),
This 3.579545 MHz signal is transmitted only for a small
period of time by the computer (or TV station) to keep the
coler oscillator in the monitor (or TV) "locked in at the
same exact frequency". This "burst" of color carrier is
transmitted only for about 8 cycles and only at the very end
of the horizontal sync pulse. This is commonly referred to
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as the ®back porch" of the horizental sync o»r the COLOR
BURST and is illustated below:

BLACK LEVEL
VIDEO /
AV .

3.579545 MHZ
BURST

o
- e
HORIZONTAL SYNC PULSE

COLOR MODES

In the LNW8# there are two possible cnlor modes-low
resolution and high resolution., The bandwidth of NTSC video
only allows the low resolution mode to be displayed. 1In
order to display the high resolution color, an RGB type
direct drive monitor must be used and the optimnal RGB
interface circuitry must be installed.

Port 254 data bit 2 selects whether or not color is
enabled. COLOR (U67-2) and COLOR* (U67-3) do the logic
switching to enable or disable c¢nlor operation.

LOW RESOLUTION COLOR

In low resolution color mode, HRES will be low and
HRES* will be high. This causes U129 to be enabled and U131
to be disabled via two gates of U52., U52-13 (COLOR) is
high, U52-2 (HRES*) is high and U52-1 is VIDEO, thus the
output of U52-12 which allows U129 to be selected to drive
color information to U13@ (NTSC ROM) will go low along with
VIDEO. This means that the low resolution text and graphics
information from the MODE @ display will select whether or
not the color information is to be passed on the NTSC ROM or
the display will be black. When U129 is not enabled (it is a
tri-state) gate pull-up resistors R101, R188, and R93 pull
the floating inputs of the NTSC ROM to a logic "i%, A logic
"1" on all three bits of the color code or a 7 is defined as
the color black. This means that there are two ways that
the screen can be programmed black., One by putting 7 as the
color information in the color memory or by blanking the low
res screen,

Color information is stored in the same memory as the
high resolution graphics memory U1@6-Ulll. The 6 bits of
data, instead of being fed into a shift register (U127) to
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be sent out one bit at a time (as in high resolution
graphics), is latched again into U128. 1It is fed to U128
for another level of delay to syncronize the Black and White
video information (being shifted out of Ulgl or U84). Once
latched into U128, the 6 bits represent two 3 bit (I of 7
colors and black) fields. During the period that the first
3 dots (of the character position time) are being shifted
out of U84 or UlPL, T3 is a logic #. This drives the least
significant 3 bits of U128 into the NTSC ROM to define the
color. During the next 3 dot periods, T3 is a logic 1 and
the most significant 3 bits of U128 are driven into Ul39 to
define the color. Remember that if VIDEO was false, U129 is
disabled completely thus overriding the contents of U128
(displaying black).

NTSC COLOR ROM

The NTSC COLOR ROM translates a 3 bit color code
(8-7), SYNC and BURST (timing) into the proper R-Y (COLORB),
B-Y (COLORA), and LUMINANCE (LUM) that the MC1372 requires
to do the conlor encoding. The NTSC ROM (Ul38) is a high
speed bipolar open collector prom. U130 combined with
ladder resistors R85-92, R94, R99 and R1#2-105 form a high
speed digital to analog converter to translate the digital

color cndes and sync information into the analog levels
needed by the MC1372,

The following is the truth table for the NTSC ROM
and the voltage levels developed for COLORA, COLORB, and
LUM,

ADDRESS DATA (HeXx) COLORA COLORB LUM
(Hex) COLOR SYNC BURST
Ag Al A2 A3 Ad COLOR

0o 9 0 9 g 2 6C WHITE 1.5V 1.5V .38
g1 1 9 0 ] ] D5 GREEN 1.0 1.0 )
22 g 1 0 /] a CC YELLOW 1.5 1.0 .38
23 1 1 9 2 g 7A RED 2.0 1.5 .62
g4 g 9 1 @ 2 FD MAGENTA 2.0 2.0 .50
25 T8 13 g // EA BLUE 1.5 2.0 .62
26 g 1 1 g 2 75 CYAN 1.0 1.5 59
a7 1 1 1 2 ] 6B BLACK 1.5 1.5 .10
28 g 9 9 1 2 6F SYNC 1.5 1.5 1,00
gF 1 1 1 1 ] 6F SYNC 1.5 1.5 1.00
19 g2 9 0 2 1 AE BURST 1.5 1,25 .75
17 1 1 1 1%} 1 AE BURST 1.5 1.25 75
18 2 2 1 1 6F SYNC 1.5 1.5 1,00
iF 11 1 1 1 6F SYNC 1.5 1.5 1,00
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COLOR BURST ONE-SHOT

When HSYNC transitions from high tn low (the end of
the horizontal sync pulse) U133-13 strobes, using R80 and
C83 for RC timing. The one-shot time is approximately
2usec. During this time, BURST is high and drives A4 of
U138, the NTSC ROM. When A4 is high, the correct analng
levels are supplied to U146 (MC1372) to output a burst
reference signal with the correct phase and amplitude.

Ul46~-MC1372 COLOR ENCODER

The MC1372 is a linear IC which contains both a
chroma oscillator and the necessary chroma (color) encoder.
U146 pins 1 and 2 along with Y2 the 3.579545 MHz crystal,
C94 and 95, and R106 form the complete color reference
oscillator (chroma oscillator) circuit., €95 is the chroma
frequency trimmer adjustment. Ul46-1 is the square wave
output of the 3.579 MHz color frequency and drives one-shot
Ul33-19 to provide the color to luminance dot cleock
synchronization signal (COLORSYNC). U133 with timing
resistor R2#7 (and no timing capacitor) forms a 58-70
nanosecond pulse generator, Ul33-5 drives open-collector
inverter U162-11. 1Inverted and pulled up by R97, this
generates COLORSYNC.

COLORA, COLORB, and LUM information from U138
determines the luminance level and the phase encoding of the
video information that is output by the MC1372 on pin 12,
R109 sets the output bias and CRl1 selects the composite
video polarity. The output of Ul146-12 (COLOROUT) is
amplified and level shifted by 013, R123 and R129. Q14 is
an emitter follower to provide current amplification and 75
ohm impedance matching.

The MC1372 has the chroma encoder circuit separate
from the final composite video mixing circuit. The chroma
encoder output (Ul46-19) is fed back into Ul146-8 through
R117 and blocking capacitor Cil@®., UX62-12, C11l1l, and R1l18
form the chroma killer circuit that disables any chroma
content in the video signal when COLOR is disabled. It does
this by shorting the chroma signal to ground (through
open-collector Ul62~-12),

For more details on the operation of Ul46 refer to
the data sheets on the MC1372.
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HIGH RESOLUTION COLOR

Assuming that the RGB ROM is installed, wired, and
usable, then high resolution color is possible. 1In high
resolution color U129 is disabled and U131 is enabled via
U52-8 when HRESVID (U52-1@), COLOR (U52-1l1), and HRES
(U52-9) are true. In the high resolution color mode the dot
information is supplied by the high resolution memory
(489x192) and the color information is supplied by the low
resolution memory (128x16 lines). Ul32 latches the output
of the text memory and drives the multiplexer U131, Ul3l
provides the RGB ROM with the least 3 bits of the text data
(DLY@-DLY2) during the first half of the character position
when T3 is "low" (first 3 dots) and then switches the output
of Ul31 to the most significant 3 bits of the text data for
the last 3 dot clocks (T3 is high).

BLACK AND WHITE DISPLAY THROUGH THE NTSC CHANNEL

In the low or high resolution black and white display
modes, COLOR is low (U68-12). This disables both Ul31 and
Ul29, Thus Ul3@ receives no color or luminance information
from U131 or U129, U130 still receives Sync information.
Since U68-12 is low, video information passes directly
through to U68-13 to drive the open-collector driver,
Ul62-1. This through R95 then feeds dot information
(luminance) directly into the MCi372 (Ul46) while U130
supplies the correct information to luminance during sync.

CASSETTE

Programs are loaded onto tape in serial fashion. The
serial data contains both clock and data information as
shown below:

CLOCK DATA=1 CLOCK DATA=¢ CLOCK DATA=1 CLOCK

— [t [

le—— T —>

The time "T" is dependent upon whether the computer
is in high speed or low speed. In low speed the time "T" is
2 ms. In high speed this time is 1 ms. This timing results
in a transfer rate of 500 baud and 100¢ baud respectively.
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The cassette routines are resident in the Level II
ROM's and cassette is accessed as an I/0 port. When a CSAVE

is entered, the address FF is placed on the address bus
along with OUT* (Ul8-3) going low. The result is that )
FFOUT* (U54-11) goes low. When this happens D2 will go high
and will be clocked into U8. This will turn U9 on and
therefore the relay KL. This shorting of pins 1 and 3 of
the cassette connector through Kl will turn the cassette
motor on, D@ and Dl also get clocked into U8 with timing
that results in the above diagram.

The cassette loading operation ig accomplished
through U2 A, B, and C. Refer to the figure below,.

CASSETTE WAVEFORMS

Cassette Input \/\/\~ v/&” %/k” 1/\#"

Gate of Q18 -

U2l pin 8 ‘W/lp Jqf Jqﬁ J/L;f—-+QVHax
U231 pin 7 —WJ Li B H—u

The signal from the cassette is voltage divided by
R24 and R25. U2lA is a two pole active high pass filter
which will eliminate noise. U21B along with Ul8 function as
an automatic gain controlled (AGC) amplifier. The amplitude
at U21B is peak detected by CR2 and Cll9 to get an average
signal level. The voltage at the gate of Q18 will then be
higher as the signal amplitude goes higher., The higher the
voltage at the gate, the higher the resistance between the
source and drain which will have the effect of lowering the

gain of this stage. The lower the gate voltage, the lower
the drain to
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source resistance and the higher the gain. The voltage
level of U21B will be controlled to a maximum of about 8.0
volts., U21C is a comparator who's trip level is dependent
upon the voltage at U2XC pin 5. The output at pin 7 is
normally high which will go low when a data or clock signal
is encountered.

U38 is a flip flop who is set and reset by U21C pin
7 and FFOUT* respectively. The decoded signal FFIN* will
then place the cassette information onte D7.

POWER SUPPLY

The LNW8@ power supply section is designed to power
both the LNW8# computer board and the LNW expansion board.

The LNW8# transformer is 9 volts AC rated at 4 amps
and 18 volts AC rated at 2 amps. The unregulated AC voltage
of the transformer is rectified by CR17 and filtered by the
15,008 ufd capacitor., This capacitor must be located
somewhere off the LNW8# board. Q3, Q7, 08, 09, and Q140
provide the regulated +5 volt supplies. All +5 veolt outputs
are connected through diodes to a summing peint at thte
anode of Q2. If any of these voltages exceeds
approximately 6.2V then CR24 will begin to conduct. While
the gate of Q12 remains unchanged, the anode voltage will
begin to rise higher than the gate. This will cause Q12 to
begin conducting which will fire SCRl causing Fl1 to open.
This overvoltage protection prevents damage to components
due to high voltage.

CR15 rectifies the AC signal which is then filtered
by Cl2l. Q4 regulates thte voltage to +12 volts. TIf the
voltage at JP9 exceeds 13 volts, CR1l will begin to conduct.
While the gate of Q6 remains unchanged, the anode will rise
above the gate voltage. This will cause Q6 to begin
conducting and result in turning SCR2 on and F2 will open.

R138 limits the current, Cl37 provides DC bleocking
and CR19 and CR16 provide a voltage doubler. Q11 will then
provide a —12 volt regulated output which supplies both the
LNW80@ computer and expansion board,

The voltage at the negative lead of Cl3t is

regulated by R133 and CRX4 and it is then filtered by Cl30.
This -5 volts is used both for the LNW8# computer and
expansion board.
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THEORY OF OPERATIONS
EXPANSION BOARD

The Expansion board is merely an extension of the
main computer board. A number of the functions of the LNW8#
Computer are performed on the expansion board, These
functions include additional memory, real time clock, floppy
disk controller, parallel printer, and RS232C serial port.
The expansion bus is a 40 pin connector that contains all of
the necessary control, data, and address lines necessary for
operation,
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LNW8J EXPANSION BUS

The 40 pin bus is equivalent to the TRS80's 4@ pin
The following are the signals and their
descriptions for the expansion bus:

expansion bus,

PIN #

N RO OO0 W

e

SIGNAL NAME

RAS*
SYSRES*
CAS*
AlQ
Al2
Al3
AlS5
GND
All
Al4d
A8
ouT*
WR*
INTACK*
RD*
MUX
A9
D4
IN*
b7
INT*

D1
TEST*
D6

AQ

D3

Al

D5
GND
D@

A4

D2
WAIT*
A3

A5

A7
GND
Ab
GND
A2

31

DESCRIPTION

ROW ADDRESS STROBE
SYSTEM RESET
COLUMN ADDRESS STROBE
ADDRESS INPUT
ADDRESS INPUT
ADDRESS INPUT
ADDRESS INPUT
GROUND

ADDRESS INPUT
ADDRESS INPUT
ADDRESS INPUT

I/0 WRITE STROBE
WRITE STROBE
INTERUPT ACKNOWLEDGE
READ STROBE
ADDRESS MULTIPLEXER
ADDRESS INPUT
DATA BUS

I1/0 READ STROBE
DATA BUS

MASKABLE INTERUPT
REQUEST

DATA BUS

BUS REQUEST

DATA BUS

ADDRESS INPUT
DATA BUS

ADDRESS INPUT
DATA BUS

GROUND

DATA BUS
ADDRESS INPUT
DATA BUS

Z280A CPU WAIT
ADDRESS INPUT
ADDRESS INPUT
ADDRESS INPUT
GROUND

ADDRESS INPUT
GROUND

ADDRESS INPUT



MEMORY EXPANSION

The Expansion Board contains 16 additional 4116 type
RAM chips at U42-49 and US53-6@. U37 and U38 (LS241's) are
used to multiplex the address lines. U34 and U35 are used
to buffer the data lines both input and output,

RAS* is buffered to all of the RAMs while CAS* is
gated by U29 with 48KRAMEN* and 32KRAMEN*, When the CPU
wishes to access the upper memory it places an address from
7FFF to FFFF on the expansion bus. The address is decoded
at U36. When Al5 and Al4 are high and RAS* is low,
48KRAMEN* (U30-7) will go low enabling CAS* to the upper
bank of memory. When Al5 is high and Al4 and RAS* are low,
32KRAMEN* (U30-6) will go low enabling CAS* to the lower
bank,

The data bus is buffered by U34 and U35. These buffers
will pass data from the memory onto the data bus when pin 1
of U34 and U35 is low. 32KRAMEN* and 48KRAMEN* are fed into
Ull pins 2 and 1 respectively. When either goes low the
output (Ull-3) will go low. This signal is used to gate RD¥
through U29 pins 9 and 18 respectively. U29-8 is then fed
into U34 and U35 and is used to enable memory data onto the
data bus. U34 and U35 is tied to gnd thus enabling data

from the data bus to the data input of the memory array at
all times.

For further information on the operation of 4116 type
dynamic rams refer to the section on program memory in the
theory of operations of the LNW8# computer board.

FLOPPY CONTROLLER AND PRINTER DECODING

Ul9 is used to decode the various signals involved
in the floppy disk and parallel printer circuits. All
addresses memory mapped within the range 37Ef@ to 37EC (HEX)
are decoded through U19,

When the CPU places an address in this range on the
address bus RAS* (U30-1) will go low indicating a valid
address. All of the inputs to U3 will go high resulting in
a logic "@" at U31-8. All, Al4, and Al5 will be low such
that all of the inputs to U304, pins 1,2,3,13, and 14, will
be low. U30-4 will go low enabling U3@-12 which will also go
low. U30-12 is used to enable the outputs of Ul9 which
effectively produces a "double" 2/4 line decoder,
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The outputs of Ul9 are used as control signals for
both the Floppy Controller and the Parallel Printer
Interfaces. Explanations of these signals and the addresses
that decnde them may be found below:

ADDRESS
PIN# FUNCTION DECODE WR* RD*
7 INTERUPT RESET 37EPH 1 2
6 N/C 37E4 1 2
5 PRINTER STATUS READ 37E8 1 g
4 FLOPPY READ 37EC 1 ]
9 MOTOR ON/DRIVE SELECT 37E0 2 1
10 CASSETTE 37E4 @ 1
il PRINTER WR STROBE 37ES8 2 1
12 FLOPPY WRITE 37EC 1 1

PARALLEL LINE PRINTER PORT

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

This I/0 port is accessed by either writing or

reading from address 37E8 Hex. This address is decnded at
U39, U331, and U119,

When reading the memory address 37E8, the printer
status is read through U3, Only the 4 most significant data
bits contain valid information. The meaning of each data
bit is as follows:

Data Bit Printer Status
D7 Printex Busy
D6 Paper Empty
D5 Unit Select
D4 Fault

The Radio Shack's parallel printer has wire ORed
internally, the printer busy status, and the paper empty
signal. When using the Radio Shack/Centronic Printer,; only
one of these two bits, D6 or D7, needs to be checked. The
printer busy indication is issued by asserting a logic "1".
When this occurs, the paper empty status will also be a
logic "1", The unit select and fault status bits are not
used by the Radio Shack's printer.
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A write to memory location 37E8 will load the output

latch U4 and U5 to the line printer's internal data buffer
and also generate a signal through U7 called DATA STROBE

(U7-4). DATA STROBE will be a low-going pulse of
approximately
1.5us.

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

Character Function
gA (Hex) Line Feed
2D Carriage Return

When either of these control characters are received
by the printer, the printer will assert a logic "1" at the
printer busy status.

CLOCK CIRCUIT

The Expansion Board Main Clock is-a 4 MHz

oscillator, utilizing Y1 and Ul8 to form a series resonant
circuit, The 4MHz clock is input to U9-14 and U24-2,

U9 provides a divide by 2 resulting in a 2 MHz clock
at U9-12, which is then input to U22-3 which again divides
by 2 resulting in the 1 MHz clock input to the FLOPPY
CONTROLLER (Ul4),

U24 effectively produces a divide by 13 of the 4 MHz
clock resulting in a 387 KHz clock at U24-11. This is used
to clock U25, a 4 bit binary counter. 1Its output produces 4
of the 8 baud rates used for the SERIAL INTERFACE. The
frequencies of the outputs can be calculated by multiplying
the baud frequency by 16 for the frequency in Hz.

Ul7 is clocked by U25-12 (38.4KHz) and provides a
divide by 1l resulting in a 3.,49KHz clock at Ul7-1l. This
is input to Ul@-14, which does a divide by two such that
Uig-12 is a 1.75KHz clock.

The 2nd half of Ul0@ is clocked by U25-11 (19,2KHz)
and does a divide by 8. The outputs of Ulf provide the
other 4 baud rate clock signals. Baud rate clocks will be
discussed in the section entitled "SERIAL INTERFACE",
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Ulg-11 (2.4KHz) 1is clocked into U9-1 which set for a
divide by 6 resulting in an output of 40@Hz. This is then
input to Ul2 which is set for a divide by ten resulting in
the 40Hz clock signal used to provide the REAL TIME CLOCK.

FLOPPY DISK INTERFACE

The function of interfacing to a floppy disk drive
is performed primarily by the Western Digital's FD1771B-01
Floppy Disk Formatter/Controller chip. Note that when using
double density adapters, the "doubler" performs the duties

of the controller chip. The LNDOUBLER 5/8 will be explained
in a further section.

The FD1771, a MOS/LSI device which performs much of
the housekeeping inveolved in reading and writing data to and
from the disk has the following internal features:

1. Cyclic redundancy check and generation for error
checking.

2. Internally seperates disk head outpput into data.

3. Checks for desired section, check ID field and
locate it's data address mark.

4, Accounts for track number of the current
read/write head position

The interface to the processor is accomplished

through the eight Data Access Line (DAL) and the associated
control signals.

When reading from the DAL, the address decoder Ul19-4
(37EC READ*) will be low enabling U8 and Ul5 to buffer data
from Ul4 to the data bus. U8 and Ul5 are LS240's, OCTAL
BUFFERS/LINE DRIVERS/LINE RECEIVERS with inverted 3-state
outputs,

When writing from the data bus to the DAL, the
address decoder Ul9-12 (37EC WRITE*) will be low enabling U8
and Ul5 to buffer data from the data bus to the floppy
controller,
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The least two significant addresses, A0 and Al, are
decoded by the floppy controller to interpret the selected
registers of the read and write operations. These registers
are decoded as follows:

Al-AQD READ WRITE
g 0 STATUS REG. COMMAND REG.
g 1 TRACK REG. TRACK REG.
1 @ SECTOR REG. SECTOR REG.
T 1 DATA REG, DATA REG.

The interrupt request (INTRQ) of the FDC (Ul4-39)
indicates the completion or termination of any operation,
INTRQ presets U22A presenting a high to Ul pins 4 and 5,
which is reset by reading the FDC Status Register. Reading
from 37E0H will reset the interupt signal (Ul-6) by clocking
a low at the output of U22A.

The FDC requires a 1 MHz clock input to Ul4-24 which
is generated from the 4 MHz main clock circuit and is
explained in the clock discription of the expansion board.

Drive Selection through Data Lines D@-D3 is clocked
into Ul3 by 37E@ WRITE* (Ul9-9). This also triggers the
one-shot, U7A, generating the motor on signal. The drive
selection is only activated when the motor on signal (U7-5)
is high.,

When U7-5 is low, clearing Ul3, a high is generated
at Ull-8. This signal is then inverted at U20-10 providing
a low command and indicating that the floppy status is
ready.

Ul4-19 is the MASTER RESET, and is driven by SYSRES*
from the main computer board. When MR* goes low, the FDC is
reset and HEX 03 is loaded into the command register and the
system will proceed to reboot. For further details of the
internal operations and the programing of the FDC refer to
the data sheets,

SERIAL INTERFACE

The Block Diagram (figure 8) outlines the major
sections of the Serial Interface. For the following circuit

description, use the schmatics along with the Block Diagram
to aid in visuvalizing the circuit theory.
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BAUD RATE GENERATION

In order to provide the receive and transmit baud
clocks for the UART, the 4 MHz clock is divided down.
Details of the clock divider circuitry is given in the
section entitled CLOCK CIRCUIT.

The Baud Rate is programmed by Jjumpering
A,B,C,D,E,F,G, or H to the RX and TX line. (Note that on
the pre-assembled LNW8# Systems, these have been jumpered
using two 8-pin dip switches.) These RX and TX lines are
used by the UART for the RECEIVE and TRANSMIT BAUD CLOCKS.,

TR1602B UART

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

EIA RS232C and 20mA LEVEL SHIFTERS AND DRIVERS

The serial output of U40 is pin25 (TRQ). It drives
Ul8 for buffering to EIA Driver U61-9 and the 20mA driver
US0-6. Serial data can be output by U26-10 which drives
both U50-7 and U61-10. US50, R23, and R24 provide the 20mA
interface. When U508 conducts it allows about 20mA of
current to flow (20mA=mark,@mA=space). Received serial data
is brought in to U51-4, U5l is an EIA to TTL receiver. The
20mA serial input is accomplished by the current to voltage
conversion of R25 and R26. The TTL received data is fed to
the Receive Data (RI,U40-20) of the UART and is fed to
U33-12 to be read as part of the Modem Status Buffer,

HANDSHAKE LATCH

U26 is the handshake latch. D@-D2 inputs to U26
pins 4, 5, and 12 respectively, The latch is loaded when
OUT EAH (Ul6-5) goes low which is input to U26-9. The
outputs of U26 are fed to U61-12,13 and U61-4,5 for level
conversion to EIA standards.
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MODEM STATUS BUFFER

U33 is the modem status buffer. U52, an EIA
receiver, converts EIA levels to TTL. This is input to U33
and enabled to the data bus when IN E8H (Ul6-7) gnes low.
In addition, the Serial Input (TTL) is fed to U33-12 to
allow the CPU to directly input the serial data.

CONFIGURATION SENSE JUMPERS

Jumper wires from K,N,P,M, and J connected to E5 or
E6 select whether the associated data bit is a "1" or a "g"
when U28 is enabled onto the data bus. It is enabled by IN
E9H (Ul6-6) and is used by serial driver programs so that
stop bits, parity, and word length can be selected by
hardware configuration.

DECODING AND CONTROL LOGIC

The port address decoding (IN,OUT-E8,E9,EA,EB) is
accomplished by U4l and Ul6. U4l decondes the upper 6 bits
(E8) and outputs to the strobe inputs of Ul6. The lower two
address bits (Al,AQ0) feed to the A and B inputs of Ul6. Ul6
is a 2/4 line decoder and its outputs (active low) select
which port is addressed and whether it is an IN or OUT
instruction. U23 pins 1 and 2 are driven by INEAH and INEBH
such that whenever the Receive Register and the Status
Regiser of the UART are read, U39 drives the data onto the
data bus. Below is a summary of the address decoding:

IN E8H Modum Status Register
IN E9H - Configuration Jumpers

IN EAH - UART Status Register

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

QUT E9H - Not Used

OUT EAH - Control Register Load, Handshake Latch Load

OUT EBH - Transmit Holding Register Load
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SERIAL INTERFACE PORT ADDRESSING

UART Control

Data | Jumper | Configuration Register UART Status| Modem Status
Bit | Letter Jumpers Handshake Latch Register Register
D7 j Even/0dd ParityEven/0dd Parity|Data ReceivedClear to send

1=Even 0=0dd i=True Pin S DB-25
D6 m Word Length 1 | Word Length 1 | THRE 1=True | DSR
Pin 6 DB-25
DS P Word Length 2 | Word Length 2 |OverrunError! CD
1=True Pin 8 DB-25
D4 n Stop Bit Slct.| Stop Bit Slct. Framing Err. | Ring Indctor.
1=2bits, 0=1bit| 1=2bits,0=1bit [=True Pin 22 DB-25
D3 k Parity Inhibit| Parity Inhibit ‘Parity Error

I'disabled par.ildisabled par. | 1=True

D2 Break,0 Disable
Transmit Data
D1 Request to Send Receiver In.
Pin 4 DB-25 UART Pin 20
DO Data Terminal
Ready

Pin 20 DB-25

IN PESH OUT PEAH IN PEAH IN PES8H

REAL TIME CLOCK

The 40 Hz Real Time Clock is output from Ul2-11 and
used to clock U21B. This clocks a logic "@" to U21-9 which
presets U21lA., This places a logic "1" at U21-5 which is
input to U29-4., If U29-4 goes high then its output U29-6
will go high., U29-6 is inverted through U280 and thus
presets U22B., U22-9 goes high and is inverted through Ul
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which sends a maskable interupt request to the CPU. The CPU
responds by decnding 37EJRD* at U19-7., 37EORD* presets
U21B, clocks a logic "@" into U21A, and enables the output

of U3B., If bit D7 is a logic "1", then the RTC generated
the interupt request.

The programming of the Real Time Clock can be by DOS
or in a User's Machine Program. WNote the DOS Manual for
commands.,
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THEORY OF OPERATIONS
LNDOUBLER 5/8

The LNDOUBLER 5/8 has as its heart two floppy
controller IC's-~the FD1771 (single density controller) and
the FD1791 (single and double density controller)., The
reason that the FD1771 is still needed is that the commands
are slightly different and the BOOT in the level II Roms
would not work, The two floppy controllers are tied
together so that only one of the two can be enabled at one
time,

SINGLE/DOUBLE DENSITY OPERATION

Single density operation is enabled when memory
location 37EC is written to with data FE. Double density
operation is enabled when memory location 37EC is written to
with data FF,

The controlling signals for single/double density
operation are DOUBLE* and DOUBLE, Ul6 pins 9 and 8
respectively. U5 and U6, open collector inverters, are tied
together to create an 8-input nor gate whose common output
is inverted through U7 and again through Ul2, Ul2-8 is used
to clock DAL#* into Ul6-12. Double density operation is

selected when DOUBLE and DOUBLE* are high and low
respectively.

The signal DOUBLE is input to Ul0-3, Ull-1, and
U2-2. When Ul@-3 is low, the FD1771 is enabled. Ul} is used
to select the STEP, DIRC, WD, and WG signals to be output to
the Floppy from either the FD1771 or FD1791. When Ull-l is
low the single density controller outputs will be selected.
U2 enables VFOE* (U2-3). This signal is input to the WDl691
and will be explained later.

The signal DOUBLE* is input to U9-3, U9-37, and
U8-15, When U9-3 is low, the FD179% is enabled. U9-37
enables the FD1791 for double density. And U8-15 enables
the WD1691 for double density.

CLOCK CIRCUIT

... . The LNDOUBLER 5/8 uses a series resonant circuit
utilizing Yl and Ul2 to provide a 4MHz clock at Ul2-12,

This is then input to Ul4-13 which performs a divide by 2
resulting in a 2MHz clock at Ul4-5. Both the 4MHz and 2MHz
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clocks are input to Ul3 pins 5 and 6 respectively. In 5.25"
operation the 2MHz clock is selected and then divided by 2
at Ul4 to become CLKI (Ul4-9). 1In 8" operation the 4MHz
clock is selected and then divided by 2. CLKI is used to
clock both the FD1771 and the FD1791 pins 24, and is lMHz in
5.25" operation and 2MHz in 8" operation.

5.25" & 8" SELECTION

On power up or reset, the LNDOUBLER 5/8 switches to
5.25" or 8" drive operation depending on the setting of the
5/8 switch.

When the 5/8 switch is in the 5 position, U17 will
be preset upon power up or reset and the control signals
FIVE (Ul7-9) and FIVE* (Ul17-8) will go high and low
respectively enabling 5.25" operation. When the 5/8 switch
is in the 8 position Ul7 will be cleared upon power up or
reset and FIVE and FIVE* will go low and high respectively
enabling 8" operation.

5.25" and 8" operation may also be selected through
software switching. When memory location 37EE is written to
with data bits D7=1 and D6=1 the LNDOUBLER will switch to 8"
operation. When memory location 37EE is written to with
data bits D7=1 and D6=0 the LNDOUBLER will switch to 5.25"
operation,

5.25" & 8" OPERATION

FIVE* is input to U4-7 through R6 and determines the
pulse width of the one-shot used for RDIN¥* (U4-12). 1In 8"
operation RDIN* has a pulse width of approximately 225us.
In 5.25" operation RDIN* has a pulse width of approximately
45@us,

FIVE is input to Ul3-1, an LS158, and is used to
select the various signals associated with either 5.25" or
8" operation,

The inputs to Ul3 associated with 5.25" operation
are a 2MHz clock (Ul3-6), a 2MHz voltage controlled
oscillator (Ul3-18), and gnd (Ur3-13).

The inputs to Ul3 associated with 8" operation are a
4MHz clock (Ul3-5), a 4MHz voltage controlled oscillator
(Ul3~-11), and TG43MUX* (Ul3-14)
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TG43 indicates that the RD/WR head is positioned
between tracks 44-76 and is valid only during RD and WR
commands. It is output from the FD1771 and FD1791 as STG43
and DTG43 respectively. STG43 and DTG43 are then inverted
through U5, an open collector inverter, and the outputs are
tied together producing TG43MUX*. 1In 5.25" operation TG43
is always enabled. In 8" mode TG43 is enabled only for
tracks 44-76.

ANALOG PHASE LOCK LOOP DATA SEPARATION

Ul5, an LS629, provides the VCO, voltage controlled
oscillator frequency of 4MHz (2MHz for 5.25" operation) for
the WD1691 (U8). In order to guarantee that it is not
sensitive to power supply variations, VRl (78L#5) provides a
regulated supply to the LS629 and the adjustment controls
R25 and R26, R25 is a multiturn pot to adjust the frequency
range and R26 adjusts the bias voltage for the VCO. The
WD1691 and the 74LS629 make up the ANALOG PHASE LOCK LOOP
DATA SEPERATION., For further details refer to the data
sheets supplied in this manual.

PRECISION WRITE PRECOMPENSATION

The WD2143 provides an accurate write
precompensation value according to the adjustment of R24. A
negative true pulse of the actual precompensation value can
be observed with an ascilloscope at U8-4, Write
precompensation is factory aligned to 20#ns +/- 25ns and is
enabled only for double density operation (all tracks 5.25"
and tracks above 43 for 8"), For further details of the
interface between the WD2143 and the WD1691 refer to the
data sheets.

WAIT LOGIC

The "wait" logic circuitry consists of UYL, U2, U6,
U7, and Ul8,

The "wait" logic allows 8" disk drive operation
under a slow CPU speed. This logic is used by several
operating systems and is maintained for compatibility
reasons,

When the memory location 37EE is written to with
data bits D7=1 and D5=1 then the "wait" logic is turned on,
When memory location 37EE is written to with data bits D7=1
and D5=f§ then the "wait" logic is turned off,
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Although the "wait" logic need not be invoked for
single density operation for 8" drives at the 1.77MHz CPU
speed an explanation of its operation follows:

1. The "wait" logic is turned on
2. The FDC is initialized and registers set
3. The command is given to the FDC to read
oy write
4, The status register is read causing the
"wait" logic to issue a "wait" to the CPU
until:
a. the busy bit in the status register
goes false
b. DRQ on the FDC gones true
c. IRQ on the FDC goes true

If the condition that removed the "wait" was (a) or
(b) then the "wait" logic is still "on" but the CPU wait was
removed until the next time the status register of the FDC
is read, TIf the condition that turned off the wait was (c¢)
then the walt logic is turned off.
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TROUBLESHOOTING

It is not within the scope of this manual to provide
a complete and detailed procedure for troubleshooting the
LNW8#. But for those with technical experience in digital
electronics, this section may provide some helpful hints.

POWER SUPPLY

The first step in troubleshooting is to check the
supply voltages. The following voltages should be verified
at the corresponding test point.

REGULATED VOLTAGE TEST POINT
+5V +/~ .3V JPYl;JP3;JP5
+12V +/- .5V Jp9
-2V +/= .5V Jp7
-5V +/- .3V JPll

Note that the =5V supply is critical to the RAM's.
If it is not present damage may occur to those parts.
Therefore check the -5V supply first. If it is not present
then disconnect the other supplies before troubleshooting
further,

If the fuses continually blow you may disable the
overvoltage protection by removing the SCR's. But before
doing so disconnect the power supplies. Be ready to turn
off power if any component begins smoking.

VIDEO OUTPUT/ADJUSTMENTS

After the power supplies have been verified proceed
to check that there is a video output. If there is a video
output but it seems unstable or out of sync, then try
adjusting Cl40., If that doesn't work then check the video
divider chain noting in particular the horizontal and
vertical sync pulses. If there is no video, then first
check for sync pulses. If all the sync pulses seem correct
then check the alphanumeric and graphic shift registers.
Keep in mind that the CPU may be instructing the VIDEO to
clear the screen.

SYSTEM CLOCK
Check that the Z80A has a clock at U2-6. If not

then follow the circuitry back to find out why. It should
be either 4MHz (high speed) or 1,77MHz (low speed) .
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CPU/CPU TEST

There is a method by which you may test the RAM,
BASIC ROM, VIDEO RAM, and KEYBOARD. This procedure requires
two computers. One must be a known good 16K level 2 TRS84
or 16K LNW8@.

A special cable must be created in which Al5 is
inverted from the good board to the bad board to enable the
good beard to take over control, By doing so the bad board
will be perceived by the good to occupy the upper 32K of
memory space.

SPECIAL CABLE

Materials:
40 pin cable, 2N3906 transister, 470 ohm resiser

Procedure:

Break lines 7 and 8 on the cable. Line 7 corresponds
to pin 8 on the connector and line 8 corresponds to pin 7 on
the connector., Pin 8 is ground and pin 7 is Al5. Connect
pin 8 from the good board to the emitter of the transistor,
Connect pin 7 from the good board through a 47¢ ohm resistor
to the base of the transister. And connect the collector to
pin 7 of the bad board. Connect the two computers together
and ohm out the connections to verify proper connection.

Als 470 Al5 BAD BOARD

GOOD
BOARD

ENABLING THE BUS

If the bad board was preassembled by LNW RESEARCH
then no further modifications must be made except pulling
U2-25 to ground and reducing noise on the MUX line by
placing a parallel combination of a 180 ohm resister and a
330 pf capacitor from Ul8-5 to ground.

If the bad board was purchased as a bare board and
built as a kit then the following modifications must also be
made: 1lift the pins of U36-3 and U46-5; Jjumper U36-12 to
Ui8-7, Ul8-9 to Ul8-14, and U18-5 to U1l8-15,
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19
20

39
190

105
110

120
121
122
123
124
125
126

127
128
130
1490

150

151
200

2190

215
220

300

302
319

320
322
350

351
400
600

CPU TO CPU TEST PROGRAM

CLS:PRINT"CPU TO CPU TEST":PRINT:PRINT:PRINT
INPUT"TEST ROM,RAM,VID,KEY";ZX$

IF ZX$="ROM" THEN 100 ELSE IF ZX$="RAM" THEN 200
ELSE IF ZX$="VID" THEN 300 ELSE IF ZX$="KEY" THEN 400

GOTO10

INPUT"SELECT ROM NUMBER(A,Al,B,Cl,ALL,LOOP)";ZX$
==32767

IF zZX$="A" THEN 120 ELSE IF ZX$="Al" THEN 121 ELSE
IF ZX$="B" THEN 122 ELSE IF 7X$="B1" THEN 123 ELSE
IF zZX$="C" THEN 124 ELSE IF ZX$="C1" THEN 125 ELSE
IF ZX$="ALL" THEN 126 ELSE IF ZXS$="LOOP" THEN 127
ELSE 10

Y=0:GOT0150

Y=2048:GOTOL150

¥Y=4196:GOTO150

¥Y=6144:GOTOL50

Y=8192:GOT0O150

Y=10240:GOTO150

FOR X=-32767 TO -20480:1IF PEEK(X)=PEEK(Y) THEN 130
ELSE 1490

INPUT"LOCATION DESIRED(DECIMAL ©9-12287)";Z:LET
7=2-32768

?PEEK (Z) :GOTO0128

2Y:¥=Y+1:NEXTX:PRINT"TEST COMPLETE":GOTO.Lg
PRINT"TEST FAILED":PRINT"LOC. EXPECTED ACTUAL":
PRINT Y,PEEK (Y) ,PEEK (X) :Y=Y+1:STOP:NEXTX

A=Y+C:B=A+2047:FOR X=A TO B:IF PEEK(X)=PEEK(Y) THEN 130
ELSE 140

?2Y:Y=Y+1:NEXTX:?"TEST COMPLETE":GOTO1l0

Y=170:FOR X=-16384 TO -l1:POKE X,170:IF PEEK(X)=170 THEN
NEXT X ELSE 229

Y=85:FOR X=-16384 TO -1:POKE X,85:IF PEEK (X)=85 THEN
NEXT X ELSE 220

?"TEST COMPLETE":GOTOl0

?"TEST FAILED":?"LOC. EXPECTED ACTUAL":

? X+32768,Y,PEEK (X) : STOP:NEXTX

Y=0:FOR X=-17408 TO =-16385:?2X+32767:POKEX,Y:Y=Y+1:
IFY=192 THEN Y=0

NEXTX

Y= :FOR X=-17408 TO =-16385:2X+32767:Z(3)=0:G0OSUB6#D:
IF Z(l)=Y THEN 320 ELSE 350

Y=Y+1:IF Y=192 THEN Y=0

NEXTX:?"TEST COMPLETE":GOTO1@

?"VIDEO RAM FAILED TEST":?"LOC. EXPECTED ACTUAL":
?X+32768,Y,PEEK(X) :Y=Y+1:IF ¥=192 THEN Y=0

NEXT X:?"TEST COMPLETE":GOTO1l0

?PEEK (=18177) :GOT0400
Z(3)=z(3)+1:Z2(1)=PEEK(X):Z(2)=PEEK (X):IF Z(1)=Z(2)
THEN RETURN ELSE IF Z(3)=25 THEN RETURN ELSE 600
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CPU/CPU TEST PROGRAM

The previously listed program will enable you to
test the program RAM, ROM, LORES VIDEO RAM, and KEYBOARD on
the "bad" board. Remember that the bad board will be
perceived by the good board from locations 32768 to 65535,
Remember also that writing to or reading from the upper 32K
requires that you use negative numbers. The following is a
simple formula for translating the actual location to the
location to be poked to peeked:

POKE OR PEEK ADDDRESS = ACTUAL ADDRESS - 32768

The simplest procedure for loading this program is
to type it in and save to cassette. This will prevent you
from having to retype it if the system crashes. Connect the
two computers together, power up the good board and load
level 2 basic. Then load the program from cassette and then
turn on the power on the bad board. The program will not
load if the power to the bad board is already on.

The program will display a simple menu. Respond
with ROM and the program will ask you whether you wish to
test ROM A1, A, B1, B, C1, C, or all, You may also loop on
any one location., The way the ROM test works is that it
peeks the same location on both the good and the bad board
and compares., Note that if you are using a TRS80 as your
"good" board then some of the ROM locations will disagree.
You may continue by typing "CONT".

The RAM part of the CPU test pokes data=170 to all
16K of the program RAM and peeks those locations to verify.
Then data is set equal to 85 and the process repeats itself.
These values are selected because they represent two
patterns of alternating "ones™ and "zeros" in binary. The
entire RAM test takes about 5 minutes. Upon completion the
program will respond with "TEST COMPLETE",

The video part of the CPU test first writes to every
location., You may observe this by connecting the CRT to the
bad board. Afterwards it reads back to verify that the
correct information was stored. An occasional error may
occur due to noise. A good signal to loop on while
accessing the video memory is “CPUACC¥" (U139=1).

The KEYBOARD part of the CPU test will loop
continuously peeking a keyboard address. For this part of
the test you must connect a kybd to the "bad" board. With
no keys depressed zero's should be displayed on the CRT.
When a key is depressed the value displayed should
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correspond to a "1" at the data bit which corresponds to
that particular key., Refer to the kybd schematic. To
escape the KYBD test you must depress the break key on the
"good" board.

If there is a failure you may loop at the location
of the failure and trigger on the appropiate enabling signal
to verify that the data and address are correct., Two sample
programs are:

1 A=PEEK(-32768) :GOTO1
1 POKE -16384,0:GOTOl

The lst program will loop on a read of the lst location of
ROM. The 2nd will loop on a write to the lst location of
RAM with data equal to zero. 1In the lst case you should
trigger on ROMRD* (U66-6). 1In the 2nd case, trigger on CAS*
(U96-15) .

If you have verified that the ROM, RAM, VID RAM, and
KYBD sections are good then you may assume that the problem
is in the CPU section. All you can do is check to see that
all the control lines, address lines, and data lines are
functioning. If the CPU is "hanging up", ie. getting locked
on a RD*, you may "trick" it by lifting the RD* and MREQ¥*
lines on the Z80A.

"SCOTCH TAPE TRICK"

Sometimes the CPU/CPU test will not work because
connecting to the "bad" board causes the good board to
hang-up. An example of this would be if ahy of the critical
bus lines were shorted., You may be able to determine which
line or lines are causing the problem by covering the 40 pin
connector with scotch tape and removing it pin by pin. If
removing the scotch tape from a pin causes the good board to
hang-up then you may assume that something is either shorted
to that line, driving that line, or possibly loading that
line down.

HI RESOLUTION GRAPHICS

The HRES GRAPHICS can be tested by running the HRES
GRAPHICS TEST on the following page. If the program fails
you must troubleshoot the associated circuitry. There is no
easy way to loop on the HRES GRAPHICS RAM to see if the
address and data are correct., You may allow the test
program to continue without stopping by deleting line 220.
While the program is running you can check the signals with

an oscilloscope to see that they are active, If the
program
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is writing to two or more lines at a time you may assume you
have an addressing problem. If no data is being written
check the write line. If after running, the CRT does not
display an eighty character screen check HRES (55-5). 1If
the test does not fail but the information on the screen
seems incorrect check the shift register at U127,

10 REM HIGH RESOLUTION GRAPHICS TEST
20 REM CASSETTE VERSION
3¢ CLS

40 PRINT"LNW RESEARCH HRES GRAPHICS TEST"

50 FOR Z=0 TO 1000

60 NEXT Z

78 OUT 254,2

80 FOR X=32512 TO 32533

9¢ READ D

109 POKE X,D

110 NEXT X

120 POKE 16526.0:POKE 16527,127

125 LET Y=1

130 FOR Z=0 TO 4

1490 REM NOW POKE DATA TO BE OUTPUT TO USR ROUTINE
150 POKE 32522,Y

155 GOSUB 17@

160 LET Y=Y*2

161 NEXTZ

162 LET Y=0

166 POKE 32522,0

167 GOSUB 170

168 PRINT "ALL MEMORY LOCATIONS TESTED"

169 END

170 FOR X=0 TO 16383

180 A=USR (X)

198 LET A=A AND 63

200 IF A=Y THEN GOTO 239

285 PRINT"MEMORY LOCATION FAILED TO READ OR WRITE
CORRECTLY"

207 PRINT"ADDRESS EXPECTED DATA ACTUAL DATA"
210 PRINT X;Y;A

228 STOP

2380 NEXT X

249 RETURN

27¢ DATA 205,127,16,219,254,246,8,211,254,54,0,0,110,38,0
280 DATA 230,247,211,245,195,154,140
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COLOR GRAPHICS TEST AND ADJUSTMENTS

1,Run "COLOR BAR TEST PROGRAM" and wait for it to complete,
2.Measure the voltage at pin 6 of U146, Record this value,
it should be between 1.25 and 1.75 volts,
3.While measuring the voltage at pin 5 of U146 adjust R99
so
that the voltage is the same as the recorded value.
4,While measuring the voltage at pin 7 of U146 adjust R98
so
that the voltage is the same as the recorded value.
S.Adjust R94 for best picture.Note that this effects the
luminance level and be observed at pin 9 of Ul46. The
observed level should be between .75 and 1.l volts.

19 REM COLOR BAR TEST PROGRAM
20 REM CASSETTE VERSION

3¢ REM THIS TEST SHOULD GENERATE THE FOLLOWING COLORS:
35 REM WHITE GREEN YELLOW RED MAGENTA BLUE BLUE-GREEN BLACK
36 CLS:PRINTCHRS (23)

49 PRINT "LNW RESEARCH COLOR BAR TEST"
45 REM DELAY BEFORE STARTING TEST

50 FOR Z=0 TO 1000

60 NEXT Z

76 OUT 254,4

72 FOR X=15368 TO 16383

74 POKE X,255

76 NEXT X

80 FOR X=32512 TO 32533

9¢ READ D

100 POKE X,D

110 NEXT X

120 POKE 16526,0:POKE 16527,127

125 FOR X=@ TO 12288

130 FOR Y= TO 7

135 FOR Z=0 TO 7

150 POKE 32522,Y*9

180 A=USR (X)

190 LET X=X+1

200 NEXT Z

218 NEXT Y

220 LET X=X-1

230 NEXT X

240 END

270 DATA 205,127,10,219,254,246,8,211,254,54,0,0,110,38,0
280 DATA 230,247,211,254,195,154,10
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TROUBLE~-SHOOTING THE EXPANSION INTERFACE

If connecting the expansion interface to the main
computer board causes the system to lock up refer to the
"SCOTCH TAPE TRICK" in the previous section,

POWER SUPPLY

As stated previously, the first step in
trouble-shooting is to verify the power supply. So proceed
to verify the following voltages at the following reference
points:

REGULATED VOLTAGE TEST POINT
+5V +/= .3V JP2,JPY4
+12V +/= .5V JP12
=12V +/= .5V JP10
=5V +/= .3V JP8

Note that the =5V supply is critical to the RAMs.
If it is not present damage may occur to those parts.

32K MEMORY EXPANSION
The same procedure as used in the CPU/CPU TEST may

be used to trouble-shoot the additional 32K of progran
memory., A sample program to test the memory is:

10 Y=170
20 FOR X==-32767 TO =1
30 POKE X,Y

40 A=PEEK(X)

50 IF A=Y THEN NEXT X ELSE 60

51 Y=85:Z=Z+1:1IF Z=2 THEN 55 ELSE 20

55 PRINT"TEST COMPLETE":STOP

60 PRINT"LOCATION",X+65536;"ACTUAL",A;"EXPECTED",Y
70 STOP

80 NEXTX

Before running this program "set" the memory size to
32767. This will prevent the program from being stored in
the upper 32K of memory. If there is a failure you may PEEK
or POKE at that location using a simple loop statement. By
triggering on CAS¥ you may verify that the correct address
and data are present. Remember that the following
relationship exists between the actual location and that
poked or peeked:

ACTUAL ADDRESS = POKE OR PEEK ADDRESS + 65536
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FLOPPY DISK CONTROLLER

If the FDC is not working, check that the 1MHz clock
input to Ul4-24 is present. Check that when reset MR¥
(UL4-19) goes low., If the motor on the drive does not go
on, or if it stays on continuously then the problem may be
related to Ul9 or U7, Note that if the motor stays on
continuously the problem is likely to be a reversed floppy
cable, By looping on POKE and PEEK statements and checking
with an oscilloscope you may verify that the decoder at Ul9
is operating correctly. Follow the interupt logic from
Ul4-39 to Ul-6. Verify that Ul3 is selecting drive @ and
that Ul4-23 goes high indicating that the status register is
ready. Check the gates of Ul, U2, and U6 to see that
they're inverting their inputs. Remember that these are
7438's (open collector) and that the outputs must be pulled
up by the disk drive.

RS5232 HANDSHAKING

To test the handshaking short the following points
together on J2;
J2-4 to J2-5 to J2-6
and J2-8 to J2=-20 to J2-22

Load the following program:

10 FOR Y= TO Y=3:0UT234,Y:A=INP(232)

20 PRINT "Y=";Y,"A=";A:NEXTY

30 PRINT"FOR Y=0, A SHOULD BE 0@@@XXXX BINARY"
40 PRINT"FOR Y=1, A SHOULD BE 1100XXXX BINARY"
50 PRINT"FOR Y=2, A SHOULD BE #@11XXXX BINARY"
60 PRINT"FOR Y=3, A SHOULD BE 1111XXXX BINARY"

This program latches data through U26 and back again
through U33. 0UT234 clocks the data out through U26 and
INP(232) clocks it back through U33. Refer to the
schematics,

RS232 SEND/RECEIVE

To test or troubleshoot the send/receive functions
of the RS232 port load the SERIAL CRT TERMINAL PROGRAM and
short El to E3. If the serial port is functioning properly
then as letters are typed on the keyboard they are routed
out through E3 and then back again through El and placed on
the CRT. 1If this is not occuring then check U40-25 to see
if data is being passed out through the UART. If so then
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19
20
30
40
50
60
65
70
89
90
190
110
129
130
200
210
229
230
249
259
269

19
20
30
40
50
60
79
80
90
190
110
120
130
140
159
100
170
180
199
200
210
229
230
249
259
260
300

310
320

REM SERIAL CRT TERMINAL PROGRAM-CASSETTE VERSION
REM
REM THIS PROGRAM ALLOWS THE USE OF THE LNW SYSTEM
REM EXPANSION CIRCUIT BOARD AS A CRT TERMINAL. THIS
REM PROGRAM MAY ALSO BE USED FOR TESTING THE SERIAL
REM INTERFACE BY SHORTING E1 AND E3 TOGETHER
REM
FOR X=28672 TO 28764
READ D
POKE X,D
NEXT X
POKE 16526,0
POKE 16527,112
A=USR (N)
DATA 62,28,205,51,0,62,31,205,51,08,62,14,205,51,0,211
DATA 232,219,233,230,248,246,5,211,234,219,234,203,127
DATA 40,23,219,235,183,40,18,230,127,254,96,250,45,112
DATA 230,95,254,10,40,232,205,51,0,24,227,205,43,0,183
DATA 40,221,254,5,242,73,112,33,88,112,79,6,8,9,126
DATA 254,26,40,284,79,219,234,2083,119,40,249,121,211
DATA 235,24,192,3,27,124,127
REM SERIAL PRINTER DRIVER PROGRAM-CASSETTE VERSION
REM
REM THIS PROGRAM ALLOWS THE USE OF A SERIAL PRINTER
REM WITH THE LNW RESEARCH SYSTEM EXPANSION CIRCUIT
REM BOARD. THIS DRIVER PROGRAM IS LEFT IN MEMORY AT A
REM LOCATION WHICH IS UNALTERED BY BASIC AND BY USER
REM PROGRAMS. THE PROGRAM IS EXECUTED DURING EVERY
REM LPRINT AND LLIST FOR EACH CHARACTER TO BE PRINTED
REM HANDSHAKING IS SUPPORTED AS THE SOFTWARE READS
REM THE PRINTER BUSY (DSR) BEFORE OUTPUTING A
REM CHARACTER. NOTE: IN ORDER FOR THIS PROGRAM TO BE
REM EXECUTED, THE LINE PRINTER CONTROL BLOCK AT HEX
REM 4025 TO 4927 MUST BE ALTERED BEFORE PRINTING TO
REM IDENTIFY THE PRINTER TYPE AND DRIVER ADDRESS.
REM THE FOLLOWING LIST GIVES YOU THESE VALUES.
REM 16421D 4¢25H DCB TYPE G2H $02D
REM 16422D 40926H LSB DRIVER ADDR. 0@H 80D
REM 16423D 4027H MSBE DRIVER ADDR, 7FH 127D
REM
FOR X=32512 TO 32560
READ D
POKE X,D
NEXT X
POKE 16526 ,0
POKE 16527,127
A=USR (N)
DATA 245,58,48,127,254,1,40,15,62,1,50,48,127,211,232
DATA 219,233,230,248,246,4,211,234,241,219,232,203,119
DATA 32,258,121,211,235,254,13,32,4,14,10,24,233,201,0
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proceed to follow the logic until you're back to U48-20
where the data is received by the UART. If no data is being
sent or if the data is not correct then return to LEVEL II
BASIC and using IN and OUT commands enable the decoder at
Ul6. Verify with an oscilloscope that the decoder is
functioning and that the signals are present at their
destination points. Problems may also occur at U23 and U39,
especially in relation to incorrect data.

RS232 BAUD RATES

On the LNW8@, BAUD RATES may only be controlled
through hardware switches. On the factory assembled models
this is accomplished through the use of dip switches. 1If
there is any problems in the baud rates first check that no
more than one switch is on at a time. In troubleshooting
the RS232 check the baud rates with a frequency counter or
oscilloscope, Refer to the THEORY OF OPERATIONS for the
expected frequencies.,
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LNDOUBLER 5/8 ALIGNMENT

DO NOT ATTEMPT ALIGNMENT ON AN LNDOUBLER 5/8 WHICH IS UNDER
WARRANTY AND APPEARS NOT TO FUNCTION AFTER IT WAS FIRST

INSTALLED. ATTEMPTING TO DO SO WILL VOID YOUR 180 DAY
LIMITED WARRANTY

Alignment should not be necessary for the life of
the LNDOUBLER 5/8 unless the controls have been tampered
with or ONE of the following parts has been replaced: VR1,
Icl5, Ic3, IC8, R25, R26, R18, R13, Rl, R24, Cl0.

The LNDOUBLER 5/8 may be returned to the factory for
alignment if required. Contact the Service Department for
the cost of alignment. For those with the equipment and
knowhow to do the alignment, the following procedure should
only be done in the event that returning the LNDOUBLER 5/8
is a problem AND the LNDOUBLER 5/8 NEEDS ALIGNMENT!

Equipment Required:

Digital Voltmeter 1% accuracy >lmegohm input impedance
Frequency Counter .1% accuracy >lKohm input >5MHz
Oscilloscope >15MHz bandwidth, triggered

DO NOT ATTEMPT ALIGNMENT IF YOU DO NOT HAVE ALL THE
EQUIPMENT LISTED ABOVE!!!

1. Preset the controls and switch settings:
a. R26- fully counterclockwise
b. R24- fully clockwise
C. SWi- "5" position
d, R25- does not matter

2, Install the LNDOUBLER 5/8 into the expanion interface
and apply power to the interface.

3. Adjust R26 for 1.48 volts at IC8 pin 13

4, Adjust R25 for a frequency measurement of 4.9@9MHz at
IC15 pin 7

5. Boot a disk and set up to format a DOUBLE DENSITY DISK.
While it is writing to the disk, measure with the
oscilloscope a negative true pulse at IC8 pin 4. Adjust
R24 for a pulse width of 28@fns. This value corresponds
to the amount of write precompensation.
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DISASSEMBLY/ASSEMBLY

The most important part of disassembling the
computer is to be able to put it back together again. This
computer has many cables and power connectors and it is
vital that they be put back together in the same way as they
are taken apart. Great care should be taken., Reversed )
cables or connectors may cause either unreliable operation,
no operation, or even serious damage to electrical and
electronic components,

Therefore I strongly advise that some systematic
method be used to ensure that the cables and connectors be
put back together in the same way as they are taken apart.
One method would be to mark both the connector and the
circuit board with a permanent marking pen.

REMOVING THE LID

There are 5 screws holding the 1id to the chassis, 3
on the back panel and 2 in the front beneath the keyboard.
When removing the 1id be careful as the LED is connected to
the keyboard with wires approximately 8" in length. The LED
can be removed from the 1id by prying the donut shaped
backing off the LED. Then simply push the LED down and
remove it,

REMOVING THE KEYBOARD

The KEYBOARD is connected by a 40 pin cable and held
in place by 4 screws into the supporting brackets. To
remove the 40 pin cable take a firm grip on the plastic part
and pull straight back taking care not to bend the pins on
the keyboard.

REMOVING THE EXPANSION INTERFACE

The expansion interface is connected by a 48 pin
cable and a power connector to the main computer board, and
the cables for the RS232 to the chassis. You may remove the
EI without disconnecting the RS232 cables, though not
completely. There are 4 screws connecting the EI to the
supporting rods. Note that only 3 of these screws have lock

washers, The forth does not so as to prevent shorting to
nearby signals.
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REMOVING THE LNDOUBLER 5/8

If you turn the expansion board over you will see a
small board plugged into it and tied with plastic tie wraps.
This board is the LNDOUBLER 5/8. To remove the doubler you
must cut the plastic tie wrap. Then simply pull the doubler

straight back being careful not to bend the gold pins
beneath.

REMOVING THE LNW8@ COMPUTER BOARD

To remove the main computer board you must 1lst
remove the expansion interface. Then unscrew the 4
cylindrical rods used to support the EI. Note that beneath
3 of these rods there are small nylon spacers. Remove these
also, Before you can remove the computer board you must cut
the tie wraps holding the large orange capacitor to the
case, disconnect the power connector from the transformer,
cut the tie wraps on the video connectors, disconnect the
video cables, and unsolder or cut the wires connecting to
the auto switch on the back panel.

REASSEMBLING THE COMPUTER

If you marked the connectors and paid attention when
you disassembled the computer you should have little
difficulty in reassembling it. Merely proceed with the
above directions in reverse,
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ECN's- ENGINEERING CHANGE NOTICES

The following ECN's are not necessary for a
functional operating computer., If you have a computer that
simply does not operate-ie. garbage appears on the screen-
then these changes will not help. These changes have been
made to improve operation in various areas. Factory
assembled units have had all or most of these changes
installed.

These ECN's refer to making jumpers and etch cuts.
When making jumpers, use 30 gauge wire (unless otherwise
specified) and verify that you are connecting the correct

points. When making etch cuts, use a sharp pointed razor
knife and be very careful to cut only the etch specified.

It is advisable to make the appropiate changes in
the schematics as you install these ECN's, Use a colored
ink or pencil so that you can clearly see the ECN changes,

Note: Expansion Board ECN's begin with ECN 2000.

ECN 1008. These changes enable BUS REQUEST for the LNW84,
a. etch cuts

1., U46~-5 (solder side)
2., Ul52-10 (component side)
3. U36-12 (component side, above pin 12)

b. jumpers

Ul8-5 to U97-1
Ul8-7 to U89-3
U6-4 to U6-5
U36-3 to Ul52-10

W N
° o o

ECN 1001. Purpose: To eliminate jitter in the display.

a. change the following parts:

PART  FROM: TO:
1. U138 74Ls174 748174
2. U122  74LS157 748157
3. U139  74Ls157 748157
4. Ul60  74S161 74LS161
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b. install the following capacitors:

1. 330pf ceramic from U37-6 to U37-7
2, 47pf ceramic from U1l38-9 to Ul38-8

ECN 1082. Purpose: To eliminate screen "hash" from display
when reading or writing out of text/graphics RAM
or HIRES Graphics RAM,

a. etch cuts

1., Ul68-6 just above feedthrough below the number
"1" of the "Ul68" (component side).
2. Ul53=-5 (solder side)
b. Jumpers
1. Ul53-6 to Ul70-11
2, Ul79-8 to U170-9
3
4

. Ul70-12 to Ul70-1
. Ul78-13 to U1l21-12

ECN 1003. Purpose: To reduce "ringing" on the MUX and CAS*
lines.
a. install parts
1. Add a 330 ohm resister from U88-1 to GND.

2. Add 100 pf cap at R140 (RAM side) to GND.

ECN 1804. Purpose: To delay GRAS* approximately 20ns
allowing DRAD@-DRADS to stabilize prior to
GRAS* going active,
a. Install 150pf ceramic cap from R83 (right side)
to GND,
ECN 1005. Purpose: Ensures that the video wait gets to
the 7280.
a. change R143 from 4.7K to 470 ohms
b. remove C138
C. Jjumper

1, U61-3 to Ul6-9
2., Ul6-8 to U29-9

61



ECN 1406,

a.

ECN 1007,

ECN 1088,

Purpose: To create a wait state for Disk I/0

to increase reliability at high speed.

add jumper from feedthrough closet to R67 to
feedthrough at R30.

R30
R67 ©

cut etch to U73-1 (component side)
cut etch to U74-6 (solder side)

jumper U73-1 to U686-7
jumper U74-6 to U74-5

Purpose: To eliminate double clocking at Ul56-13
resulting in double vertical display

add 220pf ceramic capacitor from U159~12
to Ul59-14

Purpose: To eliminate the possibility of heat
damage to board due to heat resulting from CR17.

remove the Bridge at CR17 from board

mount Bridge on case using case chassis as heat
sink

connect the 9VAC outputs from the transformer
directly to the AC inputs of the Bridge

connect the "+" output of the bridge to pin 1 of
the female molex connector that fits on J5 (use
19 gauge wire)

connect the "-" output of the bridge to pin 4 of
the female molex connector that fits on J5 (use
19 gauge wire)

connect pin 1 of the male molex connector on JS

to the feedthrough marked "+" within the silk-
screened area marked for CR17 (use 19 gauge wire)
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ECN 1009. Purpose: to avoid ripple on the =12V supply
due to heat damage to €131 and C125.

a., remove C131 and C125.

b, install a 220 ufd +- 20% 25VDC with the "a"
leg to the M"IN" of Q11 and the "+" leg to
gnd,

ECN 1010. Purpose: To improve video stability and to remove
potentiometers at R98, R99, and R129, thereby
eliminating some of the video adjustments in
the NTSC color video output.

s}
.

Change the following components:

R129 from a 10K pot to 4.T7K ohms

R98 from a 1K pot to 750 ohms

R99 from a 1K pot to 750 ohms

R124 from 220 to 10 ohms

R94 from a 1K pot to a 2.2K pot

R109 from 2K to 1.2K ohms

C113 from 220pf to 47pf MICA

U119 from T4SOH to THLS19

C84 from 100pf to a 10.738MHz CRYSTAL

O 0O~ OVUJT =0 N -
e © @ ® o o e o o

NOTE: 10-14 ARE OPTIONAL

10. U122 from 743157 to THLS157

11. U121 from THSTH to THULSTH

12, U124 from THSTH to THLSTH

13. U160 from 74S161 to TULS161

14, U161 from T4S161 to THLS161

b. remove the following parts completely
1. C140, L2, R62, R63, and R67
c, install the following

1. 15pf ceramic capacitor from bottom side of
R62 to top side of R53
2. 20K ohms 1/4W 5% from U103=-8 to C140 (left side)
3. 6.8 ufd tant. elect. parallel with R110, with
the "+" side facing C95,.

d. cut the etch to U119-12 (solder side).

e, Jjumper from Ul=5 to U103=9.
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ECN 2000. Purpose: Reduce noise on RAS*¥, CAS¥, RD¥#, and
MUX and thereby increase memory reliability,

a. Regenerate MUX from RAS¥

1. Verify the removal of all termination resisters
on J3, also R68, R69, and C14

2. cut etch near U10 (solder side) such that MUX is
open circuited from U36=13 to J3=16

ETCH CUT
t

?ﬁgoooooo U10 (solder side)

5300000~ PIN 1

3. install the following jumpers:

from U36=14 to U20=3
from U36=13 to U20-=4

b. Cut etch between the following points:

1. R34 and RU46 (near J3)
2. R35 and RU4T (near J3)

¢. Install the following components:

100pf ceramic cap from U36=6 to U36=-10

100pf ceramic cap from U36-15 to U36=10
330pf ceramic cap from U36=-8 to U36-10

75 ohm resistor from R34 to R46

75 ohm resistor from R35 to RUT

[ AT — DU\ J
e e o o o

d. Use J3 when connecting from the main computer to
the expansion board
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RGB OPTION

The following components and jumpers must be installed
to obtain the RGB video output.,

A. INSTALL THE FOLLOWING COMPONENTS

RGB VIDEO CONNECTOR- 6 pin din jack
Ul31- 74L85257
Ul132- 74LS174
Ul158- RGB ROM

Cl46- 680 pf ceramic cap(from Ul129-1 to Ul29-8)
B. INSTALL THE FOLLOWING JUMPERS

1. USE 24 GAUGE STRANDED WIRE TO CONNECT TO RGB
6 PIN DIN JACK

Ul62-9 TO RGB-1*%* VERTICAL SYNC
Ul58-1 TO RGB-2 BLUE

Ul58-6 TO RGB-3 GREEN

Ul58-4 TO RGB-4 RED

Ul62-5 TO RGB=5% HORIZONTAL SYNC
Ul58-8 TO RGB-6 GROUND

2, USE 30 GAUGE NON-STRANDED WIRE

U28-5 TO Ul62-3
Ul18-8 TO Ul62-5
Ul62-4 TO Ul62-9
U68-12 TO Ul58-14
U68-1i1 TO U158-13
Ul3¢-12 TO U158-12
Ul3@-11 TO Ul58-11
Ul30-10 TO Ul58-19
Ul58-15 TO U1l58-8

C. INSTALL THE FOLLOWING RESISTORS

1K ohms from Ul62-4 to Ul62-14
1k ohms from Ul62-6 to Ul62-14
1k ohms from Ul62-8 to Ul62-14

* Note that factory built LNW8#'s are set up for both
positive horizontal and vertical syncs. Negative sync pulses
may be obtained by moving the following jumpers:

RGB—-1 from Ul62-9 to Ul62-8
RGB=-5 from Ul62-5 to Ul62-6
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Because Ul62 has open collector gates, a combined negative
sync may be obtained by setting up for negative syncs and then
connecting the sync outputs together,

Because the RGB ROM also has open collector gates it may be
necessary to install 338 ohm pull-up resistors on it's

outputs, pins 1, 4, and 6. Note that this is only necessary
with monitors that do not internally pull up the RED, GREEN,

and BLUE lines. This is not necessary with the AMDEC COLOR II
RGB MONITOR.

RGB CIRCUIT LOGIC DIAGRAM

+5
1K 1K
u20-5 4 NEGATIVE
SYNC
Ul62 Ule2 VE??;%AL — RGB-1
» POSITIVE
SYNC
+5V
v130 (1 W y158 [&GREEN , pgp-3
12 12 4
ROM % pom [H-BRUE o Rgp-2
CONBVID [P on
BVID (U68-11) SN & RGB-6
COLOR (U68-12) ____| -
+5
6 1K
U1l18-8 — NEGATIVE
SYNC HORIZONTAL__>.RGB_5
Ul62 SYNC
» POSITIVE
SYNC
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PARTS LIST

LNW80 COMPUTER BOARD

utT
u18
u19
uz20
uz21
u22
uz23
u2du
u2s
u26
u27
uz28
u29
u30
U3t
U3z
u33
U3k
U35
use
U3T
u38
u39
y4o

TULS244
THLS241
THLS3T73
THLS138
not used
T4LS175
75452
not used
not used
not used
not used
not used
THLS32
TULS05
T4LS241
THLS244
T4LS11
T4C86
TLOB4
not used
not used
not used
not used
not used
not used
THLSO8
THLS08
THLS05
THSTH
TULS241
THLS30
T4L3240
T4LS139
T4LS32
TUCOY
T4LS132
not used
not used
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10012
10006
10031
10061
10009
10015
10041

10007
10007
10006
10014
10031
10011
10030
10021
10012
10002
10019



urz2
u73
ura
urs
u76
urT
U78
u79
uso
ug1
ugz
u83
ugu
U85
ugb
ug7
uss
U89

usgo

Ug1

TUSTY
THLSO4
not used
T4LS04U
T4LS00
T4LS10
TALS244
T4LS139
TUHLS08
not used
not used
not used
not used
THLS00
T4LS02
T4LS24Y
T4ULS244
not used
THLS244
THLS32
T4LS175
T4L302
not used
not used
not used
not used
T4LS138
T4L330
ROM A1
ROM B1
ROM C1

-ROM A

ROM B

ROM C
T4LS08
T4L386
T4LS153
74166
TU4LS10
SPARE
748161
THLS157

4116 (200ns)
4116 (200ns)
4116 (200ns)

68

10014
10014
10004

10004
10000
10008
10061
10021
10007

10000
10001
10061
10061

10061
10012
10028
10001

10020
10011
10040
10040
10040
10040

10040
10040

10007
10016
10022
10026
10008

10025
10023
10039
10039
10039



4116 (200ns)
4116 (200ns)
4116 (200ns)
4116 (200ns)
4116 (200ns)
THLS157
THLS3TH
THLS3T3

2716 CHAR GEN
TU166

T4LS20
T438175
TUSTY
TULS157

4116 (200ns)
4116 (200ns)
4116 (200ns)
4116 (200ns)
4116 (200ns)
4116 (200ns)
TULS157
SPARE

2114 (450ns)
2114 (450ns)
T4LS1TH
THLS174
THLSOY

THS04
T4L3123
THSTY

TUS157

not used
T4S8TYH
T4LS373
TULST1TY
74166
THLS1TH
THLS257

NTSC COLOR ROM
not used
not used
74123

not used

not used

not used
T4LS04
T4S1T4
743157
TULS157
THLS3TH
THLS157
TULS374
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10004
10043
10044
10023
10033
10023
10033



utay TULS157 10023
U145 THL3157 10023
utl46 MC1372 10037
U147 not used

U148 not used

U149 not used

U150 not used

U151 THLS32 10012
gi1s52 74L832 10012
Uise T4LS32 10012
U153 THLSTH 10013
U154 THLS20 10010
U155 TUSTL 10014
U156 TULS393 10035
U157 SPARE

U158 RGB ROM (optional) 10049
U159 THLS10 10008
U169 THLS161 10024
U161 745161 10025
U162 T405 10005
U163 not used

U164 not used

U165 not used

U166 not used

U167 THLS161 10024
U168 T4LS08 10007
U169 THLS11 10009
U170 T4LS02 10001
U171 Tu4LS832 10012
UiT72 SPARE

R1 150 ohm 20007
Re 680 20030
R3 4,7K 20036
R4 680 20030
R5 4,.7K 20036
R6 4,7K 20036
RT 220 20010
R8 220 20010
R9 4.7K 20036
R10 1K 20016
R11 1K 20016
R12 10K 20021
R13 1K 20016
R14 4,7K 20036
R15 1K 20016
R16 330 20012
RIT 120 20006
R18 1.8K 20033
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R50
R51
R52
R53
R54
R55
R56
R57
R58
R59
R60
R61
R62
R63
ROY
R65
R66
R6T
R68
R69

1K
180

not used

20K
3.6K
1K
uo?K
10
10K
1.2K
T.5K
7.5K
1K
220K
20K
20K
1.8K
4.7K
3K
10
20K
4.,7K
10K
4-7K
10K
10K
33
33
b.7K
10K
10K
33
33
1K
33
33
33
33
150
470
200K
33
33
470
4.7K
100
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470

1.5K
5.6K
4,7K

360

2K

y7

470

75

not used
not used
1.5K
3.6K

750

330

not used
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R120 not used

R121 not used

R122 not used

R123 1K 20016
R124 220 20010
R125 not used

R126 not used

R127 not used

R128 not used

R129 10K POT 21001
R130 1K 20016
R131 100 20005
R132 1K 20016
R133 430 20013
R134 3.3 ohm 1 watt 20002
R135 1K 20016
R136 33 20026
R137 1K 20016
R138 1 ohm 1 watt 20001
R139 150 ohm 1 watt 20008
R140 100 20005
R141 1K 20016
R142 1K 20016
R143 4,.7K 20036
R144 50K POT : 21003
R145 100K POT 21004

C1 47pf 30000
c2 .lufd 30010
c3 .lufd 30010
cy .lufd 30010
c5 .lufd 30010
c6 .lufd 30010
cT7 .lufd 30010
c8 10ufd ELECT. 32002
15VDC, AXIAL MOUNT
c9 .01ufd 30009
€10 .01ufd 30009
c11 .lufd 30010
c12 .lufd 30010
c13 .1ufd 30010
C14 .lufd 30010
c15 .lufd 30010
c16 .lufd 30010
c17 .lufd 30010
c18 .lufd 30010
C19 .lufd 30010
c20 .1ufd 30010
c21 .001ufd POLY FILM 30100
ce22 .022ufd MYLAR 25V 30101
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c23 ,0U7ufd MYLAR 30103
c24 ,001ufd POLY FILM 30100
c25 .1ufd 30010
Cc26 .lufd 30010
ca27 . tufd 30010
c28 .Jufd 30010
c29 .lufd 30010
C30 .Tufd 30010
C31 . Tufd 30010
Cl32 .lufd 30010
C33 .tufd 30010
Cc34. 6.8ufd TANTALUM ELECT 15V 32001
€35 .Tufd 30010
C36 .Jufd 30010
C37 .1ufd 30010
C38 .lufd 30010
C39 .lufd 30010
c40 .lufd 30010
Cl1 6.8ufd TANTALUM ELECT 15V 32001
cl2 .Tufd 30010
C43 .Jufd 30010
ciy .Jufd 30010
cuys5 . 1ufd 30010
cus6 .tufd 30010
cut 6.8ufd T.E. 15V 32001
C48 clufd 30010
cug stufd 30010
C50 .1ufd 30010
C51 .ufd 30010
C52 .lufd 30010
C53 . tufd 30010
Cc54 .lufd 30010
€55 «Tufd 30010
C56 6.8ufd T.E. 15V 32001
C57 .lufd 30010
C58 dufd 30010
C59 .tufd 30010
C60 6.8ufd T.E. 15V 32001
C61 <tufd 30010
c62 .lufd 30010
C63 .1ufd 30010
Coy . lufd 30010
€65 6.8ufd T.E.15V 32001
C66 . tufd 30010
67 33ufd ELECT AXIAL MOUNT 15V 32006
C68 330pf 30007
C69 .lufd 30010
C70 6.8ufd T.E. 15V 32001
CT1 . lufd 30010
C72 .Jufd 30010
Cr2 +lufd 30010
13 - lufd 30010

. Jufd 30010
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CT75
C76
CT7
C78
CT9
c80
€81
c82
€83
c84
€85
C86
c87
C88
€89
C90
€91
€92
€93
Ccou
C95
€96
C97
€98
€99
C100
C101
c102
€103
C104
C105
Cc106
c107
C108
c109
C1190
cim
C112
C113
C114
C115
C116
C117
C118
c119
C120
ci121
Ci1z22
€123
Ciay
C125
C126

.lufd

6.8ufd T.E.

.tufd
.lufd
.lufd
.lufd
.jufd
.Tufd
150pf

100pf MICA +-5%

.lufd
.tufd
.jufd
.lufd
.1ufd
1ufd
.1ufd
.lufd
not used

50pf MICA +-5% 25V
9-35pf VARIABLE CAP

s1ufd
.tufd
.lufd
.tufd
.jufd
. Tufd
not used
not used
.lufd
not used
not used
not used
.lufd
.lufd
.lufd
.lufd
not used
220pf
.lufd
not used
»1ufd
not used

6.8ufd T.E. 15V

4,7ufd ELECT 15V

10ufd

2200ufd 25V ELECT AXIAL

ELECT 15V

6.8ufd T.E. 15V
6.8ufd T.E. 15V

.lufd

22ufd TANTALUM ELECT 20V

cdufd

75

30010
30010
30010
30010

30006
30010

30010

32001
32000
32003
32009
32001
32001
30010
32005
30010



c127 6.8ufd T.E. 15V 32001
c128 6.8ufd T.E. 15V 32001
€129 6.8ufd T.E, 15V 32001
C130 .lufd 30010
C131 100ufd ELECT 16V 32007
c132 6.8ufd T.E. 15V 32001
€133 6.8ufd T.E. 15V 32001
C134 6.8ufd T.E. 15V 32001
C135 Jtufd 30010
C136 22ufd ELECT 15V 32004
€137 100ufd ELECT 25V 32008
€138 150pf 30008
C139 470pf 30008
c140 9=-35pf VAR CAP 33000
C1i1 15000ufd ELECT 15V 32030
c142 not used

Q1 2N3904 11000
Q2 2N3906 11001
Q3 7805 5V REGUL 11005
Qi 7812 12V REGUL i 11006
Q5 not used

Qb MPU131 11002
Q7 7805 5V REGUL 11005
Q8 7805 5V REGUL 11005
Q9 7805 5V REGUL 11005
Q10 7805 5V REGUL 11005
Q11 79L12 =12V .1A REG 11007
Q12 MPU131 11002
Q13 2N3906 11001
Q14 2N3904 11000
Q15 not used

Q16 not used

Q17 not used

Q18 J175 (NATIONAL) FET 11004
SCR1 4A 50VRMS SCR 11100

(R/S NO 276=1067)

SCR2 4A 50VRMS SCR 11100
CR1 1N4001 1A 50PIV 11101
CR2 1N914 SILICON SIG 75PIV 11102
CR3 not used

CRY 1N914 11102
CR5 1N914 11102
CR6 1N914 11102
CR7 1Ng14 11102
CR8 1N914 11102
CR9 TN9 14 11102
CR10 1N914 11102
CR11 14V ZENER 1N5244 11106
CR12 1N4001 11101
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SYMBOL DESCRIPTION
CR13 1N4001
CR14 5.1V ZENER 1N5231
CR15 BRIDGE 50V 2A
CR16 1N4001
CR17 BRIDGE 50V 4A
CR18 not used
CR19 1N4001
CR20 1N4001
CR21 1N4001
CR22 1N4001
CR23 1N3001
CR24 6.2V ZENER 1N5234
*****IC SOCKETS*****
14 PIN LOW PROFILE
16 PIN LOW PROFILE
18 PIN LOW PROFILE
20 PIN LOW PROFILE
24 PIN LOW PROFILE
40 PIN LOW PROFILE
40 PIN MACHINE
#EERAMISCELLANEQUS ¥ # % %%
L2 .56 uH INDUCTOR
CASSETTE JACK 5 COND DIN RT ANGLE PC
J6 2 COND MOLEX HDR
J2 6 COND MOLEX HDR
J5 6 COND HDR .156 R/A AMP
HI-RES 2 COND MOLEX HDR
B/W VIDEO
Ji 2X20 MALE HDR .1 AP
SW1 SWITCH SPST 5A 220V CHA
K1 5VDC RELAY
F1 47 FAST BLO 32V
F2 2A FAST BLO 32V
HEATSINK T0220 5306B=13
HEATSINK T0220 5307B-14
Y1 16.0 MHz CRYSTAL
Y2 3.579 MHz CRYSTAL

10.738 MHz CRYSTAL
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PARTS LIST
LNW EXPANSION INTERFACE

R1 not used
R2 not used
R3 not used
RY not used
R5 not used
R6 not used
R7 not used
R8 not used
R9 not used
R10 not used
R11 not used
R12 10K 20021
R13 10K 20021
R14 1K 20016
R15 200K 20023
R16 150 20007
R17 150 20007
R18 150 20007
R19 150 20007
R20 4,7K 20036
R21 4,7K 20036
R22 20K 20022
R23 not used
R24 not used
R25 not used
R26 not used
R27 150 20007
R28 680 20030
R29 680 20030
R30 1K 20016
R31 1K 20016
R32 not used
R33 not used
R34 not used
R35 not used
R36 not used
R37 ‘ not used
R38 not used
R39 not used
R40 not used
R4 not used

78



R42 not used
R43 not used
R4y not used
R45 not used
R46 not used
R4T not used
R48 not used
RY49 not used
R50 not used
R51 not used
R52 not used
R53 not used
R54 not used
R55 not used
R56 not used
R57 not used
R58 100 20005
P 100 20005
R60 100 20005
RO1 100 20005
R62 100 20005
Ros 190 20005
RO 100 20005
ROS 100 20005
RGO 33 20026
R6T not used
R68 not used
R69 not used

¥%%XXXXCAPACITORS (all caps are 25VDC +=-20% unless
otherwise indicated) ***%%x

C1 not used
c2 not used
C3 not used
ch not used
C5 not used
cé not used
CT not used
C8 not used
c9 not used
Cc10 not used
Ci1 not used
ci2 33 ufd ELECT AXIAL 6VDC 32006
C13 220 PF CERAMIC 30006
C14 not used
C15 47 PF CERAMIC 30000
c16 .1 ufd CERAMIC 30010
C17 .1 ufd CERAMIC 30010
c18 .1 ufd CERAMIC 30010
C19 .1 ufd CERAMIC 30010
c20 .1 ufd CERAMIC 30010
C21 .1 ufd CERAMIC 30010
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cu48
cu9
€50
C51
C52
C53
C54
€55
C56
C57
C58
€59
€60
C61
c62
€63
cé64
C65
C66
cet

.1 ufd CERAMIC
.1 ufd CERAMIC
.1 ufd CERAMIC
.1 ufd CERAMIC
.1 ufd CERAMIC
«1 ufd CERAMIC
.1 ufd CERAMIC
.1 ufd CERAMIC
.1 ufd CERAMIC
.1 ufd CERAMIC
.1 ufd CERAMIC
.1 ufd CERAMIC
6.8 ufd TANTALUM
6.8 ufd TANTALUM
.1 ufd CERAMIC
6.8 ufd TANTALUM
.1 ufd CERAMIC
6.8 ufd TANTALUM
.1 ufd CERAMIC
6.8 ufd TANTALUM
.1 ufd CERAMIC
.1 ufd CERAMIC
.1 ufd CERAMIC
.1 ufd CERAMIC
.1 ufd CERAMIC
.1 ufd CERAMIC
.1 ufd CERAMIC
.1 ufd CERAMIC
.1 ufd CERAMIC
.1 ufd CERAMIC
.1 ufd CERAMIC
6.8 ufd TANTALUM
.1 ufd CERAMIC
6.8 ufd TANTALUM
.1 ufd CERAMIC
6.8 ufd TANTALUM
«1 ufd CERAMIC
6.8 ufd TANTALUM
not used

.1 ufd CERAMIC
.1 ufd CERAMIC
.1 ufd CERAMIC
not used

6.8 ufd TANTALUM
not used

not used
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u36
U3t
u38
U39
ulo
Ul
us2
us3
uly
u4s
ul6
U4T
uug
u49

TUHLS367
TU4LS1T5
TU4LS175
T438
T4L3123
TU4LS240
7492

T493
T4LS08
7490
THLS175
FD1771B=01
THLS240
TULS155
T493

TUsSOY
THLS155
THULS1Y
THLSTH
TULSTY
TU4LSO8
T4163
TH4163
THLS1T75
not used
TULS367
T4S32
THLS139
74LS30
TULS1Y
THLS367
TaLs244
TULS244
T4LS244
THLS241
TULS241
THLS244
TR1602~B
TU4LS30
4116 200ns
4116 200ns
4116 200ns
4116 200ns
4116 200ns
4116 200ns
4116 200ns
4116 200ns
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not used

1489 EIA RECEIVER
1489 EIA RECEIVER
4116 200ns

4116 200ns

4116 200ns

4116 200ns

4116 200ns

4116 200ns

4116 200ns

4116 200ns

1488 EIA DRIVER
not used

not used

not used

not used

not used

10056
10056
10039
10039
10039
10039
10039
10039
10039
10039
10055

4,000 MHZ CRYSTAL

40 PIN DIP IC SOCKET

40 PIN MACHINE SOCKET
DIP SWITCH 6 POS

DIP SWITCH 8 POS

CABLE 16C 12" HDR=-WIRE
PCB R3232 CONFIG FOR SE
CONNECTOR 25 PIN D TYPE
SOCKETS FOR RS232 CONN
WIRE 24 AWG STRANDED

6 COND MOLEX CONNECTOR
MOLEX PINS

18 GA. PVC WIRE
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PARTS LIST

LNDOUBLER 5/8

2K

L‘07K

not used

4§,.7K

1.0K

10K

4,7K

not used

680

150

1.0K

1.0K

47K

4,7K

4,7K

4,7K

not used

BTK

uT

10K

4,7K

not used

10K

10K MINI PC MINI POT
50K MULTITURN POT
100K MINI PC POT

.1 ufd ceramic

.1 ufd ceramic
6.8ufd TANT ELECT 15V
.1 ufd ceramic

.1 ufd ceramic

not used

47 pf MICA +- 5%
6.8 TANT ELECT 15V
47 pf ceramic

47 pf MICA += 5%
.1 ufd ceramic

.47 ufd MYLAR

not used

.1 ufd ceramic

.1 ufd ceramic

47 pf ceramic
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U1 T4LS2T 10057
u2 THLSO08 10007
U3 WD2143 10068
uld T4LS123 10018
us T4LS05 10006
ué THLSO05 10006
uTt T4L300 10000
U8 WD1691 10067
U9 MB8876 (FUJ=1791 COM) 10060
u1o0 40 PIN SOCKET 40006
Ut TULS157 10023
Uiz THLSOH 10004
U13 THLS158 10034
Uty T4LSTY 10013
U15 TULS629 10069
u16 TYHLSTY 10013
Uit TULSTH 10013
u18 T4LSO8 10007

Y1 4.0 MHZ CRYSTAL 35000
20 PIN SOCKET STRIP(2) 41000
SW1 SPDT SW R/A PC MNT 45000
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PARTS LIST

CASE ASSEMBLY

KEYBOARD

LED RED

TRANSFORMER LNW80
SHIELDED CABLE

KEYBOARD CABLE

LNW80 CASE TOP PANEL
LED BEZEL

KYBD BRACKET LEFT

KYBD BRACKET RIGHT

FAN 3" ROTRON SPRITE
LNW80 CASE BOTTOM PANEL
LNW80 CASE REAR PANEL
PHONO PLUG CHASSIS MNT
FUSE HOLDER CHASSIS MNT
SWITCH SPST 5A 220V
1/2A SLOBLO FUSE 220V
STRAIN RELIEF FOR LCORD
CORD PWR LINE 120V
RUBBER BUMPER

TERMINAL STRIP 5 POS GND
LNW80 CASE SUPPORT BRK
6 COND MOLEX CONNECTOR
2 COND MOLEX CONNECTOR
MOLEX PINS (9)

COAX WIRE RG174/U

24 GAUGE WIRE STRANDED
20 GAUGE WIRE STRANDED
WIRE TIES 3.5"

SHRINK TUBING 1/4"
SHRINK TUBING 3/8"

440 NUT

4-40 INTERNAL TOOTH WASHER
4-40x3/4 MACHINE SCREW
4-40x1/4 MACHINE SCREW
4=40x1/2 NYL SPACER
4-40 X 1/4 RND PH SPCR
4-40x 1.5 RND SPACER
4.40 1/8 NYLON SPACER
#6=32 NUT

#6=32 X 1/4 SHT MTL SCREW
#6 INTERNAL TOOTH WASH
#6 FLAT WASHER

6-32 X 3/8 MASH SCREW
6=32 X 3/8 NYLON SCREW
6=32 NYL NUT
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APPENDIX 1t DATA SHEETS

DATA SHEET INDEX

1.

10.
1.
12.
13.
14,
15.
16.
17.

18,

THE FOLLOWING DATA SHEETS ARE REPRINTED
WITH THE PERMISSION OF WESTERN DIGITAL,

ZILOG,

MOTOROLA, AND TEXAS INSTRUMENTS, AND

MAY NOT BE REPRODUCED IN ANY FORM WITHOUT
THEIR EXPRESSED WRITTEN PERMISSIONS,

MCM2114
TR1602
FD17T1
FD179X-02
WD1691
FD179X
WD2143-01
T4LS629
MCM4116
MPU131
MC1488
MC1489
J175
MC1372
MCM2T716
2804
TLO8O

SERIES 14

PAGE
2K STATIC RANDOM ACCESS MEMORY cceoeeovosoosesadT
ASYNCHRONOUS RECEIVER/TRANSMITTERccoseoosoesad0
FLOPPY DISK CONTROLLER.ccsceccssscccsssoael03
FAMILY FLOPPY DISK CONTROLLER:ceesascscosss109
FLOPPY SUPPORT LOGIC:ceococsssnccscossssocsllll
APPLICATION NOTES:cccecocsccccsccoocnsosssll]
FOUR PHASE CLOCK GENERATOR:..eceececcossessl33
VOLTAGE CONTROLLED OSCILLATOR...eeevecososol3l
16K DYNAMIC RANDOM ACCESS MEMORY ..eeseooss137
PROGRAMABLE UNIJUNCTION TRANSISTERoesooooollll
QUAD MDTL LINE DRIVER:eoesoscccocoessosoosollb
QUAD MDTL LINE RECEIVER.voeeecsosccooosccesll8
P-CHANNEL JFET TRANSISTER:cceooocooocscseasl50
COLOR TV MODULATOR CIRCUITc.eeseecoccccocssel5t
2K ERASABLE PROM...sveovcacovoeocosnoscaneal5
CENTRAL PROCESSING L S X

JFET-INPUT OPERATIONAL AMPLIFIERScscooo00eolT2

AND 18 PROGRAMMABLE READ-ONLY MEMORIES:4ses,1T78
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A) MoTOROLA

MCM2114
MCM21L14

4096-BIT STATIC RANDOM ACCESS MEMORY

The MCM2114 1s a 4096-bit random access memory fabricated
with hugh density, tigh rehiability N-channel silicon-gate technology.
For ease of use, the device operates from a single power supply, 15
directly compatible with TTL and DTL, and requires no clocks or
refreshing because of fully static operation. Dats access s particu-
farly simple, since address setup times are not required. The data out
has the same polarity as the input data.

The MCM2114 s designed for memory applications where
simple interfacing is the design objective. The MCM2114 is assembled
in 1B-pin dual in-ine packages with the industry standard pin-out.
A separate chip select (S} lead aliows easy selection of an individual
package when the three-state outputs are OR-tied.

The MCM2114 series has a maximum power dissipation of
525 mW. Low power versions {i.e.. MCM21L14 series] are available
with a ma:ximum power dissipation of iess than 370 mW.

1024 Words by 4-Bit Organization

Industry Standard 18-Pin Corfiguration

Single +5 Volt Supply

No Clock or Timing Strobe Required

Fully Static: Cycle Time = Access Time

Fully TTL/DTL Compatible

Common Data Input and Output

Three-State Qutputs for OR-Ties

Low Power Version Available — 370 mW (Max}

o o © 56 & 9 9 ¢

MOS

{N-CHANNEL SILICON-GATE!}

4096-BIT STATIC
RANDOM ACCESS
MEMORY

P SUFFIX
PLASTIC PACKAGE
CASE 707

C SUFFIX
FRIT SEAL
CERAMIC PACKAGE

CASE 701

MAXIMUM ACCESS TIME/MINIMUM CYCLE TIME

MCM2114-20 200 ns MCM2114-30 300 ns
MCM21L14-20 MCM21014.30
MCM2114.25 250 ns MCM211445 450 ns
MCM21L14-25 MCM21114-45
Sl
A3 P }: Ve = Pin 18
Ag ———{ Vgg = Ping
AS 2 >‘:: * | Memory Array
1 Row | o 64 Row
AS TS Setect | 0| 64 columms
A7 BLOCK DIAGRAM
16
a8 -
1701 Column 1/Q Circulits
D g
102 otum
! 12 — Data il
/03 Controt
1104 —4¢- 3—-
i
8
s| 6| 7[1s

AD AT A2 A

PIN ASSIGNMENT

as 1 18 vee

AS 2 17 Al

A4 3 16 AB

A3 a 15 A9

a0 s { 14 o1

Al 6 13 1/02

Az 7 12 /03

§ 8 11 (/04

vgs 9 o W
PIN NAMES

AQ-AZ Address input

w Write Engble

5 Chip Select

/01 1704 | Dats input/Output

Veo Powar (+5 V1

\Lﬁi Ground




MCM2114, MCM21L 14

ABSOLUTE MAXIMUM RATINGS {See Note 1)

Rating Valug Unit This device contains circuitry 10 protect the
Tempersture Under Bias -10 to +80 °oc mnputs against damage due to high static voltages
Voitage on Any Pin With Respect 10 Vgg 0510 +7.0 Vdc or electric fields: however, it is advised that
normal precautions be taken to svord applica-
DC Output Curremt 50 mA uon of any voltage higher than maximum rated
Power Dissipation 1.0 Wau voltages to this high-impedance circuit,
Operating Temperature Range Qo +70 oc
Storage Temperature Range -85 to +150 oc

Note: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional operation should be restricted
to RECOMMENDED OPERATING CONDITIONS. Exposure to
higher than recommended voltages for extended periods of time could
affect device relisbility.

DC OPERATING CONDITIONS AND CHARACTERISTICS
{Ta =010 70%C, Veg = 5.0 V % 5% uniess otherwise noted.}

RECOMMENDED DC OPERATING CONDITIONS

MCM2114 MCM21L14
Paramoter Symbol Min Nem | Max Min Nom | Max Unit

fnput Load Current L - - 10 - - 10 uA
(All Input Pins, Vin = 0 10 5.5 V)

1/0 Leakage Current Qi - - 10 - - 10 uhA
(S=24v, Viyg =04V to Vel

Power Supply Current lect - 80 85 - - 65 mA
(Vin = 85,10 =0 mA, Ty = 259C)

Power Supply Current gz — — 100 - - 70 mA
(Vin * 8.5 V. iy/n = 0 mA, Ta =0°C)

input Low Voltage ViL ~0.5 - 0B | -05 - 08 v

input High Vaoitage Vip 290 - 6.0 2.0 - 6.0 v

Qutput Low Current oL 2.1 6.0 - 2.1 6.0 - mA
Vo =04V

Output High Current toH - -14 | -10 - -14 | -10 mA
VoH =24V

Output Short Circurt Current 1os 12} - - 40 - -~ 40 mA

Note: 2. Durstion not to exceed 30 seconds.

CAPACITANCE
{f = 1.0 MHz. T = 25°C. periodically ksmpied rather than 100% tested.)
Charactenstic Symbol Max Unit
input Capacitance (V;, = 0 V! Cin 5.0 pF
taput/Output Capacitance (Vg = 0 Vi Cuo 5.0 pf

AC OPERATING CONDITIONS AND CHARACTERISTICS

{Full operating voltage and temperature uniess otherwiss noted.}

Input Puise Levels. . . » - .. 08 Vol to 2.4 Vons
input Riseand Fali Times . . . ., .., , ..
Input and Output Timing Levels
Output Load.

e e e 15 Volus
,,,,,,,,,,,, <. 1TTL Gate and C_ = 100 pF
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MCM2114, MCM21L 14

AC OPERATING CONDITIONS AND CHARACTERISTICS

Read (Note 3), Write

{Note 4) Cycles

RECOMMENDED AC OPERATING CONDITIONS (T4 = 010 70%C. Veg =50 V 2 5%

MCMZ2114.20 | MCM2114.25 | MCM2114-30 | MCM2114.45
MCM2Z1L14-20 | MCM211.14-25 | MCM21114-30 | MCM21L14-45
Parameter Svmbol | Min Max Min Max Min Max M Max Units
Read Cvcie Trme 1RC 200 - 250 - 300 - 450 - ns
Access Teme A - 200 - 250 - 300 - 450 as
Chip Selection 1o Qutput Vato 150 - 70 - 85 - 100 b 120 ns
Chip Setect:on 10 Quipuil Active 15X 20 - 20 - 20 - 20 - ns
Qutpu: 3 Siate From Desefecticn 10TD - 60 - 70 - 80 - 100 03
Qutpu: Hold From Address Changs 1OHA 50 - 50 - 50 - 50 - ns
Weite Cycie Time WC 200 - 250 - 300 - 450 - ns
write Time W 120 - 135 - 150 - 200 - ns
Write Rerease Time TWR 0 - 0 - 0 - 0 - ns
Output 3-State From Write 1GTW - 60 - 70 - 80 - 100 ns
Datz 10 Write Time Overiap W 120 - 135 - 150 - 200 - as
Data Hold From Write Time OH 0 - 0 - 0 - o - ns
Notes: 3 A Read occurs duina the overiap of a tow § and 3 high W
4. A Wote occurs during the ovesiap of 3 1nv 5 and a iow W
READ CYCLE TIMING (Note 5} WRITE CYCLE TIMING (Note 6}
e e e e TR o —me———tid wWwe
ta
Aaoress ’( (
Address ; 3(
EANNANNS Y AT
- < - —as LR e —
B :\:: AN N \'\‘K £ /;;/// SRS 1Y VRS
- T Y
ot 15 . K X.
oTo
[ rsx OMA =t ‘o*rw\]-
(8] i
o N Oout PPk
e 1D
Notes: 5. Wrs high for a Read cycle — 10w L’—
0 SRR RRRRR KRR XX
6. H the S low transiion occurs simuiianeousiy with the W low
transition, the output bufiers remain in a high impedance 1a1e.
WAVEFORMS
Wavetorm Input Output
Symbot
MusT Bt it BE
vALID VALID

CHANGE
FROM = TO L

CHANGE
FROM L TOH

DON'T CARE
ANY CHANGE
PERMITTED

89

WiLL CHAKRGE
FROM = TOL

Wi L CHANGE
FROM L TO ™

CHANGING
STATE
UNKNOWHN

HIGH
IMPEDANCE



WESTERN DIGITAL

7 FEATURES |

e SILICON GATE TECHNOLOGY — LOW THRESHOLD
CIRCUITRY

Birectly TTL and OTL Comepatible — Extarnal Resistors
Eliminated

s D.C.STABLE (STATIC) CIRCUITRY

o FULL DUPLEX OR HALF DUPLEX OPERATION
Transmits And Recsives Sertal Data Simuitaneously Or
Alternately

o AUTOMATIC INTERNAL SYNCHRONIZATION QF DATA
AND CLOCK

e AUTOMATIC START BIT GENERATION
+ BUFFERED RECEIVER AND TRANSIMITTER REGISTERS

e FULLY PROGRAMMABLE —
EXTERNALLY SELECTABLE
Word Longth
Baud Rate
Even/QOdd Parity (Recsiver/Verification —
Transmitter/Generation)
Party inhibit — Verification/Generation
One, One and One-Haif, or Two Stop Bit Generation

o AUTOMATIC DATA RECEIVED/TRANSMITTED STATUS
GENERATION
Transmission Compiste
Buffer Register Transfar Compieta
Recsived Data Available

o THREE-STATE QUTPUTS
Recaiver Registsr Outputs
Swoatus Flags

s AVAILABLE IN CERAMIC OR HERMETIC PLASTIC
CAVITY PACKAGES

Parity Error
Framing Error
Qverrun Error

MOS/LSI
TR1602A & TR1602B

ASYNCHRONQUS RECEIVER/TRANSMITTER

A a z =z
U..,"'ﬁm A T A I . I B w € € 4
€ T f3 Q@ g gz X223
wlnlinlsEstnlisislsininsiaisBalcEslalaSaln
2 22 5 %838 3355288328 38R/R3K
]
—Nquuh‘@E::::fe:::g
TUUUgUUouUgogoroguUgdyduUy

cccwh‘w.f‘lN—wwucu“E
R EREEEEEEEEERLEEE R

TR1602ZA CERAMIC PACKAGE QUTLINE

™ Ial

-G

uml I v?@.
I :/—-ouwl | e et com
i

: "I i’

AT ]

Sur eeeffee et o =

NOIIYHO4H O TV LIDIG NUILSIM

APPLICATIONS

+ PERIPHERALS e CARD AND TAPE READERS

« TERMINALS o PRINTERS

s MiINI COMPUTERS « DATA SETS

o FACSIMILE o CONTROLLERS
TRANSMISSION

¢ KEYBOARD ENCODERS

e REMOTE DATA ACQUISI-
TION SYSTEMS

ASYNCHRONOUS DATA
CASSETTES

e MODEMS
o CONCENTRATORS

o ASYNCHRONOUS DATA °
MULTIPLEXERS

TR16028 HERMETIC PLASTIC CAVITY PACKAGE OUTLINE

) ™

9

T J—
nnw kil

=

L]

| = T

e et o

GENERAL DESCRIPTION

have been designed to drive TTL directly.

number of stop bits may be either one
KData Sheet for operation with 5 level code-2 stop bits.

The TR1602A & the TR1602B are ASYNCHRONQUS RECEIVER/TRANSMITTER sub-systems using silicon gate
process technology. The use of this low threshold process provides direct compatibility with all forms of current sinking
logic. Interfacing restraints, such as external resistors, drivers and level shifting circuitry, are eliminated. All output lines

Thg ASYNCHRONQUS RECEIVER/TRANSMITTER is a general purpose, programmable MQOS/LSI device for inter-
facing an asvynchronous serial data channei of a peripheral or termmnal with parallel data of a computer or terminal.
The transmitter section converts parallel data into a serial word which contains the data along with start, parity, and stop

bits. The receiver sgction converts a serial word with start, data, parity, and stop bits, into parallel data, and it verifies
proper code transmission bv checking‘ parity and receipt of a valid stop bit. Both the receiver and tha transmitter are
double buffered. The array is compatible with bipolar logic. The array may be programmed as foilows: The word length

can be either 5, 6, 7, or 8 bits; parity generation and checking may be inhibited the pari
y : , [Ne par :
or two, with one and one half when tran party may b ven o odd: and the

smitting a 5 bit code. Note: See TR1402A

ADVANCE ENGINEERING INFORMATION
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AOTE: 1T )= TRISTATE QUTPUT
Vog (SURSTRATE) « ver
INPUT STRUCTURE e 1 v OUTPUT STRUCTURE
MOS DEVICE A’ ACTS AS AN l r_ i DEVICES "B~ & "C” COMPRISE
INTERNAL PULL-UP RESISTOR ! it L ] A PUSH-PULL QUTPUT BUFFER.
TO Vgg=V WHICH BIASES " ] IN THE LOW-LEVEL STATE,
OFF THE CASCODE DEVICE OF ! ——— *QUTPUT TRANSISTOR “C IS
THE TTL QUTPUT IN THE i ‘ “ON" AND CASCODE DEVICE
HIGH-LEVEL QUTPUT STATE. { ————C “B” IS QFF. IN THE HIGH-
N THE LOW-LEVEL OUTPUT | i LEVEL STATE, THE OPPOSITE
STATE THE TTL QUTPUT DE- ! t IS TRUE. IN THE DISCON
VICE SINKS THE CURRENT } Vag NECTED STATE, BOTH "“B”
SUPPLIED BY DEVICE "A”. N | AND “C ARE TURNED OFF
<+ | CAUSING THE OUTPUT NODE
N ~— S TO FLOAT.
TYRCAL TTL TRIAQIA iNPUT TRIAG2A QUTPUT TYPCALTTA
quTPUT Pyt
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PIN
NUMBER

NAME

symeou

PIN DEFINITIONS

FUNCTION

14

18

16

17

18

18

21

VSS Power Supply
VGG Power Suppiy
Vpp Power Supply

Receiver Regstar
Disconnect

Recaiver Holding
Reqister Dam

Parity Error

Framing Error

Overrun Error

Status Flags
Disconnect

Receiver Reqister
Qock

Data Received
Resst

Data Recoived

Receiver Input

Master Reset

Transmitter
Holding Registar
Empry

Vss
Vee
Voo

RRD

Rﬂa“
RR4

PE

FE

QE

SFOD

RRC

DRR

DR

23]

MR

THRE

+3 voits supply
-12 voits suoptly
Ground

A high lgvel input voitage, V|,,, applied to this line disconnects the RECEIVER
HOLDING REGISTER oumuts from the HR3~RR.' dats outputs {pins 5-12).

The parailel contents of the RECEIVER HOLDING REGISTER apoear on thess
linag if a low-ieval input voitaga, V”_, is appiied 10 RRO. For character formats of
fower thaon eight bits recaived CNaracters are nghtyustified with RR1 {pin 12) as
the least significant bit and the truncatad bits are forced to a low level outdur

voitage, V oL-

A high levei outout voitage, VOH- on this ling indicates that the recsived parity
does NOT compare TO that programmed by the EVEN PARITY ENASBLE conwoi
tine {pin 39). This outmut is updated each uma a2 character is trangferred to the
AECEIVER HMOLDING REGISTER. PE lines from a numoer of arravs can be
bussed together $iNCB an OUTIDUT JIsCOnNect capability 15 provided by Status Flag
Oisconnect iine (pin 18).

A high-ievei output voitage, VOH' on this line indicates that the recewed charactsr
has no vatid stwep bit, ., the Dit fotiowing tne parity bee {if programmed) 1s not a
nigh level voltage., This output is updated each ume a character (s transferred to
the Receiver Hoiding Register, FE lines from a number of arrays can be bussed
together since an QUIpDUt disconnect cacability 13 provided by tne Status Flag
Disconnect line (pin 16),

A high-level cutput voitage, VOH' on this line indicates that the Data REcawed
Flag (pin 19) was not reset baefore the naxt character was transferred o the
REceivar Hoiging Register. OE lines from a number Of arrays can be bussed

togethar since an ourut disconnect capabiiity is provided Ly the Status Flag
Disconnect tine {pin 16},

A high-ievet input voitage, Vin. 30plied © this pin disconnects the PE, FE, OE,
OR and THRE aliowing them to be buss connected.

The recaiver clock frequency is sixtesn (16) times the desired recatver shift rate.
A low-level inout vaitage, VL 2PPlied 10 this line resats the OR line.

A high-level outut voitage, VOH' indicatas that an sentiro character has been
received and transferred to the RECEIVER MOLDING REGISTER.

Serial inputdata recaived on this line enters the RECEIVER REGISTER at a point
derermined by the character langth, parity, and the number of stop bits. A hgtw
fevel input vaitage, VIH' must be present when data is not being received.

This line is strobed to a high-leval input voitage, Vip. 10 cfear the logic. it ressrs
the Transmitter and Recever Registers, the Recaiver Hoiding Register, FE, OE, PE,

DAR and sets TRO, THRE, and TRE to a high-level output voitage, VOH'

A high-isvel output Voitage, VOH' on this line indicates the TRANSMITTER
HOLDING REGISTER Res transferreg 1t$ contants 10 the

. TRAN
ISTER and mav ba icaded with 2 new character, SMITTER ReG-
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PIN DEFINITIONS (CONT)

PIN
NUMBER NAME SYMBOL FUNCTION
23 Transmitter THRL A low-level input voltage, V|- applied 10 this line enters & charactor into the
Hoiding Register TRANSMITTER HOLDING REGISTER. A wansition from a low-level input
Load voitage, V”_, t0 a high-ievel input volitsge, Vi transfers the character into the
TRANSMITTER REGISTER if it is not in the process of transmitting a charecrer.
It a2 charectar is being transmitted, the transfer is delaved until its IransmIssion 15
completed. Upon compietion, the new character 11 automatically transferred sirmui-
anecusly with the mitigtion of the serial transmission of the new charscter.
24 Transmitter TRE A high-svei output voitage, Vo ,, on this lina indicates that the TRANSMITTER
Register REGISTER has complated serral transmission of a full character including STOP
Empty bit{s). T remains at this level until the start of transmisuon of the next charsctor.
25 Transmitter TRO Thecontents of the THANSMITTER REGISTER (START bit, DATA bits, PARITY
Register bit, and STOP bitsi are serially shifted out on tis line. When no dats is being trans-
Qutput murted, thius line will remain at a high-level ocutput voitage, VOH' Start of trans-
mission is defined as the transition of the START but from a high-level outut
voitags, VOH' 10 2 fow-level ouwmut voitage, VOL'
26-33 Transmitter TRy - The character to.be transmirted s lcsded into the TRANSMITTER HOLDING
Ragister TR8 REGISTER on thesa lines with the THRL Strobae. if a charectar of less than 8 bits
Datwa Inputs has been saiected (by WLS, and WLS,), the charactaer is right justified to tha least
significant bit, RR 1, and te axcess bits are diswegarded. A high-ievel nput voitags,
VIH' will cause s highdevel cutput voitege, VOH' to be transmirted.
34 Control Register CRL A high-ievel inout voltage, V., on thisline loeds the CONTROL REGISTER with
Load the controf tits (WLS,, WLS,, EPE, P!, SBS). This line may be strabed or hard
wired t0 a high-avel input voitage, VlH‘
35 Parity Py A high-level input voltage. V., on this line inhibrts the parity genaration and
Inhibit verification circuits and will clamp the PE oumut {pin 12} to VOL' If parity is
inhibited the STOP bit(s) will inmediately follow the (ast dsta bit on transmission.
35 Stop Bit(s) s8S This line seiects the number of STOP bits to be transmitted after the PARITY bit.
Seiect A high-level input voltage, V.., on this line selects two STOP bits, and a (ow-aevel
input voitage, VIL‘ saiocts a singia STOP bit, Selection of two STOP bits when
programming a five (S} bit word generswes 1.5 STOP bitx.
37-38 Word Length WL52 - Thesa two lines soiect the charsctar langth (exciusive of parity | as follows:
w
Seiect LS4 WLS, wLs, Word Length
vV, L vy L S bits
V"_ V!H 5§ bits
Vi Vie 7 bits
Vin Vim 8 bits
39 Even Parity EPE This line detarmines whether evan or odd PARITY is t0 be genarated by the trans-
Enabie mitter and checked by the receiver. A high-ievel inpbut voitage, le' s@iects even
PARITY and a low-evel input voitnge, VIL' soiects odd PARITY,
40 Transmitter TRC The trangmitter cfock frequency s sixtesn {16) times tha desired trangmitier shift
Register Clock rata,
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INTRODUCTION

The transfer of digital data over relatively long
distances is generally accomplished by sending the
data in serial form thru a single communications
channel using one of two general transmission tech-
niques; asynchronous or synchronous. Synchronaus
data transmission requires that a ciock signai be
transmitted with the data in order to mark the
location of the data bits for receiver. A specified
clock transition (either rising or falling) marks the
start of each data bit interval as shown in Figure 1.
In addition, special synchronization data patterns are
added to the start of the transmission in order for the
receiver to iocate the first bit of the message. With
synchronous transmission, each data bit must foflow
contiguousiy after the sync word, since one data bit
is assumed for every ciock period.

With asynchronous transmission, 3 clock signal is not
transmitted with the data and the characters need
not be contguous. In order for the receiver to
properly recover the message, the bits are grouped
into data characters {generally from 5 to & bits in

OME

DATA

BIT
INTERVAL

TR1602/TR1863

T
ASYNCHRONOQUS RECEIVER/TRANSM!TTER
e o |

LA TN 81 o8 o7 Sl g R ™ D AR L KDy 77 Y i

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

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

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

gigipigipipinininininlininininisSnininiy
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TYPICAL 8 BIT
SYMNC PATTERM
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l 1 I
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Figure 1. Synchronous Data
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that the variable stop length is what makes the baud
rate differ from the bit rate. For synchronous trans-
mission, each element is one bit in length so that the
baud rate equals the bit rate. The same is true for
asychronous transmission if the stop element is
always one bit in duration (this is referred to as
/sochronous transmission. However, when the stop
code is longer than one bit. as shown in Figure 3,
the baud rate differs from the bit rate.

Each character in Figure 3 is 11 data bit intervais in
length, and if 18 characters are transmitted per
second, then the shortest signal element {one data
bit interval) is 66.6 ms/11 = 6.06 ms; giving a rate
of 1/6.06 ms = 165 baud. However, since only
10 bits of information (8 data bits, one start bit and
1 stop bitj are transmitted every 66.6 msec, the bit
rate is 150 bit/sec. {Even though the stop element
lasts for two data intervals, it still is only one bit of
information)

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

START ELEMENT
(ONE DATA BIT INTERVAL)

8 BIT CHARACTER l

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

One of the major limiting factors in the speed of
asynchronous transmission is the distortion of the
signai elements. Distortion is defined as the time dis-
placement between the actual signal level transition
and the nominal transition (At), divided by the
nominal data bit interval (See Figure 4}.

The nominal data bit interval is equal to the recipro-
cal of the nominal transmission baud rate and all data
transitions should ideally occur at an integer number
of intervals from the start bit negative going transi-
tion. Actual data transitions may not occur at these
nominal points in time as shown in the iower wave-
form of Figure 4. The distortion of any bit transition
is equai to AT x NOMINAL BAUD RATE.

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

STOP ELEMENT

N

6.06 msec

AT 13 CHARACTER/SEC * 66.6 ms

Figure 3.
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Figure 48

The distortion previously described referred only to a
single character as all measurements were referenced

to the start element transition of that character.
However, there may also be distortion between
characters when operating at the maximum possible
baud rate (i.e., stop elements are of minimum
length). This type of distortion is usuaily measured by
the minimum character interval as shown in Figure
48.

The minimum character interval distortion is generally
specified as the percentage of a nominal data bit
interval that any character interval may be shortened
from its nominal length. Since many of the same
parameters that cause distortion of the data bits are
also responsible for the character length distortion,
the two distortions are often equal. However, some
systems may exhibit character interval distortions of
up to 50% of a data bit interval. This parameter is
important when operating at the maximum baud rate
since the receiver must be prepared 10 detect the

next start bit transition after the minimum character
interval.

Asynchronous receivers operate by locating the
nominal center of the data bits as measured from
the start bit negative going transition. However, due
to receiver inaccuracies, the exact center may not be
properly located. in electromechanical devices such
as teletypes, the inaccuracy may be due to
mechanical tolerances or variations in the power line
frequency. With electronic receivers, the inaccuracies
are due to frequency offset, jitter and resoiution of
the clock source used to find the bit centers. (The
bit centers are located by counting clock pulses}. For
example, even if the receiver clock had no jitter or

offset, and it was 16 times the baud rate, then the
center of the bit could only be located within 1/16 of
8 bit interval (or 6.25%) due to eclock resolution.
However, by properly phasing the clock, this
tolerance can be adjusted so that the sample will
always be within +3.125% of the bit center, Thus,

3128 RED HILL AVENUE, BOX 2180
NEWPORT BEACH, CALIFORNIA 32663
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signals with up to 46.875% distortion could be
received. This number (the allowable receiver input
distortion} is often referred to as the receiver distor-
tion margin.Electromechanical receivers have distor-
tion margins of 25 to 30%. The receiver must also be
prepared to accept a new character after the mini-
mum character interval. Most receivers are specified
to operate with a2 minimum character interval distor-
tion of 50%.

TR1602 Operation™™

The WDC TR1602 is designed to transmit and receive
asynchronous data as shown in Figure 5. Both the
transmitter and the receiver are in one MQOS CHIP,
packaged. in a 40 lead ceramic DIP. The array is
capable of full duplex (simultaneous transmission and
reception} or half duplex operation:

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

*1-1/2 with 5 bit code
*2All references to the TR1602 operation also apply
to the TR1883 operation.

The receiver disassembies the asynchronous char-
acters into a parallel data character by searching for
the start bit of every character, finding the center of
every data bit, and outputing the characters in a
parallel format with the start, parity and stop bits
removed. Three error flags are also provided to indi-
cate if the parity was in error, a valid stop bit was
not decoded or the last character was not unioaded
by the externai device before the next character was
received (and therefore the last character was lost).
The receiver clock is set at 18 times the transmitter
baud rate.

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

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

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

TRANSMITTER RECEIVER
STATUS STATUS
OATA ERROR FLAGS
TRANS- - e — —— D N
MITTER ; TR1602 | r TR1602 ] RECEIVER CLOCK
CLOCK _'!'_"‘1 ! | |
! |
t i
! i PARALLEL DATA
PARALLEL ' 1 i a b
T > ECEIVER
DATA IN —-;T‘—-F TRANSMITTER | i o o ouT
1 2 ‘ I yy f
CONTROL——ml las¥yncHrRONOUS! et cONTROL
5 v [SERIAL i v : s
DATA |
PARALLEL ‘ j ! i PARALILEL DATA
DATA Lporelmeed RECEIVER < TRANSMITTER i In
ouT ‘i | i Il
v | I
RECEIVER | i | | t i TRANSMITTER
, cLoek
cLocx T B L i
R E)
‘
DATA RECEIVER TRANSMITTER
ERROR STATUS STATUS
FLAGS
Figure 8
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The TR1602 data and error flag outputs are designed
for direct compatibility with bus organized systems.
This feature is achieved by providing compietely TTL
compatible Three-state outputs (no external com-
ponents are required). Three-state outputs may be
set to a logic one or logic zero when enabled, or set
20 an open circuit (very high impedance} when dis-
abled. A separate control line is provided to enabie
the data outputs and another one to enable the error
flags so that the data outputs can be ted to a
saparate bus from the flag outputs.

The TR1802 inputs are also directly compatible with
TTL logic elements without any external components.

TR1602 Description

Figure 6 is a block diagram of the transmitter portion
of the TR1602. Data can be loaded into the Trans-
mitter Hoiding Register whenever the Transmitter
Holding Register Empty (THRE) line is at a logic one,
indicating that the Transmitter Holding Register is
smpty. The data is loaded in by strobing the Trans-

mitter Holding Register Load (THRL) line to a logic:

zero. The data is automaticaily transferred to the
Transmitter Register as soon as the Transmitter
Reqister becomes empty. The desired start, stop and
parity bits are then added to. the data and serial
transmission is started. The number of stop bits and
the type of parity bit is under control of the Control
Register. The state of the controi lines is loaded into
the Control Register when the Controi Register Load
(CRL) line is strobed to a logic one. The 5 control
lines aliow 24 different character formats as shown in
Table 1. These 24 formats cover almost ail of the
transmission schemes presently in use.

A Master Reset {MR) input is provided which sets
the transmitter to the idle state whenever this line is
strobed to a logic one. In addition, 2 Status Flag
Disconnect {SFD) line is provided. When this signal
is at a logic one, the THRE output is disabled and
goes to a high impedance. This allows the THRE out-
puts of a number of arrays to be tied to the same
data bus.

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

TABLE1
CONTROL DEFINITION

CONTROL WORD CHARACTER FORMAT

PARITY STOP
81T 8ITS

START DATA
8iT 8ITS
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after).

stable during the load pulse (and 20 nsec

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

Figure 8 is a block diagram of the Receiver portion
of the TR1602. Serial asynchronous data is provided
to the Receiver Input (RI). A start bit detect circuit
continually searches for a logic one to logic zero
transition while in the idle state. When this transition
is located, a counter is reset and allowed to count
until the center of the start bit is located. If the input
is still a logic zero at the center, the signal is
a;sumed to be a valid start bit and the counter con-
unues to count to find the center of all subsequent
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Figure 7. Transmitter Timing Diagram

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

character is transferred to the Holding Register. This
feature permits easy detection of a break character
(null character with no stop elementi. As each
recefved character is transferrad to the Holding
Register, the Data Received (DR) line is set to a logic
one indicating that the external device may sample
the data output. When the external device samples
the output, it should strobe the Data Received Rese}
(DRRY) line to a logic zero to reset the DR line. If the
DR iine is not reset before a new character is trans-
ferred to the Holiding Register (i.e., a character is
lost) the Overrun Error line will be set to a logic one
and held untl the next character is loaded into the
Holding Register. The timing for all of the Receiver
functions is obtained from the external Receiver
Register Clock which should be set at 16 times the
baud rate of the transmitter.
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Figure 9 illustrates the relative timing of the Receiver
signais. A Master Reset strobe places the unit in the
idle mode and the Receiver then begins searching for
the first start bit. After a complete character has
been decoded, the data output and error flags are
set to the proper level and the Dats Received (DR)
line is set to a logic one. Although it is not apparent
in Figure 3, the data outputs are set to the proper
level one half clock period before the DR and error
flags, which are set in the center of the first stop bit.
The Data Received Reset pulse resets the DR line to
a logic zero. Data can be strobed out at any time
before the next character has been disassembled.

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

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

The TR1602 Receiver uses a 16X clock for timing 1.0% + (0.1% x10) + 0.1 (1/16) = 23% Distortion
purposes. Furthermore, the center of the start bit is {Jitterj (Oftsar) {Non-symrmatrical
Clock}

defined as clock count 7-1/2. Therefore, if the
receiver ciock is a symmetrical square wave as shown
in Figure 10, the center of the bits will always be
located within £3.125% (assuming a3 perfect input
clock) thus giving a receiver margin of 46.875%.

{The frequency offset was multiplied by the number
of elements per character since the offset is cumula-
tive on each elementj.

MASTER RESET

START STOP START
v CATA l DATA sToR
RECEIVER DATA INPUT
DATA RECEIVED (DR}
S,

RECEIVER HOLDING REGISTER DATA OUT

4
AND ERROR FLAGS X

OATA RECEIVED RESET

°NOTE: DATA QUT AND OVER-
RUN ERROR PRECEDES
DR & ERROR FLAGS BY
172 CLOCK

Figure 9. Receiver Timing Diagram
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APPLICATION NOTE 4

OPPY D RSK CONTRO LLER

APPLICATION NOTE

Introduction

The FD1771 is a2 MOS/LS! devics that performs the
function of interfacing a processor to a flexibie {Ficopyi
diskette drive. This single chip replaces nearly 80% of the re-
quired disk drive interface electronics. (See figure 1-1). 1t pro-
vides the data accessing controls and the bidirectional transfer
of information berween the processor’s memory and the mag-
netically stored data on the diskette. The disketts data is stored
in a data entry format compatibie with the |BM 3740 specifi-
cauon {other formats may be used providing more data stor-
age). In this format all information is recorded on tracks
{radial -paths) in sectors (arc sections) defined by a program-
med header as shown beiow:

Ivn}![”)ll!i [ | AR, I} !
1
i

P fvw | Server Bacior]l  Coom wsl | Oews [Oma{Dme| wod l
lx:.:u Mwmanr Lscgt Recussncy =1 Pvimi
Jnc. ot Crees (CRCS ’

Iowen

Treen
ot

“7IMON

e .vw‘ Aace

QFIELD : QATA 54610 i

The FD1771 handles single density frequency modulated
(FM) data. Each data ceil is defined by clock pulses. A puise
recorded between clock puises identifies the presence of a
lagic 1 bit; the absence of this pulse is interpreted as 2 logic 0
bit. The Address Marks for index, 10, and Data are identified
by a particuiar patiern not repeated in the remainder of the
1D field or Data fieid. This is accomplished by reading patterns
that are recorded with missing clock bits (logic 0) as shown
beiow:

FD1771

Index Address Mark Dars
Cloek 1 1 0101 11 =07

111117100 =EC

1D Address Mark Data 1 11111170 =FE
Cloexk 1 1 Q00 1 11 aC7

Data Address Mark Qata 11 1110 11 €8
Clock 1.1 000 1 11 =C7
Deleted Data 11111000 =Fg

Datz Address Mark Cloex 1 1000 1 1 1 =C7

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

SECTION | FD1777 DESCRIPTICN

1.1 FD1771 — Flexibie Drive Interface {Refer to Figure 1.1

FD 1777 Block Diagrami

The FD1771 generates ail controls to position the read/
write head over the desired track. The FD 1771 has the capab:-
fity of sending successive three phase pulses over the lines PH 1.
PH2, and PH3 for 3 phase stepping motors or oy sending a
level over the PM2 iine and pulses aver the PH 1 lines to deter-
mine direction and stepping rate for step-direction motors.
The particular motor interface is chosen by hardwiring the ex-
ternal pin, 3PM.

ALL REFERENCE TO FD1771 DENOTES FD1771-01 VERSION
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FIGURE 1-1

The head is loaded against the recording media (diskette)
by the HLD {Head Load) signal from the FD1771. A read or
write operation does not occur until a logic high signal is sam-
pled at the MLT (Head Load Timing) input. This input is sam-
pled after a 10 msec internal defay. This input may be wired
high if 10 msec time s sufficient or a one shot may be used 10
extend this time. If the head is already engaged from a pre-
vious operation the resetting of bit 2 in the Read or Write
Command (see Processor Interfacej disable the HLT
functions and the 10 ms delay.

will

When reading the serial data from the disk the FD1771
will look for the desired sector to be read, check i1ts ID field
and locate its data address mark. All subsequent serial data is
assembled in parallel form and presented to the processor
interface. The serial data read from the Floppy Driver may be
input as composite data, both clock and data present at the
FODATA input, or as separated data in which the data is input
to the FDDATA pin and the clock is input 1o the FD Cloek
pin.

When writing, information is presented as composite of
serial clock and data pulses of SO0 nsec periods. With data
present at the WD output the WG (Write Gatel signal is acti-
vated 10 allow current to flow in the Read/Write head.

The remaining interface between the FD1771 and the
Floppy Drive conecerns status information.. The 1P {Index
Puise} and TROOU (Track 00) signals are outputs of the drive
1o indicate when the index mark is encountered (once per
revolution of the disk) or when the Read/Write head is located
over Track 00 respectively.

The WPRT (Write Protect), DINT (Disk Initialization],
and Ready signals reflect the drive condition. The Write Pro-
tect signai, when a logic low, prevents the FD1771 from exe-
cuting a Write Command. The Disk Initialization inout, when a
logic iow, prevents a Write Track Command and essentially
disables the rewriting of a format over a previously formatted
diskette. The Ready signal indicates Floppy Orive readiness
and 2 logic fow on this input prevents any Read or Write
command from being exeouted.
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Other status interface signals are WF {Write Fauit) from
me DOrive which signifies 3 write operaton fauit such as faiiure
10 detect write current when WG is turned on terminating the
Current Write command: and the 7G43 signal to the drnive
indicating me track [0 be written on is located between Track
44 and Track 76. This latter signal is used by the drive w0
lower the write current on inner tracks and compensate for the
higner density recording of thesa tracks.

1.2 FD1771 = Procassor Interface (See figure 1-1)

All commands, status and data are transferred over the 3
stata bidirectional DAL (Data Access) lines. These 8 lines pre-
sent an ocen circuit 1o the common processor peripheral bus
until activated by the C3 (Chip Select) signal. An active GS
combined with RE {Read Enable) sets the DAL into the trans-
mitter mode while the CS combined with an active WE (Write
Enabiej sets the DAL in the recerver mode. The information in
te FD1771 resides in 5 accessible 8 it reqisters, These re-
gisters are: {1) The bidirectional Oata Reqistar which acts as
3 parailel buffer for read or write ooerations, and receives e
desired track numper to be accessed in szek operation. {2} the
Command reqister which receives and stores commands from

2 processor, (3) The sector register which receives the de-
.red sector number to be accessad, {4} The track register which
:ontains the present Track position, {51 The Status Register
containing information about the present operation.

The accessing of the registers is accomplished by a com-
bination of active leveis on the C—S-. R—E— or Wg, and the register
address lines A1 and AQ. The Command Register can only
receive information and the Status Register can only transmit
informauon.

Two signals are avarlable to aid in program response (o
the FD1771. The INTRQ (Interrupt Request} 1s activated by
the controller whenever an operation is compieted successiully
or terminated by a fauit. The ORQ (Data Reguest) signal is
availabie as an indication of the chips readiness to transfer a
hyte of data during read or write operations.

A 2MHZ clock is required by the chip as a referencs for
all timed signais‘such as motor controls and data transfers. The
MR (Master Reset) clears the command register and initiates a
Restore (seek track 00} Command when the MR line is re-

rned 10 3an iNacive state.

1.3 FO1771 Instructions

The FOT771 can be considered a soecialized microoro-

cessor with its own inswruction repertoire. 1hese are listed in
the Tables beiow.

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

The Step ln moves the head inward toward the center of the
disk while the Step Qut moves it outward from the center. The
Step Command moves the head one step in the same direction
as the previous command.

The Read and Write commands are the normaily exe-
cuted commands when transferring informanon. The Read
command initiates a search for a track and sector code in the
10 field egual to that in the rack and sector registers. When
found, the data is formarted from senal to parallel and pre-
sented 10 the Data Register aiong with the setuing of the ORQ
signal. 8y setting of it 4 in the Read {or Write} command all
data records from the desired sector until the [3st sector on the
track are sequentially assermbled. The setting of bit 3 allaws
other combinations of byte count ger sector than the swand-
ard 1BM format.

The Write Command operates similar 0 the Read
Command in muitiple sector and variable sector length. All
received words in the Data register are transferred.to the shift
register at which time the ORQ line is set Four separate Data
address marks are selectatle through bits | and 0 which are
written on the diskerte prior to writing the secior data.

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

The Write Track command is basically used for formarting.
Oneca the index position is located the FD1771 will request
data and twansfer it to the disk inciuding all 10 fieids, gaos, and
Data fields. Special address marks and the CRC characters are
written by detecting certain data patterns. The Read tracik
command aliows the reading of the entire recorded pattern on
a track including gaps. (Refer to Data Sheer for for-
matting details)
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The final command is the Force interrupt which ¢an be
loaded into the Command register at any time. This will ter-
minate any present operation and can also generate an inter-
rupt under four selectabie conditions.

1.4 Status Register {See Table 1, page 16}

This register contains status information associated with
each of the command instructions. Bit 7 always reflects the
Ready condition of the Drive while bit O {Busy) always defines
the status of the FD 1777 coneerning present operations.

COMMAND SUMMARY

8ITS
TYPE COMMAND 7 6 543 2 10
! Restore 0000hR V r1 1o
! Seek 000 Th V r1 1
i Step 00 1tuh V ry1 g
| Step In 01t 0uh V ry rp
| Step Qut 01 1tuh V r1 rp
1 Read Command} ! 0 O mb & O O
i Write Command] 1 0 1 mb & a1 ag
I Read Address 11000 1 0
¥ Read Track 11100 1 5
i Write Track TtTr1 160 1 0 @
v Force Inter- 110113 12 11 Ig
rupt

COMMAND FLAG SUMMARY

In generai bit 1 reflects the state of the external DRQ sig-
nai while bit 2 indicates lost data due to overrun or underrun
conditions. The Type 1 or head positioning instructions use dit
1 and 2 as a reflection of the IP and TROQ inputs respectively.

Bit 3 normally indicates the encounterance of a CRC
error in the 1D or Data fields except for Read Track and Write
Track commands in which the CRC is not checked. 8it 4 indi-
cates that the desired track or sector was not correctly located.
Bit 6 refiects the WP input on Seek and Write Commands and
combines with bit 5 to identify the encountered data address
mark on the Read command. Bit 5 also indicates the head
engaged status on Seek commands and Write fault or Write
commands.

TYPE il

TYPE |

m = Multiple Record flag (Bit 4)

m={. Single Record
m=1, Mulriple Records

b = Block length flag {Bit 3)

b=1, 1BM format (128 to 1024 bytes)
p=Q, Non-1BM format {16 to 4096 bytes)

ajag = Data Address Mark (Bits 1-0)
a1a0=00, FB (Data Mark]
a1ag=01, - FA (Data Mark)
a1ap=10,  F9 (Data Mark}
atag=11, F8 (Datwa Mark)

h=Head Load flag (Bit 3)

h=1 1 oad head at beginning
h=0, Do not ioad head at beginning

V = Verify flag (Bit 2)

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

rirg = Stepping motor rate (Bits 1.0)

r1rg=00, Sms between steps
riro=01, 6 ms between steps
rirg=10, 10ms between steps
rirg=11, 20ms between steps

u= Update flag (Bit 4}

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

TYPE Il

s = Synchronize flag {Bit 0}

5=0, Synchronize t0 AM
s=1, Do notsynchronize to AM

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

19=1. Not Readyv to Ready Transition
11=1, Ready to Not Ready Transition
12=1, Index Puise

13=1. Immediate Interrupt

E=Enable HLD and 10 msec Delay

E=1, Enable HLD, HLT and 10 msec Delay
E=0. Head 1s assumed Engaged and there
1s no 10 msec Detay
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PIN NQ

PIN NAME

Computer Interface:

7-14

5.6

24

DATA ACCESS LINES

CHIP SELECT

REGISTER SELECT LINES

READ ENABLE

WRITE ENABLE

DATA REQUEST

INTERRUPT REQUEST

CLOCK

Floopy Disk Interface:

25

26

31

28
23

1S
16

17
18

EXTERNAL DATA SEPERATION

FLOPPY DISK CLOCK
(External Separation)

FLOPPY DISK DATA

WRITE DATA

HEAD LOAD
HEAD LOAD TIMING

Phase 1/Step

Phase 2/Direction

Phase 3
3 Phase Motor Select

SYMBOL

DALO-DALY

cs

AQ, A1

DRQ

INTRQ

XTDS

FOCLOCK-

FODATA
WO

HLD
HLT

PH1STEP
PH2/DIRC
PH3
3PM

FUNCTION

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

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

sThese inputs select the register to recesves/transfer
data on the DAL lines under RE and WE controt:

A1 a0 RE WE

0 Q Status Reg Cammand Reg

0 Track Reg Track Reg

1 Sector Reg Sector Reg

1 Data Reg Data Reg

_—O =

*A logic low on this input controls the placement of
data from a selected register on the DAL when CS s
low,

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

*This open drain output indicates that the DR contains
assembled data in Read operations, or the OR 15 em-
pty in Write operations. This signal is reset when ser-
viced by the computer through reading or loading the
DR in Read or Write operation, respectively. Use 10K
pull-up resistorto +35.

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

«This input requires a freerunning 2 MHz - 1%
square wave clock for internal timing reference.

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

«This inout receives the externally separated clock
when X705 = 0. If XT0S = 1, this input should be
tied to a logic high.

*This input recerves the raw read disk data if XTDS =
1, or the externaily separated data if XTDS = Q.

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

+The HLD output controis the loading of the Reac-
Write head against the media the HLT input 1s sam-
pled after 10 ms. When a logic high is sampied on the
HLT input the head 1s assumed to De engaged.

*{f the 3FM input 1s a logic low the three phase motor
control is selected and PH1, PH2, and PH3 outputs
torm a one active low signal out of three. PH1 1s ac-
tive low after MR, If the 3PM input 1s a logic mgh the
step ang direction motor controf :s selecied. The step
output contains a 4usec high signai for each step and
the direction output is active high when stepping: ac
tive low when stepping out.

WES rfmv_@- oI1GITAL

- +

- N

J12BRED HILL AVENUE, 2CX 2'80
MEWPCART BEAIH CALIFTPRNIA 32803

L7140 857 2230 T I, )



VWi

-

=iy DSt

"&E
i e

01771

PIN NO ..

28

30

32

34

35

38

37

PIN NAME;

Track Greater Than 43

WRITE GATE

Ready

WRITE FAULT

TRACK 00

INDEX PULSE

WRITE PROTECT

DISK INTIALIZATION

SYMBOL;
TG43

WG

READY

WPRT

DINT

TEST

FUNCTION

*This output informs the drive that the Read-Write
head ts positioned between track 44-78. This output
valid only during Read and Write Commands.

«This output is made valid when writing 1s to be per-
tormed on the diskette.

*This input indicates disk readiness and 1s sampled
for a logic high before Read or Write commanas are
performed. |f Ready is low the Read or Write opera-
tion 1s not performed and an interrupt 1s generated. A
Seek operation is performed regardiess of the state
of Ready. The Ready input appears in inverted format
as Status Register bit 7.

e This input detects writing faults indications from the
drive. When WG = 1 and WF goes low the current
Write command 1s termunated and the Write Fault
status bit 15 set. The WF input shouid be made in-
active (high) when WG becomes inactive.

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

*input, when low for a minimum of 10 usec, informs

the FD1771 when an index mark is encountered on
the diskette.

+This input i1s sampled wnenever 3 Write Command s
recetved.: A logic low terminated the command and
sets the Write Protect Status bit.

*=The input Is sampled whenever 3 Write Track com-
mand s received. If DINT = Q, the operation is ter-
minated and the Write Protect Status bit is set.

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

This is a prefiminary specification with tentative device parameters and may be subiect to change after final product
characterization 1s compieted.

Information furnisned t?y Western Digitai Corporation i1s believed to be accurate and reliable. However, no responsibility 1s
assumed by Western Digitat Corporation for its use; nor any infringements of patents or other rights of third parties which

may result from its use. No ligense 's granted by implication or otherwise under any patent or patent rghts of Western
Digital Corporation. Western Digital Corporation reserves the right to change said circuitry at any time without notice.
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GENERAL DESCRIPTION

The FD179X are MOS LSI devices which perform the
functions of a Floppy Disk Formatter/Controller in
a singie chip impiementation. The FD179X, which
can be considered the end resuit of both the FD1771
and FD1781 designs, s IBM 3740 compatibie in
single density mode (FM) and System 34 compatibie
in Double Density Mode (MFM). The FD179X con-
tains all the features of its predecessor the FD1771,
plus the added features necessary to read/write and
format a double density diskette. These include ad-
dress mark detection, FM and MFM encode and de-
code logic, window extension, and write precompen-
sation. In order to maintain compatibility, the FD1771,
FD1781, and FD179X designs were made as ciose as
possible with the computer interface, instruction set,
and I/O registers being identical. Also, head load

control is identical. In each case, the actual pin as-
signments vary by only a few pins from any one to
another.

The processor interface consists of an 8-bit bi-
directional bus for data, status. and control word
transfers. The FD179X is set up to operate on a mul-
tipiexed bus with other bus-oriented devices.

The FD179X is fabricated in N-channel Silicon Gate
MQOS technology and is TTL compatible on all INputs
and outputs. The 1793 is identicai to the 1791 except
the DAL iines are TRUE for systems that utilize true
data busses.

The 1735/7 has a side select output for controlling dou-
ble sided dnves, and the 1792 and 1794 are “Single
Density Only” versions of the 1791 and 1793. On these
devices, DDEN must be left open.

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 on this input resets the device and
loads HEX 03 into the command register. The Not
Ready _(gtatus Bit 7) is reset during MR ACTIVE.
When MR is brought to a logic high a RESTORE
Command is executed, regardiess of the state of
the Ready signal from the drive. Also, HEX 01 is
ioaded into sector register.

20 POWER SUPPLIES Vss Ground

21 Vce +5V =5%

40 Voo +12V =5%

COMPUTER INTERFACE:

2 WRITE ENABLE WE A logic low on this input gates data on the DAL
into the selected register when CS is low.

3 CHIP SELECT CS A iogic low on this input selects the chip and ena-
bies computer communication with the device.

4 READ ENABLE RE A logic low on this input controis the placement of
data from a selected register on the DAL when CS
1S low.

5.6 REGISTER SELECT AQ, A1 These inputs select the register to receive/
LINES transfer data on the DAL lines under RE and WE
controt:
A1 AO RE WE
0 0 Status Reg Command Reg
0 1 Track Reg Track Reg
1 0 Sector Reg Sector Reg
1 1 Data Reg Data Reg
7-14 DATA ACCESS LINES DALO-DAL7 | Eight bit inverted Bidirectional bus used for trans-
fer of data, control, and status. This bus Is receiver
enabled by WE or transmitter enabled by RE.

24 CLOCK CLK This input requires a free-running square wave
clock for internal timing reference. 5 MHz for 8"

| drives, 1 MHz for mini-drives.
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PIN
NUMBER

PIN NAME

SYMBOL

FUNCTION

38

39

DATA REQUEST

INTERRUPT
REQUEST

FLOPPY DISK INTERFACE:

15
16

17

18

23

25

25

26

27

28

29

30

STEP
DIRECTION

EARLY

LATE

TEST

HEAD LOAD TIMING

READ GATE (1791/3)

SIDE SELECT OUTPUT
(1795, 1797)

READ CLOCK

RAW READ

HEAD LOAD

TRACK GREATER
THAN 43

WRITE GATE

DRQ

INTRQ

STEP
DIRC

EARLY

LATE

TEST

HLT

RG

SSO

RCLK

RAW READ

HLD

TG43

WG

This open drain output indicates that the DR con-
tains 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 opera-
tions, respectively. Use 10K pull-up resistor to +5.

This open drain output is set at the completion of any
command and is reset when the STATUS register is

read or the command register is written to. Use 10K
pull-up resistor to +5.

The step output contains a puise for each step.

Direction Output is active high when stepping in,
active low when stepping out.

Indicates that the WRITE DATA pulse occurring
while Early is active (high) shouid be shifted earty
for write precompensation.

Indicates that the write data pulse occurring while
Late is active (high) should be shifted late for write
precompensation.

This input is used for testing purposes only and
should be tied to +5V or ieft open by the user un-
less interfacing to voice coil actuated motors.

When a logic high is found on the HLT input the
head is assumed to be engaged.

A high level on this output indicates to the data
separator circuitry that a field of zeros (or ones)

- has been encountered, and is used for synchroni-

zation.

The logic level of the Side Select Output is directly
controlied by the ‘S’ flag in Type Il or Il commands.
When S = 1, SSO is set to a logic 1. When S = 0,
SSO is set to a logic 0. The Side Select Output is only
updated at the beginning of a Type |l or lll 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) reiative to RAW
READ is important but polarity (RCLK high or low)
is not.

The data input signal directly from the drive. This
input shall be a negative puise 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.
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FUNCTION

PIN
NUMBER PIN NAME SYMBOL
31 WRITE DATA WD
32 READY READY
33 WRITE FAULT WF/VFOE
VFO ENABLE
34 TRACK 00 TROO
35 INDEX PULSE P
36 WRITE PROTECT WPRT
37 DOUBLE DENSITY DDEN

A 250 ns (MFM) or 500 ns (FM) pulse per fiux
transition. WD contains the unigue 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 re-
gardless 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 external PLO
data separator. When WG = 1, Pin 33 functions as
a WF input. It WF = 0, any write command will im-
mediately be terminated. When WG = 0, Pin 33 func-
tions as a VFOE output. VFOE will go low during a
read operation after the head has loaded and settied
(HLT = 1). On the 1795/7, it will remain low until the
last bit of the second CRC byte in the ID field. VFOE
will then go high untii 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 Fieid.
On the 1791/3, VFOE will rernain low until the end of
the Data Fieid.

This input informs the FD179X that the Read/Write
head is positioned over Track 00.

This input informs the FD179X when the index hole
is encountered 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 pin seiects either single or double density Jp-
eration. When DDEN = 0, double density is
selected. When DDEN = 1, single density is
selected. This line must be left open on the 1792/4

ORGANIZATION

The Floppy Disk Formatter block diagram is ilius-
trated on page 5. The primary sections inciude the
parallel processor interface and the Fioppy Disk inter-
face.

Data Shift Register—This 8-bit register assembles
senal data from the Read Data input (RAW READ)
during Read operations and transfers serial data to
the Write Data cutput during Write operations.

Data Register—This 8-bit register is used as a hold-
ing register dunng Disk Read and Write operations.
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 informa-
tion is transferred in parallel from the Data Register
to the Data Shift Register.
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When executing the Seek command the Data Regis-
ter hoids 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 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
(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 ID field during disk Read, Write, and
Verify operations. The Track Register can be Ioaded

from or transferred to the DAL. This Register should
not be loaded when the device is busy.
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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 dunng disk Read or Write op-
erations. The Sector Register contents can be loaded
from or transferred to the DAL. This register shouid
not be loaded when the device is busy.

Command Register (CR)—This 8-bit register holds

the command presently being executed. This register
shouid not be icaded 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 de-
vice 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 gener-
ate the 16-bit Cyclic Redundancy Check (CRC). The
poiynomial is: G(x) = x'® + x'2 + x* + 1,
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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.

Timing and Control—All computer and Floppy Disk
Interface controls are generated through this logic.
The internal device timing 1s generated from an ex-
ternal crystal clock.

The FD1791/3 has two different_modes of_operation
according to the state of DDEN. When DDEN =0
doubie density (MFM) is assumed. When DDEN = 1,
single density (FM) is assumed.

AM Detector——The address mark detector detects
ID, data and index address marks during read and
write operations.




PROCESSOR INTERFACE

The interface to the processor is accomplished
through the eight Data Access Lines (DAL) and as-
sociated control signals. The DAL are used to trans-
fer Data, Status, and Control words out of, or into the
FD179X. The DAL are three state buffers that are en-
abled 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 Controller
is required by the host processor, the device address
is decoded and CS is made low. The address bits A1
and A0, combined with the signals RE during a Read
operation or WE during a Write operation are inter-
preted as selecting the following registers:

A1-AQ READ (RE) WRITE (WE)

0 0 Status Register Command Register
0 1 Track Register Track Register
10 Sector Register Sector Register
11 Data Register Data Register

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 aiso ap-
pears as status bit 1 during Read and Write opera-
tions.

On Disk Read operations the Data Request is acti-
vated (set high) when an assembled senal input byte
is transferred in parallel to the Data Register. This bit
is cleared when the Data Register is read by the pro-
cessor. If the Data Register is read after one or more
characters are lost, by having new data transferred
into the register pnor to processor readout, the Lost
Data bit is set in the Status Register. The Read op-
eration continues until the end of sector is reached.
On Disk Write operations the data Request is acti-
vated 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 ioaded
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 Re-
gister.

At the compietion 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 gener-
ated if a Force Interrupt command condition is met.

FLOPPY DISK INTERFACE

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. When the clock is at 2 MHz, the stepping
rates of 3, 6, 10, and 15 ms are obtainable. When CLK
equals 1 MHz these times are doubled.

HEAD POSITIONING

Five commands cause positioning of the Read-Write
head {see Command Section). The period of each
positioning step is specified by the r field in bits 1 and
0 of the command word. After the last directional
step an additional 15 milliseconds of head settling
time takes place if the Verify flag 1s 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 |l or {ll command.

The rates (shown in Table 1) can be applied to a
Step-Direction Motor through the device interface.

Step—A 2 us (MFM) or 4 us (FM) pulse is provided
as an output to the drive. For every step puise is-
sued, the drive moves one track location in a direc-
tion determined by the direction output.

Direction (DIRC)—The Direction signal is active high
when stepping in and low when stepping out. The Di-
rection signal is valid 12 us before the first stepping
puise is generated.

When a Seek, Step or Restore command is executed
an optional verification of Read-Write head position
can be performed by setting bit 2 {(V = 1) in the
command word to a logic 1. The verification operation
begins at the end of the 15 millisecond settling time
after the head is loaded against the media. The track
number from the first encountered ID Fieid is com-
pared against the contents of the Track Register. if
the track numbers compare and the ID Field Cyclic
Redundancy Check (CRC) is correct, the verify oper-
ation is complete and an INTRQ is generated with no
errors. The FD179X must find an ID 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.

Table 1. STEPPING RATES

CLK 2 MHz 2 MH2z 1 MHz 1 Mz 2 MH2z 1 MHz
DDEN o0 1 0 1 X X
R1R0 TEST=1 TEST=1 TEST=1 TEST=1 TEST=0 TEST=0
00 3ms 3Ims 6 ms 6 ms 184us 368us
o 1 6 ms 6 ms 12 ms 12 ms 180us  380us

10 10 ms 10 ms 20ms 20 ms 198us 396us

1t 1 15ms 15 ms 30 ms 30 ms 208us  416us

The Head Load (MLD) output controis the movement
of the read/write head against the media. HLD is ac-
tivated at the beginning of a Type | command if the h
flag 1s set (h = 1), at the end of the Type | command
it the verify flag (V = 1), or upon receipt of any Type
!} or lil command. Once HLD is active it remains ac-
tive untii either a Type | command is received with
(h=0andV = 0); 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 isused for the head engage time. When
HLT = 1, the FD179X assumes the head is com-
pletely engaged. The head engage time is typically
30 to 100 ms depending on drive. The low 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.
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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 a status bit in Type |
status.

In summary for the Type | commands: if h = 0 and
V=0 HlLDisreset. fh = tandV =0, HLD is set at the
beginning of the command and HLT is not sampled nor
is there an internal 15 ms delay. f h=0 and V =1,
HLD is set near the end of the command, an internal
15 ms occurs, and the FRQ179X waits for HLT to be
true. f h = 1 and V = 1, HLD is set at the beginning
oi the command. Near the end of the command, after
ail the steps have been issued, an internal 15 ms
delay occurs and the FD17SX then waits for HLT to
occur.

For Type Il and lIl 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.

DISK READ OPERATIONS

Sector lengths of 128, 256, 512 or 1024 are obtaina-
ble 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 a special
byte in the “ID" fieid. If thus Sector length byte in the
ID field is zero, then the sector length is 128 bytes. If
01 then 256 bytes. if 02, then 512 bytes. If 03, then
the sector length is 1024 bytes. The number of sec-
tors per track as far as the FD179X is concerned can
be from 1 to 255 sectors. The number of tracks as far
as the FD179X is concerned is from O 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 sectors/track; or lengths of 1024 bytes/sector
with 8 sectors/track. (See Sector Length Table.)

For read operations, the FD179X requires RAW
READ Data (Pin 27) signal which is a 250 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
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derived externally by Phase lock loops, one shots, or
counter techniques. In addition, a Read Gate Signai
is provided as an output (Pin 25) which can be used
to inform phase lock loops when to acquire -syn-
chronization. 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 bytes; otherwise RG is reset and the search
for 2 bytes of zeroes begins all over again. If an ad-
dress mark is found within 10 bytes, RG remains true
as long as the FD179X is deriving any usefut informa-
tion from the data stream. Similarly for MFM, RG 1s
made active when 4 bytes of "00" or “FF" are de-
tected. The FD179X must find an address mark
within the next 16 bytes, otherwise RG is reset and
search resumes.
During read operations (WG = 0), the VFOE (Pin 33)
is_provided for phase lock loop synchronization.
VFOE will go active when:

a) Both HLT and HLD are True

b) Settling Time, if programmed, has expired

c) The 179X is inspecting data off the disk
if WE/VFOE is not used, leave open or tie to a 10K
resistor to +5.

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 im-
mediately terminated, an interrupt is generated and
the Write Protect status bit is set. The Write Fault in-
put, when activated, signifies a writing faulit condition

.detected in disk drive electronics such as failure to

detect write current flow when the Write Gate is acti-
vated. On detection of this fault the FD179X termi-
nates the current command, and sets the Write 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 puises in FM
(DDEN = 1) and 250 ns pulses in MFM (DDEN = 0).
Write Data provides the unigue 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 puise is to be
written LATE. If both EARLY and LATE are low when
the WD pulse is present, the WD puise s to be written at
nominal. Since write precompensation vaiues vary from
disk manufacturer to disk manufacturer, the actual
value 1s determined by several one shots or delay lines
which are located external to the FD179X. The write
precompensation signals EARLY and LATE are valid
for the duration of WD in both FM and MFM formats.




Whenever a Read or Write command (Type Hl or lif)
1s received the FD179X sampies the Ready input. If
this input is logic low the command is not executed
and an interrupt is generated. All Type | commands
are performed regardless of the state of the Ready
input. Aiso, whenever a Type Il or lll command is re-
ceived, the TG43 signal output is updated.

COMMAND DESCRIPTION

The FD179X will accept eleven commands. Com-
mand words should only be loaded in the Command
Register when the Busy status bit is off (Status bit 0).
The one exception is the Force Interrrupt command.
Whenever a command is being executed, the Busy
status bit 1s set. When a command i1s completed, an
interrupt s generated and the Busy status bit is re-
set. The Status Register indicates whether the com-
pleted cornmand encountered an error or was fauit
free. For ease of discussion, commands are divided
into four types. Commands and types are sum-
marized in Table 2.

Table 2. COMMAND SUMMARY

BITS
TYPE COMMAND 765 43210
| Restore 0000 hVTrT,
i Seek 000 1ThVrnmr
| Step 00 tuhVrrn
! Step In 01 0uhVrr
] Step Out 01t 1tuhVror
i Read Sector 100mFEFRDO
i Write Sector 10 1 mFEF a
I Read Address 11000EO0OQ
i Read Track 11100EO00O0
I Write Track t1110EO00O0
v Force Interrrupt 1101 6L 6L L b

Table 4. FLAG SUMMARY

TYPE Il & Il COMMANDS

m = Multiple Record flag (Bit 4)

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

a, = Data Address Mark {Bit 0)

a, = 0, FB (Data Mark)
an = 1, F8 (Deleted Data Mark)

E = 15 ms Delay (2MHz)
E = 1, 15 ms delay
E =0, no 15 ms delay
(F2) S = Side Select Flag (1791/3 only)

S = 0, Compare for Side 0
S =1, Compare for Side 1

(F1) C = Side Compare Flag (1791/3 only)

C = 0. disable side select compare
C = 1, enable side select compare

(F,) S = Side Select Flag

(Bit1. 1795/7 only)
S = 0 Update SSO 10 0
S = 1 Update SSO to 1

(F2) b = Sector Length Flag
(Bit 3, 1975/7 only)

Sector Length Field

00 01 10 R
b=20 256 512 1024 128
b=1 128 256 512 1024

Note: Bits shown in TRUE form.

Table 3. FLAG SUMMARY

TYPE | COMMANDS
h = Head Load Flag (Bit 3)

h =1, Load head at beginning
h = 0. Unload head at beginning
V = Verify flag (Bit 2)

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

rry, = Stepping motor rate (Bits 1-0)

Refer to Table 1 for rate summary
u = Update flag (Bit 4)

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

L

h

Table 5. FLAG SUMMARY
TYPE IV COMMAND

li = interrupt Condition flags (Bits 3-0)

10 = 1, Not-Ready to Ready Transition
1 =1, Ready to Not-Ready Transition
12 = 1. Index Puise

I3 = 1, Immediate Interrupt

I3 -1 = 0. Terminate with no Interrupt

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 (rorr), which

determines th .
Table 1 € stepping motor rate as defined in




The Type | Commands contain a head load flag (h)
which determines if the head is to be loaded at the
beginning of the command. If h = 1, the head is
loaded at the beginning of the command (HLD output
is made active). If h = 0, HLD is deactivated. Once
the head is loaded, the head will remain engaged
until the FD179X receives a command that specifi-
cally disengages the head. If the FD179X is idie
(busy = 0) for 15 revoliutions of the disk, the head will
be automatically disengaged (HLD made inactive).

The Type | Commands also contain a verification (V)
flag which determines if a verification operation is to
take place on the destination track. If V = 1, a verifi-
cation is performed, if V = 0, no verification is per-
formed.

During verification, the head is loaded and after an
internal 15 ms delay, the HLT input is sampied.
When HLT is active (logic true), the first encountered
ID field is read off the disk. The track address of the

ID fieid is then compared to the Track Register; if

there is a match and a valid ID CRC, the verification

iIs complete, an interrupt 1s generated and the Busy
status bit 1s reset. If there is not a match but there is
valid 1D CRC. an interrupt is generated, and Seek
Error Status bit (Status bit 4) is set and the Busy
status bit is reset. if there is a match but not a valid
CRC, the CRC error status bit is set (Status bit 3),
and the next encountered ID field is read from the
disk for the verification operation. If an ID field with a
valid CRC cannot be found after four revolutions of
the disk, the FD179X terminates the operation and
sends an interrupt, (INTRQ).

The Step, Step-In, and Step-Out commands contain
an Update flag (U). When U = 1, the track register is
updated by one for each step. When U = 0, the track
register is not updated.

On the 1795/7 devices, the SSO output is not affected
during Type 1 commands, and an internal side com-
pare does not take place when the (V) Verify Flag is
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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 1s loaded with zeroes and an interrupt is
generated. If TROO is not active low, stepping puises
{pins 15 to 16) at a rate specified by the niro 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 pulses, the FD179X terminates op-
eration, interrupts, and sets the Seek error status bit.
A verification operation takes place if the V flag is
set. The h bit allows the head to be loaded at the
start of command. Note that the Restore command is
executed when MR goes from an active to an inac-
tive state.

INTRQ RESET BUSY

HAS

10 AM BEEN

DETECTED
-

INTRO
RESEY BUSY et

MOTE :FTEST 3 THERE IS NO ISMS DELaY
FTEST 1aNDCLK ¢ M2 THERE 1S A 0MS DEL AY

TYPE | COMMAND FLOW
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SEEK

This command assumes that the Track Register con-
tains 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 ap-
propriate direction until the contents of the Track re-
gister are equal to the contents of the Data Register
(the desired track location). A verification operation
takes place if the Vflag is on. The h bit aliows the
head to be loaded at the start of the command. An
interrupt is generated at the completion of the com-
mand.

STEP

Upon receipt of this command, the FD179X issues
one stepping puise to the disk drive. The stepping
motor direction .is the same as in the previous step
command. After a delay determined by thers fieid, a
verification takes place if the V flag is on. If the u flag is
on, the Track Register is updated. The h bit allows the
head to be loaded at the start of the command. An
interrupt is generated at the compietion of the command.

STEP-IN

Upon receipt of this command, the FD179X 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 niro field, a
verification takes piace 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 compie-
tion 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. After a delay determined by the nro fieid, a ver-
ification takes place if the V flag is on. The h bit ai-
lows the head to be loaded at the start of the com-
mand. An interrupt is generated at the completion of
the command.

TYPE Ii COMMANDS

The Type | Commands are the Read Sector and
Write Sector commands. Prior to loading the Type I
Command 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. If the E flag = 1 (this is the
normal case) HLD is made active and HLT is sam-
pied 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 ID field with the
Track Register. If there is not a match, the next en-



countered D 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 D
field is read off the disk and comparisons again
made. If 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 FD179X
must find an ID fieid 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.
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Sector Length Table
Sector Length Number of Bytes
Field (hex) in Sector (decimal)
00 128
01 256
02 512
03 1024

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-
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
FD179X will continue to read or write multiple records
and update the sector register until the sector regis-
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ter 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.

It the Sector Register exceeds the number of sectors
on the track, the Record-Not-Found status bit will be
set.

The Type Il commands also contain side select com-
pare flags. When C = 0, no side comparison is made.
When C = 1, the LSB of the side number is read off the
1D Field of the disk and compared with the contents of
the (S) flag. If the S flag compares with the side number
recorded in the ID field, the 179X 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 is set.

The 1795/7 READ SECTOR and WRITE SECTOR com-

mands include a ‘b’ flag. The ‘b’ flag, in conjunction with
the sector length byte of the ID Fieid, allows different

byte iengths to be implemented in each sector. For IBM
compatability, the ‘b’ flag should be set to a one. The

‘s’ flag allows direct control over the SSO Line (Pin 20)

and is set or reset at the beginning of the command,
dependent upon the value of this flag.

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, correct 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 bytesin
double density of the last ID field CRC byte; if not, 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
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the Lost Data Status bit is set. This sequence con-
tinues until the complete data field has been inputted
to the computer. !f 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 re-
corded in the Status Register (Bit 5) as shown below:

STATUS
BIT 5
1 Deleted Data Mark
0 Data Mark

WRITE SECTOR

Upon receipt of the Write Sector command, the head
is loaded (HLD active) and the Busy status bit is set.
When an D field is encountered that has the correct
track number, correct sector number, correct side num-
ber, and correct CRC, a DRQ is generated. The FD179X
counts off 11 bytes in singie density and 22 bytes in
double density from the CRC field and the Write Gate
{(WG) output 1s made active if the DRQ 1s serviced (i.e.,
the DR has been loaded by the computer). if DRQ has
not been serviced, the command is terminated and the
Lost Data status bit is set. If the DRQ has been ser-
viced, the WG is made active and six bytes of zeros
in single density and 12 bytes in double density are
then written on the disk. At this time the Data Ad-
dress Mark is then written on the disk as determined
by the ac field of the command as shown below:

ao Data Address Mark (Bit 0)
1 Deleted Data Mark
0 Data Mark

The FD179X then writes the data fieild and generates
DRQ's to the computer. If the DRQ 1s not serviced in
time for continuous writing the Lost Data Status Bit is
set and a byte of zeros 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.

TYPE Il 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 fieid is then read in from the
disk, and the six data bytes of the ID field are as-
sembled and transferred to the DR, and a DRQ is
generated for each byte. The six bytes of the 1D field
are shown below:

TRACK SIDE SECTOR | SECTOR | CRC | CRC
ADDR | NUMBER | ADDRESS | LENGTH 1 2
1 2 3 4 5 5

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. At the end of the operation an inter-
rupt is generated and the Busy Status is reset.

READ TRACK

Upon receipt of the Read Track command, the head
is loaded and the Busy Status bit ic set. Reading
starts with the leading edge of the first encountered
n:dex pulse and continues until the next index pulse.
As each byte is assembled it is transferred to the
Data Register and the Data Request is generated for
each byte. No CRC checking is performed. Gaps are
included in the input data stream. The accumuiation
of bytes I1s synchronized to each Address Mark en-
countered. Upon completion of the command, the in-
terrupt 1s activated. RG 1s not activated during the
Read Track Command. An internal side compare is not
performed during a Read Track.

WRITE TRACK

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 Re-
quest is activated immediately upon receiving the
command, but writing will not start untii after the first
byte has been loaded into the Data Reqister if the
DR has not been loaded by the time the index pulse
is encountered the operation i1s 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 zeros is substi-
tuted. Address Marks and CRC characters are writ-
ten on the disk by detecting certain data byte pat-
terns in the outgoing data stream as shown in the
table beiow. The CRC generator is initialized when
any data byte from F8 to FE is about to be transfer-
red from the DR to the DSR in FM or by receipt of
F5 in MFM.

GAP| ID | TRACK SIDE |SECTOR|SECTOR |CRC|CRC|GAP |DATA CRC | CRC
i | AM{ NUMBER |NUMBER [NUMBER|LENGTH | 1 2 i AM | DATA FIELD | 1 2
ID FIELD DATA FIELD

in MFM only, IDAM and DATA AM are preceded by three bytes of A1 with clock transition between bits 4 and 5
missing.
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TYPE iV COMMAND

FORCE INTERRUPT

This command can be loaded into the command re-
gister at any time. If there is a current command
under execution (Busy Status Bit set), the command
will be terminated and an interrupt will be generated
when the condition specified in the lo through Is field
is detected. The interrupt conditions are shown be-
low:

lo = Not-Ready-To-Ready Transition

h = Ready-To-Not-Ready Transition

lz = Every Index Puise

Is = Immediate Interrupt (requires reset, see
Note)

NOTE: Iflo — Ia = 0, there is no interrupt generated but
the current command is terminated and busy is
reset. This is the only command that will enable
the immediate interrupt to clear on a subse-
quent Load Command Register or Read Status
Register.

STATUS DESCRIPTION

Upon receipt of any command, except the Force In-
terrupt command, the Busy Status bit is set and the
rest of the status bits are updated or cleared for the
neww command. lf 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 Interrupt
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 reflects the Type | com-
mands.

The format of the Status Register is shown below:

(BITS)
7 1 6 1 51 a4 373 1 0
S7 [ S6 | 851 S4 1S3 | 82| st S0

Status vares according to the type of command exe-
cuted as shown in Table 6.



Table 6.

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 ANF 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 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.

S6 PROTECTED

When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT
input.

S5 HEAD 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.

S1 INDEX When set, indicates index mark detected from drive. This bit i1s an inverted copy of the
IP input.

S0 BUSY When set command is in progress. When reset no command is in progress.

STATUS FOR TYPE

Il AND 11l COMMANDS

BIT NAME

MEANING

S7 NOT READY

This bit when set indicates the drive :s 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 I
and lif Commands will not execute unless the drive is ready.

S6 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 fieid 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.

S3 CRC ERROR

If S4 1s set, an error is found in one or more D fieilds; otherwise it indicates error in
data field. This bit is reset when updated.

52 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.

St DATA REQUEST

This bit 1s 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 i1s reset to zero when up-
dated.

S0 BUSY

When set, command is under execution. When reset, no command i1s under execution.
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FEATURES GENERAL DESCRIPTION
. . The WD1691 F.S.L. has been designed to minimize the
e Direct interface to the FD179X external logic required to interface the 179X Family of Floppy
. —_— Disk Controilers to a drive. With the use of an externai VCO,
© Eiiminates external FDC Logic the WD 1691 will generate the RCLK signal for the WD179X,
) while providing an adjustment puise (PUMP) to control the
© Data Separation/RCLK GENERATION VCO frequency. VFOE/WF de-multiplexing is also accom-
plished and Write Precompensation signals have been in-
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® Write Precompensation Signais cluded to interface directly with the WD2143 Clock Generator.
e VFOE/WF Demuitiplexing The WD1691 is implemented in N-MOS silicon .gate

technology and is available in a plastic or ceramic 20 pin
® Programmable Density dual-in-line package.

o 8" or 5.25" Drive Compatible
@ All inputs and outputs TTL Compatible

® Single +5V Supply
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PiN NAME SYMBOL FUNCTION
1 WRITE DATA WDIN Ties dirsctly to the FD179X WD pin.
INPUT
2,3, 419 PHASE 2o 04 4 Phase inputs to generate a desired Write Precompensation
2,3 14 delay. These signals tie directly to the WD2143 Clock
Generator.
5 STROBE STB Strobe output from the 1691. Strobe will latch at a high level
on the leading edge of WDIN and reset to a low level on the
leading edge of 04.
6 WRITE DATA WDOUT Senal, pre-compensated Write data stream to be sent to the
ouTPUT disk drive’'s WD lina.
7 WRITE GATE WG Ties directly to the FD179X WG pin.
8 VFO ENABLE. VFOE/WF Ties directly to the FD179X VFOE/WF pin.
WRITE FAULT
9 TRACK 43 TG43 Ties directly to the FD179X TG43 pin, If Write Praecompen-
sation is required on TRACKS 44-76.
10 Vs Ve, Ground
11 READ DATA RDD Composite ciock and data stream input from the drive.
12 READ CLOCK RCLK RCLK signal generated by the WD1691, to be tied to the
FD179X RCLK pin.
13 PUMP UP PU Tri-state output that will be forced high when the WD1691
requires an increase in VCO frequency.
14 PUMP DOWN PD Tri-state output that will be forced low when the WD1691 re-
quired a decrease in VCO frequency.
15 Double Density DDEN Double Density Select input. When {nactive (High), the VCO
Enable frequency is intemnally divided by two.
16 Voltage vCO A nominal 4.0MHz (8" drive) or 2.0MHz (5.25" drive) master
Controlled clock input.
Oscillator
17,18 EARLY EARLY EARLY and LATE signals from the FD179X, used to deter-
LATE LATE mine Write Precompensation.
20 Ve Ve + 5V = 10% power supply
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DEVICE DESCRIPTION

The WD1691 is divided into two sections:

1) Data Recovery Circuit
2) Write precompensation Circuit

The Data Separator or Recovery Circuit has four inputs:
DDEN, VCO, RDD, and VFOE/WF; and three outputs: PU,
PD and RCLK. The VFOE/WF input is used in conjunction
with the Write Gate signal to enable the Data recovery circuit.
When Write Gate is high, a write operation is taking place,
and the data recovery circuits are disabled, regardless of the
state on any other inputs.

When VFOE/WF and WRITE GATE are low, the data
recovery circuit is enabled. When the RDD iine goes Active
Low, the PU or PD signals will become active. If the RDD
line has made its transition in the beginning of the RCLK
window, PU will go from a Hi-Z state to a Logic i, requesting
anincrease in VCO frequency. if the RDD line has made its
transition at the end of the RCLK window, PU will remain in
a HI-Z state while PD will go to a logic zero, requesting a
decrease in VCO frequency. When the leading edge of RDD
occurs in the center of the RCLK window, both PU and PD
will remain tri-stated, indicating that no adjustment of the
VCO frequency is needed. The RCLK sigpal is a divide-by-
16 (DDEN=1) or a divide-by-8 (DDEN=0) of the VCO

frequency.

WG VFOE/WF

RDD PU+PD

OO0
OO - X

X Hi-Z
X HI-Z
1 HI-Z
0 Enable

The Write Precompensation circuit has been designed
to be used with the WD2143-01 clock generator. When the
WD1691 is operated in a "single density only” mode, write
precompensation as well as the WD2143-01 is not needed.
In this case, 01, §2. §3, P4, and STB should be tied together,
DDEN left open, and TG43 tied to ground.

In the double-density mode (DDEN=0), the signals Early
and Late are used to select a phase input ('51. — §4) on the
leading edge of WDIN. The STB line is latched high when
this occurs, causing the WD2143-01 to start its pulse gen-
eration. 2 is used as the write data puise on nominal
(Early=Late=0), 02 15 used for early, and §3 is used for late.
The leading edge of @ resets the STB line in_anticipation of
the next write data pulse. When TG43=0 or DDEN=1, Pre-
cempensation is disabled and any transitions on the WDIN
line will appear on the WDout line. If write precompensation
is desired on all tracks, leave TG43 open (an internal pull-up
will force a Logic 1) while DDEN=0.

The signals, DDEN. TG43, and DD have internal puli-
up resistors and may be left open if a logic | is desired on
any of these lines.
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The minimum Voh level on PU is specified at 2.4V,
sourcing 200ua. During PUMP UP time, this output will “drift"
from a tri-state to .4V minimum. By tying PU and PD together,
a PUMP signal is created that will be forced low for a de-
crease in VCO frequency and forced high for an increase in
VCO frequency. To speed up rise times and stabilize the
output voltage, a resistor divider can be used to set the tri-
state level to approximately 1.4V. This yields a worst case
swing of = 1V; acceptable for most VCO chips with a linear
voltage-to-frequency charactenstic.

Both PU and PD signals are affected by the width of the
RAW READ (RDD) pulse. The wider the RAW READ pulse,
the longer the PU or PD signal (depending upon the phase
relationship to RCLK) wiill remain active. If the RAW READ
puise exceeds 250ns, (VCO = 4MHz, DDEN = 0) or 500ns.
(VCO = 4MHz, DDEN = 1), then both a PU and PD will occur
in the same window. This is undesirable and reduces the
accuracy of the external integrator or iow-pass filter to con-
vert the PUMP signals into a slow moving D.C. correction

voltage.

Eventually, the PUMP signais will have corrected the
VCO input to exactly the same frequency multiple as the
RAW READ signal. The leading edge of the RAW READ
pulsg will then occur in the exact center of the RCLK window
and ideal condition for the FD179X internal recovery circuits.
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FD179X Application Notes

INTRODUCTION

Over the past several years, the Floppy Disk Drive has
become the mast popular on-line storage device for
mini and microcomputer systems. lts fast access time,
reliability and low cost-per-bit ratio enables the Floppy
Disk Drive to be the solution in mass storage for mi-
croprocessor systems. The drive interface to the Host
system is standardized, allowing the OEM to substitute
one drive for another with minimum hardware/ software
modifications.

Since Floppy Disk Data is stored and retrieved as a
self-clocking serial data stream, some means of sep-
arating the clock from the data and assembling this
data in paralle! form must be accomplished. Data is
stored on individual Tracks of the media, requiring con-
trol of a stepper motor to move the Read/Write head
to a predetermined Track. Byte sychronization must
also be accomplished to insure that the paralle! data
is properly assembled. After all the design considera-
tions are met, the finai controiler can consist of 40 or
more TTL packages.

To alleviate the burden of Fioppy Disk Controlier de-
sign, Western Digital has developed a Family of LSI
Floppy Disk controfler devices. Through its own set of
macro commands, the FD179X Controller Family will
perform all the functions necessary to read and write
data to the drive. Both the 8" standard and 5%" mini-
floppy are supported with single or double density re-
cording techniques. The FD179X is compatible with
the |IBM 3740 (FM) data format, or the System 34
(MFM) standards. Provisions for non-standard formats
and variable sector lengths have been included to pro-
vide more storage capability per track. Requiring stan-
dard +5, +12 power supplies the FD179X is available
in a standard 40 pin dual-in-iine package.

The FD179X Family consists of 6 devices. The
differences between these devices is summarized in
Figure 1. The 1792 and 1794 are “single density only”
devices, with the Double Density Enable pin (DDEN)
left open by the user. Both True and inverted Data bus
devices are available. Since the 179X can only drive
one TTL Load, a true data bus system may use the
1791 with external inverting buffers to arrive at a true
bus scheme. The 1795 and 1797 are identical to the
1791 and 1793, except a side select output has been

added that is controlled through the Command Register.

SYSTEM DESIGN

JUNE, 1980

The first consideration in Floppy Disk Design is to de-
termine which type of drive to use. The choice ranges
from single-density single sided mini-floppy to the 8"
double-density double-sided drive. Figure 2 illustrates
the various drive and data capacities associated with
each type. Although the 8" double-density drive offers
twice as much storage, a more complex data separator
and the addition of Write Precompensation circuits are
mandatory for reliable data transfers. Whether to go
with 8" double-density or not is dependent upon PC
board space and the additionat circuitry needed to ac-
curately recover data with extreme bit shifts. The byte
transfer time defines the nominal time required to
transfer one byte of data from the drive. If the CPU
used cannot service a byte in this time, then a DMA
scheme will probably be required. The 179X also needs
a few microseconds for overhead, which is subtracted
from the transfer time. Figure 3 shows the actual ser-
vice times that the CPU must provide on a byte-by-byte
basis. If these times are not met, bytes of data will be
lost during a read or write operation. For each byte
transferred, the 179X generates a DRQ (Data Re-
guest) signal on Pin 38. A bit is provided in the status
register which is also set upon receipt of a byte from
the Disk. The user has the option of reading the status
register through program control or using the DRQ Line
with DMA or interrupt schemes. When the data register
is read, both the status register DRQ bit and the DRQ
Line are automatically reset. The next full byte will
again set the DRQ and the process continues until the
sector(s} are read. The Write operation works exactly
the same way, except a WRITE to the Data Register
causes a reset of both DRQ's.

RECORDING FORMATS

The FD179X accepts data from the disk in a Fre-
quency-Moduiated (FM) or Modified-Frequency-Mod-
ulated (MFM) Format. Shown in Figures 4A and 4B are
both these Formats when writing a Hexidecimal byte
of 'D2'. In the FM mode, the 8 bits of data are broken
up into “bit cells.” Each bit cell begins with a clock
pulse and the center of the bit cell defines the data. If
the data bit = 0, no pulse is written, if the data = 1,
a pulse is written in the center of the cell. For the 8"
drive, each clock is written 4 microseconds apart.
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FIGURE 1. DEVICE CHARACTERISTICS

DEVICE SNGL DENSITY | DBLE DENSITY | INVERTED BUS| TRUE BUS | DOUBLE-SIDED

1791 X X X

1792 X X

1793 X X X

1794 X X

1795 X X X X

1797 X X X X

FIGURE 2. STORAGE CAPACITIES
UNFORMATTED BYTE FORMATTED
AP NOMINAL CAPACITY
CAPACITY (NOMINAL) | 1o ANSFER

SIZE DENSITY SIDES |PER TRACK| PER DISK TIME PER TRACK| PER DISK
5va" SINGLE 1 3125 109,375 64us 2304 80,640
54" DOUBLE 1 6250 218,750 32us 4608 161.280
5Ys" SINGLE 2 3125 218,750 B4us 2304 161,280
5Y4" DOUBLE 2 6250 437,500 32us 4608 322,560
8" SINGLE 1 5208 401,016 32us 3328 255,256
8" DOUBLE 1 10,416 802,032 16us 6656 512,512
8" SINGLE 2 5208 802,032 32us 3328 512,512
8" DOUBLE 2 10,416 | 1,604,064 16us 6656 1,025,024

*Based on 35 Tracks/Side
**Based on 18 Sectors/Track {128 byte/sec)
“**Based on 18 Sectors/Track (256 bytes/sec)
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In the MFM mode, clocks are decoded into the data
stream. The byte is again broken up into bit cells, with
the data bit written in the center of the bit cell if data
= 1. Clocks are only written if both surrounding data
bits are zero. Figure 4B shows that this occurs only
once between Bit cell 4 and 5. Using this encoding
scheme, pulses can occur 2, 3 of 4 microseconds
apart. The bit cell time is now 2 microseconds; twice
as much data can be recorded without increasing the
Frequency rate due to this enceding scheme.

The 179X was designed to be compatible with the IBM
3740 (FM) and System 34 (MFM) Formats. Although
most users do not have a need for data exchange with
IBM mainframes, taking advantage of these well stud-
ied formats will insure a high degree of system
performance. The 179X will allow a change in gap
fields and sector lengths to increase usable storage
capacity, but variations away from these standards is
not recommended. Both 1BM standards are soft-sector
format. Becauss of the wide variation in address marks,
the 179X can only support soft-sectored media. Hard
sectored diskettes have continued to lose popularity,
mainly due to the unavailability of a standard and the
limitation of sector lengths imposed by the physical
sector holes in the diskette.

PROCESSOR INTERFACE

The Interface of the 179X to the CPU consists of an
8-bit Bi-directional bus, read/write controls and optional
interrupt lines. By seiecting the device via the CHIP
SELECT Line, each of the five internal registers can
be accessed.

Shown below are the registers and their addresses:

PIN3|PIN6|PIN5| PIN4 PIN2

cs | A | A RE=¢' WE =&

0 0 0 [STATUS REG | COMMAND

REG

0 0 1 |TRACK REG |TRACK REG
0 1 0 |SECTOR REG | SECTOR REG
0 1 1 |DATAREG |DATA REG

1 X X [H1-Z H1-Z

Each time a command is issued to the 179X, the Busy
bit is set and the INTRQ (Interrupt Request) Line is
reset. The user has the opticn of checking the busy bit
or use the INTRQ Line to denote command comple-
tion. The Busy bit will be reset whenever the 179X is
idle and awaiting a new command. The INTRQ Line,
once set, can only be reset by a READ of the status
register or issuing a new command. The MR (Master
Reset) Line does not affect INTRQ.
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The A,, A,, Lines used for register selections can be
configured at the CPU in a variety of ways. These lines
may actually tie to CPU address lines, in which case
the 179X will be memory-mapped and addrassed like
RAM. They may also be used under Program Control
by tying to a port device such as the 8255, 6820, stc.
As a diagnostic tool when checking out the CPU in-
terface, the Track and Sector registers should re.pond
like “RAM” when the 179X is idle (Busy = INTRQ =
0).

Because of intemal synchronization cycles, certain
time delays must be introduced when operating under
Programmed 1/O. The worst case delays are:

JOPERATION NEXT DELAY REQ'D|
COPERATION

WRITE TO READ STATUS |MFM = 14us*

ICOMMAND REG | REGISTER FM = 28us,

WRITE TO READ FROM A | NO DELAY

ANY REGISTER | DIFFERENT REG

*NOTE: Times Double when CLK = 1MHz (5%" drive)

Other CPU interface lines are CLK, MR and DDEN.
The CLK line shou!d be 2MHz (8" drive) or 1MHz (5%a”
drive) with a 50% duty cycle. Accuracy should be =1%
{crystal source) since all internal timing, including step-
ping rates, are based upon this clock.

The MR or Master Reset Line should be strobed a
minimum of 50 microseconds upon each power-on
condition. This line clears and initializes all internal reg-
istars and issues a restore command (Hex ‘03) on the
rising edge. A quicker stepping rate can be written to
the command register after a MR, in which case the
remaining steps will occur at the faster programmed
rate. The 179X will issue a maximum of 255 stepping
pulses in an attempt to expect the TROO line to go
active low. This line shoulid be connected to the drive's
TROO sensor.

The DDEN line causes selection of either single den-

sity (DDEN = 1) or double density operation. DDEN
should not be switched during a read or write operation.



FLOPPY DISK INTERFACE

The Floppy Disk Interface can be divided into three
sections: Motor Control, Write Signals and Read Sig-
nais. All of these lines are capabie of driving one TTL
load and not compatible for direct connection to the
dnve. Most drives require an open-collector TTL inter-
face with high current drive capability. This must be
done on all outputs from the 179X, Inputs to the 179X
may be buffered or tied to the Drives outputs, providing
the appropriate resistor termination networks are used.
Undershoot should not exceed —0.3 voits, while integ-
rity of V4 and Vo, levels shouid be kept within spec.

MOTOR CONTROL

Motor Control is accomplished by the STEP and DIRC
Lines. The STEP Line issues stepping pulses with a
period defined by the rate field in all Type | commands.
The DIRC Line defines the direction of steps (DIRC =
1 STEP IN/DIRC = 0 STEP OUT).

Other Control Lines include the IP or Index Pulse. This
Line is tied to the drives’ Index L.E.D. sensor and
makes an active transition for each revolution of the
diskette. The TROO Line is another L.E.D. sensor that
informs the 179X that the stepper motor is at its fur-
thest position, over Track 00. The READY Line can be
used for a number of functions, such as sensing “door
open”, Drive motor on, etc. Most drives provide a pro-
grammable READY Signal selected by option jumpers
on the drive. The 179X will look at the ready signal prior
to executing READ/WRITE commands. READY is not
inspected during any Type | commands. All Type |
commands will execute regardless of the Logic Level
on this Line.

WRITE SIGNALS

Writing of data is accomplished by the use of the WD,
WG, WF, TG43, EARLY and LATE Lines. The WG or
Write Gate Line is used to enable write current at the
drive’'s R/W head. It is made active prior to writing data
on the disk. The WF or WRITE FAULT Line is used to
inform the 179X of a failure in drive electronics. This
signal is multiplexed with the VFOE Line and must be
logically separated if required.

The TG43 or “TRACK GREATER than 43" Line is
used to decrease the Write current on the inner tracks,
where bit densities are the highest. if not required on
the drive, TG43 may be left open.

WRITE PRECOMPENSATION

The 179X provides three signals for double density
Write-Precompensation use. These signals are WRITE
DATA, EARLY and LATE. When using single density
drives (eighter 8" or 5%"), Write Precompensation is
not necessary and the WRITE DATA line is generally
TTL Buffered and sent directly to the drive. In this
mode, EARLY and LATE are left open.

For double density use, Write Precompensation is a
function of the drive. Some manufacturers recommend
Precompensating the 5%" drive, while others do not.
With the 8" drive, Precompensation may be specified
from TRACK 43 on, or in most cases, all TRACKS. If
the recommended Precompensation is not specified,

check with the manufacturer for the proper configura-
tion required.
The amount of Precompensation time also varies. A
typical value will usually be specified from 100-300ns.
Regardless of the parameters used, Write Precom-
nsation must be done external to the 179X. When
DDEN is tied low, EARLY or LATE will be activated at
least 125ns. before and after the Write Data pulse. An
Algorithm internal the 179X decides whether to raise
EARLY or LATE, depending upon the previous bit pat-
tern sent. As an example, suppose the recommended
Precomp value has been specified at 150ns. The fol-
lowing action should be taken:

EARLY LATE ACTION TAKEN
0 0  delay WD by 150ns (nominal)
0 1 delay WD by 300ns (2X vaiue)
1 0 do not delay WD

DATA SEPARATION

The 179X has two inputs (RAW READ & RCLK) and
one output (VFOE) for use by an external data sepa-
rator. The RAW READ input must present clock and
data puises to the 179X, while the RCLK input provides
a “window" or strobe signal to clock each RAW READ
pulse into the device. An ideal Data Separator would
have the leading edge of the RAW READ pulse occur
in the exact center of the RCLK strobe.

Motor Speed Variation, Bit shifts and read amplifier
recovery circuits ali cause the RAW READ pulses to
drift away from their nominal positions. As this occurs,
the RAW READ pulses will shift left or right with re-
spect to RCLK. Eventually, a pulse will make its tran-
sition outside of its RCLK window, causing either a
CRC error or a Record-not-Found error at the 179X.

A Phase-Lock-Loop circuit is one method of achieving
synchronization between the RCLK and RAW READ
signals. As RAW READ pulses are fed to the PLL,
minor adjustments of the free-running RCLK frequency
can be made. If pulses are occurring too far apart, the
RCLK frequency is decreased to keep synchroniza-
tion. If pulses begin to occur closer together, RCLK is
increased until this new higher frequency is achieved.
In normal read ‘operations, RCLK will be constantly
adjusted in an attempt to match the incoming RAW
READ frequency.

Another method of Data Separation is the Counter-
Separator technique. The RCLK signal is again free-
running at a nominal rate, until a RAW READ pulse
occurs. The Separator then denotes the position of the
pulse with respect to RCLK (by the counter vaiue), and
counts down to increase or decrease the current RCLK
window. The next RCLK window will occur at a nominal
rate and will continue to run at this frequency until an-
other RAW READ puise adjusts RCLK, but only the
present window is adjusted.

Both PPL and Counter/Separator are acceptable
methods of Data Separation. The PPL has the highest
reliability because of its “tracking” capability and is rec-
ommended for 8” doubie density designs.
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Figure 12 illustrates a Counter/Separator utiliz-
ing a PROM as the count generator. Depending upon
the RAW READ phase relationship to RCLK, the PROM
is addressed and its data output is used as the counter
value. A 16MHz clock is required for 8" double density,
while an 8MHz clock can be used for single density.
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the Western Digital 1691 Floppy Support devica. Both
data recovery and Write Precomp Logic is contained
within the 1691, allowing low chip count and PLL re-

liability. The 745124 supplies the free-running VCO
output. The PUMP UP and PUMP DOWN signals from
the 1691 are used to control the 74S5124's frequency.

Figure 14 illustrates a PPL data recovery circuit using
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- WD2143-01 Four Phase Clock Generator

BT TR

FEATURES GENERAL DESCRIPTION

e TRUE AND iINVERTED QUTPUTS
e SINGLE & vOLT SUPPLY

e TTL COMPATABLE

e ON CHIP OSCILLATOR

o XTAL OR TTL CLOCK INPUTS

o 3 MHz OPERATION

e TTL CLOCK QUTPUT

s PROGRAMMABLE PULSE WIDTHS
« PROGRAMMABLE PHASE WIDTHS
e NC EXTERNAL CARPACITOR

e NON-OVERLAPPING QUTRPUTS

The WD2143-01 Four-Phase Clock Generator is a
MOS/LSI device capable of generating four non-
cverlapping clocks. The cutput pulse widths are
controlled by tying anexternal res:siorto the proper
coentro!f inputs. All pulse widihs may be set to the
same widlh by tying the @P VW line through an exter-
rairesistor Each pulse width can aiso be individu-
ally programmed by tying a res:stor through the
appropriate @1PW — @aPW contrel inputs in addi-
tion, the OSC OUT line provides a TTL square wave
output at a divide-by-four of the crystal frequency.
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7L TYPES SN541S624 THRU SA541S629,
SN74LS624 THRU SN741S628
L] VOLTAGE-CONTRGLLED OSCILLATORS

02501, JANUARY 1680 - REVISED OCTOBEFR 1980

. . SNSA4LS ... J OR W PACKAGE
o Separate Supply Voltage Pins for lsolation SN74LS . §OR N PACKAGE

of Frequency Control Inputs and Oscillators ‘LSE24 (TOP VIEW!
from Qutput Circuitry

e

o Highly Stable Operation over Specified
Temperature and/or Supply Voltage Ranges

i

|
i
DEVICE [SIMILAR | NUMBER | COMP'L ENABLE P.ANG'E Rex: !t
TYPE 10 VCO's | 20UT INPUT It
‘L8624 L8324 single ves ves ves ne ;f
‘LSE25 |'LS325 | duai ves no ne | ne | =
‘LS626 |'L.5326 duai ves ves ne no ""“u__h"z_?‘-, e s
‘L8627 |'LS327 duat no no ne no RS
‘L8628 L8324 single yes ves ves ves logic. see description
L8629 ['LSi24 dusl no ves ves no
description 'LSE2ZE {TOP VIEW]
. ] [
Thess voltage-controlled oscillators (VCO's) are mr—°—‘~, e -

ymproved versions of the onginal VCO family:
SNBALSI24, SNBALS324 thru  SN54L8327,
SN74LS124, and SN74L5324 thru SN7418327
These new devices feature ymproved voltage-to-
frequency iingarity, renge  and compensation. With
<he exception of the "1.5624 and 'LS628, 8!l of these
devices feature two independent VL5 :n e single
monohithic chip. The ‘L8624 'LSE25. 'LSE2€ and

"LSEZE have complementary Z outputs. The cutput
frea.ency for each VCO ¢ established by a singie
external component (either & capacitor or & crystal),
i combination with voliage-sensitive mputs used for

logic. see gesomiption

‘L5626 (TOP VIEW]
> i FERED CIR(T
SLIE Uk ; Fu, Cowtitn

7
|2 B avatil pve B pon!
fajug ini:

Wi

frequency control anc ‘requency range Each device
has & voltage-sensitive input for frequency control;
however, the 'L5624, 'L5628, ano 'LSE29 devices
also kave one for frequency range. {See Figures 1
thru €.

The 'LS628 featwizs two Rgxternal Pins that can
offer more precise temperature compensation than s
'LS624 counterpart.

jogic’ se descripnon

L8827 (TOP VIEW! 'L.S628 {TOP VIEW] 'LSB23 (TOP VIEWI]

Jwi wi e Tl G
= -

( L ;

H T N

e, —
o

logic: see derctiprion togic® see descripton logic: see descophion

NC NG interra. Lonne: 1ion

Cowsrion & 13BO oy Texas insi-oments irzorperates

TEXAS INSTRUMENTS
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TYPES SN54156524 THRU SN541S629,
SN74L8624 THHE SN741S5629
VOLTAGE-CONTROLLED OSCILLATORS

Figure 3 and Frure 3 cortan (2 netessary .nfermation to choose the proper cipacitdr value 10 obtawn the desired

SEBr3Ung ranuency

he dleviees can siio D2 opsrated oM a orystel by connecting a fundamental series resonant crvstal across the Caxy
squengy =20 MHz ) Tre fraguency control should be cornected to 5 voits and, where zpplicable

a2
tha range ~onteal shouid 3050 be Tannected 1o 5 solts

cam oe usad: however, an2 set of supply voltage and ground pins (Ve and Garlt is orovided
nromizanon-gareg, and oulpul sECLIONS, and 2 2Daraie set {=Vee and SGndi s provided tor the
circuets 50 that effestive ssolation can be accomolished in the sysiem. For
T 5 racommended that two independent supplies be used, Disabling
aved by removing the approorrste@Vcc An enable input s provided
When the enable ngut s low the output s 2nahled: when the 2nabie
isabied, ¥ s hugh, and 2 s low. Caution! Crosstalk may occur «a the dual devicas
an Both VCQO's are operated simultaneously.

speration of frequ
sther /C0 of the
an the LSR24

INOGT !
L8623, LS6

The puise-svNchrameation-0aing s2eran ensures that the first cutput pulse s neither Clipped ror exiarded. The duty

d 3t approximately 50 percent,

3 3guars -wave ouiput

The SN54LS624 thru SNB2L3620 are cnz rari2ed for operation over the full military temperaturs range of — 35°C 10
125 C. the SN7318624 thru SN74LS329 aie nnarantarized for aperation from 0'C o 70°C

schematics of inputs and outputs

EQUIVALENT OF EACH EQUIVALENT OF EACH FREQUENCY TYPICAL GF ALL QUTPUTS
ENABLE INPUT CONTRGL OR {'LS624, 'LS628, AND 'LS629)
—— —
{"L.S624, "LS625, 'LS628. AND 'LS629) RANGE INPUT "'—‘/"
3042 NOM
o |
Jx NOCM
TULTRPUT
‘NP!,T-—?—— —T—— -
absolute maximum ratings over operating free-air temperature range (unless otherwise notad}
Supply voliage, Vg 'see Netes 1 and 2) o Y
Input voitage’ Eraple mput® v
C'“':Le"‘“\/ SONIrQr Jf range |ﬂnUYA \/CC
Qperzting free-ar temperatura range: SNS54LS" Circurts . -85 C 10 125°C
SN74L5" Circuits 0Cw70°C
Storage 12mperature farge . -65"Cr0130°C

L3628 g L5623

cage .s!.es g & . TN EspeC! 1D The apprapeiate groiund ters g

()

aeminals Lniess

2 Tnrgongnoul thes ata sheet the symnpot \i:c 5 wsed for the woitage jopiea 12 oo The VCC and

rnesase Tl

TEXAS INSTRUMENTS
INCORPORATED

PST GFFICE 80X i7 ® DALLAS TEYAS 5265
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TYPES SN541S624 THRU SN5415628,
SK7415624 THRU SN7415629
VOLTAGE-CONTROLLED OSCILLATORS

functional block diagram {positive logici
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% MOTOROLA

MCMA4116

16,384-BIT DYNAMIC RANDOM ACCESS MEMORY

The MCM4116 s a 16,384 bri, high-speed dynamic Random
Access Memory cesigned for high-performance, low-cost apphications
0 mainframe and bufier memories and peripheral siorage. Organized
as 16,384 one-brt words and fabricated using Motorola’s hughly
reliable N-channel double-polysiicon technoiogy, this device
optimzes speed, power, and density tradeofis

Bv muitiplexing row and column address inputs. the MCM4116
requires only seven address lines and permits packaging in Motorola’s
standard 16-pin dual in-line packages. This packaging technigue
altows high system density and is compatible with widely avail-
able automated test and insertion equipment. Complete address
decoding 1s done on chip with address tatches incorporated.

All inputs are TTL compatible, and the output 1s 3-state TTL
compatible. The data output of the MCM4116 1s controlied by the
column address strobe and remains valid from access time until the
column address strobe returns to the high state. This output scheme
allows higher degrees of system design flexibility such as common
input/output operation and two dimensional memory selection by
decoding both row address and column address strobes,

The MCM4116 ncorporates a one-transistor cell dédsign and
dynamic storage technigues, with each of the 128 row addresses
requiring a refresh cycle every 2 milliseconds.

@ Flexible Timing with Read-Modify-Write, RAS-Oniy Refresh,
and Page-Mode Capability
Industry Standard 16-Pin Package

MOS

(N-CHANNEL!}

16,384-BIT DYNAMIC
RANDOM ACCESS
MEMORY

L SUFFIX
CERAMIC PACKAGE
CASE 690
€ SUFFIX
FRIT SEAL PACKAGE
CASE 620

PIN ASSIGNMENT

L]
® 16,384 ¥ 1 Organization Ves ! ° 6 Vss
© *10% Tolerance on All Power Supplies Oin 2 1w EAS
& All Inputs are Fully TTL Compatible WRITE 3 14 Dgy
o Three—StaFe Fully TT!',-Compatible O\.:tput . AT« s as
® Common 1/O Capability When Using "Early Write” Mode
& On-Chip Latches for Addresses and Data In 405 12 A3
@ Low Power Dissipation — 462 mW Active, 20 mW Standby (Max]} a2 6 11 as
© Fast Access Time Options: 150 ns —~ MCM4116L-15, C-15 a1 7 o as
200 ns ~ MCM4116L-20, C-20 v s
250 ns — MCM4116L-25. C-26 e § vee
300 ns — MCM4116L-30, C-30
® Easy Upgrade from 16-Pin 4K RAMs PIN NAMES
Pin Compatible with 2117, 2116, 6616, uPD416, and 4116 AO~—AE Adgdrest inputs
Cas Column Addrass Strobe
Din Dsta tn
Douy Daw Qut
ABSOLUTE MAXIMUM RATINGS (See Note 1) AAS Row Address Strobe
WRITE Read/Write input
Ratung Symbot Vailue Unit Vge Power (& VI
Vee Power (+5 V1
Voitsge on Any Pin Ralative to Vgg VinVour | ~0510+20 | Vdc Voo Power (+12 V)
Oporating Temperature Range Ta 010 +70 °c Vss Ground
Storsge Tempersture Range Tag 6510 +160 | °C
Power Dissipation Po 1.0 w
This device contains circustry to protect the
Data Out Current tout 50 mA inputs sgainst damage due 10 high ststic volt-

NOTE 1. Parmanent device damage may occur it ABSOLUTE MAXIMUM RAT-
INGS sre oxcosded. Functions! operation should be restricted to RECOM-
MENDED OPERATING CONDITIONS. Exposure to higher than recom-
mended voltages for extended periods of time could affect device reliability.

2ges or electric fields: however 1t 1 advised that
norms! precautions be taken to awoid applica-
tion of any voltage tugher than maximum roted
voitages to this hugh impedance arcunt.




MCM4116

DC OPERATING CONDITIONS AND CHARACTERISTICS
{Full operating voltage and temperature range uniess otherwise noted.)

RECOMMENDED OPERATING CONDITIONS

Parametor Symboi Min Typ Max Unit Notes
Supply Voliage VoD 108 120 13.2 Vde 1
Vee 45 5.0 55 vdc 1,2
Vss o 0 4 vde 1
VRg -4.8 -5.0 -55 Voe 1
Logic 1 Voltage, RAS, CAS, WRITE ViHe 2.7 - 70 vdc 1
Logic 1 Voltage. all inputs except RAS, CAS WRITE Vi 2.4 - 70 vdc 1
Logic 0 Voltage, all inputs ViL -1.0 - 08 vde 1
DC CHARACTERISTICS (vpp = 12V " 10%, Ve - 50V 10%, vgg -50V 10% Vgs=0V. Ta 010770°C )
Characterist:c Symbol Min Max Units Notes
Average Vy Power Suppiy Current Do - 35 mAa. 4
Ve Power Supply Current ice - - mA 5
Average Vgg Power Supply Current igg1.3 - 200 A
Standby Vgp Powes Supply Current TP - 100 uh
Standby Vpp Power Supply Current iDD? = 15 mA €
Average Vo Power Supply Current duning ipD3 - 27 mA 4
“RAS oniv” cycies
input Leakage Current {any mnput} Wiy - 10 uA
Quiput Leakage Current ot - 10 uh 6.7
Output Logre 1 Voltage @ lgyy = -5 mA VOH 24 - Viic 2
Qutput Logic O Voltage @ lgy; =4 2 mA VoL - 04 Vac

NOTES:

1 Al voitages referenced to Vgg Vgg must be aoplhea belore and removed after other supply voitages

2 Output voltage wil swing from Vgg to Vg under open circuit CONOHIONS For purposes of mainfaining data 1n power down mone Vece
may be reguced 10 Vgg without aftect:ng refresn operations Vouimen) specification »s not guaranieea 0 this modge

Seversl cycies are required atter power up before proper device oneration 13 achueved Any 8 cvcles which perform retresn are acvauale
Current s propastional to Cycle rate. Maximum current 1s measured at the fastest cycie rate

ice depends upon Quiput loading The Ve supply s conrnected 1¢ the output butfer oniy

Output 1 disabled (opsn circuitt and AAS and CAS are both a1 atogic 1

OV Vg S+55V 14,

Capacitance measured with a Boonton Meter or etfective capac.1ance caiculated from the equation C v

IR I )

BLOCK DIAGRAM
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: ) Clocks -~ v5§

Clock —
AAs Generator f $ BB
No. 1
Data in
Multiplexed =2
Ciock
Generator
— L)
Clock tnhibsit Dsts Datws Out
TAS Ganerator L/ Latch Out (Douts
TAS No. 2 :
] Aeiease Butler
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AC OPERATING CONDITIONS AND CHARACTERISTICS (See Notes 3,9, 14)

{Read, Write, and Read-Modify-Write Cycles)
RECOMMENDED AC OPERATING CONDITIONS

(Vpp = 12V - 10%. Ve =50V :10%, Vgg = ~5.0 V * 10%, Vgg =0 V. T4 = 0 to 70°C.)

MCM4116-15 | MCM4116-20 | MCM4116-25 | MCM411630
Paramaeter Symbo! Min Max Min Max Min Max Min Max Units | Notes
Random Read or Wiite Cycle Time tRC 375 - 375 - 410 - 480 - ns
Read Write Cycle Time 1RWC 375 - 378 - 515 - 660 - ns
Access Time from Row Address Strobe 1RALC - 150 - 200 - 250 - 300 as 10,12
Access Time from Column Address Strobe ICAC - 80 - 135 - 165 - 200 ns 11,12
Qutput Butier and Turnotf Delay IQEF o 40 1] 50 0 60 0 80 ns
Row Addres: Strobe Precharge Time 1RP 100 - 120 - 150 - 180 - as
Row Adaress Strobe Puise Width tRAS 150 | 10,000| 200 {10,000} 250 [10.000| 300 {10000 ns
Cotumn Address Strobe Pulse Width CAS 90 [ 10,000} 135 | 10.000{ 165 [10,000{ 200 [10000[ ns
Row 10 Column Strabe Lead Time RCO 20 60 25 65 35 8s 60 100 ns 13
Row Address Setup Time tASR 0 - o - o - 0 - ns
Row Address Hold Tme THAH 20 - 25 - 35 - 60 - as
Column Address Setup Time 1ASC -10 - -10 - -10 - -10 - ng
Column Adoress Hoid Time CAR 45 - 55 - % - 100 - ns
Column Adg-ess Hoid Time AR 105 - 120 - 160 - 200 - ns
Fetferenced 1o RAS
Transition Time (Rse ano Falll 17 3¢ 35 30 50 30 50 3.0 50 ns 14
Read Command Setup Time RCS 0 - Y - 0 - 0 - ns
Read Command Holo Time TRCH 0 - 0 - 0 - ¢] - ns
write Command Hold Trme TWCH a5 - 55 - 75 - 100 - ns
Write Command Hold Time IWCR 105 - 120 - 160 - 200 - ns
Referenced 1o RAS
Write Command Puise Width we 45 - 55 - 75 - 100 - s
Write Command 1o Row Sirobe Lead Time TRWL 60 - 80 - 100 - 180 - ns
Write Commana 1o Cotumn Strobe TcwWL 60 - 80 - 1go - 180 - g
Lead Time
Dats in Sewup Time DS 0 - 0 - 0 - G - ns 15
Data v Hold Time 10H 45 — 55 - 75 - 100 - ns 15
Data n Hold Time Referenced to RAS . IDHR 105 - 120 - 160 - 200 - ns
Column 1o Aow Strobe Precharge Time 1CRP -20 - -20 - -20 - -20 - ns ]
RAS Hoid Time trsH | 100 - 135 - 165 - 200 - ns
Retresh Perina RFSH - 20 - 20 - 20 - 20 ms
WRITE Commoand Setup Time wCs ~20 = -20 - -20 - ~20 - ns
CAS to WRITE Deiay cwp | 10 - 95 - Ji2s | - 180 | - ns 16
RAS 10 WRITE Delay wwp | 120 - 160 - 210 - 280 - ns 16
CAS Precharge Time {Page mode cy.cle oniyvl P 60 - 80 - 100 - 100 - ns
Page Mode Cycle Time tpC 170 - 225 - 275 - 325 - ns
CAS Hold Time 1CSH 150 - 200 - 250 - 300 - ns
Parameter Symbo! Typ Max Unmits Notes
input Capacitance (AQ0-AS), D Cit 40 50 pF 9
NOTES {conunued! Input Capacitance RAS, CAS. WRITE Ciz 80 10 pF 9
9. AC measurements assume 17 = 50 ns. Qutput Capacitance (Dgyy! Co 5.0 7.0 pF 7.9

10. Assumes that IRep * 17 S 1RCE (max!
11, Assumes that tRCp * 1T = tRCD (maxl

12. Measured with 3 i0ad crrcuit eguivaient 10 2 TTL loads and 100 pF.

13 Operation within the tREp (Maxi imit ensures that tRAC {maxi can be met. tRCE (max] s specified as 8 referance pomt only. tt tTRCD
13 grester than the specified tReD {max! imit, then access time 13 controlied exclusively By 1CAC

14. Viuc {min) o Vi imuni and Vi imax) are reference levels for measuring iming of input signals. Als0, transistion times sre measured

petween Vg or Vi and Vi

15. These parameters are referenced to CAS leading edge 1n random write cycies and to WRITE lesding edge i delaved write or read-modify-

write cycles,

16. ww(s. towD and tRWD are not restrictive Operating parameters. They are included in the dsta sheet as electrical chauc-‘(enmc: only: If
WS 2 twes (min). the cycle 15 an early write cycle and the dats out pin will remain open circuit {high |mf>eoancev throughout the
entire cycle: I tewD > towD iminl and tawp > tRWD (min!, the cycle 1s 2 reag-write cycle and the data out will contain data read from
the selected cell; 11 nerther of the above sets of conditions is satisfied the condition of the data out (at access time] i3 Indeterminate
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READ CYCLE TIMING
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MCM4116

READ WRITE/READMODIFY WRITE CYCLE
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PAGE MODE READ CYCLE
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MCM4116

MCM4 116 BIT ADDRESS MAP

Pin B
Row Address A6 A5 A4 A3 A2 A1 AD
Column Address A6 AS A4 A3 A2 Al AQ
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PUI3T siucony

thru

PUI33

SILICON PROGRAMMABLE
UNIJUNCTION TRANSISTORS

automatic inseriion equipment,
© Programmable - Rgg. n, Iy and Ip.
@ Low On-State Voltage - 1.5 VoltsMaximum ® I¢ = 50 mA

© Low Gate to Anode Leakage Current — 5.0 nA Maximum

©

High Peak Qutput Voltage ~ 11 Volts Typieal

© Low Offset Voltage — 0.35 Volt Typical (Rg = 10 k ohms]

designed to enable the engineer to “program’ unijunction
characteristics such as Rgg. 7. ly. and !p by merely selecting two
resistor values. Application includes thyristor-trigger, oscillator, pulse
and tming circuits, The MPU131, MPU 132 and MPU133 may also
be used n special thyristor applications due to the availability of an
anode gate. Supplied 1n an nexpensive TO-92 plastic package for
fugh-volurne requirements, this package 1s readily adaptable for use in

SILICON
PROGRAMMABLE UNIJUNCTION
TRANSISTORS

40 VOLTS
375 mwW

MAXIMUM RATINGS

Rating Svmbaol Value Unnt

Power Dissipation Pe 375 mw

Derate Above 25°C 116 a0 5.0 mw/%c
DC Forward Anode Current 54 200 mA

Derate Above 25°C 2.67 mA/°C
DC Gate Current iG +20 mA
Repetiive Peak Forward Current ITRM

100 us Pulse Width, 1.0% Duty Cycle 1.0 Amp

20 us Pulse Width, 1.0% Duty Cycle 2.0 Amp
Non-Repetitive Peak Forward Current trsm 5.0 Amp

10 us Puise Width
Gate to Cathode Forward Voitage VGKE 40 Voit
Gate 1o Cathode Reverse Voltage VGKR 5.0 Volt
Gate 1o Anode Reverse Voltege VGAR 40 Volt
Anode to Cathode Voitege Vak +40 Volit
Qperating Junction Temperature Range T 50 10 +100 oc
Storage Temperature Range Tsg -65 ta +150 °c

SEATING —

PLANE

D jr'
STYLE 10: x f~
PIN 1. CATHODE | .

2. GATE oM
3 ANODE ‘

MILLIMETERS INCHES
DM | MIN T MAX | MIN MAX
[ 4450 | 4700 {075 | 0185
D G.407 0.487 | 0.01€ 0.018
E SONOM SONOM
G 1.150 | 1.390 | 0.045 | 0.08%
4 2160 | 7470 .085 1 0.09%
K_[12700 - 0.500 -
L 1.2107P 0.0507°P
M 0.676 £330 10.005 0.013

CASE 2901

L




MPU131, MPU132, MPU133 (continued)

ELECTRICAL CHARACTERISTICS (T 5 = 25°C unless otherwise noted)

Charzcteristic Figure Symboi Min Typ Max Un¢t
Peak Current MPU131 | 29-14 ip - 1.2 2.0 uA
{Vg = 10 Vdc. R = 1.0Ma1 MPU132 - 0.19 0.30
MPLI133 - 0.08 0.15
{Vg = 10 Vdc, R = 10 k ohms) MPU131 - 4.0 50
MPU132 - 1.20 20
MPU133 0.70 1.0
Offset Voltage MPU131 1 \'2% 0.2 0.70 16 Votts
{Vg = 10 Vdc, R = 1.0 M} MPU132 0.2 050 086
MPU133 02 0.40 06 f
(Vg = 10 Vdc, Rg = 10 k ohms) (All Types} 0.2 0.35 06
Valiey Current 1.4.5, ty HA
(Vg = 10 Vdc, Rgg = 1.0 MQY) MPU131, 132 - 18 50
MPU133 - 18 25
{Vg = 10 Vdc, Rg = 10 k ohms} MPU1T31 70 270 -
MPU132, 133 50 270 -
[Cate 10 Anode Leakage Current - a0 nAdc
(Vg = 40 Vdc, Tp = 25°C, Cathode Open! - 1.0 5.0
(Vg = 40 Vde, T = 759C. Cathode Open) - 30 75
Gate to Cathode Leakage Current - IGKS - 5.0 50 nAdc
{Vg = 40 Vdc. Anode to Cathode Shorted)
Forward Voltage (Ig = 50 mA Peak) 1.6 Vg - 08 1.5 Vetts
Peak Output Voltage 3.7 Vo 6.0 11 - Voits
(Vg = 20 Vdc, Cg = 0.2 uF!
Putse Voltage Rise Time 3 1 - 40 80 ns
(Vg =20 Vdc, C¢ = 0.2 uF}

FIGURE 1 — ELECTRICAL CHARACTERIZATION

+Vg
a va
e A R2
G m
Vst g Ve vg
VAK R1
VF
vy
1A - PROGRAMMABLE UNIJUNCTION 18 - EQUIVALENT TEST CIRCUIT FOR 1 1a
WITh "PROGRAM™ RESISTORS FIGURE 1A USED FOR ELECTRICAL 16A0 <t
Riang RZ CHARACTERISTICS TESTING A0
{ALSO SEE FIGURE 2} 1€ - ELECTRICAL CHARACTERISTICS
FIGURE 2 — PEAK CURRENT {lp} TEST CIRCUIT FIGURE 3 — V5 AND 1, TEST CIRCUIT

{p{SENSE}
mm

ADF‘"ST —- g 1004V = 1.00A
JURK-ON !

THRESHOLD
2R5270 $R
= V& RG = A7
0.01 uf Vs = Va2
(See Fqure 1)

SCOPE

PUT

UNDER R
TEST

-
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0 MOTOROLA

MC1488

QUAD LINE DRIVER

The MC1488 1s a monolithic quad line driver designed to inter-

face data terminal equipment with data communications equipment
in conformance with the specifications of E1A Standard No. RS-232C.

Features:

© Current Limited Cutpu?
+10 mA typ

® Power-Off Source Impedance
300 Ohms min

¢ Simple Slew Rate Control with External Capacitor
® Flexible Operating Supply Range
® Compatible with Ali Motorola MDTL and MTTL Logic Families

QUAD MDTL LINE DRIVER
RS-232C
SILICON MONOLITHIC
INTEGRATED CIRCUIT

TYPICAL APPLICATION

LINE DRIVER NTERCOARICTIAG LINE RECEIVER
WC 48 CAELE MEI4kN

.J‘“\\ 77N
SIS -
T - .7

i }

i
miERConnECTNG |
MOTL LDGIC INPYT o] CABLL e MDTL LOGIC OUTPUT

L SUFFIX P SUFFIX
CERAMIC PACKAGE  PLASTIC PACKAGE
CASE 632 CASE 646

TO-116

PIN CONNECTIONS

NS

vee[1] E Vee
nput & 2] 3] topus D1
ourut Af3h 112] input D2
input B[ 1] Output D
Input B2 E% 3] snput €1
Outout 8 EL 8] 1nput €2
Gna [71 (g]outour

CIRCUIT SCHEMATIC
(174 OF CIRCUIT SHOWN)

Vee 14 O

3 823 LD j
PINS 4 8 170
INPUT Ot [ 4
K X
WYt O —————
PINGS 10 13 0
b 4 300
v ~—O  OUTPUT
FINS . 110F 3
2 4
GND 7 o—‘L y-
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MC1488

APPLICATIONS INFORMATION

The Electromic industries Association {EIA] has released the
RS232C specification detailing the requirements for the interface
between data processing equipment and data communications
equipment. This standard specifies not only the number and type
of interface leads, but also the vottage levels to be used The
MC1488 quad driver and its companion circuit, the MC1489
quad recewver, provide a complete interface system between DTL
or TTL togic ievels and the RS232C defined tevels. The RS232C
requirements as applied to drivers are discussed heremn.

The required driver voltages are defined as between 5 and 15
volts in magnitude and are positive for a logic 0" and negatwve for
a fogic "1  These voltages are so defined when the drivers are
terminated with 3 3000 to 7000-o0hm resistor. The MC1488 meets
this voitage requirement by converting a DTL/TTL togic level mnto
RE232C tevels with one stage of inversion

The RS232C specificatuion further requires that during trans
uons, the driver output siew rate must not exceed 30 voits per
microsecond. The inherent slew rate of the MC1488 1s much too

FIGURE 12 =~ SLEW RATE versus CAPACITANCE
FOR igc = 10 mA
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C. CAPACITANCE tof)

tast for this requirement. The current imited output of the device
can be used to contral this slew rate by connecting a8 capacttor (o
each driver output. The required capacitor can be easity determined
by using the relationship C = Igg x AT/AV from which Figure 12
derived. Accordingly, a2 330-pF capacitor on each output will
guarantee a worst case slew rate of 30 voits per micrasecond.

The interface drwer s aiso required to withstand an accidental
short to any other conductor in an interconnecting cable. The worst
possibie signal on any conductor would be another driver using 3
plus or minus 15-voit, 500-mA source. The MC 1488 15 designed to
indefinitely withstand such a short to all four outputs in a package
as long as the power-supply voltages are greater than 9.0 volts {ie..
Vee 290 ViVEpg~9.0 Vi In same power-supply designs, a loss
of systern power causes 3 low tmpedance on the power-supply out-
puts. When this occurs, a tow impedance to ground would exist at
the power inputs to the MC 1488 effectively shorting the 300-0hm
output resistors to ground. |f all four outputs were then shorted
to plus or minus 15 volts, the power dissipation in these resistors

FIGURE 13 — POWER-SUPPLY PROTECTION
TO MEET POWER-OFF FAULT CONDITIONS

MC1488

??&???
b
??6???

7 1 ? 1
VEE = =
ol
o—i§

wouid be excessive. Therefore. if the system s designed to permit
fow impedances to ground at the power-supphes of the drivers, a
diode should be piaced 1 each power-supply iead to prevent over-
heating in this fault conditton  These two diodes, as shown in
Figure 13. couid be used to decouple all the driver packages ina
system. {These same diodes will allow the MC1488 to withstand
momentary shorts to the 125-volt hmits specified mn the earlier
Standard RS232B.} The additior of the dhodes also permuts the
MC1488B to withstand faults with powersuppiies of less than the
9.0 volts stated above.

The maxtmum short-circutt current atlowable under fault con-
dinons s more than guaranteed by the previously rmentioned
10 mA output current limiting.

Qther Applications

The MC1488 15 an extremely versatile fine driver with a mynad
of possible applications. Several features of the drivers enhance
this versatility.

1. Quiput Current Limiung — this enables the circurt designer
10 define the output voitage ievels independent of power-supplies
and can be accomplished by diode clamping of the output pins
Figure 14 shows the MC1488 used as 2 DTL 10 MOS transiator
where the high-level voltage output 1s ciamped one diode above
ground. The resistor divider shown 15 used to reduce the output
voltage below the 300 mV above ground MOS input tevel Timit

2. Power-Supply Range ~ as can be seen from the schematic
drawing of the drivers, the positive and negative driving elements
of the device are essentially independent and do not require match-
ing power-supplies. tn fact, the positive supply can vary from a
minimum seven voits {required for driving the negative pulidown
section} to the maximum specified 15 volts. The negative supply
can vary from approximately -2 5 vofts to the minmimum specified
-15 volts. The MC 1488 wiil drive the output 10 within 2 volts of
the positive or negative supplies as long as the current output limits
are not exceeded. The combination of the currentlimiting and
supply-voltage features allow a wide combination of possible out-
puts within the same quad package. Thus if oniy a portion of the
four drivers are used for driving RS232C hines, the remainder could
be used for DTL to MOS or even DTL 1o DTL transtation. Figure 15
shows one such combination.
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QUAD MDTL
LINE RECEIVERS
QUAD LINE RECEIVERS RS-232C
SILICON MONOLITHIC
INTEGRATED CIRCUIT

The MC 1488 monolithic quad line receivers are designed to inter-
face data terminal equipment with data commumcations equipment

1n conformance with the specifications of EJA Standard No. RS-232C.

o (nput Resistance — 3.0k to 7.0 kilohms
o Input Signal Range — 3 30 Volts
@ tnput Threshold Hystieresis Built In
o Response Control
a) Logic Threshold Shifting .
b} input Noise Filtering L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646
TO-116
"%
inpur A [T} 14l vee
Res
TYPICAL APPLICATION Conmor AL 13} input D
LINE GRIVER LINE RECEIVER Output A EG 3| Qoo
M 1486 INTERCONNECTING LAl
bl CAB{E B e tnput 8 E Eomput o}
— - Responss r= E]' ¢
T [ Controt 8 nput
Response
outeut B[6] 5 Zicontrof €
! |
Ground{? 8{Output C
INTERCONNECTING i [: 3
MOTLLOGIL INPLT ~—efom—  CABLE  —o—fe——— MDTL LOGIC OUTPUT

CIRCUIT SCHEMATIC (1/4 OF CIRCUIT SHOWN}

O Vee
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355% r
INPUT § O AAA K
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MC1489L, MC1489AL

APPLICATIONS INFORMATION

General Information

The Electronic industries Association (E 1A} hasreieased the RS-232C
specification detading the requirements for the interface between
data processing equipment and data communications equipment
This standard specifies not oniy the number and type of interface
feads. but alsd the voltage ievels to be used. The MC 1488 quad
driver and 1ts companion circint, the MC1489 guad receiver,
provide a complete interface system between DTL or TTL iogic
levels and the RS-232C defined levels. The RS$-232C requirements
as apphed to receivers are discussed herein

The required input impedance 15 defined as between 3000 ohms
and 7000 cohms for wnput voftages between 3.0 and 25 volts n
magnitude. and any voltage on the recever input i an apen circuit
conditton must be less than 2.0 voits n magnitude The MC 1489
circuits meet these requirements with a maxmum open crcurt voit-
age of one Vgg (Ref. Sect. 2.4}

The recewer shail detect a voitage between -3.3 and -25 volts
as a logre 17" and inputs between +3.0 and +25 volts as a logic "0
(Ref Sect 2.31 On some interchange leads, an open crrcut or
power “OFF" condition (300 ohms or more to ground) shall be
decoded as an "OFF " condition or logic 1" (Ref. Sect. 2.5 For
this reason, the input hysteresss thresholds of the MC 1489 circuits
are all above ground Thus an open or grounded mput will cause
the same output as a negative or logic ~ 17 input

Device Characteristics

The MC1489 interface recewers have internal feedback from the
second stage 10 the input stage providing nput hysteresis for nose

FIGURE 12 — TURN-ON THRESHOLD versus CAPACITANCE
FROM RESPONSE CONTROL PIN TO GND

1
. MC1489L

10 pf \ \\ H

. p \ |
300pF !

100 5 7] j

: ;

2 SO

10 100 1000 10.000

Ein. AMPLITUDE (VOLTS)

PW_INPUT PULSE WIDTH (nsi

rejection. The MC14B39 input has typical turn-on voltage of 1.25
volts and turn-off of 1.0 voit for a typical hysteresss of 250 mV.
The MC14B9A has typical turnon of 1.95 voits and turn-off of
0.8 voit for typically 1.15 volts of hysteresis.

Each recewver section has an external response control node in
addttion to the input and output pins, thereby allowing the design-
er 10 vary the input threshold voltage fevels. A resistor can be
connected betweern this node and an external power-supply. anA
ures 6, 8 and 9 illustrate the input threshoid voltage shift possible
through this techmique.

This response node can also be used ia the {ihering of tugh-
frequency, high-erergy noise pulses Figures 12 and 13 show
typical nose-pulse rejection for external capacitors of various sizes

These two operations on the response node can be combined
or used indvidually for many combinations of nterfacing apple-
cations The MC 1489 circuits are particularty useful for insterfacing
between MOS circuits and MOTL/MTTL lfogic systems. In this
application. the input threshold voltages are adjusted (with the
appropriate supply and resistor values) 1o fali in the center of the
MQOS voltage logic levels {See Figure 14}

The response node may also be used as the recewver input as
long as the designer reahizes that he ray not drive this nade with
a tow smpedance source 10 a voltage greater than one diode above
ground or less than one diode below ground. This feature 1s
demonstrated in Figure 15 where two recewers are slaved 10 the
same hine that must still meet the RS-232C impedance requirement

FIGURE 13 — TURN-ON THRESHOLD versus CAPACITANCE
FROM RESPONSE CONTROL PIN TO GND
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4174 JV75 I176 3177

J174-18 J175-18 J176-18 J177-18

Siliconix

-channel JFETs
designed for . . .

Analeg Switches

@ Choppers

B Commutators

). g
Performance Curves PS
See Section 5

BENEFITS

@ Low Cost

© Simplifies Series-Shunt Switching when
when Combined with J113, its N-Chan-
Channel Complement

@ Low Insertion Loss
Rps(on) <85 £ (4174)
@ No Offset or Error Voltages Generated
by Closed Switch
Purely Resistive
High Isolation Resistance from Driver
® Short Sample and Hold Aperture Time
Csgloff) <5.5pF
Cdgloff) <5.5pF
ABSOLUTE MAXIMUM RATINGS (25°C) © Fast SW'tihtms 7 ns Tvpical
. =7ns ical
Gate-Drain or Gate-Source Voltage (Note 1)......... 30v td{on) * tr yp
GateCurrent. ... .. it iiii it 50 mA T0-82
Total Device Dissipation at 25°C Ambient See Sectian 7
(Derate 3.27 mW/°C). ... .. ... i, 360 mwW oo s[®
Operating Temperature Range. ............ —55 to 135°C i sp 8
Storage Temperature Range. . ............. —55 to 150°C GO—‘f:: ol B
Lead Temperature Range (L Bottom View
(1/16" from case for 10seconds} .............. 300°C s
o
P
. d : s s 4 3
ELECTRICAL CHARACTERISTICS (25°C uniess otherwise noted) h::"sv)'"
Ch teris Ji74 J1758 J176 J177
laracteristics
Min { Typ | Max |Min | Typ | Max [Min | Typ | Max | Min | Typ | Max Unit Test Conditons
1 1G5S (G':;:ER;)verse Current 1 3 1 1]na | Vps=0,vgs =20V
2 v Gate-Source Cutoff 5 1wl 3 3
I R 3 6 4{o8 2251 | Vps=-15V.ip=-100a
_3- Z BVGss e::ss;suvce Breakdown 30 30 10 30 VDS = 0.1G - 1A
4 T D55 earation Drain Current | _pg -100] -7 601 -2 251]-15 20| ma| Vpg=-15V,vgs=0
e
5 1D{offl ?r\;:‘:(;;uoﬂ Current " . " 21| oA vps - 15V, vgs - 10V
8| |ioston  oramSource ON 85| 125 250 300] @ | vgg=0 vps=-0.1V
71 |Cagiorn  oramGae OFF 55 55 55 55
1 " Vps=0,Vgs =10V
8 1Caot  Goomename 55 55 55 55
3 Caglon) Drain-Gate Plus Source- oF f= 1 MHz
9 * Gate ON Capacitance 32 32 i 32 Vps = VGs =0
N ng(onl
—-—tA
10 (M| td{on) Turn On Detay Time 2 5 15 20
i $ g Time Test Condi
" i
e 1 Rise Time 5 10 20 25 W W e un
v - -
12 td{off) Turn O# Delay Time 5 10 15 20 ™ VgSD(oH) ;;\\// ;\\/l —:‘\Il —g\‘l,
13 f
tf Fall Time 10 2 L mﬂ "2K'0 5.6Kn ’OKQ
5 Yostons OV gy gy o
2. Appr o -
3. Puiu‘:::n::'ayn::uzu ;;é‘:s';:‘i :c,ilgmease nTa. PS
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MC1372

gy

S
HaaY
COLOR TV
VIDEQ
MODULATOR CiI
COLOR TV VIDEO MODULATOR Reurr
SILICON MO
. an integrated circuit used to generate an RF TV signal from INTEGRATES?:.:{TH‘C
baseband color-difference and luminance signals. cuir
The MC1372 contains a chroma subcarrier osciftator, lead and lag e
network, a quasi-quadrature suppressed carrier DSB chroma moduia- -~
tor. an RF oscillator and modulator, and a TTL compatible clock :
driver with adjustable duty cvcle. !
The MC1372 is a companion part to the MCB847 Video Display :
Generator, providing and accepting the correct dec interconnection :
levels. This device mav also be used as a general-purpose modulator
with a variety of video signal generating devices such as video games, P SUFFIX
1 PLASTIC PACK A
test equipment, video tape recorders, etc. CASE 548 .
© Single 5.0 Vdc Supply Operation for NMOS 1
and TTL Compatibility " N -
Pin Conneactions ;
e Minimal External Components — ;
i
© Compatible with MC6847 Video Displav Generator Clock cm =
. e Qutput
@ Sound Carrier Addition Capability OSC:,:‘:Y RF Tenr
. . 2 13
© Modulazes Channel 3 or 4 Carrier with Encoded Video Signal input 3
. Duty Cvcle E 13 AF Mody ate
® Low Power Dissipation Adi Outgut
@ Linear Chroma Modulators for High Versatility Gng [4] Mvee
H H HH Color 8 Chrominsee
e Composite Video Signal Generation Capability Vot LB 0] Tapor
@ Ground-Referenced Video Prevents Overmodulation Cotor Ref 5 Luminance
input Input
Color A = 5] Chroma
Input L Moduistor '
Cutput
SIGURE 1 — BLOCK DIAGRAM I;
RE i
Color 8 Luminance Modulator i‘
Vee faput tnput Output i
?n 5 ? 9 012 1
|
!
i
Oscitlator 2 Chrome RF 0 Chrominance 3
Trput O rh t.ag Modulator Modulatar Input i
Chrominance 8 :
Qsciliator 8 Chroma i
and & O 1 i
Clock Output H
Driver :
1 Chroma RF
Clock o, Lead Moduistor Oxciliator
Output A
i
!
4$ 30 7 60 13(5 140 !
s
Ground Duty Cycle Colar A Cotor RE M 1
Adiust Input  Refersnce Ten H
input
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MC1372

MAXIMUM RATINGS (T4 = 25°C unless otherwise noted)

Rating Value Unit
Supply Volitage 8.0 Vdc
QOperating Ambient Temperature Range Bto+70 °c
Storage Temperature Range -65 10 + 150 °c
Junction Temperature 150 oc
Power Dissipation, Package 1.25 watts
Derate above 25°C 13 mw/eC

RECOMMENDED QOPERATING CONDITIONS

Supply Voltage 50 Vdc

Luma input Voitage — Syne Tip 1.0 Vde
Poak White 0.35

Color Reterence Voltage 15 Vdc

Coior A, B input Voltage Range 101w20 Vdc

ELECTRICAL CHARACTERISTICS (Ve = +5 Vde, Tp = 259C, Test Circuit 1 unless otherwise noted)

Characteristic Min Typ Masx Urit
Operating Supply Voltage 475 5.0 525 Voits
Supply Current - 25 - mA
CHROMA OSCILLATOR/CLOCK DRIVER {Measured at Pin 1 uniess otherwise noted)
Output Voltage Vot - - 04 Vde
{Voni 24 - -
Rise Time {V1 = 0.4 10 2.4 vdc) - - 50 ns
Fall Time (V1 =24 1004 Vdc) — 50 ns
Duty Cycle Adjustment Range (V3 = 5.0 Vdcl 70 - 30 %
{Measured at VT = 1.4 V} i
Inherent Duty Cycle {No connection to Pin 31 - 50 - % _J
CHROMA MODULATOR (V5 = V6 = V7 = 1.5 Vdc unless otherwise noted)
tnput Common Mode Voitage Range (Pins 5.6, 7) 08 — 23 Vde
Oscillater Feedthrough (Measured at Pin 8) - 15 31 mV{p-p}
Modulation Angle [§8(V7 = 2.0 Vdc) - 68(V5 = 2.0 Vdc}] 85 100 115 degrees
Conversion Gain [VB/{V7 — VB); VB/(V5 - V6}] - 0.6 - Vip-pl/Vdc
input Current (Pins 5,6, 7} - - -20 BA
input Reststance {(Pins 5.6, 7) 100 - — k2
input Capacitance (Pins 5,6, 7) - — EQ pF
Chroma Modulator Linearity - 40 - %
(V6=101020V:VI=101020V)
RF MODULATOR
Luma input Dyramic Range {(Pin 9, Test Circuit 2) 1] - 15 Vohs
RF Output Vohage {f = 67.25 MHz, V8 = 1.0 V} - 15 - mVrms
Luma Conversion Gain
{aV12/4v9: V8 = 0.1 10 1.0 Vde) Test Circuit 2 — 03 - ViV
Chrama Conversion Gain ViV
{aV12/4V10; V10 = 1.5 Vpp. V9 = 1.0 Vdc} Test Circunt 2 - 0.95 -~
Chroma Linearity (Pin 12, V10 = 1.5 Vp-pl Test Circuit 2 - 1.0 - %
Luma Linearsty {Pin 12, V9 = 0 to 1.5 Vdce) Test Circuit 2 - 2.0 — %
Input Current {Pin 9) - — ~20 uA
Input Resistance (Pin 10} - 800 - ]
&:l Resistance {Pin 9) 100 - - (393
| input Capacitance (Pins 9, 10} - - 50 pF
Residual 920 kHz (Measured at Pin 12) See Note 1 - 50 - Lai:]
Output Current (Pin 12, V9 = 0 V) Test Circust 2 — 1.0 - mA

TEMPERATURE CHARACTERISTICS (Ve =5 Vi, T4 =010 70°C, IC only)
Chroma Oscillator Deviation (fy = 3.579545 MHz)

i - +50 -
RF Oscillator Devigtion {fo = 67.25 MHz) 250 -
Clock Drive Duty Cyele Stability +50 - = o
- - %
NOTE 1. v0= 1.0 vdc, Ve =300 mVippi @ 3.58 MHz,

Vs =250 mvipp! @ 45 MHz, Source Impedance = 75 0.
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FIGURE 2 — TEST CIRCUIT 1
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FIGURE 3 — TEST CIRCUIT 2
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MC1372

OPERATIONAL DESCRIPTION

Pin 1 — Clock Output

Provides a rectangular puise output waveform with
frequency egual to the chrominance subcarrier oscillator,
This output is capable of driving one LS-TTL load.

Pin 2 — Oscillator input

Color subcarrier oscillator feedback input. Signal from
the clock output is externally phase shifted and ac cou-
pled to this pin.

Pin 3 — Duty Cycle Adjust

A dc voltage applied to this pin adjusts the duty cycle
of the clock output signal. If the pin 1s left unconnected,
the duty cvcle is approximately 50%.

Pin 4 — Ground

Pin 5 — Color B Input

Dc coupled mnput to Chroma Modulator B, whose
phase leads modulator A by approximately 100°. The
modulator output amplitude and polarity correspond to
the voltage difference between this pin and the Color
Reference Voitage at Pin 6.

Pin 6 — Celor Reference Input

The dc voltage applied to this pin establishes the
reference voltage to which Color A and Color B inputs
are compared.

Pin 7 — Color A Input

Dc coupled mnput to Chroma Modulator A, whose
phase lags modulator B by approximately 100°. The
modulator output amplitude and polarity correspond to
the voltage difierence between this pin and the Color
Reference Voltage at Pin 6.

Pin 8 — Chroma Modulator OQutput

tow impedance (emitter follower] output which
provides the vectorial sum of chroma modulators A
and B.

Pin 9 — Luminance Input

input to RF modulator. This pin accepts a dc coupled
tuminance and sync signal. The amplitude of the RF signat
output increases with positive voltage applied to the pin,
and ground potential results in zero output {i.e.. 100%
modulation}. A signal with positive-going sync should
be used.
Pin 10 — Chrominance Input

Input to the RF modulator. This pin accepts ac coupled
chrominance provided by the Chroma Modulator Qutput
{pin 8). The signal is reduced by an internal resistor divider
before being applied to the RF modulator. The resistor
divider consists of a 300 ohm series resistor and a 500
ohm shunt resistor. Additional gain reduction may be
otrtained by the addition of external series resistance
to pin 10.

Pin 11 - Ve
Positive supply voltage

Pin 12 — RF Modulator Output

Common collector of output modulator stage. Qutput
impedance and stage gain may be selected by choice of
resistor connected between this pin and dc supply.

Pins 13 and 14 — RF Tank

A tuned circuit connected between these pins deter-
mines the RF oscillator frequency. The tuned circuit must
provide a low dc resistance shunt., Applving a dc offset
voltage between these pins results in baseband composite
video at the RF Modulator Qutput.

MC1372 CIRCUIT DESCRIPTION

The chrominance oscillator and clock driver consist of
emitter follower Q4 and inverting amplifier Q5. Signal
presented at clock driver output pin 1 s coupled to
oscillator input pin 2 through an external RC and crystal
network, which provides 180° phase shift at the resonant
frequency. The duty cycle of the output waveform is
determined by the dc component at pin 1 internally
coupled through R12 to the base of Q4. As pin 1 dc
voltage increases, a smaller portion of the sinusoidal
feedback signal at pin 2 exceeds the Q4 base voltage of
two times Vgg required for conduction. As the dc leve!
is reduced, device Q4 and thus Q5 is turned on for a
longer percentage of the cycle, Transistors Q0. Q1.
Q2 and diode D1 provide the brasing network which
determines the dc operating level of the oscillator. The
transistor Q2 and resistors RS, R6, and R7 form a voltage
reference of four times VBE at the collector of Q2. The
de voltage at pin 1 is determined by the values of R4,
R8. and R12 and the applied duty cycle adjust voltage
at pin 3. Since these resistors are nominally equal. the
voltage at pin 1 will always approximate the dc voltage
atpin 3.

The oscillator signal at pin 1 1s internally coupled to
active filter Q44. Thus filter reduces the frequency content
above 4 MHz. The output of the filter at the emutter of
Q44 is ac coupled through C3 to the input of the lead/lag
network. R32 and C1 provide approximately 500 of phase
tag, while C2 and R29 provide approximately 50° of
phase lead. These two quasi-quadrature waveforms are
used to switch chroma modulators B and A, respectively.
The transistors Q22 through Q25 and Q32-Q33 form
a doubly balanced moduiator. The input signal applied
at pin 5 15 compared to the color dc reference voltage
applied at pin 6 in differential amplifier Q32-Q33. The
source current provided by transistor Q34 s partitioned
in transistors Q32 and Q33 according to the differential
input signal. The bases of transistors Q23 and Q24 are
connected to the dc reference voltage at the emitter of
Q30. The bases of transistors Q22 and Q25 are connected
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to the phase delaved oscingior signal at the emitter of
buffer transistor Q21. The differential signal currents
provided by Q32 and Q33 are switched in transistors
Q22 through Q25 and the resultant signal voftage is
developed across R48. This signal has the phase and
frequency of the oscillator signal at the emutter of Q21.
The amplitude 1s proportional to the differential input
signal applied between pins 5 and 6. Transistors Q26
through Q29 and Q38-039 form chroma modulator B.
This modulator develops a signal voltage which is propor-
tional to the differential voitage applied between pins
7 and 6. The phase and frequency of the output 5 equal
to the phase advanced chroma oscillator at the emitter
of buffer transistor Q20. Both chroma modulators A and
B share the same output resistor. R48, so the output
signal presented at the emitter of 042 (pin 8} 15 the
algebraic sum of modulators A and B.

The RF oscillator consists of differenual amplifier
Q18 and Q19 cross-coupled through emitter followers
Q16 and Q17. The osciliator will operate at the parallel
resonant frequency of the network connected between
pins 13 and 14. The oscillator output is used to switch
the doublv balanced RF modulator, Q9 through Q15.
Transistors Q7 and Q9 provide level shifting and a high
nput impedance to the lummance nput pm 9. The
bases of transistors Q9 and Q10 are both biased through
resistors R17 and R18, respectively, to the same dc
reference voltage at Q6 emitter. The base voltage at Q10
may only be otfser in a negative direction by fuminance
stignal current source QB. This design nsures that over-
modulation due to the fuminance signal will never occur.
The chrominance signal developed at pin 8 15 externally
ac coupled to pin 10 where 1t 15 reduced by resistor
dividers R20 and R17. and addad to the luminance
signal in Q8. The resultant differential composite video
currents are switched at the appropriate RF frequency
in Q12 through Q15. The output signa! current 1s presented
atpin 12,

Transistors Q36. Q41 and resistors R44, R47 provide
a highly stable voltage reference for biasing current sources
Q43, Q34,Q35. and Q11.

MC1372 APPLICATION iNFORMATION

Chrominance Oscillator

The oscillator 1s used as a clock signal for driving
associated external circuitry, in addition to providing a
switching signai for the chroma modulators. The IC uses
an external crystal in a Colpitts configuration. as shown
in Figure 5. Resistor R1 provides current limiting to
reduce the signal swing. Capacitor C2 is adjusted for
the exact frequency desired (3.579545 MHz).

In some applications. the duty cycle of the clock signal
at pin 1 must be modified to overcome gate delays in

associated equipment. The duty cyvcle may be adjusted
by varying the dc voltage applied to pin 3. This adjust-
ment may be made with the use of a potentiometer
{10 k§2) between supply and ground. With no connection
to pin 3, the duty cycle is approximately 50%.

Chroma Modulator

The chromunance oscillator is internatly phase shifted
and applied to chroma modulators A and B. No external
lead/iag networks are necessary. The phase relationship
between the modulators is approximately 100°, which
was chosen to provide the best rendition of colors using
equal amplitude color-difference signals. The voltage
applied to pin 5, 6, or 7 must alwavs be within the Input
Common Mode Voltage Range. Since the amplitude of
chrominance output 15 proportional to the voltage dif-
ference between pins 5 and 6 or 7 and 6, 1t 15 desirable
to select the Color Reference Voltage applied to pin 6 to
be midway between V5max and V5m,n {which should
be V7max and V7mn). The Chroma B Modulator will be
defined as a (B-Y} modulator if a2 burst flag signal is
applied 1o the Color B Input (pin 5} at the appropriate
time. This voltage should be negative with respect to the
Color Reference Voltage, and typically has an amplitude
equal to 1/2{V6-V5mn]. Since the phase of burst s
always defined as -(B-Y), the Chroma A Modulator
aporoximates an (R-Y) modulator: however, the phase
15 offset by 109 from the nominal 80°, to provide the
100° phase shift as discussed previously.

RF Moduiator and Oscillator

The coil and capacitor connected between pins 13 and
14 should be selected to have a parallel resonance at the
carrier frequency of the desired TV channel, The values
of 56 pF and 0.1 uH shown in Figure 5 were chosen
for a Channel 4 carrier frequency of 67.25 MHz. For
Channel 3 operauon, the resonant frequency should
be 61.25 MHz (C = 75 pF, L = 0.1 uH). Resistors R4 and
RS are chosen to provide an adequate amplitude of
switching voitage, whereas R6 is used to lower the maxi-
mum dc level of switching voltage below Vg, thus
preventing saturation within the i1C.

Composite Luminance and Sync should be dc coupled
to Luminance input, pin 8. This signal must be within
the Luma Input Dynamic Range to insure linearity.
Since an increase in dc voltage applied to pin 9 results
in an increase in RF output, the input signal should
have positive-going sync to generate an NTSC compatible
signal. As long as the mput signal 15 positive, over-
modulation is prevented by the integrated circuit.

Chrominance information ‘should be ac coupled to
Chrominance Input, pin 10. This pin 1s internally con-
nected to a resistor divider consisting of a series 300
ohms and a shunt 500 ohms resistor. The input impedance
1s thus 800 ohms, and a coupling capacitor should be
appropriately chosen.
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FIGURE S — TYPICAL APPLICATION CIRCUIT
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The Luminance to Chrominance ratio {L:Cj may be
modified with the addition of an external resistor in series
with pin 10 {as shown in Figure 5). The unmodified L:C
(Ag) s determined by the ratio of the respective Conver-
sion Gain for equal amplitude signals (typically, 0,883 =
-1.6 dB). The modified L:C will be governed by the
equation Agl{1 + Rext/800) for equal amplitude input
signais.

The internal chrominance modulators are not inter-
nally connected to the RF modulator; therefare, the user
has the option of connecting an externally generated
chrominance signal to the RF modulator. in addition,
the RF modulator is wideband, and a 4.5 MHz FM audio
signal may be added to the chrominance input at pin 10.
This may be accomplished by selecting an appropriate series
input resistor to provide the correct Luminance:Sound
ratio.

The moduiated RF signal is presented as a current
at RF Moduiator Qutput, pin 12, Since this pin represents
8 current source, any load impedance may be seiected for
matching purposes and gain selection, as long as the vol-

tage at pin 12 s high enough to prevent the output
devices from reaching saturation {approximately 4.5 V
with components in Figure 5). The peak current out of
pin 12 is typically 2 mA. Hence, a ioad resistance of up
to 250 ohms may be safely used with a 5 V supply.

Composite Video Signal Generation

The RF moduaitor may be easily used as a composite
video generator by replacing the RF oscillator tank
circuit with a diode as shown in Figure 3. This results in
the output modulator being biased so the summation of
luminance and chrominance appears unswitched at
pin 12. The polarity of the output waveform is con-
trolied by the direction of the diode. /nverted video:
Anode to pin 14, cathode to pin 13. Non-inverted
video: Anode to pin 13, cathode to pin 14, Note that the
supply resistor must always be connected to the anode
of the diode.

The amplitude of signal may be increased by increasing
the Ioad resistor on pin 12 and returning it to a higher
supply voltage. Any voltage up to the Absoiute Maximum
Rating may be used.
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RECOMMENDED CHROMA-LUMA SIGNALS

Applications with MCE6847 Video Display Generator Pin #9 Pin =7 Pin 26 Pin 25
The MC1372 mav be easily interfaced to the MC6847 Luminance
as shown in Figure 5. The dc levels generated and required Input .| Coior A | Color Ret.{ Color B
by the VDG are compatible with the MC1372, so that fvdel tvdel Vel fvdel
pins 1, 5, 6, 7. and 9 mav be directly coupled to the Sync 1'70 :'5 :'5 15
appropriate MCB6847 pins. Both integrated circuits as Blanking 078 S S 15
Burst 0.7% 15 1.5 1.25
well as any associated NMOS MPU may be driven from
Biack 0.70 1.5 15 15
a common 5 Vdc supplv.
Green 0.50 10 15 1.0
Ysilow 0.38 15 15 1.0
Recommended Chroma-Luma Signals Blue 062 15 1.5 20
A chroma modulation angle of 100° was chosen to Red 0.62 20 15 1.5
faciiitate a desirable selection of colors with a minimum Cyan 0.50 1.0 1.5 15
number of input signal levels. The following table demon- Magenta 050 20 15 2.0
strates applicable signal levels for 2 vaniety of colors. Orange 0.50 2.0 15 10
Buf{ 0.38 15 1.5 15
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MCM2716
MCM27A16

Advance Information

2048 X 8-BIT UV ERASABLE PROM
{N-CHANNEL, SILICON-GATE!}
The MCM2716/27A16 1s a 16,384-bit Erasable and Electricall
Y 2048 X 8-BIT
Reprogrammable PROM designed for system debug usage and simnilar
; : UV ERASABLE PROM
applications requiring nonvolatile memory that could be reprogram-
med periodically. The transparent lid on the package allows the
memory content to be erased with ultraviolet light,
For ease of use, the device operates from a single power supply
and has a static power-down mode. Pin-for-pin mask programmable
ROMS are available for large volume production runs of systems
mitially using the MCM2716/27A16.
¢ Single *10% 5 V Power Supply
© Automat:ic Power-down Mode {Standby}
® QOrgamized as 2048 Bytes of 8 Bits
® [ ow Power Dissipation
© TTL Compatible During Read and Program CERAMIC PACKAGE
® Maximum Access Time = 450 ns MCM2716 CASE 716-03
350 ns MCM27A16
® Pin Equivaient to intel’s 2716
® Pin Compatible to MCME8A316E Mask Programmable ROMs
PIN ASSIGNMENT
PiN NUMBER
9-11,
Mode 13-17 12 138 20 21 24 [d
L — P$ vee ED2e
oa Vss E/Progr & Vpp Vee I=ry A 23
3o As Ag b2t
Read Data out Vs v v \/ V¢
v SS 19 i cC CcC ¢ as Veptm g
Output Disable HiZ Vsgg Don't Care Vi Vee Vee s A3 fefj s 14
. & A2 A0 v
Standby HiZ Vi v Don’t Care V V( .
ss H cc cc 7 AT E/Progr I3 1
Program Dats in Vss Pulsad ViH ViHp vee g t—ja0 Do Ey 1T
ViLte Vig s T={Dao oas e
Program Verify | Dataout | Vgg ViL Vi Vine | Vec 10 oo basps
< 11 E3pa2 0Q4 D 14
Program Inhibit HiZ Vss Vi Vin Vinp vee 12 =ves paala
ABSOLUTE MAXIMUM RATINGS (1)
Rating Vatus Unit
Temperature Under Bias -10 to0 480 °c
Storags Temperature -85 1o +125 oc *PIN NAMES
Al input or Qutput Voitages with Respect to V§§ during Read + 61003 Vdc A . Address
Vpp Supply Voitags with Respect 1o Vgg +28 10 0.3 Vdc DQ . . .Dew tnput/Ourput
E/Progr . Chip Enable/Program
NOTE 1: Permsnent device damags may occur if ABSOLUTE MAXIMUM RATINGS are G . .. .Output Enable
axceeded. Functional operation should be restricted to RECOMMENDED
OPERATING CONDITIONS. Exposure to higher than recommended voltages
for axtended periods of time could affect device reliability. *New industry standard nomenclature

This is advance informanon and specifications are subject to change without notice.
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BLOCK DIAGRAM
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DC OPERATING CONDITIONS AND CHARACTERISTICS

{Fuli operating voltage and temperature range uniess otherwise noted)

RECOMMENDED DC READ OPERATING CONDITIONS (T4 = 0° 10 +70°C)

Parametor Symbol Min Nom Max Unit
Supply Volitage* MCM2716 Vee 4.75 5.0 §25 Vdc
MCM27A16 45 5.0 5.5
Vpp Vec -08 5.0 Vee i ub
input High Volage Vi 2.0 - Vee+1.0 Vdc
Input Low Voltage Vit -0.1 -~ 08 Vde
AEAD OPERATION DC CHARACTERISTICS
Charactoristic Conditi Symbol Min Typ Max Unit
Address, G and E/Progr Vip~5.25V tin - - 10 HA
input Sink Currgnt
Output Leakage Current Vour *5.25 V.G =50V o — - 10 HA
Veg Supply Current® (Standby) E/Progr= Vi, G=Vyy iect - 10 25 mA
Ve Suppty Current® {Activel G =E/Progr = Vg icc2 - 57 100 mA
Vpp Supply Current® Vpp =585V ippy - - 5.0 mA
Output Low Vaoitage oL =2.1mA vou - - 045 v
Output High Voitage igH = -400 uA Vou 24 - - v

“Vee must be applied simultaneousty or prior to Vpp. Ve 'must aiso be switched off simuitaneously with or after Vpp. With Vpp connected
directly to Voo duting the read operation, the supply current would be the sum of ipp1 and Icc. The additionsi 0.6 V tolerance on Vpp

makes it possible to use a driver circurt for switching the Vpp supply pin from Ve in Aead mode to +25 V for progremmung. Typical values
are for T = 25°C and nominal suppiy voltages.

CAPACITANCE
{f = 1.0 MHz. Tp, = 26°C, periodically sampled rather than 100% tested.}
Charactonstic Symbol Typ Max Unit This devics contains circuntry 10 protect the
input Capacitance (Vjn = 0 V) Cin 40 6.0 oF inputs egainst damage due to high stauc voltages
Gutput Capacitance (Voug = 0 V1 Cout B0 12 oF or electric fields: however, it is sdvised that

normal precautions be taken to evoid applice-
tion of eny wvoltage higher then moximum
R rated g28 to this high dance ciruit.

Capacitance measured with 2 Boonton Meter or effective capacitance caicuinted from the
a4y

tion: B e
squation: C X
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AC OPERATING CONDITIONS AND CHARACTERISTICS
{TA =010 +70°C, Voo = 50 V 1 10% unless otherwise noted.}

input Puise Levels. .

,,,,, 08 Volit 10 2.2 Volts input snd Qutput Timing Levels | .. ...20Vois
input Risc and Fall Times . . ., .., .. . . 20ns Outputloed, . .. ..... ....... See Figure 1
MCM27A16 MCM2716
Charactoristic Condition Symbol Min Max Min Max Units
Address Valid to Output Valid E/Progr = G > Vi AVQVY - 350 - 450 ns
E/Progr 1o Output Vaiid (Note 2) tELOV - 350 - 450
Output Enable to Output Valid E/Progr = V) 1GLOV - 120 - 120
E/Progr to Hi Z Output 1EHOZ [} 100 0 100
Qutput Disable 10 Hi Z Output E/Progr = V) t5HQZ 0 100 o 100
Data Hold from Address E/Progr = G = Vi tAXDX 0 - 0 -
FIGURE 1 — AC TEST LOAD
50V
R =27k
Tes1 Pouny
MMDE 150
“300 oF . or Eaur
MMD7000
or Equiv
READ MOCE TIMING DIAGRAMS * incsudes Jig Capacitance
(Chip Enable = Vyy |
74
Addross
N
TAXQX e
Qutput Enable
GLav
- GHQOZ
tavav
70 D A 777
Data Out High Z Qutput Vatig High Z
Ve / /
7. i, K. L
STANDBY MODE
(Qutput Enable = V(i
Standby Mode {Chip Seiect» Vi
“
Address
o
E/Progr Standby Mods \ Active Mode
N
FteHQZ teLav
{Nots 2}
% %
Deate Out Output Vallg High Z Qutput Vslid //

NOTE 2: 1 qv s referonced to EfProgr or stable address, whichever occurs test. .
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MCM2716, MCM27A 16

DC PROGRAMMING CONDITIONS AND CHARACTERISTICS
(TA=010+70%C, Vgo =50V = 10%!

RECOMMENDED PROGRAMMING OPERATING CONDITIONS

Parameter Symbol Min Nom Max Unit

Supply Voltage vee 4.75 50 525 Vdc
. Vpp 24 25 26 Vdc

input High Voitage tor Data ViH 2.2 - Vee Vdc
input Low Voitage for Data Vip ~0.1 - 08 Vde

"V must be applied simuiataneously or prior 1o Vpp. Vg must also be switched off simuftaneoust

be inserted inte or removed from a board with Vpp at +25 V. Vpp must not exceed the +26 V maximum specifica

PROGRAMMING OPERATION DC CHARACTERISTICS

v with or after Vpp. The device must not

tions.

Characteristic Condition Symbol Min Typ Max Unit
Address. G and E/Progr input Vin = 525 v/0.45 g - - 10 #Adc
Sink Current
Vpp Supply Current EiProgr = Vit ippy - - 5.0 mAdc
Vpp Programming Pulse E/Progr = ViH tpp2 - - 30 mAdc
Supply Current
Vee Supply Current tce - - 100 mAdc
AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS
Charsctenstic Symbol Min Max Unat
Address Setup Time 1AVEH 20 - HS
Output Enable High to Program Puise IGHEH 20 - HS
Data Setup Time TDVEH 2.0 - I
Address Holg Time tELAX 20 - us
Qutput Ensbie Hold Time TELGL 20 - ue
Data Hold Time 1E1LQZ 20 - HS
Output Disable to Hi Z Output 1GHQZ Q 120 ns
Output Enabie to Valid Data {E/Progr = V| 1GLQV - 120 ns
Program Puise Width TEHEL 45 55 ms
Program Pulse Rise Time PR 5 - as
Program Puise Fall Time tpg 5 - ns
PROGRAMMING OPERATION TIMING DIAGRAM
rogram Frogram varity
:
o«
. >< !
tAVE®R TELAX ‘
I
i
! ‘GLov = §’ t= tonaz
] |
Date DataIn /ﬂ. z Dars Out .N-Z%
7
l TOVEH - [~ evQz
o G M E et EHEL po—— £ LG ]

E/Proge

— A

]
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Z80-CPU
Z80A-CPU

The Zilog Z80 product line 1s a complete set of micro-
computer components. development systems and support
software. The Z&0 microcomputer component set includes
all of the circuits necessary to build high-performance
microcomputer systems with virtually no other logic and a
minimum number of low cost standard memory elements.

The 280 and Z80A CPU's are third generation single chip
microprocessors with unrivaled computational power. This
increased computational power results in higher system
through-put and more efficient memory utilization when
compared to second generation microprocessors. In
addition, the Z80 and Z80A CPU’s are very easy to imple-
ment into a system because of their single voltage require-
ment plus all output signals are fully decoded and timed to
control standard memory or peripheral circuits. The circuit
isimplemented using an N-chanrnel, 1on implanted. silicon
gate MOS process.

Figure I is a block diagram of the CPU, Figure 2 details
the internal register configuration which contains 208 bits
of Read/Write memory that are accessible to the program-
mer. The registers include two sets of six general purpose
registers that may be used individually as 8-bit registers or
as 16-bit register pairs. There are also two sets of accumu-
lator and flag registers. The programmer has access to either
set of main or alternate registers through a group of ex-
change instructions. This alternate set allows foreground/
background mode of operation or may be reserved for very
fast Interrupt response. Each CPU also contains a 16-bit
stack pointer which permits simple implementation of

Product Specification

MARCH 1978

multiple feve] interrupts, unlimited subroutine nesting and
simplification of many types of data handling.

The two 16-bit index registers allow tabular data manipu-
lation and easy implementation of relocatable code. The
Refresh register provides for automatic, totally transparent
refresh of external dynamic memories. The I register 1s used
in a powerful interrupt response mode to form the upper 8
bits of a pointer to a interrupt service address table, while
the interrupting device supplies the lower 8 bits of the
pointer. An indirect call is then made to this service address.

FEATURES

@ Single chip, N-channel Silicon Gate CPU.

© 158 nstructions—includes all 78 of the 8080A instruc-
tions with total software compatibility  New instruc-
tions include 4-, & and 16-bit operations with more
useful addressing modes such as indexed, bit and relative.

e 17 internal registers.

@ Three modes of fast interrupt response plus a non-
maskable mterrupt.

@ Directly interfaces standard speed static or dynamic
memories with virtually no external logic.

®© 1.0 usnstruction execution speed.

e Single 5 VDC supply and single-phase 5 volt Clock.

® Out-performs any other single chip microcomputer 1n
4- 8-, or 16-bit applications.

e All pins TTL Compatible

& Built-in dynamic RAM refresh circuitry.

8 8:7
GATA 8US

DATA BUS
CONTROL

N,

3

CPLs AND
SYSTEM

CONTROU
SIGNALS

VINSTRUCTION
DECODE
ann

cPu
CONTROL

ADDRESS
CONTROL

16-817
ADDRESS BUS

Z80, Z80A CPU BLOCK DIAGRAM

MAIN REG SETY ALTERNATE HEG SET

¥ =

ACCUMULATOR | FLAGS T ACCUMULATOR | FLAGS
A £ s A H £
8 < 8 | [5 |
i GENERAL
PURPOSE
3 £ ° £ REGISTERS
H i H i
INTERRUPT | MEMORY Y
VECTOAR REFAESH
1 Ll i
INDEX REGISTER 1% L SPECIAL
PURPOSE
INDEX REGISTER v REGISTERS
STACK POINTER 5P
PROGAAM COUNTER o

Z80, Z8OA CPU REGISTERS




780, Z80A-CPU Pin Description

CONTROL

(—
*
FRES
SYSTEM } «aRa

8U!
contaoL | SURAK

v
5v
[<1-)

b1 n ay
N Ay
19 p- 4
- F2 o 4y
n 3 ™
2 B g
e b
-] o 2t | aopaess
— ] BUS
18 »
<t} e
20 Ayg
2 LI
280-CPU Ll Ay
] 280A-CPU L2 oy
P e a0
- bt Ay
—
5
G524
b2
i
ra
b= Dy
—Sa lo-Zon 0,
1t 1]
—= " % | oara
e et 13, suS
" g
il 05
16
ety D‘
o2 0,

Z80, Z80A CPU PIN CONFIGURATION

Ag-Ays
(Address Bus)

Dg-D7
(Data Bus)

My
(Machine
Cycle one)

MREQ
(Memory
Request)

IORQ

(Input/
Qutput

Request)

(Memory
Read)

WR
(Memory
Write)

Tri-state output, active high. Ag-Ays
constitute a 16-bit address bus. The
address bus provides the address for
memory (up to 64K bytes) data

exchanges and for I/O device data exchanges.

Tri-state input/output, active high.

Dg - D7 constitute an 8-bit bidirectional
data bus. The data bus is used for data
exchanges with memory and 1/0O devices.

Output, active low,m indicates that the
current machine cycle is the OP code
fetch cycle of an instruction execution.

Tri-state output, active low. The memory
request signal indicates that the address
bus holds a valid address for a memory
read or memory write operation.

Tri-state output, active low. The IORQ
signal indicates that the lower half of the
address bus holds a valid 1/O address for
a 1/0 read or write operation. An IORQ
signal is also generated when an interrupt
is being acknowledged to indicate that an
interrupt response vector can be placed
on the data bus.

Tri-state output, active low. RD indicates
that the CPU wants to read data from
memory or an I/O device. The addressed
1/O device or memory should use this
signal to gate data onto the CPU data bus.

Tri-state output, active low,—V\TEindicates
that the CPU data bus holds valid data to
be stored in the addressed memory or [/O
.device.

RFSH
(Refresh)

HALT
(Halt state)

WAIT
(Wait)

INT
(Interrupt
Request)

NMI

(Non
Maskable
Interrupt)

RESET

BUSRQ
(Bus
Request)

BUSAK
(Bus
Acknowledge)

164

Output, active low. RFSH indicates that
the lower 7 bits of the address bus con-
tain a refresh address for dynamic
memories and the current MREQ signal
shouid be used to do a refresh read to all
dynamic memories.

Output, active iow. HALT indicates.that
the CPU has executed a HALT software
instruction and is awaiting either a non-
maskable or a maskable interrupt (with
the mask enabled) before operation can
resume. While halted, the CPU executes
NOP’s to maintain memory refresh
activity.

Input, active low. WAIT indicates to the
Z-80 CPU that the addressed memory or
1/0 devices are not ready for a data
transfer. The CPU continues to enter wait
states for as long as this signal is active.

Input, active low. The Interrupt Request
signal is generated by 1/O devices. A
request will be honored at the end of the
current instruction if the internal soft-
ware controlled interrupt enable flip-flop
(IFF) is enabled.

Input, active low. The non-maskable
nterrupt request line has a higher priority
than INT and is always recognized at the
end of the current instruction, indepen-
dent of the status of the interrupt enable
flip-flop. NMI automatically forces the
Z-80 CPU to restart to location 0066y.

Input, active low. RESET initializes the
CPU as follows: reset interrupt enable
flip-flop, clear PC and registers I and R
and set interrupt to 8080A mode. During
reset time, the address and data bus go to
a high impedance state and all control
output signals go to the inactive state.

Input, active low. The bus request signal has
a higher priority than NMI and is always rec
ognized at the end of the current machine
cycle and is used to request the CPU address
bus, data bus and tri-state output control
signals to go to a high impedance state so

that other devices can control these busses.

Output, active low. Bus acknowledge is
used to indicate to the requesting device
that the CPU address bus, data bus and
tri-state control bus signals have been set
to their high impedance state and the

external device can now control these signal



Timing Waveforms

INSTRUCTION OP CODE FETCH

The program counter content (PC) is placed on the
address bus immediately at the start of the cycle. One half
clock time later MREQ goes active. The falling edge of
MREQ can be used directly as a chip enable to dynamic
-memories. RD when active indicates that the memory
data should be enabled onto the CPU data bus. The CPU
samples data with the nising edge of the clock state Ts.
Clock states Tg and T4 of a fetch cycle are used to refresh
dynamic memories while the CPU is internally decoding
and executing the instruction. The refresh control signal
RFSH indicates that a refresh read of all dynamic memories
should be accomplished.

M1 Cycie

T 1 T3 T4 1
N B R W B L
AQ - A5 [ 1 AEFRESH ADDR 1
wes T T T
i t i
Ap 1 \ i L f ; E !
. : _‘ { i
— e e e B s e T s S J
L S {.m_i ______ CoIIIIITTT 1 -
I | W S - ——
Do - BY w i
RESH i i\ N ‘ |
! : | !

MEMORY READ OR WRITE CYCLES

Illustrated here 1s the timing of memory read or write
cycles other than an OP code fetch (M cycle). The MREQ
and RD signals are used exactly asn the fetch cvcle. In
the case of a memory write cycle, the MREQ also becom s
active when the address bus is stable so that 1t can be used
directly as a chip enable for dynamic memories. The WR
line 1s active when data on the data bus 1s stable so that it
can be used directly as a R/W pulse 10 virtually any type of
semiconductor niemory.

A0 - A)S
WREQ

AD

o0 07

wa

INPUT OR OUTPUT CYCLES

Hiustrated here is the timing for an 1/O read or 1/O write
operation. Notice that during 1/O operations a single wait
state 1s automatically inserted (Tw*). The reason for this is
that during 1/0 operations this extra state allows sufficient
ume for an /O port to decode its address and activate the
WAIT line if a wait is required.

INTERRUPT REQUEST/ACKNOWLEDGE CYCLE

The interrupt signal is sampled by the CPU with the
rising edge of the last clock at the end of any instruction.
When an interrupt s accepted, a special M cycle is
generated. During this My cycle, the IORQ signal becomes
active (instead of MREQ) to indicate that the interrupting
device can place an 8-bit vector on the data bus. Two wait
states (Tw*) are automatically added to this cycle so that a
ripple priority interrupt scheme, such as the one used in the
£30 peripheral controllers, can be easily implemented.

~ A
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T f
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1
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8-B11 LOADS

16-BI1 LOADS

EXCHANGES

780, Z80A Instruction Set

The following is a summary of the Z80, Z8OA instruction
set showing the assembly language mnemonic and the sym-
bolic operation performed by the instruction. A more de-
tailed listing appears in the Z80-CPU technical manual, and
assembly language programming manual. The instructions
are divided into the following categories:

8-bit loads Miscellaneous Group
16-bit loads Rotates and Shifts
Exchanges Bit Set, Reset and Test
Memory Block Moves Input and Output
Memory Block Searches Jumps

8-bit arithmetic and logic Calls

16-bit arithmetic Restarts

General purpose Accumulator  Returns
& Flag Operations

In the table the following terminology 1s used.

d = uany 8-bit destination register or memory location

dd = any 16-bit destination register or memory location

e = 8-bit signed 2's complement displacement used n
relative jumps and indexed addressing

L = Xspecial call locations in page zero. In decimal
notation these are 0, 8. 16, 24, 32, 40. 48 and 56

n = any 8-bit binary number

an = any 16-bit binary number

r = any 8-bit generul purpose register (A, B, C.D. E,
H.or L)

$ = any 8-bit source register or memory location

sp = abitina specific 8-bit register or memory location

ss = any [6-bit source register or memory location

subscript "L = the low order 8 bits of'a 16-bit register

subscript "H™ = the high order 8 bits of a 16-bit register

() = the contents within the ( 1 are to be used as a

b = a bit number in any 8-bit register or memory pointer to a memory location or [/O port number
[ocation 8-bit registersare A,B,C.D.E . H. L, land R
cc = flag condition code 16-bit register pairs are AF, BC. DE and HL
NZ = nonzero 16-bit registers are SP.PC. 1X and 1Y
Z = zero
NC = non carry Addressing Modes implemented include combinations of
C = carry the following:  Immediate Indexed
PO = Parity odd or no over flow Immediate extended  Register
PE = Parity even or over flow Moditied Page Zero Implied
P = Positive Relative Register [ndirect
M = Negatve {nunus) Extended Bit
Mnemonic Symbolic Operation Comments Mnemonic Symbolic Operation Comments
LDr.s r—s s=r.n (HL). LDI (DEj < (HL). DE « DE+1
{IX+er (IY+ei ; HL — HL+!{. BC « BC-1
LDd.r d+r d=(HL). ¢ 2| LDIR (DE) « (HL). DE < DE+1
(IXtei (IY+ey | 2 HL « HL+1, BC < BC-1
iDd.n d—n d=(HL). = Repeat until BC =0
(IX+e), (IY+ej = | LDD (DE} ~ (HL). DE «~ DE-1
LDA,s Aes S=(BC).(DE). | Z HL < HL-1. BC ~ BC-|
(nn), LR § LDDR (DE) < (HL). DE «~ DE~1
LDd. A d—A d=(BC).(DE). | Z HL < HL-1.BC — BC-1
(1 LR Repeat until BC =0
LD dd.nn dd — nn dd =BC. DE. ] CPI A-(HL). HL <« HL+I
HL.SP.IX.1Y | = BC — BC-I
LD dd.(nn} | dd < (nnj dd = BC. DE, 9;’ CPIR A-(HL}). HL « HL+! A-(HL) sets
| HL.SP. IX. 1Y 7 BC ~ BC-1. Repeat the flags only.
LD (nnj. ss (nn} < ss ss = BC. DE. f until BC =0 or A =(HL) A 15 not affected
o HL.SPAXIY | 20 cpp A~(HL). HL =~ HL~I
LD SP.ss SP «ss ss = HL.IX. 1Y . BC — BC-|
PUSH ss SP=1) « ss1: (SP=-7} « ¢ < = x
(SP=11== 55y (SP=2) 5| 53 = BC, DE. S| cPDR A=(HL). HL — HL-|
HL AF IX. 1Y = . R
POP dd ddy < (SP):ddy, —(SP+1) | dd = BC. DE * o T Repeut
L sddy TP D - DL until BC=0 or A = (HL)
HL.AFIX, 1Y
|Ezasss e ADD s A-Ats
. ~ :
EXDE.HL | DE ~HL | ADCs A=A+s+CY CY 15 the
E,"‘({\F. AF" | AF - AF’ ; SUB s A—A-s carry flag
BC BC" . . ;
DE |- [ DE = | SBCs A—A-s-Cy S=r.n. (HLj
HL/  \HL »| ANDs A<AANs (IX+e) (1Y+e)
EX (SP), ss (SP)~ssL,(SP+H-~ssH ss=HL IX. 1Y O,RS “\fAVS




8-BIT ALU

16-B11 ARITHMETIC

GP ACC & FLAG

MISCELLANEOUS

ROTATES AND SHIFTS

16

Mnemonic Symbolic Operation Comments Mnemonic Symbolic Operation Comments
CPs A-s s='r, n(HL) .oaf BIT b.s Z<—'sg Z s zero flag
INC d dedtl (IXe). (IY+e) = | SETb.s s < 1 s=r. (HL)
d=r, (HL) ~ | RESb.s sp <0 (IX+e), (IY+e)
(IX+e). (1Y+e) =
DEC d ded-1 IN A, (n) A« (n)
IN1,(C) r=(C) Set flags
ADDHL.ss | HL ~HL +s5 } R INI gHUB*(‘C)-HL*HL“
ADCHL.ss | HL < HL + 55+ CY ijf’;f'm HL) < (¢
SBCHL.ss | HL = HL - ss - CY ‘ INIR g@’B“(ICLHL‘“HL”
ADD IX.ss | IX ~IX +5ss ?;ES?)C, DE. Repeat until B = 0
1A,
i HL) « JHL <« -
ADDIY ss | IY ~ 1Y +5ss ss = BC. DE, = IND g(_)Bv(IC)‘H HL -1
Y, sP Sy (HL)—(C) 1
INC dd dd < dd + | dd = BC. DE. = | INDR B<—,B-(1 AL = HL -
DEC dd dd « dd HL‘_SP’ IX. 1y Cil Repeat uniil B=0
; - dd =BC. DE. <1 0UT(n). A |[(m—A
HL.SP IX. TY =
2| OUT(Chr (C)er
DaA Converts A cafmems into Operands must Z| ouTl ACh= (HL). HL = HL + |
packed BCD following add | be i packed B<B-]
e BCD ¢
or subtract. ormat OTIR (C‘}f— (HL). HL < HL + [
— B—~B-|
CPL A A Repeat until B=0
N
NEG A«—OtA oOUTD (Ci (HLj.HL <« HL - |
CCF Y - CY BeB-i
SCF CY «~ ) OTDR (Cy=(HL) . HL < HL - |
NQOP No operation gQ_B; : i1B=0
e =
HALT Halt CPU D
DIl Disable Interrupts JP nn PC «<nn NZ PO
El Enable Interrupts JP cc.nn If condition cc is true Z PE
ce
IMO Set interrupt mode 0 RO80A mode PC «<nn. else continue i EJC };1
M ] Set interrupt mode | Call to 0038y - IRe PCPC+e k
IM 2 Set nterrupt mode 2 Indirect Call S| JRKk,e If condition kk 15 true w SN2 NC
S S —— = PC < PC + e, else continue Z C
RLCs == JP (ss) PC « ss ss=HL, IX, 1Y
° DINZ e B<B-1.ifB=0
RL s .- T - n. continue. else PC <« PC +¢
S
CALL nn {SP-11 < PCy On
H ) NZ PO
RRC s e it n (SP-:’ hnd PCL PC —nn 7 PE
5 5 CALL cc.nn | If condition cc 1s false ce S ne P
RRs ~ continue, else same as kc M
s CALL nn
v
SLAs Ole—{7 <o oo s=r. (HL} = RSTL (SP—l)*-PCH
s (IX+e) (IY+e) | & (SP-2) < PCp  PCY 0
% PC <L
SRA s ) =
¥ RET PC, - (SP),
SRLs ==} on e S
3 RET cc If condition cc 1s false NZ PO
3% Z continue, else same as RET Z P
RLD I N B K EEI T % o NC P
A =1 RETI Return from interrupt, ¢ M
& same as RET \
RRD (o[ o [ s oo RETN Return from non-
A maskable mterrupt
o
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A.C. Characteristics Z80-CPU

Tp= 0°C 10 70°C. Ve = +5V £ 5%, Unless Otherwise Noted.

Signal Symboi Parameter Min Max Lnit Test Condition
5 Cloack Period 4 112 sy TR0 = by "ty T T
1y B Clock Pabse Wadth. Clock High 150 3] nsey
* 1 UL Closck Pulse Wadtls. Clock Low 50 000 1 nwe
[ Cliwh Rise and Fall Tune 30 nsec
DADS Address Qutpat Delay 143 nsew
F(AD) Debsy to Flogt T10 YT
3 B . T Y
Lyem Address Stable Pror to MRFQ Memury Cucley [} nse¢ s o .
A0-15 e Addiess Stable Prioe i TORQ, RB or WR () 0 Cviles T = U P fem ™ Sty 0= 78
- Address Stable 1n - RD, WR, TORQ or MREQ B H5eC , -
et Address Stable From RD or WR Duany Float [E) e B =i
DI Dats Ouiput Delay 230 fnven B g, T 5 -0
TE Dy Delay 1o Float Dusimg Write Oy e ) [ o
SpiDy - Daty Setup Tune 1o Rising Bdge of Clock Duning M1 Cy e ~0 e . (] BT Tyt -0
Dg_» SE (D Dsta Setup Time to Falling bdge af Cluck Duning M2 1o M3 i) fisey Cy = 50pF . ~ 210
tyem Duta Stable Prior to WR {Memury Cycle) 15T usee Bl tgem =t - -
e Duta Stable Prior 1o WR (10 Cucley Tol” N .
et Data Stable From WR ™ Wl gy = oyt = 210
H Anv Hold Time for Setup Tine U ee Clotegp= twdl) T Y -80
IPLP (MR) MREQ Deluy From Falling Edge ot Clock. MREQ Low 100 ey
'DH® (MR} MREQ Delay From Rising Edge ot Cluck. MREO'ngh 100 tseL
MREQ tDH® (MR MREQ Delav Frum Falling Edge ot Clack. MRE") High 100 asec €y " “OpF
fw (MELj Pulse Width. MREQ Low 18} ey T (MRLy -0
Tw (MRH) Pulse Width, MREQ High o7 Y
— — T g MRED ® ek T
DLE (IR) TORQ Delay From Rusing Edge of Clock. IORQ Low ag fasey
ORG LT (IR) (ORQ Delay From Falling Edge of Clock, lORO Low O 1 nsec € = 30k
{DH® (IR) IORQ Delay From Rising Edge of Clock. [ORQ ORQ High T00 fsec L P
IDHD (IR) TORQ Deiay From Falling Edge of Clock. IORQ High g nsec
DL (RD) RD Delay From Rising Edge ot Clock, RD Low 100 nsec
o) IOLEIRDY RD Delay From Falling Edge of Clock, RD Low 130 nsec C. = 300F
- IDH$ (RD) RD Delay From Rising Edge of Cluck, RD RD High 100 nsec L P
'DHT (RDY RD Delay From Falling Edge of Clack, RD High 110 nsec
IDLD (WR) WR Delay From Rising Edge of Cluck, WR Low 20 nsec
WR ‘DL?_(WR) WR Delay From Falling Edge of Clock. WR Low 90 nsec ¢, = S0pF
(DHE (WR) WR Delay From Falling Edge of Clock, WH High 100 nsec i
tw (WRL) Puise Width, WR Low {10] nsec
= HOL ty(WRL) = tc - 40
o DL (M1) M1 Defay From Rising Edge of Clovk. M1 Low 110 SEC [ s 50pF
{DH M1) M1 Delay From Rising Edge of Clock, M1 High T30 msec ] VLT VP
P Iy ‘DL (RF1 RFSH Deiay From Rising Edge of Clock. RFSH Luw 180 nsec - <
RESH {DH (RF} RFSH Detay From Rising Edge of Clock, RFSH High TS merc ] C1L = 309F
WAIT 5 (WT) WAIT Setup Time tu Falling Edge of Clock 70 nsec
HALT D (HT) HALT Delay Time From Falling Edge of Clock 00 nsec CL = 50pF
INT ST INT Setup Time tv Rising Edge of Clock %0 nsec
Wi bw (NML} Pulse Width, NMT Low 80O nsec
BUSRQ 15 (BO) BUSRQ Setup Tume 1o Rising Edge of Cluck 80 nsec
BUSAK 'DL(BA) BUSAK Delay From Rising Edge of Clock. BUSAR Low 120 nsec c =
o (Ba) | BUSAR Delay From Falling Edge of Clock, BUSAR High TT6 | msec ] L7 50°F
RESET 5 (RS} RESET Setup Time tu Rising Edge of Clock 00 nsec
FiOy Delay 1o Fluat (MREQ, TORQ. RD and WR) 100 | nsec
tme M1 Stable Prur to IORQ (Interrupt Ack.i {1l nsec [H] = 2+ e
NOTES e
A Duta sheyld be ensbied vnfo the CPU LPU data bus when RD 15 active Dunng interrupt acknowledge data TERY PONT fravea
stuuld he enghled when ¥ and IORQ are huth achive. #A0M OUTPUT
B, Allcontral signals are mternally synchromzed. wo they nuy be futally asvachronous with respevt R TET
tu the clock. ' Y
¢ The RESET wignal must be acive tur 2 nummum of 3 luck oy cles. I
D Output Delay ws. Louded Capavitunce =
TA=70°C Vo= +3V 257
Add I0nsec delay for each 50pf increase in load upt i -
02 maximum of 200pf for the dat =
address & control lines P abusd 100pf for
. Load circunt for Qutput

Although static by design, testing guarantees Wi pH} ol 200 psec maximum
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A.C. Timing Diagram

Timing measurements are made at the following

voltages. unless otherwise specified: ! K
2 T
CLOCK Ve -6V a5V
OUTPUT 20V 8V
te INPUT RETAY 8’V
FLOAT av 105V
Y (a4)
i, F
TR YRy I \/\J\;/\_
L Ye(AD)
W L) :::-.\
Ag-a1s .-
0 (AD)  d
- L — ls________ gt ——
“\ A Y / ]  # b} »
Ap-15 A >\ A i
- ——— T . J)i) F 2 .
Isdoy e
---X—— - N ,’-.
iN
R )] o iy o ..5‘"
Do-7 te. iy i em fipae 16 o)
S0+ (0= 1oL (
\ M 7 9.
Lout _){ S
e N - 1
‘oL Mn {OH (M1)—=— r-‘ L teat
i N / 1o -
AN {¢ .
T 100 IRF) Jed B
DL IRF)—= ?.— —
— | A R0
RFSA /) -
. (RS P ]
""’{'DL-T MR) IOHT (MR} i IDHT (MR)—= }—
! — V aumamae
R ol ’ it j}f \ o -
MREQ am (¢ J y W IMRL) ' \._.S( J/ -
B n 1w (MRH) 7 T
| ‘oL (RD) TOH (RD)— : ‘oHT (RO -
e I —— '-~ /—_
RD e f \ . y Sedee
\ S
’ oLiwal | 7 ]{ o
; ] L "D (WA}
— _‘\
WR Ll tgem - (WAL Sodond”
oL gR) oL (R) ]
YD H - (IR}t et YDHT (1R) —
I = /__.__
Q fod— t3c; \ | YN
10R e T l aci——e-t ) DY
! gt (RO -
et OHT (RO ];—
o e /____
RD N AN
oL (WR) A
g 'OHT (WR) ] )-;——
—. /_____
wR LN -
[P NS /

D (HT)

2z
£

'D HT)

'0H (8A),

oL (BA)

-
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Absolute Maximum Ratings

Temperature Under Bias

Storage Temperature -65°C to +150°C

Voltage On Any Pin 0.3V 10 +7V
with Respect 1o Ground
Power Dissipation 1.5W

7Z80-CPU D.C. Characteristics

Speaified operating range

Ta™ 0°C 1 70°C V= SV 2 S unless otherwise spevilied

*Comment

Stresses above those listed under " Absolute
Maxsmum Rating™ may cause permanent
damage to the device. This 1s a stress raling
only and functional operation of the device

at these or anv other condiuon abave those
indicated in the operational sections of this
specification 1s not implied. Exposure to
absolute maxsmum rating conditions for
extended periods may affect device reliability.

Symbol Parameter Min. Typ. Max. Unst Test Condition
\AlL(' Cluck Input Low Voltage 02 Q.45 v
\'IH(' Clock faput High Voliage V..—6 Vcc+'3 v

LN
ViL Input Ltow Voliage -0.3 (R 3 V
Vin Input High Volusge 20 \cL V
VoL Qutput Low Voltage 0.4 v IOL:H}mA
\IOH Outpui High Voitage 24 v T -250uA
lee Power Suppiy Cuirent 150 mA
i Inpui Leahage Current 10 HA Vin=0 1oV
IL(]H T State Ouipun Leakage Cartent i Float 10 uA \OL'T=: ERN \’(
lI ot Tr-State Quiput Leakage Current i Fioat -10 uA VouT:“ 4v
n Data Bus Leskage Cusrent in Input Muode =10 HA 0<ViN < \'\_L_

Z80A-CPU D.C. Characteristics

TA 7007070 = SV -2 gndess atherwise speaitied

Note  For ZMECPU gl AC and DO chasactensiies remam the
same tor the nulitary grade paris exvep! lu

1= JrimA
45

Capacitance

Ta =25°C.f=1MHz,
unmeasured pins returned to ground

Symbol Parameter Max Umit
Cy Clock Capaartance 3 pk
CIN Input Capacitanee N oF
Cout Output Capacitance iU pF

Z.80-CPU
Ordering Information

C - Ceramic

P - Plastic

S - Standard 5V :5% 0 1o 70°C

£ - Extended 5V =5% -40" 1o 85°C
M - Mititary SV < 10% -§5° t0 125°C

Capacitance

Ta=25°C =1 MH7
unmeasured pins returned to ground

Symhbaol Parameter M Lnut ]
I

Coq Choach Ut thati as Pt

(N T Capaotance s ot

Loty Outpui Capacitance 1 pi

Symbol Parameter Min Tvp Max Unit Test Condition
AT Clook Inpuor Low Vodigge -0 [EE33 v
\ Clock Biput Hhgh V olage \
i put Hight b oltags V-6 Veet 3
‘i Input bow Vv obrage -t o~ v
ANTY Fopur High v oitage Y ) v
e
Vo Ourput Low Voltage 04 v Lo 1 amA
'\“” Curpud High A obigge o4 AY tong - =2f0uA
I Power Supphy Cutient 90 200 mA
Iy bipus Leahage Current tu uA \l\:“l“\vu
[l on Tor State Ouiput Leakaye Curreni m Flogt e TR A =240\
ovt - w
Il Ol TreStare Ontput [ eahage Cunentan Float -t ut \‘Ol.-[ =} 3\
D) Data Bus Leshage Current an foput Mode At BA SV TV
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A.C. Characteristics

Z80A-CPU

Ta~ 0°C 10 70°C. Vee = 45V £ 5% Unless Otherwise Noted.

Signal Symbol Parameter Min Max Unit Test Condition
1 Clock Peniod 25 AN}
. - - asey 12} =1 41 RN
- i, (GH) Clock Pulse Width. Clock High 170 15] se. R
iy, ($L} Clock Pulse Widtt. Clock Low 110 2000 nsec
1y Clock Ruse and Fall Tame 30 nse.
U (AD) Address Output Delav 110 nse.
U (AD) Delay to Float 90 nse.
A1 Lyemn Address Stable Pnot to MRFO (Memory Cicley 17 nses .
-1 on Address Stable Praur to TORD, RD or ®R (10 Cycley T o] (L= S0pF 1 e = twomy * -0
oy Address Stable trom RD. WR, 1ORQ or MREQ 137 nsec
ieat Address Stable From RD or WR During Float [E]] nsey 2] 1,7 1.-70
D(D) Data Quiput Delan 150 nse. 3] 1=t 41 =50
(D) Delay 16 Float Duning Write Crcle 90 nse. ca” wldL) "
1Sd (D) Data Setup Time to Rissng hdge of Clock Duning M1 (i dle 3s nsey 141 ear=tyqar; * 4 - 95
Dy_» SE (D) Data Setup Time 1o Falling £ dge of Clock Duning M2 1o MS SO nsey Cy =50t '
idem Data Stable Prior to WR (Memony Chcled 15T 15C. L 5 =t -
R 151 tge t.-170
tder Data Stable Prior te WR (1O Chcie 16] nse. e
teds Data Stable From WR 177 {61 14 = lw(‘bL} +e - 170
iy Anv Hoid Tume for Setup Time 0 nse. {71 tedf = tw(q)l_) +1 -70
T
IDLE (MR) MREQ Deiay From Falling Edge of Clock. MREQ Low 85 nsec
IDHG (MR} MREQ Delay From Rusing Edge of Clock. MREQ High 85 nsec
MRYQ {DH® (MR) MREQ Delay From Falling Edge of Clock, MREQ High 85 nsev (L = S0pt
tw (MRLj Pulse Width. MREQ Low 18] nse. 18}t (MRLy = e~ 30
[ (m’ Puise Width. MREQ High {91 nsec
191 Y MEBH S +ie-20
IDLG (IR} 1ORQ Delay From Rusing Edge of Clock. IORQ Low 75 nsec SAMRHY A3
B0 IDLF (IR 10RQ Detav From Falling Edge of Clock, IORQ Low 83 nsec -
{DH® (IR} 10RQ Delay From Rusing Edge of Clock, IORQ High 8% nsec €y = 30pF
IDHT (IR} IORQ Delav From Falling Edge of Clock. IORQ High 85 nsec
DLY (KD} &_[2 Delay From Rusing Edge of Clock, R—_QLUW 85 nsec
&b iDLE (RD) RD Detav From Falling Edge of Clock, RD Low 95 nsec P
{DH® (RDY 59 Detay From Rusing Edge of Clock. @_ngh 8S nsec b SOk
IDH® (RD) RD Delay From Falling Edge of Clock. RD High 85 nsec
'DLY (WR} E Delav From Rusing Edge of CIOCR.ELOW 65 nsec
"R IDLE (WR) WR Delay From Falling Edge of Clock, WR Low 80 nsec -5
IDHF (WR) | WR Delay From Faling Edge ! Clock. WR High B e | CLTOF
tw (WRL) Pulse Width. WR Low (10} nsec
— — 101 ¢ 7Ry = L -30
w1 DL (M1 M1 Delav From Rising Edge of Clock. M1 Low 100 nsec ¢, =50pF WWRL} e
IDH (M1) M1 Delay From Rusing Edge of Clock. M1 High 100 nsec L F
RFSH iDL (RF) RFSH Delay From Rising E:dgc of Clock. RFSH Low 130 nsec C; = 50pF
IDH (RF) RFSH Delas From Rising Edge of Clock. RFSH High 120 nsec L
WAIT L WT) WAIT Setup Time 1o Falling Edge of Clock 70 nsec
HALT tD(HT} HALT Delay Time From Falling Edge of Clock 300 nsec CL = 50pF
INT S INT Setup Time to Rusing Edge of Clock 80 nsec
NMI ly (NML} Puise Width, NM1 Low 80 nsec
BUSRQ 15 (BO) BUSRQ Setup Time 1o Rysing Edge of Clock 50 nsec
BUSAR IDL (BA)} BUSAK Delay From Rusing Edge of Clock. BUSAK Low 100 nsev ¢ = sopk
{DH (BA} BUSAK Delay From Falling Edge of Clock. BUSAK High 100 nsec (G
RESET 5 (RS} RESET Setup Time 1o Rusing Edge of Clock 60 nsec
E(C Detay to Float (MREQ. TORQ. RD and WR 80 | msec
[ M1 Stable Prior to JORQ (Interrupt Ack.] il nsec Tty = 200 gy * - 65
va
NOTES: TEST POINT A, 210
A. Data should be enabled onto the CPU data bus when RD 15 active. Durning interrupt acknowledge data FRow OUTRUT
should be enabied when M1 and TORQ are both actve. UNDER TEST
B. All control signals are internally synchromzed. so they may be totally asynchronous with respect
to the clock
€. The RESET signal must be active for a minimum of 3 clock cvcles.
D. Output Defay vs. Loaded Capacuance
TA = 70°C Vee = #5V 257
Add 10nsec delay for each 50pf increase in load up to maximum of 200pf for data bus and 100pf for
address & control lines. Load circuit for Output
E

Although static by design, testing guarantees L dH) of 200 psec maximum
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LINEAR TYPES TLOBO THRU TLOBS, TLOBOA THRU TLOB4A,
INTEGRATED TLO81B, TLO82B, TLOB4B
CIRCUITS JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12484 FEBRUARY 1877—-REVISED CCTOBER 1979

24 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES

@ Low Power Consumption © High Input Impedance . . . JFET-Input
e Wide Common-Mode and Differential Stage
Vaoltage Ranges @ Internal Frequency Compensation {Except
TLOBO, TLOSOA)

o Low Input Bias and Offset Currents

@ QOutput Short-Circuit Protection © Latch-Up-Free Operation

@ High Slew Rate ... 13 V/us Typ

description

The TLO81 JFET-input operational amplifier family s designed to offer a wider selection than anv previously
devetoped operational amplifier famity. Each of these JFET-input operational amplifiers incorporates well-matched,
high-voltage JFET and bipolar transistors in a monolithic integrated circuit. The devices feature high slew rates, iow
input bias and offset currents, and low offset voltage temperature coefficient. Offset adjustment and external
compensation options are available within the TLO81 Family.

Device types with an “M" suffix are characterized for operation over the full military temperature range of —55°C to
125°C, those with an *“I”” suffix are characterized for operation from —25°C to 85°C, and those with a "*C* suffix are
characterized for operation from 0°C to 70°C.

TLOBO, TLOBOA TLOB1, TLOB1A, TLO81B TLOB2, TLO82A, TLOB2B
JG OR P DUAL-IN-LINE JG OR P DUAL-IN-LINE 4G OR 7 DUAL-IN-LINE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) PACKAGE (TOP VIEW)
OFFSEY OFFSET
LUt NULL oul NULL

ouT NV NV
veor AT INRUT INRUT

Aainal iRk
I |
C 4

TN TG

Gifst1 NV NOR  weeo
NULL INPUT IV
e U

CoMP Vo, PUT 2 M oveo. PUT IND

OFFSFT WV WOW  Vegw
NULL PUT v
comp eyt

OUT NV NOW VCC.
PUT OUT NV
NPyt

TLOB4, TLOB4A, TLOB4B

TLOB3, TLO83A J OR N DUAL-IN-LINE TLO8S
JOR N DUAL-IN-LINE ORW FLAT PACKAGE N DUAL-IN-LINE
PACKAGE {TOP VIEW} {TOP VIEW)} PACKAGE {TOP VIEW)
T e o B e B e, . By . g R

[l
nplnr n B ° ll u]iu {u n \d ?

3

AMPLIFIER WG &

AMPLIFIER MO 1 AMPLIEIER NO 7

o '

L allw n 9 9 g
AMPLIFIER MO 1 AMPLIF R O 2
2 3 4 & & 7

t

BIVERT MONW OFFSEY Veg_ OFFEET RO WwfRT OUTPUT WVIRT MOWIM  Vpo. MOWRS DOVERT- OUTIIT SIVERT KONEY  OuT MON|

i v DVERT vee
WG VERTING NULL HULL VERTING NG NG VERTING VERTING NG n:: ViaTiG AR A venime e O
sPUT mRT G ECIE A st v sOUT  poUT El

PIMS 0 ABD 1) ARE INTERRALLY IRTERCOMNECTED

NC~No internal connection

Copyright © 1979 by Texas instruments incorporated

TEXAsS INSTRUMENTS
INCORPORATED

POST OFFICE BOX 225012 o DALLAS TEXAS 75265
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TYPES TLOBO THRU TLDBS, TLOBOA THRU TLOB4A,
TLOB1B, TLOB2B, TLOR4B
JFET-INPUT OPERATIONAL ARPAPLIFIERS

schematic {each amplifier}

Veeo
NONINVERTING
NPUY
INVERTING 64 11
INPUT 178
QuTPUY
64
OFFSEY NULL/COMP INT) Do rmelas o e — g
Saan o 1§

TLOB0 ONLY OFFSEY NULL IN2! O~ — -4 c1 o+

44

COMP O — — e oo oun o o e come

r) o
B kS
~_1.r r
& ha T

[t ==
! !

| 1080 55 1080 12
! i
L3 i
Voo 73 $

OFFSET OFFSET

'::"‘“ ',“:;}L €1+ 18 5F ON TLOSY TLOBZ TLOBZ, TLOBE. AND TLOSS ONLY

COMPONENT VALUES SHOWN ARE NOMINAL
J——
TLOBT AND TLOB3 ONLY

absolute maximum ratings sver operating free-air temperature range {unless ctherwise noted)

TL08..C
TLOB_M TLOS 1 TLOB_AC | UNIT
TLOB_BC
Supply voltage, Vees (see Note 1} 18 18 18 Vv
Supply voltage, Voo (see Note 1) —18 —18 —18 V__“
Differential input voitage {see Note 2} =30 +30 +30 A2
input voltage {see Notes 1 and 3} 15 +15 15 \Y
Duration of output short circurt {see Note 4} Unlimited Unlimited | Unlimited
Continuous total dissipation at {or below} 25°C free-air temperature {See Note 5) 680 680 680 mw
Operating free-asr temperature range -85 to 125 -25t0 85 Ot 70 °c
Storage temperature range -6510150 | —B51t0150 | ~6510150| °C
Lead temperature 1/16 inch {1,6 mm} trom case for 60 seconds | J. JG, or W package 300 300 300 °c
Lead emperature 1/16 inch (1,6 mmi from case for 10 seconds | N or P package 260 260 °c
NOTES: 1. All voltage values, except differential voltages, are with respect 10 the midpoint betwesn Vees 8nd Veg..
2. Differantial voitages are a1t the noninverting input werminal with respect 1o the inverting input terminal,
3. The magnitude of the input voltage must never exceed the magnitude of the supply voitage or 15 volts, whichever s jess,
a

The output may be shorted to ground or 10 either supply, Temperature and/or supply voltages must be limited to ensure that
the dissipation rating 15 not excesded.

5. For operation sbove 25 C tree ar temparature, refer to Dissipation Derating Table. tn the J and JG packages, TLOB_M chips
are sllov-mounted; TLOB_ I, TLOB_C, TLOB_AC, and TLOB_BC chips are glass-mounted.
DISSIPATION DERATING TABLE
POWER DERATING ABOVE
PACKAGE £
RATING ACTOR Ta DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES
J {Aloy-Mounted Chip} 680 mwW 11.0 mw/“C 8g'C T
T
J (Glass-Mounted Crup) 680 mw §.2mW/C 67°C TLO8O TLOB1 TLO8BZ TLOS3 1084 1085
JG (Alioy Mounted Chip)  8BO mW 84 mW/C 69°C TLOB_M 16 16 96 3 1w :
JG (Glass-Mounted Chip) 680 mW 686 mwW/ C arc TLOB..} 4G, P G F G P 4N N N
N 680 mwW 8.2mW/C 76°C TLOB.C JG, P JG. P IG.P LN ILN N
[ £80 mW 8O mMW/AC 85°C TLOB.AC JG. P JG. P 4G, P J N LN .
w 680 mwW 8.0 mW/C 85°C Ti.08_8C * JG. P JG.P * 4N *

Also see Dissipation Dergting Curves, Section 2. * These combinations are not defined by this data sheet,

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 © DALLAS. TEXAS 75265




TYPES TLO8BO THRU TLOB5, TLOBOA THRU TLOB4A,
TLO81B, TLO82B, TLOB4B
JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, Voc: =215V

TLOB..C
TLOS._M TLOB_!I TLOB_AC
+ - - UNIT
PARAMETER TEST CONDITIONS TLO8_BC
MIN TYP MAX | MIN TYP MAX |MIN TYP MAX
‘B0,'81,'82,'83,'85¢ 3 6 3 3] 5 15
Rg =500, TLOB4 3 9 3 6 5 15
ITa=25°C TLOB._A 3 6
'818,'828,'848 2 3
Vio tnput offset voltage "80.'81.82,83./851 ] 9 %] ™
Rg =560 £, TLOB4 15 9 20
T = full range | TLOB_A 7.5
‘81B,'828,'848 5
Temperature coefficient
= = 10 10 10 vIrec
VIO of input offset voltage Rg =50 2. Ta = tull range #
TLOB_ 1 5 100 5 100 5 200
Ta=125"C TLOS..A 5 100 ] pA
' 5 5 ‘818,828,848 5 100
10 input offset current TLOS. 1 20 10 5
Ta = full range | TLO8._A 3| nA
‘818.'82B.'84B 3
TLOB_§ 30 200 30 200 30 400
Ta = 25°C TLOB_A 30 200 pA
| ' . . '81B.'82B.'84B 30 200
8 nput bias curren TLOB_} 50 % 10
Ta = fult range | TLOB_A 7 nA
‘818,'828,'84B 7
c g TLOB_ 3 11 212 +11 212 =10 =11
VICR  oon st mPul lra=2stc [TLOB_A PYRNELF! v
voltage rang ‘818,628,848 211 212
Ta=25C Ry = 10k 24 27 24 27 24 27
K-10-
VRPN .  rort ranes |2 102 % % 2 v
output voltage swing R CTEF I 20 24 20 24 20 24
Ry > 2kQ, TLOB_ 1 25 200 50 200 25 200
Vo=12:10V, |[TLOB_A 50 200
Large-signal differential {Tp = 25°C '818,'828B.'848 50 200
A Vimv
vD voltage amplification Ry » 2k, TLOB._ % 15 25 15
Vo =210V, TLOB._A 25
Tpa = full range | '818,'82B,'84B 25
By Unity-gain bandwidth  [Ta = 25°C 3 3 3 MHz
T Input resistance Ta=25°C 10°* 107 107 51
TLO8_ .1 80 86 80 86 70 76
Common-maode rejection [Rg » 10 k82,
cMRR O o opp | [TLOB_A 80 86 dB
A 818,826,848 80 86
ksvR Supply voltage rejection |Rg > 10 k2, :tgg'i 80 86 B0 86 ;g ;2 8
; R —
ratio {AVes/aVipl Ta=25"C 815,826 B4E 85 EE
i Supply current No iocad. No signal,
cc {per amplifier] T = 25°C 14 28 14 28 14 28] mA
V1/Vp2 Channel separation Ayp =100, Ta= 25°C 120 120 120 dB

T All characteristics sre specified under open.loop conditions unless otherwise noted. Full range for Tas ~55°C to 125°C for TLOB_M;

—25°C to 85°C for TLOB_1; and 0°C 1o 70°C for TLOB_C, TLOS_AC, and TLOB_BC.

1 Types TLOB5! and TL.O85M are not defined by this date sheet.

§ Input biss currents of 2 FET-input operational smplifier are norms! junction reverse currents, which are temparature sensitive as shown in
Figure 18. Pulse techniques must be used that will maintsin the junction tempersture as close to the smbient temperature as is possible.

TEXAS INSTRUMENTS
INCORPORATED
POST OFFICE BOX 225012 o DALLAS, TEXAS 75265
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TYPES TLO80 THRU TLO85, TLOBOA THRU TLO84A,
TLO81B, TLOB2B, TLOB4B

JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, VCC: =15V, TA = 26°C

TLOS_M ALL OTHERS
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
SR Slew rate at unity gai viziov. AL=2ka, 8 13 13 VI
ew rate at unity gain ]
e Cy. =100 pF, See Figure 1 “
. Risa time Vi=20mv, Ry =2k, 0.1 0.1 us
Overshoot factor C =100 pF, See Figure 1 10% 10%
Vn__ Eguivalent input noise voltage | Rg= 1000, f=1kHz 25 25 nV//Hz

PARAMETER MEASUREMENT INFORMATION

10kn

-0
Vi + : cL= AL =
100 pF L 2k0

1 { I
. /E 3
Co=12pF

for TLOBO
and TLOBOA

1

FIGURE 1-UNITY-GAIN AMPLIFIER FIGURE 2--GAIN-OF-10 INVERTING AMPLIFIER

INPUT OFFSET VOLTAGE NULL CIRCUITS

TLO®0 Veeo =

FIGURE 3 FEED-FORWARD COMPENSATION
FIGURE 4 FIGURE S

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 # DALLAS, TEXAS 75285
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TYPES TLGSO THRU TLO8S5, TLOBOA THRU TLOB4A,

TL081B, TLOB2B, TLOB4B
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA
0.5-Hz SQUARE-WAVE OSCILLATOR

Re = 100k

AAA

+15V
QUTPUT
G0
INPUT A1 OuUTPUT
CF=3.3uF;‘L]: :1kﬂ
3
=
- 4 R1=R2=2R3=15MQ
3.3kN L H c3
1 . R3 C1=C=— =110pF
f o $ 9.1k c1 c2 2
27 Rg Cp 'L I ! t 1 1%H
P 2
= L—{ %—' 0 2RI
FIGURE 24—0.5-Hz SQUAREWAVE OSCILLATOR FIGURE 25— HIGH-Q NOTCH FILTER
1MQ

Veo+

1uF X
INPUT O'—_“{ ILW
Ll vee-

L
100 k2 <100k
100 k0

vee+

100 k9

T

1 or TLOBS

FIGURE 26—AUDIO DISTRIBUTION AMPLIFIER

6 sin wt

o 1N4148 18 k1 {See Note A)
-15V
18 pF $ 1k
(P—-—{e——-—{x
! QVees
2

Bm—AAA _
1/ 6 cos wt
Fis %
88.4 k0 TLOB2 -0
+
8 pf L vee- 3 1k@

o

+15V
l 1N4148 18 k02 {See Note A}

884k

A
VA

Note A- These resistor vatues may be adjusted tor a symmetfical output,

FIGURE 27--100kHz QUADRATURE OSCILLATOR

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 © DALLAS, TEXAS 75265



TVYPES TLOBO THRU TLO85, TLOBOA THRU TLOB4A,

TLO81B, TLO82B, TLOB4B
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

FLEY Bxn
AAA VWA
220 pF 220 pF
i P
[AY
aa 30k a3xn 300
A A A AP
vees vees
QK0 v
) 220aF vees 220 pF cc
INPUT X l ( &) -
@ K aan a3ka axn § % a3xn
TLosat ANA - AN TiLo4t AAA -
% %
+ TiLog4! ? * TLOB4!
+ +
4 4
1.5k : Ve 15kl S vee
vee- vee-
I
o =
OUTPUT
A
tor TLOBS QUTPUT A QUTPUT B

2 kHz/div
SECOND-ORDER BANDPASS FILTER
fo =100 kHz, Q =30, GAIN =4

2 kz/dw

CASCADED BANDPASS FILTER
fo = 100 kHz, Q = 63, GAIN = 16

FIGURE 28—POSITIVEFEEDBACK BANDPASS FILTER

FIGURE 29—1C PREAMPLIFIER

20kn
o "
0,00375 4 F
& !/ S
\ 10k $ - 0.003uF
0.034F
( 7k ——
N MIN f MIN
100 k02 4 AAA .L S 100ka
BA > M
d Gk 3.3ka TREBLE
MAX E MAX
0.03uF
10k $ s 0.003F
b
‘It
P,
Ly 68 k12 $
10pF 47 :F
T
A

QUTPUT
8

PO
OuUTPUT

INCORPORATED

17T
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SCHOTTKY ' SERIES ¥4 AND 18
PROMS PROGRAMMABLE READ-ONLY MEMORIES

JUNE 1981
o Titanium-Tungsten (Ti-W) Fuse Link For Re- e Applications Include:
tiable Low-Voltage Full Family Compatible Microprogramming/ Firmware Loaders
Programming Code Converters/Character Generators
. io Select Simoli Translators/Emulators
o Full Decodnpg And Fast Chip Select Simplify Address Mapping/Look-Up Tables
System Design
o P-N-P Inputs For Reduced Loading On System
Buffers/Drivers
E
NEW TYPE NUMBER OLD TYPE NUMBER TYPICAL PERFORMANC
° * ° ° o SZ|Z1E';ON CONFOIZ:?:‘;'IONf ADDRESS POWER
0°C to 70°C 0°C 10 70°C (ORGANIZA 1 ACCESS TIME | DISSIPATION
TBP18SA030 {J, N)4 SN745188 {4, N} 256 Bits (o] 25 ns 400 MW
TBP18S030 (J, NJ4 SN745288 (J, N} (32w X 8B) \VJ
TBP14S10 (J, N}2 SN745287 (J, N} 1024 Bits V 42 s 500 mW
TBP14SA10 {4, N)* SN745387 {4, N) (256W X 4B} o3
pp—— n -
TBP185A22 {4, N} SN745470 (J, N} 2048 Bits o 50 s 550 mW
TBP18S22 (J, N4 SN745471 (J, N) (256W X 8B) v
r 3 3 1 -
TBP18542 {4, N) SN745472 {J, N) 4096 Bits v 55 e 600 MW
TBP18SA42 {J, N})* SN745473 (J, N) {512W X 88) Q
TBP18S46 {J. N} SN745474 (J, N} 4096 Bits \V 5 e 600 mW
TBP18SA46 (4, NJ* SNT4SAT5 (4, N) (512W X 8B] o

& £or full temperature parts (-55°C o +125°C) use suffix MJ. For devices with M{L-STD 8838 processing (~55"C 10 +325°C) see page 2-3.
1 Q = ppen collector, v= three state.

TBP18SA030, TBP1BS030 TBP14510, TBP14SA10 TBP18SA22, T3P18322 TBP18S42, TBP18SA42 TBP18S46, TBP18SA46
256 BITS 1024 BITS 2048 BITS 4096 BITS 4096 BITS

{32 WORDS BY 8 BITS] (256 WORDS BY 4 BITS} (256 WORDS BY 8 BITS) (512 WORDSBY 8BITS) (512 WORDS BY 8 BITS}
{TOP VIEW) ITOP VIEW) (TOP VIEW) (TOP VIEW) {TOP VIEW)

af] U @vee asE U Bvee aofd U Bvee 4o U @vee A7 U [Evec

a1(3] iBd As 3] [is] A7 A1z 5 A7 Az 5] A8 A [Z] =] AB

az2[5 A4 Aaf3] hd G2 a2[3] (] AG A2[3] [e1 A7 As [5] =] NC

Q3] 3 A3 A3[q] Bl A3[1] (7] A5 A3 (4] 7] A6 o 7] Ga

4[] A2 A0 oo adfs] G2 Adlg GE 7] G1

as [5] N A1 A1[E] i a1 oo [s] Bl ao [ B[S A2[7] (5]G3

a6 [7] [ia] A0 A[7] ho 2 17} i a7 a1[7] f4a7 INE D ) G2

GND[5] 7107  GND[E] k] a2(s] wlos  az2[f] (5108 A0 3] 1] Q7

a3[s] Mas 03[ ks Qo s [s] O8

GND[i] fas  GND[% a4 Q1 [ bs) 05

az[v] 4 a4

GND [73] 503

Pin assignments for sll of these memories are the same for the J snd N packages. See Product Guide, Section 7, for chip carrier pin assignments,

description

These monolithic TTL programmable read-only memories {PROMs) feature titanium-tungsten {Ti-W) fuse links with
each link designed to program in 100 microseconds. The Schottky-ciamped versions of these PROMs offer considerable
flexibility for upgrading existing designs or improving new designs as they feature full Schottky clamping for improved
performance, low-current MOS-compatible p-n-p inputs, choice of bus-driving three-state or open-collector outputs, and
improved chip-select access times.

The highcomplexity 2048- and 4096-bit PROMs can be used to significantly improve system density for fixed
memories as all are offered in the 20-pin dual-in-line package having pin-row spacings of 0.300 inch {7.62 mmi.

Copyright © 1981 by Texas Instruments [ncorporaied

TEXAS INSTRUMENTS 'integated  Schottky-Barrier  diode-
INCORPORATED clamped transistor s patented by Texas

Instruments. UL Botont  Number

POST OFFICE BOX 225017 @ DALLAS. TEXAS 75265 3.463.975.



SERIES ¥4 AND 18
PROGRAMMABLE READ-ONLY MEMORIES

logic symbois

TBP14510 TBP18S22
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SERIES 14 AND 18
PROGRAMMABLE READ-ONLY MEMORIES

description {continued)
Data can be electronically programmed. as desired, at any bit location in accordance with the programming procedure

specified. All PROMs, except the TBP14S10 and TBP14SA10 are supplied with a low-logic-level output condition stored
at each bit location. The programming procedure open-circuits Ti-W metal links, which reverses the stored logic level at
selected locations. The procedure is irreversibie; once altered, the output for that bit location is permanently program-
med. Qutputs that have never been altered may later be programmed to supply the opposite output level. Operation of
the unit within the recommended operating conditions will not aiter the memory content.

A low level at the chip-select input(s) enables each PROM. The opposite level at any chip-select input causes the outputs
to be off.

The three-state output offers the convenience of an open-coliector output with the speed of a totem-pole output; it can

be bus-connected to other similar outputs vet it retains the fast rise time characteristic of the TTL totem-pole output.
The open-coliector output offers the capability of direct interface with a data line having a passive puli-up.

schematics of inputs and outputs

EQUIVALENT OF TYPICAL OF ALL TYPICAL OF ALL
EACH INPUT OPEN-COLLECTOR OUTPUTS THREESTATE QUTPUTS
vVee g ==~
-~ — ——g—Vce
58 8 NOM
F - QUTPUT 3
INPUT g
ouUTPUT
:3 T
Programming circuit not shown Programming circuit not shown
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage (see Note 1} .. .. .. e e B A
inputvoltage ... .. . ... ...« .. DR I 5.5V
Off-state output voltage . . .. ... .. R e R . .... bbv
Operating free-air temperature range: Full-temperature-range Circuits .. ... .......... .. ~557C 10 125°C
Commercial-temperature-range circuits . ............... 0°Cto70°C
Storage temperature range . ... .. e e e e e s .. —65°C to 150°C

recommended conditions for programming the TBP18S’, TBP18SA’, TBP14S’, and TBP14SA’ PROMs

MIN NOM MAX | UNIT

Supply voltage, Vg (see Note 1) Steady state 4.75 5 5.26 v

Program puise g 925 95
inpus voltage High level, Vin 24 E] v

Low fevel, Vi 0 05
Termunation of all outputs except the one to be programmed See load circunt

{Figure 1)

Voltage applied to output to be programmed, VQ(p,) {see Note 2) 0 025 03 \
Duration of Vo programming puise X (see Figure 2 and Note 3} 15 25 100 s
Programming duty cycle for Y pulse 25 35 %
Free-air temperature 20 25 30 °c

t Absoiute maximum ratings.
NOTES: 1. Voitage values are with respect to network ground terminal. The supply voitage rating does not apply during programming.
2. The TBP18S030, TBP18SA030, TBP185SA22, TBP18522, TBP18542, TBP18SA42, TBP18S46 and TBP18SA46 are supplied with
!l bit locations containing a iow logic level, and programming & bit changes the output of the bit to high fogic level, The TBP14510,
TBP14SA10 are supplied with all bit outputs at a high logic level. and programming a bit changes it 1o s fow logic level,
3. Programming s guaranteed if the puise applied as 98 us 0 duration.

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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SERIES 14 AND 18
PROGRAMMABLE READ-ONLY MEMORIES

step-by-step programming procedure for the TBP18SA030, TBP18S030, TBP14S10, TBP14SA10,
TBP18SA22, TBP18S22, TBP18SA42, TBP18S42, TBP185S46, TBP18SA46

1. Apply steady-state supply voltage (Ve = 5 V) and address the word to be programmed.
Verify that the bit location needs to be programmed. If not, proceed to the next bit.

I1f the bit requires programming, disable the outputs by applying a high-iogic-level voltage to the chip-select
inputls}.

4. Only one bit location is programmed at a time. Connect each output not being programmed to 5 V through
3.8 k{2 and apply the volitage specified in the table to the output to be programmed. Maximum current into the
programmer output 1s 150 mA.

5. Step Vg to 9.25 nominai. Maximum supply current required during programming is 750 mA.

6. Apply a low-logic-fevel voltage to the chip-select input(sj. This should occur between 1 us and 1 ms after Voo
has reached its 9.25 level. See programming sequence of Figure 2.

7. After the X pulse time is reached, a high logic leve! is applied to the chip-select inputs to disable the outputs.

8. Within the range of 1 us to 1 ms after the chip-select input(s} reach a high logic level, V¢ should be stepped
down t0 5 V at which ievel verification can be accomplished.

9. The chip-select input{si may be taken to a low logic level (to permit program verification] 1 us or more after
V(¢ reaches its steady-state value of 5 V

10. At a Y pulse duty cycle of 35% or iess, repeat steps 1 through 8 for each output where it is desired to program
a bit,

11, Verify accurate programming of every word after all words have been programmed using Vg values of 4.5 and
5.5 volits.

NOTE: Only one programming attempt per bit is recommended.

sv

|
.9 k
ouTPUT 38ka

LOAD CIRCUIY FOR EACH OQUTPUT
NOT BEING PROGRAMMED OR FOR
PROGRAM VERIFICATION

FIGURE 1 — LOAD CIRCIHT

VERIFY ]._ ¥ o 3Y TYNCAL._____.{
NEED TO r—J—VERIFY PROGRAM 9.25 v
PROGRAM |_ | l l | REMOVE V¢g TO
v REDUCE AVERAGE -V
ce / Power e ov
b j Tusto 1 ms
fom X -of

Tusto I ms

5 m m J_E Vir

ViL
APPLY  REMOVE
VO(pr) VO(pri

FIGURE 2 — VOLTAGE WAVEFORMS FOR PROGRAMMING

TEXAS INSTRUMENTS
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SERIES 14 AND 18
PROGRAMMABLE READ-ONLY MEMORIES
WITH 3-STATE OUTPUTS

recommended operating conditions

TBP14S10, TBP18S22 TBP 185030 TBP18S42, TBP18S46
PARAMETER UNIT
MIN NOM MAX MIN  NOM MAX | MIN NOM MAX
MJ 45 5 5.5 45 5 55 45 5 5.5
Supplv voltage, VCC IN 375 5 525 | 475 5 525|475 5 52 |
Ml -2 -2 -2
High-level output current, 1QH N Y Y Y mA
Low-level output current, i 186 20 12 mA
MJ —55 125 -85 125 —55 12% .
Operating free-air temperature, Ta N 5 5 g 5 G 7 c
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
FULL- TEMP COMM. TEMP
PARAMETER TEST CONDITIONST (MJ} {J. N) UMNIT
MIN TYP' MAX |MIN TYP' MAX
V| High-level input voltage 2 2 \Y
Vi Low-evel input voltage 0.8 0.8 \
Vik Input ctamp voltage Ve = MIN, if= —18 mA -1.2 -1.2 \
VgH High-tevel output voltage :,/::f:;nsn:‘/ :/Ol: ; fAZX 2.4 34 24 3.2 v
VoL Low-level output voltage \\jlcf;oMg”:/ :/0':"; ;\A/X 05 0.5 v
lozm Off-state output curre‘m, Vee = MAX, VIH=2V, 50 50| wA
high-level voltage applied Vp=24V
lozL Off-state output curre»m‘ Vee = MAX, ViH=2V, _so _s0| A
iow-level voltage applied Vp=05V
" input current at maximum Ve = MAX, Vi=55V ] 1 mA
input voltage
)4 High-tevel input current Veg = MAX, V=27V 25 25| uA
lj Low-level input current Vee = MAX, Vi=05V -250 -250 1 kA
fog Shortcircuit output current § Ve = MAX -30 -~-100 | —30 —100 mA
Veg = MAX, TBP14510 100 135 100 135
lee  Supply current Chip select{s} 31 0 V, | TBP18S8030 80 110 80 110 mA
Outputs open, TBP18522 110 155 110 185
See Note 4 TBP18542, TBP18S46 120 185 120 185
switching characteristics over recommended ranges of Ta and V¢ {unless otherwise noted)
ta(a) insl ta(s) (nsi tpxz ins}
TYPE TEST CONDITIONS Access time from Access time‘frorv ) Disable time from UNIT
address chip select {enabis time) high or low ieve!
MIN TYP* MAX MIN TYP? MAX MIN _TYP? MAX
TBP14S10MJ 42 75 15 40 12 40 ns
TBP14510 42 65 15 35 12 35 ns
TBP18S030MJ CL = 30pF for 2% 50 12 30 8 30 | ns
TBP185030 talA) and ta(s), 2% a0 1225 ) 20 | ns
TBP18522MJ 5pF fortpxz, 50 B0 20 - 40 15 35 | s
TBP18522 See Page 1-12 50 70 20 35 15 30 | ns
TBP18542MJ, TBP18S46MJ 55 85 20 45 15 40 ns
TBP18S42, TBP18546 55 75 20 a0 15 35 ns
NOTE: MJ designates full-temperature-ronge circuits {formerly 54 Family), J and N designate commercial-temperature.range circuits

{tormaeriy 74 Famiiy).
1 For conditions shown as MIN or MAX, use the appropriate value spacified under recommended operating conditions.
* All typical values are st Vee=5V, Ta= 25°¢C.
Not more than one cutput should be shorted at a time and duration of the short circuit should not exceed one second.
NOTE 4: The typical values of {cc are with all outputs fow.
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SERIES 14 AND 18
PROGRAMMABLE READ-ONLY MEMORIES
WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

TBP14SA10. TBP18SA22 TBP18SA030 TBP18SA42, TBP18SA46
PARAMETER UNIT
MIN NOM MAX | MIN NOM MAX MIN NOM  MAX
Supply voltage, Vee MJ 4.5 5 5.5 4.5 5 5.5 45 5 5.5 v
I N 4.75 5 525 |4.75 S 5.25 4.75 5 5.25
High-level output voltage, VoH 55 5.5 5.5 v
Low-level output current. Iy 16 20 16 mA
Operating free-air temperature, T M -S5 125 =55 125 55 125 °c
3, N Q 70 Q 70 0 70

electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

PARAMETER TEST CONDITIONS' MIN  TYPF MAX | UNIT
Vin High-level input voltage 2 v
ViL Low-levei input voltage Q.8 v
Vik input clamp voltage Veg = MIN, fi=~-18mA -1.2 v
_ Vee = MIN, VoM =24V 50
1oH High-ievel output current Vig=2V, Von =55V 100 sA
Vip=08vVv
VoL  Low-ievel output voltage Veog = MiN, ViH=2V. 05 | Vv
Vi =08V, tgL = MAX
iy Input current at maximum nput voltage Vee = MAX, Vy=55V 1| mA
hH High-level mput current Voo = MAX, V=27V 25 | uA
TR Low-level input current Vee = MAX, Vi=05V —250 | uA
Ve = MAX, TBP18SA030 80 110
Chip selectis) at Q V, TBP14SA10 100 135
lee Supply current mA
Qutputs open, TBP18SA22 110 158
See Note 4 TBP18SA42, TBP18SA4E 120 155

switching characteristics over recommended ranges of T A and V¢ {unless otherwise noted)

PLH
ta(s)
ta{A} Propagation delay time,
Access timea from X
TEST Access time from low-to-high-favel out-
TYPE chip setect UNIT
CONDITIONS address put from chip ssiect

{enztle timej) A
{disable time)

MIN _ TYPY MAX | MIN  TYP® MAX | MIN TYP* MAX

TBP18SAQ30MY 25 50 12 30 12 30 ns

TBP18SA030 25 40 12 25 12 25 ns
Cy = 30pF,

TBP14SA10MY 42 75 15 40 15 40 ns
Ry =300%,

TBP14SA 10 42 65 15 35 15 35 ns
Ry =600 5.

TBP18SAZ22MJ 50 80 20 40 15 35 ns
See Page 1-12

TBPSA22 50 70 20 35 15 30 ns

TBP18SA42MJ, TBP1BSA46MY 85 85 20 45 15 40 ns

TBP18SA42, TBP18SA46 55 75 20 40 15 35 ns

NOTE: MJ designatas full-tamoparature-range circuits {formerly 54 Family}, J and N designate commercial-temperature-range circuits (formarly
74 Family}.

T For conditions shown as MIN or MA X use the appropriate value specified under recommended operating conditions,
£ All typical values are at Vee =8V, Ta= 25°¢C,
NOTE 4: Tha typicat values of Icg are with all output fow.
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APPENDIX 2 ENGINEERING DRAWINGS

BLOCK DIAGRAM

LNW8O PRINTED CIRCUIT BOARD SCHEMATIC PAGE 1
LNW80 PRINTED CIRCUIT BODARD SCHEMATIC PAGE 2
LNW80 PRINTED CIRCUIT BOARD SCHEMATIC PAGE 3
LNW80O PRINTED CIRCUIT BOARD SCHEMATIC PAGE 4
KEYBOARD SCHEMATIC

EXPANSION BOARD SCHEMATIC PAGE 1 OF 2
EXPANSION BOARD SCHEMATIC PAGE 2 OF 2
LNDOUBLER 5/8 SCHEMATICS

TOP ASSEMBLY LNW80

LNW80 PRINTED CIRCUIT BOARD COMPONENT SIDE
LNW80 PRINTED CIRCUIT BOARD SOLDER SIDE
LNW8BO PRINTED CIRCUIT BOARD ASSEMBLY DRAWING

LNW80 PRINTED CIRCUILT BOARD ASSEMBLY DRAWING

SYSTEM EXPANSION PRINTED CIRCUIT BOARD COMPONENT SIDE

oF
oF

oF

SYSTEM EXPANSION PRINTED CIRCUIT BOARD SOLDER SIDE

EXPANSTON FINAL ASSEMBLY DRAWING

LNDOUBLER 5/8 PRINTED CIRCJIT BOARD
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